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a b s t r a c t

A series of 17a-aza-D-homo-andrester-17-one derivatives, bearing hydroxyl, hydroximino, carbonyl and
thiosemicarbazido groups at the position-3 or position-6 of steroidal nucleus, were prepared and evalu-
ated in vitro against two human cell lines (Hela (human cervical carcinoma) and SMMC 7404 (human
liver carcinoma)). The results showed that these compounds could exhibit a high cytotoxicity to Hela
tumor cell line, especially for compounds 8 and 12, the IC50 values are 15.1 and 14.0 nmol/mL, respec-
tively. Our findings could provide new evidence showing the relationship between the chemical structure
and biological activity and may be useful for the discovery of new anti-cancer drugs.

� 2011 Elsevier Ltd. All rights reserved.
Dehydroepaimdrosterone (DHEA) is endogenous steroidal synthesized in five steps (Scheme 1). First, the compound 1 was
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prohormone with important physiological activities, such as anti-
aging and assimilation of protein. It is also a very important inter-
mediate in the synthesis of steroid drugs. Previously, besides
applying to hormonal drugs, several modified steroid compounds,
such as aza-D-homo steroids that contain the NHCO group inside
D-ring, were used in the synthesis of steroids ester carrying alkyla-
tor.1–4 The result of the investigation of aza-D-homo-androsterone
alkylator (Fig. 1) indicated that the presence of characteristic
group, –NH–CO–, in the homo-aza steroid molecule is very impor-
tant in reducing the acute toxicity and enhance the anti-tumor
activity for the steroid compounds.5,6 However, the cytotoxicity
investigation for these kinds of compounds was mainly focused
on anti-leukemic activity. In our previous work, we found that a
steroidal compound has excellent cytotoxicity when it has the cho-
lesteric side chain and the 3- or 6-position on steroidal nucleus is
substituted by hydroxyl, hydroximino, or sodium sulphate.7–10 In
order to find novel and effective anti-tumor agents, we designed
and synthesized a series of 17a-aza-D-homo-andrester-17-one
derivatives with various groups at the 3- or 6-position of the ste-
roidal nucleus. The design was based on the knowledge of our pre-
vious SARs analysis and effective enhancing of the anti-cancer
activity by transferring D-ring of 3b-hydroxy-5-androsten-17-one
into lactamide.11

Using 3b-hydroxy-5-androsten-17-one (1) as a starting
material, 17a-aza-D-homo-4-androsten-3,6,17-trione (6) was
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transformed into the corresponding 3b-acetoxy-5-androsten-17-
one (2), followed by the condensation reaction with hydroxyl-
amine hydrochloride to offer 3b-acetoxy-5-androsten-17-oxime
(3) according to the literature 10. Beckman rearrangement of
compound 312 in SOCl2/THF gave 3b-acetoxy-17-aza-D-homo-5-
androsten-17-one (4) in 78% yield. 3b-hydroxy-17-aza-D-homo-5-
androsten-17-one (5)13 was obtained in 81% yield by deacetylation
in the aqueous solution of 13% K2CO3. Lastly, the oxidation of the
compound 5 with Jones reagent afforded the expected product,
17a-aza-D-homo-4-androsten-3,6,17-trione (6).14

The synthetic route and the structures of target compounds 7–
1215–18 were outlined in Scheme 2. Compound 6 was reduced by
NaBH4 in methanol into compound 7, and 6 condensed with two
equal amounts of hydroxylamine hydrochloride to afford di-oxime
compound 8 and condensed with two equal amount of thiosemi-
carbazide to generate di-thiosemicarbazido compound 9. The
17a-aza-D-homo-androstan-3,6,17-trione (10) was synthesized by
the reduction of 6 with NaBH4/NiCl2 and oxidation with Jones re-
agent in two steps. Using similar procedure for preparing 7 and
8, compounds 12 and 11 were obtained, respectively.
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Figure 1. Chemical structure of D-homo-aza-androsterone alkylator.
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Scheme 1. Synthesis of 17a-aza-D-homo-4-androsten-3,6,17-trione.
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Scheme 2. Syntheses of 17a-aza-D-homo-androster-17-one derivatives.

Table 1
Cytotoxicities of 17a-aza-D-homo-andrester-17-one derivatives in vitrob (IC50 in lmol/La)

Compound 4 5 6 7 8 9 10 11 12

Hela 37.6 65.9 102.4 18.8 15.1 28.8 53.6 75.7 14.0
SMMC 7404 >200 >200 >200 >200 >200 80.5 60.8 184 124.4

a Cytotoxicity as IC50 for each cell line is the concentration of compound which reduced by 50% the optical density of treated cells with respect to untreated cells using the
MTT assay.

b Data represent the mean values of three independent determinations.
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The cytotoxic activities of compounds 4–12 were determined
in vitro on Hela (human cervical carcinoma) and SMMC 7404 (hu-
man liver carcinoma) tumor cell lines. The MTT method was used
to analyze the antiproliferative activity. The results were summa-
rized as IC50 values in lmol/L in Table 1.

As shown in Table 1, compounds 4–12 displayed a distinct cyto-
toxicity against Hela tumor cell line, however, performed a weak
activity to almost inactivity against SMMC 7404. We previously re-
ported that the steroidal compounds bearing hydroxyl or hydroxi-
mino exhibited higher cytotoxic activities than the corresponding
compounds bearing carbonyl.9,10 The result was confirmed again
in this investigation of cytotoxic activity against Hela tumor cell
line. But a contrary result was observed to the cytotoxicity against
SMMC 7404, such as the cytotoxic activity of compound 10 against
SMMC 7404 was higher than compounds 11 and 12. The introduc-
tion of hydroxyl or hydroxyimino into the 3- or 6-position of
steroid nucleus increased the cytotoxicity to Hela tumor cell line.
For example, the IC50 values of compounds 7, 8 and 12 were
18.8, 15.1 and 14.0 lmol/L, respectively.

Interestingly, our results indicated that the presence of double
bond between positions 4 and 5 on A-ring conferred a positive
effect to the cytotoxicity against Hela tumor cell lines when both
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3,6-positions of steroidal nucleus were substituted by hydroximino
(comparing compound 8 (IC50 value: 15.1) with the compound 11
(IC50 value: 75.7)). Nevertheless, when the 3,6-positions were
substituted by hydroxyl, the IC50 value was not affected regardless
of the existence of the double bond ((comparing the IC50 values of
the compound 7 (IC50 value: 18.8) and 12 (IC50 value: 14.0)).

In conclusion, we have prepared a new series of 17a-aza-
D-homo-androster-17-one derivatives which were proven to be
potent anti-tumor activities against Hela tumor cell line. Com-
pounds 7, 8 and 12 were found to be more potent compounds,
therefore, the further structural modification and anti-tumor
activity study in vivo would be in progress. Our findings could
provide new evidence showing the relationship between the
chemical structure and biological activity and may be useful for
the design of novel chemotherapeutic drugs.
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