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summary 

In contrast to the behaviour of the analogous phosphonium betaines, neither 
the presence at arsenic of the electron-withdrawing 2-fury1 substituent nor enclo- 
sure of the arsenic in the strained dibenzarsolium ring system promote betaine 
collapse via attack of betaine oxygen at the arsoniumcentie. Thus both 2- 
furyl(methyl)diphenylarsonium iodide and 5-methyl-5-phenyldibenzarsolium 
iodide on treatment with benzaldehyde. and ethanolic sodium ethoxide give ex- 
clusive formation of olefin epoxide and tertiary amine. 

Introduction 

It has been established that arsonium betaines I can collapse intwo ways; (i) 
by intramolecular nucleophilic attack of the betaine oxygen at the arsonium 
centre to form the amine oxide and olefm via the pentacovalent arsorane II; and 
(ii) by intramolecular attack of the betaine oxygen at the carbon adjacent to ar- 
senic to form the dlefin epoxide with displacement of triarylarsine (Scheme-l). 
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Trippett et al. [.l] have suggested that in the transition state for olefin forma- 
tion. from the per&covalent arsorane II, breaking of the As-C bond is in ad- 
vance of other electron shifts, and-the a-carbon bears a fractional negative 
charge. If the group R’ is el&tron-withdrawing [ 1,2 J, this negative charge is 
stabilised, and olefin formation is favoured, even when tlie electropositive char- 
acter of the arsenic atom is reduced by the presence at arsenic of electron-do- 
natingp-methoxyphenyl substituents. In the absence of such a strongly elec- 
trOn-withdrawing group on the a-carbon, the alternative mode of decomposition 
of the betaine is favoured, to give the olefin epoxide and triarylarsine. 

ln our work on the factors affecting the mode of decomposition of phos- 
phbnium betaines [3-5],we haveshownthatthepresence of+&eelecton-with- 

drawing Z-fury1 substituent at phosphorus promotes rapid intramolecular col- 
lapse of the betaines to form the normal Wittig products_ Thus the reaction of 
the salt III with benzaldehyde in ethanolic sodium ethoxide gives styrene and 
the phosphine oxide IV in 50-60% yield. In contrast, the analogous reaction of 
methyltiphenylphosphonium iodide yields predominantly the rearranged phos- 
phine oxide V. In this case, betaine collapse is relatively slow, and an alternative 
route is favoured, involving protonation of the betaine followed by an effec- 
tively irreversible dehydration to a vinylphosphonium salt, which undergoes 
hydrolysis with rearrangement to give V. Rapid betaine collapse to form normal 
Wittig products also occurs if the phosphorus is contained in the strained di- 
betiophospholium ring system. Thus the salt VI on treatment with benzal- 
dehyde in ethanolic sodium ethoxide gives the phosphole oxide VII and styrene 
in 40-50X1 yield, no rearrangement products being detected. Rapid betaine col- 
lapse was attributed to the relief of strain attendant on the formation of the 
Spiro-oxaphosphorane VIII in which both four and five membered rings span 
apical-equatorial positions. 

Me 0 

tm) tisz, 

Qg_ Q-Tp 
PhAPbe I 

ph/p\\o. 

Ph !-CH(PhkX42Ph 2 

m 

o- CH-Ph 

We now report a similar study of the effects of variation in the.substituents 
at arsenic on .the mode of decomposition of arsonium betaines in the reaction of 
ars&un ylides with benzaldehyde; ~. 

: 
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Trippett et al. [l] have shown that the reaction of methyltiphenylarsonium 
iodide with benzaldehyde in the presence of ethanolic sodium ethoxide yields 
styrene oxide and triphenylarsine in high yield. We have repeated this reaction 
and obtained the same result, no trace of the normal Wittig products, styrene 
and tiphenylarsine oxide, being detected_ Replacement of one of the phenyl 
groups at arsenic by the more electron-withdrawing Z-fury1 substituent did not 
cause any change in the overall course of the reaction. Thus the salt IX on treat- 
ment with benzaldehyde in the presence of ethanolic sodium ethoxide gave 2- 
furyldiphenylarsine and styrene oxide in 50% yield, and as in the above case no 
trace of olefin or arsine oxide was detected. Thus the presence of an electron- 
withdrawing group at arsenic does not facilitate betaine collapse via nucleophihc 
attack at arsenic, in contrast to the situation observed for the analogous phos- 
phonium betaine. The absence of an electron-withdrawing substituent on the 
a-carbon is clearly the controlling influence, even when the arsonium centre is 
made more electropositive. Attempts to increase the number of electron-with- 
drawing groups at arsenic were unsuccessful, since although the triheteroaryl- 
arsines tri-Zfurylarsine and tri-24hienylarsine can be readily prepared by stan- 
dard methods, due to the electron-withdrawing nature of the heteroaryl substi- 
tuents they do not react with methyl iodide to form the required methyliri- 
heteroarylarsonium salts, even after a prolonged period of reflux with methyl 
iodide in a polar solvent such as nitromethane, conditions under which the anal- 
ogous heteroarylphosphines readily form quaternary salts. 
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We have also studied the course of the reaction between the dibenzarsolium 
salt X and benzeldehyde in the presence of ethanolic sodium ethoxide, in order. 
to investig&e the effect of enclosing the arsenic in a small, strained ring system. 
The endocyclic C-As--c bond angle in the parent dibenzarsole XI has been 
shown to be 88” by an X-ray study--[6]. Although a structur+s%udy bf tbe.selt ~ 
X has not yet been made, it seems reasonable. to. z+&ne. that salt formation; will :’ 
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result in increased ring strain, since the endocyclic bond angle at arsenic will 
still be of the same order as in the parent dibenzarsole due to the constraints im- 
posed by the ring system, whereas the preferred angle in an arsonium salt should 
be approximately tetrahedral_ Such ring strain would be relieved substantially if 
betaine collapse occkred via formation of the spiroarsorane XII in which both 
the four and -the five membered ring would span apical-equatorial positions by 
analogy with related phosphoranes in which the phosphorus forms part of a 
small ring. In phosphorus chemistry the equilibrium between betaine and phos- 
phorane lies well towards the latter in the case of spirophosphorane formation 
[71. Nevertheless, it is apparent that collapse of the spiroarsorane XII to the 
olefin and arsole oxide XIII will lead to the reintroduction of ring strain, but 
this should be offset to some degree by the energy of formation of the As=0 
bond; 

However, the reaction of the dibenzarsolium salt X with benzaldehyde in the 
presence of ethanolic sodium ethoxide gave exclusively styrene oxide and the 
tertiary arsine XI, and, as in the case of the acyclic methyltriphenylarsonium 
salt, no traces of the olefin and amine oxide were detected. Thus, as for the 
2furylarsonium salt IX, the controlling factor still appears to be the absence of 
an electron-withdrawing substituent on the o-carbon capable of stab&sing the 
partial negative charge which would develop in betaine collapse to the olefin and 
amine oxide. In the case of the reaction of the cyclic salt X, another factor is 
that the observed mode of decomposition of the betaine may be favoured by 
relief of steric strain on ejection of the relatively strainikee arsine XI from the 
strained arsonium betaine. 

In view of the observed pattern of behaviour of arsonium betaines, it would 
seem that arsenic has a much smaller tendency than phosphorus to undergo 
valence shell expansion to form a pentacovalent species. However, a number of 
pentacovalent arsoranes have been prepared and characterised [8,9 1; the apparent 
reluctance of arsonium betaines to collapse via the pentacovalent arsoranes even 
when geometrical and electronic factors favour arsorane formation is no doubt 
due to the relative weakness of As= 0 compared to P= 0. 

Experimenta! 

Melting points were determined on a Kofler hot stage apparatus and are un- 
corrected. IR spectra were recorded on a Perkin-Elmer Infrared Spectrophotom- 
eter in potassium bromide. ‘H NMR spectra were recorded at 60 MHz on a 
JEOL spectrometer_ GLC analyses were carried out using a Pye series 104 chro- 
matograph equipped with a 5’ column of 10% Apiezon L on celite, and a flame 
ionisation detector. TLC separations were carried out on a preparative scale 
using a 1 mm thickness of silica gel CT on 20 X 20 cm glass plates. Solvents 
used were petroleum ether (40-60”C) and ethyl acetate. Mass spectra were re- 
corded on an AK1 MS30 spectrometer. 

Preparation of arsines and arsonium salts 
(i). (2YFuryl)diphenylarsine and derivatives. To a solution of n-butyllithium 

(0.24 mol) in light petroleum (b-p. 40-60°C) (150 ml) was added a solution-of 
furan (20 g, >0.24-tiol) in diethyl ether (200 ml) and the resuhing mixture 
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stirred under nitrogen for 2 h. To this was added dropwise a solution of di- 
phenylarsenious chloride (7.25 g, 0.027 mol) in benzene (50 ml), and the r& 
sulti~g mixture hetited under reflux for 1 h more. The excess organolithium 
reagent was then destroyed by the dropwise addition of aqueous ammonium &lo- 
ride solution (10% w/v, 100 ml). The organic layer was then separated, dried and the 
solvents removed. The residue was then distilled under reduced pressure to give 
2-furyldiphenylarsine,.b.p. 133°C at 0.1 mmHg, (5 g, 63%); 7 (CDCL): 2.8 
(m, UH); 3.7 ppm (m, 2H); m/e 281 (M’). The amine was characterised by con- 
version into the methiodide by prolonged reflux with an excess of methyl iodide 
in nitromethane solution. After removal of excess methyl iodide and the nitro- 
methane, the residue was dissolved in water, and the resulting solution washed 
with ether to remove non-ionic impurities and unreacted amine. The arsonium 
salt was then extracted with chloroform from the purified aqueous-solution. 
After drying, the chloroform layer was evaporated to give (2furyl)methyldi- 
phenylarsonium iodide (IX) m.p. 126-127°C (ex. MeOAc/EtOH). (Found: C, 
47.15; H, 3.95. C,,H,,AsIO c&d.: C, 46.6; H, 3.70%) r (CDC13): 2.0-2.8 (m, 
11H); 3.25 (m, 2H); 6.8 ppm (s, 3H). 

Treatment of the amine with hydrogen peroxide in acetone gave 2-furyldi- 
phenylarsine oxide (as the dihydrate), m-p. 104-105°C (ex. hexane/MeOAc). 
(Found: C, 55.7; H, 5.7. C16H13As02 - 2H20 calcd.: C, 55.2; H, 4.9%) 

(ii). 5-Phenyldibenzarsole (XI). This was prepared by the reaction of 2,2’- 
dilitbiobiphenyl with phenyldichloroarsine as described by Heinekey and Millar 
[lo]; treatment of the amine with hydrogen peroxide in acetone gave the oxide 
XIII, m-p. 158-161°C. On refluxing the amine with an excess of methyl iodide 
in nitromethane. for 24 h, the salt 5-methyl-5-phenyldibenzarsolium iodide (X) 
was formed. After recrystallisation from MeOAc/EtOH it had m-p. > 140°C 
dec. (Found: C, 50.9; H, 3.55. C,,H,&I c&d.: C, 51.15; H, 3.6%) 7 (CDCls): 
1.0-2.7 (m, 13 H); 6.7 ppm (s, 3 H). Treatment of the iodide with aqueous 
sodium picrate gave the arsonium picrate, m-p. 177-178°C (ex. aq.-EtOH). 
(Found: C, 54.95; H, 3.45; N, 7.65. C25H18A~N307 calcd.: C, 54.85;-H, 3.3; N, 
7.65%) 

(iii). Triphenylarsine and derivatives. A commercial sample of triphenylarsine 
was used, and converted into the methiodide and oxide in the usual way. 

Wittig reactions of arsonium salts 
General procedure_ The arsonium salt (10m3 mol) and freshly distilled benzal- 

dehyde (10-j mol) were dissolved in tibsolute ethanol (2 ml). To this solution 
was added a solution of sodium ethoxide in ethanol (1 ml) (prepared from 
sodium (0.23 g) in ethanol (10 ml)), and the resulting solution allowed to stand 
at room temperature under nitrogen for one week. At the end of this period, the 
solutions were filtered to remove precipitated sodium iodide, and then analysed 
by GLC for the presence of styrene and styrene oxide. The solvent was then 
evaporated, and the residue dissolved in chloroform and applied to a preparative 
TLC plate (silica gel CT)_ The plates were developed twice with petroleum ether 
(40-60” C), and once with ethyl acetate. The bands were extracted, and the pure 
compounds characterised by comparison with authentic samples. 

Results 
(i). The reaction of methyltriphenylarsonium iodide with benzaldehyde 



i$: The reaction of (23uryl)methyldiphenylarsonium i&kie with b&z+&’ 
dehyde.under the above con$itions gave styrene oxide 'and ‘2-fur$ldiph&ylarsine 
(48%). Neither styrene nor the’arsine oxide were detected in the reaction m&- 
ture_. 

(iii)_ The~reaction of 5-methyl-5-phenyldibenzarsolium iodide with benz&- 
dehyde under the above conditions gave styrene oxide and 5-phenyldibenkrsole 
(45% j: Neither styrene nor the arsine oxide were detected. 

The above reactions were repeated on the above scale using a 24 h reflux 
period. 31 each case, the same products were isolated in slightly better yield. 

References 

1 S. Trippeti and Mk Walker. J_ Chem. Sot. C. (197’1) 1114. 
2 .P.S. Kendtukar and R.S. Tewari. J. OrganometaL Chem.. 60 (1973) 247: 85 (1975) 173. 
3 D.W. Allen. B.G. Huffey. and T.C. Rich. J. Chem. Sot.. Perkin II. (1973) 820. 
4 D-W_ ABen. P. Heatley. B.G. Huffey. and M.T.J. Melbar. Tetrahedron Lett.. (1974) 1787. 
5 13-W. Allen, B.G. HuUey. and Iz. Pobsik. J. Chem. Sot., Perkin I. (1975) 619. 
6 D. Sartain and.UR. Truter. J. Chem. Sot., (1963) 4414. 
7 P_ Gillespie. F_ Ramirez; I. Ugi. and D. Marquading. Angew. Chem. Int. Ed_. 12 (1973) 91. 
8 W-R.- Cullen. Advances in Organomebllic Chemistry. 4 (1966) 145. and references therein. 
9 F-G_ Mar+. The EIeterocyclic Deri&ives of Phosphorus. Arsenic. Antimony. and Bismuth. Wiley- 

Interscience. 1970, and references therein. 

10 DllK_ Heinekey and LT. Millar. in an Appendix to 13. Sartain and M.R. Truter, J. Chem. Sot.. (1963) 

4414. 


