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Combined GLC and High-Resolution Mass Spectroscopic

Analysis of Diphenylhydantoin

KHALID SABIH* and KHAWLA SABIH*

Abstract (] A sensitive GL.C method for the analysis of diphenyl-
hydantoin in biological material is described. This method involves
the conversion of diphenylhydantoin to its methyl derivative. The
identity of the methyl derivative was determined by combined GLC-
mass spectroscopy. The high-resolution mass spectra of diphenyl-
hydantoin methyl derivatives indicate that the methyl groups were
introduced at the nitrogen atoms of the hydantoin ring to produce
3-methyl- and 1,3-dimethyldiphenylhydantoin,

Keyphrases [] Diphenylhydantoin and methyl derivatives, analysis
in biological material——GLC and mass spectroscopy [] GLC—
analysis, diphenylhydantoin and methyl derivatives [] Mass spectros-
copy—analysis, diphenylhydantoin and methyl derivatives

Several spectrophotometric, colorimetric, and UV
methods to determine levels of diphenylhydantoin (1) in
biological material were published (1-5). However, most
of these methods are nonspecific and time consuming,
and they require many selective extractions to avoid
interference of other drugs, e.g., barbiturates. Recently,
a GLC method was reported (6) which involved the
conversion of diphenylhydantoin to its methoxy deriva-
tive by treatment with diazomethane. However, the
structure of the methylated derivative has not been
determined. In a recent report (7), a direct GLC method
was described for the determination of the drug at
therapeutic levels in blood. Another recent report (8)
described a GLC method for the determination of di-
phenylhydantoin in which the drug was methylated with
tetramethylammonium hydroxide. The corresponding
peak of the methylated drug was identified by NMR and
mass spectroscopy. However, no discussion of the mass
spectra was included.

This report describes a more sensitive GLC method
which measures even subtherapeutic levels of the drug
in biological material. However, when using GLC for

1216 (] Journal of Pharmaceutical Sciences

Ph
Ph—; I:I—R
$ 3%
0 N 0

l

RI

I: R=R’=H; diphenylhydantoin
II: R=H, R’=CHj; 3-methyldiphenylhydantoin
I1I: R=R’=CH;; 1,3-dimethyldiphenylhydantoin

qualitative determination of drugs in biological material,
it is necessary to have parameters other than the reten-
tion time of the drug in order to make a more certain
identification of the drug. This is especially true if
derivatives of the drugs are being analyzed when more
than one reactive center is available in the drug mole-
cule. Mass spectroscopy, therefore, was utilized as a
tool for identification of diphenylhydantoin derivatives.

EXPERTMENTAL

Reagents—Diphenylhydantoin? and dimethyl sulfate? were
used. Heptane and chloroform were redistilled before use. Acetate
buffer (0.2 M, pH 5.6) was made by mixing 4.8 ml. of acetic acid
solution (0.2 M, 11.55 ml. in 1000 ml. water) and 45.2 ml. of sodium
acetate solution (0.2 M, 16.4 g. in 1000 ml. water), and the mixture
was diluted with water to 100 ml. Methanolic potassium carbonate
solution was made by mixing 1 ml of 2-5% aqueous solution of
potassium carbonate and 9 ml. of methanol (analytical reagent).

Preparation of Methyl Derivatives of Diphenylhydantoin—AMono-
methyl Derivative—A solution of 1.0 g. diphenylhydantoin in 30
ml. methanolic potassium carbonate was placed in a three-necked,
150-ml. flask fitted with a reflux condenser and a magnetic stirrer.
Twenty milliliters of dimethyl sulfate was added, and the reaction
was allowed to proceed for 15 min. at 70°. The reaction mixture
was then cooled, and methanol was removed under reduced pres-

1 Parke-Davis and Co., Detroit, Mich. .
2 Matheson Coleman and Bell, Norwood, Ohio.
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Figure 1—Gas chromatogram of: (A) dimethyldiphenylhydantoin
and (B) monomethyldiphenylhydantoin. The curve represents 5 ul. of
a solution of 40 mcg. diphenylhydantoin products in 100 ul. chloro-
form.

sure. The resulting mixture was extracted three times with 150-ml.
portions of heptane and once with chloroform (100 ml.). The organic
layers were mixed and dried over sodium sulfate, and the solvents
were removed under reduced pressure to give a white solid material.
This material was recrystallized from benzene, m.p. 223°.

Anal —Calc, for C;sH,N.O,: C, 72.18; H, 5.26; N, 10.52, Found:
C,72.29; H, 5.29; N, 10.62.

The yield was 95% of the monomethyl derivative. GLC of this
material, using the DC-200 column, showed the presence of one
major component.

Dimethyl Derivative—The procedure described above was used
to methylate diphenythydantoin, except sodium hydroxide was
utilized instead of potassium carbonate in concentration ranging
between 2.5 and 10%. The procedure gave a mixture of two com-
ponents, as shown by the presence of two spots on silica gel TLC.
Attempts to separate the two components on a silica gel column
were not successful. The gas chromatogram of this product, using
the DC-200 column, showed the presence of two major peaks (Fig.
1).

Mass Spectra—The high-resolution mass spectra of diphenyl-
hydantoin and its methyl derivatives were determined using an
A.E.1. MS-9 double-focusing mass spectrometer. The MS-9 was

100
90 4
80
70 1
60 1
50 1
40
30 4

RELATIVE INTENSITY

20 4

12~JJ IJLJ "

20 40 60 80 100 20 40 60 80 200 20 40 60 80
mle

Figure 2—Mass spectrum of diphenylhydantoin.

coupled to a digital data system3. Computer processing of the digi-
talized data was carried out on Battelle’s CDC-6400 computer.
Diphenylhydantoin was introduced by a direct probe operating at
220°, while the methyl derivatives were introduced through a gas
chromatograph connected to the MS-9. These derivatives were
chromatographed using 0.61-cm. (0.125-in.) stainless steel tubing
[3.05 m. (10 ft.) long] packed with 297 OV-17 on Gas Chrom Q. The
gas chromatograph (Varian Aerograph model 1740) was connected
to the mass spectrometer by means of a McCloskey-type separator
9).

Each component emerging from the column of the gas chromato-
graph goes directly to the ion source of the mass spectrometer where
it is ionized by electron impact. Helium was used as the carrier gas
at a rate of 30 ml./min, with the column temperature programmed
from 210 to 280 at 2°/min. All of the mass spectra were obtained at 70
e.v. Other operating parameters were: injection port, 210°; ion
source, 200°; separator temperature, 250°; and accelerating
voltage, 8 kv.

Gas Chromatography—An F&M model 5755 B gas chromato-
graph, equipped with a flame-ionization detector, was used for rou-
tine analyses. The column was 1.4-m., 0.61-cm. (4.5-t., 0.125-in.)
stainless steel tubing packed with Gas Chrom Q 80-100 mesh
coated with 39 DC-200. The operating temperatures used for
analysis were: column, 200°; and injection port, 310°, Helium was
used as the carrier gas with a flow rate of 40 ml./min.

Extraction Procedure—Srandards—A stock solution of § mg.
diphenylhydantoin in 10 ml. chloroform was prepared. Aliquots
containing 0, 2.5, 5, 10, 20, 50, 80, and 100 mcg. were placed in
separate glass-stoppered centrifuge tubes, and solvent was removed
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Figure 3—Mass spectrum of monomethyldiphenylhydantoin.

s Designed and built at Battelle,
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Table I—High-Resolution Mass Measurement of

Diphenylhydantoin
Measured Relat've Calculated .
Mass Intensity Mass Composition

103.0433 3.24 103.0422 C:H:sN

104.0513 46.67 104.0500 CH,

104.5423 3.59 209.0814 Peak doubly
ionized

105.0346 2.09 105.0340 C:H;0

163.0542 2.42 163.0548 Ci:Hy

165.0678 24.03 165.0664 CiHy

180.0823 100.00 180.0813 Ci:HpoN

209.0814 69.31 209.0841 C HuNO

252.0922 78.00 252.0939 CisNpN:0O, (M%)

under a stream of air. Each residue was dissolved in 1 mi. of meth-
anolic potassium carbonate followed by 0.1 ml. of dimethyl sulfate.
The mixtures were then heated for 5 min. at 70° on a water bath
followed by removal of methanol at the same temperature by apply-
ing a stream of air. Each residue was extracted with 10 ml. of hep-
tane by shaking on a vortex mixer. Eight milliliters of the heptane
layer was taken to dryness, and each residue was dissolved in 100 ul.
of chloroform. Samples (1-5 ul) were injected onto the column
under the conditions mentioned previously.

Biological System—From Plasma—A stock solution of 5 mg.
diphenylhydantoin in 10 ml. of 5 % sodium hydroxide was prepared.
The sodium salt of diphenylhydantoin was added to plasma samples
in varying amounts (0-40 mcg./ml. plasma). Two milliliters of the
resulting mixtures was acidified with 1 ml. of 1 N HCl followed by
extraction with 10 ml. of chloroform and shaking for 2 min. Layers
were separated by centrifugation, and 5-8 ml. of the chloroform
solution was taken to dryness. The residues were treated with
dimethyl sulfate in the presence of base and chromatographed as
mentioned previously.

Blood samples from patients taking the drug were treated simi-
larly, using 1-2 ml. of plasma.

Biological System—From Tissues—Liver samples (0.5-2.0 g.)
were weighed and placed in a graduated cylinder ; water was added to
give a final volume 10-fold greater than the weight of the tissue. The
content of the cylinder was transferred to a blending tube and
homogenized for 2 min. A 5-10-ml. portion was then transferred toa
glass-stoppered centrifuge tube and acidified with 5 ml. of 1 N HCL.
The mixture was extracted by shaking with 25 ml. of chloroform for
5 min, Layers were separated by centrifugation, and the water layer
was aspirated. Chloroform was removed under a stream of air, and
the residue was treated with dimethyl sulfate and analyzed using the
procedure described previously.

RESULTS AND DISCUSSION

Methylation—The product obtained from the methylation of
diphenylhydantoin was dependent on the strength and type of the
base used in the reaction. Lower concentrations of methanolic
potassium carbonate (2-5%) gave solely the monomethyl deriva-
tive of the drug. The gas chromatogram obtained on this product
showed one major peak. Microanalysis of this product showed that
it was the monomethyl derivative. When higher concentrations
of potassium carbonate were used, two products were obtained,

Table II—High-Resolution Mass Measurement of
3-Methyldiphenylhydantoin

Measured Relative Calculated

Mass Intensity Mass Composition
103.0417 4.50 103.0422 CH;N
104.0500 19.70 104.0500 CHN
105.0338 1.65 105.0340 CH;0
146.0591 100.00 — Background
147.0668 89.95 147.0684 CyH,NO
165.0770 14.75 165.0704 CysH,
180.0786 39.17 180.0813 CsHoN
208.0722 6.04 208.0762 C;sHt\NO
209.0784 6.00 — 14«HuNO
266.0674 31.00 266.06353 CieHisN;O, (M*)
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Figure 4—Mass spectrum of dimethyldiphenylhydantoin.

with the monomethyl derivative predominant. The use of sodium
hydroxide also produced two products as indicated by the presence
of two peaks in the chromatogram obtained on this mixture. The
first product was predominant and had a shorter retention time
(peak A, Fig. 1) relative to the second product (peak B). This second
product was identical to that obtained with lower concentrations of
potassium carbonate; both were the monomethyl derivative of
diphenylhydantoin.

The product that corresponded to peak A (Fig. 1) was unstable if
kept in organic solvents, such as chloroform, and decomposed to the
methyl derivative corresponding to peak B. This was indicated by a
change in peak intensity of Components A and B when the chroma-
tograms of the same solution were obtained on separate days. This
may indicate that Component A undergoes decomposition in solu-~
tion to Component B. For this reason, methylation of diphenyl-
hydantoin in the presence of potassium carbonate for routine GLC
purposes is preferred over sodium hydroxide. However, for the
determination of diphenylhydantoin metabolites, mainly the p-
hydroxy derivative, sodium hydroxide is preferred over potassium
carbonate for methylation. This is due to the presence of the phenolic
hydroxyl group which was also methylated with dimethyl sulfate
in the presence of sodium hydroxide but not potassium carbonate.

Mass Spectra of Methyl Derivatives—Samples of the mixture
of methylated diphenylhydantoin were studied by the combination
of GLC-mass spectroscopy. The two derivatives were separated by
GLC, using OV-17 as the stationary phase, and were identified by
mass spectroscopy.

The molecular ion (M¥) corresponding to peak A (Fig. 1) was at
mje 280 (60%;). This molecular ion corresponds to the formula

70-1
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Figure 5—Relationship between amount of monomethyldiphenyi-

hydantoin injected and peak height. Five microliters injected in each
case.



Table III—High-Resolution Mass Measurement of
1,3-Dimethyldiphenylhydantoin

Measured Relative Calculated

Mass Intensity Mass Composition
103.0418 3.90 103.0422 C:HN
104.0512 3.20 104.0500 C:HgN
105.0365 0.50 105.0340 CGH,0
118.0660 100.00 118.0657 CsHsN
165.0684 31.15 165.0704 CisHy
180.0834 12.05 180.0813 CisHioN
194.0940 72.94 194.0970 CiaHyo
209.0777 1.68 — Ci H;NO
223.1006 27.58 223.0997 CisHi;NO
280.1180 60.00 280.1212 CiiH gN.O: (M™)

CyH,6eN:0,, which indicates the addition of two methyl groups to
diphenylhydantoin. The molecular ion coresponding to peak B
(Fig. 1) was at m/e 266 (27%) which corresponds to the formula
CieHisN;O,. This formula indicates the addition of one methyl
group to diphenylhydantoin.

The mass spectra of diphenylhydantoin (Fig. 2) and of the mono-
methyl derivative (Fig. 3) show a very intense peak at m/e 180
(C1sHoN), but it is very weak in the mass spectrum of the dimethyl
derivative (Fig. 4). This peak may correspond to ion a. The forma-
tion of ion @ upon electron impact of diphenylhydantoin mono-
methyl derivative may indicate that the methyl group may be at-
tached to N-3 of the hydantoin ring (Scheme I) and that N-1 has no

Ph

Ph N—H Ph + _y Ph +

-+ — >C=NH A >C=N

0 N 0 Ph Ph
l m/e 181 a
R m/e 180
R’ =H, CH;
Scheme I

substituent as is the case with diphenylhydantoin itself. Similar
results were reported by Grimmer ez al, (10).

The presence of a very intense peak at m/e 118, CsHsN in the mass
spectrum of the dimethyl derivative (Fig. 4), probably corresponds to
ion b (Scheme II). Therefore, the additional methyl group

Ph
Ph N—CH, N
+ — Ph—C=N—CH,
o) N (0] b
| m/e 118
CH;

Scheme 11

present in the compound corresponding to peak A is undoubtedly
located on the nitrogen adjacent to the carbon carrying the two
phenyl groups. Thus, it appears that the methyl groups were intro-
duced at the nitrogen atoms of the hydantoin ring to form 3-methyl-
and 1,3-dimethyldiphenylhydantoin. These two compounds have
some common fragmentation patterns upon electron impact. Both
compounds undergo loss of the C;H;NO fragment to give peaks at
mfe 209 and 223, respectively. The most probable structure that
corresponds to these ions is shown in Scheme III.

Ph
Ph N—R Ph_. +
) + — _C—N—C=0
0 N"T 0] Ph |
| R

R R =H, 209 (69%)

Mg R=R'=H ’

R=H, 209 (6%)
MH: R= H, R = CHJ R= CHs, 223 (28%)
My R=R’ = CH,

Scheme 111

Both derivatives exhibit M—CO and M—HCO similar to that of
diphenylhydantoin. Since there are two carbonyl groups in the
hydantoin ring, either one could be lost upon electron bombard-
ment. Thus, more than one possible structure could be drawn for
such ions. However, loss of the carbonyl group at position 4 would
give rise to a radical at C-5, which is highly stabilized by the two
phenyl rings at that position. Thus, the possible structures of M—CO
of the three compounds is shown in Scheme IV.

Ph
Ph N—R 1
~co Ph_ I+
o+ —  C—N—C—N—F
0 N 0 Ph |
| R
Rl

R =R =H, 224 (11%)
, R = H,R’ = CH,, 238 (1.4%)
Mp R=R'=H R=R’ =CH,, 252 (2%)
My R=H,R' = CH;
My R=R’ = CH,

Scheme IV

The mass spectra of diphenylhydantoin and its methylated
derivatives show a peak at m/e 105, which corresponds to C;H:0,
which may correspond to benzoyl ion (Ph—C==0"). This ion may
originate only if one of the two phenyl groups migrates to the
adjacent carbonyl group to produce a benzoyl urea derivative which
may give rise to the benzoyl ion. However, the intensity of the peak
at m/e 105 is relatively weak. Skeletal rearrangements of this type
were reported for several other compounds (11-16).

The mass spectra of diphenylhydantoin and its methyl derivatives
show a peak at m/e 165 (CsH,). This peak may correspond to ion c.
The possible origin of this ion is shown in Scheme V.

Ph
Ph N—R
U~ OO
) N 0
| ¢
R m/e 165

Scheme V

The mass spectrum of 3-methyldiphenylhydantoin shows an
intense peak at m/e 147 (89%). The possible origin of this peak is
shown in Scheme VI.

Ph
Ph N—H
—Ph
—
0 N 0
|
CH, Ph
H
. N/ NCO
} N0, G HNO*
0 N 0 mfe 147 (89%)
|
CH,
Scheme VI

The possible overall common fragmentation pattern of dipheny}-
hydantoin and its methyl derivatives is shown in Scheme VIIL

GLC—For routine work, methanolic potassium carbonate was
utilized to methylate diphenylhydantoin, This procedure gave the
monomethyl derivative in yields ranging from 90 to 100%,. Analysis
of the methyl derivative was carried out on the DC-200 column.
Figure 1 shows a typical chromatogram of the monomethyl and
dimethyl derivatives of diphenylhydantoin.

The methylation procedure rendered the GLC method more sen-
sitive over the published method (7). Subtherapeutic levels were
easily detected using the procedure mentioned here.

Vol. 60, No. 8, August 1971 [] 1219



0 0 0
I I Ph I
(Ph—C—N—C—NR) _C—N—C—NF’
Ph |
14 R
Ph—C=0" Ph

Ph,_
(Ph—C=NR)*" «— ( /C=NR)+
l Ph
(Ph—C=N)* l
Ph
~N +
( >C=N)
Ph”

OO
Scheme VII

The method is applicable to determine diphenylhydantoin in
biological fluids, such as blood, and is also applicable to tissues such
as liver.

The extraction procedure of diphenylhydantoin from plasma and
tissues was adequate and gave maximum recovery, as reported
earlier (7). A plot of peak height against the amount of the drug
injected (0.1-1.0 mcg.) gave a straight line passing through the
origin (Fig. §), indicating that the method is suitable for quantitative
analysis.

Other commonly used drugs, e.g., barbiturates and glutethemide,
showed no interfering peaks in the same region of diphenyl-
hydantoin. These drugs can also be methylated and analyzed using
the procedure described in this article.
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CONCLUSIONS

Methylation of diphenylhydantoin with dimethyl sulfate in the
presence of a base produces monomethyl and dimethyl derivatives
of the drug, depending on the reaction conditions. The structure of
the derivatives was identified by high-resolution mass spectrometry
and was found to be N(3)-methyl- and N,N’-dimethyldiphenyl-
hydantoin. Similar results were obtained when other methylating
agents, such as diazomethane, were used (9).

These derivatives, together with diphenylhydantoin itself, undergo
mainly ring cleavage upon electron impact, accompanied by loss of
groups such as CO, HCO, RNCQO, or phenyl groups. Skeletal rear-
rangements were also observed.

The GLC method described is very sensitive and can be used for
clinical and toxicological studies of diphenylhydantoin.
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