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Experimental Section 
Starting Materials.-DL-Methionine, DL-norleucine (Nutri- 

tional Biochemicals Corp.), and analytical grade metal salts 
were used without further purification. 

Prepa- 
ration 1.-The amino acid (1.3 g )  and NazC08 (0.5 g) were dis- 
solved in 70 ml of water a t  80" and the metal nitrate (hexa- 
hydrate) was added with stirring (metal: amino acid mole ratio 
1 9 . 3 ) .  The resulting solution was concentrated under re- 
duced pressure on a steam bath and then cooled in a refrigerator. 
After several hours the crystals which formed were filtered off, 
washed with water and ethanol, and dried in vacuo over P4010. 

Preparation 11.-The amino acid was added to  a suspension 
of LiOH.Hz0 (slight excess over 1: 1 mole ratio) in ethanol and 
stirred a t  60" for 20 min. After filtration of the unreacted 
LiOH. HzO, a solution of the metal perchlorate (hexahydrate) in 
ethanol was added slowly. (The meta1:amino acid mole ratio 
was 1 :2  for the MIILz complexes and 1 : 3  for the MIXILA and 
MIILC104 complexes.) The precipitate which formed imme- 
diately was filtered, washed with ethanol, and dried in vacuo over 
P4O10. For the compounds [NiMt] clod, [CuMt] c104, 
[CoNorl~] ., [ NiNorll] %, and [CuNorln] ., precipitation occurred 
after the reaction mixture was cooled in a refrigerator for several 
hours. For the compounds [CrMto] and [FeMts], the reaction 
mixture was heated on a steam bath for 30 min, until crystalliza- 
tion began. 

Preparation I11 was carried out similarly to preparation 11, 
except that the lithium methioninato solution was added to 
the metal perchlorate solution (metal: methionine mole ratio 
1 : 3).  

Preparation IV was carried out according to the general method 
of Abderhalden and Schni t~ler .~3 Freshly prepared Cu(OH)z, 
suspended in a small volume of water, was added to a 10% aque- 
ous solution of methionine (Cu: methionine mole ratio 1:2.2). 
The reaction mixture was stirred a t  60' for 30 min; the deep 
blue crystals which formed were filtered off, washed with warm 
water and ethanol, and dried in vacuo over P4010. 

Preparation V.-A solution of sodium ethoxide in ethanol 
(0.12 g of sodium in 60 ml) was treated with 1.50 g of methionine 
and then with hydrated zinc(I1) perchlorate (1.33 g) dissolved 
in a minimum volume of ethanol. The white precipitate which 
formed immediately was filtered, washed with ethanol, and 
dried in vacuo over P 4 0 1 0 .  

Preparation and Characterization of the Complexes. 

(23) E. Abderhalden and E. Schnitzler, Z .  Physih. Chem., 168, 96 (1027). 

Preparation VI.-Methionine (1.3 g) was dissolved in 60 ml 
of water, treated with NazCOa.HzO (0.6 g), and heated a t  80" 
for 20 min. Hydrated cobalt(I1) perchlorate (1.1 g in 20 ml of 
water) was then added to the warm sodium methioninato solution, 
and the pale pink precipitate which formed slowly was filtered 
off, washed with water and ethanol, and dried in vacuo over 
p4010. 

Preparation VI1.-An ethanol solution of the anhydrous 
metal chloride was added to a hot ethanol solution of lithium 
methioninato, and the mixture was refluxed for 3 hr. The 
resulting solution was filtered hot and on cooling gave a precipi- 
tate which was filtered, washed with ethanol, and dried in vacuo 
over P,Olo. 

Preparation VII1.-An aqueous solution of the metal per- 
chlorate hexahydrate (1 .O g in 20 ml) was added with stirring to 
an aqueous solution of the Li[AgMtz] complex (1.0 g in 30 ml). 
The precipitate which formed immediately was filtered, washed 
with water and ethanol, and dried in air. 

Preparation 1X.-The [MIIIMta] and Li [ NiMts] complexes 
were dissolved in ethanol and treated with an ethanol solution 
of silver nitiate or perchlorate. The precipitate which formed 
immediately was filtered off, washed with ethanol, and dried in 
air. 

Deuterated Compounds.-The details of the preparations, 
analytical data, and properties of the deuterated compounds 
are available elsewhere.22 

Measurements.-Analyses, magnetic susceptibility deter- 
minations, and infrared and electronic spectra and conductivity 
measurements were made as previously described.24 The 
diffuse reflectance absorption maxima (cm-l X (a), and 
the molar conductivity values, ARI (ohm-' cmz mole-') (b), of 
some complexes follow: (a) [CoMtz]., 20.2, v br; 17.2 sh; 
[CoNor l~ ]~ ,  18.5; [CuMtz],, 16.5; [CuNorlz]., 16.5. (b)  
[FeMta], 1.840 X 10-3Minwater,  AM = 223.9; 1.690 X M 
in methanol, Aar = 74.8; [RhMta], 1.675 X M in water, 
AM = 55.6; 2.100 X M in methanol, AI% = 5.9; Li[NiMt3], 
1.190 X M in water, AX = 115.0; [NiMt]C104, 1.590 X 
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M in acetonitrile, AM = 58.4. 

(24) J. V. Quagliano, J. T. Summers, S. Kida, and L. M. Vallarino, Inuvg. 
Chem., 8, 1557 (1964). 
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The reactions of triphenylarsine and diphenylchloroarsine with chloramine and with mixtures of chloramine and ammonia 
have been carried out and a variety of aminoarsonium chlorides and cyclic arsenonitriles prepared. Similar compounds 
have been derived by the ammonolysis of di- and trichlorophenylarsanes. It has been shown that chloramination, like 
chlorination, of phenylarsines results, under some conditions, in the fission of some of the arsenic-phenyl bonds and the 
elimination of chlorobenzene. 

H. H. S. has previously reported that chloramine re- 
acts with triphenylarsine to yield impure samples of 

now accomplished this objective and also have studied 
the chloraininations of diphenylchloroarsine and tri- - -  

triphenylaminoarsonium chloride,l but the pure com- 
pound was not isolated and characterized. We have (1) H. H. Sisler, XVII th  International Union of Pure and Applied Chem- 

istry, Munich, Sept 1959. 
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methylamine under a variety of conditions, both in 
the absence and in the presence of ammonia. 

Experimental Section 
Materials.-Triphenylarsine was obtained from J. T. Baker 

Chemical Co. and used as received. Chloramine was produced 
by  the gas-phase chlorination of ammonia as described by  Sisler, 
et .4nhydrous, ammonia-free chloramine was prepared in 
ethereal solution by the procedure of Gilson and S i ~ l e r . ~  A11 
solvents were dried over calcium hydride. Trimethylarsine was 
prepared by the reaction of methylmagnesium iodide with arsenic- 
(111) ~ h l o r i d e . ~  Diphenylchloroarsine was prepared by the 
dropwise addition of arsenic(II1) chloride to triphenylarsine a t  
360°5 and distillation of the resulting mixture, accepting only the 
fraction boiling a t  200-210" (35 mm). 

Analyses.-Most elemental analyses were carried out by 
Schwarzkopf Analytical Laboratory, Woodside, N. Y. Some of 
the nitrogen analyses were done in this laboratory using a Cole- 
man Model 27 nitrogen analyzer. Some of the chloride analyses 
were done in this laboratory by the Volhard procedure. 

Physical Measurements.-Infrared spectra were measured on 
a Perkin-Elmer Infracord Model 137 spectrophotometer. Most 
of the spectra were measured both in a Sujo l  mull and also in a 
Kel-F mull. Wavelength measurements were corrected by refer- 
ence to a standard polystyrene spectrum. Infrared data are 
listed in Table I .  Melting points are uncorrected. The nmr 
spectra were obtained using a Yarian DP-60 spectromctcr. All 
were run in deuteriochloroform and were externally referred to  
acetaldehyde. 

Procedure.-Illustrative of the experimental procedures used 
in this study are the four procedures described below. 

A. Direct Chloramination of Trimethylarsine at  Low Pres- 
sure.-Anhydrous, ammonia-free chloramine (1.24 g, 24 mmoles) 
in anhydrous ether was introduced into a vacuum system (5 p), 
degassed, and distilled into a degassed ethereal (25 ml) solution 
of trimethylarsine (1.48 g, 12 mmoles). The reaction flask was 
held a t  -78" until all of the reagent condensed. Reaction be- 
gan immediately and was apparently complete in 15 min. The 
ether plus the excess of chloramine was distilled out, leaving 2.05 
g of a white, microcrystalline solid which recrystallized un- 
changed from dimethylformamide and melted a t  136-138" (com- 
pound XII I ,  Table 11). 
B. Chlorination of Triphenylarsine, Followed by Ammo- 

nolysis.-A stream of dry chlorine was passed into a solution of 
triphenylarsine (2.0 g, 6.7 mmoles) in dry ether (50 ml) a t  20'. 
Evaporation of the solvent under reduced pressure yielded 1.2 
g of white crystals of (C6H6)3AsCl2, mp 200°, phase change a t  
155' (lit. mp 204-205", phase change a t  158"). The crystals 
were dissolved in 50 ml of chloroform and treated with ammonia 
a t  room temperature. The chloroform-soluble portion of the 
product after recrystallization was a white, crystalline solid which 
melted a t  255-260" (compound 111, Figure 1). 

Chloramination of Triphenylarsine at  Atmospheric Pres- 
sure and Temperature.-The mixture of chloramine and excess 
ammonia obtained from the chloramine generator2 was passed into 
a solution of triphenylarsine (5.75 g ,  18.8 mmoles) in 100 ml of 
benzene for 15 min (total NHXI 25 mmoles) a t  20". The result- 
ing white precipitate was filtered and dried; it melted over an ex- 
tended range up to  195" and its analysis showed a CsH::rls 
ratio of 5:2.  

Thermal Condensation of 1V.-Mixture IT' was dissolved 
in dimethylformamide a t  150". Upon cooling, white crystals, 
nip 195", were obtained (compound V, Figure 1) in good yields. 

The various compounds prepared are listed with their analyses 
and melting points in Table 11. Postulated reaction schemes are 
discussed in the following section and are summarized in Figures 

C. 

This substance is labeled 11. in Figure 1. 
D. 

( 2 )  H. H. Sisler and G. Omietanski, Itiorg. Syiz., 5,  91 ( 1 9 5 2 .  
( 3 )  I. T .  Gileon and H. H. Sisler, 1wo1.g. Chem. ,  4, 273 (1965). 
(4) H. Hibbert, Rei,., 39, 161 (1906). 
( 5 )  W. J. Pope and E. E. Turner, J .  Chcm. Soc., 117, 1447 (1920). 

Compound 

I 

I1 

I11 

IV 
(mixture) 

Y 

T-I1 

VI11 

I S  

x 

X I  

XI1 

SI11  

TABLE I 
IXFRARED DATA (CIVI-1) 

3150, 3040 s, doublet, 1980 w, 1900 w, 1820 w ,  
1760 w, 1530 m, 1480 s, 1440 s, 1410 m, 1335 w, 
1310 w, 1180 m, 1090, 1080 s, doublet, 995 s, 
965 w, 880 m, 756 s, 748 s, 740 s, 690 s 

3150, 3050 m, doublet, 1950 m, 1900 vl', 1820 w, 
1750 w-, 1670 S, 1560 w, 1470 m, 1430 s, 1370 in, 
1330 w, 1300 m, 1250 m, 1170, 1160 m, doublet, 
1090 m, 1080 s, 1020 w, 1015 w, 992 m, 970 s, b, 
880 m, 865 w, 748 s, 735 s, 690 s 

3050 m, 2950 m, 2000 s, 1930 TV, 1570 w, 1480 m, 
1310, 1300 m, doublet, 1185, 1175 w, doublet, 
1160, 1150 TV, doublet, 1080 s, 1060 In, 1010 m, 
1000 m, 960 s, b, 860 w, 765 m,  sh, 760 m, 740 s, 
736 s, sh, 698 W, sh, 688 s 

3150, 3000 s, doublet, 1720 w, 1580 w, 1510 w, 
1480 s, 1440 s, 1340 w, 1310 w, 1285 m,  1270, 
1265 m, doublet, 1110 m, 1090 s, 1030 m, 998 s, 
930 w, 880 m, vb, 755 s, sh, 750, 744, 736 vs, tri- 
plet, 715 s, 693 vs 

3150, 3050 s, doublet, 2580 w, 1485 in, 1440 s, 
1310 w, 1185 m, 1160 TV, 1085, 1075 s, doublet, 
1048 w, 1020 w, 995 s, 932 VI', sh, 925 v-> 844 w,  
748 s, sh, 740 vs, b, 722 m, sh, 685 vs, b 

3180, 3070 s: doublet, 1750 m, b, 1524 m,  1470 m, 
1440 s, sh, 1400 s, 1330 w, 1300 w, 1180 in, 
1155 m, sh, 1080, 1070 s, doublet, 1015 m,  995 s, 
955 vs, b ,  850, 840 w, doublet, 767, 758 s, 
doublet, 735 vs, b, 680 s 

3180, 3070 s, doublet, 1524 m, 14'70 m, 1440 s, 
sh, 1330 w, 1300 TY, 1180 m, 1155 m, sh, 1080, 
1070 s, doublet, 1015 m,  995 s ,  955 vs, b, 850, 
840 w, doublet, 767, 758 s, doublet, 735 vs, b, 
680 s 

3000 s, sh, 2700 vs, b, 2270 s, 1570 m, 1470 m, 
1440 s, 1330 w,  1300 w, 1190 m, 1124 w, 1080 m, 
1060 sh, 1015 w, 995 m, 925 w,  845 w, 795 s, 
774 s, 750 s, sh, 733 vs, b, 678 vs, b 

3150 s, 2940 s, 2440 TV, 1960 w, 1880 w, 1800 w, 
I750 w, 1540 m, 1480 s, 1440 s, 1400 w, 1370 m, 
1300 m, 1240 m, 1210 m, 1175 m, IO85 s, 1065 w, 
1020 s, b, 990 s, 955 w,  834 m, b, 740 s, vb, 685 s 

(in Xujol mull only) 3100 m, sh, 3030 s (2900 s), 
1950 TV, 1900 w, 1810 w, 1750 vw, 1650 \T! 1460 s 
(1450 s, sh), 1435 s (1370 s), 1300 m, 1165 in, 
1155 m, sh, 1080 s, 1060 ti l ,  sh, 1020 m, 995 ni, 
940 vs, b, 735 s, 688 s 

(in Sujo l  niull only) 3150 s (2900 s), 1960 w, 
1890 m, 1800 w, 1760 w, 1530 m,  1475 m, (1450 
m, sh), 1440 s, 1400 w (1370 m),  1305 m, 1240 m, 
1210 m, 1180 m,  1085 s, 1025 s, sh. 1015 s, 990 s, 
955 w, 834 m, b, 740 s, b, 693 s 

3150 s, 3030 s, sh, 1495 m, 1420 s, 1310 TV, 1265 s, 
1120 s, 935vs, b, 890 s, 855 s, 820 m, sh, 694 vs, b, 

1 and 2. 
Table 111. 

A full list of experimental procedures is show11 iii 

Discussion 
The above data show that chloramine reacts with 

several arsine derivatives to form chloramine adducts 
which, like the corresponding phosphine-chloramine 
adducts, condense to form arsenic-nitrogen chains, 
open and closed. A surprising feature of the chlor- 
amination reaction is the fact that  arsenic-phenyl 
bonds are labile under the conditions of the reaction, 
resulting in the loss of chlorobenzene and leading to 
products other than simple adducts. Generally, this 
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hTo. on 
reaction 
diagram 

I 

I1 

I11 

IV 
V 

VI1 
VI11 

IX 

XI  

x 

TABLE I1 

MP, O C  

170 dec 

255-260 

255-260 

{Co;m,lete a t  

195 

{Col;gplete a t  

180 

120 

155-157 

(Colm;lete a t  

Analyses, %-- 
C K N As 

Calcd 60.45 4.74 3.92 20.98 
Found 59.95 4.77 3.72 21.10 
Calcd 63.75 5.05 3 .81  20.42 
Found 63.30 5.20 3 .83  22.03 
Calcd 65.30 4.53 2.12 22.66 
Found 65.08 4.77 1 .63  21.07 
Calcd 55.10 4.74 6 .42  . . .  
Found 55.80 4.76 6.34 
Calcd 60.00 4.54 4.64 24:94 
Found 60.29 4.64 4 .55  24.70 
Calcd 45.55 3.80 4.43 23.72 
Found 45.70 4.07 4 .63  23.88 
Calcd . . . . . 2.42 . . . 
Found . . . , . 2.41  . . . 
Calcd 39.00 
Found 37.53 
Calcd 59.22 
Found 59.41 
Calcd 47.75 
Found 45.88 

3.28 
4.84 
4.15 
4.29 
3 .80  
4.60 

5.05 
5 .15  
5.76 
5.45 
6.76 
6.76 

27.08 
26.81 
30.85 
30.61 

. . .  

. . .  

- 
c1 

9.93 
9.72 
4.83 
5.48 
5.36 
5.24 

10.85 
9 .18  
5.90 
6.10 

22.40 
22.29 
18.40 
17.90 

25.60 
26.13 

0.00 
0.00 

17.20 
17.00 

NHz NH, 
XI11 [ (CH3)3AsT\"z] C1 136-138 Calcd 21.00 6.41 8.16 43.70 20.71 

Found 20.99 6 .31  8.36 43.78 20.34 
c1  c1 

I 
c1 

I 
I 

"3 

Probably [ (CsH6)3As=N-As(CeH5)*]C1. Probably [ (CsHa)zkS---*S(C6H6)] c1. 
I 
NHz 

[( COH~)~AS-N-AS( CsHs)s] C1* DMF 

mp 255-260" 

I1 

heat 

Y 

[( CsHs)sAS-N-As( CsH,),] C1 

NH3 

mp 204-205" mp 255-260" 

I11 

t 
(not cliaracterizcd) 

VI 171a 
Figure 1.-Reaction scheme for triphenylarsine and chloramine products. 
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I \ 

I\ fi3 
mp 172' \ 

intermediate 
(not characterized) 

intermediate 

mp 155-157' (not characterized) 
I 

A XI 
I 

s XI1 
Figure 2.-Reaction scheme for diphenylchloroarsine and chloramine products 

TABLE I11 
Reagent 01 

diiving foice 

NHzCl 

XHzCl-SHa 
Clz 
CL 
SH3 
SH3 

Heat 
Heat 
SH1 
Heat 
Heat 

Heat 
SH2C1 

~ - H ~ C I - N H I  
Clz 
"3 

HCI 
Heat 
Heat 
Time 

Heat 
NHaCl 

Temp, O C  

- 78 
to 
- 10 

20 
20 

- 78 
20 

- 78 

150 
160 
20 

150 
150 
- 78 
150 

- 50 
- 78 
- 78 

20 
150 
150 
20 

- 78 
160 

Pioducts 

[( CsHe)ailsSHz] CI 

No. on 
diagram 

I 

IV 
VI 

111 
I and I11 

I1 
111 
1% 
v 
11 
1711 
VI11 

. . .  

X 

XI 

IX 
XI1 
XI 
XI11 

. . .  

. . .  

. . .  
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complication may be partially avoided by carrying 
out the reactions a t  -78". Chloramination of tri- 
methylarsine proceeds instantaneously in diethyl ether 
even a t  low temperatures. Diphenylchloroarsine un- 
dergoes chloramination a t  a visibly slower rate than 
trimethylarsine under these conditions. Triphenyl- 
arsine in ether solution does not react with chloramine 
a t  a measurable rate a t  -78". At  temperatures 
above -lo", however, it  reacts readily and the reac- 
tion goes to completion. This variation in reaction 
rates may be correlated with the higher electron density 
on the arsenic atom in the methyl derivative than in 
the phenyl derivative. At room temperature, in the 
presence of an excess of ammonia, chloramination of 
triphenylarsine and diphenylchloroarsine takes place 
instantaneously and exothermally. Heating the re- 
sulting chloramination products to temperatures as 
high as 150" results in the formation of condensed 
products in which the C6H5: As ratio is lower than in 
the starting materials (compounds V and IX, Table 11). 

With respect to chlorination, triphenylarsine and 
diphenylchloroarsine react a t  -78" to give the pure 
adducts (CeH6)3AsC12 and (C,3H6)2A~C13, respectively. 
Chlorination a t  room temperature, however, yields 
mixtures of oily products having a wide melting range 
and consisting of species in which the C6&: As ratio 
is lower than in the starting materials. Thus, i t  is 
apparent that  As-C~HB bonds are broken in the reac- 
tion. 

The ammonolysis of triphenyldichloroarsane yields 
mixtures of monomeric and condensed ammonolysis 
products. In  the reaction a t  -78", analytical and 
infrared data show that compound I predominates in 
the product. At room temperature, however, the 
reaction product consists principally of condensed 
products. When any mixture of these products 
was recrystallized from dimethylformamide a t  above 
150", pure compound I1 was obtained in good yields. 
Likewise, ammonolysis of pure diphenyltrichloroarsane 
leads to a condensed compound with the elimination 
of ammonium chloride, producing a material having a 
cyclic structure and another which is probably analo- 
gous to [(C~H&P(NHZ)NP(NHZ) (C6H&]C1 which has 
been shown6 to be a precursor to [ ( C ~ H S ) ~ P N ] ~ .  On 
the other hand, ammonolysis of the mixture (C6Hs)z- 
AsC& + (C~H6)3AsClz produced by the room-tempera- 
ture chlorination of triphenylarsine leads to an un- 
characterized intermediate (VIa) which upon thermal 
condensation yields the "phenyl-deficient'' compound 
V, with a C& : As ratio of 5 : 2. As indicated below, the 
probable formula for Vis [(C6Hj)3AsNAs(NH~) (C&,)Z]-  
C1. On the basis of these results we may state the 
following generalizations : (1) Chlorination and chlor- 
amination of phenylarsines a t  room temperature alike 
result in the migration of phenyl groups. (2) Phenyl 
migration is inhibited by operating a t  lower tempera- 
tures. (3) Ammonolysis does not in itself result in 
phenyl group migration even a t  room temperature. 
(4) Ammonolysis does, however, promote condensa- 
(6) H. H. Sisler, H. S. Ahuja, and N. L. Smith, Inoug. Chem., 1, 84 (1962). 

tion since the ammonia acts as a hydrogen chloride 
acceptor. Applying these facts to the chlorination of 
triphenylarsine, we can postulate the series of reac- 
tions 

(CeH5)sAs + Clz --f (C6Hs)3-4SC12 

(C&)&C12 --+ (CsHs)zAsC1 + CGHLC~ 

(CaH5)zAsCl + Clz --+ ( C ~ H S ) ~ A S C ~ ~  

(C6Hjj)2ASC13 --f CeHsAsClz CsHsCl 
etc. 

Thus, a mixture of various phenylchloroarsines may 
be obtained even when starting with a pure compound. 
In connection with this postulated series of reactions, 
i t  is noteworthy that, when melting the room-tempera- 
ture chlorination product of triphenylarsine, there is 
always observed some decomposition and melting a t  
200", the decomposition temperature of (C~HJZ-  
 ASCI^.^ Similarly, the melting of the chlorination 
product of (C6H&AsC1 always shows some decompo- 
sition and evolution of chlorobenzene a t  150", the 
temperature a t  which COH~ASCI~ decomposes. 

A similar reaction sequence may be postulated for 
the chloramination process 

(C&)& 4- NH2C1+ (CsHs)&(XHz)CI 

( C ~ H ~ ) ~ A S ( N H ~ ) C ~ - - +  (CeH5)zAsNHz + CsH5C1 

( C ~ H ~ ) ~ A S N H ~  + NHzCl+ (CcHs)zAs(NH2)sCl 
etc. 

The presence of amino groups permits condensation 
to give molecules containing more than one arsenic 
atom per molecule. This postulated reaction sequence 
is supported by the isolation of compounds V and IX. 
Further support was obtained by examining the fil- 
trate after carrying out a room-temperature chloram- 
ination. Chlorobenzene was found by vapor phase 
chromatography, whereas aniline was not, even though 
i t  was specifically sought. 

Structures.-Based on the elemental analysis and on 
the fact that  hydrolysis yields triphenylarsine oxide 
quantitatively, i t  is concluded that compound I is 
(c&Ib)&(NH~)cl. If quaternary arsenic is assumed, 
the availability of an unshared pair of electrons in the 
nitrogen atom for .R bonding with the arsenic atom 
would make [(C~HE)&NH~]CI a more probable struc- 
ture than [(C6Hb)8AsC1]NHs. Compounds I1 and I11 
are readily interconverted by addition or removal of 
dimethylformamide. Compound I1 is obtained from 
I by condensation of dimethylformamide solution, 
and I11 from I by condensation in the absence of 
formamide. Recrystallization of I11 from dimethyl- 
formamide yields 11, and heating I1 yields 111. These 
facts and elemental analysis, combined with the pres- 
ence in the infrared spectra of I1 and 111 of a band a t  
950 cm-I, previously assigned to the N-As-N 
group in [ (C~HE,)~ASN]~,~ support the following formula- 
tions of I1 and 111, respectively 
[ (CeH5)sAs-N-As (CGHS)~] C1. HC (=O)N (CH3)2 and 

1 ( C ~ H , ~ ) ~ A S - N - A S ( C ~ H ~ ) ~ ~  C1 

(7) W. LaCoste and A. Michaelis, Ann . ,  201, 198 (1880). 
(8) W. T. Reichle, Tetvahedvon Letteus, 2, 51 (1962). 
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This assignment of the 950-cm-l band is reasonable 
in terms of the probable strength of the As-N bond. 

The material labeled IV is not a pure compound for 
its properties vary from experiment to experiment. 
Generally, the ratio C6Hj:As in I V  is about 5 : 2 .  
The peaks in the infrared spectra of various prepara- 
tions of IV occur a t  the same frequencies but the 
intensities of the various absorptions show strong 
relative variation from sample to sample prepared 
under slightly varying conditions. However, when 
IV is recrystallized from dimethylformamide, am- 
monium chloride is eliminated and the substance V 
with the composition ( C C H ~ ) ~ A ~ ~ N ~ H ~ C I  forms. Com- 
pound V is also obtainable by the ammonolysis of 
a mixture of (C6&)&C12 and (C~H&ASC~~.  The 
physical properties, including infrared spectrum and 
melting point, of V are highly reproducible. It is 
tempting to write the formula [ (CGH~)~ASNAS(NH~) - 
(C6Hj)2]C1 since the nmr H1 spectrum shows two 
types of phenyl hydrogen atoms in a ratio of 3 : 2 .  
However, there is no strong 950-cm-1 band in the 
infrared spectrum as would be expected from the 
As-N:-As group. If this structure is correct, the 
different electronegativities of phenyl and of amino 
groups may have produced sufficient asymmetry in the 
molecule to  modify the iK-As-N band in the spec- 
trum. 

The analysis of product VI1 agrees with the formu- 
lation [ (C6H5)2As(NH2)C1]Cl. However, a prominent 
peak a t  950 cm-l is found in the infrared spectrum 
of VII, as well as the characteristic peaks for NH4CI. 
It is, therefore, suggested that VI1 consists a t  least in 
part of an equimolar mixture of NH4C1 and [(CjHJ2- 
As(Cl)NAs(CI) (CjH6)2]Cl. It will be noted that this 
mixture has the same elemental analysis as [(CSH5)2- 
As(NH2)C1]C1. This interpretation is supported by 
the fact that VI1 undergoes condensation to yield 
compound VI11 whose composition and spectrum 
indicate that it is [ (C~HS)~AS(C~)NAS(C~)  (CGH&]C~. 
The infrared spectrum of VIII is very similar to that 
of VI1 except that the infrared peaks due to ammonium 
chloride are missing in the spectrum of VI11 and the 
950-cm-1 band is enhanced in the spectrum of VI11 
as compared with that of VII. 

Also obtained in the recrystallization of VI1 is a 
small amount of compound IX. IX  is obtained in 
higher yield by the ammonolysis of ( C ~ H ; ) ~ A S C ~ ~  and 
by the chloramination of diphenylchloroarsine in the 
presence of ammonia a t  room temperature. The 
infrared spectrum, melting point, and elementary 
analysis of I X  are all highly reproducible. A large 
band a t  3000 cm-I suggests the presence of quaternary 
nitrogen. The nmr H spectral data show the pres- 

ence of two types of phenyl groups in the ratio 2 : 1. 
There is no 950-cm-1 band in the infrared spectrum. 
The structure [ (C~H~)*AS(C~)ZNAS(C~) (NH3) (CeHj) IC1 
is suggested as a possibility for IX, but this structure 
must be considered to be speculative. 

The elemental analysis and infrared spectrum of 
X indicate that the formula [(C6H&As(NH2)NAs- 
(NH2) (C,&)2]C1 - */&HC13 would be appropriate. In 
view of the demonstrated tendency for this solvate 
to effloresce, X probably consists of a mixture of 
[ ( C G H ~ ) ~ S ( N H ~ ) N A S ( N H ~ ) ( C ~ H ~ ) ~ C ~ ~  CHC13 and [(c6- 

H;)~AS(NH~)NAS(NH~) (C6Hj)2C1. Sisler, et u Z . , ~  have 
shown that [ (CsH&P (NHz)NP(NHz) (CbH&]Cl forms 
a similar solvate with chloroform which behaves simi- 
larly to X. 

Recrystallization of X from dimethylformamide 
yields XII ,  a compound whose analysis, infrared 
spectrum, and molecular weight indicate that is con- 
sists of a dimethylformamide solvate of the cyclic 
trimer [ (C6H&AsNI3, ;.e., [ (C~HF,)~ASN]~ - HC(=O)N- 
(CH3)2. Recrystallization of X or XI1 from chloro- 
form yields XI,  the unsolvated cyclic trimer [(c&5)2- 
AsN13. The formation of XI from X is exactly analo- 
gous to the formation of the diphenylphosphonitrilic 
trimer from [(C6H&P(NH2)NP(NHz) (C6Hb)2]C1.6 

Compound XI11 has an elemental analysis which 
agrees with the formula [ (CH3)3A~NH2]C1. 
: Infrared Spectra.-The infrared spectra of all of the 

compounds I through XI1 have the peaks commonly 
associated with phenyl groups, e.g., C-H stretch 
in the 3000-~m-~ region, C-H in-plane vibration 
a t  1465-1520 cm-l, the C=C in-plane vibration 
a t  1480 cm-l, and the C--H out-of-plane vibration 
a t  750 cm-l. There are, of course, minor variations, 
to be expected from the different groups present in 
the molecule. For the compounds containing S H z  
groups, there are two peaks in the 3100-~m-~ region, 
usually incompletely resolved, which correspond to 
N-H stretch frequencies. Compounds 11, 111, VII, 
VIII, X, XI,  and XI1 all exhibit a strong band in 
the region near 950 cm-1. As stated above this band 
has been attributed to Aks-N--As resonance vibra- 
tions, which presumes electron delocalization similar 
to that found in the phosphazene~ .~ ,~~  The presence 
of this peak in the spectrum of compound X argues 
in favor of the proposed structure shown in Figure 2. 
The majority of the remaining peaks coincide closely 
with reported values111 l2 and assignments for tri- 
phenylarsine and triphenylarsine oxide. 
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