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1. INTRODUCTION AND SCOPE 

Compounds bear ing  an azo group ad jacent  t o  non-benzenoid carbon-carbon 

double bonds a re  c u r r e n t l y  c a l l e d  con jugated  azoalkenes o r  azoo le f i ns .  

Compounds i n  which t h e  azo group i s  con jugated  w i t h  n e l e c t r o n s  o f  aromat ic 

carbon-carbon double bonds, e.g. t h e  ary lazo t ropo lones , '  w i  11 be n o t  

i nc luded  i n  t h e  present  review, even i f  some chemical p r o p e r t i e s  o f  these 

l a t t e r  compounds are  r e l a t e d  t o  those o f  con jugated  azoalkenes. I t  i s  

e s p e c i a l l y  d u r i n g  t h e  l a s t  twenty  yea rs  t h a t  t h e  chemis t r y  o f  con jugated  

azoalkenes has been more w i d e l y  i n v e s t i g a t e d .  I n  f a c t ,  w i t h  excep t ion  o f  a 

few very  e a r l y  papers,' most o f  these d e r i v a t i v e s  have been r e c e n t l y  

syn thes ized and s tud ied .  Conjugated azoalkenes deserve much more a t t e n t i o n  

i n  v iew o f  t h e i r  chemical p o t e n t i a l .  T h i s  rev iew dea ls  w i t h  t h e  progress  

r e a l i z e d ,  d u r i n g  t h e  p e r i o d  mentioned above, on t h e  i n v e s t i g a t i o n s  

concern ing  t h e  p repara t i on ,  s t r u c t u r e ,  chemical and physico-chemical  

p r o p e r t i e s  o f  t h e  t i t l e  compounds. 

2. GENERAL CONSIDERATIONS 

I n  every respec t ,  con jugated  a z o o l e f i n s  1 (see Scheme 1 )  can be 
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ATTANASI AND CAGLIOTI 

c o n s i d e r e d  p a r t  o f  t h e  g r e a t  f a m i l y  o f  h y d r a z i n e  d e r i v a t i v e s .  Based on  t h e  

t y p e  o f  t h e  s u b s t i t u e n t  on  t h e  azo g r o u p  R ( s e e  Scheme 11, a r i s i n g  f r o m  4 

v 3  
4 

R -C=C-N=N-R 
1 

k2 

1 2 

Scheme 1 

t h e  s t a r t i n g  h y d r a z i n e ,  mos t  o f  t h e  a z o a l k e n e  d e r i v a t i v e s  now s y n t h e s i z e d  

can  be c l a s s i f i e d  and named as shown i n  Table 1. 

Table 1. C l a s s e s  o f  C o n j u g a t e d  Azoa lkene  D e r i v a t i v e s  (Scheme 1 ) .  

Name 

A1 k y l  a z o a l  kenes 
% 
A1 k y l  

Aryl a Aryl a z o a l  kenes 
b 

SO Aryl 

C02A1 k y l  

CON< Ami  n o c a r b o n y l  a z o a l  kenes 

COAryl A r o y l  a z o a l  kenes 

H e t e r o c y c l e  H e t e r o c y c l i c a z o a l k e n e s  

When a r y l  i s  p h e n y l ,  azoa lkenes  a r e  commonly named p h e n y l a z o a l k e n e s .  

When a r y l  i s p-CH3C6H4, a z o a l  kenes a r e  commonly named t o s y l  a z o a l  kenes.  

A r y l s u l f o n y l a z o a l  kenes 

A1 k o x y c a r b o n y l  a z o a l  kenes 
2 

a 

I n  p r i n c i p l e ,  t h e  C=C-N=N h e t e r o d i e n e  sys tem of c o n j u g a t e d  a z o a l k e n e s  

e x h i b i t s  a r e a c t i v i t y  ana logous  t o  t h a t  o f  o t h e r  c o n j u g a t e d  d o u b l e  bonds. 

The c h e m i s t r y  of t h e s e  compounds i s  c l o s e l y  r e l a t e d  t o  t h a t  o f  

n i t r o s o o l e f i n s  2 ( s e e  Scheme 1 )  .3 However, t h e  mos t  i m p o r t a n t  

c h a r a c t e r i s t i c  showed b y  c o n j u g a t e d  a z o o l e f i n s  i s  a s c r i b a b l e  t o  t h e  
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CONJUGATED AZOALKENES . A REVIEW 

a c t i v a t i n g  e f f e c t  o f  t h e  azo group on t h e  o l e f i n i c  double bond. Th is  

a c t i v a t i n g  e f f e c t  f a c i l i t a t e s  n u c l e o p h i l i c  a t t a c k  on t h e  carbon atom by 

nuc leoph i l es  o f  many types, p r o v i d i n g  a v a r i e t y  o f  a d d i t i o n  and 

c y c l o a d d i t i o n  r e a c t i o n s  on t h e  double bonds. By these r e a c t i o n s ,  va r ious  

C - f u n c t i o n a l i z a t i o n s  and i n t e r e s t i n g  h e t e r o c y c l i c  compounds have been 

ob ta ined.  

3. PHYSICO-CHEMICAL PROPERTIES AND STRUCTURE 
Conjugated azoalkenes a re  i n t e n s e l y  c o l o r e d  (orange, red ,  amaranth o r  

v i o l e t )  p roduc ts  and can e x i s t  as o i l s ,  gums o r  c r y s t a l s .  Oi ly and gummy 

m a t e r i a l s  a re  i n  general  l e s s  s t a b l e  than those which are  c r y s t a l l i n e  and 

tend  t o  decompose a t  temperatures h ighe r  than ambient temperature and 

r e q u i r e  s to rage i n  t h e  r e f r i g e r a t o r  ( -20 " )  i n  s o l u t i o n  o r  as pure  produc ts  

under a n i t r o g e n  atmosphere sh ie lded  f rom l i g h t ;  under these c o n d i t i o n s ,  no 

apprec iab le  decomposi t ion was observed f o r  some weeks. The c r y s t a l l i n e  

d e r i v a t i v e s  are  u s u a l l y  q u i t e  s t a b l e  p roduc ts  and can be s t o r e d  f o r  years.  

The physico-chemical  and spec t roscop ic  c h a r a c t e r i s t i c s  o f  con jugated  

a z o o l e f i n s  have been r e p o r t e d  i n  many of t h e  papers mentioned below, b u t  we 

would l i k e  t o  c a l l  a t t e n t i o n  t o  some e s p e c i a l l y  impor tan t  ones here. For  

example, t h e  convers ion  o f  hydrazones i n t o  r e 1  a ted  con jugated  azoal  kenes 

can be determined by I R  spectroscopy. I n  f a c t ,  t h e  peak i n  t h e  r e g i o n  

3200-3400 cm-l ass ignab le  t o  t h e  NH group o f  hydrazones disappears i n  

azoalkenes, w h i l e  t h e  band i n  t h e  r e g i o n  1600-1690 cm-l a t t r i b u t a b l e  t o  t h e  

C=N group o f  hydrazones s h i f t s  t o  lower f requency (1520-1640 cm-'1, 

ass ignab le  t o  t h e  con jugated  azo-ene system o f  azoalkenes. I n  a d d i t i o n ,  a 

f u r t h e r  peak a t  about 1450 cm-l appears f o r  azoalkene d e r i v a t i v e s ,  due t o  

t h e  N=N group.4 The s te reochemis t ry  o f  t h e  azo-ene system has been 

e l u c i d a t e d  by 'H-NMR s p e c t r o ~ c o p y . ~  The pure  isomers have a l s o  been 

separated by chromatography and/or c r y s t a l l i z a t i ~ n s , ~ ' ~  and sub jec ted  t o  

photo isomer iza t ion .8  I n  some cases, t h e  mass spectra' and X-ray c r y s t a l  

s t r u c t u r e  o f  con jugated  azoalkenes have been discussed i n  d e t a i l .  
6 
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ATTANASI AND CAGLIOTI 

4. METHODS FOR THE SYNTHESIS OF CONJUGATED AZOALKENES 

The s y n t h e s i s  and m a n i p u l a t i o n  o f  c o n j u g a t e d  a z o o l e f i n s  sometimes 

p r e s e n t  some p r a c t i c a l  d i f f i c u l t i e s ,  m a i n l y  because o f  t h e i r  v a r y i n g  

s t a b i l i t y  and r e a c t i v i t y .  These p r o p e r t i e s  u s u a l l y  r e q u i r e  o p t i m i z a t i o n  o f  

s u i t a b l e  s t r a t e g i e s  f o r  p r e p a r a t i o n ,  i s o l a t i o n  and s t o r a g e  ( s e e  s e c t i o n  3 ) .  

C o n j u g a t e d  a z o a l k e n e s  a r e  c u r r e n t l y  p r e p a r e d  f r o m  t h e  p a r e n t  hyd razone  

d e r i v a t i v e s  b y  1 , 4 - e l i m i n a t i o n  o f  a good l e a v i n g  g r o u p  ( f r e q u e n t l y  C1-, 

B r  , RC02 , Py and sometimes RSO RS02  , OH , F 1 on  t h e  c a r b o n  atom a- 

t o  t h e  C=N g roup .  T h i s  e l i m i n a t i o n  has f r e q u e n t l y  been c a r r i e d  o u t  b y  

t r e a t m e n t  o f  a p p r o p r i a t e  hyd razone  d e r i v a t i v e s  w i t h  base. C o n j u g a t e d  

a z o a l k e n e s  have been a l s o  o b t a i n e d  b y  o t h e r  r e a c t i o n s  t h a t  i n  many cases  

a r e  o f  even  more s p e c i f i c  p r e p a r a t i v e  i n t e r e s t  t h a n  t h o s e  m e n t i o n e d  above. 

- - - - - -  
3 ’  

a. 1 , 4 - E l i r n i n a t i o n  

Two d i f f e r e n t  s t r a t e g i e s  have  been d e m o n s t r a t e d  t o  b e  e f f i c i e n t  f o r  

t h e  s u c c e s s f u l  p r e p a r a t i o n  o f  c o n j u g a t e d  azoa lkenes .  I n  some p r o c e d u r e s ,  

t h e  l e a v i n g  g r o u p  ( X I  i s  a t t a c h e d  t o  t h e  c a r b o n  atom a d j a c e n t  t o  t h e  

c a r b o n y l  g r o u p  f r o m  w h i c h  t h e  p a r e n t  hyd razone  d e r i v a t i v e  i s  g e n e r a t e d ,  as 

shown i n  t h e  g e n e r a l  Scheme 2. 

X = C1, B r ,  OCOR, OSO R, F 

Scheme 2 

2 

Thus, some o f  us  r e p o r t e d  t h e  s y n t h e s i s  o f  some a r y l a z o -  and 

t o s y l a z o a l k e n e s  f r o m  t h e  r e s p e c t i v e  a-bromo- and a - a c e t o x y h y d r a z o n e  

d e r i v a t i v e s .  Subsequen t l y ,  s e v e r a l  o t h e r  a r y l -  and 

a r y l s u l f o n y l a z o a l k e n e s ,  i n v o l v i n g  v a r i o u s  a r y l -  and a r y l s u l f o n y l h y d r a z i n e s ,  

and d i f f e r e n t  a - h a l o -  and a - a c e t o x y k e t o n e s  o r  a ldehydes ,  have been p r e p a r e d  

R - c h l o r o -  and by  some m o d i f i c a t i o n s  o f  t h i s  method. 6,7,14-24 Likewise, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



CONJUGATED AZOALKENES . A REVIEW 

O,O-dichloro-azoalkenes have been produced f r o m  t h e  a ,a -d i ch lo ro -  and 

U,a,a-trichlorohydrazones, r e s p e c t i v e l y .  2 0 y 2 5 - 2 8  0 -F luo roazoo le f i ns  have 
29,30 

been formed i n  l i k e  fash ion  f rom a ,a-d i f luorohydrazones.  

a-Chloroaldehyde and a -ch lo roke tone  methylhydrazones p rov ided  t h e  

cor respond ing  a l i p h a t i c  azoalkenes, 31-33 which have been ob ta ined  a l s o  by 

Z e l e n i n  e t  a1 . 34-39 S t e r o i d a l  -bromophenyl hydrazones a f f o r d e d  t h e  re1  a ted  

a ,0 -unsatura ted  azos te ro ids .  12’40-45 The p r e p a r a t i o n  o f  a r y l  azoglycenosides 

f r o m  t h e  cor respond ing  a-aceta te ,  a-benzoate and a - t o s y l a t e  carbohydra te  

a ry lhydrazones has been descr ibed.  46-51 a-Chloroami nocarbonyl  hydrazones and 

a - c h l o r o a l  koxycarbonyl  hydrazones y i e l d e d  aminocarbonyl azoal  kenes and 

a1 koxycarbonyl  azoal  kenes, r e s p e c t i v e l y ,  2 0 y 2 5 ’  2 6 y  52-58 whi 1 e a - c h l  o r o a r o y l -  

hydrazones r e c e n t l y  gave new aroy lazoa lkenes .  
59 

I n  o t h e r  procedures,  t h e  l e a v i n g  group ( X I  i s  i n t r o d u c e d  on t h e  carbon 

atom ad jacen t  t o  t h e  hydrazono group o f  t h e  hydrazone d e r i v a t i v e ,  as shown 

i n  t h e  genera l  Scheme 3. 

73 R3 73 y3 
4 

R -CH-C=O + R -NH-NH - R - C H - ~ = N - N H - R  - R - ~ - c = N - ~ - R  - R  -c=c-N=N-R 
’ h  4 1 4 1 ’  

R2 H lcc 2 R2 
4 

2 

X = Br,  Py, OCOR, OSO R, SO R 

Scheme 3 

2 2 

Ary lazoa lkenes  have been ob ta ined  by p r e l i m i n a r y  convers ion  o f  ke tones  

and a-ch lo roketones  t o  t h e i r  a - p y r i d i n i u m  s a l t s  f o l l o w e d  by a l k a l i n e  

t rea tmen t  o f  t h e  pa ren t  hydrazone d e r i v a t i v e s .  

o f  phenyl azoglycenosides by acy l  a t i o n  and subsequent deace ty l  a t i o n  o f  sugar 

phenyl hydrazones have been observed. 73  Ros in i  e t  a l .  i s o l a t e d  

tosy lazoa lkenes  by r e a c t i o n  o f  tosy lhydrazones w i t h  phenyl t r imethylammonium 

t r i b r o m i d e  f o l l o w e d  by bas i c  t rea tmen t  i n   sit^.^^ Some h e t e r o ~ y c l i c ~ ~  and 

phosphorus a ~ o a l k e n e s ~ ~  have been syn thes ized i n  analogous fash ion .  I n  a 

few cases t o s y l  o r  t o s y l a t e  groups have been used as l e a v i n g  groups i n  t h e  

p r e p a r a t i o n  o f  phenylazoalkenes by t h e  1 , 4 - e l i m i n a t i o n  process. 

4,32,33,60-72 The formation 

9,77 
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ATTANASI AND CAGLIOTI 

Conjugated phenylazocyclohexen-3-ones have been ob ta ined  by r e a c t i o n  

of 1,3-d icarbony l  compounds w i t h  an excess of phenyl  hyd raz i  ne, 78 whi 1 e 

2-nitro-2-(arylazo)vinyl e t h y l  e t h e r s  arose by t rea tmen t  o f  t h e  r e s p e c t i v e  

a r y l  hydrazones w i t h  t r i e t h y l  ~ r t h o f o r m a t e . ~ ’  The p r e p a r a t i o n  of con jugated  

a l k y l - ,  a r y l - ,  and a r y l s u l f o n y l a z o d i e n e s  by 1,6-dehydrohalogenat ion o f  t h e  

pa ren t  a,R-unsaturated-y-halosteroidal hydrazones ment ions m e r i t  o f  t h i s  

r o u t e .  
43,80 

b. Opening of Epoxide 

The t rea tmen t  of a,B-epoxyketones w i t h  hydraz ines  i n i t i a l l y  produced 

t h e  cor respond ing  a,R-epoxyhydrazones, and then  a-hydroxyazoalkenes by 

opening of t h e  epoxy r i n g ,  as shown i n  t h e  genera l  Scheme 4 (see a l s o  

s e c t i o n  5d).  81 y 8 2  Ary lazog lycenos ides  have been a l s o  syn thes i zed  by t h i s  

method. 
83 

I \  0 0 PH 
5 

R - C - q - C = O  + R -NH-NH - R - R -F-F=F-N=N-R 5 
R2R3R4 

I I  5 2 
R2R3K4 

Scheme 4 

c. Other Methods 

8-Ch loro-  and R ,R-d i ch lo ro -a ry l  azoal  kenes r e a d i l y  undergo con juga te  

a d d i t i o n - e l i m i n a t i o n  r e a c t i o n s  w i t h  amines o r  t h iopheno l  i n  sodium 

hyd rox ide  t o  g i v e  new azoalkenes. 20 ’25 ’27 ’28 Perac id  o x i d a t i o n  o f  

a,R-unsaturated a l i p h a t i c  azo compounds has r e s u l t e d  i n  t h e  f o r m a t i o n  of 

t h e  cor respond ing  a,R-unsaturated a l i p h a t i c  azoxy compounds.84 O x i d a t i o n  of 

a,R-unsaturated monoal k y l  hydrazones and b i  s - a r y l  hydrazones w i t h  1 ead 

t e t r a a c e t a t e  has been used i n  t h e  genera t i on  o f  con jugated  a l ky lazoa lkenes  

and b i  s - a r y l  azoal kenes , r e s p e c t i v e l y .  85y86 1-Phenylazo- and 

1-phenylsulfonylazo-3-0x0-1-cyclohexenes, analogous t o  t h e  compounds 

mentioned above,78 have been ob ta ined  by t rea tmen t  o f  1,3-cyclohexanediones 

w i t h  t h e  pa ren t  hyd raz ine  d e r i v a t i v e s .  87-89 Aryl azoal  kenes have been a1 so 
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CONJUGATED AZOALKENES. A REVIEW 

formed by t h e  W i t t i g  r e a c t i o n  o f  aldehydes w i t h  

arylazomethylenetriphenylphosphoranes, generated i n  s i  t u  f rom t h e  

cor respond ing  p e r c h l o r a t e  sa l t s . ”  2,2-Diamino-l-nitro-l-arylazoolefins 

have been generated f rom t h e  t rea tment  o f  t h e  cor respond ing  

2,2-diamino-1 -ni  t r o o l e f i n s  w i th  a r y l d i  azoniurn chlor ide. ’ l  a-Ketohydrazones 

repea ted ly  sa tu ra ted  w i t h  NH, gave 2-ami noazoal kenes, t h a t  can be reached 

a l s o  f rom r e a c t i o n  o f  enamin:s and phenyldiazonium ~ h l o r i d e . ’ ~  Conjugated 

azoalkenes have been f r e q u e n t l y  de tec ted  o r  p o s t u l a t e d  as i n te rmed ia tes  i n  

severa l  r e a c t i o n s  i n v o l v i n g  hydraz ine  d e r i v a t i v e s ,  e s p e c i a l l y  i n  t h e  
3,29,40,42-45,93-128 

cherni s t r y  o f  osazones. 

5 .  REACTIVITY OF CONJUGATED AZOALKENES 

As we w i l l  see, some s t u d i e s  on t h e  chemical p r o p e r t i e s  o f  con jugated  

azoalkenes are  concerned w i t h  t h e  i somer i c  behav io r  o f  these compounds. I n  

o t h e r  works, va r ious  chemical t rea tmen ts  ( i  .e., o x i d a t i v e ,  thermal,  

s o l v o l y t i c ,  l i gh t - i nduced ,  a c i d i c  o r  b a s i c )  o f  con jugated  a z o o l e f i n s  have 

been examined i n  d e t a i l .  However, t h e  a d d i t i o n  and c y c l o a d d i t i o n  o f  

d i f f e r e n t  reagents t o  t h e  1,3-double bond system o f  t h e  t i t l e  compounds no 

doubt remain t h e  most i n t e r e s t i n g  r e a c t i o n s  o f  these d e r i v a t i v e s ,  

e s p e c i a l l y  f rom t h e  s y n t h e t i c  p o i n t  o f  view. 

a. Isomerism 

Azo-hydrazo tautomerism o f  con jugated  a z o o l e f i n s  has been i n v e s t i g a t e d  
61,129,130,131 Similar 

93,94, 

96,979 1049 105 9 107, 1089 11 2 11 4 s  11 6 As briefly discussed in the section on 

under d i f f e r e n t  c o n d i t i o n s  (see Scheme 5). 

tautomerism has been o c c a s i o n a l l y  revea led  f o r  t h e  osazone chemis t ry .  

physico-chemical  p r o p e r t i e s  and s t r u c t u r e s ,  t h e  conformat iona l  isomerism o f  

con jugated  azoal  kenes has been e l u c i d a t e d  by ’H-NMR spectroscopy .5 I n  some 

cases, t h e  pure  isomers have been i s o l a t e d ,  6 9 7  sub jec ted  t o  

pho to i  somer i za t i onY8  and t h e i r  c r y s t a l  s t r u c t u r e s  determined by means o f  

X-ray d i f f r a c t i o n  s tud ies .6  S t e r e o s p e c i f i c  and s t e r e o s e l e c t i v e  behav io r  i n  

t h e  r e a c t i o n s  of a z o o l e f i n s  has been f r e q u e n t l y  de tec ted .  E s p e c i a l l y  i n  t h e  
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ATTANASI AND CAGLIOTI 

1,4-conjugate additions of nucleophiles to the azo-ene system, - syn and - anti 

hydrazone derivatives have been often observed. 

Scheme 5 

b. Addition Reactions 

As stated above, the C=C-N=N heterodiene system smoothly undergoes 

1,4-conjugate addition with a wide range o f  nucleophiles, giving the 

corresponding hydrazone derivatives, as shown in the general Scheme 6. 

These 1,4-additions resulted in the functionalization of the carbon atom 

adjacent to the hydrazono group, and this appears to be of great interest 

in view o f  the easy regeneration of the parent carbonyl compounds from the 

hydrazone derivatives with one o f  the procedures recently reported in the 

by 53,68-70,72,119,122,126,132,133 Thus, literature for such purposes. 

combining these reactions, new and widely substituted carbonyl compounds 

may now become readily available. 

Y = OR(Ar), SR(Ar), SO Ar, SeAr, NHNHAr, CH(C0 R) S03Na, CH(CNJ2, 2 2 2’ 
Cti( CN )C02R, CNHCOR(C02R)2, N3, OCOR(Ar), NHAc, CH2N02, O(CH2)20Me, 

CHAc2, R(Ar), H (D), NH (ND), NHR(At-1, NR2, SAC, SCSPh, OH, 

Scheme 6 CH2SOMe 2 

Some o f  us studied the spontaneous 1,4-conjugate addition of 

phenylhydrazine, alcohols, thiophenol and - p-toluenesulfinic acid to some 

phenyl - and tosyl azoal kenes. O-’ 2 y 1  29 Later, other authors reported 

analogous 1,4-additions in which azoalkenes were treated with alcohols, 
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CONJUGATED AZOALKENES. A REVIEW 

th iopheno 

nuc leoph i  

behav io r  

s, benzeneselenol, and a c t i v a t e d  methylene compounds as 

i n  t h e  a d d i t i o n s  o f  a l coho ls ,  phenol and water  t o  
134,135 

pheny lazos t i l bene  have been observed i n  t h e  presence o f  meta l  i ons .  

A l i p h a t i c  and aromat ic  amines have been added t o  t h e  con jugated  azo-ene 

system o f  a z o o l e f i n s  w i t h  o r  w i t h o u t  meta l  i ons ,  

- syn- and - a n t i  -hydrazone d e r i v a t i v e s  f rom which i ndo le-2-carboxy l  i c  e s t e r s  
53 

have been ob ta ined,  a f t e r  r e g e n e r a t i o n  o f  t h e  pa ren t  carbony l  compounds. 

The f o r m a t i o n  o f  phenyl  hyd raz ino  phenyl  hydrazones or osazones have been 

a1 so observed u s i n g  phenyl  hyd raz i  ne o r  i t s  d e r i v a t i v e s  as 
nuc leoph i  l e s .  O ’  19 ’  29 ’40y43’459 71 ’ l1 O Y  ’’ Pyrazo les  have been syn thes i  zed 

60,79,136,137 affording 

f rom con jugated  f l uo roazoa lkenes  t r e a t e d  w i t h  pheny lhydraz ine  i n  excess, 

o r  by d i r e c t  r e a c t i o n  o f  p o l y f l u o r o c a r b o n y l  compounds and pheny lhydraz ine  
29,120,121,125 The i n excess via i ntermedi a t e  f 1 uoroazoal  kenes. 

s t e r e o s p e c i f i c  r e a c t i o n s  o f  con jugated  a ry lazocyc loa l kenes  w i t h  a romat ic  

and a1 i p h a t i c  Gr igna rd  reagents  have been e x t e n s i v e l y  

i n v e s t i g a t e d .  66’68-70 Analogous p roduc ts  can be syn thes ized by r e a c t i o n  o f  
119,122,132 t o s y l  azoo le f  i ns w i t h  1 i t h i  um d i  a1 k y l -  o r  d i  a r y l c u p r a t e s .  

Methoxide and az ide  i ons ,  ammonia and amines, a c e t i c  ac id ,  metal  hyd r ides  

and deu te r ides ,  n i t romethane, 2-methoxyethoxide, methylmagnesium i o d i d e ,  

water,  s u l f u r  nuc leoph i l es ,  and t h e  e n o l a t e  d e r i v e d  f rom acety lace tone 

have each been shown t o  add t o  a ry lazog lycenos ides  w i t h  some d i f f e r e n c e s  

i n  t h e i r  r e l a t i v e  r e a c t i v i t y  and s te reochemis t r y .  47-51 ’83 Besides t h e  

1 ,4 -add i t i on ,  a ry lazog lycenos ides  e x h i b i t e d  t h e  1 ,2 -add i t i on  o f  

d imethy lsu l foxon ium methy l i de  across t h e  carbon-carbon double bond o f  t h e  

azoalkene, a f f o r d i n g  p y r a z o l i n e  o r  c y c l o p r o p y l  d e r i v a t i v e s ,  r e s p e c t i v e l y ,  

i n  bo th  cases a f t e r  l o s s  o f  d ime thy l  s u l f o x i d e . 4 7 ~ 1 3 8 y 1 3 9  O-Chloro- and 

O,R-dichloro-arylazoalkenes may e a s i l y  undergo sequen t ia l  con juga te  

a d d i t i o n - e l i m i n a t i o n  r e a c t i o n  l e a d i n g  t o  new azoalkenes (see s e c t i o n  3c)  

and then  a f u r t h e r  1,4-conjugate a d d i t i o n  t o  g i v e  hydrazone 

I n  t h e  same way, O-f luoroazoalkenes r e a c t e d  i n  d e r i v a t i v e s .  

e thano l  c o n t a i n i n g  hydrogen c h l o r i d e  t o  y i e l d  t h e  r e l a t e d  1,2-diketone 

25,27,28 
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ATTANASI AND CAGLIOTT 

140 monohydrazones. 

The nucleophi 1 i c attack by activated methyl ene compounds containing 

adjacent ketonic carbonyl groups on the heterodiene system of the 

conjugated azoalkene determines the preliminary formation of the 

1,4-adduct. This addition may be followed by an intramolecular 

condensation producing interesting heterocycles. In principle, both 

nitrogen atoms of the hydrazone derivative resulting from the addition 

mentioned above may be operative in this intramolecular condensation 

process, providing five-membered or six-membered heterocycles. The latter 

compounds, of course, are relatively unstable and suffer easy air 

oxidation to pyridazines. Thus, 

of dihydropyridazines62 that ma 
54,141 

to be 1-aminopyrroles, by 
143,144 study. 

Based on these findings, a 

1 arge number of 1 -ami nopyrro 

some early authors reported the synthesis 

e recent investigations have demonstrated 

means of 13C-NMR142 and X-ray diffraction 

synthetic strategy capable of providing a 

e derivatives by reaction of reactive 

methylene compounds (1,3-diketones, 1,3-ketoesters, 1,3-ketoamides, 

1,3-ketosulfones) with various conjugated azoalkenes has been recently 

developed, as shown in Scheme 7. In a rather different way for each case, 

N-NH-R, 
F 

5 R -N=N-T=CH-R + R -CH -CO-R - R -NH-N=F-C~-FH-CO-R 
R2 R2 R4 

1 3 4 2  5 1 

R =Ar, SO Ar, CO R, CONH CONHPh, COAr, heterocycle, PO(OR12, P(PhI2 1 2 2 2’ 
R2, R3, R5=alkyl, aryl, COOR, COOAr 

R =COR(Ar), COOR(Ar), CONH2, CONHR(Ar), CONR2, S02R(Ar) 

Scheme 7 

4 

many of these reactions have frequently been observed to take place more 

satisfactorily under copper( 11) ion catalysis. This direct preparative 
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CONJUGATED AZOALKENES. A REVIEW 

procedure o f  1 -aminopyr ro le  d e r i v a t i v e s ,  bea r ing  v a r i o u s  f u n c t i o n a l  groups 

b o t h  a t  t h e  carbon atoms o f  t h e  p y r r o l e  r i n g  and, e s p e c i a l l y ,  on t h e  amino 

group l i n k e d  t o  t h e  n i t r o g e n  heteroatom, once aga in  demonstrated con jugated  

a z o o l e f i n s  t o  be power fu l  i n t e r m e d i a t e s  i n  o rgan ic  syn thes i s .  I n  f a c t ,  t h e  

aforement ioned p y r r o l e s  appear n o t  t o  be smoothly syn thes ized by any o t h e r  

been produced by  ( 3 t 2 )  c y c l o a d d i t i o n  r e a c t i o n s  o f  o l e f i n s  t o  t h e  

1,3-heterodiene system o f  con jugated  azoalkenes (see s e c t i o n  5c) .  

The 1 ,4-add i t ions  t o  g i v e  compounds w i t h  hydroxy and methyl  groups on 

t h e  carbon and n i t r o g e n  atoms, r e s p e c t i v e l y ,  have been performed by 

t r e a t i n g  s p e c i a l  a r y l a z o i n d o l i n e s  i n  water  and d ime thy l  s u l f a t e  w i t h  sodium 

hyd rox ide  (see Scheme 8 ) .  
152 

3 
- Ar-y-N=;H-CH-R 

3 Me R2 dH 
Ar -N=N-C=CH-R 

% 
Scheme 8 

T h i a z o l i n e s  have been manufactured f rom t h e  r e a c t i o n  o f  some 

O-aminoazoolef ins w i t h  a-mercaptoaldehydes, l i k e l y  - v i a  p r e l i m i n a r y  

1 ,4 -add i t i on  o f  these l a t t e r  reagents  t o  t h e  azo-ene system, and then  by 

i n t e r n a l  condensat ion  (As inge r - t ype ) ,  e.g. 2,5-dihydro-Z-methyl-a-phenyl- 

hydrazono-2- th i  a z o l e a c e t i c  a c i d  methyl  e s t e r  by r e a c t i o n  o f  

3-anino-2-phenylazo-2-butenoic a c i d  methyl  e s t e r  w i t h  t h e  dimer o f  

mercaptoacetaldehyde (1 ,4 -d i th ian -2 ,5 -d io l ) ,  as r e p o r t e d  i n  Scheme 9. 92 

NH 
Me-b=\-N=N-Ph t 2 HSCH2CH0 

C02Me :02 Me 

Scheme 9 

1,6-Conjugated a d d i t i o n  o f  methanol t o  3 - a r y l  su fony lazo-  

cho les ta-3 ,5-d ienes  y i e l d e d  t h e  cor respond ing  6-methoxy-4-ene-3-aryl-  

su l fony lhydrazones (see Scheme 10).  153 
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ATTANASI AND CAGLIOTI 

OMe 

Scheme 10 

c.  Cycloadditions 

The 1,3-heterodiene system of the title compounds reacts readily with 

dienophiles and heterodienophiles of many types. With some exceptions, in 

the vast majority of the cases these reactions occurred in Diels-Alder 

fashion, producing tetrahydropyridazine derivatives (see the general Scheme 

11) .  

R -N=N-$=CH-R + X = Y  1 3 
R2 

Scheme 11 

In the absence of dienophiles, some conjugated azoalkenes are able to 
participate in (4+2)  cycloadditions in both heterodiene and dienophile 

roles, providing tetrahydropyridazine derivatives different from those 

mentioned above (see the general Scheme 12) .  

3 2 R -N=N-$=CH-R 1 
R2 . .  

R 3  

Scheme 12 
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CONJUGATED AZOAT,KEXFS. A REVIEW 

I n  some cases, (3+2) c y c l o a d d i t i o n s  between t h e  C = C - N  system o f  

con jugated  a z o o l e f i n s  and C=C bonds have been shown t o  be accompanied by 

(4+2 1 c y c l  oaddi t i  ons , g i  v i  ng f i ve-membered ( p y r r o l  e t ype  he te rocyc les  ( see 

t h e  general  Scheme 13; see a l s o  s e c t i o n  5b) .  There a re  examples i n  which 

bo th  (4+2) and (3+2) cyc loadducts  a re  formed and o the rs  i n  which one o r  t h e  

o the r  t ype  o f  cyc loadduct  i s  formed p r e v a l e n t l y .  I n  f a c t ,  these r e a c t i o n s  

appear t o  be near t h e  b o r d e r l i n e  between t h e  m o d a l i t i e s  o f  (4+2) and (3+2) 

c y c l o a d d i t i o n .  Some authors  recogn ized two d i s t i n c t  c lasses  o f  

c y c l o a d d i t i o n s  o f  a z o o l e f i n s :  t h e  case i n  which e l e c t r o n - r i c h  a z o o l e f i n s  

o p e r a t i n g  as e l e c t r o n  donors r e a c t  w i t h  e l e c t r o n - d e f i c i e n t  o l e f i n s  

o p e r a t i n g  as e l e c t r o n  acceptors,  and t h e  case i n  which t h e  donor-acceptor 

r e l a t i o n s h i p  i s  reversed. However, t h e  main f a c t o r  which d i s c r i m i n a t e s  t h e  

m o d a l i t i e s  o f  r e a c t i o n  seems t o  be r e l a t e d  t o  t h e  a b i l i t y  o f  t h e  

s u b s t i t u e n t s  on t h e  n u c l e o p h i l i c  o l e f i n s  t o  depress t h e  concer ted  

he tero- (4+2)  c y c l o a d d i t i o n s  i n  D i e l s - A l d e r  f a s h i o n  and encourage stepwise 

(3+2) c y c l o a d d i t i o n s  th rough h i g h l y  unsymmetrical t r a n s i t i o n  s t a t e s .  

\ /  

R -N=N-F=CH-R + ,C=C, 
1 3 

R2 

Scheme 13 

Less o f t e n ,  (2+21 c y c l o a d d i t i o n s  between t h e  N=N bond o f  t h e  

con jugated  azo-ene system and C = C  bond have been de tec ted  concomitant w i t h  

( 4 + 2 )  c y c l o a d d i t i o n s ,  a f f o r d i n g  four-membered he te rocyc les  (see t h e  general  

Scheme 1 4 ) .  
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A T T A N A S I  AND C A G L I O T I  

Scheme 14 

Thus, some of us found that the reaction of certain Conjugated 

aryl azocyclohexenes with tetracyanoethyl ene and N-phenyl ma1 eimi de gave the 

corresponding tetrahydropyridazine derivatives by ( 4 + 2 )  cycloaddi tion (see 

Scheme 1 5 ) .  13 

\ /  

Ar-N=N 0 + ,c=c, - 

Scheme 15 

Consistent with these general considerations and the good ability of 

the tosyl unit to behave as a good leaving group, the reaction of 

tosylazocyclohexene with various dienophiles (maleic anhydride, 

N-phenylmaleimide, methacrylonitrile, methyl methacri late, ethyl 

methyl enemalonate, ci traconic anhydride) yielded pyrazol ines by ( 3 4  

cycloaddition with migration of tosyl group and spirocyclopropanes (see 

Scheme 1 6 ) .  154-157 

Scheme 16 

For the reasons mentioned above, conjugated azoalkenes and 

O-chloroazoalkenes frequently undergo competing ( 4 + 2 )  and (3+2) 
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CONJUGATED AZOALKENES. A REVIEW 

c y c l o a d d i t i o n  w i t h  e l e c t r o n - r i c h  dienes ( fu ran ,  2,5-dimethyl furan, 

cyc lopentad iene,  2,3-dimethylbutadiene, 6,6-dimethyl fuIvene, l -metho- 

xy-3-trimethylsilyloxy-1,3-butadiene) and o l e f i n s  (cyclopentene, indene, 

e t h y l  v i n y l  e the r ,  2-methoxypropene, a-methoxystyrene, 2,3-di hydro furan ,  

4,5-dihydro-2-methylfuran, 2-methyl -1-pyrrolidin-1-ylpropene, 1,3-di-  

me thy l i ndo le ,  N-methyltetrahydrocarbazole), a f f o r d i n g  t e t r a h y d r o -  

py r idaz ines ,  o r  d i h y d r o p y r r o l e s  and p y r r o l e s ,  as shown i n  t h e  general  

Schemes 11 and 13, r e s p e c t i v e l y .  ,20% 25 9 26, 28 s i  mi 1 a r l y ,  va r ious  

t e t r a h y d r o p y r i d a z i  ne d e r i v a t i v e s  have been syn thes ized by Die1 s -A lder  

a d d i t i o n  o f  azoalkenes w i t h  a wide v a r i e t y  o f  d ienoph i l es  ( a c r y l o n i t r i l e ,  

methyl  a c r y l a t e ,  methyl  v i n y l  ketone, ma le i c  anhydride, d imethy l  fumarate,  

maleimide, enol  e the rs ) ,  as p i c t u r e d  i n  t h e  general  Scheme 

11. 34-39,128,158,159 

Ary lazog lycenos ides  formed t e t r a h y d r o -  and d ihyd ropy r idaz ines  by 

( 4 t 2 )  c y c l o a d d i t i o n  o f  o l e f i n i c  ( a c r y l o n i t r i l e  and methyl  a c r y l a t e )  and 

a c e t y l e n i c  (d ime thy lace ty lene  d i c a r b o x y l a t e )  d ienoph i l es ,  r e s p e c t i v e l y .  

138’139 Tet rahydropyr idaz ines  have been ob ta ined  i n  t h e  D i e l s - A l d e r  

d i m e r i z a t i o n  o f  con jugated  azoalkenes, i n  which they  behave bo th  as 
4,16,17,20,65,67, 

he terod ienes  subs t ra tes  and carbon-carbon d ienoph i l es .  

llo’ll 5 3 1  18y160-162 Azoal kenes reac ted  w i t h  dienophi  l e s ,  N - s u l f  i n y l o x i d e s  

and azodicarbonyl  compounds by ( 4 t 2 )  c y c l o a d d i t i o n  t o  a f f o r d  

t e t r a h y d r o p y r i d a z i  nes, t h i  a t r i  a z i  nes ( 3 )  and t e t r a z i  nes (41, r e s p e c t i v e l y  

(see Scheme 1 7 ) .  52,32,33 

R H  

RP YR 
\ NS*0 

N 
N 

I 
R 

N N 
\N/ ‘CO-R 

I 
R 

3 4 

Scheme 17 
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ATTANASI AND CAGLIOTI 

Some of the structures, originally proposed for the products of the 

reaction of azoal kenes wi th enami nes, 163 have since been modified and 

demonstrated to be pyrroles rather than pyridazines, evolving from (3t2) 

rather than (4t2) c y ~ l o a d d i t i o n . ~ ~ ’ ~ ~  In addition to (4t2) cycloaddition, 

diphenyl ketenes underwent the ( 2 t 2 )  process, as represented in the general 
18 

Scheme 14, providing dihydropyridazinone and diazetidinone, respectively. 

Fluoreneth one and its S-oxide underwent ( 4 t 2 )  cycloadditions with 

azoalkenes leading to the formation o f  thiadiazines (see Scheme 18). 7 

‘c=SO t R -N=N-C=CH-R 1 ‘ 3  
R2 R’ 

Scheme 18 

(4t2) Cycloaddition (McCormack-type) of phosphorus derivatives to the 

1,3-heterodiene system of conjugated azoolefins gave new five-membered 

heterocycles containing the P-N-N linkage, e.g. 1 ,Z-diaza-3,5-phospholene 

3-oxide by reaction of phenylazoalkenes with phenyldichlorophosphine (see 

Scheme 1 9 ) .  164-170 Diazomethane showed cycloaddition across the 

carbon-carbon double bond of arylazoglycenosides, producing first a 

dihydropyrazole ring, and then a second derivative of the same type by 

thermal extrusion of nitrogen followed by internal rearrangement. 139 

Scheme 19 

316 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



CONJUGATEP AZOALKENES.  A REVIEW 

d.  Other Reactions 

Decomposi t ion r e a c t i o n s  of some t o s y l  azoalkenes have been i n t e n s i v e l y  

i n v e s t i g a t e d  under o x i d a t i v e ,  thermal ,  s o l v o l y t i c ,  l i g h t - i n d u c e d ,  a c i d i c  

and bas i c  cond i  t i  ons . 
r e a c t i o n s  o f  t h i s  t y p e  t h a t  have been s tud ied ,  t h e  Eschenmoser 

f ragmen ta t i on  r e a c t i o n  p resen ts  g r e a t e s t  i n t e r e s t  because o f  i t s  use fu lness  

f rom t h e  p r e p a r a t i v e  p o i n t  o f  view. Genera l l y ,  by t h i s  r e a c t i o n  i t  i s  

p o s s i b l e  t o  o b t a i n  bo th  ace ty lene  and carbony l  d e r i v a t i v e s  f rom 

a,R-unsaturated ca rbony l  compounds - v i a  t h e i r  r e l a t e d  a,R-epoxyketones. T h i s  

procedure has been d i r e c t l y  a p p l i e d  t o  t h e  cor respond ing  a,B-epoxyketone 

tosy lhydrazone d e r i v a t i v e s .  Conjugated a-hydroxytosylazoalkenes have been 

demonstrated t o  be t h e  r e a c t i o n  i n te rmed ia tes ,  as p i c t u r e d  i n  t h e  general  

Scheme 20 (see a l s o  s e c t i o n  4b).  

12,14,15,87,106,111,171 "owever, among all t h e  

98,99,101,102,109,124 

0 
, \  

0 
f ,  

4 
R - $ - ~ = F - N = N - T s  - R -c=o t R -c-C-R 

3 
2 

R2R3R4 l h  

Scheme 20 

Coord ina t i on  complexes o f  t r a n s i t i o n  metal  i o n s  c o n t a i n i n g  as l i g a n d s  

con jugated  azoal  kenes and exh i  b i t i n g  c o o r d i n a t i o n  th rough  a n i  t rogen-meta l  

bond have a l s o  been Imidazo les  and t r i a z i n e s  have been 

prepared by cyc locondensat ion  o f  some 2,2-diamino-l-nitro-l-arylazoethylene 

d e r i  v a t i  ves w i  t h  homo1 ogous acy l  ha1 i d e s  . 91 Phenyl azo f  1 uo roo l  e f  i ns have 

been r e a c t e d  w i t h  CsF t o  g i v e  C -  o r  N - a l k y l a t i o n ,  depending on t h e  

a t t a c k i n g  s ~ b s t a n c e . ~ '  N-(a-Chlorobenzylidenel-N'-aryl hydraz ines  t h a t  

rep resen t  ve ry  i m p o r t a n t  i ntermedi a tes  i n  t h e  chemi s t r y  o f  1 , 3-d i  p o l  a r  

c y c l o a d d i t i o n s  have been i s o l a t e d  i n  h i g h  y i e l d s  by r e a c t i o n  o f  
21,22 a r y l  azoal  kenes w i t h  copper(  I I) c h l o r i d e  i n  acetone (see Scheme 21 1. 
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ATTANASI AND CAGLIOTI 

acetone 
0" 

* Ph-$=N-NH-Ar 
c1 

Ph-CH=$-N=N-Ar + CuCl .2H 0 
2 2  

Ph 

Scheme 21 

CONCLUSION 

I n  t h i s  rev iew  we have at tempted t o  b r i n g  f o r t h  t h e  most s i g n i f i c a n t  

p rogress  r e a l i z e d  i n  t h e  syn thes i s  and chemical r e a c t i o n s  o f  con jugated  

azoalkenes w i t h i n  t h e  pas t  twenty  years .  Emphasis was p laced on 

r e p r e s e n t a t i v e  m a t e r i a l  pub1 i shed  on t h e  p r e p a r a t i o n  o f  new azoal  kene 

d e r i v a t i v e s ,  as w e l l  as on t h e  l y 4 - a d d i t i o n s ,  (3+2)  and (4t2) 

c y c l o a d d i t i o n s  o f  these compounds. As can be seen f rom t h e  works c i t e d ,  

con jugated  a z o o l e f i n s  a l l o w  v a r i o u s  f u n c t i o n a l i z a t i o n s  o f  t h e  carbon atom 

ad jacent  t o  t h e  carbony l  mo ie ty  and are  e s p e c i a l l y  u s e f u l  f o r  t h e  

c o n s t r u c t i o n  o f  many types  o f  i n t e r e s t i n g  f i v e -  and six-membered 

he te rocyc les ,  such as v a r i o u s l y  s u b s t i t u t e d  p y r r o l e  and p y r i d a z i n e  r i n g s .  

These impor tan t  s y n t h e t i c  o b j e c t i v e s  appear n o t  t o  be r e a d i l y  achieved by 

o t h e r  methods. I n  a d d i t i o n ,  many o f  t h e  s t r u c t u r e s  d e r i v e d  f rom t h e  t i t l e  

compounds can p r o f i t a b l y  be used i n  t h e  syn thes i s  o f  n a t u r a l ,  

pharmaceut ical ,  and phytopharmaceut ical  p roduc ts .  I n  our  op in ion ,  t h e  

des ign  o f  new con jugated  azoalkenes and t h e  s tudy  o f  t h e i r  r e a c t i v i t y  seem 

t o  rep resen t  a power fu l  chemical t h e s i s ,  w e l l  deserv ing  more i n t e n s e  

i n v e s t i g a t i o n s ,  assu r ing  f u t u r e  chemical advances. 

Acknowledgments. - T h i s  work was supported by f i n a n c i a l  ass i s tance  f rom 
t h e  C o n s i g l i o  Nazionale d e l l e  R icerche (CNR - Rome). The au thors  
g r a t e f u l l y  acknowledge Pro f .  J.-P. Anselme ( U n i v e r s i t y  o f  Massachusetts a t  
Boston) and Pro f .  M. J .  Hearn (We l les ley  Co l l ege )  f o r  t h e i r  h e l p f u l  
suggest ions i n  t h i s  work. 
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