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ON REACTION RATE FOR HYDROLYSIS OF SUBSTITUTED CYCLIC NITROSOUREAS 
1 
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The rates for hydrolyses of 20 derivatives of N-nitroso- 

dimethyleneurea and N-nitrosotrimethyleneurea were measured. 

Discussion is made on the relationship between structure and 

rate for hydrolysis. 

Many N-nitrosoalkylureas are known to be carcinogenic and/or mutagenic and 

some are clinically used as anti-cancer agent.3 These biological activities all are 

considered to stem mainly from their alkylating ability and possibly to be related 

to their carbamoylating a b i l i t ~ . ~  Thus, this class of compounds undergo hydrolysis 

to split into two fragments even in a physiological condition; a hydroxydiazoalkane 

which is an alkylating agent and an aikylisocyanate which is a carbamoylating 

Alkylations of DNA may cause gene-lesion leading to carcinogenesis, 

mutagenesis, and cell-inactivation, and carbamoylations of enzyme proteins including 

those for the DNA repair may produce inhibitory effects on the enzymic repairs of 

the gene-lesion induced with the alkylating moiety of nitrosoureas. In order to 

increase in the cell-inactivating efficiency of nitrosoureas, intending to improve 

chemotherapeutic index of anti-cancer nitrosoureas, our attention has been focused 

on cyclic nitrosoureas which undergo hydrolysis to form a bifunctional intermediate 

involving both an alkylating and a carbamoylating centers in the molecule. 

PO 
R-N-F-NHR' - R-N=N-OH + R'NCO 

0 (hydroxydiazoalkane) (alkylisocyanate) 

P-l 
ON-N.C,NH HO-N=N-+--+LO (bifunctional) 

a 



As one of our serial studies along this line, this paper presents the rates of 

hydrolyses of 20 derivatives of N-nitrosodimethyleneurea and N-nitrosotrimethylene- 

urea. Discussion will be made on the substituent effect on the rate of hydrolysis 

which is considered to be the obligatory step for the biological activity of these 

nitrosoureas. 

The compounds used, which were synthesized by T. Mizoguchi and his coworkers of 

1 Tanabe Pharmaceutical Co. Ltd., are 4-substituted N -nitrosodimethyleneurea, 4- 

1 1 
substituted N -nitrosotrimethyleneurea, and 5-substituted N -nitrosotrimethylene- 

urea shown in Table I. The rate of hydrolysis was obtained by treating a 

nitrosourea to be examined in 1.77% phosphate buffer (pH 7.01 at 37', followed by 

tracing the optical density at about 400 nm of the solution with a Shimazu-W-21OA 

uv-spectrometer. The concentration was about 1 mg/ml of the solvent. In 

Table I are shown the pseudo-first order rate constants (kobsl and the half-lives 

(t1,2) of cyclic nitrosoureas, including methyl- and ethyl-nitrosourea for 

comparison. 

£?Xe&!:ct: a? EiM %E 
5-Memebered nitrosodimethyleneurea (11 was much more readily hydrolyzed than 

6-membered nitrosotrimethyleneurea (VIIII. This may be due to release from the 

ring strain involved in cyclic starting materials by the ring opening at the 

transition state. It is worth noting that this trend is reverse to those found 

ih the alkaline hydrolyses of 5- and 6-membered lactones and lactams ', where an 
attack of OH- to the C=O carbon is involved in the rate-determining step. 

2M?r%Wt % 2 t  
Nitrosodimethyleneureas 1 The rates of 4-substituted N -nltrosodimethyleneureas 

become smaller in the following order of the substituent: 

Another feature of the structure-rate relationship is that replacement of a methyl 

substituent with the corresponding ethyl substituent makes the rate larger in all 

the cases examined, i.e., -CH2X < -CH CH X, where X is either of -OH, -C1, or -OMS. 2 2 

Nitrosotrimethyleneureas In striking contrast, regardless of the position of 

the substituent, 4- or 5-position, the rates become larger, reversely to those of 

the dimethylene derivatives, in the followinq order of the substituent. 
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Table I. Pseudo-First Order Rate Constants and Half-Lives for 

Hydrolysis of Nitrosoureas in Phosphate Buffer (pH 7.0) at 37' 

Substituent Compound No. 
kobs (10-~sec-') tlI2 bin) 

4-substituted N-nitrosodimethyleneureas 

-H I 210.0 

-CH20H I I 97.4 

-CH2C1 I11 27.6 

-CH20MS IV 17.1 

-CH2CH20H V 123.0 

- C H ~ C H ~ C ~  VI 113.n 

-CH2CH20Ms VII 81.3 

4-substituted N-nitrosotrimethyleneureas 

-H VIII 8.37 

-CH20H IX 31.4 

-CH2C1 X 54.2 

-CH20Ns XI 93.2 

-CH2CH20H XI1 16.0 

-CH2CH2C1 XI11 25.6 

-CH2CH20Ms XIV 37.0 

5-substituted N-nitrosotrimethyleneuleas 

-H VIII 8.37 

-CH20H XV 17.5 

-CH2C1 XVI 40.7 

-CH20MS XVII 54.0 

-CH2CH20H XVIII 9.24 

-CH2CH2C1 XIX 12.3 
-CH2CH20Ms XX 14.0 

Acyclic N-nitrosoalkylurea 

N-nitrosomethylurea XXI 49.8 

N-nitrosoethylurea XXII 54.2 



The rate for a methyl substituted derivative is always larger than the correspond- 

ing ethyl derivative, i.e., -CH2x > -CH~CH~X. It is further revealed 

that a 4-substituted derivatives is more readily hydrolyzed than the corresponding 

5-substituted one in all the cases examined. 

QEeeMeGce a kkE eG Ek! 
~ h s  rate of hydrolysis is linearly proportional to the concentration of OH- in 

near neutral media examined, as shown in Fig. 1. The reaction mechanism was 

already proposed by several authers as follows. 10 

f f R-l 
ON-N,~.NH- ON-N,$,N- + H+ k z HO-N=N-R-NCO 

d (slow step) 
0 

Therefore, the rate can be expressed by eq. 1. 

Rate = k Ka + 

Ka 
H30+l 

[Nu] -------- eq. 1 log k ~ b ~  

where Ka is the dissociation constant, k is -3 

the rate constant, and [Nul is the sum of tho 

concentrations of nitrosourea and its 

deprotonated conjugate base. 

+ In case of Ka << IH30 I, 

+ -5  P 
Rate = k Ka fNul/IH30 I 

= k lKa/Kw) IOH-I + (Nu1 ------ eq. 2 -4k Fig. 6 1. 7 8 ( P H I  

and in case of Ka >, IH30 1, log kobS plots versus pH 

Rate = k [Nu1 

since the rate was proportional to [OH-], the reaction is regarded to be kinetical- 

ly expressed by eq. 2 under the conditions employed. 

Hence, log k = log kobs - pH + pKa. 

mXX& %EEEF&E2 &E E x m k x E i 2  
The rates of some of the derivatives were measured at different temperatures for 

evaluation of the energy of activation (Ea) and the frequency factor (log A)  or the 

entropy of activation (AS'), the results being summarized in Table 11. It is of 

interest that bsC(obs), which was calculated with kobs, is possitive in each case 

examined; hence AS* is also possitive because k is larger than kobs in these cases. 

This supports that the rate-determining step involves the ring opening of conjugate 



HETEROCYCLES, Yo1 15, No 2, 1981 

Table 11. Kinetic Parameters for Hydrolysis of Nitrosoureas 

in Phosphate Buffer (pH 7.0) 

Compound Temp. kobs (10-~sec-') Ea(Kcal/mol) log A(obs) 

X 25' 

37O 

XI11 25' 

37" 

XIX 25" 

37" 

VIII 30' 

40' 

xXI(acyc1icJ 30" 

40' 

base of the nitrosourea in an unimolecular process, as been kinetically expressed 

by eq. 1, although an alternative mechanism proposed by Snyder and Stock, which 

involves an attack of OH- to the C=O carbon in the rate-determining step, is not 

completely eliminated. 11 

R&ER%%&Q 
It seems that the entropy term is an important factor for determination of the 

rate; the order of the relative rates is same as that of the magnitudes of entropy, 

as far as the cyclic derivatives shown in Table I1 are concerned; 

X ' XI11 . XIX > VIII 

However, the substituent effect found in the present study seems to be hardly 

explained in simple terms, such as steric hindrance, inductive electronic effect, 

etc. More data of the kinetics of all the compounds used here and some related 

classes of compounds seem to help to correlate the rate of hydrolysis with the 

chemical structure of compounds. In addition to studies along this line, 

biological activities including mutagenic and carcinostatic activities of these 

cyclic nitrosoureas are now under investigation in our laboratory. 
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