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Abstract

A number of hexadeuterated brassinosteroids (BS) containing a hydroxy group at C-22 Br28R2diol function were prepared
starting from 23,24-bisnorcholenic acid methyl ester for biosynthetic studies. Synthesis of the cyclic part was accomplished via the ini-
tial hydroboration—oxidation oA5-double bond. The key step in the synthesis of the side chain involved additiorS)ef3(2-*Hg]2,3-
dimethylbutylphenyl sulfone to the corresponding C-22 aldehydes.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction sis of A%2-steroids. In this respect, another task of the present
investigation was the evaluation of the synthetic potential of
Knowledge of the subtle details of BS biosynthesis is commercialy available 23,24-bisnorcholenic acid methyl es-
essential for a better understanding of many aspects of theter 1 [methyl (2®)-3p-hydroxypregn-5-ene-20-carboxylate]
physiological action of these plant hormonfds-3]. As a as a starting material for preparation of BS. Until now, only
prerequisite for successful biosynthetic studies, a broad specone paper has described the synthesis of BS analogs with an

trum of possible biosynthetic precursors is requi#d Re- ester function in the side chain frofr[9].
cently, we reported the synthesis of many BS bearing three

[5] or six [6] deuteriums in the side chain. These com-

pounds were used for the identification of new BS, such as 2. Experimental

3-epibrassinolidg7] and secasterdB], and elucidation of

the biosynthetic route to 2,3-epoxybrassinosteroids via teast-2.1. General

erone/typhasterol. To continue further biosynthetic studies, a

number of new labeled compounds were necessary. Thus, H and13C NMR spectra were recorded on a Bruker

the present work partially aimed at preparation of possi- Avance 400 (400 MHz fotH, 100 MHz for3C) spectrome-

ble biosynthetic precursors of brassinolide (as hexadeuter-ter using TMS as an internal standard in CR@ not stated

ated derivatives). The majority of syntheses concerning the otherwise). Accurate mass measurements were carried out

steroidal side chain formation made use of 22-aldehydes ason a Micromass MasSpec mass spectrometer operating in

key intermediates, which, in turn, were prepared by ozonoly- the 70 eV-El mode. Samples were introduced by direct probe
for accurate mass measurement by peak matching. Chemicals
were purchased from Aldrich, Fluka, and Steraloids chem-

* Corresponding author. Tel. +375 172 648 647; fax: +375 172 648 647. ical companies and were used as receivéidzMethyl io-
E-mail addresskhripach@iboch.bas-net.by (V.A. Khripach). dide (99.5%) was supplied by Deutero Gmbh. Reactions were
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monitored by TLC using aluminium or plastic sheets pre-
coated with silica gel 60454 (VWR 1.05554). Column chro-
matography was carried out on Kieselgel 60 (VWR 1.07734).
Jones reagent refers to a solution of @{@6.7 g) in concen-
trated BSOy (23 ml) diluted to 100 ml with water.

2.2. (20S)-B-Methoxy-&,5-cyclo-w-pregnane-20-
methanol B)

A mixture of esterl (5¢g, 13.9mmol) and TsCl (5¢,
26.2 mmol) in pyridine (60 ml) was kept at room temperature
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residue was chromatographed on Si@ith hexane—EtOAc
(10:1= 4:1) to give aldehyd8 (3.05 g, 85%) as an oitH
NMR §: 0.77 (s, 3H, 18-H), 1.03 (s, 3H, 19-H), 1.12 (b5
7Hz, 3H, 21-H), 2.37 (m, 1H, 20-H), 2.78 &= 2.9 Hz, 1H,
6-H), 3.33 (s, 3H, OMe), 9.58 (d| = 3.3 Hz, 1H,—CHO).

13C NMR §: 12.63, 13.11, 13.43, 19.29, 21.48, 22.72, 24.56,
24.96, 27.15, 30.54, 33.39, 35.11, 35.26, 39.98, 43.42, 43.44,
48.07,49.53,51.24,55.78, 56.59, 82.30, 205.18. HRMS calc.
for Co3H3e0y: 344.2715; found: 344.2720. EI-M% (%):

286 (24), 289 (100), 312 (66M—CH3OH]**, 313 (18), 329
(61) [M—CHs]™, 330 (15) M + H-CH3]*, 344 (52) M]*™,

for 24 h. Water (400 ml) was then added, and the resulting 345 (12) M + H] ™.

precipitate was filtered off. After drying in air, the tosylate
was dissolved in MeOH (100 ml) and pyridine (5ml), and

the mixture was heated under reflux for 2 h. Solvents were

evaporated in vacuo to give an oil (5.1 g, i-sterba# 10/1
according to'H NMR). The obtained product was dissolved
in ether (25 ml) and added to a suspension of LiA{d.4 g,
169 mmol) in ether (100 ml). The mixture was stirred at room
temperature for 2 h, after which water (6.4 ml), 15% NaOH

(6.4 ml), and again water (19.2 ml) were consecutively added.

2.4. Hydroboration of )

A solution of 1 M BHs-THF (15 ml, 15 mmol) was added
to a solution of1 (1.05g, 2.92mmol) in THF (20 ml).
The mixture was kept at ambient temperature for 14 h and
treated with 30% KO, (15ml, 121 mmol) and a 25% so-
lution of NaHCQ (15 ml, 121 mmol) for 30 min. After di-
lution with water, the desired product was extracted with

The obtained precipitate was filtered off, and the filtrate was EtOAc (3 x 100 ml). The combined extracts were dried

evaporated to give an oily product. A solution of 1M BH
in THF (10 ml, 10 mmol) was added to this oil. The mixture

(NapSOy) and evaporated in vacuo. The residue was chro-
matographed on SiOwith hexane—EtOAc (10:1& 0:1)

was kept at room temperature for 14 h and then treated withto give: (a) methyl (28)-33,6«-dihydroxy-5x-pregnane-20-

30% H,O2 (10 ml, 79 mmol) and a 17% solution of NaHGO
(25 ml, 38 mmol) for 30 min. The mixture was diluted with
water (100 ml) and extracted with EtOAc £370 ml). The or-
ganic phase was dried (B80O,) and evaporated. The residue
was chromatographed on Si@ith hexane—EtOAc (10:&
4:1) to give alcoho® (3.62 g, 75%) as an oitH NMR §: 0.74

(s, 3H, 18-H), 1.03 (s, 3H, 19-H), 1.05 (@= 6.6 Hz, 3H, 21-
H), 2.77 (tJ= 2.6 Hz,1H, 6-H), 3.32 (s, 3H, OMe), 3.37 (dd,

J =10, 7Hz, H, 22-H), 3.64 (dd, = 10, 3Hz,1H, 22-H).
13C NMR §: 12.34, 13.09, 16.76, 19.30, 21.52, 22.77, 24.30,

carboxylate4 (310 mg, 28%) as an oitH NMR (CsDsN)

8: 0.62 (s, 3H, 18-H), 0.89 (s, 3H, 19-H), 1.23 (@,=
6.9Hz, 3H, 21-H), 3.64-3.78 (m, 4H, 6-H and OMe), 3.93
(m, 1H, 3-H).13C NMR (GsDsN) §: 12.29, 13.73, 17.32,
21.45,24.50, 27.50, 32.38, 33.75, 34.68, 36.56, 38.04, 39.91,
42.68,42.82,51.23,52.75, 53.46, 54.25, 56.12, 60.30, 68.64,
71.01, 176.96. HRMS calc. forggH3g04: 378.2770; found:
378.2774. EI-M8/% (%): 161 (12), 213 (21), 231 (22), 246
(13), 264 (12), 301 (8), 327 (5), 342 (M|-2H,0]**, 345

(12) [M—H>0-CHz]™, 360 (100) M—H,0]**, 361 (26),

24.98,27.81,30.54, 33.38, 35.09, 35.31, 38.78, 40.15, 42.89,378 (3) M]**; (b) (205)-3pB,6a-dihydroxy-5x-pregnane-20-

43.41, 48.04,52.63, 56.27, 56.57, 68.04, 82.41. HRMS calc.

for Co3H3g03: 346.2872; found: 346.2880. EI-M% (%):
255 (10), 288 (25), 291 (100), 299 (1 CH30H-CH;z] T,
314 (89) M—CH3OH]**, 331 (54) M—CHs]™, 346 (49)
[M]*T, 347 (10) M + H] .

2.3. (20S)-B-Methoxy-&,5-cyclo-m-pregnane-20-
carbaldehyde3)

DMSO (10.5ml, 149 mmol) was added dropwise to a so-
lution of (COCI), (9.5 ml, 109 mmol) in CHCI; (100 ml) at
—80 to—72°C under argon. The mixture was keptaf0 to
—65°C for 30 min, cooled to-75°C, and alcohoP (3.6 g,
10.4 mmol) in CHCl» (30 ml) was added slowly. The mixture
was stirred at-70°C for 1 h, and E4N (31 ml, 0.22 mol) was
then added dropwise. After 30 min, the mixture was allowed
to warm to O°C and then consecutively treated with NE
(2 g) and water (200 ml) while vigorous stirring. The agueous
phase was extracted with EtOAc %3100 ml). The combined
organic phases were dried (M#04) and evaporated. The

methanol5 (640 mg, 63%) as an oitH NMR (CsDsN) 6:

0.70 (s, 3H, 18-H), 0.90 (s, 3H, 19-H), 1.30 (b5 6.5Hz,

3H, 21-H), 3.55-3.63 (m, 1H, 22-H), 3.66—3.75 (m, 1H, 6-H),
3.88-3.98 (m, 2H, 3-and 22-HPC NMR (CsDsN) 8: 12.38,
13.77,17.56, 21.54, 24.67, 28.12, 32.39, 33.75, 34.76, 36.56,
38.06, 39.75, 40.16, 42.80, 42.90, 52.76, 53.21, 54.33, 56.38,
67.04, 68.73, 71.05. HRMS calc. forgH3303: 350.2821;
found: 350.2827. EI-M3/% (%): 213 (19), 231 (38), 232
(28), 246 (11), 264 (10), 299 (6), 314 (M{-2H,0]*+, 317

(10) [M—H,0—-CHs]*, 332 (100) M—H»0]**, 333 (25), 350

(2) [M]*+.

2.5. Methyl (20S)-3,6-dioxoe5pregnane-20-
carboxylate 6)

The dihydroxyeste4 (460 mg, 1.22 mmol) was dissolved
in acetone (50 ml), and Jones reagent (5 ml) was added. The
mixture was stirred for 15 milPrOH was added, and stir-
ring was continued to quench any remaining Jones reagent.
The reaction mixture was diluted with water (150 ml) and
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extracted with EtOAc (3x 75ml). The extracts were dried 39.72,41.22,42.47,42.85,49.62,52.65, 53.40, 55.72, 64.14,
(NaxSOy) and evaporated. The residue was chromatographed64.20, 64.30, 65.46, 109.72, 109.77, 181.82. HRMS calc. for
on SiQ with hexane—EtOAc (10:%& 2:1) to give 415mg Co6H400g: 448.2719; found: 448.2709.

(91%) of the diketoestes as an oillH NMR §: 0.71 (s, 3H,

18-H), 0.96 (s, 3H, 19-H), 1.20 (d=6.8Hz, 21-H), 3.65 (s,  2.9. (20S)-3,6-(Dioxolan-2-yl)eébpregnane-20-

3H, OMe).13C NMR §: 12.20, 12.57, 17.09, 21.61, 24.04, methanol §)

26.98, 36.96, 37.34, 37.94, 38.04, 39.13, 41.21, 42.33, 43.04,

46.49, 51.44, 52.78, 53.37, 56.17, 57.46, 177.10, 208.86, A solution of the este7 (400 mg, 0.86 mmol) in ether

211.20. (20 ml) was added to a stirred suspension of LiA(E00 mg,

15.8 mmol) in ether (80 ml). The mixture was stirred at am-
2.6. Methyl (20S)-3,6-(dioxolan-2-ylxEpregnane-20- bient temperature for 2 h and subsequently treated with water
carboxylate 7) (0.6 ml), 15% NaOH (0.6 ml), and water (1.8 ml). The precip-

itate was filtered off, and the filtrate was dried g$&,) and

Ethyleneglycol (1.2 ml, 21.6 mmol), triethylorthoformate evaporated. The residue was chromatographed op \Bit®
(2.75ml, 10.5 mmol), and TsOH (20 mg, 0.11 mmol) were hexane—EtOAc (8:%& 1:1) to give alcoho8 (320 mg, 86%)
consecutively added to a solution®{390mg, 1.04mmol)  as an oil’H NMR §: 0.70 (s, 3H, 18-H), 0.95 (s, 3H, 19-H),
in CH2Cl> (20 ml). The mixture was kept at ambient tem- 1.04 (d,J = 6.6 Hz, 3H, 21-H), 3.35 (dd] = 10.5, 6.8 Hz,
perature for 14 h, treated with 44 (0.5 ml), and followed 1H, 22-H), 3.62 (ddJ = 10.5, 3.2 Hz, 1H, 22-H), 3.70-3.78
by addition of water (100 ml). After stirring for 30min, and 3.85-3.97 (m, 8H, dioxolané$C NMR §: 12.18, 13.55,
the organic phase was separated, and the aqueous phaskb.75,21.11, 24.35, 27.69, 29.32, 31.11, 33.52, 36.92, 37.33,
was extracted with CHGI(3 x 60ml). The combined or-  38.79,39.77,41.28, 42.80, 49.66, 52.64, 53.45, 55.85, 64.15,
ganic phases were dried (p80y), and the solvents were  64.20, 64.30, 65.45, 68.03, 109.77, 109.79. Using a similar
evaporated in vacuo. The residue was chromatographed omprocedure, alcoh@was prepared from acitilin 89% yield.
SiO; with hexane—EtOAc (10:& 4:1) to give7 (351 mg,
73%) as an oil'H NMR §: 0.69 (s, 3H, 18-H), 0.95 (s, 2.10. (20S)-3,6-(Dioxolan-2-yl)e5pregnane-20-
3H, 19-H), 1.18 (dJ = 6.8 Hz, 21-H), 3.63 (s, 3H, OMe), carbaldehyde%)
3.70-3.97 (m, 8H, dioxolane}3C NMR §: 12.24, 13.54,
17.08,21.00, 24.24,27.11, 29.26, 31.05, 33.42, 36.86, 37.25, Alcohol 8 was converted into aldehy®ausing the proce-
39.59,41.18,42.49,42.71,49.57,51.33,52.91, 53.30, 55.61 dure reported for the preparation of compo®@&€ompound
64.13, 64.20, 64.30, 65.43, 109.64, 109.68, 177.29. HRMS 9 was isolated as an oil in 89% yieldH NMR §: 0.73 (s,
calc. for G7H420g: 462.2981; found: 462.2982. EI-M%: 3H, 18-H), 0.96 (s, 3H, 19-H), 1.12 (d,= 7.0Hz, 21-H),
(%): 167 (8), 225 (13), 265 (100), 266 (21), 363 (13), 390 2.35 (m, 1H, 20-H), 3.71-3.79 and 3.85-3.98 (m, 8H, diox-
(74), 403 (8) M—CO,CHjz]*, 462 (43) M]*T, 463 (14) M olane), 9.56 (d, 1HJ = 3.3 Hz,—CHO). 13C NMR §: 12.49,

+ H]™. 13.46, 13.54, 21.05, 24.60, 27.00, 29.30, 31.10, 33.48, 37.33,
39.58,41.26, 43.30,49.44,49.64,51.19, 53.45, 55.37, 64.14,

2.7. (20S)-3,6-Dioxo-®-pregnane-20- 64.21, 64.31, 65.46, 109.64, 109.69, 204.87. HRMS calc. for

carboxylic acid (0) C26H1005432.2876; found: 432.2874. EI-M$? (%): 167

(16), 178 (10), 221 (70), 225 (12), 303 (8), 317 (10), 319 (9),
Alcohol 5was converted into the ackd using the proce- 346 (100), 375 (12), 418 (55), 432 (N][*+.
dure reported for the preparation of compo@n@ompound
10 was isolated as an oil in 84% yieltHH NMR §: 0.73 (s, 2.11. 2-[(2R)-2-Methyl-39H3]methyl-3-phenyl-
3H, 18-H), 0.96 (s, 3H, 19-H), 1.24 (d,= 7.0Hz, 21-H). sulfonyl-[4?Hs]butyloxy]tetrahydro-2H-pyran14)
13C NMR §:12.26, 12.60, 17.11, 21.68, 24.14, 27.17, 36.97,
37.35,37.99, 38.15, 39.29, 41.23, 42.45,43.17,46.53,52.56, A solution of 2.7M BuLi (77.5ml, 209 mmol)

53.52, 56.31, 57.55, 208.64, 211.01. was added to a solution of 2-f¥-2-methyl-3-
phenylsulfonylpropyloxy]tetrahydro-2H-pyral? prepared

2.8. (20S)-3,6-(Dioxolan-2-yl)ebpregnane-20- according to[5] (22.2g, 74.4mmol) in THF (235ml) at

carboxylic acid (1) —70°C under argon. The mixture was warmed-td5°C,

kept at this temperature for 5min, and €0D(10.3ml,
CompoundlOwas converted into the dioxolane derivative 165 mmol) was then added. The cooling bath was removed,
11 using the procedure reported for the preparation of com- and the mixture was allowed to warm t610°C. NH4ClI
pound?7. CompoundlL1 was isolated as an oil in 83% yield. (5g) and water (300 ml) were added, and the mixture was
IHNMR §:0.70 (s, 3H, 18-H), 0.95 (s, 3H, 19-H), 1.23 Jc; extracted with EtOAc (3x 100 ml). The combined organic
6.8Hz, 3H,21-H),2.41 (dg,=6.8, 3.7 Hz, 20-H), 3.70-3.78 phases were dried (N80;) and evaporated. The residue
and 3.84-3.98 (m, 8H, dioxolané$C NMR §: 12.26, 13.54, was chromatographed on Si@ith hexane—EtOAc (10:&
17.05, 21.07, 24.33, 27.30, 29.29, 31.10, 33.50, 36.93, 37.30,2:1) to give sulfonel4 (19.0 g, 76%). ThéH and*3C NMR
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spectra of this product were identical with those obtained
for this compound earligb].

2.12. (24S)-[26,27Hg]23-Phenylsulfonyl-24-
methyl-3x,5-cyclo-x-cholestan-22-0118)

A solution of 2.7M BuLi in heptane (7ml,
19 mmol) was added to a solution of §2[3,4-°Hg]2,3-
dimethylbutylphenyl sulfonel7 (1.3g, 5.6 mmol) in THF
(40 ml), which was prepared accordind%, at—70°C. The
mixture was kept at-70 — —60° C for 30 min, then excess
butyllithium was destroyed by adding diisopropylamine
(5ml, 35 mmol). The mixture was kept another 30 min and
finally cooled to—70°C. A solution of aldehyd& (2.05g,
5.95mmol) in THF (20ml) was added over 1h, and the
cooling bath was removed. After room temperature was
reached, NHCI (2g) and water (50 ml) were added. The
crude product was extracted with EtOAc x330 ml), dried
on NSOy, and the solvent was removed in vacuo. The
residue was chromatographed on Si@ith hexane—EtOAc
(10:1 = 1:1) to give 2.69g (83%) of sulfon&8 as an
oil. 'H NMR &: 0.71 (s, 3H, 18-H), 1.01 (s, 3H, 19-H),
3.32 (s, 3H, OMe), 3.66 (m, 1H), 4.29-4.34 (m, 1H),
7.50-7.68 and 7.89-7.94 (m, 5H, PRJC NMR §: 11.38,
12.25, 13.09, 13.53, 13.56, 15.90, 15.95, 19.28,
21.54, 22.77, 24.03, 24.95, 27.86, 29.81, 30.60,
33.36, 35.05, 35.23, 37.62, 40.20, 41.09, 42.68,
47.94, 52.06, 56.39, 56.60, 60.55, 70.94, 71.20,

133.50.

2.13. (24S)-[26,27Hg]24-Methyl-3x,5-cyclo-5-
cholestan-22-en€l)

Pyridine (10Qul, 1.2mmol), acetylchloride (8gl,
1.2 mmol), and 4-(dimethylamino)-pyridine (5 mg, dfnol)
were added to a solution of hydroxy sulfod8 (600 mg,
1.04mmol) in CHCI> (30ml). The mixture was kept at
room temperature for 8h and diluted with water (30 ml).

21.47,
31.96,
43.36,
82.38,
127.66, 127.83, 127.88, 128.93, 129.08, 129.25, 133.00,
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35.17,40.25,40.31, 42.78, 43.00, 43.50, 48.23, 56.30, 56.57,
56.76, 82.54, 131.94, 136.12. HRMS calc. faiB42D60:
418.4082; found: 418.4090. EI-M%* (%): 81 (46), 107
(36), 159 (31), 161 (23), 253 (31), 255 (100), 285 (17), 314
(23), 363 (78), 364 (77), 386 (68)FCH3OH]**, 387 (69),

403 (45) M—CHs]™, 404 (48), 418 (91)¥I]**, 419 (98) M
+H]™T.

2.14. Hydroxylation of19)

A mixture of 19 (120mg), AD-mix$ (2g), and
MeSOG:NH (182 mg) intert-butanol—water (5:4, 18 ml) was
stirred at ambient temperature for 14 days. A solution of
NaHSQ (37%, 10ml) was then added, and stirring was
continued at 35C for 30 min. Solvents were removed in
vacuo, and the residue was dissolved in water (40 ml) and
extracted with CHQ (3 x 30ml). The combined organic
extracts were dried (N&Oy) and evaporated. The residue
was chromatographed on Si@ith hexane-EtOAc (15:&

1:1) to give: a) (28,235249-[26,274Hg]6B-methoxy-24-
methyl-3x,5-cyclo-5x-cholesta-22,23-did20 (29 mg, 22%).

H NMR §: 0.75 (d,J = 6.4Hz, 3H, 21- or 28-H), 0.76

(s, 3H, 18-H), 1.03 (s, 3H, 19-H), 1.04 (d, = 7Hz,

3H, 28- or 21-H), 2.77 (tJ = 2.7Hz, 1H, 6-H), 3.32

(s, 3H, OMe), 3.46 (dJ = 9Hz, 1H, 22-H), 3.67 (dJ

= 4.4Hz, 1H, 23-H).13C NMR §: 10.22, 12.21, 13.15,
14.18,19.28,21.54,21.61,22.84,24.48, 25.02, 26.15, 28.04,
30.59, 33.45, 35.17, 35.36, 40.37, 42.42, 43.40, 43.46, 48.13,
53.09, 56.26, 56.58, 71.43, 71.75, 82.47. HRMS calc. for
Co9H44Dg03: 452.4137; found: 452.4137. EI-M% (%):

159 (48), 161 (39), 213 (40), 227 (25), 253 (29), 255 (45),
295 (52), 313 (100), 331 (13), 346 (30), 297 (24), 298
(28), 420 (28) M-CH3OH]**, 421 (30) M + H—CH3OH] ™,

437 (13) M—CHa]™, 438 (15), 452 (58)N1]*+, 453 (20)

[M + H]*; (b) (22R,23R,249)-[26,272Hg]6B-methoxy-24-
methyl-3x,5-cyclo-ax-cholesta-22,23-did1 (67 mg, 51%).

H NMR 6:0.74 (s, 3H, 18-H), 0.85 (d} = 7 Hz, 3H, 21- or
28-H), 0.91 (dJ=6.6 Hz, 3H, 28- or 21-H), 1.03 (s, 3H, 19-
H), 2.77 (tJ=2.9 Hz, 1H, 6-H), 3.33 (s, 3H, OMe), 3.57 (dd,

The organic phase was decanted, and the aqueous layed =8, 1.1 Hz, 1H, 22-H), 3.70 (ddd,= 8.4, 2.2, 1.1 Hz, 1H,

was extracted with CHGI(3 x 30ml). The combined or-
ganic phases were dried (p&0y), and the solvents were

23-H).13C NMR §: 10.07, 10.09, 11.97, 12.22, 13.15, 19.30,
21.56,22.87, 24.11, 25.01, 26.98, 27.96, 30.43, 30.68, 33.45,

removed in vacuo. The residue was dissolved in methanol 35.18, 37.03, 40.43,42.72, 43.46, 48.10, 52.72, 56.53, 56.60,

(2100 ml), and magnesium (1g, 41 mmol) and mercury(ll)
chloride (400 mg, 1.5 mmol) were added. The mixture was
stirred at OC for 1 h and then filtered through SiOThe
filtrate was diluted with water (50ml) and extracted with
hexane (3x 50ml). The combined hexane fractions were

73.61,74.93,82.50. HRMS calc. fopgH44Dg03: 452.4137;
found: 452.4135. EI-MB/Z (%): 107 (25), 121 (25), 159
(18), 213 (16), 227 (20), 255 (25), 295 (48), 313 (100), 331
(11), 346 (33), 297 (27), 298 (28), 420 (LK{-CHzOH]* ™,
421 (17), 437 (16)N—CHg]*, 438 (16), 452 (7T4)N1]*+,

dried (Na&SQy) and the solvent was evaporated. The residue 453 (38) M + H] .

was chromatographed on Si@ith hexane—EtOAc (20:&
10:1) to give olefinl9 (210 mg, 48%) as an oitH NMR §:
0.73 (s, 3H, 18-H), 0.91 (d,= 6.6 Hz, 21- or 28-H), 1.00 (d,
J=7Hz, 3H, 28- or 21-H), 1.03 (s, 3H, 19-H), 2.76 Jt5
2.7Hz, 1H, 6-H), 3.32 (s, 3H, OMe), 5.15-5.19 (m, 2H, 22-
and 23-H).13C NMR §: 12.49, 13.14, 17.94, 17.99, 19.32,

2.15. (22R,23R,24S)-[26,2Hg]24-Methylcholest-5-
en-33,22,23-triol 22)

A mixture of alcohol21 (50 mg, 0.11 mmol) and TsOH
(5mg, 0.028 mmol) in dioxane—water (4 ml, 4:1) was kept

21.03,21.60, 22.83, 24.29, 25.03, 28.89, 30.58, 32.81, 33.47at 80°C for 3 h, after which EN (0.1 ml, 0.7 mmol) was
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added, and the solvents were removed in vacuo. The residuaninum amalgam was added to a solution of sulf@4él.3 g,

was chromatographed on Si@ith hexane—EtOAc (8:& 2.26 mmol) in EtOH (50 ml). The mixture was stirred at am-
1:1) to give compoun@2 (43 mg, 88%)1H NMR (CsDsN) bient temperature for 15 h, filtered through a short pad of
8:0.81 (s, 3H, 18-H), 1.06 (s, 3H, 19-H), 1.16 {ds 6.6 Hz, SiO, and the solvent was evaporated in vacuo. The residue
21- or 28-H), 1.27 (dJ = 6.6 Hz, 3H, 28- or 21-H), 3.86 (m,  was chromatographed on SIQL5:1= 4:1) to give 673 mg
1H,3-H),3.99 (dd)=8.4,1.1 Hz,22-H), 4.14(m, 1H, 23-H),  (68%) of ketone25 as an oil.'H NMR §: 0.74 (s, 3H, 18-
5.40-5.44 (m, 1H, 6-H):3C NMR (CsDsN) 8: 10.90, 10.92, H), 0.80 (d,J = 6.6 Hz, 3H, 28-H), 1.03 (s, 3H, 19-H), 1.08
12.00,12.84,19.67,21.47,24.53,28.42, 30.89, 32.27, 32.65,(d, J = 7 Hz, 3H, 21-H), 2.23 (dd] = 17, 9.2 Hz, 1H), 2.36
36.92,37.84,38.15,40.34,41.05, 42.41, 43.52,50.55, 53.11(m, 1H), 2.50 (m, 1H), 2.76 (11 = 2.9 Hz, 1H, 6-H), 3.32 (s,
57.16, 71.30, 73.11, 74.41, 121.24, 141.99. HRMS calc. 3H, OMe).13C NMR §: 12.50, 13.15, 16.35, 19.29, 21.56,
for CpgH42DeO3: 438.3980; found: 438.3982. EI-M%? 22.79, 24.49, 25.01, 27.75, 27.80, 30.59, 33.46, 35.18, 35.36,
(%): 159 (23), 213 (20), 255 (30), 273 (15), 295 (31), 313 40.24,42.97,43.48,46.69, 46.72,48.14,49.75, 49.79, 52.08,
(70), 332 (100), 361 (3), 421 (3M + H-H>O]*, 438 (26) 55.99, 56.59, 82.45, 214.23. HRMS calc. fargB42De02:

[M]*+ 434.4031; found: 434.4023. EI-MIE* (%): 119 (60), 120
(46), 213 (17), 255 (17), 283 (39), 327 (15), 379 (84), 380

2.16. (22R,23R,24S)-[26,2Hg]24-Methylcholesta- (89), 385 (20), 402 (77)NI-CH3OH]**, 403 (82), 417 (11),

3B,22,23-triol 23) 419 (54) M—CHz] ™, 420 (56), 434 (92)MI]**, 435 (100)
M+ H]T.

A solution of22 (33 mg, 75.mol) in ethanol (15 ml) was
hydrogenated over 5% Pd/C undep Fbr 12h. The reac-  2.19. Reduction of the keton25}
tion mixture was filtered through SiQand the solvent was
evaporated. The residue was chromatographed op\8it® A solution of the keton25 (350 mg, 0.81 mmol) in ether
hexane-EtOAc (8:& 2:1) to give23 (32mg, 97%) as an (10 ml) was added to a stirred suspension of LIA(B50 mg,
oil. 1H NMR §: 0.67 (s, 3H, 18-H), 0.81 (s, 3H, 19-H), 0.84 9.22mmol) in ether (20ml). The stirring was continued
(d,J=7Hz, 3H, 21- or 28-H), 0.89 (d] = 6.2 Hz, 3H, 28- at room temperature for 3h, after which water (0.35ml),
or 21-H), 3.54-3.64 (m, 2H, 3- and 22-H), 3.72 (m, 1H, 23- 15% NaOH (0.35ml), and water (1.05ml) were consecu-
H). 13C NMR §: 10.08, 10.10, 11.87, 11.99, 12.32, 21.27, tively added. The precipitate was filtered off, and the fil-
24.06, 27.83, 28.68, 31.50, 31.98, 35.56, 36.84, 36.96, 38.19trate was dried (Ng£5Oy) and evaporated. The residue was
40.04,42.44,44.78,52.49, 54.25,56.37, 71.33, 73.46, 74.88 chromatographed on Syvith hexane—EtOAc (10:% 1:1)
HRMS calc. for GgH44DeOs: 440.4137; found: 440.4133. to give: (a) (2R 24R)-[26,272Hg]6B-methoxy-24-methyl-
EI-MS™/% (%): 161 (15), 234 (26), 257 (41), 273 (15), 3«,5-cyclo-mx-cholestan-22-a26(11%) as an oil*H NMR
297 (23), 315 (63), 334 (100), 345 (3), 364 (2), 440 (6) 4:0.74 (s, 3H, 18-H), 0.82 (dl = 6.8 Hz, 3H, 21- or 28-H),

[M]*. 0.92 (d,J=6.6Hz, 3H, 28- or 21-H), 1.02 (s, 3H, 19-H), 2.77
(t, J=2.9Hz, 1H, 6-H), 3.32 (s, 3H, OMe), 3.74 (ddbz

2.17. (24R)-[26,27H¢]6 3-Methoxy-23-phenylsulfonyl- 11, 3, 1.2 Hz, 1H, 22-H)!3C NMR §: 12.28, 13.08, 14.97,

24-methyl-3,5-cyclo-mx-cholestan-22-one2d) 19.29, 21.49, 22.80, 24.29, 24.98, 27.40, 30.53, 33.36, 34.09,

34.12,35.07,35.28, 40.28,42.40, 43.07,43.39, 48.07,53.24,

Ketone24 was obtained from the alcoh&B via Swern 56.11, 56.56, 70.98, 82.38. HRMS calc. fopgl44DgOo:
oxidation as described above for preparation of aldehyde 436.4187; found: 434.4194. EI-M%? (%): 213 (16), 255
3. Compound24 was isolated as an oil in 87% yieldH (10), 261 (12), 284 (34), 364 (14), 381 (48), 382 (46), 404
NMR §: 0.98-1.03 (m, 6H, 18- and 19-H), 3.31, 3.32 (s, (42)[M—CH3OH]**, 405 (39), 419 (12} + H—H,O]*, 421
3H, OMe), 4.35-4.40 (m, 1H, 23-H), 7.49-7.95 (m, 5H, Ph). (30) [M—CHs]*, 422 (32), 436 (100)N1]**, 437 (52) M
13C NMR §:12.19, 12.61, 13.15, 15.56, 15.95, 16.00, 19.26, + H]T; (b) (22524R)-[26,272Hg]6B-Methoxy-24-methyl-
19.30, 21.52, 21.59, 22.73, 22.86, 24.44, 24.58, 24.98, 25.02 3a,5-cyclo-Gx-cholestan-22-a27 (77%) as an oil*H NMR
28.22,30.57,32.01, 33.44,33.71, 33.73, 33.84, 35.13, 40.094: 0.74 (s, 3H, 18-H), 0.83 (d] = 6.6 Hz, 3H, 21- or 28-
43.43,48.05, 48.11, 50.95, 51.14, 55.90, 56.58, 60.67, 82.39H), 0.89 (d,J = 6.2Hz, 3H, 28- or 21-H), 2.78 (1] =
127.93, 128.79, 128.83, 129.26, 129.61, 129.95, 133.48,2.6 Hz, 1H, 6-H), 3.33 (s, 3H, OMe), 3.77 @,= 6.6 Hz,

133.75. 1H, 22-H).13C NMR §: 11.25, 12.22, 13.11, 15.80, 15.84,
19.30, 21.48,22.82, 24.14, 24.98, 27.92, 30.59, 31.59, 33.37,

2.18. (24R)-[26,27Hg]6B-Methoxy-24-methyl 3 5- 35.12, 35.26, 39.41, 40.31, 42.73, 43.40, 48.01, 52.73, 52.79,

cyclo-ax-cholestan-22-one2b) 56.46, 56.60, 71.73, 82.43. HRMS calc. fopg44DgOo:

436.4187; found: 436.4193. EI-M% (%): 213 (21), 255
Aluminum foil was cut into small strips and treated with  (17), 261 (20), 284 (52), 364 (23), 381 (85), 382 (87), 404
15% NaOH for 15 min. Then it was washed twice with wa- (84) [M—CH3OH]**, 405 (84), 419 (20)M + H—H,OJ™,
ter, then ethanol, and submerged for 10 min twice in a 0.5% 421 (53) M—CHs] ™", 422 (55), 436 (94)N1]**+, 437 (100)
aqueous mercury(ll) chloride solution. The resulting alu- [M + H]™.
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2.20. (22R,24R)-[26,27Hg]24-Methylcholest-5-en- 447 (32) M + H-HLO]*, 464 (74) M]**, 465 (52)
3B,22-diol (28) M + H]*.

Synthesis of the trid28was performed fror26according
to the procedure reported for the preparation of compound
22. Diol 28 was isolated as an oil in 82% yieldH NMR
f_')oO? ;Z(S(ds\‘]Hz é86 ll-il)z 0332 2(;1] orez(il:f) Clil-é12é ngig The hydrpxyacetatﬁO(ZS mg, 52umol) Was'treated with
H), 3.52 (m, 1H, 3-H), 3.74 (ddd, 1H,= 11, 3.3, 1.1Hz, alO% solution ofNaOH_(3 mI)_at?ﬂDforlS min, and then,
22-H), 5.33-5.37 (m, 1H, 6-H}3C NMR 5: 11.86, 12.27, the mixture was neutrallzed with 2_M HCI, and the solvents
19.35,21.06, 24.37, 27.27, 31.63, 31.87, 31.92, 34.07, 34.10 We'e evaporated in vacuo. The residue was chromatographed
34.48, 36.48, 37.24, 39.74, 42.27, 42.32, 42.60, 50.14, 53.052" SIC With hexane—EtOAc (10:3 1:1) to give diol31
56.30, 70.98, 71.72, 71.83, 121.55, 140.80. HRMS calc. for (21 Mg, 95%) asanotHNMR 6:0.70 (s, 3H, 18-H), 0.81(d,
CosHazDeOy: 422.4031; found: 434.4029. EI-M%: (%): U= 6-2H2z,3H,21-0r28-H),0.90 (d=6.2 Hz, 3H, 28-or 21-
191 (45), 213 (36), 217 (32), 229 (19), 255 (14), 269 (32), ) 1.01 (s, 3H, 19-H), 3.52 (m, 1H, 3-H), 3.77 & 6.6 Hz,

- _H)13 .
284 (59),267 (32), 302 (100), 03 26) 313(9), 372 9405 17"1 531 10,4 21,11, 50,22, 2789, 51,6, 31,66, 315
(30) [M + H-H20]*, 422 (35) M]**, 423 (38) M + H] . S0 2980 2980, £0 st £ 00, 21185, 9000, 95,80, 999,

35.13,36.49, 37.24,39.38, 39.78, 42.26,42.29, 42.37,50.07,

52.55,56.68, 71.72, 71.78, 121.64, 140.78. HRMS calc. for

2.21. (22S,24R)-[26,27Hg]22-Acetoxy-@-methoxy- CagH42De02: 422.4031; found: 422.4036. EI-M$* (%):

24-methyl-8,5-cyclo-av-cholestaneZ9) 95 (23), 107 (21), 215 (13), 217 (9), 233 (15), 248 (10),
274 (100), 285 (8), 301 (50), 391 (10), 406 (37), 407 (40)

A mixture of alcohol27 (190mg, 0.44mmol) and 4- [M—CHas]t, 422 (5) M]*™.

(dimethylamino)pyridine (10 mg, 0.08 mmol) in pyridine

(2 ml) and acetic anhydride (1 ml) was kept at room tempera-

ture for 12 h. Water (20 ml) was then added, and the mixture 2-24. (22S,24R)-[26,27Hg]22-Acetoxy-24-

was stirred for 30 min. The product was taken up in EtOAc Methylcholestan{3-ol (32)

(3 x 20ml), the organic phases were dried §8@&)), and

the solvent was evaporated in vacuo. The residue was chro- Synthesis of the hydroxyaceta@@ was performed from

matographed on SiQwith hexane—EtOAc (10:% 2:1) to 30according to the procedure reported for the preparation of

give acetate29 (191 mg, 92%) as an oitH NMR &: 0.73 the triol 23. Hydroxyacetat@2 was isolated as an oil in 90%

(s, 3H, 18-H), 0.84 (dJ = 6.2 Hz, 3H, 21- or 28-H), 0.96  Yield."HNMR 5:0.66 (s, 3H, 18-H), 0.80 (s, 3H, 19-H), 0.83

(d,J=6.6 Hz, 3H, 28- or 21-H), 1.02 (s, 3H, 19-H), 2.02 (s, (dd,J=6.6,0.7Hz, 3H, 21- or 28-H), 0.94 (8= 6.6 Hz, 3H,

3H, OAc), 2.76 (tJ = 2.9 Hz, 1H, 6-H), 3.32 (s, 3H, OMe),  28-or 21-H), 2.03 (s, 3H, OAc), 3.59 (m, 1H, 3-H), 5.05 (m,

5.06 (m, 1H, 22-H)13C NMR 5: 12.06, 12.54, 13.07, 15.54, 1H, 22-H).*3C NMR &: 11.88, 12.33, 12.52, 15.47, 15.51,

19.29,21.30, 21.52,22.81, 24.13, 24.98, 28.25, 30.56, 31.72,21.26, 21.33, 24.16, 28.16, 28.69, 31.49, 31.68, 32.01, 34.97,

33.39, 34.98, 35.32, 35.77, 38.23, 38.25, 40.29, 42.70, 43.38,35-44, 35.53, 35.70, 37.01, 38.18, 40.00, 42.51, 44.83, 52.63,

2.23. (22S,24R)-[26,27Hs]24-Methylcholest-5-en-
3p,22-diol (31)

48.04,52.71, 56.47, 56.58, 75.02, 82.42, 170.78. 54.33, 56.39, 71.32, 74.99, 170.83.
2.22. (22S,24R)-[26,27Hg]22-Acetoxy-24- 2.25. (22S,24R)-[26,27Hg]24-Methylcholestan-8,
methylcholest-5-engBol (30) 22-diol (33

Synthesis of the hydroxyaceta®® was performed from Synthesis of the di@d3was performed fro32according

29according to the procedure reported for the preparation of to the procedure reported for the preparation of comp@&ind
compound28. The hydroxyacetat®0was isolated as an oil  Diol 33was isolated as an oil in 93% yieltH NMR §: 0.67

in 91% yield.*H NMR &: 0.69 (s, 3H, 18-H), 0.84 (d] = (s, 3H, 18-H), 0.80 (s, 3H, 19-H), 0.82 @+ 6.2 Hz, 3H, 21-

6.6 Hz, 3H, 21- or 28-H), 0.96 (d,= 7 Hz, 3H, 28- or 21-H), or 28-H), 0.88 (dJ = 6.2 Hz, 3H, 28- or 21-H), 3.59 (m, 1H,
1.01 (s, 3H, 19-H), 2.03 (s, 3H, OAc), 3.53 (m, 1H, 3-H), 3-H),3.77 (tJ=6.6 Hz, 1H, 22-H)*C NMR$: 11.21,12.02,
5.01 (m, 1H, 22-H), 5.35 (m, 1H, 6-H}3C NMR §: 11.67, 12.33,15.77,15.80, 21.28, 24.15, 27.84, 28.71, 31.52, 32.04,
12.60, 19.41, 21.09, 21.35, 24.24, 28.15, 31.64, 31.84, 31.94,35.24, 35.46, 35.56, 36.99, 38.20, 39.33, 39.37, 40.04, 42.54,
34.99, 35.74, 36.49, 37.26, 38.18, 38.20, 39.74, 42.25,42.2944.82, 52.67, 54.31, 56.43, 71.34, 71.69. HRMS calc. for
50.10, 52.53, 56.64, 71.74, 75.01, 121.67, 140.72, 170.85.CgH3gDe03: 424.4187; found: 424.4185. EI-M% (%):
HRMS calc. for GoH44DeO3: 464.4137; found: 464.4156. 165 (26), 215 (35), 217 (23), 234 (94), 248 (25), 257 (13),
EI-MS™/% (%): 107 (36), 145 (40), 159 (31), 213 (37), 272 271 (19), 286 (34), 289 (20), 304 (100), 315 (9), 333 (6),
(100), 293 (27), 299 (50), 372 (25), 389 (29), 404 (92) 406 (7) M—H20]**, 407 (8) M + H—H,O]", 424 (53)
[M—ACOH]**, 405 (95) M—AcO] ™", 446 (24) M—H,0]* ™, [M]* .
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2.26. (22S,24R)-[26,27Hg]24-Methylcholest-4-en-3,6- (25 ml), and extracted with CHE(3 x 20 ml). The combined
dion-22-ol 34) extracts were dried (M&Qy), and the residue after removal

of the solvent was dissolved in 10% NaOH in MeOH (3 ml).

The Jones reagent (0.5 ml) was added dropwise to a solu-The mixture was refluxed for 15 min, cooled to room tem-
tion of hydroxyacetat80 (20 mg, 42.mol) in acetone. The  perature, and neutralized with 2M HCI. After evaporation
mixture was stirred for 15 min; thetPrOH (2 ml) was added, ~ of the solvent, the residue was chromatographed orn SiO
and stirring was continued for another 15min. HCI (1 ml, with hexane—-EtOAc (10:% 1:1) to give diol 36 (23 mg,
37%) was added, and the mixture was kept for 1 h, diluted 63%) as an oil'H NMR §: 0.67 (s, 3H, 18-H), 0.78 (s, 3H,
with water (25 ml), and extracted with CH{(3 x 20 ml). 19-H), 0.82 (dJ = 6.6 Hz, 3H, 21- or 28-H), 0.88 (d =
The combined extracts were dried @0y) and concen- ~ 6.2Hz, 3H, 28- or 21-H), 3.77 (§,= 6.6 Hz, 1H, 22-H), 4.04

trated. The crude product was dissolved in 10% NaOH in (M, 1H, W/2 =7 Hz, 3-H)!3C NMR 8: 11.19, 11.22, 12.03,
MeOH (3 ml), and the mixture was refluxed for 20 min. Af- 15.80, 20.81,24.11, 27.83, 28.56, 29.02, 31.97, 32.18, 35.56,

terwards, it was neutralized by 2M HCI, and the solvents 35.90,36.07,39.11, 39.30, 39.32, 39.39, 40.05, 42.54, 52.65,

were removed in vacuo. The residue was chromatographedd4.29, 56.48, 66.60, 70.64, 71.69. EI-MS (%): 165 (31),
on Si® with hexane—EtOAc (10:% 2:1) to give diketone 215 (42), 217 (28), 234 (93), 248 (28), 257 (15), 271 (25),
34 (4.7 mg, 26%) as an oitH NMR &: 0.74 (s, 3H, 18-H), 286 (56), 289 (23), 304 (100), 315 (13), 333 (4), 389 (5), 406
0.83 (d,J = 6.6 Hz, 3H, 21- or 28-H), 0.91 (d| = 6.6 Hz,  (12) [M—H20]**, 407 (14) M + H-HQ]*, 424 (2) M]**,
3H, 28- or 21-H), 1.17 (s, 3H, 19-H), 3.77 ,= 7.3 Hz, 425 (2) M + H]*.
1H, 22-H), 6.17 (br. s, 1H, 4-H}3C NMR §: 11.25, 11.84,
15.83,17.54, 20.90, 23.91, 27.62, 29.70, 33.97, 34.26, 35.29.2.29. (24S)-[26,27H]3,6-(Dioxolan-2-yl)-23-
35.51,39.13, 39.34, 39.47, 39.50, 42.45, 46.76, 50.90, 52.35 phenylsulfonyl-24-methylebcholestan-22-0l37)
56.46, 71.57, 125.50, 161.00, 199.46, 202.27. HRMS Calc.
for CogHzgDe03434.3667; Found: 434.3669. EI-NM& (%): Synthesis of the hydroxysulfor8 was performed from
163 (34), 243 (24), 257 (14), 272 (13), 286 (39), 296 (22), aldehyde according to the procedure reported for the prepa-
299 (28), 314 (100), 315 (46), 316 (47), 330 (6), 343 (11), ration of the compound8. Hydroxysulfone37 was isolated
434 (2) M]**, 435 (3) M + H] . as an oil in 78% vyield!H NMR §: 0.67 (s, 3H, 18-H),
0.94 (s, 3H, 19-H), 3.02 () = 4.5Hz), 3.65 (dd,) = 9.5,
2Hz), 3.74-3.80 and 3.86-3.96 (m, 8H, dioxolane), 4.30
2.27. (22S,24R)-[26,2THe]24-MethyIcholestan-3- (dd,J = 9.5, 4.3Hz), 7.50-7.62 and 7.88-7.92 (m, 5H, Ph).
on-22-0l 85) 13C NMR 5: 13C NMR : 11.68, 12.30, 13.55, 21.13, 24.10,
_ , 27.12,29.24,29.28,29.30, 31.12, 31.16, 33.55, 36.89, 36.92,
Hydroxyacetate32 was converted int compourBbvia 37 3337 71 38 99, 39.86, 39.98, 41.17, 42.59, 49.61, 52.08,
Jones oxidation followed by saponification according to pro- g5 g3 53 35 53 38, 53.44, 55.63, 56.01, 56.07, 64.12, 64.14,
cedures described for the preparatiorBdf Compound35 g4 18 64 30 64.41, 65.45, 65.47, 65.92, 70.83, 70.96, 71.21,
was isolated as an oil in 74% yieldH NMR 8: 0.70 (S, 149 g5 109,71, 109.74, 109.77, 123.73, 127.69, 128.10,
3H, 18-H), 0.83 (dJ = 6.6 Hz, 3H, 21- or 28-H), 0.87 (d, 155 50 12889, 129.01, 129.07, 129.32, 132.92, 133.23
J=6.6Hz, 3H, 28- or 21-H), 1.01 (s, 3H, 19-H), 3.77dt, 13344 13504 14987 HRMS calc. for D:O-S:
= 7Hz, 1H, 22-H)13C NMR §: 11.23, 11.47, 12.01, 15.77, o cale. fordbls2D07S:
664.4280; found: 664.4281. EI-M%* (%): 99 (100), 207

-63,38.18, 38.52, 39.39, 39.90,42.53, 44.71, 46.65,52.64, g " 457 (11) " 468 (11), 524 (7), 593 (14), 664 (1Bt +,

53.74, 56.21, 71.62, 212.17. HRMS calc. fofgB42D0;: T
422.4031; found: 422.4021. EI-M% (%): 163 (25), 203 665 (15) M+ HI™.
(16), 217 (22), 232 (98), 246 (25), 271 (7), 273 (8), 287 (19),

302 (100), 313 (8), 316 (5), 331 (6. 421 (34), 422 (Myf+. . 2:30- (245)126,27He]3,6-(Dioxolan-2-))-23-

phenylsulfonyl-24-methylebcholestan-22-one3g)

2.28. (3R,22S,24R)-[26,2H¢]24-Methylcholestan-3, Alcohol 37 was converted into ketor& using the proce-
22-diol (36) dure reported for the preparation of compo@&ompound
38was isolated as an oil in 89% yieldd NMR §: 0.75 (s,

A mixture of hydroxyacetat&2 (40 mg, 85.mol) and 3H, 18-H), 0.96 (s, 3H, 19-H), 3.74-3.80 and 3.87-3.97 (m,
MsCI (0.2 ml, 2.6 mmol) in pyridine (2 ml) was kept at room 8H, dioxolane), 4.36 (m, 1H, 23-H), 7.51-7.85 (m, 5H, Ph).
temperature for 3 h, diluted with water (20 ml), and extracted 13C NMR §: 11.71, 12.27, 13.56, 15.08, 21.14, 24.57, 27.06,
with CHCI3 (3 x 20 ml). The combined extracts were dried 27.55,29.30, 31.12, 33.48, 36.91, 37.34, 37.99, 39.95, 41.25,
(NapS(y), and the solvent was removed invacuo. The residue 42.81, 49.63,51.27,51.31, 52.05, 53.40, 55.53, 64.14, 64.22,
was dissolved in DMF (5 ml), and K230 mg, 3.2 mmol) 64.32,65.48,109.74,128.79,129.96, 134.02, 204.86, 204.89.
and 18-crown-6 (1.0g, 3.8 mmol) were added. The mixture HRMS calc. for GgHs0DgO7S: 662.4123; found: 662.4139.
was stirred at room temperature for 10 h, diluted with water EI-MS”/% (%): 99 (100), 225 (18), 303 (6), 325 (9), 403 (18),
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450 (11), 465 (39), 466 (41), 473 (6), 522 (8), 591 (36), 662

(26) [M]*+, 663 (32) M + H]*.

2.31. (24S)-[26,27Hg]3,6-(Dioxolan-2-yl)-24-methyl-
5a-cholestan-22-one3Q)

The reduction of38 was carried out as described above
for the preparation o25. Ketone39 was isolated as an oll
in 70% vyield.'H NMR §: 0.70 (s, 3H, 18-H), 0.95 (s, 3H,
19-H), 2.36 (ddJ = 17, 4 Hz), 2.48 (m, 1H), 3.72-3.78 and
3.86-3.98 (m, 8H, dioxolane).

2.32. (22S,24R)-[26,27H¢]3,6-(Dioxolan-2-yl)-24-
methyl-mx-cholestan-22-0140)

Alcohol 40was prepared from ketor89 according to the
procedure described for the reduction2i Compound40
was obtained as an oil in 83% yieftH NMR §: 0.69 (s, 3H,
18-H), 0.83 (d,J = 6.2Hz, 3H, 21- or 28-H), 0.87 (dl =
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1. TsCI/Py
2. MeOH/Py
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—_—

OMe

OMe 3

Scheme 1.

quired functionality. Alternatively, hydroboration—oxidation

6.2 Hz, 3H, 28- or 21-H), 3.72—-4.98 (m, 9H, dioxolane and of the A®-double bond was employed in many syntheses
22-H).13C NMR 6:11.19, 11.97, 13.51, 15.74, 15.77,21.03, of BS.

24.09,27.74,29.22,31.00, 31.51, 33.43, 35.20, 36.80, 37.20, We experienced no difficulties with the realization of the
39.26, 39.29, 39.35, 39.79, 41.16, 42.52, 49.52, 52.55, 53.26 first approach with estel (Scheme L Aldehyde3 was ob-
55.91, 64.08, 64.14, 64.25, 65.40, 71.63, 109.69, 109.71.tained in three steps frorh in 63% total yield. An addi-
HRMS calc. for GoHagDsOs: 524.4348; found: 524.4344. tional treatment of the crude mixture (consisting of,3
EI-MS™/2 (%): 99 (100), 207 (6), 225 (19), 327 (44), 328 cyclo derivative and B-methoxy etherla [10]) with BH3

(42), 452 (45), 453 (49), 481 (6), 524 (3M[**, 525 (36) was found to be desirable because large-scale separation of
M+ H]T. 3 and the by-product derived frorha proved to be rather
difficult.

Accomplishment of the alternative strategy proved to be
less straightforward. Hydroboration—oxidation bigave a
mixture of diol4 and triol5 (Scheme P To avoid isomeriza-
tion at C-20 ind, the oxidation step was performed in the pres-
tion 0f40(90 mg, 0.17 mmol) in acetone (50 ml). The mixture ence of NaHCQ@® instead of NaOH which is normally used
was kept at 60C for 1 h, treated with BN, and the solvent  for this purpose. Attempts to achieve the formation of diol
was evaporated in vacuo. The residue was chromatographed! as the only product by reducing the amount of Blve

2.33. (22S,24R)-[26,27H¢]24-Methyl-5x-cholestan-
3,6-dion-22-ol 41)

Hydrochloric acid (0.5 ml, 6 mmol) was added to a solu-

on SiG with hexane—EtOAc (10:& 1:2) to give diketone
41(58 mg, 77%) as an oitH NMR 5:0.71 (s, 3H, 18-H), 0.83
(d,J=7.3Hz, 3H, 21-0r28-H),0.90 (d= 6.6 Hz, 3H, 28- or
21-H),3.77 (dtJ=6.6,0.7 Hz, 1H, 22-H}3C NMR§: 11.23,

poor results: both alcohok and5 were isolated from the
reaction mixture as before in addition to unchangedow-
ever, the alcohold and5 were easily separable and could
be transformed into aldehyd®using essentially the same

11.97,12.57,15.79, 15.82, 21.69, 23.94, 27.64, 31.56, 35.28 protocol. Treatment of with Jones reagent gave diketdhie
36.98, 37.37,38.07, 39.34, 39.38, 39.49, 41.26, 42.92, 46.58 whereas similar treatment bfproceeded with simultaneous
52.49, 53.40, 56.52, 57.47, 71.56, 209.10, 211.26. HRMS oxidation at C-22 to afford the diketoacid. Protection of
calc. for GpH3303: 345.2430; found: 345.2430. EI-M%? the keto groups i® and 10 gave the expected bisdioxolane
(%): 138 (26), 163 (11), 168 (11), 223 (10), 245 (13), 246 derivatives’ and11, which on hydride reduction produced al-
(12), 260 (10), 287 (33), 299 (9), 301 (7), 316 (100), 345 (5) cohol8. Swern oxidation of the latter resulted in the required
[M—C7H7Dg] . aldehyded in 49% total yield fromi.

For biosynthetic studies, a4methyl derivatives contain-
ing 220,23u-dihydroxy- (fully formed BS side chain) or 32
monohydroxy fragments (side chain of some BS intermedi-
ates) were necessary. Both series of compounds could be

There are two main strategies for transformation of the prepared by addition of lithium salts of the phenyl sulfones
sterol's cyclic part A5-3B-alcohols) into that character- to the corresponding C-22 aldehyd&sl1-13] One of the
istic of brassinosteroid$l]. The most widely used ap- problems encountered in the course of our previous inves-
proach involvesi-steroidal rearrangement to afford,3- tigations on BS side chain construction was the relatively
cyclo derivatives, which allow easy introduction of the re- low efficiency of the dialkylation procedurd.? to 13 and

3. Results and discussion



A.P. Antonchick et al. / Steroids 69 (2004) 617-628 625

(0]

OMe
BH; - THF,
H,0,, NaHCO;

1

HO!

Jones
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13to 14) in the course of preparation of phenyl sulfoh# inup to 76% yield. This compound was then transformed into
(Scheme B The usual protocol fos,a’-dialkylation of sul- the desired sulfone according to the previously published pro-

fones in the case of intermediate sulfone 14 synthesis wouldcedure[5]. The incorporation rate of deuterium atoms were
imply repeated treatment of the reaction mixture with BuLi calculated as described[itb] onthe basis of MS data of &>

and CDyl [5,13]. It was supposed that compoubdicould be 2,3-dimethylbutylphenyl sulfon&7: 6-deuterated, 97.92%;
obtained froml2 more efficiently via the dianiod6. Such 5-deuterated, 1.89%; 4-deuterated, 0.19%; 3-deuterated, not
thermodynamic anions are formed from sulfones and 2 eqv. detected; 2-deuterated, not detected; 1-deuterated, not de-
of BuLi along with the kinetic dianions, lik&5 [14]. How- tected; non-deuterated, not detected.

ever, the latter should be transformed into the thermodynamic  The standard Julia olefination protocol involves acetyla-
dianion16 prior to the alkylation. After many attempts with  tion of hydroxy sulfones followed by reduction of interme-
different temperatures, it was found that the optimal condi- diate acetoxy sulfones with dissolving metl]. For A22-

tions for dianionl6 formation required keeping the mixture steroids, yields vary from poor to acceptafld], but the

at —40°C for 5-15 min. Subsequent single treatment of the reduction step is somewhat cumbersome for practical use be-

reaction mixture with CBI led to the dialkylated produdt4 cause of the necessity to work with sodium amalgam. An
BuLi i
\/‘VO\\ //O CBJ \/k(\\ 3 ?lg}l \/'52\\ //O
THPO. S. —_— THPO. _— THPO. S.
0 0 o0
12 14

2BuLi

20D; l l
\ // N\
THPOV'\( THPO& PhSO CD;

CD;

17
16

15

Scheme 3.
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attempt to overcome this difficulty was undertaken by use of

magnesium amalgafd 8]. However, this replacement pro-
duced no increase in efficiency; the transformationl&f
into A22-olefin 19 was performed in 48% yieldScheme %
Sharpless hydroxylation d®led to diol21as a majorisomer
along with the unnatural 2223S-diol 20. The stereochemi-
cal assignments were based on the comparisdidiMR
signal pattern o21 and22to those for non-deuterated com-
pounds prepared earligk2] and literature data on Sharpless
hydroxylation ofA%?-steroidg[1].

Jor

31,R=H

Acid-catalyzed opening of the cyclopropane ring2t
gave compound?2. The latter contains the side chain
of brassinolide and the cyclic part of campesterol from
which brassinolide is biosynthesized in plants. The hy-
drogenation of22 resulted in triol23, 6-deoxoteasterone,
which is another intermediate in brassinosteroid biosynthesis
[19].

Synthesis of derivatives containing ac2thonohydroxy
fragment was achieved according to the previously published
method[6] involving Swern oxidation of.8, desulfurization

CD;

OMe

Scheme 5.
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of 24, and hydride reduction &5 (Scheme b Special atten-  Stereochemistry at C-22 was assigned at the base of litera-
tion was paid to the purity of 22-keton24and25containing ture datd17,20], according to which reduction of 23-ketones

a stereocenter at C-20, which is potentially prone to isomer- proceeds with formation of 22alcohols as main isomers.
ization. However, our attempts to detect admixtures of any Although steroids without a 23-hydroxy group in the side
epimeric byproducts i24 and25 (*H and13C NMR) gave chain and bearing complete functions characteristic of BS in
no results. Evidently, the reaction conditions used for Swern the cyclic part (&-hydroxy, 3x-hydroxy, trans junction of
oxidation of 18, desulfurization of24, and hydride reduc-  A/B rings) have never been found in plants until now, the
tion of 25were mild enough to avoid izomerization at C-20. possible existence of compounds, such as natural BS or their

CD;
PhSO.

So,ph ©Ps
Swern
—_—

OH

CD;3

CD;

CD; 1. Al/Hg (39)

2. LiAlH, €Dy

E—
o,
(-o 0" No

OH

CDs CD;

CD; 1. Jones CD;

2.0H

Scheme 7.
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precursors/metabolites cannot be excluded. In this respect, [6] Khripach VA, Zhabinskii VN, Antonchick AP, Konstanti-
compounds like28 may be interesting both in the search for nova OV, Schneider B. Synthesis of hexadeuterated 23-
new BS and possible common points in the biosynthesis of __ dehydroxybrassinosteroids. Steroids 2002;67:1101-8.

. [7] Konstantinova OV, Antonchick AP, Oldham NJ, Zhabinskii VN,
BS, ECdySterOId&]‘] and OXySter0|$22]' Khripach VA, Schneider B. Analysis of underivatized brassinos-

The same holds for the endioBd (Scheme § Steroids teroids by HPLC/ACPI-MS. Occurrence of 3-epibrassinolidéia-
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[11] Mori K, Sakakibara M, Ichikawa Y, Ueda H, Okada K, Umemura
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