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2. The phosphorylserine was found to be radio-

active when derived from cerebral slices incubated
with glucose in the presence of radioactive in-
organic phosphate. The specific radioactivity of the
phosphorylserine was increased when derived from
slices which had been subjected to electrical pulses
for a period of 10 sec.

I am indebted to Professor H. Mcllwain for his interest
and comments, to Dr J. B. Jepson for a gift of Dowex-50
resin, to Dr G. R. Webster for gifts of phosphorylated
amino acids and to Miss Valerie Gooch for competent
technical assistance.
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It is known that many mixed aliphatic aromatic
ketones, such as acetophenone, are reduced in the
animal body to the corresponding secondary
alcohols (Smith, Smithies & Williams, 1954a, b),
but there seems to be no information in the liter-
ature concerning the metabolic fate of a purely
aromatic ketone, such as benzophenone. A study
of the metabolism of this ketone, and its possible
metabolites, benzhydrol and p-hydroxybenzo-
phenone, was therefore undertaken. p-Hydroxy-
benzophenone is referred to by Schubenko (1893)
as being excreted as such by animals, but this
appears now to be incorrect for the rabbit. No
previous study has been made of benzhydrol, a
compound which it has been suggested is a meta-
bolite of the antihistaminic drug, Benadryl
(Glazko, McGinty, Dill, Wilson & Ward, 1949;
Glazko & Dill, 1949).

Freedlander (1942) has shown that benzophenone
and a number of its derivatives have tuberculo-
static properties in vitro, the highest activity being
shown by 2:4'-dichlorobenzophenone. Benzhydrol
and p-hydroxybenzophenone were less active than
benzophenone itself. Benzophenone also has some
herbicidal properties (Erickson & Schlesinger,
1954).

MATERIALS AND METHODS

Benzhydrol, m.p. 680, benzophenone, m.p. 49-50°, and
p-hydroxybenzophenone, m.p. 1320, were commercial
samples which were purified. The compounds suspended in
water were administered to rabbits by stomach tube. The
urine of the animals was analysed for conjugated gluc-
uronic acid and ethereal sulphates by the methods of Paul
(1951) and Sperber (1948) respectively.

ISOLATION OF METABOLITES

The glucuronic acid derivatives described below had
negative rotations, and by analogy with previously isolated
metabolites (Bray, 1953; Teague, 1954) were supposed to
be of the , configuration.
From benzhydrol. The urine of rabbits which had received

1 g. of benzhydrol was neutral in reaction and yellow-
brown. It did not reduce Fehling's or Benedict's reagent,
but when it was heated with dilute acid an oil separated
rapidly which quickly turned red. The urine gave an intense
naphtharesorcinol reaction for glucuronic acid which
developed very rapidly. This latter test indicated the
presence of a relatively labile glucuronide. Attempts to
isolate this compound showed that it rapidly decomposed if
temperatures were not kept low and if prolonged exposures
to acid conditions were not avoided during its isolation.

Benzhydrol (1 g.) was fed to each of four rabbits and
from the urine, collected for the succeeding 24 hr., the
basic lead acetate fraction was prepared in the usual way* Part 73: El Macri, Smith & Williams (1958).
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(Kamil, Smith & Williams, 1951). The lead was removed
with H2S, and the aqueous filtrate containing the glue.
uronidewasfreedfrom H8S by aeration and freeze-dried. The
resulting glucuronide gum was methylated in methanol
with diazomethane and the product acetylated with
pyridine and acetic anhydride. The acetylation mixture
was diluted with water and the triacetyl methyl ester of the
glucuronide separated as a gum which was dried in vacuo
over H2S04. After several recrystallizations from ethanol,
methyl (diphenylmnethyl tri-O-acetyl-,-D-glucosid)uronate
(350 mg.), m.p. 1490 and [a]21 - 108 ±20 in CHCl3 (c, 0 75),
was obtained as white needles (Found: C, 62-2; H, 5-8.
CH28OlO requires C, 62-4; H, 5-7 %).

In another experiment the amide of the glucuronide was
prepared. The gummy triacetyl methyl ester, prepared as
above, did not crystallize readily. The ester was therefore
dissolved in dry methanol and the solution was saturated
with dry NH3 at 00. After the solution had been kept at 00
overnight, it was concentrated to small bulk and the amide
(0.3 g.) separated. On recrystallization from water
diphenylmethyl P-D-glucosiduronamide formed very small
white needles, m.p. 1950 and [a]20 - 93-5± 10 in 50% (v/v)
aqueous ethanol (c, 0-6) (Found: C, 61-4; H, 5-8; N, 3-85.
CL9H2306N,JH2O requires C, 61-9; H, 6-0; N, 3-8 %). This
compound did not lose water at 1100 (see Kamil et al. 1951).
When the amide (0.15 g.) was boiled under reflux with
4N-HC1 for 2 hr., cooled and then extracted with ether,
benzhydrol (30 mg.; m.p. and mixed m.p. 670) was
obtained.
From p-hydroxybenzophenone. The ketone (3.5 g.) was

administered to two rabbits (dose 0 5 g./kg.). The 24 hr.
urine was non-reducing and gave a weak naphtharesorcinol
reaction due to the stability of the glucuronide. It also gave
with Brady's reagent (2:4-dinitrophenylhydrazine in N-
HCI) a precipitate which appeared to be a hydrazone of
a glucuronide. This compound, however, did not melt
sharply after several recrystallizations and further investi-
gation of it was abandoned. The basic lead acetate fraction
of the urine was therefore prepared. The lead was removed
in the usual way with H2S and a crystalline glucuronide
(1-3 g.) separated in the filtrate from the PbS. A further
yield of 0 75 g. of the crystals was obtained in the same way
from the normal lead acetate precipitate of the urine. The
glucuronide was purified by recrystallization from water,
and p-benzoylphenyl fl-D-glucosiduronic acid trihydrate was
obtained as white needles, m.p. 1560 and [a] 20 - 67-5d+ 10 in
ethanol (c, 1) (Found: C, 53-4; H, 5-5; loss at 1100, 12-6.
Cj9H1808,3H2O requires C, 53-5; H, 5-6; H20, 12-6%). This
glucuronide was very soluble in ethanol, but sparingly
soluble in water. On hydrolysis of 0-5 g. of the glucuronide
with 4N-H2SO4 (50 ml.) by boiling under reflux for 1-5 hr.,
cooling and extracting with ether, 0-25 g. of crude p-
hydroxybenzophenone was obtained, which after recrystal-
lization from aqueous ethanol had m.p. and mixed m.p.
1340.
Methylation of the glucuronide with ethereal diazo-

methane yielded methyl (p-benzoylphenyl fl-D-glucosid)-
uronate as white needles after recrystallization from water
and then from ethanol (m.p. 1810); [a]2 - 70-6i 10 in
ethanol (c, 0.6) (Found: C, 57 0; H, 5-7; loss at 1100 in
vacuo, 6-0. C20H20O8,2H2O requires C, 56-6; H, 5-7; H2O,
8-5 %). The determination of the water content was
rendered difficult by the hygroscopic nature of the de-
hydrated compound. On exposure to air overnight the

compound completely regained its water. Acetylation of
the glucuronide (0.1 g.) with acetic anhydride (0.5 ml.) and
1 drop of 60% HC104 yielded 0-1 g. of p-benzoylphenyl tri-
O-acetyl-,B-D-glucosiduronic acid, which crystallized from
the acetylation mixture on cooling. On recrystallization
from ethanol it formed white needles, m.p. 2280 and
[D]' - 16.4+ 10 in CHCl3 (c, 0.6) (Found: C, 59-9; H, 4-8.
C2,H240.1 requires C, 60-0; H, 4.8 %). Acetylation of the
methyl ester with acetic anhydride and HC104, or methyl-
ation of the triacetyl acid with ethereal diazomethane,
yielded the same methyl (p-benzoylphenyl tri-O-acetyl-fl-D-
glucosid)uronate, which formed white needles from ethanol,
m.p. 1730 and [M]21 - 25-7± 10 in CHCl3 (c, 0.5) (Found: C,
60-6; H, 5-1. C26H26O11 requires C, 60-7; H, 5-1%).
From benzophenone. The 24 hr. urine of a rabbit which

had been given 1 g. of benzophenone had properties similar
to that after benzhydrol had been given. The urine was
neutral and yellow-brown; it did not reduce Benedict's or
Fehling's solution nor did it give a precipitate with Brady's
reagent, but it gave a rapid and intense naphtharesorcinol
reaction. When it was heated with dilute acid, an oil
separated which rapidly turned red. The urine was made
4N with respect to HCI and was heated for 2 hr. on the
boiling-water bath. The cooled red urine was continuously
extracted with ether for 5 hr. and the extract was dried and
evaporated to dryness. The red residue was dissolved in
ether and passed through an alumina column (2 cm. in
diameter, 10 cm. long) and the column was eluted with light
petroleum (b.p. 40-60°). The red pigment was left on the
column. On evaporation of the clear eluate, benzhydrol
(0-1 g.) was obtained, m.p. and mixed m.p. 670. Paper
chromatography of the urine in butanol-aq. NH3 soln.
(sp.gr. 0.88) (7:3, v/v) revealed one spot of RF 0-5-0-6
reacting with naphtharesorcinol, suggesting that only one
glucuronide was being extracted. This glucuronide was
isolated and proved to be benzhydrol glucuronide. Paper
chromatography in propanol-aq. NH3 soln. (sp.gr. 0.88)
(7:3, v/v) of the ether extract of hydrolysed benzophenone
urine showed only benzhydrol, Rp 0 9, when viewed under
u.v. light, and no 4-hydroxybenzophenone was detected.
Alkaline extraction of this ether solution also yielded no
4-hydroxybenzophenone.

In two experiments, in one of which a total of 3 g. of
benzophenone was fed to two rabbits, and in the other
experiment 4 g., the glucuronide was isolated by systematic
precipitation with lead acetate, in very poor yield [40 and
60 mg. as methyl (diphenylmethyl tri-O-acetyl-f-D-glu-
cosid)uronate, m.p. and mixed m.p. 1470]. Better yields
were obtained by preparing the amide. The glucuronide
filtrate from the urine of four rabbits which had been fed
with 2 g. each of benzophenone was prepared from the
basic lead salt and neutralized with NaHCO3. The solution
was evaporated to dryness in vacuo. The dried product was
dissolved in a little water and passed several times through
a column of IR-100 H resin until the solution was strongly
acidic. It was then evaporated in vacuo below 400 to a gum,
which was methylated with ethereal diazomethane. After
removal of the ether, the methyl ester was dissolved in dry
methanol and the solution saturated at - 20° with dry
NH3, and then kept at 00 overnight. Evaporation to small
bulk, followed by addition of a little water, yielded 600 mg.
of diphenylmethyl glucosiduronamide, m.p. and mixed
m.p. 1950 and [o]ct - 93+ 20 in 50% aqueous ethanol
(c, 0 5).
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RESULTS AND DISCUSSION

The quantitative aspects of the metabolism of
benzophenone and the corresponding alcohol are
shown in Table 1. The main route of metabolisn of
benzophenone is reduction of the keto group to
yield benzhydrol, which is excreted in conjugation
with glucuronic acid. Both benzophenone and
benzhydrol yield the same labile glucuronide which
is readily decomposed by dilute acid to yield a red
solution (cf. the red colour obtained with benz-
hydrol and sulphuric acid). The hydroxyl group in
benzhydrol is relatively acidic since it forms a
sodium derivative. Neither of these compounds
appears to be hydroxylated in the aromatic ring
and their metabolism is mainly the following:

(C*H5)2CO-÷(C6Hr)2CH OH-÷(C*Hr)2CH* O *CH,906.
p-Hydroxybenzophenone, in contrastwith benzo -

phenone, is not reduced in vivo, but is directly
conjugated with glucuronic acid:

C6Hr,*CO*C6H4 OH- C6H5 CO*C6H40*OC6H90.
The glucuronide is readily isolated and is relatively
stable compared with the glucuronide of benz-
hydrol. It thus appears that in p-hydroxybenzo-
phenone the keto group does not undergo reduc-
tion, possibly because the compound can be
readily metabolized by the alternative reaction of
direct conjugation. Although p-hydroxybenzo-

Table 1. Conjugation of benzophenone and
related compounds in the rabbit

Dose: 2 m-moles/kg. Urine was collected for 48 hr. after
dosage. Results are expressed as means for three animals
with ranges in parentheses.

Percentage of dose
excreted as

Ethereal
Compound Glucuronide sulphate

Benzophenone 50 (46-61) 0
Benzhydrol 60 (48-77) 0
p-Hydroxybenzophenone 72 (47-92) 0

phenone is a phenol, it does not undergo the sul-
phate conjugation which is a typical reaction in
vivo of many phenols.

SUMBMARY

1. Benzhydrol when given to rabbits is ex-
creted as an acid labile glucuronide. The meta-
bolite was isolated and characterized.

2. No reduction of the keto group takes place
when p-hydroxybenzophenone is administered, and
the compound is excreted as a stable glucuronic
acid conjugate which was isolated.

3. Benzophenone is reduced in the rabbit to
benzhydrol. The labile glucuronic acid conjugate
of benzhydrol which is excreted was isolated, and
production of phenolic derivatives by ring oxida-
tion was not detected.

4. No ethereal sulphate conjugation was de-
tected.
The author is grateful to Professor R. T. Williams for

suggesting this problem.
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