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I. INTRODUCTION 

The purpose of this review, which appears periodically, is to cover 

the recent literature which has been published in the field of organo- 

arsenic chemi st ry. With few exceptions, we define such compounds as those 

having at least one arsenic-carbon bond. In this review, those 

publications are included which have been abstracted in volumes 88, 89, 

90, 91 and through no. 18 of volume 92 of Chtie~Z ~bstiracts. Those 

% 
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readers interested in the study of arsines functioning as ligands towards 

transition metals will not find such coverage included in the present 

review. As we have previously noted, the number of papers in this field 

probably exceeds the entire number included in this report. They form 

part of the literature of transition matal and coordination chemistry. 

A few unusual ligands and novel coordination compounds are included in 

this review- 

Because both aryl and alkyl derivatives are frequently encountered 

in pub1 ished papers, we continue our use of the term ol%gcn!;Z to include 

both al kyl and aryl substi tuents. 

Although we noted a dramatic increase in the number of papers 

concerned with environmental and biochemical aspects of organoarsenic 

compounds in our last two reviews, only a small number appear to have 

been published during the past two years. This is probably not due to 

lack of interest, but may more likely reflect a shift to biological, 

ecological, nutritional , and toxicological studies. A large number of 

publications in these areas may not appear in C&eticcZ Abstlrrrcts. The 

most obvious increase in numbers is to be noted in the field of 

heterocycl ic organoarsenic compounds. Arsabenzene has attracted a 

great deal of investigative effort. 

The authors wish to express once again their appreciation to the 

Robert A. Welch Foundation of Houston, Texas and the Center for Energy 

and Mineral Resources of Texas A&M University for financial support 

during the preparation of this review. 

II. REVIEWS, BOOKS, AND REPORTS 

The annual surveys dealing with organoarsenic chemistry have been 

published for the years 1975-77 [l.Z]. The great increase in interest 

heterocyclic arsenic compounds is reflected in the relatively large 

number of reviews, along with a book, which have appeared_ A 233 page 

book entitled ArserJeteroc~cZen has been authored by Tzschach [3]_ 

a 

in 

Atkinson [4] has published a review on six-metiered heterocycles containing 
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arsenic, and Russian authors [-5] have reviewed the steric structure of 

heterocycl ic arsenic compounds _ Ashe [6] has published a review entitled 

?%e Gzwzq 5 Hzte>obazzsnes and Indian authors have published a 43 page 

review on the recent developments in the chemistry of cyclic arsines [7]_ 

Diorganylarsino-alkali metal derivatives, R2AsM, M=Li, Na, K, are 

ably presented in a report by Tzschach and Voigtlander [8] which 

discusses the preparation, reactions, and properties of these compounds. 

Organoarsenic compounds are discussed extensively in one of the recent 

volumes of the Houben-Weyl series [9]. Chernokal ‘skii and co- 

authors [lo] have reviewed the effect of substituents on the reactivity 

of organoarsenic compounds. Russian authors have presented reviews on 

the reactivity of tertiary arsine sulfides [ll] and on the stereo- 

chemistry of organoarsenic compounds [12]. Duncan [13], and Doak, et al. 

[14], have published reviews on arsenic compounds. Those investigators 

interested in the biological fate of arsenicals will enjoy the review 

written by Frederick Challenger [IS], one of the real pioneers in this 

field of research. 

Finally, reviews on arsenic ylides [16] and on the dynamic 

stereochemistry of arsines [17] have also been published. 

III. ARSINES AND POLYARSINES 

A very large number of papers concerned with transition metal 

complexes in which arsines function as donor ligands with x-acceptor 

properties continue to be published_ The reader is reminded that the 

coverage of this aspect of the literature is not included in this review. 

The reaction between lithium cyclopentadienide and (~!sz$)~AsC~ in 

tetrahydrofuran at -70" gives the sigma bonded derivative, 

C~H~AS(CH~~)~ [78]. The electrochemical reduction of aromatic arsenic 

acids gives the arsines in 65-75% yields [19]. 

o-hydroxyphenyl-, and o-aminophenylarsines were 

chemical reduction of the corresponding arsenic 

Referencesp. 175 

Thus, o-methoxyphenyl-. 

prepared by the electro- 

acfds. The el ectro- 
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chemical oxidation of aromatic and aliphatic arsines in acetonitrile has 

been studied by Russian investigators [20]- 

The organoarsenic polymer - (CH~AS). - bis[catena-poly(methylarsenic)] 

has been the subject of several investigations. Lewis and Rheingold C.211 

have studied the low frequency dielectric response of this material. 

The dielectric relaxation behavior at excitation frequencies below 10 Hz 

is highly anomalous. They have examined their results in terms of 

Jonscher's ymiversa': dielectric response_ The band structure of this 

material has been investigated [22]. It was reported that the energy 

gap of this solid is determined by the delocalization of the electrons 

of the 49 atomic orbitals of the arsenic atoms. Both forms of the polymer 

were studied, i.e., 'those with and without alternation in the As-As bond 

lengths in the solid. Tyutyulkov [23] has carried out an extended 

Hartree-Fock calculation (LCAO approximation with Hubbard’s model 

Hamiltonian) of the form of the solid without alternation of the bond 

lengths. The width of the energy gap is claimed to have a purely 

correlative character. In the one-electron approximation the width of 

the energy gap is zero irrespective of whether, or not, the geometry of 

the lattice is taken into account. 

IV. TRIORGANYL ARSINES 

ais(p-ethylphenyl )arsines have been studied by Russian workers [24]. 

The preparations are quite straightforward. Thus, the reaction of 

p-EtCbH4MgBr with As4OS gives [(p-EtC6H4)2As]20_ The latter when treated 

with HCl gives (p-EtC6H4)2AsC1 which undergoes reaction with 

RMgX (R = Me, Et, Pr, Me2CH, and Bu) to give the desired arsine. 

Arsineacetylenic alcohols and aldehydes are the subject of a paper by 

Kuz’min and co-workers [25]. The Grignard reaction of R2AsC s CBr with 

CH20, oxirane, methyloxirane, and Me2NCHO followed by hydrolysis gives 

R2AsC s CCH20H (R = Et, Pr, Su, pentyl, hexyl, phenyl), 

R2AsC c CCH2CH20H, R*AsC 5 CCH2CH(OH)Me. and RZAsC E CCHO, respectively. 
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A similar report by Gigauri and co-workers [26] describes the preparation 

of dial kyl (a-naphthyl ) at-sines. 

Calhoun, et al ., [27] have synthesized (+)- and (-)-2.3-C& 

isopropylidene-2,3-dihydroxy-l.4-bis(diphenylarsino)butane (diarsop). 

The ligand was prepared by the reaction between 1,4-ditosyl-2,3-c- 

isopropylidene-Cl-threitol with diphenylarsenide dioxanate. The white, air 

stable crystals of (+)-diarsop melt at 68-69°. The rhodi urn complex 

bearing this ligand, diarsop-[Rh(C8H12)C1]2 (Rhod), functions as an 

asynnwtric catalyst in the hydrogenation of a,s-unsaturated acids and 

the asymmetric reduction of ketones, as illustrated by the equations which 

follow. 

P 
R’ -C-CH3 + R*R**Si ti2---$$&4 

3 

OSiHR*R** 

R’ -E--CH3 H’ PH 

I! 

R’-$-CH3 

H 

R, ,NHC(O)Me 

,c = c 
\ 

H COOH 

-Rhod+ 
2.5 atm, 20” 
24 h, &OH 

RCH2CH[NHC(O)Me]COOH 

Roberts and Wild [28] have successfully resolved the disymmetric chelating 

agent (RR,SS)-o-phenyfene-bis(methylphenylarsine) into its enantiomers. 

This was accomplished by the fractional crystallization of the internally 

diastereoisorneric palladium complexes containing the ditertiary at-sine and 

optically active ortIlila-netallated dimethylia-netbylbenzyl)amine. Related 

to investigations in the field of asymmetric catalysis, Murrer, et al., 

[29] have described an improved synthesis of bans-4,5- 

bis[diphenylarsinomethyl]-2,2-dimthyl-1,3-dioxolan. This arsine, TBDA, 

is shown below. 

References P_ 175 
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H3C 
\ 

, 0 -.-. 

/- 
yCH2-AdC6H& 

H3c/=- 1 G ----------CH2-As(C6H5)2 

TBDA 

Kauffmann and co-workers [30] have prepared diphenylarsinomethyll ithium 

and used this compound, through its reaction with al kyl iodides, to 

extend the length of alkyl substituent. The reactions are illustrated by 

the following equations. 

BuLi 
( PhpAs ) 2CH2 --ThF, _a~“+ Ph2AsCH2Li 

Ph2AsCH2Li + I (CH2) 3CH3 -.---- -+ Ph2As(CH2)3CH3 

Poly-4,4’-diarsabiphenylene has been prepared and described by Herrmann 

and Scheei [31]. The compound was prepared by the reduction of 

biphenylene-4.4’-diarsonic acid with hypophosphoric acid. The solid 

state reaction be&teen poly-4,4’-diarsabiphenylene and elemental selenium 

gives glasses having the stoichiometry Se100_3x(BpAs2)x, where Bp is 

biphenylene. Ang and Lien 1323 have investigated the reaction between 

perfluoro-(2,4-dimthyl-3-oxa-2.4-diazapentane) and 

-t-ri.s(trifluoromethyl)arsine. The reaction proceeds as follows: 

n(CF3)2NON(CF3)2 f (CF3)^J\s---m- C(CF3)2r~]nAs(CF3)3_n 

n = 1.2 + n(CF3)2NOCF3 

Free radical mechanisms were eliminated- The most probable crachanism 

involves the formation of a pentacovalent intermediate: 

fF3 
;fc3)2p-0N(~F3)2 

M(CFB)2 

Compounds of type I, shown below, treated with Ph3As or Et2AsPh in the 
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presence of NaBPh4 undergo dealkylation to compounds of type II [33]. The 

arsenic compound is converted to MeR2AstPhBPh4-. 

i 'Ph 
WY ;- SPh 

'\\ 
:' _--_1, 

0 -0 

I II 

Tewari and Chaturvedi [34] have utilized triphenylarsine to accomplish a 

facile synthesis of 4-acetylstilbenes. The procedure involves the 

preparation of the triphenylarsorane derivative, H3CC(0)C6H4CH = AsPh3, 

which undergoes reaction with an aromatic aldehyde to yield a stilbene. 

Shulman [35] has studied the kinetics of the oxidation of group Va 

compounds by tsrt-butyl hydroperoxide. The reactjon under study is 

R'OOH f R3M - R'OH + R3M = 0 

M = P, As, Sb 

The oxidations were studied polarographically. For a series of compounds 

(C6HS)31yl, M = As, P. Sb, the reactivity with the hydroperoxide followed 

the order (CSHS)3P 1 (C6H5)3Sb > (C6H5)3A~_ The reaction was 

mechanistically interpreted in terms of a series of nucleophilic attacks 

on a soft electrophile. The anomalous order of the triphenylstibine was 

attributed to the increased availability of the d orbitals in this 

compound for z-bonding to periodic oxygen. 

The ionization constants have been measured for a series of 

arsinobenzoic acids, RR’AsC6H4COOH [36]. The pKa values varied over a 

relatively narrow range from 9.70 to 10.10. The only large deviation was 

for the derivative R = Et, R’ = Cl, m-benzoic acid for which the pKa was 

2.88. Arsines form hydrogen bonds to benzyl alcohol and phenols. The 

results of a study by Mendel and Kolbe 1371 are reported in the table 

below. 

References p. 175 
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Donor Acceptor -aH(kcal. mol. -') -aS(e_u.) AVOH(cm-l) 

benzyl alcohol n-Pr3As 0.0 0.8 113 

benzyl alcohol i-Pr3As 0.5 2.5 122 

phenol i- Pr3As 1.5 5.4 215 

phenol Cy3As 1.6 5.7 227 

A number of studies on the infra-red and Raman spectra of arsines have 

been published_ Oemuth, Apel, and Grobe [38,39] have studied the gas 

phase i-t-. and liquid phase Ranan spectra of CF~AS(CH~)~ and (CF3)2AsCH3 

and carried out normal 'coordinate analyses. Cracker and Goggin [40] 

have utilized i-r. and Raman studies to establish the preferred 

conformations in AsR 3, RX = MeI, Et3, Xe2Et and MeEt2. In the solids, 

the preferred conformations have the C-lile groups gardze to the lone pair 

of the central atom. Kurbakova i41] has reported similar studies for 

Et3As. The EtjAs crystal contains only one conforer, TTT or GGG. The 

vibrational spectrum of triallylarsine has been studied by Davidson and 

Phillips 1421. The internal vibrational modes of the ally1 groups in 

As(CH2-CH = CH2)3 was assigned in terms of a local synnrietry, Cs, with 

non-interacting ailyl units. The skeletal As(C-C)3 modes required the 

assumption of an overall molecular s-ynmetry of Cj, with a71 the ally1 

groups in the _caz:le-conformation. 

Fluorine-19 n-m-r. measurements have been performed on m- and 

s-fluorophenylarsines by Van der Kelen and co-workers [43]. The 19F 

chemical shift parameters provide evidence that the d,,-d interaction ll 

between a trivalent As ligand and a metal carbonyl moiety is non-zero. 

Wilkie [44] has determined the spin-lattice relaxation times for all 

carbons in triphenylarsine. The o-, m-, and p-carbons all relax 

exclusively by a dipole-dipole mechanism. The u-carbons relax 

predominantly by the dipole-dipole mechanism below about 40°C while the 

spin-rotation mechanism is most important above this temperature. The 

preferred solution conformations in solution, and rotational barriers of 

the phenyl ;noiety in 3,Sdichlorobenzyl dimethylarsine has been 



investigated [45]. The long range spin-spin coup1 ing constants between 

the methylene protons and the ring protons were measured. The coup1 ings 

over six bonds were used to derive internal barriers to rotation about 

129 

the carbon-carbon bond to the phenyl ring. This barrier is about 

3.0 f 0.5 kcal_ mol_-’ in the arsine. The conformation of lowest energy 

is that in which the H2C-X bond lies in a plane perpendicular to the 

benzene pl ane _ 

Several other physico-chemical investigations involving 

triorganylarsines have been reported. Baev, et al., [46] have measured 

the enthalpy of dissociation of Me3Ga-AsEt and found it to be 14.6 

kcal_ mol _-I while the entropy of dissociation is 34.6 e-u. Smi rnov and 

co-workers [47] have studied the photoionization of (C6H5)3M. where 

M = P, As or N. In ethanol, irradiation at 4.2-90 K led to 

photoionization. At the lowest temperatures solvated electrons were 

formed, but with increase in temperature, radicals fro.m the matrix were 

formed. The photoionization efficiency decreased as the atomic number of 

M increased_ The UV-irradiation of triphenylarsine in single crystal 

form is reported in the doctoral dissertation of W. T. Cook [48]. The 

irradiation results in the formation of [(C6H5)2A~-1 radicals. Finally, 

the fusion diagram of the Me3Ga-Et3As system has been investigated [49]_ 

V _ COMPOUNDS HAVING METAL-ARSENIC BONDS 

Alkali metal-arsenic bonded derivatives have found a number of 
f 

synthetic applications. Busse. et al _ [50]. have reported on the 

reactions-of diphenyllithioarsine and diphenylarsine with aldehydes. 

Diphenyllithioarsine reacts with aldehydes to form lithium salts of 

u-hydroxyal kyl ars ines , 

T-Li+ + 
?H 

(C6H5j2AsLi + RCHO-+- (c~H~)~AscHR H, (C6HS)2AsC~R 

Diphenylarsine reacts with aldehydes below room temperature in the 

References p. 175 
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absence of solvents to produce white solids. This reaction is catalyzed 

by acids. By NMR spectral analysis, both 'H and 
13 

C, the products were 

identified as diphenyl(a-hydroxyalkyl)arsines. These compounds are 

thermally unstable and in organic solvents the following equilibrium 

exists, 

(C6H5)2A~H + RCHO s 

=-oialkylaminomethylarsines have been prepared [51] by several 

P” 

methods, including the use of sodium-arsenic derivatives. The reactions 

used are summarized below. 

t+e2NCH20i( + HAsR2 -- 
-Hz0 
-_-__ 

Me2NCH2NMe2 + HAsR2 
Hi 

-HNMep 

i 

--_) Pie2NAsCH2AsR2 

[!4e2NCH2i4Me3]+!- + NaAsR---- 

[Me2N=CH2]+X- + HAsR3------+ Me2NCHZAsR2-HX 

2[Me2N=CH2]+X- f HpAsPh ----+ (Mk?$~CH2)EAsPh-2HC1 

+ !-le3SiAsR2 
-Me3SiX 

! 

+ Me2NCH2AsR2 

-NaY : 
f NaAsR2 - 

in the reaction with the silane, X- = Cl-, while in the reaction with the 

dialkylarsenide, the ease of reaction follows the order I->Br->Cl-. 

Lssleib. Balszuweit and Thorausch [52] have investigated the effects of 

reaction conditions on the metallation of phenylarsine with 

n-butyllithium or alkali metals. The monomtallated compound, 

N(H)AsPh (I) can undergo hydrogen elimination with formation of the 
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metallated diarsine, PhAs(M)-As(M)Ph (II). The observations reported 

these investigators are given in the table. 

Formation of I and II from PhAs H2 with n-Butyllithium or Potassium 

by 

Reactants Molar 
ratio 

Sol vent Temp. React ion Product 
OC time I II 

PhAsH,-JLiBu 1:l ether -60 lh 92.9 7.1 

PhAsH$LiBu 1:l ether -45 lh 85.0 15.0 

PhAsH2/K 1:1 dioxane 102 9h 100.0 

PhAsH2/K lrl.1 dioxane 102 2h 100.0 

Heinicke and Tzschach [53] have prepared imidoylarsines according to the 

following reaction: 

RPhAsLi + ClC(:NRl)R’ u RPhAsC( :NR’)R2_ 

The reaction of sodium [undecahydro-5,6-dicarba-nido-decaborate] 

with arsenic trichloride and zinc dust in refluxing diethyl ether was 

found to give a low yield of arsacarbaborane, B8C2 7~8AsgH11 _ It is 

isolated as an air-stable crystalline solid. Mass spectral and 1’6 NMR 

spectra 

C5’5,571 

between 

were reported for this compound [55]. Russian investigators 

have prepared compounds containing a B-As bond by the reaction 

a carboranylmercury compound and arsenic trichloride, 

Metal arsenides have been reported [54] to react with vie-dihalides to 

give acetylenic compounds of the type Ph2AsCH2CXCH2AsPh2 in low yie Ids. 

(C2H2810Hg)2Hg + AsC13-- (C2H2Bl OHg)AsCIZ 

A similar report [%I describes the reaction of 9-(o-carboranyl)- and 

9-(m-carboranyl)rrercury with arsenic trichloride in C2H4C12 to give 

9-(c -carboranyl)- and 9-(m-carboranyl)dichloroarsine. These are 

described as air and thermally stable and containing a B-As a-bond. 

References p. 175 
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Hg + AsCl3 --+ *v* 
9-B,0H9AsC12 . 

Compounds containing a thallium-arsenic bond have been described 

by Wal ther and Bauer [59]. These were prepared by the reaction between 

trial kyl thall i urns and an arsine. 

R3Tl + WAsRl R2 R -2 Tl-AsR’R* + RH 

In the place of the trialkylthallium, dial kyl thall ium dimethylamides can 

also be used. 

Heinicke and Tzschach [60] have reported the preparation of As = C 

derivatives by the reaction of phenylbis(trimethylsily1 )arsine with 

pivaloyl imidechlorides. The iminoacylsilylarsines rearrange to 

I’i-silylated As = C isomers according to a temperature dependent 

equilibrium. 

f;‘R 
PhAs(SiMe3)8 + ClC-(t-Bu) 

-Me3SiCl 
~--- + 

Ph NR 

Me3S-hs-~-(t-l3”) __ 
fjR(SiMe)3 

. PhAs=C- (t-Bu) 

Arsenic-tin bonding has been reported by Du Mont [61]_ When 

triethylphosphinedichlorostannylene, Et3P-SnCl2 was allowed to react with 

an equimolar amount of di-tert-butyl(trimethylsilyl)arsine at 0” in 

toluene, di-teei-:-butylarsino(chloro)tin(II) was isolated frar.:.the 

reaction mixture: Sn(Cl)-As(t-Butyl)2. 

Nelson [62], citing As-As bond distances in molecules such as 

Co2[(Co),P(C,*,),]As,, has discussed the existence of As = As double 

bonds. Canley [63] has written on the rotameric abundances of 

diarsines as estimated by photoelectron spectroscopy. From such 

measurements, te@&is(trifluoromathyl)diarsine is estimated to be 100% 

*GZ.S. while tetramethyldiarsine is 12% gauche and 88% trans. 
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A Co-As-C bond has been reported by Seyferth and Merola [64] in 

dicobalt hexacarbonyl complexes of the type shown below. R'dttinger and 

Vahrenkamp [65] have synthesized the molecule C(CO),Fe-AsCH,],. 

This molecule is built around a cubane-like structure containing 

As-Fe-As bonds _ 

VI. COMPOUNDS HAVING ARSENIC-NITROGEN BONDS 

Ionov and co-workers [66] have reported the preparation of arsines 

that bear an As-O, As-C, and As-N bond by the reaction between 

bis(diethylamino)phenylarsine and a mole of alcohol. Such derivatives 

C~HSAS[N(C~H&]~ + ROH - c6H+oR + (C2H5)2~~ 

W$-I& 

can also be prepared by the reaction between phenyldiethylaminoarsine 

chloride and an alkali metal alkoxide in benzene. 

C6H5AsCl [N(C2~5)2] + MAR - C6H5$sOR 

N(C2H& 

Connell 1671 has incorporated both As(III) and As(V) into an 

octaethylporphyrin ring. The complexes are reported to be ionic with the 

trivalent arsenic atom displaced from the plane of the porphyrin ring. 

Electronic and emission spectra were recorded for the complexes. 

Fluorescence and phosphorescence quantum yields and experimental triplet 

lifetimes were measured for the pentavalent species. The trivalent species 

displayed no detectable fluorescence_ 

Azides having the structure t-?e2AsN3 have 

The compounds exhibit a temperature dependent 

References p_ 175 
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exchange of the azido group 
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on the NMR time scale. Wolfsberger and F6rsterTing [6g] have prepared SOW 

interesting N,N’-bis(arsino)-S,S-dialkylsulfodiimides. These were 

R 

Me2AsN=:=NAsMep 

R 

synthesized by the reaction between S-S-dialkylsulfodiimides and 

chlorodimethylarsine- 

R2S(=NH)2 + 2R’2AsCl * R2S(=NAsR’& 

Arsenic(V) polypyrimidines have been prepared by the reaction between 

triorganylarsenic diha?ides and diamines in organic solvents in the 

presence of a base [70]. A typical reaction is shown as follows. 

R R 

X-&-X f HZN-( RI-H)-NH2 

k 

- --[-k.(R3)-N(H)-(RI-H)-N(H)--]- 

The polymers formed displayed weight averages of CC. 4000 and were 

characteristic semirigid organomatallic polymers. The polymers inhibit 

the growth of 7s. _~%!~~escens. 

The addition of N-haloamides 

triorganylarsinoamidohalides 1711 

_ CO-CH, 

to triorganylarsines yields 

’ Co-?H2 _ N-. 

(CsH5)p + x-N, / IL- / 
(C6H5)+\ 

’ CO-CH2 

CO-CH2 X 

_“ris(dialkylamino)arsines undergo reaction with sulfur dioxide to give the 

arsine oxide. Thus, at 30”, the following reaction takes place [72]. 

~As(NR~)~ + so2 - 3(R2N)S0 + AspOx 
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Japanese workers [73] have investigated substituent effects in the reaction 

of diethylaminodialkylarsines with ethylene carbonate. The rate was found 

to vary according to the class of alkyl substituent on the arsenic atom 

in the order: secondary alkyl>primary alkylxnethyl. Correlations with the 

Taft equation were good and the a* value was calculated to be positive. 

Mesityl(diphenylmethylene)arsane has been prepared by Klebach and 

co-workers [74]_ The reaction sequence is shown below. 

Mes-MgBr + C1As[NEt213 ----c Mes-As[NEt2]2 

Mes = mesityl 

2HCl (C6HS) 2CHLi 
----* l&es-As-Cl - 

;jEt2 

.--- --+ Mes-y-CH(C6H5)2 

NEt, 

HCl DBU 
- Mes-y-CH(C6H5)2 _-__9 

Cl 
DBU = Diazabicycloundecene 

Mes-As = C(C6HS)2 

rresityl (diphenylmethylene)arsane 

Analogues of S4N4_ viz_, Ar2As2S2N4, where Ar = phenyl or mesityl have 

been synthesized according to the following reaction [75]. 

PArAsCl 2 + 2Me3SiNSiGiMe3 -+- Ar2As2S2N4 + 

The aryl groups are bonded to the arsenic atoms, each 

is bonded to two nitrogen atoms. A sulfur atom bonds 

4MeSSiCl 

of which, in turn, 

each of two nitrogen 

atoms. Thus, the structure is represented by a boat-shaped, eight- 

membered ring. The crystal structures of the two derivatives are 

reported. The ring is conformationally similar to the S4N4 cage. H-bonded 

complexes involving R2AsNR12(I), Et2NR(II) and R3As(III) as donors have 

been compared [76]. The donor molecules were C6H50H, C2HSOH and 

Cl CH2COOH. The electron-donor properties decreased in the order II>>I>III. 

Referencesp.175 
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VII_ COMPOUHDS HAVING ARSENIC-OXYGEN BONDS 

The oxidation of triorganyl arsines by hydrogen peroxide or 

permanganate has been reported on by Gigauri and co-workers [77]. The 

most cormonly formed oxidation product is the arsine oxide, R3As0. When 

an alkyl substituent is present on an aromatic substituent, permanganate 

oxidation results in the simultaneous oxidation of the alkyl substituent 

as well as the arsenic. For example, tris(o-tolyl ) arsine is converted to 

&ir(o-carboxyphenyl)dihydroxyarsorane. Dehydration of 

al kylbis(o-carboxyphenyl )arsine oxides gives rise to cyclic structures of 

the type illustrated by the equation which follows. 

-2H20 
R(PHOOCC~H~)~AS (OH)2 B 

Arsinous acid esters are easiiy hydrolyzed and readily undergo the 

following hydrolytic reaction [78]. 

o=c - 0 

2RR’AsOR” + H20 --f (RR’As)~O + 2R” OH 

Chromatographic investigation reveals the presence of a number of 

components on the column. The components present, and their formation, 

are interpreted in terms of the following equilibria: 

2R2AsOR _ R+ i- RASP 

3RAs(OR++ R3As + BASK 

Valiullina and Chernokal’skii [79] have carried out a kinetic study of the 

reaction of arsenic(II1) esters with ethyl iodide. The first stage of 

the reaction is postulated as a nucleophilic attack either by the arsenic 

atom (1), or the oxygen atom (2) on the carbon atom of the al ky? halide, 
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- + 

(7) R’R4sOR” + Et1 -- ‘R’RAs-Et I- 
1. 1 ;7R” _ 

(2) R’RAsOR” -I- EtI---g 
I + 1 i R’RAsO-Et, I- 
i k,, ; 

Interpretation of the kinetic data leads to the conclusion that first 

stage of the reaction is represented by course (1) - 

The reaction between nitroethane and ethyloxarsine, 

bis(diethyl)arsinous anhydride and diethyl cthylarsonitc has been 

studied 1801. At 100-120", in the absence of solvent and in an atmosphere 

of argon, the As-C bond is broken. As203 is isolated in yields of 

30-50%. Nitroethane, when heated with EtAs(OEt)* also yields ethanol and 

ethyl acetate, as dett:mined by GLC and the 1H NMR spectrum. Ionov, 

et al., [Sl] by the reaction between CsH5AsEtC1 and MeOH or EtOH in the 

presence of brucine, claim to have isolated the optically active ester of 

an arsinous acid, (+)-C H AsEt( 65 The oxidation of arsines by ozone 

has been investigated by Yambushev and co-workers [GZ]. In this study, 

a series of chiral arsine oxides, specifically, alkylarylarsinylbenzoic 

acids was synthesized. Arsines were oxidized by ozone, permanganate, 

and hydrogen peroxide. The oxidation mechanisms are discussed. The 

condensation of arsine oxides with vie-diols yields cyclic esters [83]. 

This reaction is outlined below, 

The reaction is carried out in benzene with the water formed during the 

reaction being removed by azeotropic distillation _ All of the examples 

given utilize triphenylarsine oxide. The oxidation of diarylal kylarsines 
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by hydrogen peroxide yields the at-sine oxides [84]. Thus, 

R(m-MeC6H4)2As is converted to the oxide by H202_ The oxide, with 

HX (X = Br, Cl), gives the salts. [P-%eC,H,),AsR(OH)+lX-. A series of 

arsinic acid esters was prepared by direct esterification of the acids by 

alcohols [85], 

R2AsjO)OH + R'OH -* R2As(O)OR' + H20 

Some of the pSysico-chemical measurements carried out on these esters 

included 'H R9R,infr+red, and potentiometric titrations. Arsenic 

derivatives of 6-azauracil have been described by Czech workers C=l- 

These have the structure shown below, where R is As(O)(OH)2 and 

R' is CII. The synthetic procedure involved the cyclization of 

F-[(H0)2As(O)]C6H4NN=C(CN)CO(r!HCOOEt) and NCCH2COHHC02Et. 

Several other publications in the field of cyclic esters of arsenic 

have appeared. Benzyl bromide reacts with spiroarsoranes to ultimately 

form $;ris[Z-(benzyloxy)ethyl] arsenite, as proposed in the following 

reaction scheme [.B6a]. 

C6H5CH2Br - 

H2C-0 

+ I ’ 
! / 

AsOCH2CH20CH2C6H5 

H2C-0 
I 

I f C6ti5CH2Br - BrAs(OCH2CH20CH2C6HS)2 

II 

311 ; b ~As(OCH~CH~OCH~C~H~)~ + AsBr8 
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The reaction was studied by heating the spiroarsorane and benzyl bromide 

in sealed ampoules and fractionating the mixture. The fractions were 

analyzed by 'H NMR and elemental analysis. Mallon and Wieber [87] have 

prepared spirocyclic thioesters and ester amides of orthoarsonic acids. 

These have the structure illustrated below. These were prepared by the 

0 R. / \.I/ \ 
X 

\ fAS\ fX 
Y Y 

R = Me, C6HS; X = CH2CH2, o-C6H4, 2.3-C10H6; Y = S, HH, NMe 

reaction between C6HSAs(0)(OH)2 or MeAs(OMe)4 with HOXYH. Dale and 

Frdyen [87a], prepared Z-oxo-1,3,2-dioxarsenanes (below) by allowing 

KH21n 
/ \ 

0. 0 
i 

As” 

acyclic arsonates, R-AsO(OCH3)2 to react with a 1,3-diol. The reactions 

were carried out in carbon tetrachloride. When R = 0CH3, and As-O-As 

bonded compound of the type 

was formed. A number of other synthetic techniques were employed, but 

they were found to give the spirocyclic compounds. Wunderl ich [88] has 

determined the crystal structure of E-methyl-2.2’-spirobi(l.3,2-benzo- 

dioxaarsole). The geometry of the pentacoordinate As atom is described es 
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a 74 per cent rectangular pyramid with the methyl group in the apical 

position. The molecule contains tmns-basal angles O-As-O of 158.6 and 

143.1” and apical-basal angles C-As-O of 105.6, 108.3, 100.2 and 101.1”. 

H3As03, H3As04 and (CH3)2As(0)OH were treated with a variety of tri- 

methylsilation reagents. They are converted to As(OSiMe3)3, OAs(OSiMe3)3, 

and (CH3)2As(OSiMe3)3, respectively [89]. The most effective silylating 

reagent is N,O-~is(trimethylsilyl)trifluoroacetamide in dimethylformamide. 

These derivatives can be separated on a gas chromatograph; columns of 

OV-225 coated on Gas-Chrom Q (loo-120 mesh) were most effective for 

separation of the three species- The analytical detection limits were 

0.1 ng of injected As(V) and (CH3)2A~(0)OH and 1 ng of injected As(II1). 

A number of papers on the preparation metal salts and on the 

liquid-liquid extraction of metal ions from aqueous phases have appeared. 

The oxidation of (C6H5)3As to the oxide is catalyzed by Fe(II1). Thus, 

at increased temperatures, the complexes, FeC13[(C6H5)3As0]l 5 and 

FeC13[(C6H5)3As0]2 were separated from the system FeCl3-(C6H5)3As-MeCN [90]. 

A general study of metal arsonate hydrates having the formula 

M(C6Hg)As03-H20 has been reported by Cunningham, Hennelly, and Deeney [91]_ 

M in these salts is Mg, Mn, Fe, Co, Ni, Cu, Zn and Cd, in the +2 state. 

The study includes preparative procedures, thermogravimetric analyses, 

X-ray powder diffraction studies, diffuse reflectance spectra, measure- 

ments of the magnetic moments. some ESR measurements, and Mijssbauer 

spectroscopy of the iron salts. Refluxing nickel(I1) acetate with an 

arylarsonic acid yields polymeric RC6H4As03Ni, where R = p-Me, p-Cl, 

g-Br, o- and p-MeO, o-COOH. and o-N02_ Al 1 the salts have an octahedral 

structure except for R = o-NO2 which has a distorted tetrahedral 

structure [92]. Tin(IV) nitrate oxidizes triphenylarsine [93]. Thus, 

carbon tetrachl oride sol ution, triphenylarsine undergoes reaction with 

tin(IV) nitrate to give i(C6H5)2As0212Sn(K03)2. These compounds were 

studied by a variety of physico-chemical techniques including 1 19mSn 

in 

Massbauer spectroscopy. It is suggested that the compounds have polymeric 

structures involving bridging arsonate groups and unidentate nitrate 
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groups which gives rise to a six-coordinate tin atom. Dibenzyltin 

compounds of the type RC6H4As03Sn(CH2C6H5)2 where R includes a variety of 

aromatic ring substituents have been reported [94]. They are described 

as insoluble polymeric solids in which the tin is six-coordinate. 

Molybdo(organoarsonates) are the subject of a dissertation by 

Rajkovic-Blazer [95]. Complexes of the type R2AsMo40,SH2-, (RAs)2M0602f: _ 

(RAs)~MoSO~SH~~- and (RAs)~Mo,~O~~- were synthesized and characterized. 

Electronic, vibrational and NMR spectral studies were carried out. Single 

crystal X-ray structure determinations also became available during the 

course of the study. 

Arsenate esters, OAS(OCH~C~H~)~ are the subject of a dissertation by 

Kaus [96]. The crystal structure of the title compound was determined and 

it was found to be isostructural with tribenzyl phosphate. There appears 

to be less d-p n-bonding in the arsenate than in the phosphate. The 

alcohol exchange reaction was investigated by ‘H NMR line-broadening. In 

acetonitrile, the exchange reaction appears to proceed -AC a five-coordinate 

transition state. The relative basicities of R3AsX. where X = 0, S, or Se 

towards protonation have been measured potentiometrically [97]. In 

nitromethane, the basicities were found to decrease in the order 

R3AsO=-R3AsS>R3AsSe. 

French workers [98], using ‘H and 13 C NMR spectroscopy as a tool, 

have investigated the preferred conformations of Ethyl-2 dioxa-1,3 arsa-2 

cyclohexanes. The compounds for study were synthesized either 

condensation of a diol with RAsX2, where X = Cl or NMe2. or by 

reaction between a cyclic carbonate and methylarsine oxide, 

C O\ O\ 
,C=O f (MeAsO),--9 

0 C ,_ As-Me + CO2 

0 

I 

by 

the 

Only a single isomer of I, based on the As-Me resonance was observed. 

However, the compounds shown below displayed two isomeric forms. 
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“e\ As 
/O Y 

As H f+ 

1 1 
,-0 0 

‘_ 
.._/ 

0 
\ 

as./.o 3 

I 
f-le 

r-. ., . ., ._.._ u.- 

The following conformational equilibrium was studied and all coupling 

constants were measured. A number of other related systems were 

investigated. Geoffrey and Llinares [99] have irradiated single crystals 

of sodium dimethylarsinate with X-rays to produce CH,(O)As(O-)CH, and 

= 
(CH&As02 - The ESR spectra of irradiated species were investigated 

as a function of temperature. The ij tensors and hyperfine coupling 

constants were measured at 105, 165, 215, and 295”K_ The identity of 

the radical species was made through these measurements. The influence 

of temperature and ambient oxygen on the nature of the radicals formed 

by the irradiation of the crystals was also investigated. Howard and 

Tait ClOO! have studied the ESR spectra of four coordinate arsenic 

radicals. Theyconclude that four-coordinate arsenic radicals react with 



molecular oxygen to give peroxy radicals. Because of the broadness 

the observed lines, hyperfine coupling with As was not resolved. 

In Ccl4 solution, tertiary arsine oxides form hydrogen bonded 
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of 

complexes with phenol. The enthalpy of this reaction increases in the 

following sequence [loll, 

(C6H6)3AsO<(C6H6)2AsO-rz-octylc(C6H5)AsO-(n-octyl)2~(n-octyl)3AsO 

<(eyelo-C6H&AsO 

A similar study 11023 was concerned with hydrogen bond formation between 

(C6H5)3As0 and haloacetic acids. In work of a closely related type [103], 

the isotherms (aqueous-dichloroethane or benzene) fcr the extraction of 

nitric acid by various arsine oxides was investigatei. Complexes of the 

type R~ASO-(~~03)~’ where i = 1,2,3,4 are reported. The first mole of 

acid extracted transfers its proton so as to form R3As0HC. _ _ _ N03-_ 

Tertiary arsine oxides in water-immiscible organic solvents have been 

tested as extractants for U(VI). Pu(IV,VI) and Np(IV,VI) from their 

aqueous solutions in nitric acid jlO4]. A study very closely related to 

those just described is concerned with the extraction of nitric acid from 

its aqueous solutions by arsine oxides [105]. 

Bravo and Laurent Cl063 have prepared and characterized BF3 adducts 

Of the following types: (R0)3AsO-BF3 and R’(R0)2As0.BF,. ‘H. “B and 

19 F NMR spectra of the compounds were measured. The JAF coup1 ing 

constant in Me(EtO)2AsO-BF3 is 22.0 Hz. This. is to be compared with 
1 

JBF = 15 HZ in free BF3. 

The differential pulse polarography of Phenylarsine oxide has been 

. investigated [107]. Its use as a titrant in the indirect determination 

of Cl and O3 is described. The technique is useful in the analysis of 

water and wastewater. The electrical conductivities of a nu&er of 

dichlorotriorganoarsoranes, R3AsC12, in nitrobenzene and in acetone have 

been measured [lOS] over the concentration range 2 x 10S2 - lo-B?. The 
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electrical conductivities are interpreted in terms of the following equilibria: 

The concentrations of the solute species depend on the solute concentration. 

VIII. COMPOUNOS HAVING ARSE?jIC-SULFUR OR ARSENIC-SELENIUM BONDS 

Compounds of the type RSASR’~ and RSeAsR’* are the subject of two 

dissertations _ Daniel [log] has synthesized and studied the physical 

properties of derivatives in which R is galactose while Velazquez-Rosenthal 

Cl101 has carried out similar studies in which R is glucose or 

arabinohexose. The syntheses of dimethylarsinous acid esters of l- and 

6-thiogalactose are reported by Daniel and Zingaro [ill]. S-dimethylarsino 

derivatives of 6-mercaptopurine, cysteine, penicillamine, homocysteine, 

glutathione a-dihydrol ipoic acid and the s- and Se-dimethylarsino - 

derivatives of thio- and selenocholesterol have been synthesized [112]. 

The synthesis of bis[S-(dimethylarsino)homocysteine]was carried out 

directly from the thiolactone as shown in the following equation 

CH2 

2 H2= ’ ‘CHNH2 + Me2AsCI 
Et,NH 

e 

4-i 

%I 

*_ 
0 C02H 

II I 
Me2AsSCH$H2CHCNHCHCH2CH+AsMe2 

I 

A number of these compounds show carcinostatic activity, in v&o, in the 

P3aa test system. 

Optically active esters of thioarsinous acids have been reported [1131. 

They have the structure shown below. 

-. 

R---=PR1 
Ph 

R = Me, Et, Me+H, Me$; R’ = EtS, PrS, Bus, C5RllS 
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The compounds were prepared by the reaction between RPhAsX (X = halogen) 

and the nercaptan in the presence of optically active Et.$KHMePh. Nhen 

(+)-MeC+i,,PhAs tids ma-de to undergo reaction with Pt%lgBr, (-)-FieAsPhPr was 

formed. Abalonin, et al. L-1143 have investigated the reaction of 

triorganylarsine sulfides with alkylhalides. The reaction is very complex 

and a variety of different products are formed- The reaction, based upon 

the products identified. can be represented as follows: 

RZR’AsS + RX - [R2R’AsSR+]X- - RR’AsSR + RX 

I- R’As(SR)* * R2R’As 

1 

-%- [R~R’AS]X 

*zO 
I 

RR’ AsSR i i RSH 

RR’AsX + RSR 
RX 

Arsine sulfides are reduced to the arsines by the following metals [115-J: 

Hg, ita, Cu, Ag. The metals are converted to the metal sulfides. The 

following types of intermediates, involving nucleophilic attack by the 

metal at the electrophilic arsenic, are proposed: 

divalent metal 

[ R,A,---.M] 

univalent metal 

The reaction between (C6HB)BAs and SeS2 in benzene yields 

(C,HS)3AsSe-(CgH5)3A~S [116]. The product is formulated as a solid 

solution of the respective chalcogenides. In an attempt to learn more 

about the action of phenyl radicals on tertiary arsine sulfides, the 

photochemical and thermochemical reactions of diethylphenylarsine 

sulfide with diphenylmercury have been investigated [117]. Photolysis 

of these compounds in benzene yielded HgS, diethylphenylarsine, and 

biphenyl_ The same products are formed in the thermolysis of 
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diethylphenylarsine sulfide with diphenylmercury. The nature of the 

products formed suggests that the phenyl radicals do not react with the 

arsine sulfide_ Instead, they react with one another, or with the solvent. 

The reaction is interpreted in terms of an oxidation-reduction with 

mercury. The latter forms from diphenylmercury. 

Et&HSAsS + Hg ---d HgS + Et&HSAs 

The reaction of triphenylarsine dichloride with o-mercaptophenol proceeds 

in the following manner [113]: 

(C6~5)3A~C12 + 2C6H4(SH)(OH) --- (C&)As : 

The reaction between tetramethyldiarsine and bis(trifluoromethy1) 

disulfide gives dimethyl(trifluoromethylthio)arsine [llg]: 

Me2As-As Me2 + CF,SSCF, - --a 2Me2AsSCF3 

The reaction between Hg(SeCF3)2 with Ask3 and CS2 gives the arsenic- 

selenium bonded derivative, As(SeCF3)3 [72o]. 

Crystal s* ructure determinations of a number of compounds having an 

arsenic-sulfur bond have been carried out. Triphenylarsine sulfide Cl211 

is isomorphous with (C6H5)3PS and (C6H5j3pSe- The As = S bond distance 

is 2.082 i and is essentially a double bond. One of the phenyl rings 

lies almost coplanar with the As-S bond while the others have an average 

torsion angle of 53’. In (C2H5)3AsS [122], the As-S bond distance is 

2.114 A. The As-S bond distances in (dimethyldithiocarbamato)- 

iodomethylarsenic(II1) are 2.329 and 2.348 i [123]. The crystal 

structure of trichloro[1,3-dimethyl-2(3H)-imidazolethione]ar~en~c(~~~) 

has been reported [124]. In this case, the .&s-S bond distance is 2.301 ii. 



In the latter two cases, the much longer As-S bond distances are a 

reflection of the much lower As-S bond orders. 

Arsenic(II1) halides and arylarsenic(II1) dihalides form adducts with 

thiourea(T). A number of thioureas was investigated. All of the adducts 

exhibited a 111 stoichiometry. All of the adducts decompose on exposure 

to atmospheric moisture at varying rates (Cl>>Br; AsX3-T>ArAsX2-T). A 

variety of physico-chemical measurements including infra-red, Ranan and 

‘H NMR were reported [125]. Trigonal-bipyramidal structures are 

proposed for these adducts. 

Aninfra-red and Raman study of triethylarsine sulfide has been 

carried out in the solid and liquid state, in several solvents and at 

various temperatures [126]_ In the solid state, EtSAsS possesses C3 

symmetry with the three ethyl groups being gaucba-oriented with respect 

to the As-S bond. In solution and in the molten state, three isomers 

possessing C2, C, and C3 symmetries are present. The electrical 

conductivities of a number of al kyl thiotriorganylarsonium salts in 

acetone have been measured [127]. The salts studied have the formulation 

[R3AsSR’ 1+x-, where R = cyclohexyl , phenyl , ethyl, and R’ = ethyl or 

methyl. The greatest conductivities are observed for X = fluoborate 

followed by X = methyl sulfate and then iodide. Glhen X = bromide, the 

salts are strongly associated in solution. The 75 As NQR spectra of 

several aryl’diethylarsine sulfides have been measured [128]. In the 

group of compounds studied, the 
75 

As NQR frequencies are below those 

measured previously for four-coordinate arsenic compounds _ This imp1 ies 

that all four single bonds around the arsenic are equivalent_ The 75As 

NQR frequencies were correlated with the Hammett substituent constants. 

IX. C~MPOU~RIS cor~TArmG ARSENIC-HALOGEN (HALOGENOID) BONDS 

The hydrolysis of b&(2-chlorophenyl)arsenic chloride by aqueous 

sodium hydroxide gives bis(p-chlorophenyl)arsinous anhydride, 

m-p. 149-150° [129]. 

Z(p-ClC6H4)2AsCl + 2h'aOH.e [(p-C1C6ti4)2!-k120 + 2NaC1 + H20 
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Xs(m-tolyl)arsenic chloride undergoes reaction with potassium cyanide in 

the absence of solvent to yield the cyanide, (m-t01yl)~AsCN. In acetone, 

refluxing with potassium thiocyanate yields (m-tolyl)pAsSCN [130]. 

The reaction of pentachlorophenyl lithium with AsC13 gives only 

(C6ClS)2AsCl, even in the presence of a large excess of the lithium 

reagent [731]. Treatment of (C6Cl5)2AsCl with chlorine yields a 

residue which hydrolyzes rapidly to [(CsC15)2As]20. Chiral arsinous 

acid esters have been prepared by the reaction between a diorganylarsenic 

chloride and an alcohol in the presence of an optically active 

amine [732]. Thus, the reaction between methylphenylarsenic chloride 

and ethanol in ether at -3S” in the presence of (-)-N,N-diethyl-a- 

methylbenzylamine yields a mixture which is highly enriched with respect 

to (+)-ethyl methylphenylarsinite. Several other examples of such 

partial asynmetric syntheses are given. When phenyl- and 

phenylalkylarsines, As(C6H5j3, CH3As(C6H5)2, C2H5As(C6H5)2, 

CH,iAs(C6H5)21, and CH,CCCH,AS(C~H~)~~~ react with HBr in non-aqueous 

solvents, the phenyl-arsenic bonds are selectively cleaved yielding 

AsBr3, CH3AsBr2, C2H5AsBr2, CH(AsBr2)2 and CH3C(CH2AsBr2)3. The mass 

fragmentation patterns of these compounds are reported in some detail. 

Fragments containing As-As bonds or As3 clusters are involved [133]. 

Triphenylarsine difluoride, m-p. 134-136”, is conveniently prepared 

by the reaction between triphenylarsine oxide and hydrogen fluoride in 

boiling water [1343. The difluoride precipitates from the solution and 

can be recrystallized from acetone. Elemental fluorine adds to methylene 

or polymethylene bridged diarsines to yield the pentavalent, fluorinated 

arsenic(V) compounds [135]. 

R2As-(CH&-AsR2 f 

F F 

2F2 --f R2A:-(CH2)&R2 

; F 

Elemental fluorine also adds to a diphenylalkylarsine or triphenylarsine 

to yield the difluoride. Tri(pentafluorophenyl)arsTne has been prepared 
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and some of its reactions have been investigated [136]. Because it has a 

very limited tendency to coordinate, isolation of compounds such as -neutral 

03C10AgAs(C6F5)3 and the cationic Ag[(C6F5)3As]2C104 is possible. Reaction 

with Cl8 or TiC13 yields (C6FS)3A~C12. Metathetical reactions of the 

latter with silver salts give monosubstituted derivatives (C6F5)3AsC1X, 

where X is NO3-, ClO4- or OH-. Alcoholysis by ROH, R = Me, Et, or 

C6H5 gives (c6F5)3A~c1 (OR). Interhalogens, XY, add to R3As to form 

R3AsXY Cl373 _ Exchange reactions of R3MIY, Y = Cl, Br, with KNCO, AgNCO 

or KNCS gives R3MIZ, Z = NCO, NCS. 

Ethylstibine and CH3AsC12 undergo rapid hydrogen-chlorine exchange 

followed by the slow elimination of HCl to form the all arsenic ladder 

homopolymer (CH3As)x [138]. No antimony or ethyl group incorporation in 

(CH~AS), was detected nor were any other solid products formed. 

CZHSSbH2 +- 2CH3AsC12 e C2HSSbC12 + 2CH3AsC1 

CH3AsCl - (cH3A~)x + xl. 

a-Phenylene diarsines of the type a-C6H4(AsMeX)8 are configurational ly 

stable over a wide temperature range. The cryktal structure of 

o-C~H~(ASM~I)~ has been determined [139]. The results of the crystal 

structure determination verifies the original racemic structure assigned 

YAs .-.-’ 

0 0 \ 
2” “.‘,,, 

A normal coordinate analysis of (CH-J2AsH has been performed Cl401 

and used to assign fundamental vibrational modes. Theinfra-red spectrum 

of EtAsClR has been measured as a function of temperature [141]. The 

concentration ratio of tmrzs to gauche conformers decreased from 1.32 to 

0.38 with increasing temperature from 90-300°K. 
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The reaction between CH3AsH2 and S2C12 has been investigated [142]. 

At a molar ratio of 2:1, CH3AsH2:S2C12, the following stoichiometry is 

obeyed. However, when the molar ratio is 1:2, the (CH~AS)~ initially 

2CH3AsH2 •t S2C12 p CHSAsCl2 + 2H2S + ~/x(CHSAS)~ 

formed disappears and is converted to methyldichloroarsine. At the latter 

molar ratio the reaction can be represented as 

CH3AsH2 * 2S2C12 - CH3ASC13 + ZHCI + %ss 

The ternary recombination of atomic iodine in the presence of 

(CF,),AsI was investigated by the method of flash photolysis in 

combination with kinetic spectroscopy 11431. Over the range of 

temperatures and pressures investigated the process proceeds in 

accordance with a third-order law. Rate constants are reported. The 

dipole moments of a series of compounds, RC5H4AsC12 (R = H, 4-f&, 4-halo, 

UO2) 2-Me, 2-halo. 2-N02, 2-MeO) have been measured [144]. In the 

o&ho-substituted derivatives the plane of the benzene ring bisects the 

Cl-As-Cl angle. 

X. ARSONIUM COMPOUNDS, YLIDES, AND ARSANES 

Methylbis(d-naphthyl)alkylarsonium iodides are prepared by 

quaternization of the arsine (naphth)2AsR (R = Me, Et, Me2CH, Bu, 

Me2CHCH2, n-pentyl. isopentyl) with methyl iodide [145‘]_ With Mg(C104)2, 

the arsonium iodides exchange anions to give the perchlorates 

(naphth)pAsRMeC1O 4- The quaternization of compounds containing 

simultaneously both amino and arsino groups has been investigated [146]. 

In order to determine whether arsenic or nitrogen is quaternized, 

‘H NMR was utilized as the investigative probe. This is based on the 

following observations : a methyl gInup on a quaternary arsenic gives a 
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‘H NMR signal at l-35-2.60 ppm, the signal of a methyl group on trivalent 

nitrogen occurs at 2.39-3.06 ppm, and methyl groups on d quaternary 

nitrogen are observed at 3.66-3.99 ppm. Quaternization of a series of 

molecules of the type R2RNZAsR ’ 2, where Z is a bridging group such as 

C6H4 was studied. If the substituents on both the arsenic and the 

nitrogen are close in size and inductive effect, methyl iodide adds to the 

arsenic atom, as in the case of p- and m-(diethylarsino)-N,N-dimethylaniline 

derivatives. !Jhen bulky, or strongly electron-accepting aryl substituents 

are present on the arsenic atom, if two methyl groups are bonded to 

nitrogen, quaternization occurs at the amino group. The reaction between 

selenium ylides and triphenylarsine in the presence of tetraphenylborate 

yields arsonium tetraphenylborates [747j. The reaction is described by 

the following equation. 

f PhgAs - R_;p+SePhMeAsPh3 

8 

NaBPh4 R-C 

* 
\ \ 

R_CYePh 
I 

i- 
+ MeAsPh3BPh4- 

Aryliodonio-cyclopentadienides react with triphenylarsine to yield 

arsonio-cyclopentadienides [148]. The reaction requires a temperature of 

140-150” and catalyses by Cu(1) compounds. 

COOEt COOEt 
NC 

I-Ar + AsPh3 - 

NC 
COOEt 
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Cavicchio and co-workers El491 studied the reaction between carbonyl 

stabilized arsenic ylides and tropylium salts in THF at room temperature. 

The first step involves the formation of the tropenyl salt which can be 

isolated or identified spectroscopically. The salt can undergo 

rearrangement to the styryl compound. 

X- + Ph&H-C(O)-R -+ 

$sPh3 

CH-C(O)R __) 

X- 

CH=CH-C(O)-R 

Russian workers [15il] have prepared C13SiN = AsPh3 by the reaction 

between Cl$iN(Cl)SiMe3 and AsPh3. 

Arsonium salts and ylides have been utilized for a number .of synthetic 

procedures. Semi-stabilized ylides undergo reaction with 2,7-dinitro and 

2.7-dibromofluorenones at reflux temperature (benzene) to give exocyclic 

olefins exclusively ClSl], e.g., the 2,7-dinitro and 2,7-dibromo-9- 

aryl idene fl uorenes _ 

Ph3As = CHR + x e--$-j,jX B x jmrgx PhSAsO 

EHR 

A B c 

(a&‘) R = 2-N02C6H4, 3-N02C5H4, 4-N02CgH4, 4-IC5H4 

(a,C) X = Br, NO2 

The reactions of the non-stabilized ylide (A, R = H) were carried out at 

room temperature. This reaction afforded the epoxide, i.e., the 

2,7-disubstituted flUOrene-9-SpirOOXiraneS. D. 
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The reaction between 4-chlorobenyl idenetriphenylarsenane and aromatic 

aldehydes has been investigated [152]_ This particular ylid carries an 

electron donating group. Quaternization of triphenylarsine with 

4-chlorobenzyl bromide in acetone affords 4(chlorobenzyl)-triphenyl- 

arsonium bromide. The latter is converted to 4-chlorobenzylidenetriphenyl- 

arsenane (r7) _ The reaction of Zwith a number of mono- and 

disubstituted benzaldehydes resulted in the exclusive formation of 

k-s-4-chl oros ti 1 benes . The ylide (E) was also found to react smoothly 

with 2-furfural to give trwzs-Z-(4-chlorostyryl)furan. The presence of 

electron groups was found to enhance the yield while electron donating 

groups were found to decrease the yield of olefin. The authors claim 

that their observations prove “beyond doubt” [cf. Trippett and Walker, 

J. Chem. a, (C), 1114 (1971)] that solvent and base, apart from other 

structural factors, are also responsible for determining the course of 

reaction between semi-stabilized ylids and carbonyl compounds_ 

Diazo coupling to benzene is possible when the ring does not bear 

strongly electron-donating groups if the leaving group is phosphonium, 

arsonium, or stibonium [153]. The following reaction takes place between 

pentaphenylarsenic and a diazonium fluoborate in acetonitrile- 

tetrahydrofuran sol vent. The reaction between phenacyltriphenylarsonium 

(C6H&As + 4-RC6H4NsNfBF4-- (C6H5)4A~+BF4- + Cb-H5N=NC6H4R-4 

bromide and aromatic primary amines furnishes a good method for the 

synthesis P-aryl indoles, and 2-arylbenzindoles [154]. The reaction 

proceeds by way of an arsenic ylide. 

A 13C NMR investigation of ylides has been published C15.51. In this 

particular study, chemical shifts and one-bond coupling constants for the 
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ylidic carbon, C(1) in keto-stabilized phosphonium, arsonium and 

sulfonium ylides show that C(1) has an .sp 
2 hybridized carbanionic 

structure with a strong electron drift to the carbonyl. Ca rbonyl 

stabilization of the negative charge on C(1) depends on the onium group 

in the order: Ph3Pi<Ph3Asi=r~~2S’c<Me2C5H3Nf. When the yl ides are 

compTexed to PdC12, 13C NklR shift studies confirm that the ylidic carbon 

is bonded to Pd and that C(1) bonded to the metal has a higher electron 

density than C(1) in the free ligand. 

An ab +-Js<o LCAO-MO-SCF study of methylenearsorane, HSAsCH2, has 

been published by Strich [156]. The study shows a planar stereochemistry 

at the ylidic carbon atom. This result is rationalized in 

maximum heteroatom-carbon --overlap. The As-C bond length 

1.782 ,& 

Tine polarized infra-red reflectivity of single crystal 

terms of a 

in H3AsCH2 is 

methyltriphenylarsonium tetracyanoquinodimethanide has been measured over 

the range 40-40,000 cm-’ [157]. The results were evaluated to obtain the 

dielectric function and conductivity. For El/b polarization, a very strong 

coupling between TCNQ intramolecular vibrations and electronic motion is 

observed. The bare electronic absorption is modelled by a sum of two 

classical oscillators- Iida [158] has studied the phase transition and 

thermodynamic properties of solid solutions VJith anion radical salts of 

C(C,H,),AsCH,]x+(TCNa)21’ (Osxrl ). These solid solutions are stable over 

a side temperature range from =O”K to decomposition temperatures and in 

the whole composition range from x = 0.00 to x = 1.00. Chesnut and 

Bondeson [15g] have developed a model for motional correlation effects 

of random-walking particles with spin in one dimension_ The model has 

applied to proton spin-lattice relaxation in the [(c~H~)~As&](TcNQ)~ 

triplet exciton ion radical salt. The limitations and extensions of 

the model are discussed. The single ion thermodynamics of 

(C~H~)~AS+(C~H~)~B- has been the subject of two extensive studies. 

Abraham and hasehzadeh Cl601 have calculated the free energy, enthalpy, 

and entropy of transfer of (C6H,-j4Asi = (CsH5)4B- by dividing the total 

been 



transfer values into neutral and electrostatic contributions_ Good 

agreement was obtained between calculated and observed values. A lengthy 

critique of the tetraphenylarsonium tetraphenylborate assumption for 

single ion thermodynamics in amphiprotic and dipolar-aprotic sol vents 

has been published by Kim [161]_ The results of this detailed study 

corroborate the (C6H5)4A~(C6H5)413 assumption which enables the determination 

of thermodynamic quantities for single ions, with the reservation that 

an asymmetric partition, with a constant partition factor for all solvents, 

is clearly preferred to the equal partition practiced in the literature_ 

XI. ARSENIC HETEROCYCLES 

An unusually large number of papers in the field of heterocyclic 

compounds of arsenic has been published since this review last appeared. 

Interest in arsabenzene. its structure and chemistry. has been especially 

high. The bulk of this work originates from the laboratories of 

A. J. Ashe in Michigan and Von G. Mark1 in Regensburg. Dissertations by 

T. LI. Smith and M-t. G. Chan are concerned with group V heterobenzenes. 

The key conclusion reported in the dissertation of Smith Cl621 is that 

II .--the x5-heterobenzenes are not aromatic compounds and the six 

a-electrons remain localized on carbon.” Smith also found that 

methyllithium adds to the electropositive heteroatom of the 

x3-heterobenzenes. This process disrupts the aromaticity of the system 

and yields an anion similar in electronic structure to the 

x5-heterobenzenes. Also, arsabenzene reacts with electrophilic reagents 

to give aromatic substitution products rather than addition products. 

Ghan 1163-J has investigated a number of synthetic pathways to the 

substituted arsabenzenes. One involves the synthesis of 4-methyl 

stannacyclohexadiene which is then converted to the 4-methyl arsabenzene. 
‘I 

3-Methyl-1,4-pentadiene can be prepared by the copper-catalyzed coupling 

reaction between an ethynyl Grignard reagent and a secondary propargyi 

bromide. This leads to 4-methyl arsabenzenes. P-Substituted arsabenzenes 

were prepared from the corresponding !.4-pentadiynes- Ashe and Chan L-1641 
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have reported on the reaction of 1,4-diynes with dibutyltin hydride to 

give 2-alkyl-1,1-dibutyl-1,4-dihydrostannabenzenes. These react with 

arsenic trichloride. For example, 6-acetoxy-1.4-hexadiyne is converted 

to P-arsabenzyl acetate and subsequently to a number of P-functionalized 

arsabenzenes _ Arsabenzene easily undergoes Friedel-Crafts acylation [165]. 

Acetylation of arsabenzene at -70” in methylene chloride with CH3COCl in 

the presence.of anhydrous aluminum chloride gave monaacetylarsabenzenes in 

yields up to 80%. The distribution of isomers, as determined by 'H NMR 

was 80% of the 4-acetyl isomer and 20% of the E-acetyl isomer. When the 

-f-position is blocked, substitution takes place at the a-position. Thus, 

4-methylarsabenzene gives-SO% P-acetyl-4-methylarsabenzene. 

Kirk1 and Rampal. Cl661 have examined the potential thermal 

rearrangement of l-R-4-methylene-arsacyclohexadiene-2.5 to the arsa- 

benzene, as shown below, Thus. at 135-140°, the reaction between 1 and 

diphenylketene yielded g which underwent a thermal rearrangement at 150° 

to 3 _- 

H)&V& -;z _;gFH5 
H As’ H 

I 
1 - CH2C6HS 2 &2C6"6 I 

When 4-methy’lene-l,l-di-n-butyl-l-stannacyclohexadiene-2,5 (5) was treated 

with arsenic trichloride or an organylarsenic dichloride, reaction 

0, Rsti; &.R=C6Hs: 

CHR 
I 
CHR 

products of the type 8, 10, lJ. and 12 were obtained. Hence, free radical - 



H H 
!-I H H 

H 

R-C-CH3 
H 

I 

H 
H 

10 

a, R=H ; b, R=CH3 

11 12 

intermediates, 5 and 7, are proposed. The formation of the 4-methy7ene-l- 

organylarsenacyclohexadiene-2,5 as an intermediate and its subsequent 

thermal rearrangement does not seem to occur. 

The effect of functional groups on the reactivity of CSHSAs has been 

investigated [167]. Functional groups studied included -OH, -COOH, 

-C(O)OR and -CHO. Substitution by an aldehyde or carboxylic acid group 

in the 4-position enhances the electrophilic character of the hetero 

atom_ An alkoxy or hydroxyl group substituted in the &position decreases 

the electrophilic character of the hetero atom. If an aldehyde function 

is at the 4-position, it is preferentially attacked by a weak base and a 

‘ulittig-type reaction occurs at that group. Strong bases, such as LiR, 

attack the hetero atom to form 

The rearrangement of an As-ary! substituted arsacyclohexadiene-4-one 

(3, be1 ow) to 4 has been studied cl681 - The best experimental conditions 

0 OH 

References p. 175 



to effect this rearrangement are acetic anhydride containing catalytic 

concentrations of sulfuric acid at room temperature_ 

The reaction between 1-phenyl-arsacyclohexadiene-2,5-4-one and 

hydroxylamine hydrochloride yields the oxime (5, below)_ In acetic 

0 0 

0, R = CSHg 
H 

a, R = CtizC6Hs 

f,R= H H 

anhydride, 5 undergoes the expected rearrangement, but unexpectedly, the 

diacetamide, g3 is Formed. The 4-amino derivative, 3, is formed by 

al kal ine hydrolysis of 5. Acetylation of 2 yields only the monoacetamide 

which indicates that 3 is not an intermediate in the rearrangement of - 

g to 5 [169-J. 

Based on spectral observations 

a 2-aryl substituent exist entirely 

:: 
OAc 
I 

C1701, 4-hydroxy-arsabenzenes bearing 

in the enol form (3, below)_ The 

PH 2 

Ar 

1 2 3 4 

reaction of 2 with benzylbronide or the methyl ester of bromoacetic acid 

yields the As-substituted arsacyclohexadienone, 5 _- However, with al lyl 

bromide, the 1,3,5-triallyl derivative 5 is obtained. 
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M;irkl and Rampal [171] in a study closely related to that just preceding, 

have found that 4-hydroxyarsabenzenes. (1, below), in acetone at room 

temperature, do not undergo the hetero-Cope rearrangement. However, in 

refluxing benzene, depending upon the nature of the substituent at the 

P-position, a series of ring closures take place on treatment with 

propargyl bromide followed by vacuum distillation. Several pyrans and 

furans can be obtained, several of which are shown below. 

The reaction of arsabenzaldehyde with C6H5MgBr or phenyllithium, 

fol lowed by hydrolysis, gi ves 1 -phenyl-1 ,2-di hydroarsabenzene-4- 

carbaldehyde (9, below) _ When u-naphthylmagnesium bromide is used, Sb is - 

formed [172]. 

H 0 y‘\// C 

‘Q. R = CEE5 

LJ, R I a-Ncpnthg: 
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With malonic acid, a Knoevenagel condensation occurs. The aldehyde group 

also undergoes conventional reactions to form the oxirre which can be 

converted to the arsabenzonitrile. 

The ‘H NNR spectrum of arsabenzene partially oriented in a nematic 

liquid crystal cl733 has been reported. The structure deduced from these 

studies was in excellent agreement with that previously obtained from 

electron diffraction and microwave measurements. An analysis of the 

vapor-phase structure of arsabenzene based on electron diffraction and 

microwave data has been detailed by Wang and Bartell [174]. The molecule 

was found to have a planar CZv structure. Principal structural para- 

meters and uncertainties were: i-&C-As) = l-350(2) 1, F~(C~-C~) = 

1.392(g) 1, rg(C3-C4) = 7_4000(70) l, rg(C-C nean) = l-396(2) i, 

ang7e CAsC = 97.0(3)“, angle AsCC = 7.25_3(7)” and angle C2C3C4 = 

123_9(13)O. Core-ionization energies and proton affinities for 

arsabenzene, phosphabenzene, arsine, trimethylarsine, phosphine, and 

methylphosphines have been investigated [175]. The anomalously low 

basicities of arsabenzene and phosphabenzene are attributed to the 

inability of these compounds to undergo geometric rearrangement on 

protonation. In a study similar to that previously mentioned [174], 

Uong, et al. [176], have measured the ‘H MMR spectrum of 

4methylarsabenzene oriented in a nematic solvent. Good agreement was 

obtained with structural parameters obtained from electron diffraction 

and microwave spectroscopy. 

The widespread application of phenoxarsine derivatives as additives 

to polymeric compositions for protection against microbial and fungicida’i 

attack has prompted additional research concerned with this heterocycle. 

The kinetics of hydrolysis and a7coholysis of 7%(aryloxy)phenoxarsines 
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has been studied as a function of the nature of the substituent in the 

group undergoing elimination [177] _ The reactivity was found to increase 

with increasing electron-donor tendency of the substituent. The 

determining factor in the reaction mechanism involves the transfer of a 

proton to the oxygen atom of the As-O-C link. The following scheme is 

proposed. 

- OR + HO -., 

In a virtually identical study 11781, a conclusion parallelling that just 

preceding was reached. The kinetics of the reaction between 

lo-phenylphenoxarsine and methyl iodide in acetone has been studied [179]. 

The reaction is reversible and is first order with respect to each 

component, or second order, overall _ In a closely related study [180] 

the quaternization of lo-alkylphenoxarsines by methyl iodide was 

investigated. The rates of quaternization was found to depend primarily 

on the inductive effect of the substituent. In another very similar 

study Cl81 1, the quaternization, by methyl iodide, of five lo-aryl- 

phenoxarsines was measured. It was again found that overall effect of a 

para-substituent on the benzene ring is dependent on the induction and 

resonance components to about the same degree. In the case of meta- 

derivatives the resonance component exerts a greater influence. 

Widespread interest in the carboranes has resulted in synthetic and 

physico-chemical studies of derivatives bearing a hetero atom such as 

arsenic. Thus, 2,3,5,6-bis(o-carborano)-4-methylarsacyclohexane [182] 

was prepared by the addition of methyldiiodoarsine to lithiated 

bis(o-carboranyl)m2thane, 

2n-C4HgLi 

MeAs12 
9 H2C(CB10H,0C)2Asl* 
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In a similar manner, seven-membered heterocycles were prepared Cl833 by 

the reaction between di 1 i thium 1 ,2-Eia(o-carboranyl )ethane and CH3AsI2 

r 
i 
: -CH,-,-jI-Li 

i 
1 BIOHIO ,2 

-I- AsCH312 - P 

CH2-CB10H10C\ AsCH 
I 
CH2-CBIOHIOC’ 3 

Little [183-j has prepared 1,2-BlOHlOAsSb by the reaction between 810H12A~- 

with SbCl3 in the presence of triethylamine. 

The crystal structure of i4eAs(C2B70H10)2 has been determined [lSS] 

and is reproduced below_ In this structure, the five-membered ring 

containing the arsenic atom is essentially planar. The molecular structure 

of the p-arsacarborane 1,12-AsCHBl OHl o has been investigated by gas phase 

electron diffraction methods [186]_ One salient feature of these 

measurements is that the measured 

greater than the value calculated 

rB + rAs = 2.00_ 

B-X bond length, 2.137 i is considerably 

from the sum of the single bond radii. 
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Arsaanthracenes have been the subject of severa? studies_ The flash 

vacuum pyrolysis of 9-aryl-9,10-dihydro-9-arsaanthracene (below) at GOO* 

yields JO-aryl-9-arsaanthracenes [187]. 

‘gH5 

The yield of product depends on the nature of the substituents. The 

formation of free radicals as intermediates is discussed. In a related 

publication, Weustink and co-workers [JSS] discuss this free radical 

mechanism in greater detail. The principal pathways of their proposed 

mechanism is shown in the scheme below. 

e -C6H5CH2; & o ) -CH3; 

I I 
C‘6% C6H5 

Bickelhaupt’s group has prepared the first known derivative of 

arsanaphthalene [JCS]. The structure of arsanthrene has been 

re-investigated [190]. Eased primarily on molecular weight measurements 

and mass fragmentation behavior, the molecule is assigned a dineric 

structure having arsenic-arsenic bonds. The crystal structure of 
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has been determined 

by Stam [191]_ The arsaanthracene ring system is folded with an angle of 

133O between the benzene rings. The crystals consist of molecules of a 

single type; the molecules show conformational chirality. 

The cycloadditicn of nitrones to the -As = C double bond has been 

demonstrated by Russian workers [192]. Thus, over a period of 2.5 months, 

C,N-diphenyl- and C-p-nitrophenyl-N-phenylnitrones undergo 1,3-dipolar 

addition to 2,5-diphenyl-1,2-diaza-3-arsene to give cycloaddition products. 

The reaction is illustrated below. 

Ph-N-N 

I 
!-Ph 

f0 
+ R-CH=N * 

*KC& 
\ 

Ph 

(I) II:, R = C6H5 
IIl J R = p-NO,-CC,H,- 

Ph-N- Ph-N- 

ECa, R=Ph 

m b, R = P-N0~----C6H4-- 

As is illustrated by the following equations, the addition of 

phenylarsinoacetic, s-n-butylarsino- and 6-phenylarsinopropionic acids to 

aldehydes and ketones, followed by intramolecular condensation, leads to 



the formation of 1.3-oxarsolan-5-ones and 1.3-oxarsenan-6-ones, 

respectively [193]. The structures of the compounds were deduced from 

R f 
,(H2C)-C=O 

R’-~s-(CH~)~-COOH + R”-C-R”’ H_ 
I 1 

_H o R,_As o 

H 2 \/ 

A 
R” R”’ 

their infra-red, ’ H NMR and mass spectra. Heinicke and Tzschach [194] have 

synthesized lH-1.3-benzazarsoles. This was done by the reaction between 

o-aminophenylarsine and an iminoester hydrochloride_ 

R- C = NPh 

The isomeric 3H-1,3-benzazarsoles were synthesized from secondary 

o-aminophenylarsines and ?J-phenylimide chlorides_ Spectroscopically, the 

lH-1,3-benzazarsoles behave as aromatic compounds. The reaction of arsenic 

trichloride with 2-(e-naphthyl)ethanol followed by cyclization of the 

dichloride intermediate gives 1-chloro-3,4-dihydro-lH-naphth[l,2-C][1,2]- 

oxarsenic [ill] [195]. 

Bosyakov and co-workers [196-J described the synthesis of a series of 

compounds having the ring system illustrated. 



R,-R3 = H, Me; R ' = OH, NH2 

Maerkl, Baier and Liebl [197! have investigated the heterocyclic ring 

systems (shown below) formed by the cycloaddition of diynes, HCsCXCsH with 

R1AsH2. 

R' 
As ._ 

I 

,i 
X 

R, = Ph, p-tolyl, p-(Me2N)C6H4 

X = CR(OMe) R = Ph, Me, Me$, 

cyclohexyl, J-naphthyl, p-anisyl; 

X = PCMe3, SiMe2, SiPhE 

The reaction of triphenylarsine with tetramethyl-1,2-dioxetane (1) produces 

2,2-dihydro-4,4,5,5-tetramethyl-2,2,2-triphenyl-1.3,2-dioxarsolane [198]- 

CDCI, 
0 Me2 

Ph3As + 1 ____d 
or CgC6 

Ph,,,: 

0 1 
Me2 

The observed relative reactivities are Ph3P?Ph3Sb>Ph3As_ The greater 

reactivity of Ph3Sb relative to PhSAs may be attributable to greater 

availability of 0' orbitals in antimony requisite for bonding with the 

peroxide _ 

The crystal structure of the heteroadamantane shown below, where E is 

sulfur, has been determined by Ellermann and co-workers [199]. The unit 
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cell (space group PZl/“) contains four molecules in cubic closest packing. 

The molecule possesses an enlarged cage structure with a large C-CH2-As 

bond angle of 124”_ The compound is synthesized in good yield by the 

reaction of l,l,l-tris(diiodoarsinomethyl)ethane. 

in tetrahydrofuran _ McKerley, et al. [ZOO], have 

analogue of the adamantane just described [199]. 

water in place of H2S_ The crystal structure was 

H3CC(CH2As12)3 with HZ5 

prepared the oxygen 

This was done by using 

also determined and 

following are the salient features: As-As, average distance = 3.165 A; 

average As-O, As-C, and C-C distances are, respectively, 1.77, 1.96, and 

1.53 w. The average values of the O-As-O and O-As-C angles are 100.5 and 

97.7O. The reaction between Rb3As7 and C1SiMe3 gives 

4,7,11-t_ris(trimethylsilyl)tricyclo~2.2.l.02’6]heptaarsane. As7(SiMe3)3. 

Crystal data on this compound have been obtained [ZOl]. Baudler and 

Habermann [ZOZ], by the use of low temperatures and non-polar solvents, 

have prepared some phosphadiarsirane. The reaction is summarized below. 

K(t-Bu)As-As(t-Bu)K + 

t 
As-As t 

R 

a 

Rpc12 _yentane ~ 
-2KCl 

I- t 
As-As 

‘PI 
I 
R 

b 

At -78”, if R = ethyl, oligomerization occurs. However, if R = isopropyl, 

isomer a can be obtained and fuily characterized, even if the reaction is 

carried out at 0”. Other heterocyclic derivatives of the following types 

are also formed during this reaction: (t-BuAs) PR, 3 (~-BIAS) 2 (PR) 2’ 

i(t-BuAs)-(PR)12 and ~-BuAs(PR)~. 

A red, u-bonded Fe-As complex has been described by Thiollet and 

co-workers [202a]. It is formed by the reaction between 

2.5-dimethylarsolylpotassium and cyclopentadienyl dicarbonyl iron iodide: 
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-i’ 
/ 

-. Me, K” + CpFe(C0)21 --9 CpFe(CO)p-As~~ + KI 
‘\ .’ 

As. 

When the o-bonded complex is decomposed in boiling xylene. it yields two 

new arsolyl complexes: 

_ 

! 

; 

! CpFe (CO) -As 

3’ -6 
Pie 

The dimeric o-complex is a mixture of 90% “cis” and 10% “t_nans” isomers- 

The arsolyls act as three-electron bridging ligands through their arsenic 

atoms_ The “cZ.s” and “tpans” isomers were identified by the use of ‘H 

rim spectroscopy, in particular, with respect to the equivalence or 

non-equivalence of the substituent methyl groups- The same group [203] 

has reported the synthesis of 2,Ldinethylarsacymantrene by the reaction 

of l-phenyl-2,Ldimethylarsole with Mn2(CO)10 in boiling xylene_ This 

compound undergoes reaction with acetyl chloride in the presence of 

2,5-dimethylarsacymantrene (yellow) 

aluminum chloride to form the 3-acetyl derivative. Seyferth and 

Withers [204] have prepared (1 ,l ‘-ferrocenediyl)-phenylarsine (below) _ 

This compound is formed by the reaction of l,l’dilithioferrocenetetra- 

methylenediamine with PhAsCl2. 
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Hellwinkel and co-workers [205] have carried out a ‘H NMR 

investigation of some overcrowded asymmetric phosphoranes, arsoranes and 

sti boranes. The actual biarylylenearsorane studied is shown below, where 

R = phenyl or biphenylyl. The two different methyl positions are 

reversibly equilibrated at elevated temperatures. The free enthalpies of 

activation were measured_ An interpretation is offered starting with a 

trigonal bipyramidal Qround state conformation. The ligand exchange 

phenomena are interpreted in terms of a pseudorotation process and 

tri gonal _ bipyramidal transition states with diequatorial biarylylene 

groups _ 

Both ‘H and l3 C NWR analyses have been utilized in conformational 

studies of 1,3-dioxa-2-arsacyclohexanes. Aksnes and co-workers [206] 

have carefully analyzed the ‘H NMR spectra of 22 1,3,2-dioxaarsenanes. 

These molecules have a chair conformation with the substituent on arsenic 

oriented axially. When the ring substituents are methyl, t-butyl , or 

phenyl, they are equatorially oriented unless they are forced into axial 

positions by gem-disubstitution forces. The O-C-C-C-O portion of the 

six-membered ring assumes a staggered configuration. Ring protons 

oriented in the axial position are shifted downfield relative to the 

-equatorially oriented protons. Al kyl and phenyl ring-substituents affect 

both the chemical shifts and coupling constants of the ring protons. 

Thus, an equatorial methyl group produces a significant chemical shift of 

-0.2 to -0.5 ppm on the tic-axial proton. Mhen an equatorial substituent 
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is introduced on one of the carbon atoms bearing the coupled protons the 

vie-coupling constant is reduced by 1 Hz, or more. The oxygen hetero atom 

causes an increase of about 3 Hz in the gen-coupling constant of adjacent 

methylene protons with respect to carbon. Cazaux, et al _ CL'073 have 

observed, from TH and 13 C t:MR data, the existence of dimers and trimers 

in solutions of 2-methyl-1,3-dioxa-2-arsacyclohexanes. The structures of 

the monomer and associated forms reported by these workers are given in 

the table just below. 

No. of 
Substances Isomers Me - As signols 

c 

oL- Me (11 1 1 

0’ 

r-7 
/O O\ 

Me-As ASPMe 

‘0 0’ 

II 

Me WAC0 o\*s_.*Me 
\ 

0 0' 

U 

2 Ii1 

2 1 i-1 +I 

Anchisi and co-investigators [208] have synthesized benzodioxole 

derivatives as shown below, by heating the analogue containing Snfie2 at 
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the hetero atom position with C12AsR-Me2SnC12 sublimes leaving the arsenic 

heterocycle. 

XII. BIOCHEMICAL AND ENVIRONMENTAL ASPECTS OF ARSENIC COMPOUNOS 

The phospholipid, &phosphatidyltrimthylarsonium lactic acid has 

been isolated from marine algae cultured in 74As-arsenate [209]. The 

biological transformation of arsenate by marine algae leads to the 

accumulation of the arsoniumphospholipid as a major reservoir for arsenic. 

In food chains, it can be degraded to trimethylarsonium betaine, 

dimethylarsinic acid methylarsonic acid or arsenate. 

“Interactions Between Arsenic Species and Marine Algae” is the title 

of a doctoral dissertation by Grady E!lOl. Arsenic concentrations among 

-1 different marine algae were found to vary from 0.4 to 23 ng mg . The 

Phacophyceae were found to contain more arsenic than other algal classes 

and a greater proportion of organic arsenic. Among macroalgae the 

inorganic arsenic concentrations were found to be fairly constant. 

Although phytoplankton take up As(V) readily, the majority is released 

to the media in reduced and methylated forms. Up to half the arsenic 

may be reduced. Arsenate competes with phosphate for up-take by algal 

cells. The inhibition of phosphate up-take is competitive_ However, 

when the phosphate concentration is raised to >0.3 111,~ the inhibition by 

arsenate is relieved. As(V) stress causes the cells’ phosphorus 

requirement to increase. 

Arsenite is toxic to phytoplankton, but dimethylarsinic acid at 

levels of 25 Pg 1-l - did not affect cell productivity. Algae may be of 

major importance in converting inorganic arsenic to relatively non-toxic 

organic forms. 

Antonio et al., have studied the methylation of arsenic species by 

(CH~)~S+PF,-. This molecule was chosen in order to mimic more closely 

the in zliuo reaction which is believed to involve the transfer of an 

z-methyl group and because of the weak nucleophi lici ty of the PF6- anion. 

Methylation of arscnati-, m.?thylarsonate and dimethylarsinate occurs at 
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high pH [ill] and higher temperatures (80”). Rate studies could not be 

explained in terms of the anticipated bimolecu!ar pathway. Two other 

qualitative observations were reported. C(CH,),~+CH,CH,CH(NH~)COOH]PF~~ 

does partially transfer its methyl group to CHSAs02- at pH 5.8, but 
+ 

(cH~)~s~H~I~s~~- is inactive under these conditions. In studies related 

to the biological methylation of arsenic compounds, Cullen and 

co-investigators [212] have synthesized a number of arsinocobalooximes 

and determined the crystal structure of 

[(CH,)(C,H,)As(O)Co(III)(dmg H)(dmg!E]Co(II). In this formula, dmg is 

dimethylglyoxim. 

The application of high pressure liquid chromatography (HPLC) 

coupled to a graphite furnace as a means of separating and identifying 

naturally occurring organoarsenic compounds has been discussed by 

Zi ngaro [2131. Details of this analytical method which utilizes a 

graphite furnace, and Zeeman atomic absorption spectrometer as an 

automated element-specific detector for HPLC has been described by 

Stockton and Irgolic [214]. The use of this system furnishes a means of 

separation of arsenobetaine, arsenocholine, arsenite and arsenate. 

XIII’. INDUSTRIAL APPLICATIONS AND MISCELLANEOUS 

1-&Heteroarsenanium sa?ts have been reported to function as 

phase-transfer catalysts in the Finkelstein and Kolbe reactions [215]. 

These reactions are described essential ly as follows: 

RBr org _ + KI aq. d 

RBrorg + KCNaq_ + 

The types of arsenanium salts used have the following structure: 

R, dcH3 

As+ Y 
Ph’ ’ 

-&H 3 

RI org. f KBr 
aq- 

RCN org. + .KBr 
w’ 

X- 

R = Ph, Me, CH2 = CH-CH2-, PhCHB: Y = 0, NCH3; X- =. Br, C104. 
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Methyl groups bound to arsenic were found to greatly reduce the catalytic 

reactivity of the onium salts. Alkali metal salts of R2AsH or RASH*, 

where R is an aromatic or cycloaliphatic group function as polymerization 

catalysts for the manufacture of colorless diene polymers [216]. A 

patent issued to Ross [217] describes the conversion of MH, to MR, where 

M is Si, Ge, Sn, Pb, P, As, Sb or Bi by the reaction of the metal hydride 

to the olefin. The preparation of a number of metal alkyls in this 

manner is claimed. Smith [218] has been awarded a patent which describes 

the treatment of halomethylated polystyrenes with CfAsPh2. Oxidation of 

the reaction products gives polystyrenes having As(O)Ph2 groups attached 

to the benzene rings. These compounds function as catalysts for the 

conversion of isocyanates to carbodiimides. A very similar patent has 

been awarded to Alberino and Smith [2191. This patent describes the use 

of a polystyrene containing As(OIPh8 or CH2As(O)Ph2 groups for the 

conversion of [4-(GCN)C,H4]2CH2 to a carbodiimide containing reaction 

product which is stable after removal of the As-containing catalyst by 

fi 1 trati on. 

Russian workers [220] have described the synthesis of polymers 

containing arsines as functional groups. These polymers function as ion 

exchangers in a manner analogous to quaternary ammonium bases. The 

manner of synthesis and the type of polymers formed is shown by the 

following: 

R2AsBr f 2 Li - R2AsLi + LiBr 

-CH-CH2- 

c 

-CH-CH2- 

Q. \ 

4 

+ LiCl 
/ 

+ R2AsLi d 
3 ‘.. / 

CH2C1 hd2k.Ft 

Zhukova, et al. [221] have studied porous styrene-divinyl benzene 

copolymers impregnated with tris(pctyl)arsine oxide as sorbents. A 

References p_ 175 



method for the-recovery of arsenic acfds, RJ?s(O)(GH)~ is the subject of 

a Japanese patent [222]. Waste ?iquids conbaining arsenic acids up to 

4000 ppm are treated, following adjustment of the pH to 4.9, with zinc 

chloride, and the arsenic acid concentration is lowered to 100 ppm. A 

method for the production of the ferric salt of methanearsonic acid 

containing only 0.042 inorganic arsenic is described [223]. Following 

the conventional industrial synthesis of methanearsonate 

(As203 + WaOH + &Cl, pressure), the disodium methanearsonate is stirred 

with slaked lime, clarified, and treated with ferric sulfate. This gives 

the pure ferric salt. 

The deposition of thin films of III-V semiconductors by the thermal 

decomposition of vapors of a III-V addition compound has been reported 

[224]. As an example, gallium arsenide layers were deposited on a 

number of substrates by the thermal decomposition, at 600”, of 

Et3As-GaEt2Cl in helium carrier gas. The substrates were a cleaved 

fluoride, a polished corundum, gallium arsenide and germanium. The 

thickness of the layers was about three microns. Rheingold and Lewis 

[225] have prepared a review of their work on semiconducting organo- 

arsenic material 5. The syntheses and electrical properties of polymers 

having the stoichiometry (RAs), is presented. 

The reaction between eneamines and arsenic tribromide yields 

molecules suitable as dyes [226]. These have the following structure: 

The nitronium ion oxidizes triphenylarsine to triphenylarsine 

oxide [227] _ Heterocyclic acetylenic derivatives containing arsenic on 
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the acetylenic substituent have been described [228-j. They have the 

following structures: 

Ph Ph 

CrC-As CX-As’ 

or 
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