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Abstract-Compounds of the acetylene and diacetylene series, containing a furazan ring, were synthesized
by alkylation of 3,4-diaminofurazan and nucleophilic substitution of the nitro group in 3-amino-4-nitrofurazan
under conditions of phase-transfer catalysis.

Studies of acetylene and its derivatives acquire
increasing importance in the development of modern
experimental and theoretical chemistry [3]. Under
conditions of growing deficit of petroleum, elabora-
tion of new methods for preparation of organic
compounds from acetylene and synthesis of new,
previously unknown acetylene derivatives becomes
an urgent problem. High reactivity of compounds
possessing a triple bond makes it possible to obtain
therefrom various products of fine organic synthesis.
Introduction of a triple bond as structural unit into
natural and synthetic products often enhances their
biological activity, extends the scope of pharmaco-
logical applications, and reduces their toxicity. More-
over, acetylene compounds are of great interest for
the chemistry and material science of high-energy
substances, for the triple bond possesses a great
internal energy. On the other hand, furazan (1,2,5-oxa-
diazole) derivatives are used as pharmaceuticals,
analytical reagents, propellants and explosives, and
starting materials in organic synthesis, as well as for
synthesis and modification of polymeric materials.

The synthesis and chemical transformations of furazan
derivatives have been reviewed in detail in [4, 5].

Compounds of the acetylene and diacetylene series,
containing a furazan ring, have not been reported
previously. The goal of the present work was to
develop methods for preparation of compounds pos-
sessing both these fragments. Undoubtedly, such
products are of interest from the viewpoints of both
synthetic organic chemistry and possible practical
applications.

As starting compounds we used 3,4-diaminofurazan
(I ) [6] and 3-amino-4-nitrofurazan (II ) [7]. According
to published data [8], 3,4-diaminofurazan (I ) is a very
weak base: its pKa1 value ranges from31.94 to34.46,
i.e., it is lower by 739 log units than the correspond-
ing parameter of aniline. Therefore, compoundI reacts
neither with dimethyl sulfate nor with ethyl bromide
under usual conditions. Weak bases with pKa << 1 are
alkylated taking advantage of their high NH acidity,
i.e., the ability togenerate N-anion by the action of
bases. This process can be effected either via metala-
tion (as shown in [9, 10]) or under conditions of

Scheme 1.

PTC stands for phase-transfer catalysis:KOH, K2CO3, Bu4NI, THF.
____________
* For preliminary communications, see [1, 2].
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phase-transfer catalysis (PTC) [11]. The high NH
acidity of 3,4-diaminofurazan (I ) allowed us to
perform its alkylation in the two-phase system
KOH/K2CO33dry THF using tetrabutylammonium
iodide as phase-transfer catalyst.

3,4-Diaminofurazan (I ) was brought into reaction
with 2-propynyl bromide at a ratio of 1 :4. As soon
as 1 h after, we isolated 50% of exhaustive alkylation
product III and 11% ofN,N-dialkylated furazanIV .
The structure of the products was proved by spectral
data given in Table 1. Table 2 contains their yields,
melting points (or refractive indices for liquids), and
analytical data. The unsymmetrical structure of com-
pound IV follows from its 13C NMR spectrum which
contains two signals from carbon atoms of the furazan
ring at dC 151.56 and 149.80 ppm; symmetrically
substituted furazan III gives only one signal at
dC 152.20 ppm. In the1H NMR spectrum ofIV we
observed a broadened singlet atd 4.23 ppm from
protons of the amino group; the latter gives rise to
IR absorption at 3450 and 3370 cm31.

The predominant formation of exhaustive alkyla-
tion productIII and unsymmetrical dialkylation prod-
uct IV may be explained by increase of NH acidity
due to introduction of first 2-propynyl group which
acts as electron acceptor. ProductIII is formed even
when the reaction is carried out with equymolar
amounts of the reactants.

It was quite reasonable to examine the possibility
for alkylation of furazanI with less reactive alkyl
halides, such as allyl bromide, ethyl bromide, and
propyl bromide. In keeping with the data of [12], the
reactivity ratio of allyl bromide, ethyl bromide, propyl
bromide, and 2-propynyl bromide is 40 :15 :4 :120
(in the alkylation of tertiary amines). Our results of
alkylation of 3,4-diaminofurazan with the above
reagents under conditions of phase-transfer catalysis
were consistent with published data. In the reaction
with allyl bromide the major product, tetraallyldi-
aminofurazanV, was isolated in 60% yield (reaction
time 5 h). Tetraethyl- and tetrapropyldiaminofurazans
VI and VII were obtained in 36 and 19% yield,
respectively (Scheme 2). However, the rate of alkyla-
tion of 3,4-diaminofurazan (I ) with ethyl and propyl

Scheme 2.

V, R = CH2CHÍCH2; VI , R = Et.

bromides was considerably lower than with allyl and
2-propynyl bromides. Presumably, the presence of
an electron-donor alkyl group on the nitrogen atom
reduces the NH acidity, thus hampering the alkylation
process.

From the reaction mixture obtained in the alkyla-
tion of furazanI with propyl bromide we succeeded
in isolating 7% of tripropyldiaminofurazanVIII and
12% of dipropyldiaminofurazanIX (Scheme 3). It
should be noted that mono-, di-, and trialkyl deriva-
tives were formed in all the above reactions, but in
the other cases their amounts were insufficient for
reliable identification.

Scheme 3.

With the goal of obtaining a furazan derivative
having diacetylene substituent 3,4-diaminofurazan (I )
was brought into reaction with 1-bromo-2,4-octadiyne.
However, both alkylation products and initial bromide
turned out to be unstable under the chosen conditions.
The reaction was accompanied by strong tarring, and
we succeeded in isolating only symmetrical disub-
stituted productX in ~5% yield (Scheme 4).

Scheme 4.

Our failure to obtain a compound combining a di-
acetylene system and a furazan ring in a high yield
by alkylation of 3,4-diaminofurazan prompted us to
explore another route, namely nucleophilic substitu-
tion in 3-amino-4-nitrofurazan (II ) [7]. The nitro
group in moleculeII is a good leaving group in
aromatic nucleophilic substitution reactions [13].
Mel’nikova et al. [14] previously reported on the
reaction of 3-amino-4-nitrofurazan (II ) with 2-azido-
ethanol in dimethylformamide (DMF), which resulted
in formation of 3-(2-azidoethoxy)-4-aminofurazan.
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Table 1. IR and 1H and 13C NMR spectra of furazan derivativesIII 3XVII
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Comp. ³ ³ ³

³ IR spectrum,a n, cm31 ³ 1H NMR spectrum,b d, ppm ³ 13C NMR spectrum,b dC, ppm
no. ³ ³ ³

ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
III ³3300 (=CH), 2150 (C=C), 16303³2.25 t (4H, C=CH), 4.34 d (8H,³38.91 (CH2), 74.63, 77.87 (C=C),

³ 1560 (C=NO), 140031370 (NO) ³ CH2) ³ 152.20 (C3, C4)³ ³ ³
IV ³3450, 3370 (NH2), 3300 (=CH),³2.39 t (2H, C=CH), 3.13 d (4H,³38.92 (CH2), 74.11 (C=CH), 77.07

³ 2120 (C=C), 1620, 1540 (C=NO),³ CH2), 4.23 br.s (2H, NH2) ³ (C=CH), 149.80 (CNCH2),
³ 1370 (NO) ³ ³ 151.56 (CNH2)³ ³ ³

V ³3100, 1850 (=CH2), 3040, 3000,³3.85 d (8H, CH2N), 5.25 m (8H,³51.7 (CH2N), 119.4, 133.0 (C=C),
³ 2940, 2870 (CH), 1650 (C=C),³ CH2=C), 5.80 m (4H, CH=CH2) ³ 153.6 (C3, C4)
³ 1570 (C=NO), 1380 (NO) ³ ³³ ³ ³

VI ³2960, 2870 (CH), 1570 (C=NO),³1.10 t (12H, CH3), 3.26 q (8H,³12.03 (CH3), 43.50 (CH2), 153.69
³ 1390 (NO) ³ CH2) ³ (C3, C4)³ ³ ³

VII ³297032850 (CH), 1570 (C=NO),³0.86 t (12H, CH3), 1.56 m (8H,³11.81 (CH3), 20.10 (CH2CH3),³ ³ ³
³ 1390 (NO) ³ CH2), 3.18 t (8H, CH2N) ³ 51.57 (NCH2), 154.01 (C3, C4)³ ³ ³

VIII ³3410 (NH), 297032860 (CH), 1590³0.90 t (6H, CH3), 0.98 t (3H, CH3),³11.74 (CH3), 20.83 (NCH2CH2),
³ (C=NO), 1380 (NO) ³ 1.58 m (4H, CH2), 1.69 m (2H,³ 22.80 (NHCH2CH2), 47.07
³ ³ CH2), 3.13 t (4H, CH2N), 3.25 q³ (NHCH2), 52.80 (NCH2), 152.35
³ ³ (2H, CH2NH), 3.58 br.s (1H,³ (C3), 152.71 (C4)
³ ³ NH) ³³ ³ ³

IX ³3390 (NH), 297032870 (CH), 1590³0.92 t (6H, CH3), 1.65 m (4H, CH2),³11.71 (CH3), 22.66 (CH2CH3),³ ³ ³
³ (C=NO), 1390 (NO) ³ 3.24 q (4H, CH2N), 4.33 br.s³ 46.98 (NCH2), 150.59 (C3, C4)
³ ³ (2H, NH) ³³ ³ ³

X ³3420 (NH), 2260 (C=C), 163031570³0.93 t (6H, CH3), 1.62 m (4H,³13.92 (CH3), 21.81 (CH2CH3),
³ (C=NO), 1370 (NO) ³ CH2CH3), 2.26 t (4H, CH2Et),³ 23.18 (CH2C2H5), 61.13 (NCH2),
³ ³ 4.03 br.s (2H, NH), 4.21 s (4H,³ 65.42, 71.83, 72.01, 81.32
³ ³ NCH2) ³ (C=CC=C), 151.07 (C3, C4)³ ³ ³

XI ³3400, 3330 (NH2), 3310 (=CH),³2.62 t (1H, C=CH), 4.32 br.s (2H,³60.00 (CH2), 76.68 (C=CH), 77.60
³ 2200 (C=C), 163031560 (C=NO),³ NH2), 4.95 d (2H, CH2) ³ (C=CH), 148.03 (CNH2), 157.01
³ 140031370 (NO) ³ ³ (COCH2)³ ³ ³

XII ³3400, 3330 (NH2), 164031570³4.84 br.s (4H, NH2), 5.08 s (4H,³59.66 (CH2), 73.58 (C=C), 149.18
³ (C=NO), 138031320 (NO) ³ CH2) ³ (CNH2), 157.57 (COCH2)³ ³ ³

XIII ³3510, 3410 (NH2), 3320 (=CH),³2.05 s (1H, C=CH), 2.74 t (2H,³19.51 (CH2C=C), 70.24 (OCH2),
³ 2130 (C=C), 163031570 (C=NO),³ CH2C=C), 4.26 br.s (2H, NH2),³ 70.96 (C=CH), 79.65 (C=CH),
³ 1460, 1390 (NO) ³ 4.42 t (2H, OCH2) ³ 148.05 (CNH2), 157.55 (COCH2)³ ³ ³

XIV ³3470, 3340 (NH2), 2150 (C=CC=C),³2.03 m (4H, OCH2CH2CH2), 2.52 t³15.41 (CH2CH2CH2), 27.88
³ 1640, 1570 (C=NO), 1310 (NO),³ (4H, CH2C=C), 4.39 t (4H,³ (CH2C=C), 66.05 (C=CC=C),
³ 1030 (CO) ³ OCH2), 5.51 br.s (4H, NH2) ³ 70.77 (OCH2), 76.75 (C=CC=C),
³ ³ ³ 149.02 (CNH2), 158.14 (COCH2)³ ³ ³

XV ³3480, 3340 (NH2), 2150 (C=CC=C),³1.70 m (2H, CH2CH2OH), 2.04 m³15.43 (OCH2CH2CH2), 27.94
³ 1640, 1570 (C=NO), 1320 (NO),³ (2H, OCH2CH2), 2.36 t (2H,³ (OCH2CH2CH2), 30.14 (CH2-
³ 1040 (CO) ³ CH2CH2CH2OH), 2.51 t (2H,³ CH2CH2OH), 31.76 (CH2CH2-
³ ³ OCH2CH2CH2), 3.60 m (2H,³ CH2OH), 60.38 (CH2OH), 70.78
³ ³ CH2OH), 3.72 t (1H, OH), 4.42 t³ (OCH2), 65.39, 66.31, 76.18,
³ ³ (2H, OCH2), 5.50 br.s (2H, NH2)³ 77.98 (C=CC=C), 149.02
³ ³ ³ (CNH2), 158.14 (COCH2)

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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Table 1. (Contd.)
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Comp. ³ ³ ³

³ IR spectrum,a n, cm31 ³ 1H NMR spectrum,b d, ppm ³ 13C NMR spectrum,b dC, ppm
no. ³ ³ ³

ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
XVI ³3470, 3320 (NH2), 2160 (C=CC=C),³2.48 t (2H, CH2CH2OH), 2.89 t³19.68 (CH2CH2OH), 23.45 (OCH2-

³ 1640, 1570 (C=NO), 1310 (NO),³ (2H, OCH2CH2), 3.68 m (2H,³ CH2), 60.40 (CH2OH), 69.92
³ 1060 (CO) ³ CH2OH), 4.11 t (1H, OH), 4.45 t³ (OCH2), 66.00, 67.04, 73.26,
³ ³ (2H, OCH2), 5.52 br.s (2H, NH2)³ 76.46 (C=CC=C), 148.95
³ ³ ³ (CNH2), 157.93 (COCH2)³ ³ ³

XVII ³3630 (OH), 2250 (C=CC=C), 1640,³2.13 br.s (1H, OH), 2.62 t (2H,³24.31 (CH2CH2OH), 61.11 (CH2-
³ 1600 (C=C), 1040 (CO) ³ CH2CH2OH), 3.80 t (2H, CH2-³ OH), 67.04, 74.62, 74.95, 81.43
³ ³ OH), 5.65 m (1H, CH2=CH),³ (C=CC=C), 116.47 (CH2=CH),
³ ³ 5.80 m (2H, CH2=CH) ³ 130.63 (CH2=CH)

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
a The IR spectra of compoundsIII andV3X were recorded in CCl4, of IV , XI , XIII , andXVII , in CHCl3, and ofXII andXIV 3XVI ,

in KBr.
b The NMR spectra of compoundsXIV 3XVI were measured in acetone-d6, the 1H and 13C NMR spectra ofXII were recorded in

CD3CN and THF-d8, respectively, and the NMR spectra of the other compounds were obtained inCDCl3.

The corresponding carbanion was generated by the
action of 45% KOH at 20oC. We have found that
furazanII reacts with acetylenic alcohols even at 2oC
to afford the corresponding alkynyl ethers. By the
reaction of II with 2-propynyl alcohol we obtained
3-amino-4-(2-propynyloxy)furazan (XI ) in 43% yield
(Scheme 5).

Scheme 5.

1,4-Bis(4-amino-1,2,5-oxadiazol-3-yloxy)-2-butyne
(XII ) was isolated in 68% yield in the reaction of
furazanII with 2-butyne-1,4-diol (Scheme 6).

Scheme 6.

However, reactions ofII with diacetylenic diols,
such as 2,4-hexadiyne-1,6-diol and 3,5-octadiyne-1,8-

diol, resulted in strong tarring of the mixture, and no
individual product was isolated. Therefore, we tried
to carry out these reactions under milder conditions,
resorting to phase-transfer catalysis. For this purpose,
3-amino-4-nitrofurazan was brought into reaction with
3-butyn-1-ol according to the procedure reported in
[14] (methoda) and under conditions of phase-transfer
catalysis (methodb). In the first case we isolated
3-amino-4-(3-butynyloxy)furazan (XIII ) in 40% yield.
The same product was obtained by methodb, but
the yield ofXIII increased to 53% (Scheme 7).

Scheme 7.

These results showed that nucleophilic substitution
of the nitro group in 3-amino-4-nitrofurazan by mono-
acetylenic alcohols is successful both under usual con-
ditions and in the presence of phase-transfer catalyst.
However, the reaction ofII with diacetylenic diols
occurs only under phase-transfer catalysis. In order
to obtain dialkynyl derivatives of furazan we also
used 2,4-hexadiyne-1,6-diol, 3,5-octadiyne-1,8-diol,
and 4,6-decadiyne-1,10-diol. Our experimental data
revealed a relation between the stability of di-
acetylenic furazan derivatives and the number of
methylene units therein. Target productsXIV andXV
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Table 2. Yields, melting points or refractive indices, and elemental analyses of furazan derivativesIII 3XVII
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Comp.
³

Yield, %
³

mp, oC
³ Found, % ³

Formula
³ Calculated, %

³ ³ ÃÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄ
no.

³ ³
(nD)a

³ C ³ H ³ N ³ ³ C ³ H ³ N
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄ

III ³ 50 ³ 79380 ³ 66.32 ³ 4.69 ³ 22.19 ³ C14H12N4O ³ 66.65 ³ 4.75 ³ 22.21
IV ³ 11 ³ 97398 ³ 55.13 ³ 4.60 ³ 31.53 ³ C8H8N4O ³ 54.54 ³ 4.58 ³ 31.80
V ³ 60 ³ (1.5050)18 ³ 65.09 ³ 7.54 ³ 21.44 ³ C14H20N4O ³ 64.59 ³ 7.74 ³ 21.52
VI ³ 36 ³ (1.4709)22 ³ 56.80 ³ 9.18 ³ 25.87 ³ C10H10N4O ³ 56.58 ³ 9.50 ³ 26.39
VII ³ 19 ³ (1.4695)17 ³ 62.60 ³ 10.32 ³ 20.18 ³ C14H28N4O ³ 62.65 ³ 10.52 ³ 20.87
VIII ³ 12 ³ (1.4814)17 ³ 58.84 ³ 9.96 ³ 24.11 ³ C11H22N4O ³ 58.38 ³ 9.80 ³ 24.76
IX ³ 7 ³ (1.4978)17 ³ 51.91 ³ 8.39 ³ 28.67 ³ C8H16N4O ³ 52.15 ³ 8.75 ³ 30.41
X ³ 5 ³ 76378 ³ 70.10 ³ 6.53 ³ 17.87 ³ C18H20N4O ³ 70.10 ³ 6.53 ³ 18.17
XI ³ 43 ³ 65366 ³ 43.01 ³ 3.80 ³ 29.85 ³ C5H5N3O2 ³ 43.16 ³ 3.62 ³ 30.21
XII ³ 68 ³ 1603161 ³ 38.01 ³ 3.39 ³ 33.17 ³ C8H8N6O4 ³ 38.10 ³ 3.20 ³ 33.32
XIII ³ 40, 53b ³ 66368 ³ 47.49 ³ 4.70 ³ 27.46 ³ C6H7N3O2 ³ 47.06 ³ 4.61 ³ 27.44
XIV ³ 23 ³ 1563160 ³ 50.68 ³ 4.80 ³ 24.10 ³ C14H16N6O4 ³ 50.60 ³ 4.85 ³ 25.29
XV ³ 10 ³ 63367 ³ 57.67 ³ 6.09 ³ 16.86 ³ C12H15N3O3 ³ 57.82 ³ 6.07 ³ 16.86
XVI ³ 10 ³ 65367 ³ 54.26 ³ 5.16 ³ 17.94 ³ C10H11N3O3 ³ 54.30 ³ 5.01 ³ 19.00
XVII ³ 10 ³ Oily substance³ 79.65 ³ 6.53 ³ 3 ³ C8H8O ³ 79.97 ³ 6.71 ³ 3

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄ
a The superscript denotes the temperature at which the refractive index was measured.
b According to methodsa and b, respectively (see Experimental).

were isolated in 23 and 10% yield, respectively, only
in the reaction of II with 4,6-decadiyne-1,10-diol
(Scheme 8). The reaction of 3-amino-4-nitrofurazan
(II ) with 3,5-octadiyne-1,8-diol gave only monosub-
stituted product, furazanXVI , in 10% yield. 7-Octene-
3,5-diyn-1-ol (XVII ) was isolated as by-product
(Scheme 9). By special experiment we showed that
compoundXVII is formed by decomposition ofXVI :

When 3,5-octadiyne-1,8-diol was kept for 2 days
under the same conditions but in the absence of
3-amino-4-nitrofurazan, the reaction mixture remained
unchanged. The reaction ofII with 2,4-hexadiyne-1,6-
diol both in the system KOH3H2O3DMF and under
PTC conditions was accompanied by strong tarring,
and no nucleophilic substitution products were
isolated.

Scheme 8.

Scheme 9.
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Scheme 10.

The difference in the behavior of mono- and di-
acetylenic compounds in the alkylation of diamineI
and nucleophilic substitution of the nitro group inII
may be explained by increase in CH acidity of the
methylene group adjacent to the CÍÄC bond. Its CH
acidity is greater in compounds containing a system
of two conjugated triple bonds [15318]. This factor,
together with the electron-acceptor effect of the
furazan ring, is responsible for the observed decom-
position of compoundXVI . A probable mechanism
of this process is shown in Scheme 10.

Some words should be said about specific features
of the mass spectra of furazan-containing acetylenes
and diacetylenes. The presence in the mass spectra of

(a)

(b)

(c)

Differential scanning calorimetry data forN,N,N`,N`-tetra-
kis(2-propynyl)-3,4-diaminofurazan (III ).

molecular ion peaks can be regarded as an additional
proof for the proposed structure of the products. The
spectrum of compoundIII contains the following ion
peaks,m/z: 253 [M+1]+, 213 [M3CH2CÍÄCH]+, 174
[M 3 2 CH2CÍÄCH]+ ., 79 [HCÍÄCCH2NCN]+, 65
[HCÍÄCCH2NC]+. However, fragmentation pathways
typical of furazans with fairly simple substituents in
the ring (like compoundIII ) are not seen so clearly
in the mass spectra of diacetylenic derivativesXIV 3
XVI . This is the result of the presence of two triple
bonds in their molecules. The degree of unsaturation
of the aliphatic moieties in the diacetylenic derivatives
is equal to 4, as in benzene and other aromatic
compounds. Due to ready migration of multiple bonds
along the carbon chain in ionized molecules and high
probability of cyclization processes [19] the most
abundant ions in the mass spectra of diacetylenic
furazan compounds are those typical of benzene
derivatives,m/z: 147 [C11H15]

+, 115 [C9H7]
+ ., 102

[C8H6]
+, 91 [C7H7]

+, 77 [C6H5]
+, 65 [C5H5]

+, 51
[C4H3]

+, 39 [C3H3]
+.

Furazan-containing diacetylenesX and XIV 3XVI
are potential monomers for solid-phase topochemical
polymerization, i.e., a single crystal of diacetylenic
monomer could give rise to a single crystal of poly-
diacetylene, which is characterized by highly ordered
structure. Solid-phase topochemical polymerization
occurs as poly-1,4-addition; it can be initiated by
heating and UV org-irradiation. The products are
quasiunidimensional molecules having a conjugated
framework with either enyne or butatriene (cumulene)
structure, the former usually prevailing [20]. The
transformation of diacetylene into polydiacetylene is
accompanied by appearance of an intense color due to
polymeric chains in the crystal matrix of diacetylene.
The rate of solid-phase topochemical polymerization
and the yield of polydiacetylene depend very strongly
on the monomer structure which is responsible for
favorable packing of diacetylene molecules in the
crystallographic unit cell.

The mechanism of formation, properties, and ap-
plication of polydiacetylenes were summarized in
[21323]. The most interesting are nonlinear optical
properties of polymeric diacetylenes. Among all
organic compounds, polydiacetylenes are characterized
by the greatest values of the third-order nonlinear
optical susceptibility [24]. In the series of furazan-
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containing diacetylenes synthesized in the present
work, compoundXV turned out to be active under
scattered daylight: it acquired a blue color during
isolation.

Thermochemical properties of our products must
also be considered. Tetra(2-propynyl)diaminofurazan
III was studied by differential scanning calorimetry
(DSC; see figure). The measurements were carried out
in a cell filled with argon. Curve (a) shows thermal
effects observed on heating of a sample of furazan
III to 300oC. The endothermic effect at 79.38oC
(184.57 J/g) results from melting of the substance.
As follows from plot (b), this process is accompanied
by an additional effect which appears as a shoulder on
the main peak. In the temperature range from 192.22
to 279.18oC (c) an exothermic effect is observed
(3198.36 J/g) with its maximum at 261.85oC; presum-
ably, it reflects decomposition of the sample. After
heating to 300oC, 84.5% of the sample weight is lost.

We also calculated the enthalpy of formationDHf
of compoundIII , following the procedure developed
by Avakyan [25]. The calculated value ofDHf is
299 kcal/mol. For comparison, the corresponding
parameter of compoundXIV is 48.2 kcal/mol. Thus
furazan III possesses a much higher internal energy
than XIV due to the presence of greater number of
triple bonds in the molecule.

EXPERIMENTAL

The IR spectra were measured from 5% solutions
of compounds in CHCl3 or CCl4 or from samples
pelleted with KBr using a Specord 75IR instrument.
The UV spectra were recorded on an SF-26 spectro-
photometer in acetonitrile. The1H and 13C NMR
spectra were obtained on a Buker DPX-300 spectrom-
eter (300 MHz for1H) using CDCl3, CD3COCD3, and
CD3CN as solvents. The mass spectra were run on
an MKh-1330 GC3MS system (energy of ionizing
electrons 70 eV). The data of differential scanning
calorimetry were obtained with the aid of a Perkin3
Elmer DSC-7 instrument. Thin-layer chromatography
was performed on Silufol UV-254 plates; spots were
visualized by UV irradiation or by treatment with
iodine vapor or a solution of potassium permanganate.

Initial 3,4-diaminofurazan (I ) and 3-amino-4-nitro-
furazan (II ) were synthesized by the procedures
described in [6, 7]. The spectral and analytical data
of the newly synthesized compounds are collected in
Tables 1 and 2.

N,N,N`,N`-Tetrakis(2-propynyl)-3,4-diamino-
furazan (III) and N,N-bis(2-propynyl)-3,4-diamino-
furazan (IV). To a solution of 0.5 g (5 mmol) of

furazan I in 15 ml of anhydrous tetrahydrofuran we
added 2.76 g (20 mmol) of anhydrous K2CO3, 1.21 g
(20 mmol) of powdered KOH, and a catalytic amount
of tetrabutylammonium iodide. A solution of 2 ml
(27 mmol) of 2-propynyl alcohol in 5 ml of anhydrous
THF was added with stirring, and the mixture was
stirred until initial furazan I disappeared (TLC).
The mixture was filtered, and the precipitate was
washed with diethyl ether. The filtrate was washed
with water until neutral reaction and was dried over
MgSO4. The products were isolated by preparative
thin-layer chromatography on silica gel using hexane3
ether (1 :1) as eluent. CompoundIII : UV spectrum
(CH3CN), lmax, nm (e): 254 (460). Mass spectrum,
m/z: 253 [M + 1]+, 213 [M 3CH2CÍÄCH]+ ., 174
[M 3 2 CH2CÍÄCH]+, 79 [HCÍÄCCH2NCN]+, 65
[HCÍÄCCH2NC]+. Also, 0.1 g (11%) of productIV
was isolated.

N,N,N`,N`-Tetraallyl-3,4-diaminofurazan (V) was
synthesized in a similar way from 0.3 g (3 mmol) of
furazanI and 1 ml (12 mmol) of allyl bromide. Mass
spectrum, m/z (I rel, %): 260 (2) [M]+ ., 259 (7)
[M 3H]+, 231 (19), 219 (28) [M3CH2CHÍCH2]

+, 218
(36) [M3H3CH2CHÍCH2]

+ ., 204 (15), 188 (19),
177 (15) [M32CH2CHÍCH2]

+, 163 (13), 148 (100),
123 (49), 121 (38), 108 (19), 96 (23), 93 (21), 81 (45)
[H2CÍCHCH2NCN]+, 67 (40) [H2CÍCHCH2NC]+,
56 (23).

N,N,N`,N`-Tetraethyl-3,4-diaminofurazan (VI)
was synthesized as described above for compoundIII
from 0.3 g (3 mmol) of furazanI and 1.34 ml
(18 mmol) of ethyl bromide.

N,N,N`,N`-Tetrapropyl-3,4-diaminofurazan
(VII), N,N,N`-tripropyl-3,4-diaminofurazan (VIII),
and N,N`-dipropyl-3,4-diaminofurazan (IX) were
obtained as described above for compoundIII from
0.3 g (3 mmol) of furazanI and 1.64 ml (18 mmol)
of propyl bromide.

N,N`-Bis(2,4-octadiynyl)-3,4-diaminofurazan (X)
was synthesized as described above for compoundIII
from 0.3 g (3 mmol) of furazanI and 2.22 g
(12 mmol) of 1-bromo-2,4-octadiyne. The reaction
was assumed to be complete when the initial bromo-
diacetylene disappeared (TLC).

3-Amino-4-(2-propynyloxy)furazan (XI) was pre-
pared by the procedure described in [14] from 0.13 g
(1 mmol) of furazanII and 0.09 ml (1.5 mmol) of
2-propynyl alcohol on cooling to 2oC.

1,4-Bis(4-amino-1,2,5-oxadiazol-3-yloxy)-2-
butyne (XII) was synthesized by the procedure
described in [14] from 0.16 g (1.2 mmol) of furazan
II and 0.05 g (0.6 mmol) of 2-butyne-1,4-diol.
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3-Amino-4-(3-butynyloxy)furazan (XIII). a. The
procedure was similar to that described in [14]; 0.13 g
(1 mmol) of furazanII and 0.11 ml (1.5 mmol) of
3-butyn-1-ol were taken.

b. A mixture of 0.12 g (2.1 mmol) of powdered
potassium hydroxide, 0.29 g (2.1 mmol) of anhydrous
potassium carbonate, and a catalytic amount of tetra-
butylammonium iodide was added to a solution of
0.13 g (1 mmol) of furazanII and 0.11 ml (1.5 mmol)
of 3-butyn-1-ol in 5 ml of DMF. The progress of the
reaction was monitored by TLC. When initial furazan
II disappeared, the mixture was poured into 50 ml
of cold water and was treated with diethyl ether. The
extract was washed with water until neutral washings
and dried over MgSO4. The product was isolated as
in the preceding experiment.

1,10-Bis(4-amino-1,2,5-oxadiazol-3-yloxy)-4,6-
decadiyne (XIV) and 10-(4-amino-1,2,5-oxadiazol-
3-yloxy)-4,6-decadiyn-1-ol (XV).A mixture of 0.18 g
(3.2 mmol) of powdered potassium hydroxide, 0.44 g
(3.2 mmol) of anhydrous K2CO3, and a catalytic
amount of tetrabutylammonium iodide was added to
a solution of 0.42 g (3.2 mmol) of furazanII and
0.26 g (1.6 mmol) of 4,6-decadiyn-1,10-diol in 15 ml
of THF, cooled to 2oC. The progress of the reaction
was monitored by TLC. After 2 h, the precipitate was
filtered off and washed with diethyl ether. The organic
phase was washed with water until neutral washings
and dried over MgSO4. The solvent was distilled off,
and a light brown solid precipitated during this
process. The precipitate was washed with a small
amount of ether and dried. UV spectrum (CH3CN),
lmax, nm (e): 240 (1140). Mass spectrum,m/z
(Irel, %): 332 (1) [M]+ ., 315 (1), 302 (14) [M3NO]+ .,
213 (4), 202 (10), 189 (20), 174 (18), 147 (16), 128
(16), 115 (39), 104 (43), 103 (45), 93 (8), 91 (69), 77
(100), 65 (84), 51 (34), 43 (39), 42 (24) [H2NCÍÄN]+ .,
41 (31), 39 (14). FurazanXV was isolated by prepara-
tive TLC on silica gel (eluent ether) from the product
mixture obtained after removal of ether. UV spectrum
(CH3CN), lmax, nm (e): 240 (470). Mass spectrum,
m/z (I rel, %): 249 (2) [M]+ ., 232 (2), 219 (3)
[M3NO]+ ., 204 (3), 193 (12), 191 (8), 176 (5), 174
(4), 163 (11), 149 (23), 128 (10), 121 (18), 115 (26),
103 (31), 91 (85), 77 (100), 65 (38), 51 (36), 43 (23),
42 (18) [H2NCÍÄN]+ ..

8-(4-Amino-1,2,5-oxadiazol-3-yloxy)-3,5-octadi-
yn-1-ol (XVI). A mixture of 0.3 g (5.2 mmol) of
powdered KOH, 0.72 g (5.2 mmol) of anhydrous
K2CO3, and a catalytic amount of tetrabutylammo-
nium iodide was added to a solution of 0.34 g
(2.6 mmol) of furazanII and 0.25 g (1.8 mmol) of
3,5-octadiyne-1,8-diol in 10 ml of THF, cooled to

3oC. The progress of the reaction was monitored by
TLC. After 30 min, the precipitate was filtered off
and washed with diethyl ether. The organic phase was
washed with water until neutral washings and dried
over MgSO4. The solvent was removed, and the prod-
ucts were isolated from the residue by preparative
thin-layer chromatography on silica gel using ether3
hexane (5 :1) as eluent. CompoundXVI : UV spec-
trum (CH3CN), lmax, nm (e): 237 (570). Mass spec-
trum, m/z (Irel, %): 221 (1) [M]+ ., 191 (9) [M3NO]+ .,
173 (2), 161 (3), 149 (2), 133 (3), 121 (22), 103 (9),
93 (36), 92 (25), 91 (57), 77 (100), 69 (14), 65 (48),
63 (32), 51 (32), 39 (27). Also, 7-octene-3,5-diyn-1-ol
(XVII ) was isolated, which was formed by decom-
position of furazanXVI .
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