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The oxidative chlorination of hydroxyalkyl  sulfides (I) and sulfoxides (II) with chlorine in water  is a con-  
venient method for the preparat ion of chloroalkyl  sulfones, which a re  important  key compom-lds in the synthesis 
of a var ie ty  of functional sulfur-containing compounds [1-3]. However, replacement  of chlorine by bromine 
does not resul t  in oxidative bromination of hydroxyalkyl sulfides to give the bromoalkyl  sulfones in good yield, 
even with 2-hydroxyethyl ,  3-hydroxypropyl ,  and 4-hydroxybutyl  alkyl sulfides and sulfoxides, the oxidative 
chlorination of which occurs  with ext reme ease to give the 2-chloroe thyl - ,  3 -ch loropropyl - ,  and 4-chlorobutyl  
alkyl sulfones [2, 3]. 

Bearing in mind the special features of the oxidative chlorination o f sulfides (I) and suKoxides ([I) [2, 3], 
it appeared to us that replacement  of the h a l o g e n - w a t e r  system by an H202-HX mixture (X = C1 or  Br) should 
resu l t  in the react ion proceeding in a s imi lar  way to give the haloalkyl sulfones (III) under milder  conditions. 

RS(O)m (CH2)n0H H~O~/HX RSO~(CH2)n X @ RSO~(CH~)n0H 
(iit) (iv) 

m = 0 (I), t (II); n = 2--4; X = C1, Br; 
R = Cell 5 (a), C4tt9 (b), CsI-ll7 (e), C10H21 (d). 

Oxidative chlorination was effeeted using a molar  ratio of sulfide : H202 : HC1 = 1 : 2-4 : 4-8, and sulfox- 
ide : H202 : HCI = 1 : 1-4 : 2-8,  e i ther  in the presence  o r  absence of an organic  solvent (such as dioxane or  a c e -  
tonitri le),  in the range - 1 0  to +20~ 

In the absence of a solvent,  the oxidative chlorination of sulf ides (I) and sulfoxides (!I) is nonselect ive,  
giving a mixture of chloroalkyl  sulfones (III, X = C1) and (IV) in a ratio of ~ 1 : 2 (Table 1). It is noteworthy 
that the more  remote  the OH group f rom the S atom in the sulfide (I) and sulfoxide (II), the g rea te r  is the 
amount  of the sulfone (IV) obtained. This is evidently due to the heterogeneous conditions, and the occur rence  
of competit ive oxidation of the s tar t ing mate r ia l s  to the sulfones (IV) by HC10 or  H202, catalyzed by HCI. 

Increased  quantity of H202 in the react ion medium does not significantly change the ra t ios  of sulfones 
(III, X = C1) and (IV) being formed.  Inereased  HC1 content, on the other hand, significantly affects the p rocess  
and leads to the formation of (III) with 60-70% yields. At increased mola r  content of HC1 in the react ion medium, 
the equil ibrium of the H202-I-ICI sys tem is shifted in the direct ion of f ree -ch lor ide  formation,  which leads to 
suppress ion of the eoneurrent  r e a c t i o n -  oxidation of sulfide (I) and sulfoxide (H) to sulfone (IV). This conelu- 
sion agrees  with ea r l i e r  resu l t s  [2, 3]. 

The organic  solvent has a considerable  effect on the formation of (III). Thus, in CI-I3OH the yield of ([II, 
X = C1) is only 45~. Under homogeneous conditions,  using solvents such as dioxane, acetoni t r i le ,  o r  THF, the 
yields of (III) a re  70-80~ (Table 1) [4]. The o r d e r  of addition of the reac tants ,  i.e.,  addition of the sulfide or  
sulfoxide to the H202-HC1 mixture ,  o r  H202 to a mixture of the sulfide o r  sulfoxide and HC1, and the reaction 
t empera tu re  ( - 1 5  to +20~ had no marked effects on the formation of (III). 

A feature of  the oxidative bromination of the suIfides (I) and sulfoxides (lI) is the dependence of the yield 
of the sulfones (III, X = Br) on the o r d e r  of addition of the reactants  and their  molar  propor t ions ,  and fu r the r -  
more  no substantial  differences were observed  when the react ion was ca r r i ed  out in the presence  o r  absence 
of organic  solvents.  Model experiments  on the oxidative bromination of 2-hydroxyethyl  alkyl sulfides (I, n = 2) 
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TABLE 1. Oxidat ive  Ch lo r ina t ion  of RS(CH2)nOH (Ia-d) and 

RS(O)(CH2)nOH (Ha-d) with a Mix tu re  of H20 2 and HC1 

Compound 

(ib) 
(Hb) 
(Ic) 
(Ic) 

(nc) 
(la) 
(Ib) 

(I]b) 
(I]b) 
Oc) 

(I1(:) 3 
(II d~ 3 
(la) 4 
(Ib) 4 

( u b )  4 
(lib) 4 
(It) 4 
(Ic) 4 
(Ic) 4 
(ic) 4 

(IIc) 4 
(IIq) 4 
(Id) 4 

n 

2 1:2 :4  
2 t : t : 2  
2 ; 1 :2 :4  
2 t : 2 : 4  
2 t : t : 2  
3 1 :2 :4  
3 1 :2 :4  
3 1:1:2  
3 1 :1 :2  
3 1:2:4  

1 : t : 2  
1 : i : 2  
1 :2 :4  
1 :2 :4  
t : t : 2  
1 : t : 8  
1:2:4 
t : 4 : 8  
t : 4 : 8  
1:4:8  
1 : t : 2  
t : 1 : 2  
t : 2 : 4  

Molar proper- Solvent 
tions of (I) or ] 

( ! i )  :H20 2 :HC11 type* 

Yield of sulfones, % 

(III) ,  X=C1 

A 75-80 
36 

X 75-85 
- 46 
- 37 
A 70-80 
A 70-80 

33 
75-82 

A 75-80 
- 28 
- 28 
A 70-80 
A 75-80 
- 32 

69 
75-80 

A 70-75 
B 45-50 
C 55-60 

31 
72-75 

A 75-80 

(iv) 

3-6 
60 

10-t6 
53 
63 

t0-t7 
10-15 

60 
t0-t7 
~0-15 

70 
68 

10-t5 
10-t5 

6O 
29 

t0-16 
14-18 
45,-50 
25-36 

66 
23-25 
15-20 

* A r e p r e s e n t s  an ap ro t i c  so lven t  such  as  d ioxane ,  a c e t o -  
n i t r i l e ,  o r  THF;  B, a hydroxyl ic  so lven t  such  as  me thano l ;  

and C, a ch lo r i na t ed  h y d r o c a r b o n  o r  an a r o m a t i c  so lvent .  

showed that  i n c r e a s i n g  the m o l a r  p r o p o r t i o n  of HBr in the r e a c t i o n  m i x t u r e  above 2 m o l e s  pe r  mole  of su l f ide ,  

and addi t ion  of the sul f ide  to a m i x t u r e  of H20 2 and HBr r e s u l t e d  in a d e c r e a s e  in the y ie lds  of the su l fones  

(IH, X = Br ,  n = 2). In th is  c a s e ,  b e t t e r  r e s u l t s  we re  ob ta ined  when the H20 2 was  added to the s u l f i d e - - H B r  
m i x t u r e .  

In the ox ida t ive  b r o m i n a t i o n  of 2 -hyd roxye thy l  a lky l  su l f ides  (I) and su l fox ides  (II), the o p t i m u m  c o n d i -  
t ions  for  the p r e p a r a t i o n  of the su l fones  (III, X = Br,  n = 2) a r e  a m o l a r  ra t io  sul f ide  : H202 : HBr  = 1 : 2 : 

1.5-2  (sulfoxide : H202 : HBr = 1 : 1 : 1 .5-2) .  Under  these  c ond i t i ons ,  it  was  pos s ib l e  to p r omo t e  the f o r m a t i o n  
of the b r o m o a l k y l  su l fones  (III), and to r educe  c o n s i d e r a b l y  (to 1 -3~)  the quan t i t i e s  of sulfone b y - p r o d u c t s  (IV, 

n = 2). 

In the ox ida t ive  b r o m i n a t i o n  of 3-  and 4 -hyd roxya lky l  su l f ides  (I, n = 3 o r  4) and sul foxides  (II, n = 3 o r  

4), the o p t i m u m  m o l a r  r a t i o s  w e r e  sulf ide : H202 : HBr = 1 : 2 : 4 (sulfoxide : H202 : HBr = 1 : 1 : 2-4) ,  the y i e l d s  

of the b r o m o a l k y l  su l fones  ([H) r e a c h i n g  70-80ff~ (Table  2). 

Oxidat ive  ha logena t ion  of the hyd roxysu l f i de s  (I) and su l foxides  (II) is a complex  r e a c t i o n ,  the m e c h a n i s m  
of which has  s t i l l  not  been  ful ly e luc ida ted  [2, 3]. The f i r s t  s tep in th i s  r e a c t i o n ,  i r r e s p e c t i v e  of whe the r  i t  i s  
c a r r i e d  out  by oxida t ion  in the X2/H20 s y s t e m  o r  the H202/HX s y s t e m ,  is  c o n v e r s i o n  of the su l f ides  (I) into the 
hydroxysu l fox ides  (II) via  the s u c c e s s i v e  f o r m a t i o n  of i n t e r m e d i a t e s  (V) and (VI) [Scheme 1). 

Subsequen t  r e a c t i o n  of the sulfoxide (K) with ha logen  o r  HOX g ives  the c o r r e s p o n d i n g  i n t e r m e d i a t e s  
(VIIa) and (VIIb), f rom which by e l i m i n a t i o n  of I-IX o r  H20 followed by i n t r a m o l e c u l a r  cyc l i za t i on  is  ob t a ined  

Scheme I 

--HX [ o ] 
(III, X=C1, Br)~-|R--8[ / \ (CH2)n_ 1 {  ~ 

-X O--CH2 ' _ _  
--II~O 

(viii) 

( I )  - X 2 *  . HOX. 1t202 

H20 HX (I) HX 

[ RS(CH2)nOHJ ~{ 

(v) o (vu 1 

X ~  (VIIa) -- !II) 

S+--(CH~)n0 H 

LX-OH ( V I ] b ) J  

996 



T A B L E  2. O x i d a t i v e  B r o m i n a t i o n  of  RS(CH2)nOH (Ia-d)  

and RS(O)(CH2)nOH ffIa-d) with a Mixture of H202 and HBr 

Compound 

Molar propor- Solvent Yield of sulfones, % 
tions of (D or . . . .  

(ID:H202:HBr type~* ] (III>, X=Br (IV} 

( I a )  2 

(Ib) 2 
(Ic) 2 
(Ic) 2 

(IIc) 2 
(Id) 2 
(Ih) 3 
(Ic). 3 

(IIC) 3 
(Id~ 3 

(lid) 3 
(Ib~ 4 
(Ir 4 

( I I c  J 4 
(IIc) 4 

(Id~ 4 
(IIaJ 4 
(lid) 4 

* A r e p r e s e n t s  an apro t ic  
o r  n i t romethane) .  

1:2 : t ,5  
1:2:1,5 
t : 2 : 4  
t : 2 : 2  
t : t : 2  
t : 2 : 2  
t : 2 : 4  
t : 2 : 4  
1 1:2 
I 2:4 
t 1:2 
I 2:4 
1 2:4 
I 1:2 
t t : 8  
t 2 4  
1 1 2  
t 1 2  

so lvent 

- 7 6  

- 78 
A 50-80 
A 70-80 
- 8 ~  

A 70-80 
A 73-80 
- 79 
- 83 
A 70-80 

60 
75-85 

- 82 
- 5t 

69 
A 70-80 

/*4 
A 70-80 

1 

2,5 
3.-5 
3-4 

t2 
3-4 
3-4 

7 
t0 

5-9 
33 

3-5 
5 

37 
4 

5-9 
43 

8-16 

(dioxane, ace ton i t r i l e ,  

the pe r su l fu ran  (VIII). I n t r a m o l e c u l a r  r e a r r a n g e m e n t  of the in te rmedia te  (VIII), as  p roposed  by us [2, 3J, gives 
the haloalkyl  sulfone (III, X = C1 or  Br). Thus,  oxidative halogenatton takes  place via the succes s ive  eo n v e r -  
sion of  the sulf ides (I) into the sulfoxides (II) and the sulfones (III). A n e c e s s a r y  condition for the fo rmat ion  of 
the sulfones {III) is d i r ec t  par t ic ipat ion of the OH group of the sulfoxide (II) in the format ion  of the sulfonyl 
group,  as  demons t r a t ed  expe r imen ta l ly  in [2, 3]. This scheme for the convers ion  of the sulfides (I) and sulfox-  
ides (II) does  not exclude the poss ib le  par t ic ipat ion  of e i ther  f ree  halogen o r  HOX in the fo rmat ion  of the p e r -  
sulfuran (VIII) (see [5]). 

As a l r eady  r e m a r k e d ,  the f i r s t  s tage in the oxidative halogenation is the rapid format ion  of the hydroxy-  
sulfoxide (II). Consequently,  the d i f fe rences  noted above in the chemica l  behavior  of the hydroxyalkyI  sulf ides 
(I) when oxidat ive halogenation is c a r r i e d  out with an H202-HC1 or  an H202-HBr  mix ture  mus t  mainly  or ig inate  
a t  the s tage of convers ion  of the hydroxyalkyl  sulfoxides (II) into the sulfones (IIi). For  this r eason ,  it was de -  
s i r ab le  to c a r r y  out a compara t ive  study of the halogenation of (II) with f ree  chlorine and bromine .  

The oxidat ive chlorinat ion of the sulfoxides (II) with gaseous  chlor ine in an organic  solvent (CCI4, CH3CN, 
CI-I3NO2, dioxane,  etc.)  takes  place se lec t ive ly  ove r  a wide range of t e m p e r a t u r e s  ( - 2 5  ~ to +5~ to give high 
y i e l d s  (up to 9 5 ~ )  of  (lII).* 

R e p l a c e m e n t  of  c h l o r i n e  by  b r o m i n e  r e s u l t s  in a c o n s i d e r a b l e  d r o p  in the  y i e l d s  of  b r o m o a l k y l  s u l f o n e s  
(up to ~ 45g ) .  B e a r i n g  in  m i n d  t h a t  in  the  f o r m a t i o n  o f  s u l f o n e s  (III, N = Br ) ,  a n  e q u i m o l a r  amom~t  of  H B r  i s  
f o r m e d ,  i t  f o l l o w s  t h a t  a c c o r d i n g  to the  s c h e m e  shown  o n e  wou ld  e x p e c t  the  c o m p e t i t i v e  f o r m a t i o n  of  s u l f i d e s  
(I) a n d  (IX) 

BS(CH2)nY H<HBr RS(O) (CHe)nOH Br~>  BS%(CH2)nBr 
--ttBr 

(II) (III) 
Y = OH (I); Br (IX) 

In f a c t ,  r e a c t i o n  o f  the  s u l f o x i d e  (iI,  R = C8H17 , n = 2) w i th  b r o m i n e  in  n i t r o m e t h a n e  a t  - 1 5  to - 2 0 ~  a f -  
f o r d s  a m i x t u r e  of  p r o d u c t s ,  the  m a i n  c o n s t i t u e n t s  o f  w h i c h  a r e  2 - b r o m o e t h y l  o c t y l  su l fone  (44g) ,  2 - h y d r o x y -  
a n d  2 - b r o m o e t h y l  o c t y l  s u l f i d e s  (26 a n d  2 2 ~ ,  r e s p e c t i v e l y ) ,  a n d  2 - h y d r o x y e t h y l  o c t y l  s u l f o n e  (3~) .  

* High  y i e l d s  o f  s u l f o n e s  (III) w e r e  o b t a i n e d  f r o m  the  s u l f o x i d e s  ([I) (n = 2 -4 ) .  Wi th  c o m p o u n d s  in  wh ich  fo r  
s t e r i c  r e a s o n s  the  f o r m a t i o n  of  c y c l i c  p e r s u l f u r a n s  (VIII) i s  d i s f a v o r e d  {for i n s t a n c e  when  n = 5 o r  7), m u c h  
l o w e r  y i e l d s  o f  (III) a r e  o b t a i n e d .  
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TABLE 3. Hydroxya lky l  Sulfoxides and Sulfone s R S(O)m(CH2)nOH 

C o m -  
pound 

(IIb) 

(IVb) 

<Ire) 

(IId) 

,(IVd) 

(IIb) 

(IVb) 

(1I(9 

(IVd) 

m n rap,  "(2 

i 3 Oil 

2 3 44-45 

2 3 72-72,5 

t 3 64-65 ' 

2 3 79-80 

t 4 Oil 

2 4 30 

1 4 66-67 

2 4 ~5-76 

! Found/calculated,c H s ~~ ] formulaM~ 

51,30 9,96 19,20 
51,t8 9,82 t9,52 
46,50. 9,2t 17,46 , 
46,64 8,95 i7,78 
55,64 t0,t9 t3,55 
55,89 10,23 13,56 
62,99 li,23 12.76 
62,85 ti,36 t2,91 
58,79 i0,56 ii,85 

' 59,05 10,67 t2,13 " 
53,80 10,28 18,24. 
53,89 i0,i8 t7,99 
49,33 9,34 16,58. ! 
49,45 9,34 t6,50 
64,28 ti,52 t2,44 
64,07 ii,52 t2,22 
60,48 1t,10 1i,69 
60,39 t0,86 li,5t 

C7H,602S 

C7H,603S 

C,,H2~O3S 

CiaH2sO2S 

C,~H2sOaS 

C8H,80~S 

CsH,~OaS 

C~Ha002S 

C,4HaoOsS 

The oxidat ive  b romina t ion  of  the sulfoxide (II, 
plex (Scheme 2). 

R = CsHiT, n = 4) with f r ee  b romine  is much  m o r e  co rn -  

Scheme 2 
CsHI7SO.~(CH~)~Br 
(Iii) (46%) 

Br~/CHsCN 
0 CH2--CH2 
II HBr IIBr Br-/  ] 

CsHI~S(CH2)~OH ---+ CsHI~S(CH~),OH ~ CsH,~+S I (1I) (1) \ 
CH2--CH~ 
(X) (24%) 

CsHI:SO2Br + CsHv, SOBr + HO(CH.,)~Br + CsHITBr + HO(CH2)4SOBr 

Carefu l  f r ac t iona t ion  of  the r e a c t i o n  p roduc t s  a c c o r d i n g  to the i r  so lubi l i ty  in the e t h e r - h e x a n e  s y s t e m ,  
fol lowed by c h r o m a t o g r a p h i c  s epa ra t ion  and l o w - t e m p e r a t u r e  c ry s t a l l i z a t i on ,  gave 4 - b r o m o b u t y l o c t y l  sulfone 
(46g) ,  4 -hyd roxybu ty l  oc ty l  sulfone (0.8o7~), and a highly h y g r o s c o p i c  p roduc t  with mp 120-121~ with an e l e -  
men ta l  ana ly s i s  c o r r e s p o n d i n g  to the m o l e c u l a r  f o r m u l a  C12H25SBr. F r o m  its PMR and m a s s  s p e c t r a ,  and d i -  
r e c t  syn thes i s ,  this  compound  was  a cyc l i c  sul fonium b r o m i d e  (X). A m o n g  the o t h e r  r eac t i on  p roduc t s ,  the 
f o r m a t i o n  of  which was  due to oxidat ive  f i s s ion ,  GLC and GC-MS showed the p r e s e n c e o f  oc tanesu l f iny l  b r o m i d e ,  
oc t anesu l fony l  b r o m i d e ,  4 -hyd roxybu tanesu l f i ny l  b r o m i d e ,  4 - b r o m o b u t y l  a lcohol ,  and oc ty l  b romide .  

Hence,  the d i f f e r ences  between oxidat ive  ch lo r ina t ion  and b romina t ion  a r i s e  at  the s tage  of  c o n v e r s i o n  of  
the sulfoxide (II) into the ha loa lkyl  su l fones  (IlI). Oxidat ive  b romina t ion  with f r ee  b romine  is c h a r a c t e r i z e d  by 
the o c c u r r e n c e  of  compe t i t ive  r e a c t i o n s ,  n a m e l y  oxidat ive  c l eavage  and the f o r m a t i o n  of  hyd roxya lky l  su l f ides  
(I). A c c o r d i n g  to the i r  s t r u c t u r e ,  the l a t t e r  m a y  be c o n v e r t e d  under  oxidat ive  b romina t ion  condi t ions  into the 
b r o m o a l k y l  su l f ides  {IX) o r  cyc l i c  sul fonium b r o m i d e s  (X). 

When the r e s u l t s  of  the oxidat ive  b romina t ion  of  the sulf ide (I)~ and su l foxides  (II) a r e  c o m p a r e d ,  it b e -  
c o m e s  a p p a r e n t  tha t  in I-I20 2 - H B r ,  the  r e a c t i o n  t akes  p lace  unde r  m i l d e r  condi t ions  and at  r e l a t i ve ly  low c o n -  
cen t r a t i ons  of  f r e e  b r o m i n e .  Reduced c o n c e n t r a t i o n s  of  f r e e  b romine  in the r e a c t i o n  mix tu r e  have a benef ic ia l  
e f fec t  on the p r i n c i p a l  r e a c t i o n  leading to the f o r m a t i o n  o f  the b r o m o a l k y l  sul fones  (III), and s u p p r e s s  c o m -  
pet i t ive  r e a c t i o n s  (oxidative c l eavage  and oxidat ion  to the hyd roxya lky l  sul fones) .  

Thus ,  under  o p t i m u m  condi t ions  the oxidat ive  ha logena t ion  of  the sul f ides  (l) and sul foxides  (II) is a c o n -  
venient  p r e p a r a t i v e  method fo r  the syn thes i s  in high y ie lds  of  a v a r i e t y  o f  c h l o r o -  and b r o m o a l k y l  sul fones .  
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E X P E R I M E N T A L  

GLC analyses  were ca r r i ed  out with an LKhM-8MD apparatus with a f lame-ionization detector ,  at 150- 
250~ on a 1500x 3 mm column with 5% silicone XE-60 on Chromaton NAW-DMCS (0.16-0.20 ram). IR spec-  
t ra  were recorded  on a UR-10 spec t rome te r ,  and PMR spect ra  on a Varian DA60-IL in CDCI3, with TMS as 
internal standard.  Mass spec t romet r i c  examination was ca r r i ed  out on Varian MAT Ch-6 and Varian MAT- 
111 ins t ruments .  

The 2-hydroxylethyl  alkyl sulfides (I, n = 2) were synthesized by a variation of the method given in [6]. 
To a mixture of the alkyl halide and caust ic  alkali in n-butanol,  in a ratio of ~ 1 : 1 to the react ion mixture,  
was added at 100~ monothioethylene glycol,  at such a rate that the tempera ture  of the reaction mixture did 
not exceed 120~ and this t empera tu re  was maintained for  ~ 6 h. The product  was distilled in vacuo. Yields 
of the 2-hydroxyethyl  sulfides averaged 90-96~. The hydroxyalkyl sulfoxides (II) were obtained by oxidizing 
the sulfides (I) with 30% hydrogen peroxide in a mixture of CHC13 and AcOH, in yields of 70-85~ [3], and the 
hydroxyalkyl  sulfones (IV) by oxidation with 30~ H202 in glacial  acetic acid, in yields of 70-90~, as described 
in [7] (Table 3). The IR spec t ra  of (II, n = 3 and 4), and (IV, n = 3 and 4) displayed ob, a rac te r i s t i c  absorption 
bands at 3630-3640 and 3370-3390 (OH), 1020-1060 (RSO) for (II), and 3620-3630 (OH), 1300-1320, 1130-1140 
cm -1 (RSO2) for (IV). The most  significant chemical  shifts in the PMR spectra  were (6, ppm): 2.40-3.20 
(CH2SOCH2) and 3.55-3.90 (CH20) for (H, n = 3, 4), and 2.68-3.30 (CH2SO2CH2), 3.55-3.85 (CH20) for (IV, 
n = 3 , 4 ) .  

4-Chlorobutyl  Octyl Sulfone (Ill, X = C1, n = 4). a) To a mixture of 0.5 ml (4 mmole) of 25~ H202 and 
0.7 ml (8 mmole) of 36~ HC1 was added at -10~ a solution of 0.44 g (2 mmole) of 4-hydroxybutyl octyl sul-  
fide in 3 ml of dioxane at such a rate that the t empera tu re  of the react ion mixture did not exceed 0-4~ When 
all  the sulfide had been consumed (by TLC), the t empera tu re  was ra ised  to ~ 20~ and kept for a further  
~ 12 h until the 4-hydroxybutyl  octyl  sulfide had disappeared (by TLC). The mixture was then diluted with 
water ,  extracted with CHC13, dried over  MgSO o and the solvent removed.  The residue was recrys ta l l i zed  r e -  
peatedly from a mixture of CC14 and hexane to give 0.08 g (16g) of 4-hydroxybutyl octyl  sulfone, mp 66-67~ 
[3], and 0.43 g (80~) of 4-chlorobutyl  octyl  sulfone, mp 57.5-58.5~ [3]. PMR spectrum (IIIc, X = C1, n = 4) 
(5, ppm): 0.89 t (3 H, CH.~, J = 5 Hz), 1.33 m (10 H, (CH2)5) , 1.73-2.18 m (6H, CH2) 3, 2.73-3.18 m (4H, CH2SO2CH2) , 
and 3.56 t (2 H, CH2CL, ff = 5 Hz). Oxidative chlorination proceeded in a s imi lar  way in MeCN, THF, DMF, and 
acetone (Table 1) .  

b) To a mixture of 0.22 ml (2 mmole) of 28~ H202 and 0.34 ml (4 mmole) of 36% HC1 at  -5~  was added 
0.22 g (1 mmole) of 4-hydroxybutyl  octyl  sulfide, and the react ion ca r r i ed  out as descr ibed above. After work-  
ing up in the usual way, the solid product  obtained was rec rys ta l l i zed  from a mixture of CCI 4 and hexane to 
give 0.18 g (72~) of  4-hydroxybutyl  octyl  sulfone, mp 66-67~ and 0.07 g (26~) of 4-chlorobutyloctyl  sulfone, 
mp 57.5-58.5~ 

c) To a mixture of 0.05 ml (0.4 mmole) of 25~ H202 and 0.07 ml (0.8 remote) of 36~ HC1 was added at 
-5~  0.094 g (0.4 mmole) of 4-hydroxybutyl octyl  sulfoxide, and the react ion ca r r i ed  out as descr ibed above 
to give 0.066 g (66~) of 4-hydroxybutyl  octyl  sulfone, mp 66-67~ and 0.033 g (31~) of 4-chlorobutyl  octyl 
sulfoxide : H202 : HC1 = 1 : 5 : 2.5 gave (IVc) (n = 4) in 78~ yield, and (Hie) (X = C1, n = 4) in 20g yield when 
the molar  ratio of 4-hydroxybutyl  octyl  sulfoxide : H202 : HC1 = 1 : 1 : 8; the yields of (IV) and (HI) were 37 and 
60~, respect ively .  

d) Chlorine was introduced into a solution of 0.12 g (0.5 mmole) of 4-hydroxybutyl octyl  sulfoxide in 3ml  
of dry MeCN at -10~ until the color  of free chlorine pers is ted.  The product was rec rys ta l l i zed  from hexane 
to give 0.13 g (97~) of 4-chlorobutyl  octyl  sulfone, mp 57.5-58.5~ 

3-Bromopropyl  Octyl Sulfone (HIe, * = Br, n = 3). a) To a mixture of 0.51 g (2.5 mmole) of 3-hydroxy-  
propyl octyl  sulfide and 1.47 ml (0.01 mole) of 40% HBr was added at -10~ 0.51 ml (5 mmole) of 30~ H202 at 
such a ra te  that the t empera tu re  did not exceed 0~ The mixture was kept for a fur ther  1 h at  -10~ and 
"~ 12 h at "~ 20~ After  the usual workup, the product  was crys ta l l ized  from CCla-hexane to give 0.59 g (79~) 
of 3-bromopropyl  octyl  sulfone, mp 75.5-76.5~ and 0.04 g (7~) of 3-hydroxypropyl  ootyl sulfone, rap 72-72.5~ 

b) To a mixture of 0.5 ml (4 mmole) of 25~ H202 and 1.2 ml (8 mmole) of  40~ HBr was added at -10~ 
0.88 g (4 mmole) of 3-hydroxypropyl  octyl  sulfoxide, and the reaction ca r r i ed  out as described above. The r e -  
action products were separated by chromatography on silica gel (40-100 Iz) (hexane-acetone)  to give 0.99 g 
(83~) of 2-bromopropyl  octyl  sulfone, mp 75.5-76.5~ (from hexane) (Table 4), and 0.09 g (10~) of 3-hydroxy-  
propyl  octyl  sulfone, mp 72-72.5~ (CC14). PMR spectrum ([Iic, X = Br, n = 3) (6, ppm): 0.88 t (3 H, CH3, 
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TABLE 4. Bromoalkyl  Sulfones, RSO2(CHa)nBr (III) 

COlTI- 

pound 

(Ilia) 

(inb) 

(II!c) 

(ii1~ 

(IIIb) 

(IIi:e) 

(iii~ 

(IIIb) 

(zzZd) 

(IiI) 

2 

2 

2 

2 

3 

3 

3 

4 

4 

rap, .~C 

~9-2( 

d,5-5~ 

5,5-5~ 

6,5-57 

1,5-62 

5,5"76 

83-84 

47 

63~64 

7t-72 

Found/calculated,  ' . . . . .  % Molecular 

Br 

34,9t 

27,9t 

25,52 

32,77 

27,02 

24,20 

31,23 

25,36 

23,33 

formula 
S 

- CCH~BrOzS 
13.90 

C,HtaBrOzS 

tt,20 
CloH2iBl:O2S 

10,20 
Ct2HzsBrOzS 

i3A5 
CTHi~BrO=S 

t 0,80 
C,~Ha~Br0~S 

9,71 CtaB'aTBr02S 

12,53 
CsH,rBrO2S 

19,t4 
C~2H~sBrO~S 

9 36 
9-~-" C,~H29BrO~S 

*Mp 19-20~ [8]. 

J = 5.5 Hz), 1.31 m (12 H, (CH2)6) , 2.18-2.75 m (2 H, CHz), 2.75-3.28 m (4 H, CH2SO2CH2), 3.52 t (2 H, CH2Br , 
J = 6 Hz). 

4 -Bromobuty l  Octyl Sulfone (HIc, X = Br,  n = 4). To 3.52 g (15 mmole)  of  4-hydroxybutyl  octyl  sulfoxide 
in 20 ml  of dry  MeCN was added a t  -25~ o v e r  ~ I h 2.4 g (15 mmole)  of  bromine  in 10 ml  of d ry  MeCN. The 
mix tu re  was kept for  1 h a t  -25~  the solvent  r emoved ,  the product  ex t rac ted  with a mix tu re  of  e the r  and hex -  
ane,  and the ex t rac t  evaporated.  The res idue  was c rys ta l l i zed  f rom e t h e r - h e x a n e  at  -10~ to give 2.16 g 
(46~) of 4 -b romobuty l  oc ty l  snlfone,  mp 63-64~ The products  r emain ing  a f t e r  c rys ta l l i za t ion  (1.58 g) we re  
analyzed by GC-MS and GLC. Compounds identified were  octyl  b romide ,  4-bromobuty l  alcohol,  and oc t an e -  
sulfinyl b romide ,  m / z  @el.g):  137(51), 135(49), 109(3,5), 107(3,5), 71(70), 69(39), 57(100), 55(80): oc tane -  
sulfonyl b romide ,  m / z  ( re l .g) :  231(6,5), 229(12), 227(6,5), 203(14,6), 201(29,4), 199(14,6), 177(1), 137(10), 
135(9,5), 124(10,5), 122(13), 121(39), 119(40), 75(100), 57(47), 55(42.5); and 4-hydroxybutanesulf inyl  b romide ,  
m / z  {re1.%): 203(2.5), 201(5), 199(3.5), 122(8.5), 121(4.5), 107(14), 55(]00). p roduc t s  insoluble in e t h e r - h e x a n e  
were  separa ted  by ch romatography  on s i l ica  gel  (100-160 #) ( h e x a n e - a c e t o n e  and methanol) to give 0.03 g 
(0.80/~) of 4-hydroxybutyl  octyl  sulfone,  mp 66-67~ (CC14-hexane),  and 1 g (24~ of  octyl  cyelobutyl  sulfonium 
bromide as  an oil which a f t e r  l ow- t empera tu r e  r ec rys t a l l i za t ion  f rom dry  C H C l a - e t h e r  was obtained in t h e  

fo rm of hygroscopic  c r y s t a l s ,  mp 120~121~ Found: C 51.25; H 8.68; Br 28.02; S 11.24g. CizHz~BrS. Ca lcu-  
lated: C 51.24; H 8.96; Br 28.40; S 11.40~. The m a s s  spec t rum contained peaks  with m / z  (rel .~):  282(18), 
280(18), 20I(66,5), 159(100), 145(8), 137(29), 135(29), 89(16), 88(15), 87(9,5), 71(24), 69(69,5) 57(43), 55(100), 
43(59), 41(60). PMR spec t rum (~) (6, ppm): 0.88 t (3 H, CHa, J = 5 Hz), 1.31 m (12 H, (CH2)6,2.3-2.68m (4 H, 
(CH2)2) , 3.32-4.05 m (6 H, (CH2)a). 

C O N C  L U S I O N S  

1. Oxidative halogenation of hydroxyalkyl  sulf ides and sulfoxides with a mix tu re  of H20 2 and HX con -  
s t i tutes  a convenient  p repa ra t ive  method for  ch lo ro -  and bromoalky l  sulfones.  

2. A poss ib le  mechan i sm for  the oxidative halogenation of hydroxyalkyl  sulf ides and sulfoxides is  e x a m -  
ined, and it is shown that the d i f fe rences  between oxidat ive chlorinat ion and brominat ion in the H20~--HX s y s -  
t em a r i s e  a t  the s tage of  convers ion  of the hydroxyalkyl  sulfoxides into haloalkyl sulfones.  The p r e s e n c e  of  
substant ia l  amounts  of f ree  bromine  in the react ion  mix ture  r e su l t s  in a considerable  reduction in the yields  
of  b romoalkylsu l fones .  
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~ ,  f l - U N S A T U R A T E D  S U L F E N Y L  C H L O R I D E S  * 

R .  A .  B e k k e r  a n d  V.  Y a .  P o p k o v a  UDC 542.91 : 547.431.6 : 547.569.2'161 

The c h e m i s t r y  of sulfenyl chlor ides  (SFC), as is well known, extends ove r  more  than a century [2]. The i r  
high r eac t iv i ty ,  and the poss ibi l i ty  of obtaining compounds with biological  act iv i ty  [3, 4], account  for  the con-  
tinuing in t e re s t  in compounds of this type. 

This  invest igat ion desc r ibe s  the synthes is  of previously  unknown perf luor inated c~,~-unsaturated SFC. 
Informat ion  on hydrocarbon analogs of the la t ter  is ve ry  l imited,  apparen t ly  as a r e su l t  of the i r  difficult a c -  
ces s ib i l i t y  and low stabi l i ty  [5, 6]. We have found that chlorinat ion of some per f luoroa lkenyl  and pe r f l uo rocy -  
c loalkenyl  benzyl  sulf ides r e su l t s  in ch loro lys i s  of the C - S  bond with re tent ion of the double bond~ 

Thus,  1-benzylthio - 2 - c h l o r o p e r f l u o r o - l - c y c l o h e x e n e  (I), 1 -benzyi th ioperf luoro  -2 -me thy l -1  -cyclopentene 
(lI), and l - b e n z y l t h i o p e r f l u o r o - 2 - m e t h y l - l - p r o p e n e  (III) undergo chlorinat ion a t  room t e m p e r a t u r e  with the 
fo rmat ion  of the co r respond ing  unsatura ted  SFC (IV)-(VI) in high yields 

RFS--CH~Ph ~ BF--S--C! 
(1) - -  (III) (IV)--  (VI) 

/ 

~ \ c  1 ~ / \ C F  a 

P e r f l u o r o - 2 - m e t h y l - 2 - p e n t e n e - 3 - s u l f e n y l  chlor ide (Viii) has been obtained by chlorinat ion of the c o r r e -  
sponding unsatura ted  m e r e a p t a n  (VII) [7] 

CF8 CF8 

xxC=C--C~F~ ~ "X'C=C--C~Fa 
/ [ / ! 

CFs SH CF~ S--CI 
(VII) (VIII) 

Chlorinat ion of 1 -benzy l th iope r f luo ro - l - cyc lobu tene  (IX) with e l e m e n t a r y  chlor ine r e su l t s  in the s imul -  
taneous fo rmat ion  of the sulfenyl chlor ide and chlorinat ion of the double bond, the final reac t ion  product  being 

* For  a p rev ious  communica t ion ,  see [1]. 
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