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Methanesulfonic Acid Derivative of Sulfonamide. ILY Successively
Reversible Hydrolysis of Sulfisoxazole Derivative?

Ken Ikepa, Yukmisa Kurono, and TyoTaro TUukaAMOTO
Faculty of Phavmaceutical Sciences, Nagoya City University®
(Received October 26, 1971)

Successively reversible hydrolysis of methanesulfonic acid derivative of sulfisoxazole,
R'NHSO,CH,NHCHRSO,Na (R=CH; or C¢Hj;); was studied. By the sequential hydro-
lysis such derivative may be hydrolyzed to the extent that the precipitation of parental
drug may take place. The pH-profiles of logarithm of apparent hydrolysis and reverse
reaction rates and those of equilibrium constants were obtained and the effect of ioniza-
tions of the derivatives and hydrolyzates have been explained by theoretical equations.
From the hydrolysis and reverse reaction rates estimated, reaction pathway of individual
reactions which compose whole hydrolysis system has been discussed.

In the previous study it was concluded that methanesulfonic acid derivative (MSD)%
of the drug such as sulfonamide needs appropriate substituent on methylene group to facilitate
hydrolysis and ensure sufficient availability of parental sulfonamide.? However, when the
hydrolysis rate of MSD is controlled purposely by the substitution on methylene group fol-
lowing embarrassment will possibly arise to prepare the solution of this water soluble deriva-
tive. With the substitution of electron donating R group the hydrolysis rate increases indeed,
but the hydrolyzate HOCHRSO;™ also becomes liable to the hydrolysis further by R. This
secondary hydrolysis retroactively promotes the 1st step hydrolysis and consequently preci-
pitation of parental sulfonamide may take place, which conflicts with the purpose of this
water soluble derivative. By the way when R=H, hence the hydrolyzate is HOCH,SO;"
the 2nd step hydrolysis is practically negligible and the equilibrium of MSD hydrolysis is simple
as has been studied previously.® Another purpose of the detailed study on MSD is to explore
the possibility of these derivatives as the controller of the liberation rate of parental drug.
Recently MSD has been used not only in medicament but also in dyeing, agricultural chemi-
cals, hair dyeing and photography for the purpose to control the reaction rate of parental
chemicals.
~ The 2nd step hydrolysis is known to be also reversible® and the total procedure may be
represented as:

R’NHSO:CeH{NHCHRSO; Nat + HyO = HOCHRSO; Na* + R’/NHSO.CsH:NH,
'”%"Hao
RCHO + HSOs;~Na*

These equilibria shift intricately depending upon pH, which is owing to the ionization of
MSD and hydrolyzates.

1) Part I: K. Ikeda, Y. Kurono, and T. Tukamoto Chem. Pharm. Buil, (Tokyo), 20, 863 (1972). This
report consists Part III of the studies entitled ‘“Methanesulfonic Acid Derivative of Drug.”

2) Presented at the 91st Annual Meeting of Pharmaceutical Society of Japan, Fukuoka, April 1971.

3) Location: Tanabe-dori, Mizuho-ku, Nagoya.

4) MSD which is substituted R on methylene group is also represented by this abbreviation. :

5) K. Ikeda, K. Miyata, F. Kawata, and K. Kurome, Chem. Pharm. Bull. (Tokyo), 18, 440 (1970).

6) a) J.D. Stewart and L.H. Donnally, J. Am. Chem. Soc., 54, 3555 and 3559 (1932); &) K. Arai, K.
Shigira, and K. Ishikawa, Nippon Kagaku Zasshi, 75, 661 and 664 (1954); ¢) D.A. Blackadder
and Sir C. Hinshelwood, J. Chem. Soc., 1958, 2720.
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In the course of study on sulfonamide MSD, sulfisoxazole MSD where R is CH; or C¢H;
was found to be favorable for the long duration of blood concentration and fast hydrolysis.”
In this study, therefore, sulfisoxazol MSD substituted CHj or C¢Hj; on methylene group was
chosen for the study on the successive hydrolysis. The abbreviations of sulfisozazole MSD
and their hydrolyzates specifying their ionization are listed in Table I. When it is not
necessary to specify the ionization, abbreviation such as SiMeS, Sior MeS are used as general
indications of the corresponding compounds.

TasrLE I. Abbreviations of Sulfisoxazole MSD and Its Hydrolyzates Specifying
Their Tonizations, where R’=H,C. ,CH,
1l

AN O N
g)l;‘.glngf;l Abbreviation g;.milc;l Abbreviation
R/NHSO,C,H,NHCH(CH,)SO,~  SiMeS- HOCH(CH,)SO,~ MeS-
. . -OCH(CH,)SO,~ Me-S-
R'N-SO,C;H,NHCH(CH,)SO,~  Si-MeS~ HOCH(C,H,)SO,~ PhS-

) ' , ~OCH(CH,)SO,- Ph-S-
R’NHSO,C,H,NHCH(C,H,)SO,~  SiPhS- HSO,- s-

) . , SO~ S2-
R'N-SO,C.H,NHCH(C,H;)SO;~  Si-PhS- CH‘Z CHO Me
R'NHSO,C,H,NH, Si CeH,CHO Ph
R’N-SO,C,H,NH, Si-

‘When the specification for jonization is not necessary, abbreviation such as SiMeS, Si, or Ph
were used without any marking of charge.

Experimental

Material Synthesis of sulfisoxazole MSD and material used were same to those in previous study®
in general. MeS-Na* and PhS~Na* were prepared according to literature cited.® Buffer systems used
were also same to those in previous study. ‘

Apparent Reversible Hydrolysis Rate and Equilibrium Constants for the 1st Step Hydrolysis -All data
on rate and equilibrium were obtained at 37°. To follow the hydrolysis of SiMeS and SiPhS, ultraviolet
(UV) spectral changes of their 5.0 X 10-5M solution were recorded, at which concentration the reverse re-
action could be disregarded. As the 2nd step hydrolysis was found to be much faster (depending upon
PH but about 100 times faster at least) than the 1st step one and its reverse reaction was also negligible at
this concentration, UV spectrum at time ¢ can be considered as the sum of spectra of unhydrolyzed MSD
and completely hydrolyzed Si, Me (negligible) or Ph, and sulfite (negligible). Thus UV spectral change
with time can be regarded to be proportional to Si liberated. From the plots of log (absorbance at time
t—absorbance at co time) versus time, which was linear, half life of the reaction was obtained and reaction
rate was calculated by the relation of (Ist order reaction rate constant)=0.693/(half life),

For the equilibrium constant determination 5.0 X 10~* and 3.0 x 10~3m for SiMeS and 3.75 % 10~* and
7.0x10-3m for SiPhS were used, at which concentrations equilibrium state could be detected quantita-
tively. Determination of Si liberated was carried out by diazo coupling method after the separation of
unhydrolyzed MSD passing through ion exchange resin column as in previous study.? Equilibrium state
was found to be attained in 8 hr at most. Apparent equilibrium constant for the 1st step, Kiapp, Was
calculated by Eq. 1, where subscript ¢ denotes that the concentration is the one at equilibrium.

Kipoo = (Si liberated)o(MeS or PhS), (1
P (Si MSD unhydrolyzed), :

(81 liberated)e and (Si MSD un.hydrolyzed)e can be estimated. by above method but MeS or PhS can not be
directly estimated because of the 2nd step hydrolysis. When equilibrium constant of the 2nd step
hydrolysis, K2app, is obtained as will be described, (MeS or PhS). can be estimated by Eq. 2.9

7) Unpublished data.
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Kaapp—a/ K3,,,+4(Si liberated)e Kaapp

(MeS or PhS), = (Si liberated). + 5

@)

On SiMeS, however, the correction for the 2nd step hydrolysis can be disregarded, because the value
Kaupp for MeS is reported to be very small, in the order of 10-¢, which will be discussed later.

Apparent Reversible Hydrolysis Rate and Equilibrium Constants for MeS and PhS To follow MeS
formation from Me and S, equal volumes of S and Me solutions, both of them have equal concentration of
1.2 X 10~2M, were mixed and the recording of UV spectral change at 280 my in 10 cm cell was started immedi-
ately. UV spectrum of Me disappears with the formation of MeS. The second order reaction rate of MeS
formation was calculated from the slope of 1/a(a—#) versus time £, where @ and x are absorbances at the
beginning and time ¢, The hydrolysis and equilibrium constants on MeS could not be obtained accurately
which will be dicussed later. -

On the other hand for the reaction of PhS=2Ph-+S, hydrolysis rate constant could be determined
from the recording of UV spectral change at 250 mu. PhS was taken in 1cm spectrophotometer cell
which was mounted on thermostatic cell holder and buffer solution was injected with syringe to dissolve
PhS. The recording was started immediately after the injection. Calculation of hydrolysis rate constant
was as that of SiMeS described above. The hydrolysis of PhS could be followed at lower concentration,
about 4x 10-5M, where the reverse reaction was found to be negligible. Apparent equilibrium constant
can not be calculated directly from spectral change because intact absorbance of PhS can not be deter-
mined owing to the rapid hydrolysis. Therefore estimation of equilibrium constant was carried out by
a special procedure as follows. Two: solutions were prepared, one of which contained a m Ph and b,
S and the other ¢ m Ph and b,M S, and these were attained to equilibrium state in a thermostat. The
decreases of absorbance at 250 mu from the sum of intact absorbances of Ph and S, which are represented
by AE, and AE, for two solutions respectively, are proportional to the concentration of PhS formed
at equilibrium. This relationship is represented as (PhS)e=adE;, and the coefficient a can be estimated
by Eq. 3.19

o= AE1AE(ba—b1)—~ AE1AEs{ AE1AEs(b2—b1)* —4a(Ad Es— AE1)(AE1bs— AEshb1)}
24E\AE(AEs— AEn)

Equilibrium constant calculated from « thus obtained was proved to be reproducible in another couple of
solutions equilibrated from different concentrations of Ph and S.

©))

Result and Discussion

To see the reaction pathway of successive hydrolysis equilibria, pH-plofile of logarithum
of fraction rates and equilibrium constants were obtained. Considering the ionizations of
hydrolytes and hydrolyzates which compose complexed equilibria, whole reaction system
can be represented as in Chart 1, which is for SiMeS. Essentially similar scheme can be written
for SiPhS. The explanations of rate and equi-

%ibrium constants used in Chart 1 are listed SiMeS- Dsives Si-MeS-
in Table II. »
. . ka ke k'h141k,f1

Hydrolysis of SiMeS it Mo~ = Si- 4 MeS- =25+ Mo-5-+ i

The 1st step hydrolysis of SiMeS could be > ; Jfk s {k,ﬂ
followed by UV spectral method. UV spectral h2‘§ i LR
change of SiMeS solution (5.0x10-5m) at pH Me 875 Met3
5.4 is shown in Fig. 1 as an example, which Chart 1

8) The definition of Kaapp=(Me or Ph)e(S)e/(MeS or PhS), can be rewritten as {(Si liberated)o— (MeS or
PhS)e}2/(MeS or PhS). because (Me or Ph)e=(S).=(Si liberated),— (MeS or PhS).. This relation gives
an equation quadratic with respect to (Me or Ph)e and the solution of which gives Eq. 2. :

9) a) A.E. Parkinson and E.C. Wagner, Ind. Anal. Chem., 6, 433 (1934); ©b) L.C. Schroeter, “Sulfur
Dioxide,” Pergamon Press, London, 1966, p. 198.

10) The constancy of Kaapp for the two solutions can be represented as
Kaapp = (Ph)e(S)e  _ (a—adEx)(br1—adE1) _ (a—adEs)bs—adEs) )
(PhS)e adE: adE;
From Eq. 4 an equation quadratic concerning to a is obtained, and one of the solution with respect
to a, which has—sign before root, is Eq. 3.
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TasLe II. Explanation of Rate and Dissociation Constant Noted in Scheme 1

Contstant Explantion

Rny 1st order hydrolysis rate of SiMeS— (or SiPhS-), min—?

k'nq 1st order hydrolysis rate constant of Si-MeS~ (or Si-Ph-), min-1

key 2nd order formation rate constant of SiMeS— (or SiPhS-) from MeS- (or PhS-)
and Si, M~ min-1!

Ry 2nd order formation rate constant of Si—-MeS— (or Si~Ph~S-) from MeS- (or PhS-) -
and Si~, m~1 min-1 ’

Fny 1st order hydrolysis rate constant of MeS— (or PhS-), min-1

By 1st order hydrolysis rate constant of Me~S— (or Ph—S-), min—1

Rty 2nd order formation rate constant of MeS- (or PhS-) from Me (or Ph) and S-,
M~! min—?!

AN 2nd order formation rate constant of Me~S— (or Ph~S-) from Me (or Ph), and S%-
M~ min-!

Dsimes dissociation constant of (H+) (Si—MeS-)/(SiMeS~)

Dsipns dissociation constant of (H+) (Si-PhS-)/(SiPhS— )

Ds; dissociation constant of sulfisoxazole, (H*)(Si~)/(Si), 2.50 x 10~3 10

Dyes secondary dissociation constant of (H+)(Me~S~)/(MeS-), 6.44 x 10~7 62

Dpss secondary dissociation constant of (H*) (Ph~S-)/(PhS-), 6.95 X 10-10 6

Ds secondary dissociation constant of (H*)(S*7)/(S™), 6.24x 108 )

i
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Fig. 1. UV Spectra of 5.0 X 10~°m SiMeS Solution Y
Changing with Time at pH 5.4 and 37° (1 cm cell) 3 5 7 9 11

pH

Fig. 2. The pH-profiles of log (Apparent
Reaction Rate or Equilibrium Constant)
Determind for SiMeS

Recording was started at indicated minutes after the dissolution.

holds isobestic point through the change and the spectrum obtained at 250 minutes lasted
unchanged thereafter. The pH-profile of logarithum of apparent rate constant of the 1st
step hydrolysis, log Ay, is shown in Fig. 2. The rate is pH-independent from 6 to 10.
Below pH 6 the reaction rate decreases, which may be explained by the undissociation of
sulfonamide group in acidic region. As was generally observed on MSD of various sulfonami-
«des,” Si—MeS— has hydrolysis rate constant higher than that of SiMeS-. The pH-independent
Tate constant can be considered as the rate constant for Si-MeS-, &y, refering to Dg (2.5 %
10-%).*Y  From this supposition, k,, can be estimated using following relation on the apparent
hydrolysis rate at any (H*), which is represented by (Rate)yqpp-

11) T. Struller, Drug Res., 12, 389 (1968).
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(Rate)niapp = kn1(SiMeS™)+ An1(Si~MeS™) = (SiMeS)wm{

Fo1(H*) 4+ R niDsiMes
] ®

Dsimes+ (H*)

In this equation (SiMeS),q.=(SiMeS~)-+(Si-MeS-), and the bracketted term is Ay,,, wWhich
can be experimentally determined. From values gy, determined at two different (HY),
unknown Ay, and Dgy.s (not equal to Dg; but probably not so far from it) can be estimated.
The rate constants thus estimated are listed in Table III. Value Dygy.s estimated is
1.79 % 1075, which is near to Dg as was supposed.

Apparent rate constant of SiMeS formation from Si and MeS, Z¢,,,, could not be directly
determined because the solubility of Siis very small and the formation of SiMeS was very small
in a definite time. Therefore, k;,,, was estimated from the apparent equilibrium constant,
Kiapps and Ry, assuming the following relationship.

Klapp —_ (Mes)e(sl)e _ khla,pp (6)

(S iMeSﬂ Retapp

Estimation of K,,,, was carried out as described in experimental section, but the correction
for the hydrolysis of MeS was disregarded because Kj,,,, for MeS has been reported to be in
the order of 10~ and the effect of the 2nd step hydrolysis could be supposed to be negligible.
The pH-profile of log ;,,,, for SiMeS calculated by equation 6 is also shown in Fig. 2 which
has a maximum at around pH 5. The increasing in acid side may be attributed to the
ionization of Si, which means that &’;, is larger than k;. That Si— has reactivity higher
than Si may be explained from the decrease of electron attracting activity of sulfonamide
group owing to ionization, which is in accord with the results in previous studies.»® The
decreasing of Rg,,, above pH b may be attributed to the secondary dissociation of MeS— to
Me~S-, 1.e. the latter has lower reactivity with amine, which is agreealbe to the fact that the
reaction of MeS on amine is electrophilic.!)

On the reactions of MeS = Me+S and related reactions a number of investigators have
reported,®® but accurate rate and equilibrium constants concerning with MeS are not re-
ported. Effort to obtain accurate value of K,,,, at various pH was attempted but failed.
The most sensitive method to follow these changes has been spectral method according to
literature. However, because of the low spectral absorbance of Me, at least 1.0 X10-2m is
necessary for spectral method using 10 cm cell. Above 1.0 X 10-3m, however, dimerization
of bisulfite ion and related complexity arise.?”> Probably because of these circumstances no
reproducible result was obtaind varying the concentrations of MeS or Me and S.

Rate constant of MeS formation from Me and S, &;,,,, could be determined by the re-
cording of UV spectral change after the mixing of Me and S solutions, which could be carried
out restrictively below pH 4. Above this pH the reaction was too fast to follow. The pH-
profile of log A5,,,, Which can be considered as a part of sigmoid curve specific to the change
due to dissociation, indicates that MeS formation rate, (Rate);s,,,, can be represented as;

(Rate)szapp = kra(Me)(S™) 4 A'r2(Me)(S2)

= (M| FA I FaDs

Ds+(H*) ™

The bracketted term is &;,,,, which can be experimentally determined and (S), = (S7)+(S*).
Using Dy value in literature, 6.24 1078 %) k., and %', were estimated from Z;,,,, determined
at two different (H*). In Fig. 2 the dotted line extended from the plots of experimental
result is based on the calculation by equation 7.

From these results and literature value for MeS? mentioned in the experimental section
it may be said that in the case of MSD substituted with CH; on methylene group the effect

of the 2nd step hydrolysis of MeS would not be a serious problem in the preparation of MSD
solution.
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Hydrolysis of SiPhS

The reaction pathway assumed for the hydrolysis of SiPhS is essentially the same as
that of SiMeS. The logarithum of the 1st step hydrolysis rate of SiPhS, log Ryiapy. is plotted
in Fig. 8. Determinations of reaction rate and equilibrium constants were restricted below
pH 8 because above this pH the 2nd hydrolysis equilibrium showed unexplanable result
which will be described below. As is seen in Fig. 3, &,,,,, is also pH-independent above
pH 5 and in acid region it decreases which may be explained by the unionization of sulfonamide
group in acid range as was so on SiMeS. Direct determination of %,,, could not be carried
out as was mentioned for SiMeS. K,,,, was calculated by equation 1 correcting the effect
due to hydrolysis of PhS using K,,,, determined as will be described. Contrarly to SiMeS,
the pH-profile of log K,,,,is almost pH-independent with slight deviation. The plots of log
Rg10pp Which were estimated by equation 6 have also a pattern different from that of SiMeS.
The decrease of &q,,, in acid range is not so evident as that of SiMeS, which indicates that
the difference between k;, and %'y, is small. The plots of log &,;, is almost pH-independent
from pH 4 to 6, and somewhat increase at higher pH. As Dypg (6.95x10710)80 is 10% times
smaller than D g (6.44x 10-7)%9), that &,,,, is not decreased from around pH 5 as is for SiMeS
is understandable. On the slight increase above pH 7 further study has not be done and un-
accountable from the result obtained. Dgpys estimated similarily to Dgpyes is 3.57X 1073,
which is also not so far from Dg; as was supposed.

8.0r. -
////kuapp
6.0- /// y 0.6
o . e S
E: 7 7 kn2
Sga 0 S .
g b=
g3 |7 V4 204
= E 2.0 s 8
2 , £
e [ A
é -g 0~ ({ flapp
£3 0.2
= khlapp
o2 7 K
a < lapp
,3 20r . /,A’
i ,’A’k2app | ! | ! |
110~A~:é—T—A 1 1 ! 1 ‘ . 230 250 270m/£
3 5 7 9 Fig. 4. UV Spectraof Solutions Equi-
pH librated in Ph+S=PhS at 37° (1 cm

’ 11
Fig. 3. The pH-profiles of log cell)
injtial concentrations

(Apparent Reaction Rate or Equi- 1: 7.92 x 10-5 Ph and 1.60x 10~ S
lxbrlqm Constant) Determined ‘ 9+ 7.92 % 10-5x Ph and 4.00 X 10-%1 S
for SiPhS 3:7.92 X 10-5m Ph and 1.60 x10-34' S

On the reaction of PhS=Ph+S, the result obtained approved the mechanism sug-
gested by Stewart, ef al.%» Fig. 4 shows some examples of UV spectral changes according to
the concentrations of Ph and S, which retain an isobestic point. Above pH 8 UV spectral
change showed a pattern different from that at lower pH and at higher alkaline condition
the solution was colored yellow. The plots of log Ry, obtained for PhS, which is shown
in Fig. 3, indicates that the apparent hydrolysis rate of PhS, (Rate)us.p,, can be represented
as:

(Rate)hzg,pp = khz(PhS_)—Fk’hz(Ph_S_)
kna(FI™)+ B'neDpns
= (PhS)tota
(PhS) 1{ Dpns+(H*) }

®
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Apparent equilibrium constant, K,,,,, determined is also shown in Fig. 3.  PhS formation
rate constant, Ry,,,,, Wwhich was too fast to follow, was calculated from Zy,,,, and K, assum-
ing the relation expressed by equation 6 and shown in Fig. 3. As the slope of log R¢gsp, Versus
pH is estimable to be 1, (Rate)ys,,, for PhS may be also represented in the form of equation 7.
From equation 7 and 8 &,,,, may be represented as follows.

(Ph)9<s)3 . kh2app

K a = =
2apP (Phs)e kuapp
_ {khZ(H+)+k,h2DPhS}{ Ds+(H*) } )
Dprs+(H") kea(H)+ K 12Ds
TasLi ITI. Rate Constants Obtained for SiMeS and SiPhS
1st step hydrolysis S 2nd step hydrolysis
Forward Reverse Forward Reverse
kny R'ny key Rty Rhg k'ny Ry Rty
(min-?) (M~ min-1) (min-?) (M~ min—1)
SiMeS 5.93x10-% 6.93x10-2 8.10x10 1.83x103 - - 1.44%x10 1.58x 108
SiPhS 5.65x 102 2.31x10- 2.19 8.50 8.57x 10" 4.59x10% 3.05x10% 7.48x107

The comparison of rate constants shown in Table IIT offers the following remarks on the
1st step hydrolysis. 1) Dissociation of sulfonamide group facilitates both of hydrolysis
and formation reaction, i.e. by <R’y and ky<E'n, which was explained above. 2) The
effect of dissociation of sulfonamide group is evident for SiMeS more than for SiPhS. 3)
Substitution of C4H, facilitates the hydrolysis evidently more than that of CHj does, 7.e. kn
or k', of SiMeS<k,, or E'y, of SiPhS, which may be explained by the resonance effect of
benzene ring as was pointed out in previous report.)) 4) Contrary to above, C¢Hj substi-
tution is not favorable for formation reaction comparing to CHj substitution, 1.6. ke or R'gy
of SiMeS >k, or k', of SiPhS. The resonance effect seems in this case to effect to lessen
the electrophilic activity of PhS on amine.

Following remarks are obtained for the 2nd step hydrolysis, which are in accordance with
the literature concerning with aldehydebisulfite addition compounds.®® 1) Doubly ionized
aldehydebisulfite addition compound is much labile comparing to mono valent ion as was
reported by Blackadder, ef al.%9 2) S?- is reactive with aldehyde more than S—. 3) CgHs
is reactive with sulfite ion more than CHj.
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