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R E A C T I O N  O F  F U N C T I O N A L L Y  S U B S T I T U T E D  

V I N Y L  E T H E R S  W I T H  3 , 4 - D I A M I N O F U R A Z A N  

A N D  F U R A Z A N - 3 , 4 - D I C A R B O X Y L I C  A C I D  

D I H Y D R A Z I D E  

A.  V .  E r e m e e v ,  V .  G .  A n d r i a n o v ,  
a n d  I .  P .  P i s k u n o v a  

UDC 547.793.2 

Enaminofu razans  w e r e  obtained by  r eac t i on  of vinyl  e the r s  with 3 ,4-d iaminofurazan .  It  was  
es tab l i shed  by  IR and PMR spec t roscopy  that  enaminofurazans  exis t  in the fo rm of a chela te  
complex.  The s t ruc tu re  of the chela te  complex  is d i scussed .  Enehydraz ides  we re  obtained by  
r e a c t i o n  with fu razan -3 ,4 -d i ca rboxy l i c  acid dihydrazide.  When the re  is a cyano group in the 
e the r  molecu le ,  the r eac t ion  does  not s top with the fo rma t ion  of the enehydraz ide  but continues 
with i ts  cyc l iza t ion  to give a pyrazo le  r ing.  

D ive r se  condensed s y s t e m s  a r e  obtained by the r eac t ion  of functionally subst i tuted vinyl  e the r s  with 
a r o m a t i c  and he t e rocyc l i c  amines .  We have  invest igated the r eac t ions  of 3 ,4 -d iaminofurazan  (I) and fu razan -  
3 ,4 -d icarboxyl ic  acid d ihydrazide  (II) with vinyl  e the r s  containing keto,  e s t e r ,  and cyano groups.  

The cor responding  enamines  I I I - IX were  obtained in all  c a se s  in the r eac t ions  of the vinyl  e t he r s  with 
fu razan  I. Dienamine X was obtained when the reac t ion  was  c a r r i e d  out with excess  e thoxymethylenemalonic  
e s t e r .  An ana lys i s  of the PMI~ s p e c t r a  shows that the enamines  obtained exis t  in the f o r m  of a chelate cycl ic  

NH~T____~NN~ NH~II .-NHCH=CRR' 
+ C6HsOCH=CRW " [I 

N~o~N N~o~N 

I I l l - IX 

(C2HsOCO)2C~HCHN' -~ .~N H CH ~C(COOC2 Hs)2 

N~.o/N 

X 

complex  with a hydrogen bond between the proton of the amino group and the oxygen a tom of the C =O group 
(XI). The fo rma t ion  of a hydrogen bond leads  to slow exchange of the NH proton, as  a r e su l t  of which s p i n -  
spin coupling of t h e N H  and CH pro tons  with a constant  of 13 Hz shows up in the P1V~R spec t ra .  Such a l a rge  
constant  is c h a r a c t e r i s t i c  fo r  coupling of the NH and CH protons  in the anti or ienta t ion that is r ea l i zed  in the 
chela te-bonded c i s - s - c i s  f o r m  [1]. The p r e s e n c e  of this f o r m  is a l so  conf i rmed by the c h a r a c t e r i s t i c  marked  
shift  of the s ignal  of the NH proton to weak field (10-12 ppm) [1]. 

NH 2 N/H"O 
[I [I C~. C-- N"..o/N H/"~/ 

XI 
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TABLE 1. PMR Spect ra  of Enaminofurazans  I I I -X 

C o m -  

~und 

III 

IV 

V 
VI 

VII 

VIII 
IX 
X 

R R" 

COCHa I COCHa 

COCH3 icoc Hs 
COCH3 ]COPh 
COCHs ]COOC~H~ 
COOC~Hs[ COOC2H~ 

C ~ N [COOC2H5 
C~N C~N 
COOC2H5 COOC2H~ 

CII NH NH2 

8,14 11,38[6,36 [ 
8,26111,49 6,34 

] 
7,84111,68] 6,3~ 
8,27 [11,401 6,3~ 
8,13110,03 [ 6,3~ 

8,29 lI0,65[ 6,2E 
7,93110,781 6,3] 
8,02110,73{ -- 

Chemicalshtfts, 6, ppm 

COCH 

2,24 
2.32 
2,32 
2,44 
2,42 
2,41 

COOC2Hs 

1,22 4,20 
1,16 4,07 
1,20 4,17 
1,19 4,16 

1,16 4,07 
1,21 4,19 

Othor 

1,00 (CHs); 2,64 (CH2) 
1,10 2,94 
7,38--7,69 (Ph) 

m 

In the case  of IH, VII,  and X with R = R'  nonequivalence of the c i s -  and t r a n s - a c e t y l  (HI) and e s t e r  (VII 
and X) groups  is observed  in the PMR s pec t r a  (Table 1). I f  R # R ' ,  one might  expect  that  the enamines  would 
ex i s t  in two i somer i c  fo rms .  In fact ,  doubling of the s ignals  of the protons  of the methy l  and ethyl groups is 
obse rved  in the spe c t rum  of enamine IV, and both s ignals  have  approx imate ly  identical  intensi t ies .  

NH ~N "O ~ .  .N/H"O 

~O ~'~ H I z N~o~N H ~ 
CHf-C~-O C2H5--C= O 

IV a IV b 

It  is known [2] that  the b a r r i e r  to ro ta t ion  about the double bond in enamines  is sma l l  and that  ro ta t ion  
can be rea l i zed  a t  r o o m  t empera tu r e .  This leads to the imposs ib i l i ty  of i sola t ion of i s o m e r s  I v a  and Ivb  in 
individual form.  In con t ras t  to  th is ,  s i m i l a r  doubling of the s ignals  is observed  in the spec t r a  of enamines  V, 
VI,  and VIII.  The g r e a t e r  d i f ference  in the R and R'  groups  in thei r  abil i ty to fo rm hydrogen bonds in this 
case  evidently makes  one of the i s o m e r s  m o r e  stable,  as  a r e su l t  of which the  equi l ibr ium is shifted to favor  
the fo rmat ion  of the m o s t  s table  product.  A band above 1710 cm-  1, which is assoc ia ted  with the s t re tch ing  
v ibra t ions  of the f r ee  e s t e r  carbonyl  group, is observed  in the IR spec t r a  of enamines  VI-VIII  and X. A 
of the s t re tching v ib ra t ions  of the f r ee  ketone carbonyl  group in enamines  III and IV appea r s  at  1680 cm-~. 
The absence  of this  band in the s p e c t r a  of V and VI and the p r e sence  in the spec t rum of enamine  VI of a b a ~  
a t  1721 cm -1 const i tute  evidence that  the ace ty l  group r a t h e r  than the e s t e r  or  benzoyl  group pa r t i c ipa tes  in 
the fo rmat ion  of a hydrogen  bond. This  is a lso  conf i rmed by the fact  that the signal  of the NH proton in the 
PMR spec t rum of enamine VI is obse rved  in the reg ion  cha rac t e r i s t i c  for  I I I-V,  in which the carbon~l  group 
pa r t i c ipa tes  in the fo rmat ion  of a hydrogen  bond. The fact  that  the NH s i g n a l  in the spec t r a  of I I I -V iS found 
at  weaker  field than in the spec t r a  of VII and X indicates  that  the hydrogen bond with the ketone group is 
s t ronger  than the bond with the e s t e r  group. Thus the m a t e r i a l  se t  for th above makes  it poss ib le  to conclude 
that  enamines  V and VI exis t  in the fo rm of a chelate  complex  in which the oxygen a tom of the ace ty l  group 
pa r t i c ipa tes  in the fo rmat ion  of a hydrogen bond. A compar i son  of the IR s p e c t r a  of I I I - IX and X at  3100-3500 
c m -  ~ m a k e s  it poss ib le  to ass ign  the two na r row bands at 3232-3292 and 3330-3362 cm-  ~ to the s t re tch ing  vi~ 
b ra t ions  of the Nil z group and the b road  band a t  3212-3242 cm -1 and the band of lower intensity at  3270-3290 
c m -  1 to v ibra t ions  of the NH group. The nonequivalence of the cyano groups in IX shows up in the IR spec -  
t r um,  in which two na r row bands at  2248 and 2254 cm-  ~ a r e  observed.  

In an a t tempt  to  cycl ize  the enamines  obtained to furazanodiazepines  by  ref luxing in an alcohol solution 
of sodium ethoxide [3] we observed  c leavage of the enamine  to give the s ta r t ing  3 ,4-d iaminofurazam 

NH2NHC ,CNHNH 2 l l ~ - ' ~  II / COOC2H5 N H2N H 'C"~"~ "C'N H N HC II ~c~/COO C'~ H~ 

O "xO ~ "  ̂ .~ O + C2HsOCH~C\coR . . . .  Ol~ N"O'NII IIOa COR 

I |  XIII, XIV 

XIII R~OC2115; XIV R~CH 3 

The cor responding  enehydraz ides  XIII and XIV were  obtained by the reac t ion  of e thoxymethylenemalonic  
and e thoxymethyleneacetoacet ic  e s t e r s  with dihydrazide II. As in the case  of enamines ,  nonequivalence of the 
protons  of the two e s t e r s  groups shows up in the PMR spec t rum of enehydrazide  XIII. However ,  in con t r a s t  to 
enamine VI,  two s ignals  of protons  of both methy l  and ethyl groups a r e  obse rved  in the spec t rum of enehydra -  
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TABLE 2. IR Spectra  of Enaminofurazans III-X 

Com- Characteristic absorption frcqucncie~ u, cm "1 
pound NH2 N H  C O O C 2 H s  C ~ N  

III 
tV 
V 

VI 
VII 

VIII 
IX 
X 

3392, 3330 
3400, 3332 
3415, 3348 
3400, 3362 
3403, 3354 
3410, 3355 
3432, 3330 

3276, 3221 
3270, 3220 
3280, 3236 
3290, 3242 
3282, 3230 
3283, 3242 
3272, 3212 
3280, 3212 

1740 
1710 

m 

m 

2246 
2248. 2254 

zide XIV. This indicates that XIV is a mixture of interconvert ing cis  and t rans  i somers .  S p i n - s p i n  coupling 
of the CH and NH protons is not displayed in the spec t ra  of the enehydrazides.  The signal of the enehydrazide 
NIt proton also cannot be r ecorded .  

IN H ,N t t C - ~ / C N  I I  N II CLI ~ C - - C  ~ N| N 112N [ | C ' ~ - / C ' ~ N ~ N  II 
7 

,,+ oF o . / - -   .fi 

XV, X V I  

XV R=C~N; XVI R COOC.?I.. 

In the case  of the react ion of hydrazide  II with ethoxymethylenemalonic acid dinitrile and e thoxymethyl-  
enecyanoacet ic  es te r  the reac t ion  does not stop with the format ion of the enehydrazide but continues with its 
cycl izat ion to give a pyrazole  ring. 

E X P E R I M E N T A L  

The IR spec t ra  of suspensions of the compounds in Nujol were  recorded  with a UR-20 spec t rometer .  
The PMR spec t ra  of solutions of the compounds in d6-DMSO were  recorded  with a Bruker  WH-90 spec t rom-  
t e r  at  20 dog C with te t ramethyls i lane  as the internal standard.  

The cha rac te r i s t i c s  of all of the products obtained a re  presented inTab le  3. 

General  Method for the Prepara t ion  of Enaminofurazans  III-VII. A mixture  of 1.0 g of furazan I and 
0.011 mole of the appropr ia te  vinyl ether was heated at 100-120 dog C for 5-10 rain until a homogeneous mix -  
ture  formed.  The mixture  cooled, and the reac t ion  product  began to crysta l l ize .  

3 ,4-Bis  ( f l , f i -dicarbethoxymethyleneamino)furazan (X). This compound was s imi lar ly  obtained by using 
a threefold excess  of ethoxymethylenemalonic es ter .  

Enaminofurazans  VIII and IX. A solution of 1.0 g (0.01 mole) of furazan I and 0.012 mole of the appro-  
pr ia te  vinyl ether  in 7 ml of alcohol was refluxed for 1 h, after  which the alcohol was removed by evaporation, 
and the product  was recrys ta l l i zed .  

Action of Sodium Ethoxide on Enaminofurazans III-VIH. A 0.01-mole sample of the appropria te  enamino-  
furazan  was added to a solution of sodium ethoxide obtained from 0.3 g of sodium and 15 ml  of alcohol, and the 
mixture  was cooled and neutral ized with acetic acid. The solvent was removed by evaporation, and the r e s i -  
due was rec rys ta l l i zed  f rom water  to give 0.5-0.7 g (50-70%) of 3,4-diaminofurazan.  

Diethyl Furazan-3 ,4-d icarboxyla te .  A solution of 15.8 g (0.1 mole) of furazan-3 ,4-dicarboxyl ic  acid in 
100 ml  of alcohol was refluxed in the presence  of 5 ml  of thionyl chloride for 3 h, af ter  which the alcohol was 
removed  by evaporat ion,  and the res idue was dissolved in ether. The ether solution was washed with a solu-  
t ion of sodium carbonate  and dried over  anhydrous sodium sulfate. The ether was removed by evaporation, 
and the product  was distilled at 80-83 dog C (1 mm) to give 19.0 g (89%) of a color less  liquid. Found: C 44.6; 
H 4.6; N 13.3%. CsH10N205. Calculated: C 44.9; H 4.7; N 13.1%. 

Furazan-3 ,4 -d ica rboxyl ic  Acid Dihydrazide (II). A solution of 21.4 g (0.1 mole) of diethyl furazan-S,4-  
dicarboxylate  in20  ml of alcohol was added dropwise at room tempera tu re  to a solution of 40 ml of hydrazine 
hydrate  in 50 ml of alcohol, and the mixture  was s t i r red  for 8 h. The resul t ing precipi ta te  was removed by 
filtration. IR spect rum:  1680 (C=O); 3190 and 3320 cm -1 (NHNH2). 
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TABLE 3. C ha rac t e r i s t i c s  of I I -X and XIII-XVI 

C o m -  
pound 

II 
Ill 
IV 
V 

Vl 
VII 

VIII 
IX 
X 

XrlI 
XIV 
XV 

XVI 

mp, 
deg C* 

182--184 
144--146 
123--125 
158--160 
143--144 
128--129 
162--164 
139--141 
141--143 
106--108 
113--115 

>30O 
160--162 

25,6 
45.2 
48.1 
57,1 
44,4 
44,3 
43,3 
41,0 
49,4 
40,3 
40,7 
36,3 
39,1 

Found,% Empirical 
N formula 

l CalculateCc 
H N 

3,2 45,2 
4,8 26,7 
5,4 24,8 
4,4 20,6 
5,0 23,3 
5,2 20,7 
4,0 31,4 
2,3 47,7 
5,5 12,7 
4,5 23,6 
4,3 25,8 
2,3 42,8 
3,6 31,7 

3,2 
4,7 
5,3 
4,5 
4,9 
5,1 
4,1 
2,3 
5,4 
4,6 
4,4 
2.3 
315 

45,0 C4HsNsO~ 
26,8 CsHmN403 
25,0 CgHI2N403 
20.3 CIzH12N40$ 
23,6 CgHI2N404 
20,5 CIoHI4N4Os 
31,2 CsHoN603 
47,5 CsH4N60 
12,8 C~sH2,N,O9 
23,5 C12HIsNsO7 
26,0 CuHl4NsOs 
42,5 CBH6NsO3 
31,9 CjoHHNTO~ 

25,8 
45,7 
48,2 
57,4 
45,0 
44,4 
43,0 
40,9 
49,1 
40,5 
40,5 
36,6 
38,8 

% 
Yield, 

~0 

85 
75 
72 
64 
80 
68 
52 
55 
61 
59 
48 
64 
67 

*All  of  the react ion  products  w e r e  r e c r y s t a l l i z e d  from alcohol .  

(3 -Carbhydraz ido-4- fu razanoyl )hydraz inomethy lenemalon ic  Es te r  (XIII).  A solution of 1.86 g (0.01 
mole) of hydraz ide  II and 2.16 g (0.01 mole) of e thoxymethylenemalonic  e s t e r  in 10 m l  of alcohol was ref luxed 
for  15 rain, a f te r  which it was  cooled, and the resu l t ing  prec ip i ta te  was r emoved  by f i l t rat ion.  PMR spec t rum:  
1.15 and 1.18 (6H, two t r ip le t s ,  2CH3), 4.01 and 4.13 (4111, two quar te t s ,  2CI-I2) , and 7.82 ppm (1111, s,  C13). IR 
spec t rum:  1670 ( C ~ O ) ,  1700 (C=O),  and 3100-3300 cm -~ (Nit, NH2). 

(3 -Carbhydraz ido-4- fu razanoyl )hydraz inomethy leneace toace t i c  E s t e r  (XIV). A 1.86-g (0.01 mole) s a m -  
ple of  hydraz ide  lI was  added to a solution of 1.86 g (0.01 mole) of e thoxymethyleneacetoacet ic  e s t e r  in 6 m l  
of alcohol,  during which the m i x t u r e  b e c a m e  w a r m e r ,  and the hydraz ide  gradual ly  dissolved.  The mix tu re  was 
then allowed to stand for  3 h) a f ter  which the p rec ip i ta te  was r emoved  by f i l t rat ion.  PMR spec t rum:  1.16 and 
1.22 (3111, two t r ip le t s ,  CH3) , 4.11 and 4.22 (2I-I, two quar te t s ,  CI-I20) , 2.33 and 2.38 (313, two s inglets ,  C133CO), 
and 8.04 ppm (1H, s ,  CH). 

3 - ( 3 - A m i n o - 4 - c y a n o p y r a z o l y l ) f u r a z a n - 4 - c a r b o x y l i c  Acid 13ydrazide (XV). A solution of 1.86 g (0.01 
mole) of hydraz ide  II and 1.22 g (0.01 mole) of e thoxymethylenemalonic  acid dini t r i le  in 10 m l  of alcohol was 
ref luxed for 20 rain, a f te r  which the p rec ip i t a te  was r emoved  by f i l t rat ion.  IR spec t rum:  3100-3480 (NH) 
NH2) , 2226 (C=N),  and 1680 cm -1 (C=O).  PMR spec t rum:  7.60 ppm (1111, s,  CH). 

3 - (3 -Amino-4 -ca rbe thoxypyrazoy l )  f u r azan -4 -ca rboxy l i c  Acid Hydraz ide  (XVI). This  compound was ob-  
tained by  a method s i m i l a r  to that  used to p r e p a r e  XV. PMR spec t rum:  1.18 (3H, t ,  CH3) , 4.09 (2111) q, CH2) ) 
7.49 ppm (1111, s, C13). IR spec t rum:  3100--3480 (NH, NH 2 ) and 1705 cm -i (C=O).  
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