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The stability and mechanism of degradation of selected derivatives of [[(4-methoxyphenyl)sulfonyl]hydrazono]acetic acid (I) were 

studied in order to evaluate the structural features contributing to its aqueous instability and the possibility of stabilizing this agent 

by prodrug derivatization. II, [[(4-methylphenyl)sulfonyl]hydrazono]acetic acid ethyl ester, the ethyl ester of a compound closely 

related to I, was found to degrade more rapidly than the parent acid via unimolecular elimination of the corresponding sulfinic acid. 

Electron delocalization to the cu-carbonyl group was proposed to contribute to the instability of the ester. The substitution of a 

methyl group for a methoxy group on the benzene ring had no significant effect on the kinetics and mechanism of degradation for the 

parent hydrazone. The iv-methyl derivative, [[(4_methoxyphenyl)sulfonyl]-N_methylhydr~ono]acetic acid (III), demonstrated much 

greater stability than 2 and appeared to degrade primarily by hydrolysis. These results indicated that without the possible ionization 

of the NH group, the unimolecular elimination was not an important degradation route. Consideration of these structural features 

and the degree of instability of Z led to a proposal to stabilize this agent by formation of an N-substituted bioreversible derivative. 

Introduction 

The investigational anticancer agent [[(4- 
methoxyphenyl)sulfonyl]hydrazono]acetic acid 
(NSC-267213, I) has shown promising activity in 
model tumor systems; however, its instability in 
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aqueous solution has largely precluded develop- 
ment for further evaluation or clinical use 
(Cradock, personal communication). An under- 
standing of the degradative mechanism of Z was 
necessary in order to propose a method of stabili- 
zation. A previous paper (Pretzer and Repta, 1987) 
described the mechanism of degradation of Z in 
aqueous media. To obtain more information about 
factors affecting degradation of I, the stability 
and mechanism of degradation of arylsulfonyl- 
hydrazones similar to Z were studied. The effect of 
carboxylic acid and NH ionizations on 
arylsulfonylhydrazone stability, key structural fea- 
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tures contributing to instability and the feasibility 
of prodrug formation for stabilization of Z were 
evaluated by comparing the stability and degrada- 

tion mechanisms of ZZ, ZZZ and IV (structures 
shown below) to I. 

S02NHN=CHCOOC2H5 II 

[[(4-Methylphenyl~sulfonyll hydrozonolacetlc acid ethyl ester 

S02N-N=CHCOOH 

CH, 

III 

[ [(4- Methoxyphenyl) sulfonyl I-N-methylhydrazonolacetic ocld 

S02NHN=CHCOOH IV 

[C(4-Methylphenyi)sulfonyl lhydrazonolacet~c acid 

Because of synthetic considerations, the ethyl ester 
of Z could not be obtained. However, IV exhibited 
degradative behavior very similar to I, indicating 
that ZZ should be a good model for the ethyl ester 
of I. The derivatives ZZ and ZZZ replaced ionizable 

protons of IV and I, respectively, with unioniz- 
able substituents. Since only one ionization 
occurred in each derivative, it was possible to 
assess separately the effect of the carboxylic acid 
and NH ionizations on arylsulfonylhydrazone 
degradation. Key structural features contributing 
to the instability of Z could also be assessed by 
evaluating the effect of structural modifications 
on degradation rate and pathway. In addition, ZZ 
and ZZZ can be regarded as models of the ester 
and N-substituted prodrugs, respectively. Thus, 
the stability of the derivatives was useful in 
evaluating the feasibility of prodrug formation for 
stabilization of I. 

Materials and Methods 

Chemicals 
All chemicals were analytical grade and used as 

received from the commercial suppliers unless 

noted otherwise. Ethyl glyoxylate (95%) was ob- 
tained from Hoechst (France). Methanol was 
Fisher HPLC grade. Water for buffers and HPLC 
mobile phase was deionized and distilled from 

glass. 

Synthesis 
[[(4-Methy~henyl)su~onyl]hydrazono]acetic acid 

ethyl ester (ZZ). This compound was synthesized 

by condensation of 4-toluenesulfonylhydrazide 
and ethyl glyoxylate (Blankley et al., 1969). The 
reaction product was a white oil which was tri- 
turated with a small amount of water to give a 
solid. Recrystallization from diethyl ether resulted 
in a white solid which melted at 104-106” C. ‘H 

NMR (DMSO-d,): 6 7.0-7.5 (5H, multiplet, 
aromatic and =CH-), 3.6-4.0 (2H, quartet, 

-CH2), 2.1 (3H, singlet, Ar-CH,), 1.0 (3H, tri- 
plet, -CH,). Infrared (KBr): 1734 cm-’ (C=O), 
1595 cm-’ (C=N). Anal. Calculated for C,,H,,- 
N,O,S: C, 48.87; H, 5.23; N, 10.36. Found: C, 
48.91; H, 5.19; N, 10.28. 

[[(4-Methoxyphenyl)sulfonyl]-N-methylhy- 
drazono]acetic acid (ZZZ). A two-step method for 
synthesis of N-substituted sulfonylhydrazones was 
used to synthesize ZZZ (Nurrenbach and Pommer, 
1969). 4-Methoxybenzenesulfonyl-N-methylhy- 
drazide was obtained by reaction of 4-methoxy- 
benzenesulfonyl chloride and N-methylhydrazine 
(Nurrenbach and Pommer, 1969). 

The N-methyl hydrazide (3.92 g, 0.02 mol) dis- 
solved in absolute ethanol (50 ml) was added to a 
glyoxylic acid solution (1.34 g, 0.02 mol in 10 ml 
absolute ethanol) with stirring. A trace of p- 
toluenesulfonic acid was added and the mixture 
was stirred at room temperature. After 24 h a 
white precipitate had formed which was removed 
by filtration and washed with cold ethanol. The 
solid was dried under reduced pressure; mp 
149-150 o C. The yield was 1.2 g (23% of theoreti- 
cal). ‘H NMR (DMSO-d,): 6 7.0-8.0 (5H, multi- 
plet, aromatic and =CH-), 3.80 (3H, singlet, 
-OCH,), 3.2 (3H, singlet, -NCH,). Anal. Calcu- 
lated for C,,Hi2N205S: C, 44.11; H, 4.45; N, 
10.29. Found: C, 44.30; H, 4.60; N, 10.19. 

[[(4-Methyiphenyl)su~onyl]hydrazono]acetic acid 
(IV). This compound was synthesized by con- 
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densation of 4-toluenesulfonylhydrazide and 
glyoxylic acid according to the method of Blank- 
ley et al. (1969). The product was a white solid; 
mp 146-147 o C (literature 148-154O C). Anal. 
Calculated for C9H,,N,0,S: C, 44.61; H, 4.17; N, 
11.57. Found: C, 44.33; H, 4.30; N, 11.40. 

Analysis 

Elemental analyses were performed by Mr. T.N. 
Nguyen of the Medicinal Chemistry Department, 
University of Kansas, using a Hewlett-Packard 
Model 195-B CHN Analyzer or by Galbraith 
Laboratories, Inc., Knoxville, TN. Uncorrected 

melting points were determined using an Elec- 
trothermal melting point apparatus. Nuclear mag- 
netic resonance spectra (lH NMR) were obtained 

using either a Varian Model FT-80A or T60 spec- 
trophotometer. Infrared spectra were obtained 
using either a Perkin-Elmer Model 727 or a Beck- 
man Model 33 or an IBM FTIR-32 and solids 
were analyzed as l-3’% dispersions in potassium 
bromide pellets. UV and visible absorbance mea- 
surements, high pressure liquid chromatography 
(HPLC) analyses and pH measurements were done 
as described previously (Pretzer and Repta, 1987). 

pK, Determinations 

The pK, values for the NH group of the ester 
(11) and the carboxylic acid of the N-methyl 
derivative (111) were determined using the follow- 
ing procedure. The spectrophotometer initially was 
zeroed to cuvettes (fitted with teflon stoppers) 
containing 2.0 ml of the appropriate buffer in the 
sample and reference cells (pH 1.0, 0.01 M HCl; 
pH 2.0-3.1, phosphate (0.05 M); pH 3.3-6.0, 
acetate (0.05 M); pH 5.5-7.4, phosphate (0.05 M); 
p= 0.2, adjusted with NaCl). An aliquot of known 
volume of a concentrated stock solution in 
methanol was added to the buffer in the sample 
cuvette. The same volume of methanol was added 
to the reference cuvette. Both cuvettes were quickly 
inverted several times to assure mixing of the 
solutions, then scanned over the appropriate range 
(usually 300-200 nm). The temperature in the 
cells was controlled at 25.0” C. Absorbance data 
were analyzed according to equations described by 
Albert and Serjeant (1971). 

Kinetic studies 

Degradation of II was monitored by UV spec- 
troscopy at 290 nm and formation of the degrada- 

tion product ethyl diazoacetate (V) was followed 
at 248 nm. For each reaction the spectrophotome- 
ter was zeroed to cuvettes containing 2.0 ml of the 

appropriate buffer (buffer composition listed 
above for pK, determinations) in the sample and 
reference cells. An aliquot (15 ~1) of a stock 
solution of 11 in methanol was added to the 
sample cuvette (resulting concentration = 4.2 x 
1O-5 M) and an equal volume of methanol was 
added to the reference cuvette. Both were inverted 
several times to mix, then the absorbance was read 

at 290 run and 248 nm. The temperature of the 
cell holder was maintained at 25.0 o C unless noted 
otherwise. Rate constants for loss of II and ap- 

pearance of V were determined from plots of log 
(A absorbance) vs time which were linear at pH > 
4.2. 

Kinetic studies of 111 were done in a manner 
similar to those of I (Pretzer and Repta, 1987). 

Resulting data were plotted as log molar con- 
centration (determined from standard curve) vs 

time and rate constants were determined from the 
slope of such plots. The rate constants for ap- 

pearance of the degradation product 4-methoxy- 
benzenesulfinic acid (VZ) were determined from 

plots of log[(molar concentration at t,) - (molar 
concentration at any time t)] vs time. Molar con- 
centration of VI was determined from standard 
curves. Analysis of glyoxylic acid (IW) and glyco- 
lit acid (IWJ) was done as described previously 
(Pretzer and Repta, 1987). 

Kinetic studies of IF/ were conducted similarly 
to studies of I (Pretzer and Repta, 1987). Rate 
constants for the loss of IT/ were determined from 
the linear portion of plots of log peak areas vs 
time. The following degradation products were 
analyzed during degradation of IV: 4-toluenesul- 
finic acid (1X), 4-toluenesulfonic acid and 4- 
toluenesulfonylhydrazide. 

Determination of activation parameters 
To determine activation parameters for II and 

III, kinetic reactions were done at different tem- 
peratures (controlled by the temperature of the 
water bath or of the cell holder in the spectropho- 



164 

tometer) and the data were evaluated according to 
the Eyring equation. Reactions of ZZ (C, = 4.2 X 

10e5 M) and ZZZ (C, = 6 X 10-s M) were done at 
pH 7.0 (0.05 M phosphate, ZJ = 0.2, buffer pre- 
equilibrated to the reaction temperature) over the 

temperature ranges 15.5-35.0” C for ZZ and 
34.0-60.0 o C for ZZZ. 

Results and Discussion 

Ester derivative (ZZ) 
The ethyl ester derivative containing a p-methyl 

group on the benzene ring (II) was chosen for 

stability studies because attempts to synthesize the 
ethyl ester of Z (p-methoxy group on the benzene 
ring) were unsuccessful. Condensation of 4- 
methoxybenzenesulfonylhydrazide and ethyl 
glyoxylate under a variety of conditions resulted 
in an oily residue which degraded with gas evolu- 
tion (presumably nitrogen). In contrast, ZZ was 
observed as a stable solid from condensation of 
4-methylbenzenesulfonylhydrazide and ethyl 
glyoxylate. The inability to isolate the methoxy- 

substituted ester was probably due to a difference 
in crystal lattice structure rather than an inherent 
difference in its chemical stability compared to 
that of ZZ. This proposed difference in crystal 
structure did not allow facile formation of a solid 
in the case of the methoxy ester and degradation 
occurred due to the residual water in the oily 

product. 
To determine whether or not methyl vs methoxy 

substitution on the benzene ring had any signifi- 
cant effect on the stability of Z, [[(Cmethyl- 
phenyl)sulfonyl]hydrazono]acetic acid, IV (the 
methyl analog of I) was studied. Stability studies 
of IV at pH 4.5 and 7.4 demonstrated no signifi- 
cant difference compared to Z in kinetic behavior. 
The products observed by HPLC upon degrada- 
tion of IV were the p-methyl analogs of the 
products resulting from decomposition of I, indi- 
cating similar degradative mechanisms for Z and 
IF’. It was therefore concluded that derivatives of 
IV would accurately reflect the chemical behavior 
of similar derivatives of I. 

Stability studies of ZZ (monitored by UV ab- 
sorbance changes) at pH 4.2-7.0 showed that ZZ 

degraded rapidly in an apparent first order manner 
(see Table 1 for rate constants). Two degradation 

products were observed by HPLC after complete 
loss of ZZ at pH 7.0. The products were identified 
by coelution with authentic samples as 4-toluene- 
sulfinic acid (IX) and ethyl diazoacetate (I’). The 
UV absorbance of an authentic sample of ethyl 
diazoacetate (248 nm) corresponded to the ab- 

sorbance maximum of the degradation product 
observed during loss of ZZ at pH 4.2-7.0. The 

NMR spectrum of an equimolar mixture of V and 
IX did not differ from that of a degraded solution 
of ZZ (in D,O/NaOD). 

Both V and IX were produced quantitatively 

from degradation of ZZ. The rate of appearance of 
IX was determined from absorbance data at pH 
5.2, 6.2 and 7.0. These rate constants did not 
differ significantly from the rate constants for loss 
of ZZ (see Table 1). Rate constants for the ap- 
pearance of I’ were not determined. 

Degradation of ZZ was attributed to the uni- 
molecular elimination of sulfinate (ZX) and asso- 
ciated production of ethyl diazoacetate (I’) (see 
Scheme 1). The identification of I’ and IX as 
degradation products in equimolar quantities was 

consistent with the proposed degradation mecha- 
nism which is analogous to the unimolecular 
elimination reaction of Z (Pretzer and Repta, 
1987). There was no evidence of ester hydrolysis 
to form the acid, IT/. 

The entropy of activation (AS*) for the de- 
gradation reaction of ZZ was evaluated for rate 

TABLE 1 

Observed first-order rate constants for the loss of II and forma- 
tion of V in aqueous solution at pH 4.2 to 7.0 

pH ZZa Number of 

kobs @in - ’ ) determinations 

4.2 0.042 1 

5.2 0.183 0.192 1 

6.2 0.258 0.286 1 

7.0 0.275 0.290 2 

a The kobs was determined from a plot of log (A absorbance) 

vs time for data at 290 nm. 

b The kobs was determined from a plot of log (A absorbance) 

vs time for data at 248 nm. 
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-Hi 
RS02NHN=CHC02CHZCH3 4 

@ 
+H+ 

(pKa = 4.65) 

I! - N2 + HOCH2C02CH2CH3 

(ethylglycolate) 

ES0$N=CHC02CH2CH, 

I 
~~07 + FI=F?=~HcO~~H~CH~ 

63 @ 

Scheme 1. Proposed mechanism for degradation of II. (R = 4- methylphenyl). 

data at pH 7.0 over the temperature range 

15.5-35.0’ C. Analysis of the data by the Eyring 
equation resulted in AS* = 1.1 k 3.0 eu at 25”C, 
consistent with the unimolecular reaction mecha- 
nism (Jencks, 1969) proposed in Scheme 1. 

A pH-rate profile for the loss of II is shown in 
Fig. 1. At pH values greater than the pK, of 11 
(4.65) the rate of loss of II appeared to reach a 
maximum value. This indicated that the ionization 
of the NH group was important in the degrada- 

tion reaction as previously discussed for the de- 
gradation of I (Pretzer and Repta, 1986). The rate 

l 

PK~ 

I 1 , I I I 
4 5 6 7 

PH 

Fig. 1. Plot of kobs vs pH for loss of II at pH 4.2-7.0 at 
25O C. Reaction conditions are described in Materials and 

Methods and rate constants are listed in Table 1. (Only the 

rate constants calculated from absorbance data at 290 nm were 

included.) 

of loss of II appeared to decrease with decreasing 
pH, indicating that the unionized form was more 
stable. Rate constants at pH < 4.2 were not ob- 
tained. At these lower pH values, absorbance at 
290 nm (attributed to ionized II) was inadequate 
for determination of rate constants. The instability 
of the product V at acidic pH values precluded the 
determination of rate constants by following prod- 
uct formation. In addition, attempts to determine 

rate constants by following absorbance at 248 nm 

(&iX for V) and fitting to an equation for a 

consecutive reaction scheme (i.e., II + I/ + 
products) in order to account for subsequent de- 
gradation of I’, resulted in poor fit of the data, 
indicating that other reactions in addition to the 
elimination might be occurring under these condi- 

tions. Attempts to follow the loss of II by HPLC 
at pH < 4.2 were not successful due to inability to 
obtain adequate chromatographic separation and 
peak shape for II even though a variety of mobile 
phase compositions were evaluated. The experi- 
mental difficulty in determining kobs for loss of II 
at lower pH values may be due to other degrada- 
tion routes in addition to elimination. 

The ester derivative (II) was less stable in 
aqueous solution than I. At pH 7.0, II degraded 

- 20 times faster than 1 (k, = 1.6 x lo-* mm’, 

k,, = 2.8 X 10-l mm-‘). The greater instability of 
the ester probably was due to the more effective 
delocalization of the negative charge of the ionized 
species (Eqn. 1). 

R 
RSO,Fj--N=cH-c_o~t /0- 

e RS02N=~-~kl=~, 
OEt (‘) 

The delocalization of the negative charge is 
favorable for the ester of II compared to the acid 
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of Z where electrostatic repulsion of the ionized 
carboxylic acid would preclude formation of an 
azo resonance form. Such delocalization was pro- 
posed to be a destabil~ng factor towards the 
elimination reaction by weakening the SO,-N 
bond (Pretzer and Repta, 1987) thereby enhancing 
the rate of loss of the ester. 

Kinetic studies to evaluate the stability of III 

were done at pH 4.0, 4.5, 7.0 and 7.4. A semilog 
plot for loss of ZZZ at pH 4.5 and 7.4 is shown in 
Fig. 2. The degradation of ZZZ occurred in an 
apparent first order manner and the observed rate 
constants are reported in Table 2. 

A major degradation product of the decomposi- 
tion of ZZZ was 4-methoxybenzenesulfinic acid, 
VI. Quantitative production of VZ from ZZZ oc- 
curred for reactions at pH 2.0, 4.0 and 4.5. (For 
reactions at pH 7.0 and 7.4, standard curves for 
ZZZ and VZ on the particular HPLC column used 
were not obtained.) The rate constant for ap- 
pearance of VZ was 0.041 h-* at pH 4.5 (for one 
reaction) and 0.124 h-l at pH 4.0 (average of two 
determinations). These values were approximately 
equal to the rate constants for loss of ZZZ (0.043 
h-i for the particular reaction at pH 4.5 and 0.124 
h-’ for the two determinations at pH 4.0). Rate 
constants for the formation of VZ were not calcu- 

,,!_. 
4 8 I2 16 20 24 28 

time (hr) 

Fig. 2. Semilog plot for loss of ZZZ as a function of time at pH 
4.5 and 7.4. Reaction conditions are described in Materials and 
Methods and rate constants are reported in Table 2. 

TABLE 2 

Observed first order rate constants for the Ioss of III at pH 2.0 to 
7.4 a 

PH kxlO* (h-‘) T(OC) 

2.0 >12 b - 22 
4.0 12.40 c 30.0 
4.5 5.35 d - 22 
7.0 0.88 e - 22 
7.4 0.45 f - 22 

a Reaction conditions: C, = 4-8.5X1O-5 M, 0.05 M buffer 
(buffer species listed in Materials and Methods), ~.r = 0.2 or 
uncontrolled. The degradation of ZZZ was monitored by HPLC 
and rate constants determined as described previously (see 
Materials and Methods). 
b Estimated from one reaction where less than 1% of the initial 
concentration of ZZZ remained after - 48 h. 
’ Average of two determinations over > 4 half-lives. 
d Mean of 4 determinations over > 2 half-lives, SD. = 0.71 x 
10-a. 
e One determination over > 1 half-life. 
f One determination over < 1 half-life. 

lated at other pH values. Further degradation of 
VZ to the corresponding sulfonic acid occurred 
during reactions at all pH values studied. 

Analysis for glyoxylic acid, VZZ, and glycolic 
acid, VZZI, was done in solutions of degraded ZZZ 
(after complete loss of ZZZ as evidenced by HPLC). 
The results are shown in Table 3. At pH 2.0, VZZ 
was a major degradation product although VZZZ 
was also observed. In each case, the sum of the 
acid species, VZI and VIIZ, was greater than loo%,, 
which may have been due to interference by other 
components produced in the reaction. For reac- 
tions allowed to go to completion at pH 4.0 and 
4.5 and room temperature, quantitative produc- 
tion of VIZ was found (VIIZ was not determined 
in these solutions). For reactions which were 
heated to increase the rate of degradation, the 
percentage of VZZ found decreased and ‘a substan- 
tial percentage of VZZZ was also detected. At pH 
7.0, relatively low levels (< 10%) of VZZ and VZZZ 

were found. These results suggested that elevated 
temperatures or high starting concentration of ZZZ 
(greater than the solubility, resulting in a suspen- 
sion) might alter the course of the degradation 
reaction. Analysis of VZZ was also done in sam- 
ples from a solution of ZZZ undergoing degrada- 
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TABLE 3 

Levels of glyoxylic acid (VII) and glycolic acid (VIII) after 
degradation of III a at various pH values (as % of initial 
concentration of III) 

PH 

2.0 

VII VIII Reaction conditions 

122 b _ C,=4~10-~M,RT~(one 

determination) 

16 39 C,-,=1~10-~ M 

(suspension), RT ’ (one 

determination) 

130 62 C,, = 3.5 x 1O-4 M 

(suspension), 60 o C (avg. 

of 3 determinations) 

4.0 100 b _ Co=8x10V5 M,30°C(avg. 

of two determinations) 

4.5 100 - b 

62 34 

C, = 4~ 10K5 M, RT ’ (one 

determination) 

C,,=3.5x10-4M 

(suspension), 60 o C (avg. 

of two determinations) 

7.0 8 -b C,=4~10-~ M,50°C(one 

determination) 

9 18 C, = 4~10-~ M 

(suspension), 60 o C (avg. 

of two determinations) 

a The degradation of III was monitored by HPLC and VII 

and VIII analyzed when ~1% of the initial concentration of 

III remained. 

b Not determined. 

’ Room temperature at the time of the study ( - 23’ C). 

tion at pH 4.5 (absorbance values were corrected 
for interference from ZZZ). The rate constant for 
production of VZZ (0.046 h-r) was approximately 
equal to the rate constants for loss of ZZZ (0.043 
h-‘) and appearance of VI (0.041 h-l). Quantita- 
tive production of VZZ was observed in this case 
(determination of VZZZ was not done). 

The degradation of ZZZ was proposed to occur 
by the hydrolytic mechanism shown in Scheme 2. 
Hydrolysis of ZZZ would result in formation of the 
N-methylhydrazide, X and glyoxylic acid, VII. 

Rapid degradation of X (t,,, - 30 min at pH 2-9 
(Pretzer, 1986)) produced VZ and nitrogen-con- 
taining products (which were not identified). 

The hydrolysis of hydrazones is an equilibrium 
reaction as seen for Z (Cordes and Jencks, 1962; 
Lowry and Richardson, 1981; Smith, 1983). How- 

ever, the loss of ZZZ occurred in an apparent 
first-order manner and did not exhibit equilibrium 
behavior (initial rapid loss, subsequent stable 
phase). The apparent first-order loss was due to 
the instability of X which did not allow its ac- 

cumulation. Only the forward reaction of the equi- 
librium (hydrolysis) was significant in the de- 
gradation of ZZZ. Because X degraded rapidly, the 

rate constant for appearance of VZ was approxi- 

mately equal to the rate of loss of ZZZ. The ob- 
served quantitative production of VZ would be 
expected from the mechanism shown in Scheme 2. 

The identification of VZZ as a major degrada- 

tion product of ZZZ would be expected only as a 
result of hydrolysis. The presence of VZZZ after 
complete degradation of ZZZ at higher tempera- 
tures and concentrations indicated that some frac- 
tion of ZZZ might degrade via an elimination 

mechanism analogous to the elimination reaction 
of Z (Pretzer and Repta, 1987) and ZZ under these 
more stressful conditions. 

The entropy of activation (AS*) for the de- 
gradation reaction of ZZZ was evaluated using data 
obtained from kinetic studies at pH 7.0 over the 
temperature range 34.0-6O.O”C. The Eyring plot 
of the data was linear. Curvature of the Eyring 
plot might be expected if more than one reaction 

mechanism was operative, i.e., both hydrolysis and 
elimination. The AS* evaluated from the data was 
- 36.0 + 1.2 at 25 o C. This value for AS* was in 
the range expected for a bimolecular reaction 
(Jencks, 1969), consistent with the hydrolysis reac- 
tion shown in Scheme 2. 

The dependence of the rate of loss of ZZZ on 
pH also indicated that hydrolysis was the major 
route of degradation of ZZZ. The greater observed 

‘73 +H,O 743 0 

R-SO?-NN=CHCO?H e RS02NNH2 + H&C02H 

0% 

-H,O 
@ @ 

X - RSOY + Nitrogen-containing products 

@ 

Scheme 2. Proposed hydrolytic degradation mechanism for 

III. (R = 4-methoxyphenyl). 
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rate constants at more acidic pH values were 
expected since such hydrolysis reactions are known 

to be catalyzed by specific as well as general acids 
(Lowry and Richardson, 1981). 

The methyl substitution on the amide nitrogen 

resulted in greater stability of ZZZ compared to I. 

At PH 4.5, kobs,,, = 5.35 x 1O-2 h-’ and kobs = 
0.124 h-‘. At pH 7.4, the difference in stabihty 

was greater with kobs,,, = 4.5 X 10e3 h-’ and kobs, 
= 1.25 h-‘. The elimination of sulfinate from ZZZ 
would not be expected to be a facile reaction 
because the nitrogen (adjacent to the sulfonyl 
moiety) of ZZZ cannot ionize. The absence (or 

reduced importance) of the elimination reaction 
for ZZZ confirmed earlier speculation (Pretzer and 

Repta, 1987) that this ionization was an important 
destabilizing factor in the structure of I. 

Stabilization by prodrug formation 
Due to the extremely short t,, (< 10 min 

(Pretzer and Repta, 1987)) in aqueous solution, a 
substantial increase in the stability of Z was needed 
in order to formulate Z for use as an intravenous 
preparation. Although no absolute stability re- 
quirement exists for experimental formulations of 
anticancer agents, an increase of approximately 
two orders of magnitude in the stability of Z 

would be necessary in order to avoid > 10% loss 
during formulation by lyophilization of solutions 
of Z and dissolution previous to administration. 

From studies of derivatives ZZ and ZZZ, it ap- 
peared that the a-carbonyl and the NH group of Z 
were important factors in the elimination degrada- 
tion route. Electron delocalization to the CX- 
carbonyl would not be expected to occur to any 
significant extent when the carboxylic acid of Z is 
ionized. Thus, the destabilizing effect of the (Y- 
carbonyl group in Z could be minimized by formu- 
lation at a pH well above the pK, of the acid 
(- 3, estimated from the pK, = 3.06 for ZZZ). 

Ionization of the NH moiety of arylsulfonyl- 
hydrazones was previously proposed to be the 
necessary first step in the elimination of sulfinate 
(Powell and Whiting, 1959; Shapiro, 1976; 
Makhova et al., 1978). The stability associated 
with ZZZ is consistent with these reports. Hydroly- 
sis appeared to be the most important degradation 
route for ZZZ compared to the elimination mecha- 

nism for Z (Pretzer and Repta, 1987). These results 
indicated that a bioreversible N-substituted 
derivative might be a promising approach to sta- 
bilization of I. Such a derivative would be expected 
to have some of the stability characteristics of ZZZ 

and after bioactivation would yield Z which has 
demonstrated cytotoxic activity. An N-acyloxyal- 

kyl derivative of the type shown below might be a 
useful prodrug derivative of I. In the proposed 

H&O 

N- Acyloxyolkyl Prodrug of I 

prodrug, the promoiety, -CHR,OCOR,, has been 
substituted for the amide hydrogen of I. This 

substitution should confer the stability (relative to 
the elimination reaction undergone by Z) associ- 
ated with N-methylation (as demonstrated for ZZZ) 
to the prodrug. At pH > 7.4 the stability would be 
adequate (based on values of kobs for ZZZ) for 
formulation by lyophilization of solutions of the 
prodrug. Additionally, under these conditions the 
solubility of the prodrug would be enhanced by 
essentially complete ionization of the carboxylic 
acid. After administration of the reconstituted 

prodrug, bioactivation (i.e., regeneration of I) 
would be expected to occur according to Scheme 3 
where carboxylesterases present in the bloodstream 
and/or liver would cleave the ester portion of the 
prodrug. The N-hydroxymethyl species would de- 
grade rapidly (where R, = H or small alkyl group), 
releasing 1. Toxicity of the acid and aldehyde 
(containing R, and R,, respectively) and physical 
characteristics desired for the prodrug would be 
necessary considerations in determining the R, 
and R, moieties to be incorporated into the pro- 
drug. While limited attempts made during the 
course of this work to obtain the prodrug where 
R, = -C(CH,), and R, = H were unsuccessful, 
further variations of reaction conditions or use of 
a promoiety containing different R, and R, groups 
may allow the desired prodrug to be isolated. 

In conclusion, the results confirmed that ioniza- 
tion of the NH group was a major factor contrib- 
uting to the instability of I. Although a bioreversi- 
ble N-substituted derivative was not obtained, the 
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Scheme 3. Proposed mechanism for regeneration of I from an ~-acyloxy~yl prodrug. 

greater stability of III compared to I illustrates 
that an underst~~ng of the mechanism of de- 
gradation can lead to a rational approach to sta- 
bilization. 
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