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SUMMARY

The rap'id development of meta'l v'inylidene and acetylìde chemìstry

is a source of new and interesting react'ions. Recently a h'igh yield

route to some ruthenium vinylidene and acetyl'ide complexes has become

available. A study of the chemjstry of these and related complexes'is

described in this thesis. To gaìn a perspective of previous research

in this field of chemistry sone literature surveys have been made. The

cyclopentadÍenyl-ruthenjum a¡ld -osmium phosphine mojeties have formed the

basjs of the chemistry studied; 'in Chapter One, previous work done witlr

this system is surveyed. A comprehens'ive review of the chemistry of

metal -vi nyl i dene compl exes compri ses 'bhe rest of thi s Chapter. Often

mononuclear vinylidene compìexes were reported to be very reactive and

so could not be isolated, but were'inferred from the products.

In Chapter Two some reactions of stable viny'lidene compìexes (e.9.

tRu(C=CliPh) (PPh3)2(rr-CUHU)l PFO) are described. Reactions wjth alcohols

give al koxy(al kyl )carbene comp'lexes (e.g. {Ru ¡C(O¡¡e)CHrPhl (PPh3)2(n-c5ll5)}-

PFU wi th methanoì ) possess'ing aci d'ic g-protons, whi ch can be exchanged
fI

with D' or Me', or removed with bases to give vinyìether compìexes.

l^lith oxygen, the vinyl ìdene mo'iety of tRu(C=CHPh) (PPh3)2(n-CUH5)ì+ under-

goes an interest'ing cìeavage reactjon affordì ng tRu(C0) (PPh3)2(n-C5HU)l+

and benzaldehyde" The mechanisms of these reactìons are discussed briefly.

The electron-rich triple bonds of some metal acetylide complexes

undergo 2+2 cycloacld'itjon reactjons with electron-deficient olefins such

as tetracyanoethyìene (tcne). In the reaction of l,J(C=CPh)(C0)r(n-COHU)

with tcne, a non-isolated paramagnetic compìex was detected by e.s.r.

s¡lectroscopy, which sequentìally yìeìds cycìobutenyì, butadienyl and

aìly'lìc compìexes. A reaction of Ru(C=CPh) (nenr)2(n-CUHU) with tcne



y.ieìds only an a'llylic compìex, Ru¡¡3-C(CN)2C(pn)C=C(CN)zl (PPh3)(n-C5H5)'

formed vja two radical intermedjates. This complex undergoes ligand

additìon reactions to give butadienyl comp'lexes (e.g.Ru{C[=C(CN)2]C(efr)=ç-

(CN)2Ì(L)(PPh3)(n-CUHU),1=C0 or CNBut), which, in the fo,r.,".e-r- case,

reverts to the aìly'lic complex on irradiation. When Ru(C=CPh)(PPh3)Z-

(n-CUHU) reacts with (NC)ZC=C(CFl2, however, a dark blue binuclear

compìex, {Ru IC=C(Ph)C(CF3)2 (cN)zl (PPh3) (n-cuHu)Ìr{u-(Nc)zc=c(cFr)r}, is

isolated in high yield. This exhibits a strong temperature dependent

e.s.r. s'ignal in the solid state or in solution. In contrast, thereaction

of tcne wíth Rh(C=CPh)(C0)(PPh3)2 yieìds on'ly an oxidative addition product,

which loses C0 jn refl uxing acetonitrile to give Rh(C=CPh )(n2-CZ(CN)q)-

(NCMe)(PPh3)2" The scope of these reactions has been exp'lored and is

reported, with some discussion of poss'ible mechanisms, in Chapter Three.

In order to obtain metal acetylide compìexes for study, some conven-

ient, high yield syntheses have been developed. These compounds were

readily prepared by deprotonation of viny'lidene compìexes, or by ligand

exchange reactions with acetyììde complexes. This chemistry, in add'ition

to a brief survey of the preparative routes to metal acety'lide compìexes,

is reported in Chapter Four.

A convenient route to hydride compìexes of ruthenium and osmium has

been developed. The haljde compìexes react readi'ly with sodium methoxjde

in refIuxìng methanol to precipìtate the metal hydride complexes in h'igh

yield. The scope of th'is reaction has been exp'lored and ìs reported in

Chapter Fi ve.

Much new spectroscop'ic data havebeen collected for the cyc'lopenta-

dìeny'ì ruthenium and osmium systems. 0f part'icular importance'is the 
tt,

n.m.r. and mass spectraì data. In Chapter Six this data is sunrnarised and

interpreted where poss'i ble.
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2

1.]- TNTRODUCTION
^"1

A detailed study of some reactjons of metal acety'lides and their

precursors , metal v'iny1 j denes , was nlade . The i ni ti al studi es of these

react j ons al ways i nvol vecl the cyc.lopentad'ieny'l rutheni unl b'i s-

triphenylphosphine system, IRu(PPh3)2(n-CSHS)], followed by subsequent

changes in ligands and/or metals.

This chap'Ler contains a comprehensive reView of cyclopentadienyl

ruthenium and osm'ium phosphìne complexes as well as metal vinylìdene

chenlistry. Some chemistry and preparations of transitjon-metal

acety'l 'ides are di scussed i n Chapters 3 and 4.

J..2 CYCLOPENTADTENYL RUTHENTUM AND OSMIUM CHEMISTRY

The chem'istry of cyc'lopentadienyl ruthen'ium and osmjum systems,

excluding metallocenes, ìs now very extensive and has recently been

I
reviewed. tJhjle many sìm'ilaritjes can be drawn to the cyclopentadienyì

ìron work, the ìargerionic radius and genera'ì'ly ìncreased stab'ility of

these metals, reveals much new chemistry. This is particularly true of

the M(pph3)Z(n-CSHS) (N = Ru or 0s) systems whìch have no jron analogues.

1. 2. 7 Hal-ides

Halogenation of tRu(C0)Z(n-CSHS)l? in halogenated solvents g'ives
2

yellow or orange RuX(C0)2(n-CUHU) (X = Cl, Br or I). The chlorjde also

formed f rom tRuC'l , (C0 ) 3l , and Tl C5HS , or by bubbl 'i ng a'i r through a

3

sol ution of tRu(C0)2(n-CUHU)1, tn CHCI 3-EtOH 
conta'inìng HCI . ln

aromatìc solvents, however, jn the presence of large anions' the ye'llow

halogen-brìdged catjons {tRu(C0)r(¡-Cuuu)lrXi+ can be ìsolated.' At

-800, these reactions afford green products, thought to be isomeric,

whjch revert to the yellow complexes at room temperature.



3

It is not possible to replace djrect'ly both c0 ligands of the

Ru(C0)2(n-CUHU) group by tertìary phosph'ines or phosphites ' It js thought

that the stabjìì ty of the 'intermediate monocarbony'l results f rom a del j-

cate'balance of steric and electronic effects'

Compouncls contaìn'ing the Ru(PR3)2(l-CUHU) rno.iety lrave been rnade by

ìnt¡oducing the cyclopentad'ieny1 group into a suitable tert'iany

phosph'ine-ruthenì um compl eX precursor. Thus , the reacti on between cyc'lo-

pentad'iene and RuC'l, (PPh3)3 Proceeds i n about two days to gi ve the
4

yellow-orange RuCl (PPh3)2(n-cuHu) (l), which has proved to have an

jnterestjng chem-istry quite djstinct from that of the anaiogous d'icarbonyl '

Thjs reaction has afforded re-lated compounds containing other tertìary

phosphines, and rnethy'lcyc'lopentadiene reacts sjm'ilarly' Wjth complexes

of the type tRurCi3(ER3)61C1 (ER3 = PMePh} AsPh3)' add'ition of amìne

or zinc ìmproved the y'ie1ds. A seconcl route to the PPh, derivative is

from RuCIZ(PPh3), and thallium(I) cyclopentadienide, but th'is becomes

tedjous when large quantitjes of the chloride are requ'i'ud'u Some un-

predìctabj'lity was also found when scaling up the origìnal reactjon with

cyclopentad'iene, probably arisìng out of the tendency for RuClr(PPh3)3

to form the unreact'i ve di meri c [RuCl , 
(enn 

S) Z] Z on stand'ing i n benzene

solution. The synthetic method o't choice is a simple three-component

reacti on between rutheni um tri chl ori de , cycì opentad'i ene and tr-iphenyl -

phosphine in reflux'ing ethanol, from whjch high yjelds may be obtained

after an hour o¡^ ,o.u Most other tertjary phosphine and_phosphite

der.i vati ves can be obtai ned f ronl (1 ) bV exchange reacti onS , the tenrlency

for loss or exchange of one of the PPh3 l'igands beìng recogn'ised in earìy
5

studìes of the chemistry of RuCl(PPh3)2(n-CUllU) (Scheme l).

Stepwìse displacement of PPh, by PMe3 occurs, wjth formation of
I

RuCl(PMeq ) ( PPh3) ( n-CSHS) (at B0-1000) and RuCl letler)2(n-CuHu) (at ll00).
:q



RuR(PPh,)r(n-cuHu)

HRU(PPh3)r(n-cuHu)

(v]'r'l
/

lRu (C: CHR) (PPh3), (n-cuttu) I 
+

(ii) (jii) (iv)

j)
RuCl (PPh3)r(n-cuHu) tRu (L ) (PPh H

5

Rux(PPhr)r(n-cuHu)

+
RuCl xH 0

3

ïl

(n-c l
2 3 52

(x) ii)

Ru tC (OMe )=CHRI ( PPh3)2 (n-CuHu)

Scheme I Reagents: (i) C5H6/PPh3,

(v) L [MeOH, R

P(0R)r, etc. I ;

NaOMe/MeOH; (iii) LiR; ('iv) NaI

PR3, P (0R) 3, etc. I /NH4PF6; ( ui 
ì

; ('ix) base (H-, OMe-); (x) H*;

Ru (sncl 
3) 

(renr), (n-cuHu)

(x = I, cN);
(vii) L[C0, CNR, PR

(xi

{ Ru tC (OMe ) CFl2Rl ( PPh3), (n-CuHo ) }+
ix)(x)

(vi'i )

(vi )

or
SnCl

(x

Ru(c=cR) (PPh3)2(n-cuHu) Rucl (L) (PPh3) (n-c5H5)

Rucl (L)r(n-cuH5)

+

EtOH;

CN, CNR,

(viii)

(ìi)
CO,

HC2R

KCN

2
i MeOH.

1t

Þ
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Sirnilar]y, RuCl(pMePhr)(PPh3)(n-CSHS) was detected spectroscopically in

products from the reaction between (l) and PMePhr. Complete exchange
7

of PPh, for bidentate dppm or dppe occurs in refluxìng benzene or

toluene, while the phosphites P(0R)S (R = Me or Ph) require short heating
l0

'in decalin to effect compìete exchange. Even so' some dehydro-

chlorjnatìon of the P(OPh)3 complex occurs to g'ive the cyclometallated

complex (Section 1.2.3..l ). 2-V'inylphenyìdiphenylphosphine read'ily

d'isp'laces two PPh3 ligands from (l) to g'ive Ru Cl CH'=CHCUH4PPhZ) -

II
(n-CsHb). The AsPh, compìex has been made from RuCl r(AsPhr)r(Me0H)

and cyclopentadiene in the presence of zinc.

c'l

Ru

./
Ph E

(n

E=PorAs

2

Reacti on wi th C0, or wìth Fe, (C0)g ' readi ly af fords

RuCl (C0) (PPh?) (n-CSHS) , accompanjed by Fe(C0)+(PPh3) in the latter
5

reacti on. Treatment of RuCl ( dppm) (n-CSHS ) wi th C0 gì ves a monocarbonyl ,

whi ch read'i'ly I oses CO; ì t probab'ly contaì ns a monodentate dppm I i gand.

Isonitrjles also displace PPh, to give RuCl(CNR)(PPh3)(rr-CUHU) (R = But,

Cy, CHTSOTCUHOMe-4 or 4-Me0CUHO)
I2

A reacti on wi th excess ButNC at

higher temperatures (l800/l2 h) gave RuCì (CNBut)2(n-CuHu) '
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The osmjum complex 0sBr(PPh3)2(n-CUHU) can be obta-ined ejther from

0sBrr(PPh3), and cycìopentad'iene,t o, frorn HrOsBrU, PPh, and cyclo-

pentaclì.nu.o Generally s'imìlar reactions have been found for this

conrplex where they have been studied, but with the usual reduced reac-

tivity of the third-row element, compared with 'its second-row congener. 
T' I 3

Thus, both 0sBrleUer) (PPh3) (n-CsHS) and 0sBr(eNer)2(n-cUHU) have been

9

obtained; w'ith P(OMe), or P(OPh)3, short reactjon tjmes gave

0sBr(PPh3) tP(0R)3J(n-CuHU) (R = Me or Ph), while extended heating with

excess phosphìte was requìred to give the djsubstÍtuted products

0sBrIP(0R)3]2(n-CUHU). The bjdentate bis-tertjary phosph'ines dppm and

dppe gave the comp'lexes OsBr(L)(n-CsHs) (L = dppm or dppe) dìrectly.

The halides RuX(PPh3)2(n-CUHU) (X = F, Cl, Br or I) are pale yeììow

to dark orange in colour, stable'in air, and nronomeric'in solvents such

as benzene. The iod'ide is the major product from reactjons between the

chloride and Melulgl.5 Ammonium fluoride reacts with the chloride in the

presence o'l'sodjum bicarbonate to gìve RuF(PPh3)2(n-CUHU) as an unstable
t0

ye1'low compound. Preparation of the brom'ide from RuH(PPhr)2(n-CUHU)

and HBr ìs reported'in this thesis (Chapter 5).

Structural studi.rtu of RuCl(L)r(n-CuHu) (L = PMe, and PPh3) show

that the ìntroduction of the bulky PPh, lìgand (cone angle'r' .l450)

leads to marked steric h'indrance, distortion of the tertiary phosphine

ììgand, and a ìonger Ru-P vector 12'335(l)Rl compared with the PMe,

analogue fcone angìe llB0, Ru-P, ?'277(6)B]. The relatively easy dìs-

p'l acement of chl ori de by neutral or an j oni c reagents i s refl ected 'in the

long Ru-Cl d'istance t?'45S(Z)Âl found in both componnds.

Although both RuCl (C0)Z(n-CUHU) and RuCl (PPh3)2(n-CUHU) are non-

eìectroìytes ìn acetone, the phosph'ine derivatjve shows jonic behaviour ìn

nrethanol:
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RuCl (pph3)2(n-CUHu) + Me0H ¿ tRu(PPhr)r(tteott)(rr-Cul-lu¡1+ + Cì 
-

The solvento cation can be'isolated in low yìeld by addition of 'large

anions such as tetraphenylborate"tt The phosphine complex exh'ibits a

tendency to coordjnate other donor lìgands to give the cationic complexes

tRu(L)(PPh3)2(n-CUHU)l* (see below), and also to lose one or both of the

phosphi ne l'igands i n react'ions affordi ng neutral compounds. The proper-

ties and reactions of the two complexes have been comparecl in detail.tu

J'hus, solvento catìons are fornled r¡lith on'ly the more polar solvents and

RuCl (C0)r(n-CUHu), and displacement of C0 by another

djfficult. 0n the other hand, displacement of PPht

(n-CSHS) occurs readì ly i n non-pol ar sol vents, whi I e

readily ionìsed in polar solvents, bejng rep'laced by

other donor 'l 'igands ì f present. Wi th the more bas j c

PMer, chloride is unable to substitute the third PMe, ìigand in

tRu(PMer)3(n-CUHU)l+, whjch are obtajned as stable chloride salts'

l'igand'is relativelY

frorn RuCl (PPh3)Z-

the chl ori ne i s

either solvent or

I ì gands , such as

I4

1.2.2 Reactions at the MetaL-hafogen Bond

Sodjum borohydride reacts with RuCl (PPh3)2(n-CUHU) to gìve

Ru(HrBltr)(PPh3)2(n-CUHU), which is thought to contain an Ru(u-H)ZB

bridge;s the related complex Ru(B3HB) (PPh3)2(n-CUHU) js al so known'

Pseudohalìde conrplexes RuX(PR3)2(n-CuHu) (R = Me, X = Br, I, or
I 15

scN; R = Ph, X = CN ) are formed by metathetical reactjons; the

cyan'ide is also formed read'ily by decomposition of the cyanoborohydride

or cyanotriphenylborate. The former is obta'ined from the chloride, or

better, IRu(MerC0)(PPh3)2(n-CUHU)]1', and NaBHTCN; an jnterrnediate

Ru(NCBHT)(ennr)2(rr-CUHU) can be detected by IR spectro..opylt

Protonation of the cyan'ide affords the hydrogen isocyanide compìex
r l6

tRu(C¡tH)(pPh3)2(n-COt-tU)l*, 
- 

while aclcl'ition of BPh3 g jves Ru(CNBPh3)-

(PPh3)2(n-cuHu). "
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The chl orj des undergo conventi onal ' i nsertj on ' reacti ons wi th

SnCl, to gìve Ru(SnCl3)(PR3)2(n-CUtlU) (R = Me, Ph); although related

reactions have ncrL been described,'i't is likely that sinrilar derivat'ives

can be obtained with other Group IVB compoutrds containing the divalent
5rB

rnetal s.

Alkyls are best prepared from the appropriate organolithjum deriva-

tjve and RuCl (PPh3)r(n-CuHU);t the benzyl was obtainerl using PhCHrMgBr.tt

Ëxtrusjon of trjphenylboron from some tetraphenylborate salts affords
t5

RuPh(PPh3)2(n-CUHU); the pentafluorophenyl comp'lex has been prepared
5

from LiCUFU ancl RuCl (PPh3)r(n-CUHU).

.I .2 . 3 Reactions of lnun {een ,) 2Í\-c 5H 5) I (R : H , al-kql-)

The reactions of hydride and alkyl complexes contaìnìng the

Ru(PPh3)2(n-CUHU) group have been stud'ied ìn some detail, and wjll be

descrjbed under the headings cyclometallat'ion and react'ions with

act'ivated olefins and,alkYnes.

J.2.3.] CgclometaLl-ation reactions Aìthough the hydrìde 'is stable

towards the el'imination of d'ihydrogen on heating, the alky'ls readily

lose alkane wjth concomjtant intramolecular cyc"lometallation. Thus

brief heatjng of RuR(PPhr)2(n-CUUU) (R = Me or CHZPh) ìn refluxing

decalin affords good yields of the cyclometallated complex (2), formed

by el jnrj nati cln of methane or tol uene , respect'i ve1y. 
I 0 

' 
l B 

The reacti on

of hexafluorobut-2-yne wìth (2) afforded the bjs-insertion product (3),

the structure of which is analogous to that of Rh(CPh:CPhCPh:CPhCUHO PPh2) -

(PPh3), obta'ined rror @ÇPh2)(PPh3), and c?Pl1z.
19r20

Lìgancl exchange between RuCl (PPh3)2(n-Col-lU) and P(0Ph), in reflux'ing

decalin affordecl a nrixture of RuCltP(0Ph)3.l2(n-CUliu) (4) and

R;tc;4¡Þ(0Ph)z:i tP(0Ph)31 (n-csHs) (aa), t,he,lutr,,r also hreìrrs obtajned

frorn (2) and NttCy. by elimination of HCl. The cyclometallated
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derivat'ive contains the relatively unreactive five-membered RuCC0P

ring and does not react with C,(CF3)Z (1000, I week).

CF
3

PPhRu .- 3 Ph P

/
Ph

CF

Ru

Î
I

I

I
3

CF
CF

3
J

(2) (3)

Dark green chelating 2-(phenylazo)pheny'l complexes Ru(CUHON=NPh) -

(L)(n-CSHS) (4b, L = C0 or PPh3) have been obtained from reactions be-

tweenRuMeL,(n.CsHs)andazobenzen.,'o',.orfromtRi@lPh)(c0)zc1]z

and NaCUHU.22 The carbonyl group is readily d'isp'laced bV PPhr.

Rul

Ph

I

/N:.Ru

/

Ph

ro(Tn)'
I

R u

,/
L L

(Ph0)3P

(aa ) (4b) L = C0 or PPh,
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Inseparable mixtures of isomerìc products (54 and B) were obtained

when me¿a-substl'tuted azobenzenes were used in reactions with

R

Ru Ru

I
N

Ph \
N

Ph P
3

R

3
--N

(B)(A)

(5) R = H,Me,OMe,C0ZEI'CF3

10

RuMe(PPh3)r(n-CUHU). Simìlar products were obtained with

3,5-(Me02C)2C6H3N:NPh, but in th'is case the ìsomeric comp'lexes could

be separated by chromatography; the major product (43%) was metallated

.in the Ph group, whjle the'isomer correspond'ing to (58) was formed ín

only 7% yield.

A serjes of dark green products w'cs obtained from the fluorinated

azobenzenes CUFUN=NC6H4R, correspondìng to the two compounds (6) and

(7), and a thjrd contajn'ing a phenyl-linked PhrP-azobenzene'ligand (8)lt

complex (7) .is unusual in being metallated jn the fluorinated ring, and

was the onìy product isolated from the reaction with cuFuN=NC6H3(COrtute)r'

A single product was also obtajned from RuMe(PPht)r(rr-CUH5) and

decafluoroazobenzene, the dark green (9). This reactjon was one of the

f ì rst exampl es of cycì ometal I ati on i nvol v'ing el'imi natì on of a hal i de
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F
F

F
R

Ru
)\

N

P h3P

--N
Ph,)P) \

' N..---

(7)

Ru

P P'a 1

Ru F

N

F

F

(6)

R = HrMe,CF
3

F

F

PP

Ru

\ 2
N

N
N--N

FF

F

F

(e)(B)

L0)23
from the arene ring. The unusual structural features 'in this complex

include the metallated poìyfluorophenyì r'ing, and the PhTPCOH+CSH+

f igand, presumably formed by phenyì m'igration to the ring.'u The azo

lìgand 'is non-pìanar, and reflects the non-bonding interactjons that are

occurring ìn the ruthenium coordinat'ion sphere.

These react'ions ìllustrate a number of possjbilities for the forma-

ti on of metal l ated comp'I.*.r . 'u The methyl compl ex read j 'ly metal l ates

pheny'l groups by e'l'im'inat'ion of rnethane, and the elimjnation of a variety
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of alkanes has been studied with MnR(rO)U.t The exact mode of el'imina-

tjon of fluorine from the poiyfluoropheny'l derjvatjves has not been

determìnecl; a possibiljty is as MeF, the electron-rjch Ru(PPh3)r(n-CUHU)

moi ety readi 'ly attacki ng the CUFU rì ngs by a nucl eoph i I i c route . A

suggested route to the c5H4c6l-14 1i gands 'is menti oned I ater.

1.2 .3,2 Reactions with efectron-d.ef icient oLef ins or aLkqnes 'l'heSe

reactjons have been rationaljsed in terms of dipolar inLermediates

fornred by attack of the electron-rich Ru(PPh3)2(n-CUHU) moìety on the

a'lkynes, which then either undergo an intramolecular reaction,

afforcli ng v'iny'l compl exes , or f urtheri ntermol ecul ar attack on a second

molecule of alkyne, to give butadieny'l derivatives. In some cases, the

ìntermedjate ox'idative addition of term'inal alkynes to g'ive ruthenjum(tV)

complexes, whjch undengo reductive coupling of the organic moieties, has

been suggested. These 'ideas are summarised in Schemes 2 - 6.r7t22)27-30

It is clear that while the products of these reactions may be ratìonal-

ised by Schemes such as those illustrated, there is not yet suffic'ient

'information to predict the nature of such products.

1,2.4 CompJexes Containing n3-allgTic Sqsterns

Reactions between RuCl (PPh3)2(n-CUHU) and alkenyl-magnesìum or -zinc

reagents in toluene/djethyl ether have given 65-80% yields of

Ru(CHrCRl=CR2R3)(PPh3)2(n-CUHU), which on heat'ing are converted to the

n3-arivr comprexes orqoonrl tnã-rrurolcnzn3¡(n-curru)l' 2-Methyìa1'lyl

complexes containìng PMe' PBu, or PCV, were also obtained. 'lhe transoid

form of the n3-alìy1ic complexes is thermodynamìcalìy favoured, but

after short heating, the ciso¿d form'is obtajned as the kjnetjc produc'L''

?
The nr-CHTCHCHMe complex was also obtained by heat'ing Ru(CHZCH2CH:CH2)-

(pph3)r(n-CUt-tU). The thermodynamìcal ly stable form of the
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n3-crotyl deri vati ve i s ( I 0) , a1 though two other i somers were detected

spectroscop'icaì 1Y.

file_

Ru R"-- -- r\.

Ph
.v /

Pk_.P
P

3 Me

Me

(l o¡

1-.ra.,-..¡¿,il c'-is o i';t

Conversion of the n1-CHTCHCMe, complex to the n3-compìex 'is

accompanied by format'ion of both ¡3-CHTCMeCHMe and n3-CH ZCEICH..

derivat'ives, by isomerisation vja ârì ¡2-pentadiene-hydrjdo intermediate

(Scheme 7).

Another product conta'ining the allylìc group is the dark blue
3Z

b'inuclear complex (ll ), obtained from RuCl (PPh3)2(n-CUttU) and AgCtPh.

The formatìon of the allyl'ic lìgand in (ll) results from ofigomerisation

of four pheny'lacetYl i de un j ts.

Ph Ph

Ru, I Ru

/ \
Ph 

3P

(l I )

hPh PPh
3
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Scheme 7

J-.2.5 Cationic ComPTexes

Nucleophil'ic substjtut'ion of chloride ìn RuCl (PR3)2(n-CUHU) by neutral

donor molecules readily occurs to g'ive catjonìc complexes, IRu(L)(PPh3)2-
¡- l5

(r1-CUl.lU ) I 
-. The methanol cati on has been ment'ioned above , and the

acetone clerivative is also known. A solution of the chloride in thf

has a deeper colour than the soljd, but no cat'ion of the type tRu(thf)-

(pph3)2(n-CUHU)l+ has been isolated. These cations are best prepared

from reactions between the chloride and AgSbFU carried out in the solvent'

Sal ts of the acetonitri le catìon tRu(NCMe) (PPh3)2(n-CUHU) 1+ can be

obtajned readily from solutions of RuCl (PPh3)2(n-CUHU) in acetonitrile
33.3r+

and, for example, NaBPhO,NH4PF6, or Nl{OBFO.

small phosphines and phosphites djsplace chloride to gìve

¡nu(F,Rr)(PPh3)2(n-C5H5)l+, although it has not yet been possible to

coordi nate three PPh, groups around the rnetal at-onl. 
t 

Thu.. contpl exes

are also formed from the acetonitrile cation. Chelating tertiary

phosphì nes react stepw'ise, as i nd'icated by n.m.r" spectroscopy, to gi ve

complexes such as ¡nu(PPhr) (dppe) (n-C5H5) l+, tRu(triphos) (n-CbHS)l+

3 3
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[ùriphos = RC(CHzPPhz)3, R = lvle or Et] , and {RutP(OMe)rJ3(rr-CbHq)}+ In

these examples, dispìacement of both chloride and PPht occurs. The osnri um

comptex ¡os(PPh,)(dppe)(n-CsHS)l* is formed from ¡0s(PPhr)2(dRle)(n-C5H5)l+,

which probably contaìns monoclentate dppe.

The react"iv'ity of the chloride in these react.jons can be ascribed to

botkr steric and electronìc effects. In partìcular, the size of the ter-

t'iary phosphì ne I i gand (ancl others ) as recogni sed by the ' cone-ang1e ' i s

of obvjous i*portan.e.'u Thus, jt is poss'ible to place three small

phosphites such as P(OMe), (cone-angìe .l070) around the central metal

atom, but not three PPh, groups (corre ang'le 
.l450). It is possible to

draw up enrpìrìca'l relationships involving total cone ang1e, etc., but

these take no account of the possibif ity of itlterleaving' the various

groups attached to phosphorus.

Cationjc olefin complexes have been obtaìned frorr precursors which

contain tert.iary phosphines such as PMer'or dppe,'u rhu, jr, smaller than

PPh3. Complexes IRu(un) (L)Z(n-CbH5)]+ [un = CZH4, C3H6, PhCH:CH.

cHr:CHCO,Me, CH(CN):CH(CN); L = PMe, e¡ !¿dppe, but not all cornbinationsl

form white or pale yellow crystals; n.m.r: studies show the olefin in

tRu(CrHO)lnNer)2(n-CUHU)l* is freely rotat'ing. Analogous complexes

containing other unsaturated ligands, such as allene, 2,3-dimethylallene,

CZph?, CZ(CO,Me)r, PhCZC0ZEI, aRd CS, have been obtaìned containing the
9

Ru(PMer)2(r-cuHu) group.

The reactjon between butadiene and RuCl (eUer)2(n-CUHO) i s unusuaì

ìn fclrm'ing the phosphon.ium complex (12) v'ia a formal jnsertion of one

end of the diene irrto the Ru-P bond;e wjth RuCl(dppe)(n-C5Hb), the

conventional tRu(n2-cHr:cHCH:CH2)(dppe)(n-csHs)l+ complex'is obtain.d.tt
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Ru
PF

6

Me P
J

PMe
3

(12)

I.3TRANSITI1NMETALTINYLIDENEANDALLENYLIÐENECHEI,ItSTRY

Metal compìexes contain'ing unsatured carbene figands, Ic: cRt and

:c : c : cRz' are termed netaf vinqTidene ôfìd metaJ- alTenqlidene

(cunurengTidene) compl exes respect'i veìy'

vìnyl.idene (:c: cH2) is an extremeìy reactive species, wjth a

suspected lìfe-time of l0-10 seconds. Metal stabilisation of C: CR,

has led to the ìsolation of the vinyììdene 1ìgand and to a study of its

physica'l propert'ies and reactions'

A dative bond is formed between the l'igand and the nretal involving

a metal-carbon o-bond, and a n-bond from the metal d orbitals to the r*

orb'itals on the cx carbon:

Pq, ñ sR
l',1 -- c 

- 
c-

ÞáN \R

Some comparisons can be made between the carbonyl ligand and the

unsaturated v'i nyl ì dene moi ety. Parti cul ar.i nterest has focussed on the

38

M -c: c(cN)2 svstems.

The metal-carbon bond of the v'inyl'idene group can be compared to a

Fe:0 bond. Formation of iron porphyrìn vìnylidene comp'lexes has

allowed a better understand'ing of metal oxygen bonding in natural systems'
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Cluster conrplexes contaìning the C -.CHZ ììgand have been formed

us.ing ethy'lene and are i mportant model s f or cata'lyt'ic react j ons . The

C:CH, moiety, a valence tautomer of HC = CH, has been detected in the

interaction of ethylene and acetylene wjth various metal surfaces. The

vinyì jdene *acetylene rearrangement has been studied theoretical'ly.3e'kb

These results suggest that C- CHZ lies 'in a very shallow min'imum on the

C.HU potent'ial energy curve.

The vinyl idene I igancl has one of the h'ighest n-acceptor capacì b'ies

known, and phenylvinylidene is only exceeded bV S0, and CS in electron

w j thdrawì ng puur.t^ t 
u o

PPh3 < CP1Z<PhC=CPh. PF3 < C0 <AsFt < C -CHPh < CS < S02

The extreme electron defic'iency of the cx,-carbon is reflected in low field

n.m.r. shifts (". 350ppm) and short ¡netal-carbon bond-lengths.

The v'inylidene ìigand is extremely versat'ile and is known to undergo

a ìarge range of reactjons. Attack can occur at e'ither the oü- or the g-

carbon, wh'ile add'it'ion to the olefinic bond or the metal-carbon bond is

o bse rved.

Sjnce the first metal vìny1idene compìex was fu'l1y characterised in
4l

1966, a varjety of such complexes have been reported in the literature.

A brjef revjew has appeared,u'br, recent advances'in the isolation and

reactions of vìnyììdene complexes make this up-dated and comprehensive

survey desirable.

The following d'iscussìon has been broadly divjded into the prepara-

tjons of mononuclear, binuclear and cluster compìeXeS' followed by a

survey of the react'ions of i sol ated and non-'isol ated vì nyì'idene compl exes .

Each metal ìs treated separately within these sub-divisions. lSome

physica'l data is summa¡ised in Section I .3.61 The abundance of

mononuclear and binuclear complexes has necessitated further d'ivis'ion

accord'ing to preparatj ve methocls and react'ion types '
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1,3.7 Formation of MononucLear Vinglidene Complexes

A variety of preparative methods have been used in the formation of

vinyljdene complexes. These are djscussed according to the following

preparati ve routes :

1-3 l,l- Bg chlotide efiminatiott

1. 3.1.2 Fro^ terminal- acetgTenes

1. 3.1.3 Froo, grouP lvB acetgLenes

1, 3.1.4 Fro* metal acetglide complexes

1.3,1.5 From metal carbgne compTexes

7. 3,1.6 From iron acql comPlexes

L-3.L-7 From iron porphgrin compTexes

1,3. l. f BV chforide eLimination Migration of chloride from an

a-vinyì carbon to the metal leads to formation of vinyl'idene complexes.

Thì s process ì s best impi emented by heati ng metal carbonyl ch'loro-vi ny'l

complexes with Group VB l'igands in a variety of solvents:38'43

cl

-zCN
\cN

L --- CN

\CNM

1
C

0

I
U

-Ð

õ-îlYl 
-u - 

u

\
C

0

(13)

L LCI

(14)

M = MQ or I,l; L = PPh' AsPh' SbPh3,PMerPh, P(OMe)3, P(OEt)3 P(OPh)3,

or PPh, (cHrcHrnenr) .
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cl

l4o -C
\

CN LL

CN

Mo C
-- CN

\cN

CN

c

r
C

0

,/î\\L ct
C

0 c
0

(15)

LL = P(Ph)zcH,cHZPPhz or cis-P(Ph)tcH=cHPPhz'

The structure of Mo [c - c(cN)21 (cl ) tp(0¡,te)rlr(n-cuHu) has been

44 t+5

determjned.--'-" A reaction of (13, M = Mo) with PPh(cH|cHzPPhùz

leads to a cat'ionìc comPlex (16):

CI

CN
CN

+

Flo 
-C

CMo c

C

phzí 
|

\' p

o/n

\
P1

C

0

CN
\

0 c
Phz

0
PPh(CH2cH zPPhù?

(16)

J.3.J.2 trrom terminaf acetgtenes A theoretical study of the acetyìene-

vìnyìidene rearrangement has been made using the self-consistent electron
l+6

pa'irs method. For the non-substituted case the energy gained in
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i someri s i ng HC = CH to C : CH, was cal cul ated to be 40 kcal /mol .

Termìnal acetylene complexes undergo a 1,2-hydride shift form'ing

vjnylidene compìexes w'ith a number of metal systems (Table l).

Table.] A summary of the products from the reaction:

tMlX + HC=CR -l {[M]:C:CHR]n+
X = solvent, C0 or halide

n no. refRM

Mn(c0)2(n-cuHu)

Mn(C0)r(n-CuHoEt)

ne ( c0) 
2 

(n-cuHu )

FeCl (depe)

Ru(PPh3)2(n-CuHu)

Ru ( PMe,) 
2 

(n -CuHu )

Ru(dppm) (n -csH5)

Ru(dppe) (n-CbH5)

0s(PPhr)r(n-CuHu)

Ph

Ph

Ph

Ph

Ph,Me,Pr,

COZ Me, C6H

c-t.o5
HrMe,Ph

Ph

Ph,Bu

Ph

0

0

0

I

17

l8

l9

?0

21

40, 47-49

40

50

5l

52

53, 54

52

52, 55

52

F-p I
4

I

I 22

?3

?4

25

I

depe = cis-H(PPnz)C = CH(PPhZ).

In some jnstances a second acetylene unit is incorporated'into the

vi ny'l i dene product:
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1
C

0

c
0

Re co HC=CPh/ hv

î

/
OC

cr(0rtr) (c0)s HC=CC02Me

Ph

Re : Ç 
-Ç Ph cI 0

C

ll
c

1
C

0

Re

/\
(26, ref. 50)

\

2Me

H COrMe

C

0

CO

(OC)UCr:C:t\
C

1I

C

/\

(27, ref. 56)
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Cornpound (27) changes from red to v'iolet in hexane, suggesting

the presence of a tautomeric product (28).tu

A structural study of (17)uo'ut und (ZA)uo hu, been made. A

reactjon of Mn(c0)3(n-CUHU) or Mn(C0)z(thf) (n-csHs) w'ith HC=cPh vields
1.9. 10

MntrC16H19) (CO)*(n-CUHU)r'' 
-' ' ' 

suggesti ng structure (29) by analogy to

(26).

C0tMe

(0c)ucr ( 28)

Ph

/
Ph

0

e

Mn

1
L

0

/
C

0

c L

C

ll
C

il

(2e)

0

Mn
C

OC

These reactjons are thought to proceedviaun n2-u."ty'lene jn'bermediate,

which has been isolated in Mn(C0)Z(n-CSHS) reactions while Re(n2-HC=Cph) (C0)2-

(n-csHs) has been detected spetroscopically. A reactjon of

Mn(n2-HC=CPh)(C0)r(n-CUHU) wìth aqueous ethanoljc KOH gives (29), while

rearrangement on alumjna g'ives (17). Treatment of Mn(n2-HC=CCOrMe)(C0)Z-

(n-CSHS) (30) with an equìnrolar amount of RLi (-600, R = Me, But, Ph)
58,59

gave Mn(C=CHCO2Me) (C0)2(n-CUHU) (31 ). A reaction wjth MeLi

followed bV MeOSO,F gave (32), ìmpìyìng the presence of dianjonjc

vìny1 j dene i ntermedì ates (Scheme B) .'o
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H

I

C

Jil
C

I

c02M

Mn

1

C

0

(30)

c
0

3MeLi

e

0

/
c

/

Me

[vf¡ ::C:C 
- 

,La-
1\
lM"
c
0

-t'4erC0

La-n

- 

u 

-v

2-
I

2Me'n

Me

Mn

c
0

/1
Cç
06

Mn 
- 

C-C

(32)

Me

Scheme 8

1.3.7.3 From Group IVB acetgLenes ReaCtiOnS Of SOrne metal cOm-

p'lexes with phC=CEPh3 (E = S'i , Ge, Sn) also y'ietd vinyì'idene comp'lexes.

The proton required can be extracted from the solvent.
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ll4l X + PhC=CEPh, { [M] C=CHPh]n+

E n product (s)
-+

ref.
IM]

Mn(C0)2(n-CuHu) thf si 0

Ge,Sn 0

s'i I

(2e)

(17) ,(2e)

(22)

40, 48

40, 48

54
Ru ( PMe 

3) 2 
(n-CuHu ) CI

The yield of (17) is inverseìy proportional to the stabj'ììty of

the ìntermediate r-comp'lex (E = Si>Ge>>Sn).

1.3.1.4 FÍom meta¡ acetgTid.e compTexes lJhile Vinylidene complexeS

bearing a proton on the ß-carbon can be formed from terminal acetylenes'

di al kyl vi ny1 j dene comp'lexes are not formed 'in thi s manner '

Protonation or aìkylatjon of some metal acetylìde comp'lexes'

however, leads to a variety of nætal vinylidene products (Table ?)'

Table 2 A summary of the products fronl the reactjon:

lMl -C=C-R
ot*:) rur-ð- r{,

tMl R R. n0. ref.

lun(co)2(n-cuHu)l 
-

re(c0) (PPh3) (n-csH5)

Fe ( dppe ) (n-c5H5 )

Fe ( dppe ) (n-CsHb )

Ru(PPh3)2(n-CuHu)

Pu(PPh3)2(n-cuHu)

nu(enhr)2(n-cuHu)

Ru(PMer)2(n-CUHu)

C0rMe

Ph

H, MC

Me

Ph,Me,Pr,COrMe,

c6H4F- P ' 
C6F5

Ph,Me,Pr,CUFU

Ph

Ph

Me

H

H, ME

H

H

Me

Et

Me

33

34

35 ,36

37

38

38

39

40

6l

62

63

63

52

57_

5?

53
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Table 2 (cont'inued)

R n0R ref
tMl

Ru(dppm) (n-CuHu)

Ru(clppe)(n-CbH5)

0s ( PPhr) 
2 

(n-CuHu )

Ph

Ph

Ph

H

H

H

23

24

25

52

52

52

Methylation of Fe(CZH)(clppe)(q-C5HS) yields a nrixture of (35) and (37)

along wìth a small amount of (36), implying the ethyny'l complex (+l )

to be more basic than the propynyl complex (4?).'u

2 tFel c=cH JS: tFel -ð=cHMe

(4r ) (36)

+ [Fe] C=CH

J1
+

IFe] -C=CMe,

(37 )

tFel = Fe(dppe)(n-CUH.)

I

Me'
lFel C=CMe

(42)

+

lFe.l-C=CHt

(35)

+

The pKa in the equiìibrium
u++

[pg][=cMe ã= [Fe]-C=CHMe
-H'

63
was determined to be 7.74 (2:1 thf-H,O)

Treatment of Mn(cren)(c0)2(n-cul-lu) with BuLi followed by methylation

or protonatìon gave (43) and (44) respect'ive1y (Scheme 9).ut
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tMnl C=CCOTNJ

t-BuLi (l:l )

{,r,,c2c(o,rrq }

But

tMn l
\+

Bu-

H+ (3 equiv.)
I

Me'

lMnl - C: C

(43 )

t
lMnl - C: C

(44)

,/H

C
--But

ùot
BuL

CBu

l
0

Scheme 9 lMnl = Mn(C0)r(n-CUH')

1.3.I.5 From metaL carbgne compTexes Deprotonation from the

ß-carbon of some molybdenum metal carbyne comp'lexes yields metal

vinyl idene complexes (Scheme l0) .
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H

t
u

Mo"l
N

il
N

P

-1-1-t/ - 
u \B

(46 )

(MeO ) 3

r-FCUHONTBFO

Mo :C --CH Bu
2

F

t

/I
(Me0),P P (OMe ), 3F I

(45) H

I

(MeO ) P

Mo :C: C

,^L
P(OMe)3

\r,.

(47, ref. 65)

(48, ref.66).

J

BuLi

H

Mo --C: C

/1
(MeO ) ,P .):

BuL

P OM

Scheme I 0
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Deuteration of (aS) with D20 gives a carbyne compìex (49) which is

select'ively deprotonated to give a deuterovinylìdene compl.* 1501'u'

Thjs is attributed to the operation of a primary kinetic isotope effect

(Scheme ll).

t Dr0
tù

Dzo

t
llvlol:C:CHBu

(48)

lMol = CCDTBu
t

Scheme I I .

lMol =CCHDBu

(4e )

(48)

lMol : C: CDBut + (a5)

(50 )

tMol = Mo(ccHrgut)tp(OMe)rl r(n-cuHu).

A reaction of r-.i(HBr¡r) with t0s(cR)(c0)(L)(PPh3)rl+ (st; L = c0, cNR;

p = p-tolyl ) g.ives (52), presumab'ly as a result of H- attack'ing a

resonance-hybrid of (51 ). 
tt
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t0sl 
-f,

Me ë [0s1- 
-C

+

(51 )

H-

H

l0sl = 0s(C0)z(PPh3)2

or 0s(CN-p-tolyl) (c0) (PPh3) 
2

(52 )

1..3. 1.6 From iron acgT compTexes Treatrnent of some 'iron acyl

complexes with (CF3SOZ)0 (TfZ0) led to the elimination of l'{0- and the

format'ion of the vi nyf i dene I i gand. 
t t 

Ini ti a'l ly the acyl oxygen i s

thought to attack Tf 
Z0 , fol I owed by deprotonati on:

0 OTf OTf

¡re1 -[-cHn, Tr2o,{ 
tret -ð-cunrt 4t tre] -ò=cn z} n ¡Fe1 -ä=cn,

(31 )

lFe l R

re(c0) (PPh3) (n-csHs)

Me

tOsl 
- 

C
Me

H,MC

HFe ( co) ( PMerPh ) (n-c5H5 )
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1.3.J.7 From iron porphqrin compJexes An UnderStanding Of the

.iron-oxygen bond in natural systems is extremely important"

A number of porphyrin vinylidene complexes (55) have proved to be

valuable models of catalase and horseradish peroxidase systems.

These v'inyl'idene complexes have been formed from reli(por)

lpor = meso-tetraphenyl porphyri n (tpp) , octaethy'l porphyrì n (oep) ,

protoporphyrìn IX (ppIX), deuteroporphyrìn iX dimethylether (dpdme),"

meso-tetra-p-toìy]porphyrin (atp),to tetraanìsylporphyrin (tup) 
ttl 

and

ddt (b6). Complex (52) has been formed in the same mann"r." The

vìnylidene ììgand can be formed by removal of two Cl groups to give a

Fe=C bond, followed by ß-el'imination of HCI .

X

H

(por) FeII: c- c clgc- c CI

cl
X=Cl
X = H, por = tPP.

(56 )

(55 )

(57)

The reversjble one-electron oxidation of some of these comp'lexes

(with CuCl, or FeClr) leads to products having vìsible spectra similar

to those of catalase and horseradish peroxidase.6s ' 
73

Treatment of (32, POF = tpp) w'ith BuSNa (-750 ) yielded

{FelI IC=C(p-ClC6H4)rl (tnn) (BuS)}-, which reverts to starting material on

treatment with acetjc acid and warming.
'/4
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1.3.2 Formation of Binu<:Lear Vinglidene CompTexes

Al I bi nucl ear v'iny1 i dene compl exes conta'in the v'i ny1 i dene I i gand

b¡idgìng two rnetal atoms, Ehis reflects the strong r-acceptor capacity

of the ligand.

No mixed metal bjnuclear complexes have been

reported.

The formation of binucleay'vinylidene complexes is generally

different from those of mononuclear vìnylidene conlpleXes' These are

discussed accord'ing to the following preparative routes:

1. 3. 2.1

1)a')!. J. Z. a

1. 3.2. 3

1. 3.2.4

L.3,2.5

7.2. 3.6

1. 3,2.7

From mononucLear vinglidene complexes

From terminal acetgl-enes

From diphengl ketene

From l,f-dichlorovingls

FTom f ,f-dichforocqcloProqanes

Bg nucTeophiTic attack on CO

Bg isomerisation

l. 3.2. f From mononucLear vinqTidene compLexes.
t+0 6l

Mn [C=CHR] (C0)2(n-CSHS) (R = Ph , 17; R = C0rMe' 33

plexes yie'lds trans binuclear products (58):

(c0 )
H Mn(s) (co)z(n-c5H5) 21

)

A reaction of

with solvento com-

H R

C

il
C

Mn -C: C

^/¡
0"ç

U

M

\(co)z

(58) M = Mn

R = Ph, COtMe

R

-
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Complex (S8, M=Mn, R=Ph) can also be formed by heating Mn(C=CHPh)(C0)e-

(n-CUHU), whereas (Sg, M = Re, R = Ph) is formed upon treating Re(Ç=CHPh)-

(C0)r(¡-cUHU) wìth an aqueous ethanolic KOH mixture'

l- .3.2 .2 Erom terminal acetglenes A number of bi nucl ear vi ny1 i dene

complexes have been formed from M(C0)r(t-)(n-CUttU) (L=CO or thf) and

terminal acetylenes : 
40 r47-r+s'75-7 7

Mn 

-L

-+

C
0

0

=CR
HC

I
c

H R

(co)z

u

il
C

Mn 

-Mn

\(ro),

(58)

R = H, Mê, C0rMe, C0Ph, Ph; L = C0 or thf.
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A similar preparatjon has given Rerly2-C=CHPh)(C0)4(rr-CUHU)r.
50

78

CO

The

structure of Mnr1u2-C=CHPh) (C0)4(n-CUHU), hras been determjned.

1.3.2.3 From diphenglketene A reaction of PhrC=C=O with ejther
+l

Fe(C0)U or Fer(C0)g and irradjatìon gave (59).

(5e)

1.3.2..4 From t,J-diehTorovingTs Tlre binuclear comp'lex

Fe2htz-C=C(CN)Zl (C0)3(n-CuHu) (60) , formed from Na tFe(C0)r(n-CUHU)t

and Cl ZC=C(C¡)2, 
was of particular interest because of its formal resemblance

to tFe(C0)2(n-CUHU )l?." Thi s complex dìffers f rom the carbonyì dimer,

NN
CI

I

il

I

I

C

,CN
C

C C

./\
Na CN Fe Fe

î
{ a

ll
0

(60 )

Fe

1
C

0

OC

\

0
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by being non-fluxional, and not reacting with iodine'

1,3.2.5 From f ,l'dichforocgclopropanes Reactions of

¡rer(c0)z(n-csHs)1, with substjtuted cyclopropanes (6.l ) under phase

transfer condit'ions tNa0H-Hr0 (50:50), thf , (NeuO)+HS0;l vjeld a

8t
variety of cjs- and trans- al kyl -substi tuted products (62) . The

observations that (ì) cyclopropenes react to g'ive the same products

R R' R

CI CI

\, / \tt

ll

Ph

H

p-tol yl
p-tolyì
p-ani sY'l

Ph

R

R

\
C

R

Ph

Ph

Me

Me

Me

Me

H

H

H

Me

H

Me

c

Fe Fe

R
c

ll
0

ccRR,
0

/\
0

(61 )

under phase-transfer cond'iti ons ,

(j i ) Na0D-DrO 'in the cataìYst

leads to substitution on C(3), and

(iii) reactjon of (61, R=Ph"

R' = Rl'= 1.1) g ì ves onl y (62 ) and

not (63), suggest the formation of

an j n'i tì al cycì opropene i nter-

mediate wh'ich undergoes C(l )-C(3) rjng

fissìon under the phase transfer

conditjons to gìve (62).

(62)

cis and trans

0

Fe Fe

H

/'-Ph
c

It

L

%C

,/\
C

ll
0

(63)
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J., 3.2.6 Bg nucTeophil-ic attack on Co React'ions Of the binuclear

complexes (64) and (65) wjth MeL'i followed by acidificatjon y'ields
82 13

(66)" and (6i)- respectively. In the react'ion of (65) a bridg'ing

0

ll
C

,/\

CH

M-M M-M

2

il
C

c0X
/

C

0
C,7X

(j ) MeLi

2

(66 )

(n)

\ (ii)
co

M = Fe, X = C0

M = Ru, X = CMe

0

(64)

(65)

carbyne i ntermedi ate (68) was 'i sol at-

ed, whìch on deprotonatìon gave (67),

implyìng that these reactions pro-

ceed rzja in'itial attack on a

bri dgi ng C0 I i gand.

Me

I

C
+

C co
0

Ru 

-Ru
\,/\

C./\
Me Me

(68 )
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t- .3.2 .7 Bg isomerisation The cL, ß-unsaturated bri dge ì i nkì ng

the two metal atoms 'in (69) 'isomerises to a vinyf idene lìgand on

84
heating. The formation of (70) involves migration of the

0R

R R,\./
C

tl
l'

\ ,/"\
Ru-Ru

0oc
0

c

\r/
ll

0

(6e )

t-

ll

0

( 70)

R=H,R'=HorPh.

cr-vìnyl-carbon and a I,2-hydride shift. A deuterated sampìe of (69,

R = D, g8%; R' = Ph) retained most of the deuterium'in the isomerised

product (77%), implying a mainly ìntramolecular process.

1.3. 3 Formation of MetaL Cl-uster Vinglidene Compli:xes

Metal cl usters contain'ing a non-subst'ituted v'inyf idene 1 i gand have

been considered as models in the'interaction of an olefin with a nletal
85

surface. Thìs species has been detected jn the reactions of ethyìene
86 gt 88.89

and acetylene with Ni (lll ), Fe(100), and Pt(lll ) ' surfaces.

Theoretical studies of similar manganese systems also raise the possibil'ity

of a vì nyì ì dene i ntermedi utu. 
t o

In all cases where structural stud'ies have been reported the

vinylidene ììgand forms o bonds to two or three metal atoms and a n bond
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to t,he rema j n'ing metal atom.

Trjnuclear and tetranuclear viny'lidene cluster compleXes are

d'i scussed separately.

1.3.3.1- v3-uinrlTidene cfuster comphexes A reaction of

Co.lu3-CC(0H)HRl (C0)g (R = H, Mê, Ph) wi th propionic anhydride g'ives

r 9l
¡Cor(C:CHR)(C0)gl'(Zl).-- Whjle a symmetrical compìex (7?A) mìght

be expected, theoretical calculations indicate that a non-centred struc-

ture (72Y1 is of lower "n..gy.t' A non-symmetric structure vvas

(0.c ) ¡
) co (co)

3

Co
(co)¡

HR\. ,/('

ti
C

R

co_

H

( co (co)t

(72A)

found for HrOs3(u3-c:cHR)(c0)g (73, R = H) ,t 
t'nu 

und 'its protonated

form tHrOs3(u3-C :CHZ)(C0)nl* ( 74).t 
u 

Co*plex (73) was formed from

0sr(C0)r, and ethyìene; a vìnyì complex (75, R = H) is presumably an

jntermediate ìn this reaction.t"'u Upon heat'ing some vìnyl complexes

(75, R = H, Me, Ph) tne corresponding p3-v'inyl'idene clusters (Zg) were
ôc

formed.-- In s'imilar reactjons 0s3(C0)r, and HrC=CHR
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H

R

(0c )

1.3.3.2

H

c

M

-M
(co)s ,s )s0s(

/H

2

I
H-u-H

(co)3

(73) M=0s, R=H,Me,Ph.

(76) M=Ru, R=H

(75) R = H,Me,Ph.

YI
A reaction

This is s'im'ilar to (78) , formed in a re-

0s
(c0

1\,
)3

[ft = Me, P(o-CUHO
?

)Phzl g'ive p'-vì ny1 i dene cl usters.

of Rur(c0)tz and ethy'lene gìves HrRur(u3-C:CHz)(C0)9 (76) and

HrRur(u3-cH:cHr) (c0)n under mild conditions.

V4 -vinvTidene cluster comPhexes A reaction of

r er(vz -c - cH z¡ I u2-co ) ( co ), ( ¡-c

metal vi ny] i dene cl uster (77) .

5H
98

) z (66 ) w'i th co, ( c0) e vi el ds a mi xed-

99

actìon of HRur(CO)n(¡3-C=CHgut)and [Ni (C0) (¡-CUH5)]2. A third'butter-

fly' shaped v'iny]'idene cluster (79, R= H, Et) is formed by a cluster-

expansion reactjon of nur(nZ-nrr¿c=cPri)(c0)11 in ROH/thf 'roo
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. ctl

^

2

c
Fe

Ni

Ru

Co

Ru

Ru

Ru

Co

CHBut

Ru

(77) CorFeln4-c=cHr) (co) rr-
(n_ c5H5 )

Co

/'.,
C

(78) N'iRu ¡4-c=cHBut) (co)g-
3

Ru C H
55n

'l

C

Ru (ts¡ Ruo(n4-c=cHBut) (co) 
r

(0R)(PPh2);R=t1,Et
0-

0'
R

Ph
2

(Carbonyl l'igands have been omitted for clarity. )

1 . .3 . 4 Reactions of Ving Tidene Complexes

The viny'lìdene ligand has a number of possible sites for reaction"

The substituents on the ß-carbon are open to attack, while addition

reactions to the o'lefin bond are also possi ble. The electron deficient

o,-carbon can be a site of electrophil'ic attack or of insert'ion reactions

into the metal-carbon bond.

P
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The reactions of vinylidene conplexes are djscussed under the

fol I owi ng headì n gs :

1.3.4.1 Deprotona.tion to form Õ-acetgJide compJexes

I.3.4.2 Addition to the ofefinic bond

l-.3.4 "3 Addition to the s"-catbon

1 .3.4 .4 Addition to tlte S'catbon

1.3.4.5 Ligand exchange reactiorts

L .3 .4 .6 1ledox teacti.ons of iton porphgrin compLexes

I .3 .4 .7 Reactions of Fe ,¡¡t2 -c=ca ,) fi2 -co) (co) 
zft)-c 5H | 2 (66 )

?

1 .3 .4 .B Reactions of I'I 
,Os ,(¡t- -c:cH ,) (CO) g (7 3)

1.3.4.g Othet' reactions of vinqTidene complexes

I.3.4, J Deprotonation to form 6-acetgLid3 complexes CatìOniC

v.inyljdene complexes bearing a ß-proton are readily deprotonated to g'ive

neutral o-acetyl'icle complexes (faUle 3).

Tabl e 3 A summary ofthe products from the reaction

tMt-ð:cHn 5, tMl-c=cR

ref.RtMl

Fe(c0) (PPh3) (n-c5Hb )

Fe(dppe) (n-CsHs)

Ru(PPhr) 2(n-C5Hu)

Ru(PMe,)2(n-CuHu)

Ru(dppm) (n-C5H5)

Ru(dppe) (n-C5H5)

0s(PPh3)2(n-Cu11u)

CUHOF-r, CU

Me

Ph

Ph

Ph

Ph

H, Me

Me, PrrC0 ,Me, Ph,

6?

63

52

F
5

53

5?

52

52
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1.3.4.2 Addition to the oLefinic bond' A reaction of

tFe(C = CHR)(C0)(L)(n-CUHU)l+ with methanol yields alkoxy(alkyl)-

carbene complexes jn an additjon react'ion:

+ ..HtFel-c:c..
,\R/r

MeO-H

2R
CHtFel

+
C

I

0Me

lFel
R ref.

Fe(c0) (PPh
3 5 5

Fe (c0) ( PMerPh ) (n -CuHu)

Ph 62)(n- HC

H 6B

62
acyl complex:

{ tFel - C: CHPh}
Ha0

L ..- 1

-> 
t LreJ - CH Ph]

-H++ lFel - CH Ph
2 2

It is noteworthy that a reverse reaction g'ives vinylidene complexes from

acyì compl exes (Secti on I . 3. I .6 ) .

Further addition reactions of the olefìnic bond of vjnylidene com-

plexes are described in Chapter 2.

1.3.4.3 Addition to the a,-carbon Nucleophìl'ic attack of B

(B=H, NH2, Me0) results'in bonding to the a-carbon of some vinylidene

compl exes :

A sjmilar additjon react'ion is thought to take p'lace when

tFe(C:CHPh) (C0) (PPh3) (n-CSHS)l+ (S+) reacts with water to give an

re( cu:CMe, ) ( dppe) (n-C5H5 i 
u

- ,..,* 6 I
eHcorNe Ì 5 ¡Nn J -!CHrCOrMe

B

[Mn] = Mn(co)r(¡-cuHu); B = NHr Meo.

Treatment of IFe(C:ctrter)(doRe)(n-CsHs)]* (37) wìth base g'ives complex

(80)toou Thìs suggests the formation of an anionic methylene carbon on

the dppe lìgand (81), which then can attack the o,-carbon:

OH 0
il
C

I

C
+

+ H-
+tFe ( C : CMe, ) ( dppe ) (n-C5l-15 )

[Mn] :C-CHCOZMe -L { tUn C-
I

B

l
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Ph

CH^-CH"

/'\'
^P PPh^

'\ / *'
FÂ _l^ 

-

ba se#

CH^-CH.
/'\ph^p PPh

t\/
Fo

2

(81 )

Fe(C0)

+
c Cl'le

(37 )

CMe,

CH

2

2

Fe-C__CMe
2

(80 )

A reacrion of Mn(C:CHPfr)(CO)r(n-CSH5) ('l7) and Fer(CO)n gave (82),

via addition of a carbonyl group to the cx,-carbon of (lrlltt tntîîlå

also be represented as a delocalised system:

Ph

Mn-ltVr/'lo
C1

/-c -Ph/\H
e(c0),

Mn

/t C

0 H

C
0

0

3

(82 )
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i

I

I

I

i

I

1.3.4.4 Addition to the $-carbon A react'ion of {Mo(C:CRBu
t

66

tP(OMe)rJr(n-CUHU)Ì- (48, 50) with DZO vields carbvne complexes:

t Dzo
Mo=C_CDRBU

t
[vlg:C:CRBU

(MeO) ,r/ I
P(OMe)

3
P(OMe)

3

R = H, D.

Similar'ly some bìnuclear carbyne complexes can be formed by protonation

of the v'iny'l i dene moi etYl

)

(MeO) ,r/ I

HH
c

il

c
+

Ru Ru

/\,/\
X

---+
H

C
0 co

Ru Ru

0c

,7\ ./\
X co

(66)X=C0,ref.84

(67) x = cMe. ref. 83



4B

RH

C,/

C

ll
C

Mn

1
(,

0

n

1
C

0

M

C
C

l

c
+

HzR

0 0

Mn MN

(58) R=H,Me,COrMe; ref .75,76 0
C

(rr)

A rnixture of (58, R=H) and (83, R=Me) interconverts to (58, R=Me)

and (83, R = H) , suggesting a steric 'infl u.n... 
tt

I,3.4.5 Ligand exchange reactions Under ln'ild cond'itions one

I
I

C

0

1

C

0

a
"0

carbonyl of Mn(C:CHPh)(C0)3(n-Cuuu) (17) is subst'ituted bv PR,

(R = ph, oEr, 0Ph) to give Mn(c:cHPh)(C0)2(PR3)(n-CsHs) (84).uo
r02t

A reaction of Mn

(84, R = Ph).

2ft2-c:cHPh)(c0)o(n-cuHu), 
(58) with PPh3 also save

J.3.4.6 Red.ox reactions of iron-porphqrin complexes Oxidabjon of

Fe ¡C:C(p-Cl C6H4)rl (ttn) with CuCì, inserts the cr-carbon into an i ron*

nì brogen bond.'0 When FeIC:C(p-ClC6H4)r1(taP) 'is oxìd'ized, the metal

'is removed completely with the formation of an N - C - N bridge to the
7l

porphyri n rì ng.

Reversìble reductjon of Fe(C-CA?Xtpp) 'is thought to take p'lace

72
by the mechanism shown in Scheme 12.
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lr.II(c:cArr)(tpp)r J= [r.II(c:cArr)(tpp)r- å treII(c:cArr)(tpp)12---e - -e

(32) Ar = a-Cl Cul1O

H -H
+

-H
lH.(34) Ar = Ph

Scheme I 2

treIII qcu=cRrrXtpp)r å treIII (cH=cArr) (tpp)l-

J.3.4.7 Reactions of Fer(rt-":cHr) ¡1t2-co) (co) zfi-crHr) 2 (66) A

reaction of (66) wjth Cor(C0)A has been previously described to give

(77), where the v'ìnylidene Iigand is reta'inud.tu 0ah.. reactions of (66)

with Fer(c0)9 and HrMn3(C0) Izyield the u3-carbyne clusters (85) and (86).

The formation of comp'lex (BO) suggests that an insertjon of C:CH, into

an Mn-H bond has taken p1ace. Formation of (85) is not well understood,

but seems to jnvolve break-up of (66) and hydrogen abstraction.

MeMe

E
0OC

I

C
I

C

(oc )s
\ 

r.(co)¡ (oc)¡F Mn

-[sZOC \F" CO

Fe

(85 ) (86 )
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1.3.4.5 Reactions of Ítros r(U3-C = CHr) (CO) g (4g) The react'ions of

Hr0sr(u3- C:CH',(CO)g are summari sed 'in Scheme l3. 
tu' ss' I0 t 

A reacti on

of (49) with D, Sives a mìxture of 0s 3rcZH4DZ)(C0)g, 
0sr(CZH3D3)(C0)g'

and 0sr( C,HZDù(C0)9:t NMR studies indicate that deuterium attack occurs

at the organic ligand.

Hrorr(u3-c:cll2 ) ( col 
n

D
H2

-C:CHz)(c0)g

lHros 3(u3-c =clz) ( co) 9l 
+

0

rt

c

1

l-H
Hrorr(u3-ccH3) (co)e

+

Ottr0s r(u
3

Scheme I 3

7.3.4.9 Other reactions of vinqTidene complexes Tfeatment Of

Mn2(u2-c:CHZ)(C0)o(¡-cuHb)z (58) with Li (HBEt3) followed by add'ition of

MeI gave (Bl), suggesting the intermediacy of (89).

an unusual bridging allene ìigand.

Complex (87) has

(i ) H-
lMnl' 

-
llMn

CH

ll
c

lt

c

2

H?
(58)

lMnl = Mn(C0)r(n-CUHU)

(ii ) Ne+-

CH

(88)

lMn l lMn l

2

C-

[mJt . fv\- (cci) {'q- (sHs)

(8?)

CH
2

ñ
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67

A react'ion of ( 52 ) wì th HCI gi ves (82 ) :

PPh
3

I
H HCI(oc)rs5 -- ç

1
PPh3

Me

PPh
3(52) I

(0C)rOs 
- 

CHZ

1\lcl
PPh3

(82 )

1.3.5 Non-isolated VingTidene Intetmediates

in many reactions a vinyìidene'intermedjate'is impl'ied but not

isolated. These reactions often para'l1eì those described ìn Section

1.3.4. In many ìnstances the labjlity of these intermediates can be

attributed to a lack of steric h'indrance.

These react'ions are d'iscussed under the fol'lowing headings:

4
L.3.5.1 Formationna-acetqlide complexes

1.3.5"2 Addition to the ofefinic bond

7 ,3.5. 3 Addition xo the uÏcarbon

7.3.5.4 1,2-Hgdride shifts

1. 3. 5.5 Displaced vinglidene Tigands

I . 3 . 5 .6 Cis /trans isomerisation intermediates

1.3.5.1 rvormation of o-acetgJide complexes A'one-pot' reactiOn

of some metal complexes w'ith term'inal acetylenes 'in the presence of

amine bases gives a range of o-acety'l'ide complexes. It ìs presumed that

14e



a vjnylidene intermediate forms and js immediateìy deprotonated:

HC=CR -tMrð-c<l l b9!9* 
tMlc=cRlMlx ----ì ttMlc-c1R j -__-+ [Mlu=uR 

10¡+_106

tMl = [Ni (R)(PMerPh!* (1:.tuflu, ccl = cc12' cuH, (01'1e)?:l'u)'

Ni(Ncs)(PR'3)z(R'=Bu, Ph),tot Pdx(Ptt3) z(x=cl , Br, I), Ptcl(RMerPlr)r,

Rh(c0)(PR'g)z(o' = Ph or cuHoF-r),t'o tir(c0)r(enrrr)rl*. 
ttt

e. g. R = Me , Et, Ph , CUHOC2H'o .

52.

109

IM] X
HC=CR , {rMr (¿:cll)z t l.Ml (c=CR),

base
--l

!07) tI2

I14-tl6

2

113

tMl = Ni (PR' 3)2 (R' = Bu ' Ph) ; Pd ( Prt
3

ôt
a

PtL2 (L = PPhr' PMerPh, PPru)

tPdl x2
cuHo(ctH)z-p 

{ tpdlr{ð=c) rcuH4-e} 
base, c6H4(c=c tpdJ )2-r,

L t'7
tPdl = Pd(PEt3) 

Z

1. 3.5.2 Addition to the olefinic bond Treatment of Fe(C=CR(rg)Z
1I8 Il9

(n-CsHs)(R=Me, R=Ph ) wìth HC1 yìelds the acyl complex

Fe(C0CHrn)(C0)z(n-CsHs) (90). Presumably addition of water

{Fe(C:CHR) (c0)2(n-cuHu)}+ (89) g'i ves a.hydroxy(aì kvl )carbene

which on deprotonation yie'lds (90) .

Extensive jnvestigatìons by Chjsholm, Clark and others have led

to the isolation of al koxy(a1kyl )carbene compìexes of platir''ut. 
t20-72-3

Reactìons between mebal chlorides (91) and termìnal acetyìenes, or metal

acetyf ides (92) and acid gìve h'ighìy reactìve viny1idene intermediates,

wh.ich form al koxycarbene cornpì exes j n the presence of al cohol s (scheme

l4). S'imilarly alcoholysis of cr-chlorovinyì cotnplexes (93) proceedsto

gi ve al koxycarbene productr. 
t"

to

compl e x
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IPt] - 
CI

(el )

tPtl - 
C=CR'

(e2)

HC=CR'

R''OH

tPtr -Ë 
: ,i

I nttru

rÌ
+

H

R''OH

tPil -
(e3)

Scheme l4

IPt]= trans-PtRLZ

(9'l ) e.g. L = PMerPh, AsMer; R = Me, Ph, CF3'

Ph; R!'=Me, Et.

C
I

C

H

R

+
tPrl - c

0R"

CH R.
2

C=CCF,; R'= H, alkyì,

(ez) e.s L = PMerPh, AsMe,; R = C'l , ç=CR'; R' = H, Me, Ph; R" = Me,

Et, Pr, Pri.

(93) e.g. L=PMerPh; R=Cl, Br; R'=H, Me; R" =Me, Et, Pr, Pri'

Strong support for the presence of these intermed'iates was obta'ined'in

isotop'ic labelling experiments. In such an expe¡iment, H1D exchange of

Èrans-Pt(C=CR)2(PMe2Ph)Z (gZ, R=H or D) wìth MeOD only proceeds in the

presence of weak acids. This imp'lies a viny'lidene intermed'iate, becaruse



54.

this possesses a more acidic proton than the Pt -c=cH group.

A range of neutra'l platinum alkoxy(alkyl )carbene complexes has been

formed in reactions of Pt (u2-x )xzLz, HC=CR and R' oH,t'u

L X

X

ORH

c(
L

I

Pt:C:
I

X

Pt

?

X HC=CR

-+
X-

L R

L

l.o\x_lt:c(
I

X

cH2R

If the protonation was carried

however, a binuclear Product

-Pt'
X

e.g. L=PMerPh, PEt3; X=Cl, BF, I; R=Me, Et, Ph; R'=Me' Et, Pr'

Hr
Reacti ons of 

^PtCl 
6

.6H20 with l-lc=cEMe' (E = C, S'i) in jso-propanol

save Pt, tc(oPri )cHrcMerJ 2fu2 -ct) rct, anf et tÎ!î:ltel rcl, respecti velv,

by the formation of viny'lidene jntermediates.

Simjlarìy complexes of the type trans-M [C(OR' )CHZR] (C6Cl 
b) 

(PMeZPh)Z

h; R'=Met") have been

isolated from reactìons of ¿rans-l,t(C=cR) (c6Cl5) (PMezPh), with HC=CR and

R.OH.

Some cyclìc alkoxycarbene compìexes can be formed vja Viny'ììdene

intermedjates (Scheme l5).

l,ihen Fe(C=CPh)(C0)2(n-CUHU) Ís reacted wìth HPF6, ìn anhydrous

methanol, Fe(C0CH2Ph) (C0)2(n-CUHU) (61 ) was jsolated, suggesting vinyl-
61

j dene and al koxycarbene intermediates.
62 131

out jn CH"CI^ or acetic anhYdride,¿¿
(93, R=H) is isolated. Similarly a reaction of tFe(thf) (C0)z(n-cbH5)l+

6Z

w'ith HC=CPh gave (93, R = H), suggesting cycloadditjon of two vinyl-

idene complexes has taken Place:



55.

INi ] C=C (cH ) 201'{

[Fe] ---

{

IPt] I

Scheme I 5

C=C ( cH2 ) 2oH

H+

tMl L
+

H0

J

H

I

0
)

0 ++
tMl tMl+_-

H

lMl = Nj (c.ct 
5) 

(PMezPh) ; ref. 127

Fe(C0)2(n-CuHu); ref. 129

PtIMer(CF3) (PMerPh) ; ref. I 30
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.

I

I

I

l

I

Ì

h
+

ftro]--a-
Llul v 

-_/()
/

PhRC 

-

CRPh

----+
- [Fe]

-CyNHC0NHCy

(OC)UCr : C
I-t

--

IFe] lFel

c
+

R h

+

Ph

IFe] lFel

h

(e3 )

lFel = Fe(C0)2(n-cUHu); R = H,Me

Methyìation of Fe(C=CPh)(c0)2(n-CUHU) also gave (93, R=Me).

Cycloaddition of the vinylidene intermediate [Cr(C=CHr)(C0)5] (94)

and CyN=C=NCy(Cy=cyc'lohexyl) ìs suggested in the reaction of

CrtC(0H)Neì (C0)u with CyN=Ç=NCy:I "

NHCy

Cr:C -oH CyN=C=NCy (0c ) uCr:
0- C

\(0c ) 5 NCv-Ma
Me

cïz (e4)

C: N-CyN

I

cy

+

+

(oc ) 5
Cr NCv +-

cv-N
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In a reaction proceeding like an olefin metathesis, tlJtC(Me)OMeJ (C0)s

reacts with H+ to give (gs).ttt Mechanisti.c studies suggest the jnter-

med'iacy of (96) (Scheme l6).

(oc) 
uw

Me

Me

H

H

C

(oc)utJ: c
.M" H* ,

0Me (oc) -hl:f, - car--/5"Y-\

H

H

,ri

)sw

Me

Me

H

H

\ rlleC:C'
\r' -Me

-zCA
+-OC

OC(

(e5 ) (e6)

Scheme 16.

1.3.s. 3 Addition to the o"-carbon A reaction of Fe(C=CMe)(C0)Z-

(n-CuHU) (97) with anhydrous acetic acid gave Fe tC(OAc):ç¡1¡,'¡e¡ (c0)r-

(n-csHs) (98).ttt Initially H+ would attack the ß-carbon of (97)

form'ing tFe(C = CHMe)(C0)2(n-CUHU)l*, giv'ing (98) upon attack of OAc- at

the o-carbon.
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r25
Phosphonium complexes (99, .l00, l0l

I34
) have been isolated from

protonation reactions of some o-acetylide comp'lexes in the presence

of PPhU.

lMl-C=cPh

.-+ rH , { tMl-C:C' I PPhs ' tMl -c = cHPh

+
3

(ee) [M] = Fe(C0)2(n-CUHU)

(r00) [M] = Mo(c0)z(PPh3) (n-csHb)

(lol ) tMl = td(co)3(n-cuHu)

1.3.5.4 J,2-Hgdride shifts Protonation of lÀl(c=cPh) (c0) 
r(n-cuHu)

gave (102), while treatment with H+/crPh, gave (.l03). 
ttu

H

Ph

PhP

The

¡2-phenyl acety'lene can be formed via ð, vi nyl'idene i ntermed'i ate whi ch

undergoes a 1,2-hydride shift;

+

+

W-C:Ct,l -C=CPh Ph

H

c

ill
C

P

H

hP

I

c

lil
C

I

H

l^l

1
C

0

+ld-

BF
4

h

OC

c

t^l

1
c
0

C

lil
C

I

P

0

h

(l 02)



59.

BF
4

(l 03)

1.3.5.5 Displaced vinglidene Tigands A minor product in the re-

action of t¡ltC(ct 1:g¡cN)21 (C0)r(n-cuHu) and PPh, is l^lCI (C0)z(PPh3)-
43

(n-C5H5). A vinylidene complex can be formed, from which the

c:C(CN)2 ligand is then lost. In a reaction of t'lo tC(cl):c(cN)zl (C0)g-

(n-CSH') and dipheny'l acetylene the displaced vinylidene ligand has

been trapped as (104).3t

Ph
Ph

CN

Ph
CN

Ph

(l04)

Ph

I

c

lil

C

I

P

t^J

1
c
0

H

I

c

lll

c
I

Phh

1 .3 .5 .6 Cis/trans isomerisation intetmed'iates Vari abl e

temperature n.m.r. stud'ies of the cis/trans interconversion of (105)

indicate that a pathway exjsts for carbene mob'il'ity. This jmpìies that
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ilL
a termi nal v'inyl i dene 'intermedi ate (106) j s formed i n an Adams-Cotton

l3ù c
proces s .

Me
Me

\
Metile

tl
0

Me Me

\,"

"*rA*,
CO

C

ll

Ru

COCOc.
¡ s<_--c-þ I

0

(r05) (l06) (l05)

1.3"6 ATTengTidene ComPJexes

7.3.6.1 Mononuclear allengl-idene compTexes Upon 'breating the

carbene compìexes (107) sequentially w'ith a Lewjs acid and a v\reak base

the al 1 enyì 'i dene compl exes ( I 0B) were ì sol ated. 
t t t

0Er

clC

0

Ru

¡
c
0

C

0c
0

(0c)5M ---' c ( j ) EXs__+>
(ii) thf

4"
\

/
H

Ph

NMe

Cc

?

(r07)

M = Cr; EX, = BF,

M=W; EXr=AlEt

(oc)-M-=c -c-c. ,3
Ph

.)
J

(t08)

NMe
2



An alìenyì'idene complex (109), comprìsing four consecutjve un-

saturated bonds, has been formed from tCrI(C0)Sl and AgC=CC0rNa probabìy

vra the n2-bonded alkyne intermed'iate (l l0): 
rtt

6l .

? (0C)UCr:C=C:C:0(0C)UCrI- + AgC=CCorNa ffi (0c )

Ag
C

cr -lll
c
c0rNa

CSCI

COCI

5

(llo) (loe)

Oxi dati on of (l 09 ) , fol I owed by methanolysi s , yi e 1ds Cll, (COZMe )Z .

Di aì kyl al I enyl i dene comp'lexes of chrom'i um an d tungsten (l I I ) have been

fonned in photochemical reactions of (II2):tt

2-
R0

It
C

2

0c cI( )sM -hv tllC (0c)5M-Ç-c- c-0
\R-c0

(r r 2)
2

R

(0c)5M-c-c - c

R

(l r r )

The ìsopropyl complexes were'isolated as triphenyl phosphorane

deri vatì ves ( I I 3) .

M=Cr,lnj; R=Prì,Brt.
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(0C)5M:C: C: C(Pri ), b

(lll) M = Cr, W

( oc) M-- C:C:C:C(Pr 25

(1r3)

),l'PPh3

A number of diaìky1 and diary'lallenyìidene complexes (ll4) have

been formed by treating Mn(n2-crHcozye)(c0)r(n-cuHu) (30) with RLi

followed by neutral isatíon: 
60' I 3e't42

R

H

I

c

I
I

C

0

M
1 RLi

C

2Me

ilt

c
I

CO

Mn

1
C

0

(30 )

(ii) Hcl
or H+/cOcl 

2

R

C
0 0

(rr4)
R=But

J-, 3.6.2 Binuclear aTTenglidene complexes. SOme bjnUCleaf manganese

complexes have been formed from mononuclear al'lenylidene complexes by

either (ì) heating the solids at their melting points under an inert
60.139

atmosphere, or (i'i) treating them with l4n(OEIZ)(C0)Z(n-CSH5).

, Cy , CHrPh, Ph.

141
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R

ccMn c
-R (il 4)

1
C

0

C
0

A + Mn(0Etr) (c0)r(n-cuHu)

0,\ C
0

0C+ Mn Mn <-co (il 5)

R = But,Cy,CHrPh,Ph.

I. 3.7 Phgsical Data

The structural and spectroscop'ic data ava'ilable for vinylidene and

a1 leny'l idene complexes allows characterjsation of these systems, and a

greater understanding of their propert'ies. The following discussion con-

siders bond lengths and angìes (1.3.7.1), infrared and Raman spectra

(l .3.7 .2) and n . m. r. s pectra (l . 3. 7 .3) .

J.3.7.f Bond Jengths and angTes The C:C bond lengths in mononuclear

and binucJear v'inyl idene complexes range from 1'29 - l'38 Â. In cluster

complexes a general lengthening (1.38- 1.44 f) reflects a decreased bond

order due to metal -ol ef i n n-bondi ng. The al l eny'ì 'i dene 1 i gand of

Cr [C1 =CZ :c3{ltNer)Ph] (C0)5 (l0B) has a short C(l)-C(2) lensth (l'24 Â) and a

nonnal length for C(2)-C(3) (1.37 Â) ."'

R R

C

ll
C

il

C
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le^1rt:
The ¡i1-C bond 

^'i 
n mononucl ear and bi nucl ear vj ny1 i dene complexes range

o
from I.B-2.0 Ã, ivhi'le those jn cluster complexes ate sonletjlnes longer

ll
(l .B - z.z Ð . In Mn(C = CHPh) (C0)2(n-Cul1') (l 7) a short Mn-C bond-

length is observed (l'68 8). Ih'is is also shorber than comparable
.. l*.5il. ,, g

manganese o(Z'16 ß) and carbene (l'88 R) bondn, presumably as a result

of the good n-acceptor characteristics of the vinylidene 1ìgand.

The M:c:c bond angle in mononuclear complexes ranges from

linear to 1670, This variat'ion

is attributed to electron'ic rather than steric factors.uu In some

binLlclear vinylidene complexes the olefin is observed to twjsb w'ith

respect to the plane of the nretals [e.g. 
-l40 ìn Fer(u2-C:CPhZ)(C0)g

qL 75

(5e) and I l0 'in Mnr(u2-c --c|z)(c0)o(n-cuHu), (sB) I . Th js can be

attrjbuted to r-orbital overlap between the a-carbon and the metal'tt

J.3.7.2 rnfrared and Ràman spectra The 'infrared absorption for the

olefjnic bond typically appears between 1590 and 1660 cm-1, *ith some

1 79

notable exceptjons [e.g. 1749 (22, R = H) and l4B0 cm-t (oo) l. The

aìlenylidene complexes Mn(c:c:CRz)(C0)2(n-cuHu) (83, R = But, cY, cHz-

ph, ph) have v(C:C:C) absorptÍons between l862 an¿ lBBT cm-1.iul

Raman lines have been reccrrded for Mn(c:cHPh)(c0) tP(0Ph)tt (n-cuttu)

(84)uo ond Re(C:CHph)(CO)z(n-cullu) (19)uo at 1590 and 
.t594 

cm-1

respectively. Exposure of Mn(C-CFlPh)(C0)2(n-CUHU) (17) and

t
Mnr(ut-C:CHPh)(C0)4(n-CUHU), (58) to the laser bean leads to decom-

40
pos i t'ion .

I,3.7.3 NMR spectra In the 
ttC 

n.m.r. spectrum of mononuclear

vìnyl idene comp'lexes the o,-carbon usual'ly resonates between ô320 and

380 ppm, refìec'bìng the extreme electron def1cjency of the system. The

g-carbon typically appears between ôllB and ì42 p.p"m. The q-carbons of
83 B4

nL2(u2-c:cHz)(r.,2-x)(c0)2(n-cuuu) (6/, x = cuer)' (66, x=c0), ând
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l+0

Nnr(u2-C:CHph)(C0)4(n-CUHU) (58)-" resonate at 6244'5, 249'1 and 329'5

p.p.m respectìvely. The C(l) and C(3) carbons of Cr(C1 :C2:C3:0)(C0)s (.ì09)

are extremeìy eìectron deficient and appear at ô440'6 and 389'9 p'p'm'

respective]y. These values djffer markedly frotn those of C(1), C(2) and

C(3) in Nn(C1 :C2:C3 Butr)(C0)2(n-CuHu) (Bl ) wh'ich resonate at ô331 .2,

?13'6 and 167'5 p.p.m. respect'ive1y1 
tt

The 
tH 

n.m.r. spectra of tFe(c:cR2)(c0)(PPh3)(n-csHs)l* (s+,

R = H or Me) show singlets due to methylene (R = H, ô 5'30) and nrethyl
68

(R = Me, ô1.66) protons, apart fronr CUHU and phenyl resonances. This

i nd'i cates that fast rotati on i s taki ng pl ace . Theoretical calcula-
\ave-

t'ions for ì ron carbene, vi nyì i dene and al lenyl j dene complexes shouiJ n t[""
Ske6* Vre-\o,¡ o-ç æ r¿su\t 142

preferred orientationc 
^ "Ç u-C n-bonding:

+ê ^- ^f e -U - 
u

+

Fe-C-C: C
+

Ce
I

I

I

L

F

//
L

\I I

I

I

L t:
r_

The calculated energy barrier for tFe(C:CHZ)(CO)2(n-CUHU)l* is on'ly

3 .6 kcal mol 
- 1 , thus al I owi ng fast rotat'i on . The pì ane of tfre CAul,

group in Mn(C:C:CButz)(C0)2(n-CUHU) (llq) should co'inc'ide with the

symmetry plane of the molecule, but a singlet at ðl'33 would'imply fast

rotationttt (calculated barrier = 3'2 kcal mol-1tu').
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I
A singlet at ô5'21 'in the H n.m.r . spectrunr of tCo(u3-c :CHz) (C0)gl*

(lZ¡ jnd'icates that the CH, protons are equ'ivalent,t 
t 

implying fast rota-

tion, and thus lending support for a symmetric structrru.t'

Exchange of the v'inylidene protons in HrMr(u3-C:CHz)(C0)n (M = Ru

or 0s)'is observed in n.m.r. experiments, in a process probabìy invoìvÌng

exchange of the metal bonded hydrogens. 
e a : r4 3



67.

].4 REFERENCES

M. I. Bruce and
Sgnthesis, 8, i

. Swincer' organometal-Lic Reactions and

rESS.

R.J. Haines and A.L. duPreez , J.Am.Chem.Soc., 93, 2820 (197a);

J.C.S.Dalton, W., 944.

T. Blackmore, J.D. Cotton, M.i. Bruce and F.G.A' Stone,

J.Chem.Soc. (A) , .!968, 
?931 -

J.D. G'ilbert and G. t^lilkinson, J-chem-soc-, 1969, 1749'

J.A. van Doorn, C.Masters and ll.c. vOìger, J.OrganometaLLic

chem., I !5 , 245 (l 976 ) .

M.I . Bruce and N.J. t¡Ij ndsor ' Aust -J -chem., 30, l60l (1977) '

G.5. Ashby, M.I. Bruce, I.B. Tomk'ins and R.C. Wall'is'

Aust.J.chem., L, 
.l003 (1979).

P.M. Trejchel and A.D. Komar, Sgnth.React.Inorg.Met.- org.Chem.,

ls, 205 (r980).

M.I. Bruce and F.S. Wong, unpublished results.

M.I. Bruce, R.C.F. Gardner and F.G.A. Stone, J.c's'Datton,

I 976, Bl .

M. I . Bruce and R. C. t'lal I ì s, unpubl i shed resul ts.

M.I. Bruce and R.C. liallis, unpubljshed results.

M. I. Bruce, personal communicat'ion.

M.I. Bruce, F.S. Wong, B.l¡J. Skelton and A.H. |l|h'ite, J.c.s.Dalton,

lgl , r 3eB.

R.J. Ha'ines and A.L. duPreez, J.organometaLl-ic chem', 84, 357

(re75).

M.I. Bruce and R.C. blallis, .Aust.J-chem-, U, 209 (l9Bl )'

M.I. Bruce, R.C.F. Gardner, J.A.K. Howard, F.G.A. StOne, M. [lJelìing

and P. tJoodward, J.c.s.Dalton, 19U, 621 .

A.G
np

2

IJ

4

5

6

7

I

9

10.

ll.
12.

13.

14.

15.

16.

17.



tB.

6B

M.I. Bruce, R.C.F. Gardner, B'1. Goodall and F'G'A' Stone,

J.organometaLLic chem., 40, C39 (1972).

L{. Keìm, J.organometaffic chem., 14, 179 (1968)'

J.S. Ricc'i and J.A. Ibers ' J-organometal-l-'íc chem', 4, 261

(r e7l ).

M.I" Bruce,lu1.7. Iqbal and F.G.A. Stone, J.c.s'chem"conn',

1970, 1325.

M.l. Bruce, R.C.F. Gardner and F.G.A. Stone, J.c's'Darton,

1979,906.

M.I. Bruce, R.C.F. Gardner, B.L. Goodall, F.G.A. Stone, R'J'

Doedens and J.A. Moreland, J "c.s-chem-comm., D7!, 185'

R.J. Doedens and J.A. Moreland, rnors-chem-, V, 2486 (1976)'

M.I. Bruce , Angew.Chem.,89, 75 (1977); Angew-Chem.Internat.Edit.,

E, 73 (1s77) .

R.L. Bennett, M.I. Bruce and F.G.A. Stone, J.otganonetafLic

chem. , 94, 65 (l gZS) .

T. Blackmore, M.I. Bruce and F.G.A. Stone, J.c-s-Dal-ton, W,

I 06.

L.E. Smart, J.c.s.DaLton, 1976, 390.

T. Blackmore, M.l. Bruce, F.G.A. Stone, R.E. Davis and

N.V. Raghavan, J.organometaffic chem-, 49, C35 (.l973)'

N.V" Raghavan and R.E. Dav'is, J.crgst-Mof -struct., 2,

r63 (re75).

H. Lehmkuhl, H. Mauermann and R. Benfi, Liebigs Ann-chem.,

I 98!, 754.

M.l. Bruce, M.R. Snow and J.D. l^lalsh, unpublished results.

T. Blackmore, M.I. Bruce and F.G.A. Stone , J.chem.soc. (A) ,

1971 , 2376.

21 .

22

23.

24

25

26.

27.

28

29.

30.

3l

'lo

24.

32.

33.



34.

35.

36.

)1

38.

39.

40.

4l .

42"

43.

44.

69.

M.I. Bruce, R.C. l^lall'is and M.L. t¡ljlliams, unpubljshed work.

C.A. Tolman , chem.Rev., 77, 313 (1977).

S.G. Davies and F. Scott, J-organometafl-ic chem', lBB, C4l

(r e8o) .

P.S. Skell, F.A. Fagone and K.J. Klabunde , J.Am.chem'soc', 94,

7862 (1e7?).

R.B. King, Ann.N.Y.Acad.sci - , 239, 171 (1974) '

Y. Qsamura, H.F. Schaefer, S.K. Gray and t^|.H. Miller, J-Am-Chem.

soc. , I E, 1904 (l9Bl ) .

A.B. Antonova, N.E. Kolobova, P.v. Petrovsky, B.v. Loksh'in and

N.S. Obezyuk , J.organonetafLic chem-, 137, 55 (1977) '

0.S. Mills and A.D. Redhouse, J-c-s-chem-comm., Lry, 444;

J "Chem. Soc . (A) , lS , 1282 .

P.J. Stang, chem.Rev., 78, 383 (.l9i8).

R.B. King and M.S. Sarafi, J.C.S.Chem.Coran., 1972' 1053', J.Am.Chem.

soc., 95, l8l7 (1973).

R.M. Kirchner, J.A. Ibers, M.S. Saran and R.B. King, J.Am.Chem.

soc. , 9!, 5775 (l 973) .

R.M. K'irchner and J.A. Ibers , rnors-chem-, f 3, 1667 (1974) '

C.E. Dykstra and H.F. Schaefer , r.Am.chem.Soc., 100, l37B (.|978).

A.N. Nesmeyanov, A.B. Antonova, N.E. Kolobova and K.N. An'isimov,

rzv.AN s,9sn/ Ser .Khim, 1974' 2873.

A.N. Nesmeyanov, G.G. Aleksandrov, A.B. AntOnova, K.N. Anisimov,

N . E . Kol Obova and Yu . T. StruchkOv , J .Organometal-Iic Chem., lf !,

c36 (r e76) .

A.N. Nesmeyanov, N.E. Kolobova, A.B. Antonova and K.N. Anisimov, Dokl'

Akad. Nauk. sssR/ 220, 105 (1975).

45.

46.

47.

48.

49.



50

70.

N.E. Kolobova, A.B. Antonova,0.M. Khitrova, M.Yu. Antjpin and

Yu.T. Struchkov , J.organometal-Lic chem., Df , 69 (1977) '

J.M. Beì1erby and M.J. Mays, J-organometatLic cLrcn", lJ' C7l

(rei6).

M.I. Bruce and R.C. I^lalììs, ,l .organometal-l-ic chem', V, C5 (1979);

Aust.J .chem. , 3?, 1471 (l 979) .

M.I. Bruce, F.S. Wong, B.W. Skelton and A.H. hjhite, papelin prep.

p.M. Treichel and D.A. Komar, Inorg.Chim.Acta., 42, ?77 (1980).

s.G. Davjes and F. scott , J.Organometaffic chem., læ, c4l (1980).

H. Berke, P. Harter, G. Huttner and L. ZsOlnAi, z.Naturfotsch'8,

36, 9?9 (l 98.l ) .

G.G. Aleksandrov, A.B. Antonova, N.E. Kolobova and Yu'T' Struchkov,

Koord.Khim., 2, .l684 (1976).

N.E. Kolobova, L.L. Ivanov and 0.S. Zhvanko, Izv.AN SssR/ Ser.Khim,

I 980, 478.

N.E. Kolobova, L.L. Ivanov and 0,S. Zhvanko, Izv.AN SSSÀ, Ser.Khim'

1980, 2646.

l-1. Berke , chem.Ber. , LU, 1370 (1980) .

H. Berke , z.Naturforsch.B, S, 86 (1980).

A. Davison and J.P. Solar, J.organometat-t-ic Chem., lS, CB (19i8)'

A. Davjson and J.P. Seìegue , r.Am"chem.soc., 100, 7763 (.l978).

A. Davison and J.P. Selegue , J.Am.Chem.soc., 102, 2455 (1980).

P.K. Baker, G.K.Barker, M. Green and A.J. |lJelch, J.Am.Chem.Soc.,

lo2, 78ll (l9Bo).

D.S. Gill and M. Green , r.c"s.chem-contm., ]j.p]' 1037'

l¡J.R. Roper, J.M. Waters, L.J. hlright and F. vanfleurs, J.orsano-

metaft-ic Chem., 201 , C27 (1980).

5l .

52.

53.

54.

55.

56.

57.

59.

58

60.

6l .

62.

63.

64,

65.

66.

67.



7r.

68

69

70.

71 .

B.E. Boland, s.A. Fam and R.P. HUghes , J.organometaffic chem. '

1-, C29 (197e).

D. Mansuy, M. Lange and J.C. Chottard , J.Am"chem'soc', 100'

3213 (le7B); l0l , 6437 (1979).

B. Chevrier and R. l^Jeiss ' r-Am"chem.soc', 103, ?899 (l9Bl )'

T.J. W'isnjeff, A. Gold and S.A. Evans t J'Am'chetn'soc" 
.l09'

5616 (le8l).

D. Lexa, J.M. Saveant, J.P. BattiOni, M. Lange and D. Mansuy,

Angew.Chem.' 93, 585 (1981 ); engew'Chem'Internat'Ed'it" 4'

s7B (re8r).

D. Mansuy, J.C. Chottard, M. Lange and J.P. Battjoni, J.Mof.

cataf ., f , 215 (1980).

M. Lange, J.P. Batt'ion'i , D. ManSuy, D. Lexa and J.M. Seveant'

J .c .s .chem.comm. , I991 , 888 .

K. Folting, J.c. Huffman, L.N. Lewis and K.G. Caulton ) Ino?s.

chem., I B, 3483 (1979) .

L.N" Lew.is, J.c. Huffman and K.G. caulton, J.Am.Chem.soc., ly,

4os (l e8o) .

N.t. Kolobova, T.v. Rozantseva, P.V. Petrovskii, tzv.AN S5SR,

Ser.Khim., 1979, 2063.

G.G. Aleksandrov, A.B. Antonova, N.E. Kolobova and Yu'T'

Struchkov , Koord.Khim-, 2, l56l (1976).

R. B. Ki ng and M. S. Saran , J -Am.chem.soc ' , 94, 1784 (1972) '

R.B. K'ing, lnorg.Nuc. chem"Lett-, 9, 457 (1973)'

D.F. Marten, E.V. Dehmlow, D.J. Hanlon, M'B' Hossain and

D. van der Helm, J.Am.chem.soc., IE , 4940 (1981 )'

G.M. Dawkins, M. Green, J.C. Jeffery and F.G'A' Stone, '1'c's'

Chem.Comm., 
.l980, 'l120.

7?"

73.

74.

1Ê

76.

77.

78.

79.

80.

BI

82.



84

83.

85.

72.

M. Cctok, D.L. Dav'ies, J.E. Guerchajs, S.A.R. Knox, K'A' Mead,

J. Rouê and P. tdoodward , J.c.s.chent-coInm- ' l9g] ' 862 "

D.L. Dav'ieso A.F. Dyke, A. Endesfelder, S.A.R. Knox, P'J' Naish,

A.G. Qrpan, D. Plaas and G.E. Taylor, J.organometallic Chem.'

I 98, C43 ( I 9Bo) 
"

E.L. Muettert.ies, T.N. Rhod'in, E. Bancl, c.F. Brucker and w.R.

Pretzer , chem.Rev. , 79, 91 (l 979) .

J.C. Hemm'inger, E.L. Muetterties and G.A. Somariai, J.Am.Chem.

soc., l0l, 62 (1979).

C. Brucker and T. Rhodi t1, J.cataf ., il , 214 (1977) .

J.E. Demuth, ^surf..eci", 80,367 (.l979).

H. Ibach, H. Hopster and B. Sexton, APPf-surr.sci-, f" I (1977);

App7.Phss., 14, 21 (1977).

I¡1. C. Swope and H. F. Schaefer , Mof .Phss. , 34, 1037 (1977) .

D. Seyferth, G.H. I^lìlliams and J.E. Hallgren, J-Am-chem.soc.,

95,266 (1973); 96,604 (1974).

B.E.R. Schi11ìng and R. Hoffmanfi" J-Am-chem"soc., 100' 6274,

(r e78).

A.J. Deem'ing and M. Underhill, ;.otganometafLic chem., 42,

c6o (1e72).

A.J. Deemjng and M. Underh'ill, .¡.c.s-chem-conrn-, W,277'
A.J. Deemirg, S. Hasso, M. Underhjll , A.J. Canty, B.F.G. Johnson,

l,-1.G. Jackson, J. Lew'is and T.W. Matheson, J-C.S.Chem.Contm.' W,

807.

A.J. Deeming, S. Hasso and M. Underh'iì.], ; -c.s.Dal-ton, W' 1614.

A.J. Deem'ing and M. U'nderhil'ì , ,-r.c.s.Dafton, 1974, 14.l5.

P. Brun, G.M. Dawkins, M. Green, R.M. Mills,.J. Salaun, F.G.A.

Stone and P. Woodward, J.c.s.chem.connt- , i 9Bl ' 966.

B6

87.

88.

89.

90

9l .

92

93.

94

95.

96.

97.

98.



oo

I 00.

100a.

l0l .

102.

I 03.

73.

t. Sappa, A. Tirripìcchio and M.T. Camellìne, J-c.s.chem-comm.,

1979, 254 7'norg.chint.Acta, 41 , ll (1980).

A.J. Carty, S.A. Maclaughlin and N.J. Taylor' J.c.s.Chem.Comm.,1981 ,476.

R.D.Arlams, A.Davison and J.P.Selegue, J.Am.Chem.Soc., lql , 7232 (1979).

V.G. Andrianov, Yu.T. Struchkov, N.E. Kolobova, A.B. Antonova and

N.S, 0bezyuk, J.organonetaJ-Lic chem.,I2?, C33 (1976).

A.N. Nesmeyanov, N.E. Kslobova, A.B. Antonova, N.S.Obezyuk and

K.N. Anisitltov, rzv.Äivsssn, ser.Khim., \W, 948.

A.J. Deemiñg, S. Hasso and M. Underhill, Proc-rnt.conf-co-otd.

Chem., l6th, 4.35 (.l974).

K. 0guru, M. Wada and R. Okawara , J .c.s .chem.comm. ,1975 ' 899.

K. Oguru, M. Wada and R. Okawara, J.organometaffic chem.,

I 59, 4r 7 (1978) .

14. Wada, K. Oguru and Y. Kawasakl , J.organonetaf l-ic chem. ,

I 78, 261 (l 979) .

P. Carusi and A.Furlani, Gazz.chim.rta7., ll0, 7 (1980).

R. Nast and V. Pank, J.organometaTl-ic chem.,129,265 (1977),

H.D. Empsaì1, B.L. Shaw and A.J. Strìnger, J.organometafl-ic chem.,

94, I 3l (t 9i5) .

R. Nast and A. Beyer, J.organometaLl-ic chem., 194, 379 (1980).

R. t. Wal ter and B. F.G. Johnson , J .c.s.Dat-ton, 1978 ' 3Bl .

R. Nast and A. Beyer, J.organometal-l-ic chem., U,267 (l98l).

R. Nast and A. Beyer , z.Naturforsch.B, 35, 924 (1980) .

J. Chatt and G.A. Rowe, Proc.rnt.conf .co-ord.chem., W, 117.

H.D. Empsall, B.L. Shaw and A.J. Stringer, J.organometal-]ic chem-,

94, t 3t (1 975) .

M.V. Russo and A. Furlani, J.organometaJ-fic chem., 
.l65, l0l (1979).

R. Nast and A. Beyer, J.organometafl-ic chem-, 194, 125 (.l980).

104.

I 05.

I 07.

l0B.

I 09.

106.

il0.

lll.
112.

I.l3.

114.

ll5.

I16.

117 .



llB.

ll9.
129.

121 .

122.

123.

124.

125.

126.

127 .

128.

129.

I 30.

l3l .

74.

P.t¡l. Jolly and R. Pettj t, J.organometaLLic chem., 12, 491 (.l968).

0. M. Abu Sal ah and M. L Bruce , J .c .s .Dal-ton, 1W4 , 2302.

M.H. Chìsho'lm and H.C. Clark,,r.c.s.chem.cotnm-, 1970, 763;

rnors "ct'tem. , 19, I 7l I (l gil ) .

¡1.H. Chisholm and H.C. Clark, r"Am.chem.soc-,94,153? (1972):

Acc .chem.Res . , 6 , 202 (l 973) .

M.H. Chisholm, Ptat.Met.Rev., D, 100 (1975).

R.A. Bell, M.H. Chisholm, D.A. Couch and L.A. Rankel , rnors-chem-,

16, 677 (1977 ) and references therein.

G.K. Anderson, R.J. Cross, L. Manoilovìc-Muir, K.lÀJ. Muir and

R.A. l,Jales, J.c.s.Dal-ton, 1979, 684.

Yu.T. Struchkov, G.G. Aleksandrov, V.B. Pukhnarevjch,

S.P. SUshchinskaya and M.G. VorOnkOV, J.organoretaLl-ic Chem., f72,

26e (r e7e) .

V.B. Pukhnarevich, S.P. Sushchinskaya, V.K. Voronov, S.M.

Ponomareva, B.A. Trof imov and M.G. Voronkov 1 J.Gen.Chem. (USSR) ,

42, l068 (1972).

K. Oguru, M. Wada and R. Okawara , J .c.s.chem.comm- , 1975 ' 899;

J.organometaLl-ic chem., 
.l59 , 417 (1978) .

M. Wada and Y. Koyama, J.organometal-fic chem., 201 , 477 (1980).

D. F. Martgn , J.c.s .chem.coÍnm. , .]999, 
341 .

M.H. Chisholm and H.C. Clark, J.Am.chen.soc., Y, 153? (1972).

N.E. Kolobova, V.V. Skripk'in, G.G. Aleksandrov and Yu.T.

Struchkov , J.orsanometafl-.ic chem., !92, 293 (1979).

K. I,Jeiss, E.0. Fischer and J. Muller, chem.Ber.,ryl, 3548 (1974).

J. Levisalles, H. Rudler, Y. Jeannin and F. Dahan, J.organo-

netat-t-ic chem., f7B, CB (1979).

N.E. Kolobova, V.V. Skrjpkin and T.V. Rozantseva, rzv..4N sssn/

Ser.Khim. , 1979 , 2393 .

132.

I 33.

I 34.



I 35.

I 36.

t
137.

75.

N.E. Kolobova, V.V. Skripkin, and T.V. Rozantsevð., Tzv.AN ssSR/

ser.Khim., ]89, 2667.

A.F. Dyke, S.A.R. Knox, K.A. Mead and P. Woodward, 't-c-s-chem.

comm'' l9Bl ' 861 
A.Frank,

E.0. Fischer, H. Kalder,LF"H. Kohler and G. lluttner, Ansew'chem',

88, 683 ( 1976); Ansew.chem.rnternat.Edit. , I !, 623 ( 1 976 ) .

H. Berke and P. Harter ) Angew chem., 92, 224 (1980) ; Angew-cltem.,

rnternat.Edit., 19, 225 (l 980).

H. Berke, Angew.chem., 88, 684 (1976) ; Angew -chem. rnternat-

Edit., f5,624 (1976).

N.E. l(olobova and L.L. Ivanov , rzv.AN sssR, ser-Khim-, 19J8, 478'

H. Berke , J.organometal-fic chem., 18?, 75 (1980).

B.E.R. Schi'lìing, R. Hoffman and D.L. Lichtenberger,

J.Am.chem.soc., l0l , 585 (l979) .

J. Evans and G. S. McNul ty , t.c.s.Dat-ton, l98l , 2017 .

140.

14r .

142.

I 38.

I 39.

143.

xr3å,*. 
RD- ft J**^5 "^"[ t= lì ' C,otto*r 

,
Íì*'. Ll^¿'*. Éo. , ,f , t5s1 /(l¿113).



CHAPTER Tt^lO

SOME CHEMISTRY OF VINYLIDENË COMPLEXES

2.1 TNTRODUCTTON

2.2 RESULTS

2.2.I Reactions with Methanol

2.2.2 Reactions with othet AlcohoLs

2.2.3 Reactions with Watet

2.2.4 Reactions of u-Hgdtoxgalk-7-gnes

2.2.5 Deptotonatíon of ATkoxg (alkVL) carbene Complexes

2.2.6 Reaction with Dioxggen

2.3 DTSCUSSTON

2.3.I Reactions with Alcohol's

2.3.2 Reactions with water

2.3.3 Reactions of u-Hgdnoxgalk-7-gnes

2. 3. 4 Deprotonation of ATkoxg (alkgl) carbene Complexes

2.3.5 Reactions wíth oioxggen

2 .4 EXPERTT4IENTAL

2.5 REFERENCES

76.

Page

77

77

79

80

8l

82

88

9l

9l

9l

95

97

99

102

.l03

121



77.

2 ".1 TNTRÛDUCTION

'Ihis chapter describes the reactions of some ruthen'ium and osmium

vinyljdene complu*.rt w1th alcohols, water and djoxygen. Reaction con-

clitions and times rnlere correlated with electronic a.nd sterjc changes il¡

the compi exes.

The o-carbon of the vi nyl i dene mo'i ety i s hi gh'ly el ectron def i ci ent

(as confirnred by 
ttC 

n"m.r. spectroscopy, Section I '3'7 '3) and consequently

should bel very suscept'ible to nucleophilic attack. Nucleoph'iles, though,

are often bases, preferentialìy removing the 3-proton with consequent

forrnat'ion of o-acetyl i de compl exes .

The fonmatìon of alkoxy(alkyl)carbene complexes' by the additiolr of

alcohols to the olefinic bond of non-isolated vinytidene intermediat,es

has been extensjvely expìorec! (Section I .3.5.2). It has been ptlssible

to verjfy these reactions and to further investigate the reactions of the

ol ef i n.ic bond of some stabl e vi rry'l j dene compì exes . As thi s work progress-

ed similar vinyl'idene compiexes u,ere reported in the ljterature.2

The al koxy (al ky1 ) carbene compl exes , fornred 'i n reacti ons of vi nyl i dene

complexes and alcohols, lr¡ere deprotonated to alkoxyvìnyl conrplexes' The

work i nvol v.ing the ox'i datj on of vi nyl i dene compl exes has been expì ored

jointly with tJalljs,t and that involving cyclic carbene ligands with

Thomson and Wallis.u gnly the author's own work is described in the

b-xpenimental section. f'4uch of this work has been reported el sewhere' 
u"

2.2 RESULTS

A se¡ies 9f viny]idene complexes of ruthenjL¡m can be prepared and

jsolated from react.ions between appropriate aJk-l-ynes, RuCl (PPh3)2-

I
(n-CUl-lr) anc.l NH4Pf:6 ìn methanol " However these complexes react further

with methanol orr prolorrgecl heating. Thus, heatjng a so'lution of



IRu(c=CHph)(pph3)2(n-CUHU)]PF6 (l) in refluxing methanol for 24 h results

.in a change in colour from the red-purple of the vinyìidene complex to

yeì1ow. This yeì1ow product rnay Lre isolated in h'igh yieìd'in crystalline

form, and was characterized as the cationic carbene complex, {RutC(ONe)-

cHzPhl (PPh3)2(n-CUHU)ÌPrO (2)' formally result'ing from additjon of

methanol across the vinyìidene ligand. The comp'lex was formulated on the

basis of analytical results (see Experirnental section) and its spectro-

scopic properties. In the infrared, the characteristic band at

c.1640 cm-l assigned to the v(CC) vibration of the :C=CHPh l'igand was

absent, while a new band at c" 1280 cm-l can be assÍgned to the v(CO) of

the c-OMe ligand. The presence ef o*c.''tenc(i1**d was further confirmed by

the low-fjeld triplet of the metal-bonded carbon, found at ô308.7 in the

l3
C n.m.r. spectrum.
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Several compl exes s jmi I ar ta (?-) can be obtai ned by ana'logous reacti ons '

A brjef examìnat.jon of the effect of changes 'in associated 1i gands,

alkyne substituent, and the metal atom, on the reactivit'y of the vjn.y'l-

jclene compìexes toulards alcohols has beetr made. These reactjons Were

facjljtatecl by the observatjon that when the vinyljdene conrplex was formed

jn situ by additjon of l-lPF6,0Et2 to an alcoholic so.lution or Suspension of

sejected o-acetylicies, the reactjon tjmes and products were the Sarne as

those o.t the ìsolated vinyiidene complex. This modjficat.ion was particu-

'la11y usef ul when the react j on bettr'een the vi nyl j dene compl ex and the

alcohol was fast.

Accordingly several cornp'lexes of the types Ru(CrPh) (t-) (PPh3) (n-CbHb)

IL = C0 (¡), cNeu'(q), PMe. (5) or P(gMe)3 (6)] and M(C2Ph)(dppe)(n-CbH5)
hav< betn\.e.þcrã¿q[

[M = Ru (7) or 0s (B)j^ì.* reactjons between Ru(CZPh)(PPh3)2(n-CUHU) (9)

or 0s(CZPh)(PPh3)2(n-COHU) (10) and the appropriate lìgand, have been

prepared (Chapter 4). These complexes are ob'üained jn high yìe1d, and

are generally ntore easìly handled than the corresponding vinyl'idene

compìexes. A study has also been made of some reactions of Ru(CZR)-

(PPh3)2(n-cuHu) [R= corme (ll), t'le (12), or But (.t3)]'

The disubstituted vinyl idene tnu(CrNeeh) (PPh3)2(n-CUFIU)l*(lq) was also

st udi ed .

2.2,1 Reactions with MethanoL

l'he o-acetyl ì des (+)- (Z) reacted wi th HPFU,0EtZ 'in methanol 'immed-

.iately to gi ve red-purpì e sol ut jons contaì n'ing

t he vi nyl 'i dene compl exes. Further react'i on w"i th the al cohol proceeded

over a t'ime-scal e rang'ing f rom mi nules to days , to gì ve 'the corre:ìpondi ng

methoxy(benzyl )carbene complexes (l ¿)-(19).È These cle¡ivatìves were

'isol ated ancl characteri zed by anaìyt'ical and spect.roscopi c methods, most

conta j ni ng v(C0) ban<ls at c. 1260 cm-l f,r. the C-OMe group, together with

* LJhi I
( n-c
{Rut

e

sll
c(

no intermediate was observed 'in the reaction of Ru(C2Ph)(CO1(PPh3)-
5) (3) with HPF6,0Et2 in methanol, the'isolated product is
OMe)cH2pht(c0) (pph3) (n-c5H.) ]er. ( 15) .
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apprgpriate v(C0) (15), v(CN) (16) or v(pO) (.|8) bands" In some côses'

the pFU anion was partìa1ìy hydrolysed, and the isolated salt was found

to contajn the P)?FZ anion, characterized by broad v(P0) and v(PF)

absorptions at c. 1040 and 840 cm-l respect'ive'ly.' In the 
t* 

n.t'r.

spectrao the methox.y protons of the carbene 'l'igand appeared as a shal"p

singleL in each case. The CH, protons of the benzy'l group in complexes

(lb)-(18) appeared as an AB quartet, as the result of the ch'iral metal

atom (pseudo-tetrahedral coordinaLion with four d'ifferent ligands). The

separation of the two doublets increases fron 3 Hz (16) to 25 Hz (18).

CH, protons resonate as a s'ingìet in complexes (2) and (19);

resonances in the 
t,1 

n.r... spectra were cons'istent wi th the other i igands

p res en t. 
iv

The propyne and methy] propi ol ate deri vatnes , Ru ( CZR) (PPh3), (n-CUHU )

[R = Me (.l2) or C0rMe (.l1)], also reacted with methano'l in the presence

of HpFU to give the corì"esponding carbene complexes (20) and (21) respect-

ìve'ly. As expected, the 
tH 

n.t.n. spectrum of (lB) contained a set of

ethyl resonancesn while the C(ONe)CltrCOtUe group in (21) was character-

ized by the v(CO) absorption at 1742 cn

and 3'78.

1 , and OMe resonances at ô3'47

Methoxycanbene cornp'lexes were not obtaìned in all instances; the

methy'l phenyl comp'lex, the t-butyì derivatjve and hoth osmium compìexes

be'ing recovered as the correspgnding vìnyl iclene contplexes ("l4), (22) 
'

(23) ancl (24), after prolonged (>24 h) heating 'in v'efl uxing methanol .

2"2.2 Reactions with Other AlcohoLs

IniL,ial studies of t.he reactions oF tRu(C-CHph)(PPh3)2(n-CuHu)lPFo

with alcohols showed that, while a slow reaction occurred with methanol,

ethanol and higher alcohols di<t not react with this compìex. The higher

The

0ther
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reactivity founcl with the monocarbony'l derivative, however, suggested

possìble react.ions between IRu(C=CHPh) (C0) (PPh3) (rr-CUHU) ]PF6 (25) and

other al cohol s.

The reaction between (25) and ethanol was slower than that with

nrethanol, but after I h at room temperature, the ethoxy(be'nzyì)carbene

complex (26) was isolated in moderate yield. The identjty of this complex

was confjrmed by analysis, and appropriate ethyì and benzyl resonances'in
I

the H n.m.r. spectrum" In this case, the benzyl CH, resonance b]as also

an AB quartet, but overlapped with the cH, multiplet from the OEt group.

S.inljlarly, the reaction between (25) and isopropyl alcohol at room tempera-

ture, afforded a white catìonic complex, readiiy ídentjfied as the iso-

propoxy(benzyl )carbene compl ex (27) -

2.2"3 ReactÍons with watet

The reaction between Ru(CZPh)(PPh3)2(n-CUHU) and aQueous l-IBFO

afforded a neutral yellow comp'lex (ZS). The infrared spectrum contained

a singìe v(cg) band at lglZ cm-lo and the 
rH 

n.m.r. spectrum contained

resonances assjgned to C5H5, PPh, and Cl-lZPh groups; only one PPh, liEand

was present, however. These data are consistent, with the formulation of

cornplex (2e) as Ru(CtlZPh)(C0)(PPh3)(n-CSHS), and thjs was confirmed bv the

mass spectrurn"

The pnocluct obtained from aqueous HPFU and the monocarbonyì contplex

Ru(CrPh)(C0)(PPfhXn-C'HS) gave an jnfrared spectrum containÍng a strong

v(CO) band at lgeg .rll , ancl a broacl band at c" l6Û0 cm-l . l'he 
tl-l 

n.*.r"'

spectrum contained resonances assigned to CUI1U, Ph and CHZPh groups, while

the nass spectnum contained a molecular ion centred Qfin/e 576, and

claughter jons formed by loss of C0 and/or CHZPh groups. The prodLrct is

thus .ident'if ject as the phenyl acetyl comp'lex RLr(cocHrerr) (c0)(PPh3) (rì-c6H5)

(Zg). The sanle complex was also jsolated fron a prolonged reaction between
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lRu(C=CHph)(C0)(pPh?) (n-0SHS)IPFO and isopropyl alcohol. Further heat'ing

wi th aqueous aci d affordecl the known cli carbony'l catì on tRu (Cf¡) 
Z 

(PPh3) -

(n-CuHu)ln (go) tv(ccl) 2078, 202.8 cm-ll; the fate of the organic raciìcal

was not deternined.

2 .2 .4 Reactions ol u-Hgdz'axgaTk-I-qnes

l^lhen RuCl(PPh3)2(n-CUHU) and but-3-yn-1-01 are heated together in the

presence of NI-|OPFU, a ye'l 'low crystal I i ne materi al preci pi tates , and can be

j sol ated i n h'igh y'iel cl. Thi s compound was characteri zed as the

2-oxacycl opentyl i dene compl ex (31 ) on the bas'i s of el emental anal ys'is and

its spectroscopic properties" In particular, the absence of any v(0H)

and v(C=C) bands showecl it was not an acetyìide, such as Ru(CZCHZCH2OH)-

(pph3)2(n-CUHU), while strong v(PF) bands confirmed the presence of the

hexafluorophosphate anion. The 
tH 

und 
ttC 

n.m.r. spectra contained the

usual resonances arìsing from the CUHU and PPh, l'igands, together with

sevenal signaTs which can be assigned to the cyclic carbene l'igand. In

particularo the 
t, 

n.m.r. spectrum contained welì resolved mult'iplets

ass'igned to a CHrCll?Cll?. group, whiie the carbenic nature of the metal-

bonded carbon js sholn by"its ver.y'low 
ttC 

chut'i..ì shift of c" 300 ppnr.

The latter signa'l is a tripìet, hy coup"ling to the two "P nu.lei. The

particular assignments of the observed signa'ls are discussed in cietail

be'lclw.

Reactions betr,veen HCZCHZCH?0!{ and RuCl (PMe3)2(n-CuHo) or 0sßr(PPh3)Z-

(n-CUllU) afforrfed the anaiogous compìexes (32) and (l:¡, whjle the related

o-hydroxy-al k*1-ynes HCZCl"lZCHMeOl-l and HCZ{CHZ)rOH reacted with RuCl (PPh3)Z-

(n-CSHS) uncler s'imj jar conclit"îons to gÍve complexes (34) and (35), respect-
!'ively. The ll n.m.n. spectra of (32) and (33) were sjmilar to that of

compìex (3"l), except that the characteristic PMe, resonances repìaced those

of pphr"in comp'lex (32). All these complexes are yellow crysta'lline sr¡lids'
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stable in a'ir, and soluble in the more polar organic solvents. comp'lex

(34) was prepared to assist with the interpretation of the n'ln'r'

spectra; compìex (35) contains a six-membered cyclic carbene, the

2-oxacyclohexylidene ligand. It was also fulìy characterized by elemental

anaìysis, and jts n.m.r. spectra contained the anticipated extra CHt

resonance.

In an attempt to jsolate internrediate complexes' the reaction of the

tetrahydropyranyì (thp) ether of HCTCHTCHMe0H with RuCl (PPh3)2(n-CUHU) was

investìgated. In the presence of NHOPFU, a methanol solution of the

reactants developed a red-purpìe colour, characteristic of the cationic

v.iny'lidene compìexes reported earli... 
t 

Addition of sodium methox'icle

resulted in the separation of yellow crystals of the neutral acetyìide

complex RutC2CH'CHMe0(thp)1 (PPh3)2(n-CUHU) (36), readi'lv identifìed bv

elemental analysis and from its mass and n.m.r. spectna (see

txperimentaì). M L X R

/
L
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By add.ition of acid, it was hoped to detect e'ither the vjnyì'idene

complex corresponrling to (gei), or a related 'intermediate formed by loss

of the thp group. In the event, the only product detected or isolated

was the cycf ic carbene derivative (g+).

React.ion of complex (3,l ) wj th NaAlH2(0cH2cHr0l4e), afforded a

neutral complex shown to be the Eetrahydrofuryl derivative (37)" This

'is t,he product expected to be formed by addition of hydrìde to the

canbene in cation (31); the use of other reducing agents, such as

NaBHn or LiAlH4, did not give any tractable products, probably because

of further reaction of the tetrahydrofuryl complex, result'ing 'in cleav-

age of the organ'ic group from the metal . Comp'lex (37) 'is very air-

sensitive in solution; it shows the higher reactivity expected for a

secondary a'lkyl -metal compl ex" The spectra] parameters are j n accord w'ith

its formulation, wìth the appearance of a molecular jon in the mass

spectrum. The 
tH 

n.m.r, spectrum is complex, as expected with a Seven-

spin system, pant of which'is aìso coupled to the 
ttP 

nucluj' In the

13
C n.m.r. spectrun, the resonance of the metal-bonded carbon is found

at 148'7 ppm as the expected trip'let ¡.2(CP) 1B [lzJ '

During at+,empts to assign the 
tH 

r.ronunces to spec'ific CH, groups

ìn comp'lex (g'l ), the base-cataìysed H-D exchange was studied' This

occurred readily and spec'ifical'ly on warming a pyrid'ine solut'ion of (31 )

with DrO; one of t,he cH, muìtìplets then clisappeared, with concomitant

reduction jn multiplicjty of the obher cïz resonances, w'ith that aÙ

ôl . 78 beì ng broadenecl by tl're deuteri um quadrupol e. The 
t tC 0.t... spectnum

showed that ìt was the protons attachecl to C5 which had been exchanged

for deuterium to form (38)" The site of exchange was fjnally confirmed

by deuteratio¡ of the nretfiy1-subsiituted complex (34), to give (39), in

which the CHMe resonances remajn unchanged, whìle the resonances ass'igned

to the methy'lene group adjacent to the carbene carbon disappear'
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The ac'idìty of the two hydrogens attachecl to c(5) suggested that it

should be possible to nptallate the carbene ligand in (¡l); subsequent

reaction wjth, for example, an a'lky1 halide would enable further examples

of these complexes to be obtained. This expectation was realized by

treatment of cotnpìex (3.| ) with base (L'iBun or NaOH), folìowed by

iodomethane; the d'imethyl complex (40) was then ohtained' Characterjza-
r 13

tion of this complex by H and C n.m.r. spectroscopy included the obser-
13

vat.ion of resonances at ð1.40 (iH) and 26'9 ppnr ('"C) for the equivalent

methyì groups , and the reduced mul t'ipl i c'i ty lcompared wi th ( 3l ) ] of one

of the two remain'ing cHu resonances. The metal-bonded carbene carbon
3l

resonated at 3t0.8 ppm, and again was coupled to the two P nuclei'

In complexes (31), (32) anct (33), the protons of the carbene

Iigand (A) give rise to an apparently first-

order pattern of two triplets and a quintet'

The latter, found in (3.l ) at ôl'77' 'is

readiìy assìgned to the protons attached to

C( ),coup'led to the two methylene groups

0

IM]

54

3

at C(3) and C(5). This is confìrmed by double
(A)

i rrad'iation experiments. Ass'ignment of the

two tripìets, at ô3'74 and 3"93,"is ambjguous'

I3
The C n.m.r. of these complexes show four

sì gnal s n at 62?'6, 60" B, 8l '6 and 300:5 ' The

latter is readily assigned tc¡C(l)on the basjs of its'large low-fjeld

shjft, characteristic of an electr"on.-deficient carbene carborl, and the

trìp1et fine structure, arìs'ing from coupling to tþe two equival*nt 
ttl'

nucl e'i .

The rnethyl -subst'i tuted conip'lex (34 ) contai tls , i n addi ti on to the

methyl cloublet at ô0.85, mul t'ipìets at l'40, 2'06, 3'40 and 4"07'

Double irradiat.ion experìments show that the single proton at't'ached to C(3)
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also resonates at 64.07. The presence of the methyì group causes the

protgns of each of the two methylene groups C(a)anci C(5)to become inequ'iva-

lent, giving rise to two pairs of multiplets in a complex ABB'CC' pattern'

The 
t'C,^.ronunces for the four ring carbons are f,ound at cj30'"¡,6l'7,

92.4 and 2gg.4, the latter aga'in being assìgned to c(l)' The s'ignal at

69?.4 can be ass'igned to C(3) on the bas'is of an off-resonance experiment'

The 
tH 

n.m.r. spectrum of the deuterated complex (38), obta'ined by

H-D exchange with (3.| ), lacks the trip'let at ð3'70, whi'le the quintet

at 1"89 is replaced by a t.iplet at l'78. 0f the 
ttcr.ronunces' 

that at

ô60"8 js broadened and reduced in intensjty by interactjon wjth the

deuterium quadrupoìe. l^lith (39), ll-D exchange ìeads to reduction jn

intensìty of the sìgnaì at ô4'07, now arising soìe1y frorn the proton on

c(3) and disappearance of the broad mult'iplet at 3'40; the multiplet at

2.06 changes to a doublet of doublets [one half of an AB quartet coupìed

to H(3)1. In th1s case, the 
ttC 

,^"ronance at ô61'7 in (34) coulti not be

detected, presumabjy as a result of broaden'ing by the attached deuterium

atoms.
I

The H n.m.r. spectrum of the rnethylated complex (40) shows the two

methyì groups to be equìva1ent, and the other cyclic carbene protons

resonate at ôl'29 and 3'77. The 
t'C 

¡^uronunce at ô67'0'is readily

assigned to t,he carbon beaning the two methyì groups, and that at 310'B

to c(l); the other carbons resonated at 38'l and 79'5. In a ne]ated

complex, {Rutc(Ome)cHzPhl (PPh3)2(n-cuHu)}nnu (2), the methyl ' benzvlic

and carbene carbons resonate atô 62'8,63'4 and 308'7, respectiveìy'
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Table l. N.m.r. parameters for carbene ligands

Data for compounds (j)-(iv) from the literature are included
for comPari son

û

+ a
(c0)ucr (emgnnþ (cF3)MezPt

(i ) (ii)

(n-CbH5) (C0)zFe+
0 0

( CO IMn
3

(iii) (iv)

Complex Nucleus C('l) C(3) C(4) c(5) Me

( 34)

(31 )
tH

t tc
tH

ttc
tH

t tc

tH

t tc

tH

tH

t¡1'

t¡

300.5

299.4

310.8

308- 7

3-93 t
8t .6

4'.07 n

92.4

3.77 r
79.5

3r4l s

62-8

3|7 t
4.63 t
5.ll t
5.61 t

1'77 q

22.6

l:40, 2:06 m

30. I

1.29 t
38.1

2'o q

0.88 q

2.00 q

3-74 t
60.8

3.40, 4.07 n

61:7

67.0

4.95 s

63'4
5.0 r
2-16 t
4-20 t
3.99 r

0.85 d
1 9.0

l'40 s

26.9
(40)

(2)

(j)A
(ii)
(r'rl
(iv)

B

c
)
c

A, R,ef .9; B, Ref .10; C, Ref .l'l .

2.16 ct
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Table I sumnlarjzes the various assìgnments which are possìble'

Assuming that the ring carbon whìr:h js methylated in (40) is the same one

whjch unciergoes H-D exchange in (3.|) antl (34), that carbon is shown to be

C(5) onthe basjs of the following eviclence: (l) complex (34) exchanges

two hydrogens, ancl the protonon C(3) does not exchange; (ii) in the

D-exchanged complex (39), the protonson c(4) are coupled to one proton,

onC(3); (ijj) coupling of protons on non-adjacent carbons is not observed"

2.2. 5 Deprotonation of ALkoxq (aLkgl) carbene Complexes
ot

t-Jpon reactj';:tRutc(oue)cHzPh] (PPh3)2(n-cuHu)] PFo (2) with a

sodjum methoxide solutjon at room temperature, the rnethoxyvìnyl complex'

RutC(OMe):ç¡1phl (PPh3)2(n-CUHU) (41 ), precipìtated over a few nrinutes '

The yel]ow powder js stable as a dry solid for only a few days, and

I

clecomposes in cDCl, or csr. In the H n.m.r. spectrum a singlet at

ô6.03 shows that only one ß-proton ìs present. Other singlets at 63'37

and 4"52 are assignerl to methyì and cyclopentaclienyl groups respectively,

whìle a mult'ip1et between 7'0 and 7'5'is assigned to phenyl groups'

l3
In the C n.m.r. the cr-carbon js not observed jn the carbene reglon'

but as a t¡ip1et at ö193"1. Other singlets at ô59'1, 84'6 ancl 86'2 are

assigned to methyl, ß-carbon and cycìopentadienyì groups respectivel'y'

The infrared spectrum shows a strong olefin'ic absorpt'ion between l54l

and 1592 cm-1, and a weak C0 absorption at j25l .*-1. The absence of

a v(pFU) bond at c. 840 cm-l suçJgests a neutral complex, further con-

f j rmed by .its h'igh soì ubi I i ty j n non-pol ar sol vents . The comp'lex cli d

not give a molecular ion in the mass spectrum, but a peak at n/e 793

was observed, corresponding to'loss of methoxjde from the molecular ior¡'

Protonation of Ru tC(0F1e)-ç¡1phl (PPh3)2(n-Cot'lU) (4.l) wìth HP[:6' -

0Et2-in an ¡"m.r. tube producecl an immediate change frclnl the spectrum of

(41 ) ro the spectrum of {RutC(OMe)0H2Phl (PPh3)2(n-C5HU)}erU (2).
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Deprotonation of {Ru tC(OMe)Etl (PPh3)2(n-CUHU)}efU (20) gave a veì/'v

unstable yeìlol powder (aZ). The jnfrared spectrum of (42) was alnlost

ìdentical tei that of RutC(OMe):Cl.lPhl (PPh3)2(n-CUUU) (4.| )' ìndicating

that ar¡ alkoxyviny] contplex Ru tc(OMe):cl-lMel (PPh3)2(n-cuHu) (42)' forrned'

The compìex was too sensi'bive to be ìclentifìed by other methods tried'

Deprotonarjon of iRu tc(0Et)cH2Phl (C0) (PPh3) (n-csHs)Ìnru Q0); save a

yeìlow procluct (43). The mass spectral, jnfrared and nljcroanalytical

data Ço"- (41) ^." consistent with the formation of a vinyl comp'lex
i

RutC(OEt):CHPhl(C0)(PPh3)(n-CbH5). In the H n.m.r' spectrum, however'

three cullu resonances appear, 'implying the presence of three isomers'

Chronatographic separat'ion by Humphreyt' l.d ao transforma-

tions o\^ tL'¿ oJt.>"-Lou"t'

A reaction of Rucl(PPh3)2(n-cUHU) with HC=ccOMe and NHoPFu in

methanol gave an orange solut'ion" wh'ich on treatment wjth NaOMe produced

yeììow crystals. Chromatographic separation gave the cyclic vinyl

compìex, Ru tC(OMe) :CHCOMe I (PPh3)2(n-CUHU ) (44) , and the acetYl i de comP'lex'

Ru(C=CCOMe)(PPh,)2(n-CSHS) (45). The vinyl complex (44) was best 'identi-

I3
fìed by its C n.rn.r. spectrum which conta'ins sing'lets at ð23'0' 59'4

78.7 and 112.-5 due to nrethy'l , methoxy, and cyclopentad'ieny1 groups and

the ¡i-carbon respect'i vely. The cx-carbon appears as a doubl et at 6?71'6,

with a phr:sphorus coupling of 14 Hz. In the 
tH n'*''' spectrum

resonances at ô'l.75, 3'60, 4'57,5'85, and 7'2^7'7 were ass'igned to methyì'

methoxy, cyclopentadienyl , g-carbon and phenyl proL'<lns respectively'

A molecular jon at nle 528 in the nlass spectrum, in addition to micro-

analytical clata, further irrdicated the formation of (44). The infrared

spectrum shows a strong absorption at' l30B cm-1, which is assigned to

v(CO). The bond ordey' appea.rs to be great'ly reduced as a result of

oxygen bondjng to the metal"
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The acety'l'ide ccimplex (45) was identìfied by very strong absorptìons

at 2048,2011 and 
.|602 cm-l in the infrared region, which are assigned

to acetyì'ide, carbonyl and acyl groups respect'ive1y. The 
tH 

n.*...

spectrum shows resonances at ôl'98, 4'39 and 7'4, assìgned to methyì'

cyclopentadienyl and phenyì groups respectively, while the mass spectrum

contains a molecular ion at n/e 758-

The mixture from which (44) and (45) were separated was shown by

tH n.r.r. to contain resonances due to (45) and RutC(OMe):CHCOMeI (PPhr)2-

(n-CSHS) (46) (ratio :5:3). After standing for 48 h at 350 the

/+Ph"P I

" PPh

C- Me

Ru

/
PPh

0Me
I

,C-"-C -H
I

0?c -

0Me
I

Ru _ [:[
H

A
---4+

Me/
0 3

3

(46 ) (44)

resonances at 6l'95, 3'02, 4'32,6'06, and 7'4, assigned to the methyl,

methoxy, cyclopentadienyl, 3-carbon, and phenyl protons of (46)' respect-

iveìy, d'isappeared with concomitant formation of the peaks of (aa)' The

spectrum of (45) rema'ined unchanged, a'lthough a sharp peak appeared at

67'32 due to free PPhr. _
Artempts ro deproronare [nutc(cHz)rót teerrr)2(n-cuHu)]*(¡l ) with NaOMe

or NEt
J

were unsuccessful.
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2.2"6 Reaction with Dioxggen

A solutjon of IRu(C=CHPh)(PPh3)2(n-CUtlU)]PFO (l ) 'in dichlorornethane

readi'ly r.eacts wjth djoxygen or hydrogen peroxicle to gìve tRu(c0)(PPh3)2-

(n-CUHU)IPFU (47) and benzaldehyde. Complex (47) was identjfied bv its
l3

characte¡istjc infrared tv(C0) 
.]987 

cm-l , CHCI 3l and n'm"r" spectra'

The presence of benzaldehyde ìn petroìeum extracts was confirmed by com*

parative th'in ìayer chromatrography' and the formation of a 2,4-dinitro-

phenyl hydrazone derivatìve"

2 .3 DTSCTISSÏON

2.3.L Reactions with ALcohofs

The first part of this Chapter descrjbes the slow reaction of t'he

phenytviny]jdene complex tRu(C=CHPh)(PPh3)2(n-CUHU).lPFO (l ) w'ith methanol

to give the methoxy(benzyl )carbene complex tRu tc(OMe)cH2Phl (PPh3)2-

(n-csHs)ÌPF6 (2). This reaction is a formal addition of the alcohol

across the viny1idene C=C unit, and the direction of additjon follows the

po]arìty expected on the basis of the extreme electron-deficiency of the

vi nyl 'idene o-carbon, as Shown , for exampl e , by 'i ts 1 arge downf i el d

chem.ical shift of c. 360 ppm (ttC n.m"r.). Thus nucleoph'ilic attack of

methanol gives a convenÙ'ional Fjscher-type carhrene comp'lex; 'it js inter-

esting that aLtack of methoxide does not g'ive the related methoxyvìny'l

compjex, but results in depro tonation of the vinylidene to the correspond-

.ing o-acetyl i de. -lhe methyl pheny'l v'i nyl j dene cornpl ex ('l 4 ) cloes not al low

depr0tonat'ion to occur, noris jt attacked by rnethox'icle at the cr-carbon'

The format'ion of the methoxycarbene complex from the vjnylidene lends

support to the proposa'l of C'l ark and Ch j shol mt 
u 

for the i ntermed iacy of

the laLter (which they preferred to view aimetal-stabilized carbonium

jon ) in the formatjon of simjlar carbene compìexes directly from alk-l-.ynes'
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At the same t'ime, these results raise questions about the conditjons

necessary to observe the vinyl'idene complexes directly, and the factors

affecting their react'ivìty. It has proved possible to examìne qualì-

tatively the effect of altering the alkyne subst'ituent, assocjated ligands,

metal atom, and reacting alcohol on the reactivity of these comp'lexes. By

carryìng out the react'ions under sjmilar cond'itions (see Experimental),

relative rates of these reactions were obta'ined, and these data are

summarized'in Table 2, which also includes some data on Íron complexes

reported by others.' These results suggest that the observed variat'ion

in reactivity results from a combinatjon of steric and electronic factors.

Attack of methanol at the cr-carbon of the v'inylìdene ligand wil'l be

inhibited by bulky ligands, and facil'itated by ligands with smaller steric

requirements. A measure of the sjze of a particular ligand ìs g'iven by

the 'cone angle', and this subject has been extens'ive1y d'iscussed by

l5
Tolman. In the present series of complexes, the rate of reaction would

be expected to be inversely proport'ional to the cone angle if stenic

effects predominated, w'ith a series: c0 (c' 950) =cNBut (".' 950) >P(OMe),

(.l070) , eNe, (1180) - PPh3 (lqso). Th'is jn fact agrees with

the qua'litative rate of reactjon of methanol w'ith the cornplexes

tRu(C=CHph) (L) (PPh3) (n-C5H5)l+. Two comments can be macle: (ì ) the cone

ang'le g'iven for ButNC does not take jnto account the steric effect of

the But group, wh'ich woulcl hinder access to the o-carbon relative to C0,

and result'in a longer reaction timeo and (ii¡ the value for dppe is

obtainecl from a comp]ex conta'ining no PPh3. There i s severe steric

interact'ion between the two PPh, lìgancls ìn RuCl (PPh3)2(n-CUHU), such
l6

that sonle djstortjon of these ligands occurs. An approach which con-

s.iders changes ìn only one of the ligands js necessarily approximate.
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Tabl e 2 . React'i ons of v i nyì i dene comp'lexes wi th al cohol s

CH

R' OH
--+)

H

R

0R'

L M_ C:C L-
L,/

t./+

L. R
2

M L, L R R' Reacti on cond'i ti onsA I sol ated yi e'l d (%)

Ru

0s

Ru

0s

Ru

Ru

Ru

Ru

Ru

Ru

Ru

Ru

Ru

.B
FE

.B
he

Ph

Ph

Ph

Ph

Me

Ph

Ph

Ph

Ph

Ph

Ph

C0^Me
¿

But

Ph

Me

Me

Me

Me

Me

Me

Me

Et

Pri

Me

Me

Me

Me

Me

Me

Me

( PPh3) 
2

(PPh3)2

dppe

dppe

(PPh3)2

c0, PPh3

c0, PPh3

c0, PPh3

cNBut, PPh3

P (OMe ) r, PRfr,

PMe' PPhU

(PPh3)2

( PPh3) 
2

c0, PPh3

dppe

refl ux; 24 h

refl ux; 48 h

reflux; l6 h

refl ux, 48 h

refl ux; B h

room temp.; l5 min

room temp.; I h

.oom t.tp.; 3 h

room temp.; I h

reflux; t h

refl ux; 27 h

room temp "; 2 h

refl ux; 24 h

' hì ghly reacti ve'

not stated

82

no reaction

B?

no reactì on

60

B]

65

60

63

9l

82

72

no reaction

73

'unreactive'

A, Ti me for di sappearance of vi ny] 'i dene comp'l ex ; B , Ref ' 2 '

The i nfl uence of el ectroni c factors 'i s more d'i ff i cul t to assess .

Ligands such as PMe, are good o donors, but relativeìy poor n-acceptors;

c0 on the other hand, and to a lesser extent'isocyan'ides, are better n-

acceptors. Thus, with C0 ìn place of a tert'iary phosphine' one would



94

expect actì vat'ion of the v'i nyl i dene toward nuc'leophì I i c attack by removal

of electron densjty onto the carbonyl ìigand. Tolman's electron'ic

factors [obtained by considering the effect of l'igands on the nt v(C0)

band in an extens'ive series of nickel comp'lexes, Ni (C0)3(L)l ,tt suggest

that the expected rates of reaction should be: C0>P(OMe)r>CNBuE > PPh3>

pye' which also broadly agrees with the qualitatìve rates of react'ion

given above.

That both steric and electron'ic factors 'influence these reactions 'is

shown in the reactions of tRu(C=CHR)(PPh3)2(n-C5H5)l+ (R = Me, Ph, COrMe),

where an ìncrear. in,*:lllî:ff1;1.1-.hdraw'ins nature of R increases the

reaction rate. The rate n R = C0rMe>Ph>Me, as expected if the effect

of electron withdrawaj from the a-carbon is to increase ìts suscept'ibìlity

to nucleophilic attack. From a steric viewpointo an order of reactiv'ity

R = Me>C0rtle>Ph would be expected' However, in the case of R = But'

which is recovered unchanged from refluxing methano'l after 24 h' the

bulky CMer group a'lso exerts a predominant'ly steric effect on the reactìon

rate.

It was not possible to make a detailed comparìson of the relative

react'ion rates down the group Fe-Ru-Os; the onìy two observatìons are

that ne'ither of the osm'ium complexes studiecl react with methanol '

and that the iron complex tFe(C=CHMe)(dppe)(rrcsH5)l* it reported by others
2

to be unreactive towards water and alcohols. In the case of the iron

compìex, thìs may be a result of steric crowding preventing access of

the nucleophiIe to the g-carbon; with osmium, the exp'lanation is not

so clear, although the kinetjc inertness of osmium complexes relative to

those of ruthenium is well known. The reaction of tFe(C=CHPh)(C0)(PPh3)-

(n-CrHU)l+with methanol 'is fast, to give the iron analogue of ('l5)'
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Although most of the comp'lexes react with methanol, ethanol and

hìgher alcohols do not react so readì1y. The reactions of ethanol

and jsopropyl alcohol wjth ¡Ru(C=CHPh)(C0)(PPh3)(n-CUHU)l+ have been

studied, with ìsolation of the ethoxy- and jsopropoxy-(benzyl)carbene

compìexes. In this series, the order of reactivity was found to be

MegH>Et¡H>PrigH, that'is, a decrease in reaction rate as the size of

the al kyl group i ncreases.

It is noteworthy that the methylplatinum(II)-v'inyìidene inter-

mediates proposed by Chisholm and Clurkto are four-coordinate square-planar

derjvatives, and there'is essentially no hindrance to attack by the

alcohol solvent from above or below the square-plane. In these reactions,

only al koxy(al kyì )carbene complexes were eveLisolated.

2 .3.2 Reactíons wixh \'latet

The react'ion of water w'ith the phenyl vi ny] i dene compl exes [Ru(C=CHpfr)-

(L)(pph3)(n-CUt-tU)l+ (L = C0 and PPh3) has also been examìned' The maior

product isolated from the react'ion of the monocarbonyl derivative was the

phenylacebyl complex Ru(C0CHZPh) (C0) (PPh3) (n-CUHU) (29) . This react"ion

js similar to the apparent hydro'lysis of the iron complex Fe(CzPh)(C0)Z-

(n-CUHU)'in the presence of aqueouu urfd,tt and both reactions may be con-

sidered to proceed vio, an ìntermediate hydroxycarbene complex, whjch forms

the acyì complex by loss of a proton [equat'ion (1)] :

tMl-c=cph f-+ [M]-c+=cHp¡ !2LtMl-c+(oH)cHrer.l :!1 tMl-cocH2Ph (l )

where [M] = Fe(c0)z(n-csHu) or Ru(c0)(PPh3)(n-cuHu).

The reaction of tRu(C=CHPh)(PPh3)r(n-CUHU)l+ differs slight'lv in that

the product j s the benzyl derivatj ve, Ru(CH2Ph) (C0) (PPh3) (n-CUHU) (28) .
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In thjs case'it is suggested that a pheny'lacetyl complex, formed as above,

undergoes a spontaneous (under the reaction conditions) intramolecular

decarbonylation (or a1ky1 m'igratìon), w'ith concomitant el jnlination of

one triphenylphosphine ligand [equation (2)] :

0

ll -PPhâ
Ru (2)u 

- 
C 

-CH^Ph\-/ ¿

/\
Ph3P CH Ph

CO

R

1
Ph

3
P

( 2
PP h

3

The react'ion is related to the intermolecular decarbonylations of acyl

compìexes by, for example, RhCl (PPhr)r: 
tt

re(c0Ne) (c0)z(n-c5H5) + Rhcl (PPh3)3 g FeMe(c0)2(n-c5H5)

+Rhcl (c0) (PPh3)2

Chisholm and coworkerstt huy. similarly reported the prolonged

reaction of a methylp'latinum(II) acetylide with HX (X = Cl or PFU) jn

methanol to g'ive the corresponding acyl complex; jn thjs case the 'inter-

mecliate methoxycarbene comp'lex loses MeX:

tptt-c=CR #** tPtl-C+(olle)cHzR å tPtl -CocH2R + Mex (3)

where R = H, Mê, Ph.

Further reaction of the pheny'lacetyl compìex (29) w'ith aqueous acid

affords the dicarbony'l cation, IRu(C0)Z(PPh3)(n-CSHS)1+, presumably wìth
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el imination of toluene:

Ru ( cocHrph) (c0) ( pph3) (n-CuHu)+HAtnu ( c0 ) z 
( PPh3) (n-c5H5) 1 

+ 
+ ehcH, (4)

2. 3. 3 Reactions of u-Hgdroxgalk-7-qnes

In view of the observed jntermolecular reactions of the vjnylìdene

group with alcohols, it is feas'ible that similar intramolecular reactions

will take p1ace. Reactions between HCTCHTCH20H and RuCl (PR3)r(n-CUHU)

(R = Me or Ph) or 0sBr(PPh3)2(n-CUHU) ìn the presence of NHOPFU have g'iven

cationic complexes contain'ing the 2-oxacyclopenty'lidene f igand.

Reactions with HCZCHZCHMeOH or HCr(CHZ)rOH gave similar complexes con-

taining the five-membered cHrcHrcHMe and s'ix-membered f,CHæ cYci 'ic

carbene l'igands, respectively. The formation of these complexes pre-

sumably proceeds via ð,yr jntermediate viny]'idene complex, which, however'

was not detected. A facile intramolecular attack of the hydroxyl

functìon on the vinyìidene cl-carbon, accompanìed by a proton sh'ift' results

'in formatjon of the cyc'lic carbene lìgand (Scheme I )'

H

t

C

---lll
C

---->
T

tMl
+

t¡1 l

OH ¡¡q1+ : ç
ß.J

0
+

Scheme I

tMl

¡1+
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Protection of the hydroxyì group by formation of the corresponding

tetrahydropyranyl (thp) ether enables the acetylide comp'lex (36) to

be i sol ated; the format'ion of a red-purpl e col ou|i n the sol uti on prior

to additjon of sod'ium methoxide suggests the ìn'itial formation of the

ana"logous v'inyl jdene cation. Addjtjon of ac'id, which normally cleaves

thp ethers to regenerate the alcohol, results in imnediate cyclization

to .torm complex (31 ); no intermed'iates could be detected either v'isualìy
I

or by H n.m.r.
,)

The related reaction between HCTCHTCHTOH and tfe(n'-Cttr=Cl4er)(C0)Z-

(n-C5H5)l 
+ 

al so g'ives the nZ -2,3-di hydrof uran compl ex, formed by a

competing nucìeoph'ilic attack on the n2-alkyne-iron complex before re-

arrangement to the n1-vinyì'idene isomer.'o In the studies reported

here, no evidence was found for the format'ion of any nz-vinyl ether

complexes; it may be significant that I have not been abìe to depro-

tonate the cycì'ic carbene complexes to the derived ¡1-dihydrofuryì complex,

a'lthough additjon of hydride to the carbene carbon affords the

¡l-tetrahydrofury'l complex (37). In this respect the reactivity of the

complexes also differs markedly from that of trans-{Ni (C6Clrlf@f -

(PMerPh)rÌ+, which 'is readily deprotonated by NEtr'"

Complexes (31) and (34) undergo fac'ile base-catalysed H-D exchange'

e.g. by add'ition of DrO to a solution of (g'l ) in pyridine' Analysis of

the 
lH 

and 
ttC n.*... spectra show that it'is the two protons attached

to C5 wh j ch exchange. S'imi I ar observati ons have been made .wi th cycì 'ic

carbene complexes of manganese "!rt22

Consideration of these results suggested that the carbene f igand

might be metallated read'ily, and indeed reaction of (31 ) with L'iBun,

or NagH, followed by treatment with ìodomethane, afforded the dimethylated

comp'lex (40). Even with a deficiency of LjBun, (40) is the on'ly new



99.

complex produced; the monomethyl de¡ivative was not detected' Apart

from the obvìous synthet'ic 'impl ications of this reaction, interest

centres in the remarkably facile metallation which occurs'in preference

to attack of the nuc'leoph'ile at the h'ighìy electron-deficient carbene

carbon; the latter reaction may be ste¡ica'l1y too demandìng'

2.3.4 Deprotonation of ATkoxg (alkgl)carbene Complexes

The ß-protons of {Rutc(ONe)cHrlhl (PPh3)r(n-cuHu)}PF6 (2) undergo
23

H-D exchange to give {Ru tC(OMe)CDZPhl (PPh3)2(n-CUHU)}PFO. The ac'id'itv

of these protons is further demonstrated'in a reaction of (2) with NaOMe

yjelding rhe vinylerher complex Rut(OMe)=cHPhl (PPh3)2(n-cuHu¡ (+t ).

Vinyìethers are unstabìe compounds and readjly isomerise to aldehydes

or ketones. This is not observed for the vinylether metal compìexes

described here. Similar products have been isolated upon deprotonation
2T 19

of some nickel and platinum alkoxycarbene compìexes.

The stab.ilìty of the vinyl complexes in the solid state is'increased

by acidjc ligands and electron withdrawing substituents (Table 3)'

Table 3. A range of alkoxyvinyl complexes and their relative

stabilities in the solid state.

RR Lno

0R'

- 
C:CHR

Me Me

Ph Me

COrMe Me

Ph ME

Ph Et

PPh3 (42) verY unstable

PPh3 (41 ) unstabl e

PPh3 (48)A stable

C0 (49)A stable

C0 (43) stabl e

Ru

1

t
Ph

3

A, Ref. 1?.
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Çhanging only the ß-subst'ituent leads to a marked increase in stabil'ity

(COrMe > Ph > Me) as the electron-withdrawing power increases' Replacement

of pph, with the less bas'ic C0 ligand aìso leads to a more stable complex.

This result js expected for the vinyì mojety as it is electron-rich and

stabilised by electron-withdrawing groups. An opposite trend is observed

for a'l koxycarbene compì exes where el ectron-wi thdraw'i ng s ubsti tuents

destabil'ise the system by'increasìng the electron deficiency of the

carbene carbon.

The formation of products (45) and (46) in the reaction of RuCl(PPh3)2-

(n-CSH5) with 3-butyn-2-one suggests the formation of the intermediates

(50) and (5"|). Deprotonation of a mixture of (50) and (5.|) yields (45)

and (46) respect'i velY:

0¡0
tRul ct HC=cöMe n { tnult:cH8ue} 

Me0H, 
{ tRul

0

Me

ft

lRul C=CCue

(45 )

+ il
CMe}CCH

2I

0Me

0i
tRul C:CHCMe

I

0Me

(46)

(50) 5l)

0Me

(

0

0

lRul = Ru(PPht)2(n-CuHU)

The loss of PPh, from (a6) to give RulC (0t,te ¡=ç¡1ç s1 (PPhr) (n-c5H5) (44) has

been described (Section .|.2.3.2). The metallated carbonyl group of (aa)

has an unusualiy low ìnfrared absorptìon Lrand at l30B.t-1. l,Jhile this'is

attributed to a reduction in bond order due to bondjng with the metal, a

related metallated vìnyì comp'lex (52) exh'ib'its an absorptìon at 1586 cm-l .tu

The reason for this difference js not well understood at this stage'
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I tG

Ru

CO

0

2Me
H

\
t

PPh
3

(52 )

Surprisìngìy the cyclic carbene comp'lex (3.l) could not be deproton-

ated to a v'inyl ether, despìte the known acidity of the g-protons. This

contrasts with the nickel system (53)' which is deprotonated bV NEt,

under mi I d condi tions:."

PPhMe
2

I
(c6ct 

5 )N.i

1

PPhMe
2 2

(53 )

The reason for th'is difference is not obvious at present.

In summary it is useful to recall the interrelationships between

'l

¡r-carbon f igands wh'ich are summarised jn Scheme 2. The reactions
1

described in th'is Chapter link the n'-acetyl'ide comp'lex with the

1

nr-alkyl comp'lex and have shown the ìsolation of aìl intermediates,

e

hM

hM

PP

I
Ni

1
PP

0

e2

NËt3
(c6cl 

5)

0
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tMl-c=c-R lMl-C:C
R

n'-vinyì i dene

(B)

/

2
R

¡' 'acy'l
(E)

Me

tMl-C\rro
¡'-viny1 ether

(c)

0Me

n' -al koxycarbene

(D)

+

H M.oH
1þ-

0
+H+

-+
e-

_H+

¡' -acetyl 'ide

(A)

/H
'- Ph

'OMe-

+
+H-H+

ïr

tMl - cH2R

-Ð
+c0

n'-al kyl

-c0

-

tM]-C
X- +/F--.- , tNl -c'

Eon 
rrrJ "\

J cH2R

0

CH

(F)

Scheme 2.

that is, steps (A) * (B), (B) * (D), (C) t (D), (B) * (r), and (E) * (F)'
26

The carbonyì at'i on/decarbonyl ati on process i s wel I documented, whi I e

most of the other processes have been described in Chapter One'

2.3.5 Reactions with Dioxggen

The reactìon of tRu(c=cHPh)(PPh3)2(n-cUHU)l+ with d'ioxvgen was

reported to give tRu(CO)(PPh3)rtn-CUHUll+ and benzoic acid.t It has

now been shown that benza'ldehyde is the sole organic product detected

in th'is reaction. Benzoic acid is onJy formed When an aqueous base

extraction is used in the work up. The formation of benzaldehyde

suggests a 2+2 cycloaddition reactiono followed by ring cleavage:

H+
lRul - C: C

+ Ph
0:0

+
lRul-C-Crl

0-0

tRul C0

+

Ph-c=o
H

)tRul = Ru(PPh3)2(n-cutlu) or Ru(c0)(PPh3)(n-cuHu
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There is no evidence for the formation of an intermediate cycì'ic peroxide

complex. However, Some organic molecules 'involving five membered

27
peroxìde rings are known.

The react'ion of the vinylidene complexes wìth djoxygen nray be compared

to the olefìn metathesis reactì0n,"

M:CHR

R'CH:CHR"

M-CHRrl
R. CH-CHR..

+
M CHR

ll +ll
CHR' CHR''

Note however, that the olefin adds to the M-C0) bond, whi'le d'ioxygen adds

to the C(l)"C(2) bond. Addition reactions of the C(l)-C(2) bond in vinyl-

'idene compl exes are descri bed i n Sectì on I . 3 '5 '2 '

The oxjdatjon of the vinyf idene complexes 'is not welI understood

and requìres further invest'igation.

2.4 EXPERTMENTAL

Generaf Conditions

All reactions were carried out jn a njtrogen atmosphere and, where

necessary, these cond'itions were used for work-up of the reaction products'

Solvents were dried wìth (i ) sodiun (tetrahydrofuran, diethylether,

petnoleum fractions, benzene, toluene), (ii) magnes'ium (methanol,

ethanol), ('iii) calcium chloride (clichìoromethane, chloroform), or' (iv)

L'inde + Â molecular sìeves (¿-cfrloroform, ¿6-acetone, d6-benzene)'

Light petroìeum refers to a fractjon of b.p.40-600, whjle hexane refers

to the fraction of b.P. 60-800.

Chtomatographg was routinely carrìed out on columns of alumina

(BUH, Fluka or Aiax) 'in'itìal]y packed in light petroleum. Thin layer

chroma'tography was carrìed out on plates coated with s'ilica (Merck or
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Camag).

Efemental- microanal-gses WÊFê determined by the Canad'ian MiCro-

analytical Service (Vancouver), or the Australian Microanalytical

Servi ce (Mel bourne) .

Mass specfra were recorded on an AEI-GEC MS 3074 Spectrometer

(70 eV ion'izing energy). The mass values were calculated usíng the

most abundant'isotopes (i.e. t'ra, to'Rr, tt'o', tuu')'

Infrared spectra Were recorded (using sod'ium chlOride plates or

solution cells) on Perkin Elmer 457 or 683 double beam infrared spectro-

meters over the range 4000-600 cm-l and were calibrated with poly-

styrene (1583'1, 906'7 cm-l) or C0 gas (2147'1 cm-l)'

NMR spectra were recorded on Varian T60 (tH, 60 MHz), Bruker

1 13 3I
Wp-BSDS ('H, 80 MHz; C,2O,l MHz), or Bruker HX-90E (--P, 36'43 MHz)

spectrometers. Deuterated solvents were always used tn 2,5 or l0 mm

tubes, w'ith tms (tH o. 
t tC¡ 

o. PPh3 ("P¡ u, internal references'

Carbon and phosphorus spectra were general'ly broad-band decoupled'

except when off-resonance decoupling was requ'ired'

ESR spectra Wêl^ê recorded on a Varìan E-9 spectrOmeter operat'ing

at X-band frequences.

Starting Materiafs

The o-acetyl ìde comp'lexes RucrR(PPh3)2(n-CuHu) ancl 0s(c2Ph) (PPh3)2-

(n-csHs), and the vinyl idene complexes tRu(C=CHR) (PPh3)2(n-cuHu)l PFo

(R = Me, ph, and CgrMe) were prepared by literature methods-I The

preparati ons of RucrBut(PPh3)2(n-cutlu), Ru(crPh) (L) (PPh3) (n-cuHu)

(L=c0 or CNBut), and 0s(Crph)(dppe)(n-CsHs) are descrjbed in chapter 4,

while that for [Ru(C=CHBrt¡leehr)2(n-CUHU)]PFO 
'is gìven at the end of thjs

section. L'iterature methods were used in the preparation of Ru(CrPh)-

tp(oMe)31 (PPh3)(n-CSHS)' and the hal ides RuCl (PR3)2(n-CUHU)(R=Ph,M.)" "0

and 0sBr(PPh3)2(n-CUHU) .

3l
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Reactions of substituted vinq.Iidene complexes wj th MethanoL

lnu ¡c=cneh) (PPh l r(n-c rn u)) 
er, (1 )

Addition of HPF6,0tt2 (5 drops, excess) to a suspension of Ru(CtPh)-

(pph3)2(n-CUl-1.)(100 ffi90 0.'13 nrmol ) in nrethano'l (25 ml ) afforded a red

solution of the vinylìdene complex. After he.rting at reflux point for

24 lr the coìour of the solution had changed to yellow. Evaporat'ion to

about half-volume and cooljng resulted in the deposìtìon of yel'low

crsstats of iRutC(ONe)cHzPhl (PPh3)2(n-culìu)ÌPFo (2) , wh jch were col lected

and recrystal I jzed (d'ichloromethane/methanol ) (ZO mg , 56%), m.P. l82-1850

(Found: C, 6l'B; H,4'5%. CEOH+SFO0PrRu regu'ires C, 6l'9; l-1, 4'6%).

Infrarerl (trtujol ): v(CO) 1265s, v(PF) 840vs(Or); other" bands at 1625w'

1605w, 
.l590w, 1438s, 1303w(br), 1,l90w, 1.]63w,1122n, 

.l090m, 
1076m, 

.l060w,

100fu, 948w, 759n, 748n,695s, 559w cm l. 'H n.m.r.: 6(CDclr) 3"49, s,

3H,OMe;4'84, s,5H, CSH5;5'06, s,2H, CHZPh;7'31, m,35H' Ph'

t3
c n.m.r.: ô(cDCl 3)øz.B' s' OMe; 63.4, s, Cllz; 92'0' s' CuHu; 122'3-136'0,

m, coHs; 308.7, t, r(CP) 1? Hz, RuC.

The same methoxy(benzyl)carbene cornp"lex ¡1as obtained by heatìng

lRur(C=CHph)(PPh3)r(n-c'uU)lPF6(230 mg, O'24 mmoi) jn refluxìng MeOH (50 ml)

far 24 h. The ye'ì1ow crystals (190 mS, B2%) were shown to be 'ident'ical

w'ith the complex prepared from the o-acetylìde (i.r., fl.ff.r. )"

All other reactìons were simjlar to that described above, djffering

on'ly in r.eaction times" The following reactions of o-acetyf ide compìexes

with methanol in the presence of tlPFU,?Ít, were carrìed out:

(A) Rü(CrPh) ¡euer) ¡eenr) ftt-c5ul (90 mg, 0'15 mmol )' after ?7 h'

gave rvh'i tp ct.sstat-s (f rom cHzcl zlLrz}) ot {Rutc(OMe)cHzPhl lnNer)(PPh3)-

(n-CUHU)|P}ZFZ (17) (90 mg , 82"Á) , m.p. 900 (dec.) (Found: C, 55'9; H' 4"7%'

C¡+flSgFZ0rPrRu requires C, 56'B; [{, 5"3%). Infrared (Nuiol): v(C0)

1247n, v(pO) l052vs(ur), v(pr) B42nr(br), other bands at 1602w, l313w,

l2B0w, 1000w, 954s, 753m(br), 725nt(br), 696s,664w, 553w.n'-l .
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tH 
n.m.r": 5(cDCl r) I'30, d, .r(PH) l0 Hz' 9H, PMer; 3'52, s ' 3H, OMe;

4.68, ABq, "z(AB) 16 Hz,2H, CHr; 4'98, s, 5H, CSHSt 7'54, m, 20H, Ph'

(B) Ru(c2ph)lp(oue) 37ePhl (n-c{r) (ll0 mg, 0.17 mmol), after I h,

afforded .yel'low crsstats (from I ìght petroìeum/diethyl ether) of

{Rutc(OMe)cH2Phl tP(OMe)31 (PPh3)(n-cUHO)}eorr, (lB) (120 ms, s1%), ffi.P.

160-1630 (Found: C, 52'5; H, 4'g%. C'SHegFZ0UPrRu requìres C, 53'3;

H, 5.0%). Infrared (Nujol): v(c0) 1260s, v(P0) j030vs(br), v(PF) 845m,

other bands at l30lw, ll95sh, ll87sh, ll83m' 1122m, ll13sh, l0B0s, 949m,

879m, 86lm, 833sh, 805sh, 790m, 772n,752m,738m, 7.|5m, 692n,680w, 663w'

559w,530w cm-l H n.m.r.: ô(CDCI3) 3'51, s,3H,OMe;3-53, ¿,;(PH)

l1 Hz,9H, POMe; 4'74, ABq, "r(AB) 16 Hz,2H, CHr; 5'02, ¿, ,r(PH) I Hz,

5l-1, C5H5; 7'48, m, 20H, Ph.

(c) Ru(c2Ph) (co) (PPh3¡ ¡n-crHr) (150 mg, 0'28 nrmol ), for 2 h, gave

pa'le yel low cresta-ls (from CHZCl ZlEtZ}) of {Ru tC(OMe)CHzPhl (C0)(PPh3)-

(n-cuHu)iPF6 (15) (lZOmg, 81%)o ffi.p. .l400 (dec.) (Found: c, 54'0;

H, 3'6%. C¡gHgOFO0rPrRu requires C, 53'8; H, 4'1%) ' Infrart¿¡ v(C0)

2000vs, v(c-OMe) 1269s, v(PF) 840vs(Ur); other bands at 1440w, 1323s,

ll90w, ll75w,ll70w, 1096m, '|034w, l0l3m, 1002m, 986w, 9?N" 912w, BB3s,

764sh, 760m0 7SZn,69bs, 559w, 5S0w cm-]. 
tn 

n.m.r.: ô(CDCI 3) 3'88,

s, 3H, OMe; 4.38, ABq, ,r(AB) l6 Hz , 2H, CHr; 5'30, s, 5H, C5HS; 7'61 , m,

zoH, Ph.

(D) Ru(c2ph) (cuzut¡ çeehr) çr,-crIll (50 ms, 0.08 mmoì), for I h, gave

f .ight ye1'low crsstaTs (from lisht petro'lsum/CHrCl2) of {RutC(OMe)CHZPhl-

(cNBut) (PPh3) (n-cuHu)Ìenu (16) (4'mg , 63%), nr.p. 
.'64-1680 (Found: c, 56'1;

H, 5'0; N, 1'7%. C¡ZH¡gFONOPZRu requìres C, 56'l; H, 4'9; N, l'8%)'

Infrared: v(CN) 2]60s; v(C0) 1287s; v(PF) 840vs(br); other bands at 1606w,

l60lw, 159ùn/, 1252w, ì236w, l2l0m, l200sh, llglsh, ll76w, ll63w, ll36m'

1095m, '1085m, l07lm,l062w, 'I003w , 759n, 750w, 735m' 696s' 663w' 556w t**l '
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tH 
,,.m.r.: ô(cDCl3) 1'28, s, 9H, cMer; 3'93, s' 3H, OMe; 4'25, ABg,

.r(AB) 2 Hz, 2H, CHZ; 5'01 , s, 5H, CSHS; 7'47, m, 20H, Ph'

(E) Ru(c2Ph) (dppe) ¡n-cuHl (40 mg, 0'06 mmol), for l6 h' gave a

yelìow powder (from ììght petro'leum/dichloromethane) of {Rutc(OMe)cH2Phl-

(dppe) (n-CUHU)|PIZFZ (.l9) (40 mg , B2%), m.p. 2400 (Found: C, 60'6;

H, 4.g%. cqf llFz}.PrRu requires c, 60- 7; H, 4.6%). Infrared: v(co) l25Bs,

v(P0) l05ls(ur); v(pr) B24s; other bands at 1272m,1203w, ll64w, ll2Bm,

ll05sh, l097sh, 1079s, 1040m, 
.|025w, 

1002w, 954w, BB8w, 84lw(br) '

751s, 719w, 705sh, 700m, 69?n,663w, 537w cm-l H n'm'r': 6(CDCI 
3)

2'93, s, 3H, OMe; 4'05, s, 2H, CHZ; 5'10, s' 5H, C'HS; 7'40, m, 25H' Ph'

(F) Ru{crue) ¡eehr) 2fti-c5H5) (200 mS , 0'?7 mmol ), for 8 h, gave

yetlow æsstats of {Ru tC(oMe)Etl (PPh3)r(n-CUUU)}PF6 (20) (150 mg , 60%),

m.p. 210-2110 (Found C, 59.7; "il, 4.1/,. C+SH+¡FOOP'Ru requires C, 59'5;

H, 4.7%). Infrared: v(C0) 1284s; v(PF) B40s(br); other bands at

l588vw, l577vw, 1440m, 1435m, 1304m,1226n,1177m, ll59sh, lll4w, .l094m,

l0B5m, l074sh, 1049m, l022sh, l0l4m, l004sh, 976w, 943w, 928sh, BBlw,

758m, 743m,693s, 679sh , 664w, 556w .t-l . 
t, 

n.t..., ô I(CD3)ZCOI l'27

¡, .z(HH) 7,5 Hz,3H, CHrMe; 3'48, s' 3H, OMe; 3'65, q, '-r(HH) 7'5 Hz,

2H, CHZ; 5'05, s, 5H, C'HS; 7'48, m,35H, Ph'

(G) Ru(crcorrrre) ¡eehr) 2ft)-c5Hl (100 mg. 0.13 mmol), for 2 h at room

temperature, gave ye"llow crsstals lfrom f ight petroleum (b.p. 60-80 0)/

c|2c12l of {Ru tc(OMe)cHrcorMel (PPh3)r(n-cuuu)}PF6 (21 ) (eOms , 72%),

m.p. .l64-1660 (Found: C, 58.5; H, 4.3%. CSOH+SFOOUPTRu requ'ires C, 58'l;

H, 4.6%). Infrared: v(ester c0) 1742s, v(C0) l2B5m; v(PF) B35vs(br);

other bands at 1592w, 1312w,1293w' 1255m, llBBw, ll35w' l092sh, l078sh'

l040vs(br), l002sh, 990sh, 943w(Ur), 735m, 725n,690m, 665w, 560w cm-l .

tH n.m.r.: o(CDC1r) 3'47, s' 3H, CgrMe; 3"78, s, 3H, gMe; 4'55' s' 2H'
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Cllr; 4'88, s, 511, CSHST 7"42, m, 30H, Ph'

(H) The vÌnytidene complex IRu(C=CHBut¡ leef'r)2(n-CUHU)]PFO (ì20 mg,

0.14 mmol) was heated jn refluxìng methanol (25 ml) for 24 h with no

apparent change 'in col our of the sol uti on. Evaporati on and f i I trat'ion of

a dichloromethane extract (2 ml ) 'into rliethyl ether (50 ml ) afforcled a

fine orange-pink prec'ip'itate, 'identjfied (i.r.) as recovered vjnyl'idene

compl ex (??) (ll0 ms, 92%).

(I) Sim'i'ìa11y, the compìexes 0s(C2Ph)(PPh3)2(n-CuHU) (.l0) and

os(crPrr)(dppe) (¡-cullu) (8) afforded only the corresponding vinvlìdene

derìvatjves lin 75% (22) and 93% (29) vields, respectivelyl after

addjtion of HPF6,OEtZ and heat'ing ìn refluxjng methanol for 48 h' The

o-acetyì'ide (B) was recovered (91%) by deprotonating the v"inylidene com-

plex with sodium in methanol.

Reactions of [nu{crnen) Go) ¡eehr) (n-c 
uH r)letu with other A]'coho'Ls

(A) With ethanoT A suspens'ion of Ru(CrPh)(C0)(PPh3)(n-cuHu)

(140 mg , 0.27 nmol ) in ethanol (15 nrl ) was treated with l-lPFU,0t't2 (.l0

clrops, excess) at room temperature. After stìrring fon'l h, the result-

ing precipjtate was collected, washed with Etr0 and dried, to gìve

{RutC(OEr)CHZPhl (c0)(PPh3)(n-csll5)lPF6 (26) as a whitê powcter (.l30 mg'

65%), m.p. .l34-'l360 (Found: C, 54'5; ti, 4'2%" Cg4ll32FU0rPrRu requìres

C, 54.4; H, 4.3%)" infrared: v(C0) l99lvS, v(C-0) 1259s, v(PF) B4lvs(br);

other bands at '|606w,1578w, l44lm, 
.|335w, l3lBs, 1298m, ll94w, ll69w'

ll50sh, ll20w, '1097s , 1077w, '1066w, i034w, l0l3m, 997m ' 924w, 753m,

745w,713w, 203s, 6g4s, 664w, 54Bw cm-l H n.m.r.: O(CDC]r) l'lB;

t, ;(HH) 7 ftz, 3H, Me; 4'3, fl, 4[], CHrMe+CHrPh; 5'?J' s, 5l-l' C5H5!7'57'

m, 2011, Ph"
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(B) with isoprops| aJ-cohot- A suspensjon of Ru(Crefr)(C0)(PPh3)-

(n-CUHU) (200 mg,0.38 mmol) jn jsopropyì alcohol (.l0 ml) was treated

wìth HPFU,OEI-Z (5 drops) at 200. The product began to separate after

30 mjn, and was filtered off after 3 h and washed with Ett0 to gìve pure

{RutC(oPrì ) CHZPhI (C0)(PPh3)(n-CUHU)}PF6 Q7) as a whir¿ powdet (ì70 mg,

60%), m.p. 9B-1000 (Found: C, 54'4; H, 4'1%.C35H34FUOrPrRu requires

C, 55'0; H, 4'5%). Infrared v(C0) l989vs; v(C-0) l29Bm; v(Pf ) B4ls;

other bands at ll98w, ll83vw, 1155m(br), l09Bs, l089sh, 
.l073m, 

1051m,

l023vw, 
.¡001w, 9ìBw, 760w, 749n, 739w, 712w,701s, 690s, 660m, 557w cm-l

5¡(cDr)2c01 
.l.28' d, ;(HH) O tlz' 6H, Me; 4.35, ABq' 'z(AB) 2 Hz,H n.m. r. :

2H, CHZ; 5'47, s, 5H, CSH5; 7'60, m, 20H, Ph. The CHMe,

obscured by the HrO signal in the solvent at ô c' 2'5'

Reaction Between lau {c ,nen¡ ¡eeh r) ,0-c Un ,)l BF and. [¡later

resonance was

The vinyf idene complex was prepared in situ from Ru(Cren)(PPh3)2-

(n-CUtlU) (350 mg, 0'44 mmol) in tetrahydrofuran (gO ml) and HBF4,OEtz

(g drops, excess). Water (1"5 ml) was added, and the solution was st'irred

at room temperature (2 h) and refluxed (2 h). Evaporatjon of solvent

left a ye1ìow sofid, whjch was washed with methanol (2 x 5 ml), and

recrystall'ized (dìchloromethane/methanol ) to give pure Ru(CHrRh) (C0)-

(pph3)(n-CSHS) (28) (gO mg, 33%), ffi.p. .l40-1410 (Found: C, 67'6;

H, 4'7%; u,548. CalHZTOPRu requìres C, 68"0; H, 5'0%; M,548)'

Infrared (CHCl r): v(C0) l9l7s .t-l , other bands (tluiol ): .l595m, 
1575w,

l314w, l210w, llBBsh, llBZw, ll62w, ll2lvw, lllQvw, l095sh, l09lm'

l07lw, 1049w, 'l028w, .|000m, 
908m, 860vw, B50vw, 808m, 758m, 748s, 736m'

731m, 698s, 649w, 580w, 56lw cm-l . 
tn 

n.m.r.: ô(CDCI t) 2'24, m, 1H,

CHZ; 2'86, m, lH, CHZ; 4'62, s, 5l'1, CsHs; 7'03, rn, 5H, Ph; 7'39' m' l5H'

PPh3.
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Reaction Bet¡¡een lnu{craen) (co) (PPh3) (r¡-crHr))er, and water

A suspension of Ru(crRh) (c0) (PPh3) (n-cSHS) (l 70 mg, 0.32 mnrol ) i n

aqueous isopropy'l alcohol (25 mì ) was treaterl wìth HPFU ,}EtZ (10 drops)

at room temperature (45 m'in) and then at reflux (l'5 h). tvaporatìon

to c. l0 ml afforded a product on cooling, whjch was recrystall'ized

(dichloromethane/light petroleum) to gìve pure Ru(COCHrPh) (C0) (PPh3)-

(n-csHs) Qg) as ye'llow need-zes (lo0 mg, 54%) , m.p" lB2-1830 (Found:

c, 67.2; H, 4.7%; ru(nass speclrometry), 576. Czzïzl0rPRu requires c,

66'7; l-1, 4'7%; u, 576). Infrared (CllCl r): v(C0) 1927vs, v(acyl C0)

l606vs; other bands (trtuiol) at ì435rn, 131Qvw,1232w, ì.l62w, ll45w,

1097s, 1082w,1072w, 1029w,'1007w, 988s, 9llw, 899w, 85Qvw, B3Bvw, 805m,

754.s, 749sh , 743m, 723w, 691s, 663m, 620w, 595w, 573vw, 552vw tt-l '
tH 

n.n''.r., 5(cDCl r) 3'72, ABq, 'z(AB) l4 Hz , 2H, cHr; 4"85, s' 5[1, csHst

7'43, m, 20H, Ph.

in an analogous experiment, HPF6,0EtZ (10 drops, excess) in CHrClt

(10 ml) was added slowly to a solutìon of Ru(CrPh)(C0)(PPh3)(n-c5t15)

(.l00 mg, 0"19 mmol ) in cHrc1, (20 rni ) and water (l ml ). After l'5 h

at room temperature the ìnfrared spectrum of the reactjon tnjxture showed

that the on'ly carbony'l-contaì ning conrp'lex present was cornp'lex (?9) .

After heating (24 h), the jnfrared spectrum showed the d'isappearance of

compl ex ( 29 ) wi th concomi tant forma'l j on of the known 
t 

.o*pl ex I Ru (C0 ) Z-

(pph3)(n-CSHS)l PF6 (30) identified by jts infrared spectrum, and by com-

parison with the product from the reaction described below"

The isopropoxycarbene comp'l ex (27) was heatecl jn wet ether (600/7h'

autoclave); the cooled reactjon nlixture 1aaS evaporated and the

residue recrystall ized Ihexane/acetone] t.o gÍve light yelìow crystals

(Found:

I nfrared

of l.Ru(c0)r(nnnr)(n-curu)leru (30) (40 mg, 71%), n.p. '¿05-2080

C, 47 '3; l-l , 3'0%. Calc. for CrUHrOFUOrPrRu: C' 47'6; H, 3'2,1) "
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(CHCIr): v(C0) 207Bvs, 202Bvs iljt.Iu 2069,2O?2 (CHZCIZ)l; (l'luiol)

v(pF) B40vs; other bands at 1098s, l025vw, 
.|000w,974w,925vw, 745s,

705m, 685s, 664ur cm

7"73, n, l5H, Ph.

-t I
H n.m.r.: 6t(CD3)ZCOI 5'97, s, 5H' cbHS;

preparation of Cgclic Carbene CompJexes of Ruthenium and Osmium

(A)t^"t@1¡eeh')2h-C5H5)}PF6(31).Amixtureof
RuCl (PPh3)2(n-CUHU) (2.56g, 3-53 mmol ), but-3-yn-'ì-o'l (240 mg , 3'52 mmol )

and NHnpF' (0.79,4.2 nrnol) was heated in refluxing methanol (a0 ml).

After t b mi n, pure {n, f f,Gtr}1 (PPhr)2(n-CUHu)}PFO (3.t ) preci pi tated

as yeìlow microcrsstals Q'91 g, 9l%), m.p" 2600 (dec.) (Found: C, 59'7;

H, 4''7; F, 12'4%. C+SHqiFUOPRu requires C, 59'7; H, 4'6; F, 12'6%)'

Infrared (¡tujol): v(c0) ll85s, .|095m; v(PF) 848vs; other bands at

1587vw, 1574vw, l3l6w, l2B5w, ll25w, l07Bw, 1059m; l035vw, 
.|006w, 

995w,

g50vw, 937sh, 786vw, 756s, 731w, 705s,692sh,568s,547n, 535s, 526sh,

bì0w, 475w cm-l H n.m.r.: 6(cDClr) 1'77,9, ;(HH) 8 Hz , 2H, c(4)llr

3.74, t, .z(HH) B Hz,2H, C(5)Hz; 3"93, t, ;(HH) B Hz, 2!1, c(3)Ht;

4'82, s, 5H, CSH. ; 6'97, 7'33, 7"40, m, 30H, PPh3. 
t'C 

'''m'r':
5(cDCl3) 22'6, s, C(4);60'8, s, C(5);Bl'6, s, C(3);91'2, s, CsHb;128" 3-135'9'

m, PPhr; 300'5, t, ;(CP) 14H2, RuC.

(B) to"¡G/þ1¡r'ue r) ,(n*crHlletu (32) " A mixture c¡f

RuCl(Pl4er)2(n-CrrH5) (ll0 mg,0'31 mnrol), but-3-yn-l-ol (l()tl rng, l'5 nrmol)

and NHOpFU (100 mg, 0.6 mmol) was heated in refluxÌng methanol (50 ml)

fon I h, forming a nearly co'lourless solution. tvaporat"ion and recrystaìli-

zation of the resjdue (clichloromethane/cyclohexane) afforded pure

1nr¡CftÇ)p1(PMe3)2(n-C'HU)]PFO (32) as urhit,e microcrsstars (110 mq, 66%),

m.p. > 2800 (clec. ) (Found: C, 33'9; H, 5'4%" CISHZgFOOPTRU requi res

C, 33'B; H, 5'5/"). Infrared (Nuiol): v(C0) 1295m, l2B5sh' ll47s;
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v (Pl- ) B4l vs; other bands at I 3l I vw, l2?.4vw, l200vw, 1076t¡, I058vw ' 998vw '

955s, 725m, 672w, 662vw, 560w cm- H n.m.r.: ô(CDCI ) 1 "45,
3

XgX,g part of X9AA'X'n spjn system, separatìon of outer lìnes 9'6 llz,

lBH, PMer; 1'g7, q, r(HH) 7 Hz, ?H, c(4)ltz; 3"8, t, "r(HH) B Hz , ?H'
I3

c(5)H2; 4-64' t' "z(HH) 7 llz, ?H, c(3)H2; 5'.l6, s, 5H, C5l-15' c n'm'r':

6(CDCI 3) ZZ'7, n, C(3þPMer; 59"4, s, C(2); B0'5, s, C(4);88'7, s' CUHU;

296,9, t, ,¡(cP) 14 Hz, Ruc.

(c) to" ¡@1 ¡enh,) ,,-c uH u) \er u ( 33,t. A m'ixture of 0sBr(PPh3)2-

(n-csHs) (2l0 rg, 0.23 mmol), but-3-yn-l-ol (130 mg, l'94 mmol) and

Nt14pF6 (140mS,0.8 mmol) was heated in refluxing nrethanol (40 ml). After

30 min the pa'le yeìlow solutjon was reduced jn volume y'ieìdìng yel'low

microcrgstal,s. These Were recrysta] I j zed from di chl oromethane/

cyc'lohexane to s'ive pure {Os tf,cr-r$l (PPh3)2(n-CuHu)}nru (33) (0'18 g,

74%), n.p. ZS7-ZSg0 (Found: C, 54'l; H, 4.1%. C4Sl-l4rFOO[)sP requires C,

54.3; H,4'2%). Infrared (t'tuioi): v(C0) 1177s, l0B9s, 1078m; v(PF)

B39vs; other bands at l3lOvw, l2B4w, 
.l060w, '1057w, 10?7vw, 999m, 946vw'

777vw, 757sh, 751 s, 744n, 697s, 6B4m' 666w, 560w, 540vw tt-l '
tn, 

n.m.r.: ô(cDCl3) l'83, q,;(HH) 7"4H2,2¡1' c(4)Hz; 3'14, t, 'r(HH)

7.5 Hz, 2H, C(5)H2; 3'78. t' 
3r(HH) 

7'3 l1z, 2H, C(3)H2; 4'97 ' s' 5H',

CsHs; 7'2" m, 30H, PPh3 C n.rn.r.: ô(CDCI3) 23'6' s, C(4);62'0' s'

C(5); B0'8, s, C(3); BB'4, s, CsHS; 128'?-137'8, m, PPh3; 263'4' t' r(CP)

l0 l-lz, 0sC.

(D) tnuÍfrfl]) ¡eehr) ,n-crnr)Irr, (35)" A mixture of ilucl (PPh3)2-

(n-CUHU) (200 m9, 0'28 mmol), NH4PF6 (50 mg, 0'3 mmo'l ) and perrt- -vn-l-ol

(40 mg, 0.48 mnlol) was heated jn v.efluxing methanol (50 nrl ) for 30 mìn"

l-he solution was cooled, filtered and recluced in volume untjì yellow

l1
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crystal s separated. Two recrystal I i zati ons ( d'i chl oromethane/methanol )

save pure lnr¡íGHrS1 (PPhr)2(n-C5HU)ÌPFo (35) as f,ine, light vellow

crsstal-s (140 mg, 55%) , m.p. 232-2340 (Found: C, 59'6; H, 4"6%' C+OH+¡FO-

OprRu requires C, 60..ì ; l-1, 4-7%)" infrared (tttuiol ): v(C0) l24Bsh,

1238s,1085m, l072sh; v(PF) B39vs; other bands at ']044m, l0l6vw,99Svw,

9l7vw o 748m,739m, 'J19w,695s, 678w, 555w.nfl. 
tH n.m.r.: 6(CDCIr) 1'26'

1'57, Í(t,2x.}H, c(4)Hr+c(5)Hz;3'52, m, 4H' c(3)Hz+c(6)Hr;4'76' s' 5H'

c5H5; 7'og, 7'30,7'38, m, 30H, c6H5 'c n'm'r': 5(cDCl3) 
'16'4' s'

20'3, s, C(4)+c($;55'3, s, C(6); 73'0, s, c(g); 91'4, s' C5Hs; 128'1-137'2"

m, PPh
3

Reduction of compTex (l-): Preparation of the Tetrahgd'rofurgT conpfex (37)

Addition of NaAlH2(OcHzcHrOMe), (l ml of a 70% solution jn toluene;

V.itrìde) to 1Ru tí(CH'F1 (PPh3)2(n-CuHu)ÌPFo (500 nq, 0'55 mmol ) in drv

tetrahydrofuran (25 m'l) resulted in slight effervescence, and a rapid

change in colour of the solution to golden yellow. After stìrrjng at

amb'ient temperature for3.5h, ethyl acetate (l ml) was added to destroy

excess complex hydride, and the mixture was evaporated. chromatography

(alumina) of a dichloromethane extract of the residue gave a yellow

fraction, eluted w'ith djethyl ether; evaporation and recrystallization

from the same sol vent gave .ye]ìorv grat'tutes of Ru tfiîCHtT1 (PPh3)2-

(n-c5H5) (374) (300nrg"72%), ffi.p" 137-.l400 (dec") ¡Found: c,70"6;

H, 5,7%; ø(mass spectrometry), 762. CqSHqeOPZRu requires C " 71' 0; H,

5.6%; M, 76n " Infrared (trtuiol ); v(c0) 1095s, l09lsh; other bands at

l5ggw, l43Bs, l32gvw, l3l6vw, l242vw, ll9lw, ì185vw, ll66vw, l077vw,

1055w, 1035vw, 
.l001w, 98Bsh, 962sh, glJ8vrv, BBBvw, B7'2vw, 86lvw, B3Bw, B09nl'

B0]w, 771n,766w,757m,747n,715m, 708s, 704sh, 690w, 62Bvw, 600vw,

549s, 537s, 526s, 508s, 480w, 473sh' 456vw, 446w, 435m tt-l '
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t, 
n.,n..., o(coctr) l'32, t,¡5'6 Hz, lH; 2"?3,9, r 6 Hz,2H; 3'41 '

g, ,t 5'6 Hz, ?-H; 5'64, dtt, .r l, 6, l6 llz, lH (these sìgna'ls are

ass'igned col I ectj ve'ly to the protons of the tetrahydrof ury'l group; no

indiv'idual assignments could be confirmed) ; 4'21, s, 5H, CSHST 7'lB'

m, 30H, PPh3 'c n.m.r.: ô(c6D6) 44'4, s, c(3);52"4, s, c(2); 62'9' s'

C(4); 86'6, s, CSHS; 127'8-140'5, m, PPhr; 148'7, t, 'z(CP) lB Hz' RUC'

A simjlar react'ion with the deuterated complex (38) afforded golden-

ye1ìow cz.sstats of the 5,s-dideutero complex (378) (300 ng,72%), fl.P.

150-l5l0 (dec. ) (Found: C, 70'5; H, 5"4%. C+SH+ODZ0P,Ru requ'ires C'

70.8; H, 5'B%). 
tH 

n.m.r.: 5(cDClr) l'36, t,¡6 Hz, 'lH, cH 2'27'

t(br) , ¡ 5 Hz, 2H, CHZ; 3'3g, t, r 5 Hz, 2H, CHZ; 4"2.l , s' CsHs; 7"14'

m, PPh3. The sìgnal atô5.64 found in the spectrum of compìex (374) is

not present in the spectrum of (378).

H-D Exchange ExPetiment

Deuterium oxide (l ml ) was added to {Ru tCT-HzT1 (PPhr)2(n-CuHu)}enU

(2,0 s, 2.21 nvnol ) di ssol ved 'in dry pyri dì ne. The sol ution was sti rred

for ll.o h uncler nitrogen while warming on a water bath (ZO-AO0). After

thìs time, examination of the 
tH n.*.r. spectrum showed that the CH,

t¡ip1et at ô 3.70 had reduced intensity, wjth a concomitant change of

the upfieìd quintet to a trip'let" After cooling to room temperature'

drydiethylether(40-50m1)wasadded'andtriturationoftheresulting

oil caused'it to sof id'ify. F'iltratjon' washing wjth diethyl ether until

pyrìdine was compìete'ìy removecl, and dry'ing (0'0.| mm) afforded the

deuterated comPlex tRu( cD|cH2cH2 )(PPh3)2(n-cuFlb)lPF6 (38) (t'7s s'

88%), m.p. 220-2250 (dec. ) (Found: C, 60'0; l-1, 4'6%" C4sll2rDrFUOPrRu

requires c, 59.6; H, 4"8%). Infrared (Nuiol ): v(c0) 1217s, 1096s;

v(pF) B49vs; other bands at l5B9w,.l556w, l43Bs, l3l6w, l275vw, ll96m,
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ll7lm, lllSvw, ll02m, ì063vw, 1035 vw, 1010w, 975m, 891m, 788vw, 760s'

754m, 7l0sh, 706s, 696rn, 607w, 570s, 547s, 536s, 527n, 5lBnl, 506m, 471n,

465m, 454vw , 429m.*-l . 
tH n.r.r., ô(CDCI3) l'78, t (br), ;(HH)

7,5, 2H, Cl12; 3'90' t, .r(HH) 7'5 , 2H, CHz; 4"82, s, 5H, CsHs; 6'97 " 7'33'

7,40, m,30H, PPh3. 
t', 

n.m.r.: ô(CDC]3) ?2'6' s,C(4);60'B' m' C(5);

81.6, s, C(3);9.| '2, s, CSHS; 128'3-]35'9, m, PPh3; 300'5' t' 'z(CP) 14 Hz'

RuC.

MethgTation of ComPIex (31)

Addjtion of n-butylljthjum (0'B ml of a 2'4 M solutjon ìn d'iethyl

erher) to {Ruti(cHæl(PPh3)2(n-cuHu)}nru (5¡0 mso 0'59 mmol) in

tetrahydrofuran (30 ml) gave a yellow solut'ion. After reaction overnìght,

'iodomethane (l ml, excess) was added, and the solution was stirred for

4 h. A yel I ow f I occul ent preci pì tate separated . F'il trat'ion , and re-

crystall.izatjon of th'is solid from dichloromethane/light petroleum'

afforded yellow crsstaTs of tRu(CCMetCHZCHz ) (PPh3)2(n-cuHu)1 PFu (40)

(330 mg, 60%), m.p. 197-1980 (Found: C, 60'5; H, 4'9%' C4ZH4SFOOPgR'

requì res C, 60.5; H, 4.g%). Infrared (Nuiol ) : v(CO) I I B1 sh, 1 1 67m,

ll59m, 
.|096m; v(PF) 85lvs; other bands at l317w,'1096m, 1023w, ì008vw,

g73m, 756s, 70Bs 570m , 547m,536s, 527sh, 5ì0w, 496w , 471w, 42Bw ori'l .

tn 
n.m.r.: ô(cDcl3) 1'29, t, -z(HH) 6'9 Hz, 2H, c(4)Hr; l'40, s' 6H'

Me; 3'77, t, .r(HH) 6'9 Hz, 2H, c(3)Hr; 4'97, s, 5H, csHb; 6"98 ' 7'31 '

7'40, m, 30H, PPh3. 
t', 

n.m.r.: ô(cDCl,) 26'g, s, Me; 38'l ' s' c(4);

67'0, s, C(5); 7g'5, s, C(3); 89'0, s, CSHST I2B'5-135'7 ' m' PPhr; 310'B'

t, "z( cP ) 1? Hz, Ruc .
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Deprotonation of ATkoxgcarbenc: Compl-exes

(A) {nu [c (oMe)cH 
zPh] 

(PPh3) ,'n-c rnu)]er, (2) - Upon addìng a

sodjum methoxide solution (sodjum, 50 mg, 0'002 g atom, in methanol, l5 ml),

to a stjrred suspension of (2)(300 mg,0'3.l mmoì) in methanol (¡O ml)'

a fine yel]ow powder was prec'ipitated. After 2 h thjs was collected and

identifjed as Ru tC(OMe)=CHPhJ (PPh3)2(n-CUHU) (41 ) (225 mg, 88%) m.p. I 37-

1390 (Found C, 7?'l; 11, 5'O%. CSOH4+OPZRu requires C ' 72' 9; H, 5"4%) '

Infrared (¡tujol ): v(C=C) 
.l592m, 'l5BBsh, 1570w, l54ls; v(C0) l25lw cm-l;

other bands at 1433s, l310w, ll97w, llB7w, ll83sh,'ll56w, lll9vw, ll08vw'

l08Bs, l070w,l04ls, l030sh, 1000w, 9i9w, 893w, B4lvw, 830w, 796m, 770vt"

ô(C6D6) 3"37, s, 3l-1,

13

rl-l
750m, 738m, 722vw, 696vs, 6l Bvw cm H n.m"r.

Cllr; 4'52, s, 5H, CUI-IU; 6'03, s, lH, =CH; 7'0-7'5, m, 35H, Ph' c

n.m.r.: ô(C6D6) 59"1, s, Cltr; 84.6, s, =CÌ-l; 86"2, s, C5H5; 123'0-143"2, tfl,

Ph; 193.1, t, J(PH) 7'5 l1z, RuC.

In a 'one-pot' synthesis of (41), RuCl(PPh3)2(n-CUHU) (l'0 g,'l'38 mmol),

phenylacetylene (200 mg, 2.0 mmol) and NH*PFu (250nrg, l'53 mmol) ìn

methanol (50 ml ) were heatej at reflux pojnt for Z? h" Upon coolìnç¡,

sodjum (200 mg) was added and the sol ut'ion refl uxed briefly to g'ive

Ru[C(OMe)=ç¡1p¡1(PPhr)2(n-Cuuu) (4.l ) (970 mg, B5%) as a ve'r.ìow powder.

(B) {nu [c (o*e)et7 {eettr) ,(tl-c un ¿}eu', (20) . A tnixture of (20)

(100mg, 0.ll mmol ) and sod'ium (50 mg, 0'002 g atom, in methanoj l5 ml )

was heated at reflux point for I h" After coo'l"ing and filtering under

anaerobi c conclj ti ons, the sol uti oll was further cor:l ed ( -l O0 ) to

precip'itate Ru tC(OMe)=ç¡¡4*1 (PPh3)2(n-CUHU) G?) Q4 mg, BB%) as a vellow

potvder, fl.p. 1300 (dec). In'frarecl (Nrrjgl): v(C=C) 1580s, 1563s;

v(C0) ll8Bm .r-l , other bands at 1432s, l3lBm, ll60sh, ll52w, l'106m,

l09lsh, 1088s, 
.1070w, 1053s, l040sh, l02Bw, 1009w, l002sh, l000w, 9BBvw,
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977vw,877m, B60sh, 830w, 79gnt, 750m, 740s,72lvw,693vs' 68ln' t'n-l

-lhe in'f,rared spectrum was virtually 'identical to that of (al )' The

comp'lex provecl hi qhly unstab'le preventì ng f urther characterizati on '

(c) {nulc (olt)cII2Phl (co) (PPh3) nt-csHs)}PF6 (26)' lJpon m'ixjng

a suspension of (26) (130 mg, 0'17 mmol) in methanoì (50 m1) with a

sodium methoxjde solutjon (sodium, 50 mg, 0'002 g atom, jn meühanol,

l5 ml) a yeì1ow powcler precipitated. After 30 min thjs la¡as collected

and identjfied as RutC(0Et)=CHPhl (C0)(PPh3)(rl-CSHS) (43) (90 ms, 86%)

m.p. 226-2280 (Found: C, 67.9; H, 5.1%,u, (mass spectrometry), 604"

C:+FlgtOZPRu requìres C, 67"7; H, 5'7/.,M, 604)' Infrared (CHCIr):

v(c0) l938vs; v(C=C) (ttuiol ) 1593w , 1572m, l55ls; v(C-0) l263nr cm-l;

otlrer bands at .l633s, l¡40w(br), ll98w, llBZw, ll57w, ll09w, 1OBBs, 1059s'

1025w, l007sh, 997s, 990m, 907w,892w, B41sh, 832m, 797s' 753sh,746s,

730w, 692sh, 688s, 659w .*-l . 
t, 

n.m.r. : ô (cDCl 3) 0"4-l'5, n' 3H'

CH3; 3'5-4"2, tr,2H, CHr; 4'g2,4'gB' 5'03, 3xs, 5H' CbH5;5'92" sn

br, lH, CH;7'0-7 "5, m, 30H, Ph.

Protonation of RulC@Me)=CHPhf çeehr) 2Íl-C5H5) (41) 
"

A solution of (41) in cDCl, w"ithin an n.m.r. tube showed resonances

at ô3..l5 (CH.l),4.33 (C5H5)' and 5'66 (=Cl{), which disappeared on

addìtion of HPF6,OEt, with concomjtant formation of peaks at 63'49

(cH3)' 4"84 (CSHS)' and 5.06 (cHZ) due to {RutC(oNe)cHzPhl(PPh3)2-

(n-csHs) Ìnr, (2) .

l?eaction of RttCf (PPhj) ?(Tl-C5Hl with 3-buttln-2-one

A mixrure of RuCl(PPh3)r(n-CUHU) (300 mg, 0'4.l mmol), NH4PF6 (75 mg'

0.46 mmol), and 3-butyn-2-one (50 rng, 0'74 mmol) in methanol (gO ml)
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was heated at ref I ux poi nt unt j I an orange soi ut j on fc¡rnled ' 0n cool 'i ng '

a sr¡dium meLhoxide solutjon (sodium, 50 mg, 0'002 g aton, jn nethanol,

l0 nll) was added and the mixture taken to dryness, washed with water

(3 x 30 m'l), and Ùhe resjdue extracted wit'h chloroform (50 ml )' A.tter

warmjng for 4 d (35-400), preparatìve t.'1"c. (7:10 diethyl ether/

cyclohexane) yielded two major products:

(i) Rulc ( ot',te ) =cHCoMel (PPh3)(l-c.Hu) (44, Rf = 0'9) was jsolated from

dr'chloronlethane/hexane under anaerobic condi tions as a yel1ow powder (32 mg,

15%) rn.p" 134-i380 (Found: C, 63"7; H, 5'4%,u(nass spectrometry), SZg'

CZBII?7)ZPRu requìres C, 63.8; H, 5'?%, u, 528) Infrarecl (Nuiol ): v(C0)

l30Bs .r"l , other bands at 1720m, bt^, l5B3w, 1572w, 1?'l2v't, ll90m, llBgm,

ll67m, ll49w, ll33m, ll00w, ì090m, 1070w, l02Bw, 99Bw o 97'Ìn, 929w, B29vw,

798sh, 7Blm, 757m, 747w,739m, 721w, 696s, 692s ' 68lw, 664vw , 64?w .*-l '

L''H n.m.r.: O(cuDu) l'75, d, J(PH) l'5 Hz,3H, CH3;3'60, s, 
iT'ot*tt

4'57, s, 5H, CbH6; 5"85, s, 1H, =ç¡1 ; 7'2-7"7, fr, l5H, Ph" C n'm'r':

ô(C6D6) 23'0, s, CH3; 59'4, s' OCH'; 78'7, s, CsH5; ll2'5' s' =Cll;

127.3-138'0, m, Ph; 201'8, s, C0; 271"6, d, J(CP) l4 llz, RuC'

(ji) Ru(c.=ccOMe)(PPh3)2(n-cUl-lU) (45' Rf = 0'3), was isolated as

yellow microcrssÈails from djchloromethane/methanol (46 mg, 15%) m'p' 213-

2160 (Found: C, 70'6; H, 5'2%, iur(mass spectrometry) , 758' COUHrt0PrRu

requìres C, 7.l.3; H, 5.1%,u,758). Infrared (CUrCt2): v(C=C) 2048vs;

v(C=0) 20llvs; v(C=0) l602vs cm-l; other bands at (Nujoi ) .l437s,

1346w, 13'l'lvw, '1266vw, 1218m' l206sh' ll92sh, llB4w, ll5lw, ll04vw,

1097s, l0B9s, 'l07lwn l06lvw, 1029w, 
.|009w, l00lw, 978w, 9l2vw, 862w'

833m, Bllm, 757n, 742s,696vs .*-1. 
tH 

n'm'r': '5(cDC]3) l'98' s' 3ll'

Me; 4'39, s, 5H, CSHS; 7'4, m, 30H' Ph.

S'im'ilar'ìy RuCl (PPh3)2(n-CUHU) (150 mg, 0'2.ì rnnrol ), and 3*butvn-2-one

(200 mg , 2-g mmol ) were reacted 'in methanol (30 rnl , 30-350) for l'25 h'
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The m.ixture was fjlterecl into a sodjum methox'ide solut'ion (sod'ium, 50 mg,

0.002 g atom, in methanol , l0 ml ) which led to the precjp'itat'ion of

ye11ow crgsta.Ls(90 mg). Tk"re*.'. 'identified by 
tn 

n.n''"¡^. spectroscopy
I

as a 3:5 mixrure of Ru(c=cc0Me)(PPh3)2(n-c5l-lU) (45) (". 22%, H n.m.r.

as clescribed above) and Ru tC(OMe)=CHCOMel (PPh3)2(n-CUllU) (46) [c' 34%'

tH n.'n.r., o(cDclr) 1"95, s, 3H, Me; 3'02, s, 3H, OMe 4'32, s, 5H,

CsHS; 6.06, t, ,¡(PH) ". I Hz, lH, =CH i 7.4, m, Phl . Upon standing ìn

cDcl3 (48 h, 350) ilre spectrum of (45) remains unchanged, whjle (46)

loses pph, to give nmffiEfr¡as1 (PPh3)(n-CsHS) (44) t'H n.m.r.:

ò(cDCl3) 
.|.65' d, J(PH) 'l .5 Hz, 3H, Me; 3'73, s, 3H, OMe' 4'49, s, 5H,

CsHS; 5'62, d, J(PH) l'5 Hz, lH, =CH; 7'3, m, Phl' A sharp singlet

appeared at ô7'32 and is ass'igned to free PPh3'

Reaction of [Ru (Ç=cHPh) (PPh3) 2n-csHl)etu witn Dioxqgen'

(A) After stiffing a solution of I Ru(C=CHPh)(PPh3)2(n-CUHU)] PFg

(200mg,0.21 mmol)'in dichloromethane (20 ml) for 20 h under an oxygen

atmosphere, hexane was added until all the organometallic salt had

precip'itated. Benzaldehyde was shown to be the only organ'ic product

in the supernatant by t.l .c. (l :9 d'iethyl ether/l ight petro'leum) and by

formati on of the 2,4-di ni trophenyl hydrazone ' m. p. 2340 (1it n7 0) .

Extraction of the residue into dichloromethane (2 x5 ml) and dropwise

fjlrratìon into stjrred dìethyl ether (50 ml ) gave tRu(C0)(PPh3)t(n-CUHU)l-

PF6 (134 mg, 73%) as a fjne whìte powdert,:nts was confirmed by 'i'r' and

n.m.r. comparison with I'iterature values.

(B) Stìrr.ing a mixture of IRu(c=cHPh)(PPh3)r(n-cuHu)]PF6 (300 mg'

0.32 mmol) ancl Hr0, (30%,5 ml) ìn dichloromethane (30 ml) for I h, and

us'ing the work-up procedure described above, gave tnu(COXpph3)Z(n-CUHU)JnfU
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(170 mg, 62%) and benzaldehyde (2,4-dinitrophenyl hydrazone derivative'

m.p. 2340,lit. ?37o).

preparation of lnu (c=cnnut ¡ ¡een ¡ 2ß1-c 5H ¡lPF 6 (22)"

3,3-Dimethyìbutyne ('15 drops' excess) was added to a suspension of

RuCl (pph3)2(n-CUHU) (280 m9, 0.39 mmol) and ammonium hexafluorophosphate

(70 mg , 4.3 mmol ) 'in methanol (50 ml ). The m'ixture was heated at reflux

for l5 min, to gjve a red solution which was evaporated to dryness'

Extractjon of the solid residue with djchloromethane (3 ml) and filtra-

tion into stirned diethyl ether (50 m'l) gave a f ine orange-pìnk prec'ipitate'

which was collected, reprecip'itated from a dichloromethane/diethyl ether

m.ixture, and finally filtered off, washed with light petroleum/diethyl

ether, and dried to give pure tRu(C=CHBut¡leenr)2(n-CUHU)IPFO QZ)

(270 mg, 76%) as a redd'ish-purpì ê powder, m.p. 170-1730 (Found: C, 6l'4;

H,4.6%. C+zH+sFoPrRu requires c, 6l .5; Ì1, 4.9%). Infrared (Nuiol):

v(cc) 1672n, 1646m; v(PF) B3Bvs; other bands at l25lw,1??6w, 1092m,

759m, 749w,243m, 121n,694s, 663w, 555w cm-l H n.m.r.l ô(CDCI3)

1.15, s, 9H, Me 4'25, t, ¿(PH) 3 Hz, lH, CH; 5'17, s,5H, C5H5;7'3,

m, 30H, Ph.
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3.1 TNTRODUCTTON

The electron-rich C=C triple bond of metal acetylide complexes is

attacked by H+ forming meta'l vìnylidene complexes (Section 1.3.1.4).

The possibility of the acetyl'ide bond reacting w'ith other electrophì1es

was also recognised and led initially to the exp'loration of reactions

between tetracyanoethylene (tcne) and metal acetyìide compìexes.

Tetracyanoethy]ene is a well known (2+2)-cycloaddition reagent in

reactjons wìth olefinic bonds,t and whìle it seemed possible that a

cyc'lobuteny'l procluct coul d form by a sim'i I ar route:

M - C=C- R

c
+ l-->

NC -cN

M

NC

R

C

I

c C

CN

CNNC -cN NC/

nevertheless such reactions are not known for pureìy organt'c alkynes.

While an unconfirmed report of such a product aiA appear,2 a reaction of

Ru(C=Cph)(pPh3)2(n-CUHU) with tcne led to an ally'lic product, Ru[n3-C(CN)Z-

C(Ph)C=C(CN)rt(nefrr)(n-C5Hb). Thjs unusual result raised a number of

questions about the mechanism of the reaction and the chemistry of the

products. He,c.-, a variety of metal acetylide complexes have been treète'cl

with tcne and other electron-deficient olefins. The reaction of

l^l(C=CPh)(C0)3(n-CUHU) with tcne has been particularly enlightening'

yielding ful'ly characterized cyclobutenyl, butadienyl and allyìic com-

plexes. In all cases the in'itial reaction of the acetylide complex

with tcne yìeìdsat least one paramagnetic intermediate, detected by i+s

e. s. r. signal s.
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3.2 RESULTS

3.2.L Reactions of TetracganoethgJene (tcne)

3.2.1.1 With W(C=CP|) (CO) sfi-crHu) 
(l) A react'ion of

W(C=Cph)(C0)3(n-CUHU) with tcne in benzene led to the 'immediate format'ion

of a green solution wh'ich exhibits a nine-l'ine e.s.r. spectrum (g = l'997)

(This spectrum is discussed in Section 3.2"4.3, F'igure llA)' A reaction

cary.ied out in djethyl ether, on the other hand, resulted'in precip'itatìon

of yellow crystals. These were shown to be a cycìobuteny'l compìex,

r=l
hl tò=C(Ph)C(cN)2C(CN)zl (C0)g(n-CsHs) (2), bv a crvstal structure studv

(Figure 1). The spectra'l and microanalytìca1 data are cons'istent with

the structure of th'is and all other complexes described (see txperimenta'l),

except where otherwjse noted.

if a solution of comp'lex (2) in CDCI3 was allowed to stand for 24 hours

the 
rH 

n.m.r. resonances at ô6'16 (C5H5) and 7'64 (COHS) disappeared with

concomitant formation of new resonances at ô5'9'l and 7'8. These resonances

are ass'igned to a butadienyl complex, L'l{C [=C(Ct'¡)rt Cqnfr)=C(Ctl)rl {CO)3(n-CUHU)

(3), which was also formed in a reaction of !,1(C=CPh)(C0)3(n-CUHU) and tcne

over two days in the dark. Th'is complex was ident'ified by comparing its

spectral data with that of sjmìlar ruthenium-butadienyl compìexes whjch had

been characterized by crystal sttucture studies (Section 3'2'4 and

Experimental ) .

A minor protluct in the reaction of W(C=CPh)(C0)3(n-CUHU) and tcne is

Wt¡3-c(CN)2C(ph)c=c(cN)zl (c0)2(n-cuHu) (4), al so formed bv irradiat'ion of

comp'lex (3). The structure of complex (4) was determined by X-ray diffrac-

t.ion methods (F'igure 2). The partìcular crysta'l chosen was obtained

direc¡y from the rnother ì iquor and included half a molecule of tcne per

unjt cell. Spectral properties of sjm'ilar allylic complexes are dis-

cussed in Section 3.2.4.



cra o3

crg

ca

c2

c
11

czz
c2 o2

w1
c21

c
1

o1

c4
c N410

c6

crg
N3

Figure l. Structure of

ì/t =C(Ph)C (cN)2c (cN)zl (c0)r(n-cuHu) Q)

(by T.l,J. Harnbley, J.R. Rodgers and

t4.R. Snow). Selected bond lengths:

c12

c7 ctg

4), 2.202(g); c(4)-c(5), l'3aa(ll);
12), 1'5?.4(12); c(12)-C(15), l'602(13);

t5), 1.552(li)R. R= 3"6%-

c8 c14
N(l

c(5

c(4

)-c(
)-c(

N1

J

n)
Oì

)-c(
N2



N3

ct¿

crs

clz

ca cú N2

crs N4

o2
c7

crg
c2

c6 crg

czoc4

w1

of

1

c8

c5 czt
F'igure 2. Structure of

w tri3-c(ctl) rc 
( en ) c=C (cN ) zl 

(C0), (n-CuHu) (4)

(ny r.w. Hãmbley, i.R. Rodgers, and M'R' Snow)'

c1

Sel ected bond I engths: .rrJ

l,l(l)-C(ll), 2'253(7); l,J(l

c(8)-c(e), I'4?e(10); c(e

c(rì)-c(12), l'43e(e); c(

R = 3. 97á.

c(e), 2.28s(8)"
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The sequence of steps ín the formation of I,Jtn3-c(cN)Zc(Plr)c=c(cN)zl (c0)z-

(n-CSHS) from l¡l(C=CPh)(C0)3(n-CUHU) is summarised in Scheme l '

" 
/,rt r

0" i / Nr.. ' ._cN
o"o' 

*;) 
,:, 1 

,*
(l )

hl 
-C-C-Ph

NN

Iradì cal i ntermedi ate]

Ph

çN

CN

N

Ph

l,J

Ph

(2)

(3)

/î\
,tE%

CN

t^l

1

6

C
0

-c0

N

(4)

CN

CN

Scheme l.

3.2.f.2 V,lith cgcTopentadiengl iton and' ruthenium compl-exes

3.2.L.2.t Formation of a-cgclobuxengT complexes" Upon reacting

tcne wirh Ru(c=cPh)(L)(PPh3)(n-CUHU) tL=C0 or P(OMe)11 or Fe(C=Cpn)(c0)z-

(n-csHs) in diethyì ether, or with Ru(c=cen)(dppe)(n-csHs) in benzene'

cyclobuteny'l comp'lexes (5) - (B) prec'ipitated with'in mìnutes. These com-

pounds were ìdentifìed by companing their ìnfrared spectra w'ith that' of

C

N
Ì^J
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PhPh

Fe

r
C

0

Ru

/1
L

CN

CN

CN

CN

L 0 CC
NNNN

(5) L = C0, L' = PPh, U)

(6) L=P(OMe)t, L'=PPh3

(8) rl'=dppe
lr

bJI;=C(Ph)c(cN)zc(cN)21 (c0)s(n-csHs) (section 3.2-4'?) ' The mass spectra

have mol ecul ar i ons cons'i stent wi th a I : I tcne/metaì acetyì 'ide adduct (see

Experimental). In solution ring-opening to butadienyl complexes was observed

by 
tH 

n.m.r. spectroscopy, the butadienyl complexes (9) - (12) bejng sub-

sequently isolated and fu]1y characterized (Sect'ion 3 '2'1 '2'3)' Isomerisa-

tion of (6) and (7) to the butadìenyl complexes was observed in the solid

state at room temPerature.

3.2.t-.2.2 ArIslic comptexes A reaction of Ru(C=Cph)(PPh3)2(n-C5HU)

w.ith tcne jn benzene gave a green coloration almost immediately. Th'is

solution exhibits a strong e.s.r. signal wh'ich comprises a l2-line spectrum

(g=.l.999) and another broad signal of about l4 lines (Figure l3). This

spectrum is discussed in Section 3. ?-.4.3. The colour.intensifjed dramatjc-

a11y over 3 h with a concomìtant reduction in the ìntensity of the e.s.r'

si gna'l . Over a I onger perì od orange crystal s prec'ipi tated. A structural

study (Figure 3) showed that an a1lyl'ic complex, Ru [n3-C(CN)2C(ptr)c:c(cN)z]-

(PPh3)(n-CSHS) (13), had formed. This complex and the tungsten-allylic

complex (4) have characterist'ic features in the'ir infrared and 
t'C 

n.m.r.
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C

N

P(l )

F jgure 3. srructure of Ru tn3-c(cN)2c(prr)c=c(ct'l)21 (PPh3)(n-csHs) (13)

(by J.R. Rodgers and tr1.R. Snow). Selected bond lengths; Ru(l )-C(19),

2.1 35(a); Ru(l )-C(26) , I'el e(5); nu(l )-C(30) , 2'231(4); C(26) -C(27) ,

1.383(6); c(te)-c(26), 1.432(Z); C(le)-C(30), 1.476(6)ß. R= 4"6%.

c
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spectra, which are d'iscussed in Secti on 3.2.4. By comparìng these data

with that for complexes (14) - (16), the latter have been identified as

allylic compìexes (Tables 3 and 8). Comp'lex (14) was formed in a reaction

Ph3P

(13)

(14)

R=Ph

R=Me

Ru_ R

NN
CC

CC
NN

NN
CC

CC
NN

NN
CC

CC
NN

NN
CC

CC
NN

of Ru(C=CMe)(PPh3)2(n-CUHU) wìth tcne. Compìexes (tS¡ and (16) were

formecl by reacting Ru(PPh3)2(n-cUHU) (C=CCHTCHTC=C)Ru(PPh3)2(n-CUHU) with

tcne in equimolar or excess amounts respectively.

Ru- (cH2) Ru- CH CH -Ru2 2

Ph3P
PPh3 P\d \ppr'

J

Ph3P

(15) (16)

3.2.r.2.3 ButadiensJ compJexes If t,he al ly]'ic compìex Ru¡¡3-C(CN)Z-

c(ph)c=c(cN)rt(nerrr)(n-csHs) (13) is reacted wjth cNBut at 700 a red

butad'ienyl product, Ru{Ct=C(CN)ZlC(Rfr)=ç(CN)Z} (CNBut) (PPh3) (n-CSHS) (17), js

formed. A similar butadieny'l complex, Ru{C[=C(CN)Z]C(Ph)=C(CN)Z](dppe)(nCbH5)

(12), was formed 'in a reaction of Ru(C=CPh)(dppe) (n-CSHS) wìth tcne. Both

complexes (12) and (.l7) have been characterized by structural studies

(F'igures 4 and 5 respectively). These compìexes have characteristic

features'in their^ 
ttC 

n.m.r. and infrared spectra (Sectìon 3.2.4) which
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Figure 5. Structure of Ru{C t=c(clrt)rtcçPh)=ç(CN)2} (CNBut)(PPh3)(n-CuHu)

(17) (by J.R. Rodgers and M.R. Snow). Selected bond lengths:
Ru(l)-c(20), 2.074(3); Ru(r)-C(3e), 2.003(3); c(le)-C(21), 1.362(a);

c(r e)-c(20), r .a78(a); c(20)-c(34) , I .382(5)8. R= 3.7%.
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no.

tMl

Ph

CN

CN

CN

Ru(co ) ( PPh3) (ir-cuHu)

Ru tP(OMe) rJ 
(PPh3) (n-CbHb)

Fe(C0)2(n-CuHu)

Ru(dppe¡ 1¡-cuH5)

Ru ( cNBut) (PPh3) (r-c5Hb )

Ru(cNBut)2(n-c5Hu)

9

l0

lt
12

17

IB

+
CN

enabled characterization of other butadienyl complexes' (9)-(ll ) and (18)

(faUles 2 and 7). Complexes (9)-(ll) were formed jn reactions of

Ru(C=CPh) (C0) (PPh3) (r-CbH5) , Ru(C=CPh) tP (0Me) rt (eenr) (n-CsHs) and Fe (C=CPh)-

(C0)Z(n-CSHb), respectively, with tcne. Cornplex (9) was also formed by

carbonylating RuIn3-C(CN)2C(pfr)C=C(CN)Z] (PPh3) (n-CSHS) (l 3), whìch reactjon

was reversed on irrad'iatjon. Complex (lB) was formed jn a reaction of (13)

with excess CNBut under vìgorous conditions (1500). Its 
tH 

und 
t" 

n'ln'r'

spectra contained two singlets for each of the methyl and tertjary-carbon

resonances suggesting that the two CNBut lìgands are non-equivalent" The

I 1-. ,^^, \ /
H n.m. r. specrrum of Ru{C [=C(CN)Z]C(Ph)=C(C¡l)r](CUAut) (PPh3) (n-CuHU)

in jtia'l1y conta'ined resonances due to methyl (61 '33, s), cyclopentadìenyl

(4.62, s) and phenyl (7.4, m) protons. Upon warm'ing the n.m. r. tube new

methyl and cyclopentadienyì resonances appeared at ô1.26 and 4'54 respect'

ively. An equ'if ibrium dependent on solvent po'larity (Table 1) 'is reached

after a few hours. The orìginal isomer, whjch always predomjnates, can be

Tabl e I The effect of solvent on the ratio of jsomers of Ru{C[=C(CN)Z]-
c (ph )=c (cN )rxcnnut) (PPh3) ( n-cul-1U ) .

solvent Dielectric consant Isomer Ratio

c -D-0Cr
CDCI

( cDs

?.27

4 .Bl

20. I

36.7

I

I

2.3

2.3
?

)2

CD
3

CN

CO l:2.0
l:l'4



I 35.

recovered (". gO%) by sì ow crystal I i zat jon f rotn I'ight petrol eum' ln the

t tC 
n.¡i.r. spectrum onìy the cyclopentaclìeny'l group reflects the 'isomerisa-

tjon with s.ingìets at ô86.7 and 87.0 (major). l^lhen Ru{c¡=ç(CN)zlC(Rn)=ç-

(CN)ZÌ(C0) (PPh3) (n-CSHS) is djssolved in CDCI 3 a sjnrilar jsomerisation .is

observed jn the'H o.'n.r. spectrum. The two cyclopentad'ieny1 resonances

at ô4.86 and 5.16 are jn the ratio 2:3. In the 
t tC 

,'.m'r' spectruln the

cyc'lopentadi enyl , carbonyl and di ene carbons al I ref 'l ect the j solneri stlt '

The tr.imerhylphosphite comp'lex, Ru{C[=ç(cN)z]C(Ph)=C(CN)tl te(OMe)3l (PPh3)-

(n-cs

chang

Hb), appears to be onìY one jsomer

ins from Ru Ic=c(Ph)c(cN)2c(cN)2] tP(

I
from its H n.m.r. sPectrury. Ln

Ë"teo{ten5l cocþler

oMe)11(PPh3)(n-c'Hs¡ ttte n, two

non-ìsolated'intermedjates are observed from thei"H n'm'r' spec'bra'

The dppe complex, Ru{C[=C(CN)Z]C(Ph)=C(CN)2](tlnne) (n-C5Hb)' has two

cycìopentad'ienyl resonances in its 
tH (o+"t¡, 5'04) antl 

t'C n't't' (o86'g'

86.9) spectra. These do not appear to vary vrith solvent or tinle' A

number of crysfals of the compìex have been chosen and thejr unit cells

measured. These are identical to the cell observed for the structural

study in Fjgure 4. Upon ciissolving these crystals and observ'ing their

n.m.r. spectra the pair of cyclopentadienyl resonances were present in the

same ratio as before. These experiments appear to inci'icate that the complex

observed i n the structura'l stucjy gì ves two cycl opentadi eny'l resonances '

A s jm-ilar pair of resonances were observed for the cyclobuteny] complex

Ru IC=C(Ph )C (ctl )rc(cN) z] 
(dppe) (n-c5H5) .

'Ihe nature of the i somerism 'in

these dppe complexes js not understood at this stage.

3 .2 .l- . 3 With otlter comçsJ-exes A reac't'ion of trans-Pt(C=CPh)r(enfrt),

with excess tcne gave a butadìeny'r compìex (lg). l-his was jdentifjed by

jts ìnfrared atrd microanalytical data, and by conparìson wjt'h a simjlar

complex (20), formed in a react.'ion of trans-Pt(C=CMe)r(eUer), wìth
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Me
PPh

Ĵ

I
Ph

CN

CN

PMe

I
MeC=C 

- 
Pt

3 CN

CN

PhC=C 
-

Pt

1

(l e)

CN 1

PPh3 CN 3

CN

(20) cN

7,7,8,8-tetracyanoqui nodimethane (t.nq¡"t' 
u

When rrans-Rh(C=CPh)(C0)(PPh3)2 was treated w'ith tcne, oxidative-

add.irìon to the rhodi um centre gave RhI 
rr 

lnz-Cz(cN)+l (c=cph) (PPh3)r(co)

(21). In the infrared spectrum v(C¡) appears at 2083 crn-1, some 125 cm-l

above that observed for Rh(C=CPh)(C0)(PPh3)2. Further reaction of (21)

w.ith tcne was not obsenved'in tetrahydrofuran even at reflux pojnt'

Decompositìon occurred if the reactìon was carried out 'in refluxing

benzene. In aceton'itrile, however, a reaction at elevated temperature

led to the displacement of c0 by MecN yìelding (22). The identity of (22)

N
C

L=C0
L = NClvle

PPh
3

was confirmed by a structural study (F'igure 6)'

Reactions of tcne with Au(c=cPh)(PPh3) or cu(c=cptr)(PPh3) were observed

but no pure products have yet been isolated'

PMe

Ph
c

lll
C

I

I ...' 
PPh3

Rh

cN

ctrt
N

\

(21 )

(22)

1

L
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õ

?

)

(45 )

c(46)

a

C

c (40
Rh

c(3e
N(l )

c (37)
P(r

N

c(38)

c

N

Llgug_q. srrucrure of Rh tnz-cr(cN)41 (c=cprr)(ncme)(PPh3) z \zz) 
(bv

T.hJ. Hambley and M.R. Snow). Selected bond lengths: Rh-N(l), 2'o5l(16);

Rh-C(3e), 2.15.l (18); Rh-C(40), 2'157(le); Rh-C(45)' 1'939(lB);

C(3e)-c(40), l'453 (2s); C(45)-c(46), l'l7e(28)R' R= 4'8%'
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Tetracyanoethylene deprotonated tRu(c=cHPh) (PPh3)r(n-cuHu)l PF6, yiel d-

ing the acetyìide complex Ru(C=Cltr)(PPh3)2(n-CUHU), wh'ile no reaction was

observed between tcne and IRu(C=CMePh)(PPh3)2(n-CUHU)]PFO (1000, lB h)'

3 .2 .2 Reactions of (NC ) ,C=C 
(CF ,) ,

A reaction of (NC)rC=C(CF3)' with Ru(c=cPh)(PPh3)2(n-cUHU) in benzene

gave an injt'ial green coloured solut'ion which soon changed to an intense

aquanrarine solution. This exh'ibited a strong broad e's'r' sìgnal

(g = 2. 067 ) . Crystal I i zatì on from octane yi eì ded dark bl ue crystal s of

(23) which was characterized by a structural study (F'igure 7)'

Ph

CF

CF

3

3

J

/YNI
cZ PP

F c
3

1
J

C

h

PPh
\

CN

CN
N

(23)

F
C

3
N I

Ru
CF¡

cF
Ĵ

Ph
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czs É
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N5
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ca
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czs

Ç3
t
'l

F7

F6

c26

Q.2A

F4

F2

N,I

IC=C (Ph)c(cF3)2 ( cN ) zl 
( PPh3) (n-csHs ) i2 iu- ( I'tc ) tc=c 

( cF 
3 

) 2 ]
(23) (by T.i^i. Hamb'ìeY,

Selected bond lengths: Ru(1)-C (24), 2.a66(20) ; Ru(2)-C (61 ), ?.a12(?a);

)-N(6), l.e7B(16); N(5)-c(75), 1.167(z+); N(6)-c(76), l'l5l(28); c(75)-c(77), l'al7(2e);

7)-C(78) ' 1.367(3a); c(24)-g(25),1.296(2s); C(25)-C(26), 1.528(27); c(26)-C(29)'

es(25); c(61)-c(62), 1.385(33); c(62)-c(63),1'552(36); c(63)-c(66), t'673(aa);

Selected bond angles: Ru(l )-N(5)-C(75), 176"0(18); Ru(2)-N(l6)-c(76), 172' 3(je) ;

Figure 7. Structure of {Ru

J.R. Rodgers and M.R- Snow)

Ru(l)-N(5), l'978(la); Ru(2

c(76) -c(77), l'408(31 ); c(7

1' 526(25); C(24)-C(2e)' l' 5

c(51 )-c(66), 1'667 (34)Â.

N(5)-c (75 )-c (77 ), 177' 2(22)
0

N(6)-c(76)-c(77),171'3(zo);c(75)-c(77)-c(76),110'3(20) R= 4.5%.

J(,
\o
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If a defjciency of the olefin is used, a mixture of Ru(C=CPh)(PPh3)2(n-C5HU)

and (23) results. This suggests that cycloadditjon and ligand displacement

occurs simultaneously. The crystals exhibit an e.s"r. s'igna1 in

solution or in the solicl state (g=2'071, Figure B)' By comparìng the

area of the curve wjth that of a one-electron radjcal (2,?-dlphenyl-1-

picryìhydrazyl) it was calculated that about 0'04 of an unpaired electron

per rnole was present (25u). In spìte of the small antount of unpaired

electron clensity, n.m.r. spectra could not be observed' 1'he infrared

spectrum has bands at 218ls, 2155s, ?11$vs, and 2021s, l613w, 
.|577w 

and

1532s, and 1272vs, l239vs, l221vs and l20ls cm-l assìgned to v(CN), v(C=C)

and v(CFr) respectively. In the electronjc spectrum two broad absorptÌons

were observed at 553 (t,7'2) and 754 nm (e, 9'l)'

The structural study of (23) i nd j cates that (t'tc )rc=c (cF3), has under-

gone a (Z+Z)-cycloaddit'ion reactjon with the acetyf ide group of Ru(C=CPh)-

(PPh3)2(n-CUHU) forming a cyclobutenyl system. A un'lque feature js the

dicyanomethylene bridge between the ruthenium atoms' Thìs type of bonding

.is unprecedented to my knowledge. The e.s.r. signa'l of this compound

decreases jn intensi ty w'ith a lowerìng of tempepature (Figure 9)' Below

-500 a hroadening isapparent, while at -900 the spectrum contains other

features which are due to more than anisotropy. This behav'iour is con-

sistent wjth the system havìng a diamagnetic ground state and a triplet

(paramagnetic) excited state which ìs populated thermally' The features

jn the frozen solution arise from sp'in-spin interact'ions of a triplet

spec.ies. 
t 

As the temperature i s decreased the popul atì on o'f the exc'ited

state decreases, however bel ow -900 , the popul atì on j ncreases ' Th'i s

reversal suggests that the energy clìfference between the ground and excited

states decreases at low temperature, possibly due to changes ìn geometry'

paramagnetìsm has been observed for li(bjpy)(n-CSH5), anct at low temperature
6

a spectrum very sjmilar to that for (2¡) was recorded' It was suggested



2.200 2.150 2.100 2.a71 2'050 2 .000 l'950
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J

ÞFigure 8. An e.s.r. spectrum of (23) as a solid.
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Figure 9. The variatìon in the e.s.r. sìgna1 of (23) with temperature

from 300 to -1450 in toluene.

cont' .
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for Ti(bipy)(n-CSHS), tfrat one electron was promoted from the metal to the

bipyrjdyl ìigand. A similar situatjon may arise for complex (23) where an

electron is excjted from the metal onto the brìdging dicyanontethy'lene group.

The intense colour and strong electronic features observed for complex

(23) probably arise from transit'ions between energy levels within the

br.idg.ing group. It is unl'ikeìy that these features arjse from the phosphine

ì igands or cycìobutenyl groups as Ru tËt(t* (CN)Zl (PPh3)2(n-C5HU)

(descrjbed below) 'is not intensely coloured.

A reaction of Ru(C=CMe)(PPh3)2(n-CUHU) with (tlC)rC=C(CF3), in toluene

leads to precìpitation of Ru ¡C=C(Me)C(CF3)ZC(CN)tt (ennt)2(n-CUHU) (2a) as

yellow microcrystals" A blue tinge'in the mother'liquor may'indicate that

an analogue of (23) is a mi-nor product. Complex (24) was shown from 
tH

n.m.r. and microanalytica'l data to be a l:l adduct of Ru(C=Ct"te)(PPh3)2-

(n-CSHS) and (NC)ZC=C(CFr)r; in the mass spectrum the h'ighest'ion appeared

Me

Ru 3 (24)

Ph3P
3

PPh
3

at n/e 682 ¡(ø-nlhr)+J. The 
tH n.*.r. spectrum has resonances at 0'53 (s),

4.64 (s) and 7.2 (m) assigned to methyl , cyclopentad'ieny'l and phenyl

groups respectively. In the t tC 
n.m.r. spectrum resonances at l6'4 (s),

84.8 (s), 116.4 (s), 127.7 - 140.a (m) and '|49.6 (t, .z(cp) = 4 Hz) are assigned

to methyì, cyclopentadìenyl, cyano, phenyl and Ru-bonded carbons respectively;

resonances of other carbons were not observed before the complex decomposed

CF

CF

CC
NN
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to an un.identi f ied product. In the 'inf rared spectrum an extremely weak

band at Z.Z3B cm-l is assigned to v(CN) and suggests the formatjon of a

cyclobutenyl group (see Section 3.2.4.2)" Qther bands at 1572n, and

1270vs,1220s, ll79vs and lj97sh cm-l are assignedtov(C=C) and v(Cf)

respecti vel y.

Carbonyl at1on of (24) g i ves (25 ) as two separa bl e j somers . The minor

CF .)
J

CF
3 (25 )

Ph

Me

a
J

CN

CN

Ru

1
C

0

.isomer has been i dent j f ied as a butad'ieny'l compl ex by a structural study

(Figure l0). The other isomer has virtual'ly identical infrared, 
t, 

n.m.r.

and mass spectra and is also assigned a butad'ieny'l structure. When

suitable crystals of th'is isomer have been obtained, and a structural

study undertaken, a better understand'ing of the isomerism should be possible.

In the mass spectrum of both complexes an jon appeared at n/e 724' 14 mass

un'its above the molecular ìon, presumab'ly due to disproportionation in the

mass spectrometer.

3.2.3 Reactions of Othet oLefins

No reacti on of C 2Et ) O wi th Ru(C=CPh) (L) (PPh3) (n-CsHS) (L=PPh' I 500;

(n-CsHs) (800) occurred. Similarly when

c0(
2

L = C0, B0o) or Fe(C=CPh) (C0)Z

Ru(C=Cph) (PPh3)2(n-cUHu) and 0(CHZ)ril = C(CN) , oy cis-Czlz(CorMe)Z were

heated together in refluxìng benzene for two and s'ix hours respectìvely, no

react'ion was observed.
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R = 3.9%.

Srruct're of Ru{tt=C(CN)rlC(Me)=C(CF3)2}(C0)(PPh3)(n-CsHs) (25ì (bv T.l,.I. Hamblev and

Ru-c(zb) , ?.106(s); c(25)-c(26), l.ãgã(a); c(zsi-c(31i, 1.362(8); c(zø)-c(28); l'328(8)R.
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3 .2 " 4 SpectroscoPic Data

3.2"4.t IV"1,{"R. clata lJhjle the cyclobutenyl complexes isomer-

jsed to butadìenyl complexes before u 
ttC 

n.nt.r. spectrum could be recorded,

spectra of ¡nost of the allylic and butadienyì compiexes were recorded. The

cljene chain was of particular interest ancl gave characterist.ic sets of four

carbon resonances for the butad'ienyl (raole 2) or alìyì'ic (raule s) com-

p1 exes.

The butadienyl compl exes have diene resonallces at 69'3 - 77 '4, 94 '0 - 99'B'

177.2-184.7, and 2l 3"4-?.26.2 p.p.m. whìch are assÍgned to C(l), C(4), C(2)

and C(3) respectìvely. The low field resonances have been assigned to C(3)

because the coupling observed tr(CP) = 9 Hz l'or compìex (lB)l for some

phosph.ine complexes, impìyìng that thìs carbon is metal bonded. Similar

low fìeld resonances have been observed for the metal-bonded carbons of

complexes (26) - (Zg) (fable 4). These carbons have shifts midway between

carbene carbons (300- 360 p.p.m.) and acetylide cx,-carbons (90- ll6 p'p'm')

suggesting that C(3) js electron deficient. The assignments of C(l) and

C(4) have been made using the dìcyanomethy'lene group of complex (?7)" The

g-carbon, which resonates at ô93.9, is simjlar to C(4) and thus the

resonances at c. 95 p.p.m. are ass'igned to C(a). The C(4) resonance of

complex (9) 'is a doublet with fine coupl'ing (; = 3 Hz), presumab'ly lrecause

of phosphorus coupl'ing through the double bond to C(a). The resonances at

(:" 75 p.p.m. are assigned to C(l); these values are s'irnila. ,o anu 
ro

chem'ical shjfts found for dicyanomethylene carbons of other systems.

The renlai nì ng resonances at c. I B0 p. p.m. are assi gned to C(2) ' The

unusually low sh'ift of thjs carbon is not well understood at this stage.

The djene-carbon resonances of the allyf ic complexes at 64'7 - lj'0'

63.1 - 66.7,79.4-85.1 and 206.6-219.0 are assìgned to C(2), C(4), C(l)

and C(3) respectìve1y. A consìderat,jon of the structure of complex (13)



Table 2

tMl

13
C n.m.r.

compl exes.
data for the djene chain of some butad'ieny'l

c (4)

I 48.

s

tMl

Ph
CN

CN

No. c(l ) c(2) c(3)

l+ CN

C

N

t^l(C0)r(n-CuHu)

Ru (c0) (PPh3) (n-c5H5)

Ru tP(OMe)31 (PPh3) (n-C5H5)

Fe (c0), (n-c5Hu )

Ru(dppe) (n-c5H5)

Ru (cNBut) ( PPh3) (n-csHs )

Ru (CNBut ) 2(n-c5H5 )

3

9

77.4, s

75.7 , s

76.2, s

under
cDcl 

3

74-9, s

73. 9, m

73.8, s

69. 3, s

'l82'8' s

'lBl . 2, s

l84'7, s

177.2, n

221.7,

215-6,

213.4,

223.6,

s

d(r2)

d (10)

d (15)

99.8,

94.0,

95. 0,

97 .4,

d (3)

d (3)

l0

1l

12

17

l8

lBl .2, s

l8l '9, m

178.1, s

179.7 , s

2.l5.1, s

225.7, m

224.3, d (9)

726.?, s

m

98. 0, s

95.1 , m

95.2, s

90'8, s

Coupling constants are p'laced 'in parentheses'
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13
Table 3.

tMl

c n.m.r. data for the diene chain of some a1ìyìic compìexes.

N

C

Nç

tMl R

3

ñc cN

R No.C(l) c(2) c (3) c (4)

l^l(c0)r(n-cuHu) Ph

Ru(PPhr) (n-CsHs) Ph

Ru (PPh3) (n-CsHs) Me

Ru (PPh3) (n-csHb) iRulB

4

l3

14

l5

s

d( 7)

m

d(7)

S

d( 6)

d (6)

d(5)

79.4,

85.1 ,

82-9,

82.0,

4.7 ,

7'3'

l1 .0,

10.6,

206.6, s

218.8, d(15)

2t8.3, d(15)

219.0, d(15)

A

66.7, d(3)

63.1 , d(3)

66.7, d(3)

A, not detectedl B, {Ru} = ÇH

parentheses.
,cHrRu 

(whr)r(n-cbH5 ) . Coupl i ng constants j n
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Table 4. The ttC n.m.r. chemical shifts of some metal bonded alkene
and al ly'l i c compl exes

Ph

(0c ) Fe
4

Ph

Ph H
I

C
I

CN

CN
3

CprTì c
2

Ph

(26)

C0^Me

2c+ ¿

tt-rÈ'

(27)

Me0

(oc)¡ Ru

)
2

/
C

0
0

( 28) (2e)

Compound Carbon shi fr Ref.

26

27

4 202.1

147.2

228.2

93.9

117.1,121.3

49.7

24.4

246.0

*32 . 0/ 30. 9

*88.7 / 67 .7

7

B

213

4

I

2

3

I

2

3

I

2

28 I

929

* exofendo.
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reveals that C(3) has a shorter M-C bond d'istance than does C(l) or C(2)

(Table 5). Assum'ing that a shorter bond would enhance the coupìing to

phosphorus, c(3) is assigned to the resonance at ô2lB'8 tr(CP) =15 Hzl.

The resonances at 157.3 and 85.l have small er coupl'ings ¡.r(cP) = 6 and 7 Hz

respect'ivelyl which allows assignment of C(l) and C(2) to these doublets

wjthout differentiating between them. Carbon(l ) 'is a dicyanomethylene

carbon and thus the resonance at ô85.1 is ass'igned to'it; while the

resonance at ô66.7 is ass'igned to the other dicyanomethylene carbon tC(4)1.

carbon (a) is coupl.o to.¡1{r*,o:?åotut.líjÍlr)"= 3 Hz)l via the Ru-C(3) = c(a)

bond. Similar ch"...ic.J n found forncomplex (28) (fable 4). This is

Tabl e 5

Bond

" Metal-carbon bond distances in complex (13b.. Compìex (28)
'i s i ncl uded for compari son. (D'i stances i n A) '

Compì ex I r
(r 3) (28)

M-c(1 )

M-c(2)

M-c(3)

2.231

2..l35

1.919

2.093

2-023

1.897 t4 2

-È

comparabìe with the ally]ic comp'lexes (Table 3) as the COrMe groups areelectron-

withdrawing f ike CN, while the s'imilarities between C0 and C=C(CN), are we'lì

t2 13

known. '- Carbon(3) of complex (28) has a chem'ical shift of 246'0 p'p'm'

comparable w'ith the low fìeld shifts observed for (4) and (13) - (15)' while
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c(l) -c(3) have a low-high-low-field shift pattern (49'7,24'4' 246'6 p'p'm')

also observed for the other aììylic complexes (Table 3). The high-field

shift of C(Z) is unusual and cannot be explaìned at this poirrt. The com-

plexes djffer from normal al'lylic comp'lexes [e.g.complex (29)] whjch show

a high-1ow-high chem'ica'ì shìft pattern (Tab1e 4)'

¡ther resonances jn the 
t'C 

n.m.r. spectra and the 
tH n't't' spectra

confirmed the presence of cyc'lopentadìeny1 and pheny'l groups, and other

funct'ional groups of the complexes (see Experjmental)'

3.2.4.2 lnfrared data The infrared spectra of the cyclobutenyi '

butadienyl and allyi'ic compìexes have distinct absorptìons which allow

reacly djfferentiation between them (Tables 6 - B). The cyclobutenyl com-

plexes have an extremely weak cyano absorpt'ion at c. 2240 cn-1, whìle ìn the

olefinic reg'ion medium-weak bands are observed between 1490 and l610 cm-].

Table 6. The jnfrared v(CN) and v(C=C) absorptìons of some cyc'lobutenyì
cclmpì exes .

Ph

çN
IM]

ctrt

C
N

tMl No. v (CN ) v(c=c)

ral(c0)r(n-CuHu )

Ru(c0) (PPh3) (n-c5Hb)

Ru tP (OMe) 
rJ 

(PPh3) (n-CuHu )

Fè ( c0 ), (n-CuHu )

Ru(dppe) (n-CuHu)

2 2244vw

5 2218w

6 2239vw

7 2?43vw

B 2235vw, 221 Ovw(br)

I 489w

I 6l I vw , 1572vw, I 525w

I 609vw, I 587vw, I 568w

I 601 vw, I 583w, 1 557w

I 545w
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Table 7. The infrared v(CN) and v(C=C) absorpt'ions of some butadìeny'l

comPl exes.

Ph
çN

IMl
c

N

cN

tMl No. v(Cru) v(C=C)

c
N

t^l(c0)r(n-CuHu)

Ru(c0) (PPh3) (n-c5H5)

Ru tP(OMe)31 (PPh3) (n-csHs) l0

Fe (C0 ) 2 
(n-cuHu ) il

Rú (dppe ) (n-csHb ) 12

Ru (cNBut) (PPh3) (n-c5H5) 17

Ru (cNBut ) 2 
(n-cuHu )

Pt (c=cPh) (PPh3) 
z

2222n, 2210m

2226m, 2219n,

2212n

2249vw, ?225w,

2212n, 2202w

Z22tn, 2207m,

2201n

2?19w,2208w,

2199w

?224n, 2216m,

2?09n

2223n, 2216sh

2218w,2190w,

2170w ' 212t¡l

1522s

l5l6m

I 525m

I 533m, I 528sh

I 520m

l5l0m, l503sh

I 530m

.l594w, l588sh,

I 573w, I 568sh

3

9

l8

19
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Table B. The jnfrared v(CN) and v(C=c) absorptìons of some allyljc
compl exes .

NN
C L

IM] R

C

tMl

N N

R No. v(clt) v(C=C)

I^l(c0)2 (n-cuHu)

Ru(PPh,) (n-c5H5)

Ru(PPh3) (n-CsHb)

Ru (PPh3) (n-CuH5 )

Ru(PPh3) (n-CsHs)

2232s, 2222n

2215s

2225s, 2219sh

2210s

2220s

Ph

Ph

Me

4

l3

l4

l5

l6

I 586s

I 590s

l6l5s,

I 620s,

l6l3s

I 5B7m

I 587m.Auj
B

2'

{R

CH

A, {Ru} = CHTCHTRu(PPh3)2(n-CUHU); B, binuclear allyl ic compìex

The butad'ieny1 complexes have two or three medium-weak absorpt'ions 'in the

cyano region (2120-2248 cm-l) and medjum olefinjc absorptions (.l510-

tSS+ cm-l). The alìylic comp'lexes gave one or two strong v(CN) bands

(2210 - ZZ3Z cm-l ) and strong v(C=C) absorptions (ISAS -1620 cm-l ). Th'is

trend is exempì'ified with W tC=C(Ph)C(cN)zc(CN)zl (C0)¡(n-c5H5) 
'

w{c [=c(cN)z]c(er¡)=ç(cN)z](c0)¡(n-csHs) and wtn3-c(cN)2c(pn)c=c(cN)zl (c0)z-

(n-csHs)tv(Cil ) ?244vw; 2?22n, ?2lOn; 2232s cffi-l , respect'ively; v(c=c)

l4B9w; 152?s; 1586s cm-l respectivelyl.

3.2.4.3 E.S.R . spectra The react'ions of tcne w'ith metal

acetyl i de comp'lexes gave a vari ety of paramagnet'ic 'intermedi ates , whi ch

were detected by e.s.r. spectroscopy (Figures ll -15). These spectra do not
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2. 000 I .997 I .994
g

.s.r. spectrum observed .ìn the reaction of tcne with
HS) in benzene. (B) A simulated spectrum of an electron

four nìtrogen atoms (aN = l'59G).

(B)

Fì gure I I . (A) 'l-he e

I,J(c=cPh)(c0)3(n-cu
coupì ed equal'ly to
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(A)

(B)

2.003 2.001 I .999 1.997 .995l
g

F-iqure 12. (A) The e.s.r. spectrum observed'in the reaction of tcne wìth

Ru(C=CMe)(nerrr)2(n-cuHu) in benzene. (B) A sjmulated spectrum of one

electron.orpl.ã to iour nitrogen atoms (uN = l'57G) and one phosphorus

atom (aO = 4.48G).
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Fìgure .l3.

2.001 t -999.0032 .997I I .995 I .993 I .991

The e.s.r. spectrum observed in the reaction of Ru(C=CPh)(PPh3)2(n-CUHU) with J
(J1\]tcne in benzene.

g



.03 ?"a2 2"01 2-00 I .99

Figure 
.¡4. 

An e"s.r. spectrum observed in the reaction of tcne wìth trans-Pt(C=CPh)t(PPhr), in (.'r
Oo

benzene after 25 min.

't .98
g



2.A3 2.02 2.01 2.00 I .99 I .98
g

An e.s.r. spectrum observed in the reaction of tcne with Ru(C=CPh)(dppe)(n-C5H5)'in

CN

Figure ì5.
benzene after l5 m'in.
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resemble that observed for the tcne radical union.'u

The sÍmpìest spectrum is observed in the reaction of t^J(C=CPh)(C0)¡-

(n-CSHS) and tcne (Figure llA) having n'ine lines in a regu'lar djstrìbu-

t.ion . A close-f ittì ng simul ated spectrunr (Fi gure 118) i s obta'ined for

an electron coupled equally to four nitrogen atoms (oN=l'59 G, line wjdth =

0.73G). The other electron in the pair probab"ly rnoves onto the metal and

is not detected because of signaì broadening. A radìcal species such as

(30) can be assigned to this spectrum. The reactjon of Fe(C=CPh)(C0)Z-

(n-CSHS) with tcne gave a spectrum virtually jdentical to that in

F'igure I lA.

l,ul-: , 
-[,/

Ph

CN
€thll 

-f,:c-PhNC. + .CN\,/'1. 

-a
tr 

-tr

NC a ^,,'.t.,L-

NC/

C\ ctl
NC

(30)

thJl = t,l(C0)r(rr-C5Hu)

The spectrum observed in the reaction of Ru(C=CMe)(PPh3)2(n-C5HU)

wjth tcne (Figure 124) has l2 lines. A simulated spectrum (Figure l29)

of one electron coupìed to four equìValent nitrogens (aN=l'57G) and one

phosphorus (ap = 4.48G) correlates well w'ith the experimental spectrum.

It appears that one PPhr'is lost upon formation of the paramagnet'ic

specìes. In the react'ion of Ru(C=CPh)(PPh3)2(n-CUHU) with tcne a similar

lZ-l'ine spectrum 'is observed, in addition to a broad signal which coìnc'ides

wjth the other spectrum (Fjgure l3). The l2-line signal for the methyl

systenr has a greater line-wjdth, presumab'ly due to coupling with the CH,

protons. The jnìtial products f.o* the reaction of tcne with Pt(C=CPh)t-

(fefrr)2 or Ru(C=CPh)(dppe)(n-CSHS) gave unusual spectra (F'igures l4 and l5

tcN
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respectìvely) and have not been interpreted'

Radical intermediates have been observed 'in other react'ions of tcne

with nretal compì.^urtu"t These involve cleavage of M-M or M-C bonds

and give spectra consistent with the formation of (31). These spectra

are quite d.ifferent from those shown in Figures 1l - 13.

çN

CN
I

-/- -c c4 (31 )
CtMl_N

N

3.3 DTSCUSSTON

3"3.1- Reactions InvoTving Tetracganoethglene

Addition of oxygen to the olefinic bond of tRu(c=cHPh)(PPh3)2 -

(n-CSHS)ln (¡Z) is thought to proceed via an'in'itial (Z+z)-cycloaddition

reacti on fol I owed by ri ng cl eavage (Secti on 2 . 3. 5 ) :

+

lRul-C:C
+

0:0

H

lRul = Ru(PPhr)2(n-CuHu)

Ph

+
C

I

0

+ Rul - -Ph
rRur-fi. 

i<|n
00

H

C

I

0

A reaction of tetracyanoethyìene (tcne) with (32), however, leads to

deprotonation and the formation of Ru(C=CPh)(PPh3)2(n-C5HU). The basjc

propert'ies of tcne are well kno*n. 
tt 

No reaction was observed between

lRu(C=CMeph) (pph3)2(n-CUHU)l+ anA tcne, even under vìgorous conditions.

Extension of the reaction to Ru(C=Cph)(PPh3)2(n-CUHU), however' results in
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an'immedjate green coloration and the eventual precipitation of an orange

product. lllhile only the allylìc comp'lex (tl¡ is isolated from th'is

reaction, the react'ion of W(C=CPh)(C0)3(n-CUHU) (l ) wjth tcne sequent'ially

gives cyc'lobutenyl (2), butadienyl (3), and allyfic (4) complexes (scheme I).

A variety of other cyclobutenyl, butadìeny1 and allyl'ic complexes have

been formed in reactions of metal acetyfide complexes with tcne, or by

ligand additìon to allylic complexes. Exampìes of these reactions are given

in Scheme 2. The initìal addjtion of tcne to the trjple bond ìs

Ph

Ru-Ç-C-Ph tcne CN

N
(5)

PhPh3P

Ph3P

Ru

1

c
0

P

€

1
C

0

Ru

1
PP

3

-_ c == c -Ph

N

Ph

R Ph

C
N

3CN

11'o
hv

CN

CN

C
0

CN

(e)

(13)

h

N

L

C

N

N

tcn e

h3

Ru

ï
PP

--+
U-l

Ph P
3

C

N

Scheme 2.
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unprecedented to my knowledge. Cycloadditìon react'ions of electron

deficient acetylenes w'ith olefins, howeVer, are well knownt';..g.

C,r(COrtte), reacts with the heterocycle (33) forming (34) under thermal

condi tionst 
t 

:

NC

c, (cort'te ) ,
Nç c0rMe

N

I

CO Me
?

(33)

Me

(34 )

Reactions of tcne with olefins are also well known :

N

I

M e

R--

7.2
NC-..

,r'R
-R
..'CN
-cN

c

c

c

C

R

R

R

NC

NC

CN

CN
NC,-

Ring-cleavage of the cyclobutenyl group proceeds under mild conditions,

which, jn the overall reaction, results in cleavage of the C=C bond of the

tcne molecule under milcl condit'ions. Several reports describe the rìng-

cleavage of cyc'lobutyi derjvatives l(2+2)-cycloadducts of tcne and olefinsl
2 0

i

i.z

under more v j gorous condi t'ions (l 00 - I 800 ) .

^le. g. Yr Pr
1000

H
H

(cN)z

(cN )z
2Pr

i.z ---à
Pr CH=C ( CN )

+ CHr=C(CN)Z
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The reaction of Fe(C=CPh)(L)(C0)(n-C5H5) (L= C0 or PPhr) and tcne was

reported to gìve dipo'lar (35) and cyclobutenyi (7) productsl Upon

repeatìng some of this work (L=C0), and by comparing the spectroscop'ic

data with that of known compounds (Section 3.2.4 and Experimenbal ), it was

found that these compounds were the cyciobutenyì (Z) and butadienyl (ll)

comp'l exes, respect'i vely.

Ph

P h

Fe

"/¡o"Lc
0

+\1\I c(cN)
LI

I
L

CN

CN

2

Ma-l-:l'-t¡u v _ v

CC
NN

CC
NN

(35)
L = C0,PPh

(7)
3

The reaction of rrans-Pt(C=CMe)r(eNer)2 w'ith tcnq (36) has been

described-, and the butadienyl product subsequently identified by X-rs3
awalqgí ç

structuno.ligz ).*

(NC) 
2c c(cN)2

Th'is offers, to my knowledge, the only confirmed

reaction product analogous to those described above for tcne.

MePMe
3 CN

CN

e3

I
Pt

1
PM

(36) (37)
CN

CN
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A reaction of trans-Pt(C=CMe)r(nsNer), wlth tcne was reported to give

an insertion product (38)'t Th. ínfrared data, howeverr Gye consistent with

the formation of a butadìeny'l complex (39) tv(cN ) 22.25, v(C=C) 1560 cm-ll,
l3but C n.m.r. data is required before the nature of the product can be

confi rmed.

As Mt3 Me
CN

i
fvlsÇ -c 

_Pt CN

AsMe

lvls[-C-Pt-

1

CNCN

C

I

c

I

C

N

I

C

I

C
N

CMe

ï
AsMe,

(3e)

CN

AsM e3

(38)

It is surprising that Rh(C=CPh)(C0)(PPh3), does not undergo cyclo-

addition reactions w'ith tcne, instead preferring to form the s'imple

oxidative adduct (21). Similar reactions have been described earl i ur1""
The C0 ììgand of (21) js readìly replaced by the solvent in refjuxing

acetonitrile, yieìdìng (22). Although not unprecedented"a substitution

of C0 by a n'itrjle'is an unexpected result in view of the superior bonding

abi I 'ity of C0.

The C=C ùripìe bond of the acetyl'ide group in (2.l) does not react

with tcne, perhaps because too much electron density has been withdrawn

from the bond onto the metal. Another unreactive acetylide bond is en-

countered in the reaction of tcne with Pt(C=CPh)r(eefrr)r. After a reac-

tion haÅ taken pìace with one C=C bond, the other did not interact with

tcneo again maybe due to removal of electron density through the metal to

the cyano groups of the newly-formed ligand. A considerat'ion of models

d'id not suggest that sterjc factors would hinder the approach of tcne.
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The reactìon of CuC=CPh w'ith tcne gives an organìc product (40),"

inrpìying that a cycìoaddit'ion reaction has not occurred. Thc acetyl ide

NC
(40 )

NC C = C-Ph

cluster (4.| ), where both n-orbitals are 'involved 'in bonding, does not
26

react wi th tcne. Tire p'lati nunt phenyl acetyl ene compl ex (42) reacts wi th
27

tcne to give an n2-t.n. comp'lex (43) by displacement of the phenylacetyìene.

CN

Ph

Phg Ph3P

(0c ) Pt Pt
.)
J

Ph
3

Ph
3

(co)¡
(41 )

(43 )

These results suggest that a correct balance of electronìc cond'itjons is

required for cyc'loaddition of tcne. It seems especìa'lìy critical that the

C=C bond is electron-rjch as n-bonding to the metal or the presence of

el ectron-w'i thdrawi ng groups on the metal appear to prevent cycl oadd'i ti on

reactions of the triple bond with tcne.

In vjew of the known reactjvjty of tcne wjth olefinst, it is not

understood why a react'ion rriras not observed w'ith the vinyl compìexes
2B

Ru tC(OMe)=CHPhl (PPh3)2(n-CuHu) and Ru tC(COrMe)=CHC0rMe1 (PPh,)2(rr-c5H5).

3.3.2 Reactions Involving Other ofefins

The effect of the olefin on the course of the react'ion'is dramatically

illustrated by some reactions of (NC)rC=C(CF3)2. In the reactìon wìth

^ -Brt
^42u

-(-l>-,(co)g\l 4l

NN

c
P C

ilt
C

I
H

P C

N

C

N

(42)

ñ
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Ru(C=CPh)(PPh3)2(n-CUl-tU) an unusual binuc'lear product (23) 'is formed'

If , however, Ru(C=CMe)(PPh,)2(rr-CUUO) is reacted wi fh (tlc)rc=c(cF3)2

the cyclobutenyl coinplex (24)'is 'ìsolated in h.igh yieìd. It is note-

worth.y that the al kyne subst'ì tuent a'l ters the course of the react j on so

sìgn'ifìcant'ly.

An attempted reaction between Ru(C=CPh)(PPh3)2(n-cUHu) and c?(c)|Et) 
4

gave only start'ing materÍa.ìs, even at elevated temperatures. Sjmjlar.ly

no reactjon was observed between CZ(C02Et)4 ancl Ru(C=CPh)(C0)(PPh3)(n-CbH5)

or Fe(C=CPh)(C0)2(n-C5HU)" Models shot^r that the latter complexes should

present no steric barrier to the approach of the reaction centres, thus

suggestìng that electronic factors control the course of these react'ions.

An attempted reaction ot Ru(C=CPh)(PPh3)2(n-CUHU) with the 'push-pu11'
f--]

olefin (NC).C=CO(CHZ)ró gave on'ly startìng materìals. This result mjght be

expected cons'idering the electron'ic differences between th'is olefin and

tcne or (NC)rC=C(CF3)2. It will be necessary to attempt additìons of a

wide va¡iety of olefins before the cletails of thjs reaction can be under-

stood. By changing the metal acet.yiicle complex and the olefjn it shoLtld be

possible to desìgn organic groups which can be removed to g'ive synthetjcally

useful organic molecules.

The ring opening of cyclobutenes has been extensìveìy studied and

reviewed by Woodwarcl and tiof tman2. 
n 

A, th'is stage jt cannot be det,ermjned

whether a conrotatory or clisrotatory process occurs jn the metal systems

describecl. A study of reactions jnvolving o'lefins wìth appropriate sub-

st.ituent.s should indicate whjch process takes p'lace. In the thermal

reactions of organ'ic molecules cycloaddìtions and cycloreversions proceed

via d conrotatory process: thus product (aa) might be expected in the

rìng-open'ing of (45). it js possible, however, that steric factors wjll

also determìne the final configurat'ion of the complex.
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M R

.. CFF.C
J

â

NC CN

(45 )

M R

NC F¡
F î

l\J

(44 )

The ease with which ring-open'ing occurs can be better understood from

a consideratjon of the structure of WIC=C(Ph)C(CN)2C(CN)21 (C0)g(r-C5Hb)

(Figure i ). The bond between the dicyanomethylene groups is elongated

(.¡.60 8), signifìcantly longer than a normal C-C distance (l'S¡ 8), jndicat-

ing that the bond'is under a fajr degree of strain and thus breaks under

mild conditions. Some ìonger C-C bonds are known, however (e.g.l'O+ R in

hexaphenylethaneto). The same bonds in the cyclobutenyl rings of the

b''inuclear complex (23) have lengths of 1.526 (t0.025) and 1'673 (t0'0aa) 8.

The difference between these is less than three standard deviations and not

cons'idered s'ignificant. The average bond-length (1.60 8) is thus the same

as that for the tungsten compìex above.

3.3"3 Phqsical Data

The butad'ienyl complex (17) has a cons'iderable twist'in the diene

fragment ltors'ion angle about C(l ) - C(?) - C(3) - C(4), 7l'80], wh'ich

local'ises the two double bonds tC(l ) - C(2), 1.362(4) Â; C(3) - C(4), l'382(5)

Ri . In the alìy'lìc compìex (13) the C(3) - C(4) bond retains 'its double

bond character 11.362(+) 8: , while C(l ) - C(2) 'is ìengthened consìderab'ly

t1.476(O) Âl as a result of jts ìnteraction with the metal. The length of

C(2) -C(3) is decreased by c. 0.046 I in changìng from the butadienyì com-

plex (.l7, 1.478 8) to th. a1ìy'lìc complex (13, l'432 8), suggest'ing some de-

local'isation of electron dens'ity (Table 9). Complex (4) and the
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Tabl e 9.

Bond

Some structural features of selected allyl'ic compìexes.

Complex (28) ìs included for comparison. (Distances ìn Ât

NN
CC

N

C

N

L

l

CC
NN

Me0 CO
22

C Me

W

t
CC
NN

C
0

Þ

Ph 5
'l'

Ru Ph (0c),Fe
2

2

A

â

C
0 Ph3P

0

(4)

Compl ex

(13) (28)

c(l )-c(2)

c(2)-c(3)

c(3)-c(4)

M-c(l )

M-c(2)

M-c(3)

r.4Bo(e)

r.43e(r )

r .383(6)

2.285 (B)

2.253(7 )

2. 075 (B)

r04.5(6)o

r.4i6(6)

1 .432(7 )

r.355(r0)

2.231(4)

2.r35(4)

r.ere(5)

112.7 (4)a

r.440(8)

1.450(i)

2.0e3(5)

2.023(5)

r.8e7(5)

I I I .o(4)o
llLl Ìc(2)c (3)

A, ref. I I

n3-acryloyl complex (28)tt ulso have a shortened C(2) - C(3) bond.

Normally an aìlylic compìex has approxìmately equal C(l) -C(2) and C(?) -

c(3) bonds, with a c(l ) - c(2) - c(3) angle of ll5 - 1240." In additjon

the M-C bonds to an allyìic group normally have a short-long-short pattern.

In complexes (4), (13) and (28) the pattern 'is short-long-'long (Table 9)

and suggests thata better interpretation 'is a o-bond between M and C3,
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with a r-bond between M and C(l ):C(2):

In some instances the butadienyl complexes Ru{Ct=C(C¡l)rtC(efr)=C(CN)2}-

(L) (PPh3) (n-CSHS) equi I ibrate to two j someri c forms. When L = C0 (9)

or CNBut (17) isomerisation to an equ'iìibrium mìxture took place over a

few hours al 250. The equìlibrium rat'io was shown (L=CNBut) to be

dependent on solvent po'larity (Table l). The nature of L also affects

the equilibrium ratio [L=CO, l:l'5; L=CNBut,1;2'3; L=P(OMe)3, 100%; in

CDCl3l. The nature of the isomerisrn. is not well understood and a

study of models d'id not indicate that there were any favoured confornla-

tions for the butadieny'l f igand. Isomerisn'. is on'ly observed in com-

pounds with four different groups attached to the metal. l.lhile metal-

centred optica'l isomers can be formed, other systems of this type exjst

without detectable isomerisvn te.g. RuCl (C0)(PPh3)(¡-CUHU) or

Ru(C=CPh) (c0) (PPh3) (n-C5H5)1 . It is suggested that the 'large cyano-

diene group'is so arranged that the molecules are now dist'inguishable

even though diastereomers are not formally poss'ible.

The butadienyl complex Ru{C t=C(CNÞlC(Me)=ç(CF3)2}(cO) (PPh3) (n-CsHs) (25)

is forrned as two.non-equi I i brati ng and separabl e j somers. It 'i s hoped that

structural studìes w'ill yìeld more information about the nature of these

systems.

,/
M 2

3

k
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3.4 EXPERTMENTAL

Literature methods were used jn the preparation of Ru(C=CR)(PPh3)2-

(n-csHs ) (R=Me, Ph )", Ru (c=cerr) tp (o¡le )rt (ernr) (n-cuHu ) , Fe (c=cPh ) (c0)z-

34 32

(n-c5H5) ' Ru(C=CPh) (clppe) (n-c5H5) ' IRu(C=CRPh) (PPh3)2(n-cOllu)terU
1t 3 5

(R=H, Me) and trans-Pt(C=CPh)r(nrnr)r. The preparations of

l/l(c=cph) (c0)r(n-cuHu), Ru(PPhr) (n-csHs)c=ccHrcHrC=CRu(PPh?)2(n-c5Hu) '

Ru(C=CFh)(c0)(PPh3)(n-cSHS) and rrans-Rh(c=cPh)(c0)(PPh3)2 are described

ìn Chapter Fjve. Literature methods were used 'in the preparat'ion of
36

tcne , (NC)rc=c(cr, )2
37 ffrgg 39

(NC)rC=C0 (CHù z0 and cis-C rHr(C}lae) r'
whjle CZrc}ZEt)O vras supplied by Aldrich.

S'imulations of the e.S.r. spectra were nade us'ing a specialìy

clev'i sed progru,nn'ul 
o

Reacxions of TetracganoethgTene

(A) with w(C=cPh) (co) 3Ît-csH5)

(i) For a short period A reaction of I,l(c=cPh)(c0)3(n-cuHu)

(l ) (122 ng, 0.28 mmol ) and tcne (44 mg, 0'34 mmol ) in d'ichloromebhane

(15 ml) for 45 min gave a yellow solution which on *Jditlo^ 
"$

ethanol yiel ded yel low microcrsstaLs of hl [C=C(pn)C(CN)2C (cN)zl (co)¡-

(n-cul]u) (2) (120 mg , 76%), m.p. l0B - ll40 (dec. ) (Found z c, 47 '5; H, 1'3;

N, l0'Ø";ø(mass spectrometry),562. CZZH'ONOOTW requires C,47'0; H'

l.B; N, lO.0%; u, 562). Infrared (cHrclr): v(C0) 2046s, 1983vs, l974sh;

v(Ctt) (Nuiol ) 2244vw; v(C=ç) 1489w cm-l; other bancis at 1445w, 
.ì440m,

l42lm, l363vw, l352vw, 'ì33$vw, l3l3vw, l29lVw, 1247rn, 1237n, ll60vw, lllOvw,

1067w, l06lw, l0l7m, 1009w, 990vw,927vw,9lBvw, 87Ovw, B5Bm, 839s, 83lsh'

780w, 770s,7j3vw, 695s,672vw, 663vw.*-1. 
tH n.n.r.: of(CD¡)rCo1

6.16, s, 5H, c¡Hs; 7.64, s, 5H, Ph. 
t'c 

n.m.r.: ôt(cD3)2c01 94'0, s'

CSHS; 112"2, 1f3'2, 2 x s, CN; 127'1, .l30'3, l3l'4, 13.l "7, 4 x s, Ph;
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216.7, s, C0. CompounC (2) converted to (3) before other carbons were

detected.

(tuoter: contpound (2 ) mus t be storeci i n the dark ) .

(ij.) For an extended period After mixing W(C=CPh)(C0)r(n-CUHU)

(400 mg , O.gZ nmol ) and tcne (125 mg, 0.98 nrmol ) ìn d'ichloromethane (30 ml )

under fight free cond'itions for two days an orange coloured solution

cleveloped. This was fjltered and crysta.llized by additjon of hexane and

evaporation to give orangÊ microcrsstal,s of |lJ{Ct=C(Cl't)ttC(nfr)=C(CN)Z}-

(C0)¡(n-CsHs) (3) (350 mg, 68%), m.p" >'l550 (dec.) (Found: C, 46'9;

H, 1.4; N, g'g/";ø(mass spectrometry), 562. CZZHTON+O3W requires C ' 47'0;

H, l.B; N, 10.0%;u,562) Infrared (CHZCI2): v(C0) 2046s, l98lvs(br);

v(CN) (Nujol ) ZZZZI, 2210m; v(C=C) 15?2s, cffi-l; other bands at 1440m,

l4lBm, l25Bw, l?48w, ll90\^t, ll8lw, ll70w, ll05w, 1062w, 
.l050m, 

1003m,

1000m, 992w,972vw,9?2vw, BB2m, B73vw, B6Bs, 8lBm, 760s,736n, 696s,

668vw, 658vw, 647w,619w cm-l H n.m.r.: 6t(CDr)rCOt 5'9,l, s' 5H,

13
csHs; 7.Í3, m' 5H' Ph. C n.m,r.: ôt(cD3)2c01 77'4, s' C(l); 95'7,

s, CsHS; 99'8, s, C(a); ll3'0, ll3'3, ll3'5, ll6'2,4 x s, CN;129'8,

130'7, 130.9, 134'9,4 x s, Ph; l82'8, s, C(2);196'9,216'8,217'8,

3 x s, CO; 221.7, s, C(3). Further crysta'llizatjon of the mother liquor

y'ieìded orange crsstals of l,J¡¡3-C(CN)ZC(pfr)C=C(CN)Zl (C0)Z(n-CSHS).0"5C2(CN)+

(a)(". 20 rng) m.p. 175 - lB00 (Found C, 48'2; H, l'3; N, 14'0%; ø(mass

spectrometry),534. CziHtoN+()zl^l.0'5CZ(CN)4 requires C, 48'2; H, 1'7; N,

14'1%; t'r, 534).

(iii) Formati.on ot wln3 -c (cN) 
2c 

(Ph)c=c (cN) 2l Go) ,(n-c rII | (4) A

solution of W{C¡=ç(CN)ZlC(Rtr)=ç(CN)z}(C0)s(n-CSHS) (3) (120 mg, 0'21 mmol )

in d6-acetone (2 ml) was irradjated (Philips high pressure mercury lamp,

125 w) for 25 h until n.m.r. checks indicated '|00% corrversion to
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wt13-c(cN)2c(prr)c=c(cN)zl(c0)z(n-csHs) (4). Purification by t.l.c. on

s'ilica (l:3 acetone/l'ight petroleum) and crystallizatjon fronl acetone/

ethanol gave oranQè crqstars of (4) (70 mg, 62%)" Infrared (CH,Cìr):

v(C0) 2080vs,2025vs; v(CN) (Nujol) 2232s,22?2n; v(C=C) l5B6s cm-l; other

bands at 3lOBm, l496vw, l44Bm, ì420m,1329w, ll92vw,-ll53w, 1l07vw, 
.l078w,

1066w, l053vw, .l006m, l003sir, 999sh, BB9w, B7ls, 833w, Bl6sh, 812m, 772s,

719vw, 697s cm-l H n.m.r.: 6(CDC]3) 5.89, s, 5H, CsHs, 7'48, s, Ph.

l3
c n.m.r. : ô(cDC13) 4.7, s, c(2); 79.4, s, c(l ); 94'.l, s, cuHu; 112'?-"

115.2, 
.|'|6.5, llB'4, 4 x s, CN; 128'7,129'9,130'8, l3l'5, 4 x s, Ph;

201.1, 203.8, 2 x s, C0; 206'6, s, C(3). tC(4) was not detectedl.

(B) With Ru(c=cph) ¡eehl2ft)-csHl A nrjxture of Ru(C=CRtr)(PPh3)2-

(n-CSHS) (1"0 g, l'26 mrnol ) and tcne (200 mg, I'56 mmol ) was heated 'in

refluxing benzene (50 ml ) for 1.5 h. Chromatography from an alumina

column yìe1ded an orange band w'ith dichloromethane, which on crystall'izat-

jon from hexane gave orange crsstars of Rutn3-C(CN)ZC(ptr)C-C(CN)Zl (PPh3)-

(¡-cuHu) (13) (680 ng, B2%), m"p.>2.l00 (dec.) (Found: c, 66'B; H' 3'6;

N, 8.3%;ø(mass spectrometry), 658. C¡ZHZSN+PRu requires C, 67'6; ll, 3'B;

N, 8.5%, ø, 658). Infrared (Nujol): v(CN) 2215s;v(C=C) 'l590s cm-l; other

bands at 1405m, l3lZvw, l306vw, l23lvw, llB3vw,1177vw, ll5Ovw, ll06vw,

l0B7w, l0B0m, l077sh, l06Bw, l049vw, l0l3w, 993w, 9Blvw, BB3vw " 87Zvw,

B42sh, 839m, B33sho 829w, 802w,765n, 753m,742m, 709vw, 698s" 69?s, 689m,

679vw, 660rn cm-l H n.m"r.: ô(CDCI ,) 4.1A, s, 5H, CbH6; 7'5, m, 2-0H, Ph.

13
c n.m.r.: ô(CDC1..) 7.3, d, ,-r(cP) 6 Hz, C(2); 66'7, d, ,;(CP) 3 Hz, c(a);

85.1, d, .z(cP) 7 Hz, C(l ); 92.3, s, C5H5; lll'2' ll5'9' 2 x tl' .r(cP) 3 Hz,

llB.7, .|19.0, 2 x s, Cf'l; 
.l28.5 - 134.9, ffi, Ph; 2lB'8, d, r(CP) l5 Hz' C(3).

v,rith Ru(c=cwe) ¡eehl2fi)-c5Hl A mixture of Ru(c=cMe)(PPh3)2-

(500 mg, 0'68 mmo'l) and tcne (90 mS, 0'70 mmol) jn benzene (50 ml)

(c)

(n-CuHu )
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was st.jrred (12 h) and then heated at reflux po'irrt (l h). tlutìon on an

alumina colunrn yielded a major orange band (4:l djchloromethane/ljght

petroleum) and a m'inor uniclentjf ìed green band (d'ichloromethane).

Cpystallizatjon o'l the ntajor product frorn dichloromethane/ethanol yielded

oranse-re d crss taJs of Ruln3-c (cN ) rc 
(ue ) c=c (cN ) 2l(PPh3Xn-csHs ) ( I 4 )

(l78 mg " 44%), m.p. >]800 (dec.) (Found: C, 64'0; H, 3'8; N, 9'4%; ø(nrass

spectrometry), 596" C¡ZHZgN+PRu requires C , 64.5,; H, 3'B; N, 9'4/"; t't, 596).

Infrared (ruujol ): v(CN) ?2?-5s, 22l9sh; v(C=C) I 61 5s, I 5B7m .t-l , other

bands at 1483m, 1440s, l4llm, l319w, l3llw, 1297m, 
.l259m, llB9nl, 1l60vw'

ll34vw, ll09vw, 1093m, 1090s, l08lvw, 1052w, l02Bm, l0llw, 999w, 984vw,

959vw, 927vw, BBQvw, 86lsh, 857nl, B4?s, 827m, 796s, 759s, 750m' 705sh,

699s, 693w, 640m, 6lBvw.'n-l.tH n.m.r.: o(cDClr) 2'27, s, 3H, Me; 4'79, s, 5H,

cutlu; 7.5, m, l5H, Ph. t'c 
n.m.r.; 6(cDCìr) ll'0, d, .r(cP) 6 Hz, c(2);

2l .1, s, l4e; 63.1, d,"r(CP) 3 Hz, C(4); 82.9, r'rt, C(l); 90'5, s,

CUI1U; lll.6, ll5'6, ? x d, ,¡(CP) 3 Hz, llB'0, 118.4, 2 x s, CN; 128'4 - 136'7'

m, Ph;218.3, d, r(CP) l5 Hz, C(3).

(D) úlitl't Ru ¡eeh | 2 Ît-c 
SII I C=CCH 

2CII 2C?CRu ¡neh ,) , h-c 
UH U) ( 17 )

(i) (Jsinq an equivafent amount of t<:ne A reaction of complex (17)

(246 mg, 0.17 mmol) and tcne (23 mg,0.lB mmol) ìn benzene (35 ml) for

lB h gave a yellow solut'ion. Elution frorn an alum'ina column (2:5 djchloro-

methane/f ight petroleum) and crysta'l l ization from hexane yìelded

Ru1¡3-c(cN)zctolrcHrc=cRu(pph,)2(n-cuHu)lc=c(cN)zÌ(PPh3)(n-csHs) (15) as

a yel1ow powcter (l4l ffig, 63%) nt.p. >1600 (dec. ) (Found: C, 69'l; H, 4'9;

N, 4.1%. CT,HS'NOPrRu, requìres C, 69.0; H, 4.5; N, 4'7/"). Infrared (Nuiol ):

v(CN) 2210s, v(0=C) 2.l00s, v(C=C) lOeOs, 1587m,1572w cm-l; other bands at

l4B2s, '1446s, 1327n, 131lsh, l260vw, llB7m, llSBw, 
.l090s, l07lw, l055vw,

1027w, 999m, 920w(br), B43sh, 834m, Bl9w, 804m, 746s, 696s, 659vw .nt-1.
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tH n.r.r., 6(cDclr) 1.5 - 3.2, br, 4H , c{z; 4'25, s, 5H, csH¡ (acetylide);

4.53, s, 5H, c5H5 (allyl ); 7'2-7'5, m, 45H, Ph. 
t'C 

n'm'r': ô(CDC1r)

10.6, d, r(cP) 5 Hz, C(2); 24'6, s, =C-CH2; 39'9, s' C(Z)-Uz. 66'7, d,

"i(CP) 3 Hz, c(a); 82'0, O, ,¡(CP) 7 Hz, C(1); 84'9, s, CUH5 (acety'lide);

g0.1, s, cuHu (allyl); 98.0, t, r(cP) 26 Hz, RuC=; 108'4, s, =C-CH2; ll2'6'

d, .r(CP) 3 Hz, ll6'1, d, "z(CP) 3 Hz, llB'6, ûì, CN; 127'1 - .l40'9, ri, Ph;

Zlg'0, d, ;(CP) 15 Hz, C(3).

(ii) usins excess tcne A reaction of (17) (170 mg, 0'12 rnmol)

and tcne (b0 mg, 0.39 mmol) in benzene (30 ml) gave a yellow solution over

lg h. Elutjon from an alumìna column y'ieìded a minor unidentified red

band (4:l djchloromethane/light petroìeum) and a major yellow band

(dìchloromethane) wh'ich on crysta'll ization from ethanol gave {ðHrtn3-C(CN)Z-

ðC=C(Ctt)rlnu(PPh3)(n-C5H5)iZ (16) as a yel'low powder (66 ng, 4B%) m.p.

107-1100 (Found: c, 64.3; H, 3.6; N,9.3%.Co+H++NePrRu, reguires c,64'6;

H, 3.7; N, g.4%). Infrared (Nujol): v(CN) ZZZ}s, v(C=C) 1613s cm-l; other

bandsatl438s,1412w,l3l0m,1259w,llB7w,ll82w,ll58vw'l0B9s'l025vw'

l0l4vw, 996w, 987sh, B45m , 822w,755sh , 747s, 701s, 693s, 6B2sh .'n-l .

tH 
n.m.r.: ô(cDCl3) 3'2, m, 4H, CHr; 4'95, s' l0H, c5H5; 7'5, m, 30H, Ph'

ttc 
n.m.r.: 6(cDcl3) l0'6, d, .z(cP) 4 uz, c(2);38'5, s, cHr; 63'6, s, c(4);

g0.9, s, CUHU; 114.0- llB.6, m, CN 128.6 - 135.0, m, Ph; C(l) and C(3) were

not detected due to low solubility.

(E) vtith Ru(c=cPh) (Co) (PPh 
3) ft-c uH t)

(i) rn diethst ether A react,ion of Ru(C=Cpn)(C0)(PPh3)(n-C5Hb)

(.l00 mg, 0.18 mmol ) wì'bh tcne (.l00 mg, 0'78 mmol ) jn djethyl ether (20 ml )

over 5 h led to the precipitatìon of Ru[C=C(Ph)C(CN)2C(CN)Z] (c0) (PPh3) (n-c5Hb)

(5 ) as a yeì 1ow powde.. (l l2 rg, 9l %) m. p. 124 - 1260 . Inf rared (Nuiol ) :

v(Ctl) 2?lhw, v(C0) l960vs, v(C=C) l6llvw, 1572vw, 
.l525w .t-l , other bands at
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l7l3vw, l3l2vw, l24lvw, l235vw, llB4w, ll58vw, 1096m, 1090m, 
.1072w, 

l02Bvw,

999rn, 922vw, B94vw, B3Bm, Bl9m, 792vw,752m,744n,697s, 672vw, 662vw cm

'ri n.r"r.' 6(cDcl3) 5'10, s' 5H, csHb; 6'9-7'5, m, 20H, Ph' The cul{u

resonance start.s to shrìnk withjn m'inutes w'ith growth of a new peak at

-l

ô4.86" After 0.5 h the cyclobuteny'l complex (s) all but djsappears, while

a thjrd peak at ô5.16 becornes clearly visìble. After l2 h the peaks at

ô4.86 and S"16, due to the isomers of Ru{Ct=C(Cl'l)rtC(Ph)=ç(CN)21(C0)(PPh3)-

(n-CSHS) (9), reach an equilibrjum where the low field peak'is jn sl'ìght

preclomi nance.

(ii) rn benzene A reaction of Ru(C=CPh)(C0)(PPh3)(n-C5H5)

(250 mg, 0.45 mmol) and tcne (100 mg, 0'78 mmol) ìn benzene (zs ml) over

?4 h lecl to the prec'i pi tati on of a ye'l I ow powder ' Recrysta'l I j zati on

(dichloronlethane/cyclohexane) gave yel 1ow microcrsstaTs of Ru{c t=c(cN)zl -

c(pn¡=ç(cN)2Ì (c0) (PPh3) (n-csHs) (e) (280 mg , s1%) m.p . ?08 - 20e0 (Found:

C,66'7;H,3'9;N,g'/l;u(massspectrometry),686'CggHZSNOOPRurequìres

C, 66'6; ll, 3'7; N, 7'V/", t4, 686). Infrared (CHrC'1r): v(CN) ?2?6n'

zz19n, zzlzm; v(c0) I949vs cm-l ; v(C=c) (Nuiol ) l5l6m cm-l ; other bancis

at (Nujol): 1303w,1247vw, l175vw, ll63w, 1ì50w, llO8vw, lOBZm, 990w0

830m, B]6m, 750w, 743w, 732m, 724w,69.]sh, 683s, 658w, 640vw .t-l "

tH 
n.m.r": 6(cDclr) 4'86, s, 5H, cbH5 i 7'46, 

,m, 
20H' Ph' After l2 h a new

cuHu peak is observed at 65.16 (c. 60%). c n.m.r.1 6(cDclr) (the two

isomers are Separately assìgned as A and B; isomer B'is more jntense)

7i.7 (A) (under CDCI3), 76.2 (B), 2 x s, C(l); 90'3 (A), 90'6 (e) ' 2 x s,

csHs; 94.0 (B), d, ;(cP) 3 Hz, 95'0 (A), d, "r(cP) 3 Hz, C(a); ll2'B' s'

113.6, d, ./(CP) 4 H2,1.|6.9,117.4,2 x s, CN; l28'B-135'7; m, Ph; lBl'2

(B), 184.7 (A), 2 x s , C(2-); 204'0 (B), 204'2 (A), 2 x d' ;(CP) l9 Hz'

c0; 213-4, 215"6, 2 x d, "r(cP) 12 Hz, C(3)'
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(t,) with Ru (C=CPd) le @rue)J (n-C 
,H ,)

(i) rn benzene Upon rrnixìng Ru(C=CPh)tp(OMe)rt (eenr)(n-Cbtjs)

(460 mg, 0.70 rnnrol ) and tcne (ll0 mg, 0.86 mrnol ) in benzene (25 ml ) a white

powcler precipitated. This was identif ied as Ru[C=C (Ph)c(cN)z (cN)el -

tP(01'le)rt {nlnu)(n-CSHS) (6) (308 mg 56%) m.p. 142- 1450. Infrared (Nuiol ):

v(cN) 2239vw; y(C=C) '1609vw, 1587vw, 'l56Bw; v(P0) 1059s, 1043s, l0llnr

cm-l; other bands at 1434m, l3lOvw, .l235w, jlB3w, 1172w, 1154vw, ll09vw,

l09lm, l00lw, 991 sh, 86lw, B50sh, B37vw, 809m, 792vw, 767n, 754m, 749n, 720m,

707n,698m, 68lm, 659w cm-l H n.m.r.: 6(CDCI3) 3'44, d, .r(PH) ll Hz,

9H, CHr; 4.70, d, .r(pH) 1 Hz, 5H, C5H5; 6.3 - 7'4, n, 20H, Ph. 0n stand-

ing tlvo spectra grow over c. l5 h: 3.50, d, ,¡(PH) ll Hz, CHr; 4'70, d,

"i(PH) 1112, csHs; 6.7 -7"4, m, Ph; and 3.52, d, ;(pH) ll Hz, CH,; 4.84, d,

.r(pH) 1 l1z, CSHST 6.7 - 7'4, m, Ph. After leavjng for an extended perìod

(.l6 h,'l000) the spectrum of (10), described below, is present.

(i.r) Formation of nu{cl=c (cN) ,)c {en)=c (cN) 2} lp @ue) ,) {eenl (n-c 
uH r)

(to) A sol ution of Ru IC=C(Ph)C(CN )rc(ctt)rt te(o¡¡e)rJ (nRrrr) (n-csHs) (6)

(270 ng, 0.35 mmol) 'in chloroform (30 ml) was heated at reflux poìnt for

17 h. Purifjcatjon by sìlica t.l.c. (djethyl ether, Rf ". 0'4) and re-

cr.ystaì I 'izat j on (di ch'loromethane/methanol ) gave Ru {C [=C (CN )Z] C (Ph )=C (CN )r]-

tP(OMe)rt (nnnr) (¡-CSHS).0'25CHZC1, as red crystars (1 04 mg , 37%) m.p.

170 - l7l 0 (Found: C, 59.8; H, 4.8; N, 6.7%; M(nass spectrometry), 7B?..

C+OHS+NqOrPrRu .0.25CHZC1Z requìres C, 60.2; H, 4.3; N, 7.0%; u, 782).

in'frared (Uujol ): v(CN) 224Tvw, 2225w, 2212m, 2202w; y(C=C) I SZSm; v(P0)

1050s,1047s, l042sh cm-l; other bands at l593vw,'l5B3vw, l569vw, ì432s,

ì265m, llBBm, llBlnr, ll75m, ll60w, lll2vw, l0BBm,.l000w,920w,912w, B58vw,

B3Bw, 825w, Bl7m, 780m, 770n,756sh,749s,736m,722s, 703m, 699m, 682vw,

663vw, 649vw, 623vw .r-1. tH 
n.m.r.: 5(CDC13) 3.50, d, ,¡(PH) ll Hz, 9H,
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cFlr; 4.69, d, r(PH) 'l Hz, 5H, CsHs, 5'30, s' 0'5H, CHrClr; 6'7 - 7'6, m,

13

Z}H, ph. C n.m.r.: ô(CDC]3) 53.6, d, .u (Cp) l2 l1z, CH3; 86.60 s, C5H5;

97.4, rn, C(a); 113.9, 114.5, ll9'1, 3 x s, CN; 128'2 - .l33'8, n, Ph;

177.?, n, C(2);223'6, d, r(CP) 15 Hz, C(3); tC(l) js obscured by CDCI3

peaksl.

(G) With Fe(c=CPh) (co) zfi-CrHr)

(i.) ïn diexhst- etlter A react jon of f e(C=Cph)(C0)2(|-C5HU)

(170 mg, 0.64 mmol) and tcne (83 mg, 0.65 mmol) in diethyl ether (15 ml)

over l5 min led to the prec'ipìtatìon of Fe IC=Ç(Ph)C(CN)ZC(CN)Z] (C0)Z(n-CSHS

(7) as a yel 1ow powder (203 mg , B2%) n.p. >690 (dec. ). Infrared (tttuio't ):

v(CN) Z243vw; v(C0) 2033vs, l998vs , 1977n (lit. 2040, ISSO2); v(C=C)

l60lvw, 1583w, 1557w; other bands at 3122w, 1713w(br), l433vw ' 1422w,

l348vw, l3llvw, l?-92vw,1254m, ll87vw, ll60vw, lllgvw, ll07vw, l094vw,

1063w, l042vw, l03Ovw, l0l5m, 1002w, 991w, 97Zvw, 950vwo 913m, 883w, 860m'

B3Bvw, 780vw, 770s,720w,690s, 65lvw,612s, 601m, 590m, 551w, 539vw.t-1.
I
H n.m.r. ô(cDcl3) 5.?o (lit" 5.45), s, 5H, C5H5; 7'58' s' 5ll, Ph. After

Z0 rnin this spectrum had all but d'isappeared with new peaks at 4.93 (lit.

5.13) s, 5l-1, cuHu ancl 7.60, s, 5H, Ph due to (ll), described below.

N.B. - The solvent usecl for recording n.m.r. spectra was not g'iven in the

I jterature. Thìs rnay account for the d'iscrepancy in I jterature and experi-

mental val ues.

(ii) rn dich.Loromethane After reactinçl Fe(C=CPh)(C0)2(n-CotlU)

(270 ntg, O"g7 rnnrol ) with tcne (115 nrg, 1.05 mmo'l ) 'in dichloromethane (.l5 ml )

tor 45 m'in, f iltration and crystall'izatjon from hexane yie'lded orange

crsstar-s of Fe{Ct=C(C¡i)ZlC(Ph)=ç(CN)Z}(C0)Z(n-CSHS) (ll ) (2gO mg' 74%;

2

lit. 82% ), m.p" >3600. Infrared (cHrctr): v(c0) 2054s, 2009s (l'it. 2050,
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2005); v(CN) (Nujol ) 2220n, 2207m, 2201m; v(C=C) l533rn, l528sh crn
-l

other bands at 1259w, ll7lw, ll07vw, l06Bw,1057w,992w,960w' 867m,

lr
819w, 764w,73?.n,7.l3w, 6BBm, 659m, 619w, 593w' 575w cm H n.¡n.r.:

ô(cDClr) 4.ss, s, 5H, CsHst 7.tr}, s' 5H, Ph. c n'm'r' ö(cDCr3)

74.g" s, c(l ); 86.9, s, cuHu; 98.0, s' c(a); ll0'6, 112'5, ll5'8, 3 x s'

CN; 128.5, 130..l, .|33.7, 3 x s, Ph; l8l'2, s, C(2) 209'3, 2ll'0' ? x s'

C0; 215.'l, s, C(3).

(H) With Ru(C=CPlt) (dppe) (n-CrHt)

(i) rn benzene React'ion of a mjxture of Ru(C=CPh)(dppe)-

(n-C¡HS) (600 mg 0.90 mmol) ancl tcne (136 mg, l'06 mmol) in benzene (25 ml)

for 3 h yìelded Ru tC=C(Ph)C(CN)2 (cN)zl (dppe)(n-csHs) (B) (632 mg ' BB%)

as a yelìow powder. Rapid recrystallizat'ion (dichloromethane/ethanol )

gave Ru tC=C (Ph )C (CN) 
rC {Ctt )rt (dnne)(n-C5Hs).0'2sCH2Cl, ìn a microcrvstalline

form, m.p. >1700 (dec. ) (Found: C, 67'2; H, 4'3; N, 7'0%, C4SHg4N4PZRu'

0.25 CHZC'I, regu'ires C, 66.7; H, 4.3; N, 6.9%). Infrared (Nuiol): v(CN)

2235vvt, 2210vw (br), v(C=C) 1545w .n,-l; other bands at 1437m, l3llw,

lz28sh,l2?-3w, llBlvw, ll69vw, ll00m, l07lvw, l025vw, 1000m, 859w, 85lw,

B45sh, B30vw, Bllm, 793vw, 758sh,749m,744n,71?m, 701s, 668m, 659w,

645sh, 619vw, 6llvvr, 59lut .nl-l H n.m.r.: 5(CDCIr) t;.;:;?ô,t;,OHÅ.

CHr;4.66,4.gg,2 x s, 5H, C5Hb; 5'29, s, 0'5H, CUrClr;/, After lZ h the

spectrum of (B) had al'l but disappeared, while peaks due to (12), described

l¡elow, had formed. 
tuc 

n.m.r.: ô(cDClr) 25, n, cl'z; 85'6, s' cSHb;

127.g.-146'.ì, m, Ph; other resonances could not be observed before (12)

had tormed.

(ii) Formation of nu{Clsc (CN) ,1c (en)=c (cN) 2} 
(dppe) çn-c 

uH | (12)

A'Fter reacting Ru(C=CPh)(dppe)(n-Crllt) (300 rng, 0'45 mnrol ) with tcne

(60 mg, 0.47 mmol) in benzene (25 ml) for 6 h, the cyclobutenyì product (B)
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was col I ected and d'issol ved i n chl orofonn (25 rnl ) . upon standi ng for

7 days, precip'itation w'ith ethanol ancl recrysta'l lizatjon (dìchloromethane/

methanol ) gave red crysta;s of Ru{C [=C(CN)Zl C(Ph):C(CN)2] (dppe) (r-CSHS)'

cH2cl 2 oz) (szo mg, 83%) m.p. 212-2140 (Found: c, 6l'9; 11, 4"0; N'

6.31; ø(rnass spectrometry) 794. C+SH¡+NOPrRu.CHZCl, requìres C, 62'9; l-1,

4.1; N, 6.4%; u, 794). Inf rared (ttuiol ) v(Ctl) 2219w, 2208w, 2199w;

v(C=C) l520nr cm-l; other bands at lOBBm, i058vw, 997vw, 870w, B39vw,

B?7vw, Bl3sh, 802m, 763m,747s,737n, 7l8vw, 700s, 692n, 67.lw, 652sh, 643vw,

620vw .,n-1. 
t, n.r.r., ô(cDCl3) 1.2-2.2' n,4H, cHzt 

1;,3, 
5'04, 2 x s,

5H, CbH5; 5.29, s, 2H, CHrClr; 6'2 - 7'8, m, 25H, Ph' C n'm'r':

ô(cDCl3) 24-2-27'7' tn, CHz;53'5' s' CHrClr;73"9, m, C(l); 86'3, 86'9'

2 x s, C5H5; 95..|' n' C(a); 113.8, ']14.6, llB'1, ll9'4,4 x s, CN; l28'6-

144.8, m, Ph; lBl .9, m, C(2); 225.7, m,, C(3).

(r) with pt(C=cph) 2eph3), A react'ion of t:rans-Pt(C=CPh)r(eefr,),

(2b0 mg 0.27 mmol) with tcne (74 mg, 0.58 mmol) 'in dìchloromethane (20 ml)

gave a port-red solut'ion after l4 h. After evaporating to dryness, wash-

ing with carbon tetrachloride (2 x 50 ml), and exbractjng vrìth diethyl

ether (40 ml), addition of methanol brought out a flocculent whìte pre-

cr'pìtate. Thìs r,.ras minor and left un'identifiecl. The solution was

filtered and the mother liquor reduced'in volume to give a mixture of dark

purple/black powctæ ând crsstaJs. Thi s was jdent'if jed as Pt{C [=C(CN)Z] -

c(err1=ç(cN)zÌ(c=cPh)(PPh3b (19) (82 mg, 2s%) m.p. >1300 (dec.) (Founcl:

C,66'5; H,3'6; N, 5'3%.CSgHqON+PrPt requires C,66'4; H,3'B; N,5'3%)'

Infrared (Nujol ): v(cN) 2218w, 2.l90w, 2170w, 21?0w; v(C=C) 1594w, l5BBsh,

1573w, l568sh.r-1, other bands at 1436m, 13ìOvw, l2llvw, ll85w, ll57w,

1096m, ']067w, 1026w, 998w, 743m, 706m, 690s .r-l. Note when the

reagents were m'ixed 'in a l:l ratio the same product was isolated under

the same conditions.
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(J) wi.th trans-Rh(c=-cPh) (co) (PE'h3) 2 After mìxing trans-Rh(C=CPh)-

(c0)(PPh3) 

' 
(420 ng' 0.56 mmol ) and tcne (80 mg, 0.63 nrmol ) in d'ichloro-

methane (20 ml) for 2 lr, crystalljzation from methanol gave yellow

microcrsstat-s af Rfrtn2-C(CN)ZC(CN)Zl (C=CPh)(C0)(PPh3)Z.O'25CHZC1Z Q1)

(470 mg , g4%) m.p. >1600 (dec. ) (Found: C, 67'9, H, 4'0; N, 6'2%'

CS'FI¡SN+0PZRh.0.25CH2CI, requires C, 67'0; H, 3'9; N, 6'2%)' Infrared

(CllZClr): v(CN) ?229w, 2223w; v(C0) 2083s .t-l , other bands at (Nuiol )

1432m,1427n, l304vw, l2O8vw, ll83vw, ll49vw, l0B5sh, 1080m, l0l4vw'
lr

99lvw, 753vw, 743w, 737n, 7llvw, 700w, 688m, 6B0sh, 65Bw cm

ô(cDCl3) 7.4' n, 3OH, Ph; 5.30, s, 0.5H, CH|CI?.

H. n.m.r.:

(K) with lnu(c=cueh)(pph3)2fi)-CsHllPF6 A reaction of tRu(C=CHPh)-

(PPh3)2(n-CUHU)IPFO (500 mg' 0.54 mmol) and tcne ('l00 mg, 0'78 mmol) jn

dì chl oromethane (30 ml ) gave a burgundy col oured sol uti on w j thì n m'i nutes .

After lB h a spot of the react'ion mixture on a t.l.c. p'late (silica, i:l

djethyl ether/l"ight petroleum) indjcated that the major products were

Ru(C=Cph)(PPh3)2(n-CUH^) (46) and the product from a reaction of (46) with

tcne, Ru [n3-c(cN)2c(Pn)c=c(CN)z] (PPh") (n-csHs) (13).

(L) With lnu(c=CnePh) (PPh3) ,h-C rH l)ntn A reaction of

¡Ru(C=CMePh)(PPh3)2(n-CUHU)lBF+ (2OO mg, 0.22 mmol) and tcne (50 mg,

0.39 mmol) jn dichloronlethane (30 ml) did not proceed at room temperature.

Heating in an autoclave (50 atnl.N2, lB h,1000) qave an unchanEed red

solut'ion whjch was evaporated to dryness, dissolved in dichloromethane

(2 ml ) and f iltered drop-wise 'into diethyl ether. A fìne pìnk ¡towder

was collectecl and ident'ified by 'its infrared spectrum as starting nraterial

(l 70 mg, B5%) .
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Reactions of (NC) C:C (CFlz2

(A) with Ru(c=cph) (PPhl 20)-csHl After mixìng Ru(C=CPh)(PPh3)Z-

(n-csHs) (290 rnq, 0.37 mmol ) and (NC)2C2(CF3) 

' 
oOt ffi9, 0.78 mmol ) in

benzene (30 ml ) for 20 h, addit'ion of octane and evaporat'ion gave dark

blue crysra-zs of {Ru IC=C(Ph)C(CF3)2C(CN)rt (nnnr) (n-csHs)]2{u- (NC)rC=C(cF3)2].

0.5C6H6(23) (270 mg, B5%) m.p. 257 -2600 (Found: C, 57'3; H, 3'l; I'l , 4'B%.

CAOHSOFtgN6P2RuZ.0.5C6H6 requires C, 57'3; H, 3'3; N ' 4'7%). Infrared

(Nujol): v(cN) 2lBls, 2155s, 2ll8vs, 2021s, v(C=C) l6l3w, 1577n, 1532s;

v(pf) (major bands ) 1272vs, l239vs , 1?21vs, l20lvs cm-l; other bands

at 1347s, ll69m, ll6lm, ll47vw, llllm,1098m, l095sh,1074w, l062vw, l030vw,

l0lgvw, l002vw, 992vw, 974w, 948m, 925vw, 880w0 856vw, 839w, 819m, 772w'

759w, 752w, 747m, 7?2n, 707s,699s, 633m, 59Bw cm-1. UV/visible 553,

e 7.2; 745nm, e 9.1 .

(B) t¡tith Ru(c=cMe) {eehl ,(n-c uHr) A sol ution of (NC)rC=C(CF3)2

(248 mg, l"l6 mmol ) in to]uene (4 ml ) was added to a solution of

nu (c=CMe ) (PPh3 )2 (n-C5H5) (700 mg, 0.96 mmol) in toluene (20 ml) under

anaerobic conditions. After 30 h Ru IC=C(Me)C(CF3)ZC(CN)rt (eefrt)2(n-CUHU)

(24) had precipitated as a ye]1ow powder (743 ng, 82%) m.p. l6l - 1630

(Found: C, 62.8; H, 4.0; N, 3.0; F, 12.7/q;ø-PPhr(mass spectrometry),

682. CSOHSSNZFUPTRu requires C, 63.6; H, 4'l; N, 3'0; F, 1?-'1%; u, 944).

Infrared (Nujol): v(CN) 2238vw, v(C=C) 157?n; v(CF) (maior bands) l270vs'

1220s, ll97vs, llglsh cm-l; other bands at l4B0m, l48Bs, '131'lw, 12BZm,

1255m, l?36w, llBSs, l'158w, ll50m, lll2vw, l0B7s, l07Bsh, l036vw, l026vw,

l0l4vw, .l000s, 
933m, 873w, B53vw, 848vw, 838m, B25vw, 8.l0m,752s,747m,

739m, 7.l3s, 710m, 703m, 700vs, 6B0m .*-1. 
tH n.r.r., ð(CDCIr) o'ss, s'

I3
3H, Me; 4.64, s, 5H, C5HS; 7.2, m,30H, Ph. C n.nl.r.: 5(CDCI3) l6'4

s, [1e; 84.8, s, C5H5; 116.4, s, CN; 127'7 -140'4, m, Ph; 149'6, t' ,¡(CP)
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4 Hz, RUC; other resonances not observed.

Reaction of C r(CO2Et) 4

(A) With Ru (c=-cph) (pph 3) 2û)*c 5H I A mi xture of Ru (c=cPh ) ( PPh3 )2-

(n-CuHu) (200 rng, 0.25 mmol ) and CZrc}zEt)4 (200 mg, 0.63 mrnol ) in
benzene (20 ml) was stirred for 1.5 h and then heated at reflux poìnt for

l0 h. A spot on a t.l.c" plate (sil'ica, l:2 diethyl ether/light

petrcll eunr) 'ind'i cated that on'ly start j ng materì al s were present. Thi s

result did rrot change after the solution was heated'in an autoclave

(50 atm Nr, 1500; 7 h). The starting materials were recovered wìthout

separatìon (382 mg).

(B) with Ru(c=cph) (co) (pph3) 0)-crur) A mixture of Ru(c=cPh) (c0)-

(PPh3)(n-CsHs) (200 mg, 0.36 mmol ) and CZrc}zEt)4 ('120 mg, 0.38 rnmol )

jn benzene (20 ml) was st.irred for lB h and then heated at reflux point

for 4 h. A spot on a t.'l .c. plate (sììica, l:l dìethyl ether/1ìght

petroleum) indicated that only start'ing materìals were present.

(c) r,lith rve(c=cph) (co) z(r,-cuHr) A mixture of Fe(c=cptr)(c0)z-

(n-CSHs) (50 mg, 0'lB rnmol) and C?(C}ZEL)4 (60 mg, 0'19 mmol) were

st'irred 'in benzene (20 ml ) for I h and then heated at reflux point for

I h. A spot on a t.l.c. plate (silica, l:l dìethyl ether/cyc'lohexane)

showed that only starting materìals were present.

r--]
Reaction of Ru(c=cph) ¡eehl 2(t-csnl with (NC) ,c=co(cH/ 20

A mjxture of Ru(C=CPh)(PPh3)2(n-Cuttu) (40 mg, 0.05 mmol) and

(NC),C=CO(CHù20 (i mg, 0'05 mmol ) were stirred in benzene (15 ml ) for
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lB h without change. After heatjng at reflux poìnt for 2 h a spot on a

t.l.c. plate (sìiica, 1:2 diethyl ether/lìght petroleum) showed the

presence of only start'ing material s .

Reaction of Ru (C=CPí) ¡eeh ,) Z Í\-C 5H I with cis-C 
2H 2 

(CO 
2Me 

) 2

A mìxture o'F Ru(c=CPh)(PPh3)2(n-CuHu) ('100 mg, 0'13 mmol) and

cis-Crl1r(C0rMe), (200 mg,1.4 mnol) in benzene (?5 ml) was stjrred for

17 h. A spot on a t.l.c. plate (s'i1ìca, l:2 diethy'l ether/lìght petroleum)

indìcated that only start'ing materjals were present. After heatjng at

reflux'ing po"int for 6 h a spoL on a t.l.c. plate indjcated that a very

minor component was present apart from startìng materjals. The mjxture

tnlas heated for a further 24 h ltut a t.l.c. check indicated that a reaction

had not tal<en place.

Reaction of Rul L.t' (cN) 2l ¡eehl r(n-cuur) (25) with co.
z

A sojutjon of (24) (300 mg, 0.32 mmol) in tetrahydrofurarr (20 ml)

was carbonyìated jn an autoclave (50 atm C0, 1200,20 h)" Separatjon on

a silica t.l.c. pìate (l:l diet.hyl ether/'l'ight petroleum) and crysLalliza-

tjon (acetone/ethanol) gave tv¡o isomers of Ru{Ct=C(CN)rtC(fn)=C(CFr)2}(C0)-

(PPh3) (n-csHs) (26) as yel'low crssta-Zs:

(j) Rf=0'7 (47 ng,21%) n.p.22g-2310 (Found: C,55'9; H,3'0; N,4'0;

F, 16.U/,; rø(mass spectometry) , 710. CS:HZgFUNr0PRu requires C, 55'9; H,

3.3; N,4.0; F, 16.1%;u,710). Infrared (CH2Clr): v(C0) l975vs, v(CN)

(Nujol ) 2215w, ?-208w, 2?02s; v(C=C) 1620m; v(ct=, maior bands) 1345s,

1253s, ll40s .'n-l , other bancls at "]435m, l310vw, l?17m, llglvw, llSlvw,

117?w, ll62vw, lll9m,1090w, l070vw, l064sh,.l037w, l02Bsh, l0l3vw, l004vw'

998vw, 967n, 934w, 843w, 838m, B3lm, Bl0m, 750m, 745m, 717m, 713w, 702sh,

697n1, 684vw, 639w cm-l H n.m.r.: 6(CDCI,) l'07, m,3H, Me;5'08, s,
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I3
SH, C5H5; 7.5, m, l5H, Ph. C n.nl"r.: ô(CDCI3) lB'2, s, Me; 87'0, s'

diene skeleton; 89.8, s, CUIIU; 113'7, llB'5, 2 x s, CN; 128"7 - 136'4' m,

Ph, 167'g, m, diene skeleton; ?-03'9, d, r(CP) l8 Hz, C0; 2?2'5, d, ;(CP)

9 l1z, RuC; CF, resonances not observed.

(ji) Rf-0.5 (135 mg, 60%) m.p. 176 -1770 (Found: C, 55'6; 11, 3'0; N, 4'0;

F, 15'8/"; ø(mass spectrometry), 7'l0. C¡¡HZgFONr0PRu requìres C, 55'9; H'

3.3; N, 4.0; F, 16.1%; u,710). Infrared (CHZCIr): v(C0) l969vs; v(CN)

(tlujol ) 2220m, 2212m; v(C=C) l6l7s; v(CF, ffiôior bands) ì343s, 1255s" ll42s

.r-1, other bands at 3086vw, 3058vw, l44lm, 1436w, 1224n, llB7w, ll69m,

ll23m, llg3vw, l09Bm, l09Ow, 
.l073vw, 

1059vw, 1040w' 1024vw, l0l2vw, l00lw'

97lvw, 966m, 930w, 852w, 845w, 832m, 8llw, 754sh, 750w,748n,719m, 709m,

697m,686vw, 680vw, 639w, 564vw.t-'ltH n.m.r.: 5(cDClr) l'84, m, 3H, Me;

I3
5.03, s, 5H, CbHs i 7'45, m, l5l-1, Ph. C n.m.r.: 6(CDCIr) Zl'A' d,

.r(CP) 2 Hz, Me; 89"8, s, C5H5; 
.l06'7, S, .l08'3, ffi, 109'8, ffi, ll2'6, s,

115.2, m, 117.2, S, cI mixture of CF' diene and CN resonances;129'2-

135.3, m, Ph; 166'5, s, C(2) 207'7, d, r(CP) l8 Hz, C0; 219'3, d,;(CP)

9 Hz, RuC.

Reaction of Ru[n3-c (cN) 2c(Ph)c:c(cN) 2] ¡eehr) (n-crHl (13) with co

A solutjon of the a'l]yl'ic complex (13) (.l30 mg , A'20 mmol ) ìn tetra-

hydrofuran (50 ml ) was carbonylated 'in an autoclave (53 atrn C0, 
.l200, l7 h).

The ye]1ow solution was taken to dryness, extracted with d'iethyl ether and

crystalljzed from cyclohexane. Recrystallization (dìchloromethane/

cycìohexane) gave yellow nricrocrsstaJs of Ru{Ct=C(Cru)rtC(Ph)=ç(CN)Z}(C0)-

(pph3)(¡-Col-t') (9) , (120 rg, B9%) " Th'is was identif ied by comparing its

jnfrared and n.m.r. spectra with those of the fuììy characterized compìex,

described above. In the 
tH n.t.r. spectrum both isomers were present

í,niti*tt) i,r so(e¡iou,..
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(13) with CNBut "

(A) under mifd conclitions A m'ixture of (13) (140 mg, 0'21 nlmol )

and CNBut (200 mg , ?.4 rnnrol ) jn thf (EO ml ) was heated ìn a '100 
nrl

autoclave under nitrogen (50 atnt, 700 " f7 h). Filtration, crystalliza-

t'ion from cyclohexane, and recrystalljzation (clichloromethane/cyclohexane)

yietded dark red crsstaTs of Ru{c [=c(cN)2]c(Ph)=c(cN)r](cneut) (PPh3)-

(n-csHs) (17) (140 ntg, B9%) m.p. 231 -2330 (Found: C, 67.6; l-1, 4'6; N, 9'2%;

ø(mass specLrometry), 741 . CqZllyNUPRu requìres C, 68'l; H, 4'6; N' 9'5%;

M, 741) . Infrared (CUrCt r): v(CN) 2224n, 2216m, 2209n; v(Cttgut) 2ì 38s '

v(c=c) (Nujol) 'l510m, l503sh; other bands at l30lw, 1254w" l?24w, 17-02m,

llBQvw, ll63vw, ll5Ovw, 1096m, 
.l078m, .l062w, l02Ovw, l002vw, 99lw, BZBm,

Bl2sh,803m, 757vw, 748m,740m,733m,714n, 6BBs, 679sh, 659m, 652w,

6lfuwcnll Tn"n,.r., ô(CDCI3) l'33, s, 9H, Me;4'62, s,5H, c5Hb;7'4, n,

20H, Ph; upon warming two new singlets appeared at 1'26 (Me) and 4'54 (C5H5)

accountjng for about 30% of the protons. 
t', 

n.rn.n.: ô(CDC13) 30'5, s'

Me; 58'1, s, tert-C; 73'8, s, C(l);80'7, 87'0, 2 x s (rat'io = l:2'5) CSHS;

g5'2, s, C(4);113.4, ll4.l, ll4.'5, ll8'4, 4 x s, cN; 128'9 - 136'7, n, Pir,

l5l .7, s, br, RuCN; l78'1, s, C(2);2?4'3, d, ;(CP) 9 Hz, C(3).

(B) tJnder vigorous cond.itions A mixture of (13) (200 mg, 0.30 mmol )

and CNBut (150 mg, l.B mmo'l) in benzene (50 m1) was heated ìn a 100 ml

autoclave under nitrogen (50 atm,1500, l0 h). Reductjon to dryness and

extraction wjth light petroleunr (2 x 20 ml) left a yeììow residue which on

crystal I i zatj on (di chl oromethane/hexane) gave yel i ow crsstals çf

Ru{C[=C(CN)2]C(ph)=C(CN)r](CruAut)r(n-CuUu) (lB) (.l59 mg, 93%) nt.p. ?05 - 2070

(Found: C, 62.0; H, 5'l ; N, 15'A/,;ø(mass spectrometry), 562. CZgHZgNOR,

requires C , 6?' 0; H, 5'0; I'1, l5'0%; M, 562). Infrared (CHZCIr) v(Ctl)

2223n, 221 6sh; v(CNBut ) 2162s, ?-l18s; v(C=c) (Nuiol ) 1 530m cm-l ; other
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bands at l2B6w, l268vw, l23lm, l}?Bsh, ll95s, ll77vw, l07Ovw, 1005w,

988w, 831w, B2lvw, 802m, 768w, 738w, 715vw, 692m, 659w, 653vw, 6lBvw cm

111 n.m.r.: ô(cDCl3) l'51 ' l"6l , 2 x s, l8H, Me; 4'57, s, 5H C5H5; 7'49'
I3

s, 5H, Ph. c n.m"r.: ô(cDCl3) 30'7, 3l'4, 2 x s, Me; 58'2, 58'4' 2 x s,

tert-C; 69'3, s,C(l); 84'6, s, CSHs; 90'8, s,C(4); ll3'0, ll3'3, ll4'l'

117'6,4 x s, CN;128'0, 129'0, l3l'8,133'1,4 x s, Ph;.l52'3, s, RuCN;

179'7, s, CQ);226'2, s, C(3).

Reaction of Rhl.n2 -c (cw) c(cN) 2l rc=-cPh) (co) (PPh3) 

' 
with NCMe

-l

2

Afrer hear'ing Rh(c=cPh)(tcne)(c0)(PPh3)2 (go mg' 0'10 mmol) in

aceton'itrile (20 ml ) at reflux point for 30 m'in a yellow powder was

precipìtated and identified as Rh(C=CPh) (tcne) (NCMe) (PPh3) 2 QZ) (78 mg'

85%) m.p. >1600 (dec. ) (Found: C, 69'4; H, 4'B; N, 7'3%' C5?ll38N5P2Rh

requires C, 69'6; H, 4'3; N, 7'8%). Infrared (CHZC1r) v(Ctl)' 2?26m;

v(t¡CMe), 2137n; v(C=C) (tlujol ) 2073vw .*-l , other bands at: l5BBw,

1433m, l3O7vw, ll97w, ll87vw, l'l7Bsh, ll49vw, l0B5sh, l08lm, l0l9vw,

991w, 750nr, 739m, 734sh, 6BBs, 65Bw .*-l . 'H n.m.r. : ô(CDCI3) l'80, s'

3H, Me; 7'o- 8'0, m, 30H, Ph. 
ttC 

n.m.r.: o(CDCI3) 63 0, s, Me;125'6 - .l34'9,

m, Ph. (NC carbon not detected).

Note - the presence of excess tcne did not affect the result of this

reacti on .

rrradiation of Fu{c ¡=cr (CN) 
2lC 

(Ph) =C (cN) ,} {co) ¡eeh ,) (r,-c 
,H ,) (9)

A solution of (9, .|50mg,0.22 mmol) in 1,2 dlmethoxyethane (50 ml)

was irradiated for 2 h (Pen-ray hìgh pnessure mercury ìamp, 50 w). The

Volume was reduced to l5 rnl and light petroleum added to give orange

crsstaTs of Rutn3-C(CN)2C(pfi)C=C(CN)Zl (PPh3) (n-CSHS) (.l3) (100 mg, 70%).

This was identified from its'infrared spectrum and by spotting on a t.l.c.
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plate and comparing wìth an aut.hentj c sanple (si I ica, l:2 eJiethyl ether/

ì i ght petrol eum.



2

J

I89.

3.5 REFERENCES

e.g. J.K. bjill'iams, D.ìlrl. bJiìey and B.C' McKusick, r.Am.chem-soc-,

84, 2210 (.l962); R.W. Hoffman , Ansew.chem. 80, 823 (1968)i Ansew.chem.

rnternat.E(lit., 7, 754 (1968).

A. Dav'i son and J " P. Sol ar, J .organometal-Lic Chem. , 166, Cl 3 (1979 ) .

H. Masai , K. Sonogashi ra and N. Hagi hara ; J.organometal-J-ic Chem. ,

34, 397 (1972).

K. Onuma, Y. Kai, N. Yasuoka and N. Kasa'i , tsuff -chem-soc-Jap. r

4q_, r 6e6 (r e75 ) .

E" InJasserman, L.C. Snyder and bl.A. Yager, J.chem.Phgs-, 41 , .|763

(re64).

A.M. McPherson, B.F. Feiselmann, D.L. Litchtenberger, G.L" McPherson

and G.D. Stucky, r.Am.chem.soc., l0l, 3425 (1979).

J. Mattia, D.J. Sikora, D.lnj. Macomber, M.D. Rausch, J.P. l-lickey,

G.D. Friesen and L.J. Todd, J.organometaLLic chem-, 213, 441

(re8r).

T. Mi tsudo, H. I,Jatanabe, Y . Watanabe, N. Ni tani and Y . Takegami ,

J.C.S. Dal-ton, 1979, 395.

D.H. Gibson, W. Hsu, A.L. Steinmetz and B.V. Johnson, J.organo-

metat-t-ic chem., 208, 89 (1981 ).

e.g. R.B. K'ing and S.P" Diefenbach, lnors.chem.,'18,63 (1979).

K. Nakatsu, Y. Inai, T. Mitsudo, Y. Watanabe, H. Nakanishi and

Y. Takegami , J .organometat-l-ic chem., 159, I I I (l 978) .

K. Wal I enfel S, chimia, 20, 303 (l 966) .

H. Kohler, B. Eichler and R. Salewski, z.anorg.alTegm.chem-,

379, 183 (r970).

4

5

6

1

9

10.

lt.

12.

13.



14.

t5.

16.

17.

.l8.

19.

20.

21 .

22.

23.

24.

25.

26.

?7.

?8.

29.

30

190

W.D. Phjì1ìps, J.C. Rowell and S.I. We'issman, J-chem-Phss-, 33, 626

(r e6o).

S. Fuzukumi, M. Mochida and J. Kochj, J.Am.chem.soc-, l0l' 596.|

(r eie) .

P..1. Krusjc, l-1. Stoklosa, L.E. Manzer and P" Meakifl, J.Am.Chem.Soc",

97 , 667 (l 975) .

I{.J. Middleton, R.E. Heckert, E.L. Little and C.G. Krespan, r.Am-

chem.soc", 80, 2783 (1980).

D.N. Reinhoudt , Adv.Het.chem., 21 , 253 (1977).

R.M. Acheson, N.D. lnJright and P.A. Tasker, J.c.s. Perkin r, 197?,

2918.

e.g. F. Kataoka, N. Shímizu and S. N'ishj da, J.Am.chem.soc., 10?,

711 (1980) ; A. Fel zenstein, S. Sarel and J " Yovel 1 , ¡.c.s.chem-comm- ,

1975,9.l8.

M.H. Chisholm and L.A" Rankel , rnors.chen-, 19, 2177 (1977).

C.K. Brown, D. Georgiou, and G. [Jjlk'inson, J.Chem.Soc. (A) 1971 , 3120.

R.H. l¡Jalter and B.F.G. Johnson, J.c.s.Dafton, 1978' 3Bl .

B.L. Ross, J.G. Grassell i, l,J.M. R.itchey and H.D. Kaesz, lnorg.chem.,

2, I 023 (t 963) .

L.Y. Ukhin, A"M. Sladkov and Zh. I. 0rlova, rzvAN SSSR,ser.Khim,

I 969, 705.

M.I. Bruce and J.G. Matisons, unpubJished resuLts.

t^j.H. Baddley and L.M. Venanzi , rnors.chem., 5, 33 (1966).

A. Catlow, Honours Re¡nrt, Un'ivers jty of Adelaide' l98l .

R.B. WOOdWard and R. HOffnlan, The Conservation of Orbital- Sgmmetrg,

Academic Press, Germany, 
.]970.

t. 0sawa, Y. Onuki and K. Mislow, J.Am.chem.soc., 103, 7476 (1981 ).

F.A. Cotton, D.A. Frenz and J.tq. Troup, J-organometaLl-ic chem.,61 ,

337 (1973) and references there'in.

3l .



32.

33.

34.

35.

36.

37.

38.

?o

40.

t9l .

M.I. Bruce and R.C. Walljs, Aust.r.chem-, 32, l47l (.l979).

within M.I. Bruce and A.G. Swincer, ÄusË.J.chem., 33, 1471 (1980).

M.H. Green and T. Mole, J.organometalTic chem., 12,404 (1968)'

M.V. Russo and A. Furlani, J.organometaTTic Chem., 165, l0l (.|979).

il|.J. Middleton and D.|a|. W'iley , ors.ssnth., Collect.Vol . 5, l0l4'

l.l.J. Middleton, r.ors.chem., 99, 1402 (1965).

tlJ.J. Middleton and V.A. Engelhardt, r.Am.chem.Soc., 80, 2788 (1958).

M.l. Bruceo J. K. Walton and M.L. llJ'illiams, unpublished resuLÈs.

E.H. hlilliams, Ph.D. rhesis, University of Adelaide, 1981.



192

CHAPTER FOUR

THE PREPARATION OF SOMT O-ACETYLIDE COMPLEXES Page

4.l. INTRODUCTTON 192

4.2 RESULTS AND DTSCUSSION
.l93

4"3 EXPERTMENTAL 196

4.4 REFERENCES 202

4.1 TNTRODUCTTON

The chemistry described in Chapters Two and Three requ'ired the

synthesis of a number of new o-acety'lide complexes. WhÍle a variety of

o-acetylìde complexes are known, the synthes'is and chemistry of many

systems has not been explored. The major routes to o-acetylide complexes

are:

(i) metathesis reactions of metal complexes with other metal acety'lides:

e.g. tcoclr(eerrr)rt + 4 Nac=cph I iq'NHg, 
tco(c=cPh)o(eerr, )rl'- (ref . I )

Au C .NH + 2KC=CR
1Ìq.NH3. (ref. 2)

2
a
J

IrCl (C0)(PPh3), + t'terSnC=CPh ----+ Ir(C=CPh)(C0)(PPh3)Z (ret. 3)

(ji) oxidative addit'ion of an acetylene to a metal complex:

2
IRC=cAuc^Auc=cRl 

2-
L

e. g. Pt (n
2 - CIC=CPh) (PPh3 )Z 

- 

rrans-PtCl (C=CPh) (PPh3) , ftel. 4)
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tIr(c0)r(en, )r1* * HC=cPh + tIrH(c=cPh) (c0)r(enr)t+

(R = Et, Ph).

(iij) reaction of a halo-acetylene with an anionic metal compìex:

e.s. tM(c0)3(n-cUttU)l- + Brc=cPh-+ M(c=cPh)(c0)3(n-cUll5) (ref. 6)

(M = Cr, Mo, l^J)

(iv) deprotonation of jsolated or non-jsolated vinyl'idene complexes

(described in Sections I .3.4.1 and 
.l.3.5..l)

(v) reactjon of a termjnal acetylene with a metal hal'icle in the presence

of NEt, and a CuI catalyst:

(ref. 5)

e.g. trans-ptCl2(PEt3)2 + HC=CH 
NEt3/CuI, 

rrans-Pt(C=CH)r(eftr),
(ref.7)

The acetylide complexes described in this chapter have been prepared

by routes (ii), (iv) and (v). L'igand exchange reactions have led to a

range of comp'l exes w'ith varyi ng steri c and el ectroni c propertì es .

4.2 RESULTS AND DTSCUSSÎOIV

The o-acetylide complexes Ru(C=CR)(PPh3)2(n-CuHu) (1, R=But; 2,

R = CHTCHTC=CH) and Ru (PPh3)2(n-CUH')c=ccHrcHrC=CRu(PPh3)2 (n-Cullu) (3)

have been formed via yinyl'idene ìntermediates. Reactions of RuCl (PPh3)Z-

(n-CUl-1U) w'ith HC=CR i n methanol gave orange-red sol ut'ions of the

vinyl idene comp'lexes wh'ich on deprotonat'ion w'ith NaOMe yielded the

acetylìde cornpìexes as yeìlow solids. Complex (3) was formed when

RuCl(PPh3)2(n-CuHu) and HC=C(CHz)rc=cH were reacted together in a 2:l

rati o. These comp'l exes h,ere i denti f ì ed by the'i r spectral and m'i cro-

analytìcaì data. In the ìnfrared spectrum v(C=C) appears at c. 2100 cm-l

as a medium band. In the 
ttC 

n.m.r. spectrum the s-carbon of the
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aeetylide group appears between 95 and 115 p.p.m. with coupling to

phosphorus, whjle the g-carbon appears as a singlet between 100 and

125 p.p.m. The binuclear acety'lide complex (3) hacl sìnglets due to the
l

CHZ (OZ.Sl ) and CUHU 9.22) protons in the H n.m.r. spectrum. Thest

data clist'inguìshes conrplex (3) frotn Ru(C=CCHr*Ct1rC=CH)(PPh3)2(n-cuHU) (2)

which had a triplet tl'90, r(Hl.i) 2'4llz1, triplet of triplets 12'14, 'r(HH)

2, ,t(PH) 8Hzl, multiplet (2.64) and singlet (4,22) assjgned to CH, CH2o,

CH, and CUHU respectively. (0ther data o-ve described in the Experìmental

sect'ion). A varìety of other complexes have been prepared s'imììarly. 
u

A reaction of ldCI(C0)3(n-CUllO) with HC=CPh and CuI in HNEtt gave

t^t(C=CPh)(Co)r(¡-CuH5) (4) as a ye'l1ow powrle r (82%) .u The copper iocli de

catalyst was essentjal for the reaction and suggests the format'ion of a

copper acetyf ide compouncl wh'ich undergoes a ¡netathesis react'ion wjth

l^lCl (c0)3(n-c5Hu):

CUI + HC=CPh --+ [CuC=CPh]
ulcl (c0)3(n-c5H5).

w (c=cPh ) (c0) 
3 

(n-c5Hu )

(4)

The HNEI, medium was also necessary for the reaction, presumably as a

proton 'sponge'. Complex (4) was 'identified by comparing its spectral

and physi cal data lvi bh l'iterature val uesu (see Experimental ) . Previ ously

complex (4) was prepared from reactìons of ttr.l(C0)3(n-CUHU)l f witfr

BrC=CPh (25%) or ¡PhC=CPPhrl Br (45%).

A reaction of IrCl(C0)(PPh3)2 with C0 in the presence of BPhO- or

PFU- gives tIr(C0)3(PPh3) ,l*.t'" Treatment of the sa'lt wjth HC=CPh

g'ives an oxjdative addition product which on deprotonation gives

rr(c=cPh) (c0)(PPh3)2. rt was not poss'ible to prepare Rh(c=cPh)(c0)(PPh3)2

(5) by the same serjes of steps as the irrtermediate complexes could not be

isoìated. Thìs result can be attrjtruted to the general lower stab'ility of

Rh(III) comp'lexes compared wjth Ir(lII) complexes. A'one pot' reaction

of RhCl (C0)(PPh3)2, HC=CPh and C0 jn NaOMe/Me0ll solut'ion, however, gave
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Rh(C=CPh)(C0)(PPh3)2 (5) in 86% yield. If the reaction was attempted ìn

the absence of C0, only starting materìaì was recovered. This suggests

that the reaction proceeds rzia tRh(C0)3(PPh3)rJ+, whìch ìs analogous to

the 'intermediate isolated jn the formabjon of Ir(C=CPh)(C0)(PPh3)2. 
3

A variety of other syntheses oF Rh(C=CPh)(C0)(PPh3)2 are known (Scheme l).

Rhcr (c0)(PPh3)2
Me SnC=CPha

J

Li C=CPh

Rh(c=cPh) (c0) (PPh3)2

CO (5)

Rh(c=CPh ), (snNe, ) (Pph3) 
Z

CO

Rh(c=cPh) (PPh3)3

Scheme I

Ligand exchange reactions Ifor example used above in the synthesis of

(5)l have yielded a variety of new o-acetyìide compìexes. Reactions of

(i ) PMe, with Ru(c=cR) (PPh3)r(n-cuHu) gave Ru(c=cn) (Pl4er) (PPh3) (n-c5H5)

lR=But (6), Me (7)l (ii) Ru(C=Cph)(pph3)2(n-CUHu) wjth L save

Ru (C=CPh) (L) (PPh3) (n-cSHs) tl = C0 (B) ' CNBut (e)l and ('ii i ) 0s (c=cPh)-

(PPh3)2(n-CuHu) with dppe gave 0s(c=cPh)(dppe)(n-CuHu) (.l0). These

comp'lexes r^rere jdentjfied by their physical and spectral data (see

Experìmental ). These reactions proceed in the same manner as ì'igand

exchange reactions of simjlar halÍde comp'lexes.I0'Il
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4.3 EXPERIMENTAL

General experimental condjtjons have been descrjbed in Chapter Two.
t2

Literature methods were usecl in the preparatìon of RuCl (PPh3)r(n-C5H5),
13 1

l^Jcl (c0)3(n-cUllU)' Rhcl (c0)(pPh3)2' Ru(c=cl'4e)(PPh3)2(n-cUHU)' Ru(c=cPh)-

(PPh3)2(n-CuHu) and 0s(C=CPh) (PPh3)2(n-CuHu). 
u

Preparation of Õ-Acetgl.ide Complexes

(A) Ru¡c=caut) ¡eehr) 2fi-csHl (t) 3,3-Djmethylbutyne (20 drops,

excess) was added to a suspens'ion of RuCl(PPh3)2(n-CUHu) (230 mg,0'32

mmol) in lnethanol (50 ml), and the mixture was heated briefly at reflux

point to form a red sol ut'ion. After cool jng, addition of sodìum (c. 40 ntg,

0.002 g atom) resulted in a rap'id change in colour, wjth deposit'ion of l'ight

ye'lìow crssta-Ls wh'ich were col lected and recrystal I ized (di chl romethane/

methanol) to give pure Ru(c=cBut)(PPh3)2(n-cuHu) (l) (210 mg, 86%), ffi.p.

215 - 2lB0 (Found: C, 73-7; H, 5.8%; ø(mass spectrometry), 772. C47H44Pzïu

requìres C, 73.1; H, 5.7%; ru,772). Infrared: v(C=C) 2120m; other bands at

1595w,'l578vw, l24Bm, ì204sh, ll9lw, ll64w, ìlOBw, 1097s, l09ls, 1074w,

l03lw, l0llw, l00lw, 860w, 835m, 806s, 76lsh, 755s, 748s, 737s,722n,698vs,

6BBs,664w,616vw,540vw.*-1. 
t, 

n.nr.r., o(CDCIr) l'20, s,9H, Me;

4.18, s, 5H, CUI1U; 7.'15, m, 7.58, m, 30H, Ph. C n.m.r": ô(CDCI3)

33"0, s, Me; 85.2, s, CUIIU; 120.4, s, =C; 127.1 - 139'8, m, Ph (other

carbons not detected) 
"

(B) Ru(C=CCH2crr2C'CH)(PPh3)2(r.C5Hl (2) A mixtUre of

RuCl (PPh3)2(n-CuHu) (l"s g, 2'07 mrnol ) NH4PF6 (330 mg, 2'02 mmol ) and

1,5 hexadiyne (200 mg, ?.56 mmo'l ) 'in methanol (l ZO ml ) was heated at

reflux po'int for 5 min. Yeìlow microcrgsta-zs wêr"ê deposited on additìon

of sod'ium (c. ì00 mg, 0.004 g atom), whìch on recrystall'ization
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(dichìomethane/methanol) gave pure Ru(C=CCttrCH2C=CH)(PPh3)2(rr-CUHU) (2)

(1.38 g, B5%) m.p. >.l600 (dec.) (Found: C, 73'6; H, 5'4%. C47H4OPZR'

requ.ires C, 73.3; H, 5.3%). Infrared (Nuiol ): v(C=C) 2100rn .t-1, other

bands at 3292n, l583vw, l57lvw, l43ls, l3lOvw, 1273w,1249vw, llB6w,

ll62vw, ll55vw, 200lvw, 1092s, 1083m, 1069¡r, 
.l025w, 

1008w, 997w, 9fZvw,

B42vw,83lw, B0lm, 756w, 747s,740sh,721vw,696vs, 68lw, 654w, 63Bw'

617vw .r-1. 
tH 

n.m.r.: ô(cDCl3) l'90, t, .r(HH) 2'41-lz, lH, =cH; 2'14,

tt, ¿(PH) I Hz, .z(HH) ? Hz, RuC=CCH2i 2'64' m' 2H, C$C=CH; 4'22, s, 5H,

l3
csHS; 7.1 - 7.5' ffi' 30H, Ph. C n.m.r.: 5(CDC]3) 20'7 ' s ' CHtC=Cll;

23-9, s, RuC=CCH,; 68'1, s, =CH; 84'8, s, CSH5; 85'3, s, C=CH; 95'3'

t, ,-z(CP) 25 Hz, RuC; 109'.l, s, RuC=Ct 125'5 - l4l'5, m, Ph.

(c) Ru¡eehr) 
2ß)-C sH lc=ccl 2cH 2c=cRu {eeh l 2(rt-C 5H 5) (3) A sol ution

of RuCl (PPh?)2(n-CUHU) (1.15 s, .|.58 
mmol ), HC=CCHTCHTC=CH (63 mg, 0'Bl

nmol ) and NHOPFU (263 m9, l.6l mmol ) was heated at reflux po'int in

methanol (200 ml) for 0.25 h. The reaction mixture was decanted hot

from some unreacted starting mate¡ia'l (lZS mg,1l%) and sodium (c. 60 mg,

0.003 g atom) added with the subsequent precipìtation of Ru(PPh3)2(n-CqHU)-

C=CCHTCHTC=CRu(PPh3)2(n-CUHU).0.5Me0H (3) as a yellow powder (502 mg, 43%)'

m.p. 153 - 1550 (Found: C, 71'0; H, 4'4%. C8AHZ+P+RrZ.0'sCH30H requìres

C, 72.2; H,5.2%). Infrared (Nuiol): v(C=C) 2.l00m, 2095sh.t-1, other

bands at 3050m, l5B6vw, l4B0m,1437s,1309vw,1?44vw, ll82w, i159vw'

ll54vw, 1089m, l0B3sh, lO6Bvw, f027w,1000w, 85lvw, 832w, Bl3sh, 805m, 753m,

742n, 738m, 702sh, 697s, 6BZsh .r-l . 1H n.m.r.: 6(CDCI r) ?'5'l , s, 4H,

CHZ; 3'47, s, 1.5H, UeOH; 4'22, s, lOH, CSHS; 7'1 , 7'5, m' 60H, Ph"

13
C n.m.r.; 5(CDCIr) 25.6, s, CHr;84.7, s, CsHb; 9l'0, t, ¡(CP) 27 t1z,

RuC; ll2'0, s, =C; 127'2-l4l'7, m, Ph.
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(D) t{(c=cph) (co) sfi-cuHl (4) A mjxture of I/JCI(C0)g(r-CSHb)

(300 mg, 0.Bl mmol ), PhC-=CH (100 mg, 0'98 mmol ) and CuI (5 mg) was reacted

together in HNEt, (25 mì) for I h in the dark. The mixture was taken to

dryness, extracted with djethy'l ether, fìltered and crystall'ized from

hexane. AlI manjpuìat'ions were carried out under anaerobic and 1ìght-

free condjtions. Complex (4) was obtained as ye1ìow crsstals (290 nrg' 82%)

m.p. 129 - l3l 0 (lit.u 14r- 1430) [¡r(mass spectrometry), 434. CtoHto0¡W

requires u, 4341" Infrared (CHZC12): v(C=C) 2105m; v(C0) 2040s,

l954vs cm-l ilit. v(C=C) 2110, KBr; v(C0) ?040,1950, CHCI3l; other bands

at (Nujol) .¡597w, l4BBm,1427w, l4l9w, 1212w, 1.l78vw,1069w, 1064w, l0l2w,

1003w, 93'lvw, 906w, 860vw, 85gvw, 838m, B3lm, 755s, 693m, 665m cm-l .

I
H n.m.r.: ô(cDcl3) 5.62, s, 5H, c5H5;7'24, n't,5ll, Ph (lit. 5'76 and

13

7.Ol - 7.53 respectively, CDCI3). C n.m.r.: ô(CDCI3) 73'0, s' =C;

9l'8, s, CSHST 129'3, s, WC;126'4,127'2, i28'.l, l3l'2, 4 x s, Ph;

2'l.l.8, s, C0.

(E) Rh(c=cph) (co) (pphl 2 (s) C0 was slowly bubbìed through a

mixture of RhCl(C0)(PPh3), (SOO m9, 0.72 mnol) and PhC=CH (80 mg, 0'79

mmol) ìn Na¡Me/MegH ("..¡00 mg of sodium in 25 ml of methanol).

After ,|.5 h bubbling was ceased and the reaction was allowed to proceed

under a C0 atmosphere for lB h. A yellow powder wâs collected, washed

with methano'l , and iclentif jed as Rh(C=CPh)(C0)(PPh3)2 (5) (470 mg , 86%)

m.p. >1400(dec) (litl' l5l -.¡54, dec). Infrared (Nuiol): v(C=C) 2094w;

v(C0) I 958vs cm-l ; tl ì t. (Nujol ) ?0gz and I 958 cm-l respectì velyl .

Ligand Exc:hange Reactions

(A) Ru(C=CBut¡ ¡eehr) 2ît-CsHs) with PI,1e, A react'ion of ttu(C=CAut)

(PPh3)2(n-CuHu) (l'05 g, l'36 mnrol) wìth PMe. (Zso mg, 3'3 mmol) in
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petroleum sp'irit (100-1200 boijjng fractìon, 20 rnl) 'in a sealed anrpoule

(1700, 6 h) yieldecl a yellow solution, whjch on crystallizat'ion from ljght

petroìeum gave yel 1ow cr-t¡sta.Ls of Ru(C=Cnut) (PMer) (PPh3) (n-c^l-lu) (6)

(580 rng , 72%) m.p. .l64 - 1650 (Found: C, 65'4; H, 6.6%; ¡¿(mass spectromelry),

586. CgZtJggPZRu requires C, 65"6; H, 6'5%; u, 586)' Infrared (¡luiol ):

v(C=C) 20BZs .n,-l , o'bher bancis at l594vw, l582vw, 1437s , 1424n, 1353m,

l306vw, l395vw , 1292w, '1277vw, 1274n, l26Bw, 
.l253m, ll95w, I lBZw, ll5Svw'

lllBvw, l09Bw, 1092w, l0B5s, 1065vr,1, 105'lvw, 1022w,.l003w, 990w, 949s, 932m,

g28¡n, 850w, 840w, B24nt, 798n, 785s, 751w, 748rn, 741s, 735sh, 7'l6m, 7lOrn,

69lsh, 6BBvs , 677w, 666m, 658sh, 61Ovw, 583vw .,n-l . 
tl, 

n.m.r.: 5(cDclr)

l'10, s, 9H, CCH3; 1'20, d, .r(Pl-l) 9 Hz, 9H, PCH3; 4'43, s, 5H, C5llu;

13

7-3-7.7, m, l5H, Ph. C n.m.r': ?2"1 ' d, .z(CP) 29 llz, PCH3; 29'7'

s, CCH3; 33'2, s, CHr; B2'5, t, .z(CP) 2 Hz, CSHS; 89'0, ABq, ;(AB) 24'5 Hz'

RuC; 116.5, s, 
=CC 

i 127 '0 - l4l'6, m, Ph.

(B) Ru(c=cMe) çeehr) 2(\-CsHl with PMe, Usjng the method

described in (A), Ru(CrMe)(PPh3)2(n-CUHU) (380 mg, 0'52 mmol ) and PMet

(10 mg, 0.13 mmol) gave Ru(CrMe)(PMe3)(PPh3)(n-CSHS) (7) as ve11ow crqstals

(ì60 nrg , 56%) m.p. 169 - .|700 (Found: C, 63'5; H, 6'0; ø(mass spectronretry),

544. CzgHgzPzRu requìres C, 64.1; H, 5.9%; u, 544). Infrared (Nuiol ):

v(C=C) 2.l00s cm-l; other bands at l5$6vw, 'ì570vw, 1434s, l4l7w, 1295w"

1277w, 1275w, 1177vw, ll55vw, 'l098vw, 1082m, l067vv¡,1022vw, 'ì00Ovw, 993vw,

987vw, 979vw, 962sh, 946s, 928m, 922sh, B49vw, 833w,813w,792n,752m,

742w,738m, 720n,710w, 698m, 69lsh. 687s, 676vw, 668w, 65Bw t*-l '

i
l-t n.m.r.: 5(cDclr) 1"17, d, r(Pll) 9 Hz' 9H, PCH3; l'95, t, -z(pH) 3 Hz,

l3
3H, =CCtlr; 4'48, s, 5H, CbHs; 7.3 -7'7, m' l5H, Ph. C n'm'r':

,5(CDCI3) 7.3n s, =CgHg; 22.3, d, r(P[ì) 28 Hz, PCH3; 82'2, s, CSHST 94'1,

ABq, .z(AB) 23 Hz, RuC; l0l'4, s, =!cH.; 125'8 - l4l'1, m, Ph.
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(c) Ru (c{ph) (pph | ,(n-c oH r) witlt co A sol uti on of Ru (C=CPh)-

(pph3)2(n-CuHU) Q.l6 g, 2.73 mmol) in tetrahydrofuran (50 rnl) was carbonvl-

ated jn an autoclave (50 atm C0, 1050,4 days). Add'ition of ethanol (20 nrl)

to the solution, ancl removaì of part of the solvent afforded a fine light

yel l ow prec'ipi tate, wh'ich was recrystal I 'ized (dì chl oromethane/nlethano I ) to

g'ive pure Ru(C=CPh)(C0)(PPh3)(n-CSHS) (B) as yellow ¡njclocrsstars (l'44 g,

95%), m.p. 218-2200 (Found: C, 68.5; H, 4.5%; M,546. Ca'HZ5OPRu requìres

C, 68'l; H, 4'6%; t'l,546). infrared (CHC1r): v(C=C) 2097s; v(C0) l967vs;

other bands at (Nujol) 1598m, l592sh, l57Bvw,1570w, l49ls, l2l3w, ll93w,

ll79w, ll66w, ll54w, 1096s, 'l067w, l0l8w, l0l4w, 1002m, 998sh, 973w, 9'l2w,

857w, 846w, 838w, Bì4s, 766s,759sh, 756s, 743m" 7?4w, 704sh, 697s, 692s,

582w, 565w cm-l H n.m.r. ô(cDCl3) 5'05, s' 5H, csHs; 6'97, m,5H,

cHrPh; 7.4a, n, l5H, PPh3. 
tt, 

n.m.r.: ö(cDCl ,) a7'2, s' csHs, 100'1,

d, ,z(CP) 24 Hz, RuC;112'7, s, lPh;124'2- 137'4, m, Ph; 203'7, d, ¡(CP)

22 Hz, C0.

(D) Ru (C=Cph) ¡eeh u) 2 
ft)-c 

5H 5) with cl'But A sol uti on of Ru ( c=cPh ) -

(PPh3)2(n-CUHo) (200 m9, 0'25 mmol) and ButNC (4 clrops, ". 40 mg, 0'5 mmol)

jn tetrahydrofuran (20 ml) was heated'in an autoclave under nitrogen

(7 atm, 1500, l6 h). Addjtion of ethanol (15 ml) and evaporat'ing to c.

l0 ml afforded a product on cooling, which was filtered, washed with Me0H

and light petroleum, and drjed to give pure Ru(C=CPh)(CNBut)(PPh3)(n-C5HS)

(9) as fìne ye11ow cz.sstaTs (lZO mg, 77%), m.p. 175-1770 (Found: C, 70'?;

H, 5"6; N, 2"2%; u, 60.l . C35H34NPRu requ'ires C ' 70' 6, H, 5'6; N' 2"3%;

M¡ 601). Infrared (CHCI3): v(C=C) 2128s, v(CN) 2088s; other bands at

(Nujol) 1600s, l592sh, 'l579w, l49ls,1372m,1?32w, l2l0m, IlB7vw, I175w,

ll6lvw, l'l07sh, ll0lm, l09lm, l06tjw, ì032w, l0l2w .J001w,905w, 
B36nt,

B33sh, Bllw, 793m, 761s, 749s,723w,704n,693vs, 620vw, 595vw, 554vw,

533vrv .r-1. tH 
n.m.r.: ô(cDCl3) 1'12, s) 9H, Me; 4"82, s, 5H, c5H5;
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6.97, s, 5H, Ph; 7'4?, m, l5H. PPh3. 
ttC 

n.m.r.: 6(CDC13) 30'8, s'

CUg3; 56'?, s, 9Me3; 84'2, s, CbHb; lll'2, d, ;(CP) 26 Hz, RuC=C; lll'8'

s, lBut ; 123-2 - 13g'2, m, C6H5; 159'6, d, .z(CP) 26 Hz, RuCNBut.

(E) os (c=cph) ¡eehr) 2ft)-c sHl with dppe A m'ixture of 0s(C=Cpn)-

(PPh3)2(n-CUHU) (.l90 mg,2'2 nunol) and dppe (200 mg, 5 mmol) was heated

in refluxìng decalin (40 ml) for 4 h. The resulting solut'ion was added

to a column of alumina, the decalin washed through with light petroìeum,

and the product eluted with benzene/ethanol (a9:l). Partìal evaporation,

and add'ition of ether, caused prec'ipitat'ion of yellow crsstaJs whi ch were

collected and washed with ether to g'ive pure 0s(C=CPh)(dppe)(n-CSHS) (10)

(140 mg, 86%), n.P. 135-1370 (Found: C, 62'1; H, 4'5%; u' 750' CggH¡O0tPZ

requires c , 62.4; H, 4.0%; u, 750). Infrared (¡¡uiol ): v(cc) 2090s; other

bands at l596sh, 1590m, l3l2m(br), ll85m, ll73nr, llllm,1096s,1077w,1025w,

996w, 970w(br), 873w, 832w, 810w, 791w,752w,741s, 727s,703w, 689s, 669w'

663m cm-l H n.m.r. : ô(CDCI3) 2'31 , tÍt, 2'58, m, 4H, c|'z; 4'78, s' 5H,

CSHS; 7.33, m, 25H, Ph.
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5.I TNTRODUCTTON

The nature of the M-H bond in transition metal hydride comp'lexes

has long been the subject of theoretical interest to chem'ists. The

hydr.ido moiety, once thought to be unique, has been found to behave simì-

lar'ly to hal jde or a'lkyl spec'ies. Many studies of the stereochemistry

and structures of hydride conrplexes have been made, in addition to

extensive jnvestigations of thejr chemistry, not least because of their

role as intermediates in catalytìc hydrogenation or hydroformylation

reactions.

Maìn group metal hydrjdes such as LìAIHO are weìl known and have

proved a conven'ient source of H- in synthetic chemistry. The first

report of a transition metal hydride species was that of CuH'in 1844'I

In the early .ì930's the preparations of HrFe(C0)O and HCo(C0)O appeared

and since then hydride complexes of most transjtjon metals have been

reported.

2
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A variety of preparative routes can be used in the format'ion of metal

hydrìde complexes and have been the subiect of comprehensive revj.*r.'

These include ('i) exchanging a leav'ing group (usually halide) wìth H- frorn

a main group hydride (e.g. LiAlH4 or NaBHO), ('ii ) ox'idative addit'ion of

H, or HX to a metal complex (ìii) protonat'ion of neutral or ion'ic com-

plexes (iv) ß-hydrìde elimjnation from alcohols ìn the presence of base.

The latter route, first used by chatt and Shaw,u hu, proved a convenient

and high yield route to several cyclopentadienyl-iron, -ruthenium and

-osmium hydride complexes.

The hydride complex, HRu(PPhr)2(n-cuHu), was fjrst prepared from

RuCl (PPh3)2(n-CUHU) and L'iAlH4. This synthesjs has proved rather

tedious, partìcu'lar'ly for large scale preparations. Brjef reflux of a

varìety of cyclopentad'ienyl-iron, -ruthenium and -osmium halìde complexes

.in NaOR/ROH or NEtr/MeOH led to precipitation of the pure hydride com-

plexes in high yìeld. Some reactions of the metal-hydrogen bond w'ith CSZ'

C0, and HX have also been ìnvestìgated.

Initial investigations of this chem'istry were made iointly with

Dr. R.C. Wallis.

5.2 RESULTS

Reacr.ions of Rucl (PPh3)2(n-cUHU) ' RuCl tP(0Ph)rJ (errrr)(n-csHs) (l ),

RuCl (dppe) (n-C5H5), RuCl (sp) (n-CSHS) (2) [sp = P(CUHOCH=Ct1r-o)Ph7J, FeCl -

(dppe)(n-CSHS) and osBr(PPhr)2(n-CUHU) in a solution of refluxing Na0Me/

MeOH gave the corresponcl'ing hydride complexes (3) - (B) (Table I ).

Cornplex (3), which was aìso prepared using NaOEt/EIOH or NEtt/MeOH, was

characterìzed by comparing 'its spectrai data wjth l'iterature values

t5
['H n.m.r. (csz) -ll'83, t, ,-z(PH) 34H2, RuH; 4'll, s' csHs; lit.

-11.73 (34H2), 4.04 respective]y. Infrared v(RuH) 1950 (CS2); l'it. s

-1 r1950cm'. M'atn/e694.
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Table l. Some ìnfrared and 
rH n.m.r. data of relevant hydride cornplexes.

Complexes (9) - (ll) have been included for comparison"

Conrpou nd v (1'1-H ) ô(M-H )

HFe(dppe) (n-cuHu) (7)

HFe tP(0Ph)ri r(n-cuHu) (e)A

HRu(PPhr)r(n-CuHu) (3)

HRu IP(0Ph)3] (PPh3) (n-cuuu) (4)

HRu(dppe) (n-cuHu) (5)

C

r 970 (Nujol )

I e5o (cs2)

r 960 (Nujol )

I e5r (csz)

I 9l I , 1945 (Nuiol )

1e44 (csz)

(under C0)

I 980 (¡tu j ol )

I e76 (cs2)

2067 (tlujol )

?060 (csz)

I 830, I BB0 (

l84o (curct,

I e20 (Nujol )

)

-l 6.1 (c6D6)Nujol )

( c6D6 )

(cs2)

-l 4.05

-l I .13

-l I .73

B

-il.80(c D
6 )6

t{Ru(c0) (PPh3) (n-cuHu) (l 0)

HRu(cNBut) (PPh3) (n-cuHu) (l I )D

HOs(PPh3)2(n-cuHu) (8)

-13.26( C6D6 )

-l 3.86 (cs2)

-l I .58 (csz)

-t I .36(C6D6)

-l 3.e8 (cs2)

-14-57(C-D-)' b o'

A, ref. 6; B, solvent not gjven; C, ref. 7; D, ref. B.

The jron complex (7) has been reported previouslyn and was identified from

its physìca'l data, while comp'ìexes (4), (5) and (8) were ident'if"ied by

microanalytical and spectral data. in the infrared spectra v(MH) appears

between 
.l920 and 2060 cm-], while in the 

tH n.t... spectra the hydride

proton resonates between 6-ll'8 and -16 p.p.m. with coup'lìng to phosphorus

(Table I and Experimental). In the sol'id state spectra of the dppe

comp'lexes i(5) and (7)l v(MH) appears as two broad absorpt'ions, while'in

7
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sol uti on or.ìl y one absorptì on i s present '

0f part'icular jnterest is the react'ion of RuC'l (sp)(n-CUHO) (2)

wjth Na0Me/MeOH. complex (2) ìs formed in a reactjon of Rucl(FPh3)2-

t
(n-CUl-lU) ancl sp. in the H n.m.r. spectrum the oletinic protons appear

at h*'þ.r field than 'in the free l ìgand, thus ìndìcabing 'bhat the olef in
i0 13 31

is n*banded to the metal (faUl e 2). The C an<l P rr.m.r. indicate

that one isomer ìs present (see txpepimental)' A reactjon of (2) w'ith

NaOMe/MeOH g'ives the hydride compìex (6) 'in two isomerjc forms (tne

mixture was identìfied by ìts spectraì and microanalytical data)'

The 
tH 

n.m.r. spectrum ìs complex (Figure l) but ind'icates that the

o1efin js bonded to the metal (Table 2), and that there has been no

adclit.ion of H- or Me0- to the olefìn. The hydrìde resonances appear as

tr^ro doublets of doublets at ô-9'60 ancl -B'56 t,¡(PH) 3ll-lz' 'r(HgH) 2 llzl '
t3 3I

The c and P n.m.r. spectra further indicated that two 'isomers were

present. The o'lefinic carbons of the mjnor jsomer appear as two doublets

t34.9 , CH|; 4g.0' cH;.2(cP)=5 Hzl, whjle the maior isomer has two singlets

ßA.2, CllZ; 5l .l , CH). This suggests that the jsomers differ jn the

posìtìon of the olefjn'ic group. Resonances at ô82'3 and 84"1 are

ass'igned to the CUHU groups of the mjnor and major isomers respectìvely'

while a small singlet at ô B3.Z ìs assìgnec.l to an un'identìfjed irnpurity.

Chlorjnation of (6) with CDCI3 regenerates the chloride (2) as a single

i somer.

A reaction of HRu(sp)(n-CSHS) with CSr gave a separable mjxture of

two dark red complexes. The mass spectra'indicated that l:l adducts of

formulation HRu(CSr)(sp)(n-CSHS) (13) hacl formed' l'lhile the mjnor isomer

could not be'ident'ifjed further, the other product y¡as shown to conta'in

I
a CHCH, group from its H n.m.r. spectrtttn [ôl'90, d, CH3; 3'28, 9, Ci],

;(llH) 6"5 Hzl. Cyclopentadìenyl and phenyl protons were also present

(O+.4¿s and 7.0-7 "4,m r respect.ìvely) but no rësonances were present ìn the
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Tabl e 2

H3

Ph

h2P

P

,

H,H
2

tH n.r... data for the olefinjc group of the sp figand.

Compìex (S) ìs'included for reference and is used as a basis
*

for assìgnment.

Br (2) M=Ru, X=Cl

/ (6) M=Ru, X=H
Br

(12)
PhzP (.l7) M=0s, X=Br

ôtl(l ) 6H(2)* ôH(3)* ¡02) "z(13) 't(?3)

MRu
P

2

2
sp

Compound

sp A

3. 30

5 .40

c

C

5. 3l

5-47

4.99

2.AB

3.04

1.75

1 .44

3.15

2.92

5 .45

3.ll

C

?..73

?.96

4.17

4.28

lt.0
9.0

9.0

E

E

9.0

9.0

I 7.5

12.5

9.0

E

E

9.0

9.0

1.3

<l

5.0

t
E

5.0

5.0

RuBrr(sp)z (12)B

Rucl (sp)(n-CsHs) Q)

RrrH ( sp ) (n-C¡l1s ) (5 )D

RuH(sp) (n-CuHu) (5)F

0sBr(sp) (n-CuHu) (l 7)D

0sBr(sp) (n-CuHu) (l 7)F

A, under phenyl i B, ref. l0; C, under CSHS; D, maior isomer;

E, complex coupling, cannot be assìgnedi F, minor isomer.

*
lThe assignment of 

TÍ
greater than,¡(12).

2) and H(3) has been made on the basis of J(13) being

when,-z(ì2) equaìs.z(.|3) the resonance at lower field

ìs arb.itrari'ly assigned to H(3) as thìs is the most common occurrencel.
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Ru-H regìon (c. - 12 p.p.m.) or the SCHS region (13'65 - 9'85 p.p.m. 
t).

This ìmpììes that the h.ydride proton has transferred onto the CH, grouP of

the sp ligand. In the 
tt, 

n.¡¡.r. spectrum s'ing]ets at 627'4 and 84'3

are assìgned to methyì and cyclopentadìenyl groups, respectively, while a

broad mu'ltìpìet (123.2 - 138.4) is ass'igned to pheny'l carbons. A doublet

at 651 .3 (.r =1.l llz) may be due to CH wìth coupl ing to phosphorus, although

no phosphorus coupl ìng was observed 'in the 
tH 

n.,n. r. spectrum. The

apparent doublet may jn fact be two sìnglets, which could be assìgned to

CH and CS. Two other doublets appear at t5145'9 t.r(CP)= l5 Hzl and 
.l50'6

tr(CP) = 6 Hzl and may be assìgned to phenyl or CS carbons.

Fron the n.m.r. data the structure of the rnajor isomer of (13) could

feasibly be any of (l3A) - (l3C). The infrared data, however, precludes

(l3A) as no strong v(CSZ) absorpbions are present 'in the regìon 955 - .l235

(asymmetrìc stretch) and 632 - 653 cm-l (symmetric stretch).t 
t 

"'

Ph Ph Ph2L 2

/

(r38)

l-l Me

Ru

/t\,

,/

(r 3c)

P

HMe

P

S Ru

S

Ru

î\
L S

HMe

(t 3A)

S

/
l^

//
S

Sìmiìa11y (l3B) is eljminated as no v(CS2)absorpt'ion appears at c. 1500 cm

Absorptions jn the jnfrared spectrum at l09lm,9l7s, and 75lm cln I can be

assigned to the asymmetric stretching, symmetric stretchìng, and bendìng

-l
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nlodes, respectìveìy, of the d'ithìoformate group of complex (l3C)' Compìex

13
(1 4 ) , formed 'i n a reacti on of HMn (c0 )r (dnnm) vri th cs. s hows some

sjmilarity to (l3c) and exhibits low energy v(cs) absorptions (glg' 652 cm

A structural determination is currently in progress, and will be needed

before (13) can be fully characterized.*

I
)

H

L S

\/

0

Mn <__ c0

C
hP

Ph

+
P

P
I

CH
2

R -s_c

0

Ph Ph

(14)

A djthioformate comp'ìex, (15), was formed jn a reaction of
I 13

HRu(dppe)(n-CUUU) wìth CSr. In the H and C n.m.r. spectra the

lt
u

1

L

t-l
L (15)

(l B)

LL = dppe

L = PPh,

expected methylene, cyclopentad'ienyl and phenyl peaks were observed (see
] I L2

Experimental). The SCHS group was 'identified by the expected ' low

I
field H n.m.r. resonance at ô10.61, and a resonance at ô176'5 p.p.m. in

l3
the C n.m.r" spectrum. In the ìnfrared spectrum v(CS) appears at

*1r." 
Appendìx)
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976v s

642.

.*-l and in the ntass Spectrum a molecular ion js observed at m/e

u

A reaction of Rucl IP(OPh),] r(n-cuHu) with NaOMe/Me0l1 gave

Rut(C6H40)p(0ph)Ztp(0ph)rJ (n-CUHU) (16). This was characterjzed by contparison wi lh

P(oPh)2

,/\o-
(16)

(Pho)3P

14 13

ljterature data and fronl its C n.m.r. spectrum (see Experimental).

The hydride complexes react with cHcl3' cDCl3' cHBr' and ccl4: ôS

expected, to give the correspond'irrg halide complexes. Reactions of

HRu(Pph3)2(n-CUHU) (3) with HI or HBr gave the iodide and bromide com-

plexes respectìve1y, which ¡¡ere converted back to (3) in re'tlux'ing

Na0Me/Me0H.

The hydride complex HRu(enfrr)2(n-C5H5) (3) is stable as a dry solìd

at room temperature, but in solution'is qujte ajr sensjtjve. The complex

'is stable to heat (2000) and undergoes lìgand exchange with dppe under

vigorous conditions (2000) to Sive HRu(dppe)(n-CSHS) (5).

Ligand exchange reactions of RuCl (PPh3)2(n-CUHU) with P(0Ph)3 and

0sBr(PPh3)2(n-CuHu) wì th sp save RuCl tP(0Ph)rt (nen,) (n-CsHs) (l ) and

OsBr(sp) (¡-CUHU) (l 7) respec'bìve1y. These complexes were identified from

spectral and m'icroanalytjcal data (see Experimental). Compìex (l) had a

small peak at m/e 822 jn its mass spectrum, presunlably formed by dis-

proportionation of (l ) to gìve {RuCl tP(0Ph)rt r(n-CSHS)}* in the mass

spectrometer. Complex (.l7) was formed as a m'ixture of two isomers which



e.g. tMl-Cl + CH3CtlZOl'l + 0ll- 
-à'
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were separatecl by chromatography. Irr the 
t, 

n.n,. r. spectra the protons c¡f

the olefinic groups of both isonlers ¿lppear at much higher fjeld than the free

'l ìgand (Table 2), thus ind'icating that the group js n-bonded to the ¡neial .*

5 " 3 DISCUSSTON

A variety of cyclopentadìenyi-iron, -ruthenium and -osmium halide

complexes have been converted to the correspond'ing hydrìde complexes

t(3) - (B)l by refìuxìng 'in methanol or ethanol in the presence of base.

These conversjons are beljeved to proceed via a hydrìde transfer mechanism,

whìch js common for iridium and plat'inum compl.*urtt,

-+ tMl -H + Cl-lrCHO.

An ìndepenclent report describing the reactìon of RuCl (PPh3)2(n-CUHU)

with Me0-/MeOH appearerltu after this work had been completed.

Halogenation of HRu(PPhr)2(n-CUllU) (3) wìth CHX, (X=Cl, Br) or

llx (X = Br,I) gave the halide complexes RuX(PPh3)2(n-C5llu). React'ions of

these hal i de compì exes w'ith NaOMe/MeOH al so gave (3) under s'im'il ar condi -

tions to the chloride.

In the reaction of RuCl(sp)(n-CSHs) (2) wjth NaOMe/MeOH ìt was thought

that MeQ- or H- might interact with the olefin'ic group. Instead, however,

the hydrìde comp'lex HRu(sp)(n-C5HS) (6) formed, whjch reverted to the

chloride complex (?) on treat.ment wìth CDCìr.

Reactjons of tlRu(PPh3)2(n-CUHU) and IlRu(dppe)(n-CSHs) wìth CSt

gave th'io'tormate complexes (lB) and (.|5) respectively. Sulphur-bonded

thioformate compìexes, formed 'in reactions of hydride complexes with CSZ,

have been reported for manganese, rheni um, ' pl at j nutnt 
t 

and 'iron 
t t 

compl exes.

H

I

cHg

*(u.. 
Append'ix)



l¡/hr'le RuCl (sp)(n-cUHU) (2) was present as onìy one jsomer,

HRu(sp)(n-CUHU) (6) and 0sBr(sp)(n-CUHU) (.l7) have two distinct isomeric

f orms accord'ing to thei r n.m. r. spectra. I somer j sm 'invol vi ng the sp
t0

ligand has been notecl previously for RuClr(sn)Z(19) and other cotn-

l9
plexes. The bromide form of (19) 'is present as only one jsomer and

jnd'icates how small changes can influence the orientation of the olefinic

group qu'ite markedly. Structural studies of the two isomers of (17) are

in progress and should reveal information about the orientation of the sp

I igand.* A reaction of Ru(sp) (n6-cuNe

catìon (2.l ) and another minor product

212.

(10) with H+ gave the hYdrìdo

The identity of the second Product

)

0
6
t

--H
Ru +Ru

Ph P
2

Ph
2

( 20) (21)

js not known, but may be simjlar to the minor isomer of HRu(sp)(n-CUHU) (6).

A react'ion of Rucl tP(OPh)3J2(n-cUH5) with NaOMe/MeOH gave

n[(õ¡Uole(oPh)Z] tP(oPh)rJ(n-CuHu) (15), while a react'ion of RuCltP(OPh)31-

(PPh3) (n-CsH¡) (l ) under the same conditions gave HRu tP(0Ph)tl (ennt) (r-C5H5)

(4) . It i s not understood why an orrherrêtal I ated product 'is not formed

'in the reaction of (l). The mass spectra of complexes (l) and (4) both

have a peak at mle 738, assigned to an ortåametâllated 'ion (22). A peak

*
(see Appendix)
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P(oPh)"
,/ -'o L

+

), (4)-

(22)Ru

Ph
3

at (u-2H)* was not observed jn the spectrum of HRu(PPh3)r(n-CUHU) (3),

suggesting that or:tho-fietallatìon does not take place as readiìy with the

pph3 ligand. ortho-metallatjon of RuCl tP(0Ph)rlr(n-CUHU) has-been observed
l+

prevìously'in jts mass spectrum and jn a reactjon with NEtcyr.

A comparison of v(MH) and 6(l'4H) values for HMLr(n-CSHS) systenrs (Table

I ) shows un .*pe.t.d" increase in stretching frequency w'ith metal atom'ic

we'ight (Figure 2). No other trends are apparent at thjs stage.

v(MH )

2070

2030

a

I
o
O

I 990

I 950

l9l 0
..-lql

I870

I 830 "- (7)

( r r )..-.

(5)-t- . ¿

Ru

t0l .t
Fe
55 o

O

0s
190.2

Itletal Atomi c Weì ght

Fì gure 2 The var j at'ion i n v (M-l-l) absorpti ons as the metal 'i s changed.
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22

Ligand exchange of HRu(PPh3)2(n-CUHU) (3) with C0 and dppe to gìve

uRu(C0)(pph3)(n-CSHS) and llRu(dppe)(n-CSHS) respect,iveiy requjred v'igorous

conditions ("|400 ancl 2000 respect,ively). In contrast much milder condit'ions

were used in the preparation of RuCl (C0) (PPh3)(n-CSHS) (400)t and

RuCì (clppe)(n-CSHS) (S00).'z3 The chlorjde compìex, RuCl (PPh3)2(n-CUHU), ìs

known to lose PPh, reaclily, and thjs is attributed to the strong steric

interact'ion between the ePnr groups.'u Repìacement of Cl w'ith H js expected

to lessen thjs jnteract'ion and would expìain the increased resistance of

HRu(PPh3)2(n-tuHu) to ligand exchange.

A reaction of HRu(PPh3)2(n-CUHU) with C0, (.l400, 30 atm) gave on'lv

starting rnaterial , whjle a react'ion of H(NZ)Co(PPht), -l:n C0, gave a

fonmate complex, Co(OûCl-l) (PPh3)rn under mild conditions.

5 .4 HXPERIIUIENTAL

Literature methods were used in the preparatìons of RuCl tP(OPh)312-
I¡+ 23 9

(n-C5H5) , RuCl (dppe) (n-CsHs)- and FeCl (dppe) (n-C5H5)' The sp ì'igand

was kinclly donated by Dr. M.A. Bennett (Austra.l ian National University).

Preparation of Starting Matetials

(A) Ruct-lp(oph) 3l ephl (n-crHr) (7) A mixture ot RuCl (PPh3)2-

(n-CsHs) (304 mg, 0.42 mnrol ) and P(0Ph), (ì54 mu, 0.50 mmcil ) was refluxed

in decalin (7 ml) for 2nin. Upon cooling orange crsstaTs were collected

and recrystal I 'izecl f rom CHZCI 2/1ight petrol eutn yi el di ng RuCl t P (0Ph)31 (PPh3)-

(n-CSHs).o.+cHrct, (250 mg, 73%) m'p. 174- l780 (Found; C, 62'2;

H, 4.5%. C41l13bCl0rPrRu.0'4CHZCIZ requires C, 61 5; H, 4'5%). Infrared

(¡tujol ) v(pO) 1209s, ll87vs, ll56s cm'l; other bands at .|584s , 1476s,

1426n, l303vw, l 2Blvw, l0Blm, 1065w, l043vw, l0l9vw, 1014w, 993w, 986w,

904s, 896s, B79vs, BZZI, 796m, 766s, 756s, 746n, 741w, 73lm' 7?3w, 7l5m'

700w, 690m, 68]s, 674vw, 608m, 606sh, 589w, 584sh cm-l . t 
H n.m. r. :
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ô(cDcl ,) 4"22, ¿, ,¡(PH) l'0 Hz, 5l-1, cul-lu; 5'25, s, 0'BH, Cllrclr; 6'78 - 7'92,
l3

m, 30H, PPh. C n.m.r.: ô(cDC'lr) 53'5, s, CÌ1oCi 2; 82'3' d' r(CP) 4 llz'

cui-tu; l2l'B - 138,5, n, PPh; 152" 3n d, r(CP) 12 llz, POc.

(B) Rucl(sp) (t)-cuHs) (2) (with tì.C. bJall js) A. mixture of

RuCl (PPh3)2(n-CUHU) (726 rng, I .0 mmol ) and sp (2BS rng, l'0 mmol ) in

petro'leum spirit (100 - .|200 
boi'l"ing fraction, 45 ml ) was heated under

reflux for 2 h. Fjltration o'f the warm reaction mixture and cooling

afforeled a ye'lìow-orangê powder whjch was recrystallized (diethyl ether)

to g'ive yel'low/orangê crsstals of RuCl (sp)(¡-CUIìU) Q) (455 mg, 93%) m.p.

25? - 2550 (Found: C, 61'2, ll, 4'5%; ø(niass spectrometry) 490. CZSHZZ-

CIPRu requ'ires C, 6l .3, H, 4.5%; a, 490). Infrared: (Nuiol ) l313w'

l269sh, 1259w,1237w, 1226w, l2lOvw, 1190w,1177w, ll60m, ll30vw, 'll02sh,

1099s, '|092m, l0BBsh, 1071m,1027w, 
.l008vw,997m,990w, 97lvw, 960vw, 940vw,

932vw, 847vw, B35sh, 829sh,822m,8.|3m, B03vw, 783w,771s,758s, 750s'

745sh, 740sh,7?Bw, 699vs, 687sh H n.m.r. : o(CDCIr): (seeTable 2)

3.04, lH,Fl(2)', 4'65, s, 5H, C'HS IH(3)resonance under C5H5.l ; 5'40, lH, H(l )

I3
7.35 - 7.96, m, l4H, Ph. c n.m.r.: 6(cDCl3) 5l'1, s, cHZ; 69.8, s, Cl-l;

83.0, s, cuHu i 127.9 - 136 .2" n, Ph. 
ttP 

n.m.r"; 6(cDC13) 71'g, s;

relative to PPh3.

(c) es1r(sp) ¡n-crHr) (17) A reaction of 0sBr(PPh3)2(n-C5HU)

(300 mg, 0.35 mmoì) with sp (110 mg, 0.38 mmol) in petroleum spirit

(80-1000 boiling fractiono 50 rnl) in an autoclave (60 atm N2, 2000,20h)

gave ûn orange product. Elution on a preparat'ive t.l "c" pìate (S:Z

cliethyl ether/light petroìeum) gave 0sBr(PPh3)2(n-CUHU) (Rf = 0'8, ll ffi9,

4%) and 0sBr(sp) (n-CSHS) (lZ) as two isorners: (j ) (Rf = 0'7) as orange

crsstaJs from dichloromethane/methanol (97 mg, 45%) nr.p. 216 - 2180 (Found:

C, 48'4; H, 3.6%; ¡¿(mass spectrometry), 625. CrUHrrBr}sP requ'ires
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C, 48'2; 11" 3.6%; tt, 625). Infrared (Nuiol): v(C=C) l5B7w cm-l; other

bands at l7l4w(br), l3lOvw, l248vw, llBBvw, ll6lw, ll56w, ll3lvw,.ì099m,

1092m, l0B0w, l07lvw, l029vw, l00lvw, 973vw, 967vw, 956vw, 948vw, 922vw,

B30vw, 820w, 7B7vw, 759m, 753m, 748m,723vw, 70lsh, 698s, 686vw.,n-1.
I
H n.m.r.: ô(cDCl3) (couplÍngs in Table 2) 3'15, lH,H(2);4'17, lH, H(3);

I3
4.88, s, 5H, C5HS; 5.31 , lH,H(l);7'4, m, Ph. C n.m.r.: 5(CDCI3) 32'1,

s, CIIZ; 5l'6, s, CH; 83.1, s, CsHb; 126'6 - 134'9, m, Ph.

(ij) (Rf = 0.6) as orange crsstaTsfrom dichloromethane/methanol (10 mg, 5%)

m.p. 224-2350 (Found: C,49.9; H, 3.7%; r'r(mass spectrontetry), 625, CZs-

HrrBrOsP requires C, 48.2; H, 3.6%; n, 625). Infrared (tluiol ): v(C=C)

l5B7w cm-l; other bands at 1438s, l3l0w, 1248w, l206vw,11B6vw, ll54m,

ll43w, ll00w, ì092m, l0B0m, l02Bw, l00lw, 965vw, 955vt^r,925w,829w, Bl8w,

770n, 754m, 746w, 703s, 697s cm-l; 
tH 

n.m.r.: 6(cDClr) (couplings in

Table 2) 2.92, lH, H(2); 4.28, lH, H(3);4.89, s, 5H, C5H5; 5.47 ' lH' H(l);7.+'
I3

m, Ph. C n.m.r.: ô(CDCI3) 34.3, s, cïz; 5?.7, s, CH; 83'l, s, CsHb;

1?6'6 - .l34.9, tn, Ph.

(D) RuBr¡eehl rtn-crau) A suspension of HRu(PPht)r(n-CUHU)

(200 mS , O.2g mmo'l ) ìn methanol (20 m'l) was reacted with HBr (O'S ml , 48%

solution, excess). After 2 h the product was collected as an orange

powder (166 mg, 75%), lrecrystall'ization from CH2cl2lMeOH gave RuBr(PPh3)Z-

(n-CSHS). CHZCI2l m.p. .l55-'l650 (Found: C, 58'5; H, 4'3; ¡r(mass spec-

trometry), 771 . C4tHgSBtPrRu'CH'C]2 requìres: C, 59'0; H, 4'4%; M, 771) '

Infrared: (ttujol ) l5B5w, l57Ovw, 
.l433s, l3llw, ll97vw, ll8Bw, ll59vw,

ll0lvw, l0B9s, l059vw, 1026w, 1006w, 998m, 845w, 830m, 798m, 750m, 745m,

_l I
739s, 699vs, 6BBsh, 6lBvw cm H n.m.r.: 6(CDCIr) 4.12, s, 5H, Cullu;

5-29, s, 2H , CllZC1 ?; 7 .12 - 7 - 40 , n, 30H, PPh .

Bl .7, s, CSH5; 127.7 - .l39.8, 
rTì, PPh.

)
t3

C n.m.r.: O(CDCI 3



preparation of HRu(PPhr) 2Íl'C5HS) (3)

(A) útith NaoMe/MeoH (Met.hod. A) A mìxture of RuCl (PPh3)2(n-CUHU)

(1.0 g, 1.4 mmol ) and sodium metal (". 200 rng, 0'009 g atorn) was refluxed

in methanol (50 ml) until all the startìng materia'l had disappeared

(c. I h). A ye11ow powder precipitated from solution and was identified

as HRu(PPh3)2(n-cuHu) (3), (900 mg ' g4%); [ø(nass spectrontetrv)'

692; Cal cul ated for COTHTUPTRu : rrr, 6921. Inf raned (Nuiol ) : v(nuH ) i 970 cm

I
H n.m.r.: ô(c6D6) -11.,1: ,',¡(PH) 33"7 Hz, lH' RuH; 4'49,s, 5H, CsHs;

7.0, 7.5, m, 30H, PPh. C n.m.r.: ô(c6D6) B2'0' t, r(cP) 2 Hz, CuHu;

127 .3 - l 4l '7 , trt, Ph.

(B) with NaoEt/EtoH Us'ing the above procedure with RuCl(PPh3)Z-

(n-C5H5) (440 mg, 0'6.l nmol), sodium metal (c.40 ß9, 0'002 g atom) and

ethanol (25 m1) tf¡e hyd¡ide comp'lex was collected (300 mg, 72%) and

identified by comparing the infrared spectrum with that of an authentic

sampl e.

(c) v,rith NEt3/ueou A suspens'ion of RuCl (PPh3)2(n-CUHU) (l'04 g,

1.4 mmol) in NEt, (6 ml, 43 mmol) and methanol (50 ml) was refluxed for

4 h yjelding HRu(PPh3)2(n-CUllU) (750 mg, 76%). This was identified by

infrared and n.m.r. data.

(D) From Rux(PPhr) ,(tl-c UH U) (){ = Br, I) . Using Method A

RuBr(PPh3)2(n-CUHu) (.l00 ffi9, 0"13 rnnol ) or RuI(PPh3)2(n-CUHU) (150 mg'

0.lB mmol) was reacted with sodjum metal (". 40 mg, 0'002 g atom) in

methanol (25 ml) to afford the hydride complex (57 ng, 64% and 92 mg, 72%

respect'ively). This was identjfìed by me'lting point and infrared data.

217 .
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Preparation of Other llqdride Complexes

(A) HRu[p(oph) 3] 
pph3) fi-currl (4) Us'ing l,IethodA,, (4) was

obtained (290 mg, BB%) from RuCltP(0Ph)11 (eenr)(n-CnHS) (2) (345 mg, 0'45

mmol), sodiurn lileta'l (". 40 mg, 0'002 g atom) and methanol (30 ml), m'p'

700 (dec.) (Found: c, 66.4; H, 4"9%; ø(mass spectrometry), 740- C+tHso-

OrprRu requires C, 66.6; H, 4.9%; u,740). Infrared: (CSr) v(nuH)

lg57m; r{ro¡ (Nuiol ) 1220m, ll97vs, ll84vs, l159shn ll54mu cm-l;

other bands at-t626vw, 
.l586s,1428s, l30lvw, l280vw, l095vw, l0B3m, l06lw'

l0l6m, 997w, B99vs, 875s, B59vs, B'l7vw, 807vw, 791m, 765vs, 737w, 715s,

682vs, 657vw, 611m, 607m, 5BBw cm-1. 
tH 

n.m.r.: ô(C6D6) -ll'80, dd,

"z(pH) 32'5 Hz, r(PH) 38'? Hz, lH, RuH; 4'33, s, 5H, CsFfs; 6'97'7'92' n'
l3

30H, Ph. c n.m.r.: o(cuDr) 82'5, s, C5H5; 1?2'3 - 134'7, m' Ph;

153.8, d, ;(cP) 7 Uz, POC.

(B)HRu(dppe)¡n-cuHr)(5)UsingMetho<|A'(5)wasobta'ined

(150 mg, Bo%) from Rucl(dppe)(n-c5H5) (200 mg, 0'33 mmol), sodium ntetal

(c. 40 mg, 0.002 g atom) and methanol (so ml),m.p. 1700 (dec.) (Found

C, 65.8; H , 5'3%; ø(mass spectrometry), 566' CgtHaOPzRu requires: C'

65.8; H, 5.4%; u,566). Infrared: v(RuH) (CS2) i9441 (ttuiot) lgllm'

1945m .*-1, other bands at lbTgvw, lb63vw, 1428s,1297w, ll67w, ll46vw,

ll09vw, 1089s, l0B0s, 1057w, l0l5w, 987w, 979vw, 867w, 812vw, 800m, 788m,

778n,740s, 73?sh, 699s, 687s, 674sh, 665m, 644vw tt-l' 
tH 

n'm'r':

6(CUD6) -13.2.6, t, "z(PH) 34'2 Hz, lH, RuH; 2.0, m, 4H, CHr; 4'76, s,n 5H,

csHb; 7'2, 7.6, B'0, m, 20H, PPh. 
t'c 

n.m.r. ' ô(coDo) 3l'9, d, ;(cP)

24 Hz, CHZ; B0'2, s' CSHS; 125'4 - 145'8, rÍ, Ph'

(c) HRu(sp) ('r\-c5H5) (6) Us'ing Method A, RuCl (sp)(n-CUHU) (300 mg'

0.61 mmol) was converted to (6) (242 ng, 87%) after reacting with sodium

metal (". 40 mg, 0.002 g atom) in methanol (30 ml ) for 'l h, m.p. >1400 (dec' )
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(Found c, 65"2; H, 5.2%; ø(mass spectrometry), 456. CruHrtPRu requires:

c, 65.g; t-1, s.l%; n, 456). Infrared (Nuiol ): u(RuH) l95Bm cm-l ; other

Lrands at l5BZvr, l577sh, ll79vw, ll69w, ì155vw, ll02vw, 1093m, l06Bw'

l023vw, l0lgvw, 992vw, EBBvw " B27vw, B0lw, 795sh, 7B0vw, 760w, 753¡r,

743m, 710vw, 701s, 69bs, 682vw .r*l " 
tH 

n.m.r":ô(C6D6) -9'60, dr1, ;(RH)

3l Hz, "ritt(3)Hl 2 llz, RuH; -8.56, dd, .i(PH) 32H2, "ztH(3)Hl 2 Hz, RuH*(*denotes

the minor isomer) see Table 2 and Figure I for the olefinic region;

4.36, m, 4.57, s, 4.69, s" 4'79, s, 611, CUHU + CH; 7'0' 8'2, m, l4H, Ph;

(further assignment cannot be made at this stage; Ru* is the minor

isomer). 
t tc 

n.n'ì.r., o(coDo ) 26'2, s, cl-|, ; 34'9, cl, .z(cP) 5 Hz, c{r*;

49.0, d, "z(CP) 5Hz, Cll*;51 .1, s, CH;82'3, s, CuHu*; 83'2, s' unassìgned;

84'1, s, csHS; 124'3-136'3, ffi, Ph. "P n.m.r.; 5(cuD6) 76'7, s' RuP;

88'2, se RuP*; relatjve to PPh3.

(D) ÍIF'e(d.ppe) çn-crHr) (7) Compìex (7) was prepared by refluxing

FeCt(dppe)(n-cuHu) (40 mg, 0'07 rnmol) with sodium metal (". 40 mg

0.002 g atom) in methano'l (15 ml). After 0.5 h the black suspensjon had

gìven way to a paìe yellow solution, which on cooling yielded FeH(dppe)-

(n-CUllU) as a ye1low/white powd.er (gO mg, B0%), n.P. l38-.l500 (lit.s

146 - 156 o) . Further spectral data 'is in Tab'le I .

(E) Hos(pphl2fi1-c5+5) (8) Complex (8) was prepared by MetIþd A

from 0sBr(PPh3)2(n-CUHU) (310 *g, 0'36 mmol), sodium tnetal (". 40 mg,

0.002 g atom) and methanol (40 nrl ) as pale yellow ¡njcrocrqstals (240 mg,

85%), m. p. 1640 (dec. ) (Found C, 63'1 ; H, 4.5; ø(mass spectrometry) , 7B?..

C+fHgOPZOs requires: C, 63'l; H, 4'7%; u, 7BZ). Infrared: (CSt) v(0s11)

2060m .n,-l ; other bands at (Nujol ) l577vw, l563vrv , l?96w, I l6Bm' ì ì 36'rw'

l090vw, 1077s, 
.l074s, l05Bm, 'ì016w, 993w, B?7w,806w, 740m, 736s, 728s,725sh,

697sh, 690vs, 68ls, 673sh, 656vw, 630vw .t-1. 'n n.m.r.: ô(C6D6) -.l3'98,
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t, r(PH) 2B'3 Hz, lH, OsH; 4'4.| , s, 5ll, C5H5; 6'90 -7'56' m, 30H' PPh'

l3
C n.m.r.: 6(C.DU) 77'2, s' C5H5; 125'0 - 143'1, ffi, PPh'

Reaction of RucLlpPpÐ 312(I)-c5Hl with NaoMe/MeoH

A solution of RuCl tP(0Ph)3J2(n-CUH5) (37 mg, 0'05 mmol) was heated at

reflux po'int for 4 h in a sodjum methoxide solution (sodium metal'

C.40mg,0.002gatom,.inmethanol'l5ml).Uponcoolinsn@e(0Ph)2]-

tp(Oph)31(n-CUHU) (15) (27 ng,76%) was jsolated and identified from its

melting po'int (ll0 - 1200, lit.Iu ll6 - llB0) and by comparing its 
tH 

n.m'r'

spectrum w'ith that of an authentic sample (4"28, s,5ll, CSHS; 7'2, m,30H'
t3

Ph). c n.m.r.¡ 5(cDCì3) 84'2' t',¡(CP) g Hz, c5H5; ll0'B' d' r(cP)

16.5 Hz, RuC 1?0.4 -129.9, ffi, Ph; 152'3, d, .r(cP) 7'5 Hz, POC.

Reactions of CS
2

(A) with HRu(dppe) (n-crH r) (5) A stiffed sol ution of HRu(dppe)-

(n-CSHS) (130 mg, 0.23 nmol) ìn CS, (15 ml) yielded orangê crsstaTs after

standing for 2 d (the reaction is B0% complete after 3 h by n.m.r.).

The product was recrystalljzed from dichloromethane/hexane giving Ru(SCHS)-

(dppe)(n-CsHs).0'ZsCHzClz (.l5) (120 mg, 7g%), ffi'P ' 214-2160 (Found:

C, 5B'B; H, 4. 6%; u(nass spectrometry) , 642. CgZHgOPtStRu.0'25CHZC1Z

requires: C, 58.6; H, 4. 6%; u, 642). Infrare<l: (Nuiol ) v(CS) 976vs cm-l;

other bands at 1427n,1221s0 ll6Bw, 1'l44w, l0B3so 1057w, l0l4w, 864m,

833vw, 821vw, Bllw, 796m,784vw, 776vw,742s,726w0 686vs, 669m, 643vw cm-l

I
H n.m.r.: 6(CDCI 3) 2'4, ffi, 4H, CHZi 4'82, t' 

?:, 
C5H5; 5'29, s, 0'5H'

CHrClr;7'4, m,30H, Ph; 10'74, s, lH, CHS. C n.m.r.: S(CDCI3) 27'2,

t, "z(CP) 23 Hz, CHZi 82'l , s, 05H5; 127'1 - 133'9, ffi, Ph; 176'5, s, CHS.
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(B) with ÍrRu(sp) (n-crrrl (6) A reaction of (6) (70 nrg, 0'.l5 n[nol )

with CS, (20 ml) over 2 d gave a dark red solution. After loading on[o a

preparat'ive t.l .c. plate two isomers of Ru(C52) tCH(CH3)C6H/PPh21 (¡-CUllq)

('|3) were isolated (2:3 diethyl ether/cyclohexane): (i ) (Rr = 0'7) as a

dark red powc1er (42 mg, 51%) from dichloromethane/hexane, ff.P. 202-2040

(Found: C, 58.5; H, 4.4%; ru(mass spectrometry) , 532. CZOHZ'PRuS, requires

C, 58"7; H, 4.4%; u,532). Infrared (Nuiol): v(CS2) l096sh, l09lm, 917s,

754sh, 751m cm-l; othen bands at l3l2w, ll7}vw, 1?62vw, ll97vw, ll86vw,

ll79w, ll06vw, l070vw, l057vw, l026sh, 1022w, 1009w, l000vw, 986w, 978w,

957vw, 850w, 831w, 824vw,809m, 793vw,764w, 740w, 700s, 683vw, 642vw.*-1.
I
H n.m.r. ô(cDCl3) 1.90, d, .z(HH) 6'5 Hz, 3H, cHr; 3'zB, q, ;(HH) 6'5 Hz'

lH, CH; 4.87, s, 5H, CSH'; 7.0'7'4, n, l4H, Ph. 
t'C 

n.m.r.: ô(CDCl3)

27.4" s, CHr; 5l'3, d, ,r= ll Hz, CH; 84'3, s, CUI{U; 123'2 - l38'4, Ûì, Ph;

145.9, d, ,r(CP)= 15H2,150.6, d, "z(CP)= 
6 Hz, unass'igned. (ii ) (Rf = 0.8) as a

red powder (2 mg, 2%) from dichlorome[hane/hexane [¡l (mass spectrometry),

532, CrUHrrPRuS, requires M, 5321. (Not enough product was available for

further i denti fi cati on . )

Reaction of HRu¡eehl 2fi)-C5H5) witlz Co,

A solution of l-lRu(PPh3)2(n-CUHU) (gOO mg, 0'43 n'rnol ) ìn petroleum spirit

(SO ml, B0-1000 boiling range) was heated wìth C0, in an autoclave (30 atm

COZ,1400, l7 h). 0n cooling ye1ìow crest,¿.were collected and identified

as start'ing nrateria'l (23Ó mg , 77%) Uy infrared spectroscopy'

Reaction of HRu(sp) (n-c{r) (6) with CDcl-3

A solution of (6) in CUDU within an n.m.r. tube was reacted with CDCIt at

room temperature. The spectrum of (6) disappeared over I h with con-

comitant formation of peaks due to RuCl(sp)(¡-CUH') Q). This
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crystallized from solution and was identified by its melting point (252-2550)

and n.m. r. sPectrum.

Ligand exchange oî HRu¡eehr) rh-CUHI (3) wit'h dppe'

After heating a mixture of HRu(PPh3)2(n-CUHU) (200 mg, 0'29 mmol) and dppe

(ì30 mg, 0.33 mmol) in petroleum spirit (80-1000 fraction, 50 ml) in a

nitrogen filled autoclave (50 atm, 2000) for 17 h, a yeìlow solution was

obtained. This was filtered and the volume reduced to give yellow crestal's

of HRu(dppe)(n-CSHS) (5), (130 ng, 79%). The product was identified bv

comparing its.infrared and n.m.r. spectra with those of an authentic sample.
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6.1 TNTRODUCTTON

The preparation of a Jarge number of cyclopentadienyl-ruthen'¡um

complexes have now been reported in the literature.l The 
ttC 

n.t.r.

spectra of many of these complexes, together with those of some related

complexes of other metals, have been recorded by Dr. R.C. Wallis and

myself. Relevant data has been summarised in tables for the purpose of

try'ing to understand any systemat'ic trends which may exist, particularly

'in the pos'i ti on of the cycl opentad'ienyl resonances , as the metal , I i gand

or ß-substituent'is changed. It is hoped that a better understanding of
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properties of the complexes wìll be gajned and lead to some

l3
about their chemjstry. A reviev¡ of C n.m.r" data for

compìexes has recent'ly appeared.

spectra of the neutral complexes described in this thesis

some systematic trends and are discussed brie'F1y.

6 .2 N "Iq.]? " DATA

The n.m.r" spectra were routinely recorded usjng Fourier transform

techniques. Approxjmately 0. I mol ar sol utions gave sati sfactory 
tC 

n.r...

spectra jn overniglrt runs using l0 mm tubes. If non-protonated carbon

cenLres were present (e.g. C0, CN,C=C etc.) a l5-250 puise ang'le gave best

¡esul'Ls, combjned wjth the use of a delaV (c. 5 sec.) between pulses.

These technÌques allow sufficjent relaxation for good spectra after about

10,000 pulses and do not require relaxation reagents.

txcept where 'ind'icaled the spectra were recorded in CDCI, and are

measured relative to tetrametlrybtiane in p"p.m. Broad band proton de-

coupling was used routinely except where off-resonance experiments were

required for assìgnment purposes.

hlhile the spectrometer can reliab'ly measure chen¡ical sh'ifts to

within 10.2 p.p.m., factors such as solvent and concentrat'ion also have

an effect on the measurement. A systematic study of these factors has

not been made at this stage. Ì,lhen comparing two compounds jn the same

solvent at about the same concentration, a difference in the carbon chemical

shjft of a part'icular group (e.g. C0, CSH') of less tha.n onep.p"m. is not

considered to be a sign'ificant change. It has been most helpfu'l to gather

as many sim'ilar compoLlnds as poss'ib'le together and change one substituent

sys temati ca'l 'ly. 
Ta bl es I - B summari se thi s data '
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6.2.1 '\'he Effect of Changing the HaJ-ide Substituent

The data jn Table 1 ind'icates that changing from Cl to Br has little
effect on the CUHU or C0 resonances" The iodide substituent shjfts the

proton resonances of CUHU downfield and the carbon resonances upfìe'ld,

while it has no impact on the carbonyl resonances of FeX(C0)Z(n-CSHS)

complexes. The fluoride group on RuF(PPh?)2(n-CUHU) sh'ifts the proton

CUHU resonance considerably downfjeld from the other hal'ide complexes.

It was expected that an ìncrease in the electronegativity of the

halide would depìete the electron densjty on the cyclopentaclienyì group

thus shifting the resonances to lower fjeld. This trend is observed

onìy for the cyclopentadienyì carbons as I +Br and for the cyclopenta-

dienyl protons as Cl -+F. 0ther factors appear to be operating which

over-rjde this trend'in other cases; these are not understoocl at thisstage.

Tabl e I Some halide complexes and their cyc'lopentadìeny'l and carbonyì
resonances

Compl ex C.H- C.H- CO
hi 

-^ 
h

¿¿JJ
ref.

FeCr (C0)z(n-CsFls

FeBr ( C0 ), (n-CuHu

FeI (c0)2(n-C5Hu)

4-98

5.05

5. 07

213.3

213.5

2.l3.6

85

B5

B4

9

9

1

3

3

J

rìr,ctTeoxPPh3)(ñ:c¡a) +.ag

RuBr(c0) (PPh3) (n-csHs) 4'BB

86. 0

86.2

203. 8

203-5 B

nuF(PPhr)2(

RuCl (PPh3) 
z

RuBr(PPh,),

8l .5

Bl "7

78.3

n-c5H5 )

(n_csH5 )

4.56

4.1 0

4.12

4.t B

5

6A

Rul (PPh (n-c
n- c-H

5
H

B

B
5)
)

0s Cl

0sBr (PPh.) 
2 

(n-CuHu )

PPh n_c5H5 ) 4. 3l

4"31

a
2

78.0

78. 3

7

.A
C)

A, source of preparation only; B, thjs thesis.
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6.2.2 The Effect of Changing the Metaf

From the data 'in Tabl e Z it is evident that the 
t'C 

ch.t'i.al shift

of the C.H^ group increases as the metal is changed from iron to ruthenium,
3C"

and decreases to a larger extent ìn changing from ruthen'ium to osmium.

This trend (j.e. Fe<Rut0s), while not linear (e"g.Fe<Ru.0s), may be

*r*lo.+*l -i!,^. lanthanide contract'ion from Ru -+0s. The proton chemical

sh'ifts of the CUHU and methyl groups, however, follow a different trend

and, except for the hydride compìexes, increase down the group.
13

The c chemical shifts of groups bonded to the metal (e.g. c0, cH3)

move to h'igher field down the group lthe PMe, compìexes have clifferent

halide groups (Cl and Br), but the data in Table I suggests that this w'ill

have little ef'tect on the chemjcal shiftl . This trend, which is qu'ite

cons'istent and large (lO - gZ p.p.m.), 'is inexp'l'icabìy different from that

observed for the cyclopentadienyl carbon resonances.

6.2.3 The Variation in CgcTopentadiengl Chemical Shift as the Ligands

are Varied

In general the data in Tables 3 and 4'indicatesthat the cyclopentadienyl

carbons move to lower field as the ìigands become less bas'ic" For

RuCl (L)(PPh3)(n-CUHU) tfie trend 'is PMercCNtsut<PPhr^P(OMe)3<P(0P)e.CO, while

for RuCl(L)z(n-csHs) the resonances increase in the order dpae <(PMe3)2

.dppe.(PMePhr)r< (eerrr) r- (AsPhr) r* tP (OMe ) sl z.tP 
(0Ph) gl z. 

(cNBut)2.

The order of basìc'ity observed by Tolmantn tj.e. PMer>PMePhr>AsPhr-PPh,

CNBut>P(0Me)grP(Opn)rtCOl follows the same trend as the data above in most

instances and thus the cyclopentadieny'l carbon resonances can be used as a

senera'l indicator 
?f*.J,lf.1ll 

bas'icity. A notable exception 'is cNBut *1*l?f_-*r".,

in mono-subst'ituted. I ies between PMe, and PPh3, -l^¿.e.s i^ Jisubstitutednì t
1uf..d p-

is at lower field thän,.any other ligands tried. In the bjs-substituted



Ic_þ]_e_?" A variety of iron-, rutheniunl- and osm'ium-cyclopentadìeny'l

complexes and some of theìr tH ancl t'C n.m.r" chenlical shifts

other
L5+% IH

Compl ex H
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"C ref.
5

Fe(n-CuH5)2

Ru (n-CUHu ) 2

0s (n- C -l-lb ) z

67 .9

i0. I
D

6 3. g''

4.04

4.55

4.57

A

A

o

l0

9

218.4(C0
-23.5(CH

)

3)

ll,.l2
FeMe(c0)z(ìr-CbHb) 85. 3 -0.il (cH3)

87.4 o.2e(cH3)
200.8(c0) ll,l3

RuMe(C0)z(n-C5Hb)

Fel']e (C0) (PPh3)(n-CsH5 )

RuMe (C0) (PPh3) (n-csH5 )

4.7

5.134

4.?9 84.?

4"80 87 "2

-33.2(cH

t. 2 Ã

-22.3
?06.6
-?_9.6

14,15

'ì1
IJ

CO

CH

CO

CH

-0.18(cH3)

o.07(cH3)

.)
J

)

)J

RuBr(PPh3)2(n-CuHu)

0sBr(PPh3)r(r-cuHu)

4, 12

4. 3l

4.49

4.41

Bl '7

78.3

B 
Bz. oB

B ll'zB
RuH(PPh3)2(n-cuHu)

0sH(PPh3)2(n-CoHu)

D

D

D

Õ
E

RuBr(C0) (PPh

OsBr(C0) (PPh

) ( n_c5H5 )

) ( n-cuHu)

20s.5(c0)

r84.2(c0)
3

3

4.e8

5.00

86.2

82.6

D

.+
E

RuCl (Rt'le, ), (n-CuHu )

0s Br (PMe 
3 )2 (n- Cullu )

4. 44

4. 57

77 .3

72.3

l6

17

Ru ( CrPh ) (PPh3), (n-CuHu )

0s (Crerr ) (PPh3 )2 (n-cuHu )

^.)a.T JL

4. 39

85.4

Bl .5

l8 L

Ea)o

t nu ¡fl c.H)]l ( PPh 
3) 2 

( n-cuu5 ) Ì eru

{os tcTcH)}t { nnr''.) 
2 

(n-cuuu ) }nnu

4.82

4. 97

91 .Z

88. 4

300" 5 (e-c )

?63'4 ("-C )

D

D

A, in CCiO; B, in CUDU; C, solvent not gìven; D, this thesis;

t, source of preparation on1y.



230.

Table g The cyclopentadienyl chemicaj shifts of some RuCl(L)(PPh3)(n-CUHU)

complexes arranged in ascending order of ttC 
chemjcal shift.

Comp'lex cs% C.H--å5 ref

RuCl ( RNe,) ( PPh3) (n-Cul-lu )

Rucl (CNBut ¡ leer', ) (n-cuHu )

RuCl (PPh3), (n-cuHu )

Rucr tP (oMe ) 3 
I ( PPh3) (n-CuHu)

RuCl IP (0Ph) 
rJ 

(wtrr) (n-cuHu)

Rucl (c0) (PPh3) (n-cuHu)

4. 30

4. 53

4.1 0

4.49

4.22

4.89

79 .4

8q.e

8l .5

8l .6

82. 3

86. 0

l6

l0
.A
o

20

B

4A

A, source of preparation only; B, this thesis.

Table 4 The cycì opentad'i eny'l chemi cal shi f ts of some RuCl (L )t (¡-C5H5 )

complexes arranged 'in ascending order of ttC 
chemical shift.

C-H- C-H- ref.-5-å 
- 3Compì ex

RuCl (dpae) (n-CbH5)

RuCl (PMer)r(n-C5Hu )

RuCl (dppe) (n-c5Hs)

RuCl (eMePhr)fn-c5H5)

Rucl (PPh3)2(n-cuHu)

RuCl (AsPh3)2(n-CuHu )

RuCr tP ( oMe ) 3l 2 
(n-cUHU )

RuCl tP (0Ph ) 3ì 2 
(n-CuHu )

Rucr (cNBut)¡n-cuHu)

4.51

4-44

4. 69

4.32

4.10

4.10

4.84

4. 05

4.73

73-2

77 .3

77 .9

80.2

8t .5

Bt .6

8t .6

82.1

83.9

21

l6

8A

22

.A
o

21

20

-A5

l0

A, source of preparation only.
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systems the AsPh, comp'lex is vìrtually at the sarne chemical shift as that

for PPh, while the other arsine ligand, dpae, is ìnexplìcably at h'igher

field than dppe by 4.7 p.p.m.. More study of these systems ìs requÌred

before these trends can be properly understood.

The proton resonances of the cyclopentadÌeny1 groups jn Tables 3

and 4 show no observabl e trends.

As more PPh3 l'igands are added to MMe(CO)Z(n-CUHU) (Table 5) the

chemjcal shifts of the cyclopentadienyl protons and carbons move to higher

field. Thjs is expected for carbon resonances from the trend'in Tables 3

and 4. The methy'l carbons (taUle 5), however, move to lower field as more

phosphine l'igands are added. Thjs was not expected as the presence of a

more electron-rich I'igand should increase the electron density on the

rnethyl group and move ìt to higher field. No observable trend was present

for the methyl protons.

Table 5

Compl ex

Some iron-and ruthen'ium-methyl complexes and the effect of changìng

the ligand on the CsHb, C0, and CH, resonances.

C-H- C-H- CH^ CH^ C0 ref.5--5 --5 C -J - J

4.704

4.29

AFeMe(C0)2(n-CuHu) -0. il
-0.18

l1 ,12
.l4,1 

5

85.3

84.2

-23.5

-22-3

218.4

222.5B B B
FeMe( co ) ( Pph3) (n-cuHu )

RuMe(C0)2(n-CuHu)

RuMe (C0 ) ( nerr, ) (n-CbHs )

RuMe(PPh3), (n-cuHu)

5.134

4.80

4. 36c

87 .4

87.2

84 .8C

o.?gA

0. 07

-33.2

-29.6

-26.5c

200.8

206.6

ll,l3
l3

4DO.g7C

A, 'in CCI
4',

B, solvent not g'iven; Co in CUDUi D, source of preparat'ion only.
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6.2.4 The Variation in the Pletal-Bonded carbon Resonance

The c¿-bonded carbon resonances in Table 6 vary dranlatically front

-26.5 to 359.0 p.p.m.. The methyl group js at sìgn'if icantly h'igher f ield

than any other (-26. 5 p.p.m" ) . At the oppgsj te extretne the vi nyl j dene

complex (e) has an extremely deficient cr-carbon w'ith a chemical shift of

359"0 p.p.m. Ihre metal-bonded carbons of the vìnyì complexes t(4) and (5)l

resonate at .l82.2 and 
,l93. I p.p.m. respect'ively and the aceL'yl'ide ct-carbon

of (2) resonates at ll6.l p.p.m.; these chenrical shifts are about 20-50

p.p.m. down-fìeld fronl those of comparable organìc systems. The cr-bonded

carbon resoìrance shows coupling to lìgands and rnetals possessing a spin,

whi ch, with the characteri st'ic chemi cal sh.ifts observed, gi ves much val uabl e

informat'ion about the nature of the complexes" l'hjs data has proved to be

very import,ant i n the 'ident j f j cati on of these systems.

IgÞ.]_g_9 An arrangement of u-carbon resonances of Ru(PPht)t(n-CUHU)

complex jn ascending order of chemical shift

Comp'lex no. CS!¿ %HS c¿-C ref .

IRU] MCA

I Ru] C=CPh

^lRul tcH(cHz)3öl^

lRul c(r)=cH (r)

tRul c(oMe )=CHPhA

{ tRul tfrurt}l }PF6

{ tRul tc(oMe)cHzPhl }PF6

i tRul IC=CHPhJ ]PFu

(l )

(2)

(3)

(4 )

(5)

(6)

(7)

(B)

4.36

4-32

4.21

4.15

4.5?.

4.82

4.84

5.?7

84.B

85.4

86.7

86. 3

86.2

91.?

92.0

95.2

-26.5

ll6.l
148.7

182.?.

193"1

300. 5

308.7

359.0

4B

IBB

c

NB

C

C

l.

IB

LF{ul = Ru(PPh3)2(n-cuHu); E = C0rMe;

preparat'ion only; C, th"is thes'is.

A, -in CUDUT B, source of
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6.2.5 The Variations in ltletaf-Acetglide Catbons

The nletal bonded acetyljde carbons in Tables 7 and I appear between

91.6 and 129.3 p.p.nr. whjle the ß-carbons appear between 68'3 and ll4'7

p"p.m. In most instances the resonances are at lower fjeld than organic

acetyl enes (67 - gz p. p .nr. 
t u 

) "

As the electronegatìvìty of the ß-substituent of Ru(C=CR)(PPh3)Z-

(n-CSHS) ìncreases the o- and p-carbons and the cyclopentadieny'l resonances

all increase ìn chem'ical shift (Ne<PhcCUFU-C0rMe). When one of the

I igands of Ru(C=CPh) (L) (PPh3) (n-CSHS) is made less basic (PPh3>CNBrt"C0¡

the cr-carbons move to hìgher fìe1cl (ll6.l, 1l?'2, 100'l respectively) "

Such a well defined trend'is not observed for the ß-carbons (114'7, lll'8,

112.8 respectively), or the cyclopentadienyl carbons (85"4, 84'2, 87'3

respectì ve'ly) . hlh'il e no clj rect compari sons can be made between i ron and

ruthenium complexes'in Tables 7 and 8, the data jndicates that the

a-carbons of iron complexes appear at hìgher field. This is evjdent for

Fe(C=CMe) (dppe) (n-CsHs) and Ru(c=cMe) (PPh3)2(n-cUHO) (ll 2.6 and el .6

respectively). t^lhile the l'igands differ, the dppe 'lìgand has basìc

propertìes s'imilar to two PPh, l'igands, and for Ru(C-=CPh)(l)Z(n-CSHS) tne

change from one to the other did not affect the shift of the q-carbon.

The a-carbon of Fe(C=CPh) (C0)2(n-CUHU) appears at ll6'B p.p.m. while that

of Ru(C=CPh) (C0) (PPh3) (n-CSHS) is at 100.1 p.p.m. If the ruthenjum com-

plex had two C0 ììgands, mak'ing the complexes directly comparab'le, jt is

expected that the resonance would move to higher field thus w'idenìng the

gap between the 'iron and ruthen'ium cr-carbon resonances.
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Ig!]_U. Some o-acetylide complexes and the changes in the a- and ß-carbon

resonances as the ß-subst'ituents are changed.

Compl ex cs[s %Hs
cx,-c ß-c ref.

Fe ( c=CcH ) (dppe) (r-CuHu )

Fe(C=CMe) (dppe) (n-c

4.28

4. 17

79.7

78. B

105.7

112-6

68. 3

97 .5

24

24H.- )
5',

Ru (c=CPh ) (dppe ) (rl-c5H5 ) 4.78 8?.6 116.1 .112.0 
I

Ru (C=CMe ) ( PPh3 )' (n-CUHU )

Ru (C=CPh ) (eerr, ), (n-cuuu )

Ru (C=CC6F5 ) (nnnr) 
2(n-CuHu )

Ru ( c=ccozme ) ( PPh, ), (n-cuHu )

4.23

4.3?

4. 35

4.37

105.2

114. 7

B

C

84. 5

85.4

86. 0

86. I

9l .6

ll6.l
B

C

IBA

l8A

IBA

IBA

A, source of preparation only; B, under phenyì (127'2 - 140'7 p.p.m.);

C , under phenyl (127 '2 - 1 40'4 p . p.m. ) .

IÀþ]_g_9. Some o-acetyììde complexes and their chemical sh'ifts for a

variety of ligands.

Comp l ex CS!¡ %HS cx,-C g-C ref

Fe (c=cPh ) (c0), (n-cuHu ) 4. 98 85. 4 I I 6.8 BB.B 22^

Ru (C=CPh ) ( PPh3 ) 2 
(n-cuHu )

Ru (c=CPh) (dppe) (n-CuHu )

Ru(C=Cph) (CNBut) (pph3) (n-C5H5)

Ru(c=cPh) (c0) (PPh3) (n-CuHu)

4.32

4.78

4-82

4.99

85. 4

82.6

84-?

87.3

ll6.l

ll6.l

112.?
.l00.1

114.7

.l12.0

lll.B
lt2.B

JBA

B

B

I

Ru(C=CMe) (PMer) (PPh3) (n-C5Hb)

Ru (C=CMe ) ( PPh3 ) 2 
(n-CuHu )

4.48

4.23

82.2

84. 5

94. I

9l .6

l0t .4
.l05.2

B

IBA

A, source of preparatjon only; B, thi s thesis
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6 " 3 MASS SPECTR,4L DATA

The cycì op-^ntadi enyl metal conrpl exes descri bed i n th j s thes i s

genera'lly give mass spectra r^rith strong mol ecul ar jons (see Experimental

in Chapters 1-5) and a variety of daughter ions" Cationic complexes

are an except.ion to thjs and g'ive unusua'l spectra whjch have not been

ìnterpreted at th'is stage.

The conrplexes generally form ions due to the loss of at least one

ligand, and sometimes clue to the loss of the substjtuent group. A

characteristic pattern'is observed for complexes containing the Ru(PPh3)-

(n-Cbll5) moiety. These are summarjsed jn Table 9 and some structures for

'bhe jons are suggested. Peaks are also observed for PPh3+ and its

daughter jons. In comp'lexes contain'ing the Ru(C=CR)(PPh3)(n-CSHS) moìety

an organ'ic ion is usually found at m/e 300 - 400 whìch can be assigned

+to IR-C=C-PPh¡] '.

6.4 EXPERTI,TENTAL

Preparation of RuBr (CO) ¡neh r) (n-C 
rH U)

Carbonyìation of RuBr(PPh3)2(n-CUHU) (200 n9, 0'26 mmol) in benzene

(15 rnl ) 'in an autoclave (30 atm C0, 1.l00, 2'5 d) gave RuBr(C0)(PPh3)(n-CbH5)

as orange crsstars after evaporation and crysta'llization from dichloro-

methane/ethano'l (122 mg, 88%) m.p. 231 -2340 (Found: C' 54'0; H, 3'7%;

u(mass spectrometry), 537. CrOHrOBr}PRu requires C, 53'7; H, 3'B%; u, 537).

Infrarecl (CHrCl r): v(CO) I 921 vs cm-l ; other bands at (Nuiol ) 1434s, I 3l I vw,

llB5w, ll59w, I097s, l073vw, 1029w, l0l2vw, .|000w, 
993vw, 976vw, 837m,

Bl4m, 751s, 708nr, 697s,563w cm-1. 'H n.m.r.: 6(CDC13) 4'BB, s, 5l-1, csHb;

7"4,m, l5l-1, Ph. ttc 
n.m.r.;5(cDC1t) 86'2, se cbH5; 1?B'2-136'8, ffi,

Ph; 203.5, d, r(CP) 22 Hz, C0.
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Jable 9 ions present in the mass spectra of Ru(PPhr)(n-CSHS) complexes.

*/ " Structure no n/ e Structure no.

429

428

427

362

352

Ru(PPh3)(n-Cutlu)+
f

¡(e) - Ht '

t(g) - zHl+

tRu ( PPh, ) -2Hl 
+

Ru ( Ph ) (n-cbHs )

t(13) - ZHl+

Ru ( PPh ) (n-cbHs )

Ru(Ph) (n-c5H5)

Ru (n-CuHu ) 2

Ru (n-CuHu )

(e)

(10)

(l I )

(12)

(13)

350

275

244

232

167

(14)

(15)

(16)

(17)

(tB)

PPh
t_

Ru (l 0)+

Ru 

-PPh 
or R

h

P

I

P

u OT Ru 
-PPh+ 2

+ +

(l I )

+qu 

- 
pp¡ or

I
'Ru P

I

P

+
Ru

h

(12)

(14)
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3
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APPENDIX

Recent structural studies have shed new light on the majorisomers

of 0sBr(sp)(n-CUHU) (figure l) and the product from the reaction of

HRu(sO)(n-CUHU)with CS, (F'igure 2). These compìexes were discussed 'in

Chapter 5.

The styryl group of the sp ligand in QsBr(sp)(n-CUHU) was found to

I je almost parallel w'ith the Os-Br bond:

Br-0s
--H

H2 c

Ph P
2

A consideratìon of models indicated that the other isomer wouÏd most

ìikely have the styry'l group in a positìon perpendicular to the Os-Br bond:

H

Br 
-0s

\ CH
2

2P
Ph
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B

0s

c(2)

c(l )

Figure l. Structure of 0sBr(sp)(n-CUHU) (by T.t,J. Hambley and

14.R. Snow). Selected bond lengths: 0s-C(ì ), 2'249(la) ; 0s-C(2)'

2.182(lg); C(l)-C(2), l.6tB(26)8. R= 3.s%.

P



c (3)

s (2 )

c(2)

c(l )

Ru

Structure of Ru(n3-Sz tP H14e-o) Ph^l (n-C"'¿-) H-
J

);

S

241.

) (bv T.I,J. Hambley

Ru-S(2),
Fi qure 2.

and M"R. Snow). Selected bond lengths: Ru-S(l), ?.'426(1

2'a]B(l); Ru-C(l ), 2'175(a); c(l)-S(l), 1'728(a); C(l)-s(2)' 1'72?(a);

C(l )-C(2), 1.537(6); C(2)-C(3), 1"514(6)1. Selected boncl angles:

s(l)-c(l)-s(2), l2l'3(2); s(l)-Ru-s(2), 76'7(l)0. R=2'7%'

coH+
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In the reactjon of HRu(sp)(n-CUHU) wìth CSz two dark red'isomers

were isolated. The major ìsomer was shown structurally to have a sub-

stituted dithjoformate group wh'ich is n3-bonded to the metal:

Ph
2 S

P

S

Me

A consjderat'ion of models jndicated that little strain had to be placed

on the system for the Csr group to ìnteract with the metal. 0f partìcular

interest was the observation that the central carbon atom is w'ith'in

bondjng d'istance of the metal (2'l8B) tthis is similar to M-C bonds of

the n3-al1ylìc complexes descrìbed 'in Chapter 3 (". 2.148)1. Prevìous

structural studies of chelated dithjoformato complexes that I know of

show only bonding to the metal vja the sulphur atoms.t-t These have a

metal-carbon bond distance of about ¡8 (tire M-C distance js not normally

reported and is being calculated for other systems):

L

M C

S

\

S

2>\ r1",
(typicaì bond distances and angles)

The product is possibly formed via a o-bonded thiocarbonate inter-

mediate whjch undergoes ìnsertjon of C=C into the C-H bond:
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Ph
? h2P

P
P

,1,./

hz

csz
Ru R

/

u

H

r'

H

S

I

C

2

î
S

P

P

Ru

S
I
\

Alternatively attack of CS, couldlead to a hydride shift onto Cþ ofthe

olefinic group wh'ich is followed by insertion of CS, jnto the M-C bond:

Ph
2 hP

/ csz
P

P
2

(
Ru Ru

v
S

/1

Me

Ph
2

P

S

Ru
¿

Me
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The shift of a hydride group onto the sp ligand has been observed previouslyu,

whjle jnsertion of CS2 into I'l-C bonds ìs well known. 
t 
" If indeed thjs

mechanism does take pìace then the minor isomer may be the product of an

'init'ial hydride sh'ift onto CH:

Ph
h2P

P

2
P

Ru

csz
----+t1

Ru

1
5

H

Ph
2

P

Ru
I

S

H
H
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APPENDIX II

Three isomers were observed for RutC(0Et)=CHPhl(C0) (PPh3) (n-c5Ur) (43)

(page 89). These may aríse from cis/trans jsomerism about the olefinic
bond or by the formatjon of d'iastereomers (434) and (43b). The latter
are possjble if the vinyì group does not l'ie in the symmetry plane of

the Ru(C0) (PPh3) (n-C5H5) nroiety.

L L' R RI RII

/R lR

(43 )

(e)

( 17 )

(1s)

(25)

CO

CO

CNBut

CNBut

CO

H

CN

Cl,1

CN

CN

Ph

CN

CN

CN

CN

PPh 3

PPh 3

PPh 3

CflBu t
PPh 3

0Er

c(Ph)=C(CN)z

c(Ph)=c(cN),
c(Ph)=c(cN)z

c(Me)=c(CF3)2

,Kr-C
,, ''' I lt'Lc

/r.
RR

ri
,Rr-Ctltrici\

The observation of jsomers for RuiCt=C(CN)2lC(Ph)C(CN)2](L)(ppfr3)(n-C5Hr)

(L = CO, 9; L = Ctiriut, L7) (page 134) and Ru{C[=C(Ct't¡r]C(Me)C(Cre)z](co)-

(PPh 3 ) (n-Cs¡-¡, ) (25) (page 145 ) can be expì aì ned by the fornrati on of

diastereorners (9a,b), (tZa,O) and (ZSa,¡) respectively. This 'is possible
jf there js no plane of symmetry in the butad'ieny'l l igand, which js shown

to be the case by the X-ray structure of complex (tZ). The formation of

two isor¡ers of Ru{Ct=C(CN)zlc(Ph)=c(ctl)z}(CNBut)z(n-CsHs) (18) (page 134)

may also be explained in terms of djastereoisomerism, with the formation of

(iga) and (18b). Alternatively, the olefjn bonds may be copìanar but the

butadienyì group is forced to l'ie outsjde of the symmetry pìane of the

Ru(CNBut)z(n-C5H5) group by steric restrictions. Inequiva'ìence of the

Ci'lBut 1ì gands resul ts i f the barrier to rotati on about Ru-C i s hì gh .

Similarìy the pairs of isomers reported for RuI Ph C CN 2 (ctl)z I (dppe )-
(n-C5Hr) (B) and Ru{C[=C(CN)z]C(Ph)C(CN)z](dppe)(n-CsHs) Oz) (page 135)

can also be expla'ined in th'is manner. Isomerism of the dinethylene

fragment of the dppe lìgand has been observed jn other systems and may also

of fer a pl ausi b'ìe expl anati on for the i somers found for com¡rl exes (B) and (12)

It is also possible that the diene fragment can adopt ô cisoid oF

transoid orientat'ion in solution. This wou'ìd offer an alternative

expìanation for the isomers observed in the fornlation of Ru{C[=C(CN)z]C(Ph)=

c(cN)zltP(OMe) 3l(PPh:) (n-c5Hr) (10) (page 135).




