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Reaction of 17a-bromo-21-iodo-3b-acetoxypregn-5-en-20-one with ammonia, primary, and secondary
amines is simple and convenient method for preparation of [17(20)E]- and [17(20)Z]-pregna-5,17(20)-
dien-21-oylamides. Synthesis and characteristics of 12 related amides are presented. Primary testing
on cells proliferation indicated differing effects of synthesized compounds on androgen insensitive
MCF-7 cells and androgen sensitive LNCaP cells.

� 2010 Published by Elsevier Ltd.
Steroid derivatives comprising ring D modified with nitrogen
containing substituents exhibit a lot of different biological activi-
ties and are attractive for biomedicine. A large number of steroid
derivatives containing imidazolyl, pyrazolyl, oxazolyl, isoxazolyl,
pyridyl, pyrimidyl, oxazinyl, tetrahydrooxazinyl, dihydrooxazinyl
hetorocycles are known to efficiently inhibit activity of 17(R)-
hydroxylase/17,20-lyase and used as potent agents for prostate
cancer treatment.1–3 Some 17-picolyl, 17-picolinylidene, N-oxy
17-picolyl and 17-picolinylideneandrost-5-ene derivatives inhibit
activity of aromatase and exhibit antitumor activity against human
breast adenocarcinoma, human melanoma and human prostate
carcinoma cells.4,5 Among the N- and C-substituted 1,3,5(10)-
estratrien-[17,16-c]-pyrazoles potent inhibitors of 17b-hydroxy-
steroid-dehydrogenase type 1 were found.6 23-Azasterol analogs
containing either amide, or amino group, inhibit ergosterol biosyn-
thesis, D24-sterol methyltransferase activity, and exhibit anti-par-
asitic, anti-microbial, and anti-fungal properties.7,8 Last decade
some novel schemes for synthesis of biologically active nitrogen
containing steroid derivatives have been developed starting from
pregnenolone.9–12

Being involved in synthesis and studies of new steroid deriva-
tives comprising nitrogen containing substituents in D ring, in this
Letter, we report a new simple procedure for preparation of both
[17(20)E]- and [17(20)Z]-isomeric pregna-5,17(20)-dien-21-oyla-
mides, and results of primary testing of synthesized compounds
Elsevier Ltd.
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on proliferation of human breast carcinoma MCF-7 cells and
human prostate carcinoma LNCaP cells.

We discovered that known 17a-bromo-21-iodo-3b-acetoxy-
pregn-5-en-20-one 1, prepared from pregnenolone according to
reported procedure,13 smoothly reacts with ammonia, primary
and secondary amines to give 3b-acetoxypegna-5,17(20)-dien-21-
oylamides 2, as mixtures of corresponding [17(20)E]- and
[17(20)Z]-isomers. Three instances of this reaction, where ammo-
nia, ethanolamine and pyrrolidine were used, are shown in Scheme
1; reaction conditions and yields are summarized in Table 1.14

This reaction resembles the known transformation of 20-keto-
pregnan-17,21-dihalohenides to corresponding pregn-17(20)-enoic
acids in alkali medium,15–17 occurring via Favorskii rearrangement.
Reaction in benzene preferably yields [17(20)E]-isomer (configura-
tion determination is discussed below), while reaction in more polar
solvents such as acetonitrile, dioxane, methanol, etc., led to equimo-
lar mixture of both [17(20)E]- and [17(20)Z]-isomers. The target
amides 2(a–c) (mixture of E- and Z-isomers) isolated by silica gel
flash chromatography were then successfully separated by prepara-
tive TLC to give individual [17(20)E]- and [17(20)Z]-isomers.18 Each
isolated acetate 2 was transformed to related 3b-hydroxy amide 319

in quantitative yield by treatment with K2CO3 in boiling aqueous
methanol.

In order to determine the configuration of substituents at
17(20) double bond in target isomeric amides 3(a–c), we per-
formed a series of NMR NOESY experiments. Rigid structure of
C-17 substituent, originating from the presence of 17(20) double
bond, ensures very characteristic and strong NOE signals for
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Scheme 1.

Table 1
Synthesis of 3b-acetoxypregna-5,17(20)-dien-21-oylamides 2(a–c)

Item Amine Reaction condition Yield (%) HRMS 17(20)E/17(20)Z ratioa

a NH3 35 equiv, dioxane–MeOH (1:1), rt, 6 h 42 (80b) Calcd for [C23H34NO3]+: 372.2539; found: 372.2541 54:46
70 equiv, MeOH, rt, 48 h 72% 49:51

b OH
H2N 3 equiv, benzene, reflux, 30 min 38

Calcd for [C25H38NO4]+: 416.2801; found: 416.2803
61:39

5 equiv, dioxane, reflux, 15 min 56 53:47
5 equiv, CH3CN, reflux, 15 min 61 52:48

c HN
5 equiv, benzene, reflux, 30 min 52

Calcd for [C27H40NO3]+: 426.3008; found: 426.3012
66:34

5 equiv, CH3CN, reflux, 30 min 76 50:50

a The ratio of E/Z isomers was calculated from integral intensities of characteristic resonances in 1H NMR spectrum.
b The yield calculated on converted 1.
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H-20 protons in both [17(20)Z]- and [17(20)E]-amides 3. In (Z)-iso-
mers this proton is located closely to the H-16 protons, while in
(E)-isomers it looks in the opposite side, in close vicinity to the
H-12 protons. Figure 1 shows fragments of NOESY spectra of iso-
meric 3b-hydroxypregna-5,17(20)-dien-21-oyl-pyrrolidinylamides
Figure 1. NOESY spectra of 3b-hydroxypregna-5,17(20)-dien-21-oyl-pyrrolidinylamide
depicted by arrows in corresponding structure formula.
(Z)-3c and (E)-3c. Interaction between H-20 and H-16 protons, and
correspondingly arising NOESY cross-peaks at (5.69, 2.55) ppm,
and (5.69, 2.30) ppm, shown in Figure 1a, unequivocally identify
this compound as (Z)-3c. Similarly, related (E)-isomer (E)-3c was
identified by the cross-peaks between H-20 and H-12 (5.69, 1.28)
s (Z)-3c (a), and (E)-3c (b); interactions leading to characteristic cross-peaks are



Figure 2. Effects of [17(20)Z]- and [17(20)E]-pregna-5,17(20)-dien-21-oylamides 3(a–c) on proliferation of MCF-7 cells (a) and LNCaP cells (b).
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ppm and (5.69, 1.81) ppm, as shown in Figure 1b. NOESY spectra of
(Z)- and (E)-isomers of amides 3a and 3b reveal the very similar
patterns.

The isomeric amides 2 and 3 display chemical shift differences
of H-16, H-18, and H-20 resonances in 1H NMR spectra,18,19 and
this was attributed to spatial arrangement of polar amide group.
Among the each pair of isomeric amides 2(a–c), the compound
with higher chromatographic mobility exhibiting H-20 and H-18
resonances in lower field and separated resonances for two H-16
protons,18,19 was considered to be (Z)-isomer, whilst the (E)-isomer
had lower chromatographic mobility. The resonances of C-20 in 13C
NMR spectra of compounds (Z)-2a, (Z)-2b and (Z)-2c, compared to
those of related (E)-isomers (E)-2a, (E)-2b and (E)-2c, were
strongly downshifted (by 4–5 ppm),18 that also confirms isomers
identification. Obviously, aforementioned conclusion was also cor-
rect for related 3b-hydroxy amides 3,19 and this was completely
confirmed by the NOESY studies described above.

Planning further studies of effects of 3b-hydroxypregna-
5,17(20)-dien-21-oylamides 3(a–c) on steroidogenesis and steroid
responses in cultured cancer cells, we performed primary testing of
these compounds on viability and proliferation in androgen insen-
sitive human breast carcinoma MCF-7 cells and androgen sensitive
human prostate carcinoma LNCaP cells.20 Effects of compounds
3(a–c) on cell proliferation were determined in serum free medium
after incubation during 48 h by MTT assay, based on mitochondrial
reduction of the yellow MTT tetrazolium dye to a highly colored
blue formazan product.21

Results are shown in Figure 2. Compounds 3(a–c) slightly de-
creased viability of MCF-7 cells at concentrations exceeding
30 lM (Fig. 2a); there were no significant differences in cytotoxic-
ity of (Z)- and (E)-isomers. On the contrary, in LNCaP cells com-
pounds 3a and 3b showed dual effects on proliferation: at a
concentrations of 0.1, and 0.3 lM they considerably increase pro-
liferation, while at a concentrations exceeding 30 lM an inhibiting
effect was observed (Fig. 2b). It should be noted that similar
increasing of proliferation of androgen sensitive cells by low doses
of hormones, their analogs, and several drugs was repeatedly re-
ported earlier.22–25 [17(20)Z]-3b-Hydroxypregna-5,17(20)-dien-
21-oyl-pyrrolidinylamide (Z)-3c exhibited slight proliferative ef-
fect in LNCaP cells at concentration of 0.1 lM, the corresponding
(E)-isomer (E)-3c did not increased proliferation of LnCaP cells at
low concentrations.

In conclusion, obtained results indicated: (i) interaction of 17a-
bromo-21-iodo-3b-acetoxypregn-5-en-20-one with ammonia and
amines is simple and convenient approach for preparation of
[17(20)E]- and [17(20)Z]-pregna-5,17(20)-dien-21-oylamides; (ii)
1H NMR provides simple method for identification of corresponding
(E)- and (Z)-isomers; (iii) synthesized 3b-hydroxypregna-5,17(20)-
dien-21-oylamides displayed differing effects on proliferation of
androgen insensitive MCF-7 cells and androgen sensitive LNCaP
cells, their antiproliferative activity was substantially lower than
that of reported earlier pregnane derivatives comprising nitrogen
containing heterocycles.5,11,12
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