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Abstract: The synthesis of two nsomenc brassinosteroids, analogues of brassinoiide,

containing the 23,38 dioi system typical of ecdysieroids and a five-membered lactone

bonded to the steroid ring B is described. The synthesis leads to both lactones via a metal

hydride reduction of the Diels-Alder adduct of ergosterol. © 1999 Elsevier Science Ltd. All rights reserved.
INTRODUCTION

Brassinolide 1a and its congeners are a group of steroids (over 40) known to elicit marked growth

Q.

other arthropods, ' but (infer alia) the stereochemistry of the 2,3-diol system is the opposite.

The synthesis of brassinolide and some natural and unnatural congeners>*** (like the 24R brassinosterol
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stress modulators for plants and as ecdysteroid antagonists for insects.”* More recently, the coupling of

molecular genetics and studies on the pathway of brassinolide biosynthesis'>*** has established the hormonal
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typical of ecdysteroids.'® The lactone group could might produce the biological activity of the natural compound

RESULTS AND DISCUSSION

A short synthesis of the lactones 2 and 3 started with ergosterol 4a, a readily available and inexpensive
7 9

sterol. Ergosterol, via its adduct with maleic anhydride Sa (Inhoffen addu could lead to the steroid lactones
6a and 7a, possible precursors of the trienes 8 and 9 which are key intermediates to obtaining 2 and 3 by the

Sharpless asymmetn'c dihydroxylation reaction (AD).'""! Since in previous work we had obtained the lactone 6a

dehydrotO"y‘l-‘txoﬁ of the 3p-p-toluenesulfonate 6e, by treatment with sym-collidine at reflux.
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These conditions lett the lactone group unaltered and atlorded the A -lactone 8 in satistactory yields

. 3,
(68%). Since compound 8 was accompanied by minor amounts of the undesired A -isomer, attempts were also

made to eliminate the formation of this by-product. However using different basic conditions (K,CO,-CH,CN;

Py or Et,N-CH,Cl,) greater amounts of this isomer were obtained.
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The isomeric lactone 7, precursor of triene 9, was not obtained by reduction of the anhydrides 5a or 5b."

course of the metal hydride reduction of cyclic anhydrides,”* ' we thought that changing the 3B-hydroxy and 3p-

acetoxy groups of 5a and 5b could modify the regioselectivity of these reductions. Strong support for these
e o . et JB o
considerations was also derived from the results of Le Quesne ef al. who showed that the sodium borohydrnide

reduction of the 3B-methyl ether adduct Sec, possessing a less good directing effect on the hydride, affords

Considering that the 3B-dimethylthexylsilyloxy group was a substituent unable to direct hydride action and
was suitable for the later elaboration that affords the triene 9, we prepared the Diels-Alder adduct 5d from 3p-

TR : i
1

dimethylthexylsilylergosterol 4d and subjected it to reduction by various hydrides.

In effect its reduction with sodium borohydride or lithium aluminum hydride afforded the isomeric lactones
6d and 7d in a 1:1 ratio, thus confirming the important role of the nature of the 3p-substituent in the
regioselectivity of the reduction. On the other hand, L and K Selectrides®, formed by a bulky hydride with two
different counterions, led to the undesired lactone 6d in a 6:4 ratio with the isomer 7d, regardless of both the
temperature (- 50 °C or 23 °C) and the hydride counterion (Li* or K*). Thus we decided to pursue the synthesis
of the desired trienic iactone 9 via the lactone 7d obtained by sodium borohydride reduction of 5d. The silyi
derivative 7d was treated with hydrofluoric acid to afford the hydroxylactone 7a which was then transformed
into trienelactone 9 by a reaction sequence (tosylation and dehydrotosylation) similar to that used to obtain its
isomer 8 (53% yield).

The two triene lactones 8 and 9 are easily identified by their '"H NMR spectra: compound 8 shows a signal
at 2.52 ppm characteristic of the 15a-H which is deshielded by the lactone carbonyl; the spectrum of the lactone
9 shows no such signal. Instead signals can be seen at 3.22 ppm for the deshielded 4a-H and 5.73 ppm for the
deshielded 3-vinylic proton, the two protons being coupled (in compound 8 the same 3-vinylic proton resonates
at 5.68 ppm). The doublet due to the proton adjacent to the lactone carbonyl, resonating at 2.41 ppm in the
lactone 8 spectrum and at 2.77 ppm in the lactone 9, discriminates between the two lactones.

During the synthesis, the trienes 8 and 9 were treated separately with AD-mix-B in an asymmetric

dihydroxylation of Sharpless which, in principle and on the basis of results previously reported by T. C.

double bond could take place on the B-side of the molecule due to the steric hindrance by the pendant lactone
group bonded to the 5a,8c-positions; this hindrance should exceed that of the C-19 methyl group located in the

B side of the molecule. In fact, separate reactions of the triene lactones 8 and 2 with AD-mix-( proceeded slowly

(7 days), affording the desired tetraols of the expected structures 2 and 3. Structure was assigned on the basis of
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the known reactivity of AD-mix-B and 'H NMR spectra analysis. The 2p,3B-configuration for the 2,3-diol
system of 3 was evident from the observed values of the coupling constants of ring A protons. In fact the axial
4f-H shows two large coupling constant values: one for the geminal coupling with the 4a-H (J 13.0 Hz;
deshielded by the lactone group) and the other (J 12.0 Hz, calcd'” 11.5 Hz) due to the rans-diaxial coupling
with the 3a-H. Moreover, the equatorial 2a-H shows three small coupling constants, due to coupling with the
la and 3o axial protons (J 5.0 Hz, caled'” 5.1 Hz; J 3.5 Hz, caled'’ 4.2 Hz) and the equatorial 18-H (J 2.5 Hz,
caled'’ 3.2 Hz).

Assuming a chair conformation for the ring A, this pattern of coupling constants is consistent only with the
structure 3. This conformation is suggested by the simple consideration that ring B is forced into a boat
conformation and by MM2 calculations that show a minor energy content (10 kcal mol™) for this conformation
with respect to a hypothetical twisted ring A. Similar simple considerations allow the assigning of the tetraol

lactone 2 structure.
EXPERIMENTAL

CHCI, at 7.24

'H NMR spectra (500.13 MHz) were recorded in CDCI, at 303 K and were referenced t 3

spectrometer by direct inlet. Optical rotations were measured for 1% CHCl; solutions, [a]p values are given in

10" deg cm” g'. Column chromatography refers to flash chromatography Hexane-ethyl acetate mixtures were

anhydrous Na,SO,, and evaporating the solvent under reduced pressure.

The hydroxylactone 6a'> (444 mg, 0.92 mmol) dissolved in pyridine (8 cm’) was treated with p-

toluenesulfonyl chloride (514 mg, 2.70 mmol) at 25 °C for 24 h. The reaction mixture was poured into ice-cold

aqueous HCl (1:4 v/v) and extracted with ethyl acetate. After usual work-up the crude desired compound 6e was
obtained, as a white solid, (425 mg, 72%): mp 180-182 °C (from diisopropyl ether); [aJo” - 36.8; Vmax 1740,
1370 cm™; 'TH NMR § 7.77 (2 H, d, J 8.0, aromatics), 7.34 (2 H, d, J 8.0, aromatics), 6.20 (1 H, d, /9.1, 7-H),

568 (1 H,d,J 9.1, 6-H), 5.22-5.13 (2 H, m, 22-H and 23-H), 4.56 (I H, dddd, / 11.0, 11.0, 6.0 and 6.0, 3a-H),
3.88 (1 H, dd, J 9.0 and 9.0, 4'B-H), 3.55 (1 H, dd, J 9.0 and 5.5, 4a-H), 2.96 (1 H, ddd, J 10.0, 9.0 and 5.5,
I

1 Y 9§72
1-x1), £.35

(3 H, s, 19-Me), 0.68 (3 H, s, 18-Me). (Found: C, 74.1; H, 8.7. Caled for C3sHs40sS: C, 73.78; H, 8.57%).



Trienelactone 8

The lactone e (600 mg, 0.94 mmol) di )
mixture was poured into ice-cold aqueous HCI (1:4 v/v) and extracted with ethyl acetate. Usual work-up and

purification by argentic column chromatography [silica gel G/Celite/AgNO; (1:1:0.2) eluting with hexane-ethyl

acetate: 100:2 v/v1 afforded the desir
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132.4; Vimax (KBr) 1760 cm™; '"H NMR § 6.26 (1 H, d, J 9.
2-

15a-H), 2.42 (1 H, d, /9.7, 2'-H), 0.78 0.76

(100), 253 (56). (Found: C, 83.2; H, 9.9. Calcd for C3;Hss0;: C, 83.06; H, 10.02%). In the first fractions the
undesired A’ isomer (109 mg, 25%) was obtained: mp 128-130 °C; vma (KBr) 1763 cm™ 'H NMR § 6.29 (1 H,
d, J 9.0, 7-H), 594 (1 H, d, J 9.0, 6-H), 5.81-5.73 (2 H, overlapping, 3-H and 4-H), 5.22-5.15 (2 H,
overlapping, 22-H and 23-H), 4.09 (1 H, dd, J 9.0, 9.0 and 4'B-H), 3.90 (1 H, dd, J 9.0 and 5.0, 4'a-H), 2.92 (1

H, ddd, J 10.1, 9.0 and 5.0, 1'-H), 2.60 (1 H, dddd, / 12.5, 9.8, 8.0 and 3.5, 15a-H), 2.44 (1 H, d, J 10.1, 2-H),
0.78 3 H, s, 19-Me), 0.72 (3 H, s, 18-Me); m/z 462 (M’ 1%), 447 (0.3), 378 (100), 253 (19).

3B-Dimethylthexylsilyloxyergosta-5,7,22-triene 4d

To a solution of ergosterol 4a (5.0 g, 12.6 mmol) in dimethylformamide (150 cm®), imidazole (2.28 g, 33.5

overnight at 25 °C. At this time the solution was diluted with ice cold water and the solid was filtered and
3

e
washed with water. After crystallization from ethanol the desired compound 4d (5.53 g, 82%) was obtained, as a
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-H), 0.92 (3 H, s, 19-Me), 0.61 (3 H, s, 18-Me). (Found: C, 80.1; H, 11.4. Calcd for C:Hg,OSi: C, 80.23; H,

33-Dimethylthexylsilyloxy-5 a8 a-ethanoergosta-6,22-diene-1'f, 2' 3 -dicarboxylic acid anhydride 5d
3B-Dimethylthexylsilyloxyergosta-5,7,22-triene 4d (5.0 g, 9.27 mmol), dissolved in xylene (50 cm’), was
treated with maleic anhydride (2.7 g, 27.6 mmol) under argon at 135 °C for 2 h. After usual work-up, the crude
residue was chromatographed (hexane-ethyl acetate; 100:5, v/v) to afford the anhydride 5d, as a white solid,
) mp 252-253 °C (from diisopropyl ether); [0]p™" - 25; Vimax (KBr) 1850, 1775, 1370 cm™; 'H NMR
8621 (1H,d,J9.1,7-H), 578 (1 H, d, J 9.1, 6-H), 5.23-5.14 (2 H, overlapping, 22-H and 23-H), 4.07 (1 H,
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-

76 4171



4172 P. Allevi et al. / Tetrahedron 55 (1999) 41674176

.92
A-Pnrr'anil""'lﬂA’)U
G I01 40116470l U, 1) .54, 1L,

v—h
)
4
R
-
3
N
W
[V, ]
-
~
W
v
o~
/
'S
¥
>
o~
»
*1
/
w
-3
3
/"\
S
N’
m—~
*ry
Q
3
S

Fld \ Py

Nnnu {172 mo 04T mmal} an
N i Ul .

1 IVGLFK \1101115 V.

mixture was acidified with HCI (2 M) and extracted with ethyl acetate to afford, after usual work-u
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chromatography (hexane-ethyl acetate; 100:5, v/v), first the dimethylthexylsilyloxylactone 6d, as a white solid
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(1H,d,J9.1, 6-H), 5.23-5.14 (2 H, overlapping, 22-H and 23-H), 4.12 (1 H, dd, J 9.1 and 9.1, 4'8-H), 3.84 (1
H, dddd, J 11.0, 11.0, 6.0 and 6.0, 3a-H), 3.82 (1 H, dd, J 9.1 and 6.5, 4'a-H), 3.14 (1 H, ddd, J 10.5, 9.1 and
6.5, 1'-H), 2.55 (1 H, dddd, J 12.5, 10.0, 7.0 and 3.5, 15a-H), 2.40 (1 H, d, J 10.5, 2'-H), 0.89 (3 H, s, 19-Me),
0.71 (3 H, s, 18-Me). (Found: C, 77.0; H, 10.6. Calcd for CyHgQO5Si: C, 77.11; H, 10.68%).

Further elution afforded the dimethylthexylsilyloxylactone 7d, as a white solid, (138 mg, 47%). mp 261-
262 °C; [a}n® + 4.1; (KBr) 1760 cm™ '"H NMR 6 6.10 (1 H, d, J 9.1, 7-H), 5.83 (1 H, d, J 9.1, 6-H), 5.22-5.11
(2 H, overlapping, 22-H and 23-H), 4.12-4.05 (2 H, overlapping, 3a-H and 3'B-H), 3.70 (1 H, dd, J 9.1 and 6.0,

3'a-H), 2.96 (1 H, d, J 10.5, 1'-H), 2.56 (1 H, ddd, J 12.5, 6.0 and 2.2, 40-H), 2.45 (1 H, ddd, .J 10.5, 9.1 and
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6.0, 2'-H), 0.90 (3 H, s, 19-Me), 0.74 (3 H, s, 18-Me). (Found: C, 77.2; H, 11.8. Calcd for CyHesO5Si: C,
77.11; H, 10.68%).

SO0 mao 07
IS lllb. FLF

anhydrous THF (20 cm’) and treated with LiAIH, (90 mg, 2.37 mmol) under stirring at 0 °C for 2 h. At this time
ethyl acetate was added followed by water and the mixture was acidified with HCI (2 M). Usual work-up and
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identical in all respects to those described above.

(c) Reduction with L and K Selectride.® The anhydride 5d (300 mg, 0.47 mmol) was dissolved in dry,
freshly distilled THF (15 cm’). The solution was cooled to - 50 °C under argon. Selectride® (1.4 cm® of 2 1 M
solution in THF, 1.4 mmol) was injected slowly into the flask. The reaction was stirred for 2 h, then the
temperature was allowed to rise slowly (3 h) to 23 °C. At this time NaOH (0.7 cm’ of an aqueous 4 M solution)
and H,0, (1 cm’® of a 30% solution) were added and stirring was continued overnight. The reaction was then
acidified with HCI (2 M) and extracted with ethyl acetate. ‘"H NMR inspection of the crude mixture, obtained
after usual work-up, showed the presence of both lactones 6d and 7d in a 6:4 ratio. After chromatography the

compounds were obtained in total 80% yield in the same ratio.
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The yields and the ratio of compounds 6d and 7d were comparable with L and K Selectride® also at 23 °C.

Hydroxylactone Ta

The silyloxylactone 7d (500 mg, 0.80 mmol), dissolved in THF (10 cm®), was treated with aqueous HF

(0.5 cm® of a 48% solution) at room temperature for 1 h. The solution was concentrated under reduced pressure,
diluted with water and extracted with ethyl acetate. After usual work-up the crude desired compound 7a was
obtained, as a white solid, (300 mg, 78%): mp 224-226 °C (from diisopropyl ether); [a]p> +8.3; with all
nhvuecinachaminal nranartiac idantical with thnca rannrtod 12
yll: DiwVwilwiiiliwlil yl. VP\JI AW INBWAILAIVALE VY ALIL LIAU OO lval WAL
3Tosyloxylactone Te

Tug hvudravulaontana Ta 7822 o 111 mmall dicenlvad in numdina (O rmd) wma froatad  wsith 2.
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toluenesulfonyl chloride (617 mg, 3.2 mmol) at 25 °C for 24 h. The reaction mixture was poured into ice-cold

2
aqueous HCI (1:4 v/v) and extracted with ethyl acetate. After usual work-up the desired compound 7e was

LIRS 1740 1270 ool Ly v 8
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dddd, J 11.0, 11.0, 6.0 and 6.0, 3a-H), 4.08 (1 H, dd, ./ 9.0 and 9.0, 3'3-H), 3.66 (1 H, dd, /9.1 and 5.5, 3'a-
H), 282 (1H,d,J9.5, 1H), 2.58 (1 H, ddd, J 13.0, 6.0 and <1, 4a-H), 2.43 (1 H, ddd, /9.5, 9.1 and 5.8, 2'-
H), 2.41 (3 H, s, CHsPh), 0.88 (3 H, s, 19-Me), 0.72 (3 H, s, 18-Me). (Found: C, 73.6; H, 8.7. Calcd for
CaoHis40s8: C, 73.78; H, 8.57%).
Trienelactone 9

The lactone 7e (800 mg, 1.26 mmol) dissolved in sim-collidine (3 cm®) was refluxed for 4 h. The reaction

mixture was then poured into ice-cold aqueous HCl (1:4, v/v) and extracted with ethyl acetate. Usual work-up

and purification by argentic column chromatography [silica gel G/Celite/AgNO; (1:1:0.2, w/w/w) eluting with

hexane-ethyl acetate, 100:3, v/v] afforded the desired compound 9, as a white solid, (414 mg, 71%): mp 120-
; (KB

122 °C; [olp® + 57.
3(1
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1H,dd,J15.0and 7.5, 22-H or 23-H),
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Tetrahydroxylactones 2 and 3 via asymmetric dihydroxylation (AD) reaction.’GeneraI procedure

AD Reactions were performed on 1 mmol scale of trienelactone 8 or 9 using the following experimental
conditions reported by Sharpless.'® A mixture of fert-butyl alcohol (10 cm®), water (10 cm®) and AD-mix-B (2.8
g) was stirred for few minutes at room temperature until two clear phases were produced. Methanesulphonamide
(190 mg, 2 mmol) was then added and the mixture was cooled to -5 °C before adding the trienelactone 8 or 9 (1
mmol). The mixture was then stirred at 23 °C for two weeks. Sodium metabisulphite (3.0 g) was then added to
the cold reaction mixture and the suspension was stirred for 30 min at room temperature. Extraction with
trichloromethane, usual work-up and chromatographic purification (eluting with dicloromethane-methanol; 95:5,
v/v) afforded the final tetraol 2 or 3.

Trienelactone 8 (460 mg) afforded the tetraol 2 (411 mg, 78%), as a white solid, showing : mp 293-294 °C
(triturated with methanol), (KBr) 3400, 1700, cm™; "H NMR (DMSO-ds): § 6.12 (1 H, d, / 8.0, 7-H), 5.68 (1
H,d,J8.0,6-H),4.35(1 H,d,J54,3-0H),431 (1H,dJ20,2-0H),4.17 (1 H,d, J6.0, 22-OH), 4.05 (1 H,
dd, J 9.4 and 9.4, 4'3-H), 4.00 (1 H, d, J 6.0, 23-OH), 3.81 (1 H, dddd, J 3.5, 3.1, 3.1 and 2.0, 2a-H), 3.79 (1
H, dd, /9.4 and 4.7, 4'a- H), 368¢( H, dddd, J 119,54, 50and 3.5 3a-H), 3.62 (1 H, ddd, J 10.0, 94 and

iy -

4.7, 1'-H), 3.49 (1 H, ddd, J 6.0, 5.4 and < 1, 22-H), 3.14 (1 H, ddd, J 6.0, 5.4 and 4.0, 23-H), 2.54 (2 H,
overlapping, 15a-H and 2'-H), 1.94 (1 H, dd, J 15.5 and 3.1, 1B-H), 1.85 (1 H, dd, J 15.5 and 3.1, 1a-H),1.63

T A4 T11TQ0ond 110 ARIN 1 K2 /1T H AAd 711 Qand &N A~ NQYTMNLI A TAQ 27T NMay N2 /M Y
\l 1, U, v 11,7 alld 11,7, 'lp“.ll}, 1.4 \l 11, Uu, v 11.7 alvd J. v, "I\k'll} U Q1r \ 11, U, J V.7, Al‘l'lc], v. 00 \.J 11,
d, J 6.9, 26- or 27-Me), 0.78 3 H, d, J 6.9, 26 or 27-Me), 0.75 (3 H, s, 19-Me), 0.74 3 H, d, J 6.9, 28-Me),
0.63 (3 H, s, 18-Me). (Found: C, 72.3; H, 9.7. Caled for C3HsoOs: C, 72.42; H, 9.50%).
Merianalortnna O FALN o) affacdad tha tateanl T oo o whita anlid fANT o TR cshauina: mn 2AQ IKN
1LHicGaIGdaviluiic 7 \"'QUU 111 I QllUI UTAS LR ciiauvn J, ad a WILLC dUI, \'t\ll l5’ IUIDI SIL VWY 1L, lllp O~ LIV
°C(decomp.; triturated with methanol); (KBr) 3400, 1700, cm™; '"H NMR 587(1H,

J5.0,3.5and 2.5, 2a-H), 3.73 (1 H, dd, /9.5 and 7.0, 3'a-H), 3.7 (1H,dd,.]45ana< 1, u-n),348( H,
dd, J 6.5 and 4.5, 23-H), 2.90 (1 H, d, J 10.5, 1'-H), 2.48 (1 H, ddd, J 10.5, 9.5 and 7.0, 2'-H), 2.36 (1 H, dd, J
13.0and 4.5, 4a-H), 2.13 (1 H, dd, J 13.0 and 12.0, 48-H), 2.11 (1 H,dd, / 13.0, 2.5, 18-H), 1.07 3 H, s, 19-

Me), 0.94 (3 H, d, . 6.5, 21-Me), 0.90 (3 H, d, J 7.0, 28-Me),

~Arr T

0.85(3H,d,J7.0,26-or27-Me), 0.83 (3 H, d, J
7.0, 26- or 27-Me), 0.73 (3 H, s, 18-Me). (Found: C, 72.5; H, 9.4. Calcd for C3:Hs00¢: C, 72.42; H, 9.50%).
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