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There were no books devoted solely to organocarsenic compounds in 1974. -

Organoarsenic compounds, however, have been mentioned in several books. In

the Chemical Society's Annual Reports on the Progress of Chemistry a short - -

Arsenic, Annual Survey coverin
89 (1975)'81f150-v' :
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section was devoted to organic arsenicals [1]. 1In a;.S'peciaZists Rep.oz'ti on
Spectroscopic Properties of Inorganic and Orggnometallic Compounds [2] numer-
oué references to organcarsenic compounds were scattered throughout the book.
Several orgdnic arsenicals that were subjected to X-ray analysis’in 1972 have
been listed in Volume 5 of Molecular Structures and Dimensions [3], and
organoarsenic compounds were incidentally mentioned in Stereochemistry and
Bonding in Inorganic Chemigtry [4].
Organparsenic compounds figured prominently in several review articles.

A systematic review of the literature on arsenicals which contained the C=C
bond has been made by Azerbaev and coworkers [5]. A review on molecular
‘structure by diffraction methods [6] included a number of organoarsenic
compounds. Reviews on bond strepgths [7], heat capacities, phase transi-
tiogs, and thermodynamic functions [8)] of the main group elements included
sections on organoarsenic compounds. A review article on the biological
effects of organometallic compounds [9] devoted considerable space to
arsenicals. A comprehensive survey of the synthesis, preparation, and

uses of organoarsenides, -stibides, and -bismuthides has been published

[10]7 The vibrational spectra of the Group V elements (P, As, Sb, and Bi)
have been reviewed by Maslowsky [11]. A review paper on hydroxylamine and
oxime compounds containing the As-0 and Sb~0 bonds has been published by
Singh and coworkers [12]. w-Allyl-metal complexes were discussed in a
review which included compounds with As-Pd bonds [13]. A general review
artiecle on arsenic, anpimohy, and bismuth qrganic compgunds has been written
by Duncan [14]; an article on per- and polyfluorinated aliphatic derivatives
of the main group elements.contained references to organic arsenicals con-
taining perfluoro groups [15].

A long review artigle on the reaction of metal complexes of organo-

phosphoru;, —arsenic,.-—ancimony,>ané —bismpth ligands (which the author
_terms poictogen liganas) has been pdblished [16]. A number of arsenic;

containiﬁg iigands,rin,which>arsines and arsine oxides served as ligands




to Fe(11), Co(II), and Ni(II) have been discussed in a review paper on
coordlnation chemistry [17]

In a lopgv review paper on cycloalkanes that éohtained he_t:erocyéli;: VGE',A’
.Sn, or Pb atoms, FPant [18] discussed the reaction of hetérogyclic Sn com-.-'_
. pounds with P013 or‘AsCl3 to give phosphorins or arsenips, In-a :evieﬁ-

13

article on L3¢ mm spectra of metal carbonyl compounds [19] the "~C spectra

of compounds containing Ph3As, Ph,Sb, and Ph3Bi as ligands to such elements

3
as W, Mn, and Rh, were listed.

2. PRIMARY AND SECONDARY ARSINES

Tzschach and Franke [20] have prepared the two interesting compounds
RAs (H)CHZCHZCHZNH3CI, where .R = Ph or 7n-Bu, Ey the reaction of the corre-
sponding sodium arsenides, RAsHNa with ClCH20H20H2 2 The resulting com—
pounds, R.AS(H)CH CH CHzNH3C1 reac,:ted-with PhNCO by a reaction, which involved
only the amino group, to form the compounds RAs(H)CH2CH2CH2NHCONHPh. With
bromine or Mel, however, only the arsenic reacted. This difference in

reactivity was explained on the hard and soft acid theory. The amines

RAs (H)CH CH CHZNH2 were treated with ketones to form the cyeclic compounds I:

CH

2
/ ~
HZC CH2
RAs(1-1)Cl:l‘.ZCI-.l‘,ZCH2 5 + R'R"CO > | l
RAs NH
RII R'

A number of such compounds were synthesized in which R = Ph or n-Bu and R'
and R" were varlous aliphatic groups or phenyl groups. Again there was a
difference in the reactivity of the arsenic and NH groups with PhNCG or

with MeI, the NH group reacting with PhNCO and the arsenic with Mel.
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Both the acyclic compounds RAS(H)CH CH, NH and the cyclic compounds

2 2 2.0
were readily oxidized. The compounds PhAs(Q)(QH)CH CH CH NH and PhAs(S)

(SH)CHZCHZCHZNBZ and the cyclic sulfide II were prepared in this manner.

CH
2
?H;//, \\\?HZ
7n—BuAs NH

THz fﬂz
CH2 - CH2
II

King and Efraty [21] have reported on the addition of}PhZMH, where M =
P or As, to vinyl isocyanide to produce the expected products Ph2MCH CHZNC.
The arsenic compound was prepared with the use of potassium t-butoxide, and
its IR, NMR, and mass spectra were discussed. A weak molecular ion was
observed in the mass spectrum of the arsenic compound but not im the
mass spectrum of the phosphorus compound. The use of the two new com—
pounds as ligands with tetracarbonylnorbornadiene~chromium was discussed
in some detadil.

Byrne and Russ have been interested in the reactions of group Va
compounds of the type MEZSiMMeZ(M = group Va element) with covalent
halides. The present paper by these authors [22] describes the reaction
of (CF3)2PH, (CF3)2A5H, Me, PH and MezAsH with the compounds Me?_S:LMMe2

2

(where M = N, P, or As). In the case of MeZSiAsMe and (CF3)2PH the fol-

2

lowing reaction occurs:

Me,SiAsMe

3 2 + (CF ) PH —> Me SiF + MezAsP(CF )2 +

an unidentified product or products

Other reactions which involved arsenicals were as follows:

o M s
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Me,SiNMe, + -(CF;),AsH ——> Me,SiF + black solid -

.+ '(CFé)zAsH > ﬁe3SiA§(CF3)2 + MeZPB, ’

Me3SiPM§2
MeSSiAs(CF3)2 + MeZPH > Me3SiF + MeZPAs(CFs)2 + broun solid
Me351AsMe2 + (CFS)ZAsH > Me3Sigs(CF3)2 + MezAsH

Jdentification of the products was made by means of NMR spectroscopy.

3, TERTIARY ARSINES

A, Preparation
Contrgry to a previous report [23] that AsCl3 formed addition com-
'pounds with Ag or Cu, Cartwright and Woolf [24] have shown that with silver
an intimate mixture of Y—A;, AgCl, and Ag was formed while with copper the
mixture consisted of CuCl, B—CusAs, and As. The éreviously reported findiﬁg

that the addition of PhBr and Mg to these mixtures gave PhSAs was explained

by the following reactionst

3 PhBr + 2 As > Ph3As + AsBr3

3 PhBr -+ Cu3As > PhsAs 4+ 3 CuBr

The previous authors [23] had suggested the reaction of PhMgBr with the Ag

or Cu complex.

The interesting c¢isorganccyclotriarsane III was prepared by the following

synthesis [25]:

NH
. 3
MeC(CHzBr)3 + 3 NaAsPh2 —_—> MeC(CHzAsPh2)3 + 3 NaBr

MeC(CHZAsPhZ)3 + 6 HI > MeC(CH2A512)3 + 6'06}16
——ASs

AN

A + 6 Nal
MeC(CHZAsIZ)3 + 6 Na > Me3C s a
17

11t

References p. 198



120

Elemental analyses as well as the mass spectrum of III were}giveﬁ'gnd'
the various fragments in tﬁe mass spectrum were tentatively identified.
The molecular ion Om/e.= 294) had a relative abundance of 100%Z. The lg
NMMR spectrum gave two singlets (5 = 1.38 foriCH2 and § = 1.50 ppm for Me
relative to TMS). The Raman spectrum was also discussed.

A number of imidomethyl phosphines and arsines have been reported by

Tzschach and Kellner [26])]. TFor example the phthalimido compound IV reacts

with PhZMH as follows:

0
I _
\ \
/ NCH,Y + PhMZ ——> / NCH,MPh,,
il i
0

(where Y = NMe * or Cl, M = P or As, and Z = H or Na)
3

In a somewhat similar manner V reacted with thPH:

(¢] CH3
= . /,0
CH,—C i CHZ_C/
N-CH,—N T + Ph,Ph > , _NCH,PPh,
CH_—C

2 N

CH —C 0
2 Q§O
v

The corresponding arsenic compound could not be obtained in this manner but

was readily obtained as followa:

° #°
CH, — €T~ CH, — C_
| NCH,Cl +  Ph,AsNa > . “NCH_AsPh
| o2 , 2 2
cH, — c\‘ o CH, —C
Do 0
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Finally the»suifurrgoﬁpoﬁndSVVI were prepared:

i
N

N—CH,X <+ Ph,MNa

>

SO

VI

(where M = As or P)

These latter compounds were reduced with LiAlH& to give compounds of
the type VII.

CH,OH

SOZNHCHZMPh2

VII

The phosphorus compound (M = P) was characterized but the arsenic compound
(M = As) was not.

Gatilov and coworkers [27] have reported on the isomeric o- m—, and p-
bromophenyl arsines of the typeErHeCGHAAs(Et)CGHQBr prepared by the reaction
of the appropriate bromophenyl Grignard reagent with p—MeC6H4A3(Et)Cl. The
arsines were liquids which were characterized only by their IR spectra.

The arsines were then oxidized with KMnO, to the corresponding p-HOOCCGHAAs'
(Et)(0)06HABr compounds which were subsequently reduced to the crYstalliﬁe
arsines by means of sulfur dipxide. Again no elemental analyses were given
and the compounds were characterized only from their 1 em spectra. The

arsines were then resolved into their enantiomers with the aid of

References p. _198
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quinine. Optical rotations [a]éo for the o-.m-;andvp—Efomophenyléfsiqes
were found to be +16.80 (-16.20), +15.20 (-14.91)'énd +13.54 (-13.10)
respectively. The explanation fof these results was based on hinde;ed
rotation of the phenyl groups due to stéric inhibition which would decrease
in the oxrder o > m > p..

Gatilov and coworkerg [28] had previously experienced considerable
difficulty in obtaining chiral tertiary arsines containing amino groups
in a crystalline state. This difficulty has been overcome by preparing
compounds, of the type EECP_CHBCaﬂa)ASCSHANHZ’P or m. These formed
crystalline dilastereomers with (+)-tartaric acid which could be readily
separated. The pure enantlomers were then obtained by treatment of the
diastereomers with ammonia. The optical rotatioms [u]goﬂfor +) and (-)-
Et (pHMeGH, )ASC H, -NH,—-m aad for (+) and (—)-Et(p—MeCBHl‘)ASCé_I:IZ’—NHZ—p were
+2.21, -1.89, +2.04 and -1.51.

Yambushev, Gatilov, and their coworkers [29] have prepared interesting
arsino-substituted anilines of the type RR5A506H4NH2. These were all
obtained by the reaction of (o—MeC6H4)EtAsC1 with. the lithium reégent
LiC6H4NL12, obtained from o0+ m- or p~bromoaniline and excess 7n-BuLi. The
resulting compounds (o—MeCGH4)EtAsCGH4NL12 were not isolated but were
hydrolysed with dilute HCl to give the desired anilines, o-, m-, and p—NBz-
0634A5(Et)66H4Me—o. They are all high-boiling liquids which decompose
on heating and cannot be distilled. They all readily form salts of the
typé o-MeC6H4(Et)AsCBH£NH;X-, where X = C1, N03, or HSO4. Results of IR
spectra as well as elemental analyses and various physical constants for
the various compounds were listed,

Having prepared the arsinoanilines of the type Qp-MeCéH4)EtAsCGB4NH2,
Yambushev, Gatilov, and coworkers [30] made use of the free amino group to
obtain salts with optically active acids. Thus (p—MecsﬁA)EtAsdsHhNHZjo was

heated with (+)-tartaric acid in ethanol and the resulting two diastereomers
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ﬁe;e seﬁarate&Abi frac;iogal‘érystallization. ~ihe-tﬁo'epanﬁiohe:é ﬁeievthénrf_
preﬁared by hydroljsis of the fartrate salts; The two-énantioﬁeié'géVe ré;aé
tional values, [a]go = < 2.38 (conc. 0.444 iﬁ ether) and [cr]g0 = .‘7—,2.01’; '
(conc. 0.375 in ether). S

" In addition to the anilino arsine_s' the sulfides o—MéC6H4 (Et)A.s (8)0634N>H27Y_ -
were prepared by heatingrthe free amines (0, m, or p) with S in dry benzene.:

Another method for the preparation of arsino anilines involved protéc—
tion of the amino group by silylation before the addition of arsine to the
system {31]. Thus, the compound Br06H4N(s1me3)2 was prepared from Me3SiCl
and BrCsHAN(MgBr)Z. This lﬁtter‘intermediate, in turn, was prepared by
refluxing a bromoaniline with EtMgBr in ether. The bromo compound Br06H4N—

(siMe3) was then converted to the Grignard reagent which was treated with

2
a-Mé06H4(Et)AsC1 to yield the desired o-MeC_H, (Et)AsCoH,NH, HCl after treat-
ment of the reaction mixture with HCl. Neutralization of these hydrochlorides
and extraction with ether gave the desired anilino compounds. All three com-
pounds, 0=, m~ and p~NH2C6H4As(Et)CGH4Me-0,were obtained in this manner. Phy-
sical constants and elemental analyses on the hydrochlorides o—Me06H4(Et)As—
C6H4NH2-HC1 and on the free amines were given. Some IR data were given.

In addition to (p—MeC6H4)EtAsC H,NH -0, Yambushev, Gatilov, and cowork-

674 27

ers [32] have resolved three arsino anilines, (o—l«IeCGH!‘)EtAsCéH!‘NHZ, where
the amino group was in o m-, or p- position. Again salts of (+)-tartaric
acid were used and the diastereomers were separated by fractional crystalli-
zation. The enantiomers were then obtained by treatment with aqueous ‘ammonia
and extraction with ether. They were cbtained as oils with the following
optical rotation, [u]go‘; o-isomer +2.69 and -2.34, respectively; m-isomer
4+2.46 and -2.03 respectively; p-isomer +2.24 and -1.72A,'respective1y.

The preparation of several tertiary arsines has been'deséribed by
Miftakhova and coworkers [33]. Tricyclopentylarsine was prepared from

cyclopentyimagnesium bromide and AsCl3. The aljseniéal Ph2A501 and rz.—C8 17~

MgBr gave thAscgnlj-n; (n—CBHjJ_)ZASBr and p—MeflC6H4MgB? gave n;q8H17As~

References p. 198
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Ag was prepared from AsC13 and »n— C lQMgIV.:.

C_H -
( 65410, p)z, while n CgH 19)3
Oxidation of the arsines with HZOZ gave the corresponding'arsine'Oxides.

The oxides (n-08H17)2A§(O)Ph, ("—C12H25)3As°’ and (#—C16H33)3Aso were also :
reported. '
Cullen and Price [34] have described the preparation of an interesting

new arsenic ligand 1,3-bis(dimethylarsino)—-2,2,4,4-tetramethylcyclobutane VIII.

\ e
\ / \ /
MezAs \C / \AsMe2
Mé/// \\\Me

VIIiI

The compound was prepared by the following reaction:

H + lfciezli.s-AsMe-2 > VIII

/C
Complexes of this arsine with Cr, Mo, and W cdrbonyls were described. The
lH NMR spectrum of the complex LCr(CO)a, where 1. = the new dlarsine, showed
only one Me-As resonance and two ring Me resonances. This result could be

explained by the following equilibrium in solution:

Cr(CO

\Me

B/

(00)4



,AltérnatiVely the molecule could:poéséss é'ﬁléﬁe of,symmécty_(czﬁ éfmﬁé£f§57

as,foliows:

.
A crystal str@cture of this compound showed that it possessedi.c2 symmetfi.f
(in the solid state) and hence did not agree with the latter suggestion.
The authors suggested that the "movement of atoms in solution causes the .
arsenic methyl groups to become equivalent on a time averaged basis'.

Me
In a Russian patent [35] the compound PhAg D) =0,

Me
prepared from PhAsH2 and MeCH;CHCOC(Me)=CH2 was described.

The classical preparation of B-chloropyridime involves the reaction of
dichlorocarbene with ring-substituted pyrroles. A similar reaction of

dichlorocarbene with 2,5-diphenylarsole led to the formation of l-~dichloro-

methyl-2,5-diphenylarsole IX [36].

The thermolysis of the adduct X, formed from‘1,2,5—tripheny;arsole and K
‘tert-butoxide in chloroform,gave a high-molecular weight yellow product

of unknown composition. The benzyl compound XI on -

References p. 198
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Gl
Cc1
Ph // PhL
As
I
Ph
X

X1

thermolysis gave traces of the desired XII. The principal

///, Cc1

Ph _ Ph

product from the reaction, however, was 2',4'-dichloro-m—terpheﬁyl. The
reaction of l—terthutyl—Z,5—dipheny1arsole with PhHgCClzBr in boiling
benzene led to the formation of XII in 24% yield.

In 2 second paper [37] from Mirkl's laboratory the preparation of the

arsenins XIII, XIV, and XV was described.

) Ph
Ph Ph
= Ph e Ph ~—
. |
~ _ ' > N
Ph Nl Ph As Ph o as cL
XIIX X1v XV

These were prepared by thermolysis of the acetates, XvVL, XViI, énd XVIiiI,

respectively.



XVI XViI o XVIIT

The scartihg materials were obtained from the corresponding l-lithio deri-
vatives by reaction with sodium di- and trichloroacetates. The froducts
were characterized by U.V. and mass .spectral analyses. As is customéry in
papers from Mzrkl's lahoratory, nc elemenral analyses were given. An East
German patent describes the preparation of compounds of the type PhZAS(CHZ)n
COR, where R=0H, OEt and NHZ aqd n vé:ied,from 1 to 3 [38]. An e#ample of

the reactions used was as follows:

ClCHZCOZH
thAsNa _—— thAsCHzcozﬂ

An East German patent covering the preparation of substituted arsazo-

lidines (XIX) for use as fungicides has been reported {32].

]

PhAs NR'

XIX

H, CH C02Et, and CH_CONHPh and R' = H; and where RR' =

2 2 2

. (where R = CO
- CH,CH,CO). The compound where R = CH,CONHPh and R' = CONHPR was also

2772
'_prepated.

References p. 193
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The interesting quadridentate ligand 1,3-propanebis[(3-dimechyl-

arsinopropyl)phenyllarsine (XX) has been prepared [40D}.

1,3—[Me2As(C112)3As(Ph)IZCHZCHZCH2
XX

The synthesis involved the following steps:

NaOH
A5203 + ClCHZCHZCHZOH —_— ClCHZCHZCH2A803H2

.

(1) HC1, KI, S0,

—————
@ SOClZ ClCHZCHZCHzAsC].2

MeMg1
MeMgl C1CH,CH,CH,AsMe,

NaQH
PhAsCl2 -+ BrCH2CHZCHzBr — PhAs(O)(OH)CHZCHZCHZAs(O)(OH)Ph

~HCl, KT . phas(C1)CH.CH,CH,As (C1)Ph
50, 2CH,CHy

. Mg
MezAsCHZCszHZCI Et20 >MezASCH2CH2CH2MgC1 + 1/2 PhAs(Cl)CHchZCHZAs(Cl)Ph

> XX

The reactions of this quadridentate ligand with t'.nans—Ir(CO)ClAsEh3 as well
as the reaction of this iridium compound with several bidentate arsenic-

containing ligands were reported.

In a paper largely devoted to the reaction of FeCp(CO)261 with tertiary
zllyl stibines [41], the preparation of CH2=CHCH2AsPh2, and Me(CH2=CHCHZ)Ph2-

AsBPhA, were described. The reaction of CH2=CHCH2AsPh2 with FeCp(CO)zcl and

NaBPh, to yield the complex [thAs(FeCp(CO)z)Z]BPhA was described. The IR

4
and IH NMR spectra of this compound was gilven.
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B. Spectra
In an interesting paper Durand and Laurént [42] have compated.thé‘chemi;~
cal shifts of the P-Me and As—-Me grdups in a series of phosphotus and arsenic

compounds, where the compounds were of the types Me M, Me MOMe;~MEM(OHe)2,

3 2
MeZMCI, MeMClZ, Me3M0, MeZM(O)QMe, MeM(o)(OMe)_2 and Me3MBH3, and where M
was either P or As. In the arsines and phosphines the AS vélue, where AS =
§(as-Me) ~ §(P-Me), was extremely small ( = 0.04 ppm) whereas in the esters
of the type (Meo)ﬁn(o)ne3_n it was larger and increased with the number of
methoxyl groups attached to the hetero atom (A6 = 0.13 for n = 0, 0.37 for
n=21and 0.64 for n = 2). This result was explained by pﬂ—dﬂ‘bonding
between the oxygen and the hetero atom which should be better in the case
of phosphorus (2p-3d) than in the case of arsenic (2p-4d). This gave the
arsenic a greater positive chérge than the phosphorus in such compounds
which in turn affects the As-Me less than the P-Me chemical shifts.
Patter;on and Carnevale [43] have reported on the NQR spectra of the
1:1 complexes formed.between HeBIn and the trimethyl Group V compounds
Me N, Me Sb. Quadrupole coupling constants eZQq/h and

P, Me As, and Me

3 3 3 3
asymmetry parameters n are given. It was concluded that the data was con-
sistent with a small amount of (d-d)n bonding between the Me31n and the
Group V ligands of P, As, and Sb.

The NQR spectra for the 3501, 75As, 121Sb/123Sb and 209

Bi atoms in
a series of compounds of the type (4—XC6H4)3M and (3—XCGH4)3M, where X =
H, F, or C1 and M = P, As, or Sb,have teen measured by Van der Kelen and
De Ketelaere [44] and the data plotted against Hammett o-constants. The
arsenic compounds studied were (4-0106H4)3As and (3-C1C6H4)3As. For every
35

compound studied more than one ~ Cl resonance was observed which was
explained as being due to intermolecular forces in crystals due to the
so-called lattice inequivalence. Usually two such resonances were observed

but in a few compounds three resonances were seen. - The data suggested that

the C-Cl bond increased in ionic character in the order P ¥ Ag< Sb< Bi.:

References p. 198
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For arsenic (and antimony) compouuds the resonance value for Ph3A$‘was
rlower than for “the substitutéd tertiary arsines (or stibimes). The paper
discussed in some detail the type of bonding in the C-M bond without drawing
any definite conclusions based on the NQR data.

. In an interesting paper Kordosky and coworkers [45] have prepared cobalt
complexes of the three ligands M(CﬂchQCHzAsMez)3 where M = P, As, and Sb anc
compared their chemical properties and UV spectra: Thus for the specles
[CoLX2]+, the following lowest energy bands were observed for L = P(CHZ)3AsMe
As(CH2)3AsMe2, and Sb(CHZ)BASMeZ’ respectively, where the first figure is
.given in cm-l and the second figure is log e€: X = NGCS, 20,830 and 3.35;
19,760 and 3.39, 19,320 and 3.31; X = C1, 19,600 and 2.92; 18,430 and 2.87,
17,730 and 2.91. A number of other compounds were zlso listed in which
X = Br, I, etc. All such compounds showed a similar decrease in frequency in
the order P > As > Sb, and in each case the log € was in the oxrder P > Sb >
As. A number of other complexes of cobalt(III) were also prepared, and UV
data were obtained.

UV data for 12 differént 5,10-dihydrophenarsazines XXI, the correspond-
ing phenarsazinium iodides, and 10 different 10-H-phenoxarsines XXII were
iisted and the UV results were correlated with the structures of the com-

pounds [46].
[:::::J::NH::I::::::} 0
As
!
R

X1 XXII

il g
1)

(where R was a halogen, an alkyl group, or a substituted aryl group)

It is well known that the 8 and p ionization potentials of the central

atom X in the series He3x, where X = N, P, As, and Sb, decreases in that
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2¥s where ¥ =0, S, Se, and Te, it
was argued [47] that this should lead to an équivalent decrease in the ioni-

order. By analogy with the compounds Me

2ation energies of the-molecular orbitals involved in the He3x compouqu. It
was found from photcelectron spectra, however, that the lone péir’ioniéatioﬁ
potentials of these compounds wetebnearly constant, This was explained as
involving a change in hybridization; Z.e., an increase.in‘s charactér §f‘the
central atom in going from N to Sb.

In 2 more detailed and somewhat longer paper by Debies and Rabalais [48],
the photoelectron spectra of compounds of the type Ph3M, PhZMH and PhMH2 weré
examined (M = N, P, As, or Sb for PhSM; M =N, P, or As for PEZMH;and M =N or

or P for PhMH In addition PhCH, NH PhPCl, and Ph}?MeZ were also included

2 20> 2

in the spectral studies. It was concluded that the N non-bonding orbital in
phenylamines is more tightly bound than the phenyl n orbitals but in the
phenylphosphines, ~arsines, and -stibines the non-bonding orbital is at
lowest binding energy. The results suggested a shift of electron density
from the phenyl groups towards the P, As, and Sb atoms compared with the
corresponding N compounds. This, therefore, suggested expansion of the
valence shell in the P, As, and Sb compounds ro include 2nd orbitals in the
molecular bonding. These conclusions were amplified and strengthened by
CNDO/2 calculacions on PhNH, and PhPH,.

Zandberg had previously studied the ionization of amines and hydrazines
on oxidized tumgsten or molybdenum (surface ionization). The ionization
occﬁrs at high temperatures (900-1200° K) and the mass spectra of the ions
had been studied. The work has now been extended to phosphines‘(EtzPH and
EtgP) and the arsines (n-Pr)3As and (n—Bu)jAs [497. The mass spectra of the
ions were given and pathways for their breakdown in rhe mass specirometer
were suggested. A cowmparison of the efficiency of lonizarvion of phosphines

and arsines as compared with amines showed that the lonization efficiency

was considerably greater in the case of the amines.
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The relative ion intensities and the jonization potentials of the tri-

phenyl compounds Ph M, where M = N, P, As, Sb, and Bi, were determined by

3
mass spectrometry [501.

De Ketelaere and Van der Kelen [51] have studied the IR and Raman spectra
of a group of compounds of the type (p_XCGHA)3M aﬁd Ow—XC6H4)3M, where X = F
or C1 and M = P, As, Sb, or Bi. Assigrments for the various bands were made.
A number of fundamental changes in the spectra occurred whether Cl or F was
the substituent, but the differences were ascribed to mass differences between
the two substituents. Many of the observed bands were found to be insensitive
to the nature of the heteroatom. The original paper should be consulted for

the various assignments of bands and their variation with the nature of the

heteroatom.

C. Use as Ligands
In a long and involved paper Bosnich and coworkers [52] have continued
their investigations of the quadridentate ligand "tetars”, MezAs(CH2)3As(Ph)

CHZCEZ-AS(Ph]tuz)3AsMe This ligand exists in both meso and racemic forms

2°
and the racemic form had been previously resolved through the benzoyl-(+)
tartaric acid salt. Bosnich and coworkers had also studied the complexes
formed from tetars and CoClz'ﬁﬂzo which existed in three different topolo-
gical forms with the racemic ligand and two different topological forms

with the mesc ligand. The present paper describes the preparation and
properties of a large number of complexes derived from the already known
cobalt complexes, previously described. The mesc, racemic and also the
optically active forms of the ligand were used. Both thermodynamic and
kineric methods were used to prepare the various isomers, and the isomeric
equilibria were méasured in all cases. As had been previously found the meso
ligand usually preferred a trans configuration while the racemic formbshowed
no marked preference for any of the three fofms. lH NMR data as well as the

electronic spectra from 700 to 375 nm were given. Examples of the type of
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'compound prepared were cza—B-[CdR,R S S—tetars)co ]C104, cts-a-[Co(R R: S S-ji'
tetars)(OH %géloz%and A-czs-a-[Co(R R—tetars]Mecﬂklploag cher similar com-
plexes contained Cl Br, CN, NCS, Noz, and Ny gtoups. ‘

: In another paper on. the ‘subject - of cobalt(III) complexes of multidentate
at31nes,Bosnich and coworkers [531 have used a—phenylenebis(dimethylarsine)
(termed” dlars) ‘in preference to tetars because of the complexity of the cir-
cular dichroism of the tetars complexes. Complexes of the type [CO(diars)2 7
X,17, where X= €17, Br™, I~ and NCS all had the trans configuratior and
while a fe& cis compounds have been made no general method was aﬁailable.

The authors found that-trans[Co(diars)ZCIZ]Cl was readily converted into eig-

[Co (d4ars),C0,1C1 with Li,C0; which on treatment with perchloric acid gave
cis—[Co(diars)(0H2)21(0104)3. Hydroxide ion converts this latter compound to
aig=[C (diars)ZOH(OHZ)](Clqh)z. The -aquo group in both compounds 1s quite
labile and is easily replaced by a variety of other groups. Thus MeCN and
"the hydroxyaquo complex gave cis—[Co(diarS)ZOH(Mecn)](clo )2{ while the

diaquo complex with MeCN gave czs—[Co(diars) (MeCN) 1(C10,).,-MeCN. A1l of the

4? 3
compounds are subject to substitution and/or isomerization to a greater or

lesser degree. Substitution of the diaquo complex wifh mild reducling anions
3 NCS and NO2
merization to the trans complex. Recrystallization of nearly pure cis-

such as Br , I , N generally 1led to partial or complete iso-

complexes always led to isomerization.

A number of optically active cis-complexes were obtained. Thus eis-

[Co(diars)2C1 * ion was resolved with the use of sodium arsenyltartrate and

5]
the enantiomers converted to the eis-(+ or —)—[Co(diars)2(0H2)2]3+ ion with
retention of configuration. This diaquo complex could then exchange with

NO,, NO,
with full retention of configuration. The rate of isomerization of cis-~

CO;,or OH to give the corresponding optically active complexes

ICo(diars)ZC1z]Clo4 was determined and compared with the rate of racemization;
The sterochemistry of the complexes was determined largely from NMR data.
The authors plan to discuss the CD spectra of these compounds in a later

paper.
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A number of other papers have appeared from Cullen's laboracofy,on the
structure of heterocyclic rings formed from arsenic—containing chelate com-—
pounds and metal carbonyls. Thus Cullen and coworkers [54] have prepared

compounds of the type (CO),MAs(Me,)CH,CHRCH AsMe ,where M was Cr, Mo, and W,
4[ 2 2 gj 2

1

and where R was H, Me, and Zert-Bu. The ~H NMR spectra of these complexes
proved to.be too difficult to interpret, even with the use of a 222 MHz spec-
trometer, and as a result the selectively deuterated complexes

(CO)4MA§(MeZ)CHZCHRCDZ?SMeZ, where R = H or Zerc-Bu, were prepared and their
i !

deuterium decoupled lH NMR spectra were reported; On the basis of these
results it was concluded that where R = H the compounds were in an equilibrium
between two fast conformational chair forms. Where R = tert-Bu, however, the
rings were locked in one chair conformation with the Zeri-Bu group in an
equatorial position. The synthesis of the arsenical MezAs—CDZCH(tert-Bu)CHZ—
AsMez and of the reaction of this compound with Cr(CO)6 were described in
detail. Elemental analyses, IR spectra, 1H NMR spectra (of the dideuterated
complexes) and m.p.'s of the various complexes were given.

In a long and somewhat complicated paper Cullen and coworkers [55] con-

sidered the structure of the chelate cbmpounds XXIT1:

XXIIL

(wherg M = Cr, Mo, and W, and where'the groups A, B, C, and D, represent a

variety of substituents includihg Me3Si, ﬁ; F, CF3, and CNX A total of gix-
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btéen new complexes weﬁe prépared. These,gbﬁélexeé’wefévﬁsuailyiobtéined.‘
from the necessary bidentate arsenical ligand and thenmetai.heXa;a;bonfl;

Two of fhe arsenical ligands were new,7;,Z—bis(dimethyiarsiﬁé)—l,1—di£iuoro-l
ethane and 1,2—bis(dimethylatsino)—l;2—dif1uoroethané, and tﬁeitbptepata—f
tionrfromVMe2AsAsHe2 and CH3CHF2 andVCHzFCHZF, respectively, were describéd
in detail. With one exception the new complexes were oBtained from the Cr,
Mo, or W hexacarbonyls. The exception was 1,2—bis(dimethylarsino);i-cyaho—
(tetracarbonyl)molybdenum, which was prepared from 2,5-norborﬁadiene(tetra—
c;rbonyl)molybdenum; this preparation is described in detail. Not all

complexes of all of the ligands could be prepared, usually caused by

decomposition at the high temperatures used. In some cases the ligands
proved difficult to chelate with the metal; in other cases only one arsenic
bonded to the metal. Mass, IR and IH (and 19F where applicable) spectra
were obtained on all of the complexes. The effects produced by varying the
solvents, the donor chelate molecule, and the central metal atom were dis-—
cussed in considerable detail; calculations of the dihedral angles and the
coefficients in the Karplus relationships with the various complexes were
also described. The results may be summarized by noting that a bulky sub-
stituent (Me3Si) favored the equatorial position on the puckered 5-membered
ring; a fluorine atom favored the axial position; and where dl-1,2-bis-
(dimethylarsino)-1,2-difluoroethane was the ligand, conformations in which-
the fluorine atoms were gauche to each other were preferred.

Another paper from Cullen's laboratory has described the preparation
of the ligand MeZAsCFZCHClCFZAsMe2 by UV irradiation of MezAsH and MezAsCFz—
CCl=CF2 [56]1. Because of the air-sensitivity of this di-tertiary arsine it
was characterized only by its NMR spectra, but complexes formed from carbonyls
of Cr, Mo and Mn and the ligand were fully characterized. These complexes
LCr(C0)4, LMD(CO)4 and LMn(C0)3I, where 1 is the bidentate ligand, exist as

six-membered rings in two different ch#ir—form conformations. A detailed

NMR study was the basis for conformational assignments.
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In yet another paper in this series, Cullen and coworkers {57] have

prepared a number of complexes of the type XXIV.

F E Me
~o V 2 x
~d— _Aas co
\r‘m/
i N
’/r_—‘—As co co
e
Y./ Mez
H
XX1v

(where X = C1, Br, or I, and ¥ = H or F). The object of this research was
stated to be the systematic investigation of the interactions of axial
transition metal substituents which are eis to a five-membered chelate ring

in such complexes as XXIV. The preparation of a typical compound was given

1

and elementary analyses, IR carbonyl stretching frequencies,and both “H and

19F NMR data'(chemical shifts and coupling constants) were given. It
appeared that, although changes in the nature of X had little through-bond
electronic effect, alternations in the cZs-axial manganese substituents did
produce a marked effec; on the conformational preference of the five-
membered chelate ring.

In a comprehensive paper, Durig and coworkers [58] have studied the
two borane compourds Me AsBH3 and'MesAsBD3 and compared the results with

3

those of the corresponding Me3P and Me3N adducts. The IR and Raman spectra

were taken and assignments of the bands were made. A normal coordinate

analysis was done and force constants were calculated. The microwave

11 10 11 10
spectra of Me3As BH3, MeBAs BH3, MeBAs BD3 and Me3As BD3 were recorded

from 26.5 to 40 GH2Z. As-B and As-C distances and the C~As-B angle were

calculated. NMR data for Me3AsBH3 were also reported. As expected the

Me3AsBH3 molecule is less stable than the corresponding phosphine and
amine complexes as reflected by the force constants.
The Lewils acids BBr3 and 313 formed solid. 1:1 adducts with Me3As and

Me3Sbr[59]. The arsenic compound was stable indefinitely at room tempera-



ture in an ineit atmosphere. :Both llB an& lH’NHkrspectra:wéré givéh.”;in:
view of the large 11y chem;cai'shift it was possible thét_fhéée éomPOpnds_i'”
were ionic. » - -  : | .

The arsines o—HOOCCsﬂ4AsHe2, Q—HOOCC6H4A§(C6HSHe?p)2,'and'o—HOOC¢634AsPh2,
were used as ligands to prepare uranium complexes of the typg.[UOz(dchL]z,
where LH was one of the above arsines [60]. 7 .

The first report of coordination compouqu formed between An aféenic
donorrcompound and a lanthanide element has been given by Dari and Kingston
[§1] .A The complexes [Ln(As-N) STEF] (C104)3, where L‘Fl is La, Ce, Pr, Nd, Sm,
Eu, G4, Tb, Dy, Ho, Er, a2nd Yb. As-N is 8-dimethylarsiﬁoquinoline, and TEF
is triethyl orthoformate. The evidence for an As-metal bond is based largely
on the IR bands associated with the As-Me bond which occur at 887 and 850

cm-;l in the free ligand and are shifted to 906, 880, and 850 cm_l for the

1

As-C rocking mode and from 580 and 573 cm = to 590 and 576 cm~l for the As-Me

1

stretching modes. A band at 284 cm ~ in the free ligand assigned to an As-C

ring mode was split in the complexes and occurred at 290 and 280 cm-l.' The
free ligand readily reacted with Mel, whereas the complexes did not. The
magnetic properties of the complexes differed considerably from similar com-
plexes containing nitrogen bidentate ligands.

It was found that UV irradiation of [V(CO)G]_, in the presence of a
large series of ligands of the type MR3 (where M wa; P, As, or Sh, and R
was Ph in the case of As and Sb but a large number of groups where M was

P) yielded the mono-substituted complexes [V(CO)SMR [62]. On the basis

3]_
of 51V NMR and IR data, an attempt waé made to classify the ligands according
to overall ligand strength. Ph3As was a less powerful ligand than a number
of phosphines but a stronger ligand thanother phosphorus ligands and
Ph,Sb.

A new arsenic ligand tr&s(but-3—enyl)arsime, (CH2=CHCHZCH2)3AS, was
synthesized from the.Grignard reagent preparedbfrcm 4-chlprobut;ifene and

AsCl3 [63]. The arsine was obtained as an air-sensitive colorless oil
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which wasﬁnot charactéfized, but was converted to ;he;ﬁréqnium'séit yith.{ZL:

MeI and this was 'characﬁerized by elemental analysis. 'iPalladiu‘mi and plva_-" :

tinium’domplexeé of thislligana were preparedrand>discgssed in sémeVAetaii.
In a paper [64] déyoted to nickel(II)'compléxes of arsiﬁes,,phosphiﬁgs,

and - stibines the syﬁthesis of a number of new o-phenylene ligands was given.

'The only new arsenic-containing ligand was XXV.-

AsPhZ

SbPh

It was readily prepared from o-bromophenyldiphenylarsine by conversion to
the lithio compound and subsequent treatment with PhZSbCI. The majority
of the paper deals with the complexes of this and similar compounds with
nickel (II).
The two phosphorus ligands XXVI and XXVII, X = P, and the two corre-
Vsponding arsenic compounds, X = As, were synthesized by the following

reaction sequence [65]:

2
Ph, PCl
2 >
| or thAscl
I ‘SMe
L1 RXVLI
n—BuLi> 3
SMe SMe ?h
. X~
' PhPCl2 )
or PhAsCl2
|
- SMe SMe

XXVII



iThe oompounds XXVI acted as bidentate and XXVII acted: as fridentate ligands 7;

o 139

with palladium halides or perohlorates to form compounds of the type [PdL]—;

23 where Y =1, Br, Cl, or ClO4 . It was: found that compounds [PdL]I

where L = XXVI or XXVII, were demethylated on.heating in DMF solution.i:,kl”‘?'
While pure compounds could not be obtained from the ‘two phosphorus compounds

or from [PdL]IZ, where ,L XXVI, X = As, a compound was obtained from XXVII

X = As, which was Believed to be.relatlvely purevand»which was assigned the,zi

NS
/// R\\ /// R\\ SMe

\/

Mes

) XXVIII
(where the curves represent o-phenylene groups)
The four chloro compounds, [PQL]CIZ, where L = XXVI or XXVII and X was
P or As, were also demethylated. From the compounds where L = XXVI, com—

plexes of the type XXIX were obtained, whereas with the compounds where L =

XXV1I, complexes of the type XXX were obtained.

N N
SN N :

(again curved arrows represent o-phenylene groups)
In contrast to the halides which were non-electrolytes,the,four.peteﬁIOr
rate complexes [PdL][C10,1, where L = ¥XVI or XXVII and: X ='? or As, were:di—
univalent electrolytes which showed typical eOnductance in nitfbbenzene:of

nitromethane solutions.
References p. 198
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, The complexes XXIX and XXX were reédiij realkylaféd'(ot arylaﬁed),éﬁ%*
the sulfur atoms to give either the original alkylated complexes (when MéBr
. was used or mixed com?lexes when n-BuBr or p—OZNC6H43r w&s uséd); 'Howeﬁer,
not all of the demethylated éomplexes could ‘be alkylated or arylated omn
treatmept with RX or ArX,

A U.S. patent [66] described the preparation and use as hydrogenatioﬁ,
carbonylation, and carboxylation catalysts of a mumber of organometallic
compounds including the arsenical EtOHgCO[AS(EtZ)Ceﬁill(C0)3. where'C6H11 =
cyclohexyl.

Bowden and coworkers [67] have described three new bidentate ligands,
viz. the ortho, meta, and para isomers of bis(ditolylarsino)methane. The
compounds were prepared by the‘methods of Hewertson and Watson [68], in
which a triarylarsine was cleaved by an alkali metal to form the alkali
metal arsenide followed by the reaction of this arsenide with the appro-
priate alkyl halide, in this case a dihalomethane. The m-compound was not
obtained in sufficient amounts for further study. The new ligands were
characterized only by 15 MR data, although m.p.'s were given. The com—
plexes formed between these new ligands and molybdenum hexacarbonyl were
deseribed in some detail.

The extremely interesting heterocyclic_compound

(C0)4?rAsMe2AsMe20r(C0)4A5Me2?sﬂe2 was prepared by Cotton and Webb [69] by rthe

reaction between chromium carbonyl and cacodylic acid.- The compound crystal-

lized readily from CH2C12. An X-ray structure determination demonstrated

that the compound existed as a six-membered chair form with the two chromium

atoms out of the plane defined by the four arsenic atoms ©,y, symmetry). The
axial and equatorial Cr-C bond lengths are'approximately equal. Although the
two methyl groups on arsenic are not symmetry related the room-temperature 1H
NMR spectrum gives only a singlet which broadens as the temperatdre’is 10Wered

to -50°. The true coalesence point, however, could not be determined. A.com-
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‘ pound with the same empirical formula was prepared by Hayter in 1964 [70] and:‘
'_formulated as a polymer. Cotton and—Webb, however, believe,thEa;yo eompounds
were identical and that Hayter's ‘molecul'ar Vwe:lght: date were in exrror. S
An interesting group of organo-arsenic compounde hes:been prepared by
Malisch and Kuhn [71]. It had previously been believed that compounds qf the
type L MAsRZ, where M was a transition metal and L was a ligand.couldbonly be
obtained where R was a strongly electron withdrawing group such as CF C6 s
€l. It has been found by the present authors, however, that compounds of the
eype w—csﬂs(co)nHAsMez, where M = Cr, Mo, W, or Fe, were readily obtained b7

the following reactions:

[n—CSHS(CO)nM]Na 1-C H (Cco). Msme3
+Me AsCL {Me, asC1 -
2
“Rac1 > "CsHg (CO),MAsHe, e Sicl

The resulting compounds were usually stable and could be kept in organic sol-
vents for a considerable time without decomposition. The arsenic atom in
these compounds can be readily quaternized with kx, where R may be an alkyl
or aryl group, Hessix, or H. If the silyl compounds n—CSHS(ng1HSiHe3 were
AsCl and RX, the quaternary compdund could be obtained

2
directly without having to isolate the intermediate arsines.

treated with Me

In a study of multidentate ligands used to form coordination complexes,
the interesting ligands PhP(CHZCHZCHZAsMeZ)Z, PhAs (CH CHZCH AsMe?z, and
o-Ph AsC6H4P(Ph)C6H4AsP§io, were used to formrcomplexes with iridium [72].

In a study of platinum complexes containing phosphorus as a donor atom
one organoarsenic—containing complex, namely PtCl(CHZCN)(Ph AsCH2CH2 sEhz)
was prepared [73]. Both IR and 1H NMR data were given. .

In addition to the publications discussed above, a large number of other

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

coordinated to the arsenic in the complexes included chromium [74-~77],
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cobalt [78-86], copper [86,87], gold [85,88-90}; iridium [91-100], iron
- {82,101-104], manganese [105-109], molybdenum-[76,77,110,111], nickel
{83,86,88,112-115], osmium [116,117], palladium [118-124], platinum [118-121,
125-1421, protoactinium [142a], rhenium [109,143-146], rhodium [92,93,95,
~1oo,119,147;153], ruthenium [117, 154-160), silver [161,162], thalium [163],

tungsten [76,77,164-166], vanadium [167], and zinc [86].

D. Other Chemical and Physical Properties

Pahii and Sharma {[168] have proposed a method for the oxidimetrie
decerminaFion of organié arsines ard their complexes, as well as stibines
and bismuthines by oxidation with chloramine-T, followed by the addition
of KI and back titration of iodine with thiosulfate.

The details of a kinetic study of electronically excited arsenic atoms
in AsCl3 and AsMe3 generated by pulsed irradiation were monitored photo-
electrically by attenuation of atomic resonance radiation [169].

It hés been found by Nefedov, Kolesnikov and Rogozhin [170] that
dioxane, in the molecule 04H802'Ge012, can be replaced by either Ph3P or

Ph3As simply by boiling the dioxane complex in THF solution in an inert

atmosphere with Ph3P or thAs. The arsenic compound was isolated as coarse
white crystals, m.p. 129-132°. No spectral data were given, but the NMR
spectrum was stated to show the presence only of aromatic protons.

The heat capﬁcity of Et3As between 5-60° K (with 36 values given) has
been reported by Russian investigators [171].°

A German patent described the-use of PhjAs as well as several phosphines
as catalysts in the preparation of MeCOZCHZCH=CHMe and MeCOZCHMeCH=CH2 from

CH,=CHCH=CH, and MeCO,H[172].

In an obscure Russian journal the preparation of gallium arsenide GaAs
from GaMe3 etherate and AsH3, Me3As, or Et3As was deseribed [173].
Ellermann and coworkers [174] have found that alkyl-arylarsines are-

selectivel& cleaved by liquid or gaseous HI in non-aqueous solvents with the
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Ph-As bond being cleaved to yield the.corresponding alkyliodoarsines.. The
arsenic compounds investigated were Me,AsPh, MeAsPh,, EtAsPﬁZ,—(CHz)n[AsPhZJZIZ
where n' = 1 or 2, and C[CHZAéPhZLf Of interest was the fact that aryl gfbupsr“

were not cleaved from arsines attached to metals:

'Mo(CO)SAsPh3 + 3 HI —F/—> Mo(CO) AsI,; + 3 CgH

Howe&er, bis(p-hydroxyphenyl)arsinic acid was cleaved to yield AsI3. fhe
reaction may prove to be of considerable value for synthetic purposes. Thus,
the tetradentate liga.nd C[CHzAsMe2]4 was readily formed from C[CHZAsPh2]4 by
cleavage with HI follov.zed by reaction of the resulting iodoarsine with
MeMgBr. The mass spectra of the iodoarsines as well as C[CHzAsMeZ]4 were
investigated. Compounds with As-As bonds or (As)n clusters, where n = 3 or
4, were apparently formed by thermal secondary reactions in the high temp-
erature ilnlet system of the mass spectrometer. Fragmentation pathways of
these cyclic compounds was discussed. The IR spectra of the iodoarsines and

C[CHZAsMe were given and assignments of frequencies were made. It was

21y

concluded that EtAsI., existed in #rans and gauche forms.

2
The cleavage of triphenylphosphine, —arsine, —-stibine, and —-bismuthine
by potassium in liquid ammonia was studied by Rossi and Bunnett [175] and is

discussed in detail under Bismuth.

4, AMINOARSINES

The reaction between (CF3)3P or (CF3)3AS with the perfluoro compound

(CF3)2NON(CF led to the cleavage of one of the NO bonds and the formation

3)2
of perfluorophosphines and arsines [176]:

(CFS)ZNON(CF3)2 + (CF3)3M > (CF3)2NM(CF3)2 + (CF3)2NOCF3

(where M = P or As)

When treated with 20%Z aqueous NaOH both (CFébN?(CF3)2 and (CF3)2NA5(CF3)2
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evolve CFyH. The reaction of (CF3)2NON(CF3)2 with (CF,),5b takes a differ—
ent course and is discussed under Antimony. No analyses or spectral data
were given.

The reaction of aminoarsines with acids is a well-known method for the

preparation of certain types of substituted arsines:

XZASNMEZ + 2 HY > X2ASY + [NMEZBZ]Y+

XZASNMez + HY > XZASY + HNMe2+

(where X = F, C1, Br, NMEZ, Me, E%,and CF3 and Y = F, C1, Br, 1, OR, SR,

* SeR, and NR,)

The present paper [177] considers the reaction of oxines with HezNAsMe2 to
give compounds of the type RR'C=N-0—AsMeZ. Pourteen different o-(dimethyl-
arsino)oxines of this type were obtained. Physical properties of the com-
pounds (boiling points, IR and lH NMR) were given.

In a long and involved paper Kazufmann and Kober [178] have reported
on the reactions of the aminoarsines Me AsNMe2 and MeAs(NMe2)2 with mono-

and bifunctional oximes. For example, oximes of the type

—C=NOH
reacted with MeZAsNMeZ
—C=NOH
in a molecular ratioc of 1:2 as follows:
—C=NOH =N—0AsMe2
+ 1\Iezp.‘zNMe2 >
—C=NOH *C=N—OA3NM&2

Several different oximes were used in this reaction, but benzophenone oxime
and benzil dioxime did not react. Oximes and HezAsNMez in a molecular ratio

of 1:1 reacted in the following manner:
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RC=NOH _ ; ~_RC=NOasMe, ‘RC=NOH =
2 + 2 Me?_AsNMe2 > + : + 2 Me
RC=NOH - ' . RC=NoasMe, " 'RC=NoOH ‘

2

The tendency to form the di-substituted product is shown by the following

reaction:
MeC=NOAsM feC=
e‘l: she, NH,,0H Mef NOAsHe, H,0 MeC=NOAsMe,, . MeC=NOH
— > 12, ) +1/2 -
MeC=0 - MeC=NOH MeC NOASMEZ MeC=NOH

The ketomonocoximes MeCOC(NOHpfe and PhCOC (NOH)Me reacted with blezAsNugz to
give the monooxime compound MeCOC(=N0AsMe2)C0Me and MeCOC(=N0AsMe2)COPh.
With the aldehyde monooxime RCOC(NOH)H, where R = Me or Ph, neither the spec-—
troscopic results nor the elépentary analyses established the structure of
the products. Five different ketomonooximeS,R2C=N0H(R=Me, Et)PhCH=NOH, and
the two oximes derived from cyclopentanone and cyclohexanone, reacted readily

with MeAs(NMe to give the compound MeAs(ON=CRR')2. However, the two

2)2
aldoximes MeCH(NOH) and EtCH(NOH) reacted to give products whose structures
could not be determined. In the reaction of MeAs(NMe,), with monooximes at
room temperature, non-distillable compounds of the type MeAs(NMez)ONCRR'
were formed. The compounds contained the labile As-N linkage and reacted
with compounds containing an active hydrogen (oximes, amines, alcohols,

phenols, and thiols) with cleavage of the As-N bond when a 1:1 ratio

between the reactants was used.

MeAs (NMe,)ONCRR' + HX > MeAs (X)ONCRR'  + HNMe,

However, when an excess of phenol or thiophenol was used both the As-N and

As-0 bonds were cleaved. For example, the following reaction occurred:

MeAs(NMeZ)ONCMe "+ 2 PhSH

2 > MeAS(SPh)2 +, MeZCNOH
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The reaction of oximes that also contained aleoholic OH groups with MééAsNMéz

occurred as follows, when the reactants wére in a 1:1 ratio:

[ | o
—C—-0H - —C—~0OAsMe,, .
i + Me,AsNMe,
—C=NOH .

v

—C=NOH

However, when excess MezAsNMez was used both OH and =NOH protons were‘

repiaced:

1 I
-—C—OH —C—0AsMe 2

+ 2 Me,AsNMe, > |
—C=NOH —C=N-OAsMe,,

These two types of reaction occurred with salicylaldoxime but with

MeCH(OH)C (NOH)Me both protons were replaced, even when the reactants were in

a 1:1 ratio:

MeCH(OB)C(NOH)Me + MezAsNMez > MeCH(OAsMez)C(NOAsMeZ)Me

Proton NMR and IR spectra as well as elemental analyses were given for
the various compounds prepared. Boiling points (or m.p.'s) for the various
compounds were given.

In another paper from Kober's laboratory {179] the reaction of dimethyl-
aminodimethylarsine with 1,2-~diols and mercaptols has been investigated.
Whenvl,Z—diols and similar compounds react with the arsine in a ratio of 1

.di01:2 arsines the following type of reaction occurs:

2 MezAsNHeZ + RZC(OH)C(OH)R2 > MezASOCRZCRZOAsMe2

The_diols used included HOCHZCHZOH, MeZC(OH)C(OH)MeZ, catechol, 1,2-cyclo-

-hexanediol HOCHZCH(CH2C1)OH and HOCH(Me)CHZOH. Qther compounds used'weré

-HOCHZCHZSH and HSCHZCHZSH; In each case MeZNH was lost and the product was -
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of the type Mo asxlor JCR X7 AsMe,, where X' = X° = 0 or 5, or £ =0,%" =58

2 2
When the arsine and the. substrates were allaowed .- to react in a ratio of

1:1 the: resulting Droducts were of the type Me-AsXICR,CRnxzﬁ where Xl = X2'=

0, or X S,X 0. The 1H NMR and the IR spectra of the compounds were -

given and commented upon in. some detail.-_Elementaljanalyses for. all of_the,f
new compounds were given.,,
Reaction of the ferrocene compound C, 4H FeCH OH (ferroeene,methanol)

-1079 2

with the aminoarsines Me AsNMe,, and MeAs(NMez) resulted in splitting of the'

2 "2
As-N bond and formation of the ferrocene compounde CloﬂgFeCHZOAsMei aed
(C10H9FeCHZO)2AsMe {180]1. When As(NMe)3 was used,aq undistillable oll was
obtained whose elemental analysis suégested formation of'(CloﬂgFeCHéO)aAs.
1H NMMR and IR spectrs were taken for these compounds. but were not discussed
extensively.
The reaction of CF3A512 and CéaPI2 with a variety of amines to produce

CF3P(NR and CF3Asam&bccmpoundshas been descrited by Adler and Kober

222
[181]. The lﬁ NMMR and IR spectra of the compounds were discussed in some
detail. The P-N and As-N bonds were cleaved by a variety of reagents accord-

ing to the equation:

CF,E(Me,), + 2 HX > CF,EX, + 2 HiMe,

3

(where E = P or As and X = C1, OMe, OPh, SPh, HNC HoNMe, and HN(C4H,),)

5. HALOARSINES

Gigauri and coworkers [182] have found that l-naphthylmagnesium bromide
reacted with As O3 to form, after treatment with hydrochloric acid, the

corresponding chloroarsine:

4 l—ClOB7MgBr + As,04 > [(1—_01037)21}512

[(1—ClOH7)2As](2) + 2 Hcvl > 2 (1—leH7)2Asc; ‘+_‘ HZO‘ E

References p 198
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Even with a large excess of the Grignard reaéent only two naphthyl groups:gere
attached to the arsenic.

Di-l1-naphthylchloroarsine failed to react with MeI nor did it re;ct with
ethynylbenzene in the absence of a catalyst. It reacted readiiy, however,
with a variety.of alkyl Grignard reagents and with phenylmagnesium bromide
to form the corresponding tertiary arsines. Elemental analyses, molecular
weight data; and m.p.'s were given. A C-As absorption band was assigned to
565 cm © in the IR spectra of the tertiary arsines.

In continuation of the work reported in the previous paper it was
found that p—MeC6H4MgBr reacted with A5203 to give, after treatment of the
reaction product with HGL, (p—Me06H4)2AsCI in 61.9% yield [183]. This
chloroarsine was_then treated with various. alkyl Grignard reagents to give
a variety of tertiary arsines of the type (p MecsHa)zAsR, where R = Me, Et,
n-Pr, iso-Pr, n—Bu, iso-Bu, n-csﬁll, 150—GSH11, ccha-C6Hll, and PhGHZ.
The aromatic compound derived from the a-naphthyl Grignard reagent was
also prepared. IR spectra, elementary analyses and various physical con-
stants for these compounds were reported.

Laser action was obtained by the photodissociation of a number of

organic phosphorus and arsenic compounds, e.g. (CFB)ZASI and CF3(C2F5)ASI

[184]. One organic antimony compound (CF3)ZSbI also gave such laser action.
The reactions of copper(II) chloride with PhaP, PhaAs, and Ph3Sb have
been studied and reported in two papers from the Slowakischen Technischen
Hochschule.
In the first of these papers [185] the absorption band of CuCl2 at
475 um in acetone was found to change markedly when mixed with Ph3P or
Ph3As as a function pf concentration and time. The curve goes through a
maximum and then falls abruptly with increasing Ph3P concentration. The
maximum occurs at a ratio of 1 CuClzzl Ph3P and is Interpreted to mean
that CuCl, first forms a 1:1 comp;ex with Ph3P which then undergoes a

2

redox reaction with reduction of the copper to Cu(I).
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3As and CuCl2 in‘

acetone demonstrated that 'a 1:3 CuCl,-Ph,As complex was formed followed by

reduction of the CuCl2 to CuCl. By contrést.Ph3Sb instantly reduces CuCl,

A similar plot of absorbance vs. concentration of Ph

to CuCl with formation of Ph35b012.

The second paper [186] dealsvﬁith_the isolation of the complexes
formed between CuCland the phosphines, arsines, and stibines, but most of
the paper is devoted to the Ph3P and Ph3sb complexes rather than to the’
Ph3As complex. The hydrolysis of these complexes was also considered in
some detail. Thus in acetone a complex Ph3PCuC1 was formed but in MeCN
the complex (Ph P) Cu2C12 was isolated. In all cases Ph3PC12, Ph3AsC12,
and Ph3Sbcl2 were formed. These complexes were hydrolysed by addition
of water to an acetonitrile solution with evolution of HCl corresponding
to one half of the chlorine orginally bonded to the copper. The authors
suggested the following equation for the zeaction of cucl2 with the triaryl

compounds:

2 CuCl2 + (2 + n)Ph3E _— CuZClz(Ph3E)n £ 1 + Ph3EC12

(n = 1,2,3,4, or 3)

The reaction of the arsenic trihalides AsCl3, AsBr3 and AsF3, as well
as MeAsCl, and Me AsCl with CSHSSiMe or in some cases with CSHSLi (C5 5 =
the cycopentadienyligroup) led to the formation of the cyclopentadienyl
arsines CSHSAsX2 (X = Br, Cl1l, or F),C5H5AsMeC1,and CSHSAsMe2 {187]. The
arsenicals obtained were viscous liquids, very sensitive to air and moisture.
Botﬂ IR and 1H NMR data were given. It was Eoncluded that the cyclopenta-
dienyl group was g-bonded and that the molecules have a fluxional structure.
The rapidity of the metallotropic rearrangements was greatly influenced by
the substitutent on the arsenic atom as judged by the lH NMR spectra.

In a paper devoted largely to the preparation and biological properties

of benzacridines, a number of new d1hydroindolebenzophenarsazines were

described [1881]. The new compounds were obtained as follows:

" References p. 198 -
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One of the phenarsazines was active against the tubercule bacillus strain
37RV  at a minimal concentration of 0.6 y/ml, but the phenarsaziﬁes showed

little zoxazolamine hydroxylase inhibiting activity.
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In a paééf deGbﬁed to the NQR,gpéqtra}éf'iﬂéréanic énd'otéapﬁg-é;éeﬁidr:

compounds t189],’the 35C1>aﬁd 75A3 NQR sféctra'of such ﬁfganicicompbunds §§:t

PhASCL,, Ph,ASCL, Et,AsCl and PhyAs, as well as a mumber of imorganic arsenie

compédnds, wgrergorrelated with structufe and with Tafﬁ sﬁbs:ituent cons£aﬁ£§.

-Bj means of lH NMR ﬁhe equil;briuﬁ distributioﬁs of fluorine vs éhlotiﬁe

for various organometallic or oréanometalloid centers‘wérg ihvestigated_[lSO]f
Although the majority of equilibria studied were between various silicon Qi
phosphorus compounds the preference of fluoriﬁe vs chlorine for the system

Me,Ge and Me, As was studied by mixing Me AsF and Me

3 2 2 3
The equilibrium was only established after one month and the equilibrium

GeCl and heating to 120°.

constant obtained was of the order of 10_3, a fact which showed the great

preferénce of F for As as compared with Ge.

6. OTHER TRIVALENT ARSENIC COMPOUNDS

Cowley and coworkers [191] have made use of photoelectron spectroscopy
to study rotational isomersisn in diphosphines and diarsines. The two lone
electron pairs on the phosphorus or arsenic atoms can be gauche or trans to

each other as shown in the following diagrams:

®
QQ

&

gauche trans

Because of repulsion between the electron pairs one would expect the trans
configuration to predominate. From the relative peak areas (assigned to

" gauche and trans forms) it was possible to compute the‘percéntége of gauche -

Refefencu p-198 '
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and frans forms present. 1In a totalndf seven compounds the tfans form -
alw&ys predomindted and in one coméound, namely (CF3)4A52, the Zrans form
was present as the sole rotameric form.

» In a paper devoted to the préparation and reactions of F3SifH2, it
was found that the Si-P bond was split by a variety of reageﬂts [192].

For example; (CF3)éAsI reacted slowly with F3SiPH2 to yield F3Sil and
(CF3)2ASPH2. There was no reaction, however, between F3SiPH2 and (CF3)2ASH.
In a long paper [193] devoted to the mass spectra of an extensive

series of o-phenylenediarsines and a number of related diamines as well

as one stibine, (o-dimethylaminophenyl)dimethylstibine, Henrich and coworkers
have undertaken a detailed study of the decomposition modes of a number of
o-phenylenediarsines. The arsenic compounds studied were o-Caﬂﬁ(AsHZ)z,'
o-C6H4 (ASMPZ)Z . o—C6H4NH2 (ASHZ) s 34— (AsMe2)206H3Me s 354~ (ASHe2)206H3F,
0-06H4(A5Et2)2, 0-06H4(ASHMe)2,-0—06H4(AsBrHe)2, 0—06H4(AsMePh)2, as well

as (O—Me2A5C6H4)2AsMe and the heterocyclic compound XXXI.

Ccl

&
\0
e

R

cl

XXXI

A comparison was made between the decompositions of the amino compounds and
those of the corresponding arsines, and detalled pathways for the decom-
positions were suggested. These were often substantiated by appropriate
metastable peaks. The decomposition of the arpmatic diarsines differed
.considerably from the decomposition of aliphatic diarsines. Cleavage
of both arsenic atoms from the aromatic ring and subsequent formation of

an As2 fragment was not observed in non-fluorinated aromatic diarsines.
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Although érevibﬁ; workers had investigated by semi—empitical CNDO/2 5 
calcul#;ions both phospha—.énd arsabenzenes (phosphorin én& ;rseﬁin), ;ﬁé'
present authors t;94] believed that the &égrée of d-orbital ﬁa:tigipation .
‘'was greatly overemphasized by this procedure and havé done ab initiaﬂcalcu—
lations on these two molecules as well as on pyridine. Calculations>VEre »
made both on the ground state and on some iot;izjed states of these-noleéulés.‘
Tables listing total energies and d-populations were given. Among the con-
clusions drawn was that in pyridine the overall o-charge on the nitrogen is
negative due to electron migration from adjacent CH groups,Awhereas with
phosphorin and arsenin the heteroatoms are overall g-electron donors to the
adjacent CH groups.

Gatilov and coworkers in the USSR have published a number of papers on
alkylarylarsenic carboxylates and similar compounds and their resolution iato
optical antipodes. The present paper [195] was devoted to the synthesis but
not the resolution of some formic acid derivatives of the type RArASCOOH where
R was an a_lkyl group and Ar was.Ph or p-tolyl. A number of nitriles were

prepared by metathesis:

> RArAsCN + KX

RATAsX + KCN

X =1 or Cl)

The nitriles were characterized by elementary analyses and the refractive-

indices, densities, atomic refractions and some IR data were given. Oxida-

tion with H,0, gave the arsine oxides of the formic acid derivatives:

1,0,

RArAsCN > RArAs (0)COCH

These were hygroscopic crystalline solids or sometimes syrups. Reduction

of thé arsine oxides gave tertiary arsines with some cleavage of the As~COOH

bord to form haloarsines. The reducing agent employed was SO2 (and KI).

References p. 198
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The use of aqueous KMnO, as an oxidizing agent oxidized‘the’p—tolylimethyl_
group to form the compounds (p—HOOCC6H4)RAs(O)COOH'which could then be

. reduced to the corresponding tertiary arsines.

Anogher method utilized by Gatilov and coworkers [196] involved the
reactibn of the Grignard-like compounds of the type RZAsMgBr which can be

readily formed from the secondary arsine RZAsH and an alkyl Grignard reagent:

R,

> R, AsMgBr + R'H

AsH + R'MgBr 2

2

This Grignard-like reagent reacted readily with chloroformic esters to form
compounds of the type RZAsCOOR'.
Another, and less successful method, involved the reaction of the

halides R,AsCl with Grignard reagents of the type CIMgCOOR, where R = Me,

2
Et, and n-Bu. Some IR and molecular refraction data on the new compounds
were given. The new compounds prepared were of the type PhAsR(COzR!), where
R =R"=Me; R=Et, R'" = Me; R = »n-Bu, R' =Me; R=Me, R' = Et; and R =

R' = Et. The compounds on treatment with alcohol were readily converted to

esters of arsinous acids:

PhEEASCO Me -EtO  pLErAsOEt

Ionov, Gatilov, and coworkers [197] have synthesized the two arsino—
formic acids Ph(R)AsCO,H, where R = Me or Et and the ester (p-Me66H4)PhAsCOZ—
Me as well as a series of other arsinocarboxylic acids of the type RR'As—
(CHZ)nCOZR" , where R = Ph, R' = Me, Et,o0- or p—MeC6H4, "= H, Me or NHZ’
and 7 = 1 or 2.

One method used for synthesizing these compounds involved the following
sequence:

H,0 S0.,,H,PO
2 2 . R'PhAs(0)COOH —2—3_3 5 pippascoon

[ : '
PhRAsR' .+ "BrCN >R 'PhAsCN ¥ A-0H

The only two compounds synthesized by this method were PhMeAsCOOH and

Ph(p—MeCSHJAsCOOH.



A better method for- synthesizing these compounds ° and an essent*al method.

for compounds of the type R2As(CH2) COOH was as follows.

© 'Na ) X(CHz)nCOY . o
PthAs —55 > PhRAsNa — > PhRAs(CH,) COY -
NH3 . 2'n"

(where R = alkyl, X = Cl, n = 0, 1, and 2 and ¥ = OH, OR and NH,)
Only the IR spectral value for the c=0 group was ieéorted but'elemgntal
analyses and various physical constants were repo:ted. '
In a later paper [198] from Gatilov's laboratory, arsinoformic acids were

prepared by the following synthesis:

+
PhRASNa + CO, . S PhRASCO,H

(where R = Et or n-Bu)
Esters were obtained by the following reaction:

PhRAsNa + C1CO,R" —> PhRASCO,R'

(where R
R

Et, R' = Me
n-Bu, R' = Et)

Thg esters were obtained as liquids which were distilled Zn vacuo and which
were readily hydrolysed by atmospheric moisture. Although morphine or (-)-a—
_methylbenzylamine did not prove suitable for the preparation of erystalline
diastereomers, PhEtAsCOZH was successfully resolved by the use of quinine.
=+ 4.72. On heating

D
lel5g
.PhEtAsCOzH with sulfur, the sulfide PhEtAs(S)COZH was obtained.

Only the (+)-isomer was obtained in pure form,

Unlike amides, acyl derivatives of.phosphines, arsines, and stibines gave. -
1H NMR spectra which indicated that the protons in thle R substituents of -

MeCOERz(E = P, As, Sb and R = Me or t-Bu) were equivalent over a wide‘témpé E

erature range and hence that the R,E was not located in the plane of the MeCO -
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_ group. Further evidence was obtained from the equivalence of-thekptdiops'in"*

ZCFSCOP(CHe3)2 and from the NMRbspeétra of other acyl,phosphines."In thé two

ar;enic compounds studied [199], CF3COAs(iso—Pr)2 and (CF3)2CHC0As(iso—Pr)2f
there was alsoievidence of»pyramidal stability.(AC#>26.0 keal/mole). ,Thg;
authors suggested the posSibility bf synthesizing optically active acyl
arsines with a.chi;al arsenic atom. .

The preparation of a number of l—arylﬁ#yphenoxarsines of the tyﬁe XXXiI
was described by Khusnutdinova and coworkers [200] by the reaction of the

corresponding l-chlorophenoxarsine with a number of substituted phenols.

0

XXXI1

(where Ar = m-or p-NO,C H,, m-or p-BrCcH,, p-FC.H,, m-or p-MeOC.H,, m- or

p—MeC6H4 and p—EtC6H4)

Three new arsadiozoles XXXIII have been reported by Mdrkl and Martin

[201]. They were synthesized according to the following equation:

3 3NEt, y N\\
PhNHN=C(R)CH, + AsCl, ———> PhN R

N

As=CH

XXXITL
(where R = Me, Et, and Ph) The corresponding phosphadiozole where R = Ph”
was-also synthegiZed. The compounds were characterized by UV, IR, 1H NMR

and mass spectra, but no elemental.analyses were given;_ The UV;Spégtra of
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he diphenyl phosphazole and. arsazole as well as the corresponding triazole él
are compared. There wasa»bathocﬁromicshift in going from.N to P to As in
e La(P) band in the three compounds' These bands were found at 294 321,
ad 352 nm- £for the three compounds, respectively. ’ . ‘ '

A number of new cycloalkenoarsadiazoles have been reoorted by. Markl and:
sworkers [202] by the reaction described in the previous paper. Thus the
enzyl compound XXXIV (R = benzyl) was prepared from the hydrazone PhNHN=C(R)—

2 and AsCl3 and characterized by 1H NMR' and mass spectrometry.

R\C /N\
2N /

H As

XXXIV

number of similar compounds including bicyclic arsadiozoles obtained from
Drbornanone‘phenylhydrazone and one steroid phenylhydrazone were described;
Preparation of three arsabenzenes (arsenins) and one phosphabenzene
phosphorin) were reporred by Mirkl and Kneidl [203]. The arsenins were
btained by the reaction of AsCl3 with 4-substituted 4-methoxy-1,4-di—~

stan V).
ydrostarinins (XXXV) R _.OMe

t - Bu) i i
Bn(n - C4H9)2

(R = Ph, cyclo- C6 11°

XX%v

he arsenins were isolated direcely, presumably by means of the following

echanism:

:terencshr 198-
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XXXV + AsCl ——>

~MeOC1 .

The compounds XXXVI were detected by NMR spectroscopy but were not isolated
from the reaction mixture. The compound MeOCl oxidized the resulting
arsenins; yields were significantly increased if the hypochlorite was
trapped with triphenylphosphine. The arsenins reacted with such nucleo-
philes as PhLi to give dihydroarsenins and with dienophiles such as hexa-
fluorobutyne and acetylenedicarboxylic acid esters to give "arsabarrelenes".
The arsenins were characterized by mass, UV and NMR spectra but not by the
customary elemental analyses.

Mirkl has extended the above method to the preparation of alkoxy-
substituted arsenins [204]. Thus, by the thermolysis of XXXVII, obtained
‘from the dihydrostannin XXXV1III, he was able to prepare the two alkoxy-

substituted arsenins XXXIX:

(Et0) ,CH OR (Et0) ,CH OR OR
/
AsCl
sC 3 N I A N
?s As
c1

XVIIT . . XXXVIT XXXTX



B T

;ynthé§is of XXXVIII_wasfdescribed.--The authors, -however, have been ﬁnaﬁléjla~:é g

is yet to cleave the ethers to obtain anhydrox}substitﬁtéd‘Arséﬁiﬁ.” Bqﬁhu_ ':

Lﬁ MR and IR sééctra weie repoftedrforfthese two. new subéﬁithted aféégins;
Mirkl and Kneidl. [205] have acéeﬁpéed' to prepare the dihyd;:oarséﬁiné‘

XL, by - the reduction of thé‘correspoﬁding l-chloro cdmpounds with a}éfi; -

alkyltin hydride. The compounds XL

(EtO)ZCH OR

{(where R = Me or Et)

could not be detected in the reaction mixtures, however, since they apparently

underwent 1,4—elimination of MeOH or EtOH to yield the arsenin XLI.

CH(OEt)2

Under the reaction conditions used for the reduction of the l-chloro compound , .
where R = Me, rapid exchange occurred between the diethyl acetal XLI and ;he
MeOH formed in the 1,4-elimination. The PMR spectrum of the reaction mixture

. ipdicated that it contained about 50%Z of the diethyl acetal XLI, 9% of ;hg»f
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dimethyl acetal, and 41% of the methyl ethyl acetal. This compound XLI was

readily cleaved in moist acetone with an acid ion exchanger to give the
aldehyde XLII.

HC=0

As

XLIT

This aldehyde appears to be a normal aldehyde and undergoes aldol condensa-

tion to give XLIITI or in the presence of 20% caustic soda and acetone to give

XLIiv.

i
CHQHCHZCOMe CH=CHCMe

. M

As

XLIIL XLIV

In a preliminary communication Bastow and Elmes [206] have reported on

the NQR spectra of arsenobenzene (PhAs)G,the fluoro compound (C6F5As)4,”and

two new heterocyclic arsenicals XLV and XLVI.

Ph Ph F. C C.F
576 6" 5
g e
////C=-=C\\\\ /////C===C
CF3 CF3 ’ CF3 CF3

XLV _ ' XLVI



- 161 '
fhe-lattér two‘compounds were'sfn;hésiZed‘by the reaction of'(PhAsjs,of
(C6F5As); with hexafluorobﬁt;Z—yné, but the coﬁpounds were notfcﬁaraciérized
by analytical or spectral data. 'Since the compounﬁ (PhAs)é was known ;d,.r-
exist in a chair form with equatorial phenyl groups, three non—équivaleﬁf
arsenic sites should be found and these did occur at 60.930, 62.680, and
66.440 MHz in the NQR spectrum. These'weré Tun at 298° K. ﬁith the fluoro
compound (C6F5As)4 only two arsenic resonances were found, as expécted by
symmetry considerations. The NQR spectrum was determined at 298°, 195° and -
77° K. The compound XLV showed only one NQR signal, but XLVI gave various
frequency absorptions depending upoQ the method used for its pufification.
The authors suggested that the compound exists as three different structures
but did not speculate on what these structures might be.

A number of physical constants were determined on the compounds RAsO,
where R = Me, Et, n-Pr and n-Bu [207]. These constants were magnetic sus-
ceptibility, molecular refraction, dielectric constants, density, index of
refraction, 1H NMR spectra, and ebulioscopic molecular welght determinations
in benzene and cyclohexane at several different concentrations. Based on
the results of these determinations the authors concluded thaf EtAsO,
7n-PrAsO and n%maso'werecyclic trimers whereas MeAsO in solution was a
mixture of (RAsO)n where n = 3, 4, or 5. In the solid state MeAsO existed
as a tetramer. There was evidence of limited electron delocalization in
the cyclic rings.

Busse, Irgolic, and Dominguez [208] have studied the reaction between
lithium diphenylarsenide (from Ph3As and Li in.THF) with benzophenone and
with three quinones, anthraquinone, phenanthraquinone, and p-benzoquinone.
In every case tetraphenyldiarsine was obtained in good yields (51-64%) after
‘hydrolysis of the reaction mixture. Two mechanisms. for the réaction weré
considered, namely the transfer of either one or two eléctrons from 1ithiuﬁ

diphenylarsenide to the benzophenone or the quinones. Since a radical anion
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would be formed by the transfer of one electron, and since EPR signals were

" detected in the reaction mixture it was decided that a one—electron transfer

was involQed.
7. ARSONIC AND ARSINIC ACIDS

The IR and Raman gpectra of the inorganic ester (Me0)3Aso, and the two
organic esters, MeAsO(OMe)2 and MezAso(OMe)rwere obtained by Vansant and Van
der Veken [209] and frequencies were ass;gned to all of the bands. The ester
ﬁezAso(OMe) had not been previously reported. It was prepaged via the silver
sait technique from MeZASO(OAg) and MeI in dry benzene. Normal coordinate
anal&ses were made and structures were assigned to the three esters. It was
concluded that the As=0 band was > 95% a pure As=0 vibration, whereas As-0(C)
stretches were strongly couvpled with As-C stretches and As—-0-C deformations.
Force constants for the various bonds were calculated.

A short and preliminary paper by Chatterjee and Sen Gupta [210] gave
some crystallographic data on arsanilic (p-aminobenzenearsonic) acid. The
Sstructure was determined from rotation and Weissenberg oscillation X-ray
photographs (some of the crystals, however, appear to be twinned). The
crystals are monoclinic and belong to the space group le or P21/m. The
density was found by flotation methods to be in the range 1.85-1.87 g/cm3
while the calculated density for two formula units per unit cell was 1.83
g/cm3.

In a paper devoted to the synthesis and toxic properties of amine salts
of arsonic acids, Selivanova and coworkers [211] have reported on a number of
‘acid salts of the type RAsO3H(H2NRTZ) where R was either an aliphatic or an

aromatic group and R'NH_  was an aliphatic amine. Except in one case the

» 2
authors were unable to prepare the neutral salt, even with a large excess of
amine. Toxicity studies were reported on these compounds with salts of

PhAsO,H, being the most toxic and p—CH3CQNHC6H4Aso3H2 being the least toxic.

Several of the compounds were tested for carcinogenic properties but were
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found to possess ﬁo carcinogenic activity and ﬁight have sligl-it:_~ ghtiblﬁsfpmal'
activity. ‘7 I

Kinetics of the feaction between EtzASOéEf and EtI have been reported in-
a Russian article; only the title has been abstracted by Chemical Abstracts
[212]. ‘The title may contain an error since a paper on the kinetics of-thé o
reac;ion of EtzASOEt and EtI has appeared in Zh: Obsheh. Khim.‘[213]; The
reaction was first order in both reactants but the rétes were affecéed by the
purity of the arsenic ester. ‘ .

Salts of alkanearsonic acids with tertiary amines have been prepared by
reaction of the arsonic acid with a three-fold excess of the tertiary amine
[2141.

The use of Arsenazo III, carboxyarsenazo, and several other similar types
of cémpouuds for indicators in the titration of 804= with Ba(ClO4)2 in 50%
Me,CO solution at pH 3 was investigated by Zemki [215].

- Sandhu and Sandhu [216] have prepared the two new ligands XLVIY and

XLVIII.

AsOH, AsOH,
ou
N=(—CH,C0,Ee N=CCH=CMe
Me Me
XLVII XLVIII

They were obtained by condensation of o-arsanilic acid (o-aminobenzenearsonic
acid) with ethyl acetoacetate or with acetylacetone, réspectively. Although
these two new compounds were not characterized, their coordination ccmpoﬁnds
formed with Co(II), Ni(II), Gu(II), 2m, and Cd were fully characterized both

by elemental analyses and IR spectra. The paramagnetic susceptibility of the.
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Go, Ni, and Cu complexes wérevalgo measured. The compléxés witﬁ‘the various’
metals Qere discussed in considerable detail, and structural assignﬁents'wefe
made. 7

Interesting complex arylarsonates have been prepared by Sandhu and
coworkers [217] by the reaction of dibutyitin oxide with aremearsonic aci@s.
The complexes are of the type X—C6H4As03Sn(n—Bu)2. The X was H, p-Me, p-CMe,
o-0Me, p-Cl, p-Br, o—NOZ, o—NHZ and p-OH. IR spectra showed no OH stretching
bands and in a number qf the complexes the As-C(aromatic) stretching fre-
quencies increased by 5-30 cm ! which was taken to indicate coordimation of
the As—O bond to the tin. Various structures for the different complexes
were suggested based on the IR spectral data. Assignments of the various IR
bands were made.

The reaction of 2-Br—4~N02C683AsO3HZ with morpholine gave the 2~
morpholino-4-nitro acid which could then be reduced to the corresponding 2-
morpholino—4~amino compound [218]. A numbgr of derivatives of this acid
Qere prepared by acylation, benzoylation, and other reactions with the free
amino group.

Simon and Schumann have published a number of papers on the Raman and
IR spectra of alkyl-arsonic and arsinic acids and their salts and esters.
This is continued in a paper by Griindler, Schumann, and Steger [219] which
was devoted to a normal coordinate analysis and a calculation of force
constants derived from previously published Raman and IR data on the following
species: MeAsog—, MeZAsoz_, MeAs(on)oz‘, MeAs (0) (OMe) ,, MeAsO H,, Me,AsO,H,
and EtZAs(OH)Z+. Force constants and bond orders were tabulated for the AsO
bond in these compounds and the results are correlated with structure. Bond
orders were calculated from the force constants. These bond orders differed
appreciably frqm the expected bond orders, and the deviations increased with
increasing ca;:bon substitution. Thus th;a deviations found were A5043-, +2.4Z5

cAAsoaz’,-—l.sz; C,As0,”, —12.0%. These results were explained mostly by the
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large electrdnegativity aifferencé,ﬁetween C and As. Thé bond orderé ofvtﬁév.
.ASO bond were compared with M-0 bonds in compounds where M = P Se and S.'>- 

The IR spectra of Me2ASO H in water, in DZO and as a KI pellet and the.
Raman lpectra in water, D,0 and in the crystalline state have been determined’
by Vansant and coworkers [220] and assignmen;s of the variqus bands madg Lo
based oa CS symmetry for iche molecule. A normal coordina;e apalysis ﬁas méde
by treating the Me and OH groups as single point masses. Internal force con;
stants were given. V

In a paper devoted to radical ions derived from electrochemical reduétioﬁ
of a variety of compounds contaiuning such elements as P, As, Si, Mo, and W,
Ilyasov and coworkers [221] have described the ESR spectra of radical anions
obtained from the organic arsenicalsvp-NO2 6 4As(0)(0Et)2, p—N020634AsEt
and p—N0206H4ASO3H2. The spin demsity was concentrated mainly on the nitro-
benzene moiety with only a small amount on the arsenic. It was also noted
that the HFS constants were greater with tetracoordinated arsenic compounds
than with the tricoordinated compound. Explanations were suggested for these
differences.

The prepardtion of amidic esters of the type RAs(0) (OR')NR" by means of

the following reaction has been reported by Gamayurova and coworkers [222]:

RAsO(OR')2 + R;NH = RAsO(OR*)( ;) + R'OH

In order to drive the reaction to the right it was necessary to remove the
alcohol continuously, and hence the secondary amine chosen had to boil higher
than the alcohol formed in the reaction. The nature of the alkoxy group was
also found to influence the ease with which exchange occurred, and amines
with longer chains (n~Bu) or with branched chains(iso—Pr) were less reactive
than shorter chains such as n-Pr, Et, or Me. ﬁhen the amine was Me(CHZPh)NH
the diamides EtAs (0) [NMe(CH,Ph)], and PhAs(0)[NMe(CH,PR], were formed. It
was,suggested that this diamide formation might be caused by ﬁpth the gieatei

acidity of the amine and its higher b.p.

Referencesp. 198 -~
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‘The arsonate amides were readily hydrolysed to ammonium hydrogen

arsonates:

RASO(OR") ( 5 + 250

5 > [RAsO(OH)O][R;NHZ] + R'OCH

IR-spectra, eiemental analyses and molar refractions for the various amidic
esters, and elemental aﬁélyses for the ammonium salts were given.

It has been found that turkey poults that received 3-nitro-4-hydroxy-
benzenearsonic acid from the first day of life suffefed histopathological
changes and high mortality when the dosage of drug was 100 ppm or greater
[223]. 1In dosages of 200 to 400 ppm the turkeys died within 15 days,
whereas those receiving only 50 ppm Were essentially the same as untreated

contreols.

8. TERTIARY ARSINE OXIDES AND RELATED COMPOUNDS

Iz an excellent paper Carlson and Meek [224] comment on the controversy
in the chemical literature regarding the P-chalconide or As—-chalconide bond,
i.e. the PO, PS, PSe, AsO, AsS, and AsSe bonds. These bonds have been
regarded as pure double bonds P=0 , dative bonds P+ O or a character inter-—
mediate between the two depending on the extent of Pn—dn bonding between the
P or As and the chalcogen. Although there have been many physical measure-
ments with compounds containing such bonds no definitive dipole moment study
has been made, which is the subject of this article. Although most of the
compounds studied were phosphorus compounds, some arsenic compounds were
studied and the findings with phosphorus could be applied to the arsenic
compounds. The conclusions were that the bonds were more polar in the
arsenic than in the phosphorus compounds. In the phosphorus series the
order cf increasing polarity was oxide < -sulfide < selenide. From a know-—
ledge of dipole moments, interatomic angles, and bond distances, charge

separations 8+ for the M-X bqhd (where M = P or As and X = 0, S, or Se)
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" were caleulated. - For a given group such as Ph, the charge Sepatation pfo—v
- duced the trend ‘oxide > sulfide = seleneuide.v With dlfferent gtoups ;Lm-;r:eas:l_ng'j
electronegativity of the group decreased the polarity of the derzvatives.
Thus the substituent had a marked effect on the amount ef pn-dﬁ boqding in
the P~chalcogen or As—chalcogen bond.
Bravo and coworkers [225] have studied the disp;acement of ehe'RsMOI .
grouping in the compounds R MO-BF, by similar oxides of the type R%M'd, es

given by the equation:

- Tt T —_— 1 T -
R3M0 BF3 + R3M O,_..RSM 0 BF3 + RSMO

(vhere M = N, P, or As and R and R' were Me, Et, or n—Pr)

It was found that the order of displacement was R3N0 2 R4ASO > R,PO which was

similar to the order of these oxides as Lewis bases in their complexes with
various metal compounds.

In contination of previous studies on polytertiary phosphines and arsines
King and Heckley [226] have oxidized the three compounds (thPCHZCHZ)ZPPh,

(Ph PCH CH,).P and (thAsCHZCHz)ZPPh with both hydrogen peroxide and with

223
elemental sulfur. With the arsenic-containing compound, H202 gave

CH, ) P\O)Ph, but with sulfur only the phosphorus was oxidized to

2
give (thAsCHZCHz)ZP(S)Ph. Proton and 31P MMR spectra were reported. IR

(Ph AS(O)CH

spectra for the P=0 (1180 cm_l) and As=0 (884 cm—l) groupings were also
reported.

The polarographic reductions of Ph PO, n—CgH, . PO, and Ph,AsO were compared
[227]. Ph3Aso was unique in that it acted as a strong inhibitor at low con-
centrations, although it was reduced.

Although the reactions of both anhydrous and hydrated choramine-T with
triaryl derivatives of group V elements have been 1nvestigated by'e number of

workers, Padma and coworkers {2281 have found that chloramine~T reacted with

Ph3M compounds (M = P, As, Sb, or Bi) in acidified dioxane in a somewhat
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different manner. While Ph,P gave PhjPO, PhyAs gave PhjAsO-HC1, and PhySb L

3

3Sb012. The reaction of Ph3

The authors speculated that in each case the Ph MCl, compound wasqurmé& buﬁ

" gave Ph Bi resulted in c1e2vage'of,tﬁe C-Bi bond.
where M = P or As, the dichlorides were hydrolysed. In each case tﬁq eduiva:
lents of Chloramine;T were consumed per mole of Ph3M.

Shagidullin [229] has written an interesting paper on the effects of
substituents on organophosphorus and orgénoarsenic compounds on thg IR, Raman,
and UV spectrz of such compounds. The effects of such substituents in
p-substituted phenylphosphonates and arylarsine oxides of the type R,ArAsO
(where R = alkyl) on the IR P=0 and As=0 frequencies were correlated with
' H;mmett ¢ constants.

From UV spectra of these same phosphorus and arsenic compounds as well
as from UV spectra of tervalent P and As compounds, the authors concluded
that both the P- and As-containing groups, regardless of the valency of the
P or As, usually acted as electron acceptor groups.

It has been found that perbenzoic acid forms 1:1 crystalline adducts
with Ph3PO, Ph3As0 and with various pyridine oxides [230]. The adducts were
soluble in haloalkanes and were unstable at room temperature. The IR spectra
-of these adducts indicated that there were strong intermolecular hydrogen
bonds in these compounds, somewhat stronger than with benzoic acid and these
same Lewls bases.

Milidev [231] has compared the IR and Raman spectra of Ph PO and PhyAsO
~ with the IR and Raman spectra of a number of Group IV compounds. The spectra
were determinéd both in the solid phase and in benzene sélution. Vibratipn—
al assigmments were made by the use of empirical correlations observed from
the large number of Group IV elements studied previouély. Frequencies of
the X~-sensitive bands t, u, and x (Whiffen's nomenclature) ;ere corrélated
with the ;edugéd masses Ph-X and the electronegativity sums of the

" substituents.
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3As~in~"

In a péper [232] Aevéted to the,electrécﬁeﬁicél;éiidéﬁiéh'of,Ph
wet aéetonitrile in the presehge-of perchlofate, cﬁlofide,rand tetraflupfo- B
borate ions, it has been found that'wifh chloxide,ion& the compound fofﬁéd,
is Ph3AsoﬁC1,‘wheréas wpen-perchloréte was used aé ﬁhe,suppdrtingfelect%oly;e

(Ph,As0) ,HC10, was obtained by the partial reduction of Ph ASOHC10, , formed

3
initially by the anodic. process. VWith Etl‘NBF4 thercompound ob;ained was
Ph3ASOBF3. It was suggested that this was forﬁed by the loss of HF from
Ph3A30HBF4. In every case cyclic voltammetric curves were given and the peaks
in the curves accounted for by the mechanisms suggested for the oxidative
steps.

The reactions of Ph3P, Ph3 3 3

peroxide were investigated in a paper devoted to various reactions of this

As, Ph,Sb, and Ph,Bi with bis(trimethylsilyl)

peroxide [233]. Both Ph3As and PhéSb gave the corresponding oxides, Ph3Aso

and Ph3Sb0, but with Ph3Bi only the starting bismuthine could be recovered.

An ESR study of several new complexes of chromium with tertiary phosphine
and arsine oxides has been reported by Galeev and coworkers [234]. The glycols
ethylene glycol and pinacol were also used and took part in complex formation.

The arsenicals used were Ph_AsO in ethylene glycol and pinacol and Et3A50 in

3

pinacol, and structures were assigned to the complexes on the basis of the

ESR data. The general structure of these complexes is shown as XLIX.

- +
R, CO 0 _ O==XR'
2 ~— g - 3
r\“
R,C0— T~ 0=XR',
XLIX

(where R = Me or H, X = P or As and R' = Ph or Et)

A paper on the two bidentate iigands thAs(O)CHZCHzAs(O)Ph2 and
MeZAs(OSCHZCHZAs(O)Me2 has been reported by Brisdon and Cocker [235]. - Wiih
the phenyl compound [M(thAs(O)CHZCHZAS(O)PhZ)Z][0104]2 complexes éetg
obtained, whereas ‘withthe methyl coppoundvthé complexes were‘of‘théft?pé
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[M(fe ,As (0)CH,CH,As (0)Me,) 1[C10,1,. M was Co, Ni :or_ Cu and IR and visible
spectra as well aé magnetic susceptibility data.were given for all of the
compounds. No elemental analyses were given.

Sartotelli and coworkers [236] have described complexes formed between
such oxides as Ph3PO, Ph3A50 or pyridine oxide &nd manganese carbonyls. The
compounds were either salt-like such as [Mn(Ph3ASO)4I][cis~Mn(C0)412] or
covalent (tetrahedral or octahedral) such as Mn(Ph3ASO)IZ. Both IR and
magnetic susceptibility data were given.

Considerable work has been done on tertiary phosphine and arsine oxides,
R3PO and R3Aso, as donor ligands in coordination chemistry. Laskorin and
coworkers [237] have found that the substitution of alkyl groups for Ph
groups in the arsine oxides resulted in an increase in the election-donor
properties of these compounds. Increasing the length of the alkyl chain
also increased the election-donor properties. In these studies phenol was
used as the acceptor and the arsine oxides were better electron donors than
phosphine oxides.

Several papers have appeared in which triphenylarsine oxide has served
as a ligand for gold [238), manganese [239, 240], tungsten [241], and nine

lanthanides [242].

9. ARSONIUM SALTS AND ARSENIC YLIDS

The resolution of chirazl arsonium salts .has been -reported by~Lhe chemists
from Gatilov's laboratory [243]. The compound p—MeC6H4éiso—Bu)AsCl was con-
verted by KCN into the corresponding cyanide p—MeCGHQ(iso~Bu)AsCN. IR spectra
on this compound as well as elementary analysis confirmed its structure.
Oxidation with KMnO4 converted it to (p-H02CC6H4)(iso—Bu)As(O)COOH togeiher
with a complex mixture of products which were difficult to separate.
Quaternization with benzleromide gave [(p-HééCCéH4)(iso—Bu)06HSCH2AsCN]Br.

By reaction of this salt with D-(-)-dibenzoyltartaric acid and with L-(3+)-

dibenzoyltartaric acids, diastereomers were obtaimed which could be separated
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by reﬁeated fra;tiénal crystai;ization. B%-ﬁreatménﬁ of ;he diastergaﬁe;é'
with'NHgBr in MeOﬁ the.pure eyantiomers were obtained.’ [(+);C6H5032($$éf3u) .
p-MecéﬂaAsCN]Br gave [algo + 28.16 in methanol. The ) isomer:gayé‘ o
[3]20 = =28.54.. The corresponding enantiomerié perchlorates were also:
prepared and gave [a]go = +32.70 and -31.20, respectively. :
‘ 4 4 4ASCL have

been determined at various temperatures and at very low concentrations, and

The integral heats of solution AHS of Bu PBr,‘Ph PBr and Ph
the heat capagities of solution at infinite dilution Ac; were derived t244]a
These latter values were similar for Ph,PBr and Ph,AsCL but different from
that of Bu4PB:; The various possible structures of these ions in solution
were discessed in terms of the data.

A paper by Marticorena.and Nechtschein [245) deals with the Overhauser
effect and exciton motion of the arsonium salt [PhBMeAs]+(TCNQ); where TCNQ
was tetracyanoquinodimethane. A somewhat similar paper by Devreux and Necht-
schein [246] has also appeared.

Although GOboy irradiation of phosphonium salts was not successful,
irradiation of Ph4As+ salts ga§e species corresponding to the PhaAs species
in the ESR spectra of y irradiated tetraphenylarsonium salts [247]. ESR
hyperfine parameters and g~tensor components were listed.

In an interesting paper Tsentovskii and coworkers [248] have compared
the conductivities of sodium perchlorate and tetraphenylarsonium iocdide, both
in acetone. The conductivity of the arsonium salt was also determined in
nitromethane. Thermodynamic constants K, AG, AH, and A4S for the ionic dissocia-
tion processes were calculated and it was shown that there was no difference

in principle in the energetics of the dissociation processes between the
onium salt and the inorganic salts in acetone solution. The conductivities
were shown to be temperature dependent which was atrributed to a diminution.
of the dielectric constant of the solvent with rising temperature. étokes

radii for the ions were also calculated for Ph4A5+. The Stokes raidus was con-
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stant af all temperatures which implied that solvation interaction was absent
7By contrast,bthe Stokes radius of Na+ increased while the radii for I éhd
ClOA_ decreased with rise in temperature. A similar paper dealing with the
conductivities of arsonium salts of the type [PhZMeAsR][C104] (where R = Et,
n-Pr, iso-Pr, n-Bu, iso~Bu, Me, CcHyqs iso-CgH,;, C.Hy, and C3H5) in acetone
. has also apﬁeared [249].

In a short communication Horner and coworkers [250] have reported on
various factors which might influence the electrolytic cleavage of alkyl-

triarylarsonium and alkyltriarylphosphonium salts. The cleavage may occur

in two directions:

+2e Ph.M + RH
[ 't 3
+
[Phpm]
l t2e >  PhMR + CgHg
+H

Factors which influenced the direction of cleavage were temp:rature, cathode
material, solvent, and the size of the group R. Thus at 0°, 40° and 80% the
amounts of Ph3P and thPMe obtained from [Ph3MeP]+ with Pb as the cathode
material were 2% and 98%, 18Z and 82%, and 45% and 55%, réspectively. The
above results were obtained when water was the solvent. Somewhat different
results were obtained when MeOH was the solvent or when Hg was the cathode

material. The mechanism for the splitting was "believed to be as follows:

+ e
[?hR] > [PhMR]
[Ph3MR] > thMR + C6H5
[Ph3MR] > Ph3M + R
y - +
Ph + e + H > PhH -
R + ¢ + H > RH
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The- absorption of the oﬁium salt on' the cathode - and on the doqblé'laye: ﬁas;
discussed as a working hypothesis to explaiﬁ,the results. 'Thus°ét_1owér
temperatures it was predicted -that ?h2HMe would be the pfedominate~prdddct.“
In an article on fluoroimides, Glemser and Hﬁfepvizsi] have shown that

the imide L reacted with Ph,AsCl to form an arsonium salt:

HN=S(F2)=NSOZF + PhaASCIF_——9 [Ph4As][NESF2=NSOZF]

L

The IR and 1°F spectra of the arsonium salﬁ were given.

In an artiﬁle on force constants and mean amplitudes of vibration of
hexahalo ions of Groups IVA and VIA the tetraphenylarsonium ion was
among the various cations qsed [552]. .

A paper by Gouterman and Sayer [253] is devoted to the solution absor-
bance and luminescence of tetraphenyl compounds of Group IVA and the
tetraphenyl cations of P, As, and Sb. The lowest absorptionvband of these
compounds resembles benzene with one important difference; in henzene the
electronic origin is forbidden and all intensity is associated with a symme-
tric progression built on one mode of asymmetric vibration. In tetraphenyl
compounds the asymmetric vibration is relatively unaffected but there is an
increasing intensity associated with the symmetric progression built on it in
the series Ph,Pb < Ph,Sn< Ph,Ge< Ph,Sis PhB < Ph4Sb+< Ph,As’ < Ph,pt.
For the cations it is the electronic origin and the progression built om it
that give the primary source of intensity. The fluoresence and phosphore-
sence spectra were also discussed.

The rate constants and activation parameters for the alkaline hydrolysis
of a number of ammonium, phosphonium, and arsonium analogs of acetylchéline’
have been determined by Kunz [254]. The compounds were of the type
'[R3MCHZCHZOCOMe]+X-, vhere R was an alkyl, phenyl, or substitu;ed phenyl

group, M was N, P, .or As, and X 'was I or Br. Arsonium combounds prepafed,_
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were [Me AsCHZCHZOCOCE3]Br and [PhaAsCHZCHZOCOCH3]Br- Wth the exceptiop

3 .
of the two phosphonium compounds-the nature of the onium center had very 1it
influence on the rate of hydrolysis. A mechanism for the hydrolysis was sug
gested in accord with the experimental results. With the exception of ﬁhe
two phosphonium salts which were cleaved by an addition—elimination mechanis
the compounds were believed to be hydrolysed by a mechanism which involved

activation of the ester group through a 1,4~interaction of the alkoxy oxygen

and the onium center:

/ o\ /_\ou /on .

cE c — Me ci, c!>
! “ —_— l + CMe
CH .0 CH ”
2 . 2
@ .- ~.F
M M 0
7 I\ /"\\\
N—0
It has been found [255) that the nitrosolate ion RC { (&) can be stabi-
N—0

lized by such bulky anions as Ph4P+ and PhAAs+. Although these compounds are
ionic, the corresponding Ph45b+ can be either fonic or covalent (see the
Antimony Section). 1In a second paper [256] the crystal structure of a (CH3)41
nitrosolate was determined and the UV, NMR, and IR spectra of a number of
other nitrosolates including two arsonium salts were given.

Ion radical salts of arsonium tetracyanoquinodimethane have been widely
used in physical studies of ‘ion radicals. Semeniuk and Chesnut‘[257] have
reported on proton sSpin relaxation times for the ion radical [Ph3MeAs]+
[TCNQ]E,where TCNQ = tetracyanoquinodimethane, over the temperature range
90-370° K.

Chernokal'skii and his coworkers have published a number:-of papers on
trialkyl— and triarylalkoxyarsonium Sélts. Although [Ph3ASOCMé3]X, where

X = Cl or Br, have been isolated and characterized [258], attempts to isolate
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‘similar compoundéihave‘not‘beén sqccessful altﬁbugh their forﬁaﬁion»as,inter—
" mediates in the reaction of tertiary‘arsine oxides with alkyl halides has
- been postulated. Chernokal'skii and his coworkers [259]'have now isolated:
" and characterized by elemental analyses, lH NMR and IR épectra the compouﬁd
[Me3ASOHe]I by the reaction:

C H

Me,AsOMe + Mel —56, [Me3ASOMe]I

It was an extremely hygroscopic compound which reacted with MeCO_H to form -

2
[Me3ASOH]I; this compound is also found by hydrolysis of the methoxy compound.

With MesAso it forms a hydroiodide:

[Me3ASDMe]I + Me3ASO > 2 HesASO‘HI

This latter melts at 171-173°, whereas [Me AsOH]I melts at 155~156°. In the .

3
absence of more definitive data tﬁan m.p.'s, the difference between the two
compounds would seem to be questionable.

Because of the difficulty in isolating triphenylalkoxyarsonium. salts,
Abalonin and coworkers [260] attempted the preparation of arsonium salts
from Ph3Aso and haloacetic esters, chloroacetone, and chloroacetonitrile in
the belief that the donation of electrons from the carbonyl oxygen or the
nitrile nitrogen might stabilize the arsonium salt. Instead they isolated
only the triphenylhydroxyarsonium salts, in the cases where the halogens
were Cl or Br. With Ph3Aso and ICHZCOZEt either (Ph3Aso)2HI or (Ph3ASO)2HI3
was isolated. The reactions were also investigated by the use of differ-
ential thermal anmalysis.

The reaction of EtthAso with a variety of alkyl halides led predom—
inantly to the formation of esters of diphenylarsinous acid together with

much smaller amounts of diphenylhaloarsines [261]. The following reactions

were suggested to account for the products:

EtPh,As0 + RX > [thnmsoa]x > Ph,AsOR + EtX

2

[EtPh, AsOHIX > Ph

> > [thAslzo

ZASOR, + 'thAgxb
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In another interesting reaction the authors studied the reactions,beﬁween
Ph3A50 and haloacetic esters XCH2C02R or between Ph3Aso and CNCl. It was
expected that alkoxyarsonium salts would be formed. However, hydroxyarsonium
salts [PP3ASOH]X were formed in every case except where an excess of ICHZCOZEt
was used whea the product was [Ph3A30]2HI3. A reaaction mechanism to explain
these results was suggested.

In previous work [262] on alkoxyarsonium salts of the type [R3AsoR']x,

it had been suggested that these might be converted thermally into esters of

arsinous acids:

AsOR]Br —A-> PhEtAsOR + EtBr

PhEt _AsO + RBr —> [PhEt:2

2

The present work [263] showed that the thermal decomposition of hydroxy—
arsonium salts led to the formation of a number of products. Hydroxy-
arsonium salts were readily prepared and isolated as crystalline, hygro-
scopic products. The compounds prepared were [PhEtZASOH]X, where X = Cl1,
Br, I; [PhZEtASOH]X, where X = C1l and Br (the compound where X = I could
not be isolated); and [(n—C3H7)3ASOH]X, X =Cl, Br, and I. The thermal
decompositions were carried out in the range 180-200°, and volatile products
were collected and many of the products identified in the mixture by their IR
spectra. They were unable, however, to isolate pure products by vacuum frac-
tionation. The residue which remained in the flask was identified largely as
A5203. Among the identified products in the distillate were alkyl halides,
alcohols and dialkylhaloarsines. A complex scheme of thermal decomposition
was proposed to account for the products.

The alkali cleavage of allylarsonium salts has been studied by Horner
and Samaan [264]}. At 70-100° with an excess of NaOH allyltriphenylarsonium

salts are cleaved in part to Ph,As and allyl alcohol. It was suggested that

3
the mechanism involved an SNZ or SNZ' process. Thus crotyltriphenylarsonium
blromide gave 90Z Ph3As and crotyl alcohol with counsiderable amounts of methyl—

vinylcarbinol. Cinnamyltriphenylarsonium bromide gave 20% of PhaAs and
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cinnamyl alegohol but 80% of PhsAso-and B—methylst}rene.r'A numﬁer of different
allyltriphenylarsonium salts were studied in this mauﬁgr. The general reac-
tion was as follows: |

thRlAsCH(RZ)C(R3)=CR4R5 ~oge> PhR'As + HOCH®R?)C @®@3-cr*r®> +

R2CH=C(R3)COHR4R5

The unrearranged product usually predominated. Somewhat different results
were obtained at room temperature, in that allyltriphenylarsonium salts with
equivalent amounts of alkali were "isomerized to the propen§1 compounds which
then add water to give the 2-hydroxypropyltriphenylarsonium-salts. Thus,
allyltriphenylarsonium bromide gave [Ph3AsCH2CH(OH)CH3]Br which at higher
temperatures with excess alkali gave Ph3As and acetone.

The cyanolysis of 2-methylallyltriphenylarsonium chloride with KCN gave

the salt LI :

KCN

HZO

[PhAsCH,C (Me)=CH,]C1 >

Ph3As + [Ph3AsCH2C(Me)2CN]C1 + CH2=C(Me)CH20H

LI

The salt LI was hydrolysed by aqueous alkali to LII:

[Ph3AsCHZC Qe) 2COOH] c1

LI

Allyltriphenylarsonium salts reacted with methanolic or ethanolic NaOH to give
compounds of the type [PhsAsCHZCHLOR)CHB]X, where R = Me or Et. These were
cleaved by 10% NaOH to Ph,As and CH2=C(OR)CH3. In a continuation of this
work Horner and Samaan [265] have shown that diallyldiphenylarsonium bromide
reacted with aqueous sodium hydroxide to give a mixture of propenyldiphenyl-

arsine (18%), 2-hydroxypropyldiphenylarsine (31%), and the arsonium salt LIII.
References p. 198



178 - E ' : Sl

/
+///,CH£——CH\\\ _
Ph_As O Br

2
™~ CH2-—CH/

~Me

LIXY

Diallylmethylphenylarsonium bromide reacted in a similar fashilon to give the
corresponding methylﬁhenyl compounds. If dialiyldiphenylarsonium bromide was
allowed to react with 2% aqueous NaOH for 14 days the yield of LIII increased
to 90%. A detailed mechanism for the formation of LIII was suggested. Evi-
dence for the mechanism was obtained by synthesizing several of the inter-
mediates in the reaction scheme and showing that these could be converted to
LIII by aqueous sodium hydroxide. Electrolytic reduction of LIII gave the
arsine LIV, as well as-thAsCH2CH(0H)CH3 in 28% and 65%Z yields, respectively.
With HBr, LIII gave the arsonium salt [thAs(CHZCHBrCH3)2]Br.

In addition to diallyldiphenyl- and diallylmethylphenylarsonium bromide,
the reactions of triallylphenyl- and tetraallylarsonium bromides with aqueous

alkalil were investigated.

cH,cH— ¢

L

CH CH

PhA.
T Me
LIV

The triallylphenyl salt gave the cyclic arsine LIV, while the tetraallyl salt

gave compound LV at 100°.

(MeCH(OH)CH,, )A o "‘Br

v
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The arsonium salt LVi_(isolated as the perchlorate) was'bbtained b?rthe 'vat,
interaction of tetraallylarsonium bromide -and aqueous alkali. for 120 hours

‘at room temperature.

MeCHCH,, CH,CHMe

d - 2\As/ 2\o c10
N 4
Mecncui/// .‘\\*cuzcéke :

"LVI

In addition to thg above arsonium salte the reaction of diallyldiphenyl~-
phosphonium bromide with aqueous alkall was investigated.

In an interesting reaction Wolfsberger [266] has shown that the imiﬁes
R3P=NSiMé3‘reacted with RiPCl to give phosphonium salts of the type
[R3P=NP(R‘)2PR5101. in a similgr manner with RSAsCl the compounds
[R3P=NP(R')2ASR3101 were obtained. The 1E—decoupled 31p m épectra of the
compounds prepared were discussed in considerable detail. The 1H NMR spectra
were also considered.

The conformations of a number of phosphorus and arsenic ylids have been
determined by means of dipole moment studies by Lumbroso and coworkers [267].
The arsenic compounds studied were Ph3A5=CHCOMe, Ph3A5=CHCOPh,

Ph_As=CHCOC_H, Ph-p, Ph_As=CHCOC_H, Me-p, Ph3As=CHCOCGH4N02-p, PhsAs=CHCOZMe,and

3 674 3 64

Ph3As=NC6H4N02-p. it was found, for example, that the compounds of the type
Ph,GHCOC H,Y, where Y = H, Ph, Me, or NO,, 2ll possessed the eis-structure in

benzene solution:

Ph

H C
\\\C’// Q§0

AsPh3

The polarities of the P=C, As=C, P=N, and As=N bonds were also

determined from the dipole moment data. -

References p.. 198
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The dipole moments of a number of sulfonium, phosphonium, arsonium,
and stibonium cyclopentadienylides have been determined by Lumbroso and

coworkers [268]. The contribution of the ionic canonical form in the fol-

lowing scheme iIncreased in the order S< P< As:

OD-— [

an alkyl— or aryl-substituted sulfonium, phospﬁonium, arsonium or

(where X =
stibonium group)

The dipole moment of the stibonium ylid was abnormally small (2.2D for

triphenylstibonium tetraphenylcyclopentadienylide compared with 7.75D for
the corresponding phosphonium and 8.82D for the corresponding arsonium
compounds.) The dipole moment of the interesting compound LVII was deter-—

mined and was believed to exist exclusively in the ¢Zs form LVII.

LVII

The dipole moment of the stibonium ylid is also considered in the Antimony

section.

A number of papers have previously appeared from Lloyd's laboratory on

cyclopentadienylides; The present paper [269] is concerned with the prepara-

tion and spectral properties (UV and lH NMR) of a number of phosphonium, sul-

fonium, and arsonium ylids. A method for the preparation of 3,4,5-triphenyl-.

phosphonium cyclopentadienylides was found. The method was also'successful 7

,ffor‘the'preparatiod of triphenylarsonium 2—benzy1—3,4,Sftriphénylcyclapénta—



s
dienyli&e‘, 'b'ﬁt was nbtisucceésful for the prepariar_t:icrsnao.f arn\mbber'o'f‘r other . .
arsonium pﬁenyl—suﬁstituted cyclofeﬁtadienylides.i The'ﬁethod 1nv61védrchgfx
,decomposi;ion of diazoéyclépentadienes in the presénce of‘Ph3P‘or.Ph$A§:i It :
was found; héwevei,_thaf the addition of copper—bronzé catalysed the';eaé-. 
tion éqd tﬁa; the desired arsonium cyclopeuta&ienylides could be thus pre-
pared. The use of this catalyst'allowed_fhe reaction to be carried out at
much lower temperatures; e.g. in refluxing benzene, cyclohexanol, or »
ethanol. Sévera}. reactions, however, gave unexpected resultsr. Thus diazd- '

fluorene and Ph3As gave the ketazine LVIIT rather than the arsonium ylid.

54

LVIIT
An even more unexpected result involved the reaction of 2,5-diphenyldlazocyclc

pentadiene with Ph3As:

Ph Ph

= - :::AsPh3

Ph

As shown in the above:equation, there is a migration of a phenyljgroup fromri

Refezexic_esp.lBS o “ o . IR “
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the 5- to the 4~position. A mechanism for this migration was sugvested. Thg

2,4—compound was also prepared by the following independent route:

Sy

‘A method in which 3,5-dibromocyclopentene reacted with Ph3As to replace

Ph3A50 + Ac2 ——> [Ph AsOAc][OAc]

Et N
Ph Ph ——— Ph

the bromine atoms by the triphenylarsine moiety [270] has now been adapted to

the preparation of arsonium triphenylcyclopentadienylides from bromotriphenyl-

cyclopentadiene:
Ph Ph
Ph P~
Ph3As
Br — > = AsPh,
Ph Ph— /7

Triphenylphosphine, however, did not give the ylid but rather the reaction
underwent photodebromination.

The UV spectra of the di- and triphenylcyclopentadienylides closely
resembled the spectra of the corresponding, previously reported, tetraphenyl
analogs. ' It was found that triphenylarsonium and 2,4-diphenyl- and 2,3,5-
triphenylcyclopentadieylides underwent a2 small bathochromic shift in the
1onge:;=.t wavelength absorption maximum in CH‘,,_Cl2 when this solvent was used
in place of methanol. This solvatochromism had previously been observed
only with pyridinium, bismuthonium, and telluronium cyclopentadienylides.

The triphenylarsonium cyclopentadienylides reacted with p-nitrobenzal-
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dehyde to give ;he expected'fuivenes; Thé corrésponding phosphonium com-.
pounds did not react under these circumstances. B

Acetylation of bqth the phosphonium and arsonium 2,3,4-tri§henylcycld—
pentadienylides yielded acetyl compounds Qith the acetyl group in the 5-.
position.  With 2,4—substituted»§lids the triphenylphosphonium compound was
acetylated in either the 3~ or the 5-~position, whereas the arsonlum compound
was acetylated only in the 5-position, although the product was contaminated
with high molecular weight impurities. It was interesting to note that the
C=0 stretching frequency of the 2(5)~acetyl substituted products was extremely
low (1560-1570 cm_l), a fact which was attributed to contributions from the

canonial form LIX.

LIX

(where X = P or As)

The Vilsmeier method was used for formylating both the phosphonium and
arsonium ylids. Triphenylarsonium 2,3,4-triphenylcyclopentadienylide formed
a stable 5-formyl derivative, but the 2,3,5-triphenyl compound gave a formyl
derivative which could not be purified, although mass spectral data indicated
that the 4—formyl compound was formed.

Diazonium salts were found to couple readily with substituted (és well
as unsubstituted) phosphonium and arsonium cyclopentadienylides. Triphenyl-—
arsonium 3,5-diphenylcyclopentadienylide gave the 2-phen§laéo derivative; the

2,4,5~triphenyl cyclopentadienylide gave the 3-phenylazo derivative. It was

References p. 198
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concluded that electrophiiic substitution occdrfed preferentially in thg 2(5)-
position but when these positions were blocked the 3(4)-position cogld be
attacked. NMR spectra of the acid salts of the phosphonium and arsonium
cyclopentadienylides were obtained although the salts themselves were not
isolated and characterized.

In a paper devoted largely to N-(hydroxyphenyi)iminophosphoranes, the
arsenic compounds LX were described [271].

OH

Me3C N=AsPh3

X

R = t—C4H9 or CPh3)

2—4R—6—t—Bu06H20H with

Ph3AsBr2. These two compounds, as well as a number of similar phosphorus

The compounds were obtained by the reaction of 2-NH

compounds, were transformed into the corresponding radicals by the action of
light or oxidizing agents. Both the ESR and ENbOR spectra of these compounds
were obtained. Large 75As (as well as large 31?) coupling constants were
obtained. By consideration of both the couplin? constants and the lack of
hyperfine splitting components caused by the ar?matic substituents, it was
concluded that conjugation across the heteronuc?ei seemed prohibited.

In two long and involved papers Cadogan andiGosney outline the preparation
of triarylarsinimines R3As=NX and the possib%e use of triarylarsines as
traps for nitrenes. In the first paper [272] éhe preparation of a number of

triarylarsinimines was described. FPhotolysis éf phenylazide in the presence

of Ph3As did not lead to the formation of anyrérsinimine,but pentafluoro-

'
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phenylazide in PhBAs at 120° gave Ph3As=NC6F5.~ In a similar reaction.
2-azido-4,6-dimethylpyrimidine reacted with PhBAs at '1zo° in the presence of
copper bronze to give LXI.

Me
4
7
Ph3As=N-'
N
Me
LXTI

p-Nitrophenylazide, in wet dioxane, again in the presence of copper bronze,
gave a hydrated arsinimine which was formulated as p-N02C6H4NHAs(OH)Ph3.
The authors were unable to obtain an arsinimine from p-cyanophenylazide and

As to give the arsinimines Ph3As=NC02Et,

Ph3As. Other azides reacted with Ph3

Ph3As=NCN, and Ph3As=NSOZC6H4

In reactions of PhBAs with non-azide compounds, 3-phenyl-1,4,2-

Me-p.

dioxazolidin—5-one and the corresponding p-nitrophenyl compound gave, in the
presence of copper bronze, Ph3As=NCOPh and Ph3As=NCOCGH4N02-p, respectively.
The arsinimine Ph3As=NC02Et, previously prepared from Ph3As and ethyl azido-

formate, was also obtained from EtOZCNHOSO C6H4N02—p and PhsAs in the presence

2
of Et3N. Finally the arsinimine Ph3As=NSOZCGH4He—p (previously prepared from
chloramine—-T and Ph3As) was obtained from PhaAs and p-MeC H,SO,N, or from
Ph3As and p-CH3C6H4SOzNH0502C6H4N02—p.

In the second paper of this series Cadogan and Gosney [273] investigated
the reactions of PhBAs with acyl, sulfonyl, and phosphinyl amides in the
presence of lead tetraacetate. Some previous authors have suggested that
amines are oxidized by lead tetraacetate to nitrenes, although this
observation could not be confirmed by other workers. Since the present

authors had shown tifat Ph3As was a good trapping agent for nitrenes, they now
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investigated the reaction of amines witﬁﬁlead tetraacetate in the presence of
. ] .

'

Ph3As and indeed demonstrated that arsiﬁimines weré formed: .

P
!
i

Pb(OAc)A ?h As

RNHZ RN: ?h3A5=NR

i

That the reaction did not proceed by this mechanisﬁ, however, was demonstrated

by the lack of reaction of RNH2 with Pb(0Ac), in tbe absence of PhBAs, and
the authors demonstrated that an arsenic diécetateiwas formed as an inter--
mediate:

Pb(0Ac), RNH

PhyAs ——————> Phjas(0Ac), ——2—> Ph,As=NR

3

The diacetate could actually be isolated and chara?terized, and was then

shown to react with MeSOZNuz, p_MeCGHASOZNHZ’ and :PhCONH2 to form arsinimines.

p—N02C6H4CONH2 reacted only at higher temperaturesé(boiling CH2C12) to form
1

3As(OAc)2 was an inter-

mediate in the reaction of Ph3A50 with acetic anhyaride and MeCOCHZCONHPh to

the arsinimine. The authors also demonstrated that Ph

. COCH3 i

3As:C—CONHPh, by showing that the diacetate formed the ylid

by reaction with MeCOCH,CONHFh in boiling benzene.|
The authors then extended the reaction of Ph;Aso with'Ac,0 to demonstrate
|
that the resulting PhBAs(OAc)2 would react with aﬁides to form arsinimines:

form the ylid, Ph

Ac,0

I
i
|
Ph3AsO —§§§;—> Ph3As=NX§

(where X = MeSO PhSOZ, p-MeC_H,SO,, PhCO, p-ﬁ02C6H4CO, and PhZP(O) )

2 64772

It was also demonstrated that the above reaction proceeded by two different

pathways:
Ac20
r~———-—————9rPh3As(0Ac)2 ———viPh3As=NX
Ph_AsO
3 XNH T Ac20

) ’ L~ 2, Ph,As (OH)NHX
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Finally the authors studied the reactiomn of Ph,As and Pb(OAc)4 with

3
N-aminophthallimide. Again'it had been previously postulated that ‘the

phthalimide was oxidized by Pb(QAc)4 to nitrenes which subsequently reacted

with sulphoxides to give sulfoximides:
[0}
M
Pb (OAc) ) .
T R,S0 SO 2
2
i

It was found the phthalimide reacted with PhjAs and Pb(0Ac), to form the

interesting aminoarsonium acetate LXII, which existed in ionic and covalent

]
-+ —_—
Ph As—NHN ~ Ph31i&S‘NHN
OAc™ OAc
i
0

LXTI

forms:

The compound LXIT was hydrolysed to Ph,AsO and N-aminophthalimide. It could
also be formed by the reaction of Ph3As(0Ac)2 with N-aminophthalimide. In
contrast to other amides, however, N-aminophthalimide reacted rapidly with
Pb(OAc)4 in the absence of PhsAs, so that there was undoubtedly more than one
pathway for the formation of the product LXII. An attempt was also made to
isolate the intermediate arsinimine LXTIII which un&oubtedly was formed. This
compound, however, proved to be too hydrolytically unstable to be isolated

and characterized.
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LXITT

In a continuation of previous studies of the reaction of 2,5-pyrollidine-
diones with R3H (1t = P, As, or Sb), Leguern and coworkers [274] have investi-

gated the reaction of Ph3M ( = P, As, or Sb) with LXIV (R = Ph or CHZPh).

R CN
R c
0% >
N [a)
I
Cl
1XTIV

(where R = Ph or PhCHz)
The resulting compounds were found to be betaines with the resonant structure

LXV.

LXV

A mechanism'for the formation of these compounds based on the reaétion
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of LXIv:with Ph,P was suggested. }Furthei reactioﬁs of‘the_phospho:us com—
pound were also investigated. IR data onrtheiphosphoniﬁm, arsonium, and’ .
stibonium betaines were given. | . |

In a paper devoted to the crystal structpre of [Ph4P][CuCl;]> the iso~
morphous [PhAAs][Cuclal was also investigated [275]. All dimensions for
this compound were given. The preparation and IR ‘spectrum of.thé arsonium
salt [PhaAs][Re(CO)Q(NO3)2] have been described by Addison and coworkers
[276]. Assignments of various bands in the IR spectra were made. ‘An_
Inorganic Syntheses preparation [277] described salts of [UXG]Z- including
[PhAAs]ZEUClG] . The crystalline compound was obtained in a yield of
85Z and the purity relative to U(IV) was checked by absorption spectroscopy.

1%

The IR and Raman spectra of some anionic complexes of the type [M(CNO)4 s
where M = Ni, Pd, Pt, Zn, Cd and Hg, have been reported [278]. Among the

.cations was [Ph4As]+- The anion [Mn3(CO) has been isolated as its

161
[Ph4As]+ salt [279). Among a series of anionic ruthenium complexes the
tetraphenylarsonium compound [Ph&As][RuCl3(CS)(PPh3)]'2 Me,CO was prepared
and characterized [280]. IR and NMR spectra were reported. A number of
tetraphenylarsonium salts of platinum and palladium xanthates have been
reported by Cornock and coworkers [281]. Examples of such compounds included
[Ph,As][Pt(S,COEt),] and [Ph,As][Pd(S,C0) (S,COEL)].

An ESR study of the tetraphenylarsonium salt [PhAAs]3[RuY3], where Y was
the 1,1-dicyanoethylene-2,2-dithiolate grouping, has been made by Kirmse and
coworkers [282]. 1In the course of isolating several compounds conﬁaining the
ions [Ph23b013Y]_, where Y was a halogen or pseudohalogen,Bertazzi and
coworkers [283] obtained the arsonium salt [PhAAs][Ph28b013NCS]. This work
is described in greater detail under Antimony.

An X-ray structure determination of the tetraphenylarsonium salt ’
[Ph4As][ﬁ02Y]-6 H,0 (where Y = pyridine—z;6-dicarboxylic acid) hgsrbeen @ade

by Maréﬁgoni and coworkers [284]. Bond distances and angles for the cation

~
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were given. 1In a second paper f;om the same 1abqratory [285];a:crysta1 
structure of the compound [Ph4As]2[UY3]-3 HZO (w%ere Y was the séﬁe as in
the previous compound) was given in a preliminar§ form.

The crystai structure of the arsonium salt fPﬁ4As][Cu013] was reported
by Willett and Chow [286]. The geometry of the cfation was determined and
showed no unusual features. The As—C distances %veraged 1.91 2 and the
C—As—C angles varied from 107.9° to 111.7°. TheiESR spectrum of this com-—
pound was discussed in a more theoretical paper ﬂy the same authors {287].
The magnetic susceptibility of this same compoun4 was the subject of a third
paper [288].

In two papers devoted to thiocyanato and cyanato complexes of cobalt

{289] and nickel [290], the arsonium salts [PhéAs]Z[CoN(CN)Z(NCS)B],

[PhaAs][Ni(N(CN)2)3J, and [PhQASJZ[NiN(CN)Z(HCS)ZJ were prepared. IR, UV, and
magnetic measurements were reported.

One tetraphenylarsonium salt was included in an ESR study of copper(II)
maleonitriledithiolate anions [291]. Several [R4A51+ salts were included in a
study of the excitation and emission spectra of compounds of the type [RAMIZ
[MnKA], where M was N, P, or As, R was an alkyl group, and X was Cl, Br, or 1
{292]. The preparation and spectral_properties of the arsonium salts [PhAAs]
[Pd(HN—CEN)A] and [PhAAs][Pd(PhN—CEN)A] were described im an article by Beck
and coworkers [293]. In a paper devoted to copper(l) trithiocarbonates the

arsonium salt [PhAAs][CuCS3] was described and its IR spectrum was given [294].

The vibrational spectroscopy of the, arsonium salts [Ph4As][Ni(W0282)2] and
[PhAAS]Z[CO(WOZSZ)Z} as well as several phosphonium salts has been investigated
99

[295]. The emphasis was on the znion rather than on the cations. The Ru
M&ssbauer spectra of several compounds including [PhAAs][RuNBr4] have been
described by Gibb and coworkers [296]. 1In a paper on organothallium thio-
cyanates the IR spectrum of the compound [PhAAs][Mele(CNS)Z] was discussed

[2971. A gravimetiic method for the determination of uranyi ions was based on
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2L was.z,é—pico-

linic acid [298]. The use of Ph4AsCl or Ph4PC1 in che separation of rhenium

oxide ReOA from its ores by a flotation process has been‘theAsuﬁject of a

the precipitation of the complex [UOZLZ][Ph4As]-2 HZO’ where H

communication [299] and a patent [300].

The crystal and molecular structure of the compound [PhAAs][TeCIA(OH)]ﬁZO
has been determined by use of single-crystal X-ray analysis [301]. The dimen~.
sions of the PhaAs+ ion agreed well with previous crystallographic studies of
this ion. The crystal structure of the complex [PhQAs]Z[Cu(N03)4]CH2012 nas
been investigated [302}, but the structure of the cation was not discussed.

In 2 paper devoted to weak and unstable anionic bromo and iodo complexes
of transition metals Ryan [303] has described the preparation'of the complex
[Ph,As],[CeCl ). Borh [Phyas]” and [Me,N]" salts of complex lead anions such
as Ph3Pb(N3j; and Ph3Pb(N3)(NCS)_ have been prepared znd characterized by
Bertazzi and co—workers [304]. The reaction of Co(NH3)6Cl2 with CS2 in an

ammonia~saturated solution gave [Co(NH3)6][Co(CS ] which reacted with

3)2
Ph4AsC1 to give [PhQAslz[Co(CS3)2] {305].

10 COMPOUNDS WITH AS-S BONDS

The IR and Raman spectra of thAszs3 have been reported by Volka and
coworkers [306] and assignments of the various bands have been made. The

molecule has the structure shown in LXVI.

S

e

As As

N\, /

5——=5

Ph Ph

LXVI

G-F matrix calculations for the ring stretching vibrations were made.

In a study devoted to 3-coordinate copper complexes Tiethof and

References p. 198



192

coworkers [307] have prepared the complex [Cu(PhaAsS)3]BF4 from PhgAsS and
- IR data, elemental analyses,

and physical properties were given for this and other similar compounds.

Cu(BF4)2'6 HZO in ethanol saturated with SO

Complexes of the type MeZAsSZMn(CO)4 and MeZAsSZRe(CO)4 have been pre-—
pared by Lindner and Ebinger [308}. The IR, Raman, and mass spectra of the
complexes, as well as elementary analyses and physical properties, were
given. Assignments for the principal peaks in the IR were made, and struc-
tures of the complexes were discussed in some detail. It was found that one
mole of CO was lost when the complexes were warmed in a high vacuum and that
an axial CO group could be replaced by a pyridine group.

Chernokal'skii- and coworkers [309] have considered four different modes
of attack of nucleophiles on (alkylthio)arsonium ions of the type [R3AsSR']+,
and have investigated the reaction of water, alcohols, and amines on such
arsonium salts. The reaction of halide ions with these arsonium salts had
been investigated previously. Compounds of the type [R3AsSR']+ where R was
aliphatic were stable to hydrolysis and alcoholysis. Triphenyl salts, on the

other hand, gave 70-90% Ph3As which indicated a reaction of the type:

]+ > Ar_As + R'SE+

+ B 3

[Ar3AsSR'

With [Ph3AsSEt][BF4] and with [Ph3AsSMe][MeSO4], the compounds Ph3As0'HBF4

and PhBASO'Meﬂsoa, respectively, were isolated.

When [Ph3AsSEt][BF4] was treated with EtOH, Ph3A50 and Ph3ASO'BF3 were
isolated. Both in the reaction with HZO and with alcohol, formation of
sulfenic acid or its ester as an intermediate was postulated. The reaction

NH gave Ph

of [Ph3AsSEt][BF4] with Et2

3As and [EtZNHZ][BFA]' Similar results

were obtained with Et3N.

Chadaeva aad coworkers [310] have reported on the synthesis of compounds

) ] ]
of the type RnAs[S(CHZ)mSL(OR ) and RhAs[S(CHZ)mSiR where the R's

L
3]3-n 3]3—n

were a variety of organic groups, mostly alkyl or aryl, m was 2 or 3, R' was
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Me, OMe, or OEt, and n was 0, 1, or 2. Two different methods were used for -

the synthesis as shown by the following equations:

+ (3-n)HCL

> R As[S(CH,) (OR')31;

RnASClB-n + (3-n)HS(CH2)mSi(OR')3

11" T,
R As(OR™) 5 + (3-n)HS(CHy), SiR'; —> R As[S(CH,) SiR',], ~ + (3-n)R"OH

The first equation was used only for preparing the alkoxy derivatives (R =.ﬁt,
Ph, and SCH,CH,S; R' = Me and Et) whereés by the second equatiorn the two éom—
pounds PhAs[S(CH2)3SiMe3]2 and PhZAsS(CHZ)asiMe3 were prepared. In the alkoxy
compounds the Si-0 bond was readily cleaved by water but the As-S bond
remained intact. The compounds prepared possessed considerable fungicidal
activity.

New alkylthioarsonium salts of thé type [R3ASSR']X were prepared by

Chernckal'skii and coworkers [311] by means of the following reaction:

R3Ass + R'X —> [R3ASSR']X

The compounds prepared successfully were the following: R = Ph, R’ Me,

e
I

- . = = . = T =
MeSO, 5 (cyclohexyl), R'= Me, X MeSO4, R C6H11’ R Et,

R = Cglyy
= - = t = =
X BFA, and R = CcH; ., R Me, X = I.
The authors were unsuccessful in obtaining crystalline salts from
(p—MeC6H4)3AsS and Et3AsF. In the IR and Raman spectra of the new arsonium

1 were assigned to the As~S stretching vibration.

salts.bands at 420-440 cm
Sarquis and Zingaro [312] have reported on the synthesis and spectral proper-
ties of a series of S— and Se-dimethylarsino derivatives of pyrimidines and
purines. The pyrimidine compounds were prepared from the reaction of thio-

or selenopyrimidines with Me,AsNEt,, which was prepared in siti from Me,AsCl

and EtzNH. The compounds were of the type LXVII:

Rl
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where R was SisMe, or SeAsMe,, R’ was H or SAsMe,, and ﬁ" ﬁas H, Me, n~Pr
SAsMeZ. Elementary analysés, physical propérties and 1H MR, IR, and mass
spectra were given. The authofs were Qnable to prepare O- or N-arsinous a
defivative's from oxy- and aminopyrimidines. The dimethylarsinothio~ and
dimethylarsinoselenopurines were prepared by a similar proce&ure, except tl
the MeZAsNEt was prepared and purified prior to its condensation with the
appropriate thio— or selenopurine. The IR spectra of the various compound
were discussed in some detail and assigﬁments of bands were made.

In order to determine if the As=S grouping would act as the acceptor :
hydrogen bond formationm, Shagidullin and coworkers [313] have reported om
the IR spectra, the enthalpy of formation, and the association constants of
a number of mixtures of phenol and various triarylarsine sulfides. The
results were compared with Ph3PS and Et3PS, which were known to form weak
hydrogen bonds with phenol, and with Ph3AsO, all in their reactions with
phencl. It was concluded that the As=S grouping in these mixtures formed
more stable hydrogen bonds than the P=S grouping but less stable hydrogen
bonds than the As~O grouping. A plot of IR frequency shift vs. the Kabachni
o constants for the various substituted triarylarsine sulfides gave a straig

line.

11 MISCELLANEOQUS

In an interesting paper by Hellwinkel and coworkers [314] the spiranes
LXVIII were described.
‘In the case where M = P the naphthyl group was attached to P at the 1-
position and in the 8-position were such groups as H, F, €1, Br, Me, OMe,
and NMez, and in the case of the quinolyl groups it was attached to P at
the 8-position. In the case of M = As only five compounds were prepared,
viz. the 8-quinolyl compound and the a-napﬁthyl, 8-fluoro, 8-chloro- and
8-Me—a-naphthyl derivatives. On thevbasis of 1H and 31P NMR spectra it

was concluded that all of the phosphorus compounds possessed trigonal-
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(where M = P or As and R = a substituted a-naphthyl
or quinolyl group)

bipyramidal ground states (mainly at room temperature) and that the 8-X-1-
naphthyl group (where X was one of the substitutents previously mentioned)
was rigid and nearly parallel to the equatorial plane. As the temperature
was raised the molecule underwent pseudoratation as well as rotation of

the substituted naphthalene group. The barriers to pseudorotation AG# (in

kcal/mole) were calculated for the different molecules and found to vary

from 15.8 for the unsubstituted a-naphthyl group to "23.4 for the OMe group.

Similar results were obtained with the arsenic compounds, but the AG# values
were from 2-3 kcal/mole lower than for the corresponding phosphorus compounds.
An article on biclogical cycles for toxic elements in the environment

{315] considers the reactions of various arsenic compounds which might be
found in the enviromment. The article states that most arsenic compounds are
methylated and reduced by anaerobes and the resulting toxic arsines are then
oxidized to less toxic products. These, however, may in turn be reduced.
Thus, cacodylic acid is an intermediate in the biosynthesis of MeZAsH frdmv

inorganic arsenic compounds.
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A group of interesting arsenicals containing arsenic-transition metal

bonds has been formed by the following two cleavage reactions [316]:

AsMez

(CO) ,Fe Mn(CO), + L > (CO),FeAs (Me,)Mn(C0O) L
4 4 4 2 4

AsMe
(co)4Fe-————————-Co(co)3 + L —> (C0)4FeAs(Me2)Co(C0)3L

(where L = P(NMe P(OMe)a, PMe.Ph, and PPh

3)3s 2 3l

IR and MMR spectra of the compounds were discussed in considerable detail.

A cyclic arsenic compound containing a nine-membered arsenic ring, as
revealed by X~ray analysis, has been reported by Elmes and coworkers [317].
The compound was Crz(CO)G(AsMe)g. The arsenic ring was puckered, and six ¢
the nine arsenic atoms were linked to chromium. A similar compound
Hoz(co)G(AsPr)8 contained a chain of eight arsenic atoms terminally attache
to each molybdenum atom. The compounds were formed in thermal reactions
between the metal carbonyls and cyclic arsines.

Although Me_Ga reacts with Sn, Si, or Ge films at high temperatures (1

3
230°, and 285°, respectively) to transfer methyl groups to the films, the
reaction of Me3Ga with an arsenic film at temperatures as high as 340° fail
to give any methyl arsenic compounds [318].

The preparation of the two new arsacarboranes, BQCZHIlASPh and BSHBASZ
has been repcrted by Siedle and Todd {319]. The mass spectra, 1H and 11B N
spectra for these compounds were reported.

The synthesis of two new types of heteroboranes which were derived fro
7,8—CZB9H2;1and various organoarsenic halides has been reported by Smith an

Hawthorne [320]. These compounds were of the type RAsC239Hll (where R = Me

n—Bu, Ph and Br) and (R,As),C,BgH, (R = Me). T

2BgHy 1 B NMR data were given and

structures proposed for the new compounds.
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Carboranes of the type  LXIX were prepared by Zakharkin and Shemyakin

[321] by means of the following reaction:

CB, H, .CH CB. C. C

10710 CB, H CLi
107107 o Ve 10710 U
5 z

CH,,OCH 2 n-Buli 2

3 \ > CH3ocu'\ > cusoc\ /

CB, H CH
10710 CBloﬂlocLi : CBlOCIOC

(where CH3OCH(CB CH)zwas bis (o-carboranyl)methoxymethane and ZXZ was a

10H10
compound such as He281012, MeZSnClz, HeZGeclz, PhPCl2 and MeAsIz)

1ﬁ NMR data as well as elemental analyses for the new heterocyclic compounds

were given.

Boron compounds of the type LXX, where Z = MeZSn,'MezGe,-PhP, and MeAs,

were prepared [322] by means of the following reaction:

B. H
1010
/ .

Lic——;—Si (Me, )—C—C—LL + ZX, >C ——c\
Bioti0 Byotho Me,Si 2

lH NMR data as well as elemental analyses for the new compounds were given.
It has been found [323]} that the cationic complexes [(n—CSHS)Fe(CO)Z—

+ + . -
{(cyclohexene)]  and [g C7H7)HQ(CO)3] reacted with [IJ}GECHBlOHlo] and

with arsa- and phosphaboranes to form neutral complexes. The arsa compounds

used were [7,8-B9810A52] and [BLOHIZASJ . The arsenic compounds obtained
were (n-CgHg)Fe(CO),AsB, H,, and (n-CSHS)Fe(CO)zAsBQHlo. No attempt was
made to obtain a molybdenum complex of the arsaboranes. NMR spectra (llB

and lH)-as well as IR data were given.
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The preparation of a number of arsaboranes has beep diécussed in thev
first paper of a series devoted to Group V horanes [324]. The compound
7—BlOHlZAs— was prePared by several methods; the purest product was obtained
frpm AsC13 and decaborane in THF with Et3N as the base and zinc dust as the
-reducing agent. In the presence of a twofold excess of Et3N and excess
AsCl, 1,2—BlOH10As2 was formed. 7-B10H12As‘ reacted with Mel to give

BlOleASMe’ This compound readily lost a2 proton in dilute aqueous NH3 to

form the [B AsMe]” 1on, which could be precipitated as [Me4N][BlOHllAsMe]

10%1
The compound BloleAsPh was obtained from PhAsCl2 and decaborane in THF in
the présence of excess EtsN. The structures proposed for these compounds
were based largely on the 11B NMR spectra. IR and 1H NMR spectra were also
reported.

The extraction of fluoride ion from solution with organometallic com-
pounds of Groups IV and V as a function of pH has been discussed by Benmalek
and coworkers [325]. Although a triphenylarsenic dihalide was used, it
appeared to be less satisfactory than the corresponding antimony or bismuth
compound .

Glucose catabolism by monomorphic 7. brucei and pleomorphic 7. rhodesi—
ense and a-glutarate and pyruvate utilization by pleomorphic T. rhodesiense
were inhibited by trivalent organic arsenic drugs [326]. Trypanasome
pyruvate kinase was not inhibited by pentavalent organic arsenicals or by

sodium arsenite. The drugs used were sodium melarsen, melarsen oxide, and

Mel .
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