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NEW METHODS AND REAGENTS I N  ORGANIC SYNTHESIS. 54.t,l 

L ITHIUM TRIMETHYLSILYLDIAZOMETHANE: A NEW SYNTHON FOR THE PREPARATION 

OF 1 -SUBST I TUTED 5-ALKYLTHIO-1.2.3-TRl AZOLES FROM ISOTHIOCYANATES 

* * 
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A b s t r a c 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 o m e t h a n e  ( 1 )  r e a c t s  s m o o t h l y  
,.d 

w i t h  i s o t h i o c y a n a t e s  i n  t e t r a h y d r o f u r a n  t o  g i v e  1 - s u b s t i t u t e d  4- 

t r i m e t h y l s i l y l - 5 - a l k y l t h i a - 1 . 2 . 3 - t r i a z a l e s  (2) a f t e r  q u e n c h i n g  w i t h  

a l k y l  h a l i d e s .  D e s i l y l a t i o n  o f  A i s  e a s i l y  a c h i e v e d  w i t h  10% aqueous 

p o t a s s i u m  h y d r o x i d e  i n  m e t h a n o l  t o  a f f o r d  1 - s u b s t i t u t e d  5 - a l k y l t h i o -  

1 . 2 . 3 - t r i a z o l e s  (3). 

In t h e  p r e c e d i n g  communicat ion. '  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  o f  t r i m e t h y l s i l y l -  

diazamethane (TMSCHN?. (CH3)3SiCHN2) reacts w i t h  isothiacyanates i n  d i e t h y l  e the r  t o  g ive  2-amino- 

1.3.4-thiadiazoles i n  good yields. During t h e  course o f  our s tud ies  an t h i s  react ion ,  a dramatic 

solvent e f f e c t  lead ing t o  the fo rmat ion  o f  1.2.3-triazales was observed i n  the use of tetrahydro- 

furan i n  place o f  d i e t h y l  e ther  as solvent. 

We have found t h a t  t r e a t m e n t  o f  i s o t h i a c y a n a t e s  w i t h  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 o m e t h a n e  (L), 
prepared from TMSCHN? and n-buty l l i th ium,  f o l l owed  by  quenching w i t h  a l k y l  ha l ides  i n  tetrahydro- 

furan gives 1-subst i tu ted 4- t r imethy l r i l y l -5 -a lky l th io -1 .2 .3- t r iazo les  (A) i n  exce l l en t  y ie lds.  I n  

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



t h i s  react ion ,  2-amino-1.3.4-thiadiazoles obtained i n  t h e  use of d i e t h y l  e ther  as so lvent  cou ld  not 

be detected a t  a l l .  Removal o f  the  t r i m e t h y l s i l y l  group of 2 has been e a s i l y  c a r r i e d  ou t  w i t h  10% 

aqueous potassium hydroxide i n  b a i l i n g  methanol t o  g i ve  1-subst i tu ted 5-alkylthio-1.2.3-triarales 

(3) i n  almost q u a n t i t a t i v e  yields. 
N 

The r e s u l t s  a r e  summarized i n  Table. V a r i o u s  iso th iocyanates  i nc lud ing  aromat ic and a l i p h a t i c  

ones r e a c t  w i t h k t o  g i v e 2  T e t r a h y d r o f u r a n  i s  e s s e n t i a l  as s o l v e n t  t o  conduc t  t h e  r e a c t i o n .  

D e s i l y l a t i o n  o f  2  i s  e a s i l y  achieved w i t h  10% aqueous potassium hydroxide i n  methanol. Tetra-n- 
,.I 

butylammonium ch lo r i de  and potassium f l u o r i d e  d ihydra te  i n  a c e t o n i t r i l e 2  may be a l so  e f f e c t i v e l y  

used f o r  d e s i l y l a t i a n  (see run 8  i n  Table). 

Tablea Preparat ion o f  1-Subst i tuted 4-Tr imethyls i ly l -5-alkyl th io-1.2.3-tr iazoles (2) 
+ 

and 1-Substituted 5-a1 kyl th io-1.2.3-tr iaroles (3) - 

1 Ph- CH31 98 100-115 94 120-130b 

(0.005) (0.01) 

2  Ph- PhCH2Br 99 56-59' 97 135-145 

(0.005) 

3  CH3- CH31 96 70-80 100 55-6od 

(0.01) (0.005) 

4 CH3- PhCH@r 90 46-49' 98 120-130 

(0.005) 

5  CH3(CH2)3- PhCH2Br 97 125-135 95 125-140 

(0.05) (0.005) 

PhCH2Br 98 62-63' 96 76-78' 

- 

a) Unless o therwise stated, the  reac t i on  was c a r r i e d  ou t  as a  t y p i c a l  procedure. 

A l l  compounds gave s a t i s f a c t o r y  elemental  ana lys is  and spect ra l  data. b)   it..^ 
bp 112-114'C/0.005mmHg. c) Rec rys ta l l i zed  from d i e t h y l  ether-hexane. d)   it..^ 
bp 68-69"C/O.O3mmHg. e) Rec rys ta l l i zed  from benzene-hexane. f )    it..^ mp 82°C. 

g) D e s i l y l a t i o n  was c a r r i e d  o u t  u s i n g  te t ra-n-buty lammonium c h l o r i d e  and 

potassium f l u o r i d e  d ihydra te  a t  60-70'C f o r  3 h  i n  a c e t o n i t r i l e .  

A l t hough  t h e  g r e a t  d i f f e r e n c e s  i n  t h e  r e a c t i v i t y  of ;to i s o t h i o c y a n a t e s  caused by  t h e  use o f  

d i e t h y l  e the r  and te t rahydro furan can no t  be explained a t  t h e  present time. a probable mechanism o f  
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the  fo rmat ion  o f  ;may be as f o l l ows :  Nuc leoph i l i c  a t tack  of; on t h e  carbon atom of the  i so th io -  

cyanate group. fo l lowed by c y c l i z a t i a n  w i l l  g i ve  a 1.2.3-triazale in termedia te  L w h i c h  i s  trapped 

w i t h  an a l k y l  ha l i de  t o  a f f o r d  2. 

RLN=C=S 
+ A 

(CH3)3S iC(L I )N2  i n  THF 

l -Subst i tu ted 5-alkylthia-1.2.3-triazoles are genera l ly  prepared by the  rearrangement of 5-amino- 

1.2.3-thiadiazoles under basic cond i t ions5 o r  t h e  r e a c t i o n  o f  i s o t h i o c y a n a t e s  w i t h  an excess of 

d i a ~ a m e t h a n e . ~  As compared w i t h  t hese  procedures ,  t h e  method d e s c r i b e d  he re  p r o v i d e s  a novel .  

s i m p l e  one-pot and h i g h - y i e l d  c o n v e r s i o n  o f  i s o t h i o c y a n a t e s  t o  5-alkylthia-1.2.3-triaroles. 

Furthermore, combined w i t h  preceding observat ion the l i t h i u m  s a l t  of TMSCHN2 can be e f f i c i e n t l y  

used f o r  t h e  chemose lec t i ve  p r e p a r a t i o n  o f  2-amino-1.3.4-thiadiaroles and 5-alkyl th io-1.2.3- 

t r i a r o l e s  f rom isothiocyanates. 

Typ ica l  exper imental  procedures f o r  each reac t i on  are as fo l lows:  

Preparat ion o f  l -Subst i tu ted 4-Trimethylsilyl-5-alkylthio-1.2.3-triazoles (2 To a  so lu t i on  of 

TMSCHN?~  (ZM hexane so lu t ion .  0.6 m l .  1.2 mmol) i n  tetrahydrofuran (10 ml )  was added dropvise n- 

b u t y l l i t h i u m  (15X hexane s o l u t i o n .  0.76 ml. 1.2 mmol) a t  -78°C under  argon and t h e  m i x t u r e  was 

s t i r r e d  f o r  20 min a t  -78T. A s o l u t i o n  o f  isothiocyanate (1 mmal) i n  tetrahydrofuran (3 ml) was 

then added dropwise a t  -78'C. Af ter  1  h  a t  -78% a l k y l  h a l i d e  (1.2 mmol) was added a t  -78% and 

the mix ture  was s t i r r e d  a t  -78°C f o r  1  h. then a t  O T  for  2 h. The mix ture  was t rea ted  w i t h  ice-  

water and ex t rac ted v i t h  benzene. The organic l aye r  was washed w i t h  water, d r i ed  over anhydrous 

magnesium s u l f a t e ,  and c o n c e n t r a t e d  i n  vacua. The r e s i d u e  was p u r i f i e d  by  s i l i c a  g e l  column 

chromatography (Merck Ar t .  7734. hexane: d i e t h y l  e t h e r  : e t h y l  a c e t a t e  = 9 : 2 : 1 )  t o  g i v e 2  

D e s i l y l a t i o n  o f &  A m i x t u r e  o f  2 (1 mmol). 10% aqueous po tass ium hyd rox ide  ( 5  ml), and 

methanol (10 ml) was heated a t  r e f l u x  f o r  2  h. A f t e r  concent ra t ion  i n  vacua, water was added t o  

the  res idue and t h e  mix ture  was ex t rac ted  v i t h  benzene. The benzene l aye r  was washed w i t h  water. 

d r i ed  over anhydrous magnesium su l f a te ,  and concentrated i n  vacuo. The residue was p u r i f i e d  by 



s i l i c a  g e l  column chromatography (Merck Art. 7734. hexane : d i e t h y l  e ther  : e t h y l  ace ta te  = 6 : 3 : 

1) t o  g i v e  1 -subs t i tu ted  5-alkyl th ia-1.2.3- t r iazole (3). - 
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