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NEW METHODS AND REAGENTS I N  ORGANIC SYNTHESIS. 52. t -1  

LITHIUM TRIMETHYLSILYLDI AZOMETHANE: A NEW SYNTHON FOR THE PREPARATION 

OF 1 -SUBSTITUTED 5-HYDROXY-1.2.3-TRI AZOLES FROM ISOCYANATES~ 
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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  r e a c t s  s m o o t h l y  

w i t h  i s o c y a n a t e s  t o  g i v e  1 - s u b s t i t u t e d  5 - h y d r o x y - 1 . 2 . 3 -  

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

Diaromethane i s  known t o  react  w i t h  phenyl isocyanate w i t h  the  e l i m i n a t i o n  o f  n i t r ogen  t o  g ive  1- 

p h e n y l - 2 - a ~ e t i d i n o n e . ~  Fur thermore,  i t  has been r e p o r t e d  t h a t  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  

(TMSCHN2. (CH3)3SiCHN2) a l so  reacts  w i t h  phenyl isocyanate w i t h  lass  o f  n i t rogen to  a f f o r d  a red 

o i l  from which no heterocycle i s  i ~ o l a t e d . ~  Unfortunately, the  expected 1.3-dipolar cycloadducts. 

such as 1.2.3-triazoles. can not be obtained by these reactions. 

We have already repor ted t h a t  the  l i t h i u m  s a l t  o f  TMSCHN2 i s  q u i t e  useful  as a [C-N-N] synthon f o r  

the prepara t ion  of a ~ o l e s . ~  As an extension of these works, the  present communication deals wi th 

a new and convenient prepara t ion  o f  5-hydroxy-1.2.3-triazoles from isocyanates using the l i t h i u m  

s a l t  o f  TMSCHN2. 

We have found t h a t  l i t h i u m  t r i r n e t h y l s i l y l d i a z o m e t h a n e  ( I ) ,  e a s i l y  prepared from TMSCHN2 and n- - 
buty l l i t h i um,  reacts  smoothly w i t h  isocyanates t o  g i v e  1-subst i tu ted 5-hydroxy-1.2.3-triazoles (2). 

t Dedicated t o  Professor Shun-ichi Yamada on t h e  occasion o f  h i s  70th b i r thday.  
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A t y p i c a l  e x p e r i m e n t a l  p rocedure  f o r  t h e  p r e p a r a t i o n  of; i s  as  f o l l o w s :  To a s o l u t i o n  o f  

T M S C H N ~ ~  (2M hexane s o l u t i o n .  0.6 m l .  1.2 mmol) i n  d i e t h y l  e t h e r  (10 m l )  w a s  added d r o p w i s e  n- 

b u t y l l i t h i u m  (15% hexane s o l u t i o n .  0.76 ml. 1.2 mrnol) a t  0°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  0°C. A s o l u t i o n  o f  4 -ch lorapheny l  i socyana te  (154 mg. 1 mmol) i n  d i e t h y l  

e t h e r  (3  m l )  was t h e n  added d ropw ise  a t  O'C. A f t e r  2  h  a t  0°C. i c e - w a t e r  was added and t h e  

aqueous l aye r  was separated. The organic l aye r  was ex t rac ted w i t h  water and the combined aqueous 

l aye r  was a c i d i f i e d  w i t h  2N hydroch lor ic  acid. The r e s u l t i n g  wh i te  p r e c i p i t a t e s  were co l l ec ted  by 

f i l t r a t i o n .  d r i ed  i n  vacua. and p u r i f i e d  by s i l i c a  ge l  column chromatography (Mal l  inckrodt.  S i l i c  

AR CC-7 special, chloroform : ethanol= 10 : 1) t o  g ive  l-(4-chloraphenyl)-5-hydroxy-l.2,3-triazale 

(2b. 162 mg, 83Z). I n  t h e  p r e p a r a t i o n  o f  2. g. and Ze-, t h e  w h i t e  p r e c i p i t a t e s  o b t a i n e d  a f t e r  

a c i d i f i c a t i o n  were ex t rac ted w i t h  chloroform, washed w i t h  saturated aqueous sodium ch lor ide ,  and 

d r i e d  aver anhydrous magnesium sul fate.  Concentrat ion o f  the  so lvent  gave t h e  residue, which was 

p u r i f i e d  as described above 

Tablea Preparat ion o f  1-Substituted 5-Hydroxy-1.2.3-triazoles (2) 
~ -~ 

Product Reaction Y ie ld  mp Recry. 

No. R Condi t ions ( % I  ( "c )  Solvent 

2a - Phenyl O'C. 2  h  79 

2b - 4-Chlorophenyl ODC. 2  h  83 

2c - 1-Naphthyl 0°C. 1  h  83 

2d - n-Butyl -78°C. 1.5 h  63 

r.t.. 3.5 h  

2e - t-Butyl  0°C. 1  h  53 

r e f l u x .  6  h  

2 f  ,./ Cyclohexyl ODC. 1  h  71 

r.t.. 1.7 h  

113-115~ 

(decomp.) 

110.5 Et20- 

(decomp. ) Benzene 

125 EtOH- 

(decomp. ) Benzene 

132-133 CHC13- 

Hexane 

125.5-130.5 Benrene- 

(decomp. ) Hexane 

147.5 

a) Un less  o t h e r w i s e  s ta ted ,  t h e  r e a c t i o n  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  elemental ana lys is  and spect ra l  

data. b) Lit.,7 mp 115'C. 

The r e s u l t s  are summarized i n  Table. D ie thy l  e ther  seems t o  be the so lvent  of choice. Aromatic 

isocyanates smoothly undergo the reac t i on  w i t h  l a t  O'C t o  g ive  2 i n  good yields.  With a l i p h a t i c  

isocyanates, however, h igher reac t i on  temperature i s  requ i red f o r  the  complet ion o f  the  react ion.  

s i n c e  t h e  r e a c t i o n  proceeds s l o w l y  a t  ODC. 1-Aryl-5-hydroxy-1.2.3-triazoler (3 o b t a i n e d  a r e  
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ra the r  l a b i l e  t o  heat i n  solut ion:  fo r  example. when 1-(1-naphthy1)-5-hydraxy-1.2.3-triazole (2c) - 
w a r  warmed a t  5 0 ° C  f o r  30 m i n  i n  e t h y l  ace ta te .  N-(1-naphthy1)-a-diazoacetamide was formed 

quan t i t a t i ve l y .  

Treatment of cyclohexyl  isocyanate w i t h  a t  O D C  f o r  1  h. fa l lowed by quenching w i t h  water a t  ODC 

afforded 1-cyclohexyl-5-hydraxyl.2.3-triazole (2) as a minor product (24%). and the m a j o r  product 

(46%) was N-cyclohexyl-E-diazoacetamide (3). - 

As shown i n  Table, however. on l y  the  desired 1.2.3-triazole 2 f  was obtained i n  71% y i e l d  when the 

reac t i on  temperature was ra ised t o  room temperature a f t e r  the  react ion  a t  ODC. 

These expe r imen ts  c l e a r l y  demons t ra te  t h a t  t h e  c o n v e r s i o n  o f  i s a c y a n a t e r  t o  5-hydroxy-1.2.3- 

t r i a z a l e s  2 proceeds by a r tepwise process, not by a concerted 1.3-dipolar cyc loadd i t ion  process. 

N u c l e o p h i l i c  a t t a c k  o f  L o n  t h e  carbon atom o f  t h e  i s o c y a n a t e  group w i l l  f i r s t  produce t h e  

in termedia te  5 Quenching w i t h  water a t  t h i s  stage w i l l  g i ve  the  N-substituted a-diazoacetamide? 

w i t h  expuls ion of the t r i m e t h y l s i l y l  function. Prolonging the react ion  t ime and/or r a i s i n g  the 

reac t i on  temperature w i l l  promote the c y c l i z a t i o n  of $ t o  fu rn ish  the 1.2.3-triarole intermediate 

6. which i s  hydrolyzed w i t h  water dur ing  work-up t o  y i e l d  ,$ - 

5-Hydroxy-1.2.3-triazoles have been genera l ly  prepared by t h e  condensation o f  ac t i va ted  methylene 

compounds w i t h  h i g h l y  e x p l o s i v e  az ides  i n  t h e  presence o f  However. t h i s  method i s  

app l icab le  t o  o n l y  5-hydraxy-1.2.3-triazoles bear ing a r y l  o r  carbanyl conta in ing groups i n  the 4- 



pos i t ion ,  except f a r  1-phenyl-5-hydroxy-1.2.3-triarole. The method descr ibed here has g e n e r a l i t y  

f o r  the  conversion o f  isocyanates t o  1-subst i tuted 5-hydroxy-1.2.3-triazoles under m i l d  condi t ions.  

and w i l l  p rov ide a new and convenient method for the prepara t ion  of 5-hydroxy-1.2.3-triaroles. 

As an extension of t h i s  work. a new prepara t ion  of 2-amino-1.3.4-thiadiazoles by the react ion  o f  1 
.-4 

w i t h  isothiocyanates w i l l  be reported i n  the  f o l l ow ing  comrn~n ica t i on .~  
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