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a-EALOALKANESULFONYL BROMIDES IN ORGANIC SYNTHESIS. 4. REGIOSELECTIVE Y-DEPROTONATION OF 

a, S-UNSATURATRD SULFORES . A SIMPLE SYNWESIS OF 2-ALKYL-1,3-BUTADIERES.1 
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Abstract: A simple method for converting P-methyl-1-alkenes into 2-alkyl-1,3-butadienes is 
described. Evidence for complexation of lithium cations by sulfonyl groups in the course of 
reactions of a,B-unsaturated sulfones with LiOt-Bu is presented. 

Conjugated dienes may be conveniently synthesized via addition of bromomethanesulfonyl 

bromide, 1, BrCH2S02Br, to olefins followed by treatment of the adduct with base, typically 

triethylamine and then potassium tert-butoxide (e.g., eq 1, R=li) *2 o,g-Unsaturated bromo- 

methyl sulfones such as & could undergo vinylogous Ramberg-B;icklund reaction2 by deprotona- 

tion c (y) and/or anti (y’) to the sulfonyl group. In unsymmetrical systems this could give 

mixtures of products. In practice we find that good regioselectivity may be realized in the 

deprotonation of various unsymmetrical analogues of &, that the regioselectivity may be 

altered by changing from potassium to lithium tert-butoxide and that the regioselectivity 

provides the basis for a simple synthesis of 2-alkyl-1,3-butadienes from 2-methyl-1-alkenes. 

Addition’ of 1 to 3-methyl-1-methylenecyclohexane 
3 

(2) followed by dehydrobromina t ion 

with triethylamine gave a 1:l mixture of& andzf4 in 94% overall yield. Fractional 

recrystallization of the mixture from Ccl4 afforded 2, mp 79-80”, homogeneous by capillary GC 

and HPLC. The structure of 2 was established by X-ray crystallography, as shown in Figure 

I5 . Preparative HPLC (99% hexane, 1% isopropanol) of the mother liquor from the above 

recrystallization afforded 2’. chromatographically and spectroscopically different from 2. 

Separate treatment of 2 with KOt-Bu and 3b’ with LiOt-Bu in t-BuOH/THF gave, respectively, 

5-methyl-1-vinyl-1-cyclohexene, g, and 3-methyl-1-vinyl-1-cyclohexene, s,6 in each case 

regiospecifically in 77-78% yield. 7 
Reaction of xwith LiOt-Bu and excess 12-crown-4 gave a 

4:l mixture of 4b’:4b while KOL-Bu gave a 62:38 mixture of 4b’:4b. -- 

Treatment of 7_-methyl-1-octene (2, eq 2) with L followed by triethylamine gave in 87% 

yield a 2.8:1 mixture of & and x4 which could 

(99.5% hexane, 0.5% isopropanol). Compounds & and 

be separated into pure compounds by HPLC 

k’ , showing 1H NMR methyl resonances at 
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6 2.21 and 2.01 ppm, respectively, can be 

bromomethyl sulfone, respectively, based on 

sulfonyl group in o,g-ethylenic sulfones. 8 

specifically to 2-n-hexyl-1,3-butadiene, I, 4 

characterized as (g)- and (Z)-2-methyl-1-octenyl 

the known deshielding of alkyl groups syn to the 

Treatment of & with KOt-Bu or LiOt-Bu led regio- 

while _ 6a’ gave mixtures of l and (E,Z)-3-methyl- 

1,3-nonadiene , 4, in ratios varying from 7:93 (LiOt-Bu), to 13:87 (LiOt-Am-C6H6) to 29:71 

(LiOt-Bu, 12-Crown-4) to 68:32 (KOt-Bu). For synthetic purposes, the crude mixture of isomers 

&,a: may be used to prepare L. Thus a 0.25 M solution of mixed isomers in 7:l t-BuOH-THF is 

added to 3 equiv. of KOL-Bu in 5:2 t-BuOH-THF (0.8 M) at -23’ C and the mixture is warmed to 

25” C, diluted with water and extracted with pentane, which is washed with water to remove 

THF. Distillation of the dried pentane extract affords 2 (84% yield, 91% purity). Additional 

examples of syntheses of P-alkyl-1,3-butadienes by this route are given in the Table. Entry 

3 is of interest because it demonstrates the preference of reagent 1. for addition to the 

terminal rather than internal double bond while entry 6 demonstrates that deprotonation can be 

regiospecific in particularly hindered cases. 

The above observations on the regioselective deprotonation of bromomethyl sulfones 2, 

k’ and &,a’ can be rationalized as follows: 1) Steric factors should favor deprotonation of 

compounds &,b’ and &,&’ with tert-alkoxides at the less hindered positions (remote from the 

R group) giving & and 1, in accord with earlier studies on enolate generation in analogous 

systems. 
7 

2) Coordination of the cations of alkali t-butoxides by sulfonyl oxygen should fa- 

vor deprotonation = to the sulfonyl group. In particular we suggest that the lithium cation 

of LiOt-Bu coordinates to the sulfonyl oxygen in 2’ and &’ promoting removal of the y-proton 

despite steric hindrance at that position. 
9,lO 

The X-ray structure of & indicates that the 

sulfonyl oxygen is within 2.511 of the closest ring hydrogen, a value within the sum of the 

van der Waals radii of 0 and H, which should facilitate the type of coordination depicted in 

Figure 2. When the extent of coordination is diminished by substituting the “softer” (HSAB 

terminology) potassium for lithium or by complexing lithium with 12-crown-4, the relative 

proportion of Y-deprotonation decreases. 
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