
Tcfrdmfmn Vol. 30. pp. 14S7 to 1463. Pcrgamon Press 1974. Prinkd in Great Britain 

DIRECT IONIC CHLORINATION OF 
ALKYL SULFONES WITH SULFURYL 

CHLORIDE’= 

I. TABUSHI,‘“* Y. TAMARU and 2. YOSHIDA 
Department of Synthetic Chemistry, Kyota University, Yoshida, Kyoto 606, Japan 

(Receiwd inJapan I9 January 1974; Receivedin the UKforpublication 1 February 1974) 

Abstract-The introduction of a Cl atom usually takes place at a position a to the S atom of alkyl 
sulfones. in this paper, a new ionic chlorination method of alkyl sulfoncs with sulfuryl chloride in 
which the most noteworthy observation was exclusive or highly selective @-chlorination of dietbyl 
sulfone or suifolane (tetrahydrothiophene-I,l-dioxide) is described. The most successful synthetic 
application of this method was exemplified by the chlorination of 7-thiabicycIo(Z.2.I]hep~~7,7- 
dioxide, which affords Zexo- and 2-e~o~~oro-7-~iabicycIo[2.2. I]hep~e-7,7~oxides, which were 
difficult to obtain by the radical chlorination, probably because of the undesired homolytic SO& bond 
fission. Z-ho-~Ioro-7-t~abicycIo[2.2. I]hep~ne-7,7~oxide, thus obtained, was selectively reduced 
to give 2-~o~hIor~7-thiabicycIo[2.2. I]heptane. A echoism for this chlorination is aIso discussed. 

The direct chlorination of alkyf suifides’ and/or sul- 
foxides’ with various chlorinating agents (e.g. suf- 
fury1 chloride, chlorine, N-chlorosuccinimide, nit- 
rosy1 chloride, iodobenzene dichloride, or t-butyl 
hypochlorite, etc.) is well known to occur at the a 
position* as exemplified in equationzPzb.’ (I). The 
lone pair electrons on the S atom seem to play an 
important roIe.6 

Direct electrophilic chlorination of alkyl sul- 
fones, which do not possess lone pair electrons on 
the S atom, has not been reported. Instead, sulfones 
have been chlorinated by treatment with alkyl 
lithium to give a-chiorosulfones’ (Eqs 2 and 3). 

We have found that alkyd sulfones may be 
chlorinatedi directly in a highly polar media* by 
using an excess of sulfuryl ch1oride.l Thus, sul- 

*Only one exception has been reported in the chlorina- 
tion of 9-thiabicycIo[3.3.1]nonane, where 2-endochloro- 
9-thiabicyclo[3.3.1 Jnonane (8 chlorination) was obtained 
exclusively.’ 

THydrocarbons are chlorinated readily by sulfuryl 
chloride in sulfolane; ionic mechanism have been prop- 
osed for this process.’ 

SSubstrates themselves (alkyl sulfones) are highly polar 
media: e (dielectric constant; suffolane) = 44 (3o”f. 6 
(suffu~l chforide) = 9.2 (22”). 

IjSuIfuryl chloride has been used as a convenient radical 
chlorination reagent of hydrocarbons.’ 

IOur preliminary experiments showed that substitution 
of 2-endo-chlorc-7-tbiabicycIoI2.2.I]heptane with not 
only acetoxyl ion but also most powerful nucleophiles, 
thiocyanate and &de ions, occured exchsively in 
retention of configuration. And also, in the chlorination of 
Z-en& - and 2-exe-hydroxy-7-tbiabicycIo[2.2. Ilheptanes 
with dry HCI in ether (or benzene) or thionyl chIoride in 
dioxane, only 2-endo-chloro-7-thiabicyclo[Z.2.1 Jheptane 
W88ObtACd. 

fofane was heated with ten molar excess of sulfuryl 
chloride at 60” for an appropriate time in a specially 
treated vessel in the dark ( Experimental). Recrys- 
tallization from benzene-hexane of the pasty solid 
distillate (128 - 130’/2*0 mmHg) gave practically 
pure &chIorosulfolane. 

That fl-chlorosulfolane (not the a-isomer) was 
obtained exclusively seems to be interesting and 
noteworthy. 

Similarly, diethyl s&one was selectively chlori- 
nated to give ~-chlor~e~yl s&ones (fi 69+2%, 
&/II’ 25.1%). along with a minor amount of 
a-chforodiethyl s&one (5+7%). 

Appreciable a substitution was not observed in 
the chlorination of the other alkyl s&ones studied. 
Thus, P- (41%) and y- (59%, based on the sulfone, 
used) chloro-tetrahydrothiapyran-l,l+iioxide from 
tetrahydrothiapyran- 1, I-dioxide, and fi _ (43*4%), 
y- (50+4%), By’- (3*7%), and r.y’- (2.5% based on 
the sulfone, used) dichloro-di-n-propyl sulfones 
from di-n-propyl sulfone were obtained, respec- 
tively. Butyl ethyl suifone was chlorinated only on 
the Bu group to give j3, y, and G-chlorobutyl ethyl 
sulfones. 

Benzyl methyl sulfone was chlo~nated more 
readily than aikyl sulfones to give exlusively 
nucl~-substituted products (o- and p-chloro- 
benzyl methyl suifones in 44 and 54% yield, 
respectively, based on the sulfone used). Results 
are summarized in Table 1. 

The present chlorination was most successfully 
applied to the preparation of 2-exochloro-cl- 
thiabicycloi2.2.IIheptane (chart 1. cf Eq 31, since 
the divalent sulfur, which showed profound au- 
chime& assistance,” completely controlled the 
stereochemistry of the entering groups to the cndo 
psition! 
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Cl 

RSCH>R’ = lR-“H,R’][SOzCl-] 2 RSCHR --Ho + - 

J 1 

- RSCHR 

J 1 

RSOXHR’ 2 RSO;CHR’ x RSO,CHR 

Li’ 

SO2 

&I 
SO2 

,I, bnu” 

m- Go (3) 
Cl 

(4) 

EtSOKHzCHzCHKH, =z EtSOzCHz CH CHzCHa + 

I 
Cl 

(11.8%) 

EtSOzCHKHzCHCH, + EtSOzCHKHzCHAZHKl + EtSOzCH~CH~CHCM~Cl 
I 

(5) 

Cl Cl 
(41.2%) (30.8%) (90%) 

Table 1. Chlorination of alkyl sulfones with sulfuryl chloride at 60” 

Sulfones SOICl,’ Time Conversion Product Distribution 
(h) (so (%) 

0 S 10 

CH,CH&H~CH, 5 

C SO2 10 

y’ @’ a’ 
CH,CH~CH,SOz- 5 

CIWHKH, 5 
a 9 v 

CSH,~~~S~~H,-CBH,~H~~H,~ 
9 

SCh 

I0 

10 

120 

120 

5b 

46 

22 

33 

aO,fil@Q 

a 5.7, fl 69.2, &3’ 25-l 

fl 58.5. y 41.5 

24 
5b 

120 

41 
55 

77 

a 0. /3 43.4, y 50.4 
fly’ 3.7, yy’ 2.5 
a 0, B 39.5, y 50.0, 
By’ 6.3, w’ 4.2 
aO,/3 11.8,y41.2, 
6 30.8, yS 9.9 

15 58 2-endo 65,2-exo 18, 
hydrocarbons 17’ 

PhCHStXH, 2 6 73 046. p-54 

‘Mole of SOElJmole of sulfone. bAt 90”. * The rest of the product(s), amounted to 
6.3%. was unidcntikd dichlorosulfone(s). “By weight. *A small amount of sulfolane 
was used to dissolve substrate. 

Thus, 7-thiabicyclo[2.2.1]heptane-7,7-dioxide (1) sulfone, used) and 2-endo- 3 (65%) chloro-F 
was chlorinated with ten molar excess of sulfuryl thiabicyclo[2.2.l]heptane-7,7-dioxides. Physical 
chloride at 60” to give t-exo- 2 (18%, based on the and spectral data of 3 were identical with those of 
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1 2 (18%) &I 

I 3 (65%) u 

4 
CHART I 

the authentic compound, prepared by the oxidation 
of 2-endo-chloro-7-thiabicyclo[2.2.l]heptane. 

Reduction of 2-exo-chlorosulfone (2) to 2-exo- 
chloro-7-thiabicyclo[2.2. Ilheptane was achieved in 
quantitative yield using an excess of LAH in 
diethyl ether (Chart I). This makes an interesting 
and marked contrast to the reduction of 3chloro-2- 
thiabicyclo[2.2.1 Jheptane-2,2-dioxide (5) with a 
large excess of LAH in diethyl ether,” in which 
chloride is preferentially reduced. (Eq 6) 

ctc SO2 LA,“, 

Die(hyl 
elIIn 

Lk SOI 
(6) 

5 
Cl 

Some complex formation between sulfuryl 
chloride and sulfolane was indicated on the bases 
of an appearance of a new absorption at 278 nm 
(a = 650) for sulfuryl chloride in sulfolane* (Fig 1). 
Similar was observed for chlorine. Thus, the ab- 
sorption of chlorine at 330~1 in n-hexane was 
found to shift to 254 nm in sulfolane (Fig 1). These 
absorption bands may be interpreted as an exitation 
to an ionic exitated state” suggesting the formation 
of a partially charge separated SOICY or Cl2 as 
shown in Eqs 7 and 8. 

A A .* ._ 

“In 

Fig 1. UV Spectra of SOICI, and Cl,. a. S02Cl, in sul- 
folane, b. SOICI, in n-hexane, c. Cl2 in sulfolane (c ; arbit- 

rary), d. CL in n-hexane (c ; arbitrary). 

Chloronium ion (with a partial positive charge) 
interacted with sulfolane (Eqs 7 and 8) seems to be 
the most plausible active species for this chlorina- 
tion on the bases of the regio-selectivity for the 
chlorination of alkyl sulfones and nuclea- 
substitution of substituted benzenes (Table 1,2 and 
3). Thus, the qualitative comparison of the conver- 
sion at certain reaction time or the product distribu- 
tion (e.g. butyl ethyl sulfone) seems to indicate that 
the chlorination reactivity of an alkyl group in- 
creases with increase in the length of an alkyl group 
of a sulfone (Table 1). This was continned by the 
relative reactivity per H atom (Eq 9). obtained in 
the competitive reaction of sulfolane and 
tetrahydrothiapyran- 1, l-dioxide. 

I.6 

Considering a strong electron-withdrawing na- 
ture of a sulfonyl group, one may conclude that the 
present chlorination proceeds via cationic transi- 
tion state (the hydride abstraction-chloride addi- 
tion 6 or nentacoordinated carbonium ion transition 

n 
c 

SO, + S02Cb = n 
c 

SO, (Cl--S&Cl) state 7).*“’ 

(7) 

n C so2 +c1,= n C so2 (z----El) (8) 

*A solution of sulfuryl chloride in n-hexane was 
transparent above 210nm. . . . 

6 

r 
_ cl 

l 

Cl.,” 
:. s(& so,c1- 

7 

tA sulfonyl group cannot be anticipated to anchimeri- 
cahy assist the formation of carbonium ion as much as 

The product distribution of 2 and 3 (1: 3.6) supports 

sulfide group does.‘. the mechanism. The favored endo chlorination may 

$T?re evidence of neighbowing oxygen participation be ascribed in the overlapping of the exo -2p vacant 

was proposed by Gassman and Marshall in the acetdy orbital with the lone pair electrons on 0 atom as 
sis of 7,7-dimethoxybicyclo[2.2.l]heptan-endo-2-01-p- shown in 8.W 
toluenesulfonate, which had a moiety similar to 3.” However, it seems also likely that the endo side 
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V I 
kH, 

CH, 
9 

8 

attack by the chlorination species’ is favored be- 
cause of the steric repulsion* between the sulfonyl 
group and the chlorinating species. 

The similar partial rate factors for the chlorina- 
tion of toluene seem to originate from the structural 
similarity of the cationic active chlorination species 
for SOKl, (Eq 7) and Cl, (Eq 8).* (Table 3). 

A mechanism involving H atom abstraction may 
be ruled out on the bases of the following observa- 
tions: 

(a) The product distribution of the present reac- 
tion was found to be appreciably different from and 
more selective than that of the radical chlorination 
with sulfuryl chloride initiated by di-t-butyl perox- 
ide (Table 2). 

Especially in the radical chlorination of the 
strained sulfone (l), the sticky oil, with no SO2 
absorption for IR spectroscopy, was obtained as 
major product (- 88%), together with the small 

*Even for the considerably less bulky sulfide group, 
some steric repulsion was considered lo explain the 
favored p (or endo) face hydride attack on the ox* 
thiasteroid” (9) compared with the favored exe hydride 
attack on norbomanone” in the hydride reduction. 

The similar but more selective endo hydride attack 
(probably due to the lack of hindrance by Me group in 
endo direction) was also observed in the reduction of 2- 
oxo-7-thianorbomane (10) (unpublished result). 

*The complex in Eq 7 also seems lo satisfy the 
“bulkiness” claimed in the chlorination of n-hexane or 
iso-octane, see Ref 8. 

exe -OH + endo -OH 

66.5% 19.9% 

(lo) 

Table 2. Chlorination of alkyl sulfones with sulfuryl 
chloride initiated by DTBP 

Sulfones Product distribution (%) 

c) 

B 

a 2.6, p 97.4 

CH,CH90,CH,CH, (I 11.3. /3 82.4, &3’ 6.3 , 
CH,CHEHzSO,- a 0. /3 58.0, y 35.1, 

CRCH,CH, & 4.0, yy’ 2.9 

SO, 63 - - 2-endo hydrocarbons unknown 3.2~exe - 6 - 88 3, 

PhCH,SOXH,’ PhCHCISOXH, 100 

‘A small amount of sulfolane was used to dissolve sub- 
strate. 

amounts of 2 (- 3%), 3 (- 3%), and several uniden- 
tified chlorosulfones (- 6%). where the oil might be 
formed probably via the homolytic SOrC bond 
fission. 

On the radical chlorination of benzyl methyl sul- 
fone only the benzylic position was chlorinated 
under the condition similar to the present chlorina- 
tion, which gave exclusively nuclea-substituted 
products. 

so 
0 

Lr LA” ex*OH + endo-OH 
stha 84% 16% (11) 

10 

Table 3. Partial rate factors for the chlorination of toluene 

Condition 
Partial rate factor 

0, M, P, 

SOXL, Sulfolane, 60” 560 - 1070 
CL, Sulfolane, 60” 600 1060 
Cl,. AcOH, 250b 617 5> 820 
Cl*, CH,CN, 25” 1830 9.1 6250 

“This study. bRef 18. ‘Ref 19. 

(b) The quantitative formation of o- and p- 
chlorotoluenes was observed in the chlorination of 
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colapsed also into an AB quartet (J = 15.0 Hz) by the 
double saturations of protons H,, and H,. 

This information indicates that the rotation of Bu group 
(u,, cr., and uI bonds) must be hindered at rOOm temp by 
introducing Cl at the Z3 position of Bu group. y- 
Chlorobutyl ethyl sulfone: S”,” (1OOMHz) 4.16 (IH, m), 
3.2 - 2.8 (2H. m), 292 (2H, q, J = 7 Hz), 2.5 - 1.8 (2H. m). 
160 (3H. d, J=6Hz), and 1.36 (3H, t, J=7Hz). g- 
Chlorobutyl ethyl sulfone: Sz 3.57 (2H, m), 3.2-2.7 
(4H, m), 197 (4H. b quintet), and 1.33 (3H, t, J = 8 Hz). 
-v.b-DicNorobutvl ethvl sulfone: Sz? (1OOMHz) 4.25 
(iH, m), 3.85 (1H. d doublets, J = 5 andil ‘Hz), 3*65(lH, d 
doublets, J = 7 and 11 Hz), 3.2 - 2.8 (2H, m). 2.93 (2H, q. 
J = 7 Hz), 2.7 - 1.8 (2H, m), and 1.38 (3H, t. J = 7 Hz). 

Chfotinution of 7- thiabicyclo [2.2.l]hcptane-7.7~dioxide 
(I). 7.Thiabicyclo[2.2.l]heptane-7,7dioxide (l46g, 
0.01 mole) was treated with 13.5 g (0.10 mole) of sulfuryl 
chloride at about 60” for 15 h. After the excess sulfuryl 
chloride was distilled off, the mixture (white waxy solid) 
was separated by means of column chromatography on 
silica gel. Elution with methylene chloride atforded 
15Omg of oil, 581 mg of 2.endo-chlorc-7-thiabicyclo 2- 
endo-chloro-7-thiabicyclo [ [2.2.1]heptane-7,7-dioxide, of 
2-exo-cNoro7-thiabicyclo[2.2.1]heptane-7.7dioxide and 
609 mg of the recovered sulfone (in the order of elution). 
2-endo-chloro-7-thiabicyclo[2.2.1]heptane-7,7-dioxidewas 
purified by the repeated column chromatography and 
sublimed in uacuo (80- 85’/23 mmHg). Physical and 
spectral data were identical with those of the authentic 
sample, independently prepared by the oxidation of 2- 
endo chloro-7-tNabicyclo[2.2. llheptane with m- 
chloroperbenzoic acid in methylene chloride. m.p. (in a 
sealed tube, with sublimation) ln.O- 177.5”. Sz 4.87 
(lH, d triplets, J = 4 and 8 Hz), 3.07 (2H, narrow m), and 
2.5 - 1.8 (6H, m). v=, 1305 (s). 1156 (s). 1100 (m). 920 (m), 
597 (m). 480 (m) and 425cm-’ (m). 2-e.xo-Chloro-7- 
thiabicyclo[2.2.1]heptane-7.7dioxide was purified by 
means of recry&allization from acetone after repeated 
column chromatoaranhy. m.n. (in a sealed tube) 199.5 - - . _. 
200.0” (with sublimation). 6$!&-4.23 (IH, d doublets, J = 
6.2 and 5.7 Hz). 3.07 (2H. narrow m) and 2.7 - 1.6 (6H. 
m). V= 1292 (s), 1152‘(s),- 1085 (m), 920 (m), 595 (m), 580 
(m), 438 (m), and 405cm.’ (m). m/e 180 (P*, 4%). 179 
(~‘-1, 9). 178 w-2, 53). 81 (100). 80 (87), and 79 (87). 
(Found: C, 39.93; H, 492; Cl, 1989. Calcd for C&S02CI: 
C. 3989; H. 502; Cl, 19.62%). 

2exo-Chloro -7. thiabicycfo [2.2. I] heptone. In a 1 1. 
flask, fitted with an efficient condenser connected with a 
CaCI, drying tube, a thermometer and a dropping 
funnel, 300 mg (1.7 mmole) of 2-exe -cNoro-7- 
tNabicyclo[2.2.l]heptane-7,7dioxide was dissolved with 
7OOml of dry diethyl ether at room temp (21”). With 
stirring, was added a large excess of LAH (1.5 g. 
40 mmole) powder. After I5 min stirring at room temp. 
5 ml of EtOAc and then dil HCl was added with external 
ice cooling. After usual work up 189 mg of 2-exochloro7- 
thiabicyclo[2.2.l]heptane was obtained by means of pre- 
parative GLPC (yield was 77%). 8:; 4.03 (IH, d 

doublets, J = 3.1 and 4-O Hz), 3.85 (2H, broad s), and 
2.4- 1.3 (6H. m). uz 1315 (s), 1265 (m), 1050 (m), 980 
(m), 900 (s), 765 cm-’ (m). m/e 148 (p’. relative intensity, 
26%). 114 (17%). 86 (5%). 85 (100%). and 79 (44%). 

ChloriMtion of benzyl methyl suljone. Bcnzyl methyl 
sulfone (0.50 g. 2.9 mmole) was dissolved in 0.7 ml of 
sulfolane and treated with 080 g (5.5 mmole) of sulfur-y1 
chloride at 60“ for 6 h. The reaction percent and product 
distribution were listed in Table 1. oChlorobenzy1 methyl 
sulfone: m.p. 91.0”. Sz, 665-6.25 (m, 4I-I): 4.49 (s, 
2H),and2.81(~,3H). ~~1318(s), 1160(m), 1135(s).lllO 
(m), 890 (m), and 78Ocm-’ (m). p-Chlorobenzyl methyl 
sulfone: m.p. 106.5- 107.0”. i3?& 7.36 (s, 4H), 4.21 (s, 
2H-l. and 2.77 (s. 3I-B. v= 1310 (s). 1260 (m). 1160 (m). 
1120 (9). 895 (mj, and 845cm-’ (mj.. . ” . ” 

Into a soln of 0.5 g of benzyl methyl sulfone. 0.8 g of 
sulfuryl chloride and 0.7 ml of sulfolane was added a few 
drops of di-t-butyl peroxide at 60”. l-Chloro_l- 
phenylmethyl methyl &one was obtained as a sole 
nroduct: m.n. 105.0- 105.5”. Sz, 7.36 (s. 5Hl. 564 (s. 
H-B, and 2.96 (s, 3I-I). uz 

___., 
1310 (9). 1140 (sj, 740.(m), and 

700 cm-’ (m). 
Radical chlorination ojalkyl suljoncs. Into a mixture of 

alkyl sulfone and equimolar sulfuryl chloride heated at 
60”. was added a few drops of di-t-butyl peroxide. After 
the vigorous evolution of SO1 ceased, the mixture was 
treated as described above and the products were an- 
alyzed. 

CornpetItion reaction of suljofane and 
tetrahydmthlapyran-1.1~dioxide. A mixture of 0.5~ 
(3.7 nunole) of tetrahydrothiapyran-1,ldioxide and 1.3 g 
(11 mmole) of sulfolane was treated with two portions of 
20g (150 mmole) of sulfuryl chloride at 90” for 6 h. 
The conversions of sulfolane to @-chlorosulfolane 
and tetrahydrothiapyran-1,ldioxide to /3- and y- 
cNorotetrahydrothiapyran-l.ldioxides (the ratio of ~3 to 
y was 1.39) were determined to be 350% and 69.4%. 
respectively. 

Determination of partial rate factor. Into a mixture of 
2.0 g of benzene, 1 .O g of toluene and 20 ml of sulfolane, 
heated at 60” over a thermostated oil bath was dropped 
0.3g of sulfuryl chloride (or introduced 2.2mmole of 
chlorine). After the usual treatment with sodium bicarbo- 
nate, the mixture was analyzed by VPC (PEG). The 
averaged value of two experiments was listed in Table 3. 
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