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Abstract—A series of 5-substituted 3-nitro-1-vinyl-1,2,4-triazoles were synthesized by alkaline treatment
of the corresponding 1-(2-haloethyl- or 2-nitroxyethyl)-3-nitro-1,2,4-triazoles and by transvinylation of NH
acids of the same series with vinyl acetate. The scope of applicability of the transvinylation procedure was
established with respect to the azol€,pvalue. The vinylic double bond on the nitrogen was shown to be
inactive toward both nucleophilic and electrophilic reagents, whereas the halogen atom in fositivibits
enhanced reactivity. The latter factor provides the possibility for versatile structural modification via nucleo-
philic replacement of the 5-halogen atom by various groups, including triazolate ion.

Interest in vinyl derivatives of 1,2,4-triazole-f15] of the second isomer was proved by independent
is explained by their ability to form polymers pos- synthesis [8]. Intermolecular cyclization of formyl-
sessing a number of specific properties, in particulahydrazine, triethyl orthoformate, and 2-aminoethanol
solubility in water [1, 2]. Vinyl derivatives of 1,2,4- gave 1,2,4-triazole with fixed position of 2-hydroxy-
triazole can be obtained by standard procedures, suelhyl group (on N), which was then converted into
as catalytic addition of the corresponding NH acidsvinyl group. The same authors synthesized a series
to acetylene in alkaline medium under pressure4[2 of 1-vinyl-3(5)-R-triazoles from the corresponding
12-14], dehydrohalogenation ®-(2-haloethyl)-1,2,4- hydroxyalkyl derivatives which were in turn prepared
triazoles [5-8], and transvinylation of triazoles with by direct alkylation with 2-chloroethanol. However,
vinyl acetate in the presence of mercfity salts it was difficult to separate N and N-isomers, for
and sulfuric acid or boron trifluorideether complex their physical properties were very similar.

[6, 8-10]. An interesting procedure was reported by vinylation with acetylene was also applied to tri-
Shimizu and Ogata [15]; it involves photocatalyticazoles with distorted aromaticity of the ring, e.g.,
reaction of 1-[bis(trimethylsilyl)methyl]-1,2,4-triazole 1 2 4-triazole-3-thiones [4, 12, 13] and 1,2,4-triazol-
with carbonyl compounds (Peterson’s reaction); hows.ones [14]. These compounds possess nucleophilic
ever, this procedure has found no wide application. centers both in the ring and in the exocyclic group,

An important point in the triazole chemistry is and the vinylation occurs at all centers. Depending
the selectivity of N-substitution (or addition). This on the conditions and catalyst, 5-substituted 1,2,4-tri-
problem is also inherent to direct vinylation of NH azole-3-thiones give rise t&mono- or N,Sdivinyl
acids of the triazole series. Some aspects concernimgrivatives; the presence of alkali favors formation
mainly vinylation with acetylene were covered inof Svinyl-1,2 4-triazoles [12] which undergo further
[2, 4, 11-14]. Vinylation of unsubstituted 1,2,4-tri- vinylation following a usual schemeSN-Divinyl
azole results in formation of 1-vinyl-1,2,4-triazole derivatives are obtained in the presence of cadmium
in 74% yield, whose structure was determined byacetate. In this case a mixture of-Nand N-substi-
comparing the calculated and experimental dipoléuted isomers is formed when the second substituent
moments [2]. Trzhinskayat al. [4] showed that the in the ring is a bulky group (e.g., furyl or pyridyl
vinylation of both 1,2,4-triazole and its 5-methyl [4, 13]); if the latter is hydrogen or methyl, three
derivative under the conditions given in [2] givespossible isomers (N, N>, and N-vinyl) are formed.
both the corresponding Nvinyl compounds (more 1,2,4-Triazol-3-one in alkaline medium gives rise to
than 70%) and appreciable amounts of thévilyl  a mixture of 4- andO-vinyl derivatives, and further
isomers (14 and 25%, respectively). Presumably, thiginylation of the first of these yields 1,4-divinyl-1,2,4-
fact remained unnoticed, for the second reaction prodriazol-3-one. TheO-vinyl isomer is converted into
uct resided in the high-boiling fraction. The structureN- and N-vinyl-3-vinyloxy-1,2,4-triazoles [14].
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Nonselective vinylation was observed for 3-amino-poor solubility of 3-nitro-1,2,4-triazole salts. In order
1,2,4-triazole; according to [11], neither exocyclicto find optimal conditions we varied the temperature,
amino group nor N atom is involved, but 1- and reaction time, and reactant ratio. To avoid bis-alkyla-
2-vinyl derivatives are formed at a ratio of 3: 2. tion a large excess of the reagent was taken. However,

On the whole, vinylation reactions were reportedn all cases both mono- and bis-alkylation products
for both 1,2 4-triazole [29] and its 3(5)-mono- and (compoundsX andXl) were formed (Scheme 1).
3,5-disubstituted derivatives having aliphatic, ali-
cyclic, aromatic, and alkylaromatic groups [3, 5, 8], Scheme 1.
as well as for 3,5-dichloro-1,2,4-triazoles [9,10], NO, NO,
3-acetylamino-1,2,4-triazoles [8], 5-amino-1,2,4-tri- 1\|1—||/ BrCH,CH,Br, NaOH 1\|1—||/
azoles [11], 1,2,4-triazole-3-thiones [4, 12, 13], and kN/N kN/N
1,2,4-triazol-3-ones [14]. However, there are no
published data on vinylation of nitro-substituted 1,2,4-
triazoles, although a series of available 5-R-substituted I X
3-nitro-1,2,4-triazoles is fairly large: R = H)( OMe ON NO
(1), Me (1), Br (IV), CI (V), N5 (VI), NHAc (VII'), : \H—ll\l l\lf—”/ :
NO, (VIIl ), 3-nitro-1,2,4-triazol-5-yl ). It should * Nad X
be noted that 1-vinyl-3-nitro-1,2,4-triazole was used
in [8] as starting compound for the synthesis of the
corresponding aminotriazole, but there was no refer- X1
ence to the method of its preparation and its properties
were not given. Products X ?nd X1 differ considerably in their

It seems unreasonable to effect vinylation of nitro-SClubilities and’H NMR spectra. Therefore, we were

triazoles with acetylene, for this process requiregPleé to monitor their formation during the process,
extremely severe conditions. Dehydrohalogenation &S Well as to separate them when the reaction was
1-(2-haloethyl)-3-nitro-1,2,4-triazoles may be acceptOVer- The optimal ratio of Br(Ck),Br to compound
able, though some limitations are possible. Thes®as found to be 4:1; futther raising the concentration
include experimental difficulties, accessibility of Of the alkylating agent did not increase the fraction of
intermediate products, and specific behavior ofh® monoalkylation product. Compounds and XI
N-substituted substrates in alkaline medium which i@ré formed at comparable rates; their ratio remains
necessary for dehydrohalogenation (nucleophile cafPnstant over a period of 6 h (80), and the overall
attack position5 of the ring provided that the 5-sub- Yield attains 6665%. The conversion of the initial
stituent is sensitive to bases). Therefore, we initiallyalt can be increased to 8% by raising the tem-
tested the procedure including the synthesis and superature or prolonging the reaction, but in this case
sequent vinylation of N-(2-Z-ethyl)-1,2,4-triazoles only the yield of producKI increases appreciably.
by alkaline treatment with the use of 3-nitro-1,2,4-tri- Insofar as the yield of target produét can be
azole () as an example. This compound is readilyregarded as only satisfactory, we tried to find an alter-
accessible, it readily undergoes alkylation [16]native procedure, e.g., by varying functionality of
(PK, 6.05 [17]), and (what is the most important) itsthe alkylating agent. In particular, 2-chloroethanol and
N-alkyl derivatives are stable in alkaline medium. epoxyethane are acceptable reagents for synthesis of
We thought it reasonable to effect alkylation of2-hydroxyethyl derivatives of triazole. The reaction
triazole I with such functionalized electrophiles thatwith 2-chloroethanol was carried out under conditions
the resulting N-substituted derivative contained similar to those described above for the bromoethyla-
a fragment capable of undergoing partial eliminatiortion. According to the'H NMR data, the desired
to afford N-vinyl-substituted compound. The simplest1-(2-hydroxyethyl)-3-nitro-1,2,4-triazoleX{l ) was
way seemed to be monoalkylation by heating triazoléndeed formed, but the process was low effective and
| sodium salt with 1,2-dibromoethane in DMF. the isolation of the product was difficult. Therefore,
Dimethylformamide was selected on the basis of theve tried the other version which was widely used by
known general relations holding in the alkylation ofus previously for preparation of structurally related
ambident anions and its ability to dissolve the initialalcohols [1820], namely alkylation with epoxy-
reactant. Our attempts to effect alkylation in otherethane. It should be noted that these reactions were
aprotic solvents, such as acetone, acetonitrile, ethylerformed with stronger NH acidsKg < 6) and that
acetate, and dioxane, were unsuccessful because of the alkylation conditions strongly depended on the

I
CH,CH,Br

| |
CH,——CH,
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5-SUBSTITUTED 3-NITRO-1-VINYL-1,2,4-TRIAZOLES 709

acid-base properties of the substrate. The reactioprotonated by waste acid; as a result, their yield
with triazole| at 18-20°C occurred at an appreciable considerably decreases. Therefore, it is advisable to
rate only in the presence of a base and was accomeutralize the mixture (after dilution) to pH-6.
panied by increase in pH due to consumption of th&€ompoundXIll was then denitrated under conditions
substrate. The highest yield of 2-hydroxyethyl derivasimilar to the conditions for dehydrobromination of
tive was reached at pH-8. To avoid further hydroxy- X, and 1-vinyltriazoleXV was thus obtained in high
ethylation, the process should be interrupted by dilutyield (Scheme 3).

ing the reaction mixture and neutralizing excess alkali.

The synthesis can be performed in both aprotic Scheme 3.

(acetone, acetonitrile, dioxane) and prowwnror

solvents, but the best results were obtained in ethanol. N—l/ OH™, MeOH N—l/NOZ
Our results indicate that the alkylation follows the lN/ll\] lN/ll\]

NO,

base catalysis mechanism where the oxirane ring is | |
opened by the action of both NH acid and the corre- CH,CH,R CH=CH,

sponding anion, as in the case of 3,5-dichloro-1,2,4- X, XIII XV

triazole (K, 5.22) [19] when the role of proton-donor

agent (pH > 8) is played by the solvent. The alkyla- X, R = Br; Xlll, R = ONO,.

tion of 3-nitro-1,2,4-triazole with epoxyethane gave

alcohol XII' in a satisfactory yield. An analogous reaction with 5-bromo-3-nitro-1-(2-

In principle, the vinyl group can be obtained by nitroxyethyl)-1,2,4-triazole XIV) was accompanied
dehydration of alcohols, but this process requires agy replacement of the 5-bromine atom, and the only
a rule very severe conditions. It is more convenienproduct was 5-methoxy-3-nitro-1-vinyl-1,2,4-triazole
to initially transform the alcohol into a structure (XVI) (Scheme 4).
more suitable for subsequent elimination. For this
purpose, chlorination with thionyl chloride is used. Scheme 4.

Taking into account that the nitro group in any posi-

tion of the ring is capable of being replaced by N—(NOZ OH™, MeOH N—l/NOZ
halogen on treatment with chlorinating agents and )l\N/ll\I )l\N/ll\I
HCI [21], we applied less common but milder proce- Me0™ )

dure including the transformation of alcohxll into CH,CH,ONO, CH=CH,
nitrate XIll and subsequent denitration of the latter X1V XVI

(Scheme 2). This procedure was used previously for
various aliphatic, aromatic, and heterocyclic com- The ease of halogen replacement was surprising.
pounds, in particular foN-vinylnitroamines [22]. It is known that this process usually requires much
The nitration of alcohols likeXll to the corre- mMmore severe conditions; according to [23], the halogen
sponding nitrates with a mixture of sulfuric and nitricatom in position5 of the triazole ring is deactivated
acids occurs smoothly provided that the temperature foward nucleophiles due to conju%i[ion with the ring.
maintained at 1015°C [19, 20]. The target products, We believe that R-substituents at Ccan be involved
nitroxy compoundsXIll and XIV [20], can be in direct polar conjugation with the aza group in the
para-position (N’), which is responsible for the

Scheme 2. strongly reduced reactivity of the halogen in most
o D o 5-bromo-3-nitro-1,2,4-triazole derivatives. Such
N 2 CICH,CHOHor [ 0 NO, a specific*‘aza effect was observed in the series of
[NJ\I [NJ\I azines [24].
H | It is clear that the above procedure for generation
CH,CH,0H of vinyl group by alkaline dehydrohalogenation of the
I X1 N-alkyl substituent cannot be applied to synthesis
of a wide series of 1-vinyl-3-nitro-5-R-1,2,4-triazoles,
HNO,/H,S0, N—l/NO2 especially when the 5-substituent is sensitive to bases.
lN/ll\] On the other hand, just such derivatives attract
increased interest due to the possibility for modifying
CH,CH;0NO, the structure ofN-vinyltriazoles through substitution
XIII at C by various nucleophiles.
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An alternative procedure is direct vinylation of observed. Addition of hydroquinone as inhibitor of
3-nitro-1,2,4-triazoles with vinyl acetate. This methodpolymerization improves the purity of the product.
is usually applied to fairly weak NH acids of the azoleThe reaction also occurs at room temperature, but its
series, including 1,2,4-triazole derivativeK(p> 10). rate is low: the conversion of triazolein 14 h is
Among these, only 3,5-dichloro-1,2,4-triazole [19] hasonly 20%. The optimal reactant ratio triazelenyl
an acidity (K, 5.22) comparable with the acidity of acetate is 1:(510), and the reaction can be carried
nitrotriazoles. Depending on the substituent 3te  out without a solvent. Our experiments with smaller
acidity of 3-nitro-1,2,4-triazolesl-IX ranges from excess of vinyl acetate in an organic solvent gave
-0.66 to 6.75 [17], i.e., it changes by 8 log units.worse results. The developed procedure was applied
In this connection, the problem is not only the posio a wide series of 5-substituted 3-nitro-1,2,4-tri-
sibility of vinylation of 3-nitro-5-R-1,2,4-triazoles azolesl-IX. However, the synthesis was successful
with vinyl acetate, in principle, but also applicability only with NH acids|-VII whose K, values range
limits of this reaction within the series of compoundsfrom 7 to 3 (Scheme 5). The strongest NH acids in
under study. It should be kept in mind that vinylthis series, 3,5-dinitro-1,2,4-triazolev{ll ) and
acetate also possesses properties of an olekn, 5,5-bis(3-nitro-1,2,4-triazole)IX) (pK, 2.1 and 5.3,
it is capable of reacting through the double bond taespectively; determined by M.8evzner using spec-
give addition products; 3-nitro-5-R-1,2,4-triazoles ardrophotometric technique), reacted in an unusual way.
known to be fairly reactive in such processes [25]. From compoundVill we obtained a product which

The procedure was developed using 3-nitro-1,2,45showed in the'H NMR spectrum (Table 1) three
triazole (, pK, 6.05) as an example. The catalyst,Signals instead of two quartets typical of vinyl group
reactant ratio, temperature, and reaction time werefable 2). Two signals were observed in the region of
varied. Mercury(ll) salts in the presence of concenmethyl protons: a singlet at 2.08 ppm (3H) and
trated sulfuric acid turned out to be the best catalys@ doublet at 2.00 ppm (3H), and the third signal was
Mercury(ll) sulfate or acetate in the absence oft downfield quartet at 7.68 ppm (1H). The IR spec-

a strong mineral acid was not effective withintrum of the product indicated the presence of an ester
an acceptable temperature range-@MC): the target Moiety instead of vinyl group. On the basis of the
vinyl derivative was formed in an appreciable amoungpectral data and elemental composition, the product
0n|y under more severe conditions fm more than Wwas aSSIQHEd the structure of 1-(335-d|nltro_-l,2,4-tr|-
20 h) which promoted strong tarring. The use ofézol-1-yethyl acetate XXII'). Obviously, it was
mercury acetate alone as catalyst was also ineffectif@rmed by addition of the azole at the double bond of
in the vinylation of benzotriazole; in the vinylation Vinyl acetate, following the Michael reaction pattern
of benzimidazole the yield of the target product wadScheme 6). It should be emphasized that we did not
very small [26]. The nitrotriazoles involved in this detect even traces of the tardeétvinyltriazole.
reaction are stronger NH acids; taking into account
that the reaction is catalyzed by acids, the NH acidity Scheme 6.
of the substrate is likely to be the determining factor. NO NO
2 2

With the use of HgOH,SO, as catalyst we suc- j{\ | ACOCH=CH, j{\_n/
ceeded in attaining 780% conversion of azolé in 0,N~ NN O,N
4-5 h at 4650°C (increase of the reaction time to I|{ CH,—CH—OAc
6 h and more had no appreciable effect on the yield
of the product). At higher temperature tarring was

NN

VIII XXII

In the reaction with bitriazoléX, either vinylation
to form mono- or divinyl derivative or addition to
NO, . NO, vinyl acetate as described above for 3,5-dinitro-1,2,4-
j{\ 1'\1 ACOCH=CH, j{\ 1'\1 triazole {111 ) might be expected. Also, the formation
N~ N~
R I|{ R |

Scheme 5.

of a product with both kinds of substituents on the
CH=CH, nitrogen cannot be ruled out. The isolated product was
pure (according to TLC), but its spectral parameters

v XV and analytical data conformed to none of the expected

I, XV, R = H: Il, XVI, R = MeO: lll, XVIl , R = Me; structures. CompounXIll was insoluble in al-
IV, XVIIl , R = Br; V, XIX, R = Cl; VI, XX, R = N;; kalies, indicating that both hydrogen atoms on the
VII, XXI, R = AcNH. nitrogens were replaced, but it contained neither vinyl
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nor ester groups. As in azolXXIl, the N-alkyl should be observed for other azole series, e.g., for
moiety of XXIII included the CHCH fragment but tetrazole derivatives.

no acetyl group was found: TheH NMR spectrum A specific group of NH acids of the triazole series

lacked methyl group singlet, and carbonyl absorptioronsists of amino derivatives. Successful vinylation
was not observed in the IR spectrum. The elementgf such compounds could give rise to structural

composition of compoun®XIlll was consistent with modifications through transformation of the amino

the structure of 5,8bis[1-(1-hydroxyethyl-3-nitro- group (oxidation, diazotization), including the syn-

1,2,4-triazole) which could be formed in a way similarthesis of the corresponding nitro compounds. This is
to compoundXXIl with subsequent acid hydrolysis especially important in cases when direct vinylation

(Scheme 7). is impossible.

Although the acidity of 3-R-substituted 5-amino-

Scheme 7. 1,2,4-triazoles (R = H, N§ NO,) falls into a range

0,N - suitable for vinylation (i, 7-12), we failed to react
| 1|\I | (1) AcOCH=CH, them with vinyl acetate under the selected conditions:
N\N)\WN\N the initial triazole was recovered from the reaction
1'{ N—”\N o mixture. A possible reason is removal of sulfuric acid

2

from the reaction zone via formation of triazolium

= salts which are insoluble in vinyl acetate (they pre-
0,N cipitated immediately after mixing the reactants).
@ H*/H,0 ’ | C|H(OH)CHS Acylation of the amino group eliminates this problem,
_ N\N)\WN\N and both 5-acylamino-1,2,4-triazole [8] and its 3-nitro
CHS_ClH N—”\NO analog VIl undergo vinylation following the general
(I)H 2 scheme.

Summarizing the above stated, we can conclude
that vinylation with vinyl acetate is successful for
most 1,2,4-triazoles withi, > 3; for more acid sub-
The structure of producsXIl andXXIll suggests girates, Michael addition to vinyl acetate is expected;

that in the addition of azole¥lll andIX to vinyl  aminotriazoles should be brought into the reaction
acetate nucleophilic attack occurs at the internaji, preliminary protected amino group.

carbon atom of the double bond.
It is not surprising that triazoles-VIl (pK, > 3)

XXIII

Taking into account electron-acceptor properties of
. X the triazolyl group, 1-vinyl-1,2,4-triazoles can be
which are weaker NH acids than compoundd and fegarded as olefins possessing an activated double

IX (pK, < 3) do not add across the double bond %%ond, which must be capable of reacting with both

viny| acetate, for their ionization is suppressed i o yophilic and nucleophilic reagents. There are
the presence of a strong mineral acid; moreove

r .. . .
partial protonation of azole$-VIl is possible. As some data indicating that thid-vinyl fragment acts

: - : : as acceptor with respect to the heteroring (e.g., in
shown in [25], addition of such triazoles to activated yrroles and carbazoles). The conjugation between the

olefins requires catalysis by bases. Therefore, all com~’ . :

pounds |-VII , beginning with 5-bromo(chloro)-3- Q.’I'.n%I gr}?‘iﬁ agd 'g;e Betec;orlzn7g enhances nucleo-
nitro-1,2,4-triazole (K, 3.05) react with vinyl acetate PMicity of the double bond [27].
to afford the corresponding 1-vinyl derivatives. ~Chemical properties of vinyl derivatives of 1,2,4-
Stronger NH acids (8, < 3) need no base to react tr_|azole were not studied in detail, though a_falrly
with olefins according to Michael, and 3,5-dinitro- high reactivity was noted for some representatives of
1,2,4-triazole YIIl ), being a very strong NH acid, this series. For example, 3-amino-1-vinyl-1,2,4-tri-
readily adds to olefins in both proton-donor andazole exhibits properties typical of all its molecular
aprotic media [25]. Presumably, the given vinylationfragments: It reacts with HCI to give the correspond-
conditions ensure sufficient degree of ionization ofing hydrochloride, forms quaternary salts with KI and
strongly acidic triazoles, so that the addition processomplexes with manganese, cobalt, and zinc chlorides,
occurs. We can conclude that the reaction of triazolegnd reacts with aldehydes at the amino group; the
with vinyl acetate is governed by the acidity of thevinyl group can be involved in bromination, hydro-
former: NH acids with i, > 3 give rise to vinylation, genation, and polymerization to give water-soluble
whereas 1,2,4-triazoles witlKg < 3 add at the double polymers [11]. The reduction and ready polymeriza-
bond of the reagent. Probably, an analogous pattetion were reported for 1-vinyl-1,2,4-triazole [2], and
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polymerization of 3,5-dichloro-1-vinyl-1,2,4-triazole 1,2,4-triazoles themselves. Compoundd/Ill —XX
was described [10]. Nitration of the latter is known towere readily converted into 5-methoxy derivatX¥|
give 1-(3,5-dichloro-1,2,4-triazol-1-yl)-1-nitroethylene by the action of bases in methanol. From triazoles
which was isolated as tetramer [10]. According to theXVI, XVIII , andXIX we obtained under fairly mild
authors, the nitration occurs as addition at the doubleonditions the corresponding 5-azidotriazd{X and
bond with formation of 1-nitro-2-nitroxyethyl deriva- hydrazino derivativeXXIV (Scheme 8). Halogen
tive, followed by elimination of nitric acid and tetra- derivatives XVIIl and XIX are capable of reacting
merization. with such weakly basic nucleophiles as NH acids of
3-Nitro-1-vinyl-1,2,4-triazoles behave quite dif- the :[rlazole series. As a result, 3-nitro-1-vinyl-5-(3-R-
ferently. As foliows from the data of [8], both vinyl 2-R"-1,2,4-triazol-1-yl)-1,2,4-triazolexXXV -XXVII
and nitro group in these compounds can be reducelf/€'® obtained (Scheme 9).
however, reactions at the vinyl group are not typical

to 5-substituted 3-nitro-1-vinyl-1,2,4-triazoles. Our Scheme 9.

attempts to involve them in Michael addition with NO R
nitroalkanes or triazoles, including such reactive CH j{\_( - )N\G_Dl/
and NH acids as nitroform and 3,5-dinitro-1,2,4-tri- X~ SN NN
azole, were unsuccessful. We also failed to effect C|H=CH2

oxidation with peroxyacids or nitration at the double CVILL XIX

bond. Under more severeonditions oxidative ’

elimination of the vinyl group occurred to give the 0,N

corresponding 3-nitro-1,2,4-triazole. Moreover, unlike Tj\ j\
1-vinyl-1,2,4-triazole, its nitro derivatives do not . NS
undergo polymerization. This means that introduction CH2=C|H N— '
of a nitro group into positior8 of the triazole ring R
strongly deactivates thé&l-vinyl fragment. XXV-XXVII

On the other hand, vinylation of the!Natom has VI X = Cl XIX. X = Br: XXV R = H. R = NO-
a considerable effect on the electron density distribu- ~ xxvi, R = H, R = N; XXVIl, R = Cl, R = NH,. “
tion in the triazole ring. In particular, this concerns
the conjugation between the ring and-gubstituent Previously, such heterylation of triazolate ions was
having an unshared electron pair (R = Br, Clg,N possible only through replacement of the nitro group
OCH,). As a result, the mobility of this substituent jn N-substituted 3,5-dinitro-1,2,4-triazoles [28].
increases, and it can be replaced by nucleophiles-Halo-3-nitro-1-vinyl-1,2,4-triazolesXVIll and
The effect of theN-vinyl group was revealed for the X|X showed a comparable reactivity (acetone?@5
first time in an attempt to obtain 5-bromo-3-nitro- 8 10 h; the progress of the reaction was monitored by
1-vinyl-1,2,4-triazole by alkaline treatment of the TLC, following disappearance of the sulbstrate). We
N-(2-nitroxyethyl) derivative (see above). We thenfajled to replace the halogen atom in other 5-bromo-
used this reaction to modify the structure of 3-nitro-3-njtro-1,2,4-triazole derivatives using even the most
1-vinyl-1,2,4-triazoles via replacement of the 5-subasic triazolate ions and under much more severe
stituent by both conventional nucleophiles (azide ion¢conditions (DMF, 100120°C, 20-48 h; only traces
hydrazine, methanolic alkali) and salts derived fromof the target products were detected). In the reactions

with 5-halo-3-nitro-1-vinyl-1,2,4-triazoles we detected

Scheme 8. no expected by-product, 3-nitro-1-vinyl-1,2,4-triazol-
NO NO 5-one, which is usually formed in such processes as
2 2
j{\_” Nu j{\_” a result of attack by hydroxide ion on®CAs a rule,
x~ NN r™ NN the fraction of triazolone is considerable, and it
C|H=CH2 C|H=CH2 increases as the reactivity of the reagent and substrate

decreases. Thus we have one more evidence for the

XVI, XVIII-XX XVI, XX, XXIV . . .
anomalously high lability of the halogen atom in
NU = MeONa/MeOH:XVI, R = MeO: XVIIl , X = Br: 5-halo-3-nitro-1-vinyl-1,2,4-triazoles. A plausible
XIX, X = Cl; XX, X = N3, Nu = Nyt XX, R = Ny, XVI, explanation is (1) the acceptor effect of the vinyl
X = MeO; XVIII , X = Br; XIX, X = Cl; Nu = N,H,: XXIV, group on the heteroring and (2) conjugation with
R = NHNH,; XVIII, X = Br; XIX, X = Cl. N? through the CI§I=CH—N1—N2= bond sequence,

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 5 2001



5-SUBSTITUTED 3-NITRO-1-VINYL-1,2,4-TRIAZOLES 713

which weakens the bond betweenr &nd the substit- of triazole!, 50 ml of DMF, 0.3 mol of 1,2-dibromo-
uent. These effects are reflected in the considerablethane, and 0.1 g of tetraethylammonium bromide,
downfield shift of the 5-H signal in th&H NMR spec- and the mixture was stirred for 6 h at @) cooled,
trum of compoundXV, as compared td (Table 1). and poured into 150 ml of water. The precipitate of
The chemical shift of the ring proton is larger thancompoundXI was filtered off and recrystallized. The

9 ppm for all N-heteryl 3-nitro-1,2,4-triazoles [28], filtrate was extracted with ethyl acetate {80 ml),
where both the above effects are operative. A similathe extract was evaporated, and the residue (product
pattern is observed in thiéd NMR spectra of NC-bi-  X) was recrystallized.

triazoles XXV and XXVI . 1-(2-Hydroxyethyl)-3-nitro-1,2,4-triazole (XII).

The IR spectra of vinyltriazoles contain bandsa. To a solution of 0.12 mol of sodium hydroxide in
typical of other nitrotriazole derivativeS\/gNOz) 2 ml of water we added 30 ml of DMF, 0.1 mol of
1540-1565, 13001350, v(ring) 1485-1525 cm~] and triazole I, 0.2 mol of 2-chloroethanol, and 0.1 g of
a band at 16401670 cn' belonging to stretching sodium bromide. The mixture was heated to°®0
vibrations of the G:C bond. The other bands which stirred for 18 h at that temperature, cooled, poured
are usually assigned to vinyl group vibrationsinto 100 ml of water, and treated with ethyl acetate
[v(C—H) 301G6-3040, 30953075, 3(C—H) 995-985, (5x30 ml). The extract was dried over calcined
8(CH,) 915905, 14261410, 13061290 cm?] are MgSQ0,, the solvent was removed under reduced pres-
either poorly resolved or overlapped by bands arisingure, and the residue was recrystallized from ethanol.

from the other structural fragments. Comparison of p. To a solution of 0.005 mol of sodium hydroxide
the spectra of 1-vinyltriazoles and their precursorsin 2 ml of water we added 40 ml of ethanol, 0.05 mol
3-nitro-5-R-1,2,4-triazoles shows that a doublet Ofpf triazole I, and 0.1 mol of freshly distilled epoxy-
triplet in the region 930980 cm™ can be assigned ethane. The mixture was kept for-3® h in a closed

to vibrations of the vinyl group. BitriazoleXXV-  yessel at 1820°C with occasional stirring; the pH of
XXVIl - are characterized by additional absorptionthe medium was checked periodically. When the pH
bands at 1320 and 1580590 cm™; the appearance attained a value of 7-8.0, the mixture was diluted
of these bands in the spectrum of dinitro derivativeyith two volumes of water and neutralized with dilute
XXV could be explained by the presence of one morgyifuric acid. Ethanol was removed, and the product
nitro group in the triazolyl substituent. However,was extracted into ethyl acetate. The subsequent
similar bands are also present in the spectra of conprocedure was the same as described abowe in
pounds XXVl and XXVII ; presumably, they should 3 Njiyrg-1-(2-nitroxyalkyl)-1,2,4-triazole (XI1I).

be aSS|gnled to vibrations of the heteroring. . 1-(2-HydroxyethyljtriazoleXIl , 5 g, was added in
In the "H NMR spectra of 5-substituted 3-nitro- portions with stirring and cooling to 20 ml of a mix-
1-vinyl-1,2,4-tetrazoles, signals from the vinyl protonstyre prepared from equal volumes of concentrated
appear as three asymmetric quartets @8 (Hc) and  sylfuric and nitric acids, maintaining the temperature
5.25-6.1 ppm (CHHp), which are typical of alABC  pelow 10C. The mixture was stirred for 3 h at that
spin system. temperature, poured onto a 3-fold amount (by volume)
Taking into account that direct vinylation of tri- of crushed ice, and neutralized with sodium hydrogen
azolel and elimination reactions of Nalkyltriazoles ~carbonate. The precipitate was filtered off, the filtrate
X and XIll gave the same productV, we can Was extracted with ethyl acetate, the solvent was
conclude that N-substitution occurs preferentially afémoved, and the residue was combined with the main

position 1 of the triazole ring. portion of the product. The product was washed with
water, dried in air, and recrystallized.
EXPERIMENTAL 3-Nitro-1-vinyl-1,2,4-triazole (XV). a. To a solu-

tion of 0.01 mol of bromoethyl derivativ¥ in 50 ml
The 'H NMR spectra were recorded on a Perkin of methanol at 3635°C we added with stirring in
Elmer R-12 spectrometer (60 MHz) in acetafje- portions a solution of 0.02 mol of potassium
using HMDS as internal reference. The IR spectrdydroxide in 10 ml of methanol. The mixture was
were measured on a Specord 75IR instrument frorkept for 1 h at 3635°C and cooled. The precipitate
samples prepared as thin films. of KBr was filtered off, the filtrate was evaporated,
1-(2-Bromoethyl)-3-nitro-1,2,4-triazole (X) and and the residue was purified by recrystallization.
1,2-bis(3-nitro-1,2,4-triazol-1-yl)ethane (XI). To b. Nitrate XIll , 0.05 mol, was dissolved in 30 ml
2 ml of water we added 0.05 mol of NaOH, 0.05 molof ethanol, a solution of 0.1 mol of sodium hydroxide
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Table 1. IR and H NMR spectra of triazolesX-XIII , XXl , and XXIII

Cﬂ?p' IR spectrum,v, cnr?t IH NMR spectrum,3, ppm

X 835, 870, 880, 950, 1050, 1190, 1210, 1300, 1355, 13O0 s (1H, 5-H), 4.95 t (2H, C}), 4.02 t (2H, CH)
1415, 1435, 1495, 1540

Xl 840, 875, 955, 1040, 1060, 1190, 1230, 1305, 1g8T0 s (1H, 5-H), 5.12 s (4H, CH
1380, 1410, 1450, 1505, 1555

Xl 845, 870, 890, 980, 1040, 1160, 1210, 1310, 1365, 1380 s (1H, 5-H), 4.50 t (2H, C}}, 4.35 t (2H, CH),
1415, 1425, 1510, 1560, 3208600 5.60 t (:I.H‘:jl OH)

Xl 855, 875, 900, 980, 1180, 1230, 1310, 1360, 1375, 14280 s (1H, 5-H), 5.16 m (4H, Cj
1510, 1560, 1650

XXIl {940, 1020, 1050, 1110, 1225, 1320, 1340, 1350, 138O d (3H, CH), 2.08 s (3H, CH), 7.68 g (1H, CH)
1440, 1540, 1580, 1750

XX 1950, 980, 1065, 1100, 1320, 1360, 1410, 1550, 15551.95 d (3H, CH), 6.65 q (1H, CH)

% Exchanges with BD.

Table 2. IR and 'H NMR spectra of 1-vinyltriazolesXV-XXI and XXV -XXVII

1
Comp. H NMR spectrunf 3, ppm

no.

IR spectrum,v, cnr?t
Ha Hg g Hy, g other protons

XV 935, 950, 965, 1190, 1320, 1390, 1420, 1505, 1555, 1650 | 6.03, 5.38 7.58 9.05 s (1H, 5-H)
XVI 920, 960, 1160, 1180, 1310, 1380, 1420, 1510, 1560, 164% 5.85, 5.30 7.30 4.35 s (3H, CH)
XVIl 930, 970, 1145, 1315, 1410, 1540, 1560, 1660 6.00, 5.41 7.60 2.70 s (3H, CH)
XVII 1940, 960, 1085, 1310, 1380, 1430, 1500, 1565, 1650 | 6.10, 5.58 7.55 -

XIX 930, 950, 1105, 1310, 1365, 1435, 1500, 1565, 1650 | 6.61, 5.55 7.52 -

XX 940, 970, 1145, 1240, 1310, 1385, 1510, 1565, 1650, 217% 5.90, 5.35 7.15 -
XXl 950, 970, 1165, 1240, 1260, 1320, 1380, 1490, 1570, 166080, 5.25 7.23 2.70 s (3H, CH)
1725
XXV 1940, 960, 990, 1140, 1210, 1305, 1320, 1390, 1430, 153025, 5.65 8.00 9.65 s (1H, 5-H)
1560, 1580, 1650
XXVI 1920, 970, 990, 1195, 1310, 1320, 1360, 1440, 1530, 158005, 5.45 8.00 9.25 s (1H, 5-H)
1590, 1655, 2165
XXVII {940, 980, 1130, 1315, 1360, 1515, 1560, 1590, 1650, 1670 5.95, 5.40 7.97 7.80 (2H, NH)

@ 3 = 2.0 Hz, o = 17 Hz, Jgy = 10 Hz.

in 5 ml of water was added with stirring, and thetriazol-1-yl)ethyl acetate (XXII), and 5,5-bis(1-hy-
mixture was heated to 4G, kept for 0.5 h at that droxyethyl-3-nitro-1,2,4-triazole) (XXIIl). Triazole
temperature, cooled, and poured into 100 ml of watel—IX, 44 mmol, HgO, 0.2 g, concentrated sulfuric
The mixture was filtered, the filtrate was extractedacid, 3-4 drops, and hydroquinone, 0.3 g, were added
with ethyl acetate (830 ml), the extract was dried to 30 ml of vinyl acetate. The mixture was heated
over calcined magnesium sulfate and evaporated, anghder stirring to 56C, kept for 46 h at that tempera-
the residue was recrystallized. ture, cooled, and poured into 100 ml of water. The

c. Triazole XV was synthesized by reaction of precipitate was filtered off and washed with water.
3-nitro-1,2,4-triazole with vinyl acetate following the An additional amount of the product can be obtained
transvinylation procedure (see below). by extraction of the filtrate with ethyl acetate. The

5-Substituted 3-nitro-1-vinyl-1,2,4-triazoles X\~  yields, melting points, analytical data, and spectral
XXI (transvinylation procedure 1-(3,5-dinitro-1,2,4- parameters of the products are given in Table3. 1
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Table 3. Yields, melting points, and elemental analyses of compoutslll , XV-XXI, and XXV -XXVII

Comp. | Yield, % mp, °C Found, % Calculated, % M
no (method) (solvent Formula
' C H N C H N found | calcd.
X 30 97-98 21.88,| 2.51,| 25.44,| C4H:BrN4O, | 21.74 | 2.28 | 25.35|221.00|230.10
(acetone/EtOH)| 22.01 | 2.42 | 25.32
Xl 42 187-188 28.72,| 2.45,| 44.14,| CgHgNgO, 28.35| 2.38 | 44.09 |254.16(260.50
(chloroform) | 28.47 | 2.29| 44.28
Xl 25 (@), 71-72 30.35,| 4.00,| 35.65,| C4HgN4O5 30.39 | 3.83| 35.44|158.11|163.00
55 (b) (EtOH) 30.48 | 3.95| 35.84
XMl 85 46-47 23.77,| 2.63,| 34.52,| C4H5N:O5 23.65| 2.48 | 34.48 |1203.11(211.20
(EtOH) 23.93| 2.24 | 34.37
XV 60 @), 68-69 34.33,| 2.79,| 40.49,| C4H,N4O, 34.29 | 2.88 | 40.00|140.10(145.10
70 (b, ¢ (CCly) 34.15| 2.70 | 40.37
XVI 40 (a, b) 133-134 35.01,| 3.49,| 32.79,| CsHgN4O5 35.30 | 3.56 | 32.93|170.13(175.30
(CHCILy) 35.16 | 3.31 | 32.64
XVII 75 145-146 38.96,| 4.09,| 36.65,| CsHgN4O, 38.96 | 3.92 | 36.35|154.13|160.30
(EtOH) 38.78 | 3.94| 36.58
XVII 75 122123 22.93,| 1.61,| 25.47,| C4H3BrN4O, | 21.94 | 1.38 | 25.58 |219.00|226.50
(EtOH) 22.10| 1.40| 25.81
XIX 65 82-83 27.66,| 2.00,| 31.72,| C4H5CIN,O, | 27.52| 1.73 | 32.10 |174.54|168.00
(CHCILy) 28.01 | 1.99 | 32.00
XX 75 88-89 26.58,| 1.78,| 54.25,| C4H3N;0, 26.53 | 1.67 | 54.141181.11(187.00
(EtOH) 26.55| 1.81 | 54.00
XXI 40 161-162 36.12,| 3.93,| 35.30,| CgH,N5O5 36.55| 3.58 | 35.52|170.13(176.20
(dichloroethane) 36.63 | 3.48 | 35.72
XXV 65 145-146 28.96,| 1.65,| 44.64,| CgH4NgO, 28.58 | 1.60 | 44.44|252.15(248.40
(EtOH) 28.97 | 1.69 | 44.84
XXVI 70 80-81 29.29,| 1.88,| 56.23,| CgH4N; O, 29.04 | 1.62 | 56.44 |248.17(245.00
(EtOH) 29.33| 1.64 | 56.25
XXVII 55 215216 28.23,| 1.78,| 43.95,| CzH:sCINGO, | 28.08 | 1.96 | 43.67 |256.61|254.20
(EtOH) 27.99 | 2.08 | 43.70

5-Methoxy-3-nitro-1-vinyl-1,2,4-triazole (XVI) a solution of 8 mmol of 5-halo-3-nitro-1-vinyl-1,2,4-
was synthesized from 1-(2-nitroxyethyl)triazo¥dV  triazole XVIII or XIX in 50 ml of acetone. The mix-
[20] or azidotriazoleXX by the procedures described ture was heated to the boiling point and was stirred
above for compoun&V (methodsb andc). for 8-10 h at 5560°C (until the initial compound
5-Azido-3-nitro-1-vinyl-1,2,4-triazole (XX) and disappeared, TLC). The solvent was removed, and the
5-hydrazino-3-nitro-1-vinyl-1,2,4-triazole (XXIV).  residue was washed with water and recrystallized.
To a solution of 19.5 mmol of 3-nitro-1-vinyl-1,2,4-
triazole XVI, XVIII , or XIX in 70 ml of ethanol REFERENCES
we added a solution of 21.5 mmol of sodium azide
(or 40 mmol of hydrazine hydrate) in 5 ml of water, 1. Tatarova, L.A., Ermakova, T.G., Lopyrev, V.A., Ked-
and the mixture was heated to-4%°C and was kept rina,_ NF and Razvodovskii, E.FUSSR Inventor’s
for 3 h at that temperature. The solvent was removed, Certificate no. 647310, 1979Chem. Abstr., 1979,

and the residue was washed with water and purifieg V0" 90, no. 204841. _
by recrystallization. 2. Makhno, L.P., Ermakova, T.G., Domnina, E.S.,

. . , . Tatarova, L.A., Skvortsova, G.G., and Lopyrev, V.A.,
3-Nitro-1-vinyl-5-(3-R-5-R"-1,2,4-triazol-1-yl)- USSR Inventor'sCertificate no. 464584, 197Byull.
1,2,4-triazoles XXV-XXVII. A solution of 8.8 mmol Izobret., 1975, no. 11, pp. 667; Ermakova, T.G.,
of 3-R-5-R-1,2,4-triazole in 5 ml of water containing Tatarova, L.A., and Kuznetsova, N.RRuss. J. Gen.

0.36 g (8.8 mmol) of sodium hydroxide was added to  Chem., 1997, vol. 67, no. 5, pp. 86807.
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