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The antitumorigenic action of nitrosoalkylureas (NAU) is due to the ability of these
compounds to decompose under the organism conditions to form reactive cytotoxic particles,
which are derivatives of isocyanates and carbocations with carbamoylating and alkylating
action, respectively [1].

In the present work, we studied the reaction kinetics of the decomposition of a new
group of choline-like NAU (I)-(III) [2] under nearly physiological conditions at different
temperatures and pH values of the medium
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The reactions were carried out in 1/15 M phosphate buffer solutions. The dependence of
the spectrophotometrically determined analytical concentration of (I)-(III) [NAUgpsz1] on
time (t) is linear in In ([NAUgna1l/[NAUgpaile) vs T coordinates (Fig. 1), where [NAUanallo

is the initial concentration of NAU. Table 1 lists the rate constants of the pseudofirst-
order reaction kopg for reactions of (I)-(III) in a weakly alkaline medium at different pH
values of the buffer solution at 37°C. In their order of magnitude, the kghs values are
close to those for 1l-methyl-l-nitrosourea [3], 1,3-bis-(2-chloroethyl)-l-nitrosourea [4], and
aromatic NAU [5].

The coefficients of Eq. (1) (Table 2), which can be rewritten in the form of (2), were
found from the dependence of log kobs on pH (Fig. 2). The coefficient m

lg kovs = mpH + b (D

kobs = 100X e, [OH™ (2

represents the order of the decomposition reaction with respect to the hydroxyl ion. From
Eq. (2) and the expression for the rate constant of a bimolecular reaction'k

& = kops [IOHT" = 10"PKw*® (3)

the corresponding values of k can be obtained (see Table 2). The overall course of the reac-
tion in the pH 7.08-7.57 range is described by the equation

dINAUanal )/dt = —k[NAUana HOHTI™ (4)

The experimental data agree well with the process proceeding by the ElcB mechanism
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TABLE 1.

Rate Constants of First-Order
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Fig. 2

Kinetic curves of decomposition of (I)-(III), pH 7.22.

pH-Dependence of log kgbs on decomposition reaction of

Reaction kghg

for Decomposition of (I)-(III) at 37°C

Compound pH kobs‘104’ sec’l || Compound pH kobs-104, sec!
(1) 7,08 0,588:0,006 (1) 7,40 3,3+0,2
7,22 0,751+0,005 7,57 3,9+0,1
7.40 0,9750,007 (1IT) 7,08 1,22+0,01
7,57 1,27+0,01 7,22 1,515+0,009
{ID) 7.08 1,90+0,05 7,40 1,96::0,09
7,22 2,50+0,08 757 2,46::0.04
TABLE 2. Rate Constants of Bimolecular

Reaction and Coefficients of Equation

m b
0,67+0,01 9,0+0,1
0,640,05 8,3+0,3
0,62+0.01 8,32+0,08

k - g
RNCNHR' - OH- == RN&NR’ 4. Hy0 — RN=NO~ + R'NCO

(1), m, b
k, literMegec-1.
Compound molem
n 2,40+0,03
an 4,6+0,2
(I1T) 2,29+0,02
[0}
L] Fa ]
ONO ON
(Iv)

V)

The spectrophotometrically determined concentration of [NAUgpnai] = [NAU-H] + [NAU™] is
the sum of concentrations of the neutral form of nitrosoalkylurea [NAU-H] (IV) and its con-

jugate base [NAUT] (V).
equal to the rate of change in [NAUana1l (7).

The sum of the rates of change in [NAU-H] (5) and [NAU™] (6) is

By comparing the kinetic equations and equili~

brium conditions at the first stage (8), the dependence of kghg on [OH™] (9) could be found.
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dINAU —HVdv = —Fk,[Nav —HI[OH™] 4 k. ;INau "][H,0] (5)

dl NAU “Vdv = —k,[NAU ~I[H,0] + k,Inau —HIIOH"] — k,INau ] (6)
d[NAUang -Jdv = dl NAU —HV/dv + dINAU =V/dv = —k,[INAU ~] (7D
K = [NAU-I[H,0)/INAU —HI[OH"] @)

[k obs = kyK:* [OHV/(K,® [OHT] - [H,00) (9)

The first order with respect to the hydroxyl ion, previously observed in similar reac-
tions [3, 5], is a particular case, when K€4:[{OH™] << [H,0]. With increase in Keq-[OH™],
the order of reaction with respect to the hydroxy ion should decrease, and at Keq {OH™] >>
[H20], it tends to zero, while kohg asymptotically approaches k.. This type of dependence
was observed for the alkaline hydrolysis of O-aryl-N-phenylthiocarbamates [6].

For choline-like NAU, the order of the decomposition reaction of (I)-(III) with respect
to the hydroxyl ion m * 0.65 indicates that K€4:[OH"] and [H,0] are comparable values; the
dependence of log kghg on pH should thus be nonllnear but, nevertheless over a small range
of pH changes, it is described well by Eq. (1). Slnce the value of [OH™] did not exceed
the values used in the case of other classes of NAU [3, 4, 5], increase in Ke4d-[0H7] is due
to increase in KTQ.

We used Eq. (8), and from the graph of the 1/kgohs vs 1/[0H"] = lO(pKW_pH) dependence
and calculated the values of ks, K$Q, and also the acidity constants Kp = Kl K/ [H20] for
(I)-(II1) and found that the values of Kpz for (I)-(III) are four orders of magnitude h1gher
than those for 1,3-dimethyl-l1-nitrosourea [3]. The cyclohexyl derivative (III) is a
stronger acid than the methyl and chloroethyl derivatives (I), (II). This can be explained
by the formation of a stabilized form of the NAU anion (VI)-(VIIIL); the stabilization condi-
tions for (VIII) are thus more favorable than for (VI) and (VII).

cylclo-CGH11
0o N-
\C/ NM RNCN... -n-ﬁMef
Vb ol b o, of,
ON/ \C}{z

(VIIT)

R = Me (VI); R = CH,CH,CI (VII).

The values of entropy (AS#) and enthalpy of activation (AH#) (see Table 4) could be

calculated from a study of the decomposition kinetics of (I)-(III) in phosphate buffer at

pH 7.22 at various temperatures (Table 4). The positive value AS* for (I) and (III) agrees
with the fact that the reaction proceeds by the ElcB mechanism.[5, 6]. Additional investigation
is required to explain the negative values of As¥ in the case of the chloroethyl derivative.

It is possible that this is due to an ordered transition as the result of the reaction of

the chlorine atom with the reaction center, which to a certain extent is confirmed by the
formation of eyclization products during the decomposition of chlorcethylnitrosoureas [8].

TABLE 3. Decomposition Rate Constants (k,),
Equilibrium Constants K$9, and Acidity
Constants of Anions (V)
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K A-108, moles/

Compound k2-104, sec) Kiq 1078
liter
[€)) 2,7+0,1 1,29:0,08 2.3+0,1
(In 8,6+0,8 1,3+0,2 2,4+0,3
(1I1I) 4,704 1,63+0,08 2.9+0,1



TABLE 4. Rate Constants of Pseudofirst—~Order
Reaction kphs and Activation Parameters of
Decomposition Reactionof (I)-(III) ast andAH#(pH 7.22)

Reacti -
Compound t::‘;:"é‘ Kopg10%, sec! | asH, e, AHH, keal/mole
() 32 0,33+0,04 7,3x0,4 26,3+0,9

37 0,751+0,005
2 1.46+0.05
47 2,7+0,3

(I1) 32 1,44%0,08 —(22+5) 162
37 2,500,08
42 %2403
47 5,3+0,9

(11) 32 0,59+0,02 814 26+2
37 1,515+0,009
42 3,1+0/1
4 46204

EXPERIMENTAL

The buffer solutions were prepared according to [9], the pH was controlled on the 0P~
208/1 apparatus (Radelkis). The decomposition was carried out in a thermostat U-15C, the
change in the NAU concentration was controlled spectrophotometrically on a Specord UV-VIS
apparatus from a change in the optical density of the solutions at 395 nm; the measurements
were carried out every 15 min for 1.5 h. The experimental data were treated by the method
of least squares.

CONCLUSTIONS

1. The rate of decomposition of choline-like nitrosoalkylureas (NAU) was measured in
aqueous solutions, and the activation parameters of the decomposition reaction were cal-
culated.

2. Acidity constants of NAU and decomposition rate constants of the conjugate base
were determined; choline-like NAU are stronger acids than aliphatic and aromatic NAU.
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