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An analogous reaction apparently occurs between tris{(tri-n-
propylstannyljamine and chloramine, since tri-n-propyltin chlo-
ride was isolated as a product from their interaction.

Results and Discussion

This report shows that chloramine cleaves the metal
to nitrogen bonds in dimethyl(trialkylsilyl)amines, ger-
mylamines, and stannylamines apparently according
to the following equations, where R = alkyl and M =
Si, Ge, or Sn

3R;MCI1 + 3(CH;):NH 4+ NH; + Ne

3(RsM ), NH + 6NH;Cl—> 6R;MCl + 5NH; + 2N, (M # Si)

The trialkylsilicon chlorides could not be isolated be-
cause of their rapid reaction with ammonia. It should
be noted that [(#n-C.H,)sS1,NH was isolated instead of
the expected (#-C4H,)sSiCl in the reaction of (#-C.Hy)s-
SiN(CH;)s.  In the case of the germanium compounds,
small yields of trialkylgermanium chlorides were iso-
lated which may be the result of the relatively slow rates
of reaction of trialkylgermanium chlorides with am-
monia. In the case of the tin compounds, nearly
quantitative yields of the trialkyltin chlorides were ob-
tained because of their inertness toward ammonia under
these conditions.

Tris(trimethylsilyl)amine and bis(trimethylsilyl)-
amine do not react with chloramine, but corresponding
trialkylgermanium and trialkyltin compounds react
readily with chloramine. It is tempting to propose an
explanation for the inertness of these two silylamines
toward chloramine in terms of reduced basicity caused
by the silyl groups reducing the electron density on the
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nitrogen atoms through dz—pr bonding. However
the complexity of the phenomena observed in this in-
vestigation cannot easily be reconciled with such a sim-
ple interpretation. Other factors, such as bond
strengths, reaction rates, and steric factors, may be im-
portant; however, large steric effects are not im-
mediately apparent when, for example, the reactivity of
[(#-CsH7)sSnLNH and the reactivity of [(CHj)sSils-
NH are considered.

It was observed that chloramine readily cleaves the
metal to nitrogen bonds in all three RyMN (CHj); com-
pounds where M = Si, Ge, or Sn, but the dimethylchlor-
amine cleaves only the tin-nitrogen bond.

The mnonreactivity of bis(triphenylgermyl)amine
compared to the reactivity of the corresponding bis-
(triethylgermyl)amine with chloramine could be the
result of an inductive effect of the pheny! groups.

All three silicon to phosphorus bonds in tris(tri-
methylsilyl)phosphine are cleaved by chloramine or di-
methylchloramine.

The reaction of chloramine with dimethyl(trialkyl-
stannyl)amines to produce 2,2-dimethyltriazanium
chloride is of interest, since the product can be obtained
in high yield in a pure state by simple filtration of the
reaction mixture. A method for purification, which is
more convenient than the previously reported method,??
is recrystallization from hot acetonitrile.
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Reactions of Chloramine, Dimethylchloramine, and Chlorine with Arsine,

Primary Arsines, and Secondary Arsines
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Chloramine and dimethylchloramine abstract hydrogen from As-H bonds, converting arsine, primary arsines, and secondary

arsines to elemental arsenic, diarsines, and tetrasubstituted cyclopolyarsines, respectively.
chiometric quantities and in the presence of an HCI acceptor, free chlorine yields similar products.
with aminoarsines of the type R:AsNH, to yield tetrasubstituted diarsines.

tion reactions are discussed.

Introduction
During the past decade, the chloramination of
amines, phosphines, and arsines has been extensively
investigated in this laboratory.!=® Such chloramina-

(1) H. H. Sisler, A, Sarkis, H, 8. Ahuja, R. J. Drago, and N. L. Smith,
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(3) H. H. Sisler and 8. R. Jain, 7bid., 7, 104 (1968).

(8) H. H. Sisler and C. Straton, ibid., 8, 2003 (1966).

When used in less than stoi-
Secondary arsines react
Several possible mechanisms for the chloramina-

tion has been shown to result, in the cases previously
studied, in the formation of hydrazines or hydrazinium
salts, aminophosphonium salts, and aminoarsonium
salts, respectively. Trialkylstibines have been shown
to react with chloramine to produce compounds of the
type [RsSh(CI) ;NH.

(7) 8. R, Jain, L. K. Krannich, R. E. Highsmith, and H. X, Sisler, ibid.,
6, 1058 (1967).
(8) R.L.McKenney and H, H. Sisler, ibid., 6, 1178 (1967).



Vol. 8, No. 5, May 1969

Highsmith and Sisler?® have recently shown, however,
that dimethylchloramine reacts with phosphine in a
different manner, extracting hydrogen atoms from the
phosphine molecule and forming phosphorus to phos-
phorus bonds as shown by

9PH; + 3(CH;).NCl = (2/x)P. + 3[(CH;),NH,]Cl

We were interested in determining if a similar reaction
occurs in the chloramination of arsine and of primary
and secondary arsines. We hoped that such a reaction
with primary and secondary arsines would provide a
new synthetic route to biarsines of the type ReAsAsR,
and to cyclopolyarsines of the type (RAs),.

Our thinking concerning the mechanism of this hy-
drogen-extraction reaction of chloramine led us to spec-
ulate that free halogens, if not in excess, should yield
similar products. Reports in the literature!®—1¢ all
dealt with studies in which the halogen was in excess
and where, therefore, the products were haloarsines and
hydrogen halides. The only exceptions are the reports
of reactions of diphenylarsine and monophenylarsine!® 16
with iodine to y1eld (C6H5)2ASAS(CGH5>2 and (CeH;,AS)e,
respectively. To check this speculation, we have stud-
ied the reaction of less than stoichiometric quantities
of chlorine with arsine and with some primary and sec-
ondary arsines in the presence of an HCl acceptor.

We have also studied the condensation of diphenyl-
arsine with aminodiphenylarsine to form tetraphenyl-
biarsine.

Experimental Section

Materials.—All solvents used were reagent grade and were
dried and stored over calcium hydride. Aluminum arsenide,
sodium methylarsenate, and dimethylarsinic acid were obtained
from K & K Laboratories. Benzenearsonic acid and triphenyl-
arsine were obtained from Fastman Organic Chemicals. Benz-
aldehyde, zinc dust, mercuric chloride, and sodium hypophos-
phite were obtained from J. T. Baker Chemical Co. Lithium
aluminum hydride was purchased from City Chemical Co.
Hypophosphorous acid was obtained from Matheson Coleman and
Bell.

Because of the high volatility of the arsines and their reactivity
toward oxygen, many of the reactions were carried out in an all-
glass vacuum line. All experimental purification work was con-
ducted in a nitrogen atmosphere in a Vacuum Atmospheres
Model HE-43 Dri-Lab equipped with a Model HE-93 Dri-Train.
All of the arsenic-containing starting materials were stored and
transferred inside the Dri-Lab.

Analyses.—Elemental analyses were done by Galbraith Micro-
analytical Laboratories, Knoxville, Tenn., and Schwarzkopf
Microanalytical Laboratory, Woodside, N. Y. Melting points
were determined using the Thomas Hoover capillary melting
point apparatus with an uncorrected thermometer.

Infrared Spectra.—Infrared spectra were recorded on a Beck-
man IR-10 spectrometer. The spectra were obtained on the
solids in the form of Kel-F mulls using KXBr plates for the range
2.5-7.5 u and as Nujol mulls using CsI plates for the range 7.5~
20 w.
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Nuclear Magnetic Resonance Spectra.—The proton magnetic
resonance spectra were measured on a Varian Model A-60A
nmr spectrometer. Tetramethylsilane, chloroform, dimethyl
sulfoxide, 3-(trimethylsilyl)propanesulfonic acid, and water
were used as internal standards in the various instances.

Synthesis of Chloramine.—Chloramine was prepared in a
generator by a completely anhydrous method developed by Mat-
tair and Sisler.”” In those cases where the vacuum line was uti-
lized, ethereal solutions of ammonia-free chloramine were used.
The ethereal solutions obtained by passing the effluent gases
from the generator into diethyl ether were rendered free of am-
monia by passing the resulting solution through a column of an-
hydrous copper sulfate. The anhydrous copper sulfate not only
removed all of the ammonia but also aided in the drying of the
ethereal solution for later use on the vacuum line.

Synthesis of Dimethylchloramine.-——Dimethylchloramine was
prepared by a procedure analogous to the Raschig synthesis of
chloramine.!’® Pure dimethylchloramine (bp 483°) was then
diluted with diethyl ether to give the reagent used in these studies.

Preparation of the Arsines.—Arsine was prepared in the vac-
uum line by the acid hydrolysis of aluminum arsenide. The
arsine formed was fractionally distilled and stored on the vacuum
line. The infrared spectrum of the gas and the vapor pressure
measurements on the liquid were identical with those reported
for pure arsine.?'?* Methylarsine was prepared by the reduction
of sodium methylarsonate using hydrochloric acid and zine—
mercury amalgam according to the procedure described by
Dehnt  The purity of the methylarsine was indicated by the
presence in the nmr spectrum of only two sets of peaks at =
9.02 (triplet) and 7.93 (quartet) having the area ratios of 1.54:1,
corresponding to the CHzAs and AsH, protons, respectively.
Dimethylarsine was prepared by reducing dimethylarsinic acid
in the presence of a zinc-mercury amalgam and hydrochloric
acid according to the procedure described by Dehn and Wilcox.1?
The purity of the dimethylarsine was indicated by the complete
absence in the nmr spectrum of peaks other than the two sets of
peaks at 7 8.93 (doublet) and 7.57 (heptet), corresponding to
the (CH;)As and AsH protons, respectively. Phenylarsine, bp
104.5-105° (107 mm), was prepared by reducing benzenearsonic
acid by means of a zinc—mercury amalgam and hydrochloric acid
according to the procedure described by Goddard.?? The purity
of the phenylarsine was indicated by its nmr spectrum which
showed only two sets of peaks at 7 2.70 and 6.44 (singlet) having
the area ratio of 2.51:1, corresponding to the C¢Hj and AsH,
protons, respectively. Diphenylarsine was prepared by the re-
duction of diphenylchloroarsine with lithium aluminum hydride
according to the procedure described by Wiberg and Médritzer.2?
The procedure was modified by decomposing the alane-diphenyl-
arsine complex with gaseous oxygen-free water before fractionally
distilling the reaction products, bp 170-172° (22 mm) (lit.2?
bp 174° (25 mm)). Cyclopentamethylpentaarsine was pre-
pared by the reaction of sodium methylarsonate and hypophos-
phorous acid according to the procedure described by Palmer and
Scott.?* The purity of the (CH3As); was indicated by its char-
acteristic nmr spectrum.® The major /e ratios (parenthetical
numbers are the relative intensities using an arbitrary scale)
observed in the mass spectrum of this compound were assignable
as follows: CHsAs™, 90 (23); (CHs)As™, 105 (97); CH;Ase',
165 (33); (CHs)kAse®, 195 (28); Asst, 225 (53); (CHi)Asst,
255 (100); (CHs)sAsst, 270 {100); (CHi)sAss*, 435 (25); (CHa-
As);t, 450 (42). Tetramethyldiarsine was prepared by the di-
rect action of dimethylchloroarsine on zinc dust as described by

(17) R. Mattair and H, H, Sisler, bid. 78, 1619 (1951),
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TABLE |

SUMMARY OF CHLORAMINE AND DIMETHYLCHLORAMINE REACTIONS WITH ARSINES CONTAINING As~H Boxps
2Rs- -AsH; + (x2/2)RNCl —> (Rj-,As), + (xz/2)R’,NH,Cl

A B Mole ratio
Rs_ AsHg R:NC1 A:B (R3.z4As),
AsH; NH,Cl1 1:1.5 As
AsH; (CH3):NCl 1:1.5 As
CH@ASHQ NH2C1 2:1 (CH&AS ),3
CH;AsH, (CH;),NCI 2.3:1 (CH;3As);
(CH;)AsH NH,C1 14.5:1 (CH:):AsAs(CHy ).
(CH,),AsH NH,Cl 2.7:1 (CHj):AsAs(CHj)e
(CH;)AsH NH,Cl + 1:28.8 None
NH;
(CH, )1 AsH (CH,),NCl 3.2:1  (CHshAsAs(CHgk
CeHaASHz NH;Cl 2 . 1 (CGH:,AS )6
CsH(,ASHg (CHa)gNCl 3 1: 1 (CsH;,AS)G
(CBH(,)zASH NHzCl 2.,7:1 (CGH;) )z;"\S&AS(CQHQ)g
(Cst )ZA‘\SH (CHS )zNCl 2.9:1 (CGH; )2ASAS<CGH5)2
@ Probably a mixture of condensation products of [(CH;)»AsCI{(NH,)]Cl.

Yield, Yield, Yield,
% R/:NH,ClL L7 Other products T
77 NH,CI 77 Arsenic hydrides
66 (CHj3):NH,Cl 66
94 NH.ClL 100
85 (CH;3):NH,C! 96
96 NH.C1 100
10 NH,Cl1 100 CsHy 5481 4NCly 1 8.6

NH.CI >100 [(CH3»AsN]s-2HCP 36

45 (CH;)NH.,CI 46

39 NH.C1 93
90 (CH;),NH,Cl 90
92 NH.Cl 100

87 (CH;):NH,Cl 100
® Probably a mixture of hydrochlorides of [(CHj3)AsN],

TABLE II

SuMMARY OF CHLORINE REACTIONS WITH ARSINES CONTAINING As~H BoNDs
ZRg_ zAASHx + (s\z/2)C12 + xZ(CH‘gCHz);;N —_— (RgngS)Z + AZ(CHgCH2)3NHC1

Mole ratio

Ry AsH, R3_zAsH,:Clz (R3-zAs),
AsHs 1:1 As
CHsf\SHz 2:1 (CI’I;;A"XS):,
(CHg)g;\SH 3.8:1 (CHa)zASAAS(CHs)z
CeH;ASH2 1.3:1 (CaHgf\S)ﬁ
(CsH;)zASH 1.3:1 (CsHs)zASAﬁ(CﬁI{(,)z

¢ Destructive distillation of this mixture yields some (CH;zAs);.

Bunsen, mp —6° (lit.? mp —6°). The major m/e ratios (par-
enthetical numbers are the relative intensities using an arbitrary
scale) observed in the mass spectrum of this compound were
assignable as follows: CH;As™, 90 (47); (CHs)As™, 105 (100);
Aset, 150 (97); CHsAse™, 165 (97); (CHslkAse™, 180 (92);
(CHa)zAS2H+, 181 (37), (CH3)3A52+, 195 (Oﬂ: scale, >>].OO),
(CHj;)AsAs(CHj)et, 210 (off scale, >>100). Hexaphenyleyclo-
hexaarsine, (CeH:As)s, mp 215-216° (lit.”® melting points vary
from 195 to 212°), was prepared by the reaction of phenylarsine
with benzaldehyde according to the procedure described by Pal-
mer and Adams.?® The mass spectrum showed major m/e
ratios at 77 and 152; thelatter is assignable to CeH;As ™.  Amino-
diphenylarsine, mp 50-52° (lit.® mp 53°), was prepared by the
reaction of chlorodiphenylarsine with ammonia as described by
Ipatiew, Rasuwajew, and Stromski.3

General Procedure for Chloramination Reactions.—These
reactions may be illustrated by

2R3~ -AsH, + (x2/2)R’,NCl —> (Ry_,As), + (xz/2)R’,NH,CI

The appropriate arsine was placed in a reaction flask on the
vacuum line. Onto this was distilled a known volume of the
ethereal chloramine solution having a known concentration.?
The reaction mixture was then warmed to room temperature with
constant stirring. After the reaction was complete (usually
1-2 hr), all volatile materials were distilied from the reaction
fask. If the product was a liquid at room temperature, it was
fractionally distilled on the vacuum line to obtain a pure product.
If the product was solid, the reaction flask was taken into the dry-
box and the solid was extracted with the appropriate solvents to
effect product separation and purification. The melting point,
infrared spectra, and nmr spectra were compared with those of
the known pure compounds to obtain product identification.

(26) R. W. Bunsen, Ann., 42, 123 (1942).

(27) Seeref 22, p51.

(28) Seeref 22, p 339.

(29) C. 8. Palmer and R. Adams, J. Am. Chem. Soc., 44, 1356 (1922).

(30) W. Ipatiew, G. Rasuwajew, and W. Stromski, Ber., 62, 598 (1929).

(CH3CHs)s
NHCI
Yield, % yield, % Other products
20 19 Higher arsenic hydrides
58 CH;. grA 82,142
49 73 None
73 96 As—~Cl materials (traces)
63 100 As—Cl materials (traces)

The experimental details for the various chloramine and dimethyl-
chloramine reactions are summarized in Table I.

General Procedure for Chlorination Reactions.—These reac-
tions are illustrated by

2R pAsH, + (x2/2)Cly 4+ x2(CH:CH,)sN ——>
(R zAs)s + x2(CH,CHy)yNHCI

Onto an ethereal solution of the arsine in a reaction flask attached
to the vacuum line was distilled a known volume of previously
dried triethylamine. Onto this solution was condensed, with
constant stirring at —76°, a measured quantity of gaseous chlo-
rine. Reaction occurred immediately in all cases. The highly
volatile components were distilled from the flask and the reac-
tion products were treated in a manner analogous to that used
in the respective chloramination reactions. The melting points,
infrared spectra, and nmr spectra were compared with those of
the known pure compounds in order to identify the products of the
reactions. The experimental details for the various chlorination
reactions are summarized in Table I1.

The experimental procedures for those chloramination and
chlorination reactions yielding atsenic-containing products other
than, or in addition to, the expected (R;_,As). product are dis-
cussed below.

Reaction of Ammonia-Free Chloramine with Arsine.—This
may be shown by

2AsH; + 3NH,Cl = 2As + 3NH,(Cl

A 0.047 M solution (100 m!) of ammonia-free chloramine in di-
ethyl ether was condensed onto 3.13 mmol of arsine at liquid ni-
trogen temperature on the vacuum line. After the reaction
mixture had warmed to room temperature, it was noted that a
white solid had formed. On standing at room temperature, the
color of the solid slowly darkened until the solid was very dark
brown and a silver-colored mirror had formed on the inside glass
surface of the reaction flask. No unreacted chloramine remained.
When a sample of the reaction product was extracted with boiling
water, a water-insoluble black powder and a water-soluble mate-
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rial were obtained. The latter was shown to be ammonium
chloride.

When a sample of the reaction mixture was heated in a vacuum
sublimation apparatus at 110° (1074 mm), a white sublimate con-
taining traces of a yellow material was obtained on the cold finger.
Arsine was evolved during the sublimation procedure and was
identified by its infrared spectrum. A black solid was obtained
as the residue. Resublimation of the yellow-white sublimate
always gave a yellow-white sublimate, arsine gas, and a brown-
black residue. The infrared spectrum of the sublimate showed
that it contains major amounts of ammonium chloride. Anal.
Found for the black residue: H, 0.31; N, 0.01; As, 88.99;
Cl, 2.89. Assuming that the black powder was elemental ar-
senic, a 777, yield of arsenic was obtained based upon the amount
of chloramine put into the reaction.

The mass spectrum of the yellow-white sublimate was obtained.
The major m/e ratios (relative intensities using an arbitrary scale
shown in parentheses) observed in the mass spectrum of the sub-
limate were assignable as follows: NH*, 15 (23); NH.*, 16
(96); NH,*, 17 (100); HCI*, 36 (53); AsH*, 76 (25);
AsClt, 110 (34); AsCl(iso)*, 112 (13); AsCl*, 145 (96); AsCl-
Cl(iso)t, 147 (93); AsCly(iso)*, 149 (28); HiAs.™, 154 (4); Hs-
As,™, 155 (5); AsCly™, 180 (78); AsClLCl(iso)*, 182 (75); As-
ClICL(iso)*, 184 (30); AsCls* 186 (4); AssHi2*, 189 (5), AssH;2t,
191 (7). 1Iso refers to the heavy isotope of chlorine.

This same experimental procedure was used for the reactions
of dimethylchloramine and chlorine with arsine.

Reaction of Chlorine with Methylarsine in ‘the Presence of
Triethylamine.—This is shown by

CHaASHz + C12 + (CHsCHz)aN —
brick red solid + (CH;CH,);NHCI

A
(CH3As); + purple-black solid

Onto 100 ml of diethyl ether in a reaction flask attached to the
vacuum line were condensed 10 mi (liquid) of dried triethylamine
and 12.3 mmol of methylarsine. Onto this solution was con-
densed, with constant stirring at —76°, 6.2 mmol of chlorine.
The clear, colotless solution immediately turned yellow and a
pale yellow solid formed. The reaction mixture was stirred for
1 hr at —76° as the solution gradually darkened. The highly
volatile components were then distilled from the flask., The
orange residue was washed several times with diethyl ether.
Upon distilling the diethyl ether from the washings, a yellow-
brown oil was obtained which immediately began to darken. A
proton magnetic resonance spectrum was obtained using CgDs
as the solvent and tetramethylsilane as the internal standard.
The spectrum showed in the region of —110 to —40 cps the pres-
ence of at least 14 different types of magnetically nonequivalent
protons. This is the region for CHsAs and AsH proton peaks.
This oil eventually changed to a brick red solid. The orange
residue was extracted with 50-m! portions of boiling acetonitrile
until no white precipitate resulted when the acetonitrile solution
was added to diethyl ether. An acetonitrile-insoluble, brick
red solid (I) was obtained and dried i vacuo. The melting point
data for the brick red solid were as follows: 161-164°, solid
changed from red to deep purple with some apparent decomposi-
tion; up to 254°, a liquid which readily oxidized in the air and
had an arsine odor distilled from the purple solid. The infrared
spectrum of this solid was completely void of absorption peaks.
No proton magnetic resonance spectriim could be obtained be-
cause of the insolubility of the red solid. Mass spectra of the
red solid were obtained at temperatures below and above its de-
composition point. The major m/e ratios observed in the mass
spectrum at 150° were assignable as: CH;AsH*, 91 (56);
Asy*, 150 (100); (CH;)Ass™, 255 (14); (CHs)Ass™, 270 (16).
The major m/e ratios observed in the mass spectrum at 190°
were assignable as: CHzAs™, 90 (32); CHsAsHT, 91 (12);
(CH;)Ast, 105 (94); Asyt, 150 (23); CHzAs,™, 165 (29); (CHs)s-
Aset, 195 (10); Ass*, 225 (49); (CHs)Ass™, 255 (89); (CHai)s-
AssT, 270 (100); (CHs)sAss™, 300 (20); (CHsAs):™, 450 (12).
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A comparison of the mass spectrum of the red solid obtained at
190° with that obtained of (CH;sAs); shows that the pentamethyl-
pentaarsine is formed during the heating of the red solid. Amnal.
Found for I: C, 6.66; H, 1.49; As, 83.47; Cl, <0.05. This
gives the empirical formula CHy gAss,14 for I; yield, 0.2 g.

Destructive distillation of I gave a purple-black solid residue
and a small amount of yellow distillate. The proton magnetic
resonance spectrum of the yellow distillate was identical with that
of pure cyclopentamethylpentaarsine. No yield data were ob-
tained for the cyclopentamethylpentaarsine.

The acetonitrile solutions were added to diethyl ether to give a
white solid having a melting point (253-254°) and an infrared
spectrum identical with those of pure triethylamine hydrochlo-
ride.

Reaction of Dimethylarsine and Ammonia-Free Chloramine
in a 2.7:1 Mole Ratio.—This is shown by

NH.Cl1 f(CHg)gASAS(CHg)z
(CHs)zASH ——— C3H9,3A51.4NC11.1
NH,Cl

When the general chloramination procedure was carried out using
a 2.7:1 mole ratio of dimethylarsine to chloramine (ammonia-
free), an orange-yellow solid was obtained in addition to a 109,
yield of tetramethyldiarsine. After the removal of the volatile
tetramethyldiarsine from the mixture of reaction products, the
orange-yellow solid was extracted with tetrachloroethane and
recrystallized from a tetrachloroethane~diethyl ether mixture.
This material did not melt sharply, but began to shrink at 70°,
liguefied with vigorous bubbling at 102°, and turned bright orange
by 150°. The ir and nmr spectra of the material were very
similar to those ascribed to [(CH;)AsN]s-2HCL3! Anal.
Found for the orange solid: C, 18.31; H, 5.01; N, 7.21; As,
51.92; Cl, 20.3. This corresponds to the empirical formula
CsHy.5A581,4NCl1;.  This material is believed to consist of a
mixture of dimethylarsenonitrilic tetramer, its hydrochlorides,
and such intermediate species as [(CHs)As(NH,)CI]Cl and
[(CH3):As(Cl)=NAs(CI1)(CHs):]Cl. These species would be
capable of existence in the absence of ammonia.

Reaction of an Ammonia-Chloramine Mixture with Dimethyl-
arsine.—This is shown by

4(CHs)AsH + 6NH;s + 4NH,CI =
“[(CH;):AsN],-2HCLl” + 6NH,Cl

To a reaction flask equipped with a large cold finger, an adapter
for attaching the flask to the chloramine generator, and an adapter
for connecting to the vacuum line was added 100 ml of 20-40°
boiling petroleum ether. The flask and contents were degassed
on the vacuum line and 2.3 ml of dimethylarsine (26 mmol) was
condensed onto the petroleum ether. The reaction flask and
contents were attached to the chloramine generator and the ef-
fluent gases from the generator were bubbled through the petro-
leum ether solution for 45 min (approximately 75 mmol of chlor-
amine), while the temperature of the reaction solution was main-
tained at —76° to minimize the loss of the volatile dimethylarsine.
A white solid formed immediately. After a few minutes, the
white solid disappeared and a clear, colorless, dense layer formed
which was immiscible with the petroleum ether. After the
chloramination was completed, the reaction mixture was warmed
to room temperature under a stream of dry nitrogen. As the
ammonia evolved, the immiscible lower layer slowly turned to a
white solid. The reaction flask was attached to the vacuum line
and all volatile materials were distilled from the reaction flask.
The remaining tacky, white solid was taken into the drybox and
extracted with tetrachloroethane. The infrared spectrum of the
remaining white solid was identical with that of ammonium
chloride.

The tetrachloroethane solutions were added to diethyl ether.
The resulting white precipitate was recrystallized from aceto-
nitrile. The infrared spectrum of this white solid was similar

(31) L. K. Krannich, Ph.D, Dissertation, University of Florida, June
1968,
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to that of the substance bhelieved to be the dihydrochloride
[(CH;3)AsN]4-2HCI obtained from the reaction of (CHjz):AsCl
with an ammonia—chloramine mixture,? except for an absorption
peakat 970 cm™.

Peaks observed in the infrared spectrum of this material are
as follows (cm™): 2980 (s), 2960 (s), 2940 (s), 2900 (s), 2540
(m), 1420 (w, sh), 1405 (m), 1380 (w, sh), 1268 (m), 1000 (s),
970 (s), 900 (s), 85 (m), 830 (m), 800 (s), 720 (m, b), 665 (w),
640 (m), 620 (m), 600 (w), 528 (m), 305 (m), 295 (w, sh).

The material melted at 170-185° with decomposition. (The
melting point previously observed for [(CHs)AsN]y-2HCI was
217-218° with decomposition.?) This sample probably contains
some other arsenic-nitrogen compounds as minor impurities.
This would account for the wide melting range and the addition
infrared absorption peak at 970 cm~. The product could,
for example, consist of an equimolar mixture of [(CHs):AsN]4-
4HCl and [(CH3):AsN]s in addition to [(CHs)AsN],-2HCL.
The nmr spectrum in deuterium oxide and the analysis of such a
mixture would be identical with those of [(CH;)AsN].-2HCI,
whereas the infrared spectrum and melting point would be dif-
ferent. The nmr spectrum was identical with that of [(CHs)s-
AsN],-2HCI, having two single peaks at = 8.22 (methyl protons
attached to arsenic) and 2.53 (possibly NH protons®) when the
spectrum was obtained using DMSO-ds as the solvent and the
sodium salt of 3-(trimethylsilyl)propanesulfonic acid as the in-
ternal standard. Anal. Caled for [(CH;)»AsN]-2HCL: C,
17.49; H, 4.78; N, 10.21; As, 54.60; Cl, 12.91. Found:
C, 17.67; H, 4.70; N, 10.26; As, 54.56; Cl, 13.37. The yield
of ““[(CH;)AsN]4-2HCI” was 1.1 g (369, of theory based upon
the amount of dimethylarsine put into the reaction).

The Reaction of Aminodiphenylarsine with Diphenylarsine.—
This is shown by

(CeHa)zASNH2 + (C5H5)2:XSH = (cGHa)z)ASAS(CsHs)Z + NH;;

To 0.14 g of aminodiphenylarsine (0.57 mmol) in a beaker inside
the drybox was added 0.13 g of diphenylarsine (0.57 mmol).
The beaker was placed inside a bell jar and the reaction mixture
was maintained at 30° and a pressure of 1072 mm for 6 hr. A
pale yellow solid siowly formed. The reaction product was
washed several times with hexane and dried 4» vacuo. The ma-
terial melted at 129-130° (lit.*2 mp 120-125, 130, 130.5°). The
infrared and proton magnetic resonance spectra were identical
with those of tetraphenyldiarsine. The yield of tetraphenyl-
diarsine was 0.17 g (659, of theory based upon the amount of
diphenylarsine put into the reaction).

Discussion

The Chloramine and Dimethylchloramine Reac-
tions.—The results of this study show that arsine,
primary arsines, and secondary arsines are readily
converted to elemental arsenic, cyclic polyarsines, and
diarsines, respectively, by reaction with chloramines.
In all cases where the arsine was kept in substantial
stoichiometric excess, essentially a quantitative yield
of the respective arsenic-arsenic bonded compound
was obtained.

Previously reported reactions of chloramines with
group V bases have yielded amino-substituted “onium”
chlorides, such as hydrazinium, aminophosphonium, or
aminoarsonium salts.!™7 The reactions of chloramine
and dimethylchloramine with arsines containing As—H
bonds

2R3 AsH, + (x3/2)R’:NCl = (Rs—.As), + (x2/2)R’NH.Cl
indicate that the chloramine molecules react with arsine

and with primary and secondary arsines, in a differ-
ent manner than that postulated for the chloramination

(32) F.F. Blicke and F. D. Smith, J. Aw. Chem. Soc., b1, 2272 (1929).
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of trisubstituted phosphines and arsines, possibly not
involving initial formation of an aminoarsonium species.

The analysis of the black solid formed and the mass
spectrum of the sublimate from the arsine—chloramine
reaction show a complete lack of As-N-containing spe-
cies. The mass spectrum shows the presence of ammo-
nium chloride, arsenic hydrides, and chloroarsines in the
sublimate. The chloroarsines could result from the
interaction of HCl with the arsenic hydrides in the mass
spectrometer at a temperature of 150° or could be in-
termediate reaction products.

The results of the study of dimethylarsine—chloramine
reactions indicate that the mole ratio of dimethylarsine
to chloramine is a determining factor for the type of
products obtained (Table I). At high values of this
ratio, the tetramethyldiarsine is the principal arsenic-
containing product. As the ratio is decreased, the yield
of the diarsine decreases and a material containing not
only C, H, and As, but also N and CI, results. This
material is apparently a mixture of dimethylarsenoni-
trilic tetramer,® its hydrochlorides, and intermediate
species. (The cyclic tetramer dimethylarsenonitrile
would be the analog of the cyclic tetrameric dialkyl-
phosphonitriles obtained by Frazier and Sisler in the
chloramination of the diphosphines.?®) When di-
methylarsine was chloraminated in the presence of am-
monia and a large excess of chloramine, the only arsenic-
containing product recovered was the arsenonitrile.
Thus, if the dimethylarsine:chloramine ratio is suffi-
ciently low, arsenic-nitrogen compounds are formed.
These species probably result from the reaction of chlor-
amine with the initially formed diarsine in a manner
analogous to that with the diphosphine.33

Since kinetic measurements have not been carried
out, definitive statements concerning reaction mecha-
nisms cannot be made. However, it may be useful to
consider several possible mechanisms and speculate
concerning their probability.

A reaction path analogous to the SN2-type displace-
ment reaction already postulated for the chloramination
of tertiary amines, phosphines, and arsines would
involve nucleophilic attack by the arsine on the chlor-
amine molecule (R’, R = hydrocarbon radical or H)

R R H R R H

~N ‘— N —) N

AsH + RNCl = i. As: - N---Cl } = /AsNR’z Cl
R

/ i
R R R’

1

Further reaction in accordance with the equations

RH
N ,
AsNR/’; |Cl —> HCI + R:AsNR'% (2)
e
R
R:AsNR’; + HCl —> R;AsCl + HNR": 3)
RQJXSCI + RQAA.SH e R?AASASRi + HCl (4)
HCI + HNR';, —> [R’.NH;]Cl (5)

would lead to the products obtained in these experi-

ments.
(33) S. E. Frazier and H. H. Sisler, Inorg. Chem., 8, 925 (1966).
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An alternative path would be the attack of the arsine
on the chlorine of the chloramine molecule

R R H
N AN
/ASH -+ R NCI = As-+-Cl--*NR/, | =

R H

AN

AsCl [NR’;  (6)
R

Further reaction in accordance with the equation
R H
AN

AsCl [N R’2 =

R/ R

AsCl + HNR" (7

followed by eq 4 and 5 would lead to the products ob-
tained in these experiments. This reaction path is in
accordance with the known reaction of primary or sec-
ondary arsines with monohaloarsines to give compounds
containing arsenic-arsenic bonds!?~!* and with the
mechanism postulated by Denney and Felton3* for the
reaction of tris(dialkylamino)phosphines with dialkyl-
chloramines to give tris(dialkylamino)dichlorophos-
phoranes.

Similar to the above would be a mechanism in which
the initial step is the formation of a pentacoordinate
arsenic derivative

R R_H NR%
N N/
AsH + RHNCI = As @)
/ N
R R" «

which could ionize to give the chloroarsonium deriva-
tive

R H
N
AsCl INR";
a
R

which could react as already outlined above (eq 4, 5, and
7). Another possibility would be for the pentacoordin-
ate arsenic derivative to disproportionate to give the

aminoarsine and hydrogen chloride
TR H NR%
ANV \
As =  AsNR’y + HCI )
SN
R Cl

Further reaction could then occur to give the As—As
bond according to the equations

R R R R
AsNR’; +  AsH = \As—As 4+ R%NH (10)

R R K R
HCI + R.NH = [R.NH,]CI (11)

This mechanism is supported by the demonstration in
this study that aminoarsines react with secondary ar-
sines to give As—As bonds. Similarly, Burg® has
shown that (CH;);PN(CHj), reacts with (CH;),PH

(34) D. Denney and S. Felton, Inorg, Chem., T, 99 (1968).
(35) A. B. Burg, J. Am. Chem. Soc., 88, 2226 (1961).
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to give (CH;),PP(CHj;);. The conditions required
for this mode of reaction, however, would suggest that
this possible mechanism is of minor importance in our
experiments.

The pentacoordinate derivative postulated above

might also disproportionate to give §>ASCI and

HNR/’,, which then could react according to eq 4 and 5.

On the basis of data presently available, it is difficult
to make a reasonable decision among the various pos-
sible reaction paths.

The results of the reactions of arsine, primary arsines,
and secondary arsines with chlorine demonstrate that
chlorine reacts with these substances, probably in a
manner analogous to that of chloramine and substituted
chloramines, and has demonstrated that elemental
chlorine may be used to obtain diarsines and cyclic poly-
arsines from hydrogen—-arsenic-bonded compounds in
substantial yields. This is not in agreement with the
reports of Dehn and coworkers!!:!® to the effect that
chlorine reacts with primary and secondary arsines al-
ways to yield compounds having arsenic—chlorine bonds.
However, it is clear that in their experiments such prod-
ucts resulted because chlorine was in excess. Conse-
quently, any diarsine or polyarsine formed in their reac-
tions would have undergone chlorination breaking the
arsenic—arsenic bonds.

The arsenic—arsenic-bonded reaction product obtained
from the methylarsine-chlorine reaction was not the
cyclopentamethylpentaarsine as expected, but a
brick red solid having the empirical formula CH; -
Aspys.  The high arsenic-to-carbon ratio implies that,
during the reaction, a loss of methyl groups from the
arsenic occurred and that a highly condensed arsenic—
arsenic-bonded product resulted. The condensed ar-
senic product is undoubtedly a complex species, since,
prior to its final condensation, its proton magnetic res-
onance spectrum showed the presence of at least 14
magnetically nonequivalent methyl groups or pro-
tons. This material probably contains some of the red
solid form of the cyclopentamethylpentaarsine.® At
161-164°, the brick red solid decomposes to give a pur-
ple-black solid and a liquid shown by our nmr spectros-
copy and mass spectrometry to be the cyclopentameth-
ylpentaarsine. Therefore, the dimethyl-chlorine reac-
tion yields some cyclopentamethylpentaarsine and other
nonchlorine-containing arsenic compounds.

The reaction of aminophenylarsine with diphenylar-
sine shows that an arsenic-arsenic-bonded compound
can be obtained by the reaction of an aminoarsine with
an arsine. The experimental conditions required to
obtain a reaction suggest that the driving force of the
reaction is the removal of the evolved ammonia.
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(36) E. G. Rochow, D. T. Hurd, and R. N. Lewis, “The Chemistry of
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