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SYNTHESIS

Studies on Steroidal Plant-Growth Regulators: A New Synthesis of Brassinosteroids

Wei-Shan Zhou.* Yi-Pine Zhou, Biao Jiang

Shanghai Institute of Organic Chemistry, Chinese Academy of Science, 345 Lingling Lu, Shanghai, Pcople’s Republic of China

Two brassinosteroids (stereoisomers of brassinolide), (22R,23R,24R)-
20,3,22,23-tetrahydroxy-8-homo-7-oxa-5a-ergostan-6-onc  (2) and
(2285,235,24 R)-2a,3,22,23-tetrahydroxy-sB-homo-7-oxa- Sa-ergostan-6-
one (3), were synthesized from ergosterol in cight steps in ca. 30 %
overall yield. The key step is the highly regioselective formation of the
T-oxalactone ring by oxidation of an cnol silyl cther with 3-chloroper-
oxybenzoic acid.

Brassinolide (1) is a plant promoting steroid.' The importance
of its biological activities and novel chemical structure stimu-
lated many laboratories to engage in the synthesis of this
substance and its anologues? and to investigate the relationship
between its structure and biological activity.® Recently, two
stereoisomers of brassinolide, 2 and 3, which possess strong
activity in the rice-Jamina inclination test, have been syn-
thesized.*~® Very recently, compound 2 was also isolated from
the bee pollen of the broad bean (Vicia fuba L.} by lkeckawa
and his co-workers.” The high biological activity of brassino-
steroids 2 and 3 prompted us to report our efficient synthesis of
them from ergosterol (4).

Introduction of the 2a,3a-dihydroxy-B-homo-7-oxa-52-6-0x0-
moiety of 2 and 3 had to be achieved from the key intermediate 6
obtained from ergosterol (4) or brassicasterol (5) via osmylation
and Baeyer-Villiger oxidation. However, the Baeyer-Villiger
oxidation gave also a structural isomer, a 2a, 3a-dihydroxy-B-
homo-6-0xa-5x-7-0xo-compound, as by-product.® In the light
of our report® on the highly regioselective formation of a 7-
oxalactone ring (B-homo-7-oxa-6-oxo-moiety) by oxidation of
anenol silyl ether (cf. compound 10) with ozone, we now wish to
report the use of this highly regioselective method to prepare the
7-oxalactone ring of brassinosteroids.

i-Ergosterol (7) was obtained from ergosterol (4) in 76 % yield by
a known method.'® Oxidation of 7 to 8 with chromic acid in
pvridine in 67 % yield, followed by reduction of 8 with lithium in

HO 0

liquid ammonia at — 78°C for 5§ min, yiclded compound 9 in
93% yield. Deprotonation of 9 with tricthylamine in the
presence of trimethylsilyl triflate provided enol silyl cther 10
quantitatively. Oxidation of 10 with 1.1 equivalent of 4-chloro-
peroxybenzoic acid (MCPBA) gave a-ketol 11 in 82% yield.
Opening of the cyclopropane ring of 11 with lithium bromide;p-
toluenesulfonic acid gave the A%-a-ketol 12 in 83% yield.
Oxidation of 12 with periodic acid followed by reduction with
sodium borohydride and acidification gave the 4%2%-7-oxo-
compound 13 in §7% yleld Compound 13 was treated with a
catalytic amount of osmium tetroxide in the presence of V-
methylmorpholine N-oxide to give a separable mixture of the
tetraols 2 and 3, respectively, in 94% yield (satio of 3:4). The
overall yield of the eight-step synthesis of both 2 and 3 based on
ergosterol as starting material was ca. 30%. This is the highest
overall yield reported until now. Furthermore, the hydroxylated
products 2 and 3 were easily obtained with high purity. since no
structurally isomeric B-homo-6-0xa-7-oxo compound was
formed using our highly regioselective reaction for the construc-
tion of the 7-oxalactone.

Using the commercially available brassicasterol (§) as starting
material, the number of steps could be reduced. In addition, a
reduction step, 8 — 9. could thereby be avoided. The synthesis of
2 and 3 from brassicasterol (5) is in progress.

T crogeyr N
4 Retro 25°C, Sh ‘
76 % 57%

OH 0

7
CFy80;3S5iMe;
Li/lig. NHs EtaN/CH Cl, \\
-78°C Smin 0°C, 20 min
o3 100 %
0 OSlMe3

1. MCPBA/CH,Cl,
r.t., 1h

2. 10% HCL
82%

TSOH/LiBr
OMF T
reflux, 1.5h
83% 4 N
A
0
12

“OH

1. H‘O" 2H20/E!30

0oC=rt., 1
2. NaBH, /MeOH W\
05C, b 050;((3!.)50\ JN\
3. 6N HCL/THY THE /t-BuOH 1,0
rt, 3h - rt., 24 2 3
87 % o 34 % +

0
13

All n’ps arc uncorrected. Optical rotations were measared on an
Autopol II1 polarimeter; IR spectra were recorded as Nujol mull on a
TR-440 spectrophotometer; 'H-NMR spectra were recorded on Varian-
360L (60 MHz) or on Varian XL-200 (200 MH2) spectrometers, using
TMS as internal standard. Only relevant signals are given. Mass spectra
were obtained by the Analytical Department of this Institute. Silica gel
H (10-40 p) was used for the flash chromatography. PE refers (o
petroleum ether (bp 60--90"°C).
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(22E,24R)-3a,5-Cyclo-Sa-ergost-7,22-dien-6-ol (8):

To a solution of 7 (8.3 g, 21 mmol) obtained from crgosterol (4)' % in dry
pyridine (65 mL), chromic acid (6.2 g, 62 mmol) is added with vigorous
stirring at room temperature for 5h. The mixture is diluted with ether
(200 n:l.) and filtered. The ethereal solution is washed with water, 10%
HCI, brine, dried (Na,S0,), and concentrated to dryness under reduced
pressure. The residue is recrystallized from acctone to afford 8; yield:
5.6 g (67%). mp 168 169°C (Lit.'® mp 168-169°C).

(22E,24R)-32,5-Cyclo-5a-ergost-7,22-dien-6-one (9):

A solution of 8 (3.44¢, 8.73mmol) in EtOAc¢ (120mL) is added
dropwise to a solution of liquid ammonia (70 mL) containing lithium
(200 nig, 28.6 mmol) ut — 78°C with vigorous stirring under N, After
the addition is completed, the dark blue color of the solution persisted
for ca. 5 min. Then the excess Li is destroyed with solid NIi,ClL The
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mixture is allowed (o warm to room temperature (evaporation of

ammeonia); the residuc is diluted with water (20 mL) and extracted with
ether (3 x 15 mL). The organic phase is washed with 10% 11C1, brine,
and dried (Na,S0,). After removal of the solvent, the crude product is
purified by flash chromatography (EtOAC/PE, 1:100) to afford 9: yield:
328 (93%); mp 108--110°C (Lit."" mp 108--110"C).

(22E,22 R)-6-Trimethylsiloxy-3a.5-cyclo-Sx-ergost-6,22-diene (10):

To a solution of 9 (3.22 ¢, 8.13 mmoly in CH,CY, (50 mL) and Et;N
(4mLj. is added dropwise trimethylsilyl trifflate (3 mL. 15.5 mmol) at
0°C 1 20 min. Then the organic phase is washed with brine 1o
neutrality, dried (Na,50,), and concentrated to dryness in vecuo 1o give
10 in quantitative yield. [«]" - 48" (¢ = 0.531. CHCl,).

C3yH, 0810 cale. € 7942 M 1117

(468.8) found  79.51 11.01

MS (EL 70 eVy:m/z (%) ~ 469 (M™ +1,1); 396 (M " + 1 —SiMe,, 1¥).
IR: v~ 1650 em ™' (C=C).

"TH-NMR (CDCly): 6 = 0.70 (s, 3H, H-18); 0.99 (s, 3H, 11-19). 4.37 (m,
TH, H-7); 5.20 (m, 2 1, H-22, H-23).

(22E,24R)-Ta-Hydroxy-3a,5-cyclo-5x-ergost-22-en-6-one (11):
Compound 10 (2g. 427 mmol) in CH,Cl, (94mL) is treated with
MCPBA (1.1 equiv) at room temperature for 1 h. Then sat. NaHSO,
(10ml) is added to destroy excess MCPBA. The organic phase is
washed with 10% HCI, sat. NaHCO,, brine, dried (Na.SO,), and
concentrated under reduced pressure. The crude product is chromato-
graphed (ELOAC/PE. 1:30) 1o afford 12; vield: 1.47g (82%): mp
145 147°C; [2fp’ — 3.8” (¢ = 0.524, CHCI,).

CogH 0, cale. € 8149 H 10.74

(412.7) found  81.21 10.95

MS (EL 70 eV miz () == 413 (M +1,67), 395 (M 41 H,0, 19).
IR: v = 3360 (OH), 1700 con ™' (CO).

TH-NMR (CDCly): 6 -2 0.70 (s, 3 H, H-18); 1.10 (s, 31, 11-19): 3.80 (m.
1TH, H-7); 5.23 (m, 211, H-22, H-23)

(22E,24R)-Ta-Hydroxy-5a-ergost-2,22-dien-6-one (12):
To a mixture of TsOH (80 mg) and LiBr (50 mg) in DMF (32 ml) is
added 11 (1.1 g, 2.66 mmol). The mixture is refluxed for 1.5h, The
solvent 1s removed in vacun. The residuc is diluted with water (10 mL)
and extracted with ether (3 x 15 mL). The ethereal extracts are washed
with water, sat. NaHCQj, brine, dried (Na,S0,), and concentrated at
reduced pressure to give a residue. which s chromstographed
(PE/E10AC, 80:1) to afford 13; yicld: 940 mg (83%); mp 128--130°C;
)3 = 10.8° {¢ = (.70, CHCL,).

CogHys0y cale. 8149 H10.74

(412.7; found  81.50 10.92

MS (E1, 70 eV} m/z (%) = 413 (M" +1,5), 395 (M* + 1= 1,0, 49),
379 (M7 —H,0-CH;, 100),

IR: v = 3400 (OH), 1700 cm ' (CO).

"H-NMR (CDCly): 6 =+ 0.68 (s, 3H, H-18): 0.71 (s, 3H, H-19); 3,50 (m,
TH. H-7); 5.20 (m, 21, H-22, H-23); 5.60 (m, 2H, H-2. H-3)

(22E,22 R)-3-Homo-T-0xa-5x-ergost-2,22-dien-6-one (13):

A solution of 12 (350 mg, 0.85 mmol) in dry ether (50 mL) s treated
with HIO, - 2H,0 (210 mg, 0.92 mmol) at 0°C for 1 h under vigorous
stirring. The mixture is then allowed to warm to room temperature for
2h. The solid is filtered off, and the filtrate is concentrated in vacuo. The
residue s dissolved in MeOH (20mL) and treated with NaBH,
(100 mg. 2.65 mmol) at 0°C for 4h. The solvent is removed, and the
residue s acidified with 6N HCI (10 mL) in THF (10 ml) at room
temperature for 3 h. After concentration, the residue is extracted with
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ether (3 % 5 mL). The ergame phase is washed with sat. NaHCO,, brine,
driecd (Na,S0,), and concentrated in vacuo. The crude product is
purificd by chromatography (PE/E1OAc, 100:1) to afford 13: vield:
300 myg (87 %): mp 149 130°C: {2]5 + 67 (¢ = 0.33, CLICL)
CrgHys0, cale. C 8149 H 10.74

4127 found  81.30 10.75

MS (B, 70 Vi mfz ("a) - 413 (M7 + 1, 30).

IR: v - 1720 (lactong), 1660 cm ! (CH -=CH).

"H-NMR (CDCl,): 0 = 0.69 (s, 3H. H-18); 0.71 ¢s. 31 H-19): 4.04 (m,
2H, H-7); 5.20 (my 21, 1-22, 11-23); 5.61 (m. 2 H, H-2. H-3).

{22R,23R,24R)-24,32,22,23-Tetrahydroxy-s-homo-7-oxa-Sa-ergostan-6-
one (2) and (225,235.24R)-2x,32,22,23-Tetrahydroxy-s-homo-7-oxa-5«-
crgostan-6-one (3):

Compound 13 (200 mg. 0.49 mmol) is dissolved in a solvent mixture of
HE/1,0/-BuOH (10:3:3.5mL). To the solution is added OsO,
{15 mg) and N-methvlimorpholine N-oxide (500 mg) 4t room tempera-
ture, and the mixture is stirred for 2d. Then sat. NaHSO, 2 mbL) s
added within 30 min. The mixture is extracted with CHCl; (3 < S mL).
The extracts are washed with bring, dried over (Na,SO,), and concen-
trated under reduced pressure. The residue is puriicd by chroma-
tography (CHCI,/MceOLL, 9: 1) to give 3 (130 mg) and 2 (90 mg) in 94°%
overall yield 2; mp 255 -236°C; [a]y7 + 317 (¢ = 0.90. MeOH)y (Lit.”
mp 256 - 258°C: [a]it +329).

CoaHyOy cale. € 6993 H 10.25

480.7) found  69.96 10.06

MS (EL 70 eV mjz (%) = 481 (M7 + 1, 49445 (M + 1 --2H,0, 2);
409 (M* + 1-4H,0, 2y, 379 (M —Me,CHCHMeCHOH, 15).

[R: v <= 3450 (OH), 1720 cm ! (lactone).

"H-NMR (pyridine-ds). 200 MHz): § = .72 (s, 3H. H-18). 0.96 (5. 3 11,
H-19):1.02(d, 3H, J = 7 Hz, H-25): 1.03,1.05 (2d, 6 11, J = 6.7 Hz H-
260 + H-27);1.24(d, 3H, J = 6, 8 Hz, H-21); 3.94-4.10 (m. 4 H. H-2. 3,
22 4 H-23):4.13, 442 (2m, 2H, H-7).

3 mp 194-195°C; [« 4 30 (¢ = 0.1, McOH) (Lit.” mp 194- 196°C:
2} + 307).

CysHu 0, cale. € 6993 H 1025

480.7) found  69.%9 10.18

MS(EL 70 eV): mfz (%) = 481 (M 4+ 1.2):409 (M7 + 1~ 41,0, 4);
379 (M7~ Me,CHCHMeCHOH, 20).

IR: v -~ 3400 (OH), 1720 cm ! (lactone)

‘H-NMR (pyridine-is, 200 MHz): & = 0.71 (s. 31, H-18); 0.94 (s, 3.
H-19): 1.00 (d, 3HL J = 0.9 Lz, H-25); 1.03, 114 (2d. 6 1. J = 6.6 Hz,
H-26, H-27); 123 (d, 3H. J = 6.8 Hz, 21-H): 3.92--4 10 (m. 411, H-2,
H-3, H-22, H-23); 4.14. 4.44 2m, 2 H, H-7).
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1988

- Chen, Q.-Y.. He, Y.-B. Synthesis 1988, 896. On page 897 the
amount of Pd(PPh,),Cl, in the general procedure for Areties
3 should be 0.075 mmol.

1989

- Bhaha, S.K., Hajdu.J. Synthesis 1989, 16. Throughout the
paper thioacetyl should be replaced by acetylthio. Hence 7 is
named 2-S-acetyl-1-O-hexadecyl-1-2-thioglycerol.

- Burger, A., Hetru, C.. Luu, B. Synthesis 1989, 93. On page
94 the formulae of the Horner~-Emmons reagent used is:

0
(Et0),PCCl,Li

and the correet name in the experimental seciion p. 96 is:
diethyl dichloromethylphosphonate.

Schinzer, D. Synthesis 1989, 179. On page 180 compound
14b is (2R,SRS.4SR)—.?-hydroxy-2,4,6-trimc(hyM-hep(cn-
oyltriethylsilane.

ERRATA AND ADDENDA

Cristau, H. I, Fonte, M., Torreilles. E. Svathesis 1989, 301,
On page 301 compound 7 is 2-(2-benzylaminoethoxy)-1-[(2-
methyl-1_3-dioxolan-2-yl)methy! Jethyltriphenyl-
phosphonium iodide.

Zhou, W-S., Zhou, Y.-P. Jiang, B. Synrhesis 1989, 426. On
page 427 compound 8 is (22£. 24 R)-32,5-cyclo-3x-ergosta-
7.22-dien-6-onc and 9 is (22, 24 R)-3a5-cyclo-Sx-crgost-22-
en-6-one.

Stuart, J.G., Nicholas, K. M. Syathesis 1989. 454. In the tie
abstract and text propargyl nitriles should read propargyl
cyanides.

Schick, H., Eichhorn, 1., Synthesis 1989, 477. On page 481
the final entry o Table 4 should read:
CH,CH=CH -(CH,},CO,Mc
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