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The Kinetics of the Racemization of Oxazepam in Aqueous Solution
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The kinetics of racemization of oxazepam was examined by an high-performance liquid
chromatographic (HPLC) method modified for simultaneous determination of each enantiomer of
oxazepam and oxazepam acetate by using a chiral stationary phase in order to clarify the factors
affecting the racemization rate. The racemization of oxazepam is too fast to allow the isolation of
optically active oxazepam. Optically active oxazepam acetate, which was stable enough in
configuration to be isolated by HPLC, could be utilized to determine the racemization rate of
oxazepam as follows. In the strongly alkaline pH region, the hydrolysis rate of oxazepam acetate
was larger than the racemization rate of oxazepam, and more than 939 enantiomeric purity of
oxazepam in solution was obtained on hydrolysis of optically active oxazepam acetate at pH 14 and
0°C. The racemization rates of oxazepam were determined over the pH range from 0.5to 13.5ata
constant ionic strength of 0.5. The dependence of the racemization rates on the pH, ionic strength
and dielectric constant of the reaction mixture suggests that the racemization of oxazepam can be
ascribed to spontaneous reaction of neutral oxazepam species in the neutral pH region and to
hydroxide ion-catalyzed reaction of neutral oxazepam or to spontaneous reaction of dissociated
oxazepam species in the basic pH region.

Keywords——racemization; kinetics; oxazepam; chiral stationary phase; optically active
oxazepam acetate

Introduction

Many drug products containing an optically active drug are on the market. It is well
known that the enantiomers of a certain drug often differ from each other in biological
activities. Therefore it is very important to clarify the kinetics of epimerization and
racemization of optically active drugs in order to certify the safety and effectiveness of drug
preparations containing optically active drugs.

Oxazepam (7-chloro-1,3-dihydro-3-hydroxy-5-phenyl-ZH-1,4—benzodiazepin—2—one) is a
sedative, which has been used as a racemate. To our knowledge, the kinetics of racemization
of oxazepam have not yet been followed successfully. Sunji¢ et al. have attempted to isolate
optically active oxazepam by diastereomeric esterification of oxazepam with camphanic acid,
followed by hydrolysis of optically active oxazepam camphanate. They failed because rapid
racemization occurred during the hydrolysis."” On the other hand, epimerization of 1-a-(S)-
phenylethyl oxazepam, which could be resolved by silica gel column chromatography because
of its relatively slow epimerization, was examined kinetically.?

Isolation of optically active esters of oxazepam has been reported, for oxazepam
camphanate" and oxazepam hemisuccinate.® These reports suggest that the configuration of
~ the chiral center of oxazepam in the form of oxazepam ester is stable enough to allow the
isolation of optically active oxazepam ester. Thus, we considered that optically active
oxazepam acetate, for example, may be easily isolated and utilized to study the racemization
of oxazepam by simultaneous determination of each enantiomer of oxazepam acetate and
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oxazepam during the hydrolysis of optically active oxazepam acetate.

Pirkle and Tsipouras have reported enantiomeric separation of oxazepam and oxazepam
acetate by high-performance liquid chromatography (HPLC) on a chiral stationary phase.*
Their HPLC method seems to be applicable for simultaneous determination of each
enantiomer of oxazepam and oxazepam acetate with some modifications.

In the present paper the factors affecting the hydrolysis rate of oxazepam acetate and the
racemization rate of oxazepam were examined to establish conditions where optically active
‘oxazepam acetate is hydrolyzed to optically active oxazepam completely without racemi-
zation of oxazepam. The kinetics of racemization of oxazepam was studied by using optically
active oxazepam obtained under the established conditions, and the effects of pH, isopropanol
concentration and ionic strength on the racemization rate of oxazepam were clarified.

Experimental

Materials——Oxazepam was kindly supplied by Banyu Pharmaceutical Co., Ltd., Tokyo, Japan. Oxazepam
acetate was prepared from oxazepam and acetyl chloride with pyridine as a catalyst.® Oxazepam acetate was
resolved semi-preparatively by HPLC on a chiral stationary phase. The optically active oxazepam acetate was stable
in isopropanol solution for more than one month at 25°C. All other chemicals were of reagent grade.

HPLC——Simultaneous determination of each enantiomer of oxazepam acetate and oxazepam was carried out
by HPLC using a chiral stationary phase. The chromatographic system consisted of a model 655 solvent delivery
system equipped with a model 655—11 detector operating at 254nm (Hitachi Co., Ltd., Tokyo, Japan). A chiral
stationary phase column was purchased (Sumipax OA-2000, 25cm x 4 mm, Sumika Chemical Analysis Service Ltd.,
Osaka, Japan), and eluted with hexane-CH,Cl,-isopropanol-ethano! (10:10:1:3) for the determination of each
enantiomer of oxazepam and oxazepam acetate, or with hexane—-CH,Cl,~isopropanol (20:20:3) for the semi-
preparative resolution of oxazepam acetate (flow rate: 1.0 ml/min).

Kinetic Study——For kinetic studies, the following aqueous buffer solutions were used: pH <2, hydrochloric
acid-potassium chloride; pH 2.4, citrate (0.09—0.18 M); pH 4.4, acetate (0.1—0.2 M); pH 6—7, 11.5—12, phosphate
(0.05—0.1m); pH 8—10, borate (0.12—0.24m); pH 11, carbonate (0.08—0.15m); pH > 12, sodium hydroxide. The
ionic strength of the solution was adjusted to 0.5 by adding potassium chloride, unless otherwise stated.

Hydrolysis of oxazepam acetate was examined at 40 °C (pH 2—10) or 0°C (pH 0.5, pH > 11). One milliliter of
the optically active oxazepam acetate solution was added to 10ml (pH 2—10) or 17ml (pH 0.5, pH > 11) of buffer
solution pre-equilibrated at 40 or 0 °C. One milliliter of the reaction mixture was withdrawn at appropriate intervals
and added to 10ml of the ice-cold mobile phase solvent for HPLC (containing SmM nitrazepam as an internal
standard) and the mixture was vigorously shaken. The organic layer was injected into the chromatograph within
3min after sampling to avoid the racemization of oxazepam in the extraction solvent.

Racemization of oxazepam was studied at 0°C (pH >2.4) or 20°C (pH <2.4). One milliliter of the optically
active oxazepam acetate solution was added to 1 ml of ice-cold 1M NaOH and the solution was kept for 30 min at
0°C, then 1 ml of ice-cold 1 M HCl was added to neutralize the excess alkali. The enantiomeric purity of oxazepam in
the resulting solution was more than 93%. To the optically active oxazepam solution was added 15ml of buffer
solution of appropriate pH, and d- and J-oxazepam were assayed as described above.

Results

Hydrolysis of Oxazepam Acetate at Various pHs

Figure 1 shows typical high-performance liquid chromatograms of /-oxazepam acetate
solution, indicating that enantiomers of oxazepam and oxazepam acetate were successfully
separated from one another.

Figure 2 shows the time course of hydrolysis of /-oxazepam acetate at pH 10 and 40 °C. /-
Oxazepam acetate was hydrolyzed to oxazepam and formed equal amounts of d- and /-
oxazepam. A small amount of d-oxazepam acetate was detected, indicating that racemization
of oxazepam acetate took place. Oxazepam acetate was hydrolyzed to oxazepam according to
pseudo first-order reaction kinetics in the pH range studied. In the pH range from 2 to 10,
oxazepam was formed as a racemate from optically active oxazepam acetate, which reveals
that the racemization rate of oxazepam is much larger than the hydrolysis rate of oxazepam
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Fig. 1. Chromatograms of the Reaction Mix-
ture of /-Oxazepam Acetate Immediately (a)
and 40 min (b) after Dissolution at pH 10 and
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Fig. 2. Hydrolysis of /-Oxazepam Acetate (Hl) Fig. 3. Hydrolysis of d-Oxazepam Acetate ([1])

and Formation of d-Oxazepam Acetate ([7]), /-

Oxazepam (@) and d-Oxazepam (Q) at pH 10
and 40°C

Solid lines represent regression lines according to
Chart 2. Rate constants estimated to be 0.00346

and /-Oxazepam Acetate (lll) and Formation
of d-Oxazepam (Q) and /-Oxazepam (@) at
pH 13 and 0°C

Solid lines represent regression lines according to
Chart 2. Rate constants estimated to be 0.0037 min ™!
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acetate. The racemization of oxazepam acetate per se was observed in the pH range from 8 to
10. '

Figure 3 shows the time course of hydrolysis of d-oxazepam acetate at pH 13, where
hydrolysis of oxazepam acetate was carried out at 0 °C because the hydrolysis was rapid. At
this pH, d-oxazepam acetate was hydrolyzed to d-oxazepam, which inverted to /-oxazepam
successively. The hydrolysis rate of oxazepam acetate was larger than the racemization rate of
oxazepam. This suggests that when optically active oxazepam acetate is hydrolyzed com-
pletely to optically active oxazepam under strongly alkaline conditions, the oxazepam
solution may be of high enantiomeric purity, and that the racemization of oxazepam at an

appropriate pH and temperature can be followed by using this optically active oxazepam
solution.
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Fig. 4. Racemization of /-Oxazepam (@) and
d-Oxazepam (Q) at pH 12 and 0°C

Solid lines represent regression lines according to
Chart 1. Rate constants were estimated to be 0.0108
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Fig. 5. The pH-Rate Profiles for Racemization (;I 5 & H
of Oxazepam (Q) and Hydrolysis of Oxaze- 6
pam Acetate (@)
Curves A and B represent regression lines according
to Eq. 2. Rate constants were estimated to be 0.00161 .
min~! and 2.69 x 10~ mol~2 > min~" for k, and k,, Fig. 6. Structures of Oxazepam and Its Acetate
respectively, at 0°C and 0.0438 min ! for k, at 20°C. R =H, oxazepam; R =CH;CO, oxazepam acetate.

Curve C represents the linear relationship between «: Chiral center.
logk and pH with a slope of +1.

AtpH 0.5, d-oxazepafn acetate was hydrolyzed to oxazepam rapidly. The concentration
of d-oxazepam, however, was slightly larger than that of /-oxazepam.

Racemization of Oxazepam

Figure 4 shows the typical time course of racemization of oxazepam. A reversible
racemization was found to occur between d- and /-oxazepam, as represented in Chart 1.
where k. and k _ . are the racemization rate constant from d- to /-oxazepam and that from /-
to d-oxazepam, respectively. The experimental data shown in Fig. 4 were fitted to Chart 1 by
nonlinear regression analysis (MULTI®) and excellent fits between the experimental data and
the theoretical values were observed. General acid-base catalysis was not observed in the pH
range studied.

The pH-rate profile of apparent first-order rate constant of oxazepam racemization (k,,.)
and that of oxazepam acetate hydrolysis (k) are shown in Fig. 5. The racemization rate
observed increased with increasing pH above pH 10. It became constant at pH higher than 13,
indicating that the dissociation of oxazepam reduced the racemization rate. In the neutral
region the racemization rate was independant of pH. In the acidic region, the racemization
rate was determined at 20°C because the racemization was slow. The racemization rate
decreased with decreasing pH, indicating that the protonation of oxazepam reduced the
racemization rate.

In the pH range studied, oxazepam exists in three different forms: as the protonated
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species, the neutral form and the deprotonated species reported by Barrett et al.” They
suggested that sites of protonation and deprotonation are the position 4 nitrogen and the
hydroxyl group, respectively (see Fig. 6). The apparent dissociation constants of oxazepam at
0 and 20 °C were determined to be 1.7 and 11.5 at 20 °C and 2.1 and 11.6 at 0 °C, respectively,
by the spectrophotometric method of Barrett ef al.” These values agree with the reported
values.”’ The rate constant of racemization can be expressed by the following equation

Knne = (kS +RETH DS + ko +eulH*]
+koulOH DS +(ks +k5OH DS M

where kjf and k, refer to the proton-catalyzed racemization of protonated and neutral
oxazepam species, respectively, kg, k, and k, refer to the spontaneous racemization of
protonated, neutral and dissociated oxazepam species, respectively, and ko and kgy refer to
the hydroxide ion-catalyzed racemization of neutral and dissociated oxazepam species,
respectively. The f*, f and f~ are mole fractions of protonated, neutral and dissociated
oxazepam species, respectively. The respective mole fractions can be described in terms of the
proton activity and the dissociation constants of oxazepam, K,, and X,,, and thus Eq. 1 can
be rewritten as follows

1
((H*)*+[H"]K,, +K,,K,;)

{k.t[ﬂ*]uk.[ﬂ*]’

I'IC=
1
+koK,,[H*] +k2+k5HK_,K,,me @)

where
ki =k¢ +kuK,,
ky=kouK, Kw+ko K,y K,z
Ky, autoprotolysis constant of water.
Rate constants kj, koy, ko, k, and k, were estimated by using a nonlinear curve-fitting

program. The estimated values were 1.61 x 1072 min~* and 2.69 x 10~ mol ~2I> min ! for k,
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Fig. 7. Semilogarithmic Plots of k,,. (Q) and Fig. 8. Semilogarithmic Plots of k., (O) and
k - rac (@) as a Function of the Square Root of k_... (@) as a Function of the Reciprocal of
Ionic Strength (\/u) for Racemization of Dielectric Constant (1/D) for Racemization of
Oxazepam at pH 13 and 0°C Oxazepam at pH 13.5 and 0°C
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and k, at 0°C, respectively, and 0.0438 min ! for k, at 20 °C. Values of k;}, k, and kg, were
found to be much smaller than those of k, and k, and could be taken as zero for our purposes.
The experimental data fitted well the calculated values as shown in Fig. 5.

In order to obtain information on the reacting species in the basic region, the effects of
ionic strength and dielectric constant on the racemization rate were studied.

The effects of ionic strength of the reaction mixture on the racemization rate were studied
at pH 13 and 0 °C. The ionic strength was varied from 0.25 to 1.0 by the addition of potassium
chloride. As shown in Fig. 7, a linear relationship with a slope of almost zero was observed
between the logarithm of k,,. or k _,,. and the square root of ionic strength (\/7), suggesting
the absence of charge on one reactant at least.®

The effects of the dielectric constant of the reaction mixture on the racemization rate were
studied by changing the isopropanol concentration at pH 13.5. The dielectric constant was
calculated from the data reported by Akerl6f.? As shown in F ig. 8, a linear relationship with a
negative slope was observed in the plots of the logarithm of k. and k_,,. against the
reciprocal of the dielectric constant of the medium, suggesting that the racemization of
oxazepam is a reaction between a negatively charged ion and a neutral molecule with a dipole
moment.!?

Discussion

As shown in Fig. la, oxazepam acetate can be successfully isolated by HPLC using the
chiral stationary phase, and optically active oxazepam acetate obtained is stable in isopro-
panol solution. Figure 1b shows that the concentrations of the enantiomers of oxazepam
acetate and oxazepam can be determined simultaneously by HPLC as described in this paper
and suggests that the hydrolysis rate of optically active oxazepam acetate and the racemi-
zation rate of oxazepam can be determined simultaneously.

At pH above 11, the difference between the hydrolysis rate of oxazepam acetate and the
racemization rate of oxazepam is small enough to determine each rate simultaneously. The
reaction of optically active oxazepam acetate in this pH range is represented by Chart 2 (see
also Fig. 6). :

kl
d-OxAc —=, |-OxAc

kl"l'lc .
khyd k;lyd
d-0x _Fue pox
‘;_‘— Chart 2

The experimental data shown in Fig. 3 were fitted to the model represented in Chart 2 by
nonlinear regression analysis. Rate equations were integrated numerically by the Runge-
Kutta-Gill method'" and the rate constants k’,,., k4 and k,,, were assumed to be equal to
k cacs knya and k_ ., respectively. The estimated value for k,,. was 0.0123 min~! and agreed
with the racemization rate constant observed at pH 13, which was determined separately by
using optically active oxazepam.

In the pH range below 10, the racemization rate of oxazepam was much larger than the
hydrolysis rate of oxazepam acetate, so that simultaneous determination of the racemization
rate of oxazepam and the hydrolysis rate of oxazepam acetate is' impossible without
application of rapid analytical methods (Fig. 2). However, at pH 14, complete hydrolysis of
oxazepam acetate without racemization of oxazepam was observed, and a solution containing
more than 939 of oxazepam enantiomer can be obtained. This can be interpreted in terms of
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the different pH dependencies of the hydrolysis rate and the racemization rate (Fig. 5). By
adding buffer solution to the optically active oxazepam obtained, the racemization rate of
oxazepam at an appropriate pH could be determined easily, as shown in Fig. 4.

At pH 0.5, where slow racemization of oxazepam was observed, low enantiomeric purity
of oxazepam was observed on the hydrolysis of d-oxazepam acetate, and at this pH the
hydrolysis of oxazepam acetate is not represented by Chart 2. This may be interpreted in
terms of an SN1-type mechanism, which includes intramolecular proton transfer from the
N(4) atom to the ester carbonyl group, leading to a flat boat conformation, as suggested in the
case of oxazepam hemisuccinate.!? Further experimental work, however, will be needed to
clarify the mechanism, and will be the subject of a future paper.

The pH dependence of the racemization rate (Fig. 5) suggests that the hydroxide ion-
catalyzed racemization of dissociated oxazepam species does not occur in the pH range
studied. It may be ascribed to the inhibition of the attack of hydroxide ion by the negative
charge present near the reaction center. The effects of ionic strength and dielectric constant on
the racemization rate (Figs. 7 and 8) support this speculation. The racemization of oxazepam
can be regarded as the spontaneous reaction of neutral oxazepam species in the neutral pH
region and the hydroxide ion-catalyzed reaction of neutral oxazepam species or the
spontaneous reaction of deprotonated oxazepam species in the basic pH region.

The kinetic data described above suggest rapid racemization of oxazepam in the body,
and it is unlikely that orally administrered dosage forms of optically active oxazepam are
more effective than those of racemic forms. Hydroxide ion was found to be one of the
significant factors affecting the racemization rate of oxazepam, and it should be noted that
base-catalyzed racemization or epimerization of various optically active drugs could be
accelerated by some drug additives. ,

- References

1) V. Sunji¢, F. Kajfez, D. Kolbah and N. Blazevi¢, Croat. Chem. Acta, 43, 205 (1971).

2) V. Sunji¢, M. Oklobdzija, A. Lisini, A. Sega, F. Kajfez, D. Srzi¢ and L. Klasinc, Tetrahedron, 35, 2531 (1979).
3) J. Giancarlo, M. Francesco, R. Giovanni and M. Luigi, Ger. Patent 2016810 [Chem. Abstr., 74, 22902 (1971)].
4) W. H. Pirkle and A. Tsipouras, J. Chromatogr., 291, 291 (1984). '

5) M. Maksay, Zs. Tegyey and L. Otvos, J. Med. Chem., 22, 1443 (1979).

6) K. Yamaoka, Y. Tanigawara, T. Nakagawa and T. Uno, J. Pharmacobio-Dyn., 4, 879 (1981).

7) J. Barrett, W. F. Smyth and 1. E. Davidson, J. Pharm. Phamacol., 25, 387 (1973).

8) A.N. Martin, J. Swarbick and A. Cammarata, ‘‘Physical Pharmacy,” Lea & Febiger, Philadelphia, Pa., 1969, p.

380, 381.

9) G. Akerlof, J. Am. Chem. Soc., 54, 4125 (1932).
10) T. Yamana (ed.), “Iyakuhin Hannousokudoron,” Nankodo, Tokyo, 1982, p. 75.
11) Z. Tanaka and K. Yamaoka, ‘“‘Kagakusha No Tameno Maikongaido,” Nankodo, Tokyo, 1981, p. 148.
12) V. Sunjié, A. Lisini, T. Kova¢, B. Belin, F. Kajfez and L. Klansinc, Croat. Chem. Acta, 49, 505 (1977).

NII-Electronic Library Service





