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The absolute configuration of the N-B-D-glucoside metabolites of phenobarbital was determined by
methylation of the diastereomers to make mephobarbital N-B-D-glucosides, followed by oxidative
removal of glucose to give the optical isomers of mephobarbital. Following a single oral dose of
phenobarbital to two male subjects, both phenobarbital N-B-D-glucosides were excreted in the urine.
The absolute configuration (C-5 position) of the major phenobarbital N-B-D-glucoside excreted in the
urine was the S form. A pronounced stereoselective formation and/or urinary excretion occurs for the
N-glucoside conjugates of phenobarbital in humans.

KEY WORDS: 1-(B-D-glucopyranosyl)phenobarbital; diastereomers; absolute configuration; me-
phobarbital; product enantioselectivity; urine.

INTRODUCTION

It has been proposed that N-p-D-glucosylation is a gen-
eral pathway for metabolism of barbiturate drugs. This is
based on the isolation and identification of the N-B-
D-glucose conjugates of amobarbital and phenobarbital (1-
3). The coupling of D-glucose to N, of phenobarbital con-
fers asymmetry at C5 and generates two diastereomers (la
and 1b). In man, amobarbital has been shown to form both
N-B-p-glucoside diastereomers and a pronounced ‘‘product
enantioselectivity’” for one of the diastereomers was ob-
served (4). Phenobarbital has been shown to form N-B-D-
glucose conjugates in man (5-8); however, characterization
of the diastereomers has not been reported. In this study, the
absolute configuration for the C-5 substituents of the
N-B-D-glucoside diastereomers of phenobarbital is deter-
mined and both diastereomers are identified as excretion
products in human urine.

MATERIALS AND METHODS

Reagents and Chemicals

5(5)-5-Ethyl-1-(1-B-p-glucopyranosyl)-5-phenyl-2,4,6-
(1H,3H,5H)pyrimidinetrione (1a) and 5(R)-5-ethyl-1-(1-B-D-
glucopyranosyl)-5-phenyl-2,4,6(1H,3H,5H)-pyrimidinetri-
one (1b) were synthesized as previously described (9). In
that report they were designated PBGA and PBGB, respec-
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tively. For each of the N-B-D-glucoside conjugates, greater
than 98% of the peak area (198 nm) was associated with a
single diastereomer unless otherwise noted. Phenobarbital
was purchased from Merck and Co. Inc. (Rahway, NJ). p-
Hydroxyphenobarbital and tris{3-(heptafluropropylhy-
droxymethylene)-d-camphorato], europium(III) derivative
[Eu(hfc),], were purchased from Aldrich Chemical Co. (Mil-
waukee, WI). Acetonitrile (MeCN), ethylacetate (EtOAc),
and monobasic and dibasic sodium phosphate were HPLC
grade. All other chemicals were reagent grade.

Equipment

Melting points (uncorrected) were determined in an
open capillary with a Thomas-Hoover Unimelt apparatus
(Philadelphia, PA). IR spectra were determined with a Nico-
let 5ZDX FT-IR (Madison, WI). "H-NMR spectra were ob-
tained on a JOEL FX90Q spectrometer (Tokyo). Optical ro-
tations were determined on a Perkin-Elmer 141 Polarimeter
(Norwalk, CT). The thermospray mass spectra (LC/MS) were
obtained with a Hewlett-Packard HP 5988A L.C/MS system
interfaced to a Hewlett-Packard HP1090 liquid chromato-
graph via a Hewlett-Packard thermospray interface.

HPLC Systems

The HPL.C system for preparative purification of 1a and
1b from the urine extract utilized an Econosil C-18 semi-
preparative reverse-phase column (250 X 9-mm i.d.; particle
size, 10 pm; Alltech Associates) with a Perisorb RP-18 guard
column (20 X 2-mm i.d.; particle size, 30-40 pm; Upchurch
Scientific). The system used a 1.0-ml loop injector (Rheo-
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dyne, Inc.). The mobile phase was 15% (v/v) MeCN in 0.5 M
ammonium acetate at a flow rate of 4.0 ml/min. The effluent
was monitored at 254 nm.

The HPLC system used for detecting metabolites and
monitoring the semipreparative purification of the metabo-
lites utilized an Econosphere C-18 column (250 X 4.6-mm
i.d.; particle size, 5 wm; Alltech Associates) with the guard
column that was described previously. The mobile phase
was 15% (v/v) MeCN in 0.025 M sodium phosphate buffer,
pH 6.5. The flow rate was 1.4 ml/min and the effluent was
monitored at 204 nm using a strip chart recorder. The same
chromatographic conditions were used for UV characteriza-
tion. Postcolumn ionization was accomplished by mixing a
0.2 M sodium borate buffer (pH 10.0) at a flow rate of 0.3
ml/min with a column ¢luate and passing the solution over a
50 X 2-mm column of 75-um glass beads (10). The effluent
was monitored with a diode array detector (2140 Rapid Spec-
tral Detector, LKB-Produkter AB) from 190 to 300 nm. The
retention time (fg) was 22.2 min for 1a and 25.0 min for 1b.
For both 1a and 1b the UV maximum was at 194 nm and,
following postcolumn ionization, two UV maxima were ob-
served at 198 and 238-242 nm.

The conditions used to obtain the thermospray mass
spectra (LC/MS) have been previously described (11). The
chromatography was performed with an Econosphere C-18
column using a mobile phase of 15% (v/v) MeCN in 0.1 M
ammonium acetate buffer at a flow rate of 1.2 ml/min. The 75
was 15.2 min for 1a and 16.6 min for 1b. The chemical ion-
ization mass spectrum exhibited a m/z 395 [21%, M+H) "]
and 412 [100%, (M +NH,) *] for both 1a and 1b.

Conversion of 1a to R(—)-Mephobarbital

5(8)-5-Ethyl-1-(2,3,4,6-tetraacetyl-B-D-glucopyranosyl)-
3-methyl-5-phenyl-2,4,6(1H,3H,5H)-pyrimidinetrione was
prepared as previously described from 5(5)-5-ethyl-1-
(2,3,4,6-tetraacetyl-p-p-glucopyranosyl)-5-phenyl-2,4,6(1H,
3H,5H)-pyrimidinetrione (1a tetraacetate) by treatment with
diazomethane (9). After hydrolysis of 95 mg (164 pmol) of
the tetraacetyl intermediate in 9 ml of 10% H,SO,, 2.0 ml of
9.5 M H,SO, containing 732 mg (2.45 mmol) of Na,Cr,0,
was added. The reaction was heated at 93°C for 3 hr. The
solution was cooled to room temperature, diluted with 10 ml
of water, and extracted with CH,ClL, (5 X 10 ml). The com-
bined CH,CI, extracts were dried over anhydrous Na,SO,,
filtered, and evaporated to dryness. The white precipitate
was recrystallized from methanol/water and dried under re-
duced pressure to yield 33 mg (132 umol, 82% yield) of a
white solid. m.p. 99-101°C (lit. 101°C) [a],,>* = —8.9° (lit.
[alp®® = —9.0°) (12).

Conversion of 1b to (S/R)-( + )-Mephobarbital

(58/5R:6/94)-5-Ethyl-1-(B-D-glucopyranosyl)-3-methyl-
5-phenyl-2,4,6(1H,3H,5H)-pyrimidinetrione was prepared
from 144 mg (364 pmol) of(55/5R:6/94)-5-ethyl-1-(1-B-D-
glycopyranosyl)-5-phenyl-2,4,6(1H,3H,5H)-pyrimidinetri-
one by treatment with diazomethane (9). The oil that was
obtained was dissolved in 10 ml of 3.8 M H,SO, containing
1.57 g (5.3 mmol) of Na,Cr,0, and heated at 83°C for 17 hr.
The reaction was cooled to room temperature, diluted with
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10 ml water, and extracted with CH,CL, (5 x 15 ml). The
combined CH,CIl, extracts were dried over anhydrous
Na,SO,, concentrated, and purified by column chromatog-
raphy. Eluting the column with CHCl;:acetone (9:1, v:v),
combining the fractions containing mephobarbital, and con-
centrating under reduced pressure gave 44 mg of a white
solid. This material was recrystallized from methanol/water
and dried under vacuum to yield 33 mg (132 pmol, 36% yield)
of (S/R)-mephobarbital. The N-methyl resonances were at
5.09 (S isomer) and 4.98 ppm (R isomer) in the presence of a
0.26 molar ratio resulting from the incremental addition of
Eu(hfc); chiral shift reagent (13). The resolution of the N-
methyl absorbance was not adequate for accurate quantita-
tion of each isomer. m.p. 99-101°C (lit. 101°C) [a]?® =
+7.9° (it. [a]p2® = +9.3°) (12).

Partial Purification of 1a and 1b Conjugates from Urine

Total urine was collected for 60 hr from one male Cau-
casian (subject 1) and one male Oriental (subject 2) after
taking a 90-mg oral dose of phenobarbital. The urine samples
were refrigerated immediately upon collection and, within 48
hr, made acid to litmus with conc. HCI. Urine samples con-
taining measurable quantities of phenobarbital N-B-
D-glucosides were pooled. Purification of these samples was
similar to the method used for the isolation of the amobar-
bital N-B-D-glucosides (4). Three liters of acidified urine, in
which 1000 g of NaCl had been dissolved, was passed over a
450g column of XAD-4. The column was washed with 500
ml of 0.2 N HCI. The metabolite was eluted with 500 ml of
methanol. The methanol eluate was evaporated to a thick oil
under reduced pressure (water aspirator) followed by the
addition of 15 ml of a saturated solution of (NH,),SO,. The
extract was acidified with 10% H,SO, until acid to litmus.
This mixture was extracted for 42 hr with diethyl ether, then
28 hr with diisopropyl ether to remove phenobarbital and
other lipophilic material. Each extract was checked by
HPLC to verify that the phenobarbital N-glucosides were
not present. The aqueous phase was extracted for 28 hr with
EtOAc. The EtOAc fraction was dried over anhydrous
Na,SO,, filtered, and evaporated under reduced pressure.
This material was partially purified by HPLC using the semi-
preparative column. A single fraction containing both 1a and
1b (10-18 min) was collected into 5-10 ml of glacial acetic
acid. The sample was concentrated to a volume of 2 ml under
reduced pressure. A portion of this material was character-
ized by HPLC-UYV (both with and without postcolumn ion-
ization) and LC/MS. The remaining fraction was rechro-
matographed using the same HPLC system. The eluate was
collected in the presence of glacial acetic acid and the frac-
tions containing 1a and 1b were kept separate. The samples
were concentrated, and anhydrous Na,SO, was added and
extracted with EtOAc (4 X 2 ml). The EtOAc fraction was
dried with anhydrous Na,SO,, then evaporated, and the res-
idue was reconstituted with 1 ml of water and lyophilized.
This procedure yielded 1-2 mg of a white solid, which co-
chromatographed with 1a, and trace quantities of a yellow oil
that cochromatographed with 1b. The fraction corresponding
to 1a was further characteried by FT-IR, 'H-NMR, and LC/
MS. Insufficient material was present for characterization of
1b by FT-IR and 'H-NMR.



404

RESULTS

Determination of the Absolute Configuration of 1a and 1b

The conversion of 1a tetraacetate to R(—)-mepho-
barbital is shown in Fig. 1. The glucose portion was oxida-
tively removed from the mephobarbital N-B-p-glucoside
by treatment with sodium dichromate under strongly acidic
conditions. R(—)-Mephobarbital was obtained in a reason-
able yield and characterization for optical purity by melting
point, optical rotation (12), and 'H-NMR using a chiral shift
reagent (13) indicated a single enantiomer. When the par-
tially purified N-methyl homologue of 1b (94% 1b and 6% 1a)
was oxidized using the same conditions as described for N-
methyl 1a, only a 4% yield of mephobarbital was obtained.
The oxidative removal of glucose from N-methyl 1b required
a longer reaction time at lower temperatures to obtain me-
phobarbital in an acceptable yield. The mephobarbital ob-
tained from 1a had a (—) rotation, indicating that it has an
absolute configuration of R (14). The mephobarbital ob-
tained from 1b had a (+) rotation, consistent with an abso-
lute configuration of S. The absolute configuration at C-5 of
1a and 1b is S and R, respectively.

Characterization of Biologically Derived 1a and 1b

The biologically derived 1a was identical to synthetic 1a
by FT-IR, '"H-NMR, LC/MS, and HPLC-UV (with and with-
out postcolumn ionization). In the "H-NMR and FT-IR spec-
tra, potassium acetate was observed as a contaminant at an
approximately equimolar concentration. The spectrum of
potassium acetate was subtracted from that of biologically
derived 1a to give a spectrum consistent with that of syn-
thetic 1a. The absolute configuration of the major phenobar-
bital N-p-D-glucoside excreted in urine by humans is S.

The quantity of biologically derived 1b isolated in this
study was insufficient to characterize by FT-IR or '"H-NMR.
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Fig. 1. Synthetic conversion of 1a tetraacetate to R(—)-mepho-
barbital.
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Using the initial LC/MS conditions (linear detection), only
the molecular ion adduct plus ammonia (M +NH,)* could
be detected. Using single-ion monitoring (SIM) for both the
molecular ion (M +H)* and the (M+NH,)* ion, the chro-
matogram in Fig. 2 was obtained. The retention times and
relative ion intensities were identical to those of synthetic
1b. To confirm further the presence of 1b, it was analyzed by
HPLC-UV. Upon postcolumn ionization the UV maximum
at 194 nm shifted to 198 nm, with a second maximum at
238-242 nm. These results are identical to those for synthetic
1b. Following oral dosing with phenobarbital, 1b (R config-
uration at C-5) is also excreted in the urine. The percentages
of 1a excreted by subjects 1 and 2 were approximately 5 and
3%, respectively. The percentages of 1b excreted by subjects
1 and 2 were approximately 0.7 and 0.6%, respectively. The
small percentage of phenobarbital N-glucosides recovered is
probably due to the long half-life of phenobarbital and the
short period of urine collection. Also, this study was initi-
ated prior to recognition of the chemical instability of 1a and
1b (11) and some decomposition may have occurred prior to
analysis.

DISCUSSION

Conjugation of a glycone to a barbiturate nitrogen may
confer chirality to the aglycone and diastereomers would be
formed. Spectroscopic methods are not currently available
for predicting the absolute configuration associated with
these chiral conjugates, especially the barbiturate N-B-
D-glucoside conjugates. In contrast, the absolute configura-
tion associated with N-alkyl barbiturates, especially com-
pounds with medicinal applications, has been extensively
studied. For the phenobarbital N-B-p-glucosides, the nitro-
gens were differentiated by methylation with diazomethane,
after which removal of glucose to obtain mephobarbital was
required. Cleavage of an N-linked barbiturate from glucose
has been reported under strongly acidic conditions (7,15),
however, attempts to hydrolyze N-methyl 1a using 10%
H,SO, at 90°C for 24 hr or longer were unsuccessful. The
acid stability of the N-methyl homologue 1a was consistent
with that observed for other barbiturate N-B-D-glucosides
and hydantoin N-B-D-glucuronides (9,16).

The oxidative degradation of the glycoside ring was
based on an analytical method developed for removing in-
terfering substances when quantitating phenobarbital or me-
phobarbital in urine (17). Although this oxidative method
was successful for these compounds, it is not a general
method. If a C-5 substituent is a propyl or longer alkyl chain,
significant oxidation will occur at the ultimate or penultimate
(w-1) carbon using these conditions (18). In the course of
these studies, milder oxidizing conditions were evaluated
[KMnO,/H,SO,, NamlIO,/H,0 or CH,Cl,, Pb(OAc),/HOAc
or CF;CO,H or pyridine, Zn/HCIl], however, no mephobar-
bital or extremely poor yields of mephobarbital were ob-
tained.

Prior reports have shown that following dosing with
phenobarbital, an N-B-D-glucoside(s) of phenobarbital was
excreted in urine by humans. Early studies used methods
that were not sufficiently sensitive to differentiate closely
related diastereomers (2,3,7). Since 1b was present at low
concentrations, considerable problems were encountered
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Fig. 2. A thermospray LC/MS tracing of the partially purified human urine extract in which the major ions of the phenobarbital N-

B-D-glucosides, m/z 412 M+NH,") and m/z 395 (M+H™), were monitored.

in confirming its presence in urine as a metabolite, possibly
due to its chemical instability (11). Even isolating 1a from
urine in a form that was sufficiently pure and in adequate
quantities for FT-IR and 'H-NMR analysis proved very dif-
ficult. Characterization of 1b was possible only using LC/MS
and comparison of UV spectra at pH 6.5 and 10.0 during
HPLC analysis. However, using spectrometrically indepen-
dent UV and MS data, there is conclusive evidence that both
diastereomers of phenobarbital N-B-p-glucoside are ex-
creted in human urine following oral administration of phe-
nobarbital.

Since the absolute configuration at the C-5 position of 1a
and 1b is S and R, respectively, the major phenobarbital
N-8-p-glucoside excreted in urine by humans has the S con-
figuration. A product enantioselectivity has been previously
observed for the urinary excretion of the amobarbital
N-B-Dp-glucosides (4), but the absolute configuration has yet
to be determined. It would be anticipated that the absolute
configuration for the major amobarbital N-B-D-glucoside
would be S, comparable to that obtained for the phenobar-
bital N-B-p-glucosides. In a closely related system, N-
glucuronidation has been shown to be a major metabolic
pathway for phenylethylhydantoin in man. However, the oc-
currence of stereoselective formation and/or excretion of the
N-glucuronides in human urine has not been reported

(19,20). In contrast, stereoselective formation, hydrolysis
and/or urinary excretion of O-glucuronides of drug race-
mates by humans is frequently observed (21-27).

CONCLUSION

Although studies of the N-B-D-glucosylation pathway
are very limited, it appears that product enantioselectivity
for formation and/or excretion of the N-B-p-glucoside con-
jugates of phenobarbital and amobarbital is similar. It re-
mains to be determined if the absolute configuration at C-5 of
the barbiturate ring of the major diastereomer excreted in the
urine is the same for both the phenobarbital N-8-p-gluco-
sides and the amobarbital N-B-p-glucosides.
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