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Although the polar bromination of alkenes has long been postulated' to involve ethylene- 

bromonium ion intermediates, some product studies have led to suggestions2-4 of the intermedi- 

ate's solvent dependence. These reports originated from studies of stilbene derivatives2 and 

now include a variety of types. 334 The conclusion is that there is more bromonium ion char- 

acter, as opposed to carbonium ion character, as the solvent polarity decreases.5 One of us 

recently proposed4 that the observed solvent dependence of polar bromination reactions may be 

the result of differential solvation requirements of the bromonium ion and the carbonium ion in 

their equilibria, eq. (1). It was inferred that owing to differences in electronic configura- 

Br 

tions,S the ethylenebromonium 

absence of strong solvation. 

ion derivative can better accommodate the positive charge in the 

Beauchamp and his coworkers7 have now determined that relative to simple carbonium ions, 

cyclic halonium ions exhibit a greater relative stability in the gas phase than in fluorosulfuric 

acid.' Following a logic in conanon with that of kicklanus and Ware,4 Beauchamp !%ti 
7 

attributed 

the increased relative bromonium ion stability to internal solvation of the carbonium ion by 

the neighboring bromine atom. We now report quantitative data on haloniume carbonium ion 

equilibria in solution which lends support to the proposals of Beauchamp and McManus.4 
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Olahg and PetersonlO and their coworkers have previously suggested that the temperature 

dependence of the 'H and l3 C nmr spectra of certain halonim ions, e.g. l-4, results from a 

halonium _L carbonium ion equilibria, e.q. es.(l), which is fast on the nmr time scale. 

Employing FT 13C techniques, Henrichs and Peterson" quantified this equilibria for several 

halonium ions in S02. We now report temperature dependence of the C-l chemical shift of ions 3 

and 4 in S02ClF." Using estimated chemical shifts (eq. 2) of the halonium ions (3h and 4h) 

CH3 vi + ‘43 

1 

and the carbonium ions (3~ and 4c) obtained as previously discussed," the characteristics of 

the 3h*3c and 4h+4c equilibria were calculated (Table l).12 

R R5hH3 

CH3 

3h : R=H, &_, = 149.2 ppm 3c : R-H, s,_, = 333 ppm 

4h : R=CH3, 6,_, = 147.5 ppm 4c : R=CH3, a,_, = 333 ppm 

A comparison of the equilibria of 3 and 4 in the SO2 and SO2ClF at -60' (Table II) reveals a 

13 
measurable solvent effect on the equilibria. The preference for the halonium ion relative to 

the carbonium ion in SO2ClF is further evidenced by our failure to generate cation 2 in SO2ClF. 

Rearrangement of the ethyl derivative 5 to 2 in SO2 occurs in 20 min at -200 ' or 1.25 hr at 

-270.10 In S02ClF, however, no detectable rearrangement of 5 to 2 occurred upon warming 5 to 

-400 for 4.5 hr or upon storage at -700 for 15 days. Warming of 5 at -20' or above was accom- 

panied by decomposition and again no 2 was detected by 13C nmr. 

While we were unable to find any useful quantitative comparison of SO2 and SO2ClF in the 

literature, Olah and Olah14 have stated that S02ClF is the preferred solvent for the formation 

of stable carbonium ions since SO2 reacts with some carbonium ions to yield sulfinic acids or 
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sulfonyl fluorides. Thus, the oxygen atoms in SO2 are apparently more nucleophilic than those 

in sO2ClF allowing the former to better solvate carbonium iws. 

In swmwy, our results indicate that cyclic halonium ions become relatively more stable 

than carbonium ions as the solvent becomes less capable of nucleophilic solvation. Hence the 

numerous literature reports of increased stereoselectivity in electrophilic alkene halogenations 

in non-polar solvents and at low temperat~:~e serve as qualitative examples of solvent and 

temperature effects on halonium -_L carbonium ion equilibria. 

Table I. Experimental and Calculated Parameters for Halonium-Carbonium Ion Equilibria in SO2ClF. 

Cations 7;'(","4"" KX. ~fcf:~;e~ 'h: 
Cl 

wlXiz5 

(Ppn)b 
0.118 + 0.036 

0:726 
168.6 f 0.1 

-94 0.130 170.4 
-85 0.141 0.732 01877 171.9 
-82 0.145 0.735 0.874 172.4 

3h = 3c -61 0.206 0.666 0.829 180.6 
-47 0.222 0.677 0.818 182.6 
-33 0.327 0.533 0.754 194.5 

-102 * 2 0.013 * 0.006 
rz 

* O-2 0.987 * 0.012 149.8 + 0.1 
-92 0.016 0.984 150.5 

4h e 4c -82 0.020 1:486 0.980 151.1 
-73 0.025 1.460 0.975 152.1 
-36 0.059 1.336 0.944 157.8 

2 Mole fraction of cyclic haloniun ion(halonium ion ecarbonium ion equilibriunk values calcu- 
lated as discussed in ref. 10. b Relative to TMS (ext. cap). 

_____~__~____~_____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~--~~-~~-~~~---- 

Table II. Comparison of Halonium-Carbonium Ion Equilibria in Sulfur Dioxide and Sulfuryl 
Chloride Fluoride at -600 (see ref. 13) . 

Cations 

3h *3c 

4h "4c 

Solvent 

so& 

S02C1F 

so& 

A& xL 
147.04 0.75 

144.s 0.82 

133.4g 0.95 

Kes. AG 
(kcal/mole) 

0.31 0.46 f 0.01 

0.21 0.67 + 0.02 

0.056 1.23 f 0.04 

S02C1F 132.d 0.97 0.032 1.42 f 0.05 

&The lJC chmnical shift of C-3 of 3 in SO2ClF is 36.38 f 0.07 (rel to TliS, ext) and temp inde- 
pendent; in SO2 (ref lo), it is at 40.0 f 0.5 ppm. In ,4, the C-4 group is essentially temp inde- 
pendent with 
respectively. 

the values at -600 in SO2 (ref 10) and SO2ClF bei 
%lata fran ref 10. Er C-l compared to C-3. a 

g 22.1 f 0.1 and 21.11 i 0.04, 
-C-l compared to the C-4 methyl. 
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