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SU4ARY 

Potassium dihydroen arsenide reacts with aryl halides at ambient 

temperature to give benzene, tetraphenyldiarsine and triphenylarsine. 

The yield of benzcnc ranged from 71  in the case of iodobenzene to 0% 

in the case of chlorobenzene. The normal coupling product, triphenyl-

arsine, was obtained (in low yields) only from chlorobenzene and brorno-

benzene. 
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XN1'floDucT]:ON 

Nucleophilic dttack on the halogen atoms of organic hal]dez consti- 

tutes a well-documented class of .  reactions. 	EvidenCe for such attack by 

various nucleophlic reagents, including the triphenylsilyl anion, 	germyl 

anions, 2 ' 3  and phosphines, 	has been cited. 	In this paper we report the 

results of a study of the reaction of diglyme solutions of potassium di- 

hydrogen arsenide (KAcII2) with iodo,. bromo- and chlorobenzene. 	Of 

particular interest, from a synthetic point of view, were the rclative 

yields of benzene (from attack on halogen atoms) and phenyla.rsines (from 

coupling reactions). 	. 	. 	 . 	 . 	 . 

XPER]lENTAL 	 . 	 . 	 . 

General 

Arsine and arsine-d 3  were synthesized; 5  the other chemicals were 

commercially available. 	The infrared spectrum of the arsine-d3  showed 

no trace of the As-Il stretching band. 	Diglyrne was distilled from potassium 

hydroxide and then vacuum-distilled from lithium aluminum hydride. 	The 

potassium dihydrogen arsenide solutions were prepared by quantitatively 

deprotonating arsine with a suspension of potassium hydroxide in diglyine, 

and the yellow KAsII2  solution was filtered through- a medium-porosity frit 

6 into the reaction vessel 
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Reaction with ]3roobenone 

Bromobenzcnc (.57 nmols) was added to a solution of 14.57 nunoles of 

KAH.-, in diglym. The reacton naxtuic was held at room tcmpature for 
S 

12 hou.r, durini which time the color of the solution changed from ycflow 

to blood-red After iemoval of the volatile products, the blood-red moist 

solid iemaiiing in the reaction vessel was heated in vacuo (< 5 x 10_2  torr) 

first at 1500  (to obtain tiiphenylairinc and a trace of diphenylcu sine) 

and then at 2000  (to obtain tctraphenyJdicuzine) 	Prelimina.ry experirrients 

showed that these same products could be separated from the moist red solid 

by extraction with benzené at room temperature. Triphenylarsine was 

identified by its proton magnetic resonance, mass and infrared spectra, 7  

and quantitatively converted to (C 6H5)-As.1JgC1 2 , 8  m.p. 21i.5-21t7°  (lit. 9  

247_2I18 0 ). The crude tetraphenyldiarsine was recrystallized from ether, 

m p 129-130°  (lit 10. 	128-130° ) Confirmatory identification of the tetra- 

phenyldiarsine was achieved by treatment with HgC1 2  in ethanol to form 

Hg and by quantitaive conversion to (C11 3 ) 2(C6115).,AsI by treatment with 

cii3i, m.p. 190°  (lit. 12  189 0 ). No unreacted bromobenzene was foundamong 

the volatile products. The amount of diphenylarsine obtained was about 

5 per cent of the triphenylarsine obtained, on the basis of the nun' spectrum 

of the mixture Extraction of the nonvolatile residue with hot benzene 

yie]ded no further products 

Reaction with Iodobenzene 

Iodobenzcne (5.09 mmoles) was added to 5.64 nunoles of KAsII 2  in diglyme 

so]ution The rc-=lts were similar to tho e of the bromohcn'cne reaction, 

except the r'o] ut i on turnc d fi on ycLlor to d uk red inunedi Lcly, and only 

tetrtphcny1diai sine was found 



Renct on with c11i.orhen7, rne 

Chlorobenzcne (8.89 mmoles) was addd to 9.92 imnoles of KAsII2  in 

cliglyme solution. The reaction procedure was the same as before, except 
I 

one week at room temperature was fequircd for the solution to become 

orange-red, and benzene was not found. 

A similar reaction, between 9.07 iimnolcs of chiorobenzcne and 9.14 

imolcs of KAs1I, in diglyrne, was carried out at higher temperature (70- 

O) 	Again, bcniene was not found In these cxpeiirncnts, unrcacted chioro-. 

benzene was found among the volatile products. 

Deuterium Experirnents 	 - 	- 

•A.digl'me solution approximately 1 MinAsD 2  was sealedin an nmr 

tibe. The proton nr spectrum did not show any AsH 2  or AsED species 

after one week at room temperature, thus proving the absence of. any 

proton exchange with the solvent. 

A solution of 7.24 nmo1es of KAsD2  in diglymnc was treated with 7.15 

rxnoles of brornobenzene. The benzene (2.32 mmoles) was shown by mass 

spectrometry to be essentially pure C611 5D. (The peak ratio for masses 

79) 80 and, 81 was 100:7.15:0.12,  whereas the ratio for masses 78,79 

and 80 in ordinary benzene is 100:6.93:0.99.) The arsine (1.41ximoles) 

was estimated to be at least 95% AsD3  on the basis of its infrared 

spectrum. The small amount of evolved hydrogen was principally D 2 . 

DISCUSOOTON 
	

/ 

The yields of the volatile products of the reactions of KAs1I 2  with 

the halobcrienes are listed in Table 1. 
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Islei,b and Iuittmcl13  havc 1ion that phcnyln nc and diphcnyLtrcine 

are stronger acids than arsine. Thur these substituted arsines would be 

CYpected to be dcpi oton Ltcd by the con3u1ate ba&e of ai inc (A1u ) which 

was prcent in our rcaction miithre The normal coupling reaction bctcen 

potassium dihdrogcn arsenide and a halohcnzdne probably proceeds through 

an alteinating sequcrice of subctitution reactions and proton transfer 

rcactxon, as follows 

AsH 	C H Allp + X 2 	 65 	- 

As112  + C6}I5A.1I2  - As1I 1 C6II5AsJF 

C6H5AsIF i C 6JLX -' (Cj1 1 ) 2AsH + X 

+ (C611 5) AsH •- AsH + (CGHr.) dAS 2.

(C611 5) 2As + CH 5X - (C 611)As -i X 

The overall reaction is as follows: 

3 AsH2  + 3 C 6HX -, 2 AsH3  + ( C611 5) 3As 

This mechanism explains why no phenylarsine and very little diphenylarsine 

is formed in such reactions, and it accounts for the formation of the tn-. 

phenylarsine and at least part of the arsine. 

Attack of the AsH2  ion on the halogen atom of a halobenzenc molecule 

yields bcnzene, pre.umably via the foiniation of the phenyl anion and the 

haloarsine:. 

AsH - + C H)( - AsH X -i• C H 2 	6 	 2 	65 

C611 	i A.H x 	cn6  i 	+ x_ 
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The "(Asn)" would be expected to decompose to arsine, hydrogen, and a 

polymeric product of approximate stoichionictry AsIT0 • This decompo-

sition probably accounts for the 1 small runounts of hydrogen formed in 

the reactions. Similar halogcn-dtorn attack by the (Cc,1r)2As  ion can 	 / H 

account for the foinution of tctr.iphcnyldiarsine 

(cjr) 2J -  + 	- (c6 I5).AsX -1 C 6H 5  

	

(C 6iI 5),AsX 4• (Cj).As 	-+ As2(0 6}J 5 ) 4  + X 

C 6 	 3 
H + AsH. 	As}I2  - + C 11  66 

These mechanisms account for the deuterium experiments, which showed 

that the hydrogen, atom which replaces the halogen atom of the haloben- 

gene originated in the AsH 	ion. 	. 	 . . 	. 	 . . 

Attack on the halogen atom (and the yield of benzene) would be ex-

pected to be favored by increasing electropositive character and. polar-

izability of the halogen atom. Thus the best yield of benzene is ob-

tained with iódobcnzcne, and the poorest yield (none) is obtained with 

chlorobenzene. In the case of iodobenzene, the benzene-producing reac-

tions are so fast that none of the normal coupling product (triphenyl-

arsJiie) is obtained. In the case of chlorobenzenc, the normal coupling 

reaction is so slow that a very poor yield of triphenylarsine is obtained 

Rax.ing the tcniperatuie does not improve the yield because of decomposi-

tion of the 
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TABJJ 1 

VOJATJTE PRODUCTS OF ¶.I'JIF 1*'ACTION OF K As 11 WITJI C 11 X 	 - 

X 
Rxn. time 

(hours) 
Bxn.

temp. 	° C 

Yields, moles/mole of KA1I., 
-  

AsH3  112 ClIc As(C c,H 5): As.,(C 611j 4  

Cl - 150 22 0.093 0.0028 0 0.018 0 

21 75 0.0214 0.020 0 0.013 0' 

Br ,  12 23 0.17 0.0060 0.35 0.022 0.057 

I 2 22 0.17 0.012 0.'74 0 0.035 



-8- 

RFFFPFNCFS 

1 A. G.l3rook and S.Wolfe, J. Am. Chs. Soc.,79 (1957) 11431. 

2 S N. Glarum and C. A. Krdus, J. Am 	Chem 	Soc , 72 (190) 5398 

F • B. Smith and C. A. Kraus, J. Am. chem. Soc.. , 74 (1952) ii 18. 

3 R Dreyfuss and W. L. Jolly, unpublished obzc.rvations 

14 B. Millcr, Topics in Thosphorus Chemistry, 2 (1965) 133 

5 J. E. Drake and C. Riddle, Inorg 	Syntheses, in press 

6 W. L. Jolly, Inorg Syntheses, 11 (1968) 113 

7 C. N..R. Rao, J. Ramachardran and A. Balasubananian, Can. J. Chem., 

39 (1961) 17] - 

8 G. D Parkes, R. J. Clarke and B. H. Thewlis, J. Chem 	Soc , (19117) 

1429 

9 F. F. Blicke and E. Monroe, J. Am 	Chern 	Soc, 57 (1935)720 

10 	F. Y. J3.Lic1e and L. U. l'owers, J. Am. Cflem. Soc., )LJ.  k 1932 Y 335. 

U F. F. Blicke and J. F. Oneto, J. Am (Them Soc , 57 (1935) 7149 1  

12 P. Borgstroni and M. M. Dewar, J. Am. Chem. Soc., 414 (1922) 2915. 

13 K. Issleib and R. Kurmnel, J. Organometal Chem , 3 (1965) 814 

114 W. L. Jolly, L. B. Anderson and H. T. Beltraini, J. Am. Chem. Soc., 

79 (1957) 214143. 



LE'.J/-\L INL I IL.IZ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 



0. 

c 


