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PREPARATION OF TERTIARY - (BUTYL - 3H) - AZIDOFORMTE 

Rece ived on  J u l y  5 ,  1 9 7 1 .  

and accep ted  i n  m o d i f i e d  f o r m  on November 1 3 ,  1 9 7 1 .  

t - B u t y l a z i d o f o r m a t e  (t-butyloxycarbonylazide) has many 

advan tages  i n  t h e  s y n t h e s i s  and s t u d y  o f  t h e  c h e m i s t r y  o f  

p e p t i d e s  and p r o t e i n s ,  b o t h  as a n  e a s i l y  r e m o v a b l e  b l o c k i n g  

a g e n t  and as a d i a g n o s t i c  r e a g e n t  f o r  amino groups .  

Uhere  b i o l o g i c a l l y  a c t i v e  m o l e c u l e s  a r e  t h e  s u b j e c t  o f  

i n t e r e s t ,  b i o l o g i c a l  a c t i v i t y  d e t e r m i n a t i o n s  a r e  o f t e n  t h e  

p r i m a r y  means o f  c o n f i r m a t i o n  t h a t  a d i a g n o s t i c  r e a c t i o n  h a s  

t a k e n  p lace .  The method used f o r  m o d i f i c a t i o n  must  f u l f i l l  

c e r t a i n  c o n d i t i o n s  v i z :  (1) t h e  r e a c t i o n  must  p r o c e e d  u n d e r  

f a i r l y  m i l d  c o n d i t i o n s  o f  pH and t e m p e r a t u r e ,  o t h e r r i s e  t h e  

b i o l o g i c a l  m o l e c u l e  may b e  decomposed, ( 2 )  t h e  r e a c t i o n  

s h o u l d  t a k e  p l a c e  i n  aqueous medium, p a r t i c u l a r l y  i f  l a r g e  

t e r t i a r y  s t r u c t u r e s  a r e  i n v o l v e d ,  ( 3 )  t h e  y i e l d  f r o m  t h e  

r e a c t i o n  mus t  b e  v e r y  h i g h  t o  a v o i d  t h e  need for s e p a r a t i n g  

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

w i l l  be  i n d e c i s i v e ,  ( 4 )  t h e  r e a c t a n t s  must  be  e a s i l y  removed, 

or  b e  n o n - t o x i c  u n d e r  t h e  c o n d i t i o n s  o f  assay ,  ( 5 )  t h e  r e a c t i o n  

s h o u l d  b e  r e v e r s i b l e  u n d e r  m i l d  c o n d i t i o n s  so t h a t  a c t i v i t y  

l o s t  on  m o d i f i c a t i o n  c a n  b e  r e g e n e r a t e d ,  t h u s  p r o v i n g  t h a t  

t h e  m o d i f i c a t i o n  d i d  o c c u r  and t h e r e b y  p r o v i d i n g  t h e  d i a g n o s i s .  

t - B u t y l a r i d o f o r m a t e  i s  a r e a g e n t  w h i c h  f u l f i l l s  t h e s e  r e q u i r e -  

ments. S i n c e  i t  i s  a l s o  o f t e n  d e s i r a b l e  t o  f o l l o r  t h e  c o u r s e  
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o f  a m o d i f i e d  m o l e c u l e  i n  a b i o l o g i c a l  s y s t e m  e.g., by  a u t o -  

r a d i o g r a p h y ,  a t r a c e r  i s  necessa ry .  

The v a r i o u s  r e q u i r e m e n t s ,  and t h e  f a c t  t h a t  use  o f  a v a i l a b l e  

f l u o r e s c e n t  r e a q e n t s  such  a s  d a n s y l  c h l o r i d e  and l a b e l l e d  

r e a g e n t s  such  a s  l - f l u o r 0 - 2 , 4 - d i n i t r o b e n z e n e - ~ H  d o  n0.t p e r m i t  

r e m o v a l  o f  t h e  d e r i v a t i s i n g  g r o u p ,  p rompted  us  t o  i n v e s t i g a t e  

and e s t a b l i s h  a method f o r  t h e  s y n t h e s i s  o f  l a b e l l e d  t - b u t y l a z i d o -  

fo r l aa te .  T h e r e f o r e ,  a method o f  s y n t h e s i s  o f  t - ( b ~ t y l - ~ H ) - a z i d o -  

f o r m a t e  i s  d e s c r i b e d  i n  t h i s  paper .  T h e  r e a c t i o n  scheme i s  shown 

i n  F i g u r e  1. An a d a p t e d  v e r s i o n  o f  t h e  s y n t h e t i c  r o u t e  t o  t h e  

u n l a b e l l e d  compound ( 1 - 3 )  has been employed. 
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F i s u r e  1 R E A C T I O N  SCHEf lE  

t - ( B u t ~ l - ~ H  ) - p h e n y l c a r b o n a t e  

t - S u t y l  a l c o h o l  [lJ (121111) p u r i f i e d  by  r e - d i s t i l l a t i o n ,  was 

exchanged w i t h  t r i t i u m  gas ( 7 C i )  a t  t h e  R a d i o c h e m i c a l  C e n t r e ,  

Amersham, u s i n g  t h e  U l i l z b a c h  t e c h n i q u e .  T r i t i u m  i n c o r p o r a t e d  

i n t o  t h e  h y d r o x y l  g r o u p  was exchanged f o r  h y d r o g e n  by  t r e a t m e n t  

iu i th  w a t e r  t o  g i v e  t - ( b ~ t y l - ~ H ) - a l c o h o l  (app rox .  l C i / m o l e ) .  

t - ( b u t y l - ’ H  ) - a l c o h o l  ( 3 m l )  was d i l u t e d  w i t h  t - b u t y l a l c o h o l  ( 7 7 m l ) ,  

The 
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and q u i n o l i n e  (98ml) and d i c h l o r o m e t h a n e  ( 1 2 5 m l )  were added. 

The m i x t u r e  was s t i r r e d  a t  40'C and p h e n y l c h l o r o f o r m a t e  [ 2 j  

( 1 0 0 m l )  was added d r o p w i s e  o v e r  f o u r  h o u r s  d u r i n g  w h i c h  t h e  

t e m p e r a t u r e  was m a i n t a i n e d  a t  40-41'C. The s o l u t i o n  was t h e n  

a l l o w e d  t o  s t a n d  a t  25'C f o r  24 h o u r s ,  a f t e r  w h i c h  d i s t i l l e d  

w a t e r  ( 1 5 0 m l )  was added t o  d i s s o l v e  t h e  p r e c i p i t a t e d  s a l t .  The 

o r g a n i c  l a y e r  was washed w i t h  d i s t i l l e d  w a t e r  (4 x 1 0 0 m l ) ,  5% w/v 

h y d r o c h l o r i c  a c i d  ( 4  x 100ml )  and f i n a l l y  w i t h  d i s t i l l e d  w a t e r  

(2001711 l o t s )  u n t i l  t h e  wash ings  were  n e u t r a l .  The o r g a n i c  l i q u i d  

was t h e n  d r i e d  w i t h  anhyd rous  sod ium s u l p h a t e  and f i l t e r e d  o f f  i n  

a c l o s e d  system. The s o l v e n t  was removed by  d i s t i l l a t i o n  i n  a 

c l o s e d  system, and t h e  r e m a i n i n g  p r o d u c t  p u r i f i e d  by  d i s t i l l a t i o n  

under  r e d u c e d  p r e s s u r e  (b.p. 120-124'C a t  1.0 mm. Hg; y i e l d  

109.19 = 66.1%). I n f r a r e d  s p e c t r o s c o p y  o f  t h e  p r o d u c t  c o n f i r m e d  

i t  t o  be  t - ( b ~ t y l - ~ H ) - p h e n y l c a r b o n a t e  [5]. 

5 t - ( B u t y l -  H I - c a r b a z a t e  

64% v /v  H y d r a z i n e  h y d r a t e  s o l u t i o n  ( 5 9 9 )  was added t o  

t - ( b ~ t y l - ~ H ) - p h e n y l c a r b o n a t e  (109q) ,  and t h e  m i x t u r e  was s t i r r e d  

and h e a t e d  t o  96'C. A f t e r  10 m i n  a t  t h i s  t e m p e r a t u r e ,  t h e  

m i x t u r e  was a l l o w e d  t o  c o o l  t o  25'C, and uas  m a i n t a i n e d  a t  t h i s  

t e m p e r a t u r e  f o r  a f u r t h e r  24 h o u r s  w i t h  c o n t i n u a l  s t i r r i n g .  

E t h e r  (300011) was t h e n  added and t h e  e t h e r e a l  s o l u t i o n  shaken  u e l l  

w i t h  sod ium h y d r o x i d e  s o l u t i o n  (309 i n  l O O m l  o f  w a t e r ) .  The 

m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  for 24 h o u r s  i n  a c o n t i n u o u s  

e x t r a c t o r ,  and t h e  e t h e r  was s u b s e q u e n t l y  removed by  d i s t i l l a t i o n  

w i t h  t h e  u s u a l  p r e c a u t i o n s .  The r e m a i n i n g  p r o d u c t  we8 p u r i f i e d  

by  d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  (b.p. 80-82'C a t  1.0 m . m .  

Hg; y i e l d  72.89 = 98.5%). I n f r a r e d  s p e c t r o s c o p y  o f  t h e  p r o d u c t  

c o n f i r m e d  i t  t o  be  t - ( b ~ t y l - ~ H ) - c a r b a z a t e  [4 ] .  
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3 
t - ( E u t y l -  H ) -az ido fo rma te  

t - ( E ~ t y l - ~ H ) - c a r b a z a t e  (72.89) was d i s s o l v e d  i n  r e d i s t i l l e d  

g l a c i a l  a c e t i c  a c i d i ( 6 8 m l )  and d i s t i l l e d  wa te r  (961111). The 

m i x t u r e  was coo led  i n  an i c e - s a l t  b a t h  t o  -5'C and a s o l u t i o n  o f  

sodium n i t r i t e  tuas added t o  t h e  v i g o r o u s l y  s t i r r e d  s o l u t i o n  over  

a p e r i o d  o f  one hour ;  t h e  tempera tu re  was n o t  a l l o w e d  t o  r i s e  

above -5%. D i s t i l l e d  wa te r  (1251111) was t h e n  added and t h e  

s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  ( 6  x 50ml). The e t h e r  l a y e r  

was washed w i t h  d i s t i l l e d  wa te r  (3 x 50ml)  and 0.1 M sodium 

b i c a r b o n a t e  ( 3  x l O O r n l ) ,  d r i e d  over  magnesium su lpha te ,  and 

f i l t e r e d  o f f  i n  a c l o s e d  system. The e t h e r  was d i s t i l l e d  o f f  

a t  O'C, 4 m.m Hg and t h e  r e m a i n i n g  p r o d u c t  was d i s t i l l e d  a t  room 

temperature,  i n  a c l o s e d  system, u s i n g  a t r a p  immersed i n  s o l i d  

ca rbond iox ide -ace tone  as a condenser (b.p. 20'C a t  1.0 m . m .  Hg; 

y i e l d  57.49 = 72.9%). I n f r a r e d  spec t roscopy  o f  t h e  p a l e  y e l l o w  

p r o d u c t  con f f rmed  i t  t o  be t-(b~tyl-~H)-azidoformate [5]. 

s p e c i f i c  a c t i v i t y  o f  t h e  t - ( b u t y l -  H ) - a r i d o f o r m a t e  was de te rm ined  

u s i n g  an I n t e r t e c h n i q u e  L i q u i d  S c i n t i l l a t i o n  spec t romete r  SL40 

and b u t y l  PEO [2-(41-t-butylphenyl)-5-@Q-biphenyl)-l,3,4 o x a d i a z o l a ]  

i n  t o l u e n e  as a l i q u i d  s c i n t i l l a t o r  (366 mCi/mole). 

The 
5 

Uhen t h e  d i d z o t i s a t i o n  o f  t h e  t - b u t y l a z i d o f o r m a t e  i s  c a r r i e d  

ou t ,  i t  is e s s e n t i a l  t o  keep t h e  tempera tu re  a t  t h e  v a l u e  s t a t e d ,  

E l e v a t i o n  o f  t h e  tempera tu re  r e s u l t s  i n  e x t e n s i v e  f o r m a t i o n  o f  

u n d e s i r a b l e  s ide -p roduc ts  which a r e  da rk  brown o r  black.  S e v e r a l  

l a b o r a t o r i e s  have commented on t h e  e x p l o s i v e  c h a r a c t e r  o f  t - b u t y l -  

a z i d o f o r m a t e  when d i s t i l l e d  under reduced p r e s s u r e  a t  75'C. 

U t i l i s a t i o n  o f  t h e  carbon d iox ide -ace tone  b a t h  and t r a p  as condens- 

i n g  system avoided t h e  use o f  h i g h  temperature,  and no problem was 
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e n c o u n t e d  i n  o b t a i n i n g  t h e  p u r e  p r o d u c t .  C l e a r l y  h i g h e r  

s p e c i f i c  a c t i v i t i e s  o f  t - ( b ~ ~ t y l - ~ H ) - a z i d o f o r r n a t . e  may b e  o b t a i n e d  

u s i n g  i n i t i a l l y  h i g h e r  s p e c i f i c  a c t i v i t i e s  o f  t - ( b ~ t y l - ~ H ) - a l c o h o l .  
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