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ABSTRACT 

The identification of metabolites from the pyridyIglutarimide 3-ethyl-3-(4-pyridyl)piperidine-2.6-dione 

(PC, Rogletimidc) was achieved using liquid chromatography-mass spcctrometry with a thermospray 

interface (LC-TSP-MS). The urinary metabolites include PG N-oxide, the products oP4- and 5-hydroxyla- 

tion in the piperidine residue (4- and 5-hydroxy-PG) and a y-butyrolactone derived via terminal hydroxyla- 

tion in the ethyl residue. In addition to the above metabolites, several products of glutarimide ring-opening 

could bc detected in the plasma extracts after multiple-dose treatment. Thus LC-TSP-MS is potentially a 

simple and rapid technique in studies of drug metabolism for the important glutarimide class of drug, 

INTRODUCTION 

The pyridylglutarimide, 3-ethyl-3-(4-pyridyl)piperidine-2,6-dione (PG, Roglet- 
imide, 1, Fig. 1) is a new analogue of aminoglutethimide, 3-(4-aminophenyI)-3- 
ethylpiperidine-2,6-dione (AG, 2, Fig. 1) [I]. AG is currently used to treat post- 
menopausal women suffering from estrogen-dependent breast carcinoma [2]. The 
drug inhibits the enzyme aromatase (estrogen synthetase) which is responsible for 
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Fig. 1. Structures of PG (1) and AG (2). 
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the conversion of androgens into estrogens, thus depleting the estrogen level in 
the plasma and retarding tumour growth. However, AG also inhibits desmolase, 
the enzyme which blocks the cholesterol side-chain cleavage [3]. A consequence of 
unselective inhibition by AG is the need to replace glucocorticoid by adminis- 
tering hydrocortisone daily. Moreover, patients suffer adverse side-effects from 
AG, such as dizziness, lethargy and ataxia. In view of all these problems, more 
specific inhibitors of aromatase are currently being developed, and PG is one of 
those currently undergoing clinical trial. PG is a more selective inhibitor in vitro 
towards aromatase [I], has better retention in the plasma of the rat and rabbit [4], 
produces less central nervous system (CNS)-related toxic side-effects in mice [S] 
and it has retained a potency for aromatase inhibition comparable to that of AG 
[11. 

Of the known metabolites of AG in the rat [6] and human [7,8], seven out of 
nine metabolites involved the amino group. In PG, the amino functional group is 
ab~~ni and therefore iess metaboiism would be envisaged. The metabolism of PG 
has only previously been studied in rats, a healthy male volunteer [4] and several 
patients [9]. Only oiie major metabolite, namely PG N-oxide (3), was identified, 
using high-performance liquid chromatography (HPLC) and thin-layer chroma- 
tography (TLC) followed by mass spectrometry (MS). 

In recent years HPLC on line couplin g to MS using a thermospray (TSP) 
interFace has become an invaluable technique fcr the identification of drugs and 
their metabolites in biological fluid [lo-121. We utilized this technique, and for the 
first time have studied the metabolism (*al” PG in postmenopausal patients suf- 
fering from breast carcinoma. 

EXPERIMENTAL 

Clwnzicais 

Ethyl 4-pyridylacetate was purchased from Lancaster Synthesis (Morecambe, 
UK). Other -% bl cmicals were supplied by Aldrich (Poole, UK). Solvents were ana- 
lytical or HPLC grade (BDH, Gillingham, UK). 

Patients’ urine samples before and 24 h after PG treatment (250 mg intrave- 
ncusly) were collected and stored at - 20°C until analysis. Each sample (5 ml) 
was acidified using 1 M HCl(500 jrl) and extracted with ethyl acetate (3 x 10 ml). 
The organic phase was discarded and the aqueous phase was neutralised by slow- 
ly adding 1 M NaOH (500 /Al) followed by ethyl acetate (3 x 10 ml) extraction. 
The organic phase was concentrated to dryness and then redissolved in methanol 
(100 !il). Aliquots of this sample (1 and 10 /ll) were analyzed by HPLC and 
LC-MS, respectively. 
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Isolation oj’metabolites jkm plasma sm~pics 
Plasma samples were collected before a dose, 6 h after a single dose and 6 h 

after multiple doses of PG treatment (1 g/day orally for seven days). Each plasma 
sample (1 ml) was passed through a CS Bond Elut cartridge (1 ml capacity) and 
eluted with methanol (2 x 0.5 ml). The organic eluate was dried under a stream 
of nitrogen and redissolved in methanol (40 ~1). Aliquots (2 and 10 111) of each 
sample was analyzed by HPLC and LC-MS, respectively. 

In order to obtain enough samples for nuclear magnetic resonance (NMR) or 
MS analysis, certain urine and plasma extracts were repeatedly subjected to 
HPLC, and the appropriate peaks were collected for analysis. 

Mass spectrometry and NMR analysis 
Direct insertion mass spectra were recorded on a VG 7070H mass spectrometer 

(Altrincham, UK), operating at 70 eV in the electron-impact (EI) mode, with an 
ion source temperature of I8O”C and uyr.rYYvu ~~~~;n=& with a VG 2235 ri?f~ system. *. ____ -_,,..W 
NMR spectra were obtained at 250 MHz using a Bruker AC-250 spectrometer 
(Switzerland Spectrospin, Faellander, Switzerland). 

LC-MS atraiysis 
The HPLC equipment was manufactured by Applied Chromatography Sys- 

tems (HPLC Technology, Manchester, UK) and consisted of a gradient controll- 
er (Model 351/04) with a variable-wavelength UV detector (Mode1 702/12). The 
column used was a Spherisorb S3 ODS-2 (HiChrom, Reading, UK), 150 mm x 
4.9 mm, particle size 3 pm. The mobile phases were methanol-O. 1 A4 ammonium 
acetate (20:80, v/v) for the ethyl acetate urine samples (system 1) and (30:70 v/v) 
for the plasma sample (system 2), both at a flow-rate of 1 ml/min isocratic. 

The mass spectrometer used was a Vestec Model 201 (Vestec, Houston, TX, 
USA) fitted with n Vestec TSP interface, operated in the positive ion mode. Full 
scan mass spectra were acquired in the range of nr/z 180-400, at 1.5 s/scan. The 
vaporiser temperature was 280°C and the block temperature was at 3OO”C, and 
these were optimized daily with the mobile phase. 

Synthesis oJ’ reference con~potuds ad metabolites 
PG N-oxide (3) was obtained as described previously [l]. 
Syrr thesis of 3-[2- (m?2irrocarbollyi) ethyl]-3- (d-pyridyl) -5,6-nijl~l~~ofi~~rrr2-2- 

(3ki)-me (4). To a stirred solution of ethyl 4-pyridylacetate (I .A9 g, 10.2 mmol) 
and 2-(tetrahydropyran-2-yloxy)- 1 -iodoethane (2.66 g, 10.4 mmol) in te/*t.-buta- 
no1 (20 ml) at 25°C under nitrogen was added potassium rel*t.-butoxide (1.34 g, 11 
mmol). After 10 min, acrylamide (1.09 g, 11 mmol) and further potassium tert.- 
butoxide (1.34 g, 11 mmol) were added [13]. After 30 min, the mixture was parti- 
tioned between dichloromethane (3 x 80 ml) and aqueous sodium hydrogen 
carbonate (1 M, 100 ml). The organic layers were dried (Na$W,), concentrated, 
and the residue chromatographed on silica gel (Merck 15 111). Elution with 1: 10 
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triethylamine-diethy ether gave 3-(4-pyridyl)-3-[2-(tetrahydropyran-2-yloxy)- 
ethyllpiperidine-2,6-dione as a viscous oil (1.73 g, 53%). Su (CDCls) inter alia 
4.46 (I H, m, OCHO), 7.22 (2H, m, pyridyl), 8.20 (1 H, br, NH), 8.62 (2H, m, 
pyridyl), which was hydrolysed without further purification. A portion of this 
imide (342.7 mg) was dissolved in methanol (2 ml). The solution was stirred at 
room temperature and 50% concentrated HCl was added (0.5 ml). After 10 min, 
the mixture was partitioned between dichloromethane (5 x 15 ml) and aqueous 
potassium carbonate (2 M, 15 ml). The combined organic layers were concentrat- 
ed and the residue was crystallised from 2:l toluene-methanol to give 
3-[2-(aminocarbonyl)etllyl]-3-(4-pyridyl)5,6-dihydrofuran-2-(3~-one as crystals 
(93 mg, 37%), m.p. 133-135°C. Elemental composition found was: C, 61.4; H, 
6.1; N, 12.0%. C~ZHI~NZOJ requires: C, 61.5; H, 6.0; N, 12.0%. urnax (neat film 
from tetrahydrofuran, THF) 1700 (amide C = 0) and 1764 (lactone C = 0) cm’ I. 
& (MezSO-dc) 1.83-2.28 (4H, m, CH2CH2CONH2), 2.50 (IH, dt, J = 13.2, 7.7 
Hz CIIzCH9C). 2.65 (1 I-1, ddd, J = 4.9,7.2, 13.2 Hz, C.!?tCH~O), 4.14 (!H, dt, 
J 2 9.0, 7.4-Hz, CHzC&O), 4.38 (1 H, ddd, J = 4.9, 7.9, 9.0 Hz, CH&&O), 
6.3-6.7 and 6.7-7.2 (v.br., CONHz), 7.45 (1 H, m. pyridyl nzetcr to N), 8.57 (lH, 
m, pyridyl ortho to N). Mass spectrum: W/X 234 (M+, 50%), 190 
([M - CONHJ +, 95%), 162 ([M - CH2CH2CONH2]+, lOO%), 134 (96%). 

Synthesis qf’ 3-etl~~~f-3-(4-p~~r~~~~~l)pipe~~~~~i~-5-ol-2,6-oi~cs (5 aid 6). A soh- 
tiort oj’ fitltitm ciiisop~op~tknl~i~~e was prepwed by adding a solution qf’n- butyllithi- 
urn in hexanes (1.6 M, 2.31 ml, 3.7 mmol) to a stirred solution of diisopropyla- 
mine (373 mg, 3.7 mmol) in dry THF (4 ml) under argon at O”C, and was added to 
a stirred solution of PG (366 mg, 1.677 mmol) in dry THF (4 ml) at 20°C under 
argon. The resulting yellow suspension was stirred for 15 min, then oxodiperoxy- 
molybdenum(pyridine)hexamethyl-phosphoramide (MoOPH) (874 mg, 2.0 1 
mmol) was added as the solid. After 20 h, the mixture was concentrated onto 
silica gel (Merck 15 111; 2 g) and applied to a column of this silica (30 g). Elution 
with 1:20 methanol-dichloromethane gave 3-ethyl-3-(4-pyridyl)piperidin-5- 
ol-2,6-one as a mixture of stereoisomers (ca. 3.5: 1) (240 mg, 61% yield). 

Crystallisation from isopropanol gave the major isomer (5) [relative stereo- 
chemistry (3R,5S)], m.p. 194-197°C. Elemental composition found was: C, 61.9; 
H, 6.1; N, 11.7%. CIZHI~NZOJ requires: C, 61.5; H, 6.0; N, 12.0%. & (Me2SO- 
dG at 320 I<) 0.79 (3H, t, J = 7.4 Hz, CH3CH2), ! .88 (2H, m, CH3CH2), 2.20 [ 1 H, 
dd, J = 12.3, 13.6 Hz, diminished 2.9% upon pre-irradiation at 6 7.33, H-4 
(axial)], 2.56 [l H, dd, J = 5.0, 13.6 Hz, enhanced by 3.7% upon @e-irradiation 
at S 7.33, H-4 (equatorial)], 3.78 (lH, m, becomes dd after DzO exchange, J = 
5.0, 12.3 Hz, enhanced 6% upon pre-irradiation at 6 5.5 and 2.4% upon pre- 
irradiation at 6 7.33, H-5), 5.54 (1 H, d, J = 5.0 Hz, disappears on D20 exchange, 
OH), 7.33 (2H, m, pyridyl H meta to N), 8.57 (2H, m, pyridyl H ortho to N), 10.99 
(1 H, br, s, disappears on D20 exchange, NU). Mass spectrum: r?z/z 234 (M +, 
5S%), 206 ([M - &Ha] +, 14%), 190 ([M-CONHz]+, 77%), 182 (85%), 134 
(100%). 
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In order to isolate the minor isomer a separate experiment was carried out. 
This gave a lower yield of product (556 mg) S-hydroxy-PG (5-OHPG) as a 3.5:l 
mixture of stereoisomers from 1.87 g PG (28% yield). After crystallisation of the 
major isomer, the mother liquors were concentrated and subjected to HPLC (5 
pm Apex II ODS 250 mm X 10 mm column, methanol-O.01 M ammonium 
acetate, 30:70, v/v, flow-rate 3.5 ml/min). The major isomer was eluted at 10.9 
min and the minor isomer (6) was eluted at 7.4 min [relative stereochemistry 
(3R,5R)], Sn (CD(&) 0.83 (3H, t, J = 7.4 Hz, CHsCHz), 2.22 (2H, m, CH.JCHI), 
2.35 [lH, t, J = 13 Hz, H-4 (axial)], 2.58 [IH, dd, J = 5.7, 13.5 Hz, H-4 (equa- 
torial)], 4.58 (1 H, dd, J = 5.7, 12.1 Hz, H-5) 7.40 (br., pyridyl), 8.66 (v.br., 
pyridyl), 8” (MezSO-ds at 320 IX), 0.76 (3H, t, J = 7.4 Hz, CHJCH~), 2.10 (2H, 
q,J= 7.4 Hz, CHSCHZ), 2.26 (2H, m, H-4), 4.38 (1 H, m, H-5), 5.5 (1 H, d, J.= 5 
Hz, ON), 7.37 (2H, m, pyridyl), 8.46 (2 H, m, pyridyl), 8.58 (s, NH). Mass 
spectrum: 777/z 234 (M+, 52%), 206 ([M-CC2H4]+, 42%), 190 ([M-CONH2]+, 
6S%), ii52 ([iv! - ZGT4&CG]+, G8%j, i34 (iOO%j. 

Syrztlresis qj’2-etltyi-2- (4-~~?~idyi)-5-ca~bo,~s_)~?e~7tc~77an7ide (8). To a stirred so- 
lution of compound 1 (20 mg, 0. I mmol) in methanol (10 ml) was added sodium 
methoxide (5 mg). The mixture was stirred at room temperature for 4 h. At the 
end of the reaction, the mixture was centrifuged. The supernatant was concen- 
trated in VCKWO and the crude mixture was purified by 20 cm x 20 cm silica gel 60 
F254 TLC glass plates, chloroform-methanol (10: 1, v/v) as the eluting solvent. 
Four products were obtained. The band with the lowest RF value (0.1) was re- 
moved and eluted with methanol to give compound 8. an (CDJOD) 0.88 (3 H, t, J 
= 7.4 Hz, CH,CH,), 2.22 (4H, m, 2 X CHZ) 2.4 (2H, t, J = 7.4 Hz, 
CHzCOOH), 7.5 (2H, d, J = 5.9 Hz, pyridine), 8.6 (2H, d, J = 5.9 Hz, pyridine). 
Mass spectrum: 777/z 236 (M+, 3%), 218 ([M-HzO]‘, 4%), 190 (42%), 134 
(100%). 

Syntllesis of 2-ethyl-2- (4-pyridyi) -5-hydroxypm tarran7ide (9) al7d 4-ethyl-4- 
(4-pyridyZ)-5-lzydroxyperrtat7ar77ide (IO). To a stirred solution of 3-ethyl-3-(4- 
pyridyl)piperidine-2,6-dione (2.0 g, 9.2 mmol) in ethanol (20 ml) at room temper- 
ature was added sodium borohydride (378 mg, 10 mmol). The mixture became 
slightly warm. After 1 h, the mixture was concentrated and the residue chroma- 
tographed on a column of silica gel. Elution with 5: 1 chloroform-methanol gave 
a 3:2 mixture of compound 9 [2-ethyl-2-(4-pyridyl)-5-hydroxypentanamide] and 
compound 10 [4-ethyl-4-(4-pyridyl)-5-hydroxypentanamide] as a viscous oil (1.60 
g, 79%). The components gave, respectively, Su (CDC13) i~rter ah 5 3.64 (2H, t, J 
= 6.9 Hz, C&OH) and 6 3.76 (2H, A&, J = 12 Hz, CNZOH). Trituration 
under diethyl ether afforded a solid which was a 1: 1 mixture of regioisomers. A 
small sample of the 2-ethyl-2-(4-pyridyl) isomer (9) was obtained following care- 
ful further chromatography and was a solid, m.p. 148-150°C. Elemental compo- 
sition found was: C, 64.46; H, 8.15; N, 12.53%; C~~H~~NZOZ requires; C, 64.84; 
H, 8.16; N, 12.60%; 8~ (Me2SO-de) 0.66 (3H, t, J = 7.2 Hz, CHsCHz), 1.0-1.16 
(2H, m, CH&Y& 1 .S-2.0 (4H, m, 2 x CHz), 3.35 (2H, q, J = 6 Hz; reduces to t, 
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J = 4.3 Hz upon irradiation at d 4.24, HGCHz), 4.24,(lH, t, J = 5.2 Hz, OH), 
6.82 (br.s., amide NH$, 7.24 (2H, d, J = 5.9 Hz, pyridine), 8.49 (2H, d, J =’ 5.9 
I-k, pyridine). Mass spectrum for 9: JII/Z 222 (M+, 6%), 194 ([M - CzHb]+, 17%), 
179 ([M - CHICHOH]+, 57%), 178 ([M - CONH2]+, 53%), 160 (79%), 134 
(100%). 

.These compounds were analysed by LC-MS using the appropriate chroma-. 
tographic system. 

RESULTS AND DISCUSSION 

In order to evaluate the response of PG under LC-TSP-MS ionisation, PG 
was introduced by loop injection in the column bypass mode, using 0.1 M ammo- 
nium acetate and methanol (80:20, v/v) as the mobile phase. It showed a strong 
[M + H]+ molecular idn and the minimum amount required to obtain a full scan 
spectrum was’ 800 pg. 

The HPLC profiles of the ethyl acetate extracts from the urine samples before 
and after PG treatment :ire shown in Fig. 2a and b. Based on the retention times, 
compound 1 was the unchanged parent drug (M+ = rll/z 218) and compound 3 
was the major metabolite PG IV-oxide (M ’ = W/Z 234). These were confirmed by 
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Fig. 3. (a) El spectrum of compound 1 isolated from urine chtracts; (b) EI spectrum of authentic parent 
drug PG: (c) EI spectrum of compound 3 isolated from urine extracts: (d) EI spectrum of authcntL* PG 
IV-oxido; (c) EI spectrum of compound 5 isolated from urine extracts; (f) EI spectrum, of authentic 5- 
OHPG; (g) El spectrum of compound 7 isolated from urine extracts. 

their EI mass spectra (Fig. 3a-d). The fragments at 111/z 190 represented a loss of 
28 units from the parent compound. Accurate mass measurement, by peak 
matching at a resolution of 10 060 on the fragment ion at I?Z/Z 190, gave a value of 
190.07134, indicated that it was the loss of CzH4 fro-m the ethyl side-chain (theo- 
retical value 190.074228). In LC-TSP-MS using selected-ion monitoring (SIM) 
on m/z 235 ([M + H + 16])+), nz/z 219 ([M + H]’ ) and nz/z 19i ([M + 
H - 28]+), it was possible to detect the parent drug PG (Fig. 4a, peak 1) and other 
PG metabolites (Fig. 4b, peaks labelled 4, 5 and 7). From the ion chromatogram 
(Fig. 4b), there was a component 4 eluted at a retention time (TV) of 7.7 min, with 
an [M + H]’ of 172/z 235. This compound could be a hydroxylated PG metabo- 
lite. Since it was present in small quantity and eluted very closely to the PG 
N-oxide in LC-TSP-MS, no attempt was made to isolate this compound. How- 
ever, it had an identical retention time with the authentic compound 4 namely 
3-[2-(aminocarbonyl)ethyl]-3-(4-pyridyl)-5,6-dihydro~uran-2-~3~)-one which 
was formed by hydroxylation of the ethyl side-chain followed by rearrangement 
to give a lactone (4, Fig. 4~). 
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The ion chromatograms and El mass spectra of compounds 5 and 7 were very 
sim.iinr except for a fragment at W/Z 206 present in compound 5 [a loss of 28 mass 
units] (Fig. 3e-g). However, there were significant differences in their NMR spec- 
tra which could distinguish these two compounds and provided their structural 
information. 

The t Ii NMR of compounds 5 and 7 (CDCls) showed, respectively, a double 
doublet at 4.08 ppm and a triplet at 4.9 ppm which were absent in the spectrum of 
PG. These downfield signals indicated the protons could be adjacent to a hydrox- 
yl group. The aromatic protons at 8.05 ppm and 8.78 ppm retained the para- 
substitution pattern, indicating hydroxylations were not on the pyridine ring. 
They could be at the C-4 and C-5 positions of the glutarimide ring or on the ethyl 
side-chain. For the hydroxy group to be present at C-5, the proton at C-5 should 
be coupled to the axial proton at C-4 (2.20 ppm) and to the equatorial proton at 
C-4 (2.74 ppm). Indeed, the double doublet at 4.08 ppm (J = 5.0 and 12.5 Hz) 
observed foi thr= metabolite is coupled to the axial proton at C-4 (2.20 ppm, dd, J 
= 5.5 and 13.1 Hz) and to the equatorial proton at C-4 (dd, J = 12.5 and 13.1 
Hz). The data for the authentic compound 4 conf rW L aII this structure, not only by 
close resemblance between the respective NMR spectra, but also by MS and 
HPLC. The large coupling constant between the proton on C-5 and one of the 
adjacent protons shows that this C-5 proton is axial and the C-5 OH is equatorial. 
The isomer 6 (Al-3R,5R) with a retention time of 8 min (system I) is absent in the 
urine sample. Relating the stereochemistry at C-5 with that at C-3 was achieved 
by a nuclear overhauser study on the synthetic sample of 5. Pre-irradiation of the 
proton meta to nitrogen on the pyridine ring enhanced the equatorial proton at 
C-4 (3.7%) and that on C-5 (2.4%) showing that these protons are cis to the 
pyridyl ring and therefore that the stereochemistry at C-4 is WI-3R,5S”. 

The ‘H NMR spectrum of metabolite 3 showed a triplet at 4.9 ppm (J = 2.8 
Hz) and a signal at 2.9 ppm (d, CHzCHOH). This compound is tentatively identi- 
fied as 4-OHPG (7). Since the authentic compound representing this metabolite is 
not available, structural determination has to rely on the NMR evidence. Assign- 
ment of its stereochemistry is based on the published data [S] that an equatorial 
proton at C-4 would give symmetrical couplings to the vicinal protons, whereas 
an axial proton usually shows divergent couplings and an upfield chemical shift. 
The relative stereochemistry of the pyridine ring and ethyl side-chain is not 
known. 

The HPLC profiles of the plasma extracts before treatment and 6 h after a 
single dose of PG treatment (HPLC system 2) are shown in Fig. 5a and b. The 

U For 5 this ploccs the pyridyl ring in an txial position. This compound corresponds lo a mctabolite 

reported for aminoglutelhimidc [S,, (Mc,SO) 3.80 ppm [6]. C$ 5 has d,, 3.78 ppm, but 6 has S,, 4.38 ppm 
for H-5], thw the rcportcd aminog!utl~thimide mctabolitc wus rc/-3R,SS and not DS previously reported 

[6,8] whcrc an equatorial position of the pyridyl ring was assumed incorrectly. 
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Fig. 6. Extracted ion chronwtogri~ms of (a) III/= 219. (b) m/z 235. (c) m/z 237 and (d) w/z 223 of plasma 
extracts after multiple-dose trcamcnt of PG (HPLC system 2). 

parent drug was detected at 24 min. The metabolite PG N-oxide (3) gave an [M + 
H]+ of 177/z 235 at 5 min. At the same retention time, an enciogenous material with 
I?Z/Z 18 1 was present in a substantial quantity. This endogenous material was also 
present in the pre-treatment plasma extract. The component which eluted at 14.4 
min gave an [M + H]+ of r~z/.z 195 and could have been an endogenous material, 
since it was also present in the blank plasma. 

The HPLC profile and the ion chromatogram (HPLC system 2) of the plasma 
extracts 6 h after multiple doses of PG administration were shown in Figs. 5c and 
6, respectively. At an early scan, around 2.5 min, an LC-TSP-MS spectrum 
showed a component with 1)2/z of 2!9 (Fig. 7a). Early elution indicated that this 
had been a polar conjugate, but decomposed under TSP conditions to give the 
PG moiety. Structural identification of this polar component as an intact molecule 
may be achieved by using fast atom bombardment MS [14]. The reconstructed 
ion chromatogram showed that there were four metabolites with protonated ions 
of UZ/Z 235 (Fig. 6b). They were PG N-oxide (3) at 5 min, compound 4 at 6.5 rnin, 
the 5-OHPG (6, Fig. 7b) at 8.6 min and compound 7 tentatively at 16 min, 
respectively. No 5-OHPG (Sj was observed. A metabolite with [M + HI+ of n~/z 
237 was present at 2.2 min (Fig. 6~). It has an identical retention time to a sample 
of 2-ethyl-2-(4-pyridyl)-5-carboxypentanamide (8, Fig. 7c), and it was detected 
using a different LC-MS system”. To confirm that this compound was not formed 

u The HPLC system used was a Wttrs Model 600 multisolvcnt delivery system, the column was a 5 itrn 

ODS cartrigc column (Alltech Assoc.), 15 cm x 4.6 mm I.D. Methanol-O.1 M ammonium acetate 
(20:80, v/v) was the cluting solvent at a flow-rate of 1.25 ml/min. The mass spcctrometcr used was a VG 
30-250 quadrupolc mass spcctromcter (VG Mass Lab, Altrincham) with a VG TSP interface; the source 

and capillary temperature wcrc 245 and 210°C. respcctivcly. 
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Fig. 7. LC-TSP-MS spectra of plasma extracts after multiple doses of PG (HPLC system 2). 

from PG during the extraction procedures of the plasma, a blank plasma (I ml) 
was incubated with PG at 37°C for 30 min, then followed by the same extraction 
procedure as the patients’ plasma. No component of nr/z 236 was present in this 
sample. Two peaks (9 and 10, Fig. 6d) eluted very closely together at 10.2 and 
10.9 min both with an [M + i-I]+ of fyz/z 223,219 and 191 (Fig. 76 and e). These 
compounds had identical retention times to the two isomers formed from PG by 
reductive opening of the glutarimide ring (9 and IO). 

COMCLlJSION 

PG was extensively biotransformed in the patients, and several metabolites 
were detected in the urine and plasma extracts (Fig. 8). PG N-oxide (3) was a 
major urinary metabolite and was also present in the plasma after a single dose of 
PG. Several hydroxylated PGs were present. Hydroxylation took place at the 4 
and 5 positions of the glutarimide ring or at the ethyl side-chain. 5-OHPG (5) and 
4-OHPG (7) were both present in the urine extracts in substantial quantity but 5 
was not detected in the plasma. Only trace levels of 5-OHPG (6) and 4-OHPG (7) 
were present in the plasma after repeated doses of PG. This finding follows a 
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Fig. 8. Proposed schcmc for metabolism of PG metabolites: p = detected in the plasma extracts; u = 

dctcctcd in the urine extracts. 

similar pattern from previous reports of hydroxylated metabolites detected in the 
rat, dog and man after glutethimide ingestion [ 15,163. 

The y-butyrolactone metabolite (4) formed by the terminal hydroxylation of 
the ethyl side-chain, followed by intramolecular sychzation, was a feature in 
common with the meiabohsrn of AS !G]. This metaboiite could be detected con- 
sistently both in urine and plasma samples. 

Th\: two isomers of 9 and 10 were formed by hydrolyti;.- cieavage of the glutari- 
mide ring. LC-TSP-MS could easily separate and identify these two components, 
their structures being confirmed by comparison with the standard reference com- 
pounds. 

Generally speaking, the metabolism of PG resembles the metabolism of AG 
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[4,6]. Replacement of the aniline ring with a pyridine ring resulted in N-oxidation 
of the pyridine moiety instead of acetylation [6] and N-hydroxylation [7] of the 
amino function. Other metabolites (5-lo), which resembled the metabolites of 
AG, had not been detected previously [4,9]. 
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