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ABSTRACT 

Tadashi Tokuhiro was born in Yokohama, Japan in 1930 and passed awcy in 
Grapevine, Texas, USA in 2010. He obtained a Ph.D in Chemical Physics from Tokyo 
Institute of Technology in 1962. He held faculty positions at many universities, 
including the University of Detroit, Massachusetts Institute <if Technology and Missouri 
University of Science and Technology .His main research interest dealt with physical 
and engineering application of gels, nuclear magnetic resonance relaxation 
phenomena, molecular dynamics and characterization ofbiotissues by NMR methods. 
He published many scientific articles in widely respected journals from Japan, United 
States and Great Britain. 

KEY WORDS: History of Chemistry, Physical Chemistry, Chemical Physics, NMR 
Spin Lattice Relaxation, Molecular Dynamics 

RE SUMO 

Tadashi Tokuhiro nasceu in Yokohama, Japao em 1930 efaleceu em Grapevine, Texas, 
USA. Ele obteve o tftulo de PhD. em Quimica Fisica do lnsituto de Tecnologia de 
T6quio em 1962. Ocupou cargos de professor em varias universidades, incluindo 
University of Detroit, Massachusetts institute of Technology e Missouri University of 
Science and Technology. As suas atividades de pesquisa trataram de propriedades 
fisicas e aplica<;iJes de gets, fen6menos de relaxamento de ressondncia magnetica 
nuclear, dindmica molecular e caracteriza<;do de tecidos bio/6gicos com mhodos de 
RMN. Ele publicou muitos artigos cientfjicos em revistas de alto nivel do Japdo, 
Estados Unidos e Grd Bretanha. 

PALA VRAS CHA VE: Hist6ria da Quimica, Fisico-Quimica, Fisica Quimica, 
Relaxamento Espin-Rede de RMN, Dinilmica Molecular 

DOI: 10.48141/SBJCHEM.v19.n19.2011.6_2011.pdf
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Tadashi Tokuhiro was born in Yokohama, Japan on February 26, J 930 and passed 

away in Grapevine, Texas on August JO, 2010. 

His father was a structural/architectural engineer for Japan's Sun (Shell) Oil Company 

with "Western" habits. Together with his sisters he spent the early years in Yokohama. 

In 1956 he married Reiko, his wife for forty nine years. They had two children, a 

girl, named Asako and a boy, Akira. 

He received the Bachelor of Science Degree in Chemistry from Tokyo University of 

Science in 1957. He obtained the Master of Science Degree in Physical Chemistry from 

the Tokyo Imperial Institute of Science and Technology (now, Tokyo Institute of 

Technology) in 1959 and was awarded the Doctor of Philosophy Degree in Chemical 

Physics from the same institution in 1962. 

From 1962 to 1965, Tadashi Tokuhiro held the position of Research Associate at 

the Research Laboratory of Spectroscopy of the Tokyo Institute of Technology. 

Early in his scientific career, in l 964, he was the recipient of the Matsunaga Science 

Foundation Award for Encouragement of Young Scientists for his work on nuclear 

quadrupole resonance in solid organic substances. 

During that time, many promising young scientists from throughout the world were 

attracted to the United States, very much alike to what happened during the golden age 

of the Roman Empire, when the world's best scientists and engineers went to Rome. 

Tadashi Tokuhiro went to the United States in 1965 with the recommendation and 

kindness of key individuals like Colonel lmObersteg (Pentagon) and Reverend 

R.C. Halverson of Washington, DC. He began postdoctoral work with Professor 

Gideon Fraenkel at The Ohio State University in I 965 and continued as 
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Research Associate until 1969 when he accepted a faculty position as Assistant 

Professor in the Chemistry Department of the University of Detroit. In 1974 he 

was promoted to Associate Professor. He worked at the University of Detroit for 

15 years and played a very important role in the establishment of the Ph.D. 

Program in Chemistry. 

PROF. DR TADASHI TOKUHIRO (1930-2010) 

Prof. Dr. Tadashi Tokuhiro held faculty positions at other universities including 

Loyola University (Chicago), New Jersey School of Medicine and Dentistry, 

Massachusetts Institute of Technology and the University of Missouri, Rolla 

(now, Missouri University of Science and Technology). 

He was also staff scientist at the following institutions: Argonne National 

3 
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Laboratory (Solid State Science), MIT's Francis Bitter Magnet National 

Magnet Laboraory, Bruker BioSpin, Brucker Analytische Messtechnik, GMBH, 

Karlsruhe, Germany and Picker International (NMR/MRI). 

At the Missouri University of Science and Technology he worked from 2002 

to 20 I 0, a few months before his death. He held the position of Adjunct Professor in the 

Graduate School and the Department of Chemistry. 

His research interests dealt with physical science and engineering application of 

gels, nuclear magnetic resonance (NMR) relaxation phenomena, molecular dynamics 

and characterization of biotissues by NMR methods. 

During the last ten years that he spent at the Missouri University of Science and 

Technology, he studied hydrogel/polymer gels using NMR and reported that the 

characteristic time scales of phenomena at the nano-scale were different from those 

in bulk aqueous phenomena. 

Together with his son Akira Tokuhiro and Massimo Bertino, he was awarded various 

grants by the Department of Energy for nuclear energy engineering research 

(DOE NEER). They involved studies of metal binding capability of functional 

thermosensitive polymer networks and application ofhydrogels to low level 

radioactive waste processing, enhancing reactor facility utilization at the University 

of Missouri-Rolla reactor. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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Prof. Dr. Tadashi Tokuhiro was our colleague during our tenure as a faculty member 

in the Department of Chemistry of the University of Detroit, Detroit, Michigan from 

1975 to 1978. 

We shared the responsibility of teaching undergraduate lecture and laboratory 

courses to chemistry and chemical engineering students. 

Eventually, we became good friends and collaborated in various research projects, 

the most important one being the study of the process ofmicellization in aqueous 

solutions. Our study of the ternary system cetyltrimethylammonium bromide-

dimethyl sulfoxide-water (CT AB-DMSO-H20) , mainly by nuclear magnetic resonance 

spin-lattice relaxation and tensiometric techniques, eventually led to an unique model 

for a micelle. The preliminary results were presented at the 174'h National Meeting of 

the American Chemical Society in Chicago in 1977 and at the 52ml Colloid and Surface 

Science Symposium, sponsored by the Oak Ridge National Laboratory, in Knoxville, 

Tennessee in 1978. A copy of the abstracts of the papers is given on the following 

pages. 

The first diagram of the unique model was published in 1984 in Surfactants in 

Solution, K.L. Mittal and B. Lindman, Eds., Vol. 2, Plenum Press, New York, 1984. 

(Cf. L. G. Ionescu, F Nome and L.S. Romanesco,pp. 789-801). 

Prof. Dr. Tadashi Tokuhiro was the best example that we have witnessed in terms 

of the preparation of experimental samples for precise measurements. He had an 

extraordinary patience, took a lot of care and seemed to feel a pleasure doing 

experiments. Like very few scientists, he managed to do research and experimental 

work up to the age of80 years, a few months before his passing away. 

5 
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174th ACS Meeting 

American Che1n!cal Society 

_ Port City Preu, Inc. 
BoltimorP.1 Md. 

Chicago, Illinois 
August 28.September 2, 1977 
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. Surfe..ce tensio~. rr:eas?re:'~e:o?s of wc.ter-dir;ethyls1;2.foxide (D':·so) 
2olu~1ons of cetylt~1~ethyln~~on1u~ bromide (C~An) indicate that the 
li-;_u:_d st"'."J.ctures of t:ie solvAnt systef'ls play ar. i::iportant role in the 

PHYS 

formation of micelles. The addition of D~SO to water causes a signifi
cant increase in the critical micellar concentration (Cl<'.C) of CTAB. At 
a DMSO mole fraction (X) of 0.366, micelle formation was not observed. 
Proton spin-lattice relaxa~ion rate ( i/'r ) for the methylene gr('.ups, 
the methyl e;roups attached nitroeen and ihe end methyl group of CTAB 
we-::0 C.etermined in D?C and D20-D:V:SO-d,.. mixtures at 28°C •. As compared 
to the (1/T 1 )(CH.) vOlues (0,017/s in°D<O), (1/T,) for both methyl pro
tons were very l~rge (..,,2/s). The (1/T ;(CH) values in both D 0 and 
D 0-Dr.:SO-d mixtures above C!1IC were slfghtl:? greater than thos~ below 
C~C. An iR.crease in (i/1' 1 )(CH2 ) was caused by the addition of Di,:SO-d 6 to DO, i.e., 0.03/s (X=o;ogs) a.'1d 0.074/s (X=0.366). These results 
reve~l that an increase in structuri.ng of the so,lvent system apparently 
shifts the C}'.C to higher concentrations. Preliminary results obtained 
for CTAB in N,N-dimethylformar;iide-water solutions indicate a similar 
kind of intermolecular interactions. 

40. CONDUCTANCE BEHAVIOR OF LONG-CHAIN AMINE HYDROCHLORIOES IN 2-METHOXYETHANOL. 
Barbara J. Barker and Thomas Mullin, Department of Chemistry, Hope College, 

Holland, MI 49423 and Joseph Rosenfarb, Department of Chemistry, University of Florida, 
Gainesville, FL 32611. 

The behavior of a series of colloidal electrolytes in 2-methoxyethanol (methil 
cellosolve), a medium of relatively low specific conductance (4-6 ,x io-8 ohm-1 cm- ) and 
dielectric constant (16.8) and moderate viscosity (1.54 cP), was investigated by con
ductance techniques at 25°C. Included in the study were octyl-, decyl-, dodecyl-, 
tetradecyl-, hexadecyl-, and octadecylamine hydrochlorides. All conductance data were 
evaluated by the Fuoss-Shedlovsky, Fuess-Onsager, and Ferna'ndez-Prini expanded form of 
th~.Pitts and Fuoss-Hsia equations. As expected, the limiting equivalent conductances 
of the electrolytes decrease as the crystallographic radii of the cations of these salts 
increase. Little difference is observed in the extent of association of the six long
chain quaternary ammonium salts in 2-methoxyethanol; these salts appear to behave as 
simple 1:1 electrolytes within the concentration range of 1-28 x 10-4 M. Included in 
the present discussion are a swmnary of the previously investigated conductance behavior 
of these long-chain salts in water and a general review of colloidal electrolyte behavior 
in solution. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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162 
52nd Colloid and Surface Science Symposium 

June Z2-l4, l9?8 
University of Tennessee, Knoxville, Tenn. 3?l96 

EFFECT OF POLAR SOLVENTS ON THE FORMATION OF Ml CELLES OF 
CETYLTRIMETHYLAMMONIUM BROMIDE IN AQUEOUS SOLUTIONS. Lavine! G. Ionescu, 
Tadashi Tokuhiro and Benjamin J. Czerniawski, Department of Chemistry, 
University of Detroit, Detroit, Michigan 48221. 

Long Abstract 

Many properties of solutions of the surfactant cetyltri
methylammonium bromide (CTAB) in water have been studied in 
great detail. Of particular interest is the critical micellar 
concentration, CMC, which is the minimum concentration of sur
factant at which micelles are formed. We have determin-ed the 
critical micellar concentrations of aqueous solutions of CTAB 
containing various amounts of dimethylsulfoxide (DMSO), N, N-di
methylformamide (DMF) and N, N-dimethylacetamide (DMA) at 25Q 
and 40°C by means of surface tensiometry. The experimental 
measurements were carried out with a Fisher Model 21 Surface 
Tensiomat. In general, the experimental results indicate that 
micelle formation is hindered by increasing the tempera-ture. 
All three cosolvents, DMSO, DMF and DMA have an inhibitory 
effect on the formation of micelles of CTAB. This effect is 
relatively small at low cosolvent concentrations, but it in
creases dramatically as the mole fractions of DMSO, DMF and 
DMA approach O. 33. This mole fraction corresponds tq the for
mation of the stoichiometric hydrates DMSO· 2H 7o and DMF· 2H 7 0. 
At cosolvent mole fractions higher than 0.33 Lhe formation~of 
CTAB micelles does not appear to take place. The inhibitory 
effect on rnicelle formation is most pronounced for mixtures of 
water and N,N-dimethylacetamide. The Ii.Ge-values determined for 
the process of micellization in the mixed solvent systems are 
comparable to those determined for the formation of micelles in 
water. The values obtained for ii.S0 micellization indicate than 
an increase in the ordering of the surfactant-water-cosolvent 
system takes place as the mole fraction of cosolvent is in
creased. This is consistent with a strong interaction, such as 
hydrogen bonding, between water and co sol vent. The inhibitory 
effect on micelle formation can be explained in terms of a de
crease of hyclrrophobic forces in the ternary sys tern due to inter
actions between water and cosol vent. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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52nd Colloid and Surface Science Symposium 
June l2-"l4, l9?8 

University of Tennessee, Knoxville, Tenn. J7l96 

PROTON SPIN-LATTICE RELAXATION MEASUREMENT IN AQUEOUS MICELLAR 
SYSTEMS CONTAINING DIMETHYLSULFOX!DE. Tadashi Tokuhiro, Lavinel 
G. Ionescu and Daniel B. Fung, Department of Chemistry, University 
Of Detroit, Detroit, Michigan, 48221. 

Long Abstract 

Although it is well recognized that the whole micellar 
structure is a bulk phase well distinct from the aqueous phase, 
information conceTning molecular dynamics of surfactant monomers 
and molecules present in micelles is almost unavailable. In this 
work effect of intermolecular interactions on the formation of 
micelles and molecular motions of surfactant molecules were in
vestigated by measuring proton spin-lattice relaxation rates for 
the methyl, N-methyl, and methylene groups of cetyltrimethyl
ammonium bromide (CTAB) in water and water-DMSO mixtures at 
concentrations below and above the critical rnicellar concentration 
(CMG) • 

(Z) Bdow CMG 
The experimentally measurable relaxation rates for the above 

three proton groups (R) of CTAB [(1/T 1 J~rw or B)l consist of 
several contributions where W and B denote water and water-DMSO 
mixture. The values of these contributions are listed in Table I. 
( 2) Above CMC 

The experimentally measurable relaxation rates can be expres
sed as 

(l/T1J~C~tor B)=(l/T 1J~(W or B)(l-CMC/C)+(l/T 1J~(W or B)(CMC/C) (1) 

where C is the total concentration of CTAB and M stands for 
micelles. There are several contributions to the first term in 
Eq.(l). The values of these are also listed in Table I. 

Our previous study revealed that the addition of DMSO to 
water increased "structuring" in the liquid systeml and this was 
attr:ibuted_to a strong contribution from DMSO molecules which 
are directly involved in the structure of this binary liquid 
through hydrogen bonding with water protons. This increased 
"structuring" in the liquid system played an important role and 
disturbed the formation of micelles as manifested by the solvent
composition dependence of intra and intermolecular relaxation 
rates. (See the third and fourth column in Table I.) It is 
evident that the strength of intermolecular interactions between 
water and DMSO overcomes the "hydrophobic effect" which is the 
main driving force to form micelles :.n water: 

From the values shown in Table I and various correlation 
times evaluated from 1/T1 values the 11 rigidit)r 11 Or "fluidity" of 
micelles in water can be described as follows: 1) the "fluidity11 

of the methylene groups in micelles is comparable to that of 
monomers dispersed in water or liquid hydrocarbons, 2) within 
micelles, the 11 rigidi ty" of the tail part of the CTAB molecule 
is greater than that of the head group, and 3) the "fluidity" of 
the methylene group is larger than that of either the tail or 
the head groups by factors of over a few hundred. 
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The generalized picture that emerges for the CTAB micelles 
consists of three well-delineated regions: 1) the center that 
contains the terminal methyl groups and is fairly rigid, 2) a 
fluid area containing most of the methylene groups and, 3) a 
relatively rigid surface consisting essentially of the N-methyl 
head groups and the corresponding counter ions. 

Table I. Intra and Intermolecular Proton Spin-Lattice 
Relaxati9n Rates at 28.2°C. 

ll 

c!:. )~(intra) 
T1 

(!:. )S(inter) 
T1 R-CTAB 

(!:. )S(inter) 
T1 R-H20 

(!:_ ) M 
Tl R 

(!:_ )M(inter 
T1 R-HzO K(DMSO) 

x 10 2 (S-l) x 10 2 (S- 1)* x 10 2 (S-l) x 10 2 (S-1)** x 10 2 (S-l) 

0. 1.0 0.80 - 1. 80 -
1::H2l 15 0.098 2.5 0.52 - 3.54 -

0.366 59.0 o. - - -

0. 102 44.0 1,260 236 ~ o. 
CH3 0.098 120 20.0 357 217 ~o. 

0.366 188 o. - -

0. 105 43.0 1,740 275 ~o. 

N+(CH
3

J 3 0.098 151 27.0 199 208 < 620 

0.366 179 0. - -

* C=3.2 mM 

**(1/T1 J~ = (l/T1 J~(intra)+(l/T 1 )~-CTAB(inter) and at C • 13 mM. 

1. T. Tokuhiro, L. Menafra and H. H. Szrnant, J. Chern. Phys. ~. 
2275 (1974). 
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~~~.q:::::>r£---1 

'\..,.--__,.~-!+---- 2 

'"ITP---3 

1 - RELATIVE LY RIGID CENTER CONTAINING TERMINAL 
METHYL GROU PS 

2 - FLUID REGIO N CO NTAINING MOST OF THE METHYLENE 
GROUPS 

3 - RELATIVELY RIGID SURFACE CONSISTING MAINLY OF 
THE N-METHY L GROUPS AND BROMI DE COUNTERIONS 

Structure proposed for micelles of cetyltrimethylammonium 
bromide (CTAB) on the basis ofNMR spin lattice relaxation 
time measurements. (Cf. Surfactants in Solution, Vol. 2, 
KL.Mittal and B. Lindman, Eds, Plenum Press, 
New York, 1984). 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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At the University of Detroit, he had the reputation of a good, tough and strict 

Professor. As we mentioned above, we shared the responsibility of teaching physical 

chemistry to chemistry and chemical engineering undergraduate students. We used to 

rotate the responsibility of the disciplines. In this way the students had a "democratic" 

choice to choose the professor. It was just the question of waiting a semester. 

We remember a chemical engineering student from Nigeri!S\.Momoh, who took 

Physical Chemistry I with Professor Tokuhiro and failed. He was repeating the course 

with us. Momoh was almost late for the class that was early in the morning and at times 

he did not pay much attention. 

On a certain date, we went to participate of a conference and our assistant gave an 

examination for us on the laws of thennodynamics. As usual, Mom oh was late and 

when he got to the classroom he saw some strange people there. The room was used by 

a guest lecturer and the physical chemistry class was changed to a room in a nearby 

building. He did not see the note on the door, lost a lot of time finding the new place 

and failed the exam. He explained to us that he lost a lot of energy looking for the new 

classroom, his head got hot and could not think well. He became frightened at the idea 

of failing with us and having to repeat the course again with Professor T. Tokuhiro. 

Since thermodynamics deals with the transformation of energy into heat and work, 

we gave Momoh a second chance and he eventually passed the course. 

Prof. Dr. Tadashi Tokuhiro was active in community affairs and the propagation of 

science. He served as Vice-President and President of the Physical Sciences Section of 

the Michigan Academy of Sciences, Arts and Letters and participated in the 

"mokuyoki' choral groups, He enjoyed classical music, especially the Bach Cantata 

and travelled widely. 

13 
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Prof. Dr. Tadashi Tokuhiro lived some very difficult years as a youth during World 

War II, but was spared from major tragedies. His classes were often cancelled, he 

worked in a factory and saw B-29 bombers headed for Tokyo. The scenes he witnessed 

Tokyo in the part of the city hit by incendiary bombs left deep impressions that stayed 

with him for the rest of his lifo. He impressed people with his calm mood and his deep 

reflections. 

Two of his doctoral students at the University of Detroit have contributed 

significantly to the development of chemistry in South America. 

Dr. Luis Menafra, besides his effort in chemistry, was President (Rector) of the 

Universidad de la Republica, Montevideo, the most prestigious university in 

Uruguay. 

Dr. Juanita Freer, faculty member at the Universidad de Concepcion, made 

important contributions to the development of chemistry in Chile. 

Prof. Dr. Tadashi Tokuhiro published a large number of articles dealing with 

chemistry, physical chemistry and chemical physics in widely respected journals 

in Japan, United States and Great Britain. A list of representative publications is given 

at the end of this article. 
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Two series of 6-pyridazinone derivatives (17-30) were synthesized and evaluated for 
antitubercular activities against Mycobacterium tuberculosis H3710J strain. The results indicated that 
among the synthesized compounds, 5-( 4-hydroxy-3-methoxybenzyl}-3-phenyl-J, 6-dihydro-6-pyridazinone 
(23) showed good antitubercular activity. Three more compounds, (18, 25 & 27) were significant in their 
antitubercular action. The present study reveals the antitubercular potential of 6-pyridazinones. 

KEY WORDS: Pyridazinone, antitubercular, mycobacteria, furanone. 

RESUMO 

Duas series de derivados de 6-piridazona foram sintetizados e avaliados para a atividade 
antitubercular contra Mycobacterium tuberculosis da cepa H37Rv. Os resultados experimentais 
indicaram que o composto 5-(4-hidroxi-3-metoxibenzil)-3-fenil-J,6-dihidro-6-piridazinona (23) 
apresentou boa atividade antitubercular. Outros tres compostos (18, 25 e 27) mostraram atividade 
antitubercular significativa. 0 presente estudo revela o potencial antitubercular de 6-piridazinonas. 

PALA VRAS-CHA VE: Piridazinona, atividade contra tuberculose, micobacteria, furanona. 
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Antitubercular Activity of Some Newer 6-Pyridazinone Derivatives 

INTRODUCTION 

Resistance of Mycobacterium tuberculosis strains to available antitubercular drugs is an 
increasing problem worldwide. New potent antimycobacterial drugs with new mechanisms of 
action have not been developed in the last forty years1

• TB is considered by the WHO to be 1he 
most important chronic communicable disease in the world. About 32% of the world's 
population is currently infected with TB. The emergence of AIDS, decline of socioeconomic 
standards and a reduced emphasis on tuberculosis control programs contribute to the disease's 
resurgence in industrialized countries2

• If the present trend continues, tuberculosis is likely to 
claim more than 30 million lives within 1he new decade. A great deal of research is being 
directed towards the development of new antitubercular drug. 
During recent years pyridazinones have been a subject of intensive research due to tl:teir wide 
spectrum of biological activities. Substituted pyridazinones have been found to have potent 
antibacterial, antifungal and antiviral including anti-HIV activities3

"". Various 3-(2H)
pyridazinone derivatives have shown anticancer6

, analgesic & anti-inflarnmatory6
•
8

, 
. I 9 rd" - & h - 10 11 d - I . . . 12 N h f" antlconvu sant , ca mtomc ypotens1ve · an antm cer activ1t1es . ow researc e iorts 

are toward tl:te search of new antimycobacterial agents (new classes of compounds), which l\fe 
structurally different from known antimycobacterial drugs13

•
14

• The present worl<: describes 1he 
synthesis of newer 2(3H)-pyridazinones with encouraging antitubercular activity. 

MATERIALS AND MEIBODS 
Synthesis 
Melting points were determined in open capillary tubes and are uncorrected. Thin-layer 
chromatography was carried out to monitor tl:te reactions using silica gel G plates. The IR spectra 
were recorded in potassium bromide pellets using a Perl<:in-Elmer l 725X spectrophotometer. 
Elemental analyses were performed on a Perkin-Elmer 240 analyzer and the values were in range 
of ±0.4% theoretical value for the element analyzed (C, H, N). 1H-NMR spectra were recorded 
on Bruker spectropsin DPX-300 MHz in CDCh; chemical shift {o) values are reported in parts 
per million (ppm). The splitting pattern abbreviations are as follows; s, singlet; d, doublet; m, 
multiplet. Mass spectra under electron impact conditions (EI) were recorded at 70 e V ionizing 
voltage with a VG Prospec instrument and are presented as rn/z. Spectral data are consistent with 
the assigned structures. 
Preparation of 3-(4-Chloro!methyl benozyl)propionic acid (1,2). The compounds, 1 and 2, were 
synthesized according to the reported method 14

• 

Preparation of 3-Arylidene-5-(4--chloro!methyl phenyl)-2(3H)-:furanones (3-16). Compounds (3-
16) were syntl:tesized from 3-(4-chloro/methyl benozyl)propionic acid (1,2) following literature 
method 14

• 

General Procedure for the synthesis of 5-(substituted benzyl)-3-aryl-1,6-dihydro-6-pyridazinones 
(17-30). 2(3H)-Furanones (3-16) (0.005 mole) and hydrazine hydrate (1-2 mL) in n-propanol {5-
6 mL) were refluxed for 3h. After refluxing reaction mixture was poured onto crushed ice, a 
precipitate was obtained, which was filtered, dried and recrystallized from methanol to give TLC 
pure 5-(substituted benzyl)-3-aryl-I ,6-dihydro-6-pyridazinone derivatives (17-30). 
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5-Benzyl-3-phenyl-1,6-dihydro-6-pyridazinone (17): Yield: 58%; m.p. 168-170 °C; 1H-NMR 
(CDCh. ii, ppm): 3.99 (s, 2H, CH2), 7.26 (s, IH, H-4, pyridazinone ring), 7.29-7.41 (m, 6H, 
2xH-2,4,6, benzyl +phenyl), 7.58-7.65 (m, 4H, 2xH-3,5, benzyl +phenyl), 10.62 (s, lH, NH); 
MS (m/z): 262(M+); IR (cm·1, KBr): 3186 (NH), 2949 (CH), 1683 (CO); Anal calcd. for 
C17H14N20 (CHN). 
5-(2-Chlorobenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone (18): Yield: 63%; m.p. 210 °C; 1H
NMR (CDCh, ii, ppm): 4.42 (s, 2H, CH2), 7.24 (s, JH, H-4, pyridazinone ring), 7.26-7.64 (m, 
9H, phenyl+ benzyl) 10.77 (s, lH, NH); MS (m/z): 296/297 (M+/M+J); IR (cm·1, KBr): 3179 
(NH), 2942 (CH), 1688 (CO), 726 (C-CJ); Anal calcd. for C11HIJClN20 (CHN). 
5-(4-Chlorobenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone (19): Yield: 68%; m.p. 188 °C; 1H
NMR (CDC!i. ii, ppm): 3.93 (s, 2H, CH2), 7.24 (s, lH, H-4, pyridazinone ring), 7.27 & 7.67 (d, 
each, 2xA2B2,p-chlorophenyl), 7.30 (m, IH, H-4, phenyl), 7.33 (m, 2H, H-2,6, phenyl), 7.46 (m, 
2H, H-3,5, phenyl), 12.68 (s, lH, NH); MS (mlz): 296/297(M+/M+I); IR (cm·1

, KBr): 3173 
(NH), 2936 (CH), 1672 (CO), 707 (C-Cl); Anal calcd. for C17HIJClN20 (CHN). 
5-(3-NitrobenzyV-3-phenyl-l,6-dihydro-6-pyridazinone (20): Yield: 58%, m.p. 178-180 °C; 1H
NMR (CDC!i. ii, ppm): 3.89 (s, 2H, CH2), 7.14 (s, IH, H-4, pyridazinone ring), 7.26 (m, IH, H-
4, phenyl), 7.31 (m, lH, H-4, phenyl), 7.44 (m, JH, H-6, benzyl ring), 7.34 (m, 2H, H-2,6, 
phenyl), 7.50 (m, 2H, H-3,5, phenyl), 8.14 (m, lH, H-5, benzyl ring), 8.16 (m, lH, H-4, benzyl 
ring), 8.18 (m, lH, H-2, benzyl ring), 10.98 (s, IH, NH); MS (m/z): 307 (M+); IR (cm·1, KBr): 
3 l 78 (NH), 2942 (CH), 1686 (CO); Anal calcd. for C17H13N303 (Cl-IN). 
5-(4-Methoxybenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone (21): Yield: 52%; m.p. 186 °C; 1H
NMR (CDCb, ii, ppm): 3.82 (s, 3H, OCH3), 3.93 (s, 2H, CH2). 6.82 (s, IH, H-4, pyridazinone 
ring), 6.83 & 7.41 (d, each, 2xA2B2, p-methoxy benzyl ring), 7.21 (m, lH, H-4, phenyl ring), 
7.27 (m, 2H, H-2,6, phenyl ring), 7.65 (m, 2H, H-3,5, phenyl ring), 10.87 (s, lH. NH); MS (m/z): 
292 (~); IR (cm·1• KBr): 3173 (NH), 2936 (CH), 1684 (CO); Anal calcd. for CrnH16N202 
(CHN). 
5-(3,4-Dimethoxybenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone (22): Yield: 56%; m.p. 198-200 
°C; 1H-NMR (CDCh, ii, ppm): 3.63 (s, 2H, 2xOCH3), 3.86 (s. 2H. CH2), 7.26 (s, lH, H-4, 
pyridazinone ring), 7.28 (m, lH, H-4, phenyl ring), 7.38 (m, IH. H-6, benzyl), 7.61 (m, 2H, H-
3.5, phenyl ring), 7.64 (m, lH, H-5, bcnzyl), 7.66 (m. lH, H-2, benzyl), I 1.31 (s, l H, NH); MS 
(mlz): 322 (~);IR (cm·1, KBr): 3167 (NH), 3002 (CH). 1673 (CO); Anal calcd. for C19H18N20 3 

(CHN). 
5-(4-Hydroxy-3-methoxybenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone (23): Yield: 62%; m.p. 
191-193 °C; 1H-NMR (CDCb, ii, ppm): 3.48 (s, 2H, CH2). 3.64 (s, 3H, OCH3), 6.53 (s, lH, H-4, 
pyridazinone ring), 7.07-7.29 (m, SH, phenyl), 7.39-7. 72 (3H, H-2,5,6, benzyl), I 0.82 (s. J H. 
NH); MS (mlz): 308 (M+); IR (cm· 1

, KBr): 3185 (NH), 2955 (CH), 1686 (CO); Anal calcd. for 
C1sH16N203 (CHN). 
5-(4-Fluorobenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone (24): Yield: 57%; m.p. 201 °C; 1H
NMR (CDCh, ii, ppm): 3.57 (s, 2H, CH2), 7.09 (s, lH, H-4, pyridazinonc ring), 7.28 (m, lH, H-
4, phenyl), 7.29 (d, H-2,6, p-fluorobenzyl), 7.37 (m, 2H, H-2,6, phenyl), 7.53 (m, 2H, H-3,5, p
fluorobenzyl), 7.57 (m, 2H, H-3,5, phenyl), 11.73 (s, IH, NH); MS (mlz): 280 (M+); lR (cm·1, 
KBr): 3182 (NH), 2949 (CH), 1673 (CO); Anal calcd. for C17H13FN20: (CHN). 
5-(4-Hydroxy-3-ethoxybenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone (25): Yield: 65%; m.p. 180 
°C; 1H-NMR (CDCh, ii, ppm): 1.46 (t, 3H, OCH2CHJ), 3.48 (s, 2H, CH2), 4.07 (m, 2H, 
OCH2CH3), 6.53 (s, IH, H-4, pyridazinone ring), 7.07-7.29 (m, 5H, phenyl), 7.39-7.72 (3H, H-
2,5,6, benzyl), 10.82 (s, lH, NH); MS (m/z): 322 (Ml; IR (cm·1, KBr): 3184 (NH), 2966 (CH), 
1678 (CO); Anal calcd. for C19H1sN203 (CHN). 
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5-(2-Chlorobenzyl-3-(4-chlorophenyl)-l,6-dihydro-6-pyridazinone (26): Yield: 63%; m,p, 186-
188 °C; 1H-NMR (CDCh, o, ppm): 3.93 (s, 2H, CH2), 7.21 (s, !H, H-4, pyridazinone ring), 7.28 
(m, 2H, H-4,6, phenyl), 7.38 (m, lH, H-5, phenyl ring),7.40 & 7.59 (d, each, 2xA2B2, p
chlorophenyl ring), 7.44 (m, lH, H-3, phenyl), 11.52 (s, lH, NH); MS (m/z): 330/331/333 
(M+/M+l/M+3); IR (cm·1

, KBr): 3185 (NH), 2952 (CH), 1676 (CO), 714 (C-Cl); Anal calcd. for 
C17H12ChN20 (CHN). 
5-(2-Hydroxybenzyl)-3-(4-chlorophenyl)-J,6-dihydro-6-pyridazinone (27): Yield: 58%; m.p. 
182-184 °C; 1H-NMR (CDCh, o, ppm): 3.61 (s, 2H, CH2), 7.26 (s, lH, H-4, pyridazinone ring), 
7.34 (m, lH, H-4, phenyl ring), 7.41 & 7.62 (d, each, 2xA2B2, p-chlorophenyl), 7.64 (m, 2H, H-
2,5, phenyl), 8.37 (m, lH, H-3, phenyl), 8.57 (s, lH, OH), 9.33 (s, lH, NH); MS (m/z): 312/313 
(~/M+I); IR (cm·1

, KBr): 3174 (NH), 2939 (CH), 1683 (CO), 718 (C-Cl); Anal calcd. for 
C17HuCIN202 (CHN). 
5-(3-Hydroxybenzyl)-3-(4-chlorophenyl)-l, 6-dihydro-6-pyridazinone (28): Yield: 54%; m.p. 189 
°C; 1H-NMR (CDCh o, ppm): 3.64 (s, 2H, CH2), 7.19 (s, lH, H-4, pyridazinone ring), 7.42 & 
7.55 (d, each, 2xA2B2, p-chlorophenyl), 7.57 (m, lH, H-6, benzyl), 7.98 (m, lH, H-5, benzyl), 
8.07 (m, lH, H-4, benzyl), 8.17 (m, 1 H, H-2, benzyl), 9.35 (s, IH, NH); MS (m/z): 312/313 
(M+/M+l); IR (cm·1

, KBr): 3168 (NH), 2944 (CH), 1681 (CO), 722 (C-Cl); Anal calcd. for 
C17HnCIN202: (CHN). 
5-(3-Nitrobenzyl)-3-(4-chlorophenyl)-1, 6-dihydro-6-pyridazinone (29): Yield: 56%; m.p. 198 °C; 
1H-NMR (CDCh o, ppm): 4.05 (s, 2H, CH2), 7.15 (s, lH, H-4, pyridazinone ring), 7.24 & 7.53 
(d, each, 2xA2B2, p-chlorophenyl), 7.55 (m, lH, H-6, benzyl), 8.21 (m, lH, H-5, benzyl), 8.31 
(m, lH, H-4, benzyl), 8.49 (m, IH, H-2. benzyl), 9.23 (s, lH, NH); MS (m/z): 341/342 
(M+/M+I); IR (cm-1

, KBr): 3180 (NH), 2934 (CH), 1687 (CO), 717 (C-CI); Anal calcd. for 
C17H12CIN303 (CHN). 
5-(3, 4-Dimethoxybenzyl)-3-(4-chlorophenyl)-l, 6-dihydro-6-pyridazinone (30): Yield: 59%; m.p. 
186-188 °C; 1H-NMR (CDCl3, o, ppm): 3.87 (s, 6H, 2x-OCH3), 3.71 (s, 2H, CH2), 6.81 (s, lH, 
H-4, pyridazinone ring), 6.83 (m, 2H, H-2,6, benzyl), 7.26 (m, lH, H-5, benzyl). 7.39 & 7.61 (d, 
each, 2xA2B2, p-chlorophenyl), 11.54 (s, lH, NH); MS (m/z): 356/357 (M+/M+l); IR (cm-1

, 

KBr): 3176 (NH), 2959 (CH), 1681 (CO), 725 (C-Cl); Anal calcd. for C19H17CIN203 (CHN). 
Antitubercular activity15

'
16 

The antitubercular screening was carried out against Mycobacterium tuberculosis H37Rv (A TCC 
27294) in Middle brook 7Hl 1 agar medium with OADC (oleic acid albumin dextrose catalase) 
growth supplement. 10 fold serial dilutions of each test compound/drug (in DMSO!Water 
mixture) were incorporated into the agar medium. lnoculum of M tuberculosis H37Rv were 
prepared from fresh Middlebrook 7Hl 1 agar slants with OADC growth supplement adjusted to l 
mg/mL (wet weirt) in Tween 80 (0.05%) saline diluted to 10·2 to give a concentration of 
approximately 10 cfu/mL. A 5 µL amount of bacterial suspension was spotted into 7Hl I agar 
tubes containing 10-fold serial dilutions of drugs per mL. The tubes were incubated at 3 7 °C, and 
final readings were recorded after 30 days. The minimum inhibitory concentration (MIC) is 
defined as the minimum concentration of compound required to give complete inhibition of 
bacterial growth. The MIC of the standard drug streptomycin was 10 µg/mL. The results are 
presented in Table 1. 
RESULTS AND DISCUSSION 
Synthesis 
The starting material, 3-( 4-chlorobenzoyl/benzoyl)propionic acid (1,2) was synthesized from dry 
benzene or chlorobenzene following Frieda! Craft's acylation reaction conditions14

• 2(3H)
Furanones (3-16) were prepared using 3-aroylopionic acid (1,2) following the previously 
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Scheme 1: Protocol for synthesis of title compounds 

Table 1: Antitubercular activity of the 6-pyridazinone derivatives 17-30. 

Compound R R' MIC values 
17 H H 50 
18 H 2-CI 25 
19 H 4-CI 50 
20 H 3- N02 50 
21 H 4-0CH3 50 
22 H 3,4-(0CH3)2 50 
23 H 4-0H; 3-0CH3 12.5 
24 H 4-F 50 
25 H 4-0H; 3-0C2Hs 25 
26 4-Cl 2-CI 50 
27 4-Cl 2-0H 25 
28 4-Cl 3-0H 50 
29 4-Cl 3-N02 50 
30 4-CI 3,4-(0CH3)2 50 
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benzyl)-3-aryl- l ,6-dihydro-6-pyridazinone derivatives (17-30) (Scheme-]). Spectral data and 
microanalysis data were in agreement with the proposed structures. 

Antitubercular activity 
The antitubercular screening was carried out against Mycobacterium tuberculosis H37R v (ATCC 
27294) (Table 1). The results indicated that 5-(4-hydroxy-3-methoxybenzyl)-3-phenyl-l ,6-
dihydro-6-pyridazinone (23) showed best antitubercular activity among the synthesized 
compounds with MJC-12.5 µg/mL. Three compounds, 5-(2-chlorobenzyl)-3-phenyl-l,6-dihydro-
6-pyridazinone (18), 5-(4-hydroxy-3-ethoxybenzyl)-3-phenyl-l ,6-dihydro-6-pyridazinone (25) 
and 5-(2-hydroxybenzyl)-3-( 4-chlorophenyl)-1,6-dihydro-6-pyridazinone (27) were also 
significant in their antitubercular action with MJC-25 µg/mL. Rests of the compounds showed 
MIC-values of 50 µg/mL. Disubstituted phenyl rings having hydroxyl group (23 & 25) at 5th 
position of pyridazinone ring showed good antitubercular activity than unsubstituted or mono
substituted phenyl rings. Among the mono-substituted phenyl rings at 5th position of 
pyridazinone ring, presence of 2-chloro or 2-hydroxyl group (18 & 27) showed significant 
antitubercular activity. 

Conclusions 
To sum up, among the synthesized 14 newer pyridazinones, compound 23, 5-(4-hydroxy-3-
methoxybenzyl)-3-phenyl-l,6-dihydro-6-pyridazinone emerged as lead compound with good 
antitubercular activity. The study showed the antitubercular potential of 6-pyridazinone 
derivatives. 
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ABSTRACT 

25 

A series of 1,2, 4, 5-tetraaza-3-pentenes 4a-j were synthesized by the reaction of 
appropriate nitrilimines 2 with substituted hydrazines (H2NNHCOR, R=Ph, OMe) 3. 
Heating the compounds 4a-j with activated charcoal in refluxing benzene oxidized to 
formazans 5a-j and some formazans 5fj (R = OMe) gave s-tetrazinones 6fj in presence 
of lithium hydride. The microanalysis and spectral data of the synthesized compounds 
are in fall agreement with their molecular structure. 

KEYWORDS 
Nitrilimines, 1,2,4,5-tetraaza-3-pentenes, formazans, s-tetrazinones 

RESUMO 

Uma serie de 1,2,4,5-tetraazo -3-pentenos 4a-jforam sintetizados pela rea<;iio das 
nitriliminas apropriadas 2 com hidrazinas substituidas (H2NNHCOR, R=Ph, OMe) 3. 
0 aquecimento dos compostos 4a-j com carviio ativado em benzeno quente levou a 
oxida<;iio para formazanaos 5aj e a/guns formazanos 5fj (R=OMe) e na presen<;a de 
LiHformaram s-tetrazinonas 6/J. As microana/ises o os dados espectrais 
concordam com as estruturas moleculares dos compostos. 
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GRAPHICAL ABSTRACT 

Reaction of Nitrilimines with Substituted Hydrazines: 
Synthesis of 1,2,4,5-Tetraaza-3-pentenes and Formazans 
HANY M. DALLOUL 
Alaqsa University of Gaza, Palestine. 
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1. INTRODUCTION 
27 

The preparation of hydrazonoyl halides is well known because of their extensive 
use in 1,3-dipolar cycloaddition and cyclocondensation reactions. El-Haddad et al. [1] 
was reported the synthesis of l-methoxycarbonyl-2-[l-(4-chlorophenyl)hydrazono
propan-2-one]hydrazine, which oxidized upon heating with charcoal in refluxing 
toluene to 3-acetyl-l-methoxy-carbonyl-5-( 4-chlorophenyl)formazan. 

The reactions nitrilimines and nitrile oxides were recently reviewed by Ferwanah 
et al. [2]. In a continuation of our work concerning the utility of nitrilimines in the 
synthesis of aza compounds, we investigated the reaction of different C-substituted-N
arylnitrilimines with benzoyl- and methoxycarbonyl hydrazines. 

2. RESULTS AND DISCUSSION 

The precursors of nitrilimines hydrazonoyl chlorides I employed in this study 
were prepared according to reported literature procedures [3-7}. The non isolable 
nitrilimines II immediately reacted with benzoyl and methoxycarbonyl hydrazines III 
affording the corresponding acyclic adducts, 1,2,4,5-tetraaza-3-pentenes IVa-j (Scheme 
1) in good yields. Structural assignment of IVa-j was based on elemental analysis and 
spectral data. IR spectra of these compounds revealed the presence of the characteristic 
functional groups. The signals of the OCH3 in both 1H- and 13C NMR spectra is of 
particular importance in support of the suggested acyclic structure. The spectral data of 
the obtained compounds IV a-j are presented in the experimental section. 

0 
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Ar + ~ 

II THF/rt 
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0 

H2N'NHJl_R 

III 

Ar' = 4-Cl-C6H4-
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e PhNH/Ph; f PhNHIOMe; g 2-C4H30/Ph; 
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I 

0 N-NH 

H poR 
Ar N-N 

I \ 
H H 
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h 2-C4H3S/Ph; i 2-C 10H/Ph; j 2-C 10H,10Me 

Figure 1. Synthetic pathway for the preparation of compounds IVa-j. 
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The acyclic adducts Va-j were oxidized to the corresponding forrnazans Va-j by 
heating them with activated charcoal in refluxing benzene or toluene for 6 hours 
(Scheme 2). No other cyclic products were observed using TLC. Structure elucidation 
of the obtained formazans Va-j was achieved by analytical and spectral data 
summarized in the experimental section. Their IR spectra revealed the absence of two 
NH absorption bands. Both and 1H- and uC NMR spectra of compounds Va-j showed 
all the signals of the proposed structures, indicating the disappearance of HN-NH 
protons, however, the OCH3 signal in compounds Vb,f,j does not disappeared which 
indicated that those compounds are oxidized to the formazans without further 
cyclization to the expected tetrazinones. 
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g 2-C4H,O; h 2-C4H,S; i 2-C1Jl7; j 2-C1Ji, 

,Ar' 
0 N-N H f=o 

Ar N=N 

Figure 2. Synthetic pathway for the preparation of compounds Va-j and Vlf,j. 

The thermal cyclization of forrnazans Vf,j was performed by heating them with 
lithium hydride in benzene for 4 hours. New products were formed as indicated by TLC 
and found to be s-tetrazinones Vlf,j (Figure 2). Structural assignment of compounds 
Vlf,j is based on elemental analysis, mass spectra and NMR results. Elemental analysis 
and mass spectra showed a loss of methanol molecule. Further evidence was obtained 
from NMR measurements. The 1H NMR indicate that the NH (o = 11.40 ppm) and 
methoxy protons (o = 3.90 ppm) are disappeared. Also the 13C NMR data illustrated that 
compounds Vlf,j have the assigned cyclic structure by the absence of signal for 
methoxy carbon (o = 53.80 ppm) and the presence of the signal at o = 159 ppm forthe 
carbonyl carbon of tetrazinone ring. 
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3. EXPERIMENTAL SECTION 

3.1. Reagents and Instrumentation 

Melting points were determined on an A. Kriiss Melting Point Meter equipped 
with a thermometer and are uncorrected. The IR spectra were measured as potassium 
bromide pellets using a Satellite 3000 Mid infrared spectrophotometer. The 1H NMR 
and 13C NMR spectra were recorded on a Bruker AM 300 MHz spectrometer at room 
temperature in DMSO-d6 solution using tetrarnethylsilane (TMS) as internal reference. 
Chemical shifts were recorded as o values in parts per millions (ppm) downfield from 
internal TMS. Electron impact (EI) mass spectra were run on a Shimadzu GCMS
QPlOOO EX spectrometer at 70 eV. All compounds were analyzed satisfactorily for C, 
H and N. The hydrazonoyl halides Ia-j [3-7] were prepared according to literature 
procedures. Tetrahydrofuran (THF) and triethylarnine were obtained from Across 
Company, Belgium. Benzoic acid hydrazide and methyl hydrazinocarboxylate were 
purchased from Avocado Research Chemicals, England, and used without further 
purification. 

3.2. Synthesis of Compounds IVa-j 

To a stirred solution of the appropriate hydrazonoyl halide I (10 mmol) and 
hydrazine III (20 mmol) in THF (70 rnL), triethylarnine (4rnL, 30 mmol) in THF (10 
rnL) was dropwise added at 0 °C. The temperature of the reaction mixture was then 
allowed to rise slowly to room temperature, and stirring was continued overnight. The 
solvent was then evaporated in vacuo, and the residue washed with water (100 rnL). The 
resulting crude solid product was collected and recrystallized from ethanol. The 
following compounds were prepared using this method: 

3-Acetyl-l -benzoyl-5-( 4-cbloropbenyl)-1,2,4,5-tetraaza-3-pentene (IV a); 
Yield: 75%; m.p.: 177-179°C; IR (KBr)Vmax: cm-1 3432,3342, 3315 (NH), 1693 (CH3-
C=O) 1675 ( Ph-C=O), 1592 (C=N); 1H NMR (CDCb): o 9.50 (s, lH, NH), 8.90 (s, 
lH, NH), 8.27-7.26 (m, 9H, Ar-H), 7.31 (s, lH, NH), 2.45 (s, 3H, COCH3); Be NMR 
(CDCh): J 192.3, 169.1, 141.0, 139.6, 135.6, 133.2, 130.8, 130.4, 129.3, 128.5, 120.4. 
24.5; MS: mlz 3301332 [M+, Chlorine isotopes]; Anal. Calcd. for C16H1sN402 (330.78): 
C, 58.10; H, 4.57; N, 16.94; Found: C, 57.85; H, 4.45; N, 17.10. 

3-Acetyl-5-( 4-cbloropbenyl)-1-methoxycarboyl-1,2,4,5-tetraaza-3-pentene 
(IVb): Yield: 78%; m.p.: 146-148 °C; IR (KBr) Vmax: cm-1 3434, 3340, 3319 (NH), 1693 
(CH3-C=O) 1710 (0-C=O), 1596 (C=N); 1H NMR (CDCb): o 9.54 (s, lH, NH), 8.86 
(s, lH, NH), 7.45-6.86 (m, 4H, Ar-H), 7.36 (s, lH, NH), 3.61 (s, 3H, OCH3), 2.42 (s, 
3H, COCH3); Be NMR (CDCh): J 192.1, 156.9, 141.0, 139.1, 129.0, 128.2, 120.6, 
52.3, 24.6; MS: mlz 284/286 [~, Chlorine isotopes]; Anal. Calcd. for CnH13N403 
(284.70): C, 46.41; H, 4.60; N, 19.68; Found: C, 46.20; H, 4.72; N, 19.55. 
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1-Benzoyl-5-( 4-chlorophenyl)-3-methoxycarbonyl-1,2,4,5-tetraaza-3-pentene 
(lVc): Yield: 76%; m.p.: 169-171 °C; IR (KBr) Vmax: cm"1 3429, 3337, 3320 (NH), 1715 
(0-C=O) 1675 ( Ph-C=O), 1594 (C=N); 1H NMR (CDCh): o 9.56 (s, IH, NH), 8.89 (s, 
lH, NH), 8.22-7.21 (m, 9H, Ar-H), 7.38 (s, lH, NH), 3.59 (s, 3H, OCH3); 

13C NMR 
(CDCh): '5 169.3, 157.1, 141.3, 139.7, 135.3, 133.0, 130.9, 130.2, 129.1, 128.7, 120.7, 
52.6; MS: mlz 346/348 [~,Chlorine isotopes]; Anal. Calcd. for C16H1sN403 (346.78): 
C, 55.42; H, 4.36; N, 16.16; Found: C, 55.70; H, 4.21; N, 15.05. • 

5-( 4-Chlorophenyl)-l,3-dibenzoyl-1,2,4,5-tetraaza-3-pentene (IV d): Yield: 
75%; m.p.: 182-184 °C; IR (KBr) Vmax: cm-I 3427, 3337, 3322 (NH), 1677 ( N-C=O), 
1640 (Ph-C=O), 1598 (C=N); 1H NMR (CDCh): o 10.31 (s, lH, NH), 8.31 (s, lH, NH), 
8.17-7.10 (m, 14H, Ar-H), 7.37 (s, lH, NH); Be NMR (CDCh): '5 187.5, 169.1, 141.7, 
139.5, 136.4, 135.6, 133.2, 132.2, 130.7, 130.1, 129.3, 128.5, 127.9, 127.1, 115.8; MS: 
mlz 3921394 [~, Chlorine isotopes]; Anal. Calcd. for C21H17ClN402 (392.85): C, 
64.21; H, 4.36; N, 14.26; Found: C, 63.98; H, 4.50; N, 14.37. 

1-Benzoyl-5-( 4-chlorophenyl)-3-phenylaminocarbonyl-1,2,4,5-tetraaza-3-
pentene (IV e): Yield: 77%; m.p.: 178-180 °C; IR (KBr) Vmax: cm"1 3435, 3340, 3328, 
3275 (NH), 1675 ( Ph-C=O), 1655 (amide C=O), 1605 (C=N); 1H NMR (CDCb): o 
10.36, (s, lH, NH), 9.50 (s, lH, NH), 8.92 (s, lH, NH), 8.83 (s, lH, NH), 8.27-7.26 (m, 
14H, Ar-H), 7.31 (s, lH, NH); Be NMR (CDCh):" 169.3, 160.3, 142.5, 138.6, 135.6, 
133.2, 130.8, 130.4, 129.4, 128.7, 128.5, 125.0, 123.6, 120.5, 116.2; MS: mlz 4071409 
[M+, Chlorine isotopes); Anal. Calcd. for C21HI8ClNs02 (407.86): C, 61.84; H, 4.45; N, 
17.17; Found: C, 62.05; H, 4.30; N, 17.00. 

5-( 4-Chlorophenyl)-1-methoxycarboyl-3-phenyiaminocarbonyl-1,2,4,5-tetra
aza-3-pentene(IVt): Yield: 74%; m.p.: 158-160 °C; IR (KBr) Vmax: cm"1 3433, 3335, 
3325, 3270 (NH), 1725 ( 0-C=O), 1653 (amide C=O), 1600 (C=N); 1H NMR (CDCb): 
o 9.49 (s, lH, NH), 8.91 (s, lH, NH), 8.82 (s, lH, NH), 7.45-6.86 (m, 9H, Ar-H), 7.36 
(s, lH, NH), 3.61 (s, 3H, OCH3); 13C NMR (CDCb): " 160.2, 157.6, 142.0, 138.1, 
135.2, 129.7, 129.0, 128.2, 127.3, 125.1, 119.8, 52.3; MS: mlz 3611363 [~. Chlorine 
isotopes]; Anal. Calcd. for C16H16ClNs01 (361.79): C, 53.12; H, 4.46; N, 19.36; Found: 
C, 52.86; H, 4.35; N, 19.45. 

l-Benzoyl-5-( 4-chlorophenyl)-3-(2-furoyl)-1,2,4,5-tetraaza-3-pentene (IV g): 
Yield: 73%; m.p.: 166-168 °C; IR (KBr) Vmax: cm"1 3433, 3341, 3321 (NH), 1676 (Ph
C=O), 1665 (C=O), 1597 (C=N); 1H NMR (CDCb): o 9.49 (s, lH, NH), 8.89 (s, lH, 
NH), 8.21-7.13 (m, 12H, Ar-H), 7.33 (s, lH, NH); Be NMR (CDCh): '5 174.2, 169.2, 
141.6, 140.1, 139.1, 135.6, 135.1, 133.2, 130.8, 130.6, 129.0, 128.1, 127.9, 125.4, 
120.6; MS: mlz 382/384 [MJ; Anal. Calcd. for C19li1sCIN403 (382.81): C, 59.62; H, 
3.95; N, 14.64; Found: C, 59.40; H, 4.10; N, 14.55. 

1-Benzoyl-5-( 4-chlorophenyl)-3-(2-thenoyt, I,2,4,5-tetraaza-3-pentene (lVh ): 
Yield: 75%; m.p.: 159-161 °C; IR (KBr) Vmax: cm' 3436, 3340, 3325 (NH), 1678 (Ph
C=O), 1660 (C=O), 1596 (C=N); 1H NMR (CDCh): o 9.46 (s, lH, NH), 8.87 (s, lH, 
NH), 8.30-7.10 (m, 12H, Ar-H), 7.31 (s, lH, NH); Be NMR (CDCb): '5 174.6, 169.3, 
141.3, 140.2, 139.3, 135.1, 134.9, 133.2, 130.8, 130.4, 129.3, 128.3, 128.0, 125.3, 
120.4; MS: mlz 398/400 [M+, Chlorine isotopes]; Anal. Calcd. for C19H1sCIN402S 
(334.38): C, 57.21; H, 3.79; N, 14.05; Found: C, 57.45; H, 3.90; N, 13.95. 
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1-Benzoyl-5-( 4-chlorophenyl)-3-(2-naphthoyl)-1,2,4,5-tetraaza-3-pentene (IVi): 
Yield: 71 %; m.p.: 171-173 °C; IR (KBr) Vmax: cm"1 3424, 3331, 3309 (NH), 1693 (CH3-
C=O) 1675 ( Ph-C=O), 1592 (C=N); 1H NMR (CDCh): o 9.50 (s, lH, NH), 8.90 (s, 
lH, NH), 8.77-7.26 (m, 16H, Ar-H), 7.36 (s, lH, NH); 13C NMR (CDCh): 15 183.3, 
169.2, 141.4, 139.6, 135.9, 133.8, 133.1, 132.4, 132.2, 130.3, 129.9, 129.1, 128.7, 
128.6, 127.9, 127.8, 127.7, 127.4, 126.6, 125.5, 124.3; MS: mlz 442/444 [M', Chlorine 
isotopes]; Anal. Calcd. for C2sH19CJN402 (442.91): C, 67.80; H, 4.32; N, 12.65; Found: 
C, 68.05; H, 4.20; N, 12.50. 

5-( 4-Chlorophenyl)-1-methoxycarbonyl-3-(2-naphthoy 1)-1,2,4,5-tetraaza-3-
pentene (IVj): Yield: 74%; m.p.: 179-181 °C; IR (KBr) Vmax: cm"1 3430, 3333, 3311 
(NH), 1693 (CH3-C=O) 1675 ( 0-C=O), 1592 (C=N); 1H NMR (CDCb): o 9.49 (s, lH, 
NH), 8.86 (s, UI, NH), 8.75-7.24 (m, l lH, Ar-H), 7.32 (s, lH, NH), 3.57 (s, 3H, 
OCH3); Be NMR (CDCh): 15 183.6, 157.8, 141.4, 139.1, 135.6, 134.1, 132.5, 132.3, 
130.5, 129.9, 129.2, 128.4, 127.8, 127.7, 126.5, 125.6, 124.4, 53.l; MS: mlz 396/398 
[M', Chlorine isotopes]; Anal. Calcd. for C2oH19ClN403 (396.84): C, 60.53; H, 4.32; N, 
14.12; Found: C, 60.35; H, 4.40; N, 14.05. 

3.3. Synthesis of formazans Va-j 

Compounds IVa-j (5 mml) were refluxed in benzene or toluene (50 mL) and 
activated charcoal (1.0 g) for 6 hours. After cooling the reaction was then filtered and 
the solvent was removed under reduced pressure and the residual solid was collected 
and recrystallized from chloroform/petroleum ether (b.p. 40-60 oC) to give formazans 
Va-j. The following compounds were prepared using this method: 

3-Acetyl-l-benzoyl-5-(4-chlorophenyl)formazan (Va): Yield: 76%; m.p.: 149-
151 °C; IR (KBr) Vmax: cm"1 3348 (NH), 1685 (CH3-C=O) 1679 ( Ph-C=O), 1590 
(C=N); 1H NMR (CDCb): o 11.49 (s, lH, NH), 7.40-7.29 (m, l lH, Ar-H), 2.60 (s, 3H, 
COCH3); BC NMR (CDCh): 15 193.9 (CH3-C=O), 169.1 (N-C=O), 150.5 (C=N), 26.6 
(COCH3); MS: mlz 328/330 [M', Chlorine isotopes); Anal. Calcd. for C16HBClN402 
(328.76): C, 58.46; H, 3.99; N, 17.04; Found: C, 58.25; H, 4.10; N, 16.90. 

3-Acetyl-5-(4-chlorophenyl)-l-methoxycarboylformazan (Vb): Yield: 79%; 
m.p.: 136-138 °C; IR (KBr) Vmax: cm"1 3347 (NH), 1720 ( 0-C=O), 1686 (CH3-C=O), 
1590(C=N); 1HNMR(CDCh): o 11.51 (s, lH,NH), 7.42-7.31 (m, llH,Ar-H), 3.91 (s, 
3H, OCH3), 2.61 (s, 3H, COCH3); Be NMR (CDCh): 15 193.9 (CH3-C=O), 153.8 (N
C=O), 150.4 (C=N), 53.9 (OCH3), 26.6 (COCH3); MS: mlz 282/284 [M\ Chlorine 
isotopes]; Anal. Calcd. for CuHuClN403 (282.69): C, 46.74; H, 3.92; N, 19.82; Found: 
C, 46.60; H, 4.05; N, 19.70. 

1-Benzoyl-5-(4-chlorophenyl)-3-methoxycarbonylformazan (Ve): Yield: 80%; 
m.p.: 127-129 °C; IR (KBr) Vmax: cm"1 3325 (NH), 1725 ( 0-C=O), 1673 (Ph-C=O), 
1586 (C=N); 1H NMR (CDCb): o 11.43 (s, lH, NH), 7.45-7.21 (m, l lH, Ar-H), 3.92 (s, 
3H, OCH3), 2.61 (s, 3H, COCH3); Be NMR (CDCh): 15 168.8 (N-C=O), 158.4 (0-
C=O), 149.7 (C=N), 53.9 (OCH3); MS: mlz 3441346 [M', Chlorine isotopes]; Anal. 
Calcd. for C1J!BClN403 (344.76): C, 55.74; H, 3.80; N, 16.25; Found: C, 55.90; H, 
3.72; N, 16.33. 
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5-(4-Chlorophenyl)-1,3-dibenzoyHormazan (Vd): Yield: 81 %; m.p.: 176-178 
°C; IR (KBr) Vmax: cm-1 3322 (NH), 1673 (Ph-C=O), 1645 ( Ar-C=O), 1585 (C=N); 1H 
NMR (CDCb): Ii 11.43 (s, lH, NH), 7.75-7.20 (m, llH, Ar-H); Be NMR (CDC]i): o 
185.5 (Ph-C=O), 168.7 (N-C=O) 149.2 (C=N); MS: mlz 390/392 [M+, Chlorine 
isotopes); Anal. Calcd. for C21H1sClN402 (390.83): C, 64.54; H, 3.87; N, 14.34; Found: 
C, 64.40; H, 3.75; N, 14.50. 

1-Benzoyl-5-( 4-chlorophenyl)-3-phenylaminocarbonyl formazan (Ve): Yield: 
76%; m.p.: 198-200 °C; IR (KBr) Vmax: cm-1 3328, 3245 (NH), 1675 ( Ph-C=O), 1655 
(Ar- C=O), 1592 (e=N); 1H NMR (eDeb): Ii 11.36, (s, lH, NH), 8.92 (s, lH, NH), 
8.31-7.26 (m, 14H, Ar-H); 13C NMR (CDe]i): o 168.3 (N-e=O), 161.4 (Ar-C=O), 
150.3 (e=N); MS: mlz 4051407 [~, Chlorine isotopes); Anal. ealcd. for ez1H16C1Ns02 
(405.85): C, 62.15; H, 3.97; N, 17.26; Found: e, 61.95; H, 4.10; N, 17.35. 

5-( 4-Chlorophenyl)-l-methoxycarboyl-3-phenylaminocarbonylformazan 
(Vt): Yield: 79%; m.p.: 188-190 °e; IR (KBr) Vmax: cm-1 3325, 3236 (NH), 1722 ( 0-
C=O), 1650 (Ar-e=O), 1590 (C=N); 1H NMR (eDCb): Ii 11.39 (s, lH, NH), 8.96 (s, 
lH, NH), 7.45-7.18 (m, 9H, Ar-H), 3.90 (s, 3H, OCH3); 13C NMR (eDC13): o 161.2 
(Ar-C=O), 158.6 (0-C=O), 150.l (C=N), 53.8 (OeH3); MS: mlz 359/361 ~.Chlorine 
isotopes]; Anal. Calcd. for C16H14ClNs03 (359.77): C, 53.42; H, 3.92; N, 19.47; Found: 
C, 53.60; H, 4.05; N, 19.35. 

1-Benzoyl-5-(4-chlorophenyl)-3-(2-furoyl) formazan (Vg): Yield: 81%; m.p.: 
172-173 °e; IR (KBr) Vmax: cm-1 3329 (NH), 1673 (Ph-e=O), 1660 ( Ar-C=O), 1591 
(C=N); 1H NMR (CDCh): Ii 11.36 (s, lH, NH), 7.45-6.71 (m, llH, Ar-H); Be NMR 
(CDCb): o 173.4 (Ar-C=O), 168.9 (N-e=O), 150.2 (C=N); MS: mlz 380/382 ~, 
Chlorine isotopes]; Anal. Calcd. for C19HBelN403 (380.79): C, 59.93; H, 3.44; N, 
14.71; Found: C, 60.15; H, 3.30; N, 14.60. 

1-Benzoyl-5-(4-chlorophenyl)-3-(2-thenoyl) formazan (Vh): Yield: 82%; m.p.: 
165-167 °C; IR (KBr) Vmax: cm-1 3325 (NH), 1673 (Ph-e=O), 1665 ( Ar-e=O), 1593 
(C=N); 1H NMR (CDeb): Ii 11.37 (s, lH, NH), 7.45-6.71 (m, l!H, Ar-H); 13C NMR 
(CDCb): o 174.6 (Ar-C=O), 168.7 (N-C=O), 150.7 (C=N); MS: mlz 396/398 ~. 
Chlorine isotopes]; Anal. Calcd. for C19H13ClN40zS (334.38): C, 57.50; H, 3.30; N, 
14.12; Found: C, 57.32; H, 3.42; N, 13.98. 

l-Benzoyl-5-(4-chlorophenyl)-3-(2-napbthoyl)formazan (Vi): Yield: 76%; 
m.p.: 189-191 °e; IR (KBr) Vmax: cm-1 3326 (NH), 1672 (Ph-C=O), 1645 ( Ar-C=O), 
1591 (C=N); 1H NMR (CDeb): Ii 11.40 (s, lH, NH), 8.63-7.49 (m, llH, Ar-H); 13e 
NMR (eDCh): o 183.7 (Ar-C=O), 168.5 (N-C=O), 149.9 (C=N); MS: mlz 440/442 [~. 
Chlorine isotopes]; Anal. ealcd. for C2sH11ClN402 (440.89): C, 68.1 l; H, 3.89; N, 
12.71; Found: C, 67.95; H, 4.00; N, 12.60. 

5-(4-Chlorophenyl)-1-methoxycarbonyl-3-(2-naphthoyl)formazan (Vj): 
Yield: 78%; m.p.: 176-178 °C; IR (K.Br) Vmax: cm-1 3326 (NH), 1671 (Ph-C=O), 1645 ( 
Ar-C=O), 1591 (e=N); 1H NMR (eDCb): Ii 11.43 (s, lH, NH), 8.65-7.51 (m, l lH, Ar
H), 3.90 (s, 3H, OeH3);; 13C NMR (CDeb): 0 183.7 (Ar-C=O), 153.9 (N-C=O), 149.8 
(C=N), 53.8 (OCH3); MS: mlz 394/396 [~. Chlorine isotopes]; Anal. Calcd. for 
C20H1sClN403 (394.82): C, 60.84; H, 3.83; N, 14.19; Found: C, 60.65; H, 3.72; N, 
14.10. 
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3.4. Thermal cyclization of compounds V(f,j) to s-tetrazinones VI(f,j) 

To a stirred solution of compounds Vf,j (5 mmol) in benzene (50 mL) was 
carefully added lithium hydride (0.08 g, I 0 mmol) at r. t. The resulting reaction mixture 
was refluxed for 4 hours. After cooling excess lithium hydride was destroyed with some 
drops of glacial acetic acid . The solvent was evaporated under reduced pressure and the 
residue was washed with water and then triturated with ethanol (10 mL). The resulting 
solid product was collected and recrystallized from diethyl ether/petroleum ether (b.p. 
40-60 oC) to give s-tetrazinones Vlf,j. The following compounds were synthesized 
using this method: 

1-( 4-Chlorophenyl)-3-phenylaminocarbonyl-s-tetrazinone (Vlf): Yield: 84%; 
m.p.: 158-160 °C; IR (KBr) Vmax: cm'1 3276 (NH), 1655 (Ar-C=O), 1598 (C=N); 1H 
NMR (DMSO-~): o 8.86 (s, lH, NH), 7.45-7.18 (m, 9H, Ar-H); 13C NMR (DMSO-di;): 
o 159.8 (C=O), 157.8 (PhNH-C=O), 139.8 (C=N); MS: mlz 3271329 [W, Chlorine 
isotopes]; Anal. Calcd. for C1sH10ClNs02 (327.73): C, 54.97; H, 3.08; N, 21.37; Found: 
C, 55.15; H, 2.95; N, 21.45. 

1-(4-Chlorophenyl)-3-(2-naphthoyl)-s-tetrazinone (Vlj): Yield: 82%; m.p.: 
168-170 °C; IR (KBr) Vmax: cm·1 1645 ( Ar-C=O), 1599 (C=N); 1H NMR (DMSO-~): o 
8.60-7.48 (m, l lH, Ar-H); 13C NMR (DMSO-~): 0 184.3 (Ar-C=O), 159.7 (C=O), 
140.3 (C=N); MS: mlz 3621364 [W, Chlorine isotopes]; Anal. Calcd. for C19ilnClN40 2 
(362.78): C, 62.91; H, 3.06; N, 15.44; Found: C, 63.10; H, 2.98; N, 15.53. 

4. CONCLUSION 

The nitrilimines Ila-j reacted with benzoyl and methoxycarbonyl hydrazines ID 
affording the 1,2,4,5-tetraaza-3-pentenes IVa-j, which underwent thermal oxidation to 
the corresponding formazans Va-j. The treatment of formazans Vf,j with lithium 
hydride in refluxing benzene gave s-tetrazinones Vlf,j. 
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ABSTRACT 
A series of complexes of o-Hydroxybenzoic acid hydrazide (HBH) with Mn(ll), Ni(ll), Fe(III), 
Co(Ill), Cu(llj. Zn(II) and Cd(ll) were synthesized The stoichiometry and structures for the 
complexes have been established by elemental analysis, electrical conductivity measurements, 
magnetic moment measurements and spectral (UV-Vis, IR and NMR) studies. 

KEYWORDS 
Metal Complexes, Hydroxybenzoic acid hydrazide Ligand, Characterization, Stoichiometry 
and Geometry 

RESUMO 
Uma serie de complexos da hidrazida do acido o-hidroxibenz6ico (HBH) com Mn(JI}. Ni(Il), 
Fe(lll), Co(III), Cu{II). Zn(II) e Cd(Il) foram sintetizados. A estequiometria e a estrutura dos 
complexos foram estabelecidas usando analise elementar, medidas de condutdncia e/etrica. 
momenta magnetico e estudos espectrosc6picos de uv-visivel, infravermelho e ressondncia 
magnetica nuclear. 
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INTRODUCTION 

In the recent past, there has been a growing interest in the synthesis and characterization of 

metal complexes of hydrazides The obvious reason being the metal coordinated complexes of 

hydrazides act as effective antimicrobial agents1
'
2 Various research articles have described the 

fungicide and bactericide properties of metal complexes of hydrazides and hydrazones3
'
8 They 

have indicated that, hydrazides have remarkable antimicrobial, anticonvulsant, analgesic, anti 

inflammatory and antitumorial activities9
·
15 The biological activity is due to the existence of 

potential sites for metal ions16
'
18 namely 

I 

-C =O, N-H and -NH2 that can be engaged in 

complexation with the transition metal ions 19'w lsonicotinic acid hydrazide is a drug of proven 

therapeutic importance and is used against a wide spectrum of bacterial ailments e.g., 

tuberculosys21
. Agarwal et al have investigated the coordinating ability of hydrazide derivatives 

with metal ions22
. Many such articles reported in the literature serve as the testimony for the 

versatility of these compounds to their potential chelating and antimicrobial abilities. In view of 

the versatile importance of hydrazides, the authors made an attempt to synthesize and 

characterize certain metal complexes ofHBH 

EXPERIMENTAL 

All chemical and reagents used were analytical grade obtained from Merck, India. 

The stock solutions Mn(Il), Ni(II), Fe(IlI), Co(Ill), Cu(II), Zn(II) and Cd(Il) were prepared by 

dissolving appropriate anlounts manganous sulphate, nickel(II) sulphate, ferric chloride, 
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cobalt(IJ) nitrate [Cobalt(Il) solution by aerial oxidarion is converted to cobalt(lll)], copper(Il) 

sulphate, zinc(JI) sulphate and cadmmm(Il) sulphate in required amount of double distilled 

water. 

An Elico pH meter supplied by ELICO Pnvate Limited, Hyderabad, India used for pH 

measurements. 

Synthesis of o-Hydroxybenzoic acid hydrazide (HBH) 

Required amounts of methyl salicylate, hydrazine hydrate and lOO mL of methanol were taken 

in a 250 mL round bottom flask. The contents of the flask were refluxed for about 2 hours at 

35-40°C. A white crystalline solid separated out after cooling was filtered and washed with 

aqueous methanol. The crude sample was recrystallysed from aqueous methanol. (Melting 

point: 147°C) 

Figure l. Structure of o-Hydroxybenzoic acid hydrazide 

Synthesis ofMetal-HBH complex 

A methanolic solution containing the metallic salt and HBH in required concentrations was 

refluxed for about one hour in a 250 mL round bottomed flask The crystalline sample (pale 

pink-Mn(II)-HBH; light green-Ni(ll)-HBH; dark brown-Fe(III)-BAH; dark pink- Co(III)-HBH; 
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bluish green-Cu(Il)-HBH; light yellow-Zn(II)-HBH and yellow-Cd(II)-BAH) obtained on 

cooling was filtered, washed with distilled water and finally dried in vacuo. 

RESULTS AND DISCUSSION 

Elemental analysis 

The elemental analysis and magnetic moment data of HBH and its metal complexes under 

investigation are presented in Table 1. 

Table 1. Analytical data of complexes under investigation. 

Melting Found (Cal)% 
Molar 

Molecular Conductivity 
S.No. Complex Colour point 

weight 
µ..BM ohm-1 cm2 

·c c H N M mole- 1 

1. HBH Yellow 220 152 55.20 5.19 18.39 - - -
(55.26) (5.26) (18.42) 

2. Mn(II)- Pale 194 428 39.21 3.20 13.01 12.63 5.20 12.6 
HBH vellow (39.28) (3.30) (13.09) (12.83) 

3. Fe(lll)- Dark 206 509 49.45 4.05 16.43 10.89 1.96 14.8 
HBH brown (49.53) (4. 15) (16.50) (I0.97) 

4. Co(III)- Dark 117 512 49.12 4.03 16.33 11.30 Diamagnetic -
BBH oink (49.23) (4.13) (16 40) (11.50) 

5. Ni(!!)- Light 110 432 38.83 3.17 12.90 13.41 3.20 28.4 i 
HBH green (38.93) (327) (12 97) (13.59) 

6. Cu(!!)- Bluish 121 366 45.88 3.76 15.24 17.18 2.05 22.5 
HBH green (45.96) (3.86) (15.32) (17.37) 

7. Zn(If)- Light 181 368 45.66 3.74 15.18 17.59 Diamagnetic -
HBH vellow (45.74) (3.84) (]5.24) (17.78) 

8. Cd(II)- Yellow 283 415 40.50 3.30 13.45 26.94 Diamagnetic -
HBH (40.55) (3.40) (13.51) (27.10) 

The elemental analysis data of the complexing agent and its complexes were in agreement with 

the theoretically calculated values shown in the parenthesis. The stoichiometry of the complexes 

have been deduced from the data and was found to be 1 :2 (Metal : Ligand) for the 
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Mn(II), Ni(II), Zn(II), Cu(III) and Cd(II)-HBH complexes and 13 (Metal • Ligand) for Co(III) 

and Fe(III)-HBH complex. 

Molar conductivity data 

The molar conductivity values of the metal complexes detennined in dime1hylfonnamide 

solutions of concentration l x Io-' M are presented in Table I. The molar conductivity values 

were in 1he range 12.6-- 284 ohm·' cm2 mole-1
. This suggests the non-electrolytic behavior

22 
of 

the metal complexes under investigation. 

Electronic spectral details 

UV-Vis spectra of the complexes were recorded in the solid phase and are presented in Table 2 

and in Figure 2 - Figure 6. 

Table 2. Electronic spectral data 

1--~~mp1e~-----i==~,.~~1lci___ 1-~:~~~--1---;--r--;---1 

~Mo(ll)~~H-t 15~~6J_1;~
2

3~j;~o~I --;~_1 860---r-~6~1 j 
1 Fe(Ul)-HBH I 9852 I ll383 \ 18215 LISS I 1015 o~ 

~H I - i 19724 27435 - I 1065 - I 

I
i Ni(II)-HBH l 1116:7__ 1 ss3_:_+ 24~~ __ i.686 \ _1_0_3_0 _J__ ____ . __ 

Cu(II)-HBH l 17778 27100 I - 1.524 T -
. ~---+----+'-----'----~ 
I - - I - I - i Zn(Il)-HBH 

Cd(Il)-HBH 
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Figure 2. U'i/-Vis spectrum ofMn(II)-HBH complex 
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Figure 6. UV-Vis spectrum ofCu(IT)-HBH complex 

Majority of manganese (II) complexes are found in octahedral structure. The ground state of 

Mn(II) (d5
) in high spin octahedral coordination is 6 A 1g. The alteration of the electron distribution 

in the octahedral coordination results in the pairing of electrons. Due to weak spin orbit 

interactions, weak absorption bands that might correspond to 6 A18-+ "T lg(G), 
6 A1g -+ "T Zg(G) and 

6 A1g -+ 4Eg(o/4-26 transitions may occur. The spectrum of Mn(II)-HBH complex contains three 

bands at 15516, 17730 and 22701 cm'1 and correspond to 6A 18 -+ "T1g(G), 
6A18 -+ "T2g(o) and 6A18 

-+ 4
Eg(G) transitions respectively indicating the octahedral geometry. The magnetic moment 

value of5.20 BM also supports the octahedral geometry for Mn(H)-HBH complex.8 
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Fe(III) ion is isoelectronic with Mn(II) ion. The spectral bands observed are 9852, 11383, 18215 

cm·1. Fe(III) is high spin in majority of its octahedral complexes. The ground state of Fe(IU) is 

6 Ais and correspondingly four weak transitions are expected27
. However low spin complexes 

with t ;, configuration possess 2T 28 ground state and as such in this case also four transitions are 

expected28
. Further, in low spin complexes, a high degree of covalence and electron 

delocalization were observed. The magnetic moment value is 1. 96 BM. The greatest loss of 

exchange energy occurs when the d5 configuration is forced to pair up during the formation of 

low spin complexes. Further in low spin complexes, the ligands approach the empty e8 orbitals 

more closely. This is justified by the greater observed value of µeff 2.09 BM. 

Based on the electronic spectral data and magnetic moment data, an octahedral geometry was 

suggested for Fe(Ill)-HBH complex. 

In general, all known Co(III) complexes are octahedral. The energy level features of free Co(III) 

ion (d6
) is qualitatively same as that of Fe(Il). All Co(III) complexes are expected to possess 

bands characteristic of transition from 1 A1, ground state to other singlet states. The two 

absorption bands observed in the visible region at 19724 and 27435 cm·1 correspond to such 

transitions namely, 1A18 -> 1T1g and 1A1,-> 1T2, respectively. The electronic spectral data and 

diamagnetic behavior of the complex suggest an octahedral structure for Co(IU)-HBH complex. 
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The ground state of Ni(Il) ion in octahedral coordination is 3 A2g (hg6eg\ In the present 

investigations, the spectrum of Ni(II)-HBH complex in dimethylformamide solution contains 

three peaks at lll67, 18832 and 24845 cm·1. These absorption bands correspond to transitions 

3 A2g ---+ 3
T 2., 

3 A2g---+ 3
T 1g(Fl and 3 A2g ---+ 3

T1g(PJ respectively 29
. The value of v2/v1 was found to be 

1.68630
•
31 which is lower than that of 1.800 observed for the regular octahedral nickel aquo 

complex. The lower value of v2/v 1 is attributed to the asymmetric environment around Ni(II). 

The Racah parameter value and nephelauxetic factor (~) suggest the delocalization of d-orbitals 

and covalency of the metal-ligand bond in metal complexes. The ground state of regular 

octahedral complex is 3 A2g. Jn such a case, the µoff value should be equal to spin only value (2.8 

BM) as the orbital angular momentum contribution to the magnetic moment is zero. The reason 

being the fact that the ground state 3 A2g is usually be non degenerate. The slightly greater 

observed value of 3.2 BM observed for Ni(II)-HBH complex in the present investigation was due 

to the spin orbit coupling between the ground state 3 A2g and the first excited state 3T 2g. The data 

supports octahedral geometry for the Ni(II) complex32-34
. 

Cu(II) complexes usually have distorted octahedral with a limiting structure of either square 

planar or tetrahedra!. The ground term in square planar geometry is 3B1g and the excited terms are 

2 A1g, 
2B2g and 2Eg. Corresponding to these three transitions, the spectrum of square planar 

copper(II) complex is expected to contain three peaks. However these peaks usually overlap to 

give one or two broad peaks35
·% The d-d bands of square planar complexes37

,3
8 are observed in 

the range 14000 and 22000 cm·1
. Jn the present investigation two bands, one at 17778 cm·1 and 
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the other at 27100 cm·1 are observed. The band at 17778 cm·1 may be attributed either to 2B18 --> 

2B2g or 2B18 --> 2
Eg transition. The band at 27100 cm·1 may be attributed to the ligand to metal 

charge transfer transition. The absence of bands below 10000 cm-1 rules out the tetrahedral or 

pseudo tetrahedral environment for this complex39
. Irrespective of stereochemistry, Cu(II) 

complexes possess one unpaired electron. Figgis and Lewis40 have predicted a magnetic moment 

value less than 1.90 BM (spin only value) for square planar geometry. Usually the magnetic 

moment values for square planar complexes would be slightly greater than the spin only value of 

1.90 BM. The magnetic moment value of 2.05 BM observed in the present studies could be due 

to spin-orbit coupling. 

Based on elemental analysis data, the electronic spectral data and magn.etic moment value, a 

square planar geometry is proposed for the complex. 

Zn(II) and Cd(II) complexes possess d10 configuration and hence do not show spectral absorptions 

due to d-d transitions. The complexes are diamagnetic in nature. Based on the elemental 

analysis, conductance and infrared spectral data41
, tetrahedral geometry is suggested for the Zn(U) 

and Cd(II)-HBH complexes. 

IR spectral studies 

The IR spectra of the ligand and its metal complexes under investigation are presented in Figure 

7-Fi,gure 14. The important absorption assignments observed in the respective spectra are given 

in fue Table 3. 
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Figure 8. IR spectrum ofMn(JI)-HBH complex 
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Figure 9. IR spectrum ofNi(llI)-HBH complex 
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Figure 10. IR spectrum ofFe(lII)-HBH complex 
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Figure 11. IR spectrum of Co(III)-HBH complex 
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Figure 12. IR spectrum ofZn(II)-HBH complex 
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Figure 13. IR spectrum ofCd(II)-HBH complex 
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Figure 14. IR spectrum ofCu(lI)-HBH complex 
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Table 3. Characteristic IR absorption frequencies (cm-1
) and their assignments 

Reagent Mn(II)- Fe(III)- Co(III)- Ni(II)- Cu(II)- Zn(II)- Cd(II)-
<HBH) HBH HBH HBH HBH HBH HBH HBH 

d>-OH 3245 - - - - - - -
>C=O 1645 - - - - - - -
-NH 3290 - - - - - - -
-NH2 3495 3450 3445 3445 3440 3435 3440 3445 

3395 3321 3325 3330 3320 3312 3320 3328 

© 
1450 1440 1442 1459 1456 1457 1457 1460 
1490 1486 1492 1496 1497 1496 1495 1494 
1540 1534 1532 1544 1530 1537 1554 1531 
1595 1586 1595 1567 1563 1570 1609 1567 

-NH2 - 1590 1590 1590 1590 1590 1590 1590 
(amide II) 

=C- - 2850 2845 2860 2840 2870 2860 2845 
I 

OH 

>C=N - 1608 1604 1609 1609 1608 1609 1606 
N-N 980 979 980 978 980 981 981 980 
M-0 - 529 565 516 529 530 530 522 
M-N - 748 752 748 752 746 747 748 

A doublet noticed at 3495 cm·' and 3395 cm·' is attributed to the presence of -NH2 group in the 

I 

molecule. Another band at 3290 cm·' is ascribed to the -NH group attached to the carbonyl 

group. A band at 3245 cm·' is due to the phenolic -OH (¢-OH). A band at 1645 cm·1 may be 

ascribed to the v (C=O). The bands observed at 1450, 1490, 1540, 1595 cm·' are ascribed to the 

benzene skeleton. 

The important IR frequencies exhibited by Mn(II)-HBH and Ni(II)-HBH complexes and their 

assignments are shown in the Table 3 and in Figure 8 and Figure 9 respectively. The 
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appearance of a new band at 2930 cm·1 in Mn(II)-HBH spectrum and 2933 cm·1 in Ni(II)-HBH 

spectrum may be attributed to the enolic -OH group. This suggests that the reagent in these 

complexes is in the enolic form but not in the keto form as is present in the free ligand. The 

bands at 3495 and 3395 cm·1 corresponding to -NH2 group are shifted to lower wave numbers by 

about 75 cm·1 in the spectra of both these complexes. This shift is ascribed to the strong intra 

molecular hydrogen bonding between nitrogen of -NH2 and hydrogen of enolic -OH. The 

appearance of a new band at 1590 cm·1 in both the complexes may be attributed to amide-II NH2 

group. The bands due to benzene skeleton present in the free ligand are not displaced in the 

spectra of complexes. A band at 1645 cm·1 due to the amide carbonyl group is absent in the 

spectra of complexes. This further suggests that the reagent in these complexes is in the enolic 

form. Similarly a band at 3290cm·1 due to - NH stretching is absent in the spectra of complexes 

. I 
suggesting that not only the reagent is present in the enolic form but the nitrogen of the - N H 

group is involved in coordination with the metal ion. The bands that are not observed in the 

spectrum of free ligand and observed at 1608 and 1609 cm·1 in the spectrum of the complex may 

be attributed to the presence of azomethine (>C=N-) group in the complexes. The bands at 748, 

752 cm·1 may be due to VM-N 
42

,4
3 vibrations respectively in the complexes. A shift in VN-N to 

higher wave numbers is observed in the spectra of complexes and this may be explained by the 

fact that the ligand coordinates in a bidentate manner via azomethine nitrogen44
,4

5
. 
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The elemental analysis data predicts I :2 metal to ligand ratio for the complexes. Further, 

magnetic moment value46
, elemental analysis data and IR spectral data reaffirms the octahedral 

structure. Out of six coordination sites, two nitrogen atoms occupy two coordinate positions, two 

oxygen atoms occupy the other two coordinate positions and two solvent molecules occupy 

remaining two coordinate positions (Figure 15). 

The IR spectral data of Fe(III) and Co(III)-HBH complexes are presented in Table 3 and the 

spectra are shown in Figure 1 O and Figure 11. The behavior is almost same as described for 

Mn(II) and Ni(II)-HBH complexes. The elemental analysis data predicts a stoichiometry of 1:3 

(M:L) for these complexes. Based on the IR spectral and elemental analysis data, an octahedral 

structure is proposed for these complexes (Figure 15). 

The IR spectrum of Zn(II) and Cd(II)-HBH complexes are shown in Figure 12 and Figure 13 and 

the data is presented in Table 3. The same scenario of IR spectral bands was observed for these 

complexes also. The most preferred geometry for d10 systems is tetrahedral. Further keeping in 

view the experimental data, a tetrahedral geometry was suggested for Zn(II) and Cd(II) complexes 

(Figure 15). Based on the elemental analysis data, IR and electronic spectral data47
"

8
, a square 

planar geometry is suggested for Cu(II}-HBH complex (Cu(II) has d9 configuration). The 

stoichiometry of the complexes determined from elemental analysis data is found to be 1 :2 

(Figure 15) 

NMR spectral studies 

The 1H NMR spectral data of the ligand and its metal complexes studied in DMSO d6 using TMS 

as an internal standard is given in the Table 4. 
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The 1H NMR signal at 4.80 ppm was assigned to phenolic -OH. Broad peaks observed at 6.10 

I 
ppm and 11.20 ppm were attributed to amino (-NH2) and imino (-NH) groups respectively. 

Table 4. 1H NMR spectral data (8 ppm) and their assignments 

S.No. Compound H. Hb H., 
I 

-NH2 
-OH -OH 

-NH (phenolic) (enolic) 

1. HBH 7.50 7.10 6.80 11.20 6.10 4.80 -

2. IVln(II)-HBH 7.95 7.50 7.10 - 5.90 - 5.60 

3. Fe(III)-HBH 8.20 8.00 7.70 - 5.80 - 5.62 

19. Co(III)-HBH 8.19 7.99 7.69 - 5.70 - 5.73 

5. Ni(II)-HBH 8.18 7.98 7.68 - 5.75 - 5.78 

6. Cu(II)-HBH 8.40 8.20 7.90 - 5.85 - 5.65 

7. Zn(Il)-HBH 7.70 7.50 7.20 - 5.90 - 5.68 

8. Cd(II)-HBH 8.00 7.80 7.50 - 5.80 - 5.70 

The complex multiplet noticed in the 1H NMR spectra of the complexes in the range 7.10- 8.40 

ppm were attributed to the aromatic protons H •• Hb and He 49
. The signal corresponding to the 

phenolic -OH (4.80 ppm) were absent in the spectra of complexes, thereby indicating the 

coordination of phenolic oxygen atom to the metal 50
. The spectra of all metal complexes studied 

contain signal in the range of 5.60 - 5.78 ppm and this was absent in the spectrum of free 

ligand. This may be attributed to the presence of an enolic -OH in the complexes. The signals 

observed for the amino protons in the ligand were unaffected in the spectra of complexes. 

However, the signal for imino proton found in the spectrum of free ligand was absent in the 
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spectra of metal complexes. This fact further confirms the presence of enolic -OH in the metal 

complexes. 

Based on the above studies following structures have been assigned for the complexes wider 

investigation. 

OH--NH2 solvent 9 
I I I 
C=N~ ~ /0 ""---

6 M 0/t ""'-N =C 
I I 

solvent H2N---HO 

(a)M = Mn2+ and Ni2+ (b) M = Fe3
+ and Co3+ (c) M = Zn2

\ Cd2+ and Cu2+ 

Figure 15. Structure ofMetal-HBH complexes under investigation 

CONCLUSION 

Mn(II). Ni(II), Fe(III), Co(III), Cu(II), Zn(II) and Cd(II) complexes of o-Hydroxybenzoic acid 

hydrazide were synthesized and characterized. The metal complexes were characterized by 

elemental analysis, molar conductivity, UV-Vis spectral, IR spectral and NMR spectral studies 

and stoichiometry was established in each case. In all the cases, the ligand acts a neutral bidentate 

ligand and coordinates to the metal via N and 0. 
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Arthur Frederic Fishkin was born on May 27, 1930 in New York City, 
USA and passed away peacefully in his sleep in Omaha, Nebraska on his 
8flh birthday, on May 27, 2010. He attended elementary and secondary 
school in New York, obtained a B.A. in Zoology from Indiana 
University in 1951 and a M.A. in 1953. He was awarded the Ph.D. 
Degree in Biochemistry from the University of Iowa in 1957. He held 
faculty positions at Louisiana State University, New Mexico State 
University and Creighton University. His research activities dealt with 
enzymes and glycoproteins in connective tissues. He contributed to the 
training of thousands of students in the medical sciences for almost half 
a century. 
KEYWORDS: History of Chemistry and Biochemistry, Glycoproteins 
in Blood Vessels, Enzymes, Medical Education 

RESUMO 

Arthur F. Fishkin nasceu em New York, Estados Unidos em 27 de Maio 
de 1930 e /aleceu serenamente no dia de seu 8ff aniverslirio durante o 
sono em Omaha, Nebraska, Estados Unidos em 27 de Maio de 2010.Ele 
recebeu os titulos de B.A. e M.A. em Zoologia da Universidade de 
Indiana em 1951 e 1953, respectivamente e o titulo de Ph.D. em 
Bioquimica da Universidade de Iowa em 1957. Ocupou cargos de 
professor em Louisiana State University, New Mexico State University e 
Creighton University. As suas atividades de pesquisa trataram de enzimas 
e glicoproteinas em vasos sangulneos. Ele contribuiu na prepara<;ilo de 
milhares de profissionais na area da saude por quase meio siculo. 
PALA VRAS CHA VE: Historia da Quimka e Bioqulmica, 
GUcoproteinas em Vasos Sanguineos, Enzimas, Educa~iio Medica 
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Arthur Frederic Fishkin was born on May 27, 1930 in New York 

City, USA and passed away peacefully in his sleep in Omaha, 

Nebraska, on his 801
h birthday, on May 27, 2010. 

He was an only child. His parents were Sidney Leonard Fishkin and 

Ruth Schneiderman Fishkin. His father was a successful lawyer in New 

York. His grandfather was originally from Edinet (Y edintzi), in the 

northern part of the present day Republic of Moldova and 

immigrated to the United States of America towards the end of the 19th 

century (1899). 

Arthur F. Fishkin attended Public Scbool 192 and Junior High 

School 43 in Manhattan. His Bar Mitzvah was held at the Park 

Avenue Synagogue in New York in 1943. He completed secondary 

education at the Bronx High School of Sciences and graduated in 

1948. He was a member of the Boy Scouts in Manhattan, was 

elected to the Order of the Arrow and as a youngster enjoyed 

sports, especially baseball. 

He graduated from Indiana University and obtained .a: Bachelor of 

Arts Degree in Zoology in 1951. Two years later, in 1953 he was 

awarded the Master of Arts in Zoology by Indiana University. 
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PROF. Dr. ARTHUR F. FISHKIN (1930-2010) 
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Arthur F. Fisbkin continued bis graduate studies at the University 

of Iowa, where he originally intended to study for a doctorate in 

zoology. His interest in biochemistry was sparked by his interaction 

with Prof. Henry Bull and by his course in physical biochemistry. 

He was awarded the Doctor of Philosophy Degree in Biochemistry 

in 1957. His research advisor was Professor Gene Lata and his 

doctoral dissertation involved the investigation of hormones and 

enzymes. Enzymology was an area in which Prof. Dr. A. F., Fishkin 

bad profound and continuous interest for the rest of his life. 

He met Jane Leslie Paul at the University of Iowa and they were 

married in September 1956 at her home in Bangor, Maine. They were 

married for 53 years and she survives him. They had four children: 

Paul A.S. Fishkin, M.D., an oncologist and hematologist of Peoria, 

Illinois; Charles A. Fishkin, a Senior Vice-President of Alliance 

Bernstein in New York (married to Suzanne Tinley ofChappaqua, 

N. Y. ): James A. Fishkin, a partner in legal antitrust practice at 

Dechert LLP of Washington, D.C.; and Joel A. Fishkin, an economist 

for the Indiana Utility Regulatory Commission. He was blessed with 

five grandchildren. 
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Prof. Dr. Arthur F. Fishkin was extremely proud of his children and 

grandchildren. As a father, he was very encouraging and allowed each 

one of his sons to find his interests and develop his talents. As 

a grandfather, he was very gentle and followed with care and interest 

the development of his grandchildren. 

From 1957 to 1958, Dr. A. F. Fishkin was the recipient of a 

Postdoctoral Fellowship and worked as an Associate Scientist at 

the Southwest Foundation for Research and Education in 

San Antonio, Texas. 

In 1958 he joined the Louisiana State University School of Medicine 

in New Orleans as Instructor of Biochemistry and Medicine and 

collaborated with Professor Gerald S. Berenson doing research on 

glycoproteins in blood vessels. 

In 1962, Dr. Arthur F. Fishkin was promoted to Assistant Professor 

of Biochemistry and Medicine, a position that he held until 1964. 

From 1964 to 1968 he held the academic appointment of Assistant 

Professor of Chemistry :at New Mexico State University in Las Cruces 

and played :an important role in the establishment of the Doctoral 

Program in Chemistry and Biochemistry. 
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In 1968, Prof. Dr. Arthur F. Fishkin moved to Omaha, Nebraska 

and accepted the position of Associate Professor of Biomedical 

Sciences in the School of Medicine at Creighton University. He 

worked in the Biochemistry Department of Creighton University for 

almost four decades and was promoted to Professor Emeritus of 

Biomedical Sciences in 2008. 

Creighton Pn:sident the Re\~ Jc hn P. Schlegel, S.J ., pre;enb Fi'ihkin with a plaque, 
hon ring his promoli top emerilus, dW'ing 2im Presidenrs 
Con rocati cerem y. 

At Creighton University, well known for its "student-centered" 

approach, Prof. Dr. A.F. Fishkin epitomized this approach. He was 

always willing to give whatever time was needed to mentor and help 

students that were having problems in the classroom or in life in 

general. 
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He taught biochemistry classes to undergraduate and graduate 

students in the College of Arts and Sciences, School of Medicine, 

School of Dentistry, School of Pharmacy and School of Nursing. 
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During his academic career, Prof. Dr. Arthur F. Fishkin was 

instrumental in the preparation and education ofliterally thousands 

of health professionals over a period that spanned almost half of 

century, of which about forty years at Creighton University. 

Sometimes, his students came from two different generations. One 

interesting case is that of a wedding in Florida, where the bride , 

Constance Faro, MS'97, MD'02 and the father of the bride, 

Richard Faro, MD'72 were Prof. Fishkin's medical students. 

Prof. Dr. Arthur Fishkin held many administrative positions at 

Creighton University. Among them we mention, Head of the Division 

of Biochemistry, Director of Animal Research, Departmental 

Graduate Coordinator, University Rank and Tenure Committee, 

Minority Student Committee, Medical School Admissions Committee, 

Committee on Scholarship and Student Services and others. 

A more complete description of Prof. Dr. Arthur F. Fishkin's 

service to Creighton University is given in the FOUNDERS DAY 

CONVOCATION of February 12, 2008, reproduced on the following 

page. 



SOUTHERN BRAZILIAN, JOURNAL OF CHEMISTRY 
SOUTH. BRAZ. J. CHEM., Vol. 19,No.19, 21111 

66 

Arthur F. Fishkin, Prominent Biochemist and Educator 

Creighton 
UNIVERSITY 

FOUNDERS DAY 
CONVOCATION 2008 
February 12, 2008 • 4 p.m. 

Award Cicarions In Order of Presentation 

Arthur F. Fishkin, Ph.D. 
Professor Emeritus of BiomedkaJ Sciences 

Dr. Arthur F. Fishkin's service to Creighton University, its Health Science schools and rhe 
College of Arts and Sciences has been substantial and extensive, covering four decades. 

Prior to joining Creighton in 1968, Dr. Fishkin held te:tching posts at Louisiana State 
Universiry School of Medicine and at New Mexico State University. He earned his doctor of 
philosophy degree in biochemistry ac the Universiry of Iowa in I 957. 

Ac Creighton, Dr. Fishkin has taught molecular and cell biology classes for the School of 
lv1edicine. For students in the I-lcalrh Science Schools, he has taught Wldergraduau: and graduace 
level biochemistry courses in che classroom, as weU as online. His foundation course in human 
nutrition, entitled. Nutrition Facts and Fads. has been an important resource for srudents in che 
College of Ans and Sciences. 

Since rhe formarion of the Department of Biomedical Sciences, Dr. Fishkin has served as a 
1nenror for junior faculry and is held in highesr regard by his deparrment colleagues. 

In addicion, Dr. Fi.sh kin has given valuable input to the School of Medicine's Admis .. 'i.ions 
Committee, which is a challenging responsibility. In a given year, the hours spent reviewing 
;i.pplications, participating in n1eetings and conducting srudenr interviews can easily add up co 
200 hours. 

Dr. Fishkin is an acrive nlember of rhe American Sociery of Biochemistry and Molecular 
Biology, and of the .Alnerican Chemical Socicry. He serves as a judge of abscraccs for rhe Midwest 
Student Medical Forum. 

For oursranding contributions and length of service, it is with pride and gratitude that 
Creighron lJniversity confers the rank ProtCssor Emeritu.J of Biomedical Sciences upon 
Dr. Arthur F. Fishlcin. 
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We first met Prof. Dr. Arthur F. Fishkin in August of 1965 in Las 

Cruces. We had just completed the studies for the M.S. Degree in 

Chemistry doing research on organic liquid scintmators under the 

supervision of Prof. Guido H. Daub of the University of New Mexico 

and Dr. Francis Newton Hayes of the Los Alamos Scientific 

Laboratory and were beginning the studies for the Ph.D. Degree 

with Prof. John J. Monagle, who was chairman of the Chemistry 

Department at New Mexico State University and was working with 

phosphorus organic compounds. 

The Chemistry Department at NMSU was one big happy family at 

the time. Both the faculty and the graduate students were enthusiastic 

about the new Doctoral Program in Chemistry that bad just begun. 

All of the young faculty members, including Prof. Dr. A. F. Fishkin , 

were working very hard to establish research groups, research 

laboratories and obtain research grants. 

Two faculty members were responsible the biochemistry area: 

A. F. Fishkin and 0. B. Weeks and both joined NMSU in 1964. 

Dr. Owen B. Weeks had a joint appointment as Research Professor of 

Chemistry and Biology, was really a microbiologist and spent most of 
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bis time in the Research Center and the Department of Biology. 

We remember Prof. Dr. Arthur F. Fishkin as a very friendly 

person. He talked to almost an of the graduate students, used to go 

drink coffee with them in the Student Union, ten jokes or engage in 

serious discussions and conversations about many topics. He was an 

erudite person and some people were considering him a "walking 

encyclopedia". 

He told us that he came to Las Cruces to help establish the 

program in biochemistry and to continue the research on glycoproteins 

in blood vessels in cows, since the genetics in the bovine species was 

much better documented than in humans. 

Unfortunately and surprisingly, in the middle of 1966, Prof. John 

J. Monagle announced that he was leaving to the University of 

Alabama, Tuscaloosa, to become Chairman of the Chemistry 

Department. It was part of a strong and general effort of Governor 

George C.Waliace to strengthen science and engineering and attract 

industry to the State of Alabama. 

The impact of .J.J. Monagle's decision was not a very good one 

for the Chemistry Department at NMSU and eventually it affected the 

lives of many people. 



SOUTH. BRAZ. J. CHEM., Voi.19, No. 19, 2011 

L. G. Ionescu 69 

In September of 1966 we enrolled in Medical School and after 

completing the first year we spent the summer of 1967 working 

with Prof. John J. Monagle as a Technical Assistant at the University 

Alabama. 

In September of 1967, we decided to return to Las Cruces and 

complete the studies for the Ph.D. in Physical Chemistry under the 

supervision of Prof. Dr. Gordon J. Ewing, investigating the interaction 

of leguminons hemoglobin with nitrogen and xenon. Leguminous 

hemoglobin, leghemogiobin or legoglobin is a protein and respiratory 

pigment found in the root nodules of many plants that fix nitrogen. 

It was during this period (1967-68) that we interacted more with 

Prof. Arthur F. Fishkin and he helped us with the extraction and 

separation of leguminous hemoglobin from soybean root nodules. 

The atmosphere in the Chemistry Department at NMSU had 

changed completely. There was animosity among the younger 

faculty members and one could feel the presence of envy, pettiness, 

jealousy and vanity, characteristic of the ivory towers of universities 

throughout the world. The new chairman (1967-71), Basil G. Anex, 

a specialist in reflectance spectroscopy, who bad come from Yale, was 

not a very efficient administrator and later it took a lot of effort on the 
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part of Prof. Latimer R. Evans and Ralph G. Wilkins to normalize the 

situation. 

Prof. Dr. Arthur F. Fish.kin had managed to set up the best 

equipped laboratory, had research grants from NASA and NIH 

and the largest research group (10-15 graduate students). We needed 

his help and assistance in the separation ofleguminous hemoglobin 

from the root nodules. The process was a rather complicated, laborious 

and repetitive one and involved, among others, precipitation, 

fractionation, sedimentation with an ultracentrifuge, dialysis and gel 

electrophoresis. Prof. Fishkin's only condition for his help was that we 

go first to drink coffee in the Student Union. 

It was during our trips to the Student Union that we got to know 

each other relatively well. Since I was not formally his student, he 

felt very much at ease. We used to talk about many topics other than 

science, including history of the United States, Mexico, Bessarabia, 

Romania and Russia, literature, art, wine, politics, the news of the day 

and other subjects. 

During the 1960's the United States returned to Mexico a small 

strip of El Paso that became part of the United States after the Rio 

Grande River changed its course (El Chamizal). The Mexican 
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Government celebrated the event and built a shopping center, hotel, 

museums, monuments, water :falls, parks, etc. in part of El 

Chamizal (PRONAF-Programa Nacional Fronterizo). Prof. A. F. 

Fishkin used to say that this was Juarez's answer to Fifth Avenue and 

that it was a damned good one. Many students from New Mexico State 

University used to visit Mexico to see "Fishkin's Fifth Avenue" in 

Ciudad Juarez. 

Some peoples have a high resistance and tolerance to alcohol, while 

oilers get drunk easily. Prof. A. F. Fishkin, who was a specialist 

in enzymology, had a theory on resistance or tolerance to alcohol. 

The metabolism of alcohol depends on enzymes. According to him, 

peoples that have consumed alcohol for many generations developed 

more and better enzymes. 

He was an adept of the pheromone theory (today's Chemistry 

of Love) and used to give as an example a medical student who 

sensed the phermones that his girl friend sent from hundreds of 

miles away. 

As we mentioned above, in 1967 Prof. Dr. Arthur Fishkin had the 

largest number of graduate students and had research grants from 

NASA and NIH. He had a lot of research money and all of them had 

research assistantships. About half of them were working on 
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glycoproteins from cattle and the other half on the extraction of 

proteolytic enzymes from dermestid beetles. The fad of the time was 

to make trips in the Gila Wilderness, especially on horse back. Most of 

Prof. Fishkin's students were going on weekly mounted expeditions 

and were renting the horses. After some time, they decided that it was 

more convenient to buy horses. Each one of them had a horse and they 

used to keep them at stables in Mesilla Park. Some of them began 

neglecting research work in the laboratory and this used to upset 

Prof. A. F. Fishkin. He used to say jokingly that perhaps he should 

change research from cows to horses and that he was the only 

"Assistant Professor West of the Pecos River with a Mounted Cavalry 

Unit". 

The photograph on the following page was taken during a visit to 

NASA's headquarters in Houston in 1964. It probably had to do with 

NASA's support of the Biochemistry Program at NMSU and the 

donation of laboratory equipment to the Chemistry Department 

after the closing of the Primate Facility near Alamogordo. It is well 

known that the first astronaut was LAIKA, the female shepherd dog 

that the Russians sent to space. The first American astronauts were 
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Picture taken in 1964 at NASA's Manned Space Center 
in Houston Texas, now called the Johnson Space Center. 

From left to right: Owen B. Weeks, Scott Carpenter (Gemini 
Astronaut), Paul Purser (Senior NASA Official), Arthur F. Fishkin 
and James Weiss (Director of the Research Center, New 
Mexico State University). 

two chimpanzees, HAM and ENOS, trained at the Primate Facility and 

sent to space in 1961. 

Two graduate students, Peter N, Spangler and Philip J. Witt 

completed their Master of Science theses with Prof. D:r. A. F. Fishkin 

as advisor at New Mexico State University in 1968. These were 

probably the first graduate theses in biochemistry at NMSU. 
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Peter N. Spangler's work dealt with glycoproteins in fetal and adult 

cattle aortas and part of it was published in Nature in 1968. 

Philip J. Witt worked in a new area and studied the selected 

proteolytic activity by of dermestid beetle larvae. This was a new 

area of research that Prof. A. F. Fishkin began in Las Cruces, 

remained in the initial stages and apparently he was not able to 

continue at Creighton University. 

Dermestid beetles are part of the family of Coleoptera. They are 

scavengers that feed on plant and animal material and are sometimes 

employed to dean bones and skeletons and are known to contain 

proteolytic enzymes. The idea was to isolate, characterize and study 

the activity and property ot· these enzymes. 

In the following pages we reproduce some figures, tables and 

diagrams that deal with these two topics and that we have received 

through the courtesy of Charles A. Fishkin, son of Prof. A. F. Fishkin 

and Senior Vice-President of Alliance Bernstein, New York, USA. 

The material is self-explanatory and needs no additional comments. 
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Peter N. Spangler, "Glycoproteins in Fetal and Adult Cattle 
Aortas'', M.S. Thesis, New Mexico State University, 
April 8, 1968 
Advisor: Prof. Arthur F. Fishkin 

Figure 3. 
ELECTROPHORETIC PATTERNS OF AORTA GLYCOPROTEIN 
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UMBILICAL BLOOD VESSEL GLYCOPROTEJNS 
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NEW MEXICO STATE UNIVERSITY 

COLLEGE OF ARTS AND SCIENCES 

CHF.MISTRY DEPARTMENT 

LAS CRUCES. NEW MFXICO 88001 
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Abstract for ACS Meetir...g-in-Minature on A:pril 15, 1967 

Gelatinolytic Activity or Extracts fro the Larttae of Dermestid 
Beetles 
P. J . Witt and A. F. Fishkin 
Department of Chemfa·try 
New Mexico Sta.te University 

Recently enzymzs which hydrolyze collugen and its degradation 
product gelatin have been' demonstrated in deve loping animal systems 
Col lagen is a libiquitous and important stx·uctural component of all 
connective tissue. The cataboltc steps by which this macromolecular 
species is handled is nobtwell understood. The larvae of derm.estid 
beetles ~re known to subsist on collagenous substr tes. It would 
t:tppeur that these larvae could provide a source o+' enz~rmes which 
catalyr.e the degradatfou of coll agen and gelatin. Water extracts 
of' the le rva.e of ~rmestes maculatus h:rdrolyze a ,· .• 5.: solution of 
gelatin. Fractional precipitation with ammonium sulfate yields three 
fractions capable of hydrolyzin~ gelatj .. n. One fraction is preci-pi
tated by ? i <·'· satm: ate . runmoniQ.m sul'tate; the other two, which r~eem 
quite si.mi.lar to each othe:r., precip:itate i11 ex~ess of 4.cd saturatiOL1. 
'1.'ee fraction prec.i:pitating at fr <, saturation exhibited n 3l) fold 
increo.se in specific activity as compared with the initial crude 
extract. The enzyme :fractions lost approximately 5c.~ of their ac
tivity after considerable freezing and thawing over a period of 
two months. Assay o:r the gelatinolytk cctivity was made ay a. 
viscometric method. This work wns suppo1ted in part by NASA grant 
NCi.H. )2-1,1..3-r127 to t'.eW Mexico State University. 
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In 1968, forced by circumstances, Prof. Dr. Arthur F. Fishkin left 

Las Cruces and went to the School of Medicine of Creighton University 

in Omaha, Nebraska, where he remained for the rest of his life. 

He was sad about the fact that his Research Group and his 

Research Laboratory , built with so much effort, would be dismantled. 

He knew that at Creighton University, an institution mainly devoted to 

teaching and the training of health professionals, he would have less 

time and fewer collaborators to continue his research. It was, after all, 

a question of survival and he had the responsibility of the life and 

and education of his wife and four small children and this was much 

more important. 

Besides his effort of almost half a century in the training of health 

professionals, Prof. Dr. Arthur F. Fishkin made important 

contributions to science. His discovery of the racial differences in the 

composition of blood vessels and their relationship to cardiovascular 

disease, led to the Bogalusa Heart Study led by Gerald S. Berenson 

that lasted more than thirty years. He had ample research support 

from the Louisiana Heart Association, National Institutes of Health 

and the National Aeronautics and Space Administration. 

He was a member of the New York Academy of Sciences, Phi 
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Lambda Upsilon, Sigma Xi-The Scientific Research Society of 

America, American Society for Biochemistry and Molecular Biology, 

American Institute of Chemists, Society for Complex Carbohydrates 

and the American Chemical Society. 

Prof. Dr. Arthur Fishkin liked people and liked to talk to people. 

He had a quality called empathy and in many ways he was an 

archetype. He was a great person, teacher, mentor, educator and 

friend. 

ACKNOWLEDGMENT. We thank Charles A. Fishkin, Senior 
Vice-President, Bernstein Alliance, New York, USA for his help and 
assistance. 

SOME REPRESENTATIVE PUBLICATIONS 

1. A. F. Fishkin and G. F. Lata, Some Hormonal influences on the 
acetylation of snlfanilamide in vivo, Endocrin., 63, 162 (1958). 

2. A. F. Fishkin and G. S. Berenson, Isolation ofa glycoprotein 
from granulation tissue in rats, Arch. Biochem. Biophys., 95, 130 
(1961). 

3. G. S. Berenson and A. F. Fishkin, Isolation of a glycoprotein 
from bovine aorta, Arch. Biochem. Biophys., 97, 18 (1962). 

4. B. Radhakrishnamurthy, A. F. Fishkin. G. J. Hubbell and 
G. S. Berenson, Further studies on glycoprotein from bovine 
aorta, Arch.Biochim.Biophys. 104, 19 (1964). 

81 



82 

SOUTH. BRAZ. J. CHEM., Vol.19, No. 19, 2011 

Arthur F. Fishkin, Prominent Biochemist and Educator 

5. B. Radhakrishnamurthy, A. F. Fishkin and G.,S. Berenson, A 
glucose containing glycopeptide from bovine aorta glycoprotein, 
Biochem. et Biophys. Acta, 101, 129 (1965). 

6. A. F. Fishkin, R.W. Turner and G. S. Berenson, Time course 
concentration ofN-acetylneuraminate Jyase from rat granulation 
tissue, Nature, 207, 875, 975 (1965). 

7. G. S. Berenson, B. Radhakrishnamnrthy, A.F. Fishkin, H. 
Dessauer and P. Arquembourg, Individuality of glycoproteins in 
human aortas, J. Atherosclerosis, 6, 214 (1966). 

8. A. F. Fishkin and P. Spangler, Glycoproteins in foetal and adult 
cattle aorta, Nature, 218, 577 (1968). 

9. G. H. Broughton, A. Tseng, R. Fitzgibbopns Jr., A. F. Fish.kin 
and E. L. Rongone, The quantitative and qualitative analysis for 
biliary lipids in the prairie dog Cynomus ludovicianus, Comp. 
Biochem. Physiol., 97B, 521 (1990). 

10. D. H. Kretchmar, J. T. Sugimoto and A. F. Fishkin, Proteolytic 
enzyme activity in normal sheep myocardium, Lah. Anim. Sci., 
43, 515 (1993). 

11. A. F. Fishkin and G. F. Lata, Steroid hormones and the 
acetylation of sulfanilamide, Fed. Proc., 16, 180 (1957). 

12. A. F. Fishkin and G. S. Berenson, Isolation of a glycoprotein 
from rat gramllomas, Fed Proc., 19, 142 (1960). 

13. A. F. Fishkin, G. S. Berenson and V.S. Kantrow, Isolation of a 
glycoprotein from bovine aorta, Fed. Proc., 20, 104 (1961). 

14. B. Radhakrishnamurtby, A. F. Fishkin, , H. C. Dessauer and 
G. G. S. Berenson, Glycoprotein variants in human aorta, Fed. 
Proc., 23, 273 (1964). 



SOUTH. BRAZ. J. CHEM., Vol.19, No. 19, 2011 

L. G. Ionescu 

15. A. F. Fishkin, N. Peters and F. N. Parth, Glycopropein 
composition of veins and arteries, Fed. Proc., 32, 829 (1973). 

Hi. A. F. Fishkin and F, N, Parth, Albumin-like fraction associated 
with glycoproteins from blood vessels, Fed. Proc., 34, 251 (1975). 

17. A. F. Fishkin and G. M. Westwick, Electrophoretic 
determination of glycoprotein in human gingiva, Fed. Proc., 36, 
694 (1997). 

18. G. Broughton, E. Rongone, A. F. Fishkin, R. Fitzgibbons Jr. and 
A. Tseng, The efficiency of gallstone dissolution by infused 
chenodeoxycholatein the prairie dog, FASEB Journal, 2, A579 
(1988). 

VISIT OUR SITE: http://www.sbjchem.he.com.br 

83 

The SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY (ISSN: 2674-6891; 0104-5431) is an open-access journal since 1993. Journal DOI: 10.48141/SBJCHEM.
http://www.sbjchem.com.
This text was introduced in this file in 2021 for compliance reasons.
© The Author(s)
OPEN ACCESS. This article is licensed under a Creative Commons Attribution 4.0 (CC BY 4.0) International License , which permits use, sharing , adaptation , distribution , and
reproduction in any medium or format , as long as you give appropriate credit to the original author (s) and the source , provide a link to the Creative Commons license , and indicate
if changes were made. The images or other third-party material in this article are included in the article’s Creative Commons license unless indicated otherwise in a credit line to the
material . If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/ licenses/by/4.0/.



SOUTHERN BRAZILIAN, JOURNAL OF CHEMISTRY 
SOUTH. BRAZ. J. CHEM., Vol. 19,No.19, 2011 

MINERALOGICAL ASPECTS OF ARSENIC -THE ARSENATE MINERALS 

Lavi11el G. fo11esc11•·b , Paulo Cesar Pereira das Neves"d :and Dareso11 Vieira de 

Freitasc,e 

•scIENCO Scientific Co11s11lti11g Services, Viamao, RS, BRASIL 

b§armisegelusa Research Group, Santa Fe, New Mexico, USA 

'Labornt6rio de Goologia e Minernlogia, Quimica Industrial 

Universidade Lutera1111 do Brasil, ULBRA,Cauoas, RS, BRASIL 

du niversidade de Silo Paulo, CPG Goociencias, 

Departame11to de Mineralogia e Geotectllnica,Siio Paulo, SP, BRASIL 

'Curso de Pos-Gradua<;ll.o em Quimica, 

Universidade Federal do Rio Grande do Sul, UFRGS,Porto Alegre, RS, BRASIL 

ABSTRACT 

Arsenic is an element known since ancient times. It is the 5:t'd element in order of 

chemical abundance in the Earth's crust with 1.IJ ppm (grams per metric ton). 

Arsenic combines relatively easy with chlorine sulfur, oxygen and many metals. This 

article describes some of the uses and properties of arsenic and arsenic compounds 

and presents a synopsis of the two hundred and seventy eight (278) arsenate minerals 

known at the present time. 

KEY WORDS: Arsenic, Mineralogical Aspects, Arsenates, Uses of Arsenic 

RESUMO 

0 arsi!nio e um elemento conhecido desde a antiguidade. Esta na quinquagesima 

segunda (52' colocar;iio em ordem de abundlincia quimica na crosta terrestre com 

1.8 ppm (gramas por tonelada). 0 arsl!nio combinafacilmente com cloro, enxofre, 

oxigi!nio e muitos metais. Este trabalho descreve algumas das propriedades e usos do 

arsl!nio e seus compostos e apresenta uma sinopse das duzentos e oitenta (280) 

especies mineralogicas de arseniatos conhecidas ate a presente data. 

PALA VRAS CHA VE: Arsenio, Aspectos mineralogicos, Arseniatos, Usos do 

Arsenio 
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INTRODUCTION 

This article represents a conti1matio11 of mu work dealing with the mineralogy 

of the elements of the Periodic Table. We have already published a series of papers 

dealing with mineralogical aspects of silver, copper, gold, lead, platinum, iitbinm, 

hydrogen, uranium and the rare earths. 1"
8 

Arsenic is am element known since ancient times. It occurs in nature in many 

minerals, mainly in combination with sulfur and a large number of metals. In 

general, the arsenic minerals are subdivided into two large groups, those that 

posses arsenic in a metallic form and the arsenates. In particular, this work 

describes mainly the arsenate minerals. 

The main minerals containing arsenic, other than the arsenates are native 

arsenic (As), arsenopyrite (iron arsenide sulfide), cobaltite (cobalt iron arsenic 

sulfide), enargite {copper arsenic sulfide), erythrite (hydrated cobalt arsenate), 

orpimeut (arsenic sulfide), pronstite (silver arsenic sulfide), realgar (arsenic 

sulfide) and te1111antite (copper arsenic sulfide).9
"
17 

One ofthe most common minerals is mispickel arsenopyrite, FeSAs, from 

which upon heating, arsenic sublimes leaving ferrous sulfide. Arsenic is relatively 

common in volcanic ash and ground waters, due to weathering of mineral ores. 

It also occurs in various organic compounds found in nature in bacteria, molds, 

fish, algae and other plants, the most common ones being trimethyl arsine and 

arsenobetaine. ls.zo 

Arsenic is also present in nature in the elemental state and it occurs in two solid 

modifications, yellow and grey or metallic with specific gravities of 1.97 and 5.73, 

respectively. The more common allotropic form is the steel-grey variety that has a 
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bright metallic luster. Under normal pressure it sublimes before melting, but 

under pressure it melts at 817 °C. It bnr11s with a blne flame at 180 •c forming 

As203, arsenic trioxide. 

Arsenic combines relatively easy with chlorine, snlf11r and certain metals. Tiie 

most common compound is arsenic trioxide, As20 3, sometimes called white 

arsenic or simply arsenic. Tile valence of arsenic ranges from -3 to +5. Both As203 

and Asz05 are hygroscopic, readily soluble in water and form acidic solutions. 

Tile corresponding acids HJAs03 , arsenions acid for As (Ill) and H3As04, arsenic 

acid for As(V) are weak acids and tile corresponding salts are called arsenites and 

arsenates, respectively. Some of the more common ones are Paris Green -

copper(U) 11cetoarsenite, calcium arsenate and lead hydrogen arsenate and have 

been widely used as dyes, agricultural insecticides and poisons.1°-17 

At the present time China is the top producer of arsenic, followed by Chile, 

Peru and Morocco. Arsenic is mainly recovered as a side product from copper, 

gold and lead smelters. Most of the operations in Europe and tile United States 

have been discontinued for environmental reasons.15
-
17 Some properties of arsenic 

are given in Table I. 

Tile word arsenic probably derives from the Persian Zamik or Zarnikh that 

means yellow orpiment. Arsenic sulfides, orpiment (As2S3); realgar (As4S4) and 

arsenic oxides have been known and used as stimulants, poisons and dyes since 

ancient times. 

Zosimos described abont 31JOAD the roasting of sandarach (realgar) to obtain a 

cloud of arsenic (arsenious oxide) which was then rednced to metallic arsenic.9 
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Table I. Some Properties of Arsenic 

Atomic weight 

Electronic configuration 

Density at room temperature 

Density ofliquid at m.p. 

Sublimation point 

Critical Point 

Triple point 

Heat of fusion (grey As) 

Oxidation states 

Ionization energy 

Atomic radius 

Van de Waals radius 

Covalent radius 

Young modulus 

74.92180 g/mol 

(Ar) 4s2 Jd16 4p3 

5.727 g/cm3 

5.22 g/em3 

615 "K 

1673°K,? MPa 

817°C, 3628 kPa 

24.44 kJ/mol 

+5, + 3,2, + 1,-3 

1'' 947 .0 kJ/mol 
2•• 1798 kJ/mol 
3n1 2735 kJ/mol 

119pm 

185pm 

119pm 

8GPa 

VISIT OUR SITE: http://www.sbjchem.he.com.br 



SOUTH. BRAZ. J. CHEM., Vol.19, No. 19, 2011 

L. G. Ionescu, P. C. P. Neves and D. V. Freitas 

The word orpiment comes from the Latin aurumpigmentum (aurum and 

pigmentum - pigment of gold) and describes the lemon-yellow color the mineral. 

The Persian word Zarnik eventually lead to the Greek arsenikon and the Latin 

arsenicum. Zerni-zar is the Persian word for gold. 

During the Bronze Age, arsenic was added to the Cu-Sn alloy in order make 

the bronze harder. It is generally accepted that the first to isolate the metal was 

Albert the Great (Afbertus Magnus, 1193-1280) who obtained it by heating 

orpiment (As2S3) with soap. 

The Chinese Encyclopedia on Materia Medica (Pen Ts'ao Kan-Mu or Kang-

mu) of about 1600 described properties and uses of arsenic. 

In 1760, Louis Claude Cadet de Gassiconrt prepared what is sometimes 

considered the first synthetic organometallic compound (Cadet's fuming liquid, 

impure cacodyl) by reacting potassium acetate with arsenic trioxide. 

In ancient times, arsenic and arsenic compounds in small doses were used as 

stimulants and in large doses as poisons. The addition of arsenic to bronze (Cu-Sn 

alloy) in order to make it harder was well known. The use of arsenic compounds as 

pigments and dyes was also widespread. 

As we mentioned earlier, arsenic compounds were nsed as medicines during the 

middle ages in Europe and also in the Orient! Their use incosmetics was also 
common. 

A large number of arsenic compounds were synthesized during the ll~th and 19•h 

centuries. For Example, Paris Green, also known as Emerald Green, used in 

wallpaper, printing ink and also employed widely by Cezanne and Van Gogh in 

their paintings, was :first prepared in 1814 by reacting copper(II) acetate with 
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arsenic trioxide. It was originally used in large scale to kill rats in the Parisian 

sewers. During the 1950's, Paris Green was used in the United States and Europe 

as an insecticide in apple orchards and in 1945 it was spread by airplanes in 

Sardinia and Corsica to control malaria. 

At the present time the toxicity of arsenic to insects, bacteria, fungi, plants and 

higher organisms is well documented. In spite of this, wood is still treated with 

chromated copper arsenate (CCA or Tanalith) and a large number of agricultural 

insecticides contain arsenic. Their use is still common in rice and rubber 

plantations. 

Arspbenamine and neosalvarsan were introduced in the beginning of the 

twentieth century by Paul Ehrlich fo:r the treatment of syphilis and 

trypanosomiasis and Thomas Fowler used arsenic trioxide for the treatment of 

psoriasis. As recently as the year 2000, the United States Food and Drug 

Administration approved As203 for the treatment of patients with acute 

promyelocytic leukemia. 

Until very recently, arsenic was added to animal food to prevent disease and 

stimulate growth. One compound used widely as nutritional supplement for 

chickens is Roxarso11e. The use of arsenic as a stimulant by athletes aud mountain 

climbers is still in practice. 

One of the main uses of arsenic is for the improvement of nonferrous metal 

alloys, especially those containing copper and lead. Lead parts in automotive 

batteries are significantly strengthened by tile addition of small quantities of 

metallic arsenic. Lead alloys used for lead shots and bullets contain up to 2 % of 

arsenic. It is also used in bronzing and pyrotechnics. Small quantities of arsenic 
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are added to alpha-brass to make it resistant to dezincification. This type of brass 

is used to manufacture plumbing fittings and other parts that are in constant 

contact with water. 

Galinm arsenide is a very important semiconductor material employed in 

integrated circuits. It is prepared by chemical vapor deposition. Circuits made 

from gallium arsenide (GaAs) are much faster and more expensive than those 

made from silicon. Unlike silicon, it has a direct band gap and can be used in laser 

diodes and light emitting diodes (LEDs) to convert directly electricity into light. 

Arsenic is also used for taxonomic sample preservation and for the manufacture 

of optical glass. 

Military uses of arsenic include stockpiles of chemical weapons. Trimethyl 

arsine, As(CH3)3 , was used as a nerve gas in World War I and iewisite, 

(CICH=CHASzCl2), that is a vesicant (blister agent) and lung irritant was 

employed in World War U and other recent conflicts. 

The high affinity of As (Ill) for tbiols is one of the causes of its high toxicity. The 

-SH group is part of the amino acid cysteine that is located at the active site of 

many enzymes. 

Several tissue culture studies have shown that As(Ill) blocks the IKr and IKs 

channels and activates the IK-ATP channels. 
Arsenic also disrupts ATP production by several mechanisms. At the level of 

the citric acid cycle, arsenic inhibits pyruvate dehydrogenase. By competing with 

phosphate it uncouples oxidative phosphorylation and inhibits energy linked 

reduction ofNAD+, mitochondrial respiration and ATP synthesis. 
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Arsenate can replace phosphate in the glycolysis step that produces 1,3-

dipllosphoglycerate, forming 1-arseno-3-plmsplloglycerate. This molecule is 

unstable and hydrolyzes quickly forming 3-phosphopglycerate, tile next 

intermediate in the pathway. Glycolysis prnceeds, but tile ATP molecule that 

Would be generated from 1,3-diphosphoglycerate is not formed and is lost. 

Arsenate thus is an uncoupler of glycolysis and this explains its toxicity. 

Various species of bacteria obtain their energy by oxidizing fuel compounds 

while reducing arsenate too arsenite. Under oxidative environmental conditions, 

some bacteria can use arsenite and oxidize it to arsenate as a fuel for their 

metabolism. The enzymes involved in this process are known as Arsenate 

Reductases (Arr). In 2008, R. S. Orelmand and his collaborators discovered a 

strain of bacteria (PHS-1 related to the gamma-Proteobacterium 

echtothiorodospira Shaposhnilwvil) that employs a version of photosynthesis in the 

absence of oxygen was discovered. For the case of this bacterium, arsenites act as 

electron donors, producing arsenates, just like ordinary photosynthesis uses water 

as an electron donor, producing molecular oxygen. 

Upon entering the food chain, inorganic arsenic and its compounds are 

metabolized thorough methylation reactions. The mold Scopulariopsis produces 

trimethyl arsine. Marine species such as algae, fish, clams, oisters and some 

species of mushrooms contain large amounts of the organic compound 

arsenobetaine. 

In 2010 a group form the NASA Astrobiology Institute led by Felisa Wolfe 

Simon in collaboration with Ronald S. Oremland of the U.S. Geological Survey 

published au article in Science in which they claimed that the microbe strain 
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GFAJJ-1 of the Gammaproteobacteria (Halomonadaceae) from arsenic rich Mono 

Lake in California incorporates arsenic into its DNA backbone and in ATP.26
•
21 

The bacterium was cultured in an environment high in arsenic and low in 

phosphorus. The group performed a battery of tests including x-ray absorption 

studies and mass spectrometry and concluded that tile organism used arsenic and 

introduced it in the backbone of the DNA in tile place of phosphorus. The arsenate 

esters supposedly form in the DNA back bone in place of the phosphate esters and 

As replaces Pas one ofthe six elements of which living things are made (C,N, H, 

0. S and P). This claim, if true would alter the basic and fundamental 

understanding of carbon based life and wonld provide more perspectives to the 

possibility of extraterrestrial life based on elements different from those on 

Earth. 20.22 

At the present time there is considerable debate about this claim and many 

scientists that study the origin of life, arsenic metabolism and synthetic biology 

echo a chorus of skepticism. 

ARSENATE MINERALS 

The formula of the arsenate ion is AS04 •
3

, Any compound that contains this ion 

is called an arsenate. The arsenic atom in arsenate has a valence of +5 and is 

commonly known as pentavalent arsenic As(V). 

Arsenate is similar to phosphate in many respects, since As and P occur in the 

same group in the Periodic Table. The arsenate ion has tetrahedral symmetry 

and its structural represented in Figure 1. In strongly acidic solutions it exists 

as arsenic acid, H3AsO.; in weakly acidic solutions as the dihydrogen arsenate 

ion,H2As04·; in weakly basic solutions as the hydrogen arsenate ion, HAsO/ 

and in strongly basic conditions as the arsenate ion, As043
· 

93 



94 

SOUTH. BRAZ. J. CHEM., Vol.19, No. 19, 2011 

Arsenate Minerals 

IUPACname 

arsorate 

Identifiers 

CAS 12523-21-6 

•number 

fPubChem 27401 

Jmol-3D Image 1 

1images (http://chemapps.stolaf.edu/jmol/jmol.php?. 

model=%5B0-%5D%5BAs%5D%28% 

·3D0%29%28%5B0-%5D%29%5BO-% 

50) 

SMILES 

[O-][As](~0)([0-])[0-] 

Figure 1. Structure of Arsenate 

By the end of 2008, the International Mineralogical Associataion - IMA, had 

validated officially 2811 (two hundred and eighty} species of arsenate. They are 

listed in Table Il that follows along with their chemical formula and the crystal 

system. 



Table II. The Arsenate Species Validated by the International Mineralogical Association -IMA. 

MINERAL CHEMICAL FOlU\fiJLA CRYSTAL SYSTEM 
abernathyite KllU02 )(As04)l(H20) Tetragonal 
adamite Zn2(AsO.}OH Orthorhombic 
adelite CaM2iAs04)0H Orthorhombic 
aeru2ite Nis.sAsJ0t6 Tri!wnal 
a11ardite-( Ce) Ce,cu.(As04h(0Hl6.3H20 Hexa2onal 
ae;ardite-(La) (La,Ca)Cu6(As04)3(0H)6.3H20 Hexa2onal 
""ardite-(Y) (Y,Ca)Cn.(As04h(OH)6.3H20 Hexa2onal 
akrochordite <Mn,M.,)5)1As04)2{0ffi4.4H20 Monoclinic 
alarsite AIAs04 Trigonal 
allactite Mn1(As04)2(0Hls Monoclinic 
alumopharmacosiderite KAl4{As04)3(0H),.6.5H20 Cubic 
audyrobertsite KCdCns(As04)4(As(OH)202J.2H20 Monoclinic 
an2elellite Fe" 4(As04}i03 Triclinic 
annabergite Nh(As04)i.8H20 Monoclinic 
araldite (Zn,MnH)(Mn'+,M.,)12(Fej+,Al)i(Asj+o3)(As"04h{Offi23 Monoclinic 
arhbarite Cn2M2-<As04)(0H)3 Triclinic 
arsenbrackebuschite Pb2Fe'+(As04)z(OH\ Monoclinic 
arsendescloizite PbZn(As04)0H Orthorhombic 
arseniopleite NaCaMn"+(Mn"+,M11)z(As04h Monoclinic 
arseniosiderite Ca2Fe"' 3(As04)i0,.3H20 Monoclinic 
arseuoclasite Mnz+ s(As04}2(0H}4 · Orthorhombic 
arsenocrandallite C_aAl3(As04}2{0ll,H20}• Tri2onal 
arsenotlorencite-( Ce) CeA'3(As04h(OH,H20)6 Tri2onal 
arseno2orceixita HBaAh(As04)i(OH,H20)6 Tri2onal 
arseno11ovazite SrAh(As04)2(0ID6 Trii:ional 
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arsenovanmeersscheite UIU02h1As04)210Hl6.4H20 Orthorhombic ~ 

arsentsumebite Pb2Cu(As04)(S04)10Hl Monoclinic 
arsenuranospathite Al1-x o,[(U02)(As04)]z(H20ho+J>F1-Jx Tetra1wnal 
arsenuranylite Cafl 102 ),(As04 ) 210Hl4.6H20 Orthorhombic 
arthurite CuFe" 2(As04)i(OH)2.4H20 Monoclinic 
asselbornite (Pb,Bal<U02)6ffii0)4/As04)JIOH)12·3H20 Cubic 
atelestite Bi20(0H)IAs04) Monoclinic 
attikaite Ca,Cu2Al2(As04 l4{0ffi4.2H20 Orthorhombic 

00 
0 
E1 
~ 

auriacusite Fe3+Cu'+IAs04lO Orthorhombic ?= 
austinite CaZn(As04llOH) Orthorhombic 
barahonite-(All < Ca,Cu,Na,Fe'+ ,Al)12Al)12Al2(As041.10H,cn,.nH20 Monoclinic 
barahonite-(Fe) (Ca,Cu,Na,Fe~ ,AH12Fe"' 2Ann(AsO.ls(OH,Cn •• nH20 Monoclinic 
bariopharmacosiderite Ba..5Fe'+ 4(As04h{OH\4.6H20 Cubic 
bayldonite PbCu31As04)i(0ffi2 Monoclinic 
bearsite Be2(As0,)10H).4H20 Monoclinic 
be,.,,,.lae:ite CaBelAs04)(0ffi Monoclinic 
berzeliite ICa,Nah(M2,Mn'12(As04)3 Cubic 
betpakdalite Hs[K(H20)6J.!CalH20)6JsfMo.,.,. 32Fe'+ 12As5+ s014s].8H20 Monoclinic 
beudantite PbFe3!1As,S)04]z(OH,H20)6 Tri2onal 
bouazzerite BidMi!,Col11Fe141As04lrnOulOffi/R20)s6 Monoclinic 
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bradaczekite NaCu4(As04)3 Monoclinic z 
braithwaiteite NaCu5(Ti,Sb ho2<As04)1As0,(0ID12.8H20 Triclinic ? 
brandtite Ca21'Mn2+,M.,."As04)i.2H20 Monoclinic 
brassite Me:(As030Hl.4H20 Orthorhombic 
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N 

bukovskvite Fe'+ 2(As04}(S04}~0H). 7H20 Triclinic e .... 
bulachite Al2(As04)(QID3.3H20 Orthorhombic ... 
cabalzarite Ca(Me:,Al,Fe)2lAs04)21H20,0ID2 Monoclinic 
cafarsite Ca8ITi,Fe'+ ,Fe'+ ,Mn k 7' As'+ 03 )12.4H20 Cubic 
cahnite Ca2B(As04)(QH), Tetrae:onal 



calcioandyrobertsite KCaCu5(As04) 4[As(OH),02J.2H20 

cameasite CaM2fAs04)(0ID.5H20 
carminite PbFej+2(As04)z(OH)2 
carvinite NaCaCa<Mn'+ ,Me:)2 )I As04) 3 

ceruleite Cn2Al1(As04)4(0H)u. l 1.5H20 
chalconhvllite Cn9AUIOH)12fSO.h.slAs04)21.18H20 
chenevexite Cu'+ 2Fe'\{AsO.)i(OH)4.H20 
chernovite-(Y) YAs04 

chistyakovaite Al<U02hlAs04)zF.6.5H20 
chlorophoenicite (Mn,Mll)3Zn2[As03(0Hil(0H)8 

chudobaite IM2,Zn)slAs03(0H)b(AsO,)z.lOH20 
cimrsinite H!!)(As04) 
clinoclase Cu'\(As04)10H)J 
clinomimetite Pbs(AsO;hCI 
cobaltarthurite Co'+Fe ,+2<As04)i{OH)2.4H20 
cobaltaustinite CaC0As04(0H) 
cobaltkorituigite (Co,Znll As'+03 llOID.H20 
cobaltlotbarmeverite Ca(Co,Fe'+,Nih(As04}z(OH,H20h 
cobaltneustiidtelite Bi2Fe'+Co2+010Hh(As04)z 
cobalttsumcorite Pb(Co,Fe3')(As04)2'H20,0H)2 

conichalcite CaCuL+{As04)(0H.) 
covarsite Cu40 21(As,V 0 4 Cl 
cornubite Cu'+51As04)2 01 n. 
cornwallite cu•+ s(As04)z OJ ll4 
dixenite Cu•+ Mn'+ 14Fe'+ (As'+03)5(Si04)2(As~ 04)(0H)6 
duftite PbCu(As04)(0ID 
du~2anite Pb3Zn3 Te"+06)(As04)2 
durangite NaAl(As04)F 
dussertite BaFe'+3 Fe" ( As04),(0H,H20)6 

Orthorhombic/Monoclinic 
Monoclinic 
Orthorhombic 
Monoclinic 
Triclinic 
Trieonal 
Monoclinic 
Tetraeonal 
Monoclinic 
Monoclinic 
Triclinic 
Monoclinic 
Monoclinic 
Monoclinic 
Monoclinic 
Orthorhombic 
Triclinic 
Monoclinic 
Triclinic 

I Monoclinic 
Orthorhombic 
Orthorhombic 
Tricliuic 
Monoclinic 
Trigonal 
Orthorhombic 
Trigonal 
Monoclinic 
Trii;:onal 
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erythrite Co3(As04)i.8H20 
esperanzaite NaCa2A'2(AsO.hF4(0H).H20 
enchroite Cn'+ 2(As04)(0H).3H20 
scorodite Fe'+ As04.2H20 
eveite Mn'+ 2(As04)(0H) 
fein2losite - Pb2Zn(As04l(S04l(OHl 
fermorite (Ca,Sr)s(As04,P04) 3(0Hl 
ferrarisite CasH2(As04)4.9ffi20) 
ferrilotharmeverite CaZn(Fe3+)(As030Hl2fOHIJ 
ferrisymplesite Fe'+J(As04)2(0H)3.5H20 
fllatovite K(Al,Zn ),(As,Si)20s 
flinkite Mn'+ 2Mn3+(As04)(0m. 
flnckite CaMn"+ii2(As04b2H20 
2abrielsonite PbFe'+ As04'0H) 
2aitite Ca2Zn(As04)z.2H20 
2allobeudantite PbGa3[(As04),(S04)h(Offi6 
gartrellite PbCuFe'+(As04)zl(H20)(0H)] 
2asparite-( Ce) (Ce,La,Nd)As04 

2ei2erlte Mn,. s(As"04)2(As'+030H)i.lOH20 
gerdtremmelite ZnAbfAs04ltOID5 

gilmarite Cu3(As04)(0Hl, 
e:oudevite (Al,Y)Cn"+ 6(As04h(0H)6.3H20 
e:raulichite-( Ce) CaFe" 3(As04) 2(0ffi• 
2rischuuite NaCa2Mn'+ 4(Mu'+Fe')(As04) 6.2H20 
guanacoite Cu2M22™"• ,Cuo sl(OH)4ffi20MAs04}, 
2uerinite CasH2(As0;);.9H20 
haidine:erite Ca(As030H).H20 
hedvnbane Pb3Ca2(As04)3CI 
heinrichite BatU02)(As04h.10-12H20 

Monoclinic 
Monoclinic 
Orthorhombic 
Orthorhombic 
Orthorhombic 
Monoclinic 
Monoclinic 
Triclinic 
Monoclinic 
Monoclinic 
Monoclinic 
Orthorhombic 
Triclinic 
Orthorhombic 
Triclinic 
Tri2onal 
Triclinic 
Monoclinic 
Triclinic 
Triclinic 
Triclinic 
Hexa1wual 
Tri!mual 
Orthorhombic 
Monoclinic 
Monoclinic 
Orthorhombic 
Hexal!onal 
Tetra2onal 
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helm utwincklerite PbZn2(As04)z.2H20 
hematolite <Mn2+,M2,AD1slAs03)(As04)z(OID2 
holdenite (Mn",Mg}6Zn3(As04)z(Si04)(0H)s 
hornesite M<>°JIAS04)z.8H20 
hll2elite Pb2(U02)J(As04)z(Ofil4.3H20 
irhtemite Ca.iN.,.H2(As0,)4.4H20 
iamesite Pb2Zn2Fe" s(As04\s04 
.iarosewichite Mn'+3Mn"'(As04ll0Hl6 

iohillerite Na{M2,Zn)JCn,.(As04h 
iohnbaumite CasAs04h(OHl 
.iuanitaite (Cu,Ca,Fel10Bi(As04)4(0H)i,.H20 
kaatialaite Fe(H2As04)3.SH20 
kahlerite Fe,.lll021-.lAs04)z.10-12H20 

kankite Fe'+ ( AsO 4 ).3.5H20 
karibibite FeJ+2As'+ 4(0,0ID9 

kemmlitzite SrAh[(As,S)04lz(OH,H20)6 
kevite Cu,. 3(Zn,Cu'}4Cd2(As04)6<H20)2 
kolfanite Ca2Fe'+ 302(As04 )J.2H20 
kolicite Mn" ,zn.{As04}3.2H20 
koritni2ite Zn(As03)(0Hl.H20 
kllttil!ite Zn3(As04)2.8H20 
kraisslite Mn24Zn4f As04)(Si04)s{OH)12 
krantite Mn,.(As03)(0H).H20 
kuznetsovite H21 +2He:" Cl( As04} 
Jammerite Cu3(As04)2 
lavendulan NaCaCu'+51As04)4Cl.5H20 
lazarenkoite (Ca,Fe'+)Fe'+ As'+301.3H20 
le2randite Zn2(As04){0ID.H20 
leiteite ZnAs'+204 

Triclinic 
Tri110nal 
Orthorhombic 
Monoclinic 
Monoclinic 
Monoclinic 
Triclinic 
Orthorhombic 
Monoclinic 
Hexa2onal 
Tetragonal 
Monoclinic 
Tetra!!Onal 
Monoclinic 
Orthorrhombic 
Trigonal 
Monoclinic 
Monoclinic 
Orthorrhombic 
Triclinic 
Monoclinic 
Hexagonal 
Monoclinic 
Cnbic 
Monoclinic 
Ortborrllombic 
Orthorrhombic 
Monoclinic 
Monoclinic 
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-
lemanskiite NaCaCns(As04) 4Cl.5H20 Tetrrumnal 

g 
' leo2an2ite Cu10(As04)(S04)(0H)6.8H20 Monoclinic 

lindackerite Cu5(As030ffi2!As04)2.10H20 Monoclinic 
liroconite Cu'+2Al(As04)(0H)4.4H20 Monoclinic 
liskeardite (Al,Fe")3(As04)(0H)6.5H20 Monoclinic/Orthorrhombic 
lotharmeverite Ca(Zn,MnJ+)z(As04)z(OH,H20)i Monoclinic 
lnetheite Cu" 2Al2(As04)z(OH)4.H20 Monoclinic 
lukhranite CaCuFe'+(As04) 2[lH20){0H)l Triciinic 

r:r.i 
0 

mairnesiochloronhoenicite (M2,MnhZn2!As04)(0H,0)• Monoclinic 
mahnertite (Na,Ca)fCu'+ 1(As04)2Cl.5H20 Tetra2onal 
man2anberzeliite (Ca,Na)J(Mn.+,M!!)2(As04)J Cubic 
manganohllrnesite <Mn,M!!)3(As04)2.8(H20) Monoclinic 
man2anolotharmeverite Ca<Mn'+,zn)z(As04)2(0H,H20h Monoclinic 
manganostibite (Mn2

\ Fe'+)7(Sb04)(As04,Si0,04) Orthorrhombic 
mansfieldite AIAs04.2H20 Orthorrhombic 
manimite Zn2Fe'+3(As04h(Offi4.10H20 Monoclinic 
mawbyite Pb(FeJ+,Zn)z(As04)i(OH,H20)2 Monoclinic 
maxwellite NaFe'+(As04)F Monoclinic 
mc2overnite Zn3t'Mnz+,M'1l42(As~ 03)z(As~o.).(Si04)3(0H)40 Tri!!onal 
mcnearite NaCa;H4(As04)s.4H20 Triclinic 
medenbachite BiiFe3+(Cn,Fe"+)(0,0Hh(Offi2(AS04)2 Triclinic 
metaheinrichite Bam02h(As04)2.8H20 Tetra2omd 
metakhalerite-- Fe'+(U02h(As04).8H20 Tetragonal 
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metakirchheimerite Co(U02h(As04)z.8H20 Tetra2onal 
metaklltti!!ite (Zn,Fe')<Zn,Fe'+,Fe'+)z(As04)z.8(H20,0H) Triclinic 
metalodevite Zn(U02h.10H20 Tetra2onal 
metanovaci!kite M"<U02)2(As04)z.4-8H20 Tetra!!onal 

.... 
~ 
N 
<:::> .... .... 

metanranosninite Ca<U02)i(As04)z.8H20 Tetragonal 
metazeunerite Cu'+IU02h(As04)i.8H20 Tetragonal 



mimetite Pb5(As04hCI Hexaiwnal 
mixite BiCu'+ 6( As04 ) 3(0ffi6.3H20 Hexagonal 
natrobetkdalite (Na,Ca),Fe •+ 2(As204l(Mo04) 6.15H20 Monoclinic 
natropharmacosiderite (Na,K)2Fe'+ 4(As04h(OH)5• 7H20 Cubic 
natrouranospinite (Na2,Ca)<U02)2(As04)i.5H20 Tetragonal 
neustiidteiite Bi2Fe3+Fe'+02(0H)i(As04)2 Triclinic 
nickelaustinite CaNiAs04(0ID Orthorrhombic 
nickellotharmeverite Ca£Ni,Fe'+MAs04hlH20,0ffi2 Monoclinic 
nickelschneebergite BiNhlAs04)zflH20)(0Hll Monoclinic 
nicknichite Na0 8Cao.4Cno 4i'M!!,Fe"'h(As04)3 Monoclinic 
novac!lkite I M"lU02hlAs04)i.12H20 Cubic 
novacekite II M!!(lJ02 ),,(As04)2.lOH20 Monoclinic 
nvholmite Cd3Zn2(As04)2(HAS04)z.4H20 Monoclinic 
o' danielite Na(Zn,M!!hH2(As04)3 Monoclinic 
011densbun!tite Ca2Fe'+4'Zn,Mnl'+(As04),f0Hl6.6H20 Ortborrhombic 
o_juelaite ZnFe'+z(As04) 2(0H)z.4H20 Monoclinic 
olivenite Cu"+2(As04ll0H) Monoclinic 
orthowalpurgite £U02)Bi40.(As04)z.2H20 Orthorrbombic 
oa!!anoite NiBiJ As~Os Triclinic 
parabrandtite Ca2Mn"+(As04)z.2H20 Triclinic 
paradamite Zn2(As04)£0ID Triclinic 
oaranaiite-IY) Ca2YIAs04)(W04)2 Tetra1mnal 
varascorodite Fe'+ As04.2H20 Hexa2onal 
parasymplesite Fe 2+3(As04)2.8H20 Monoclinic 
parwelite (Mn,M!!l5Sb" As'+SiOu Monoclinic 
naulmooreite Pb2As'+20s Monoclinic 
oetewilliamsite <Ni,Coho<Asz01l15 Monoclinic 
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pbarmacolite CaHAs0 •. 2H20 Monoclinic 
pbaunoxite Ca31As04).2H20 Triclinic 

-0 -



ohiliosbornite PbAh(As04) 2(0H,H20)6 Tri1wnal 
ohiliosbur!!ite (Cu,Zn)3(As04)z(0H)•.H20 Monoclinic 

-(i'5 

pitticite (Fe,Aso.,so.,H20) Amorphous 
plumboa2ardite (Pb,REE,Ca)Cu.(As04)J{Om •• 3H20 Hexmwnal 
pradetite CoC1Li(As030ID2(As04)z.9H20 Triclinic 
preisin11:erite BiJO(OHlfAs04)2 Triclinic 
prosperite CaZn2H(As04)iOH Monoclinic 
pushcharovskite Cu(As030H).H20 Triclinic 
radovanite Cu2Fe3+ ( As04)(As>+020ID2.H20 Orthorrhombic 

00 
0 
Cl 

rannoldite Pb(Co,Ni)z(As04)z.2H20 Triclinic 
rauenthalite Ca3(As04)z.lOH20 Triclinic 

'"'l ;= 
reinerite Zn3(As'+03)z Orthorrhombic 
retzian-( Ce) Mn2+2Ce(As04)(0H)4 I Orthorrhombic 

= 
~ 

retzian-(La) (Mn'+ ,M!!)21La,Ce,Nd)(As04)f0ID4 Orthorrhombic 
richelsdorfite Ca2CnH 3Sb'+( As04)4Cl(Om •• 6H20 Monoclinic 
rollandite Cu3(As04)2.4H20 Orthorhombic 
rooseveltite BiAs04 Monoclinic 
rose lite Ca2Co(As04)z.2H20 Monoclinic 
roselite-beta Ca2(Co2+,Mu)£As04)z.2H20 Triclinic 
rosslerite MgHAsO,. 7H20 Monoclinic 
rouseite Pb,Mn'+(As'+03)z.2H20 Tri clinic 
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Sahlinite Pb14(AsO.ho.ci. Monoclinic ~It:; 

sailaufite (Ca,Na,J)Mn'+ 3(As0,}i(C03)02.3H20 Monoclinic 
sainfeldite Cas(As0,)2<As030H)2.4H20 Monoclinic 
sarkinite Mn'+ 2(As04}(0H) Monoclinic 
sarmientite Fe:i+2(As0;)(S04}(0H}.5H20 Monoclinic 
schlee:elite Bi,O.CMo04)..£As04) Orthorrbombic 
schneeber!!'ite BiCoz(As04 ).,f IR20)(0H) I Monoclinic 
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schneiderhonite Fe'+Fe" 3As'+ 5013 Triclini.c 



schultenite PbHAs04 Monoclinic 
seelite M11:fU02MAs.>+0,)1.4(As'+O• lo.6· 7H20 Monoclinic 
se11:nitite PbFe >+3H(As04)2{0H) Trieonal 
sewardite CaFe"2(AsO.l2(0ID2 Ortborrbombic 
sbubnikovite Ca2Cn'+ s(As04)6CI( 0 H l. 7H20 Ortborrbombic (?) 

smolvaninovite Co3<Fe~·12(As04)4.11H20 Ortborrbombic 
sterlin11:hillite Mn2+3!As04)2.4H20 Monoclinic 
dstranskiite Zn2Cu'+(As04)2 Tricliuic 
dtransbimirite Cu,. 8(As04) 4(0ID,.5H20 Monoclinic 

Cl:! 
0 

t'- ~ 
svabite Cas<As04hF Hexa11:onal 
svenekite Cali,(As04)2 Triclinic 
svmplesite Fe'\(As04)i.8H20 Triclinic 
synadelphite (Mn'+,M11:,Ca,Pbh(As3+03)(As'+04)i(OH)9.2H20 Orthorrbombic 
talmessite Ca2M1>£As04)i.2H20 Monoclinictrriclinic 
tetrarooseveltite Bi, As04 Tetragonal 
theisite CusZns[(As,Sb)04h(OID14 Tri11:onal 
theoparacelsite Cu3(0ID2As20, Orthorrbombic 
thometzekite PbCu2(As04) 2.2H20 Triclinic 
tilasite CaM1><As04)F Monoclinic 
trinnkeite Cu,.As3+204 Tetragonal 
tro.,<>erite IH3011lU02)(As04)l(H20h Tetraiwnal 
tsumcorite PbfZn,Fe,+)2(As04)zlH20,0H)2 Monoclinic 

~ = 
~ ~ ;,, 

~ "" !" ~ 
~ ('j 

fl = 
~ 

~ 

~ :r 
~ 

~ Q 

I> r""' 
;,, ,... 
!>.. y:; 
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~ :<: 
turneaureite CasllAs,P)04hCI Hexaeonal 
tvrolite CaCu'+ 5(As04) 2(CO,)(OH)4.6H20 Orthorrhombic 
uramarsite NH,nl02)As0 •. 3H20 Tetra1mnal 

~ 
,... 

Ill 
y:; ..., .,., 

a e .... 
uranospinite CatlJ02)i(As04h.10H20 Tetragonal 

,.... 
nrusovite CulAIAsOsl Monoclinic 
vaidakite (Mo02 )z{H20),As'+20s.H20 Monoclinic 
villyaellenite <Mn'+,ca,Zn)s(AsO.)i!As03(0H)Jz.4H20 Monoclinic 

-
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-vladimirite CasH2<AsO,),.SH20 Monoclinic ~ 
wallkilldellite Ca4Mn"+6(As04l4(0Hls.18H20 Hexae:onal 
wallkilldellite-Fe (Ca,Cu).,Fe6!(As,Si)041,(0H)8.18H20 Hexa1wnal 
walpure:ite <Bi0)4fU02)(As04)2.2H20 Triclinic 
warikhanite Zn3(As04)i.2H20 Triclinic 
weilite Ca(As030ffi Triclinic 
wendwilsonite Ca2IM",Co\{As04b2H20 Monoclinic 

~ 
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wilbelmkleinite ZnFe'+ 2(As04h(OHh Monoclinic 
xanthiosite Ni3(As04)2 Monoclinic 
yanomamite InAs0 •• 2H20 Orthorrbombic 
vaze:anite NaM<'<Fe >+h(AsO.h.H20 Monoclinic 
yukonite Ca2Fe'+ 2iAs04 h(OH),.4H20 Ortborrbombic 
:vvonite Cu(As030H}.2H20 Triclinic 
zalesiite CaCu61(As04)2(As030ffilOm6J.3H20 Hexa11:011al 
zdnekite NaPbCus(As04)4Cl.5H20 Tetrarwnal 
zeunerite Cu"+(U02)2(As04) 2.10-16H20 Tetrae;onal 
zince:artrellite Pb(Zn,Fe,Cu)i(As04)zlH20,0H)2 Triclinic 
ziucolivenite CuZnAs04(0ffi Ortborrbombic 

~ 

:ii.. ~ 
:: 
~ 

;.... 

~ 
~ = 

~ 
t".I 

f: ~ 
:::> 
!;;" ~ 

Zincroselite Ca2Zn(As0,)i.2H20 Monoclinic :-..... 
y:: 

~ ,.... 
y:: 
N e ..... ... 
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