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The fragmentation reaction of 16R-bromopregnane-3S,20S-diol
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Abstract—16R-Bromopregnane-3S,20S-diol reacted with potassium t-butoxide to afford androst-16-en-3S-ol in a moderate yield via
fragmentation reaction. The latter is a key intermediate for the synthesis of 5a-androst-16-en-3-one, as boar sex pheromone, and
other steroidal drugs. In addition, 16R,20S-epoxypregnane-3S-ol was also obtained as a major product by changing the reaction
solvent.
� 2007 Elsevier Ltd. All rights reserved.
Tigogenin 1 (Fig. 1) is a by-product in the hemp-making
industry using sisal, and is also an environmental
pollutant. Currently, about 500 tons of tigogenin are
produced from industrial waste in making hemp annu-
ally in China. In connection with our project of organic
synthetic chemistry based on the rational utilization of
natural resource compounds (i.e., resource chemis-
try),1–4 we have finished the direct degradation of
tigogenin into (3S,16S,20S)-pregnane-3,16,20-triol 2
and 4R-methyl-d-valerolactone using 30% aqueous
hydrogen peroxide on a scale of 10 kg.5,6 For the further
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Scheme 1. Preparation of 16R-bromopregnane-3S,20S-diol (4). Reagents and
40–45 �C, 2 h, 78% in two steps from 2.
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application of pregnane-3,16,20-triol in the synthesis
of medicines, pesticides and organic molecules with
bioactivity, we also explored its reaction with a variety
of chemicals and found that compound 2 can be easily
transformed into 16R-bromopregnane-3S,20S-diol di-
acetate 3 in a good yield through regioselective acetyl-
ation–bromination.7 In connection with this study, we
continued to explore the reaction of 16R-bromopregn-
ane-3S,20S-diol 4, a hydrolysis product derived from 3
(Scheme 1), with KOBut. As expected, compound 4
was converted into 5a-androst-16-en-3S-ol (5) directly
via a fragmentation reaction. It is obvious that this frag-
mentation reaction provided a new and concise method
for the synthesis of 5a-androst-16-en-3-ol and its ana-
logues from steroidal sapogenins such as tigogenin.
The results about this fragmentation reaction will be
reported in this Letter.

Compound 4 was easily prepared in the manner de-
picted in Scheme 1. (3S,16S,20S)-Pregnane-3,16,20-triol
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conditions: (a) 30% HBr/HOAc, 40–45 �C, 1.5 h; (b) K2CO3/MeOH,
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Scheme 2. Fragmentation of 16R-bromopregnane-3S,20S-diol (4).
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Scheme 4. The possible mechanism for the formation of 5 and 6.
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(2) reacted with a 30% solution of hydrogen bromide in
acetic acid at 45–50 �C to afford 16R-bromopregnane-
3S,20S-diol diacetate 3. Without purification, com-
pound 3 was hydrolyzed to the corresponding 16R-
bromopregnane-3S,20S-diol 4 in 78% overall yield from
2 in two steps of the reaction. No signal peak for acet-
oxy group appeared in the 1H NMR and IR spectra of
4; this implied that two acetoxy groups of 3 had been
hydrolyzed. The structure of 4 was further confirmed
by the mass spectrum and elemental analysis.11

On treatment of 16R-bromopregnane-3S,20S-diol 4
with 10 equiv of potassium t-butoxide in t-butyl alcohol
under reflux temperature, a fragmentation product
androst-16-en-3S-ol (5) was produced in 52% yield as
a major product,12 and the 16S,20S-epoxypregnane-
3S-ol 6 was isolated simultaneously in 46% yield
(Scheme 2).13 The fragmentation product 5 was charac-
terized by NMR and mass spectra even though it is a
known compound.8 The oxetane derivative 6 was also
identified by NMR and mass spectra and elemental
analysis. Evidence for the oxetane ring formation was
derived from the doublet at d 1.47 (J = 6.4 Hz) for the
C-21 methyl protons and the multiplet at d 4.51 for
the C-16 methine proton. A similar fragmentation reac-
tion has been reported by Matsyui and Fukushima8b

with pregnane-3S,20S-diol 16S-mesylate (7), in which
the fragmentation product 5 was only obtained in poor
yield. In addition to the preparation of pregnane-
3S,20S-diol 16S-mesylate is not convenient by compar-
ison with 16R-bromopregnane-3S,20S-diol 4 (Scheme
3).
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Scheme 3. The comparison of the preparation of 16R-pregnane-
3S,20S-diol with pregnane-3,16,20-triol 16-mesylate.
A plausible mechanism for the formation of 5 and 6 is
proposed (Scheme 4). The 16a derivative 4 has anti-
clinal bond, and the concerted reaction proceeds to give
the fragmentation product 5. Oxetane ring formation
may proceed by the intermediate formation of the anion
of hydroxyl group, which attacks the backside of C-16
by the displacement of bromine.

The fragmentation reaction was related to the reac-
tion temperature and the results are summarized in
Table 1. As Table 1 shows, the reaction time will be
shortened and the ratio of 5 and 6 will be also improved
along with the raise of reaction temperature. These facts
elucidate that a lower temperature is advantageous to
the formation of the oxetane product, and a higher tem-
perature is beneficial to the formation of the fragmenta-
tion product.

The amount of potassium t-butoxide also influenced
the fragmentation reaction, but it was not so obvious
(Table 2). The increment of the amount of potassium
t-butoxide caused the yield of 5 to improve slightly,
and that of 6 to decline (entries 1–3). But there was no
effect on the selectivity of products by using more than
Table 1. The effect of temperature on the reactiona

Entry Temperature (�C) Time (h) Yields (%)

5 6

1 60 18 30 65
2 70 16 39 57
3 82b 5 52 46

a Reactions were carried out with 10 equiv of t-BuOK.
b Under reflux.

Table 2. The effect of the amount of KOBut on the reactiona

Entry KOBut (equiv) Time (h) Yields (%)

5 6

1 3 6 44 52
2 5 5 47 48
3 10 5 52 46
4 15 4.5 52 44

a Reactions were carried out under reflux condition.
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Scheme 5. The elimination of 16R-bromopregnane-3S,20S-diol (4).
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10 equiv of potassium t-butoxide (entry 4). Then, we
prolonged the reaction time, and found that no change
in the ratio of product 5/6 was observed. This implied
that the reaction time had no effect on the fragmentation
reaction.

The influence of the solvent was also observed. Besides
t-butoxy alcohol, dimethyl sulfoxide and dimethyl form-
amide were explored, respectively. In DMF, the oxetane
product 6 was superior, but in DMSO, the predominant
product is pregnan-14,16-dien-3S-ol (8), an elimination-
rearrangement product of 4 (Scheme 5). Moreover, the
effect of a base such as sodium hydride, lithium alumin-
ium hydride and lithium diisopropylamide was exam-
ined. But no satisfactory results were obtained as
expected.

In conclusion, the reaction of 16R-bromopregnane-
3S,20S-diol with potassium t-butoxide has been investi-
gated in detail. According to the reaction condition
used, fragmentation, intramolecular etherification and
elimination-rearrangement of 16R-bromopregnane-
3S,20S-diol with potassium t-butoxide occurred, respec-
tively. The desired fragmentation reaction provided a
new and concise method for the synthesis of 5a-and-
rost-16-en-3-ol and its analogues from steroidal sapoge-
nins such as tigogenin. The fragmentation product 5 is a
key intermediate for the synthesis of 5a-androst-16-en-
3-one, as boar sex pheromone.9 The application of this
fragmentation reaction for the synthesis of Pavaulon,10

a steroidal muscle relaxant, is currently in progress in
this laboratory.
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