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Abstract: Barbier-type allylation of sulfonimines with indium and allyl bromide to give homoaUylie sulfonamides 
can be performed smoothly in organic solvents and in aqueous media. The regio- and the stereoseleetivity of the 
reaction have been examined. © 1998 Elsevier Science Ltd. All rights reserved. 

Recently, we and others have reported on the metal-mediated allylation of carbonyl compounds 

in aqueous media to give the corresponding homoallylic alcohols (scheme 1). l The development of 

such organometaUic-type reactions in aqueous media is of interest because they offer the 

possibility of environmentally benign reaction conditions by reducing the burden of organic 

solvent disposal. 2 The metals used in scheme 1 include zinc, 3 tin, 4 bismith 5 and indium. 6 

R C H O  + ~ - . ~  ~ ~ / . . ~  Br 
M e = l  

OH 

Scheme 1 

Indium is considered the metal of choice because the allylation can proceed in water without 

the need of activation and the amount of side products due to reduction or coupling of the carbonyl 

compound is minimal. However, the allylation reaction has been limited to the carbonyl 

compounds. The application of such allylation reaction to aldimines to give the corresponding 

homoallylic amines has not been extensively reported. 7'8 This is attributed to the fact that 

aldimines are generally less electrophilic than the corresponding carbonyl compounds. 9,t° 

Furthermore, in aqueous media, many imines are hydrolysed to the corresponding carbonyl 

compounds before allylation occurs thus giving the corresponding homoallylie alcohols instead, tl 
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Finally, it has been reported that indium mediated the homocoupling of imines in aqueous media 

to give the corresponding 1,2-diamines) 2 We report here our study on the allylation of 

sulfonimines with indium and allyl bromide in aqueous media. N-Sulfur bonded aldimines are 

versatile intermediates in organic synthesis. 13 In comparison to aldimines, sulfonimine are more 

electrophilic on the one hand, and yet more stable to hydrolysis in the aqueous media on the other 

hand. It offers the additional advantage in synthesis in that the sulfonyl group can be readily 

removed from the product homoallylic sulfonamides to give the corresponding primary amines 

(scheme 2). Ph02S. _ 
NH R4 

R2 R 4 Indium ~ 
R1CH=NSO2Ph + _ Br R 1 

R 3 Solvent 
l a  RI=Ph 2a R2=R3=I~=H ~ - !  
lb  Rl=p-Cl-Ph 2b R2=CH3, R3=R4=H 
I¢ RI=p-CHaO-Ph 2c R2=R3=CH3, R4=H 
Id RI=Ph-CH=CH 2d R2=R3=H, R4=CH3 

2e R2=Ra=H, R4=COOMe 
2f 3-bromocyclohexene 

S c h e m e  2 

NH2 R4 

Na/liq'NH 3 R1 R 2 / ~ R  3 
-78°C 

4 

In a typical experiment, the sulfonimine 14 (0.5 mmol) and allyl bromide (1.5 mmol) were 

stirred in aqueous or organic solvent (4 ml). Indium powder (1.5 mmol) was added and the 

mixture was stirred overnight. The reaction was quenched by 1N HC1 (2 ml) and extracted with 

ether (2 x 15 ml). The combined organic phase was dried and evaporated to give the crude 

product which was purified by chromatography on silica gel (eluent: 15% ethyl acetate and 85% 

hexane) to afford the sulfonamide product (Table 1). 

Table 1 Indium-mediated allylation reaction with sulfonimines 

Entry Sulfonimine Allylbromide Solvent Product Yield (%)= MP (*(2) 

1 la  2a THF 3a 99 ° 80~81 
Dioxane 99 b 

DMF 99 b 
HzO 95 

2 lb 2a H20 3b 50 b 108,.-110 
H20:THF=3:1 95 

3 lc 2a I-I20 3c 80 b 71~73 
H20:THF=4:1 95 

4 la  2b H20 3d ° 92 128~130 
5 la  2c H20:THF=I: 1 3e 55 118-,120 
6 la  2d H20:THF=3:1 3f 95 72~74 
7 la  2e H20:THF=I:I 3g 30 liquid 
8 la  2f H20:THF = 1:1 3h ~ 50 120,-.,122 
9 ld 2a H20:THF = 1:1 3i d 90 Liquid 

* Isolated yield, b Yields were determined by 1H NMR spectra. ~ Only y-adducts were obtained, d Only 1,2-adduct was o b ~ n e ~  
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As one can see from the results in Table I, the aUylation reaction can be performed in either 

organic solvent or in aqueous media. Various substituted arylimines could be used to give the 

products in good yields. In all cases, the reaction can proceed in water alone, however, in some 

cases, due to the low solubility of the sulfonimine in water, addition of THF to the solvent can 

lead to improved yields. The optimum medium for this allylation reaction seems to be a l:l 

mxiture of THF and water. When crotyl- or "~, T-dimethylallyl- bromide was used, the reaction 

proceeded with high regioselectivity. Is When ~z,J3-unsaturated sulfonirnine was employed, only 

1,2-allylation product was obtained and no 1,4-allylation was observed. 

Table 2 Reaction of sulfonimine (la) with crotyl bromide (2b) in different solvents 

Entry Solvent (H~O:THI~ Yield%(3d)" Syn:antl 
1 100:0 98 39:61 
2 95:5 98 66:44 
3 90:10 98 67:33 
4 70:30 98 78:22 
5 50:50 98 79:21 
6 40:60 98 78:22 
7 30:70 98 77:23 
8 0:100 98 68:32 

a Yields were determined by ~H NMR speed.  

The stereochemistry of the allylation of benzaldehyde sulfonimine (la) with crotyl bromide 

(2b) was carefully studied and showed interesting results. The reaction exhibits moderate anti 

stereoselectivity in pure water; whereas when the reaction was performed in THF, the 

stereoselectivity of the reaction was reverse and moderate syn selectivity was obtained. (Table 

2)) 6 For comparison, the reaction of crotyl bromide with benzaldehyde in water is anti- 

selective. 15a In order to explain the change in stereoselectivity observed for the change in solvents, 

we postulate that the allylindium species can allylate the sulfonimine either through an anti- 

periplanar transition state 5a or a synclinal transition state 5b. For carbonyl compounds, the 

reaction proceeds preferentially through the synclinal transition state due to the coordination of the 

carbonyl oxygen with the indium metal even in aqueous media) sa For sulfonimine, the 

coordination of nitrogen with indium is weaker, and the synclinal transition state 5b is preferred in 

THF but not in water. Since the sulfonimine is known to have the anti-stereochemistry, transition 

state 5b gives rise to syn-3d. In aqueous media, due to coordination of water with the sulfonimine 

function, the anti-periplanar transition state 5a is preferred, giving rise to anti-3d (scheme 3). 
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5a ana-3d 5b syn-3d 

Scheme 3 
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