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Abstract: Androstenes bearing a cyclopvup?'l group attached to the C-178 position with a heteroatom linker,
designed as mechanism-based inhibitors of steroid Cj7(20) lyase, were found to be potent, time-dependent
inhibisors of this enzyme.

Androgen deprivation is a potential therapeutic approach for the treatment of prostatic carcinoma since the
majority of these tumors (80%) are androgen dependent. Microsomal cytochrome P450 dependent 17a-
hydroxylase/17,20 lyase (EC1.14.99.9 /EC 4.1.2.30; P450c17), which is present in the testes, adrenal glands,
the ovaries and placental tissue, is a potential target for inhibition because it converts pregnenolone to
dehydroepiandrosterone and progesterone to androstenedione. These are the initial transformations in androgen
biosynthesis following cholesterol side chain cleavage.! The oxidative deacetylations are accomplished in a two-
step process, presumably involving C-17a hydroxylation followed by C-17(20) bond cleavage, to give the C-17
ketone. The enzyme activites require NADPH and oxygen, are co-purified from microsomes? and are expressed
from a single mRNA.3

The mechanism of the C-17a hydroxylation has been studied extensively# and it is generally accepted that
an iron-activated oxygen specics abstracts a hydrogen atom from C-17, and the resulting iron-hydroxy! radical
combines with the C-17 radical of the steroid to produce the C-17a hydroxylated derivative. The subsequent lyase
reaction is not so well understood, but may involve the addition of an enzyme-peroxy radical to the C-20 ketone.

Previously, we reported the time-dependent irreversible inhibition of Ci7(20) lyase by 17p-
(cyclopropylamino)androst-5-en-3-01.67 Cyclopropylamines undergo rapid ring-opening to produce primary
radicals as a result of one-electron oxidation.3 Cyclopropylamines9-12 and cyclopropy! ethers!! were shown to
be time-dependent inactivators of cytochrome Pysg enzymes. Herein, we wish to report the syntheses of 178-
cyclopropyl ether-substituted steroids and their time-dependent inhibition of Ci7(20) lyase. A proposed
mechanism-based inactivation is shown in Scheme 1.

Scheme 1
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The steroidal cyclopropyl ethers were prepared by vinylation and subsequent cyclopropanation of 17p-
hydroxy-substituted steroids. Treatment of 38-{[(1,1-dimethyl)ethyl}dimethyl}silyloxyandrost-s-en-178-ol (1)
with ethyl vinyl ether in the presence of mercuric acetate afforded vinyl ether 2, which was cyclopropanated using
a Simmons-Smith procedure to produce cyclopropyl ether 3. Deprotection of 3 with tetrabutylammonium fluoride
gave 4,13 which was oxidized (CrzQ3, HaSOy) 10 give the enome $14 and the 3,6-dionc 615 as a minor by-
product (Scheme 2). The enone § was also prepared with an increase in effeciency by the vinylation and
cyclopropanation of testosterone (7).

Scheme 2
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The syntheses of A-ring modified steroidal cyclopropyl ethers containing a 2,19-methyleneoxy bridge (11)
and 4,4-dimethyl substitution (15) are shown in Scheme 3. Compounds 11 and 15 were designed to preclude a
potential for metabolic conversion to androgenic steroids.}6 The reduction of 2,19-(methyleneoxy)androst-4-
enc-3,17-dione (8)!7 with lithium tri-ters-busoxyaluminohydride in THF at 0 °C gave the alcohol 9, which was
vinylated and cyclopropanated 1o produce the cyclopropyl ether 10. Treatment of 10 with hexamethyldisilylazide
and trimethylsilyl broméde in pyridine gave the expected trimethylsilyldienol which was immediately reduced with
calcium borohydride in ethanol to give the cyclopropyl ether 11.13 Similarly, the vinylation and cyclopropanation
of ketone 1219 gave a 63% yield of the cyclopropyl ether 14, which was reduced with sodium borohydride in
ethanol to produce 17p-cyclopropyloxy-4.4-dimethylandrost-5-en-3p-ol (15).20
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Compounds were tested for inhibition of human or cynomolgus monkey testicular microsomal Cy7(20) lyase
activity. Microsomes were prepared, and C7(20 lyase activity from human tissuc was determined as described
previously.!2 Radiolabelod substrate used for both species was [17-3H]-17a-hydroxypregnenolone (10-11
Ci/mmol; 0.2 uCi per assay; Amersham).2! Compounds 4, 10, 11 and 1§ were evaluated with human
testicular C)7¢20) lyase (Table 1) and cynomolgus testicular C17(20) lyase was used for compounds S and 6 (Table
2). All of the compounds which displayed activity (4, 5, 6 and 10) were clearly time-dependent, which supports
the proposed mechanism-based inhibition shown in Scheme 1. Compound 4 was the most potent of the
compounds tested with the human enzyme, whereas compounds § and 6 were essentially equal in potency against
the monkey enzyme. Inscrestingly, compounds with the modified (with respect to normal substrate) A-rings (10,
11 and 15) showed little affinity for C17(20) lyase, which suggests that these modifications prevent binding at the
catalytic site of the enzyme.

Table 1 Table 2
Imhibition of Human Testicular Cy7(2¢) Lyase Inhibition of Cymomolgus Testicular Cj7(20) Lyase

Conc. (uM) | (mimutes) | Inhibition Conc. (UWM) | (minutes) | Inhibition
4 08 0 1n 5 1 0 73
30 64 40 90
10 0.8 0 1 0.1 0 26
30 17 40 55
11 0.8 0 0 6 1 0 52
30 0 40 79
15 08 0 0 0.1 0 17
30 0 40 51

In summary, we described the preparation of scveral 178—cyclopropyl ether-substituted steroids and
evaluated these compounds with Cy7(20) lyase enzymes. Compounds which inhibited the enzyme were time-
dependent, which is consistent with our suggested mechanism for enzyme inactivation.
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3H), 0.62-0.40 (m, 4H). 13C NMR (CDCl3) 201.80, 199.28, 160.72, 125.51, 88.50. IR (CDCl3) 1687,
11-1,608‘ g‘hdmc( ) 343 (wos. Mt1), 285 (25%, M*1-C3Hg0). Anal. Calcd for C22H3207: C, 77.16;
Conandl.lpomlmhdmot‘ll , has previously been shown to lack androgenicity in an organ
B ,l,l?y“&e Johaston, J. O.; Wright, C. L.; Burkhart, J. P; Peet, N. P. J. Steroid Bthhem Molgec
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11: 1H NMR (CDCI 5.52-5.45 (m, 1H), 4.26 (d, J = 11.6Hz, 1H), 3.96-3.84 (m, 1H), 3.77 (dd,J =
10.5, 2.4 Hz, 1H), 3 ‘;0 ., J = 10.5 Hz, 1H), 3.51 (ddd, J = 11.6, 2.4, 1.0 Hz, 1H), 3.43 (t, ) = 8.3 Hz,
lH). 3.33-3.26 (m, 3.00-2.86 (m, 1H), 2.53 (dd, J = 13.9, 6.9 Hz, 1H), 2.12 (dd, J = 12.8, 4.0 Hz,
1H), 2.12-1.90 (m, 1.84 (br 5, 1H), 1.72-1.08 (series of m, 9H), 1.04-0.83 (m, 3H), 0.74 (s, 3H),
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42.98, 42.13, 37.64, 36.99, 36.55, 36.09, 31.62, 31.27, 27.69, 23.08, 21.05, 11.36, 5.87, 5.64. HRMS
Cacld for C3HyO3 399.2586, Found 359.2577.
Ringold, H. J.; Roseakvenz, G. J. Org. Chem. 1957, 22, 602.
15: 1TH NMR (CDC13) 5.59-5.53 (m, 1H), 3.44 (t, ] = 7.9 Hz, 1H), 3.35-3.18 (m, 2H), 2.18-1.87 (m,
3H), 1.80-1.02 (series of m, 13H), 1.15 (s, 3H), 1.10 (s, 3H), 1.07 (s, 3H), 0.98 (m, 2H), 0.76 (s, 3H),
0.61-0.40 (m, 4H). 13C NMR (CDCl3) 149.90, 119.87, 89.08, 77.46, 52.41, 51.08, 42.35, 41.61, 37.57,
36.79, 36.66, 32.17, 30.72, 28.00, 27.42, 27.22, 23.60, 23.30, 21.32, 20.22, 11.64, 6.16, 5.90. IR
(KBr pellct) 3432, 1636 cm!. CIMS (CHy) 359 (17%, MH*), 341 (76%, MH-H20%), 283 (base).
q:onml o tyne- uader nmpl‘ t mspu:;!’ DMS% and hmsmhﬁem%l:;nlc)dMasng
eV , ] in T.
contibuted 0 the assay from ubum:.:l 2.5% (v/v). The total suhctmepconcenmn (17a-hydroxy-
prem)mo.snl(hhmmlyue assays (= 1-2xKy). Monkey microsomes were prepared in the
same manner as human esticular tissue except that the monkey testicular tissue was previously frozen in
liquid sitsogea after semoval from ancsthesized animsals and stored at -80 °C. Assay components, procedures
mmnmw :dunuln&nuedfonhehummexccptdmdmmlsubm(lh-
hydroxypregneaolonc) concentration was 0.05 uM (= Kg). Compounds to be screened for lyase inhibition
m&udvdhbm-dﬂwdnomnm-ﬂ?hwbuﬁer,pﬂ74 to give the desired
concentrations of test compound; this solution coatributes 0.1% (v/v) DMSO to the assay. Tests for time-

depemm it lyase from either species were desermined as follows. Microsomal protein (20-
60 pg/mL), 0.08 phosphate buffer, buffer (pH 7.4), and the NADPH-regenerating
system were at 34 °C for 5 minutes. compound to be tested was next added, aliquots were
removed at succesive time intervals and added to 17e-hydrox: memnohusnbsmiusepamtetubesand

unyedfam n:lmgfu6mmlun34'c concentration used for testing
lyass 8 uM anmnwflOmeluMwmusodmtestforinhibiﬁon

cynomol:ulyue Although the source of enzyme is from two different species, Kj values for other
inhibitors were identical for human and cynomolgus testicular lyase.
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