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Pharmacology of Some Metabolites of Triazolam, Alprazolam, and Diazepam
Prepared by a Simple, One-Step Oxidation of Benzodiazepines

Martin Gall,* B. V. Kamdar, and R. J. Collins

CNS Diseases Research, The Upjohn Company, Kalamazoo, Michigan 49001. Received July 5, 1978

A simple, one-step chemical oxidation of triazolam (7) to its 4-hydroxy analogue, 7a, has been developed and applied
to other triazolo- and imidazobenzodiazepines. The reaction may be used to convert diazepam to temazepam.
4-Hydroxytriazolo[4,3-a][1,4]benzodiazepines have low central nervous system sedative and anticonvulsant activity
in sharp contrast to metabolites of diazepam which remain active. While 10, an a-hydroxy metabolite of triazolam,
retains much of the activity of 7, 10a, an a,4-dihydroxy metabolite of triazolam, is 250 times less potent than 7 on
the nicotine-antagonism assay and over 300 times less potent on the traction assay.

Diazepam (1) is metabolized in man and the dog ac-
cording to three major pathways: N-demethylation to
demethyldiazepam (2), hydroxylation in the 3 position to
temazepam (3), and N-demethylation plus 3-hydroxylation
to oxazepam (4).! Other clinically useful benzodiazepines

1, R, = CH,; R, = H (diazepam)

2, R, = H; R, = H (demethyldiazepam)
3, R, = CH,; R, = OH (temazepam)

4, R, = H; R,= OH (oxazepam)

5, R, = H; R, = H (4-N-oxide)

6, R, = H; R’ = OCOCH,

are metabolized similarly in vivo.? In vitro hepatic mi-
crosomal preparations from mice enzymatically hy-
droxylate 1 and 2 at C-3 via the stereospecific removal of
the pro-S hydrogen atom.® Moreover, various streptomyces
stock cultures hydroxylate 1,4-benzodiazepin-2-ones in the
3 position; they do not produce 4-N-oxide derivatives (i.e.,
5) nor do they convert N-oxides to hydroxy derivatives (i.e.,
5 » 4).%° These results suggest that 4 is produced directly
from 2.

By contrast, the standard chemical synthesis of 3-
hydroxybenzodiazepine derivatives such as 4 requires
either converting the 4-N-oxide, 5, to the acetate, 6, by
brief heating in acetic anhydride, followed by careful
hydrolysis with sodium hydroxide? or treating 5 with Lewis
acids in nitrile solvents to obtain 4 directly.” Similar
methods have been used to prepare the 4-hydroxytriazolo
and -imidazo analogues, 8a'%*¢ and 13a.}' Both methods
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require the 4-N-oxide derivative, which is not always
conveniently prepared from the parent benzodiazepine.™

In this paper we describe a direct, one-step oxidation
procedure which cleanly converts diazepam (1), tri-
azolobenzodiazepines such as triazolam (7) and alprazolam
(8), and imidazo analogue 13 to the corresponding hydroxy
derivatives (3, 7a, 8a, and 13). We also describe the animal
pharmacology of the triazolobenzodiazepine metabolites
whose structure-activity relationship differs considerably
from the parent diazepam metabolites.

Chemistry. When oxygen was bubbled through a cold
tetrahydrofuran (THF) solution of the green-black lithium
anion generated from 13 and lithium diisopropylamide
(procedure A), alcohol 13a was isolated in only 11% yield.®
The major byproducts were partially characterized dimers
of 13 (see Experimental Section).

In contrast, oxidation at -20 °C of the green-black
potassium anion obtained from 13 and a slight excess of
potassium tert-butoxide in a mixture of tert-butyl alco-
hol-DMF-THF-DME-(EtO);P produced 13a in 50%
yield, unaccompanied by dimeric side products (procedure
B).®® Keeping the reaction temperature cold and
quenching the reaction mixture in ice-cold 5% acetic acid
were essential; the 1,2-dimethoxyethane (DME) cosolvent
could be replaced by THF. This procedure for oxidation
of triazolam (7) to 7a produced crude yields as high as
95%. Representative yields (not maximized) for the
oxidation of various benzodiazepines by procedure B are
summarized in Table 1.

Oxidation of alcohol 11, itself a metabolite of alprazolam,
deserves further comment. With 11 as the substrate,
procedure B yielded only the starting material. Since the
characteristic green-black color associated with benzo-
diazepine anions was not observed, we conclude that the
requisite anion did not form. However, the anion was
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Table I. Oxidation of [1,4]Benzodiazepines
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STARTING MATERIAL
starting KO-t-

material  Bu, pro- % vield®?

X

PN

N
e

R, R, X (mmol) mmol duct (crude) p,? °C (solvent) formula analyses®
CH, Cl N 7 (45) 70 7a 74 (95) 292-293, 5’ (MeOH-CH,Cl,) C,,H,,CI,N,O C,H, N, Cl
CH, H N 8(80) 120  8a 39(58) 235- 23857 (MeOH-CHCL,) C.,H.CIN,0 C,H, N, Cl
CH,NMe, H N 9 (10) 83 9a 159 232-234} (MeOH-EtOAc) C,,H,,CIN,O C,H,N,Cl
CH,0H Cl N 0 (5.5) 11 10a 53 272-274 (MeOH-CHCL,) C,.H,,CI,N,0,0.5H,0 C,H,N, Cl
CH,OH H N 11(2.5) 16.5 1la 19¢% 241-242 (MeOH-EtOAc) C.H.N,CIO,0.5CH,OH C.H, N, Cl
|
CH,08-t+Bu H N 12¢(14.8) 50 12a 12(18)" 229-230 (MeOH-EtOAc) C,H,,CIN,O,Si C,H,N, Cl
|
H H CH 13(10) 15 13a 50 185-187™ (EtOAc) C,,H,,CIN,O C,H N, Cl
1(10) 15 3 33(90) 119-122¢(CH,Cl-Et,0) C,H,,CIN,0, C, H, N, Cl

@ The values refer to isolated crystallized yields. Values in parentheses refer to crude yields of product isolated without

chromatography.
ory analyses were obtained for the elements indicated.
not maximized. ¢ Procedure B yielded no 11a.

See procedure C.
could not be characterized further. ¢ See Experimental Section.
12a was accompamed by about 5-10% 11a and occasionally some 11.

b Procedure B was used for these reactlons melting points refer to analytically pure samples. ¢ Satisfact-
Reproducmg the yield of this reaction was difficult. The yield is

! A second component present in this reaction mixture
® The yields reported are from procedure B. Typlcally
When the reaction was cooled below -45 °C, 12a

could be obtained in about 90% crude yield, 30% after recrystallization. ¢ Lit.*© mp 119- 121 °C. IMp'™ 294-295°C
(CH,Cl,-MeOH). * Mp™®2242°C dec (CHCl,-EtOH as an EtOH solvate). !Mp'd 237-239 °C (CH,Cl-EtOAc). ™ Lit.""t
mp 192-194 °C (cyclohexane-benzene). ™ Lit."® mp 245.5 °C (DMF-H,0).

generated when the concentration of tert-butyl alcohol was
reduced and the number of equivalents of base was in-
creased. In the best example of the direct oxidation of 11,
6.6 equiv of potassium tert-butoxide was used to produce
a 19% vyield of 11a following oxidation, chromatography,
and crystallization (see procedure C).

The reactions were usually quenched by pouring the
solution into cold 5% acetic acid and adding 1 N sulfuric
acid. When the quench was inverted, that is, when the acid
was added to the cold reaction mixture of 11, a solid of mp
184-185 °C, having a P(OEt), group and analyzing for
Co HosCINSOP (14) (see Experimental Section), was
obtained; 11a was not detected. When the reaction was
quenched normally, but the products were kept in the acid
for a prolonged period of time (i.e., >10 min), substantial
quantities of hydroxyketoaldehyde 15 were isolated (see
Scheme I). Because of these difficulties and because
separating product 11a from aldehyde 15 was surprisingly
difficult, the silyl-protected alcohol, 12, was prepared.
(Because of its poor solubility in cold DMF, 12 was dis-
solved in a minimal volume of CH,Cl, and diluted to the
desired volume with DMF.) At the usual reaction tem-
perature, approximately —20 °C, the protecting group was
partially removed and varying quantities of 11, 11a, and
12a were isolated from the reaction mixture. However,
when the reaction temperature was kept below -45 °C, 12a
could be isolated in 90% crude yield directly from the
aqueous workup; recrystallizing the product resulted in a
great loss in yield (see Table I, footnotes f and g). Since
we were unable to remove the protecting group without
hydrolyzing the benzodiazepine ring,® we converted 12a
to aldehyde 15 and then, by analogy with a procedure
previously used to prepare 7a-9a,!%¢ we re-formed the
benzodiazepine ring in EtOH-NH; to give 11a in the yields
shown in Scheme 1.10

The crude yield of temazepam (3) from diazepam (1) was
>90%, but crystallizing 3 in the presence of excess (EtO)sP
was difficult and the yield of purified 3 was reduced. Using

Scheme I
ROCHg\r ROCHg\r/ N
OH
cl /N KOIBU ¢l =N
1R lla R=H
12 R =Si(Me)z + 12a R = Si(Me)p +
Hsoe
HOCHg\r
lla
ETOH —
61%

procedure B we could not successfully metalate and oxidize
demethyldiazepam (2) to oxazepam (4). 2 was the only
benzodiazepine we tried which we could not successfully
metalate. Apparently the secondary amide must first be
protected in order to achieve metalation. However, we
anticipate that our procedure will be useful for the direct
oxidation of all benzodiazepines which can be metalated
at the methylene position.

Results

4-Hydroxytriazolam (7a) had a very low order of central
nervous system activity. For example, in the dish and
nicotine-antagonism assays, 7a was 250 and >2000 times,
respectively, less potent than triazolam (7) (see Table II).
Similarly, 4-hydroxyalprazolam (8a) was 40 and 200 times,
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Table II. Comparative Pharmacological Data® for Hydroxylated Metabolites of Benzodiazepines
antagonism
pentyl- max
ene-  thiosemi- electric hypoxic
no. Tr-50 Ch-50 D-50 PedIn nicotine tetrazole carbazide strychnine shock EtOH stress
7 0.30 0.08 0.03 0.03 0.004 0.009 0.020 0.22 30 0.70 0.035
7a  >100 45 8.0 11.0 10.0 14 11.2 >80 >100 >80 >100
8 0.60 0.09 0.15 0.23 0.02 0.13 0.16 0.30 25 0.18 0.02
8a 23 6.3 6.3 20 4.0 0.7 5.0 25 >50 10.0 6.2
9 5.6 3.6 1.5 2.8 0.20 0.80 0.15 > 200 100 2.2 1.9
9a 22 4.0 5.0 22 2.2 4.0 0.88 >40 >100 >20 25
10 0.6 0.14 0.03 0.17 0.010 0.018 0.014 0.50 89 0.4 0.50
10a  >100 2.2 5.0 44 1.0 32 0.39 >80 >100 50 30.0
11 8.0 0.63 2.0 1.56 0.08 0.22 0.08 9.9 50 1.8 0.02
1la >100 >80 6 >80 6.2 40 8.9 >80 >100 >80 >50
13 16 3.6 5.0 4.0 1.0 2.2 1.6 7.0 32 3.6 25
13a 32 > 25 6.0 7.0 4.0 6.3 6.3 >80 63 7.9 60
1 4.0 1.2 0.25 0.70 0.10 0.80 0.40 4.0 25 1.0 0.20
3 4.0 0.45 0.36 0.70 0.063 0.30 0.30 2.8 10.0 0.32 0.2
2 7.0 0.70 0.50 0.90 0.30 1.6 1.8 20 >100 1.8 0.7
4 13.0 1.8 1.1 2.0 0.14 0.70 0.90 9.0 79.0 1.8 12.5
@ Biological data expressed as ED_, values in mg/kg. These ED,, values have a 95% confidence interval of about :100%.

respectively, less potent than alprazolam (8) in the same
two assays. Somewhat less marked potency differences
were noted for the 4-hydroxytriazole derivatives 9a-11a
vs. 9-11.

The differences in potency between the parent and
4-hydroxylated triazolobenzodiazepines contrasted sharply
with the activity seen for both diazepam (1) and de-
methyldiazepam (2) and their respective 3-hydroxylated
derivatives, temazepam (3) and oxazepam (4). In fact,
temazepam and oxazepam were more potent than dia-
zepam and demethyldiazepam, respectively, in the anti-
convulsant assays. However, while temazepam was ap-
proximately equipotent to diazepam in the traction, dish,
and pedestal assays, oxazepam was one-half as potent as
demethyldiazepam in these assays.

In contrast to the large potency differences seen between
parent and 4-hydroxytriazolobenzodiazepines, hydroxy-
imidazobenzodiazepine 13a was only one-half to one-
quarter as potent as the parent 13 (cf. traction and nicotine
assays). However, imidazole 13 was 50 times less potent
than triazole 8 in the nicotine assay.

Discussion

1-Demethylation and 3-hydroxylation of diazepam
produce several metabolites which retain much of the
parent compound's activity., Temazepam (3), de-
methyldiazepam (2), and oxazepam (4) are quite active and
unquestionably contribute to diazepam’s biologic effect.'®®

Triazolobenzodiazepines such as triazolam (7) and
probably alprazolam (8) are primarily metabolized by «-
or 4-hydroxylation or both.'*% «-Hydroxylation of these
triazolo compounds reduces activity slightly (7 vs. 10 and
8 vs. 11). However, hydroxylation of triazolo- and imi-
dazobenzodiazepines at position 4 reduces potency con-
siderably (see Results and Table II). Potency loss may be
greater for the more potent compounds (e.g., 7 vs. 7a and
8 vs. 8a) than for the less potent compounds in the series
(9 vs. 9a and 13 vs. 13a). Hydroxylation at both the « and
4 position produces compounds with little activity (10a and
11a).

In summary, the 4-OH metabolites of triazolobenzo-
diazepines probably do not contribute to the biological
effect of the parent compound. While the «-OH me-
tabolites of triazolobenzodiazepines do retain considerable
biological activity, their contribution to the therapeutic
effect of the parent drug is likely quite low since the plasma
levels of 10 in man are much less than those of the parent

compound, 7.?' Moreover, 10 does not accumulate with
chronic dosing. In contrast, a series of biologically active
compounds are derived from the metabolism of diazepam
(1), and the plasma levels of these metabolites increase
with chronic dosing.?*?

Experimental Section

Chemistry. Melting points measured with a Thomas-Hoover
capillary melting point apparatus are uncorrected. The structures
of all compounds were supported by IR, UV, NMR, and mass
spectral data. IR spectra were determined in Nujol with a
Perkin-Elmer Model 421 recording spectrophotometer. NMR
spectra were recorded on a Varian Model A-60D or a Varian Model
XL-100; chemical shifts were recorded in 4 parts per million
downfield from tetramethylsilane. Mass spectra were obtained
with a Varian MAT CH7 or LKB. Starting materials 7, 8, and
13 have been described.!®" Compounds 10 and 11 were prepared
by the reaction of 7-chloro-1,3-dihydro-5-(o-chlorophenyl)-2H-
1,4-benzodiazepine-2-thione and 7-chloro-1,3-dihydro-5-
phenyl-2H-1,4-benzodiazepine-2-thione,?? respectively, with
hydroxvacetic acid hydrazide in refluxing n-BuOH.!* Compound
9 was prepared!® by the reaction of 8-chloro-1-(chlorometh-
vl)-8-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine with di-
methylamine.

Preparation of 12. A stirred solution of 11 (6.0 g, 0.018 mol)
in 25 mL of DMF was treated with an ice-cold solution of ¢-
BuSi(Me),Cl (6.75 g. 0.045 mol) and imidazole (6.0 g, 0.090 mol)
in 20 mL of DMF. After the resulting suspension was stirred
overnight at room temperature, the reaction mixture was poured
into cold water and extracted with 2 X 200 mL portions of
chloroform. The chloroform extract was washed with water and
brine, then dried, and concentrated in vacuo to 8 g (98%) of white
solid, mp 216-218 °C. Crystallization from ethyl acetate yielded
6.5 g of white needles, mp 217-219 °C.}? Anal. (CyH,,CIN,SiO)
C,H, N, CL

Procedure A. 13 (5.86 g, 0.020 mol), dissolved in 20 mL of
freshly distilled 1,2-dimethoxyethane (DME), was slowly added
to a solution of lithium diisopropylamide generated from 15.0 mL
of 1.6 M MeLi (0.024 mol) and 3.62 mL (0.030 mol) of diiso-
propylamine in 10 mL of DME at -78 °C. Dry oxygen was blown
over the surface of the reaction mixture at =70 to =50 °C. Oxygen
was then bubbled through the reaction mixture at 0~20 °C for
1.5 h. Water (10 mL) was added and the reaction mixture was
stirred overnight. The solvents were removed in vacuo and the
products chromatographed over silica gel by eluting with 3%
MeOH-97% CHCI, mixtures. Fractions! 37-52 were combined,
concentrated, and crystallized from CHCl;-MeOH mixtures to
afford 1.20 g of fine yellow-orange needles (16), mp 348-350 °C
dec. A weak molecular ion at m/e 585 (587) with fragment ions
at m/e 482 and 293 (295) indicated that this material was a dimer
of 13. The analytical data fit. Anal. (C3,H3ClyNg, M, 585.48)
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C, H, N, Cl. Obtaining this material solvent free was difficult.

Fractions 104-106 contained an oil which crystallized from
acetone to yield 130 mg of fine yellow needles, mp 205-210 °C,
followed by solidification, with remelting at 300 °C. This material
was not further characterized.

Fractions 169-191 contained a yellow oil which crystallized from
ethyl acetate—hexane mixtures to yield 1.05 g of amorphous
powder, mp 140-148 °C (bubbles). This sample was recrystallized
from ethyl acetate to yield 0.68 g (11%) of 13a as needles, mp
185-187 OC. Anal. (C17H12C1N30) C, H, N, Cl.

Finally, fractions 205-277 were combined, concentrated, and
crystallized from ethyl acetate to afford 0.61 g of flowers, mp
308-311 °C dec. This was recrystallized from CHCl;-MeOH
mixtures to afford 0.47 g of flowers, mp 326-329 °C. After drying
at 100 °C in a vacuum oven this sample discolored from 230 to
240 °C and melted with decomposition above 300 °C. It was not
further characterized.

Procedure B. A solution of 1.5 M KO-¢-Bu (15 mmol) in 10
mL of THF and 65 mL of distilled t-BuOH in a two-neck flask
with rubber septum was treated with a solution of (EtO);P (2.67
g, 16 mmol) in 20 mL of DME in a nitrogen atmosphere. The
resulting stirred mixture was cooled to —20 °C with a CCl,—dry
ice bath and treated with a solution of the starting material (10
mmol) in 25 mL of DMF. The green-black solution of the anion
of the starting material was stirred for 0.5 h at —20 °C at which
time a slow stream of dry oxygen was bubbled through the reaction
mixture until the anion color was quenched (usually within
0.75-1.5 h). The reaction mixture was quenched in 100 mL of
ice-cold aqueous 10% acetic acid, treated with 100 mL of 1 N
H,S0,, and neutralized in the cold with a 1 N Na,CO; solution.
Alcohols 7a and 8a could be filtered directly from this aqueous
medium. When the analogous reaction was performed with 12
as the substrate, at a temperature below —45 °C, 12a could also
be filtered directly from the aqueous quench. For the other
products, it was necessary to extract the aqueous layer with
chloroform—-methanol mixtures. The organic layer was washed
with water and brine, then dried over NaySOy, filtered, and
concentrated in vacuo to an oil. The oil was chromatographed
over silica gel by eluting with 3% /97% to 10%/90% metha-
nol—chloroform mixtures. The products!? were crystallized in the
yields shown in Table I. Compounds 7a and 8a were identical
with authentic samples prepared from the benzodiazepine N-
oxides.!® (See the footnotes to Table I.)

Procedure C. A solution of 1.5 M KO-¢-Bu (3.0 mmol) in 12
mL of THF and 2.5 mL of t-BuOH at 78 °C was treated with
11 (0.83 g, 2.5 mmol) dissolved in 12.5 mL of DMF. A green-black
color formed initially but then disappeared. The addition of 1.5
mL of KO-t-Bu (2.25 mmol) in THF regenerated the dark anion
color. The green-black color was retained after the addition of
3.0 mL of t-BuOH but faded to a light yellow color following the
addition of 2.0 mL more of t-BuOH. The addition of 2.0 mL of
DMF did not produce any change, but the further addition of
2,0 mL of 1.5 M KO-t-Bu (3.0 mmol, total of 8.25 mmol) did
regenerate the anion. While the temperature was maintained at
-78 °C, dry oxygen was bubbled into the reaction mixture. Five
minutes after the start of the oxidation (EtO);P (0.44 g, 2.65 mmol)
was added. While the anion color disappeared after 20 min, an
aliquot worked up as described in procedure B contained a
considerable amount of starting material:'* R, (11) 0.12, (11a)
0.22. The reaction mixture was therefore treated with an ad-
ditional 7.0 mL of DMF and 5.5 mL of 1.5 M KO-t-Bu (8.25
mmol). The green-black color of the anion appeared immediately
but disappeared within 2 min. After an additional 5-min stirring
period, the entire reaction mixture was worked up as described
above. While TLC indicated that all of the starting material had
reacted, the spot corresponding to the product now consisted of
two zones readily separated by silica gel chromatography by
eluting with 90% acetone-10% chloroform mixtures. This yielded
500 mg of an incompletely characterized oil related to 15 (vide
infra) (R/% 0.53) and 240 mg of crude 11a (R 0.26), which
crystallized from methanol-ethyl acetate mixtures to give 160 mg
of flowers, mp 237-241 °C dec.

In a separate experiment using 10 mmol of 11, 45 mmol of
KO-¢t-Bu, and 32 mmol of (EtO)3P in 50 mL of THF, 65 mL of
t-BuOH, and 85 mL of DMF, at a temperature of —20 °C, the
reaction mixture was quenched by adding to it 100 mL of 10%
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acetic acid, followed by 100 mL of 1 N H,S0,. This produced
14 with an R similar to that of 11a (1.73 g, 36.2%): mp 184-186
°C. Anal. (C21H23C1N306P, Mr 479.84) C, H, N, Cl. 14 has
tentatively been assigned the following structure.!?

HOCHz ~ 2N\
N
T

( 1
O CHPOE),
cl —0 OH

14

Finally, an experiment in which the temperature of the normal
acid quench rose above 15 °C before complete neutralization
produced a 3% yield of 11a. The major product of the reaction,
hydroxyaldehyde 15, was isolated in 34% yield. A sample
crystallized from methanol-ethyl acetate mixtures as flowers: mp
125-134 °C (foams). Anal. (C,;H;3,CIN;05;-CH;OH) C, H, C], N.
The sample decomposed in a vacuum oven at 90 °C,

Aldehyde 15 (0.67 g, 1.98 mmol), suspended in 30 ml of absolute
EtOH, was stirred 10 min and then treated with 20 mL of a
saturated ethanolic ammonia solution.}®® Within 5 min all
suspended solids had dissolved. After the mixture was stirred
overnight at room temperature, the solvent was removed in vacuo
and the resulting foam was crystallized from methanol-ethyl
acetate—hexane mixtures to furnish 425 mg (61%) of 11a as flowers
in two crops: mp 240-244 °C (decomposes with bubbling) (see
Table I). Anal. (C17H12N303C1'CH30H) C, H, Cl, N.

Pharmacology. Methods. Male, albino CF-1 mice weighing
18-22 g were used in all studies. Test compounds were suspended
in 0.27% aqueous methylcellulose solution and administered
intraperitoneally to groups of six mice. Each compound was tested
at four or more dose levels spaced at a 0.3 log interval to calculate
the EDj as described by Spearman and Karber.!® Procedures
for measuring the effect of the test compounds on simple reflexes
such as the traction (Tr-50), chimney (Ch-50), dish (D-50), and
pedestal (Ped In) tests have been described.!® Likwise, procedures
for measuring antagonism of seizures induced by nicotine sali-
cylate, pentylenetetrazole, thiosemicarbazide, strychnine, and
maximal electroshock and those for measuring depressant activity
as indicated by potentiation of ethanol have been described.)” The
hypoxic stress test, which correlates with anxiolytic activity, has
also been reported previously.!®
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Absolute Configuration of (+)-5-(3-Hydroxyphenyl)-5-phenylhydantoin, the Major
Metabolite of 5,5-Diphenylhydantoin in the Dog
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5-(3-Hydroxyphenyl)-5-phenylhydantoin (m-HPPH) has been resolved by crystallization of the bruciue salts. The
(+) enantiomer has been converted to (-)-5-cyclohexyl-5-phenylhydantoin, a compound previously demonstrated
to have the R configuration® The R configuration can accordingly be assigned to (+)-m-HPPH, the principal metabolite

of 5,5-diphenylhydantoin (phenytoin) in the dog.

The metabolism of 5,5-diphenylhydantoin (phenytoin,
DPH) has been studied in several species of animals.
Reports published through the year 1971 have been re-
viewed by Chang and Glazko.! In all species examined
with the exception of the dog, the principal metabolite is
5-(4-hydroxyphenyl)-5-phenvlhydantoin (p-HPPH), which
appears in urine largely conjugated with glucuronic acid.
As DPH is a prochiral molecule, the two phenyl rings are
spatially distinguishable and are not equivalent in en-
zymatic reactions. Introduction of a hydroxyl group in one
of the phenyl rings creates a chiral center at carbon-5 of
the hydantoin ring, and stereoselectivity of hydroxylation
is reflected in optical activity of phenolic metabolites. In
p-HPPH released by §-glucuronidase from its conjugate
in human urine there was about a 10:1 preponderance of
the levorotatory isomer relative to the dextrorotatory.? In
enzymatically released p-HPPH from dog urine, the
preponderance of the levorotatory isomer was about 2:1.

The amount of 5-(3-hydroxyphenyl)-5-phenylhydantoin
(m-HPPH) in human urine is so small that isolation has
not as vet been accomplished, and its stereoisomeric
constitution is unknown. In the dog, on the other hand,
m-HPPH is the major metabolite of DPH. Enzymatically
released m-HPPH from dog urine was dextrorotatory in
ethanol and alkaline aqueous solution and had the
properties of an essentially pure optical isomer.?

Interest in the stereoselectivity and regioselectivity of
the metabolism of the prochiral DPH molecule has di-
rected attention to the absolute configurations of the
phenolic metabolites. The assignment of the S configu-
ration to (-)-p-HPPH (2¢ of Scheme I), the major me-
tabolite of DPH in man, was accomplished by application
of the “rule of shift” (Poupaert et al.?) and confirmed
through X-ray crystallographic examination of the cam-
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Scheme I
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phorsulfonate of (+)-p-HPPH (2b) (Koch et al). By
conversion of 2b to (-)-5-cyclohexyl-5-phenylhydantoin
(11b), it was possible to make an assignment of the ab-
solute configuration of the latter compound.?
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