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Abstract: Five 5-hydroxy-6-ketone brassinosteroid analogs have been synthesized from stigmasterol (1) and
their plant growih promoiing activity has been evaluated using rice lamina inclination fesi. 3 has elicited high
g{_:!i\_li_ly as plQ.’!! g_rgw_t_k rggulgmr © 1998 Published by Elgevier Science Litd. All nohtc reserved .
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Brassinosteroids are potent plant growth regulators that can be considered as good candidates to improve
crop yields as well as to overcome environmental stress and herbicidal injury, and to control pathogenic
diseases.l»2 Much synthetic effort has been devoted not only to find brassinosteroids with high activity for
further application in agriculture but also to delve into the knowledge of them from the structural,
physwloglcal and biogenetic pomt of view. In this sense, several new analogs have been synthesized and
such compounds, the use of brassinoster
(mainly the more active natural ones) is at present uneconomic, limiting the scope of applicability in
agriculture. In this sense, our aim is to design other brassinosteroids with a good activity/synthetic cost ratio,
suited for their profitable use in agriculture. We planned to achieve this goal by means of establishing a
quantitative structure/activity relationship (QSAR), which should provide further knowledge about the
structural requirements for a brassinosteroid to be active.
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A preliminary QSAR dpproacn, as weil as the memouowgy used to establish it, has been recently
i,5:6.8 and a more extensive study will be published soon.? This procedure opens a new way to explain

the actlvxty of different brassinosteroids from the structural point of view and it has shown to be appropriate to
predict the activity of new analogs. Studies to illustrate which are the main functional groups of the molecule
involved in the brassinosteroid-receptor junction and the kind of binding to the receptor that may take place

are currently in progress. To stablish the QSAR, an extensive training set has been employed embodying new
structural variations not considered by previous structu activity correlations (SAR). 10-12 §ome of our targ
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chain as well as different A/B ring junction.

In this paper we report the synthesis of such 5-hydroxy analogs, the evaluation of their bioactivity using the
rice lamina inclination test and a preliminary result on agricultural application of one of them (3) on winter
barley. Moreover, the effect of these structural features on the bioactivity is analyzed in terms of the

information obtained from molecular mechanics calculations.6-8.9
Resulits and discussion

a) Synthesis and structural elucidation

A retrosynthetic analysis indicates that the 5-OH function could result from the oxidative opening of an
epoxide, readily available from the double bond A’ of stigmasterol (1), and the A/B cis junction could result
from the epimerization of the Sa-hydroxy-6-ketone thus formed. Moreover, the presence of the 5-OH group
could modify the stereoselectivity of the A2 dihydroxylation giving a mixture of the corresponding 2a,3a. and
2,3 diasteroisomeric glycols.

Followine this procedu ive comnounds (2 3. 4. § and 6) were gbtained from stiomasterol (1) ¢ nuch

mg this procedure, Ive compoundas (4, 3, 4, o, and ¢) were obtained rrom stigmasterol (1) througn
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Kovganko et al. following another strategy.

The diene 7 was synthesized in four steps, without purification of intermediates. Thus, tosylation of
stigmasterol (1) with TsCl/Py, followed by regioselective epoxidation of the A5 double bond of 8 with m-
chloroperbenzoic acid (MCPBA) in CH,Cl, afforded a mixture of the monoepoxides 9. The highly
regioselective epoxidation was achieved by performing the reaction at -78°C and by adding a 5% Na;SO,
solution at -5°C to the reaction mixture before the usual work-up, to destroy the excess of peracid. Following
unds with epoxyv function at C-22.C-23 were detected. Subs sequent OXi idation of 9

this proced ne compounds with epoxy func at C-22,C-23 were detected. Sub g
after chromatographic purification, 7 with an overall yield of 33% from stigmasterol (1).

Osmium-catalyzed asymmetric dihydroxylation14 of the two double bonds of 7, using 4-methyimorpholine-
4-oxide monohydrate (NMO) as cooxidant and dihydroquinidine 9-O-(9'-phenanthryl) ether (DHQD PHN) as
chiral ligand, gave after chromatographic purification (22R,23R) 2B,3B,50,22,23-pentahydroxystigmastan-6-
one (2), (22R,23R) 20,3a,50,22,23-pentahydroxystigmastan-6-one (3) and (22S,23S) 2a,30,50,22,23-
pentahydroxystigmastan-6-one (4), with yields of 16%, 31%, and 15%, respectively.
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Reagents and conditions: i: ClTs, Py, 22 h, rt. ii: MCPBA/CH,Cl,, Ar, 18 h, -78°C. iii: CrO3/H,S04/H50,
MeCOMe, 30 min., rt. iv: LiBi/DMF, Ar, 2 h at reflux. v: OsO4, NMO, DHQD PHN, (Et)4N+(AcO‘).4H20,
THF/H,O/t-butanol, a = 87 h, b =163 h, 0°C. vi: KOH/MeOH 10%, Ar, 67 h at reflux.

Scheme 1

W aavasiw

Alternatively, epimerization at C-5 by means of basic treatment of 7 with KOH/MeOH afforded a mixture
of 11 and 7 in a 1:1,6 ratio (determined by HPLC). The corresponding A3 analog of 11 (12) was also isolated
as a by-product in a 10 % after chromatographic purification over SiO/AgNO;.

Dihydroxylation of the diene 11 under the same conditions as those described for 7 gave (22R,23R)
2B,3B,5B,22,23-pentahydroxystigmastan-6-one (5) and (22S,23S) 28,3B,58,22,23-pentahydroxystigmastan-6-
one (6) with 27% and 17% yield, respectively.

The results obtained on the dihydroxylation of the dienes 7 and 11 show

2a,3a/23,3P ratio is highly dependent on the configuration of the hydroxy group at C- 5. Thus, the glycols

hat the diastereoisomeric
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obtained from the diene 7, having a 5a-OH group, present a 2a,3a (3 + 4) to 28,38 (2) ratio of 3:1. This result
can be explained due to the higher steric hindrance of the C-19 methyl group compared to the 5a-OH group.
In the case of the diene 11 with a 53-OH, only 2p,3B-dihydroxy analogs (5 and 6) have been detected due to
the greater B face accessibility of the A ring.

NMR experiments were performed on compounds 2 to 6 allowi

configuration at C-2, C-3 and C-5. Table 1 and 2 show the NMR data of all them.

the unequivgc_:al assienment of the

L= sl

2 3 4 5 6

H-C2 4,08-3,96 | 3,77-3,70 | 3,82-3,72 | 4,00-3,92 | 4,05-3,95

H-C3 4,08-3,96 4,08 4,14-4,08 | 4,00-3,92 | 4,05-3,95

aH-C7 2,78 2,67 2,70

i8-CHy 0,65 0,66 0,67 0,66 0,68

19-CH+ 1,01 0,75 0,76 0,68 0,68

21-CHj 0,89 0,88 1,02 0,89 1,02

H-C22 3,53 3,49 3,58-3,50 3,52 3.59-3,52

H-C23 3,66 3,63 3,58-3,50 3,64 3,59-3,52

26-CH3 10,98-0,92 10,97-0,89 | 0,98-0,84 | 0,97-0,92 | 0,93

27-CH2 | 0,98-0,92 | 0,97-0,89 | 0,98-0,84 | 0,97-092| 0,87

29-CH3 | 094 [097-089| 094 [097-092| 096

Tabla 1. 'H-NMR data.
2 3 4 5 6 2 3 4 5 6
C1 304 | 29,6 | 30,1 | 353* | 35,6* Cc16 | 273 | 265 | 275 | 270 | 277
C2 67,7* | 66,3 | 672 | 66,9 | 67,3 C17 | 52,2 | 51,5 522 | 51,9 | 522
C3 68,7* | 688 | 695 | 689 | 69,4 C18 11,6 10,9 11,6 11,3 11,6
Cd 36,1 33,5 | 34,2 | 35,i% | 35,3* Ci9 | 157 | 13,7 14,4 159 | 16,3
5 80,0 | 78,5 | 79,2 | 31,4 | 81,8 20 § 36,3* | 36,1 42,1 36,5 | 42,2
C6 |213,0 | 2104 | 211,2 | 212,8 | 213,1 c2t | 1,7 | 1,1 | 13,7 | 11,5 | 13,8
c1 a4 405 a2 414 417 c2 | 39| 128|715 134 N7
C8 36,8* | 38,5 368 | 37,2 37,5 C23 | 19 | 709 | 69,7 | 71,5 | 699
Co | 443 | 435 | 442 | 448 | 453 C24 | 46,2 | 456 | 494 | 46,0 | 49,5
C10 | 42,6* | 442% | 432*% | 43,8* | 44,2* C25 | 28,7 | 28,0 | 26,5 | 284 | 26,6
Cc11 | 21,1 | 20,1 | 208 | 21,7 | 22,1 c26 | 193 | 18,7 | 21,7 | 19,1 | 21,7
Ci2 | 392 - 39,2 | 389 | 39,2 C27 | 20,9 | 20,2 17,5 | 20,7 17,6
C13 | 41,6* | 41,8% | 45,0* | 42,2* | 43,3* C28 | 186 | 18,0 | 18,2 18,4 18,4
Cl4 | 558 | 552 | 556 | 56,1 | 56,2 €29 | 13,3 | 127 | 141 | 13,1 | 142
Ci5 7 235 7228 7 239 | 233 ; 241
*: Assignments that can be interchanged.
Table 2. 13C-NMR data
Thus, the configuration of the A/B junction for the dienes 7 and 11 has been deduced by performi

n.O.e. DIFF experiments. A n.O.e. enhancement of H
irradiation of H-C-19 (0.71 ppm) of 7 indicates an A/B trans junction. On the other hand, the only n.O.e.

-C-2 (1.5%), H-C-3 (1.5%) and BH-C-4 (8.1%) upon
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enhancement observed at OH-C-5 proton upon irradiation of H-C-19 (0,77 ppm) of 11 agrees with an A/B cis
junction. This was also corroborated by the downfield shift of C-19 protons (0,77 vs 0,71 ppm) and carbon
(16,5 vs 14,5 ppm) of 11 with respect to 7.

The C-2 and C-3 stereochemistry of 2, 3 and 4 was deduced from !H-NMR and NOESY experiments.
Thus, a deshielding of C-19 methyl protons, observed in compound 2 (1,01 ppm) versus 3 and 4 analogs (0,75,
0,76), due to the 1,3-diaxial interaction between C-2B-OH and C-19 methyl group, indicates the 23,38 and the

2a,3a-dihydroxy configuration, respectively. Moreover, a NOESY e periment of compound 3, shows a n.O.e

LIS URIALION, ISPl VIR ELVELS experiment of MRApY e oy SERIV VYD &

tion between the assigned C-3 (68,9 ppm) and a H signal at
ow value of wy; confirmed the 2f,3B-diol stereochemistry. The
comparison of lH-NMR spectrum of compound 6 with those of 5 clearly established that the 2,3-diol has the
same stereochemistry in both cases.
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b) Molecular modeling and bioactivity

The activity data of the new compounds synthesized have been evaluated by means of a highly sensitive
modified rice lamina inclination test using Bahia as cultivar!’ based on the procedure developed by Takeno
and Pharis.!6 Figure 1 shows the dose-dependent activity curves obtained for 2, 3, 4, 5 and 6 empioying this
bioassay and compared with that of homobrassinolide (13) (Figure 2) which also presents a stigmastan side
chain.

Following the methodology developed by us, the molecular electrostatic potential (MEP) of each
compound has been used as an alignment rule to stablish a QSAR. The electrostatic Carbé similarity index
(CI)!7 has been used to quantify the similarity between each compound and brassinolide (14) (Figure 2). This

ound has been chosen as reference because it is the most active natural brassinosteroid found.8.9 We

have found that, for a CI greater than 0.6, the higher the electrostatic CI the more active is the compound
Figure 1 shows the ClI obtained for 2, 3, 4, 5, 6, i3, and 14 as well as the activity data expressed as -log
(dose)sge, to be compared and the significance level associated with them
cr  |-log (dose)ss Slgl!lﬁ(:?nce
1% o level
+
o o 14 1 -5.25 0,21
90 +
- A 3 - _a 19 nNn on -” 11 n 0
-Em /+ /’3— ) :g 13 U.04L J.11 U.L0
< 50 Ve 5 —o-4 3 0.76 -1.73 0.22
y —4+—13
= / s ﬁ 4 | 055 -0.63 0.15
10 - — —— —_—
0 5 0.55 -0.025 -
4.0 -50 40 2 -1.0 ao 10 — - -
-og dose 2 0.61 1.63 1.00
6 0.60 >0 -

Figure 1. Activity data and electrostatic Carb6 similarity index (CI)
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The high activity elicited by 3 is clearly in accordance with its electrostatic Carb6 similarity index (CI).

Figure 3 shows, as an example, the MEP maps overlay between brassinolide (14) and the new compounds 3

(the highly active one) and 5 (one of the less active ones) and compared with the one for homobrassinolide

>
-

good overlay for the electrostatic sites of the hydroxy groups both of the A ring and the side chain between
brassinolide (14) and homobrassinolide (13) in accordance with its high CI (0.816) and its high activity (-
3.11). In the case of 3 there is also a good overlay for all the electrostatics sites with those of 14 but the shape
and size are quite different. The area corresponding to the electrostatic potential of the A ring is larger for 3
than brassinolide (14). Similarly occurs, but in a less extension, with the area of the side chain thus decreasing
its CI (0.756) and also its activity (-1.73). In the case of 5, the lack of activity can also been explained looking
at the overlay MEP maps. As one can see, there is no overlay between A ring nor B ring. Only the area

overlay with that of 14 thus with a low

.|

This is another example of the good correlation encountered between the CI and the bioactivity which
allows us to assess the methodology followed to design other suitable BRs for further application in

agriculture.

14 (black) / 13 (grey)
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d) Practical appliication.

With respect to practical applications, an important response on field trials should be expected for 3, which
has elicited the higher activity of all the compounds synthesized and presented in this communication. In order
to be compared, the field trials experiments have also been done with 24-epibrassinolide (15), a natural active
brassinosteroid, which has been shown to improve the yield, quality and stress ressistance of different crops in

field o npnm nts 18, 19 Thine 2 and 18 were accavad an wintar harlav hy annluving diffarant sancantratiana
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replicates, an improvement of crop yieid of 15% has been obtained by spraying a soiution of 0.1 ppm in water
of compound 3 at vegetative stage. Similar results have been obtained by spraying the same concentration of
24-epibrassinolide (15) (16%).

A more detailed explanation of the procedure followed and the parameters measured to evaluate the yield
of crops will be published elsewere.

The high activity elicited by 3 both in the rice lamina inclination bioassay and field trials on barley, as well
as its relative easiness of preparation compared to other brassinosteroid analogs, make this new
brassinosteroid a very good candidate for further application in agriculture.

Studies to obtain more information about the influence on the activity of the large site observed on the
molecular electrostatic potential of 3 in the region of the B ring are currently in progress.

Experimental section.

Melting points were determined on a Gallenkamp instrument and are uncorrected. IR spectra were obtained
on a Perkin-Elmer 683 spectrometer. !H-NMR and 13C-NMR spectra as well as n.O.e experiments were
recorded on a Varian-Gemini-300 (300 MHz) spectrometer and HETCOR and NOESY spectra were run on a

Varian Y1 Qﬂﬂ enactramatar ncino TMS ag internal etandard The multinlicitv af the cionalg ;n I3F.NK AR
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(chemical ionization, (CIMS) m/z) were run on a Hewiett-Packard 5988-A using methane as the carrier gas.
The progress of all reactions and column chromatography was monitored by TLC on silica gel 60F;54
microplates (Macherey-Nagel (MN), Art 804023) and spots were detected by spraying with 50 % sulfuric
acid, followed by heating. Flash column chromatography was performed on 230-400 mesh MN silica gel.
Column chromatography was performed on MN silica gel (70-230 mesh) alone or coated with AgNO3 0,IN.

HPLC chromatography was run on a Waters 600E chromatograph, an ultraviolet Waters detector (A=210 nm),
& 7 77
a Waters-Millingre Nova-Pa PIR(A=2Qmm =4 i1mm I =15 m) column and CHa. HAO 96:4 as mabil
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Stigmasterol tosylate (8). A solution of 10.100 g (24.47 mmol) stigmasterol (1) in 104 mL pyridine (dried
over CaH,) was treated with 200 g (59.30 mmol) p-toluene-sulfonyl chloride (ClTs) previously recrystallized
from petroleum ether and stirred at room temperature in the dark for 22 h. The mixture was poured on 1L of a



(22E) 50,60-Epoxy-3p-tosyloxystigmast-22-ene and 5B,6B-epoxy-3B-tosyloxystigmast-22-ene (9). A
solution of 4.950 g (28.70 mmol) MCPBA in 50 mL CH,Cl, was added dropwise under argon to a solution of
6.510 g crude 8 in 25 mL CH;,Cl, at -77 °C in the dark. The reaction was stirred at this temperature for 6 h and

kept at -34°C overnight. The mixture was poored on 3L of a cold (4-5°C) solution of 5§ %
L

kept at this temperature for 4 h. The reaction mixture was extracted several times with CHCl;. The organic
mla o P | 2al cmdae A L A hA N . ~
phase was washed with water, dried over anhydrous MgSO, and evaporated to dryness yieldind 6.23 g of a

crude mixture of epoxides 9.

(22E) 5-Hydroxy-3p-tosyloxy-So.-stigmast-22-en-6-one (10). Approximately 6 mL of Jones reagent was
added dropwise to a stirred solution of 6.180 g of the crude 9 in 563 mL of acetone (distilled over KMnOy).
30 min after the last addition, isopropyl alchohol was added to stop the reaction. The reaction mixture was
filtered over Celite and extracted with AcOEt. The green solution obtained was concentrated to 25% initial

olution of NaCl and extracted with AcQFt. Th
A 23 i 2 A% LY L. 411

volume, noured into 1L of an aaueous sohition of Na 1d exty with AcOF

vu-w-.w rv AARMT iad U ey baad

washed with brine, dried over MgSO, and evaporated to dryness affording 6.300 g of crude product

o

0.

(22E) 5-Hydroxy-5a-stigmasta-2,22-dien-6-one (7). A solution of 6.300 g crude 10 in 500 mL of DMF
(dried over BaO) was treated with 2.479 g (28.50 mmol) LiBr under argon and refluxed for 2 h 15 min in the
dark. The reaction mixture was poured into 2 L of water and extracted with AcOEt. The organic phase was
washed with HCI 2N, 5% NaHCOj; and water, dried over MgSO, and evaporated to dryness yielding 5.520 g
of a brown oil. 5.480 g of which was chromatographed by flash column chromatography (hexane/AcOEt 8:1)
to give 1.735g of 7 (33% from 1). IR vCHClscm'l 3600-3300, 3020, 2940, 2860, 1705, 1455, 1380, 1200, 970;

(
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H, dd, J=8.4 Hz, 1

5.02 (1H
(3H, d, J=6.6 Hz, 21-CH3), 0.85 (3H, d, J=6.6 Hz, 26-CHj), 0.79 (3H, d, J=6.0 Hz,
J=7.2Hz, 29-CH3), 0.71 (3H, s, 19-CH3), 0.67 (3H, 5,18-CH3); 13C-NMR (75 MHz, Cl3CD) 6 211 4 (s C- 6)
138.0 (d, C-22), 129.5 (d, C-23), 125.5 (d, C-2), 122.4 (d, C-3), 77.9 (s, C-5), 56.5 (d, C-14), 55.8 (d, C-17),
51.2 (d, C-24), 45.2 (d, C-9), 42.8 (t, C-7), 42.6(s) + 42.3(s) (C-10 and C-13), 40.4 (d, C-20), 39.4 (t, C-12),
37.5 (d, C-8), 34.5(t) + 30.1(t) (C-1 and C-4), 31.9 (d, C-25), 28.7 (t, C-16), 25.4 (t, C-28), 24.0(t, C-15),
21.2(q) + 21.1(q) (C-21 and C-26), 21.0 (t, C-11), 19.0 (g, C-27), 14.5 (g, C-19), 12.2 (q) + 12.1(q) (C-29 and

~
-L-

P

C-18).
(22R,23R)  2B,3B,50,22,23-pentahydroxystigmastan-6-one  (2), (22R,23R) 2a,3a,50,22,23-
pentahydroxystigmastan-6-one (3) and (22S,23S) 2a,3a,5a,22,23-pentahydroxystigmastan-6-one (4). A
solution of 1.000 g (2,34 mmol) 7 in 20 mL of THF, free of peroxides, was slowly added dropwise over 8 h to
a solution of 0.190 g (0.75 mmol) OsQy, 2.410 g (4.78 mmol) dihydroquinidine 9-O-(9'-phenanthryl) ether
(DHQD PHN), 19.060 g (0.14 mol) N-methylmorpholine N-oxide (NMO) and 2.440 g (15.26 mmol) Et4N*
AcO- hydrated in 37.5 mL of THF, free of peroxides, 9.5 mL of water and 43 mL of t-BuOH. The mixture was



stirred, under argon atmosphere, at 0 °C in the dark for 87 h. The mixture was treated with 300 mL of a
saturated solution of Na;S,Os and stitred at room temperature for 1 h. The crude mixture was extracted with
CH,Cl,, evaporated to dryness and disolved in 500 mL of ethyl acetate. This organic phase was washed with
IN Hy80,, saturated solution of NaHCO; and brine, dried with MgSO,4 and evaporated to dryness yielding
1.180 g of crude material, which was chromatographed (AcOEt/CHCl; 5:2, 7:2, 13:2, 20:2, 30:2, 1:0) to give
2 (181mg, 16%), 3 (361 mg, 31%) and 4 (174 mg, 15%).

O N o TEs

hydroxystigmastan-6-one (2 ): m.p. (AcOEt (dec.)): 266.0-268.0 °C; IR vCHCl
0, 1465, 1385, 1245, 1010, 980; iIH-NMR (300 MHz, CI;CD + d¢-DMSO):

6 4.08-3.96 (2H m, aH-C-2, aH C-3), 3.66 (1H, dd, J=1.2 Hz, 8.6 Hz, H-C-23), 3.53 (1H, dd, J1 Hz, 8.6 Hz,
H-C-22), 2.78 (1H, dd, J=12.6 Hz,12.6 Hz, aH-C-7), 1.01 (3H, s, 19-CH3), 0.98-0.92 (6H, m, 26-CH,, 27-
CHj3), 0.94 (3H, t, J=8.1 Hz, 29-CH3), 0.89 (3H, d, J=6.3 Hz, 21-CHj;), 0.65 (3H, s, 18-CH3); I3C-NMR (75
MHz, C13CD + dg-DMSO): 6 213.0 (s, C-6), 80.0 (s, C-5), 73.9 (d, C-22), 71.9 (d, C-23), 68.7 (d) + 67.7 (d)
(C-2 and C-3), 55.8 (d, C-14), 52.2 (d, C-17), 46.2 (d, C-24), 44.3 (d, C-9), 42.6 (s) + 41.6 (s) (C-10 and C-
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27.3 (t, C-16), 23.5 (1, C-15), 21.1 (t, C-11), 20.9 (q, C-27), 19.3 (g, C-26), 18.6 (t, C-28), 15.7 (g, C-19), 13.3
(9, C-29), 11.7 (q, C-21), 11.6 (q, C-18); CiMS, 70 eV, m/z (rel. int.): 495 [M+1]* (100), 477 [((M-H,O)+1]*
(84), 459 [(M-2H,0)+1]1* (92), 441 [(M-3H,0)+1]* (59), 423 [(M-4H,0)+1]* (18); CIMS (h.r) m/z:

495.3639 [M+1]* (calc. 495.3686).

(22R,23R) 2a,3a,5a,22,23-pentahydroxystigmastan-6-one (3): m.p. (AcOEt): 250.0-251.0 °C; IR vCHCl3 cm-1:
3600-3100, 2940, 2910, 1715, 1460, 1380, 1075, 980; IH-NMR (500 MHz, Cl;CD): § 4.08 (1H, dd, J=6.0
Hz, 3 Hz, BH-C-3), 3.77-3.70 (1H, m, BH-C-2), 3.63 (1H, dd, J=1.5 Hz, 8.5 Hz, H-C-23), 3.49 (1H, dd, J1 Hz,

Q< > LI f‘ ")’)\ 7 KT I‘ILI J,I I—I’) [ I.J 178 He ~LILC.7Y NQT7.020 (e 246 27 20.CH.Y NRR MM A4
0.0 I1Z, f1~U~4iLl), L.O7 (111, =10 014, 14,0 514, Qri=C=/j, v.7/=U.07 \iil, £U, &7, 477113, V.00 J1i, G,
A 8 ~ N TY LN als Y N me /ATY 1[\ FNITY AY f\ L YT . 10 MEY 11” AT ATY /7IC R AT N__ V1 TN . | ISV iITaN <
J=/.UnZ, 21-Liny), U./0 (o1, §, 1¥-LH3 ), U,00 (011, S, 186-Li13), *“U~-INNMIK (/0 MIZ, UijULD T Qg-JVIdDU). O
2104 (s, C-22), 7 3

C-6), 78.5 (s, C-3), 72.8 (d, C-22), 70.9 (d, C-23), 68.8 (d, C-3), 66.3 (d, C-2), 55.2 (d, C-14), 51.5
(d, C-17), 45.6 (d, C-24), 44.2 (s) +41.8 (s) (C-10 and C-13), 43.5 (d, C-9), 40.5 (t, C-7), 38.5 (t, C-8), 36.1
(d, C-20), 33.5 (t, C-4), 29.6 (t, C-1), 28.0 (d, C-25), 26.5 (t, C-16), 22.8 (t, C-15), 20.2 (q, C-27), 20.1 (t, C-
11), 18.7 (q, C-26), 18.0 (t, C-28), 13.7 (q, C-19), 12.7 (g, C-29), 11.1 (g, C-21), 10.9 (g, C-18); CIMS 70 eV,
m/z (rel. int.): 495 [M+1]+ (3), 493 [M-1]* (3), 477 [(M-H,0)+1]* (95), 459 [(M-2H,0)+1]* (100), 441 [(M-
3H,0)+1]* (72), 423 [(M-4H,0)+11* (20); CIMS (h.r.) m/z: 477.3544 [M-H,O+1]* (calc. 477.3580).

SIS L) FLD AAIVED (4212 UV L 1-11

(225,23S) 2a,3a,5a,22,23-pentahydroxystigmastan-6-one (4): m

p-M
IR vCHCiy cm-1: 3650-3100, 2940, 2870, 1720, 1465, 1445, 1385, 1130, 1075,
MHz, Cl;CD+ dg-DMSO): 8 4.14-4.08 (1H, m, BH-C-3), 3.82-3.72 (1H, m, H-C-2), 3.58-3. 50( H, m, H-C-
22, H-C-23), 2.70 (1H, dd, J=12.3Hz, 12.3 Hz, aH-C-7), 1.02 (3H, d, J—6.9 Hz, 21-CH3), 0.94 (3H, t, J=3.3
Hz, 29-CH3), 0.98-0.84 (m, 26, 27-CH3), 0.76 (3H, s, 19-CH3), 0.67 (3H, s, 18-CH3); 13C-NMR (75 MHz,
ClLCD): § 211.2 (s, C-6), 79.2 (s, C-5), 71.5(d, C-22), 69.7 (d, C-23), 69.5 (d, C-3), 67.2 (d, C-2), 55.6 (d, C-
14), 52.2 (d, C-17), 49.4 (d, C-24), 45.0 (s) + 43,2 (s) (C-10 and C-13), 44.2 (d, C-9), 42.1 (d, C-20), 41.2 (1,

OH / H,0, AcOEf): 189.0-191.0 °C;
1 '

NnAN 1NNns 0NN,
VLU, 1UUD, YU,

C-7), 39.2 (t, C-12), 36.8 (d, C-8), 34.2 (t, C-4), 30.1 (d, C-1), 27.5 (t, C-16), 26.5 (1, C-25), 23.9 (t, C-15),



20.8 (t, C-11), 21.7 (q, C-26), 18.2 (t, C-28), 17.5 (g, C-27), 14.4 (q, C-19), 14.1 (g, C-29), 13.7 (g, C-21),
11.6 (g, C-18); CIMS 70 eV, m/z (rel. int.): 495 [M+1]* (2), 493 [M-1]* (4), 477 [(M-H,0)+1]* (78), 459
[(M-2H;0)+1]* (100), 441 [(M-3H,0)+1]* (52), 423 [(M-4H,0)+11* (14); CIMS (h.r.) m/z: 477.3557 [M-
HyO+1]* (calc. 477.3580).

(22E) S-Hydroxy-5B-stigmasta-2,22-dien-6-one (11). A solution of 0.329 g (0.77 mmmol) 7 in 118 mL

10 % KOH/MeOH was refluxed for 67 h under argon. The reaction mixture was poured into 600 mL water

md avirantad writh 2 v NN I A ANTE Thao naerannia smhaca srae sxiachad sxrielh cxrnéaz
u cAuaw.cu Wil 5 X DUV ML ACULEL 11€ ULgdalllv piiadse was wasll

u witn waicr, UI]CU Over lVlgDU4 anu

e)

l P

evaporated to dryness yieid
(SiOo/AgNO3, hexane/AcOEt 1

g 0.484 g of yeilow material; 0.465g of which were chromatographed
2:1) to give 11 (89 mg, 28%), 7 (139 mg, 44%) and 12 (30 mg, 10%).

(22E) 5-Hydroxy-5[>stigmasta-2,22-dien-6-one (11): IR vCHC3 ¢m-1: 3600-3350, 2960, 2870, 1715, 1470,

1440, 1380, 1005, 630; IH-NMR (300 MHz, C13CD): 8 5.80-5.70 (1H, m, H-C-2), 5.67-5.58 (1H, m, H-C-3),

5.14 (1H, dd, J=8.4 Hz, 15.2 Hz, H-C-22), 5.02 (1H, dd, J=8.4 Hz,15.2 Hz, H-C-23), 4.07 (1H, m, OH-C-5),

2.70 (1H, d, J=18.3 Hz, BH-C-4), 1.01 (3H, d, J=6.6 Hz, 21-CH,), 0.84 (3H, d, J=6.6 Hz, 26-CHx), 0.80 (3H

B ) (3H, d, Hz, CHj), 0.84 (3H, d, J=6.6 Hz, 26-CHj3;), 0.80 (3H
t I=792 Hz 20 CH.Y 070AH d 1=78 Hy 27-CH.) 077 o 100 N AR (AW o 12.CEH .- 130 NMD
gy 1 oode ARdig £7™ \./llj}’ J. \J.l s My 4 §oJ Lhduy L iTN 1L }, .1/ \Jll, B, 277\ k1 }, V.o lel, D, 10 \./113}, o =LINIVLIEN
7€ RATT__ M 7 PWYW., ©S N1 AN 7. M 1" N /31 M AAN 1N £ 1 M AN 1AL 1 N ~1 I Y N h I o B BN
(75 MHz, Cl3CDj): 0 214.2 (s, C-6), 137.9 (d, C-22), 129.6 (d, C-23), 125.1 (@) + 121.8 {d) (C-2Z and C-3),

/.
79.7 (s, C-5), 57.0 (d, C-14), 55.9 (d, C-17), 51.2 (d, C-24), 43.4 (d, C-9), 43.2 (s) + 43.1 (s) (C-10 and C-13),
412 (t, C-7), 40.4 (d, C-20), 39.4 (t, C-12), 37.2 (d, C-8), 35.8 (t) + 30.9 (t) (C-1 and C-4), 31.8 (d, C-25),
28.7 (t, C-16), 25.4 (t, C-28), 24.0 (t, C-15), 22.2 (t, C-11), 21.1 (q) + 21.0 (q) (C-26 and C-21), 19.0 (g, C-
27), 16.5 (g, C-19), 12.2 (g, C-29), 12.2 (g, C-18).

= ™ i o r * L~ i hituh : - N = k4 b ? 2 ~3
1455 13155 1060 1045 ITH.NMR (200 MH7 Cl.CD)Y & [6 08-.8 Q7 (1 mY+ 8542 (1H m) H.C.? and H.C_
LTIy ATy LUV, 1UTT,y "1RTINIVIN \J VUV VAL Ry NAJRRAJe U (U UJTJ 77 a1k 111 W \AR1y M)y LATRLTS QLI L2T
4)], 5.14 (1H, dd, J=8.4 Hz, 15.2 Hz, H-C-22), 5.02 (1H, dd, j=8.4 Hz,15.2 Hz, H-C-23), 2.39 (1H, dd, J=3.3

Hz, 12.5 Hz, BH-C-7), 2.21 (iH, dd, J=12.5 Hz, 12.5 Hz, aH-C7), 1.02 (3H, d, J=6.6 Hz, 21-CH3), 0.84 (3H,
d, J=6.3 Hz, 26-CHj3), 0.80 (3H, t, J=7.2 Hz, 29-CH3;), 0.79 (3H, d, J=6.6 Hz, 27-CH3;), 0.78 (3H, s, 19-CH3),
0.67 (3H, s, 18-CH3); 13C-NMR (75 MHz, CI5CD): 6 213.4 (s, C-6), 137.9 (d, C-22), 129.7 (d, C-23), 131.2
(d) + 126.7 (d) (C-3 and C-4), 78.4 (s, C-5), 56.8 (d, C-14), 55.9 (d, C-17), 51.2 (d, C-24), 44.4 (s) + 42.9 (5)
(C-10 and C-13), 43.1 (d, C-9), 43.0 (t, C-7), 40.3 (d, C-20), 394 (t, C-12), 38.1 (d, C-8), 31.8 (d, C-25), 28.6
(t, C-16), 27.6 (1) + 23.0 (1) (C1 and C2), 25.4 (t, C-28), 24.1 (t, C-15), 22.5 (t, C-11), 21.2 (q) + 21.1(q) (C-26

and C-21), 19.0 (g, C-27), 16.0 (q, C-19, 12.2 (q) + 12.1 (q) (C-29 and C-18).

(22R,23R) 2(,3B,58,22,23-pentahydroxysiigmastan-6-one (5) and (22S,23S) 2§,3p,5p8,22,23-penta-
hydroxystigmastan-6-one (6). A solution of 0.707 g (1.66 mmol) 11 in 14 mL THF, free of peroxides, was
slowly added dropwise to a solution of 0.085 g (0.33 mmol) OsOy, 1.670 g (3.31 mmol) dihydroquinidine 9-
O-(9'-phenanthryl) ether (DHQD PHN), 13.460 g (0.10 mol) N-methylmorpholine N-oxide (NMO) and 1.730
g (10.82 mmol) Et4N*AcO- hydrated in 27 mL THF, free of peroxides, 7 mL water and 30.5 mL t-BuOH. The
mixture was stirred under argon atmosphere at 0 °C in the dark for 163 h. The mixture was treated with 212

3
o
=
<]
w

]

=
&
®
(4]
bW
w
&
=
=,
©

3
©
¥
.

Z

b
77

Q- and stirred at room temnerature for 1 h, The crude was extracted with 3

at 1108 fure for 1 n, ruae

-

H§1 9 QRLual L 11 NG 2



x 600 mi. CH,Cl,, evaporated to dryness and disoived in 500 mL of AcOEt. The organic phase was washed
with IN H;804, a saturated solution of NaHCO; and brine, dried with MgSO, and evaporated to dryness
yielding 0.957 g of crude product, 0.863 g of which were chromatographed (AcOEt/CHCl; 1:1, 4:3, 10:1, 1:0)
to give § (222 mg, 27 %) and 6 (141 mg, 17 %).

3 =~ AV

5), 73.4 d, C- 22), 71.5 (d, C-23), 68.9 (d, C-3), 66.9 (d, C-2), 56.1 (d, C-14), 51.9 (d, C-l7), 46.0 (d, C-24),
44 .8 (d, C-9), 43.8 (s) + 42,2 (s) (C-10 and C-13), 41.4 (t, C-7), 38.9 (t, C-12), 37.2 (d, C-B), 36.5 (d, C-20),
353 (t) + 35.1 (t) (C-1 and C-4), 28.4 (d, C-25), 27.0 (1, C-16), 23.3 (t, C-15), 21.7 (t, C-11), 20.7 (q, C-27),
19.1 (q, C-26), 18.4 (t, C-28), 15.9 (q, C-19), 13.1 (g, C-29), 11.5 (g, C-21), 11.3 (g, C-18); CIMS 70 eV, m/z
(rel. int.): 495 [M+1]%, (9), 477 [(M-H,0)+11%, (56), 459 [(M-2H,0)+11%, (100), 441 [(M-3H,0)+11%, (51),
423 [(M-4H,0)+11%, (17); CIMS (h.r.) m/z: 477.3481 [M-H,O+1]* (calc. 477.3580).

(225,23S) 2,3,5,22,23-Pentahydroxystigmastan-6-one (6): m.p. (AcOEt): 133.0-135.0 °C; IR vCHCl3 ¢m-l:
3650-3150, 2950, 2870, 1705, 1465, 1385, 1055, 1030, 1010, 990; TH-NMR (300 MHz, CDCl5+ dg-DMSO):
8 4.05-3.95 (2H, m, aH-C-2, aH-C-3), 3.59-3.52 (2H, m, H-C-22, H-C-23), 1.02 (3H, d, J=6.9 Hz, 21-CH3),
0.96 (3H, t, J=7.2 Hz, 29-CHj,), 0.93 (3H, d, J=7.2 Hz, 26-CH3), 0.87 (3H, d, J=6.9 Hz, 27-CHj3), 0.68 (6H, s,
18-CHj, 19-CHy); 13C-NMR (75 MHz, CI3CD+ dg-DMSO): 8 213.1 (s, C-6), 81.8 (s, C-5), 71.7 (d, C-22),
69.9 (d, C-23), 69.4 (d, C-3), 67.3 (d, C-2), 56.2 (d, C-14), 52.2 (d, C-17), 49.5 (d, C-24), 45.3 (d, C-9), 44.2
C-g), 356 (1) +

( C-10 13) 7 353 (1)
x v ~ v Gas i)y u.- M SLV g, -7 123 . 7 ’ RV R el W
(Y nnd M AY YT T+ O 1LY DL E (A D8N D41 (¢ ("i‘l SY M1t C_1IN 21 T (a O 104+ CON 17 6
o=l aliQ U= ), £7.7 (L, U=1UJ, LU U Uy WTLTJy L7700 (U U1 Jy L&l \Uy VW71 Jg Ldod (Y WTLUJ, TO5T 4y WTLU), 170U
Ve Pl oY n 11\ L L. Y o I Va3 17" O - £ AL\ § \ N X7 —f_ 1 —4 Y. ADL
g, L-2/), (q, 1Y), 14.2 (q, L-4Y), 13.8 ((q, L-41) /U €V, MVZ (ICl. I J. 470

4Ho0)+1T*, (12); CIMS (h.r.) m/z: 477.3550 [M-H,0+1]* (cale. 477.3580).
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