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Analogues of Aminoglutethimide: Selective Inhibition of Cholesterol Side-Chain

Cleavage

Allan B. Foster, Michael Jarman,* Chui-Sheung Leung, Martin G. Rowlands, and Grahame N, Taylor!
Drug Metabolism Group, Institute of Cancer Research, Sutton, Surrey SM2 5PX, England. Received April 26, 1982

In our probing of the structural features responsible for the inhibitory activity of aminoglutethimide [1, 3-(4-
aminophenyl)-3-ethylpiperidine-2,6-dione] toward the cholesterol side-chain cleavage enzyme system desmolase and
the estrogen-forming system aromatase, targets in the action of 1 against hormone-dependent mammary tumors,
analogues in several categories have been synthesized and evaluated. Of the known monoamino derivatives, the
meta derivative [2, 3-(3-aminophenyl)-3-ethylpiperidine-2,6-dione] was as inhibitory toward desmolase as 1, and
the N-amino analogue [4, 1-amino-3-ethyl-3-phenylpiperidine-2,6-dione] was three times as inhibitory (respective
K; values of 1, 2, and 4 are 14, 13, and 4.6 uM), but 2 was a weak inhibitor and 4 was a noninhibitor of aromatase.
Another amino analogue [5, 5-amino-3-ethyl-3-phenylpiperidine-2,6-dione] inhibited neither enzyme system. Reaction
of glutethimide (11) with hydrazine and thermal cyclization of the resulting amide hydrazide (15) afforded an improved
synthesis of 4. Analogues having a second amino substituent, either at C-5 (10) or at N-1 (14) of the piperidine-2,6-dione
residue, were less inhibitory than was 1 toward desmolase and aromatase. Among analogues having little or no inhibitory
activity were hydroxy derivatives of 1 and 2, namely, 3-(4-amino-3-hydroxyphenyl)-3-ethylpiperidine-2,8-dione (20)

and the 3-amino-4-hydroxy analogue (21).

Aminoglutethimide [1, 3-(4-aminophenyl)-3-ethyl-
piperidine-2,6-dione] was patented in 19582 as an anti-
convulsant drug but was withdrawn in 1966, mainly be-
cause it caused adrenal insufficiency.? Because it inhibited
adrenal steroidogenesis, 1 has found use as an alternative

T
R4
R, R, R, R, R,
1 NH, H H H H
2 H NH, H H H
3 H H NH, H H
4 H H H NH, H
5 H H H H NH,
6 NO, H H H H
11 H H H H H
12 H No, H H H
13 H H NO, H H
16 NHCOCH, H H H H
17 NHCHO H H H H
18 OH H H H H
19 OH NO, H H H
20 NH, OH H H H
21 OH NH, H H H

©

to adrenalectomy in the treatment of metastatic breast
carcinoma.*® The drug inhibits several steps in the

(1) Present address: Department of Biochemistry, University of
Oxford, Oxford OX1 3QU, England.

(2) K. Hoffman and E. Urech, U.S. Patent 2848 455 (1958).

(3) A. M. Camacho, R. Cash, A. J. Brough, and R. 8. Wilroy, J.
Am. Med. Assoc., 202, 114 (1967).

(4) S. A, Wells, R. J. Santen, A. Lipton, D. E. Haagensen, Jr., E.
J. Ruby, H. Harvey, and W. G. Dilley, Ann. Surg., 187, 475
(1978).

pathways of steroidogenesis, of which the principal ones
appear to be conversion of cholesterol into pregnenoclone®
(mediated by desmolase) and of androstenedione and
testosterone into estrone and estradiol® (mediated by
aromatase). It is not clear which of these two major in-
hibitory activities of 1 is most important in determining
clinical response. Blockade of the desmolase step in hu-
mans appears to be incomplete, since levels of A*-steroids
(progesterone, 17a-hydroxyprogesterone, and androsten-
edione) are actually enhanced during the first 2 weeks of
therapy and are only latterly depressed below basal levels.’
The fall in estrogens (estrone and estradiol) is immediate,
and it may be that this effect on the aromatase system is
the clinically relevant action, since estrogens may well be
of greater relevance to tumor growth in vivo than other
steroids. However, it has been suggested’ that the initial
increase in A‘-steroids results from a stimulation of the
action of the 38-ol dehydrogenase A5-A%isomerase complex
by the drug, resulting in preferential conversion of AS-
steroid precursors into progesterone, and further,? that the
resulting combined effects of estrogen suppression and
androgen preservation both contribute to tumor regression,
since, in postmenopausal women, androgen administration
may ameliorate growth of breast carcinomas.® Comparison
of 1 and its analogues with 4-hydroxyandrostenedione!®
and its congeners having activity against aromatase but

(5) 1. E.Smith, B. M. Fitzharris, J. A. McKinna, D. R. Fahmy, A.
G. Nash, A. M. Neville, J.-C. Gazet, H. T. Ford, and T. J.
Powles, Lancet, 2, 646 (1978).

(6) J.Chakraborty, R. Hopkins, and D. V. Parke, Biochem. J., 130,
19P (1972).

(7) E.Samojlik and R. J. Santen, J. Clin. Endocrinol. Metab., 47,
717 (1978).

(8) E. Samojlik, J. D. Veldhuis, S. A. Wells, and R. J. Santen, J.
Clin. Invest., 85, 602 (1980).

(9) I S. Goldenberg, N. Waters, R. 8. Ravdin, F. J. Ansfield, and
A. Segaloff, J. Am. Med. Assoc., 223, 1267 (1973).

(10) M. H. Brodie, W. C. Schwarzel, A. A. Shaikh, and H. J. Brodie,
Endocrinology, 100, 1684 (1977).
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not against desmolase could help to clarify the relative
importance of the two modes of inhibition in the antitumor
activity of 1, as would the development of an analogue
having inhibitory activity toward desmolase, but not aro-
matase. In this connection, the investigations!! into the
inhibition of cholesterol side-chain cleavage by the steroidal
inhibitor 22-azacholesterol and its analogues is comple-
mentary to our approach of attempting to segregate this
inhibitory action in analogues of the nitrogenous inhibitor
1.

Few guidelines are available from which the structural
features favorable for desmolase or aromatase inhibition
can be deduced. Analogues of 1 have been tested for their
ability to induce abortions in pregnant rats.!> Pregnancy
is maintained by plasma progesterone, and 1 itself ap-
parently induces abortions by inhibiting desmolase and,
hence, depleting progesterone precursors. However, the
analogues were inactive, and the structural variations
represented (modification of the p-amino function by
acylation or Schiff base formation, its replacement by NO,
or H, or N-alkylation of the glutarimide ring nitrogen) are
presumably unfavorable for inhibiting desmolase activity.
Aminoglutethimide shows type II binding to cytochrome
P, in mitochondria from bovine corpus luteum, which is
characteristic of nitrogenous inhibitors of cytochrome Py,
type enzymes.* Hence, it is likely that the amino or other
basic function is necessary for inhibitory activity toward
desmolase.

The present study emphasizes the effect on desmolase
and aromatase inhibitory activity of relocating the amino
group, and in this context the known monoaminogluteth-
imides (1, 2, 4, and 5) have been investigated. We have
also investigated analogues having a second amino sub-
stituent, known metabolites of 1 and compounds having
a hydroxy substituent in place of, or in addition to, the
amino function. These last derivatives were of interest
because they have the hydrogen bonding, though not the
basic properties, associated with the amino group and
because hydroxy derivatives are potential (though not
proven) metabolites of the aminoglutethimides.

Results and Discussion

Synthesis of Analogues. The preparation of pure
p-nitroglutethimide [6, 3-ethyl-3-(4-nitrophenyl)-
piperidine-2,6-dione], the starting material for the syn-
thesis (Scheme I) of 5-amino-3-(4-aminophenyl)-3-ethyl-
piperidine-2,6-dione (10), proved unexpectedly difficult.
Mixtures of isomers were generally isolated when published
procedures®!¢ were followed. It was recently shown!® that
the major byproduct in the nitration of glutethimide (11,
3-ethyl-3-phenylpiperidine-2,6-dione) had been wrongly
ascribed the structure 13 and was, in fact, the meta ana-
logue (12), the ortho derivative (13) constituting only ~1%
of the mononitro derivatives formed under standard con-
ditions. We have developed a convenient one-step pro-
cedure, namely, N-methylation, to convert the mixture of
nitro compounds into derivatives separable by GLC and
used it to analyze the reaction products and to monitor
the purification of individual isomers by fractional crys-
tallization. The yield of the ortho isomer (13) could be

(11) N. G. Delaney and M. C. Lu, J. Med. Chem., 24, 1034 (1981).

(12) R. Pa;.l], R. P. Williams, and E. Cohen, J. Med. Chem., 17, 539
(1974).

(13) V. L Ugzgiris, P. E. Graves, and H. A. Salhanick, Biochemistry,
16, 693 (1977).

(14) H. Y. Aboul-Enein, C. W. Schauberger, A. R. Hansen, and L.
J. Fischer, J. Med. Chem., 18, 736 (1975).

(15) G. Stajer, P. Nemeth, E. Vinkler, L. Lehotay, and P. Sohar,
Arch. Pharm. (Weinheim, Ger.), 812, 1032 (1979).
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improved, but attempts to prepare the hitherto undes-
cribed ¢o-amino derivative (3) by reduction of 13 were un-
successful.

Synthesis'® of 4 and of 1-amino-3-(4-aminophenyl)-3-
ethylpiperidine-2,6-dione (14) (Scheme II) by pyrolysis of
the hydrazinium salt of the appropriate diacid afforded
poor yields. In an improved synthesis of 4 (Scheme II),
scission of the glutarimide (piperidine-2,6-dione) ring by
hydrazine was followed by thermal ring closure of the
resulting amide hydrazide (15).

Enzyme-Inhibitory Activity of Aminoglutethimide
and Analogues. Table I expresses the inhibitory potency
toward desmolase and aromatase for a group of analogues
in which the amino substituent in the para position has
been modified or replaced by a different group or in which
there is a substituent additional to the p-amino group.
Since all these analogues were poor inhibitors, the data
presented refer only to the maximum concentration of the
analogue examined in the assays. For comparison, the
inhibition exerted by 1 under the same experimental
conditions has been included.

The lack of desmolase inhibition by 11 and N-acetyl-
aminoglutethimide [16, 3-[4-(acetylamino)phenyl]-3-
ethylpiperidine-2,6-dione] is consistent with previous ob-
servations on their effects on steroidogenesis. Thus, 11

14

(16) W. Taub, U.S. Patent 3057 867 (1962).
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Table I. Extent of Inhibition of Desmolase and
Aromatase by Weakly Inhibitory or Noninhibitory
Analogues of Aminoglutethimide at Maximum
Concentrations Tested

% inhibn of % inhibn of

desmolase  aromatase
(inhibitor  (inhibitor
conen concn
no. compd 50 ug/mL) 20 u/mL)
1 p-aminoglutethimide 85 90
11 glutethimide none none
18 p-hydroxyglutethimide none none
6 p-nitroglutethimide 20 20
16 N-acetylamino- none none
glutethimide
17 N-formylamino- 12 18
glutethimide
19 p-hydroxy-m- none none
nitroglutethimide
20 p-amino-m- none none
hydroxyglutethimide
21 m-amino-p- 35 none
hydroxyglutethimide
Table II. Apparent K; Values for Strong
Inhibitors of Desmolase®
apparent
no. compd K;, uM
10 p-aminoglutethimide 14
2 m-aminoglutethimide 13
4 N-aminoglutethimide 4.6

¢ Competitive inhibition: K, = 4.5 M [26-%“C]-
cholesterol. ? K; for aromatase (K, = 0.13 uM
[18,28-*H]testosterone) = 0.6 uM.

was 100 times less active than 1 in inhibiting the conversion
of cholesterol to pregnenolone in acetone powders of hu-
man and rat adrenal homogenates.!” In bovine adrenal
cell cultures, whereas 10 ug/mL of 1 reduced glucocorticoid
output to 8.3% of resting levels, 16 only reduced it to
58%.% This N-acetyl derivative is the major urinary
metabolite of 1 in humans.'® The minor metabolites® 6
and N-formylaminoglutethimide {17, 3-ethyl-3-[4-(formy-
lamino)phenylipiperidine-2,6-dione] were only weakly in-
hibitory. Therefore, the metabolism of 1 is adverse inas-
much as it leads to less active or inactive metabolites. In
addition, these results and the results for the other com-
pounds (18 and 19) lacking an amino group afforded fur-
ther evidence that the presence of an amino group may
be a requirement for inhibitory action. It is possible (see
below) that the adverse influence of the additional hydroxy
substituent in the aminohydroxy derivatives (20 and 21)
related to the decreased lipophilicity thus conferred.

In a second group of analogues, the effect of relocating
the amino group was explored. Relocation of the amino
group had a profound effect on the inhibition of desmolase
(Figure 1) and aromatase (Figure 2). Thus, 4 was a des-
molase inhibitor but had no activity toward aromatase.
Similarly, 2 was a strong desmolase inhibitor, with only
a weak inhibitory action in the aromatase assay. The
remaining isomer, 5, inhibited neither enzyme system.
Values of apparent K; were determined for the analogues

(17) M. P. Cohen, Proc. Soc. Exp. Biol. Med., 127, 1086 (1968).

(18) R.C. Coombes, M. Jarman, S. Harland, W. A. Ratcliffe, T. J.
Powles, G. N. Taylor, M. O'Hare, E. Nice, A. B. Foster, and A.
M. Neville, J. Endocrinol, 87, 31P (1980).

(19) J. 8. Douglas and P. J. Nicholls, J. Pharm. Pharmacol., 24,
150P (1972).

(20) M. H. Baker, A. B. Foster, S. J. Harland, and M. Jarman, Br.
J. Pharmacol., 74, 243P (1981).
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Figure 1. Inhibitory effect of aminoglutethimide (1), its meta
isomer (2), N-aminoglutethimide (4), and 5-aminoglutethimide
(5) toward desmolase from bovine adrenals.
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Figure 2. Inhibitory effect of aminoglutethimide (1), its meta
isomer (2), N-aminoglutethimide (4), and 5-aminoglutethimide
(5) toward aromatase from human placenta.

exhibiting effective inhibition (Table II). As well as
confirming the previous finding!® that 4 was a better in-
hibitor of desmolase than 1, the present studies have
identified it as selectively inhibitory toward this enzyme,
inasmuch as it was inactive against aromatase. The rela-
tive potencies of these three effective inhibitors of des-
molase (1, 2, and 4) accorded well with their efficacies as
inhibitors of corticosteroid production by bovine adrenal
cortex tissue in vitro.! Thus, 4 was completely inhibitory
at a concentration of 6 ug/mL compared with 30 ug/mL
for 1 and 2. However, in other tests,?? 2 was less potent

(21) F.W. Kahnt and R. Neher, Helv. Chim. Acta, 49, 725 (1966).
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Table III. Extent of Inhibition of Desmolase and
Aromatase of Diamino Derivatives of Glutethimide
Compared with Aminoglutethimide

% inhibn of % inhibn of
desmolase aromatase
(inhibitor (inhibitor
concn concn
no. compd 50 ug/mL) 20 ug/mL)
1 p-amino- 86 90
glutethimide
14 N-amino-p-amino- 50 32
glutethimide
10 5-amino-p-amino- 45 21
glutethimide

than 1. Thus, 25 mg/kg produced less inhibition both of
cortisol secretion in dogs (46 vs. 66%) and of corticosteroid
secretion in rats (40 vs. 81%).

Finally, two analogues containing a second amino group
were examined (Table III). The effect of the second amino
substituent was adverse, since neither disubstituted de-
rivative (10 or 14) was as inhibitory in either assay as was
1. The results augmented the evidence (see Table I, com-
pounds 20 and 21) that a second substituent that reduced
the lipophilicity of the molecule compared with 1 was likely
to diminish inhibitory activity toward these enzymes.

In summary, this relatively limited structure-activity
study has revealed 4 as selectively inhibitory toward
desmolase and more strongly inhibitory than 1, and 2 as
markedly selective for desmolase and as inhibitory as 1.
The activity of 2 and 4 and 1 against hormone-dependent
mammary tumors in rodents is being studied, since it may
help to clarify the role of desmolase inhibition as a con-
tributor to the tumor-inhibitory action of 1.

Experimental Section

'H NMR spectra (60 MHz) were obtained with a Perkin-Elmer
R12B spectrometer. Mass spectra were determined with a VG
7070H spectrometer and VG 2235 data system, using the di-
rect-insertion method. Electron-impact spectra (M*- ions) were
determined at an ionizing voltage of 70 eV, and chemical-ionization
mass spectra [(M + H)* ions] were determined at 50 eV with
methane as reagent gas. For thin-layer and column chromatog-
raphy, Merck Kieselgel 60 was used with the specified Art.
numbers: 7730 for TLC (UV detection with a Hanovia Chro-
matolite), 7734 for conventional column chromatography, 9385
for flash chromatography,? and 1511 for preparative HPLC with
initial concentration of the sample onto 7734 and using a Jo-
bin-Yvon Chromatospac Prep 10 coupled to a Cecil 212A UV
monitor set at 250 nm and a Kelvin Servoscribe recorder. GLC
was performed on a Pye 204 instrument using the conditions given
below. Melting points were determined on a Kofler hot-stage or
a Gallenkamp apparatus and are uncorrected.

Glutethimide (11) and aminoglutethimide (1) were gifts from
Ciba-Geigy Ltd. (Horsham, U.K.), who also provided a sample
of m-aminoglutethimide (2) for comparison purposes. The fol-
lowing compounds were prepared by published procedures: 5-
amino-3-ethyl-3-phenylpiperidine-2,6-dione (5),}* 3-[4-(acetyl-
amino)phenyl]-3-ethylpiperidine-2,6-dione (16, N-acetylamino-
glutethimide),'* 8-ethyl-3-[4-(formylamino)phenyl]-3-ethyl-
piperidine-2,6-dione (17, N-formylaminoglutethimide),?® 3-
ethyl-3-(4-hydroxyphenyl)piperidine-2,6-dione (18, p-hydroxy-
glutethimide),'* and 3-ethyl-3-(4-hydroxy-3-nitrophenyl)-
piperidine-2,6-dione (19, p-hydroxy-m-nitroglutethimide).?

For the biochemical studies, D-glucose 6-phosphate, NADP,
and glucose-6-phosphate dehydrogenase were purchased from
Boehringer-Mannheim. [26-C]Cholesterol and [13,28-3H]tes-

(22) D. B. Gower, J. Steroid Biochem., 5, 501 (1974).

(23) W. C. Still, M. Kahn, and A. Mitra, J. Org. Chem., 43, 2923
(1978).

(24) B.D. Andresen, M. D. Long, R. H. Hammer, and H. L. Panzik,
Org. Prep. Proced. Int., 8, 283 (1976).
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tosterone were from Amersham International, UK. All reagents
and solvents were of AR grade. Centrifugations were performed
on a MSE 6L centrifuge and MSE Europa 50 ultracentrifuge.
Radioactive samples were counted on a Packard Tri-Carb Model
3380 scintillation counter, using Fisofluor “1” (Fisons Scientific
Apparatus, Loughborough, U.K.) as the scintillation medium.
Nitration of Glutethimide. Glutethimide (11; 5 g, 0.023 mol)
was treated with boiling HNO; (70%, 55 mL) for 1 h. The
resulting white solid [4.6 g, mixture of 6, 12, and 13; 60:24:16 by
GLC (see below)] was fractionally crystallized to yield, successively,
p-nitroglutethimide (8; 0.55 g, from EtOH), mp 142-143 °C (lit."
140-141 °C); o-nitroglutethimide (13; 0.42 g, from MeOH), mp
218.5-214.5 °C (lit.16 217-219 °C); and m-nitroglutethimide (12;
0.2 g, from MeOH), mp 174-175 °C (lit.1% 172-174 °C).
Gas-Liquid Chromatography (GLC) of Nitroglutethimide.
A solution containing 1 mg in CH3CN (1 mL) and Mel (1 mL)
containing freshly prepared Ag,0 (0.05 g) was heated under reflux
for 1 h. The concentrated supernatant was dissolved in EtOAc
(1 mL), and aliquots (1 pL) were injected into the gas chroma-
tograph, which was fitted with a flame-ionization detector and
a glass column (1.5 m X 4 mm i.d.) packed with 3% OV-1 on Gas
chrom Q (100-120 mesh) and operating at an injector temperature
of 250 °C, a column temperature of 250 °C, and a N, flow rate
of 29 mL/min. The retention times of the N-methylated deriv-
atives of 6, 12, and 13 (structures confirmed by mass spectrometry)
were, respectively, 2.3, 2.8, and 3.25 min.
3-(3-Aminophenyl)-3-ethylpiperidine-2,6-dione (2, m-
Aminoglutethimide). A solution of m-nitroglutethimide (12;
0.27 g, 0.00102 mol) in dioxane (1 mL, dried over Na) and cy-
clohexene (20 mL) containing 10% Pd/C (0.12 g) was heated
under reflux for 3 h (catalytic transfer reduction® gave fewer
byproducts than did conventional hydrogenation in our hands).
Flash column chromatography (15 X 8 ¢cm column; CHCl;-MeOH,
19:1) afforded 2 (0.16 g, 67%) as colorless crystals from i-PrOH:
mp 79.5-86.5 °C (polymorphism: lit.1* 175-178 °C; 117-119 °C
for a sample provided by Ciba-Geigy Ltd.) Anal. (C{3H;sN,0O,)
C,H, N.
5-Amino-3-ethyl-3-(4-nitrophenyl)pyridine-2,6-(3H ,4H)-
dione (8). Bromination (for procedure, see ref 26) of p-nitro-
glutethimide (6; 8.5 g, 0.013 mol) afforded crude 5-bromo-3-
ethyl-3-(4-nitrophenyl)piperidine-2,8-dione (7; oil; 3.2 g) [NMR
(CDCly) 6 0.92 (t, 3 H, CH;CH,), 1.8-2.4 (m, 2 H, CH,CH,), 2.7-3.0
(m, 2 H, H-4), 4.45 (d X d, 1 H, H-5), 7.52 and 8.30 (AB q, 4 H,
Ar H)], which was used without purification for the next stage.
A mixture of 7 (2.86 g) and sodium azide (1.68 g) in HyO (2.1 mL)
and dimethyl sulfoxide (8.4 mL) was heated at 100 °C for 2 h and
then diluted with HyO. After extraction with CH,Cl,, 8 (0.6 g,
18% based on 6) was obtained as pale yellow rosettes from EtOH:
mp 169.5-172 °C; mass spectrum, m/z 275 (M*.). Anal. (C,s-
H,3N;0,) C, H, N.
5-Amino-3-(4-aminophenyl)-3-ethylpiperidine-2,6-dione
(10). A solution of 8 (0.315 g, 0.00115 mol) in EtOH (6.5 mL)
containing 10% Pd/C (0.035 g) was stirred under H, at 1 atm
for 70 h at room temperature. Chromatography (30 X 1 ¢cm
column, CHCl;-MeOH, 19:1) afforded first 5-amino-3-(4-
aminophenyl)-3-ethylpyridine-2,6(3H,4H)-dione (9) obtained as
yellow crystals (0.89 g, 31%) from toluene: mp 52-65 °C; mass
spectrum, m/z 245 (M*:). Further elution afforded 10, which gave
white crystals (0.109 g, 39%) from toluene: mp 61-64 °C; mass
spectrum, m/z 247 (M*); NMR (CHCly) 6 0.82 (t, 3 H, CH,CH,),
1.7-2.75 (m, 4 H, CH;CH,, H-4), 3.45 (d X d, 1 H, H-5), 6.62 and
7.06 (AB q, 4 H, Ar H)- Anal. (CISH17N302) C, H, N.
4-Phenyl-4-carboxamidohexanoic Acid Hydrazide (15).
Glutethimide (11; 5 g, 0.023 mol) dissolved with stirring in hy-
drazine hydrate (50 mL) within 5 min at room temperature. After
10 min, white crystals appeared, which after 18 h were collected
and washed with further hydrazine hydrate (50 mL), which was
removed during 3 days over CaCl, under vacuum to yield 15 (4.46
g, 78%): mp 181-132 °C; mass spectrum, m/z 249 (M*:). Anal.
(Cy5H19N30,) C, H, N.

(25) L D. Entwistle, R..A. W. Johnstone, and T. J. Povall, J. Chem.
Soc., Perkin Trans. 1, 1300 (1975).

(26) E. Urech, E. Tagmann, F. Sury, and K. Hoffmann, Helv. Chim.
Acta, 86, 1809 (1953).
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1-Amino-3-ethyl-3-phenylpiperidine-2,6-dione (4, N-
Aminoglutethimide). A mixture of 15 (2 g, 0.00803 mol) and
xylene (60 mL) was heated under reflux during 3 h. Solvent was
removed, and the residue was treated with CHCl;. Elution from
a flash column (15 X 3 cm) of silica gel with CHCl; afforded 4
(oil, 0.9 g, 48%), which slowly solidified to colorless crystals: mp
73-74 °C (lit.1¢ 72-73 °C); mass spectrum, m/z 232 (M*); NMR
(CCl,) 6 0.85 (t, 3 H, CH,CH,), 1.7-2.7 (m, 6 H, CH;CH,, H-5,
H-4), 5.15 (br s, 2 H, N-NH,), 7.2 (br s, 5 H, Ar H).

1-Amino-3-(4-aminophenyl)-3-ethylpiperidine-2,6-dione
(14). Aminoglutethimide (1; 2.7 g, 0.0116 mol) was heated in a
sealed tube at 150 °C with 1 M NaOH (10 mL) for 3 days. The
cooled solution was adjusted to pH 3 (1 M HC)) and extracted
with EtOAc (4 X 50 mL). The aqueous phase was saturated with
KH,PO, and again extracted. The combined extracts (1.7 g) were
virtually homogeneous on TLC (CHCl;-MeOH-HOAc, 85:15:5),
R, 0.35; the mass spectrum (M*- at m/z 251) was consistent with
the structure 2-(4-aminophenyl)-2-ethylglutaric acid (22): NMR
(CD40D) 4 0.85 (t, 3 H CH,CHy), 2.05 (q, 2 H, CH;CH,), 2.15 (m,
4 H, H-3, H-4), 6.70 and 7.10 (AB q, 4 H, Ar H)].

Pyrolysis of the hydrazinium salt of 22 (1.26 g, 0.005 mol) (for
procedure, see ref 16) and preparative HPLC (silica gel; 150 g)
of the crude product (1.27 g), eluting with CHCl;-MeOH, 19:1,
at 60 mL/min, afforded 14 (0.14 g, 11%) as a colorless oil: mass
spectrum, m/z 248 [(M + H)*]; NMR (CDCl,) 4 0.93 (t, 3 H,
CH,CH,), 1.86-2.88 (m, 6 H, CH;CH,, H-4, H-5), 4.38 (br 5, 4 H,
N-NH,, Ar NH,), 6.74 and 7.11 (AB g, 4 H, Ar H). A solution
of 14 (0.056 g) and picric acid (0.2 g) in EtOH (8 mL) was con-
centrated to ~4 mL, whereupon 14 picrate (0.091 g) separated
as a fine yellow powder: mp 195 °C dec. Anal. (CyoH,oNgOp)
C,H, N.

3-(4-Amino-3-hydroxyphenyl)-3-ethylpiperidine-2,6-dione
(20, p-Amino-m-hydroxyglutethimide). The synthesis of 20
from 1 was based on a published procedure®” for converting
aromatic amines into their hydroxy derivatives via the corre-
sponding O-sulfates. Aminoglutethimide (1; 0.232 g, 0.001 mol)
dissolved during 1 h in stirred aqueous KOH (2 M, 2 mL). Po-
tassium persulfate (0.27 g, 0.001 mol) was added, and after a
further 16 h, the dark red solution was heated under reflux with
5M HC! (1 mL) for 1 h, diluted with H,0 (10 mL), neutralized
with NaHCO;, and then extracted with CH,Cl, (50 mL) and
EtOAc (3 X 50 mL). Preparative TLC (2-mm layer, 20 X 20 cm
plate) in CHCl,-MeOH (9:1) separated 1 (R; 0.50) from the
product (R, 0.35), which was eluted with CHCl;-MeOH (3:1, 50
mL) and crystallized from hot H,0 after decolorizing (charcoal)
to afford the monohydrate of 20 as colorless prisms (0.0145 g, 6%):
mp 105-107 °C; mass spectrum, m/z 248 (M*)). Anal. (Cis
H,N,0,) C, H, N.

3-(3-Amino-4-hydroxyphenyl)-3-ethylpiperidine-2,6-dione
(21, m-Amino-p-hydroxyglutethimide). A solution of 3-
ethyl-3-(4-hydroxy-3-nitrophenyl)piperidine-2,6-dione* (19; 0.14
g, 0.0005 mol) in EtOH (25 mL) containing PtO, (0.1 g) was stirred
under H; at 1 atm until uptake was complete. Compound 21
(0.080 g, 64%) crystallized from EtOH-toluene; mp 162-164 °C;
mass spectrum, m/z 248 (M*.); NMR (CD,0D) 5 0.96 (t, 3 H,
CH,CH,), 1.8-2.8 (m, 6 H, CH;CH,, H-4, H-5), 6.45~7.1 (m, 3 H,
Ar H). Anal. (CgH;sN,O;) C, H, N.

Enzyme Preparation and Assay Procedures. The following
applies to both assay procedures. Preliminary studies were
performed to determine the possible inhibitory effects of the
compounds. These screening assays were run in duplicate, and
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(1953).

Foster et al.

the amount of product formed was averaged. Each compound
was examined over a range of concentrations. At each concen-
tration of inhibitor, samples were removed from each assay tube
at three time points. The results were plotted on a graph of
product released against time of incubation. The resulting linear
graph was utilized to determine the rate of enzyme reaction at
each concentration of inhibitor. The values were then compared
to control samples (no inhibitor present) run simultaneously and
are reported as percent activity of control samples.

Compounds exhibiting effective inhibition in the screening
assays were evaluated further by determination of the apparent
K, values. The apparent K, for the substrates and the apparent
K; were determined from Lineweaver-Burk plots, using the
method of least squares analysis to obtain a linear fit to the data.

A. Desmolase. The mitochondrial fraction of bovine adrenal
cortex provided the source of desmolase,?® and the method of
isolation was essentially as published. After resuspension in the
minimum volume of buffered sucrose, the isolated mitochondria
were stored at —70 °C. Protein concentration was determined
by the method of Lowry, as modified by Hartree.?? Enzyme
activity remained stable for periods of 2-3 months.

We assayed the enzyme activity using [26-14C]cholesterol as
substrate and measuring the [“Clisocaproic acid released, 2%
Inhibitor compounds were added in ethanol (10 L), and an equal
volume of ethanol was added to the control assay. Total volume
of the assay mixture was 1.0 mL. After preincubating the flasks
at 30 °C for 5 min, we started the reaction by the addition of 1
mg of mitochondrial protein. Samples were removed after 2, 4,
and 6 min of incubation, and the assay was completed as de-
scribed.”® The enzymatic rate of reaction was measured as pi-
comoles of cholesterol cleaved per minute per milligram of protein.

B. Aromatase. Aromatase was obtained from the microsomal
fraction of human placental tissue.3! The isolated microsomes
were suspended in the minimum volume of 50 mM phosphate
buffer (pH 7.4) and stored at —30 °C. Protein concentration was
assayed as described above. Enzyme samples showed no loss of
activity after 3-4 months.

We monitored activity by measuring the 3H,0 formed from
[18,28-*H]testosterone during aromatization.’? The assay pro-
cedure was as described, except that the substrate concentration
was 1.5 uM, and after preincubation of the tubes at 30°C for 5
min, the reaction was started by the addition of 0.5 mg of mi-
crosomal protein. Samples were taken after 5, 10, and 15 min
of incubation. The enzymatic rate was measured as milligrams
of testosterone aromatized per minute per milligram of protein.
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