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CXXIX. Rearrangement of 17-Bromopregnan-3(8)-0l-20-one*

By RusseLL E. MAarkrr axp R. B. WAGNER

In a preceding paper! of this series the reaction
of pregnan-3(8)-ol-20-one with an equimolecular
quantity of bromine to vield the C-17 bromo de-
rivative was described.  We now wish to report
that 17 -browopregna - 3(3j - ol - 20 - one  when
treatcd with a mild base undergoes a rearrange-
ment which pute  nrethvl
groups on C-17 {11},

Recently, Aston and Greeuburg® showed that
a-bromo secondary alkyl kectones reacting with
sodium alcoholates readily undergo a rearrange-
ment to give esters of tertiary acids.  For exauple,
3-bromo-3-methvl-2-butanouce treated with a sus-
pension of sodium methylate 11 anhydrous ether
vielded methyl trimethvlacetate aud 3,5-cimcth-
oxy-Z-methvl-2-butaucl. By treativy 17-hrons
JCHy)CBe-CO-CHy -+ NaOCH, ——

(CH;):C-COOCH,; + (CH.).COHCHOCHLCH,

and earbomethoxyvl

pregnan-3{g)-ol-20-one acetate with an aqueous
methanolic solution of potassiuin bicarbonate we
have obtained the methyl ester of 3(3)-hvdroxy-
| 7-methyl-efio-cholanic acid (I1). "T'his substance
is the main product of the reaction and represents
a chauge eutirely analogous to that obtained by
Aston and Greeuburg except that no second sub-
stance could be jsolated.

We had hoped that the reaction would proceed
bv a situple replacement of the bromine to give the
C-17 hydroxy derivative.  Although ello-preg-
nan-3(3),17-diol-20-o11e is casily susceptible to
oxidation at 15° and hydrogenation,* the acetyl-
ated compound (11} obtained by ns did not lend
itself to any such reactions. It was recovered un
changed from an oxidizing mixture heatesd at 50°
for five hours and fromt an attempted hydrogena-
tion with Adams catalvst. [t also failed to react
with semicarbazide acetate.  Further, it was not
affected by phosphorus oxvehioride at 1357, thus
showing the absence of @ fortiioy hviirosyt at
(R

That our product is an ester is shown by the
fact that a Bouveauit reduction introdices a
secotldd hydroxy group. The product was isolated
ws the diacetate and as the free diol (IV). Be-

Original manuscript received May 5, 1911,
(1) Marker, Crooks and Wagner, Tuls Jourx~ay, 64, 2113 {10425,
+2; Aston and Greenburg, ibid., 62, 2390 /19403
31 Reichstein and Gaczi, Hele. Cliim e, 21, 1407 103X

cause of its isomeric relation to the pregnatediols
we llave named this compound 17-methyl-21-nor-
pregnan-3(8),20-diol (IV). The ester (II) re-
sembles many esters of tertiary acids in that it
reacts only after prolonged heating with alcoholic
potash. ‘The resulting 3(8)-hydroxy-17-methyl-
etio-cholanic acid (V) was converted back to the
original methyl ester (IT) by diazomethane. The
acid was oxidized with chromie anhydride to give
the sanie keto acid (VIT) as that obtained by a
similar oxidation of the 17-methvl-21-nor-preg-
nau-3: 3),20-diol (I1V).

Because of the excellent yields of this rearrange-
ment product the analogous compounds having
the alpha configuration at C-3 were prepared to
further. The non-acetylated
methyv] ester was oxidized at room temperature
o d-keto-17-methyl-efio-cholanic acid (ITT). Cat-
alytic hydrogenation of the latter i a ncutral
medium with Adams catalyst gave as the major
product the methyl ester of 3(a)-hydroxy-17-
nethyl-etio~cholanic acid (VI). A Bouveault re-
duction of this same keto ester gave 17-mncthyl-
21 -nor-pregnan-3ia),20-diol (VI11). The applica-

characterize it

oids 1s being further studied.

The reactious discussed are pictured in the
chart.

We wish to thank Parke, Davis and Company
for their lielp. We also wish to thank Dr. J. (.
Aston for his advice and assistance.

Experimental Part

Reaction of 17-Bromopregnan-3(8)-ol-20-one Acetate
with Methanolic Potassium Bicarbonate,—(a) To a solu-
tionn of 5 g of 17-bromopregnan-3(8)-0l-20-one acetate in
20 ¢e. of met hanol was added a solution of 10 g. of potas-
i bicarbonate in 40 ¢o. of water.  The mixrure was re-
fluxed a4 steam-bath temperature for iliree hours and then
cepeentrated. Water was added to the concentrate and
the precipitated solid was extracted with ether.  An acetic
anfivdride solution of the residie was heated under reflux
for rwenty minnures.  The excess solvent was removed and
1he residue was crystallized from methanol to give long fla1
needles, m. p. 136-138°; yield 2.2 g This product is the
acetate of the methyl ester of 3-(3%-hydroxy-17-methyl-
ein-chiolanic acid (ITH.

Anal.  Caled. for C4HuOy: C,
U, 738 H. 08

73.%; H, 9% Found:-
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(b) The same product (II) with a free 3-hydroxyl was
made under the above conditions with the exception that
the period of refluxing was prolonged an additional two
hours and the reaction product was not acetylated. It was
crystallized from aqueous methanol to give white crystals,
m. p. 143-145°, This gave a depression of 60° when
mixed with 16-pregnen-3(8)-0l-20-one acetate, m. p. 142-
144°, It depressed the melting point of the methy!l ester
of 3(B)-hydroxy-etio-cholanic acid.

Anal, Caled. for CaaHgO;: C, 75.7: H, 10.4.
C, 75.7; H, 9.9.

When refluxed with acetic anhydride it gave the above
acetate, m. p. and mixed m. p, 136°,

The unacetylated ester was also obtained as a poly-
morphic form which crystallized from methano!l and melted
at 124-126°.

Anal. Caled. for CooHgeO;: C, 75.7; H, 10.4. Found:
C,75.9; H, 104.

The acetate (II) was recovered unchanged after refluxing
at 135° for forty-five minutes with pyridine and phos-
phorus oxychloride. When subjected to catalytic hydro-
genation in methanol-ether with Adams catalyst at 3 atm.
pressure for two hours it was recovered unchanged. It did
not react with semicarbazide acetate under the usual con-
ditions. From an oxidizing mixture of chromic acid and
acetic acid heated at 55° for five hours the acctate (II) was
recovered unchanged.

Hydrolysis of the Methyl Ester of 3(8)-Acetoxy-17-
methyl-etio-cholanic Acid (II).—A solution of one gram of
the above methyl ester of 3(B8)-acetoxy-17-methyl-etio-
cholanic acid in 50 cc. of ethanol was heated with a solution

Found:

of 10 g. of potassium hydroxide in 10 cc. of water for four
days. The reaction product was precipitated with water
and washed with ether. It was then acidified and ex-
tracted with ether. The ethereal solution was washed
with water and evaporated. The residue was crystallized
from methanol to give white crystals, m. p. 222-224°;
yield 0.8 g. This depressed the melting point of 3(8)-
hydroxy-etio-cholanic acid.

Ancl. Caled. for CyHjOs:
C, 75.1: H, 10.2,

When treated with au excess of diazomethane in ether
it gave the original methyl ester, m. p. and mixed m. p.
142-144°,

3(8)-Acetoxy-17-methyl-etio-cholanic Acid.—A mixture
of 100 mg. of 3(8)-hydroxy-17-methyl-etio-cholanic acid,
5 cc. of dry distilled pyridine and 5 cc. of acetic anhydride
was allowed to stand at room temperature for fourteen
hours. It was then warnied on the steam-bath with & cc.
of water for thirty minutes. Ether was added to the
cooled mixture and the ethereal solution was washed with
10% hydrochloric acid and water., The ether was evapo-
rated and the residue crystallized from methanol to give
white crystals, m. p. 220-222°, This substance depressed
the melting point of the starting material 45°.

Anal. Caled. for Cp3H3O:: C, 73.3; H, 9.6.
C,72.9; H, 9.5.

Oxidation of 3(3)-Hydroxy-17-methyl-etio-cholanic Acid
to 3-Keto-17-methyl-etio-cholanic Acid.—To a solution of
100 mg. of 3(8)-hydroxy-17-methyl-etio-cholanic acid in 7
cc. of acetic acid was added 60 mg. of chromic acid dis-
solved in 3 cc. of acetic acid. After standing for one hour

C, 754, H, 103. Found:

Found:
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al rootn temperature tlie reavtion mixiure was diluted with
warer and extracted with cther,  The ethereal solution was
washed thoroughly wirh water and then with 109, potas-
simm hydroxide, The alkaline washings wuere combined,
acidified, and  extracted with ether. The ether was
washed and evaporated.  The residne was crystallized
fromi ulethanol ro give white plates, m. p. 224-320°
When inixed with the starting material there was a depres-
sion of 207 1 melting point.

Amui. Caled. for CatwOy: O
CoThn H, 08

Reduction of the Methyl Ester of 3(3)-Acetoxy-17-
methyl-etio-cholanic Acid to 17-Methyl-21-nor-pregnan-
3(8),20-diol.-~To a solution of 1 g. of the methyl ester of
i -acctoxy-17-methvl-efio-cholanic acid in 1) c¢c. of
absolnte ethanol was added 10 g. of sodiur netal cut o
small pieces, over a period of five minutes, After the
vigorous reaction had ceased the ixture was heated nuder
reflux for thirty minures.  Additional aleohol was added to
dissolve the nureacted sodinm and the mixture was dilured
with water. 11 was acidified with dilute hydrochloric acid
and the precipitated solid was extracted with ether.  The
cthereal solution was washed with 109, potassium hydrox-
ide, water and 10% hydrochloric acid and cvaporared.
The dry residne was dissolved in Htee. of dry distilled pyri-
dine and 10 ce. of acetic anhydride.  The solution was
allowed to stand at room temperature {or fourtcen hiours.
The reaction misture was worked up in 1l usial manner
and the product cevstallized from methanol 10 give white
crystals, L p, 15T vield (U5 g

Anal. Caled. for CoHoO,: C. 742, H, (0.0,
L,74.0; H,98.

When refliuxed with 2% alcoholic potassium hydroxide it
gave white silky crystals from ahier-pentane; m. p. 1247,

A’H(ll. CalCd. for Cgll{ggO‘z: C, TQR, H. 11.3.
C, 787 H, 1L

Oxidation of 17-Methyl-21-nor-pregnan-3(g),20-diol to
3-Keto-17-methyl-etio-cholanic Acid.—To a solution of
(L5 g. of 1T-methyl-2-nor-preguan-3(5),20-diol in 25 cc. of
acctic acid was added a solution of 1 g. of chromic acid in 25
ce. of 90% acetic acid. [t was worked up as previously
described; m. p. 224-226°. A mixed melting point with
the keto acid obtained by the oxidation of 3{8}-hydroxy-17-
methyl-efic-chiolanic acid gave 1o depression in melting
proint.

A similar oxidation at roomi temperaturc for fourleen
Lours gave a product which crystallized from methanol as
whitc crystals, m. p. 279°, dec. This prolonged treatient
with chromic acid apparently formed a tricarboxvtic acid
by ring cleavage at C-3.

Anai. Caled. for CoyHgOp:
C, 60.5. H, 815,

Oxidation of the Methyl Ester of 3(g)-Hydroxy-17-
methyl-etio-cholanic Acid to the Methyl Ester of 3-Keto-
17-methyl-etio-cholanic Acid.-—A solution of 1 g. of the
methyl ester of 3(8)-hydroxy-17-nmethyl-etio-cholanic acid
was oxidized with 0.5 g. of chroniic acid in 100 cc. of acetic
acid; 1. p. 103-105°; yield 0.2 ¢.

Caled. for CoeH:05: C, 76.2; H, 9.6,
H, ub,

Tass H,ouT Found:

Femnel:

Found:

C, 6.4, H, 85, Vound:

Anal. Found:

LONIE A
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Reduction of the Methyl Ester of 3-Keto-17-methyl-
etio-cholanic Acid to the Methy! Ester of 3{«)-Hydroxy-
17-methyl-eiio-cholanic Acid.—To a solution of 0.2 g. of
the methyl ester of 3-keto-17-methyl-etio-cholanic acid dis-
solved i1 35 ce. of dioxane was added 200 mg. of Adams
catalvst.  The mixture was shaken with hydrogen at 1hrec
atm. pressure for two hours.  The reaction ixture was
iliered and the filirate evaporated to dryness fn wicio.
The residue was then refluxed with acetic anhydride for
twenly winutes,  The solvenr was removed /n vacue and
e residne crystallized from methanol as white plates, m.
p. L30-1317 When mixed with the methyl ester of 31350
acetoxy-17-methyl-etio-cholanic acid there
depression i1 the melting point.

Annl. Caled. for Co.HapO,:
C, 738, H, 9.8

The above aceiate, 100 mg., was refluxed with 2 cc. of 5%
alcoholic potassimn hydroxide for twenty minutes and then
dilnted with 5 cc. of water. The precipitated solid was
filtered and washed with water. After drying it was
crystallized frout methanol to give white needles, m. p. 152
15337 This material gave no precipiiate with digiionin.

Anal,  Caled. for CoHs0y: C, 757, H, 112,
C, 799, H, 12

Reduction of the Methyl Ester of 3-Keto-17-methyl-
etio-cholanic Acid to the 17-Methyl-21-nor-pregnan-3{«),-
20-diol,—The methyvl ester of 3(8)-hydroxy-17-methyl-
etio-chiolanic acid, 0.4 g., was oxidized as described above.
The product was rednced with sodium and ethanol in the
cract manner described for the reduction of the methyl
wster of 3(B)-acctoxy-17-methyl-etio-cholanic acid. The
dry reaction product was acetylated by refluxing with
acetic anhydride for twenty minutes. The solveut was
reinoved n vacuo and the residue was crystallized from
merhanol 10 give white crystals, m. p. 123-125°, resolidified
and melted ar 136°

Anal.  Caled. for CoiHOy:
CoT45 HO S

was a 207

C, 73.8; H, ¢.8  Found:

Found:

C,74.2; H, bh.o. Found:

Summary

I.  17-Bromopregnan-3{§)-ol-20-one has been
shown to undergo an Aston-Greenburg rearrange-
ment when refluxed with aqueous methanolic
potassium bicarbonate to give the methyl ester of
3(8)-hydroxy-17-methyl-etio-cholanic acid.

2, Reduction of the methyl ester of 3(3)-hv-
droxy-17-methyl-efio-cholanic acid with sodium
and ethanol gives 17-uethyl-21-nor-pregnan-3(3),-
20-diol.

3. Hydrolysis of the methyl ester of 3(3)-
hydroxy-17-methyl-etio-cholanic acid gave the
correspouding acid which upon oxidation with
chromic anhydride gave the same keto acid ob-
tained by a similar oxidation of 17-methy1-21-10s-
pregnan-3(8),20-diol.

4. The corresponding derivatives with the
alpha configuration at C-3 were prepared.
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