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NEW METHODS AN0 REAGENTS I N  ORGANIC SYNTHESIS. 53.+,l 

L I T H I U M  TRIMETHYLSILYLDIAZOMETHANE: A NEW SYNTHON FOR THE PREPARATION 

OF 2-AMINO-1.3,4-THI ADIAZOLES FROM ISOTHIOCYANATES~ 

T o y o h i k o  Aoyama.* M o t o t s u g u  Kabeya. A t s u k o  Fukush ima.  

and  T a k a y u k i  ~ h i o i r i *  

F a c u l t y  o f  P h a r m a c e u t i c a l  Sc iences .  Nagoya C i t y  U n i v e r s i t y .  

T a n a b e - d a r i .  M izuha -ku .  Nagoya 467. Japan 

A b s t r a c t - L i t h i u m  trimethylsilyldiaromethane r e a c t s  s m o o t h l y  

w i t h  i s o t h i o c y a n a t e s  i n  d i e t h y l  e t h e r  t o  g i v e  Z-amino-1.3.4- 

t h i a d i a z o l e s  i n  good y i e l d s .  

I n  t h e  p reced ing  c o r n r n ~ n i c a t i a n . ~  we have r e p o r t e d  t h a t  t h e  l i t h i u m  s a l t  of t r i r n e t h y l r i l y l -  

diaromethane (TMSCHN2, (CH3)$iCHN2) r e a c t s  smoo th l y  w i t h  i socyana tes  t o  g i v e  1 - s u b s t i t u t e d  5- 

hydroxy-1.2.3-triaroles i n  good yields.  Our continuous i n t e r e s t s  i n  t h e  use of TMSCHN? 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  a z o l e s  have l e d  us t o  i n v e s t i g a t e  t h e  r e a c t i o n  o f  t h e  l i t h i u m  

s a l t  o f  TMSCHN2 w i t h  isothoicyanates. 

We have found t h a t  l i t h i u m  t r i m e t h y l s i l y l d i a z a m e t h a n e  (1). p repared from TMSCHN2 and n-buty l -  - 
l i th ium,  reacts  smoothly w i t h  isothiocyanates i n  d i e t h y l  ether t o  g i ve  2-amino-1.3.4-thiadiazales 

(2). It i s  noteworthy i n  t h i s  reac t i on  t h a t  t h e  format ion o f  5-mercapto-1.2.3-triazole der iva t ives  

s i m i l a r  t o  the products obtained by the  react ion  o f  L v i t h  isocyanates' can no t  be found. 

t Dedicated t o  Professor Shun-ichi Yamada on the occasion o f  h i s  70th bir thday. 



A t y p i c a l  e x p e r i m e n t a l  p rocedu re  f o r  t h e  p r e p a r a t i o n  of2-is as f o l l a v r  ( r u n  1  i n  Table): To a 

s o l u t i o n  o f  T M S C H N ~ ~  (ZM hexane s o l u t i o n .  0.6 m1. 1.2 mmol) i n  d i e t h y l  e t h e r  (10 m l )  was added 

dropwise n - b u t y l l i t h i u m  (154 hexane so lu t ion .  0.76 ml. 1.2 mmol) a t  O'C under argon and t h e  m i x tu re  

was s t i r r e d  f o r  2 0  m i n  a t  O°C. A  s o l u t i o n  of  pheny l  i s o t h i a c y a n a t e  (135 mg. 1  mmol) i n  d i e t h y l  

e ther  (3 ml )  was then added dropwise a t  OT. The m ix tu re  was s t i r r e d  a t  0°C fo r  2  h  and t r e a t e d  

w i t h  sa tu ra ted  aqueous ammonium chlor ide.  The m ix tu re  was ex t r ac ted  w i t h  d i e t h y l  ether. washed 

w i t h  water. d r i e d  over anhydrous magnesium sul fate,  and concentrated i n  vacua. The res idue was 

p u r i f i e d  b y  p r e p a r a t i v e  l a y e r c h r a m a t a g r a p h y ( M e r c k  Ar t .  5715. c h l o r o f o r m :  e t h a n o l  = 2 0 :  1 ) t o  

g i ve  2-anilino-1.3.4-thiadiazole (147 mg. 83%), which was i d e n t i f i e d  by spectroscopic comparison 

w i t h  an au thent ic  sample prepared from 4-phenyl-3-thiosemicarbaride and e t h y l  a ~ t h o f o r m a t e . ~  

The r e s u l t s  are summar ized  i n  Table. Va r i ous  iso th iocyanates  i nc l ud i ng  aromat ic and a l i p h a t i c  

ones r e a c t  w i t h  t o  g i v e  2. O i e t h y l  e t h e r  i s  a s o l v e n t  of  c h o i c e  i n  t h e  use of  a r y l  

i s o t h i o c y a n a t e s .  b u t h e x a n e  i s  p r e f e r a b l e  i n  t h e  case o f  a l i p h a t i c  ones, though h i g h e r  r e a c t i o n  

temperature i s  r equ i r ed  f a r  the  complet ion of  the  reac t ion .  

Tablea Prepara t ion  o f  2-Amino-1.3.4-thiadiazoles (2)  - 
Run R 

Reaction Y i e l d  mp Recry. lit. mp 

Condi t ions ('0 ("C) Solvent  ("C) 

1  Phenyl 

2  4-Chloraphenyl 

3  1-Naphthyl 

4  2-Naphthyl 

5  Benryl  

6  A l l y 1  

7  n-Butyl 

8  Cyclohexyl 

EtOH 1 7 3 ~  

EtOH 204' 

Benzene- 13@vd 

Hexane 

CHC13 

Benzene- 1  0gc 

Hexane 

Benzene- 73b 

Hexane 

Benzene- 

Hexane 

Benzene- 1  6Sb 

Hexane 

a) Unless o therw ise  stated. t h e  r eac t i on  was c a r r i e d  o u t  as a t y p i c a l  procedure. A l l  
p r o d u c t s  gave s a t i s f a c t o r y  e l e m e n t a l  a n a l y s i s  and s p e c t r a l  data. b ) R e f e r e n c e  4. 
c )  Reference 5. d) We b e l i e v e  t h i s  mp w i l l  be e r r o n e o u s l y  w r i t t e n  s i n c e  a sample 
p repa red  f rom 4-(1-naphthy1)-3- thiosemicarbaride and e t h y l  o r tho formate  according t o  

the  l i t e r a t u r e 5  shows t h e  same mp as t h a t  o f  the  sample prepared by our new method. e) 
The r e a c t i o n  was c a r r i e d  ou t  i n  hexane us ing  a  l i t t l e  excess o f  L (1 .5  equiv). 

Diazamethane i s  w e l l  known t o  r e a c t  w i t h  i so th i acyana tes  t o  g i v e  5-amino-1.2.3-thiadiazoles v i a  
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1.3-dipolar c y c l o a d d i  t i o n  across  t h e  t h i o c a r b o n y l  bond.6 However. Lappert and co-worker7 have 

r e p o r t e d  t h a t  w i t h  TMSCHN2 n i t r o g e n  appears t o  be evo l ved  and no  h e t e r o c y c l e  i s  i s o l a t e d .  I n  

cont ras t  v i t h  the  products using diazomethane o r  TMSCHN2, t h e  product i s  2-amino-1.3.4-thiadiazole 

when L i s  used. 

Mechanist ical ly,  t h i s  i n t e r e s t i n g  conversion of isothiocyanates t o  2-amino-1.3.4-thiadiazoles may 

be as f o l l o w s :  T h i o p h i l i c  a t t a c k 8  o f  1 t o  t h e  t h i a c a r b o n y l  bond o f  t h e  i s a t h i o c y a n a t e  group. 

fo l lowed by c y c l i m t i o n  t o  g i ve  the  in termedia te  3, which i s  hydrolyzed w i t h  water dur ing  work-up 

The most common procedure f o r  2-amino-1.3.4-thiadiamles i s  the condensation of 4-subst i tuted 3- 

thiosemicarbarides, prepared from isothiocyanates and hydrazine. w i t h  e t h y l  ~ r t h o f a r r n a t e . ~ ~ ~ ~ ~  As 

compared v i t h  t h i s  procedure. the  method described here provides a convenient one-step conversion 

of isothiocyanates t o  2-amino-1.3.4-thiadiazoles. 

During the course o f  t h i s  study, we observed a dramat ic so lvent  e f f e c t  leading t o  the  format ion of 

1 .2 .3- t r iazo les  i n  t h e  use o f  t e t r a h y d r o f u r a n  as so l ven t .  wh i ch  w i l l  be t h e  s u b j e c t  o f  t h e  

fo l lowing c ~ r m u n i c a t i a n . ~ ~  
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