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1

HISTORICAL

1
C u r t i u s ,  i n  1883 p r e p a r e d  th e  f i r s t  a l i p h a t i c  d i a z o  

compound, e t h y l  d i a z o a c e t a t e ,  b y  t h e  a c t i o n  o f  p o t a s s i u m  

n i t r i t e  on t h e  h y d r o c h l o r i d e  o f  e t h y l  g l y c i n e .

T h is  r e a c t i o n  i n i t i a t e d  a  g r e a t  d e a l  o f  w ork on a l i p h a t i c
2

d i a z o  com pounds, w i t h  Von Pechmann d i s c o v e r i n g  t h e  s i m p l e s t  

member o f  t h i s  c l a s s  o f  com pounds, d i a z o m e th a n e ,  i n  1 8 9 4 .  The 

c l a s s  i s  c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  o f  t h e  g r o u p :

T h e se  a l i p h a t i c  d i a z o  compounds d i f f e r  f ro m  a r o m a t ic  

d ia z o n iu m  compounds i n  c o n s t i t u t i o n ,  and  r e s e m b le  them o n ly  

i n  a  v e r y  few  r e a c t i o n s .  They form  no s t a b l e  s a l t s  w i t h  a c i d s  

an d  b a s e s .  H ow ever, a  s tu d y  o f  i n t e r m e d i a t e s  i n  t h e  f o r m a t i o n  

o f  d ia z o m e th a n e  i n d i c a t e s  t h a t  t h e s e  i n t e r m e d i a t e s  may be

a n a lo g o u s  t o  t h e  a r o m a t i c  d i a z o t a t e s .  H a n tz s c h  and  Lehmann 

w ere a b l e  t o  i s o l a t e  a t  low  t e m p e r a t u r e s  a  w h i t e  p o t a s s i u m  

s a l t  w h ic h  g av e  d ia z o m e th a n e  a n d  p o t a s s iu m  h y d r o x id e  upo n  

w arm in g . A n a l y s i s  o f  t h e  s a l t  i n d i c a t e d  a  f o r m u la ,  

CH3 -N=H-0K*Ha 0 .  I f  p o t a s s i u m  e t h y l a t e  i n  e t h y l  a l c o h o l  i s  

u s e d ,  t h e  c o r r e s p o n d i n g  a l c o h o l a t e  i s  i s o l a t e d .  I n  t h e  d e ­

c o m p o s i t i o n  o f  t h e  a l c o h o l a t e ,  two modes o f  d e c o m p o s i t i o n  a r e  

e v i d e n t :

HCl*NHa -CHa COaE t  + KNOa NaHC-COaE t  + KOI + 2Ha 0

( - ) ( + )
- e -  ^C-N=N 

/ * »  *<

3

CHa Na + KOH + ROH

CH3 0R + KOH + Na
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2

The mode o f  d e c o m p o s i t i o n  i n v o l v i n g  t h e  l o s s  o f  n i t r o g e n  i s  

e x a c t l y  p a r a l l e l e d  by  t h e  d e c o m p o s i t i o n  o f  an  a r o m a t i c  d i -  

a z o t a t e  i n  th e  p r e s e n c e  o f  a n  a l c o h o l ,  w i t h  t h e  f o r m a t i o n  o f  

an  e t h e r  an d  n i t r o g e n .

The n o m e n c la tu r e  o f  compounds c o n t a i n i n g  t h e  a l i p h a t i c  

d i a z o  g ro u p  h a s  n o t  b e e n  s t a n d a r d i z e d  and  c a r e  m u s t  b e  e x e r ­

c i s e d  i n  s e a r c h i n g  th e  l i t e r a t u r e .  The s im p le  d i a z o a l k a n e s  

o f f e r  no d i f f i c u l t y ,  b u t  m ore  com plex  d e r i v a t i v e s  t e n d  e i t h e r  

t o  h av e  a  v a r i e t y  o f  n am es ,  o r  t h e  same name w i l l  b e  a p p l i e d  

t o  two o r  m ore  d i f f e r e n t  t y p e s  o f  com pounds. The te rm  

" d i a z o e s t e r  o r  d i a z o a c e t i c  e s t e r "  i s  g e n e r a l l y  a p p l i e d  t o  

s u c h  compounds a s  m e th y l  d i a z o a c e t a t e  and  w i l l  b e  so  u s e d  by 

t h i s  a u t h o r .  However t h e  te rm  " d i a z o e s t e r "  h a s  b e e n  a p p l i e d  

t o  compounds h a v i n g  t h e  s t r u c t u r e ,  R-C0S-N=N-CH2 R f . T hose  

d i a z o  compounds w h ic h  h a v e  two c a r b o n y l  f u n c t i o n s  a l p h a  t o  

t h e  d i a z o  g ro u p  may h a v e  a v a r i e t y  o f  n a m e s .  I n  t h e  o l d e r  

l i t e r a t u r e  t h e  te rm  " d i a z o  o x i d e " ,  " d i a z o a n h y d r i d e " o r  " f u r o -  

d i a z o l e "  i s  o f t e n  u s e d  b e c a u s e  o f  t h e  b e l i e f  t h a t  t h e s e  

compounds c o n t a i n e d  a  new r i n g  s y s t e m .  C h em ica l  A b s t r a c t s  

a c c e p t s  t h e  name 1 , 2 , 3 - o x a d i a z o l e  f o r  t h i s  r i n g  s y s te m .  The

te rm  " d i a z o a n h y d r i d e "  h a s  a l s o  b e e n  a p p l i e d  t o  compounds
56

h a v in g  t h e  f o l l o w i n g  s t r u c t u r e s :

T h e re  a r e  t h r e e  r a t h e r  g e n e r a l  m e th o d s  f o r  t h e

R e p ro d u c e d  with p e rm iss ion  of th e  copyright owner. F u r th e r  rep roduction  prohibited without permiss ion .
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p r e p a r a t i o n  o f  a l i p h a t i c  d i a z o  com pounds. The f i r s t  m e th o d

may be  c o n s i d e r e d  a s  t h e  d e c o m p o s i t i o n  o f  N - n i t r o s o  compounds

w i t h  c o n c e n t r a t e d  a l k a l i .  The 'p r e c u r s o r  o f  t h e  n i t r o s o
2  4

compound may be a  s u b s t i t u t e d  u r e t h a n e ,  a  s u b s t i t u t e d  u r e a ,

o r  a n  a d d i t i o n  compound o f  t h e  p r im a r y  am ine  w i t h  m e s i t y l  
5 ,6

o x i d e .  The l a t t e r  m o d i f i c a t i o n  i s  c a p a b l e  o f  w id e  a p p l i ­

c a t i o n .  D ia z o  h y d r o c a r b o n s  up  t o  C8 h a v e  b e e n  made by  t h i s  

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

th e  c a r b o n  c h a i n  i n c r e a s e s .  T h is  g e n e r a l  m e th o d  i s  u s e d  

commonly f o r  t h e  p r e p a r a t i o n  o f  d i a z o m e th a n e .

The s e c o n d  g e n e r a l  m e th o d  i s  o f  m ore  l i m i t e d  a p p l i c a t i o n .  

W hereas t h e  m a j o r i t y  o f  p r im a r y  a l i p h a t i c  am in es  r e a c t  w i t h  

n i t r o u s  a c i d  t o  g i v e  n i t r o g e n  and  an a l c o h o l ,  a  c e r t a i n  number 

o f  am in es  i n  w h ic h  t h e r e  i s  a  " n e g a t i v e "  o r  e l e c t r o n  w i t h ­

d ra w in g  g ro u p  i n  t h e  a l p h a  p o s i t i o n  to  t h e  am ino g ro u p  g i v e  

an  a l i p h a t i c  d i a z o  com pound. The m o s t  i m p o r t a n t  e x am p les  a r e  

t h e  OC -am in o  a c i d  e s t e r s ,  cC -a m in o  n i t r i l e s ,  an d  compounds 

s u c h  a s  OC - a m in o a c e to p h e n o n e .  T h is  m e th o d  i s  a p p l i e d  commonly 

f o r  t h e  p r e p a r a t i o n  o f  m e th y l  a n d  e t h y l  d i a z o a c e t a t e .

The t h i r d  m e th o d  i n v o l v e s  t h e  o x i d a t i o n  o f  t h e  h y d ra z o n e s

o f  a ld e h y d e s  an d  k e t o n e s  w i t h  m e t a l l i c  o x id e s  s u c h  a s  m e r c u r i c
30

or  s i l v e r  o x i d e .  T h i s  m e th o d  i s  v a l u a b l e  f o r  d i a z o  compounds 

c o n t a i n i n g  a r o m a t i c  h y d r o c a r b o n  r e s i d u e s .  F o r  e x a m p le ,  

d i p h e n y ld i a z o m e th a n e  i s  p r e p a r e d  fro m  b e n z o p h e n o n e  by  t h i s  

m e th o d .

I n  p h y s i c a l  p r o p e r t i e s ,  a n d  i n  s t a b i l i t y  to w a rd  a c i d s  

and  h e a t ,  t h e  a l i p h a t i c  d i a z o  compounds v a r y  w i d e l y .  I t  may 

be  s a i d  i n  g e n e r a l  t h a t  t h o s e  d i a z o  compounds w i t h  a
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4

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

u n s t a b l e ,  t h o s e  d i a z o  compounds w i t h  one c a r b o n y l  i n  t h e  a l p h a

p o s i t i o n  a r e  y e l l o w  and  m ore s t a b l e ,  w h i l e  t h o s e  w i t h  two s u c h
8

g r o u p s  a r e  a l m o s t  c o l o r l e s s  and  q u i t e  s t a b l e .  T h is  l a t t e r  

c l a s s  i s  so  s t a b l e  t h a t  i t  h a s  b e e n  th o u g h t  t o  h av e  a  d i f f e r ­

e n t  c o n s t i t u t i o n .  W o lf f  p r o p o s e d  t h a t  t h e s e  compounds s h o u ld  

be  c a l l e d  " d i a z o a n h y d r i d e s ", an d  t h a t  t h e i r  s t r u c t u r e  c a n  be

r e p r e s e n t e d  b v  a 1 , 2 , 3 - o x a d i a z o l e  s y s te m  i n s t e a d  o f  b y  an
20

open  c h a i n  f o r m u l a t i o n .  He b a s e d  h i s  t h e o r y  u p o n  t h e  f a c t  

t h a t  s im p le  d i a z o  compounds a r e  r e d u c e d  t o  h y d r a z o n e s  o r  m ore 

h i g h l y  r e d u c e d  p r o d u c t s  w i t h  h y d ro g e n  s u l f i d e ,  w h i l e  " d i a z o ­

a n h y d r i d e s "  g av e  t h i a d i a z o l e s  a s  r e d u c t i o n  p r o d u c t s .

H3S
NaHC-C0aE t  ------------- >- H2 N-N=CH-C03E t

0 Ha Ha S S
R-C-C-C02E t  ------------- >“ R-C = (5-C03E t

A t p r e s e n t  i t  seems t h a t  W o l f f ’ s c o n c l u s i o n  i s  r a t h e r
7

d i f f i c u l t  t o  s u b s t a n t i a t e .  S t a u d i n g e r  h a s  shown, a t  l e a s t  

f o r  some o f  W o l f f ’ s d i a z o a n h y d r i d e s ,  t h a t  i n  t h e  p r e s e n c e  o f  

sod ium  e t h o x i d e  t h e s e  d i a z o a n h y d r i d e s  a r e  decom posed  i n  a  

m anner  s i m i l a r  t o  t h a t  s h o r n  b y  D ieckm ann f o r  a l l  d i s u b s t i ­

t u t e d  (3 - k e t o n i c  e s t e r s .

0 Na NaOEt
R-C-C-C0aR ’  RC0a Na + N3 HC-C03 R ’

A ls o  w i t h  a n  u n s y m m e t r i c a l  d i a z o  d i k e t o n e ,  t h e  a c t i o n  o f  

h y d ro g e n  s u l f i d e  r e s u l t s  i n  two i s o m e r i c  t h i a d i a z o l e s ,  b e ­

c a u s e  t h e  r i n g  may be  c l o s e d  w i t h  e i t h e r  c a r b o n y l  g r o u p .
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The two c o r r e s p o n d i n g  i s o m e r i c  o x a d i a z o l e s  h a v e  n e v e r  b e e n  

i s o l a t e d ,  and  t h e  one d i a z o  d i k e t o n e  y i e l d s  b o t h  t h i a d i a z o l e s .

0 No 0 S WO O N  S
R -S -C -C -R ’ H2 S. R-C = 6 -C-R* an d  R -C - 6  = 6 -R»

I t  m ig h t  be  e x p e c t e d  t h a t  i f  t h e  1 , 2 , 3 - o x a d i a z o l e

s y s te m  c o u l d  e x i s t ,  i t  w o u ld  be s t a b i l i z e d  i n  t h e  fo rm  o f  th e

b e n z - l , 2 , 3 - o x a d i a z o l e ,  o r  t h e  n a p h t h o - 2 » ,1 , 2 , 3 - o x a d i a z o l e ,
♦

b e c a u s e  o f  t h e  known s t a b i l i t y  o f  p h e n o l s  i n  t h e  e n o l i c  r a t h e r  

t h a n  th e  k e t o n i c  fo rm .  T h e se  compounds h a v e  b e e n  e x t e n s i v e l y  

N=N N=N

s t u d i e d  b y  v a r i o u s  w o r k e r s ,  b u t  i n  no  c a s e  h a s  t h e  1 , 2 , 3 -

o x a d i a z o l e  r i n g  s y s te m  b e e n  d e m o n s t r a t e d  u n e q u i v o c a l l y .
22

R a t h e r ,  a s  H odgson and M arsd en  p o i n t  o u t  i n  t h e i r  r e v i e w  

a r t i c l e  on t h e  p ro b le m ,  a l l  p r e s e n t  e v id e n c e  p o i n t s  t o  th e  

c o n c l u s i o n  t h a t  " d i a z o a n h y d r i d e s " a r e  r e s o n a n c e  h y b r i d s .

The d i a z o a c e t i c  e s t e r s ,  w i t h  -which th e  p r e s e n t  t h e s i s  

i s  c o n c e r n e d ,  a r e  v e r y  v o l a t i l e ,  y e l l o w  c o l o r e d  l i q u i d s  w i t h  

a  p e c u l i a r  o d o r .  They d i s t i l l  w i t h o u t  d e c o m p o s i t i o n  w i t h  

s te a m ,  o r  u n d e r  r e d u c e d  p r e s s u r e .  They \ r e  s l i g h t l y  s o l u b l e  

i n  w a t e r ,  b u t  m i s c i b l e  w i th  a l c o h o l  an d  e u h e r .  D i l u t e  aq u eo u s  

a l k a l i  w i l l  h y d r o ly z e  t h e  e s t e r  w i t h  t h e  f o r m a t i o n  o f  t h e  s a l t  

o f  t h e  d i a z o  a c i d .  E t h y l  d i a z o a c e t a t e  e x p lo d e s  v i o l e n t l y  

when b r o u g h t  i n t o  c o n t a c t  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d .

A t t e m p e r a t u r e s  n e a r  i t s  b o i l i n g  p o i n t ,  o r  a t  room t e m p e r a t u r e  

i n  t h e  p r e s e n c e  o f  c o p p e r  s u l f a t e ,  i t  deco m p o ses  t o  g i v e
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23e t h y l  f u m a r a t e  and  n i t r o g e n .  C o n c e n t r a t e d  ammonia c o n ­

v e r t s  t h e  e s t e r  to  d i a z o a c e t a m i d e .

The d i a z o a c e t i c  e s t e r s  r e a c t  i n  a g r e a t  v a r i e t y  o f  w ay s , 

w i t h  o r  w i t h o u t  t h e  l o s s  o f  n i t r o g e n .  S i n c e  d i a z o a c e t i c  

e s t e r s  a r e  r e s o n a n c e  h y b r i d s ,  i n  w h ic h  f o u r  e l e c t r o n i c  

s t r u c t u r e s  make c o n t r i b u t i o n s ,  t h e  r e a c t i o n s  o f  t h e  e s t e r s  

may b e  a c c o u n t e d  f o r  on t h e  b a s i s  o f  one o r  m ore  o f  th e  

f o l l o w i n g  e l e c t r o n i c  s t r u c t u r e s :

OCH3 9CH3 och3
0=6 0=C 0=C

I .. .. ^ I  . .  I
HC-N=N: HC=N=W: HC-Ne N :
( + ) ( - )  ( + ) ( -■)  ( - ) ( + )

( l a )  V  ( I c )

.. 9CHs
1 :0 -C

■ '  II
HC-N=N:

( +  )

( I d )

The r e a c t i o n  o f  w a t e r ,  a c i d s ,  a n d  h a l o g e n s  w i t h  t h e  

d i a z o  e s t e r s  r e s u l t s  i n  l o s s  o f  n i t r o g e n .

ROa C-CHNa + HOH ---- >- R0s C-CHs 0H

ROa C-CHNs + HX  R03 C-CR3X

ROa C-CHN2 + Xa  ROa C-CHXa

The r e a c t i o n  o f  d i a z o a c e t i c  e s t e r s  w i t h  a l d e h y d e s  a n d  k e t o n e s  

i s  c o m p le x ,  a n d  t h e  p r o d u c t  i s o l a t e d  d e p e n d s  u p o n  t h e  c a r b o n y l  

compound u s e d .  (3 - K e t o e s t e r s , e t h y l e n e  o x id e  d e r i v a t i v e s ,  a n d  

e v e n  e t h e r s  may be p r o d u c e d .  D i a z o a c e t i c  e s t e r s  w i l l  a d d  a t  

an  e t h y l e n e  o r  a c e t y l e n e  l i n k  t o  g i v e  p y r a z o l i n e ,  p y r a z o l e ,  

o r  c y c lo p r o p a n e  d e r i v a t i v e s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



1

CH-COaMe
MeOa C-CHNa + || ---- MeOa C-CH—CH-COaMe

CH-COaMe CH-COsMe

iA
MeOoC-CE—CH-COaMe 

\ /  
GH-COaMe

L e s s e r  known a r e  t h e  r e a c t i o n s  o f  d i a z o a c e t i c  e s t e r  i n
17

w h ich  th e  d i a z o  g ro u p  i s  l e f t  i n t a c t .  A c y l a t i o n ,  a r o y l a -  
17  28 

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

c a r r i e d  o u t .

r 0  9
MeOa C-CHNa + X-C-R ---- *- MeOa C- 6  -C-R

2MeOa C-CHNa + HgO — MeOa C-CNa

Hg

MeOa C-CNa

T hese  l a t t e r  r e a c t i o n s  a r e  r a t h e r  w e l l  known w i t h  d i a z o ­

m e th a n e ,  b u t  h a v e  n o t  b e e n  e x t e n s i v e l y  s t u d i e d  w i t h  d i a z o ­

a c e t i c  e s t e r s .

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
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G r a p h i c a l  Summary

Roman n u m e r a l s  acco m p a n y in g  th e  compounds c o r r e s p o n d  

t o  t h o s e  u s e d  i n  t h e  d i s c u s s i o n  a n d  e x p e r i m e n t a l  s e c t i o n s .  

The n o t a t i o n  "Ra" w i l l  b e  u s e d  f o r  t h e  d i a z o  g r o u p i n g .

HC1*H2N-CH2 -C 0 2CH3 M O y  NaCH-C03CH3
H2 S04 b ro m id e

( I )

A TiT ATT NH3 *HC1 -----   0  N s  ^ ----- v OH i
< ^ ~ V > - C - 6 - C 0 3 CH3 S g p d / Q  ̂ < C  ) > - 6 H - C H - C 0 3 CH3 NHg

— €  'H C\4fjV\C\ A o  * -C14-70^H0Ac x ^  E t s

( I I )  ( H I )

1 .  RaOH
2 .  HC1

OH RHa------------------------------------------- ------- OH RHS
;N ^-CH -CH -CO aCH a 1 » ^aOH -GH-OH-COaH

2 • HC1

(IV ) (V)

0  n 2
. y -C -C -C 0 2 CH3 A l /H g ,  H2 0 Compound A + Compound B

C1 7 H3 o0 6 ( o i l )E t 20
(V I) (V II )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W


