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THERMAL AND IONIC CYCLIZATIONS OF ALLENIC SULFONES 
AND SULFINATES 

SAMUEL BRAVERMAN 
Department of Chemistry, Bar-Ilan University 
Ramat-Gan 52100, Israel 

Our interest in the cyclization of allenic sulfones and 
sulfinates was aroused by previous studies on the [2 ,31  

siFmatropic rearrangement of allylic sulfenates and sul- 
finates to sulfoxides and sulfones, respectively (eqs. 1,2)  

At -S  -0 Ar-s -0 

Ar-S-0  II 
0 

H R 
L A  (4) 

O \ T - - R  
S 

I \  
Ar 0 AT-s -0 

I I  
0 

291 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



298 S. BRAVERMAN 

as  w e l l  a s  by t h e  analocrous rearranCement  of  p r o p a r n y l i c  

s u l f e n a t e s  and s u l f i n a t e s  t o  a l l e n i c  s u l f o x i d e s  and s u l -  
I f o n e s ,  r e s p e c t . i v e l y  (e7s. 3,41 . 

A combina t ion  o f  t h e  l a s t  t w o  r ea r r anqemen t s  w a s  used 
L t o  p r e p a r e  - bis -y  , y - d i m e t h y l a l l e n y l  s u l f o n e  (2) . R e a c -  

t i o n  of  a , a - d i m e t h y l p r o p a r g y l  a l c o h o l  with s u l f u r  d i -  

c h l o r i d e  g i v e s  t h e  co r re spond inu  s u l f o x y l a t e  which on 

doub le  [ 2 , 3 ]  s i g m a t r o p i c  rear rangement  i s  t r a n s f o r m e d  

t o  the  d e s i r e d  p r o d u c t  (Scheme 1 ) .  

CH3 CH3 cH3 * CH3 

=I2- -70. [ a 3  xo/s\ox a 3  ] - 
@ OH 

Scheme 1 

I L - c-. 

CYCLIZATION OF D I A L L E N Y L  S U L F O N E  

Before  I c o n t i n u e ,  I would l i k e  t o  p o i n t  o u t  t h a t  i n  con- 

t rast  t o  t h e  g r e a t  amount o f  work on monoal lenes  ', t h e  

s t u d y  of  d i a l l e n i c  sys tems h a s  r e c e i v e d  r e l a t i v e l y  l i t t l e  
a t t e n t i o n  i n  t h e  p a s t .  This -may be  due t o  t h e  l a c k  of  

s imple  and q e n e r a l  methods f o r  t h e  s y n t h e s i s  o f  such  c o m -  
pounds.  The method I have j u s t  d e s c r i b e d  f o r  t h e  p repa -  

r a t i o n  of  - b i s - y , ~ - d i m e t h y l a l l e n y l  s u l f o n e  i s  c e r t a i n l y  
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299 CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 

a convenient one, but what is even more important is 
that this sulfone undergoes a facile cyclization on 
heatinq at 75O to the thiophene 1 , I-dioxide derivative 
-1 2 in quantitative yield (Scheme 1). 

TABLE 1: Rate Constantsa for the Rea ranqement of Bis- 
y,y-dimethylallenyl Sulfone to 3-Isopro en 1 
4-isopropylthiophene Ill-Dioxide at 75.0 . 

5 
13 y -  

~ 

5 -1 So lven t 10 k, sec 5 -1 Solvent 10 k, see 
+ 

Acetonitrile 8.15+0.22 

Ethyl acetate 7.97+0.30 - Methanol 8.1 1 - +o .56 
Acetone 6.14+0.33 - 

Chloroform 7.48+0.17 - - 

~ ~~ 

[Sulfone] = 0.05 M. a Determined by nmr. 

A kinetic study of this cyclization in various solvents 
indicated that the rate of rearrangement was practically 
insensitive to the chancre in ionizing power of the sol- 
vent (Table 1). This result rules out the operation of 
an ionic mechanism but is consistent with two alternati- 
ve mechanisms shown in Scheme 2 . 2 

Scheme 2 
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300 S .  BRAVERMAN 

The first possible mechanism (a) is a two-step process 
involving intramolecular formation of a 2,2'-=-allyl- 
type diradical intermediate in the first, rate determi- 
ning stage followed by a fast intramolecular hydrogen ab- 
straction and formation of the new double bond. The se- 
cond possible mechanism (b) is based on the assumption 
that the reacticn is essentially an intramolecular and 
concerted ene reaction4. In order to distinauish between 

these two mechanisms we have examined the kinetic iso- 
tope effect, and found that ___ bis-hexadeuterio-y,y-dimethyl- 
allenyl sulfone undercroes cyclization at practically the 
same rate as the undeuterated compound6. Obviously , this 
result excludes the concerted ene mechanism. Additional 
support for the diradical mechanism can be obtained from 
examination of the substituent effect which shows that 
substitution by an ethyl group at the a and a' positions 
enhances the rate of cyclization by a factor of 4 rela- - 

f3 tive to the diallenyl sulfone . 
CYCLCAROMATI ZATION OF BRIEGED CIALLENES 

- I' x=s  
- 3 x = o  - 5 x=sc 

- 2' x=s  
2 x=o 
- 6 X=Se 

AS a natural extension of this work we next decided to 
investigate the cyclization of some other bridged dialle- 
nes, whose cyclization would be accompanied by simultane- 
ous aromatization, and consequently gain an extra driving 
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CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 301 

force for the reaction. The systems selected include the 
- bis-y,y-dimethylallenyl sulfide (J'), ether (2) , selenide 
( 5 )  and - o-benzene (2). On attempted synthesis of these 
compounds we found it impossible to isolate or even detect 
the first two bridged diallenes because of spontaneous 
cyclization to the correspondinu thiophene (A') and 
furan ( 4 )  derivatives (eq.5I7. On the other hand the 
@-y,y-dimethylallenyl selenide (2) and o-benzene - (z) 
were relatively stable; could be isolated and identified 
Furthermore, the transformation of selenide 2 to the se- 
lenophene 9 ,  as well as the transformation of z to the 
naphthalene derivative 2, proceeded at a measurable rate 
at room temperature and in quantitative yield. 

CI 

0 

X 

X=Se,S 
Scheme 3 

Once again, there are three possible mechanisms which 
can be related to the cycloaromatization of diallenes 
l ' ,  5: an ionic mechanism, an intramolecular ene reaction 
(mechanism a) or a two-step process involvina an electro- 
cyclic six-electron reaction in the first step followed 
by 1,5 hydrouen shif: (mechanism b, Scheme 3). 
A kinetic study of the cyclization of the diallenyl se- 
lenide 2 in various solvents indicated that the rate of 
the rearrangement was practically insensitive to the 
change in ionizing power of the solvent (Table 2). These 
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CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 303 

results eliminate the possibility of an ionic mechanism. 
To distinquish between the two other alternatives the 
- bis-heladeuterio-y,y-dimethylallenyl selenide 2 was 
prepared and its rate of cyclization to Lo (eq. 7) under 
the same conditions was measured. The observed values of 

kH/k 

form (Table 2) clearly indicate that the mechanism is a 
two-step process involvina formation of the quinodimetha- 
ne type intermediate in the first, rate determining step, 
followed by a fast hydrosen transfer in the second step 
(mechanism b, Scheme 3 ) .  

of 1.08 in carbon tetrachloride and 1.02 in chioro- D 

911 lo12 
Very similar results were obtained for the kinetic study 
of the cycloaromatization of the diallenylbenzene 2 to 
the naphthalene derivative2 (Table 3) and therefore an 
identical mechanistic interpretation is suggested with 
mechanism b preferred to mechanism a (Scheme 4). 

a, 

Scheme 4 
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CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 3 05 

ELECTROPHILIC FRAGMENTATION-CYCLIZATION OF ALLENIC SUL- 

FONES AND SULFINATES. 

S u r p r i s i n g l y ,  w e  have found t h a t  a d d i t i o n  of  a carbon 

t e t r a c h l o r i d e  s o l u t i o n  of bromine t o  s u l f o n e  2 a t  room 

tempera tu re  r e s u l t e d  i n  spontaneous  and q u a n t i t a t i v e  

f r agmen ta t ion  of t h e  s u l f o n e ,  w i t h  fo rma t ion  of  t h e  cyc-  

l i c  a ,P -unsa tu ra t ed  s u l f i n a t e  ( y - s u l t i n e )  j& ( X = B r l  and 

t h e  t r ib romoproduc t s  2 and 2 (Scheme 5 ) 8 .  Analogously,  

w e  have found t h a t  t r e a t m e n t  of s u l f o n e  2 w i t h  t r i f l u o r o -  

a c e t i -  ac-d a t  room t empera tu re  a i v e s  r i s e  t o  y - s u l t i n e  

13b ( X = H )  . S e s i d e s  t h e  s t a n d a r d  spec ; r L 1  e v i d m c e  , t h e  

s t r u c t u r e s  of  t h e  s u l t i n e s  lza and 13b have a l s o  been 

confirmed by t h e i r  C NMR s p e c t x a  as w e l l  a s  by oxida-  

t i o n  t o  t h e  co r re spond inu  s u l t o n e s  l&a and 1 2 .  

- 
13 8- 

0 
4\40 U "' %H>s) t CHBr=CBrCMe2 + MezC=CBrCHBr2 

E I 
Br 

)t 25.C 

lxa, X= Br 1 3  1 - 
- b, X=H 

- 16a,X= Br 
-9 b X=H Scheme 5 

While t h e  rear rangement  of a c y c l i c  s u l f i n a t e s  t o  s u l f o n e s  

i s  f a i r l y  common a b r  and i s  thermodynamical ly  a f avored  
p r o c e s s ,  s e v e r a l  r e p o r t s  on t h e  rear rangement  of c y c l i c  

s u l f o n e s  tQ s u l t i n e s  have a l so  been pub l i shed  i n  t h e  

p a s t  '. The f i r s t  r ea r r angemen t s  of  t h i s  t y p e  w e r e  r e p o r -  

t e d  t o  occur  under  e l e c t r o n  impact of  v a r i o u s  benzo- and 
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306 S. BRAVERMAN 

9a-c d ibenzo th iophene  d i o x i d e s  . More r e c e n t l y ,  t h e  rear- 

rangement of  t h i e t e  1 , l - d i o x i d e  t o  5H-1,2-oxathiole  2- 

o x i d e ,  t h e  p a r e n t  s u b s t a n c e  o f  2, on h e a t i n g  a t  h i g h  

t e m p e r a t u r e s  i n  s o l u t i o n  o r  i n  t h e  vapor  p h a s e ,  w a s  re- 
p o r t e d  9e .  The r e s u l t s  have been r a t i o n a l i z e d  i n  t e r m s  

o f  a mechanism i n v o l v i n g  v i n y l  s u l f e n e  as  a r e a c t i v e  i n -  

t e r m e d i a t e ,  which i s  formed and reacts  i n  a c o n c e r t e d  

manner. Apparen t ly ,  t h e  release of  r i n g  s t r a i n  p r e s e n t  

i n  t h e  s t a r t i n g  mater ia l  p r o v i d e s  c o n s i d e r a b l e  d r i v i n g  

f o r c e .  However, w e  are n o t  aware o f  any l i t e r a t u r e  re- 

P o r t s o n  t h e  c o n v e r s i o n  of  s u l f o n e  t o  s u l f i n a t e  under  

e l e c t r o p h i l i c  c o n d i t i o n s  such  as  t h o s e  employed by u s .  

P 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  from a s y n t h e t i c  p o i n t  
of  view it i s  n o t  even n e c e s s a r y  t o  p r e p a r e  t h e  d i a l l e -  
n y l  s u l f o n e  A, s i n c e  one  can  u s e  i t s  s u l f i n a t e  p r e c u r -  

sor Q t o  o b t a i n  e x a c t l y  t h e  s a m e  r e s u l t s ,  under  t h e  

s a m e  c o n d i t i o n s  ( e q .  8 ) .  Fu r the rmore ,  t h e  g e n e r a l i t y  

of  t h i s  p r o c e s s  i s  demons t r a t ed  by t h e  spontaneous  f r a g -  

m e n t a t i o n - c y c l i z a t i o n  of  t h e  phosph ina te  2 t o  t h e  1 , 2 -  

oxaphosphol-3-ene 2-oxide d e r i v a t i v e  k 9 ,  under  s i m i l a r  
c o n d i t i o n s  t o  t h o s e  employed w i t h  s u l f o n e  L. 
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.. 
1 Br- , 

Br' B i  
13a - 

17 - 

2.Br 2 

14 +15 -- 

Scheme 6 

We tentatively suggested' that both the f raqmentation- 
cyclization of sulfone c?, as well as that of sulfinate L7 

take place by essentially the same mechanism as depicted 
in Scheme 6, €or the reactions with bromine. This mecha- 
nism is supported by several observations. First, treat- 
ment of either a,a-dimethylpropargyl or y,~-dimethylalle- 
nyl bromide with bromine gives the same mixture of j$ 
and l5, as obtained in the reaction of L. Second, reac- 
tions of the unsubstituted diallenyl sulfone did not re- 
sult in the fragmentation-cyclization described above 
for sulfoneA under the same conditions. Similarly, no 
y-sultine was obtained on treatment of y,y-dimethylalle- 
nyl p-tolyl or methyl sulfone with bromine, while y , y -  

dimethylallenyl t-butyl sulfone gave compound z a  and 
- t-butyl bromide. These results indicate that in the ab- 
sence of a departing stable carbocation such as a,a-di- 
methylpropargyl or r-butyl, no fragmentation and subse- 
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3 08 S. BRAVERMAN 

quent cyclization are possible under the mild conditions 
employed. However, further work has shown that this pre- 
requisite is only required in the case of allenic sulfo- 
nes and not of allenic sulfinates lo. For example, the 
reaction of methyl y,y-dimethylallenesulfinate with bro- 
mine affords y-sultine ILa and methyl bromide under nor- 
mal conditions. We therefore suggested that the fraqmen- 
tation-cyclization mechanism in the case of allenic sul- 
fknatesinvolves an alternative SN2 attack of bromide ion 
on the 0-alkyl group of the reaction intermediate formed 
by attack of the substrate on bromine, and affording di- 
rectly the reaction products . The absence of an SN2 
type mechanism in the case of methyl y,y-dimethylallenyl 
sulfone may be due to the strong retarding effect exer- 
ted by the sulfonyl group on SN2 displacement at the a- 

l l  carbon atom, as a result of steric and field effects . 

1 0  

STEREOCHEMISTRY OF THE ELECTROPHILIC FRAGMENTATION-CYCLI- 
ZATION OF ALLENIC SULFONES AND SULFINATES 

The electrophilic cyclization of a variety of functiona- 
lized allenes to heterocyclic systems l 2-1 has received 
considerable attention due to its synthetic utility and 
remarkable stereoselectivity 12a,f,13,14,15a. In a conti- 

nuation of our previous study on the electrophilic fraq- 
mentation-cyclization of allenic sulfones and sulfinates 
to a,D-unsaturated y-sultines, we have investigated the 
stereochemistry of this reaction. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



TABLE 4: Cyclization of Chiral Allenic Sulfones and Sulfinates to Chiral 
y -Sultines 

yield y-sultine [a], 25 I deg Substrate [ali51 deq X+ 

n % 

2 87 
85 

+ (-1 -3 a -97.6 Br (-1 -59 -73.7 (C 2.7) 
(+) -22a +41.7 8 +32 .o MeS+ (+I -2 +20.5(c 2.2) 35 m 

(-) -27' -47.5 Br+ (+I -L9 +16.9(c 1.2) 87 % 

55 k (-) -28 -d -58.5 Br+ (+I -2 
(-) -27 -b -47.5 MeS+ (+I -2 a0 8 

Br+ (+I -2 +14.6 (c 1) 
2: -!3 

(+) -L2 

+15.6(c 3.6) f 

+23.7(c 6.2) 
(-1 -28 -b -63.5 MeS+ (+I -2 73 r +15.9(c 6.1) 2 

3 
3 - m 

a 0 C 0 
In CC14 at -10 C. In CC14 at 25OC. 

In cc14 at -200~. 

In CH2C12 at -20 C. 

In acetone. Contains some 8% of sulfone. 

W 

0 W 
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310 S. BRAVERMAN 

Trea tment  of  (g) - ( + )  -1-butyn-3-01 ( ( + )  -21 l 6  , 
17.7O (c  1 . 0 ,  d i o x a n e ) )  and o f  (s)-(-)-Zl6, [ c ~ I ~ ~ D - 4 9 . 4 ~  

(c  3 .2 ,  d ioxane )  w i t h  s u l f u r  d i c h l o r i d e ,  as  p r e v i o u s l y  

d e s c r i b e d  2,  a f f o r d e d  s u l f i n a t e s  (+)-g ([aI2'D + 4 1 . 7 O  

(c  1 .o, a c e t o n e ,  y i e l d  80%))  and ( - 1  -z ( - 97 .6O 

(c  1 . 7 ,  a c e t o n e ,  y i e l d  8 0 % ) ) ~  r e s p e c t i v e l y  ( e q .  l o ) .  

[a3 2 5 D  + 
CI 

R a c e m i c  y-methyl- and y - t e r t - b u t y l a l l e n y l  t e r t - b u t y l  

s u l f o n e s  (2y7, 2 2 )  w e r e  p r e p a r e d  by a p r e v i o u s l y  r e p o r -  

t e d  method I b  ( eq .  1 1 ) .  

R H 

- 21 ,R=Me 
- 23, R = t-Bu 

g , R  =Me(64Vo) 
- 26 ,R =t-B~(67O/o) 

- 27 ,R=Me (95%) 
- 28 ,R=t-Bu(1Wo/o) 

O p t i c a l l y  a c t i v e  s u l f o n e s  ( - )  -2 ( [a] 25D-47 .  5* ( C  1 . 4  , 
a c e t o n e ,  y i e l d  70%))) and ( - )  -g ( [a] 2 5 ~ - 5 8 . 5 0  ic 2 . 8 ,  
a c e t o n e ,  y i e l d  6 6 %  , mp 87-88OC) w e r e  o b t a i n e d  by t h e  

4 7  
I I  e l e g a n t  method of  k i n e t i c  r e s o l u t i o n  . Trea tment  of  

o p t i c a l l y a c t i v e  

w i t h  bromine and me thanesu l f eny l  c h l o r i d e  qave o p t i c a l l y  

a c t i v e  y - s u l t i n e s  2-9-32 ( e q .  1 2 )  as summarized i n  Tab le  4 .  

s u l f i n a t e  2 2  and s u l f o n e s  2 7  and 28 
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CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 311 

0 \sHo 
( 'mu x+ 

H K, -?-But 
- 0 \sHo 

( 'mu x+ 

H K, -?-But 
- 

All the y-sultines were obtained as diastereomeric mix- 
tures (ca. 1:1,  by MMR).  While each one of y-sultines 
(+)-A0 and (+)-A2 (R=t-Bu) was separated into two dia- 
stereomers A and B by means of column chromatography 
(silica, CH2C12), the structural assignment of the two 
diastereomers of ( + )  -&9 and ( + )  -32 could only be obtained 
by double irradiation 'H NMR. Irradiation of each one 
of the H quartets showed a chancre to a singlet of the 
related methyl doublet. The results are summarized in 
Table 5. 
The oxidation of y-sultines ( + ) - 2 g l  obtained from both 
(+)-L2 and ( -1 -27 ,  as well as of ( - ) - 3 z A ,  ( + I - = ,  and 

( + )  -21 to the optically active sultones 3h3-2, which 
lack a chiral sulfur (eq. 13), may be taken as proof 
that the observed optical activity in the sultines is 
also due to the y-carbon. 

Y 
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Table 5. 'H NMR Dataa amd Optical Rotationsb of y-Sultine Diastereomers 

diastereo- 

Ha y-sultine isomer H Y 

22, A 

B 

30 

2k 

32 vb 

6.85 (d, 7=2) 

6.85 (d, J=2) 

6.88 (d, J=2) 5.35 (d, J=2) 

6.80 (d, J=2) 4.90 (d, J=2) 

6.15 (d, ;=l) 

6.15 (d, J=l) 

6.15 (d, J=2) 5.38 (d, J=2) 

6.05 (d, J=2) 4.85 (d, J=2) 

5.65 (4, 2-8)' 

5.25 (4, J=8)' 

5.75 (q, J=6)' 

5.28 (4, J=6)' 

1.50 (d, 7=8) 

1.75 (d, J=8) 

1.12 (s) -17.90 

1.20 (5) +15.76 

1.52 (d, J=2) 2.50 (s) 

1.72 (d, J=2) 2.50 (s) 

1.09 (s) 2.49 (s) +32.16 

1.18 (s) 2.46 (s) G6.07 

a 60-MHz spectra in CDCl with internal Me4Si; J values given in hertz. In acetone. 
3 

Each signal shows allylic coupling, J = 2 Hz. 
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0 

313 

R m-CPBAi (13) 

X Y 
H 

29 +14.6 33 ,R=Me ;Y=Br + 3.8 - + 16.9 $3 +2.7 - 17.0 34 ,R= t-Bu;Y=Br t3.8 
pJ + 758 3 4  ‘126 
31 + 23.7 35 ,R=Me;Y=MtS02 -3.7 

The two c h i r a l  c e n t e r s  p r e s e n t  i n  y - s u l t i n e s  29-22 g i v e  

r i se  t o  f o u r  d i a s t e r e o m e r s  f o r  e a c h  s u l t i n e .  These c a n  

b e  d i v i d e d  i n t o  s t r u c t u r a l  t y p e s  A and B ,  as shown i n  

C h a r t  1 .  
0 

R R x x  

S i n c e  i t  i s  well-known t h a t  a y-pro ton  c i s  t o  t h e  S-0 

bond i n  c l o s e l y  r e l a t e d  y - s u l t i n e s  i s  d e s h i e l d e d  w i t h  

r e s p e c t  t o  t h e  same p r o t o n  c i s  t o  a s u l f u r  nonbonding 

e l e c t r o n  pa i r  1 8 ,  one  may c o n c l u d e  from t h e  a n a l y s i s  o f  

t h e  N M R d a t a  shown i n  T a b l e  5 t h a t  d i a s t e r e o m e r s  29A- 
32A have  type-A s t r u c t u r e  and d i a s t e r e o m e r s  29B-32B are  

a l l  o f  type-B s t r u c t u r e  ( C h a r t  1 ) .  

W e  s u g q e s t  t h a t  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  (+)-z, 
d e r i v e d  from (I?) - ( + )  -; , i s  (I?) - ( + )  - a -me thy lp ropa rgy l  

(2) -y -me thy la l l ene -  (&IS-) - s u l f  i n a t e ,  s i n c e  w e  assume 

t h a t  b o t h  e l e c t r o n  p a i r s  on s u l f u r  i n  t h e  s u l f o x y l a t e  

CCI - C c .  
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Scheme 7 

0 
0 II II 

20 - 
i n t e r m e d i a t e  (_R,R) - [HC I CCH- (CH3) 01 2 S  shou ld  be  e q u a l l y  

reac t ive  and s i n c e  t h e  [2,3] s i g m a t r o p i c  rear rangement  

i s  known t o  occur w i t h  n e a r l y  comple te  t r a n s f e r  of c h i -  

r a l i t y  ’ 4b’  ’’. The a b s o l u t e  conf i g u r a t i o n  of  b o t h  s u l -  

f o n e s  ( - )  -A7 and ( - )  -&8 w a s  a s s i q n e d  as by t h e  u s e  of  

t h e  L o w e - B r e w s t e r  r u l e s  2o and t h e  s u b s t i t u e n t  p o l a r i -  

z a b i l i t y  o r d e r  F.S02* H and a l k y l .  H. F u r t h e r  s u p p o r t  f o r  

t h e  ass ignment  of t h e  g c o n f i g u r a t i o n  t o  t h e  a l l e n y l  

group i n  b o t h  s u l f i n a t e  (+)-A2 and s u l f o n e  ( - ) - 2 7  comes 
f r o m  t h e i r  c y c l i z a t i o n s  w i t h  bromine and MeSC1, which 

g i v e  t h e  same y - s u l t i n e s ,  ( + )  -29  and ( + )  -A1 , r e s p e c t i -  

v e l y  (Table 4 ) .  
The in t e rmed iacy  of v i n y l s u l f e n e  Lo 2 ’  i n  t h e  r e a c t i o n  

mechanism (Scheme 7 )  a p p e a r s  t o  be  exc luded ,  s i n c e  i t s  

d i s r o t a t o r y  c l o s u r e  would l e a d  t o  racemic y-carbon i n  

t h e  p r o d u c t .  On t h e  o t h e r  hand, t h e  s p a t i a l  a r rangement  

of t h e  y-carbon i n  t h e  b r i d g e d  onium i o n  2 w i l l  b e  p r e -  

H 
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315 CYCLIZATIONS OF ALLENIC SULFONES AND SULFINAILS 

served also during the nucleophilic attack by sulfonyl 
oxygen 12arf 
its optical activity in the y-sultine, as actually ob- 
served. 
The identity in sign and similarity in optical rotations 
of sultones ( + )  -A4 , obtained from ( - )  -&A and ( + )  -= 
(eq. 13) indicate that the absolute configuration of the 
y-carbon in both sultones as well as both sultines is 

the same. In conclusion, we suugest that y-sultines 22A- 
32A and &B-LB (Chart 1 ,  Table 5 )  may be assigned t-he 

(R) - (2) and (g) '- (&) 

t ively . 

and as a result this carbon will retain 

- 
C S absolute conf igurations , respec- 

CARBANIONIC CYCLODIMERIZATION OF ALLENYL SULFONES 

In continuation, we have also studied the behaviour of 
the diallenyl sulfone under basic conditions 22. Un- 
expectedly, we have found that treatment of a solution 
of L i n  tetrahydrofuran or ether with n-butyllithium - at 
Oo results in a novel and fast dimerization-cyclization 

of the diallenyl sulfone to give the 2,6-dithiaadaman- 
tane derivative (eq. 14) . 

1 - 

HID) 

1. n-BuLI,THF, O°C 
2. H20(D20) 

37 

Although the spectral evidence was in accord with the 

assigned structure of 2 7  unequivocal structure proof was 
obtained by X-ray crystallographic analysis (Figure 1 ) .  
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316 S. BRAVERMAN 

Figure 1: An OPTEP Drawing of the molecular Structure 
of 37. 

cy 

The conversion of c?, to A7 represents a facile synthesis 

of a dithiaadamantane system. Furthermore, and to the 
best of our knowledse, it appears to be the first repor- 
ted example of a base-catalyzed cyclodimerization of an 
allenic derivative. The cyclodimerization of 'J was ex- 
plained by a novel mechanism (Scheme 8) in which an 
allenic a-sulfonyl carbanion initiates a series of four 
consecutive inter-intramolecular Michael additions, with 
final return of the negative charge to its original car- 
bon. This process, named by us "carbanion walk" is fur- 
ther illustrated by a dashed line in =, with no claim 
for concertedness . 2 2  
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CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 317 

Scheme 8 

Surprisinqly, we have also found that compound 3 2  shows 
a strong ultraviolet absorption at ymax = 236 nm with 
e-29000  in acetonitrile although none of its TL systems 
are conjugated 2 3 .  In view of this observation, as well as 

the considerable recent interest in the pyrolysis of cyc- 
lic sulfones as a synthetic method for the preparation 
of cyclic and polycyclic hydrocarbons 24, we have inve- 
stigated the thermal and photochemical elimination of 
sulfur dioxide from disulfone 32 (Scheme 9) . 
Direct irradiation of dithiaadamantane 3-7 in acetonitrile 
at 254 nm results in the extrusion of only one molecule 
of sulfur dioxide, together with a double allylic rear- 
rangement of the second sulfonyl group, and formation of 
the tricyclic sulfone 2. Unequivocal proof for the assian- 
ment of structure L8 was obtained by X-ray crystallogra- 
phic analysis (Figure 2). 

2 5  
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318 S. BRAVERMAN 

300' 
- 2so* +!k - 40 

NOT FORMED 
BECAUSE OF 

H EXCESS1 VE 
ANGULAR STRAIN @ 

39 

MP 995 - 101 5. Scheiilc 3 
1 

F i a u r e  2 :  a n  ORTEP D r a w i n q  of the Molecular S t r u c t u r e  
of 38. 
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CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 319 

In contrast to the photochemical results, pyrolysis of 
compound 2 at 3. 3o0° results in extrusion of both SO2 

aroups and formation of the bicyclic hydrocarbon 3-9, with 
essentially the same rearranged carbon skeleton as in 
product 28 (Scheme 9) . 
The question whether the first SO2 extrusion, which is 
common to both processes, is preceded or followed by the 
skeletal rearrangement has not been answered as Yet- 
Nevertheless, a tentative mechanism based on the second 
possibility is presented in Scheme 10 .  

&fi s z o  
s z o  - so2 +..$.j = O  - * 

0= 
\ \  \ I  
0 0 

0= 

M 

A 

0 // 

DOUBLE Ps% 
CLEAVAGE 

1) -so2 -32 
2)INTERWL H 

ABSTRACT ION 
Scheme 10 

The thermal cyclodimerization of allenes to 1,2-dimethy- 
lenecyclobutanes has been of Ions standing interest be- 
cause of its mechanistic aspects and its synthetic utili- 
ty '. Prompted by our results on the cyclodimerization 
of diallenyl sulfones by the "carbanion walk" mechanism 
described above, we decided to investigate the possibili- 
ty of cyclodimerization of monoallenyl sulfones to 1 , 3 -  

dimethylenecyclobutanes by the same mechanism . 26 
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320 S. BRAVERMAN 

Scheme 1 1  

Treatment of y,y-dimethylallenyl phenyl sulfone 41a with 
- n-BuLi in THF at Oo resulted in dimerization to vinyl- 
allene k2. However, if the same reaction is run at reflux 
temperabre instead, the expected cyclodimer A3 i-s ob- 

tained, together with the open isomer &2, thus indicating 
a temperature dependent equilibrium between the two. Ob- 
viously, formation of a 1,3-dimethylenecyclobutane re- 
quires a higher activation energy than formation of the 
2,6-dithiaadamantane skeleton. Subsequently, however, it 
was found that it is possible to obtain derivatives of 
1,3-dimethylenecyclobutane exclusively, even at room tem- 
perature or below, if the reaction is performed in the 
following modified manner (Scheme 12) . 
For example, reaction of y,y-dimethylallenyl PhenYl SUl- 
€one (el R = R  =Me) with - n-BuLi in a 1 : l  ratio at -78OC 

qave the corresponding allenyl anion which, on addition 
3f one mole of a,y,y-trimethylallenyl phenyl sulfone 
( i 4 )  at the same temperature, followed by trapping with 

- 

26 

1 2  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



CYCLIZATIONS OF ALLENIC SULFONES AND SULFINATES 321 

- 44 - 41 O - c  -- 45-47 

- R1 - R2 
9 CH3 CH3 

Z= S02Ph 46 CH3 CH2CH3 
47 CH3 Ph 

Scheme 12 

iodomethane gave the 1,3-dimethylenecyclobutane deriva- 
tive 4-5, as the only product. This result may be explai- 
ned in terms of the general mechanism supuested for the 
formation of both vinylallenes and 1,3-dimethylenecyclo- 
butanes (Scheme 1 3 )  . 

Z SO2 Ph _ _  _ _ _  CARBAMON WALK ROUTE 

Scheme 13 
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322 S. BRAVERMAN 

Apparently, the ease of cyclization to compound or 
compound L5 is controlled by the relative stability of 
the "allylic" carbanion in the corresponding vinylalle- 
ne precursor. The exact stereochemistry of compound A5 
is shown in Figure 3. 

v 
Figure 3: An ORTEP Drawing of the Molecular Structure 

of 45. 

Besides its mechanistic significance both reactions 
(Scheme 1 1 )  are of considerable synthetic utility, es- 
pecially after reductive desulfurization. 
For example, vinylallenes have been of particular inter- 
est recently due to their facile [1,51 sigmatropic rear- 
rangement to conjugated trienes 2 7 ,  while the synthesis 
of 1,3-dimethylenecyclobutanes nicely complements the 
thermal. cyclodimerization of allenes . 3a 
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