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YHE REACTION O IOT SS]UM DIHYDROULN AISENIDE WITi HALOBEIZERES

|
HARNG-SHEH KUO and WILLIAM L. JOLLY

_ The Inorganic Materials Rescarch Division

of the Lawrence Radiation Laboratory,
and the Department of* Chemistry,

University of California, Berkcley, Callfornla 9&7”0 (U.S.A.)
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Potassxum dlhydtogcn drsenlde reacts with aryl halides at ambient

tcmperature to glve bcnzcne, tetraphenylllalulne and trlphcnylar51ne.

~ The yield of ‘benzene ranged from ThW% ;n the case of iodobenzene to 0%

1n the case of chlorobcnaene. The normal coupling prdduct triphcnyl-

" arsine, was obtalned (in low yields) only from chlorobenzene and bromo-

benzene.



T PRODUCTION

Nuclcophilic attack on the halogen atoms of’drgahic halides consti-
_ tutcs»a,wellédocumcnted class of_reactioné. Evidence for such attack by

: i ,
various nucleophilic reagents, including the triphenylsilyl anion,l germyl

2,3

' anlonu and phosphlne.,,l‘i has bcen cited. In this paper we report the
rcoults of a utud;y of* the reactlon of dlglyme °oJub10ns of potas sium dL-
hydroben arsennde (KAUH ) with 1odo— bromo— and chloroben7ene Of |
particular 1ntereut from a synthetlo p01nt of vxew, were the rclatlve.'

ylelds of benacne (from attack on halogen atoms) and pheny1ars1ncs (from

coupllng react¢ons)

. EXPERIMENTAL

General , : ‘ .

5

Arsine and arsine-d3 wvere synthesized;” the other chemicals were

commercially available. The infrared spectrum of the arsine-d, showed

no trace of the As-H stretching band. Diglyme was distilled from potassium

hydroxide and then vacuun-distilled from lithium aluminum hydridé. The
.pot?ssium dihydrogen arsecnide solﬁtions were prepared by quantitativélyv
déprotonatiné arsine with a suspensiqn of potassium hydroxide in digiwne,
and the yellow_KAsII2 solution was filtered'through;a mediwa-porosity frit

into the reaction vessel.

-~

.
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'Rcactjon thh Baomobonuonc

Bromoben?cnc (k.57 mmolu) was - added to a volutlén of 4.57 mmoles of
KAquvln dlglymo.A The reaction mixture was held at room tcmpefature for
12 hour~, durlng whlch tlme the color of the soiutlon changed from ycllow_
to blood-red; After ‘removal of the volatllc products, the blood red moist
solid_remaining ;n the reactlon vessel was heated in vacuo (< 5 x 10°7 torr)
fifst étA15O°.(to obtain triphenylarsine and. a traée of diphenylarsine)
and:then“atv200° (to dbtﬁin tctraﬁhéhyldiarsine)5 3Preliminar¥ expefimcnts
showcd’that thcse same products could be separaled from:the moist red solid. -
b& extraction with benzene at room temperature.  Triphenylarsine was

7 P,

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

end quantitatively converted to (CéH5)3A3~HgC12,8 m.p. 2h5-247° (lit.9 

2&752h8°). “The crude tetraphenyldiarsine was recrystallized from ether,

10

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

phenyldiarsihe was achieved by tréatmenf‘with HgC12>in ethanol to form

' Hgll:and‘by quantitative conversion to (CH.) 5(C ) ASI by treatment with
' CHBI,Vm.p. i90°v(lit.ld 189°). No unreaéted bromobenzene waS'found'among :

vthé[volatile‘produéts. The amount of dlphenylar vine obtalned was about

5 per cent of the triphenylar31ne_obtalned, on the basis of the nmr spectrum
of the mixture. Extraction of the nonVolatile residue with hot benzene

yielded no further products.

Reaction. w1th Iodobcnacne

Iodobcnacnc (5.09 mmolcu) was addcd to 5 64 mmoles of KAsH, in diglyme

so]utlon. Thc rcsulls vere 51m11ar tO'th%P of the bromobon"cne rcaction,

: oxcépt the ' solution turncd flom yollow to dllh red- anCdILLCly, and only

 'tctraphcnyld1a1~1ne was found.
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Reaction with chlorobenzene

e

Chlorobéhzcnc (8.89 mmoles) was added to 9.92 mwoles of KAsll, in

diglyme solution. The reaction procedure vas thetsame as before, excepl

!
" one ucck at room Lcmperaturc vas fcquxrcd for the solution to becoue

orangc red, and benzené was not found.

A similar rcaction, between 9.07 mmoles of chlorobenzene and 9.14

~ ymoles of KAsl,, in diglyme, was carried out at higher temperature (70-

o\ o i - 0111 - . - ‘
80°). - Again, benzene was not found.  In thesc ‘experiments, unrcacted chloro-

benzene was found among the volatilc‘products;

Deuterivm Experiments

-A“diglyme solution approximately 1 g‘in AsD25 was seaiedvin én nmr
tube.“'The.peron_nmr spectrum did not show any AsHZf or AsHD'_speciesv‘
after'one week at room temperature, thus prbving thé absence of. any
proton exchange'with the solvent. i .

A solﬁtion of 7;2h moles of KAsD2 in diglyme was treated with 7.15
mmoles of bromobénzene. The benzene>(2.32‘mmoles) was éhbwn by mass

spectrometry to be essentially pure C H.D. (The peak'ratio fbr masses -

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

-and 80 in ordlndly benzene is 100:6.93:0.99.) The arsine (l 41 mmoles)

~

was estimated to be at least 95% AsD. on the ba51s of its 1nfrared

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

- DISCUSSION

Thevyiélds of the volatile products of the rcactions of KAsl, with

the halobenzenes are listed in Table .




Issleib'und'Kﬁmmcil3 haVc shown that phenylarsine and diphenylarsine
are strongcr acids than arsinc. Thus theée'substitutcd arsines ﬁould be
cxpgcted.t¢ be derotonutcd by Lhe éonjugatc base of arsine (Asnaé) which
was*prcscnt in our reaction\mixthre. The normal couplingrrcaction between
potassiwn dlhydrogcn arsenide and a halobcnzcne probab]y prOCLCdo through

n altcrnatln" ‘scquence of sub,tltutlon reactions and proton transfer

reactions, as follows:
‘ Ast' 4- COIISX -—>. 06115A8}12 + X7
ASHE- + CHAsH, - Ast, + C A AsH‘
CHAST™ + CHX - (c H‘-)ZASH + X7

AsH,T -+ (CH ).2ASH - Asll, +'(CGHS),‘AS"

i

(06]15)2As' + CHX - 06}15)_3{\s + X~

The overall reaction is as follows:

3 AsH,” +3CHX =~ 2 As‘I-I.:'} + (CeHg) As

This_mechénism explains why no phenylarsine and very little diphenylarSine'

_ isvformcd‘in such reactions, and it accounts for the formation of the tri-

phenylarsiné and at‘least part of the arsine.
Attack of the AoH ion on the halogen atom of a halobenzenc moleccule

yields bcnzcne, prooumably via the formatlon of the phcnyl anion and thO'.'

haloar81nc..

2

ASIL,” 4 CLX - AsHX + €I

O™+ ASILX = Gyl o+ S(A), + X
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The "(A»H) " would be cxpected to dccompoue to aluinc, hydloccn, and a .

. ’

A -
polymcric product of applo/JmaLc stoichiometry Au”o 5° 1 Th;s decompo_
sition probab]y accounts f01 thc umall qmounts of hydrogcn formed in
the reactlons. ulmlldr halogcn ﬁtom attack by the (C H,. )ﬂAs ion can
account for the f01matlon of tctraphcnyldlarwxnc.
(CH ) As™ + CHX ~ (CH)AsX + CHg™
(cg J),,ASX + (c H.),As™ - Asy(CH), + X7

C Hp {vAst - .AsHa' + Cllg

These mechanisms account for the deutcrium experiments, vhich showed

- that the hydrogcn atom which rcpiaccs the halogen atom of the haloben-

zene orlglnatcd in the AsH = ion,

| Attack on the halogen atom (and the yield of bcnzene) would be ex-
pected to be favored by increasing elcctrop051t1ye character and,polar-
izability of the halogen atom. Thus the best yield of benzene is ob- |
tained with,idddbenzcne, and the poorest yield (none)_is obtained with

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

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

arsine) is obtained. In the case of chlorobenzene, the normal coupling

reaction is'so slow that a very poor yield of triphenylarsine iS'obtainéd,

Raising the tCmpératuic'docs not improve the yieldibecausé of decomposi-

tion of the KAsl,.
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TABLE 1

'VOLATILE PRODUCES OF il REACITON OF KAsI, WITH C M X

_ Yields, moles/mole of KAsll,
| Rxn. tinme Rxn. - — e
X | (hours) |temp. °C | Asl, Hy, | Clg | As(CeHg) o | As,(CAH) ,
ci] 150 o2 10.093 | 0.0028 0 0.018 0
2l 75 0.024 | 0.020 0 0.013 0
Br 12 23 0.17 - | 0.0060 | 0.35 0.022 0.057
I 2 o2 0.17 0.012 0. 7h 0 0.035
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