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Since the method most commonly employed for the preparation of
brassicasterol gave brassicasterol acetate in an overall L% to 5%
yield, an alternate method for the preparation of gram guantities of
brassicasterol and 22,23~dihydrobrassicasterol was Investigated. The
partial syntheses of brassicasterol and 22,23-dihydrobrassicasterol
are described. Brassicasterol and 22,23-dihydrobrassicasterol were
obtained in an overall yield of 25% and 20%, respectively, from
ergosterol via l-ergosterol.

In connection with comparative studies on the utilization and
metabolism of campesterol and 22,23-dihydrobrassicasterol (C-24 methyl
isomeric sterols) by the house fly and other insects, gram quantities
of 22,23-dthydrobrassicasterol were required. Since the method (1) most
camionly employed for the preparation of brassicasterol (ergosta-5 s22-
dlene-3B-ol) and 22,23-dihydrobrassicasterol (ergost-5-ene-38-ol) gave
the first intermediate in about 21% yileld and the brassicasterol acetate
in an overall 4% to 5% yield, an alternate method for the preparation
of 22,23-dihydrobrassicasterol (VIIb) was investigated. This paper
describes the preparation of gram quantities of VIIb from ergosterol.

The solvolysis of ergosterol tosylate (Ib) according to the method
of Nes and Steele (2) gave after chromatography on alumina i-ergosterol
(II) in 55% yield. Oxidation of II with chromic acid in pyridine as

previously reported (3) gave the ketone (III) in 70% yield. The strong
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band at 1656 emL and the ultraviolet absorption band at 250 mp supports
the assigned structure of III. Reduction of III with lithiw: and liquid
ammonia yielded the 3,5-cycloergost—22-ene-b=-cne (Iv). Compound IV
showed a strong band at 1695 en™l indicative of the 6=ketone. The
reduction of IV with lithium aluminum hydride gave the 3,5-cycloergost-
22-ene-bu~ol (V). Analyses of V by thin layer chromatography (TLC) and
gas-liquid chromatography (GLC) indicated only one compound. Catalytic
nydrogenation of V afforded VI in 90 wield. The rearrangement of VI
with zinc acetate in boiling acetic acid, followed by the saponifica-
tion of the acetate VIIa, yielded 22,23-dihydrobrassicasterol (VIIb).
The rearrangenent of V with zinc acetate in bollingz acetic acid gave
VIITa in nearly quantitative yield. The saponification of VIIIa with

25 methanolic potassium hydroxide gave brassicasterol (VIIIb).

The physical properties of VIIb, VIIIb, and their derivatives
are in agreement with published data. Their relative retention tines
on three GLC systems also acreed with those of authentic naturally-
occurring material.

By isolating only the‘intemnediates II and III, brassicasterol
can be obtained in an overall purified 7ield of 253. 22,23-Dihydro-
brassicasterol can be obtained in an overall yield of 20 by isolating
the intermediates II, III, and V. [ith impure V the hydrogenation of
the 22-double-~bond proceeds slowly or not at alle.

The reduction of the double bond at C=7 of campound III with
lithium and liquid ammonia afforded as expected the naturally=occurring
B—confizuration at C-8. Barton and Robinson (1) have shown that the
reduction of 3B-acetoxyerzosta—~7,22-diene~G-one by lithiwam and 1iquid

armonia afforded the product with the B-configuration at C-8. These
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authors demonstrated further that carbanion reduction processes in
alkaline media which involve the creation of asymmetric centers
usually appear to afford the sterochemically more stable products.

The catalytic hydrogenation of IIT with palladium on charcoal gave
a mixture of compounds, IX and X. The conversion of X to VI and sub-
sequently to 22,23~dihydrobrassicasterol (VIIb) indicates that the more
stable B=configuration also was formed at C-8, under the hydrogenation
conditions employed.

The hydroxyl group of compounds V and VI have been assigned the
ba~configuration. Wagner and Wallis (4) found that reduction of
i-cholestancne with lithium aluminum hydride afforded exclusively
epi-i~cholesterol and that epi-i=-cholesterol afforded cholestercl on

rearrangenment with zinc acetate and acetic acid, followed by saponifi=-
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cation. Thus, the 3B-~hydroxy products VIIb and VIIIb would be obtained
from the rearrangement of V and VI regardless of the ordientation of the
hydroxyl group at C=H+ 'The nmore positive specific rotation ol +35°

for V further supports the assimment of the Gu~hydroxcl, as compared
to a +15° for XI which has the 4p-hydroxyl configuration.

The conversion of ergosterol to brassicastercl and 22,23-dihydro-
brassicasterol via the i-ergosterol is a convenient procedure and affords
an improved yield of brassicasterol and 22,23-dihydrobrassicasterol of
very high purity. This method of preparation also eliminates the high
temperature sealed tube reaction employed in the previous synthesis (1).

EXPERTMENTAL

All melting points were determined on the Kofler (5) blocke
Rotations were determined in approximately 1% solutions in chloroform
at 23°. Infrared spectra were obtained in CSp with a Perkin-klmer (5)
model 221 prism grating double-beam spectrophotometer. Gas-liquid
chromatography analyses were made on Barber—Colman (5) models 10 and
15. A radium sulfate ionization source was used in the detector cell
and arzon was the carrier gas. The inert support was prepared and
coated according to the method of VandenHeuvel et al. (), and the

gas=liquid chromatography systems used were SE~30, OF=1, and NGS.
Activity grade II neutral alumina (Woelm) was used for chromatography.

i-Ergosterol - A mixture

of 10.0 g of dried ergosterol(la), 60 ml of pyridine, and 1R.0 g of
~-toluene~-sulfonyl chloride was allowed to stand at room temperature

in the dark for 18 hr and was poured into a liter of cracked ice and
water. The crystalline ergosterol tosylate (Ib) was collected and
washed with 2% ice cold potassium carbonate solution and ice cold water.
The wet tosvlate (theoretical ryield of 13.%8 z) was dissolved immedi-
ately in 1 liter of acetone at 20° C and was added to a boiling solution
of 7.0 g of potassium carbonate in 875 ml of water and 2.1 liters or
acetone over a 5 mine. periode The mixture was refluxed for an addi~
tional 15 mine. and distilled at atmospheric pressure. Approxinately
2.0 liters of acetone was collected. The mixture was diluted with
1.5 liters of water and kept overnight at C°. The semicrystalline
solid was collected, dissolved in ether, and the ethereal solution
was dried over sodium sulfate and evaporated to dryness in yacuo.
The residue (10.0 g) was dissolved in 100 rl of hexane, adsorbed on
a column of 220 g of hexane-washed alumina, and eluted as follows:
1-2, 250 ml fraction of hexane; 3=/, 250-ml fractions of hexane-benzene
(3:1); 4=11, 250 ml fractions of hexane-benzene (1l:1) and 250 ml
fraction of benzene.
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Fraction 1 yielded 1.6 g of crystalline j-hydrocarbon, and
fractions 3=4 gave 1.0 g of a yellow oily residue. Crystallization of
the crystalline fraction (6=10) from dilute acetone yielded 5.5 g of
needles, me.pe. 131=132.5° eD=11° (1it (2) m.p. 132-133°, aD=-11°).

3, 5=Crcloergosta=7,22=diene=b6=cne (III) = To a mixture of 5.0 g of
chromium tricxide in 35 ml of pyridine was added 5.0 g of i-ergosterol
(II) in 35 nl of pyridine and the mixture was left overnight at room
temperature. The mixture was diluted with ether and filtered. The
ethereal solution was washed three times with water, dried over sodium
sulfate, and concentrated to dryness in vacuc. The crystalline product
was crystallized from dilute acetone to give 3 g of 3,5-cicloergosta~
7,22~diene~6-one (III) as plates mep. 168=169°, aD +43°. Apax 250 mu
B 13,800, Vmax 1658 cn~l (Lit (3) mepe 168-169°, oD +43°, jfiax 249 mu
(Log T 4413)s A second crop of material weighing 0.5 g, mepe 165=169°
was obtained.

—-Cycloerpost—22~ene~b=cne (IV) - To a solution of 200 mg of
lithium in 70 ml of liquid armonia was added rapidly with vigorous
stirring 3.4, of 3,5=cycloergosta=7,22=-diene~b=one (III) in 120 ml
of dry ethere. The mixture was stirred for 2 min. after the addition
was completeds If the darl blue color was still present in the reaction
mixture, the excess lithiwa was destroyed immediately with solid
armonium chloride. Usually this step was not necessary. If the blue
color disappeared before the addition of III was campleted, the addi-
tion was stopped and a few milligrams more of lithium was added and
the addition was continued. The reaction mixture was allowed to come
to room temperature, diluted with water and extracted with ether three
times. The ethereal extract was washed twice with water, and dried
over sodiurmi sulfate. The solution was evaporated to dryness in vacuo
to give 343 g of semicrystalline residue. For characterization and
analysis a 0O.5=g portion of the residue was chromatographed over 15 g
of hexane-washed aluminae. Crystallization from dilute acetone of the
fraction eluted with a total volume of 300 ml of hexane gave 400 mg of
IV, mep. 108=110°, aD +5°., Vmax 1695 em=l (6 ketone).

Anal. Calcde. for C28HM,_O: C’ 8[;,.78; H, 11.18. TFound: C, 84066;
H, 10.93.

~Cvcloergost—22-ene=ba=o0l (V) - To a solution of 3.4 g of crude
3,5~cycloergost=22~ene=-b=one (IV) in 140 ml of dry ether was added
0.6 g of solid lithium aluminum hydride and the mixture was refluxed
for 2 hr. The mixture was cooled and the excess lithium aluminum
hydride was destroyed immediately with ethyl acetate and then treated
with water (IV allowed to stand overnight in the presence of lithium
aluminum hydride resulted in the cleavage of the 3,5=-cyclopropane ring).
The aquecus layer was separated and extracted with ether and the extracts
cambined. The ethereal extract was washed with water, dried over sodium
sulfate, and evaporated to dryness in vacuo. Crystallization of the oily
residue from acetone~acetonitrile yielded 3.0 g of V as spears, m.p.
92-93°, aD +35°, Ymax sharp bands at 3000, 3070, shoulder at 3030 cm~l
(cyclopropane ring)e

Anal. Calede for Cpghg0: C, 84355 H, 11.63. Found: C, &4.70;
I, 11.38.
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3,5=Cycloergostan=0a=0l (VI) ~ A mixture of 2.9 g of 3,5=cyclo~-
ergost=22=-ene~6a-ol (V), 1.0 g of 105 palladium on charcoal, and 75 ml
of ethyl acetate was shaken with hydrogen at roon temperature and
atmospheric pressure for 5 hr, at which time cne ncle equivalent of
hydrogen had been absorbed. The catalyst was removed by filtration
and the solution was concentrated to dryness in vacuc. The crystalline
residue was crystallized from acetone—acetonitrile and ;ielded 2.5 g of
VI, mepe 96=98°, aD +65°, Vmax sharp bands at 3010, 3070 cm—l, shoulder
3030 cm=l (cyclopropane ringz).

Anal. Caled. for Coglyg0: C, 83.93; H, 12.07. Found: C, 84.20;
H, 11.90.

22,2Q-Dihﬁgrobrassicasterol £VIIb2 - A mixture of 22 of 3,5-
cycloergostan=ba=-ol (VI), e/ g of freshly fused zinc acetate in 40 ml
of acetic acid was refluxed with magnetic stirring for 3 hr. The
solution was cooled, diluted with water, and filtered to give the crude
acetate (VIIa). Saponification of VIIa with 27 methanolic potassium
hydroxide gave 2.0 g of VIIb. The material was adsorbed on 60 g of
hezcane-washed alumina and eluted as follows: fraction 1, 400 ml of
hexane; fraction 2, 400 ml of benzene~hexane (1:1); fraction 3, 400 ml
of benzene; and fraction 4, 100 rl of ether. Fraction 4, crystalligzed
from dilute acetone, yielded 1.7 g of 22,23=dihydrobrassicastercl, mepe
158=159°, aD =44° (Lit (7), meps 158°, oD ~46°).

Anal. Calcd. for Cpg;g0: C, £3.93; H, 12,07. Found: C, 834603
H, 12.33.

GLC analyses on three chromatographic systems showed only one pealc.

22,23-Dih7drobrassicasterol acetate (VIIa) - A mixture of 1.06 g
of 3,5=cycloergostan-ba~ol VI, 2.(z0of fused zinc acetate, 25 ml. of
acetic acid was refluxed with magnetic stirring for 2 hr. The solution
was cooled, diluted with water, and filtered. Recrystallization of the
crystalline material from acetone-methanol gave 1.0 g of VIIa as plates,
Mepe 146=148°, aD =49° (Lit (7) nep. 145°, aD =46°).

Anal. Calcde for C3oHz00: C, Cl.39; H, 11.38. TFound: C, £1.60;
H, 11.20.

Brassicasterol (VIIIb) - A mixture of 1.0 g of 3, 5=cycloergost =22~
ene~ba=ol (V), 2.0 g of fused zinc acetate, 25 ml of acetic acid was
refluxed for 2 hr and worked up in a similar manner as in the prepara-
tion of VIIbs After the saponification of the acetate and recrystalli~
zation from dilute acetone, 856 mz of VIIIb was obtained, mepe 149~151°,
oD -66° (Lit (8,1), m.p. 148° aD ~64°, m.pe. 150=151°, aD =50°).

Anal. Calcd. for Czé{h60: C, 81.;.-35; H, ]_].0630 Found: C, 84-50;
H, 11.59.

The GLC analyses of brassicasterol on a SE-30, QF-L, and !GS colum
gave identical relative retention time as authentic brassicasterol.

Its infrared spectrum was identical with that of authentic brassica=-
stercl.
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3, 5=Creloergostan=6=one (X) and 3,5-cycloergost=7=ene=b=one (IX) -
A mixture of 2.4 g of 3,5-cycloergosta-7,22-diene-6-one (III), 1.0 g
of 10% palladium on charcoal, and 250 ml of ethanol was shaken with
hydrogen at roon temperature and atmospheric pressure for 8 hre The
catalyst was removed by filtration and the solution was concentrated
to dryness in vgcuo. An infrared analysis of the crystalline material
showed that the double bond at the 22-position had been completely
reduced. Carbonyl absorption bands gt 1695 cm~l and 1658 cm=l indicated
an incomplete hydrosgenation at the o7 position. The material was chrom=-
atographed over 50 g of hexane-washed alumina and the material was
elubted from the column with 100 ml fractions of hexane. Fractions
1-3 exhibiting only the carbonyl absorption bands at 1695 cm=l were
corbined and recrystallized from dilute acetone to give 914 mg of
3, 5=cycloergostan—-6—one (X), mepe 108-110°, oD +33°.

Anal. Calcd. for Cpgll;g0: C, 84.35; H, 11.63. Found: C, 84.32;
H, 11.55.

Fractions 11-14 exhibiting carbonyl absorption band at 1658 emL
were combined and recrystallized from dilute acetone to give 570 mg of
IX, mep. 1A2-144°, aD +77°, Anax 249 ap E 11,987,

Anal. Caled. for Cpglly;0: C, 84.76; H, 11.18. Found: C, 84.50;
H, 11.31.

I'ractions 4~10 still consisted of a mixture of IX and X.

The reduction of X with 1lithium aluminum hydride gave VI and
subsequent treatment with zinc acetate in acetic acid and saponification
of the acetate yielded 22,23-dihydrobrassicasterol (VIIb). The
physical properties of VIIb were identical to those of VIIb obtained
by the lithium=liquid-artionia reductive synthetic pathway to 22,23~
dihydrobrassicasterol. Their infrared spectrum and GLC relative
retention times on three GLC systems were indistinguishable.

3,5-Crcloergost=22~ene~H8=0l (XI) = To 140 mg of brassicasterol
(VIIIo) in 3 rl of dry pyridine was added 210 mg of p-toluene-
sulfonyl~chloride. The mixture was kept in the dark for 18 hr at
room termperature and was poured into 25 ml of cracked ice and water.
The crystalline brassicasterol tosylate VIIIc was collected and washed
with ice cold 2 potassium carbonate solution and water. An infrared
analysis showed that the tosylate VIIIc had been formed. The crude
tosylate in 55 ml of acetone, 5.6 ml of water, and 131 mg of potassium
bicarbonate was refluxed for 4 hr. The solution was reduced in volume
to about 10 ml and stored at 5° overnight. The precipitate was
collected, dried, and chromatographed over heixane-washed alwuina.
The colurn was washed with 100 ml of hexane and further eluted with
25-11 fraciions of hexane-benzene (1:1). TFractions 4=7 crystallized
fror acetonitrile-acetone zave 79.C mg of XI, mepe 113-115°, oD +15°,
V nax sharp band 3015, 3060 an~l (cyclopropane ring).

Anale Calcd. for Cogl)e0: C, 84e35; H, 11.63. TFound: C, £4.40;
H, ]_1.333'
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