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1. BOOKS AND REVIEWS

No books devoted solely to organoarsenic compounds have appeared in 1973.
Organcarsenic 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 organmoarsenic, -antimony,
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and -bismuth compounds {l]j. The use of tertiary arsines as donor molecules in
coordination chemistry has been discussed in several books [2-4]. Those
compounds subjected to X-ray analysis during 1971-1972 were listed in Volume 4
of Mslecular Structwres and Dimensions [5). The mass spectrometry of organic
arsenicals was also included in a2 book on mass spectrometry of inorganic and
organometallic compounds [6}. A review article on covalent metal-carbon bonds
glves the preparation and properties of organoarsenicals [7], while the
electrochemistry of arsonium compounds is mentioned in another review article
[8]. The use of organ:c arsenicals as ligands is discussed in & review
article on binuclear complexas of transiticn elements [9]. Mislow [10] has

reviewed work, largely from his laboratory, on the barriers to inversion in

pyramidal phosphines and arsines.

2. PRIMARY AND SECONGARY ARSINES
Demuth and coworkers [1l] have descraibed the preparation and NMR spectra

of (CF3LFD aod CF MD,, where M = P or As, from the corresponding fodo com-

19 3l

3

pounds, (CFJ)qHI and CF P MMR spectra

MI, anod DI. The F NMR spectra (and

3
for phosphorus compounds) were then compared with those of the corresponding

non-deuterated analogs. 1ln each case there was a slight shift in the 19F or

31? spectra, varying from 0.09 to 0.18 ppm in the case of the lgF NMR. The
reason for these shifts was not apparent.

Two organoarsenic compounds containing the azido group have been
described in 2 German patent {12]. The compound (4—N3C6 4) AsO,H was pre-
pared from (4—N02 ¢H; ) oASO,H by reduction, diazorization of the resulting
amino compound and treatment of the diazonium compound with NaN3. The
compound 4-N.C_H CH=NC_H, AsH

376 4 674

4- N3CGEACHO.

Janzen and Viada [13] have studied the reaction of secondary phosphines

2-4 was obtained from 4—32N06H4Asﬂz and

and secondary arsines with hexafluoroacetone:



PhZMH + (CF3)2C0 -+ PhZHC(OH)(CE‘3)2

(where M = P or As)

The resulting phosphine was more susceptible to oxidation than the corres-
ponding arsime. Oxidation of the phosphine with gaseous oxygen gave
thP(O)C(OB)(CF3)2. whereas oxidation of the arsine under similar conditions
gave (PhZAs)ZO. The lgF and lﬂ NMR spectra of the arsenic compound were
reported.

The IR spectra in the gas phase and the Raman spectra in the liquid phase
have been determined for the molecules CF3PBZ, CF3PDZ’ CFBASHZ’ and CFqAsD, by
Burger and coworkers [l4]. With the exception of the torsional mode, all of
the fundamental modes have been assigned. It was found that the degeneracy of
the CF3 vibrations were not removed by PHZ' PDZ' AsB2 or AsD2 groups. A normal
coordinate analysis was made by the use of force constants previously
obtained for HCF, and other XCF, derivatives. Gas phase IR and liquid phase
Raman spectra of the compounds (CF3)2PH. (CF3)2PD, (CF3)2A5H, and (CF3)2ASD
were also recorded [15]. A normal coordinate analysis which made use of

local symmetry force field for the CF3 group as well as force constants from

other CF3 compounds was used rtor assigning the spectra.

3. TERTIARY ARSINES
A Preparation
McAuliffe [16] has shown that the interesting arsenic compounds

&~Ph AsC S(CH ) SC AsPhZ—a react with nickel (II) salts with dealkylation

694 6t

of the methylene groups attached to sulfur. Thus the products were identicial
with the product obtained by the reaction of o-mercaptophenyldiphenylarsine
with the same nickel salts Three different arsenicals were used, via.
a—thAscﬁﬂas(CHZ)DSCGHAAsPh -0, where n = 2, 3, or 4. The latter two com-
pounds had apparently not been prepared previously.

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

and their use to form palladium complexes has been described hy Morris and
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Taylor [l17]. The compounds PhZAsCHZCHZNRZ(R = H, Me, and Er) were character-
rzed by elemental analyses and lﬂ NMR spectra. The compounds (PhZAsCHZCHZ)ZNMe
and PhAs(CHZCHzNRZ)2 (R=H, Me or Et) could not be purified by distillation
under reduced pressure. They were used for subsequent reactions without
nurification and were characterized only by their 1H NMR spectra. Two other
compounds were also obtalned only in the crude state, (PhZAsCHZCHz)NR

(R=H or Er) but no spectral data were given. The compounds PhAs(CHZCHZNRZ)2
(R=H, Me or Er) were prepared from PhAsNaz and the appropriate 2-chloroethyl-
amine and derails ror their preparation were given. The compounds
(thAsCHZCHZ)ZNR were prepared irom thAsK-Z dioxane and the appropriate
(CICHZCHZ)ZNR burt details of their preparation were not given. The compounds

ZCHZNRZ(R=H, Me, or Etr) were also prepared from Ph,AsK-2 dioxane.

Where R=H ethyleneimine was uced; where R=Me or Er the appropriate dialkyl-

Ph.,AsCH

aminoethyl chloride was used. Again details for their preparation were nct

glven.
A new tetradentate ligand I has been synthesized, and its ccordination

compounds with nickel have been prepared and studied [18].

MeC = N632CH2AsPh2

MeC = NCH,CH

2 2AsPh2

The followlng synthesis was employed to obtain the arsenic compound:

,,/?Hz
K ~~ca,
Phy%S dloxane & Fhofsk —
B,0
thAsCH2CH2NHK _—>
MeCOCOMe
thAsCHZCHzNH2 > I

In an Inorgarnic Syntheaes report [19] devoted to the preparation of

diphosphines and mixed arsinophosphines, the preparation of l-(dimethyl-
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phosphino)-3-(dimethylarsino)propane was described in detail:

CH,CH,AsMe + NaCl

Me,PNa + CLCH,CH,CH,AsMe,

- HezPCHZCHchZAsMe

2

The preparation of tert-butyldi-s-tolylarsine and di-tert-butyl-o-
tolylarsine from o-tolyllithium and feri-butyldichleroarsine or di-tepri-butyl-
chloroarsine, respectively, has been discribed by Shaw and Stainbank [20].

The compounds were characterized by their lH NMR spectra but not by elemental
analyses. A pumber of coordination compounds of these two compounds with
platinum were described.

A serlies of acetylenic arsenic compounds of the type RZASCECR', where R
was an alkyl group and R' was H, an alkyl, or other group, has been prepared
by Kuz"'min and coworkers [21]. The compounds R,AsCZCH underwent normal
Mannich, Favorski and Grignard reactions while oxidative condensation by
CuCl and oxygen gave R,AsCZCAsR,.

The reactioa of sodium diphenylarsenide (from PhaAs and Na tn liquid
NH3) with chloroalkanoic acids yilelds the corresponding carboxy-substituted

tertiary arsines [22]:

H,0

2
thﬁsNa + Cl(CHZ)nCOZNa H+ > thAs(Chz)nCOOH

The chloroacids used were chloroacetic, a- and B-chloropropionic and a-, 8-,
and y-chlorobutyric acids. The pKa values for the three acids PhZAs(CHZ)nCOOH
were n=1, 5.95; n=2, 6.02; n=3, 6.16. In an analogous way the amide
PhZAsCHZCONH2 and the ester PhZAsCHZCOZEt were prepared. The acid PhZAsCHchZH
was also converted to the acid chloride by treatment with SOClZ, and this

acid chloride gave the same amide or ester by treatment with ammonia or
ethanol. The two acids thAs(CHZ)nCOOH. n = 2 or 3 reacted further with
sodium in liquid NH3 to give the sodium arsenides which with water gave
PhAs(H)(CHZ)nCOOH (n =2 or 3). In the case of thAsCHZCOZH and CH3CH(AsPh2)
COOH the reaction with sodium in liquid ammonia resulted in cleavage of the

aliphatic side chain:
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Na
PhZAsCH(R)COZB —EE;—> PhZAsNa + NaCH(R)COZNa

(R = H or Me)

Oxidation of the carboxy-substiruted tertlary arsimes by air, 9202 or HgD
gave the corresponding arsine oxides.

A general method tor preparing chiral tertiary arsines has been published
by Stackhouse, Gook, aad Mizlow [23]). The method depends upon the synthesls
of menthyl methylphenylarsinite from l-menthol aznd methylphenyllodioarsine.
This marerial was theo sulturized to yield Z-menthyl methylphenylthioarsinate.
This can then be separated into its two dlastereomeric forms by fractiomal
crystallizacion The CD cuzve of the two isomers was enantiomeric in type
and the absolute contigurations were assigned from the lH NMR spectrun on
the basis of previous work with menthyl phenylphosphopnates. Reaction of
either diastereomer of (-menthyl methylphenylthioarsinate with either alkyl-
or aryllithivm reagents led to cleavage of both the As-S 2nd As-0 bonds and
the formation of an optically pure tertiary arsine. This latter reaction
proceeded with 1nversion of configuration at the arsenic actom. Displace-
ment of meathoxide was shown to proceed with some racemizarion but there was
no loss of specificicy 1p the desulfurization step. The authors prepared
methylphenyl-n-propylarsine [a]D + 10.7 and methylphenyl-2-naphthylarsine

[a]

D + 1.7 by means of this pnew synthesis.
In continuation of earlier work on the resolution of chiral! tertiary
arsines Gatilou and Yambushev [24] prepared p-[ethyl-o-bromophenylarsino]-
benzoic acid by oxidarion ot ethyl-o-bromophenyl-p-tolylarsine with porassium
permangapate tollowed by reduction of the resulring arsine oxide. The arsine
was resolved by the use of quinine and the resulting enantiomeric arsines
were coonverted Lo the optlically active arsine oxides or arstine sulfides by
oxidation with NO2 or S, respectively.

GCatilov and coworkers [25] have synthesized three lsomeric tertiary

arsipes contalning amino-substituted phenyl groups:



87

Et (p-MeC H, )AsCl + 2Na - BrC.H NH, ~ Et(p~MeC Hq)AsuﬁﬂqNHZ + 2NaCl

6 6 2 6

The cthree isomeri: .-, M-, &nd c-bromoanilines were used 1n the azbove reactions
and 1n addition to the tertlary arsines the coupling products [Et(p—MeCaHa)As]Z
and HZNC6Hac6H NH2 were abtalned The terriary arsioes were 1solated as dark
red liquids which were not readily discilled They formed crystalline salts
with HCY, HN03 and stoq but not with organic acids such as acetic, propionic
or malic. Limited IR data on the arsines were given.

The reaction or arzenictlil) fluoride with tetratluoroethylene in the
presence of antimony(V) rluoride led to the formation of (C2F5)3As and
(CZFS)ZAsF which were separated by distillation [26]. The reaction was
carried out rn an autoclave at 260 pbsi. No analyses or characterizations of
the compounds were given

Bis(pentafluoroethyl)fluoroarsine and tris(pentafluoroethyl)arsine were
also prpared in 42.3 and 26% yields, respectively, from tetrafluoroethylene
and AsF3 at atmospheric pressure {27]. From (CZFS)ZASF a number of derivatives
were prepared. Thus from the corresponding alkal:i halides (CZFs)ZASCL,
(Cst)zAsBr and (CZFS)ZASI were obrained. Ethanol, 1n the presence of 5102
to absorb HF, gave (C2F5)2ASOEL, while diethylamine gave (CZFS)ZASNELZ.
Reaction with PhMgBr gave (CZFS)ZASPh' Hydrolysis gave [(C2F5)2A5120.

Arsenic analyses and mass spectra were used to characterize the compounds.

Cullen and Mihichuk |28] have described the reaction of 1l,2-dimethyl-

l,2-diphenyldiarsine with hexatluoro-2-butyne to form an approximateiy 1l:1

mixture of ¢i5~ and rrans-2,3-bis(methylphenylarsino)-hexaf tuoro-2-butene:

Me
CF CF CF As — Ph
3\ yd 3 3 ~ e
cC==¢C C = C\\
AS ~ \As As -~ CF
/7 N\ /7 N\ /N 3
Ph Me Me Ph Ph Me

[N
If, however, hexafluoroacetone was used as the solvent, the czs form

predominated. Since there are two assymetric arsenic atoms the ¢is form was
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separated into the two diastereomeric mego and dl forms. A study was then

carried out on the reactions of the diastereoisomers with Fe(co)s. From

the results it was possible to assign configurations to the starting ligands.
In a paper on the reaction of the heterocyclic rhodium complex II with

acetylene derivatives the following reaction was discussed [29]:

0 Ph
o
Rh(PPh3)3C1 + (C6F5)2ASC=CPh
=
0 Ph
A

The (C6F5)2AscEcPh was prepared from PhCZCMgBr and (C6F5)2A5Cl. The reaction
of the rhodium complex with P, S, and Se acetylenic compounds was also
discussed.

The preparation of borth l-phenyl-4,5—dihydrophosphepin (1II, M = P) and
l-phenyl-4,5-dihydroarsepin (III, M = As) by the cycloaddition of phenyl-
phosphine or phenylarsine to hexa-1,5-diyne has been described by Markl and
Dannhardt [30].

III

The compounds were characterized by IR, 1H NMR, and mass spectrometry. Both
compounds were readily quaternized with alkyl halides (MeI and CGHSCHZBr for
the arsenic compound) and were also converted to the corresponding oxides

by oxidation.

Tzschach and Heinicke [31] have described the preparation of a series
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of 1,3-azarsolidine carboxylic acids by the condemsation of (2-aminocethyl)-
arsines with a-ketoacids:

RAs(H)CHZCHzNHR' + R"COCOZH

- CH, — CH

2 2
RAS *NHR!
~N
/’c\\
R" coz'

= Ph, R' = H or Et, and R" = Me
Ph, R' = H, and R" = Ph
R' = H or Et, and R" = Me

where

Cetyy»

R
R
R =
R = n-Bu, R' = H, and R" = Me

In addition to the above carboxylic acids several 1,3-azarsolidine carboxylic
esters were prepared from MeCOCOZEt and PhCOCOZEt. The reaction of
PhAs(H)CHZCHzNH2 with ethyl acetoacetate gave either of two products depending

on the acidity or alkalinity of the reaction medium. In neutral or alkalime

solution IV was obtained, but in acid solution V was the product.

?H3 CHi——__ qﬂz
[+ PhAs NH
RN ~ _
PhAs (H)CH,CH,-N CH c
2772 i 1 e ~
B_ //,C—OE: CH3 CHZCOEEC
\0/
Iv v

Both levulinic and y-acetylbutyric acid reacted with PhAs(H)CHZCBZNH2 to

glve VI and VII, respectively.

ca,—— cl:az (|IEZ-—-— CFZ
PhAs N—Cc=0 PhAs N

N7 Tl

~. CH =

we” a2 Me”” \

2 CH
2

CH.
2Nch,
VI Vil
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Ethyl levulinate reacted to give VIII.

'2 l2
PhAs NEt
\C
M <~ ca.ca.coE
€ 2CH L0 5
VIII

IR data for some of the compounds were given.
In a study devoted to the 1,3-dipolar cycloaddition of diazomerhane to

alkynes to form pyrazoles, arsenicals of the type 1X were formed [32].

R R'
~N 7

C=2C
. ou
\N//
i5.4
where R = Ph.,As, R' = H or COzMe, and

2
R = thAs(O). R' = H

The pyrazoles were ideatified by means of their 1B NMR spectra, and it was
shown that the cycloaddition pathway was governmed more by steric than by
electronic effects. Pyrazoles containing other heteroatoms such as Sa, Pb,
Si, Ce, and S were also prepared by this method.

The synthesis of a series of 1,3-benzazarsolines (X) by the reaction
between o-aminophenylarsines o-C6H4(NHZ)Asﬂz or o—c6H4(NEZ)AsBR and
aldehydes, ketanes or ketoesters has been described by Tzschach, Drohne,
and Heinicke [33].

AsR
(I:R L4 R“

e’

X
(Where R = H or alkyl, R' = H, Ph or alkyl, and

R" = alkyl, Ph, CO,Et or CHZCOZEt).

2
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o-Aminophenylarsine was prepared by the reduction of o-nitrophenylarsonic
acid. It forms a monosodium arsenide when treated with sodium in liquid

ammonia, which can then be converted to the secondary arsine a—CGEAAsHR

by treatment with an alkyl halide, where R = Et, i-pr, n-Bu or CZH4NHEt.

The aminoarsines then reacted with aldehydes, ketones of ketoesters as

AsHR AsR
O + R'COR" =~ é, R’
\R"

2

follows:

The aminoarsine a—NHZC6H4As(H)CHZCH,NHEt reactad with benzaldelyde or with

acetone as follows:

As (H)CH.,CH, NHEL CH,—CH,
22 NEt
+ RCOR' -~ 5 s
c—R
NH,
RH,

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

From o-NH CBH4ASH and cyclohexanone the spirocyclic compound XI (R=H) was

2 2
prepared.

i

As CH_—CH
N // 2 AN
/// CH,,

N 2
NH CHZ_ CHZ

XI
When XI (R=H) was treated with n-butyllithium in ether and the resulting
lithium arsenide treated with EtI the compound XI (R=Et) was obtained.
4 series of 10-aryl-substituted phenoxarsines have been prepared from
10-chlorophenoxarsine and the necessary aryl Grignard reagents [34].
Trimethylarsine was produced from HezAsOZH, HeAsO3H2, sodium arsenate,
or sodium arsenite when these compounds were incubated with three different

fungl isolated from gsewage [35].

4 U.S. patent which covers the preparation of epamines and amidinium
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salts containing tertiary arsines has been issued [36]. The compound

I - -
[[(Mezh)zc CHZ]ZAsPh}ZCL was obtained from PhAsCl, and CH, C(NMe,),-

B. Spectra

The IR and Raman spectra as well as the lgF NMR spectra of the three
coopounds M(CECCF3)3, where M = P, As, and Sb were determined [37]. The
vibrational gpectra were in agreement with CJU symmetry for all three com=-
pounds. There was no evidence for hindered rotation of the CF3 groups at
room temperature as judged by the NMR spectra. The synthesis of the com-
pounds and theilr mass spectra will be published in a separate paper.

By using the pure isotopes SBNi 62Ni 54Fe, and 57Fe, metal complexes
of these isotopes were prepared on a milligram scale with the ligand
o-phenylene-bis(dimethylarsine) [38]. By comparing the far IR spectra
of these complexes it was possible to assign the As-Ni and As-Fe stretching
bands for these complexes. By comparison of these results with similar
complexes of Co, Pt, and Pd, the Co-As, Pt-As and Pd-As stretching bands
were also assigned. These bands are very weak and lie in the 325-295 cm
region for the Ni, Fe, and Co complexes and in the 270-210 cm_l region for
the Pt and Pd conoplexes.

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

PP(CF3)2 and (CF AsAs(CF3)2 bave been determined [39]. The

372 32
results wera best interpreted in terms of trans conformations (cﬂh symnetry)
[
No evidence for any other rotamers for either compound was adduced. A normal
coordinate analysis was also made by the use of force constants obtained
from CF,H, (CF3)3
In a paper largely devoted to organophosphorus compounds, the use of IR

M and (CF3)2HH, where M = P or As.

spectroscopy for the determination of the amount of p- and 7T-complexing
between phenol and such compounds as Ph3N, Ph3P, Ph3As and Ph3Sb were
described [40].

In a paper largely devoted to antimony compounds and discussed in
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greater detail under Antimony, Brill and coworkers [41] have reporred on
the NQR spectra of the two arsines (thAs)2CH2 and p-C6H4(Ph2AsCH2)2. The
spectra were not markedly different from the NQR spectra of Ph3As and
p-substituted triarylarsines which suggested that the CHZ—AS bond was

similar to the As-phenyl bond.

75

The NQR spectra for "“As for the compounds (C2 As, (CF3CHF)3AS,

Fg)sy

\CZFS)ZASF and (C AsBr have been reported by Bryukhova and Kopaevich

2F5%2
[42]. The 7gBr and 81Br values for the last compound were alsc given.

In agreement with their previous results with As(III) and Sb(LII) compounds,
it was coancluded 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 in unsymmetrically
substituted compounds.

The mass spectra of the phosphorus and arsenic compounds cig- and irare
Ph

PCH=CHPPh2, cis- and trane- Ph,AsCH=CHAsPh ets- and trans- PhZPCH=

2 2?

CHAsPhZ. and PbZPCHZCHZAsPhZ

patterns have been elucidated [43]. The e¢is and irans isomers were found

have been determined and their fragmentation

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 to another As,
but in the mixed P-As compounds phenyl migration from arsealc to phosphorus
occurred but not the converse.

The crystal scructure of the heterocyclic arsenic compound 2,3,6-ctri-

phenylarsenin (XII) has been determined [44].
L.
Ar
Ar As

XIL

It was found that the arsenin ring did not differ significantly from C2v

symmetry. The ring is planar with a As-C distance of 1.872A, which is
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significantly less than the sum of the covalent radif (i.98A). A comparison
was made between the arsenin ring and the related phosphorin ring.

In a paper from Markl's laboratory [45] the photoelectron spectra of

three l-phenylphospholes and one arsole Y¥I1I were given. The results showed
Me-—zéf—-ng-ﬁe
As

XIIit

that there was no conjugative interaction between the five and six membered
rings and that the lone palrs on phosphorus and probably on arsenmic took no
part in five-membered ring conjugation. The authors concluded that phospholes
and arsoles in their ground state conformation consist of localized diene
systems and lone pairs of hetero atom electrons and in this sense are not
aromatic.

p-Nitrophenyldiethylarsine, lts oxide and sulfide, p-nitrobenzenearsonic
acld, and m-nitrophenyldiethylarsine and its sulfide were prepared in order
to study the polarography of these compounds [46]. The reductions were
carrled out in DMF and gave two waves, a one-electron and a three-electron
wave. It was concluded that in the second step products were formed which
are oxidized at similar potentials and that only the NO2 group uadergoes the
reduction. ESR spectra for the anion-radicals were studied and showed no
delocalization of the odd electron into the aryl or alkyl substituents on

the arsenic.

C. Use as Ligands
Bosnich and coworkers [47] have described the synthesis of the ligand

[HeZAs(CEZ)3AsPhCH which they named tetars. This compound should exist

2]2’
in 47 and meso forms as follows:
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Ph Ph
v v

HeZAs(CH2)3 < AAsb CHZCH2 | Als > (CHZ)3AsMe2
A

me3o
Ph
v v
MezAs(CH2)3 dAashp CHZCHZAS(CHZ) qhsMe,
A &
Ph
racemc

The racenic ligand formed complexes with cobalt stereospecifically

because of the steric constraints of the two chiral arsemic centers. With
CoClz'GHZO the racemic ligand forms three different lsomers ciz-o, cis-8,
and trareg, whereas the megoc ligand formed cis-B and crans. [t was possible
to separate all five complexes and to i1dentlfy these by means of their lE
NMR spectra. The various complexes were found to be in equilibrium and

the racemic ligend did not show any strong topological preferences, whereas
the mzso ligand preferred the trans topology. By the use of benzoyl-(+)-
tartaric acid monohydrace it was possible to resolve the e12-0 complex of
the racemic ligand and to obtain the pure enantliomers, Because the three
compounds of the optically active ligand, cis-o, cie-B,and trans are in
equilibrium, it was also found possible to convert the optically pure cis-o
complex into optically active cis-B anrd trans complexes. By treating the
cobalt complexes with NaCN, the optically active free arsine ligands

were obtained. Thus from the pure cis-a[Co(R,R—tetars)012101 the optically
pure S,S-tetars,[a] + 28.7,was isolated. A solution of R,S-tetars
R,R;S,3-tetars (racemic), or S,S-tetars, when treated in methanol-ether
solution with a few drops of HCL, isomerized and racemized rapidly to a
mixture of 55% R,S-tetars and 45%Z R,R;S,S-tetars. The use of circular
dichroism 1n helpiag to analyse the different isomers of the cobalt complexes
is described in considerable detail.

The Schiff base condensation of o-dimethylarsino- or o-diethylarsino-
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anilines with the appropriate aldehyde led to the formation of the following

new tridentate ligands [48]:

Ql_. Q.

R = H or Me

@:AsEtz
N===CH-—Iz:i:§l— R
N
R = H or Et

The formation of a number of manganese(Il) complexes of these ligands was
studied, and their magnetic propercies were given. In a second paper
Chiswell and Lee [49] reported the formation of a number of cobalt and nickel
complexes of several new ligands obtained by the condensation of
o-dimethylarsino- and o-diethylarsinoanilines with the sulfur-containing

aldehydes o-MeSCGEACHG and XIV. The new ligands were not characterized.

I
S

XIV (R = H or Me)

R

The preparation of four new ligands containing the tertiary arsine
grouping and their complexes with cobalt or nickel has also been described by
Chiswell and Lee [50]. The ligands all contained the grouping XV. They were
obtained only as oils by condensation of the o—RzAsCGH4Nﬂzcompound with

an aldehyde and were not characterized.
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AsR
N=CH-R'
XV

R = Me or Et R' = o- NC_H
( o Ty o-Me,NC¢ 4

R = Me, R' = a-HMeNC6H4

R = Me, R' = 2-pyridyl)
In two later papers these same authors have described cobalr [51] and
nickel [52] complexes of a number of new arsenic ligands obtained by the
condensation of o-dimethylarsino- and o-diethylarsinoanilines with aldehydes

(XV1).

R <:::) CHO
N

XvVi (R = H or Me)

Again the new arsenic ligands were not characterized.
The reaction of a number of tertiary arsines with the iridium cocmpound

trans-lr(CO)ClPPh3 (Vaska's compound) to displace the PPh, and form new

3
iridium compounds has been described by Chow and coworkers (53]. Among the

arsenicals used were thAsCHZCHZAsPhZ, cis—thAsCH=CHAsPh,, cua-PhZAsCH=

2ASCHZCHzPth, but not all of the compounds reacted with Vaska's

compound. Since Vaska's compound has the interesting property of reversibly

CHPth . and Ph

binding an oxygen molecule,reaction of the new iridium compounds were
studied as oxygen binders, and two of the compounds were shown to form stable
irreversible oxygen adducts.

Fitzgerald and coworkers [54] have prepared several phosphine and

arsine fridium complexes of the type IrClCO(AsPh erlCO(PPh3)2, and

3)2’
IrCICS(PPhJ), and studied their reactions with a variety of Lewis acids.

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

of the above compounds was in the order

IrcicOo(AsPh > I:ClCO(PPh3), > IrClCS(PPh

3)2 3)2
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In coatipuacion of studies on the use of NaZE'e(CO)4 in organic syntheses,
Collman and coworkers [55)] studied the reaction between this iron compound

and diphenylchlorophosphine and -arsine. Ap anionic complex wvas formed

which reacted further with various organic halides to form peutral phosphine
and arsine cooplexes:
- RX
Na,Fe(C0O), + Ph_AsCl — Ph_As > Ph,AsR
2 4 2 2| Zl
Fe(CO4) Fe(CO)a

In the above reaction R was an organic group such as benzyl or an organo-
metallic group such as Ph3Ge. The anionic complex also reacted with

Ph_AsCl or Ph.PCl to form compounds with As-As or As~P bonds:

2 2

PhZAs + Ph2A5C1 e PhZAs—Asth

I

Fe(CO)h Fe(CO)ll

The IR and 31? NMR spectra of these compounds were briefly mentioned.

The lﬂ NHMR spectra of a series of coordination compounds formed
between Et3As as the donor molecule and Me3Ga, Et3Ga, Me20301 and EtzGaCI
ag acceptor molecules, have been reported and analysed [56]. The sub-—
stitution of Cl for an alkyl group on the gallium atom increased the
difference in chemical shift between the CH3 and CB2 moities of the ethyl
group on the arsenic atom, from which it was concluded that the strength
of the Ga-s bond was greater for the hologenated compound. From measure—
zents of the complex formation constant with temperature, the bond energies
of the Ga-As bond in three compounds was estimated.

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

Ga, and Bt_GaCl bas also been

EtsAs and such gallium compounds as He3Ga, Et 2

3
described in anmother Russian paper [57].
In addicion to the publications discussed above, a large number of other

papers have described the use of tertilary arsines as ligands. The metals

coordinated to the arsenic in the complexes included chromium [58-60],
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cobalt [61-66], copper [67,681, gold {69,701, iridium [67,71-74]), irom [65,
67,75-81], manganese [67,82-88), mercury [89,90], molybdenum [59,67,91-99],
nickel [100-103], osmium [67,104-107]), palladium [67,89,108-112], platinum
{67,89,108-110,112-119], rhenium [120-122], rhodium [71,72,123-128] ruthenium
[167,105,129-135], silver [67,136], %in [137], titanium [137}, and tungsten

[59,91-93,138-140].

D. Other Chemical and Physical Properties

The potentiometric titration of a series of compounds of the type
p-MeZNC6H4x, where X was a substituent such as H, F, Me, NO, Cl, Br, etc.,
gave pRa values which were used to obrain a Hammett plot using the knowm @
values for the substituents [l4l]. In addition the two substituents
p—EtzAs and p—PhZAs were used and O-values for these substituents were
obtained. 1In addition pKa values for 10-[p-dimethylamino)phenyl]-5,10-
dihydrophenarsazine and irs arsine oxide were obtained and it was concluded
that the phenarsazine ring system acted as an electron acceptor in respect
to election distribution in 1ts structure.

Splitter and Calvin [42) have calculated a Hammett p value of 25 for
the inversion rate of a series of p-substituted 1l-phenyl-2,2-dimethyl-

b

aziridines. This p value was determined from experimental AG" values

adjusted to 25° by assuming AS+ = 0. The resulting p value was then used

to calculate oinv constants for a number of other substituents. Having

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

inv
obtain p values for other l-substituted aziridines, oxaziridines, acyclic
amires, phosphines, and arsines. The p values for acyclic amines, phosphines,

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

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

CuClz, it is stated that the reaction rate, both in HeZCO and MeOH, is in
the order Ph3As< Ph3P < Ph3Sb. The products of the reaction between
Ph3AS and Cucl2 were, however, not given.

Calculation of the electronic configuration of Ph3M, where M = P, As,
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Sb, and Bi, has been reported in the Russian literature [144].

Two papers devoted to the electronic structures of heterocyclic organo-
phosphorus and organoarsenic compounds have described the use of the CNDO/Z
approach. In the first of these papers [l145] several substituted phospholes
and arsoles as well as phosphole and arsole were considered. Orbital
encrgies and sequence, orbital density, total density plots and substituent
effects were given and comparisons were made between arsoles, phospholes
and pyrroles.

In the second paper [l146] similar calculations were made for argenic
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 enthalpy of melting of triethylarsine was given as
181.8°K and 2643 cal/mole, respectively [147]. In a closely related paper,
the enthalpy of mixing of Et3Ga and Pr3Ga with Et3As wag given as ~6.2 and

-5.6 kcal/mole, respectively [148].

4. AMINOARSINES

A number of bis(dialkylamino)arsines of the type HeAs(NRZ)Z have been

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

MeAsI, + 4R NH + MeAs(NR,), + 2[R,NH, ]I

2

All of the aminoarsines were liquids which were purified by distillation in
vacuo. lﬂ NMR, IR, and mass spectra of the products were reported. The

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

HeAS(NRZ)Z + 4HX - HeAsX2+ Z[RZNHZ]X

Me, AsNR, + R'OH + Me AsOR' + RyNH

The As-N bond also underwent exchange reactions with other amines:
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MeAs(HNez)z + 2C4H4NH - MeAs(NCAHA)2 + 2Me2NH

(where C4B4NH = pyrrole)

Rober [150] has found that MezAsN}‘e2 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 temperatures varied from 130 to 190°, and the yilelds
varied from 40 to 60%. PMR and IR data were reported for the new aminoarsines

The reaction of primary amines with either MeZAsCI or MezAsI led to
the formation of bis(dimethylarsino)amines in ylelds of 40-60% [151]. The
reactions were carried out in ether at -60 to ~70°, and the products purified
by vacuum distillation. The amines RNH, were R = Me, Et, n-Pr, n-Bu, iso-Bu,
gec-Bu and Zert-Bu. In the case of tert—BuNHz the compound MeZAsNHCNe3 was
obtained. 8y the reaction of HezAsNMe2 with aniline or cyclohexylamine
(HezAs)zNPh and (Me2As)2NC6H11 were obtained. The reaction of the arsino-
amines with a wide variety of reagents was investigated. In all cases the
AsN bond was cleaved. Thus with HX(X = F, C1, Br, or I) HezAsX was obtained,
with Mel, HeZAsI was obtained and with R'OH, MeZASOR' was isolated. With

AsF and a high-boiling o0il were obtained. The lH NMR, IR, and mass

AsF3, Mez
spectra of the bis(dimethylarsino)amines were given.

A number of compounds containing 15N—P bonds and a few compounds con-
taining 15N-As. 15N—Si, and 15N—B bonds have been prepared and the 15N-lH

NMR coupling constants were determined in order to assess the imporrance of
N + P bonding in the phosphorus compounds [152}. The arsenic compounds
synthesized were (CF3)2A515NH2 and {(CF3)2As]215NH. The percent s character
of the nitrogen was calculated from the 15N-B coupling constants by means

of the equation 8 = 0.43J15N_H—6. The replacement of P by As resulted in

a decrease in the percent of 25 character at nitrogen. By consideration

of the Si—lSN and B—lsN compounds it was concluded that the equation giving

the percent of s character was not applicable to organonitrogen-heteroatom

compounds in which the electronegativity of the heterocatom differed markedly
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from that of carbon. The results were explained, therefore, by considering
the redistribution of elecrrons within the 0 frameworks of the molecules.
It was further concluded that it was unnecessary to ianvoke Py - d“ bonding
between the nit-ogen and the heteroatom to explain the NMR results.

The reaction of 10-chlorophenoxarsine with NH3 in xylene gave tris(10-
phenoxarsinyi)amine(XVII) [153]. With potassium phthalimide the same

phenoxarsine gave 10-N-phthalimidylphenoxarsine (XVIIL).

@) OO

XVII 0= ¢ =g

XVILII

The reaction of the 10-chlorophenoxarsine with a series of sodium phenolates
gave the corresponding 10-phenoxy compounds.

In a long and involved paper Krannich and coworkers [154] have reported
on the reaction of several chloroarsines, the two diarsines (MezAs)2 and
(thAs)z, as well as Ph,AsCl,, with ammon’a and with ammonia-chloramine
mixtures. With He2A501 and ammonia the product was [MezAsNH3]C1 but with
an ammonia-chloramine mixture the product had the composition HehAszNz'HC1
whose structure was uncertain. A compound of similar composition was obtained
from E:zAsCI and ammonia-chloramine mixtures. In addition, EtzAsCI gave an
appreciable amount of the compound (EtzAs)3N. Tetramethyldiarsine also
reacted with ammonia-chloramine to give HeAAszNz-HCI. It was postulated
that the methyl compound was a dimethylarsenonitrile hydrochloride tetramer
but that the ethyl compound was a polymer with As-N and As-~Cl boads.

Diphenylchloroarsine was found to react with ammonia-chloramine to give
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triclinic crystals of the product (PhZAsN)3. The structure of this compound
was established by three-dimensional X-ray analysis. Prolonged heating of
the trimer in acetonitrile solution gave some crystals of the tetramer
(PhZAsN)4 whose structure was also determined by X-ray analysis. The
reaction of thAsCl3 with ammonia in a stainless steel bomb also produced
the trimer (thAsN)a. 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

19 13

In a long paper devoted to the lH, F and C NMR spectra of an

extensive series of polyfluoroalkyl arsines Kopaevich and coworkers [155]

have analysed the effect of structure on the lgF spectra of arsenic

compounds of the type (CF3CF2)2ASX, (CF3CF2)2ASR (where R was an alkyl

or aryl group), (CF3CFC1)2Asx, and R3As where R was a fluorine-substituted
,),ASX the '°F nuclei of the

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

alkyl group. In compounds of the type (CF3CF

spectra, only where X = Br or I. 1In the compounds (CFZCFZ)ZASCF(CF3)X1 where
a double type of diastereotopy might be expected, only the nonequivalence
of the CF3CF2 groups was observed, while in (CF3CF2)2ASCF(CF3)CI no non-
equivalence of fluorine containing groups was observed. The compounds
(CF3CF01)2A8X possess two chiral and one prochiral centers which are
observed in the 19F 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 [156] heated CF,=CFCl with AsF, in a steel bomb with SbF

2 3 3
and obtained, after fractional distillation of the reaction product, (CF3CFCI)2A5F

as a catalyst

(582) and (CF3CFCI)2ASCI (14Z). The products were characterized by elemental

analysis and mass spectrometry. In a similar reaction (CF3CF2)2A5F was found to

Referenceap. 136
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react with CF2=CFC1 to yield (CFJCPZ)zASCFCICF3 (70Z) and (CF3CF2)2AsCF2CF201
(302). A hydrolysis reaction (erronously termed a haloform reaction) was used
to help determine their structure. The hydrolysis of the reaction mixture
obtained from (CF3C§TEA5F and CF2=CFC1 with Et3N in MeOH gave CF3CFZH,
CF,CHFCl, and CF =CF2 in quantitative yields. The molar ratios of the

3 2

products CF3CHPCI and CF2=CF2 corresponded to the molar ratios of the

isomeric arsines cobtained in the reaction and also to the integrated
intensities of the two products in their 19F NMR spectra. The reaction of
Et3N in MeQH with (CF3CF2)3A3 led quantitatively to CF3CFZH; the same
reaction with (CF3CFCI)2A5F gave CF3CFCIH, also in quantitative yleld. It
was concluded that the CF2=CF2 arose by B-elimination of BC1l from the
ClCFZCFzﬂ which was formed by the hydrolysis of the As-CFZCcml grouping,
in the compound (CF3CF2)2A5CFZCF201.

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

was prepared by the fcllowing reaction [157}:

s NH 0-C,H,Cl1
+AsCl, —B84 2

S

The yleld was 20Z and no spectral properties werea given.

The reaction of AsCl3 and diazomethane to form MeAs(CHZCI)2 and
HeAs(Cl)CBZCI, with the latter as the principal product, has been reported
by Wieber and Eichhorm [158]. The reaction of HeAs(Cl)CEZCI with a variety

of nucleophiles in the presence of EtsN was studied. With phenol HeAs(OPh)2
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was obtained while thlophenol gave a mixture of HeAs(SPh)68261 and

MeAs(SPh)z. With 3,4—(SH)ZCGH3CH3 the two heterocyclic compounds XX and

XXI were obtained in which the orientation of the CH3 group was uncertain.

S\CHZ S

~N
Me A M Me AsMe
g— s —nMe Ve

XX XXI

Both IR and Raman spectra for the compounds (C685—0H2)3MX2, where

M = Ag or Sb and X = F or Cl have been reported [159]. Both 1H and 19F NMR

spectra were also given. The vibrational spectra were interpreted in terms
of a slightly~-distorted trigonal bipyramid. The methylene NMR signal, which
was split into a triplet by coupling with the two fluorine atoms in the

compounds (CBHSCH2)3SbF and (C6H CH_) ,AsF_, but in the case of the antimony

2 577273 2’

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, Moedritzer [160] has
reported on the redistribution equilibria in the systems MePBrZ Va.MePCIZ,

vs. MeP5Cl,, MePSCi

HePOClz vs. MePO(OPh)Z, MePSBr vs. MePS(NMeZ)z and

2 2

HeAsBr2 vs. HeAsIZ. The equilibria studled were

2

2 MePXY & MePX2 + MePY2

2 MeAsClI — MeAsCl2 + HeAsIz

Equilibrium constants were obtained for the phosphorus compounds. The method
ugsed depended upon the lH NMR signals cbtained, and constants were obtained
at various temperatures. With the arsenic compounds, however, the equilib-
rium was much faster than in the case of the phosphorus compounds

both room temperature and -53°. Only a single sharp line with no evidence
of fine structure was obtained.

The use of HezA301 as a ligand has been reported by Ehrl and coworkers

References p. 1368
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[161]. Thus MeZAsCI reacted with C7H8Cr(C0)4 and C7BBH0(C0)4, where C7H8
was norbornadiene, to form the complexes cis—(C0)4Cr(AsHe7C1)7 and c¢ig-
(CO)aHo(HezASCI)Q. The chromium complex reacted with Na.Hn(CO)5 to form
cis—(C0)4Cr[HezAs—Hn(C0)5]2. This latter compound was converted into its

trans-isomer by refluxing in toluene for one hour. An attempt to prepare

the corresponding molybdenum complex was unsuccessful.

6. OTHER TRIVALENT ARSENIC COMPQUNDS

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 1H, 19F, and 31? NMR spectra of a series of compounds containing
P—PH2 and As—FHz bonds. The only arseanic compound obtained was (CF3)2A5PH2,

prepared by the following reaction:

Et S!.PE2 + (CF3)2ASI he Et3SiI + (CF3)2ASPH2

3

The reaction of (CF3)2AsI with LiAs(PH2)4was less satisfactory.

In another paper from the same laboratory [1€3] the prepzration of
compounds of the type Me3MP(CF3)2 and Me3MAs(CF3)2 where M = Si, Ge, and
Sn. The arsenic compound HeSSLAs(CF3)2 was prepared by the following

reaction:

He3SiPH2 + HAS(CF3)2 + MessiAs(CF3)2 + PH3

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

Me GePH2 and He3SnPH2 the compounds He3GeAs(CF3)2 and Me3SnAs(CF3)2 were

3
obtained. The IR spectra of the silicon and germanium compounds were listed

and assignments of bands were made. The 1H and lgF NMR spectra were given
and coupling constants were calculared.
The next paper of the series [164] was devoted to reactions of compounds

of the type (CFJ)ZFPHZ and (CF3)2A5PH2 in which the P-P or As-P bond was

cleaved. These bonds were cleaved by reaction with a variety of polar
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substances [HBr, (CF.,).,PI, (CF3)2A51, Me.SnH, (CF,).,AsH} as well as by non-

3 372
and an(CO)lo. In addition exchange reactions

32
polar substances such as Brz

3)492, 3)4A52' and PZFQ' Among the arsenic

compounds obtained in this manner were (CF3)2A5PF2, and (CF3)2PA5(CF3)2.

were carried out with (CF (CF

The reaction of P,F, and (CF3)2A5PH led to the compound (CF3)2A5PF,. The

4 2
1H and 19? spectra were used extensively in characterization of the products.
Two interesting ncw compounds CF3P(PH2)2 and CF3As(PH,), have been

prepared by the reaction of CF,PI, or CF3AsIZ with H,S1PH, ac -22° [165].

1
d ’9F NMR spectroscopy. No elemental

The compounds were chatacterized by 1H an
analyses were given.
Aksnes and Vikane [166] have reported on the 1H NMR spectra of a

serles of 1,3,2-dioxaarsolanes, 1,3,2-dithiarsolanes and one 1,3,2-

oxathilarsolane:
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A detailed analysis of the NMR spectrum of three of the compounds as
AA'BB' systems and one as an ABCD 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 1,3,2-dioxaarsenanes of the general formula XXII has been described

by Samitov and coworkers [167].
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XX11

In these compounds R' was Cl, OMe, OPh, or Ph. It was concluded that the
ring existed in the chair conformation.

The 14N NMR spectra of a series of alkyl-element azides, where the
element was B, Al, Tl, C, Si, Ge, Sn, Pb, and As were determined [168].

The only arsenic compound studied was Me2A5N3, and the chemical shifts
and line widths at half the peak height for this compound were given. It
was concluded that tne arsenic compound was a purely covalent azide.

The IR spectra of [(CF3)2As]2 in both the gaseous and the solid state
and the Raman spectra in the liquid and solid states were determined by
Thompson and coworkers [169]. As an aid to interpreting the data these
authors also determined the IR spectra of (CF3)3As in the solid and gaseous
states and the Raman spectrum in the liquid state. Assignments for the
various vibrational bands for both compounds were made. It was coacluded
that the diarsine existed i1nall three states only in the trans-conformation
(c2h symmetry) and it was suggested that the loonger As-As bond distance
(compared with the P-P bond distance) accounted for the existence of only
the ore isomer.

The photoelectron spectra of pyridine, phosphabenzene, arsabenzene,
and stibabenzene have been reported [170]; the photoelectron spectrum of
pyridine was known previously. The spectra of all four compounds were
remarkably similar. Various spectral bands were assigned to molecular
orbitals. Ab Znitio calculatiomns were carried out for phosphabenzene, and
it was concluded that for 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 Sh, and the ionization

potentials of the compounds.
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Phospha~ and arsagermacarbonanes, which contain three different hetero
atoms in the cage, have been prepared by treating the sodium salts of the
7,8- and 7,9-39H90HM2_ ions (where M = P or As) with germanium diiodide
[171].

7. ARSONIC AND ARSINIC AC1DS

A series of compounds have been described by Trivedi and Mehta {172}
formed by the condensation of sodium hydrogen p-aminobenzenearsonate (atoxyl)
with a number of halogen compounds of tha type XCH(CONHR)COMe and
XCH (CONHR)CN, where X was Cl, Br or I and R was phenyl, a substituted phenyl
group, or PhCHz.

The Meyer reaction for the preparation of alkanearsonic acids is
generally quite slow for longer chain alkyl groups. Luiggi and de Casal
[173] have shown that z-butanearsonic acid can be prepared by heating Aszo3
and n~BuBr in alkaline 10%Z aqueous glycerol solution for 30 hours.

A U.S. patent [174] for improving the preparation of arsanilic acid by
the Béchamp reaction involved the reaction of anilipe with arsenic acid
under reduced pressure and by the hydrolysis of previously discarded by-
products with strong acid.

Aliphatic arsonic amides or amido esters have been prepared by heating
esters of aliphatic arsonic acids with an excess of a secondary amine in a
nitrogen atmosphere [175]

The behavior of nine different methyl-, chloro-, or nitro-substituted
arenearsonic acids (as well as benzenearsonic acid itself) on heating has
been studied by means of differential thermal analysis [176]. These com-
pounds lost any water of crystallization 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 PhAsO3HZ and

PhPO.H, were compared with those obtained from benzoic acid, phenol, toluene,

372
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and benzene [177). The valence shell expansion behavior of both P(V) and
As(V) in the two acids studied is quite similar to rhat of sulfur in
naphthalenesulfonic acid and suggests that there is strong Pn—dﬁ interaction
only in the excited state of the cationic species.

Tsentovskil and coworkers [178] have determined pKa values for a series
of arenearsonic acids in dimethylformamide 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 solveats as in water, but a plot of pKa values
in either solvent vs. pRKa values in water gave a line whose slope was con-
siderably greater than 45°, Z.e. the organic solvents had a differentiating
action on the ilonization constants of these acids.

Thermodynamic ionization constants for a number of arenearsonic acids
have been determined by Nualldin and Cinnéide {179]. Both pocrentiometric
and spectrophotometric methods were used and the acids studied were
benzenearsonic acid and the following substituted benzenearsonic
acids: 2-0H, 2-OMe, 4-OMe, 2.6—(0He)2, 2-NH2, A—NHZ, 4-0H,
and 2,4—(0H)2. For the unsubstituted acid and the 4-OMe, 4-0OH, and A—NH2
substituted acids a Barmett plot of ionization constant vs. O values gave
straight lines with a p value of 0.844 for the reaction ArA503H2 -+ ArA503H-
and a p value of 0.840 for the reaction ArAstﬂ_* ArAsO3=. Sigma values of
+0.972, +0.459,and -0.109 were calculated for the three substituents
-as0.H,, -AsO.H , and -AsO.

372’ 3 3
was 4.00 £ 0.02 coxmpared with a value of 3.85 * 0.02 for the 4—OHC6H4A503H2.

, respectively. The pK1 value for 2—H0C6H4A503E2

This difference was attributed to irtramolecular hydrogen bonding which
increased the basicity of the AsO3HZgroup. By contrast pKl for Z_NBZC6H4ASO3HZ
was 3.79 * 0.02 compared with 4.13 * 0.02 for pKl of the 4-substituted acid.
This was attributed to hydrogen bonding between the NH and the As=0. 1In
addition to pKl values PK, valyes were also obtained and it was concluded

that in 2—0H0634A5028- there was a hydrogen bond between the 2-OH group and
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ASOSE_. In addition to the arsonic acid group pK values were also calculated

for the OH groups and ior NH3+ in the 2- and 4-substituted amino arsonic

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

< Cm . mtmcmmn am—— L P,
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2—nu2C654ASG3HZ'
with ferric or cupric ions.

It has been shown that the IR frequerncies but not the band 1intensities
of the AsO group for the compounds p—RC6H_,.As(0)E|:2 (where R = Hoz, Br, C1,
Mz, H, OMe and NMez)correlated well with the Hammert O-constants [180].
There was also correlation between UV wavelengths and the O-constants. It
was concluded that the As (as well as P) atom participated in conjugation
with the phenyl riong.

Simon and Schumann [181] have reported on the Raman spectra from 200-
3000 cm_l and the IR spectra trom 400-3300 cm_l of MeAsO3H7, EtAsO3H2,

MaAsO HHa'l.SH,O, and MeAsO3D and assignments of the various bands have

3

been made. It was concluded that the compounds probably possess C

2

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

bonds.
In a second paper these same authors {182] report on the Raman and
IR spectra of the Na and K salts of dimethylarsinic (cacodylic) and
diethylarsinic acids. Several of rhese salts occurred in a2 hydrared form.
It was concluded that the RZASOZH skeleton probably possessed CQU symmetry.
In a third paper the IR and Raman spectra of MeZAsozH and of the same
acid partially deuterated, and also of Et2A502H and of the reactlon products
of Me2AsOZH and Ec2A502H with HCl were reported by Simon &énd Schumann [183].
It was concluded that both the free acids possessed C6 symnetry. The
reaction of HezASOZH with HCl formed a hydrogen-bonded species MezASOZH---B01,
whereas EtzASOZH was protonated to form [EtzAs(OH)2]Cl which probably
possessed CZU symmetry. Assignments for the IR and Raman bands were made.

The absorption of several substituted arenearsonic acids, 10_4 M in

concentration and in 0.0l and 2.0 M perchloric acid solution, were determined
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between 200 and 320 mm [184). From these measurements wavelengths were
chosen for the determination of the protonation constants for these acids.
The existence of the protonated aclds was demonstrated in HCIOA solution
becrween 0.01 to 3.00 M in concentration with a constant lonic strength of

2.99 M HaClOA- The protonation counstants for p—HOC6H4A503HZ, o—HOCbﬂ4ASO3H2.

and 2,4-(HO) chJASOJHZ were given. An accurate value for the protonation

2
constant of PhAsO.H, could not be determined.

372

A cobalt complex in which benzenearsonlc acid was a ligand was
prepared [185]). The complex had the structure [Co(CS(NHZ)Z)(C6H5A303H2)Cll
and resulted from the interaction of the cobalt compound C0C12-(chiouzea)2
and benzenearsonic acid.

A geries of uramyl derivatives of benzenearsonic acid and substituted
benzenearsonic acids has been described by Sandhu and Aulakh [186]. In
these compounds the arsonic acid moilety appears to be acting as a tridentate
ligand. Elenental analyses and IR spectral data were given. Sandhu and
coworkers [187] have also described some copper(II) salrs of o- and p-methoxy-,
p-bromo-, and p-chlorobenzenearsonic acids and p-toluenearsonic acid and
have listed IR spectral data and magnetic spectral data for these compouunds.
The ratio of Cu to arsonic acid is 1:1. On the basis of the IR data and
the lack of solubility in non-coordinating organic solvents (solvents not
glven), the authors concluded that the compounds were probably polymeric
with possibly octahedral geometry. In another paper from Sandhu's labora-
tory [130]} ruthenium complexes im which benzenearsonic acid apparently served
as either a monodentate or bidentate ligand have been described. The com-
plexes were of the type (PhAsOP)Ru(CO)sz and (PhAst_s)zRu(CO)zL'. where
L = Ph3P, Ph3As, (p-MeC6H4)3P or (p-MeCGHA)aﬂs and L' = thPCHZCHzPth,
thAsCHZCHzAsPhZ, or thAs(CHz)AAsth. The C-0 and As-0 IR group frequencies
were reported.

Braman and Foreback [188] have described a method for the determination
of arsenite and arsenate ions and methanearsonic 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 the detoxification of inorganic arsenic in the animal
body.

In an important paper Hassan and Elsayes [189] have shoum that a
variety of arenearsonic acids can be titrated in DMF solution with sodium
methoxide in DMF and with brqmophenol red as the indication. Only one OH
group of the arsoanic acid was titrated and the error is quite small (from
-0.42 to +0.1%). There was no interference from phenclic hydroxyl groups.

Nikuvashina and coworkers [190] have claimed that N-(p-arsonophenyl)-
anthranilic acid is the indicator of choice for the titration of iron with
potassium dichromate and that it can also be used for the titration of
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 [191]. The new compound is 2-bis(carboxymethyl)amino-
methyl-7-[ (2-arsapheayl)azolnaphtholamine-3,6~disulfonic acid ana is
termed arsenazokhimdu.

A new Arsenazo reagent named Arsenazo—p—NOZ(XXIII) has been synthe-
sized and found to be a sensitive and selective reagent for the determination
of lanthanum [192]. The UV spectrum of the new reagent was determined at
several acidities.

As04R, oE  oH
N =—} ©© N ==N O N02
HO3S SOSH

XXILL

Talipov and coworkers [193] have obtalned a mew reagent four the
determination of beryilium by coupling o-aminobenzenearsonic acid with
salicylaldehyde. The compound was characterized by its IR spectrum and by

elemental analyses but no results were given. It formed a 1:1 complex with
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beryllium sulfate which gave a brilliant green fluoresence. The fluoresence
was at a maximum when the pH was adjusted to 5-6. The fluorescent spectrum
of the complex was 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, HZSOA, or HNO3 solutions by means
of rn-heptanearconic acid in chloroform. The Zr or Ti can then be determined
gravimetrically or, after some treacment, 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 as triphenyl-
arsine sulfide were converted to the correspording phosphine or arsine oxides
by refluxing with dimethyl sulfoxide 1in acid media (50Z% HZSOA) {196}. The
yield of Ph3AsO was 89%. The conversion of the phosphine sulfides to
phosphine oxides occurred with inversion of configuration.

Gatilov and coworkers have also reported previously on the rearrangement
of alkylarylarsine oxides when treated with alkyl halides. They now report
{197] on the reaction of triethylarsine oxide with alkyl halides. A small

amount of the alkyl arsipite 1s formed according to the equation:

Et_AsO + RBr + [Et_AsOR]Br - Et,AsOR + EtBr

3 3 2

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

The principal product of the reaction was a hydroxyarsonium tribromide

which the authors suggest was formed as follows:

+

ASOCBZCHZR]Br -+ Et.AsO + CH,CH,R + [EC3ASOH]Br3 + CH2=CHR

]
-Et 3 2CH,

3

The structure of this hydroxyarsonium salt was confirmed by NMR speccra.

Gatilov and Perov [198] 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-Pr3A50 + MeCOCl —+ [Pr3ASOCOMe]Cl - n-PrzASOCOMe + 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, PrZASOR. and a hydroxyarsonium
salt, [Pr3A50H]Br.

In order to further elucidate the mechanism of the reaction of
tertiary arsine oxides with alkyl iodides Chernokal'skii and Vorob'eva
[199] have studied the kinetics of the reaction. The pKa values for the
conjugate acids of a2 number of the arsine oxides were determined. There
was a linear relationship between the second order rate constants and
the pKa values obtained. It was concluded that the reaction was an SNZ
reaction.

On the basls of earlier empirical assigmments of IR and Raman spectra
of many organocarsenic compounds, Lamanova and Shagidullin [200] calculatrad
a set of force constants for the compounds Me3A50 and (Me0)3A30 which enabled
them to predict values for the As=0, As-0 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 calculated values for the As=0 bond in Me3A50 and (Me0)3A50 were 903
and 976 cm_l, respectively, whereas the found values were 929 and 933 em L.
The 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 [Ph3Sb(Ph3A50)2](C106)2 and [Me3Sb(Ph3A50)2](C104)2
were described [201].

Complexes of the type RnO-BF3, where RnMO represented molecules such

as sto, R_NO, R3PQ and R3A50 (R = an alkyl group), were prepared by Bravo

3
and coworkers [202] and their 113, 19F, and 31? NMR spectra were reported.

The arseaic compounds were R3A50-BF3 where R = Me, Et, n-Pr and n-Bu. The
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coupling constants J were found to decrease in the order RZSO'BF3 >

B-F

R3N0—B!'-‘3 :-RBPO'BF3 > RjAs0-BF3. These results suggested that R,NO was a

better donor than R3Aso.

It has been shown by Poddar and Agarwala [203] that the rhodium complex
Rh(Ph3P)3CI acts as a catalyst for the oxidation of tertiary arsines and
phosphines by molecular oxygen. Thus both Ph3As and thAsCBZCHZAsPhZ are
oxidized by molecular oxygen in the presence of the rhodium compound but not

in its absence. The diarsine ig oxidized to thAsCHZCHZAs(O)th. In

addicion the rhodium complex XX1V was isolated.

Ph\\\ //’Ph Ph\ /,Ph
As 0= As

Rh

cH ~ CH

2~ As(' a S

PH Ph 0=As

Ph Ph

XXIV

Several papers have appeared in which trialkyl- or triarylarsine

oxides have served as ligands to gold [204] or uranium [205-207].

9. ARSONIUM COMPOUNDS AND ARSENIC YLIDS
A number of triphenylalkylarsconium, stibonium, and phosphonium salts
of the type [Ph3HCH2R]x. where M = As, Sb, or P, R = H, Ph, COMe, CO,Me,

CO.Et, and COPh, and X = No;, BF, , PF,, BPh,, I, 1;, and Br , were prepared

) or PFgs DR,
[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 lﬂ NMR spectra of the compounds were determined in methylene
chloride. In the case of the tetraphenylborates the aromacic ring current
of the phenyl rings in the tetraphenylborate aniom 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 treatment with sodium
hydroxide at the interface between water and an immiscible solvent such as
kerosene and isooctyl alcohol has been described [209]. The two arsonium

hydroxides prepared were (n-C AsOH and CH3(n-C8H17)3ASOH. The starting

8“17)4
tetraalkylarsonium halides were also new compounds but were prepared by
known methods.

The reaction of Phqucl_with licthium dialkylamides of the type R2NL1

(where RZN = Etzﬁ, piperidino, morpholino, or Ph2N) in the presence of
(Me2N)3P0 gave Ph3As and PhNR2 {210). The results varied somewhat with
the solvent used and a free radical mechanism was suggested.
PTePPh

The reaction of [PhAAs][TeCN] with Ph3P to form Ph has been

3 3

described by Austad and coworkers [211].

A number of alkylmethyldiphenyl- and alkylallyldiphenylarsonium iodides
have been synthesized by Tsentovskil and coworkers [212] from methyldiphenyl-
or allyldiphenylarsines and the appropriate alkyl lodides. The equivalent
conductances of these salts in acetone solution were determined. There was
considerable deviarion berween observed and calculated values for the Onsager
slope of conductance/concentration which indicared the associaction of these
ions im 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 with magnesium perchlorate in aqueous
acetone [213]. The IR spectra were identical with those of the corresponding
iodides except for the spectrum of the perchlorate ion.

Because cryoscopic molecular weight determinations of TeCl4 in benzene

solution have indicated the presence of an equilibrium between (TeCl and

44
lower molecular weight species, Krebs and Paulat [214] report on thear

attempts to isolate derivatives of these lower molecular weight compounds.

Among the compounds reported was [PhAASJZITe2C1IO] as a yellow crystalline
compound which was analytically pure.

Vetter and Rlar {2151 have described the preparation and properties
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of the nitrosolare ions RC{(N=0)=NO, where R = Me or Ph. Among the cations
used was the tetraphenylarsonlum ion.

The prepzrarion of three isomeric tetraphenylarsonium tranrs- (di-
thiocyanato)bis(dinecthylglyoxinato)cobaltate(111) has been described by
Epps and Marzilli [216]. The conmpounds dififered only in the mode of
attachment of the SCN groups and IR and lH NMR spectra were used in
assligning the structures.

The tecraphenylarsonium salts [Ph4As][Ir(C0)2X2], where X = Cl, Br,
or I, were prepared by Piraino and coworkers [217], and thelr reactions
with mono- and bidentate ligands including PhZASCHZCHZAs?h2 were studied.

Two interesting compounds of niobium aand tantalum, [(Nb60112)016]
[Ph3ASOH]2 and [(TaGCllz)ClﬁllPh3450H]2, containing the protonaced
triphenylarsine oxide cation were prepared by Field and coworkers [218].

The crystal structure of the niobiun compound was determined. Inter-
atomic distances and angles for the arsonium cation were given.

The crystal structure of bis(tetraphenylarsonium) tris-(ecis-1,2-
dicyano-1,2-ethylenedithiolato)iron(lV) has been determined by Sequeira
and Bernal {219]. Although the arsonium cations are tetrahedral, the over-
all symmetry is Cs probably because the phenyl rings are rotated to
accomodate the packing in the crystal lattice. The average As-C bond
length is 1.901A in agreement with previous determinations.

In another determination of the crysral structure of the tetraphenyl-
arsonium cation, Brown and Stiefel [220]} have examined the crystal structure
of bis(tetraphenylarsonium) tris(l,2-dicyanocethylenedithiolato)molybdenate(LV)
[Ph4A5]2 lMO(SZCZ(CN)2)3] and its tungsten analog. Bond distances and
angles for the tetraphenylarsonium ion were given which are in agreement with
other recent determipations.

The X-ray crystal structure of the compound (PhAAs)20u2016 established
the presence of Cu Clz- units ionically bound to tetraphenylarsonium ions

2776
[221].
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The complex cis—(PhHAs)Z[RuCIQ(CO)Z] was prepared from [RuClZCO(C7H8)]n
and Ph4AsCI~HCl, where C7ﬂs'was norbornadiene {222].

In a long and detailed paper Gosney and Lloyd [223] have described the
preparation of a large series of arsonium ylids and have studied their IR,
uv, lH NMR and mass spectra. Several methods were used for preparing these
ylids. 1In one method triphenylarsine oxide was condensed with compounds
containing an active methylene group either in refluxing acetic anhydride
or by refluxing in triethylamine in the presence of 94010. Yields by both
methods were usually excellent and the reaction failed only where the
reactive methylene compound was (EtOZC)ZCHZ. 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 acylation of a mono-

8-~ketoylid:

+ - COR
PhjAsCHCOR + (R'C0),0 - [PhyAsCH 1(r'co,]
COR’
*‘/COR
+ PhjAsC + R'COOH
COR'

Several instances are mentioned where anomalous results were obtained by
any one of the above three methods.

Yet another method for preparing the arsonium ylids involved the
thermal decomposition of the apprapriate diazocyclapentadiene in the pre-
sence of triphenylarsine i1n a nitrogen atmosphare. The reacrion was
catalysed by copper or a copper(I) salt. The reaction was believed to
involve formation of a carbene which reacted with the arsenlc lone pair.
The ylid Ph3A:b_(COZEt)2, which could not be prepared from the arsine
oxide, was obtained in 61% yleld by this method. The reaction was
unsuccessful with the diazo compound ¥XV where XXVI was obtained rather

than the expected ylid XXVII.
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XXV1

It was suggested that XXVII was formed but then reacted further with XXV
with elimination of Ph3As and formation of X¥VI. The ylids were found co
be non-hygroscopic crystalline solids and with a few exceptions were stable
indefinitely in eir and 1n solution. They were recovered unchanged after
heating in ethapnolic sodium hydroxide.

The IR, UV, and 1B NMR spectra were obtained and ware discussed 1in
considerable detatl. From the NMR data it was concluded that the main con-

tributing conformations were the cigoid (Z) forms as follows:

_ X + _‘/,x + X
Ph3A3 =C\ «—> Ph3As —C\ <> Ph3As——C
CcC—Y cC~-Y cC—-Y
z & -/
(o] (o} 0

The mass spectra were determined and detailed fragmentation pathways were

given.

+ -
Only one of the ylids Ph3As—C(COZEt)2 reacted with benzaldehyde by

the Wittig reactlon to form PhCH-C(COZEt:)z and Ph3Aso. Many of the



ylids, however, reacted with p-nitrobenzaldehyde ro give the alkene
and Ph3A50. There was no evidence for the formation of epoxides
with any of the ylids in their reaction with aldehydes. Lt was also
concluded that the arsonium ylids were more reactive than their 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 Ph3A5=CHR (R=H
or Me) react with carbonyl compounds to give epoxides, whereas stabilized

ylids of the type Ph,As=CHCOR give olefins with carbonyl compounds. Ylids

3

of the type Ph3Asch qu—p are termed semi-stabilized ylids and can give

6
elther epoxides or olefins with carbonyl compounds. Kendurkar and Tewari
[224] have investigated the reaction of the ylid PhjAs=CHC H, NO,-p with

a large variety of aldehydes and kectones. With the exception of acero-
phenone,which failed to react with the ylid, the sole reaction product in
each case was the olefin. The ylelds varied between 65 and 94%. No
epoxides were obtained. The exclusive formation of olefins was artributred
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 Ph

As=C(C0R)C6H4N02-p, where R=Me, Ph, 4—N02C6H4, and

3
2,5(N02)2C6H3-

In a paper devoted to the mechanism of the Wittig reaction, N.A.
Nesmeyanov and coworkers [225] have compared the rate constants and
activation parameters 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 essentlially a one-step reaction.

Several methods for preparing the little-known triphenylarsinimines
PhsAs-NR, where R=CGF5, 4 ,6-dimethylpyrimidyl, —COZEE, p—MeCGH4SOZ, MeSGz,
CN, PhCO, and p-NO,C H,CO, have been successfully tried [226]. One method

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

with a solution of triphenylarsine:
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Ph.,As
> XN ——> Ph3As=N.‘{

XN,

The formation of an intermediate nitrene was suggested and the reaction

was catalysed by sm2ll amounts of copper. Therrmolys:is of 3-phenyl-1,4,2-
dioxolidin-5-one, known to give benzoyl nitrene on heating, gave with PhaAs,
Ph3Aso and Ph3CN. It was suggested that these products arose by decomposition
of Ph3As=NC0Ph. In another reaction Ph3A5=NC02Et and Ph3As=NSOZC6H4Me-p

were obtained by base induced c-elimination from p-nitrobenzenesulfonoxy-
urethane and N-p-nitrobenzenesulfonoxytoluene-p-sulfoaamide, respectively,

in the presence of triphenylarsine. Again it was suggested that a nitrene
was formed.

In yat another reaction merhane- and p-toluenesulionmamides and

benzamide were allowed to react with Ph_As in the presence of Pb(OAc)4 in

3
methylene chloride. The arsinimines were obtained in satisfactory yields
in all cases. In these reactions it was shown that nitrenmes were not

involved but rather that Ph3As(0Ac)2 was formed which reacted with the

amide:

Ph3As(0Ac)2 + XNHZ -+ Ph3As=NX + 2HOAC

Subsequently the diacetate Ph3As(0Ac)2 was isolated and characterized and
found to react with amides in the maaner indicated.

Dale and Frédyen [227] have reported on the electron impact—induced
fragmentatioa of four stable arsonium ylids of the type Ph3As=CRCOK, where
(R,X) = (H,Me), (H,Ph), (H,0Me), and (CN,OMe), and compared their results
with the corresponding phosphonium ylids. All of the arsenic ylids showead
peaks characteristic of the fragmentation of PhBAs. and all four ylids
showed the presence of the ions M+, (M—l)f and (M-x)+ in the spectra.

These latter results were generally quite similar to the corresponding
phosphorus ylids. However, in the case of Ph3As=CHCO(OMe) and its phosphorus
analog, there was considerable difference between rtheir fragmentation patterns.

Triphenylarsine phenylimine Ph3A5=NPh reacts with a varierty of
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compounds such as carbonyl compounds, isocyanates, isothlocyanates, nitreoso
compounds, carbon disuliide, sulfur dioxide, dimethyl acetylenedicarboxy-
lates and nitrile oxides [228]. In the case of carbonyl compounds the

reaction was believed to be similar to a Wittig reaction:

+ -
PhSAs—NPh Ph,_As~NPh ]
3
—> | |
+ = —
0 CR2 0 CR2 J
—_— Ph3ASO + R2C=NPh

With dimethyl acetylenedicarboxylate the product is XXVIII.

L2
('i'oz e

C=NPh
Ph,As=C
C02Me

XXVIIL

With triphenylacetonitrile N-oxide Phac—CEN—O. the product is ¥XIX.

XXIX

The anion radical salt tetraphenylarsonium ?7,7,8,8-tetracyanoquino-
dimethane (As-TCNQ) has been the subject of numercus ESR investigations.
In a paper by Deutschbein and coworkers [229] measurements of dynamic
proton polarization were used to characterize the paramagnetic states of
the anion radical. It was concluded that the different paramagnetic
states were characterized not oanly by their spin quantum numbers, but
also signifigantly by other properties. Another paper from this same
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 (tetracyanoquinodimethane) complex salts of the triphenylmethyl-
phosphonium and triphenylmethylarsonium cations has been reported [231].

In 2 continuation of studies of the anion radical salts [Ph3PHe]I_x
[Ph3AsHe]; [TCNQ]l, where (O XX <1) and TCNQ = 7,7,8,8-tetracyanoquinodi-
methane, Suzuki and Iida[232,233] have repcrted on 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 TCNQ anion radical salts.

In addition to the ESR studies of Suzuki and Iida, Iida [234] has
reported on the electrical conductivity of these radical anion salts as a
function of temperature. With the exception of the salt where ¥ = 1.00,
all of these salts were found to show a sharp discontinuity in the
temperature dependence of the electrical conductivity. Both the transition
terperature and the magnitude of the discontinuity were determined as

2 functlion of the composition parameter, X.

10. COMPOUNDS WITH As-S BONDS

Miller and coworkers [235] have prepared the three thiocarsinic acids
PhZAs(O)SH, (PhCHZ)ZAs(O)SH, and (PhCHZ)ZAs(S)SH from diphenylarsinic and
dibenzylarsinic acids, respectively. The last compound was obtained by
the action of HZS on potassium dibenzylarsinate in ethanol solution,
whereas the other compounds were obtained from the potassium arsinates by
the action of HZS in aqueous solution. These acids gave tetrahedrally
coordinated complexes of the type HL2 where M = Co, 2n, or Cd, and L was
the thicarsinic 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 trivaient arsenic thiocesters has been published by Chadaeva and
coworkers [236]. The esters had the general formula RnAs(5082CH20H)3_n

and were obtained by the following general reaction:

R As(XR"), =+ 3-n(uscH CH,OH) + R _As{SCH,CH,OH),  + 3-nR'XH

2
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(SCHZCHZOH)3
could all be distilled t» vacuc. Their IR spectra and elemental analyses
were reported. Their reaction with oxidizing agents, acyl halides, alkyl
halides, and several phosphorus and arsenic compounds (arsines, alkyl
alkylarylarsinites, phenyldichloroarsine, dialkyl arylarsonites, and dialkyl
arylphosphonites) as well as their behavior on pyrolysis to yield 1,3,2-
oxathiarsolanes has been given in considerable detail.

Chadaeva and coworkers [237)] have reporcted that the 1,3,2-oxachi-

arsolane ring is readily opened by reaction with mercaptans:

o
PhAs(::o] + HSCHZCHZOH hd PhAs(SCHZCHon)2

o o

AsOCHZCHzAs + 3HSCH2CH20H

+  2As(SCH,CH,0H),

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 (XXXI) has been made by Aksnes and Vikane [238].
The lH NMR spectra were analyzed on the basis of an ABCD3 spin system and
it was shown that the compounds existed as a mixture of ¢is- and crans-
isomers due to configurational scability about the arsenic atom. The trans-

form predominated. The five-menbered rings were adequately described 1in
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Me Me
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(R = C1l or Ph)

terms of twist-envelope conformations which are in equilibrium, although
the eis-form apparently preferred one conformation.

Because of cootradicrory results obrtained by diiferent investigators
for the reaccrion of alkyldiaryl-, dialkylaryl- or rrialkylarsine sulfides
with acyl halides, Gatilov and coworkers [239] have made a careful study
of the reaction between diethylphenyl-, triethyl-, and tri-n-propylarsine
sulfides with acetyl choride. At 80° in benzene only (acetylthio)ethyl-
phenylarsine was formed but in acecrone the :ntermediate quasi-arsonium

salt could be isolated:

ELZPhAsS + MeCOClL - [ELZPhAsSCOMe101

~ EtPhAsSCOMe + EcCl

When the intermediate arsonium compound was heated in benzene the (acetylthio)
ethylphenylarsine was formed. With triethyl- and tri-n-propylarsine sulfides
the intermediate arsonium salts were also isolated, and these also gave
the R2AsSC0Me compounds on heating in benzene.

Two new ligands, PhZAs(O)CHZCBZAs(O)Ph2 and PhZAs(S)CHZCHzAs(S)PhZ,
were synthesized by Mani and Scozzafava [240]. The oxide was obtained by
oxidation of the corresponding arsine with hydrogen peroxide, whereas
the sulfide by reaction of the arsire with excess sulfur. A number of com-
plexes obtained by reaction of rthese two llgands with various Co(II) and
Ni(11) compounds were described. Reflectance spectra as well as OV and IR
spectra for the complexes were given.

A German patent claims the preparacion of organic arsenicals of the
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type XXXII which were useful in the treatment of filariasis and trypanoso-

miasis [241].

R AsI'_SMEZCH(N'BZ)COZH]2

R*
XXXT1L

in one compound R = 4,6~diamino-2-triazinylamino and R'= H, in another
compound R = OH, R' = NH,. Another German patent [242] describes the use

of the arsenical XXXIIl as a filaricidal agent.

>N
N N\ NH [

Q/_ As[SCH,CH(NH,)CO,H],
D=

2

XXXIIT

The CO stretching baands and the 1H NMR data for methyl protons for
complexes of the type M(CO%-MezAsS, where M = Cr or W, have been reported
by Ainscough and coworkers [253]. Spectra of the complex H(CO)S-Ph3A50
and of a number of complexes containing various phosphine sulfide ligands
were also reported.

Both the IR and Raman spectra of Me,AsS aad MeBAsSe and their per-
deuterated analogs have been reported by Kolar and coworkers [244].
Assignments of 22 of 24 fundamental vibrational frequencies were made and
a normal coordipate analysis was carried out. By calculating the potential
energy distribution for each molecule, it was shown that there was very
little coupling between the different modes. From the found values of
the force constants the bond orders of 1.43 and 1.40 were calculated for
the AsS and AsSe bonds, respectively. This compares with the known value
of 1.60 for the AsO bond.

The palladium and platimum complexes Pd(NCS%{ZPhaAsS and Pt(Ncs)Z-Ph AsS

3

References p. 136



128

have been prepared by extraction of an aqueous solution of KZPd(SCN)4 or
KZPt(SCN)4 with a chloroform solution of Ph3AsS [245]. The compounds were
characterized by elemental analyses and IR spectra.
The ESR spectrum of the oxovanadium{(IV) complex VO(SZASHEZ)Z formed
by the reaction of sodium dimethyldithiocarsinate with VOClz, has been
determined by McCormich and coworkers [246]. There is superhyperfine
splitting in the spectrum of the complex which was attributed either to
direct vanadium 3d-arsenic 4s, 4p interaction or to delocalization of the
unpaired electron onto the arsenic atom vig metal-sulfur interaction. The
authors were unable to assess the relative importance of these two mechanisms
In a paper dealing largely with He3PS, MeZPhPS, and similar compounds as
ligands to rhodium and iridium, the compound [(cod)IrCl(Me3AsS)], where

cod = cycloocta-l,5-diene, was described and its IR and 1H NMR spectra were

given [247].

11. MISCELLANEQUS

Ehrl and Vabrenkamp [248] have previously described the preparation
of the complex (CO)SCrAs(He)ZCI. These same authors now have described
[249] the reaction of this complex with the sodium derivatives NaM where
M= HO(C0)3C5H5, H(CO)3C5H5, Hn(CO)s, Re(CO)s. Fe(CO)ZCSHS’ and Co(CO)A.
The reaction was carried out in THF solution at room temperature to give
the arsenic-bridged complexes (CO)SCrAs(HeJZH. These complexes were stable
towards air and moisture and possessed fairly low m.p.'s. Thermally or
photochemicaliy the arsenic-chromium bond was split with the formation of

chromium hexacarbonyl:

(CO) (Cras (Me) M(CO) | 1> Cr(CO)q + 1/2 [Me,ASM(CO) . 1,

The N or and IR spectra of the new complexes 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)aFeAs(He)zNHe by the interaction of Fez(CO)9

2°
and MezAsNHez in benzene solution at roonm temperature. Reaction of this
compound with HCl gave the crystalline {(m.p. 33-34°) compound (CO)AFEAS(ME)2C1-
The reaction of this complex with sodium derivatives of Mo, W, Mn, and Co
gave the arsenic-bridged complexes (CO)AFeAs(Me)ZMo(CO)3CSH5,
(CO)AFEAS (Me) 2H (Co) 3C SHS, (CO)AFE_-\S (Me) ZMn(CO) 5° (co) AFeAs (Me) 2l:'e (co) ?.CSHS'
and (C0)4FeAs(He)2Co(C0)4. The 1H NMR and the IR spectra of these arsenic-
bridged complexes as well as the spectra of the two complexes (Co)aFeAs(He)zNMe2
and (CO)AFeAs(Me)ZCl were given. The mass spectrum of the complex
(CO)AFeAs(He)ZCo(CO)5 was also given. It was also found that the chloro
compound (CO)AFeAs(Me)ZCl underwent hydrolysis to form the complex
(CO)4FeAs(Me)20As(He)zFe(CO)A.

Ehrl and Vahrenramp [251] also found that the complexes of the type

(CO)aFeAB(Me)zM (where M = Mo(CO) H(C0)3C5H5. Mn(CO)5 and Co(CO)A)

3CsHss
described in the previous paper underwent photolysis to form new arsenic-
bridged heteronuclear complexes with metal-metal bounds. The reaction

involved was:

- hv
(Co)are—As(He)zn o
As(Me)2
(C0)4Fe M

The resulting heteronuclear complexes were red to orange in color,
stable in the air and were quite volatile. Their m.p.'s varied between
115° and 145°. The 1H NMR, IR, and mass spectra of the complexes were

glven.
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Several spirocyclic esters of the type XXXIV and XXXV have been

prepared by Gamayurova and coworkers [252] from arsomic acids and glycols.

- - CR,— -
RC— 0.~ _O—CR, RO ’,,0 CRy
i as” ‘ cH, s ca,
\
rc—0” | No—cr CR;—0 t No—cr
2 . 2 b 2
R
XXXIV
XXV

The yields of esters with the 5-membered rings were considerably larger
than yields of esters with 6-membered rings. The presence of the
1,3,2-dioxarsolane ring was confirmed by IR gpectrocopy.

Although the oxidartion of esters of arsomous acids RAs(OR)2 with
selenium dioxide gives esters of the corresponding arsonic acids, Wieber
and coworkers [253] have shown that oxidation of the cyclic esters X¥YXVI

with SeO2 gave spirocyclic compounds:

o
\As< \R
o/
XXXVI XXXVII

+ lln[HeAs(O)—Ojn + Se

0 0
/// \\\ //
2R AsMe + 5802 + R
\\\0// \\o/’

(R = —CHeZCMez-. —CHMeCHMe-~, -CHZCHZ-’ o-C_H,-)

6 4

In order to avoid formation of the polymeric methanearsonic acid anhydride

the reaction was run in the presence of a dlol:

XXXVI + R(oa)2 + 1/25e02

+ XXXVII + 1/2 Se

It was also possible to prepare unsymmetrical spirocyclic compounds by this

reaction:
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XXXVI + R'(OH), + 1/2Se0, =+

/\A/\,

N /|\/

Me

In yet another reaction it was found possible to react the cyclic arsonous
acid esters with quinones to give either symmetrical or unsymmetrical
spirocyeclic compounds. For example a symmetrical spirocyclic compound

was prepared as follows:
0 (VIR 0 0
AsMe + ~ -+ AL'//
~
o 0” o 0

The reaction of bis(trifluoromethyl)nitroxyl with (CF3)2AsMe proceeded

/

according to the following two equations [254]:

(CF3)2AsHe + Z(CF3)2N0 + [(CF3)2N0]2AS(CF3)2ME

(CF3)2A5He + Z(CF3)2N0 -+ (CF3)2N0ABCF3HE + (CF3)2NOCF3

The product in the firsc reaction exists in two isomeric forms with m.p.'s

of 22° and 33° Zn vacuo. With HezAscF3 and (CF3)2N0 only ome product

[(CF3)2N0]2AsMeZCF3 was obtained. All such As(V) compounds were cleaved

by HCl:

[(CF3)2NO]2AsHe + 2HC1 - (CF3)3ABCI + 2(CF3)2NOH

3 2

Manganese and rhenium pentacarbonyls with 2,3,4,5-tetraphenylarsole
form the compounds Ph4 4ASH(CO)5 [255]. These compounds (M = Mn or Re)
lose carbon monoxide on heating or irradiatien to form the dimeric com-
pounds iPh4 4AsH(CO)4]2 which on further heating or irradiatiom give

PhacaAsH(C0)3. The structure of the manganese compound Ph4CAAan(CO)3

Referepceap 136
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was dctermined by means of an X-ray diffraction study. The arsole ring
system is n-bonded to the manganese tricarbonyl grouping with the plane
containing the carbonyl groups essentially parallel to the arsole ring.
The Mn-As distance, however, 1s shorter by 0.lA than the sum of the
covalent radii. The As-C (ring) distances were also shorter than expected.
The authors therefore concluded that there was extensive delocalization
throughout the arsole ring. This resulted in considerable angular
distortion within the planar ring.

in a paper [256]} devoted to the preparation of organometallic deriv-
atives of 1,6- and 1,10-dicarba-closo-decacarboranes by means of the
corresponding lithio derivatives, one arsenic compound tris(l-phenyl-1,10-
dicarba-closo-decaboran-10-yl)arsine was reported. The compound was
characterized by elemental analyses but no spectral data were given.

An investigation of the IR and Raman spectra of the o-, m-, and p-
carbaphosphaboranes and carbaarsaboranes has been carried out by Vinogradova
and coworkers [257]. 1In addition, the IR spectra of the two C-deuterated
ri-isomers were obtained. The C-H bond in both the phospha- and arsaboranes
is capable of H~bonding; the enthalpy of this bond in MeZSO solution was
2-3 kcal/mole.

The interesting compound NaAs(Mez)(BH3)2 has been obtained by Schwartz
and Keller [258] by the interaction of HezAsNa and BZHG in ether solution.
It was obtained as colorless hygroscopic crystals containing 0.5 mole dioxane
With BZD6 in ether solution the compound underwent proton-deuterium inter-
change. It reacted with [Me3NH]C1 in monoglyme to form MeZNBHZAs(Mez)BH3.
This latter compound on pyrolysis yielded Me3NBH3 and MegAsBHZ.

The mass spectra of 2 series of 2-2lkyl-1,3,2-dioxarsenanes, as well
as 2-phenyl-1,3,2-dioxarsenane and several 1,3,2-dioxarsenanes substituted
in the ring, have been investigated by Frédyen and Mfller [259}. With the
alkyl-substituted compounds the main fragmentation mode involves loss of

an R group from the molecular ion followed by loss of cuzo or 02H4:
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0 +
My > 0 —CH
+ /,/2’/’ 1 i 2

+.
] .0 As— CH
Ve > -R- 7 z
R—As —> As
\ 0— . ~

0%y 4§
>~ As—0

Where R = Ph the above process is in competition with a direct loss of
CGH5A5+'. 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-dioxarsenane 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 a separate paper.

Anderson and Drake [260] have reported tlie synthesis of secondary

arsines containing the Ge~As bond. They were prepared by several

different methods:

(MeBGe),AsR + Meli —+ Meace + LiAsRGeHe3

LiAsRGeMe3 + MeSH + LiSMe + Me3GeAsHR

Me3GeBr + LiAsHR —+ LiBr + Me3GeAsHR

4Me3GeBr + LiAlH(ASHMe)3 + LiBr + Me3GeH + 3Me3GeAsHR

(where R = Me or Ph).

By reaction of these secondary arsines with trimethylstannyldimethylamine

nixed germanium-tin arsines were obtainped:

Me3GeAsHR + Me3SnNMe2 -+ Me3Ge(He35n)AsR + HeZHH

(R = Me_Ge, Me or Ph)

3
These products underwent redistribution to the symmetrical arsines:

ZHe3Ge(Me3Sn)AsR -+ (MeJGe)ZAsR + (Me3Sn)2AsR

In yet another reaction mixed germanium-tin arsines were prepared:
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MeZH(NHe + Z(Me3Ge)2AsH -+ [(Me3Ge)2As]2MMe2 + ZMezNH

2)2
(M = Ge or Sn)

The authors were unable to prepare mixed sillicon-germanium arsipes. Both

NMR and IR spectra for the new compounds were reported.

ESR data for radicals of the type RzéCHzPR; and RzéCHZAsR; have nearly
isotropic hyperf{ine coupling to 31P and 75As that corresponds to approximately
3.72 s-character [261]. By contrast the phosphine and arsine radicals
RzéCHZPRZ and RzéCHzAsR2 have isotropic hyperfine coupling constants corresponding
to 6.8% s-character. This increase was attributed to 2 homoconjugation effect
involving the lone pair of eleciromns on phosphorus or arsenic.

In continuation of previous work on radicals derived from trialkylphosphines
and -arsines, Lyons and Symons [262] treated the trialkylphosphonium and
trialkylarsonium ions (from R3P and R3As in sulfuric acid) with y-radiation
from a 60C0 source at 77°K. The ESR spectra of the resulting radicals were
shown to be characteristic of the radical cations R3P+ and R3As+. It was
concluded that the unpaired electron was in an orbital that had a p:s
ratio of about 8 and was stroagly confined to the central atom. The
authors were unable to obtain evidence for Ph3.-'*.s+ radicals from either
PhJAs or Ph3AsH+, but only the PhZAs radicals could be detected. It
was coacluded that delocalization of the unpaired electron into aromatic
rings in the thAs radical is negligibly small.

By means of ESR spectroscopy Furimsky and coworkers [263] have detected
the two arsanyl radicals PhJAéo—t—Bu and thﬂs(O—t—Bu)z produced by the
photolysis of di-Z-butyl percxide and triphenylarsine at temperatures of
-100 to -50°. The triphenyl radical was found to have an arsenic hyper-
fine interaction of 1876 * 5 MAz. If instead of using triphenylarsine,
PhZASOHe. thASOEc,or PhZASO—t-Bu was used the corresponding radicals
PhZAQ(OR)(O—t-Bu),uheze R = Me, Et, or {-Bu, were obtained. Replacement

of one phenyl group in the PhSAQO—t-Bu radical by an alkoxy group

increased the arsenic hyperfine interaction from 1876 to 2200 MHz. It



was concluded that the radicals existed as trigonal bipyramids with the
unpaired electron in equatorial and the OR groups in apical positions.
The radicals decomposed principally by a-scission to give a phenyl

radical and a trivalent arsenic compound:

Ph3A;0-t—Bu + Ph,AsO-t-Bu + Ph-

Ph_As(OR) (0-t-Bu) + PhAS(OR)(0O-t-Bu) + Ph-

Rate constants for the decomposition of Ph3A§0—t-Bu and thAé(O—:-Bu)(OR)
showed that the triphenyl compound was less stable than the diphenyl
compound. This was explained by the fact that the triphenyl compound
must have one apical phenyl group which would be less stable than an
apical O-t-Bu group. Alternately the radical PhZAS(OR)(O—t—Bu) might
undergo Berry pseudorotation with this step being rate-controlling
The fact that the Ph,As(0-£-Bu)(OR) radicals had different stabilities
Implied that either the rate constant for pseudorotation or the
equatorial As-Ph bond strengths depended on the nature of the R groups.

Although previous attempts to prepare pentamethylarsorane MesAs have
been unsuccessful, Mitschke and Schmidbaur [264] have now successfuily
prepared this compound from dichlorotrimethylarsonane 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-
arsoaane melts at ~7 to -6°. The lﬂ NMR spectrum in benzene or toluene
showed a sharp singlet at 35° which was not split when the temperature
was lowered to -95°. The IR spectrum, however, closely resembled that
of Messb. The IR and Raman spectra of MesAs were interpreted in terms
of a trigonal bipyramid. The compound was remarkably stable in the
air and hydrolysed only slowly to MeaAsoﬂ and methane. With HC1l or
HF, He4AsC1 or HeaAsF. respectively, was obtained.

The use of triphenylarsine as a catalyst for the reaction of alcohols

ROH with isoprene to form odorous compounds of the general formula
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ROCBZC(He)=CHCH2C82CH(He)CH=Cii2 has been described in a patent [265].
Asano and coworkers [266] who have previously reported on the

substitution of benzeme derivatives with olefins in the presence of

palladium(II) salts have now reported on the reaction between Croup V

aryl compounds Ar_M, where Ar was usually phenyl and M was N, P, As,

3
Sb, or Bi, and styrene in the presence of palladium(II) acetate. Except
for Ph3N which ylelded inans-p-diphenylaminostilibene, trans-srilbene

was alwvays formed. The yileld was highest with PhSAs.

The use of Ph3As, Phasb, and Ph3P in the cooligomerization of esters
of the type CBZ=C(CHRR')002He with butadiene is described in a German
patent [267].

A method for the determination of As(V) in organic arsenic compounds
without destruction of 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(ILI) titrated iodimetrically.
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