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COimtACT FULFILLIIEIIT STATE! iEITT 

This summary report is submitted in partial fulfillment of Contract 

l!7onr-462, Task Order I. 
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SUMMARY 

The work performed under Contract N7onr-462 Tas!: Order I, "Research in 

Nitropolymers and their Application to Solid Smokeless Propellants" has been 

compiled and summarized. This report covers a nine-year Period:l5 August W 

to 31 July 1956. All significant data covering synthesis, polymerization, 

formulation, process studies, and physical studies leading to nitropolymers 

and their applications have been included. 
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I. INTRODUCTION 

A. HISTORY 

The search for a smokeless propellant based on nitro-containing 

organic polymers had its inception at Aerojet-General Corporation in January 

1946, and work was performed for 13 months under Contracts NOas 7968 and 

NOas 8446, T.0.2. The present contract, N7onr-462, Task Order I, was awarded 

Aerojet, and work was commenced, on I5 August 1947. This work was titled 

'Research in Nitropolymers and their Application to Solid Smokeless Propel¬ 

lants. This contract was extended and continued to Jl July 1956. During 

this almost-nine-year period, a continuing series of formal quarterly reports 

have been published. The only detailed summary report was an Annual Summary 

Report, No. 330, covering the first year's work. A number of special reports 

covering specific phases or literature reviews have also been published. An 

excellent review of the ONI! Nitropolymer Program, which correlates this pro¬ 

gram with the propellant formulation programs and which indicates the potential 

applications of Nitropolymers, has been published: Aerojet Report No. I078. 

It is the object of this Final Report to summarize all the work performed 

during this nine-year period. 

The following tables list all formal reports published under this 

contract. Only the annual and quarterly progress reports are summarized in 

this Final Report. The Special Reports stand alone and are referred to 

throughout the body of the report where applicable. 

TABLi: 1 

F0R1IAL PROGRESS REPORTS 

Contract N7onr-462, Task Order I 

Aerojet 
Report No. 

97I-I 

301 

97I-2 

Date Issued Type of Report Period Covered 

17 March 1948 

17 May I943 

19 May 1948 

Quarterly Progress 

Semiannual Progress 

Bimonthly Progress 

15 Aug. I947 - 15 Dec. I947 

15 Aug. I947 - 15 Feb. I943 

16 Feb. 1943 - 15 April 1943 

Page 1 
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Aerojet 
Report Ito. Date Issued 

971-3 

330 

345 
371 

336 

336a 

4o4 

416 

417 

417A 

424 

457 

¡468 

482 

499 

515 

540 

552 

563 

590 

622 

638 

663 

686 

712 

740 

772 

807 

Õ33 

Page 2 

18 July I943 

3 Itov. I948 

4 Jan. 194-9 

15 April I949 

18 July 194.9 

13 July I949 

12 Sept. I949 

21 Itov. I949 

I5 Dec. I949 

23 Dec. I949 

27 March I950 

22 June I950 

15 Sept. I950 

15 Dec. I950 

16 March I95I 

15 June I95I 

19 Sept. I95I 

4 Dec. I95I 

31 Dec. I95I 

27 March I952 

26 June I952 

7 Oct. 1952 

23 Dec. 1952 

3 April I953 

10 July I953 

15 Sept. I953 

30 Dec. I953 

13 April I954 

15 June 1954 

TABLE 1 (cent.) 

Type of Report Period Covered 

Bimonthly Progress 

Annual Summary 

Quarterly Progress 

Supplement 

Quarterly Progress 

Annual Review 

Quarterly Progress 

Supplement 

Quarterly Progress 

Biennial Evaluation 

Quarterly Progress 

16 April 1943 - 15 June I943 

15 Aug. I947 - I5 Aug. 1943 

16 Aug. 1943 - I5 Itov. 1943 

16 Itov. 1943 - 15 Feb. I949 

16 Feb. 1949 - 15 May I949 

16 Feb. I949 - 15 Hay I949 

16 May I949 - 15 Au*. 1^49 

16 Aug. I943 - 15 Aug. I949 

16 Aug. I949 - 15 Itov. I949 

16 May I949 - I5 Nov. 1949 

16 Mov. I949 - 15 Feb. I950 

16 Feb. I950 - 15 May I950 

16 May I950 - 15 Aug. I950 

16 Aug. I950 - 15 Mov. I950 

16 Itov. I950 - 15 Feb. I95I 

16 Fab. I95I - 15 May I95I 

16 May I95I - 15 Aug. I95I 

12 Sept. 1949 - 1 Sept. I95I 

16 Aug. I95I - 15 nov. I95I 

16 Itov. I95I - 15 Feb. I952 

16 Feb. I952 - I5 May I952 

16 May I952 - I5 Aug. I952 

16 Aug. I952 - 15 Itov. I952 

16 Itov. I952 - 15 Feb. I953 

16 Feb. I953 - 15 May I953 

16 May I953 - 15 Aug. I953 

16 Aug. 1953 - I5 Nov. I953 

16 Itov. I953 - 15 Feb. I954 

16 Feb. I954 - 15 May I954 
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Aerojet 
Report No. Date Issued 

363 17 sept. 1954 

907 15 Dec. 1954 

941 28 îlarch I955 

967 20 June I955 

1004 15 Sept, I955 

lOtô 16 Dec. I955 

1035 19 March I956 

III9 20 June I956 

TABLE 1 fCont.) 

Type of Report 

Quarterly Progress 

_Period Covered_ 

16 May I954 - 15 Aug. 1954 

16 Aug. 1954 - 15 Mov. I954 

16 Nov. I954 - 11 Feb. I955 

16 Feb. I955 - 15 May I955 

16 May I955 - 15 Aug. I955 

16 Aug. I955 - 15 Nov. I955 

16 Nov. I955 - 15 Feb. I956 

16 Feb. I956 - 15 May I956 

TABLE 2 

SPECIAL REPORTS 

462, TasI: Order I 

__Title__ 

A Review of Dinitromethane and 
2.2- Dinitroethanol 

A Review of Hitroform and 
2.2.2- Trinitroethanol 

Chain-Transfer of Nitro Compounds 
in Polymerization Reactions 

Progress Review of the OUR Nitro- 
polymer Program and Subsidiary 
Development 

During the first two years of this contract, work was supported, 

on a sub-contract basis, at Ohio State University and at Purdue University. 

During this period, the work performed at these Universities was reported, 

Contract N7onr- 

Aerojet 
Report No. 

461 

494 

700 

I078 

Date Issued 

20 July I950 

I? Feb. I95I 

25 Hay 1953 

5 March I956 

B. CONTRIBUTORS 

Page 3 
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together with the Aerojet contributions. Thus, of the reports listed in Table 

1, those up to and including No. 41? contain work performed at all three 

establishments. All reports published after December I949 contain only the 

work performed at Aerojet. The groups at Ohio State and at Purdue continued 

their investigations under separate contracts, and their results were published 

independently. 

In the Aerojet reports containing contributions from the Ohio State 

and Purdue groups, each section was clearly marked to indicate the separate 

contributions of each group. These two groups have made significant contribu¬ 

tions to the Uitropolymer Program, and due credit is given in the original pub¬ 

lications. However, in this report, no distinction has been made between the 

separate contributions reported up to and including No. 417 since this is a 

summary for the contract, not for Aerojet. Any products or processes developed 

by these two groups, after initiation of their independent contracts, which are 

mentioned in this report have been duly acknowledged in the same manner as other 

literature references.* 

The research efforts on the nitropolyner program at Ohio State were 

directed by Dr. II. Shechter. At Purdue, the work was directed, at various 

times, by Drs. II. 3. Hass, G. D. Bachman, and H. Feuer. At Aerojet, the work 

has been directed, at various times, by Dr. A. L. Antonio, Hr. R. D. Geckler, 

Drs. II. H. Gold, K. Klager, and G. C. Linden. For a short while, some work was 

performed at the General Tire & Rubber Corapa.y'c Central Research Labora¬ 

tories, Akron, under Hr. G. Swart. 

C. ASSOCIATED CONTRACTS 

Because the goal of the ONR-supported nitropolymer program has been 

to develop nitropolymers and examine their application to solid propellants, 

detailed formulation development and mechanical and ballistic studies have been 

*All references to Aerojet reports published under this contract are given in the 
following manner: (Report Mo., Page Mo.), e.g., (37l> 26). These references 
are always included in the text or in tables. All other references arc given 
in footnotes. 
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carried out under separate contracts. Application of some of the monomers and 

polymers to high explosives has also been handled under a separate contract. 

These various contracts and their relationships are discussed. 

1. Hechanical and Ballistics Evaluation 

Contract NOas 52-559: Early rheological and ballistic 

studies on nitropolymers ,'&s supported under this BuAer, Aeroplex development 

contract. This contract covered the period Itey I95I to September 1952. Host 

of the work is included in the OUR nitropolymer reports. The final report for 

the contract, Aerojet Report No. 649, summarizes all the work. 

Contract NOas 53”6l8c: This BuAer-supported contract 

covered the period December 1952 to February 195^. The contract was let 

specifically for rheological and ballistic studies of nitropolymers. All the 

work is published in the ONR nitropolymer progress reports. A final report, 

Aerojet Report No. 317, was published which summarizes all the work. Some 

formulation work is also included under this contract. 

2. Applications of Nitropolymers to Solid Rockets 

Contract NOas 54-599c: This BuAer-supported contract covered 

the period Hay I954 to March I956. The work is summarized in Aerojet Report 

No. Il04. Until September 1955, work under this contract was published, 

combined with the OIK nitropolymer work. Since that time, no associated con¬ 

tract work has been reported in the ONR reports. This contract dealt princi¬ 

pally with screening of various systems developed under the OUR contract and 

development of two optimum systems - a compression-formed dinitropropyl 

acrylate-based propellant and a castable nitropolyurethane propellant. Cogni¬ 

zance of the contract was taken over by BuOrd, and the contract number was 

changed to NOrd 16534 in late 1955• 

Contract NOrd I6878: This BuOrd contract was initiated 

in April 1956 and will run through March I957. The task of this contract is 

in two phases, covering further developmental screening of nitropolymer candi¬ 

dates and the advancement of formulation studies to full-scale-rocket firings. 
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Contract AF33(6l6)-25l9: Air Force contract, for the 

period of I5 May 195^- to 3I August 1955> wa8 directed tov/ard the development of 

a high-performance rocket propellant. Under this contract, extruded linear 

nitropolyurethancs were examined and abandoned, and a castable dinitropropyl 

acrylate propellant was developed. Small motor firings were made with the 

latter propellant. 

3. Thermal Stability 

Contract APIS (600)-1215: This Air Force contract was initi¬ 

ated in September I954 and was extended for another year in September I955. A 

summary of the first year's work was published in Aerojet T-chnical Ilote I3. 

Under this contract, a fundamental study of the thermal stability of various 

aliphatic nitro-containing structures was undertaken. Some of the nitropolymers 

and compounds of related structure have been studied. 

k. Applications to High Explosives 

Contract IT/onr-1+6208: This Ollil program was initiated in I95I 

to utilize the high-energy intermediates and nitromonomers for synthesis of 

high explosives. A large number of such materials were synthesized and tested. 

Nitropolymers were tested in kDZ coatings and are presently being used in 

preparation of explosive cases containing glass fiber. This contract is still 

in force. 

II. ORGANIC SYNTHESIS 

A. UNS ATURATE D MITRO IIOHOIERS 

l. Introduction 

One of the methods of preparation of a nitropolymer is the 

vinyl-type polymerization of an unsaturated nitro monomer. At the beginning of 

the Nitropolymer Program, very few unsaturated nitro compounds were known in 

the open literature, and they possessed high carbon-to-oxygen ratios. There¬ 

fore, it became necessary to embark upon a synthetic program in order that un¬ 

saturated nitro monomers of sufficient energy would be available for propellant 
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use. This section of the report records both the successful and attempted 

syntheses of all unsaturated nitro corapounds prepared to date on this program. 

Some of the unsaturated compounds, e.g., 2,2-dinitropropyl 

acrylate, have found utility in propellant compositions; others, such as 

2-nitroallyl acetate, have been found to be more useful as synthetic inter¬ 

mediates. 

2* Mitro Olefins 

a. Introduction 

Early efforts were devoted to the syntheses of polymer 

zable nitro olefins of high energy. An example of this line of thought was 

exemplified by the numerous attempts to prepare 1,1-dinitroethylene with a cal 

culated specific impulse, for the polymer, of 260 Ibf sec/lbm. After many un¬ 

successful attempts to prepare a high-energy nitro olefin which was suitable 

for polymerization, it became apparent that the greatest utility of this class 

of nitro compounds was as chemical intermediates in the preparation of other 

nitro compounds such as isocyanates, acids, and alcohols. 

The two new nitro olefins that were prepared on this 

program were made by the sulfuric acid dehydration of the corresponding alco¬ 

hol . 

b. Mitroethylene 

Uitroethylene was a known compound prior to the in¬ 

ception of this program. For use on this program, it was prepared by the 

phthalic anhydride dehydration of nitroethanol, using the procedure of Buckley 

and Scaife (3Ô6, 22).* Being a conjugated nitro olefin 

CHgOH-CHgNOg 
/Y-c 

V 
> ch2=ciino2 

II 
0 

it is highly reactive and consequently its use lies in the preparation of more 

highly nitrated materials. 

*Buckley and Scaife, J. Chen. Soc., 1472. (numbers in parentheses 
refer to Aerojet reports and page(s) in the report.) 
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c. 1-Hitropropene 

l-llitropropene v»s also a known compound and was pre¬ 

pared in a similar manner, usine the procedure of Buckley and Scaife 55)** 

It was also used as an intermediate in the attempted preparation of more highly 

nitrated compounds. 

d. 2-ilitropropene 

2-Nitropropene; likewise a prior known compound at the 

beginning of this program, was also prepared by the method of Buckley and 

Scaife (1<04, 55)** 

ClL-CKN0o-CHo0II 
5 2 2 

-—» CIL-Cr!0o=CHo 

It was useful only as a synthetic intermediate in the attempted preparation of 

more highly nitrated materials. 

e« 5,5,5-T*‘initro_2-pentene 

The synthesis of 5,5,5-trinitro-2-pentene was ac¬ 

complished by the sulfuric acid dehydration of 5>5>5*trinitro-2-pentanol (para 

graph II,D,2,b) at 90 to 100°C (590, 6o). 
HpSOj, 

ciiiOg)j-ciig-ciig-CHOii-cii^ -> c(no2)5-cii2-ch«cii-ch5 

-- 
Ibid. 
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The nitro olefin is a liquid with the following physical properties: b.p. 61 to 

62°C/1.5 ram, njp i.tólj, and d2^°C 1.J144 g/ml. The position of the double bond 

on the second carbon atom was established by analogy with 5>5"dinitro-2-hexene 

whose structure was proved unequivocally (paragraph II,C,2,c) (622, 71)* 

The influence of the nitro groups on the double bond was 

shown by the anomalous reactions observed with reagents which usually react with 

a double bond. For example, the olefin did not react with lead tetra-acetate, 

2,4-dinitrobenzsnesulfenyl chloride, nor did it give a color test with tetrani- 

tromethane. It is of interest to note that Shechter and Zelden also failed to 

obtain a positive test for unsaturation with this latter reagent on 3>3“dinitro- 

1-butene.* /¿sorption of bromine by the double bond in the trinitropentene is 

extremely slow. However, a dibromide was obtained which analyzed fairly well 

for the expected derivative. The olefin reacted readily with 2 mole of perben- 

zoic acid but did not give the desired epoxide. Finally, elemental analysis of 

the trinitropentene was in agreement with the expected values. 

f. 5,5-Dinitro-2-hexene 

5,5-Dinitro-2-hexene was prepared, in 66$ yield, by 

the sulfuric acid dehydration of 5,5-dinitro-2-hexanol (paragraph II,D,2,b) 

(638, 77). 
n?sok 

Ciyc(lï02) - CUg- Cllg - dig OH- CHj -h CiyC(lI02)2-CII2-CH=CH-CH5 

It is a liquid with the following physical properties: b.p. 59 t0 60 C/1 to 2 

mm, n25 1.4557, d25 C 1.4557, and d2^ C 1.167 g/ml. In order to establish 

the position of the double bond, the olefin was oxidized with potassium permanga¬ 

nate in acidic media. The product, 3,3-dinitrobutyvic acid, proved that the 

olefin was principally the 2-hexene and not the l-bexene (686, 78). 

The anomalous reactions observed between the 5;5;5“ 

trinitro-2-pentene with lead tetra-acetate and with tetranitromethane were 

likewise observed with the 5,5-dinitro-2-hexene. Hov/ever, the hexene absorbed 

#11. Shechter and L. Zelden, J. Am. Chen. Soc., 73. 1276 (1951)* 
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bromine more readily than the pentene. This is expected inasmuch as the electro¬ 

negative character of the carbon containing the double bond has decreased in the 

hexene. 

g. 3;3"Dinitro-l-butene 

Early in the synthetic part of the program, many unsuc¬ 

cessful attempts were made to prepare 3i3‘dinitro-l-butene (330, 69). Subse¬ 

quently, its preparation was reported, on an associated contract, by a pre¬ 

viously untried synthetic procedure.* 

h. The Attempted Preparation of 1,1-Dinitroethylene 

Very early in the nitropolymer program, the synthesis of 

1,1-dinitroethyiene was proposed. Had the synthesis and polymerization of this 

olefin been successful, a polymer with the very desirable calculated specific 

impulse of 260 Ibf sec/lbm would have been obtained. The many repeated attempts 

to synthesize this compound can be summarized by the following general equations 

-no 
cii2oii-ch(no2)2-> cii2=c(no2)2 (371,40) 

0 

ciyc-oci^-cu(no,, «i2=c (ira2 (571, 50 ) 

ciyetNoJ -11110?> c;!2=c(iio2)2 (371,9) 

cn2=c(no2)2 <Vj<3, u) 

Although dinitroethylene itself has never been isolated, it seems probable that 

it is at least capable of transitory existence in the condensation reactions of 

*Ibid. 
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dinitroethanol (457, 16) (see paragraph II,F,2,e). Indeed, the derivatives 

supporting the erroneously reported synthesis of dinitroethylene can be ob¬ 

tained from 2,2-dinitroethanol itself (4l?A, 2). 

i. niscellaneous Attempts to Prepare Nitro Olefins 

Several attempts to synthesize 4,4,4-trinitro-l-butene 

from the reaction of an allyl halide and silver nitroform were unsuccessful 

(350, 68). 

An elaborate seven-step synthesis proposed for the 

preparation of 2,J-dinitro-l,3-butadiene failed in the fifth step (622, 64). 

Bromination of the salt obtained from the reaction of 

potassium dinitromethane and glyoxal yielded l,4-dibromo-l,l,4,4-tetranitro- 

2.3- hutanediol (350, 127). It was proposed that acetylation of the diol, 

follovjed by the reaction with potassium iodide, would yield 1,1,4,4-tetranitro- 

l,3"butadiene (457, 6). However, only one hydroxyl group could be acetylated, 

and reaction with potassium iodide failed to yield the desired material (468, 

37; 432, 12). 

Attempts to obtain nitro olefins from the reaction of 

1.3- butadiene and 2,3-diraethyl-1,3-butadiene with an ether solution of nitro¬ 

gen tetroxide failed to yield any useful materials (37I, 3O; 345, 22). 

Recent attempts to prepare 4,4-dinitro-l-pentene by 

the pyrolysis of 4,4-dinitro-l-pentyl acetate have been unsuccessful (III9, I7). 

However, this compound has been previously prepared by others, using a different 

synthetic procedure.* 

j. Summary and Evaluation 

The many unsuccessful attempts to prepare a high- 

energy nitro olefin indicate that future work on this class of compounds, very 

likely, would not be fruitful in producing a nitro monomer suitable for vinyl- 

type polymerization. Their greatest utility appears to be as synthetic 

*Rohm and Haas Report Ho. P-52-3, September 1952, p. 23; Ohio State University 
Report No. 9, ¡¡arch I953/ p. 6. 
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intermediates in the synthesis of bifunctional nitro monomers which are capable 

of condensation polymerization. The' reactivity of conjugated nitro olefins is 

especially useful in this respect. 

5. Nitroesters of Unsaturated Acids 

a. Introduction 

The most fruitful research effort with regard to the 

preparation of an unsaturated nitro monomer, capable of polymerization, has been 

the synthesis of nitroalkyl esters of unsaturated acids. The acrylates in par¬ 

ticular have yielded several esters of continuing interest. 

In all cases, the esters were prepared either by direct 

esterification of the alcohol and acid, or by the reaction between the alcohol 

and acid chloride. The physical properties of these monomers are compiled in 

Tables 3 and 4. 

b. 2-Bromo-2,2-dinitroethyl Acrylate 

2-Bromo-2,2-dinitroethyl acrylate was prepared by the re¬ 

action of 2-bromo-2,2-dinitroethanol (paragraph II,D,2,j) with acrylyl chloride 

(4-57) 75). It was prepared as an intennediate for the attempted synthesis of 

2,2,4,4-tetranitrobutyl acrylate (paragraph II,A,3,q). 

c. 2-Cyano-2,2-dinitroethyl Acrylate 

Esterification of 2-cyano-2,2-dinitroethanol with acrylic 

acid in the presence of trifluoroacetic anhydride gave 2-cyano-2,2-dinitroethyl 

acrylate (712, 41). The ester was prepared for polymerization studies which 

were not carried out. 

d. 2,2,2-Trinitroethyl Acrylate 

Trinitroethyl acrylate was among the first of the un¬ 

saturated nitro monomers synthesized and has the highest specific impulse of 

all the acrylates prepared to date (663, App. B). 

The monomer has been synthesized by esterification of tri- 

nitroethanol (paragraph ll,D,2,a) with either acrylyl chloride or acrylic acid. 

VJhen acrylyl chloride was used in the preparation, the ester was contaminated 
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with chlorinated impurities which were difficult to remove (457; ?)• Purifica¬ 

tion by distillation was not successful; because the halogenated impurities xrere 

not separated and trinitroethanol was found to co-distill with the monomer. 

Furthermore; the hazard in attempting to distill such a high-energy material 

would eliminate any such procedure on a large-scale preparation. An explosion 

resulted when the distillation of a small quantity of abnormal product was 

attempted (468, 66). The best method of preparation was found to be the direct 

esterification of acrylic acid and trinitroethanol, in benzene solution, with a 

catalytic amount of concentrated sulfuric acid (468, 3). 

CiNOg^-CHgOH + CKg=CH-C0gH -----> CH^CH-COgCHg-C(NO^ 

The water which formed in the reaction was removed by azeotropic distillation. 

Extraction of the crude product with hexane, in a Craig counter-current extrac¬ 

tion apparatus, produced a monomer which, from a melting-curve determination, 

contained 2 mole < impurity. Distillation of the monomer resulted in reducing 

the amount of the impurity to 0.6 mole $ (499; 8; 515; 3)- The SPIA data sheet 

was prepared, using this material (515; App. A). 

Trinitroethyl acrylate polymerizes readily; however, 

because it contains the trinitromethyl group, the resulting polymer has a very 

low molecular weight (540, 2). Due to this limitation, the monomer has not 

been useful in the development of a propellant. 

e. 2,2-Dinitropropyl Acrylate 

Without a doubt, the 2,2-dinitropropyl acrylate has 

found the greatest utility of all the unsaturatec! nitro monomers thus far pre¬ 

pared. The success of this monomer for application to propellant work is 

result of the following facts: (1) the chain transfer constant of this monomer 

is low, hence the resulting polymers have a high molecular weight (868, 50); 

(2) its preparation is relatively easy; (5) it has the highest specific impulse 

of any monomer with equally desirable properties; (4) it is stable to tempera¬ 

tures normally encountered in propellant work; and (5) the mechanical properties 

of the polymer, while not ideal, are the best which have been encountered to 

date. 
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The first successful preparation of this mononer was 

achieved in these laboratories on another contract, by the direct esterifica¬ 

tion of 2,2-dinitropropanol and acrylic acid.* 

CiyC(N02)2-CH20H + CiycOgH-> CiycOgCHg-CfNOgJgCHj 

Early preparations yielded a monomer which was contaminated with a crosslinicing 

agent that gave rise to gel formation and sometimes contained a retarder yield¬ 

ing a non-reproducible rate of polymerization (JhO, 4; 368, 5; 907, 5). Conse¬ 

quently, the purification of the monomer has received much attention. In order 

to determine the quality of the monomer, a simple test was devised. Monomer 

was considered to be of satisfactory quality if, at the end of 20 hr of bulk 

polymerization, using 0.2^ azo _bis-isobutyronitrile, at 50°C, the polymer was 

completely soluble in acetone and a 1$ acetone solution had a relative viscosity 

of 1.8, or greater (868, 5)* Using this quality-control test, satisfactory 

monomer has been produced by three methods of purification. Simple vacuum 

distillation of the crude reaction product, when carried out twice, seemed to 

yield a monomer of high quality. A sample prepared in this manner, for the de¬ 

termination of properties for the Sl'IA data sheet, had a purity of 99.8 mole £ 

as determined from the melting curve (424, App. A). This method, while suitable 

for small quantities, could not be translated to large-scale use because of the 

hazard involved in distilling a high-energy material possessing a low vapor pres¬ 

sure. A second method of purification developed by the Los Alamos Scientific 

Laboratory was that of vacuum steam distillation of the crude monomer.** In 

these laboratories, it was observed that by using this process, some hydrolysis 

of the monomer occurred yielding initial fractions which contained a retarder; 

consequently, yields of acceptable monomer were low (368,- 6; 1048, 18). It was 

also observed that under these conditions, the monomer was subjected to a high 

temperature in a nearly dry state. Thus the attendent hazards of a simple vacuum 

distillation of a high-energy material are also encountered. For these reasons, 

*Aerojet Report No. 426, I5 February I950. 
**Los Alamos Scientific Laboratory Report No. I974, 6 February I956. 
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either of the foregoing methods is considered undesirable. The present method 

of purification, also developed by the Los Alamos Scientific Laborator»* depends 

upon the renoval of undesirable impurities by magnesium oxide absorbent. The 

crude monomer is prepared by esterification of dinitropropanol and acrylic acid 

in the presence of polyphosphoric acid, and then quenched with water and the 

residual oil taken up in benzene. The benzene solution is concentrated to a 50$ 

solution, 8.5 to 9$ of powdered magnesium oxide is added, and the mixture is 

stirred for 2 hr at room temperature. Filtration to remove the solid and 

stripping of the benzene at reduced pressure leave a monomer of acceptable 

quality. This process is relatively simple and avoids heating of the dinitro- 

propyl acrylate. Attempts to substitute silica gel for the magnesium oxide were 

unsuccessful (lotó, 21). 

f. 2,2-Dinitro-l-butyl Acrylate 

2,2-Dinitrobntyl acrylate is another monomer which has 

received attention for propellant formulation. However, because of its lower 

specific impulse, it has not been studied as thoroughly as the corresponding 
propyl ester. 

The monomer was first prepared in these laboratories, un¬ 

der another contract, by the esterification of 2,2-dinitro-l-butanol (paragraph 

II,D,2,a) and acrylic acid. The crude monomer, similar to the corresponding 

propyl compound, was found to contain crosslinhing impurities resulting in in- 

CH3-CH2-C(N02)2-CH20II + CH2=CH-C02H —* CH2=CH-C02CH2-C(N02)2-CH2-CH5 

soluble gels upon polymerization and retarding agents which slowed the rate 

or inhibited polymerization (590, 52; 622, 58). Inasmuch as the lower specific 

impulse of this monomer (663, App. B), as compared to the dinitropropyl acrylate, 

makes it a less desirable material, the purification of the crude product has 

not oeen as extensively studied. Purification has been achieved by hexane ex¬ 

traction of the crude material, followed by vacuum distillation of the extract 

residue after removal of the solvent (622, 58). Presumably, the purification 

Ibid. 
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procedure developed for dinitropropyl acrylate could be applied to dlnitrobutyl 

acrylate if sufficient interest arose. An SPIA data sheet for this compound has 

been published (515; App. A). 

g. 3,3-Dinitro-l-butyl Acrylate 

In order to study the effect of structure upon the mechani¬ 

cal properties of isomeric polymers, 3;3“dinitrobutyl acrylate was prepared since 

it is isomeric with 2,2-dinitrobutyl acrylate. The synthesis of this compound 

was carried out in a straightforward manner by the esterification of 3,3- 

dinitro-l-butanol (paragraph II,D,2,e) with acrylic acid (636, 5^)* 

h. 2,2-Dinitro-l-pentyl Acrylate 

This compound vas prepared by the acid-catalyzed esteri¬ 

fication of 2,2-dinitro-l-pentanol (paragraph 11,0,2,a) with acrylic acid in 

benzene solution (622, 60). The material polymerized readily, yielding an 

acetone-soluble polymer. 

0 

CH5-CH2-CII2-C(H02)2-CH2Ü¿< + CII2=CI1-C-C1I 

i- 5,5,5-?rinitro-2-pentyl Acrylate 

5,5,5-Trinitro-2-pentyl acrylate was prepared by the 

acid-catalyzed esterification of 5,5,5-trinitro-2-pentanol (paragraph II,D,2,b) 

with acrylic acid, in benzene solution (622, 70)« The monomer has a reasonably 

high specific impulse (590, 45), and its preparation was carried out in order to 

determine the chain-transfer effect of the trinitromethyl group farther removed 

from the ester linkage than in trinitrocchyl acrylate. The polymer had a low 

relative viscosity, indicating extensive chain transfer; therefore, further work 

was not v/arranted (622, l?)* 
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J* 3;5>5*Trinitro“3-aza-l-hexyl Acrylate 

3,5,5-Trinltro-3-aza-l-hexyl acrylate was prepared in an 

effort to synthesize a high-energy monomer which contained groups that did not 

participate in chain transfer during polymerization. The synthesis was achieved 

by esterification of 3,5,5-trinitro-3-aza-l-hexanol (paragraph II;D,2,b) with 

acrylic acid (712, 41). 

f2 f2 
CII^CCiyiCHgCUgOH + 

110,, 

NO_ N0o 
j 2 I 2 

CII2=CIIC02U-» CH5ÇCH2HCH2CII202CCH=CH2 

no2 

h. 2,2-Dinitrotrimethylene Diacrylate 

This monomer, prepared for use as a crosslinking agent, 

was previously made by another method.* In these laboratories the preparation 

was carried out by the acid-catalyzed esterification of 2,2-dinitro-l,3-propane¬ 

diol (paragraph II,D,2,a) with acrylic acid (468, 2). 

HCCII2-C(II02)2-CH20H + 2 CH2=CI1C02II —» (CH2=CIIC02CH2-)2C(N02)2 

1. 2-iiethyl-2-nitrotrimethylene Diacrylate 

The diacrylate of 2-methyl-2-nitro-l,3-propanediol was 

also prepared for use as a crosslinking agent. Acid-catalyzed esterification of 

the diol and acrylic acid, in benzene solution, was used (468, 3). 

H0CH2-C(N02) (Ciy-CH20H + 2CH2=CH-C02II —» (Cll^CIl-CO^IIg- )2C (NOg ) (CII^ ) 

^General Tire and Rubber Co., Final Report, I5 December I949. 
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m. 2,2,2-Trinitroethyl Methacrylate 

Trinitroethyl methacrylate was among the first of the 

high-energy, unsaturated nitro compounds prepared. It was hoped that this 

monomer, with the very desirable specific impulse of 220, would yield a high- 

energy polymer suitable for application as a propellant. However, subsequent 

work has shown that due to chain transfer of the trinitromethyl group, the 

polymer which was obtained was of low molecular weight, unsuited for propellant 

application (700, 24). 

The initial synthesis of this compound was achieved, using 

methacrylyl chloride ana trinitroethanol (371; lo). Later preparations were 

conveniently carried out by the acid-catalyzed esterification of trinitroethanol 

and acrylic acid in benzene solution, removing the water formed by azeotropic 

distillation (482, 5)- The ester was readily purified, by recrystallization, 

from hexane. Data for the SPIA sheet were obtained on a sample of 99.1 mole $ 

purity (432, App. A). 
CIIj 

cii2=c-co2h + c(no2)3-ch2oh-> cii2=c-co2ch2c(no2) 

n. 2,2,2-Trinitroethy1 Crotonate 

This compound was prepared by the reaction of crotonyl 

chloride with trinitroethanol. Ho attempts were made to polymerize or co¬ 

polymerize this monomer (386, 5; 416, 3). 

ciycii=CH-coci + c(1!o2)j:ii2oii-» ciycii=cn-co2CH2-c(Ho2)5 

o. bis-2,2.2-Trinitroethy1 Fumarate 

This compound was prepared by the reaction of fumaryl 

chloride with two molar equivalents of trinitroethanol (386, 5; 416, 3). 
COCI 
I 

piI=CH + 2C(N0 ) -CILOIl 
COCI 2 5 2 

C0„C :H2C(N°2): 

CII=C 
co2cii2c(iio2)3 
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p. bi3-2.2,2-Trinitroethyl llesaconate 

Attempts to prepare this compound by the reaction of 

mesaconyl chloride with trinitroethanol were unsuccessful when methylene 

chloride, chloroform, or xylene was used as a solvent for the reaction. When 

petroleum ether was employed as a solvent for the reaction, an oil was obtained 

which analyzed poorly for the desired ester (4o4, 6; 417# 4; 552# l?)» 

COCI 

CH=C + 2C(N02)5-CH20H 

COCICH^ 

co2cii2c(no2)3 

CH=C 

I h 
co2ci^c(no2)3 

Miscellaneous Attempts to Prepare Nitroesters of 
Unsaturated Acids 

Attempts to prepare 2-nitraminoethyl acrylate by esteri¬ 

fication of nitraminoethanol with acrylyl chloride or acrylic acid in tri- 

fluoroacetic anhydride were unsuccessful. Severe degradation, with loss of the 

nitramino group, resulted (772, 67). 

A number of unsuccessful attempts have been made to 

synthesize 2,2,4,4-tetranitro-l-butyl acrylate. It was hoped that 2-bromo- 

2,2-dinitroethyl acrylate, upon reaction with potassium iodide, would behave 

in a similar manner to 2-bromo-2,2-dinitroethyl acetate which produced the 

2,2,4,4-tetranitrobutyl acetate (457# 13« 468, 3^). Additional attempts to 

esterify 2,2,4,4-tetranitro-l-butanol with acrylyl chloride likewise failed 

(432, 6 ; 552, 20). 

Two attempts to open the maleic anhydride ring to produce 

bis-2,2,2-trinitroethyl maleate yielded only recovered starting materials 

(336, 5). 

One attempt to prepare bis-2,2,2-trinitroethyl muconate 

by ester interchange of diethyl muconate and trinitroethyl acetate was unsuc¬ 

cessful (386, 6). 
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TABLE 4 

PHYSICAL PROPERTIES OF MISCELLANEOUS TRINITROETHYL ESTERS 

Ester_ tn.p. °C Reference 

2,2,2-Trinitroethyl 
Methacrylate 

73/5 mm 28.3 371, 10; 
336, 5; 
432, 5 

2,2,2-Trinitroethyl 
Crotonate 

97/5 mm 336, 5 

his-2,2,2-Trinitro- 
ethyl Fumarate 

I50 336, 5 

Pentaerythritol 
Acrylate Trinitrate 

72 to 75 563, 53 

r. Summary and Evaluation 

As stated earlier in the report, this class of monomers 

has yielded the largest number of compounds with potential use in propellant 

compositions. The early preparation of the trinitroethyl esters gave materials 

of high, calculated specific impulse; however, their usefulness as nitropolymers 

was severely limited by their chain-transfer character upon polymerization. Jith 

this discovery, this class cf monomers appeared less desirable because of the 

di.'f culty in synthesizing high-energy monomers without the use of the trinitro¬ 

ethyl group. Consequently, those materials which have found use in propellant 

formulation have a lower specific impulse and are formulated with added oxidizer 

to give composite solid propellants. If new high-energy groups become available 

which do not exhibit a correspondingly high chain transfer during polymerization, 

this c^as-i of co;.pounds would again become a valuable source of new unsaturated 

nitvomcnomers. 

4* nitrato Esters of Unsaturated Acids 

Pentaerythritol acrylate trinitrate, the only example of this 

class, was first prepared by the Allegany Ballistics Laboratory. Inasmuch as the 

monomer he.* an pstimsitcd specific impulse of 214 Ibf sec/lbm, a study ox the 

*AEL Abstract '’Nitrate Monomers for Solution - Cast Propellants,'1 
Nitro Polymer Meeting (April 1951)* 
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polymerization of this material was deemed worthwhile. The monomer was prepared 

in this laboratory by the same procedure developed by ABL. Pentaerythritol was 

nitrated to the trinitrate, and the remaining hydroxyl group was esterified with 

acrylyl chloride. The product after recrystallization was a white crystalline 
solid: 

H0CII2C(CH20N02)5 + CH^CH-COCl -> CH^CII-CO^C (C^OUOg 

m.p. 72.5 to 75 C. The impact stability was greater than lOO cm for a 2-kg 

weight (540, 32). An SPIA data sheet on this monomer was prepared (590, App. A). 

Polymerization of this monomer in greater than 60^ acetone 

solution gave rise to insoluble gels (636, 20). 

5* Unsaturated Esters of Hi troados 

a. Introduction 

Another approach to the synthesis of unsaturated nitro- 

monomers was through the preparation of unsaturated esters of nitroacids. 

Inasmuch as vinyl esters such as vinyl acetate polymerize readily and have 

found wide use, it was anticipated that the corresponding nitroacid derivatives 

woulci give useful materials. Although these materials were readily synthesized, 

their usefulness in propellant work was not realized because of the unpolymeri- 

zable nature of the monomers. The physical properties of these compounds are 
compiled in Table 5. 

0. Vinyl 4,4-,4-Trinitrobutyrate 

This compound was originally prepared by the U.S. Rubber 

In this laboratory, it was also prepared by transvinylation and by the 

preferential addition of nitroform to vinyl acrylate (463, 5; 5I5, 3). An SPIA 
data 

0 iv +2 Q 

cii2=cho£-cii5 + c(no2)3-cii2-cii2-co2ii —» ch2=ch-o-Ö-ch2-cii2c(no2)5 

0 Q 

CII2=CH-0C-CH=CH2 + CII(ilO ) -CII =CH-0-C-CII -CÍI C(II0 ) 
J C. 2 2 2 3 

*U.S. Rubber Co., Report No.*9,“p. ff. 
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sheet was prepared on a sample prepared by the latter method (5I5, App. A). 

The polymer, although never obtained, has an estimated specific impulse of 215 

Ibf sec/lbm. 

c. Allyl 4,4,4-TrinUrobutyrate 

Ally! 4,4,4-trinitrobutyrate was prepared by the 

preferential addition of nitroform to allyl acrylate (563, 60). 

d. Vinyl 4,4-Dinitropentanoate 

Vinyl 4,4-dinitropentanoate has been prepared by the two 

methods outlined above. Transvinylation gave a material which, after two 

vacuum distillations, analyzed rather poorly. A product which analyzed correctly 

was obtained from the addition of 1,1-dinitroethane to vinyl acrylate (622, 63). 

0 
II 0 

CH =CII-0fc-Cil=CH + CH (HO ),.-011 
2 «- ^ j 

T «n . .TTT -'■HT 
L" vj o r\ jLLt - * 

'2 

,:,1 lyl 4,4-Dinitro-l, 7-hep eanedioate 

This compound was synthesized by the reaction of 4,4' 

e. 

dinitro-l,7-heptanedioic acid with allyl alcohol (457, 6). It was proposed to 

use this monomer as a crosslinking agent in vinyl polymerization. 
POGl, 

2CH2=CH-CII20II + COlO^^CIIg-CHg-COglOg -^ (cii2=cii-cii2ococu2ch2)2C (N02)2 

f. Summary and Evaluation 

Early expectations for the application of the unsaturated 

esters of nitroacids toward the preparation of a nitropolymer propellant have 

not been realized. The reason for the failure of this class of compounds to 

live up to the expectations was the inability to polymerize these negatively 

substituted esters. A number of attempts to polymerize vinyl trinitrobutyrate, 
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under a variety of conditions, met with failure. The ease with which those com- 

pounds have been produced may make them valuable when considered from the view¬ 

point of chemical intermediates. 

TABLE 5 

PHYSICAL PROPERTIES OF UNSATURATED ESTERS OF NITROACIDS 

Ester b.p., °C 

Vinyl k,4,4-trinitro 
butyrate 

Allyl 4,k,4-trinitro 
butyrate 

Vinyl 4,4-di.nitro- 
pentanoate 

Allyl 4,4-dinitro-l,7 
heptanedioate 

75 to 78/1 n 

35 to 41/35 u 

30 to 90/0.5 [X 

133/1.4 n 

6. HlL?§.t.utatp_d_U-troesters oi~ Acids - 2-IIitroallyl Acetate 

I.4723 (20) 

1.4658 (25) 

1.4664 (25) 

1.4780 (24) 

Reference 

^3, 5 

563, 60 

622, 62 

457, 72 

In an effort to utilize new reactions by which new nitro 

compounds could be synthesized, the thermal dccomocsition of the anthracene 

adduct with nitroethylene was studied (457, 5; 468, 11). The adduct with nitro- 

fthylene itself was found to be quite thermally stable and did not decompose 

to the original reactants under a wide range of conditions studied. The de¬ 

composition of the formaldehyde product of the nitroethylene adduct (endo -1- 

nitro-l-methylol anthracene) likewise did not yield an unsaturated nitro com¬ 

pound but, instead, split out formaldehyde. Attention was next turned to the 

acetate derivative of the methylol compound. It was observed that this compound 

did dissociate, giving 2-nitroallyi acetate as one of the products (482, 8). 

NO 0 
c II 
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Since the yield from the anthracene adduct decanposition was low, an alternate 

method of synthesis was sought. After some study, it was found possible to ob 

tain a high yield of 2-nitroallyl acetate by splitting out acetic acid from 

2-nitro-l,3-propanediol diacetate, in the vapor phase, over phosphate rock 

(482, 10). 

* CHjCO^H + CiyC02CH2-C=CII2 (CiyC02CII2)2CH(N02) 

Pressure, 
Phosphate Roc!: 

Although this compound has such a low-energy consent 

as to be of no utility in the preparation of a nitrepolyraer propellant compo¬ 

sition, it was found to be a valuable intermediate for the preparation of several 

high-energy compounds (paragraph II,F,ó,d). An SPIA data sheet was published 

(622, App.). 

?. Esters of Unsaturated Ilitroacids 

a. Introduction 

The successful application of nitroesters of unsaturated 

acids to propellant compositions showed them to be a valuable class of compounds. 

However, in all these esters the nitro groups were substituted in the alcohol 

moiety of the ester, and the acid portion was devoid of any oxygen donor. The 

relatively large acrylic acid portion, therefore, contributed nothing to improve 

the specific impulse of the polymer. Consequently, synthetic effort was devoted 

to the preparation of suitable unsaturated nitroacids in order to improve the 

specific impulse of these esters. 

Methyl a-(2,2-Dinitropropyl )-acrylate 

The synthesis of this ester was accomplished, starting 

with 4,4-dinitro-l-pentanal, in the following manner (563; 56): 

C¡L,-C-CH -CH 5 I 2 , 
iio2 C1I0 

I 
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4 1¾ ft 
- CiyÇ-CHg-C-CHO 

II + HCl 

NO- 

II 

WO? CIL Cl 

- ciy^-CHg-ciiciio 
no. 

in 

in 
NO o CII^Cl 

mío. ch,-c-ci{0-c:h-co0ii 3 ! 2 2 
MO, 

IV + CILOII 

IV 

no. ciLci 
i 2 I 2 

CII^-C-CIL-CII-CO-CH, 
J I 2 2 3 

no. 

MO¬ CIL 

V + CILOMa- 
3 

— CIL-C'-CII,-C-CO CIL 
3 1^ 2 3 

MO, 

The product was a liquid b.p. 5o to -ofzKjA ^ n^5 C 1.4631. In a subsequent 

preparation of a larger quantity of the ester, it was observed that in the de- 

hydrohalogenation step, some displacement of chlorine by the raethoxyl group oc¬ 

curred. In order to avoid this side reaction, pyridine was used in the dehydro 

halogénation reaction (590, 58). 

It was observed that this monomer failed to form a 

homopolymer and also failed to copolymerize with other monomers. Two reasons 

for the failure of this compound to polymerize were suggested (622, 61). Dupli 

eating the expected structure with Fisher-Hershfel der models suggests that the 

double bond is sterically hindered. The other suggested reason involves the 

chemical structure of the monomer. If a rearrangement of the double bond oc¬ 

curred to yield the following structure, polymerization would not be expected: 
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fa f? 
ciyc-citc-cOgCH^ 

NO- 

A rigorous proof of structure of the monomer has not been carried out, and the 

question as to which one it really is has not been answered. 

c. Methyl 4-Nitro-4-pentenoate 

It was observed that the anthracene-nitroethylene adduct 

would add across the conjugated double bond of methyl acrylate. Thermal dis¬ 

sociation of this compound gave methyl 4-nitro-4-pentenoate as a product 

(46Õ, 12). The ester is a liquid b.p. 85 to 90°C/1 mm, n^ 1.4662. 

An attempt to prepare the ester by an alternate method, 

by the addition of 1-chloronitroethane to methyl acrylate, followed by dehydro¬ 

chlorination with quinoline, was unsuccessful (482, 11). 

d. Miscellaneous Attempts to Prepare Esters 
of Unsaturated Ilitroacids 

Attempts to prepare methyl c.-nitroacrylate by the con¬ 

densation of formaldehyde with methyl nitroacetate, followed by dehydration, 

v;ere unsuccessful (417> 4). 

Numerous attempts to form ethyl c.-trinitromethyl acrylate, 

by the reaction of nitroform with ethyl pyruvate and subsequent dehydration, 

v;ere unsuccessful (499, 3; 515, 30). 

An attempt to obtain diethyl 2-trinitromethylfumaratc 

by the addition of nitroform to diethyl oxaloacetate also was unsuccessful 

(499, 5). 
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Attempts to prepare suitable derivatives of caminoacrylic 

acid for nitropolymer use were unsuccessful (638, 78; 663, 70). 

e. Summary and Evaluation 

Of the many synthetic attempts to prepare compounds of 

this class, only a few have been successful. Those compounds that were made were 

of low-energy content, and they were suitable only as intermediates in the prepa¬ 

ration of other materials. 

8. Unsaturated Nitronitriles 

a. 4-Hitro-l;-pentenoaitrile 

Among the anthracene adducts whose dissociation was 

studied, was the addition product of the endo-nitroethylene anthracene and 

acrylonitrile. The thermal dissociation of this material proceeded smoothly, 

giving 4-nitro-4-pentenonitrile as product. The nitrile is a liquid, b.p. 

l20°C/5 mm, n^2 1.1+735 (468, 32; 432, 7). 

0 H0? 
200°C I 2 
fw-* CU^C-CUj-CHg-CH + 

b. The Attempted Synthesis of c-Nitroacrylonitrile 

An attempt to prepare c-nitroacrylonitrile by the reac¬ 

tion of 2-bromo-2-nitroethyl acetate with cuprous cyanide, followed by the 

splitting out of acetic acid, failed in the first step of the proposed synthe¬ 

sis (1+04, 6). 

9. Unsaturated Mitroamides 

a. Introduction 

After it had been observed that nitromonomers containing 

the trinitromethyl group gave very low molecular weight polymers, the synthesis 

of high-energy monomers, devoid of such groups, was attempted. One approach to 
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this problem vas through the preparation of polynltroalleyl unsaturated amides 

whose specific Impulse could be Improved by nitration of the amide nitrogen. 

b. N-3,3-Dinitrobutyl Acrylamide 

This compound lias successfully prepared by two different 

methods. The reaction of 3,3-dlnitro-l-butyl isocyanate (paragraph II,B,5) 

with glacial acrylic acid gave the acrylyl carbamate, which readily evolved 

carbon dioxide, upon heating, to yield N-3>3”dinitrobutyl acrylamide as the 

final product (636, 73)- 

N0- 

ciyc-ciig-CHg-iico + ch2=ch-co2ii 

no„ 

NCL 0 0 
I 2 U H 

CH -C-CHg-CIIg-HlI-C-O-C-ClfcCIlg 

110« 

N°2 0 
u 

ciyc-ciL-cn«-mi-c-cn=cii« ^ co. 
, *2 2 
n°2 

The second preparation was achieved by the reaction of acrylyl chloride with 

3,3-dinitro-l-butyla-.iine (paragraph II,B,5) (630, 73J 663, 70). 

ll°2 
ciyc-CH2-cii2Nii2 + ch2=cii-coci 

♦°2 
0 
4 

ciyc-cH2“CH2-ir.ic-cn=cH2 
110, 

The yield obtained by either method was low. The 11-3,3-dinitrobutyl acrylamide 

is a crystalline solid m.p. 3° t0 39°C. 

In order to increase the specific impulse of this 

monomer, nitration of the amide nitrogen was attempted. The use of nitric 

acid-acetic anhydride mixture, anhydrous nitric acid, or nitric acid-sulfuric 

acid mixture was unsuccessful in producing the desired product. 

c. Hiscellaneous Attempts to Prepare Unsaturated Nitroamides 

Had the nitration of N-methyl acrylamide been success¬ 

ful, a monomer with an estimated specific impulse of 144 Ibf sec/lbm would have 

resulted. However, nitration, when carried out at -30°C in a nitric acid-acetic 
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anhydride mixture, gave a crystalline solid m.p. 120 to l2l°C(dec), which had 

an empirical formula of . The structure of this material was not 

determined. Nitration with anhydrous nitric acid alone at 0, -20, and -30°C 

gave only water-soluble products (772, 68). 

N-Nitro-N-nitratomethyl acrylamide has an estimated 

specific impulse of 229 Ibf sec/lom. An attempt to nitrate N-hydroxymethyl 

acrylamide, as the first step in the proposed synthesis, gave only water-soluble 

products. Extraction of the aqueous solution yielded nothing (663, 69). 

The synthesis of M-nitro-H-nitratoethyl acrylamide was 

attempted, using two different methods of preparation. The first synthetic 

scheme, starting with acrylyl chloride and ethanolanine, gave only polymer in¬ 

stead of the expected ß-hydroxyethyl acrylamide. Nitration of the polymer with 

lOOfj nitric acid gave a material which, from its heat of combustion, contained 

only one nitro group instead of the two expected (686, 59)* Another attempt to 

prepare this compound was made by starting with the reaction of acrylyl chloride 

with 2-oxazolidone. The hydrolysis of the product was expected to yield 

ß-hydroxyethyl acrylamide. The acrylation step yielded a high-boiling oil, 

which did not analyze for the expected product (7^0; 58)• 

Many attempts were made to prepare N-2,2-dinitropropyl 

acrylamide, since nitration of this compound would have given a monomer with an 

estimated specific impulse of 210 Ibf sec/lbm. The numerous attempts that 

failed c.'n best be summarized by the following equations: 

* CiyC-CHgNIIC-CIfcCHg (638, 76) 

(590, 51) 

(633 , 75) 
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(4) 

í°2 
CH -C-CILOH 

3 i 2 
w2 

NO_ 
I 2 

(638, 76) 
f02 CH-=CH-COCl ^2 ° 

CHj-C-CHgX -/* CiyC-CHgNHg —-> CH5-C-CU2^C-CH=CH2 

NO, NO, NO, 

(5) 

CH2=CH-C0NH-CH20H + Na+ CfNOgJg-CII^ —-/ 

NO. 0 
I 2 i) 

-> CIL-C-CH-NHC-CH=CH- (663, 66) 
3 I 2 2 

NO, 

(6) 

NO- 0 
1 2 11 // CIL-C-CH-OS- 4/ 

51 2 il 
HOg 0 

\ -ch3 + 
/^,-1 . + NO, 

(663, 67) 

V'S 
P» K -7^ CHj-C-CHgtm, 

0 NO- 

ch2=ch-coci 

NO- 0 
I 2 I) 

CH5-C-CH2NHC-CH=CH0 

NO- 

(7) (663, 63) 

N02 0 
II 

CH -CH”CIL-0-C“CH_ + CH -C-NH- 
3 2 332 

f2 
-» CH^-CH- 

AgNO 
NaNO: 

H^-CH-CHg-NH-C-CHj 

2 

NO, 

- (ch3co2h) 

CiyC-CHgNHg- 

NO- 

CH =CH-COCl 

NO. 0 
I 2 U 

CtL-C-CHgNHC-OfeCIIg 

NO- 
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(8) (663, 68) 

NO- 0 
II 

CHj-CH-CHg-O-C-CHj + 
-9y 

0 

Ñ it // y (same scheme as above) 

(9) 
NO, 

2 

*3 ^CK2 

(663, 63) 

f2 0 
yCONHg > CiyCH-CHg-NH-C-CHj -? (same as above) C1I,-C=CH„ + CH,-C0NIL-/7 > 

(10) 

ho2 

CIL-C=CH0 + 
3 2 

(663, 68) 

^•c\. + 

/)■%' 

y/ 0 

,N K (same as above) 

(11) 
(686, 57; 740, 57) 

ÎI02 SOCl l|,02 NaN_ 
OR -C-GH -CO N-» Cil -Ç-CH -COCI -CH_-C-CH.-C0N, 

¿ ¿ 3 I 2 3|23 
I'I02 N02 1/ N02 

/4Hf 

Ta 
CH -C-CIL-NH, (same as above) 
3i22 

no2 

d. Summary and Evaluation 

Although the structures that can be proposed for this 

class of compounds appear desirable as nitromonomers, the difficulty experienced 

in synthesizing these materials is evidenced by the fact that only one poly- 

nitroalkyl unsaturated amide has been prepared thus far. 
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10. Unsaturated Nitramines 

a. Introduction 

Only two examples of this class of compounds have been 

prepared. They were made, for use as intermediates, for the preparation of 

other compounds and not for use as polymerizable monomers. 

b. H-Methylallylnitramine 

This compound was prepared by the reaction of potassium 

methylnitraraine with allyl bromide. A 53^ yield of N-methylallylnitramine, 

b.p. 910C/13 mm, 1.4750, was obtained (I083, 34; III9, I5). 

NOg 

CH^CII-CIIgBr + K+Ñ(M02)-CH^ -^ CUg^II-CHg-Ñ-CH^ 

c. N-Ethylallylnitramine 

This compound was prepared by the nitration of ethyl- 

allylamine. The nitrate salt was first prepared and further nitrated in an 

acetic anhydride-nitric acid mixture containing chloride ion (III9, I3). 

y MO, m,03 HNO /Ac 0 
OHjCHg-Ii-CHg-CfcCHg A C^H^NHCH^-CH^Hg -' 2 > CgiyN-CHg-CHsCHg 

Ü• Unsaturated Nitrocarbamates; Isopropenyl 2.2.2-Trinitroethyl 
Carbamate 

Isopropenyl 2,2,2-trinitroethyl carbamate was synthesized by 

the reaction of isopropenyl isocyanate with trinitroethanol; however, it was 

never characterized. Extraction of the crude product with hexane gave an oil 

which analyzed for the expected product (404, 36; 417, 34) 

0¾ cn5 0 
ciyc-lico + IlOCHg-COlO^-* CiyC-NHC-OCHg-CiNOg)^ 
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12. The Attempted Preparation of an Unsaturated Hltroketone; 
Trinitromethyl Vinyl Ketone 

This polymer, which ;*juld be obtained from trinitromethyl vinyl 

ketone if its synthesis were successful, has an estimated specific impulse of 

250 Ibf sec/lbm. Attempts to prepare this monomer from acrylyl chloride and 

silver or potassium nitroforra gave either no icolable products or unstable oils 

which exploded upon attempted distillation (417> 2; k2k) 3> 552, 19)* 

13. The Attempted Preparation of an Unsaturated Nitroalcohol; 
2-Nitroallyl Alcohol 

Thermal dissociation of endo(1-nitro-l-methylol) ethylene 

anthracene was expected to give, as products, 2-nitroallyl alcohol and anthra¬ 

cene. Instead, decomposition occurred yielding formaldehyde and endo-nitro- 

ethylene anthracene (468, 11; 552, I9). 

14. The Attempted Preparation of an Unsaturated Hitroether; 
Vinyl l.l.l-Trinitro-2-propyl Ether 

The addition of nitroform to divinyl ether was expected to 

yield vinyl l,l,l-trinitro-2-propyl ether. When methanol was used as solvent 

for the reaction, a product was isolated which analyzed correctly for methyl 

I;1^l-trinitro-2-propyl ether. Uhen diethyl ether was used as a solvent, the 

reactants were recovered and, with dioxan solvent, a high boiling product was 

obtained which fumed off upon attempted distillation (563, 54). Evidently the 

methanol solvent had participated in the reaction, yielding an undesired 

product. 

15. Summary and Evaluation of the Work on Unsaturated 
Nitro Ilonomers 

Of the various classes of nitromonomers whose synthesis has 

been investigated, the class of the nitroesters of unsaturated acids alone has 

been fruitful in producing nitromonomers of utility in propellant compositions. 

More specifically, the nitroesters of acrylic acid alone appear promising. 
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The observation that the trinltromethyl group is undesirable 

in an unsaturated nitromonomer was a severe blow to the goal of achieving a 

nitropolyroer monopropellant. The greatest need, at the present time, is a new 

synthetic approach to the problem of finding a high-energy group to replace 

the trinltromethyl group. If this can be achieved, unsaturated monomers that 

are suitable for vinyl-type polymerization will again assume the importance 

they once held in the early stages of the program. 

B. ISOCYANATES 

1. Introduction 

Because of their utilization in the preparation of nitropoly- 

urethanes, isocyanates, the diisocyanates in particular, are one of the more 

important types of monomers developed on this program. Nitropolyurethanes are 

currently considered the more versatile of the polymers which were developed 

and/or studied. 

Early work on the synthesis of isocyanates was concerned with 

the preparation of low-molecular-weight, un-nitrated diisocyanates, including 

dioxoisocyanogen, methylene diisocyanate, and ethylene diisocyanate. Theoreti¬ 

cally, these materials could be polymerized with highly oxygenated diols and 

diamines, without appreciably lowering the specific impulse of the resulting 

polyurethane or polyurea from that of the oxygenated monomer. One of the main 

reasons for abandoning the preparation of these diisocyanates was the extreme 

shock sensitivity of the diazides from x;hich the diisocyanates were obtained. 

Concurrently, work was initiated on the attempted preparation 

of short-chain nitrodiisocyanates such as nitromethylene diisocyanate, trinitro- 

ethyl methylene diisocyanate, and trinltromethyl ethylene diisocyanate. The 

inability to obtain certain key intermediates in these syntheses was due to the 

inherent instability of nitro compounds in basic media, or the tendency for the 

short-chain, bifunctional intermediates to cyclize. 

In subsequent work, considerably more success was achieved in 

the preparation of longer-chain nitro and nitraza diisocyanates. The prepara¬ 

tion of the esters, acids, and acid chlorides which were intermediates in these 
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syntheses are Indicated in paragraph II,C. In addition to the prime objective 

of this program of preparing nitropolymers (paragraph IV,B), certain of these 

diisocyanates were utilized, on the explosives program (Contract N7onr-i*6203), 

in the preparation of new explosives in the form of highly nitrated urethanes 

and ureas. The amines obtained from these diisocyanates provided an even larger 

variety of explosive materials, such as nitrate salts, nitramines, nitramides, 

nitroureas, and nitrourethanes. 

2. Un-nitrated Diisocyanates 

a. Dioxoisocyanogen 

Attempts were made to prepare dioxoisocyanogen, the 

lowest member of the series of aliphatic diisocyanates, by the conversion of 

diethyl oxalate to oxalyl dihydrazide, rearrangement of the dihydrazide to 

oxalyl diazide by treatment with nitrous acid, and subsequent thermal decompo¬ 

sition of the diazide to dioxoisocyanogen (345, 14; 371, I5). The actual ex¬ 

istence of the latter material was never proved. The synthesis was abandoned 

because of two explosions involving oxalyl diazide. 

b. Methylene Diisocyanate 

Methylene diisocyanate was prepared by the following 

series of reactions (345, 16; 37I, I3): 

CH2(C02CH2CII5)2 + smiginig. 1I20-> CHgiCOgNHNU^ + 21^0 + 2CH5CII2OH 

I 

I + 2HC1 + 2HaN02-> CH^CON^g + 2NaCl + 41^0 

II 

n ---* ch2(nco)2 

III 

Mfilonyl dihydrazide (l), m.p. 144-146°C, was obtained by the reaction of 

diethyl malonate and hydrazine hydrate. Malonyl diazide (II) was not isolated, 
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but v/as immedif. tely converted to methylene diisocyanate (III), b.p. 37-^ß0C/lk 

ram. Attempts to convert raalonohydroxamic acid to methylene diisocyanate, thus 

avoiding the preparation of sensitive malonyl diazide, were unsuccessful 

(371, 14). 

c. Ethylene Diisocyanate 

Ethylene diisocyanate was prepared, by the method of 

Curtius and Hechtenburg,* from diethyl succinate by proceeding through the 

intermediate compounds, succinyl dihydrazide and succinyl diazide (330, 35; 

5I5, 27). It was concluded that ethylene diisocyanate was not a satisfactory 

monomer for polymerization reactions because of the pronounced tendency of 

this material to form cyclic structures of the following general formula** 

(515, 27-30): 

CIL - CH- 
|2 |2 0 

NH^c^N - C - R 

Ò 

3* Nitro Diisocyanates 

a. Discussion 

Table 6 lists those nitro and nitro-nitraza diisocyanates 

(and a single nitro triisocyanate) \7hich were synthesized during the course of 

this program. All of these materials were obtained by the Curtius rearrangement 

of the appropriate azides. The latter compounds were prepared from the corre¬ 

sponding acid chlorides by reaction with sodium azide. Utilized to a greater 

extent than the other isocyanates in this table is 3,3-dinitro-l,5-pentane 

diisocyanate, which is discussed further in the following paragraph. Succeeding 

paragraphs (c, d, e, f) describe attempts to obtain a number of materials with 

which the research on nitro diisocyanates was concerned during the early phase 

of the program. 

*Curtius and llechtenburg, J. praht. Chem. [2] 105, 2Ö9-318 (192¾¾ 
**Uaegli and Lendorff, Helv. Chin. Acta 1¿, 49^932). * ' 
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b* 3>3"Dinitro-l,5-pentane Diisocyanate 

The preparation of 3,J-dlnltro-1,5-pentane diisocyanate 
(386, 11) narked the first synthesis of a dllsocyanate containing 

din-tro groups. The 3>3‘dlnitro-l,5-pentane dllsocyanate proved to be one of 

the more desirable dllsocyanates for polyurethane formetion, and its prepara¬ 

tion on a larger scale In the chemical pilot plant is described elsevhere 

(Section V). The synthesis mas carried out according to the following equations: 

NO., 

(fiCHgCHgCOClJg + 2NaN, 

1;°2 

NO, 
CfCHgCI^CON^ + 2NaCl 

NO. 

II 

y°2 no2 

C(CH2CII2C0N3)2 -à-> ¿(CHgCILIICO) + 2». 

N0„ C NO. 

II III 

Di.nitro-I;7-heptanedioyI chloride (I) (see paragraph 11,0,3,0) was con¬ 

verted to 4,4-dinitro-l,7-heptanedioyl azide (II) by reaction with sodium azide 

while employing a heterogeneoua reaction medium (386, 11; 4o4, 7; 417, 5; 686, 

69). An early laboratory procedure (468, App. B) for the preparation of 3,3- 

dinitro-1,5-pentane diisocyanate (III) was based on experiments in which the 

diazide (m.p. 63-69°C, dec.; impact stability 20-30 cm/2 kg) was isolated in 

crystalline form (417, 5). A safer and more satisfactory procedure (686, 69) 

involved the isolation of the diazide in chloroform solution with subsequent 

thermal rearrangement to the dllsocyanate. 

*Herzog, Gold, and Geckler, J. Am. Chem. Soc. 73, 7^9 (I95I). 
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A comparison of distillation with recrystallization 

techniques for the purification of 3;3"d¿nitro-l,5”Pentane diisocyanate 

indicated the latter to be more satisfactory (404, ?)• Failure to obtain 

4,4-dinitro-l,7-heptanedioyl hydrazide (371; 12; 3I7, 5i 9W> 36) prevented 

the formation of 3>3"d!nit:ro-l,5*pfintane diisocyanate by a second method 

involving the intermediate dihydrazide and diazide. The diisocyanate, 

m.p. 37*3Ô°C, gave r thyl 5;5“di,ni.tro-2,8-diaza-l;9-nonanedioate, m.p. 

113-114°C, on treatment with methanol (4o4, 7)* The aniline derivative, 

il,M*-diphenyl 5;5"dinitro-2,8-diaza-l,9-nonanediaraide, melted at 186-137°C 

(386, 11). 

Hydrolysis of the dimethyl urethane using hydro¬ 

chloric acid yielded 3;3"^lnltro_l;5"Pentane¿iainlne dihydrochloride, m.p. 

225-230°C (dec), and the latter gave the free amine, m.p. 73*74°C, on 

treatment with alcoholic sodium hydroxide (417; 39; 468, App. 3). The diacetyl 

and dibenzoyl derivatives of 3;3"<Hnltro“l;5"Pentane<liaraine melted at 155*157°^ 

and 144-145°C, respectively (417; 39)* T^e 3;;5'Pentane diamine 

was used in the preparation of 4,7,7,l0-tetranitro-4,l0-diaza-l,l3-tridecane- 

dioic acid (II,C,3;g). SPIA data sheets were prepared for 3,3-dinitro-l,5- 

pentane diisocyanate (424) and 3;3"dinitro-l,5-pentanediamine (463). 

c. Nitromethylene Diisocyanate, Attempted Preparation 

An early report (345; 18) proposed the preparation of 

nitromethylene diisocyanate from diethyl nitromalonate via the intermediate 

dihydrazide and diazide. This work v/as abandoned when attempts to obtain 

nitromalonyl dihydrazide (371; 12; 386, 7) gave low yields of a product for 

which the analytical data corresponded to the following structure: 

ILNNi: 
2--½ 11= c 

ycomi 

\om 
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d. Trinitromethyl Ethylene Diisocyanate, Attempted 
Preparation 

Initial v;or!: on the proposed synthesis of trinitromethyl 

ethylene diisocyanate involved unsuccessful attempts to add nitroform to diethyl 

maleate (37I, 11), diethyl fumarate, and fumaric acid (386, 7; 1*04, 8). In an 

alternative approach, trans-l.2-ethene diisocyanate was prepared from diethyl 

fumaratc via the dihydrazide and diazide (4o4, 9), but attempts to add nitroform 

to the unsaturated diisocyanate were also unsuccessful. The reactive isocyanate 

Groups were bloched by conversion to trans-1.2-ethene di (ethylcarbaraate), m.p. 

220 C (kOk, 10), which reacted with nitroform in ethanol solution to yield ».wo 

products, m.p. I73 and m.p. 127°C (417, 6). A thorough investigation of these 

products (417, 7; 424, 4) indicated that the addition of nitroform to the 

diethyl carbamate was accompanied by the elimination of nitrous acid and the 

addition of ethanol. The isolated products were postulated as two racemic 
mixtures of the following structures: 

i 2 I 
IIÇ-onhco2c2h5 

no2 

Itc 0_CHII-C-0CoH_ P ¿ ¿ I 2 5 
II 

and 

II N0„ 

I^CgOgCHK-C-CII 

' NCL 

iLc2o-c-raco2c2ii5 

h 

N°o H 
I £- I 

ne—c-tnicOgCgii^ 

N0o Cl 

I^CgO-C-UHCOgC^ 

H 

? ?2 
Î^GgOgGHH-O—CH 

110^ 

’^CgOgCmî-C-O^I^ 

II 
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e. 2,2,2-Trinitroethyl Ilethylene Diisocyanate, 
Attempted Preparation 

The preparation of 2,2,2-trinitroethyl methylene diisocya¬ 

nate, isomeric with trinitroraethyl ethylene diisocyanate (paragraph II,B,3,d), 

was never accomplished. Attempts to convert diethyl 2,2,2-trinitroethylmalonate* 

to the corresponding dihydrazide resulted in the reduction of the starting 

material to diethyl 2,2-dinitroethyl malonate, as shown by the bromination of 

the latter material (417, 5)* ’.Then diisopropylidene malonyl dihydrazide was con¬ 

densed with formaldehyde and nitrofwin in an effort to produce the diisopropyl- 

idene trinitroethyl malonyl dihydrazide, no pure product could be isolated 

(424, 7). 

f. 2,2,2-Trinitroethyl Ethylene Diisocyanate, 
Attempted Preparation 

In preparing intermediates for the proposed synthesis of 

2,2,2-trinitroethyl ethylene diisocyanate, the addition of nitroforra to dimethyl 

itaconate yielded dimethyl (2,2,2-trinitroethyl)-succinate (b.p. l37-l40°C/3 mm, 

nD 1-4643), but attempts to convert the latter material to the corresponding 

dihydrazide were unsuccessful (4o4, 11). The (2,2,2-trinitroethyl)-succinic 

acid, m.p. 176-177°C, obtained by the hydrolysis of the methyl ester or by the 

addition of nitroform to itaconic acid, gave only the anhydride, m.p. 36-ô30C, 

xn attempts to prepare the acid chloride (417# 13)# thus preventing the desired 

preparation of the dihydrazide or diazide from this material. 

4. Hitraza Diioocyanates 

a. Discussion 

The nitraza diisocyanates listed in Table 7, were ob¬ 

tained by the general procedure utilized for the preparation of nitro diisocya¬ 

nates (paragraph II,B,3, above) involving the conversion of a diacid chloride to 

the diisocyanate via the intermediate diazide. 3-Nitraza-l,5-pentane diisocya¬ 

nate, which is described in some detail below (paragraph II,B,4#b), was also 

prepared from the dihydrazide. 

*U. G. Rubber Co., Report Ho. 5, p. 22. 
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b. J-Nitraza-l,5-pentane Diisocyanate 

From the standpoint of availability, as well as utility, 

3-nitraza-l,5-pentane diisocyanate was possibly the most promising diisocyanate 

derived from this program, although a number of other diisocyanates of higher 

specific impulse were obtained. The feasibility of large-scale preparation of 

3-nitraza-l,5-pentane diisocyanate and the various intermediates was demon¬ 

strated in the pilot plant production of this monomer (Section V). Currently, 

3- nitraza-l,5-pentane diisocyanate (III) is obtained by the following reactions: 

f 2 f 2 
N (CHgCIIgCOCl )g + 2NaIl5-* HiCI^CHgCON )2 + 2ITaCl 

I II 

fs ÍI02 
1I(CH2CII2C0N3)2 -> HiCHgCHgUCOjg + 2N2 

II III 

4- Nitraza-l,7-heptanedioyl chloride (l) (II,C,4,d) was converted to the corre¬ 

sponding diazide (II) by treatment of a chloroform solution of the acid chloride 

with aqueous sodium azide at 5°C. Because of the solubility of the diazide in 

the chloroform layer, it was possible to avoid the actual isolation of this 

product. The chloroform solution was dried, and the diazide was rearranged to 

3-nitraza-l,5-pentane diisocyanate on heating this solution (712, 53). In this 

original synthesis of the diisocyanate, the low-melting product (m.p. 35.5°C; 

SPIA Data Sheet, 807 App.) was characterized by conversion to the dimethyl 

urethane, methyl 5’nitro-2,5,8-triaza-l,9-nonanedioate. The treatment of the 

diisocyanate with hydrochloric acid yielded 3-nitraza-l,5-pentanediamine dihy¬ 

drochloride, m.p. 258.5 -261.5 C (dec), and the latter gave the free amine as 

a viscous oil on neutralization with sodium methoxide (71)0, 7h). An alternative 

method which was used for the preparation of 3-nitraza-l,5-pentane diisocyanate 
is shown in the following diagram (941, 35): 
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™2 f2 

NÎCH^CHgCOgCH^Îg-*■ NfCHgCHgCONHNHgJg 

n°2 no2 , 

N(CH2CH2CONHNH2)2-> NiCHgCHgCONjJg > NiCUgCHgllCOJg 

4-Mitraza-lJ-heptanedioyl hydrazide, ra.p. 114-115°C, was obtained by treatment 

of methyl 4-nitraza-l,7-heptanedioate v/ith hydrazine, and the reaction of this 

product Y7ith nitrous acid yielded the diazide. Thus far, this alternate route 

to 3-nitraza-l,5-pentane diisocyanate has not been investigated on a large scale 

but it does offer the advantages of eliminating the use or presence of poisonous 

or hazardous materials, such as sodium azide, hydrazoic acid, and thionyl 

chloride. 

5. Honoisocyanates 

The utilization of nitro and nitraza monoisocyanates has been 

restricted to the formation of polyurethanes by the reaction of these materials 

with hydroxyl-containing polymers such as cellulose and polyvinyl alcohol. 

However, these isocyanates være also used extensively on the explosives program, 

in the preparation of nev; explosive derivatives. 

The monoisocyanates (Table 3) were all prepared by rearrange¬ 

ment of acyl azides, which were obtained from the corresponding acyl chlorides. 
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C. ACIDS 

1• Introduction 

Although nitro dicarboxylic acids were used in polyester formu¬ 

lations during the early phase of the nitropolymer program, the current im¬ 

portance of nitro- and nitramino-containing acids is based on their wide utili¬ 

zation as intermediates in the preparation of diisocyanates, alcohols and 

diols, and esters. The diisocyanates (paragraph II,B) and diols (paragraph 

II, D) are extensively used in the preparation of nitropolyurethanes (paragraph 

III, B). The nitroesters (the esters of monocarboxylic acids in particular) 

have been tested and used extensively as plasticizers, for both nitropolyure¬ 

thanes and nitroalkyl polyacrylates, on this program and in associated work 

(Contracts HOrd 16534 and UOas 54-399-c). Certain of the acids prepared were 

also adapted to the synthesis of new explosive compounds on Contract N7onr- 
46203. 

2. Methods of Preparation 

a. Michael Reaction 

Probably the most productive method for the preparation 

of aliphatic nitro acids has been the Michael-type reaction involving the 

addition of nitroalkanes (containing one or more active hydrogen atoms attached 

to carbon) to negatively substituted olefins such as c, ß-unsaturated acids, 

esters, and nitriles. This alkylation reaction provided a ready means of ob¬ 

taining monofunctional and bifunctional derivatives (and trifunctional adducts, 

in the case of nitromethane) in fair to high yields. The use of this reaction' 

in the preparation of 4,4,4-trinitrobutyric acid (463, 23), methyl 4,4-dinitro- 

1,7-heptanedioate (371, 12), and tri-(ß-cyanoethyl)-nitromethane (712, 49) is 

illustrated in the following equations: 

(cyj^cH + cii2=ciico2h 

NO 
I 2 

C1L + 2 
I 2 

MO„ 

ch2=chco2ch5 

(OgN^CCUgCHgCOgH 

NO_ 
I 2 

C 
I 

(CHgCHgCOgCHj), 

rio„ 

(1) 

(2) 
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*T 

CHjWOg + 3 CHgrrCHCN-* OgNC (CHgCHgCN^ (3) 

The reaction proceeds in step-wise fashion, permitting the 

isolation of 1:1 adducts in high yields through the proper choice of reaction 

conditions. For example, the above reaction of dinitroraethane and methyl 

acrylate (Equation (2)) was stopped at methyl 4,4-dinitrobutyrate (to4, 49), 

and the latter material was utilized in the preparation of methyl 6-cyano- 

4,4-dinitrohcxonoatc (457, H) and methyl 6-carboxy-4,4-dinitrohcxanoate 

(622, 80) by reaction with acrylonitrile and acrylic acid, as indicated below. 

H°2 

eng + CHgsCHCOgCHj 

N(L 

NO, 

IICCHgCHgCOgCHj 

NO, 

(4) 

NO, 

NO, 
I c 

CHO,CCHCHCH 
3 2 2 21 

NO, 

+ CIfo=CHCN 
NCCHgCHgCCHgCHgCOgCHj 

NO, 

+ CH =CHC0 II ^|°2 
--¾ HOgCCdgCHgCCHgCHgCOgCHj 

NO, 

(5) 

Despite the utility of the Michael reaction, a number of 

nitro compounds containing replaceable hydrogen atoms do not undergo this reac¬ 

tion. For example, 2,2,2',2'-tetranitrodiethylamine (41?, 14) and the N-nitro 

(424, 21) and N-cyano (424, 23) derivatives did not give the expected Michael 

adducts on reaction with methyl acrylate (424, 21-25). Instead, methyl 4,4- 

dinitro-1,7-heptanedioate, the 2:1 adduct of methyl acrylate and dinitromethane 

(Equation (2)), was formed, apparently due to the disproportionation of the 

original nitro compounds under the basic or mildly alkaline conditions of the 

Michael reaction. 
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'02 f [¡°2 
HCCH-NCíLCH 

2 21 
no2 no2 

2 CH_=CHC0oCH2 
¿ 2 5 

where X = H, N02, CN 

X NO 
i I 2 
NiCHgCCIIgCHgCOgCHjJg 

no2 

N°2 

c(ch2ch2co2ch5)2 

mo2 

(6) 

A similar polynitroalkane, l;l,3^3-tetranitropropane; reacted v/ith 1 mole of 

methyl acrylate to yield methyl 4,4,6,6-tetranitrohexanoate {424, 23), hut the 

latter would not react further to give methyl 4;4,6,6-tetranitro-l;9”nonane" 

dioate (424, 23-25). 

(7) 

no NO 
I 2 I 2 

c 
I 

NO, 

N0„ NO, 

HCHgCH + CII2=CHC02CI^ 

N0„ 

CHCH^CCHgCHgCOgH 
ch2=chco2ci^ 

NO, 

2| 
no2 no2 

// .^ CHgiCCIIgCHgCO^H^Jg 

HO, 

The Michael reaction is further limited by the fact that all negatively sub¬ 

stituted olefins do not undergo this reaction with nitroalkanes. Previous 

summary reports (461, 494), which were compiled following much of the basic 

work with the Michael reaction, described the variety of successful and unsuc¬ 

cessful additions of dinitromethane and nitroform to negatively substituted 

olefins. On the basis of these summaries, it was not too surprising that the 

attempted addition of nitroform to 03, (jJ*-dicarboxydiallyl ether (468, 25) or 

the corresponding dimethyl ester (482, 18) was unsuccessful. 

// f'Vj 
0(CH CH=CHC02R)2 + 2 CH(N02)5 --ff-» 0(CI^CUCILCO^Og (3) 

where R = H, CII^ 

A second variation of the Michael reaction involving the 

addition of primary amines to c, ß-conjugated carbonyls provides a ready means 

for the preparation of secondary amines. The latter materials were extensively 
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used, on this program, as a source of nitraza nitriles, esters, and acids as 

shown in the syntheses of di-(ß-cyanoethyl)-nitramine (686, 73; 712, 50), methyl 

3-nitraza-l,6-hexanedioate (307, 60), and 4,7,7,lO-tetranitro-4,lO-diaza-l,l3- 

tridecane dinitrile (638, 92). 

NI 

N02 

H, + 2 CH2=CHCN-^ NH(CH2CH2CN)2 -> NiCUgCUgCNjg (9) 

CHjOgCCHgNHg + CH2=CHC02CH CI^OgCCHgNUCHgCHgCOgCHj 

N°2 

ÜHjOgCCHgNCHgCIIgCOgCHj (10) 

N°2 

0 (CHgCHgNHg )2 + 2CH2=CIICN 

NO, 

1(I°2 

c(ch2ch2nhcii2ch2cn)2 

no2 

NO- NO, 

CiCHgCHgMCHgCUgCNjg 

no2 

(11) 

b. Mannich Reaction 

The Mannich condensation of ammonia or a primary or 

secondary amine, formaldehyde, and a compound containing at least one labile 

hydrogen atom results in the formation of materials containing an aminomethyl 

group (vjhen ammonia is used) or an N-substituted aminomethyl group (when amines 

are used). ß-Hitroalcohols, prepared by the addition of formaldehyde to nitro- 

alkanes containing a labile hydrogen atom, undergo the Mannich condensation 

directly with amines. This is also true of such materials as glycolonitrile. 

The utilization of the Mannich reaction in the formation of nitraza acids, esters, 

and nitriles is exemplified in the preparation of 3,6-dinitraza-l,8-octane 

dinitrile (833* ^1)> methyl 3>5;5"trinitro-3-azahexanoate (863, 77)> and methyl 

4,4,6,8,8-pentanitro-6-aza-l,11-undecanedioate (622, 76). 
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“(CH2NH2)2 + 2 HOCHgCN-^ - (CHgNHCHgCN) 

CH^CCHgOH + HgNCUgCOgCHjf-> CH^CCHgNHC^COgCH^—> 

NO. 
2 NO, 

2 

c. Miscellaneous Reactions 

Despite numerous attempts to utilize methods other than 

the Michael or Uannich reaction for the preparation of nitro and nitraza acids 

or intermediates on this program, success along these lines was quite limited. 

3,3-Dinitrobutyric acid was obtained by the oxidation of 3,3-dinitro-l-butanol 

or 5>5'dinitro-2-hexene, by means of permanganate in aqueous sulfuric acid 

solution (686, 56). 

NO. 
2 

CH_CCH0CH=CHCH. 
3 I 2 ; 
no2 

3 

Similar attempts to oxidize 3^3“<^ni-tro*l"’t>utylamine and 1,3,3-trinitro- 

butane were unsuccessful (636, 55). 

The following preparation of trinitromethyladipic acid 

met with limited success. 

Page 53 

CONFIDENTIAL 



Report No. 1162 

CONFIDENTIAL 

/ 
•■v** 

r2 

\ 

¡y-s 

\2, / 
^“2 

+ ch(no2)3 

/ \ 
0¾ 0¾ 

c3> 
CHC(NO ) 
/ 2 5 

CII 

HOgCCHCHgCHgCHgCOgH 

f0»2)3 
HOjCCHjCCHgCl^COjH 

3-Trinitromethylcyclohexanone was obtained by the Michael addition of nitroform 

to 2-cyclohexene-l-one (590, 78), and subsequent oxidation of this material, 

using 70$ nitric acid, gave a mixture of 2-trinitromethyl and J-trinitromethyl- 

1,6-hexanedioic acids (622, Ô6). 

3• Nitro Dicarboxylic Acids 

a. Discussion 

Table 9 lists those nitro and nitro-nitraza dicarboxylic 

acids (and one nitro tricarboxylic acid) which were prepared on this program. 

Reference is made to the corresponding dimethyl ester, dinitrile, and diacid 

chloride where these materials were prepared. Subsequent paragraphs describe 

the method of preparation for each compound. The attempted preparation of a 

variety of compounds are also described, although this is not intended to be a 

complete compilation of the large number of unsuccessful experiments which were 

made. 

b. (2,2,2-Trinitroethyl)-succinic Acid 

Dimethyl (2,2,2-trinitroethyl)-succinate was obtained by 

the Michael addition of nitroform to methyl itaconate in methanol solution 

(404, 11, 45) and the acid hydrolysis of the methyl ester yielded (2,2,2- 

trinitroethyl ) -succinic acid (W7, 13)' 

CO CIL CD-CH- COM! 
I 2 í I 2 3 ! 2 

CH(N0 ) + CII =C-* (NO ) CCH0CH- (1’O lCCILCH 

CHgCOgCHj CIIgCO^IL CilgCOgH 
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The latter material was also obtained directly by the addition of nitroform to 

itaconic acid in methyl ethyl ketone or nitromethane (417, po). The usual 

product melted at 177°, but a lower-melting isomer, m.p. 147°, was obtained in 

a few cases, which could be converted to the higher-melting material, by re¬ 

crystallization from water. Attempts to convert the acid to the acid chloride 

using either thionyl chloride or phosphorous pentachloride in carbon tetra¬ 

chloride, or phosphorous oxychloride solution, or by the use of a large excess 

of thionyl chloride, yielded only the anhydride (loc. cit.). Under more 

vigorous conditions, degradation occurred. 

c. 4,4-Dinitro-l,7-heptanedioic Acid' 

Methyl 4,4-dinitro-l,7-heptanedioate was obtained by 

the Michael reaction of potassium dinitromethane and two moles of methyl 

acrylate (371, 12, 54) or by reacting methyl acrylate directly with potassium 

dinitroethanol (loc. cit.; 424, App. B), thus eliminating the intermediate 

formation of dinitromethane. 

Comparable yields were obtained when potassium dinitromethane was prepared 

in situ by the alkaline deformylation of 2,2-dinitro-l,3"PT‘opanediol (386, 

13, 39), although subsequent work (4o2, 32) indicated that the utilization 

of 2,2-dinitro-l,3-propanediol in this Michael reaction required only cata¬ 

lytic amounts of base. Utilizing the oxidative nitration reaction, the 

current procedure (468, 27> App. B) is based on the following series of 

reactions, which are carried out essentially as a one-step process without 

isolation of intermediates. 

»Herzog, Gold, and Geckler, J. AmT Chem. Soc. £3, 749 (1951)* 
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CH^NOg + 20^0 + NaOH > HOCI^CCHgOH + HgO 

NO-Na 
II 2 

NO-Na 
II 2 

^ HOCUgCCHgOH + 2NaN0j + 2Ag 

no2 

m2 

HOCH CCH OH + 2CIL=CHC0„CH • 
2| 2 2 23 

no2 

The hydrolysis of methyl l^-dinitro-l,7-heptanedioate to lf,4-dinitro-l,7- 

heptanedioic acid was originally carried out in hydrochloric acid (37I, 21, 62; 

424, App. B), but an alkaline hydrolysis was later adapted to this process.* 

Initial attempts to obtain 4,4“dinitro-l,7“heptanedioyl chloride by treatment 

of the acid with thionyl chloride in benzene (37I, 21), ether, or chloroform 

(386, 36) were unsuccessful, necessitating the use of a large excess of thionyl 

chloride (386, 35; 457, Apn.). More recently, the use of thionyl chloride in 

chloroform was successfully employed for this conversion by catalysis with 

pyridine (941, 26). The large-scale preparation of these compounds, which are 

intermediates in the synthesis of 3,3"^ini-tro-l,5-pentane diisocyanate, is 

described in Section V. 

4,4,6,8,8-Pentanitro-l,11-undecanedioic Acid 

Methyl 4,4,6,8,8-pentanitro-l,ll-undecanedioate was 

prepared by the condensation of 2-nitroallyl acetate (1$2, 8), with 2 moles 

of sodium methyl 4,4-dinitrobutyrate (4o4, 49), according to the following 

equation (494, 14-16). 

2 

*Aerojet Report No. 632, Volume I, p. II9, 7 October I952; 
Contract NOas 52-359. 
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It was found that comparable results were obtained by the use of the precursor 

of 2'>nltroallyl acetate, l,3-diacetoxy-2-nitropropane, In the reaction with 

sodium methyl 4,4-dinltrobutyrate (5I5, 9). 4,4,6,8,8-Pentanitro-l,ll- 

undecanedlolc acid was prepared by the hydrolysis of the dimethyl ester in 

hydrochloric acid (499> *nd the acid was converted to 4,4,6,8,8-pentanitro- 

1.11- undecanedioyl chloride by means of phosphorous pentachlorlde in phosphorous 

oxychloride solution (499; 17)- Compounds in this series were quite sensitive 

to basic treatment, the dicarboxylic acid being readily degraded to succinic 

acid and the acid chloride forming the corresponding anilide, m.p. 170°(dec), 

in good yield only with aniline acetate in acetic acid solution (519; 22). 

e. 4,4,6,6,8,8-IIexanitro-l,ll-undecanedioic Acid 

Uhen it was found that the purification of 4,4,6,8,8- 

pentanitro-l,ll-undecanedioic acid (paragraph d, above) was facilitated by 

recrystallization of the crude material from 70$ nitric acid, the latter 

reagent was adapted to both the hydrolysis of the dimethyl ester and the puri¬ 

fication of the dicarboxylic acid. However, a second dicarboxylic acid, which 

was shown to be 4,4,6,6,8,8-hexanitro-l,ll-undecanedioic acid (540, 4j“47, 

was also isolated from such experiments. The corresponding acid chloride was 

prepared and subsequently converted to 3,3,5,5,7,7-hexanitro-l,9-nonane diisocya¬ 

nate (Table 6). Because of the pronounced difference in the solubility of the 

pentanitro and hexanitro diacid chlorides in benzene, this fact provided the 

basis for a more facile separation of the two acids (563, 72, App. B). The 

pentanitro and hexanitro derivatives were obtained in approximately a 2:1 ratio, 

limiting the large-scale preparation of pure materials in either series. At¬ 

tempts to obtain methyl 4,4,6,6,6,8-hexanitro-l,ll-undecanedioate by the oxi¬ 

dative nitration of the corresponding pentanitro ester (515, 12), or by direct 

nitration (540, 48), were unsuccessful. 

f. 4,4,6,8,8-Pentanitro-6-aza-l,ll-undecanedioic Acid 

The preparation of methyl 4,4,6,8,8-pentanitro-6-aza- 

1.11- undecanedioate (II) was effected according to the following equations, 

involving the initial formation of methyl 4,4,8,8-tetranitro-6-aza-l,ll-unde- 

canedioate (I), m.p. 7ö“80°, by means of a Mannich reaction and by subsequent 

Page 58 

CONFIDENTIAL 



CONFIDENTIAL 
Report No. 1162 

nitration of this material, uslns laixed add or acetic anhydride-anhydrous 

nitric acid* (622, 76). 

NOgNa NOg 

Nll^gCClL + 2CHgO + 2 CCIIgCHgCOgCH^ -> NHÍCHgÇCHgCHgCOgCI^Jg + NaOII + UgO + 

NO NOg 

j. C^COgNa 

NOg NOg NOg 

NHÎCHgÇCIIgCIIgCOgCI^Îg---* N(CHgCCHgCHgCOgCHj)g 

VTA NO- 

A prior attempt to obtain methyl ^4,8,3-tetranitro-6-aza-l,ll-undecandioate (l) 

by the Michael reaction of dipotassium 2,2,2’,2'-tetranitrodiethylamine with 

2 moles of methyl acrylate gave only methyl 4,Winitro-lJ-heptanedioate 

(417, 14). A similar attempt to utilize N-nitro-2,2,21,2'-tetranitrodiethyla- 

mine in the formation of methyl 4,4,6,8,8-pentanitro-6-aza-l,U-undecanedioate 

(II) gave identical results (42^, 21). Methyl 4,4,6,8,8-Pentanitro-6-aza-l,ll- 

undecanedioate was readily hydrolyzed to 4,4,6,8,8-pcntanitro-6-aza-l,ll- 

undecanedioic acid (621, 8), and the latter gave the corresponding acid chloride 

on treatment with phosphorous pentachloriue (621, 9)« 

g. 4,7,7,l0-Tetranitro-4,lO-diaza-l,IJ-tridecanedioic Acid 

By the utilization of 3,5-dinitro-l,5"Pentane<^iamine 

(417, 15, 59; ^ App. B) in a Michael reaction with acrylonitrile, 7,7* 

dinitro-4,10-diaza-l,13*tridecane dinitrile was obtained. This material was 

converted to a bis-nitric acid salt, and the chloride-catalyzed nitration of 

the nitrate in acetic anhydride-anhydrous nitric acid yielded 4,7,7,10-tetra- 

nitro-4,10-diaza-l,15-tridecane dinitrile. The latter compound was hydrolyzed 

to 4,7,7,lO-tetranitro-4,10-diaza-l,IJ-tridecanedioic acid in hydrochloric 

acid solution, and the corresponding acid chloride was obtained by treatment 

*Aerojet Report No. 621, p. 7; Contract ITfonr 46200. 
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of the dicarboxylic acid v/ith a mixture of phosphorous pentachloride and phospho¬ 

rous oxychloride. High conversions were obtained in each step of the synthesis 

(638, 9l"93)j which is illustrated in the following scheme. 

h. H-Nitro-N-trinitroethylaspartic Acid and N-Nitro-N- 
trinitroethyl-glutamic Acid 

The preparation of N-nitro-N-trinitroethylaspartyl 

chloride* and II-nitro-N-trinitroethylglutamyl chloride** vas repeated to obtain 

sufficient quantities of these materials for evaluation in polyester formation. 

The reaction sequence used in the synthesis is indicated below. Minor improve¬ 

ment in the preparation of certain intermediates v/as achieved (499, 10; 5I5, 13; 

540, 50). 

EtO.C(CIL) CIIML . IICl c ¿ n ¿ 
COgEt 

+ HOCHgCqiOgL 
Et02C (Cllg)nCHNHCH2C (NOg 

C02Et 

Et02C(CII2)nÇHHIICH2C(N02)3 

COgEt £ 

*Koller, PhD. Thesis, Purdue University. 
**Purdue University Report No. 2, p. 26 (25 May I950); No. 3, p. 23 

(31 July I950). 
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no2 

Et02C(CiynCHNC^C(NO2); 

C02Et 

n°2 

co2ii 

NO, NO, 

U02C ^CH2 ^^10¾0 (N02 ^3 -^ CIOC (CH2 )nCHNCH2C (NO ) 
co2h COCI 

2 3 

where n = 1, aspartic acid derivatives; 

where n = 2; glutamic acid derivatives. 

i. Tri- (ß-carboxyethyl)-nitromethane 

Tri"(ß-carboxyethyl)-nitromethane (7I2, 48) was obtained 

by the hydrolysis of tri-(ß-cyanoethyl)-nitromethane,* and the tricarboxylic 

acid was converted to the acid chloride by treatment with thlonyl chloride or 

phosphorous pentachlorlde in phosphorous oxychloride solution (712, 49). 

0S1IC(CH2CH2CN)5-4 0211C(CI^CH2C02H) ->0 liefen CU COCI) 

Irl-(ß-chlorocarboxyethyl)-nltromethane was characterized by preparation of the 
tris-anilide, m.p. I92-I930. 

II,C,2,c. 

j. Trinitrometbyladipic Acid 

For the preparation of this material, see paragraph 

k* Methyl 4,4,6-Trinitro-l,9-nonanedioate 

The formation of methyl 4,4,6-trinitro-l,9-nonanedioate 

was carried out by the Michael addition of the sodium salt of methyl 4,4- 

dinitrobutyrate (4o4, 49) to methyl 4-nitro-4-pentenoate (468, 12), according 

to the following equation (482, 16). 

N0oNa 
H 2 

H°2 1102 II02 

hjO + CI^CCHjCHjC + CHj.CCIIjC^COjCIIj -»■ CI^CC^C^CCIljCIlC^Cl^ClL + Kaon 

II02 NO, 

*3ruson and Riener, J. Am. Chem. Soc. 6¿, 23 (I943). 

Page 61 

CONFIDENTIAL 



- 

CONFIDENTIAL 
Report No. 1162 

The identity of the crude product was proved by bromination to yield methyl 

6-bromo-4,4,6-trinitro-1,9-nonanedioate, m.p. 105° (482, 1?). However, the 

attempted hydrolysis of methyl 4,4,6-trinitro-l,9-nonanedioate gave a small 

amount of an unidentified crystalline material, m.p. 202-203°, which was not 

the desired 4,4,6-trinitro-l,9-nonanedioic acid as shown by analysis. 

3>3“Dinitro-l,5-pentanedioic Acid, Attempted Preparation 

no2 

HOgCCHgCCHgCOgH 

ho2 

Considerable effort was applied to the attempted prepara¬ 

tion of 3,3-dinitro-l,5-pentanedioic acid during the early stages of the program, 

because it offered possible routes to high-impulse propellants. Despite the 

many classical and ingenious methods investigated (371, 22; 386, 13; 417; 12; 

424, 12; 457, 7; 463, 24), this compound was never synthesized. 

m. Methyl 4,4,l0,l0-Tetranitro-6,3-diaza-7-keto-l,l3- 
tridecanedioate, Attempted Preparation 

0 N0o 
H I 2 
C(NHCHgCCHgCHgCOgCHj)g 

The preparation of this material by the Michael ad¬ 

dition of N, 11'-bis-(2,2-dinitroethyl)-urea and 2 moles of methyl acrylate was 

proposed, but the formation of the urea derivative by the reduction of N,N'- 

"(2,2,2-trinitroethyl)-urea (432, 3I; 499, 23) and by Mannich reactions 

(499, 24) were unsuccessful. The direct formation of the desired ester by 

Mannich condensations of urea with methyl 5-hydroxy-4,4-dinitropentanoate and 

dimethylol urea with sodium methyl 4,4-dinitrobutyrate were also unsuccessful 

(499, 25). 
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n. JT. TT* (9.0.0-Vri nitroethvl ^-U-ÎT1 -bis- 

The attempted formation of the above material 20) 

by the Hannich reaction of the secondary amide, 11,11' -bis- (carbomethoxymethyl ) 

oxamide (to4, 44), and 2,2,2-trinitroethanol \ as unsuccessful. An alternate 

llannich reaction of nitroform with 11,11'-bis-(carbomethoxymethyl )-11,II'-bis- 

(methylol)-oxamide was not possible because of the inability to obtain the 

latter compound (41?; 14). 

Ethyl 3^5,5,7,9,9,11-Heptanitro-J,11-diaza-1,1^- 

tridecanedioate, Atterapted Preparation 

Tin T-n Tin 

110. 
2 

The reaction of ethyl 3,5,5,-trinitro-3-azapentanoate" 

with 2-nitroallyl acetate, in an attempted preparation of the highly nitrated 

ester, ethyl yielded 

an intractable oil from which no pure product could be isolated (5I5, 11). 

4. llitraza Dicarboxylic Acids 

a. Discussion 

The nitraza dicarboxylic acids listed in Table lO were 

prepared as intermediates in the synthesis of new nitraza diisocyanates (Table 

7). In succeeding paragraphs, brief descriptions of the preparation of these 

acids and the corresponding acid chlorides are presented. 

b. 3-Nitraza-l,5-pentanedioic Acid 

The following reaction sequence was used in the prepara' 

tion of 3-nitraza-l,5-pentanedioic acid (363, 52): 

*ilay, PhD. Thesis, Purdue University. 
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HNOj HOg HOg 

NHfCHgClOg -VNII(CH2CN)2 -» HfCHgClOg -^NfCIIgCOgilJg 

Irainodiacetonitrile* was converted to the corresponding nitric acid salt, 

m.p. 128-132°, and a chloride-catalyzed nitration of the latter material gave 

nitriminodiacetonitrile.** The dinitrile was hydrolyzed to 

pentanedioic acid, and the latter was converted to the corresponding acid 

chloride by means of phosphorous pentachloride in phosphorous oxychloride 

(920, 17)« Starting material was recovered from attempted oxidations of 

4-nitromorpholine to 3-nitraza-l,5-pentanedioic acid (363, 52). 

c. 3-Nitraza-l,6-hexanedioic Acid 

The following procedure was the preferred method for 

obtaining 3-nitraza-l,6-hexanedioic acid (807> 60). 

CILO-CCII NIL + CH =CHCCLCIL 
5 ¿ 2 2 2 2 3 

->• cH^OgCciyniciigCiigCOgCH^ 

HN0_ 
• Í 

CI^OgCCIIgNHCIIgCIIgCOgCI^ -> CII^OgCCIIgMIICHgCIIgCOgCH^ 
NO« 
! 2 

CII^OgCCHgUCHgCHgCOgCH^ 

y°2 fs fa 
niijOgCciyicHgCHgCOjCiu —» no^ca^icn^i^co^i-» ciocciyicitci^coci 

Slight variations in the above procedure, involving the use of acrylonitrile 

in place of methyl acrylate in the Mannich reaction, were less satisfactory 

(740, 75i 772, 73)- In such cases, difficulty x;as encountered in separating 

3-nitraza-l,6-hexanedioic acid and ammonium chloride, the latter resulting 

from the hydrolysis of the cyano-group. 

d. Di-(ß-carboxyethyl)-nitramine 

The synthesis of di-(ß-carboxyethyl)-nitramine has 

been investigated more fully and has been carried out on a larger scale 

(Section V) than other nitraza dicarboxylic acids, because of its importance 

as an intermediate in the preparation of 3-nitraza-l,5-pentane diisocyanate. 

~*Dubskyt Ber. 54"2659 7Ï92ÏT 
**Franchimont and Dubshy, Chem. Zentr. 1912 II, 1423; fright et ah, Can. J. 

Research 26b, 124 (1943). 
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Di-(ß-carboxyethyl)-nitramine has the decided advantage over many dicarboxylic 

acids, such as h,4-dinitro-l,7~beptanedioic acid, of being available from 

economical, commercial starting materials. The synthesis is indicated by the 

following equations (712, 50): 

HIJO, 

+ 2 CH =CHCN-> HH(CH CH CN) -NH(CII CII^CN) 

HNO, 
• 3 

nh(cii2ci-i2cn)2 

HO, 

^ (CHgCUgCM), 
T2 
n(ch2cii2co2h)2 

HO, 

N (CHgCHgCOCl ), 

Considerable difficulty v;as encountered in attempts to convert di-(ß- 

cyanoethyl )-amine* to di-(ß-cyanoethyl)-nitramine until the method of Uright,** 

involving the chloride-catalyzed nitration of di-(ß-cyanoethyl)-ammonium ni¬ 

trate using a mixture of acetic anhydride and anhydrous nitric acid, v/as 

utilized. These prior experiments included attempts to obtain di-(ß-cyano¬ 

ethyl )-nitramine by the nitration of di-(ß-cyanoethyl)-amine (636, 7*0j 

II,N-di(ß-cyanoethyl)-benzenesulfonamide (712, 6o), and II,N-di(ß-cyanoethyl)- 

urea (712, 62), and the attempted oxidation of di-(ß-cyanoethyl)-nitrosamine 

(686, 82-87). The attempted nitration of di-(ß-carboxyethyl)-amine hydro¬ 

chloride v/as also unsuccessful (636 , 7*0• The subsequent steps in the synthe¬ 

sis, the hydrochloric acid hydrolysis of di-(ß-cyanoethyl)-nitramine to 

di-(ß-carboxyethyl)-nitramine and the conversion of the latter to 4-nitraza- 

l,7_heptanedioyl chloride by means of thionyl chloride in chloroform solution, 

produced no difficulties. 

e. 3,6-Dinitraza-l,8-octanedioic Acid 

3,6-Dinitraza-l,8-octanedioic acid (833, *1-0) was pre¬ 

pared by the follov/ing sequence of reactions. 
• 3 

-f-GHgNHgig + 2 HOCIigCN-^-(-CiyiHCI^CN^ -* -(-CiyiUCHgCll),, 

I H 

*Buc, Ford and Uise, J. Am. Chem. Spc. 67, 92 (19^5 )i Uiedemann and Montgomery, 
ibid., 61, 1994 (1945). 

**Uright et ad., Can. J. Research 26, 126 (1948). 
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N°2 no2 

II -> -f-CHgNCHgCNjg -* -f-CHgNCIIgCOgHjg 

III IV 

3.6- Diaza-l,8-octane dinitrile (I) vjas previously obtained by a Mànnich con¬ 

densation of ethylene diamine, hydrogen cyanide, and aqueous formaldehyde in 

the presence of an alkaline-earth cyanide.* Employing the commercially 

available aqueous glycolonitrile, the condensation with ethylene diamine 

was effected without inorganic catalysts. The reaction solution was treated 

with nitric acid to yield the bis-nitric acid salt of 3,6-diaza-l,8-octane 

dinitrile (II) directly. The latter was converted to 3,6-dinitraza-l,8- 

octane dinitrile (III) by means of a chloride-catalyzed nitration, and the 

dinitrile was hydrolyzed to 3;6-dinitraza-l,8-octanedioic acid (IV) using 

hydrochloric acid. The conversion of the acid to the acid chloride (833, 46) 

was best effected by means of phosphorous pentachloride. 

f. 4,7-Dinitraza-l,lO-decanedioic Acid 

4,7-Dinitraza-l,lO-decanedioic acid (638, 87) was 

prepared according to the following reaction sequence. 

-f-CILMHg )g + 2 CH2=CHCU-> -eciI2miCH2CH2CN)2 

>,02 ms 
-f-CII NHC1I2C1I2C1I)2 -^CiyiCllgClIgCNjg -•> -(-CHgHCHgCHgCOglOg 

4.7- Diaza-l,lO-decane dinitrile was obtained by the Michael reaction of 

ethylene diamine and acrylonitrile, and it was characterized by preparation 

of a bis-benzenesulfonamide (633; 33) and by conversion to k,7~dinitroso- 

4.7- diaza-l,10-decane dinitrile (633, 89). 4,7"Dinitraza-i,lO-decane- 

dinitrile was obtained by a chloride-catalyzed nitration of 4,7-diaza-l,10- 

decanedinitrile (638, 89), but attempts to obtain this material by the oxi¬ 

dation of the corresponding dinitroso compound were unsuccessful (636, 85). 

Subsequent work (740, 63) showed that the use of the pre-formed bis-nitric 

*Fick and Ulrich, German Pat. 638, 07I; November 9; 1936- 
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acid salt of 4,7-diaza-l,lO-decane dinitrile was preferred for the prepara¬ 

tion of 4,7-dinitraza-l;l0-decane dinitrile. 4->7"Dinitraza-l>lO-decanedioic 

acid resulted from the hydrochloric acid hydrolysis of l|,7"dinitraza“^^" 

decanedinitrile, and the diacid chloride was obtained by the action of either 

thionyl chloride or phosphorous pentachloride on the acid (638, 90)* 

g. l».,8-Dinitraza-l,ll-undecanedioic Acid 

lj.;8-Dinitraza-l,ll-undecanedioic acid (dOJ, 66) and 

h,8-dinitraza-l,11-undecanedioyl chloride (807, 72) were prepared by the 

following series of reactions, which preparation directly parallels that of 

4,7-dinitraza-l,10-decanedioic acid (paragraph f, above). 

cH^ciym^g + 2 ciycHcn-> ci^ (c^NHCHgCiyiOg 

hno5 no2 

ch2(ch2nhch2ch2cn)2-> ch2(ch2mhch2ch2cn)2-=► 

N°2 

CHg(CHgNCHgCHgCNjg 

n°2 
CHg(CHgUCUgCHgCOCl), 

h. 4,il-Dinitraza-l,ll).-tetradecanedioic Acid 

The utilization of a Michael reaction of a diamine and 

2 moles of acrylonitrile as the basic or initial reaction in the synthesis of 

a dinitraza dicarboxylic acid was again illustrated in the following formation 

of 4,ll-dinitraza-l,l4-tetradecanedioic acid (IV) (833, 42, 48). 

-f-CHgCHgCHgNHg ) 2 + 2 CH^CHCN-> -(-CHgCHgCHgNHCHgCHgCN )2 

I 
HI'10- 

• 5 
NO, 

-f CHgCHgCIIgNHCHgCHgCH)2 -^ -(-CHgCHgCHgNCHgCHgCN)2 

II III 

NO 
I 2 

N°2 

III -> -(-CHgCHgCHgMCHgCHgCOgH)2-^ -(-CiyHgCiyiCHgCHgCOCl )g 

IV V 
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i. 4,7,10-Trinitraza-1,IJ-tridecanedioic Acid 

4,7,10-Trinitraza-1,1J-tridecanedioic acid was origi¬ 

nally prepared by the follovjing scheme (663, 75» 686, 60,71,82), but the 

overall yield was extremely low, due to the low conversion of the tris-nitric 

acid salt of 4,7,lO-triaza-l,l3-tridecane dinitrile to 4,7>lO-trinitraza-l,l3- 

tridecane dinitrile by a chloride-catalyzed nitration: 

nh(ch2ch2nh2)2 + 2 CHICHON NH (CHgCI^NHCHgCHgCN ), 

UNO, 

NH(CHgC HgNHCHgCHgCN), 

HN0_ 
• 5 

NH(CHgCHgNHCHgCHgCN), 

N0n N0o 
I 2 I 2 
N(CHgCHgNCHgCHgCNjg 

'¡°2 fz 
N(CHgCHgNCHgCHgCN), 

fa NO. NO. 

N (CHgCHgNCHgCHgCOgH), 
■ 2 > 2 N(CH CHgNCHgCHgCOCl 

An alternative method of obtaining the intermediate, 4,7>lO-trinitraza-l,l3- 

tridecane dinitrile, was developed which utilized a Michael reaction of 3" 

nitraza-1,5-pentanediamine with acrylonitrile for the formation of the starting 

material, 7-nitro-4,7,l0-triaza-l,13-tridecane dinitrile (740, 66). The 

nitration of the corresponding nitric acid salt gave high yields of 4,7/10- 

trinitraza-1,13-tridecane dinitrile (7^0, 67). A particular disadvantage or 

this procedure for the preparation of large quantities of 4,7/10-trinitraza- 

1,13-tridecane dinitrile was the limited availability of 3-nitraza-l,5-pentane- 

diamine (740, 74), which was obtained from 3-nitraza-l,5-pentane diisocyanate. 

fa 
n(CH2ciym2)2 + a enhenen 

i», 
I 2 

* NiCHgCHgNIICIlgCHgCN) 

no2 no2 11¾ 1J02 no2 

M (CHgCHgNIICHgCHgCN ) 2 -* lUCHgCiyniCIIgClIgCllJg -* N^CiyiCHgCHgCN^ 

Two additional procedures (807/ 61-65) v;ere developed for the preparation of 

4,7,lO-trinitraza-l,l3-tridecanedioic acid. One of these procedures involved 

the use of the Emmons method* of oxidizing nitrosamines to nitramines by means 

of peroxytrifluoroacetic acid for the conversion of methyl 4,7/lO-trinitroso- 

4,7/l0-triaza-l,l3”tridecanedioate to methyl 4,7/l0-trinitraza-l,l3-tri- 

decanedioate followed by 

*Emmons and Ferris, J. Am. Chen. Soc. 75./ 4623 (1953)* Page 69 
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hydrolysis of ths Utter material. The key reaction of the second method vas 

the preparation of this same dimethyl ester hy the nitration of the tris-nitric 

sa t of methyl h,7,10-triaaa-l,13-tridecanedioate. Although both methods 

»«re satisfactory, the latter „as particularly interesting because of the suc¬ 

cess m obtaining the dimethyl ester by direct nitration, whereas the corres- 

pon ing dinitrile was obtained in negligible yields by direct nitration. The 

alternative methods are indicated in the following diagram. 

2 ch2=chco2ch5 + nii(ch2ch2nh2)2 

NIl(CH2CH2i 
IICH2CH2C02CH3}2 

NO NO 

N(CH2CH2NCH2CH2C02CH3)i 
UNO, 

3 * ‘-3 
nh(cii2ch2niich2ch2co2ch3)2 

MO, 

n(ch2cii2ncii2ch2co2cii3)2 

^•5"^el:ranitraza-li 16-hexadecanedioic Acid 

,,. , Ihe ,IichMl »i 3,6-dinitraza-l,8-octanediamine 
(740, 72) with acrylonitrile yielded 7,10-dinitro-4,7,lo,l3-tetrata-l,16- 

hexadecane dinitrile (I) (74o, 65), and the nitration of the corresponding 

~ "ltriC acld salt (II) save 7,10,13-tetranitraza-1,16-hexadecane dinitrile 

(III) in low yield (855, 44). The hydrolysis of the dinitrile to the dicer- 

boxylic acid (IV) was carried out in concentrated hydrochloric acid (853 45) 

on the basis of previous experience in the 4,7,10-triaza-l,13-tridecane Series 

(paragraph i, above), the use of the bis-nitric acid salt of methyl 7,10- 

dlnitro-4,7,lo,13-tetraza-l,16-hexadecanedioate would probably give a hi-her 
conversion in the nitration step. 

'|I02 N02 

7-ciy,CH2c,i2m,2)2 + 2 ciyciicii —» -f-ciyiciicii hhcilch cu) 
2 2‘ 

I 
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NO- HNO- I 2 . 3 no2 no2 

K:^McH2ciyniai¿c^cH2cn)2-» -f-CHjUci^Hc^cHjCH) 

III 

II 

NO- NO 
I 2 i 2 

III 

-f-CHgNCHgCHgNCHgCHgCOgH), 

IV 

k. Methyl 3j6"0initra2a-4j5“diketO”li3-octanedioate 

Methyl 3;6-dinitraza-4,5-diketo-l,8-octanedioate was 

prepared as a precursor of 3,6-dinitraza-k,5-diketo-l,8-octanedioic acid, but 

the attempted hydrolysis of the dimethyl ester in acid solution resulted in 

degradation (638, 94). Attempts to prepare the dicarboxylic acid by the 

nitration of IJ,N'-di-(carboxyraethyl )-oxamide (1*04, 44; 622, 78; 638, 94) were 

also unsuccessful (622, 78). Methyl 3,6-dinitraza-4,5-diketo-l,8-octanedioate, 

®.P. I3O.5-I3I0, was obtained (417, 14,33; 638, 94) by the nitration of 

N,N'-bis-(carboraethoxymethyl)-oxamide (417, 44; 622, 78; 638, 94), using a 

mixture of acetic anhydride and nitric acid. 
no2 

-(-CONHCH CO CHJ-* -f-CONCILCO.CH-)0 

4,6-Dinitraza-l,9-nonane Dinitrile, Attempted Prepara¬ 
tion 

N°2 

ch2(nch2ch2cn)2 

4,6-Dinitraza-l,9-nonane dinitrile and the correspond¬ 

ing dicarboxylic acid were desired as intermediates in the proposed preparation 

of 3,5’dinitraza-l,7-heptane diisocyanate. However, the key reaction in this 

synthesis, the Michael reaction of methylenediamine and acrylonitrile, gave 

the ammonia-acrylonitrile adduct, di-(ß-cyanoethyl)-amine, instead of the 

desired 4,6-diaza-l,9-nonane dinitrile (636, 75). 
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m. 3>5"Dinitraza-l,7-heptanedioic Acid, Attempted 
Preparation 

1°2 
dig(HCHgCOgHjg 

The literature contains a single reference to the 

preparation of 3,5*ciiaza-l,7-heptanedioic acid (as the bis hydrochloride) by 

tae Nannich condensation of formaldehyde ^/ith two moles of glycine in hydro¬ 

chloric acid solution.* An attempt to repeat this reaction gave an apparent 

mixture which failed to yield a water-insoluble product on nitration (853, 49). 

■..hen the condensation was attempted in the presence of nitric acid, the sole 

proauct was the nitric acid salt of glycine. When the methyl ester of glycine 

was utilized in the Mannich condensation, a viscous, water-soluble oil was ob¬ 

tained which yielded a viscous, water-insoluble oil on nitration. Neither of 

these products was characterised. This synthesis merits further investigation, 

inasmuch as the desired product offers a route to 3,5-dinitraza-l,7-heptanedioic 

acid and 2,4~dinitraza-l,5-pentane diisocyanate. 

5• Honocarboxylic Acids 

a. Discussion 

The contrioutxon and/or importance of the monocarboxy- 

lic acids (Table 11) to the nitropolymer program varied considerably among 

compounds. For example, 4,4-dinitrobutyric acid was used primarily in the 

synthesis of bifunctional derivatives, and 4,4-dinitropentanoic acid, 4- 

nitrazapentanoic acid, and 4,4,4-trinitrobutyric acid were utilized extensively 

in the formation of nitroplasticizers. A number of the acids provided a means 

of obtaining the appropriate monoisocyanates, and in the case of certain acids, 

particularly those of cyclic structure, the main contribution has been one of 

further elucidating the behavior of nitro compounds. 

k* 3,3-Dinitrobutyric Acid 

The preparation of 3,3-dinitrobutyric acid was described 

in paragraph II,C,2,c. 

*N. Lób, Biochem. Z. ¿1, 122 (I9I3). 
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c. 4,4-Dinitrobutyric Acid 

The preparation of 4,4-dinitrobutyric acid (Jt04, 50) 

and methyl 4,4-dinitrobutyrate (404, 31,k9), as the aci-nitro sodium salts, 

was effected by treatment of 4,4-dinitro-5"pentanolactone (see paragraph d, 

below) and methyl 4,4-dinitro-5-hydroxypentanoate (paragraph d) with sodium 

methoxide according to the following equations. 

no2 

I^CCHgCHgCO 

IKL 

..-0- 

+ 2NaOC II20 

NO-IIa 
II 2 

^ ÇCH2CH2C02Na + 2CIL0II + CII20 

H02 

I 

NO 
I 2 

HOCHgCCIIgCHgCOgCIl^ + MaOCIL 

N0Ä 

NO-Na 
II 2 
CCHgCIIgCOgCH^ + CI^OH + CI^O 

iio2 

II 

The identity of the disodium salt of 4,4-dinitrobutyric acid (I) was proved 

by bromination to yield 4-bromo-4,4-dinitrobutyric acid, m.p. 38-09° (404, 

33;50). Sodium methyl 4,4-dinitrobutyrate (II) was also characterized by the 

formation of a bromo-derivative, methyl 4-bromo-4;4-dinitrobutyrate, m.p. 

17-18 C floe, cit. ). 4,4-Dinitrobutyric acid and the methyl ester were not 

characterized in the free state. In the subsequent utilization of these ma¬ 

terials in synthesis, the alkali metal salts were employed. 

d. 4,4-Dinitro“5-hydroxypentanoic Acid* 

Ilethyl 4,4-dinitro“5-hydroxypentanoate was prepared by 

the Michael reaction of potassium 2,2-dinitroethanol and methyl acrylate 

(404, 51,49). 

no2k ¡J0 
1 4. HOAP ^ 

HOCICO h- CK2=CIIC02CH --- - > H0CIUCCH„CIUC0„CIU + KOAC 

MO^ 

*Klager, J. Org. Chem. 16, 161 (I95I). 
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In order to scop the reaction at this stage, avoiding the formation of methyl 

M-dinitro.l,7-heptanedioate (II,C,3,c), it was necessary to use equivalent 
quantities of the two reactants and to carry out the reaction, at pH 5-6 by 

means of a buffer such as sodium acetate. Methyl M-dlnitro-S-hydroxypentano- 

ate was also prepared from 2,2-dinitro-l,3.propa„edlol and methyl acrylate in 
the presence of catalytic amounts of base (5I5, 26). 

11°2 H°2 

(HOCH^C + CK^CHCOgCHj-v HOCHgCClljC^COgClL + C^O 

N02 1»2 

The methyl ester cyclized to M-dinitro-5-pentanolactone on hydrolysis with 

y rochloric acid and subsequent vacuum distillation (kok, 31,1,9). The modi- 

ication of this procedure, by treatment of the crude mixture of lactone and 

acid ootained from the hydrolysis reaction with thionyl chloride, gave the 

lactone in increased yield and eliminated the necessity of vacuum distilla- 
tion (863, 55). 

e. 4,4,4-Trinitrobutyric Acid 

M.h-Trinitrobutyric acid, previously obtained by the 
ao ition of nitroform to acrylamide, followed by acid hydrolysis,* was pre¬ 

pared by the addition of nitroform to acrylic acid in aqueous solution (463 23) 

Treatment of the acid with thionyl chloride for a 4-hr period gave low yieús 

Of 4,4,4-trinitrobutyric anhydride, whereas prolonged treatment gave 4 4 4- 

trimtrobutyryl chloride in good yield (540, 51). An improved method of’ob¬ 

taining the anhydride involved the reaction of 4,4,4-trinitrobutyric acid with 

half an equivalent of thionyl chloride, using benzene as a solvent (563 74) 

The "falling film" molecular still** was employed for the distillation of 

large quantities of the sensitive 4,4,4-trlnitrobutyryl chloride (590, 63). 

*U. s. Rubber Co., Quarterly Report 
**Gold, Anal. Chem. 21, 636 (I949). 5. 
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f. 4.,4-Dinitropentanoic Acid 

Methyl 4,4-dinitropentanoate was prepared by the Ilicliael 

reaction or potasoiun 1,1-dinitroethane and methyl acrylate (417; 28,44). 

Ho0 CIL.C - 

no. 

CIIo-CIIC0oCIL, 
*“ y 

Ilydrolyois or the methyl ester usin'} dilute hydrochloric acid gave 4,4-dinitropenta 

noic acid," and treatment oí the latter with thionyl chloride yielded 4,4-dinitro- 

pentanoyl chloride, bp lll°/2 um. "'" 

3- h-Mitrazapentanoic Acid 

4-Kitrazapentanoic acid. was prepared in the Tallowing 

manner, utilizing 4-azapentanonitrlie,A>  the 1:1 Michael-adduct or methylamine 

and acrylonitrile, as starting material. 

mío, 
Ciuni2 -:- CH2=CHCN -> CILNIICII^CHgCN--> CIUIUCIIgCI^CN 

mío, 
• 5 

CILNIICII CII CN 
p 2 2 

li°2 
-V CH NCH CH CII 

p 2 2 ciuicii2cii2co2ii 

The acid v/as converted to the corresponding acid chloride by means of thionyl 
.y y.-V- 

chloride.' Improvements in both yield and procedure were effected on convert¬ 

ing the syntnesis or 4-nitrazapentanoic acid to pilot plant scale (Section V). 

Methyl 4-nitrazapentanoate y/as prepared by the methanolysis of 4-nitraza- 

pentanonitrile in the presence of sulfuric acid (90?, 42). 

h. 6-Carbomethoxy-4,4-dinitrohexanoic Acid 

6-Carboraethoxy-4,4-dinitrohe:canoic acid was prepared by 

the Michael reaction of the sodium salt of methyl 4,4-dinitrobutyrate with ex¬ 

cess acrylic acid (622, 80 ) according to the following equation. 

*0hio State University Report Ilo. 1, p. lo, I5 May I95O; Contract lIóonr-22524. 
^Aerojet-General Corp (unpublished v;orh). 

***Aerojet Report Ho. 8ol, p. 12, 16 March I954; Contract II7onr-4o203. 
st al., J. Am. Chem. Soc. b8, 1217 (19^8)» Cook and Reed, J. Chem. 

soc. 1245., 599. 
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NO-Na 
II 2 , 

CHjOgCCUgCHgC + CH^CHCCyi -+-Ir > 

no2 

f2 
CHjOgCCHgCUgCCHgCHgCOgH + Na+ 

N02 

6-Carbomethoxy-4,4-dinitrohexanoyl chloride was obtained as a honey-like oil, 

upon treatment of the acid with thionyl chloride (622, 80). 

i. Methyl 6-cyano-4,4-dinitrohexanoate 

Methyl 6”cyano-4,4“dinitrohexanoate was prepared by 

the Michael addition of aci-sodium methyl 4,4-dinitrobutyrate with acryloni¬ 

trile (457, 11). 

1)2 i 2 
CIIjOgCCHgCílgÇ + CHg=CHCN-> CH OgCCHgCHgCCHgCHgCN 

,!02 Hog 

j. 6-Amino-4,4-dinitrohexanoic Acid 

6-Amino-4,4-dinitrohexanoic acid was obtained as the 

hydrochloride (I) by the hydrolysis of the methyl urethane of 5-carbomethoxy- 

5,3-dinitropentyl isocyanate, methyl 5,5-dinitro-2-aza-l,8-octanedioate, in 

hydrochloric acid (622, 8o). Neutralization of the hydrochloride with aqueous 

sodium bicarbonate gave the free 6-amino-4,4-dinitrohexanoic acid (II) (638, 96). 

The hydrochloride of methyl 6-amino-4,4-dinitrohexanoate (III) was obtained by 

refluxing 6-amino-4,4-dinitrohexanoic acid hydrochloride with anhydrous metha- 

nolic hydrogen chloride (ibid., 95). 4,4-Dinitro-6-hexanolactam (IV) resulted 

from the treatment of methyl 6-amino-4,4-dinitrohexanoate hydrochloride with 

aqueous sodium carbonate (loc. cit.). The various reactions are illustrated 

below. 
no2 

CHjOgCNKCHgCHgCCHgCIIgCOgCH^ 

NOg 

N°2 

I HgUCHgCIlgCCHgCHgCOgll 

NO 
II ¿ 

n°2 

ClII*H0NCH CILCCH-CH CO II 
" 2i 2 2 2 

N0„ 
2 2 

I 

j. + I 2 
Cl IN H NCH-CILCCH CILC0-C1 IglCHgCHgCCI^CIIgCOgCHj 

NO. 

NO. 
III 

UNCIIgCIIgCCIIgCIIgCO 
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k. 3;5j5"Trinitro“3-a2ahexanoic Acid 

Methyl 5i5"dinitro-3-azahexanoate v;as obtained by a 

Itennich condensation of 2,2-dinitro-l-propanol with the methyl ester of glycine 

at a pH of 7. Nitration of the product using a mixture of acetic anhydride and 

anhydrous nitric acid gave methyl 3,5,5-trinitro-3-azahexanoate (663, 77). 

CH. 

N0_ 
I 2 

^CHgOH + HgNCHgCOgCH, 

N<L 

NO- 

^ CHjCCHgNHCHgCOgCHj + HgO 

NO,, 

^2 
GILCCHlfflCHCO-CH- 3| 2 223 

N0„ 

f 2 fa 
-> CHjÇCHgNCHgCOgCHj 

The methyl ester was subsequently hydrolyzed to 3,5,5-trinitro-3-azahexanoic 

acid in concentrated hydrochloric acid, and the acid yielded the corresponding 

acid chloride on treatment with thionyl chloride.* 

1. Methyl 4,6,6-Trinitroheptanoate 

Methyl 4,6,6-trinitroheptanoate (499, 12) was obtained 

by the Michael reaction of sodium 1,1-dinitroethane and methyl 4-nitro-4- 

pentenoate (tóô, 12). 

NO Na NO NO- N0- 
II 2 I 2 I 2 i 2 

CII^C + CH2=CCH2CII2C02CII5 -» CHjCClIgCIICIIgCIIgCOgCH^ 

ho2 no2 

The identity of the product v/as confirmed by bromination of the sodium salt to 

yield methyl 4-bromo-4,6,6-trinitroheptanoate, mp 78-79° (499, I?)* An attempt 

to add methyl acrylate at the 4-position of methyl 4,6,6-trinitroheptanoate was 

unsuccessful, resulting in near-quantitative recovery of the starting material 

(loc. cit). 

*Aerojet Report No. 711, p. 16, I9 June I953; Contract ir7onr-46208. 
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tff. >i.*i.'S,6-TetrMnltrnliexanoate

Tl*.. roMcLIon of dl.poCaooluo 1,1,3,3-tetranltro-
Pff’prttir tHfrh tnoHtrl arry1«fro jrlolilod the potonnlin aalt of methyl 4,4,6,6-tetra- 
tilttohexatinutp

rp"
jvUpy 4 ccH^cci^ci^co^ciij

NO, NO

IV rrta«siv« r-hi-»iwo-J,,J,,6.(,-tetranitrohexanoate, op
A<^-AA^ abid. Pl-.V-V Aoidlficati.^ of an aqueous solution of

.„U'ov>, a, >d vvo;,^<j «otKyl i.)..<.6-Cetraaitrohexai»ate; 
inrart V ir-.7v'V v:>e degradation of methyl k,k,6,€-

>rt ar<a;>op evhihited hy heatii^ the pctassian

r-i -,rr}y^^ b..fc.,A.A-vp<vamH'oVvaivuite in aqueous alkali viti sabseqaent 
ration t-r vir',r P„rr>ni<- a,-,,-' Ic.a*'''. Jifctinerouf atten^ts t;

rt'!-'-r 1-rtV-i t l..r. f v.fit-«o-.i-,-ohavano«{e -.r, preoaraiior. of bif-aacriant; 
^rvii-si-i-rr kv t^«ri,or.>cl, arn.;«;-« aort-.or.irr'.le -Ot. ---t;

?h.) Ot fofmpi<ioVW l;qc. unsuorestful. i. namaer of

rvhrv srt-mrv’' t-r r:i i i, rr tnBi-e, va'. ir. £-n;Jv.a.s alar farlec 'a-'. 1?‘

rr.

■j t«f nbrt_net ny t
-.•rf»rv7pr ri p r-t?5>i<-ro«ropmv»; and plr>c Int a; t ni; of r t^,.

TU,-, tr». o><-«tne,. .V, «n rr nrenarr ,~-drn_=ro-=-
srsheyarfoio aoir fppray;*ar*V, '..

^0,

^i’H. on^.m U Ni'H^cCvI
^

- r i^C 
7-Cv

rbr -rM-'. rn.. n-en«-^c 1,. rHc 5.,.; f„ a'io-oatalvaec aster if rear lo:: cf

Trea=3£- C--
r-r'ip n, -.rt-h-. v->; ,7 ,r,rvr,ir<' n. r.itrU an< Buirtrr. aeta.

--•'p'-'n, bi; -'r r-d-n-.-o**-cc.., •-nirraminc- nr ' (Ijv .- jj. .
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I <2 J 2 
(CILCCI^)2HC1^C021!-» (CIIj^CHg)gHliOg 

ko2 ho2 

Similarly, the action of acetic anhydride-anhydrous nitric acid on n,N-bis- 

(2,2-dinitropropyl)-glycine yielded bis-(2,2-dinitropropyl)-nitrosamine, m.p. 

I3O-I3I0 (loc. cit.). The latter material also gave the corresponding nitra- 

mine on treatment V7ith mixed acid. 

0. l-Carboj:ymethyl-3,3,5,5-tetranitropiperidine 

The attempted formation of ethyl 5,5-dinitro-3,7"diaza- 

1,9-nonanedioate (l) by the Hannich condensation of 2,2-dinitro-l,3-propanediol 

and the ethyl ester of glycine gave an unidentified product, m.p. 126° (4l?> 

13,37), which was later shown to be l-carbethoxymethyl-3,3,5,5-tetranitropiperi 

dine* (III), The corresponding acid was obtained by the use of glycine. The 

cyclization was presumed to occur by an internal condensation of ethyl 3-aza- 

3-hydroxy-5,5,7,7-tctranitro-l-octanoate (II). 

110, 
NO, . * Ji^C (CIIgNHCIIgCCgR), 
C(CH20II)2 + 211211011200^-11 

lio. \ ! 

where R = -II or -01^011^ % /°2 
-ClIgOH 

^ / 
A ch2 

MOg tlOg 

HIICILC0.Il 
£• C. 

Ill 

*llay, PhD Thesis, Purdue University. 
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In a similar Itennich condensation, the reaction of 2,2,4,4-tetranitro-l,5“ 

pentanediol (paragraph II,D) with glycine also yielded l-carboxymethyl-3,3,5>5" 

tetranitropiperidine instead of the desired 3,9"diaza-5,5>7>7"tetran*tro"l>H‘ 

undecanedioic acid (IV) (499, 8)- 1° this case> the intermediate, II, and the 

postulated 1:1 Michael condensation product of 2,2,4,4"tetranitro-l,5”pentane- 

diol and glycine are identical structures. Consequently, the formation of the 

cyclic compound was not unexpected. 

NO, 

n°2 

CH2(CCH20H)2 + HgHCHgCOgH, 
l:2^CH2{f¥IHCH2C°2H)2 

no. 
NO. 

1:1 

II 

'2 IV 

>111 

p. 5,5-Dinitro-2-piperidone-N-acetic Acid 

5,5-Dinitro-2-pipcridone-H-acetic acid (II) was formed 

by a liannich reaction of methyl 5"hydroxy-4,4-dinitropentanoate (paragraph d, 

above) xjith glycine during an attempted formation of the monomethyl ester of 

3-aza-5,5-dinitro-l,8-octanedioic acid (I) (622, 81). The latter material was 

apparently formed but immediately cyclized to (II) by an internal condensation. 

r 
^2 

CH^OgCCHgCHgCCHgOH + IlgNClIgCOgH 

NO. 

NO. 
I 2 

CH^OgCCHgCH^C^NHCI^COgll 

NO. 
+ ¥ 

/ CH=-C V 
CII. ^NCILCO,!! 

/ \ 
NO. NO 

CU, 
c 

’2 

II 

The structure of the product was verified by analysis, by determination of the 

equivalent weight, and by conversion to a monomethyl ester (loç. çit. )• 
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D. NITRO ALCOHOLS 

1. Introduction 

Nitro alcohols constitute one of the most important classes 

of nitro monomers, and considerable effort has been devoted to their synthesis. 

Nitro monoalcohols may be converted to acrylate esters and, in this way, produce 

useful vinyl polymers. Nitro diols may be condensed with diacids and diisocya¬ 

nates to give polyesters and polyurethanes, respectively. In addition, the 

nitro alcohols are valuable intermediates for the preparation of nitro olefins 

and other polynitro compounds. The different methods that were used in pre¬ 

paring the nitro alcohols are discussed, together with the individual nitro 

alcohols that were synthesized. The synthesis of nitro epoxides, which are 

intermediates for the preparation of long-chain diols, is also described. 

2. Methods of Preparation of Nitro Alcohols 

The different methods that were used in preparing nitro alco¬ 

hols are summarized below. 

a. The Henry Reaction 

b. Selective Reduction of Polynitro Acid Chlorides, Alde¬ 
hydes, and Ketones with Sodium Borohydride 

c. Addition of Acidic Polynitro Alkanes to Hydroxymethyl 
Vinyl Ketone 

d. The Michael Reaction 

e. Diazotization of Polynitro Alkyl /¡mines 

f. The Hunsdiecker Reaction 

g. Hydrolysis of 3-Nitro-2-oxazolidone and Derivatives 

h. Conversion of Iminoalcohols to Nitriminoalcohols 

i. Addition of Ethylene Oxide to Primary Nitramines 

j. The ter Meer Reaction 
«• • 

k. Miscellaneous Attempted Preparations 
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A discussion of each of these methods follows, includes the compounds pre¬ 

pared by each method. The pertinent data on all of the nitro alcohols pre¬ 

pared are summarized in Table 12. 

a. The Henry Reaction 

(1) Discussion 

All of the nitro alcohols commercially available 

in the United States (mononitro alcohols) are prepared by the condensation of 

a nitroparaffin and an aldehyde in the presence of a basic catalyst (Henry 

reaction). This reaction may be illustrated by the condensation of nitro¬ 

ne thane and formaldehycte: 

CyOg + CH20 O^CHgCI^OH 

OgNCHgCHgOH V CHgO O^CH^OH^ 

o2nch(ch2oh)2 + ch2o <-^ o2nc (ch2oh)2 

These condensations are equilibrium reactions, and the position of equilibrium 

depends upon the structure of the aldehyde and of the nitroparaffin. Formalde 

hyde is the most reactive aldehyde and nitrcmethane is the most reactive nitro 

paraffin, and the reactivities of both classes decrease as the series are 

ascended. After completion of the reaction, care must be taken to make the 

reaction mixture acidic, to prevent reversal of the reaction during isolation 

of the nitro alcohol. The Henry reaction, with the use of formaldehyde and 

acidic polynitro alkanes, has been the most useful general reaction for the 

preparation of polynitro alcohols on this program. It should be pointed out, 

however, that the Henry reaction is limited by the availability of the corre¬ 

sponding polynitro compounds and, moreover, that only c, ß-nitroalcohols can 

be prepared by this method. 
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_Nitro Alcohol 

A. fíononitro Alcohols 

(1) 2-Nitro-l-ethanol 

(2) 4-Ilethyl-4-nitro-l- 
pentanol 

B. Polynitro Alcohols 

'1) Potassium 2,2-Dinitro- 
1-ethanol 

[2) 2,2,2-Trinitroethanol 

r3) 2,2-Dinitropropanol 

'4) 2,2-Dinitro-l-butanol 

^5) 3>3"Dinitro-l-butanol 

'6) i*,l+,4-Trinitro-l-butanol 

(7) 2,2,4,4-Tetranitro-l- 
butanol 

^3) 2,2-Dinitro-l-pentanol 

(9) 4,4-Dinitro-l-pentanol 

'10) ¿,2,4,4-Tetranitro-1- 
pentanol 

'11) 5>5,5*Trinitro-2-pentanol 

^12) 5»5>5"Trinitro-2-hcto- 
1-pentanol 

^13) 5í5*^initto-2-hcxanol 

'14) 5>5*Dinitr°*2"!'eto-l-hexa- 
nol 

C. Nitraza Alcohols 

'1) 2-Nitranino-l-ethanol 

D. PolynitronUraza Icohols 

(O 3;5;5*Trinitro-3"aza-l- 
hexanol 

E* NitroDiols 

(1) 2-Nitro-l,3-propane- 
diol 

F. Polyr.itro Diols 

(1) 2,2-Dinitro-l,3*ProPane' 
diol 

'2) 1,4-Dinitro-2,3" 
butanediol 

'3) 1,1,4,4-Tetranitro- 
2,3"butanediol 

'4) 3,3-Dinitro-l,5- 
pentanediol 

(5) 2,2,4,4-Ietranitro- 
1,5"pentanediol 

(ó) 5;5;5-Trinitro-l,2- 
pentanediol 

'7) 5>5"9initro_l>2- 
hexanediol 

'3) 2,5_Dinitro-3,4- 
hexanediol 

'9) ?,2,5,5"Tetranitro- 
1,6-hexaneciol 

'10) 4,4-Dinitro-l,7_ 
heptanediol 

'11) 4,4,6,8,3-Pentanitro- 
1.11- undec anediol 

(12) 4,4,ó,6;3,6-:iexanitro- 
1.11- undecanediol 

G. Nltraza Oiols 

'1) 3-Nitraza-l,5-pcntane- 
diol 

(2) 4-Nitraza-l,2-pentane- 
dioi 

'3) 3;6"Dinitraza»l,3-octane- 
diol 

H. Polynitronitraaa Diols 

(1) 4,4,6,8,3-Pentanitro- 
6-aza-l,11-undecanediol 
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NITRO ALCOHOLS 

Method 
of Yield b^p, tn.p. 

•’rep«     Ç nD °C References 

3I.3-50 0L/5nri 

70 lll-U5/3[,m 1.1*433 

31-34 174 d 

417* App. 

712,44 

417, '.pp. 

jO-35 

35 

66.7 

43 

50 

63 

73 

3? 

3o 

37-3 

59-61/2 w 1.4589 

70-30/*. 1.4360 

30-100/0.5 i* I.4720 

114-113/1. a™ 1.4641 

72 

83-92 

35-36 

66-67 

70-30/0.5 ** 1.4633 36-37 

100-105/2*1 1.4627 

I26-I30/I u 26-27 

4/4, App. 
1033,39 

426,58 

495,56 

663,32 

540,34 

457,73 

622,60 

712,43 

436,16 

503,70; 
712,47 

515,4 

633,77 

515,6 

772,30 

32 59-60 712,43 

a 66-76 

a 

a 

£ 

a 27-36 

b 9O.3 

b 94 I25-I35/O.3 ** 

a 

a 32 

b 49.5 

b 70 

b 35 

h I50-IÛO/3 ** 

h 

£ 29 

b 90 

53 432,22; 
907,54 

146 461,26 

330,125 

132-183 330,126; 
457,77 

72- 73 424,6 

97-99 515,3 

1.4336 54-55 563,61; 
363,52 

I.433I 638,35 

149-150 330,126 

127-123 404,42 

73- 74 563,64 

103-109 563,64 

125-125.5 565,67 

23-24 772,71; 
307,57 

1.4444 307,57 

94-95 307,74; 
941,32 

106-103 633,79 
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Derivatives 

2-Bromo-2-nitro-l-ethanol, b.p. 

830/2mm, níp I.50OO (404, 40; 
4I7 App.) 

2,2-Dinitro-l-ethanol, m.p. 2-3 
(41 ¡'A, 15); 2-Bromo-2,2-dinitro- 
1-ethanol, 34-51 /3 ran (37I, 43) 

p-Hitrobenzoate, n.p. II3-II4 
'540, 37) 

Acetate, m.p. 52.5-53-5 '590,75) 

Acetate, m.p. 55-56 '740,61; 
941,42) 

2-Chloro, m.p. ÍI5-II7 '907,54); 
2-Bromo, m.p. I33-I34.5 '563,51) 

Dibromo, m.p. I34 (350,125) 

Dibromo, m.p. 132-163 '457,77) 

Diacetate, m.p. 34-34.5 '424,3) 

bis-Phenyl Urethane, m.p. II3-II4 
(638,57) 

Diacetate, m.p. 94-95 '563,6?) 

Diacetate, m.p. 77-5-78-5 '563,69) 

Dibenzoate, tn.p. 125-5-127 
'772,73) 

Dibenzoate, n.p. 105-105-5 
'307,57) 

Diacetate, m.p. 95*94 '638,79) 
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(2) Mononitro Alcohols and Derivatives; 
2-Nitroethanol (SPIA Data Sheet; 37I, App.) 

2-Nitro-l-ethanol was prepared from nitro- 

methane and formaldehyde, and was converted to 2-nitro-2-bromo-l-ethanol 

(417, App.). 
Br 

CHjNOg + CI^O -> N02CH2CH20H NOgCC^OH 

2 H 

Large-scale preparation and purification of these compounds are described in 

paragraph V,B,1. 

(3) Polyniuro Alcohols 

(a) 2,2,2-Trinitroethanol (SPIA Data Sheet; 
424, App.) 

Because of the importance of 2,2,2-trinitro- 

ethanol for the synthesis of high-energy compounds, a special report has been 

written covering its preparation, properties, and reactions (494). 2,2,2-Tri- 

nitroethanol was prepared from potassium nitroform, formaldehyde, and acid: 

w°2k + 

c(no2)2 + ch2o —---* (no2)5cch2oh 

Originally, potassium nitroform was isolated from the reaction of tetranitro- 

raethane, potassium hydroxide, and hydrogen peroxide (494, App.). The salt was 

then acidified and treated with formaldehyde. More recently, it has been found 

that the hazardous operation of isolating potassium nitroform can be eliminated 

by acidifying the salt in situ with a mixture of sulfuric and sulfamic acids, 

which destroys the nitrous acid as it is formed (I083, 31)- 

(b) 2,2-Dinitropropanol 

A great deal of work has been done on the 

preparation of 2,2-dinitropropanol, because of its importance in the synthesis 

of 2,2-dinitropropyl acrylate (Section II,A,3,e) and nitroplasticizers (Section 

II,E,2/0). Principally, 2,2-dinitropropanol has been prepared by the condensation 

of 1,1-dinitroethane and formaldehyde (426, 58)- 
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NO, 

CHjÇH + CHgO base 
NO, 

c 
NO, 

'H^CCHgOH 

NO, 

,2-Dlnitroprop.nol haa also besa prepared by the oxidative nitration of 2- 
nitro.,. ^ and 2.nltro.2.nethyl.M.pcopanedioi (M( foc 

scussion of the oxidative nitration reaction, see paragraph n,F,3,a. The 

rge-scale preparation of 2,2.dinitropropa„ol is described in paragraph v,B,6,b. 

(c) 2,2-Dinitro-l-butanol, 2y2-Dinitro-l- 
pentanol and 2,2,4,4-Tetranitro-l-pentanol 

Sheet- Jiqq * X o 2y2-Dinitro-l-butanol, (^99, 56; SPIA Data 
■ 99, App.) 2,2-dimtro-l-pentanol (622, 60), and 2.2A,l,-tetranitro-l- 

pentanol («6, 16) .re prepared by the Henry reaction fr« tie correspond 

polynitro alkane, foraaldehyde, and a basic catalyst: 

i°2 
RÇH + CH20 

NO, 

base fs 
RCCHgOH 

NO, 

f2 
R = CHjCHg, CH^CHgCIIg, CHjCCHg 

NO, 

(4) Nitro Diols and Derivatives: 2-Nitro-l ^ 
propanediol tro 

2‘Nitro-1,3-propanediol was prepared from 
nitromethane and fomaldehyde* («)2, 22; joy, 54,. Ihis dio, is 

scopic and thus difficult to isolate in the pure state, but it has provld 

use ul in the preparation of derivatives such as 2-nitro-2-chloro-l,3-propane. 

. ° 1 ’ 5 ’ 2-nitro*2“brorao-l,3-propanediol# (368, 5I), and 2,2-dinitro- 
1,3-propanediol. 

GH^NOg + 2 CHgO N02CH(CH20H)2 -~4 NOgCX (CHgOH), 

X = Cl, Br 

*Schnidt and Uirkendorf, Ber. 52, 580 ClQlQ^ 
^Schmidt and Wilkendorf; ^ 
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(5) Polynitro Dlols 

(a) 2,2-Dinitro-l,3”Pr°P*nediol (SPIA Data 
Sheet; 371, App.) 

2,2-Dinitro-l,3-propanediol is one of the 

most important and widely used polynitro diols that was prepared on the nitro- 

polymer program. It was first prepared by the Henry reaction from potassium 

dinitromethane or potassium 2,2-dinitro-l-ethanol (461, 26). 

0.0 ¡f>/ OLO 
CH-» CCHgOH - 

NO, 

HOCHgCCHgOH 

NO, 

Large-scale preparations of this highly desirable dioi have been carried out in 

the pilot plant by the oxidative nitration of sodium 2-nitro-l,3-propanediol and 

sodium 2,2-dimethyl-5-nitro-l,3-dioxane (see paragraph V,B,3 for a complete 

discussion of these reactions). 

(b) 2,2,4,4-Tetranitro-1,5-pentanediol 
(SPIA Data Sheet; 499> App.) 

2,2,4,4-Tetranitro-l,5-pentanediol was pre¬ 

pared from potassium 2,2,4,4-tetranitro-l-butanol and formaldehyde (515; 3)* 

¡¡°2K /°2 
ÇCHgÇCHgOH + CHgO 

JjO. 
2N02 

no2 no2 

-* H0CHoCCHoCCHo0H 
2| 21 2 

NO NO 

(c) 2,2,5;5-Tetranitro-l,6-hexanediol 

The condensation of 1,1,4,4-tetranitrobutane 

and formaldehyde gave 2,2,5>5"tetranitro-l,6-hexanediol (4o4, 42). 

f2 NO, NO, NO, 

H(j:CH2CH2ÇH + 

NO, NO, 

2 CH20 
NaOH 

» HOCHgCCHgCHgCCHgOH 

NO, NO, 
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(d) 1,4-Dinitro-2,J-butanediol (SPIA Data Sheet; 
37I, App.), 2,5-Dinitro-3,4-hexanedioi, and 
1,1,4,4-Tetranltro-2,3“butanediol 

Polynitro diols were also prepared by ex¬ 

tending the Henry reaction to the condensation of acidic nitroalkar.es and dialde 

hydes. The condensation of nitromethane, nitroethane, and dinitroraethane with 

giyoxal gave l,4-dinitro-2,3-butanediol (JJO, 125), 2,5-dinitro-3,4-hexanediol 

(330, I26), and 1,1,4,4-tetranitro-2,3_butanediol (330, 126; 457, 77), respec¬ 

tively: 

2 RCH NO + OHCCHO °H » RCH-ÇH-CH-Ç1IR 

N02 OH OH NOg 

R = II, CHj, NOg 

The yields in these reactions are low, and the products have found little appli¬ 

cation. 

b. Selective Reduction of Polynitro Acid Chlorides, Alde¬ 
hydes, and Ketones with Sodium Corohydride 

(1) Discussion 

It has been demonstrated that nitro-containing 

carbonyl compounds are readily reduced to the corresponding alcohols with 

sodium borohydride.* This new method has been applied to the synthesis of 

polynitro alcohols from the corresponding acid chlorides, aldehydes, and 

ketones, ’’hereas only c, ß-nitroalcohols can be prepared by the Henry reac¬ 

tion, many types of nitro alcohols can be prepared in good yield using the 

selective reduction technique, the only linutation being the availability of 

the starting materials. At present, sodium borohydride is an expensive chemi¬ 

cal, but increased demand will undoubtedly reduce the price to a reasonable 

level. 

*Chaikin and Drown, j. /ta. Chem. Soc. 7.1, 122 (1949)* 
Shechter, Ley and Zeldin, ibid, "Jk, 3Ó64 (19?2). 
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(2) Mononitro Alcohols; 4-Wethyl-4-nitro-l-pentanol 

4-Iiethyl-4-nitro-l-pentanol was prepared 

from 4-methyl-4-nitro-l-pentanoyl chloride by reduction with sodium borohydride 

(712, 44). 
fa 

CILCCH-CILCOCl 
3| 2 2 

CH3 

NaBII, NO, 

CH^CCHgCHgCHgOH 

;,5 

This alcohol has been prepared previously by reduction of methyl 4-methyl-4- 

nitropentanoate using lithium borohydride.* 

(3) Polynitro Alcohols 

(a) 4,4,4-Trinitro-l-butanol and 4,4-Dinitro- 
1-pentanol 

4,4,4-Trinitro-l-butanol and 4,4-dinitro-l- 

pentanol were prepared by the reduction of the corresponding acid chlorides with 

sodium borohydride. 

fa NaBII. 
RCCIIgCHgCOCl 

NO, 

f2 

RCCHgCHgCIIgOH 

no2 

R = N02, CH^ 

4,4-Dinitro-l-pentanol has previously been prepared by the sodium borohydride 

reduction of 4,4-dinitro-l-pentanûl and the lithium borohydride reduction of 

methyl 4,4-dinitropentanoate.* 4,4,4-Trinitro-l-butanol was also prepared by 

the sodium borohydride reduction of 4,4,4-trinitro-l-butanal (590, 62). 

(b) 5,5>5-Trinitro-2-pentanol and 5,5-Dinitro-2- 
hexanol 

Reduction of 5>5>5-trinitro-2-pentanone and 

5,5-dinitro-2-hexanone with sodium borohydride gave 5,5,5-trinitro-2-pentanol 

(563, 70; 712, 47) and 5,5"dinitro-2-hexanol (638, 77). 

♦Ohio State Report llo. 7, 15 February 1952. 
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I 2 ,| NaBH. i 2 , ‘ 
RCCHgCHgCCHj-=—9 RCCHgCHgCCIIj 

HOg NOg II 

R = NOg, CHj 

These compounds were first prepared at Ohio State* and then made on a larger 

scale in these laboratories. Conversion of these nitro alcohols to nitro ole¬ 

fins is described in paragraph II,A,2. 

(4) Polynitronitraza Alcohols; 3,5,5-Trinitro-3-aza- 
1-hexanol 
3,5>5-Trinitro-3-aza-l-hexanoyl chloride was re¬ 

duced to the corresponding alcohol (712, 43). 

f2 f2 NaBH. 
CH^CCHgNCHgCOCl 

NO, 

'4 y°2 
CH^CCIIgNCHgCHgOH 

NOg 

This alcohol was also prepared by the Mannich condensation of 2,2-dinitropropa 

nol and ethanolamine followed by nitration (paragraph II,D,3,d). 

(5) Polynitro Diols 

(a) 5;5;5"Trinitro-l,2-pentanediol (SPIA Data 
Sheet; 63Ô, App. ) and 5,5’Di.riitro-l;2- 
hexanediol 

5>5;5"Trinitro-l;2-pentanediol (563, 61; 

863, 52) and 5;5“3initro-l,2-hexanediol (638, 85) were prepared by the reduction 

5>5>5-trinitro-2-!;eto-l-pentanol and 5,5-dinitro-2-keto-l-hexanol. 

OH 

R = MOg, CH^ 

Pilot-plant preparations of 5/5;5“trinitro-l,2-pentanediol have been carried 

out (paragraph V,B,5). 

H°2 0 
II NaBH. 

RCCHgCHgCCHgOH 

NOg 

NO. OH 
I ^ 

RÇCHgCHgÇCHg 

NOg H 

*0hio State Report No. 7, I5 February 1952. 
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(b) 4;4-Dinitro-l,7-heptanediol, 4,4,6,8,8- 
Pentanitro-l,ll-undecanediol (SPIA Data 
Sheet; 590, App.), and 4,4,6,6,8,8-Hexa- 
nitro-l,ll-undecanediol (SPIA Data Sheet; 
590, App.) 

4,4-Dinitro-l, 7-heptanediol (563, 64) 

4,4,6,8,8-pentanitro-l,ll-undecanediol (583; 84), and 4,4,6,6,8,8-hexanitro- 

1,11-undecanediol (563, 67) vjere prepared by the reduction of the corresponding 

acid chlorides: 

2 

R = H, 110 
d 

(6) Hi traza Diols; 4,7"Di-nitraza-l,lO-decanediol, 
Attempted Preparation 

Reduction of 4,7-dinitraza-l,lO-decanedioyl 

chloride with sodium borohydride gave an uncrystallizable oil. All attempts 

to purify this oil or to prepare crystalline derivatives were unsuccessful 

(663, 74). 

(7) Polynitronitraza Diols; 4,4,6,8,8-Pentanitro-6- 
aza-l,ll-undecanediol 

4,4,6,8,8-Pentanitro-6-aza-l,ll-undecanediol was 

prepared by reduction of the corresponding acid chloride (638, 79)- 

Page 91 

CONFIDENTIAL 



CONFIDENTIAL 
Report Mo. 1162 

c. Addition of Polynitro Alkanes to Hydroxymethyl Vinyl 
Ketone; 5,5;5"Trinitro-2-keto-l-pentanol and 5,5- 
Dinitro-2-keto-l-hexanol 

Hydroxymethyl vinyl ketone was prepared in situ from 

I, 4-butynediol, mercuric sulfate, and sulfuric acid by a Meyer"Schuster rearrange- 

ment : * 
0 

H+ I* 
HOCHgC3CCHgOH ■> CHgrCHCCHgOH 

Addition of nitroform and 1,1-dinitroethane to hydroxymethyl vinyl ketone gave 

5,5,5-trinitro"2"keto-l"pentanol and 5,5"dinitro"2-keto-l"hexanol (5I5, 4). 

0 NO. 0 
I 2 II i 2 H 

Itpi + CH^CHCCHgOH-V RCCHgCHgCCHgOII 

n°2 ln2 

R = 1»2, Oil 

This method is unique for the preparation of polynitro keto alcohols. 

d. The Michael Reaction; Potassium 2,2,4,4-Tetranitro- 
1-butanol 

Partial acidification of potassium 2,2-dinitroethanol 

gave potassium 2,2,4,4-tetranitro-l-butanol. It is postulated that 1,1-dinitro- 

ethylene is the intermediate in this reaction, and that the Michael addition of 

potassium 2,2-dinitroethanol to 1,1-dinitroethylene gives the product (see 

II, P,6,e,(3) for discussion of this reaction). 

e. Diazotization of Ilitro Alkyl Amines; 3,3-Dinitro- 
1-butanol 

This method is of little preparative value because of 

the difficulty in preparing polynitro alkyl amines and the low yields en¬ 

countered in the diazotization reaction. 3,3-Dinitro-l-butanol was prepared 

from the corresponding amine by this method (663, 82). Oxidation of the alco¬ 

hol to 3/3"dinitrobutyric acid is described in paragraph II,C,2p. 

8l9 (I922); cf Bigelow and Copenhaver, Acetylene and Carbon Monoxide 
Chemistry, p. I35, Reinhold Publishing Corp., Hew York, H.Y. 
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The Hunsdiecker Reaction; 3,3-Dinitro-l,5‘ 

pentanediol 

The Hunsdiecker Reaction* has very little applica 

tion because of its inherent difficulties. An example of this reaction is the 

preparation of 3;3-dinitro-l,5“pentanediol from 4-dinitro-l,7-heptanedioic 

acid (k24, 3). 

N02 f2 i',02 

C-(CII CHgCOgH^ -> Ç-tCHgCIIgCCgAgJg > Ç- (CI^CHgBr 
.U nn 

N02 >>°2 *2 

C-(CH2CH2Sr)2-^ÇtCIIjCHgOAclj-» CfCHjCHgOHlg 

tio2 iro2 1,02 

g. Hydrolysis of 3-Nitro-2-oxazolidone and Derivatives 

(1) 2-Nitramino-l-ethanol 

2-lUtramino-l-ethanol v;as prepared follo\ri.ns the 

procedure of Franchimont and Lubin.** 2-Oxazolidone was nitrated to Sive 3-nitro 

2-oxazolidone, which x/as hydrolyzed to 2-nitramino-l-ethanol (772, 3o). 

CIL 1CH- 

°\ Z1”1 

0 

CHI CIL II 0 
I 2 i 2 -d-HOCHgCHgllHHOg 

0 H-N0o 
\ ^ 2 

C 
II 

0 

(2^ 5-i;itranino-l,2-prcpanediol, Attempted Preparation 

Attempts to convert 5“chiororaethyl-2-oxazolidone to 

3-nitramino-l,2-propanediol by the sane reactions as those used in the prepara¬ 

tion of 2-nitramino-l-ethanol were unsuccessful (772, 70). 

" *Bcr*. 15. E, 291 (I942). 
#*Rec. tray, chira. 21j 45 (1902). 
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h. Conversion of Iminoalcohols to Nitriminoalcohols 

(1) Discussion 

Two general methods for converting aliphatic 

secondary amines to the corresponding nitramines are the catalyzed nitration 

procedure of Uright 

R mi + mio, - 

Ac 0 
RgNII* HNO^ ---> RgNHOg 

•»Hi- 

Cl 

and the nitrosoaraine oxidation procedure of Emmons. 

CF CO H 
r2nh Rgimo r2nho2 

These methods have been applied to the conversion of iminoalcohols to nitrimino¬ 

alcohols. 

(2) 3-Nitraza-l,5-pentanediol 

The Uright procedure was used first by Carmack 

and, later in these laboratories, it was used for the preparation of J-nitraza- 

1,5-pentanediol from diethanolamine (772, 71; 807, 57). 

UNO, AcCl 
(hoch2ch2)2nh-(02N0CII2CH2)2NH.mi05 ~^-Q-> 

II 0 
(OgNOCIIgClIgigNIIOg -> (II0CH2CH2)2NN02 

This method is capable of giving high yields of the crude diol, but a convenient 

procedure for preparing the pure material has not yet been worked out. In 

addition, this procedure is beleaguered by the ser.ous disadvantage of working 

with the intermediate dinitrate, which is a high explosive. 

The second path to the 3-nitraza-l,5"Pentanediol 

is via the oxidation of 3-aza-3-nitroso-l,5-pentanediol (772, 71; Ö05, 57)- 

(HOCHgCll^NH 
HNO 

2* (noci^cu lym (Iioc^)^ 
5 2 

«Wright et al., Can. J. Res. D, 26, 89-!37» 
««Emmons and Ferris, J. Am. Chen. Coc. *^23 (1955). 

***OSRD Report Ho. 5157, June 19, 19^5* 
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The 5-nitraza-l,5-pentanediol prepared by this method was contaminated vrith the 

bis-trifluoroacetate and was thus difficult to purify. Another disadvantage of 

this procedure lies in the use of the expensive trifluoroacetic acid. 

(3) 4-Hitraza-l,2-pentanediol 

4-Nitraza-l,2-pcntanediol was prepared from 4-aza” 

1,2-pencanediol via the oxidation of the corresponding nitroso compound (807> 57)* 
OH 
I 

OH 
I 

* HOCHgCHCHgNHCH- HOCIIgCHCHgCl + CHjHHg 

The adaptation of the olefin hydroxylation procedure 

of Emmons* to the preparation of 4-nitraza-l,2-pentanediol from l!-methyl- 

• 'X ~x 
allylnitraminc is currently being studied 

(4) 2-Hitro-2-(methylnitraminomethyl)-l,3_propanediol; 
Attempted Preparation 

Attempts to prepare 2-nitro-2-(methylnitramino- 

methyl)-1,3-propanediol from 2,2-dimethyl-5-nitro-5-methylaminomethyl-l,3-dioxan 

were unsuccessful (740, 58) 

*Emmons et al., J. Am. Chem. Soc., 76, 3472 (1954). 
**Aerojet Report No. 
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i. Addition of Ethylene Oxide to Primary Nitramines; 
3,6-Dinitraza-l,8-octanediol 

3,6-Dinitraza-l;8-octanediol v/as prepared first 

by Bloomquist* and later in these laboratories by the addition of ethylene oxide 

to ethylene dinitramine (807, 7^; 941, 32). 

n°2 t¡02 

UNCUgCHgNH + 2 CI^CI^ 

\/ 

HgO N°2 N°2 

OH 
HOCHgCI^nCHgCHgNCHgCHgOII 

The yields in this reaction are low, and it is necessary to handle the highly 

explosive ethylene dinitramine. Attempts to prepare 3;5"dinitraza-l,7“ 

heptanediol from methylene dinitramine and ethylene oxide vjere unsuccessful. 

j. The ter llcer Reaction; 2,2-Dinitroethanol 

Potassium 2,2-dinitrocthanol was prepared from 

2-nitro-2-Lroraoethanol Ly the ter Meer reaction (417, App, C).^ 
NO, HO K 
I ¿ ROM I 2 

iicci^oii + :aio2-> cci^oii 
Br llo2 

This reaction is discussed in detail in paragraph V,B,1. Acidification of the 

salt with sulfuric acid gave 2,2-dinitroethanol (417'A, 15). Bromination of 

the salt gave 2-bromo-2,2-dinitrocthanol which was converted to 2-bromo-2,2- 

dinrtroethyl acetate (371; 47). A review of the chemistry of dinitromethane and 

2,2-dinitroethanol has been compiled (461). 

k. Miscellaneous Attempted Preparations 

(1) l-Trinitromethyl-l,5-pentanediol 

Attempts to hydrolyze 2-trinitromethyl-tetrahydro- 

pyran to yield 1-trinitromethyl-1,5-pentanediol were unsuccessful (482, 14) 

/CH2\ 

C!L C!1C ((10,), 
ç(»°2)3 

HO (Cllg )^011011 

*Bloomquist et al,., OSRD 5I55, 9 June I945. 
**Ann. I8lj 4 (I876). 
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(2) N,N'-bis-(2,2,2-TrinltroethylJ-NiN'-biS“ 
(2-hydroxyethyl)-urca 

Attempts to prepare N,N'-bis-(2,2,2-trinitroethyl)- 

N,1I'-bis-(2-hydroxyethyl)-urea from N,N'-bis- (ß-hydroxyethyl)-urea and 2,2,2- 

trinitroethanol were unsuccessful (482, 13)* 

0 V S ^^2^3 
C (HHCHgCHgOHjg + 2 HOCI^C (HOg). \ ^ CfNCHgCHgOHjg + 21^0 

(3) 2,3-Dinitro-2,3_diraethyl-1,4-butanediol 

An attempt to prepare 2,3"dinitro-2,3"dimethyl- 

l,4.-butanediol by the oxidative coupling of 2-nitro-l-propanol was unsuccess¬ 

ful (638, 83) 

ï°2 
■* CI^CHgOH 

CIL-CCILOH 
5 I ¿ 

no2 

3. Reactions 

An extensive survey of the reactions of potassium 2,2-dinitro- 

ethanol and 2,2,2-trinitroethanol has been compiled in Aerojet Reports No. 461 
and 494, respectively. The general reactions of nitro alcohols which have been 

studied are summarized below: 

a. Esterification 

The esters prepared from nitro alcohols have proved to 

be of great value, in many instances, as plasticizers for nitropolymers (para¬ 

graph II,E,b). The unsaturated esters are discussed under nitro monomers 

(paragraph II,A,3)* 

b. Urethane Formation 

The prime purpose for preparing nitro diols was to treat 

them with diisocyanates in order to prepare polynitrourethanes. These reactions 

are discussed in the polymer section (paragraph III,D)* 

n°2 

CHjCHCHgOH 
NaOH 

NO^Na 
H ^ 

CH,CCII20H 
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c. Michael Addition 

(1) Discussion 

The salts of nitro alcohols have been found to readily 

undergo a Michael reaction with o:, ß-unsaturated compounds. 

(2) Methyl 5-Hydroxy-l|,4-dinitropentanoate 

Methyl 5-hydroxy-4,4-dinitropentanoate was prepared 

by the addition of potassium 2,2-dinitroethanol to methyl acrylate (404, 4-9)- 

1I0-K 
II 2 
CCH-OH + CHo=CHC0oCIl 
I 2 2 2 5 
no„ 

N°2 

■> Hi 

paragraph II,D,2,d. 

d. 

OCHgCCHgCHgCOgCH^ 

NO. 

(5) Potassium 2,2,4,4-Tetranitro-l-butanol 

The preparation of this alcohol is described in 

Mannich Condensation 

(1) Discussion 

One of the most fruitful reactions of nitro alco¬ 

hols is the Mannich condensation of c, ß-nitro alcohols, formed by the Henry 

reaction, with ammonia, amines, and amino acids. This reaction is carried out 

easily and in good yield to give many interesting and useful compounds. Many 

high explosives have been prepared in this manner.* 

(2) Dipotassium l,l,5,5-Tetranitro-5-azapentane 

Potassium 2,2-dinitro-l-ethanol condensed readily 

with ammonia to give dipotassium l,l,5,5-tetranitro-5-azapentane (417, 24). 

¡fy: 
2 CCHgOIl + N 

NCL 
,H3 

H 
I 
N- 

NO-K 

ch2c 

'10 
2 J2 

*Aerojet Reports No. 66Ö, 682, and 711; Contract N7onr-46208. 
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The chemistry of this compound was studied extensively and is described in Re* 

port No. 461, Ij. 

(5) 3> 5> 5,-Trinitro-3-aza-l-hexanol 

The condensation product of 2,2-dinitropropanol 

and ethanolamine was nitrated and hydrolyzed to give 3,5,5-trinitro-3-aza-l- 

hexanol (740, 6l). 
NO- 
I 2 

CH^ÇCHgOH + H^HCHgCHgOH 

NO- 

H°2 

CH^CCHgMHCHgCHgOH 

NO- 

NO- NO- 
I 2 i 2 

CHjÇCHgîICHgCHgONOg 

no2 

m2 w2 

-> CH_CCH-NCII-CH-OII 3j 2 2 2 

This method has the disadvantage that it involves the preparation of the inter¬ 

mediate nitrate ester, which is a high explosive. This alcohol was also pre¬ 

pared by the reduction of 3,5,5-trinitro-3-aza-l-hexanoyl chloride (paragraph 

H,D,2,b). 

(4) Condensation of Mitro Alcohols with Glycine 

The condensations of 2,2-dinitropropanol, 2,2,4,4- 

tetranitro-l,5"pentanediol, and methyl 5”hydroxy-4,4“dinitropentanoate tJith 

glycine have been studied (paragraph II,C,5). 

(5) 2,2-Dimethyl-5-nitro-5”methylaminomethyl-1,3- 
dioxan and H.N1-bis- (l-Nitro-4,4-dimethyl-3,5- 
dioxa-cyclohexylmethyl) methylamine 

The condensation of 2,2-dimethyl-5-nitro-5" 

hydroxymethyl-l,3-dioxan and methylamine gave both 2,2-dimethyl-5"nitro-5-methyla- 

minomethyl-1,3-dioxan (l) and H,N-bis-(l-nitro-4,4-dimethyl-3,5-dioxacyclohexyl- 

methy1)-methylamine (II) (686, 65). 
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N02n/CH2- 

/C\ 
fK2 f2 

0 /° X 
CHj CI^ 

NŒ 

II 
/ 

(6) (2,2-Dinitropropyl )-hydrazine 

The condensation of 2,2-dinitropropanol and hydra¬ 

zine gave N,N* -bis- (2,2-dinitropropyl )-hydrazine, v;hich v/as oxidized to azo- 

bis- (2.2‘dinitropropane) (622; 9^)- 

ws 

2 CII^CCIIgOH + HgNNHg 

HO- 

'} 
(CHjCCHgM-lj 

NO- 

NO- NO, 
, 2 ï 2 

cii^cciy^iicii-cci 

NO, NO, 

e. Condensation with Phosgene 

(1) bis-(5>5>3~Trinitro-2-Iceto-l-pentyl) Carbonate 

Treatment of 5,5,5-trinitro-2-keto-l-pentanol 

with phosgene gave bis- (5.5.5~trinitro-2-keto-l-pfeiiL.yl ) carbonate (590, 66). 

0 
II 

2(NO ) CCH CH CCH OH + C0Clo-> 
¿L j ¿L Ò ¿ d 

(no2)5cch2ch2cch2o 
>2. 

(2) bis-Chloroformate of 4,4,6,8,8-Pentanitro-l;ll- 
undecanediol 

The reaction of phosgene and l)-,4,6,3;8-pentanitro- 

1,11-undecanediol yielded a bis-chloroformate (590, 67). 

B°2 N02 

c ^chgchchchoh) + 
,- 2, 2 2 2 2 
II NO- 

NO, >.°2 

2 COCI- -> C(CH2CCH2CH2CH20C0C1)2 

R iio- 
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f. Dehydration 

The conversion of nitro alcohols to nitro olefins is 

described in paragraph II,A,2. 

4. Purification of Substituted 2-Nitro-l,5-propanediols 

A new method has been developed for the preparation of cyclic 

hetais and acetals of variously substituted 2“nitro*l,5_propanediols. This 

method involves the condensation of the diols and the carbonyl reagent in the 

presence of boron trifluoride. The crystalline cyclic compounds are easily 

purified and then readily hydrolyzed to give pure diols. The following diols 

were purified by this method (633; 30; 663; 71* 686, 60; 712; 59)* 

c 

"VA 
/\ H 

, « 1¾ 1¾ (CHjOHJj + RgCEj -A ¿ ¿ 

X 
“2 S 

ir 

c\ (CHgOHjg 

U1 

CII5 
CHgOII 

MOg 

C2^ 

CH5 
H 

c2"5 
CMI 

CIUOU 

C1U011 

“s 

C83 
c;l 

? 

C1S 
cu, 

it 

CUj 

CH3 

C,,5 
H 

CB5 

ll5 

C,i5 

Cn3 

C"5 

II 

CIL 

cii3 

(NOgJ^CIIgCHg 

CII^C (NOgJgCHgClIg 

Cl IIjCÍNOgJgVIlgWllg -CILCIL 

Thus, this method offers a ready means of purifying technical products that are 

difficult to obtain free from small amounts of impurities of related structure. 
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5. Preparation of Nit.ro Epoxides 

a. Introduction 

The nitro epoxides were prepared by the two general 

methods listed below and are summarized in Table IJ. 

(1) Epoxidation of the Corresponding Olefins 

The epoxidation of the olefins was carried out with 

peracids such as perbenzoic and peroxytrifluoroacetic acids. Emmons and Pagano 

recently reported that the epoxidation of negatively substituted olefins could 

be more conveniently accomplished by the use of a properly buffered peroxytri¬ 

fluoroacetic acid solution. 

(2) Dehydrohalogenation of Ilalohydrin 

Epoxy compounds are readily formed by treating a 

halohydrin with base. 

b. Glycidyl 4,4,^-Trinitrobutyrate 

The preparation of glycidyl 4;4;4”trinitrobutyrate 

started from allyl acrylate, which gave allyl 4,4,4-trinitrobutyrate in a Michael 

reaction with nitrofonn. The conversion of allyl 4,4,4-trinitrobutyrate to 

glycidyl 4,4,4-trinitrobutyrate was conducted by oxidation with perbenzoic 

acid (563, 80). 

CH2=CHC02CH2CH=CH2 + HC(N02)3 -> (NOg^CCIlgCIlgCOgCIIgClfcCIIg 

C-MLCOJI 
--* (no2 ) 3ccii2cii2co2ch2ch ch2 

0 

Glycidyl butyrate was prepared as a model compound in a similar manner (590> 84). 

c. 5,5-Dinitro-l,2-epoxyhexane 

5,5“Dinitro-l,2-hexancdiol was converted to 5,5-dinitro- 

2-bromo-l-hexanol, which was dehydrohalogenated to give 5,5-dinitro-l,2- 

epoxyhexane (L83I"91)• 

*Enmons and Pagano, J. Am. Chem. Sc>c. 77 > 89 (1955 )• 
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TABLE H 

NITRO EPOXIDES 

Epoxides b.p. °C 

(1) Glycidyl 4,4,4-Trinitro- 
butyrate 

(2) 5j5-Dinitro-l,2-epoxyhexane 110/4 fi n^l. 4623 

(3) 5,5-Dinitro-2,3-epoxyhexane 77/0.3 n n^l.4584 

(4) 4-Nitraza-1,2-epoxypentane 55-56/6 ^ n^5l. 1*827 

(5) Glycidyl Nitrate ^-50/1 tnm n^ I.4349 

°».P. C References 

39-40* 563, Ô0 

L83I-9I 

1119, 20 

III9, 22; 
L83I-92 

941, 33 

*3enzene Solvate 

MO, OH 

II2S04 
NO, Br HO, 

CH,CCILCILCHC1L0H —~—=-^ ru mn „„ NaOH. .. I ¿ 
31 2 2 2 HBr ^ CK CCh CH CHCH OH-^ CILCCILCH CHÇIL 

NO ,0 2 3| 2 2 \/ 2 
2 °2 N02 0 

5,5"Ninitro-2,3-epoxyhexane 

5,5-Dinitro-2-hexene was converted to 5,5-dinitro-2 3- 

epoxylicxane, usina peroxytrifluuroacetic acid buffered uith sodium acid carbo- 

nate (III9, 20). 

NO, 
I 2 

N0„ 
I 2 CF CO H ^ 

a^ciigCifecHci^ -CH cciWHciiai 

I!02 3 WOg 0 

e. 3,3-Dinitro-l,2-epoxybutane, Attempted Preparation 

Attempts to epoxidize 3,3-dinitro-l-butene with perben* 

zoic acid were unsuccessful, as the nitro olefin was unreactive (590, 69). 
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NO- 

CH,ÇCII=C1U + Cgll^CO,!! 

NO, 

5;5;5-Trinitro-l;2-epoxypentane, Attempted Preparation 

It was planned to prepare 5>5;5"trinitro-l,2-epoxypen¬ 

tane from 5,5,5-trinitro-2-keto-l-pentanol in the following manner (590, TO). 

0 0 
1/ U NaBH, 

(NOgJ^CKgCHgCCI^OH + RCl -> (NO^)jCCHgCHgCCHgOR--A-^ 

OH 

(no2) ccii2ch2chch2or (UOgJjCCHgCHg 

0 
/\ 

CHCH 

R = p-CILCrll, SO-. ^ 3 6 k ¿ 

5,5i5"Trinitro-2-keto-l-pentyl £-toluenesulfonate was prepared but in poor 

yield, and no further work was done. 

0- 5;5>initro-2, J-epoxypentane, Attempted Preparation 

The preparation of 5;5;5-tE,¿nitro-2_,3"epoxypentane was 

initiated, starting with 5,5,5-trinitro-2-pentanone (590, 70). 

0 

(i!02)3cch2ch2ccii3 
S NaBH. 

(NOg ) ^CCHgCIIBr CCHj- 

OH 0 
i n’l / \ 

( MOg ) jCCIIgCHBr CCH^ —-■■-> (UOgJ^CCIIgCHCIiCH^ 

II 

The synthesis was carried as far as the preparation of 5;5>5’trinitro-3-brorao- 

2-pentanone. 

Page lOh 

CONFIDENTIAL 



CONFIDENTIAL 
Report No. 1162 

h. 4-Nitraza-l,2-epoxypentane 

4-Nitraza-l,2-epoxypentane was prepared by the epoxida- 

tion of 4-nitraza-l-pentene, using both perbenzoic acid and buffered peroxytri- 

fluoroacetic acid (1119; 22; L831-92). 

no2 i;°2 
CiyiCIlgCIUCHg --^ CHjNCHgCHCHg 

i. Glycidyl Nitrate 

Following the NOTS procedure/ glycidyl nitrate was pre¬ 

pared by treatment of epichlorohydrin with nitric acid and subsequent treatment 

with sodium hydroxide (941, 33). 

ClCHgCHCIlg + HNOj-* ClCHgCHOHCHgONOg CHgCHCHgONOg 

0 0 

j„ Summary and Evaluation 

The epoxidation of nitro and nitramino olefins takes 

place more readily with peroxytrifluoroacetic acid than \fith any of the other 

peracids tried. It would be worthwhile repeating some of the earlier work, 

such as the attempted epoxidation of 3,3-dinitro-l-butene with perbenzoic acid, 

with peroxytrifluoroacetic acid. The disadvantages with this method are the 

difficulty in the preparation of the olefins and the high cost of peroxytri¬ 

fluoroacetic acid. The preparation of epoxides by the dehydrohalogenation of 

halohydrins appears to be an attractive approach from the standpoint of ease of 

preparation and cost, and more work should be done along these lines. 

E. NITRO PLASTICIZERS 

1. Introduction 

The nitropolymers prepared on this program are, for the most 

part, hard, brittle materials. These properties prohibit their use on the 

roller mill and the extrusion press, except at high temperatures and pressures, 

*NAV0RD Report Ño’. 2028, Parts I and II (NOTS 685, 686). 
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and these conditions cause extensive degradation of nitropolymers. It is ap¬ 

parent that a plasticizer will be necessary to permit the fabrication of nitro¬ 

polymers with the usual plastics-processing equipment. The ideal additive 

must possess the properties of low volatility, low melting point, and mutual 

solubility with the polymer, as well as the ability to plasticize the polymer. 

In addition, both a high energy content and a high density are desirable in 

order to maintain the specific impulse of the final propellant at a high level. 

Moreover, as would be expected, high thermal and impact stabilities are a 

primary requirement. The work described herein deals with the preparation of 

such compounds, in an attempt to meet the above requirements. The classes of 

compounds, containing the plosophoric nitro, nitramino, and/or nitrato groups, 

that were synthesized included carbamates, esters, ketones, ketoesters, lactones, 

and nitriles. The compounds synthesized and their properties are summarized in 

Table U. 

2. Preparation 

a. Carbamates 

(1) Methyl 2-Hitrazapropionate 

Methyl 2-nitrazapropionate has previously been 

prepared by nitration or methyl IJ-methylcarbamate.* The methyl W-methylcarbamate 

was prepared from methyl chloroformate and methyl amine (941, 43). 

HNO ^2 
CH5NH2 + Cl COgClij -^ CH^NHCOgCH^ -^ CH WCOgCI 

(2) 2,2,2-Trinitroethyl 2-Hitrazabutyrate 

2,2,2-Trinitroethyl 2-nitrazabutyrate was pre¬ 

pared by the nitration of the adduct from ethyl isocyanate and 2,2,2-trinitro- 

ethanol (770, 3; 1004, 20). H 
1 

CHjCiyrco + hoch2c(iio2)5-» cii^ciyicOgCi^c (mo2). 

UNO, T2 
-» cHjCiyicOjCiigC (no2 ). 

*Franchimont and Klobbie, Rec. trav. chin. I, 354 (1883). 
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(3) Methyl 2,5-Dinitrazahexanoate 

Methyl 2,5-dinitrazahexanoate was prepared by the 

nitration of the adduct from 3-nitrazabutyl isocyanate and methanol (9^-> 37)- 

Y°2 f°2 ? WO 
CiyiCHgCHgNCO + CII^OH-> CiyiCUgCHgNCOgCHj-2- 

N02 ^2 
CHjNCHgCHgHCOgCII^ 

b. Esters 

(1) Esters of 4,4,4-Trinitrobutyric Acid 

The following esters of 4,4,4-trinitrobutyric 

acid were prepared either by the addition of nitroform to the corresponding 

acrylic ester or the esterification of 4^4,4-trinitrobutync acid with the ap¬ 

propriate alcohol: methyl 4,4,4-trinitrobutyrate (622, 83), 2-methoxyethyl 

4,4,4-trinitrobutyrate (622, 88; SPIA Data Sheet - 622, App.), 2,2-dinitropropyl 

4,4,4-trinitrobutyrate (622, 90), 2,2-dinitrobutyl 4,4,4-trinitrobutyrate 

(622, 90), 5,5,5-trinitro-2-pentyl 4,4,4-trinitrobutyrate (622, 91), bis- 

(2,2,2-trinitroethyl) azelate (622, 93), 1,2-bis-(4,4,4-trinitrobutyroxy)- 

ethane (563, 83; SPIA Data Sheet - 590, App.), 1,2-bis-(4,4,4-trinitrobutyroxy)- 

propane (590, 74; SPIA Data Sheet - 622, App.), 1.2.5-tris-(4,4,4-trinitro- 

butyroxy-propane (590 , 7^> SPIA Data Sheet - 622, App.), and l,5"]iÍíL"(^^A" 

trinitrobutyroxy)-3-oxapentañe (590, 75> SPIA Data Sheet - 622, App.). 

(2) Esters of 4-Nitro-4-methylpentanoic Acid 

2,2-Dinitropropyl 4-nitro-4-methylpentanoate and 

2,2,2-trinitroethyl 4-nitro-4-methylpentanoate were prepared from 4-nitro-4- 

methylpentanoic acid and the corresponding alcohol, using polyphosphoric acid 

as the catalyst (1119; 25). 

t»2 >»2 >»2 

CH CCHgCHgCOgH + RCCl^OH-í CI^CCHgCl^COgCIIgijR 

CHj H02 CH^ Nog 

R = 011^, H02 
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These esters had been prepared previously from the acid chloride and alcohol, 

using aluminum chloride as catalyst. 

(3) Esters of 4,4-Dinitropentanoic Acid 

nethyl 4,4-dinitropentanoate (41?, 28; SFIA Data 

Sheet - 941, App.), 2,2-dinitropropyl 4,4-d:lnitropentanoate (967, yj\ 1004, 21 \ 

2,2,2-trinitroethyl 4,4-diniti:opcntanoatc (1004, 21), and ethylene bio." 

(4,4-dinitropentanoate) (941, 40) were prepared from 4,4-dinitropcntano::.c acid 

and the corresponding alcohol in the presence of polyphosphonc acid or from 

the acid chloride and the alcohol. 

(4) Esters of 4,4-Dinitro-l,7'heptanedioic Acid 

2,2-Dinitropropyl 4,4-dinitro-l,7-heptanedioate 

and 2,2-dinitrobutyl 4,4-dinitro-l,7-heptanedioate were prepared from 4,4- 

dinitro-l,7-heptanedioyl chloride and the corresponding alcohol (622, 92). 

N°2 

c(ch2ch2coci), 

no2 

?2 
2 RCCllgOH 

N0„ 

NO. NO. 

->ç(ch2ch2co2ch2çr)2 

NO. M0„ 

R = CRy CH^CIIg 

(5) Esters of 4-Nitrazapentanoic Acid 

Methyl 4-nitrazapentanoate was prepared by the 

alcoholysis of 4-nitrazapentanonitrile (80l, 12; 907j 41). 

NO, 

CH^NCH.CH.CN 
3 ¿ ¿ 

CILOH 
JL 

NO. 

uci —^ ch5mch2ch2co2ck3 

2,2-Dinitropropyl 4-nitrazapentanoate (1004, 21; 

IO83, 30), 2,2,2-trinitroethyl 4-nitrazapentanoate (1043, 24; IO83, 3I), 

ethylene bis-(4-nitrazapentanoate) (1033, 32), and tris- (4-nitrazapentanoxy- 

methyl)-nitromethane (907, 55), were prepared from 4-nitrazapentanoic acid 

*Hercules Pov;der Co., Navy Contract NOrd-11280, Task A, 13 August 1955* 
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and the corresponding alcohol in the presence of polyphosphoric acid or from 

the acid chloride and the alcohol. The large-scale preparation of the esters 

of 4-nitrazapentanoic acid is described in paragraph V,C. 

(6) 3,5;5“Trinitro‘5"aza‘T"^exyT Acetate 

3,5,5"Trinitro“3-aza-l-hexyl acetate was pre¬ 

pared by acetolysis of 3,5;5-trinitro-3-aza-l-hexyl nitrate (740, 61; 941, 42). 

(7) Methyl 3;5;5"Trinitro-3-aza-l-hexanoate 

Methyl 3,5,5“trinit*,o-3-aza-l-hexanoate was pre¬ 

pared by nitration of the condensation product of methyl glycine and 2,2-dini- 

tropropanol (663, 77)- 

c. Ketones 

(1) 5>5>5"Trinitro“2-pentanone and 5,5'0init'rO"2 
hexanone 

5,5,5-Trinitro-2-pentanone* (563, 70), and 5,5- 

dinitro-2-hexanone (417, 28) viere prepared by the addition of nitroform and 

1,1-dinitroethane to methyl vinyl ketone. 

NO, NO, 
2 2 

R = N02, CH3 

U.S. Rubber Co., Quarterly Report No. 4. 
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(2) 5-Nitraza-2-hexanone, Attempted Preparation 

The nitration of l-methylamino-J-butanone was con¬ 

sidered the most feasible method of synthesizing 5-nitraza-2-hexanone. However, 

the preparation of this ß-aminoketone by the addition of methyl amine to methyl 

vinyl ketone was unsuccessful (863, 56). 

d. Ketoesters 

(1) 5,5,5-Trinitro-2-keto-l-pentyl Acetate 

5,5,5-Trinitro-2-keto-l-pentyl acetate was pre¬ 

pared from the corresponding alcohol and acetyl chloride (590> 75)* 

0 0 
u ll 

(NOj^CCHgCHgCCHgOH + CRECOCI -> (HO^CCI^CI^CC^OAc 

e. Lactones 

(l) 4,4-Dinitro-5-pentanolactone 

Methyl 5-hydroxy-l+,lr-dinitropentanoate was hydro 

lyzed to the corresponding acid, .Met. was dehydrated with thlonyl chloride to 

give 4,4-dinitro-5-pentanolactone (368, 55). 

NO 
u+ I ^ 

HOCHgCCHgCHgCOgH 

no2 

S0C1 2 f2 
^ ch2cch2ch2 

NO, 

C=0 

f. Nitrates 

Treatment of 1,4-butanediol and 1,2,6-hexanetriol with 

nitric acid gave 1,4-dinitratobutane (907, 54) and 1,2,6-trinitratohexane 

(941, 41), respectively. 

g. Nitriles 

(1) 4,4-Dinitropentanonitrile 

4,4-Dinitropentanonitrile was prepared by the 

addition of 1,1-dinitroethane to acrylonitrile (941, 40). 
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H°2 

CH^CII + CH2=CHCI! 

NO^ 

NO, 

CII^CCHgCIIgCN 

k 

(2) ii--Nitrazapent:anonitrile 

4-Azapentanonitrile was converted to the corre¬ 

sponding nitraza compound via the nitric acid salt (8ol, 12; 907, 41). 

H 
I 

CHINCH CII CN 

II*HNO_ 
I 3 

> CII MCH CH CH 
ACgO 

HC1 

NO. 
I 2 

CHjlICI^CIlgCM 

3. Summary and Evaluation 

In studying the properties of the plasticizers that have been 

prepared, it has been found that a marked transition in properties appears around 

a molecular weight of 280. For the compounds having a molecular vjeight greater 

than 280, there was found to be a very low volatility; and frequently melting 

points are above room temperature, densities are higher, and thermal stabilities 

are significantly improved. For formulation purposes, the desirable melting 

point range of the plasticizers appears to be below 60°. Solids containing the 

trinitromethyl group and melting below 40° exhibit poor thermal stability, 

whereas above 6o° the ability to plasticize the nitropolymer is diminished. As 

far as classes of compounds are concerned, nitrate esters are not useful because 

of their poor thermal stability, but the organic esters have found the widest 

application. In particular, the esters of 4-nitrazapentanoic acid have shown 

the most promise. The esters of 4,4-dinitropentanoic acids and 4,4,4-trinitro- 

butyric acid were not as satisfactory, because of their higher melting points. 

The best method for the preparation of these esters has been from the acid, al¬ 

cohol, and polyphosphoric acid catalyst. The use of mixed plasticizers, such 

as 4-nitrazapentanonitrile and 2,2,2-trinitroethyl 4-nitrazapentanoate, has been 

found to have considerable merit. 
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P. INTERMEDIATES 

T• Introduction 

The first objective of the nitropolymer program was the 

synt esta of polynitro aliphatic compounds and their derivatives. Examination 

e iterature indicated a sparsity of such compounds. Vapor-phase nitra- 

O" ° "ydr0Carb0nS ^ produce mononitroulhanes only and not 

to lead to polynitroalhanes. Li,uid-phase nitration at elevated tmaperatures 

and pressures gives gem-dinitroal,canes, hut it is only practical for intro- 

ucing the two nitro groups on secondary carbon atoms and for compounds which 

can stand the vigorous conditions employed. Thus, it »as evident that there 

vas a great need for ne» and convenient methods for the introduction of nitro 

groups particulariy c,CO-dinitro, gem-dinitro, and trinitromethyl groups into 

al Phatrc compounds. These new methods and applications are described in the 
following sections. 

2. C-j ^-Dinitro Compound« 

c:, CO-Dinitro alltanes have been prepared in fair yield from 

a, - i aloallcanes and silver nitrite,* but the method is expensive. A ne» 

method for ^preparation of c,w-dinitro expounds from cyclic .cotones has 

oeen developed and is shown in the following equations: 

ko2n= 

Er, NO, 

=nc2k 

noa 
I 2 

IS 
Ton-* BrCCIlgCIIgCBr 

Br Br 

HaBH, 

rtration or cyclopentanono v,ith ethyl nitrate in the presence of potassium 

ethoxtde gave dipotassta 2,5-dinitrocyo.opentanone, which »as brominated to 

yield 1,1, h, h-tetrabromo-1,h-dinitrobutane. The tetrabromo compound was 

*LF?ôrí,aMC- L°St0n' •^Sai^Hîhesis, Vol. ,1., J. Uiley and Sons, 

**K. Klager, J. 0^. çhm. gp, M (1955). tó3) 33. ^ 20; ^ 
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readily reduced with sodium borohydride to give 1,4-dinitrobutane. This new 

method of opening cyclic ketones was also successfully applied in the case of 

dipotassium 2,6-dinitrocyclohexanone to give l,l,5,5-tetrabromo-l,5-dinitro- 
pentane. 

J. gem-Dinitro Compounds 

a. By Oxidative Nitration 

ft 
Traube, in his studies of the reaction of nitric oxide 

with molecules containing an active methylene group, reported that the 2-nitro- 

sohydroxylamino-2-nitroalkanes (by acidification of the sodium salts prepared 

from nitric oxide on the sodium-1-nitroalkanes) decomposed rapidly to the 

corresponding nitrolic acids, and that the silver salts of those nitric oxide 

reaction products deposited silver. The course of the silver salt decompo¬ 

sition was not investigated by Traube. In an attempt to find a general method 

for the introduction of the nitro group into nitroalkanes, the reaction of 

nitric oxide with salts of secondary nitroalkanes was investigated (ItOk, 30). 

The sodium salts of 2-nitropropane, 2-nitrobutane, and nitrocyclohexane were 

treated with nitric oxide to give salts which were assumed to have the Traube 
structure (I): 

luyia 

RR'C=M02Na + 2 NO -J^-^rr'C 

MOg 

I 

Treatment of these salts (I) with silver ion gave 2,2- 

dinitropropane, 2,2-dinitrobutane, and 1,1-dinitrocyclohexane in yields of 

50 to 70$. The preparation of gan-dinitro compounds in this manner constitutes 

a new and important method for the preparation of such compounds. 

Further study (41?, 29) showed that in no experiment 

did the yield of salt (l), the desired intermediate, exceed 50$; furthermore, 

analysis of the salt obtained from nitric oxide and sodium 2-nitrobutane 

*/mn. 200, 31-104 (1898). 
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indicated that the product has an empirical formula of rather than 

C4%04N3Na Í1)* These results suggested that the secondary salts are double 

or complex salts consisting of sodium secondary nitroalkane and sodium nitrite 

(1:1). These observations have led to a new preparative method for gem-dinitro 

compounds. Uhen an aqueous solution containing nitroalkane and nitrite ion 

(1:1) was treated with two equivalents of silver ion, a gem-dinitroalkane was 

formed. 2,2-Dinitropropane, 2,2-dinitrobutane, 1,1-dinitrocyclohexane, and 

2,2-dinitro-l,3-propanediol have been prepared by this reaction in yields of 

70-92$. The reaction was also found to be applicable for the preparation of 

1,1-dinitro compounds as 1,1-dinitroethane was obtained in 40$ yield from nitro 

ethane. This new reaction has been called an oxidative nitration reaction and 

it appears likely that the introduction of the second nitro group may depend 

on an intermediate complex: 

7> 
"V\ -- + 

C=NO + NO + 2 Ag 
R /0 

^C—11. 
R \) 

XAg 
II / 

0* V 

Ag" \c/H°2 
?/ xno2 

+ 2 Ag 

The decomposition of the complex to products is sterically favored, because of 

the six-membered ring formation in the transition state. Oxidizing agents such 

as hypobroraite, permanganate, persulfate, ferric, and mercuric ions do not ef¬ 

fect this transformation. The choice of oxidizing agents rs dependent on the 

requirement that the reaction proceeds only in alkaline or neutral media; under 

acidic conditions, the formation of pseudonitrole occurs rapidly. 

b. by the ter Heer Reaction 

The ter Heer reaction* has been used for the prepara¬ 

tion of terminal gem-dinitro compounds from the corresponding chloronitro com1 

pounds. The reaction consists in treating a chloronitro compound such as 1- 

chloro-1-nitroethane with potassium nitrite and base to give potassium 1,1- 

dinitroethane: 

»Ann. l8l, 4 (1876). 
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I ^ base /1 ^ 
CI^CCl + KN02-—-> CHjC 

H Ñ02 

Potassium 1,1-dinitroethane v;as prepared by the ter Meer reaction, using the 

improved procedure of the Naval Ordnance Laboratory,* and converted directly to 

2,2-dinitropropanol (1119> 26). The conversion of 2“bromo-2-nitroethanol to 

potassium 2,2-dinitroethanol has been described (paragraph II,D,2,j). 

4. vic-Dinitro Compounds 

It was found that salts of nitroallcanes are converted by oxi¬ 

dizing agents such as persulfate ion, ferricyanide ion, or hydrogen peroxide, 

in aqueous medium, into dimeric dinitro compounds (417; )• The üest yields 

(30-55^) '/ere obtained with persulfate ion: 

R R n I J 

2 )c=N02- + S208=-» RC—CR + 2 S04= 

11 no2 mo2 

Ketones are side-products. Dinitro compounds which have been prepared con¬ 

veniently by this method are 2,3-dimethyl-2,3-dinitrobutane, 3,4-dimethyl-3,4- 

dinitrohexane, and 1,1-dinitro'bicyclohexyl. 

5. Pseudo Mitróles 

Treatment of the sodiura salts of 2-nitropropane, 2-nitro- 

butane, and nitrocyclohexane x/ith nitric oxide gave salts which were postu¬ 

lated as being complex salts consisting of sodium secondary nitroalkane and 

sodium nitrite (1:1) (paragraph II,F,3,a). Acidification of these complex 

salts gave propyl, butyl, and cyclohexyl, pseudo nitroles in yields of 50 to 

75^ (404, 30). 

6. Adducts of Acidic Nitro Compounds and Nitro Olefins 

a. Introduction 

One of the best methods for the introduction of nitro 

groups into an organic molecule is the Michael addition of acidic nitro 

*NAV0RD Report 110^3777, 20 October I954. 
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conpoundc to ne5ativoly oubstitutcU olefins. The prepetation ox altphauc n * 

acida by the addition of acidic nitro cor.,pounds to c, ß-unsaturatee aetda e,ter„ 

end nitriles has been described (parasraph 11,0,2,«). The addition or acid,c 

nitre cor,p.unds to nitre olefins is described in the follovinS section ana sun- 

marised in Table 15* 

b. Nitroethylene 

1,1,1,3-Tetranitropropane was prepared by the addition 

of ni tro form to nitroethylene (371; 20; 3ooA; k\ W7A, 5)* 

(no2)5ch + CIlp=C 
^K02 

2~ \ H 

(no2)3cch2ch2no2 

rhe original procedure has been improved by running the reaction in aqueous. 
nr nf base * The two possible nodes of addition nethanol with a catalytic amount of oase. Tlie ujo P 

could give either 1,1,1/2 or 1,1,1,3'tetranitropropane. The latter structure 

nas established by reduction of the adduct ,,ith tin and hydrochloric acid o^ 

1 5-dianinopropane (4171., 1?). Attempted reactions of l,l,l,y-tetranitropro 

pane '.,1th aldehydes were unsuccessful (571, 20 ; 336a, 5. W7A, 5 • 1 -a prop 

ties of 1,1,1,3 are recorded in a SPIA Data Sheet (417A, 7). 

C. ß-Nitrostyrene 

2-Phenyl-1,1,1,3"tetranitropropane was prepared oy the 

addition of nitroform to ß-nitrostyrene (417A, 20). 

GgH, /'102 

?Nc=c + hc(no2) -> (KOgijCCCHgNOg 

H 

Xtenpted reactions of this nitro compound vith aldehydes v,ere also unsuccess- 

:ul (417A, 6). 

d. 2-Nitroallyl Acetate 

A new and fruitful reaction was discovered in studying 

the addition of acidic nitro compounds to 2-nitroallyl acetate. The path of 

the reaction has been postulated as follona. The acidic nitro compound (I) 

-„OÍA Deport lío." 'sí/b, Contract I!7onr-tó2o0. 
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added readily, in the presence of a basic catalyst, to 2-nitroallyl acetate to 

give a 1:1 adduct (II). Acetic acid was split out from II to give a nitroolefin 

(III) again. A second mole of I was then added to III to give the product (IV). 

It was not possible to isolate the intermediates II or III. The polynitro- 

alkanes prepared by this method were 2,4,6-trinitro-2,6-dimethylheptane (IVa) 

(499, 21), 2,2,4,6,6-pentanitroheptane (IVb) (499> 13); 3;5;5/7>7”pentanitro- 

nonane (IVc) (658, 102), and 4,4,6,3,8-pentanitroundecane (IVd) (638, 102). 

?°2 
NO, 

R'CH + CH2=CCH20Ac 
OH 

N°2 Nog 

I a,b,c,d 

R'CCHgCCHgOAc 

R H 

II a,b,c,d 

f 2 'i02 
R* CCHgCCIIgOAc 

R II 

II a,b,c,d 

OH 
NO^ NO. 

,2 
R'CCH2C=CH2 

R 

III a,b,c,d 

?°2 ï°2 ?°2 
R'CCHgC^ + R'CH - 

R . R 

NO. NO NO 
I 2 I 2 i ¿ 

R'CCH-CCILCR’ 
I 2| 2 J 

R II R 

III a,b,c,d I a,b,c,d IV a,b,c,d 

a: R=R'=CH_ 

b: R=N02, R'=011^ 

c: R=N02, R1=CH^CH2 

d: R=N02, R'sCH^CHgCHg 

The potassium salt of IVb was prepared, as well as 2,2,4,6,6-pentanitro-4- 

bromoheptane (499, 20)j IV did not undergo the Henry or Michael reactions 

(499, 18)' ^ was also f°und comparable results were obtained in the 

Page 121 

CONFIDENTIAL 



CONFIDENTIAL 
Report No. 1162 

preparation of 2,2,4,6,6-pentanitroheptane (IVb) through the use of the pre¬ 

cursor of 2-nitroallyl acetate, i.e., l,3-diacetoxy-2-nitropropane (5I5, 24). 

2-Nitro-l,3-propylene-M;is- (l-nitro-4,4-dime thy 1-5,5- 

dioxane) uas prepared by the condensation of the sodium salt of 2,2-dimethyl- 

5-nitro-l,3-dioxane and 2-nitroallyl acetate (658, I03). 

HCLNa 
II 2 

CH_ 

0 0 

Cl CIL 

mo9 
I 2 

+ CH =NCH OAc 

m2 

CIL 

0 I 
NO- 
I 2 

-c 
I 
H 

The preparation of dimethyl 4,4,6,8,8-pentanitro-l,ll-undecanedioate from the 

sodium salt of methyl 4,4-dinitrobutyrate and 2-nitroallyl acetate is described 

in paragraph II,C,3,d. 

e. 1,1-Dinitroethylene 

(1 ) Introduction 

The many attempts to prepare 1,1-dinitroethylene 

are discussed in paragraph II,A,2,h. Although it has never been possible to 

isolate 1,1-dinitroethylene, its existence as a reactive intermediate capable 

of transitory existence has been demonstrated in the studies on the reactions 

of 2-bromo-2,2-dinitroethyl acetate and potassium 2,2-dinitroethanol, which are 

described belov?. 

(2) Reactions of 2-Bromo-2,2-dinitroethyl Acetate 

Treatment of 2-bromo-2,2-dinitroethyl acetate 

(l) with potassium iodide gave a salt which was identified as potassium 

2,2,4,4-tetranitrobutyl acetate (IV) (424, 26). The formation of IV was ex 

plained by the mechanism shown in the following equations: 
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/ V« 

Ü°2 
CCHo0Ac 

I 2 
HOp 

K C * 

II 

n°2n /H 

/c c\ 
NO' H 

III 

CCHoCCHo0Ac 
\ z* 2 
no2 no2 

IV 

Acidification of IV gave 2,2,4,4-tetranitrobutyl acetate (427, 26; SPIA Data 

Sheet - 463, App.). The structure of IV was confirmed by its basic hydrolysis 

to dipotassium 1,1,3,5-tetranitropropane (427, 27),* IV did not undergo the 

Michael reaction with methyl acrylate or acrylonitrile (499, 21). All attempts 

to isolate potassium 2,2-dinitroethyl acetate (II) or 1,1-dinitroethylene (III) 

were unsuccessful, but III was postulated as a transitory intermediate, capable 

of undergoing a Michael reaction with II to form IV. The mechanism of this new 

reaction was substantiated by extending the reaction of 2-bromo-2,2-dmitro- 

ethyl acetate to salts of organic compounds. Thus, treatment of I with sodium 

1,1-dinitroethane and sodium phthalimide yielded the sodium salts of 1,1,3,3- 

tetranitrobutane (V) and l,l-dinitro-2-phthalimidoethane (Vi), respectively. 

NOgKa N02 

Ç-cu2-f>3^ 
1102 ho2 

V 

NCLNa 
II 2 
CCH_ 

I 5 
110_ 

— 1 

UO.Na 
N II 2 

NCILC 
21 

VI 
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This evidence indicates that the process of dinitroethylation is a general type 

of reaction with 2-brorao-2,2-dinitroethyl acetate functioning as a source of 1,1- 

dinitroethylene which can participate in a Michael type of reaction with other 

active compounds. The salts formed in the Michael condensation can react further 

as illustrated in the preparation of 2,2,4,4-tetranitro-l-pentanol (h68, 16) 

from V and formaldehyde, and in the synthesis of methyl h,h-dinitro-5-phthali- 

midopentanoate (^02, 28) from VI and methyl acrylate. 

(3) Reactions of Potassium 2,2-Dinitroethanol 

It was found that acidification of potassium 2,2- 

dinitroethanol to a pH of 4 gave potassium 2,2,4,4-tetranitro-l-butanol (l) 

(^57/ T4). The mechanism for this reaction was postulated as also proceeding 

through the transitory intermediate, 1,1-dinitroethylene. 

NO-K 
H 2 
CCILOII - 

I 2 
l',02 

If Ts 
HCCILOII 

i ¿ 
úo„ 

»°2 

0=011,. 
I £ 
NO^ 

NO K 
H 2 
CCILOII 

K0„ 

i°2 
Í“CII2 
uo_ 

CCILCCÍLOII 
I 2l 2 
no2 iio2 

Compound I was converted to 2,2,4,4-tetranitro-l-butanol (paragraph II,D,2,d) 

and 2,2,4,4-tetranitro-1,5-pentanediol (paragraph II,D,2,a). Treatment of I 

with strong base yielded dipotassium 1,1,3,3-tetranitropropane (457, I7). 

Dipotassium lil^^’^etranitropropane has also 

been prepared* by heating an aqueous solution of potassium 2,2-dinitroethanol 

(pH = 7-8). This reaction has been postulated as proceeding through a Mannich- 

type reaction. 

lIOCHgC (NOgJg- - > CHgO T HC(N02)2' 

iic(no2)2“ + hoch2c(iio2)2" HgO + *(o2h)2ccii2c(no2)2" 

*0hio State U., Monthly Letter Report, March I5, I950. 
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7. Adducts of Hitroform and Vinyl Ethers 

Mitroform added readily to vinyl ethers according to the 

follov/ing equation (4o4, 53)* 

R0CH=CHg + HC(N02)5 -> R0CC(N02)5 

H 

The proof of structure of these adducts was established by reduction to known 

amines (417, 43). The products and their properties are summarized in Table 16. 

TABLE 16 

ADDUCTS OF NITR0F0RI1 AMD VIUYL ETHERS 

Vinyl Ether 

Ethylvinyl 

2-Methoxyethylvinyl 

Isopropylvinyl 

Isobutylvinyl 

Dihydropyran 

o.p. C/nm 

Mitroform Adduct__ 
20 ,20 Yield 
_ °20 _^  Reference 

33-36/1 

82-86/1 

75-76/1 

82-37/1 

103/1 

1.4390 1.3145 68 

1.4470 1.3194 50 

1.4390 1.2720 73 

1.4339 1-2227 75 

I.4708 1.3963 31 

4o4, 53 

404, 53 

404, 53 

404, 53 

404, 53 

8. Miscellaneous Preparations 

a. Mitroform (SPIA Data Sheet - 4o4, App.) 

Mitroform is one of the most important intermediates, 

because it serves as an excellent means for the introduction of one or more 

trinitromethyl groups into an organic compound. Because of its importance, 

a special review has been bitten on its preparation, properties, and reac¬ 

tions (494). Potassium nitroform was prepared by treating tetranitromethane 

with potassium hydroxide in the presence of hydrogen peroxide. The salt was 

isolated from the reaction mixture and treated v/ith acid to give nitroform. 

NOgK 

C<1,0A + “''Va 
HCl 

hc(uo2)5 
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A procedure for the preparation and use of nitroform in situ has now been worked 

out so that the isolation of the hazardous potassium nitroform could be avoided 

(IO83, 31 )• It v/as found that the original reaction slurry can be used as a 

source of nitroform by acidification with a mixture of sulfamic and sulfuric 

acids, which destroys the nitrous acid as it is formed. 

b. Mitroforra-Dioxan Complex (SPIA Data Sheet - App.) 

Nitroform and dioxan (2:1) react to form a 92# yield 

of a white crystalline solid, m.p. 44-44.5°, b.p. 6l-62°/3 mm (404, 33). This 

substance has been characterized as being a molecular compound, probably con¬ 

sisting of two molecules of nitroform coordinated with the two oxygen atoms of 

each dioxan molecule involved in complex formation. 

c. Compounds for Use in Chain-Transfer Studies 

(1) l,l,l-Trinitro-2-methyl-2-acetoxypropane 

l,l,l-Trinitro-2-methyl-2-acetoxypropane was pre¬ 

pared by treating a solution of nitroform in acetone with ketene (638, I03).* 

rb 
I 

CIb 

0 
H 

CIICCH + IIC(HCL), 
J 5 

(NO. )_CC0II 
2 3 ' 

CH2=C=C CIL 0 
I 

■> (NOPjCCOCC^ 

CIL 

(2 ) 5 ; 5 ^ 5"Tï,inItro-4,4-dime thyl -2-pentanonc 

5,5,5-Trinitr0-4,4-dimethyl-2-pentanone was 
‘ft#’ 

prepared by the addition of nitroform to mesityl oxide (638, 104). 

(no2)3ch 

CIL 0 

+ Ù " CHCCI 

CII3 

CIL 0 
3 

(no2)5ccch2cci^ 

CIL 

*.‘Schenck and'von der Forst (liIOS/Gr-2/lŒC No. 5475 , 27). 
**U.S. Rubber Co., Quarterly Report Mo. 4. 
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(3) 1-Nitraninobutane 

l-IIitraminobutane was prepared by the following 

series of reactions according to the method of van Erp (663; 32). 

II _ H0_ 
mío. NIL 

—^ C, ILN=I 
If 

C^iyiHg + ClC02Et C^H MCOgEt -^ c^iyico^t —^ c4h9n=no2nh4 —^ 

M°2 

C4II/H 

(4) 2,2,2-Trinitroethyl Propionate 

2,2;2-Trinitroethyl propionate v;as prepared ac- 
y y 

cording to the procedure of Harans and Zelinski with some minor modifications 

(590; 32). 

d. tris-(ß-IIitroethyl )-hydrazine Hydrochloride 

blien ß-nitroethyl acetate and hydrazine were mixed in 

aqueous solution, an exothermic reaction took place and a brown oil was formed. 

This oil was converted into a crystalline hydrochloride salt, the analysis of 

salt corresponded to tris-(ß-nitrocthyl)-hydrazine hydrochloride (638, 100). 

H- HCl 

3 OgllCHgCHgOAc + Niyilig -¾ (OgUCIIgCIIgJgUMCI^CIIgMOg 

^ y w 

e. Reaction of gem-Halo Mitro Compounds with Zinc 

It was found that gem-halo nitro compounds react with 

zinc with the formation of a white solid of unknown structure. Treatment of 

this product with mineral acid gave a ketone (686, 79): 

NO. , 0 
I 2 II+ * 

RCR' + Zn-» white solid ——> RCR 
I 
Cl 

Ilethyl 4-ketopentanoate and cyclohexanone were prepared from the corresponding 

gem-halo nitro compounds by this method. 

*Rec. trav. chim. 14, 26 (1395). 

**J.’ Am. Çhan. 5oç. J2, 5329 (I95I). 
***K. Klager, J. Org. Chem. 20, 646 (1955). 
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III. POLYMERIZATION STUDIES 

A. VINYL POLYMERS 

1• Introduction 

The successful synthesis of a high-energy unsaturated nitro- 

nonomej. is but the initial step toward the goal of preparing a nitropolyner 

propellant. A study of its polymerization, the mechanical properties of the 

polymer, and its behavior in a propellant composition are the more important 

steps to oe hurdled before a nitromonomer can be successfully transformed into 

an acceptable propellant. 

Of the 57 (successful and attempted) unsaturated nitro com¬ 

pounds discussed in the section devoted to their synthesis, only 12 of the 

nitromonomers reached the stage to which their polymerization was attempted. 

Or Lnj.s numoer, only six have been studied sufficiently that their polymeriza¬ 

tion characteristics are well hnown. However, from a study of these six mono¬ 

mers has come a wealth of information that has defined the general scope of the 

polymerization of unsaturated nitro compounds. The important revelation that 

special structures of aliphatic nitro groups participate in the chain-transfer 

reaction during polymerization has changed the outlook of the synthetic part 

of the program. The work covering the study of the chain transfer of aliphatic 

nitro groups has been the subject of a special report and will not be covered 

in this report except where needed to clarify the discussion (700). 

This section of the report records all unsaturated nitro¬ 

monomers whose polymerization has thus far been attempted on this program. 

2* Nitroesters of Unsaturated Acids 

a. Introduction 

As stated earlier in the report, this class of com¬ 

pounds has been the most fruitful source of nitromonomers of all the various 

types of chemical compounds studied. Within the class, the acrylates were the 

easiest to prepare. In studying the polymerization of this class of monomers, 
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the acrylates vjere again the most fruitful type. However, the utility of a 

polymer as a propellant ingredient depends upon many things, among which is 

the average molecular weight of the polymer. From a study of the chain trans¬ 

fer of aliphatic nitro groups, it became apparent that the arrangement of the 

nitro groups was the most important factor in determining the molecular weight 

of the polymer. Consequently the nitro groups, being in the alcohol portion 

of the nitroalhyl acrylates, determine the usefulness of the monomer. Thus, 

not all nitroalhyl acrylates yield polymers suitable for propellant work. For 

example, 2,2,2-trinitroethyl acrylate gives a polymer whose average molecular 

weight is of the order of several thousand. The polymer is hard and brittle 

and totally unsuited for propellant work. On the other hand, 2,2-dinitropropyl 

acrylate yields a polymer whose average molecular weight is of the order of 

200,000. The mechanical properties of the polymer are sufficiently good to 

encourage further investigation into its use in propellant compositions. 

b. 2,2,2-Trinitroethyl Acrylate 

2,2,2-Trinitroethyl acrylate (TNEA) was successfully 

polymerized, using the common free—radical initiators such as methyl n-amyl 

ketone peroxide (HAKP), benzoyl peroxide, t-butyl perbenzoate, and cumene hy¬ 

droperoxide (482, 35). A brief kinetic study of the bulk polymerization was 

carried out at 30, 40, and 50°C. The rates of polymerization were measured 

dilatometrically and the rate determined at each temperature was used to de¬ 

termine the overall activation energy of polymerization. The rates were 

assumed to correspond to a zero-order reaction similar to the chain-type pro¬ 

cess observed for other vinyl monomers. Using a 0.736(¾ MAKP initiator and 

0.134(5 Accelerator 1000 as activator, the zero-order rate constants were, at 

30°C, - 9.035 X 10 1 hr; at 40°C, - 27.64 x lo’1 $/hr; and, at 50°C, - 73.33 

X 10 $>/hr. The overall activation energy of polymerization was found to be 

20.6 kcal/mole (515> 3Ô)« The molecular weights of the polymers formed in the 

kinetic study were determined osmometrically, using acetone solutions of the 

polymers. It was found that no correlation of molecular weight with the tempera¬ 

ture of polymerization could be made, and further, that very erratic results 

were obtained from the same samples of polymer. The osmotic molecular-weight 
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determinations gave values ranging from 2800 to Ik,200 (5k0, 2). Since this 

work was carried out prior to the observation that diffusion of low-molecular- 

i/eight polymers through the osmometer membrane occurs quite readily, it seems 

likely that the reported values for the molecular weight of the polytrinitro- 

etnyl acrylate are much too large. Subsequently, it was found that the ready 

chain-transfer of the trinitromethyl group gave rise to low-molecular-weight 

polymers. The variation of the density of the polymer with temperature was 

determined for the range of 25 to 50°C (5I5, 38). 

An attempt to polymerize this monomer, using cationic 

catalysts such as aluminum chloride or boron trifluoride, at -70OC, failed 

(515, 47). 

c. 2,2-Dinitropropyl Acrylate 

In using this monomer, much of the polymerization work 

has been carried out on composite propellant formulations as the subject of 

anotaer contract. This work will not be discussed in this report. 

The problem of obtaining dinitropropyl acrylate mono¬ 

mer of sufficient purity to give an acetone-soluble polymer of high relative 

viscosity, and yet free of polymerization retarders, is discussed elsewhere 

(paragraph II,A,3). The work reported in this section covers only polymeriza¬ 

tion and formulation work performed on this contract. 

Polymers and copolymers of 2,2-dinitropropyl acrylate 

(DNPA) have been prepared using free radical initiators. Early polymeriza¬ 

tions were carried out in the presence of a high-energy condensation polymer, 

I“AN,(see paragraph IV,C,3) in order to give a nitropolymer of specific im¬ 

pulse greater than DNPA and of better mechanical properties than I-AN alone. 

These attempts were not entirely satisfactory, due to the thermally unstable 

nature of the I-AN polymer and its inhibiting effect upon the polymerization 

of DNPA (638, 70). The polymerization of DNPA in the presence of ethyl cellu¬ 

lose was performed in order to determine the effect of a non-nitro containing 

♦Contract NOas 54-399c. 
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substance. In general, the ethyl cellulose appeared to decrease in molecu¬ 

lar weight during attempted polymerization of the DUPA. Inasmuch as this 

approach to a propellant composition appeared unfruitful, the emulsion 

polymerization of DNPA was next studied in order to produce its homopoly¬ 

mer (PDNPA). The homogeneous emulsions which were obtained gave a 90# con¬ 

version monomer to polymer in 5 hr at 60 C. A redox initiator system 

was employed using ferrous ion and ammonium persulfate initiator. A typi¬ 

cal emulsion recipe contained the following (868, 6): 

20 ml DNPA 

O.25 g polyvinyl alcohol in 20 ml water 

I.70 3 Atlas Tween 40 

O.25 g ammonium persulfate in 2 ml water 

3 mg ferrous sulfate heptahydrate in 1 ml water 

The emulsion polymerizat.’.on technique was later scaled up to 1-1/2 lb 

DNFA batch size, using a Beken laboratory mixer (90?, ^)- 

In the preparation of a propellant composition, 

it is desirable to use a fuel binder which can be subjected to molding, 

casting, or extruding operations, and then subsequently cured to a 

three-dimensional cross-linked structure, preferably by moderately raising 

the temperature. This cross-linking imparts dimensional stability to the 

propellant grain so that it is not easily deformed. In order to achieve 

this end, dinitropropyl acrylate was copolymerized with minor amounts of 

acrylic acid and ethylene glycol diacrylate. The reactivity ratios for 

the acrylic acid copolymer were determined. It was found that r^ and 

were both very close to 1 (363, 11). T.Jhen copolymers with the ethylene 

glycol diacrylate (EGDA) were prepared, it was observed that insoluble 

copolymers resulted when as little as 0.2$ of the EGDA was employed 

(868, 16). 

Osmometric molecular-weight determinations of 

PDNPA produced by bulk or emulsion polymerization ranged from 50,000 to 

120,000 (363, 50). An SPIA data sheet for the polymer was published 

(868, App.). 
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d. 2,2-Dinitro-l-butyl Acrylate 

Dinitrobutyl acrylate (DUBA), like the dinitropropyl 

acrylate, v;as subjected to polymerization studies in the hope of obtaining a 

satisfactory propellant composition. It was also polymerized in the presence 

of condensation polymers I-AN, I-J, and I-A (paragraph IV,C,3). However, un¬ 

satisfactory results were obtained similar to those observed for the DUPA 

(638, 70; 663, 53; 686, 40). 

The rate of bulk polymerization of DNBA has been de¬ 

termined dilatometrically at 40, 50, and 60°C for two different initiator con¬ 

centrations of azo-bis-isobutyronitrile. Uith an initiator concentration of 

O.25 mole $, the following rates were obtained'.at 40°C, 1.43 x 10 ^ mole/l/ccc; at 

50°C, 7.65 X 10’^ mole/l/sec; and at 6o°C, 23.6 x lo’^ mole/l/sec. Using these 

data, an overall activation energy for polymerization of 28.8 kcal/mole was ob¬ 

tained. From similar data obtained by using O.5I mole $ of the same initiator, 

an activation energy of 29.3 kcal/mole was calculated (686, 4; 712, 4). 

Uork on the emulsion polymerization of DNBA was per¬ 

formed prior to the work carried out on dinitropropyl acrylate. It was with 

the DNBA monomer that the successful recipe which vas previously listed in the 

work, on DNPA was developed. However, a maximum conversion of only 70/> was ob¬ 

tained with DNBA (833> 4). 

A study of the variation in molecular weight (determined 

osmometrically) with intrinsic viscosity of variously prepared DNBA polymers 

gave the constants of the Hark equation yj;3 of K=1.92 x 10 ^ and a=0.840, 

using acetone solvent (833, 37). An SPIA data sheet on the polymer was reported 

(907, App.). 

An attempt to cross-link PDNBA by subjecting the poly¬ 

mer to the irradiation from a 1700-Curie Co^° source for 96 hr resulted in an 

acetone-insoluble polymer, green in color, and badly swollen by gas bubbles 

(907, 69). No further work along this line was performed. 
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e. 3,3-Dinitro-l-butyl Acrylate 

In order to compare the mechanical properties of two 

isomeric polymers, this monomer was prepared since it is isomeric with ¿,2- 

dinitro-1-butyl acrylate. It was bulk-polymerized at 50 0 with 0.5$ azo-o_iS” 

isobutyronitrile initiator, yielding a 65$ conversion to polymer (740, 6). 

Inasmuch as the synthesis of this monomer was difficult, no further polymeriza¬ 

tion studies were carried out. 

f. 2,2-Dinitro-l-penty] Acrylate 

The polymerization of this monomer was performed on a 

small scale, and no effort was made to study its polymerization characteristics. 

The bulk polymerization at 45°C, using 1$ MAK? initiator, gave a polymer with 

an estimated molecular weight of 50,000 to 60,000 (622, 61). 

g. 5,5,5-Trinitro-2-pentyl Acrylate 

This monomer was polymerized in several exploratory ex¬ 

periments in order to determine whether the trinitromethyl group, further re¬ 

moved from the ester linkage than in trinitroethyl acrylate, would produce a 

low-molecular-weight polymer by active chain-transfer. Three samples polymerized 

at 50°C with O.25, 0.50, and 1.0$ MAKP initiator gave polymers with identical 

relative viscosities in acetone. At a 2$ polymer concentration, the relative 

viscosity in each case was 1.1? (622, 1?). From previous experience, this low 

relative viscosity was known to be related to a low-molecular-weight polymer. 

h. 3,5,5"Trinitro-5-aza-l-hexyl Acrylate 

The only work performed with 3,5,5-trinitro-2-aza-l- 

hexyl acrylate was a small-scale experiment to determine the polymerizability 

of this material. The monomer, a solid, was polymerized in 50$ dioxan solution 

at 50°C, using 1$ (based on monomer weight) of azo-bis-isobutyronitrile initiator. 

An 89$ yield of polymer was obtained, which gave a relative viscosity of 1.03 for 

a 1$ acetone solution (740, 5). The molecular weight of the polymer appeared 

to be low. 
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i. 2,4,6-Tiinitro-2.,4,6-triaza-l-heptyl Acrylate 

A 2-g sample of this monomer v/as received from the Naval 

Ordnance Test Station laboratories, where it v/as synthesized. Polymerization 

of the monomer at 50 C in acetone solution (at a concentration of 17.5$) v/as 

effected with l^i MAKP (based on monomer) initiator. The polymer v/as insoluble 

in acetone, and it precipitated from solution as formed. In 11 days, a 75^ yield 

or polymer was obtained which had a relative solution viscosity of 2.41 for a 2$ 

solution in dimethylformamicle (638, 20). 

j. 2,2,2-Trinitroethyl Methacrylate 

The polymerization of trinitroethyl methacrylate (THEMA) 

has been studied extensively. Most of the data v/as obtained from a study of bulk 

polymerization; however, solution and emulsion types were investigated also. 

Most of the work carried out on bulk polymerization v/as summarized previously in 

a special report describing the chain-transfer character of the trinitromethyl 

group (700). Solution polymerizations in dioxan solvent were described for 

three temperatures (30, 40, and 50 C), and an overall activation energy of 10.2 

kcal/mole was calculated (499j 28). Numerous attempts to obtain a satisfactory 

emulsion-polymerization sample were unsuccessful. The polymer plated out on the 

vessel walls, and decomposition in the presence of various surface-active agents 

was noted (5I5, 40; 563, 2). 

Due to the active chain-transfer of the trinitromethyl 

group, polymers of trinitromethyl methacrylate possess a low molecular v/eight. 

The applicability of the isopiestic method for molecular-v/eight determinations 

vías demonstrated and shov/ed the polymer, obtained by any method, to have a con¬ 

stant molecular v/eight of 3300 (663, 32). An apparent increase in molecular 

v/eight, as determined by the relative viscosity of an acetone solution, v/as ob¬ 

served when ethylene glycol dimethacrylate(EGDMA)v/as copolymerized with TNEMA 

(563; 2). Up to a concentration of 0.3 v/t^, the copolymer remained acetone- 

soluble, but a gel v/as obtained v/hen the concentration of EGDMA v/as increased 

to 0.9(^. 
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Althoush polytrinitroethyl methacrylate has an estimated 

specific impulse of 215 Ibf sec/lbm; all hope of obtaining a monopropellant 

from this material was abandoned when it was realized that the polymer was so 

low in molecular weight that its mechanical properties would be unsuitable in 

a propellant. 

lc. Summary and Evaluation 

The work on the acrylates has been both fruitful and 

disappointing. It has been demonstrated that these monomers can be easily 

polymerized; however, those with the highest specific impulse are the ones that 

contain the trinitromethyl group, which has been shown to participate in chain- 

transfer reactions. The result has been to abandon these materials from con¬ 

sideration in propellant work, and to concentrate the effort upon those of 

lower specific impulse that yield polymers of sufficiently high molecular 

weight to be of interest. Attention has been diverted from the goal of ob¬ 

taining a monopropellant to that of obtaining composite nitropolymer propellants. 

5. Ilitratoesters of Unsaturated Acids 

a. Pentaerythritol Acrylate Trinitrate 

The specific impulse of the polymer obtained from this 

monomer was estimated to be 214 Ibf sec/lbm. The high calculated impulse made 

it desirable to study the polymerization of this monomer. Initial attempts re¬ 

vealed that the monomer gave an insoluble gel, unless polymerized in solution 

(563> 9). Therefore, the rates of polymerization were determined dilatometri- 

cally for a 50# acetone solution at 30, 40, and 50°C, using 1$ HAKP (based on 

monomer weight) initiator. The rates calculated for a zero-order reaction 

were at 30°C, k=2.2$/hr, at 40°C, k=5.3$/hr; and at 50°C, k=l0.1^/hr (590, 14). 

The overall activation energy was calculated to be 14.5 kcal/mole (590, 19)* 

Further investigation of increasing gel formation with 

increased monomer concentration in acetone-solution polymerization showed that 

at 60rj monomer concentration and at 1^ HARP initiator, acetone-soluble polymer 

was obtained after 10 days. If the monomer concentration were increased to 65¾ 
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the polymer remained soluble after 2 days at 50°C; but, after 5 days, the poly¬ 

mer v/as 500 insoluble. At a monomer concentration of 700, insoluble polymer 

was formed after only I9 hr at 50°C ^638, 20). The relative viscosity of a 

20 acetone solution at 25°C was 1.57* Using the isopiestic method for the 

molecular-v/eight determination, this polymer had a molecular weight of 5I50 

(663, 33). An SPIA data sheet on the polymer v/as published (638, App.). 

4. Unsaturated Esters of Hitroacids 

a. The Attempted Polymerization of Vinyl 4,4,4- 
Trinitrobutyrate 

Repeated attempts to polymerize or copoiymerize this 

monomer have been unsuccessful. !.Then the bulk polymerization v/as attempted, 

using a free radical initiator, the only product obtained, other than monomer, 

v/as a solid v/hich v/as tentatively identified as succinic acid (5I5, 3). At¬ 

tempts to polymerize the monomer, using a cationic agent (AlCl and BF,.etherate) 
. 0 J J 

at -65 C in ethyl chloride solution; were unsuccessful. Attempts to copolymerize 

vinyl trinitrobutyrate vzith vinyl acetate, styrene, or acrylonitrile were also 

unsuccessful (540, 2; 583^ 10; 590; 14). In these cases, it was observed that 

the un-nitrated monomer also failed to polymerize, indicating that the nitro- 

monomer is an excellent inhibitor for these materials. After complete failure 

to ootain a polymer under these varied conditions, v/ork on this monomer was 

abandoned. 

5• Esters of Unsaturated Nitroacids 

a. The Attempted Polymerization of Ilethyl 
c- (2^21 -Dinitropropyl )-acrylate 

Attempts to polymerize this monomer, using benzoyl 

peroxide, IIAKP and azo-bis-isobutyronitrile. v/ere unsuccessful. Likewise, an 

attempt to copoiymerize it with methyl acrylate also failed (622, I5). The 

reason for the failure to polymerize may be steric hindrance of the double bond 

since its structure is similar to methyl c-t-butylacrylate, v/hich reportedly does 

not polymerize. However, the structure postulated for the monomer has not been 

*J.W.C. Crav/ford and S.D. Swift, J. Chem. Soc.. 1952, 1220. 
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rigorously proved, and there regains s^e doubt as to its correct cons itu on. 

it is possible that, in the dehydrohalogenation reaction 

bond, the hydrogen vas abstracted iro» an alternate carbon at» yrelding »et 

b,b-dinitro-cr»ethyl-2-pentenoate, uhich ,«>uld not be expected to polymeri 

(622, 61). 

6. Unsaturated Nitroam des 

a. N-(3,J-Dinitrobutyl)-acrylamide 

This monomer polymerised slowly to give a tô'i yield o£ 

oolymer, after 133 hr at b5°C, using initiator. The polymer was diiir- 

cult to purify, because it was apparently plasticised by most organic non- 

solvents. A relative viscosity (If, concentration in acetone of 1.17 s owe 

the polymer to be of low molecular weight (712, 3)- «o í-ther woru was pe - 

formed v?ith this monomer. 

7. Smgary.iiBd Evaluation of_the_V:iayl^2ig£r.s. 

Of the unsaturated nitromonomers whose polymerisation has 

been studied, the nitroalhyl esters of acrylic acid have been the most interest¬ 

ing. The ease with which they are prepared, and their facile polymerxsat , JL them outstanding among unsaturated nitromonomers. The unfortunate discovery 

that those particular nitro groupings which possess a large amount of enetgj 

(hence, high specific impulse) also possess large chain-transfer constan -, 

reduced the importance of the unsaturated nitro monomers. 

The fact that only the acrylates have been found useful should 

be subject to further exploitation. Synthetic efforts should be made to develop 

other hißh-energy alcohols that do not possess chain-transrev Ovoups^ 

tbis be found possible, then one may atoittedly 

in a competitive positron as Poten^a P ^ ^ ^ over present 

difficult, deserves support, because the - 

propellants would justify the necessary research. 
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B. ADDITION AHD CCHDENSATIOH POLY1ERIZATIOH 

1, Introduction 

The polymerization studies in this report are divided into 

tvo seneral classes, based on the method of polymer preparation involved. 

The polymerization of unsaturated nitro compounds, which in 3eneral proceeus 

by a free radical mechanism, is described in a previous paraQraph,!!!, . 

Those polymerizations that do not proceed by a free radical mechanism, an 

in seneral are ionic in nature, are described in this section. 

In the preparation of condensation polymers, polyfunctional 

monomers react with the accoc*anyin8 elimination of small molecules such as 

water, alcohol, or hydrosen chloride. The addition-type polymerize ion ^ 

referred to here is actually something of a hybrid between the vinyl ana 

condensation types. The polymerization occurs between polyfunctional 

monomers to give a product whose simplest structure differs from the 

structural arrangement of the orisinal monomers. However, no yproouc 

of the reaction are formed, and the percentage composition is the same 

as that of the initial mixture of monomers. 

The preparation of addition and condensation polymers 

containing nitro groups for potential use in smokeless propellants required 

the solution of many problems. The program was planned by first con¬ 

sidering all known polymeric systems, and then eliminating the least 

desirable types on the basis of czperience gained with polymers in 

these laboratories, as well as that obtained from published information. 

The following types of nitre addition and condensation polymers were 

investisated: 

Polyurethanes 

Polyesters 
Polyureas 

Polyamides 

Polyamines 
Polyesters 

Of these sir. types, the polyurethanes proved to be the most promising 

for use in smokeless propellants, hence received the major proportion 

of the total effort. 
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In the beginning, a method v;as needed for determining the 

relative reactivity of nitromonomers during polymerization. Polymerization 

reactions that were too slow at the maximum safe temperature indicated 

the need for more vigorous catalysts. A series of kinetic studies 

established the relative reactivities of the new nitromonomers that were 

synthesized, and aided in the search for better catalysts. 

An important requirement of a solid propellant is that it 

be able to resist deformation under stress. It is known that good mechanical 

properties of an amorphous polymer cannot be achieved until a minimum 

molecular weight is attained. This critical molecular weight varies somewhat 

for different polymers; but, in general, a minimum molecular weight of 10,000 is 

desirable. Thus, it was necessary to determine the optimum conditions for the 

preparation of linear, high-molecular-weight nitropolymers. This in turn 

required the determination of physical and mechanical properties or i.ne nitro¬ 

polymers, and the resultant information served as a guide in the synthesis of 

new monomers. 
In the following sections, the work on these six types of 

addition and condensation polymers is described in detail. The monomers tnat 

have been investigated arc listed in Tables 17-20, along with code letters and 

numbers corresponding to the revised system of nomenclature (772, App. B) 

The following general assignments were made: 

Diols are characterized by capital letters (A, B. . .) 

Diisocyanates are characterized by Roman numbers (l, II . . .) 

Diamines are characterized by Greek lower case letters (c, ß . . .) 

Diacids (acid chlorides, esters) are characterized by Arabic 
numbers (1, 2 . . .) 

Thus, a polyurethane made from the JÇ diisocyanate, 3,3" 

dinitro-1,5-pentane diisocyanate, and the A diol, 2,2-dinitro-1,3-propane¬ 
diol, is designated as Polyurethane I-A.; the polyurea made from the I 

diisocyanate, and the g diamine, 3,3-dinitro-1,5“pentane diamine, is 
designated as Polyurea I-C . In all reports prior to No. 772, December 1953, 

Polyurea I-c: was designated III-A , The new designations for the 

monomers were selected to give a minimum amount of change from the old 

system in effect prior to December 1953» 
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TABLE 17 

DIISOCYANATES 

Ilonomers_ 

5.5- Dinitro-1,5-pentane diisocyanata 

Ilethylene diisocyanate 

Ethylene diisocyanate 

5,7,7-Pentanitro-1,9-nonane diisocyanate 

3.6- Dinitraza-1,8-octane diisocyanate 

3-lIitraza-1,5-pentane diisocyanate 

3>3>5;7>7“^entan*tro“5“aza“*>9"nonane diisocyanate 

2-Nitraza-1,4-butane diisocyanate 

2,5-Dinitraza-1,6-hejcane diisocyanate 
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Code 

A 

B 

C 

D 

E 

T» 
JL 

G 

II 

I 

J 

K 

L 

II 

N 

0 

P 

Q 

R 

S 

T 

U 
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TABLE 18 

DIOLS 

_Ilonomer_ 

2,2-Dinitro-1,J-propanedio1 

1;3-Propanediol 

2-Nitro-2-ethyl-l,3“Pr°panediol 

5,7,9-Trinitraza-3,ll-dio:»-l,13-tridecanediol 

3;3-Dinitro-1,5"pentañedlo1 

2.2.4.4- Tetranitro-1,5-pentanedio1 

5,7,9,11-Te tranitraza-3,15”diojca-1,15“pentadecanedio1 

5,5,5“Trinitro-1,2-pentanediol 

Mo assignment given because of possible confusion with 
I-diisocyanate 

2- Nitro-2-methyl-1,3-propanediol 

4.4.6.8.8- Pentanitro-l,ll-undecanediol 

4.4.6.6.8.8- Hexanitro-l,ll-undecanediol 

11,11' -bis- (2-hydroxyethyl )-oxamide 

Ethylene glycol 

5,5”Dini tro-1,2-hejcanedio 1 

3- Nitraza-1,5-pentanediol 

2-Mitro-2-bromo-1,3-propanedio1 

1.4- Butanediol 

2-IIitro-2-chloro-1,3“ propanediol 

3,6-Dinitraza-l,8-octanediol 

2-Butyne-1,4-dio1 
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Code 

1 

2 

5 

4 

5 

6 

TABLE 19 

DIACID CHLORIDES AMD DIESTERS 

_Itonomer__ __ 

b, !<.-Dinitro-l,7-1"ePtanedioy1 c hloride 

4,4,6,3,8-Pentanitro-l,ll-undecanedioyl chloride 

(M-Mitro-n-trinitroethyl)-aspartyl chloride 

(n-Hitro-iT-trinitroethyl)-slutanyl chloride 

0::alyl floride and diethyl o::alate 

l^^^Q^Q-Pentanitro-ljll-undecanediol-bis-chlorof ornate 

TABLE 20 

DIAMINES 

Code 

a 

ß 

7 

S 

e 
E 

__ llonomer_ 

3,3-Dinitro-l,5-pentane diamine 

Ethylene diamine 

* 
3-Hitraza-1,5-pentane diamine 

* 
3,6-Dinitraza-l,8-octane diamine 

2-Hitraza-1,4-butane diamine 
-X 

2;5-Dinitraza-l,6-he:uine diamine 

*Prepared and reacted in situ. 
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2. HItropoIvurethanes 

a. Introduction 

Polyurethanes are obtained by the addition reaction 

of diisocyanates with diols. In diisocyanate addition reactions, there 

is no byproduct forned; hence, the polymer resulting from a siven set of 

reactants is more likely to be chemically reproducible from batch to batch. 

This ability of a reaction to reproduce a polymer of definite composition 

is indispensable to reproducible ballistic performance. Furthermore, 

the reaction affords a method for preparing large propellant grains by 

a casting process. 

The feasibility of nitropolyurethanes v/as examined 

with the known ethylene diisocyanate, before nitro diisocyanates were 

prepared (350, 1, 39-41; 345, 34, 30; 371, 24-27). It was found that 

nitropolyurethanes were formed at moderate (100°C or less) temperatures, 

using the nitro diols 2,2-dinitro-1,3-propanediol (A), 2-nitro-2-methyl- 

1,3-propanediol (j), and Il.U'-bis-(2-hydroxyethyl)“2.4,6-trinitro-m-phenylene 

diamine. Although these nitropolyurethanes had insufficient energy for 

propellant use, it was shown that the urethane nitrogen atoms could, in 

some instances, be post-nitrated to yield more energetic systems (386, 21). 

The advent of nitro diisocyanates and metal chelate 

catalysts made possible the preparation of high-energy, high-molecular-weight 

nitropolyurethanes that are suitable for use as propellant binders, 

b. Kinetic Studies 

(l) Introduction 

Uhen the systematic study of nitropolyurethanes 

was initiated, quantitative data on the reaction rates of nitro monomers 

was not available. Qualitatively, it was known that nitro groups adjacent 

to functional groups in a molecule had a pronounced effect on their 

reactivity. Therefore, a study of the kinetics of nitropolyuretliane 

formation was made with the following objectives: 
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(a) To quantitatively determine the effect 

of nitro groups on the reactivity of the functional groups necessary for 

polymerization, 

(b) To quantitatively determine the effect 

of catalysts upon the rate of reaction, 

(c) To aid in the development of optimum 

methods for preparing high-molecular-weight nitropolyurethanes, 

(2) The Effect of Nitro Groups on Rate of 
Polymerization 

The effect of nitro groups on the rate of 

polyurethane formation was studied by comparing the following reaction 

rates: 

(a) îlitro diisocyanate and nitro diol 

(b) Nitro diisocyanate and diol 

(c) Diisocyanatc and nitro diol 

The rate of reaction of 3,3"(ünitro“l;5"Pe;n*:ane diisocyanate (l) with 

2.2- dinitro-l;3"ProPana^i°l (A), and 1,3-propanediol (3) was determined 

(457, 27, 23, Table 22). The reaction rate of 1,5-pentane diisocyanate 

with A diol was determined (457, 29, Table 22). Comparing the rate 

of polyurethane formation in systems I-A and I-B, the reactivity of the 

hydroxyl groups was lowered by a factor of 50-100, due to the adjacent 

gem-dinitro group. Corroborative evidence of the low rate of I-A formation 

was obtained by a different method (540, 10), A comparison between I 

diisocyanate and 1,5-pGntane diisocyanate showed that the reactivity of the 

isocyanate groups was increased by the gem-dinitro group. 

A decrease in the effect of nitro groups on hydroxyl 

groups further removed was observed in the reaction of I diisocyanate with 

3.3- dinitro-1,5-pentanedio1 (E) and 5,7,9-trinitro-5,7,9-triaza-3,ll-dioxa- 

1,13“tridecanediol (D) (482, 3^,3Ö)* 
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(3) The Effect of Acidic and Basic Catalysts on Rate of 
Polymerization 

The large decrease in the reactivity of the 

hydroxyl groups in nitro diols showed the need for catalysts in the practical 

preparation of nitropolyurethanes. This need was emphasized when a second 

nitro diisocyanate, 3,3>5>7>7"Psntanitro-l,9-nonane diisocyanate (XI), 

became available and its rate of reaction with ethylene glycol (IT) was 

determined (563, 11), 

The work of Tarbell, Ilallatt, and Wilson 

indicated that both acidic and basic catalysts were effective in urethane 

formation. Boron trifluoride etherate and triethylanine were the most 

effective catalysts of those studied. Baker and coworkers showed that 

urethane formation followed second-order kinetics in the presence of basic 

catalysts and, in the absence of base, the spontaneous reaction was auto- 
a)Rt 

catalyzed by the urethane formed. 

The effect of acidic and basic catalysts 

on the rate of nitropolyurethane I-B formation (4Ö2, h2) and nitropoly- 

urethane XI-N formation (563, 11) was studied. Both triethylamine and 

boron trifluoride etherate catalyzed nitropolyurethane formation, but 

extensive decomposition accompanied the use of triethylamine. Less-basic 

materials such as urea, ethyl carbamate, and triphenyl phosphine had little 

or no catalytic effect. In the more stable XIII-J system, 3-nitraza-1,5- 

pentane diisocyanate and 2-nitro-2-uethyl-1,3-propanediol, the catalytic 

effect of triethylamine was studied at three catalyst-concentration levels 

(868, 18). 

The use of boron trifluoride etherate as a 

catalyst was studied intensively in the I-J system. This system was chosen 

for the following reasons: 

4t 
^Tarbell, Ilallatt, and Wilson, JN Anu Chen, Soc, 6k, 2229 (19^2), 

Baker, et al., ¿Ll Chem, Soc, 1947. 715* 
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Both monomers contained nitro groups, 

J-Diol did not interfere with the detenhina- 
tion of the isocyanate function. 

Doth of the monomers and the resulting 
polymer were soluble in dioxan, a solvent 
which did not interfere in any way. 

J-Diol was commercially available. 

The rate of I-J formation was studied at two BF^ etherate levels (590, 22). 

It was found that the initially rapid rate decreased as the polymerization 

proceeded. An attempt was made to determine the cause of the decreased rate 

(622, 18); it was show that water, which might arise from decomposition of 

the nitromonomers, was not acting as a catalyst poison. However, the 

addition of polyurethane I-J to a mixture of I-J monomers, plus DF^ etherate, 

decreased the rate of polymer formation. It was found that portion-wise 

addition of the catalyst in the I-J system gave the highest overall rate 

of reaction with the minimum amount of BF^ etherate (638, 24), Furthermore, 

it was found that boron trifluoride acted as a chain-terminating agent, hence 

the minimum amount was desirable (638, 26; 663, 12). 

It was concluded that boron trifluoride 

etherate was an effective catalyst in nitropolyurethane formation, but that 

it had many disadvantages, such as 

(a) An increase in catalyst concentration resulted in a 
decrease in polymer molecular weight. 

(b) The catalyst became inactivated during the reaction. 

(c) Interaction between the catalyst and the isocyanate 
function resulted in inequality of end groups. 

It vías concluded that baste catalysts ate effective in nitropolyurethane 

formation but must be restricted to those feu systems »hieb are stable in 

the presence of base, 

(4) The Effect of Iletal Chelates on Rate of 
Polymerization 

The disadvantages in the use of boron trifluoride 

as a catalyst prompted the search for more effective agents. Petersen 
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reported the use of soluble iron compounds, such as iron acetylacetonate, 

as catalysts for the preparation of urethanes.* Rate studies on the X-J 

system, using tuo similar compounds, chromium acetylacetonate (CrAA) and 

vanadyl acetylacetonate (VOAA), were ejctremely encouraging (665, Ij). 

The effect of these materials on I diisocyanatc was studied, and it 

was found that some interaction with the vanadium chelate occurred 

(665, 13). The chromium chelate, however, caused no appreciable loss 

in isocyanate function. 

Ferric acetylacetonate (FeAA) was much 

more effective than either the vanadyl or chromium chelates in the 

polyurethane I-J system (686, 8) and caused no appreciable loss in 

isocyanate function (712, 9). The variation in rate of I-J formation 

with temperature in the presence of FeAA vas studied (712, 6), and from 

this data the activation energy was calculated. The variation in rate 

of I-J fondation with FeAA concentration was studied (833, 12). 

The polyurethane I-J system was used to 

compare the catalytic efficiency of other metal acetylacetonates with 

FeAA (833, 13). The acetylacetonates studied are listed in order 01 

decreasing effectiveness: Iron III » lead II>copper II > magnanese 

III > vanadyl II > chromium III = nickel II = cobalt II > cobalt III. 

The affect of these metal acetylacetonates on the rate of I diisocyanate 

homopolymer formation was studied (833, l?). The acetylacetonates 

studied are listed in order of decreasing rate of homooolyner formation: 

Lead II > copper II > manganese III > vanadyl II > iron III. 

It was concluded that iron III acetylace¬ 

tonate was by far the most effective catalyst for nitropolyurethane 

formation, and that it had the least effect on the rate of diisocyanate 

homopolymerization. 

*Petersen, Ann. 562. 2C6 (19^9)* 
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(5) Comparison of Nitro Diisocyanate Reactivities 

As new nitro diisocyanates became available, 

the rate of reaction of each new diisocyanate with J diol was determined 

under standard experimental conditions. Because of lack of an analytical 

method (jkO, 70), the relative reactivity of 3,5,5,7,7-pentanitro-5-aza- 

1,9-nonane diisocyanate (XIV) could not be determined. The comparative 

reactivities of the nitro diisocyanates are listed in Table 21. 

c. Polymerizations 

(l) Introduction 

In the first phase of the nitropolymer proRram, 

a great variety of polymerization reactions were attempted with the avail¬ 

able nitro compounds, in an effort to show that stable polymers containing 

nitro groups could be prepared. The preparation of nitropolyurethanes was 

one of the first reactions studied, and one of the first to yield a stable 

nitropolymer (33O, l). At that time, nitrodiisocyanates were not available, 

and nitropolyurethane preparations were limited to ethylene diisccyanate plus 

nitro diols. 

Uhen the first nitrodiisocyanate, 3,3-dinitro-l,5“ 

pentane diisocyanate (l)} became available (see paragraph II,E,3,b of this 

report), a systematic study of nitropolyurethane formation was initiated. 

The prime objectives of the program were the preparation ana identification 

of linear nitropolyurethanos having high molecular weight, high specific 

impulse, and high thermal and impact stability. 

(2) Nitropolyurcthanes from 3,3”Dinitro-l,5”PGntanc 
Diisocyanate (l) (paragraph II,B,3,b) 

0=C=N-C1L-C1I, -C-CH--C1I -N=C=0 
I 2 2 
NO 
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TABLE 21 

COMPARISON OF NITRO DIISOCYANATE REACTIVITIES WITH 2-NITR0-2- 
I ETHYL-1,3“PROPANEDIOL 

Initial Concentration: 1 eq/liter (-0H) and (-NC0) in Dioxan 
1 X 10"5 mole/liter Ferric Acetylacetonate 

Temperature: 50°c 

U50° 
Diisocvanate liter/eg, hr 

3,3-Dinitro-l,5-pentane 4.3 

3,6-Dinitraza-l,8-octane 0.02 

3-Nitraza-l,5"Pentane 

2-Nitraza-1,4-butane 2.0 

2,5-Dinitraza-1,6-hexane 0.7 

Relative 
Rate Reference 

215 (712, 7) 

1 (712, 10) 

18 (740, 8) 

100 (807, 14) 

35 (868, 21) 
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(a) Introduction 

A greater variety of nitropolyurethanes 

was prepared from I diisocyanate than fron any other nitrodiisocyanate. This 

was partly due to the fact that it was the first nitrodiisocyanate available 

for study, but mainly to the excellent properties of the polymers prepared 

from it. Table 22 lists the polyurethanes prepared and some of their more 

important properties. 

(b) Polyurethane I-A from 2,2-Dinitro-l,3- 
propanediol (paragraph Il,D,2,a) 

NO, NO, 

—C-NH-CHg-CHg-C-CUg-CHg-NH-C-O-CHg-C-CHg' .-0- 

NO, NO, 

The first attempted polymerization 

resulted in extensive decomposition (457, 56, 59, 6?). The expected polymer 

was obtained when the reaction was repeated in dioxan solution with BF^etherate 

as catalyst (1^2, 43, 45-57, 51-55) and a SPIA data sheet was prepared 

(402, Appendix). Using a large excess of one monomer, low DP polymer was 

prepared to determine the effect of molecular weight on softening range 

(499^ 44-46). The infrared spectrum was obtained (499, 63). Attempts 

were’made to determine the optimum time and temperature conditions for the 

polymerization (540, 9, 10). A study of the effect of BF^ concentration 

on molecular weight showed that as BF, concentration was increased, 

molecular weight decreased (590, 26. 28, 29). Degradation of the polymer 

by BF, was found to be small (Ó22, 35). The effect of catalyst concentra¬ 

tion Ld polymer concentration on thermal stability was studied (663, 20, 22). 

The results were inconclusive, since end-group type was not controlled (1004, 

6). Optimum conditions for the polymerization were redetermined with metal 

acetylacetonate catalysts (666, 19-25). Branched polymer was prepared by 

adding small amounts of tris-(hydroxymethyl)-nitromethane (740, 54,55; 

772, JO; 807, 23). The effect of monomer equivalence on molecular weight was 

determined (807, 25-27). A modified polyurethane, containing some urea linkages, 

was prepared for use in second-stage crosslinklng studies (833, 21-25). 
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(c) Polyurethane I-B from 1,3-Propanediol 

0 no2 0 

—C-NH-CH2-CH2-C-ai2-CH2-MH-C-0-CH2-CH2-CH2-0- 

N02 

This polymer was prepared for comparison 

of physical properties with polyurethane I-A. Dimethylforraamide was used 

as the solvent durin" one preparation (424, 16, 33)» another polymerization 

was made in bulk (424, 15; 457, 36, 37). The physical properties were 

determined (457, 7°). 

(d) Polyurethane I-C from 2-Nitro-2-ethyl- 
1,3-propanediol 

ai3 
0 N02 0 CHg 

—C-I3H-CH2-ai2-C-CH2-Cîl2-NK-C-0-CH2-C-CH2-0- 

N02 Nog n 

This nitrodiol was studied primarily 

because it was commercially available; after nitration of the urethane 

linkages, the estimated specific impulse would be sufficiently high for 

propellant use. The preparation and physical properties were described 

(868 , 3D. 

(e) Polyurethane I-D from 5,7,9-Trinitraza- 
_ , 3,ll-dioxa-l,13-tridecanediol' 
f 0 NO. c 

it I 2 h 
-C-NH-CH -ai2-C-ai2-CH2-NH-C-0-CH2-CH2-0-CH2-Il-CH2-N-CH2-N-CK2-0-CH2-CH2-0. 

no2 no2 no2 no2 

The preparation and physical properties 

of this high-energy polymer v/ere described (482, 49, 51“53; 515, 5^). The 

SPIA data sheet was prepared (482, Appendix). 

^Obtained from the Naval Ordnance Test Station, Inyokem. 
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(f) Polyurethane I-F from 2,2.4,4-Tetranitro- 
1,5-pentanediol (lI,D,2;a) 

ro NO. 
tf J 2 
C- UK- CTI - CH - C- CH-- OIL ■ 

¿ c j d ¿ 
UO„ 

NH-C-O-CH, 

NO 
I 2 

-c-ch2‘ 

HOg 

1KL 
I ^ 
C-CHg-O- 

NOg - 

An uncatalyzed polymerization, carried 

out in dioxan, resulted in very low-molecular-weight polymer (499* 49), 

The use of BF^etherate catalyst improved the molecular weight slightly 

(499; 49, 50» 5T5, 48), Ferric acetylacetonate catalysis increased the 

molecular weight further (712, l?). The SPIA data sheet was prepared 
(515, Appendix), 

(g) Polyurethane Ï-G from 5,7,9,11-Tetra- * 
nitraza-3,15"dioxa-l,15“pentadecanediol 

N02 0 
II 

C-NH-CKg-CHg-^-CKg-CHg-llH-C-O-CHg-CUg-O-CHg-N-CHg-N-CHg-N-QI -N-CHg-O-CHg-CHg-O- 

N0„ 

were described (515, 55), 

I 2 , 2 , 2 2 w2 
MOg NOg NOg NOg -Jn 

The preparation and physical properties 

(h) Polyurethane I-H from 5,5,5-Trinitro-l,2- 
pentanediol (lI,D,2,b) 

0 110 0 
if L 2 || 

-C-NH- OIL- GIL-C- CII - CH.-NH-C-O-CK--CK- 0— *2 2 J 2 2 
NO, 

NO. 
/ 2 

CKg-CHg-C-HOg 

NO, 
2 J 

An uncatalyzed polymerization was carried 

■ation was repeated, using BF^etherat 

catalyst and varying the ratio of end-group equivalence, in an effort to 

out in dioxan (563, I9). The preparation was repeated, using BF^*etherate 

Obtained from the Naval Ordnance Test Station, Inyohern. 
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determine the purity of the 11 diol (590, 35; 622, 27-50). A study of the 

effect of BF’etherate concentration on the molecular weight was incon 

elusive (622, 52, 33). Optimum conditions for the polymerization were 

determined using SF •etherate as catalyst (638, 27-33), -d using ferric 

acetylacetonate as catalyst (686, 25, 26; 712, l6, 17). 

(i) Polyurethane I-J from 2-Nitro-2-methyl-l,3- 

propanediol 

-° ?2 Ü fj “ -c-i«-cH2-ra-c-ai2-ai2-i»-c-o-ai2-ç-Œ2-o- 

' ko ' »2 - n 

The polymer v;as prepared in diojean 

solution, usine BF,, oAerate catalyst, and It »as the £irst enample o£ a 

touch, fibrous ni tro polyurethane (565, 21; 622, 25). T1’e 1 J eysten 

USed to test the hypothesis that adjustment o£ end-Sroup equivalence 

durins the polymerization tasuld result in hiSher-molecular-WeiSht product 

(656 26-28). It »as found that an excess of either monomer, over that 

required for precise end-aroup equivalence, resulted in decreased molecular 

»eight (807, 25). Branched polymer »as prepared oy incorporating s 

amounts of tris-lhydroxymethyD-nltronethano (663, 28, 29). ^ hig er- 

nolecular-weight polymer «as obtained using vanadyl acetylacetonate as 

catalyst (663, 29-51). The optimum conditions for preparln tie po ^ 

„are determined, using ferric acetylacetonate as catalyst (686, 15- 5)- 

SPU data sheet »as prepared (686, Appendix). The solubility characteristics 

• ri (067 Polyurethane I-J, number-average molecular weiuht 
were determined (967, ?)• Polyurethane , ^ 

i ^ 72,000, was fractionated into twelve port.ons ranging 

U = 241,000 (712, 20-24 ; 7W, 34-48). The 1-d system »as used to deter¬ 

ge the suitability for polymerizations of solvents other man droxan (712, 

18, 19; T^o, 28). 
(j) 

ll 

Polyurethane I-K from 4,4,6.8,8-Pentanitro- 
1^11-undecanediol (lI,D,2,b) 

^2 
?°2 110 0 I102 c-ini-QU-cHu-ç-cu-au-ai-o-o-ci^-c^-aij-ç-a'.j-ai-cBj-c-aij-cH^CHj-o- 

“2 I 
NO, 

2 , 
NO, 

2 , 
110, NO, n 
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The two high-energy undecanediols, K and 

L, having structures that appeared promising, based on earlier experience 

with diols A and F, were synthesized for study in the polymerisation 

program. It was known from kinetic studies (lII,B,2,b) that increasing 

the distance between the nitro groups and the hydroxyl function decreased 

the retarding action of the gem-dinitro structure. Thus, it was believed 

that diols K and L would have normally reactive hydro:;yl groups coupled with 

a high-energy structure. This hypothesis was substantiated. Polyurethane 

I-K was prepared in dioxan as a solvent using BF^^etherate catalyst (590> 

32, 33; 622, 27). The data for the SPIA data sheet was obtained (622 Appendix). 

(k) Polyurethane I-L from 4,4,6,6,8,8- 
Hexanitro-1,11-undec anedio1 (II,D,2,b) 

'"h |°2 h l!°2 |I02 I/°2 
C-m-I-CU--OL-C-CIL-Cll -iHI-C-O-CK0-ch.-cii0-c-ch -C-CH.-c-ch0-ch_-ck -0- 

22(22 222|2,2|222 
HO NO NO NO n 

Polyurethane I-L v;as prepared in dioxan 

as solvent using BF^'etherate catalyst (590, Jk, 35)> an^ evaluated as 

described in the SPIA data sheet (622, 41-44). 

(l) Polyurethane I-Il from N.Nl-bis(2-Hydroxy- 
athyl)-oxamide 

Il I 2 M il »I 
-C-NH-CH2-CH2-C-CH2-ai2-NH-C-0-CH2-CH2-NH-C-C-NlI-CH2-ai2-0- 

- N02 J n 

It was desirable to study the effect on 

physical properties of a polymer chain containing both anide and urethane 

linkages. Polyurethane I-il was prepared in dioxan solution, without the 

use of a catalyst (622, 23, 24). 

Page 156 

CONFIDENTIAL 



CONFIDENTIAL 
Report No. 1162 

(m) Polyurethane I-N from Ethylene Glycol 

- 0 NCL 0 
H I 2 H 

« C- NH- CIL - CH - C- CH0- CH0- NH- C- 0-CH - CH_- 0-Í 
2 2 J 2 2 2 2 

NCL 

After nitration of the urethane linkages of polyurethane I-N, the specific 

impulse \rauld be sufficiently high for propellant use. The preparation 

and physical properties of polyurethane I-N were described (638, 36). 

(n) Polyurethane 1-0 from 5,5-Dinitro-l,2- 
hexanediol (lI,D,2,b) 

0 N0_ 0 
*» I 2 II 
C-NH-CH -CH -C-CH -CH_-NH-C-0-CH -CH-0- , 

2 2 i 2 2 2 i ,2 
NO. CH -CH -C-CH_ 

¿ ¿2(3 
no2 

The polymerization v;as carried out in 

dioxan as solvent without catalyst at various concentrations of total 

solids (638, 35^ 56)* The maximum molecular weight was obtained at 80$ 

solids. 

Polyurethane I-P from 3-Nitraza-l,5” 
pentanediol (lI,D,2,h) 

0 
, II 

- C-NH-CH -CH -C-CIL-CH -NH-C-O-CH -CHrt-N-CH -CHrt-0- 
2 2 I 2 2 22(22 

L «o2 ,,02 J" 
The polymerization was carried out in 

dioxan as solvent and ferric acetylacetonate as catalyst (833, 20, 21). 

(p) Polyurethane I-T from 3,6-Dinitraza-l,8- 
octanediol (lI,D,2,i) 

-0 
II 

-C-N11-C1L 

1,02 0 
M 

■ai2-c-cH2-CR2-iiH-c-o-ai2- 

NO¬ 

CH, ■N-CH- 
I 2 
no2 

CH2-N-CH2-CH2-0- 

N0„ 
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The preparation of this polymer was made 
in 7-butyrolactone as a solvent, using ferric acetylacetonate as a catalyst 
(941, 4, 5, 8). 

(q) Solvents for Conducting Polymerizations 

In addition to the polymerization reactions 
described, 3,3-dinitro-1,5-pentane diisocyanate was used to screen a variety 

of solvents to determine those that were compatible with the isocyanate 
function. (499, 41, 42; 712, I9). 

(r) Evaluation of Nitropolyurethanes from 
3,3-Dinitro-l,5-pentane Diisocyanate 

Tae fifteen nitropolyurethanes in the 
(I) .ertes may ba divided into three group», bated on estimated .pacific 

Impulse: croup 1, those having Isp values above 170 Ibf sec/lbm; Group 2, 

those with Isp values In the range 140-170 Ibf sec/lbo; Group 3, those with 

Isp values helow 140 Ibf sec/lbm. 

Group 1 includes polyurethanes I-A, I-D 
I-F, I-G, I-H, I-K, and I-L. Polyurethane I-A fulfills the threa major 

requirements of high molecular weight, high energy, and stability. Poly¬ 

urethane I-D meets the high-energy and stability needs, but fails to meet 

molecular weight requirements. The molecular weight could undoubtedly be 

improved by using ferric acetylacetonate catalyst. On the other hand, the 

supply of D is limited because of the hazardous nature of the preparation. 

Polyurethane I-i1 fails in both molecular-weight and stability requirements. 

Polyurethane I-G, prepared with BF^etherate catalyst, was very low in 

molecular weight. This might be overcome by using ferric acetylacetonate 

catalyst; however, the preparation of G also contains a hazardous step in 

the preparation. Polyurethane I-H has poor thermal stability as measured 

by the KI-starch test. This was at first believed to be due to the 

trinitromethyl group in the diol; however, polyurethane XIII-ÎI from 3- 

nitraza-1,5-pentane diisocyanate ¢[111) exhibits excellent stability in the 

KI-starch test. Therefore, further study on the I-H system is warranted 

since it meets the other requirements. Both polyurethanes I-K and I-L fail 

the molecular-weight and stability requirements. 

Page 158 

CONFIDENTIAL 



CONFIDENTIAL 
Report No, 1162 

Group 2 includes polyurethanes ï-0, I-P 

and I-T, Polyurethane I-T meets molecular-weight and stability requirements. 

Polyurethane I-O, lov; in molecular weight, probably could be improved by 

the use of ferric acetylacetonate. Polyurethane I-P, having a high molecular 

weight, exhibits only moderate stability. 

Group 3 includes polyurethanes I-B, I-C, 

I-J, I-II and I-N, all of which pass the requirements, other than that of 

high energy. 

The rate of gas evolution by polyurethanes 

I-A, I-H, I-J and 1-0 was measured in the Warburg apparatus (686, 50)(see 

section VI,J). All were stable, evolving less than 0.1 ml gas/100 g polymer/hr. 

(3) Nitropolyurethanes from Ilethylene Diisocyanate 
(VI) (lI,B,2,b) 

o=c=ii-ch2-n=c=o 

(a) Introduction 

Ilethylene diisocyanate was synthesized 

on this program (see paragraph II,B,2,b), because polyurethanes prepared from 

it and nitrodiols would have slightly higher calculated-specific-impulse 

values than those prepared from ethylene diisocyanate. 

(b) Polyurethane VI-A from 2,2-Dinitro-1,3- 
propanediol (lI,D,2,a) 

„ 0 0 NO 
N H I 2 

-c-m-aig-mi-c-o-cHg-c-CHg-o- 

n°2 

This nitropolyurethane has an estimated 

specific impulse of I65 Ibf sec/lbm (772, Appendix). The first attempt to 

prepare the polymer resulted in a product having a low nitrogen content 

(3h5, 26, 50> 51)* A second attempt in dioxan as solvent produced polymer 

that, when analyzed, was about 1$ low in nitrogen (371; 25, 69). A bull; 

polymerization produced polymer that softened at 135°C and contained the 

theoretical amount of nitrogen (386, 20, 39 and paragraph (3) page to). 
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(c) Polyurethane VI-J from 2-Nitro-2-methyl-l 3- 
propanediol ’ 

f 0 0 Q i -} 
11 a j 3 

~ C-NH-Œ -I'JH-C-O-CH -C-CH -0- 
^ c y ¿ 

ï’Og n 

The estimated specific impulse is 122 Ibf 

sec/lbm (772, Appendix). The first attempted polymerization in bulk failed 

(371, 26, 70). Another bulk polymerization produced polymeric material 

containinc the theoretical amount of nitrosen and softening at 135°C (386, 20, 

40, 41). The rate of reaction was determined (563, 26); the resultinS polymer 

had a relative viscosity of 1.1)-7, If, in dimethylforraamide at 25°C, and heat 

of combustion of 35I9 cal/G compared to 357I) cal/g calculated (563, 26). 

(d) Attempted Polymerizations 

Attempts to prepare nitropolyurethanes 
from methylene diisocyanate and 2,4,6-trinitroresorcinol (345, 26, 5I; 371, 

25, 68) or 11,111 -bis- (2-hydroxyethyl)-2,4,6-trinitro-m-phenylenediamine 

(386, 20, 4l) failed to yield materials having theoretical analytical values, 

(e) Evaluation of Polyurethanes Prepared from 
Methylene Diisocyanate (Vi) 

Nitropolyurethanes from methylene diisocy¬ 
anate, at best, can have only moderately high specific-impulse values. This, 

together with the fact that one of the intermediates in the preparation, 

malonyl diazide, is extremely sensitive to impact, precludes any extensive 

use of VI in nitropolyurethane "ormation. 

(4) Nitropolyurethanes from Ethylene Diisocyanate 
(VII) 

o=c=n-ch2-ch2-n=c=o 

Before nitrodiisocyanates were available, many 

polymerizations were attempted with ethylene diisocyanate, which had been 

described earlier by Curtius and Hechtenburg.* In general, poor yields of 

* 
J. prakt. chem.. [2] , IOS, 289-318 (1923). 
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low-molecular-weight materials, having analytical values in poor agreement 

with theory, resulted (550; 35-^2, 111-114; 345; 24, 25; 30; 47; 49; 52» 

571, 24-28, 66, 67, 70-72). Further investigation showed that ethylene 

diisocyanate frequently forms cyclic products along with the desired open-chain 

derivatives (515, 27-50), hence is unsuitable for the preparation of higa- 

molecular-weight polymers. 

(5) Mitropolyurethanes from 5,3;5;7;7"Pentanitro- 
1,9-nonane Diisocyanate (XI; (II,B,5; Table 6) 

ï°2 
Nog nos 

o=c=n- ai2-ai2-¿- ai2- en- ch2-j-cH2-ciï2-ii=c=o 

no2 no2 

(a) Introduction 

Because of the low stability of the 

products, only two polymers were prepared from this highly energetic nitro- 

diisocyanate, 

(b) Polyurethane XI-A from 2,2-Dinitro-1,5- 
propanediol (II,D,2,a) 

-o no2 f2 0 - 
-c-rai-ai -a:p-c-ai -çn-aig-c-aig-aig-iîK-c-o-ciig-ç-CT^-o- 

mo2 no2 no. NOo 

This polymer has an estimated specific 

impulse of 205 Ibf sec/lbm. It was prepared in dioxan solution with BF.-etherate 

catalyst (590, 29, 32). The SPIA data sheet was prepared (622, Appendix). 

(c) Polyurethane XI-Î1 from ¿thylene Glycol 

fa fa fi 
Jc-MH-ai2-CM2-C-CH2-CIl-a:2-C-CH2-CR2-llH-C-0-ai2-CH2-0- 

_ N02 mo2 mo2 -1 n 

The polyurethane has an estimated specific 

impulse of I72 Ibf sec/lbm. It was prepared in dioxan solution without catalyst 

(563, 13, 17). 
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(6) Ilitropolyuretlianes front 3,6-Dinitraza-1,8-octane 
Diiaocyanate (XII) (II,B,4, Table 7) 

0=c =m-cn -cka-n-ch-ch-h-cil-cn„M=c =0 
2 2 i 2 2 i 2 2 

NOg NOg 

(a) Introduction 

3,6-Dinitraza-1,8-octane diisocyanate was 

the first of a series of diisocyanates which contain the nitramino sroup as 

the energy source. Kinetic studies showed that the uncatalyzed rate of reac¬ 

tion of XII was about one two-hundreth the rate of 3,3-dinitro-1,5-pentane 

diisocyanate (see Table 21 of this section). Fortunately, the metal chelate 

polyurethane catalysts became available (see 2,b,(4) of this section), making 

it possible to prepare nitropolyurethanes from this energetic monomer. Poly¬ 

urethanes of the XII series and their more important physical properties are 

listed in Table 23, 

(b) Polyurethane XII-A from 2,2-Dinitro-1,3- 
propanediol . (H,D,2,a) 

0 0 NO -) 
«I U I 2 

—C-NII- CK - Gi -IT- CII - CH -N- CIL- CH -NH-C- 0- CH_- C- C1L-0- 
¿ ¿ \ ¿ 2 I 2 2 2)2 

NOg NOg NOg A 

The first preparation of this polymer v;as 

made with BF^’etherate as catalyst (663, I6-I7). Subsequent preparations were 

made with ferric acetylacetonate catalyst (712, 17-18; 740, 28-3O; 772, 22). 

When prepared in dioxan solution, a portion of the product separated as a 

higher-melting polycrystalline XII-A (712, 17-18). Attempts to increase 

the yield of polycrystalline XII-A were not successful (740, 28-3O; 772, 

22). The solubility characteristics were determined (967, 5). A copolymer 

of XII-A with 3-nitraza-1,5-pentane diisocyanate (XIII) was made in an effort 

to improve the physical properties of XII-A (368, 34-38). The SPIA data 

sheet was prepared (941, Appendix). 
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(c) Polyurethans XII-C fron 2-Hitro-2-ethyl- 

l;5"?ropancdiol 

CH -C1L - 
2 ^ n 

The commercially available C diol v;as used to prepare a polymer for use in 

post-polymerization nitration studies (860, yl-y2) 

(d) Polyurethane XII-K from 5,5/5-Trinitro-l,2' 

pentanediol (lI,D;2,b) 

r 
L' 

Polyurethane TCII-II \;as prepared in dio:um 

solution usine ferric acetylacetonate catalyst (7^3; 22; 772, 23). The X-ray 

diffraction pattern shoved that the polymer was amorphous. 

(e) Polyurethane XII-J from 2-ITitro-2-methyl-1,3- 

propanediol 

0 CIL -1 - Q 

n 

The commerically available J diol vas used to prepare a polymer for use in 

post-polymerization nitration studies (740, 22). 
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(f) Polyurethane XII-II from H.H'-bis-(¿-Hydroxy- 
ethyl)-oxamide 

li II 
*C-HH-ai2-CH2-N-CH2-OT2-II-ai -CH -HH-C-0 

NOg NOg 

This low-impulse polymer v/as prepared 

for post-polymerization nitration study (772, I5). The X-ray diffraction 

pattern showed that it was polycrystalline, a fact substantiated by the 

high softening range of 190-200°C, 

(g) Polyurethane XII-II from Ethylene Glycol 

•CHg-CHg-NH-C-C-HH-CHg-CHg- 

°] —J 1 

0 
u 

0 
ft 

'C-HH-CH2-CH2-H-ai2-CTI2-IjI-ai2-CKo-IIH-C-0-CH2-CH2-0- 

110, 110, —tí 

This polyurethane was prepared for 

later nitration study (772, l6). 

(h) Polyurethane XII-0 from 5,5-Dinitro-l;2- 
hejcanediol (lI,D,2,b) 

0 
K 

0 
(I 

- C-HH-CH -CIL-M-CH -CK -M-CH -CHn-HH-C-0-CH-CK0- 
2 2 i 2 2 i 2 2 i 2 

J 
MO, NO, 

?’2 fs 
CH_-C-CH, 

21 3 
NOg J 

n 

This polymer, having a moderate specific 

impulse, was prepared for evaluation as a propellant binder and for further 

nitration (772, I7). The X-ray diffraction pattern showed that it was poly¬ 

crystalline. 
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(i) Polyurethane XII-T from 6-Dinitraza-1,8- 
octanediol (II,D,2,i) 

The polyurethane v;as prepared in 7-butyro- 

acetone as solvent for the monomers; however, after a short reaction period, 

the polymeric material separated from solution. This undoubtedly limiteo 

the molecular weicht (941, 8). AlthouSh an X-ray diffraction pattem was not 

obtained, the material havins low solubility characteristics (987, 5) appeared 

to be polycrystalline. 

(1) Evaluation of Nitropolyurethanes from 
5,6-Dinitraza-1,8-octane Diisocyanate 

Group 1 polyurethanes, those with 

estimated specific impulse values over 170 Ibf sec/lbu, include XII-A 

and ¡C1I-H, both of which fulfill the three major requirements of high 

molecular weicht, hich energy, and stability. 

Group 2 polyurethanes, those with 

estimated specific impulse values in the ranee 140-170 Ibf sec/lbm, 

include XII-0 and XII-T, both having low molecular weight. 

The low-impulse Group 3 includes 

XU-c, XII-J, XH-li, and XII-N, which were prepared primarily for post- 

nitration studies. Polyurethanes XII-C and X1I-J were amorphous and met 

the requirements - other than that of high energy. Polyurethanes Xll-U 

and XI1-1! were polycrystalline and had low molecular weights. 

(7) Uitropolyurethanes from 3-iIitraza-l,5“pentane 
Diisocyanate (XIIl) (H,B,4,b) 

ng2 

0=C=N- CHg" CIIg-N- CHg- CHg-llsCsO 
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(a) Introduction 

This nitranino diisocyanate has been used 

extensively in polymérisation reactions, because oi: ?.ts hi3“ desree of 

purity and ease of preparation alon3 u’ith the Good physical properties 

of the rcsultin" poljoaers. The polymers prepared, alon3 with tacir 

physical properties, are listed in Table 2h, 

(b) Polyurethane XIII-A from 2,2-Dinitro-l,3- 

propancdiol (lI,D,2,a) 

The initial preparation of XIII-A was 

made in dioxan solution with ferric acetylacetonate catalyst (jhO, 23). 

Adjustment of end-sroup equivalence resulted in a hißher-molecular-weight 

polymer with ßreater thermal stability (772, 21, 22). The enect of end- 

group type on stability was determined (1004, 5-7). Branched polymer 

was prepared by addin- small amounts of _^-(hydroxymethyl)-nitromethane 

(772, 31, 32; 863, 36). The SPIA data sheet was prepared (941, Appendix). 

(c) Polyurethane XIII-C from 2-Nitro-2- 

ethyl-1,3-propanediol 

With post-polymerization nitration, the estimated specific impulse of this 

polymer would be sufficiently high for propellant use. It was prepared in 

dioxan solution, using ferric acetylacetonate catalyst (000, 32). 
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(d) Polyurethane XIII-H from 5,5,5-Trinitro' 
1,2-pentanediol (lI,D,2,b) 

0 0 
H M 

—C-NH-CHg- CHg-N-CHg-CHg-NH- C-O-CIIg-CH-O- ^ 

1»2 CHj-CHg-i-NQg 

1,02 Jn 
_ 

The preparation of this amorphous polymer 

was conducted in dioxan solution with ferric acetylacetonate catalyst (740, 

24)« The product was high in molecular weight and had good stability along 

with high specific impulse. 

(e) Polyurethane XIII-J from 2-Nitro-2- 

methyl-l,3-propanediol 

8 fa ? 
* C- IF.- CRg- dig- N- CHg- CHg- NH- O 0- CH, 

NO, 
I 
C-CH -0- 

2 j 2 
CH, 

— n 

This polymer was prepared for post¬ 

polymerization nitration study (740, 24, 25). The solubility of the 

polymer was determined (967, 5). 

(f) Polyurethane XIII-11 from N,N'-bis-(2- 

Kydroxyethyl)-oxamide 

The polycrystalline reaction product 

separated from the dimethylformamide used as solvent for the monomers 

(740, 25). 

(g) Polyurethane XIII-H from Ethylene Glycol 

-° 8 - II M 
-C-HH-CHg-CHg-N-aig-CHg-HH-C-O-CHg-CHg-O- 

_ no2 — n 
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The first preparation of this polycrystalline 

polymer was made in dimethylformamide, from which the polymer separated at a 

low degree of polymerization (740, 26), The preparation was repeated in 

7-butyrolactone, as solvent, at a higher temperature; the product had a higher 

molecular weight (868, 33, 34). The solubility was detemined (967, 5). 

(h) Polyurethane XIII-0 from 5>5“Dinitro-l,2- 
hexanediol (lI,D,2,b) 

0 NO. 0 
H I 2 I« 

-c-mi-GHg-aig-H-CHg-ciig-NH-c-o-aig-ai-o- m2 

CH-CH -C-CH 
2 2 Í 3 

N02 -J n 

oxan solution (740, 27). 

The amorphous polymer was prepared in di- 

(i) Polyurethane XIII-Q from 2-Hitro-2-bromo- 
1,3-propanediol (lI,D,2,a) 

f2 0 MO, 0 
It I 2 U 
C-NH-aig-CHg-N-CHg-CHg-HH-C-O-CHg-^-CHg-O- 

Br n 

This bromine-containing nitropolymer was 

prepared for study in second-stage cross-linking reactions. The substitution 

of 2-nitro-2-bromo-l,3"Ptopanediol for a portion of the 2,2-dinitro-l,3_ 

propanediol in the "A" series of polyurethanes would provide active centers 

for cross-linking reactions, without seriously reducing the specific impulse 

of the copolymer. It was desirable to prepare the pure bromine-containing 

polyurethane, and characterize it, before preparing the desired copolymers. 

(907, 15; 941, 15, 16). Copolymers XIII-CQ 95/5 (941, 11) and XIII-AQ 

9O/IO (941, 12, 15) were prepared for cross-linking studies (see Section IV). 
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(j) Polyurethane XIII-R from 1,4-Butanediol 

r 0 NO- 0 “I 
II H 

-C-NH-CHg-CHg-N-CHg-CHg-NH-C-O-CHg-CHg-CHg-CHg-O- 

The polymerization was carried out in 

diraethylformamide solution. Polymer separated from the monomer solution. 

It softened in the range 80-85°C (unpublished data). 

(k) Polyurethane XIII-S from 2-Nitro-2- 
chloro-1,3-propanedio1 (II,D,2,a) 

This polymer was prepared for cross- 

linking studies (941, 12). Copolymers XIII-CS 90/10 (941, 11) and 

XIII-AS 90/10 (941, 12) were prepared (see Section IV). 

(1) Polyurethane XIII-T from 3,6-Dinitraza- 
1,8-octanediol (H,B,2,i) 

The polymerization was carried out in 

7-butyrolactone solvent, from which the solid polymer slowly separated 

(941, 9)* The solubility was determined (967, 5)* 

(m) Polyurethane XIII-U from 2-Butyne-l,4-diol 

This polymer was prepared for cross- 

linking studies (941, l6). 
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(n) Polyurethane from Polyglycidyl Nitrate 

The reaction of nitrodiisocyanates v;ith 
long-chain diols was Investigated in an effort to reduce shrinkage and heat 

of polymerization. With polyglycidyl nitrate of molecular weight of about 

1000, some chain-lengthening took place, but high-molecular-weight polymer 
was not obtained (IO83, 10, 11; III9, 3, 4). 

(0) Attempted Polymerization with 2,4,6-Trinitro- 
resorcinol 

Previous attempts to prepare polyurethanes 
from 2,4,6-trinitroresorcino1 failed (see paragraph III,B,2,c,(3),(d). Reaction 

with XIII diisocyanate was attempted, using ferric acetylacetonate catalyst, 

lb polymer was formed; the catalyst was ineffective in the presence of the 
diol (1048, 4). 

(p) Solvent-Screening with XIII Diisocyanate 

In addition to the polymerization 

reactions described, J-nitraza-1,5-pentane diisocyanate was used to screen 

a variety of solvents in order to determine those suitable for use during 

polymerization (?40, 9, 10; 967, 6; 1004, 4, 5). 

(q) Evaluation of Nitropolyurethanes from 
3-Nitraza-1,5-pentane Diisocyanate 

Two of the polyurethanes of the XIII- 

series, XIII-A and XIII-H, meet all the major requirements of high molecular 

weight, high energy and stability. The others, though low in estimated 

specific impulse, were generally obtained in the form of high-molecular- 
weight polymers with good stability, 

(8) Nitropolyurethanes from 3,3,5,7,7-Pentanitro-5- 
aza-1,9-nonane Diisocyanate (XIV) (II,B,3, 
Table 6) 

^2 f2 ï°2 
o=c=îT-cH2-ai2-ç-ai2-ii-cH2-c-ai2-cH2-N=c=o 

nog nog 
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(a) Introduction 

This hishly energetic gem dinitro- 

nitramino diisocyanate was difficult to purify, and it could not 

be analyzed by the standard analytical methods {'JbO, 70; 772, l7j). 

For these reasons, small-scale polymerization experiments were used 

to estimate the degree of purity of each preparation (772, 13* 1^)• 

The physical properties of the three polymers that were prepared 

are listed in Table 25. 

(b) Polyurethane XIV-A from 2.2-Dinitro- 

1,3-propanediol (lI,D,2,a) 

i— p NO NO NO 0 NO -I 
l| I 2 I 2 I 2 I» 1 

-C-NH-Ch2-CH2-C-Œ2-N-CH2-Ç-CTI2-CH2-NH-C-0-CHo-C-CHo-0- 

no2 no2 k). n 

The high, calculated specific 

impulse of XIV-A made it one of the most desirable polyurethanes for 

investigation. Initial attempts to prepare it yielded low-molecular- 

weight polymer that had poor analytical values (772, 14). After 

purification of the diisocyanate via the dioxan complex (772, 14), 

higher-molecular-weight polymer, with better analytical values, 

was obtained (907* l6, 17)« 

(c) Polyurethane XIV-H from 
Trinitro-1,2-pentanediol (11,0,2,b) 

Polyurethane XIV-H was prepared 

from diisocyanate that had been purified via the dioxan complex (907> H)» 
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(d) Poljnarothane XIV-J fron 2-I!itr''-2- 

met'.'.yl-1; 3“ propanediol 

0 
» 

NO 
I 2 fa bo2 0 

It 
NO, 

-C-NH-Œ2-ai2-C-Œ2-N-ai2"C-CH2-CH2-ini-C-0-GH2-G-ai2-0- 

N0o NO. ¿II, 

The initial preparations with ferric 

acctylacetonate catalyst gave low-molecular-weight polymer (772, 1J, 14), 

Using diisocyanate purified via the dioxan complex and ferric acetylace- 

tonate catalyst, higher-molecular-weight polyurethane was obtained (368, 

52, 53). With BF^-etherate catalyst, the product had low molecular weight 

(063, 33). 

(e) Evaluation of Nitropolyurethanes from 

3>3>5,7,7"Pentanitro-5~aza-1,9-nonane 
Diisocyanate 

The three polymers studied all belong 

to Group 1, having high energy. Polyurethanes XIV-A and XIV-J were 

high-molecular-weight polymers that did not meet the stability requirements. 

Polyurethane XIV-K had fair stability, but it was low in molecular weight. 

(9) Nitropolyurethanes from 2-Nitraza-l,4-butane 

Diisocyanate (XV) (II,B,4, Table 7,(2)) 

*2 
0=C=N-CHg-N-CHg-CH2-N=C =0 

(a) Introduction 

The availability of this short-chain 

nitramino diisocyanate made possible the preparation of a series of nitro¬ 

polyurethanes with somewhat higharspecific impulse than the corresponding 

members of the XII series. Kinetic studies showed that XV diisocyanate 

reacted about six times as fast as XIII, which had already been used 

successfully in nitropolymer formation (see Table 24). The resulting 

polymers are described in Table 26, 
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(b) Polyurethane XV-A from 2,2-Dinitro-1,3- 
propanediol (lI,D,2,a) 

0 
(-11 

m2 0 
li fa 

-C-NH-CHp-N-ai -Œ -NH-C-O-CH -C-CH.-0- 
^ C- <L \ Ò 

HO. 
n 

The poljrurethane was readily prepared in 

dioxan solution with ferric acetylacetonate catalyst (807, I5). Data was 

obtained for the SPIA data sheet (94I, Appendix). 

(c) Polyurethane XV-II from 5,5,5-Trinitro- 
1,2-pentanediol (lI,D,2,b) 

^ 0 
♦I fa 0 

II 
-C-ini-ai2-N-CH2-CH2-NH-C-0-ai2-Œ-O- 

NO, I p. 
CH -CII -C-N& 

¿ ¿Ie- 

no2J n 

XV-A above (807, I7, lo). 

The preparation was similar to that of 

(d) Polyurethane XV-J from 2-IIitro-2-methyl- 
1,3-propanediol 

rO 
il 

110^ 
I 2 

0 
11 

NO. 

—C- 11H- CH - H- CII.- CII - I1K- C- 0- OIL - C- CH0- 0- 
¿ ¿ ¿ ¿ i ¿ 

ai 
n 

The polymerisation was similar to that of 

XV-A above (807, 18), The SPIA data sheet was prepared (941, Appendix), 

The polymer was prepared for further nitration study. 

(e) Polyurethane XV-II from Ethylene Glycol 

II 
IK) 0 

I* 
c-mi- ai.-n- au- cil - mi- c- o- ai - on -o- 

222 22 
j 
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Post-nitration of the urethane linkages 

would make this polymer suitable for propellant use. It was prepared in 

dioxan solution, from which some polymeric material separated during the 

reaction (833, I7). 

(f) Polyurethane XV-0 from 
hexanediol (lI,D,2,b) 

0 N0rt 0 
I» I 2 ,1 

~C-UK- CIL - N- Ql. - CH0- IIH- C-O-CÎI - QI- 0- HO. 
¿ ¿2 2 i i 2 

CH -CH -C-CH, 
2 2 i 3 

h -i n 

The preparation of this moderately 

energetic polyurethane was similar to that of XV-1! above (833, 20). 

(3) Evaluation of Ilitropolyurethanes from 2- 
Hitraza-1,4-butane Diisocyanate 

Polyurethanes XV-A and XV-H fulfill the 

requirements of high molecular v/eight, high specific impulse, and high stability 

needed for propellant use. Polyurethanes XV-J and XV-M require post-nitration 

for increased energy. Polyurethane XV-0 is low in molecular weight, 

(10) Ilitropolyurethanes from 2,5"Dinitraza-1,6-hexane 
Diisocyanate (XVI) (II,B,4, Table 7) 

0=C=N- CH -N-CH - CH -II- CH-N=C=0 
2 f 2 2 i 2 

no2 no2 

(a) Introduction 

2,5-Dinitraza-l,6-liexane diisocyanate, with 

tv70 nitramino groups and only four methylene groups, is second only to 3,3,5,7,1 m 

pentanitro-5-aza-l,9-nonane diisocyanate in the amount of energy contributed 

by diisocyanates. The rate of reaction of XVI with 2-nitro-2-methyl-l,3- 

propanediol was approximately twice the rate of 3-nitraza-1,5-pentane 
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diisocyanate v/ith the same diol (868, 21, 22), making it easy to prepare 

polymers from the less reactive diols. Table 27 lists the polymers of the 

XVI series that v/ere prepared and some of their more important physical 

properties. 

(b) Polyurethane ][VI-A from 2.2-Dinitro- 

l^-propanediol (H,D,2,a) 

The initial preparation was carried 

out in dioxan, which proved to be a poor solvent xor the resulting polymer 

(868, 29). The polymerization was repeated in y-butyrolactone, in an 

effort to obtain higher-molecular-weight product (907; IT)* 

(c) Polyurethane XVI-C from 2-Nitro-2-ethyl- 

1,J-propanediol 

0 no2 no2 0 no2 
C-M-ai2-N-CH2-CH2-N-CH2-ÎÎH-C-0-ai2-Ç-ai2-0- 

" ch2-ch3 

y-Butyrolactone \7as used as polymerization 

solvent with ferric acetylacetonate as catalyst \,907; H; 12). 

(d) Polyurethane XVI-H from 5.5,5-Trinitro- 
1,2-pentanediol (lI,D,2,b. 

U ï°2 /"2 |°| 
-c-NH-cH2-N-a-i2-cii2-n-cii2-x-c-'-a:2-cii-o- i!o2 

‘ ai2-o;2-c-uo 
n 

A number of attempts were made to 

increase the molecular weight of this desirable high-energy polymer (907, 12, 

13); both dioxan and 7-butyrolactone were used as solvents. 
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(e) Polyurethane XVI-J from 2-Hitro-2- 
methyl-1,5-propanediol 

0 1I0_ NO. 0 HO 
Il I 2 i 2 il I 2 

•C-NH-CH2-H-CH2-CH2-N-ai2-HH-C-0-Œ2-Ç-OT2-0- 

a,5 • 

The preparation v;as carried out in dioxan 

solution v;ith ferric acetylacetonate catalyst (868, JO), Attempts to determine 

the molecular v/eight were unsuccessful, due to the high degree of diffusion 

through the osmometer membrane (907, 52; 9^1> 29). 

(f) Polyurethane XVI-N from Ethylene Glycol 

r- 0 NO- NO- 0 
II } 2 i 2 n 

- C-NH- CH-H- CH-- CH--N- CH--IIH- C-0- CH--C1L-0- 
2 ¿ ¿ ¿ _Jn 

Although y-butyrolactone was used as 

solvent, the entire mixture solidified during the polymerization (907, 1^-)• 

A better solvent is needed for this preparation, 

(g) Polyurethane XVI-0 from 5,5-Dinitro-l,2- 
hexanediol (lI,D,2,b) 

r 0 no2 ho2 0 

—c-Nii- ai - it- ai2- ch2- it- ch2- nii-c-o-ch2- CH- 0 

T2 |,02 
CÎI -C-CIL 

2 I 5 
N°2 - n 

The preparation was similar to the pre¬ 

paration of XVI-J above (907> 1^-, 15)* 

(h) Evaluation of Nitropolyurethanes from 2,5- 
Dinitraza-1,6-hexane Diisocyanate 

Three of the XVI series polyurethanes 

belong in the high-energy Group 1, including XVI-A, XVI-II, and XVI-0. All 
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had good stability but failed to meet molecular-weight requirements. Poly¬ 

urethane XVI-vTith intermediate energy, had a higher relative viscosity, 

but it contained a considerable amount of low-molecular-v/eight polymer that 

diffused through the osmometer membrane. Polyurethanes XVI-C and XVI-IJ, 

in the low-energy group, had good stabilities but were low in molecular 

weight. Since none of the XVI series polyurethanes had very high molecular 

weights (based on relative-viscosity measurements), and yet the polymers had 

good thermal stability, it was concluded that the XVI diisocyanate may 

contain some mono-functional impurities that stop the growing polymer chain, 

d. Mitration Studies 

(1) Introduction 

llany of the polyurethanes described in para¬ 

graph III,B,2,C would be useful as propellants, only if they could be 

successfully post-polymerization-nitrated at the urethane linkages. Thus, 

polyurethane I-C, with an estimated specific impulse of 110 Ibf sec/lbm 

after post-nitration, yields polyurethane I-CM, I = I89 Ibf sec/lbm. 
j— _SP 

0 n 
-C-MH-CH -CHr 

¿ C 

1,02 V°2 
■ G- CH - CII_-MH- C- 0-CIL- C- CH ■ 

I 2 2 2 J 2 
»2 fa 

OI3 

0- 

I = 110 Ibf sec/lbm 
sp 

0 NO 
U 1 2 

-C-M-CH, 

MO MO 0 MO. 
I 2 i i 2 

■ CHg- C- CMg- CHg- M-C-O-CIlg-C- aig- 0- 

°2 K 

ai3 
J. 

n 

Nitration 

«- 

I = 189 Ibf sec/lbm 
sp 
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(The addition of an "If: to the code designation of a polyurethane has been 

used to indicate that all urethane linkages in the polymer have been nitrated. 

Thus polyurethane I-C after complete nitration is designated polyurethane I-CN.) 

The study of nitration methods applicable to poly¬ 

urethanes was started at the vary beginning of the nitropolymer program, 

before high-energy monomers were synthesized 24, 25, 27; 

57I, 24-2o; 586, 20, 21; 404, 22, 23). In many cases, nitration was 

accompanied by degradation, which resulted in low yields of thermally 

unstable products. A method was developed for increasing the thermal 

stability, in certain instances, by treating the postnitrated polyurethanes 

with ammonium persulfate (571, 7I, 72; 663, 17, lo, 24; 638, 4o). 

The study of nitration techniques was continued, 

after higher energy monomers became available, with emphasis being made on 

methods for increasing the thermal stability of the post-nitrated products. 

Polyurethanes I-A and I-J (see paragraph III,B,2,c) were used as models in the 

nitration experiments, representing the high- and low-energy polyurethane 

groups, respectively. Host of the effort was concentrated on them, and the 

techniques that were developed were applied in making single preparations of 

the other post-nitrated polyurethanes listed in Table 28. Post-nitrated 

polymers in which two nitramino groups were separated by only one methylene 

group were found to suffer extensive degradation during nitration (563, 25~27; 

807, 17, 19). The nitration of polyurethane I-D (see paragraph III,B,2,c,(2), 

(e)) was accompanied by degradation and nitration of the fragments to give 

a yield larger than theoretical (5I5, 60, 6l> 5^3, 25). 

In these studies, it xras found that the great 

difference between the heat of combustion of the starting material and the 

post-nitrated polymer, in conjunction with the high degree of accuracy in tne 

determination of the heat of combustion, made it the most reliable measure¬ 

ment for determining the degree of nitration. 
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(2) Nitration of Polyurethans T-A: Polyurethane 
I-AN 

A series of experiments was made in which time, 

temperature, acid concentration, and dehydrating agent were varied (499» 

51-55; 515, 56-6O; 565, 23-25). The effect of using technical nitric acid 

for the nitration, upon the molecular weight and thermal stability of the 

nitrated product, was studied (590, 37» 38). A variety of methods were 

tried in an effort to increase the thermal stability of the polymer 

(663, 17, 18, 23-27; 686, 11-14; 712, 21-16). It was found that degradation 

during nitration could be minimized by ensuring completely anhydrous con¬ 

ditions. It was also found that purification by reprecipitation into non- 

aqueous solvents gave products that were stable in the starch-iodide test 

at 65.5°C. Quantitative measurements of the gassing rates at various 

temperatures and in the presence of various stabilizers were made, using 

the Uarburg manometer. The temperature dependence of the gassing rate of 

polyurethane I-AN was determined, and it was found that at temperatures at 

or above the softening range of the polymer, the decomposition rate was 

greater, by a factor of ten, than at temperatures below its softening 

range (740, IO-I3), The relative viscosities showed that the decomposition 

was accompanied by chain degradation. It was concluded that a search should 

be made for higher-softening and/or crystalline, post-nitrated polyurethanes 

which should have greater stability. Polyurethane I-AN was fractionated 

in an effort to remove low-molecular-weight fragments that may have con¬ 

tributed to the high gassing rate at 65.5°C (807, 24, 25); no improvement was 

observed. The nitration of branched polyurethane I-A resulted in higher 

molecular weight I-AN (772, 23). The SPIA data sheet was prepared (515, 

Appendix). 
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(3) Nitration of Polyurethane I-J; Polyurethane 
I-JN 

The nitration of polyurethane I-J vjith 100^ 
nitric acid Sava compiately nitrated polycer in Sood yield (563, 22; 622, 25) 

The stability, as measured by the starch-iodide method, „as proved by the 

addition of small amounts of diphenylamlne (663, 18, I9). Houever, gassin- 

„as not decreased, and a search „as made for other „ays of increasin'; the " 

stability (663, 23, 2b). It „as found that „ashing the nitrated polymer 

„ith sodium bicarbonate solution at 50-65°C for 2 hr improved the starch- 

iodide stability „ithout causing serious degradation (686, 14, 15). lto 

improvement in the rate of gassing was observed (686, 5I). 

(4) Evaluation of Post-nitrated Polyurethanes 

all of the three major requirements for potential propellant use. Kany 1-ave 

lo„ molecular „eight which, in some cases, could be improved by applying the ' 

techniques developed in nitration studies on the two model polymers. Itow- 

ever, all fail the stability requirement. Ho enact figure has been set as 

a limit in the Warburg gas-evolution test (see paragraph VI,J), but a comparb- 

son with double-base propellant Indicates that gas evolution should be less 

than 0.1 ml/100g/hr (663, 61). of the post-nitrated polyurethanes tested 

only XIII-HH approaches that level of gas evolution. However, polyurethane 

XIII-HH has low impact stability and poor stability in the starch-iodide test. 

3. Nitropolyasters 

as Introduction 

Tne preparation of polyesters by the condensation of 

dicarbo:cylic acids with diols is normally accompanied by the elimination of 

water. The polymerisations, in order to proceed at a reasonable rate, are 

conducted at relatively hiGh temperatures. In the case of nitro polyesters, 

the nature of the diacid and diol precludes the use of hiSh temperature; 

therefore, an alternate procedure was used. The diacids were first converted 

to the diacid chlorides. Polymerizations were then conducted in anhydrous 

solvents, from which the evolved hydrogen chloride was swept by a stream of 
dry nitrogen. 
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b. Kinetic Studies 

(1) Introduction 

Uhen the systematic study of nitropolymers 

was initiated, it uas know qualitatively that nitro groups that were 

adjacent to functional groups in a molecule have a pronounced effect on their 

reactivity. Therefore, a study of the kinetics of polyester formation was 

made simultaneously with the nitropolyurethane kinetics study (see III,B,2,b), 

(2) The Effect of Mitro Groups on Rate of Polyester 
Formation 

The effect of nitro groups on the rate of 

polyurethane formation was studied by comparing the following reaction 

rates: 
(a) Nitro diacid chloride and nitro diol 

(b) Nitro diacid chloride and diol 

(c) Diacid chloride and nitro diol 

The rate of reaction of h,4“dinitro-l,7~heptanedioyl chloride (l) with 

2,2-dinitro-1,5"propanediol (A) and 1,5-propanediol (B) was determined 

(457, 29, 50, 55, 54, 57, 58, Table 22). The reaction rate of 1,7-heptane- 

dioyl chloride with A diol was determined (457> 29, öl, 62, Table 22), 

Comparing the rate of polyester formation in systems 1-A and 1-B, tne 

reactivity of the hydro::yl groups was lowered by a factor or 10^, due to 

the adjacent gem-dinitro group. As other, more energetic diacid chlorides 

became available, their rates were studied. The rate of reaction of 4,4,6,8,8- 

pentanitro-1,11-undecanedioyl chloride (2) with A and B diols was studied 

(540, 4-6). The rate of reaction of N-nitro-N-trinitroethyl aspartyl 

chloride (5) was studied with A diol and ethylene glycol (N) (540, 4-6). 

The rate of reaction of N-nitro-11-trinitroethyl glutamyl chloride (4) was 

studied with II diol (540, 4-6). The rate of reaction of 1 with 5,5-dinitro- 

1,5-pentanediol (E), with M, and with 5,5,5-trinitro-l,2-pentanediol (H) 

vías studied (540, 4-6; 583, 29, 3e)* 
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(3) Conclusions 

From these studies, the following conclusions 

were made: (2) is slower reacting than (l), which is about the sane as 

(3) and (4). The reactivity of the H diol is not greatly affected by the 

trinitromethyl group. The hydroxyls in E are more reactive than in A ~ 

in agreement with their reactivities in polyurethane formation (see III,B,2, 

b). Since acidic materials other than hydrogen chloride (i.e,, nitric 

oxides resulting from thermal decomposition) were evolved at reaction 

temperatures as low as 50°C, still lower temperatures must be used for 

polymerizations with A, This results in prohibitive lengths of time for 

polyester formation with A, Polyesters using I! are practical from a rate 

standpoint, 

c. Polymerizations 

(l) Introduction 

Before high-energy diacidchlorides and diols 

were available, a technique for preparing polyesters was developed with 

model compounds such as nalonyl chloride, oj^lyl chloride, and 2-nitro- 

2-raethyl-1,3-propanediol (371> 50; 73; 74). When applied to oxalyl chloride 

(5) and the unreactive 2,2-dinitro-l,3-propanediol (A)j repeated efforts 

in a variety of solvents failed to product polyester 5“A (345; 28, 5^1 371; 

3O; 73; 404, 34; 417, 17), Post-polymerization nitration was used to pre¬ 

pare a nitropolyester from the reaction product of 5 diacidchloride and 

II,H'-bis-(2-hydroxyethyl)-o::amide (371; 3°; 74). 

When nitro-diacidchlorides became available, 

the systematic study of high-energy polyesters was begun. The major 

objectives of the program were the preparation and identification of 

linear nitropolyesters having high molecular weight, high specific impulse, 

and high thermal and impact stability. 
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(2) Nitropolyesters from 4,l<--Dinitro-l;7"heptane- 
dioyl Chloride (l) (II,C;3>S) 

0 NO. 0 
Il I 2 H 

Cl-C-CHg-CHg-C-CHg-CHg-C-Cl 

no2 

(a) Polyester 1-A from 2,2-Dinitro-l,3“Pr°“ 
p&nediol (11,0,2^) 

r— 0 HO- 0 NO - 
U I 2 II » 2 
-C-CHg-CHg-C-CHg-CHg-C-O-CHg-C-aig-O- 

N02 HOg -1 
n 

The estimated specific impulse of 

this nitro polyester is I85 Ibf sec/lbm (772, Appendix C), Polymeric 

material, having analytical values in agreement v;ith theory, was obtained 

from a polymerization carried out in refluxing dioxan (404, 24, 44; 417, l6, 

40). A bull: polymerization gave low molecular weight, highly crystalline 

polymer that contained residual halogen (457, 37, ^9, 70). Attempts were 

made to increase the molecular weight (468, 45, 46, 50, 53)« Copolymers 

of polyester 1-A with polyester 1-H and polyester 1-J, from 5,5,5"tr4nitro- 

1,2-pentanediol and 2-nitro-2-methyl-l,3"P*opanediol, respectively, were 

made in an effort to reduce the second-order transition temperature (622, 

38, 39). The SPIA data sheet was prepared (482, Appendix). 

(b) Polyester 1-J from 2-Nitro-2-methyl-1,3- 

propanediol 

_ 0 NO- 0 ÇH - 
il I 2 H I 5 

-C-CHg-aig-C-CHg-CHg-C-O-CHg-C-CHg-O« 
I 
NO,. 

I 
ittL -J n 

The estimated specific impulse is I30 Ibf 

sec/lbm (772, Appendix C). This polymer was prepared for comparison of its 

physical properties with those of polyester 1-A (622, 38"38)» 
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(3) Polyester 3“W from H-Nitro-N-trinitroethyl- 
spartyl Chloride (lI,C,2;h) and Ethylene 

Glycol 

0 
D 

0 
<1 

‘C-CHg-CH-C-O-CKg-CHg-O- 

c n-ch2-c(no2)5 

N02 '-in 

This polyester has an estimated specific 

impulse of 215 Ibf sec/lbm (772, Appendix C), The reaction took place 

readily in dioxan solution but stopped at a low degree of polymerization 

apparently because the evolved hydrogen chloride reacted \/ith some of the 

ethylene glycol (540, 8), The polymer contained 3.18$ residual chlorine. 

(4) Polyester 4-11 from H-lIitro-H-trinitroethyl- 
glutamyl Chloride (lI;C,3,h) and Ethylene 
Glycol 

-C-CHg-CHg-CH-C-O-CHg-CHg-0- 

n-ck2-c(no2)5 . 

no2 n 

The estimated specific impulse is 204 Ibf 

sec/lbm (722, Appendix C). The preparation was similar to that of poly¬ 

ester 3-N and the resulting polymer likewise contained residual chlorine, 

1.42$ (540, 9). 

(5) Attempted Preparation of Polyester 6-J from 
4.4.6.8.8-Pentanitro-l.ll-undecanediol-bis- 
chloroformate (lI,D,3,e) and 2-llitro-2-methyl- 
1,3-propanediol 

Reaction at 90°C was very slow and was 

accompanied by extensive decomposition (622, 36). 

(6) Evaluation of Uitropolyesters 

The reaction of nitro diacidchlorides with 

nitrodiols yields only low-molecular-weight polymers. Analysis of the 
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products shows residual chlorine In the polyner. Apparently the anhydrous 

hydrocen chloride eliminated In the reaction occasionally replaces a hydroxyl 

group, either on the end o£ the chain or in a elycol monomer molecule. Bits 

halosenated material Is monolunctlonal, causin3 chaln-srowth termination. 

4. Nitropolyureas 

a. Introduction 

Polyureas result from the interaction of diisocyanates 

with diamines. Ko byproduct results from the reaction, which takes place 

readily with a lar=e evolution of heat. An attempt to study the kinetics 

of nitro polyurea formation showed that the reaction was 9¾ completed 

within 8 sec at 18°C («5, 3°, ?D. Before nitro diisocyanates were 

available, attempts were made to react methylene or ethylene diisocy 

with ethylene dinltramine »5, «b 47; 371, 54 ; 386, 24-26, 44). The 

extensive Sas evolution during the reaction was investigated, and it was 

found that the nltramino £roup was destroyed in the reaction (404, 26, 27, 

45). 

Polyureas can also be prepared from a diisocyanate 

and water, with the accompanying evolution of carbon dioxide. This method was 

—»RMCOOtt-*PJ®2 + COgT RUCO + h20- 

RNU, RUCO-»R1ÏÏIC0I1UR 

used successfully to prepare nitropolyureas. 

The post-polymerization nitration of polyureas would 

result in products having considerably higher speeific impulse. A number of 

attempts were made to achieve complete nitration of the two nitroSens in each 

urea linkage. All were unsuccessful in that only one nitrogen per urea 

linkage could be post-nitrated, ¡¡ore drastic nitration conditions invariably 

resulted in degradation of the polymer cuain. 
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b. Polyurea I-c from 3,3-Dinitro-l,5"Pentane Diisocyanate 
and J^'Dinitro-l^-pentane Diamine (n,B,3,b) 

0 NO- 
Il I 2 

-C-llH-CK--ai -C-CH.-CIL-ilH- 
C ¿ I c ¿ 

NO« n 

The polyurea from I diisocyanate and a diamine has 

an estimated specific impulse of 154 Ibf sec/lbm (772, Appendix C), The 

initial preparations were made in a variety of solvents usins the free amine 

(468, 46, 47, 49, 50, 53; 483, 47, 48; 499; 50). The polymers were all low 

in molecular weight, probably because of monofunctional impurities in the 

diamine. The SPIA data sheet was prepared (482, Appendix). Later, the method 

of adding water to the diisocyanate was used to prepare high-molecular-weight 

I-a (772, 27, 28). A copolymer of polyurea I-c. and polyamide l-C was prepared 

by the reaction of 4,4-dinitro-l,7“heptanedioic acid (lI,C,3,c) with I 

diisocyanate (482, 48, 49; 499; 48, 49). 

A series of attempts were made to effect complete 

nitration of the urea linkages in polyurea I-a (515; 6I-63; 540, 11, 12; 

772, 28), The experimentally determined heat of combustion indicated that 

only half-nitration had taken place. The estimated specific impulse of the 

half-nitrated product, I-c: 11/2, is 207 Ibf sec/lbm (772, Appendix). The 

attempted post-nitration of the copolymer described above was unsuccessful 

(499, 53). 

c. Polyureas from llethylene Diisocyanate (VI) 

o=c=n-ch2-n=c=o (H,B,2,b) 

(1) Polyurea VI-c from 3,3-Dinitro-l,5-pentane 
Diamine (lI,B,3,b) 

1¾ 0 0 
Il II 

-C-IlH-ai2-NIl-C-llH-CH2-CH2-C-ai2-ai2-NH- 

Ï102 
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The theoretical specific impulse is 122 Ibf sec/lbm, 

which would rise to 208 Ibf sec/lbm for the half-nitrated polymer (515; 51; 772,- 

Append!::). Four preparations were made, varying monomer and end-group 

equivalence (515; 55; 5^)» 

(2) Polyurea VI-ß from Ethylene Diamine 

II 'I 
-C-IIH-CHp-NH-C-IW-CH.-CH -m- 

2 2 ¿ n 

The estimated specific impulse of the half-nitrated 

polyurea is 184 Ibf sec/lbm (772, Append!;:). Several preparations of 

VI-ß were made with small variations in end-group equivalence ratios (515, 

54, 55). 

d. Polyurea Xlll-y from 3-Uitraza-l,5-pentane 
Diisocyanate (lI,B,4,b) and Water 

_n 

The polymer was prepared by adding a solution of 

water in dimethylforraamide to a cooled solution of the diisocyanate in the 

same solvent (740, 30-32). The polyurea :*as insoluble in all solvents, and 

apparently cross-linked. The preparation was repeated, reversing the order 

of addition, i.e,, the diisocyanate solution was added to the water (772, 
* 

26), High-molecular-weight, soluble polymer was obtained, 
i 

The preparation of polyurea XIII-y II/2, estimated 

specific impulse I93 Ibf sec/lbm, was studied, nitration of the insoluole 

polyurea XIII-7 resulted in a product that had poor analytical values (740, 

32). The nitration was repeated on the soluble XIII-7. The product liad 

analytical values in agreement with theory, but was low in molecular 

weight (772, 27). 
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Polyurea XII-o from 3;6“Dinitraza-l,8-octane Diisocy¬ 
anate (II,B,4, Table 7) and Uater 

.0 
U fa N0rt 

I 2 
-CNH-aig-CHg-H-CHg-aig-M-CHg-aig-NH n 

The polymer was prepared, usins the technique described 

for polyurea iüll-y, above (772, 24). 

f. Polyurea XV- ^ from 2-Mitraza-1,4-butane Diisocyanate 
(II,B,4, .Table 7) and Uater 

0 
H 

-C-NH-CHg 
fa 

-II-CH 
2 
-CH 

2 

The estimated specific impulse is 152 Ibf scc/lbm, 

Tae polymer was prepared by adding a solution of the diisocyanate in dimethyl 

formamide to v;ater and coolins (855, 25). 

G. Polyurea XVI- £ from 2,5-Dinitraza-1,6-hexane 
Diisocyanate (II,B,4, Table 7) and Water 

r° 
-C-NK- 

fa fa 
aig-N-CKg- CHg-H-CHg-IIH' ■] 

The estimated specific impulse is I89 Ibf sec/lbm. 

The polymer was prepared usins the technique of preparing the diamine in 

situ from the diisocyanate and water (907, I7, 18). 

h. Evaluation of Hitropolyureas 

The preparation of nitropolyureas from nitro diisocy¬ 

anates and water, with the accompanyins evolution of carbon dioxide, offers 

a convenient route for the preparation of linear polymers, but could not be 

readily employed for the preparation of propellants by a castins technique, 

as is done with nitropolyurethanes. In General, the nitropolyureas have 

poor solubility characteristics and would require the synthesis of new, more 

efficient nitroplasticizers before they could be used as propellants. Only 

those nitropolyureas with moderate specific impulse have been obtained as 

hi"h-molecu1ar-weight polymer s. 
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5* Nitropolyamides 

a. Introduction 

The difficulties experienced in the preparation of 

nitropolyamides v/ere similar to those encountered in the preparation of 

nitropolyesters. Preparation via the reaction of diacids with diamines 

or the polymerization of cyclic lactams generally required temperatures 

that are too high for high-energy nitro compounds. The reaction of 

diacid chlorides VJith diamines takes place readily, but the evolved hydrogen 

chloride forms a salt with unreacted anino groups, thereby terminating the 

growing polymer chain. Another method involves the reaction of a diester 

with a diamine, by the elimination of alcohol, hence it could not be 

readily used for the preparation of propellants by a casting technique. 

Attempts to overcome these difficulties in the preparation of nitropolyamides 

have been unsuccessful. 

b. Polyamide 1-a from 4,4-Dinitro-l,7“heptanedioyl 
Chloride (H,C,3,c) and 3,3-Dinitro-1,5-pentane 
Diamine (lI,B,3,b) 

r 0 
II 
C-CH-CR. 

n 

The estimated specific impulse is I5I Ibf sec/lbm. 

The use of sodium succinimide to consume the hydrogen chloride that i;as 

eliminated in the polymerization reaction gave only low-molecular-weight 

polymer (468, 47, 48), Using sodium succinimide and the amine in the 

form of its crystalline hydrochloride resulted in no polymer formation 

(482, 48). The physical properties were determined (482, 52, 56) and 

the SPIA data sheet was prepared (482, Appendix). 

c. Polyamide 5’7 from Diethyl Oxalate and 3,5- 
Dinitro-l,5“pentane Diaraine (lI,B,3,b) 

,-0 0 HO, 

2 
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The polyamide, after nitration, would have an estimated 

specific impulse of 208 Ibf sec/lbm (658, 42). The reaction proceeded readily, 

with noticeable evolution of heat. No suitable solvc-.it was found for keeping 

the polymer in solution in order to achieve high molecular weight (638, 41, 42) 

A series of copolymers were made from mixtures of a diamine and 

hexanethy1enediamine, in an effort to increase the solubility of the 

product (663, 31, 32). 

The complete nitration of 5“£ t0 polyamide 5-aN 

was achieved with acetic anhydride-nitric acid at 30°C (638, 41). 

d. Attempted Hitropolyamide Preparations 

An attempt to polymerize 4,4-dinitro-ó-hexanolactam 

failed (772, 29). The reaction of ß,ß[-dihydroxyethyl ether diciloroformate 

with ethylenediamine, followed by post-nitration of the amide linkages, 

produced a material that did not have the expected analytical values (371, 

29, 72, 73). No reaction occurred when ethylene dinitramine was treated 

with oxalyl chloride (37I, 32). 

e. Evaluation of Nitropolyamides 

The nitropolyamides prepared to date have nad very 

low molecular weights, and their solubility characteristics were poor. 

6. Hitropolyamines 

Nitropolyamines may be derived from the llannich reaction. 

The reaction involves the use of 1 mol of a bifunctional nitro compound, 

1 mol of a bifunctional amine, and 2 mois of formaldenyde. 

CH^CHgNOg + 2CHgO + 

CH* I 3 
CHg-C-CHg-NH- 

no2 n 

Post-nitration would yield a polymer with estimated specific impulse of 

208 Ibf sec/lbm. 
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Early in the nitropolymer program, it was shown that the 

preparation of nitropolyamines was feasible (JJO, 22-24, 100, 101; 345* 23, 

45; 371,5.2,33,77,586, 22-24, 43 ; 404, 25, 26, 45). Later a reinvestigation 

of the Mannich reaction was made, with emphasis being made on the preparation 

of polyamines from 2-nitro-2“methyl-l,3-propanediol and 2,2-dinitro-l,3" 

propanediol (622, 42-51). 

All attempts to obtain high-molecular-weight polymers 

failed. 

7. Hitropolvethers 

Early attempts to prepare nitropolyethers from 2,4,6,- 

trinitro resorcinol (styphnic acid) (345, 25, 49; 371, 3I» 386, 22), 2-nitro- 

2-methyl-l,3-^opanediol (37I, 31, 75), and 2,2-dinitro-l,3-propanediol (345, 

29, 47) with formaldehyde all failed. 

The synthesis of glycidyl-4,4,4-trinitrobutyrate made it 

possible to study the preparation of nitropolyethers from nitroepoxides 

(lI,D,5,b). The estimated specific impulse of the polymer is 200 Ibf 

sec/lbm (563, 80), A great variety of experimental conditions were used 

in an effort to obtain high-molecular-weight polymer (563, 35“40; 59O, 41, 

42; 622, 40-42). All failed in this respect - the best product had a 

molecular weight of 1475 ± 20 (622, 42). This product, presumably a long- 

chain polyether diol, was treated with 3,3"<l:lnltro-l,5“Pentane diisocyanate 

in an attempt to obtain polymer of higher molecular weight. The reaction 

product softened below room temperature (hitherto unpublished data). 

Recently, the advantages of nitropolyurethanes prepared 

from long-chain nitro-polyether-diols became apparent, and interest in these 

potential polyurethane monomers was renewed. The preparation of polyglycidyl 

nitrate and the reaction of this diol with nitrodiisocyanates are currently 

under investigation (IO83, 3“H; 1119, 2-4). 
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8. Miscellaneous Polymerization Reactions 

a. Uitropolymers from Polymers and Mitro Compounds 

(l) Introduction 

Another approach to the preparation of nitro 

polymers was investicated. Polymeric materials such as polyvinyl alcohol 

and cellulose, containins active hydrojyl groups, were treated with nitro 

isocyanates, nitro acid chlorides, or nitro aldehydes. Unsuccessful 

attempts were made to nitrate polyglycine (545, 2J, 24, 45, 46; 37I, 31, 32, 

75, 76), polysuccinyl hydrazida (404, 24, 25), poly-M-viny1-11'-phenyl-urea 

(33O, 32, IO6, 107), and poly-M-vinyl-M'-methyl-urea (330, 32, I07, I08). 

The preparation of polyvinylamine salts, by the reaction of nitro compounds 

i;ith pol/vinylamine, or by the reaction of metallic salts of nitro compounds 

with polyvinylamine hydrochloride, was studied (33O, 26-29, 32, 102-106). It 

was ¿ound that salts of polyvinylamine, and aliphatic nitro compounds, are 

too unstable to permit their use in propellants. 

(2) Polyvinyl Alcohol a.nd 3,3,3“T*'initropropyl 
Isocyanate (II,B, Table 8) 

-ch-ch2- 

o-c-ini-cH2-CK2-c(Mo2)5 

_ 0 n 

Polyvinyl 11-(3,3,3-trinitropropyl)-carbamate has 

an estimated specific impulse of 207 Ibf sec/lbm. Low-viscosity-grade poly- 

vinylalcohol was treated with 3,3,3"trinitropi'opyl isocyanate,v;ith and without 

the use of solvents^and borontrifluoride catalyst. Unreacted starting materials 

were recovered (563, 28). Other attempts were made, using polyvinyl alcohol 

which was specially treated by swelling in water and acetone. Although the 

product was insoluble in water, elemental analysis showed that only a small 

portion of the hydro::yls had reacted to form carbamate linkages. 
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(3) Polyvinyl Alcohol and 4,4,4-Trinitrobutyric 
Acid (lI,C,5,e) 

• -CH-Qlg- 

¿-C-aio-CKo-C(N0 ) 
,1 2 2 2 3 

n 

This nitropolymer has an estimated specific 

impulse of 214 Ibf sec/lbm. Direct esterification of polyvinyl alcohol 

with 4,4,4-trinitrobutyric acid was tried, using sulfuric acid as catalyst. 

However, the only product isolated was the original polyvinyl alcohol 

(563, 34), The chloroacetic anhydride impelling technique* was used in a 

series of reactions under a variety of conditions (563* 35)» A small amount 

of the desired esterification tool: place (majdmum of 3 rool percent). However, 

mostly polyvinyl chloroacctate was formed. Other attempts were made using 

4,4,4-trinitrobutyric anhydride instead of chloroacetic anhydride, zinc chloride 

being used as catalyst in one experiment and boron trifluoride in another. 

Polyvinyl alcohol was recovered in both experiments (563, 35î 59°> 40). 

The action of 4,4,4-trinitrobutyryl chloride 

on polyvinyl alcohol was studied and found to give a black amorphous solid 

(59O, 39). The evolved hydrogen chloride apparently catalyzed the dehydration 

of the polyvinyl alcohol to the corresponding conjugated olefinic polymer. 

The reaction was repeated, using acetic acid-pyridine as a buffer, A sub¬ 

stance which contained 3.6$ nitrogen was isolated (59O, 40). 

The reaction between polyvinyl alcohol and 

h,4,4-trinitrobutyric anhydride was tried in mixed alkane sulfonic acid 

solution. The desired reaction did not take place (590> 40), 
’K# 

(4) Polyvinyl Alcohol and 2,3,3-Trinitropropional 

Numerous experiments with a variety of solvents 

failed to yield a completely reacted product (330; 32, 22). One experiment, 

*A. T. Clarke and C. J, Helm, U.S. Patent Ho. 1,800,808. 
Hill and Sanger, Der. I906 (1882). 
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employing the dipotassium salt of the trinitropropionaldehyde in acetic acid 

to which hydrochloric acid was added, yielded a black plastic mass which gave 

a qualitative test for nitrogen (33O, I08, IO9), 

(5) Polyvinyl Aicohol and 3-Iîitrazabutyl Isocyanate 
(II,E,5, Table 8) 

Polyvinyl alcohol was treated with an excess of 

the isocyanate in dimethylfomaraide solution, using ferric acetylacetonate 

catalyst. A 2% yield of water-insoluble polymer was obtained. The analyti¬ 

cal value for nitrogen was 23.18^, as compared to 22.21^ II, calculated 

(1004, 4). 

(6) Cellulose and 3-IIitra2abutyl Isocyanate 

The reaction of 3-nitrazabutyl isocyanate and 

cellulose was studied as a model for the desired reaction of cellulose and 

3,3;3“t^4nit^opri)Pyl isocyanate (1004, 3)* Purified wood pulp was treated 

with an excess of the isocyanate in several solvents and without solvent, 

using ferric acetylacetonate catalyst. Using dinethylformamide as solvent, 

reaction was complete after 89 hr at 50°C. 

(7) Cellulose and 3,3,3-Trinitropropyl Isocyanate 

The estimated specific impulse of the desired 

polymer is 212 Ibf sec/lbra. Using the optimum conditions that were determined 

for 3-nitrazabutyl isocyanate (see (6) above), 3,3,3-trinitropropyl isocyanate 

failed to react (1048, 2-4). Both starting materials were recovered. An 

earlier attempt, using boron trifluoride catalyst, failed (563, 28). In 

order to determine whether the insolubility of the cellulose was responsible 

for the lack of reaction, partially esterified cellulose 4,4,4-trinitro- 

butyrate (see (C) below), which was soluble in dioxan, was used as starting 

material. Analysis showed that the nitrogen content was raised from 4.17 to 

6.89?; (563, 29). 

(8) Cellulose and 4,4,4-Trinitrobutyric Acid 

The desired polymer lias an estimated specific 

impulse of 219 Ibf sec/lbm. Using the impelling technique (see (3), above) 

a maximum of 10 mol? of available hydroxyls were esterified (563, 30, 32, 33). 
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Treating the partially esterifiad cellulose with trinitrobutyric anhydride 

and catalytic amounts of sulfuric acid raised the nitrogen content to 8.14$, 

equivalent to the esterification of 18 mol$ of the available hydroxyls 

(565, 33, 34; 590, 40, 41). 

b. Attempted Hitropolymer Formation with Chloropicryl 
Chloride, 1,3,5-Trinitro-2,6-dichlorobenzene 

Because of the similarity of the structure of 

chloropicryl chloride to that of picryl chloride, it was assumed that the 

two chlorine atoms would react in a manner similar to the chlorine atom in 

picryl chloride. Although reaction occurred with a variety of amines, 

amides, ureas and glycols, side reactions prevented the formation of high- 

mo lecular-weight nitropolymers (330, 9“17; 90-94). 

c. Attempted Hitropolymer Formation with m-Phenylene 
Diamine and Post-nitration 

Polymeric materials were prepared from m-phenylene 

diamine with ethylene bromide and with ethylene oxide. Post-nitration gave 

nitropolymers Trilth low thermal and impact stability (330, 17-22, 95“99). 

d. Attempted Hitropolymer Formation, Using the Hichael 
Reaction 

The use of the Hichael reaction was investigated as 

a source of nitropolymers. The reaction of methyl acrylate with dinitro- 

methane, prepared in situ from 2,2-dinitro-l,3-propanediol (lI,D,2,a), was 

used as a model for determining optimum experimental conditions (482, 31, 

32). Attempted polymerizations carried out with 2,2-dinitrotrimethylene 

diacrylate (lI,A,3,k) and 2,2-dinitro-l,3-propanediol gave low yields of 

low-molecular-weight polymers (482, 50, 51). 

IV. FORIIULATIOH STUDIES 

A. IHTRODUCTIOH 

The original goal of the nitropolymer program was the development 

of a solid, smokeless propellant based on the incorporation of oxidizing groups 
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of b ?!?,r C IhlS "> a““i" a specific impulse 
«bouc 210 Ibf sec/lbm ond should require „0 i„orSa„lc o^dleer. This ^oel 

COd dUrin3 tl,C y“r=' Prt"aiPally because of Cwo related developments: 
(a) as time vent on, the spécifié impulse of eni.tins composite propellants 

was continually raised, requiring an up3radi„3 of the specific-impulse Soal 

0 toe nitropolymer projram to 250 Ibf sec/lbm, and (b) the failure to attain 

usn-specific-lmpulse nitropolymers uhen (1) post-nitrated polyurethane polymers 

r ed dae t0 t:,emal ‘"“'ability and (2) trinitroethyl esters of un- 
saturated acids :«re sho:a. to yield only lom-molecular-ueisht polymers. 

ecause of the above, and since the formulation work uas initiated only at an 

intermediate staSc of the program, the ,rarh to attain a propellant material 

composeo ci all or-anic substances occupied only a relatively small period 

in tne formulation development. Most of the uork vas concerned with the 
incorporation of solid oîâdizers. 

A second major consideration controllins the scope of the formula- 

program was tnat tue »oal of this OMR-supported program was the develop¬ 

ment of basic techniques and basic formulations only. Detailed propellant 

studies, optimization of propellant formulations, and ballistic studies were 

undertaken in separate research contracts under the Bureau of Aeronautics 

the Bureau of Ordnance, and the Air Force. Some of the work performed unto 

these associated contracts was reported with the OMR work; but in each case 

a final summary report was published under the separate contracts (see para¬ 

graph n,L). In the discussion below, some of the areas covered by these 

associated contracts will be outlined, and references to their separate 

reports will be Siven. It should be noted, however, that the first energy- 

containins-binder, composite propellant grain was prepared and fired under 

tne OBR program. This was a Midget-Motor gram, about 4 lb of propellant 

beins used, based on the XII-J nitropolymer (94l; 21). 

The development of propellant formulation methods falls into 

two major classes - castable and pressure-formed formulations. Both 

classes were performed with vinyl-type monomers and polyurethane monomers. 
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It is important to note that the development of a polyurethane 

binder for propellants was a unique accomplishment. Besides being a field 

of polymerization which had not yet reached industrial fruition, its application 

to solid propellants presented certain peculiar problems which were met and 

solved on this nitropolymer program. As a direct result, the non-nitrö- 

containing polyurethane propellant system was investigated, and brought to 

large-scale use at Aerojet, in an amazingly short time. 

üarly formulation studies drew on the polymerization studies 

and syntnetic studies, but soon the formulation work began to derive certain 

parameters and requirements, and towards the latter part of the program, the 

formulation work led the other sections, 

B. CASTABLE SYSTEMS 

1. Introduction 

The castable systems studied fall into two classes: 

(a) studies with pure organic materials and (b) studies with inorganic 

o::idizers. The investigation of plasticizers was initiated in the first 

case, and a wide variety of plasticizers were tested. In general, materials 

developed by the synthetic section were tested in polymerization. Hot all 

monomers and plasticizers synthesized were tested in the formulation studies, 

and not all those tested proved satisfactory for further development. 

The castable system was developed with a polyurethane- 

type binder. The research on the use of a vinyl-polymerization-type nitro- 

monomer was performed under Air Force Contract AF 33(616)-2519. This 

development was carried through to full-scale-motor firings, using dinitro- 

propyl acrylate as the binder monomer. This work is summarized in Aerojet 

Report Ho, 1199“5« All castable propellant development under the OUR contract 

has been restricted to the polyurethane system. 

After development of proper formulations and techniques, 

the formulation work was taken over by associated contracts. However, 

many formulation samples viere prepared on the OUR program for rheological, 
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mechanical, and ballistic evaluation by these other contracts. Table h9 

in paragraph VI,L (Rheology) lists the associated contracts and their final 

reports. Many conclusions as to the applicability of various monomers and 

plasticizers, in this report, are based on data from these final reports. 

2. Studies with Binder Only 

a. Introduction 

The principal problems to be solved in the development 

of a nitropolyurethane binder for a castable system were (l) to obtain a 

dimensionally stable binder, (2) to obtain a bubble-free binder, and (3) to 

obtain a thermally stable binder. These problems v?ere met and essentially 

solved with studies on the pure-binder systems. The addition of oxidizer 

caused feu complications that had not already bean met and solved. Cross- 

linking studies soon established the validity of using a trifunctional 

monomer to obtain a three-dimensional network. The polyurethane system 

has a specific problem in the handling and use of diisocyanatas. These 

materials readily react with any material that has an active hydrogen, and 

when water or a carboxylic acid function is present, carbon dioxide is evolved. 

The techniques of handling these materials and the methods of ensuring the 

absence of moisture and acidic impurities were developed. In particular, the 

methods of vacuum-degassing were of the utmost importance. The thermal 

stability of the various systems examined proved to be largely a function 

of the plasticizers used; the stabilities of the polyurethane itself had 

been tested and screened during the polymerization studies (see paragraph 

III,B), 

b. Discussion 

The formulation work leading to a castable system 

with polyurethanes was initiated when attempts were made to prepare 

nitropolyurethanes with small percentages of cross-linking agent present - 

1 to 2^: tris-(hydroxymethyl)-nitromethane (nib glycerol) (7^0, 5k). It 

had earlier been demonstrated that pure linear nitropolyurethanes did not 
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possess the physical and mechanical properties required of a rocket 

propellant. As expected, it was found that small amounts of cross- 

linking agent increased the molecular weight of the nitropolymers 

studied. What would correspond to the first castings with cross-linking 

agent and nitroplasticizer was performed in an attempt to demonstrate 

that polyurethane polymerization would take place in the presence of 

nitro-containing solvents (740, 56). All products remained soluble 

in acetone, and no good cure was obtained. Bubble formation was 

pronounced upon attempts to obtain a cure. 

Bubble formation during cure, or attempted cure, 

of the binder mix was observed early in the work. A vacuum-degassing 

method was observed to be partially effective (772> 32) when used during 

the cure. This technique was found to be essential in all later casting 

work, A detailed discussion of all casting problems and tneir partial 

solution was given (807^ 29)» Later studies indicated the necessity for 

a study of plasticizer purity. In particular, purification of methyl 

4,4-dinitropentanoate gave successful gels where none .'.ad been obta.-.nea 

before (835, 27). Acidic impurities appeared to be the worst offenders. 

All casting studies with binder only were 

performed with metal chelate catalysts, principally ferric acetylacetonate. 

Attempts to use tertiary amines were unsuccessful (868, 41). 

In general, each polymer system was tested as a 

pure binder gel before studies with ojddizer were undertaken. In some 

cases, these studies never progressed to the incorporation of oxidizer, 

because the pure binder or plasticizer mix could not be prepared in a 

bubble-free gel. Gels with various propellant ingredients were attempted 

without oxidizer. A series of carbon blacks, ammonium dichroraate, and 

ethyl ortuosilicate were tested at if, level (907; 24). Host were success¬ 

ful. 

Table 29 lists all the binder-only castings reported. 

Host of these castings were made to determine compatibilities, proper catalyst 

concentration, or ingredient purity before castings with oxidizer were made. 
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With the exception of the XII and XVI diisocyanate systems, all the others 

progresses to oxidizer*loaded castings. The castings in Table 29 were made 

at various concentrations of catalyst and cross-linking agent, with variations 

in the cure time. Only the concentration of the cross-linking agent and the 

particular catalyst are listed. In all cases, the crosslinker was tris- 

(hydroxymethyl)-nitroue thane. 

J. Composite Castings 

a. Introduction 

As soon as it was demonstrated that nitropolyurethanes 

could be used as a castable binder, attempts were made to incorporate in¬ 

organic oxidizer. For reasons of safety, early experiments were with sodium 

chloride. It was immediately found that the ferric acetylacetonate (FeAA) 

catalyst was inactivated in the presence of the salt (868, 37), This 

phenomenon was examined in some detail. It was found that destruction of 

the catalyst required the presence of the isocyanate function and the salt. 

This salt effect was found to be general for the usual inorganic oxidizers. 

It was also observed that above a certain critical concentration (l x 10 ^ 

molar), the iron catalyst was stable. However, the control of the catalyst 

proved to be quite difficult, because at this concentration, with the 

catalyst being sc effective, dangerous exotherms and premature polymeriza¬ 

tions occurred. Investigations of other catalysts showed that organic 

tertiary amines were ineffective (868, 4), and that vanadyl acetylace¬ 

tonate (VOAA) did not exhibit the salt effect, and was a less efficient 

catalyst and, therefore, was usable in a composite system (868, 42). A 

later study (1048, 4) screened other metal chelate catalysts, and it 

was found that FeAA could be used under carefully controlled conditions, 

with the catalyst being added as a solution in a plasticizer (NPH). 

Almost all the formulation work was performed with 

ammonium perchlorate (AP). A standard bimodal, particle-size mixture was 

used , i»e., 70$ clow speed grind and 30^ high speed (ilikro-Atomizer) grind. 
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TABLE 29 

CROSS-LINKED, PLASTICIZED NITROPOLYURETHANE CASTINGS 

(Without Oxidizer) 

Polymer 
System 

I-J 
/K 

Y 
I-J 

I-A 

Plasticizer 
(Code Name) 

MNP 

NPN 

HETND 

TNMCH 

TNEP 

TNKPA 

DNBTI'ÎB 

^DNP 

MINB 

TUP 

V 
DNH 

DNK 

Nil 

DNPNP 

THSl’P 

EDNP 

EBDNP 

DNPN 

DNPD11P 

c' 1° 
Crosslink 

? 

? 

? 

? 

? 

? 

7 

0 

2 

8 

0 

0 

6 
8 

2 

2 

8 

4 

8 

Catalyst 

VOAA 

T 
VOAA 

EeAA 

FeAA 

VOAA 

FeAA 

FeAA 

FeAA 

VOAA 

FeAA 

FeAA 

VOAA 

FeAA 

VOAA 
/N 

Results 

Good sel 

Good gel 

Good gel 

Rapid decomp. 

Incompatible 

Decomposition 

Incompatible 

Low mol wt 

No gel 

Good gel 

Low mol wt 

Low mol wt 

Good gel 

Good gel 

Poor gel 

No gel 

No gel 

Good gel 

Good gel 

Reference 

907, 28 

907, 29 

VOAA Good 

740, 56 

740, 56 

967, 14 
740, 56 

740, 56 

807, 33 

967, 14 

740, 56; 772, 
32 

772, 32 

967, 14 
807, 33 

967, 14 

: jel 967, 14 

*SM Tables 17-20 (III,B) for polyrcr nouenclature and Tabla 50, this section, 
for plasticizer, catalyst and additive nomenclature. 
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TABL3 29 (cont.) 

Polymer 
System 

I-A 
* 

I-A 

I-A 

I-K 

XIII-J 

A 

XIII-J 

XIII-A 

V 
XIII-A 

Plasticizer 
(Code Name) 

TNKPA 

DNBTND 

TNI ICH 

TIIAHA 

IiTNAH 

TI1EDNP 

various 

HNP 

TNSDNP 

HDNP 

HDNP + ENP 

ENP 

IMP 

DNB 

I-2IP + carbon 

ENP + AD 

ENP + SOS 

DNÎI 

TNP 

HDNP 

HDNP 

TNB 

imp 

Crosslink 

V 

8 
7 

0-12 

8 
A 

8 

k 

2-10 

2 

2 

Catalyst 

VOAA 

A 

Results Reference 

vK 
VOAA 

VOAA 
A 

V 
VOAA 

FeAA 

A 

VP 
FeAA 

Decomposition 967, 14 

No cel 

Poor sel> 
bubbles 

Good ßel 

Good cel 1004, 9 

Gel, incompatible 1004, 9 

Poor gels 

Poor gels 

Gel, incompati¬ 
ble 

Gel, incompati¬ 
ble 

Gel, incompati¬ 
ble 

907, 28 

967, 15 

1004, 9 

907, 20 

907, 22 

907, 25 Good gel 

Good gel 

Incompatible 

Good cel 907, 24 
I 

Good "el 

Poor gel 

Good gel 807, 33 
i 

Gel, incompatible 

Good gel 

Good gel 833, 28 

No gel 

Poor gel, 
bubbles 833/28 
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Polymer 
System 

XIII-H 
A 

V 

XIII-I1 

XIII-0 

XII-A 

XI I-A 

XII-J 

XII-J 

mi-u 

XVI-H 

XVI-A 

Report No, 1162 

TABLE 2Q (cont,) 

Plasticizer 
(Code Name) 

MNP 

MNP 

UDIIP 

% 
Crosslinl: 

8 
A 

Catalyst 

VOAA 
A 

_Results 

No gel 

Poor s6* 

Incompatible 

Reference 

907, 27 

941, 21 

907, 27 

IRIor 

TIB 

DIB 

DIB 

DNH 

D1IPMP 

imp 

NPH 

No cel 

Poor stability 
V 

VOAA Poor 3el 

FeAA Good s®! 

VOAA No sel 

Good sel 1048, 8 

Bubble-filled gel 967, 17 

Bubble-filled gel I 

MNP 

NPH 

NPN 

TMENP 

DNPNP 

8 

? 

Good gel 

Good gel 

Good gel 
\y V 

VOAA No gel 1004, 9 

? No gel, bubbles 1048, 7 
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Code llame 

AD 

AP 

C 

DMB 

DI'IBTNB 

DIIH 

DNPDNP 

DNPH 

DMPIIP 

EBD1IP 

EDMP 

ENP 

EOS 

FeAA 

HD1JP 

HETWB 

M’P 

irTHAH 

ITTHB 

MI lor 

Mil 

NPH 

TMAIIA 

TN3 

Tl'lEDMP 

TNENP 

Tl-IEP 

TWKPA 

THICK 

IMP 

VOAA 
Pace 210 

TABLE 

PLASTICIZER AI^D ADDITIVE CODE HAIES 

_Chamlcal Marne_ 

Ammonium dicliromate 

Ammonium perchlorate 

Carbon 

1.4- Dinitro:qrbutane 

2.2- Dinitrobutyl 4,4,4-trinitrobutyrate 

5,5“Dinitro-2-he:canona 

2.2- Dinitropropyl 4,4-diniL-ropcntanoate 

4.4- Dinitropentanonitrile 

2.2- Dinitropropyl 4-nitra2apentanoate 

Ethylene bis-(4.4-dinitropentanoata) 

Ethylene bis-(4-nitrazapentanoate) 

Ethyl 4-nitrazapentanoate 

Ethyl orthosilicate 

Ferric acetylacetonate 

liethyi 4,4-dinitropentanoate 

2-iiethojcyethyl 4,4,4- trinitrobutyrate 

uethyl 4-nitrazapentanoate 

liethy1 5; 5“trinit ro-3-azahexano at e 

Methyl 4,4,4-trinitrobutyrate 

4-Nit romorpholine 

Nitromethane 

4-Nitrazapentanonitrile 

3,5,5"Trinitro-3-aza-l-he:jylacetate 

1,3> 3“Trinitrobutane 

2.2.2- Trinitroethyl 4,4-dinitropentanoate 

2,2,2-Trinitroethyl 4-nitrazapentanoate 

2,2,2-Trinitroethyl propionate 

5,5"Trinitro-2-keto-1-pentyl acetate 

3"(Trinitromethyl)»cyclohej:anone 

5; 5,5“Trinitro-2-pentanone 
Vanadyl acetylacetonate 

CONFIDENTIAL 



CONFIDENTIAL 
Report No. 1162 

Only a few castings were made with ammonium nitrate (AN), These castings 

were with the XIII-J binder system (868, ky, 9^7, 21). Since the goal of 

the program was to achieve very high specific impulse, this work was not ex¬ 

panded. 

In all cases, the monomer-plasticizer mix was vacuum- 

degassed at about 50°C until bubbling ceased, and the mix, with added oxidizer 

and catalyst, was degassed further. Some details of the procedure, including 

a description of the laboratory-scale equipment used, have been reported 

(907, 29). 

The various polyurethane polymer systems are discussed 

separately below. In many cases, a particular casting result would be a 

¿unction of the particular plasticizer used. These plasticizers are discussed 

separately (IV,E). In some cases, ballistic data, mechanical properties, and 

densities are reported. No particular reference is given for this type of 

data, since it is more completely covered in the associated contract reports 

(see VI,L, Table 49). 

b. I-J Castings 

The I-J polymer is a relatively low-energy-content 

binder and was purposely used in the early formulation work for this reason. 

No particular difficulties arose in the development of a procedure for using 

I-J, other than the incompatibility of several plasticizers (907, 29). Several 

ballistic additives were successfully incorporated in these early castings. 

In general, I-J is an excellent binder system, its only drawbacks being its 

relatively low specific impulse and the relative difficulty of manufacture 

of the I diisocyanate (V,B,4). I-J castings appeared to be stronger and 

more resilient than the XIII-J castings. Table 3I lists the I-J castings 

reported. 
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TABLE 51 

I-J CASTINGS 

Formulation_ 

I-J-4X-.6taiP-60AP* 

i-j-8x-.6injp-6oAP 

I J-8x-.6î3îp-69AP 

I-J-8X-.6IÜIP-69AP + 1C (F-2 blacl:) 

Catalyst Cure Results Reference 

? vo • Good gel 907, 28 

c. Castings 

The specific impulse of the XIII-J system is also 

relatively low, and much of the early development work was performed with 

it. As with I-J, no particular difficulties were encountered. Various 

oallistic modifiers and mixed plasticizers were successfully tested with 

XIII-J binder (907, 24). An attempt to use technical, unpurified J diol in 

the casting process was unsuccessful (907, 25). The first nitropolymer pro- 

peUant grain was a XIII-J casting (941, 21). Table 32 lists the XIII-J 

cartings reported. 

Formulation 

XIII-J-4X-.I511IJP-6OAP 

xiii-j-4x-. 1511NP-60AH 

XIII-J-7X-.2 to .3ÜDHP-45- 
6OAP 

XIII-J-7X-.2 to .5IINP-2O-75AP 

XIII-J-? X-.6MNP-60AH 

XIII-J CASTINGS 

Cure 

Catalyst hr fç 

16 45 

Results 

7xl0"5 VOAA 

7x10“5 VOAA 

? VOAA 

VOAA 

Strong, bubble 
free 

Reference 

868, 43 

Strong, bubble 868, 43 
free 

Brittle, no gel 907, 20 

Good castings 907, 21 

l£ 4^ Hard grainy gel 907, 21 
* 

Thia nomenclature for nitropolymer propellant formulations is used throughout 

i raP0Jíi8 fnd sí'sn5fies tl/at tlie bindcr is composed of polyurethane I-J cross- 
linked with 4 equiv ^ tris-(hydroxymethyl)-nitromethane, plasticized with methyl 
4-nitrazapentanoate imj at a ratio of 0.6 g of plasticizer per gram of I-J-4X 
binder, and loaded with ammonium perchlorate at a level of 60$ based on th« 
total propellant formulation. 
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TABLE 52 icont.) 

Cure 
Formulation_ Catalyst hr fÇ Results Reference 

■.6(^)-6CAP 

‘•«'Sr'-60" 

•i.ot;“ )-75AT 

xiii-j-?x-.6(^)-6oap 

XIII-J-7X- 

XIII-J-VX- 

XIII-J-7X- 

XIII-J-?X< 

? VOAA 

XIII-J-:X' 

XIII-J-ÎX- 

XIII-J-7X- 

:-1.25m for-6oa? 

XIII-J-7X-. 44tnb-6oap 

XIII- J- 7 X-. 6E1IP- 60AP 

XI11- J- ? X-1,01 HIP- 7 OAF + 0.5c 

XIII- J- 7 X-, ÓMIIP- 6OAP + 0.5c 

XIII-J-?X-.6lflIP-60AP + % 
Additives VOAA 

16 k3 Good casting 907, 22 

Ho gel 

Good casting 

Hard, brittle 907, 23 

Ho gel 

Uncastable, 
prepolymeri¬ 
zation 

Uncastable v 

No cure 907, 24 

Good casting 

lo 45 Bubble filled 
grain 

d. I-A Castings 

The A diol is one of the two, generally useful, 

high-energy diols available for formulation work (II diol is the other). 

From the beginning (941, I9) successful castings were made uith the I-A 

system with no apparent difficulty. For rheological studies, a number of 

castings were made with the I-A system, wherein variations were made in 

oxidizer and plasticizer level and in plasticizer kind (967, 13*» 1004, 9). 

The I-A system was chosen for much of the early rheological studies, but 
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processing difficulties made the I diisocyanate less available than the 

XIII diisocyanate (see paragraph V,B,4). Consequently, most of the nitro- 

polyurethane development work on the associated BuOrd programs was performed 

with the XIII diisocyanate, in spite of the apparent merits of the I-A system. 

Table 33 lists the I-A castings reported. 

Formulation 

I-A-ÖX-.63IDNP-6OAP 

I-A-8X-.68ÎETNB-6OAP 

I-A-8X-.7TNB-6OAP 

I-A-8X-.61!PI']-61.6AP 

I-A-8X-.6ÜHP-6OAP 

I-A-8X-.6NPH-6OAP 

I-A-8X-.65D1TB-60AP 

I-A-8X-.64I1DIIP-55AP 

I-A-3X-.61+IÍDWP-50AP 

I-A-8X-.64IDNP-65AP 

I-A-8x-.64iDWP-67.2AP 

I-A-8X-.651DNP-70AP 

I-A-8X-.716MDNP-57.5AP. 

I-A-8X«. 556ÍDWP-62.4AP.. 

I-A-8x-.471UDWP-64.7AP 

I-A-8X-.39WDWP-66,9AP 

I-A-6X-.631DWP-30AP 

I-A-8X-.63IDWP-33AP 

1-A-8X-. 631DWP-40AP 

I-A-8X-. 63IDÍIP-45AP 

I-A-8x-.63iDWP-63.6AP 

I-A-8X-. 63ÍDWP-65AP 

I-A-8X-. 631DNE-66.4AP ' 
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TABLE 53 

I-A CASTINGS 

Cure 
Catalyst hr °C Pvesults_ Reference 

? VUAA 16 45 Good 941, 19 

Good 

Bubble-filled 

Bubbles 

Good 

Bubbles 

Good 

Good 

V 

967, 13 

967, 14 

? VOAA 

y 'ÿ v 

16 45 Good 967, w 
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TABLE 53 (icont. ) 

_Formulation_ Catalyst 

I-A-8X-O.63ilDNP-67.2AP ? VOAA 

I-A-8X-0.63MDNP-68.2AP ? VOAA 

I-A-8X-O.63MDNP-7OAP ? VOAA 

hr Rasults Reference 

16 45 good 967, 14 

16 45 good 967, 14 

16 45 good 967, 14 

e, XIII-A Castings 

The XIII-A system is the one which has been most 

widely used in development work. Both ingredients are available on a 

relatively large scale (section V). The system is adaptable to various 

processing methods, and it yields a binder of high thermal stability. 

After early studies indicated the need for an extended degassing time for 

XIII-A(907j 29) y most subsequent studies were successful. The XIII-A 

system was extensively used in the compression-formed-propellant system 

(IV,C), in the glass fiber applications, and in the evaluation of monomer 

purity (IV,D), Table 34 lists the XIII-A castings reported. 

Formulation 

TABLE U 

XIII-A CASTINGS 

Cure 
Catalyst hr ^F 

-4 
1x10 VOAA 

2x1o“1* FeAA 

XIII-A-8X-?IflIP-60AP-lC Ixio“4 VOAA 

XIII-A-8X-0.6DNPNP-6OAP 

XIII-A-8X-0.9NPN-66AP 

XIII-A-8X-0.8NFN-67AP 

XIII-A-8X-0.7NPM-68AP 

XIII-A-ÕX-0.6NPN-69AP 

XIII-A-8X-0.6DNPUP-63A? Ixio“4 FeAA 

XIII-A-8X-0.6 NPN-69AP 2xl0"4 FeAA 

XIII-A- 12X-0.6ITPN-69AP 

16 

24 

16 

2.5x1o“1* FeAA 

110 

110 

no 

Results Reference 

Good casting 941, 18 

Bubbled castings 1004, 10 

Good casting 1048, 9 

48 

24 110 Good casting 

IO83, 17, 22 

IO83, 22 
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f. I-K Castin^s 

The H diol, 5,5,5-trinitro-l,2-pentanediol is the other 

Senarally useful, hi2h-energy diol. Considerable difficulty was experienced 

in obtaining cures with this diol. No practical analytical procedure was 

available for its assay, and the reactivity of the primary hydroxyl group in 

the molecule was considerably greater than for those in the c-nitro alcohols. 

Whan successful gel castings were made with the I diisocyanate, an oxidizer- 

leaded casting was successfully reported (967, l6); I-H-8X-0.4MNP-60AP. With 

this diol, most formulation work was performed with the XIII diisocyanate under 
the BuOrd contract. 

3* XIII-H Castings 

As with the I-K system, some difficulty was encountered 

in obtaining good cures with the K diol. Only unsuccessful castings were 

reported in first attempts (907, 27; 941, 21). No successful XIII-H castings 

v/ere reported on this program. The formulation work under the associated 

BuOrd contract has satisfactorily made the XIII-K propellant (see paragraph 

VI,L). The K-diol gives mere resilient castings than the A or J diols, probab¬ 

ly due to internal plasticization from the side chain. This also was observed 

in the work with the related 0 diol (see below). 

h. XIII-0 Castings 

The 0 diol, 5,5-dinitro-l,2-hexanediol is closely 

related to the H diol. Similar difficulties were found in attempting to use 

it in a propellant casting. After the binder-only casting (1048, 8) was 

successful, attempts with oxidizer were largely unsuccessful (I083, 12), 

except at below-stoichiometric AP content (II9, 5). This casting was very 

resilient. Table 35 lists the XIII-0 castings reported. n0 attempts were 

made to prepare I-Q castings. 
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TABLE 55 

XIII-O CASTINGS 

_Formulation Catalyst 

XIII-0-8x-0.6MPN-73,4AP 2:clo"^ FeAA 

XIII-0-8X-0.6IIPN-7OAP 4xlo“^ FeAA 

XIII-O-8X-O.6NHI-7OAP 4.4::10-4 FeAA 

XIII-0-8X-0.4NPN-79AP 4.4xlo"4 FeAA 

XIII-O-8X-O.6DÍIHÍP-69AP 4.0x10’4 FeAA 

XIT.I-O-8X-O.ÓNPU-6OAP 4.0xlo"4 FeAA 

Cure 

Time UF 

4 day 110 

7 day 110 

4 day ISO 

8 day 110 

1 day ISO 

7 day 110 

5 day 110 

2 wl; 110 

Results 

No gel 

Poor gel 

Poor gel 

Poor gel 

Poor gel 

Poor gel 

No gel 

Good casting 

Reference 

IO63, 13 

y 
1119, 5 

i. XII and XVI Diisocyanate Castings 

The XII and XVI diisocyanates both melt higher than 

tue I and XIII diisocyanates and higher than the usual degassing temperature, 

50 C, For this reason, and the related one of reduced solubility of these 

diisocyanates in tne nitroplasticizers, a higher degassing temperature, 65°C, 

v:as attempted for tuera (967, l6; 1004, 9)« The gel castings were partially 

successful in each case. Ho composite castings were made with these 

diisocyanates. This difficulty points up an additional requirement for 

successful diisocyanate candidates. 

j. Copolymer Castings 

It was suggested that copolymer castings, e.g., 

mixed diisocyanates or mixed diols, might yield more resilient propellants. 

This vas attempted and found to be correct. The physical and mechanical 

evaluation which demonstrated this fact was performed under an associated 

contract (see Aerojet Report No. 1104). Table 36 lists the copolymer 

castings reported. 
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TABLE 56 

COPOLYI1ER CASTINGS 

Cure 

_Formulation_ Catalyst hr fç 

I; XIII*-A-8X-0.6IDIP-6OAP ? VOAA 24 45 

I-A, 1P-8X-O.6IDNP-6OAP ? VOAA 24 45 

I-A, H-8X-0.4MNP-6QAP 4::10-5 VOAA 24 45 

Results Reference 

Good castings 96?> 

Good castings 

Good castings 1004, 7 

*Copolyraer castings, varying proportions of I and XIII diisocyanates. 
**Copolymer castings viith varying proportions of A and H diols. 

C. IIOII-CASTABLE SYSTEIIS 

1, Introduction 

The application of nitropolymers and nitromonomers to 

propellants has most successfully been applied to the castable systems 

(see previous section).* Under this program, no truly successful system 

has been developed for the preparation of a propellant that can be com¬ 

pression-formed or e;:truded, then cured to yield a thermally and dimen¬ 

sionally stable product. Several systems, however, appear to hold considerable 

promise for further development. The principal problem has been to devise a 

scheme for a delayed or second-stage cross-linking reaction that can permit 

compression-molding, or extrusion under moderate conditions, to yield a product 

which on further cure becomes dimensionally stable at higher temperatures. 

Several studies have indicated the ready applicability to the molding or ex¬ 

trusion of the linear nitropolymers, but no successful cross-linking system 

has been developed. 

Early studies involved mixed nitropolymers, e.g., linear 

nitropolyurethane, as a filler for a vinyl monomer which is post-cured. 

The linear nitropolyurethane exerted too strong an inhibiting action for 

*Some studies on compression-formed or extruded nitropolyurethanes were per¬ 
formed under Contract AF33(<$l6)-2519, Final Report - Aerojet Report ^99- 
4 Studies on compression-formed or extruded propellants, based on dinitro- 
propyl acrylate, have been successfully performed under Contract NOas 54-399c, 
Final Report - Aerojet Report lb. 1104, and under Contract NOrd 16878, now in 

progress. 
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this system to be operable. Later studies in the nitropolyurethano systems 

examined a number of second-stage cross-linking methods, none of v/hich were 

successful. 

2. Linear-Polymer-Itoldinr; Studies 

As a means of demonstrating the plastics developed under 

this contract, compression-molded samples were desired. This work vas 

performed on a laboratory platen press. It was found that the amorphous, 

linear materials readily yielded clear, light yellow samples v/hich were 

strong but brittle. The crystalline materials such as polyester 1-A were 

opaque and even more brittle. Holding conditions were similar for most 

materials: 80-100°C, 3000~5000 psi. Strands were also desired for the 

rheology studies. These were made in a typical molding die, since attempts 

to cut samples from milled sheets were unsuccessful because of their brittle¬ 

ness (39O, 46). An attempt to extrude linear polymer I-A was unsuccessful 

(590, 46). The moldings and extrusions of linear nitropolyurethanes I-A, 

I-J, ana XIII-A with oxidizer present were successfully accomplished,* 

It appeared that extrusions with oxidizer (AP) were more readily accomplished 

than v/ithout oxidizer (807, 37)* Molding of linear materials with nitro- 

plasticizers successfully yielded tough strands (III9, 8). Table 37 lists 

the polymers whose molding has been reported, and their references. 

TABLE 57 

LINEAR NITROPOLYHERS WHICH HAVE BEEN COMPRESSION-MOLDED 

Polymer Reference 

Polyurethane I-A 
Polyurethane I-A1Î 
Polyurethane I-F 
Polyurethane VI-AH 
Polyurethane I-D 
Polyurethane I-H 
Polyurethane I-HN 
Polyurethane I-G 

482, 51; 515, 68; 590, 46 
515, 68; 563, 51 
515, 68 
515, 68 
482, 51 
563, 51 
563, 51 
563, 51 

Linear nitropolymers that were milled and extruded v/ith oxidizer v/ere reported 
under Contract AF33(6l6)-2519, see Aerojet Report No. 1199-4. 
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Polyraer Reference 

Polyurethane XIII-J 
Polyurethane XIII-A 
Polyurethane I-J 
Polyester 1-A 
Polyamide 1-a 
Polyurea I-a 
Polyurea I-aN 
Polyurea VI-c: 
Poly T1IEIÎA* 
Poly DUPA** 
Poly DilBIIA*** 
Polyurethane I-A 
Polyurethane I-J 
Polyurethane XIII-A 

1119, 8" 
1119, Qj v/ith and vrLthout plasticizers 
1119, 8. 
468, 50; 482, 51; 515, 68; 590, 46 
468, 51 
468, 50; 482, 5I; 515, 68; 590, 46 
515, 68 
515, 68 
565, 51 
565, 51 
503, 51 
686, 46 with AP and AIT 
686, 46 with AP and All 
807, 38; 833, 29 with AP 

^2,2,2-Trinitroethyl methacrylate 
^,^2,2-Dinitropropyl acrylate 

2,2-Dinitrobutyl methacrylate. 

3. Mixed Polymers 

One of the first attempts to formulate a nitropolymer pro¬ 

pellant material was to use a high-energy linear nitropolyurethane as an 

oxidizer-filler in a mixture with a nitro-containing vinyl monomer which, 

on curing, would become the binder. Thus, for example, use could be made 

of post-nitrated polyurethane I-A1I of relatively low molecular t/eight but 

of high specific impulse. With 10$ DUPA as a binder, such a mixture would 

have a calculated specific impulse of 221 Ibf sec/lbm (638, 70). Mixtures 

of nitropolymers and vinyl monomers i;ere prepared by mixing on a roller 

mill, sheeting, and curing in strips (638, 70), or were extruded after 

mixing on the roller mill (663, 53; 686, 40). Materials were dough-like 

before cure, and often brittle after curing. The usual precautions were 

undertaken for excluding air from the samples during cure. 

First attempts using several different preparations of 

polymer I-AIÎ and 10 to 30$ DUBA indicated that the vinyl monomer did 

polymerize, but that the nitropolyurethane vas decomposing (638, 70)(lII,A,2). 
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Not all formulations were compatible. Evidence for curing was established 

by the qualitative evaluation of physical properties and the measurement 

of the relative viscosity after the cure. Any vinyl polymerization would cause 

an increase in viscosity. However, decomposition of the nitropolyurotlianc filler 

would cause degradation and result in a lowering of viscosity. This was observed 

(663, 55)« The lowering of viscosity was also shown to be due to an inhibiting 

effect of the decomposition products on the vinyl polymerization (663, 53)* 

It was also shown that DliBA and DNPA caused degradation 

of ethyl cellulose (EC) during attempted cures (663, 51)-)* Nitrocellulose 

and JPN double-base propellant caused a similar degradation (663, 5^)» 

Typical nitrocellulose stabilizers were found to decrease this degradation 

of SC and the nitropolymer I-AN. 

Attempts to use nitropolymers I-J and I-A were only 

partially successful (686, 40). The compatibilities with DNBA and DNPA 

were investigated. It was found that after partial polymerization of the 

vinyl monomer, compatible mixtures could be prepared. Studies with methyl 

methacrylate replacing the nitro vinyl monomer gave additional evidence for 

the inhibiting action of the nitropolymer (686, 1+5). Investigations of 

thermal stabilities at 65.5°C indicated the need for investigation of the 

gassing rates of these formulations. The use of the Uarburg manometric 

method was initiated for this study (663, 53; 686, 1+0) (see VI,J), 

In view of the instability of polymer I-AN and the 

inhibiting action of all the nitropolyurethanes on the vinyl monomers, and 

since no high specific-impulse materials would be prepared, this type of 

formulation was abandoned, 

4, Branched Hitropolyurethane Studies 

When it became known that linear nitropolymers could be 

processed by several different methods but could net offer the physical 

and mechanical properties required of a rocket propellant, investigations 

of the effect of branching in the polymer were initiated. Early studies 

were performed with polymer I-A which was prepared with small amounts (0.5 

to 2.0^) of cross-linking agent tris-(hydroxymethyl)-nitromethane (740, 54). 
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These materials were prepared in dioxan and in nitroplasticizers (740, 56). 

It was found that the small amount of branching did not appreciably affect 

the physical properties of the polymer and that some difficulty was en¬ 

countered in getting branching without insolubilization. 

Formulations, without oxidizer, were prepared by mixing 

branched and cross-linked polymer I-A with a nitroplasticizer in a blendor 

with water, squeezing out the water on an unheated roller mill, then milling 

until dry and homogeneous at 150-170°F. These materials were then successfully 

compression-molded (772, 35)« Mechanical properties of these materials were 

evaluated under a separate contract. The physical and mechanical properties 

ware improved over the linear materials (772, 60). 

Moldings and extrusions of branched (1^ cross-linker) polymer 

XIII-A were successfully accomplished in the presence of oxidizer (AP) (O07, 

37). It was observed that milling operations degraded the polymers sufficient¬ 

ly to destroy the small amount of cross-linking originally present (883, 29). 

Means of re-establishment of the three-dimensional structure or formation of 

the cross-linking after the mechanical operations were next desired. 

5. Second-Staree Cross-linking Studies 

a. Thermal Cross-linking 

It was observed that the heating of linear nitropoly- 

urethanes I-A and XIII-A at 150°C caused insolubilization (833* 32) and 

branched polymers (0.5^ cross-linker) became insoluble at a somewhat lower 

temperature. However, insolubilization did not occur in the presence of 

plasticizers (833; 33)* This thermal cross-linking was further studied with 

13 different nitropolyurethanes (868, 45). Table 38 shows the results obtained. 

It is believed that at 150°C, the polyurethanes exhibit the "abspalter" 

reaction, the urethane linkage reverses, giving rise to free, reactive iso¬ 

cyanate and hydroxyl groups. The diols are less stable, giving rise to excess 

isocyanate which reacts with the urethane hydrogen, causing insolubilization. 

It was concluded that this system did not hold much promise for further develop¬ 

ment, due to the very high temperatures involved and the attendant decompositions. 
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Polymer 

I-A 

I-H 

I-J 

XÏI-A 

XI I-H 

XII- J 

XIII- A 

XIII-K 

XIII-J 

XV-A 

XV-K 

XV-J 

r/-w 

TABL5 58 

HIGH-TEMPERATURE STUDIES OH LINEAR NITROPOLYURETHAI'JES 

Relative 
Viscosity Solvent 

_Solubility_ 
After 15 nin After 75 min 

at 150°C at 150°C 

1.61 

I.60 

1.77 

1.85 

1.26 

1.62 

1.45 

1.55 

2.32 

1.47 

1.22 

1.73 

I.30 

Acetone Slowly soluble 

Acetone Insoluble 

Acetone Soluble 

DIT Insoluble 

Acetone Soluble 

DMF Soluble 

Acetone Slowly soluble 

Acetone Insoluble 

DMF Soluble 

Acetone Soluble 

Acetone Soluble 

DMF Soluble 

D1ÍF Soluble 

Insoluble 

Insoluble 

Soluble 

Decomposed 

Insoluble 

Insoluble 

Fumed off 

Insoluble 

Insoluble 

Soluble 

Soluble 

Soluble 

Soluble 

Because in the above observed cross-linking method, 

free isocyanate groups are present, and because the reaction of isocyanates 

with urea linkages was reported to be 80-IOO times faster than with urethane 

linkages, a nitropolymer containing mined urethane and urea linkages was 

studied (833, 21). Polymer I-A was modified by replacement of 35.3^ °f the 

A diol with ethanolamine (EA). The resultant copolymer was found to give 

insolubilization at moderate temperatures (833; 22). This modified I-A 

polymer was examined for cross-linking , mixed with ammonium nitrate and 

with plasticizers (833; 31). With dioxan, the formulation became insoluble 

after 72 hr at l80°F but it failed to become insoluble in the presence of 

other plasticizers. Addition of basic materials such as dimethylaniline 

or urea did not improve this cross-linking reaction. 
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A more recent study of the cross-linkinj of ethanolaraine- 

modified nitropolym^rs lias been made (III9, 9 and Aerojet Reports No. L83I-9I 

and L83I-92). The insolubilization was accomplished with XIII-A-EA copolymer, 

and it was demonstrated that at least 1% EA was required. Physical and thermal 

stability studies, however, indicate that EA reduces the thermal stability 

considerably and that not enough crosslinks are produced to give a dimensionally 

stable material at 150°F, 

b. Cross-linking with Aldehydes 

Aldeuydes are known to react with amides to form hydroxy- 

alkylamides or methylena-bis-amides. Formaldehyde in particular undergoes this 

reaction. Attempts to use formaldehyde and glyo:;al for cross-linking of nitro- 

polyurethanes was at first reported to be unsuccessful (833, 31). A later 

study (1004, 15) showed that formaldehyde would cause insolubilization both 

with and without plasticizers or oxidizers. Polymers I-J, ]>A, and XIII-A 

were used. Further examination indicated that the system did not hold much 

promise. The degree of cross-linking was sufficient for insolubilization but 

insufficient for appreciable improvement in physical properties, and all 

attempts to mold and cure a nitropolymer-formaldehyde mix without bubble forma¬ 

tion were unsuccessful (1048, 11). 

c. Cross-linking with Peroxides 

Attempts to cross-link nitropolyurethanes I-J, XIII-J, 

and XIII-A with peroxides led to results similar to those obtained with 

formaldehyde. Insolubilization occurred on heating the polymers with cumene 

hydroperoxide, dicumyl peroxide, and methyl amyl ketone peroxide, but in no 

case was a bubble-free strand obtained. 

d. Cross-linking with Reactive Centers 

Hoping to prepare a nitropolyurethane containing 

reactive centers that would lend themselves to second-stage cross-linking, 

nitropolymers \/ith 2-nitro-2-bromo-1,3-propanediol (Q) and 2-nitro-2-chloro-1,3- 

propanediol (S) were prepared (lII,B, Table 24). At first (907, l6), it was 

thougnt that tiiese materials gave insolubilization at low temperatures. However, 
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durins attempts to prepare copolymers of XIII-J-Q (9^1, 10), it was observed 

that inadequate control had been maintained of cross-linking impurities in the 

various nitromonomers (see paragraph IV;D). Preparations of XIII-Q (9^-> TO) 

and XIII-S (967, 7) with isocyanate of high purity could not be cross-linked 

thermally or in the presence of various reagents. Solutions of XIII-Q in 

acetone degraded rapidly. 

An attempted preparation of a nitropolymer with a 

reactive hydrogen was unsuccessful. An attempted polymerization of XIII 

diisocyanate with 2-nitro-l,3-propanediol led to a hard, brittle, completely 

insoluble mass (9^1> 15)» 

e. Two-Stage Polyurethane Formation 

The two-stage process involves the preparation of 

a low-molecular-weight prepolymer (either excess diol or excess diisocyanate may 

be used), using plasticizers as the polymerization solvent and the subsequent 

addition of the necessary amount of monomer and cross-linking agent to bring 

the monomer ratio to unity. Post-cure will then give a three-dimensional 

system. During the first-stage prepolymer preparation, most of the heat of 

polymerization is easily removed. The degassing operation is rapidly 

accomplished during the first stage, as in the usual casting technique. 

By simply varying the initial monomer ratio, the degree of polymerization of 

the prepolymer can be adjusted over wide limits. This system was ¿.irst 

attempted as a modified casting procedure, but failed, due to too high a 

viscosity. Prepolymers of the I-A and I-H system were studied (807, 52). 

This system seemed to be readily adaptable to tne 

compression molding or extrusion of propellants. After degassing the first 

stage, the prepolymer-plasticizer solution was transferred to a roller mill, 

and the oxidizer was milled in. A calculated amount of diisocyanate, to 

adjust to equivalence (with a hydroxyl end-group prepolymer), was then added 

and milled to homogeneity. The propellant was then molded, or extruded, 

and cured. The advantages of this system are (l) the high loadings of 

oxidizer which may not be attainable in the casting system; (2) the bulk 

of the exotherm is dissipated during the first-stage; and (3) the prepolymer 
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can be stockpiled for future use (941, 24). The disadvantages include (1) the 

possible reaction of the diisocyanate, added for the second stage, with atmos¬ 

pheric moisture; (2) the control of the second-stage reaction rate to ensure 

fabrication of the desired product before gelation. It is exactly on these 

two points that the system failed. 

A series of XIII-J and XIII-A prepolymers of various 

degrees of polymerization were studied for the effect of DP on the workability 

of the roller mill. A DP of 12-19 v/as found to be about optimum (941, 24). 

Formulations prepared from various DP prepolymers were fabricated, i.e,, 

XIII-A)-8X-0.6taiP-60AP. Samples could not be extruded, and some 

were bubble-filled. All later studies used the XIII-A system. Different 

plasticizers such as DNPNP and TNENP were investigated (967, 20; 1004, 11). 

In almost all cases, the molded or extruded samples were bubble-filled or pre¬ 

gelled. Erratic burning rates indicated the bubble and reproducibility 

difficulties (1004, 11). An attempt to prepare these formulations under 

anhydrous conditions, using a stream of nitrogen over the roller mill, did 

not improve the bubble problem (1048, 10). 

llore recent experience with nitropolymer binder pro¬ 

cessing, particularly x*ith nitropolymer-fiberglass work,* indicates that low 

humidity is a requirement for high-density materials. There is no sound 

reason why the problems of humidity control and gelation control cannot 

be properly solved. 

D. MONOMER QUALITY CONTROL 

1, Introduction 

The preparation of high-molecular-weight nitropolymers 

requires monomers of the highest purity. The purity of the monomers used 

in propellant formulation is likewise of the utmost importance. Problems 

such as bubble formation, premature gelation, or inadequate pot life, and 

variation of physical and mechanical properties of the propellant have been 

directly related to monomer quality. The nitropolymer-propellant-development 

program has been confronted with problems distinctively different from 

other propellant-development programs, because the rax? materials (the monomers) 

if ^ 
Performed under Contract ll6onr-46208. 
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are not couaercially available, i.e,, manufactured on a large scale. The fact 

that our monomers have been prepared on laboratory scale has presented a 

continued problem of reproducibility. Host of the monomers can be assayed for 

reactive end-groups, but these analytical methods have not been sufficiently 

sensitive to detect impurities v;hich can render the monomer unusable for most 

propellant applications. For example, a small percentage of a catalytic 

impurity, a trifunctional impurity, or a monofunctional impurity cannot be 

detected in the usual di-n-butylamine titration of XIII diisocyanate. Such 

problems confront the development of any neu polymer system, and must be 

solved before any reliable evaluation of the utility of the new monomers can 

be made. These problems have been studied for nitropolyurethane monomers, 

nitroplasticizers, and dinitropropyl acrylate. 

2. Hitropolyurethane lionomers 

a. Introduction 

The difficulty with small amounts of impurities had 

been recognized for some time on this program. They were brought to a head 

when, during a study of second-stage cross-linking, a control run of polymer 

XIII-J became insoluble under conditions which should have lad to soluble, 

linear polymer (9^1> 10), A thorough check of a series of batches of 

various nitromonomers was then made, and a surprising number of batches 

contained cross-linking and catalytic impurities. On the basis of these 

observations, a series of tests were devised which successfully detected 

trace quantities of catalytic impurities, monofunctional impurities, and 

cross-linking impurities (967, 7). 

b. Catalytic Impurity Test 

Equivalent quantities of diol and diisocyanate 

were mixed and held for 18 hr at 50°C, cooled to 25°C, and an empirical 

flow time was then measured. A flow time of 100 sec for 100 mm was taken 

as the maximum. If either of the monomers contained catalytic impurities, 

the flow time was greater, or the mixture even gelled, llore recent data 

indicated that the 18-hr period was unnecessarily long (IO83, I5), and the 

test was modified to 5 hr at 50°C. 
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c. Polymerisation Test 

If the monomers pass the above test, they are then 

polymerized in dioxan solution under carefully controlled conditions. Adjust¬ 

ments of end-group equivalence and additions of catalyst are made until a 

maximum in the solution viscosity is reached. The relative viscosity of the 

precipitated polymer is then determined. This controlled polymerization 

detects catalyst-consuming impurities and impurities that terminate growing 

chains. If cross-linking impurities are present, insoluble polymer is 

obtained (967, 11). Inasmuch as the polymerization test is rather time- 

consuming, it is employed to screen monomer batches that are to be used sub¬ 

sequently in the preparation of high-molecular-weight linear polymer. The 

relative viscosity parameter has been arbitrarily set at a value of 1.5, at 

25°C, for an acetone solution containing 1 g of polymer/100 ml of solution. 

This corresponds roughly to a molecular weight of 5U>000 (IO83, 15)« 

d. Casting Test 

Itonomers that pass both of the above tests are suitable 

for all cases. However, actual practice has shown that, for propellant cast¬ 

ings, the requirements are less severe, e.g,, cross-linking impurity is not too 

significant for a monomer used in a system to which a cross-linking agent will 

be added. Several batches of A diol and XIII diisocyanate which failed certain 

aspects of the above tests were successfully used in castings (IO85, 15)» The 

present procedure is now to run a "standard" casting (1085# 21) with the new 

monomer after it passes the catalytic impurity test. The propellant casting, 

usually a XIII-A-8X-0.6NPIJ-69AP-FeAA casting, is examined for pot life, cure 

time, physical and ballistic properties, bubble formation, etc. If toe monomer 

fails to yield a "good" casting, it may be checked in the polymerization test, 

or submitted for further purification. 

5. Nitroplasticizers 

Nitroplasticizer preparations appeared to contain trace 

impurities similar to those contained in A-diol and Xlll-diisocyanate, Tae 

only parameter previously tested for nitroplasticizers was their melting 
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points. Presently, however, they are tested by use in a "standard" casting 

(see above) (IO83, 21). If they fail to yield a satisfactory propellant, 

they are submitted for repurification. 

4. Dinitropropvl Acrylate 

Dinitropropyl acrylate, DUPA, is the most important 

nitro-containing vinyl monomer. Host propellant evaluation with DUPA has 

been performed under other programs (see the Introduction of this section). 

However, it has been the concern of this program to develop adequate 

syntheses and monomer quality controls for this monomer (III,A;V,B,6). 

The principal problems with DNPA have been the presence of polymerisation 

inhibitors and/or retarders and cross-linking impurities (868, 5; 9°7, 5)* 

This monomer is presently evaluated in a test wherein the relative viscosity 

of a bulk-polymerized sample is determined after a standard polymerization 

for 2 hr, and the solubility of the polymer is checked after 20 hr. This 

test will disclose the presence of inhibitor, retarders, and cross-linking 

agents (868, 5> 1048, 20). 

E, NITR0PLASTICIZER3 

llitroplasticizers for nitropolyurethanes and polydinitropropyl 

acrylate were desired in order to improve the physical properties of these 

propellant binders. Host of these materials are amorphous polymers. Such 

polymers can be brought from the glassy, brittle state to the desirable 

rubbery state, by the addition of plasticizer. A large number of potential 

nitroplasticizers have been studied. Their synthesis and evaluation 

have been discussed in a separate section (II,F) of this report. Host 

of these have been evaluated in castings with various nitropolyurethanes. 

As the program has progressed, information of the utility of various 

plasticizers with the nitropolymers that have reached formulation studies 

has caused most of the plasticizer candidates to be dropped for one or 

more reasons: volatility, incompatibility, thermal stability, etc. The 

most effective plasticizers to date have been the esters of 4-nitrazapentanoic 

acid. They offer a considerable range of properties and energy content and 

have excellent thermal stabilities. 
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Tabic 39 lists the complete evaluation of 14 different nitroplasti- 

cizer candidates. The plasticizers are listed in the order of increasins 

molecular weights, and a marked transition in properties appears around a molecular 

weignt of 280, For the compounds having a molecular weight greater than 280, 

it is seen generally taat melting points are above room temperature, densities 

are higaer, and thermal stabilities are significantly improved. Or. the basis 

of thermal stabilities and compatibilities, the two nitrate esters included in 

the table compare unfavorably with the other plasticizers. The generally un¬ 

stable trinitromethyl group is shown to produce poor stabilities in ilETIlS 

and in TUP plasticizers. On the other hand, the high-melting-point TUENP 

elicits excellent stability and represents the highest-energy, most stable 

plasticizer of the group. 

v* PROCSSS STUDIES 

A. INTRODUCTION 

The study of processes for the preparation of nitromonomers, 

nitroplasticizers, and nitropolymers was inaugurated in answer to the 

increasing demand for larger quantities of materials for formulation studies 

and in answer to the question of probable and practical manufacture of such 

compounds. The processes under investigation concerned the more promising 

compounds for which laboratory methods of preparation were generally developed 

to a high degree. The conversion to a pilot-plant scale was quite successful, 

although problems in the yield and in the quality of certain products were 

encountered. 

As the demand for nitromonomers increased, the emphasis of this 

study was directed toward the production of these materials, and little time 

was available for process studies. This resulted in a direct scale-up of 

some laboratory procedures which were unsatisfactory with regard to the 

yield and/or the actual process. In these instances, a further study of the 

problems, on a laboratory scale, was indicated. 
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1 

TABLE VI 

PROr'ERTIES' Of THE NITROPLASTICIZERS 

P.iyslcftl Properties 

No._Plasticizer_ 

1 b-Mltraz.psntanonitrll« 

? Methyl li-nltrazapentanoate 

3 li.L-Dlnltropentanonltrile 

!i l.lj-Dinltroxybutane 

Ç 5,Ç-Dlnitro-?-hexanone 

6 1,3»3-Trinitrobutane 

7 Methyl L.li-dlnltropentanoatj 

8 5,Ç,5“Trlnltro-2-pentanono 

b l,2,6-Trlnitrox3-hexane 

10 2,2-Dinit,ropropyl li-nitrazapentanoate 

11 2-Methoxyethyl li.L.U-trlnitrobutyrate 

2,212-Trlnltroethyl li-nltrazapentanoate 

13 Ethylene blyÇi-nitrazapentanoate) 

Ethylene blyQi.li-dlnltropentanoate) 111 

No. 

Code 

NPN 

MNP 

DNPN 

DNB 

DNH 

TliB 

MDNP 

TNP 

TNH 

DNPNP 

METNB 

TNENP 

EBNP 

EBDNP 

Formula 

C|H7N302 

c5H7N3°lt 

CbH8N2°6 

c1iH7N3°6 

C6H10N2°6 

G5H7!,3°7 

C6H11N3°9 

C7H12Nb06 

C7K11,'309 

C6H9N5°10 

hohA0» 

C12H18N1;012 

Mole *t 

129.12 

162.1? 

173.13 

130.12 

190.16 

193.12 

206.16 

221.13 

269.17 

280.20 

261.18 

311.17 

322.28 

blO.30 

13 

23 

li3-ltb 

39.5-bO 

I» 

5L.5-55.5 

58-59 

39-bO 

120/lmm 

107/lmi 

127/2mm 

58/3nm 

llO/lcm 

105/6(1 

115/1™ 

Ib7/l5p 

Stability 

Q 

10 

11 

12 

13 

lb 

KI-Starch 
(65.50C) 

1 hr 

>5 hr 

1 hr 

1 nr 

80 min 

1 hr 

2.5 hr 

3 rain 

7 min 

>5 hr 

I mined. 

>5 hr 

>5 hr 

>5 hr 

Warburg 
(ml/100 g/hr 
at 65.5°C) 

>0.1 

Distills 

Distill? 

Distills 

Nil 

O.h 

Nil 

Distills 

0.5 

Nil 

0.2 

>0.1 

Nil 

Volatility 
( g-cra-2-sec-i at 

77°C) 

Me Violet 
(13b.5°C) 

Density 
(25°C) 

1.225 

1.232 

1.318 

1.321 

1.2b5 

l.bb2 

1.300 

l.b5b 

1.320 

1.1(88 

1.360 

1.5½ 

1.399 

l.bbB 

Compatibility 

Soin. Density 
(25°C) 

Calculated 
Thermo-Properties 

r 2 
lsP, 3 

lb-sec/lb CEP 

l.b22 

1.50b 

1.33b 

1.)(27 

lb5 

113 

150 

221 

153 

239 

162 

228 

236 

193 

201 

236 

11b 

160 

6.8 X 10"° 

bb X 10*9 

b. 7 X 10-9 

60 X 10*° 

8.0 X 10' 

11 X 10' 

b8 X 10' 

28 X 10' 

Nil 

7.1 X 10" 

Nil 

Nil 

Nil 

>5 hr 

>5 hr 

68 min 

25 min 

33 min 

9 m;n 

17 min 
fumed off in 19 min 

20 min 

>5 hr 

12 min 
fumed off in lb min 

60 min 

>5 hr 

'bS hr 

I-A 

Corap. 

Corar • 

Comp. 

Coir.; . 

Comp. 

Comp • 

Comp. 

Comp. 

Incorap. 

Comp. 

Comp. 

Comp. 

Comp. 

Comp. 

I-J 

Corap* 

Corar. 

Co/.- . 

Income. 

Com' • 

Co T • 

Conp. 

Comp • 

Income■ 

Comp. 

Comp. 

Comp. 

Comp. 

Co/p. 

XIII-A 

Corap. 

Cap. 

Comp. 

Incorap. 

Comp. 

Comp. 

Incorap. 

Comp. 

Incomp. 

Comp. 

Incomp. 

Çomp. 

Comp. 

Comp. 

mi-j 

Comp. 

Comp. 

Corap. 

Incor.p, 

Comp. 

Comp. 

Incomp. 

Comp. 

Incomp. 

C ..11,0. 

Incomp. 

Comp. 

Comp. 

Corap. 

I-H 

Comp. 

Corap. 

Cr"p. 

Corap. 

Comp. 

Corap. 

Corap. 

Corap. 

Comp. 

Corap. 

Comp. 

Comp. 

Corap. 

NOTES 

’•Solution density was calculated for the solid plasticizers from density data obtained from solutions of the plasticizers 

in MNP at 25°C, assuminp zero volume of mixing. 

^Specific impulsée mere calculated at 1000 psl by the short method (Aerojet Report No. 1205-1). 

’cohesive energy densities, CED, were calculated from latent heats of vaporization, wnich were estimated from boiling- 
point data. The CSD values for the solid plasticizers were calculated from group contribution data (Aerojet Report 

No. 868# p. 60). 

S’icatinny Arsenal No. ibOl. 

%SRD 3b01, p. 8. 

6Comoatibilltv tests were performed as follows! 0.8 g of polymer and 0.2 g of Plasticizer are dissolved in acetone 
(tetrahydrofuran for XITI-J series), and the solvent Is allowed to evaporate at 110°F for s^a^rmaU°n 
of an opaque film Is taken as the criterion of incompatibility. The polymers used in the compatibility tests are 

polyurethanes derived from the following monomers! 

Code 

I 

XIII 

Diisocyanate 

3,3-Dinitro-l,5-pentane diisocyanate 

3-Nitraza-l,5-pentane diisocyanate 

Dlol 

2,2-Dlni tro-1,3-prop anediol 

5,5,5-Trlnitro-l,2-pentanediol 

2-Nltro-2-methyl-l,3-propsnediol 

20b 

150 

158 

98 

205 

171 

133 

170 

108 

127 

155 

185 

172 

1½ 

\ 
1 . 

■* • 

L 
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In Table 1:0, tborc is presented a sur.ir.ary oi all nitromononers and 

nitroplasticisers prepared in the clienical pilot plant. The nitropolymcr systems 

uv.ich ware studied are shorm in Table 1:1 and processing equipment is described 

in Table 42. Included bclo” is a discussion of the method of preparation of 

each compound, including intermediates, carried out on pilot-plant scale. 

B. IETR0I lOIIC! IÜR.S 

1• 2.2-Dinitroethanol 

a. Discussion 

2,2-Dinitroathancl was found to be a vary valuable 

chemical intermediate during the early stages of the nitropolyner program. Its 

preparation and subsequent reactions are discussed elsewhere in this report 

(lI,D,2,a). Until the discovery of the or.idativo nitration method for the 

preparation of .gem-dinitro compounds (4-17* 2C-p2), 2,2-dinitroethanol was pre¬ 

pared from nitromethane by this series of reactions: 

GIL1I0_ + CU 0 
p 2 2 

Il CCH OU -r CILOIIa 
¿ ¿ J 

í°2 
-> u^cci:2oh 

IIa0oII-CIIGKo0II 
CL d 

-r Gil. OH 
P 

[ïîaO^I'-CIICII^OlTj Br, l^au^i 

:°2 

-> UCCI!_0I-I + IlaBr 
I 2 
Br 

NO 
I 2 

IICGILOH 
I 2 
Br 

mío. KOII 

I'OK 

^ 11 ^ 
--> CCH-OH IIBr + II-O 

I 2 2 
U0n 

Although overall yields \;ere lo-,;, no 

and considerable effort was enpended 

feasible alternative method was available, 

toward improvement of the process. 
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TABLE to 

PILOT-PLANT PREPARATIONS 
HONOUERS AND PLASTICIZERS 

_Compound_ 

2-IIitroethanol 

2-Bromo-2-nitroethanol 

Potassium 2,2-dinitro- 
ethanol 

Di*(ß-cyanoethyl)- 
ammoniun nitrate 

Di-(ß-cyanoethyl)- 
nitraraine 

Di-(ß-carboxyethyl)- 
nitramine 

4-Hitraza-l,7-heptane- 
dioyl chloride 

3-Hitraza-1,5-pentane 
diisocyanate 

2.2- Dini tro-1,3-pronane' 
diol 

2 j 2- D ime t hy 1- 5- it i tro- 
5- hydro:one thy 1-1,3- 
dio:;ane 

2.2- Dimethyl-5,5- 
dinitro-1,3”dio:cane 

Hethyl 4,li-dinitro-l,7- 
heptanedioate 

4,4-Dinitro-1,7-hep tañe' 
dioic acid 

_Batches_ 

Average Size Average 
No. lb mole Yield ^ 

— 0.166 4o.o 

0.015 91.0 

0.013 33.0 

12 0.430 76.5 

10 0.320 72.3 

12 0.258 86.6 

12 0.125 81.2 

17 0.063 62.3 

4 0.426 46.0 

6 0.440 65.3 

6 0.250 37.6 

10 0.485 41.5 

9 0.228 69.3 

References 

417, App. 

417, App. 

417, App. 

907, 35; 941, 26; 
967, 25; 1004, 17 

907, 35-36; 941, 26; 
967, 25; 1004, 17 

907, 36; 941, 26; 
967, 25; 1004, 17 

907, 36; 941, 26; 
967, 25; 1083, 27 

907, 36; 941, 26; 967, 
24; 1004, 17; 1063, 24 

1004, 17 

907, 38-39; 941, 27 

907, 39; 9M, 27 

907, 37; 941, 27; 967, 
25; 1004, 17; 1048, 17 

907, 38; 941, 27; 967, 
25; 1004, 17 
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TABLE 40 (cont.) 

Batches 

Ho. 

14 

15 

16 

17 

18 

19 

20 

21 

22 

25 

24 

25 

26 

Compound Ho. 

4,4-Dinitro-1,7“heptane- 6 
dioyl chloride 

3,3-Dinitro-l,5-pentane 12 

diisocyanate 

5.5.5- Trinitro-2-keto-l- 3 

pentano1 

5.5.5- Trinitro-1,2- 2 
pentanediol 

2.2- Dinitropropanol, 

crude 

2.2- Dinitropropano1, 

purified 

2.2- Dinitropropyl 

acrylate 

2,2,5"Trimethyl-5-nitro- 
1.3- diorama 

2-Hitro-2-rnethyl-1,3- 

propanediol 

bls-llitric acid salt 
of 3,6-diaza-l,8- 
octane dinitrile 

3,6-Dinitraza-1,8- 
octane dinitrile 

3,6-Dinitraza-1,8- 
octanedioc acid 

2,2-Dinitropropyl 4- 
nitrazapentanoate 

6 

7 

Average Size Average 
lb mole Yield # References 

0.II9 

O.O27 

O.0235 

0.446 

O.07O 

64.5 941, 27; 967, 24; 1004 
17; 1048, 17; 1083, 24 

36.1 967, 24; 1004, 17; 
1048, 17; 1083, 24 

74.0 1083, 24 

0.0372 72.8 1083, 25 

59.2 907, 41; 1004, 17 

0.439 967, 25; 1048, 17 

33.1 1048, 17 

0.462 46.8 907, 4o 

0.147 98.5 907, 40 

1 0.250 69.0 1004, 19 

0.172 70.0 1004, 19 

1 0.114 52.3 1004, 19 

0.055 76.8 1083, 25 
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TADLS frO (cont.) 

No. 

27 

28 

29 

50 

31 

32 

Compound_ 

Nitric acid salt of 4-aza- 
pentanonitrile 

4-Nitrazapentanonitrile 

4-Nitrazapentanoic acid 

Ilethyl 4-nitrazapentanoate 

4,4-Dinitropentanoic acid 

4-Azapentanonitrile 

_Batches_ 
Average Size Average 

No. lb mole Yield j 

7 0.681 71.4 

7 0.558 86.7 

3 0.585 53.6 

5 O.29I 72.7 

1 0.275 53.5 

5 0.408 67.4 

References_ 

907, 42; 967, 25; 
1004, 18 

907, 42; 967, 25; 
1004, 18; 1048, 17 

1004, 17; 1085, 25 

907, 42; 967, 25 

1004, 19 

907, 42 

TABLE 41 

PILOT-PLANT PREPARATIONS NITR0P0LY1IER3 

Av Relative 
Total No, Viscosity 

No. Type of Polymer System of Batches 1¾ in Acetone References 

1 Polyurethane I-A-0.5X 2 

2 Polyurethane I-A 5 

5 Polyurethane I-J 1 

4 Polyurethane XIII-A 7 

5 Polyurethane XIII-J 5 

6 Polyurethane XIII-A-0.5X 2 

7 Poly 2,2-Dinitro-l- 
propyl acrylate 1 

Insoluble 
, * 

2.47 

2.O5 

1.78* 

Insoluble 

1.87 

1.27 

807, 25; 855, 36 

833, 56; 868, 48; 
907, 44 

907, 44 

833, 56; 868, 48; 
907, 44; 941, 27 

833, 36; 907, 44 

833, 36; 907, 44 

907, 44 

These values do not include the relative viscosities of insoluble polymer 
obtained v/hen benzene uas used as a solvent for the polymerization. 
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TABLE 42 

PILOT-PLANT PROCESSING EQUIPMENT 

_Description_ 

(2) 50-gal jacketed, stainless 
steel reaction vessels, com¬ 
plete with agitators 

100 gal-jacketed, glass- 
lir.«.u reaction vessel, com¬ 
plete with agitator 

Reference 

Preparations involving 907, 33 
temperature-controlied 
reactions at high or 
low (vacuum) pressures 

Large reactions involv¬ 
ing corrosive chemicals 

25-sq ft fixed-tube, stainless- To be used with 50-gal 
steel condenser, equipped with kettles for distillations 
a portable ra.Mr 

20-in. basket-type centrifuge 

20-in, porcelain Buchner 
funnel 

7"in,, 20-plate pressure 
filter 

lOO and 200-gal glass- 
lined tanks, complete 
with agitators 

8-cu ft stainless steel 
vacuum dryer 

1-gal Beken dispersion 
blade mixer 

1/2-cu ft plate and frame 
filter press 

Morehouse mill 

Filtrations 

Filtration of large 907, 
quantities of shock- 
sensitive materials 

Clarification of solu- 907, 34 
tions, recovery of 
silver fines in oxida¬ 
tive nitration 
reactions 

Liquid-liquid batch- 
wise extractions and 
reactions which involve 
no outside means of 
controlling temperature 

Drying of hygroscopic or 
water-reactive products 

Solution and emulsion 772, App. 
polymerizations 

Filtrations 

’!Torio-up of nitropoly- 686, App, 
urethanes 
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b, 2-Nitroethanol 

2-IIitroethanol was prepared by the method of Gorsky 

and Ilalcarow.* This method involved the condensation of nitromethane and 

formaldehyde. The study was divided into two phases; (l) a continuous 

process, which was unsuccessful because of low yields of product and large 

manpower requirements (3^5* 12), and (2) a batch process (3^5; 12)« Using 

the latter process, sufficient material was processed for use on this program. 

The batch process was developed to large laboratory 

scale using the techniques described in the "Laboratory Preparation of 2“ 

llitroethanol" (417, Appendix C), A study of azeotropic distillation (46l, 21; 

457, 21) resulted in a safer technique for the distillation of the final 

product, and permitted the reaction to be run on a somewhat larger scale. 

Using this modified distillation procedure, the batch size vas increased 

and conditions were varied until these optimum conditions t7ere found: 

(1) Reaction size, g mol 75*6 

(2) iiolar ratio, nitronethane/formaldehyde 6,3/1 

(3) Holes of catalyst (KgCOj 0.0145 

(4) Reaction time, hr c»75 

(5) Recovered nitromethane, $ 93*25 

(6) Yield of 2-nitroethanol, $ 40.0 

Using the above conditions, a number of runs were made, with satisfactory 

results being obtained. However, no product vas obtained in attempting to 

increase the batch size to 225 moles. Attempted recovery of nitromethane in 

this run resulted in a violent explosion (482, 6l). No reasons were found 

for the explosion, and the reaction was not repeated on this scale. 

c. 2-Bromo-2-nitroethanol 

The original procedure for the preparation or 2“oromo” 

2-nitroethanol involved the addition of bromine to a methanol solution of the 

sodium salt of 2-nitroethanol, removal of the solvent, and final distillation 

*Gorsky and MaUarow, Ber. 67B. 996 (1934)• 
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of the product at reduced prosaura. It «as found that the formation of higher 

boiling contaminants could he minimised by reversing the order or addition so 

that bromine «as always in excess <», 4o). With this procedure, an average 

yield of 91^ based on 2-nitroethanol, was obtained. 

Because of the distinct limitations of available 

equipment, the scale-up factor for this preparation was quite small. 

However, utilizing the above-described method (417, Appendix), a semi- 

continuous process was devised whereby one operator could maintain a series 

of small (5 liter) reactors, and thus produce sufficient quantities of 

2-brorao-2-nitroethanol to satisfy the requirements of this program. 

d. Potassium 2,2*Dinitroethanol 

Potassium 2,2-dinitroethanol was prepared by the 

reaction of potassium nitrite, potassium hydroxide, and 2-bromo-2-nltroethanol 

in methanol solution. Due to the numerous competing reactions in ^ Po¬ 

tion of this compound, it was believed that no significant improvement o. 

yields (30-5¾) could be attained, and major effort was expended toward 

obtainiTa ire product. A stud, of the fractional crystallization o the 

crude material revealed the presence of large amounts of inorganic sa 

(386 12). These were largely removed by a cold slurry-washing technique 

islUt improvement in yield and purity was also found when a-bromo-P-nitr. 

ethanol was used, which had been prepared while maintaining bromine in excess 

durln- the reaction. Adopting these modifications, a standard procedure f 

the preparation of potassium 2,2-dinitroethanol was developed (417, Appendix), 

which was employed for all succeeding batches. 

e. 2,2-Dinitro ethano1 

2 2-Dinitroethanol was prepared by the acidification 

of potassium 2,2-dinitroetWl. The use of equivalent amounts of sulfuric 

acid for this reaction resulted in improved yields of crude product (4 7, U). 

When the reaction was run by passing a stream of anhydrous h, rogen c l«lde 

into a suspenaion of the potassium, dinitroethanol and crystallizing 
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resultant oil from ethyl chloride, a 44'/' yield of crystalline product was 

obtained (417, 11; 417_A, 16). However, the isolation of the free 2,2- 

dinitroethanol v;as considered quite hazardous, and this reaction was run 

only on a small, laboratory scale. 

f. Conclusions and Recommendations 

Considerable effort was escpended in the study of 

the reactions leading to 2,2-dinitroethanol; however, with the development 

of new procedures for producing sem-dinitro compounds, this study was 

terminated. Overall yields for this series of synthesis were quite low, 

and the purification procedures for the majority of the compounds were 

hazardous. 

In the event that further investigation of these 

reactions was initiated, the following items would possibly result in 

increased yields of product, or reduce the hazardous nature of a particular 

process: 

(1) Continuous process for production of 2-nitro- 

ethanol, using aqueous formaldehyde 

(2) Improved purification technique for the 

isolation of 2-nitroethanol and 2-bromo-2- 

nitroethanol. 

2. 5-Nitraza-l.5-pentane Diisocyanate 

a. Discussion 

5-llitraza-1,5-pentane diisocyanate is one of the 

most promising diisocyanates developed on this program. The synthesis and 

reactions of this compound are discussed in paragraph II,B,4,b, and polymeriza¬ 

tion and formulation studies are found in paragraphs III,A and IV,B and IV,C, 

The preparation of this valuable nitromonomer from ammonia and acrylonitrile 

proceeds as follows: 
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2 alienai + HH^ mh(œ2ch2ck)^J 

jrâi(ai2ai2cN)2J + hwo3-> hno3 . wh(cii2ch2ot). 

knOj • UK ( CHgCiigCii ) 2 + (ai3co)2o- HC1 ?°2 

W°2 

ml03 > HfCl^CI^GN^) + 2 CH3C02H 

MO, 

l!(CH2ai2CH)2 +2HCI + l,H20-MlíCK^COglOg + 2 1^1 

f2 
H(a!2CH2C02K)2 + 2 ¿OCX - 

NOn 
T 2 
H(CH CH^COCl) + 2 Hall - 

^ C J 

NOrt 
» 2 

-» M(CH2CTI2C0C1)2 + 2 HC1 + 2 SOg 

rN0o 
I 2 
n(ch2ch2con3)2 + 2 HaCl 

"NO 
f 2 
N(ai2ai2con3)2 

mn 
K 1 ? 
m(ch2ch2iico)2 + 2 w2 

ThiS 801:105 °£ leadino to the dlisocyanato, was described in ar 

earXy report (712, 50.52). Scale-up of these reactions to pilot-plant 

scale site Has accomplished, usin- sli8ht modifications of the laboratory 

procedures (9O7, 35-56). Yields, in most instances. Hero comparable uith 

tsiose ootained in tha laboratory, 

^s Di(ß-cyanoethyl)-Qmtnoniuin Hitrate 

This compound was prepared by the addition of acrylo- 

nitrile to aqueous ^ • 'oilowed by nitration of the intermediate, 

(ß cyanoeti.y, 35). Optimum yields were realized when a 

100$ e::cess of a n., ,.1S US2d in the foraation of ^ intermediate amine> 

After renova: cf :1,- water and excess ammonia by distillation in vacuo, 

the crude ami. , .„3 dissolved in methanol, and reacted with an equivalent 

quant 'WV nitric acid to yield the crystalline di-(ß-cyanoethyl)- 

arncKs rUrate. Yields are based on the starting material, acrylonitrile, 

and ar. very good for this two-step procedure. 

Page 2),0 

CONFIDENTIAL 



CONFIDENTIAL 
Report No, 1162 

c. Di(ß-cyanoethyl)-nitramine 

Di(ß-cyanoethyl)-nitramine was prepared by the 

hydrochloric acid-catalyzed nitration of di(ß-cyanoethyl)-ammonium nitrate. 

The concurrent addition of di-(ß-cyanoethyl)-ammonium nitrate, a 20$ 

excess of anhydrous nitric acid, and catalytic amounts of hydrochloric 

acid to an 80$ excess of acetic anhydride Rave maximum yields of tne 

product (907, 35). 

d. Di-(ß-carboxyethyl)-nitramine 

Di-(ß-cyanoethyl)-nitramine was hydrolyzed in 3I. 45$ 

hydrochloric acid solution to yield the correspondins di-(ß-carboxyethyl)- 

nitramine. Direct conversion to pilot-plant scale was achieved, with high 

purity product being obtained in near-quantitative yields (907, 36). 

e. 4-Ilitraza-l,7-heptanedioyl Chloride 

4-nitraza-l,7-heptanedioyl chloride was prepared by 

the action of thionyl chloride on di-(ß-carboxyethyl)-nitramine. Tne 

laboratory preparation was effected, using a large (250$) excess of thionyl 

chloride, with the latter serving as a solvent for the reaction (712, 52). 

However, for large-scale preparations, this method was unsatisfactory 

because of the problems involved in the recovery of the thionyl chloride. 

The scale-up of this reaction to pilot-plant size was accomplished by the 

use of a slight excess of thionyl chloride (50$) with chloroform employed 

as a solvent (907, 36). The use of catalytic amounts (ca. 0,1$) of pyridine 

served to reduce the reaction time. Prolonged heating of the reaction mixture 

or the use of excessive amounts of catalyst resulted in the formation of 

undesirable side-products (IO83, 26). After isolation, the solvent-damp 

material could be utilized for the preparation of the corresponding 

diisocyanate (IO83, 26). The yields from pilot-plant batches were approxi¬ 

mately 10$ lower than the quantitative conversion obtained on laboratory 

scale. 

f. 3-Nitraza-1,5*pentane Diisocyanate 

’i-Nitraza-1,5-pentane diisocyanate was prepared by 

the initial reaction of 4-nitraza-l,7-heptanedioyl chloride and sodium azide 
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with the subsequent rearrangement of the diazide to the diisocyanate. On a 

laboratory scale, this reaction was carried out by batch-wise rearrangement 

of the diazide (712, 53). However, this thermally initiated rearrangement was 

hazardous, and the reaction was accomplished on a pilot-plant scale by 

continuous addition of a cold, dry chloroform solution of the diazide to 

distilling chloroform. Using this procedure, the amount of diazide undergoing 

rearrangement during any given period in the reaction was minimized. The use 

of toluene as a crystallization solvent was initiated in order to avoid the 

use of large quantities of the more volatile and hazardous diethyl ether (907* 

36). Preparations of 3-nitraza-l,5-pentane diisocyanate employing these 

modifications of the laboratory process resulted in high purity product, al¬ 

though yields were somewhat lower than the 75-85¾ yields attained in the 

laboratory. These lower yields were possibly due to the increased solubility 

of the diisocyanate in toluene. 

3» 2.2-Dinitro-1.3-propanediol 

a. Discussion 

2,2-Dinitro-1,3-propanediol is valuable as an inter¬ 

mediate in the preparation of gem-dinitro compounds (paragraphs II,B and II,C 

and II,D) and as a monomer for polymerization studies (paragraph III,B). The 

use of the o::idative nitration reaction made the preparation of this compound 

possible from two commercially available materials: nitromethane and tris- 

(hydroityraethy1)-nitromethane. The more feasible process was the preparation 

from nitromethane, which proceeded according to the following equations: 

NO-Ha n 

CHJIO- + HaOll 
5 ¿ 

+ 2 CH-0 * HOCHgCayni + HgO 

HOCHgCCHgOH 

H0„Ha-% 
II 2 
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This process was outstanding because it was carried out in one step; without 

isolation of the intermediate sodium 2-nitro-l,3"Propanediol. However, 

isolation and purification of the product was difficult, and an alternative 

process was studied on a pilot-plant scale for the preparation of high 

quality material. 

It was known that high-purity 2,2-dinitro-1,3-propane¬ 

diol could be prepared by the hydrolysis of 2,2-dimethyl-5,5“dinitro“l>3“ 

dioxane (663, 73-74). This compound was prepared from tris-(hydroxymethyl)- 

nitromethane according to the following aquations: 

hock2X iio2 

(T + 

HOCH^ NnigOH 

0 
<1 

CILCCH, 
3 3 

BF, 
Hocn2y yio2 

c 
/ \ 

h2ç Oi2 
0 0 

X 
H,C CH, 

3 3 

H0H„C 
/°2 

C 
/ \ 

CH„ tL 

°\ / 
C 

ILC^ 
3 3 

lîalIO^ 

íi°2Ila 

NaOK , M f 2 
* 0 0 -" 

U\ / 2A3I-IO, 

/ \ 
h_c ax 

3 3 

°2\ /°2 
c 

f-2 H+ '¡°2 
0 0 -}H0aXCCK_0H 

N c/ V 
r. c ^ \h 

3 3 

Laboratory investigations indicated that this process could be adapted to 

pilot-plant scale (686, 62-64). On a laboratory scale, overall yields 

were somewhat lower than those obtained by the aforementioned reaction, but 

pure diol was obtained after one recrystallization. 

b. Preparation of 2,2-Dinitro-l,3“Pfopane^l°T from 
Hitromethane 

Crude 2,2-dinitro-l,3-propanediol was prepared on 

pilot-plant scale by the initial formation of sodium 2-nitro-l,3“propenadiol 
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in situ, followed by the ojddative nitration reaction* (1004, l8). Silver losses 

were minimized by maintaining a 5$ excess of sodium 2-nitro-l,3-propanediol during 

the reaction. After filtration of the silver, extraction of the product with 

ethyl acetate, concentration of the extracts, and prolonged cooling (-10 C), 

a crude, crystalline product was obtained. The yields shown in Table 40 are 

for crude material and do not represent losses incurred during subsequent 

laboratory purification. Additional product was present in the filtrates, 

which was treated with methyl acrylate to form methyl 4,4-dinitro-1,7“hept.ane- 

dioate in low yield (1048, 23). 

Preparation of 2,2-Dinitro-l,3-propanediol from tris- 
(Hydrojcymethyl )-nitrome thane 

(1) Discussion 

2,2-Dinitro-1,3-propanediol was prepared by the 

hydrolysis of 2,2-dimethyl-5,5-dinitro-l,3-dioxane, which was obtained by the 

oxidative nitration of 2,2-diraethyl-5-nitro-5-hydro::ymethyl-l,3-dioxane. 

The preparation of the intermediates was accomplished on pilot-plant scale, 

but the subsequent hydrolysis was carried out in the laboratory. Although 

higher quality diol was obtained using this method, it was more laborious, 

and excessive silver losses were experienced during the oxidative nitration 

reaction. 

(2) 2,2-Dimethyl-5-nitro-5-hydroxymethyl-1,3* 
dio:ane 

tris-(Hydroxymethyl)-nitromethans was treated 

with acetone in the presen.ee of an equivalent amount of boron trifluoride. 

The conversion of this process to that of the pilot plant resulted in 

yields comparable with previous laboratory work (907, 38). 

(3) 2,2-Dimethyl-5,5“dinitro-1,3“dioxane 

2,2-Dimethyl-5,5-dinitro-1,3”dioxane was pre¬ 

pared by the deforraylation and oxidative nitration of 2,2-dimethyl-5-nitro- 

5-hydroxymethyl-l,3-dioxane (907, 39), using a direct scale-up of the 

laboratory procedure (636, 64). Yields were much lower than those obtained 

Aeroplex Report No. 632, Vol I, Section 7, p. 125» 
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from laboratory experiments; 40$ as compared with 70$« 1° addition, work-up 

of the reaction mixture was laborious because of fine silver, which was 

difficult to filter. Excessively hi3h losses of silver were encountered 

during the reaction, which made this process unattractive for continued 

use (1004, 18). 

d. Conclusions and Recommendations 

The preparation of 2,2-dinitro-l,3-propanediol 

from nitromethane is superior from the economic vie\/point due to (1) higher 

yields, (2) less manpower requirements, and (3) lower silver losses. However, 

the material obtained by this procedure is difficult to purify, and if 

extensive purification of the dioi is to be avoided, tue preparation from 

tris-(hydroxymethyl)-nitromethane is the preferred process. 

k, 3,3-Dinitro-1.5-pentane Diisocyanate 

a. Discussion 

3,3-Dinitro-l,5-pentane diisocyanate is another 

important diisocyanate developed on this program. The preparation of this 

compound is discussed in paragraph II,B,3jb, and its uses as a monomer in 

polymerization and formulation studies are described in paragraphs III.B and 

IV,B,3. Pilot-plant preparation, using nitromethane as a starting material, 

involved the follov;ing reactions. 

CH^IOg + 2 CHgO + HaOH 

r- NO-Na - 
II 2 

HOCHgCCIlgOK 

- - 
KOCH-CCIl-OU 

2 j 2 
ho2 -J 

- NCUlla- 
II 2 

HOCHgCCHgOK + "‘P0 

+ 2 Agl'105 + Naira- 
- fa - 
HCC1LCCH-0H 

2 J 2 
- ho2 - 

+ 2 NallOg + 2 Ag 

Oil" f2 
+ 2 CH2=CHCooai3->H3cooccu2ai2cai2ai2cooai5 + 2ch2o 

no2 

Page 2k5 

CONFIDENTIAL 



CONFIDENTIAL 
Report Wo, 1162 

h°2 
II^COOCCHgCHgCCHgCHgCOOCH^ + 2 NaOII- 

NOg 

no. 
llaOOCa-IgaigicHgaigCOONa + 2 CILOH 

5 

no. fa 
MaOOCQUauíiai CH COOilã] + 2 KC1—>HOOCCHgaigCCIIgCItgCOOH + 2 MaCl 

L —1 NO„ no. 

no. 
HOOCCHgCHgCCKgaigCOOH + 2 SOClg- 

1I0 
ï°2 

C1OCCHgaigCCHgCHgCOC1 + 2 SOg + 2 HC1 

K 
n°2 

ClOCCHgCKgCCHgClIgCOCl + 2 Hal'I^ 

NOg 

f2 
n^OCCHgCHgCCHgCKgCOIl^ 

nog 

+ 2 llaCl 

T2 
I^OCCHgCHgCCHgCHgCOl^ 

i»2 

f 2 
^OCHClIgCHgCCI-lgCKgllCO + 211g 

NO« 

Initial preparation of this compound involved the use of potassium 2,2- 

dinitroethanol (V,B,l,e) £or the preparation o£ the intermediate 2,2-dinitro- 

1,5-propanediol. The discovery of the oxidative nitration method for the 

oreparation of this compound (468 , 27-28) and Us reaction in situ with methyl 

acrylate made possible the larSe-scale preparation of the intermediate, methyl 

1. h-dinitro-U-heptancdioate.* Succeeding preparations of the correspondias 

diacid* and acid chloride uere also successfully accomplished on pilot-plant 

scale (907, 57-38; 941, 26). Houever, attempts to scale-up the preparation 

of the diisocyanate were unsuccessful because of difficulties encountered 

isolation of the product (967, 25-26; 1004, 18; 1048, 23; 1083, 25). 

Aeroje : Report No. 622, Part V, p. 122. 
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b. Ilethyl If^-Dinitro-l^-haptanedioate 

Ilethyl U,l;-dinitro-l;7-heptanedioate was prepared from 

nitronethane in three steps. The first step involved the preparation of 

2,2-dinitro-I,J-propanediol, using the oxidative nitration reaction. The 

diol was not isolated following the removal of the metallic silver but was 

deformylated to dinitromethane and combined with an excess of methyl acrylate 

to form the desired ester. Best results were achieved when the methyl acrylate 

was maintained in 15$ excess, based on nitromethane. The use of this procedure 

resulted in higher yields than were anticipated on the basis of previous 

laboratory preparations, 

c. 4,’4-Dinitro-l,7-heptanedioic Acid 

4.4- Dinitro-1,7-heptanedioic acid was obtained by the 

addition of equivalent amounts of 5^$ sodium hydroxide solution to a metaanol 

solution of methyl 4.4-dinitro-l,7“1iieP':anedioate, Acidification of the 

reaction mixture, using a 5$ excess of 31,45$ hydrochloric acid, yielded 

the 4,4-dinitro-l,7-hentanedioic acid* (907, 38). The yields, averaging 

70$, are somewhat lower than quantitative, laboratory-established yields, 

using an acidic hydrolysis with refluxing hydrochloric acid (4bl, 28), 

However, the use of the basic hydrolysis permitted the preparation of larger 

quantities of material with available equipment, Recrystallization of the 

crude acid from boiling water (3:1 weight ratio of water to acid) including 

treatment with l!Hucharl! carbon black (1.5$ by weight of acid), resulted in 

95$ recovery of purified acid (1048, 23)* 

d. 4,4-Dinitro-l,7-heptanedioyl Chloride 

4.4- Dinitro-l,7-heptanedioyl chloride was obtained 

by the pyridine-catalyzed action of thionyl chloride on 4,4-dinitro-1,7“ 

heptanedioic acid. The pilot-plant preparation was effected in the same 

manner as was used for the preparation of 4-nitraza-l,7“heptanedioyl chloride. 

Hear-quantitative conversion of the acid was obtainco with initial pilot- 

plant preparations (941, 26). Purification of later materials by recrystalliza¬ 

tion from chloroform, following a treatment with "Carbolac" carbon black, 

resulted in lower yields (1048, 23). 

*Aerojet Report Mo, 622, Part V, p. 122, 
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e. 3>3“Dinitro-l,5“Pöntane Diisocyanate 

This diisocyanate was prepared from 4,4-dinitro-l,7- 

heptanedioyl chloride by rearrangement of the intermediate diazide (967, 

25-26), Extensive laboratory investigations resulted in a satisfactory 

procedure that was adapted to pilot-plant scale (686, 70). As with the 

aforementioned preparation of 3-nitraza-1,5-pentane diisocyanate (V,B,2,f), 

the rearrangement of the diazide was accomplished by portionwise addition of 

a chloroform solution of the diazide to distilling chloroform. Crystallization 

of the diisocyanate, after removal of the chloroform in vacuo. was accomplished 

using toluene as a solvent. In all cases, the isolation of the compound was 

difficult due to finely crystalline product, and low yields were obtained. 

Substitution of ether as a solvent (1004, lO) and/or purification of the 

intermediates (1048, 23-24) failed to improve the isolation, purity, or yield 

of product, 

f. Conclusions and Recommendations 

Inasmuch as numerous successful preparations of the 

diisocyanate were carried out on laboratory scale, it is believed that the 

basic process is sound. However, due to the low yields and difficulties of 

isolation of product, the preparation has been discontinued, on pilot-plant 

scale, until a re-evaluation of the process can be carried out in the 

laboratory (IO63, 25). 

5• 5.5.5-Trinitro-1.2-pentanedio1 

a. Discussion 

The high-energy diol, 5>5;5“t*initro-l,2-pentanediol, 

is the only nitroforra derivative adapted to pilot-plant scale on this program. 

The initial laboratory preparation and subsequent reactions of this compound 

are discussed in paragraph II,D,2,b,(5). This compound was utilized in 

polymerization and formulation studies. Results of these studies are in 

paragraphs III,B and IV,B. The preparation of this compound proceeds as 

follows: 
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HgSO, 
HOCKgC r CCHgOH 

n2sok 

0 
II 

H C=CHCCH OH ■] 

r íi i 
I-I2C=CHCCH20H + œ(iio 

m°2 0 

2)5-> OgMCCHgCKgCQIgOH 

MO, 

f2 S 4 OgNCCH CHgCCHgOH + NaBK^ + HgSO^ + 5^0 

NO¬ 

MO, OH 
I 2 I 

-î» 4 OgNCCHgCHgCHCHgOH 

NO, 

+ NaHSO, + II BO 
4 3 3 

Tills procedure involved the initial formation of hydroxymethyl vinyl ketone, 

followed by the Michael addition of nitroform to the ketone, to produce the 

5,5,5“trinitro"2"k3to-l-pentanol. After isolation, this latter compound was 

reduced to the corresponding diol (515> 4-5; 540, 38“^°)* 

Although the diol and the intermediate keto-alcohol 

were quite stable, the synthesis required the isolation of hazardous 

potassium nitroform (prepared from tetranitromethane) as an intermediate 

step in the preparation of nitroform. However, concurrent with initial 

pilot-plant runs, a method was developed for the preparation of nitroform 

in situ (IO83, 3I-32). 

b, 5;5,5-Trinltr°-2“heto-l-pentanol 
* 

The preparation of 5,5>5”trinitro-2-keto-l-pentanol 

involved the initial isomerization of 1,4-butynediol, in aqueous solution, 

using mercuric sulfate and sulfuric acid as catalysts, at an elevated 

temperature (50-52°C). The resulting solution of hydroxymethyl vinyl ketone 

was then added to an aqueous solution of nitroform. The product was isolated 

by extraction and crystallization techniques (515; 4-5)» 
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For initial pilot-plant runs, the intermediate pre¬ 

paration of potassium nitroform was carried out in a series of small 

laboratory reactors. After isolation, the products were combined and 

acidified with dilute sulfuric acid to yield nitroform (IO85, 26-2?). In 

succeeding preparations, nitroform was prepared in situ, using a modified 

process (IO83, 31-33). The latter involved the acidification of potassium 

nitroform, in the original reaction mixture, with a mixture of sulfamic and 

sulfuric acids. The sulfamic acid served to stabilize the reaction mixture 

by destroying nitrous acid, thus avoiding the possible formation of unstable 

nitroso-nitroform. 

c. 5,5,5-Trinitro-1,2-pentanediol 

5,5,5-Trinitro-l,2-pentanediol was prepared on pilot- 

plant scale (IO83, 27) by a direct scale-up of the laboratory procedure 

(563, 61-63). This method involved the addition of aqueous sodium boro- 

hydride solution to a methanol solution of 5,5,5-trinitro-2-keto-l-pentanol, 

while maintaining the pH of the reaction mixture at 3 to 4 by the simultaneous 

addition of dilute (5N) sulfuric acid. After extraction with methylene 

chloride and concentration of the extracts in vacuo, the diol was obtained 

in crystalline form. Reported average yields (Table l) are for thrice- 

crystallized product. A reduction in the amount of sodium borohydride, from 

lOOfj excess to equivalent amounts, had no adverse effect on the good yields 

obtained for this reaction, 

6. 2.2-Dinitro-l-propyl Acrylate 

a. Discussion 

2^2-Dinitro-l-propyl acrylate is the most promising 

vinyl-type monomer developed on this program, iiethods of preparation and poly¬ 

merization studies of this compound are discussed in paragraphs H,A,3,e and 

III,A,2,c. The method selected for pilot-plant study involved the preparation 

of 2,2-dinitro-l-propanol and the subsequent esterification with acrylic acid. 

The series of reactions leading to 2,2-dinitro-1-propyl acrylate are as 

follows: 
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l°2 
CH^CHg + HaOIl + a-IgO 

r NOJIan 
II 2 

CTl_CŒo0H 
5 2 

+ h2o 

f— HO.Na - 
II 2 

CHCCHOH 
Í 2 

HO, 

+ NaKOg + 2 A3NO -—^ CHjCCHgOH + 2 HallO^ + 2 Ag 

HO„ 

NO 
T2 ... _ __ '»fW 

CH,CCH.OH + a;„=CHCOOH 
51 2 2 
HOg 

f 2 
CH2=CKCOOCTI2CCH5 + I-IgO 

ho2 

In the pilot-plant scale-up of most processes, the 

product yields v;ere of major importance, but the prime concern in the above 

method was the purity of the product, 2,2-dinitropropyl acrylate. High- 

purity monomer, for use in polymerization studies, is defined as monomer 

which, after polymerization, yields a high-molecular-weight, acetone-soluble 

polymer, indicating the absence of polymerization retarders or cross-linking 

contaminants. Such material was obtained by purification of the inter¬ 

mediate, 2,2-dinitro-1-propanol, and/or final purification of the acrylate, 

b. 2,2-Dinitro-1-propanol 

(1) Discussion 

2,2-Dinitro-1-propanol was prepared by a 

variety of methods (paragraph II,D,2,a,(5)). The two outstanding methods 

selected for process studies were (l) the oxidative nitration reaction 

using sodium 2-nitro-1-propanol and (2) the ter iieer reaction using 1-chloro- 

1-nitromethane. The oxidative nitration procedure was utilized for large- 

scale preparation of this compound. ' Its major disadvantage was the 

necessary purification of the crude alcohol. The alternate method, tne ter 

Meer reaction, offers the advantage of a low-cost preparation by tue elimina¬ 

tion of the purification procedure. 

^Process Development of 2,2-Dinitropropyl Acrylate, LAIS 197^. 
Aerojet Report Ho. 649, Tart V, pp. 173"180» 
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(2) 2,2-Dinitropropanol by the Oxidative Nitration 
Reaction 

2,2-Dinitropropanol v;as prepared from nitro- 

ethane by the initial formation of sodium 2-nitro-1-propanol ^n situ, followed 

by the oxidative nitration reaction. The compound was isolated by extraction 

with ethyl acetate or ethylene dichloride, and the extracts were concentrated 

by vacuum distillation techniques. This crude concentrate was of sufficient 

purity for use in reactions other than the preparation of 2,2-dinitropropyl 

acrylate which required a purified alcohol. High purity material was achieved 

by the deformylation of the crude 2,2-dinitropropanol to potassium 1,1-dinitro- 

ethane and reformation of 2,2-dinitropropanol by the addition of formaldehyde 

and sulfuric acid. The pure compound was obtained by extraction and con¬ 

centration of the extracts. The concentrate was cooled for 18-24 hr (-10QC), 

and the crystalline 2,2-dinitropropanol was removed by filtration. The use 

of toluene as a selective solvent for 2,2-dinitropropanol was shown by 

another investigator. It was reported that material obtained with this 

solvent did not require purification before conversion to the 2,2-dinitro- 

1-propyl acrylate. This procedure is currently being investigated on this 
program, 

(3) 2,2-Dinitropropanol by the ter Heer Reaction 

Although 2,2-dinitropropanol was not prepared 

on a pilot-plant scale by means of the ter iieer reaction** (lI,D,2,j), a 

discussion of laboratory studies is included in this section, because of 

the possible future use of this procedure. The ter Iieer process involved 

the preparation of 1,1-dinitroethane from i-chloro-l-nitroethane, potassium 

carbonate, and potassium nitrite, followed by the addition of aqueous 

formaldehyde to yield 2,2-dinitropropanol (1119; 26-27). The isolation 

of the product was accomplished in the manner described in the preceding 

paragraph, In two runs, conflicting data were obtained with regard to the 

T 
^Process Dcvçlopment of 2,2-Dinitropropyl Acrylate, LAMS 1974. 

V.E, ter Iieer, Ann. I8I. 4 (I876). 
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quality of the alcohol. From one run, acceptable 2,2-dinitropropyl acrylate 

V7as obtained after esterification of the alcohol with acrylic acid. However, 

with the second run, purification of the alcohol was necessary before 

satisfactory ester was obtained, 

c. 2,2-Dinitro-l-propyl Acrylate 

The pilot-plant preparation of 2,2-dinitropropyl 

acrylate was effected by direct esterification of acrylic acid with purified 

2,2-dinitropropanol in polyphosphoric acid solution using a % excess of 

acrylic acid. After a short reaction period, the mixture was quenched in 

water-ice, the ester was extracted with benzene, and the extracts were 

washed with dilute aqueous solutions of sodium hydro:d.de and sodium bisulfite. 

The benzene solution was next dried over sodium sulfate, concentrated jLn vacuo 

to about one-fourth the original volume, and treated with magnesium oxide. 

After removal of the magnesium oxide by filtration, the remaining solvent 

was removed by vacuum distillation. 

Material processed in this manner has, in all 

cases, produced high-quality polymer. Average yields are higher than for 

ester obtained by vacuum-steam distillation or by normal vacuum distillation 

techniques (1048, I8-I9). In some cases, magnesium oxide-purified acrylate 

has retained some methylene blue inhibitor which resulted in a longer 

induction period for polymerization (1048, 20). The average yields snown 

r in Table 40 are not indicative of yields currently being obtained for this 

reaction. An average yield of 75$ Is now realized, 

d. Conclusions and Recommendations 

High yields of acceptable 2,2-dinitro-1-propyl acrylate 

were obtained by the above esterification procedure. With few exceptions, 

the yields and the quality of the 2,2-dinitropropyl acrylate were reproducible. 

The use of unpurified 2,2-dinitropropanol, prepared 

by either the ter lieer reaction or toluene extraction in the oxidative- 

nitration reaction, would make this process even more attractive, due to 

the high cost of the present purification procedure. 
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7» 2-Nitro-2-methyl-1.5-propanediol 

a. Discussion 

2-nitro-2-methyl-l,3-propanediol is a commercially 

available nitromonomer which has been used on this program in polymerization 

(paragraph and formulation (paragraph IV,B) studies. The commercially 

available material is contaminated with tris-(hydroxymethyl)-nitromethane, which 

prohibits the ut-e of such material, since high-molecular-weight, linear nitro- 

polyurethanes are nonattainable in the presence of the triol. Removal of this 

impurity was effected by conversion of the diol to the corresponding ketal, 

2,2,5“trimethyl-5-nitro-l,3-diojaine, and reformation of the diol by hydrolysis, 

using a direct scale-up of the laboratory procedures (686, 6o-6l; 638, 80). 

However, pilot-plant preparations resulted in the introduction of another 

impurity into the compound. This impurity evidenced itself as a vigorous 

catalyst in subsequent polymerizations, when incontrollable rates were 

encountered (907, 39-40), In a further search for a satisfactory method of re¬ 

moving the cross-linking impurity from commercially available 2-nitro-2- 

methyl-1,3-propanediol, laboratory work revealed that two recrystallizations 

of the diol from water gave a pure material, in 40 to 50$ recovery, with no 

trace of crosslinking agent (941, 3I-32). 

b. 2,2,5-Trimethyl- 5-ni tro-1,3- dio:cane 

2,2,5-Trimethyl-5-nitro-l,3-dio::ane was prepared by 

the addition of acetone to 2-nitro-2-methyl-1,3-propanediol in the presence 

of boron trifluoride. Neutralization of the boron trifluoride was effected 

by pumping the reaction mixture into a cold aqueous solution of trisodium 

phosphate. The ketal was purified by recrystallization from hot acetone. The 

low yields obtained were possibly due to this purification procedure (907, 39)* 

c. 2-Nitro-2-methyl-1,3-propanediol 

The hydrolysis of 2,2,5-triroet4yl-5"nitr0“l>3"d403‘ane 

to 2-nitro-2-methyl-l,3-propanediol was carried out in a heterogeneous water 

and ethylene dichloride mixture, at reflux temperature, in the presence of 

catalytic amounts of trifluoroacetic acid. After recrystallization from 

ethylene dichloride, the diol was obtained in quantitative yields (90?; 4o). 
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8, ^.é-Dinitraza-l.S-octanedioc Acid 

a. Discussion 

3,6-Dinitraza-l;8-octanedioc acid is used as an 

intermediate in the synthesis of diisocyanate. 

The acid is prepared from ethylene diamine and glycolonitrile by the 

following reactions: 

HgllCHgOyiHg + 2 KOCIIgCH- 

H 
I 

H 

ncciyiciigCtyiciigCii | + 2 h2o ■o 
H II 
\ I 

1ICCÍI IICH CH UCUgCH 

H'HIIO- 
i 3 i 5 

+ 2 HNO -^MCCH IICH CH NCH CU 

R-HNO H*HNO RC1 ^02 

uccHgiicHgCH^iiaigCn + 2 (aî^co)2o > iicauicH„CKrtncH0ai + 4 ch^cooh 2 2 2 2 

■«>2 f2 ï°2 fa 
I1CCHJICILCILMCILCH + 2 HC1 + 4 H O—>HOOCCH NŒ CH NCIUCOOH + 2 HH^Cl 

2 2 2 ¿ c. c. 

The reactions closely parallel those used for the preparation of di-(ß- 

carboxyethyl)-nitramine (7,0,2,3) and 4-nitrazapentanoic acid (V,C,l,a). 

b. bis-IIitrlc Acid Salt of 3,6-Diaza-1,8-octane 
Dinitrile 

3,6-Diaza-l,8-octane dinitrile was obtained by 

the condensation of ethylene diamine and glyconitrile. The crude diaza 

corapound was formed in situ and treated with a 10$ excess of 67$ nitric 

acid to yield the corresponding bis-nitric acid salt of 3;6-diaza-l,8-octane 

dinitrile (1004, 19). The reported yield shown in Table 40 is for this 

ta/o-step process. 
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c. 3,6-Dinitraza-l,8-octane Dinitrile 

The conversion of the Ms-nitric acid salt of 3,6- 

diaza-1,8-octane dinitrile to 3>6“dinitraza-1,8-octane dinitrile was effected 

by a hydrochloric acid-catalyzed nitration in acetic acid-anhydrous nitric 

acid. The concurrent, portion-wise addition of the hydrochloric acid, nitric 

acid, and the nitric acid salt to the acetic anhydride was incorporated into 

the process to prevent excessive loss of the volatile catalyst. After 

quenching the reaction mixture in water, the product was obtained in fine 

crystalline form (1004, I9). 

d, 3i6-Dinitraza-l,8-octanedioc Acid 

3,6-dinitraza-1,8-octane dinitrile was hydrolyzed in 

31.45^ hydrochloric acid to yield 3,6-dinitraza-l,8-octanedioc acid. This 

process was not satisfactory, because of the large amounts of foaming which 

occurred during the decomposition of the intermediate imino hydrochloride, 

requiring the use of a reaction vessel that had a capacity several times the 

volume of the original reaction mixture (1004, 19). 

C. NITROPLASTICIZERS 

1. 2.2-Dinitropropvl 4-Nitrazapentanoate 

a. Discussion 

2,2-Dinitropropyl 4-nitrazapentanoate is a nitro- 

ester which was prepared on this program (paragraph II,E,2,b) for use as a 

high-energy plasticizer in formulation studies (paragraph IV,B). The 

ester was prepared from acrylonitrile and methylamine by the following series 

of reactions: 

CHUCHOU + ch3nh2-> 

r h 
i 

CH 1JCH-CH_CN 
3 2 2 

- H 
I 

OUICH-CILCH 
3 2 2 

+ HH0_-> CH 
3 

H«HN0^ 

jAcHgCHgCN 
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H'lINO, UNO, y°2 
CUjNCHgCHgCN + (CH5C0)20—-^CH^IICHgCHgCI! + 2 QI^COOH 

NO, V02 
CH^NCHgCHgCNg + 2 HgO + 1IC1-V CH^IICHgC^COOH + NHjCl 

y°2 
CRJICH-CH-COOH 

5 ¿ ¿ 

NO 
Í 2 ^P04^ 1°2 ?°2 

CH^aigOH-aiÿlCHgCHgCOOCHgCCH, 

no2 io2 

¥ 

The initial preparation of intermediates leading to 4-nitrazapentanoic acid 

vas carried out in these laboratories under another contract. This series of 

reactions was, in many respects, analogous to the reactions used in tne 

preparation of 4“nitraza-l,7"heptanedioic acid (V,B,2,a). Process studies 

of the intermediate 2,2-dinitro-1-propanol were discussed elsewhere in this 

section (V,B,6,b). 

b. Nitric Acid Salt of 4-Azapentanonitrile 

4-Azapentanonitrile vas prepared by the Michael 

reaction of an 11$ excess of aqueous monomethylanine (40$) and acrylonitrile. 

The compound was not isolated, but after removal of the water by distillation 

in vacuo and dissolution in methanol, it (the compound) was converted to 

the corresponding nitric acid salt by the addition of a 20$ excess of 

anhydrous nitric acid. The average yield (Table 40) was based on the two- 

step process, indicating an average yield of 85$ for each step. 

c, 4-Nitrazapentanonitrile 

4-Uitrazapentanonitrile was prepared by the 

hydrochloric acid-catalyzed nitration of the nitric acid salt of 4-azapentano- 

nitrile. The quantities of reactants and the reaction conditions paralleled 

those used in preparation of di-(ß-cyanoethyl)-nitramine (paragraph V,B,2,6), 

However, the product was not crystalline and isolation was accomplished by 

extraction with methylene chloride. These extracts were washed with sodium 

bicarbonate solution and were concentrated by distillation in vacuo. 

*Aerojet Report No. SOI, Contract H7onr-462C3, pp. 1?*I}- 
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d. 4-Hitrazapentanoic Acid 

4-Mitrazapentanoic acid was obtained by the hydrolysis 

of 4-nitrazapentanonitrile in 31,45$ hydrochloric acid solution. After removal 

of the precipitated ammonium chloride, the reaction mixture was extracted 

with methylene chloride in a continuous, liquid-liquid extractor (1004, I9). 

Simple extraction or crystallization techniques were not applicable for 

separation of the 4“aitrazapentanoic acid, because of its high solubility in 

hydrochloric acid (967, 26-30). Initial yields were low, indicating incom¬ 

plete extraction of product (1004, 19)» An extension of the extraction times 

has resulted in a large increase in yields (unpublished), 

e. 2,2-Dinitropropyl 4-lIitrazapentanoate 

2,2-Dinitropropyl 4-nitrazapentanoate was prepared by 

the addition of 2,2-dinitropropanol to equivalent quantities of 4-nitraza- 

pentanoic acid in polyphosphoric acid solution. After a reaction period oí: 

2 hr at 80°C, the reaction mixture was quenched in a water-ice mixture, and 

the resultant crystals were washed repeatedly with water, followed by 

crystallizations frora methanol. Prior to crystallization, the methanolic 

solutions were treated with "Uuchar" and "Carbolac” carbon blacks. 

This procedure was a direct scale-up of the optimum 

conditions found on laboratory scale (1048, 25), However, attempts to in¬ 

crease the batch size, using laboratory equipment, resulted in low yields of 

product (IO83, 27). The high yields obtained in the pilot plant were attributed 

to more efficient stirring of the viscous, heterogeneous reaction mixture 

(IO83, 26), 

2, Methyl 4-Mitrazapentanoate 

liethyl 4-nitrazapentanoate was one of the first nitraza 

compounds which showed promise as a nitro plasticizer (paragraph IV,S). This 

compound was prepared by the raethanolysis of 4-nitrazapentanonitrile in tne 

presence of concentrated sulfuric acid. The crude ester was obtained by 

extraction of the diluted reaction mixture, and the excess solvent was removed 
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by distillation at reduced pressure. Purification of the material was carried 

out on laboratory scale (907, 42), Average yields (Table 402) were based on 

the nitric acid salt of 4-azapentanonitrile which had been used in preparing 

the 4-nitrazapentanonitrile, 

3, 4.4-Dinitropentanoic Acid 

4,4-Dinitropentanoic acid was prepared as an intermediate 

in the preparation of nitroplasticizers (paragraph 11,3,3). This compound 

was prepared from 2,2-dinitropropanol and acrylic acid by the following series 

of reactions. 

l!0n 
I 2 

CILCCH-OH- 
3| 2 

NO 

c^C!iC0-H 
3» 

NO, 

NOg N02 

2 > a^CCHgCHgCOglC ■*' -¾CH5ÇCH2ai2C02K 

lio2 NOg 

The reactions involved the initial preparation of potassium 1,1-dinitroethane 

by the addition of aqueous potassium hydroxide to a methanol solution of 2,2- 

dinitropropanol, After isolation, the potassium dinitroethane was siurried 

with water and combined with a 10$ excess of acrylic acid, at an elevated 

temperature (40-45°C), for 3 to 5 hr. The free 4,4-dinitropentanoic acid 

was obtained by acidification of the reaction mixture with a 10$ excess of 

31.45$ hydrochloric acid solution (1004, I9). 

D. NITROPOLYI3ERC 

1. Polyurethanes 

The preparation of nitropolyurethanes was studied on 

pilot-plant scale in order to solve many problems that were either not 

encountered, or were of small importance on laboratory-scale preparations. 

This study was conducted using the techniques developed in the laboratory 

(paragraph III,B) and a Beken diapersion-blade mixer (paragraph V,E). In 

Table 41 are shown the various types of polyurethanes, both linear and 

branched, that were selected for this study. 
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In early runs, extended addition times of the diisocyanate 

solution to the diõl-catalyst mixture x/ere adapted to allox? the heat of 

reaction, 52 kcal/mole for formation of the urethane linkase, to be removed 

and to prevent overheating of the reaction mixture (807, 25). In later runs, 

the addition time x?as reduced to 0.25 and the reaction temperature easily 

x?as maintained by judicious use of the heat exchange system (90?> ^3). 

The use of laboratory pilot batches for the determination of 

the monomer equivalence to be used for the larger Beken batch x?as satis¬ 

factory for preparations of branched polyurethanes (853, 33-36). However, 

this method failed x*hen used for the preparation of linear polymers. The 

linear polymers required additional adjustments to reach monomer equivalence, 

and the mix periods were much longer before high-molecular-xieight polymers 

x;era attained (868 , 46), 

An efficient means of follox?ing the rate of polymerization 

in the mixer x?as needed in order to know x*hen to terminate the reaction, 

liethods studied included the use of an ammeter to measure the load on the 

motor during stirring (807, 24), infrared spectrophotometry to measure 

disappearance of (-OH) or (-NC0) groups (868, 46), solution viscosity 

measurements of a diluted sample (853, 35), and solution viscosity measure¬ 

ments of the mix. Due to its ease and simplicity, the latter method proved to 

be most satisfactory (90?, 43). 

The use of benzene as a heterogeneous solvent for the 

reaction mixture x;as studied in an attempt to produce a fine granular 

polymer which could easily be removed from the reaction mixture. All 

polymer processed with this method had unfavorable physical characteristics 

(lox.7-molecular-x?eight, insoluble material), and considerable difficulties 

x?ere encountered during the polymerizations (833, 34). Purified dioxane 

or acetone proved to be the best solvents for all systems studied on this 

scale. Optimum monomer concentration x?as 50 wt$, but batches with monomer 

concentrations of 75 wtf, were carried out (807, 23). An attempt to use 

p technical-grade acetone as a solvent resulted in a lox^molecular-x?eight 

polymer (941, 27). 
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For use in formulation studies, the complete removal of 

solvent from the polymer v;as essential. Attempts to leach out the reaction 

solvent, usin" a second solvent in v;hich the polymer was insoluble, were 

unsuccessful (868, 46-47). The solvent was incompletely removed when the 

reaction mixture was rolled on a heated roller mill, also (833, 54). The 

greatest success was attained when the crude polymer was diluted with acetone 

to a concentration of 2-5$ and precipitated into water, using the Ilorehouse 

mill (paragraph V,E), However, polymer processed in this manner required a 

long drying period for complete removal of the water (868, 47; 907, 45). 

The reproducibility and uniformity of the polymers were 

detenained by physical measurements and thermal-stability tests. In general, 

with both the linear and branched polymers, these tests have shown that the 

physical properties of the products were reproducible, although the reaction 

time and equivalence factors differed from batch to batch. 

2. Polyacrylates 

The emulsion polymerization of 2,2-dinitropropyl acrylate 

vjas accomplished in the Belcen mixer, using a direct scale-up of laboratory 

procedures (868, 5). The 65$ conversion of monomer to polymer was lower 

than the near-quantitative conversion obtained on laboratory scale. The 

lower yield was possibly due to the stainless-steel reaction vessel, inasmuch 

as an excess of ferrous ion was known to suppress the conversion. However, 

the relative viscosity of the polymer was comparable with the values obtained 

from laboratory-prepared polymers. 

No difficulties in operational techniques were encountered, 

but the isolation of the polymer was very laborious and time-consuming, and 

a suitable workup method which would reduce the numerous steps would be 

desirable (907, 46-47). 

E. FACILITIES 

Conversion of a laboratory preparation to pilot-plant scale 

required suitable equipment in order that the transformation could be 

accomplished in an efficient and economical manner. Squipmert used on this 
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program included hardware designed for the study of processes with conditions 

equivalent to those encountered in large-scale production. In addition, 

large-scale laboratory equipment was available for the study of reactions 

on a smaller scale. In Table 42 are shorn the major items of equipment which 

were used in this study. 

VI. PHYSICAL STUDIES 

A. SPECIFIC I11PULSE CALCULATIONS 

1, Introduction 

It was apparent, early in the program, that some means of 

screening proposed structures for application to solid propellants must be 

used. Calculations of specific impulse would accomplish this screening, in 

that many structures of too low an energy content would be rejected at tue 

outset. The early goals of the program included a specific impulse (lgp) 

range of 200225 Ibf sec/lbrn. When this goal was raised and it became apparent 

that solid oxidizers would be used in a composite system, this method of 

screening of proposed structures became less effective. Repeated calcula¬ 

tions have siUHJn that the specific impulse of the binder lias only a small 

effect on the specific impulse of the composite propellant, provided enough 

oxidizer lias been added. The important variable has now become the amount 

of oxidizer to be added to the nitropolymer to reach optimum specific impulse. 

The calculation is still an important parameter of any new monomer or plasti¬ 

cizer, and this calculation is of considerable importance in ranking possible 

choices. 

2. Discussion 

Several short calculation methods have been examined for 

use on this program. The first was that of Sayward (545, 67). This was 

soon abandoned for a modification of the more accurate method of Hirschfelder 

and Sherman (57I, 84). Their method assumes a flame temperature of about 

2500°I' (I I9O-255). The accuracy of this short method, when compared to 

the exact, long method using mobile equilibria, was shown to be excellent 
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(686, 37) with or without added oxidizers. Specific-impulse calculations for 

materials with flame temperatures that differ considerably from 2500 K will not 

have this accuracy. However, the values are useful for exploratory work. 

The only data required for the calculation are the heat of formation of the 

material and its elemental structure. 

When it was found that interest in the nitropolymer pro¬ 

gram included composite systems with solid oxidizers, the short netl^g¿ 

of calculation was expanded (686, 3^)* Nomographs were prepared for the 

calculation of any mixture of nitropolymer and oxidizer (ammonium nitrate or 

ammonium perchlorate). 

The calculated specific impulses for various monomers and 

their combinations (polymers) were tabulated several times, as indicated 

below in Table 43* Early tabulations included numerous hypothetical monomers 

which were never prepared and monomers which were not usable for a variety 

of reasons. These tabulations were continually reviev/ed for currency with 

regard to new monomers and changes in calculations (principally, changes in 

heats of combustion values (VI,A,3), The early tabulations included 

polyesters, polyureas, polyamides and polyformals which were abandoned at 

later stages of the program. The last tabulation ^967, Appendix) is complete 

for nitropolyurethanes and is included as Table 44. A summary of values 

for many nitroplasticizers will be found in Table 39 (paragraph IV,E). 

3* Heat-of-Corabustion Calculations 

For this calculation, the heat of formation is required. 

This may be derived from the heat of combustion, Uhen an experimental value 

is not available, this may be calculated. A brief review of available 

prediction methods led to the selection of the method of Kharasch (345, 63) 

by which the heat of combustion may be calculated as a sum of structural 

factors. This calculation has been presented in detail with a tabulation 

of the corrective terms for various structural groups (345, 63). 
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TASL3 k7) 

REFERENCES FOR SUIIIARY TABULATIONS OF 
SP2CIFIC-HIPULSE CALCULATIONS 

Reference 

386, 50 

417A, 40 

424, 4? 

540, App, 

590, 43 

663, App. 

686, 34 

772, App. 

967, App. 

Remarles 

Includes polyureas, polyamides, polyamines, polyesters, 
polyurethanes, polyfomals. Does not include post¬ 
nitrated polymers. 

Includes only post-nitrated derivatives of polyurethanes, 
polyureas, polyamines. Uses neu assienment of correction 
terms for heat-of-combustion calculation. 

Revision of calculations in 386, 50 un-nitrated polymers 
using nev7 heat-of-combustion terns. 

Revision of all values, including neu monomers, for polyesters, 
polyamides, polyureas, polyamines, polyurethanes, polyformals 
with post-nitration. 

Revision and enlargement - neu monomers. 

Revision and enlargement. Also includes vinyl polymers. 

Calculations of a few examples with solid oxidizers. Nomo¬ 
graphs for other calculations are given. 

Revision, Only polyurethanes, polyesters, polyureas, and 
polyamides, with and without post-nitration. 

Revision, polyurethanes only, un-nitrated. Uses new heat- 
of-combustion correction terns. 
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Ti.o ox conoosticn hao oleo louncl considerable use; in 

tnis pro;.raro, as a paranotar for proof of structura. The beats of combustion 

of a larse number of nitro compounds uera determined ercperimentally (see VI,C). 

During tne course of this work, it was found that certain of the corrective 

terms had to be modified so that predicted values would check with experimental 

values. This was of special importance to the specific-impulse calculation. 

As these new correction tenas ware calculated, the calculated specific impulses 

were also modified. 

Tne only nitro-group value included in the original compila¬ 

tion of Kharash terms was +lp.O kcal/mole for an aliphatic nitro compound 

(plj-5, 65). For the polynitro compounds prepared on this contract, a considerable 

number of other terms were required. These are compiled in Table 45. These 

data, combined with the earlier compilation, complete the terms needed for our 

work. The method of obtaining a new correction term is detailed in two 

reports (417A, 24; 90?; 4?). 

B. SOLID PROPELLANT INFORMATION AGENCY DATA SHEETS 

Solid-Propellant-Information Agen'"'' data sheets were prepared for 

a number of compounds and polymers. When completed, these data sheets were 

incorporated in the quarterly reports. Considerable physical data have been 

obtained on compounds other than those which were reported on SPIA data sheets. 

In general, only tnoss compounds which appeared of general interest and the purity 

of which was assured were submitted for SPIA data sheets. 

The SPIA data sheets for a typical solid 2,2-dimethyl-4-(3',3',3'- 

trinitropropy1)-1,3-dioxolane, and a typical polymer, XIII-A,* are shown below 

to indicate the type of data collected. Table 46 lists all the compounds and 

polymers for which SPIA data sheets have been completed. 

For this and subsequent nitropolymer code designations, see paragraph III,B,1. 
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Structural Group 

-{-ho2 

N(L 
I ^ 

R—C—NO, 
I 

R 

2 

TABLE 45 

CORRECTION TERMS FOR HEAT-OF-COMBUSTION 

CALCULATIONS (LATEST DETERMINATION) 

4 * • • 

Correction, kcal/mole 

+13 

+34 

Reference 

345, 65 

907, 50 

f2 
R—C—NO, 

JlO, 

+56 SO?, 50 

I 
—C—ONO, 

F I 
-N—N- 

+ 1 

+41 

4I7A, 26 

417A, 29 

R, 

N-NO, 

R, 
/ 

+ 12 907, 50 

raise, nitraraines 0-46 417A, 36 

NO n 

I 2 
R—II—C' 

OR 

+21 907, 50 

^CK-CHX 

0 2/- 

XHg-CHg 
+6 868, 50 
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Structural Group 

R 
I 

K—C—NO. 
I 2 
H 

R 
I 

HC-NO 
I 
R 

2 

R 
I 

RC~NO 

TABLE 45 (cont.) 

Correction, kcal/mole 

+13 

+13 

+3 

Reference 

345, 65 
907, 50 

907, 5C 

9C7, 50 
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SPIA/K3 

Hat* Quart] onn*Ir« on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

n, “°a;r 
S!j~* # 

•ubBltto« on thHo fMM wiîîPbri2witSS ¿J ÎSbîUîd wSStÏ1!-',;0” f 5 »• iafornntion 

IS« s-Ä^^S^iSSfeE S_ 
COMPOUND: 2,2-Dimethyl-lL(3' ,3' ^‘-trinitropropyl)- 

Name 1.3-dioxolane 
Empirical formula CaH-i-îNoOfl 
Structure:(conflgfuratlon) ^ 
CHj /û-CH2 

A I ^ 
CH3 O-C-CH2-CH2-C-NO2 

H 

Information submitted by. 
_ Activity Aerp-let Ení?ineerinfr Çprp, 

Person iL. Linden. R. Parrette 
Date 

H jJOo 
Preparation reaction(s): ¿ CH^COCH^ + (NOp),CCHoCHoCHOHCHoOH 

above product ♦ water J -6— 

Quantitative analysisrU by weight) 
Carbon 

Calculated from formula 3li«iil 
By determination 3^.83 

Hydrogen 
kJ)? 

rm: 
Oxygen 

_ _ -JUeg^_ u«yu _ 1U 
Epurity from melting point curve, <0.05 mol perceñtT 

'• Burnln« properties: (conparad to nitrocelluloae, under nitrogen at atnoe 

T.T 
TU.65 

atnoapheric praaaurei) 

(faatart 1lowerT realdueT etc.) -- 
Stability and Sensitivity piot .„y graphs on Diacuas nethods used when they vary 

separate sheet fro* references. Give temperature used. 
(Dae separate aheet if necessary.) 

Name of test Recommended method 
OSRD 3181 

06RD 3401 P*io 13iiA°C. methyl violet paper, 

OSRD 3401 p!e - 
OSRD 3401 p.S 

a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature oilgnition ; —1— “ *6***nuu ^ uotuj jwi p.o 
y Thermal Stability. 65,5°C Picatinny Arsenal "Report Nò; l)|ül, lt?~g~.qflTnpTA 
8»_ «<-»• ■ -- 
h- Impart Stability 

Reference compound 
(deeignation-TUr, Tetryl, N.C., etc.) 

Bureau of Miñes. kg wt. 50¾ shots. 

■BESVVTS OF ABOVE TESTS 
New Compound test results 

a.___ 
**• Nitrocellulose. 3o i nt no color keited. and colored paper, 1/ min 

d. ' - -—- 
e. 

*• -Nitrocellulose. 10 min, no onlnr No color or Change. Tig" 

h- RDI, I)< Ebl >100 cm' 

4. Heat of formation: (aH) i Kg. calorie, at 25¾.. 1 atm. pressure 
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By Experiment By Calculation Method 
D*«erlptlon or ro/oroaeo. Sopaiato 

. /r\\ . ; ohool if aoooooarjr. 
5. Energy Of explosion (Q) cal/gm 

Ut 25°^. HjO liquid) 

6. Heat of combustion (H-) 3828_cal/gm 3900_ Aerojet Report 1i17A 
(at 250^. H2O liquid) 

7. Specific impulse (ISI¿ calc: _lb-sec/lb_ 

8. Physical form of compound (viscous linuid, crystalline tyoe, etc.) _ - 
_Medium, white, rod crystals._ 

S. Simple microscope analysis data: __ 
(crystal studies) 

10. DensityiHacro method) _am/cm3. (Micro or other method) l.ü77 gm/cm3. 
(îxnlain on separate sheet any unique methods you use.) 

11. Index of refraction: (^5°0, ) _ 12. Color White 13. Odor None 

14. pH at 25°C. Ç.l (Method reference QSRD 3401 0.4, or QSRD 5968. Indicate method used, i.e. 
solvent and concentrations used, pH indicator oaoer or Beckman pH meter.)_ 

_Water, saturated solutionr Beckman meter_ 

15. Hygroscopicity: 
New Compound 

Visible change on exposure 
to ambient air. Highly hygroscopic 
% wt Increase by* (a) or (b) " acetone ~ 

(Strike out method (a) or (b) if not used.) 

♦Method: 

Reference 
Compound 

( designation ) 

Decomposes to form_ 

(if other than beloe methods are used, 
exnlain on senarate sheet.) 

(a) The sample (approx. 5-10 p. of whole grain email powder or 1 groin of large pwider) ia placed in a 
glass weighing bottle. The weighing bottle (cover removed) is placed in a vacuum drying even for 5 hra. 
• 55°% Remove weighing bottle from oven, cover with glass stopner, cool in a desiccator end weigh 
accurately. This is taken as original dry weight of sample. Then place weighing bottle (cover removed) 
in a humidor (a 10-in. desiccator is e satisfactory vessel) containing 1 liter of 18,6-,5)1 0250/. 

(This gives relative humidity 90t.25í). Place in an oven maintained at 30-2°C. On the fourth day 
remove weighing bottle from the humidor, cover with glass stopner, cool in a desiccator and weigh. 
Then return to humidor for 24 hours, cool and rewelgh. Continue daily weighings until constant weight 
indicatea sample has reached equilibrium with 90)1 R.H. The % weight increase is then reported as 
hygroscopicity of the sample. 

(b) An alternate method is in 0SRD 3401 p.3. 

16. Volatility:Report as rate of loss in wt % per unit area (for liquid samples measure the surface areaj for 
solids, the sample should be screened between 100-120 mesh U.S. Standard certified sieve) per 4 hra., 
after constant rate of loss is obtained during three consecutive 4-hr, periods at (a) 25¾ in a veasal 
through which a stream of dry air is forced, (b) in an oven at 65.5°0 or (c) under other test method or 
conditions. _ 

(Description or reference to other test or conditions used. Use separate sheet if necessary.) 

Volatility results on: New Compound Reference Compound 
(designation) 

a. _a. _ 
b. _ b. _ 
c. _c. _ 

17. Boiling point, or decomposition temperature: °C. 
(underline which temperature is reported) 

18. Heat of Vaporization: _g-cal./gm _BTU/lb. 

19. Heat of Fusion: _g-cal./gm _BTU/lb. 

20. Melting point Ii3.1 

• 1 - CONFIDENTIAL 
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. Time Cue,* («— ^ ‘° 21. WM«»point vs. --und#r |tud7i) 

U6 

hZ 

38 

3!; 

22. Solubility of new compound: 

< 0,01__ g/100 ml H2O at 25°C. 

620 

IRL 

g/100 ml_ 
(name material 

g/100 ml toluene 

acetone--—-r 
.erial used aa advent; 

g/100 ml H20 at __ 

__at_2£ 

at 

_X. 

_°C. 

£_°c. 
'{ñama material used aa "advent) 

23. Viscosity of the new compound and Its solutions: 

SOLVENT VISCOSITY .1 TEMP. H*™?..?’“ 

a. 
b. 
c. 
d. 
e. 
Í. 

NEW COMPOUND 
wt. ( 

In solution 
100 

NAME inP tiCO 
NONE 

Centlnolaea 

__ _2L 

reference 

100 
~W N.C. 

NONE 

T" 
Tf 

Upper Curve — Crystal oil 
lí™« Curve - a.a-Dimethyl-Mi' .3’ ,3'-trinitro- 
^ piopyl)-l,3.dlMolane, suspension In 

crystal oil. 
Samp. Cell - NaCl, no spacer 
Comp. Cell - NaCl block 
12 min scan ^ 
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25. 

SP1A/M3 

gnder coniMt«b111ty we are eonsiderinjr the ability of two comxiunds to be In Intlaate contact (Note 
OSRD 5758 p. ?1“22J over a lonp period °f tine without adwerae effects on either the chemical or ohyalrai 
orooertlea of either material. Theae teata will probably be of varied extent. They might be acme of 
the followings (•) Standard stability teste, (b) Simóle observationa of exudation or separation at 
ambient or accelerated temoereture. (c) Prepare thin sheet* (.025" thick, 1" squmra) of the plasticized 
material. Separate the sheets with strloe of cigarette paper or carbon paper and compress the stack In 
a "C* clamp. After aeveral days note the oily collection on the neper. Please give 1 Terence to or 
describe procedura used. Item 28 is to indícete resulta when the compound Is in contact with some meterl- 
al other than ethyl cellulose, nitrocellulose or rubber. Test performed by dissolving Cample 

and standard substance in a common solvent drying rapidly on a glass plate, and 
examining the resulting film for clarity and homogeneity. 
CompatabUlty with ethyl cellulose: ___ 

26. CompatabUlty with nitrocellulose: 

27. CompatabUlty with rubber: 

W5 ;0 Compatible 
80/2 >0 Compatible 

28. CompatabUlty with 

29. Polymerizing properties ol the new compound: 
(a) By Itseli _Might polymprize in presence of acidic catalysts.. 
(b) In mlxhirPR (with additives) -- 
(c) Inhibiting action on polymerization oí: 

Thiokol ___ 
Methacrylate 

30. 

Other compounds 
Availability 

a. Amount now available? 
b. When was available material first prepared? 
c. Amount prepared at that time? 
d. Is large production feasible ? 

Research quantities 

.. Plant capacity in existance, lbs/day? 
f. Outline steps for a quantity production method 

31. Additional Information: (toxicity, hazards, deterioration, oxygen belmnce, detonation rate, explosive 
power, ease of hydrolysis by ester, etc. List references, reports, data books, etc. that rafar to tha 
compound.) This confound is erv readily hydrolyzed by waife peyxaily,. 

' alysts»—_ aear.ft nl acid cata. 
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T SPIA/M3 

rwta Quastlonnalrr on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Lintad bolow are tha characteristics which are helieeed to be of isportance in the stud/ of a coapound 
which My possibly be used as a constituent of solid propellants or other explosives. It is not expected 
that all this inforaation will be available for every coapound. Tor exaaple, with a coapound shovinx poor 
stability, it is probably not advisable to investigate that coapound farther. After placing such information 
as is available for a coapound which you have prepared or tested on one of these foras, send it to SOLID 
FHOPBLLAIT IÏT0HMATI0H ACEHCY, AFl/jHu, 8621 Georgia Avenue, Silver Soring, Maryland. As additional iafor- 
aation on the sane or new compounds accrues, forward it on a siailar fora at a later date, fhe inforaation 
submitted on these foras will be rewritten and published by SPIA in loose-leaf annual fora. These forms 
may also bs used as work or data sheets for your experimental studies. Extra conies are available upon 
request froa SPIA. Suggestions for iaproveaent of these foras are invited. If insufficient spaoe has besn 
provided for any itea, attach separate sheets. 

Polymer of 3-nitraza-1,5-pentane 
diisocyanate and 2,2-dinitro- COM POUND: 

Name 1,3-eropanediol 
Empirical formula (3oo.25J 
Struc^re: (configuration) 

P2 ¢2 
0 H H H N H H II p, H N H 

OC •I'i'C *C »N*C*ON*C»0*OC*C- 
. * • » » * • 
HH HH H N H 

0. 

Information submitted by: 
Activity_ 
Person 
Date 

J. Uiehima, J. R. Fischer 

Preparation reactlon(s): 0:C:II* CHp* CHp ,N:C:0+0H«CHp,C()iQ.p)p*CR )0H 
an.p.tylacetnnate --b j"J,nH2»CR2,MR>nQ» 0 «CHo» 

V -J 
1. Quantitative analysls:(S by weight) 

Carbon 
Calculated from formula 29.51 
By determination jO.ol 

Hydrogen 

J .¾ 
4 J3 

Oxygen Nitrogen 
22.95 

2. Burning properties:(conpered to nitrocellulose, under nitrogen et ataoepherlc preeaurei) 

3. 
(fester? slower? 

Stability and Sensitivity: Plot sny graphs on 
separate sheet 

residue? etc.) 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 

Discuss aethods used when they vary 
froa references. Give temperature used. 
(Use separate sheet if necessary.) 

Recommended method 
OSRD 3185 
OSRD 3401 p.8 
06RD 3401 p.10 
OSRD 3401 p.8 
OSRD 3401 p.6 

f. Thermal Stability Picatinny Arsenal No, liiOl 1.3-g sample, Kl-starch paper 
g. Impact Sensitivity Bureau of Mines Bull. No. 3^6 2-kg tc, 5¾½ shots 
h. 

a. 
b. 
c. 
d. 
e 

Reference compound _ 
(designatiop-TNT, Tetryl, N.C., etc.) 

RESULTS OF ABOVE TESTS 
New Compound lest results 

w • __ 
1. Nitrocellulose. 10 min, no color ¿0 min 
a r\ O g. RDXy—PP, cm 
h 

4. Heat of foruatioii: (&H) + -Jih .96_Kg. calories at 25¾.. 1 atm. pressure 
~ (inoieeie sign) 

1 
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• * 

By Experiment By Calculation Method 
Daserlptlss or ro/oroneo. Stpormto 

5. Energy of explosion (0) cal/„m lt »•«•••«r- 
(at J5or. h20 liquid]--- 

6. Heat of combustion (Hr) 3181 cal/gm 3 077 cal/m Aeroiet Rooort !¡17~A 
(at 250^. H20 liquid)-- " -^Ju-1- 

7. Specific impulse (Isp) calc: 168_lb-sec/lb 181 Ib-sec/lb _ 

8. Physical form of compound(vlacous llnuid, crystalline tyoe, etc.) A flexible solid_ 

9. Simple microscope analysis data: An amorphous solid 
(crystal studies) 

10. DensltyiMscro method) 1.631 gm/rm3. (Micro or other method) _ gm/cm3. 
vExolain on separate sheet any unique methods you use.) 

11. Index of refraction: (n^5°c-) _ 12. Color cream 13. Odor none_. 

14. pH at 25¾. P • ) (Method reference ÛSRD 3401 o.4, or GSRD 5%8. Indicate method used, l.e, 
advent and concentrations used. pH indicator naoer or Beckman pH meter.) _ 

_inlurated solution in water nein- a Beckman pH meter-model_ 

15. Hygroscopicity: Reference 
New Compound Compound 

Visible change on exposure ( designation ) 
to ambient air. 

wt Inc t ea ay* (a) or (b) 
(Strik- method (s) or (b) if not used.) (if other than below methods are used, 

’Method exnlain on separate sheet.) 

(a) The , la (anprox. 5-10 g. of whole grain small powder or 1 groin of large nowder) la placed in a 
glass we' ng bottle. The weighing bottle (cover removed) Is placed in a vacuum drying oven for 5 hrm. 
• 55o". .V ove weighing bottle from oven, cover with giess stopner, cool in a desiccator end weigh 
accurately. This is taken as original dry weight of sample. Then place weighing bottle (cover removed) 
in a humidor (a 10-ln. desiccator la a satisfactory vessel) containing 1 liter of 18,6í.5il H2SO/. 

(This gives relative humidity 90Í.25Í). Place in an oven maintained at 30-2°C. On the fourth flay 
remove weighing bottle from the humidor, cover with glass stopner, cool in a desiccator and weigh. 
Then return to humidor for 24 hour«, cool and reweigh. Continue dally weighlnga until constant weight 
indiestes sample has reached equilibrium with 90JÍ R.H. The % weight increase is then recortad as 
hygroscopicity of the sample. 

(b) An alternate method is in OSRD 3401 p.3. 

16. Volatility:Report as rate of loss in wt % per unit area (for liquid samples measure the aurface areai for 
•olida, the sample should be screened between 100-120 mesh Ü.S. Standard certified sieve) per 4 hrs. 
after constant rate of loas is obtained during three consecutivw 4-hr. periods at (a) in a vassal 
through which a stream of dry air is forced, (b) in an oven at 65.5°C or (c) under other test method or 

(Description or reference to other teat or conditions used. Use aspirate sheet if necessary.) 

Volatility results om New Compound Reference Compound 
( designation) 

a-_a. _ 
b- _ b. * 
c. _ _ c. ' 

17. Bolling point, or decomposition temperature’ °C_ 
(underline which temperature la reoorted) ~ -- 

18. Heat of Vaporization:_g-cal./gm  _BTU/lb. 

19. Heat of Fusion: _ g-cal./gm BTU/lb. 
Softening 

20- Rangat. 60-70¾. 
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Jl. Freezing point ,n. Tim. Cur,« <n~.e -rk «« eoerti-... elth .eel. ™lue. thee eppl, » «« * 
under etudy.) 

Ui 
tr 
3 
H 
<t 
(E 
U 
Q. 
2 

TIME 

22. Solubility of new compound: 

0,00l|6 _g/100 ml H2O at 25°C. g/100 ml H20 at 

Methanol 
n-Hexane 
Benzene 
Ethyl acetate 
Dioxane 
Carbon tetrachloride 
Acetone 
Dimethyl formamide 

0.0009 2A00 ml 
Inooluble 
Insoluble 
Miscible 
Soluble 
Insoluble 
Miscible 
Miscible 
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Under connuteblllty we «re considering the ebility of two compounds to be in intímete contect (Note 
Ogflj) 5758 p* ?l-22) over e Ion? period of tine without adverse effects on either the chenlcal or physical 
orooerties of either meterlal. These tests will probably be of varied extent. They might be soee of 
the following! («) Standard stability tests, (b) Sleole observations of exudation or separation at 
aeblent or accelerated teaoeratur«. (c) Prepare thin sheets (.025* thick, 1" square) of the plasticised 
■aterial. Separate the sheets with strioe of cigarette paper or carbon paper and compresa the stack in 
a "C" clamp. After several days note the oily collection on the oeper. Please give reference to or 
describe orocedure used. Item 28 is to indicate resulta when the comoound is in contect with some materi¬ 
al other than ethyl cellulose, nitrocellulose or rubber. 

25. Compatabllity with ethyl cellulose: 

26. Compatabllity with nitrocellulose: Ratio, wt sar.ple/wt NC_ 
_?~)i80 compatible- 

S0:50 compatible 
o0;20 compatible 

27. Compatabllity with rubber: _Ratio, wt sairple/Wt rubber 
_20;80 inconpatibla 

50:50 incompatible 
__  8n;?n i nrotnpatible— 

28. Compatabllity with_:_____ 

28. Polymerizing properties oí the new compound: 
(a) By itself____ 
(b) In mixtures (with additives) _____- 
(c) Inhibiting action on polymerization oí: 

Thiokol___ 
Methacrylate_ 
Other compounds __ 

30. Availability 
a. Amount now available?___ 
b. When was available material first prepared? 
c. Amount prepared at that time?_ 
d. Is large production feasible? ___ 
e. Plant capacity in existance, lbs/day? 
f. Outline steps for a quantity production method 

31. Additional information: (toxicity, hawMs, deterioration, oxygen balance, detonation rate, explosive 
power, ease of hydrolysis by water, etc. List references, reporta, data books, etc. that refer to the 
compound.) ■ -- ——■ ———- 

I 
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TABLE 1+6 

COÍ3POUNDS Al® POLYMERS - SP1A DATA SHEETS 

Compound 

2-Nitroethanol 

1.4- Dinitro-2,3-butanediol 

2.2- Dinitro-1,3* propanedio1 

4.4- Dinítro“1j T-heptanedLoic acid 

Nitro form-dioxan 

Nitroform 

1.1.1.3- Tetranitropropane 

2.2- Dinitropropyl acrylate 

2.2.2- Trinitroethanol 

3.3- Dinitro-1,5-pentane diisocyanate 

Methyl 4,4,6,6-tetranitrocaproate 

3.3- Dinitro-l,5-pentansdiamine 
2.2.4.4- Tetranitrobutyl acetate 

2f2t2-Trinitroethy1 me thacry1ate 

2.2- Dinitro-l-butanol 

212.4.4- Tetranitro-l,5"Pentaned^0^ 

2.2.2- Trinitroethyl acrylate 

Vinyl 4,4,4-trinitrobutyrate 

2.2- Dinitrobutyl acrylate 
4.4.6.8.8- Pentanitro-l,ll-undecane- 

dioic acid 
4.4.6.6.8.8- Hexanitr0-1,11-undec ane- 

dioic acid 

57I 

37I 

371 

386 

404 

404 

417A 

424 

424 

424 

468 

468 

468 

482 

499 

499 

515 

515 

515 
563 

563 

N-Trinitroethyl-N-nitroaspartic acid 563 

Pentaerythritol acrylate trinitrate 59° 

Polymer Ref. 
* 

Polyester 1-A 

Polyamide l-o: 

Polyurea I-a 

Polyurethane I-D 

Polyurethane I-A 

Polyurethane I-AN 

Polyurethane I-F 

Polyurethane XI-A 

Polyurethane I-K 

Polyurethane I-L 

Polyurethane I-MN 

Poly-petrin acrylate 

Polyurethane I-J 

Poly-dinitrobutyl 

acrylate 

Poly-dinitropropyl 
acrylate 

Polyurethane XV-J 

Polyurethane XIII-A 

Polyurethane XV-A 

Polyurethane XII-A 

482 

482 

482 

482 

482 

515 

515 

622 

622 

622 

663 

638 

686 

907 

907 

941 

941 

941 

941 

*SPIA data sheets are 

**See paragraph III,B, 

normally inserted as appendices to the reports, 
and III,B,2,c for polymer code designations. 
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TABLE U6 (cont.) 

Compound M 

4,4,6,8,8-Pentanitro-l,ll-undecanediol 590 

4,4,6;6,8,8-Hexanitro-l,ll-undecanediol 590 

1.2- bis(4;4,4-T rinitrobutyroxy)-ethane 590 

Nitroallyl acetate ^22 

1.2- bis-(4.4,4-Trinitrobutyroxy)-propane 622 

5,5,5-Trinitro-2-lœto-l-pentanol 622 

1 » 2,5-tris-(4,4.4-Trinitrobutyroxy)- 
- 6?? propane 

2,2-0^6^1-4-(51,5' ,5'-trinitropropyl)- 
1,5-dioxolane 522 

1,5-bis-(4,4,4-Trinitrobutyroxy)-5- 
oxapentane 

2-Ilethojryethyl trinitrobutyrate 622 

5,5,5-Trinitro-1,2-pentanedio1 658 

5-Mitraza-1,5-pentane diisocyanate 807 

2-Witraza-l,4-butane diisocyanate 855 

Ilethyl 4,4-dinitrovalerate 91^1 

*SPIA data sheets are normally inserted as appendices to the reports. 
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C, DETERMINATION OF HEATS OF COMBUSTION 

The determination of the heat of combustion of nitro compounds 

serves as an excellent means for verifying the structure of a compound. 

It has been found particularly advantageous in the study of the purity 

of polymers and in the study of reactions performed on polymers, e.g., 

post-nitration. Determinations were made using a Parr adiabatic 

calorimeter. Several modifications of the original operating procedure 

were reported (386, 48; 424, 42) which led to an estimated accuracy of a 

few tenths of one percent. Early data had been reported as heat of com¬ 

bustion at constant volume. However, for an accurate comparison with the 

calculated values using the Kharash contribution values, these had to be re 

calculated to enthalpy of combustion. This correction was small (1 to 2^), 

and the results were tabulated (563, 4o). The precision of a number of 

duplicate determinations was calculated (563, 42): estimated standard 

deviation = 27.5 cal/g for values ranging 2000 to 4000 cal/gm. 

One singular difficulty was observed and corrected (740, 33Î 

772, 36). Combustion of several post-nitrated polymers gave values which 

checked poorly with predicted ones, and a large inorganic residue was 

found. Apparently these materials gave large amounts of oxides of 

nitrogen, rather than reduction of the nitro groups to nitrogen. These 

oxides reacted exothermically with the chamber walls to give nickel salts. 

This was obviated by the use of a Pyrex liner, which was adopted as a 

standard technique. 

In general, the heat of combustion of a compound tías reported 

tilth Its synthesis; houever, several tabulations, by no means complete, 

have been made of some determinations. These are found in the follotilng 

reports: 563, 40; 712, 25; 772, 39 ; 807 , 40; 907, 49. ilany values «111 

be easily found In the SPIA data sheets (paragraph VI,B). 

D. ANALYTICAL PROCEDURES 

During the course of synthetic and polymerization work, 

several different analytical procedure^ were developed or modified speci¬ 

fically for nitromonomers. During early stages of the program, several 
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terminal bromodlnltro compounds were synthesized,. A procedure which quantita¬ 

tively analyzed for this functional group was developed (417, Appendix). 

This procedure was based on the following equation: 

NO. NOK 
I 2 II 

R-C-Br + 2 ICI-> R-C-NOg + Ig + KBr 

NOg 

Use was made of the deformylation reaction to analyze 2,2-dinitro- 

1-alkanols (499, 64). Titration of such monomers v;ith sodium hydroxide was 

quantitative. 

NO- NO-Na 
I 2 M 2 

RC-aigOH + NaOH-» RC-UOg + CHgO + IlgO 

K 
Examples of monomers on v;hich this teclinique v;as used extensively are 2,2- 

dinitro-1-propanol, 2,2-dinitro-l,3-propanediol (monobasic only), and 

2,2,4,4-tetranitro-1,5-pentanediol (dibasic ). 

Polymerization work with isocyanates required an analytical method 

for the isocyanate function which would not interact with nitro groups. The 

use of di-n-butylamine in dioxane proved successful (424, 15). Only one 

polynitro isocyanate failed in this procedure: 3,3,5,7,7~Pentanitro-5-aza-l,9- 

nonane diisocyanate (XIV diisocyanate) (740, 70). 

E. DENSITY DETER!UNATIONS 

The densities of various nitromonomers, nitroplasticizers, and 

nitropolymers, and their formulations, were desired for a variety of reasons: 

for SPIA data sheets, for determination of cohesive energy densities, and as a 

control on the reproducibility of propellant formulations (9O7, 52). Two 

methods were successfully used: the micro determination of MOL (563, 47) and 

the liquid displacement technique (907, 52; 967, 30). The MOL micro determina¬ 

tion method worked well for crystalline materials. However, both methods 

appeared to fail when applied to the high-molecular-weight, fibrous nitro¬ 

polymers (941, 29). Successful, reliable determinations were possible by 

these methods only after the polymers had been pressed into pellets and the 

pellets crushed before the determination (9^7, 30)» 
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Numerous density values ate reported In the SPIA data sheets 

/paragraph VI,B), and these have not been separately compiled. A compilation 

has been made of the values for a number of nltroplostlclsers (967, 23) “<> 

ni tropo lymers (967, 30). Sc"“ °f ara discl03e'1 in 4T' 

TABLE 47 

REPRESEKTAIIVE DB1SOTES Oï SOIE IIXTROPLASIIOIZERS AM) HITR0P0LY1ŒRS 

_Compound - 

4-Mitrazapentanonitrile 

2,2-Binitropropyl 4-nitrazapentanoate 

2^2,2-Trinitroethyl 4-nitrazapentanoate 

Ethylene bis»(4-nitrazapentanoate) 

Ethylene bis-(4,4-dinitropentanoate) 

Polyurethane XII-H 

Polyurethane XIII-A 

Polyurethane XV-A 

Polyurethane XV-J 

Density, s/al. 25°C 

1.225 

1,488 

1.545 

1.399 
1.448 

1.465 

1.532 

1.553 

1.537 

F. ABSORPTIOU SPECTRA 

1. Infrared Absorption 

The infrared spectra for many nitromonomers, plasticizers, 

and polymers mere reported In the SPIA data sheets (see paragraph VI,B). In 

almost all cases, the observed bands correlated uell with literature values, 

in several cases, the Infrared spectra were used to speculate on sue 

things as structure of methylene dllsocyanate polymers (563, W, associatxon 

of nltroalcohols (W, 58), and structure of post-nltrated polyurethanes 

(515 66). in general, the techniques employed were fairly standard-. Cor 

liquids, either solution or a thin cell vas used; crystalline solids were 

run in solution, or in a mull In crystal oil (mineral oil) or Fluorolube 

(622, 51); polymers were run In solution, In a film, cast on mercury 

(H82, 51), or on polyethylene (182, 51; 622, 50- 
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2. Ultraviolet Absorption 

The ultraviolet-absorption spectra of aliphatic nitro 

compounds has been given an extensive reviev; (417A, 44), This included a 

complete literature review for aliphatic carbon-litro compounds and spectra 

determined at Aerojet. Techniques, equipment, calculations, and theory 

were all covered in detail. Actual absorption curves were given for nitro- 

methanej methazonic acid; dinitromethane; nitrofom; tetranitromethane; 

nitroethane; 1-nitropropane; 2-nitropropane; 1-nitro-l-propene; l-nitro-1,3“ 

pentadiene; nitroethanol; dinitroethanol; trinitroethanol; 2-nitro-1-butanol; 

2-nitro-2-methy1-1-propanol; 2-nitro-2-methyl-l,3“Propanectt0l; 2-nitro-2- 

ethyl-1,3-propanediol; phenylnitromethane; nitroacetic acid; 2,2-dinitro- 

propane; 1,1,1,3-tetranitropropane; 2,2-dinitro-l,3“Pt'opanediol; and 4,4- 

dinitro-1,7-heptañedloic acid. In addition to the above, the following 

absorption curves were reported elsewhere: 3/3”¿lnltro-l,5“Pentanediamine; 

methyl 4,4,6,6-tetranitrocaproate; and 2,2,4,4-tetranitrobutyl acetate (468, 

57). 

G. DET2IUII1IATI0I! OF PURITY BY IŒLTING-POINT lETHOD OF SUIT 

One of the most useful techniques for the determination of 

purity of crystalline monomers and plasticizers is the Smit method. For a 

compound which is stable at its melting point, this method can give tne 

estimated mole percent of impurity and the estimated freezing point at 100$ 

purity. The equipment, theory, and techniques have been described (345; 60; 

386, 47), and a description was later published in the open literature. This 

method was used on almost all compounds reported in the SPIA data sheets 

since it served to screen any materials of questionable purity (386, 47). 

H. DETERinilATIOU OF IIOLECULAR HEIGHT 

1, Introduction 

The principal parameter for control of polymerizations is 

molecular weight. It was apparent early in the nitropolymer program that 

accurate means of measuring molecular weights would be needed. Osmometric 

*L. T. Carleton, Anal. Cham.. 22 845 (1955). 
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methods were chosen for early study. When it became known that the nitro- 

polymers produced by thermal or acid catalysis were of low molecular weight 

(in the range of 2,000 to 20,000), another technique was needed. Thus, the 

isopiestic method was successfully applied to these rather low polymers. 

Uith the advent of metal chelate catalysis, high-molecular-weight polymers 

were prepared, and osmometry was more profitably used, 

2, Oamometric liethod 

The first attempts at osmometry on nitropolymers made 

use of the Schulz osmometer (457; 37)» This apparatus yielded results 

with considerable scatter and required a relatively long equilibration 

time, A new instrument, based on that of Zimm and Ilyerson (468, 48), was 

investigated and found to be satisfactory. The equipment was checked with 

polyvinyl chloride (468, 49) and polyethylmethacrylate (499, 60)* It 

was soon apparent that nitropolymers, at this stage of the program, liad 

a molecular-weight range of about 2,000-20,000 and that poor precision 

in the determinations vas resulting (515; 47; 65), due to this range and 

due to diffusion of low-molecular-weight fragments through the membrane. 

The problem of diffusion through the membrane continued 

to plague the osmometry studies throughout the program. Several methods 

for attaining a rapid equilibrium,and the use of as many as si:: osmometers 

at once, were tried in order to increase the precision of the measurements 

(565, 42; 686, 26; 712, 26; 740, 34). Host of these methods were only 

moderately successful. 

Besides the use of molecular-weight determinations in 

controlling polymerization studies, certain fundamental information was 

derived for the relationship of viscosity vs molecular weight for several 

nitropolymers. This was accomplished for nitropolyurethane I-J (712, 26; 

740, 34; 772, 41) and polydinitrobutyl acrylate (807, 41; 833, 37). The 

constants for the Staudinger equation (C^3= KHa) were determined in each 

case. The determinations of molecular weight for various preparations 

of poly-dinitropropyl acrylate are also recorded (868, 50). 
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Acetone was the solvent chosen for most nitropolymers. With 

one polymer, RVI-J, which was insoluble in acetone, two different solvents 

were tried, y-Butyrolactone failed because no reliable value of the percent 

diffusion could be determined on account of the high boiling point of the 

solvent (907, 52). A run in tetrahydrofuran was unsuccessful due to too 

high a percent diffusion (94l, 29). 

5. Isopiestic Method 

The isopiestic method of molecular-weight determination was 

chosen to study polymers of low molecular weight (2000-30,000), when the 

osmometric method proved to be too erratic. The theory, techniques, and 

equipment for the isopiestic method has been described in detail (638, 53).* 

Early work on polymer I-A (638, 5$) indicated some decomposition in the 

solvent, acetone; later studies were restricted to materials which passed 

other stability tests (663, 32). In the detailed molecular-weight study of 

polyurethane I-J, the molecular weights of several of the lower fractions 

were determined isopiestically (740, 38; 772, 41). 

The precision of the isopiestic method, as used on this 

program, has been shown to be excellent. Two cases were examined. Some 

Thiokol resins, the molecular weights of which had been determined cryo- 

scopically, were checked, and a fraction of polyurethane I-J with a molecular 

weight which had been determined osmometrically was also run (807, 42). These 

determinations showed an excellent correlation with the other txfo independent 

determinations. 

4. Other Methods 

Two other methods of molecular-weight determination were 

examined. The ebullioscopic method was unsuccessful, because of the tendency 

of the nitropolymers to decompose at the boiling point of the solvent (540, 12; 

53). Tae viscosity method gave reproducible results, but it has the 

disadvantage of giving only relative values of molecular weight (540, 12), 

*The results of this study were later published in the open literature: 
R. L. Parrette, J. Polymer Sei.. 447 (1955). 
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I. SEPARATION PROCESSES 

Durinc the course of research on neu nitroinononiers; several 

purification processes were examined which differed considerably from the 

usual distillation or recrystallization techniques. Recourse to these 

procedures was taken when the common purification procedures failed because 

of the presence of a complex mixture or thermal stability problems. 

In an attempt to purify nitroethyl acrylate, a thermal-diffusion 

apparatus was investigated (424, 41). This apparatus was shorn to be 

effective for a heptane-toluene mixture, but when tried on nitroetnyl 

acrylate, no separation, as measured by refractive index, was observed. 

For the purification of trinitroethyl acrylate, the use of a 

countercurrent-distribution apparatus (Craig apparatus) was investigated 

(499; 6*0• apparatus was checked out with a mixture of 2,2-dinitro- 

propanediol and 2,2,4,4-tetranitropenianediol, usi.vg di-n-butyl ether 

and water. The separation was excellent. The apparatus was successfully 

applied to the purification of trinitroethyl acrylate (499, 6; 515, 2, 64), 

yielding crystalline material having a correct heat of combustion (540, 55). 

In a study related to larger-scale synthesis of 4-nitraza- 

pentanoic acid, extraction from aqueous hydrochloric acid with methylene 

chloride was examined in detail (967, 26). It was demonstrated that the 

changing distribution ratio observed could be attributed to an association 

or dimerization of the acid molecules. 

J. THERilAL STABILITY STUDIES 

All the compounds on which SPIA data sheets were filed, and 

numerous others,were examined for thermal stability by two standard tests: 

the 65.5°C potassium iodide-starch test and the 154.5°C methyl violet test. 

The SPIA data sheets give the references for these tests. These tests 

proved most useful in screening monomers, polymers, and propellant formu¬ 

lations. They were effectively used as controls in the long and detailed 

studies on the preparation and stabilization of post-nitrated polymers 

(59O, 37) and also in the early ProPellant"forraulation atud:Les (665, 60; 

686, 49). 
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It was observed that materials v;hich passed the 65.5 C - potassium 

iodide - starch test could still be inadequate for formulation work, e.g,, 

materials which decomposed to yield a non-oicidizing gas. As a convenient means 

of measuring gas evolution, use was made of the Warburg manometer, widely used 

in the biological fields, (lio Taliani or vacuum-stability apparatus was used 

on this program.) The adaptation and technique for measuring gas evolution 

in this apparatus has been described in detail (663, 60; 686, 49). Little 

correlation was observed between gassing rates and the 65.50 potassium 

iodide-starch test (663, 60), The Warburg gassing rate was used as a 

valuable research tool in studies of stabilization of post-nitrated polymers 

(TIO, 10), propellant formulations (663, 60; 686, 49), nitroplasticizer 

screening (967, 31)> and investigations of the effect of polymer end groups 

on thermal stability (1004, 5)» A modified procedure was described for more 

accurate use of the Warburg apparatus (967, 3I), 

K. X-RAY DIFFRACTIOM OF NITROPOLYHERS 

As part of the fundamental study of the newly derived nitro- 

polymers, it appeared of importance to determine their molecular pattern, 

amorphous or crystalline. The X-ray diffraction patterns for five polymers 

were reported under this contract (563, 4o), A number of other polymer 

examples were so studied as part of the rheological examination of nitro- 

polymers under an associated contract (712, 36; 740, 50), The results of 

these studies are compiled in Table 4ß. 

L. RHEOLOGY 

Since the principal aim of the nitropolymer program was to develop 

a promising solid propellant, it became necessary to obtain data concerning 

the Çiechanical behavior of the candidate materials. This work was originated 

°?i the OUR program in 1951* Host of the time was spent on assembling sample 

fabrication equipnent and evaluating various techniques for handling the 

polymers ($40, 20; 563, 50). The first rheological equipment, a Cope and 

Cope constant-stress rheometer, was installed and used on this program. 

Contract MOas 53-6l8c, A final report for this contract is Aerojet Report 
No, 817. Sec paragraph vy.. for discussion of the relationships of the 
contracts. 
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TABLE 48 

X-RAY DIFFRACTION PATTERN OF NITROPOLYUERÍ 

Reference 

563, bO 

563, bO 

563, 40 
712, 37 

712, 37 

712, 37 

712, 37 
740, 50 

Nitropolymer 

740, 50 

Polyester 1-A 

Polyurea I-a 

Polyurethane I-A 

Polyurethane I-II 

Polyurethane I-J 

Polyurethane XII-A 

PolyureLhane XII-H 

Polyurethane XII-AN 

Polyurethane XIII-A 

Polyurethane XIII-AH 

Polyurethane XIII-H 

Polyurethane XIII-II 

Polyureth.ane XIII-II 

Polyurethane XIII-0 

Polyurethane XIII-J 

Polyurethane XIII-NN 

Polyurethrne XIII-OH 

Polyurea XIII-7 

Polyurea XIII-7II 

Polyurethane I-D 

Polyurethane I-G 

Results of 
Analysis of X-Ray Diffraction Pattern 

Crystalline 

Amorphous 

Amorphous 

Slightly crystalline 

Amorphous 

Strongly crystalline 

Amorphous 

Iloderately crystalline 

Amorphous 

Amorphous 

Amorphous 

Strongly crystalline 

Strongly crystalline 

Iloderately crystalline 

Amorphous 

Amorphous 

Amorphous 

Strongly crystalline 

Amorphous 

Amorphous 

iloderately crystalline 
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Since that early period, all rheological and ballistic investigation 

of nitropolymers has been performed under contracts other than N7onr-462. Some 

of the work performed under these other contracts was reported in combined re¬ 

ports submitted under this contract. However, in all cases, complete final 

reports have been filed for these other contracts, and it would be a needless 

duplication to include such summaries here. The reader is referred to the 

summary reports listed in Table 49. 

TABLE 49 

REFERENCES FOR RHEOLOGICAL AND BALLISTIC 
EVALUATION OF NITROPOLYMERS 

Aerojet Final 
Contract No. Period Covered Report No. 

NOas52-359 May I95I to Sept I952 649 

NOas53-6l8c Dec I952 to Feb I954 81? 

NOas54-399c (NOrd 16584) May I954 to March I956 1104 

MOrd IÓ878 April I956 to March 1957 (in progress) 

M. MISCELLANEOUS PHYSICAL-PROPERTY STUDIES 

1. Introduction 

Several miscellaneous physical-property studies were under¬ 

taken, In general these studies were not extensive. 

2. Vapor-Pressure Measurements 

In the early stages of the nitropolymer-development program, 

nitroethanol was an important intermediate. Its vapor pressure (345, 58) and 

that or its acrylate (404, 6o)ware determined, using an isoteniscopic 

apparatus. For vapor-pressure measurements near the solidification point, 

the isoteniscopic apparatus was not suitable. A simple U-tube-type apparatus 

was assembled and used for vapor-pressure measurements on nitrofom (404, 58), 

3. Potentiometrie Titrations 

At an early stage in the program, a compilation of potentio- 

metric titration curves for new nitromonomers was undertaken. It was anticipated 
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that this technique would be useful for determination of purity, or for 

structure-proof studies (see paragraph VI,D), Titration curves for the 

following compounds were reported: nitroethanol; 2-bromo-2-nitroethanol; 

2,2-dibromo-2-nitroethanol; trinitroethanol; nitroform (4o4, 58); 3,3" 

dinitro-l,5*pentanediaraine; methyl 4,4,6,0-tetranitrocaproate; 2,2,4,4- 

tetranitrobutyl acetate (468, 58)} 2,2-dinitrobutanol; and 2,2,4,4- 

tetranitropentanediol (499^ 5^). 

4. Solubility Parameters 

From the solubility of a compound in several solvents, 

the entropy of fusion and the solubility parameter can be determined. 

This was determined for 2,2-dinitro-l,3-propanediol (590, 43), 1,5-Ms- 

(4,4,4-trinitrobutyro:^r)-3"o:capentane (658, 44) and l,2,3”iíis-(4,4,4- 

trinitrobutyro:cy)-propane (658, 44). An attempt to determine tne solu¬ 

bility parameter for polyester 1-A was unsuccessful (658, 45)» A 

detailed discussion of the theory and method used vas given (638, 46), 

VII. SAFETY 

A. INTRODUCTION 

The general field of propellant and ejcplosives research 

necessarily introduces a hazard to laboratory personnel, due to the 

inherent nature of the materials being processed. Throughout the work 

on this program, every effort was exerted to prevent accidents and to 

safeguard the personnel from injury. A constant watch was maintained 

to eliminate dangerous practices and to minimize the hazards associated 

with the operations. 

B. DISCUSSION 

From the inception of this program, all standard safety practices 

and devices were utilized in these laboratories. Personal safety items such 

as safety shoes, safety glasses, and flame-proof laboratory coats were 

mandatory for all personnel; and conventional safety devices, sucn as acid 
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carriers, asbestos gloves, safety shields, and laboratory tongs, were available 

in each laboratory. In addition, a number of specialized safety items were 

designed and built for use in this program. 

The Safety Committee, composed of laboratory personnel, made 

periodic inspections of the laboratories to ensure that all safety practices 

were being complied with. 

Despite the rigid safeguards, a number of fume»offs, explosions, 

and fires occurred (468, 65; 482, 6l; 540, 53; 590, 85; 638, I05). In each 

case, an evaluation of the preparation was made, and corrective measures were 

incorporated into the process to prevent a recurrence. In no case, 

throughout the entire program, did any injury, other than minor cuts and 

burns, occur to personnel, 

C. SAF3TY EQUIPIEIIT 

1. Safety Shields 

For normal laboratory use, the 2-ply safety glass, steel- 

framed shield, available from Fisher Scientific Co. was satisfactory (468, 

60), For extremely hazardous operations, a 1,5-in.-thick safety glass, 

mounted in a steel frame (468, 60), or a 0.25-in, steel-plate shield con¬ 

taining a safety-glass sight slit, proved to be more satisfactory (468, 60). 

For larger-scale operations, portable shields, mounted on wheels, were 

utilized (540, 53)t A stationary safety shield was mounted around a large 

laboratory evaporator (5^0, 53)» 

2. Air Bath for Vacuum Distillations 

ilany nitro compounds encountered in this project were 

liquids which required a distillation in order to be purified. In this 

laboratory, a standard practice was adapted wherein all new nitro com¬ 

pounds were distilled in quantities of 0,5 to 5»0 g from a simple two- 

bulb tube inserted in a metal air bath. This air bath is made of welded, 

1/16-in. steel, lined with asbestos paper, and has replaceable safety-glass 

windows on each side. It is heated on the bottom of one end by means of a 

small Bunsen flame. Both a diagram and a photograph of this air bath are 

shown in an early report (468, 6l), 
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3, Remote Control Laboratory 

One laboratory was specially equipped for extra-hazardous 

reactions. One v/all is of light, plastic-covered-uirc construction. The 

remaining three walls and ceiling are constructed of reinforced concrete 2 ft 

thick, A special 'i/indow of multiple-ply safety glass is placed in the center 

of one concrete v/all, and direct observation of reactions is made by means 

of angular mirrors. All services may be controlled from outside the 

laboratory, and a special pulley arrangement lr'- been devised for remotely 

opening and closing stopcocks. To v/am personnel v;hen a hazardous reaction 

is in operation (468, 65), large signs are placed on each side of the 

entrance to this laboratory. 

4, Water Flooding System 

In many chemical reactions which become uncontrollable, the 

hazards and damages that result could be minimized by flooding the reaction 

system when the temperature exceeds a predetermined limit. Such a system 

v/as designed and placed into operation in this laboratory. 

Essentially, this device consists of a thermoregulator, which 

is inserted into the reaction medium. When the reaction temperature reaches 

the set point on the thermoregulator, electrical contact is made and a mercury- 

to-mercury relay is energized. This energizes a power relay, which opens a 

solenoid valve. Water flows through the valve and into the reaction mixture. 

The volume of v/ater may be adjusted by means of an electronic timer. A more 

detailed description and a schematic diagram of this device is shown in an 

early report (482, 58). 

5, Storage Vessels 

In order to minimize the hazard of storing and handling 

sensitive crystalline material, it has become the practice in these labora¬ 

tories to place 50 gm, or more, of a crystalline explosive material in 

polyethylene containers. These are now available commercially in a wide 

variety of sizes and shapes, and they come equipped with pressure-tight 

covers. The polyethylene is practically indestructible, except by explosion 

or flame, and makes an excellent storage container (540, 55)» 
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APPENDIX A 

COMPOUND INDEX 

(Numbers indicate paçes in the body of the report) 

Acrylyl N-(3,3-dinitrobutyl)-carbamate; 29 

Allyl l^-dinitro-ljT-’ieptanedioate, 23, 2k 

Allyl 4,4,4-trinitrobutyrate, 22, 24, 102 

a-Aiainoacrylic acid, 28 

6-Amino-4,4-dinitrohexanoic acid, 75, 77 

6-Amino-4,4-dinitrohe:canoic acid hydrochloride, 48, 77 

Azo-bis-(2,2-dinitropropane), 100 

3- Azu-3-nitroso-l,5"Pûntanediol, 94 

4- Aza-4-nitroso-l,2-pentanediol, 95 

4-Aza-l,2-pentanediol, 95 

4-Azapentanonitrile, 76, 114, 235, 256, 257 

4.7-bis-(Eenzenesulfonyl)-4,7"diaza-lt10-decane dinitrile, 67 

N.N'-bis-(Carbomethoxy-3,3-dinitropentyl)-urea, 48 

N,N'-bis-(Carbometho:^raethy1)-N,N'-bis-(methylol)-oxanide, 63 

N.N*-bis-(Carbonethoxymethyl)-oxamide, 63, 71 

I^N'-bis-iCarboxymethylJ-oxamide, 7I 

N,N'-bis-(2,2-Dinitroethyl)-urea, 62 

N.Nl-bis“(2.2-Dinitropropyl)-glycine, 75, 79 

N.N'-bis-(2.2-Dinitropropyl)-hydrazinet 100 

bis-(2.2-Dinitropropyl)-nitramine. 79, 30 

bis-(2,2-Dinitropropyl)-nitrosamine, 80 

H.N*-bis-(B“Hydro:p/ethyl)-onamide, 142, 152, I58, I63, I65, I68, I69, I87 

N.N* -bis- (ß-Hydro:yethyl)-2.4,6-trinitro-ta-phenylenediaraine, 144, I60 

N.N1 -bis-(g-Kydro:cyethyl) urea, 97 

bis-Nitric acid salt of 4,7-diaza-l,10-decane dinitrile, 67 

bis-Hitric acid salt of 3;6-diaza-l,8-octane dinitrile, 67, 23^, 255, 256 

bis-Nitric acid salt of 4,ll-diaza-l,l4-tetradecane dinitrile, 68 
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bis-Nitric acid salt of 4,8-diaza-l,ll-undecane dinitrile, 68 

bis-IJitric acid salt of 7,7-dinitro-4,10-diaza-l,I3-tridecane dinitrile, 59 

bis-Hitric acid salt of 7,10'*dinitro-4,7;10i 13"tetraza-l,l6- 
b.exadecane dinitrile, 70 

bis-Hitric acid salt of 7-nitro-4,7,10-triaza-l,13-tridecane dinitrile, 69 

H. H-bis-(l-iIitro-4,4-diniet:iyl-3,5-dioxacyclohe:^lmethyl) methylamine, 99 

bis- ( l-Hitro-4,4-dimethyl-3,5-dioxacyclol’e:cylraethyl )-nitromethane, 122 

I, 2-bis- (4,4,4-Trinitrobutyro:qr)-ethane, I08, 110, 278 

lt5-bis-(4.4,4-Trinitrobutyro:iy)-5-oxapentanet I08, 110, 278, 289 

I. 2-bis-(4.4.4-Trinitrobutyroxy)-propane. IO8, 110, 278 

bis-(2,2,2-Trinitroethyl) azelate, I08, 110 

H,ll,-bi8-(2,2,2-Trinitroethyl)-N,H,-bi8-(carbonethoxymethyl)-oxamide, 63 

iI,H' -bis- (2.2.2-TrinitroethvlT-n.H1 -bis- (2-hydro:Qrethyl)-urea, 97 

bis-(2,2,2-Trinitroethyl) fumarate, 20, 21 

bis-(2,2,2-Trinitroethyl) maleate, 20 

bis-(2.2.2-Trinitroethyl) raesaconate, I9 

bis-(2.2.2-Trinitroethyl) muconate, 20 

l'],H,-bis-(2,2,2-Trinitroethyl)-urea, 62 
0 

bis-(5.5.5-Trinitro-2-keto-1-pentyl) carbonate, 100 

II, 11'-bis-(3,3,3-Trinitropropyl)-urea, 48 

Borontrifluoride etherate, 146, 147, 151» 15^, 155, 15^, I58, 244, 254 

4-Bromo-4,4-dinitrobutyric acid, 73, 75 

2-Bromo-2,2-dinitroethanol, 12, 96 

2-Bromo-2,2-dinitroethyl acetate, 20, 96, 122, 123, 124 

2-Bromo-2,2-dinitroethyl acrylate, 12, 18, 20 

2-Bromo-5,5*dinitro-l-hexanol, 102 

2-Bromo-2-nitroethanol, 85, 9^, H8, 233, 237, 238, 289 

2-Bromo-2-nitroethyl acetate, 28 

2-Bromo-2-nitro-1,3-propanediol, 86, 142, I68, 170, 224 

4-Bromo-2,2;4,6,6-pentanitroheptane, 120, 121 

1,4-Butanediol, II3, 142, I68, I7I 

Butyl pseudo nitrole, IIS 

2-Butyne-l,4-diol, 92, 142, 168, I7I, 249 

l-Carbethoxymethyl-3,3,5,5“tetranitropiperidine, 80 
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6-Carboraetho2cy-l».,4-dinitrohexanoic acid, $0, 75/ ?6 

6-Carboraethoxy-4,4-dinitrohexanoyl chloride, 75/ 77 

5-Carboraethoxy-3,5“<iinitropentyl isocyanate, 4Ô 

ll-Carbomethoxyethyl-ll-nitro-9/lO-etl^anoanthracene, 27 

l-CarboMetho2cynethyl-3,3/5/5“tetranitroP-Per^^^nei 

1- Carboxymetiyl-3,3/5/5“tetranitropiperldine, 75, 80, 81 

Cellulose, I98, 200 

Cellulose 4,4,4-trinitrobutyrate, 200 

2- Clilororaethyl-4-, 4- dinitropentanal, 26 

2-Chloromethyl-4,4-dinitropentanoic acid, 26 

5" Ch lororae thy > 2- oxazo 1 idone, 95 

1- Chloro-l-nitroethane, 117/ 251, 252 

2- Chloro-2-nitro-1,3-propanediol, 86, 142, I68, I7I/ 224 

1- Chloro-2,4,6-trinitrobenzene, 201 

Chrotaium III acetylacetonate, 148 

Cobalt II acetylacetonate, 148 

Cobalt III acetylacetonate, 148 

Copolymer of acrylic acid and 2,2-dinitropropyl acrylate, I3I 

Copolymer of ethylene glycol diacrylate and 2,2-dinitropropyl acrylate, I3I 

Copolymer of ethylene glycol dimethacrylate and 2,2,2-trinitroethyl 

methacrylate, I34 

Copper II acetylacetonate, 148 

2- Cyano-2,2-dinitroethanol, 12 

2-Cyano-2,2-dinitroethyl acrylate, 12, 18 

6-Cyano-4,4-dinitrohexanoic acid, 75 

11-(2-Cyanoethy1)-11-nitro-9,10-e thanoanthracene, 28 

W-cyano-2,2,21,2'-tetranitrodiethylamine, 50 

2-Cyclohexene-l-one, 54 

Cyclohexyl pseudo nitrole, lió 

l,3-Diacetoxy-2-nitropropane, 25/ 58/ ^-22 

4,7-Diaza-l,10-decane dinitrile, 67 

3.5- Diaza-l,7”heptanedioic acid, 72 

4.6- Diaza-l,9-nonane dinitrile, 7I 
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3,6-Diaza-1,8-octane dinitrile, 67, 255 

3,9-Diaza-5,5,7,7-tetranitro-l,ll-undecanedioic acid> 
2.2- Dibromo-2-nitroethanol, 289 

l,4-Dibroino-l,l,4,4-tetranitro-2,3“butanediol, n 

(^tO'-Dicarbonethoicydiallyl ether, 5I 

üb^'-Dicarboxydiallyl ether, 5I 

Di-(ß-carbojcyethyl)-amine hydrochloride, 66 

Di-(ß-carbo:qrethyl)-nitramine, 64, 65, 233, 240, 241 

1.3- Dichloro-2,4,6-trinitrobenzene, 201 

Di-(ß-cyanoethyl)-amine, 66, 71, 240 

Di-(ß-cyanoethyl)-anmonium nitrate, 66, 233, 240, 241 

NjN-Di-(ß-cyanoethyl)-benzene8ulfonamide, 66 

Di-(ß-cyanoethylJ-nitramine, 52, 64, 66, 233, 24o, 241 

Di-(ß-cyanoethyl)-nitrosamine, 66 

N,N-Di-(ß-cyanoethyl)-urea, 66 

Di-(cyanomethylJ-ammonium nitrate, 65 

Diethyl 2,2-dinitroethylmalonate, 43 

2,5-Diethyl-2-methyl-5-nitro-l,3-dio:an, 101 
Diethyl nitromalonate, 41 

Diethyl N-nitro-N-(2,2,2-trinitroethyl)-aspartate, 55, 60 
Diethyl o:calate, 143, I95 

Diethyl (2,2,2-trinitroethylj-malonate, 43 

Diethyl 2-trinitromethylfuraarate, 27 

ß>ß'“Dihydrojqrethyl ether dichlorofonnate 

Diisopropylidene malonyl dihydrazide, 43 

Diisopropylidene trinitroethylmalonyl dihydrazide, 43 

2-(Dimethylaminomethy1)-4,4-dinitropentanal hydrochloride, 25 

2.3- Dime thy1-2,3-dinitrobutane, II8 

2.3- Dimethyl-2,3-dinitro-l,4-butanediol, 97 

2.2- Dimethyl-5,5-dinitro-l,3-dio::an, 101, 233, 243, 244 

3.4- Dimethyl-3,4-dinitrohe:ame, US 

2.2- Dimethyl-5-ethyl-5-nitro-l,3-dio:an, 101 

2.2- Dimethyl-5-hydroxymethyl-5-nitro-l,3-dio:am, 99, loi, 233, 243, 244 
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2.2- Dimethyl-5"inethylaininoiaethyl-5"nitro-l,3-dio::an, 95* 99 

2.2- Dimethyl-5“nitro"l*5"di°3!:an* 101* 120, 122 

Dimethyl IJ-nitro-N-(2,2,2-trinitroethyl)-2lutamate, 55 

1.1- Dimethyl-2,2,2-trinitroethyl acetate, 126 

Dimethyl (2,2,2-trinitroethyl)-succinate, 4j, 5^* 55 

2.6- Dimethyl 2,4,6-trinitroheptane, 120, 121 

4.4- Dimethyl-5,5*5"trinitro-2-pentanone, 126 

2.2- 0^6^1-4-(31,3'*3,"trinltroProPyl)"l*5“dioxolane, 266, 269-272, 278 

1.4- Dinitratobutane, I09, II3, 208, 209, 210, 214, 231 

4.7- Dinitraza-l,10-decane dinitrile, 64, 67 

4.7- Dinitraza-l,10-decanedioic acid, 64, 67 

4.7- Dinitraza-l,10-decanediol, 9I 

4.7- Dinitraza-l,10-decanedioyl chloride, 64, 60, 9I 

3.6- Dinitraza-4,5“diheto-l,8-octanedioic acid, 7I 

3.10- Dinitraza-l,12-dodscane diisocyanate, 45 

3,5“Dinitraza-l,7“heptane diisocyanate, J1 

3,5"Dinitraza-l,7-heptanedioic acid, 72 

3.5- Dinitraza-1,7-heptanediol, 98 

2.5- Dinitraza-1,6-he:anediamine, 143 

2.5- Dinitraza-1,6-he::ane diisocyanate, 44, 141, I50, I78, I80, I8I, 194, 206, 
217 

3.7- Dinitraza-1,9-nonane diisocyanate, 44 

4.6- Dinitraza-1,9-nonane dinitrile, 7I 

3.6- Dinitraza-l,8-octanediamine, 70, 143 

3.6- Dinitraza-1,8-octanediamine dihydrochloride, 44 

3.6- Dinitraza-l,8-octane diisocyanate, 44, 141, I50, 162, I66, 194, 206, 217 

3.6- Dinitraza-l,8-octane dinitrile, 52, 64, 67, 234, 255* 256 

3.6- Dinitraza-1,8-octanedioic acid, 64, 66, 234, 255* 256 

3.6- Dinitraza-l,8-octañedlo1, 96, 142, 152, 157* I63* I66, I68, I7I 

3.6- Dinitraza-l,8-octanedioyl chloride, 64, 67 

2,4-Dinitraza-1,5-pentane diisocyanate, 72, I63 

4.11- Dinitraza-l,l4-tetradecane dinitrile, 64, 68 

4.11- Dinitraza-l,l4-tetradccanedioic acid, 64, 68 
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4,ll-Dinitraza-l,l4-t3tradecanedioyl chloride, 64, 68 

4.8- Dinitraza«l,ll-undecane dinitrile, 64, 68 

4.8- Dinitraza-l,ll-undecanedioic acid, 64, 68 

4.8- Dinitraza-l,ll-undecanedioyl chloride, 64, 68 

5,5“Dinitl-‘0"5“aze^':anoic acid, 79 

^l'-Dinitrobicycloheityl, IIS 

2.3- Dinitro-l,3-butadiene, 11 

1.1- Dinitrobutane, 86, 120, 121 

2.2- Dinitrobutane, lió, 117 

1.4- Dinitrobutane, II6 

1.4- Dinitro-2,3"butanediol, 88, 277 

2.2- Dinitro-l-butanol, I5, 86, 111, 277^ 289 

3,3"D4nitro-l-butanol, l6, 53> 92 

3.3- Dinitro-i-butene, 9, 10, 103 

N-(3,3-Dinitrobutyl)-acrylamide, 29, 137 

2.2- Dinitro-l-butyl acrylate, I5, l8, 132, 221, 277 

3.3- Dinitro«*l-butyl acrylate, l6, 18, 133 

3,3“Dinitro-l-butylamine, 29, 53, 92 

3.3- Dinitrobutylamine hydrochloride, 48 

2,2-Dinitrobutyl 4,4-dinitro-l,7”heptanedioate, IOS, 111 

2-(3',3,“Dinitrobutyl)-5-hydro:7methyl-2-methyl-5-nitro-l,3-dio:;an, 101 

2-(3' ,3,“Dinitrobutyl)-5-hydro:cymethyl-5-nitro-l,3-dio:can, 101 

3,3*Dinitrobutyl isocyanate, 29, 48 

2.2- Dinitrobutyl 4,4,4-trinitrobutyrate, I07, 110, 207, 208, 210 

3.3- Dinitrobutyric acid, 9, 32, 53, 72, 75, 92 

4.4- Diriitrobutyric acid, 72, 73, 75 

3.3- Oinitrobutyryl azide, 32 

3,3"Dinitrobutyryl chloride, 32, 75 

l,l-Dinitrocyclohe:;ane, II6, II7 

3.3- Dinitro-l,5-diaceto;qrpentane, 93 

7,7-Dinitro-4,10-diaza-l,13-tridecana dinitrile, 59 

3.3- Dinitro-l,5-dibrotnopentane, 93 
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5.5- Dinitro-l,2-epoxybutane, I05 

5.5- Dinitro-1,2-epoxyhexane, 102, I03 

5.5- Dinitro-2,J-epojcyhexane, I03 

1.1- Dinitroethane, 23, 85, 86, 92, 112, HJ, H7, 120, 121, 252 

11,ll-Dinitro-9,10-ethanoanthracene, 10 

2.2- Dinitroethanol, 11, 98, 232, 238, 282 

2.2- Dinitroethyl acetate, 10 

1,1-Dinitroethylena, 7, 1°, 92, 120, 122, 123, 12^ 

4.4- Dinitro-l,7“heptanedioic acid, 23, 30, 55, 56, 66, 93, Hl> 191, 233, 24o, 

247, 277, 282 

4.4- Dinitro-1,7-heptane dinitrile, 55 

4.4- Dinitro-1,7-heptanedio1, 91 

4.4- Dinitro-l,7-heptanedioyl azide, 40, 246, 248 
4.4- Dinitro-1,7-heptanedioyl chloride, 40, 55, 57, 91, HI, 1^3, 176, I80, 187, 

I89, 195, 234, 246, 247, 248 

4.4- Dinitro-l,7-heptanedioyl hydrazide, 41 

5.5- Dinitro-l,2-hexanediol, 9°, 102, 142. I52, 157, I63, I65, I68, I70, 178, 
216 

2.5- Dinitro-3,4-hexanediol, 88, I8I 

5.5- Dinitro-2-hexanol, 9, 89 

4.4- Dinitro-6-hexanolactam, 75, 77, 195 

5.5- Dinitro-2-hexanone, 89, IO9, H2, 20/, 208, 209, 210, 231 

5.5- Dinitro-1-hexene, 9 

5.5- Dinitro-2-hexene, 9, 53, 1°3 

4.4- Dinitro-5-hydro:cypentanoic acid, 73, 75 

5.5- Dinitro-2-keto-l»hexanol, 90, 92 

Dinitromethane, 5I, 88, 96, 201, 282 

4,4-Dinitro-1-pentanal, 25, 89 

3.3- Dinitro-1,5-pantanediacetamida, 41 

3.3- Dinitro-l,5-pentanediamine, 41, 59, 1^3, 192, 195, 277, 282, 289 

3.3- Dinitro-l,5-pentanediamine dihydrochloride, 41 

3.3- Dinitro-l,5-pentanedibenzamide, 41 

3.3- Dinitro-l,5-pentane diisocyanatc, 37, 38, 40, 141, 145, 1^, 1^9, 15°, 151, 
I52, 158, 162, 192, 197, 217, 234, 245, 248, 277 

3.3- Dinitro-l,5-pentanedioic acid, 62 

3.3- Dinitro-1,5-pentanediol, 93, 142, 145, 187, I88 
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M-Dinitropentanoic acid, 23, 72, 75, 76, 111, 235, 259 

2.2- Dinitro-l-pentanol, 16, 86 

4.4- Dinitro-l-pentanol, 89 

4.4- Dinitro-5-pentanolacton2, 73, 74, 75, I09, II3 

4.4- Dinitropentanonitri1a, 75, 76, I09, II3, 207, 210, 23I 

4.4- Dinitropantanoyl chloride, 89 

4.4- Dinitro-l-pentene, 11 

4.4- Dinitro-1-pentyl acetate, 11 

2.2- Dinitro-1-pentyl acrylate, 16, 18, I33 

5,5’Dinitro-2-piperidone-l!-acetic acid, 75, 8l 

1.1- Dinitropropane, 86 120, 121 

2.2- Dinitropropane, lió, II7, 282 

2,?c2ÍnÍÍ0’Í¿3‘p^paaaíiol> ll> 56> 74, 80, 86, 87, 101, in, 142 144 145 mo 

9' ^ 0^ 213; 2 I' 2'^ l$oïl\Ù?’ ^^176/177^17971^18 'l^ tyf, 201, 213, 228, 233, 242-245, 246, 277, 28o, 282, 285 > > > 

79'35’86’ 9°' io°’uo’ui'u2' ii8< 
II- (2,2-Dinitropropyl ) - acrylamide, 30 

2,f“n““P^yl “-T1““- T. 18. I». UO, 132, 221, 227, 229, 234, 250, 

2.2- Dinitropropylamine, 3I 

2.2- Dinitropropyl 4,4-dinitro-l,7-heptanedioate, IO8, 111 

2,2-Dinitropropyl 4,4-dinitropentanoate, I08, 111, 207, 210 

2,2-Dinitropropyl 4-methyl-4-nitropentanoate, I07, 110 

2#234^256^^58^ ^itrazaPsntanoatG; 100, HI, 207, 209, 210, 215, 226, 231, 

2.2- Dinitropropyl 2-toluenesulfonate, 31 

2;2-Dinitropropyl 4,4,4-trinitrobut3rrate, I07, 110 

4,7-Dinitroso-4,7-diaza-1,10-decane dinitrile, 67 

1.4- Dinitro-1,1,4,4-tetrabromobutane, II5 

1.5- Dinitro-l,1,5,5-tetrabromopentane, II6 

7,10-Dinitro-4,7,10,I3-tctraza-1,16-hexadecane dinitrile, 70 

2.2- Dinitrotrimethylene diacrylate, I7, 18, 201 

Dio::oisocyano3en, 35, 36 

II,N1-Diphenyl 5>5"dinitro-2,8-diaza-l,9-nonanediamide, 41 
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Dipotassium 2,6-dinitrocyclohe:anone, 116 

Dipotassiun 2,5-dini-trocycloPen,:anone^ 115 

Dipotassium l;l,5,5-tetranitro-3-azapentane, 98 

Dipotassium 1,1,3,3-tetranitropropane, 79, 123, 124 

Dipotassium 2,3,5“trinitropropional, 200 

Disodiura 4,4-dinitrobutyrate, 73 

Sthylallylammoniun titrate, 33 

N-Sthylallylnitraraine, 33 

Ethyl 3-aza-8-hydroxy-5,5,7,7-tetranitro-l-octanoate, 80 

Ethyl 2-aza-5,5,5-trinitropentanoate, 48 

Ethyl 5,5-dinitro-3,7-diaza-l,9-nonanedioate, 80 

Ethylene bis-(4,4-dinitropentanoate), I08, 111, 207 , 208, 209, 210, 23I, 28l 

Ethylene bis-(4-nitrazapentanoate), I08, HI, 207 , 210 , 231, 281 

Ethylene diamine, 143, 193, 19^, 2^5 

Ethylene diisocyanate, 35, 36, 141, 144, 149, 16°, 1^1, 191 

Ethylene dinitramine, 96, I9I, 196 

Ethylene Slycol, 142, 146, 152, 157, 161, 165, 165, 168, 16?, 176, 177, 180, 

181, 187, 190 

Ethyl 3,5,5,7,9,9,ll-4epta"l«0-5,ll-<11“a-1>15-trl,iMan<îdloate’ 65 

Ethyl 4-nitrazapentanoate, 208, 210 

£-Ethy 1-2 'nitro-1, J-propanedlol, 101, 142, 152, 153, 163, 164, 167, 168, 179, 

180, 282 
Ethyl 5,5,7,9,9-pentanitro-2,12-diaM-l,13-triiecanedioate, 33 

Ethyl 5;5,5-trinitro-3-azapentanoate, 63 

Ethyl 1,1,1-trinitroisopropyl ether, 125 

thyl a-(trinitromcthyl)-acrylate, 27 

Ferric acetylacetonate, 148, 154, 155, 157, 153, 162, 167, 172, 175, 179, ¡»5, 
206, 207, 208, 209, 210, 215 

Glycidyl nitrate, I03, I05 

Glycidyl 4,4,4-trinitrobutyrate, 102, I03, 197 

1,7-Ueptanedioyl chloride, I87 

Hejuimethylene diamine, I96 
7-He::anitro-1,9-nonane diisocyanate, 38 
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Mld- 55' 56< 27T 

Î’Î'6 6 8 « H r0'1'11"“"'^101’ 9l' ltó' l52' l56, 278 
4,4,6,Ó^.S-He^Uro-^n-undccanedíoy! chloride, 55, 58 91 
5-HydroXymethyl-2-methyl-5-nitro.2./v ' 9 

n-lIydroKyraothyl-H-nicro-g W-ecJ ’ , ™ 9^10 etiianoanthracena. 24. 54 
Hydroxymethyl vinyl ¡entone, 82, J2, ¡,1,9 

Iminodiacetonitrile, 65 

Isobutyl 1,1,1-trinitroisopropyl ether, 125 

Isopropyl 1,1,1-trinitroisopropyl ether, I25 

Lead li acetylacetonate, 14Ô 

LitîUum borohydride, 89 

Ilalanohydroxamic acid, 37 

Malonyl chloride, 188 

lialonyl diazide, 36, 160 

Ilalonyl dihydrazide, 36 

Ilan^anese III acetylacetonate, 1½ 

2-llathoxyethyl h,h, 1|»trlnltrobutyrate 107 110 cm „„ 

2-èIethoxyethyl 1,1,1-trlnltroleopropy; etL 125 ’ '' ^ 251’ 278 
N-IIethylallylnitraraine, 33, 95^ 105 

aethyl 6-amino-4,4-dinitrohe:^noate hydrochloride, 75 77 
*etnyl 2-aza-5,5-dinitrohe:canoate, 48 

uetnyl 3-aza»5,5-dinitrohexanoate, 78 

Methyl 2-aza-5,5-dinitro-l,8-octanedioate, 48 77 
Methyl W,M-bÍ8-(2,2-dinitroProPyl).3lycin^ ^ ?9 

Methyl 4-brorao-4,4-dinitrobutyrate, 73, 75 

Methyl 6-bromo-4,4,6,6-tetranitrohe:anoate, 79 

Methyl 4-brorao-4,6,6-trinitroheptanoate, 78 

Methyl 6-brono.4,4,6.trinitro.l,9.nonanedioate, 62 
Methyl 6-carbo;cy-4,4-dinitrohe:^noate, 50 

Methyl 2-chloro,nethyl.4,4-dinitropentanoate, 26 

Methyl 6-cyano-4,4-dinitrohexanoatc, 50, 75, 77 
Methyl 2,5-diaza-5-nitrohe;canoate, 48, Ho 

Methyl 5,6-dinitraza-4,5-diheto-1,8-octanedioate 71 

Methyl 7-dinitraza-1,10-decanedioate, 64 
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¡¡ethyl 2,5-dinitrazahe::anoate, IO?, 110 ‘ 

Methyl 3/6-dinitraza»l78-octanedioate, 64 

Iletnyl 4,11-dinitraza-l,14-tetradecanedioate, 64 

Methyl 4,8-dinitraza»l,ll*-undecanedioateJ 64 

Methyl 5>5-dinitro-2,8-diaza-l,9-nonanedioate, 38, 4l 

Methyl 4,4-dinitrobutyrate, 50, 73, 75 

"“S1 ^«»“«•i.T-hepeanedioata, 49, 50, 55, 56, 59, 74, 235, 244, 245, 

Methyl 4,4-dinitro-5-hydro:grpentanoate, 62, 73, 75, 8l, 98, 99, II3 

uethyl 4,4-dinitro-2-methyl-2-pentenoate, 27, I37 

Methyl 4,4-dinitropentanoate, 75. 76. 89. 107 
215, 218, 231, 278 ' ' h 

HI, 205, 207, 208, 209, 210, 

Methyl 4,4-dinitro~5"phthalimidopentanoate, 124 

Methyl 5,5"dinitro-2-piperidone-N-acetate, 75, 8l 

Methyl i>(2',2'-uinitropropyl)-acrylate, 25, I36 

aethyl 4,7-dinitro-2,4,7,9-tetraza-l,10-decanedioate, 44 

Methyl 5,8-dinitro~2,5,8,ll-t2traza-l,12-dodecanedioate, 44 

ilethyl 5,12-ainitro-2,5;12,15"tetraza-],l6-he:»decanedioate, 45 

Metnyl 5,9-dinitro-2,5,9,12-tetraza-l,13-tridecanedioate, 44 

Methylene diisocyanate, 35, 36, 141, I59, 160, I9I, I92, 28I 

2-i¡ethylene-4,4-dinitropentanal, 26 

Iletnyl 4,4,6,6,8,8-he::anitro-l, 11-undecanedioate, 55, 58 

Methyl 4-raethyl-4-nitropentanoate, 89 

Methyl 4-nitraza-l,7-hepianedioate, 47, 64 

Methyl 3“nitraza-l,6-hexanedioate, 52, 64, 65 

76, 108, 111, 207, 208 , 209, 210, 212, 213, 

Methyl 2-nitrazapropicnate, I06, I07 

Methyl a-nitroacetate, 27 

M-Methyl-lI-nitroacrylciinide, 29 

Methyl a-nitroacrylate, 27 

5-Methyl- 5-nitro-1,3- dio::an, 101 

4-Methyl-4-nitropentanoic acid, 110 

4-Methyl-4-nitro-l-pentanol, 89 
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4-IIethyl-4»nitro-l-pentanoyl chloride, 89 

Methyl 4-nitro-4-pentenoate, 27, 6l, 78 

2-Methyl-2-nitro-l,3-propanediol, I7, 86, 101, 142, 1W, 146, 147, 149, 150, 152, 
155, I60, I63, 164, 168, 169, 174, 175, 176, 177, 178, 180, 181, 188, I89, I90, 
I97, 234, 254 

2-llethyl-2-nitro- 1-propanol, 282 

Methyl 4-nitro-2,4,6-triaza-l,7“heptanedioate, 44 

Methyl 5“nitro-2,5,8-triaza-l,9-nonanedioate, 44, 46 

Methyl 4-nitro-2,4,7*triaza-l,8-òctanedioate, 44 

2-Methyl-2-nitrotrimethylene diacrylate, I7, 18 

Methyl 4,4,6,8,8-pentanitro-6-aza-l,ll-undecanedioate, 52, 55, 58 

Methyl 5>5,7,9,9-P®nt;anitro-2,12-diaza-l,13-tridecanedioate, 38 

Methyl 4,4,6,8,8-pentanitro-l,ll-undecanedioate, 55, 57, 58, 122 

Methyl 4,4,8,8-tetranitro-6-aza-l,11-undecanedioate, 58, 59 
Methyl 4,4,10,10-tetranitro-6,8-diaza-7-heto-1,13-tridecanedioate, 62 

Methyl 4,7,i,10-tetranitro-4,10«diaza-l,13-tridecanedioate, 55 

Methyl 4,4,6,6-tetranitrohexanoate, 51, 75, 79, 277, 282, 289 

Methyl 4,4,6,6-tetranitro-l,9-nonanedioate, 5I 

Methyl 5,8,6,ll-tetranitro-2,5,11,14-tetraza-1,15-pentadecanedioate, 39 

Methyl 4,7,10-triaza-l,13-tridecanedioate, 70 

Methyl 4,7,10-trinitraza-l,13-tridecanedioate, 64, 69 

Methyl 3,5,5-trinitro-3-azahe:canoate, 52, 75, 78, I09, 112, 208, 210 

Methyl 4,4,4-trinitrobutyrate, 75, I07, 110, 207, 210 

Methyl 4,6,6-trinitroheptanoate, 75, 78 

Methyl 4,4,6-trinitro-l,9-nonanedioate, 6l 

Metnyl 5,8,ll-trinitro-2,5,8,11,14-pentaza-l,15-pentadecanedioate, 45 

Methyl l,l,l-trinitro-2-propyl ether, 34 

Methyl 4,7,10-trinitroso-4,7,10-triaza-13-tridecanedioate, 69 

Methyl vinyl ketone, 112, II3 

Nickel II acetylacetonate, 148 

1- Ilitraminobutane, 127 

2- llitrarainoethanol, 20, 93 

2- Nitraminoethyl acrylate, 20 

3- Hitramino-l,2-propanediol, 93 
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2-Nitraza-l,4-butanediamine; 143 

2- Nitraza-1,4-butane diisocyanate, 44, 141, 150, 175> 17^, 178, 19^^ 278 

3- Nitrazabutylamine hydrochloride, 48 

3- Nitrazabutyl isocyanate, 48, 110, 200 

4- Nitraza-l,2-epojcypentane, I03, IO5 

4-Nitraza-l,7-heptanedioyl azide, 46, 240, 242 

4-lIitraza-l,7-heptanedioyl hydrazide, 43, 47 

4- Hitraza-l,7-heptanedioyl chloride, 46, 64, 66, 233* 240, 241 

3-l!itraza-l,6-he::anedioic acid, 64, 65 

3“Uitraza-l,6-her.anedioyl chloride, 64, 65 

5- Nitraza-2-her^none, II3 

3-Hitraza-l,5-?entanediainine, 46, 69, 143 

3-Hitraza-l,5-pentanediaraine dihydrochloride, 44, 46 

3-Nitraza-1,5-pentane diisocyanate, 43, 44, 46, 65, 141, 146, I50, I66, I68, 
172, 178, 217, 225, 227, 228, 233, 239, 241, 278 

3-Nitraza-l,5“pantan2 dinitrile, 64, 65 

3-Nitraza-l,5-pentanedioic acid, 63, 64 

3- Nitraza-l,5-pentanediol, 94, 95> 1^2, I52, 157 

4- Nitraza-l,2-pentanediol, 95 

3- Nitraza-1,5-pentanedioyl chloride, 64, 65 

4- Hitrazapentanoic acid, 75, 76, 111, 229, 235; 257, 258, 285 

4-Nitrazapentanonitrile, 78, I09, 111, 114, 207, 209, 210, 214, 215, 231, 235; 
257, 258, 281 

4-Nitrazapentanoyl chloride, 75; 78 

2-Nitraza-1,3-propane diisocyanate, 44 

Nitric acid salt of 4-azapentanonitrile, 78, 114, 235; 258, 257 

O-Nitroacetic acid, 282 

a-Nitroacrylonitrile, 28 

2-Hitroallyl acetate, I3, 24, 57, 63, II9, 120, 121, 122, 278 

2-Nitroallyl alcohol, 3*+ 

2-Nitrobutane, II6, IIS 

2-Nitro-1-butanol, 282 

Nitrocyclohexane, lió, II8 

Nitroethane, 88, II7, 251, 252, 282 

ll-Hitro-9,10-ethanoanthracene, 24, 27 

2-Nitroethanol, 7, 85, 233, 237, 277, 282, 288, 289 
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Nitroethyl acrylate, 285, 288 

Ilitroethylene, 2kf 119, 120 

Nitro form, 22, 2J, 27, 42, 4?, 51, 54, 55, 63, 74, 92, 102, 110, II9, 120, 
125, 126, 249, 250, 277, 282, 288, 289 

Nitrofcrm-dioxan (2:1), 126, 277 

Nitrosen tetroîdde, 11 

Nitromalonyl dihydrazide, 41 

Nitromethane, 85, 86, 88, 207, 210, 237, 242, 245, 282 

Nitromethylene diisocyanate, 35, 41 

2- Nitro-2-(metliylnitraminomethyl)-l,3-propanediol, 95 

4-Nitromorpholine, 65, 207, 209, 210 

N-Nitro-H-nitratoethyl acrylamide, 30 

N-Nitro-N-nitratoaethyl acrylamide, 30 

3- Hitro-2-o:uizolidone, 95 

l-Hitro-l,3-pentadiene, 2Ö2 

4- Nitro-4-pentenonitrile, 28 

1- Nitropropane, 282 

2- Nitropropane, lió, IIS, 120, 121, 282 

2-Nitro-1,3-propanediol, 86, 101, 11?, 225 

1- Nitro-2-propanol, 8 

2- Hitro-1-propanol, 8, 86, 97 

1- Nitropropcne, 8, 282 

2- Nitropropene, 8, 32, 282 

N-(2-Nitropropyl)-acetamide, 3I, 32 

2-Nitropropyl acetate, 3I, 32 

N- (2-llitropropyl)-acrylamide, 32 

ß-Nitrostyrene, II9, 120 

7-Nitro-4,7,10-triaza-1,13-tridecane dinitrile, 69 

N-Uitro-N-(2,2,2-trinitroethy1)-aspartic acid, 55, 60, 277 

n-Nitro-N-(2,2,2-trinitroethyl)-aspartyl chloride, 55, 80, 142, I87, I90 

N-Nitro-N-(2,2,2-trinitroethyl)-glutamic acid, 55, 60 

N-Nitro-H-(2,2,2-trinitroethy1)-glutamy1 chloride, 55, 60, 142, I67, 190 
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Oxalyl diazide, 36 

Oxalyl dichloride, 143, I88 

Oxalyl dihydrazide, 36 

2-Oxazolidone, 30, 95 

Pentaerythritol acrylate trinitrate, 21, 155, 277 

Pentaerythritol trinitrate, 22 

I, 5-Pentane diisocyanate, 145 

3.3.5.7.7- Pentanitro-5-aza-1,9-nonane diisocyanate, 3Ô, l1*-!, 172, 
174, 175, I7Ô, 180 

4.4.6.8.8- Pentanitro-6-aza-l,ll-undecanedioic acid, 55, 58 

4.4.6.8.8- Pentanitro-6-aza-l,ll-undecanediol, 9I 

4.4.6.8.8- Pentanitro-6-aza-l,ll-undecanedioyl chloride, 55, 59, 91 

II, 2,2,21,2'-Pentanitrodiethylaraine, 50, 59 

2.2.4.6.6- Pentanitroheptane, 120, 121 

5.3.5.7.7- I’entanitrononane, 120, 121 

3,3,5,7,7“l*entanitro-1,9-nonane diisocyanate, 38, 141, 145, I8I 

4.4.6.8.8- Pentanitroundecane, 120, 121 

4.4.6.8.8- Pentanitro«l,ll-undecanedioic acid, 55, 57, 58, 277 

4.4.6.8.8- Pentanitro-l,11-undecanediol, 9I, 100, 142, 152, 155, 156, 278 

4.4.6.8.8- Pentanitro-l,ll-undecanediol bis-chlorofornate, 100, 143, 19° 

4.4.6.8.8- Pentanitro-l,11-undecanedioyl chloride, 55, 5^, 91, 1^2, I87 
Phenylnitroraethane, 282 

2-Phenyl-l,l,l,3-tetranitropropane, II9, 120 

Polyamide 1-a, I92, 195, 220, 277 

Polyamide 5-Ci, 195, 19^ 

Polyamide 5-Cdl, 19^ 

poly-N-(3,3"I)lnltrobutyl) acrylamide, 137 

poly-3,3"Dinltro"l“butyl acrylate, I33 

poly-2,2-Dinitro-1-butyl acrylate, I32, 220, 277, 283 

poly-2,2-Dinitro-l-butyl methacrylate, 220 

poly-2,2-Dinitro-1-pentyl acrylate, I33 

poly-2,2-Dinitropropyl acrylate, 129, 130, I3I, 220, 229, 235, 26l, 277, 283 

Polyester 1-A, I87, I89, 220, 277, 287, 289 
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Polyester 1-E, I87 

Polyester 1-H, I87, I89 

Polyester 1-J; I89 

Polyester l-ll, I87 

Polyester 2-A; I87 

Polyester 2-B, I87 

Polyester 3-A, I87 

Polyester 3-II, I87, I90 

Polyester 4-II, I87, I90 

Polyester 5-k, I88 
Polyester 6-J, I90 

poly-Glycidyl nitrate, 172, I97 

poly-Glycine, 198- 

poly-llethyl a-(2,2-dinitropropyl)-acrylate, I36 

poly-Pentaerytlirito1 acrylate trinitrate, I35, 277 

poly-Succinyl hydrazide, I98 

poly-2,li-,6-Trinitraza-l-l;eptyl acrylate, I34 

poly-3,5,5“Trinitro-3“aza-1-he:ry 1 acrylate, I33 

poly-2,2,2-Trinitroethyl acrylate, 129, 220 

poly-2,2,2-Trinitroethyl nethacrylate, I34, 220 

poly-5,5,5-Trinitro-2-pentyl acrylate, I33 

Polyurea I-a, I92, 220, 277; 287 

Polyurea I-all/2, 220 

Polyurea VI-a, I92, 220 

Polyurea T/I-ß, I93 

Polyurea XII-£, I94 

Polyurea mi-7, I93, 287 

Polyurea XIII-7H/2, I93, 287 

Polyurea XV-£, 193 

Polyurea XVI-£*, 193 

Polyurethane I-A, 145, 151, 152, 15$, 159, I83, I85, 207, 208, 213, 214, 215, 
219, 220, 221, 222, 223, 224, 225, 23I, 235, 277, 284, 287 

Polyurethane I-A,EA, 223 
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Polyurethane I-A,K, 218 

Polyurethane I-AIT, 18^, 185, 219, 220, 221, 277 

Polyurethane I,XIII-A, 218 

Polyurethane I-D, 145, 146, 152, 153, 159 

Polyurethane I-C, I52, 153, 159, 102 

Polyurethane I-CN, 182 

Polyurethane I-D, 145, 152, 155, 158, I83, 219, 277, 287 

Polyurethane I-DII, I83 

Polyurethane 1-2, 145 

Polyuretliane I-F, I52, I54, I58, 219, 277 

Polyurethane I-FH, 184 

Polyurethane‘I-G, I52, I54, I58, 219, 287 

Polyurethane I-H, 152, 154, I58, 159, 208, 216, 219, 223, 225, 231, 287 

Polyurethane I-HN, 134, 219 

Polyurethane I-J, 146, 147, 148, I52, 155, 159, I83, 186, 207, 211, 212, 220, 
221, 223, 224, 231, 235, 277, 283, 284, 289 ' > > 

Polyurethane I-JN, 184, I86 

Polyurethane I-K, I52, I55, I56, I58, 277 

Polyurethane I-lüI, 184 

Polyurethane I-L, I52, I56, I58, 277 

Polyurethane I-L1I, 184 

Polyurethane I-II, I52, I56, I59 

Polyurethane I-Ï2I, 184, 277 

Polyurethane I-II, I52, I57, I59 

Polyurethane I-11N, 134 

Polyurethane 1-0, I52, I57, I59 

Polyurethane I-Oil, 184 

Polyurethane I-P, I52, I57, I59 

Polyurethane I-PH, 184 

Polyurethane I-T, I52, I57, I59 

Polyurethane VI-A, I59 

Polyurethane VI-AH, 219 

Poljnarethane VI-J, I60 
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Polyuretlmne VII-A; 144 , 
'I 

Polyurethane VII-J, 144 ij 

Polyurethane XI-A, l6l; 277 |i 

Polyurethane JÎI-AN, 184 ! 

Polyurethane XI-N, 146, l6l 

Polyurethane XI-MI, 184 

Polyurethane XII-A, 162, I63, I66, 209, 22J, 277, 287 

Polyurethane XII-AII, 184, 287 

Polyurethane XII,nil-A, 162 

Polyurethane XIÏ-C, I63, 164, I66 

Polyurethane XII-K, I63, 164, I66, 22J, 281, 287 
Polyurethane XII-HN, 184 

Polyuretliane XII-J, I63, 164, I66, 209, 233 

Polyurethane XII-J11, 184 

Polyurethane XII-Li, I63, I65, I66 

Polyuretliane XII-HN, 184 

Polyurethane XII-H, I63, I65, I66 

Polyurethane XII-NN, 184 

Polyurethane XII-0, I63, I65, I66 
Polyurethane XII-ON, 184 ! 

Polyurethane XT.I-T, I63, I66 , 

Polyurethane XIII-A, I67, I68, 172, 208, 215, 219, 220, 222, 223, 224, 226, 228, , 
231, 235, 266, 273-276, 281, 287 ! 

Polyurethane XIII-A,EA, 224 

Polyurethane XIII-AN, 184, 287 

Polyurethane XIII-A,Q, 170 

Polyuretliane XIII,A,G 9O/IO, I7I 

Polyurethane XIII-C, I67, I68 
I 

Polyurethane XIII-C,Q 95/5, I70 

Polyurethane XIII-C,S 9O/IO, I7I , j 

Polyurethane XIII-H, I58, I68, 169, 172, 209, 216, 223, 287 j ¡ 
Polyurethane XIII-HN, 184, I86 
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Polyurethane XIII-J, 146; 168, 169, 20Q, 212, 21}, 220, 22), 22k, 226, 22J, 
2)1, 2)), 28? 

Polyurethane XIII-JN, 18½ 

Polyurethane XIII-J,Q, 225 

Polyurethane XIII-II, I68, I69, 287 

Polyurethane Xlll-Ifll, 18½ 

Polyuret’iane XIII-N, I68, I69, 287 

Polyurethane XIII-NN, 18½^ 287 

Polyurethane XIII-O, I68, I70, 209, 216, 217, 287 

Polyurethane XIII-01I, l8½, 287 

Polyurethane XIII-Q, I68, I70, 225 

Polyurethane XIII-R, I68, I7I 

Polyurethane XIII-S, I68, I7I, 225 

Polyurethane XIII-T, I68, I7I 

Polyurethane 3CIII-U, I68, I7I 

Polyurethane XIV-A, 175, 17k, 175, 178 

Polyurethane XIV-H, 175, l?^, 175, 178 

Polyurethane XIV-J, 175 

Polyurethane XV-A, I76, 177, 225, 277, 281 

Polyurethane XV-H, I76, 177, 225, 

Polyurethane XV-J, I76, 177, 178, 225, 277, 281 

Polyurethane IhMÎ, I76, 177, 178, 225 

Polyurethane XV-0, I76, I78 

Polyurethane ÎCV-A, 179/ ISO, I8I, 209 

Polyurethane }CVI-C, 179, 180, 182 

Polyurethane X'/I-II, I79, I80, I8I, 182, 209 

Polyurethane XVI-J, ISO, I8I, 182, 28½ 

Polyurethane XVI-IT, I80, I8I 

Polyurethane XVI-0, I80, I8I 

poly-Vinyl al eolio 1, I98, 199, 200 

poly-Vinylanine, I98 

poly-Vinylamine hydrochloride, I98 

poly-n-Vinyl-H'-methyl urea, I98 

poly-H-Vinyl-11'-phenyl urea, I98 
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poly-Vinyl II-(3/5;5"t^nitropropyl)-carbamate, I98 

poly-Vinyl 4,4,Vtrinitrobutyrate, I36 

Potassium 1,1-dinitroethane, 76, lió, 252, 259 

Potassium 2,2-dinitroethanol, 56, 73, 87, 92, 96, 97, 98, 118, 122, 124, 233, 
238, 239 

Potassium 2,2-dinitroethyl acetate, 123 

Potassiur dinitromethane, 11, 56, 87 
Potassium methylnitranine, 33 

Potassium methyl 4,4,6,6-tetranitrohe:canoate, 79 

Potassium nitroform, 34, 85, 125, 126, 25O 

Potassium 2,2,4,6,6-pentanitroheptane, 120, 121 

Potassium 2,2,4,4-tetranitro-l-butanol, 87, 92, 98, 124 

Potassium 2,2,4,4-tetranitrobutyl acetate, 120, 122, 123 

1,3-Propanediol, 142, 145, 152, 153, 187 

Propyl pseudo nitrole, Il3 

Silver 4,4-dinitro-l,7-heptanedioate, 93 

Silver nitroform, 11, 34 

Sodium borohydride, 82, 88, 89, 90, 91, 249, 250 

Sodium 2,2-dimethyl-5-nitro-l,3"dioxan, 87, 122 

Sodium 1,1-dinitroethane, 3I, 78, 120, 123 

Sodium 4,4-dinitro-l,7-heptanedioate, 246 

Sodium l,l-dinitro-2-phthalimidoethane, 120, 123 

Sodium methyl 4,4-dinitrobutyrate, 57, 59, 6l, 62, 73, 75, 76, 77 

Sodium 2-nitrobutane, lió, II8 

Sodium nitrocyclohexane, lió, 113 

Sodium 2-nitropropane, lió, IIS 

Sodium 2-nitro-1,5-propanediol, 87, 117, 242, 243, 245 
Sodium 2-nitro-1-propanol, 25I, 252 

Sodium l,l,3,3“tetranltr°1úUtane, 120, 123 

Succinyl diazide, 37 

Succinyl dihydrazide, 37 

5,7,9,ll-Tetranitraza-3,13-dioj:a-l,5-pentadecanediol, 142, 152, 154 

4,7,10,13-Tetranitraza-l,l6-he:cadecane dinitrile, 64, 7° 
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4,7>10,l3-Tetranitraza-l,l6-liej:adecanedioic acid, 6k, "JO 

1.1.4.4- Tetranitro-l,3“t>iitadiene, 11 

l,l,3,3*Tetranitrobutane, 86 

1.1.4.4- Tetranitrobutane, 87 

1.1.4.4- Tetranitro-2,3-butanedio1, 88 

2.2.4.4- Tetranltro-l-bu'canol, 2C, 124 

2.2.4.4- Tetranitro-1-butyl acetate, 20, 120, 123, 277, 282, 289 

2.2.4.4- Tetranitro-l-butyl acrylate, 12, 20 

4.7.7.10- Tetranitro-4,10-diaza-l,13-tridecane dinitrile, 52, 55, 59 

4.7.7.10- Tetranitro-4,lC-diaza-l,13-tridecanedioic acid, 55, 59 

4.7.7.10- Tetranitro-4,10-diaza-l,13*tridecanedioyl chloride, 55, 59 

3,6,6,9"Tetranitro-3,9-diaza-l,ll-undecane diisocyanate, 39 

2,2,2*,2'-Tetranitrodiethylamine, 5°, 59 

2,2,5,5“Tetranitro-l,6-aexanediol, 87 

Tetranitroraethane, 85, 125, 282 

2.2.4.4- Tetranitro-l,5-pentanediol, 8l, 87, 120, 124, 142, I52, 153, 156, 
277, 285 

2.2.4.4- Tetranitro-1-pentanol, 86, 99, 124 

1.1.1.3- Tetranitropropane, II9, 120 

1.1.3.3- Tetranitropropane, 51, 277, 282 

tranar1.2-Ethene di(ethylcarbamate), 42 

trans-1.2-2thene diisocyanate, 42 

Tri-(ß-carbanilidoethyl)-nitromethane, 6l 

Tri-(ß-carbo^ethylj-nitromethane, 55, 6l 

Tri- (ß-clilorocarboxyethyl)-nitrometliane, 55, 61 

Tri-(ß-cyanoethyl)-nitromethane, 49, 55, 6l 

Triethylamine, 146 

Tri-(ß-isc cyanatoe thy1)-nitroue thane, 39 

2,2,5“Trimethyl-5-nitro-l,3-diorkan, 101, 234, 254 

1.2.6- Trinitratohexane, I09, II3, 23I 

5,7,9’Trinitraza-3,ll-dio:ca,l,l3-tridecanediol, 142, 145, 152, 153 

2.4.6- Trinitraza-l-heptyl acrylate, I34 

4.7.10- Trinitraza-l,13-tridecane dinitrile, 64, 69 

4.7.10- Trinitraza-l,13-tridecanedioic acid, 64, 69 

4.7.10- Trinitraza-l,13-tridecanedioyl chloride, 64, 69 
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3,6,9-Trinitraza-l,ll-undecana diisocyanate, 45 

3.5.5- Trinitro-3-azahe::anoic acid, 75# 78 

3.5.5- Trinitro-5*aza-1-hexano1, 1?, 90, 99 

3.5.5- Trinitro-3-azahe:tanoyl chloride, 75, 78, 90 

3.5.5- Trinitro-3-aza-l-he3qrl acetate, 109, ^2, 208 , 210 

3.5.5- Trinitro-3-aza-l-hejcyl acrylate, 17, 18, 155 

3.5.5- Trinitro-5-aza-l-hexyl nitrate, 112 

5.5.5- Trinitro-3-bromo-2-pentanone, 104 

4,4,4-Trinitrc --butanal, 89 

1.3.3- Trinitrobutane, 55, 208, 209, 210, 214, 25I 

4.4.4- Trinitro-1-butanol, 89 

4.4.4- Trinitro-1-butene, 11 

4.4.4- Trinitrobutyric acid, 22, 49, 72, 74, 75, HO, 199, 200 

4.4.4- Trinitrobutyric anhydride, 74, 75, 199, 201 

4.4.4- Trinitrobutyryl chloride, 74, 75, 89, 199 

5.5.5- Trinitro-1,2-epoxypentane, 104 

5.5.5- Trini tro-2,5-epo::ypentane, 104 

1.1.1- Trinitroethane, 10 

2.2.2- Trinitroethanol, 12, 19, 20, 55, 60, 85, 85, 97, 1°8, HO, 1H, 277 , 282, 289 

2.2.2- Trinitroethyl acetate, 20 

2,2,2-Trinitroethyl acrylate, 12, l6, 18, 129, 277, 285 

2,2,2-Trinitroethyl crotonate, I9, 21 

2,2,2-Trinitroethyl 4,4-dínitropentanoate, I08, HI, 208, 210 

2,2,2-Trinitroethyl ethylene diisocyanate, 45 

2.2.2- Trinitroethyl IMsopropenylcarbanate, 55 

2.2.2- Trinitroethylmalonyl dihydrazide, 43 

2.2.2- Trinitroethyl methacrylate, I9, 21, 154, 277 

2,2,2-Trinitroethyl methylene diisocyanatc, 35, ^5 

2,2,2-Trinitroethyl 4-methyl-4-nitropentanoate, I07, HO 

2,2,2-Trinitroethyl 2-nitrazabutyrate, I06, I07 

2,2,2-Trinitroethyl 4-nitrazapentanoate, I08, HI, 207, 209, 210, 226, 23O, 

^231, 281 
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2,2,2-Trinitroethyl propionate, 127, 20?, 210 

(2,2,2-Trinitroethyl)-succinic acid, 43, 54, 55 

(2,2,2-Trinitroethyl)-succinyl anhydride, 43, 55, 56 

(2,2,2-Trinitroethyl)-auccinyl dihydrazide, 43 

4,6,6-Trinitroheptanoic acid, 75 

I’lVllZTtT0'1'*™*'01’ 9°’ 92' 10°’ 104' U3- 250, 278 5,5,5 rinitro-2-keto-1-pentyl acetate, 109, HJ, 207, 206, 210 

5,5,5-Trinitro-2-keto-1-pentyl £-toluenesulfonate, 104 
Trinitroraethyladipic acid, 53^ 6l 

3*TrinitroraethyIcyclohexanone, 54, 207, 208, 210 

Trinitromethyl ethylene diigocyanate, 35, 42 

1- Trinitromethyl-1,5-pentanedioi, 96 

2- Trinitronathyltetrahydropyran, 96, I25 

Trinitromethyl vinyl ketone, 34 

M,6-Trinitro-l,9-nonanedioic acid, 62 

5;5,5-Trinitro-l 2-pentanediol oo ilio ico n-i 
176, 177, 179, 180, 167, ^ 1^, 21¿, ^ 173' ^ 

5i5#5-Trinitro-2-pentanol, 8, 16, 89 

5 5 5-^^2-^, 39, 101, 104, 109, 112, 207, 208, 210, 230, 231 
5.5.5- Trinitro-2-pentene, 8, 9 2 

5,5;5-Trinitro-2-pentyl acrylate, 16, I33 

5.5.5- Trinitro-2-pentyl 4,4,4-trinitrobutyrate, 107, no 
2/3;3"Trinitropropional, I99 

5i3>3-Trinitropropylamine hydrochloride, 48 
3>3;3-Trinitropropyl isocyanate, 48, I98, 200 

2.4.6- Trinitroresorcinol, 160, I72, 197 

^£|2-(14tdroxyraethyl)-nitromethane, loi, 15I, 155, I67, 204, 206, 221, 242, 244, 

,tris-(4-Hitrazapentanoyloxymethyl)-nitromethane, 109, m 
^ris-Hitric acid salt of methyl 4 7 lo-*-r4a»a i 12.. 

y ;i#i0 l'rl-a2a-l,13-tridecanedioatet 70 
tris-IIitric acid salt of 4 7 lo-t-ría^a 1 ». ji 

>(>10 tria2a-1,13-tridecane dinitrile, 69 
.tris- (ß-Hitroethyl hydrazine hydrochloride, 127 

1,2,5 tris-(4,4,4-TriI1itrobutyroxy)-propane, I08, 110, 278, 289 
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Vanadyl acetylacetonate, H*8, 206, 20?, 208, 209, 210, 212, 213, 214, 215, 218 

Vinyl 4,4-dinitropentanoate, 22, 24 

Vinyl 4,4,4-trinitrobutyrate, 22, 23, 24, I36, 277 

Vinyl 1,1,1-trinitro-2-propyl ether, 23, 24, 34 
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CAgHjOg 

CKN3°6 

CI% 
cmai2o4 

CHN Or 
3 6 

ciyi2o4 

CH5!CN202 

ciyiOg 

C2C12°2 

C2H21']2°4 

C2H3Drll205 

APPENDIX B 

FORMULA INDEX 

(Numbers indicate pages in the body of the report) 

Silver Nitroform, 11, 34 

Potassium nitroform, 34, 85, 125, LSé, 250 

Tetranitromethane, 85, 125, 282 

Potassium dinitromethane, 11, 56, 87 

Cgiyauo. 

Cgiyio 

c2yo2 

C2V204 

C2V2Ha°4 

ms 
mi 
C2\lrWï 

Nitroform; trinitromethane, 22, 23, 2?, 34, 42, 43, 51, 54, 55, 63, 
74, 92, 102, 110, 112, II9, 249, 250, 277, 282, 283, 289 

Dinitromethane, 5I, 88, 96, 201, 232 

Potassium methylnitramine, 33 

Nitromethane, 85, 86 , 38 , 207, 210 , 237, 242 , 245 , 232 

Oîcalyl Dichloride, 143, I88 

1.1- Dinitroethylene 7, 10, 92, 120, 122, 123, 124 

2-Bromo-2,2-dinitro-l-ethanol, 12, 96 

Potassium 1,1-dinitroethane, 78, 113, 252, 259 

Potassium 2,2-dinitroethanol, 56, 73, 37, 92, 96, 97, 98, 113, 
122, 124, 233, 238, 239 

poly-Glycine, 198 

Nitroethylene, 24, II9, 120 

Nitroacetic acid, 232 

Sodium 1,1-dinitroethane, 3I; 73, 120, 123 

1.1.1- Trinitroethane, 10 

2.2.2- Trinitroethanol, 12, I9, 20, 33, 60, 63, 85, 97, I06, llO, 
111, 277, 232, 289 

2-Bromo-2-nitro-l-ethanol, 85, 96, II8, 233> 237, 238, 289 
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c2h4cino2 

C2H4II2°4 

W2°5 

C2\° 

c2'V' 
C2'Sm2 

CgHgCIN 

c2%¥3 

C2%V2 

C2H6V4 

C2%02 

C2V2 

C2N6°2 

c ityiJo7 

Sb'50i. 

c^ci2o2 

c5W\°8 

SW2 

C5W2 

C5H31,3°5 

W? 

1- Chloro-l-nitroethane; 117> 251, 252 

1.1- Dinitroethane, 23, 85, 86, 92, 112, II3, 11?, 120, 121, 252 

2.2- Dinitro-l-ethanol, 11, 96, 232, 238, 282 

poly-Vinyl alcohol, I98, 199, 200 

poly-Vinylamine, I98 

Nitroethane, 88, 11?, 25I, 252, 282 

2- Mitro-l-ethanol, 7, 85, 233, 237, 277, 232, 288, 289 

poly-Vinylamine hydrochloride, I98 

2-Nitraraino-l-ethanol, 20, 93 

Qxalyl dihydrazide, 38 

Ethylene dinitraraine, 98, 19^, J-96 

Ethylene glycol, lh2, 146, 152, 157, 161, I63, I65, 168, I69, 
176, 177, I80, 181, 187, I90 

Ethylene diamine, 143, 193, I96, 255 

Dioxoisocyanogen, 35, 36 

Oxalyl diazide, 36 

Dipotassium 2,3,3-trinitropropional, 200 

Nitromethylene diisocyanate, 35, 41 

llalonyl chloride, 133 

Dipotassium 1,1,3,3-tetranitropropane, 79, 123, 124 

Methylene diisocyanate, 35, 36, 141, 159, I60, I9I, 192, 281 

c-Hitroacrylonitrile, 28 

llalonyl diazide, 36, I60 

2-Cyano-2,2-dinitroethanol, 12 

2,3,3-Trinitropropional, I99 
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Cjiytyjg 

C3V°2 

VV10? 
w 

C^lgDrNO^ 

c5h6ciho4 

c5H6lWa°2 

C3H6i!Na03 

^emwk 
C3V\ 
c3h6n2°3 

C3H61'12°4 

c3¥,2°5 

C3K6N206 

3-Nttro-2-oxazolidone, 95 

1.1.1.3- Tetranitropropane, 119, 120 

1.1.3.3- Tetranitropropane, 51, 277, 282 

crAminoacrylic acid, 28 

1- IIitropropene, 3, 282 

2- Hitropropene, 3, 32, 282 

2-0xazolidone, 30, 93 

2-Nitroallyl alcohol, 34 

Glycidyl nitrate, 103, 105 

poly-Glycidyl nitrate, 172, 197 

2-Drorao-2-nitro-l,3-propanediol, 36, 142, 163, 170, 224 

2-Chloro-2-nitro-l,3-propanediol, 86, 142, 171, 224 

Sodium 2-nitropropane, 116, 118 

Sodium 2-nitropropanol, 251. 252 

Sodium 2-nitro-l,3-propanediol, 87, 117, 242, 243, 245 

Hethyl nitroacetate, 27 

Propyl pseudo nitrole, 113 

1.1- Dinitropropane, 86, 120, 121 

2.2- Dinitropropane, II6, 117, 282 

iialonohydroxamic acid, 37 

Hethyl 4-nitrazapropionate, I06, 107 

2,2-Dinitropropanol, 14, 73 , 79 , 35 , 36 , 90 , 99, 100, HO, HI, 
112, 113, 234, 250, 251-253, 259, 230 

2,2-Dinitro-l,3-propanediol, I7, 53, 74, 3o, 86, 87, loi, H7, 
142, 144-, 145, 152, 156, 159, 161, 162, 163, 167, 163, I70, 
173, 174, 176, 177, 179, l3o, 137, 133, 189, 197, 201, 213, 
228, 233, 242-245, 246, 277, 230, 232, 285 
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SW6 
w 

cm 
vw 
c5%¥4 

c5%¥2 

C3%°2 

C3«10Clli302 

WA 
W3°7 

WW10 

C4H4nr4II20 

W1N507 

CAC12N2°2 

C4H4N2Na2°6 

W2°2 

C4H4N2°4 

WWe 
c4ll4N4°2 
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3i3;3-Trinitropropylamine hydrochloride, 43 

1- Nitropropane, 232 

2- Nitropropane, 116, 118, 120, 121, 282 

1- Nitro-2-propanol, 3 

2- Nitro-l-propanol, 3, 86, 97 

2- Nitro-l,3-propanediol, 36, 101, 11?, 225 

2.2- Dinitropropylaraine, 3I 

Nitroraalonyl dihydrazide, 41 

3- Nitramino-l,2-propanediol, 93 

Malonyl dihydrazide, 36 

1.3- Propanediol, 142, 145, 152, 153, 18? 

3-Nitrazabutylamine hydrochloride, kô 

2- Uitraza-l,4-butanediamine, 143 

trans-1,2-Ethene diisocyanate, 42 

1 ;1,4,4-Tetranitro-l, 3-butadiene, 11 

Trinitroraethyl vinyl ketone, 34 

1.4- Dibromo-l,1,4,4-tetranitro-2,3-butanediol, 11 

1.4- Dinitro-l,l,4,4-tetrabromobutane, I5 

4.4.4- Trinitrobutyryl chloride, 74, 75, 89, I99 

3- Nitraza-l,5-pentanedioyl chloride, 64, 65 

Disodium 4,4-dinitrobutyrate, 73 

Ethylene diisocyanate, 35, 36, 141, 144, 149, I60, l6l, I9I 

2.3- Dinitro-l,3-butadiene, 11 

4.4- Dinitro-5-pentanolactone, 73, 74, 75, I09, 113 

3-nitraza-l,5-pentane dinitrile, 64, 65 

% 
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VW4 
vw? 
C4W2 

c4H5BrN2°6 

C4H5C1II2°4 

<yyM2<>6 

W? 
C41y13°6 

C*l,307 

WV'^a 
W505 

C^BrllO^ 

C4%"202 

W2°3 
C4H6H2°lt 

c4%¥5 

2-Nltraza-l,3-propane diisocyanate, 44 

3.3.3- Trinitropropyl isocyanate, l<ô, 19&> 200 

Succinyi diazide, 37 

4- Bromo-4,4-dinitrobutyric acid, 75, 75 

2-Bromo-2,2-dinitroethyl acetate, 20, 9^, 122, 125, 124 

5- Chlororaethyl-2-oxazolidone, 93 

3.3- Dinitrobutyryl chloride, 32, 75 

Potassium 2,2-dinitroethyl acetate, 123 

Potassium 2,2,4,4-tetranitro-l-butanol, 37, 92, 9^, 124 

Dipotassium l,l,5,5-tetranitro“3-azaPentanei 9Ô 

Methyl c-nitroacrylate, 27 

Iminodiacetonitrile, 65 

lI-Nitro-I-I-nitratomethyl acrylamide, 30 

4.4.4- Trinitro-l-butene, 11 

4.4.4- Trinitro-l-butanal, 89 

4.4.4- ïrinitrobutyric acid, 22, 49, 72, 74, 75, HO, 199, 200 

2,2,2-Trinitroethyl acetate, 20 

Sodium 1,1,3,3-tetranitrobutane, 120, 123 

3.3- Dinitrobutyryl azide, 32 

2-Bromo-2-nitroethyl acetate, 28 

poly-Succinyl hydrazide, 198 

N-Methyl-N-nitroacrylamide, 29 

3.3- Dinitro-l-butene 9, 10, 103 

3.3- Dinitr0-1,2-epoxybu tane, 10 3 
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W2°6 

WV>5 

3.3- Dinitrobutyric acid, 9, 32, 53^ 72, 75> 92 

4.4- Dinitrobutyric acid, 72* 73; 75 

2,2-Dinitroethyl acetate, 10 

3-Nitraza-l,5-pentanedioic acid, 63, 64 

Di-(ß-cyanomethyl)-ammonium nitrate, 65 

C4H6I'4°3 

W4°9 

c4WlO 

W 

W2 

W2 
c4¥3°3 

W3°6 

Wl 

W5°8 
C.IlglllaOg 

W2 
c4%¥ 

1.1.3.3- Tetranitrobutane, 86 

1.1.4.4- Tetranitrobutane, 87 

2.2.4.4- Tetranitro-l-butanol, 20, 124 

1.1.4.4- Tetranitro-2,3-butanediol, 88 

N^^^'^'-Pentanitrodiethylamine, 50, 59 

Methyl vinyl ketone, 112, 115 

2- Butyne-l,4-diol, 113; 142, 168, I7I 

Hydroxymethyl vinyl ketone, 32, 92, 249 

4-Hitrazapentanoyl chloride, 75, 76 

4-Nitrazapentanonitrile, 76, 109, Hl, H4, 207, 209, 210 , 214, 

215, 23I, 235, 257, 253, 231 

3- Hitrazabutyl isocyanate, 43, 110, 200 

1,3,3“Trinitrobutane, 53, 203 , 209 , 210 , 214, 23I 

Methyl l,l,l-trinitro-2-propyl ether, 34 

4,4,4-Trinitro-l-butanol, 89 

2,2,2',2'-Tetranitrodiethylamine, 50, 59 

Sodium 2-nitrobutane, lió, 118 

4- Azapentanonitrile, 76, 114, 235, 256, 257 

poly-il-Vinyl-N'-methyl urea, I98 
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WW2 
W2°3 

W2°5 

W'206 

W\°3 

W’a 

W 

c4yo4 

C4V°5 

cw5 
Wk 

\\oaKA 

WiK 

N-Methyiallylnitrainine, 33, 95; TO? 

lf-Hitraza-1,2-epoxypentane, 103; l05 

Butyl pseudo nitrole, 118 

4-Nitromorpholine, 65, 207; 209; 210 

1.1- Dinitrobutane, 36, 120, 121 

2.2- Dinitrobutane, 116, 11? 

1.4- Dinitrobutane, II6 

4-Hitrazapentanoic acid, 75; 78, HI, 229, 235; 257, 258, 2o5 

2.2- Dinitro-l-butanol, 15; 86, HI, 277; 289 

3.5- Dinitro-l-butanol, 16, 53; 92 

l/4-Dinitro-2,3“*lJutanediol, 33, 277 

l;4-Dinitratobutane, 109, H3, 208 , 209, 210 , 214-, 23I 

Polyurea XV-Z, 193 

2-Nitrobutane, 116, II8 

2-Methyl-2-nitro-l-propanol, 232 

2-Nitro-l-butanol, 282 

2-IIethyl-2-nitro-l,3“Ptopanediol, I7, 36, lOl, 142, 144, 146, 
147, 149, 150, 152, 155, 160, 163, 164, 163, I69, 174, I75, 
176, 177, US, 130, 181, 188, 189, 190, 197, 234, 254 

tris-(Hydroxymethyl)-nitromethane, 101, I5I; ^55; I67, 206, 
221, 242, 244, 245, 254 

Nitric acid salt of 4-azapentanonitrile, 76, 114, 235, 256, 257 

3.3- Dinitro-l-butylaraine, 29, 53, 92 

3.3- Dinitrobutylamine hydrochloride, 43 

Boron trifluoride etherate, 146, 147, 15^, ^54, 155, ^56, 158, 
244, 254 
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VioVs 
W2°3 

WA 

\Wk 
CAo°2 

^2¾¾ 

^^2% 

C5W3 

SWs 
=5¾¾ 

cmo6 
CJ 5¾¾¾ 

c5^BrH307 

C5H6C12¥4 

=5%¾ 

C5%H2°6 

c5m 
=5%¾0¾ 

=5%¾ 

c5m 

l-Nltraminobutane, 127 

3- A*a-3-nitroso-l,5-pentanediol, 94 

3“Nitraza-l,5-Pentanediol, 94, 95, H2, 152, I57 

4- Nitraza-l;2-pentanedlol, 95 

Succinyl dihydrazide, 37 

1,4-Butanediol, 113, 142, 163, I71 

3“Nitraza-l,5-pentanediamine, 46, 69, 143 

2; 5“Dinitraza-l,6-hexanediamine, 143 

3“Nitraza-l,5-pentanediamine dihydrochloride, 44, 46 

Trinitromethyl ethylene diisocyanate, 35, 42 

2.2.2- irinitroethyl methylene diisocyanate, 35, 43 

Dipotassium 2,5-dinitrocyclopentanone, 115 

Polyester 5-A 

2“Bromo-2,2-dinitroethyl acrylate, 12, 18, 20 

2.2.2- Trinitroethyl acrylate, 12, 16, 13, 129, 277, 235 

poly-2,2,2-Trinitroethyl acrylate, I29, 220 

5j5>5“Trinitro-3-bromo-2-pentanone, 104 

3- Nitraza-l,6-hexanedioyl chloride, 64, 65 

4- Uitro-4-pentenonitrile, 28 

4.4- Dinitro-5-pentanolactone, 73, 74, 75, 109, 113 

3,3"Dinitro-l,5-pentanedioic acid, 62' 

^194^2781’4’:’UtllnC dUsocy!lnau> 141, 150, 175, 176, 178, 

2.2.4.4- Tetranitro-l-pentanol, 86, 99, 124 

2.4- Dinitraza-l,5-pentane diisocyanate, 72, I63 
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C5H6n6°3 

SWij 

c5YlV7 
c5iy«o2 

c5v°4 

C5V2Ite06 

w* 
VWs 
C5V5C6 

C5W7 

S'WlO 
c5%3r2¥4 

=5¾¾¾ 

M-Cyano-2,2,2',2'-tetranitrodiethylamine, 50 

N,N'-bis-(2,2,2-Trinitroethyl)-urea, 62 

llethyl 4-bromo-4,4-dinitrobutyrate, 73; 75 

4.,4-Dinitropentanoyl chloride, 89 

3.5.5- Trinitro-3-azahexanoyl chloride, 75; 73; 90 

1- Nitro-1,J-pentadiene, 282 

2- Nitroethyl acrylate, 235, 233 

2-Nitroallyl acetate, 1J, 24, 57; 65, 119; 120, 121, 122, 273 

Sodium methyl 4,4-dinitrobutyrate, 57; 59; 61, 62, 73; 75; 76; 77 

4,4-Dinitropentanonitrile, 75; 76; 109; H3; 207 ; 210, 251 

3,3-Dinitrobutyl isocyanate, 29; ^ 

N-Nitro-N-nitratoethyl acrylamide, 30 

5.5.5- Trinitro-2-pentene, 3, 9 

5 ; 5 ; 5-Trinitro-1,2-epoxypentane, 104 

5.5.5- Trinitro-2,3-epoxypentane, 104 

5.5.5- Trinitro-2-pentanone, 39; 101, 104, 109; H2; 207; 203, 
210, 23O, 23I 

Vinyl 1,1,1-trini tro-2-propyl ether, 23, 24, 3^ 

llethyl 4,4,4-trinitrobutyrate, 75; 107; HO, 207, 210 

2.2.2- Trinitroethyl propionate, 127, 207, 210 

5.5.5- Trinitro-2-keto-l-pentanol, 90, 92, 100, 104, 113, 234, 

^249, 25O, 273 

2.2.2- Trinitroethyi 2-nitrazabutyrate, I06, 107 

3.3- Dinitro-l,5-dibromopentane, 93 

2-Nitraminoethyl acrylate, 20 

4.4- Dinitro-l-pentene, 11 
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C5W5 
SWe 

C5%¥t 
SWa 

4.4- Dlnitro-l-pentanal^ 25; 89 

4.4- Dini.tropentanoic acid, 2J; 72, 75; 76; 111; 235, 239 

3“Nltra2a-l,6-hexanedioic acid, 64, 65 

Methyl 4,4-dinitrobutyrate, 50; 73; 75 

4;4-Dinitro-5“hydroxypentanoic acid, 73; 75 

3;5"Dinitraza-l,7-heptanedioic acid, 72 

C5W9 
C5'Wl0 

C5%V9 
c5h9>»4 

We 
SVA 

C5V,5°8 

c5WlO 

c5V5o5 

SVA 
SWlO 

c5w2 

3;5;5*Trinitro-3-azahexanoic acid, 75; 78 

2;2,4,4-Tetranitro-l-pentanol, 36; 99, 124 

2,2,4,4-Tetranitro-l,5-pentanediol, 81, 87, 120, 124, 142, 152, 
I53, I56, 277, 285 

N,II' -bis - (2,2-Dinitroethyl )-urea, 62 

5-Methyl-5-nitro-l,3-dioxan, loi 

2-Uitropropyl acetate, 3I, 32 

5,5"Oinitro-3-azahexanoic acid, 79 

Ethyl 1,1,1-trinitroisopropyl ether, 125 

5,5,5‘Trinitro-2-pentanol, 8, 16, 89 

5,5,5-Trinitro-1,2-pentanediol, 90, 142, 152, 154, I63, 164, 168, 
169, 173, 174, 176, 177, 179, 130, 137, 188, I89, 216, 234, 
243, 250, 273, 230 

Pentaerythritol trinitrate, 22 

Polyurer. XIII-7N/2, 193, 2Ö7 

3;5,5*Trinitro-3-aza-l-hexyl nitrate, 112 

2,2,2-Trinitroethyl 4-nitrazapentanoate, I08, 111, 207, 209, 210, 
226, 23O, 23I, 281 

M-Ethylallylnitramine, 33 
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C5"lo¥3 

C5V2°5 

cs\o\°2 

W\°3 
WVé 
VWi 
C->W5 
ci\0'Yi 

c^V0k 

CM\ 
=5^11¾¾ 

C51I12n205 

Svk\ 

S’Wfi 

4- A2a-l|.-nitroso-l;2-pentanediol; 95 

5- Nitra2a-2-hexanone, HJ 

N-(2-llitropropyl )-acetamide, 3I, 32 

3,5"Dia2a-1^7“heptanedioic acid, 72 

4-Mitraza-1,2-pentanediol, 95 

Methyl 4-nitrazapentanoate, 75, 76, IOÔ, 111, 207, 208 , 209, 210, 
212, 213, 214, 2I5, 213, 23I, 235, 25Ô 

2.2- Dinitro-l-pentanol, 16, 86 

4,4-Dinitro-l-peni;anol, 89 

3.3- Dinitro-l,5-pentanediol, 93, 142, 145, 18?, 138 

Polyurea VI-ß, I93 

Polyurea XIII-7, I93, 287 

Methyl 2,5“dinitrazahexanoate, 107, HO 

3,5,5-Trinitro-3-aza-l-hexanol, I7, 90, 99 

Polyurea XVI-1, I93 

2,2,2-Trinitroethyliaalonyl dihydrazide, 43 

4-Aza-l,2-pentanediol, 95 

2-Ethyl-2-nitro-l,3-propanediol, 101, 142, I52, I53, I63, 164, 
167) 168, 179, 130, 232 

Methyl 2,5-diaza-5-nitrohexanoate, 48, 110 

2-Nitro-2- (methylnitraminomethyl)-1,3-propanediol, 95 

N,N'-bis-(ß-Ifydroxyethyl)-urea, 97 

Ethylallylammonium nitrate, 33 

3,3-Dinitro-l,5-pentanediamine, 41, 59, 143, I92, I95, 277, 
232, 289 

3,5“Dlnitrasa-l,7”heptanediol, 96 

C5"lo¥3 

Ws0* 

C5,)Io¥5 

VWV2 
W\°3 
WVé 
csWi 
C5"io¥5 

=5^01^¾ 

C^v0k 

CM\ 
=5^11¾¾ 

C51112¥3 

Svk\ 

S’Ws 

I 
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C^Cl^ 3,3-Dlnitro-l;5-pentanediamine dihydrochloride, 41 

C6IIC12M3°6 l,3-Dichloro-2,4,6-trinitrobenzene, 201 

CgUgCllljOg l-Chloro-2,4,6-trinitrobenzene, 201 

2,4,6-Trinitroresorcinol (styplmic acid), 160, 172, 197 

CgHcGigUrOio W-Mitro-H-{2,2,2-trinitroethyl)-aspartyl chloride, 55, 60, 142, 

We 
W9 

c6ly!5°8 

c6%W5 

c6%Vlo 

2-Cyano-2,2-dinitroethyl acrylate, 12, 13 

(2,2,2-Trinitroethyl)-succinyl anhydride, 43, 55, 56 

2,2,2-Trinitroethyl ethylene diisocyanate, 43 

Dipotassiun 2,6-dinitrocyclohexanone, 116 

3,6-Dinitraza-4,5-¿iketo-l,3-octanedioic acid, 7I 

m°i2 
c6!Vc11'4°7 

c6WlO 

c6iyi3°3 

W10 

W12 

c6%C11,2°6 

C6%C12°5 
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Polyurethane VI-AN, 219 

3,5,5-Trinitro-3-aza-l-hexanoyl chloride, 75, 78, 90 

Potassiurii 2,2,4,4-tetranitrobutyl acetate, 120, 122, 123 

Ethyl c.-trinitromethyl acrylate, 27 

poly-2,2 2-Trinitroethyl methacrylate, I34, 220 

poly-Vinyl 4,4,4-trinitrobutyrate, I36 

2,2,2-Trinitroethyl crotonate, I9, 21 

2,2,2-Trinitroethyl methacrylate, I9, 21, 134, 277 

Vinyl 4,4,4-Trinitrobutyrate, 22, 23, 24, I36, 277 

(2,2,2-Trinitroethyl)-succinic acid, 43, 54, 55 

N-llitro-lI-(2,2,2-trinitroethyl )-aspartic acid, 55, 60, 277 

2-Chloromethyl-4,4-dinitropentanoic acid, 26 

4«Hitra:;a-l,7~hcptauedioyl chloride, 46 , 64, 66 , 235, 240 , 24'.. 

3,6-n.V;.:’.tra^a-l;3- octanec(ioyl chloride, 64, 67 

ß,ß'Dihydroxyethyl ether dichloroformate, I96 
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C6%¥3 

W2°5 
C6%¥6 

Wj0? 

c6¥503 

C6W 
C6W2 
c6Wk 

C6%"lt°3 

c6m 

C6%n3°4 

W 
WlH2°5 

W°4 
“sV’î 
r* T-r a 
J6 ‘9 5°5 

c6U9N307 

N-(2-Nltropropyl)-acrylamide, J2 

2-IIethylene-4,4-dinitropentanal, 26 

II,N' -bis-(Carboxymethyl )-oxamide, 71 

2.2- Dinitropropyl acrylate, 13; 13; 129; 130; 132; 221, 227; 
229; 2J4, 250, 252, 253; 277 

poly-2,2-Dinitropropyl acrylate, 129; 130; 131; 220, 229; 255; 
261, 277, 235 

II- (2,2-Dinitropropyl )-acrylamide, 50 

2-Trinitromethyl tetrahydropyran, 96, 125 

poly-Vinyl II-(5,5,5-trinitropropyl)-carbamate, 193 

Di-0-cyanoethyl)-nitrosamine, 66 

Di-(ß-cyanoethyl )-nitramine, 52 , 64, 66 , 253, 240, 241 

5-IIitraza-l,5-pentane diisocyanate, 45, 44, 46, 65, 141, 146, 
150, 166, 163, 172, 178, 217, 225 , 227 , 228 , 255, 259, 241, 278 

Polyurethane VI-A, 159 

2.2.2- Trinitroethyl U-isopropenylcarbamate, 33 

llethyl 4,4,6,6-tetranitrohexanoate, 5I, 75 , 79, 277 , 282, 289 

2.2.4.4- Tetranitrobutyl acetate^ 20, 120, 125, 277, 282, 289 

5,6-Dinitraza-l,8-octane dinitrile, 56, 64, 67, 254, 255, 256 

2,5-Dinitraza-l,6-hexane diisocyanate, 44, 141, I50, 178, 180, 
131, I94, 206, 217 

4-IIitraza-l,7"heptanedioyl azide, 46 , 240, 242 

2-Cyclohexene-l-one, 54 

2-Chiororaethyl-4,4-dinitropentanal, 26 

aethyl 4“nitro-4-pentenoate, 27, 61, j3 

Di-(ß-cyanoethyl)-amine, 66, 71, 240 

4.4- Dinitro-6-h©canolactam, 75, 77, 195 

2-Trinitromethyltetrahydropyran, 96, 125 page 15 
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c6V'3°3 

Ws 
Ws0? 

C6%mW,2 

c6holmoK 

C6W3 
WtPk 

W2°5 

C6%o¥6 

W* 
Wk°i 

Wk°i 

1.1.1- Trinitro-2-metbyl-2-acetoxypropane, 126 

l,2,6-Trinitratohexane> 109, 113, 231 

Polyurea I-oN/2, 220 

4-Methyl-4-nitro-l-pentanoyl chloride, 89 

Sodium nitrocyclohexane, 116, 118 

Sodium 2,2-dimethyl-5-nitro-l,3-dioxan, 87, 122 

Cyclohexyl pseudonitrole, IIS 

5.5- Dinitro-l-hexene, 9 

5,5*Dit'itro-2-hexene, 9i 53; 103 

1.1- Dinitrocyclohexane, II6, 11? 

5,5“Dinitro-l,2-epoxyhexane, 102, 103 

5,5“Dlnitro-2,3"epoxyhexane, 103 

5.5- Dinitro-2-hexanone, 89, 109; H2, 207, 203, 209, 210, 23I 

5,5“Dinitro-2-keto-l-hexanol, 90, 92 

2.2- Dimethyl-5,5-dinitro-l,3-dioxan, lOl, 233, 243, 244 

Di-(ß-carboxyethyl)-nitramine, 64, 65, 233, 240, 241 

Methyl 4,4-dinitropentanoate, 75, 76, 89, 107, HI, 205, 207, 
203, 209, 210, 2I5, 213, 23I, 273 

Methyl 4,4-dinitro-5-hydroxypentanoate, 62, 73, 75, 31, 98, 99, 
II3 

3.6- Diaza-l,8-octane dinitrile, 67, 255 

Di-(ß-cyanoethyl)-ammoniura nitrate, 66, 233, 240, 241 

Polyurea I-g, 192, 220, 277, 237 

3,5,5“T*initro-3-aza-l-hexanol, 99 
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Ethyl a-aza-J^^-trinitropentanoate, 1<0 

3,6“Dinitraza-l;3-octanedioic acid, 6h, 66, 23k, 255; 256 

Methyl 3,5,5-trinitro-3-azahexanoate, 52, 75; ?3; 109; U2; 
203, 210 

2;2,5,5-Tetranitro-l,6-hexanediol, 87 

Azo-bis- (2,2-dinitropropane), lOO 

bis-(2,2-Dinitropropyl)-nitrosamine, 30 

bis-(2,2-Dinitropropyl)-nitraraine, 79; 30 

llitroform - dioxan (2:1), 126 , 277 

Diethyl oxalate, 145; 195 

Cellulose, I98; 200 

2-Brono-5,5-dinitro-l-hexanol, 102 

Nitrocyclohexane, 116, 113 

2,2-Dimethyl-5"ftitro-l,3“dioxan, 101; 120, 122 

4-Methyl-4-nitropentanoic acid, 110 

6-Anino-4,4-dinitrohexanoic acid, 75; 77 

Methyl 2-aza-5,5-dinitrohexanoate, 43 

Methyl 3-aza-5,5‘dinitrohexanoate, 73 

Isopropyl 1,1,1-trinitroisopropyl ether, 125 

2-Methoxyethyl 1,1,1-trinitroisopropyl ether, 125 

1-Trinitronethyl-1,5-pentanediol, 96 

(2,2,2-Trinitroethyl)-succinyl dihydrazide, 45 

Di-(ß-carboxyethyl)-anine hydrochloride, 66 

6-/inino-4,4-dinitrohexanoic acid hydrochloride, 1*3, 77 
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N,N'-bi8-(ß-Hydroxyethyl)-oxarnide, 142, 152, I56, I63, I65, 163. 
I69, I87 

2,3*Dimethyl-2,3"dinitrobutane, 118 

Ethyl 4-nitrazapentanoate, 20Ô, 210 

5.5- Dinitro-2-hexanol, 9, 89 

2.3- Dimethyl-2,3-dinitro-l,4-butanediol, 97 

2.5- Dinitro-3,4-hexanediol, 33, 181 

5,5‘Dinitro-l,2-hexanediol, 90, 102, 142, 152, I57, I63, I65, 
’ 163, 170, 173, 216 ' 

Methyl 4-nitro-2,4,6-triaza-i,7-heptanedioate, 44 

bis-Nitric acid salt of 3,6-diaza-l,8-octane dinitrile, 67, 234, 
255, 256 

N,N'-bis-(2,2-Dinitropropyl)-hydrazine, lOO 

tris-(ß-Nitroethyl)-hydrazine hydrochloride, 127 

4-Methyl-4-nitro-l-pentanol, 39 

3.6- Dinitraza-l,3-octanediol, 96, 142, I52, 157, I63, 166, 
163, 171 

4-Nitraza-l,7-heptanedioyl hydrazide, 43, 47 

Triethylamine, 146 

Hexamethylene diamine, I96 

3.6- Dinitraza-l,8-octanediamine, 70, 143 

3.6- Dinitraza-l,3-octanediamine dihydrochloride, 44 

II-Mitro-N-(2,2,2-trinitroethyl)-glutamyl chloride, 55, 60, 142, 
137, 190 

Phenyl nitromethane, 2Ô2 

Silver 4,4-dinitro-l,7”heptanedioate, 93 

4.4- Dinitro-l,7-heptanedioyl chloride, 40, 55, 57, 91, 111, 143, 
176, 130, 137, 139, I95, 234, 246, 247, 243 
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C7%W3 
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C7H ÏI On 
7 9 3 o 

W9 

cWio 

Wli 

C7%™?10 

ClW2 
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Sodium lt,4-dinitro-l,7.heptanedioote, 2¾ 

Trinitrornechyladipic acid. 53. 61 
0 ' 

4i4-Dinitro-l,7-heptane dinitrile, 55 

3,3-Dinitro-l,5-pentane diisoeyanate, 37, 38 lio 1J11 n.c ,,0 
U9< l50' l5l>152' ,52/1¾ iiXXX% 

2.2.4.4- Tetranitro-l-butyl acrylate, 12, 20 

Polyamide 5-cil, I96 

4.4- Dinitro-l,7-heptanedioyl azide, 4o, 246, 243 

Methyl 6-bromo-4,4,6,6-tetranitrohexanoate, 79 

Potassium methyl 4,4,6,6-tetranitrohexanoate, 79 

He thy1 4,4-dinitro-2-methyl-2-pentenoate, I37 

6-Cyano-4,4-dinitrohexanoic acid, 75 

5i5“Dinitro-2-piperidone-N-acetic acid, 75^ 81 

3" (Tnnitromethyl )-cyclohexanone, 54, 207, 20Ô, 210 

^;4,4-trinitrobutyrate, 22, 24, 102 

Glycidyl 4,4,4-trinitrobutyrate, 102, I03, I97 

5/5i5"Trinitro-2-heto-l-pentyl acetate, 109, 11?, S07, 208, 21o 

CarJoxyInet^y^'3,3,5,5‘tctranitropiperidine, 75, 3o, 31 

2,2 Dinitropropyl 4,4,4-trinitrobutyrate, 107, 110 

II Nitro N-(2,2,2-trinitroethyl)-glutamic acid, 55, 6o 

2,2,2-Trinitroethyl 4,4-dinitropcntanoate, 108, 111, 203, 210 

4 ^romO"2,2,4,4-pentanitroheptane, 120, 121 

l,7“Heptanedioyl chloride, 137 

Potassium 2,2,4,6,6-pentanitroheptane, 120, 121 

l,5-Pentane diisocyanate, 145 
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2.2- Dinitro-l-butyl acrylate^ 15, 18, 1J2, 221, 277 

3.3- Dinitro-l-butyl acrylate, 16, 18, IJJ 

Methyl 4,4-dinitro-2-methyl-2-pentenoate, 27, 1J7 

Methyl a-(2,2-dinitropropyl)-acrylate, 25, I36 

poly-2,2-Dinitro-l-butyl acrylate, 1J2, 220, 277, 283 

poly-3,3-Dinitro-l-butyl acrylate, I33 

poly-Methyl c-(2,2-dinitropropyl)-acrylate, I36 

Vinyl 4,4-Dinitropentanoate, 22, 24 

4.4- Dinitro-l,7-heptanedioic acid, 23, 30, 55, 56, 66, 93, 111, 
191, 233; 246, 247, 277, 282 

H,N-Di-(ß-cyanoethyl)-urea, 66 

Polyamide 5-c, I95, I96 

Polyurethane VII-A, 144 

4.6- Dinitraza-l,9-nonane dinitrile, 7I 

3,5"Dinitraza-l,7-heptane diisocyanate, 7I 

H,N' -bis- (3,3,3-Trinitropropyl)-urea, 43 

Methyl 2-chlororaethyl-4,4-dinitropentanoate, 26 

l,3-Diacetoxy-2-nitropropane, 25, 53, 122 

Diethyl nitromalonate, 41 

N-(3,3“Dinitrobutyl)-acrylamide, 29, 137 

poly-N- (3,3“T1¿n¿trobutyl )-acrylamide, 137 

Polyurethane VI-J, 160 

5,5,5“Trinitro-4,4-dimethyl-2-pentanone, 126 

Ethyl 3,5,5-trinitro-3-azapentanoate, 63 

4.6.6- Trinitroheptanoic acid, 75 
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2-Methoxyethyl 4,4,4-trinitrobutyrate, 107> HO, 207, 210, 215, 
230, 23I, 273 

2.2.4.6.6- Pentanitroheptane, 120, 121 

4.4- Dinitro-l-pentyl acetate, 11 

Methyl 3"nitraza"l,á*hexanedioate, 52, 64, 65 

4.6- Diaza-l,9-nonane dinitrile, 7I 

Polyurethane XV-N, I76, 177, 173, 223 

3.5.5- Trinitro-3-aza-l-hexyl acetate, 109, H2, 203, 210 

2.2- Dinitropropyl 4-nitrazapentanoate, 103, 111, 207, 209, 210, 
215, 226, 23I, 234, 256, 253, 281 

2.4.6- Trinitraza-l-heptyl acrylate, 134 

poly-2,4,6-Trinitraza-l-heptyl acrylate, 134 

Methyl 4-methyl-4-nitropentanoate, 89 

2,2,5-Trimethyl-5-nitro-l,3-dioxan, 101, 234, 254 

2.2- Dimethyl-5-hydroxymethyl-5“nitro-l,3*dioxan, 99, 101, 233, 
243, 244 

Isobutyl 1,1,1-trinitroiaopropyl ether, 125 

Methyl 6-amino-4,4-dinitrohexanoate hydrochloride, 75, 77 

4.4- Dinitro-l,7-heptanediol, 9I 

Methyl 4-nitro-2,4,7"triaza-l,3-octanedioate, 44 

Polyurea XII- $, I94 

4.4- Dinitro-l,7-heptanedioyl hydrazide, 41 

bis-(2,2,2-Trinitroethyl) fumarate, 20, 21 

bis-(2.2,2-Trinitroethyl) maleate, 20 

ß-Hitrostyrene, II9, 120 

4.4.4- Trinitrobutyric anhydride, 74, 75, 199, 201 
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Polyester 3-N, lô?, I90 

Methyl 3,6-dinitra2a-4,5-diketo-l,8-octanedloate, 7I 

Co, uj' -Dicarboxydiallyl ether, 5I 

6“Carbomethoxy-4,4-dinitrohexanoyl chloride, 75, 77 

Methyl 6-cyano-4,4-dinitrohexanoate, 50, 75, 77 

Acryly1 N-(3,3-dinitrobutyl)-carbaniate, 29 

5-Carbomethoxy-3,3-dinitropentyl isocyanate, 1*8 

Methyl 5i5“dinitro-2-piperidone-H-acetate, 75, 31 

5;5;5”Trinitro-2-pentyl acrylate, 16, I33 

P°ly“5;5;5“Trinitro-2“pentyl acrylate, I33 

Dimethyl (2,2,2-trinitroethyl)-succinate, 43, 54, 55 

Pentaerythritol acrylate trinitrate, 21, I35, 277 

poly-Pentaerythritol acrylate trinitrate, I35, 277 

l-Carbomethoxynethyl-3,3,5;5-tetranitropiperidine, 75 

2.2- Dinitrobutyl 4,4,4-trinitrobutyrate, 107, HO, 207, 208, 210 

Methyl 4-bromo-4,6,6-trinitroheptanoate, 78 

4,7*Dinitraza-l,10-decanedioyl chloride, 64, 68, 9I 

N,N "¿is,” (Carbomethoxymethyl )-oxaraide, 63, 7I 

2.2- Dinitro-l-pentyl acrylate, 16, 13, I33 

poly-2,2-Dinitro-l-butyl methacrylate, 220 

poly-2,2-Dinitro-l-pentyl acrylate, I33 

6-Carbomethoxy-4,4-dinitrohexanoic acid, 50, 75, 76 

3;5,5"Trinitro-3-aza-l-hexyl acrylate, I7, 18, 153 

poly-3,5,5-Xrinitro-3-aza-l-hexyl acrylate, I33 
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2.2- Dinitropropyl 4>4-dinitropentanoateJ lo3, 111, 20?, 210 

2.2.2- Xrinitroethyl 4-nethyl 4-nitro-pentanoate, 107, HO 

4.7- Dinitroso-4,7-diaza-l,l0-decane dinitrile, 67 

7’Dinitraza-l, 10-decane dinitrile, 64, 67 

3;6-Dinitraza-l,3-octane diisocyanate, 44, 141, 150, 152, 162 
166, 194, 206, 217 > ' > > 

Polyurethane XIII-NN, 134, 287 

Polyurethane XV-A, I76, I77, 223, 277, 281 

Polyurethane VII-J, 144 

2.2- Dimethyl-4-(3,,3íí3,-trinitropropyl)-l,3-dioxolane, 266, 
269-272, 273 

Methyl 4,6,6-trinitroheptanoate, 75, 78 

N,N-bis-(2,2-Dinitropropyl)-glycine, 75, 79 

trans-1,2-Ethene di-(ethylcarbaraate), 42 

Methyl 4-nitraza-l,7-heptanedioate, 47, 64 

4.7- Diaza-l,l0-decane dinitrile, 67 

Polyurethane XIII-N, 163, I69, 287 

4.7- Dinitraza-l,11-decanedioic acid, 64, 63 

Methyl 3,6-dinitraza-l,8-octanedioate, 64 

Polyurea VI-c, 192, 220 

Polyurethane XVI-II, I80, l8l 

2.2- Diraethyl-5-ethyl-5-nitro-1,3-dioxan, loi 

2- Dime thy1aminoraethy1-4,4-dinitropentanal hydrochloride, 25 

3,4-Dimethyl-3,4-dinitrohexane, 118 

2.2- Dimethyl-5-raethylaminomethyl-5-nitro-l,3-dioxan, 95, 99 

Page 21 
Appendix B 

CONFIDENTIAL 



CONFIDENTIAL 
Report No. 1162 

c8H16H406 

C8IIl6lI606 

C3,1l31,lt06 

%IW,6°10 
Wa 
VWa 
c9%a60l6 

VWl6 
^01½0 

c9V20a 
C9IIUI,3010 

VuViz 
C9H12>,2°3 

C9II121,6012 

V'isVu 

Via“?0« 

VuVio 

V'i^Va 
V’iiWa 
c9«Uc12\08 

Page 22 
Appendix B 

Methyl f-nitro^^^S-triaza-l^-nonanedioate; 44, 46 

bis-Nitric acid salt of 4,7“<Liaza-l,l0”decane dinitrile, 67 

Methyl 4,7-dinitro-2,4,7>9-tetraza-l,l0-decanedioate, 44 

4,7-Dinitraza-l,10-decanediol, 91 

5;7,9"Trinitraza-3,ll-dioxa-l,l3-tridecanediol, 142, 145, 152, 153 

3,5-Dinitro-l,5-diacetoxypentane, 93 

2-Phenyl-1,1,1,3-tetranitropropane, 119, 120 

bis- (2,2,2-Trinitroethyl) mesaconate, I9 

Polyester 3"**; 1^7 

poly-N-Vinyl-1-1'-phenyl urea, 198 

2,2-Dinitrotrimethylene diacrylate, 17, 13, 201 

Diethyl 2-trinitromethylfumarate, 27 

Polyester 4-N, I87, 190 

Polyester 1-H, 137 

Polyurethane I-Nlî, 134 

5,5,5 -Tr ini tro -2-pentyl 4,4,4-trinitrobutyrate, 107, HO 

Polyurethane XIII-AN, 134, 287 

Diethyl (2,2,2-trinitroethyl )-iaalonate, 43 

4,6,6-Trinitro-l,9-nonanedioic acid, 62 

1 -Carbethoxyiaethyl-3,3,5,5-tetranitropiperidine, 30 

Dimethyl n-nitro-H-(2,2,2-trinitroethyl)-glutamate, 55 

Polyurethane XIII-Q, I68, 170, 225 

Polyurethane XIII-S, I68, I7I, 225 

4,8-Dinitraza-l,ll-undecanedioyl chloride, 64, 63 
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Diethyl (2i2-dinitroethyl)-malonate; 43 

Methyl ^^-dinitro-l^-heptanedioate, 49, 50, 55, 56, 59, 74, 
233, 244, 245, 246, 24? 

Polyurethane I-H, I52, I57, 159 

5 - Ifydr oxyme thyl -2-raethyl -5-nitro-2- (31,3', 3' - trinitropropyl )-1,3- 
dioxan, 10l 

4.8- Dinitraza-l,11-undecane dinitrile, 64, 68 

3.7- Dinitraza-l,9-nonane diisocyanate, 44 

Polyurethane XIII-A, I67, 168, 172, 203, 2I5, 219, 220, 222, 223, 
224, 226, 223, 23I, 235, 266, 273-276, 281, 287 

3.9- Diaza-5,5;7j7"tet«mitro-l,ll-undecanedioic acid, 31 

Polyurethane XVI-A, 179, 130, 131, 209 

N,n'-bis-(2,2,2-TrinitroethylJ-N,!!' -bis- (2-hydroxyethyl)-urea, 97 

Methyl 2-aza-5,5»dinitro-l,3-octanedioate, 43, 77 

2.2- Dinitropropyl 4-methyl-4-nitropentanoate, 107, 110 

2-(3')3'-Dinitrobutyl)-$-hydroxymethyl-5-nitro-l,3-dioxan, 101 

Polyurethane XV-J, I76, 177, 178, 223, 277, 281 

Methyl N,K-bis-(2.2-dinitropropyl)-"lycine. 75, 79 

3.3.5.7.7- Pentanitrononane, 120, 121 

Ethyl 3”aza"8-hydroxy-5,5,7,7“tetranitro-l-octanoate, 80 

Diisopropylidene malonyl dihydrazide, 43 

3.3- Dxnitro-l,5-pentanediacetaraide, 41 

4.3- Dinitraza-l,ll-undecanedioic acid, 64, 63 

Methyl 5,5-dinitro-2,3-diaza-l,9-nonanedioate, 38, 41 

2,5 -Diethyl -2-raethyl -5 -nitro-1,3-dioxan, 101 
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W* 

VW6 

Clo¥6°16 

2;6-Dimethyl-2,4,6-trinitroheptane, 120, 121 

bis-Nitric acid salt of 4,8-diaza-l,ll-undecane dinitrile, 63 

5j>9;ll-Tetranitraza-3,13-dioxa-l,5-pentadecanediol, 142, 152, 154 

Sodium l,l“dinitro-2-phthalimidoethane, 120, 123 

bis-(2,2,2-Trinitroethyl) muconate, 20 

W1* 

C10I112C12N6012 ,3-Pentanitro-6-aza-l,11-undecanedioyl chloride, 55, 59, 9I 

NO,. Tri-(ß-chlorocarboxyethyl)-nitromethane, 55, 61 

2.2- Dinitropropyl £”toluenesulfonate, 3I 

Tri-(ß-cyanoethyl)-nitromethane, 49, 55, 6l 

Tri- (ß-lsocyanatoethyl)-nitromethane, 39 

Polyester 1-A, 186, I89, 220, 277; 287, 289 

1.2- bis-(4,4,4-Trinitrobutyroxy)-ethane, 103, llO, 278 

W2V 

Wk°2 

CuWl2 

C10Rl2N60l6 

C10H12N8°12 3;3;5;7,7*Pentanitro-5-aza-l,9-nonane diisocyanate, 38, 141, 
149; 172; 174; 175, 173, 280 

^0¾¾0^ Polyurethane I-AN, 184; 135 , 219, 220 , 221, 277 

CjgHjjNOg 2-Methyl-2-nitrotrimethylene diacrylate, I7, 18 

C10W8 (2-Ihrdroxyethyl )-2,4,6-trinitro-m-phenylenediamine, 

SoV“0!! 

W\°6 

WWii 

WWik 
C10aUM104 

Cobalt II acetylacetonate 

Copper II acetylacetonate 

Polyurethane XIII-U, 163, 171 

Polyurethane I-A, 145, 151, 152, I58, 159, 183, 185, 207, 208, 
2I3, 214, 2I5, 2I9, 220, 221, 222, 223, 224, 225, 231, 235, 
277, 234, 287 

4,4,6,3,3-Pentanitro-6-aza-I,ll-undecanedioic acid, 55, 58 

Nickel II acetylacetonate, 148 
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cioW° 

CloIíl405 

WkV 

cioV°ô 

^0^5^12 

^0^5^2 

C1(A5N7012 

^0^60½¾¾ 
C10H16N2°8 

C10II16I\08 

ClOIi16N806 

ClOIil6N803 

^0^6¾0^ 
ClOHl7N3°9 

^0^7^8 

^0^7^10 

clOIi13N406 

C10H18ii4°3 

C10H18n6°2 

C10H13í'I6°3 

C10H18N6010 

^0^31%0^ 
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Lead II acetylacetonate, 1½ 

CO'-Dicarbomethoxydiallyl ether, 5I 

va¡z¿;%~ce'iw' ^7, ^ ^9,2i°’2i2’ 2i5' 
Tri-(ß-carboxyethyl)-nitromethane, 55, 6l 

Diethyl N-nitro-N- (2,2,2-trinitroethyl )-aspartate, 55, 60 

Polyurethane XIII-JN, 184 

Polyurethane XV-H, I76, I77, 223 

4.7.10- Trinitraza-l,l3-tridecanedioyl chloride, 64, 69 

N,II* -bis- (Carbornethoxymethy 1 )-N,N'-bis- (methylol )-oxamide, 63 

Polyurethane I-B, 145, 146, I52, I53, I59 

4.7.10- Trinitraza-l,l3-tridecane dinitrile, 64, 69 

3>6,9"Trinitraza-l,ll-undecane diisocyanate, 45 

Polyurethane XII-IIII, .184 

2"l53-dí¡xanÍtl0lUtyl^5*hydrOXyraethyl’2’methyl‘5'nÍtro’ 

Polyurethane XIII-J, 146, 168 
224, 226, 227, 231; 235; 287 

I69, 203; 212; 2I3, 220; 223, 

Polyurethane XVI-J, I8O; I8I, 132; 284 

Polyurethane XIII-R, 168, I71 

Ethylene Ms-(4-nitrazapentanoate), lo3, 111, 207, 2l0, 23I, 231 

Methyl 4,7-dinitraza-l,lo-decanedioate, 64 

7”Nitro-4,7,l0-triaza-1,13-tridecane dinitrile, 69 

Polyurethane XII-N, I63, I65, 166 

4,7,10-Trinitraza-l,13-tridecanedioic acid, 64, 69 

4,4,6,3,3-Pentanitro-6-aza-l,11-undecanediol, 9I 
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C10H20N6°8 

C10H2o¥8 

C11HI2C12N6°U 

^1^2^17 

C11H13C12N5012 

C11I113IV012 

C11II14N6016 

clA5N3°10 

cuV7°ik 

cnV9°i6 

C11 

^1^6^2^10 

CllfIl6Vl2 

CllIil6îl80l0 

C11H16M10°16 
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Methyl 5;3-dinitro-2,5,8,ll-tetraza-l,l2-dodecanedioate; 44 

^ÍnitíiíeaC69 Salt °f ^^^^^O-triaza-^lj-tridecane 

^11^¾ aCÍd Salt °f ^7;l0‘t:ria2a‘1^13-tridecane dini- 

4,4,6,8,8-Hexanitro-l,ll-undecanedioyl chloride, 55, 58, 9I 

íiiÜl"(5>5>5“Trinitro-2-l;eto-l-pentyl) carbonate, lOO 

3;3>5;5;7;7-Hexanitro-l,9-nonane diisocyanate, 38 

^l42^Í37PentanÍtr0''1;ll"Un<Íecanedioyl chloride^ 55> 53; 91; 

^,i6i^^"Peni:anitro'1,^"nonane diisocyanate; 33, 141, 145, 

1 ;2"£is-(4,4,4-Trinitrobutyroxy)-propane, lo3, 110, 278 

4;4,6,3,3-Hexanitro-l,ll-undecanedioic acid, 55, 58, 277 

Polyester L-J, I89 

4;4,6,3,8-Pentanitro-l,ll-undecanedioic acid, 55, 57; 53; 277 

Polyurethane I-JN, 134, 186 

Polyurethane 184, 186 

Methyl 6-brorao-4,4,6-trinitro-l,9-nonanedioate, 62 

^557,59"TetranitrO"^l0"d:aZa"1,1^"trideCanedioyl chloride> 

Methyl 4,4,6,6-tetranitro-l,9-nonanedioate, 5I 

4,w7'c2’Tcîrani<:rO"4;l0"diaza'l'l3"tridecane dinitrile, 5¿; 53; 59 

3;6,6,9“Tetranitro-3j9-diaza-l,ll-undecane diisocyanate, 39 

Polyurethane I-PN, 184 

Polyurethane XII-AH, 134, 237 
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C11II17N3010 

C11H17N5°10 

C11H17N703 

^1^7^12 

^1^7^14 

cuWk 
cnWio 

CllIilÔW6012 

SAôVh 
^1^3¾0^ 

C11H19N5°3 

ciih19Vio 

C11H20I\°3 

C11U20N3°10 

Clliï22N603 

^2^5^28 

C12H13W3010S 

C12I114N8013 

C12I114N10020 

Methyl 4,4,6-trinitro-l,9-nonanedioate, 61 

Polyurethane I-J, 146, 147, 146, I52, I55, 159, 133, 186, 207, 211, 
212, 220, 221, 223, 224, 23I, 235 , 277, 263, 284, 289 

Diisopropylidene (2,2,2-trinitroethyl)-malonyl dihydrazide, 43 

Polyurethane XIII-H, 158, 168, 169, 172 , 209 , 216 , 223, 287 

Polyurethane XVI-H, 179, I80, 181, 182, 209 

7,7‘0initro-4,l0-diaza-l,13-tridecane dinitrile, 59 

Poljmrethane I-P, I52, 157, 159 

Polyurethane XV~0, 176, 173 

4,7,7,l0-Tetranitro-4,l0-diaza-l,l3-tridecanedioic acid, 55, 59 

4.4.6.6.3.3- Hexanitro-l,ll-undecanediol, 91, 1^2, I52, I56, 278 

Polyurethane XII-A, 162, I63, I66, 209, 223, 277 , 287 

Polyurethane XIII-C, I67, I68 

4.4.6.3.3- Pentanitroundecane, 120, 121. 

4.4.6.3.3- Pentanitro-l,ll-undecanediol, 91, 100, 142, I52, 155, 
156, 273 

Polyurethane XVI-C, 179, 130, 182 

Methyl 4,3-dinitraza-l,il-undecanedioate, 64 

Ethyl 5,5-dinitro-3,7”diaza-l,9-nonanedioate, 30 

bis-llitric acid salt of 7,7"dinxtro-4,lO-diaza-l,13-tridecane 
dinitrile, 59 

Methyl 5,9“<linitro"2,5,9,l2"tetraza-l,l3-tridecanedioate, 44 

11,N-Di- (ß-cyanoethyl )-benzenesulfonamlde, 66 

5,5,5"Trinitro-2“keto-l-pentyl ¡>-toluenesulfonate, 104 

11,N' -bis- (2,2,2-Trinitroethyl )-11,111 -bis- (carboraethoxymethyl )- 
oxaraide, 63 

Polyurethane I-F11, 184 
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^2^5^13 

C12H16N4°12 

C12II16W3016 

C12H17N7°H 

Cl2Iil8n40l2 

^2¾¾0^ 

C12II18N6°12 

C12H13I'I6°U 

C12II13N3°U 

C12H191I5°10 

C12H19N5°12 

C12H19N9°14 

C12H20C12\°6 

C12II20II204 

C12H20K604 

C12H20N6°6 

^2¾¾¾ 

C12H20I'16°10 

C12H20II8°12 

C12II20n3°H 
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Polyos^i-u, 152, 154, 158, 155, 203, 2i6, 219, 223, 225> 

Polyurethane I-IIN, 134, 2I9 

Polyester 1-E, I87 

Polyurethane I-F, I52, I54, 153, 2I9, 277 

Polyurethane XIII-MN, 134 

Polyurethane I-CM, 132 

P0“- ‘52. 151., 153, 159, 203, 216, 219, 223, 225, 

Et210™231^23l'lt"dinUrOPe”tan°al:e)' l08' Ul’ 207, 209' 

Polyamide 1-q, I92, I95, 220, 277 

Polyurethane I-E, 145 

Methyl 4,4,6,8,8-pentanitro-6*aza“l,ll“undecanedioate, 52, 55, 53 

Polyurethane XIII-ON, 184, 287 

Polyurethane I-C, I52, I53, 159, 132 

Methyl 4,4,3,3-tetranitro-6-aza-l,ll-undecanedioate, 58, 59 

Polyurethane XII-JN, 134 

4.11- Dinitraza-1,14-tetradecanedioyl chloride, 64, 63 

1,11“Dinitrobicyclohexyl, 118 

4.11- Dinitraza-l,14-tetradecane dinitrile, 64, 63 

3,10-Dinitraza-l,12-dodecane diisocyanate, 45 

Polyurethane XIII-M, 168, I69, 237 

Polyurethane XIII-0, 163, I70, 209, 216, 217, 287 

Polyurethane XVI-0, I76, 178 

Methyl 5,5,7,9,9-pentanitro-2,12-diaza-l, I3-tridecanedioate, 38 
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C12H20N10°8 

C12H21N7°10 

C12H22V8 

C12H22W6°7 

C12H22N6°10 

C12H22N8°4 

C12H22N3°10 

C12H22N8°12 

C12V%°6 

C12^4%°10 

C12%5N3°4 

C12H28N6°13 

C13H16II6°15 

Cl3IIl6Ulo0l8 

4 

C13H17N9°18 

^3¾¾¾ 
C13^8^16 

bjlAO,l3_Tetranitraza-1 ; 16-hexadecane dinitrile, 64, 70 

Polyurethane XII-J,'163, 164, 166, 209, 223 

4,11-Dinitraza-1,14-tetradecanedioic acid, 64, 63 

Methyl 4,7>l0-trinitroso-4,7>l0-triaza-l,l3-tridecanedioate, 69 

Methyl 4,7,lO-trinitraza-l,l3-tridecanedioate, 64, 69 

7,10-Dinitro-4,7>lO,l3-tetraza-l,16-hexadecane dinitrile, 70 

Polyurethane XIII-T, 168, I7I 

^/7;10,l3"Tetranitraza-l,16-hexadecanedioic acid, 64, 70 

bis-Mitric acid salt of 4,ll-diaza-l,l4-tetradecane dinitrile, 
68 

Methyl 5/3,11-trinitro-2,5*8,11,14“pentaza-l,15-pentadecane- 
dioate, 45 

bis-Nitric acid salt of 7,10-dinitro-4,7,10,13-tetraza-1,16- 
hexadecane dinitrile, 70 

Methyl 4,7/l0-triaza-l,l3-tridecanedioate, 70 

tris-Nitric acid salt of methyl 4,7,l0-triaza-l,l3-tridecane- 
dioate, 70 

^-bjLs-(4,4,4-Trinitrobutyroxy)-3-oxapentane, log hq 273 
289 ^ 

Polyuretliane I-MN, 184, 277 

4,4,6,3,3-Pentanitro-l,ll-undecanediol bis-chlorofonnate 
100, 143, 190 

Polyurethane XI-NN, 134 

Allyl 4,4-dinitro-l,7-heptanedioate, 23, 24 

bis-(2,2,2-Trinitroethyl) azelate, I08, 110 

2,2-Dinitropropyl 4,4-dinitro-l,7-heptanedioate, lo3, 111 

Methyl 4,4,6,6,3,8-hexanitro-l,ll-undecanedioate, 55, 58 
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C^3%°16 

WkAô 

^5¾)¾0^ 

C15}I20N6012 

^3¾¾0^ 

C13H21N9°14 

C13H22N6°12 

C13¾4I¾012 

C13H23N7010 

^41^¾¾ 

Cl4Ii17I,70lô 

^4^7^^22 

C14Ili9ri50l4 

c14íi19N9013 

C14H20ÍI12°13 

ClkV9°l6 

Cl4n22Nl00l6 

C14H24N8°10 

C14H241I8°12 
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Polyurethane I-ON, 184 

Polyurethane XIV-A, 173, 174, 175, ijQ 

Methyl 4,4,6,3,8-pentanitro-l,ll-undecanedioate; 55, 57, 53, 

Polyurethane XI-N, 146, I6l 

Polyurethane XII-HN, 184 

Polyurethane I-M, I52, I56, I59 

Polyurethane 1-0, I52, I57, I59 

todioate;lf620,l0"t:etranÍt:rO"6'3"dÍaZa"7"ketO"1;l5*t:rÍíIecane‘ 

Polyurethane XII-H, I63, 164, 166, 223, 281, 287 

Methyl 4,7j 7,10-tetranitro-4,10-diaza-l;I3-tridecanedioate, 5 

u'tetr,nitr°'2'5'11’1‘,'tetr“,'1'l5'',en“de“M 

Polyurethane I-T, I32, I57, I59 

Polyurethane XII-C, I63, 164, 166 

Methyl 4,4-dinitro~5"phthalimidopentanoate, 124 

Polyester 2-A, I87 

Polyurethane XI-AII, 134 

Polyester 2-B, I87 

Polyuretliane XI-A, 161, 277 

Polyurethane XH-lfll, 134 

Polyurethane XIV-J, I75 

Polyurethane XII-ON, 184 

Polyurethane XII-Ü, I63, I65, 166 

Polyurethane XII-0, I63, I65, 166 

122 
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CUH26N10°12 

C14W8 

Cl5Ii17N9024 

C15H21Co06 

C15H21Cr°6 

Cl5H2lFe06 

C15U21IIn06 

C15H21N11°20 

C15H22W6°16 

C15U23N7013 

C15H24N6°13 

C15n24Ml2020 

C15H25I'13°10 

C15H25N7°14 

C15II26I'I10°16 

c15II27N3°3 

C16H121I2°4 

C16H27N7°14 

C16H23I112°18 

C17H24N6°13 
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Methyl 4,ll-dini.traza-l,14-tetradecanedioate, 64 

Polyurethane XII-T, 163, T66 

Methyl 5,12-dinitro-2,5,12,l5-tetraza-l,l6-hexadecanedioate, 45 

1 »2.5*tris-(4,4,4-Trinitrobutyroxy)-propane, lo8, 110 , 278, 289 

Cobalt acetyl acetonate, 148 

Chromium III acetylacetonate, 148 

Ferric acetylacetonate, 148, 154, 155; 157; 153; 162, 167, 172, 
I75, 179; 205, 206, 207, 208, 209; 210, 215 

Manganese III acetylacetonate, 148 

Polyurethane XIV-H, 173; 174, 175; 178 

2,2-Dinitrobutyl 4,4-dinitro-l,7-heptanedioate, 103, 111 

Ethyl 3,5,5,7,9,9,H-heptanitro-3,ll-diaza-l,l3-tridecanedioate, 
63 

N,M'-bis-(5-Carbomethoxy-3,3"dinitropentyl)-urea, 43 

Polyurethane I-DN, 183 

bis-(l-Nitro-4,4-dimethyl-3,5"dioxacyclohexylmethyl)-nitromethane, 
122 

Ethyl 5;5;7;9;9"Pentanitro"2,l2-diaza-l,l3-tridecanedioate, 38 

Polyurethane I-D, 145, 152, 153, 153, I83, 2I9, 277, 287 

M,N-bis- (l-lIitro-4,4-dimethyl-3,5"dioxacyclohexylmethyl)- 
methylaraine, 99 

ll,ll-Dinitro-9,10-ethanoanthracene, 10 

ll-Mitro-9,lO-ethanoanthracene, 24, 27 

tris-(4-Nitrazapentanoxymethyl)-nitromethane, 109, HI 

Polyurethane I-G, 152, 154, 153, 219, 287 

11-Hydroxymethyl-11-nitro-9,l0-ethanoanthracene, 24, 34 

Polyester 6-J, I90 
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C18V9°26 

C18Wl2°24 

C^8¾5M11022 

C18WlO°20 

Cl8!l271I9013 

C19ai6t,202 

V20V6 

c19W6 

C20!119"04 

C201WWZ 
CÄV5 

Cellulose 4,4,4-trinitrobutyrate, 200 

Polyurethane I-LII, 184 

Polyurethane I-KH, 184 

Polyurethane I-L, 152^ I56, 153, 277 

Polyurethane I-K, 152, 155; T5Ö; 153, 277 

11- (2-Cyanoethyl)-ll-nitro-9,l0-ethanoanthracene, 28 

3,3-Dinitro-l,5-pentanedibenzaiaide, 41 

N,N'-Diphenyl-5,5-dinitro-2,8-diaza-l,9-nonanedianide, 41 

li-Carbomethoxyethyl-ll-nitro-9,lO-ethanoanthracene, 27 

4,7"bis- (Benzenesulfonyl)-4,7“diaza-l,10-decane dinitrile, 67 

Tri- (ß-carbanilidoethyl )-nitromethane, 61 
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