N-ALKYLATION OF 4-CHLORO-5-CYANO-1,2,3-TRIAZOLE WITH ORTHOFORMIC
ACID DERIVATIVES
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The N-alkylation of 4-chloro-5-cyano-1,2,3-triazole with methyl and ethyl ortho-
formate, and the dimethyl, diethyl and ethylene acetals of DMF has been examined,
Methylation gives all three N-methyl isomers, whereas ethylation and hydroxyethyl-
ation gives the 2-N-alkyl derivatives only. It has been shown for the first time
that it is possible to use DMF ethylene acetal to obtain N-hydroxyethylazoles.

The structures of the products were established by *?C NMR spectroscopy.

Continuing an examination of the N-alkylation of nitrogen heterocycles by derivatives of
orthoacids [1], we have carried out the N-alkylation of 4-chloro-5-cyano-1,2,3-triazole (I)
by orthoformic acid derivatives. Interest in alkyl derivatives of this heterocycle arises
for two reasons. Firstly, they can be used as model compounds in structural studies of more
complex compounds of this type, and secondly, in accordance with our suggestionof the exis-
tence of a correlation between the NH acidity of the azole and the ease of formation of N-
alkyl derivatives, it was of interest to commence a study of the alkylation of polynitrogen
heterocycles. These are clearly stronger NH acids than pyrazoles, the reactivity of which
towards alkylation by orthoacid derivatives we have previously studied [1, 2].

The alkylating agents used were methyl and ethyl orthoformates (II and III), DMF dimethyl
and diethyl acetals (IV and V), and DMF cyclic ethylene acetal (VI). We found no fundamental
differences between the alkylation of the triazole (I) with DMF acetals or the corresponding
orthoesters. Unlike the previously-studied pyrazoles, and condensed pyrazoles [1, 2], towards
which (V) is a more reactive alkylating agent than ethyl orthoformate (III), the triazole (I)
is alkylated with equal ease by orthoesters (II) and (III), and by acetals (IV) and (V).
Methylation of (I) with the orthoester (II) or the acetal (IV) gave all three methyl isomers,
but in both instances it was possible to isolate in the pure state only N-2-methyl-4-chloro-5'-
cyano-1,2,3-triazole (VII), in 55 and 57% yield respectively. The 1- and 3-methyl deriva-
tives of (I) (VIII and IX) were obtained as mixtures in overall yields of 29 and 307 respec-
tively. According to the 'H and '3C NMR spectra, the ratio of isomers (VIII) and (IX) (in
both cases!) was 3:2. It was not possible to separate the N-methyl compounds (VIII) and (IX),
either by preparative chromatography on silica gel plates, or by HPLC. Ethylation of (I) with
the ester (III) or the acetal (V) gave in both instances N-2-ethyl-4-chloro-5-cyano-1,2,3-tri-
azole (X) only.
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The acetal (VI) was obtained by transacetalization of DMFdiethyl acetal (V) with ethylene
glycol, by a method similar to that described in [3]. Following heating the triazole (I) in
an excess of the acetal (VI), chromatography on silica gel gave N-2-(2-hydroxyethyl)-4-chloro-
S-cyano-1,2,3-triazole (XI) in 74% yield. The reaction appears to involve opening of the
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TABLE 1. N-Alkyl-4-chloro-5-cyano-1,2,3-triazole (VII-XI)

UV spec- s N ;
Com- trump(eiﬁ frhfrisi%ec- EE Found, % Empirical | Calculated, %
pound ekthanol) CDCL,, 6, §§ o formula |[——7———
mac | Jge | pom SRy c l H |c1 C | H Icl
VII 308 3,;6 4,25 (s, CHy)| 142 33,8 ] 2,5 ] 25,1 |CH;CIN, 33,71 2,1 |249
35 3.83
VIII4f 215,5]| 3,87 {4,26and 4.11| 142 |34,0 | 24 | 250 |C{H;CIN, 33,7 12,1 1249
SIX (both $,CHs)
X 1208 | 3,70 {452 (d,d 156 {39,1] 3,6 | — |CsHsCIN; {38532 | —
235 3,80 |CH), 1,61
(t, CHy)
X1| 209 3,72 14,56 (t, 172 {3541 3,3 | 20,1 [CsHsCINSO | 34,8]29 1206
236 3,85 |CH,),% 3,87
t, CH,)

*Spectrum obtained in DMSO-D,.

TABLE 2. 1!3C Spectral Data for the Triazole (I) and Its N-
Alkyl Derivatives (VII-X) (in DMSO-D,)

Chemical shift, 8, ppm (SSCC, Jc y. Hz)
Com- -
pound S ¢ e, c(s)(JSC CH3) eN CHs Ui i ¢ aicny’
I [140,76 119,74 111,38 —
VII |140,96 120,03 110,82 44,79 (/'=144,6)
VI [14098 112,06 (/3=3,3) 108,29 38,98 (/'=1446)
IX 134,42 (J3=3,3)[119,35 111,50 36,58 (/'=144,6)
X {140,89 119,91 110,84 14,70* (/'=129,2; J?=3,6)

7"'5CH2 53.20 ppm (J* = 145.2; J? = 4.4 Hz).

dioxolane ring of the acetal as a result of protonationwith partial dissociation ofthe hetero-
cycle, followed by electrophilic attack on the heterocycle anion.
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This method may be used for a simple one-step synthesis of acyclic hydroxyalkyl analogs
of bioleogically important nuclecosides.

In the IR spectra of (VII-XI), absorption is seen at 2245...2256 cm™! for the CN group.
The UV spectra of the 2-substituted 4-chloro-5-cyano-1,2,3-triazole (VII), (X), and (XI) are
very similar. The absorption maximum for these compounds lies at 235...236 nm, whereas the
UV spectrum of the mixture of isomers (VIII) and (IX) differs markedly from these. 1In the
‘H NMR spectrum of (VII-XI) (Table 2), signals are present for the protons of the alkyl sub-
stituents. The mass spectra of (VII-XI) show the molecular ion peaks.

The site of entry of the alkyl group into the heterocycle in (VII-X) was established
by comparison of the chemical shifts and multiplicity ofthe signals in the *3C NMR spectra
of these compounds with the spectral properties of the heterocycle (I).

The spectrum of the starting material (I) consists of three singlet signals for the car-
bon atoms of the triazole ring and the CN group. The signal at 111.38 ppm is assigned the
carbon atom of the cyano group, as described in [4]. Assignment of the signals at 140.76
and 119.74 ppm to C(,) and C(5) of the heterocycle respectively was made on the basis of the
chemical shifts of the carbon atoms in the unsubstituted triazole with § 130.1 ppm [5], and
the increments of the substituents (chlorine atom and cyamno group) in substituted benzenes
[6, p. 170]. Comparison of the spectral data for (I), (VII), and (X) shows that the chemical
shifts of the signals for the carbon atoms in the triazole ring and the cyano group in the
spectra of the alkyl-compounds (VII) and (X) are only very slightly different from those of
the starting heterocycle (I) (Fig. 1). 1In the spectra of (I), (VII), and (X), obtained with-
out suppression of proton-carbon coupling, the signals for C(,) and C(;) are seen as singlets.
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Fig. 1. Changes in the chemical shifts of signals for
atoms C(,), C(s), and the C of the CN group in the 13C
NMR spectra of (I) and (VII-X).

The absence of any changes in the multiplicity of these signals when alkyl substituents are
introduced into (I) indicates the absence of substitution at the outer nitrogen atoms N(,)
and N(3). Compounds (VII) and (X) are therefore to be regarded as the N(,) alkyltriazoles.

In the spectra of the mixture of isomers (VIII) and (IX), a double set of signals is
seen, the integral intensity ratio of which (3:2) shows the composition of the mixture. Two
signals for C(,) are seen at low field, 140.98 and 134.42 ppm. The signal at higher field
must be assigned to C(,) in (IX), since in the spectrum obtained without suppression of pro-
ton-carbon coupling it is split into a quartet by interaction with the methyl protons at N(;).
In addition, the high-field shift of this signal as compared with the chemical shiftof C(.)
in (I}, by 6.3 ppm, enables the conclusion to be drawn on the basis of previousocbservations
[1] that the methyl substituent in (IX) is present in the a-position to C(,), i.e., at N(3).
The similarity of the chemical shifts for C(,) in isomer (VIII) and the shifts of this carbon
in (I) and in the N(z)-alkyl derivatives(VII) and (X) shows that the methyl group in (VIII)
is located in the B-position relative to C(,), i.e., at N(;).

The signals for C(s) in isomers (VIII) and (IX) are seen at 119.35 and 112.06 ppm, the
signal at higher field being split into a quartet with J® = 3.3 Hz (Table 2) by coupling with
the methyl protons at N(;), enabling this signal to be assigned to C(s) in isomer (VIII).

In comparison with the original heterocycle (I) and the N(,)-alkylated triazoles (VII) and
(X), this signal is shifted to higher field by 7.7-8.0 ppm (the a-shift), which also shows
the presence of the alkyl substituent in (VIII) at the nitrogen a- to C(g), i.e., N(;). The
absence of fine structure in the signal for C(5) in isomer (IX) and the similarity of its
chemical shift to those of this atom in (I), (VII), and (X), together with the quartet struc-
ture for the signal for C(,), establish the positionof the methyl group in (IX) at N(;).

Assignment of the signals for the carbon of the CN group in (VIII) and (IX) was made
by comparing the integral intensities. The stronger signal at 108.29 ppm is attributed to
the CN carbon in (VIII). The presence of a methyl group at N(,) in (VIII) is also confirmed
by the marked shift to higher field of this signal as a result of the steric influence of
the N(;)-methyl substituent.

EXPERIMENTAL

'H and '3C NMR spectra were obtained on a Bruker WH-90 spectrometer (West Germany), oper-
ating frequencies 90 MHz (%*H) and 22.62 MHz (!3C), at 30°C. The chemical shifts were measured
relative to the internal standards TMS ('H, érmg = 0.00 ppm) and dioxane ('3C, dpg = 67.4 ppm).
The precision of measurement of the chemical shifts and coupling constants in the ®3C NMR
spectra, determined by numerical resolution, were 0.02 ppm and 0.5 Hz. UV spectra were ob-
tained on a Unicam SP-800 spectrophotometer, IR spectra on a Perkin-Elmer 283 in KBr disks,
and mass spectra on a Varian MAT-311A mass spectrometer. HPLC was carried out on a Hewlett-
Packard 1084B chromatograph (USA) with a 250 x 4.0 mm column, Lichrosorb RP-18, 10 um, eluted
with aqueous methanol in gradient mode from 10 to 50% methanol over 15 min, elution rate 1 ml/
min. Analytical TLC was carried out on Silufol UV-254 (for systems see Table 3), and prepara-
tive chromatography on 20 x 20 cm plates of unbound silica gel LSL 5/40 (Czech SSR), layer
thickness 1.5 mm, using the same solvent systems as in TLC.

The triazole (I) used in this work was kindly presented by the authors of [7]. Acetals
(IV) and (V) were prepared as in [8]. '
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TABLE 3. Conditions and Results of the N-Alkyla-
tion of 4-Chloro-5-cyano-1,2,3~triazole (I) with
- Orthoformic Acid Derivatives

Reaction Reaction R, (chloro- .
Reactant | tme, h product fcgrm) Yield, %

11 3 VII 0,57 55

VHI+IX 0,31% 29
11 5 X 0.65 68
v 3 VIl 0,57 57

VIII+IX 0.31* 30
Vv 3 X 0.65 74
A28 5 XI 0,307 74

*Retention time of the mixture of isomers (VIII)
and (IX) in HPLC Ry = 9.47 min.
tIn chloroform—methanol, 95:5.

Dimethylformamide Ethylene Acetal (VI). To 25.0 g (0.17 mole) of the acetal (V) was
added dropwise at 20°C over one hour with stirring 15.5 g (0.25 mole) of freshly-distilled
ethylene glycol. The mixture was stirred for 2 h at 20°C, then fractionated in vacuo, the
fraction bp 36-44°C (17 mm) being collected. The yield of (VI) was 16,0 g (80%), np2° 1.4260.
*H NMR spectrum (CDCl,;): 5.38 (1H, s, CH), 4.00 and 3.89 (both 2H, m, 2CH,), 2.34 ppm (6H,

s, 2CH;). According to [9], np?® 1.4290, bp 142-144°C. According to the 'H NMR spectrum,
(VI) contained up to 5% of DMF.

General Method of Alkylation of 4-Chloro-5-cyano-1,2,3-triazole (I) with Orthoformic
Acid Derivatives. A mixture of 0.5 g (4 mmole) of (I) and 2-3 ml of the orthoester (II) or
(III), or the acetal (IV-VI) was heated, the progress of the reaction being followed by TLC
in the appropriate solvent system. The resulting solution was evaporated, the residue twice
evaporated with 5 ml portions of toluene, and the residue subjected to chromatography on
silica gel to give the N-alkyl derivative (VII-XI) as yellow oils. The reaction conditions,
properties and yields of the products are given in Tables 1 and 3.
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