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On reaction with a series of nucleophiles, the bridgehead sulfonium salt hexahydro-l,l-dimethyl-3N-2,4,7- 
ethanylylidene-1H-cyclopenta[c]thiopyrilium bromide (3) affords @-elimination products in a higher proportion 
than substitution products. Proton nmr chemical shift assignments are presented for the salt 3, its progenitors, 
and its elimination and substitution products. Specifically deuterated compounds 9-12 and 14 have been pre- 
pared to assist in the nmr analysis. The anomalous downfield chemical shift of the exo methyl of 13 and the exo 
cyanomethyl of 16 are attributed to the proximity of the sulfur lone electron pair. 

In recent years in this laboratory there has been consid- 
erable interest in the synthesis and reactivity of confor- 
mationally rigid bicyclic sulfonium salts in which the sul- 
fonium function is located a t  a bridgehead position. Many 
examples of this type of sulfonium c o m p o ~ n d ~ - ~  have 
been found to possess biological activity as alkylating 
agents.6 In 1965 the synthesis of the bridgehead sulfonium 
salt 1 was reported.' Subsequently the study was extend- 
ed8 and it was found that nucleophilic attack occurs at 
C-5 or C-10. No products arising from 6-elimination reac- 
tions were observed. Similar results have been reportedg 
for sulfonium salt 2. The synthesis of the bridgehead sul- 

1 2 

fonium compound 3 and an examination of its reactivity 
as an alkylating agent is the subject of the present study. 

The synthesis of sulfonium salt 3 is described in 
Scheme I. Dimethylfulvene and maleic anhydride reacted 
in boiling benzene to give the exo adduct 4. This adduct 
was hydrogenated over platinum catalyst to give 5 which, 
in turn, afforded exo-7-isopropylidenebicyclo[2.2.l]hep- 
tane-2,3-dimethanol (6) on reduction with LiAlH4. Reac- 
tion of the diol 6 with methanesulfonyl chloride gave the 
methanesulfonate diester 7, and the sulfide 8 was then 
prepared by a modification of the method of cylization of 
Owen and PetolO using sodium sulfide nonahydrate. With 
refluxing 48% HBr solution, the sulfide 8 afforded the cy- 
clic bridgehead sulfonium salt 3. For the nmr analysis to 
be described below, the specifically deuterated sulfonium 
salt 12 and its several progenitors were prepared by the 
method in Scheme I except for the use of LiAlD4. Sulfide 
14 was obtained directly from 12 by reaction with LiAlD4. 

Results and Discussion 
The reactions with nucleophiles were carried out in re- 

fluxing aqueous medium with the sodium or potassium 
salt of the nucleophile, with the exceptions of N-methyl- 
aniline and LiAlH4. The product mixtures were separated 
by preparative glpc, and the assignment of structures was 
based largely upon interpretation of their nmr spectra. 
The product distributions for these reactions, the percent- 
ages of which were determined by analytical glpc, are 
summarized in Table I. 

Inspection of the distribution of elimination and substi- 
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tution products reveals no immediate clear-cut pattern, 
other than a predominance of elimination over substitu- 
tion. This predominance is typical for straight- and 
branched-chain alk; h l fonium salts under the conditions 
employed, but is in contrast to results of studies in this 
laboratory for similar cyclic bridgehead sulfoniums.8.9 At 
the outset of these experiments it was demonstrated that 
the salt 3 does not undergo unimolecular elimination; 
namely, in one experiment an aqueous solution of 3 was 
refluxed for 48 hr without change and similar results were 
found for refluxing ethyl ether. 

The investigation of the sulfonium salt 3 as an alkylat- 
ing agent presented two problems: (1) the determination 
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Table I 
Product Distribution 

3 8 

15 1 

16, Y -CN 
18, Y = NU 

X % S  % 15 % 13 or16 

OAc- 100 0 0 
PhNHCHa Trace5 0 0 
PhO - 53 47 0 
LiAlH4 85 0 15 
CN - 40 10 50 

a Starting material was recovered quantitatively, 

of its ability to alkylate nucleophiles of varying nucleophi- 
licity and (2) the determination of the position of substi- 
tution during alkylation. Inherent in the cyclic sulfonium 
structure is the possibility for competition between sub- 
stitution and elimination reactions, which could give rise 
to a mixture of five possible products. namely, 8, 15, 17, 
18, and 19. 

17 19 
The symmetry of the sulfonium bromide 3 reduces the 

modes of ring opening in substitution to two possibilities: 
the positive sulfonium moiety can be displaced at  the di- 
methyl-substituted carbon or a t  either of the equivalent 
methylene carbons. 

One would expect to see only small amounts of product 
17 relative to 18, as the gern-dimethyl groups would both 
shield the adjacent carbon sterically from an  incoming 

nucleophile and reduce (by electron release) its positive 
character relative to the methylene carbons. The same ex- 
pectation would hold on a purely statistical basis, since 
product 18 may arise from two independent pathways 
while product 17 may arise from only one. The results 
tabulated in Table I bear out these predictions. 

On statistical grounds, one would expect to see products 
8, 19, and 15 in a ratio of 1 2 6 .  This would most certainly 
not be the case, as it is necessary to take into consider- 
ation the relative acidities and accessibilities of the vari- 
ous 0 protons. With alkyl onium compounds the dominat- 
ing influence governing orientation in eliminations is the 
inductive influence (electron releasing) of any p-alkyl 
groups which might be present.ll Thus, the least substi- 
tuted olefin is formed preferentially because the p carbon 
with the fewest alkyl substituents has the most acidic 0 
protons. The predominance of elimination product 8 is an 
exception to this trend. 

Other studies in this laboratory have demonstrated that 
sulfonium salts 1 and 2 react with nucleophiles to  give 
only substitution  product^.^^^ In the initial investigation 
of the reaction of 1 with a variety of nucleophiles, only 

20 

95% 

21 
4.574 

2/1 + & 
22 

50% 50% 
two examples were found12 in which a P-elimination oc- 
curred to form 21 and 22. 

The product distribution of Table I probably reflects 
nucleophilic strength more than any other single factor. 
Those cases in which substitution was observed (LiAlH4 
and KCN) employed reagents of high nucleophilicity and 
small size. It should be noted that the LiAlH4 reaction 
was carried out in relatively nonsolvating, low-boiling 
ethyl ether, which would be expected to promote substitu- 
tion. The absence of any appreciable reaction with N- 
methylaniline, which is a good nucleophile but a poor 
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Table I1 
Proton Chemical Shift Data for Some Norbornane Derivativesa 

6, 7, 23 4, 5, 8, 24 
13, 16 

~~ 

-7 
Chemical shift, gb--- -- 

Compd X 1,4 2,3 endo 5,6 exoc 5,6 endoc 8 10 CHI 

4 
5 
6 
7 

23 
8 

24 
13 

16 

Od 3.90  
Od 3.20 
OHoph 2.50 
OS02CH32 2.66 
H 2.20 
S 2.44 
0 2.46 
HL 1.94 

CN1 2.12 

3.22 
3.00 
1.85 
2.20 
1 .80  
2.20 
2.20 
1 .94  

I. 88k 

6.  60e 
-1.66 
~ 1 . 5 5  
-1.58 
-1.50 
-1.50 
-1.50 
rn 

m 

-1.56 
~ 1 . 4 5  
-1.48 
-1.40 

1.30 
1.38 

rn 

rn 

d 
d 
3.20 
4.10 
0.80i 
2.96!+ 
3. OOk 
1 .52j  

3.34 

d 
d 
3.20 
4 .10  
0.801 
2.20k 
4 ,  04k 
2.90k 
2.34k 
3.04k 
2.4W 

1.581 
1.66J 
1.66f 
1,661 
1.66, 
1 .64J 
1,661 
1.22% 
1.42" 
1.24" 
1.46" 

a The compounds are numbered as norbornane derivatives for convenience in tabulating chemical shifts. Relative to 
TMS (8 0.00) in CDCl,. c Assignment is indefinite and may be reversed. d Compounds 4 and 5 are anhydrides. e The 5,6 
linkage is olefinic. f Isopropylidene methyl. Q In DMSO-de. * OH protons at 6 4.50 (2 H).  OSOZCHa protons at 8 3.00 (6 H).  

exo-CH, protons. k See discussion. 1 C-7 proton resonance obscured by other resonances. m Resonances obscured. ngern-CH3 
protons. 

base, may reflect that reagent's inability to get at the 
sites for substitution. 

The chemical shift data for a series of compounds con- 
taining the norbornane skeleton are summarized in Table 
11. 
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