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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 acquirdhe synthesis and chemical transformations of furazan
increasing importance in the development of moderaderivatives have been reviewed in detail in [4, 5].
experimental and theoretical chemistry [3]. Under Compounds of the acetylene and diacetylene series,
conditions of growing deficit of petroleum, elabora-containing a furazan ring, have not been reported
tion of new methods for preparation of organicpreviously. The goal of the present work was to
compounds from acetylene and synthesis of newjevelop methods for preparation of compounds pos-
previously unknown acetylene derivatives becomesessing both these fragments. Undoubtedly, such
an urgent problem. High reactivity of compoundsproducts are of interest from the viewpoints of both
possessing a triple bond makes it possible to obtaisynthetic organic chemistry and possible practical
therefrom various products of fine organic synthesisapplications.

Introduction of a triple bond as structural unit into As Starting Compounds we used 3,4-diaminofurazan
natural and synthetic products often enhances thefr) [6] and 3-amino-4-nitrofurazaril() [7]. According
biological activity, extends the scope of pharmacoto published data [8], 3,4-diaminofurazal) is a very
logical applications, and reduces their toxicity. More-weak base: its I, value ranges from1.94 to-4.46,
over, acetylene compounds are of great interest fare., it is lower by 79 log units than the correspond-
the chemistry and material science of high-energyhg parameter of aniline. Therefore, compouneacts
substances, for the triple bond possesses a greagither with dimethyl sulfate nor with ethyl bromide
internal energy. On the other hand, furazan (1,2,5-oxainder usual conditions. Weak bases wity,p< 1 are
diazole) derivatives are used as pharmaceuticalglkylated taking advantage of their high NH acidity,
analytical reagents, propellants and explosives, anck., the ability togenerate N-anion by the action of
starting materials in organic synthesis, as well as fobases. This process can be effected either via metala-
synthesis and modification of polymeric materials.tion (as shown in [9, 10]) or under conditions of

Scheme 1.
H,N NH,  HCSCCHBr (HC=CCH,),N N(CH,C=CH), H,N N(CH,C=CH),
[ ] E— [ ] + [ ]
Neg-N Neg-N NogN
I 111 18%

PTC stands for phase-transfer catalysi€®®H, K,CO;, Bu,NI, THF.

" For preliminary communications, see [1, 2].
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1630 BEREZINA et al.

phase-transfer catalysis (PTC) [11]. The high NHbromides was considerably lower than with allyl and
acidity of 3,4-diaminofurazanl) allowed us to 2-propynyl bromides. Presumably, the presence of
perform its alkylation in the two-phase systeman electron-donor alkyl group on the nitrogen atom
KOH/K,CO;—dry THF using tetrabutylammonium reduces the NH acidity, thus hampering the alkylation
iodide as phase-transfer catalyst. process.

3,4-Diaminofurazan 1 was brought into reaction From the reaction mixture obtained in the alkyla-
with 2-propynyl bromide at a ratio of 1:4. As soontion of furazanl with propyl bromide we succeeded
as 1 h after, we isolated 50% of exhaustive alkylationn isolating 7% of tripropyldiaminofurazaNlll and
productlll and 11% ofN,N-dialkylated furazanV. 12% of dipropyldiaminofurazanX (Scheme 3). It
The structure of the products was proved by spectrahould be noted that mono-, di-, and trialkyl deriva-
data given in Table 1. Table 2 contains their yieldstives were formed in all the above reactions, but in
melting points (or refractive indices for liquids), andthe other cases their amounts were insufficient for
analytical data. The unsymmetrical structure of comseliable identification.
poundIV follows from its 3C NMR spectrum which
contains two signals from carbon atoms of the furazan Scheme 3.
ring at 8c 151.56 and 149.80 ppm; symmetrically PrN
substituted fuazan Il gives only one signal at PrBr, PTC "2 H
8¢ 152.20 ppm. In théH NMR spectrum oflV we I LA
observed a broadened singlet &t4.23 ppm from
protons of the amino group; the latter gives rise to
IR absorption at 3450 and 3370 T PNH NPr,  PeNH

The predominant formation of exhaustive alkyla-  + || + ||

tion productlll and unsymmetrical dialkylation prod- Mo NooN

uct IV may be explained by increase of NH acidity VIII IX

due to introduction of first 2-propynyl group which

acts as electron acceptor. Prodiitt is formed even With the goal of obtaining a furazan derivative

when the reaction is carried out with equymolarhaving diacetylene substituent 3,4-diaminofurazgn (

amounts of the reactants. was brought into reaction with 1-bromo-2,4-octadiyne.
It was quite reasonable to examine the possibilifHowever, both alkylation products and initial bromide

for alkylation of furazanl with less reactive alkyl turned out to be unstable under the chosen conditions.

halides, such as allyl bromide, ethyl bromide, andrhe reaction was accompanied by strong tarring, and

propyl bromide. In keeping with the data of [12], thewe succeeded in isolating only symmetrical disub-

reactivity ratio of allyl bromide, ethyl bromide, propyl stituted productX in ~5% yield (Scheme 4).

bromide, and 2-propynyl bromide is 40:15:4:120

(in the alkylation of tertiary amines). Our results of Scheme 4.

alkylation of 3,4-diaminofurazan with the above I + PrC=CC=CCH,Br

reagents under conditions of phase-transfer catalysis

were consistent with published data. In the reaction ;.  PrC=CC=CCH,NH NHCH,C=CC=CPr

with allyl bromide the major product, tetraallyldi- ——— | ]

aminofurazanV, was isolated in 60% yield (reaction

time 5 h). Tetraethyl- and tetrapropyldiaminofurazans X

VI and VII were obtained in 36 and 19% vyield,

respectively (Scheme 2). However, the rate of alkyla- Our failure to obtain a compound combining a di-

tion of 3,4-diaminofurazanl) with ethyl and propyl acetylene system and a furazan ring in a high yield

by alkylation of 3,4-diaminofurazan prompted us to

NPr,

VII

NHPr

Nig-N

Scheme 2. explore another route, namely nucleophilic substitu-
tion in 3-amino-4-nitrofurazan Il() [7]. The nitro
RBr, PTC RZN\I_(NRZ group in moleculell is a good leaving group in
I A aromatic nucleophilic substitutioneactions [13].
0 Mel'nikova et al. [14] previously reported on the
v, VI reaction of 3-amino-4-nitrofurazanl { with 2-azido-
ethanol in dimethylformamide (DMF), which resulted
V, R = CHCH=CH,; VI, R = Et. in formation of 3-(2-azidoethoxy)-4-aminofzan.
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SYNTHESIS AND PROPERTIES OF FURAZANYL-SUBSTITUTED ACETYLENES

Table 1. IR and 'H and 13C NMR spectra of furazan derivativel$l —XVII

1631

Cﬁg‘np. IR spectrunf v, cnrt IH NMR spectrun® &, ppm 13C NMR spectrunf, 5., ppm
Il |3300 ECH), 2150 (GC), 1630-|2.25 t (4H, GCH), 4.34 d (8H|38.91 (CH), 74.63, 77.87 (EC),
1560 (C=NO), 14001370 (NO) | CH,) 152.20 (G, C%
IV |3450, 3370 (NH), 3300 ECH),|2.39 t (2H, GCH), 3.13 d (4H|38.92 (CH), 74.11 (GCH), 77.07
2120 (G=C), 1620, 1540 (C=NO), CH,), 4.23 br.s (2H, NH) (C=CH), 149.80 CNCH,),
1370 (NO) 151.56 (CNH)
Y, 3100, 1850 (=CH), 3040, 3000,3.85 d (8H, CHN), 5.25 m (8H|51.7 (CHN), 119.4, 133.0 (C=C),
2940, 2870 (CH), 1650 (C=C), CH,=C), 5.80 m (4H, G1=CH,) | 153.6 (C, C%
1570 (C=NO), 1380 (NO)
VI {2960, 2870 (CH), 1570 (C=NO)1.10 t (12H, CH), 3.26 q (8H|12.03 (CH), 43.50 (CH), 153.69
1390 (NO) CH,) (C3, Y
VIl {2970-2850 (CH), 1570 (C=NO)0.86 t (12H, CH), 1.56 m (8H|11.81 (CHy), 20.10 CH,CHy),
1390 (NO) CH,), 3.18 t (8H, CHN) 51.57 (NCH), 154.01 (G, C%
VIl {3410 (NH), 297062860 (CH), 15900.90 t (6H, CH), 0.98 t (3H, CH),|11.74 (CH), 20.83 (NCHCH,),
(C=NO), 1380 (NO) 1.58 m (4H, CH), 1.69 m (2H| 22.80 (NHCHCH,), 47.07
CH,), 3.13 t (4H, CHN), 3.25 g (NHCH,), 52.80 (NCH), 152.35
(2H, CH,NH), 3.58 brs (1H} (C3), 152.71 (C)
NH)
IX 3390 (NH), 29702870 (CH), 15900.92 t (6H, CH), 1.65 m (4H, CH),|11.71 (CH), 22.66 CH,CHy),
(C=NO), 1390 (NO) 3.24 q (4H, CHN), 4.33 br.g 46.98 (NCH), 150.59 (G, C%
(2H, NH)
X 3420 (NH), 2260 (€C), 1636-1570/0.93 t (6H, CH), 1.62 m (4H|13.92 (CH), 21.81 CH,CHy),
(C=NO), 1370 (NO) CH,CHy), 2.26 t (4H, Gi,Et),| 23.18 CH,C,Hs), 61.13 (NCH),
4.03 br.s (2H, NH), 4.21 s (4H, 65.42, 71.83, 72.01, 81.32
NCH,) (c=Ccc=C), 151.07 (E, Y
Xl |3400, 3330 (NH), 3310 ECH),|2.62 t (1H, GCH), 4.32 br.s (2H,60.00 (CH), 76.68 (G=CH), 77.60
2200 (G=C), 1636-1560 (C=NO)| NH,), 4.95 d (2H, CH) (C=CH), 148.03 (CNH), 157.01
1400-1370 (NO) (COCH,)
XIl {3400, 3330 (NH), 1640-1570(4.84 br.s (4H, NH), 5.08 s (4H|59.66 (CH), 73.58 (GC), 149.18
(C=NO), 13801320 (NO) CH,) (CNH,), 157.57 COCH,)
Xl {3510, 3410 (NH), 3320 ECH),|2.05 s (1H, &CH), 2.74 t (2H]19.51 CH,C=C), 70.24 (OCH),
2130 (G=C), 1636-1570 (C=NO)| CH,C=C), 4.26 br.s (2H, NH),| 70.96 (G=CH), 79.65 C=CH),
1460, 1390 (NO) 4.42 t (2H, OCH) 148.05 (CNH), 157.55 COCH,)
XIV 3470, 3340 (NH), 2150 (G=CC=C),|2.03 m (4H, OCHCH,CH,), 2.52 1/15.41  (CHCH,CH,),  27.88
1640, 1570 (C=NO), 1310 (NO}), (4H, CH,C=C), 4.39 t (4H] (CH,C=C), 66.05 (GCC=C),
1030 (CO) OCH,), 5.51 br.s (4H, NH) 70.77 (QCH,), 76.75 C=CC=C),
149.02 (CNH), 158.14 COCH,)
XV 3480, 3340 (NH), 2150 (G=CC=C),|1.70 m (2H, Gi,CH,0OH), 2.04 m15.43 (OCHCH,CH,), 27.94
1640, 1570 (C=NO), 1320 (NO}), (2H, OCH,CH,), 2.36 t (2H,| (OCH,CH,CH,), 30.14 (CH-

1040 (CO)

CH,CH,CH,OH), 2,51 t (2H
OCH,CH,CH,), 3.60 m (2H
CH,OH), 3.72 t (1H, OH), 4.42
(2H, OCH,), 5.50 br.s (2H, NK)

CH,CH,0OH), 31.76 CH,CH,-
CH,OH), 60.38 CH,OH), 70.78
t (OCH,), 65.39, 66.31, 76.18,
7798  (GCC=C), 149.02
(CNH,), 158.14 COCH,)
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Table 1. (Contd.)

Comp.

o IR spectrunf v, cnrt IH NMR spectrun® &, ppm 13C NMR spectrunf, 5., ppm

XVl |3470, 3320 (NH), 2160 (GCC=C),|2.48 t (2H, G4,CH,OH), 2.89 119.68 CH,CH,OH), 23.45 (OCH-

1640, 1570 (C=NO), 1310 (NO), (2H, OCH,CH,), 3.68 m (2H| CH,), 60.40 CH,OH), 69.92
1060 (CO) CH,OH), 4.11 t (1H, OH), 445t (OCH,), 66.00, 67.04, 73.26,
(2H, OCHy), 5,52 br.s (2H, NK)| 76.46  (GCC=C),  148.95
(CNH,), 157.93 COCH,)

XVIl |3630 (OH), 2250 (ECC=C), 1640/2.13 br.s (1H, OH), 2.62 t (2H24.31 CH,CH,OH), 61.11 CH,-

1600 (C=C), 1040 (CO) CH,CH,OH), 3.80 t (2H, Gl,-| OH), 67.04, 74.62, 74.95, 81.43
OH), 5.65 m (IH, CH=CH),| (C=CC=C), 116.47 CH,=CH),
580 m (2H, Gi,=CH) 130.63 (CH=CH)

& The IR spectra of compoundl andV-X were recorded in CGl of IV, XI, XlIl , andXVIl , in CHCL, and ofXIl andXIV —-XVI,
in KBr.

® The NMR spectra of compound$lV —-XVI were measured in acetoug- the *H and **C NMR spectra ofXIl were recorded in
CD,CN and THFdg, respectively, and the NMR spectra of the other compounds were obtain€&D@I;.

The corresponding carbanion was generated by thdiol, resulted in strong tarring of the mixture, and no
action of 45% KOH at 20C. We have found that individual product was isolated. Therefore, we tried
furazanll reacts with acetylenic alcohols even &C2 to carry out these reactions under milder conditions,
to afford the corresponding alkynyl ethers. By theresorting to phase-transfer catalysis. For this purpose,
reaction ofll with 2-propynyl alcohol we obtained 3-amino-4-nitrofurazan was brought into reaction with
3-amino-4-(2-propynyloxy)furazarX() in 43% yield 3-butyn-1-ol according to the procedure reported in
(Scheme 5). [14] (methoda) and under conditions of phase-transfer
catalysis (methodb). In the first case we isolated

Scheme 5. 3-amino-4-(3-butynyloxy)furazarX(ll ) in 40% yield.
HN NO, The same product was obtained by methmdbut
W + HC=CCH,0H the yield ofXIll increased to 53% (Scheme 7).
N\O’N
i Scheme 7.
KOH, H,0, DMF  H2NX — _OCH,C=CH II + HC=CCH,CH,0H
NN Ei; g 120, DME g, OCH,CH,C=CH
X1 | |
N\O’N
1,4-Bis(4-amino-1,2,5-oxadiazol-3-yloxy)-2-butyne XIIT
(XII') was isolated in 68% yield in the reaction of
furazanll with 2-butyne-1,4-diol (Scheme 6). These results showed that nucleophilic substitution
of the nitro group in 3-amino-4-nitrofurazan by mono-
Scheme 6. acetylenic alcohols is successful both under usual con-

ditions and in the presence of phase-transfer catalyst.
However, the reaction ofl with diacetylenic diols
occurs only under phase-transfer catalysis. In order

I + HOCH,C=CCH,0H

KOH, Hy0  pp N

OCH,C=CCH,0 NH,

DMF hewd e to obtain dialkynyl derivatives of furazan we also
NegN NegN used 2,4-hexadiyne-1,6-diol, 3,5-octadiyne-1,8-diol,
XII and 4,6-decadiyne-1,10-diol. Our experimental data

revealed a relation between the stability of di-
However, reactions ofl with diacetylenic diols, acetylenic furazan derivatives and the number of
such as 2,4-hexadiyne-1,6-diol and 3,5-octadiyne-1,8nethylene units therein. Target produs®y/ and XV
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SYNTHESIS AND PROPERTIES OF FURAZANYL-SUBSTITUTED ACETYLENES 1633

Table 2. Yields, melting points or refractive indices, and elemental analyses of furazan derivéllivegVIl

Comp. _ mp, °C Found, % Calculated, %
no Yield, % (n, )2 Formula

' D C H N C H N
[ 50 79-80 66.32 | 4.69 | 22.19 Cy4H1 N0 66.65 | 4.75 | 22.21
v 11 97-98 55.13 | 4.60 | 31.53 CgHgN,O 54.54 | 4.58 | 31.80
% 60 (1.5050¥% | 65.09 | 7.54 | 21.44 Cy4Ho0N,0 64.59 | 7.74 | 2152
VI 36 (1.4709%%> | 56.80 | 9.18 | 25.87 C1oH10N4O 56.58 | 9.50 | 26.39
VI 19 (1.4695}7 | 62.60 | 10.32 | 20.18 Cp4HogN,O 62.65 | 10.52 | 20.87
Vil 12 (1.4814}7 | 58.84 | 9.96 | 24.11 Cy1HpoN,0 58.38 | 9.80 | 24.76
IX 7 (1.4978}7 | 51.91 | 8.39 | 28.67 CgH16N,O 52.15 | 8.75 | 30.41
X 5 76-78 70.10 | 6.53 | 17.87 CygHogN,O 70.10 | 6.53 | 18.17
X 43 65-66 43.01 | 3.80 | 29.85 CsHsN30, 43.16 | 3.62 | 30.21
XIi 68 160-161 38.01 | 3.39 | 33.17 CgHgNgO, 38.10 | 3.20 | 33.32
Xl 40, 52 66-68 47.49 | 470 | 27.46 CgH/N30, 47.06 | 4.61 | 27.44
XIV 23 156-160 50.68 | 4.80 | 24.10 Cy4H16NgO4 50.60 | 4.85 | 25.29
XV 10 63-67 57.67 | 6.09 | 16.86 CyoH15N305 57.82 | 6.07 | 16.86
XVI 10 65-67 54.26 | 5.16 | 17.94 CyoH11N305 54.30 | 5.01 | 19.00
XVII 10 Oily substancel 79.65 | 6.53 - CgHgO 79.97 | 6.71 -

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

were isolated in 23 and 10% yield, respectively, onlyWwhen 3,5-octadiyne-1,8-diol was kept for 2 days
in the reaction ofll with 4,6-decadiyne-1,10-diol under the same conditions but in the absence of
(Scheme 8). The reaction of 3-amino-4-nitrofurazar8-amino-4-nitrofurazan, the reaction mixture remained
(1) with 3,5-octadiyne-1,8-diol gave only monosub-unchanged. The reaction bf with 2,4-hexadiyne-1,6-

stituted product, furazaXVl, in 10% yield. 7-Octene- diol both in the system KOHH,0-DMF and under

3,5-diyn-1-ol ¥VIlI') was isolated as by-product PTC conditions was accompanied by strong tarring,
(Scheme 9). By special experiment we showed thaind no nucleophilic substitution products were

compoundXVIl is formed by decomposition ofVI: isolated.
Scheme 8.
PTC H,N O(CHy)3C=CC=C(CH,);0 NH,
I + HOCH,CH,CH,C=CC=CCH,CH,CH,0H [ [
N\O/N N\O/N
X1V
H,N OCH,CH,CH,C=CC=CCH,CH,CH,0H
+ | ]
NN
Xv
Scheme 9.
PTC H,N OCH,CH,C=CC=CCH,CH,0H

T

Nig-N

I + HOCH,CH,C=CC=CCH,CH,0H
XVI

+ CH,=CHC=CC=CCH,CH,0H
XVII
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1634 BEREZINA et al.

Scheme 10.
OH H,N 0—CH,~—CHC=CC=CCH,CH,0H H,0 H,N OH
XV || P — T + XVII
—OH

N\O,N N\O,N

The difference in the behavior of mono- and di-molecular ion peaks can be regarded as an additional
acetylenic compounds in the alkylation of diamihe proof for the proposed structure of the products. The
and nucleophilic substitution of the nitro group lin  spectrum of compoundl contains the following ion
may be explained by increase in CH acidity of thepeaks,mz. 253 M+1]", 213 M-CH,C=CH]*, 174
methylene group adjacent to thesC bond. Its CH [M-2CH,C=CH]", 79 [HC=CCH,NCN]*, 65
acidity is greater in compounds containing a systenffiHC=CCH,NC]*. However, fragmentation pathways
of two conjugated triple bonds [1%8]. This factor, typical of furazans with fairly simple substituents in
together with the electron-acceptor effect of thethe ring (like compoundll ) are not seen so clearly
furazan ring, is responsible for the observed decomin the mass spectra of diacetylenic derivativey —
position of compoundXVI. A probable mechanism XVI. This is the result of the presence of two triple
of this process is shown in Scheme 10. bonds in their molecules. The degree of unsaturation

Some words should be said about specific feature@f the aliphatic moieties in the diacetylenic derivatives
of the mass spectra of furazan-containing acetylendg equal to 4, as in benzene and other aromatic

and diacetylenes. The presence in the mass spectra¢@mpounds. Due to ready migration of multiple bonds
along the carbon chain in ionized molecules and high

probability of cyclization processes [19] the most

. r ®) abundant ions in the mass spectra o&aditylenic
CREE furazan compounds are those typical of benzene
g derivatives, Wz 147 [C;H,d", 115 [GH,]*", 102
| [CeHel", 91 [CH,]", 77 [GHsl*, 65 [GHsl", 51

2 [CiH3l", 39 [CH4".

§ 2 N—_ Furazan-containing diacetylenés and XIV —-XVI

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 ory-irradiation. The products are
guasiunidimensional molecules having a conjugated
2k . 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
0.75[ favorable packing of diacetylene molecules in the
crystallographic unit cell.

The mechanism of formation, properties, and ap-

. . . . . . . plication of polydiacetylenes were summarized in
160 180 200 220 240 260 280 [21-23]. The most interesting are nonlinear optical
Temperature, °C properties of polymeric diacetylenes. Among all

organic compounds, polydiacetylenes are characterized

Differential scanning calorimetry data fod,N,N’,N-tetra- by the greatest values of the third-order nonlinear
kis(2-propynyl)-3,4-diaminofurazanli( ). optical susceptibility [24]. In the series of furazan-

60 90 120 150 180 210 240 270
8¢ (b)

Heat liberation, mW
o~
T

(=]

—_
(9]

1
—
2]
~

Heat liberation, mW
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SYNTHESIS AND PROPERTIES OF FURAZANYL-SUBSTITUTED ACETYLENES 1635

containing diacetylenes synthesized in the presemarazanl in 15 ml of anhydrous tetrahydrofuran we
work, compoundXV turned out to be active under added 2.76 g (20 mmol) of anhydrous®0;, 1.21 g
scattered daylight: it acquired a blue color during(20 mmol) of powdered KOH, and a catalytic amount
isolation. of tetrabutylammonium iodide. A solution of 2 ml
Thermochemical properties of our products musf27 mmol) of 2-propynyl alcohol in 5 ml of anhydrous
also be considered. Tetra(2-propynyl)diaminofurazanHF was added with stirring, and the mixture was
Il was studied by differential scanning calorimetrystirred until initial furmazan | disappeared (TLC).
(DSC; see figure). The measurements were carried olihe mixture was filtered, and the precipitate was
in a cell filled with argon. Curve (a) shows thermalwashed with diethyl ether. The filtrate was washed
effects observed on heating of a sample of furazawith water until neutral reaction and was dried over
[l to 300C. The endothermic effect at 798 MgSQO,. The products were isolated by preparative
(184.57 J/g) results from melting of the substancethin-layer chromatography on silica gel using hexane
As follows from plot (b), this process is accompaniedether (1:1) as eluent. Compountl : UV spectrum
by an additional effect which appears as a shoulder ofCH,;CN), A, M €): 254 (460). Mass spectrum,
the main peak. In the temperature range from 192.22vz: 253 [M+1]*, 213 M-CH,C=CH]"", 174
to 279.18C (c) an exothermic effect is observed[M-2CH,C=CH]*, 79 [HC=CCH,NCN]"*, 65
(+198.36 J/g) with its maximum at 261.85; presum- [HCECCHZNC]+_ Also, 0.1 g (11%) of productV
ably, it reflects decomposition of the sample. Afterwas isolated.
heating to 300C, 84.5% of the sample weight is lost. N,N,N’,N-Tetraallyl-3,4-diaminofurazan (V) was

We also calculated the enthalpy of formatiahl;  synthesized in a similar way from 0.3 g (3 mmol) of
of compoundlll , following the procedure developed fyrazanl and 1 ml (12 mmol) of allyl bromide. Mass
by Avakyan [25]. The calculated value afH; is  spectrum,m/z (I, %): 260 (2) M]™", 259 (7)
299 kcal/mol. For comparison, the correspondingmv —H]*, 231 (19), 219 (28)j1- CH,CH=CH,]*, 218
parameter of compoun¥IV is 48.2 kcal/mol. Thus (36) [M-H-CH,CH=CH,|"", 204 (15), 188 (19),
furazanlll  possesses a much higher internal energy77 (15) M-2CH,CH=CH,]*, 163 (13), 148 (100),
than XIV due to the presence of greater number ofi 23 (49) 121 (38), 108 (19), 96 (23), 93 (21), 81 (45)
triple bonds in the molecule. [H,C=CHCH,NCN]J*, 67 (40) [H,C=CHCH,NCT",

56 (23).
EXPERIMENTAL N,N,N’,N"-Tetraethyl-3,4-diaminofurazan (VI)

The IR spectra were measured from 5% solution as synthesized as described above for compadilind

of compounds in CHGl or CCl, or from samples oM 0.3 g (3 mmol) of furazan and 1.34 m|
pelleted with KBr using a Specord 75IR instrument(18 mmol) of ethyl bromide.

The UV spectra were recorded on an SF-26 spectro- N.N,N’,N’-Tetrapropyl-3,4-diaminofurazan
photometer in acetonitrile. ThéH and *C NMR  (VIl), N,N,N*tripropyl-3,4-diaminofurazan (VIll),
spectra were obtained on a Buker DPX-300 spectron@nd N,N'-dipropyl-3,4-diaminofurazan (IX) were
eter (300 MHz for'H) using CDC}, CD,COCD,, and  Obtained as described above for compoutd from
CD,CN as solvents. The mass spectra were run of-3 g (3 mmol) of furazan and 1.64 ml (18 mmol)
an MKh-1330 GEGMS system (energy of ionizing Of propyl bromide.

electrons 70 eV). The data of differential scanning N,N"-Bis(2,4-octadiynyl)-3,4-diaminofurazan (X)
calorimetry were obtained with the aid of a Perkin was synthesized as described above for compadlind
Elmer DSC-7 instrument. Thin-layer chromatographyfrom 0.3 g (3 mmol) of furazan and 2.22 g
was performed on Silufol UV-254 plates; spots werg12 mmol) of 1-bromo-2,4-octadiyne. The reaction
visualized by UV irradiation or by treatment with was assumed to be complete when the initial bromo-
iodine vapor or a solution of potassium permanganatediacetylene disappeared (TLC).

Initial 3,4-diaminofurazanl{ and 3-amino-4-nitro- 3-Amino-4-(2-propynyloxy)furazan (XI) was pre-
furazan (I) were synthesized by the procedurespared by the procedure described in [14] from 0.13 g
described in [6, 7]. The spectral and analytical dat§l mmol) of furazanll and 0.09 ml (1.5 mmol) of
of the newly synthesized compounds are collected i@-propynyl alcohol on cooling to °Z.

Tables 1 and 2. 1,4-Bis(4-amino-1,2,5-oxadiazol-3-yixy)-2-

N,N,N’'N'-Tetrakis(2-propynyl)-3,4-diamino-  butyne (XIlI) was synthesized by the procedure
furazan (Ill) and N,N-bis(2-propynyl)-3,4-diamino-  described in [14] from 0.16 g (1.2 mmol) of furazan
furazan (IV). To a solution of 0.5 g (5 mmol) of 1l and 0.05 g (0.6 mmol) of 2-butyne-1,4-diol.
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3-Amino-4-(3-butynyloxy)furazan (XIIl). a. The 3°C. The progress of the reaction was monitored by
procedure was similar to that described in [14]; 0.13 gLC. After 30 min, the precipitate was filtered off
(2 mmol) of furazanll and 0.11 ml (1.5 mmol) of and washed with diethyl ether. The organic phase was
3-butyn-1-ol were taken. washed with water until neutral washings and dried

b. A mixture of 0.12 g (2.1 mmol) of powdered over MgSQ. The solvent was removed, and the prod-
potassium hydroxide, 0.29 g (2.1 mmol) of anhydrougiCts were isolated from the residue by preparative
potassium carbonate, and a catalytic amount of tetrdhin-layer chromatography on silica gel using ether
butylammonium iodide was added to a solution ofi€xane (5:1) as eluent. CompouXd/l: UV spec-
0.13 g (1 mmol) of furazafi and 0.11 ml (1.5 mmol) trum (CHCN), Anae NM E): 237 (570). Mass spec-
of 3-butyn-1-ol in 5 ml of DMF. The progress of the trum, m/z (I, %): 221 (1) M]"", 191 (9) M-NOJ"",
reaction was monitored by TLC. When initial furazan173 (2), 161 (3), 149 (2), 133 (3), 121 (22), 103 (9),
Il disappeared, the mixture was poured into 50 mP3 (36), 92 (25), 91 (57), 77 (100), 69 (14), 65 (48),
of cold water and was treated with diethyl ether. Theéb3 (32), 51 (32), 39 (27). Also, 7-octene-3,5-diyn-1-ol
extract was washed with water until neutral washingéXV!l ) was isolated, which was formed by decom-
and dried over MgSQ The product was isolated as Position of furazanXVl.
in the preceding experiment. The authors are grateful to the European Office of

1,10-Bis(4-amino-1,2,5-oxadiazol-3-yloxy)-4,6- Aerospace Research and Development (EOARD) for
decadiyne (X|V) and 10_(4_amino_1’2,5_0xadiazo|_ flnanCIaI_ sup'port of the present_ StUdy and to Prof.
3-y|0xy)_4’6_decadiyn_1_o| (XV)A mixture of 0.18 g I.V. Tselinskii and Dr. S.FMel'nikova (St Peters-
(3.2 mmol) of powdered potassium hydroxide, 0.44 urg State Institute of Technology) for a number
(3.2 mmol) of anhydrous KCO,, and a catalytic of important suggestions concerning the furazan

amount of tetrabutylammonium iodide was added t¢hemistry.

a solution of 0.42 g (3.2 mmol) of furazalh and
0.26 g (1.6 mmol) of 4,6-decadiyn-1,10-diol in 15 ml
of THF, cooled to 2C. The progress of the reaction

was monitored by TLC. After 2 h, the precipitate wasl.

filtered off and washed with diethyl ether. The organic
phase was washed with water until neutral washings

and dried over MgS@ The solvent was distilled off, 2.

and a light brown solid precipitated during this
process. The precipitate was washed with a small
amount of ether and dried. UV spectrum (§ZN),

Amax NM €): 240 (1140). Mass spectrumm/z = 3.

(e %): 332 (1) M]*", 315 (1), 302 (14)M—-NOJ*",
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) JNC=N]*", 4.

41 (31), 39 (14). FurazaXV was isolated by prepara-
tive TLC on silica gel (eluent ether) from the product

mixture obtained after removal of ether. UV spectruns,

(CH4CN), Apae NM €): 240 (470). Mass spectrum,
m'z (Ie, %): 249 (2) M]*, 232 (2), 219 (3)

[M—NOJ*", 204 (3), 193 (12), 191 (8), 176 (5), 174 6.

(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) [H,NC=N]"". 7.

8-(4-Amino-1,2,5-oxadiazol-3-ybxy)-3,5-octadi-

yn-1-ol (XVI). A mixture of 0.3 g (5.2 mmol) of 8.

powdered KOH, 0.72 g (5.2 mmol) of anhydrous

K,CO;, and a catalytic amount of tetrabutylammo-g.

nium iodide was added to a solution of 0.34 g
(2.6 mmol) of furazanll and 0.25 g (1.8 mmol) of
3,5-octadiyne-1,8-diol in 10 ml of THF, cooled to
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