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1. BOOKS AND REVIEWS

Although no books or review articles devoted to arsenic or other Group V
representative elements have been published in 1971, several books and articles
included data on chemical or physical properties of organocarsenicals. 1In a
review article on the redistribution reaction, Moedritzer [i] summarized redis-
tribution reactions of organic arsenic compounds. In a report on the gpectro-
scopic properties of inorganic and organometallic compounds, such physical
properties as NMR, IR, and NQR spectra of organic compoﬁnds containing one or
more arsenic atoms were mentioned [2] . In a monograph on the thermochemistry of
organic and organometallic compounds, the rather scanty thermochemical data
on organocarsenic compounds were summarized ([3]. few organic compounds contain-—
ing As-Ge bonds as well as As-C bonds have been mentioned in a monograph on
organogermanium compounds [4].

In a review article from 1970 which appeared toc late to be included in the
1970 review of arsenic compounds, Davis and Gray [5] listed alkali metal and
magnesium derivatives of organoarsenic compounds together with similar alkali
metal and magnesium compounds of a number of other metals. A review article on
steric effects in substituted halocarbonyl derivatives of molybdenum and tungsten

included organophosphorus, arsenic, and antimony compounds as ligands [6].
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2. PRIMARY AND SECONDARY ARSINES

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

AsHl + Et,AsD

MezAsD + Et2

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

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

d,43 at 35° rate constants of 5.9 x 10> and 4.95 + 0.25 x 10 ° liter mole ' s~

respectively, were obtained. The equilibrium.constants under these conditions
were 1.335 % 0.020 and 1.2 £ 0.1, respectively. The rate of the reaction
‘between MeZAsH and (CF3)2AsD was found to be too fast to measure.

By the use of !%C-labelled methylcob(III)alamin and of 7“As-labelled di~
sodium arsenate McBride and Wolfe [8) were able to demonstrate that both whole
cells  and cell extracts of Methanobacterium strain M.0.H. were able to reduce
and methylate the arsenic to dimethylarsine. The methyl donor of choice was
shown to be methylcobalamin. The pathway involved the reduction of arsenate
to arsenite followed by methylation to form methanearsonic acid. The methane-
arsonic acid was then reductively methylated to form dimethylarsine.

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

three interesting arsines I, II, and III.

AsMeH sMe AsMe

AsMeH ‘AsMeH PMeH

I 11 11l

The secondary arsine I was prepared by treatment of the corresponding primary
arsire with n-butyllithium followed by the addition of methyl iodide. The
arsine II was obtained by cleavage of a methyl group .from o-phenylenebis(di-
methylarsine) by sodium in liquid ammonia. Approximately 15-25% of phenyldi-
methylarsine was obtained by the same reaction. The final product III was ob-

tained from o-dimethylarsinophenylphosphine.

?
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The PMR spectra of the compounds were of particular interest. Compound II
showed the presence of three magnetically nonequivalent methyl groups. The
spectrum of I showed two overlapping quartets due to nonequivalent protons
attached to arsenic in dl and meso forms.

King and Kapoor [10] have introduced a novel method of preparing polyter-
tiary phosphines and arsines by the addition of compoundé containing the P-H
or As-H bond to unsaturated linkages in the presence of a base catalyst.
Although this paper is mainly devoted to phosphorus compounds, the three organo-
arsenicals PhZPCHZCHZAsPhZ, PhP(CHZCHZAsPhZ)Z,and trans-Ph,PCH=CHAsPh, were
also prepared. The last compound was obtained from diphenylethynylphosphine
and diphenylarsine. Both 1 and 3!'P NMR spectra were given and all the com-
pounds were characterized by elementary analyses.

The base-catalyzed addition of both diphenylphosphine and diphenylarsine
to vinyl isocyanide in boiling benzene has alsoc been reported by King and
Efraty [11]. The arsenic product thAscHZCHZNC was & liquid obtained in 31%
yield. Both the phosphorus and arsenic compounds formed complexes with the
norbornadiene chromium complex C7H8Cr(CO)4 of the approximate composition
(PhZHCHZCHzNC)ACr3(CO)12 where M = P or As. The compound thAsCHZCHZNC was
characterize& by elemental analysis, molecular weight data, and by IR and PMR
spectra.

A series of compounds containing As-Sn bonde has been reported by Anderson
and Drake [12] . The organoarsenic compounds described were Me3SnAsHPh,
Me3SuAsMez, Me3SnAsPh2,

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

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

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

by IR, NMR, and molecular weight determinatioms.

3. TERTIARY ARSINES

A. Preparation

The preparation of three new ligands (o—CH2=CHC6H4)3M, where M = P, As, or
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Sb,‘has been reported by Hall and Nyholm [13]. They were obtained from the
Grignard reagent prepared- from o-bromostyrene and the appropriate MC13. Several
complexes were prepared by using these three compounds as bidentate ligands to
platinum.

Alrhough the customary method of preparing tertiary arsines employs Grignard
reagents and arsenic trichloride, other trivalent arsenic compounds can be used.
Kamai and co-workers [14] have prepared tertiary arsines from Grignard reagents and
triisopentyl arsenite. The yields were moderate (43.5-81.5%). Tris(p-ethoxyphenyl
arsine could not be obtained by this reaction while from o-tolylmagnesium bromide,
di-o-tolylarsinous acid was obtained. The demsities and refractive indices (but
no spectral data) for most cf the arsines prepared were listed.

The reactions of the dimethylarsenide ion with organic halides have been
found to be more complex than the analogous reactions of the diphenylarsenide
ion. Feltham and Metzger {15] have reported that NaAsMe2 reacted with o-di-
chlorobenzene to give a mixture of dimethylarsine (identified as dimethyl-
arsenic acid), o-bis{dimethylarsino)benzene, dimethylphenylarsine, 5,10-dimethyl—
5,10-dihydroarsanthrene, trimethylarsine, and methylbis(o-dimethylarsinophenyl)-
arsine. The last two compounds were not isolated from the reaction mixture but
were believed to be present because of certain peaks found in the mass spectrum
of the crude oil obtained after hydrolysis of the reaction mixture. The reaction
of NaAsMe2 with eis=-1,2-dichloroethylene gave a mixture of c¢is- and trans-1,2-
bis(dimethylarsino)ethylene, with the trans isomer predominating. 1,2-Dibromo-
ethylene and NaAsMe2 gave a mixture of bis(dimethylarsino)ethyne and l-bromo-1,2-
cis-(dimethylarsino)ethylene. An improved synthesis of ¢is-1,2-bis(dimethyl—~
arsino)ethylene by the hydroboration of bis(dimethylarsino)ethyne was described.
8~(Diphenylarsino)quinoline (as well as the corresponding phosphorus compound)
was prepared from NaAsPh2 (or NaPth) and 8-chloroquinoline. The mass spectra of
most of the arsenic compounds prepared were reported and fragmentation patterns

wére suggested.
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Kuo and Jolly [16] have studied the reaction of the AsH2 ion with aryl

halides. The overall reaction was:

3AsH, + 3PhX ———2AsH, + PhyAs + 33X~

2 3

When iodobenzene was the aryl halide no triphenylarsine was found and the only
organic arsenical isolated was tetraphenyldiarsine. The other products were
arsine, hydrogen, and benzene. With bromobenzene, in addition to arsine and
triphenylarsine, tetraphenyldiarsine, benzene, arsine, and diphenylarsine were
isolated. With chlorobenzene triphenylarsine but no tetraphenyldiarsine was

found. When KAsD, was allowed to react with bromobenzene essentially pure

2

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

in a study of coordination compounds of mercury(II) Sandhu and Singh [17]
have reported on the synthesis of three new tertiary arsines: Z2-carbomethox~
phenyldiphenylarsine, 2—-carboxmethoxyphenyldimethylarsine, and 2-carbomethoxy-
phenyldi-p—tolylarsine. They were all prepared by esterification of the corre-
sponding carboxyarsines with diazomethane.

Although quadridentate iigands such as.(o—Ph2A5C6H4)3As or (o—Ph2A5C6H4)3P
can be readily prepared, Dawson and Venanzi [18] were interested in obtaining
ligands in which different ligand groups were attached to the central atom of the
ligand. They have outlined a general scheme for preparing a variety of such

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

Iv.

|~

D | 2O

ASPhZ 2

IV
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The spin-decoupled 32p_{lu} MR spectrum of this compound was reported, and
chemical shifts of the Ewo phosphorus ;toms were assigned.

The cleavage of phenyl groups from triphenylphosphine, -arsine and —stibine
by an alkali metal is a well-known reaction. Braye and co-workers [19] have
studied the cleavage of phenyl groups by the action of an alkali metal on penta-
phenylphosphole and pentaphenylarsole- With the phosphole, the phenyl group

attached to the phosphorus was cleaved by Li, Na, or K to give the ion VM=19).

Ph Ph
7 N
P g b
v

In contrast pentaphenylarsole reacted with both lithium and potassium with loss
of arsenic‘and the formation of 1,2,3-triphenylnaphthalene. With sodium, however,
pentaphenylarsole behaved in a similar manner to the phosphole and gave the

ion V, M = As. The cleavage reaction was carried out in boiling toluene and was
followed by the addition of methyl iodide; the product isolated was l-methyl-
2,3,4,5-tetraphenylarsole. Oxidation of this arsine with hydrogen peroxide gave
the arsine oxide.

In a series of interesting reactions, aAng and Ho [20] have shown that big(tri-
fluoromethyl)hitroxide,(CFS)ZNO;reacted with tris(trifluoromethylarsine to form
three different products, (CF3)2N0As(CF3)2, [(CF3)2N0]2ASCF3, and [(CF3)2NO]3A5.
The first two products were formed when the reactants were allowed to react at
room temperature; the products formed depended only on the ratios between the
reactants. The third product, [(CF3)2N0]3As,was formed at a 6:1 ratio of (CF3)2N0
to (CF3)3A5 at a temperature of 70°. The IR spectra of the products were given
and assignments of the wvarious bands were made.

1,1'-Disubstituted ferrocenes have been difficult to prepare. Bishop and

co~-workers [21] have now demonstrated that ferrocene can be dilithiated in high
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yield by the use of n~butyllithium and N,N,N',N'~tetramethylethylenediamine. The
dilithiated product, which was pyrophoric, reacted readily with halophosphines or
haloarsines to yield the ferrocene diphosphines or diarsines. Thus  were prepared
ferrocene~1,1"'-bis(dimethylarsine), its mono- and dimethiodide and érsine sulfide,
as well as ferrocene-1l,1l'-bis(diphenylarsine), its dimethiocdide, and arsine

sulfide. Both PMR and infrared data were included.

B. Spectra
The absorption and the fluorescence spectra of the three heterocyclic
pentadienes VI, as well as the two related compounds VII and V11l have been

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

Ph, Ph Ph Ph

7\ 7\ 7 N\

V1 VII VIII

(a, M =N; b, M = P;
c, M = As)

there was considerable difference in the radiative lifetimes of several of the
compounds. The values of the quantum yield of fluorescence (¢) decreased in
going from VIa to Vic because of an increase in quenching efficiency with in-
creasing atomic number of the hetero atom.

The mass spectra of five derivatives of 5,10-dihydrophenarsazine have been
reported by Tou and Wang [23] . The results were quite similar to those reported
earlier by Earley and Gallagher [24]. Tou and Wang also studied the pyrolysis
of the phenarsazine derivatives and concluded that the pyrolytic decomﬁositions

closely parallel the jon fragmentations.

References p. 242



202 G.0. DOAK AND L.D. FREEDMAN

 The photolysis of di-t-butyl peroxide in the cavity of an ESR tube in the
presence of a variety of alkyl organometallic compounds resulted in an SHz reaction
at the metal center and the spectrum of the displaced alkyl radical could be
observed [25]. Among the compounds studied in this manner was - tri-n-butylarsine
and the radical observed was the zn—-butyl radical.

A study of the Midssbauer parameters of a series of adducts of tin(IV) halides
with nitriles or with tertiary arsines, phosphines, or arsines has been reported
by Cunningham, Frazer, and Donaldson [26] . The attempted preparation of adducts
between tin(IV) halides and tertiary stibines is reported in the Antimony
section. The arsenic compounds prepared were SnC14-2AsPh3, SnBr4-2AsPh3,
Sncl4-2AsEt3,and SnBr4-2AsEt3. The chemical shifts and quadrupole splitting
(when observed) for the various compounds were reported. The IR and Raman spectra
for the phosphine and arsine adducts were also reported. Although an increase in

“'quadrupole splitting of tin halide 1:2 complexes had been previously attributed
to a decrease in strength of the donor-acceptor bonds, no such relationship was
found with the arsine and phosphine adducts reported in this paper.

Zykova and co-workers [27] have examined the PMR spectra of the methyl and
methylene protons of a series of arsenic compounds of the type EtAsRR', where
R and R' were phenyl, alkoxy,and halogen groups, as well as ethyl groups. 1In
those cases where R and R' were both electrcn-attracting groups there was a
considerable shift of the § value of the methylene protons to higher fields.

The shift was less marked or zero when two ethyl groups were present in the
molecule. The protons of the methyl group were essentially unaffected and the
authors used the increment A = G(CHZ) - G(CH3) as a measure of the effect of
electron—-attracting substituents on the chemical shifts of the methylene protoms.
The chemical shift of the methylene protons of triethylarsine oxide was also
examined and found to have an intermediate value between those of triethylarsine
and tetraethylarsonium salts. From this result the authors concluded that the

+

As < Et_AsO < Et,As ,

“"positive charge' on the arsenic was in the order Et, 3 4
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In a previous paper [238] Yoder, Tuck, and Hess have reported on the 13c-n
coupiing constants of compounds of the type XC6H4M2 or XC6H4YMen where Y = C,
N, or O, and n = 3, 2, or 1, respectively. A plot of the coupling constants
vs. the Hammet o constants for the group X, gave straight lines whose slopes
were indicative of the ability of the group Y to transmit electrical effects to
X. The work has now been extended to compounds of the type XC.H,YMe, where
Y=Siand Ge and n = 3, Y=P or As, ©n = 2,and Y = S, n = 1 [29]. A number
of new tertiary arsines were prepared by standard methods and their chemical
properties reported. Unfortunately, because of inability to find common solvents
and because of poor correlation cocefficients the authors were unable to draw any
satisfactory conclusions as to the ability of the Group V elements to transmit
their electrical effects to the substituent group.

In a paper largely devoted to the UV spectra of organophosphorus compounds,
Shagidullin and Chernova [30] report on the UV spectra of two tertiary arsines,
p—MeC6B4As(n—Pr)2 and p-MéOC6H2ﬁ§%t2. In the spectrum of the tolyl compound

three bands were seen and were assigned as K, R,and B bands. The band lmax =
V245 nm, log € = 3.96 was believed to be associated with the n + 7* transition.
In the anisyl compound the K band was expected to exhibit a bathochromic shift,
the R band a hypsochromic shift. The spectrum of the compound revealed that the
K and R bands were combined. The R band was found to disappear when the anisyl
arsine was oxidized to the arsine oxide.

The IR spectra both in CCl4 solution and in perfluorocarbon or Nujol mulls
and the Raman spectra in the solid state and in CHC%Bsolution were reported for
(p-FC6H4) 3As s (p-ClC6H4) 3As » (m-FC6H4)3AS N (m-ClC6H4)3As s and also for the four
corresponding arsine oxides [31]. By considering the para compounds as possess—
ing sz symmetry and the meta compounds Cg symmetry, assignments for all of the
bands were made.

The preparationAof (m—FC6H4)3AS, (p-FC6ﬁ;)3As, Ow-ClC6Hé)3As,and (p~ClCGH4)3As

by a Grignard reaction has been described by de Ketelaere and co-workers [32].
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The arsines were oxidized to the corresponding arsine oxides by hydrogen peroxide
in acetone solution. The PMR spectra of all of the compounds were given and for

(p—FC6H4)3As and the corresponding oxide coupling constants were calculated.

Similar constants were also calculated for (p-ClCGH4)3As and the corresponding
oxide. The l9F NMR for the fluoro compounds were also given.

The mass spectra of triethyl-, tri-n-propyl- and tri-n-butylarsines and of
tetraethyl-, tetra-n-propyl-,and tetra-n-butyldiarsines have been reported by
Bogolyubov and co-workers [33] . The mass spectra of the trialkylarsines were
similar to other alkyl derivatives of Groups V and VI. There is a fairly intense
molecular ion followed by loss of a an2n fragment. After a second As-C bond was
brokep, a loss of arsenic led to the formation of a group of hydrocarbon ioms.
The mass spectra of the tetraalkyldiarsines were somewhat different from that of
the trialkylarsines. The energy of dissociation of the M-M bond in a series of
Group-v compounds (RZM-MRZ) and Group VI compounds (RM-MR), where R is ethyl

except for MezN—NMe » was compared with the energy of dissociation of the diatomic

2
molecules of the Group V and VI elements. It was concluded that alkylation
lowered the bond energy, particularly in the case of oxygen and nitrcgen.

In a paper devoted mainly to the preparation of phosphino acetylenes, Carty
and co-workers [34] have described two arsenic~containing acetylenes, thAsCECCF3
and PhZPCECAsPh3. The IR and mass spectra of the compounds were listed, and
suggested pathways for the fragmentations were given.

Both the ultraviolet spectxra and the ionization potentials as determined
by photoelectron spectroscopy of a series of unsaturated fluorocarbon derivatives
of N, P, As, and Sb have been reported by Cullen and co-workers [35]. Many of
the olefin compounds showed absorption in the low energy region which was
assigned either to an » + 7% transition or to charge transfer. The compound

As(CF=CF does not absorb in this region presumably due to delocalization of

23
the arsenic lone pair. The cig~ and trans-isomers of MezAsC(CF3)

showed significantly different UV spectra. The cis-isomer absorbed approximately

=C(CF3)H
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twice as intensely as the {rans-isomer and the absorption was more solvent
dependent. This result has been attributed to steric interactions in the excited
state.. The acetylene derivatives showed a low energy transition which has also
been attributed to a n -+ 7* transition. A high energy band in these compounds
was attributed to a m »+ 7% transition. The effect of structure on the ionization
potentials of several of these organoarsenic compounds was also discussed.

In a paper devated to the calculation of valence force constants and mean
amplitudes of vibration from available data for the compound As(CECH)B, Smit and
Dijkstra [36] considered both a linear and a bent configuration for the As-C=C-H
grouping and concluded that either model reproduced the observed frequencies
equally well. The fact that the As—C stretching force comnstant for As(CECH)3 was
somewhat higher than that reported for trimethylarsine may indicate some p, - d1T
bonding in the acetylenic compound, but this'would be somewhat less than in the
corresponding triethynylphosphine.

In continuation of earlier work on the electron~donor capacity of Group V
elements, ﬁpshtein and co-workers [37] have investigated the infrared spectra of
phenol when complexed with triphenylmethane and with compounds of the type Ph3M,
where M = N, P, As, or Sb. The infrared spectra suggested two types of bonding,
namely a 7—-complex between the phenolic hydrogen and the # system of the Ph3M
molecule and a "p-complex" between the phenolic proton and the heteroatom. The
energies cf formation of both types of bonding were calculated; the energies

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

C. Use as lLigands
The cleavage of bis(dithiolene)-iron dimers by a number of Lewis bases to
form five-coordinate adducts has been reported by Balch [38]. Among the bases
studied were both triphenylarsine and triphenylarsine oxide,,
Cheney and Shaw [39] have isolated dl and meso forms of the complexes MXZLZ,
where M = Pt or Pd, X = C1, Br, or I,'and L= (PhHeAsCHz)z. Both modifications

(where X = Cl) reacted with methyllithium to give the corresponding dimethyl com-
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poundS'MMesz. The latter compounds underwent oxidative addition reactions with
methyl halides, acetyl halides, and allyl chloride to give compounds of the type
MMesz(R)X {where R = Me, MeCO, or CH2=CH—CH2).

The two interesting compounds ferrocene-1,1°'-bis(dimethylarsine) and ferrocen
1,1'-bis{diphenylarsine) have been prepared and studied as ligands to the transiti
metals Pt, Pd, and Ni [40]. The bis(dimethyl) compound, wher in excess, formed
complexes in which the Pt or Pd was five or four coordinate, whereas the more
sterically crowdeé bis(diphenylarsine) formed only the simpler complexes LPtX, and
LPdXZ. The only nickel complexes prepared also contained a CO ligand.

Three new tertiary arsines for use as ligands in coordination chemistry have
been reported by Chiswell and Verral [41]. 1l1-Amino-2~(diphenylarsino)ethane was
prepared from l-chloro-2-~(diphenylarsino)ethane by means of the Gabriel synthesis.
The two compounds o-dimethylarsinoaniline and o-diphenylarsinoaniline were both
obtained by the same method, namely the reaction of the Grignard reagents MeMgl
or PhMgBr with the anhydride [C6H4AS(NH)]20. The latter compound was obtained
by hydrolysis of o~dichloroarsinoaniline hydrochloride with aqueous ammonia, and

refluxing of the product with ethanol. The anhydride was formulated as:

NH —

QL .~
As/ ——HN

Although trialkyl- and triarylstibines have frequently been used as ligands
in coordination chemistry, relatively few stibines have been synthesized for use
primarily as ligands. Cook, McAuliffe, and Meek [42] have reported on the
synthesis of dimethyl(o-dimethylarsinophenyl)stibine. The details of the
synthesis as well as wention of several coordination compounds of this ligand
wiﬁh nickel compounds aré more fully described in the Antimony section.

Both arseﬁic and phosphorus compounds have been prepared which serve as

quadridentate ligands to metal atoms. Often the structural and physical proper-
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ties of the complexes are not readily accountable for by a consideration of only
the electronic properties of the donor ligands. With such a view in mind Dawson
and co-workers [43] have analyzed the effect of geometric factors imposed by the
ligand structure on the properties or on the preparation of a group of quadriden-
tate ligands of the type L'(o-CGHALR2)3, where L and L' were such atoms as N, P,
As, and Sb, or of the type L'(o—C6H4LR)3, where L' is P and L is S or Se. The
authors arrived at a set of match or mismatch parameters of these tripod ligands
compared with some monodentate ligands.

A number of interesting compounds derived from an(CO)10 and a group of
arsenical ligands of the type MezAsX have been reported by Grobe and Kober [&4].
Thus, the compound an(CO)eAsMeZI was readily prepared from MeZAsI and MnZ(CO)IO’
but the corresponding compounds from MeZAsBr and Me2A501 could not be prepared
directly. Two other ligands which did react with M’nz(CO)10 to give compounds of

the type an(CO)SAstY were Me AsP(CF3)2 and (CF3)2ASPMe2. The iodine in

2

MnZ(CO)SAsMe I was readily replaced by reaction with various compounds to give

2
other derivatives of the type an(CO)sAsMeZX, where X was SCF3, SMe, Cl, H, or
PHez.

A large number of other papers describing the use of tertiary arsines as
ligands have also been published. The metals coordinated to the arsenic in the
complexes included chromium [45~52}, cobalt [49, 53-61], copper [62-69],
gold [70-73], iridium [74-83], iron [49, 57, 84-88], manganese [45, 57, 89-91],
mercury [92], molybdenum [45-47, &9-52, 94-100}, nickel [49, 101-107],
osmium [108, 109], palladium [110-122], platinum [il0, 113-115, 118, 119, 123-139],
rhenium [89, 94], rhodium [78-80, 82, 116, 140-147], ruthenium [85, 148-155],
silver [73, 156], tin [157], vicanium [157], tungsten [45-47, 49~52, 96], and

vanadium [158] .

D. Other Chemical and Physical Properties
Gatilov and co-workers, who have contributed many articles on the optical

activity of tertiary arsines, have reported [159] on the optical activity of the
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three (ethylphenylarsino)benzoic acids, 0~, m- and p-HOOCC6H4AsEtPh, together with

the methyl esters of these compounds. With the acids the [u}%O was in the order

0, +18.36; m, +16.63;and p, +12.75. The corresponding (-) enantiomers gave similar

absolute values. A similar decrease in activity in going from ortho to para was

noted for the methyl esters. Thé authors attributed this decrease in optical acti-

ity to an increase in the distance of the substituent from the center of assymetry
Gatilov and co-workers [160] have also prepared (ethylphenylarsinojacetic

acid by oxidation of allylethylphenylarsine with either potassium permanganate

or hydrogen peroxide followed by reduction of the arsine oxide by sulfur dioxide.

In addition to the arsinoacetic acid, the corresponding 1,2-propanediol

EtPhAsCH, CHOHCHOH and the epoxy compound EtphAscuZ??;SHZ were obtained in small

2
yield. (Ethylphenylarsino)acetic acid was resolved by means of the diastereomeric

salts formed with (~)-c-methylbenzylamine. Only the (+)-EtPhAsCH,COOH, [u.]%o =

2
+2.65, was obtained. Oxidation of this optically active acid with hydrogen
peroxide gave the racemic arsine oxide, but reaction of the active acid with
sulfur gave an optically active sulfide, [a]%o = +3.98.

In a paper devoted to the optical activity of organic compounds of the
Group V elements, Kessler [161] discussed the optical activity of tertiary
arsines and of arsonium salts.

Based on Pauling's assumption that zero or very small electronegativity
differences between atoms should give little or no dipole moments in compounds,
Faget and Mauret [162] have calculated an apparent moment due to the contribution
- of the lone pair of electrons in the hydrides PHB’ AsH3, Sng and the alkyl
derivativesrRBP and R3As. A plot of the percent p-character for the bonds involved
vs. the lone-pair dipole moment gave a straight 1ine which passed through the

origin.

4. AMINOARSINES
The reaction of arsenic trichloride and of methyldichloroarsine with amino-

alcohols has been utilized by Sommer and co-workers [163] for the preparation of
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interesting arsenic heterocyclic compounds. Most of the compounds do not contain
a C~As bond, but the reaction of methyldichloroarsine and ethanolamine led to the

formation of bis{(2-methyl~1,2,3-oxarsazolidino)methylarsine (IX).

i

~as”
l Me [
Me Me
IX

The compound was characterized by elementary analysis and molecular weight.

The reaction of dialkylaminodimethylarsines, RZNAsMez, where R = Me or Et,
with B-propiolactone resulted in alkyl-oxygen cleavage and formation of the
adduct MezAsOZCCHZCHzNR2 [164] . The adducts were sensitive to protic solvents
and were cleaved by methanol to give methyl dimethylarsinite which was identified
as dimethylchloroarsine after treatment with hydrogen chloride. Treatment of
8-propiciact me with dimethyi(pyse.siiden tusaias sive poly-8~propiolactone in

90% yield.

fhe study was alsc extended tu che -l fi:n ot dialkylaminodimethylarsines
and munusubst:tuted ethylene oxides. The rec.tion proceeded in the following
manner :

NR

2

1\122A5NR2 + R'CH-=CH - —=Me ASOCHR'CH
\ 4 < 2

0
PMR data on the adducts and the degredatien products produced when the adducts
were treated with methanol followed by hydrogen chloride in ether were used to
establish the structure of the addu.ts=. The contormation of the adducts
produced from 1,l,l-trichlore-2,%~epixypropane und several dialkylaminodimethyl-

arsires was leduced irom the PMR :i.it.a.
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5. 'HALOARSINES

Tertiary paelyfluoroalkylarsines were readily prepared by the reaction of

AsF3 with fluoroclefins in the presence of SbF_ [165]}. Thus, AsF

5 3
gave a 427 yield of (CFBCH2)3As. Other arsines prepared by this method were
(CFBCHF)3AS and (C2F5)3As. The latter compound was obtained from CF

and CF2=CH2

2=CF2 and

ASF, which also gave a 30% yield of (CF2CH2)2A5F

Very similar work to the above has been described iu a British patent [166].

The catalyst in this case was SbF Thus, CF,=CF, and Asl-"3 gave (CF3CF2)3AS and

3" 2 2
(CF3CF2)2ASF. Similarly, CF2=CFC1 and ASF3 gave (CFBCFCl)zAsF.

The infrared spectra (from 4000 to 33 cm—l) and the Raman spectra of the

cocmpounds MeAsCl MeAsBr MeAsIz, and CD A512 khave been reported by Durig and

2? 2° 3
co-workers [167] On the basis of Cs symmetry for these molecules, all of the

fundamental vibrational frequencies were assigned. The barrier to internal
rotation for the molecule MeAsBr2 was calculated to be 461 * 30 cm.-l or
1.32 * 0.08 kcal/mole.

In continuation of previous work on heterocyclic arsenic compounds, Sommer

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

chloroarsines.

2 2 y) 2
\As——O——As/

Hzc——cnz/ Ncu —CH,

X
H.,C——CH cH, ——CH
2 2 2 2
nzc/ \As—o-—As/ \cu2
\\‘CHZ 2// \\\Cﬂz j//’

XI

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

aminoarsine gave XII which was readily hydrolyzed to X.
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_Cus——CH,
MezN——AQ\\\
CH;—CH,
XI1

The oxides X and XI were also obtained, but only in low yields, by the action of
the Grignard reagents obtained from 1,4-dibromobutane or 1,5-dibromopentane and
finely powdered arsenic(III) oxide. The two oxides X and XI were readily
oxidized with hydrogen peroxide to the corresponding arsenic acids.
1,4-Diphenyldiarsenane .rezcted with AsC]A.3 in a sealed tube to give 1,4-dichloro-

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

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

CH ;e CH ——CH,, -
s N MeOH A2 00—
e ——————— e M T —— N
ClAs\ /ASC]. NaHC03 As /AS
CH ;~——CH,; H,——CH;
XIII XIv

The previously prepared 2,6~dichloro~2,6-diarsabicyclo[3,3,0loctane (XV) reacted
with H,0, H)S, or MeNH, tc give the tricyclo compounds XVI.
/CHZ— G CHZ\
ClAs

AsC1l

C.'H?_—'— CH— CH2

XV
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6. OTHER TRIVALENT ARSENIC COMPOUNDS

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

e}

L@/R
XVII

stabilizers for polyvinyl chloride, have been obtained by the reaction of 10,10'-
oxybisphenoxarsine with phenol or with substituted phenols [169].
A second patent describes the preparation of phenoxyphenylphenoxarsines

XVII] from the reaction of 10—ch16rophenoxarsine with the appropriate phenoxy-~

o

Ph
XVIII

phenylmagnesium chloride [170]. The compounds were useful as fungicides,
herbicides, and insecticides.

In a étudy devoted to the bactericidal and other antimicrobial properties
of compounds which react with thiol groups, the two compounds p—RC6H4As(SCHZCOZH)2,

where R = Cl or NHZ’ were shown to have a broad spectrum of antibacterial

activity [171].

In a continuation of previous studies dealing with the reaction of alkyl
halides with esters of dialkyl- or alkylarylarsinous acids, Abalonin, Chernokal'ski

and co-workers [172] have examined the IR and proton NMR spectra of the products
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and concluded that, contrary to previous statements, the products were tetraalkyl-
or trialkylphenylarsonium salts.

In a study of azides of the type MeZMN3, where M = As, Bi, or T1l, Miiller [173]
prepared azidodimethylarsine by the reaction between dimethyliodoarsine and silver
azide. The compound was a colorless liquid, b.p. 136°, and was monomeric in
benzene. The IR and Raman spectra of the compound were reported and confirmed
the monomeric structure.

When trigermylarsine (GeH3)3As was allowed to react with dimethylchloroarsine
in a vacuum line at -78°, chlorogermane was evolved [174] . The postulated reaction

was:

(GeH3)3As + MezAsCl-————a-MezAsAs(GeH3)2 + GeH3Cl

The Me AsAs(Ge}l3)2 was not isolated or otherwise characterized. On warming to

2
room temperature, MeZAsGeH3 and a yellow solid were obtained. The yellow solid
was believed to he (GeHSAs)n where n = 5.

In a preliminary communication Anderson and Cragg [175] reported on the mass

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

X=0o0or Sand Y=0o0r S; or X =0 and ¥ = NMe; and R = Ph, Et, Me

[ x\ASR

N

2N, or EtzN).

XIX

In all compounds the R was readily lost to give an "arsenium" ion. This ion
must be quite stable and generally exceeds the parent ion in intensity. When R
was phenyl, a rearrangement occurred resulting in the formation of the tropylium
ion.

In describing a series of thiodimethylboranes of the type R,SBMe, and the
reactions of these compounds, Vahrenkamp [176] prepared the arsenic-cdntaining

borane Me,AsSBMe,. It was obtained by the reaction between (MezAs)zs and szBI:

References p. 242
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(}Ie2As)ZS + Me + Me,AsI

23 Ay~ QRN
BI -—-———-9}1._2.\..“.3..82 o

2

It was also prepared from the tin compound. but the two products could not be

separated by distillation:

2 . Me. ASSBM
MeZAscl + Me3SnSB“le2 ~—>xie.¢_a=.SBde2 + Me3SnCl

A study of the dipole moments of a nuwber of 2-substituted 1,3-dioxaarsole

compounds of the type

(where X was Cl, Ph, or D-NO?C()H:‘. and the R groups were either H or Me) led to
the conclusion that the most favovable ring conformation was a chair form with
the X group equatorial [177}.

The chemical reactions of m-carbaa:sabsrane (m—BloﬁloAsCH) were reported by
Zakharkin and Kyskin [1781. The tompound was rcecadily metalated by phenyllithium
and the preduct converted to the asid = -BIOHLOASCCOOH. This acid gave an acid

chloride with }?Cl5 which underwent a Fracdel-Crafts reaction to give the ketone

m—BlOHIOAsCCOPh. Twe other kerone: sve.on:-i from the acid chloride were

m-B].OH].OASCCOCBIOHlOCME—m and m—BlOHIOASCCOCBlOHIOP_m' The ketone m—-BlOHloAsCCOPh
was readily cleaved by catalytic amounts of sodium ethylate in ethsnol or wi

HaOH in ethanol:

(’)Et
EtONa €
- ——————5e 1] — Cms
m~B, (H, (ASCCOPh S m~B, oH, jASC—C—Fh
Gh
~———> m-B,H; ASC  + PhCO,Et
m~B ASC™ + EtOH—3»m—B H, AsCH

10t10 10
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- i ielded
Cleavage of the ketone m BlouloAscc00310H100Meqw with NaOH and ethanol yielde
m-B. H. _AsCH and m-MeCB, H., CCO_Na. Fran this latter result it was conclued

10710 10710 2

that the m-carbaarsaborane system was a stronger electron acceptor than the
m—-carborane system. A similar cleavage of m—BloHloAsCCOCPBloHlo-m indicated
that the m-carbaphosphaborane system was a stronger electron acceptor than the
m—-carbaarsaborane systen. The pK, of the m—carbaarsaboranecérboxylic acid
was found to be 3.27 % 0.05 in 50% alcohol.

The report of an unsuccessful attempt to prepare mixed esters of the type
RAs(OR')SR" by several types of reaction has been given by Chadaeva and co-
workers [179] . For example, the reaction of PhAs(Cl)OEt with EtSNa gave a

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

oxathiaarsolane were obtained:

— ——S
C s\ CH, N
AsCl + NaSR ———» ‘AsSR + NacCl

0 CHZ————O

The interesting compound PhAsClSN3 was prepared by the reaction of chlorine
azide with phenyldichloroarsine in carbon tetrachloride solution [180]. The
chloroazide was unstable at room temperature and slowly evolved chlorine and

nitrogen. The decomposition was accelerated at higher temperatures but the

reaction was not explosive:

PhAsCl3N3-————i-PhAsCIN + Cl2 + N2

The product PhAsClN was best prepared at 100° in wvacuo. 1t was a glass which
occurred as a trimer in benzene solution. In the IR spectrum of this compound
a poorly structured band between 960 and 1020 cm.l was explained in terms of
extensive As-N 7 bonding. A six-membered ring structure with alternate As and
N atoms was assigned to the compound, but the ring conformation could not be
detefmined on IR data alomne.

Sil

The reaction between MeaﬁiPHZ and (CF3)2PI or (CF3)2AsI to yield Me 4

References p. 242
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and (CF3)2PPH2 or (CF3)2A5PH2 has-been reported by Demuth and co-workers [181],
-but unfortunately they were unable to obtain pure products by fractional
distillation since the reactants and products possessed similar boiling points.
Accordingly,; the products were characterized in the impure state by means of

'y, 19p and 3lp WMR spectra. The two compounds (CF,) ,PPH, and (CF,),AsPH, were
rapidly oxidized in the air and decomposed at room temperature in the

absence of air to give (CF3)2PH or (CFB)ZASH and a polymeric phosphine.

Although compounds of the type RAs=AsR (analogous to the azo compounds) are
unknown, Elmes, Leverett, and West [182] have shown that the compound C6F5AsAsC6F5
can exist when bonded to an iron atom to form the complex Fe(C0)4(A5CGFS)2. An
X~-ray analysis of the complex showed that the arsenic compound was acting as a
bidentate ligand. The As-As distance was considerably shorter than the As-As
distance found in (AsMe)5 and (AsPh)G. The reactions of (AsMe)s, (AsEt)S, and
(AsPh)6 with iron pentacarbonyl and of (AsMe)5 with dimanganese decacarbonyl have
also been described {182a] .

Although the compound (M’ezAs)ZS2 has been known for over 100 years, it had
always been assumed to poésess the structure MezAsSSAsMez. However, in 1964
Camerman and Trotter [183f established that the compound possessed the structure
MezAs(S)—SAsMe2 by means of a single-crystal X-ray analysis. Zingaro and co-~

workers [184] have now shown by means of PMR and IR studies that the compound in

solution exists as an equilibrium mixture of both compounds:

Me,As (S)—SASMEZ: Me,AsSSAsMe,

The relative intensities of the peaks in the PMR were found to vary with the
solvent, concentration, temperature, and the time elapsed between preparation of
the éolution and the PMR measurement. Thus in most cases the spectra showed
three peaks; the peaks at §2.10 and 1.50 ppm were of approximate equal intensity
with a third peak at 1.36 ppm which varied widely with the solvent used. The IR

spectra of the compound in CCl4 aand in CZHZCI4 was found to change as the
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temperature was raised and this was interpreted as a shift in the equilibrium
towards the disulfide form. By the use of the PMR data at several temperatures
and concentrations the equilibrium constants, enthalpy changes, entropy changes
and the free energy changes for the equilibrium were calculated. A suggested
mechanism for the reaction to give the two species was given.

In an extremely valuable paper Ashe [185] reported the preparation and
spectral properties of phosphabenzene (phosphorin) and arsabenzene (arsenin).
The arsenic compound was prepared from 1,4-dihydro-1,l~dibutylstannabenzene and
arsenic trichloride, and the product was isolated by distillation and purified

by glpc techniques:

The arsenic compound was an air-sensitive liquid. The PMR spectrum and the mass
spectrum were in agreement with the assigned structure. The UV spectrum showed
two intense bands at 219 and 268 nm with a shoulder at 305 nm which the author
tentatively assigned to an n + w* transition.

A three-dimensional X-ray crystal structure study of the 4-membered ring
compound (CFaAs)4 has been reported by Mandel and Donohue [186] . The intra-—
molecular distances and angles were given. The ring was slightly distorted from
planarity and the As-As-As angles were 83.6°. This distortion was ascribed to
relief of Pitzer torsion strain.

Some reactions of bis(dialkylarsenic)oxides have been reported by Kamai
and co-workers [187] . The reaction of bis(diethylarsenic) oxide with PhCOCl gave
a mixture of Et_AsCl and EtZASOCOPh. Bis(diethylarsenic) oxide reacted with

2
ethyl iodide to give EtaASI as well as EtzAsH and EtzASOEt. The reaction of
bis(diethylarsenic) oxide with methyl iodide gave diethyldimethylarsonium
iodide. The reaction of bis(di—n—propylarsenic) oxide with methyl iodide gave
a product which reacted further with magnesium perchlorate to give dimethyldi-»n-

propylarsonium perchlorate.
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7. ARSONIC AND ARSINIC ACIDS

A number of arsonic acids (XX and XXI) derived from substituted benzothiazoles

and naphthothiazoles have been reported by Panigrahi and co-workers [188].

N.
\>—NH ASO3H2
R
XX
N, X
AN
O S/“"“‘*‘@ 45034

XX1

The compounds showed very little antiamoebic activity against a virulent strain
of Entamoeba histolytica.

Irgolic, Zingaro and their co-workers at Texas A and M University have
developed methods for preparing dialkylarsinic and alkylarsonic acids utilizing
the action of Grignard reagents on aminodihalo- and diaminohaloarsines. The
straight chain arsonic and arsinic acids were then used to extract metal ioms.
Because of limited solubility of the long—chain acids the study was extended to
the preparation of branched-chain acids [189] . In addition the preparation of
di-l-octynylarsinic and l-octynylarsonic acids were described. The branched-

chain acids prepared were bis(2~ethylhexyl)arsinic and bis(l-methylheptyl)arsinic

acids and ethylhexylarsonic acid. These three acids were more soluble in organic

solvents and were better suited as reagents for metal ion extractions. The
acetylenic acids were unstable.

The preparation of the Schiff base arsonic acid from o-aminobenzenearsonic

=CH~CH,,~CH=N

A503H2 H,C;4s
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acid and malonaldehyde has been described [190]. The hydrochloride of this acid
as well as the disodium salt of the acid formed complexes with Ni, Co, and Cu
halides; visible spectra of these complexes were reported.

Lyons and Symons have presented ESR evidence for strong hyperfine inter-—
action between phosphorus, tin, or arsenic atoms 8 to radical centers [191].

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

Et /o
+ Et OH
H\ ] As// H\ Nl
c—u-c” \D P \/ Nou
v 5 N\a Me ¥ u
XXII XXIII

due to hyperconjugation rather than due to any involvement of d~orbitals of the
Sn, P, or As.

The polarographic behaviour of benzenearsonic acid, four substituted
benzenearsonic acids and c—naphthalenearsonic acid was determined over the

3 M and over the pH range 0-3 [192].

concentration range 5 x 10—5 Mtolx10
Benzenearsonic acid as well as o~ and p-hydroxybenzene~ and 2,4-dihydroxy-

benzenearsonic acids showed only one reduction wave in solutions of pH < 3. A
nitrosubstituted benzenearsonic acid showed an additional wave due to reduction
of the nitro group. The half-wave potentials of the various acids were listed,

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

of phenylphosphonic acid at the dropping mercury electrode, suggested that only
the arsenic was being reduced. A mechanism tor the reduction involving formation
of arsenosobenzene and phenylarsine and their combination to form arsenobenzene
was suggested. This mechanism was in part based on thin layer chromatography and
the mass spectra of the products produced by macro-scale electrolytic reduction.
The IR spectra and magnetic susceptibilities of cpmplexes formed between
uranium(IV) and a variety of arylarsonic acids have been reported by Sandhu and

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

References p. 242
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. copper salts of benzene- and o-—aminobenzenearsonic acids by Sandbu and
Sandhu [194] .

Freedmaﬁ and coc-workers [195] have reported on the molecular weights of a
series of phosphonic, phosphinic, arsonic, and arsinic acids in ethanol solution.
The apparatus used was a differential isothermal osmometer, and all of the
compounds were monomolecular in 95% ethanol.

In continuation of their work on examining the physical properties of long
chain dialkylarsiniec acids, Smith, Zingaro, and Meyers [196] have reported on
the X-ray crystal structure of the acids R,AsO,H, where R was varied from Me to

2 2
n-C_H With the n-C_H 33 n—C7H and n—-C_H acids there was a crystal phase

817" 61 15 8717
change at higher temperatures. It was shown that the cell volumes of the high
temperature forms of the n-C6Hl3, n-C7H15,and n4C8H17 acids were approximately
on the same straight line as the Me to Bu acids, when cell volumes were plotted
against chain lengths.

A single crystal X-ray analysis of n-propanearsonic acid has been reported
by Smith, Zingaro, and Meyers [197]. The coordination around the arsenic atom
was roughly tetrahedral, and the molecules are liinked into "chains of dimers" by
hydrogen bonding. Of the three As-0 bond distances, one was»somewhat shorter
than the other two, which was ascribed to the As=0 structure.

In continuation of previous wérk on the effect of arsonic acids on the
surface potential and surface tension of aqueous solutions Kamienski and Krauss
[198] report on the iufluence of o—, m— and p-chlorcbenzenearsonic acids on the
above properties. The surface potentials were plotted against concentrations of
the acids to give smooth curves. In the case of o-chlorobenzenearsonic acid
(0.04 M), the surface potential was determined as a function of the pH of the
solution. V

A Russian pgtent [199] covers the preparation of 4-arsono-2'=-carboxydiphenyl-~
amine by the condensation of o-chlorobenzoic acid with arsanilic acid. The

reaction was run in alkaline solution in the presence of copper at 120-5°,
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An jmproved method of preparing arsanilic acid by the Béchamp reaction has
been patented [200] . The method involved heating aniline and perchlorocethylene
in the presence of an aqueous solution of Versene, and then adding arsenic
acid.

1-(o-Arsonophenylaxo) -2-naphthol and the '"o~arsonanil" of 2-hydroxy-1-
naphthaldehyde have been recommended as reagents for the determination of
scandium {201], A number of other papers have appeared in which arsonic acids
have been used in analytical chemistry, particularly in the determination of
metal ions. Most of these compounds belonged to the class of arsonic acid~
substituted azo compounds (Arsenazo). A new Arsenazo type reagent, consider-
ably more semsitive than Arsenazo, was introduced by Basargin and co~workers
f202] . It was termed Arsenazokhimda. [fhe fluorescent spectra of various
metal ions complexed with two different Schiff bases containing arsonic acid
groups have been reported by Holzbecher and Volka [203]. Another paper on the
Infrared spectra of the complexes of various metals with Arsenazo I and Thoron I
has been published by Pilipenko and Shevchenko {204] . The stability constants
of the compounds formed between alkaline earth metals and a variety of o-arsono-

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

8. TERTIARY ARSINE OXIDES AND RELATED COMPOUNDS

Triphenylarsine oxide was shown to react with butyl iodide in acetome solu-
tion with the reversible formation of butoxytriphenylarsonium iodide [206] . The
latter compound then reacted further with triphenylarsine oxide to yield
thAs(OH)OAs(I)Ph3 and l-butene. By means of conductivity measurements the rate
of formation of the intermediate butoxy compound was determined. It was con-
cluded that this intermediate product was probably too labile to be isolated.

Usacheva and Kamai [207] had previously reported that reaction between acetyl

bromide and triphenylarsine sulfide yielded the following products:

MeCOBr + Ph AsBr + MeCOSEt

AsS ——>EtBr + Ph2A5C0Me + Ph2

3
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The present paper . [208] is a further investigation of this reaction in which both
the reaction time and the ratios of the reactants were varied. Oﬁ the basis of
these results z mechanism for the reaction was suggested.

Triphenylarsine oxide (1 moie) reacted with two moles of acetyl bromide in
toluene solution to give triphenylarsenic dibromide in 87.2% yield [209]. The
dibromide was readily hydrolyzed to PhaAs(OH)Br. The IR spectra of both the
dibromide and hydroxybromide were given.

10-Alkyl~5,10~dihydrophenarsazine 10-oxides have been shown to react with
hydriodic acid with the cleavage of RI and the formation of 10-iodo-5,10-dihydro-
phenarsazine [210]. 1In contrast, 10-phenyl-5,10-dihydrophenarsazine 10-oxide
was cleaved by hydriodic acid to give diphenylamine. Both 10-alkyl- and 10-
phenyl-5,10~dihydrophenarsazine 10,10-diiodides reacted with iodine to give
10-iodo-5,10-dihydrophenarsazine. An Sy2 mechanism involving an attack of 1~
on the 10-alkyl group was suggested for the reactions of the 10-alkyl compounds.
It was also shown that 10-ethyl-5,10-dihydrophenarsazine reacted with ethyl-
dibromoarsine to form 10-bromo-5,10-dihydrophenarsazine.

Gavrilov and co-workers [211] have reported the basic properties of 10-alkyl-
and 10-aryl-5,10-dihydrophenarsazine 10-oxides. They appeared tc be somewhat
weaker bases than triphenylarsine oxide. A number of adducts of the phenarsazine
10-cxides with HCl, HBr, trichloroacetic acid, and pentachlorophenol were listed.
These compounds were believed tc be hydrogen bonded adducts of the general

formuia XXIV:

NH

N\ As
"
XX1V

It was also demonstrated that 10-alkyl-~ and 10-aryl-5,10-dihydrophenarsazine
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10-oxides in a mixture of acetic acid and acetic anhydride could be titrated with
perchloric acid. The change in potential occurred with a ratio of acid to sub-—
strate of 1:1. Since under the same conditions 10-isopropyl-5,10-dihydrophen-—
arsazine could not be titrated with perchloric acid, it was concluded that the
As=0 grouping was protonated rather than the nitrogen.

The authors [212] then prepared a series of arsinous acid esters with
different hydrocarbon groups serving as the ester function. These esters were
then allowed to react with alkyl halides to form arsonium salts. In no case

was the alkyl group of the ester found in the arsonium salt:
RR'AsSOR" + RI —->{R3R'As] I

For example esters of the type EtzASOR, where R = Me, Et, Ph, £-Bu, or benzyl,
all reacted with ethyl iodide to give tetraethylarsonium iodide. Similar
results were obtained with PrzAsOR and EtPhAsSOR. The results of these experiments
on the mechanism of the reaction were discussed.

Since alkoxyphosphonium salts (containing at least one alkoxy group
attached to the phosphorus) are stable compounds, Kamai, Chernokal'skii, and
Moisak [213] attempted the preparation of similar arsonium salts. The reaction
of triphenylarsenic dibromide with sodiuﬁ butoxide in butyl alcohol gave only
the crystalline salt-1ike compound Ph3A50-HBr. The reaction of Ph3AsBr2 with
one mole of sodium perchlorate in acetone solution gave a precipitate of sodium
bromide, but addition of sodium butoxide (or of sodium ethoxide) gave only the
compound 2Ph3AsO-H01O4. An attempt to alkylate triphenylarsine oxide with
triethyloxonium tetrafluorcborate gave only the addition product PhaAso-BFs. A
second attempt to alkylate triphenylarsine oxide with dimethyl sulfate in the
presence of perchlorate ion again led to the formation of 2Ph3Aso-H0104.

Davenport and co-workers [214] have shown that hydrogen-bonded adducts of

the type XXV (where M = N, P, or As and # = 3, or M= S and # = 2) can be formed
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H\\

OMR,,

—_—H
XXV

either by reaction of the oxides R,MO with catechol or, in the case where M = P
or As, by hydrolysis of the adducts formed from triphenylphosphine or triphenyl-

arsine with catechols. The hydrogen bonded adducts were surprisingly stable

and could often be sublimed without devcmpusitices. The authors reported a
preliminary X-ray crystal structure cf the adducrt formed from tetrachlorccatechol
and triphenylarsine oxide. 1In a later paper {213 rthe complete X-ray data for
this complex were reported.

The electrochemical reduction of a series of arsine oxides at the dropping
mercury electrode in dimethylformamide sclutiov has been studied by Kargin and
co—workers [216]) . The arsine cxides were Ph3A50, PhEtzAso, (p—MeC6H4)—n—Pr2Aso,
and a series of phenyl substituted compounds cf the type p-RC6H4Et2Aso. All of
the oxides were reduced in an irreversible two~electron step, except for the
p-Cl and p—Br06H4Et2Aso derivatives where two waves of equal height were observed,
one of which was believed due to reduction ot the C-halogen bond. When the
reduction was carried out in the presence of phenol, a much more complicated
reduction occurred involving a transter of ifour electrons per mole. The reduction
was believed to occur by cleavage of the Ar—as bond and protonation of the aryl
anion.

In order to evaluate the electron-a:ceptor capacity of arsenic containing
groups the authors [216] studied the half-wave potentials of a series of m- and
p—-substituted nitrobenzenes in which two of the subsfltuents were p-As(O)Et2 and
p—AsEtz. By plotting the Hammettr -~ constants for the various stustituents vs.

the half-wave potentials of the compounds,values or - for p—As(O)Et2 (+0.33) and

p-AsEt, (0.09) were obtained. The electrophilic c<onstants, ot were +0.39 and

2

A =0.02 for the same two substituents. It was suggested that there was some



ARSENIC 225

p. - d" interaction between the arsenic atum and the -~-system of the benzene

m
rings.

The infrared and Raman spectra of the cumputnds Me3M0, where M is N, P, or >z
have been reported by Choplin and Kauimano (217} . A normal coordinate analysis
resulted in the assignment ¢f the frequencle: and a calculation of the
force constants. Bond orders were calculated using formulas developed>by Gordy
and by Siebert. It was suggested that there was considerable P, - dTr interaction
in the case of the phosphorus and arsenic compounds.

Bravo and co-workers [218] have compared the molar magnetic rctations of
the adducts R3P0-BF3 and R3Aso-BF3, where R = Et, Pr, or Bu, with the rotations
of the corresponding uncoordinated phosphine and arsine oxides and noted a marked
diminution in rotation for the coordinated species. This effect is brought about
by changes in the bond between the hetero atom (P or As) and the oxygen. The
increase in molar rotation for each CH2 group was calculated.

The infrared and Raman spectra of the two molecular complexes SbCl -2Ph3A50

3

and BiCl,-2Ph._,AsO have been reported by Milicev and Had¥i [219] . A number of

3 3
the vibrational bands were assigned.

The use of reversed-phase extraction chromatography on silica gel layers
impregnated with tri-n—octylarsine oxide for the separation of a wide variety
of inorganic ions was described [220]. Ry data for 30 ions as a function of cl”
concentration in HC1l or in HC1l-LiCl eluents were given.

Triphenylarsine oxide has been found to be a corrosion inhibitor in studies
of the corrosion of "carbonyl iron powder" in hydrochloric acid [221}.

A number of papers have appeared in which trialkyl- or triarylarsine oxides
have served as donor ligands to. the following metals: cobalt [222], copper [222],
indium [223], iron [222, 224], manganese [222], magnesium [222] , mercury [122a],
nickel [222, 225], uranium [226~228], and zinc [222].

Moreland and co-workers [229] studied '‘H and ‘°F NMR spectra of tribenzyl-

arsenic difluoride as a fumnction of temperature. At 0° the methylene protons
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occurred as a triplet which coalesced to a broad singlet and finally to a sharp
singlet as the temperature was raised to 45°. This result indicated that an
intermolecular-exchange of filuorines must occur with increase in temperature.
This fluoride exchange was shown to be first order in the difluoride, Z.e¢., the
lifetime was independent of concentration. Since the compound was monomeric the
mechanism of exchange was believed to involve a dissociative step. The energy
of activation was found to be 12.3 % 2,0 kcal/mole.

Previcus spectroscopic studies [230] had suggested that trimethylarsenic
dichloride contained pentacovalent arsenic whereas trimethylarsenic dibromide
was ionic with a tetrahedral arsenic atom. A preliminary communication on the
X~ray analysis of these two compounds was in agreement with the earlier
spectroscopic studies [231].

The isomerizaticn of dialkylarylarsine sulfides at 200° to alkyl alkylaryl-
thioarsinites has been the subject of previous investigations [232] . Gatilov and
Kovyrzina [233] have now used differential thermal analysis as a method of
investigating the mechanism of the reaction. They concluded that there was a
heterolytic cleavage of the sulfide to give an ionic intermediate which sub-

sequently reacted to form the final product:

Et t Et ) Et
AN //E -
2 —_ Nps—s + ptt| ——s assEe

As
P}'l/ \ S Ph/ Ph/

They also demonstrated that addition of an alkyl halide greatly facilitated the
isomerization. This effect was attributed to the intermediate formation of an

arsonium salt:

By B Rt Et
As + RR — | 4% X~ | —EE o >AsSR
pn” Ns e’ N

SR Ph
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A similar study of triethylarsine sulfide by means of differential thermal .
analysis gave similar results [234]. The rearrangement of triethylarsine sulfide
in the presence of n-butyl bromide was also studied.

A preliminary communication, with very little information about the
compounds prepared, mentioned the use of tertiary phoéphiné sulfides and
selenides and one tertiary arsine sulfide (Me3AsS) as ligands to chrominum and
tungsten carbonyls [235].

In contrast to triarylarsine suifides which react with alkyl iodides to
give sulfur-free products, trialkylarsine sulfides react with alkyl iodides to

give (alkylthio)arsonium salts [236] :

R3AsS + R'X -——-Ba[R3AsSR'] X

The structure was based only on elemental analysis and no spectral data were
given. It was also found that both trialkyl~ and triarylarsine sulfides reacted
with trialkyloxonium tetrafluoroborates to give the (alkylthio)arsonium tetra-

fluoroborates:

Ph_AsS + R.OBF --—-—,[PhBASR] BF4 + R,0

3 3774 2

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

arsine sulfides, triarylarsines are intermediates in the reaction [237]:

RI + -
AS ==————me Ar RAsSI N

ArsAsS + RI————3= AT 3

3

1f tri-p-tolylarsine sulfide was allowed to react with methyl iodide for three
days, only methyltri-p-tolylarsonium iodide was obtained; but with the less
reactive ethyl iodide, after 12 days a 38.2% yield of tri-p-tolylarsine was
obtained. It was also shown that trialkylarsine sulfides and alkyl iodides

gave tetraalkylarsonium iodides rather than trialkyl(alkylthio)arsonium salts,
when the reaction mixture was heated. In the light of these results the authors

[{237] have proposed the following mechanism:
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R3AsS/3R'—-(In ———->[R3ASSR']+I_

el
R3As-—SR' +1I ————e>R3As + R'sI
LN

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

should arise by disproportionation:

2R'SI——R'SSR' + IZ

And while they were unable to isolate any disulfides from the reaction mixture,
they did succeed in obtaining the products expected from the reaction of mercuric
chloride with disulfides, namely, EtSHgCl-chl2 and Et3HgCl. These were obtained
by adding HgClZ to the reaction mixture from triethylarsine sulfide and ethyl
iodide. They were also able to obtain a positive nitroprusside test after the
éddition of KCN solution and sodium ni;roprusside.

In continuation of previous work on arsine imides Frdyen {238] has demon-
strated that under mild conditions phenyl isocyanate reacts with triphenylarsine

oxide to form triphenylarsine phenylimide:
PhN=C=0 + Ph3Aso uw—ibPh3As=NPh + CO2

Previous reports that only diphenyl carbodiimides were found in this reaction
were due to the more vigorous reaction conditions employed. Fr¢yen has shown
that if the arsine imide was heated with phenyl isocyanate in dry benzene,
diphenyl carbodiimide was indeed the product of the reaction. In addition to
phenyl isocyanate, arsine imides were obtained from p-toluenesulfonyl isocyanate,
diphenylphosphinyl isocyanate, and a~naphthyl isocyanate. -

The author [238] also found that N-sulfinyl derivatives of amides reacted
with triphenylarsiné oxide to give the corresponding arsine imides and sulfur
dioxide. By contrast, N-sulfinylaniline gave only an addition product with
essentially no evolution of sulfgr dioxide; ﬁhereas N-sulfinyl-p-nitroaniline

gave the arsine imide and sulfur dioxide. The importance of an electron-attract—
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ing group attached to the -N=8-0 was considered in respect to the mechanism of
the reaction.

In contrast to phosphine imides, which do not react with nitroso compounds,
triphenylarsine phenylimide was shown to react with nitrosobepzenes to give
azobenzene derivatives in excellent yields [239]. The reaction was believed to

follow a mechanism similar to the Wittig reaction:

+ -
Ph3As—NPh + ArNO ~<—-——Ph3A9-—~NPh ‘~—-—>Ph*3ASO + PhN=NAr

O0——NAr

9. ARSONiUM COMPOUNDS AND ARSENIC YLIDS

The reaction between triphenylarsine and iodine has been the subject of
many papers. Espeillac and Decroocq [240] now report a study of this reaction
in a variety of solvents. The course of the reaction was followed spectrophoto-
metrically with the use of the Beckman DU Spectrophotometer. Dielectric
constant measurements and conductometric measurements were also employed. 1In
non-polar solvents a 1l:1 complex,Ph3As-12, which has considerable ijonic
character was formed. 1In more polar solvents a 1:2 complex Ph3As-212 can also

be formed. The dissociation constant for the reactions

+ -_
.
Ph3As'.|'.2 PhsAsI 1

and

+ -
———
PhaAs-21, == PhAsT I,

was determined in various solvents.

In continuation of previous work on the reaction between onium salts and
alkali metal tetraalkylaluminates, Gavrilenko and co-workers [241] have prepared
a series of phosphonium, arsonium, and stibonium complexes. Two arsenic
compounds [MeAAs][AlEtA] and [thAs][Althl were cobtained from HeAAsI or'EtQAsI

and NaAlEtA. The reactions were run in toluene solution and were catalyzed by

triethylaluminum. Tetramethylarsonium iodide also reacted with triethylaluminum
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to give [Me4As][AlEt31]. This latter complex also reacted with sodium tetra-—
ethylaluminate to yield [Me4As][AlEt4] and Na[AlEt3I]. Reduction of [MeaAs][AlEt4
oT [EtAAs] [AlEt4] with LiAlH4 gave the interesting compounds [Me4As] [A1H4] and

[EtéAs][AlHé]. When LiAlD, was used the deuterated analog [Me4As][AlD4] was

4
obtained. The reaction of [thAs][AlEtQ] with LiBH4 led to the compound

[Et4As][BH The thermal decomposition of the complexes was also studied, but

4]'
few detajils of these pyrolyses were given.

In a preliminary communication Schipper and Buck [242] report on the PMR
spectra of a series of norl;ornadiene compounds substituted in the 7-position by
such chdrged groups as +AsPh3, +SbPh3, +BiPh3, etc. The ccupling constants for
the various proton-proton interactions were reported, and it was concluded that
there must be direct interaction between the positively-charged center and the
double bond.

Tn a paper devoted mainly to coordination compounds formed by triphenyl-
rhosphonium cyclopentadienylide, the compound XXVI was prepared [243] and its

infrared spectrum reported.

co/ f o\co

Co

XXVI

In a paper devoted to the nature of ambident ions Austad and co-workers [244]
have studied the reaction of trityl chloride or trityl perchlorate with tetra-
phenylarsonium cyanide in acetonitrile to obtain a mixture of trityl isocyanide
and trityl cyanide.

In a2 study of anionic species formed in the hydrolysis of a number of tri~
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valent and pentavalent trifluoromethylphosphorus compounds, the two arsonium
salts [Ph4As][CF3PSOZH] and [PhAAs][CF3PSZOH] have been isolated and
characterized [245]. .

The PMR spectra of a variety of alkyl-~ and alkylarylarsonium salts have
been studied by Zykova and co-workers [246]. One group of compounds studied
was EtnPhh—nAs+’ where n was varied from 1 to 4. The chemical shifts of the
methylene protons of the ethyl group were found to shift to lower fields (increase
in 6 values) with an increase in the number of phenyl groups. Thus values of
§ (in ppm) for the four compounds where n varied from 1 to 4 were 3.55, 3.30,
2.98, and 2.65, respectively, with a constant increment of about 0.3 ppm for each
phenyl group. A similar effect was found for the methyl protons of the three
compounds MenPh4_nAs+, where n = 1, 3, ar 4. The effect was attributed to an
increase in the positive charge on the arsenic with an increase in thg number of
phenyl groups resulting .in a decreased screening of the methylene protons.

In addition to the substituted compounds mentioned above, the PMR spectra
of the symmetrical compounds Et,AsX were studied and the chemical shifts of the
methylene protons were found to vary with the concentration of the solution, the
nature of the solvent, and to some extent with the nature of the anion. The change
in § values with concentration, the authors suggest, might be attributed to an

increase in ionization of the pentacovalent arsenic species or to dissociation

of an ion pair:
- + - - + -
Et4AsI ..__._EtaAs 1 =—Et,As + I

In a study of the solvation of several onium salts by Jolicoeur and co-
workers [247] , tetraphenylarsonium chloride was one of the onium salts investi-
gated.

A PMR study of the interaction of tetraphenylphosphonium, tetraphenyl- .
arsonium, and tetraphenylborate ions with water, ethanol, and methanol has been

made by Coetzee and Sharpe [248] . They concluded that these ions undergo a wide
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variety of solvation effects. A study of ion pairing in aqueous solutions of
tetraalkylarsoﬁium chloride, iodide, and hydroxide has been made by Larsen [249].
PMR techniques were used in this study.

A paper devoted to the Raman spectra of a number of phosphonium, arscniums
and stibonium salts has been published by Orenberg and co-workers [250] . The
major portion of the paper was devoted to antimony compounds and is discussed
in the Antimony section. The three arsenic compounds Ph4AsC1, (PhAAs)zsoé?and

Ph,AsF gave identical spectra except for differences attributable to the anionm,

4
and all three compounds appeared to be ionic and contain tetravaleat arsenic in
the solid state. The Raman spectra of PhAAsCl (and of PhASbCl) in aqueous
solution was given for the X-sensitive region of the spectra. The assignment

of structures to the various compounds investigated was based largely on the
spectra obtained in the X-sensitive region.

Both the powder pattern X-ray analyses and the IR spectra of tetraphenyl-
phosphonium and arsonium permanganates and perchlorates have been reported by
Baran [251]. It was concluded that the large tetraphenylarsonium or phosphonium
cation had little or no influence on the spectrum of the anion. In a similar
manner, based on X-ray diffraction and IR studies, Walford and co-workers [252]
have concluded that with the salts PhaAsBFQ, PhaAsPF6, PhAAsAst

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

and PhAAsSbF6

The partial molal volume of tetraphenylarsonium tetraphenylborate at
infinite ‘dilution in aqueocus solution has been calculated by Millero [253]. The
apparent molal volumes of tetraphenylarsonium chloride in water were determined
at temperatures of 0, 25 and 50° by this same author [254].

A theoretical discu;sion of the catalytic activity of various onium
compounds in the liqguid-phase oxidation of hydrocarbons has been given by
Ohkubo [255] . The relatively low activity of arsonium and telluronium compounds
was ascribed to the vacant and diffused 4d and 5d orbitals in such compounds.

In contin&ation of earlier work on phase transitions of anion radical salts
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containing mixed cations, Iida [256] has investigated the transition temperature
and the magnitude of the heat of the transition as a function of the composition
parameter x, for the compounds (Ph3PMe)l_¥+ (Ph3AsMe)x+ (TCNQ)Z_ where
0<x<1.

Tsentovskii and co-workers [257] have studied the conductivities of a series
of arsonium salts, RAAEX, where R was alkyl or arylalkyl and X was I, Br, or ClO4
in acetone, nitromethane, and dimethylformamide. With the exception of tetra-
propylarsonium and diethyldiphenylarsonium iodides in dimethylformamide, all
of the salts studied were found to be weakly associated electrolytes in the
solvents investigated.

The crystal structures of methyltriphenylarsonium and methyltriphenylphos~
phonium bis(a,a,a’,a'~tetracyanoquinodimethanides) have been reported in a paper
by McPhail, Semeniuk and Chesnut [258].

Tetraphenylarsonium chloride has been used as a titrant in the determination
of the perbromate ion by potentiometric titration [259] . Triphenylmethylarsonium
chloride has been used in the preparation of polyesters derived from bivalent
halogenated phenols [260] . A German patent [261] claims the use of [PhAAs][BPhAJ
as a hardening promoter in the pgeparation of epoxy resins.

A number of papers have appeared in which tetraaryl- or tetraalkylarsonium
salts of metals or metal complexes have been isolated. Often the salts were
involved in the analytical determination of the metals. Among arsonium salts
of metals or metal complexes isolated were there of cobalt [262, 263], gallium
[264] , iron [265], indium [262], nicbium [266] , silver [267], tantalum [268],
tellurium [269} , thallium [262] , tin [119] , vanadium [270, 271] and zinc [263].

Although diazotetraphenylcyclopentadiene reacts with triarylphosphines,
-arsines, -stibines, and similar compounds to give ylids, diazo-2,3,4~triphenyl-
cyclopentadiene féiled to undergo a similar reaction [272]. Accordingly,
alternate methods were found to obtain several pyridinium, phosphonium and

arsonium ylids. The ylid XXVII was obtained from'l,2,3—triphenyicyclopentadiene
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Ph

Ph
AsPh

XXVI1

and Ph3Aso by refluxing in triethylamine in the presence of P20S for 24 hrs.
If acetic anhydride was used as the solvent, the H atom on the cyclopentadiene
ring was replaced by an acetyl group. Both of these arsonium ylids formed
crystalline salts on treatment with perchloric acid.

Dale and Fréyen [273] have reported on the PMR spectra of a series of
arsenic and phosphorus ylids of the types p—XC6H4M=C(R)COR' and p—XCsH4M=C(R)COOR',
where M = As or P, and concluded that the B8-keto-stabilized ylids, in contrast
to the ester-stabilized ylids, did not undergo rotation about the emolate C=C bond
with the formation of eis-trans isomers. This conclusion was based upon the
failure of the PMR spectra to show temperature dependence. The authors concluded
that the c¢?s isomer predominated, and that this was due to attraction between
the positive hetero atom (P or As) and the negative keto oxygen:

Ph3M+\C _. O
AN

R R'

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

Ar,As=CHCOX (where Ar = Ph, p-MeOC.H, ,

groups including Me, Ph, substituted phenyl, OMe, and Nth) with p-nitrobenzal-

or p--MeCGH4 and X is a wide variety of

dehyde was carried out [274]. 1In general it was found that the more reactive
ylids were more basic, a conclusion similar to results obtained with phosphorus
ylids in the Wittig reaction. A Hammet plot of the rate constants vs. the o
values for the p-substitufed ylids, Ar3As=CHCGH4ersgave a straight line with a
p value‘of -2.2. It was shown that rates of reactions were five times faster

in benzene than in dimethylformamide and two times faster in benzene than in
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dimethyl sulphoxide. This result (that the reaction proceeds faster in the
non-polar solvent) is not consistent with the usually accepted meéhanism of the
reaction in which a betaine is formed as the first step of the reaction.

The C=0 stretching frequency (1565 cmfl) in 2~acetyl-3,4,5-triphenylcyclo~
pentadienylide was considerably lower than expected, which suggested bonding

between the oxygen and arsenic as in XXVIII [275]:

Ph
Ph /' >
A =sPh3
==0
ﬁe
AXVIII

Ferguson and co-workers have published a preliminary report on the single
crystal X—ray study of this compound which confirmed the bonding between

the As and O atoms. Thus the As-0 distance was considerably shorter than the
sum of the appropriate van der Waals radii but longer than a typical As-O
distance. The As-C distances were also longer than normal. . The molecule thus
appears to contain a trigonal bipyramidal arsenic atom with an oxygen and one
phenyl group in apical positions.

Having studied the reaction of phosphorus ylids of the type Ph3P=CHCOZR
with NZFA’ Fokin and co-~workers [276] have extended this reaction to the
corresponding arsenic ylid. The main reaction product from N2F4 and Ph3A5=CHC02Et
was a crystallire solid to which the authors assigned the structure
Et (based on elementary analysis). Tbis can react further with

2

N2F4 to produce CHFZCOZEt. The Ph3As(F)CHFC02Et was hydrolyzed under fairly

severe conditions to yield Ph3A50 and CHZFCOZEt.

Ph3As(F)CHFC0

Arsenic ylids of the type Ph3As=CH2 and Ph3As=CHPh are unstable and react
with carbonyl compounds to give both the mormal Wittig reaction products as well

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

3
compounds. Nesmeyanov and co-workers [277] have now studied the kinetics of

the reaction between the stable arsenic ylids and substituted benzaldehydes,

and compared these rate constants with those obtained from some of the correspond-
ing phosphorus ylids. They concluded that the mechanism of the Wittig reaction
for phosphorus ylids and the stable arsenic ylids was the same. The arsenic
ylids, however, reacted several hundred times more rapidly than the corresponding
phosphorus ylids. Because arsenic ylidb also reacted with some carbonyl

compounds which do not react with phosphorus ylids, the arsenic ylids, when
applicable, have an advantage for the Wittig reaction.

The PMR spectrum of the arsonium ylid, triphenylarsonium cyclopentadienylide,
has been reported by Ermstbrunner and Lloyd [278] and compared with the PMR
spectra of the corresponding phosphonium ylid and with dimethylsulfonium cyclo-
pentadienylide. The spectrum of the arsonium compound indicated that there was
more delocalization (more cyclopentadienide character) than with the phosphours
and sulfur compounds.

Several workers have previously demonstrated that phosphonium ylids of the

type Ph_As=CRCOOR' existed in ¢is and trans forms at low temperatures. Dale

3
and Frédyen [279] have now extended this concept to the éorresponding arsonium
ylids. The investigation of cis-Zrans isomerism was carried out by means of
PMR studies which clearly showed the existence of the two isomers at low
temperatures. The three compounds used were Ph3As=CRCOCMe, where R=H, Ph, or
CN. It was found, as in the case of the phosphonium ylids, that the cis isomer
predominated, but that the eis/trans rativ was larger for phosphorus than for
arsenic compounds. The free energy of activation for the cis @&==>trans conversion
was shown to increase in the order R=H, Ph, CN.

The ylid, triphenylarsonium cyclopentadienylide, which had not previously

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

The preparation involved the reaction of the dibromocyclopentene (formed by the
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brominaticn of cyclopentadiene) with triphenylarsine to form a bisarsonium salt,
which yielded the desired ylid on treatment with alkali. The tri-p-tolyl- and
tris(p-methoxyphenyl)arsonium ylids were prepared in a similar manner. The tri-
phenyl ylid coupled with benzene-diazonium chloride to yield a colored- azo
compound. The triphenyl ylid reacted with benzaldehyde, p-nitrobenzaldehyde, and
cinnamaldehyde to give principally triphenylarsine oxide and small amounts of

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

identified. )

Nesmeyanov and Mikul'shina [281] have studied the reaction of arsenic
ylids of the type Ph3A8=CHCOR (R = Ph, Me, or OMe) with trans-dibenzoylethylene
and with dimethylfumarate. The products in each case were triphenylarsine and

derivatives of cyclopropane:

0=C-R
PhCOCH=CHCOPh + Ph,As=CHCOR ———% + PhgAs
Phﬁ ﬁl’h
0 0

XXIX

0=CR
Me0,CCH=CHCO,Me + Ph As=CHCOR ~mewne3e é + Phas

MeO,C co,Me

It was also shown that the ylid Ph,As=CHCOR in benzene solution decomposed

3
slowly when allowed to stand in diffused light to give Ph,As and XXIX (R = Ph).
A mechanism for this reaction, which involved the photochemical splitting of

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

postulated:

Ph. As=CHCOPh ——123—6>Ph As 4+ {:CHCOPh]
3 slow 3

Many previous investigators have shown that the reaction of arsenic ylids
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with-alaehydesfor ketones led to the formation of either olefins and arsine
oxides or to epoxides and arsines. 1In an attempt to find the factors which
“influenced the course of the reacticn, ITrippet and Walker [282] have studied
the reactions of substituted benzylidenetriarylarsoranes (Ph3As=CHR) with
p—-substituted benzaldehydes:

Ph,As=CHR + p—RcéﬂacHO/’

3

-~ A
Ph;‘AsO + RCH —CHC6H4R

™ ph_As + RCH-CHC_H, R'

When the substituent R in the ylid wa: ;i si-sug electron—attracting group, NOZ’
CN,or COZEt, regardless of the natute ci the group R' on the aldehyde, the
olefin was formed exclusively, This was exglained as due to the ability of the

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

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

+
- 1
Ph3AsCHRCH(O )C6H4R —
. Jst 6-
e ———— et S5 ————
/'l\s - CHR /IFS (%HR
t ;_____ . L]
o) lHC H R o CH06H4R

~
e ——————— —As0 + RCH=CHC .H R'
- 64

XXX

Where R was Ph or p—ClCGH4, only the epoxide was formed.
Methylenetriphenylarsorane reacted with o,B-unsaturated ketones to give
cyclopropane derivatives. Benzylidenetriphenylarsoranes and Schiff bases gave
aziridines. In this case the arsoranes resembled sulfur ylids rather than
phosphorus ylids. Other reactions investigated included the reaction of the
arsoranes with dimethyl acetylenedicarboxylate, and with benzensulfinyl and

benzenesulfonyl chlorides.
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The reaction of the arsonium ylids CH,=AsPh, and CH,CH=AsPh, with a series
of o-aminoaryl ketones to form 3-substituted indoles has been the subject of a
communication by Bravo and co-workers [283]. The reaction proceeded in a similar
manner to that observed with dimethylsulfonium and dimethyloxosulfonium methyl-
ides, as described in earlier publications by the same authors. The yields of

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

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

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

XXX1

XXXI.

The isopropyl compound (XXXI, R = MeZCH) was readily prepared from XXXII and
isopropylmagnesium chloride in ether solution, but where R = cyclopentyl, THF

was necessary to effect the reaction. Where R = ¢-Bu, the Grignard reaction

o

XXXII
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gave the dimer XXXIII, but the desired XXXI (R = £-Bu) could be obtained from

t=butyllithium and the arsonium salt XXXII.

55 25
@

The compound XXXI (R = £-Bu) was unstable and decomposed at room cemperature to

the tertiary arsine XXXIV and iscbutylene.

XXXIV

This same product (XXXIV) was obtalned when the spilrane was treated with HCl in
THF.

When XXXII was allowed to react with neopentylmagnesium bromide, a product
was obtained which gave a molecular weight (by mass spectroscopy) corresponding
to XXXI (R = neopentyl) but which showed all the properties of a tertiary
arsine. On the basis of the fragmentation pattern obtained in the mass
spectrometer, it was concluded that the compound possessed the structure XXXV

(R = CH,CMe,) .
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@

AS -

R
© XXXV

This compound was then synrhesized by a dirrterent and unequivocal route. The
reaction of 2-methyl-2-phenylpropylmagnesium chloride with XXXII in ether or THF
gave a compound XXXV (R = CHZC(Ph)Mez). When the three derivatives of XXXI
(R = ©¢-Pr, cyclopentyl, or t-Bu) were heated 30-50° above their melting points,
XXXIV and the corresponding olefins (propene, cyclopentene, or iscbutylene)
were obtained by B—elimination. The course of the reaction was followed by the
use of the deuterium labelled compound XXXI (R = CD,Me), wherein it was shown
that all of the deuterium occurred in the ethylene formed by the thermolysis.

In addition to the alkyl derivatives of XXXI, the two styryl derivatives
of XXXI (R = cié—CH=CHPh and trans—-CH=CHPh) were prepared from the corresponding
Grignard reagents. Thermolysis of these compounds did not give phenylacetylene
by B-elimination as expected, but rather XXXV (R = cis-styryl and R = trans-
styryl, respectively). Thermolysis of the vinyl compound XXXI (R = CH=CH2)A
gave a mixture of acetylene, XXXIV, and the rearrangement product XXXV
(R = CH=CH2)n The authors also investigated the cleavage of the compounds
XXXI (R =Me, Et, or PhCHz) with boiling alcohol. 1In each case XXXIV was
obtained. The mechanism of this reaction was followed by means of deuterium-
labelled ethanol.

The compound XXXVI was obtained from 10,10'-oxydiphenoxarsine by treatment

with cyancacetic acid [285]. It was prepared for use as a pesticide.

XXXVI

References p. 242
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In a paper devoted largely to phosphazenes, the arsenic-containing compound
(M23C)MeP(AsMe2)=NSiMe3 was prepared by the reaction of (MeBC)M.ePN(Li)SiMe3 with

dimethylchloroarsine [286]:

RR'PN(L1i)SiMe

3 + Me2A5C1 —-’[RR'PN(AsMeZ)SiMeB] =g RR'P=NSiMe

3

AsMez

The NMR spectra of the compounds prepared were listed and gave evidence for the
structural assignments.

An amalytical method for the determination of tertiary arsines by titration
with iodine in aqueous acetic acid without previous destruction of organic
matter has been suggested by Sandhu and co-workers [287] . The end point was
determined either potentiometrically or with the use of starch as an indicator.
A spectrophotometric procedure for the determination of arsenic in organic
arsenicals which involved the destruction of organic matter and conversion of
arsenic to arsine has appeared [288].

Papers have appeared in which organocarsenic compounds have found biological
use, either in antigen-antibody studies [289-294], as feed supplements for

poultry or domestic animals {295-298], or as herbicides [299].
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