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Novel construction of the brassinolide side chain
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Abstract—A stereoselective synthesis of brassinolide, which involves construction of the side chain by a highly stereoselective aldol
reaction between 20S-6�-methoxy-3�,5-cyclo-5�-pregnane-20-carboxaldehyde 2 and ketone 3 or 4 catalyzed by L-proline, is
described. © 2003 Elsevier Science Ltd. All rights reserved.

Although considerable efforts have been devoted to the
total synthesis of brassinolide 1 (Fig. 1) and related
compounds over the past three decades and notable
progress has been made in this field, the stereocon-
trolled construction of the side chain of 1 still repre-
sents an ongoing challenge for total synthesis.1

In continuation of our ongoing project on the total
synthesis of brassinolide 1 and related compounds,2 we
describe herein a new method for constructing the side
chain of 1 by a highly stereoselective and high-yielding
aldol reaction between the hydroxyacetone 3 (or TBS-
protected hydroxyacetone 4) and 20S-6�-methoxy-3�,5-
cyclo-5�-pregnane-20-carboxaldehyde 2 using L-proline
as the catalyst.

The synthesis commenced from the known3 aldehyde 2,
and at once we noticed that good yield and regioselec-
tivity (up to 19:1) of the direct aldol reaction between 3
(or 4) and aldehyde 2 using L-proline4 as the catalyst
(Scheme 1). This aldol reaction does not require the
pre-generation of enolates or enolate equivalents. Due

to its simplicity and its mild reaction conditions, this
process can be considered as an efficient method to
synthesize the optically active 1,2-diol units that are the
very important intermediates in organic synthesis.
When unprotected hydroxyacetone 3 was used in the
aldol reaction, the anti aldol 5a was obtained along
with its syn isomer 6a in 84% yield in a ratio of 5:1 as
determined by TLC and 1H NMR. When TBS-pro-
tected hydroxyacetone 4 was used in the aldol reaction,
the anti aldol 5b with its syn isomer 6b and regioiso-
meric product 75 were obtained in 80% yield in a ratio
of 75:20:5.

Aldols 5b and 6b were desilylated by treatment with
TBAF in THF and the diols 5a and 6a were trans-
formed into erythro acetonide 8 and threo acetonide 9,
respectively. Treatment of 8 with potassium carbonate6

in methanol at reflux for 0.5 h affected the epimeriza-
tion of C-23 center of the acetonide to the desired threo
acetonide 9,7 which showed identical spectral data with
those of the acetonide obtained from diol 6a. After
Wittig olefination, product 10 was hydrogenated in the
presence of PtO2 in EtOAc to give a 75:25 (by 400 MHz
1H NMR) mixture of isomers of the desired product 11,
which was not separable, in virtually quantitative yield.
The coupling constant for H-23 to H-24 (J=4.0 Hz) in
the major product was smaller than that (J=6.8 Hz) in
the minor product and the stereochemistry at C-24 was
therefore tentatively assigned as 24S for the former.8

The stereochemistry of the side chain was confirmed by
converting compound 11 to the known triol derivative
12 [mp 216–218°C, lit.9a mp 219–220°C; [� ]D20=−31.5 (c
0.6, EtOH), lit.9a [� ]D=−33 (c 0.21, EtOH)] along with
12a (which could be separated easily by flash column
chromatography on SiO2) by treatment with p-TsOH8b

in refluxing MeOH. The triol 12 has been synthesized

Figure 1.
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Scheme 1. Reagents and conditions : (a) L-proline, DMSO, rt, 12 h; (b) (CH3)2C(OCH3)2, DMF, p-TsOH, 2 h, 90%; (c) K2CO3,

MeOH, reflux, 0.5 h, 85%; (d) Ph3PCH(CH3)2I, n-BuLi, THF, rt, 16 h, 55%; (e) PtO2, EtOAc, H2, rt, 40 h, 98% (24S/24R=75:25);
(f) p-TsOH, MeOH, reflux, 0.5 h, 85%.

earlier9 by different routes and its conversion to brassi-
nolide is known.9b

The synthetic route reported here makes available side
chain of brassinolide that may be of interest for struc-
ture–activity studies of this group of steroids.
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