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Abstract: A new and practical synthetic approach to 3-substituted A*>*®-Steroids, as potential So-reductase
inhibitor, is described. The key step involves Pd-catalyzed coupling reaction of steroid 3-enol SH-3-oxo-
octafluoropentanosulfonates. 3-Phenylacetylenyl substituted A**©-steroid 3g and 3-phosphate substituted
A**®-steroid 3f in our synthesized compounds exhibited high So.-reductase inhibitory activity in vitro assay.
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Steroid Sa—reductase is an enzyme responsible for the NADPH-dependent conversion of
testosterone (T) to dihydrotestosterone (DHT).! It is well known that excessive accumulation
of DHT related to the development of several human endocrine diseases such as benign
prostatic hyperplasia(BPH), prostatic carcinoma, male pattern baldness, acne, alopecia in men
and hirsutism in women.? Inhibition of steroid Sa-reductase can diminish the formation of
DHT in the tissue of human body, thus steroid Sa—reductase inhibitor can be used as a
pharmacological therapy for these diseases. For this reason, many efforts were made to search
for effective Sa—reductase inhibitors. Recently several steroids with the modification of A/B
ring, such as 4-aza-So-androstan-17-carboxamide (Finasteride),*® 6-azasteroids,*® 19-nor-10-
azasteroids,®® 4, 17-diazasteroids,*® 3-carboxy steroids,”®  4-cyanosteroids,”’  4-
trifluoromethylsteroids®® and nonsteroid compounds™ as steroid Sa—reductase inhibitors have
been reported. Of these, Finasteride has been used as a prescription drug for the treatment of
prostatic hyperplasia in many countries. Epristeride (SK&F 105657), one of 3-carboxysteroids,
is being clinically evaluated for treatment of BPH. In connection with our interest in Sa—
reductase inhibitor and previous work about preparation of steroid 3-emol SH-3-oxo-
octafluoropentanosulfonates, we synthesized some 3-substituted A>>©-steroids through the Pd-
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catalyzed coupling reaction of steroid 3-enol 5H-3-oxo-octafluoropentanosulfonates and tested
their Sa—reductase inhibitory activity preliminarily. These new results will be reported in this
communication.
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In steroid Sa—reductase inhibitors, C-17 side chain variation has been extensively
examined by Rasmusson.* From these studies, 17B-carboxamides exert the greatest positive
effect on binding to human 5a-reductase. Holt3e and his coworkers observed the activities of a
series of 17P-carbamoyl-3-androstene-3-carboxylic acid with varied sites of substitution and
unsaturation, and then they considered that the A>*® unsaturation in steroids can enhance
Sa~reductase inhibitory activity. A structure activity relationship study about steroid So—
reductase inhibitors suggested that any steroid-derived structure with a C-3 polar group
should possess So-reductase inhibitory activity.” We therefore believe that other C-3
substituted steroids should be possible to possess Soa-reductase inhibitory activity besides 3-
carboxyl steroids.

Our previous studies have shown that the cheap and easily available ﬂuorine-contalmng
chemical, 5H- 3-oxo-octaﬂuoropenosulfonyl fluoride can replace the expensive and moisture-
sensitive triflic anhydride.® However we still interest in the reactivity of 3-enol 5H-3-oxo-
octafluoropenosulfonates. According to our previous reported method, steroid 3-ketone -17-
carboxamide® 4 was  conveniently converted to its 3-enol SH-3 -oxo-octafluoropentano-
sulfonate 5. The palladium-catalyzed carbonylation’ of 5 in dimethylformide and methanol
at 70°C produced 3-carboxylate steroid 3a in 90% yield. In the absence of methanol, this
reaction can directly gave 3-carboxyl-steroid 3b (Epristeride). The steroids 3c, 3d, 3e, 3f and
3g with a variety of groups at C-3 position in compound 3 have been synthesized from 5
through palladium-catalyzed coupling reaction® in 74-92% yields. The results are listed in
Table 1.

CONHC(CH,), CONHC(CH,), CONHC(CH,),
HCF,CCF,OCF,CF,SO;
4 5 3

Scheme 2



W. Tian et al. / Bioorg. Med. Chem. Lett. 8 (1998) 19491952 1951

Table 1 the palladium-catalyzed coupling reaction of compound 5°

Entry reagents product yield(%)
1 CO/DMF-CH;0H 3a, R=COOCH; 920
2 CO/DMF 3b, R=COOH 70
3 HCOOH-DMF 3c,R=H 85
4 CO/DMF-Et,NH 3d, R=CONEt, 82
5 EtOCH=CH, 3e, R=COCH; 74
6 HPO(OEt), 3f, R=PO(OEt), 92
7 PhCCH 3g, R=CCPh 85

The experimental results shown that the enol 5H-3-oxo-octafluoropenosulfonates possess
similar reactivity with enol triflates.

The compounds obtained above were examined for their inhibitory effects on rat Sa—
reductase. The preliminary results are presented in Table 2.

Table 2. Inhibition of 3-substituted A>*®-steroids toward Sa—-reductase (Ki Value)'’

Entry Isotope Method Enzymic Kinetics Method
[*H]">[*H]-DHT NADPH
Finasteride 88.2nM 54.7nM
3¢ >>1000nM >>1000nM
3d >>1000nM >>1000nM
3e >>1000nM >>1000nM
3f 68.5nM 18.1nM
3g 100.2nM 45.8nM

In a preliminary assay, androst-3-ene-3-phosphate 3f exhibited remarkable activity on rat
Sa~reductase. The reason may be that 3f can be considered as a mimic of the putative enolate
intermediate of steroid Sa—reductase. On the contrary, 3¢ without the polar group substitution
at C-3 position did not present any inhibitory activity. Although compounds 3d and 3e possess
similar polar group at C-3 position, they did not exhibit desired activity. It is very interest that
3-phenylacetylenyl substituted steroid 3g, without the basic structural feature of all of known
steroid Sa~reductase inhibitors, presented good activity. It is obvious that this finding provided
useful information for searching for new type of steroid Sa-reductase inhibitors.
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In conclusion, we provided a new and practical synthetic approach to 3-substituted A**®-
steroids involving Pd-catalyzed coupling reaction of steroid 3-enol 5H-3-oxo-
octafluoropentanosulfonates. 3-Phenylacetylenyl substituted A*>*©®-steroid 3g and 3-phosphate
substituted A>*®-steroid 3f in our synthesized compounds exhibited high So-reductase
inhibitory activity.
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