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The structure of the condensation product of 1,2,4-triazole and mor holinochlorocthane was
I =y 1Y

determined by comparison of its chemical, physicochemical and crystallographical characteristics

with those of two isomeric compounds prepared by an univocal synthesis.

J. Heterocyclic Chem., 14, 439 (1977).

in a chemical and pharmacological study of structural
histamine like substances, we prepared several dialkyl-
aminoethyl-1,2 4-triazoles (3).

As the synthetic methods produced, a priori, two iso-
mers in several instances, we were faced with an important
problem of structure both in the chemical field and from
the point of view of its consequences on pharmacodynamic
activity. Thus, it appeared necessary Lo study this ques-
tion systematically by means of chemical, physicochemical
and strictly physical methods. An casy method of prepara-
tion of 2-dialkylaminoethyl-1,24-triazoles involves the
reaction of dialkylaminochloroethanes with 1,2.4-triazole
sodium salt. This technique does not permit the deter-
mination of the position of the substituent on the triazole
nucleus. 1,2.4-Triazole may exist at room temperature in
two tautomeric forms.
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Thus, considering the aromatic character of 1,2,4-tri-
azole, the substitution reaction of the aminochloroalkane
can be illustrated in the following scheme which does not
allow prediction of where the substitution by the dialkyl-
aminoethyl group will take place (I or 4 on the nucleus).
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In every case, we only isolated one product whose sub-
stitution position remained to be determined. It was
essential Lo specify the structure of the compounds ob-
tained since the literature showed us examples, for the
triazole series, of isomeric forms with very different and
sometimes antagonistic pharmacological properties (4).
Thus, l-phenyl-1,24-triazole is active as a tranquillizer,
whereas 4-phenyl-1,2 4-triazole has anticonvulsive prop-
erties (D).

To determine unambiguously the substitution site, we
studied the characteristics of one particular compound,
the 1- (or 4-) (2-morpholinoethyl)-1,2 4-triazole (7). We
used an univocal method of synthesis for 1-(2-morpholino-
cthyl)-1,2 4-triazole (2) and a dilferent univocal method
of synthesis for 4«(2-morpholinocthyl)-1,24-triazole (3),
these compounds being employed as reference substances
[or comparative studies.

The condensation of diformamide to synthetise 1-(2-
morpholinoethyl)-1,2 4-triazole (2) with morpholinocthyl-
hydrazine scemed the casiest way. However, the difficulty
of preparation (0) of this first compound led us to replace
it by the 3-dimethylamino-2-azaprop-2-enylidenedimethyl-
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ammonjum chloride. After cyclisation, we obtained the
triazole derivative for which the morpholinoethyl chain
was al position 1 on the nucleus.

The method chosen for the synthesis of 4-(2-morpho-
linoethyl)-1,2,4-triazole (3) implied the use of 2-morpho-
linoethylisothiocyanate (6), a new compound, whose cy-
clising condensation with formylhydrazine gave the tri-
azolinethione (7) directly. The hydrogenolysis of the
thione group led to 4-(2-morpholinoethyl)-1,2 4-triazole
(3).
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Results and Discussion.

The results of the different physicochemical studies of
1, 2, and 3 appear in Table I. Ir spectra of the two iso-
mers present a strong analogy; in fact, only one notable
difference appears in the 1600-1800 ¢cm™ area. The
bands of weak intensity (1640 and 1740 ¢m™!') corre-
sponding to the C=N bonds of the triazole ring, substituted
at Ny (2) are replaced, for 4-substituted triazoles (3), by a
single absorption band at 1675 em™'. The C=N bonds are
equivalent for this last mentioned compound. The nmr
spectrum of 2 in carbon tetrachloride presents, for each
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carbon-proton of the triazole nucleus, a singlet at 8 = 7.70
ppm and & = 8.08 ppm. The non-equivalence of the

protons a and b corresponds to the dissymmetry of the
molecule.

14
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We assigned to the proton b the signal appearing in the
lower field, referring to Jacquier’s study (7) of 1-methyl-
1,2 4-triazole (this author was in favour of the proton 5
deshielding with regard to the proton 3). The possible
establishment of a hydrogen-bonding between the proton
5 and the morpholine nitrogen atom is in accordance with
this hypothesis.
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L-Methyl-1.2 4-triazole
Owing to the apparent symmetry of 3, we could expect
the protons a” and b’ to be equivalent and to resonate at
the same field. The same deshielding was noted for b’

H
N )
AN, P W

H H W ~
o b GHpCHy N Lo
CHz 0
N
o SCHY Y 7
2 CHzCHy 3
) 2
¢ o g

Table 1
_ G.C.
. ' retention
B.p. °C n%)l .6 433 Nmr (6 in ppm) time
Torr Carbon tetrachloride Deuteriobromoform s
e f (a) 7.70; s; i=1 7.90;s;i=1
T (b) 8.08; s;i=1 8.24; s; i1
2CH ; (c) 4.20;t;1i=2;)=6Hz 432, 1;i=2;]J=6Hz
HACXN . CH CHp 128/0.05 15040 1137 () 970! 40 =2, | =6 He 5800 s i=2: ] =6 He 39
a b . 2 by > 4 - s Lo 5
. <! (¢) 2.40; m; i=4 245; m; i= 4
. E”ez‘C:‘z ()Y 3.52; m; i=4 365, m;i=4
M NP o (a) 7.70; s;i=1 790; s i=1
/( P 42 CHzCHy (b) 8.08;s;i=1 824;s;i=1
N e oq /0 (s . _ (¢) 4.20;t;i=2;]J=6Hz 432, 1;i=2;)=6Hz -
. 128/0.05 15040 LA37 4y 970. 1;i=2;]=6Hs 2.80;t:i=2;]=6Hz
(¢) 240; m;i=4 245, m; i=4
(f) 3.52; m; i=4 365, m;i=4
N—N
H,(N&H v (a) 7.70; 7 =1 8.30;s;i=2
@ | DCHsCR, (b)) 8.08; s;i=1
2 N9 (") 4.20; t;i=2; [=6Hz 4.22;t;i=2;] =6 Hz
SCHS N / - g EELYY I . s Ly 5 .
& oy c:z.c:Z 194/0.05 L5178 LIS8  (4i) 920 1) =9, ] =6 Hy 079 (. i=9. ] =6 Ha 172
s (¢') 2.40; m; i=4 253, m;i=4
(tY 3.52; m;i=4 367, m;i=4
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(6 = 8.08 ppm) in respect lo a' (5 =7.70 ppm) as for b
(8 = 8.08 ppm) in respect to a (8 =7.70 ppm).

This fact can be explained by the establishment of
hydrogen bonding between the proton b’ and the mor-
pholine nitrogen atom. The result was a dissymmetry
analogous to the one existing for 2. The use of deuterio-
bromoform as a solvent did not change the nmr spectrum
of 2 (see Table I).

However, an important solvent effect was noted for 3.
The signals corresponding to the protons a" and b’ co-
alesced even at room temperature. The hydrogen bonding
noted above (between proton b’ and morpholine nitrogen
atom) when carbon tetrachloride was used as a solvent did
not appear in a deuteriobromoform medium. The mole-
cule reverted to a symmetric structure, the protons a’ and
b’ becoming equivalent. The nmr spectrum of 1 was
strictly identical with that of 2 both in carbon tetrachloride
and in deuteriobromoform.

Under the conditions related in the experimental, the gas
chromatograms of 2 and 3 are very different, such as a
short retention time (39 seconds) and a very sharp peak
for 2 and a very much higher retention time (172 seconds)
and a wider peak with a trail for 3. A chromatogram of 1,
under the same conditions, was strictly identical with that
of 2.

The physicochemical measures concerning compounds
1, 2 and 3 indicated notable differences between isomers
2 and 3 and allowed us to establish the identity of 1.

It scemed interesting to carry out a similar study on the
same compounds, after salt formation. This permitied the

Table 11
M.p. °C Nmr (6 in ppm)
(Recrystallisation Deuterium oxide (1)
solvent)
(a) 8.78;s5i=1
(b) 9.60; s;i=1
1% 217 (¢) 393;t,i=2;)=0H=
(methanol) (d) 3.80;t;i=2;)=6Hz
(e¢) 3.55; m;i=4
(f) 498, m;i=4
(a) 8.70; s;i=1
(b) 9.54; s; 11
2% 217 (¢) 3.93;t;i=2;)=6Hz
(methanol) (d) 3.80;1t;1=2; ]=6Hs
(¢) 3.55;, m;i=4
(f) 4.95; m; i=4
(a') 7.48; s i=2
(b') 7.48; s;i=2
3% 254 (¢) 3.98; t;i=2; ) =6Hz
(methanol) d 372, 1,i=2;}=6H=

(e') 351, m;i=4
"y 4.90; m; i=4

(1) The denomination is the same as for 1,2and 3.
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Table 111

Crystal Data

Space Lattice size
a(dy  b(A) c(R)  goup (&%)
10.246 10384 22,691

€+ 0005 + 0005 * 001 'bea 2414
10247 10386  22.684
2c Phe: 2414
+ 0.005 = 0005 * 0.01 “
5.9 1.2 367 . .
% +g2 to2 xo2 O 2425

examination of these molecules where the hydrogen-
bonding CH. . .. N (for the morpholine) examined above
could not exist. The results concerning the dihydro-
chlorides 1¢, 2¢ and 3c are reported in Table il. The nmr
spectra examination of 2¢ and 3¢ in deuterium oxide
confirmed the results obtained for 2 and 3 in deuterio-
bromoform. The protons attached to the C atoms of the
triazole nucleus in 2¢ were differentiated but were equiv-
alent in 3¢ (symmetrical molecule).

The study of the X-ray diffraction spectra of crystals
of 1¢, 2¢ and 3¢ allowed the determination of their exact
structure. However, il required much less time if we
limited ourselves to a comparative study of Tc with respect
to 2¢ and 3c in order to consider the space group of these
crystals and the parameters of their experimental unit cell.
Indeed, although the crystalline system is not influenced
by the structure of the molecules which compose one
crystal, the parameters of the unit cell were strongly
influenced by the ficld of intermolecular forces. This was
the method we used. The results are summarized in Table
1.

The following observations can be made. (1) 'the
identity of the orthorombic lattices of Tcand 2¢ take into
account the experimental error. (2) The identity of the
space groups with the systemalic extinctions shows that
compound 3¢ has an orthorombic unit cell with parameters
and space groups which are quite distinct from 1¢ and 2¢.
These results show that ¢ was identical with 2¢ and reveal
significative differences with 3e.

The following observations were also noted. 1) There
is a great influence of the configurations of the molecules
on their arrangement in the crystalline system.  2) There
are almost identical values for the primitive unit cell sizes
of firstly, 1c and 2¢, and secondly, the face centered unit
cell of 3e.  3) The very close densities of 1¢, 2¢ and 3¢
induced the same number of eight molecules for per unit
cell. Thus, the steric hindrance was almost identical for
2¢ and 3c but on the other hand, their spatial arrangement
was very different.

The chemical and physical studies described in this
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publication cnabled us to determine with certainty that
the reaction between an aminochloroethane molecule and
1,2,4-triazole led to a compound substituted at the nitro-
gen atom Ny, under the experimental conditions noted
here.  Furthermore, we were able to show the different
behaviour of 1-(2-morpholinocthyl)-1,2 d-triazole and of
4-2-morpholinoethyl)-1,2 4-triazole in solution (nmr spec-
trometry) and in the gascous phase. These results were
corroborated by crystallographic study on the corre-
sponding dihydrochlorides.

EXPERIMENTAL (8)

I{or 4-)2-Morpholinoethyl)-1,2 4-triazole (1).

Equimolecular proportions of 1,24-triazole (6.9 g.) and sodium
(2.3 g.), in solution in minimum quantities of absolute cthanol,
were both heated until a pink coloration was developed (1 hour).
The equimolecular quantity of 2-morpholino-1-chloroethane (15
g.) was then added to this ethanolic sodium derivative solution.
Refluxing was maintained for 10 hours, the sodium chloride was
then filtered off, the solvent evaporated and the residue distilled
under vacuum, b.p. 128° (0.05 torr), 60% yield.

Anal. Caled. for CgHy4N40O: C, 52.73; H, 7.74: N, 30.75.
Found: C, 52.08; H, 7.76; N, 30.66.

The dihydrochloride Tehad m.p. 217° (mcthanol).

Anal. Caled. for CgHygClNg0: C, 37.66; H, 6.32; N, 21.96.
Found: C,37.85; H,6.27; N, 22.34.

1{(2-Morpholinoethyl)-1,2 A-triazole (2).

An equimolecular mixture of 3-dimethylamino-2-azapro-2-en-
I-ylidene dimethylammonium (9) (6.2 g.) and morpholinoethyl-
hydrazine (5.5 g.) was heated at 100° without a solvent for 1 hour
(the end of the reaction was indicated by the cessation of the
release of dimethylamine). The neutralization was carried out
with sodium ethylate, sodium chloride was collected, ethanol
evaporated and the residue distilled under reduced pressure, b.p.
128° (0.05 torr), 50% yield.

Anal. Caled. for CgH 4N40: €, 52.73; H, 7.74;, N, 30.75.
Found: €, 52.31; I, 7.78; N, 30.69.

The dihydrochloride 2¢ had m.p. 217° (methanol).
Anal. Caled. for CgHy6ClaN4O: C,37.66; H, 6.32; N, 21.96.
Found: C,37.54; H, 6.30; N, 21.82.

2-Morpholinoethylisothiocyanate (6).

Carbon disulfide (3.8 g.) in dry ether was added dropwise to
6.5 g. of 2-morpholinocthylamine and 10.3 g. of dicyclohexyl-
carbodiimide in dry ether with agitation at 0°. After the mixture
was stirred for 12 hours, the precipitated dicy clohexylthiourea was
collected.  Evaporation of the solvent left the residue which was
distilled off, b.p. 88.90° (0.1 torr), 81% yield, ng'"? = 1.5332;
ir: v=2150 em™ and 2200 ¢m -1 (characterising isothiocyanate).

4-(2-Morpholinoethyl)-2-A-1,2 4-triazoline-5-thione .

An equimolecular mixture of an ethanolic solution of 6(13.9
g.) and formylhydrazine (4.85 g.) was heated at reflux for 12
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hours. After evaporation of the solvent, the oily residue solidified,
m.p. 142° (cthanol), 98% yield.

Anal. Caled. for CgHy4N408: €, 44.84; H, 6.59; N, 26.15.
Found: C,44.77; H,6.67; N, 25.93.

4-(2-Morpholinoethyl)-1,2 4-triazole (3).

The triazolinethione (7) (1 g.) in alcoholic solution (60 ml.)
was calalytically hydrogenolyzed under pressure (60 bars) at 60°
in presence of Raney nickel for 12 hours. The oily residue was
distilled after elimination of the solvent, b.p. 194° (0.05 torr),
96% vyield.

Anal. Caled. for CgH14N4O: €, 52.73; H, 7.74; N, 30.75.
Found: C, 52.44; H, 7.71; N, 30.70.

The dihydrochloride 3¢ had m.p. 254° (methanol).

Anal. Caled. for CgHy 6ClLN40: C, 37.66; H, 6.32; N, 21.96.
Found: C,37.28; H, 6.27, N, 21.83.
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