
195 

ARSENIC 

ANNUAL SURVEY COVERING THE YEAR 1971 

G. 0. DOAK AND LEON D. FREEGMAN 

Department of Chemistug, North Carolina State University, RaZeigh, 
North CaroZina 27607 (U.S.A.1 

1. BOOKS AND REVIEGIS 

Although no books or review articles devoted to arsenic or other Group V 

representative elements have been published in 1971, several books and articles 

included data on chemical or physical properties of organoarsenicals. In a 

review article on the redistribution reaction, Noedritzer [l] summarized redis- 

tribution reactions of organic arsenic compounds. In a report on the spectro- 

scopic properties of inorganic and organometallic compounds, such physical 

properties as NMR, IR, and NQR spectra of organic compounds containing one or 

more arsenic atoms were mentioned [2]. In a monograph on the thermochemistry of 

organic and organometallic compounds, the rather scanty thermochemical data 

on organoarsenic compounds were suzma rized [3]. A few organic compounds contain- 

ing As-Ge bonds as well as As-C bonds have been mentioned in a monograph on 

organogermanium compounds 141. 

In a review article from 1970 which appeared too late to be included in the 

1970 review of arsenic compounds, Davis and Gray [5] listed alkali metal and 

magnesium derivatives of organoarsenic compounds together with similar alkali 

metal and magnesium compounds of a number of other metals. A review article on 

steric effects in substituted halocarbonyl derivatives of molybdenum and tungsten 

included organophosphorus, arseniqand antimony compounds as Ligands 163. 

References p. 242 



G_O.DDAKANDL_D.FREEDMAN 196 

2. PRIMARY _AND SECONDARY ARSINES 

Cullen and Leeder [7] have studied the rate of the exchange reaction: 

Me2AsD + Et2AsHs Me2AsH + Et2AsD 

The reaction rate was easily determined by conventional PMR techniques. The 

reaction was studied both for the neat liquids and in solution in diethyl ether- 

dlO; 
at 35O rate constants of 5.9 

respectively, were obtained. The 

were 1.335 2 0.020 and 1.2 2 0.1, 

x 10 -5 and 4.95 + 0.25 x 10e5 
-1 

liter mole-1 s , 

equilibrium.constants under these conditions 

respectively. The rate of the reaction 

-between Me2AsH and (CF3)2AsD was found to be too fast to measure. 

By the use of 14C-labelled methylcob(III)alamin and of 74As-labelled di- 

sodium arsenate McBride and Wolfe 183 were able to demonstrate that both whole 

cells and cell extracts of Methanobacte13iwn strain M.O.H. were able to reduce 

and methylate the arsenic to dimethylarsine. The methyl donor of choice was 

shown to be methylcobalamin. The pathway involved the reduction of arsenate 

to arsenite followed by methylation to form methanearsonic acid. The methane- 

arsenic acid was then reductively methylated to form dimethylarsine. 

Carlton and Cook [9] have reported the synthesis and PWB spectra of the 

three interesting arsines I, II, and 111. 

II III 

The secondary arsine i was prepared by treatment of the corresponding primary 

arsine with n-butyllithium followed by the addition of methyl iodide. The 

arsine 11 was obtained by cleavage of a methyl group.from o-phenylenebis(di- 

methylarsine) by sodium in liquid ammonia. Approximately 15-25% of phenyldi- 

methylarsine was obtained by the same reaction. The final product 111 was ob- 

tained from o-dimethylarsinophenylphosphine. 
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The PMB spectra of the compounds were of particular interest. Compound 11 

showed the presence of three magnetically nonequivalent methyl groups. The 

spectrum of 1 showed two overlapping quartets due to nonequivalent protons 

attached to arsenic in dZ and meso forms. 

King and Kapoor 1101 have introduced a novel method of Preparing polyter- 

tiary phosphines and arsines by the addition of compounds containing the P-H 

or As-H bond to unsaturated linkages in the presence of a base catalyst. 

Although this paper is mainly devoted to phosphorus compounds, the three organo- 

arsenicals Ph2PCH2CX2AsPh2, PhP<CH2CH2AsPh2)2,and kW?zs-Ph2PCH=CHAsPh2 were 

also prepared. The last compound was obtained from diphenylethynylphosphine 

and diphenylarsine. Both lH and 31P NMR spectra were given and all the com- 

pounds were characterized by elementary analyses. 

The base-catalyzed addition of both diphenylphosphine and diphenylarsine 

to vinyl isocyanide in boiling benzene has also been reported by King and 

Efraty [ll]. The arsenic product Ph2AsCH2CH2NC was a liquid obtained in 31% 

yield. Both the phosphorus and arsenic compounds formed complexes with the 

norbornadiene chromium complex C H Cr(C0) 
78 4 

of the approximate composition 

(Ph2MCH2CH2NC)4Cr3(C0)12 where M = P or As. The compound Ph2kXH2CH2NC was 

characterized by elemental analysis, molecular weight data, and by IX and PMH 

spectra. 

A series of compounds containing As-Sn bonds has been reported by Anderson 

and Brake 1121. The organoarsenic compounds described were Me3SnAsHPh, 

Me3Sn&Me2, Me3SnAsPh2, (Me3Sn)2AsMe, and (Me3Sn)2AsPh. The synthetic methods 

used for the preparation of these compounds as well as compounds containing an 

As-Sn but no As-C bond were listed in detail. The compounds were characterized 

by lH, NMB, and molecular weight determinations. 

3. TERTIARY ARSINES 

A. Preparation 

The preparation of three new ligands (o-CH~=CHC~H~)~M, where M = P, As, or 

References p. 242 





ARSENIC 199 

Kuo and Jolly 1161 have studied the reaction of the AsH2- ion with aryl 

halides. The overall reaction was: 

3AsH2- i- 3PhX-2AsH3 + Ph3As + 3X- 

When iodobenzene was the aryl halide no triphenylarsine was found and the only 

organic arsenical isolated was tetraphenyldiarsine. The other products were 

arsine, hydrogen,and benzene. With bromobenzene, in addition to arsine and 

triphenylarsine, tetraphenyldiarsine, benzene, arsine,and diphenylarsine were 

isolated. With chlorobenzene triphenylarsine but no tetraphenyldiarsine was 

found. When K&D2 was allowed to react with bromobenzene essentially pure 

C6H5D was obtained. The authors presented plausible mechanisms to account for 

their results. 

In a study of coordination compounds of mercury(I1) Sandhu and Singh 1171 

have reported on the synthesis of three new tertiary arsines: Z-carbomethox- 

phenyldiphenylarsine, 2-carboxmethoxyphenyldimethylarsine, and Z-carbomethoxy- 

phenyldi-p-tolylarsine. They were all prepared by esterification of the corre- 

sponding carboxyarsines with diazomethane. 

Although quadridentate ligands such as (o-Ph2AsC6H4)3As or (o-Ph2AsC6H4)3P 

can be readily prepared, Dawson and Venanzi [18] were interested in obtaining 

ligands in which different ligand groups were attached to the central atom of the 

ligand. They have outlined a general scheme for preparing a variety of such 

compounds and then applied this general scheme to the preparation of the compound 

IV. 

IV 

References p. 242 
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The spin-decoupled 32 P-{'H] NMR spectrum of this compound was reported, and 

chemical shifts of the two phosphorus atoms were assigned. 

The cleavage of phenyl groups from triphenylphosphine, -arsine and -stibine 

by an alkali metal is a well-known reaction. Braye and co-workers [19] have 

studied the cleavage of phenyl groups by the action of an alkali metal on penta- 

phenylphosphole and pentaphenylarsole- With the phosphole, the phenyl group 

attached to the phosphorus was cleaved by Li, Na, or K to give the ion V (M = P). 

Ph Ph 

V 

In contrast pentaphenylarsole reacted with both lithium and potassium with loss 

of arsenic and the formation of 1,2,3-triphenylnaphthalene. With sodium, however, 

pentaphenylarsole behaved in a similar manner to the phosphole and gave the 

ion v, M = As. The cleavage reaction was carried out in boiling toluene and was 

followed by the addition of methyl iodide; the product isolated was l-methyl- 

2,3,4,Stetraphenylarsole. Oxidation of this amine with hydrogen peroxide gave 

the arsine oxide. 

In a series of interesting reactions, Ang and Ho 1201 have shown that bis(tri- 

fluoromethyl)nitroxide,(CF3)2NO;reacted with tris(trifluoromethylarsine to form 

three different products, (CF3)2NOAs(CF3)2, [(CF3)2NO]2A~CF3, and [(CF,)2NO]3As. 

The first two products were formed when the reactants were allowed to react at 

room temperature; the products formed depended only on the ratios between the 

reactants. The third product, [<CF,)2NO]gAs,was formed at a 6:l ratio of (CF3)2N0 

to (CF3)$s at a temperature of Too. The IR spectra of the products were given 

and assignments of the various bands were made. 

l,l'-Disubstituted ferrocenes have been difficult ta prepare. Bishop and 

co-workers [Zl] have now demonstrated that ferrocene can be dilithiated in high 
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yield by the use of n-butyllithium and N,N,N*,N'-tetramethylethylenedianine. The 

dilithiated product, which was pyrophoric, reacted readily with halophosphines or 

haloarsines to yield the ferrocene diphosphines or diarsines. Thus were prepared 

ferrocene-l,l'-bis(dimethylarsine), its mono- and dimethiodide and arsine sulfide, 

as well as fertocene-l,l'-bis(diphenylarsine), its dimethiodide, and arsine 

sulfide. Both PMR and infrared data were included. 

B.. Spectra 

The absorption and the fluorescence spectra of the three heterocyclic 

pentadienes VI, as -well as the two related compounds VII and VIII,have been 

compared [22]. There was little difference in their absorption spectra, but 

P&T--$Ph Ph&yAPh Pk$Ph 

Ph Ph 
/'\ 

Ph 0 

VI 

(a, M = N; b, M = P; 

c, M= As) 

VII VIII 

there was considerable difference in the radiative lifetimes of several of the 

compounds. The values of the quantum yield of fluorescence (4) decreased in 

going from Via to VIC because of an increase in quenching efficiency with in- 

creasing atomic number of the hetero atom. 

The mass spectra of five derivatives of 5,10-dihydrophenarsazine have been 

reported by Tou and Wang [23]. The results were quite similar to those reported 

earlier by Earley and Gallagher [241. Tou asd Wang also studied the pyrolysis 

of the phenarsazine derivatives and concluded that the pyrolytic decompositions 

closely parallel the ion fragmentations. 

References p. 242 
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In a previous paper [23] Yoder, Tuck, and Hess have reported on the 13C-H 

coupling constants of compounds of the type XC6H4Me or XC6H4pMe, where Y = CS 

N, or 0, and n = 3, 2, or 1, respectively. A plot of the coupling constants 

VS. the Hammet u constants for the group X, gave straight lines whose slopes 

were indicative of the ability of the group Y to transmit electrical effects to 

X. The work has now been extended to compounds of the type XC6H4YMen where 

Y= Si and Ge and n = 3, Y = P or As, n = 2,and Y = S, n = 1 1291. A number 

of new tertiary arsines were prepared by standard methods end their chemical 

properties reporred. Unfortunately, because of inability to find common solvents 

and because of poor correlation coefficients the authors were unable to draw any 

satisfactory conclusions as to the ability of the Group V elements tb transmit 

their electrical effects to the substituent group. 

In a paper largely devoted to the UV spectra of organophosphorus compound&, 

Shagidullin and Chemova [30] report on the UV spectra of two tertiary arsines, 

p-MeC6H4As(n-Pr)2 and p-MeOC6H@t2. 13 the spectrum of the tolyl compound 

three bands were seen and were assigned as K, R,and B bands. The band Xmax = 

~245 nm, log E = 3.96 was believed to be associated with the n -t TI* transition. 

In the anisyl compound the K band was expected to exhibit a bathochromic shift, 

the R band a hypsochromic shift. The spectrum of the compound revealed that the 

K and R bands were combined. The R band was found to disappear when the anisyl 

arsine was oxidized to the arsine oxide. 

The IR spectra both in Ccl4 solution and in perfluorocarbon or Nujol mulls 

and the Raman spectra in the solid state and in CHC13 solution were reported for 

(P-FC~H~)~AS, (p-C1C6H4)3As, (m-FC6H4)+s, (wCIC~H~)~A~, and also for the four 

corresponding arsine oxides 1311. By considering the para compounds as possess- 

ing C2v symmetry and the meta compounds Cs symmetry, assignments for all of the 

bands were made. 

The preparation of (m-FC6H4)3As, @-FC6Hi)3As, (WCIC6H4)3A%and (P-ClC6H4)@ 

by a Grignard reaction has been described by de Ketelaere and co-workers [32]. 

References p. 242 
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The arsines were oxidized to the corresponding arsine oxides by hydrogen peroxide 

in acetone solution. The PMR spectra of all of the compounds were given and for 

(p-Fc6H4)3~ and the corresponding oxide coupling constants were calculated. 

Similar constants were also calculated for (p-C1C6H4)3As and the corresponding 

otide. The lgF NMR for the fluoro compounds were also given. 

The mass spectra of triethyl-, tri-n-propyl- and tri-n-butylarsines and of 

tetraethyl-, tetra-n-propyl-,and tetra-n-butyldiarsines have been reported by 

Bogolyubov and co-workers [33]. The mass spectra of the trialkylarsines were 

similar to other alkyl derivatives of Groups V and VI. There is a fairly intense 

molecular ion followed by loss of a C,H2, fragment. After a second As-C bond was 

broken, a loss of arsenic led to the formation of a group of hydrocarbon ions. 

The mass spectra of the tetraalkyldiarsines were somewhat different from that of 

the trialkylarsines. The energy of dissociation of the M-Mbond in a series of 

Group V compounds (RPM--MR,) and Group VI compounds (RM-MR), where R is ethyl 

except for Me2N-NMe2, was compared with the energy of dissociation of the diatomic 

molecules of the Group V and VI elements. It was concluded that alkylaticm 

Powered the bond energy, particularly in the case of oxygen and nitrogen. 

In a paper devoted mainly to the preparation of phosphino acetylenes, Catty 

and co-workers 1341 have described two arsenic-containing acetylenes, Ph2AsCXCF3 

and Ph2PCXAsPh3. The IR and mass spectra of the compounds were listed, and 

suggested pathways for the fragmentations were given. 

Both the ultraviolet spectra and the ionization potentials as determined 

by photoelectron spectroscopy of a series of unsaturated fluorocarbon derivative8 

of N, P, As, and Sb have been reported by Cullen and co-workers [3!5]. Many of 

the olefin compounds showed absorption in the low energy region which was 

assiSced either to an r. + n* transition or to charge transfer. The compound 

A8(CF=CF2)3 does not absorb in this region presumably due to delocalization of 

the arsenic lone pair. The &8- and ?&zns-isomers of MeZAsC(CF3)=C(CF3)H 

showed significantly different UV spectra. The c&-isomer absorbed approximately 
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twice as intensely as the trmrs-isomer and the absorption was more solvent 

dependent. This result has bee= attributed to steric interactions in the excited 

state.. The acetylene derivatives showed a low energy transition which has also 

been attributed to a n * r* transition. A high energy band in these compounds 

was attributed to a r + n* transition. The effect of structure on the ionization 

potentials of several of these organoarsenic compounds was also discussed. 

In a paper devoted to the calculation of valence force constants and mean 

amplitudes of vibration from available data for the compound As(CZM)3, Smit and 

Dijkstra [36] considered both a lir,ear and a bent configuration for the As-CCC-H 

grouping and concluded that either model reproduced the observed frequencies 

equally well. The fact that the As-C stretching force constant for As(CXH)~ was 

somewhat higher than that reported for trimethylarsine may indicate some p, - dSI 

bonding in the acetylenic compound, but this*would be somewhat less than in the 

corresponding triethynylphosphine. 

In continuation of earlier work on the 

elements, gpshtein and co-workers [37] have 

phenol when complexed with triphenylmethane 

electron-donor capacity of Group V 

investigated the infrared spectra of 

and with compounds of the type Ph3M, 

where Pi = N, P, As, or Sb. The infrared spectra suggested two types of bonding, 

namely a n-complex between the phenolic hydrogen and the B system of the Ph3M 

molecule and a "p-complex" between the phenolic proton and the heteroatom. The 

energies cf formation of both types of bonding were calculated; the energies 

of the H-complexes of the various hetero-atoms were in the order; P > Sb Q As > N. 

C. Use as Ligands 

The cleavage of bis(dithiolene)-iron dimers by a number of Lewis bases to 

form five-coordinate adducts has been reported by Balch 1381. Among the bases 

studied were both triphenylarsine ar.d triphenylarsine oxide,. 

Cheney and Shaw [39] have isolated dl and meso forms of the complexes MX2L2: 

where M = Pt or Pd, X = Cl, Br, or I, and L = (PhMeAsCH2)2. Both modifications 

(where X = Cl) reacted with methyllithium to give the corresponding dimethyl com- 

References p-242 
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ties of the complexes are not readily accountable for by a consideration of only 

the electronic properties of the donor ligands. With such a view in mind Dawson 

and co-workers [43] have analyzed the effect of geometric factors imposed by the 

ligand structure on the properties or on the preparation of a group of quadridan- 

tate ligands of the type L'(o-C~H~LK~)~, where L and L' were such atoms as N, P, 

As, and Sb, or of the type L'(o-C6H4LK)3, where L' is P and L is S or Se. The 

authors arrived at a set of match or mismatch parameters of these tripod ligands 

compared with some monodentate ligands. 

A number of interesting compounds derived from Mn2(CO)10 and a group of 

arsenical ligands of the type Me2AsX have been reported by Grobe and Kober 1441. 

Thus, the compound Mn2(CO)8AsMepI was readily prepared from Me2AsI and Mn2(CO)10, 

but the corresponding compounds from Me2AsBr and Me2AaCl could not be prepared 

directly. Two other ligands which did react with Mn2(CO)10 to give compounds of 

the type Mn2(CO)8AsR2Y were Me2AsP(CF3)2 and (CF3)2AsPMe,. The iodine in 

Mo2<CO)8AsMe21 was readily replaced by reaction with various compounds to give 

other derivatives oE the type Mn2<CO)8AsMe2X, where X was SCF3, SMe, Cl, H, or 

PHe*_ 

A large number of other papers describing the use of tertiary arsines as 

ligands have also been published. The metals coordinated to the arsenic in the 

complexes included chromium 145-521, cobalt 149, 53-611, copper [62-691. 

gold 170-733, iridium [74-831, iron 149, 57, 84-881, manganese [45, 57, 89-911, 

mercury 1921, molybdenum [45-47, 49-52, 94-1001, nickel [49, lOl-1071. 

osmium 1108, 1091, palladium [llO-1221, platinum [ilO, 113-115, 118, 119, 123-1391, 

rhenium 189, 941, rhodium [78-80, 82, 116, 140-1471, ruthenium [85, 148-1551, 

silver ~73, 1561, tin 11571, LLtanium [1571, tungsten [45-47, 49-52, 961, and 

vanadium [158]. 

D. Other Chemical and Physical Properties 

Gatilov and co-workers, who have contributed many articles on the optical 

activity of tertiary arsines, have reported 11591 on the optical activity of the 
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interesting arsenic heterocyclic compounds. Most of the compounds do not contain 

a C-As bond, but the reaction of methyldichloroarsine and ethanolamine led to the 

formation of bis(P-methyl-1,2,3-oxarsazolidino;)methylarsine (IX). 

IX 

The compound was characterized by elementary analysis and molecular weight. 

The reaction of dialkylaminodimethylarsines. R2NAsMe2, where R = He or Et, 

with B-propiolactone resulted in alkyl-oxygen cleavage and formation of the 

adduct Me2As02CCH2CH2NR2 [164]. The adducts were sensitive to protic solvents 

and were cleaved by methanol to give methyl dimethylarsinite which was identified 

as dimethylchloroarsine after treatment with hydrogen chloride. Treatment of 

t3-propi,:id:2t .nr3 with dimet~lyL;pyi~..ii.:;~i. -.*: :.:,;..: J.i‘:c poly-S-propiolactone in 

90:: yield. 

fhe study was aiso extended t+ ttlci ..:J c;.:ii .:I d;alkylaminodimethylarsines 

and Mjnrjsubsr ztuted ethylene oxides. 'l'hr iv.._ r c ,-n proceeded in the following 

nmnnet: 

Ele AsNR 
2 2 

-..-~~lt~,AsOQ~R'CH2NR2 

PHR dtir. z~ LIT: the adducts and the drgredacrun produscs produced when the adducts 

were rreated with methanol followed by hvtirogen chloride in ether were used to 

establish the structure of the adduct~. YIV.- cLxntornmrion of the adducts 

produced from l,l,l-trichlora-2, +ep:.xypr.qX,,,c clnd several dialkylaminodimethyl- 

arsires WBS Geduced irom the PEIR tl.tr;~. 
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5. HALOARSINES 
: 

Tertiary polyfluoroalkylarsines were readily prepared by the reaction of 

AsF3 with fluoroolefins in the presence of SbFS [165]. Thus, AsF3 and CF2=CH2 

gave a 42'6 yield of (CF3CH213A~. Other arsines prepared by this method were 

(CF3CHF)3As and (C2FSI3As. The latter compound was obtained from CF2=CF2 and 

AsF3 which also gave a 30'6 yield of (CF2CH2)2AsF 

Very similar work to 

The catalyst in this case 

KF3CF212AsF. Simrlarly, 

The infrared spectra 

the above has been described 2x1 a British patent [166]. 

was SbF 
3' 

Thus, CF2=CF2 and AsF3 gave (CF3CF2)3As and 

CF2=CFCl and AsF3 gave (CF3CFClJ2AsF. 

(from 4000 to 33 cm-') and the Raman spectra of the 

compounds MeAsC12. MeAsBr2. IieAsI2, and CD3Asl 2 have been reported by Durig and 

co-workers 11671 On the basis of Cs symmetry for these molecules, all of the 

fundamental vibrational frequencies were assigned. The barrier to internal 

rotation for the molecule MeAsBr 
2 

was calculated to be 461 ? 30 -I or cm 

1.32 i 0.06 kcal/mole. 

In continuation of previous work on heterocyclic arsenic compounds, Sommer 

[168] has prepared the two oxides X and XI by hydrolysis of the corresponding 

chloroarsines. 

H2C- 

I 

% 
/72--rn2 

As-o-As 
/ I 

H2C’“2 
\ CH-CE 2 2 

X 

H2c 

/H2=- cH2\ /cx2-m2\ 
As-o-As 

\ / 
cH2-2 

\ 
CH2-2AC82 

XI 

The reaction of 1,4-tetramethylenebis(magnesium bromide) with dichlorodimethyl- 

aminoarsine gave XII which was readily hydrolyzed to X. 
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/%r-cH2 
Me2N--As 

\ I 
CH-CH 

2 2 

XII 

The oxides X and XI were also obtained, but only in low yields, by the action of 

the Grignard reagents obtained from 1,4-dibromobutane or 1,5_dibromopentane and 

finely powdered arsenic(II1) oxide. The two oxides X and XI were readily 

oxidized with hydrogen peroxide to the corresponding arsenic acids. 

1,4-Diphenyldiarsenane.rezcted with As&3 in a sealed tube to give 1,4-dichloro- 

diarsenane, XIII. This with sodium bicarbonate in methanol gave a small amount 

of the oxide XIV together with larger amounts of a dimeric oxide: 

MeOH 

\ CH-CH / 
N&O3 a 

2 2 

XIII XIV 

The previously prepared 2,6-dichloro-2,6-diarsabicyclo[3,3,O]octane (XV) reacted 

WithHO 
2' 

H2S, or MeNH 2 to give the tricpclo compounds XVI. 

/2- cH- a-Ascl 
CIAS 

\ I 
CH-al- 

/ 
2 CD2 

xv 

Refzremes p. 242 
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6. OTHER TRIVALENT ARSENIC COMPOIjNDS 

Phenoxarsines of the type XVII,’ which are useful as pesticides and as 

XVI I 

stabilizers for polyvinyl chloride, have been obtained by the reaction of lO,lO'- 

oxybisphenoxarsine with phenol or with substituted phenols 11691. 

A second patent describes the preparation of phenoxyphenylphenoxarsines 

XVIII from the reaction of lo-chlorophenoxarsine with the appropriate phenoxy- 

Q Ph 
XVIII 

phenylmagnesium chloride 11703. The compounds were useful as fungicides, 

herbicides, and insecticides. 

In a study devoted to the bactericidal and 

of compounds which react with thiol groups, the 

where R = Cl or NH2, were shown to 

activity 11711. 

have a broad 

other antimicrobial properties 

two compounds p-RC6H4As(SCH2C02H)2, 

spectrum of antibacterial 

In a continuation of previous studies dealing with the reaction of alkyl 

halides with esters of dialkyl- or alkylarylarsinous acids, Abalonin, Chemokal'ski 

and co-workers 11721 have examined the IR and proton NMR spectra of the products 
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and concluded that, contrary to previous statements, the products were tetraalkyl- 

or trialkylphenylarsonium salts. 

In a study of azides of the type Me2MN3, where M = As, Bi, or Tl, Miiller [173] 

prepared azidodimethylarsine by the reaction between dimethyliodoarsine and silver 

azide. The compound was a colorless liquid, b.p. 136", and was monomeric in 

benzene. The IR and Raman spectra of the compound were reported and confirmed 

the monomeric structure. 

When trigermylarsine 

in a vacuum line at -78O, 

was: 

(GeH3)3As was allowed to react with dimethylchloroarsine 

chlorogermane was evolved 11741. The postulated reaction 

(GeH3)3A~ + Me2AsCl ----_)Me2AsAs(GeH3)2 + GeH3C1 

The Me2AsAs(GeH3)2 was not isolated or otherwise characterized. On warming to 

room temperature, Me2AsGeH3 and a yellow solid were obtained. The yellow solid 

was believed to be (GeH3As)% where n = 5. 

In a preliminary communication Anderson and Cragg 11751 reported on the mass 

spectra of a series of heterocyclic arsenic compounds of the type XIX (where 

X=OorSandY= 0 or S; or X = 0 and Y = NMe; 

c 

\ 

,/"" 

and R= Ph, Et, Me2N. or Et2N). 

XIX 

In all compounds the R was readily lost to give an "arsenium" ion. This ion 

must be quite stable and generally exceeds the parent ion in intensity. When R 

was phenyl, a rearrangement occurred resulting in the formation of the tropylium 

ion. 

In describing 

reactions of these 

borane Me2AsSBMe2. 

References p. 242 

a series of thiodimethylboranes of the type R,$BMe2 and the 

compounds, Vahrenkamp [176] prepared the arsenic-containing 

It was obtained by the reaction between (Me2As)2S and Me2BI: 
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Cleavage of the ketone m-BID H 1O AsCCOCBIOHIOCMe-m with NaOH and ethanol yielded 

m-B10 10 
H AsCH and m-MeCB10H10CC02Na. Fran this latter result it was concltied 

that the-m-carbaarsaborane system was a stronger electron acceptor than the 

m-carborane system. A similar cleavage of m-BIOHIOAsCCOCPBloHlo-m indicated 

that the m-carbaphosphaborane systen was a stronger electron acceptor than the 

m-carbaarsaborane system. The pKa of the m-carbaarsaborsnecarboxylic acid 

was found to be 3.27 2 0.05 in 50% alcohol. 

The report of an unsuccessful attempt to prepare mixed esters of the type 

RAs(OR')SR" by several types of reaction has been given by Chadaeva and co- 

workers [179]. For example, the reaction of PMs(Cl)OEt with EtSNa gave a 

mixture of PhAs(OEt)2 and Ph(SEt)2. However, mixed esters from Z-chloro-1,3,2- 

oxathiaarsolane were obtained: 

CR-S 

I 
2 

\ 
AsCl 

CH-0 
/ 

2 

The interesting compound PhAsC13N3 was prepared by the reaction of chlorine 

M-S 

I 
2 

+ NaSR ___) \ AsSR + NaCl 

CH2- O/ 

azide with phenyldichloroarsine in carbon tetrachloride solution [180]. The 

chloroazide was unstable at room temperature and slowly evolved chlorine and 

nitrogen. The decomposition was accelerated at higher temperatures but the 

reaction was not explosive: 

PhAsC13N3C PhAsClN + Cl2 + N2 

The product PhAsClN was best prepared at 100" in vacua. It was a glass which 

occurred as a trimer in benzene solution. In the IR spectrum of this compound 

-1 
a poorly structured band between 960 and 1020 cm was explained in terms of 

extensive As-N n bonding. A six-membered ring structure with alternate As and 

N atoms was assigned to the compound, but the ring conformation could not be 

determined on IR data alone. 

The reaction be?zween Me3SiPH2 and (CF3)2PI or (CF~)+GI to yield Me3SiI 

Refeencesp-242 
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and (CF3)2PPH2 or (CP,)2AsPH2 has-been reported by Demuth and co-workers Cl811, 

-but unfortunately they were unable to obtain pure products by fractional 

distillation since the reactants and products possessed similar boiling points. 

Accordingly, the products were characterized in the impure state by means of 

'H, lgF and 31P NMR spectra. The two compounds (CF3)2PPH2 and (CF3)2AsPH2 were 

rapidly oxidized in the air and decomposed at room temperature in the 

absence of air to give (CF3)2PH or (CF.,)2AsH and a polymeric phosphine. 

Although compounds of the type RAs=AsR (analogous to the azo compounds) are 

unknown, Elmes, Leverett, and West 11821 have shown that the compound C6F5AsAsC6F5 

can exist when bonded to an iron atom to form the complex Fe(C0)4<AsC6F5)2. An 

X-ray analysis of the complex showed that the arsenic compound was acting as a 

bidentate ligand. The As-As distance was considerably shorter than the As-As 

distance found in &Me)5 and (AsPh)6. The reactions of (AsMe)5, (AsEt)5, and 

(AsPh)6 with iron pentacarbonyl and of (AsMe) with dimanganese decacarbonyl have 

also been described [l_82a]. 

Although the compound (M~+z)~S~ has been known for over 100 years, it had 

always been assumed to possess the structure Me2AsSSAsMa2. However, in 1964 

Camerman and Trotter [1831!‘ established that the compound possessed the structure 

MeaAs(S)-SAsMe2 by means of a single-crystal X-ray analysis. Zingaro and co- 

workers 11841 have now shown by means of PMR and IR studies that the compound in 

solution exists as an equilibrium mixture of both compounds: 

Me.+(S)-SAsMe2._ -Me2AsSSAsMep 

The relative intensities of the peaks in the PMR were found to vary with the 

solvent, concentration, temperature, and the time elapsed between preparation of 

the solution and the PMR measurement. Thus in most cases the spectra showed 

three peaks; the peaks at 62.10 and 1.50 ppmwere of approximate equal intensity 

with a third peak at 1.36 ppm which varied widely with the solvent used. The IR 

spectra of the compound in CC1 
4 

and in C H Cl was found to change as the 
22 4 
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temperature was raised and this was interpreted as a shift in the equilibrium 

towards the disulfide form. By the use of the PMR data at several temperatures 

and concentrations the equilibrium constants, enthalpy changes, entropy changes 

and the free energy changes for the equilibrium were calculated. A suggested 

mechanism for the reaction to give the two species was given. 

In an extremely valuable paper Ashe [185] reported the preparation and 

spectral properties of phosphabenzene (phosphorin) and arsabenzene (arsenin). 

The arsenic compound was prepared from 1,4-dihydro-l,l-dibutylstannabenzene and 

arsenic trichloride, and the product was isolated by distillation and purified 

by glpc techniques: 

0 I I 
A&l3 

BlijSnlBu * 0 3 

The arsenic compound was an air-sensitive liquid. The PMR spectrum and the mass 

spectrum were in agreement with the assigned structure. The W spectrum showed 

two intense bands at 219 and 268 nm with a shoulder at 305 nm which the author 

tentatively assigned to an n + TI* transition. 

compound (CF$~S)~ has been reported by Mandel and Donohue 11861. The intra- 

mlecular 

planarity 

relief of 

Some 

distances and angles were given. The ring was slightly distorted from 

and the As-As-As angles were 83.6". This distortion was ascribed to 

Pitzer torsion strain. 

reactions of bis(dialkylarsenic)oxides have been reported by Kamai 

A three-dimensional X-ray crystal structure study of the 4-membered ring 

and co-workers [1873. The reaction of bis(diethylarsenic) oxide with PhCOCl gave 

a mixture of Et2AsCl and Et2AsOCOPh. Bis(diethylarsenic) oxide reacted with 

ethyl iodide to give Et4AsI as well as Et2AsH and Et2AsOEt. The reaction of 

bis(diethylarsenic) oxide with methyl iodide gave diethyldimethylarsonium 

iodide. The reaction of bis(di-n-propylarsenic) oxide with methyl iodide gave 

a product which reacted further with magnesium perchlorate to give dimethyldi-n- 

propylarsonium perchlorate. 
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acid and malonaldehyde has been described [190]. The hydrochloride of this acid 

as well as the disodium salt of the acid formed complexes with Ni, Co, and Cu 

halides; visible spectra of these complexes were reported. 

Lyons and Symons have presented ESR evidence for strong hyperfine inter- 

action between phosphorus, tin, or arsenic atoms 6 to radical centers [191]. 

The two arsenic compounds were XXII and XXIII. This coupling was shown to be 

Et 0 

+//Et 

H\;-/T 

ASHoH 
f 

H' H'\HB 

H\’ / \oH 

/-" 
Me H"H 

XXII XXIII 

due to hyperconjugation rather than due to any involvement of d-orbitals of the 

Sn, P, or As. 

The polarographic behaviour of benzenearsonic acid, four substituted 

benzenearsonic acids and u-naphthalenearsonic acid was determined over the 

concentration range 5 x 10 -' M to 1 x 10 -3 M and over the pH range O-3 11921. 

Benzenearsonic acid as well as o- and p-hydroxybenzene- and 2,4-dihydroxy- 

benzenearsonic acids showed only one reduction wave in solutions of pH c 3. A 

nitrosubstituted benzenearsonic acid showed an additional wave due to reduction 

of the nitro group. The half-wave potentials of the various acids were listed, 

and were all found to be quite similar. This fact, together with the inactivity 

of phenylphosphonic acid at the dropping mercury electrode, suggested that only 

the arsenic was being reduced. A mechanism ror the reduction involving formation 

of arsenosobenzene and phenylarsine and their combination to form arsenobenzene 

was suggested. This mechanism was in part based on thin layer chromatography and 

the mass spectra of the products produced by macro-scale electrolytic reduction. 

The IR spectra and magnetic susceptibilities of complexes formed between 

uranium(IV) and a variety of arylarsonic acids have been reported by Sandhu 

Aulakh [193]. Similar data have also been reported for the cobalt, nickel, 

References p. 242 
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copper salts of benzene- and o-aminobenzenearsonic acids by Sandhu and 

Sandhu [194]. 

Freedman and co-workers [195] have reported on the molecular weights of a 

series of phosphonic, phosphinic, arsenic, and arsinic acids in ethanol solution. 

The apparatus used was a differential isothermal osmometer, and all of the 

compounds were monomolecular in 95% ethanol. 

In continuation of their work on examining the physical properties of long 

chain dialkylarsinic acids, Smith, Zingaro, and Heyers [196] have reported on 

the X-ray crystal structure of the acids R2As02H, where R was varied from Me to 

n-CRH17. With the n-C6H13, n-C7Hl5 and n-CgH17 acids there was a crystal phase 

change at higher temperatures. It was shown that the cell volumes of the high 

temperature forms of tbe ?z-C6H13, n-C7H15,and n-CSH17 acids were approximately 

on the same straight line as the Me to Bu acids, when cell volumes were plotted 

against chain lengths. 

A single crystal X-ray analysis of n-propanearsonic acid has been reported 

by Smith, Zingaro, and Meyers [197]. The coordination around the arsenic atom 

was roughly tetrahedral, and the molecules are iinked into "chains of dimers" by 

hydrogen bonding. Of the three As-O bond distances, one was somewhat shorter 

than the other two, which was ascribed to the As=0 structure. 

In continuation of previous work on the effect of arsenic acids on the 

surface potential and surface tension of aqueous solutions Kamie&ki and Krauss 

[198] report on the influence of o--, m- and p-chlorobenzenearsonic acids on the 

above properties. The surface potentials were plotted against concentrations of 

the acids to give smooth curves. In the case of o-chlorobenzenearsonic acid 

(0.04 M), the surface potential was determined as a function of the pH of the 

solution. 

A Russian patent [199] covers the preparation of 4-arsono-2'-carborydiphenyl- 

amine by the condensation of o-chlorobenzoic acid with arsanilic acid. The 

reaction was run in alkaline solution in the presence of copper at 120-So. 
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An improved method of preparing arsanilic acid by the Bdchamp reaction has 

been patented 12001. The method involved heating aniline and perchloroethylene 

in the presence of an aqueous solution of Versene, and then adding arsenic 

acid. 

1-(o-Arsonophenylaxo)-2-naphthol and the "0-arsonanil" of Z-hydroxy-l- 

naphthaldehyde have been recommended as reagents for the determination of 

scandium [ZOl] , A number of other papers have appeared in which arsenic acids 

have been used in analytical chemistry, particularly in the determination of 

metal ions. Most of these compounds belonged to the class of arsenic acid- 

substituted azo compounds (Arsenazo). A new Arsenazo type reagent, consider- 

ably more sensitive than Arsenazo, was introduced by Basargin and co-workers 

[ZOZ]. It was termed Arsenazokhimda. fie fluorescent spectra of various 

metal ions complexed with two different Schiff bases containing arsenic acid 

groups have been reported by Holzbecher and Volka [203]. Another paper on the 

infrared spectra of the complexes of various metals with Arsenazo I and Thoron I 

has been published by Pilipenko and Shevchenko 12041. The stability constants 

of the compounds formed between alkaline earth metals and a variety of o-arsono- 

o'-hydroxyazo compounds have been determined by Kina and Toei [205]. 

8. TERTIARY ARSINE OXIDES AND RELATED COMPOUNDS 

Triphenylarsine oxide was shown to react with butyl iodide in acetone solu- 

tion with the reversible formation of butoxytriphenylarsonium iodide [206J. The 

latter compound then reacted further with triphenylarsine oxide to yield 

Ph3As(OH)OAs(I)Ph3 and 1-butene. By means of conductivity measurements the rate 

of formation of the intermediate butoxy compound was determined. It was con- 

cluded that this intermediate product was probably too labile to be isolated. 

Usacheva and Kamai 12071 had previously reported that reaction between acetyl 

bromide and triphenylarsine sulfide yielded the following products: 

MeCOBr i- Ph3AsS -----tEtBr + Ph2AsCOMe + Ph2AsBr + MeCOSEt 

Referencesp.242 
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Tne present paper 12081 is a further investigation of this reaction in which 

the reaction time and the ratios of the reactants were varied. On the basis 

these results s mechanism for the reaction was suggested. 

both 

of 

Triphenylarsine oxide (1 mole) reacted with two moles of acetyl bromide in 

toluene solution to give triphenylarsenic dibromide in 87.22 yield [209]. The 

dibromide was readily hydrolyzed to Ph3As(OH)Br. The IR spectra of both the 

dibromide and hydroxybromide were given. 

IO-ukyl-5,10-dihydrophenarsazine lo-oxides have been shown to react with 

hydriodic acid with the cleavage of RI and the formation of lO-iodo-S,lO-dihydro- 

phenarsazine [210]. In contrast, lo-phenyl-5,10-dihydrophenarsazine lo-oxide 

was cleaved by hydriodic acid to give diphenylamine. Both lo-alkyl- and lo- 

phenyl-5,10-dihydrophenarsazine lO,lO-diiodides reacted with iodine to give 

lo-iodo-5,10-dihydrophenarsazine. An S$ mechanism involving an attack of I- 

on the lo-alkyl group was suggested for the reactions of the lo-alkyl compounds. 

It was also shown that lo-ethyl-5,10-dihydrophenarsazine reacted with ethyl- 

dibromoarsine to form lo-bromo-5,X0-dihydrophenarsazine. 

Gavrilov and co-workers [211] have reported the basic properties of IO-alkyl- 

and lo-aryl-5,10-dihydrophenarsazine lo-oxides. They appeared to be somewhat 

weaker bases than triphenylarsine oxide. A number of adducts of the phenarsazine 

lo-oxides with HCl, HBr, trichloroacetic acid, and pentachlorophenol were listed. 

These compounds were believed to be hydrogen bonded adducts of the general 

formula XXIV: 

XXIV 

It was also demonstrated that IO-alkyl- and lo-aryl-5,10-dihydrophenarsazine 
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lo-oxides in a mixture of acetic acid and acetic anhydride could be titrated with 

perchloric acid. The change in potential occurred with a ratio of acid to sub- 

strate of 1:l. Since under the same conditions lo-isopropyl-5,10-dihydrophen- 

arsazine could not be titrated with perchloric acid, it was concluded that the 

As=0 grouping was protonated rather than the nitrogen. 

The authors [212] then prepared a series of arsinous acid esters with 

different hydrocarbon groups serving as the ester function. These esters were 

then allowed to react with alkyl halides to form arsonium salts. In no case 

was the alkyl group of the ester found in the arsonium salt: 

RR'AsOR" -I- RI ---_)[R3R'As] I 

For example esters of the type Et2AsOR, where R = Me, Et, Ph, t-Bu, or benzyl, 

all reacted with ethyl iodide to give tetraethylarsonium iodide. Similar 

results were obtained with Pr$sOR and EtPhAsOR. The results of these experiments 

on the mechanism of the reaction were discussed. 

Since alkoxyphosphonium salts (containing at least one alkoxy group 

attached to the phosphorus) are stable compounds, Kamai, Chernokal'skii, and 

Moisak [213] attempted the preparation of similar arsonium salts. The reaction 

of triphenylarsenic dibromide with sodium butoxide in butyl alcohol gave only 

the crystalline salt-like compound PhgAsO.HBr. The reaction of PhgAsBr2 with 

one mole of sodium perchlorate in acetone solution gave a precipitate of sodium 

bromide, but addition of sodium butoxide (or of sodium ethoxide) gave only the 

compound 2Ph3AsO.HClO4. .An attempt to alkylate triphenylarsine oxide with 

triethyloxonium tetrafluoroborate gave only the addition product Ph3_As0.BF3. A 

second attempt to alllylate triphenylarsine oxide With dimethyl sulfate in the 

presence of perchlorate ion again led to the formation of 2Ph3AsO*HC104. 

Davenport and co-workers 

the type XXV (where M= N, P, 

[214] have shown that hydrogen-bonded adducts of 

or As and n = 3, or M = S and % = 2) can be formed 

References p. 242 
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4x 
-H-. 

‘p%Z . , 
-H' 

either by reaction of the oxides R#C with catechol or, in the case where M = P 

or As, by hydrolysis of the adducts formed from triphenylphosphine or triphenyl- 

arsine with catechols. The hydrogen bonded adducts were surprisingly stable 

and could often be sublimed withotit deromp~~~rtLc'-i. The authors reported a 

preliminary X-ray crystal structure of the adducr formed from tetrachlorccatechol 

and triphenylarsine axlde. In 3 later paper 1215.i the complete X-ray data for 

this complex were reported. 

The electrochemical reduction of a series af arsine oxides at the dropping 

mercury electrode in dlmethylformamide sclutron has been studied by Kargin and 

co-workers [216]. The arsine cxides were Ph3As0, PbBt2As0, (p-MeC6H4)-n-PrpAsO, 

and a series of phenyl substituted compounds of the type p-RC6H4Et2As0. All of 

the oxides were reduced in an Irreversible two-electron step, except for the 

p-Cl and p-BrC6H4Et2As0 derivatives where two waves of equal height were observed, 

one of which was believed due to reduction irt the C-halogen bond. When the 

reduction was carried out in the presence of phenol, a much more complicated 

reduction occurred involving a transfer of i-our electrons per mole. 

was believed to occur by cleavage of the Ar-As bond and protonation 

anion. 

The reduction 

of the aryl 

In order to evaluate the electron-acceptor capacity of arsenic containing 

groups the authors 12161 studied the half-wave potentials of a series of m- and 

p-substituted nitrobenzenes in which two of the substltuents were p-As(O and 

p-AsEt2. By plotting the Hammett 7 constants for the various stustituents VS. 

the half-wave potentials of the compound s,values oi .: tor p-As(O (+0.33) and 

p-A&t2 (0.09) were obtained. The electrophilic consrants, a' were +0.39 and 

% -0.02 for the same two substiruents. Zt wzs suggested that there was some 
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PlT 
- dsr interaction between the arsenic attim and ihe --system of the benzene 

rings. 

The infrared and Raman spectra ok r.he c;'mpguads Me$lO, where M is N, P, or \; 

have been reported by Chaplin and #a;llmann [2L7', . A normal coordinate analysis; 

resulted in the assignment of the freqaencle- a~-.ri a cziculation of the 

force constants. Bond orders were calculated using formulas developed by Gordy 

and by Siebert. It was suggested that there was considerable p, - d, interaction 

in the case of the phosphorus and arsenic compounds. 

Bravo and co-workers [218] have compared the molar magnetic rotations of 

the adducts R3PO.BF3 and R3AsO-BF3, where R = Et, Pr, or Bu, with the rotations 

of the corresponding uncoordinated phosphine and arsine oxides and noted a marked 

diminution in rotation for the coordinated species. This effect is brought about 

by changes in the bond between the hetero atom (P or As) and the oxygen. The 

increase in molar rotation for each CH 2 group was calculated. 

The infrared and Raman spectra of the two molecular complexes SbC13*2Ph3As0 

and BiC13=2Ph3AsO have been reported by Milidev and Had% [219]. A number of 

the vibrational bands were assigned. 

The use of reversed-phase extraction chromatography on silica gel layers 

impregnated with tri-n-octylarsine oxide for the separation of a wide variety 

of inorganic ions was described 12203. Rf data for 30 ions as a function of Cl- 

concentration in HCl or in HCl-LiCl eluents were given. 

Triphenylarsine oxide has been found to be a corrosion inhibitor in studies 

of the corrosion of "carbonyl iron powder" in hydrochloric acid [221]. 

A number of papers have appeared in which trialkyl- or triarylarsine oxides 

have served as donor ligands to. the following metals: cobalt [222], copper [222] 

indium [223], iron 1222, 2241, manganese 12223, magnesium 12221, mercury [122a]. 

nickel 1222, 2251, uranium 1226-2281, and zinc 12221 l 

Moreland and co-workers [229] studied ;H and "F NMR spectra of tribenzyl- 

arsenic difluoride as a function of temperature. At 0" the methylene protons 

References p. 242 

, 



226 G-0. DOAK AND L-D. FREEDMAN 

occurred as a triplet which coalesced to a broad singlet and finally to a sharp 

singlet as the temperature was raised to 45'. This result indicated that an 

intermolecular.exchange of fluorines must occur with increase in temperature. 

This fluoride exchange was shown to be first order in the difluoride, i.e., the 

lifetime was independent of concentration. Since the compound was monomeric the 

mechanism of exchange was believed to involve a dissociative step. The energy 

of activation was found to be 12.3 + 2.0.kcal/mole. 

Previous spectroscopic studies [230] had suggested that trimethylarsenic 

dichloride contained pentacovalent arsenic whereas rrimethylarsenic dibromide 

was ionic with a tetrahedral arsenic atom. A preliminary commaniication on the 

X-ray analysis of these two compounds was in agreement with the earlier 

spectroscopic studies [231]. 

The isomerizaticn of dialkylarylarsine sulfides at 200“ to alkyl alkylaryl- 

thioarsinites has been the subject of previous investigations [232]. Gatilov and 

Kovyrzina [233] have now used differential thermal analysis as a method of 

investigating the mechanism of the reaction. They concluded that there was a 

heterolytic cleavage of the sulfide to give an ionic intermediate which sub- 

sequently reacted to form the final product: 

f- 
I’ Et 

f Et 
+ \ 

AsSEt 
/ 

Ph 

They also demonstrated that addition of an alkyl halide greatly facilitated the 

isomerization. This effect was attrlbuted to the intermediate formation of an 

arsonium salt: 

Et\pS/Et + Rx- 

Ph' \S 

Et,-&/Ef x- 

PI/ 'SR 

-EtX 

Ph' 
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A similar study of triethylarsine sulfide by means of differential thermal- 

analysis gave similar results [234]. The rearrangement of triethylarsine sulfide 

in the presence of n-butyl bromide was also studied. 

A preliminary communication, with very little information about the 

compounds prepared, mentioned the use of tertiary phosphine sulfides and 

selenides and one tertiary arsine sulfide (Me ASS) 
3 

as iigands to chrominum and 

tungsten carbonyls [235]. 

In contrast to triarylarsine sulfides which react with alkyd iodides to 

give sulfur-free products, trialkylarsine sulfides react with alkyl iodides to 

give (alkylthio)arsonium salts [236]: 

R3AsS + R'X ------sp[R3AsSR']X 

The structure was based only on elemental analysis and no spectral data were 

given. It was also found that both trialkyl- and triarylarsine sulfides reacted 

with trialkyloxonium tetrafluoroborates to give the (alkylthio)arsonium tetra- 

fiuoroborates: 

Ph3AsS + R30BF4---+ [Ph3AsR]BF4 + R20 

Further work on the mechanism of this reaction indicated that with triaryl- 

arsine sulfides, triarylarsines are intermediates in the reaction 12371: 

RI + 
ArSAsS +RI,Ar3As -Ar3RAsI- 

If tri-p-tolylarsine sulfide was allowed to react with methyl iodide for three 

days, only methyltri-p-tolylarsonium iodide was obtained; but with the less 

reactive ethyl iodide, after 12 days a 38.2% yield of tri-p-tolylarsine was 

obtained. It was also shown that trialkylarsine sulfides and alkyl. iodides 

gave tetraalkylarsonium iodides rather than trialkyl(alkylthio)arsonium salts, 

when the reaction mixture was heated. In the light of these results the authors 

12371 have proposed the following mechanism: 
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RAsSTRVfi 
3 

-1 -+[R3_AsSR']+I- 

-_ 

R3sSR’ + * -R$is + R'S1 

They then attempted to isolate dialkyi sulfides from the reaction mixture; these 

should arise by disproportionation: 

ZR'SI-R'SSR' + I 
2 

And while they were unable to isolate any disulfides from the reaction mixture, 

they did succeed in obtaining the products expected from the reaction of mercuric 

chloride with disulfides, namely, EtSHgCl*HgCl 
2 

and EtSHgCl. These were obtained 

by adding HgC12 to the reaction mixture from triethylarsine sulfide and ethyl 

iodide. They were also able to obtain a positive nitroprusside test after the 

addition of KCN solution and sodium nitroprusside. 

In continuation of previous work on arsine imides Frbyen [238] has demon- 

strated that under mild conditions phenyl isocysnate reacts with triphenylarsine 

oxide to form triphenylarsine phenylimide: 

~hN=c=o + Ph3As0 ---bPh3As=NPh + CO2 

Previous reports that only diphenyl carbodiimides were found in this reaction 

were due to the more vigorous reaction conditions employed. Fr#yen has shown 

that if the arsine imide was heated with phenyl‘isocyanate in dry benzene, 

diphenyl carbodiimide was indeed the product of the reaction. In addition to 

phenyl isocyanate, arsine imides were obtained from p-toluenesulfonyl isocyanate, 

diphenylphosphinyl isocyanate, and a-naphthyl isocyanate. 

The author 12381 also found that N-sulfinyl derivatives of amides reacted 

with triphenylarsine oxide to give the corresponding arsine imides and sulfur 

dioxide. By contrast, N-sulfinylaniline gave only an addition product with 

essentially no evolution of sulfur dioxide, whereas N-sulfinyl-p-nitroaniline 

gave the arsine imide and sulfur dioxide. The importance of an electron-attract- 
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ing group attached to the -N=S-0 was considered in respect to the mechanism of 

the reaction. 

In contrast to phosphine imides, which do not react with nitroso compounds, 

triphenylarsine phenylimide was shown to react with nitrosobenzenes to give , 

azobenzene derivatives in excellent yields [239]. The reaction was believed to 

follow a mechanism similar to the Wittig reaction: 

Ph$s--NPh + ArNO - .--Ph3As-NPh----_)Ph3AsO + PhN=NAr 

II 
0-NAr 

9. ARSONiUM COMPOUNDS AND ARSENIC YLIDS 

The reaction between triphenylarsine and iodine has been the subject of 

many papers. Espeillac and Decroocq [240] now report a study of this reaction 
. 

in a variety of solvents. The course of the reaction was followed spectrophoto- 

metrically with the use of the Beckman DU Spectrophotometer. Dielectric 

constant measurements and conductometric measurements were also employed. In 

non-polar solvents a 1:l complex,Ph3As-12, which has considerable ionic 

character was formed. In more polar solvents a 1:2 complex PhSAs-212 can also 

be formed. The dissociation constant for the reactions 

and 

Ph3As12- -Ph3AsI+ l- 

was determined in various solvents. 

In continuation of previous work on the reaction between onium salts and 

alkali metal tetraalkylaluminates, Gavrilenko and co-workers [241] have prepared 

a series of phosphonium, arsonium, and stibonium complexes. Two arsenic 

compounds [Me4As][AlEt41 and rEt4As] [AlEt were obtained from Xe4AsI or Et4AsI 

end NaAlEt4. The reactions were run Ln toluene solution and were catalyzed by 

triethylaluminum. Tetramethylarsonium iodide also reacted with triethylaluminum 

Referencesp.242 
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to give [Me4As] [AlEt31]. This latter complex also reacted with sodium tetra- 

ethylal-umin ate to yield [Me4As][AlEt4] and Na[AlEt31]. Reduction of [Me4As] [AlEt 

oi [Et4As][AlEt4] with LiAlH4 gave the interesting compounds [Me4As][AlH4] and 

&+A.4 N$,l = When LiAlD4 was used the deuterated analog [Me4As][AlD4] was 

obtained. The reaction of [Et4As][AlEt4] with LiBH4 led to the compound 

[Bt4ArJ [BH,] . The thermal decomposition of the complexes was also studied, but 

few details of these pyrolyses were given. 

In a prelimihary ccmmunication Schipper and Buck 12421 report on the PMR 

spectra of a series of norbomadiene compounds substituted in the 7-position by 

such charged groups as +AsPh3, +SbPh3, +BiPh3, etc. The coupling constants for 

the various proton-proton interactions were reported, and it was concluded that 

there must be direct interaction between the positively-charged center and the 

duuble bond. 

In a paper devoted mainly to coordination compounds formed by triphenyl- 

phosphonium cyclopentadienylide, the compound XXVI was prepared [243] and its 

infrared speczrum reported. 

Ph 
+ 
AsPh3 

Ph 

XXVI 

In a paper devoted to the nature of ambident ions Austad and co-workers [244] 

have studied the reaction of trityl chloride or trityl perchlorate with tetra- 

phenylarsonium cyanide in acetonitrile to obtain a mixture of trityl isocyanide 

and trityl cyanide. 

In a study of anionic species formed in the hydrolysis of a number of tri- 
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valent and pentavalent trifluoromethylphosphorus compounds, the two arsonium 
* 

salts [Ph4Asl CCF3PSO2Hl and [Ph4As] tCF3PS20Hl have been isolated and 

characterized 12451. 

The PMR spectra of a variety of alkyl- and alkylarylarsonium salts have 

been studied by Zykova and co-workers 12461. One group of compounds studied 

+ 
was EtnPh4_nAs , where n was varied from 1 to 4. The chemical shifts of the 

methylene protons of the ethyl group were found to shift to lower fields (increase 

in 6 values) with an increase in the number of phenyl groups. Thus values of 

6 (in ppm) for the four compounds where n varied from 1 to 4 were 3.55, 3.30, 

2.98, and 2.65, respectively, with a constant increment of about 0.3 ppm for each 

phenyl group. A similar effect was found for the methyl protons of the three 

+ 
compounds MenPh4_*As where n = 1, 3, or 4. The effect was attributed to an . , 

increase in the positive charge on the arsenic with an increase an the number of 

phenyl groups resulting.in a decreased screening of the methylene protons. 

In addition ro the substituted compounds mentioned above, the PMR spectra 

of the symmetrical compounds Et AsX were studied and the chemical shifts of the 
4 

methylene protons were found to vary with the concentration of the solution, the 

nature of the solvent, and to some extent with the nature of the anion. The change 

in S values with concentratioqthe authors suggest,might be attributed to an 

increase in ionization of the pentacovalent arsenic species or ro dissociation 

of an ion pair: 

Et4AsI-- -Et4As+I- Z&==Et4As+ + I- 

In a study of the solvation of several onium salts by Jolicoeur and co- 

workers 12471, tetraphenylarsonium chloride was one of the onium salts investi- 

gated. 

A PMR study of the interaction of tetraphenylphosphonium, tetraphenyl- , 

arsonium, and tetraphenylborate ions with water, ethanol, and methanol has been 

made by Coetzee and Sharpe [248]. They concluded that these'ions undergo a wide 
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variety of salvation effects. A study of ion pairing in aqueous solutions of 

tetraalkylarsonium chloride, iodide, and hydroxide has been made by Larsen [249]. 

PMR techniques were used in this study. 

A paper devoted to the Raman spectra 

and stibonium salts has been published by 

major portion of the paper was devoted to 

of a number of phosphonium, arsoniua 

Orenberg and co-workers [250]. The 

antimony compounds and is discussed 

in the Antimony section. The three arsenic compounds Ph4AsC1, (Ph4As)2S04' and 

Ph4AsF gave identical spectra except for differences attributable to the anion, 

and all.three compounds appeared to be 

the solid state. The Reman spectra of 

solution was given for the X-sensitive 

of structures to the various compounds 

ionic and contain tetravalent arsenic in 

Ph4AsC1 (and of Ph4SbC1) in aqueous 

region of the spectra. The assignment 

investigated was based largely on the 

spectra obtained in the X-sensitive region, 

Both the powder pattern X-ray analyses and the IR spectra of tetraphenyl- 

phosphonium and arsonium permanganates and perchlorates have been reported by 

Baran [251]. It was concluded that the large tetraphenylarsonium or phosphonium 

cation had little or no influence on the spectrum of the anion. In a similar 

manner, based on X-ray diffraction and IR studies, Walford and co-workers [252] 

have concluded that with the salts Ph4AsBF4, Ph4AsPF6, Ph4AsAsF6 and PhqAsSbF6 

the anion has little effect on the spectrum of the cation. 

The partial molal volume of tetraphelylarsonium tetraphenylborate at 

infinite'dilution in aqueous solution has been calculated by Miller0 [253]. The 

apparent molal volumes of tetraphenylarsonium chloride in water were determined 

at temperatures of 0, 25 and 50' by this same author 12541. 

A theoretical discussion of the catalytic activity of various onium 

compounds in the liquid-phase oxidation of hydrocarbons has been given by 

Ohkubo 125511. The relatively low activity of arsonium and telluronium compounds 

was ascribed to the vacant and diffused 4d and 5d orbitals in such compounds. 

In continuation of earlier work on phase transitions of anion radical salts 
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containing mixed cations, Iida [256] has investigated the transition temperature 

and the magnitude of the heat of the transition as a function of the composition 

parameter x, for the compounds (Ph3PMe)l_x+ (Ph3As%ie1x+ (TCNQ)2- where 

o<x<l. '. -- 

Tsentovskii and co-workers [257] have studied the conductivities of a series 

of arsonium salts, R4AsX, where R was alkyl or arylalkyl and X was I, Br, or Cl04 

in acetone, nitromethane,and dimethylformamide. With the exception of tetra- 

propylarsonium and diethyldiphenylarsonium iodides in dimethylformamide, all 

of the salts studied were found to be weakly associated electrolytes in the 

solvents investigated. 

The crystal structures of methyltriphenylarsonium and methyltriphenylphos- 

phonium bis(a,a,a',a'- tetracyanoquinodimethanides) have been reported in a paper 

by McPhail, Semeniuk and Chesnut [258]. 

Tetraphenylarsonium chloride has been used as a titrant in the determination 

of the perbromste ion by potentiometric titration [259]. Triphenylmethylarsonium 

chloride has been used in the preparation of polyesters derived from bivalent 

halogenated phenols [260]. A German patent 12611 claims the use of [Ph4As][BPh4] 

as a hardening promoter in the pseparation of epoxy resins. 

A number of papers have appeared in which tetraaryl- or tetraalkylarsonium 

salts of metals or metal complexes have been isolated. Often the salts were 

involved in the analytical determination of the metals. Among arsonium salts 

of metals or metal complexes isolated were there of cobalt [262, 2631, gallium 

12641, iron [265], indium 12621. niobium [266], silver [267], tantalum [268], 

tellurium [269], thallium [262], tin [119], vanadium i270, 27lj and zinc 12631. 

Although diazotetraphenylcyclopentadiene reacts with triarylphosphines, 

-arsines, -stibines, and similar compounds to give ylids, diazo-2,3,4-triphenyl- 

cycldpentadiene failed to undergo a similar reaction [272]. Accordingly, 

alternate methods were found to obtain several pyridinium, phosphonium and 

arsonium ylids. The ylid XXVII was obtained from 1,2,3-triphenylcyclopentadiene 
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Ph 

AsPh3 

XXVI I 

and Ph3AsO by refluxing in triethylamine in the presence of PRO5 for 24 hrs. 

If acetic anhydride was used as the solvent, the H atom on the cyclopentadiene 

ring was replaced by an acetyl group. Roth of these arsonium ylids formed 

crystalline salts on treatment with perchloric acid. 

Dale and Frbyen [273] have reported on the PPIR spectra of a series of 

arsenic and phosphorus ylids of the types p-XC6H4N=C(R)COR' and p-XC6H4M=C(R)COOR', 

where M =i As or P, and concluded that the B-keto-stabilized ylids, in contrast 

to the ester-stabilized ylids, did not undergo rotation about the enolate C=C bond 

with the formation of cis-trcnzs isomers. This conclusion was based upon the 

failure of the PMR spectra to show temperature dependence. The authors concluded 

that the cis isomer predominated, and that this was due to attraction between 

the positive hetero atom (P or As) and the negative keto oxygen: 

A kinetic study of the reaction of a series of stabilized arsonium ylids 

Ar3As=CHCOX (where & = Ph, p-MeOC6H4, or p-MeC6H4 and X +s a wide variety of 

groups including ?fe, Ph, substituted phenpl, OMe,and NPh2) with p-nitrobenzal- 

dehyde was carried out [274]. In general it was found that the more reactive 

ylids were more basic, a conclusion similar to results obtained with phosphorus 

ylids in the Wittig reaction. A Hammet plot of the rate constants vs. the u 

values for the p-substituted ylids, Ar3As=CHC6H4X-p,gave a straight line with 

p value of -2.2. It was shown that rates of reactions were five times faster 

in benzene than in dimethylformamide and two times faster in benzene than in 

a 
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dimethyl sulphoxide. This result (that the reaction proceeds faster in the 

non-polar solvent) is not consistent with the usually accepted mechanism of the 

reaction in which a betaine is formed as the first step of the reaction. 

-1 
The C=O stretching frequency (1565 cm ) in 2-acetyl-3,4,Striphenylcyclo- 

pentadienylide was considerably lower than expected, which suggested bonding 

between the oxygen and arsenic as in XXVIII 12751: 

Ph 

3 

XXVIII 

Ferguson and co-workers have published a preliminary report on the single 

crystal X-ray study of this compound which confirmed the bonding between 

the As and 0 atoms. Thus the As-O distance was considerably shorter than the 

sum of the appropriate van der Waals radii but longer than a typical As-O 

distance. The As-C distances were also longer than normal._ The molecule thus 

appears to contain a trigonal bipyramidal arsenic atom with an oxygen and one 

phenyl group in apical positions. 

Having studied the reaction of phosphorus ylids of the type Ph3P=CHC02R 

with N2F4, Fokin and co-workers 12761 have extended this reaction to the 

corresponding arsenic ylid. The main reaction product from N2F4 and Ph3As=CHC02Et 

was a crystalline solid to which the authors assigned the structure 

Ph3As(F)(XiFC02Et (based on elementary analysis). This can react further with 

N2Fq to produce CHF2C02Et. The Ph3As(F)CHFC02Et was hydrolyzed under fairly 

severe conditions to yield Ph3As0 and CH2FC02Et. 

Arsenic ylids of the type Ph3As=CH2 and Ph As=CHPh 
3 

are unstable and react 

with carbonyl compounds to give both the normal Wittig reaction products as well 

as triphenylarsine and an epoxide. By contrast, arsenic ylids of the type 
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Ph$s=CRCOR are stable and give only the Wittig reaction products with carbonyl 

compounds. Nesmeyanov and co-workers [277] have now studied the kinetics of 

the reaction between the stable arsenic ylids and substituted benzaldehydes, 

and compared these rate constants tith those obtained from some 

ing phosphorus ylids. They concluded that the mechanism of the 

for phosphorus ylids and the stable arsenic ylids was the same. 

ylids, however, reacted several hundred times more rapidly than 

phosphorus ylids. Because arsenic ylid6 also reacted with some 

compounds which do not react with phosphorus ylids, the arsenic 

applicable, have an advantage for the Wittig reaction. 

of the correspond- 

Wittig reaction 

The arsenic 

the corresponding 

carbonyl 

ylids, when 

The PMR spectrum of the arsonium ylid, triphenylarsonium cyclopentadienylide, 

has been reported by Ernstbrunner and Lloyd [278] and compared with the PMR 

spectra of the corresponding phosphonium ylid and with 

pentadienylide. The spectrum of the arsonium compound 

more delocalization (more cyclopentadienide character) 

and sulfur compounds. 

dimethylsulfonium cyclo- 

indicated that there was 

than with the phosphours 

Several workers have previously demonstrated that phosphonium ylids of the 

type Ph3As=CRCOOR' existed in cis and trm2.s forms at low temperatures. Dale 

and Frp(yen [279] have now extended this concept to the corresponding arsonium 

ylids. The investigation of c&s-trans isomerism was carried out by means of 

PNR studies which clearly showed the existence of the two isomers at low 

temperatures. The three compounds used were Ph3As=CRCOENe, where R=H, Ph, or 

CN. It was found, as in the case of the phosphonium ylids, that the cis isomer 

predominated, but that the ciS/tr@?s rztia was iarger for phosphorus than for 

arsenic compounds. The free energy of activation for the cis~rans conversion 

was shown to increase in the order R=H, Ph, CN. 

The ylid, triphenylarsonium cyclopentadienylide, which had not previously 

been successfully prepared, has not been synthesized by Freeman and Lloyd [280]. 

The preparation involved the reaction of the dibromocyclopentene (formed by the 
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brominaticn of cyclopentadiene) with triphenylarsine to form a bisarsonium salt, 

which yielded the desired ylid on treatment with alkali. The tri-p-tolyl- and 

tris@-methoxyphenyl)araonium ylids were prepared in a similar manner. The tri- 

phenyl ylid coupled with benzene-diazonium chloride to yield a colored azo 

compound. The triphenyl ylid reacted with benzaldehyde, p-nitrobenzaldehyde, and 

cinnamaldehyde to give principally triphenylarsine oxide and small amounts of 

triphenylarsine, but the other products of the reaction have not as yet been 

identified. 

Nesmeyanov and Mikul'shina [281] have studied the reaction of arsenic 

ylids of the type Ph3As=CRCOR (R = Ph, Me, or Ohe) with trans-dibenzoylethylene 

and with dimethylfumarate. The products in each case were triphenylarsine and 

derivatives of cyclopropane: 

O-C-R 

PhCOCR=CRCOPh + Ph+=CHCOR I__j A + Ph3Aa 

Me02CCH=CHC02Me 

PhC' 

a 

-CPh 

a 

O=CR 

t Ph3As=CHCOR -~-=-~ A + PhgAs 
MeO2C C02Me 

It was also shown that the ylid Ph+s=CHCOR in benzene solution decomposed 

slowly when allowed to stand in diffused light to give Ph3As and XXIX (R = Ph). 

A mechanism for this reaction, which invalved the photochemical splitting of 

the ylid to form triphenylarsine and a rarbene as the initial slow step, was 

postulated: 

Ph3As=CHCOPh h' 
slow 

-Ph3As + [:QiCOPh] 

Many previous investigators have shown that the reaction oft arsenic ylids 
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with- afdehydes-or ketones led to the formation of either olefins and arsine 

oxides or to epoxides and arsines. in an attempt to find the factors which . 

.influenced-the course of the reaction, Ir;ppet and Walker 12821 have studied 

the reactions of substituted benzylldenctriarylarsoranes (Ph$s=CHR) with 

p-substituted benzaldehydes: 

Ph,AsO + RCH=CHC6H4R' 

Ph$s=CHR + 

PhjAs + RCH-CHC6H4R' 

\.:' _ 

When the substituent R in the ylid w;i: 1 ~r-o-,;g electron-attracting group, N02, 

cN,or co2m, regardless of zhe na:lIle ci :iiV: .51.c:.P R' on the aldehyde, the 

olefin was formed exclusively. This w.z.5 w_:l aind AS due to the ability of the 

group R to stabilize an adjacent carbanion and by the assumption that in the 

transition state, XXX, the As-C bond breaks in advance of other electron shifts: 

I 
0- C6H4R' JH 

Ii Ii 
0-----CHC6H4R' 

=c $-As0 + RCH=CHC6H4R' 

xxx 

Where R was Ph or p-C1C6H4, only the epoxide was formed. 

Methylenetriphenylarsorane reacted with a,f3-unsaturated ketones to give 

cyclopropane derivatives. Benzylidenetriphenylarsoranes 

aziridines. In this case the arsoranes resembled sulfur 

phosphorus ylids. Other reactions investigated included 

arsoranes with dimethyl acetylenedicarboxylate, and with 

benzenesnlfonyl chlorides. 

and Schiff bases gave 

ylids rather than 

the reaction of the 

benzensulfinyl and 
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The reaction of the arsonium ylids CH2=AsPh3 and CH3C!R=AsPh3 with a series. 

of o-aminoaryl ketones to form 3-substituted indoles has been the subject of a 

communication by Bravo and co-workers 12831. The reaction proceeded in a similar 

manner to that observed with dimethylsulfonium and dimethyloxosulfonium methyl- 

ides, as described in earlier publications by the same authors. The yields of 

indoles obtained varied from large (98I) to medium. 

10. MISCELLANEOUS 

In a detailed paper Hellwinkel and Knabe [284] have discussed the preparation 

and reactions of alkyl- and alkenylbis(2,2'-biphenylane)arsenic compounds 

XXXI. 

Tine isopropyl compound <XxX1, R = Me2CH) was readily prepared from XXX11 and 

isopropylmagnesium chloride in ether solution, but where R = cyclopentyl, THF 

was necessary to effect the reaction. Where R = t-Bu, the Grignard reaction 
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gave the dimer XXXIII, but the desired XXX1 (R =.t-Bu) could be obtained from 

t-butyllithium and the arsonium salt XxX11. 

The compound XXX1 (R = t-Bu) was unstable and decomposed at room temperature to 

the tertiary arsine XXXIV and isobutylene. 

0 0 2!%3 ob 0 
xxx1 v 

This same product (XXXIV) was obtained when the spirane was treated with HCl in 

THF. 

When XXX11 was allowed to react with neopentylmagnesium bromide, a product 

was obtained which gave a molecular weight (by mass spectroscopy) corresponding 

to XXX1 (R = neopentyl) but which showed all the properties of a tertiary 

arsine. On the basis of the fragmentation pattern obtained in the mass 

spectrometer, it was concluded that the compound possessed the structure XXXV 

(R = CH2CMe3). 
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This compound was then synthesized by a dirrerenr and unequivocal route. The 

reaction of 2-methyl-2-phenylpropylmagnesium chloride with XXX11 in ether or TBP 

gave a compound XXXV (R = CB2C(Ph)Me2). When the three derivatives of XXX1 

(R = i-Pr, cyclopentyl, or t-Bu) were heated 30-50" above their melting points, 

XXXIV and the corresponding olefins (propenr, cyclopentene, or isobutylene) 

were obtained by B-elimination. The course of rhe reactLon was followed by the 

use of the deuterium labelled compound XXX1 (R = CD2Me), wherein it was shown 

that all of the deuterium occurred in the ethylene formed by the thermolysis. 

In addition to the elkyl derivatives of XxX1, the two styryl derivatives 

of XXX1 (R = cis-CH=CRPh and trans-CH=CRPh) were prepared from the corresponding 

Grignard reagents. Thermolysis of these compounds did not give phenylacetylene 

by B-elimination as expected, but rather XXXV (R = o&s-styryi and R = trcz%s- 

styryl, respectively). Thermolysis of the vinyl compound XXX1 (R = CB=cfi2) 

gave a mixture of acetylene, XXXIV, and the rearrangement product XXXV 

(R = CR=CR_,>. The authors also investigated the cleavage of the compounds 
L 

XXX1 (R 'Me, Et, or PhCB2) 

obtained. The mechanism of 

labelled ethanol. 

The compound XXXVI was 

with boiling alcohol. In each case XXXIV was 

this reaction was followed by means of deuterium- 

obtained from lO,lO'-oxydiphenoxarsine by treatment 

with cyanoacetic acid [285]. It was prepared for use as a pesticide. 
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In a paper devoted largely to phosphazenes, the arsenic-containing compound 

(Me3C)HeP(AsMe2)=NSiMeg was prepared by the reaction of (Me3C)MePN(Li)SiMe3 with 

dimethylchloroarsine [286]: 

RR'PN(Li)SiMe3 + Me+sCl - [RR'PN(AsMe2)SiMe3] - RR'P=NSiMe3 

I 
AsMe 

The NIB spectra of the compounds prepared were listed and gave evidence for the 

structural assignments. 

An analytical method for the determination of tertiary arsines by titration 

with iodine in aqueous acetic acid without previous destruction of organic 

matter has been suggested by Sandhu and co-workers [287]. The end point was 

determined either potentiometrically or with the use of starch as an indicator. 

A spectrophotometric procedure for the determination of arsenic 

arsenicals which involved the destruction of organic matter and 

arsenic to amine has appeared [288]. 

Papers have appeared in which orgsnoarsenic compounds have 

in organic 

conversFon of 

found biological 

use, either in antigen-antibody studies [289-2941. as feed suppleroents for 

poultry or domestic animals [295-2981, or as herbicides 12991. 
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