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ABSTRACT
3B-Hydroxyestr-k-en-1T7-one (Va) and 3p-hydroxyandrost-l-en-17-
one (Vb) were synthesized in good yleld by a series of reactions from
estr-l-ene-3,17-dione (Ia) and androst-l-ene-3,17-dione (Ib), respec-
tively. The estrene derivative Va was required as a key intermediate

in the preparation of the potent progestin, 1T7d-ethynylestr-lU-ene-38,
17B-diol diacetate (XIV).

The importance of l70-ethynylestr-l-ene-3p,17p-diol diacetate
(XIV) (1) necessitated the investigation of methods which might be
applicable for the synthesis of this substance. The previously
described method (2) involved reduction of 170-ethynyl-17p-hydroxy-
estr-l-en-3-one (XV) with lithium-tri-t-butoxyaluminum hydride fol-
lowed by acetylation of the diol XITI. As an alternate approach, we
have found that the diol XIII can be prepared smoothly and in good
yield by ethynylating the intermediate, 3p-hydroxyestr-k-en-1T7-one
(va) (3). The importance of Va as a key intermediate to XIV and
possibly to other 1T-substituted steroids necessitated the develop-
ment of a practical synthesis for this compound.

In 1965 Ward and co-workers (4) reported a simplified method
for the preparation of 3p-hydroxyandrost-l4-en-17-one (Vb). In addi-
tion Loken and Gut (5) described a procedure for preparing a mixture

of Vb and its 3a-hydroxy isomer. These two approaches, however, are
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not suitable for the symthesis of the 19-nor analog Va because of the
difficulty of obtaining the corresponding 19-nor starting materials.
While the literature describes several additional methods which are
useful for the preparation of steroidal substances having a 4-dehy-
dro-3p-hydroxy-17-keto system, most are not conveniently applicable
to the 19-nor series (3,6-9). We wish to report here a process which
is applicable for the synthesis of both 3p-hydroxyestr-i-en-17-one
(va) and 3B-hydroxysndrost-4-en-17-one (Vb) in good yield.

The selective reduction of the %~-carbonyl with sodium borohy
dride in 2-propanol as reported by Mateos (10) was completely
unsuccessful in our hands for transforming the ketone Ia to alcchol
Va indicating random carbonyl reduction, In addition, the use of
sodium borohydride in pyridine as suggested by Kupfer (11) produced
a significant amount of reduction of the 4,5-double bond when
applied to compound Is (12,13).

The selective reduction of I to V was also Investigated using
an electrolytic polarographic technigue. In 1939, Eisenbrand and
Picher (15), and in 1940 Wolfe end co-workers (16) reported the
selective polarographic reduction of the L-dehydro-3-keto system
over the 1T7-ketone in certain steroids. More recently it was estab-
lished that the products of such reductions are not the desired 3-
alcohols but pinacols (17,18). When the diones I were treated under
standard polarogrephic reduction conditions (19), an analogous reac~
tion apparently occurred as evidenced from the reduction potential
of one electron taken up per steroid molecule.

Since the transformation of I ~ V was unsuccessful by direct

selective reduction, a series of reactions was investigated involving
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the use of selective carbonyl protective groups. In 1953, Ercoli
and de Ruggieri (20,21) reported the reaction of the dione Ib with
acetone cyanohydrin to form the cyanohydrin IIb. In our hands, the
best conditions for this transformation involved warming either come
pounds Ia or Ib in methanol with acetone cyanohydrin and a trace of
triethylamine. The highly insoluble cyanohydrins IIa and IIb which
were readily isolated in high yield precipitatedas a mixture of C-17
epimers. Attempts to reduce the cyanohydrins with lithium aluminum
hydride or lithium-tri~t-butoxyaluminum hydride met with failure.
While the 3B-hydroxyl moiety formed in both cases, the basic nature
of the reaction media caused concomitent reversion of the cyanohy-
drin group to the ketone followed by immediate reduction to the diol
VI (22).

It was subsequently found that conversion of the cyanohydrins
to the pyranyl ethers (III) prevented this reversal and permitted
normal reduction of the 3-carbonyl group. Unfortunately, all attempts
to selectively hydrolyze the tetrahydropyranyl group under a variety
of acid conditions afforded & considerable amount of the 3,5-dienes
(XIIa,b) in addition to the desired products.

Obviously, a protective grouping wes necessary at C-17 which
would be resistant to mild basic reduction, but be cleaved with
stronger base conditions. In 1938, Strassberger (23) described the
preparation of the acetate ester of a 1T-cyanohydrin upon treatment
with acetic anhydride at elevated temperatures. Later, in 1946
Ruzicka et al. (24) reported the facile conversion of a cyanohydrin
to its acetate by mild treatment with acetic anhydride in pyridine.

In this regard, it was found that one could esterify the hydroxyl
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group of the cyenohydrins more easily than expected. For exsmple,
treatment with acetic anhydride and pyridine at room temperature for
about 40 hours geve good yields of the tertiary acetates ITI(c,d).
Subsequent reduetion of these esters with lithium-tri-t-butoxyalum-
inum hydride gave good yields of the alcohols IV(c,d) which were
readily hydrolyzed in agueous potassium hydroxide to the desired
ketones, 3f-hydroxyestr-i-en-17-one (Va) and 3B-hydroxyandrostel-
en-17-one (Vb), respectively (25).

Alternatively, a similar series of reactions to those deseribed
sbove was utilized successfully to prepare the intermediate 3-keto-
17-cyanohydrin acetate IXTc. The methyl ether of 3-hydroxyestra-
2,5(10)~dien-17-one (VII) was treated with acetone cyanohydrin as
described above to afford the highly insoluble cyanohydrin VIITa.
Acetylation of VIIIa followed by mild acid hydrolysis of the enol
ether with aqueous acetic acid gave the 5(10)-dehydro-3-keto analog
IX. Subsequent reduction with lithium-tri-t-butoxysluminum hydride
followed by & brief treatment with aqueous potassium hydroxide afw
forded 30-hydroxyestr-5(10)~en-17-one (X) (26). That reduction of
the 5(10)-dehydro-3-keto system occurs from the top side has been
established by Levine (27). The intermediate 5(10)-dehydro analogs
VIIIb end IX could be converted into the 4-dehydro derivative IIIe
by treatment with agueous acetic acid and hydrochloric acid. This
intermediate (IIIc) was identical to that prepared by the sequence
of reactions described before and was suitable for conversion to the
desired final product Va as described above,

The success of the selective reaction of acetone cyanchydrin

with various ketones apparently depends largely upon the rate of
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formation and the solubility of the product. In the case of the
reaction of the dione I and the 1,4-dihydro derivative VII, the
products separated almost immediately and thus prevented any signif=-
icant further reaction with the excess acetone cyanohydrin. When
the dimethyl ketal XI was used, however, the ensuing C-17 cyanohy=-
drin waes epparently too soluble and was not readily isolable.

The overall ylelds of Va and Vb from Ia and Ib were 57 and
52 per cent, respectively. On the other hand, the use of the second
sequence of reactions afforded Va in a U3 per cent yield (28). These
yields represent a considersable improvement over those previously
reported in the literature. For example, the method reported by

Ward et al. (4) afforded Vb in only an 11 per cent yield (29).

BIOLOGICAL RESULTS

While compounds Va and Vb are of interest mainly as interme-
diates to biologlcally more significant substances, they were eval-
uated in several endocrine systems. Unfortunately, neither these
substances nor intermediates thereto possessed any significant
response when evaluated for anabdlic, androgenic, estrogenic, or
anti-estrogenic activities in the appropriate assays. The 170~
ethynyl analogs XIII-XV have been studied and their progestational
activities compared. Using the Clauberg-type test and comparing the
results to that produced by progesterone when administered subcuta-
neously, these substances had the following activity: +the diol XIII -
20%, the diacetate XIV - 100-250%, and the 3-ketone XV - 50%. A
more detailed and comparative endocrinological profile of these sub-
stances will be forthcoming (30).
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EXPERIMENTAL (31)

175 -Cyano-17§-hydroxyestr-h-en-3-one (IIa).--To a solution of Ia
(10.0 g) and triethylamine (2 drops) in methanol (32) (30 ml) was added
with efficient stirring acetone cyanohydrin (10 ml). A precipitate
began forming in a few minutes. The reaction was allowed to stand for

2 hr at ambient temperature. The product was collected by filtrationm,

washed with a small quantity of cold methanol, and air dried. Recrys-
tallization from ethyl acetate afforded compound Ila (9.0 g, 82%), mp

185-189° dec, LaJ 5% Mpox 239 ms (e 18,038) [1it (20) mp 160-161°
dec, [a] -21° (aioxane), A pax 240 mu (e 15,900].

Ansl. Calcd for CygHosNOo2: C, 76.22; H, 8.42. Found: €, 76.58;
H, 8.33.

l7§:gyano-17§-hydroxyandrost-h»en-}-one (I1v).~--To acetone cyano-
hydrin (15 ml) was added with warming Ib (10 g). A few drops of tri-
ethylamine was added and the reaction allowed to stand at room tempera-
ture for 18 hr. The homogeneous reaction mixture was cooled in the
refrigerator and the product separated. The precipitate was collected,
washed with n-hexane, and air dried to give IIb (9.0 g, 8%), mp 187-
188° dec, [11t (20) mp 176-178° dec]. Recrystallization from ethyl

acetate gave an analytical sample, A 240 m (e lb, 970‘-

SR =al oA SRR STs S e BTV ORRE NS A Ve

Anal. Calcd for CgoHa7NO2: C, 76.64; H, 8.68. Found: C, 76.6k;

j¢]
h, 0.91.

17€-Cyanoestr-4-ene-38,17E-diol 17-Tetrahydropyrsayl Ether (IVa).
--A mixture of IIs {(14.0 g) in benzene (80 ml) containing freshly dis-
tilled dihydropyran (3.4 ml) and p~toluenesulfonic acid monohydrate
(5 mg) was allowed to stir at room temperature for 24 hr. After 0.5 hr.
of the reaction, the mixture became homogeneous. The reaction mixture
was washed with water several times and dried over anhyd.rous sodium sule
fate containing decolorizing carbon \uﬁfﬁ@). The solvent was removed in
vacuo to leave the product IIXa (2.1 g) as a non-crystallizable oil,
. 239.5 mu (e 14,200), A __ 5.97, 6.17, 9.3, 9.62 u. From the
spéctral properties, the pro‘H“ct without further purification was
suitable for the following reaction.

To & solution of IIIa (9.0 g) cooled in an ice-bath in tetrahy-
drofuran (100 ml) was added with stirring, a mixture of commercial

- ade o .y - RO SO S 4 .
lithium-uu.-u-uutuayu.u.wlu.uum hydride (16 g 1 in tetrahydrofuran (100 nu.}.

The reaction was stirred for 2 hr with the temperature gradually
becoming embient. The solution was poured into an acetic acid-ice and
water mixture (5%, 1200 ml). A sticky solid formed and wes extracted
with ether. The extract was washed with 5% sodium bicarbonate solution
followed by water and dried over anhydrous potassium carbonate cone
taining Darco. The solvent was removed in vacuo to leave a non-
crystalline product (33) IVe (8.7 g, 96%), [a]D -18°,

9 Anal. Calcd for 024H35N03: c, 7"‘-‘*7} H, 9-3"‘- Found: C, 71".67;
H, 9.15. -
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17¢ -Cyanocandrost-li-ene-38,17€~diol 17-Tetrah ranyl Ether
(IVb).=-A solution of IIb (2.0 g) in benzene (B0 ml) and dihydropyran
(1.6 m1) containing a few crystals of p-toluenesulfonic acid monohy-
drate was reacted as described above. Solvent removal left a yellow,
non-crystallizable oil (IIIb) which was suitable for reduction as
determined from the spectral data.

To the above residual oil (IIIb) in tetrahydrofuran (25 ml) was
added a mixture of lithium-tri-t-butoxysluminum hydride (4.0 g) in
tetrahydrofuran (25 ml). The reaction was conducted as described above
to give the product IVb as an oil (33), Mpax 2°T5» 5.98, 9.3, 9.65 u.

17€ -Cyano-17¢ -hydroxyestr-4-en-3-one Acetate (IIIc).--A.-To &
stirred solution of IIa (5.0 g) in acetic anhydride (25 ml) was added
pyridine (50 ml). The reaction was allowed to stand at room tempera-
ture for 40 hr. The reaction mixture was poured into cold water and
the product extracted with ether. The extract was washed with water,
aqueous hydrochloric acid solution (2%), end then water. After drying
over anhydrous sodium sulfate conteining Darco, the solvent was removed
in vacuo to leave an oil which solidified. Recrystallization from
acetone-water gave the product IIIe (4.7 g, 82%), mp 159-161°, [Q:]D
-6°, A max 238.5 mu (e 17,400).

agnal. Caled for Cz HoyNOa: C, 73.87; H, 7.97. Found: C, 73.87;
H, 7.82.

B.-A solution of VIIIb (0.3 g) in acetic acid (8 ml) containing
hydrochloric acid (0.3 ml, 36%) and water (0.3 ml) was allowed to stand
at room temperature for 24 hr. Water was added and the solution cooled.
White platelets were collected and recrystallized from agueous methanol
to give IIIc (0.24 g, 83%), mp 157-160°, identical with that prepared
above as shown by infrared and ultraviolet spectra, and mixed mp.

C.-A solution of IX in acetic acid was treated as described above
to afford after purification IIIc identical with that obtained before
as established by the usual criteria.

stirred solution of IIb (3.8 g) in acetic anliydride (19 ml)} was added
pyridine (38 ml). Reaction as described above and isolation by pouring
the solution into cold water afforded a solid product which was col-
lected, washed with water, and air dried. Rgc stallization from
methanol gave IIId (3.65 g, 85%), mp 157-159 ,rfal +840, A 239 mu
(¢ 17,800). D max

8 Amlq Calcd for Caastucsz C, 71":333 H, 8.220 Found: C’ 7&'«30;
H, S.u4.

droxyestr-li-en-17-one (Va).--To a solution of IIIc (4.7 g)
in tetrahydrofuran ml) cooled and stirred in an ice-bath and under
nitrogen was added a cooled solution of lithium-tri-t-butoxyaluminum
hydride (20 g) in tetrshydrofuran (90 ml) all-at-once. The reaction
was stirred for 2.75 hr with the temperature gradually becoming ambient.



Oct. 1967 STEROIDS 419

The solution was poured into ice and water (1.5 1) containing acetic
acid (150 ml). The product was extracted with ether, washed with
water several times, and dried over anhydrous sodium sulfate. Solvent
removal in vacuo left a glass (4.5 g, 96%). An infrared and ultra-
violet spectrum indicated the presence of the desired intermediate
alcohol IVc, sulitable for the following reaction.

A solution of IVe (0.2 g) in methanol (4 ml) was warmed to reflux
with sodium carbonate (50 mg) in water (6 ml) for 5 min. The reaction
mixture was cooled in the refrigerator and diluted with water. A
needle-like precipitate formed and was collected. Recrystallization
from methanol-water gave the product (34) Vva (0.1% g, 87%), mp 129-132°,

aJD +120°, nmr 326 (C-k proton), 240-259 (30-H), 54 cps (C-16 methyl).

Anal. Calcd for Cy gHogO2: C, 78.79; H, 9.55. Found: C, 78.86;
H, 9.70.

17€-Cyanoandrost-k-ene-38,176-diol 17-Acetate (IVd).--To a solu-
tion of IIId (2.0 g) in tetrahydrofuran (35 ml) under nitrogen and with
stirring and cooling in an ice-bath was added lithium-tri-t-butoxyalu-
minum hydride (10 2% in tetrahydrofuran (40 ml). Isolation as described
above gave IVd as a glass (1.8 g, 90%) which could not be crystallized
as such, A 2.75, 3.39, 5.69, 6.02, 7.99, 9.43, 9.71 u.

6 8Anal. Calecd for CaoHzyNOs: C, 73.91; H, 8.74. Found: €, 73.75;
H, 8.85.

3B-Hydroxyandrost-4-en-17-one(Vb).--To a solution of IVd (1.5 g)
in methanol (25 ml) was added with stirring potassium hydroxide (0.5 g)
in water (5 ml). The reaction mixture was allowed to stand at room
temperature for 5 min. Water was added to turbidity and a solid formed.
The precipitate was collected, washed with water, and air dried (1.3 g).
Recrystallization from aqueous methanol afforded Vb (1.02 g, 84%) mp
1(35-137% [ad)) +143° {13t mp 133.5-134°, [od ) +34° (4); mp 135-137.5°,
Lol +124° (5); mp 128.5-150° (6)}, A .~ 2.75, 3.k, 5.75, 6.02,
9.70 #, nmr 320 (C-b proton), 240-258 (30-H), 64.5 (C-19 methyl),
and 53.5 cps (C-18 methyl), fnt (%) nmr 319, 246.5, 93, 64.5, 53 cpsl.

6Anal. Calcd for C;gHzgO2: C, 79.12; H, 9.79. Found: C, 78.99;
H’ 90 50

The Acid Hydrolysis of 17§-Cyanoestr-lk-ene-3g,17€-diol 17-Tetra-
hydropyranyl Ether (IVa).--A.-A solution of IVa (0.2 g) in ethyl alcohol
(4 ml) was treated with p-toluenesulfonic acid (0.125 g) at reflux for
1.5 hr. Water was added, the solution cooled, and the precipitate which
formed was collected and air dried. An ultraviolet spectrum indicated
the presence of a 3,5-diene system, A 243 (e 12,200), 235.5
(¢ 19,400), and 228 mu (¢ 18,400). TH& material isolated was 1T7E-
cyanoestra-3,5-dien-17€-0l XIIa as indicated by the spectral data.

Anal. Calecd for C,gHosNO: C, 80.52; H, 8.89. Found: C .
5, 8. G ) s s 719.97;
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B.-The above conditions were repeated at room temperature. HOw~
ever, partially unchenged tetrahydropyran derivative remained with a
significant amount of 3,5-diene being formed as evidenced by the
infrared and ultraviolet spectrum. Changing the solvent in the above
procedure to isopropyl alcohol gave no improvement in the results.

A slurry of VII (10.0 g} in acetone cyanohydrin SO ml was heated on
the stesm bath to 80°, Three drops of triethylamine was added and the
reaction mixture was allowed to come {0 room tempersture. After 2 hr
the total contents of the flask had solidified. The product was col~
lected with the aid of n-hexane to wash the solid onto the filter.

After washing with hexane and drying in the air, the crude product (sp
152-158° dec) was recrystallized from ethyl acetate to give VIIIa

(7.2 g, 66%),; mp 171-1T4° dec. An additional recrystallization from the
same solvent afforded an analytical sample of VIIIa, mp 1T4-177° dec.

6. Anal. Calcd for CpolasNOa: C, T6.6l; H, 8.68. Found: C, 76.85;
H, 8.96.

17§ ~Cyanoestra~2,5(10 g3, 1TE~diol 3-Methyl Ether-l7-acetate
(VIIIb).-<A slurry of VIiia (3.5 g) in acetic anhydride (18 ml) and
pyridine (35 ml) was stirred at room temperature for 48 hr. The reac-
tion mixture was poured into cold water (300 ml) containing acetic acid
(15 ml). A precipitate formed and was collected, washed with water, and
air dried (3.4 g, 86%). Recrystallization from ethyl acetate gave VIIIb
(2.25 g), mp 160~162.5°, Ca] +hk,0°,

Anal., Caled for CppHagNOsz: C, Th.33; H, 8.22., Found: C, Th.31;
H, 7.92.

17§-Cyano-17§~hydroxyestr-5(10)-en-3-one Acetate (IX).--A mixture
of VIITb (1.5 &) in acetic acid (21 ml) and water (2.5 ml) was allowed
to stand for 1.5 hr at room temperature. The reaction gradually became
homogeneous during this period. Water was added until turbidity and
the sclution cooled in the refrigerator. A precipitate formed, was
collected, washed with water, and air dried. Recrvswll:.zatmon from
methanol-water gave IX (1.14% g, 92%), mp 129-132°, La} +105°, Mo

no selective sbsorption.

8 Anal. Caled for Cx; HoyNOs: €, 73.87; H, 7.37. Found: C, T73.L48;
H, 8.0%L,

3a-Hydroxyestr-5 (10 )-en-17~one (X}.--To & stirred solution of IX
(0.8 g) in ‘tetrahydrofuran (30 ml) cooled in an ice-bath was added
lithium-tri+t-butoxyeluminum hydride (37) (3.5 g) all-at-once. The
reaction was allowed to stir for 1.5 hr while coming to ambient temper-
ature. The mixture was poured into ice and 5% acetic acid and the
product collected by filtration. The crude product was taken up in
methanol (10 ml) and warmed for 5 min with potassium hydroxide (0.5 g)
in water (2 ml). The reaction mixture was diluted with water and the
product was collected. Recrystallization from acetone-witer afforded
X (0.5 g, T2%), mp 190-193°rf11t (26) mp 192-194°). Tne spectral data
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compared well with that reported earlier by Johns (26) for compound X.

17a-Ethynylestr-4-ene-38,17B-diol (XIIT).(3,35,36)-~A.~To &
stirred mixture of lithium-tri-t-butoxyaluminum hydride (37) (75 g) in
tetrahydrofuran (250 ml) under nitrogen and cooled in an ice-bath was
added all-at-once a solution of XV (36) (30 g) in tetrahydrofuran
(400 m1). The reaction was stirred for 2 hr with the temperature grad-
ually becoming ambient. The reaction mixture was poured into a 10%
acetic acid-ice and water solution. The crude product (XIII) (39) was
collected, washed with water followed by 5% sodium bicarbonate solution,
and air dried, (25 g, mp 129-134°). Recrystallization from acetone-
water (25) afforded XIII (17.5 g, 58%) melting at 142-144°. An analy-
tical sample of XIII was prepared by an additional recrystallization
from acetone-n-hexane, mp 1h4-145°, D -30°, My 1O selective absorp-
tion {1it (35) mp 147-149°, [al_ -39° “(EtoH)},™™ mmr 325 (C-b H),
2h1.259 (3a-H), 154 (C-21 proton), 52.5 cps (C-18 methyl).

Anal. Calcd for CpoHpgOz: C, 79.95; H, 9.39. Found: C, 79.86;
H, 9.7h.

B.-To a stirred mixture of lithium acetylide-ethylenediamine
complex (40) (5.0 g) and tetrahydrofuran (40 ml) under nitrogen was
added dropwise over 0.5 hr a solution of Va (2.0 g) in tetrahydrofuren
(35 ml). The reaction was stirred for 4 hr at room temperature. Meth-
anol (10 ml) was added cautiously followed by a saturated ammonium
chloride solution (50 ml). The subsequent mixture was diluted with
water and extracted with ether. The extract was washed with water and
sodium bicarbonate solution (5%) and dried over anhydrous sodium sulfate
containing Darco. The solvent was removed in vacuo to leave an oil.
Crystallization_from acetone-water afforded the diol XIII (1.6 g, T5%);
mp 138-140°% [al_ -23°. The nmr and spectral data indicated that this
substance was idéntical to that prepared in method A.

C.«To a rapidly stirred solution of diethylene glycol dimethyl
ether (83 ml) and diethylene glycol monomethyl ether (5 ml) heated to
135° under nitrogen was added potassium hydroxide flakes (13 g) over
45 min. The reaction mixture was stirred while heating for an additional
30 min and then cocled very slowly to room temperature. Over this
stirred mixture cooled by means of a dry-ice and isopropyl alcohol bath,
was passed sulfuric acid washed acetylene gas for 1.5 hr. A solution
of Va (3.5 g) in diethylene glycol dimethyl ether (60 ml) was added
over 30 min. Cooling, stirring, and acetylene addition were continued
for 1 hr longer. The reaction was allowed to slowly reach ambient
temperature and water (50 ml) followed by 10% hydrochloric acid solution
was added until the mixture was slightly acidic. A solid formed, was
collected, washed with 5% sodium bicarbonate solution, and air dried.
The crude product was taken up in ethyl acetate and washed with addi-
tional 5% sodium bicarbonate and dried over anhydrous sodium sulfate.
Solvent removal in vacuo left a glass (2.5 g) which was erystallized
from acetone-water to afford pure XIIT (1.8 g, 47%), mp 142-145°, [al
-29°. The spectral data of this substance were identical with that
obtained from the above described samples of XIIT.

D
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1l7a-Ethynylestr-4-ene-38,178~-diol Discetate (XIV).--A stirred
solution of XIII (2.0 g} in acetic anhydride (10 ml) and pyridine
(20 m1) under nitrogen was refluxed for 4.25 hr. The cooled mixture
was poured into ice and water (250 ml). A precipitate formed, was
collected, washed with water, end dissolved in ether. After washing
with 10% hydrochloric acid followed by 5% sodium bicarbonate solution,
the ether portion was dried over anhydrous potassium carbonate con=-
taining Darco. The solvent was removed in vacuo to leave an oil which
wag crystallized from methanol-water to give XIv (2.1 g), mp 127-1290,
Lal,. =720, Recrystallization from ether afforded an analytical sample,
mp 131-133°,

H’ o70a
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Reduction of the 3-keto group occurred to give mainly the 38
{equatorial)-hydroxyl isomer as judged from the melting point,
rotation, and nmr spectrum (4). Some 3-axial isomer was probably
present in the crude product but was removed by recrystallization
from aqueous acetone as it stays in the more polar mother liquor
portion of the recrystallization media. This latter observation
has been noted also by Loken and Gut (5).
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Compound Ve has been synthesized by an alternate pathway in these
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cription of this method will be the subject of & subsequent
publication.

A method involving intermediates similar to those describved by
Ward was utilized by Dr. J. S. Mihina of our laboratories to pre-
pare compound Vb, The overall yield of this process was, however,
also quite low; private communication.

R. L. Elton, P. D. Klimstra, F. B Colton, and V., A. Drill,
submitted for publication.

Optical rotations, spectra, and analytical data were furnished by
Dr. R. T. Dillon, Mr. E. Zielinski, and Mr. A. J. Damascus of our
analytical department. The optical rotation and infrared spectra
were obtained in chloroform and the ultraviolet spectra in metha-
nol at ambient temperatures. The nmr spectra were obtained with a
Varian A-60 spectrophotometer and are reported in cps downfield
from tetramethylsilane which was used as an internal standard.
Deuterochloroform was used as the solvent unless otherwise speci-
fied. The melting points were obtained on & Fisher-Johns appa-
retus and are corrected.

This reaction was run using the acetone cyanohydrin as solvent as
originally reported by Ercoli et al. By this method, however, the
product was difficult to separate from the excess reagent.

The product resisted crystallization from a variety of solvents.
However, due to the mixture of isomers at C-1T7 of the cyanohvdrin
and those formed in the pyranylation reaction, the oily nature of
these intermediates is not unexpected.

This substance was also obtained as a monohydrate, mp 82-859;
Anal. Calcd for C; gHogOz * H20: C, T73.69; H, 9.36. Found:
C, 75.89; H, 9.64.

F. Sondheimer and Y. Klibansky, TETRAHEDRON 5, 15 (1959).

This diol hydrated well and was frequently obtained containing 1-2
moles of water. Such a sample melted anywhere from {2~145° depen-
ding on the amount of hydration and the rate at which it lost
water while determining its melting point.

Available from Metal Hydrides, Inc.

C. Djerassi, L. Miramontes, G. Rosenkranz, and F. Sondheimer, J.
AM. CHEM. SOC. 76, 4092 (1954).

The crude product obtained by this method contained a variable
amount of 3Q-hydroxy epimer (2) of XIIT depending on the reducing
agent used. The isolation, characterization, and biological pro-
file of this O=epimer will be included in & forthcoming publicatiocs.

Available from the Foote Chemical Company.



