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Abstract — Uvntheses, chemical reactivity, as well os physical

and biological prevnerties of furoxans are nregernted.

I, INTRODUCTION

The present review, dealing with 1,2,5-oxadiazole-1-oxides, i.e, furoxens is a con-~
tinuation of our former papers concerning oxa-, thia- and selenadiazoles1_h,

The chemistry of furoxans is intensively developing5'7; because of the big amount
of papers concerning benzofuroxans, useful synthons of biologically active guino-
xalineadi—N-oxidesa’g, this topic is not included here,

Presenting syntheses and properties of furoxans, we divide them into two groups -

symmetrically and unsymmetrically 3,4-~-disubstituted,

II. SYNTHESES
SYMMETRICALLY 3, 4-~DISUBSTITUTED FURCXANS
Among numerous syntheses of furoxans there ought to be mentioned chemical oxidation

reactions of dicximes10—13: the anodic oxidation being a convenient modificetion of

this method14.
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The following procedure alse results in :t‘l.u-oxans‘I H

R—C-N—Ci R—C C—R
NallCco [l il
I I _._.___..i__, OW 0
0 ol N N
-~
S0 Vg
1 1
R=NHR , R = C1—6 alkyl ., Ch—? cycleoalkyl
R = NR2R3 . R2 s H3 = C1-h alkyl , and other

The furoxan ring can be formed in the reaction of terminal acetylenes with NOF16:

0 =
., fl .
A 0ic NOE,/NCEF, //C ¢ i~ CO
C S — o Jf 3 ‘

. c=H in " i Yo
MeOmCH, =CH,=CHe NG
o%c, b on ' ©

T AL

245
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The presence of =(-acetoxy group in the starting acetylene is necessary for the
reaction to proceed. The process begins with the attack of nitronium ion, present
in the reaction mixture, on the acetylenic moiety, The dimerisation of the for-
med nitroacetylene and the subsequent rearrangement #ives way to 1 - 4.
Structures of 3 - 4 can be confirmed by their thermal reversion into two molecu-

les of f)-acetoxy-c)[-oxonitrile oxide, reacting as 1,3-dipole with dipolamphilesw

feserihed ir the following part, dealing with the chemical resctivity of furoxans/
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For the synthesis of isoxazoles and dihydroisoxazoles often the cycloaddition of

nitrile oxides to substituted alkenes or alkynes is used. In this precedure, as the
side reaction, the dimerisation of RC%-% , resulting in furoxan, takes place; for
this purpose the use of certain nitrile oxides in cycleaddition reactions is limi-
ted18.

For instance, in the following reaction, instead of the expected 1,3-cycloadduct,

only 3,4-diphenylfuroxan could be obtained19.

cycloanddition
)

CH = no product
32 '
f //C\\
C.H.— C=EN—9 + NO C. H C,II
675 'But 1-.'( 2 dimerisation 675 R, 675

Moo
)

UNSYMMETRICALLY 3, 4=-DISUBSTITUTED FUROXANS

In the oxidation reaction of dioximes, the structure of the resulting furoxans de-
pends on the configuration of dioximes, as well as on the nature of the oxidizing
agent2o.

The oxidation of antichloremethylgivoxime 5 with dinitrogen tetraoxide gives way toe

the mixture of twolisomers, & and 7, in the ratio of 2,4 : 121,
e Cl N201+ Me Cl e Cc1l

/> \< —— ;/ \( + ;f \(

in ether hk N N N
N A NP NI

1 - G

HO ol 0=5"C, 19 h & e

3 3 z

2,k : 1

However, when ceric ion was used as the oxidizing agent, the major product was 221.
This fact can be explained by the foilowing oxidation mechanism, where the attack

of Cea+ on the oxime group adjacent to the methyl is favoured.

Me C1
b® r—
5 _.._._Ce > \/ \q Ce L'@
- 3 - Fat H >
Ce ®© 6" on —Cce 3@
-1
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The oxidation reaction of anti - chlorophenylglyoxime results in the mixture of

two isomeric furoxans 8 and 9, undergoing thermal isomerisation at the temperature
0,22

of 1007C™",
CgHy c1 Cgli, c1 Cliy c1
N, 0
y— 27k Zl \ﬁ z §
i N T2 ~An s ¥ ! \"_&
Ho/ﬂr N_  in %thel g) @0 ol
! O 057, 6 n 1 : 0,0
. ~— : '
2 N g

The mixture of syn- and anti-oximes 10, formed in the reactlon of sorbic acid with

sodium nitrite yields furoxan A1 in the following procedure23:

K X Nali0, n
4
He — C=¢ —C =¢ —coon ot 3.5 Me_CH_C — C=C —CO0ll  +
0 |
I 1 t°c, 0.5 n no, | H
' 24 10 S5yn
\Ol[
1T
1 2thyl sccoiete |
| extraction MS ( c -?—COOH
-+ Me —CH — C —C = ¢ —CQ0Nl —= i H
ﬁ i ! and column N
0, N H @07
210’ . ) chromstogranhy ¢
10 anti /silica gel/ = 11

Among bicyclic furoxans, trimethylenefuroxan ought to be mentioned; this compound
is obtained by oximation of cyclopentene~-1,2-dione and subseguent treatment of
dioxime with sodium hypochlor‘iteza:
. N-0OH
0 H23'_'0II <I NaOCi aq /"5
< [ —_—_— —_—
< 0%C L
0 N-0I1 T @
0Q
735

The strained furoxans 12 - 14 can be synthesized from nitrooximes 15 and 15 in

the following _procedure25:
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50, - DHF
N-011 or N
H - DMF &N\
€180, v 0
NO - Xy
2 20%, 0.5 h l;J ®
135 0® 12

&

N-Ol 50, ~ DHF ?,
3 or =N ’NQ
C15041 — DHP o ¢+ D
NO = “-Neg N”
|
©

QOOC y OaS h

1 ° 1
13 _ L
- &2/

In the gase of 16, the mixture of isomers 13 and 14, decomposing explosively

when heated to 80°C, is formed.

Pyrido[g,B-c]furoxan 47 can be obtained in following procedures, the aim of these

reactions being the use of 17 as the synthon of pyridopyrazine-1,4~dioxides, in
26,27
the analogy to benzofuroxans™ *7 .
WO, 0@
@ [@ 0611510 diacetatc
reflux T : . NGO
et in dioxane (ji'\u o im C i, = i 2
—_—— <
f L 15 1 e T 60, 2 1 . .
I 2= }{ e ) N NHZ
Q7L A7 521

III. CHEMICAL RzEaCTIVITY
SYMMETRICALLY 3,4=-DISUBSTITUTED FUROXANS
In mumerous studies of the thermolysis of alkyl- and arylfuroxans there was found,
that at the lower temperature range /100 to 300°C, depending on the substituent/,
the ring cleavage leading to nitrile oxides, takes place,
Nitrile oxides in the presence of dipolarcphiles give 1,3-dipolar cycloadducts
and in the absence ¢of dipolarophiles rearrange %o isocyanates28.
However at very high temperatures /500 - 600°C, under flash vacuum pyrolysis con-

ditions/ the formed nitrile oxides can be isolated and character12ed18.

Rl
I
R n 1

in the preseonce

=
==]

of dipolarophile i \
R R d N\D a2
1 )I \( ® ©
+ —_— R-C=N-0 —
2 &0%‘0 in the absence
© of dipelarophile

= R-N=(C=0
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Furoxans generally are readily available, thersfore their use as nitrile oxides
precursors is of interest in the synthesis of heterocycles, In this regard the

reaction of 18 with a series of dipolarophiles, giving rise to isoxarolings, was
studied18.

cé}is-so2 502—05115 061—15.-502
1 Y in xylene 7
2 + > N
N\O’2YO n reflux, 3-7 1 ~0 R
©
18
- = 123 465
R 06“5
o]
1l
e -,
R==CH, N Bd7

In a similar way, fused furoxans heated with dipolarophniles yield bicycloadducts,

for instanceza:

Cgllg— C =N
ay L 3D
Hwé G My 0)‘ Noo CeHg

Readily accessible bicyclic furoxans, e.g. 13 give rise to bis-nitrile oxides and
di-isocyanates, difficult to optain on other routes, Thus, thermolysis of 19 in
the presence of tetradec-i1-ene and decanonitrile, used as dipolarophiles, resul-

ted in cycloadducts 21 and 22, respectively28

N A ® @ @ © ?
% —_ O—IJEC—(CI{2)1O—CEE-T—O —_
' 20
OG favtel
19
cH, )
CH2=CII(CH2)11Me; (e, )0 ﬂ 2
- I\Ie(CHR)“ o o~ ~(cH, )y (Me £
W= N (CH —7N
n=c-lom, )i T 10
( 5 z rd /{ \l I )\ 2z
He(Cll,) 7Ny (cHy )Mo -
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Thermolysis of 13 in the absence of dipolarophiles, with hexadecane yielded diiso-

cyanate 23, and with decan-i-ol 23 was isolated as the carbamate _&28.
Me{CH, },,Me
21077 et f e veCe
0=C=N-(Cl, ), ~T=C=0
1w 2> [_2_0] — 23
Me(CH, },0I 67%
(Grphgot
» &
! ; 2
! - v - -
Me(CE2]9-O-C-HN-(Cﬂ2)10-L&-C-O—(Chz]9Me
24
705

Similar results were obtained in the case of B,Q—diphenylfuroxanga.

When furoxans are thermolyzed under flash vacuum pyrolysis conditions nitrile oxi-
des can be isclated and identified, for instance dianisylfuroxan gives way to

29

anisonitrile oxide™ :

=t i ), Olie-
) \[eOCéHI_L..] C6Fli-o ie-it e Py
. - —>
RN 500, 10 “nnttig

On this way 3,4-dimethylfuroxan yields the unstable acetonitrile oxide.

Lie e

7;‘“\( Fvp Oe

N N > Me-C E Nal}
SNor® 9

600°%, 10™ umig

S0, the FVF technique permits the spectroscopic examination and identification of
shortlived nitrile oxides, and on the other hand, provides a convenient synthetic
route from furoxans to isoxazolines,

The following cycloadducts of nitrile oxides, resulting in the FVF of furoxans

with alkenes, were obtainedzg:

o G
13

O

1 . ot

R R yleld(w)
£-i100C 1, Bu e
Me Bu i)
=t Bu 95
¢ 6H5 Au 97
4=ifeC H, O H, 86
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Among other cycloaddition reactions of nitrile oxides, formed in situ from furo-

0,31
xans one can mention the thermolysis of 25 in the presence of dimethyl maleate” °
CClMe
Be( B 1, MO, -1 a0 H=C T coow Me0OC :
t=0,W-C Hy CsHy, MO, =4 E:“W\h F=0,H=C  H) Cotve 1e000 COO0He
CGOMe y 24 FI o
1 —— iy, . CO0Me + N .
- N Me0OC i
2 o0 216°C, reflux \Oin B SN
@ 5 In
25 26 27

19.8% 12.4%
The by-product 27 results from the dimerisation of the oxirane 28, formed by the

decomposition of cycloadduct 26 taking place under the reacticn conditions,

COClie
q
§ ———»  L_p -C=1 + 28
25 $=10 5 C cHy, —C ﬁooma

25

4Also diacyl furoxans may serve as the source of nitrile oxides, trapped as 1,3-cy-

cloadducts17:
n CF
3
F,0-C=C-CF ¥
3 3 TN L.
> Mo 5,
QG
F.C=C=CF N—o
. 370 3 4 CF
R R in toluene 4] N )(
J ~ > Noser,
re. ux
oo 15 1w 2o
e [Oys
Me 1 i
2= R we K NO,
0, 2
> f — /Y
I o MM ~Me M NG,

The reaction with nitroenamine provides a convenient route in the synthesis of

4-ni troi soxazoles17.
However, in the treatment of 3,4-dibenzoylfuroxan 29 with DMAD, instead of the ex=

pected isoxazole 30 the adduct 31 is formed17.
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Be E
N
Bz Bz \o§ ~ ¥
IHAD 30
N Nel —] T
\Cf() o in toluene NeO=Rz
©  roflux n .
13 1 By-C B
29 —_ ; §
N “
~o B
21
E=000Me 43%
The mechanism of this reaction cun be presented as follows:
Bz Br Bz N’O
—_ —_> /®
22— y \Z\“@ D N/ g=C —
N Yo N L
o of Bty
© G
22
HNe0Q-.Bz NeaGon By
I o0 AMAD . g
-5 Bz-C=C= F-0 —_— - 7
v Ve
~u
22 3t

Furoxan 29 is in the thermal equilibrium with the ring - cpened isomer 32, The in-

tramolecular transfer of the benzoyl group in 32 gives rise to 33, which undergoes

cycloaddition with dipolarophiles to yield 31,

Other mechanism, a nitrone - like addition is also possible”,
the described mechanism was obtained by heating 23 in toluene

dipolarophile, Under these conditiouns 29 gives 34, resulting

tion of the nitrile oxide 33'°.

29 in toluene

— 407 —
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Furoxans can be considered as cyelic 1,3-dipolar nitrones, and as the first
example of the nitrone - type 1,3-dipolar cycloaddition of these species the
reaction of diethyl furoxandicarboxylate with olefins, giving way to bieyclie
compounds 35, was reported 35. In the first step the 1,3-dipolar cycloadduct 36
is formed, which eliminates ethyl cyanoformate by a retro-1,3-dipelar cyclo-
addition to give 37; the next 1,3-dipelar cycloaddition of 37 with another
molecule of olefin results in the end product j5. The sterecchemistry of this

reaction is described,

H I
B£000 Q0L :][: EL00C COOEL
7 % bid R
N N-0 | T —
o @ in xylene ¥ o’JLo H — HC-COOLt
reflux, 24 h !
hid H 36
Et000¢ :][:
—_—— / R -_—ji_~—£1_> R , hed
0’1: . 11 1 Q/I \’Q 1
o &%
A7 3s
il
n—C6H13
n-C,?I-I15
n-Coi .,
11--010}117

CH2—06H5 and other
Furoxans treated with reducing agents, e.g. triethyl phésphite, can be converted
into the appropriate furazans jj'jh.
3,4=Diphenylfuroxan was found to be inert towards nucleaphilesj the reaction
with piperidine, even under reflux, did not take place 35'36.
In the investigation of 3,4-dlcyancfurcoxan 38, the explosive properties of its
mixtures with hydrazine have been otserved, The reaction of 38 with hydrazine

and hydroxylamine gives way to 33 and 40, respective1y37.

N
|
NG . CN NC.  CoNH-ZH

H H N-ZH

o N-0 _—
B O < in ovF ~o® O
as 0%, 2 h

Z=NH, 0
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@
NH,
N \
- o o®
z =N/
NH
Z
32 §n 67%
40 0 78%
Moderate heat converted the oxazinofuroxan 40 into 42, via the tautomerisation
of 40 to 41 and the subsequent elimination of imidogen 37.
MH u}
I i
N ® NC  C=NH.ZH ® NG C-NH, ®
& A ¥
| 0@ —> @ i W bi 0@
0 \NP ~ - ~o
NH
40 41 42

Pyrimidofuroxans undergo nucleophilic addition at C7, for instance H
Me N 1

N Et NH ?2 \,l/ ,‘%

\I\. in Ht0Ac 'B

Et n 92

and hexane Jq

In the study of aminative ring opening reactions there was observed that
pyrimidofuroxan 43 treated with primary or secondary amines yields aminonitroso-

pyrimidines via furoxan ring opening 39:

Me H_NH Me NHC
CghigNe,
S é N=0

in EtOH W
0
4% 804
On the other hand, in such reactions of 44 the pyrimidine ring opening takes
place 39:
N ,N\ Et,NH
m( o _— > EtNH-CH=N ~ =N
1 Ty
X HoN-C ~=Ng
0 05
44
- 583
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UNSYMMETRICALLY 3,4-DISUBSTITUTED FUROXANS

Unsymmetrical diarylfuroxans undergo oxidation with ozone to give aromatic

acidsao. 1
Ar  Ar

B
L 8%

—d

Ar ArJI

Tos
N _Oa

rd
o

ArCOOH

HOH

—_—— +
Ar'coon

Studying the oxidation reaction of isomeric 45 and 46, the following results

were obtained: in the oxidation of 43, besides the expected 47 also 48, 49 and

50 were formed, while in the case of 46 the sole product was 51 *1t%2,

C SHS NH2

—

C6H NH

5 2

@Z’ \S

Ny
46

&
0

272

C.H
65
{Ccho)zo, H,0

\
rd

igc%c%
20°%c, 40 min

Cghi
\
o 3
20
49
20%
CH,COOK, H,0, R
g
40%, 5.5 h

NO
! 2 CGH, N02
) ﬂ ¥ LA
N\ o'/‘l@U@ N\oy
w7 43
7.2% 7ol
C.H N= N C6H5
575
SWs
L ., vl
WY g0
50
2.64

Furoxans 52 and 53 treated with sodium methoxide afford 54 and 22, respectively.

The thermal isomerisation of 54 to 55 cean be performed by its refluxing in ben-

42
zene .
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NO CeH Orle
CeHy 5 6
eONa
Yo S " Voo, 58
“o-E O in MeOH g% S 70%
52 20°c, 0.5 h
refliix
l in benzene
C Hy No, CgHs Otle
1\?,__\( Me(ONa M
—_——D
0- N in MeCH ’:? (CAN -
2 ®N” RO
23 20%, 0.5 h <2
85%

The reactivity of furoxans has been largely investigated having in view their

biological activity. For instance, the thermolysis of 56 resulted in its

isomerisation,and the aminolysis of 37 gave rise to 38 43:

o )
MS.\ “ Me\ I
N-C  Me N-C  Me
HY H”
y \{ o Bt
No® 190%, 0.5 h Sdo-
56
0
]
EtOOC  Me HOCH,CH,-NH-C Mg
- HOCH, CH,NH,, }/_\(
N-O > N %-o
\D/(.D@ inoEtDH ~0 e
20%
= se

IV. PHYSTICAL PROPERTIES
The 150 NiMH spectroscopy is often used in the structure elucidation, e.g. in
This technique is

the case of 3,4-dimethylfuroxan b4 or norbornene furoxans 25.

also very helpful in the identification of iscmeric pairs of furoxans:

Z Y ref.
Me, Et H 29

zZ Y
)_( C 20

{0) Nl \N 0 & ]
- M c1 21
NeRCEC ¢

CeHs cl 22
C6H5 No,, 41
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Numerous papers are dealing with X-ray crystalleogravhic analysis of furoxans:

Z R ref,
Z R NO, H 45
;N H
(o) N-Q HOOC-C=t- H
Necle % 23
Ceily NO, 42
as well as of bicyclic systems:
ref.
= n=73 24
(CH Nb
:EQEEE;NQ n=4 46
O
© n=6 47

and of norbornene furoxans 25.

Among investigations of isomeric pairs of furoxans by X-ray crystallographic

analysis the following ones ought to be presented:

Z ref.
0
P
Me 2 .ciNH2 48
101J7_1L—0 290
WX ~C=NVe 49,50
~NH-C=-0-CHMe 51
i 2
~S0,CgHy 52
37,53

Some furoxans have explosive properties, e.g. dicyanofuroxans s potassium

54 . 2
salt 597, trimethylene furoxan 4 and dicyelopentadiens furoxan 25,
Me COCK
i \’:.O
PG
\0 e
59

¥V BIOLOGICAL ACTIVITY
Among biologically active furoxans the following ones show antihypertensitive

properties 15’34’1‘3:
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o
i il
R=C -NH2
Nl \_0 R = OH, alkoxy, amino
0 DB
0
RNH-C  He
N R=2C alkyl, C cycloalkyl
N-0 YPWA Yl R ¥ ¥
~’ 53 57
Z
7 ht
M= e
. (CHy)
! /.4_)03 {CH2)5
0D S .
(CH2)2NMe(CH2)2
and other
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