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The acid hydrolysis of oxazepam (/b) was studied. Under various reaction conditions 6-chloro-
-4-phenylquinazoline-2-carbaldehyde (V) and the compounds V7 and VIII were identified among
the products besides the expected 2-amino-5-chlorobenzophenone (1Vb).

The 1,4-benzodiazepine derivatives undergo easily hydrolysis in acidic media'. With
diazepam Ia and oxazepam Ib, the hydrolysis of the 1,2-amidic and the 4,5-azo-
methine bonds® takes place in the first stage giving the intermediates IT and I11
(Scheme 1). The final products of the decomposition are the corresponding 2-amino-
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-5-chlorobenzophenones IV and the glycine derivatives. The reaction is considered
as quantitative and since the resulting 2-aminobenzophenones are more suitable
for analytical evaluation, the reaction is used for analytical purposes. The hydro-
lysis of oxazepam has been used for sensitive detection by means of colour reactions®,
before the thin-layer chromatography*~7 or for photometric determination®~*°,
Also for the identification and quantitation by gas chromatography it is recommend-
able to convert oxazepam to 2-amino-5-chlorobenzophenone!?:!2, since oxazepam
itself is unstable at elevated temperatures!®~16, Recently, the hydrolysis of oxazepam
has been employed before high-pressure liquid chromatography”. In most cases
the authors used 3—6M-H,SO, or 6M-HCI as the reagent. In this communication
we studied the hydrolysis of oxazepam under various conditions.

The semiquantitative experiments were performed in two series with diazepam
Ia and oxazepam Ib. The products were detected by thin-layer chromatography.
Whereas with diazepam the benzophenone IVa was the only product under all

TasLE I
Semiquantitative Evaluation of the Products of Oxazepam Hydrolysis After Chromatographic
Analysis

Reaction time 180 minutes. The acid to alcohol ratio in the mixtures was I:9. Symbols:
— not present, 4~ very little, ++ small amount, +-++ large amount,

Medium 14 v Vi VI | Medium 14 v 124 Vi
|

rrrr———

5% H,S0, — + + =
| -+ methanol +  +++ + +

50% H,50, + - -
-+ methanol + ++ +
+ ethanol ++ + +

++

+
T+

+ ethanol +++ ++ + ++
- 2-propanol  + + | + 2-propanol  ++4+  +4+  ++ +
SO%HyPO,  —  F — o+ SRHPO,  + 4+ =
+ methanol +++ +++ ++ + | + methanol -+++ + — +
+ ethanol ++ 4+ - + + ethanol +4++ + + +
+ 2-propanol +-+4 ++-+ ++ -+ | + 2-propanol -+ -+ + —
98% CH3COOH ++ -+ -+ — | 50% CH3COOH ++ + + —
+ methanol -+ — — — | 4+ methanol ++4+ — ++ —
+ ethanol  ++4++ — + — | +ethanol +++ — + -
+ 2-propanol ++ — + — | 4+ 2-propanol ++ - +
37% HCl | 17% HCl = =
+ methanol  ++ ++4+ 4+ — |+ methanol +  +++  + —

+ ethanol ++ + +++ + | + ethanol ++ + +++ ++
+ 2-propanol 4+ + | -+ 2-propanol ++ + ot
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conditions studied, with oxazepam the sought 2-amino-5-chlorobenzophenone
was not the main product in any case and three other comnpounds were formed
in non-negligible amounts. Our attention was directed to the search of the conditions
for the favoured formation of the individual hydrolysis products to facilitate their
isolation and identification. The results of acid hydrolysis of oxazepam in the pre-
sence of sulfuric, hydrochloric, phosphoric, and acetic acids are summarized
in Table L.

It can be seen that three further compounds were found in significant amounts
besides the unreacted oxazepam and the expected benzophenone on chromatograms
(Silufol/benzene~acetone 4 : 1 and Silufol/chloroform-benzene 2 : 1).

The yellow spot with Rp 0-80 and 0-40, respectively, was due to the 2-amino-
-5-chlorobenzophenone (IVb) which was also identified by mixed melting point,
'H-NMR spectrum and mass spectrum.*®

Compound with Ry 0-58 and 0-08, respectively, reacts with 2,4-dinitrophenyl-
hydrazine. It was identified as 6-chloro-4-phenylquinazoline-2-carbaldehyde (V)
which is formed from oxazepam by boiling with acetic acid'® or by its thermal
decomposition'#. Its identity was confirmed by melting point, mass, 'H- and ’C-
-NMR spectra.

The spot on the thin-layer chromatogram corresponding to the compound X
(R)- 0-65 and 0-05, respectively) exhibits a decp violet fluorescence in the UV-light
(254 nm). That of compound Y (Ry 0-90 and 0-72, respectively) was yellow with
yellow fluorescence in UV-light (254 nm). Compound X was the prevailing product
of the hydrolysis in ethanolic hydrochloric acid. It differred from the other reaction
products by its poor solubility and was therefore isolated by crystallization. Com-
pound Y was isolated after hydrolysis in the mixture of concentrated hydrochloric
acid and methanol (3 :7) using chromatography on the layers of aluminium oxide.

Compound X has the elemental composition C,5H,,Cl,N, (high resolution MS),
indicating its dimeric character. The ion m[z 77 evidences the presence of a phenyl
group. There are no NH, OH or CO bands in the infrared spectrum. The *H-NMR
spectrum contains the signals of aromatic protons only. Eleven signals observed
in the *3C-NMR spectrum indicate a certain symmetry of the molecule. According
to their chemical shifts, all carbons belong to the sp?-type. Using the gated decoupling
experiment which provides the noise decoupled **C-NMR spectrum without nuclear
Overhauser effect??, it was found that the signal dc 130-1 corresponds to three
and that with d. 128-5 to two carbon atoms. The signals of double intensity are
readily assigned to the ortho- and meta-carbons of the phenyl group. From an off-
resonance experiment it follows that six signals are singlets (quaternary carbons)
and five are doublets (methines). A comparison with **C-NMR of the aldehyde V'
allows to assign the three most lowfield signals (¢ 168-7, 159-2, 150-1) to the carbons
of the —N=C-—N and —N—-C== (2x) type in the quinazoline ring. This conclu-
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sion is confirmed also by comparison with the data for quinazoline?!. The remaining
carbon atoms might be assigned to the chlorine-substituted carbons of the substituted
ring and to the 4’-carbon of the phenyl group. Therefore, the compound X is 2,2'-
-bis(6-chloro-4-phenylquinazolyl) (VI). Caille and coworkers?? described a com-
pound melting at 312 + 3° whose infrared spectrum is practically identical with
that of X, however, they assigned to this compound formed in the fluorometric de-
termination of oxazepam in phosphoric acid the structure VII.
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Compound Y has the clemental composition (high resolution MS, m/z 466)
C,sH,,Cl,N;. The molecular weight determined by vapour pressure osmometry
was 445-1, Therefore, this compound is also formed by a condensation of two oxazé-
pam units. The 'H-NMR spectrum contains a complex multiplet of aromatic protons
and an isolated one-proton singlet at 10-08 ppm. The later signal is due to an ex-
changeable proton since its intensity decreases upon addition of CF,COOD. The
selective decoupling '*C-{*H} proves that this proton is not attached to any carbon.
The *C-NMR spectrum contains 24 signals of the sp?-type carbons. Four of them
are of double intensity and can be assigned to the ortho- and meta-carbons of the two
magnetically nonequivalent phenyl groups. According to an off-resonance experi-
ment, there are 12 signals of quaternary carbon atoms and the rest are methine
carbons. The three most lowfield signals (. 1667, 1551, 150-1) can be similarly to the
compound X assigned to a —N=C—N carbon and to the two carbons of the
—C=N— type. This indicates the presence of a quinazoline nucleus. Since there are
two chlorine atoms in the molecule, it is necessary to assign the two quaternary
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carbon atoms to the carbons at the position 7 of the original ring. Two quaternary
atoms are due to the carbons at the position 1" and one another pair to that at the
position 5a. One signal of the remaining three carbon atoms is shifted downfield
what indicates a carbon attached to nitrogen. The above data are satisfied by the
formula VIII.

Polarographic and spectrophotometric measurements of the pure components
showed that the quantitative analysis of the five-component mixture was not pos-
sible without the use of separation techniques. As an example, we analysed the mix-
ture formed by hydrolysis of oxazepam in ethanol and hydrochloric acid (9 : 1).
The yield of the all products was in the range 45— 50% with respect to the starting
amount of oxazepam and was practically independent on the hydrolysis time. Thin-
layer chromatography and the spectrophotometric determination showed that
50— 529 of the isolated products was the compound X and 36— 38% was the com-
pound Y, i.e. ¢. 25% and 16% of the total yield. The study of the time dependence
of the reaction mixture composition showed that the first product is the aldehyde V
which disappears during the further reaction and the amount of the compounds X, Y,
and benzophenone increases. The hydrolysis of the authentic aldehyde yields practical-
ly the same products. Compounds X and Y are however stable even after ten hours’
boiling. The contraction of the seven-membered ring to the six-membered one was
already described during the acid hydrolysis of 1,4-benzodiazepines?®?*. However,
the foimation of dimers and the contraction to a five-membered ring has not been
observed yet.

EXPERIMENTAL

The melting points were determined in a Kofler hot stage and were corrected. Thin-fayer chromato-
graphy was performed on Silufol® sheets (Kavalier, Votice, Czechoslovakia) in the systems
chloroform-benzene (2: 1) or benzene-aceton (4 :1). Spots were detected in the UV-light at
254 nm (Universal UV-Lampe Camag, Mutenz). The UV spectra were measured on the Unicam
SP 1800 spectrophotometer. IR spectra were measured on the Perkin-Elmer 577 spectrophoto-
meter. 'H- and !3C-NMR spectra were measured on the Jeol FX — 60 (59-797 and 15-036 MHz)
spectrometer in hexadeuteriodimethyl sulfoxide whose central signal d 40-4 was used as an inter-
nal reference. The mass spectra were recorded on the Varian MAT 311 instrument. For vapour
pressure osmometry the Knauer osmometer was used and the determination was made in ben-
zene.

Oxazepam used in all experiments (Lé¢iva, Dolni M&cholupy, Czechoslovakia) was chromato-
graphically pure. Mass spectrum m/z (% of relative intensity): 231 (72-5), 230 (100), 214 (6), 195 (21),
154 (23), 126 (15), 105 (29), 77 (40), 36 (63).

6-Chloro-4-phenylquinazoline-2-carbaldehyde (V)

Oxazepam (10 g) and glacial acetic acid (5 ml) were boiled under reflux 10 minutes. After cooling,
the mixture was diluted with water, the precipitate was filtered off and dried. The crude product
was dissolved in hot ethanol, the solution was boiled with active charcoal, filtered and then water
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was added until first opalescence was observed. After 24 hours the crystals were filtered off
and dried. They melted at 176— 178°C (lit.** gives 177— 178°C. Mass spectrum mjz (% of relative
intensity): 268 (78, M), 267 (66), 239 (65), 233 (76), 205 (76), 177 (25), 151 (18), 104 (27), 77
(100), 51 (37). 13C.NMR J¢, off-resonance multiplicity: 191-4 d, 1689 s, 155-0's, 149-6 s, 1362 s,
135-4 d, 131-6 d, 1306 d, 129:9 d (2C), 128:8 d (2C), 125:9 d, 123-8 s.

Semiquantitative Hydrolysis of Oxazepam

Oxazepam (0-1 g) was boiled under reflux with 5 ml of the mixture of the solvent and acid for
3 hours (Table I). Samples were taken after 5, 10, 15, 30, and 180 minutes and subjected to chro-
matography in the system benzene-chloroform (2 : 1) together with the standards.

Isolation of (2,2’-Bis(6-chloro-4-phenylquinazolyl) ¥Z, Compound X

Oxazepam (2 g) was refluxed in the mixture (20 ml) of ethanol and hydrochloric acid (9:1)
for one hour. After cooling the reaction mixture was ammonia neutralized and the precipitate
was filtered off. Crystallization from toluene yielded needles m.p. 316°C (yield 0-6 g). The com-
pound is soluble in chloroform and in hot toluene. *H-NMR: 7-73—8-72 mt. 3C-NMR de,
off-resonance multiplicity: 168-7s, 159-2s, 150-1s, 136:65s, 134-6d, 134-1s, 131-5d, 130-1d
(30), 128:5d (2C), 125-7 d, 122-9s. Mass spectrum m/z (% of relative intensity, composition):
479- (80), 478 (G7), 477 (100, C,gH; 5Cl;Ny), 443 (60, C,gH, (CIN,), 177 (13, C;3H,;N), 151
(10, C,,H,), 77 (52, C Hy).

Isolation of 2-(5-Chloro-3-phenyl-2-indolyl)-6-chloro-4-phenylquinazoline (¥11I), Compound Y

Oxazepam (1-5g) and 10 ml of the mixture of methanol and concentrated hydrochloric acid
(7 : 3) were boiled under reflux for 4 hours. The precipitate isolated as above was dissolved in hot
benzene and separated by thin-layer chromatography on aluminium oxide. The chromatograms
were developed with benzene and the spots were detected in the UV light. The zone.containing
compound Y was removed and eluted with benzene. After concentrating the solution, yellow
crystals m.p. 201°C (yield 20 mg) were obtained. This compound is good soluble in organic
solvents. Mass spectrum m/z (% of relative intensity, elemental composition): 467 (72), 466 (70),
465 (100, C,gH;5CI,Ny), 464 (64), 428 (12, C,5H, 5CIN,), 388 (10, C,,H;,CIN;), 361 (35,
C,1Hy, CI;N,), 352 (3-5), 326 (9), 77 (10-5), 36 (17). !H-NMR Jy, multiplicity: 7-40—8-46 mt
(16 H), 1008 brs (1 H). '*C-NMR &, off-resonance multiplicity: 166:7s, 155:1s, 150-1s,
136:3s, 134-5s, 1344 d, 13405, 132'55s, 131-9s, 131:0d (2 C), 13065, 130-2d (2 C), 130-1 d
(2C), 1284 d 2C), 127:6d (2 C), 126:7d, 1261 s, 125:7d, 124-8d, 121-8s, 120-9s, 120-3 d,
112-2d.

Quantitative Study of the Oxazepam Hydrolysis

Oxazepam (01 g) was boiled- under reflux with 5 ml of the mixture of ethanol and hydrochloric
acid for 1, 4, and 6 hours. Two paralel experiments were made in each case. Completing the boil-
ing, the mixture was neutralized with ammonia, the precipitate was filtered off and dried to the
constant weight, The total yields were 46 + 2% (average of six determinations). The dried mix-
ture (20 mg) was dissolved in chloroform (10 ml) and 25ul of this solutions was applied
in the form of a narrow streak on a Silufol plate. The chromatogram was developed with benzene
and chloroform (2 : 1). The zones containing the compounds X and Y were after the detection
(UV-lamp) eluted each by 10ml of chloroform The absorbancy of these solutions was measured
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at

260 nm (compound X) and at 256 nm (compound Y). Calibration curves were constructed

for both components. All measurements were made against the blank, i.e. the eluate of the cor-
responding part of the Silufol sheet developed without any sample. The average of six determina-
tions was 40-5% for X and 38:9% for Y, with respect to their content in the dried product of the
hydrolysis.
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