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F U R A Z ' A N S  

Kenneth L. S t u a r t  ------ ----- ------ ----- 
Chemis t ry  Depar tment .  U n i v e r s i t y  of t h e  Ves t  1 n d i e s . K i n ~ s t o n  7 ,  

J ama ica  

The Chemis t ry  and uses  of  f u r a z a n s  (1 ,2 ,5 -oxad iazo le s )  

and f u r o x a n s  ( furazan-2-oxides)  a r e  rev iewed.  

1. I n t r o d u c t i o n ;  

2. Furazan  p r e p a r a t i o n s ;  

3 R e a c t i o n s  o f  f u r a z a n s ;  

4. P r e p a r a t i o n  o f  f u r o x a n s ;  

5. R e a c t i o n s  of  f u r o x a n s ;  

6. Uaes. 

7. R e f e r e n c e s .  

1. INTRODUCTION 

I n  1962, Behr rev iewed t h e  c h e m i s t r y  of t h i s  a r e a  of  

h e t e r o c y c l i c  c h e m i s t r y  and i n d i c a t e d  t h a t  t h e r e  s t i l l  were 

conspicuous  gaps  t o  be  f i l l e d  i n  o u r  knowledge of  t h e s e  com- 
1 2 

pounds. Kaufman and P i c a r d  i n  1959 reviewed t h e  f u r o x a n s  , 
w h i l e  Boul ton  and Ghosh s e l e c t i v e l y  c o n s i 3 e r e d  benzofuroxans  

(I)~. A l i m i t e d  review by Scrowston d e a l i n g  w i t h  t h e  p repa r -  

a t i o n ,  p r o p e r t i e s  and r e a c t i o n s  of  some of  t h e s e  compounds 



4 
has a l s o  appeared  . The h i s t o r i c a l  a s p e c t s  which have l e d  

up t o  t h e  p r e s e n t  a c c e p t e d  s t r u c t u r e s  f o r  f u r a z a n s  ( 2 )  and 

f u r o x a n s  ( 3 )  have bees  d e a l t  w i t h  i n  d e t a i l  by e a r l i e r  

reviews1?', and w i l l  n o t  Ee r e p e a t e d  h e r e .  Recent  c r y s t a l l o -  

g r a p h i c  s t u d L e s  have shed f u r t h e r  l i g h t  on t h e  d e t a i l e d  

s t r u c t u r e  of c e r t a i r !  d e r i v a t i v e s .  I n  t h e  c a s e  of 3-methyl- 

4 -p t~eny l su l f ' ony l  f 'urcxan i t  was shown t h a t  t h e  pheng l  r i n g  

i s  p l a n a r ,  whereas t h e  f u r o x a n  n u c l e u s  i s  non-planar ,  w h i l e  

t h e  ccn f ' i gu ra t io r ,  of  t h e  s u l f o n y l  group is t h a t  of a s l i g h t l y  

d i s t o r t e d  t e t r a h e d r o c 5 .  I n  t h e  c a s e  of  3-methyl-4-furoxan 

hydraz ide ,  non-hydrogen a t o m  d e v i a t e  s i g n i f i c a n t l y  from 
6 p1ana r i i . g  and t h e  fu roxan  r i n g  i s  n o t  s t r i c t l y  p l a n a r  . UV 

d a t a  f o r  t h e  2500 - 2300 8 r e g i o n  have been compiled a l o n g  

w i t h  microwave s p e c t r o s c o p i c  s t u d i e s  f o r  f u r a z a n .  b  p l a n a r  

n ic lecule  of  C2$ symmetry w i t h  some arorr .at ic  c h a r a c t e r  has  

been obse rved ,  b u t  i n  t h e  n - x* e x c i t e d  s t a t e ,  non-p lana r i ty  

i n d i c a t e d  t h a t  t h e  c h a r g e  i n  e l e c t r o n i c  s t r u c t u r e  i s  s u f f i c i e n t  

7 t o  d e s t r o y  t h e  a r o m a t i c  n-bonding of t h i s  c y c l i c  compound . 
F u r t h e r  s t r u c t u r a l  s u p p o r t  has  come from h e a t  c a p a c i t y  c a l c u l a -  

8 9 10  %ions  on f u r a z a n  , as w e l l  a s  MO d a t a  and MO c a l c u l a t i o n s  . 
Using jmproved LCAO ( l i n e a r  combinat ion  o f  bO/method) bond 

11 
l e n g t h s  and bond a n g l e s  have been e s t a b l i s h e d  . The a r e a s  
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of 1 R  and Raman s p e c t r a  have n o t  been n e g l e c t e d .  The 1R 

(5000 - 400 c m l )  and Rarnan s p e c t r a  of mono- and d i d e u t e r a t e d  

I , ? ,  5-oxadiazoles  were  de t e rmined .  A c o a p l e t e  a s s ignmen t  of 

t t e  f u r d a m e n t a l  v i b r a t i o n s  of t h e  d e u t e r a t e d  l , 2 , 5 - o x a d i a z o l e s ,  

f u l f i l l i n g  t h e  T e l l e r - R e d l i c h  p r o d u c t  r u l e  and t h e  comple te  

12 i s o t o p e  r u l e  was made . E a r l i e r  1 R  s t u d i e s  or. s e v e r a l  m n o -  

and d i s u b s t i t u t e d  f u r a z a n s  i n d i c a t e d  t h a t  t h e  h i g h  i n t e n s i t y  

band a t  917 - 878 cm-I w a s  t h e  b e s t  f o r  e s t a b l i s h i n g  c o r r e l a -  

13 t i o n s ,  because  i t  showed s m a l l  v a r i a t i o n s  w i t h  s u b s t i t u t i o n  . 
Chemical  A b s t r a c t s  cove rage  from 1962 t o  i s s u e  No.9, 1975 

d e l i n e a t e s  t h e  p e r i o d  under  rev iew.  It shou ld  be emphasised 

t h a t  f o r  t h e  s a k e  o f  p r e s e n t i n g  a  ba l anced  view of t h e  P i e l d  

some m a t e r i a l  which appea red  i n  e a r l i e r  r ev i ews  i s  i n c l u d e d ,  

b u t  t h i s  i s  k e p t  t o  a minimum. 

Whereas t h e  l i t e r a t u r e  s e a r c h  has  been comprehens ive ,  of 

n e c e s s i t y  t h i s  r ev iew i s  s e l e c t i v e  and shou ld  by no means be 

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

r a p i d l y  expanding  f i e l d .  Fo r  conven ience  a d i v i s i o n  has  been 

made between p r e p a r a t i o n s  and r e a c t i o n s  of  f u r a z a n s  and 

f u r o x a n s ,  b u t  as w i l l  b e  d i s c u s s e d  l a t e r ,  f u r o x a n s  can  be  

c o m e r t e d  by s e v e r a l  methods i n t o  f u r a z a n s ,  h u t  n o t  v i c e - v e r s a .  

iVhere p r e p a r a t i o n s  have l e d  t o  compounds of  b i o l o g i c a l  o r  

c o m m e r c i a l . i n t e r s s t  t h e s e  have been c o n s i d e r e d  i n  t h e  s e c t i o n  

d e a l i n g  w i t h  u s e s .  

2. FURAZAN PREPARATIONS 

( a )  S y n t h e s i s  of  u n s u b s t i t u t e d  f u r a z a n .  

T h i s  s y n t h e s i s  was on ly  accompl ished  as r e c e n t l y  as 



1965. Fu razan ,  b:p. 98' i s  a s t a b l e  l i q u i d  which  can  be  

produced by d e h y d r a t i n g  glyoxime w i t h  s u c c i n i c  a n h y d r i d e  a t  

150 - 170°, f o l l o w e d  by d i s t i l l a t i o n , i n  a 51% y i e l d 1 4 .  Trea t -  

ment w i t h  NaOH y i e l d s  a c r y s t a l l i n e ,  p y r o p h o r i c  and o t h e r w i s e  

u n s t a b l e  s a l t  ( 4 ) .  MS showed i o n s  a t  m/e 43 ( HCNO'), 

' 1 4  m/e 27 ( H ~ N ) ,  m/e 40 ( c ~ H ~ N ' )  and m/e 30 (NO) . 
( b )  C y c l i z a t i o n  of  g lyox imes .  

Furazans  a r e  most o f t e n  p r e p a r e d  by d e h y d r a t i o n  of 

t h e  a p p r o p r i a t e l y  s u b s t i t u t e d  g lyoximes .  I n  t h e  c a s e  of 

m o n o s u b s t i t u t e d  f u r a z a n s ,  i r r e s p e c t i v e  of  t h e  n a t u r e  of  t h e  
. . 

s u b s t i t u e n t  g roup ,  a r e  r e a d i l y  i s o m e r i s e d  by a l k a l i  t o  oximes 
. , 

of a - k e t o n i t r i l e s ,  whereas  d i s u b s t i t u t e d  f u r a z a n s  a r e  u s u a l l y  

v e r y  s t a b l e  t o  b o t h  h e a t  and chemica l  a t t a c k .  F o r  example, 

3 ,4 -d ime thy l fu razan  ( 6 )  h a s  been p r e p a r e d  from dimethyl -  

1 5  g lyoxime ( 5 )  u s i n g  s u c c i n i c  anhydr ide  . 
. .  . .  

( c )  s y n t h e s i s  from 1 .2 .4-oxadiazoles .  

. . The s y n t h e s i s  of amino f u r a z a n s  has  u t i l i z e d  t h i s  
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method. 3-Methyl-4-aminofurazan (9 )  was prepared by Scheme 

I shown below by StaYting with chloroglyoxime (7) and involved 
1 the intermediate formation of 1,2,4-oxadiazole ( 8 )  . 

Scheme 1. 

A more recent example simply involved the treatment of 

the 1,2,4-oxadiazole (10) with6NHC1 under reflux conditions 

16 to yield the arninofurazan (11) . 

(d) Using isoxazoles 

1 In addition to the examples sited by Behr , 5-phenyl- 
3.4-dibenzoylisoxazole oxime (12) underwent transformation to 

3-phenyl-4-dibenzoglmethylf urazan (13) on treatment with 20% 

K O H ~ ~ .  



Further treatment of (13) with KOH or acid removes one benzyl 

group to produce (14). 

(e) Pre~aration from vinyl azides. 

Reaction of 1-aryl-2-a lkylvinylazides  with NOBF gave 
4 

moderate yields of 3-aryl-l,2,5-oxadiazoles along with 5-aryl- 

1,2,4-oxadiazoles. 1,2-Dialkylvinylazides with NOBF however 4 
produced 2-0x0-1,2,5-oxadiazoles in high yields1'. The authors 

Scheme 2 
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with the aid of a number of models have proposed the mechanism 

shown in Scheme 2 to explain the formation of both 1,2,4-oxadia- 

zoles and l,2,5-oxadiazoles. 

(f) Benzofurazans from triphenyl~hospholes b.y thermol.ysis. 

Thermolysis of 1-0-(nitroary1imino)-1,2,5-triphemyl- 

phospholes at 150' gave 1,2,5-triphenylphosphole oxide and the 

corresponding benzofurazans. Two pathiiays were proposed, one 

19 concerted the other stepwise and are shown in Scheme 3 . 

stepwise - 
x 

(18) 

a; X = H 

b; X = 4-CH, 

Scheme 3 



(g) Oxida t ion  of amino u y r i m i d i n e  

Th i s  t r a n s f o r m a t i o n  i s  of v a l u e  i n  t h e  s y n t h e s i s  of 

aden ine  d e r i v a t i v e s .  For  example 4,6-diamino-5-nitrosopyrimidine 

(20a )  was conver t ed  t o  7-aminofurazano [3,4-dl  p y r i m i d i n e  (21 )  

by l e a d  t e t r a a c e t a t e  o x i d a t i o n .  The i n t r o d u c t i o n  of  t h e  

e v e n t u a l  a d e n i n e  C8 and C s u b s t i t u e n t s  was ach ieved  by 9 
r e a c t i n g  t h e  f u r a z a n  w i t h  a l k y l a m i n s  t o  g i v e  (22)  fo l lowed  by 

a c y l a t i o n  t o  (23 )  and t h e n  r e d u c t i v e  c l e a v a g e  o f  t h e  f u r a z a n  

r i n g  gave t h e  i n t e r m e d i a t e  (24)  which was r e c y c l i s e d  t o  t h e  

d e s i r e d  a d e n i n e  d e r i v a t i v e  ( 2 5 ) .  Scheme 4  summarises t h e  
2  0 

r e a c t i o n  pathway and i n d i c a t e s  t h e  d i f f e r e n t  models used.  

Scheme 4. 
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Treatment of  ( 2 1 )  w i t h  40$ aq.CH NH y i e l d e d  (26) .  which on 
3 2 

d i l u t i o n  gave ( 2 7 ) .  

Of r e l a t e d  i n t e r e s t  i s  t h e  approach used by Ichikawa and co- 

workers t o  produce adeninez1. The f u r a z a n  i n t e r m e d i a t e  ( 2 8 )  

was t r e a t e d  w i t h  HC02H and Raney n i c k e l  fo l lowed by H2S t o  

produce aden ine .  

( h )  Reduction of furoxans .  

S e v e r a l  r eagen t2  have been u t i l i z e d ;  

i )  Nap03 fol lowed by a c i d :  The unique conpound, phenyl- 
1 hydroxyfurazan was prepared by t h i s  r o u t e  . 

i i )  Zn/CH GOOH' : Ring opening o c c u r s ,  i . e .  (29)  goes  t o  
3  

( 3 1 )  v i a  ( 3 0 ) .  

k C W O h r  Ar-CO- c=NOH 
z n  I <O)b- eH,co~H AV-CO-C=NOH 

i i i )  T r i a l k q l  and t r i a r y l p h o s p h i n e s  and p h o s p h i t e s :  

Reduction occur red  w i t h o u t  r i n g  opening.  22.23 

i v )  FC1 o r  s t annous  c h l o r i d e  i n  a c e t i c  a c i d :  Compound 5 
( 3 2 )  was conver ted  t o  compound ( 3 3 ) .  



( i )  P r e p a r a t i o ~  of  some s p e c i a l  molecules .  

i )  Furaaan d e r i v a t i v e s  of s t e r o i d s 2 ?  Treatment of 

2 ,3-bis(hydroximino)  s t e r o i d s  were conver ted  t o  f u r a z a n  der iva-  

t i v e s  by h e a t i n g  w i t h  KOFI i n  e t h y l e n e  g l y c o l  a t  170 - 190'. 

For  example 2.3-bis(hydroxyimino)androstan-17p -01 y i e l d e d  

( 3 4 )  

I n  t h e  c a s e  of compounds which a r e  u n s t a b l e  t o  a l k a l i ,  r i n g  

c l o s u r e  was brought about  by S0C12 in.SOp o r  w i t h  s u c c i n i c  

anhydr ide  a t  180 - 190' 

i i )  B i f u r a z a n y l s .  These a r e  mainly ob ta ined  by 

condensing t h e  a p p r o p r i a t e  aminofurazans w i t h  p i c r y l f l u o r i d e  

i n  t h e  p resence  of Et2N. Compound ( 3 5 )  was prepared by t h i s  
2 5  

t echn ique .  
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3 .  REACTIONS OF FURAZANS 

( a )  Behaviour towards a c i d s  and bases .  

A s  mentioned f o r  f u r a z a n  i t s e l f ,  s u b s t i t u t e d  f u r a z a n s  

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

c o l d  r e a d i l y  causes  i s o m e r i s a t i o n  (36-37) .  
1 - Ph-c-c?~ I1 

N-OH 

( 3 6 )  ( 3 7 )  

Olofson and Michelman, who were t h e  f i r s t  t o  p r e p a r e  f u r a z a n  

i t s e l f 1 4 ,  have d e t a i l e d  t h e  b a s e  decomposi t ion  and rea r range-  

ment, and Scheme 5 invokes  n i t r o s o k e t e n i m i n e  ( 3 8 )  a s  an  

i n t e r m e d i a t e .  
2b 

ph, + Ph 
Ph \ 

G C r  N- E t  

+--+ i 
( 3 9 )  NbfJ 

Scheme 5. 

- 661 - 



( b )  P h o t o l ~ s i s .  

I r r a d i a t i o n  of 3.4-diphenyl-1,2,5-oxadiazole i n  

benzene gave a mix tu re  of PhCN (50%),  7,5-diphenyl-1,2,4- 

oxad iazo le  (10%) and diphenylfuroxan (14%). I r r a d i a t i o n  i n  

excess  PhCN r e s u l t e d  i n  double  f ragmentat ion and l a r g e  

amounts of  t h e  1 ,2 ,4-oxadiazole  d e r i v a t i v e ,  whereas MeOH a s  

27 s o l v e n t  produced BzOMe, benzamide, and PhCN . This  s t u d y  

has  more r e c e n t l y  been extended,  and i t  was shown t h a t  poly- 

c y c l i c  oxad iazo les  such as benzo-, naphtho- and phenanthrofurazan 

upon i r r a d i a t i o n  a f f o r d e d  a complex mix tu re  o f  p r o d u c t s  i n  t h e  

p resence  of t r i e t h y l p h o s p h i t e  o r  Ph3P, i n  t h a t  t h e  corresponding 
28 1 , 4 - d i n i t r i l e s  were ob ta ined  i n  good y i e l d s  . 

( c )  P o l a r o g r a ~ h x .  

1,2-Naphthofurazan and 1.2-naphthofurazan-4-sulfonic 

a c i d  e x h i b i t e d  one p o l a r o g r a p h i c  wave cor respond ing  t o  a 6- 

e l e c t r o n  r e d u c t i o n  i n  t h e  pH r e g i o n  1.6 t o  12. For benzofurazan,  

6 and 4 e l e c t r o n  waves were recorded i n  a c i d i c  and a l k a l i  

s o l u t i o n  r e s p e c t i v e l y .  The fu roxans ,  which correspond t o  t h e  

above f u r a z a n s  , however, e x h i b i t e d  2 o r  3 r e d u c t i o n  waves, 

depending on pH. The f i r s t -wave  corresponded t o  t h e  r e d u c t i o n  

t o  quinone dioxime and t h e  second and t h i r d  waves t o  t h e  

r e d u c t i o n  of t h e  p ro tona ted  and non-protonated forms of t h e  

l a t t e r .  2 9 

( d )  Hydropenation.  

Aspects of  t h i s  a r e a  have been reviewed by Boul ton 

3 and Ghosh . V. Cere g &. have shown t h a t  hydrogenat ion of 

benzofurazan and i t s  c h l o r o d e r i v a t i v e  gave 4 ,5 ,5 .7- te t rahydro-  

benzo [2.1.3] oxad iazo le  and a s m a l l  amount of  1,2-phenylenedi- 
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amine,  w h i l e  benzo [2.1.3]- o x a d i a z o l e s  s u b s t i t u t e d  w i t h  no 

r e d u c t i o n  s e n s i t i v e  g roups  were  hydrogenated  t o  1,2-phenylenedi-  

amines o r  t o  m i x t u r e s  c o n t a i n i n g  t h e  4,5.6,7-  t e t r a h y d r o -  

30 d e r i v a t i v e  . 
( e )  Condensa t ion  r e a c t i o n s  t o  v i e l d  o y r a z i n e s .  

When 3 .4-d iaminofurazan  was condensed w i t h  a - d i c a r b o n y l  

compounds such  as b e n z i l ,  o x a l i c  a c i d ,  9 , lO-phenanthraquinone  

and acenaphthoquinone  , 5 , b - d i s u b s t i t u t e d  f u r a z a n  [3,4-b] 

p y r a z i n e s  (384) were formed.  
3  1 

R ' xz",;. R \ 
(38A) R = B' = Ph, OB 

RR' = 9, lC-phenanthro ,  o r  1 .2-acenaphthol  

( f )  L i t h i a t i o n  r e a c t i o n .  

R e c e n t l y  t h r e e  t y p e s  of  r e a c t i o n s ,  namely,  l a t e r i a l  

l i t h i a t i o n ,  r i n g  c l e a v a g e  and a d d i t i o n  of BuLi t o  t h e  f u r a z a n  

r i n g  were obse rved .  I n  t h e  c a s e  of  3,4-dimethyl-1,2,5-  

o x a d i a z o l e ,  l a t e r i a l  l i t h i a t i o n  gave t h e  r e s p e c t i v e  a c e t i c  

a c i d  a f t e r  c a r b o x y l a t i o n  32 

4.  PXEPARATION OF FUROXANS 

There  a r e  t h r e e  r o u t e s  t o  t h e  f o r m a t i o n  of  f u r o x a n s ,  

namely i n t r a m o l e c u l a r  c y c l i z a t i o n ,  i n t e r m o l e o u l a r  c o n d e n s a t i o n  

o r  r ea r r angemen t  r e a c t i o n s .  I n  t h e  c a s e  of unsymmet r i ca l ly  

s u b s t i t u t e d  f u r o x a n s ,  i t  shou ld  be remembered t h a t  i t  i s  

p o s s i b l e  f o r  a n  e q u i l i b r i u m  t o  e x i s t  between t h e  furazan-2-and 

-5-oxides .  A s t u d y  o f  4 ( 3 )  and 3 (4 ) -me thy l  d e r i v a t i v e s  by 

Gasco and Bou l ton  i n  r e l a t i o n  t o  a c t i v a t i o n  e n e r g i e s  and e q u i l i -  



brium c o n s t a n t s  showed t h a t  t h e  e q u i l i b r i u m  c o n s t a n t s  were 

n e a r l y  u n i t y ,  excep t  f o r  t h e  e t h e r  and amine d e r i v a t i v e s ,  i n  

which c a s e s  t h e  i s o m e r i e a t i o n  was more r a p i d  and t h e  3-methyl 

isomers were p r e f e r r e d .  33 

It i s  a l e o  impor tan t  t o  re-emphasiee t h e  importance of 

r e a c t i o n  c o n d i t i o n s .  For example when th iophene-2-carboni t r i le  

N-oxide and 5-chlorothiophene-2-carboni t r i le  N-oxide, which were 

e y n t h e s i s e d  by c h l o r i n a t i o n  of corresponding aldoxime w i t h  NOC1,  

r e a c t e d  w i t h  compounds having C=C and CZC bonds they produced 

2- isoxazol ine  and . i soxazo les  through l , 3 - d i p o l a r  cyc lo -add i t ion .  

However, i n  t h e  absence of such d i p o l a r o p h i l e s ,  t h e  fu roxans  ( 3 9 ) ,  

which a r e  t h e  dimers of t h e  n i t r i l e  N-oxide were formed from 

t h e s e  1 ,3 -d ipo les .  3 3A 

( a )  Oxidat ion of a p p r o p r i a t e l y  s u b s t i t u t e d  glyoximes 
(a-dioximee),  - 
S e v e r a l  o x i d i e i n g  r e a g e n t s  have been u t i l i z e d  and 

i n c l u d e  a l k a l i n e  f e r r i c y a n i d e ,  sodium h y p o c h l o r i t e  i n  e t h e r ,  

1 n i t r i c  a c i d ,  c h l o r i n e  o r  bromine wa te r  . Scheme 6 summarises 

t h e  r e a c t i o n  pathway. 

R-C-C--R R-c-c-R - II I1 
HON NOH 110k AOOH 

Scheme 6 .  
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A r e c e n t  r e p o r t  mentions t h e  use  of K Fe (CN)6 and NH f o r  3  3  
t h e  p r e p a r a t i o n  of 3-amino-4-phenylfuroxan i n  a s i n g l e  o p e r a t i o n  

from m - p h e n y l g l ~ o x i m e ~ ~ .  Q u a n t i t a t i v e  rearrangement i n t o  

3-phenyl-4-aminofuroxan i s  p o s s i b l e  by h e a t  t r e a t m e n t  i n  excess  

of 80'. 

When t h e  t h r e e  isomers of phenylglyoxime (40,41,42)  were 

o x i d i a e d ,  t h e  same 4-phenylfurazan ox ide  (43)  was produced,  and 

i t  was found t h a t  i s o m e r i z a t i o n  i n t o  3-phenylfurazan-2-oxide 

was n o t  observed,  a l though  an e q u i l i b r i u m  between t h e  two is 

35 p o s s i b l e  . 

Compounds (44)  and (45)  were ob ta ined  by t h e  o x i d a t i o n  of  benz i l -  
36 

dioxime and phenanthrenequinone dioxime r e s p e c t i v e l y  . 



(b) O x i d a t i o n  of  com~ounds  o t h e r  t h a n  a-dioximes. 

i )  O x i d a t i o n  of mono oximes: O x i d a t i o n  of  PhCH= 

NO C6H4R ( R  = H ,  2-C1, 4-C1) w i t h  bIn0 gave  
4  

3 7 t h e  c o r r e s p o n d i n g  fu roxan  (46 )  . 

i i )  O x i d a t i o n  of  a-oximinoacetoacetarylamides:  Th i s  
3 8 produced 3,4-bis(ary1carboxamido)-furoxans . 

( Q )  m l e  ox ide .  

Although f u r a z a n  o x i d e  f o r m a t i o n  from n i t r i l e  o x i d e s  

i s  p r o b a b l y  t h e  l o n e s t k n o w n  r e a c t i o n  of t h i s  c l a s s  of  compounds, 

i t  is  t h e  l e a s t  unders tood m e c h a n i s t i c a l l y .  The f o l l o w i n g  

Scheme 7 was s u g g e s t e d  i n  view of t h e  f a c t  t h a t  1 .3 -d ipo la r  

3 9 c y c l o a d d i t i o n  i s  n o t  l i k e l y  . 

8 v+ Ar  
A r 
\ 

- lNO +Ar-C- 4 Ar-CH--N=O C=C, 
Nesomeric s t r u c t u r e  60 A r  

F .-) 
kJ 
0- 

Scheme 7. 

I n  a more r e c e n t  s t u d y  i n v o l v i n g  t h e  d i m e r i z a t i o n  r a t e s  o f  

b e n z o n i t r i t e  N-oxide and some g- and E- s u b s t i t u t e d  d e r i v a t i v e s ,  

t h e  r a t e  o r d e r  was found t o  be g- c ~ ) ~ - c ~ H ) ~ - M ~ ) ~ - o M ~  and 
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a  one s t e p  concer ted  mechanism has  been This  i s  

shown i n  Scheme 8. 

Scheme 8 .  

P a t h  B was p r e f e r r e d  s i n c e  p a t h  A ,  which i n c l u d e s  a  Z w i t t e r  

i o n  i n t e r m e d i a t e ,  would be expected t o  be s o l v e n t  dependent.  

S t e r i c a l l y  h indered  n i t r i l e  

t i o n s  can i n  f a c t d i m e r i s e  a s  was 

d i m e s i t y l  f u r a z a n  ox ide  (47):9 

ox ides ,  under s p e c i a l  condi- 

shown f o r  t h e  p roduc t ion  of 

One v e r y  i n t e r e a t i n g  s t u d y  i n  t h i s  a r e a  was t h e  one by Iflakefield 

and Wright which showed t h a t  p e n t a f l u r o b e n z o n i t r i l e  N-oxide 

dimer iaad t o  3,4-bis-(pentafluorophenyl)furoxan whereas penta-  

ch lo robenzon i t r l l eN-ox ide  was s t a b l e 4 1 .  Cons ide ra t ion  can  a l s o  

be g iven  h e r e  t o  t h e  t r e a t m e n t  of  s u g a r  hydroximoyl c h l o r i d e s  ( 4 8 ) .  



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

( 4 9 ) ,  which i n  t h e  absence  o f  n u c l e o p h i l i c  o r  d i p o l a r o p h i l i c  

42 r e a g e n t s ,  d imer i sed  i n t o  f u r o x a n s  (50 )  . 
R A 

fL  
R-C=NOH -+ -+- 

Mixed d i m e r i s a t i o n s  have a l s o  been unde r t aken .  When equ imola r  

amounts of p c h l o r o - ,  p m e t h o x y b e n z o n i t r i l e  N-oxide were  mixed 

i n  Q C 1 4  a t  40'. 3.4-bi~(~-chloro~hen~l)-f urazan  N-oxide (24%) ,  

3 .  4-bis(pmethoxylphenyl)-f  urazan  N-oxide (24%) and a  m i x t u r e  
43 of (-51) and ( 5 2 )  were  produced . 

s 

However, d i m e r i a a t i o n  of  p c h l o r o b e n z o n i t r i l e  a l o n e  l e a d  t o  

(53 )  as w e l l  a s  ( 5 4 ) 4 4 ,  and m i x t u r e s  of PhC-21: NOH and 

m-N09C6!14::R:NOII i n  t o l u e n e  y i e l d e d  (55 )  i n  30% a f t e r  r e f  l u x i n g  - 
u n t i l  t he  e v a l u a t i o n  o f  H C 1  ceased .  Trea tment  of Ph 0-NO ( 5 6 )  

a n d  I J - N O ~ C ~ H ~ C H  = NOIi gave  t h e  f u r o x a n  ( 4 4 )  i n  35%. The same 

t r e a t m e n t  i n  t h e  p r e s e n c e  BF3 - Et20 gave  15% ( 5 5 )  and 40$ ( 4 4 1 ~ ~ .  

LL e a e  
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( d )  P y r o l y s i s  o f  n i t r o p y r i d o t e t r a z o l e  (57).  

The p r o d u c t i o n  o f  (58)  from (57 )  p r o b a b l y  goes  v i a  

t h e  a z i d e  46 

( 5 7 )  

( e )  Use of O - n i t r o a n i l i n e s .  ( 5 8 )  

C y c l i s a t i o n  t o  ( 6 0 )  was ach ieved  by u s i n g  sodium 

4: h y p o c h l o r i t e  on t h e  0 - n i t r o a n i l i n e  ( 5 9 )  . 

( f )  P h e n y l a z i d e s .  

Thermal decompos i t i on  of t h e  b romo-n i t ropheny laz ide  

( 5 1 )  produced t h e  benzofuroxan ( 6 ~ ) ~ ~ .  and 5-nethyl-6-ni trobenzo- 

fu roxan  was p r e p a r e d  by t r e a t i n g  5-chloro-2,4-dinitrotoluene 

49 w i t h  NaN3 t h e n  h e a t i n g  t h e  a z i d e  t h u s  formed . 

( g )  -of d i a z o  compounds. ( 6 2 )  

Treatment  of a - d i a z o s u l f o n e s ,  a -d i azoke tones  and e t h y l  

d i a z o a c e t a t e  w i t h  N 0  a t  0-5' i n  CH2C12 gave  62-10076 of ?,4- 
2 3 

d i s u b s t i t u t e d  fu roxans50 .  T h i s  t y p e  of r e a c t i o n  has a l s o  been 

ach ieved  on o t h e r  d i a z o c a r b o n y l  compounds more r e c e n t l y  by 



t r e a t m e n t  w i t h  HN02 a t  0' and pH l - ~ . ~ ~ F u r o x a n  fo rmat ion  1s 

s i m i l a r l y  achieved when n i t r o d i a z o k e t o n e s  were r e a c t e d  w i t h  

52 n i t r o g e n  t e t ~ o x i d e  . 
( h )  N i t r o s o a c e t g l e n e s .  

The n i t r o s o a c e t y l e n e s  were, f i r s t l y ,  prepared by 

r e a c t i n g  n i t r o s y l  c h l o r i d e  w i t h  meta l  a c e t y l i d e s  i n  s o l u t i o n  

a t  low tempera tu res .  When t h e  s o l u t i o n  was al lowed t o  warm up 

t o  room tempera tu re ,  t h e  n i t r o s o a c e t y l e n e s  underwent a  complete 

rearrangement.  The a u t h o r s  i n  a  f a c i n a t i n g  s t u d y  have e l u c i d a t e d  

t h e s e  rearrangements ,  and t h e i r  mechan i s t i c  p r o p o s a l s  a r e  shown 

53 i n  Scheme 9 . 

Scheme 9. 

( i )  N i t r a t i o n  of 1-0x0-pgridazine* 

N i t r a t i o n  of (63)  gave 3,4-bis(3'-pyridazinoy1)furoxan 

l ' . l l - d i o x i d e  r a t h e r  than  a  s imple  n i t r a t i o n  produce. Co!npounds 
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54 (64 )  and (65)  a l s o  g a v e  f u r o x a n s  upon n i t r a t i o n  . 

(63 )  ( 6 4 )  B = H ( 6 5 )  R = OMe 

( j )  T h i a z o l j d i n e s .  

2 - S u b s t i t u t e d  t h i a z o l i d i n e s  (66 )  were f i r s t  p r e p a r e d  

by t h e  r e a c t i o n  o f  2 - a l k y l t h i o t h i a z o l i n e  and a n  a c t i v e  methylene  

compound. N-Halogenation of (66 )  was t h e n  e f f e c t e d  by t-BuOC1 

o r  Br2 i n  methanol-chloroform. BP - e t h e r a t e  t r e a t m e n t  of ( 6 7 )  
3  

i n  Ac20 gave  t h e  p r o d u c t s  ( 6 8 ) ,  ( 6 9 )  and (66)55.  

T h i s  new method o f  f u r o x a n  f o r m a t i o n  was a l s o  shown t o  

be a p p l i c a b l e  t o  t h e  c o n v e r s i o n  of e t h y l  n i t r o a c e t a t e  t o  compound 

( 6 ~ ) ~ ~ .  

( k )  H y d r o l y s i s  of  N a  s a l t  of 1-nitro-l,2,2,3-tetraphenyl- 
propane  (70).  - 

When compound ( 7 0 )  was t r e a t e d  w i t h  aqueous a c i d  one of 

5  6 t h e  p r o d u c t s  formed was 3,4-diphenylfurazan-2-oxide (44 )  , , 



(1) Some s p e c i a l  p r e p a r a t i o n s  of i n t e r e s t .  

i )  Use of f u l m i n u r i c  a c i d :  

Dimerieat ion between f u l m i n u r i c  acid,NCCH- 

,(N02)CONH2 (71) and H0N:CHCNO gave (72) and t h i s  underwent 

:rearrangement t o  (73)  w i t h  subsequent  r ing-c leavage back t o  

-(71) .56A 
< 

i i )  Acetone a s  t h e  s t a r t i n g  p o i n t  f o r  fu roxan  ~-, s y n t h e s i s :  

Acetone was f i r s t  r e a c t e d  w i t h  a  10-fold excess  

of anhydrous N 0  a t  0-5' t o  g i v e  an  u n s t a b l e  i n t e r m e d i a t e  
2 4 

which when i t  was hea ted  a t  50' decomposed s lowly  w i t h  evolu- 

t i o n  of NO. D i s t i l l a t i o n  i n  vacuo of t h e  mix tu re  gave a  

93% y i e l d  of d i a c e t g l  furoxan ( 7 4 ) .  The p resence  of t h e  i n t e r -  

media te  AoCgNO was shown by t r a p p i n g  w i t h  (:c C02Me)2 t o  g i v e  

3.4-dicarbomethoxy-5-acetylisoxazole (75) .  The a u t h o r s  have 

proposed a  d e t a i l e d  mechanism f o r  t h i s  t r a n s f o r m a t i o n  and t h i s  

i s  shown i n  Scheme 
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(75)  
Scheme 10. 

i i i )  N i t r a t i o n  r e a c t i o n s  producing d i a c e t y l f u r a z a n  
N-oxide a s  a  by-product: 

Acetophenones and ace ty lbenzo th iophenes  u s u a l l y  

undergo n i t r a t i o n  by d i sp lacement  of t h e  a c e t y l  group,  b u t  

d i a c s t y l f u r a z a n  N-oxides were a l s o  produced i n  c a s e s  i n  which 

58 t h e  a c e t y l  group was n o t  d i s p l a c e d  . 
i v )  Adamantane-f uroxan d e r i v a t i v e  

Adamantane-1-carbonitr i le  N-oxide ( 7 6 )  was dimersed 

5 9 t o  ( 7 7 )  i n  C C 1 4  . 



A c l  = Q 
~ d .  Ad. 
H+ 

y 0 y - o -  

(77) 

v )  Preparation of the first oycloalkylcarbonyl furoxan: 

Bis(cyclopropane carbony1)furoxan (78) was produced by the treat- 
60 ment of methylcyclopropylketone with a mixture of HN03 andAcOH . 

vi) Synthesising alkyl esters of furoxan dicarboxylic 
acid: 

H2S04 was added to 0 N-CH -CO - H  ( R = Me, Et, Pr, 2 2 2  
Bu) at such a rate as to keep the temperature at -5'. After 

61 12 hours at -5' the mixture was poured into H 0 to yield (79) . 2 

(79) R = Me, Et, Pr, Bu. 

vii) Nitrosation of dimethyl~henacylsulfonium bromide: 

When dimethylphenacylsulfonium bromide was treated 

with NaN02 and HC1 in H20, 3,4Ldibenzoyl-1,2,5-oxadiaeole-2'- 

oxide was obtained in 70% yield. However, if nitrosation was 

carried out in 1:l aqueous d i o x a n e , O - c h l o r o d - i s o n i t r o s o a c e t o -  

6 2 phenone was formed in 80% . 
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5. REACTIONS OF FUROXANS 

The review by Boulton and ~ h o s h ~  d i scussed  t h e  r e a c t i o n  

of benzofuroxans i n  terms of  e l e c t r o p h i l i c  and n u c l e o p h i l i o  

a t t a c k ,  o x i d a t i o n ,  r e d u c t i o n ,  rearrangement  and some misce l l an -  

eous r e a c t i o n s .  I n  view of t h e  broad coverage of t h i s  e a r l i e r  

review,  on ly  l i m i t e d  space  has been devoted i n  t h i s  review t o  

t h i s  aspect ,and has been conf ined  t o  r e c e n t  work. 

( a )  Conversion of  fu roxans  t o  phenazin- 

It was p o i n t e d  ou t  by Boulton and Gosh t h a t  a  v a r i e t y  

of enamines and e n o l a t e  an ions  have been found t o  r e a c t  w i t h  

benzofuroxan,  g i v i n g  q u i n o x a l i n e  di-N-oxides (80) i n  moderate 

3 y i e l d s  . This  t y p e  of  a d d i t i o n  has been r e c e n t l y  r e p e a t e d  t o  

5 3 produce 2-(p-methoxyphenyl)-3-methyl-quinoxaline 1,4-dioxide  . 

I n  a  s i m i l a r  type  of  r eac t ion ,benzofuroxan  ( 1 )  has been shown 

t o  r e a c t  w i t h  p h e n o l i c  compounds l i k e  1-naphthol (81)  t o  y i e l d  

phenazine  d e r i v a t i v e s  (82)  i n  6 4  
a  one s t e p  r e a c t i o n  . 

.---+- 

. . 
( b )  Reduction w i t h  LAH. 

When t h e  furoxan (83)  was t r e a t e d  w i t h  M, l-amino-2- 

6 5  (p-chlorophenyl)-2-propanol H C 1  ( 8 4 )  was ob ta ined  . 



S i m i l a r l y  3 .4-diaroylfurazan ox ide  was reduced w i t h  LAH t o  g i v e  

6 6 A~QH(OH)CH~NH~ . 
( c )  Reduction w i t h  t r i p h e n y l  phosphate.  

Both d i p h e n y l  s u b s t i t u t e d  furoxan and f u r a z a n  were 

conver ted  t o  PhC-N (88% and 79$ r e s p e c t i v e l y )  when t r e a t e d  

6 7  w i t h  t r i p h e n y l  phosphate  . 
( d )  Stepwise d e g r a d a t i o n  of uheny l  fu roxan .  

When 4-phenylfurazan-2-oxide (85)  was t r e a t e d  i n  

C H C l  and potass ium phosphate-Na0H b u f f e r  (pH8), a-hydroxyimino- 
3 

a n t i - p h e n y l a c e t o n i t r i l e  ox ide  (861, a-hydroxyirninophenylacetyl- - 
hydroxamic a c i d  (87)  and 3-phenyl-1,2,4-oxadiazol-5-one (88)  

68 were produced. Scheme 11 summarises t h i s  r e a c t i o n  . 

Scheme 11. 

- 676 - 



HETEROCYCLES, Vol 3,  N o  8, 1975 

( e )  Reac t ion  w i t h  c e r t a i n  e l e c t r o u h i l e s  I 

Dibenzoylfuroxan (89)  r e a c t e d  w i t h  PhC-CH, PhCH=CH2 

o r  Ph-CH = CH-Ph t o  g i v e  t h e  i e o x a z o l e  (90)  i n  70%, t h e  i s o x a z o i i n e s  

69 (91)  and (92)  i n  35% and 25% r e s p e c t i v e l y  . 

6 .  m. 
a )  B a c t e r i c i d a l  and b a c t e r i o - s t a t i c  a c t i v i t y .  

S e v e r a l  of  t h e  f u r a z a n  compounds which have been shown 

t o  p o s s e s s  a n t i b a c t e r i a l  a c t i v i t y  a r e  i n  f a c t  d e r i v a t i v e s  of  

known a n t i b i o t i c s ,  such a s  cepha losporan ic  a c i d  and p e n i c i l l -  

a n i c  a c i d  70-76. Compound (93)  i s  an example of  such p e n i c i l i a n i c  

a c i d  d e r i v a t i v e s ,  and some were shown t o  be e f f e c t i v e  a g a i n s t  

bo th  gram-posi t ive  snd gram-negative b a c t e r i a .  The f u r a z a n  

d e r i v a t i v e  (94)  and i t s  2-and 5-oxides were prepared and shown 
1 i 

t o  have t u b e r c u l o s t a t i c  a c t i v i t y  a t  t h e  10oy/ml l e v e l  . 



I n  a n  e x t e n s i v e  s t u d y ,  3 1  f u r o x a n  and f u r a z a n  d e r i v a t i v e s  were  

t e s t e d  a g a i n s t  10 s p e c i e s  of  gram-negat ive  and g ram-pos i t i ve  

b a c t e r i a  and t h e  o n l y  compounds w i t h  marked i n h i b i t i n g  a c t i o n  

were  3-methyl-4-ni trofuroxan (95)  and 3-phenyl-4-ni trofuroxan 

( 9 6 1 ~ ~ .  S i m i l a r  compounds have a l s o  been pa tented7 '  and & 

and i n  v i v o  a n t i b a c t e r i a l  a c t i o n  a r e  r eco rded  f o r  o t h e r  

f u r a z a n  d e r i v a t i v e s B 0 .  O t h e r  r e f e r e n c e s  a r e  c i t e d  by Boul ton  

3  and Ghosh . 
( b )  F u n ~ i s t a t i c  a c t i v i t y .  

Klamann and Koser  i n d i c a t e d  t h a t  sorze of t h e  f u r o x a n s  

t h e y  showed t o  have b a c t e r i o s t a t i c  p r o p e r t i e s  a l s o  have fung i -  

s t a t i c  ac t ion7 ' .  A number of  o t h e r  p a t e n t s  and p a p e r s  make 

3 r e f e r e n c e  t o  t h i s  t y p e  of  a c t i v i t y  . 
( c )  A n t i c o n v u l s a n t s  and muscle  r e l a x a n t s .  

Many r e c e n t  p a t e n t s  have appea red  which i n d i c a t e  t h e  

use  of  f u r a z a n s  and f u r o x a n s  as a n t i c o n v u l s a n t s  and muscle  

r e l a x a n t s  81-96. The methods which were  u t i l i z e d  i n  t h e  prep- 

a r a t i o n  of  t h e s e  compounds were  n o t  n o v e l ,  b u t  one  of  s p e c i a l  
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i n t e r e s t  w a s  t h e  convers ion  of compound (97)  t o  (98)  8 5 

NOH. I-I C I  

' 0  

( d )  V a s o d i l a t o r  d rugs .  

A new c l a s s  of v a s o d i l a t o r  drugs  has  r e c e n t l y  been 

r e p o r t e d .  These compounds were furazanobenzofuroxan,  furoxano- 

benzofuroxan (99)  and f u r o x a n o b e n z o t h i a d i a z o l e  (100) .  S t r u c t u r e  

a c t i v i t y  r e l a t i o n s h i p s  of t h e s e  compounds were a l s o  surveyed.g7 

( e )  Anthe lmin t i c  a c t i v i t y .  

It was shown t h a t  3-alkyl-, a r y l -  a r a l k y l -  and 

h e t e r o c y l i c  s u b s t i t u t e d  1 ,2 ,5-oxadiazoles  were e f f e c t i v e  

a n t h e l m i n t i o s  f o r  mice, sheep and dogs i n  doses  of  50 - 
1000 mg/kg of  body weight when used a s  s o l i d s  o r  i n  Liquid 

98 suspens ions  g iven  o r a l l y  o r  i n j e c t e d  subcutaneously  . 
( f )  Anti-cancer.  

It i s  n o t  s u r p r i s i n g  t h a t  t h i s  e roup  of compounds has 

been t e s t e d  f o r  an t i - cancer  a c t i v i t y .  Some symmet r i ca l ly  sub- 

9 9 s t i t u t e d  3,4-furoxans showed neoplasma i n h i b i t i o n  . 



( g )  R a d i o p r o t e c t a n t .  

Two r e p o r t s  have appeared  which c i t e  t h e  u s e  of  3,4-  

d iphenyl furazan-2-oxide  as a n  a c t i v e  r a d i o p r o t e c t a n t  100 ,101  

102-104 ( h )  P l a n t  growth  r e g u l a t o r s .  

Phenyl furazan-2-oxide  has  been shown t o  promote e a r l y  

f r u i t i n g  and i n c r e a s e  t h e  s i z e  of  f r u i t s  i n  t h a t  i f  a p p l i e d  a t  

a n  optimum growth  s t a g e  i t  was a n  e f f e c t i v e  f r u i t  t h i n n e r .  It 

103,104 was a l s o  c la imed t o  promo-te e a r l y  b r e a k  of bud dormancy 

These r e s u l t s  were  o b t a i n e d  u s i n g  l ima beans ,  t obacco ,  straw- 

' 104 b e r r y ,  tomato ,  a p p l e  and peach  p l a n t s  . 
( i )  P e s t i c i d e s .  

S e v e r a l  r e p o r t s  have appeared  c o n c e r n i n g  t h e  u s e  of  

d e r i v a t i v e s  of  f u r a z a n s  as  insecticide^^^^-^^^. Some of  t h e s e ,  

f o r  example 1,2,5-oxadiazolylphosphorothioates, were e f f e c t i v e  

a g a i n s t  i n s e c t s  and m i t e s .  

( j )  Polymers .  

C e r t a i n  polymers which c o n t a i n  t h e  f u r a e a n  moie ty  were  

shown t o  be h e a t  and h y d r o l y s i s  resistant1''. Of impor t ance  

a l s o  was t h e  f a c t  t h a t  they  were e x t r u d a b l e ,  p r e s s  moldable  and 

had good s o l u b i l i t y  i n  many v o l a t i l e  s o l v e n t s .  T h e i r  w e  i n  

111 t h e  p r e p a r a t i o n  of f i l m s ,  f i b e r s  and c o a t i n g  w a s  a l s o  proposed  , 

On t h e  q u a l i t a t i v e  s i d e  t h e  t h e r m a l  s t a b i l i t y  of  some polymers 

c o n t a i n i n g  1 , 2 , 5 - o x a d i a z o l e  grodps  has  been ca lcula ted112.  Of 

s p e c i a l  i n t e r e s t  i s  t h e  polymer ( 1 0 1 ) ,  a t rans-2 ,5-d imethyl -  

piperazine-furazan-3,4-dicarboxylic a c i d  polymer which has  been 

used f o r  w a t e r  d e s a l i n a t i o n  by r e v e r s e  osmosis .  A membrane of 

t h i s  m a t e r i a l  had h igh  w a t e r  p e r m e a b i l i t y  and good N a C l  r e j e c t i o n  

113 d u r i n g  extended u s e  . 
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(k) Detona to r s .  

Some s t u d y  has  been made of t h e  d e t o n a t i o n  of >-methyl- 

4-ni t r o f  uroxan114 and o t h e r  f  uroxans115. P u r a z a n d i c a r b o n i t r i  l e  

monoxide has r e c e n t l y  been p a t e n t e d  a s  a  p o s s i b l e  r o c k e t  p r o p e l l -  

116 a n t  . 
( 1 )  Miscel laneous  uses .  

Other  a r e a s  i n  which fu razan  compounds have.been 

u t i l i s e d  i n c l u d e  pho tograph ic  d e s e n s i t i ~ i n g ~ ~ ~ ,  t h e  i n c l u s i o n  

i n  pho tograph ic  m a t e r i a l  of d iphenylfuroxan i n  o r d e r  t o  i n c r e a s e  

t h e  speed i n  non-s i lve r  l i g h t - s e n s i t i v e  systems1'', a s  depolar-  

i s e r s  i n  e l e c t r i c  c e l l s  'Ig9 and f i n a l l y  a s  a n t i s k i n n i n g  

1 2 1  a g e n t s  i n  d r y i n g  o i l s  . 
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