3686

was taken to dryness in vacuo, dissolved in chloroform and
precipitated with petroleum ether; after several recrystalli-
zations the residue melted at 157-160° dec., A2 256 my
(e 3730).

Anal. Caled. for CuHunOsNSK: N, 2.3; S, 5.3; K,
6.5. Found: N, 2.2; S, 4.7; K, 6.1.

The analogous derivative of 78-hydroxycholesterol, pre-
pared as above, m.p. 192-197° dec., A% 256 mu (¢ 3850).

Anal. Found: X, 5.9.

Pyridinium 3,7«-Cholestanyl Disulfate.—Prepared as for
the sterols; m.p. 132-135° dec., A%, 256 mu (e 8050).

Anal. Caled. for C37H5303N2S2Z C, 614, H, 804, N,
3.89; §,8.81. Found: C,61.0; H,7.93; N, 3.92; S, 8.86.
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The 3,78-cholestanol derivative was prepared as above,

m.p. 157-162° dec., [a]?D -48° (chloroform), A%, 256
mu (e 7000).
Aneal. Found: C, 60.9; H,7.75; N, 3.99; S, 8.90.

Potassium 3,7x-Cholestanyl Disulfate.—Prepared in the
same manner as the sterol derivative, m.p. 132-135° dec.,
N 256 mp (e 8050).

Anal. Caled. for CyHyO0:S:Ko:
13.3.

The 3,78-cholestanol derivative was prepared similarly,
m.p. 178-181° dec.
Anal. Found: K, 12.8.

BrookLyN, NEW YORK

K, 12.2. Found: K,
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Ethyl diazoacetate adds to the conjugated double bond of 38-acetoxyv-5,16-pregnadien-20-one to form the A-pyrazoline

carboxylic ester.

Pyrolysis of the corresponding free acid yields the 16-methyl-16-dehydro steroid; pyrolysis of the ester

gives rise to two cyclopropanecarboxylic esters isomeric at carbon 16a. Alkaline hydrolysis of the latter proceeds with epi-
merization of one isomer so that the same acid, assigned the 16a8-configuration, is derived from both esters.

Addition of ethyl diazoacetate to 3B3-acetoxy-5,-
16-pregnadiene-20-one, an extension of the well
known addition of diazomethane to 16-dehydro-20-
keto steroids,!-?3 affords the corresponding pyrazo-
line carboxylic ester I.  The products of diazometh-
ane addition have been assigned Al-pyrazoline
structures. Examination of a typical example, X1I,
revealed the absence of any absorption in the infra-
red region corresponding to the =N—I stretching
but showed a weak band at 6.45 u probably associ-
ated with the —N==N— linkage. These observa-
tions further confirm the accepted structure of this
adduct.

The diazoacetic ester adduct shows entirely dif-
ferent absorption characteristics. It was assigned
the conjugated structure I which is in accord with
the classical work in this field* and is supported by
the infrared spectrum. Thus compound I shows a
weak ==N—H stretching band at 2.92 x and a me-
dium band at 6.39 u due to the conjugated C=N
stretching, also present in the spectra of IT and III,
The same bands occur at 2.93 and 6.39 x in the
model compound ethyl A%pyrazoline-3-carboxyl-
ate. The conjugated C=N bond has been as-
signed at 6.50 p in a similar model.® Additional
evidence for the A2-pyrazoline structures was ob-
tained from ultraviolet spectra where XI (\VOH
227 myu (e 1,275); 335 mu (e 239)) shows entirely
different absorption from the model, ethyl A2-py-
razoline-3-carboxylate (Z\MOH 293 my (e 9,260)).
Compound I (A\MeOH 990 my (e 7577); 317 mpu
(6,777)), is similar to IT and III. All of the latter
have 290 mu absorption characteristic of the afore-
mentioned model but not found in XI.
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On pyrolytic decomposition these steroid adducts
behave according to the predictions of von Auwers
based on monocyclic systems,® in that 33-acetoxy-
16,17-[3,1-(1-pyrazolino) |-5-pregnen-20-one, yields
mainly the 16-dehydro-16-methyl steroid with very
little of the 16,17-cyclopropano derivative.’? In
pursuing this analogy the acetyl group at C-17 may
be considered equivalent to the ester groups dis-
cussed by von Auwers. Thus, with two such
groups attached, the pyrazoline I led to a mixture
nearly half of which consisted of cyclopropane de-
rivatives IVand V. If the pyrolysis of the free acid
IT involved initial decarboxylation, the resulting
monosubstituted pyrazoline would yield little of the
cyclopropane derivative. Our recovery of 33-
hydroxy-16-methyl-5,16-pregnadiene-20-one as the
only product from a small-scale reaction lends sup-
port to this thesis. ) ] ]

Cyclopropane structures were assigned in this
series on the basis of the isomerism at C-16a, dis-
cussed below, and analogy between their infrared
spectra and those of 3B-acetoxy-16,17-cyclopro-
pano-5-pregnen-20-one,® 7-cholestenone and related
i-steroid ketones.” The same 5.90 u carbonyl band
was present in the spectra of V, VI, IX and X and
corresponds well with the presence of an adjacent
cyclopropane ring. The shift in absorption of the
C-20 carbonyl from 5.85 u in IT to its characteristic
position in the nitrogen free derivatives was clearly
evident and characteristic of the structural changes
involved. The carbonyl band for IV could not be
resolved but was apparent from the dissymmetry of
the larger acetate band.

Coufigurations about the new centers of asyn-
metry are still subject to confirmation but may be
deduced from the known course of reactions at the
positions involved and from study of molecular
models. Since epoxidation and catalytic addition
of hydrogen, alcohols, mercaptans and other sub-

(8) K. von Auwers and F. Konig, Ann., 496, 252 (1932).
(7) M. Josien, N, Fuson and A. 8. Cary, ibid., 78, 4445 (1951).
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Experimental

16,17-[3,1-(3-Carbethoxy-2-pyrazolino)]-5-pregnen-33-ol-
20-one Acetate (I).—A solution of 7.1 g. of 38-acetoxy-5,16-
pregnadien-20-one in 250 ml. of absolute ether was mixed
with a threefold excess of ethyl diazoacetate in 200 ml. of
ether.! An oil-bath was applied and the ether distilled, the
last traces being removed ¢n wvacuo. The mixture was
finally held at a bath temperature of 115-120° for 75 min-
utes during which the crystalline mixture gradually melted
with very slow evolution of gas and finally crystallized
In certain instances more rapid heating caused the
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V\{I, I}i = IC{HsCé_I— R’ = H- reaction to proceed with explosive violence. The cake was
VIII. R = H- R’ = (CsH35)NCH,CH,- dissolved in benzene and recrystallized overnight from a 60-
’ ’ ml. volume., The product was collected and washed with
stances occur at the backside of the C-16 double cold ether; the yield was 7.3 g. Two recrystallizations at

bond, we assume that the pyrazoline and cyclopro-
pane rings are fused in the 16a- and 17a-positions.
Compounds IV and V have similar infrared spectra
and the suspected isomerism at C-16a was confirmed
by alkaline hydrolysis of each to the same hydroxy
acid VI. Re-esterification and acetylation of the
latter gave IV which showed that inversion had oc-
curred during the hydrolysis of V. Molecular mod-
els demonstrated less hindrance and a higher de-
gree of symmetry in the 16a3-isomer, so this con-
figuration has been assigned to the more stable,
higher melting isomer, IV.

The slight solubility of hydroxy acid VI in ether
gave some difficulty in preparing the methyl ester
with diazomethane in the usual manner and it was
more convenient to prepare IX in methanol with
acetyl chloride. Similarly the convenient use of
steam distillation in cleaning up the product of
Oppenauer oxidation twice led to complications, pre-
sumed due to partial hydrolysis of the product X,
so that chromatographic separation became neces-
sary instead.

Cleavage of the cyclopropane ring of IV was at-
tempted several times with hydrogen chloride in
boiling acetic acid without success. Similar sta-
bility of cyclopropane-1,2-dicarboxylic acids and
esters was noted by Kohler,® verifying earlier ob-
servations by Buchner.

(8) E. P. Eohler and L. L, Steele, ibid., 41, 1093 (19189),

room temperature from 300 ml. of methanol yielded 5.9 g.
of beautiful hexagonal rods, m.p. 223.5-225.5° (with gas
evolution, sweating at 217°)10; [a]p +188° (dioxane);
AMOB 290 mu (e 7577), 317 mu (e 6777). Anal. Caled.
for CyHiOsNe: C, 68.91; H, 8.14; N, 5.95. Found:
C, 68.99; H, 8.07; N, 5.95.

16,17-[3,1-(3-Carboxy-2-pyrazolino)] -5-pregnen-35-01-20-
one (II).—A solution of 5 g. of I was refluxed one hour with
25 g. of potassium hydroxide in 50 ml. of water. An atmos-
phere of nitrogen was used, and the cooled solution was
diluted with 400 ml. of water and filtered to remove a small
quantity of flocculent precipitate. After acidifying to
congo red with 6 N hydrochloric acid the clear solution was
concentrated ¢n vacuo on the steam-bath. Crystallization
proceeded as methanol was removed and the aqueous sus-
pension was filtered to give 4.18 g. (98%) of analytically
pure product in the form of short hexagons, m.p. 241-243°
(vigorous gas evolution, sweating at 238°); [a]D +177°
(methanol); AMP® 285 myu (e 6809), 316 mu (e 5207).
Amnal. Caled. for CsHi::04Ny: C, 68.97; H, 8.05; N, 7.00.
Found: C, 69.16; H, 8.12; N, 7.22.

16,17-[3,1-(3-Carboxy-2-pyrazolino)]-5-pregnen-35-01-20-
one Acetate (III).—Acetylation of II overnight in pyridine-
acetic anhydride gave an ether-soluble product which was
recrystallized from ethyl acetate. The product crystallized
as micro hexagonal plates and appeared to be solvated;
m.p. 211-213° dec., [a]D +119° (chloroform); AMH 286 mpu
(e 7,300), 316 mu (e5,710). Anal. Caled. for CoH3OsNo
CH;COOC.H;: C, 65.63; H, 7.98; N, 5.28. Found: C,
65.81; H, 7.51; N, 5.36.

Pyrolysis of 16,17-[3,1-(3-Carboxy-2-pyrazolino)]-5-preg-

nen-38-0l-20-one (II).—Two hundred milligrams of II in a
small test-tube was heated in a metal-bath at 250°. The

(9) Alternatively the crystalline steroid may be heated directly
with the liquid diazo ester without the use of a solvent.

(10) All melting points were observed microscopically on the Kofler
apparatus and are corrected,
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vigorous evolution of gas had nearly ceased after 15 minutes.
Three treatments of an acetone solution with Norite removed
most of the dark color and two recrystallizations from the
same solvent produced small rosettes of plates, melting
diffusely at 185~190°. Further recrystallization from ethyl
acetate gave 50 mg. of beautiful plates with the same melt-
ing range, [a]D —79° (alcohol), AMCH 252 myu (e 8206).
Anal. Caled. for CyHpOs: C, 80.44; H, 9.82. Found:
C, 80.22; H, 9.67. Wettstein! has reported 38-hydroxy-16-
methyl-5,16-pregnadien-20-one, m.p. 197-198°, [a]D —78°
(alcohol); Amax 252 mp (log € 4.25). While not entirely
pure, the pyrolytic product is obviously this compound.

Pyrolysis of 16,17-[3,1-(3-Carbethoxy-2-pyrazolino)]-5-
pregnen-33-ol-20-one Acetate (I).—Small-scale experiments
with the pure compound I had demonstrated the quantita-
tive evolution of one mole of nitrogen on pyrolysis. There-
fore 16.1 g. of a crude preparation of the pyrazoline was
mixed with a large quantity of boiling stones and heated in
a metal-bath at 250° for 15 minutes. The cooled melt was
dissolved in 2 1. of ether and crystallized from a volume of
450 ml. to give 3.32 g. of impure 38-acetoxy-16,17-cyclo-
propano-16ag-carbethoxy-5-pregnen-20-one (IV), which on
further crystallization from methanol yielded the pure
product as fine needles, m.p. 223.0-223.5°, [a]D —34° (di-
oxane). Amnael. Caled. for CyHypO5: C, 73.27; H, 8.65.
Found: C, 73.23; H, 8.43.

Concentration of the ethereal mother liquors with slow
crystallization led to a mixture of fine needles and heavy
rhombs, easily separable by hand picking or by swirling the
mixture and decanting the needles with the solvent. The
rhombs were most suitably recrystallized several times from
ethyl acetate, appearing finally as stubby prisms of pure 33-
acetoxy-16,17-cvclopropano-16aa-carbethoxy- 5 - pregnen-
20-one (V), m.p. (subliming to needles at 180°) 201-203°,
[e]p —17° (dioxane). Amnal. Found: C,73.12; H, 8.67.

The complete separation involved a long series of frac-
tional crystallizations and yielded a total of 4.8 g. of IV,
3.4 g. of V and an uncrystallizable glass.

3B8-Hydroxy-16,17-cyclopropano-16a3-carboxy-5-pregnen-
20-one (VI).—Hydrolysis of IV was carried out by refluxing
6.2 g. under nitrogen in 1 1. of methanol containing 25 g. of
potassium hydroxide in 50 ml. of water for one hour. Al-
though the product was isolable by conventional means its
insolubility rendered crystallization impractical. The fol-
lowing method gave an entirely suitable product without
further purification. The hot solution was acidified with 40
ml. of concentrated hydrochloric acid in 300 ml. of hot
water and the clear solution further diluted with 250 ml. of
hot water to incipient cloudiness. Methanol was removed
in vacuo to a total volume of 1 1. and the suspension cooled
and filtered to yield 5.1 g. (98%,) of crystalline product, m.p.
(sweating at 280°) 285-297° dec. Recrystallization from
acetone produced small prismatic needles, m.p. 297.5-
300.5° dec., [a]p —36.4° (dioxane). Amal. Caled. for
C23H;3204: C, 74.16; H, 8.66. Found: C, 74.18; H, 8.57.

Similarly, 2 g. of V was hydrolyzed in 400 ml. of methanol
with 10 g. of potassium hydroxide in 20 ml. of water. Iso-
lation as described above yielded the theoretical quantity
of a product, m.p. 261-281° dec. A small sample purified
from acetone appeared as tiny, flat needles, m.p. (sweating
at 287°) 297-301° dec.; lalp —34.8° (dioxane). Amnal.
Found: C, 74.04; H, 8.63.
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38-Acetoxy-16,17-cyclopropano-16a8-carboxy-5-pregnen-
20-one (VII).—Two hundred milligrams of the hydroxy
acid VI was dissolved in 5 ml. of warm pyridine, cooled to
room temperature, treated with 5 ml. of acetic anhydride
and allowed to stand overnight. After hydrolysis in ice and
water and extraction with ether, the residue from the washed
ethereal solution was dissolved in benzene and crystallized
by adding petroleum ether to this concentrated solution;
the yield of fine needles was 152 mg., m.p. 243-245°, [«]D
—37.5° (dioxane). Awnal. Caled. for Cy;:HyO5: C, 72.43;
H, 8.27. Found: C, 72.60; H, 8.25.

Acetylation and Esterification of 33-Acetoxy-16,17-cyclo-
propano-16as-carbethoxy-5-pregnen-20-one (VI).—A 200-
mg. sample of the hydroxy acid VI in 50 ml. of absolute al-
cohol was treated with 0.5 ml. of acetyl chloride. After
standing 24 hours the mixture was evaporated % vacuo and
the residue dissolved in 10 ml. of pyridine and 10 ml. of
acetic anhvdride. This mixture stood for 24 hours, was
decomposed in ice and water, and the residue from the
washed ethereal extract crystallized from methanol yielding
139 mg. of needles. After further recrystallization the
melting point and mixed melting point with IV was 224-
226°, identical with the latter; [«]D —30° (dioxane).

B-Diethylaminoethyl Ester of 33-Hydroxy-16,17-cyclopro-
pano-16a8-carboxy-5-pregnen-20-one (VIII).—A mixture
of 600 mg. of VI in 30 ml. of isopropyl aleohol and 270 mg.
of B-diethylaminoethyl chloride was refluxed four hours
during which the acid slowly dissolved. An excess of water
and sodium bicarbonate were added to the cooled solution.
Extraction with ether, drying and evaporation gave 670 mg.
of the crude ester. Recrystallization from ethyl acetate
yielded the pure product as transparent plates, m.p. 151.3-
151.9°, [a]p —30° (dioxane). Amnal. Caled. for CoHes-
OyN: C, 73.84; H, 9.62; N, 2.97. Found: C, 73.96;
H, 9.68; N, 2.98.

33-Hydroxy-16,17-cyclopropano-16as-carbomethoxy-5-
pregnen-20-one (IX).—A solution of 300 mg. of the hydroxy
acid VIin 11. of ether was treated with excess diazomethane.
Treatment with acetic acid, washing and concentration gave
elongated plates which were recrystallized from ether, m.p.
234.4-236.1°, {alp —40° (dioxane). Amnal. Caled. for
CaH304: C, 74.58; H, 8.87. Found: C,74.70; H, 8.78.

The same product was obtained by tregting a methanolic
solution of hydroxy acid with a few drops of acetyl chloride,
as described for the ethyl ester above.

16,17-Cyclopropano-16as-carbomethoxy-4-pregnene-3,20-
dione (X).—Compound IX, 2.35 g., in 200 ml. of dry tolu-
ene under nitrogen was treated with 10 ml. of cyclohexanone
and 3 g. of aluminum isopropoxide. After refluxing 90
minutes the cooled mixture was decomposed with 20 ml. of
saturated Rochelle salt solution and extracted with ether.
The dried ethereal solution was distilled to 100° at 0.5 mm.
and the oily residue in benzene adsorbed on a column of 50
g. of silica gel. Much oily material was eluted with ben-
zene, after which crystalline product was eluted with 700
ml. of 109, ether in benzene. Recrystallization from
aqueous acetone gave 1.92 g. (83%) of product, m.p. 198-
200°. Further crystallization from 509, aqueous acetone
produced small, irregular plates, m.p. 202.5-204°, [a]D
+104° (dioxane), AMO% 241 myu (¢ 15,572). Anal. Caled.
for CasHs:O4s: C, 74.96; H,8.39. Found: C,74.96; H,8.29.
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