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NEW SYNTHETIC REACTIONS CONTRIBUTED BY SULFUR 

ARITSUNE K A J I  
F a c u l t y  o f  S c i e n c e ,  Kyoto u n i v e r s i t y ,  Kyoto 6 0 6 ,  
J apan  

A b s t r a c t  E i g h t e e n  k i n d s  of new c o n v e n i e n t  s y n t h e t i c  
r e a c t i o n s  r e s p e c t i v e l y  c o n t r i b u t e d  by d i v a l e n t  s u l -  
f u r  (7), s u l f o x i d e  ( 7 )  and s u l f o n e  ( 4 )  are shown. 

I N T R O D U C T I O N  

S u l f u r  atoms a p p e a r  i n  t h e  s t r u c t u r e  o f  o r u a n i c  compounds 

as  s u l f i d e ,  p o l y s u l f i d e ,  s u l f o x i d e ,  s u l f o n e ,  s u l f i l i m i n e  

e t c .  D i v a l e n t  s u l f u r  c a n  s t a b i l i z e  b o t h  ca rben ium 

c a t i o n s  and c a r b a n i o n s  a d j a c e n t  t o  t h e  s u l f u r  a t o m ,  and  

t h e  h y p e r v a l e n t  s u l f u r  g r o u p s  c a n  s t r o n g l y  s t a b i l i z e  

a d j a c e n t  c a r b a n i o n s .  These s u l f u r  g r o u p s  c h a r a c t e r i s t i c a l l y  

undergo  e a s i l y  m i a r a t i o n  a n d / o r  e l i m i n a t i o n .  By u s i n g  

t h e s e  c h a r a c t e r i s t i c s  of s u l f u r  f u n c t i o n s ,  w e  c a n  d e v e l o p  

c o n v e n i e n t  s y n t h e t i c  r e a c t i o n s  p r o c e e d i n g  unde r  m i l d  con-  

d i t i o n s .  The s u l f u r  f u n c t i o n s  a s s u r e  r e g i o -  and stereo- 

c o n t r o l  of t h e s e  r e a c t i o n s  t o  s i v e  t h e  d e s i r e d  f i n a l  p ro -  

d u c t s  i n  which no  s u l f u r  atom i s  c o n t a i n e d .  

SULFIDE AND TFIIOL 

1,2 1 .  Convers ion  o f  -SCN t o  -SR 

A r y l  t h i o c y a n a t e s  c a n  be c o n v e r t e d  i n t ,  a r y l  a l k y l  s u l f i d e s  
w i t h  a l c o h o l  i n  t h e  p r e s e n c e  of a n  equ imola r  amount of 

c y a n i d e  a n i o n .  4 -Ni t ropheny l  t h i o c y a n a t e  a a v e  4 - n i t r o -  

pheny l  me thy l  s u l f i d e  i n  methanol  ( 5 O o C ,  2 h r . )  The y i e l d  

w a s  7 0 % .  

21 1 

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



212 A. KAJI 

X-fgJSCN ____c CN - X a 5 - R  
R OH 
eq. 1 

2. New cyclopropane synthesis 

When 1,3-bis phenylthiopropane is treated with butyl- 
lithium at -78OC, cyclopropyl phenyl sulfide is formed 
with a yield of 88%. When equivalents of BuLi are used, 
an electrophile such as a ketone, an aldehyde or an ep- 
oxide can be introduced at a-position of the cyclopropyl 
sulfide. 

3,4 

L 

eq. 2 

3. Convenient synthesis of a,@-unsaturated carboxy- 
lates 5 

Certain a,@-unsaturated carboxylic acid esters can be 
obtained from alkyl thioqlycolate by a one pot synthesis. 
The stable vicinal dianion ( S  - C - ) can be generated 
by treatinq thioglycolic ester with two equivalents of 
lithium diisopropylamide ( L D A )  and a similar amount of 
tetramethylethylenediamine (TMEDA) kn THF (-78OC, 1 hr) . 
T o  the solution of the dianion an equimolar amount of 
a ketone or an aldehyde is added (-78OC, 2 hr) to give 
an alkoxide anion. Finally, ethyl chloroformate is added 
to the solution and it is kept at room temperature for 
1 hr to give the desired a,@-unsaturated carboxylate in 
good yields. 
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NEW SYNTHETIC REACTIONS CONTRIBUTED BY SULFUR 213 

R,C=O, -78OC 
- R, s CCI-1- co 0 E t C= C H- COO E t 

e q .  3 
* R' C\-COOEt,  -78°C 

When ace tophenone  w a s  t a k e n  as  t h e  k e t o n e ,  e t h y l  a-me- 
thy l - c innamate  w a s  i s o l a t e d  i n  58% y i e l d ,  t h e  E isomer 

b e i n g  predominant  ( E / Z  = 9 7 / 3 ) .  

4 .  A new way f o r  t h e  s y n t h e s i s  of a -a lky l idene -y -bu ty ro -  

l a c t o n e s  6 , 7  

S i n c e  y - b u t e n y r o l a c t o n e s  ( b u t e n o l i d e s )  and  n - a l k y l i d e n e -  

y - b u t y r o l a c t o n e s  have  s t r o n g  b i o p o t e n t i a l  a c t i v i t i e s ,  

many e f f o r t s  have been made €or t h e i r  s y n t h e s i s .  Apply- 

i n g  t h e  method mentioned i n  3 .  a c c o r d i n g  t o  e q .  4 ,  w e  

can  g e t  a-alkylidene-y-butyrolactones e a s i l y  i n  good 
y i e l d .  I n  t h i s  case, t h e  E isomer i s  predominant  ( 9 5 - 1 0 0 % ) .  

ClCOOEt + RCHO 
e q .  4 

5 .  S t e r e o - c o n t r o l e d  s y n t h e s i s  of Z-a-alkylidene-y-butyro- 
lac  t o n e s  8 

Con t ra ry  t o  t h e  method mentioned i n  4 . ,  Z-Alkyl idenebuty-  

r o l a c t o n e s  can  be  o b t a i n e d  by u s i n q  m e t a l  c a t i o n s  

a c c o r d i n g  t o  e q .  5 .  When b u t a n a l  w a s  u sed  as  t h e  a ldehy-  

d e ,  t h e  l a c t o n e  w a s  formed i n  56% y i e l d  ( Z / E  = 9 3 / 7 1 .  

OLDA (2.Zeq.) 3) cU2r2 

2)( Me 0 C-s ) 4.) R-CHO 

t 
eq. 5 
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214 A. KAJI 

8 6. Synthesis of a-alkyl-a,B-unsaturated carboxylates 

A new method for the synthesis of a-alkyl-n,B-unsatura- 
ted carboxylic acid esters is presented here, see eq. 6 .  

In the case of F. = propyl, R2 = butyl, the ester was 
obtained in 70% yield ( E / Z  = 9 0 / 1 0 ) .  For R = phenyl, 
E/Z = 96/4 was found. 

- COOEt PhS 

1 

1 

1 R2- C( f )CH-C1 - ':, ) CH - C( [ COOEt  R' ,!+ COO Et 

c 
L i C l  R' 

DMF,A H COOEt 
)c=c( R2 ( + PhSLi + EtCl + CO, 

eq. 6 
1 0  7. New synthesis of multi-substituted furanes 

Multi-substituted furanes can be easily synthesized by 
the use of TiC14 following eq. 7. When R , R , R R 

were E t ,  Me, Me, Ph, respectively, the yield of the 
furane was 88%. 

1 2 3 4  

S-R' 
R2-CH=C-R1 4- R3 -C-CH(C, 

I II 
O S i M e  0 

0 
II R' 

R * -  CH-C- R' R 2  
I S-RL ] - g o  

S R L  R 3 -  C-CH( R 3  
I CI 

T i  C14 

eq. 7 
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NEW SYNTHETIC REACTIONS CONTRIBUTED BY SULFUR 21s 

S U L F O X I D E  

8. Convenient reduction of sulfoxides to sulfides 11,12 

A sulfoxide can be converted to sulfide at O°C accordin? 
to eq. 8. No other functional groups such as CO, CN, SO2, 
halide and double bonds interfere in this reaction. 

(F3C-CO)20 1.2 eq  

in CH2CI2 ,  OOC, 1 h 
Ar-S-R Ar-S-R + Me-S-Me - + 

0 ( 2  eq.) 100 O/O 

eq. 8 

9. New aldehyde synthesis 13 

Primary alkyl aryl sulfides pive aldehydes at room tem- 
perature after oxidation by treatment with trifluoroacetic 
anhydride and 2,6-lutidine followed by the hydrolysis 

(eq. 9). In the case of octanal the yield was 86%. 

L 

AcOH 

2,6-Lutid ine/ M e C N  
'I '(F3CCO)zO, O°C,lOmin. 

2) NaHC03 I H 2 0 , r . t .  , 2hr  

eq. 9 

Ph- S-CH2-R + 
0 

RCHO 

14 
- 10. Synthesis of 2E,  4E-alkadienoic acid esters 

Pyrolysis of 2-phenylsulfinyl-2-alkenoates in boilin? xy- 
lene gives 2EI4E-alkadienoates in good yield (eq. 1 0 ) .  

The first example was given by Nokami et al. [Tetrahedron 

Lett. - 21, 4455 (1980)l. Further examples and the reaction 
pathway were shown by the author. In the case of ethyl 
2,4-decadienoater the ratio of (2E, 4E)/other isomers 
was equal to 44/6. 
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216 A. KAJI 

- 
COOEt 
- R COOEt K2C03 

S Ph in xylene, 4 4 h  
t 
0 

R 4  

eq. 10 

15 - 1 1 .  Synthesis of 2E,4E-alkadienoic acid esters I1 

Methyl S-(I-vinylalky1)thioglycolate underuoes [2,31- 
sigmatropic miqration by the action of base (LDA). Me- 
thylation of the resultina thiolate gives methyl 2-methyl 
thio-4-alkenoate ( E / Z =  9 5 / 5 )  in high yield. Oxidation 
of the ester to the sulfoxide followed by Cope-eli- 
mination gives methyl 2,4-alkadienoate ( 2 E ,  4E)  /other 
isomers = 85/15). 

y 3 - C H 2 C O O M e  2 ) M e J  1)LDA 
COOMe 

C5H11 -78"-0°C* H l , C ~  SMe 

eq. 11 

12. Convenient synthesis of 4-hydroxy-2E-alkenoic acid 
esters 1 6  

Aldehydes can react with methyl 4-chlorophenylsulfinyl 
acetate at room temperature in the presence of an equi- 
molar amount of piperidine to give 4-hydroxy-2-alkenoates 
in which the E isomer is predominant (eq. 12) in most 
cases. For hexanal, the yield was 8 3 % .  
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217 NEW SYNTHETIC REACTIONS CONTRIBUTED BY SULFUR 

1 7  13. New route for the vinylation of alkanes 

Nitro alkanes can undergo llichael addition to aryl vinyl 
sulfoxides in the presence of Ir8-diazabicyclo [ 5 , 4 , 0 1  

undeca-7-ene (DBU) givinq high yields. Thermal elimina- 
tion of the resulting sulfoxide followed by the denitro- 
hydrogenation reaction with Bu SnH gives the vinylalkane 
in good yields (eq. 1 3 ) .  Thus aryl vinyl sulfoxides can 

3 

be a synthon for the vinyl cation 

0 

Bu3SnH/[AIBNl 

in benzene, Q , 2h 

4 
0 

r- 
eq. 13 

18 - 14. New synthesis of 2-substituted 2-cyclopentenones 

2-Substituted 2-cyclopentenones which aLe important in- 
termediates in prostanoid synthesis can be synthesized 
by a new route following eq. 14. 

0-Si M e3 
I 

0 + Ph-S-C H-R 
I 
C l  

I )  MCPBA, O ' C ,  0.5 h 
2) toluene, 100°C, 4 h 

c 

HCl/ H20/MeOH D 

reflux, 8 h  

69 ' l o  

0 

ZnBr2 D 

in CH2C12 
r. t .  2h 

& C H 2- (C H ) 5- C 0 0 M e 
v 

R 62 o/o 

eq. 14 

P S -  H 
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218 A. KAJI 

S ULF ON E 

15. New route for the synthesis of y-substituted bute- 
nolides (I) 

The dianion of 3-phenylsulfonylpropionanilide reacts 
with ketones or aldehydes givinq an aldol which can be 
cyclized to :4-substituted 2-butenyrolactonesI see 
eq. 15. When cyclohexanealdehyde was used the overall 
yield was 67%. 

19 

R ' R ~ C = O  fi Y L i  
PhSO,CHCH,C=NPh + R'oo 

R2 
I 
R2 

eq. 15 

16. New route for the synthesis of y-substituted bute- 
nolides (11) 

Another route for the synthesis of y-substituted buteno- 
lides has been developed. As mentioned in 1 2 . ,  methyl 
4-hydroxy-2-alkenoates can be obtained quite easily. Xi- 
chael addition of benzenethiolate anion to these esters 
gives 3-phenylthio-4-substituted y-butyrolactones. Oxi- 
dation of the lactones to sulfones followed by B-elimi- 
nation with Et N Fives the desired butenolide in qood 
yields (eq. 1 6 ) .  In the case of R1 = Et, R = H I  the 
yields of ( 1 )  , (2) and (3) were 85, 81 , 77%, respectively. 

2 0  

2 3 

21 17. New synthesis of y-methylenebutenolides 

y-Methylene-a-substituted butenolides can be obtained 
from S-allylthioglycolic acid followina eq. 17. 
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NEW SYNTHETIC REACTIONS CONTRIBUTED BY SULFUR 219 

/ C-CHO 4- 
R2 

1) L D A  

2) Me1 SMe 
v S-CH2COOH ____* 

- 
2.2eq. LDA E+ 

0- 

- Me02 S C ~ C O ~  

in Toluene, A 

1) K13 I NaHCO3 

2) MCPB4 

c 
N a 2  C 0 3  

in Me@H,r.t. 

Table 

Electrophile I V  Yield V Yield V I  Yield 

n-CLH91 CH3S CO$ 14;’ 75.1, 9 7 %  
T C “ 9  7L% 
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220 A. KAJI 

23 - 18. N e w  s y n t h e s i s  o f  B - s u b s t i t u t e d  b u t e n o l i d e s  

C e r t a i n  e i e c t r o p h i l e s  such  as a l k y l h a l i d e s  o r  a l d e h y d e s  

c a n  b e  i n t r o d u c e d  i n  t h e  2 - p o s i t i o n  of 2 - ( a r y l s u l f o n y l )  

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

t o  g i v e  B - s u b s t i t u t e d  b u t e n o l i d e s  a c c o r d i n g  t o  eq .  18.  

T h i s  s y n t h e s i s  c a n  b e  done i n  a one p o t  syster;.. When 

3-methoxybenzyl bromide w a s  u sed  as e l e c t r o p h i l e  t h e  

o v e r a l l  y i e l d  w a s  56%.  

1 )  BuLi 
2 )  ICHzCOONa 

4 )  El,N 

R+O~CH~CH~OH ---- 1)  BULi  
2) R , X  3)  H i  

e q .  18 
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