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Abstract  - Sy-theses,  c !x?r ich  r e a c t i v i t y ,  as well  a s  phyzical  

nnd biolo:icnl p r o l e r t i e s  of flzroxa9s a r e  prenar ted.  

I. INTRODUCTION 

The p resen t  review, deal ing wi th  1.2.5-oxadiazole-I-oxides, i.e. furoxans is a  con- 

1-4 t i n u a t i o n  of our  former papers concerning oxa-, t h i a -  and se lenad iazo les  . 
The chemistry of furoxans i s  i n t e n s i v e l y  d e ~ e l o ~ i n g ~ - ~ ;  because of  t h e  b ig  amount 

of papers  concerning benzofuroxans, u s e f u l  synthons of b i o l o g i c a l l y  a c t i v e  quino- 

x a l i n e - d i - ~ - o x i d e s ~ ~ ,  this t o p i c  i s  n o t  included here.  

Present ing syntheses  and p r o p e r t i e s  of  furoxans, we d i v i d e  them i n t o  two groups - 
symmetrically and unsywnetr icul ly  3 ,4-disubst i tu ted.  

11. SYNTIiZSE.5 

SYIWlZfIUCALLY 3.4-DISUBSTITUTED FUKOXANS 

Among numerous syntheses  of furoxans t h e m  ought t o  be mentioned chemical oxidat ion 

r e a c t i o n s  of d i o x i m e ~ ' ~ - ' ~ :  t h e  anodic ox ida t ion  being a  convenient modif ice t ion o f  
14 

t h i s  method . 

X Deceased 



The following procedure a l s o  r e s u l t s  i n  furoxans15: 

n - C - h ' - C 1  NaITCO C - R  
II I 3 - R-?y(; 
0 011 o / \  

N ,N, 
'0 @ 0, 

1 1 R = NFUl , R = C , - 6  allcyl , C4-7 cycloalkyl 

R  = N R ' R ~  , R 2  , R 3  = C , - 4  a l e 1  , and other 

The fumxan r i n g  c i n  be formed i n  t h e  r e a c t i o n  o f  t e rmina l  a c e t y l e n e s  with NOF": 

The presence of &-acetoxy graup i n  t h e  s t a r t i n g  ace ty lene  i s  necessa ry  f o r  t h e  

r e a c t i o n  t o  proceed, The p rocess  begins  wi th  t h e  a t t a c k  o f  n i t ron ium ion,  p r e s e n t  

i n  t h e  r e a c t i o n  mixture,  on t h e  a c e t y l e n i c  moiety. The d i m e r i s a t i o n  of t h e  for-  

med n i t r o a c e t y l e n e  and t h e  subsequent  rearrangement Tivc3 Kay t,o 1 - - 4. 

S t m c  t u r e s  of 1 - 4 can be confirmed by t h e i r  thermal  r eve r s ion  i n t o  tm molecu- 

l e s  of f i - ace toxy-d -oxon i t r i l e  oxide,  r e a c t i n g  a s  1.3-dipole w i t h  d i p o l a m p h i l e s  17 

/ : ! e s c r i b r  L r  t h o  fcl?o:,ii:g pa;?, .'er,li.:1;; ..?itk ?.sc c:~,ij:!cal r e? , c t i - i t i  .jf furni3ns,! 
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F o r  t h e  s y n t h e s i s  of  i soxazo les  and dihydroisoxazoles  often t h e  cyc loadd i t ion  of 

n i t r i l e  oxides t o  s u b s t i b t e d  a lkenes  o r  alkynes i s  used. I n  this procedure,  a s  the 
rn e 

s i d e  reac t ion ,  t he  d imer i sa t ion  of R C N - O  , r e s u l t i n g  i n  fumxan, t a k e s  place;  f o r  

t h i s  purpose t h e  use of c e r t a i n  n i t r i l e  Oxides i n  cycloaddi t ion r e a c t i o n s  i s  l i m i -  

ted''. 

For ins tance ,  i n  the  following r e a c t i o n ,  i n s t e a d  of  t h e  expected 1 , j -cycloadduct ,  

19 on ly  3,4-diphenylfuroxan could be obta ined . 

UNSYlN"iETIUCALLY 3,4-i)ISU~TITU'l'ED F'UIIOXANS 

I n  t h e  ox ida t ion  r e a c t i o n  of dioximes, t h e  s t r u c t u r e  of the r e s u l t i n g  fumxons de- 

pends on t h e  conf igura t ion  of dioximes, a s  bell a s  on the na tu re  of  t h e  ox id iz ing  

70 
agent-  . 
The oxidat ion of antichlorcmethylglyoxime 2 wi th  d i n i t m g e n  t e t r a o x i d e  g ives  way t o  

the mixture o f  twoisomers, 6 and Z. i n  the  r a t i o  of 2.4 : 12'. 

110 / 

"2'4 - w1 t 
in other 

r N  /Eta / ' O!! 
0 

0-5 C ,  I? h  0 @ 
8 0 

21 
tiowever, when c e r i c  i o n  was used a s  t h e  Oxidizing agent ,  the  major product  was 1 . 
This  f a c t  can be explained by t h e  foi lowing ox ida t ion  mechanism, where t h e  a t t a c k  

of ce4* on t h e  oxime group ad jacen t  t o  the  rncthj.1 i s  favoured. 



The ox ida t ion  r e a c t i o n  of  a n t i  - chlorophenylglyoxime r e s u l t s  i n  t h e  mixture of 

two isomeric  furoxans 8 and 2, undergoing thermal i somer i sa t ion  a t  t h e  tem?erature 

0 22 Of 100 C . 

The mixture of syn- and anti-oximes IO, formed i n  t h e  r eac t ion  o f  s o r b i c  a c i d  with 

sodium n i t r i t e  y i e l d s  fllmxan i n  the fol lowing procedure23: 

ett:Il  a c c t ~ t e  
JI  

Ii I 
I s x t r ? c t i o n  !IH C =;- C O 0 i l  + Ile  -CII - c -C = c - COOII 

A0 
I1 I 

H arid column > 
" . r J  mti 

c h r o n n t o ~ ~ a . a ? h l ~  ,, '@0' - / s i l i c a  gel/ 0 -.- 1 1  

Lmong b i c y c l i c  furoxan;, tr imethylenefuroxan ought t o  be mentioned; this compound 

i s  obta ined by oximation o f  cyclopentene-1.2-dione and subsequent t rea tment  of 

dioxime w i t h  sodium h y ~ o c h l o r i t e ~ ~ :  

The s t r a i n e d  furoxans 2 - 3 can be synthes ized from nitrooximes 2 and 15 i n  

t h e  following procedure25: 
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I n  t h e  case  of l6, t h e  mixture o f  isomers 13 and 2, decomposing e x p l o s i w l y  

when heated t o  BOOC, i s  formed. 

Pyr idoG.3-c l furoxan 12 can be ob ta ined  i n  fo l lowing pmcedures ,  t h e  aim of these 

r e a c t i o n s  being t h e  u s e  of IJ a s  t h e  synthon of pyridopyrazine-1,4-dioxides, i n  

t h e  analogy t o  benzofuroxans 
26.27 

111, Cli i ICAl  Il3:dX'IViTY 

s ~ . I I ~ ~ ~ P R I Z A L L Y  3. 4-DISU~STITUTED FUROXANS 

I n  nlrmerous s t u d i e s  of t h e  t h e m o l y s i s  o f  a lkyl -  and a ry l fu roxans  t h e r e  was found. 

t h a t  a t  t h e  lower temperature range 1100 t o  300°c, depending on t h e  s u b s t i t u e n t / ,  

t h e  r i n g  c leavage l ead ing  to n i t r i l e  oxides ,  t a k e s  p lsce .  

N i t r i l e  oxides  i n  t h e  presence o f  d i p o l a r o p h i l e s  g ive  l , 3 -d ipo la r  cycloadducts 

2 8  
and i n  t h e  absence of d i p o l a r o p h i l e s  rearrange t o  i socyana tes  . 
However a t  very  h igh  t e n p e r a t u r e s  1500 - 600°c, under f l a s h  vacuum p y r o l y s i s  con- 

18 
d i t i o n s /  t h e  formed n i t r i l e  ox ides  can be i s o l a t e d  and c h a r a c t e r i z e d  . 

in the presence 
of dipolarophile 

n n 

R - C I N - 0  
in the absencc 
of di~olarophile 



Furoxans genera l ly  a r e  r e ad i l y  ava i lab le ,  there fore  t h e i r  use a s  n i t r i l e  oxides 

preoursors is  of i n t e r e s t  i n  the syn thes i s  of heterocycles.  I n  t h i s  regard the  

reac t ion  of 2 with a  s e r i e s  of  d ipo lamphi les ,  giving r i s e  t o  i soxaro l ines ,  was 
18 studied . 

I n  a s imi la r  way, fused furoxans heated with dipolarophi les  y ie ld  bicycloadducts,  

f o r  instancez4: 

Readily accessible  b icyc l ic  furoxans, e.g. 2 give r i s e  t o  b i s - n i t r i l e  oxides and 

di- isocyanstes ,  d i f f i c u l t  t o  ob ta in  on o ther  routes .  Thus, t h e m o l y s i s  of VJ i n  

t he  presence of  te t radec- l -ene and decanoni t r i l e ,  used a s  dipolarophi les ,  resul-  

28 t ed  i n  cycloadducts 2 and 22, resgec t ive ly  . 
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Themolysis  of 2 i n  the absence of  dipolamphiles ,  with hexadecane yielded diiso- 
28 

cyanate 2, a?d with decan-1-01 2 was i so la ted  as  the carbarlate 4 . 

28 
Simi la r  r e s u l t s  were obtained i n  t he  case of 3.4-diphenylfumxan,. . 
'When furoxans are  themolyzed under f lash  vacuum pyrolysis  condi t ions n i t r i l e  oxi- 

des can be i s o l a t e d  and i den t i f i ed ,  f o r  ins tvrce  d ian isy l fumxan  gives  way t o  

a n i s o n i t r i l e  oxidez9: 

On t h i s  way 3,4-dimethylfuroxan y ie lds  the  unstable  a c e t o n i t r i l e  oxide. 

So, the FVP t e c h i q u e  p e m i t s  the  spectroscopic examination and i den t i f i c a t i on  of 

shor t l ived  n i t r i l e  oxides, and on t he  o ther  hand, provides a convenient synthetic 

rou te  from furoxans t o  isoxazol ines .  

The following cycloadducts of n i t r i l e  oxides, r e s u l t i n g  i n  the FVP of  furoxans 

with a&enes, were obtainedz9: 



Among o t h e r  cvcloaddi  t i o n  r e a c t i o n s  of n i t r i l e  oxides.  formed i n  s i t u  from furo- - 
30 .3 :  xnns one can mention t h e  thermolysis of 2 i n  t h e  presence of  dimethyl moleate . 

c m i i o  

25 26 ?? 
1 9 .a,: 12.4:; 

The by-product a r e s u l t s  from t h e  d imer i sa t ion  of t h e  oxirone 23. formed b y  t h e  

decomposition of  cycloadduct 26 taking p lace  under  t h e  r e a c t i o n  condi t ions .  

Llso d iacy l  furoxans may serve  a s  the  source of n i t r i l e  oxides ,  t rapped a s  1,3-cy- 

c l o a d d u c t ~ ~ ~ :  

F C-I: = C-CF, 3 
I 

, Cl' 
3 

13 
F C-C-CF 

X k .,lux 3 

'o'@'o i s  1, 
0 R C /  

The reac t ion  wi th  ni tmenamine provides  a convenient rou te  i n  the  s y n t h e s i s  of  
17 4-ni t ro i soxazo les  . 

However, i n  t h e  t r ea tment  of 3 . 4 - d i b e n ~ o ~ l f u r o x a n  2 with MwIM, i n s t e a d  of the  ex- 

pec ted  isoxazole  2 t h e  adduct = i s  formed'7. 
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The mechanism of t h i s  r e a c t i o n  can be presented a s  f0llOWS: 

Furoxan 2 i s  i n  t h e  thermal equ i l ib r ium with t h e  r i n g  - opened isomer 2. The i n -  

t ramolecular  t r a n s f e r  of the  benzoyl group i n  2 g i v e s  r i s e  t o  z, which undergoes 

~ y c l o a d d i t i o n  with d i p o l a r o p h i l e s  t o  y i e l d  2. 

Other  mechanism, a n i t r o n e  - l i k e  a d d i t i o n  i s  a l s o  possible3: however a  proof f o r  

t h e  descr ibed mechanism was ob ta ined  by heat ing a i n  toluene i n  t h e  absence of 

d ipo la roph i l e .  Under these  c o n d i t i o n s  2 g ives  2, r e s u l t i n g  from the  dimerisa- 

17 
t i o n  of the  n i t r i l e  oxide . 



Eumxans can be considered as  c y e l i c  1,3-dipolar n i t rones ,  and a s  t he  f i r s t  

example of t h e  n i t r one  - type 1.3-dipolar cycloaddi t ion of  these species  the 

react ion of d i e thy l  furoxandicarboxylate with o l e f i n s ,  giving wag t o  b i cyc l i c  

compounds 2, was reported 33. I n  t he  f i r s t  s t e p  t h e  1 , F d i p o l a r  cycloadduct 

i s  formed, which el iminates  e thy l  cyanofomate by a retro-1.3-dipolar cyclo- 

add i t ion  t o  give x; the  next  1.3-dipolar cycloaddi t ion of x with another 

molecule of o l e f i n  r e s u l t s  i n  the end product 2. The stereochemistry of t h i s  

react ion i s  described. 

H,, 11 

E t 0 0 C p  EtOOC COOS+ 
I1 

N ii-0 - 
'0'0 0 i n  xyl m e  

r e f l ux ,  24 h 
\ o"0 

CI12-C6115 and other 

Furoxans t r e a t ed  with reducing agents,  e.g. t r i e t h y l  phGsphite, can be converted 

i n t o  the  appropriate  Parazans 13.34 

3.4-Uiphenylfuroxan was found t o  be i n e r t  towards nucleophiles;  the react ion 

with piper idine,  even under re f lux ,  d id  no t  take p l ace  35.55 

In t h e  inves t iga t ion  of 3,lrdicyanofumxan 2, the  explosive Proper t ies  of i t s  

mixtures with hydrazine have been observed. The reac t ion  of 2 with hydrazine 
37 and hydmxylamine g ives  way t o  2 and 40, respec t ive ly  . 

NC MH 
H2N-ZH 

> _j 

'Q'@ 0 i n  DMF 
38 - oOc, 2 h 
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Z 39 6716 

40 O 78% - 
Moderate heat converted the  oxazinofumxan 40 i n t o  42, via t h e  tautomerisation 

37 of 40 t o  5 and t he  subsequent elimination of imidogen . 

Pyrimidofuroxans undergo nucleophi l ic  addi t ion a t  C7, f o r  instance ": 

E t  NH 2 

/ I n  S ~ O A C  
> 

OC3 and h ~ x n n e  

I n  the  study of aminative r i ng  o7ening react ions t he r e  was observed t h a t  

pyrimidofumxan t r e a t ed  w i t h  primary o r  seoondary amines y i e ld s  aminonitroso- 

pyrimidines v ia  fumxan ring opening 39: 

20°c NM e2 
43 - 8016 

On the  o ther  hand, in such r eac t i ons  of the  pyrimidine r i ng  opening takes  

place 39: 



Unsymmetrical d ia ry l fumxans  undergo oxidation with ozone t o  give ammatic 

ac ids  40 . 4 

Studying the oxidation react ion of isomeric and 46, t h e  following r e su l t s  

ware obtained: i n  t he  oxidation of 4-5, besides t he  expected 3 a l s o  48, & and 

were fomed, while i n  the  case of 46 the  s o l e  pmduct  was 2 41,42 

'6% 
NH* 

(CF3COI *0, H202 '6"5 M'02 M II 3-0 - N !,N-U 
f c " ~ N o 2  I \ 

' 0 4  C, i n  C H , C ~ ~  \@F ?oY 
45 

20°c, 40 min - 47 - 48 
7 . G  7.4% 

CH COON, H202 3 3 
ao' \o/ 

25 40°C, 5.5 h 51 - 

Furoxans and t reated with sodium methoxide afford 2 and z , r e s p e c t i v e l y .  

Tne t h ema l  isomerisat ion of 3 t o  can be performed by i ts ref luxing i n  ben- 
42 zene . 
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c 6 H 5 ~ N 0 2  $ h - 0  A i4eONa 
\ o& 0 i n  MeOH 3 70A , /El 55 - 
52 % O ~ C ,  0.5 h  

I re f l i ix  

I i n  benzene 

'6% N02 n MeONa 
0.- ____$ 0 
o m\n/ i n  MeOH c6Hfl 3 @,OH - ., " 

2 20°C, 0.5 h  22 
85% 

The r e a c t i v i t y  of furoxans has been l a rge ly  inves t iga ted  having i n  view t h e i r  

b io log ica l  ac t iv i ty .  For instance,  t he  therrnolysis of  r e su l t ed  i n  i t s  

isomerisation,and the aminolysis of gave r i s e  t o  58 43: 

Me. II 
N-C Me 

"' &Lo 
' 0 . 0 0  

IV. PHYSICAL PROPERTIES 

The I3C hi4R spectroscopy i s  o f t e n  used i n  the  s t r u c t u r e  e luc ida t ion ,  e.g. i n  

the  case of 3.4-dimethylfuroxan 44 o r  norbornene furoxans 25. This technique i s  

a l s o  very helpful  i n  t he  i den t i f i c a t i on  of isomeric p a i r s  of furoxans: 

Z Y re f .  

Me, Et  H 29 

'6% 
H 20 

Me C 1  21 

'6% C 1  22 

'6 H5 *O2 41 



Numerous papers a r e  deal ing with X-ray c rys ta l lographic  ana lys i s  of furoxans: 

Z R ref.  

a s  well a s  of b icyc l ic  systems: 

r e f .  

n  = 3 24 

n = 4 46 

n = 6  47 

25 and of norbornene furoxans . 
Among inves t iga t ions  of isomeric p a i r s  of furoxans by X-ray crystal lographic  

ana lys i s  the  following ones ought t o  be presented: 

Z ref. 

Some fumxans have explosive proper t ies ,  e.g; dicyanofumxans 37153, potassium 

25 s a l t  535f trimethylene ~ u r o x a n ~ ~  and dicyclopentadiene furoxan 

Me COOK 

i H l - 0  , /\@ 5 
0 

59 - 

V BIOLOGICAL ACTIVITY 

Among b io log ica l ly  ac t ive  f i roxans the  following ones s b w  ant ihyper tens i t ive  

proper t ies  15,34,43, 
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R = OH, alkoxy, amino 

R = C I q 4  a lky l .  C5-7 cyc loa lky l  
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