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Abstract 0 Enantiomers of oxazepam and of 3-O-acy1, 1-N- 
acyl-3-Oacy1, and 3-OmethylI ether derivatives of oxazepam were 
resolved on HPLC columns packed with Pirkle's chiral stationary phases 
[CSP; (R)-N-(3,5-dinitrobenzoyl)phenylglycine or (S)-N(3,5-dinitroben- 
zoyl)leucine] banded either ionically or covalently to spherical particles of 
yaminopropyls8ilanized silica, and on a column packed with poly- 
Nacryloyl-(9-phenylalanine ethyl ester bonded covalently to silica gel 
(Chiraspher). Flesolution was achieved, with several mobile phases of 
different solvent compositions ,and with varying chromatographic reso- 
lutions, on all of the chiral stationary phases tested. Resolved enanti- 
omers of oxazepam undergo racemization, whereas enantiomers of 
3-Oacyl and 3-Omethyl derivatives are stable. Racemization half-lives 
of oxazepam enantiomers were determined by monitoring changes in 
ellipticity as a function of time on a spectropolarimeter immediately 
(within 30 s) flollowing resolution of enantiomers and were found to 
substantially vary, depending on the solvents used. Rates of hydrolysis 
of racemic and enantiomeric 3-Oacyl-oxazepams by esterases in liver 
microsomes and brain homogenate of rats were determined by a simple 
and sensitive CSP-HPLC method. The relative rate of hydrolysis was 3R 
> racemate >:> 35 by rat liver microsomes and 35 > racemate >> 3R 
by rat brain hoimogenate. 

Oxazepam is among the therapeutically used 1,4-benzo- 
diazepines that have a hydroxyl group at the asymmetric C3 
carbon. Oxazepam is an active metabolite of diazepam, which 
is one of the most frequently prescribed drugs1 for the 
treatment of anxiety and insomnia and as an adjuvant for 
anesthesia.2 3-0-acyl and 3-0-methyl derivatives of ox- 
azepam are also pharmacologically active, with activities 
comparable to  that of oxazepam in several animal tests.3 
(+ IEnantiomers of benzodiazepines containing asymmetric 
carbons at C3 have been found to possess higher potency in 
displacing ['Hldiazepani binding than the respective 
(- Ienantiomer in synaptosomal preparations from rat cere- 
bral cortex.4 

Maksay et al.5 reported that esterases in liver and brain 
homogenates of mice have opposite stereoselectivity; es- 
terases in liver homogenate preferentially hydrolyze (-I=- 

oxazepam acetate, whereas esterases in brain homogenate 
preferentially hydrolyze (+ )3S-oxazepam acetate. Oxazepam 
acetate, when administered intraperitoneally to mice, pro- 
vides a higher brain:blood concentration ratio of oxazepam 
than the underivatized oxazepam.6 It was proposed that, on 
the basis of the brain:blood concentration ratio of oxazepam 
following intraperitoneal administration of oxazepam acetate 
to mice, hydrolysis precedes brain penetration.6 

Enantiomers of oxazepam were first resolved on a poly- 
N-acryloyl-(S)-phenylalanine ethyl ester coated onto silica 
gel;7 a covalently bonded versions is recently available 
commercially (Chiraspher). Enantiomers of 3-0-acyl- 
oxazepam were partially separated by an ultrafiltration 
method, making use of differential stereoselective binding 
activities of enantiomers to  human serum albumin.9 Enan- 
tiomers of 3-0-acyl-oxazepam were also separated on im- 
mobilized human serum albumin.10.11 Enantiomers of 3- 
0-acyl-oxazepam and of 3-0-methyl-oxazepam have been 
more efficiently resolved on chiral stationary phase (CSP) 
columns with covalently bonded (R)-N-(3,5-dinitroben- 
zoy1)phenylglycine and (S)-N-(3,5-dinitrobenzoyl)leucine; 
ionic columns afford similar results but with lower sepa- 
rability factors.12 

It is known that enantiomers of oxazepam undergo racem- 
ization in aqueous medium.7~3 Equilibrium with an open 
aldehyde form was proposed to be the mechanism responsible 
for racemization.14J5 However, kinetics of racemization and 
possible ways to stabilize the enantiomers from racemization 
have heretofore not been reported. 

This paper reports CSP-HPLC resolution of enantiomers of 
oxazepam (3-O-acyl-oxazepam, l-N-acyl-3-O-acyl-oxazepam, 
and 3-0-methyl-oxazepam) with several mobile phases of 
different solvent compositions. Half-lives of racemization of 
oxazepam enantiomers in several solvents were determined. 
Rates of hydrolysis of racemic and enantiomeric 3-0-acyl- 
oxazepams by liver microsomes and brain homogenate of rats 
were studied by a simple and sensitive CSP-HPLC method. 
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Experimental Section 
Materials-Oxazepam (7-chloro-l,3-dihydro-3-hydroxy-5-phenyl- 

W-1,4-benzodiazepin-2-one) was generously provided by Dr. Yvon 
Lefebvre of Wyeth-Ayerst Research (Princeton, NJ). The molar 
extinction coefficient of oxazepam (in methanol) was determined to  be 
34160 cm-l M-' at 230 nm. 3-0-Acyl-oxazepam (oxazepam 3-acetate) 
and 1-N-acyl-3-0-acyl-oxazepam (oxazepam 1,3-diacetate) were pre- 
pared by reaction of oxazepam with acetic anhydride in pyridine 
overnight a t  room temperature, followed by normal-phase HPLC 
separation (see below). Molar extinction coefficients of oxazepam 
3-acetate and oxazepam 1,3-diacetate, which have UV absorption 
spectra closely similar to that of oxazepam, are assumed to  be the 
same as that of oxazepam. 3-0-Methyloxazepam was converted from 
oxazepam 3-acetate in methanol containing 3.4 M HCl a t  50 "C for 40 
min, followed by normal-phase HPLC purification. 

Liver microsomes and brain homogenate were prepared from livers 
of male Sprague-Dawley rats weighing 80-100 g. Liver microsomes 
and brain homogenate contained 20.6 and 104.5 mg proteidg tissue, 
respectively. Protein contents were determined by the method of 
Lowry et  al.,l6 with bovine serum albumin as the protein standard. 

High-Performance Liquid Chromatography-The HPLC was 
performed using a Waters Associates (Milford, MA) liquid chromato- 
graph consisting of a model 6000A solvent delivery system, a model 
M45 solvent delivery system, a model 660 solvent programmer, and 
a Kratos Analytical Instruments (Ramsey, NJ) model Spectraflow 
757 UV-VIS variable wavelength detector. Samples were injected via 
a Valco model N60 loop injector (Valco Instruments, Houston, TX). 
Retention times and area under chromatographic peaks were deter- 
mined with a Hewlett-Packard model 3390A integrator. 

Normal-Phase High-Performance Liquid Chromatography- 
Normal-phase HPLC was carried out on a Zorbax SIL column (9.4 mm 
i.d. x 25 cm, Dupont). The eluant (2.5 or 3 mLimin) used for 
separation of oxazepam acetates was hexane:ethanol:acetonitrile 
(93:4.67:2.33, viv). Purified oxazepam acetates (racemic as well as 
enantiomeric) are more stable when the solvents are evaporated and 
stored at 4 "C. 

C h i d  Stationary-Phase High-Performance Liquid Chromatogra- 
phy-Chiral stationary-phase enantiomeric resolutions of oxazepam 
and its 1-N- (and/or) 3-0-acyl and 0-methyl derivatives were 
achieved on CSP columns (4.6 and 10 mm i.d. X 25 cm, Regis 
Chemical, Morton Grove, IL) packed with spherical particles (5 pm 
diameter) of yaminopropylsilanized silica to which either (S)- 
N-(3,5-dinitrobenzoyl)leucine (S-DNBL) or (R)-N-(3,5-dinitroben- 
zoy1)phenylglycine (R-DNBPG) was bonded ionically (I) or covalently 
(C). A column (4 mm i.d. x 25 cm) packed with poly-N- 
acryloyl-(S)-phenylalanine ethyl ester bonded covalently to silica gel 
(ChiraspherY was purchased from Bodman Chemicals (Stone Moun- 
tain, GA). Several mobile phases were used. Eluants EA5, EA7, 
EA10, EA15, and EA20 are 5,7,10,15, and 20% ethano1:acetonitrile 
(2:1, viv) in hexane, respectively; eluant P10 is hexane:2-propanol 
(9:1, vlv); eluant D17EA3 is hexane:dioxane:ethanol:acetonitrile 
(80:17:2:1, viv); and eluant D17P3 is hexane:dioxane:2-propanol 
(80:17:3, v/v). 

Kinetics of Racemization-Within 30 s of separation by CSP- 
HPLC, changes of ellipticity (Am) of an enantiomeric oxazepam (1 to 
2 A,,dmL) were recorded a t  255 nm (peak of a Cotton effect) as a 
function of time. The half-life of racemization (tl,J was determined by 
plotting log (Am) versus time. Racemization of enantiomeric ox- 
azepams in all solvents tested follows first-order kinetics. Hence, the 
rate constant (k) of racemization is 0.693/t1,,. The solvents used for 
determining tl,2 are the mobile phases used in CSP-HPLC (see above). 

Enzymatic Hydrolysis of Racemic and Enantiomeric Oxazepam 
3-acetatesRacemic or enantiomeric oxazepam 3-acetates (29, 58, 
146, or 292 nmol dissolved in 25-50 WL of methanol 5 to 10 min before 
use) were incubated with rat liver microsomes or brain homogenate 
in a 1-mL incubation mixture containing 250 mmol of Tris-HC1 (pH 
7.5) and 2.67 to 24.8 mg tissue equivalent of rat liver microsomes (or 
brain homogenate). The reaction mixture was pre-incubated at  37 "C 
for 2 min in  a water shaker bath before the addition of oxazepam 
3-acetate. At the end of the incubation period (5 to 30 rnin), the 
reaction was stopped by the addition of 1 mL of acetone. Oxazepam 
3-acetate and its hydrolysis product (oxazepam) were extracted by the 
addition of 3 mL of chloroform. Extraction efficiency was higher 
(298%) using chloroform than using ethyl acetate or ethyl ether. The 
organic phase was evaporated to dryness under a stream of nitrogen 

in a 50 "C water bath. The residue was redissolved in 25-100 pL of 
hexane:ethanol:acetonitrile (80:13.34:6.66, v/v) for CSP-HPLC anal- 
ysis on a covalently bonded S-DNBL column. Hydrolysis of oxazepam 
1,3-diacetate was not studied. 

Spectral Analysis-Mass spectral analysis was performed on a 
Finnigan model 4000 gas chromatograph-mass spectrometer-data 
system with a solid probe by electron impact or chemical ionization, 
with methane as the ionization gas, a t  70 eV and 250°C ionizer 
temperature. Ultraviolet-visible absorption spectra of samples were 
determined using a 1-cm path length quartz cuvette with a Varian 
model Cary 118C spectrophotometer. The CD spectra of samples in a 
quartz cell of 1-cm path length a t  room temperature were measured 
using a Jasco model 500A spectropolarimeter equipped with a model 
DP500 data processor. The concentration ofthe sample is indicated by 
A,$mL (absorbance units at wavelength A2 per milliliter of solvent). 
The CD spectra are expressed by ellipticity (aA1/AA2, in millidegrees) 
for solutions that have an absorbance of AAz unit per milliliter of 
solvent a t  wavelength A2 (usually the wavelength of maximal 
absorption). Under the conditions of measurements indicated above, 
the molecular ellipticity ([&, in degcm2.dmol ') and ellipticity 
(@AliAAz, in millidegrees) are related to the molar extinction coeffi- 
cient (eAZ, in cm-' M-') as follows: 

and 

where C is the concentration of sample (in moliL). 
It is apparent from the above equations that molar ellipticity of an 

enantiomer (or diastereomer) must be reported along with its molar 
extinction coefficient. Unfortunately, molar ellipticities of enanti- 
omersidiastereomers are quite often reported in the literature with- 
out the molar extinction coefficients. 

Results and Discussion 
Acetylation of oxazepam in pyridine with acetic anhydride 

produced a 3-0-acyl-oxazepam (M' + 1 at mlz 329, CI) and a 
1,3-diacetate (l-N-acyl-3-O-acyl-oxazepam, M + + 1 at mlz 
371, CI), in addition to two minor products (see Figure 1 for 
normal-phase HPLC separation). Identities of two minor 
products have not been characterized. 3-0-Methyl-oxazepam 
(M+ + 1 at mlz 301, CI) is converted from oxazepam 3-acetate 
in HC1:methanol; the retention time on normal-phase HPLC 
is shown in Figure 1. Oxazepam 3-acetate slowly undergoes 

.Ton 
,' 
I .. A 

LA&. I I I I I I '1 1-1- 
10 20 30 

RETENTION TIME ( rnin ) 
Figure 1-Normal-phase HPLC separation of acyl derivatives of ox- 
azepam. The column used was DuPont Zorbax SIL (9.4 mm i.d. x 25 
cm), and the eluant was ethano1:acetonitrile:hexane (1 0 5 8 5 ,  vol ratio) 
at a rate of 2.5 mUmin. The retention time of oxazepam 3-Omethyl ether 
is indicated by an arrow at 23.5 rnin. Chromatographic peaks that eluted 
between 1,9diacetate and 3-acetate have not been characterized. 
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Table I-CSP-HPLC Resolution of Enantiomers of Oxazepam and Its 1-N (andlor) 3-OAcyl and 3-OMethyl Derivatives 
-- 

Retention Time, mina 
Chemical CSPb EluantC - ad %d 

El E2 

Oxazepam R-DNBPG-I EA7 

R-DNBPG-C EA7 
P10 
P10 
D17EA3 
D17P3 

SDNBL-I EA7 

SDNBL-C EA5 
EA7 
EAlO 
EA15' 
E l0  
P10 
P10 
D17EA3 
D17P3 

Oxazepam 3-acetate 

Chiraspher 

R-DNBPG-I 

R-DNBPG-C 

S-DNBL-I 

SDNBL-C 

Chiraspher 

Oxazepam 1,3-diacetate FI-DNBPG-I 

R-DNBPG-C 

S-DNBL-I 

SDNBL-C 

Chiraspher 

Oxazepam 3-0-methyl R-DNBPG-I 

R-DNBPG-C 

EA7 
D17EA3 
D17P3 

EA7 

EA7 
P10 
P10 
D17EA3 
D17P3 

EA7 

€A7 
EAl5' 
P10 
P10 
D17EA3 
D17P3 

EA7 
D l  7EA3 
D17P3 

EA7 

EA7 
P10 
D17EA3 
D17P3 

EA7 

EA7 
€A1 5' 
P10 
D17EA3 
D17P3 

EA7 
D17EA3 
D17P3 

EA7 

EA7 
P10 
P10 
D17EA3 
D17P3 

68.9 (R) 

29.2 (R) 
60.8 (R)  

24.2 (R) 
(R)  

34.7 (R)  

42.4 (S) 

39.6 (S) 
27.1 (S)  
15.5 (S) 
31.2 (S) 
20.5 (S) 
47.5 (s) 

(S) 
19.3 (S)  
31.5 (S) 

34.8 (S) 

23.8 (S) 

16.7 (R) 

17.2 (R) 
20.3 (R)  

20.0 (S) 

(R)  
9.9 (R)  

13.5 (R )  

12.2 (s) 
11.1 (S) 
17.6 (S) 
14.0 (S) 

(S) 
8.1 (S) 

11.7 (S) 

15.9 (S) 
10.0 (s) 
11.5 (S)  

16.5 (R)  

16.1 (R)  
18.8 (R)  
8.8 (R) 

13.2 (R)  

12.3 (S) 

10.6 (S)  
17.2 (S)  
12.7 (S) 
8.2 (s) 

11.6 (S) 

15.7 (S) 

11.6 (S) 

27.6 (R) 

10.0 (S) 

21.4 (R)  

(R)  

37.5 ( f?)  

41.6 (R) 

24.0 (R)  

70.8 (S) 

32.6 (S) 
73.4 (S) 

(S) 
27.2 (S) 
39.8 (S) 

42.9 (R) 

45.4 (R )  
30.8 (R)  
17.2 (R )  
36.0 (R)  
23.5 (R)  
55.9 (R) 

(R) 
21.9 (R)  
35.8 (R)  

37.0 (H) 
22.5 (R)  
27.5 (R) 

18.0 (S) 

19.6 (S) 
25.7 (S) 

( s )  
11.4 (S) 
16.1 (S) 

12.6 (R)  

14.1 (R) 
21.6 (R)  
20.3 (R)  

10.4 (R )  
16.2 (R )  

16.8 (R)  

13.1 (R)  

17.8 (S) 

18.5 (S) 
23.9 (S) 

16.0 (S) 

12.9 (f?) 

13.4 (R) 

18.4 (R)  
10.5 (R)  
16.0 (R)  

16.6 (R) 

13.2 (R)  

29.0 (S) 

23.9 (S) 
50.6 (S) 

26.8 (S) 
42.6 (S) 

(R )  

l l .O(R) 

10.0 ( S )  

21.1 (R )  

11.0 (R)  

(s) 

1.03 

1.13 
1.22 
1 .20e 
1.13 
1.17 

1.01 

1.15 
1.15 
1.13 
1.15 
1.16 
1.18 
1.13* 
1.15 
1.15 

1.07 
1.15 
1.17 

1.27 

1.16 
1.31 
1 .27e 
1.20 
1.23 

1.05 

1.35 
1.23 
1.55 
1 .62e 
1.41 
1.49 

1.07 
1.13 
1.17 

1.09 

1.16 
1.31 
1.19 
1.25 

1.06 

1.35 
1.22 
1.54 
1.53 
1.48 

1.07 
1.14 
1.18 

1.05 

1.13 
1.23 
1 .33e 
1.13 
1.14 

0.34 

1.56 
1.30 

1.46 
1.37 

-0.1 

1.45 
1.48 
1.41 
2.07 
1.31 
1.22 

1.53 
1.06 

0.95 
1.58 
1.39 

1.26 

1.58 
2.18 

2.01 
2.03 

0.28 

3.14 
4.90 
2.30 

2.85 
2.73 

0.96 
1.11 
1.09 

1.41 

2.16 
1.52 
1.53 
1.89 

0.63 

2.75 
3.84 
1.69 
2.63 
2.37 

0.88 
1.12 
1.17 

1.15 

1.92 
1.68 

1.50 
1.27 

(Continued) 
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Table CContlnued 

Retention Time, mind 
CSPb EluantC a d  hd 

SDNBL-I EA7 17.1 (S) 17.3 (R)  1.01 <0.2 

Chemical 
El E, 

SDNBL-C EA7 15.5 (S) 18.2 (R)  1.21 2.19 
EA15' 21.6 (S) 25.0 (R)  1.16 3.19 
P10 32.3 (S) 37.1 (R )  1.16 1.07 

1.19* 
1.12 1.51 D17EA3 19.2 (S) 

D17P3 12.6 (S) 17.3 (R )  1.47 2.55 

Chiraspher EA7 15.1 (S) 17.7 (R)  1.21 2.06 
D17EA3 13.7 (S) 18.0 (R)  1.39 2.98 
D17P3 17.2 (S) 24.4 (R )  1.49 2.88 

(R)  
21.2 (R) 

P10 (S) 

a See text for the assignment of absolute configurations of resolved enantiomers; enantiomers are designated by El and E, according to their elution 
order. CSPs are described in the Experimental Section. Eluants EA5, EA7, EA10, and EA15 are 5,7, 10, and 15% of ethano1:acetonitrile (2:1, viv) 
in hexane, respectively; eluant P10 is hexane:Bpropanol (9:1, viv); eluant D17EA3 is hexane:dioxane:ethanol:acetonitrile (80:17:2:1, viv); eluant 
D17P3 is hexane:dioxane:2-propanol (80:17:3, viv); unless otherwise noted, flow rate of eluant is 2 mumin. a and Rs are selectivity and resolution, 
respectively. Data taken from ref 12 for comparison. 'A 9.4 mm i.d. x 25 cm column was used; flow rate of eluant was 3 mlimin. 

spontaneous hydrolysis in solution to form oxazepam. Ox- 
azepam 1,3-diacetate slowly hydrolyzes in solution to form 
oxazepam 3-acetate and oxazepam. Both the 3-acetate and 
1,3-diacetate of oxazepam are more stable when stored dried 
in a refrigerator. 

The enantiomeric pairs of oxazepam, oxazepam 3-acetate, 
oxazepam 1,3-diacetate, and 3-0-methyl-oxazepam were sep- 
arated on five CSPs, with varying chromatographic resolu- 
tions (Table I). Four mobile phases were used; eluant EA 
(various percentages of ethano1:acetonitrile (2: 1, v/v) in hex- 
ane), eluant PI0 (hexane:2-propanol, 9:1, v/v), eluant 
D17EA3 (hexane:dioxane:ethanol:acetonitrile, 80:17:2:1, 
v/v), and eluant D17P3 (hexane:dioxane:2-propanol, 80:17:3, 
v/v). By using eluant EA7 [7% ethano1:acetonitrile (2:1, v/v) 
in hexane], the ionically bonded R-DNBPG and S-DNBL 
columns resolve enantiomeric pairs less efficiently than the 
covalently bonded R-DNBPG and S-DNBL columns, respec- 
tively (Table I). These data are consistent with the results 
reported by Pirkle and Tsipourasl2 who used eluant P10 in 
their study. Because of poorer resolutions on the ionically 
bonded R-DNBPG and S-DNBL columns, enantiomeric res- 
olutions with other eluants were not attempted. 

Enantiomeric pairs of oxazepam and oxazepam 3-acetate 
may be resolved on the covalently bonded S-DNBL column in 
one chromatographic run (Table I). We have taken advantage 
of this simple chromatographic system (i.e., simultaneous 
resolution of two pairs of enantiomers) to study the rates of 
stereoselective hydrolysis of racemic and enantiomeric ox- 
azepam 3-acetate (see below). 

For the purpose of comparison, resolutions of enantiomeric 
pairs on covalently bonded R-DNBPG and S-DNBL columns 
using eluant P10 were also investigated in this study (Table 
I); similar or higher values of a and lower values of R ,  were 
obtained than with eluant EA10. The polarity of eluant EAlO 
is greater than that of eluant P10. Consequently, retention 
times of an enantiomeric pair are shorter using eluant EA10. 
Thus, eluant EAlO is preferred over eluant P10 for shorter 
retention times (smaller K' values) and better chromato- 
graphic resolution (larger R, values). 

When an identical eluant (eluant EA7) was used, resolution 
of enantiomeric pairs was less efficient on Chiraspher than on 
covalently bondedR-DNBPG and S-DNBL columns (Table I). 
Elution orders of enantiomeric pairs on Chiraspher (a cova- 
lently bonded S-CSP) are the same as those on the covalently 
bonded S-DNBL column. 

Enantiomeric pairs of oxazepam and its 3-acetate and 
1,3-diacetate were efficiently resolved (R, = 1.461.58) on 

covalently bonded Chiraspher, R-DNBPG, and S-DNBL col- 
umns by using eluant D17EA3 (Table I). Enantiomers of 
3-0-methyl-oxazepam can be efficiently resolved on Chira- 
spher and covalently bonded R-DNBPG and S-DNBL col- 
umns by choosing one of several possible eluants (Table I). 
When the 3% ethano1:acetonitrile (2:1, v/v) in eluant D17EA3 
was replaced by 3% 2-propanol (eluant D17P3), retention 
times of enantiomers were much longer and the enantiomeric 
pairs were all less efficiently resolved (with smaller R, 
values). Based on the results of Table I, eluant D17EA3 is the 
mobile phase of choice and provides the best overall resolution 
of enantiomeric pairs of compounds in this study. It should be 
noted that retention times of enantiomers were sensitive to 
the exact composition of eluant and were different when 
different columns with the same CSP were used. Retention 

I 

L (-PR 

250 350 
WAVELENGTH ( nm ) 

Flgure 2-Ultraviolet absorption spectrum of oxazepam (-) and CD 
spectra of oxazepam enantiomers [(+)3S (. . ., SIR > 2011) and (-)3R 
(---, RIS > 30i1); concn. A,,&nL = 1 .O] and the less strongly retained 
enantiomer of 3-Omethyl-oxazepam [( +)3S (-*-*-*); optically pure, 
concn.4&mL= 1.0;cp,,=41.5,cp257=25.1,andcp.,,,= -7.1 mdeg, 
respectively] on the covalently bonded S D N B L  column. The UV ab- 
sorption spectrum of 3-Omethyl-oxazepam is similar to that of ox- 
azepam. The actual scale of ellipticity for 3-Omethyl-oxazepam in this 
figure should be multiplied by 1.25. 
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I 

- I  

I I 
250 350 
WAVELENGTH ( nm ) 

Figure 3-Ultraviolet absorption spectra (------) and CD spectra (-) of 
the 3 5  enantiorner of oxazepant 3-acetate (upper panel, concn. 43dmL 
= 1.0, optically pure; = 21.8, Q,,, = -7.7 mdeg, 
respectively) and 1,3-diacetate (lower panel, concn. 43,JmL = 1 .O, 
optically pure; @222 = 48.5, a:,,, = 22.8, Q3,, = -7.7 mdeg, respec- 
tively). Both are the less strongly retained enantiomers on the covalently 
bonded SDNBL column (see Table I). 

= 47.5, 

Table 11-Racemizatlon Half-llves of Enantiomeric Oxazepam and 
3-QAcyl and 3-OMethyl Derivatives 

Racemization 
Half-life of k x  lo2, 

Eluantb Enantiomers (t,J, min-la Enantiomera 

mina 

Oxazepam EA5 
EA7 
EAlO 
EAl5 
u\20  
El  0 
P10 
Dll7EA3 
011 7P3 

Oxazepam 3-acetate EH7 

Oxazepam 13diacetate EA7 

Oxazepam 3-(>methyl EA7 

29 ? 1 
28 f 1 
23 ? 1 
21 f 1 
1 9 ? 1  
20 * 1 
56 * 1 

290 ? 5 
510 * 5 

m 

30 

m 

2.39 

3.01 
3.30 
3.65 
3.47 
1.24 
0.24 
0.14 

2.48 

0 

0 

0 

a Racemization half-life (t,,, in min), average of two or three deter- 
minations, and rate constant (/(, in min-') of enantiomers in the solvent 
indicated were determined by recording changes of ellipticity of either 3R 
or 3 5  enantiorner at 255 nm as a function of time. Compositions of 
various eluantis are indicated in the legend of Table I, 

times were also sl ightly di:fferent on  different days, even when 
an identical CSP column was used. Data in Table I were 
obtained on  the same day 'by using the identical mobile phase 
preparation and CSP column. 

Because alf rapid racernization,7.12 the CD spectra o f  ox- 
azepam enatntiomers have heretofore no t  been reported. 

i oF  \ 1 \p = 27.5rnin 

E - 5  

u- 
50 100 1 5 v  '500 s 540 

TIME (rnin) 

Figure &Kinetics of racemization of (-)3Roxazepam in hexane:eth- 
anokacetonitrile (93:4.67:2.33, vol ratio). Racemization was monitored 
by recording the increase of ellipticity (in millidegrees) at 255 nrn as a 
function of time. Change in ellipticity of the (-)3R-oxazepam was 
monitored within 20 s of its isolation by CSP-HPLC (see Figure 2). 

3s Column: 

1 1  4.4% 

S-DNBL-C (250 mm x 4.6 mm 1.d ) 
7% of ethanol/acetonitrile (2:1, 
v/v) in hexane, 2 ml/min 

53.1 % 

3s 3 R  
1 

I 1 1 1 1  I I I I I I I I I  
10 20 30 

RETENTION TIME ( min ) 
Figure 5-Stereoselective hydrolysis of (*)-3-Oacyl-oxazepam by rat 
liver microsomes. Racemic 3-Oacyl-oxazepam (42 nmolimL of incuba- 
tion mixture) was incubated with rat liver microsomes (equivalent to 2.67 
mg of liver tissue/mL of incubation mixture) for 15 min. Unhydrolyzed 
3-Oacyl-oxazepam (46.9%) and the hydrolyzed product (oxazepam, 
53.1%) were analyzed on a covalently bonded SDNBL column. See the 
Experimental Section and Table 111. 

However, optical rotat ion data of enantiomerically impure 
oxazepam enantiomers have been reported.7 We were able t o  
measure the CD spectra o f  oxazepam enantiomers (Figure 2) 
w i t h i n  30 s of the i r  separation on  CSP-HPLC. The (-) and 
(+)enantiomem were assigned to  have 3R and 3 s  absolute 
configurations, respectively.7J2 The UV absorption and CD 
spectra of 3S-O-methyl-oxazepam, 3S-O-acyl-oxazepam, and 
3s-0-acyl-1-N-acyl-oxazepam o f  known enantiomeric puri- 
ties are shown in Figures 2 and 3, respectively. The CD 
spectral data o f  3s-0-methyl-oxazepamlz and 3-0-acyl- 
oxazepam enantiomersb were previously reported, although 
spectral data-enantiomeric purity relationships were not 
established. The C D  Cotton effects of enantiomeric oxazepam 
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3 R  

44.1 % 1 CI dfococH3 -N 

Column: 

Eluent- 8.5% of ethanol/acetonilrile (2:1, 
S-DNBL-C (250 m m  I 4.6 mm i d  ) 

v/v) in hexane, 2 rnl/min 

RETENTION TIME ( min ) 
Figure &Stereoselective hydrolysis of (c)-3-Oacyl-oxazepam by rat 
brain homogenate. Racemic 3-Oacyl-oxazepam (84 nmoliml of incu- 
bation mixture) was incubated with rat brain homogenate (equivalent to 
24.8 mg of brain tissue per milliliter of incubation mixture) for 10 min. 
Unhydrolyzed 3-Oacyl-oxazepam (49.1 %) and the hydrolyzed product 
(oxazepam, 50.9%) were analyzed on a covalently SDNBL column. See 
the eperimenfal Section and Table 111. 

3-acetates are similar to those of enantiomeric oxazepam 
hemisuccinates. 17 

The kinetics of racemization of oxazepam enantiomers in 
various solvents were studied (Table 11). The solvents were 

the eluants used in CSP-HPLC separation of enantiomers. 
Racemization of an enantiomer was studied by monitoring 
changes (either increase or decrease) of ellipticity at 255 nm 
as a function of time (Figure 4) immediately (within 30 s) of 
its isolation by CSP-HPLC. As shown in Table 11, increase of 
the percentages of ethano1:acetonitrile (2:1, v/v) in eluant EA 
results in a decrease of the t,,, of racemization. Thus, the rate 
of racemization is progressively faster in solvents of increas- 
ing polarity. Replacing 10% ethano1:acetonitrile in eluant 
EAlO by 10% 2-propanol in eluant P10 caused tI lz  to increase 
by 2.4-fold (Table 11). Similarly, replacing 3% ethano1:aceto- 
nitrile in eluant D17EA3 by 3% 2-propanol in eluant D17P3 
caused t,,, to increase from 290 to 520 min. Replacing 10% 
ethanol in eluant E l0  by 10% 2-propanol in eluant P10 slowed 
down the tIl2 of racemization from 20 to 56 min. These results 
suggest that oxazepam enantiomers are more stable (against 
racemization) in a nonpolar environment. The racemization 
half-life of oxazepam enantiomers in physiological media is 
probably shorter than in any of the solvents used in this study. 
Enantiomers of 3-0-acyl, 1-N-acyl-3-0-acyl, and 3-0-methyl 
derivatives of oxazepam did not undergo racemization in the 
solvents studied. 

Racemization of oxazepam enantiomers was proposed to be 
due to equilibrium with a tautomer with an open aldehyde 
form.14.15 It appears that  the open aldehyde tautomer of 
oxazepam forms more easily as the polarity of solvent in- 
creases. Preliminary results indicate that enantiomers of 
temazepam (with a CH, group at N1 of oxazepam) and 
3-hydroxyhalazepam (with a CF,CH2 group at N1 of ox- 
azepam) also undergo racemization in solvent EA7, with 
half-lives (-230 and -580 min, respectively) considerably 
longer than that of an enantiomeric oxazepam. These results 
suggest that it is possible to substantially stabilize enanti- 
omers of oxazepam by substituting either a strong electron- 
donating group or a strong electron-withdrawing group at the 
N1 position, and possibly by substituents at aromatic ring 
positions as well. Steric factors of substituents may also 
influence the stability of enantiomers against racemization. 

Table Ill-Hydrolysis of Racemlc and Enantiomeric Oxazepam 3-Acetate by Llver Mlcrosomes (LM) and Brain Homogenate (BH) of Rats 

AUC at 231 nm, %b Specific Activity' 

NO. 3-acetate, nmol/mL 

Time of 
Exot. Oxazeoam Source of Esterases, nmoli nmol/ Incubation, Oxazepam nvamnarn nvarronarn 

min 3Sacetate 
mg tissuea minlmg minlg 

protein tissue 
-r....-"v.., , , "...-L.v... , , _ _  3R-acetate (3s  + 3R) 

~ 

1 2 (146) LM (2.67) 5 50.5 37.6 11.9(11.0)d 58 1203 
? (146) LM (2.67) 10 50.0 32.6 17.4 (1 5.9) 
? (146) LM (2.67) 15 50.2 27.2 22.6 (21.7) 
2 (146) LM (2.67) 20 49.9 22.2 27.9 (27.1) 
2 (146) LM (2.67) 30 49.8 17.8 32.4 (31.2) 
3 s  (58) LM (2.67) 10 92.0 0 8.0 (3.7) 4 80 
3 R (292) LM (2.67) 5 0 84.9 15.1 (11.3) 120 2471 

2 2 (29) LM (2.67) 15 44.3 3.7 52.0 (48.8) 
f (58) LM (2.67) 15 48.0 13.0 39.0 (36.2) 
2 (58) LM (26.7) 15 24.1 0.1 75.8 (73.4) 

f (146) BH (4.65) 10 36.7 50.0 13.3 (12.1) 
+. (146) BH (4.65) 15 32.9 49.9 17.2 (1 6.2) 
+- (146) BH (4.65) 20 30.0 49.6 20.4 (1 9.3) 
f (146) BH (4.65) 30 19.7 49.3 31 .O (29.8) 
3s (292) BH (4.65) 10 80.7 0 19.3 (15.1) 9.1 948 
3R (58) BH (4.65) 10 0 96.2 3.8 (2.1) 0.2 26 

4 f (58) BH (8.25) 10 20.4 47.5 32.1 (30.5) 
t (58) BH (24.8) 10 5.7 43.9 50.4 (48.9) 

a Liver microsomes: 20.6 mg proteinig tissue; brain homogenate: 104.5 mg protein/g tissue. Average values of triplicate samples. Specific activity 
is calculated only for samples that are closest in the linear range of enzyme kinetics; the values represent lower estimates due to competitive inhibition 
of the hydrolysis of oxazepam 3-acetate by the product oxazepam (ref 19). Number in parentheses indicates the net percentage of oxazepam 
3-acetate hydrolyzed by esterases after subtraction of spontaneously hydrolyzed oxazepam 3-acetate in the control samples that do not have LM or 
BH. 

3 t (146) BH (4.65) 5 42.9 49.5 7.6 (6.6) 4.0 41 4 
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Rates of hydrolysis of racemic and enantiomeric oxazepam 
3-acetates by rat liver microsomes and brain homogenate 
were studied by CSP-HPLC on a covalently bonded S-DNBL 
column (Figures 5 and 6) .  The hydrolysis product (oxazepam), 
enantiomeric composition of unhydrolyzed substrate, and 
percentage of enzyme-catalyzed hydrolysis can all be deter- 
mined in one chromatographic run. Although hydrolyses of 
3R-oxazepam acetate and 3s-oxazepam acetate result in 
3R-oxazepam and 3S-oxazepam, respectively, equal amounts 
of oxazepam enantiomers art? always detected (Figures 5 and 
6). Oxazepam enantiomers are rapidly racemized in the 
incubation medium and the solvents used for extraction and 
CSP-HPLC analysis. The concentrations of substrate and 
enzyme indicated in Table I11 were chosen from results of 
preliminary experiments. 

When <32% of the oxazepam 3-acetate is hydrolyzed by rat 
liver microsomes (experiment 1, Table 1111, essentially all of 
the racemic oxazepam 3-acetate hydrolyzed was derived from 
(3R)-oxazeparrt acetate. Simillarly, when <30% of the racemic 
oxazepam 3-acetate is hydrolyzed by rat brain homogenate, 
essentially all of the oxazspam 3-acetate hydrolyzed was 
derived from (3s)-acetate (Experiment 3, Table 111). If these 
were the only experiments performed, one would have con- 
cluded that onlly (3R)-oxazepam acetate is hydrolyzed by liver 
microsomes and only (3S)-o>:azepam acetate is hydrolyzed by 
brain homogenate (i.e., the hydrolysis is stereospecific). How- 
ever, when the hydrolysis reaction is carried out by using a 
lower concentration of racemic substrate and/or a higher 
concentration of esterases, hydrolysis of (3S)-oxazepam ace- 
tate by rat liver microsomes and hydrolysis of (3R)-oxazepam 
acetate by rat brain homogenate became apparent (experi- 
ments 2 and 4, Table 111). Hence, the hydrolysis reaction is not 
stereospecific, but rather stereoselective. Specific activities in 
the hydrolysis of enantiomerically pure oxazepam 3-acetates 
by rat liver miicrosomes were found to differ by -30-fold; 120 
and 4 nmol/min/mg protein for 3R-acetate and 3S-acetate, 
respectively (Table 111). Thus, when 3R-acetate in the sub- 
strate pool is exhausted because of its high rate of hydrolysis 
by rat liver microsomes, 3s-acetate is then hydrolyzed, but a t  
a much lower rate. In comparison, 3s-oxazepam acetate is 
hydrolyzed 36-fold faster than 3R-oxazepam acetate in brain 
homogenate. On a per gram of tissue basis, the activity of 
esterases in brain homogenate in the hydrolysis of racemic 
oxazepam 3-acetate is -2 9-fold lower than that in liver 
microsomes ('Fable 111). Thus, the stereoselectivity in the 
hydrolysis of oxazepam 3-acetate in brain homogenate is 
opposite to  that in liver microsomes. 

The results described above are similar to those reported by 
Maksay et al.5 who showed CD spectra of a racemic oxazepam 
3-acetate partially hydrolyzed by mouse liver and brain 
homogenates. The results shown in Table I11 indicate that the 
CSP-HPLC method described in this report is considerably 
simpler and more sensitive than the titrimetric method 
described previously.5 The sensitivity of this CSP-HPLC 
method can be substantially increased by using radiolabeled 
oxazepam 3-acetate. The results described in this report and 
those reported by Maksay et a1.5 are in contrast to  those 
reported by Salmona et al.;17 oxazepam 3-hemisuccinate is 
hydrolyzed only by esterases in the soluble fraction of cells 
and (+ )-(3S)-hemisuccinate is hydrolyzed faster than (-)- 
(3S)-hemisuceinate by soluble esterases of liver and kidney of 
rats and mice. whereas (-)-(3R)-hemisuccinate is hydrolyzed 
faster by soluble brain esterases of guinea pigs.18 It appears 
that various esterases have different catalytic activity and 
stereoselectivity toward esiters of different benzodiazepine 
structures. 

Conclusions 
Enantiomers of oxazepam and of 1-N- (andor) 3-0-acyl and 

3-0-methyl ether derivatives of oxazepam can be resolved by 
several CSP columns. Racemization half-lives of oxazepam 
enantiomers are longer in solvents of lower polarity. Chro- 
matographic resolutions vary depending on the solvent com- 
position of eluants. Rates of racemization of oxazepam enan- 
tiomers in various solvents can be determined by spectropo- 
larimetry. Oxazepam enantiomers may be stabilized against 
racemization by introducing either an electron-donating 
alkyl group or a electron-withdrawing group at  the N1 
position, and possibly by substituents a t  aromatic ring posi- 
tions as well. Hydrolysis rates of 3-0-acyl-oxazepam enanti- 
omers by esterases are determined by a simple and sensitive 
CSP-HPLC method. Esterases in liver microsomes and brain 
homogenate of rats have opposite stereoselectivity in cata- 
lyzing the hydrolysis of enantiomeric 3-0-acyl-oxazepam; 
liver microsomes is stereoselective for 3R-0-acyl-oxazepam 
and brain homogenate is stereoselective for 3s-0-acyl- 
oxazepam. 
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