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Abstract - Different approaches to the synthesis of brassinosteroids,
new class of phytchormones, have been developed starting from acces-
sible natural Steroids. Several brassinosteroids of natural type
(brassinolide, 28-homobrassinolide, 24-epibrassinolide, 28-norbrassi-
nolide etc.), their analogues and intermediates have been synthesized
for study as plant growth-promoting substances.

INTRODUCTION

The discovery of brassinclide (ref. 1), a new polyhydroxysteroid with high
Elant growth-promoting activity, in 1979 was the beginning of a new period In
he investigation of hormonal system and chemical growth regulation in
plants. Since then several related steroids have been isolated from plant
sources (ref. 2). The characteristic feature of brassinosteroids (BS) is the
ability to act in very low concentrations on the hormonal balance in plants,
to activate the metabolic and growth processes, to increase the total plant
productivity. These properties and extremely low content of BS in natural
sources are the major reasons for the interest of many scientific groups in
the synthesis of BS (ref. 3). In the extending of studies on nafural and
transformed steroids carried out by the school of Prof. A. Akhrem, the BS
synthesis was the subject of study for a number of years in our laboratory.
In the course of our investigation several synthetic approaches were
developed and a lot of natural type BS and their analogues were synthesized
from accessible natural steroids.

The employment of stigmasterol 1 as starting material in many synthetic
schemes is due to its ready availability and the presence of the functional
grou%s in its molecule permitting the needful transformations of cyclic part
and the side chain. The conversion of 1 to 28-homobrassinosteroids with the
retaining of side chain carbon sceleton was accomplished as follows (Fig. 1J.
Cycloketone 2, the key intermediate in BS S{nthesis from stigmasterol, was
prepared from 1 via tosilation, iso-steroidal rearrangement of the tosylate
and Jones oxidation of the corresponding B-alcohol (ref. 4). Interaction of
the cycloketone 2 with hydrogen bromide in acetic acid at room temperature
Eroceeded regioselectively with cyclopropane ring opening to give the
romoketone 3 with almost quantitative yield. The dehydrobromination of 3 and
further hydroxylation of the resuliant diencketone 4 gave (ref.” %)
tetrahydroxyketone 5, the 225,23S-isomer of natural hormone ethylbrassinone.
Its transformation “into 22S,23S-homobrassinoclide 8 can be fulfiled by the
successive steps of cis-diol groups protection, Baeyer-Villiger oxidation,
diols deprotection and relactonization.

An alternative synthesis of 9 which permits to avoid the hydroxygroups
protection and deprotection stages was then elaborated by us (ref. 6). This
included the regicselective addition of bromine and hydrogen bromide to
22-bond anddPropan cycle of 2, respectively, Baeyer-Villiger oxidation of
ketone 6 ebromination with" simultaneous dehydrobromination of 7 and
hydroxylafion of the dienolactone 8

For the synthesis of BS, possessing the natural configuration of hydroxy
functions in the side chain, we used an approach based on the transformation
of 22R,23R-epoxides (ref. 7). The epoxidation of 3 with MCPBA gave 10 as the
major reaction product. Dehydrobromination of 10 and further™ epoxide rin
opening under the action of HBr followed by nucleophilic substitution wit
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Fig. 1. Synthesis of 28-homobrassinosteroids from stigmasterol.
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inversion at the carbon_atom bearing the Br atom in bromoacetate intermediate
?ave the diacetate 12. The latter was easily transformed into ethylbrassinone
3 and homobrassinolide 14 by the usual way. This approach has been also used
for the synthesis of 22S723S-28-homobrassincsteroids (ref. 8).

The A4—BS—analogues like 17 were synthesized by the employment of a-cis-
hgdroxylation méthod developed by us earlier (ref, 9). The diencketone 16
obtained from 2 via 18 (in accordance with ref. 10} was treated with iodine
and silver acefate in aqueous acetic acid to give the unsaturated ketone 17.

For the preparation of wide range of BS possessing both natural and unnatural
side chains including brassinolide and its isomers we used an approach based
on the reaction of sulfone derivatives 20 with steroidal 22-aldehydes (ref.
11) (Fig. 2). Sulfones 20 were obtained from isovaleric acid wia successive
stages of a-alkylderivalives, alcohols, tosilates 19 and corresponding
sulfides. Addition of the aldehyde 21, obtained by fhe usual method from
stigmasterol, with the carbanion ‘derived from 20 was followed by acetylation
to "give f-acetoxy sulfone 22. Reduction of 22 with Na—H% and further
deprotection gave an olefinic product 23. Application of the method of
22,23-dihydroxyfunctionality construction via egoxides to this compound
allowed us to obtain all the possible isomers of 22,23-cis-diols of eﬂagstan,
stigmastan and cholestan series. When the 22R,23R-epoxide 24 (R=(S)-Me) was
subjected Lo dehydrobromination and epoxy ring transformation followed by
treatment of the resultant 25 with osmium tetraoxide castasterone 26 was
obtained. The Baeyer-Villiger oxidation of its tetraacetate, deprotection and
relactonization yielded brassinclide 27. It should be fointed out that alon?
with the products of the normal 20p3-series the BS analogues with 20a-methy
group have been synthesized employing this approach.

Many of side chain formation methods in BS synthesis are based on the
reactions of steroidal 22-aldehydes with various vinyl carbanions and futher
transformations of allylic alcohol intermediates 3. However these stereo-
selectivities were not high and gave relatively low yields of the desired
22a-alcohols along with substantial amounts of their 22B3-isomers. We proposed
that the reaction could be more stereoselective if the anionic centre of
nucleoghile was directly connected to some group other than H. The most
suitable for this purpose it seemed us to be trimethylsilyl group because it
can be easily removed on the next stages and furthermore’ it facilitates the
formation of "carbanion. That is why we synthesized (ref. 12) the vinylsilane
28 from the acetylene 28 and tested the stereoselectivity of its addition
with aldehyde 21.” The reaction of 21 with 28 proceeded smoothly at -78~C to
Elve a 10i1 mixture of epimeric alcohols™ 30 and 31 in 97% total yield.

oxidation of 30 followed by nuclecphilic cleavage of Si-C-bond in 32 gave
the epoxide 33 as a major product. On the other hand, an initial Si-C-bond
cleavage in~ 30 followed by epoxidation of alkene 34 afforded the
brassinosteroid intermediate 3B. e further construction of the side chain
of brasinolide from 35 is known (ref. 3.

The first step of the synthesis (ref. 13} of 24-epibrassinosteroids from
ergosterol 36 was the reduction of diene system in B-cycle by the action of
Li"in diethyIamine (Fig. 3), Steroid 38 was converted without isolation into
38 which was further f{ransformed intdo diencketone 40 by the usual wag. The
Tatter was hydroxylated to give the stereocisomeric tetraols 41 and 42, the
synthe%;c lprecursors of 24-epibrassinolide 43 and its 22S,23S-isomer 44,
respectively.

Among different approaches to the side chain construction one of the
particular interest 'is the use of heterocyclic intermediates containing the
desired functionality in a latent form. "In this respect rather promisin

seems to be the application of isoxazole and 2-isoxazolines - the adducts o

1,3-dipolar cycloaddition reactions of nitrile oxides with unsaturated
systems (ref. "14). That is th we studied the cycloaddition (ref. 15) of
iso-butyronitrile oxide with the steroidal olefins 46 and acetylenes 47
prepared from fre nenolone acetate 45 (Fig. 4). Both reactions “proceeded
reglospecifical y to qﬁve the cycloadducts™ 48 and 49 in high yields. The
dehydration with simultaneous eh{dro enation of 48 under the action of
thionyl chloride in DMF gave (ref. 16) the isoxazole BD. The same product was
obtained from 48 in acidic conditions. The isoxazole 50 was ca alltlcall{
hydrogenated on Raney nickel to give the enaminoketone 51 with natura

configuration at C-20 (ref. 18b). The latter could be further hydrolised into
diketone 52 or transformed into 53 by the usual way (ref. 14a). Unsaturated
ketones like B3 can be used as Intermediates for the synthesis of the side
chains of BS (ref. 17). An alternative synthesis of 53 has been achieved
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(ref. 18) by the isoxazoline ring opening in 55 under the action of stron
base (anion of dimethylsulfoxide} followed by hydrolysis of the resultan
oxime 56. In this respect the f3-ketols 57 and B8 obtained from the adduct 55
by the method developed by us earlier (ref. 19) are also perspective.
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