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170 M. C. CASERIO AND J.  J. KIM 

INTRODUCTION 
+ In comparison with sulfonium ions R S , which are well 

known and easily prepared by alkylation of sulfides, 
thiosulfonium ions R S SR are relatively unknown. They 
can be prepared in some instances by the alkylation of 
disulfides 'I2 and in this manner we have successfully 
prepared several five and six-membered cyclic thiosulfo- 
nium ions as fluoroborate salts. Provided that nucleo- 
philic solvents and nucleophilic counterions are avoided, 
methylated 1,2-dithianium and Ir2-dithiolanium salts can 
be isolated as crystalline solids or oils upon methyla- 
tion of the corresponding 1,2-dithiane or 1,2-dithiola- 
ne. The conformational preferences of these novel hete- 
rocycles are of interest, especially in comparison with 
related sulfur heterocycles, and a conformational study 
of ions L-z by high field NMR is the main topic of this 
paper. The reactions of these ions with nucleophiles, 
notably sulfides and alkenes l a r 3  are also remarkable, 
and we take this opportunity to summarize our findings. 

3 

-k 

2 

RESULTS AND DISCUSSION 

M e t h Y l a t ~ o n - o f - l r 2 ~ D ~ ~ h ~ ~ ~ ~ ~  
Conformational analysis of I-methylthianium ions has 
been well studied 4'5 and it is known that the energy 
difference between the axial and equatorial conformers 
of the I-methylthianium cation LO is small. In solution, 
the equatorial forms is favored by only 0.0 - 0 . 6  kcal/ 
mole depending on the temperature and the presence of 
other groups . In fact, the conformer distribution 
for ring-substituted thianium ions is determined more 
by other ring substituents than by the SMe aroup. It 
was therefore surprising to find that the related 1 -  

4a 
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T H I O S U L F O N I U M  I O N S  

Me 
\ +  

S-S-Me 
Me/ 

&'Me H 

4 
(14) 

2 
(12) 

3 
(13) 

5 
(15) 

(Bracketed  numbers are parent d i s u l f  i d e )  
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172 M. C. CASERIO AND J. J .  K I M  

methyl-1,2-dithianium cation 3 is evidently conformatio- 
nally homogeneous and noninverting at 300 K - at least 
on the NMR time scale. Thus the 500 MHz proton spectrum 
of in CD NO showed all eight ring protons to be well 
resolved with coupling constants indicative of an undi- 
storted chair (see Table 1). The dihedral angle 
S Ca-C B 
5 8 O C ,  which is not remarkably different from the value 
of 5 6 O  in cyc lohexane . 
Another surprise was that the methyl resonance is a nar- 
rowly spaced doublet (0.3 Hz). Double resonance confir- 
med that this is due to spin couplina of the methyl pro- 
tons with the gmis. proton at C 6 .  A similar long-range 
couplinq is documented for conformationally riqid ste- 
roids and terpenes wherein an axial (angular) methyl 
qroup is coplanar with an axial proton four bonds remo- 
ved '. We conclude that the SNe group in ?, is similar- 
ly fixed in an axial orientation to the axial proton 
at C 6 .  

0 

3 2  

Yal3 at + 
is calculated from the coupling parameters to be 

i 

H 

It was anticipated that methylation of ring-substituted 
?,2-dithianes L2-I-4 would aive mixtures of diastereomers 
in a kinetically controlled reaction, by analoay with 
the methylation of related monothianes 4a. Surprisingly 
though, only g ~ g  diastereomer was obtained in each case. 
The proton NMR spectra of the products A-& (Table 1 )  in- 
dicate that each is conformationally and configuratio- 
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TABLE 1 Proton NMR (500 MHz) Chemical Shifts of I-Methyl-I ,2-dithianium and 
l-Methyl-1,2-dithiolanium Fluoroborates in CD,~JO, 

+ Salta HI H2 H3 H4 H5 H6 H7 H8 SMe 'SCMe SCMe 
3.53 3.75 2.28 2.37 2.28 2.10 

N IC 3.64 3.64 2.32 2.32 2.19 2.19 
ry Ib 

ab 2c; N 

3.91 2.32 2.24 2.36 1.92 
3.87 2.32 2.21 2.36 1.91 

3 3.80 2.20 2.60 2.06 2.00 
3c 3.80 2.20 2.58 2.06 2.00 

ry qf 3.43 3.45 1.87 2.15 
U 4c 3.43 3.45 1.87 2.15 

#d gd 4.06 4.06 (3.02) (2.91) (3.80) (3.96) 
rc 

ry 

N 

4.06~ 4-06 2.97 2.97 3.88 3.88 Y 

209 3.99 3.99 2.74 2.74 3.75 3.75 N 

3.12 

3-40 

2.95 
2.95 

3.68 

3.40 

3.75 
3.73 

3.75 
3.75 

3.44 
3.44 

3.38 

3.37 

3.25 1.56 1.40 
3.24 1.56 1.40 

3.38 1.77 1.39 
3.37 1.76 1.40 

3.37 
3.37 

3.09 
3.09 

c 
4 w 
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salta HI H2 H3 H4 H5 H6 

- 2 + + SMe SCMe SCMe 

4.67 (3.04) (2.70) 4.80 
4.80 (2.89) (2.78) 4.67 

Q 
u 6c 4.70 4.70 (2.95) (2.76) 4.79 4.79 N 

3.18 1.65 1.71 
2.97 1.77 1.56 
3.11 1.69 1.66 

3.24 2.15 4.56 3.22 1.80 1.61 
2.39 4.43 3.03 1.76 1.65 

7a 4.55 
7,b 4.61 3.24 

A) 7c 4.58 4.58 3.24 2.26 4.50 4.50 3.12 1.78 1.63 3 

N 

0 
c3 b 
b 

0 
a. Shifts are in ppm. Numbering of resonances is as shown in structures at top of 

$ 
JMe , H2 I 

table. Assignment of values in parenthesis is uncertain. 

J in Hz for ; are JIl2=14, JIf3=3.5, JIf4=3.5, 

JMe , H 
C. (CD ) S added 
d. at 254 K 
e. broadened 
f. proton shifts in carbocyclic ring are 1.23(2) , 1.47(2) , 1.69, 1.74, 1.82(2) ; 

J2,3=3.4, J2,4=12, U F 
=0.3, 4 b. 

J718=14.5, J I 8=2. 3, J 6,8 =12; For c?, are J2,3=3.0, J2,4=12f JgI8=2.O, J 6,8'11 -51 
=6.8 I 7.0. 

2o 

J7,8=14.5, J6,7=3.0, J6f8=12.0 
g. l-Ethyl-1,2-dithiolanium fluoroborate (ref 12) 
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n a l l y  homoueneous, a l t h o u g h  t h e  a c t u a l  s t e r e o c h e m i s t r y  

c a n n o t  b e  deduced from t h i s  d a t a  a l o n e .  The C - 1 3  NMR 

s p e c t r a  ( T a b l e  2 )  a r e  more i n f o r m a t i v e ,  and compar isons  

w i t h  C - 1 3  s p e c t r a  of  c o r r e s p o n d i n g  t h i a n i u m  i o n s  proved  

t o  be u s e f u l .  I n  a comprehens ive  C - 1 3  s t u d y  o f  t h i an ium 

s a l t s ,  E l i e l  and Willer e s t a b l i s h e d  a dependence of t h e  

SMe chemica l  s h i f t s  on  t h e  p o s i t i o n  and  o r i e n t a t i o n  o f  

r i n g  methyl  s u b s t i t u e n t s  4b .  Using t h i s  d a t a ,  w e  have 

c a l c u l a t e d  t h e  SMe+ s h i f t s  f o r  t h e  p o s s i b l e  s t e r e o i s o -  

mers ofz-2 ( T a b l e  3 ) .  The c a l c u l a t e d  and o b s e r v e d  s h i f t s  

are i n  r e a s o n a b l e  agreement  f o r  a x i a l  SMe i n  e v e r y  

case. 

The s h i f t s  o f  t h e  g m q  c a r b o n s  a r e  a l so  dependen t  on t h e  

o r i e n t a t i o n  of  SMe . I n  f a c t  B a r b a r e l l a  e t  a l .  have  re- 

p o r t e d  v a l u e s  f o r  t h e  d i f f e r e n c e s  between t h e  c h e m i c a l  

s h i f t s  o f  r i n g  c a r b o n s  i n  S-methyl th ian ium i o n s  and t h e  

p a r e n t  t h i a n e s  a s  a f u n t i o n  of  t h e  SMe o r i e n t a t i o n  . 
Assuming t h a t  t h e s e  v a l u e s  a l so  a p p l y  t o  S - m e t h y l d i t h i a -  - 

nium i o n s  and t h e  c o r r e s p o n d i n g  - d i t h i a n e s ,  w e  have cal-  

c u l a t e d  t h e  s h i f t s  o f  C 4 ,  C 5  and C6 f o r  t h e  p o s s i b l e  

stereoisomers o f  2-A ( T a b l e  3 ) .  Again,  t h e  agreement  

w i t h  t h e  o b s e r v e d  s h i f t s  is  best f o r  t h e  a x i a l  o r i e n t a -  

t i o n  of SMe . Assignment  i n  t h e  case of i s  u n c e r t a i n  

based  on t h e  c a l c u l a t e d  SMe+ s h i f t s  a l o n e  (compare &? 
and 3b i n  Tab le  3 )  b u t  t a k e n  i n  c o n j u n c t i o n  w i t h  t h e  

c a l c u l a t e d  r i n g  ca rbon  s h i f t s ,  t h e  b e s t  f i t  i s  w i t h  con-  
f i g u r a t i o n  3a i n  which t h e  methyl  q roups  a t  S and  C 6  

are  both a x i a l .  

The obse rved  p r e f e r e n c e  f o r  t h e  a x i a l  o r i e n t a t i o n  i n  

1 -4  i s  i n  s t r i k i n g  c o n t r a s t  t o  t h e  c o n f o r m a t i o n a l  mobi- 

l i t y  of t h e  c o r r e s p o n d i n 9  S-methyl th ian ium i o n s ;  p a r t i -  

c u l a r l y  10 and 12. 

Rep lac inu  t h e  C2 r i n ?  ca rbon  w i t h  a h e t e r o a t o m  c l e a r l y  

+ 

+ 

+ 

+ 5 

+ 

- 
+ - 

u v  

N 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



0 
0 

m 
N 

0 0  

- 3 0  

0 3 7  . .  
m - 3  

0 0  m m  
C O P  
N 7  

. .  

0 0  m m  
a m  
N N  

. .  

2 :  . .  
T r w  
m N  

0 
0 

M. C. CASERIO AND J .  J .  KIM 

a 
0 0  
o m  . .  
- 0 I  
N -  

v 

- 
0 0  
o m  
- c o  
N -  

. .  
u 

0 
r- 

d 
N 

0 0  
O N  

- 0  
- 3 L n  

. .  

0 0  
cov 
P r -  
m m  
. .  

0 0  
w r -  
P T r  
m m  

. .  

0 0  
0 -  . .  
- w  
T r m  

0 
0 

0 0 0  p o w  . . .  
m w -  
- N N  

0 0 0  - m o  

0 
N 

w 
N 

0 0 0  
o m 0  . . .  
0 3 N F  
m - 3 -  

a - 
0 0 0  
p a -  . . .  
N m w  
m m m  

Y 

0 0 -0 
- w m  

0 0 0  
0 0 -  . . .  
w in I- 
m m m  

0 
N 

m 
N 

0 0  
u') co 
m - 3  
m - 3  

. .  

0 0  
c n m  

~ r m  

a .  

- 3 m  

0 0  
m w  
- 0  
T r T r  

. .  

0 0  
a 0  

m o  

. .  
m -  

0 0 
3 0 
7 7 

0 
m 
m 
m 

0 0  
c o o  
tn -3 

* .  

m m  

:: 
a .  

r - m  
~m 

0 0  
w r .  
L n N  
m T r  

. .  

0 
0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



STEREOELECTRONIC EFFECTS IN SULFUR HETEROCYCLES 177 

0 0 0  
m t . m  

o w m  
. . .  

N - N  

0 0 0  
v m T r  

o c o t .  
. . *  

m - -  

0 : o  
Lo N 

0 0 0  
- 3 7 - 3  . . .  . . .  
o o m  
N N 7  

o o m  
N N -  

0 0  
P T Y  

T r w  
m c u  

. .  0 0  
T r w  
m r -  
m N  

. .  
0 0 0 0 0 0  t . o r - c o o o \  . . . . . .  
N w o N m N  
m m m m m m  

0 0 0  
w m u ,  
m c o m  
v w w  
. . .  0 0 0  

m o w  
- c u m  
m r - w  

. . .  0 0 0 0 0 0 0  
0 m w m t . T r T r  

u, 
V 

. . . . . . .  
W m O N O N -  
m t . r . t . w w w  

0 0 0  
- w m  
0 m T r  
L n v v  

. . .  0 0 0  
o o m  

0 0 0 0 0 0 0  
c o v 0 t . c o c o m  

TY 
V 

* . .  
- o m  
L n m T Y  

. . . . . . .  
m t . u , w t . w t .  
m m m m m m m  

0 0 0  
w v m  

m w T r  
T r m L o  

. . .  0 0 0  
m o m  

0 0 0 0 0 0 0  
N w u , v o o \ o  

h m . . .  
- w m  
m m m  

. . . . . . .  a V 
ai 
3 

m u ,  
w m  

N c O  
m v  I D -  m o  

N r -  m m  
JJ 
d 
0 0 o\o 
u u 
N 

a aJ c 
4 
a 0 
nf 
H 

0 
V 

2 - 
.A .A - -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



178 M. C.  CASERIO AND J. J. KIM 

(Table 2 c o n t i n u e d )  

4- 
Compound SMe SMe 

MeSSMe 
I 

Me2S ' SMe 

Me2S 

Me3S 

C 

+ 

22 .oo 
31.80 17 .80  

19 .30  

26.20 

a .  

b .  

C .  

d .  

e .  

f .  

h .  

i. 

1. 

ppm r e l a t i v e  t o  TMS 

Composi t ion  o f  m i x t u r e  o b t a i n e d  on m e t h y l a t i o n  of 

d i  s u l  f i d e  

CDCl 

Assignments  i n  p a r e n t h e s e s  c o u l d  b e  r e v e r s e d  

( C D 3 1 2 C 0  a t  -70 , n o n i n v e r t i n g  c o n f o r m a t i o n  

r e f  2 0 ;  s h i f t s  i n  c a r b o c y c l i c  r i n g  are 26.6 and  

34.15 ppm 

S h i f t s  i n  c a r b o c y c l i c  r i n q  are 2 7 . 1 ,  28 .1 ,  3 3 . 3 ,  

34.4 ppm 

r e f  23; s h i f t s  are f o r  t h e  p a r e n t  a c i d  

CO= 175.7,  OCH3= 51.8,  CH = 24-34 p p m  

With added (CD3)2S 
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STEREOELECTRONIC EFFECTS I N  SULFUR HETEROCYCLES 179 

has a significant effect on conformational preference 

and ring mobility, as has been noted before for cyclic 
sulfites, sulfinates and thiosulfinates 7 , 8 , 2 0  . This 
may be attributed to a stereoelectronic (anomeric) 
effect of the heteroatom on the orientation of the ad- 
jacent S -C bonds '. Ab inito molecular orbital calcu- 
lations confirm that axially protonated 1,2-dithiane 

+ - 
I 

CCI 10 43% 

I 
I 
u 

4 
19 I - 56% 
d 'St 

.3 3 1  
is energetically favored 

+-- 

over the 

about 3 kcal/mole9. The origin of 

\ 
57  46 

44 % 

equatorial form by 

this relative stabili- 

zation may be associated with repulsive lone-pair inter- 
actions which are minimized in the axial form (compare A 
and B). Alternatively or additionally, stabilization may 
be due to favorable lone-pair interaction between neu- 
tral sulfur and the antibonding orbital of an antiperipla- 
nar S -Me bond (as in A). Similar calculations on related 
systems which are isoelectronic with thiosulfonium ions, 
such as sulfur ylides (S -C ) ,  likewise indicate that 
a n-type lone pair orbital interacts favorably with an 

i 

+ -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



1 
d 
. 
v1 
4J 
w 
-rl 
c1 
m 
rl 
a u 
4 
E 
a, c u 

aJ 
k 
3 
4J u 
LY 
k 
4J 
m 

r- 
W 
N 

M. c .  CASERIO AND J. J. KIM 

m m P  . . .  
,“No2 

- a m  

C J W O  
m v l n  

. . .  

q a z r  
m P r .  
W N N  

. . .  

m P P  

w m v  
m m m  

. . .  

7 

W 
m 

2 2  
m m  
I I  
5- x u  
a J r d  a u u c  
4 4 3  r d a o  
V U L  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



(Table 3 continued) 

Structure c3 c4 c5 C6 MeS' 

Calc eq-SMe 42.0 40.5 50.6 34.1 
2 40.8 34.9 45.3 25.4 m 

x 
-yLe CalC ax-SMe 25.2 P m 

Found 31 .o 40.6 33.5 44.8 
C 

t- 

a. 

b. 

C. 

g, 
H 
P 
0 

4 c, 

5 

& 

h Footnotes to Table 3 I, 

tj + SMe shifts were estimated from the shieldiqg effect of ring methyls on the base 
4 m shift values of ax- SMe as 25.0 ppm and eq- SMe as 34.0 ppm by+analogy with 1- 

4-CH -eq: to the value of 34.0 ppm for eq- SMe was added -4.28 for 6-Me-ax,-2.02 
for Z-Me-eq, -0.38 for 3-Me-ax, 0.11 for 3-Me-eq or 5-CH2-eq, and 0.03 €or 

Shifgs of ring carbons were estimated by adding to the observed $-I3 shifts of 
the corresponding 1,2-dithiane (Table 2) the shielding effect of SXe-erl as 11 -1 I 8 
74.4, -2.9 ppm for a(C6), 13(C5) , and y (C4) carbons, respectively; and for 
SMe-ax as 5.8, -10.0, and -4.1 for a(C6), B(C5), and y (C4), as given in ref .5. 2 
Estimated values at C3 were considered less reliable due to additional ring sul- 
fur. 
As fluoroborate salts in CD3N02 relative to TMS at 25 C. 

methylthianium ions (ref 4b). To the value of 25.0 ppm for ax- SMe was added 2 
2.26 for 6-Me-ax, -4.72 for 6-Me-eq, 0.63 {or 3-Me-eq or 5-CH -eq, -0.18 for z" 

2 r 
a C 

4-CH -eq. w 
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182 M. C. CASERIO AND J. J. KIM 

antibonding (or )orbital of the adjacent polar bond when 
the latter is oriented as in A - I 0  

A B 

Evidence in support of the nil - o* hyperconjugative in- 
teraction as a source of the stereoelectronic effect may 
also be found in the proton chemical shifts of S-methyl- 
dithiolanium ions (Table 1). In every case, the chemical 
shift of the axial proton at C 3  (adjacent to neutral 
sulfur) is deshielded almost as much as the axial proton 
at C 6  (adjacent to positive sulfur). The charge must 
therefore be extensively delocalized over both sulfurs 
and has the greatest influence on neighboring axial pro- 
tons that maintain an antiperiplanar orientation with 
the interaction orbitals. 

Y H 

Methylation of 1,2-Dithiolanes 

Results obtained on methylation of five-membered 1,2- 
dithiolanes were interestingly different. Unlike the 
six-membered dithianes, methylation of 1,2-dithiolanes 
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, 
4 2 

B 

Figure 1 a) 500 MHz proton NMR Spectrum of a d:1 mix- 
ture of La and kb in CD NO at 25 . The 
mixture a l s o  contains agoug 10% of the other 
pair of diastereomers, La and kb, as can be 
seen from the SMe sinqlets marked with x. 

b) spectrum with added ( C D 3 ) 2 S  
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A 1 6 - 1 2  proceded w i t h  l i t t l e  s t e r e o s e l e c t i v i t y  o r  r e g i o -  

s e l e c t i v i t y .  Diastereomers w e r e  o b t a i n e d  i n  a 2 : l  and 

1 : l  r a t i o  from L6 and 32 r e s p e c t i v e l y ,  and methyl  l i p -  

oate  L8 gave a l l  f o u r  p o s s i b l e  S-methylated i somers  i n  

t h e  r a t i o  11:26:30:33. I n  o r d e r  t o  a s s i g n  c o n f i g u r a t i o n  

t o  t h e  p r o d u c t s ,  w e  r e l i e d  on an e a r l i e r  o b s e r v a t i o n  by 

B a r b a r e l l a  and Dembech t h a t  t h e  chemica l  s h i f t  of  
S+Me i n  me thy la t ed  monoth io lanes  i s  s h i e l d e d  by an ad-  

j a c e n t  c i s  methyl  s u b s t i t u e n t  by 6 .8  ppm b u t  i s  a f f e c t e d  

l i t t l e  by s u b s t i t u e n t s  a t  o t h e r  r i n g  p o s i t i o n s .  Accor- 

d i n g l y ,  t h e  s p e c t r a l  a s s ignmen t s  w e r e  made as  shown i n  

Table  2 .  

The p r o t o n  spec t rum of  t h e  p a r e n t  S -me thy l -1 ,2 -d i th io l a -  

nium i o n  2 d e s e r v e s  s p e c i a i  comment s i n c e  it w a s  d e c e p t i -  

v e l y  s i m p l e .  A t  room t e m p e r a t u r e ,  t h e  methylene p r o t o n s  

a t  each  r i n s  ca rbon  w e r e  e q u i v a l e n t ,  c o n s i s t e n t  w i t h  a 

r i n g  w i t h  r e f l e c t i o n  symmetry. S i m i l a r  r i n g  symmetry i s  

sugges t ed  by a l i t e r a t u r e  n o t a t i o n  of t h e  p r o t o n  spec t rum 

of  t h e  c o r r e s p o n d i n g  S - e t h y l  d e r i v a t i v e  . 
Fur thermore  t h e  spec t rum of 2 w a s  t empera tu re  dependent  

and ,  a t  - 3 0  C ,  r e sonances  f o r  s i x  non-equ iva len t  r i n g  

p r o t o n s  w e r e  b road  b u t  a d e q u a t e l y  r e s o l v e d .  These r e s u l t s  
imply t h a t  i n v e r s i o n  a t  t h e  pyramidal  s u l f u r  of  5 i s  ra- 

p i d ,  b u t  it seems ve ry  u n l i k e l y  t h a t  a d i r e c t  p h y s i c a l  

i n v e r s i o n  a t  s u l f u r  i s  invo lved .  A c h e m i c a l l y  induced i n -  

v e r s i o n  s e e m s  m o r e  l i k e l y ,  e s p e c i a l l y  s i n c e  t h e  coales- 

1 2  

0 

cence  t e m p e r a t u r e  w a s  p o o r l y  r e p r o d u c i b l e  and v a r i e d  

wide ly  w i t h  t h e  age  o f  t h e  sample.  The p o s s i b i l i t y  t h a t  

i m p u r i t i e s  such  as s u l f i d e  o r  d i s u l f i d e  n u c l e o p h i l e s  

c o u l d  be r e s p o n s i b l e  w a s  suqqes t ed  by e a r l i e r  s t u d i e s  

i n  which r a p i d  exchange w a s  demonst ra ted  between a c y c l i c  

t h i o s u l f o n i u m  i o n s  and s u l f u r  n u c l e o p h i l e s  l b , I 3  ( e q . 1 ) .  
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I n  f a c t ,  a d d i t i o n  of Lrac_s amounts of methyl s u l f i d e  t o  

5 a t  - 3 0  had a d rama t i c  e f f e c t  on t h e  p ro ton  spectrum. 

The d i a s t e r e o t o p i c  p r o t o n s  of  2 i n s t a n t l y  became e n a n t i o -  

t o p i c .  L i k e w i s e ,  a d d i t i o n  of s u l f i d e  t o  a 1 : l  m ix tu re  of  

La and Lb caused  t h e  p a i r  of  S-methyl resonances t o  col-  
l a p s e  t o  a s i n a l e t  of i n t e r m e d i a t e  s h i f t ,  and t h e  f o u r  

C-methyl d o u b l e t s  t o  c o l l a p s e  t o  two d o u b l e t s  ( F i q u r e  1 ) .  

I n  t h e  C - 1 3  spectrum, t h e  twelve  carbon resonance  of 7,” 

and kb c o l l a p s e d  t o  s i x .  The t r a n s  isomers La and Lb be- 

haved s i m i l a r l y  ( s e e  Table  I ) .  The f o u r  S-methyl s i n g -  

l e t s  of S-methylated l i p o i c  ester c o l l a p s e d  t o  two cor- 
responding  to  a 2 : l  r a t i o  of two r e g i o i s o m e r s  a n d z ,  

and t h e  C-13 spectrum r e v e a l e d  t h e  same dynamic e f f e c t  

s i n c e  t h e  resonance  of  t h e  f o u r  i somer i c  es ters  c o a l e s -  

ced  t o  t h o s e  of two isomers on a d d i t i o n  of  methyl s u l f i -  

de (Table  2 ) .  N o  n e t  chemical  change occur red  on add i -  

t i o n  of  methyl s u l f i d e  because  t h e  d i a s t e r e o m e r i c  mixtu- 

res cou ld  be r ecove red  w i t h  no change i n  t h e  i n i t i a l  c o m -  
p o s i t i o n .  A t  long  t i m e  i n t e r v a l s  and w i t h  s t o i c h i o m e t r i c  

amounts of added s u l f i d e ,  a s l o w  demethy la t ion  occur red  
wi th  r e g e n e r a t i o n  of t h e  p a r e n t  1 , 2 - d i t h i o l a n e s .  

E v i d e n t l y ,  methyl s u l f i d e  induces  a r a p i d  r e a c t i o n  which 

e f f e c t i v e l y  d e s t r o y s  t h e  c h i r a l i t y  of  t h e  pyramidal  s u l -  
f u r  i n  t h e  S-methylated d i t h i o l a n e s .  W e  conc lude  t h a t  

t h e  p r o c e s s  i s  a r a p i d  and r e v e r s i b l e  r ing-opening  r e a c -  

t i o n  i n  which t h e  n e u t r a l  s u l f i d e  a t t a c k s  t h e  n e u t r a l  
r i n g  s u l f u r  t o  c l e a v e  t h e  S - S +  bond. 

C h i r a l i t y  a t  S +  is  the reby  l o s t  and r e c l o s u r e  of t h e  r i n g  

can form e i t h e r  of two s t e r e o i s o m e r s .  The r e s u l t  i s  t h e  

i n t e r c o n v e r s i o n  of enant iomers  i n  t h e  case of L a n d  d i a -  

stereomers i n  t h e  case of  5-9- ( e q s .  2 - 3 ) .  
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186 M. C. CASERIO AND J. J. KIM 

Equilibration of Dithianium Ions 

The question now arises whether sulfide-induced ring- 
openinq is restricted to 1,2-dithiolanium ions or whether 
1,2-dithianium ions behave similarly. Addition of methyl 
sulfide to ring-substituted salts 2-A had essentially 
no effect on their proton or C-13 spectra apart from very 
slight changes in chemical shift. However, addition of 
sulfide to the unsubstituted salt L i n  CD3N02 caused the 
eight ring proton resonances to collapse to four as the 
diastereotopic protons became effectively enanthiotopic 
(Table 1). Clearly then, the S-methyl-1,2-dithianium 
ring undergoes rapid interconversion of enantiomeric con- 
figurations induced by added sulfide, presumably by the 
reversible rinu-opening reaction of eq. 4. 
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It is reasonable to expect the ring-substituted analogs 
to behave similarly. The reaction is not visible, how- 
ever, because the diastereomeric configurations of 2 (and 
4) must differ sufficiently in energy such that only 2 ~ s  
is formed upon ring closure. Formation of the other 
would require an equatorial orientation of S Me. Since 
the equatorial isomer is not formed under equilibrium 
conditions, the axial isomer must clearly be more stable, 
presumably because it enjoys a stereoelectronically favo- 
rable nn - u y  interaction. 

N 

+ 

-+ SMe2 
i 

SMe2 *- -Ayr + m e  + 
L I 
Me Me 

In view of the rapid equilibration of dithianium and di- 
thiolanium isomers brought about even by trace amounts 
of added sulfide it seems highly probable that the methy- 
lation reactions used to prepare the ions from the pa- 
rent disulfides are also under equilibrium control. The 

fact that the product ratios are unaffected by added 
sulfide confirms that equilibrium is reached during me- 
thylation. Unfortunately, we have no way of knowina from 
the present results what the ]linetic_ selectivity miaht 
be in the methylation of cyclic disulfides. 
As mentioned, we attribute the diastereoselectivity ob- 
served in the methylation of substituted 1,2-dithianes 
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t o  t h e  s t e r e o e l e c t r o n i c  advantage  a s s o c i a t e d  w i t h  an 

a x i a l  S M e .  I n  c o n t r a s t ,  d i a s t e r e o s e l e c t i v i t y  i n  t h e  m e -  

t h y l a t i o n  o f  1 , 2 - d i t h i o l a n e s  i s  l o w .  T h i s  does  n o t  neces -  

s a r i l y  mean, however, t h a t  s t e r e o e l e c t r o n i c  e f f e c t s  are  

i n s i g n i f i c a n t .  Ra the r  it s u g g e s t s  t h a t  t h e  1 , 2 - d i t h i o l a -  

nium r i n g  sys tem is c o n f o r m a t i o n a l l y  f l e x i b l e ,  as  are 
o t h e r  five-membered r i n g s  1 4 ,  and can  e v i d e n t l y  a d o p t  

t w i s t  con fo rma t ions  such  as  6-a-Lb (shown below) which 

a l l e v i a t e  r e p u l s i v e  i n t e r a c t i o n s  between s u b s t i t u e n t s  on 

t h e  same f a c e  o f  t h e  r i n g  w i t h o u t  s a c r i f i c i n g  t h e  stereo- 
e l e c t r o n i c  advantage  o f  a p s e u d o a x i a l  S M e .  The d i f f e -  

+ 

+ 

r e n c e  i n  energy  between d i a s t e r e o m e r s  i s  t h e r e b y  

zed.  

6 a  6 5 %  6 b  3 5 5  

7b 48% 
Rincr S t r a i n  

?a 5270 

minimi- 

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  r ing-opening  e q u i l i b r i a  
of e q u a t i o n s  2-4 f a v o r  r i n g  c l o s u r e .  N o  p r o d u c t s  of r i n g  

opening  w e r e  obse rved  i n  t h e  r e a c t i o n s  w i t h  methyl  s u l -  

f i d e ,  and no NMR ev idence  w a s  for thcoming t h a t  t h e  open 
c h a i n  p r o d u c t s  w e r e  popu la t ed  t o  any de t -ec t -ab le  e x t e n t .  

There i s  a modest e n t r o p i c  advan tage  t o  r i n g  c l o s u r e ,  

b u t  t h i s  would be comple t e ly  overshadowed by r i n g  s t r a i n  

e f f e c t s  i f  t h e s e  w e r e  as s e v e r e  as  r e p o r t e d  f o r  1 , 2 -  

d i t h i o l a n e s  5 .  Thus,  t h e  h i g h  r e a c t i v i t y  of  1 , 2 - d i t h i o -  

a -  
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l a n e s  i s  g e n e r a l l y  a t t r i b u t e d  t o  t h e  s t r a i n  of  incorpo-  

r a t i n g  a d i s u l f i d e  f u n c t i o n  i n t o  a five-membered r i n g .  I f  

indeed t h e  p r e f e r r e d  d i h e d r a l  a n g l e  of goo f o r  d i s u l f i d e s  

i s  compressed t o  2 6 O  i n  1 , 2 - d i t h i o l a n e s ,  t h i s  would i n -  

c r e a s e  e l e c t r o n i c  s t r a i n  through i n c r e a s e d  r e p u l s i o n  b e t -  

ween a d j a c e n t  l o n e  p a i r s  1 5 .  I t  i s  t h e r e f o r e  remarkable  

t h a t  comparable s t r a i n  e f f e c t s  are i n c o n s e q u e n t i a l  i n  

r e l a t e d  d i t h i o l a n i u m  i o n s .  The l a t t e r  c l e a r l y  are h i g h l y  

r e a c t i v e  and r a p i d l y  c l e a v e d  by n u c l e o p h i l e s ,  y e t  e q u i -  

l i b r i u m  c o n d i t i o n s  f a v o r  r i n g  c l o s u r e .  T h i s  s u u g e s t s  t h a t  

S-methylat ion s t a b i l i z e s  t h e  r i n g ,  perhaps  because  it 

t r a d e s  a r e l a t i v e l y  un favorab le  s t e r e o e l e c t r o n i c  e f f e c t  

i n  t h e  n e u t r a l  d i s u l f i d e  f o r  a f a v o r a b l e  one i n  t h e  i o n .  

A l t e r n a t i v e l y ,  s t r a i n  i n  1 , 2 - d i t h i o l a n e s  may be o v e r e s t i -  
mated because of  a confused  a s s o c i a t i o n  of h i g h  r e a c t i v i -  

t y  w i th  r i n g  s t r a i n .  Our r e s u l t s  c l e a r l y  demonst ra te  t h a t  

t h e  r e a c t i v i t y  of t h e  1 , 2 - d i t h i o l a n e  r i n g  i s  g r e a t l y  en- 

hanced by me thy la t ion  whereby t h e  s-S+ bond becomes more 
s u s c e p t i b l e  t o  c l eavage  by n u c l e o p h i l e s .  N e v e r t h e l e s s ,  

e q u i l i b r i u m  f a v o r s  r i n q  c l o s u r e .  The d r i v i n g  f o r c e  f o r  

r i n g  c l eavage  i n  1 ,2 -d i th io l an ium i o n s  i s  t h e r e f o r e  t h e  

h igh  r e a c t i v i t y  of  t h e  S-S bond r a t h e r  t h a n  r e l i e f  of 

r i n g  s t r a i n .  

+ 

Depolymerizat ion Reac t ions  

The ready po lymer i za t ion  of 1 , 2 - d i t h i o l a n e s  can a l so  be 

unders tood  i n  t e r m s  of r i n g  a c t i v a t i o n .  A s  an example,  
1 , 2 - d i t h i o l a n e  2 r e a d i l y  polymer izes  and canno t  be i s o -  

l a t e d  as a s t a b l e  monomer 1 6 .  Depolymerizat ion can  be 

r e a l i z e d  by prolonqed h e a t i n q  and by t r e a t m e n t  w i t h  e l e c -  

t r o p h i l e s  ( I2 ,  H O A c ) "  b u t  t h e  c o n d i t i o n s  are n o t  s a t i s -  

f a c t o r y  as a source  of monomer 1 2  f o r  t h e  p r e p a r a t i o n  of  
t h e  S -me thy la t ed  ion  5 .  However, w e  succeeded i n  prepa-  
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190 M. C. CASERIO AND J. J. KIM 

ring2 by methylation of the p&yme_g. The steps involved 
are illustrated in Scheme 1 for a cyclic dimer of . 17 

Me 

t J 

Me 

Scheme 1 

The first step is activation of one S-S bond by S-methy- 
lation. This is followed by a sequence of S-S cleavage 
reactions through intramolecular attack of the other di- 
sulfide function. The process is terminated by irrever- 
sible methylation of the monomer 15 which is released in 
the penultimate step. The sequence readily extends to po- 
lymerization-depolymerization of polymer chains and lar- 
ger rings. 
A related reaction was discovered in attempts to prepare 
disulfide heterocycles from alkanedithiols. We found that 
methylthiolation of alkanedithiols with dimethylmethyl- 
thiosulfonium fluoroborate gave good yields of 1,2-dithi- 
ane (n=4) and 1,2-dithiolane ( n = 3 ;  isolated as polymer) . 
Cyclization is rationalized by the steps in Scheme 2 .  

+ 

cy 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



STEREOELECTRONIC EFFECTS IN SULFUR HETEROCYCLES 191 

SMe 

‘SH SH 
\ 

+ 
H S  Me 

I ’ -MeSH 
(CH21n I c--- 

-H i- 

SH 
\ ‘ S  

n =  3,4 

Scheme 2 

The p h y s i o l o g i c a l  a c t i o n  of l i p o i c  a c i d  has  also been 

a t t r i b u t e d  t o  t h e  h igh  r e a c t i v i t y  of  t h e  I l 2 - d i t h i o l a n e  

r i n g .  The role  of  l i p o i c  a c i d  i n  b i o l o g i c a l l y  impor t an t  

a c y l  t r a n s f e r  r e a c t i o n s  from a - k e t o a c i d s  ( e . g .  p y r u v a t e )  

t o  coenzyme A ( eq .  5 )  i s  n o t  comple te ly  unders tood  b u t  

l i p o i c  a c i d  i s  known t o  c y c l e  between d x i d i z e d  ( c y c l i c )  

and reduced (open-chain)  forms. 15b t l 8 .  

R C O C O ~ H  + C ~ A S H  + NAD+ - 
RCOSCoA + C 0 2  + NADH + H+ (5) 

It  i s  tempt inu  t o  c o n s i d e r  t h a t  l i p o i c  a c i d  r e a c t i v i t y  

i s  a s s o c i a t e d  wi th  i n t e r m e d i a t e  fo rma t ion  of t h i o l a n i u m  
i o n s  a t  some j u n c t u r e  i n  t h e  complex sequence of  reac- 

t i o n s  unde r ly ing  e l .  5 .  An ear l ie r  s u q s e s t i o n  t h a t  a c y l  

t r a n s f e r  might occur  through S -acy la t ed  1 , 2 - d i t h i o l a n e s  

seems t o  have drawn l i t t l e  a t t e n t i o n  1 9 .  W e  w i l l  end 

t h e n  on a s p e c u l a t i v e  n o t e  by s u g g e s t i n g  t h a t  s e r i o u s  

c o n s i d e r a t i o n  be g iven  t o  t h e  p o s s i b i l i t y  t h a t  I l 2 - d i -  

c 
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thiolanium (thiosulfonium) ions may play a role in li- 
poic acid mediated acylation of coenzyme A. 

EXPERIMENTAL 

The Cyclic disulfides employed in this study are all 
known compounds and were prepared by previously publi- 
shed procedures. The method of choice involved the con- 

version of the appropriate alkanediol to the ditosylate 
or dimsylate followed by cyclization to the disulfide 

effected by Na2S.9H 0 and sulfur in DMF 2or21 ,22- 
were in the range of 60-80%. 

cyc&&za&ion of dithigls. A new route to 1,2-dithiane 
and 1,2-dithiolane was found which utilized dimethylme- 
thylthiosulfonium f luoroborate as the reaaent to cyc- 
lize the corresponding alkanedithiol. Addition of 
Me2S SMe BF4 
in CH2C12 at 0-5OC followed by treatment with a satura- 
ted NaHC03 solution produced 1,2-dithiane 10, 

in yields of 70-g0%. The same procedure applied to 1,2- 
propanedithiol produced a yellow solution of 1,2-dithio- 
lane monomer which was isolated as a polymer - a white 
powder of mp 70-76 - on removal of the solvent. Anal. 
for C3H6S2: Calc. C 33.93, H 5.69, S 60.38; Found 
C 33.83, H 5.52, C 60.14. Solid state C-13 NMR by "magic 
angle spinning" of material mp 71-76O showed three reso- 
nances at 35.87, 33.0 and 27.24 ppm (TMS). 1,2-Dithio- 
lane polymer was also prepared from 1,3-propanedithiol 
on treatment with iodine in chloroform 17, or lead tet- 
raacetate and sulfur in benzene. 

Yields 2 

- + to a molar equivalent of 1,4-butanedithiol 

mp 29-31 

0 

Methylation gf-cyslic Disulfides. To prepare fluorobo- 
rate salts A-2 and 2-2, trimethyloxonium f luoroborate in 
nitromethane or acetonitrile was added to an equivalent 
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of the appropriate cyclic disulfide dissolved in dichlo- 
rontethane. The solution was maintained at 0 C under a 
nitrofren atmosphere for 1-2 hr or until all the oxonium 

salt had been consumed. The product was precipitated 
from the solution by addition of dry ether. Purification 
was achieved by dissolving the crude product in nitrome- 

thane and reprecipitating with ether. No satisfactory 
recrystallization procedure was found. l-Methyl-Ir2-di- 
thianium fluoroborate 1 was obtained in 92% yield as a 
white powder mp 162-4 C (dec) stable in air. 1, 3tr6c- 
Trimethyl-Ir2-dithianium and 1,3t,6t-trimethyl-l,2-di- 
thianium fluoroborates, 2 and2, were each obtained in 
85-u8% yield as a glassy solid which did not crystalli- 
ze. 2-Methyl-2 3-dithia-tgaqs-decalin 5 had mp 176-8OC 
( 9 0 % ) .  l-Methyl-trans-3,5-dimethyl-l,2-dithiolanium ----- 
fluoroborate was obtained as a 65:35 mixture of diaste- 
reomers 2 and 
3,5-dimethyl-1,2-dithiolanium fluoroborate as a 52:48 
mixture of La and Lb (oil, 85%). The latter was also ob- 
tained by methylation and desulfurization of c_&s_-4,6- 
dimethyl-Ir2,3-trithiane which was obtained as a dimesy- 
late of ~~s2-2,4-pentanediol. 
The most convenient procedure for the preparation of 1- 

methyl-1,2-dithiolanium fluoroborate 2 was as follows: 
Polymeric 1,2-dithiolane (mp70-76 C, 1.06 gr 10 mmole) 
and trimethyloxonium fluoroborate (1.48 g ,  10 mmole) in 
20 ml each of CH3N02 and CH2C12 were stirred at room 
temperature until the solution became free of undissol- 
ved solids. Filtration of the slightly cloudy solution 
into cold ether (100 ml) gave 2 as a white hyuroscopic 
solid in 75-85% yield which, when dry, had mp 141-5OC 
(dec). The procedure was equally satisfactory with 

0 

0- 

of mp 88-101O (86%) r and l-methyl-cis- --- 

0 
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higher molecular weight (C H S ) polymers present as 
suspended solids in the reaction mixture. 

3 6 2 n  
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