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A b s t r a c t -  L i t h i u m  t r i m a t h y l s i l y l d i a z a m e t h a n e  smooth ly  r e a c t s  v i t h  

v a r i o u s  a,@-unsaturated su l f ones  t o  g ive  3  (or 5 ) - t r imethy ls i l y lpyrazo les  

i n  exce l len t  yields. 

Recent reports2 from these labora tor ies  have demonstrated t h a t  l i t h i u m  tr imethyls i ly ld iazomethane 

(TMSC(Li)N2, (CH3)3SiC(Li)N2), easi1:y prepared from t r i m e t h y l s i l y l d i a z o m e t h a n e  (TMSCHNZ. 

(CH3)3SiCHN2) and n - b u t y l l i t h i u m ,  i s  q u i t e  u s e f u l  as a [C-N-N] synthon f o r  t h e  p r e p a r a t i o n  o f  

azoles. Fa r  ins tance,  p y r a z o l e  ske le tons  can be c o n v e n i e n t l y  cons t ruc ted3  by t h e  r e a c t i o n  of 

TMSC(Li)N2 w t h  a,@-unsaturated nitr i le:;. I n  some cases, however. 1.2.3-triazole der iva t ives  have 

been formed as by-products though i n  l o v e r  yields. Our continued i n t e r e s t  i n  the azole synthesis 

using TMSC(Li)N2 prompts us t o  repor t  em except iona l ly  conven~ent procedure fo r  the preparat ion of 

pyrazoles 2 by the react ion  o f  TMSC(Li)N2 v i t h  a,@-unsaturated sulfaner 1 : 

Replacement of t h e  l e a v i n g  f u n c t i o n  f rom t h e  cyano group t o  t h e  p h e n y l s u l f a n y l  one l e d  t o  a 

s i g n ~ f i c a n t  improvement o f  t h e  e f f i c i e n c y  o f  t h e  py raza le  synthes is .  The f o l l o w i n g  genera l  

p rocedure  i n d i c a t e s  t h e  s i m p l i c ~ t y  o f  t h e  method : To TMSCHNZ (1.8M hexane r o l ~ t i o n . ~  0.67ml. 

1.2mmol) i n  d i e t h y l  e t h e r  (8.1) was added dropwise n - b u t y l l i t h i u m  (15% hexane s o l u t i o n .  1.38ml. 

2.2mmol) a t  -78'C under argon and t h e  m i x t u r e  war s t i r r e d  f o r  20min a t  -78'C. a,@-Unsaturated 

sulfone (lmmol) i n  d ie thy l  ether (2rnl) was added a t  -78°C. The mix ture  was st7r red a t  -78'C for 



l h .  t h e n  a t  ODC f o r  2h. A f t e r  t h e  a d d i t i o n  of  c o l d  w a t e r  (5ml), t h e  m i x t u r e  was e x t r a c t e d  w i t h  

d i e t h y l  ether. The organic l a y e r  was washed w i t h  water  and sa tura ted  aqueous sodium ch lo r ide ,  and 

d r i e d  over magnesium sulfate. Removal of the  so lven t  i n  vacuo f a l l owed  by the  p u r i f i c a t i o n  o f  t h e  

r e s i d u e  b y  column chromatography  on s i l i c a  g e l  (BW-820 MH. F u j i  Dav i r on )  a f f o rded  3 (or 5)- 

t r ime thy l s i l y l py razo le .  

The r e s u l t s  of the  pyrazole synthesis are compiled i n  Tab le  Various a.6-unsaturated sul fones 1 

inc l ud ing  a l i p h a t i c  and aromat ic ones reac t  w i t h  TMSC(Li)N2 t o  g i ve  the  pyraro les  2 i n  exce l l en t  

y i e l d s .  As can be seen f rom Table. t h e  geomet ry  of  t h e  doub le  bond i s  n o t  c r i t i c a l  i n  t h e  

reaction. Two equ iva len ts  of  n -bu t y l l i t h i um  i s  usua l l y  r equ i r ed  t o  conduct the  r eac t i on  smoothly. 

Changing n - b u t y l l i t h i u m  t o  l i t h i u m  d i i s o p r o p y l a m i d e  improved t h e  y i e l d s  when t h e  u s e  o f  n- 

b u t y l l i t h i u m  was no t  e f f i c i e n t .  A  s t rong base as n -bu t y l l i t h i um  or l i t h i u m  d i i soprapy lamide  i s  

e s s e n t i a l  i n  t h i s  r e a c t i o n  s i n c e  TMSCHN2 a lone  does n o t  r e a c t  v i t h  1 a t  a l l  and t h e  u s e  o f  1.8- 

diarabicyclo[5.4.0lundec-7-ene as a  base i s  c o m p l e t e l y  i n e f f e c t i v e .  Bo th  d i e t h y l  e t h e r  and 

tetrahydrofuran can be used as a r eac t i on  solvent. Add i t ion  o f  hexamethylphosphoramide as a co- 

so lven t  does n o t  a f fec t  the  r eac t i on  a t  a l l .  

o.8-Unsaturated su l f ones  1 may be r e p l a c e d  w i t h  t h e  co r respond ing  r u l f o x i d e s  b u t  n o t  en01 

ru l fonates.  Phenyl phenylethynyl  sul fone e a s i l y  reac ts  v i t h  TMSC(Li)N2 (1.2 equiv.) under s i m i l a r  

r e a c t i o n  c o n d i t i o n s  as  above t o  g i v e  3-phenylsulfonyl-4-phenyl-5-trimethylsilylpyrazole i n  74% 

y ie ld .  Removal o f  t h e  t r i m e t h y l s i l y l  group of the pyrazoles 2 has been e a s i l y  c a r r i e d  o u t  w i t h  10% 

aqueous po tass i um h y d r o x i d e  i n  r e f l u x i n g  e t h a n o l  o r  h y d r o c h l o r i c  ac i d -po tass i um f l u o r i d e  i n  

ethanol .3 

The r e a c t i o n  mechanism w e  c u r r e n t l y  p r e f e r  f o r  t h i s  p y r a r o l e  s y n t h e s i s  i s  o u t l i n e d  below. I n  

ana logy  w i t h  r e l a t e d  s t ~ d i e s . ~  we sugges t  t h a t  t h e  f i r s t  s t e p  i s  a n u c l e o p h i l i c  a t t a c k  o f  

TMSC(Li)N2 t o  the  6-carbon o f  the  v iny lsu l fane  1. Subsequent c y c l i z a t i o n  would then produce t h e  

py ra ra l i ne  in te rmed ia te  3 i n  equ i l i b r i um  w i t h  4. E l im ina t i on  o f  l i t h i u m  benzenesulf inate f i n a l l y  

would produce the  py ra ro l e  2. 
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Table. A New P y r a r o l e  Syn thes i s  b y  Reac t i on  o f  L i t h i u m  Trlmethylsi lyldiazomethane w i t h  

r*B-Unsaturated Sulfoner 

n 
-78OC, l h ;  OOC, 2 h  

1 2 

Run R1 R2 Double Bond Reaction Yield (Z)a mp (sC) Reference 

Geometry Solvent o f  1 

THF 

Et20 

Et20 

Et20 

Et20 

Et20 

Et20 

Et20 

THF 

THF 

Et20 

Et20 

THF 

THF 

E t 2 0  

THF 

a) Yields i n  parentheses were obtained by the  react ion  o f  TMSC(Li)NZ w i t h  the  a.8-unsaturated 

f j  The h e l d  was 53% when 1 I 2  ed. o f  n-BuLi was used. 
g j  n - ~ u i i ( l . 2  eq.) was used. 

One equivalent of n-buty l l i th ium i s  s u f f i c i e n t  t o  farm TMSC(Li)N2 from TMSCHN2. The reason f o r  the 

necessity o f  another equivalent o f  n -bu ty l l i t h i um may be due t o  the  proton abst rac t ion  from the a- 

or  6-posit ion of the  sul fooyl  group i n  the  pyrazol ine in termedia te  3 or 4. In teres t ing ly .  C t e r t -  

butylcyclohexylidenemethyl phenyl sulfone d i d  not g i ve  any 4.4-disubstituted pyrazole. which might 



sugges t  t h e  impo r t ance  o f  t h e  presence o f  a t  l e a s t  one hydrogen atom a t  t h e  6 - p o s i t i o n  of  t h e  

sul fonyl  group i n  t h i s  pyrazole synthesis. 

When 3-(4-chlorophenyl)-Z-phenylsulfonyl-2-propenenitrile was used as a substrate. e l i m i n a t i o n  o f  

the  phenylsul fonyl  group p r e f e r e n t i a l l y  occurred t o  g i ve  4-(4-chlorophenyl)-3-cyan0-5-tvirnethyl- 

s i l y lpy razo le .  Furthermore. i n  t h i s  p a r t i c u l a r  case, the  use of 1.2 equivalents o f  n -bu t y l l i t h i um  

was enough t o  ob ta in  the  pyrazole i n  good y ie ld.  Th is  fac t  may be expla ined t h a t  the  nuc leoph i l i c  

a t tack  of TMSC(Li)N2 on the 6-carbon o f  the  su l f ony l  group would take place much f as te r  than the  

d e p r o t o n a t i o n  i n  t h e  p y r a z o l i n e  i n t e r m e d i a t e  ow ing  t o  t h e  a c t i v a t i o n  o f  t h e  doub le  bond by t w o  

electron-wi thdrawing substituents. 

Reaction o f  o.6-unsaturated sulfones v i t h  diazomethane are known15 t o  produce sul fonylpyrazol ines.  

wh7ch e a s i l y  undergo the  desu l fony la t ion  by t reatment w i t h  potassium hydroxide t o  g i ve  pyrazoles. 

I n  add i t i on  t o  the  use of hazardous diazomethane. another disadvantage of t h i s  method i s  t h a t  both 

A'- and A ' - py razo l i nes  are fo rmed when s t y r y l r u l f o n e r  are used a s  subs t ra tes ,  hence 4- and 3- 

subs t i tu ted  py ram les  a r e  produced, respect ively.  

I n  conc lus i on  . t h e  p y r a z o l e s  2 can be v e r y  e a s i l y  and s a f e l y  p repa red  by t h e  r e a c t i o n  o f  

TMSC(Li)N2 v i t h  a .6 -unsatura ted  r u l f o n e s  1 under m i l d  r e a c t i o n  c o n d i t i o n s .  The h i g h  y i e l d s  

obtained f o r  the  wide v a r i e t y  o f  substrates demonstrate the  gene ra l i t y  of  t h i s  pyrazole synthesis. 
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