
Chenti.~t O' q/Heterocyclic Coml)otmds. Vol. 36, No. I, 2000 

SYNTHESIS OF 4-R-3-(4-R'-5-R"- 

1,2,3-TRIAZOL- 1-YL)FURAZANS. 

1. AZIDOFURAZANS IN 1,3-DIPOLAR 

CYCLOADDITION REACTIONS 

WITH SUBSTITUTED ACETYLENES 

L. V. Batog, L. S. Konstantinova, V. Yu. Rozhkov, Yu. A. Strelenko, 

O. V. Lebedev, and L. I. Khmel'nitskii 

The 1,3-dipolar cvcloa<klition of azidofurazans to substituted acetvh'nes has heen sttutied and std)stituted 
3-( 1.2.3-triazol-l-yl!/ura-ans have heen swl/hesized. 

Keywords:  1,3-cycloaddition, 4-amino-3-azido-furazan, 5-(4-azido-1,2.5-oxadiazolyl)-5H-1,2,3-triazolo- 

[4,4-cl-1,2,5-oxadiazole, substituted acetylenes. 4-anlino-3-( 1,2,3-triazol- 1 -yl)furazans. 

Furazans and I-substituted 1.2.3-triazoles attract the attention of investigators as being substances 

distinguished by a broad spectrum of biological activity [1-41. From this point of view structures of type I 

containing both heterocycles linked by a N - C  bond might give rise to undoubted interest, however they have not 

been reported in the literature. 
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To us it seemed possible to obtain triazolyl-furazans 1 by the known method of synthesis of I-substituted 
1,2,3-triazoles by the reaction of various azides with acetylenes 151. In this work the 1,3-dipolar cycloaddition of 
azidofurazans to acetylenes was used for the first time. 4-Amino-3-azidofurazan (2a) and 5-(4-azido-l,2,5- 
oxadiazolyl)-5H-I,2,3-triazolol4,5-cl-l,2,5-oxadiazole (2b) were selected as reactants in addition to the mono- 
and disubstituted acetylenes 3a-k. The behavior of azide 2a in the 1,3-dipolar cycloaddition reaction was studied 
in the greatest detail. Azide 2b was only reacted with acetylenes 3a and 3h. The reaction was carried out with an 
excess of the dipolarophile 3 by boiling in various organic solvents for 20-1(10 h. A check on the progress of 
reactions was carried out using TLC. 

The 1,2,3-triazoles (la-v) with the furazan ring substituted at the N,,,. nitrogen atom were synthesized for 
the first time by the reaction indicated (Tables 1-3). The structure of  these compounds was established by a 
combination of results of elemental analysis, data of  1R spectra, 'H. '~C, '~N (lq), and ~'N ( lb)  NMR, mass spectra, 
and X-ray structural analysis ( la,n)*. 

Compound l r  was obtained unexpectedly on carrying out the reaction of azide 2a with 
acetylenecarboxylic acids 3e or 3j in MeOH. Its formation under these conditions may be explained by 
esterification of the carboxyl group in the initial acids 3e and 3j or in the initial products of cycloaddition to azidc 
2a ( lh and lp). In addition a necessary condition of obtaining ester l r  from compounds 3j or Ip must be the 
decarboxylation of one of the COOH groups. 
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Decarboxylation as a byreaction takes place in the reaction of azide 2a with acetylenes 3e and 3j indicated 
by the formation of  the monocarboxylic acid lh from acetylenedicarboxylic acid 3j (expt. 13, Table 3) and 
4,5-unsubstituted triazolylfurazan (Is) from acetylenecarboxylic acid 3e (expt. 7, Table 3). Compound Is was 
recorded from the data of the 'H NMR spectrum together with isomers lh  and li (see footnote *" to Table 2). 

The regiodirectivity of the addition of azide 2a to certain monosubstituted acetylenes was clarified with 
the aid of 'H and "C NMR spectroscopy. It was established that the reaction of this compound with acetylenes 
3a,g occurs regioselectively with a predominance of the 5-isomer, with acetylenes 3e,f of the 4-isomer. On 
reaction with acetylene 3b practically only the 4-isomer lc was tbmled. 

* The X-ray structural investigations on compounds la and In will be published in a separate paper. 
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TABLE 1. Characteristics of the Synthesized 4-R-. -(4-R -5-R-1,2,3-triazol- 
I -yl)furazans I 

( ' o m -  E m p i r i c a l  
p o u n d  t b m m l a  

I a C ,I I,,N,,O: 

I b C , t I . N . O :  

I c ( ' . I  I ,,,N,,O: 

I d CdI,CIN,,O* ' 

I e C'JI~C'IN,.(  ) *  

I f  ( 'ml  I,~N,,O 

I g C,,,I  I~N,,O*" 

I h C . I  t ~N,.O~ 

I j  C-II~N,,O, 

I m C,,I I . N . O :  

In  (',,I I~N,,O; 

I o  ( ' t  :t I+,,N,,(), 

l p (',J-I ~N,,t), 

I q ( ' , l  I~N,,O. 

I r C . t  I,.N,,O, 

I ! +  lu C':ll~NImO~ 

Iv  Cd  I,,N,.O, 

Found .  ",, 
- rap. "+C 

Calculated. ",, 
(solvcnl) 

146-147" 
(d~ 'EI( IAcl  

165-16b*: 
(McOII)  

1~5-1% 
(EIOAc) 

I I ( ) - I  I I 
II1:()) 

145-148 
I ( ' I I :CI : I  

I(HI-I(M*" 

231-232 
(PMI) 

107- llll,; 
( McOI I ) 

174-175 
(Met ) I l l  

133-134 
(EtOAc) 

118-I  l +,) 
I IbO)  

I '52- I b3 
(1170) 

Rr 
{ solvenl s y s t e m )  

0.__ 
((. 'II( 'h Me:CO Me()I I .  

10:2: I ) 

0.34 
ICIICh Me:CO McOH. 

10:2:1 ) 

O.I I 
(Phil EIOAc. 3: I )  

0.76 
I ( ' I I :CI :  EIOAc, 3:I)  

0.0'5 
I ( ' I I : C I :  E t O A c .  3 : l l  

0.63 
(Phll Eff)Ac, 3 : l l  

0.4,5 
(Phil EIOAc. 3 : I )  

O.22 
(Phll MeOI I .  ]1:41 

0.4(1 
(Phil EtO,,*c, 2:1l 

0.67 
{Phil EIOAr 

3-1bid e l u t i o n  

O.25 
(CI ICh Mr MeOII .  

I (1:2:1) 

15")- I (',(l 
III:()~ tPhIl  

161-162 
Iprccipilal ion (Phll 
from EIOAc 
by hcxane) 

]44-145 
( M e O I  I ) ( Pill 1 
IL)8-1t)q 
(EIOAc) 

Oil 

14,~-149 
(Phll l  

0.81 
Mc: ( 'O .  1 : 1 ) 

0.13 
MeOl l .  I 1:3) 

O.50 
EIOAc, 2:1 ) 

O.42 
(Phil MeOI I ,  11:31 

O.22: o.3g 
r EIOAc, 3 : I )  

O. 15 
(Phil EtOAc. 3 : I )  

"* mp of el-form. 
*: mp of lg-form. 
*' Found, %, Cl 17.49. Calculated. %. Cl 17.7(I, 
*' Found, %, Cl 17.59. Calculated, %, CI 17.70. 
:r Not crystallized. 
*" Elemental analysis unsuccessful. 
,7 According to "C NMR data the mixture of compounds lt ,u contains 
contamination by byproducts. 

In difference to the above azide 2a reacts with propargyl chloride (3c) and with phenylacetylene (3dL and 
azide 2b reacts with propargyl alcohol (3a) forming mixtures of isomers ld,e, If, g, and lt,u respectively in 
approximately equimolar amounts. 
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TABLE 3. Conditions and Results of  
Substituted Acetylenes 3 

Experi- 
nlen[ 

I0 

I I  
12 
13 
14 

15 

16 

17 

\ceiylenic  
onlponenl 

3a 

3a 

3b 

3e 

3d 

3e 

3e 

3e 

3f 

3g 

3h 

3i 

3j 
3j 

3k 

3h 

3a 

&zide 
2". g 

I 

2.3 

I 

2.15 

I 

0.38 

1 

1.88 

2 

2.8 

(I.53 

(I.38 

I 

1t.5 

I 
I 

~cetylenic 
:olnponenl 

3 

17.3 nil 

12 ml 

lg 

24.8 ml 

1.6 g 

1.4 ml 

I . I g  

4.5 ml 

3.5 nil 

O.g3 g 

3.;4 g 

I g  
1.10g 

2.10 g 

1.5 ml 
0.5g g 

0.51 g 

Molar 
ratio 
2 : 3  

1:12 

1:15 

1:1.5 

1:20 

1:2 

1:7 

1:2 

1:5 

1:2 

1:1.5 

1:2 

1:5 

1:3 

1:2 

1:3 

1:1.5 

1:2 

the Reaction of Azides 2 with 

Solvent Reaction Yield, 
(nil) pre, duets g 1%1 

(molar ratio) 

3.56 (79) MeOI I [25) 

MeOl I (20) 

EIOl1130) 

C.H,, 151i) 

MeOI4 (~(ll 

Ether 125 ) 

('I11"1~ (30) 

11 I:('1, [40~ 
MeOIt (10) 

CIt:CI. (60) 
CItCh 161i) 

MeOIl (30) 

EtOI11501 
M~)I4 (251 
Ether (25) 
Ether ( I( iF 
MeOlt 12111 
CIICI~ (40) 
MeOH (31h 
MeOH (301 

la  : Ih 
(1:2.6) 

Ib 
la  

|e  

|d  : le 
(1:1) 

If  
Ig 

Ih*: 

Ih 
Ih, li, Is *~ 

Ih 
Ir 

q 
I j .  Ik*" 

[1111 
I I  : Im 
(1:11 *~ 

In 
Io 
Ip*" 
Ip. 2a 
Ir 

Iq 

Iv 

I t : l u l l : l )  

1.86 (50) 
0.97 (25) 

1.44 (871 

2.38 (701 

0.83 146) 
0.81 (451 

0.13 1221 
0.93 (60) 
11.25 

11.61 12111 
11.21 (6.7) 

2.911 
181.7) 
0.40 
(I 1.3) 

0.45 (29) 
0.25 116) 

2.65 1571 
1.14 1021 
11.22 13111 
0.14 
0.17 (5.1 
11.08 1641 
1.04 ( 75 ) 

I.II3 (S2) 

* Azide 2a was used in experiments I - 15, and 2b in 16 and 17. 
*: Much )nit)at azide remains in the reaction mixture after 60 h boiling. 
*' See footnote *' to Table 2. 
*~ See footnote *" to Table 2; TLC (eluent PhH-EtOAc, 3:1 ): R, 0.40 (lj): 
R 10.30 (lk). 
*~ See foomote *: to Table 2. 
*" Much initial azide remained in the reaction mixture after extended 
boiling; compound lh was recorded in the reaction products (TLC, IR) 
together with substance lp. 

Comparison of the 'H NMR spectra of isomeric triazolylfurazans showed that the signal of  the 5-H atom in 
4-substituted isomers was found at lower field than the signal o f  the 4-H atom in 5-substituted isomers. With an 
increase in the electronegativity of  the substituent the position of  these signals of  both isonlers were displaced 
mainly towards low field (see Table 4). Other 1,2,3-triazoles have also shown the same tendency [6,7]. 

An interesting feature was noted when isolating and purifying triazolylfurazan la.  This compound has two 
forms in the crystalline state having differences in IR spectra (particularly at 3100-3500 cm')  and different 
melting points. We provisionally designated the low-melting form as a (rap 146-147~ and the high-melting as 13 
(mp 165-166~ Each form may pass into the other, though the degree of interconversion depends on the nature 
of the solvent, solution temperature, and the method of isolating the crystals. On evaporation in vacuo to dryness of  
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TABLE 4. Chenfical Shifts of  Protons in Positions 4' or 5' (8, ppm) in 
�9 I 2 

4-Ammo-3-(4-R -5-R - 1,2,3-triazol- I -yl)furazans I 

Con l -  
pound 

lb 

Im 

II 

Ir 

le  

Id 

Ig 

If  

Ii 

Ih 

Ik  
q 
I r  

R' 'R-' 4'-I I 5'-H Solvent 

5'-CH,OH 

4'-CHzOH 

5'-CH(OI lIMe 

4'-CIt(OII)Me 

4'-C(Oll)(Mc): 

5'-Cit:C'I 

4'-CIt.CI 

5'-Ph 

4'-Ph 

5'-COC)11 

4'-COOl I 

5'-COOEr 

4'-COOEr 

4'-COOMc 

7.95 

7.93 

8.17 

8.30 

8.28 

8.40 

8.56 

8.55 

8.44 

g.90 

9.28 

0.23 

9.20 

9.42 

DMSO-d,, 

DMSO-d~ 

DMSO-do 

DMSO-d,, 

Acetone-d~ 

DMSO-d~, 

DMSO-d. 

DMSO-d,, 

DMSO-d,, 

DMSO-d. 

DMSO-d,, 

Acetone-d,, 

Acetone-d,, 

DMSO-d. acetone-d,, 
(I : I) 

,solutions of  the a-form of  la  in CH,CI,, MeNO:, H:O, or MeOH, no change was observed in the case of the first 
two.solvents but in the case of  the last two complete conversion into the [3-form occurred. The a-form was 
obtained on crystallizing compound la from water or MeOH. One of  the reasons for the existence of these fomls 
may be the presence in them of different types of  intermolecular and intramolecular hydrogen bonds, such as 
OH.-.O, OH--.N (NH,, N=), NH,...O, or NH,..,N (NH,, N=). 

EXPERIMENTAL 

The 1R spectra were taken in KBr disks on a UR 20 spectrometer. The NMR spectra were recorded on a 
Bruker AM 3()0 spectrometer ('H 300, "C 75.5, '~N 21.7, and '~N 30.4 MHz), the chemical shifts of '~N and "N 
si,_,,nals were measured relative to MeNO, as internal standard, and 'H and "C relative to the solvent, Mass spectra 
were taken on a Varian MAT CH-6 spectrometer. Checks by TLC were carried out on Silufol UV 254 plates. 

4-Amino-3-azidofurazan (2a) was obtained by the procedure [8]. The previously described 5-(4-azido- 
1.2.5-oxadiazolyl)-5H-I,2.3-triazolo[4,5-cFl,2.5-oxadiazole (2b) [9] was synthesized in 70c/c yield by a method 
developed by V. E. Eman in the N. D. Zelinsky Institute of  Organic Chemistry, Russian Academy of Sciences 
(RAN). This consisted of  the oxidation of azide 2a with potassium permanganate in HCI and subsequent 
themlolysis of  the resulting 3,3-diazido-4,4-azofurazan in hexane. 

4-R-3-(4-RI-5-R2-1,2,3-triazol-l-yl)furazans ( la-v) .  Azide 2 was boiled with the substituted acetylene 3 
in the appropriate solvent lot 20-100 h. The conditions and results o f  the synthesis o f  each product 1 are given in 
Table 3. Variants in the processing of  reaction mixtures (A-C) were as follows. 

A. When a solid was present it was filtered off  (expt. 2,5-8,14) and in expt. 5-8 it was washed with the 
solvent in which the reaction had been conducted. Compounds I f  (expt. 5) and lh (expt. 6-8) were obtained. The 
filtrates from expt. 5,7 were evaporated to dryness. Isomer lg  (expt. 5) and a mixture of  substances lh, li, and Is 
(expt. 7) were obtained. The filtrates in expt. 6, 14 contained mainly the initial azide according to TLC with 
contamination by reaction products lh (expt. 6) and lp and l r  (expt. 14). In expt. 2, after boiling for 6 h and 
leaving at room temperature for 12 h, product lb was filtered of f  and washed with hot CH,CI,. The filtrates were 
boiled for a further 24 h, concentrated to one third of the initial volume, and the mixture of  isomers la and lb 
filtered off. After fractional crystallization from nitromethane the a-isomer of  la  was obtained. In expt. 8 
triazo[ylfurazan lh was filtered off initially, but on concentrating the filtrate an additional amount of  compound lh  
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and substance lg  were filtered off  sequentially. In expt. 14 product l r  was filtered off, washed with ether, the 
filtrate concentrated, ether (5 ml) was added, and additional triazolylfurazan l r  was filtered off. After several days 
a mixture of compounds l p and 2a precipitated from the filtrate. 

B. The reaction mixture was evaporated to dryness (expt. 4,10,12.15.16). The residue (expt. 12,15.16) was 
washed as indicated in variant A. Compounds  !o, lq, and iv  respectively were obtained. Dichloromethane (5 ml) 
was added to the solid residue of  expt. 4, and a mixture of  isomers ld  and le was filtered off. This mixture 12.2 g) 
was dissolved by boiling in dichloromethane (25 ml) with activated carbon 10.1 g), the sorbent was filtered off, the 
solvent evaporated in vacuum to the start of  crystallization, and compound ld (0.98 g: 44c~) was filtered off. On 
concentratine the filtrate a mixture (0.8 ,,) of  isomers ld and le  was precipitated containine a predominance of  the 
latter. After separating the isomers on plates (21 x 30 cm, silica gel 5/4(I, eluent EtOAc-CH,CI , ,  1:3) compound ie 
(0.32 o 14c/r) was obtained. The solid residue in expt. 10 was dissolved in boilin,, water (20 roll, the solution 
cooled, and KI (1 gl was added. Isomer lm was filtered oft" on the following day, the mother liquor was 
evaporated in vacuum to one tenth o f  the initial volume, and the mixture of isomers 11 and l m  was filtered off. 

C. The reaction mixture was concentrated until precipitation of  a solid (expt. 1,9. I I, 13 ) or until separation 
of  a viscous oil (expt. 3.17). The solid was filtered off, and washed as indicated in variant A. A mixture of isomers 

la  and lb  was obtained in expt. I, compound lj in expt. 9, In  in expt. 11, and lh in expt. 13. The filtrate in expt. 9 
was evaporated to dryness. A mixture of  isomers lj and 1o was obtained. According to TLC the filtrate of  expt. 13 
contained mainly the initial azide. In expt. 3 the oil was treated with H,O (30 ml) and substance lc was filtered off  
on the following day. In expt. 17 the oil was dissolved in EtOAc (5 ml) and passed through a column of  silica gel 
L 40/100 (eluent C,H,-EIOAc. 3:1 ). A mixture of  isomers !! + lu  was obtained in the form of an oil. 
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