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NITROSOALKYLUREAS WITH A QUATERNARY NITROGEN ATOM. 

6. STUDY OF REACTION KINETICS OF THE DECOMPOSITION IN AQUEOUS MEDIUM 

OF NITROSOALKYLUREAS BASED ON MONOQUATERNARY ALKYLAMMONIUM SALTS 

A. A. Belyaev and L. B. Radina UDC 541.127:542.92:547.495.4 

We have previously studied the reaction kinetics of the decomposition of choline-like 
dialkyl-substituted nitrosoalkylureas (NAU) (I)-(III) in aqueous medium [i]. The data ob- 
tained for the decomposition reactions of these compounds conform with the EIcB mechanism. 
In the present work, we studied the kinetics of the decomposition of NAU over a wide range 
of pH, and also the kinetics of decomposition of its analogs with a longer alkyl chain be- 
tween the quaternary N atom and the urea-grouping (IV)-(Vll), and the trialkyl substituted 
NAU (VIII) and (IX), having no amide proton, and therefore not decomposable by the EIcB 
mechanism 

4- 
R1NCON(CH2)nNMe~.TsO- 

I J 
n~ n3 (D -(~x) 

R~=Me, lq 2-NO,  R 3=H. n = 2 ( I ) ;  R'--(CH~),CI, R~=NO, R~yH~ n ~ 2 ( I I ) ;  
RI=-cyclo-CsHII, R :=H.  R3=NO, n :=2(I I I ) ;  R =hie, R2=l~u, n = n ,  n = o  

. = 4  ( v i ~ :  m = = y = ~ ; c ~ a ~ . ~ = H ,  s~  = NO, ~ = i ( , v . u ) ;  R = K  = ~,,~, n = . . ,  
n = 2 (VIII); R 1 = (CHe)eEI, "R"- ----- NO. R 1 = .Vie, n = ~ UA~- 

The reactions were carried out in 1/15 M phosphate buffer solutions. As in [i], the 
dependence of the spectrophotometrically determined analytical concentration of (1)-(IX) 
[NAUanal] on time (r is linear in the in ([NAUanal]/[NAUanal] 0 ) vs. r coordinates at all pH: 
values ([NAUanal]0 is initial concentration of NAU). The pseudofirst order reaction rates 
kob s for the reactions of (1)-(IX) at 37~ were calculated by the method of least squares 
(Table i). With increased distance between the quaternary N atom and the nitrosoureido group, 
the stability of NAU (IV)-(VII) increases compared with (I)-(III), clearly due to the weak- 
ening of the electron-accepter action of N +. The trialkyl-substituted NAU (VIII) and (IX) 
are 20-100 times more stable than the corresponding disubstituted compounds (I) and (II). 

The pH dependence of log kob s for dialkyl-substituted (1)-(VII) is in general nonlinear; 
over the whole pH range, the tangent of the angle of slope of the tangential line to the 
curve (m), i.e., the order of the reaction with respect to OH- [i], is equal to 0.5-0.7 on an 
average, and does not exceed 0.8. As well as the composition of the decomposition products 
of the dialkyl-substituted NAU, [2], these data do not contradict the EIcB mechanism 

RNCNHW + OH- ~-~ RNCNR' q- H~O ~ RN=NO- + R'NCO 
I [l ~;-1 r,! 

ON 0 oN 0 

The realization of the following equation has been shown previously [i] 

k. 2. K eq [OH-] ( 1 ) 

kob~ = K--~q [OH:] + [H~O] 

Institute of Chemistry, Ural' Branch, Academy of Sciences of the USSR, Sverdlovsk. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. ii, pp. 2545-2549, 
November, 1988. Original article submitted June 4, 1987. 
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log kob s + b 

2,0 ~ 
Z / 2  - 

I ( / /  
, , o  d ~  I I , 

6,0 7,0 8,0 pH 

Fig. i 

log kob s + b 

o o 

1,0 

D , i 

0~0 D., O-- 

I . I 

50 

F i g .  2 

Y 
8,0 pH 

Fig. i. Dependence of the rate of decomposition of cyclo- 
hexylnitrosoureas (IIl), (V), (VII) on pH. The curves were 
plotted according to Eq. (i) and from data in Table 2. 

Fig. 2. Dependence of rate of decomposition of trialkyl- 
substituted NAU (VIII), (IX) on pH. 

TABLE 2. Decomposition Rate Constants of a Conjugate 
Base k2, Equilibrium Constants K~ q and Acidity Con- 
stants K A of Cyclohexylnitrosoureas 

RA-10 ~ , mole/ 
Co .mpound k2 ~ sec'l Keq" i0-8 liter 

(III) 
(V) 
(VID 

6---2 
2.3:i:0.3 
t,7• 

i.0• 
t,8• 

i .54• 

t.9• 
3.2• 
2.8• 

Equation (i) well describes the pH dependence of log kob s of the decomposition reaction 
of the cyclohexyl derivatives (III), (V), and (VII) (Fig. i). In the case of methyl and 2- 
chloroethylnitrosoureas, the dependence also has the form of a plateau in the alkaline re- 
gion, but with decrease in pH, the experimental points deviate from the curve described by 
Eq, (i). 

The values of k2, K eq, and also the acidity constants K A for the cyclohexyl derivatives 
(III), (V), and (VII) (Table 2) were determined by the method of least squares and from the 
graph for the dependence I/kob s vs. 1/[OH-] = 10(pK w -pH), as in [I]~ If we substitute 
the values of K eq and OH- into the tangential equation (2), obtained from expression (i) by 
differentiation with respect to log [OH-], we can calculate the values of m for a given pH 

[H~O] ( 2 ) 
r t Z =  

+ [s,o] 

The rate of decomposition of the trisubstituted NAU (VIII), (IX) reveals a further de- 
pendence on the concentration of the OH- ions (Fig. 2). Thus, the order of the decomposi- 
tion reaction with respect to OH- for the methyl derivative (VIII) is close to unity which 
satisfies the BAc2 mechanism 

oll 
IY I 

' " /~" RN = NO- + R'I~"NCOOH RNCN/ -v OH- :~ . _~ 
:?, \ RN 

ONO R" / / [  O- h'Rr R" 
ON 

The order with respect to OH- for chloroethylnitrosourea (IX) is practically equal to 
zero, which was not observed previously for the decomposition reaction of chloroethylnitro- 
soureas in neutral and weakly alkaline media~ Since the only difference between compounds 
(VIII) and (IX) consists in the type of the alkyl substituent R I, it is natural to assume 
that the reason for the anomalous behavior of (IX) is the specific influence of the 2-chloro- 
ethyl grouping~ Further investigations must be carried out to clarify the mechanism of this 
influence~ However, the absence of ethylene glycol among the decomposition products of (IX) 
[2], makes it questionable whether the decomposition can proceed via alkylation by a chloro- 
ethyl radical at the O atom of the nitroso group, as has been proposed for the decomposition 
reaction of l-(2-bromoethyl)-3-cyclohexyl-l-nitrosourea (XI), which is also of zero order with 
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respect to the OH- ion [3] 

CH~ 
/ ~ --Br- + -cyclo-C6H zINCO 

cyclo-C6Hl INHCN CH2Br ~ cycI~ --H+ 

(xl) \N=o o N\ ) 
0 

N i HoO> --N~ li " HO(CH2)~N=NOH ~ HO(CH~)2OH 
--+N 

O 

EXPERIMENTAL 

The synthesis of NAU is described in [4]. The buffer solutions were obtained according 
to [5]. The pH was monitored by using a Radelkis 0P-208/I digital pH meter. The change in 
the NAU concentration was followed spectrophotometrically on a SF-26 apparatus with a ShCh- 
1312 digital voltmeter at wavelengths corresponding to the Xma x of the compounds in the 
visible region. 

CONCLUSIONS 

I. The dependence of the rate of decomposition in aqueous solutions of dialkyl sub- 
stituted nitrosoureas based on monoquaternary alkylammonium salts on pH conforms to the EicB 
mechanism of decomposition. 

2. A new compound of the chloroethylnitrosourea class has been discovered. Its rate 
of decomposition in neutral and weakly alkaline media is independent of pH. 

i. 

2~ 
3~ 
4~ 
5. 

LITERATURE CITED 

A. A. Belyaev, V. F. Gopko, and L. B. Radina, Izv. Akad. Nauk SSSR, Ser. Khim., 553 
(1985). 
A. Ao Belyaev and L. B. Radina, Izv. Akad. Nauk SSSR, Ser. Khim., 2542 (1988). 
K. Yoshida and K. Yano, Bull. Chem. Soco Jpn., 56, 1557 (1983). 
Ao A. Belyaev, Lo Bo Radina, G. M. Anoshina, et al., Khim. Farm. Zh., 940 (1987). 
Yuo Yu. Lur'e, Handbook on Analytical Chemistry [in Russian], Khimiya, Moscow (1971), p. 235. 

REPLACEMENT OF HALOGEN IN ~-HALONITRO-COMPOUNDS OF THE ALIPHATIC SERIES. 

3~ PREPARATION AND PROPERTIES OF SODIUM SALTS OF ESTERS OF 

NITROSULFOACETIC ACID 

A. I. Yurtanov, Ao V. Yarkov, 
To Io Ignat'eva, Vo O. Zavel'skii, 
B~ Ko Beznosko, O. V. Novikova, 
V. N~ Semyonova, and I. V. Martynov 

UDC 542.91:547.465.1'26-38 

Substitution of halogen atoms in chloronitro- and bromonitroacetic acid (CNA, BNA) by 
other radicals is a practical problem the solution of which opens up a route to the synthesis 
of many types of compound including a-aminoacid precursors. There is little information on 
the properties of the C-Hal bond in these compounds; only the replacement of halogen by 
hydrogen using catalytic hydrogenation [I], and the action of triphenylphosphine [3] and 
sodium dithionite [2] are known. Alkyl esters of CNA and BNA do not take part in a Grignard 
reaction with alkyl bromides nor in a Friedel-Crafts reaction with benzene or toluene in the 
presence of AICI~. This is evidence of the inadequate polarization of the C-Hal bond in 
esters of CNA and BNA. 

*For previous communications, see [!, 2]. 
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