
85 

SYNTHESIS OF ANALOGS OF ~-ECDYSONE. A SIMPLIFIED 
SYNTHESIS OF 26,36,14~-TRIHYDROXY-7-EN-6-ONE- 

5~-STEROIDS 

Malcolm J. Thompson, 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; 28,3O,14(x-trihydroxy-5~-cholest-7-an-6-one, 
2~, 3~, 14(~- trihydroxy-27-nor- 58- chole st-7- en-6- one, 2~, 3~, l~-trihydroxy- 
(24R) -5~-ergost-7- en-6- one, and 2~, 3~, 14(~- trihydr oxy- (24R) -5~- stigmast- 
7-en-6-one, and their mass spectral data and that of their 5G-isamers 
are presented. Also ll aerivatives of the 28,3B,l~-trihydroxY-5O- 
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 insects. 

In a previous report (i), we showed that certain synthetic 

compounds containing structural features similsLr to the insect 

molting hormone when ingested were effective inhibitors of larval 

growth and development in several species of insects though the 

insects hormones, G-ecdysone (I) and 20-hydroxyecdysone (la), were 

inactive or considerably less active. The most active synthetic 

analog, 2~,3~,14~-trihydroxy-5~-cholest-7-en-6-one (XII), also 

inhibited ovarian maturation and thus is a chamosterilaat. 

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

published methods of synthesis for this analog and previous methods 
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we describe the preparation of eleven derivatives of compound XII 

and their physical properties. Three additional 5B-steroids (XIII, 

XV and XVIII) with specific structural features were synthesized to 

better define the relationship of structure to biological activity. 

In a separate paper in this issue of Steroids, we report on the re- 

lationship of the structure of these synthetic ecdysone analogs to 

certain biological activities in insects (~). 

The reaction of cholesterol tosylate (II) with diborane in 

tetrahydrofuran followed by hydrogen peroxide treatment (5) in the 

presence of sodium bicarbonate solution gave the 6~-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 at m/e 351 indicating a loss of H20 

(M-18) from m/e 386 to m/e 368 and a weak metastable at 357 indicating 

a loss of methyl (M-15). The &J-6~-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 weak metastable at m/e 351. That V 

was indeed &3-6a-hydroxy-5~-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 chromatography (GLC) on two chromato- 

graphic syst~,~. This behavior would not be expected if the compounds 

differed at 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 

chr~.4c acid solution in acetone (7) gave VI in an overall yield of 

about 70~. Hydroxylation of VI with iodine, silver acetate, and wet 

acetic acid (8) gave the 20-acetoxy-30-hydroxy-6-ketone (VII) and 

subsequent acetylation, and recrystallization gave VIVa in a 49% 

yield. Br~nination of VIla in a solution of acetic acid and hydrogen 

brnmlde yielded VIII, and debrc~4nation with lithium carbonate in 

d4methylformamide gave the 20,3~-diacetoxy-~-cholest-7-en-6-one 

(IX), X m a x .  2h5 m~ in methanol, E 12,000. 

Treatment of the diacetoxy AT-6-keto compound IX with selenium 

dioxide intToduced the lha-hydroxy (9) to give 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 2O,3~,lh<X-trihydroxy- 

5~-cholest-7-en-6-one (XII) and its ~-isomer (XI) in 20% yield (10). 

The major product of the r~.Aini~ mass appeared to be 2O,5~gl~- 

trihydroxy-5~-cholest-8-en-6-one and its ~-isnmer. These two A 8- 

compounds were not very stable and were not easily separated from 

their respective A7-c~.ponent. 

Our method of synthesis has produced i0 g of pure XII from 100 

g of choles~srol, 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 Cz-ecd~sone 

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 fln~1 products 
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(ii). Derivatives of XII and their structural formulas are also 

presented in the experimental section. 

It is noteworthy that the best yield of the 5~-is~ers was 

obtained from the isc~erization of B-steroids that contained the l~- 

hydroxyl group. Even when stronger isomerization conditions were 

employed~ such as in the conversion of VIIa to XIII and XIV, or the 

-~~, a. > -I- 
H O "  
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HO " v ~ - - - ~  
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isnmerization of XVII to XVIII and XIX, the 5B-steroid was o~ly 

produced in 60~o yield. In the isn~erization of IX, which contains 

a A7-double bond, to XV and XVI, the yield of the 5B-is~er was even 

q-~ller, and it was accompanied by other products, especially the 
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8 
-isomers. In this case, the production of the &8-isomer occurred 

even when the conditions of isomerization were extremely mild. 

7 
Interestingly, mixtures of the & -Sa- and 5B-isomers that contained 

the l~-hydroxyl group were easier to separate from each other than 

the corresponding 5~- and 5O-isomers without the l~-hydroxyl. 

We have carried out the synthesis of the 2B~3~,l~-trihydroxy- 

5~-cholest-7-en-6-one (XII) with a m~nimum 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 

crystal 11 zation of XI from XII with methauol without further purifi- 

cation would be as active in producing biological effects in insects 

as the purified substance. 

A biological examination of some of the analogs suggested that 

certain of the compounds planned for this study would be devoid of 

appreciable biological activity. Nevertheless, to obtain a more 

complete evaluation of the relationship of structure to biological 

activity, we married Out the planned syntheses and biological 

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 determ4ued at 23 ° in about 1% solutions in chloroform 
unless otherwise stated. Infrared spectra were obtained with a 
Perkin-Elmer Model 221 prism grating spectrophotcmeter, 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 Variau A-60A NMR spectrometer by using deuterated 
chloroform or p~Tidlne 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 chromatographmasB spectrometer (LKB Produkter AB, Stockholm); the 
samples were introduced directly into the ionization chamber. The 
ionization energy was 70 ev. The diborane in tetrahydrofuran w~s 
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 °, GD -34 ° ) was prepared from stigmasterol by the method of 
Steele and Mosettig (14). The campesterol (~ 95% purity, m.p. 
160-161 e, GD -33 °) was obtained by fractional crystallization of 
soybean sterols from which the stigmast~rol had been removed. A 
Wolff-Kishner reduction (Huang-M~nlon modification) of 25-keto-27- 
n orcholesterol yielded 27-norcholesterol (~99% purity, m.p. 138- 
139", ~D -38°). 

Cholesterol tosylate (II) --A solution of iOO g of cholesterol, 
250 ml of pyridine, and lO0 g of p-toluenesulfonyl chloride was 
-11owed to stand overnight at room temperature. Then the mixture 
was poured into ice and water, and the resultant precipitate was 
allowed to start@ 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 
2OO-mg sample gave rods m.p. 133-135 °, ~D -40 ° . 

3Bt6G-Dihydroxy-SG-cholestane 3~-tosylate (IIl) -- To a stirred 
solution of 138.8 g of cholesterol tosylate in 800 ml of dry tetra- 
hydrofuran at 5", was added over a lO-m4n period 259 ml of 1 molar 
diborane in tetrahydrofuran (5). The mixture was kept at 5 ° for 30 
min. mud 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 in~ediately. The reaction mixture 
was kept at 5 ° for 15 min~ and then removed from the ice bath 
and allowed to stand for 45 rain (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 65 ° in vacuo to give 139 g of crude III, m.p. 
129-132 ° . Recrystallization of a lOO-mg sample from hexane containing 
a trace of methanol gave analytically pure III m.p. 132-134", (zD 
+28 @. Anal. Calcd. for C34H54OhS: C, 73.07; H, 9.74. Found: C, 
72.90; H, 9.50. 

5~-Cholest-2-en-6a-ol (IV and 5G-Cholest-3-en-6~-ol (V) ) . -- 

A mixture of 138.9 g of the hydroxy-tosylate (II), 800 ml of di- 
methylform~m~de, and70 g each of lithium carbonate 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. Analysis by TLC 
indicated a major and two minor components. A 1.O-g sample was 
chromatographed over 60 g of hexane-washed alumina (activity grade If; 
Woelm) and eluted as follows: l, 1OO-ml fraction of hexane; 2-12, 
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lOO-ml fractions of hexaue-ether (4:1)~ The fractions were monitored 
by TLC and ~nermred ~malysis. Fraction 2 consisted of hydrocarbon 
(50 rag) 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 rag) and were rechromatographed. The fractions from 
the first and second chromatography that contained the slower moving 
component were Rombined and recrystallized from acetonitrile to give 
840 mg of the a=-compound (IV), m.p. ll9-121", c~ +83°), ~max in 
CS2 3615 am -± (hydroxyl) 3022, 1652, and 662 am -± (double bond). 

Mass spectrum m/e (tel. intensity) 386 (36), 371 (22), 368 (1OO), 
353 (24), 314 (46), 255 (24), 231 (30) strong re,tastable 351, weak 
metastable 357. Anal. Calcd. for C27H460: C, 83.87; H, 11.99. 
Found: C, 83.70; H, 12.~. 

The fractions that contained the faster moving component were 
combined and recrystallized from acetonitrile to give 84 mg of the 
5a-~olest-3-en-6-ol (V), m.p. 124-126 °, (zD +71",~max in CS~3615 
cm" (hydroxyl), 3028, 1645, and 670 cm-i (double bond). Ma~s 
spectrum m/e (tel. intensity) 386 (25), 371 (1OO), 368 (~5), 353 
(12), 331 (25), 231 (14) strong metastable 357, weak metastable 
351. The methyl resonances of IV and V were super4mposable. 

~nal. Calcd. for C27H460: C, 83.87; H, 11.99. Found: C, 
83.66; H, 12.O4. 

5(z-Cholest-2-en-6-one (VI) -- To a crude mixture of 96.0 g of 
IV and V in 13OO ml of acetone at 20 ° was added dropwise an 8 N 
solution of chromic acid in dilute sulfuric acid until a persistent 
or~-~owa coloration indicated that oxidation was complete (7). 
The mixture was diluted with water and the crystalline material was 
collected, washed with water, and recrystmdlized 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", ~D +35",Vmax in CS o 1712 cm "l (carbonyl), 3030, ]655, and 
665 am -± (double bond) (Lit. ~(15), m.p. 109-110°). 

2~t36-Dihydroxy-5~-cholestan-6-one 2O-acetate (Vll). 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 ,~..11 
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 was mechanically stirred for 40 hr at room temperature. 
At the end of 40 hr~ sodium chloride was added to the mixture, and 
it was stirred for an additional 30 m~n, 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 ssm~ple from acetonitrile gave rods, 
m.p. 213-215", (XD +15e (Lit. (2), m.p. 218-219"). 

2~3~-Dihydroxy-SG-cholestan-6-one 2~3~-diacetate (Vlla)-- The 
crude semicrystall~ne material (~0.5 g) from the preparation ~f VII 
acetylated by the pyridine acetic a-hydride method overnight at room 
temperature afforded after cryst~1 lization frQm hexane, 43 g of V~la, 
m.p. 18~-190 ~, ~D +i0", ~2max in CS~ 1735 cm'" (acetate) 1710 on-" 
(ketone). (Lit. (15,3) m.p. 191-19~'; m.p. 187-188", aD +5"). 
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2Bl3B-Dihydroxy-7G-bromo-SG-cholestan-6-one 2Bt3B-diacetate (VIII) - 
To 43 g of VIIa in a mixture of 900 ml of acetic acid, 279 ml of ether, 
and 5 ml of 32% hydrogen bromide in acetic acid at 40", was added 
dropwise 12 .& g of bromine in 200 ml of acetic acid over a 75-mln 
period. The temperature of the mixture was gradually being raised 
during the addition and had reached 55" when all of the brnmlue 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 and water and the precipitate was collected, 
air dried, and then dried overnight at 65 ° under vacumn to give 
43.5 g of crude VIII. A 1-g sample recryst~11~zed twice from hexane 
gave 550 mg of rods, m.p. ll9-120 °, UD +47" (Lit. (2) m.p. 118-i19"). 

2Bt3B-Dihydroxy-5G-cholest-7-en-6-one 2B~3B-diacetate (IX) -- 
A mixture of 42.5 g of crude VIII, 500 ml of dimethylformamide, and 
42.5 g of lithium carbonate was refluxed for I 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, m.p. 
212-214@_ ~D +39 ° , k max in _m~thanol 245 m~, E12,OOO, 22max in CS 
1745 cm "i (acetate), 1676 cm- (ketone), and 1618 cm -1 (double bo~d). 
(Lit. (2) m.p. 213-214 °, El3,000. 

2B~3B I l~-Trihydroxy-Sa-cholest-7-en-6-one 2B~3B-diacetate 
(X) -- To 23.4 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 ° , k max in methanol 241 ~, EII,2OO, Vmax in Nujol 
3540 (unassociated hydroxyl) and 3430 cm -± ~associated hydroxyl), 
1735 (acetate), 1673 (ketone), and 1625 am-" (double bond) (Lit. 
(2,3) m.p. 231-232 @, E ll,500; m.p. 224-226", C~D +75 °, E 12,8OO). 

2Bt3B~14a-Trihydroxy-5~-cholest-7-en-6-one (Xl) -- To 15.5 g 
of X in 12OO ml methanol at 50 ° was added 30 g of potasslum carb~te 
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-e~hanol (lO:l) showed two spots. The upper spot 
was the 5a-isomer and the lower spot, the major component, showed 
sign of a partially separate component at the botton of the spot. 
The crude mixture was recrystallized from methanol to give 1.O g 
of 26,3B,14(z-trihydroxy-Sa-cholest-7-en-6-one (XI), m.p. 2~5-249 @), 
cd) +71 ° in dloxane, k max 244 m# in methanol, E 12,950. (Lit. 
(2,3) m.p. 254-257°,E ]_1,8OO; m.p. 249-252 ° GD +75", E12,8OO). 

The remaining mass (12 g) that contained about 80~ of the 5B- 
isomer (Xll) was purified by column chrnmatography. 

2Bt3O214G-Trihydroxy-5~-cholest-?-en-6-one (XII) -- The re- 
maining mass (12 g) after the separation of XI, was chr~-tographed 
in 4 g portions on a chloroform-washed Unisil column (upper part of 
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columU3.5 X 54 cmand lower portion 2.5 X 95 am). The 4 g of 
material was placed on the column in a m~nimumamount of chloroform 
and then the column was eluted with chloroform - 95% ethanol (12:l). 
The first fraction of 5OOml of aluantwas collected and discarded; 
then 1OO, 10-ml fractions each were collected. The fractions were 
monitored by TLC; fractions5-20 usually contained small quantities 
of material that had no hydroxyl group at the C-14 position, fractions 
25-35 contained pure XI, fractions 36-40 contained a m~xture of XI 
and XII, fractions 41-70 contained pure XII, and ~ractions 71-85 
csntained XII and increasing amounts of the 5B~-steroid. (The 
A~-ccmpoundwas not always separated by TLC from XII; the fractions 
containing XII were then monitored by infrared analyses). After three 
col~mn chromatographs the fraction containing XI 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 26,3B,l~-trihydroxy-5B-cholest- 
7-en-6-one (XII), m.po 208-210",I~D +77", k max 245 m~ in methanol, 
El2,7OO,~max in NuJol 1657 am- (ketone)~ 1615 am'± (double bond) 
(Lit. (2,3) m.p. 207-209~E12,2OO; m.p. 194-198~ GD +78,E13,6OO). 

A reisomerization of 2.5 g of XI yielded, after separation, an 
additional 1.5 g of XII. Thus, from lOO g of cholesterol, 10 g of 
XIIwas obtained. 

Notes on XII 

Some of XII could be separated from the AS-isomer by recrystal- 
lization from ethyl acetate, since during the crystallization process 
the l~-hydroxyl group of the A°-compound is eliminated yielding 
material that did not readily crystallize from this solvent. 

Treatment of 2~,3~-dihydroxy-5~-cholest-7-en-6-one (XV) with 
selenium dioxide gave XII after recrystallization from ethyl acetate 
with a m.p. 213-214 ° . 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-Z10 ° and after being refrigerated 
for 3 months melted at 2OO-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 161~ cm- region and the ketone absorption had 
shifted from ]%57 cm "± to 1645 and 1625 cm -± region. However, only a 
recrystallization from ethyl acetate and the material again exhibited 
ketone absorption at 1657 am -& and a double bond absorption at 1615 
c~n -1 . 

2~,3~,Dihydrox~-SG-cholestan-6-one (XlV) and 2Bt3B-Dihydrox~- 
5~-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, dried, 
and chromatographed on a Unisil column as used in the purification 
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of XII; the solvent system was chloroform - 95% ethanol (40:i). 
The fractions were monitored by TLC. Recrystallization of the 
faster moving component from acetonitrile gave the 2~,3~-dihydroxy- 
5a-cholestan-6-one (XIV) in 40% yield, m.p. 209-211", O~D +4 °. 
(Lit. (15, 16) m.p. 212-213"; m.p. 213-216 °, O~D +5 ° , also m.p. 
207-209 ° ). 

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

2B~3B:25-Trihydroxy-5~-cholestan-6-one (XIX 1 and 2B~38~25- 
Trihydroxy-5B-eholestan-6-one (XVIII} --Saponification and isomer- 
ization of XVII as in the preparation of XIII and XIV followed by 
column chromatography (Unisil, solvent system chloroform - 95~ 
ethanol (40:1)) and recrystallization of the faster moving component 
from ethyl acetate gave the ~-triol (XIX) 34% yield, m.p. 202- 
2 0 4  ° , ~ +7 ° . 

Anal. Calcd. for C27H4604: C, 74.61; H, 10.67. Found: C, 
74.4o; H, io.71 

Crystallization of the slower moving cemponent gave the 58- 
triolXVIII in 66% yield, m.p. 176-177 °, aD -53 ° . 

Anal. Calcd. for C27H4604: C, 74.61; H, 10.67. Found: C, 
74.57; H, 10.60. 

2~,3~-Dihydroxy-~-cholest-7-en-6-one (XVI) and 2~t3~-DihFdrox~- 
5B-cholest-7-en-6-one (XV). A mixture of IX (7.2 g), lOOOml of 
methanol, llO ml of water, and 3.3 g of potassium carbonate was kept 
at 50 ° for 30m in. Most of the methanol was remove in v~cuo, 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:i)). Eecrystallization 
of the faster moving component from acetonitrile gave the ~ -Sa- 
diol (XVI) in 50% yield, m.p. 208-210 °, ~D +5 ° , k max in metha-ol 
244 m~, E13,5OO,~max in N~Jol 1657 (carbonyl), and 1615 cm "I 
(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 ° , (xD +34 ° , k max 245 
mw ~n methanol, E14, OOO,~max in Nujol 1657 (carbonyl), and 1615 
cm -I (double bond). (Lit. (2), m.p. 201.5-203.5, E 14,600). 

The corresponding 5a- 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 sheWnbelow according to the sequence 

of reaction. 
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TsO / . c ° 
H6H M.P.  ~D 

R : ~ z39-z4o +28 ° 

R :  ~ 138-140 +30 = 

R: ~ 130-131 +21" 

R: " T " V ~ O  H ]_26-198 +22 ° 

¢t It 
© 

R= ~ 78-80 ÷34 ° 

R : ~ 88-9o +34 ° 

R : ~ 86-87 +31 ° 

R: ~ 0  H .126-127 • +33 o 

R 

AC O - . ~  

A c O ~ ~ H l l  ".Br > 
0 

R: ~ 17~-179 +43 ° 

R : ~ 158-160 +47 ° 

R : ~ 93-96 +43 = 
]24-].25 

HOH 

R= 

R 

R .. X T " V ~ o  H 

R 

A C  . 
HII  

O 

R : " T ' ~ ~ o  H 

C ° 

M. P, 

95-99 

109-122 

96-9b 

192-193 

185-106 

139-£4o 

168-170 
185-188 

C~D 

+7~ ° 

+79 ° 

60 ° 

> 

+4 = 

+ 4  ° 

G o 

+7 o 
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AC O - , . ~  

AC O "  C ° 
H II M.P.  C~D O 

m : ~ 211-212 +39 ° 

R ; ~ 212-214 +40 ° 

: ~ 184-185 +30 ° 

$ 

A c 0 - ~ ~ , ,  
A c O " ~  OH 

HII 
0 

R : ~ 254-236 +65 ° 

: ~ 258-241 4-80 ° 

R : ~ 205-205 +72 ° 

H 0 " - ~  
H O / ~  OH 

H II 
O 

R : ~ 2~5-258 +65° l/ 
N : ~ 247-250 +65 ° i/ 

R : ~ 227-230 

H O ' . ~  
HOt H I v ~  OH 

O 

R : ~ 2&0-242 +64 ° 

R : ~ 244-246 +72 ° 

R "- ~ 228-231 +60 ° 

J' '.DlJ:.cn ~n d!o::ane 

~ C~) 
in 

Methanol 

245 
244 
244 

242 

242 

242 

245 

245 

245 

245 

245 

245 

E 
Max 

ii, 500 

ii, 000 

ll, 800 

ll, 000 

ii, 400 

12,000 

12,000 

ii, 800 

12,600 

ll, 500 

12,000 

13,000 



98 S T E R O I D S 16:1 

Nuclear Magnetic Resonance and Mass S~ectral Data of the Synthetic 
Compounds that Contain the Steroid Nucleus of G-Ecd~sone (probe temperature 

was 90-100" } 

2Bt3Balb~z-Trihydrox~-5~-cholest-7-en-6-one --m/e (relative intensity) : 
432 (5), 414 (89), 404 (31), 399 (lOO), 381 (51), 371 (13), 302 (45), 
301 (95), 287 (24), 250 (~), 249 (45), 213 (24). m~,$ 0.75 (18-c~3), 
~.o8 (19-~). 

2~t38 tl4(~-Trihydroxy-5~-cholest-7-en-6-one --m/e (relative intensity) : 
432 (2), 414 (23), 396 (51), 381 (28), 365 (20), 302 (26), 301 (68), 284 
(43), 283 (100), 269 (24), 2~ (17). mm,% o.73 (18-~3), ~.4o (19-CH3)° 

2~I3~a14~z-TrihydroxT-27-nor-5~-cholest-7-en-6-one--m/e (relative 
intensity): 418 (19), 400 (98), 390 (iOO), 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,~ 0.72 (18-%), 
i.~ (19-cH3). 

2~;3~;14~-Trihydroxy-27-nor-5(z-cholest-7-en-6-one --m/e (relative 
intensity): 418 (44), 400 (28), 390 (40), 385 (13). 375 (19), 367 
(9), 357 (]2), 302 (17), 301 (47), 264 (50), 250 (54), 249 (lOO), 
231 (55), 223 (18), 213 (17), 210 (9). NMR, ~ 0.73 (18-CH3), 1.38 
(19-CH3) • 

2~3~ii4~-Trihydroxy-(24R)-5~-ergost-7-en-6-one--m/e (relative 
intensity): 446 (15), 428 (33), 418 (91), 403 (9), 400 (18), 386 
(9), 385 (22), 367 (5), 302 (8), 301 (19), 250 (38), 249 (lO0), 231 
(28), 223 (30), 213 (17), 210 (20). NNR, 5 0.75 (18-CH3), 1.08 (19-CH3). 

2~z3~t 14(z-Trihydroxy-(24R)-Scz-ergost-7-en-6-one --m/e (relative 
intensity): 446 (13), 428 (67), 418 (92), 413 (13), 403 (7), 400 (15), 
395 (22), 385 (20), 367 (5), 302 (lO), 301 (27), 250 (39), 249 (lO0), 
231 (28), 223 (27), 213 (20), 210 (21). NMR,~ 0.73 (18-OH3), 1.39 
(19-C~). 

2~,3~,14(~-Trih~drox~-(24R)-5~-stigmast-7-en-6-one --m/e (relative 
intensity): 460 (2), 442 (18), 432 (6), 424 (89), 425 (31), 422 (18), 
410 (14), 409 (40), 396 (6), 367 (lO), 354 (31), 302 (8), 301 (14), 
284 (59), 283 (100), 269 (23), 255 (ll), 249 (9), 225 (22), 213 (30). 
NMR,~ 0.73 (18-CH3), 1.08 (19-CH3). 

2~,,3~,,14~-Trih~@roxy-(24R)-5~-stigmast-7-en-6-one --m/e (relative 
intensity): 460 (2), 442 (ll), 425 (16), 424 (41), 409 (20), 302 
(14), 301 (28), 284~60), 283 (1OO), 269 (19), 255 (7), 249 (6), 225 
(6), 213 (7). ram, 5 o.73 (~8-cH3), 1.38 (19-c~3). 
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Derivatives of 2~3~ tlb~z.Trihydroxy-5~-cholest-7-en-6-one (XYI) 

O O 

R , O / H I . v ~ l l  I OR" 

0 

R :R'--E.H3)~Si ~ R'--H 

x x l i l  R -- R'-" R"--(C H3)3- Si 

R -" R':Ac~ R":H 

R :Ac~ IT:R":H 

R :CH3j R':R":H 

"~E'XV]q" R':CH3; R:R":H 

XXVll l  R :R'=CH3SO2;R":H 

0 

HO" H I v ~  I 61-1 
OH 

2Ot3~-Dihydroxy-5O-cholesta-7tl~-dien-6-ane (XX) --To a solution 
of 400 mg of XII in 6.3 ml of dry pyridlne at 0 ° was added 1.3 ml 
of trifluroacetic anhydride~ and the reactic~ n~4~ture 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-Umlsil. 
The following lOO-ml fractions were collected: l, benzene; 2-~, 
ether; and 5, ether-methanol (95:5). On the basis of TLC analyses 
fractions 3 and 4 combined and recrystal li zed from ether-hexane gave 
250 mg of XX, m.p. 196-197 e, o0) -61", ~ max 300 n~u in methanol, E13,4OO. 
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Anal. Calcd. for C27H4203: C, 78.21; H, 10.21. Found: C, 
78.11; H, lO.15. 

14~,15[-EPoxy.2~3~.dihydroxy-5~-cholest-7.en-6.one (XXI) -- 
To 186 mg 6f XX in i0 ml of chloroform at 0 ° was added 165 mg of 
m- chloroperbenzoic acid, and the mixture was kept at 0 ° for 30 rain 
~d then poured into ice and 2~ solution of sodium becarbonate. 
The chloroform phase was separated from the aqueous phase, ws~d 
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 rectang~la~ plates, m.p. 189-191", ~D -32 °, k max 
240 m# in methanol, E11,O00. 

Anal. Calcd. for C2~b204: C, 75.31; H, 9@83. Found: C, 
75.20; H, 9.75. 

lhG-Hydroxy-2 ~ t 38-bis (tr imethylsiloxy)- 5O-cholest-7-en-6-one 
(XXII 1 --A mixture of 300 mg of XII, 6 ml of pyridine, 1 ml of 
N,N-bis(trimethylsilyl) acetamide was a/lowed to stand 18 hr at 
~5 ~. Solvent, excess reagent, and reagent by product was r~moved 
at reduced pressure at 50 @. Recrystallization of the residue from 
acetonitrile gave 269 mg of XXII, m.p. 187-188 °, k max 2~8 m~ in 
hexane, E12,0OO, off) ~64"jVmax in C~ 3595, and 3450 cm-i (hydroxyl), 
]%60 (carbonyl) ]%23 cm -A (double bond); secomd crop, 64 mg, m.p. 
186-187". 

Anal. Calcd. for C33~004S~; C, 68.69; H 10.48. Found: C, 
68.23; H, lO@19. 

2~ t3~# 14~-tris (trimethylsiloxy)-SB-cholest-7_ en-6-one (XXlII) - 
A mixture of 200 mg of XII, 5 ml of dJm~Ifoz~amide, and 1.2 ml of 
N,N-bis(trimethylsilyl) acetamide was ~11owed to stand st 80 ° for 
iS-hr. (17). Solvent was removed at 70" with a stream of mitroge~. 
A ~C of the residue showed a major spot that was less polar than the 
bis(trimethylsilyl) ether derivative (XXII). The compound was 
chromatographed over hexame washed Unisil and eluted from the column 
with benzene-hexane (i:i). The fractions monitored by TLC gave 257 

]%25 Vmax in CS~ 1670 (csmbonyl), (double bond), mass spectrum, cm-i 
m/e (rel. i~tensity) (M +) 648 (62), 633 (18), 630 (9), 620 (43), 
558 (43), 530 (14), 453 (lO), 441 (17), 348 (21), 235 (27), 147 (i00). 

2~ t 3~ t 14~-Trihydroxy-5~-cholest-7- en-6-one 2~I3~-diacetate 
(XXIV 1 --A mixture of 200 mg of XII, 2 ml of pyridine, and 0.6 ml 
of acetic anhydride, after standing overnight st 80 ° , yielded 
200 mg of XXIV after recrystallization from dilute methanol, m.p. 
171-173", ~D +76", k max in methanol 244 m#, E12,500. 
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Anal. Calcd. for C31H4806: C, 72.06; H, 9.36. Found: C, 
72.30; H, 9.28. 

2~t3~ I ib~-Trinydroxy-5~-cholest-7-en-6-one 215.acetate (XXV) - 
A mixture of lOO mg of XII, 3 ml of pyridine, and 0.5 ml of acetic 
anhydride stood at O" 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 chrc~to- 
graphed over 6 g of benzene-washed Unisil. The diacetoxy compound 
(XXlV) was eluted with benzene-chloroform (l:l) and the monoacetate 
with chloroform - 1% ethanol. Recrystallization of the monoacetate 
from dilute methanol gave 95 mg of XXV, m.p. 214-217 ° , CZD +71". 

3~ l~z-Dihydroxy-2~-methoxy-SG-cholest-7-en-6-one (XXVI) -- 
A mixture of 200 mg of XII, 12 ml of a~methylformamide, 2 g of lithium 
carbonate, and 1.O ml of dimethyl sulfate was stirred at roam 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 chrcmatog~ahed over 6 g 
of benzene washed-Unisil. The 2~-methoxy compound was eluted fram 
the column with benzene-chloroform (l:l). A formate derivative of 
XII was eluted with chloroform, and unreacted XII was eluted with 
chloroform-methanol (9:1). Recrystallization of the 2~-methoxy com- 
pound (XXVI) from d~lute methanol yielded 90 mg of ret&ngular plates, 
m.p. 170-171 °, ~D +66 °, k max in methanol 244 m~, ~12,70~ NMR one 
methoxy group at 3.33 ppm. 

Anal. Calcd. for C28H4604: C, 75.29; H, 10.38. Found: C, 
74.98; H, lO.18. 

2~Ii~-Dihydroxy-3~-methoxy-5~-cholest-7-en-6-aue (XXVII) -- 
A mixture of 500 mg of 2~,3~ ,lqcz-trihydroxy-Scz-cholest-7-en-6-one 
(XI), 25 ml of dimethylformamide, 3 ml of d~methyl m.l~ate, and 6 
g of lithium carbonate was reacted and processed as in the prepar- 
ation of XXVI. Recrystal I~ zation from dilute methanol gave 190 mg 
of the 3~-methoxy derivative of XI, m.p. 188-191 ° , Q~D +48". The 
190 mg of material was isomerized by heating at 50 ° in 15 ml of methanolj 
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 TLC (solvent system, benzene- 
ethyl acetate (l:l)). The upper zone that moved faster than the 3~- 
methoxy derivative of XI was separated and recrysta] 1 i zed from dilute 
acetone to give 80 mg of the 3~-methoxy-5~-compound (XXVII), m~p. 
190-193" ~ k max 245 m~ in methanol, E12,1OO, Vmax in CS2 3595, and 
3475 cm -~ (hydroxyl) 1670 (carbonyl) and 1618 cm -1 (double bond). 
The 2G-methoxy-5~-ccmpound (XXVI) and the 3B-methoxy-5~-derivative 
(XXVII) had s~m41ar Rf values and infrared spectra. 
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Anal. Calcd. for C28H4604: C, 75.29: H, 10.38. Found: C, 
75.03; H, i0.00. 

2~,3G~14a-Trib~drox~-5~-cholest-7-en-6-one 2~i3~-d~methane- 
sulfomate(XXVIII) --To a solution of 200m£ of XII and i0 ml of 
pyridine at 0 ° was added 2 ml of methanesulfonyl chloride. The mixture 
was allowed to sta~d at 0 ° for 2 hr and was poured into ice and water. 
The precipitate was collected~ washedwith water, and dried. Re- 
crystallization from acetone-hexane gave 185 mg of XXVIII, m.p. 153- 
155 °, cxD_ +73 °, k max in methanol 245 m~, E12,8OO,~max in Nujol 
3~75 c m-l (hydroxyl), 1655 (carbonyl), and 1618 am -± (double bond). 

Anal. Calcd. for C29H4808S2: C, 62.56; H, 8.69. Found: C, 
62.40; H, 8.46. 

28,3O.14a-Trlhydroxy-5~-cholest-7-en-6-one 2~,3~-acetonide (XXIX) - 
A mixture of 200 mg of XII, 20mg of~-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 °, X max 242 m# in methanol, El2,100. (Lit. 
(3) m.p. 182-184.5 °, E~,600). 

50-cholest-7-en-2~3O~6~14~-tetrol (XXX) --A suspension of I 
g of lithium aluminum hydride, 200 mg of XII, and 75 ml of tetrahydro- 
furanwas refluxed for 2 hr. The excess lithium aluminium hydride 
was destroyed by treating the mixture with ethyl acetate, and then 
with w~ter. Dilute hydrochloric acid was added until the solution 
was slightly acidic. The solution w~s 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 camponents (probably the 6a and 6~-hydroxy isomers) that showed 
very little difference in Rfv~lues 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 (lO:l). Recrystallization from acetone gave fine 
needles, m.p. ]33-135 °, ~D +20. 

Anal. Calcd. for C2~4604: C, 74.61; H, 10.67. Found: C, 
74.38; H, 10.70. 
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