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Abstract  - Syntheses, chemical r eac t iv i ty  and physical  proper t ies  

of furazans a r e  presented. 

I. INTRODUCTION 

The chemistry of  1,2,5-heteradiazoles 1 i s  in te res t ing  fmm t h e  theore t i ca l  and 

p r a c t i c a l  po in t s  of r i e w .  

Z P 0, S, Se, Te 
1 - 

1.2,5-Thia- and selenadiazoles have been the subject  of numerous publications,  
1-8 

while te l luradiazoles ,  so far ,  a r e  r a the r  uncommon species9; the  present  review, 

a continuation of  our former papers, concerning 1.2.5-thia- and selenadiazo- 

l e d s 4 * 1 0  i s  dealing with 1.2.5-oxadiazoles 1.e. mrazana, having i n  view t h e i r  

syn theses , r eac t iv i ty  and physical  proper t ies .  

Benzo-fused analogs and N-oxides (furoxans) of the above compounds, especia l ly  

benzofuroxans, important synthons of biologically ac t ive  quinoxallne-di-N-oxi- 

des I1-l7 cover a large  area of l i t e r a t u r e  and this topic i s  n o t  included here. 

11. SYNTHESES 

Among recent ly  described syn the t i c  approaches of furazans, We following ones 

ought to be presented. 

Z-Chloral oxime oxidized by ni t rogen te t roxide  gave way to 3.4-bis ( trichlomme- 

thyl)furazan2',  and dioxime 2 t r ea ted  with thionyl chlor ide  yielded 1, which could 

be hydrolyzed t o  hydroxpethylfurazan22s23. 



NOH 
I1 

AcO-C H2 C-C H=NOH in 

50°c. I h 

In the thermolysis o f  .(-oximino-d-(N-heteroaryl)acetylazi&s i n  CHC13 medium, 

&substituted 3-hydroxyfurazans 4 and 2 have been obtained, along with trace amo- 
24 unts of 1,2,4-oxadiazole derivatives . 
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However when C K 1  was replaced by EtOH a s  solvent, 1.2.4-oxadiazole der ivat ives  3 
were found t o  be the  major products. This f a c t  can be explained by the d i f ference  

i n  the  s t a b i l i t y  of t r ans i t ion  s t a t e s  i n  t h e  solvent of low po la r i ty ,  i.e. 5 i n  

CHC1) and i n  the polar  solvent. 1.0. Z i n  EtOH, 

I n  C H C l  the l e s s  po la r  t r a n s i t i o n  s t a t e  6 i s  more s t a b l e  then the  polar  t rans i -  
3 

t i o n  s t a t e  2, and therefore i n  C H C l j  furazans are t h e  major products. I n  EtOH 

however, where the po la r  t r a n s i t i o n  s t a t e  Z i s  s t ab i l i zed ,  the formation of 

1.2.4-oxadiazoles is favoured. 

The plaus ible  mechanism Of the above reactions is a s  follows: 

" 
Hydroxyfurazan 4 can be also obtained i n  t h e  reaction of oxlme 8 with hydmxyla- 

mine and sodium hydroxide, while 2 under s imi lar  condit ions a f fo rds  the  amino 

derivative sZ4. 



m H2NOH, aq NaOH 

u N . & c 0 0 M e  II next room temp..4 IOOOC, 4 days, h 
4 - 
25% 

8 - N \ ~ ~  

+?OH, a q  NaOH 
- 

reflux,  1 h 

Z-Oximes of.3-acylisoxazoles can rearrange i n t o  furazans i n  the  presence of base, 

and E-oximes do no t  rearrange under these condit ions,  this f a c t  being probably 

due to the  f a i l u r e  of the E - Z isomerization 25-27 . 
R' 

a 9  20% KOH i n  EtOH 

reflux. 2 h 0 N,uN 

' OH q Ny,,' - no rearrangement 
R N 

R Q' 
Me Ph 
f7-I R 

The furazancarboxylic acid 2 was synthesized by reaoting the  e s t e r  12 and iso-amyl 

n i t r i t e  i n  the presence of sodium methylate, the  minor pmduct being benzoisoxa- 

zo le  3. The react ion proceeds v i a  t h e  dioxlme 14 intermediate 28.29 
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Aminofurazancnrboxamide a can be obtained by treatment of with benzylamine 

and the subsequent hydrolysis 04 the fomed z 3 0 .  

I n  the s imi la r  way the following der ivat ives  of 2 were synthesized. 

R 9 H, a l k y l  

R' - alkyl ,  a r y l ,  amino 

Fused furazans a r e  an i n t e r e s t i n g  c l a s s  of heterocycles, and an a t t e n t i o n  ought 

t o  be paid t o  some synthet ic  approaches of these systems. I n  t h e  react ion of 

3.4-diaminofurazan with nitrosobenzene, the azofurazan 18 i s  fomed. This com- 

pound was converted by the action of P b ( O k ) , ,  in to  a r e l a t i v e l y  unPn0w1 meso- 
8 i o n i c  tr iazolofurazan a. The react ion proceeds via the n i t r e n e  intermediate . 



Triazolofurazan can be also obtained direct ly f r o m  by its treatment with  

nitmsobenzene3', o r  by thermolysis of - 21; furazanoazides are serving here as  

nitrene generators 32.33 

Furazanopyrimidinium s a l t s  containing bridgehead nitrogen atom are rather new 

species, too. An example of the synthesis of such heterocycles i s  the reaction 

of Csubstituted 3-aminofurazans with p-chlorovinylcarbonyl compounds i n  the 
34 acidic medium . 

R3 yield 

Me 7316 

Me 70% 

Me 76% 

Me 82% 
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111. CHEMICAL REACTIVITY 

I n  the inves t iga t ion  of chemical r e a c t i v i t y  of furazans, 3,bdirnethylfurazan 

was converted i n t o  3 -methy l -~v iny l fu razan~~:  

iJ l i t h i a t i o n  
e ~ M e  ii) carboxylation 

Qes te r i f i ca t ion  

N N ii) reduc t ion 

\ 0' 
N N 
'0' 

The following nucleophil ic subs t i tu t ion  reactions of chloromethylfurazans were 

performed36: 

MeHCH2 I I- M e ~ c H 2 c '  AcO- 

N N N N 
__C 

96% \ / 'a' ry N 
0 '0' 68% 

AcOCH2MCH20A~ 

I- Aco- 
___C 

N N N N 60% 

'0' '0' 

As the  example of e lec t roph i l i c  s u b s t i a t t o n ,  the n i t r a t i o n  of 2 was accom- 



The furazanpl subs t i tuen t  d i r e c t s  i n  orthoand para posit ions,  however, i n  the  

presence of electron-withdrawing s u b s t i m e n t s  this e f fec t  decreases, and t h e  

meta subs t i tu t ion  takes place. E. g. : 

The oxidation of 3-amino-4-phenylfurazan with an excess of 85% H2OZ i n  CF3COOH 

affords 3 - p h e n y l - 4 - n i t r o f ~ r a z a n ~ ~  39. 

4<NH2 ~ J , / C F ~ C O ~ H  

* - 
N N 

M 
'0' TOY 

4-Substituted 3-hydmxyfurazan 2 undergoes ace ty la t ion  and methylation t o  give 

t h e  corresponding derivativesz4: 

When 3 was t r ea ted  w i t h  n i t r o u s  ac id ,  a' r e e s l t i n g  from the  r ing  f i s s i o n  was 
24 obtained ins tead  of  the expected hydmxy der iva t ive  . 
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m o m  temp 30 mtn 20% 

next ~ooG, 10 mtn 

22 

4 - 
The decarboxylation of the furazanoarboxylic acid 11 i n  diethylamine gave 2-hy- 

dmxybenzonitr i le ,  presumably v ia  the  intermediate 5; and with dehydrating 

agents, e.g. with Ac20 the lactone & was formed. T N s  compound e a s i l y  undergoes 

r ing cleavage by nucleophil ic reagents to yie ld  the  corresponding der ivat ives  

80% 
OEt 

me2 

NEt2 



The reaction of 20 with a n i l i n e  r e s u l t s  i n  the azo compound which can be con- 

verted i n t o  az ide  g32: 

Among react ions  of fbsed furazans, the  following ones ought t o  be mentioned. In- 

ves t igat lng t h e  r e a c t i v i t y  of pyridofurazans, t h e i r  sodium borohydride reduction 

was performed. Depending upon the  react ion condit ions d i f f e r e n t  products were 
40 obtained . 

For example, the  reduction of pyridofurazan leads  t o  diaininopyridine 28 and di- 

hydmpyridofurazan 2& i n  the  r a t i o  r e l a t i v e  t o  the reac t ion  temperature: 

Ph NaBH,, Ph Ph 
i n  EtOH - 

Fh Ftl H Ph 

room temp.. l h  4% 
reflux.  10 min. 79% 

I n  the same procedure I?? can afford  four  products: a t  room temperature de r iva t i -  

ves 2 and ,?& a r e  formed. while i n  boil ing ethanol, i n  the f i r s t  s t e p  the furazan 

r i n g  reduction, r e su l t ing  i n  2 and 32, takes place. 
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mom i 1 h 

s o l e  pmduct 

The obtained dihydropyridofurazans were oxidized u%th sodium hydroxide to afford 
40 the  corresponding pyridofurazans , e.g.: 

~'9~" N=oH i n  .to. 
HN room temp.,g~min. 

H Ph Ph 

So far ,  very l i t t l e  i s  known on furazans fused with l,3-dioxepane ring. For the 

synthes is  of  these heterocycles 3,4-dihydroxymethylfunzan can be used; this com- 

pound undergoes smoothly the  react ion with aldehydes to afford 1.3-dioxepanes 

m, while with acetone the  reac t ion  is  more d i f f i c u l t ,  the  y ie ld  being only  

1 OF. 



H Q  
?4 N i n  benzene, r e f lux  
'0' o r  i n  C H , C ~ - C % C ~  - 

y i e l d  % :  58.6 66.7 64,3  33.5 

When hy~dmlyzed, r e a d i l y  g ives  back the  s t a r t i n g  3.4-dihydroxymethylfurazan 

and acetaldehyde, and with ace t i c  anhydride 3,4-diacetoxymethylfurazan was obtained. 

aq. H C ~  HOCY2HCH20H + WHO --/- N\O'"J 

Me 77.5% 
k20/H2s04 

2 2  50-60°c, I h A C O C H ~ ~ C H ~ O A C  

YO,N 
77.6% 

In the react ion  of w i t h  t h iony l  chlor ide  o r  phosphorus pentachloride, the  

d io~epane r i n g  i s  opened t o  a f fo rd  the  e t h e r  &, which by HC1 e l iminat ion  can be 
41 converted i n t o  its vinyl  de r iva t ive  . 
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Studying the r e a c t i v i t y  of thienofurazans, the cycloaddition of  with maleimi- 

dee was accomplished; this react ion leads t o  strained thianopbornane systems: 
42 exo-adducts 2 and endo-adducts 24 . 

Z = NH, NMe, NPh and other  

ex0 endo 

The thermolysis of 2 and 2 under mild conditions resul ted  i n  t h e  furazan r ing  

cleavage t o  n i t r i l e  and n i t r i l e  oxide moieties, which could be trapped as  l,3-cy- 

cloadducts by acetylenes o r  ole fin^^^-^^. 

R-CSC-$ '22 + 
i n  benzene o r  xylene 

t h N B b )  r e f l u x  

RF&COOM~ 

R=H, RCOOM~ 
FbPh.ILCOOMe 



14 
i n  benzene o r  xylene 

( 2  - NPh) r e f l u x  \ 

R-&COOM~ 

R-H, F&coOM~ 
b P h .  ~ O O P ~ C  

However, t h e  react ion of 12 with acetylenes,  ins tead  of the expected highly s t r a -  

ined thianorbomene %,leads t o  41 and 42. These compounds a r e  formed v i a  t h e  

intermediate 3; We furszan ring opening of 40 and the subsequent cycloaddit icn 

reaction with t h e  second dipolaro2hi le  molecule l ead  to t h e  1:2 adduct 41, while 

desuli3xization o f  40 under the react ion condit ions gives way t o  the  minor pro- 

46 duct & . 
R-CsC-R 

0 - -  I n  benzene 

reflux,  26h 
Ph Ph 
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I n  the react ion of with norbornene 9, a s  with acetylenes,  no strained cyclo-  

adducts and a were detected; although n o t  formed, they are bel ieved to be 

intermediates i n  the formation of four stereoisomeric 1 :2 adducts, r e su l t ing  i n  

the fo1lowLn.g way47: 



In the study of furazanopyrimidinium s a l t s  t h e i r  react ions  with nucleophiles 

were performed. 

These reagents open the pyrimidine ring; e.g. 46 t r ea ted  with e thanol ic  NaOH 

yields 3-amino-4-methylfurazan, and with e thanol ic  NH the de r iva t ive  4J, is 3 
formed. Actionof ani l ine  i n  a c e t i c  acid converts  46 i n t o  acetylacetone d i a n i l  

34 perchlorate . 

H2N Me 
M N ~ O H / E ~ O H  NHJ/E~OH 

N N room temp. 
'0' 

mom temp. 

84% - 46 9 
64% I PhNH2/AcOH 

J room temp., 3h 

I V. PHYSICAL PROPERTIES 

Among physicochemical inves t iga t ions  of furazans an a t t e n t i o n  ought t o  be pa id  

t o  'H and I 3c  NMR spectroscopy of 3.4-dimethylfurazan 48,49,13~ HMR spectroscopy of 
1 4-substituted 3-phenylfurazans50, a s  well a s  t h e  H NMR spectroscopy of furazano- 

pyriuildinium s a l t s  of the  type 4634. I n  the s tudy of furazancarboxylic ac id  11 
derivatives,  the X-ray c r y s t a l  s t r u c t u r e  analys is  of  i t s  methyl e s t e r  was perfor-  

28 med . 
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