85

SYNTHESIS OF ANALOGS OF a-ECDYSONE. A SIMPLIFIED
SYNTHESIS OF 28,3B, lka-TRIHYDROXY-7-EN-6-ONE-
5B-STEROIDS

Malcolm J. Thaompson, William E. Robbins, John N. Kaplanis,
Charles F. Cohen, and Stanton M. Lancaster

Insect Physiology Laboratory, Agricultural Research Service,

U. S. Department of Agriculture,
Beltsville, Maryland 20705

Received: December 20, 1970

ABSTRACT

Several compounds that contain the steroid nucleus of (-ecdysone
were synthesized, namely; 2B,BB,lha-trihydroxy-56-cholest-7-en-6-one,
2B,3B,lha-trihydroxy-27-nor-5p-cholest-7-en-6-one, 28,38, lua-trihydroxy-
(2LR)-5B-ergost-7-en-6-one, and 2B,3B,lla-trihydroxy-(2LR)-5p-stigmast-
T-en-6-one, and their mass spectral data and that of their 5a-isaomers
are presented. Also 11 derivatives of the 28,3B,1l4x-trihydroxy-58-
cholest-7-en-6-one were prepared as were additional compounds with
specific structural features that would help to better define the
relationship of structure to biological activity in imsects.

In a previous report (l), we showed that certein synthetic
compounds containing structural features similar to the insect
molting hormone when ingested were effective inhibitors of larval
growth and development in several species of insects though the
insects hormones, a-ecdysone (I) and 20-hydroxyecdysone (Ia), were
inactive or considerably less active. The most active synthetic
analog, 2B,3B8,1lla-trihydroxy-5p-cholest-7-en-6-one (in), also
inhibited ovarian maturation and thus is a chemosterilant.

Campound XII has been synthesized by others (2,3); however, the

published methods of synthesis for this analog and previous methods
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of synthesizing the a~ecdysone nucleus fram As-ja-hydroxy sterols or
steroids have required a great number of steps. We have shortened
the sequence of reactions at the initial stages and have obtained

an improved overall yield. This paper reports on the synthesis of
several other compounds containing the steroid nucleus of a-ecdysone
and presents the mass spectral data of these 5a- and 5B-steroids,
their physical properties, and the physical properties of the various

Intermediates leading to these 50- and 5p-steroids. 1In addition,
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we descrlbe the preparation of eleven dérivatives of campound XII
and their physical properties. Three additional Sp-steroids (XIII,
XV and XVIII) with specific structural features were synthesized to
better define the relationship of structure to biological activity.
In a seperate paper in this issue of Steroids, we report on the re-
lationship of the structure of these synthetic ecdysone analogs to

certain biologicel activities in insects (L).

The reaction of cholesterol tosylate (II) with diborane in
tetrahydrofuran followed by hydrogen peroxide treatment (5) in the
presence of sodjum bicarbonate solution gave the 6a-hydroxytosylate
(III) in quantitative yield. The detosylation of III with equal
Quantities of lithium carbonate and lithium bromide in dimethylforma-
mide gave IV in 85% yield, V in 10% yield, and about 5% hydrocarbon
(6). The mass spectra of both compounds were interesting. Purified
IV showed a strong metastable et m/e 351 indicating a loss of H,0
(M-18) from m/e 386 to m/e 368 and a weak metastable at 357 indicating
a loss of methyl (M-15). The A?-éa-hydroxy compound (V) showed a
strong metastable at m/e 357 indicating a loss of methyl (M-15)
from m/e 386 to m/e 371 and a week metastable at m/e 351. That V
was Iindeed A?-6a-hydroxy-ﬁz-cholestene was verified by its oxidation
to a 6-ketone that differed from the oxidative product of IV (proof
that the differences in IV and V were not caused by position isomerism
at C-6), and both ketones were not separable by thin-layer chromato-
graphy (TLC) or by gas-liquid chramatography (GLC) on two chromato-
graphic systems. This behavior would not be expected if the compounds
differed et the A/B-ring Junction, with or without double bond in
similar positions. Furthermore, the methyl resonances of IV and V

were superimposable. The mixture of IV and V need not be separated
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since in the future sequence of reactions, the products resulting
from V were removed during purification. The oxidation of IV with
chromic acid solution in acetone (7) gave VI in an overall yield of
about 70%. Hydroxyletion of VI with iodine, silver acetate, and wet
acetic acid (8) gave the 2p-acetoxy-3p-hydroxy-6-ketone (VII) and
subsequent acetylation, and recrystallization gave VIIa in a 499
yield. Bromination of VIIa in a solution of acetic acid and hydrogen
bromide ylelded VIII, and debromination with lithium carbonate in
dimethylformamide gave the 2p,3B-diacetoxy-5a-cholest-T-en-6-one
(IX), A max. 245 mp in methanol, € 12,000.

Treatment of the diacetoxy A7-6-keto compound IX with selenium
dioxide imtroduced the luc-hydroxy (9) to gilve compound X in 65%
yield or in an overall 13% yield from cholesterol. The saponification
and isomerization of X with 2% potassium carbonate in 90% methanol
at 50° for 30 min. gave about 70% of the desired 2B,3B,lha-trihydroxy-
5B-cholest-7-en-6-one (XII) and its 5a-isaomer (XI) in 20% yield (10).
The major product of the remaining mass appeared to be 28,38,lha-
trihydroxy-5p-cholest-8-en-6-cne and its Sx-isomer. These two A?-
compounds were not ver& stable and were not easily separated fram
their respective A?-ccmponent.

Our method of synthesis has produced 10 g of pure XII from 100
g of cholesterol, an overall 9% yield. We also used this method to
obtain milligram quantities of tritium-labeled XII from 1 g of tritium-
labeled cholesterol. Also, other steroids that contain the a-ecdysone
nucleus though differing in carbon number in their side chain, were
synthesized by this procedure. The intermediates of these compounds
and their physical properties are shown in the experimental section

in order of the sequence of reactions leading to the final products
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(11). Derivatives of XII and their structural formulas are also

presented in the experimental section.,

It is noteworthy that the best yield of the 5p-isamers was

obtained from the iscmerization of 5x-steroids that contained the 1lha-

hydroxyl group. Even when stronger isomerization conditions were

employed, such as in the conversion of VIIa to XIII and XIV, or the
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isamerization of XVII to XVIII and XIX, the S5B-steroid was only

produced in 60% yield. 1In the iscmerization of IX, which conteins

a A?-double bond, to XV and XVI, the yield of the 5B-isomer was even

smaller, and it was accompanied by other products, especially the
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A?-isomers. In this case, the production of the Aﬁ-isomer occurred
even when the conditions of isamerization were extremely mild.
Interestingly, mixtures of the A7-5a- and S5p-isomers thet contained
the lua-hydroxyl group were easier to separate from each other than
the corresponding 5x- and 5p-isomers without the lua-hydroxyl.

We have carried out the synthesis of the 2B,38,1lla-trihydroxy-
5B-cholest-7-en-6-one (XII) with & minimm amount of purification.
Only the intermediates VI, VIIa, IX and X were purified and this was
accomplished by crystallization (12). Column chromatography was
necessary only to separate the final products XI and XII. It is
possible that the final mixture remaining after the selective
crystallization of XI from XII with methanol without further purifi-
cation would be as active in producing blological effects in insects
as the purified substance.

A blological examination of some of the analogs suggested that
certain of the compounds planned for this study would be devoid of
appreclable blological activity. Nevertheless, to obtain a more
complete evaluation of the relationship of structure to biological
activity, we carried out the planned syntheses and'bioloéical
studies. We have since synthesized ecdysone analogs that are
considerably more active than any reported here and which are also

specific in their activity for certain species of insects.

EXPERIMENTAL

Melting points were taken on Kofler block (13) and are corrected.
Rotations were determined at 23° in about 1% solutions in chloroform
unless otherwise stated. Infrared spectra were obtained with a
Perkin-Elmer Model 221 prism grating spectrophotameter, and ultra-
violet spectra were taken in methanol, hexane, or cyclohexane with
a Bausch and Lomb spectrophotometer 505. NMR spectra were recorded
at 60 Mc with a Varian A-60A NMR spectrometer by using deuterated
chloroform or pyridine as the solvent and TMS as an internal NMR
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standard. The mass spectra were measured by using a LKB model 9000
gas chromatograph mass spectrometer (IKB Produkter AB, Stockholm); the
semples were introduced directly into the ionization chamber. The
ionization energy was 70 ev. The diborane in tetrahydrofuran was
purchased from Ventron Corporation.

Sterols used in the Syntheses. Cholesterol (m.p. 149-150°)
was obtained from Fisher Scientific Co. and was used without any
further purification. The B-sitosterol (< 99% purity, m.p. 139-
140°, aD -34°) was prepared from stigmasterol by the method of
Steele and Mosettig (14). The campesterol (<« 95% purity, m.p.
160-161°, oD =33°) was obtained by fractional crystallization of
soybean sterols from which the stigmasterol had been removed., A
Wolff-Kishner reduction (Huang-Minlon modification) of 25-keto-27-
n orcholesterol yielded 27-norcholestercl (<99% purity, m.p. 138-
139°, ab -38°).

Cholesterol tosylate (II) --A solution of 100 g of cholesterol,
250 m1 of pyridine, and 100 g of p-toluenesulfonyl chloride was
allowed to stand overnight at room temperature. Then the mixture
was poured into ice and water, and the resultant precipitate was
allowed to stand in ice and water for 3 hr with occasional stirring.
The precipitate was collected, washed thoroughly with water, air
dried, and then dried overnight at 65° under vacuum to give 139
g of cholesterol tosylate, m.p. 130-132°, Recrystallization of a
200-mg sample gave rods m.p. 133-135°, aD -L0°.

3p,6a-Dihydroxy-5a-cholestane 3p-tosylate (III) -- To a stirred
solution of 150.8 g of cholesterol tosylate in 800 ml of dry tetra-
hydrofuran at 5°, was added over a 10-min period 259 ml of 1 molar
diborane in tetrahydrofuran (5). The mixture was kept at 5° for 30
min., and then allowed to stand for 2,5 hr at room temperature. The
mechanically stirred solution was rechilled to 5°, and cold water
(about 15 ml) was added dropwise to react with excess diborane;
then 225 ml of 5% sodium bicarbonate solution and 90 ml of 30%
hydrogen peroxide were added immediately. The reaction mixture
wvas kept at 5° for 15 min, and then removed fram the ice bath
and allowed to stand for ﬂS min (the temperature not permitted to
rise above 30°). The reaction mixture was poured into cool water
and the precipitate was collected, air dried for 2 hr and then
dried overnight at 6%° in vacuo to give 139 g of crude III, m.p.
129-132°, Recrystallizafion of a 100-mg sample from hexane containing
e trace of methanol gave analytically pure ITI m.p. 132-134°, aD
+28°, Anal. Calcd. for C3hH5hth: C, 73.07; H, 9.74. Found: C,
72.90; H, 9.50.

5a~Cholest-2-en-6a-0l (IV) and 5a-Cholest-3-en-6a-ol (V) --
A mixture of 138.9 g of the hydroxy-tosylate (II), ©00 ml of di-
methylformamide, and 70 g each of lithium cerbonate and lithium
bromide was refluxed for 1 hr. The solution was filtered while hot,
and the filtrate was cooled and then poured into ice and water. The
precipitate was collected, air dried for 2 hr, and then dried overnight
under vacuum at 65° to give 97 g of material. Anelysis by TLC
indicated a major and two minor components. A 1l.0-g sample was
chromatographed over 60 g of hexane-washed alumina (activity grade II;
Woelm) and eluted as follows: 1, 100-ml fraction of hexane; 2-12,
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100-ml fractions of hexane-ether (4:1)s The fractions were monitored
by TIC and infrared analysis. Fraction 2 consisted of hydrocarbon
(50 mg) and was discarded, fractions 7-12 were free of the faster
moving components and were set aside, and fractions 4-6 were still
mixtures (300 mg) and were rechromatographed., The fractions from
the first and second chramatography that contained the slower moving
component were gombined and recrystallized fram acetonitrile to give
840 mg of the A°-compound (IV), m.p. 119-121°, oD +83°), p/max in
csp 3615 am~l (hydroxyl) 3022, 1652, and 662 cm~l (double bond).

Mass spectrum m/e (rel. intensity) 386 (36), 371 (22), 368 (100),
353 (24), 314 (46), 255 (2L), 231 (30) strong metastable 351, weak
metastable 357. Anal. Calcd. for C27H1460: c, 83.87; H, 11.99.
Found: C, 835.70; H, 12.00.

The fractions that contained the faster moving component were
combined and recrystallized from acetonitrile to give 84 mg of the
Sa-iholest-B-e_n-6-ol (V), m.p. 124-126°, oD +71°,/max in CS_ 3615
em™" (hydroxyl), 3028, 1645, and 670 cm=l (double bond). Ma%s
spectrum m/e (rel. intensity) 386 (25), 371 (100), 368 (45), 353
(12), 331 (25), 231 (14) strong metastable 357, weak metastable
351, The methyl resonances of IV and V were superimposable.

Anal. Calecd. for CppHygO: C, 83.87; H, 11.99. Found: C,
83.66; H, 12,04,

5a-Cholest-2-en-6-one (VI) -- To a crude mixture of 96.0 g of
IV and V in 1500 ml of acetane at 20° was added dropwise an 8 N
solution of chromic acid in dilute sulfuric acid until a persistent
orenge~trown coloration indicated that oxidation was complete (7).
The mixture was diluted with water and the crystalline material was
collected, washed with water, and recrystellized from dilute acetone
to give a total of 73.3 g of VI, m.p. 104-106°, A sample of this
material recrystallized once from dilute acetone gave rods, m.p.
107-109°, oD +35°, /max in CS, 1712 em~1 (carbonyl), 3030, 1655, and
665 cm~1 (double bond) (Lit. “(15), mep. 109-110°). .

2B,3B-Dihydroxy-5a-cholestan-6-one 2B-acetate (VII). To 67.2 g
of VI dissolved in 2 liters of acetic acid at room temperature was
added 58.82 g of silver acetate, and then 44.8 g of iodine in small
portions was added over a 2-hr period (8). After all the iodine had
been consumed, 6.8 ml of water in 50 ml of acetic acid was added,
and the mixture wes mechanically stirred for 4O hr at room temperature.
At the end of LQ hr, sodium chloride was added to the mixture, and
it was stirred for an additional 30 min, and then filtered, and the
precipitate was washed with hot benzene, and the filtrate was con-
centrated to dryness in vacuo to give 81 g of semicrystalline residue.
Recrystallization of a 200-mg sample from acetonitrile gave rods,

m.p. 213-215°, oD +15° (Lit. (2), m.p. 218-219°).

2B,3B-Dihydroxy-5a-cholestan-6-one 28,3p-diacetate (VIIa) -- The
crude semicrystalline material (80.5 g) from the preparation of VII
acetylated by the pyridine acetic anhydride method overnight at room
temperature afforded after crystallization from hexane, 43 g of VIIa. »
m.p. 188-190°, oD +10°, pmax in CS, 1735 cm~l (acetate) 1710 cm™
(ketone). (Lit. (15,3) m.p. 191-192°; m.p. 187-188°, aD +5°).
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2B, 3p-Dihydroxy-7a-bromo-5a-cholestan=6-one 28,3p-diacetate (VIII) -
To 43 g of VIIa in & mixture of 900 ml of acetic acid, 279 ml of ether,
end 5 ml of 32% hydrogen bromide- in acetic acid at 40°, was added
dropwise 12.4 g of bromine in 200 ml of acetic acid over a 75-min
period. The temperature of the mixture was gradually belng raised
during the addition and had reached 55° when all of the bramine had
been added. The temperature was brought to 70° and kept there for
2.5 hr. The ether was removed in vacuo, and the solution was cooled
and poured into ice end water and the precipitate was collected,
air dried, and then dried overnight at 65° under vacuum to give
43.5 g of crude VIII. A l-g sample recrystallized twice from hexane
gave 550 mg of rods, m.p. 119-120°, aD +47° (Lit. (2) m.p. 118-119°).

2B, 3p-Dihydroxy-5a¢-cholest-7-en-6-one 28,3p-diacetate (IX) --
A mixture of 42.5 g of crude VIII, 500 ml of dimethylformemide, and
42.5 g of lithium carbonate was refluxed for 1 hr. After the lithium
carbonate was removed by filtration, the solution was cooled, diluted
with ice water, and the precipitate was collected and dried. Re-
crystallization from hexane-ether gave 23,5 g of IX as rods, mep.
212-21h°l aD +39°, X max in methanol 25 my, €12,000, Vmax in CS
1745 em™ (acetate), 1676 cm™™ (ketone), and 1618 cm-l (double boﬁd)a
(rit. (2) m.p. 213-214°, €13,000.

28,38, 1kx-Trihydroxy-5a-cholest-7-en-6-one 28,3p-diacetate
(X) --To 25.1 g of IX in 820 ml of dry dioxane at 80" and under inert
atmospheric conditions was added in one portion 23.4 g of selenium
dioxide. The reaction mixture was kept at 80-85° for 30 min, and then
filtered. The filtrate was cooled, diluted with ice and water, and
the crude precipitate was collected and dried. Fractional recrystal-
lization from hexane-acetone gave 15.5 g of X, as needles, m.p.
230-232°, @D +79°, A max in methanol 241 mp, €11,200, ¥max in Nujol
2540 (unassociated hydroxyl) and 3430 cm™ iassociated hydroxyl),
1735 (acetate), 1673 (ketone), and 1625 cm™ (double bond) (Lit.
(2,3) m.p. 231-232°, €11,500; m.p. 224-226°, oD +75°, € 12,800).

2B,3B,1ha-Trihydroxy-5a-cholest-7-en-6-one (XI) -- To 15.5 g
of X In 1200 ml methanol at 50° was added 30 g of potassium carbaate
in 150 ml of water and 200 ml of methanol. The mixture was kept at
50° for 30 min and the solution was reduced to about half its
original volume in vacuo. Water was added to complete the precipi-
tation of the compounds. The precipitate was collected by filtration
and analyses by TLC on silica gel G plate, developed in the solvent
system chloroform-ethanol (10:1) showed two spots. The upper spot
was the 5a-isamer and the lower spot, the major component, showed
sign of e partially separate component at the botton of the spot.
The crude mixture was recrystallized from methanol to give 1.0 g
of 2B,3B,lha-trihydroxy-5a-cholest-7-en-6-one (XI), m.p. 245-2L9°),
oD +71° in dioxane, A max 244 mp in methanol, € 12,950. (Lit.
(2,3) m.p. 254-257°,€ 11,800; m.p. 249-252° aD +75°, € 12,800).

The remaining mass (12 g) that contained about 80% of the 5B-
isamer (XII) was purified by column chromatography.

2B,3p,l4a-Trihydroxy-58-cholest-7-en-6-one (XII) -- The re-
maining mass (12 g) after the separation of XI, was chromatographed
in 4 g portions on & chloroform-washed Unisil column (upper part of
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columd 3.5 X 54 cm and lower portion 2,5 X 95 cm). The 4 g of
material was placed on the column in a minimum amount of chloroform
and then the column was eluted with chloroform - 95% ethanol (12:1).
The first fraction of 500 ml of eluant was collected and discarded;
then 100, 10-ml fractions each were collected. The fractions were
monitored by TLC; fractions 5-20 usually contained small quantities
of material that had no hydroxyl group at the C-1l position, fractions
25-35 contained pure XI, fractions 36-40 contained a mixture of XI
and XII, fractions 41-70 contained pure XII, and gractions 71-85
cgntained XII and increasing amounts of the 5p-A -steroid. (The

A -compound was not always separated by TLC fram XII; the fractions
containing XII were then monitored by infrared analyses). After thr
column chromatographs the fraction containing XTI were combined and
recrystallized from methanol to give an additional 1.5 g of XI.

The fractions that showed pure XII were combined and recrystallized
from ethyl acetate to give 8.5 g of 28,38, lkx-trihydroxy-5B8-cholest~
T-en-6-one (XII), m.p. 208-210°, aD +77°, X max 245 mu in methanol,
€12,700, Ymax in Rujol 1657 em-1 (ketone), 1615 em~1 (double bond)
(Lit. (2,3) m.p. 207-209%€12,200; m.p. 194-198° ap +78,€13,600).

A reisamerization of 2.5 g of XI yielded, after separation, an
additional 1.5 g of XII. Thus, from 100 g of cholesterol, 10 g of
XII was obtained.

Notes on XII

Same of XIT could be separated fram the A8-isomer by recrystal-
lization from ethyl acetate, sipce during the crystallization process
the lla-hydroxyl group of the A°-compound is eliminated yielding
material that did not readily crystellize from this solvent.

Treatment of 2P,3B-dihydroxy-58-cholest-7-en-6-one (XV) with
selenium dioxide gave XII after recrystallization from ethyl acetate
with a m.p. 215-214°. In some instances, we obtained XII via sapon-
ification and isomerization of X that melted at 202-205°, and we
have had XII that melted at 208-210° and after being refrigerated
for 3 months melted at 200-203°. This compound, however, did not
differ from the original high melting material by infrared and TLC
analyses or the house fly assay.

The infrared spectrum in Nujol of compound XII or other steroids
containing the ecdysone nucleus when recrystallized from aqueous
acetone or aqueous methano} did not exhibit the typical double bond
absorption in the 1615 em ™ region and the ketone absorption had
shifted from 1657 cm™% to 1645 and 1625 cm~! region. However, only a
recrystallization from ethyl acetate and the material again exhibited
ketgne absorption at 1657 cm™! and a double bond absorption at 1615
cm™ .

2B,3p,Dihydroxy-5a-cholestan-6-one (XIV) and 28,3B-Dihydroxy-
5B-cholestan-6-one (XIII) --A mixture of 5 g of VIIa, 250 ml of
methanol, 2.5 ml of water, and 2.5 g of potassium hydroxide stood
overnight in nitrogen atmosphere at room temperature. The solution
was diluted with water, and the precipitate was collected, drieq,
and chromatographed on a Unisil column as used in the purificetion

16:1

€e
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of XII; the solvent system was chloroform - 95% ethanol (%0:1).

The fractions were monitored by TLC. Recrystallization of the
faster moving component fraom acetonitrile gave the 28,38-dihydroxy-
5a-cholestan-6-one (XIV) in 40% yield, m.p. 209-211°, aD +4°,

(rit. (15, 16) m.p. 212-213°; m.p. 213-216°, @D +5°, also m.p.
207-209°).

Recrystallization of the combined fractions of the slower moving
component gave the 5B-iscmer (XIII) in 60% yield, m.p. 180-182°, aD
-57°. (Lit. (16) m.p. 179-180°, aD -58°).

2B,3B,25-Trihydroxy-5a-cholestan-6-one (XIX) and 28,38,25-
Trihydroxy-58-cholestan-6-one {(XVIII) --Saponification and isomer-
ization of XVII as in the preparation of XIII and XIV followed by
column chramatography (Unisil, solvent system chloroform - 95%
ethanol (40:1)) and recrystallization of the faster moving component
from ethyl acetate gave the Sa-triol (XIX) 3L% yield, m.p. 202-
204°, ab +7°.

Anal. Calcd. for Cp7HuEO4: C, T4.61; H, 10.67. Found: C,
74.40; H, 10.71

Crystallization of the slower moving camponent gave the 5B-
triol XVIII in 66% yield, m.p. 176-177°, aD -53°.

Anal. Calcd. for C27Hu6°h: c, 74.61; H, 10.67. Found: C,
74.57; H, 10.60.

28 ,3p-Dihydroxy-5a-cholest-7-en-6-one (XVI) and 28,3p-Dihydroxy-
58-cholest-7-en-6-one (XV). A mixture of IX (7.2 g), 1000 ml of
methanol, 110 ml of water, and 3.3 g of potassium carbonate was kept
at 50° for 30 min. Most of the methanol was remove in vacuo, the
solution was diluted with water and the precipitate was collected,
dried, and chromatographed over Unisil column as in separation of
XII (solvent system chloroform - 95% ethanol (40:1)). Recrystallization
of the faster moving component from acetonitrile gave the A -5a-
diol (XVI) in 50% yield, m.p. 208-210°, aD +5°, X max in methanol
244 myp, €13,500, Vmax in Nujol 1657 (carbonyl), and 1615 cm~l
(double bond). (Lit. (2) m.p. 208-210°, € 14,000).

7 Recrystallization of the slower moving component gave the
A'-5B-diol (XV) in 35% yield, m.p. 203-205°, aD +34°, ) max 245
my i':n methanol, € 14,000, Vmex in Nujol 1657 (carbonyl), and 1615
em™* (double bond). (Lit. (2), m.p. 201.5-203.5, € 14,600).
The corresponding 5x- and 5B-steroids of 27-norcholesterol,
B-sitosterol, and campesterol were synthesized as described for
the synthesis of XII. These compounds and their precursors and their

physical properties are shown below according to the sequence

of reaction.



R

139-1L0

138-1ko0

150-131

126-128

78-80

88-90

86-87

126-127

178-179

158-160

93-96
124-125

STEROIDS

aD

+26°

+30°

+21°

+22°

+34°

+24°

+31°

4330

+42°

+47°

+43°

"3
R:Y\/\/

M. P.

96-99

109-112

96-96

192-193

155-1b6

139-140

168-170
165-188

16:1

abD

+78°

+79°

8o°

+4°

+4°

+‘8°



July 1970 STEROIDS

AcO«
A Max (mp)
AcO~ T c® in c
H o M. P. aD Methanol Max
R = Y\/br 211-212 +39° 245 11,500
R~* Y\/I\I/ 212-214 +40° 2Ly 11,000
T g 184-185 +30° 24l 11,800
R
/\CZC)~\ 0
AcO” : OH
H
O
R = Y\/br 234-236 +65° 242 11,000
R: Y\/l\( 236-241 +80° 2l2 11,00
R:= Y\N 203-205 +72° 2Lz 12,000
R = Y\/h/ 235-238 +3° 1/ 245 12,000
1
R = YW 247-250 w5 Y 2bs 11,800
R-= Y\/\/ 227-230 - 2ks - 12,600
+ R
HO~ .
OH
”~
HO Uy
]
R: T X 2ho-2h2 +6le 2ls 11,500
R: Y\/I\,/ 24246 +72° 245 12,000
R: Y\N 228-231 +60° 2ls5 12,000

i/ Talien in dioiane



98 STEROIDS 16:1

Nuclear Magnetic Resonance and Mass Spectral Data of the Synthetic
Campounds that Contain the Steroid Nucleus of a-Ecdysone (probe temperature

was 90-100")

28,3B,14a-Trihydroxy-5p-cholest-7-en-6-one --m/e (relative intensity):
k32 (5), Gk (89), ok (31), 399 (100), 381 (51), 371 (13), 302 (45),
301 (95), 287 (24), 250 (16), 249 (45), 213 (24). NMR,Q 0.75 (18-CHz),
1.08 (19-0}13).

2B, 3B, 14a-Trihydroxy-50-cholest-7-en-6-one --m/e (relative intensity):
yz2 (2), 4L 51), 381 265 (20), 302 (26), 201 (68), 28k

(43), 283 (100), é69 (24), 213 (17). NMR,Q 0.73 (lB—CH3), 1.ho (19-CH3),

EB,BBJlha-Trihydroxy-27-nor-56-cholest-7-en-6-one --m/e (relative
intensity): G18 (19), H00 (98), 390 (100), 385 (16), 372 (17), 367
(35), 357 (27), 339 (8), 302 (9), 301 (27), 283 (8), 250 (39), 249
(98), 231 (28), 223 (28), 213 (20), 210 (20). NMR,Q O.72 (18-CH3),
1.06 (19-CH3).

2B,3B,1ha-Trihydroxy-27-nor-5x-cholest-7-en-6-one --m/e (relative
intensity): L18 (Lh), Loo (28), 390 (B0), 285 (13), 375 (19), 267
(9), 357 (12), 3G (17), 301 (L7); 26k (50), 250 (54), 249 (100),

231 (55), 223 (18), 213 (17), 210 (9), NMR, § 0.73 (18-CHz), 1.38
(19-CHy) . g

28,38, 140-Trihydroxy-(24R)-5p-ergost-7-en-6-one --m/e (relative
intensity): L& (15), 428 (33), W18 (91), Lo3 (9), 400 (18), 386
(9), 385 (22), 367 (5), 302 (8), 301 (19), 250 (38), 249 (100), 231
(28), 223 (30), 213 (17), 210 (20). NMR, § 0.75 (18-CH3), 1.08 (19-CHz).

2B,38,1ka-Trihydroxy-(24R)-5a-ergost-7-en-6-one --m/e (relative
intensity): BWB6 (13), 428 (67), W18 (92), 13 (13), ko3 (7), koo (15),
395 (22), 385 (20), 367 (5), 302 (10), 301 (27), 250 (39), 249 (100),
231 (28), 223 (27), 213 (20), 210 (21). NMR,p 0.73 (18-0}13), 1.329
(19-0}13).

28,38, 1k-Trihydroxy-(24R)-58-stigmast-7-en-6-one --m/e (relative
intensity): L60 (2), M2 (18), L32 (6), Lok (89), L25 (31), k22 (18),
k1o (14), Lo9 (ko), 396 (6), 367 (10), 354 (31), 302 (8), 301 (1k),
284 (59), 283 (100), 269 (23), 255 (11), 249 (9), 225 (22), 215 (30).
NMR, © 0.75 (18-CHz), 1.08 (19-CHz).

28,38, lla-Trihyaroxy=~(24R)-50-stigmast-7-en-6-one --m/e (relative
intensity): L6O (2), LL2 (11), L25 (16), L2k (L1), ko9 (20), 302
(1), 301 (28), 284 (60), 283 (100), 269 (19), 255 (7), 2k9 (6), 225
(6), 213 (7). NMR, D 0.73 (18-CH3), 1.8 (19-01-13).,
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Derivatives of 2B,3B,lha-Trihydroxy-58~-cholest-7-en-6-one (XII)

HO« HO~ =
XIT — — ©
HOSAY, HO 1~
XX XX1
OH
O HO ™Y
o OH
XXIT R =R=#CH3);Si; REH XXX XXX

XX R:RER"=CHy),Si
XXIV R :R:Ac; R":H
XXL R A R=R':H
XXVL R :CHs; R:R":H
XXVIT R :CHsq; R=R":H
XXVIIT R :R'=CH5S505; R":H

2B, 3p-Dihydroxy-5p-cholesta-7,1l4-dien-6-ane (XX) --To a solution
of 400 mg of XII in 6.5 ml of dry pyridine at O° was added 1.3 ml
of trifluroacetic anhydride, and the reaction mixture was allowed
to stand at room temperature overnight. The solution was poured into
cracked ice and water, and the precipitate was collected and dried.
The material was chromatographed over 15 g of benzene washed-Unisil.
The following 100-ml fractions were collected: 1, benzene; 2L,
-ether; and 5, ether-methanol (95:5). "On the baesis of TLC analyses
fractions 3 and 4 combined and recrystallized from ether~hexane gave
250 mg of XX, m.p. 196-197°, oD =61°, A max 300 mp in methanol, € 13,400,

99



100 STEROIDS 16:1

Anal. Caled. for Cp7HypOs: C, 78.21; H, 10.21. Found: C,
78.11; H, 10.15.

14§, 15f-Epoxy-2p, 3p-dihydroxy-58-cholest-T-en-6-one (XXI) =--
To 186 mg of XX in 10 ml of chloroform et O° was added 163 mg of
m- chloroperbenzoic acid, and the mixture was kept at 0° for 30 min
and then poured into ice and 2% solution of sodium becarbonate.
The chloroform phase was separated from the aqueous phase, washed
with water, dried over sodium sulfate, and concentrated to dryness
in vacuo. Recrystallization of the residue from ether-hexane gave
150 mg of XXI as rectangular plates, m.p. 189-191°, @D -32°, A max
240 mpy in methanol, €11,000.

Anal. Caled. for C 0,: C, 75.31; H, 9.83. Found: C,
75.20; H, 9.75. 27%20%

1ha-Hydroxy-2B,3B-bis (tr imethylsiloxy)-5p~-cholest-7-en-6-one
XXII) --A mixture of 300 mg of XII, 6 ml of pyridine, 1 ml of
N,N-bis (trimethylsilyl) acetamide was allowed to stand 18 hr at
B5%. Solvent, excess reagent, and reagent by product was removed
at reduced pressure at 50°. Recrystallization of the residue from
acetonitrile gave 269 mg of XXII, m.p. 187-188°, A max E?LB mp in
hexane, €12,000, aD +64°, Vmax in CS, 3595, and 3450 cm~! (hydroxyl),
1660 (carbonyl) 1623 en-1 (double bond); second crop, 64 mg, m.p.
186-187°.

Anal. Caled. for C 0,Sia; €,68.69; H 10.48. Found: C,
68.23; H, 10.19. 337604525

28,38, lhx-tris(trimethylsiloxy)-58-cholest-7-en-6-cne (XXIII) -
A mixture of 200 mg of XII, 5 ml of dimethyformemide, and 1.2 ml of
N,N-bis(trimethylsilyl) acetamide was allowed to stand at 80° for
18 hr. (17). Solvent was removed at 70° with a stream of nitrogen.
A TIC of the residue showed a major spot that was less polar than the
bis(trimethylsilyl) ether derivative (XXII). The compound was
chromatographed over hexane washed Unisil and eluted fram the column
with benzene-hexane (1:1). The fractions monitored by TIC gave 257
mg of noncrystalline XXIII, aD +65°, \ max in hexane 238 my, € 11,200,
Vmax in CS_, 1670 (carbonyl), 1625 cm=l (double bond), mass spectrum,
m/e (rel. ifitensity) (M) 648 (62), 633 (18), 630 (9), 620 (L3),
558 (43), 530 (14), 453 (10), bu1 (17), 348 (21), 235 (27), 147 (100).

2B,3p,14a-Trihydroxy-58-cholest-7-en-6-one 28,3B-diacetate
(XXIV] --A mixture of 200 mg of XII, 2 ml of pyridine, and 0.6 ml
of acetic anhydride, after standing overnight at 80°, yielded
200 mg of XXIV after recrystallization from dilute methanol, m.p.
171-173°, aD +76°, A max in methanol 244 myu, €12,500.
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Anal. Caled. for CsHygOg: C, 72.06; H, 9.36. Found: C,
72.30; H, 9.28.

28,38, lia-Trihydroxy-58-cholest~7-en-6-one 2p-acetate (XXV) -
A mixture of 100 mg of XII, 3 ml of pyridine, and 0.5 ml of acetic
anhydride stood at 0° for 2 hr. The solution was then diluted with
water, and the precipitate was collected and dried. By TLC, the
material showed some diacetoxy compound and the mixture was chromato-
graphed over 6 g of benzene-washed Unisil. The diacetoxy compound
(XXIV) was eluted with benzene-chloroform (1:1) and the monoacetate
with chloroform - 1% ethanol. Recrystallization of the monoacetate
fram dilute methanol gave 95 mg of XXV, m.p. 214-217°, aD +71°.

3B, 1ha-Dihydroxy-28-methoxy-5p-cholest=-7-en-6-one (XXVI) --
A mixture of 200 mg of XII, 12 ml of dimethylformamide, 2 g of lithium
carbonate, and 1.0 ml of dimethyl sulfate was stirred at room temper-
ature for 72 hr. The solution was filtered, and the filtrate was
diluted with cold water and the precipitate was collected, washed
with water, and dried. The material was chromatographed over 6 g
of benzene washed-Unisil. The 2B-methoxy compound was eluted fram
the column with benzene-chloroform (1:1). A formate derivative of
XII was eluted with chloroform, and unreacted XII was eluted with
chloroform-methanol (9:1). Recrystellization of the 2B-methoxy com-
pound (XXVI) from dilute methanol yielded 90 mg of retangular plates,
m.p. 170-171°, aD +66°, )\ max in methanol 244 mu, €12,700, NMR one
methoxy group at 3.33 ppm.

Anal. Calcd. for CogHjgOy: C, 75.29; H, 10.38. Found: C,
74.98; H, 10.18.

2B, 1ha-Dihydroxy-3B-methoxy-58-cholest-7-en-6-one (XXVII) --

A mixture of 500 mg of 2B,3P,lLla~trihydraxy->xt-cholest-7-en-6-one
(XI), 25 ml of dimethylformamide, 3 ml of dimethyl sulfate, and 6
g of lithium carbonate was reacted and processed as in the prepar-
ation of XXVI. Recrystallization from dilute methanol gave 190 mg
of the 3p-methaxy derivative of XI, m.p. 188-191°, aD +48°, The
190 mg of material was isomerized by heating at 50° in 15 ml of methanol,
1.5 ml of water, and 300 mg of potassium carbonate for 30 min. The

" solution was diluted with water, and the precipitate was collected,
dried and separated by preparative TIC (solvent system, benzene-
ethyl acetate (1:1)). The upper zone that moved faster than the 3B-
methoxy derivative of XI was separated and recrystallized from dilute
acetone to give 80 mg of the 3p-methoxy-5B-compound (XXVII), mwp-.
130-193" A mex 245 my in methanol, €12,100,V/max in CSp 3595, and
3475 em~l (hydroxyl) 1670 (carbonyl) end 1618 cml (double bond).
The 2B-methoxy-5p-campound (XXVI) end the 3B-methoxy-5p-derivative
(XXVII) had similar Rf values and infrared spectra.
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Anal. Calcd. for C28Hh6oh: c, 75.29: H, 10.38. Found: C,
75.03; H, 10.00.

28,38, 14a-Trihydroxy-58-cholest-7-en-6-one 2B,38-dimethane-
sulfonate (XXVIII) --To a solution of 200 mg of XII and 10 ml of
pyridine at 0° was added 2 ml of methanesulfonyl chloride. The mixture
was allowed to stand at 0° for 2 hr and was poured into ice and water.
The precipitate was collected, washed with water, and dried. Re-
crystallization from acetone-hexane gave 185 mg of XXVIII, m.p. 153-
155°, aD_+73°, A max in methanol 245 my, € 12,800,/ max in Nujol
3475 em~! (hydroxyl), 1655 (carbonyl), and 1618 cm™l (double bond).

62.%%1'8?%?& for 029H1+8°832: c, 62.56; H, B.69. Found: C,

2B, 3p~1ka-Trihydroxy~5p-cholest-7-en-6-one 28,3B~acetonide (XXIX) -
A mixture of 200 mg of XII, 20 mg of p-toluenesulfonic acid, and 25
ml of acetone was refluxed for 1 hr. The solution was poured into
an ice cold 2% solution of sodium bicarbonate, and the precipitate
was collected, and dried. Recrystallization from hexane gave 160
mg of XXIX, m.p. 184-186°, A\ max 242 mp in methanol, € 12,100. (Lit.
(3) m.p. 182-18k4.5°, €12,600).

58-cholest-7-en-28,38,6f, la-tetrol (XXX) --A suspension of 1
g of lithium aluminum hydride, 200 mg of XII, and 75 ml of tetrahydro-
furan was refluxed for 2 hr. The excess lithium aluminium hydride
was destroyed by treating the mixture with ethyl acetate, and then
with water. Dilute hydrochloric acid was added until the solution
was slightly acidic. The solution was filtered, and the filtrate
was reduced in volume and diluted with water, and the precipitate
was collected. TLC analyses showed some faster moving material and,
two components (probably the 6 and 6B-hydroxy isomers) that showed
very little difference in Rf values but had lower Rf values than XII.
The compounds were separated on a Unisil column and the lower zone
(the major component) was obtained pure by eluting with chloroform
- 95% ethanol (10:1).. Recrystallization from acetone gave fine
needles, m.p. 133-135°, aD +20.

Anal. Calcd. for C 0,: C, T4.61; H, 10.67. Found: C,
74.38; H, 10.70. 2776 %

ACKNOWLEDGEMENTS

Thanks are extended to Dr. William Alford and the staff of the
Microanalytical Department of the National Institutes of Health,
Public Health Service, Bethesda, Maryland for the carbon and hydrogen
analyses. We thank the Upjohn Co. Kalamazoo, Michigan for a generous
gift of stigmasterol and the Schering Corp. Bloamfield, New Jersey
for the generous gift of 27-nor-25-keto-cholesterol. We thank Dr.

Samson Dutky of this Laboratory for many of the mass and NMR spectra
determinations.



July 1970 STEROIDS _ 103

10.

11,

REFERENCES -

Robbins, W. E., Keplanis, J. N., Thompson, M. J., Shortino,
T. J., Cohen, C. F., and Joyner, 'S. C., SCIENCE 161, 115€ (1968).

Furlenmeier, A., First, A., Lengemann, A., Waldvogel, G., Kerb,
U., Hocks, P., and Wiechert, R., HELV. CHIM. ACTA 49, 1591 (1966).

Mori, H., Shibata, K., Tsuneda, K., and Sawai, M., CHEM. PHAR.
BULL. 16, 1593 (1968).

Biological data of the ecdysone analogs are reported in this
issue of STEROIDS.

Wechter, W. J., CHEM. and IND. 294 (1959).

In previous published preparations of Aa-compou.nds via detosylation
mgst have_been done with the 6-keto compounds and the resulting
A°- and A-6-keto campouRds are inseparable by GLC (SE-30 or

QF-1) or TILC, thus the presence of the Ad-contaminant has not been
previously obseived.

Bowers, A., Halsall, T. G., Jones, E. R. Ho, and Lemin, A. Jo,
J. CHEM. SOC. 2548 (1953).

Woodward, R. B., Brutcher, F. V. Jr., J. CHEM. SOC. 80, 209
(1959) .

Zicher, A., Heusser, H., Jeger, O., and Geislich, P., HELV.
CHIM. ACTA’37, 1562 (1954).

In our hands, refluxing of X in 0.3% potassium carbonate in 90%
methanol yielded a 60:40 mixture of XI and XII, regpectively, and
is accaompanied by an increase in quentity of the A®-6-keto-58-
steroid instead of a 4.5:1 mixture of XII and XI, respectively,

as previously reported (3). The n8-6-keto compound and XIT

travel together on a TLC plate unless ideal conditions gre obtained
(temperature, activity of plates, etc). However, the AY-campound
is readily detected by infrared analyses.

Carbon and hydrogen analyses were obtained on all of the inter-
mediates and final products and were in agreement with the
theoretical calculated values.

Chromatogrephy of mother liquors of intermediates VI, VIJa, IX,
end X improved the overall yield by only 2%.



104

14,

15.

17.

STEROIDS

REFERENCES

Mention of a company name or a proprietary product in this paper
does not constitute an endorsement of the product by the U. S,
Department of Agriculture.

Steele, J. A. and Mosettig, E., J. ORG. CHEM. 28, 571 (1963).
Wiechert, R., Kerb, U., Hocks, P., Furlemmeier, A., Furst, A.,
Langemann, A., and Waldvogel, G., HELV. CHIM. ACTA 49, 1581
(1966) .

Hora, J., Labler, L., Kasal, A., Cerny, V., Sorm, F., and Slama,
K., STEROIDS 8, 887 (1966).

Galbraith, M. N., Horn, D. He S., Middleton, E. J., and Hackney,
R., Jo CHEM. COMM. 466 (1968).

161



