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THE CHEMISTRY OF FURAZANS

Wanda Sliwa
Department of Organic Chemistry
Pedagogical University, 42-201 Czgstochowa, POLAND

Abstract -~ Syntheses, chemical reactivity and physical properties

of. furazans are presented.
I. INTRODUCTION

The chemistry of 1,2,5-heteradiazoles 1 is interesting from the theoretical and

pructical points of wew,

Z=20, S, Se, Te

[ B8

1,2,5-Thia~ and selenadiazoles have been the subject of numerous publications,1'8

while telluradiazoles, so far, are rather uncommon speciesg; the present review,

a continuation of ocur former papers, concerning 1,2,5-thia- and selenadiazo-

1953'4'10 is dealing with 1,2,5~0xadlazoles 1,e. furazans, having in view their
syntheses, reactivity and physical properties,
Benzo-fused analogs and N-oxides { furoxans) of the above compounds, especially

benzofuroxans, important synthons of biologicslly active quinoxaline-di-N-oxi-

des11=17 18-20

cover a large area of literature and this topic is not included hera.

II. SYNTHESES

Among recently described synthetic approaches of furazans, the following ones
ought to be presented.

Z-Chloral oxime oxidized by nitrogen tetroxide gave way to 3,4-bis( trichlorome-

21

thyl) furazan®’, and dioxime 2 treated with thionyl chloride yielded 3, which could

be hydrolyzed to hydroxymethylfurazan®2*2,
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In the thermolysis of a(-Oximino—o(—(N-heteroaryl)acetylaz:!.des in CHCl3 medium,

L~substituted 3-hydroxyfurazans 4 and 5 have been obtained, along with trace amo-
unts of 1,2,4-oxadliazole derivatives2?
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However when CI—DI3 was replaced by EtOH as solvent, 1,2,4-0xadiazole derivatives
were found to be the major products. This fact can be explained by the difference
in the stability of transition states in the solvent of low polarity, i.e. 6 in

(.‘.H(l'l3 and in the polar solvent, i.e. 7 in EtOH,

In CHCl3 the less polar transition state & is more stable than the polar transi-

tion state 7, and therefore in GI—ICJ.3 furazans are the major products, In EtOH
however, where the polar transition state 7 i1s stabilized, the formation of

1,2,4-0xadiazoles i favoured.

The plausible mechanism of the above reactions is as follows:

N N - N
OH OH | 7N\
N\O/
Hydroxyfurazan & can be also obtalned in the reaction of oxime 8 with hydroxyla-
mine and sodium hydroxide, while 9 under similar conditions affords the amino
derivative _1_92".
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K,NOH, aq, NaOH

COOME room temp.,4 days, — 4
next 100%¢, 4 h 5%
8 ~OH
N H,NOH, aq NaOH
N/ ’ C=N reflux, 1 h \N/ _ \O
! ~ ./
2 "o 10 HNTON

16%

Z-0Oximes of. 3-acylisoxazoles can rearrange into furazans in the presence of base,

and E-oximes do not rearrange under these conditions, this fact being probably

due to the failure of the E = Z isomerization<’ 2/,
RJ
|
C (
>
Y \l}l aq, 20% KOH in EtOH R R
R-L N O+ -~ Y
0 reflux, 2 h 0 N

Rl

!
Ny, . OH
ﬂ \N — no rearrangement
R oN |

R R

Me Ph

Ph Ph

The furazancarboxylic acid 11 was synthesized by reacting the ester J2 and iso-amyl

nitrite in the presence of sodium methylate, the minor product being benzoisoxa-

zole 13, The reaction proceeds via the dioxime 14 intemediatezs’zg.

_ HO\N -
N i
\N Ca0R i=-Amyl Noa, MeONa CODH
of ° - " -
, 0°C, 4 h HO/
Rele, Bt ! 14 |
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HO\
COOH g COR
H0 7 CO0H Y
N, AN 0
30%&5% 0 13 /the nminor product/

Aminofurazancarboxamide 15 can be obtained by treatment of 16 with benzylamine
and the subsequent hydrolysis of the formed j_ZBO.

NH, S NH-CHyPh @
/N 22 N M - -
. |\éx % e oo g/ Z \O a0, B4OH eNH/,/ \\, NH-CH.Ph
9 \[}] ‘-.N/ 02 \n\l \N/ N N
Me Me 07
16 iz a5
B80% 70%

In the similar way the following derivatives of 15 were synthesized.

Q

R NH -NHR' R = H, alkyl
;/ \;
N N R'= alkyl, aryl, amino

\O/

Fused furazans are an interesting class of heterccycles, and an attention ought
to be pald to some synthetic approaches of these systems. In the reaction of
3,4~diaminofurazan with nitrosobenzene, the azofurazan 18 is formed., This com-
pound was contverted by the action of Ph{Cis} 4 into a relatively unknown meso-

ionic triazolofurazan 19. The reaction proceeds via the nitrene intermediates.
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Triazolofurazan 19 can be also obtained directly from 20 by its treatment with

nitrosobenzene31, or by thermolysis of 21; furazanoazides are serving here as
nitrene gemmtor832’33.
HN N
V4 H 3
PhNO /7 \
HNC NH,  HNC N=NPR' N_ N
}/ \( PhNO >/ \( Pb{ 04c) “Ph-ﬁ//N IN \04 200/
N\O,N N\O/N N N N3 2 NPH
e benzene H
8 12 reflux N N
1h ]
~0
21

F\zrazjanopyrimidinium salts containing bridgehead nitrogen atom are rather new

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

of 4-substituted 3-aminofurazans with ﬁ-chlorovinylcarbonyl compounds in the

acidic medium34.

! H N * N R
RIO 2 7/——( HC10,/ AcOH Rap \rj
+ ° . N
60-70°C, 5 min 2 AV
R?' \I/Cl N\OL\] and room temp., R 3® 0
3 3-5h R c10, ©
R 4
R rR' RrRZ R® yield
Me Me Me 73%
- Me Ph Me 70%
Ph Me Me 76%
Ph H Me Me 82%
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III, CHEMICAL REACTIVITY

In the investigation of chemical reactivity of furazans, 3,4~-dimethylfurazan

was converted into 3-methyl—l+-vinylfurazan35 H

M ™M
M em € 1)1lithiation e CHZCOOH {Jesterification
N/ N 11} carboxylation ;/ \,\ i) reduction .
o7 -— N\O N

Me CHZ*CHZOH 1) mesylation CH ZCHZ

Me
)/ \’\ i) diazabicycloundecaner )]_\(

\O/ N\O/N

The following nucleophilic substitution reactions of chloromethylfurazans were

peri‘ormed36=
Me CH,Cl Me CH,OAc
Me CHZI i 2 i 7/__< 2
H I >/ \< AcO \
N N —— N N - N__N
96% ~No” g ~0 68%

Chay  OH, | CICHp  CHLCI AcOCH,,  CHOAC

70% N N -
\O, N\o/N 0

As the example of electrophilic substitution, the nitration of 22 was accom-
plishedy . R Ph

>/ \;

N N

\O, R = H, MeyPh, Noa, COOH

22
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The furazanyl substifuent direcis in orthoand para positions, however, in the

presence of electron-withdrawing substituents this effect decreases, and the
meta substitution takes place. E.g,.:

0
O,N Ph 2
2 7—” ) HNO/ H,S0,, ON /_\
NN e I\
N 50-90° ¢ N\O’N NG,

The oxidation of 3-amino-4-phenylfurazan with an excess of 85% 1-1202 in CF.COOH

38, 39.

3
affords 3-phenyl-4-nitrofurazan

Ph
P:Z/—‘\&NHZ H,0,/CF5C0,H _ H’\Oz
N
\O/

N
S

4-Bubsti tuted 3~hydroxyfurazan 4 undergoes acetylation and methylation to give
24,

the corresponding derivatives

~ /j ~
P

s

\O 2 ) IN
ACO \N/ reflux, 2 h O / i%cetilgrh Meo ‘\N/

82% 100%

1+

When 23 was treated with nitrous acid, 24 resulting from the ring fission was

obtained instead of the expected hydroxy derivative 42
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=

/’Qﬁi] N C=EN
N7 TN\O NaNO,/H,S0,, | / 24
~ S room temp.,30 min \5\

H ZN

N next 100°C, 10 min

The decarboxylation of the furazancarboxylic acid 11 in diethylemine gave 2«hy-
droxybenzonitrile, presumably via the intermediate 25; and with dehydrating
agents, e.g. with Ac20 the lactone 26 was formed. This compound easily undergoes

ring cleavage by nucleophilic rezgents to yield the corresponding derivatives
of 11 28_

Et,NH
HO COOH in EtOH ~OH
/A \ reflux,3h HO /i \ CN
NN ~-C0
O 2 N\O/N
11 ) 25
N-0
l /,{1 0
Ac,0 7€ &
= ———t— —_— HO \Z
00 7\
N\O/
26 Z = OMe
8o% OEt
l\mez
NEt,
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The reaction of 20 with aniline results in the azo compound 18, which can be con-
32
1"

verted into azide

HAN Db HN  N=NPh 1/ NeN0/B50, Ny N=Np
N// \ PhIH, )/ \i 2/ Nes N 7

\O/N 1500 N\OL\* N\o/N
20 18 21

Among reactions of fused furazans, the following ones ought to be mentioned, In-
vestigating the reactivity of pyridofurazans, their sodium borohydride reduction
was performed. Depending upon the reaction conditions different products were

obtainedao.

For example, the reduction of pyridofurazan 27 leads to diaminopyridine 28 and di-
hydropyridofurazan 29, in the ratio relative to the reaction temperature:

Ph NaBH, Ph Fh
NC~# /N\o inmton NCNZ N NH, NC~ 2~ N
Na 73N 7 Nao | NH, * H SN 7
Ph P L
2z 28 23
room temp,, 1h 43 65%
reflux, 10 min. 79% -

In the same procedure 30 can afford four ﬁroducts: at voom temperature derivati-
ves 32 and 34 are formed, while in boiling ethanol, in the first step the furazan

ring reduction, resulting in 31 and 32, takes place,
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Ph NaBHh
BtIOOC AN 1 Etow

N \N/O

Ph

30

Ph Ph Ph Ph
Et0,Gr7 HOCHZT/\]NHZ HOCH, AN ETO.LT7 AN

xNH; N~ NH N x. N~

Ph moe SOONT O Ph

2 2 Ph 33 34
room { 1 h 41%
temp.i*lah 21%

lux

re- 1h 39%
12 h sole product

The obtained dihydropyridofurazans were oxidized with sodium hydroxide to afferd

the corresponding pyTidofuraZansqo, (=29 -0

Ph Ph
N N
NC A7 \O NaOH in EtOH - NCZ 2N
HN N7 room temp, ,9Cmin. N “‘-N d
H  Ph Ph
23 27

507
So far, very little is known on furazans fused with 1,3~dioxepane ring. For the
synthesis of these heterocycles 3,4-dihydroxymethylfurazan can be used; this com-
pound undergoes smoothly the reaction with aldehydes to afford 1, 3~dioxepanes

35a-d, while with aceione the reaction is more difficult, the yield being only

1O}5L"1.
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HOCH,,  CH,OH

H N H 0— =N
1 o e L
N N \ in benzene, reflux 3 0 XN

N !
Q R or in CH,C1-CH,Cl
20-259% 35a=d
a b ] -]
Ny—0_ H
R: H Me Ph O\ / \
N7 0
vield % : 58.6 66,7 64,3 33,5

When hydrolyzed, 35b readily gives back the starting 3,4-dihydroxymethylfurazan
And acetaldehyde, and with acetic anhydride 3,4-diacetoxymethylfurazan was obtained.

ag, HCl HOCHZ CHZ OH

-— > < + MeCHO

H 0 2N 20-25°, 1 & N/\O,\N

Me>< OIN/O 77. 5%
2k

ACZO/H S0
CH,0Ac

2%
50.60°C, 1 h ACOCHZ

!

N‘O’N
77.6%
In the reaction of 35b with thionyl chloride or phosphorus pentachloride, the

dioxepane ring is opened to afford the ether 36, which by HCl elimination can be
41

converted into its vinyl derivative
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sect,  CKH, CH,0CH-Me  CICH, CH,OCH=CH,

H, 0 N
AN o}
0 er FCl, /A Et, N /B
Me><0 Xy 1 cHEl; N |\\1 in CHCl Hci3 N N
N ()/
60°C, 4 h 0 60° , 2 h
35b 36 ~HC1 58, 7%

Studying the reactivity of thienofurazans, the cycloaddition of 37 with maleimi~
des was accomplished; this reaction leads to strained thianorbornane systems:

exo-adducts 38 and endo-adducts 22“2.

Ph 0
74 /N\ /“
S 0 + 7 | —_—
NN N
thl 0
Z = NH, NMe, NPh and other
9 HSPh
+ 7 _-Nb
0 th \’V/
0
endo

The thermolysis of 38 and 39 under mild conditions resulted in the furazan ring

cleavage to nitrile and nitrile oxide mecieties, which could be trapped as 1,3=cy-

cloadducts by acetylenes or olefins3=43,

R-CsC-R

L -
in benzene or xylene
‘Zﬂmf&@ reflux

R=R=COOMe
R=H, R=COOMe
R=Ph, R=C0OOMe
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R=-C=C-R'

0, Fh

in benzene or xylene

reflux

R=R=CO0Me
R=H, R=CO0Me
R=Ph, R=COOMe

(z = NPR)

n H y.CN
yd
N ;Li\{s
\n fen R
0O Phy \
N B‘R’

0

However, the reaction of 37 with acetylenes, instead of the expected highly stra-

ined thianorbornene 40,leads to 41 and 42. These compounds are formed via the

internediate 40; the furazan wring opening of 40 and the subsequent cycloaddition

reaction with the second dipolarophile molecule lead to the 1:2 adduct 41, while

desuliurization of 40 under the reaction conditions gives way to the minor pro-

duct QL’G. Ph - Ph N -
S/ N\ R-CsC-R N R 7 \O
“in benzene
. S
\ \N/ reflux, 26h R N
Ph L = |
z & 49
R: -CO0Me —%—Ph
O
R-C=C-R
X R
Ph
R AN
-G ~ a b
R N7 o7 66%
Ph
&g_
a b
2% 5%
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In the reaction of 37 with norbornene 43, as with acetylenes, no strained cyclo-
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adducts 44 and 45 were detected; although not formed, they are believed to be

intermediates in the formation of four stereolisomeric 1:2 adducts, resulting in

the following wayw :

Ph

N 7

Ph

H ,Ph
N
O +
\N/
|_.| l
M Ph
4k 4 )
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In the study of furazanopyrimidinium salts their reactions with nucleophiles

were performed.

These reagents open the pyrimidine ring; e.g. 46 treated with ethanolic NaOH

yields 3-amino-f-methylfurazan, and with ethanolic NH, the derivative 47 is

3

formed, Actionef aniline in acetic acid converts 46 into acetylacetone dianil

per‘chlor'ate%.

)/ \< NaOH/EtOH = \[—-f NH,/EtOH —
N\ /N room temp, X t\j ’iN room temp. Me-(, N Me
0 \ @0 O-H 7\
e
c10, @ N\O’N
84% 46 iz
6434
PhNHZ/AcOH

room temp., 3h

Me-(l.;-CH =f|Z-Me
@F'\IH r‘\IH

Ph
75%

1V, PHYSICAL PROPERTIES

Among physicochemical investigations of furazans an attention ought to be paid

to "H and 13C NMR spectroscopy of 3,4-dimethylfurazan*©142,713C MR spectroscopy of

4-substituted 3-phenylfurazans5 0, as well as the

1H NMR spectroscopy of furazano-

pyrimidinium salts of the type _4_6_3 4. In the study of furazancarboxylic acid 11

derivatives, the X-ray crystal structure analysis of its methyl ester was perfor-

med28.
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