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ABSTRACT 

The ground state conformations of dimetbylvinylarsine, dimethylpheuy~~ine, allyi- 
dimetbylarsine, and ~ozyld~rne~y~a~ine are studied both theoretically and by UV 
photueiectron spectroscopy. Special emphasis is laid on an elucidation of the various 
forces, including AsC hyperconjugation, that determine the conformers of these 
unsaturated anines. 

INTRODUCTION 

Below we present a theoretical and pho~ele~~on (PE) spectroscopic 
analysis of the conformations of d~e~yl~nyl~~e (I), d~~thyiphenyi- 
arsine (Z?), ~yl~e~y~~~e (s), ~nzyld~e~y~~~e (4). To our 
knowledgCt, no other attempts to establish the conformations of unsaturated 
arsines have been reported. 
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CONFORMA’IXONAL PREDICTIONS AND DISCUSSION 

w conformalJonal calculations are based on the CNDO/Z method for 
third-row mblequfes [Z]; The ge_ometrie? of the respective n parts of 1-G 
@&amia&boed lengfhs~ahd zi##es are asstied) and of the CAsMel 
~up~~(~e~yl~ne geometry-[3] is taken) are kept fixed for ail 
conformat;ions. For the allylaxsine (3) and benzylarsine (4) two locations 
_of $he IMe pair on arsenk sue WWd,-either eis to the s fragment (i.e. the 



Ione.p& (n) -cis conformations‘+ and 5 i&w&rated below) or #runs to it 
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(Le. the lone p&r (n) -tins confutation 7 and 8). 3In Figs. l-6 t4rre relative 
conformational energy (represented as --o-- or --o--) is p~ofAedx&nst the _ 
dihedral angle Q (i.e. the torsidnei tigte arcmnd the -C-As bond in 1 and 3 
and the =C--CH,-- bond in 3 and $) f&r vjnyk&ime (151, pjien@@&&(~), 
R cl& ailylarsine (3), R -truns alljrlarsine (?I), n -c&s benzylzukme (4) and _, 
tz -tnms benzybr&e (4), respectively. &I some cases, merit simpIe coda 
compounds such as tki; unsubstitited IZ kis (Fig. 3) and q -&ati (Fig.-41 



CCAsC Dthedral Angle d(degrees) 

Fig. 2. Potential (i.e. relative confo~ation~ energy) for internal rotation in dimethyl- 
phenylarsine (2) vs. CXAsC dihedral an#e Q! at different stages of n conjugative coupling 
between the AsMe, and phenyl groupings. For details see text. 

a@yl%@~$,as.w~eJl a~f the.uqk+titu@d n -bans benzyksine (Fig. 6), are 
aka co&_erpd According to _jhe results shown m t&xe figs. the most 
stabhi qmformations of i-$ aren--cis for 1 and z (a! = 229 and 49", 
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CCCAs Dihedral AngIec%(degiees~ 

Fig. 4. Potential (i.e. relative conformational energy) for Eternal rotation in ?2 -trans 
ailylarsine and R -iruns ~iyI~rne~y]~~~e (3) vs. the CCCAs dihedral angle a at different 
stages of w conjugative coupling between th~CH,AsH, or CIi,AsMe, and vinyl growings. 
For detaik see text. 
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CCCAs Dshedral Angle Mdegreesf 

Fig. 6. Potential (i.e. relative conformational energy) for internal rotation in IZ -truns 

benzylarsine and n -troti benzyldimethytarsine (4_) vs. the CCCAs dihedral angle Q at 
different stages of IT conjugative coupling between the CH,AsH, or CH,AsMe, and the 
phenyl groupings. For detah see text 

respectively, meaning that the moIeeular p!ane bisects the MeAsMe angle), 
n-cis, As-& (a= O”)orn-tmns, As-gauche(a= 90") for3andn-c&As-& 
(a = 0” When the =CCi&As angle is a little widened, otherv&e a = 20” ) or 
n-tmns, As-gauche (a= 90") for*. 

Figures I-6 contain some further results (curves represented as ---o-- or 
--A-- and -x-) which allow some insight into the forces which determine 
the conformations given above. The dashed curves present the conformational 
energy relative to the most stable conformation, with all conjugative inter- 
actions between the x systems of the vinyl and phenyl parts and the sub- 
stituents interrupted 141. Hence these curves mainly refkct the steric 
coronations effects, The solid curves (-x-) display the same sort of 
relative conformational energy but this time with a selective interruption 
of the d,-sub&ituent/n-system interactions [ 51. Consequently, the energy 
difference between the latter curves (-x-) and the steric cuntes (--n--- or 
-A-) reflect the effects of the remaining relative conjugative interactions 
(A& and CH h~~~~njugation arid n/n conjugation) between the sub- 
stituents and the n systems~ Moreover, the relative &d, effects are equal to 
the difference in the total relative conformational energy (-0-- or--e-) 
and the curves with;p,& conjugative effects excluded (-x -). To demon- 
strate the use oftbe aforementioned partial contributions let us turn to 
Fig._ i & a_rkpmsent@@e example. On first concentrating on the steric 
( --A+) ~~_~~~~~~nfo~~tion~ energy (-o--j curves we immediately 
reeoW@ze:that $he most stabk coqformation of z is determined by conjugative 
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and-not by steric effects. We further see that the total relative conjugation energy 
(cf. the difference between both curves mentionedabdve) is l&s favorable 
for all other conformations than for the most stable one. TMs is equally 
true for both the individual p,,d, (cf. the differ&& between the---o- and 
-x - curves) and hyper-plus n-conjug&ive (cf. the difference between 
-X - and --5- curves) contributions. 

Considering that the relative p,dm and hyper-plus n-conjugative con- 
tributions may be opposite in sign (as e.g. in Fig; 2) all remaining cases 
shown in Figs. 2-6 can be similarly analyzed. Thus it follows that 2 in its 
most stable conformation is both favored by steric and hyper-plus .r-con- 
jugative effects but disfavored by p,d,, interferences (Fig. 2). The n cis, 
As -c&s form of 3 and the unsubstituted allylarsme (Fig. 3) is compMely 
determined by steric interaction. The conjugative interferences (here mostly 
AA! hyperconjugation) would be most favorable in the gauche form. 
Turning first to the unsubstituted n -truns of 3 (Fig. 4) two stable forms of. 
similar energy are predicted to occur: an As -& fu = 6”J and an As -gauche 
(a = 90°) form. The first form occurs on steric and the second one on AsC 
hyperconjugative and pnd, conjugative grounds. The As -cis form of 
n -trans 3 does not occur because of strong s~r&‘&¶e/ethylene inhibition 
and the realized As -gauche form constitutes a compromise between-A& 
hyperconjugative and p,,& conjugative forces.on.the one hand z&d &eric 
forces on the other. For n -ck 4 fhe As -cis form is realized although both 
the pnd, and the AsC hyperconjugative interaction are most favorable in 
the As -gauche conformation (Fig. 5). Finally, the steric constraints for 
n -tmns 4 are so severe that the molecule prefers an a = 90” conformation 
despite the finding that for a little smaller or greater angles the conjugative 
effects are more favorable. In accordance therewith unsubstituted~n -tmns 
benzylarsine should exist in gauche conformations with 01= 70 and 110” 
(Fig. 6). 

Since the n -tmns, As -gauche and n -cis, As -cis forms of 3 as well as of 
4 are expected to exhibit rather different UV photoelectron’- spectra 7 
because of ASC hyperconjugation present or not on symmetry reason - PE 
spect;roscopy should be well suited to discriminate between‘tbe two 
akmatives. Therefore we undertake a PE study of 3 and 4 as well as of 
1 and-& The results are presented in the next section. 

PHOTOELECTRON SPECTRA OF.DllWiWYLVINYLAR,SINE (I), DIl@THYWHENYL 
ARSINE (Z), ALLyLDmmTHYL 
AND DISC%SSION 

AReKNEi (3_), AND BENZYLDIMETHYLAl$SINJ3 (4_), 
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Fig. 7, Section of photoelectron spectrum of dirn~~yiviny~a~~~ (1) with assignments. 
The numbers associated with each band are vertical ionization pote;itials in eV. 

Fig. 8. Section of photoelectron spectrum of dime~yI~henylarsine (2) with assignments. 
The numbers associated with each band are vertical ioniration potentkls in eV. 

J c”z =W-tX,AMf+ 
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Fig. 9. Section of photoelectron spectrum of ailyld~e~yf~~ne (3_) with as@nments. 
The numkkrs associated with each band are vertical ionization potent&& in eV. 

$ig. ‘LO. Section of photoelectron spectrum of benayldimethylarsine (4) with assignments. 
The numbers associated with each bsnd are vertical ionization potent& in eV. 
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iqiizations of the CAsMe, part and one or two R ionizations from the ethylene 
& bbnzene moieties, respectively. The ordering of these event& follows from 
the comWrison with the ~0~~~0~~~ ~o~a~a~ in the reference compounds 

Fig. 11. Corretaticm diagram for the lowest ion states af ethylene, ~ethy~~~yI~~e 
(l), and trimethyfarsine. The arrows represent the state shifts in the unsaturated arsine 
dative to corresponding states in ethylene and trimethylarsine. In text, it is assumed that 
the found shifts are due to localized orbital interactions. 

Fig. X2. Correlation diagram for the iowest ion states of benzene, dimethylphenylarsine 
(Z), and trimethyfarsine. 

Fig. 13. Correjah‘on diagram for Pbe lowest ion states of ethylene, -~lyl~rne~y3~~~ (3) 
and trimethghusine. The biack arrowrrrepreseat the state shifts in the ~~~~ arsi& 
relative to corresponding states in ethylene ~d_~me~y~~ine thought to be due tp AsC 
hyperconjugation. The white arroW kepresenta the n stateshift sup#os+to be caused by 
CH hyperconjugation. 



In agreement with the conformational predictions for 1. and 2 Figs. 11 and 
12 indicate no n/n interaction in these molecules. Whilst Fig. Ii reflects 
strong ASC hyperconjugation this type of interaction cannot be read out from 
Fig- 12, The latter result can be simply understood. Assuming that the 
x/AsG ion states reflect pure localiized orbital interactions [ 91 an interaction 
integral h, = 0.61 eV may be derived for $ [IO]. Taking the same value 
for 2 [ll], the or ionization (Fig. 12) should occur at only about 0.2 eV 
lower energy than the n(a2) went which is not sufficient to resolve the 
corresponding PE bands. 

From Fig. 13 it is obvious that i?; must exist in the n -iruns, As -gauche 
form and not in the n -c&z, As -cis form since only the gauche fain-k can 
experience AsC hyperconjugation. Making the same assumption as in the 
pre@Wz paragraph fJ,, amounts to 0.83 eV for AsG hyperconjugation 
alone [IS!]. The somewhat higher value in the ally1 case may be due to either 
small d, /a interaction in the vinyl caSe or better A&/x overlap in the aliyl 
case or both mechanisms operating simul~euusly 141. 

The ionization correlation diagram of Fig- 14 is only in harmony with $ 
existing in its n -cis, As -cis form. Given the n -tram, As -guuche form the 
missing splitting of the ?r states 1333 which is expected here on the basis of 
the ally1 H,, value to he about 0.4 eV and the unusually low-lying n state, 
would remain unexpkined. On the other hand, for the n -ck, As -cis form AsC 
hyp~o~juga~on is excluded by symmetry and the low-fjing n-state easily 
explained by n/CH(ring) interactions. The latkr sort of titeraction is 
evident from the GND0/2 n-orbital contour plot [14-211 shown in Fig. 15, 

In brief, the PE spectroscopic results are in accordance with the predicted 
conformations of l-+. Particularly for 3 and 4, the method allows one to 
discriminate between two possibilities. Accordingly, ~~y~d~ethyl~ine (3) 
exkts in an As -gutcche form, hut benzyldimethylarsine in an As -ck form: 
The latter result is rather surprising. 

EXF’ERIMENTAL SECTION* 

~~~~~~y~~i~~~~~~~ fl). A mkture of tetr~~~y~s~n~e (8.28 g, 36.5 
mmol) and dimetbyfiodoarsine [ 233 (8.46 g, 36.5 mmul) was heated at 
150” for 6 h in a dry nitrogen atmosphere. The reaction mixture was 
fractionally distilled to give 1 (4,48 g, 93%), h.p. 65” (lit. [24] b.p. 79-80” )* 
‘H NMR (CD&l~) 6.59 (dd, IH, 3Jcis = 11.5, 3Jt,,, = 18.4 HZ, vinylic H), 
5.77 (dd, IHa ‘J= I-8, ‘J,,i, = 11.5 Hz, vinylic c&-H), 5.57 (dd, lfi, zJ= 1.8, 

%SlS = _ _ 18.4 Hz, my& trans_H), 1.00 (s, 6 H, CE&). 
Anal; C&z. for C&&: C, 36.39; H, 6.87. Found: G, 36.52; H, 6.88. 
Ikeatment of the mine g with methyl iodide in ether at room temperature 

under a nitrogen atmosphere quantitatively gave trimethykinykrsonium 
iodide, (?_a), m-p. 270” after crystallization from ethyl acetate. 

=stze ref* 22. 



Fig. 15. Section of the electron density map of tbe n orbital of n -cis, As -cik benzyl- 
dimethylaxsine (4 ) in the molecular plane.The deformation of the n orbita as a eon- 
sequence of its i&eraction with a high-lying ring u orbital (mainly of the CH type) is 
directly evident from the picture. In order to get a correct representation of orbital 
properties [20] the L”owdin transformed [ 151 CND0/2 orbital was used to draw the 
density contours. 

Anal. Calc. forC&H&sI: C, 21.92; H, 4.41; I,46.32. Found: C, 21.84; 
H, 4.29; I, 46.15. 

Dimethylphenyiarsine (22). This arsine was prepared by modification of the 
method of Burrows and Turner [25]. A solution of the Grignard compound, 
prepared from bromobenzene (7.9 g, 50.3 mmol) and magnesium (1.2 g, 
50.0 mg-atom) in anhydrous ether (60 ml), was added dropwise to dimethyl- 
iodoarsine 1231 (10.1 g, 43.6 mmot) in anhydrous ether (50 ml) under a dry 
nitrogen atmosphere. After the addition was complete, the reaction mixture 
was refluxed for 1 h, cookd, and hydrolyzed with degassed aqueous 10% 
NH&l (20 ml). The organic layer was separated, washed with-degassed 
water (15 mI) and dried over anhydrous Na7S04. The ether was removed 
under reduced pressure, and the resulting liquid was fractionally distilled 
to give 2 (6.7 g, S4.5%), b.p. 78”/14 mm (ht.-[25, 261‘ b.6. E#j0[f4 kni, 
8S-90”/18 mm). *H NMR (CD&) 7.55-7.10 (m; 5H;aromatic !I). X14 
(s, 6% CH& 

Anal. Calc.- for C&H1 &: C, 52.77; H, 6.09,‘Found: C, $2.46; W 5.89. 



Allyldimethylarsine (3). Using the procedure described for the preparation 
of 2,s was obtained by the addition of ailylmagnesium bromide, prepared 
from ally1 bromide (15.32 g, 134 mmd) and magnesium (3.28 g, 135 mg-atom) 
in anhydrous ether (100 ml), to ~rne~yl~odo~~e 1231 (24.0 g, 103 mmol) 
in anhydrous ether (50 mI). F&cause of the extreme air-sensitivity of 3 the 
reaction was performed in a dry argon atmosphere. After hydrolysis with 
degassed aqueous 10% NH&l (40 aal), work-up in the usual manner gave 3 
(11.2 g, 74%), b-p. 103’ (lit. [Z?] b-p. 108-llOO). ‘II NMR (CDCl,) 
5.96-5.58 (m, 1 H, vinylic ii), 5.O!S-4.79 (m, 2H, vinylic I-I), 2.22 (dd, 2H, 
3JCR dyuc H = 7 8 4J 
(s, 6k, CH3). l ’ cHz-Ga 

= l-3, 4J~~,-~trons = 0.8 Hz, CH2), 0.90 

Anal. Cak. for CSHIIAs: C, 41.12; H, 7.59. Found: C, 41.97; H, 7.11. 
3 (1.0 g, 6.85 mmol) was methylated with methyl iodide (5 ml) in a 

manner identical with that empioyed in the preparation of la. Recrystalli- 
zation from ethyl acetate--methanoI gave ~lyl~methyi~o~um iodide 
(1.9 g, 96%), m-p. 181-182” (ht. f27] 134-186”). 

AnaL Calc. for C&H&sI: C, 25.02; H, 4.90; I, 44.07. Found: C, 24.84; 
H, 4.68; I, 44.22. 

Benzyidimethylarsirre (_4). Fohowihg the procedure described for the 
synthesis of 2, ~nzy~m~esium chloride, prepared from benzyl chloride 
(10.1 g, 80 mmol) and magnesium (1.95 g, 80 mg-atom) in anhydrous ether 
(60 ml), was added dropwise to dimethyliodo~~e [23] (13.9 g, 60 mmol) 
in anhydrous ether (50 ml) under a dry argon atmosphere. Reaction 
work-up gave 4 (9.89 g, 84%), b.p. 106’/20 mm (lit. [28, 291 b.p. 110*/S! mm, 
97-loo”/9 mm). ‘H NMR (CDC&) 7.42-6.96 (m, 5H, aromatic H), 2.77 
(s, 2H, CH,), 0.88 (s, 3H, CH,). 

Anal. Caic. for C9H1&s: C, 55.12; H, 6.68. Found: C, 55.00; H, 6.51. 
4 (2.20 g, 11 mmof) was allowed to react with methyl iodide (5 ml) in 

anhydrous ether (20 ml) under an argon atmosphere. After work-up, the 
salt was recrystallized from ethanol to give benzyl~methy~~sonium iodide 
(3.70 g, 98%), m.p. 192” (lit. [28, 291 m-p. 195-196”, 202”). 

Anal. Calc. for C10Hf6AsI: C, 35.53; H, 4.77; I, 37.54. Found: C, 35.28; 
H, 4.60; I, 37.43. 
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