Russian Journal of General Chemistryol. 71, No. 5,2001, pp. 763766. Translated from Zhurnal Obshchei Khimii, Vol. 71, No.2B01,
pp. 814-817.
Original Russian Text Copyrigh® 2001 by Pan’kov, Belyakova, Vishnyakov, Purygin.

Hydrolysis of N-Cyanoazoles

S. V. Pan’kov, N. A. Belyakova, V. V. Vishnyakov, and P. P. Purygin
Samara State University, Samara, Russia
Received June 23, 1999

Abstract—The hydrolysis kinetics oN-cyanoazoles in alkaline solutions is described by a first-order ki-
netic equation with respect to the substrate and concentration of hydroxide ions. The hydrolysis rate constants
increase with increasing number of nitrogen atoms in the heterocyclic moiety and decrease with introduction
of the annelated benzene ring.

1-Cyanoazoles show promise as water-solubleonstant of spontaneous hydrolysis, akqg,- is the
condensing agents. They can be successfully used tate constant of base hydrolysis.

effect formation of phosphodiester-[4] and amide .
(peptide) bonds [5,|O6] inporganic a_r[md] aqueous solu- The calculated apparent rate constants of hydrolysis

tions. However, no data are available on stability o?f N-cyanoazoled-V (k) at 3¢C and various pH
these compounds in aqueous solutions, which limité"® listed in the table.

their use as water-soluble condensing agents. The linearity of the dependences in the coordinates

In this work we studied the hydrolysis kinetics of Kapp = f(HO") (Fig. 2) suggests that the reaction is
1-cyanoazoles in aqueous solutions at pH B with first-order with respect to hydroxide ions and that the
the aim to obtain new data on the influence of pH andnydrolysis of N-cyanoazoled and Ill -V mainly oc-
structure of 1-cyanoazoles on their stability. curs by the pathway involving hydroxide ions.

We have studied the hydrolysis kinetics of 1-cyan- From data in Fig. 2, we calculated thvate con-
oimidazole (), 1-cyanobenzimidazolell(, 1-cyano- stants of base hydrolysig, | mol s 1, 171+ 13;
1,2,4-triazole Kl ), 1l-cyanobenzotriazolel\(), and Il, 2.21+0.10; Ill , 3000+ 170; IV, 4.40+0.01;V,
2-methyl-1-cyanoimidazole\() in tetraborate aqueous 29.8+0.5; and VI, 3730+ 280.
buffer solutions containing 5.71 vol % 1,4-dioxane.

The reaction progress was monitored by electronic
spectroscopy. In 1/D333

Hydrolysis of N-cyanoazoled -V was performed )

under pseudo-first-order conditions. Variation of the 4.0
concentration ofl-V in time at constant pH is well

described by an equation for an irreversible first-order 3.5
reaction. The dependence in the coordinates é¢gfl#

f(t) is linear up to 8595% conversion fot andlll -V 30
and up to 70% conversion fdr. Figure 1 shows as 2.5
example the kinetic curves of hydrolysis (in semilog
coordinates) of nitrilel at various pH. 2.0

These data suggest that hydrolysisle¥ is first- 1.5
order with respect to the substrate. The kinetic equa-
tion of the reaction is as follows: 1.0

—dc /At = Kapfaz 03 20 40 60 T, min

= k + Kyo Cuos
kapp H20 HO HO Fig. 1. Kinetic curves of hydrolysis of 1-cyanoimidazole

wherec,, is the cyanoazole concentratid(;pp is the (in semilog coordinates) at 3G and pH () 8.35, @) 8.74,
apparent rate constant of hydr0|ySI§.'20 is the rate (3) 9.14, and 4) 9.70.
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Fig. 2. Apparent rate constants of hydrolyslscugpp of cy-
anoazolesl-V at 30°C as functions of the concentration
of hydroxide ions at 3@: (1) 1l-cyanoimidazolel,
(2) 1-cyanobenzimidazold, (3) 1-cyano-1,2,4-triazoldl ,
(4) 1-cyanobenzotriazolelV, and §) 1-cyano-2-meth-
ylimidazole V.

To construct the schemes of hydrolysisle¥, we

PAN'KOV

et al.

— lim

o T
R-C=N + HO — |R-C=N —=> R-C-NH

0
H,0 Il
&= R-C-NH; @)

R = Alk, ArO, ArS, R)N.

If the reaction is not stopped at the stage of the
amide derivative, its final product is the carboxy
derivative [7].

Study of the hydrolysis products bfV by UV and
IR spectroscopy and by TLC showed that the reaction
products are the H forms of azoles rather than their
carbamoyl or carboxy derivatives as in scheme (1).

To find in what stage the functional group is elim-
inated, we have studied the reactions leflV with
an equivalent amount of water in acetone.

We found that cyanoazolds Il, IV, andV give
azolesVIlI -X, and compoundIl gives 1-carbamoyl-
1,2,4-triazole VI [scheme (2)]. Compound/lI was
also prepared in [8] by reaction of 1,2,4-triazole with
cyanogen bromide in water, presumably via formation
of 1-cyano-1,2,4-triazole.

60°C, acetone Il
—

analyzed, along with the kinetic data, also published Ht-C=N + H,0 Ht-C-NH,

data on the mechanism of hydrolysis of compounds -V Vi

containing the cyano group and studied the intermedi- — HtH + HN=C=0 (2)
ate and final products of hydrolysis dfV. VII X

Published data [7] on base hydrolysis of the cyan®it = imidazol-1-yl (, VIl ), benzimidazol-1-yl i, VIII ),
group in molecules of various organic compoundd,2,4-triazol-1-yl (Il , V1), benzotriazol-1-yl IV, IX), and

suggest the following mechanism:

2-methylimidazol-1-yl ¥, X).

Apparent rate constants of hydrolysisd,(p s1) of 1-cyanoazoles-V and 1-carbamoyl-1,2,4-triazolél at 30°C

Comp. no. pH Kapp x 10° Comp. no. pH Kappx 10°
| 8.35 8.08+ 0.06 v 9.30 1.18+0.01
8.74 20.9+0.2 9.59 2.55+0.02
9.14 35.4+0.8 9.70 3.00+0.05
9.36 64.5+0.9 9.88 4,47+ 0.04
9.45 75.7+2.0 10.31 13.2+0.2
Il 9.88 36.6+ 0.2 11.00 65.0+ 0.6
10.31 43.3+3.5 \% 8.58 1.61+0.06
10.73 51.8+4.1 8.80 2.75+0.04
11.00 66.3+ 2.6 9.08 5.58+0.33
1 8.25 87.2+ 0.8 9.45 13.2+ 0.1
8.49 169+ 6 9.70 249+ 0.4
8.58 185+ 3 VI 7.85 60.2+0.36
8.65 230+ 5 8.26 130.38+ 0.40
8.80 298+ 14 8.50 197.7+£5.1
9.13 626+ 23 8.65 270.3+ 8.7
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Formation of amide/l suggests that hydrolysis of EXPERIMENTAL
cyanotriazolelll follows scheme (1). From the other
cyanoazoles, Il, IV, andV, 1-carbamoyl derivatives The rate of hydrolysis of-VI in aqueous buffer

are probably also formed, but, as shown in [9], theysolutions containing 5.71 vol % dioxane was deter-

are extremely unstable and spontaneously decompoggéned from the variation of the concentration of the

to azole and isocyanic acid. initial cyanoazole, monitored spectrophotometrically.

. I , The optical densities of the reaction mixtui@g were

Under conditions of the kinetic experiments ONpeagyred with an SF-46 spectrophotometer at the

hydrolysis ofl-V, we did not observe accumulation of following wavelengths, nmt andV, 233.0+0.5; II ,

the carbamoyl intermediate, which suggests its highesg7 0+ 0.5: 111 , 217.0+ 0.5: IV, 308.0+ 0.5: andVI ,

reactivity as compared to the 1-cyano precursor. Te15 o+ (.5.

confirm this conclusion, we studied the hydrolysis _ , n
kinetics of VI in the range pH 811 (see table). Tetraborate buffer solutions with definite pH were

o o _ prepared according to [12]. Before hydrolysis and
Similar to cyanoazoles-V, the kinetic equation after its completion, their pH was checked with a
for hydrolysis ofVI is first-order with respect to the pH-673M pH meter,

concentrations ofVl and hydroxide ions. . .
y The buffer solution was charged to a cell placed in

Comparison of the rate constants of base hydrolysithe temperature-controlled unit of the spectrophotom-
(kyo) of cyanotriazolelll and amideVI (see table) eter. The cell was sealed with a tight lid to prevent
shows that the 1-carbamoyl derivative is more reactivaptake of CQ from air. After attaining the required
and therefore cannot accumulate in the course daémperature, a freshly prepared solution of cyanoazole
hydrolysis of the 1-cyano derivative. -V in 1,4-dioxane was added in amount necessary to

L : . obtain the concentrations of cyanoazolksy/ and
Based on our kinetic data, studies of hydrOIVS'SamideVI (cx 10%, M) of 3.0, 4.4, 5.1, 3.3, 1.5, and

products, and published data, we suggest the followg g “ospectively, and the concentration of 1,4-dioxane
ing scheme of hydrolysis d-V with the participation ¢ 5 71 o 96. The optical density of the solution was

of hydroxide ions: measured at regular intervals. The error in determina-
OH 0 0 tion of the kinetic characteristics was calculated by the
_ lim [ | [ ] I formulas of the mathematical statistics [13].
-V + HO &2 |Ht-C=N"<¢ Ht-C-NH| & Ht-C-NHo,

Cyanoazoled-V prepared according to [14] were

(”3 oo B (”3 O preliminarily sublimed in a vacuum (1 mm Hg). Ana-

Ht-C-NH, — HtH+ O-C-NH, —2> NH3+CO,+HO,  Iytically pure grade 1,4-dioxane was purified to elimi-

VIl =XI nate impurities absorbing &t > 213-215 nm accord-

L JHO 3) ing to [15]. Tetraborate buffer solutions were prepared

HtH + HN=C=0 from hydrochloric acid, sodium hydroxide, and sodi-

o o um tetraborate (all chemically pure grade); the latter
Ht = imidazol-1-yl (, VII), benzimidazol-1-yl i{, VIl ), was recrystallized two times from water.

1,2,4-triazol-1-yl (Il , XI), benzotriazol-1-yl IV, 1X), and . .
2-methylimidazol-1-yl ¥, X). 1-Carquoyl-1,2,_4-tr|azole VI. A solution of 0._2 g
of cyanotriazolelll in 10 ml of acetone containing
The calculated rate constants of base hydrolysig.077 g of water was brought to reflux and kept at this
kyo- (see table) show that the reactivity of cyano-temperature for 5 min. Then the solvent was distilled
azolesl-V decreases in the orddt >1 >V >V >  off, and the residue was recrystallized from 1,4-diox-
II, which is fully consistent with the order of reactivi- ane. Compound/| was obtained in a yield of 0.167 g
ties of N-acetyl azole derivatives in hydrolysis [10]. (70%); its physicochemical properties agreed with the
The different susceptibility to nucleophilic attack is published data [8].
ﬂute to thle fact thtt the restldues of at[;ole-c%r_ltﬁln_lnfg Hydrolysis ofl, Il , IV, andV under similar condi-
eterocycies exnibit acceptor properties Which INyq,g ragyits in regeneration of the corresponding
crease with increasing number of nitrogen atoms in-oles (R and TLC data)
the ring and decrease in going from the five-mem- '
bered ring to the annelated system. This trend is also REFERENCES
consistent with the trend in variation of the acid dis-
sociation constants of the H forms of the correspond-1. Ferris, P., Huang, C., and Hagan, W.Xucleosides
ing azoles [11]. Nucleotides 1985, vol. 3, no. 3, pp. 46414,
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