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1. BOOKS AND REV!EWS 

No books devoted solely to organoarsenic compounds have appeared in 1973. 

Crgaaoarsenic compounds, however. have been mentioned in several books. The 

second volume of The Chemical Society's Specialist periodical Reports on 

organometallic chemistry included a short section on organoarsenic, -antimony, 

FleI-p.136 
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and -bisrrmth compounds [ 1 J . The use of tertiary arsines as donor molecules in 

coordination chemistry has been discussed in several books [Z-4]. Those 

1971-1972 were listed In Volume 4 

The mass jpectrometry of organic 

compounds subjected co X-ray analysis during 

arsenicals was also included in a book on m2ss spectrometry of inorganic 

organometallic compounds [6]. A review article on covalent metal-carbon 

gives the preparation and properties of organoarserucals [7], while the 

and 

bonds 

electrochemistry of arsonium compounds 

[81- Fhe use of 

is mentioned in another review ar title 

ligands Is discussed Fn a review 

article on binuclear complexes 05 transition elements [9]. Hislow [IO] has 

reviewed r;ork, largely from his laboratory, on the barriers to inversion in 

pyranidal phosphines and arsines. 

2. PRIMARY AND SECONCARY ARSINES 

Demuth and coworkers [ll] have descrzbed the preparation and h!fP spectra 

of (CF+ and CF~UD,, where H = P or As, from the corresponding iodo com- 

pounds, (CF3)$11 and CF3#1? end DI. The ly F M spectra (and 31 
P NMR spectra 

foe phosphorus compounds) reee then compared with chose of the corresponding 

non-deuterated analogs. In each case there was a slight shift in the 19 F or 

31 
P spectra, varying rrom 0.09 to 0.18 ppm in the case of the 

19 
FNMR. The 

reason for these shifts ~2s not apparent. 

Tvo organ02rsenic compounds containing the azido group have been 

described in a Ce- patent (123. The compound (4-N3C6E4)2As02A was pre- 

pared fran (4-N02C6H4)#sOqH by reduction, diazotization of the resulting 

amino compound and treatment OF the dtizonium compound with NaN.,_ Tbe 

compound 4-N3C6EqCAnNC68411sB2-4 ~2s obtained from 4-H,NC6H4AsE2 and 

4-ti3c6a4cBo. 

Janzen and Viada [I31 have studied the reaction of secondary phosphines 

and secondary arsines with hexafluoroacetone: 
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PhPMB + (CF&CO + Ph.$fC(DR)(CF3)P 

(where M = P or As) 

The resulting phosphlne was more susceptible to oxidation than the corres- 

ponding arsine. Oxidation oE the phosphine with gaseous oxygen gave 

Ph*P(0)C(OB)(CF3)2. whereas oxidation of the arsine under similar conditions 

gave (Ph2Xs)20. The lg F 2nd 'E NMR spectra of the arsenic compound were 

reported. 

The IR spectra in the gas phase and the R2r12a spectra in the liquid phase 

have been determIned for the molecules CF3PEIP, CF3PD2, CF3AsH2, and CF3AsD2 by 

B&ger and coworkers [14]. With Lhe exception of the torsional mode, all of 

the fundamental modes have been assigned. It was found that the degeneracy of 

the CF., vibrations were not removed by PHB, PDB, AsHP or AsDP groups. Anormal 

coordinate an2lysis was made by the use of force constants previously 

obeained for RCF 
3 
and ocher SCF 

3 
derivatives. C2s phase IR and liquid phase 

Raman spectra of rhe compounds (CF3)PPH. (cF~)PPD, (CF~)PASH, 2nd (cF3)+xssD 

were also recorded 1151. A norm21 coordinate analysis which made use of 

local symmetry forca field for the CF3 group as weli 2s force constants from 

other CF3 zompoundi was used ior assigning the specera. 

3. TERTIARY ARSlNES 

A Prepa*ation 

Muliffe (161 has shown that the interesting arsenic compounds 

o-Ph2AsC6H4S(Cti2)nSC6t14AsPh2-G react with dckd(IL) salts with dealkylation 

of the methylene groups arrached LO sulfur. Thus the products were idenciclal 

with the product obtaxuzd by the reaction of o-mercapcophenyldiphenylatzsine 

urth the 221112 nickel salts Three different arsenicals were used, viz. 

o-PhPAsC6E4S(CH2),SC6H4AsPh2-o. where n * 2, 3, or 4. The latter tvo com- 

pounds had apparently not been prepared previously. 

The preparation of 2 number of new ligands containing the As-N bond 

and their use to form palladium complexes has been described by Morris and 



Taylor [17]. The cOnQOundS Ph2AsCB2CB2NR2(R - 

rzed by elemental analyses and %I NIYR spectra. 

and PhAs(Cki2CH2NR2), (R=kl, Me or EC) could not 

8, He, and Et) were character- 

The compounds (Ph2AsCH7CH2)2NHe 

be purified by distillation 

under reduced pressure. They vete used for subsequent reactions vitbout 

purification and vere chararterlzed only by their Le N?%R spectra. Tvo orher 

COmpOundS vere also obtained only in the crude state, (Ph2AsCH2CH2)NR 

(R=;B or Et) but no spectral dara were given. The compounds PhAs(CH2CH2NR2)2 

(R=H. Me or EL) vere prepared from PbAsN22 and the appropriate P-ckloroethyl- 

anine and details IOK their preparation vere given. The compounds 

(Ph2AsCH2CH2)2NR were prepared from Ph2AsK-2 dioxane and rhe appropriate 

(ClCH2Ct12)2NR bur details of rherr preparation vere not given. The compounds 

Ph2AsCH2CH2hR2(B=H, We, or EC) vere also prepared from Ph,AsK-2 dioxane. 

Where R=B etbylenermlne vas used; vhere R-Me or Et the appropriate dlalkyl- 

aminoethyl chloride was used. Again details for their preparation vere ncit 

given. 

A nev tetradentare ligand I has been synthesized, and its ccordination 

compounds vith nickel have been prepared and studied 1181. 

MeC * NCB2CH2AsPh2 

I 
MeC - NCH2CH2AsPh2 

I 

The folloving synthesis was employed co obtain the arsenic compound: 

/CR2 

Rl+g 
PhjAs 

K 
dioxane 

' Ph2AsK 2, 

H2O 
Ph2AsCH2CH2NELK -> 

Ph2AsCR2CE2?iH2 
NeCOCOHe > I 

In an lnorgaxic Spitkeaes report [19] devoted to the preparation of 

diphOsphineS and mixed arsLnophosphlnes, the preparation of l-(dimerhyl- 
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phosphinoj-3-(dinethylarsino)propanewasdescribed in derail: 

Me2PNa + ClCH2CH2CH2AsMe2 * Me2PCH2CH2CH,AsMe2 + NaCl 

The preparation of UPC-butyldi-o-tolylarslne and di-cerc-bucyl-o- 

colylarsine from o-rolyllirhium and tert-butyldichloroarsine or di--ter%-butyl- 

chloroarsine, respectively, has been discribed by Shau and Scainbaok [201. 

The compounds were characterized by their 1 H NMR spectra but not by elemental 

analyses. A number of coocdlnaelon compounds of these two compounds with 

platxnnn were described. 

A series of acecylenic arsenic compounds of the type R~A~C-CR', where R 

was an alkyl group and R' was H, en alkyl, or ocher group, has been prepared 

by Kuz'mfn and coworkers [21]. The compounds R2AsC:CH underwent normal 

Mannich, Favorski end Grlgnard reactions while oxidative condensation by 

CuCl and oxygen gave R2AsC:CAsR,. 

The reaction of sodium diphenylarsenide (from Ph3As and Ne in liquid 

NH31 with chloroalkanolc acids yields the corresponding carboxy-substituted 

tertiary arsines [12]: 

%O 
Ph24sNa + Cl(CH2JnC02Na -> Ph As(CH 

H" 
2 

) 
2n 

COOH 

The chloroacids used were chloroacetic, Q- and H-chloropropionic and a-, B-, 

and y-chlorobutyric acids. The pKa values for the three acids Ph2As(CH2),CCOH 

were n=l, 5.95; n--2, 6.02; n=3, 6.16. In an analogous way the amide 

PhZAsCR2CONH2 and the ester Ph2AsCH2C02Et were prepared. The acid Ph2AsCH2C02H 

was also converted to the acid chloride by treatment with SOC12, and this 

acid chloride gave the same amide or ester by treatment with ammonia or 

ethanol. The two acids Ph2As(CH2)nCOOA. n = 2 or 3 reacted further with 

sodium in liquid NH3 to give the sodium arsenldes which with water gave 

PhAs(H)(CH2)nCOOH (n = 2 or 3). IO the case of Ph2AsCH2C02H and CH3CH(AsPh2) 

COOH the reaction with sodium in liquid ammonia resulted in cleavage of the 

alipbatic side chain: 
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Ph2.4sCH(R)C02B +’ 
3 

Ph2AsNa + NaCli(R)CO2Na 

CR = R or Me) 

Oxidation of the carboxy-substleuted tertiary arsines 5y air, H202 or HgO 

gave the corresponding arsioe oxides. 

A general mtrhod IOC preparing choral rere iary arsines has been published 

by Stackhouse, Cook, and M~(lilow 1231. The method depends upon the synrhesls 

of menchyl n~chyIpt~toylar~~nire from Z-menthol and mechylpbenyllodioarsine. 

This macerialr;ajrhen sultrlrired to yield Z-menthyl meehylphenylrhroarsinate- 

rh1.s can ehen be separated Into its two diastereomeric forms by fractional 

crystallizac Ion rhe CD Lurve of rhe LWO isomers wdb enanciomeric in eype 

and the absolute contiguratlons were asslgned from the %I NHR spectrun on 

the basis of pcev~o~~ work with menchyl phenylphosphooares. Reaction of 

either diasrerromer of L-•enrbyl methylphenylthioarjinate wrth either alkyl- 

or aryllithlum reagents led to cleavage of both the As-S 2nd As-O bonds and 

the formatron of an ~prically pure tertiary arsine. This latter reaction 

proceeded with rnversion of configuration at the arsenic acorn. blsplace- 

ment of menrhoxide was shown LO proceed with some racemizacion bur there was 

no loss of speclficicy rn the desulfurfzaefon step. The authors prepared 

methylphenyl-n-propylarsine [a]D + 10.7 and methylphenyl-Z-naphthylarsine 

Ial, + 1.7 by means of chls Ned synthesis. 

In contlnuatlon of earlier work on the resolution of chiral tertiary 

arslnes Gacrlou and Yambushev [24] prepared p-[ethyl-o-bromophenylarsFno]- 

benzolc acid by oxidation at ethyl-o-bromophenyl-p-Lolylarslne wirh potassium 

permanganate rollowed by reduction of the resulcfng arsine oxide. The arsine 

was resolved by the use of quinine and the resulting enanriomeric areines 

were coaverred LO Lhe opr~ally active arslne oxides or arslne sulfides by 

oxldatron wlrh NO2 oz S, respecrively. 

Catilov end coworkers (251 have syncheslzed three lsomerx tertlazy 

arsines conralning amino-substituted phenyl groups: 



Et (p-MeCbHq)AsC1 + 2Na -r BrC6H4NH2 - EL (c-MeC6H4 )AsC6H,NH2 + 2NaCl 

The rhree isomerr: d-, fi--, 2nd p-bromohnllioes were used III Lhe ebove reair ions 
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and III addirion LJ :he L~CLI~IY arsinej Lh2 coupling products LEtQ-MeC6H4)As]2 

and H NC H C H NH were abr-reed 
2 6464 2 

The recciary acslnes were rsolared as dark 

red liquids which were noL readrly di;cllled They formed cr~scall~ne salts 

virh HC1, HNO 
3 

and El SO bur not wirh organic acids such 5s aceclc, proplonic 
2 4 

or Dlalic. Limited iR ddca on Lhe arsinej were given. 

The reaction 01: drsenlcllll) fluoride with LetrdLluoroerhylene in rhe 

presence of ant imooy(V) I luJr Ide led LO the formacron of (C2F5)3As and 

(C2F5)2AsF which were sEpdr;ILed by distlllarlon (261. The reacrlon was 

carried out LO an autoclave dt 260 os.1. No analyses or char~crerlrdtions of 

rhe compounds were glv~n 

Bis(pen~afluoroerhy!)fl~oroarslne and Lris(p~nLdiluor~eLhyl)2rslne were 

also prpered in G2.3 and 26’6 yields. respectively, from tecrafluororthylene 

and AsF3 2L drmospheric pressure j27j. From (C,F5)2AsF a number of derivarlves 

were prepared. Thus from LhE corresponding dlkall halides (CZF5)L~~CL, 

(C2F5)_,AsBr and (C F-1 
252 

As1 were abrained. Ethanol, in rhe prsseoce of Si02 

to absorb HF, gave (CZF5)7As0E~, while dzechylanlne gave (C2F5)2AjNE~,. 

Rsacclon with PhMgBr gave (C,F5J2AsPh. Hydrolysis gave I (C2F5)2~s120. 

Arsenic analyses and mass sprcrra *lere used LO characterize rhe compounds. 

Cullen and Mlhlchuk l2Bl have described rhe reaction of l,~-dunmeLhyl- 

1,2_diphenyldiarjrns wrch hexatluoro-2-buryne LO form an .spprJxmLeiy 1:l 

q lxrure of CLS- end zrc,rG-Z,j-bis(merhylphenylarsino)-he?raf luoro-2-burene: 

He 

CF ,CF3 
CF 

I 

31 
As--h 

c=c 
3\ 

c=c 
/ 

’ ‘As 
ph/ As\ / \ 

As / ‘CF 
3 

Me Me Ph Ph ’ ‘Me 

If, however, hexafluoroacecone was zsed as the solvent, the CLS form 

predominated. Since rhere are two assymetric arsenic atoms the cis form was 

RcIurncts p 136 
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separated into the two diascereomerlc tree0 and dZ forms. A study was then 

carried out on the reactions of the diastereoisomers 4th Fe(COj5. From 

the results it was possible to assign configurations to the seaEtFng ligands. 

In a paper on the reaction of the heterocyclic rhodium complex II with 

acetylene derivatives the folloving reaction was discussed [29]: 

Ph 

/ 

& 
\ 

Rh(PPh3)3cl i (C6F5)2”sC:CPh 

0 Ph 

0 Ph 

The (C6F5)2AsCXPh vas prepared from PhCXMgBr and (C6Fg)2A~C1. The reaction 

of the rhodium complex with P, S, and Se acetylenlc compounds was also 

discussed. 

The preparation of both 1-pheoyl4,5_dlhydrophosphepin (III, M = P) and 

I-pbenyl-4.5-dihydroarsepLn (III, H = Aa) by the cycloaddition of phenyl- 

phosphine or phenylarsine to hexa-1,54iyne has been described by f6i’rk.l and 

Dannhardt (301. 

III 

The compounds vere characterized by EFz, la NMR. and mass spectrometry. Both 

compounds vere readily quaternized vith alkyl halides (HeI and C6B3CE12Br for 

the arsenic compound) and vere also converted to the corresponding oxides 

by oxidatfon. 

Tzachach and Beinicke 1311 have described the preparation of a series 
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oE 1,3-azarsolidine carboxylic acids by the condensation of (2-aminoethyl)- 

arsines with a-ketoacids: 

RAsm)cH*cR2NHR’ 

* CB - 

I2 

+ R"COCO H .-. 

CB 

I 2 
RAS +hRn 

‘c’ 
/ Leo - 

2 

where R = Ph, R' = E or Et, and R" 

R = Ph, R’ = 8, and R" = Ph 

R = C&l, R' = tl or Et, and 

R = n-Bu, R' = A. and R" = 

L 

= He 

R” = Me 

Me 

In addition to the above carboxylic acids several 1,3-azarsolidine carboxylic 

esters were prepared from MeCOC02Et and PhCOC02Et. The reaction of 

PhAs(El)CH2CA2NEi2 with ethyl acetoacetate gave either 

on tbe acidity or alkalinity of the reaction medium. 

solution IV was obtained, but In acid solution V was 

of two products depending 

In neutral or alkaline 

the product. 

CH 
13 

/A 
phAs(am2c~2-y CH 

I 
i3 

.\\ o //C-OEt 

IV 

Both levulinic and yacetylbutyric acid reacted with 

give VI and VII, respectively. 

cr2- 7B2 

phAs\ /+;=O 

He 
_Ac\ 72 

c82 

al - 
I 2 

CR r 

PMS Af 

‘C’ 

ce’ ‘CE co Et 
3 2 2 

V 

PhAfJ(El)Ct12CEi2NH2 to 

72-C 
B 
2 

ptrAs\C/;=o 

Me' \ 
I cH2 

/ 
CH2ke, 

VI VII 



so 

Ethyl levulinate reacted to give VIII. 

c82 
I 

- iR2 

pbAs \ ANEt 

C82CH2C02Et 

VIII 

IR data for some of the compounds were given. 

In a study devoted to the 1,3-dipolar cycloaddition of diazwethane to 

alkynes to form pyrazoles, arsenical8 of the type IX were formed [32]. 

where R = Ph,As. R’ = K or CO,He. and 
L L 

R = Ph$s(O). R’ = H 

The pyrazoles were identified by means of their %I ?Dfx spec era, and it was 

sham that the cycloaddition pathvay was governed more by steric than by 

electronic effects. Pyrazoles containing other heteroatcnns such as Sn, Pb, 

Si, Ge, and S were also prepared by this method. 

The synthesis of a series of 1,3-benzazarsolines (X) by the reaction 

between o-amfnophenylarsfnes o-C6R4(NE2)AsE12 or o-C~E~(N~~)A~BR and 

aldehydes. ketones or ketoesters has been described by Tzscbach, Drohne, 

and Heinfcke 1331. 

9”” 
CR’R” 

X 

Where R = E or alkyl, R’ = El, Ph or alkyl, and 

8” = alkyl. Ph. C02Et or CE2C02Et>. 



91 

o-Aminophenylarsine vas prepared by the reduction of o-aitrophenylarsonic 

acid. It forms a monosodium arsenide when treated with sodium in liquid 

ammonia, which can then be converted to the secondary arsine o-C6E14AsKR 

by treatment vith an alkyl halide, where R = Et, i-pr, n-Bu or C2HANEEt. 

The aminoarsines then reacted with aldehydes, ketones of ketoesters as 

follows: 

ASHR a + R'COR" + CK -PR /R' 
HC\ 

2 R" 

The aminoarsine o-~2C6H4.~s(A)CH2CH,NBEt reacted vith benzaldelyde or 

acetone as follows: 

with 

As(H)CH2CHgNHEt 

+ RCOR' * 

NW2 

(where R = Ph, R' = H, R = R' = Me) 

From o-NH2C6H4Asii2 and cyclohexanone the spirocyclic compound XI (R=H) was 

prepared. 

! 
As\c/ CH2-CH2\ 

/l /?w? 
NH CH2- CH2 

XI 

When XI (R-H) vas treated vith n-butyllithlum in ether and the resultiog 

lithium arsenide treated with Et1 the compound XI (R=Et) vas obtained. 

A series of lo-aryl-substituted phenoxarsines have been prepared from 

lo-cbloropbenoxarsine and the necessary aryl Crlgnard reagents [34]. 

Trimethylarsine MS produced from He2As02H, WAs03B2, sodium arsenate, 

or sodium arsenite when these compounds vere incubated vith three different 

fungi isolated from sewage [351. 

A U.S. patent which covers the preparation of enamines and amldinium 
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salts containing tertiary arsinnes has been issued 1361. The compound 

[[(Me21i)2C+C82]2AsPhJ2C1- was obtained From PhAsclg and CE2 = C(NHe212. 

The IR and Raman spectra as well as the 
19 F N?!R spectra of the three 

coqounds H(C!CCF3)3, where H = P, As, and Sb were determined [37]. The 

vlbratiotkl spectra were in agreement with Cgv symmetry for all three com- 

pounds. There was no evidence for hindered rotatzion of the CF3 groups at 

room temperature as judged by the NMR spectra. The synthesis of the com- 

pounds and their m22s spectra wiLl be published in a separate paper. 

By using the pure lsoeopes 58Ni 6%i 54Fe, and 57Fe, metal complexes 

of these isoeopes were prepared on a milligram scale L-ith the ligand 

o-phenylene-bls(diznethylarsin2) [38]. By comparing the far lR spectra 

of these complexes it was possible to assign the As-N1 aEd bLs-Fe stretch- 

bands for these complexes. By comparison oE these results with similer 

compleves of Co, Pe, and Pd, the Co-As, Pt-As and Pd-As stretching bands 

were also assigned. 
-1 

These bands are very weak and lie in the 325-295 cm 

region for ehe Ni, Fe, and Co complexes and in the 270-210 cm 
-1 

region for 

tbe Pt and Pd complexes. 

The gas phase IR spectra and the Raman liquid spectra of the two com- 

pounds (CF3)2PP(CF3)2 and (CF3)2AsA~(CF3)2 have been determined (391. The 

results were best interpreted in terms of m conformations (Czh symmetry) 

No evidence for any other rotamers for either compound was adduced. A normal 

coordinate analysis vas also made by the use of force constants obtained 

from CP3H. (CF3)$! 2nd (CFJJ2UH, where M = P or As. 

In 2 paper largely devoted to organophosphorus compounds, the use of IR 

spectroscopy for the decerainacion of the amount of p_ 2nd ?r-camplexing 

between phenol and 2uch compounds 2s Ph3N, Ph3P, Ph3As and Ph3Sb were 

described 1401. 

In a paper largely devoted to antimony compounds and discussed in 



greater detail under Antlmmy, BriU and coworkers 1411 have reported 

the NQR spectra of the two arsines (Ph,+)gCR, and P-C6H4(PhZAsCA2)2. 

spectra uere not markedly different from the NQR spectra of Ph As 
3 

and 

p-substituted triarylarslnes which suggested that the CE2-.9s bond was 

similar to the As-phenyl bond. 
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On 

The 

The NQR spectra for 
75 

As for the compounds (C2F5)3As, (CF3CHP)3As, 

(C F ) 
252 

AsF and (C F ) 
252 

A&r have been reported by Sryukhova and Kopaevich 

[43]. The 7gBr and ” Br values for rhe last compound were also given. 

IO agreement with their previous results with As(III) and Sb(III) compounds, 

it vas concluded that asymmetry in the molecule led to an increase in the 

quadrupole constants of the central atom. The authors concluded that 

there was considerable distortion of the trigonal pyramid xn unsynnnecrically 

substituted compounds. 

The mass spectra of the phosphorus and arsenrc compounds cis- and traze 

Ph2PCH=CHPPh2, cis- and tzur.&- Ph2AsCH=CWPh2, CZe- and txzr.s- Ph2PCH= 

CRAsPh2, and Pb2PCH2CH2AsPh2 have been determined and their fragmentation 

patterns have been elucidated [43]. The cts and tmns isomers were found 

to have Identical mass spectra which suggested that there was free rotation 

about the C-C bond in the parent ions. It was also shown that phenyl 

migration occurred from one P to another P, or from one As co another As, 

but in the mixed P-As compounds phenyl migration from arsenic to phosphorus 

occurred but not the converse. 

The crystal structure of the heterocyclic arsenic compound 2,3,6-cri- 

phenylarsenin (XII) has been determined 1441. 

CAY Ar . 

XII 

It yas found that the arseti ring did not differ significantly from Cp,, 

symmetry. The ring is planar vith a As-C distance of 1.872A, which is 

E.&-p. 136 
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significantly less than the sum OP the covalent radii (1.984). A comparison 

wss made between the arsenin ring and the related phosphorin ring. 

In a paper from &rkl’s laboratory 1451 the photoeiectron spectra of 

three l-pbenylphospholes and one aesole VIII were given. The results showed 

that there was no conjugative interaction between the five and six membered 

rings and that the lone pairs on phosphorus and probably on arsenic took no 

part in five-membered ring conjugation. The authors concluded that phospholes 

and arsoles in their ground scare conformation consist of locaiized diene 

systems and lone pairs of hetero atom electrons and in this sense are not 

aromst ic. 

pNitrophenyldiethylarslne, its oxide and sulfide, p-nitrobenzenearsonic 

acid, and m-nitrophenyldiethylarsine and its sulfide were prepared in order 

:o study the polarography of these compounds [46]. The reductions were 

carried out in DKF and gave two waves, a one-electron and a three-electron 

wave. It MS concluded that in the second step products were Eormed which 

are oxidized at similar potentials and that only the NO2 group undergoes the 

reducticn. ESR spectra for the anion-radicals were studied and showed no 

delocalization of the odd electron into the aryl or alkyl gubgtituents on 

the arsenic. 

C. Use as Ligands 

gosnich and coworkers 1471 have described the aynthesls of the ligand 

[+A=J (CD21 .+PhCgg 1 2, which they named tetars. This compound should exist 

in &Z and me80 forms as follows: 
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Pb Ph 

V V 

He2AsKH2) B 4 As b C82CB2 4 As b (CH,) 3AsMeZ 

A & 

rfXS.0 

Ph 

V V 
Ne2As(C82)8 4 As b CB~CH~AS(CB~) 5AsMe2 

A A 
Ph 

MCBlmC 

The racenlc lxgand formed cooplures uich cobalt stereospecifically 

because of the sterx constraints of the two chiral arsenic centers. WlLb 

CoC12-6820 the racemlc ligand forms three different lcomers cia-a, CLS-B, 

and trax,c, whereas the me&G ligand formed cG+!3 and CYZVZE. It was possible 

to separate all five complexes and to identify these by means of their %I 

NMR spectra. The various complexes were found to be in equillbrlum and 

the race&c llgand did not show any strong topological preferences, whereas 

the nwso ligand preferred ihe Z~YMS topology. By the use of benzoyl-(+)- 

cattaric acid monobydrate IL was possible to resolve the czs-Ci complex of 

the racemic ligand and to obtain the pure enanciomers, Because the three 

compounds of the optically active ligand, CZ’s-a, cis-Land trans are In 

equilibrium, it was aLso found possible to convert the optically pure cis-o 

compkx into optically active CLS-8 and trana complexes. By treating the 

cobalt complexes with NaCN, the optically active free arsine ligands 

vere obtained. Thus from the pure cis-a[Co(R,R-tetars)C12]Cl the optically 

pure S,S-tetars,[a] + 28.7,was isolated. A solution of R,S-cetars 

R,R;S,S-tetars (racemic), or S,S-tetars, when treated in methanol-ether 

solution with a few drops of WI., isomerized and racemized rapidly to a 

mixture of 55X R.S-tetars and 45% R,R;S,S-tetars. The use of circular 

dichroism In helping to analyse the different isomers of the cobalt complexes 

is described in considerable de:aLl. 

The Schiff base condensation of o-dinethylarsino- or o-diethylarsino- 

References p. 136 
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anLUnes with the appropriate aldehyde led to the formation of the following 

new tridentate ligauds [4g]: 

R = H or Me 

R = H or Et 

The formation of a number of o;roganese(II) complexes of these ligands was 

studied, and their magnetic properties were given. In a second paper 

Chisvell and Lee [49] reported the formation of a number of cobalt and nickel 

complexes of several new ligands obtained by the condensation of 

o-dinethylarsino- and o-diechylarsinoanilines with the sulfur--containing 

aldehydes o-MeSC6B4CHC and XIV. The oew ligands were not characterized. 

XIV (R = B or 

The preparation of four nw ligands containing the tertiary arsine 

Me) 

grouping and their complexes with cobalt or nickel has also been described by 

chiswell and Lee [5lI] I The ligands all contained the grouping XV. They were 

obtaiued ouly as 011s by condensation of the o-RgAsC6H4NH2compound with 

an aldehyde and wsre not characterized. 
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AsR2 

N=CH-R’ 

.xv 

(R = Me or Et, R’ = o-He NC H 
2 64 

R = Me, R’ = o-HMeNC6H4 

R = He, R’ - 2-pyridyl) 

In two later papers these, same authors have described cobalr [Sll and 

nickel [521 complexes of a number of new arsenic Ligaods obtained by the 

condensation of o-dimethylarsino- and o-diethylarssnoanllines with aldehydes 

(XVI). 

R -0 CHO 
N 

.xvL (R = H or Me) 

Again tbe new arsenic llgands were not characterized. 

The reaction of a number of tertiary arslnes with the iridium compound 

trana-Ir(CO)ClPPhS (Vaska’s compound) to displace the PPhS and form new 

iridium compounds has oeen described by Chow and coworkers (531. Among the 

arsenicals used were Ph2AsCH2CH2AsPh2. tis-Ph2AsCH=CHAsPh2, cti;-Ph2AsCH= 

CHPPh2, and Ph2AsCH2CH2PPh2, but not all of the compounds reicted with Vaska’s 

compound. Since Vaska’s compound has the Interesting property of reverstbly 

binding an oxygen molecule,reacrion of the new iridium compounds were 

studied as osygcn binders, and two of the compounds were shown to form stable 

irreversibLe oxygen adducrs. 

Fitzgerald and coworkers 1541 have prepared several phosphioe and 

arsine iridium compleves of the type IrC1CO(AsPhj)2, LrCLCO(PPh3)2, and 

IrC1CS(PPhj)2 and studied their reactions vith a variety of Lewis acids. 

On the basis of these results it was concluded that the order oE basicity 

of the above compounds was in the order 

IrClCO(AsPb2)2 > IrClCO(PPh5), ’ LrClCS(PPhj)2 

Refacnmp. 136 



In conciouac~on oE studies on the use of NaqFe(CO)4 in organic syntheses, 

Collman and covorkers [55] scudied the reaction between this iron compound 

aad dipheaylchlorophosphzne and -arsine. An anionic complerr was formed 

which reacted further with var=ous organic halldes LO form oeurral phosphioe 

and arsiae conpiexes: 

f4aZFe(C0)4 t Ph$sCl - Ph$s- X> 

I 

Ph$sR 

I 
Fe (CO4 1 Fe (CO14 

In the above reactron R was ao organic group such as benzyl or an organo- 

metallic group such as Ph,Ge. The anionic complex also reacted urth 

PhOAsCl or Ph2PC1 co form compounds with As-As or As-P bonds: 

PhgP.s- -i- Ph,AsCl + 

I 

PhpAs-AsPh? 

I - 
Fe(C0)4 Fe (CO)4 

The 733 and 3b NMR spe ctra of these compounds were briefly mentioned. 
. 

The ‘a H?fR spectra of a series of coordination compounds formed 

be&Ten Et3As as the donor molecule and Ne3Ga, Et3Ga, Me2GaC1 and Et,GaCl 

as acceptor molecules, have been reported and analysed [56]. The sub- 

stitution of Cl for an alkylgroup oo the gallium atom increased the 

difEerence in chemical shift betwren the CHg and CR2 moitles of the ethyl 

group on the arsenic acom, from which it was concluded that the strength 

of cbe Ga-As bond was greater for the hologenated compouad. From measure- 

nents of the complex formation constant vith temperature,the bond energies 

LJP the Ga-As bond in three compounds *as estinaced. 

The synthesis of compounds containing the Ga-As bond derived from 

Et.,& and such gallium compounds as He3Ga. Et3Ga, and EtRGaCl has also been 

described in another Russian paper [57]. 

In addition CO the publications discussed above , a large number oE other 

papers have described tbe use of tertiary arsines as ligands. The metals 

coordinated to the arsenic in the complexes included chromium [58-601, 
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cobalt [61-663, copper 167.681. gold j69,70], iridium [67,71-741, iron 165, 

67,75-81). manganese [67,82-881, mercury [89,90], molybdenum [59,67,91-991, 

nickel [loo-103],osmium [67,104-1071, palladium [67,89,108-1121, platinum 

[67,89,108-110,112-1191, rhenium [120-1221, rhodium [71,72,123-128\ ruthenium 

[67,105,129-1351, silver 167.1363, tin [137], titanium [137], and tungsten 

[59,91-93,138-1401. 

D. Other Chemical and Physical Properties 

The potentiometric titration of a series of compounds of the type 

p-Me2NC6H4X, where X was a substituent such as H, F, Me, NO, Cl, gr, etc., 

gave pka values which were used to obtain a Hammett plot using the knoun u 

values for the substituents 11421. In addition the two substltuents 

p-Et,As and p-Ph2As we re used and o-values for these subscituents were 

obtained. In addition pKa values for lo-[p-dimethylamino)phenyl]-5,10- 

dihydrophenarsaxine and its arsine oxide were obtained and it was concluded 

that the phenarsazine rmg system acted as an electron acceptor in respect 

to election distribution in its structure. 

Splittet and Calvin [42] have calculated a Hanmett p value of 2.5 for 

the inversion rate of a series of p-substituted l-phenyl-2,2_dimethyl- 

axiridines. This p value was determined from experimental AC' values 

adjusted to 2S" by assuming AS* = 0. The resulting p value was then used 

to calculate 0 
iIlV 

constants for a number of other substituents. kL3ViIlg 

determined these oinv constants, the authors then used these values to 

obtain p values for other l-substituted aziridines, oxaziridines, acyclic 

.auLoes, phosphines, and arsines. The p values for acyclic amines. phosphines, 

and araines were in the ratio 0.5 : 1.0 : 1.25. 

In a paper [143] on the reaction of Ph3P, Ph3As, and Pb3Sb with 

CuC12, it is stated that the reaction rate, both in Me2C0 and MeOH, is in 

the order Ph3As< Pb3P < Ph3Sb. The products of the reaction between 

Ph3Aa and CuC12 were, however, not given. 

Calculation of the electronic configuration of Ph3U, where H - P, As, 

Refem.mzap.136 
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Sb, and Bl. has been reported in the Russian literature 11441. 

Tvo papers devoted to the electronic structures oE heterocyclic organo- 

phosphorus and organoarsenic compounds have described the use of the CNDO/2 

approach. In the first of these papers 11451 several substituted phospholes 

and arsoles as well as phobphole and arsole were considered. Orbital 

energies and sequence, orbital density, total density plots and substituent 

effects uere given and comparisons were made between arsoles, phospholes 

and pyrroles. 

In the second paper [146] similar calculations were made for arsenic 

and the results compared with phosphorin and pyridine. 

In a paper devoted to physical constants of gallium and arsenic com- 

pounds, the m.p. and enchalpy of melting of triethylarsine was given as 

181.8-R and 2643 cal/mole. respectively 11471. In a closely related paper, 

the enthslpy of mixing of Et3Ga and Pr,Ga with Et+ vas given as -6.2 and 

-9.6 k&L/mole, respectively 11481. 

4. AMNOARSINES 

A number of bis(dialkyIamino)arsines of the type MEAs(NR~)~ have been 

prepared by Kober [149] by means of the resction: 

Me4s12 + 4R2NB + H~As(NR~)~ + 2[R2NB211 

All of the tinoarsines were liquids which were purified by distillation in 

zlac%o. 1H NFIR, IR, and mass spectra of the products were reported. The 

As-N bond was cleaved by acids, water, alcohols, and sulfhgdryl compounds: 

MeAs(NR 1 + 4BX * MeAs 
22 R2+ 21R2m21X 

Me#sNR2 + R’OR * Me2AEOR’ + R2NB 

The As-N bond also undervent exchange reactions uith other &es: 
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ue~~(me2)2 + 2C4H4NH * M~As(NC~H~)~ + We2NH 

(where C4U4NR = pyrrole) 

Rober 11501 has found that He2AsNMe2 undergoes transamination when 

treated with an excess of a secondary amine. Dimethylamine was evolved in 

the reaction and a number of new aminoarsines were prepared by this 

reaction. The reaction tsmperaeures varied from 130 to 190°, and the yields 

varied from LO to 602. PMR and LR data were reported for the new aminoarsines 

The reaction of prhary amines with either Me2AsC1 or He2AsI led to 

the formation of bls(dlmethylars.ino)amines in yields of 40-60X [151]. The 

reactions were carried out in ether at -60 to -70°, and the products purified 

by vacuum distlllatlon. The amines RNH,, were R = He, Et, n-Pr, n-Bu, iso-Bu. 

set-Bu snd tert-Bu. Ln the case OF tert-BuNH2 the compound Me2AsNBMe3 was 

obtained. By the reaction of Me2AsNMe2 with anilFne or cyclohexylamine 

(He2As)2NPh and 04e2A~)2NC6~l were obtained. The reaction of the arsino- 

smines with a wide variety of reagents was Investigated. In all cases the 

AsN bond wss cleaved. Thus with HN(X = F, Cl, Br, or I) Ne2AsX was obtained, 

with HeL, Me 2&I was obtained and vlth R'OH, Me2AsOR' was isolated. With 

AsF3. HegAsP and a high-boiling oil were obtained. The %I NMR. LR, and mass 

spectra of the bis(dimethylarsino)amines were given. 

A number of compounds containing 
15 

N-P bonds and a few compounds con- 

taining 15N-As . 15N-Si , and L5 N-B bonds have been prepared and the "N-%ZL 

NMR coupling constants were determined in order to assess the importance of 

N +Pn bonding in the phosphorus compounds [152J. The arsenic compounds 

synthesized were (CF,)2As15NH2 and [(CF3)2As]215NH. The percent s character 

of the nitrogen MS calculated from the 
I.5 

N-E COUQling constants by means 

of the equation S = 0.433 

"N-B 

-6. The replac emsnt of p by As resulted in 

a decrease in the percent of 2s character at nitrogen. By consideration 

of the Si- 
L5 
N and B- 

15 
N compounds it was concluded that the equation giving 

the percent of 8 character vas not applicable to organonrtrogen-heteroatom 

compounds in which the electronegativitp of the heteroatom differed markedly 

Referecccmp.136 



102 

from chat of carbon. The results were explained, therefore, by considering 

the redistribution of elecrrons wlthin the 0 Erameuorks of the molecules. 

It was Eureher concluded that it vas unnecessary to invoke p, - dn bonding 

betveecl the nit:ogen and the heteroatom to explain the NMR results. 

The reactioc of IO-chloropheaoxarsine with NH3 in xylene gave tris(lO- 

phenoxarsinyl)amine(~Il) 11531. With poeassium phehalioxide the same 

phenoxarsine gave lo-N-phthalimidylphenoxarsine (.XVIII). 

XVII 

The reaction of the lo-chloropheooxarsine with 

gave the corresponding lo-phenoxy compounds. 

IO a long and involved paper tiannich and 

/N\ 
o- c=o 

B 0 

XVI11 

a series oE sodium phenolates 

corjorkers 11541 have reported 

on the reaction of several chloroarsines, rhe euo diarsines (Me,j~.)~ and 

(Pb2A+ as well as Ph2AsC13, with ammon'a and with ammonia-chloramine 

mixtures. With Me2AsCl and amonia the product vas [Me2AsNH3]C1 but with 

an ammonia-chloramine mixture the product had the composition Me4As2N2-HCl 

whose structure was uncertain. A compound of similar composirion vas obtained 

from Et&CL and ammonia-chloramine mixtures. 
L 

In addition, Ee,AsCl gave an 

appreciable amount of the compound (Et2As)3N. Tetramerhyldiarsine also 

reacted with mania-chloramine to give He4As2N2*iiC1. It was postulated 

that the methyl compound was a dimetbylarsenonitrile hydrochloride retramer 

but that the ethyl compound vas a polymer with As-N and As-Cl bonds. 

Diphenylchloroareine vas found to react uith ammnia-chloramine to give 
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triclinic crystals of the product (PhgAsN)S. The structure of this compound 

was established by three-dimensional X-ray analysis. Prolonged heating of 

the trimer in acetonitrfiesolution gave some crystals oE the tetramer 

(Ph2AsM4 whose structure was also determined by X-ray analysis. The 

reaction of Ph2AsC13 with ammonia in a stainless steel bomb also produced 

the trimer (PhBAsN)3. The structures of the various compounds given in 

this study were elucidated by means of mass spectral data as well as the 

above-mentioned X-ray data. 

5. HALOARSINES 

In a long paper devoted to the 1% 
19 
F and l3 C N?4R spectra of an 

extensive series of polyfluoroalkyl arsines Kopaevich and coworkers [155] 

have analysed the effect of structure on the 19 F spectra of arsenic 

compounds of the type (CF3CF2),AsX, (CF3CF2)2A~R (where R was an alkyl 

or aryl group), (cF~cFc~).+X, and R3As where R was a fluorine-substituted 

alkyl group. In compounds of the type (CF3CFg)gAsX the 
19 

F nuclei of the 

CF2 groups are diastereotopic but the effect was evident, as judged by 19F 

spectra, only where X = Br or I. In the compounds (CF3CF2)$~CF(CF3)Xl where 

a double type oE diastereotopy might be expected, only the nonequivalence 

of the CF3CF2 groups was observed, while in (CF CF ) 
3 22 

AsCF(CP3)Cl no aon- 

equivalence of fluorine containing groups was observed. The compounds 

(CF3CFCl),AsX possess two chiral and one prochiral centers which are 

observed in the 
19 

F spectra. It was also concluded on the basis of the 

NMR results that inversion at the As atom was relatively slow on the NMR 

time scale. 

In continuation of their work on polyfluoroalkylarsines Ropaevich and co- 

workers 11561 heated CF2%FC1 with ASP3 in a steel bomb with SbF3 as a catalyst 

and obtained, after fractional distillation of the reaction product, (CF CFC1)2AsF 
3 

(58%) and (CF3CFC1)2AsC1 (14%). The products ware characterized by elemental 

analysis and mass apectrometry. In a similar reaction (CF3CF2)psF was found to 

Rczerm~p.136 
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react with CP2=CFCl to yield (CP3CF2)2A~CPC1CF3 (703) and (CF3CF2)2AsCF2cF2Cl 

(30%). A hydrolysis reaction (erronously termed a haloform reaction) vas used 

to help determine their structure. The hydrolysis of the reaction mixture 

obtained from (CF~CF&ASF and CF2=CFCl vith Et3N in NeOH gave CF3CF2R, 

CF3CHFC1, and CF2=CF2 in quantitative yields. The molar ratios of the 

products CF3CRFC1 and G2=CF2 corresponded to the molar ratios ol the 

isomeric arsines obtained in the reaction and also to the integrated 

intensities oi the NO products in their "F NMR spectra . The reaction of 

Et3N in MeOH with (CF3CF2)3As led quantitatively to CF3CF2H; the same 

reaction with (CF3CFC112AsF gave CF3CFC1H, also in quantitative yield. It 

was concluded that the CFZ=CF2 arose by l3-ellmlnation of BC1 from the 

ClCF2CF28 vhich was formed by the hydrolysis of the As-CF2CF2Cl grouping, 

in the compound (CF3CF2) 2A~CF2CF2C1. 

In a paper devoted to the chemistry of thianthrene the phenarsazine XIX 

vas prepared by the fcllovLng reaction 1157): 

XIX 

The yield was 20% and no spectral properties were given. 

The reaction of AsC13 and diazomethane to form Mek~(C8~Cl)~ and 

kkA~(Cl)tZ~Cl, with the latter as the principal product, has been reported 

by Wirber and Eichhorn 11581. The reaction of HeAs(C1)Cl12C1 with a variety 

of nucleophiles in the presence of Et3N vas studied. With phenol HeAa(OPh)2 
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was obtained vhFle thiophenol gave a mixture of HeAs(SPh)CR2Cl and 

HeAs(SPh)2. With 3,4-(SR)2C6E3CR3 the two heterocyclic compounds XX and 

XXI were obtained in which the orientation of the CR3 group was uncertain. 

Ue 
'-CH2 

S/As-Me 
Me xx S~*sMe 

s’ 

!?x XXI 

Both LR and Raman spectra Ear the compounds (C6H5-CB2)3MX2, where 

M = As or Sb and S = F or Cl have been reported [159]. Both %i and "F NMR 

spectra were also given. The vibrational spectra were interpreted in terms 

of a sligbtly-distorted trigonal bipyramld. The q ethylene NMR signal, which 

was split into a triplet by coupling with the two fluorine atoms in the 

compounds (C6H5CH2)3SbF2 and (C6H5CE2)3AsF2. but in the case of the antimony 

compound there was some collapse of the triplet which was interpreted as 

due to intermolecular exchange of the fluorine atoms. 

In a paper largely devoted to phosphorus compounds, Hoedritzer 11601 has 

reported on 

MePOC12 vs. 

HeAsBr2 vs. 

the red&stribution equilibria in the systems MePBr2 vtiMePC12, 

MePO(OPb)2, MePSBr2 vs. MePSC12, MePSC12 vs. MePSOJMe2)2 and 

Equilibrium 

MeAs12. The equilibria studied uere 

2 MePXY & MePX2 + MePY2 

2 HeAsClI e HeAsC12 + MeAs 
2 

constants were obtained for the phosphorus 

used depended upon the +i 

at various temperatures. 

rium was much faster than 

both room temperature and 

compounds. The method 

NMR signals cbtained, and constants were obtained 

With the arsenic compounds, however, the equilib- 

in the case of the phosphorus compounds 

-53O. Only a single sharp line uitb no evidence 

of fine structure wss obtained. 

The use of He2A sC1 as a llgand has been reported by Ehrl and cowrkers 
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[1611. Thus MegAsCl reacted with C7H8Cr(C0J4 and C7BgMo(CO)4, where C7gg 

was norbornadlene, to form the complexes ti~-(C0)~Cr(AsYe,Cl), and da- 

(CO)$fo(He+.Cl)*. The chromium complex reacted with NaNn(C0)5 to form 

~~-(CO)~Cr[Hegs-~'nlnCO)~]~. This latter compound was converted into its 

t%zzz-isomer by refluxing in toluene for one hour. An attempt to prepare 

the corresponding molybdrnm conplex v.35 unsuccessEu1. 

6. OTHER TRIVALENT ARSENIC COMPOUNDS 

Continuing their work on As and P compounds containing CF3 groups, 

Demuth and Grobe [162] have described the preparation as well as the mass 

spectra and , 
lH 19 F, and 

31 P NW? spectra of a series of compounds containing 

P-PE2 and As-PH2 bonds. The only arsenic compound obtained was (CF3),AsPH2. 

prepared by the following reaction: 

Et3SiPf12 + (CF3J2AsI * Et3SiI + (CF3)2A~PA2 

The reaction of (CF312AsI xith LF4s(PHZ)quas less SatisEaceory. 

In another paper from the same laboratory (1631 the preparation of 

compounds of the type Me3MP(CF3)2 and Me3K4s(CF3)? where M = Si, Ge, and 

Sn. The arsenic compound Me3SiAs(CF3)2 was prepared by the following 

reaction: 

Me3SiPE2 + HAs(CF~)~ + Me3SiAs(CF3)2 + PH-, 

The reaction kas carried out for 30 days. In a similar manner from 

He3GePH2 and Me3SnPH, the compounds Me3GeAs(CF3)q and Me3SnAs(CF3)2 were 

obtaIned. The IR spectra of rhe silicon and germanium compounds were listed 

and assignments of bands were made. The 'H and 19F 

and coupling constants were calculated. 

NMR spectra were given 

Tbe next paper of the series [164] was devoted to reactions of compounds 

of the type (CF312FPE2 and (CF3)+PH2 in which the P-P or As-P bond was 

cleaved. These bonds were cleaved by reaction with a variety of polar 



substances [HJ3r, (CF3)2Pf, (CF3)PAsI, Me3SnH, (CF3)2A~H] as well as by non- 

polar substances such as Brg and MLI~(CO)~C. IO addition exchange reactions 

were carried out vith (CF3)4p2. (CF3)4A~2, and P2F4. Among the arsenic 
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compounds obtained in this manner were (CF3)2A~PF2, and (CF3)2PA~(CF3)2. 

The reaction of P2F4 and (CF3)2A~PA2 led to the compound (CF3)2AsPF_,. The 

54 and 
19 

F spectra were used extensively in characterization of the products. 

Two interesting new compounds CF_,P(PHP)g and CF3As(PHZ), have been 

prepared by the reac~ioo of CF1P12 or CF$.s12 with HJSFPHZ a= -2Z5 11651. 

The compounds were characterized by ‘H and I9 F NMR spectroscopy. No elemental 

analyses were giveu. 

Aksnes and vikane [166] have zepoeted on the JH 

series of 1,3,2-dioxaarsolanes, 1,3,3_dithlarsolanes 

oxathiarsolane: 

R = Ph. X = Y = 0, X = Y 

R = Cl, X = y=o,x=y 

X=O,Y=S 

R = Me, X=Y=O,S=Y 

=s 

= s 

= s. 

NMR spectra of a 

and one 1,3,2- 

A detailed analysis of the NMR spectrum of three of the compounds as 

AA’BB’ systems and one as an MCD system determined that the rings existed 

in a slightly distorted envelope conformation with the ring carbon adjacent 

to the 0 or S at the apex of the flap. There were apparently rapidly 

interconverting envelope conformations. 

The use of NMR spectra for determining conformations of a series of 

substituted l,I%,Z-dioxaarsenanes of the general formula XXII has been described 

by Samitov and covorkers 11671. 
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In these coGlpounds R’ was Cl, OMe, OPh, or Ph. IL was concluded that the 

ring existed in the chair conformation. 

The l4 N NMB spectra of a series of alkyl-elunenc azides, where the 

element was 8, Al, Tl, C, Si, Ce, Sn, Pb, and As uere determined [168]. 

The only arsenic compound studied was HegAsN_,, and the chemical shifts 

and line widths at half the peak height for this compound were given. It 

was concluded that the arsenic compound was a purely covalent azide. 

The IR spectra of [ (CFj)#.s]2 in both the gaseous 2nd the solid state 

and the Baman spectra In the llquld and solid states were determined by 

Thompson and coworkers [169]. As an aid to interpreting the data these 

authors also deterzinrd the LR speccrz of (CF ) 
3 3 

4s in the solid end gzseous 

states and the R-n speccruP in the liquid state. .4ssignmencs for the 

various vibrational bands for both cortpounds were mzde. It was concluded 

rhat the diarsine existedinall three states only in the trx?S-conformation 

(C 2h symmetry) 2nd it was suggested that the longer As-As bond distance 

(compared with the P-P bond distance) accounted for the existence of only 

the one isomer. 

The photoelectron spectra of pyridine, phosphabenzene, arsabenzene, 

and stibabenzene have been reported [170]; the photoelectron spectrum of 

pyridiae MS !cnovn previously. The spectre of all four compounds were 

remarkably similar. Various spectral bands were assigned to molecular 

orbitals. Ab initio calculations were carried out for phosphabenzene, and 

it was concluded that Ear none of the occupied orbitals was there signif- 

igant d orbital participation. Calculations for arsabenzene will appear in 

a later paper. There was a straight line relationship between the ionization 

potentials of the free atoms, N, P, As, and Sb, and the ionization 

potentials of the compounds. 
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Phospha- and arsagernacarbonanes, which contain three different hetero 

atoms in the cage, have been prepared by treating the sodium salts of the 

7,8- and 7,9-BgHgCHM 
2- 

Ions (where M = P or As) with germanium diiodide 

11711. 

7. ARSONIC AND ARSINIC ACIDS 

A series of compounds have been described by Trivedi and Mchta [i72] 

formed by the condensation of sodium hydrogen p-amlnobenzenearsonate (atoxyl) 

with a number of halogen compounds of the type XCH(CONHB)COMe and 

XCB(CONHR)CN, where X was Cl, Br or I and R was phenyl, a substituted phenyl 

group, or PhCt12. 

The Meyer reaction for the preparation of alkanearsonic acids is 

generally quite slow for longer chain alkyl groups. Luiggi and de Casal 

11731 have shown that x-butanearsonic acid can be prepared by heating As203 

and n-BuBr in alkaline 10% aqueous glycerol soluci~o foe 30 hours. 

A U.S. patent [I741 for improving the preparation of arsanilic acid by 

the B&champ reaction involved the reaction of aniline with arsenic acid 

under reduced pressure and by the hydrolysis of previously dlscarded by- 

products with strong acid. 

Aliphatic arsenic amides or amide esters have been prepared by hearing 

esters of aliphatic arsenic acids with an excess of a secondary amine 1n a 

nitrogen atmosphere [ 1751 

The behavior of nine different methyl-, chloro-. or nitro-substituted 

srenearsonic acids (as well as benzenearsonic acid itself) on heating has 

been studied by means of differential thermal analysis 11761. These com- 

pounds lost any water of crystalllzatlon at temperatures of 140-250” and 

decomposed at 260-400°. 

The pH and the Hammett acidity dependences of both the electronic 

absorption spectra and the fluoresence spectra of both Ptr~sO~Il~ and 

PhP03H2 vere compared with those obtained from benzoic acid, phenol, taluene, 
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and benzene [177]. The valence shell expansion behavior of both P(V) and 

As(V) in the tvo acids studied is quite similar to that of sulfur in 

naphthalenesulfonic acid and suggests that there is strong p,-d, interaction 

only in the excited state of the cationic species. 

TsentovskiC and coworkers [178] have deteraioed pKa values for a series 

of arenearsonic acids in dimethylformanide and dimethylsulfoxide and com- 

pared the resulting values with pKa values for these same acids in water. 

The influence of substituents in their effect on pKa values was in the same 

direction in the two organic solvents as in water, but a plot oE pK.a values 

in either solvent vs. pIis values in water gave a line whose slope was con- 

siderably greater than 45”, i.e. the organic solveots hzd a differentlating 

action on the ionization constants of these acids. 

Thermodynamic ionization constants for a number of arenearsonic acids 

have been determined by tiuslla’in and CinngLde [179]. Both pocentiometric 

and spectrophotometric methods were used and the acids studied were 

benzenearsonic acid and the following substituted benzenearsonlc 

acids: 2-OH, 2-OMe. 4-OMe, 2.4-(OMe)2, 2-NH2. 4-NH2. 4-08, 

and 2,4-(0812. For the unsubsticuted acid and the 4-OMe, 4-08, and 4-NH2 

substituted acids a E??etc plot of ionization constant VS.. (3 values gave 

srraight lines with a p value of 0.844 for the reaction ArAsO H 
3 2 

-+ ArAsO3H- 

and a p value of 0.840 for the reaction ArAs03H-+ ArAs.0 
3 
=. Sigma values of 

+0.972. +0.459,and -0.109 were calculated for the three substituents 

-As03R2. -AsO , and -.Gi03a, respectively. Tbe p% value for Z-HOC K .AsO H 
64 32 

-as 4.00 5 0.02 compared with a value of 3.85 I 0.02 for the L-OHC ti As0 l-l 
64 32’ 

This difference was attributed to intramolecular hydrogen bonding which 

Increased the basicity of the As03H2group. By contrast pq for 2-NH2C6H4As03H2 

uas 3.79 f 0.02 compared with 4.13 f 0.02 for pq of the 4-substituted acid. 

This vas attributed to hydrogen bonding between the NEI and the As=O. In 

addition to p-5 values pR2 values vere also obtained and it was concluded 

that in Z-0HC6E4As02E- there was a hydrogen bond between the Z-OH group and 
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As03E-. In addition to the arsenic acid group pK values were also calculated 

for the OH groups and for NF13+ in the 2- and G-substituted amino arsenic 

acids. It was concluded that the low baslcity of the NH2 group in 

Z-NH2C6H4As03H2 was the reason why this acid failed to 

with ferric or cupric ions. 

It has been shown that the IR frequencies but not 

form strong complexes 

the band intensities 

of the As0 group for the compounds p-RC6H4As(0)Et2 (where R = NO2, Br, Cl, 

Me, H, OHe and NMe2)correlated well with the II-ect o-constants [180]. 

There was also correlation between UV wavelengths and the a-conscants. It 

was concluded that the AS (as well as P) atam participated in conJugaLion 

with the phenyl ring. 

Simon and Schutinn [181] have reported on the Ramsn spectra from 200- 

3000 cm 
-1 

and the IR spectra rrom 400-3800 cm 
-1 

of MeAs03H2, EtAs03H2, 

E~a~sOjliNa'l.SH,O, and M&s0_,D2 and assignments of the various bands have 

been made. It was concluded chat the compounds probably possess Cs 

symmetry. It was also noted that the acids possessed strong hydrogen 

bonds. 

In a second paper these same authors 11821 report on the Raman and 

IR spectra of the Na and K salts of dimethylarsinic (cacodyllc) and 

diethylarsinic aczds. Several of these salts occurred in a hydrated form. 

It was concluded that the R2As02H skeleton probably possessed Czo symmetry. 

In a third paper the IR and Raman spectra of Me2As02H and of the same 

acid partially deucerated, and also of Et As0 H and of the reaction products 
2 2 

of Me2A602H and Et2AsO2R wlch HCl were reported by Slmon end Schuman? 11631. 

It was concluded that both ehe free acids possessed Cd smetry. The 

reaction of Ne2As02H with HCl formed a hydrogen-bonded species Me2As02H...RC 

whereas Et 2As02H was protonaeed to form [Et2As(OB)2]C1 which probably 

possessed CzV symmetry. Assignments for the LR and Raman bands were made. 

The absorption of several substituted arenearsooic acids, 10 -4 M in 

concentration and in 0.01 and 2.0 M perchloric acid solution, were determined 

1, 
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between 200 and 320 nm 1184 J . From these measurements wavelengths were 

chosen for the determination of the protonation constants for these acids. 

The existence oE the protonated acids was demonstrated in BC104 solution 

between 0.01 to 3.00 H in concentration with a constant ionic strength of 

2.99 H NaC104. The protouation constants for p-B0C6B4As03B2, o-BOC6g4As03B2~ 

and 2,4-(BO) C B As0 B were given. 
263 32 

in accurate value for the protouation 

constant of PhAs03H2 could not be determined. 

A cobalt complex in which benzenearsonic acid was a ligand was 

prepared [185]. The complex had the structure [CO(CS(~B~)~)(C~H~A~~~B~)C~] 

and resulted from the iuteraction of the cobalt compound COC12-(thiourea)2 

and beruenearaonic acid. 

A series of uranyl derivatives of beruenearsonic acid and substituted 

beruenearsonic acids hzs been deecribed by Sandhu and Aulakh [186]. In 

these compounds the arsonlc acid moiety appears to be acting as a tridentate 

ligand. Rlenental aualyses and 1R spectral data were given. Sandhu and 

coworkers 11871 have also described some copper(I1) salts of o- and p-methoxy-. 

p- brono-, and p-chlorobenzenearsonic acids and p-toluenearsonic acid and 

have listed IR spectral data and magnetic spectral data for these conpounds. 

The ratio of Cu to arsenic acid is 1:l. On the basis of the IR data and 

the lack of solubility in non-coordinating organic solvents (solvents not 

given). the authors concluded that the compounds were probably polymeric 

with possibly octahedral geometry. In another paper from Sandhu's labora- 

tory 11301 ruthenium complexes in which benzenearsonic acid apparently served 

as either a monodentate or bidentate ligand have been described. The com- 

plexes were of the type (PMsO,)RU(CO)~L~ and (PMsO~_B)~R~(CO)~L'. where 

L = Ph3P, Ph.,As, @-UeC6H4)8P or @-HeC6H4)2As and L’ * Ph2PCH2CH2PPh2, 

Pb2AsCB2CH2AsPh2, or Ph2As(CH2)4AsPh2. The C-O and As-0 IR group frequencies 

were reported. 

Braman and Foreback 11881 have described a method for the determination 

of arsenite and arsenate ions and rnethanearsonic and dimethylarsinic acids in 

nanogram amounts. The method was then applied to various biological samples. 
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Dimethylarsinic and methylarsonic acids were found in natural waters, bird 

eggshells, seashells and in human urine. It was suggested that methylation 

was a method for tbe detoxification of inorganic arsenic in the animal 

body. 

In an important paper Hassan and Elsayes 11891 have showo that a 

variety of arenearsonlc acids can be titrated in DXF solution with sodium 

methoxide in DMF and with brqmophenol red as the indication. Only one OH 

group of the arsenic acid was cicrated and the error is quite small (from 

-0.4% to +O.l%). There was no lncerference from phenolic hydroxyl groups. 

Nikuvashina and coworkers 11901 have claimed that N-(p-arsonopheryl)- 

anthranilic acid is the indicator of choice for the titration OE iroc with 

potassium dichromate and that it can also be used for the titration OE 

chromium with ferrous ammonium sulfate. 

The synthesis of a new Arsenazo type reagent which differs in 

selectivity for rare earth elements has been described in the Russian 

chemical literature 11911. The new compound is 2-bis(carboxymethyl)amino- 

methyl-7-[(2-arsaphenyl)azo]naphtholamine-3,6-disulEonic acid aaa is 

termed arsenazokhimdu. 

A new Arsenazo reagent named Arsenazo-p-N02(!CXLIl) has 

sized and found to be a sensitive and selective reagent for 

of lanthanum [1921. The UV spectrum of the new reagent was 

several acidities. 

I;rso3R2 OF OH 

ON =w&&=N~~~z 
H03S S03H 

been synthe- 

the determination 

aetermrned at 

XXIII 

Talipov and coworkers [193] have obtained a new reagent for the 

determination of beryilium by coupling o-aminobenzenearsonic acid with 

salicylaldebyde. The compound was characterized by its IR spectrum and by 

elemental analyses but no results were given. It formed a 1-l complex with 

Rcfereacerp.136 
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berylliw sulfate which gave a brilliant green fluoresence. The f luoresence 

was at a naxlmm when the pH was adjusted to 5-6. The fluoresceoe spectrum 

of the complex -+-as then used to determine the beryllium concentration witn 

a high degree of sensitivity and accuracy. 

Pietsch and Gilani [194] have shown that Zr and Ti can be extracted 

quantitatively from approximately 0.5 M HCl, H2S04. or HN03 solutions by means 

of r.-heptanerrsonic acid ia chloeaEonn. The Zr or Ti cao then be determined 

gravimetrically or. after some treatment, titrimetrically or photometrically. 

The effect of an amine salt of diphenylarsinic acid on bean plants 

(decrease in plant growth and chlorophyl content) has been noted [195]. 

8. TERTIARY ARSINE OXIDES AND RELATED COMPOUNDS 

Triaryl- or mixed arylalkylphosphine sulfides as well 2s triphenyl- 

arsine sulfide here converted LO the corresponding phosphlne or arslne oxides 

by refluxing with dimethyl sulfoxide in acid media (50% h2S04) [1961. The 

yield of Ph5AsO was 89X. The conversion of the phosphine sulfides to 

phosphine oxides occurred urth inversion of configuration. 

Gatilov and coworkers have also reported previously on the rearrangement 

of alkylarylarsine oxides when treated with alkyl halides. They now report 

11971 on the reaction of triethylarsine oxide with alkyl halides. A smll 

amount of the alkyl arsinite is formed according to the equacion: 

Etp.0 + RBr - [EtjAsORjBr - Et2As0R + EcBr 

(where h = Et, n-Pr, or n-Bu) 

The principal product of the reaction was a hydroxyarsonium tribromide 

L-hich the authors suggest was formed as follows: 

+ 
!Et3AsOCH2CH2R]Br * Et+iO + CH2CB2R -c [Ec~A~oH]B~~ + ctlz=cm 

The structure of this hydroxyarsonium salt was confirmed by N?Q7 spectra. 

Garilov and Perov I1981 have also studied the reaction of tri-n-propyl- 
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arsine oxide with acetyl chloride. The reaction presumably proceeded 

through an intermediate arsonium compound which was not isolated: 

n-PrSAsO + MeCOCl -c [Pr3AsOCOYe]C1 f n-Pr$sOCOMe + n-PrCl 

The mixed anhydride was characterized by elemental analyses and IR spectra. 

The reaction of tri-n-propylarsine oxide with various alkylbromides led 

to the formation of an alkyl arsinite, Pr2As0R, and a hydroxyarsonium 

salt. [P~~ASOH]B~. 

In order to further elucidate the mechanism of the reaction of 

tertiary arsine oxides with alkyi iodides Chernokal'skii and Vorob'eva 

[199] have studied the hlnetics of the reaction. The pKa values for the 

conjugate acids of a number of the arsine oxides were determined. There 

was a linear relationshrp between the second order rate constants and 

the pica values obtained. IL was concluded that the reaction was an SN2 

reaction. 

On the basis of earlier empirical assignments of IR and Raman spectra 

oE many organoarsenic compounds, L-nova and Shagidullin [ZOO] calculared 

a set of force conscants for the compounds Me jAsO and (MeO)3AsO which enabled 

them LO predict values for the As=O, As-O and As-C absorptions in the IR 

and Raman spectra. There was fairly good agreement between these calculated 

values and the found values for the absorption frequencies. For example, 

the 

and 

The 

calculated values for the As=0 bond in Me3AsO and (Me0)3AsO were 903 

976 cm-I, respectively, whereas the found values were 929 and 933 ~III-~. 

absorption found at 580 cm 
-1 

was assigned to the As-C bond. 

In a paper described in detail under Antimony, the two arsenic-con- 

taining compounds [Ph,Sb(Ph,AsO>,](ClO,), and [Me3Sb(Ph3RsO~21(C104).2 

were described [ZOl]. 

Complexes of the type RnOmBF3, where RnMO represented molecules such 

as RgSO. R3N0, R3PQand R3As0 (R = an alkyl group). were prepared by Bravo 

and covorkars 12021 and their , , I'B "P and 3$ NMR spectra were reported. 

The arsenic compounds were R.,AsO-BF3 where R = He, Et, n-Pr and n-Bu. The 

Rcfcrrafap. 136 
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coupling constants Jg_F were found to decrease in the order R2SO’BP3 > 

R3 
NO*BF3 = R3PO-BF5 > R3As0.BFj. These results suggested that R3N0 was a 

better donor than R5AsO. 

It bas been shown by Poddar and Agarvala [203] that tbe rhodium complex 

Rh(Ph3P)$1 acts as a catalyst for the oxidation of tertiary arsines and 

phospbines by molecular oxygen. Thus both Ph5As and Ph2AsCH2CH2AsPh2 are 

oxidized by molecular oxygen in the presence of the rhodium compound but not 

in ito absence. The diarslne is oxidized to Ph2AsCH2CH2As(0)Ph2. In 

addition the rhodium complex WIV was isolated. 

CR2 
I 

CH2 

>As<‘” ~ 

,&I Rh\ 

Ph’ ‘Ph 

Ph, ,Ph 

0= As, 

CH2 
I 

Cl 
CH2 

/ 
O=As 

Ph’ ‘Ph 

XXIV 

Several papers have appeared in which trialkyl- or triarylarsine 

oxides have served as llgands to gold 12041 or uranium [205-2071. 

9. ARSONIUM COMPOUNDS AND ARSENIC YLIOS 

A number of triphenylalkylarsonium, stibonium, and phosphonium salts 

of the type [Ph3HCH2R]X. where H = As, Sb. or P, R = H, Ph. COHe, CO,Me, 

C02Et. and COPh. and X = NO;, BF;, PF;. BPhi, I-, I;, and Br-, were prepared 

[208]. The arsonium and stibonium salts formed contact ion pairs even with 

very large anions In acetone and in chloroform as determined by molecular 

weight data. The %I NMR spectra of the compounds were determIned Ln msthylene 

chloride. Ln the case of the tetraphenylborates the aromatic ring current 

of the pbenyl rings in the tetraphenylborate anion causes the protons in 

the methylene groups attached to As or Sb to shift upfield by 1 to 3 ppm. 

The synthesis of long chain quaternary ammonium, phosphonium, and 
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arsonium hydroxides from the corresponding halides by treatmenr with sodium 

hydroxide at the interface between water and an immiscible solvent such as 

kerosene and isooctyl alcohol has been described 12091. The two arsonium 

hydroxides prepared were (n-C8El17)4AsOH and CH3(n-C8Y7)3AsOH. The starting 

tetraalkylarsonium halides were also new compounds but were prepared by 

known methods. 

The reaction of Ph4AsCl.with lithium dialkylamides of the type R2NLi 

(where R2N = Et2ti, piperidino, morphoiioo,or Ph N) 
2 

in the presence of 

(Me2N)2P0 gave Ph3As and PhNR2 [210]. The results varied swewhar: with 

the solvent used and a free radical mechanism was suggested. 

The reaction of [Ph4As][TeCN] with Ph3P to form PhgPTePPh3 has been 

described by Austad and coworkers [211]. 

A number of alkylmethyldiphenyl- and alkylallyldiphenylarsonium iodides 

have been synthesized by Tsentovskii and coworkers 12121 from methyldiphenyl- 

or allyldiphenylarsines and the appropriate alkyl iodides. The equivalent 

conductances of these salts in acetone solution were determined. There was 

considerable deviation between observed and calculated values for the Onsager 

slope of conductance/concentration which indicated the association of these 

ions in solution. In general there was less association with those salts 

that had branched chains at the arsenic atom. A number of the alkylmethyl- 

diphenylarsonium iodides were converted to the corresponding arsonium 

perchlorates by reaction of the iodides vith magnesium perchlorate in aqueous 

acecone [213]. The IR spectra were identical vith those of the corresponding 

iodides except for the spectrum of the perchlorate ion. 

Because cryoscopic molecular weight determinations of TeC14 in benzene 

solution have indicated the presence of an equilibrium berween (TeC1414 and 

lower molecular weight species, Krebs and Paulat [214] report on their 

attempts to isolate derivatives of these lower molecular weight compounds. 

Among the compounds reported was [Ph4AsJ2[Te2C110] as a yellow crystalline 

compound which was analytically pure. 

Vecter and Rlar [215] have described the preparation and properties 

Refermazsp. 136 



118 

of the nitrosolate ions RC(fl=O)=NO-,rhere R = Me or Ph. .Among the cations 

used was the tetraphenylarsonlun ion. 

The prepsrac~on of three Fsoneric cetrapbenylarsonium t?Jrj- (dl- 

thiocya~to)bis(d~ethylglyor~to)cobaltate(ZII) has been described 

Epps and tlarzilli [Zlb]. The compounds dlifered only in the mode OF 

attachment OF the SCN groups and IR and 
1 Ii NHR spectra were used in 

assigning the structures. 

The tetraphenylarsoniu salts [PhqAs][Ir(CO)2X2]. where X = Cl, 

by 

Br. 

or I, were prepared by Prraino and covorkers [217], and their reactions 

with mono- and bidentace lrgands including Ph2AsCH2CH2AsPh2 uere studied. 

Tvo interesting compounds of niobium and tantalum, I(Nb6C112~C16] 

[Pl~~.AsOtl]~ and [ (Ta6C113)C16] [Ph_,%sOH12, containing the protonaced 

triphenylarsine oxide catlon were prepared by Field and coworkers [2181. 

The crystal scruccure of the nrobium compound was determined. Incer- 

atomic distances and angles for rhe arsonrum cation were given. 

Tbe crystal structure of bis(tetrapheny1arsoniu.m) tris-(&z-1,2- 

dicyano-1,2-ethylenedithiolaco)iron(IV) has been decermioed by Sequeira 

and 5erna.l [219]. Although the arsonium catloos are tetrahedral, the over- 

all symmetry Is CI, probably because the phenyl rings are rotated co 

accomodate the packing in the crystal lattice. The average As-C bond 

length is 1.90~% in agreement with previous determinations. 

In another decerminatlon OF the crystal structure of the teeraphenyl- 

arsonium cation, Brown and Stiefel [220] have examined the crystal structure 

of bis(tetraphenylarsoniumJ crls(l,2-dicyanoethylenedithrolato)molybdenate(IV) 

[PhqAsJ2 l-Q(S2C2(CN)2)31 and Its tungsten analog. Bond distances and 

angles for the tetraphenylarsonium ion were given whLch are in agreement with 

other recent determinations. 

The X-ray crystal structure of the compound (Ph4As)2Cu2C16 established 

2- 
the presence of Cu2C16 units ionically bound to tetraphenylarsonium ions 

12211. 
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The complex m's-(eh~Asj21RuC14(C0)23 was prepared from [RuC12CO!C7H8)], 

and Phq.4sC1*HCl, where C7H8.was norbornadiene [222]. 

i-o a long and detailed paper Gosney and Lloyd [223] have described rhe 

preparation of a large series of arsonim yllds and have studied their LR, 

UV, %I NMR and mass spectra. Several methods wsre used for preparing these 

ylids. In one method triphenylarsine oxide was condensed wfch compounds 

containing an active methylene group either in refluxing acetic anhydride 

or by reflwing in trlethylamine in the presence of P4010. Yields by both 

methods were usually excellent and the reaction failed only vhere the 

reactive methylene compound was (Et02C)2CH2. A total of 16 YlidS were 

obtained by this method. The structure of these ylids was confirmed in a 

number of cases by an alternative synthesis Involving acylatron of a mono- 

Q-ketoylid: 

Ph3&COR + (R'CO),O 

+-/OR 
+ PhjAsC 

\ 
COR' 

+ 

Several instances are mentioned where 

any one of the above three methods. 

Yet another method for preparing 

COR 
/ 

[~h3As~coR,l~R’C02~ 

R'COOH 

anomalous results were obtained by 

the arsonium ylids involved the 

thermal decomposition of the appropriate diazocyclopentadiene in the pre- 

sence of triphenylarsine in a nitrogen atmosphere. The reaction was 

catalysed by copper or a copper(I) salt. The reaction was believed to 

involve formation of a carbene which reacted with the arsenic lone pair. 

The ylid P$A:C-(C02W2, which could not be prepared from the arsine 

oxide, was obtained in 61% yield by this method. The reaction was 

unsuccessful with the diezo compound XXV where .?SVI was obtained rather 

than the expected ylld XXVII. 
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It vas suggested chat XXVII vas formed but then reacted further vitb .?ZZV 

XXVII 

vith elwtion OF Ph3As and formation of XXVI. The ylids were found to 

be non-hygroscopic crystalline solids and vith a fev exceptions were stable 

indefinitely in air and in solution. They were recovered unchanged after 

heating in ethanolic Sodim hydroxide. 

The IR. W, and %I NHR spectra vere 

considerable detarl. From the NHR data 

tributing conformations were the cisoid 

/x 
Ph3As =C 

\ 

//c-y 
0 

- Ph3A8-C 
\_ 

obtained and vere discussed in 

it vas concluded chat the slain con- 

(2) fO7zm8 

+ -AX 

as follovs: 

+ 
t, Ph3As-CC 

-c-y 
-/ 
0 

The msss spectra were determined and detailed fragmentation patbvays vere 

OoIy one of the ylids Ph3~<(C02Et)2 

the Wittig reaction to form PhCR-CKOgEt)R 

reacted vith beozaldehyde by 

and Pb3AsO. Many of the 
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ylids, however, reacted with p-nicrobenzaldehyde to give the alkene 

and Ph3As0. There was no evidence for the forroation of epoxides 

with any of the ylids in their reaction with aldehydes. Lt was also 

concluded that the arsonlum ylids were more reactive than rheir phosphonium 

or sulfonium analogs. This was explained as due to the greater contribution 

of the dipolar canonical form to the structure of the arsonium ylids. 

It is known that non-stablized arsenic ylids of the type Ph3As=CHR (R=H 

or Me) react with carbonyl compounds to give epoxides, whereas stabilized 

ylids of the type Ph3As=CHCOR give olefins with car-bony1 compounds. Ylids 

of the type Ph AsCHC H Y-p are termed semi-stabilized ylids and can give 
3 64 

either epoxides or olefins with carbonyl compounds. Kendurkar and Tewari 

[224] have investigated the reaction of rhe ylid Ph3As=CHC6H4N0,-p with 

a large variety of aldehydes and ketones. With rhe exception of acero- 

phenone,which failed to react with the ylid, the sole reaction product in 

each case was the olefin. The yields varied between 65 and 94%. No 

epoxides were obtained. The exclusive formation of olefins was attributed 

to the stabilizing effect of the electron-withdrawing p-nitro group. The 

ylid was also treated with several acyl halides to form new stabilized 

ylids of the type Ph3As=C(COR)C6H4N02-p, where R=Me, Ph. 4-N02C6H4, and 

2,5(N02)2C6H3- 

In a paper devoted to the mechanism of the Wittfg reaction, N.A. 

Nesmeyanov and coworkers [225] have compared the rate conscants and 

activation parameter6 for a series of stable ylids of both phosphorus and 

arsenic in their reaction with two different aldehydes in xylene solution. 

They concluded that the mechanism of the reaction of P and As ylids with 

aldehydes is the same and that it is essentially a one-step reaction. 

Several methods for preparing the little-known triphenylarsinimines 

Ph_,A.sNR, where R=C6F5, 4,6-dimethylpyrimidyl, -C02Et, p-MeC6H4S02, MeS02, 

CN. PhCO, and p-N02C6H4C0, have been successfully tried [226]. One method 

involves reaction of an azide at its decomposition point with a melt OK 

vith a solution of triphenylarsine: 

Refu~~~p. 136 
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-W3 
A 

Ph3As 
-> m-> Ph3As=N.Y 

The formation of an intermediate nitrene was suggested and the reaction 

vas catrlysed by snrll aounts of copper. Thercolysrs of 3-Phenyl-1.4 .?- 

dioxolidin-5-one, known LO give benzoyl nitrene on heating, gave with Ph3Xs, 

Ph_,AsO and Pb3CN. IL was suggested that these products arose by decomposition 

of Ph3As=NCOPh. In anorher reaction Ph3As=NC02Et and Ph3As=NS02C6H4Me-p 

were obtained by base induced u-elimination from p-nitrobenzenesulfonoxy- 

urethane and N-p-nitrobenzeaesulfonoxytoluene-p-sulfoxrnide, respectively, 

In the presence of triphenylarsine. Again It was suggested that a nitrene 

was formed. 

In yst another reaction methane- and p-toluenesulforxrrmdes and 

benzamide were alloved to react vith Ph3As in the presence of Pb(OPcIG in 

nethylene chloride. The arsinimlnes were obtained in satisfactory yields 

in all cases. In these reactions it was shovo that nicreoes were not 

involved but rather that Ph3As(OAc)2 vas formed which reacted vith the 

amfde: 

Ph3As(OAc)g + !W$ * Ph3As=NX + 2HOAc 

Subsequently the dlacetate Ph3As(OAc)2 vas isolated and characterized and 

found to react vith amides in the manner indicated. 

Dale and F&yen [217] have reported on the eleccroo unpacc-induced 

fragmentation of four stable arsonium ylids OP the tyPc Ph3As=CRCOX, where 

(R,X) = (H,Me), (H,Ph), (H,OMe). and (CN,OMe), and compared their results 

with the corresponding phosphonium ylids. All of the arsenic ylids showed 

peaks characteristic of the fragmentation of Ph3As, and all four ylids 

shoved the presence of the ions M +, (H-1): and (H-X)+ in the spectra. 

These latter results were generally quite similar to the corresponding 

phosphorus ylids. Eovever, in the case of Ph3As=CHCO(OMe) and its phosphorus 

mog, there was considerable difference between their fragmentation patterns. 

Tripherylarsine phenylirnine Ph3As=NPh reacts vith a variety of 
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compounds such as carbonyl compounds, isocyanates, lsochiocyanates, nicroso 

compounds. carbon dlsulfide, sulfur dloxlde, dimethyl acetylencdicerboxy- 

lates and nitrile oxides 12281. In the case of carbonyl compounds the 

reaction vas believed to be similar to a Glittig reaction: 

Ph3A+s&h 

-4 

1 

+ 0 = CR2 
1 

- Ph3AsO t R2C=NPh 

With dimethyl acetylenedicarboxylate the product is nVIII. 

CO Ve 
I 2 

/ 
C=NPh 

Ph3As = C 
\ 

C02Me 

KKVIII 

With triphenylacetonitrile N-oxide Ph3C-C5N-0, the product is XXLX. 

Ph3C 

N p AsPh 
/ 3 

Ph 

The anion radical salt tetraphenylarsonium 7,7,8,&tecracyanoquino- 

dimethane (AS-TCNQ: has been the subject of numerous ESR investigations. 

In a paper by Deucschbein and coworkers [229] measurements of dynamic 

proton polarization were used to characterize the paramagnetic states 

the anion radical. It was concluded that the different paramagnetic 

states were characterized not only by their spin quantum numbers, but 

also signifigaatly by other properties. Another paper from this same 

of 

laboratory deals with the ESR spectrum of this same compound at 77 and 

at 373°K [230]. 
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An electron microscope study of the most important crystal faces of 

the TCNQ (tetracyanoquinodimechane) complex salts of the tripbenylmethyl- 

phosphonium and trlpbeny~ethylarsonium cations has been reported 12311. 

In a continuation of studies of the anion radical salts [Ph$Me]I_r 
. . 

[Ph3AsHe]~ [TCNQ]; where (0 i _ L X c 1) and TCNQ = 7,7,8,8-cetracyanoquinodi- 

methane, SuzuW and Iida[232.233] have repcrted oo the temperature 

dependence of the ESR zero-field splitting parameters which are associated 

with the transition between the ground and a low-lying triplet excited 

state. The authors concluded that the application of ESR and its variation 

with temperature brings valuable knowledge concerning the phase transitions 

of the TCRQ anion radical sales. 

In addition to the ESR studies of Suzuki and Iida, Iida [23&J has 

reported on the electrical conductivity of these radical anion salts as a 

function of temPeracure. With tbe exception of the salt where Y = 1.00, 

all of rbesc salts were Eound co show a sharp discontinuity In the 

temperature dependence of the electrical conductivity. Both the transition 

twerature and the magnitude of the discontinuity were determined as 

a function of the composition parameter, X. 

10. COMPOUNDS WITH As-S BONDS 

Miiller and coworkers (2351 have prepared the three thioarsinic acids 

Ph$s(O)SH, (PhCH2),As(O)SH, and (PhCH2)2As(S)SH from diphenylarsinic and 

dibenzylarsinic acids, respectively. The last compound was obtained by 

the action of R 
2 

S on potassium dibenzylarsinate in ethanol solution, 

whereas the other compounds were obtained from the potassium arsinates by 

the action of E2S in aqueous solution. These acids gave tetrahedrally 

coordinated complexes of the type ML2 where M = Co, Zn, or Cd, and L was 

the thioarsinic acid. The compounds were characterized by elemental 

analyses, electronic spectra, and magnetic measurements. 

A long synthetic paper on the preparation and properties of esters 
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of trivalent arsenic thioesters has been published by Chadaeva and 

coworkers 12361. The esters had the general formula RnAs(SCH2CH20H)3_n 

and were obtained by the following general reaction: 

R,M~‘)3_n + 3-n(HSCH2CH20H) * R~~s!SCH,CH,OH)~_~ + 3-nR'X8 

-where X = 0 or S, R = an alkyl or aryl group, and R' = Me or Et. The esters 

were all obtained as viscous liquids which with the exception of As(SCH CH OR) 
22 3 

could all be distilled LZ vzc"~rci. Their IR spectra and elcmeotal analyses 

were reported. Their reaction with oxidizing agents, acyl halides, alkyl 

halides, and several phosphorus and arsenic compounds (arsrnee. alkyl 

alkylarylarsinites. phenyldichloroarsine, dialkyl arylarsooites, and dialkyl 

arylphosphonites) as well as their behavior on pyrolysis to yreld 1,3,2- 

oxathiarsolanes has been given lo considerable detail. 

Chadaeva and coworkers [237] have reported that the 1,3,2-oxathi- 

arsolane ring is readily opened by reactlon with mercaptans: 

PhAs + HSCH2CH20H -. PhAs(SCH,CH20H), 

'\AsOCH2C"2As<' 

s/ I 

t 3HSC82CH20H 

s 

-c 2As(SCH2CH,OH)3 

Mercaptans other than 2-mercaptoethanol also opened the ring, but the 

products could not always be isolated in a pure state. 

An NMR study of the four 1.3.2-dioxarsolanes (.XXX) and 1,3,2-dithi- 

arsolanes (XXX11 has been made by Aksnes and Vikane 13381. 

The $ NMR spectra were analyzed on the basis of an ABCD3 spin system and 

It was shovn that the compounds existed as a mixture of cis- and rr%zna- 

isomers due to configurational stability about the arsenic atom. The trans- 

form predominated. The five-membered rings were adequately described in 

Refae-p. 136 
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Me 

RAS’ 
0 

‘0 I 
Me 

lS 
MS 

'S I 

(R = Cl or Ph) 

terms of twist-envelope conformations which are in equilibrium, although 

the &+fors apparently preferred one conformation. 

secause of concradicrory results obcainrd by difFereriE investigators 

for the reaction of alkyldlaryl-, dralhylaryl- or rrialkylarsloe sulfides 

with acyl halides, Catilov and coworkers [239] have made a careful study 

of the reaction between dlethylphenyl-, eriethyl-, and trl-n-propylarsine 

sulfides with acetyl cborrde. At 80’ in benzene only (acetylthio)ethyl- 

pbenylarsine was formed bur in acecone the !oeermedlare auasi-arsonium 

salt could be isolated: 

Et2PhAsS + MeCOCL - [EriPh4sSCOMe]Cl 

- ErPMsSCOMe + EcCl 

When the intermediate arsonlum compound was heated in benzene the (acetylthio) 

ethylphenylarsine vas formed. With triethyl- and tri-n-propylarslne sulfides 

the intermediate arsooium salts were also isolaced, and these also gave 

the R2AsSCOMe compounds on heating in benzene. 

Two new ligands, Ph2As(0)CB2CE12As(O)Ph2 and Ph2As(S)CH2CH2As(S)Pha. 

were synthesized by Meni and Scozxafava [2&O]. The oxide was obtained by 

oxidation of the corresponding arslne with hydrogen peroxide, whereas 

the sulfide by reaction of the arslce with excess sulfur. A number of COD- 

plexes obtaiaed by reaction of these tvo Ilgands with various Co(IL) and 

Ni(II) compounds vere described. Reflectance spectra as veil as IJV and IR 

spectra for the complexes were given. 

.A German patent claims the preparation of organic arsenicals of the 
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type XXX11 which were useful in the treatment of Ellariasis and rzypanoso- 

mlasis 12411. 

R 

-0 

0 As[SMe2CHWH2)C02Bl, 

Ri 

In one compound R = 4,6_diamino-Z-triazinylanino and R'= H, in another 

compound R = OH, R' = NH,. Another German patent 12.421 describes the use 

of the arsenical Y_IIL as a filaricidal agent. 

NIZB,-~-(o- A~[sCB~CH(NH,~CO~HI 2 

XXXIII 

The CO stretching bands and the la NM7 data for 

, where M = Cr or 

Spectra of the complex 

complexes of the type M(CO&-Me3AsS 

by Ainscough and coworkers 12431. 

and of a number of complexes conta 

were also reported. 

ining various phosphine 

methyl protons for 

W, have been reported 

W(CO) &j -Ph3As0 

sulfide ligends 

Both the IR and Raman spectra of MejAsS and MejAsSe and their per- 

deucerated analogs have been reported by Kolar and coworkers [244]. 

Assignments of 22 of 24 fundamental vibrationaI frequencies were made and 

a normal coordinate analysis was carried out. By calculating the pocenrial 

energy distribution for each molecule, it was shown that there was very 

little coupling between the different modes. Prom the found values of 

the force constants the bond orders of 1.43 and 1.40 were calculated for 

the AaS and A&e bonds, respectively. This compares with the known value 

of 1.60 for the As0 bond. 

The palladium and platimum complexes Pd(NCS)2-2Ph3AsS and Pt(NCS)2-Ph3AsS 
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have been prepared by extraction of an aqueous solution of K2pdWW4 or 

K2Pt(SCN)4 with a chloroform solution of PhgAsS [245]. The compounds were 

characterized by elemental analyses and IR spectra. 

The ESR spectrum of the oxovanadium(lV) complex VO(S2AsMe2)2 formed 

by the reaction of sodium dimethyldithioarsinate with VOC12, has been 

determined by HcCormich end coworkers [246]. There is superhyperfine 

splitting in the spectrum of the complex which was attributed either ro 

direct vanadium 3d-arsenic 4s, 4p interaction or to delocalization of the 

unpaired electron onto the arsenic atoo via metal-sulfur interaction. The 

authors were unable to assess the relative importaoce of these two mechanisms 

In a paper dealing largely with He3PS, Me2PhPS , and similar compounds as 

ligands to rhodium and iridium, the compound [(cod)IrCl(Me_,AsS)], where 

cod - cycloocta-1.5-diene. was described aod its IR aad %3 JMR spectra were 

given [247]. 

11. MISCELLANEOUS 

Ehrl and Vahrenkamp 12481 have previously described the preparation 

of the complex (CO)5CrAs(He)2C1. These same authors now have described 

12491 the reaction of this complex with the sodium derivatives NaM where 

M = Mo(CO)~C~II~, W(C0)3C5H5, MntCO15, Re(CO),.. Fe(C0)2C5H5, and Co(COJ4. 

The reaction was carried out in THF solution at room temperature to give 

the arsenic-bridged complexes (CO) 5CrAs @!e) R’L(. These complexes were stable 

towards air and moisture and possessed fairly low q .p.‘s. Thermally or 

photochemical.iy the arsenic-chromium bond was split with the formation of 

chromium hexacarbonyl : 

(CO)5CrAs(Me)2H(CO)n -!S Cr(C0)6 + 112 PysFl(co)n_l12 

The b ?JMR and ZR spectra of the ~lev cqlexes were given. 

In a later paper Ehrl and Vahrenkamp [250] reported a group of 

interesting arsenic-bridged dinuclear complexes containing arsenic-iron 



bonds. The initial reaction involved the formation of a distillable 

iron-arsenic complex, (CO)4FeAsQ4e)2NMe2, by the interaction of Fe2(C0)9 

and Me AsNMe 2 2 in benzene solution at room temperature. Reaction of this 
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compound with HCl gave the crystalline (m-p. 33-34') compound (C@)4FeAs(Me),C1. 

The reaction of this complex with sodium derivatives of MO, W, Mn, and Co 

gave the arsenic-bridged complexes (C0)4FeAs(Me)gHo(CO)3C5H5, 

(CO)4FeAs(Me)2W(CO)3CgHg, (CO)4Ff-'\s(He)7Mn(C0)5, (CO),.+Fe4s(Me)gFe(CO)2C5H5, 

and (CO),.,FeAs(Me)aCo(C0)4. The % NMR and the IR spectra of these arsenic- 

bridged complexes as well as the spectra of the two complexes (CO)4Fek(Mr)2NMe2 

and (CO)4FeAs(Me)pC1 *_ere given. The m3ss spectrum of the complex 

(C0)4Fti~(Me)2C~(C0)5 was also given. It was also found that the chloro 

compound (CO)4FeAs(Me),C1 underwent hydrolysis to form the complex 

(CO)4FeAs(Me)20As(Me)qFe(C0)4. 

Ehrl and Vahrenramp [251] also found that the complexes of the type 

(CO)4FeAs(Me)$t (where M = Mo(CO)~C~H,-, U(CO),C,H,, Mr1tC0)~ and COG) 
k 

described in the previous paper underwent photolysis to form new arseaic- 

bridged heteronuclear complexes with metal-metal bonds. The reaction 

involved was: 

As(Me)2 

(CO) FecM 4 

Tbe resulting heteronuclear complexes were red to orange in color, 

stable in the air and were quite volatile. Their m.p. 's varied between 

ll5O and 145O. The % NMR, IR, and mass spectra of the complexes were 

given. 

RafaenBp.136 
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Several spirocyclic eaters of the tme JIXXIV and XXXV have been 

prepared by Gsmayurova and cowrkers [252] from arsonic acids and glycols. 

R2C- O\ /o-cR2 
I 

R C-O+O-CR2 
I 

2 R’ 

CB / CR2-o\ ,“-CR2, 

2\ CR_o/A; \O_cR ICH2 
2 

A* 
2 

YXXIV 
xxxv 

The yields of esters vith the S-membered rings were considerably larger 

than yields of esters with 6-membered rings. The presence of the 

1.3.2-dioxarsolane ring was con-firmed by IR spectrocopy. 

Although tbe oxidation of esters of arsonous acids RASP with 

selenium dioxide gives esters of the corresponding arsenic acids, Wieber 

and cowrkers 12531 have show that osidetion of the cyclic esters =I 

with Se02 gave spirocyclic compounds: 

AsMe + Se02 + 
.xxxvI 

+ l/n[MeAs(O)-O], + Se 

XXXVII 

(R = -CMe2CHe2-, -CRMe~e-, -CH2CA2-, a-C6H4-1 

Ln order to avoid formation OE the polymeric nethanearsonic acid anhydride 

the reaction vzs run in the presence oE a diol: 

XxxvI + R(Otr)2 + 

-+ RXKVII + l/2 Se 

It was also possible to prepare unsymmetrical spirocyclic compounds by this 

reaction: 

1/ 2Se02 
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XXXVI + R'(OEl), + 1/2SeO2 + 

in yet another reaction it was found possible to react the cyclic arsonous 

acid esters with quinones to give either symmetrical or unsymmetrical 

spirocyclic compounds. For &ample a symmetrical spirocyclic compound 

was prepared as follous: 

The reaction of bis(triEluoromethyl)nitroxyl with (CF3)2AsMe proceeded 

according to the following two equations [254]: 

(CF312AsMe + 2(CF3)2N0 + 

(CF3j2AsMe + 2(CF3)2N0 + 7CF312NOAsCF3Me + (CF3) 2NOCF3 

The product In the first reaction sxises in two iaomeric forms with m.P.‘s 

of 22- and 33O in vacua. With Xe2AsCP 
3 

and (CF3)2N0 only one product 

[ (CF3j2NO] 2AaHe2CF3 was obtained. All such As(V) compounds were cleaved 

by HCL: 

[ (CF3)2NO12AsHe3 + 2HC1 * (CF3)3A.sC12 + 2(CF3)2NOH 

Manganese and rhenium pentacarbonyls with 2,3,4,5-tetrapheoylarsole 

form the compounds P~I~C~A~M(CO)~ [255]. These compounds (M = Mo or Re) 

lose carbon monoxide on heating or irradiatien to form the dimeric com- 

pounds ~Pb4C4AsIi(C0)4]2 which on further heating or irradiation give 

Ph,,+C4AsM(COj3. The structure of the manganese compound Pb4C4AsMo(CO)q 
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was determined by means of en X-ray diffraction study. The arsole ring 

system is n-bonded to the manganese tricarbonyl grouping with the plane 

containing the carbonyl groups essentially 

The Mn-As distance, however, is shorter by 

covalent radii. The As-C (ring) distances 

The authors therefore concluded that there 

throughout the arsole ring. This resulted 

distortion within the planar ring. 

parallel to the arsole ring. 

0.l.A than the sum of the 

were also shorter than expected. 

was extensive delocalizatlon 

in considerable angular 

In a paper 1256) devoted to the preparation of organometallic deriv- 

atives of 1,6- and l,lO-dicarba-cZoso-decacarboranes by means of the 

corresponding lithio derivatives, one arsenic compound tris(l-phenyl-l,lO- 

dicarba-closo-decaboran-lo-yl)arsine was reported. The compound was 

characterized by elemental analyses but no spectral data were given. 

An investigation of the LR and Raman spectra of the o-. m-, and p- 

carbaphosphaboranes and carbaarsaboranes has been carried out by Vinogradova 

and coworkers 12571. In addition. the IR spectra oE the two C-deuterated 

ri-isomers were obtained. The C-H bond in both the phospha- and arsaboranes 

is capable of H-bondfng; the enthalpy of this bond in Me SO solution ‘*as 
2 

2-3 kcal/mole. 

The interestcng compound N~As(H~~)(BH~)~ has been obtained by Schwartz 

and Keller [2581 by the interaction of We2AsNa and B H 2 6 in ether solution. 

It was obtained as colorless hygroscopic crystals containing 0.5 mole dioxane 

With B2D6 in ether solution the compound underwent proton-deuterium inter- 

change. It reacted with [Me3NRICl In moooglyme to form Me2NBH2As(Me2)BH3. 

This latter compound on pyrolysis yielded Me3N8A3 and Me,AsBH2. 

The mass spectra of a serieo of 2-~lkyl-1,3,2_dioxarsenanes, as well 

as 2-phenyl-1.3,2-dioxarsenaoe and several 1,3,2_dioxarsenanes substituted 

in the ring, have been investigated by Frdyen and Mdller [259]. With the 

alkyl-substituted compounds the main Fragmentation mode involves loss OE 

an R- group from the molecular ion followed by loss of CH20 or C2H4: 
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-I-. 

R- As 
/O 
\ 7 

0---' 

-R- -> 

0 +v 
As y” 1 “0 -G&_ 

o+- CB 
I 2 L- CH2 

O+-- H 
52 

is-0 

mere R = Ph the above process is in competition with a direct loss of 

C6H5As+-. The presence OF substituents in the 1,3,2-dioxarsenane ring 

markedly alters the fragmentaion pathway. In the case of 2-phenyl-5,5- 

dimethyl-1,3,2-dioxarseoane there is a marked decrease in the abundance 

of the molecular ion. The chemical syntheses of the compounds were not 

described and will be published in 2 separate paper. 

Anderson and Drake [260] have reported tile synthesis of secondary 

arsines containing the Ge-As bond. They were prepared by several 

different methods: 

(Fk Ge) AsR 
3 2 

+ MeLi + Me Ce 
I 

+ LiAsRGeVe 
3 

LiAsRGe_"e3 + MeSH -c LiSMe + Me3GeAsRR 

Me3GeBr + LiAsHR + LiBr + Me3GeAsRR 

4Me3GeBr + LIAlH(AsRMe)3 + LiBr + Me3GeH -I- 3Me3G&RR 

(where R = Me or Ph). 

By reaction of these secondary arsines with trimethylsrannyldimethylamine 

mixed germanium-tin arsines were obtained: 

Me3GeAsHR + Me3SoNMe2 * Me3Ge(Me3Sn)AsR + Me,NH 

(R = Me3Ge, Me or Ph) 

These products underwent redistribution to the symmetrical arsines: 

We3Ge(Me3Sn)AsR * (Me3Ge)2AsR + (Me3Sn)2AsR 

In yet another reaction mixed germanium-tin arsioes were prepared: 

Ft.erRe.ncm p. 136 
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Me2M(N?le2)2 + Z(Mepe),AsH -c I(MejCe)gAs12MMe2 + me2m 

(M = Ge 

The authors were unable to prepare mixed 

WR and IR spectra for the new compounds 

or So) 

eilicon-germ2nim aesines. Both 

were reported. 

ESR data for radicals of the type R2CCH2PRz and R2CCH2AsR; have nearly 

isotropic hyperfine coupling to 31P and 75 As that corresponds to approximately 

3.7% s-character [262]. By contrast the phosphine and arsine radicals 

R2CCE2PR2 and R.$CH2AsR2 have isotropic hyperfine coupling constants corresponding 

to 6.8% s-character. This increase was attributed to a homoconjugation effect 

involving the lone pair of elecirons on phosphorus or arsenrc. 

In continuation OP previous wrk on radicals derived from trialkylphosphines 

and -arsines, Lyons and Symons [262] treated the trialkylphosphoofum and 

trialkylarsonium ions (from R3P and R3As in sulfuric acid) with y-radiation 

from a 6oCo source at 77OK. The ESR spectra of the resulting radicals were 

shown to be characteristic of the radical cations R3P 
+ 

and R3As 
+ . It was 

concluded that rhe unpaired electron was in 2~ orbital that had a p:s 

ratio of about 8 and was strongly confined CO the central arm. The 

authors were unable to obtain evidence for Phgls 
+ 

radicals from either 

Ph3As or Ph3AsB 
+ 

, but only rhe Ph2As radicals could be detected. It 

was concluded that delocaiization of the unpaired electron into aromatic 

rings in the Ph,As radical is negligibly small. 

By means of ESR spectroscopy Furimsky and coworkers [263] have detected 

the two arsanyl radicals Ph3ASO-t-Bu and Ph2As(O-t-Bu)2 produced by the 

photolysis of di-t-hutyl percxide and triphenylarsine at temperatures of 

-100 to -50". The triphenyl radical was found to have an arsenic hyper- 

fine interaction of 1876 ? 5 ,yRz. Lf instead of using triphenylarsine, 

Ph2AsOhe. Ph2AsOEhor Ph2AsO-t-Bu ~2s used the corresponding radicals 

Ph2M(OR)(O-t-Bu),where R = Me, Et, or t-Bu, were obtained. Replacement 

. 
of one phenyl group in the Ph3AsO-&Bu radical by an alkoxy group 

increased the arsenic hyperflne interaction from 1876 to 2200 MHZ. It 
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was concluded that the radicals ezxisted as trigonal bipyramids with the 

unpaired electron io equatorial and the OR groups in apical positions. 

The radicals decomposed principally by a-scission to give a pheoyl 

radical and a trivalent arsenic compound: 

PhjX;O-t-B” + Ph2As0-t-Bu + Ph. 

Ph,As(OR) (0-t-Bu) + PhAs(OR)(O-t-Bu) + Ph. 

Rate constants for the decomposition of Pb3A40-t-Bu and Ph2A&(O-c-Bu)(OR) 

showed that the trlphenyl cospound was less stable than the diphenyl 

compound. This was explained by the fact that the trlphenyl cornpound 

must have one apical phenyl group which would be less stable than an 

apical 0-t-Bu group. Alternately the radical Ph,&(OR) (0-t-Bu) might 

undergo Berry pseudorotarion with this step being race-controlling 

The fact that the Pb$.(O-t-Bu)(OR) radicals had different stabilities 

implied that either the race constant for pseudorotation or the 

equatorial As-Ph bond strengths depended on the nature of the R groups. 

Although previous attempts to prepare pentamethylarsorane MegAs have 

been unsuccessful, Mitschke and Schnidbaur [264] have now successfuily 

prepared this colrpound from dlchlorotrimethylarsonane and two moles 

OF methyllithium in dimethyl ether at -60°. The compound was purified 

by sublimation at -10’ onto a cold finger cooled to -78". Pentamethyl- 

arsooane melts at -7 to -6’. The %I tiMR spectrum in benzene or toluene 

shoved a sharp singlet ac 35O which was not split when the temperature 

was lowered to -9s”. The LR spectrum, however, closely resembled that 

oE Me5Sb. The IR and F&man spectra of Me As were interpreted in terms 
5 

of a trigonal bipyramid. The compound MS remarkably stable in the 

air and hydrolysed only slowly to Me AsOH and methane. 
4 

With HCl or 

W, Me4AsCl or Me4AsF, respectively, was obtained. 

The use of triphenylarsine as a catalyst for the reaction of alcohols 

ROE vitb isoprene to form odorous compounds of the general formula 

Rclerenees p. 136 
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ROCH2C(Me)=CHCR2CB2CE(Me)CH=CH2 has been described in a patent 12651. 

Asano and coworkers 12661 who have previously reported on the 

substitution of benzene derivatives tith olefins in the presence of 

palladium(II) salts have now reported on the reaction between Croup V 

aryl compounds Ar3M, where Ar was usually phenyl and M was N, P. As, 

Sb, or Bi, and styrene in the presence of palladium(I1) acetate. Except 

for Ph3N which yielded tra?za-p-diphenylaminostilbene, txms-stilbene 

was always formed. The yield was highest with Ph3As. 

The use of Ph As, 
3 Ph3Sb. and Ph3P in the cooligomerization of esters 

of the type CR 
2 

=C(CHRR’)CO Me with butadiene is described in a German 
2 

patent [ 2671. 

A method for the determination of As(V) in organic arsenic compounds 

without destruction oE organic matter has been suggested by Sandhu and 

coworkers [268]. The compound was dissolved in acetic acid, with the 

addition of ethanol if necessary, reduced with zinc, and the resulting 

As(III) titrated iodimetrically. 
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