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Abstract: A concise synthetic approach to 4-trifluoromethyl steroids, a novel class of steroid Sa-~reductase
inhibitors, is described. Direct trifluoromethylation of steroid olefinic bromide with methyl fluorosulfonyl-
difluoroacetate was used as a key step in the synthesis. The compound 4 exhibited highly inhibitory activity

than Finasteride in in vitro assay. © 1997 Elsevier Science Ltd.

Steroid Sa~reductase is an enzyme responsible for the NADPH-dependent conversion of testosterone (T)
to dihydrotestosterone (DHT) in many androgen sensitive cells (Scheme 1)." It is well known that excessive
accumulation of DHT causes several human endocrine diseases,’ such as benign prostatic hyperplasia (BPH),’
prostatic carcinoma,’ male pattern baldness,’ acne,® alopecia in men’ and hirsutism in women.® Among these
diseases, the incidence of BPH in the aging male population is very high, affecting approximately 30% at age
50 and 80% at age 80.° Inhibition of steroid Sa—reductase may diminish the formation of DHT in the tissue of
human body, thus, steroid So-reductase inhibitors can be used as therapeutic agents for these diseases, e.g. , 4-
aza-Sa-androstan-17-carboxamide (Finasteride),10 6-azasteroids,"! 19-nor-10-azasteroids,'”>  4,17-
diazasteroids,'” 3-carboxysteroids,* 4-cyanosteroidsl5 and nonsteroidal compOunds.16 Since the stable enolate
of testosterone binding to Sa-reductase, like that of 4—cyanoprogresterone, is considered to be a key step for
preventing the conversion of testosterone to dihydrotestosterone,15 we envisioned that trifluoromethylated
analogues would be interesting candidates because introducion of a trifluoromethyl group to a bioactive

molecule often enhances its
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original pharmacological properties.!” Thus, we synthesized some trifluoromethyl steroids and examined their
biological activities.

Our synthetic approaches to trifluoromethylated steroids were characterized by two points: making use of
all possible commercially available steroids as the starting materials and direct trifluoromethylation in the final
step with our own trifluoromethylating agents,'® among which methyl fluorosulfonyldifluoroacetate (MFSDA)
FO,SCF,CO;Me was found to be most effective. Our initial studies focused on the synthesis of 4-
trifluoromethyl progesterone (32)"?, a counterpart of 4-cyanoprogesterone, by two-step procedures, ie. ,
bromination of 3—oxo—A‘-steroid(1a),”’ in AcOH-Et;,O in the presence of collidine followed by
trifluoromethylation with MFSDA in the presence of catalytic amounts of Cul. Unfortunately, 3a did not show
any inhibitory activity on So-reductase in a preliminary bioassay (Table 1). Then, we turned to prepare 4-
trifluoromethylandrost-4-en-3,17-dione (3b)*' starting from androst-4-en-3,17-dione (1b) as shown in Scheme
2. Compound 3b exhibited remarkable inhibitory activity on So-reductase. However, in view of the
importance of the C—17 amide side chain which is a common structural feature of many known So-reductase
inhibitors for biological activity, we  further synthesized 4-trifluoromethyl-androsterone-17f-N-(t-
butyl)carboxamide (4).
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Reagents and conditions: a. Bry, collidine, AcOH, Et;0. b. MFSDA, Cul, DMF, 75°C

Scheme 2
We took commercially available prognenolone acetate (5) as the starting material, which was first
submitted to haloform reaction to produce steroid 20-carboxylic acid 6.2 The conversion of 6 to the
corresponding methyl ester (7) was carried out in refluxing methanol in the presence of TsOH for Sh.
Oppenaur oxidation of 7 afforded methyl 3-oxo-androst-4-ene-17[-carboxylate (8),” which was then
hydrolyzed to 9. Compound 9 was easily converted further to 17-amide 10 in high yield. Bromination of 10
followed by trifluoromethylation afforded 4 2! The overall yield of 4 from 5 is 42 % (Scheme 3).
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Reagents and conditions: a. i.NaOBr, dioxane, H,0, <10°C, ii. conc. HCI, 91% b. TsOH, MeOH, 5h, 82%
¢. Al(i-PrO)3, cyclohexanone, toluene, 87%. d. 10% KOH/H,O, EtOH, 95%. e. i. oxalyl chrolide, py, toluene,
1h. ii. £-BuNH,, toluene, 1h, 94%. f. Br,, collidine, AcOH, Et;0, 79%. g. MFSDA, Cul, DMF, 91%.

Scheme 3
In in vitro assay, 4-trifluoromethyl-N-(z-butyl)-4-androsten-173-carboxamide (4‘) exhibited higher activity
than Finasteride did, the latter has been used as an effective cure for BPH (Table 1)**. The synthesis and

biological evaluation of other trifluoromethylsteroids are in progress.

Table 1. Inhibition of 4-trifluoromethylsteroids toward Soa—reductase (Ki Value)24

Compound Isotope Method Enzymic Kinetics Method
[H]">[H]-DHT NADPH
Finasteride 88.2nM 54.7aM
3a >>1000nM >>1000nM
3b 95.2nM 28.8nM

4 20.9nM 20.20M




3116 X.-S. FElI et al.

In conclusion, a novel class of steroid Sa—reductase inhibitors possessing a 4-trifluoromethyl group has
been synthesized by a concise method involving direct trifluoromethylation of steroid olefinic bromides with

methyl fluorosulfonyldifluroacetate.
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