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combined extracts were washed (dilute NaHCO;, H;0). After
drying, the solvent was removed under reduced pressure to give
5.18 g (55%) of crude prodnct. Recrystallization from ether—
petroleum ether furnished 3.6 g (409;) of white crystals, mp
192-195°.

In a pilot experiment, the product was recrystallized from
ether-petroleum ether to give white crystals: mp 195-197°;
[a]lD —11°; no significant absorption in the ultraviolet; Amax
2.94, 5.91, 6.10 x; nmr, 38.5 (18-H), 53 (doublet, J = 7 cps;
16-CH;), 56.5 (19-H), 62 (17-CH,), 114 (OH), 125 (21-H), 215
(3-11), 322 (11-H) eps; ORD,® positive Cotton effect, [Mlysas
+13120°, +2740°,

Anal. Caled for CoHiOs: C, 80.18; II, 10.73.
79.99; I, 10.76.

B. From 33-Acetoxy-5«-pregna-9(11),16-dien-20-one (I).—
By the methylation procedure described in method A, 9.62 g of
I gave 8.84 g of fluffy powder. Hydrolysis of the acetoxy group
was ensured by treatment of the material in 400 ml of methanol
with 12 ml of 1097 K,COj; solution at the reflux temperature for
30 min. The resulting cooled solution was neutralized with
AcOH (5 ml), concentrated to a small volume, diluted with water,
and extracted several times with CH:Cl,. The combined ex-
tracts were washed with water, dried, and taken to dryness to
give 8.8 g of syrup. Treatment of this material with Girard’s
‘T reagent as described in method A gave 1.88 g (209;) of prod-
net, mp 184-186°. This material was identical, by the usnal
criteria, with that obtained in A.

Sodium salt of 21-ethoxalyl-33-hydroxy-16q«,17-dimethyl-54-
pregn-9(11)-en-20-one (Illc) was prepared from Ilc (2.5 g) by
the procedure described above for the preparation of the sodium
salt of IIla; there was obtained 3.4 g (1009) of amorphons
product which gave a deep red color with 19 alcoholic FeCls;
Aaoax 2.89, 5.83, 6.02, 6.16, 6.70, 8.15 u.

21-Bromo-16¢,17-dimethyl-33-hydroxy-5a-pregn-9(11)-en-20-
one (VIie). A. From the Ethoxalyi Derivative IIlc.—When
prepared by the A procedure for the preparation of VIa (above),
3.5 g of the sodium salt furnished 2.4 g (769) of amorphons
material, which did not give any color with 19, aicoholic FeCl;;
Amax 2.88, 5.84, 6.13 u. This material was used without further
purification. ,

B. By Direct Bromination of 33-Hydroxy-16«,17-dimethyl-
5a-pregn-9(11)-en-20-one (IIc).—To a stirred solution of 5 g
of IIc in 100 ml of absolute alcohol (cooled to 0°) was added
10 ml of a solntion of 30 ml of absolnte alcohol containing 18 g
of HCIY followed by dropwise addition (1 hr) of 65 ml of a solu-

Found: C,
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tion of 100 mi of absolute alcohol containing Br, (5.81 g). After
an additional 5 min the solution was poured into 800 mi of water
and filtered to give 5.88 g (969;) of amorphous material, which
was used without further purification.

21-Acetoxy-33-hydroxy-16«,17-dimethyl-5a-pregn-9(11)-en-
20-one (VIIc).—A solution of 5.9 g of VIc (prepared by method B
above) and 3.4 g of anhydrous NaOAc in 35 ml of DMF con-
taining 0.2 ml of AcOH was stirred under N, at 55-60° for 72
hr. The cooled solution was poured into 300 ml of water and
the resulting solution was extracted three times with CH,Cl.,
The combined extracts were washed with water, dried, and
evaporated to dryness to fnrnish an amorphons solid, which was
chromatographed on silica gel. Elution with 3 1. of 109 ether
in benzene, followed by evaporation of the elnate, furnished 3.2
g (539% from IIe) of produet, mp 122-126°. Two recrystalliza-
tions from acetone-petrolenm ether gave white crystals: mp
131-132°%; [«]p —5°; no significant absorption in the ultraviolet;
Amax 2.90, 5.72, 5.83, 6.10, 8.13 4.

Anal. Caled for CuHss04-0.5H0: C, 72.96; H, 9.55; H0,
2.18. Found: C, 73.41; H, 9.43; H,0, 1.72 (Karl Fischer).

In another experiment treatment of 2.4 g of crude 21-bromide
Ve, prepared by method A above, in 130 ml of DMF with 7 g of
anhydrous NaOAc, furnished 616 mg (219, from Ilc), mp 128-
130°.

21-Acetoxy-17-ethyl-33-hydroxy-5a-pregn-9(11)-en-20-one
(VIIb) zia Direct Bromination of IIb.—Direct bromination of 1 g
of IIb in the manner described above in method B for the prep-
aration of VIc¢ furnished 1.2 g of VIb, 1 g of which was treated
with NaOAc according to the procedure described above for the
preparation of VIIec to give 1 g of amorphous material. The
product was chromatographed on 40 g of silica gel. Elution with
11 of 159, ether in benzene followed by evaporation of the elnate
furnished 504 mg (509 from IIb) of VIIb, mp 139-143°,
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Cyclopropyllithium was employed to prepare 17a-cyclopropyiestradiol 3-methyl ether, the parent member

of a series of 17a~cyclopropylestrenes, and for the preparation of 17a~cyclopropyltestosterone,

Varions chemical

transformation products of the former componnd are deseribed, and the biological activities that were fonnd are

reported.

The description by Seyferth and Cohen! of a con-
venient preparation of eyclopropyllithium led us to the
application of this reagent to the synthesis of a number
of 17a-cyclopropyl-substituted steroids, which were
at that time unknown. More recently, Lehmann,
el al.,? have reported the synthesis of several of these
compounds by the use of the Simmons~Smith reagent
upon appropriate olefinic precursors; in this way
compounds 2, 5, and 15 were prepared.

The reaction of cyclopropyllithium with estrone 3-
methyl ether afforded a single 17-cyclopropyl-substi-

(1) D. Seyferth and H. M. Colien, J. Organometal. Chem. (Amsterdam),

1, 15 (1963).
(2) H.G.Lehmann, H. Muller, and R. Weichert, Ber., 98, 1470 (1965).

tuted product, which was presumed, on the basis of
prior experience? with various organometallic reagents,
to be the 17 a-alkylated isomer 2 (Chart I).

A substantial amount of the ketone always remained
unconverted and had to be removed either by chro-
matography or by condensation with a Girard reagent
(see Experimental Section). Reduction of 2 with Li
and aleohol in liquid ammonia* afforded the 14-
dihydroenol ether 3 in high yield; oxalic acid hydroly-
sis* of 3 then provided the useful intermediate 17a-
cyclopropyl-17-hydroxyestr-5(10)-en-3-one (4).

(3) L. ¥, Fieser and M. Fieser, '‘Steroids,’" Reinhold Publishing Corp,,

New York, N. Y., 1959, p 467.
(4) A.L. Wildsand N. A, Nelson, J. Am. Chen. Soc., 78, 5366 (1953).
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The 1somerization of 4 to its A%3-keto counterpart 5
was cffected with base because of the sensitivity of the
17 a~cyelopropyl-178-hydroxy system to strongly acidic
reagents.t  When the unconjugated ketone 4 was
treated with 1 molar equiv of pyridintum bromide
perbromide in pyridine,® the 4,9(10)-diene 6 was ob-
taaned e good yicld.

Reduction of 4 with lithium aluminum  tri(¢-bu-
toxy)hydride gave o fairly <h~u‘p melting mixture’ of
the two 3-hydroxy compounds 7 (in Whl(‘h the less
polar compolient predominates) which could not be
resolved into its pure components by chromatography
on cither @ column or thick layer plates. However,
reduction of the isomerie conjugated ketone 5 with the
same reagentt gave ao crude product from which the
greatly predominant zomer, assigned the 38-hvdroxy
structure (8),% was readily isolated.

I'ormylation® of the conjugated ketone 5 was accom-
plished in high vield with excess sodium methoxide and
ethyl formate m benzene solution (see Chart II).

CH;O
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HO~
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8 R=H
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(5) Some rearrangements and other reactions of the 1Ta~cvelopropyi-
178-liydroxy system will be the subject of anoder paper.

(6) (a) M. Perelman, E. Farkas, LI. J. Fornefeld, R. J. Kraay, and R, T
Rapala, J. Am. Chem. Soc., 82, 2402 (1960): (b) M. Perelman and E. Farkas,
1. 8. Patent 3,086,027 (Apnil 16, 1963).

(7) 8. G. Levine, N. If, Eudy, and II. C. Farling [Zetrakeriron Letters,
1517 (1963) ] found that the reduction of }173-propionoxyestr-3(10)-en-3-one
winye litlaam ahnninam trids. buto\\)h\dritle gave a product composed of
#1834, 3a-hydroxy compoand and 13-154% of tle 38-epiirer; the compo-
pems were separable by means of cobunn Almynmlngra])l)y,

(%) Reference 3, 1 270,

Wy IO Chncon, AL Manson, 11 W, Rconney, H, Neamann, B, (
Christiancen, R, 1. Clarke, [}, 1, Ackermanp, D, 7. l‘xgu, A, W. Deap, W, 1%
Dickinson, nml ¢ Caeabateas, J. Awe, Chene, Soo., 88, LITS (1961,
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The 2-hydroxymethylene compound 9 was then cou-
verted, with hydrazine hydrate in acetic aeid solution,
mto the corresponding A-ring-fused pyrazole 10.¥ In
a buffered acetic acid =olution of hydroxyhunine
hydrochloride, 9 was transformed into the conjugated
Isoxazole 11.10

By utilization of the procedure of Wiedhaup, of «f.."
which employves vnly 1 equiv of sodium methoxide,
the B.y-unsaturated ketone 4 was converted to its
corresponding  2-hyvdroxymethylene  derivative 12 1n
moderate vield, Compound 12 was eryvstalline and
possessed appropriate spectral properties (see Fxperi-
mental Section); most indicative of the assigned strue-
ture was its ultraviolet absorption maximum at 250 1
(e 8000), which clearly showed the presence of a non-
conjugated hydroxymethylene ketone.®

The conversion of 12 mto its pyrazole derivative 13
war effected casily with hydrazine hydrate in ethanolic
solution. However, the plcpamtmn of the eorrespond-
ing isoxazole did ot procecd in n straightforwad
manner; this compound will be the subject of another
publication.

17 a-Cyclopropyltestosterone (15) was prepared by
the reaction of ('\'(‘I()pr'()p\'lithium with the 3-pyrrolidyl
enamine (14) of androst-4-ene-3,17-diose. followed by
hydrolysis of the protective group.

LI6) AL T Manson, 1. WL Scounee, H. O Neworaar, Ro Gl ChrisGanseo
R. L. (Marke, .}, 11, Ackerman, 1), I Puge. . W, Degan, D, W, Phdllips, €GO
Poces, A Araold,” AL Lo Qexler,_and RO Clioywn, S0 Mo Chvne., 6,3
(AR

118 KL Woedlauy, AL L Nolled, 3, Gl Korsload, wel 1100 Pladsaa wo.
Fotechdenn Leffees . 1000 - 14GAY.
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Biological Results.—The miyotrophic and androgenic
activities of these compounds were determiuied by the
nmethod described by Hershberger, ef al.'? The estro-
genicity was estimated by the method of Lawson,
et al.¥® Progestational activity was evaluated by the
Clauberg test in rabbits.'*  Cyclopropylestradiol

methyl ether (2) was found to be a potent estrogen..

The dihydroenol ether 3 was estrogenic but not progesta-
tional, whereas 4 was both estrogenic and progestational.
Conjugated ketone 5 (17a-cyclopropyl-19-nortestoster-
one) was observed to be weakly androgenic as well as
progestational. Diol 8 and its monoacetate 8a were
each about one-half as myotrophie as methyltestoster-
one by oral assay, but only 0.06 to 0.03 times as andro-
genic. Both compounds were also moderately progesta-
tional and were estrogenic. The mixture of epimeric
diols 7 was progestational and estrogenic, and the dien-
one 6 was found to be a strong progestin. Oral pro-
gestational response in the rabbit was seen with the
hydroxymethylene derivative 12 but was absent from
its derived pyrazole 13. The same activity was present
to a moderate degree in the conjugated isoxazole 11,
but was absent in the conjugated pyrazole 10, which
was found to be estrogenic. Cyeclopropyltestosterone
(15) was found to be weakly androgenic.

Experimental Section'

17-Cyclopropyl-3-methoxyestra-1,3,5(10)-trien-178-0l (2).—
To a stirred solution in ether of cyclopropyllithium! prepared
from 2.0 g (288 g-atoms) of Li, 15.75 g (130 mimoles) of bromo-
cyclopropane, and 130 ml anhydrous ether was added a warm
solution of 11.37 g (40 mmoles) of estrone methyl ether (1) in
125 ml of dry tetrahydrofuran (THF), and the mixture was
stirred and refluxed overnight. The cooled solution was then
hydrolyzed by the addition of 100 mli of saturated sodium potas-
sium tartrate soiution, and the separated organic layer was
washed successively with 50 ml of 2 ¥ HCI, 25 ml of saturated
NaHCO;, two 30-ml portions of H,O, and 50 ml of saturated
NaCl. The combined aqueous washes were back-extracted with
ether, which was similarly washed and added to the organic
phase. Drying and evaporation of tire organic phase gave an
oil which, on chromatography over Merck alkaline alumina with
ether-pentane mixtures, afforded 2.00 g of unreacted estrone
methyl ether (eluted with 309, ether). Further elution, with
40-60¢% ether, gave 7.85 g of crude 2. Two recrystallizations from
acetonitrile provided 4.90 g of pure 2: mp 120.5-122.0°; [al%D
+44.3°; infrared, wvmax 2.87, 3.25, 3.42, 3.50, 6.23, 6.32,
6.66, 6.84, 8.09 u; nmr (external TMS standard) signals,
455-415 (aromatic ring), 249 (OCHj;), 83 (angular CH;), and 50-
59 cps (cyclopropyl) [lit.2 mp 116-116.5°, [«]22D +42.0° (¢ 0.79)].

Anal. Caled for CeHsO,: C, £0.92; H, 9.26. Found: C,
80.72; H, 9.22.

In an alternative purification procedure, the crude product
from the reaction of 920 mmoles of cyclopropyilithium with
460 mmoles of estrone methyl ether (1) was added to 250 ml of
ethanol, 50 ml of AcOH, and 28 g (150 mmoles) of Girard “P”
reagent. The solntion was refluxed for 1 hr, cooled, dilutred with
2 1. of cold water, and extracted witi1 8 1. of ether. The separated

t12) L. G. Hersbherger, E. G. Shipley, and R. K. Mever, Proc. Soc.
Exptl. Biol. Med., 83, 175 (1933).

(13) H. D, Lawson, C. G. Heller, J. B. Golden, and E. 1. Severinghuas,
Endocrinology, 24, 35 (1939).

(14) C.Clauberg, Zentr. Gynachol., §4, 2757 (1930).

(15) Melting points were determined in open capillaries in an oil bath with
a calibrated thermometer, and are accurate to =1°. Optical rotations
were measured ysing 1% solutions of the comypounds in CHCl;; ultraviolet
spectra were measyred using solutions in 959, FtOH, The infrared spectra
were determined with KBr pellets, and tle nmr spectra were recorded for
CDCly solutions. Thanks are expressed to Mr, K. D. Fleischier, Mr. ('
Josephs, and Mr. J. Hodecker for microanalyses and to Mrs. G. Barnett for
optical rotations, We also wish to thank Dr. R. K. Kullnig, Miss C. M.
Martini, Mrs, M. Becker, Mrs. E. Boll, and Mr, M. Priznar for the infrared,
ultraviolet, and nmr spectra.
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ether layer was washed with 500 ml of cold water, and the com-
bined agueous phase and wash was back-extracted with 500 ml
of ether. The ether phases were combined, washed successively
(2 N NaOH, four times with H,0, and once with saturated NaCl),
and then was dried (Na,SO,) and evaporated. Crystallization
of the residne from acetonitrile gave 2 (69.85 g), mp 118-122°.
Acidification of the combined aqueous solution with 50 ml of
concentrated HCl gave, after filtration, washing, and drying of
the precipitate, 32 g of 1, mp 172-174°.
17-Cyclepropyl-3-methoxyestra-2,5(16)-dien-173-0l (3).—A

solution of 1.00 g (3.18 mmoles) of 2 in 75 ml of absolute ether
and 95 ml of anhydrous NH; was stirred under N, while 0.93 g
(42 equiv) of Li wire was added in small pieces. Ten minutes
later, adcition of absolute ethanol was begun at a moderate
rate; the 13.0 ml required to decolorize the solution was added
during 20 min. The NH; was allowed to evaporate and when the
residual solution reached room temperature, 400 ml of ice and
water were added, followed by an additional 300 ml of ether.
The separated water layer was extracted with 100 ml of ether,
and the combined ether solution was washed with two 50-ml
portions of water and satnrated NaCl solution (100 ml). After
having been dried (Na,80.), the solution was evaporated and
the residue was crystallized from hexane to give 0.70 g of 3, mp
125-128°. The infrared spectrum showed characteristic di-
hydroanisole absorption at 5.92 and 6.02 4, and a sharp hydroxyl
band at 2.9 4. Only end absorption was seen in the ultraviolet
region. A second crop of crystals was also obtained: 0.07 g, mp
122-126°. The analytical sample (from ether-hexane) had mp
125-129° (129-131° in an evacuated capillary), [«]®p +94.0°.

Anal. Caled for C»Hy0,: C, 80.44; H, 9.82. Found: C,
80.67; H, 10.05.

17«-Cyclopropyl-17-hydroxyestr-5(10)-en-3-one (4).—A solu-
tion of 0.197 g (0.61 mmole) of 3 in 20 ml of methanol was
mixed with a solution of 0.23 g of oxalic acid dihydrate in 3 ml of
water. After being kept for 40 min at room temperature, the
solution was transferred to a separatory funnel with 125 ml of
ether. The ether phase was washed (NaHCQ;, H,0, saturated
NaCl). Drying and evaporation of the ether solution left a
residue which was c¢rystallized from ether-hexane to give 0.125
g of 4, mp 145-150°. The infrared spectrum showed C=0
(5.86 w) and OH (2.85 ) absorption. The ultraviolet spectrum
indicated the presence of a small amount of conjugated ketone
as an iImpurity: Amax 240 mu (e 330). No vinyl protons could be
seen i1 the nmr spectrum, and the cyclopropyl and angular methyl
group protons were apparent.

In a scaled-up preparation (7.0 g of steroid, 21.3 mmoles), a
939 vyield of comparable material was obtained. Recrystallization
from ethyl acetate-hexane afforded the analytical sample, mp

150.5-153° (in an evacuated capillary 152.5-154°), [a]%D
+156.4°.
Anagl. Caled for CyHyO,: C, 80.21; H, 9.62. Found: C,

80.34; H, 9.66.

17 a-Cyclopropyl-17-hydroxyestr-4-en-3-one (5).—One milli-
liter of 2 N NaOH solution was added to a solution of 2.0 g
(6.36 mmoles) of 4 in 75 ml of methanol. After 30 min at room
temperature, the isomerization was complete, as indicated by
thin layer chromatography (tle). The base was neutralized by
the addition of a few drops of AcOH, and the solntion was then
evaporated to dryness at room temperature under reduced pres-
sure. The residue was taken up in ether and the solution was
washed, dried, and evaporated. Crystallization of this residue
from ether-hexane gave 1.7 g of 5, mp 132-133°, [«]%D +13.7°,
Amax 241 mu (e 17,600).

Anal. Caled for C;HyxO,: C, 80.21; H, 9.62. Found: C,
79.99; H, 9.39.

A second crop of crystals, 0.21 g, mp 129-132.5°, was also iso-
lated. In later preparations of this compound, a higher melting
polymorphic form of 5 was always isolated, mp 144.5-146°
[lit.? mp 139.5-140.5°, [a]2D = 11.1°, Amax 240 mpu (e 16,900)].

17a-Cyciopropyl-17-hydroxyestra-4,9(10)-dien-3-¢ne (6).—A
solution of 12.6 g (40 mmuoles) of 4 in 230 ml of dry pyridine was
stirred and held at 3 & 2° with an ice bath, while 14 g (44 m-
moles) of pyridinium bromide perbromide was added in small
portions during 30 min. The pale yellow mixture, now containing
some precipitate, was stirred at rooin temperature for 5 hr and
then was dilnted with 3 1. of cold water. The precipitation prod-
uct was collected by filtration, washed with water, dried, and
recrystallized from ether. Three crops of crystals, totalling 9.70
g and melting in the range 147-151.5° were obtained. The analyt-
ical sample of 6 (from ether) had mp 151-152°; [a]®D —295.8°;
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Ao 218 Mg (e H8300) and 306 mu te 20,7003; in the infraved,
Ao 2,80, 291, 3.26, 3.42, 3.51, 6.05, 6.27, 6.34, and 6.8 u.
The mnr spectrum showed a single vinyl proton and was other-
wise appropriate.

Anal.  Caled for Cyllyste: C, SUT30 11, W03 Fouad:
80.83; H, 9.06.

17-Cyclopropylestr-5(10)-ene-3,178-diol (7).- -A solution of

305 g (10 mmoles) of 1Ta~cyelopropyl-17-hydroxyestr-5(10)-
en=3-one (4) in 100 mi of dry THF was stirred at room temper-
ature while 4.32 g of lithium aliminum tri(t-butoxy )hydride
was added.  After 4 hr at room temperature most of the solvent
wax removed at reduced pressure and the residue wax added
to 2 1. of cold water. The mixtnre was nentralized with AcOH,
then filtered 1o give 4.8 g of a solid.  Tritmration of this with
warmn methanol, filtration, and evaporation «f the filirate gave
320 g of avesidae. Two erystallizations from acetone afforded
2.4 g oof crystals) mp 124-12 Althongh tle elearly showed the
material to be a mixtmre of (woe campoands of very shmnilar
polarity, the mixture conld not he resolved iate s componends
by any ol a number of means cmployved, ineliding thick iaver
chromatography.  Small samples were canverted to 1he -
acelates and 3-benzoates, respectively, but the esters resisted
separation similwdy. A tinal arvstallization from ncetone -
nished the analvtical sample; mp 127-150°, o [Pn 4 128.0°,

dnal. Caled for CoyleO. C, 79.700 1, 1004, Found: ()
70.42; H, 0.97.

17-Cyclopropylestr-4-ene-38,173-diol (8).- -Lithimn ahnnimnn
tri(=butoxy)hydride (12.4 g, 60 mmoles) was added 1o a solntion
of 6.29 g (20 mmolex) of 5 ia 150 ml of THF. The solitign was
stirred at room temperature for 1.5 hr, after which time the excess
reagent was destroyed by the caaticas addition of a sointion of
acetic acid (4 ml) in THFE (20 ml).  The reaction mixture was
diluted with 2.5 L of water and this mixtnre was made weakiy
acidic (AcO1T). The precipitated produet was collected by fillra-
tian, washed, and diied: ervstallizaticn from ethyl acerate gave
530 g, mp 137-140°, and 0.20 g of a broad-melting second erop.
several recrystallizations from acetone-hexane provided the
mnadytical sample (homogencous 1o tiel, mp 142-144°, then
140-152.5°, [ai®™n +1.4°.

rad. Caled for CollpOar €
THNT H, 104,

17-Cyclopropylestr-4-ene-33,173-dio] 3-Acetate Monohydrate
(8a).-—A mixture of 1.0 g (3.1 mmolex) of 8, 2.0 mi of dry pyridine,
and 1O mi of AcO) was warmed until the =olid dissolved. The
solntioo wax kept 17 I at raom temperatnre, then penred ido
S00 ml of water. The ervstaliine exter wis filtered off, washed,
and dried inair to give 115 g, mip 85-105°. The compound conld
only be crystallized fromn aqgacons adeohols as a somewhstt nn-
stable monohydrate:  the analytical sample, from  aqueous
methanol, had mp 95-103°, [a]Bp ~43.35° The spectra were
appropriate, with the exception that in the infraved (KBr peliet :
a double (=20 peak appeared. la solution (CHCH and also
CRy) only normal acetate C=0 absorption was seen, at 585 and
5.78 u, respectively.

Anal.  Caled for CouyHuOy- H,0: C,73.37; H, 9.64; H.0, 4.81.
Fonnd: C, 73.20; H, 9.28: H.O (Kail Fischer), 4.60.

17 a-Cyclopropyi-17-hydroxy-2-(hydroxymethyiene jestr-4-en-
3-one (9)..—To a solution of 5 (12.6 g, 40 mmoles) in 150 ml of
dry benzene and 40) ml of ethyl formate was added 6.5 g (120
nmoles) of sodinm methoxide (Matheson Coleman and Bell)
and the mixtnre was <tirred under Na at room temperatnre,
The reaction wis mildly exothermie: after 5.5 hr ancther 13 mi
af ethyl formate was added.  After 21 hry 10D mi ol water wis
added aad stivellg was condtaned Tor 15 . The lyers were
soparaced and the benzene phase was washed with Sl of 2.V
NaO1l The combined agneoas phise was extrneted onee with
It af ether: a <stresm of COs was then passed throngh it for
several hoars ta precipitite the prodaet.  The aqacous hayer
was decanied (ronn The gunnuy preeipitate, which was rhen re-
dissolved in 350 ml of 0.3 & NaOH and reprecipitated with CO:
as before, this time aopearing as a finely divided amorphous yellow
powder. The product was collected on a filver, washed with water,
and dried, giving 13.20 g of solid, with Ay 248 (e 10,400) and
507 mu (e 4500).

17-Cyclopropylestr-4-eno[3,2-c|pyrazol-178-0! (10).-—A cool
(10°) solution of 5 ml of hydrazine hydrate in 15 ml of AcOH
was added to a cool solution of 6.5 g of 9 in 35 mi of Ac(iH.
The mixture was kept at room temperature for 1.5 hr and then
qacenched e waler;  the product was eoliccted by filtration,
wiashed with water, and dried, The tay :anorphoas pyrazole wis

70.64: 1L 10190 Fomad: C
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paritied by volamm chvonmatography on Florisil telntion wili
10 and 20¢7 ether in benzene) and hy thick layer chromatography
on silica gel vdevelopment with ethyl acetate).  Crestallization
wits elfected from aqneons ethanol, affording 2.6 g «f a meta-
stable hemdivdrate, mp 140-130%, A 26510 mu (e 10 100G A
tinal recrystadiizarion from aqueons ethanol provided the apalvii-
ead sample of 10, mp 143-148°, 172, — 10.2°,

drals Caled for ColeNoO-0.5H.0: ) 76040 11, 8940 N,
N6, Foawd: ) 76,130 T, 9,06; N, N.13.

17-Cyclopropylestr-4-eno[2,3-d]isoxazol-173-0l (11).- -A <oli-
tion of 3.27 ¢ (24 mmoles) of NaOAe 3H.0) and 085 g (12.2
mmoles) of hydroxylanine hydroehloride in 5 ml of waler wis
added 16 2 solntion of 4.1 g (12 mmolex) 9 in 25 mi of wium {ea.
4017y AcOTL The clear solntion wax kept at room temperatore
for 1.5 hr aud then was poared into 1.5 1 of cold water.  Aftor
nentralization of the mixtare with dilute NaOF solntion 1t was
filteved and the crmde prodnet was washed with water and dried.
The 5.0 g of erale solid thus obiained was parified by thik
fuver eliromiacgraphy orcsiliea gel (developed widh 30¢, ether i
pentaie} followed by erystallizationd from aomixture of ether raid
hexane to give 22040 gol 11 mp 137 159%: Jo %0 = 7749 ahn-
VOIOT, Apwy 28T g Ce TLNO: Infrared, Ay 201, 5.204, 500,
ekl 506, 500, 6.0, 621 6.7, and 5.49 .

dreds Caled Tor CallawNOG ) 778540 11 861 N, 406k
Fonud: C, 78010 1, 8.05; N, 457,

17x-Cyciopropyl-17-hydroxy-2-(hydroxymethylene jestr-5(10 -
en-3-one {12}.- - A sohition of 6.30 ¢ (21 nmmoles) of 4 1 75 il
dry benzene and 10 mi of ethyl formate was stirred a1 room tem-
peraane under Ny while LON g (20 nnoles) of soditnt methoxale
(Matheson Colemaa and Bedl) was introduced.  After 43 min the
deep orange reaction mixtnre was ponred o @ separatory funnvl
containing 200 mi of ether and 100 ml of water.  After thorongh
agitation anl separatioo of the lavers, the organic phase wis
washed with 100 ml of water.  Acidificaiion of the combined
aqaeoas solation by bnbbling CO» throngh 1t caused the precipita-
tion al a vellow solid; «dter being filtered olf, washed, aud dried.
1 weighed 115 g and had mp 183-195°, Livaporation o) 1he
organie phise ander reduced pressore gave a4 vellow gmin which
ontritrn tianwith ether beeame ervstalline, Filtration and drying
gave 200 g al eryvstals, mp IST-200°, Ultraviolet spectra and e
examiiattion showed 1he two =olid Iractions to he hoth camposed
Invgely of the hydroxyviethylere derivative 120 They were
combined mad crvaallized rom vihyl acetate, aflording 2,00 g
of pnre 12, mp 202 208° dee. Onemnore cecevstallization from
ethyl cccetate provaded the samdyvtiend sample, mp 202-208°
dee, o evienued capillary, the melting padnt was 208 -2107
dee; T 4 111.5°% altraviolel, A,y 280 mu (e SOVO ;. Tnlrared,
Nuex 28505200 5005, 5046, S, 5005, 506, G105, 6.3, 6,500, 6,82,
and GRS

dnal Caled Tor CadlaOs OO 77.106:
7240 1 0L

17-Cyclopropylestr-5(10;-eno!3,2-¢{pyrazol-173-0l 113).- T n
snspension of 3.4 g ¢(10) mmoles) of 12 in 50 mi of absohite ethanoi
wis stdded 2.5 mi ¢G50 nunoles) of hydrazine hydrate.  Within
I min the snspended =olid dissolved, and the resnlting clear
light vellow solution was kepr at room temperatnre for several
hours.  Iivaporation of the solvent ander rednced pressure al-
forded a solid residae which was crystallized from ethyl acetaie
giving 2.70 g of crvstals, mp 190-200° deeo Dican evaenated
capiily, the melting point was 217-220° dee. Beeause of ten-
cious solvation with erthyl acetare, revealed by spectral and
clemental saaldyses, the analvieally pore sunple of 13 was
obtained by reervstaihzaton from o mixtare of CHLCL ond Clil-
CN20 g0 mp 220221 dee sovaemaed eapillory e [o [#o 404,27
Aos 220 =l ATS0 G ndrretd, Ao 287, 50070 S0, 6.2, BUoN,
G851, mad 6.8 g

dnals Caled for Colla NG 0 TS T N850 N, N2
Found: €, 78.00; 11 8770 NS4,

17 a~Cyclopropyl-17-hydroxyandrost-4-en-3-one (15). To »
stirred =olution of evelopropyliithium?® in ether, prepared from
1.05 g (280 g=uoms) of Li and 15.7 g (130 mmoles) of bromo-
evelopropane in 125wl of anhydrous ether, was added a solution
of 11.4 g (52,5 mmoles) «f S-pyrrolidinoandrosta~-3,3-dien-17-one
(147 (mp 221-224° )% 1 200 ml of dry THF.  The solution was
ceflaxed overaight acder No aad was thea treated with 20 mi of

I, Sss. Found: ()

16; Prepacest Temae 10 2 o] sandrostenediorae and 4ol ol pereolibne
A0l of merhanot, geeocding 1o e method of 1. L. Johinsor, 3. {5, Herr,
JoC0 Babeoek, AL Fonkenw, b 150 Scafloed, wmnd 10 WL Hex), J. A ne Chev

Noeo,, T8, 130 (105G,
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water and evaporated to dryuess nnder reduced pressure. To the
vellow solid residue there was added 200 mi of methanol, 16 g
of NaOAc¢-3H,0, 40 ml of water, and 16 ml of AcOH; the result~
ing solution was refluxed for 4 hr. The methanol was evaporated
and 200 ml of 4 N HCIi was added to the residual mixture of oil
and water, which was then extracted (CH.Cl;). The extract
was washed with dilute base and water and was then dried and
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evaporated. Chromatography of the residial oil over silica gel
(elution with 1:1 ether—pentane) followed by two crystailizations
from acetonitrile gave 4.25 g of pure 15, mp 162.5-163.5°, Amax
242 mu (e 16,700), [a]®D +70.2° [lit.? mp 158-159°, [a«]?D
+62.2° (¢ 0.98), Amax 241 mu (e 16,500)].

Steroids Possessing Nitrogen Atoms.

[17,16a-d]0Oxazolino Steroids'

Active Corticoids.

Anal. Caled for CxHp0.: C, 80.44; H, 9.82. Found: C,
80.27; H, 9.93.
III. Synthesis of New Highly

G1axgiacoMo NATHANSOHN, GlorGI0 WINTERS, AND EMIL1o TEsTA

Steroid Group of Research Laboratories, Lepetit S.p.A., Milan, [taly
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The preparation of [17«,16a-d]-2-methyloxazolino analogs of prednisone, preduisolone, and Ye-flnoropredni-
solone, from 17a-azido-3a~pregnane-38,16a~diol-11,20~dione 3,16-diacetate, is described. Preliminary pharma-
cological data show that the oxazolino analogs of prednisolone and 9a-fluoroprednisolone are significantly active
when tested for neoglycogenetic and antiinflammatory activity in the rat.

In our previous paper? we deseribed the preparation
and demonstrated the structure of Ha-pregnan-38-
0l-11,20-dione[17«,16a-d]-2/-methyloxazoline (I1a).
Due to the chemical stability of the oxazoline ring,
this compound represented an excellent material for
continuing our studies aimed at obtaining 17-nitrogen
derivatives of steroid hormones. The present paper
describes in detail the synthesis of the oxazoline analogs
of prednisone, prednisolone, and 9a-fluoroprednisolone.

Starting from Ila which was prepared from the azide
I by an improved method compared to that previously
described,? we obtained excellent yields of pregnane-
trione I1Ia by oxidation with chromic acid in acetone.
The introduction of a bromine atom followed by de-
hydrobromination led to the 1,2-dehydro derivative
IV. Subsequent treatment with SeO, in #-butyl al-
cohol gave the diene V. This compound was more
eastly obtained from the 2,4-dibromo derivative IIle
by heating in dimethylformamide (DMF) with Li
salts,

Attempts to introduce a bromine atom at Cy in the
oxazoline II, under various experimental conditions,
have failed. This absence of reactivity is not un-
usual in 16,17-disubstituted pregnane derivatives and
is reported, for instance, for 17a-bromo-38,168-di-
acetoxy-Sa-pregnan-20-one® and 16a,17a-dihydroxy-
pregn-4-ene-3,20-dione 16,17-acetonide.* Allen and
Weiss*® reported further that 16«,17a-isopropylidene-
dioxypregnan-20-one derivatives failed to give both
20-semicarbazones and 21-iodo compounds.

By contrast, good results were obtained in our 21-
iodination of V according to the Ringold-Stork method
modified by Rothman, et al.* The 21-iodo derivative
reacted regularly with triethylammonium acetate to
give the oxazoline analog of prednisone acetate (VI).

Conversion of VI into the 118-hydroxy derivative

(1) This paper was part of a communication presented at the 2nd In-
ternational Congress of Steroid Hormones, Milan, Italy, May 23-28, 1966.

(2) G. G. Nathansohn, G. Winters, and A. Vigevani, Gazz. Chkim. Ital.,
96, 1338 (1965).

(3) N. G. Levine and M. E. Wall, .J. Am. Ckem. Soc., 81, 2829 (1959).

(4) (a) G. R. Allen, Jr., and M. J. Weiss, ibid., 81, 4968 (1959); (b) ibid.,
82, 2840 (1960).

(5} E. ¥ Rothman, T. Perlstein, and M. E. Wall, J. Org. Chem., 25, 1966
(1960).

ma the 3,20-bis(semicarbazone), reduction with com-
plex metal hydrides, and hydrolysis of the bissemi-
carbazone did not give appreciable yields of the re-
quired compound XII. It was found to be much more
convenient to reduce the 20-semicarbazone VII, ob-
tained from IIa, with NaBH, The facile conversion
of IIa to the semicarbazone VII, when compared with
the lack of reactivity of 20-ketopregnane-16«,17a-
dihydroxyacetonides, suggests that other factors, and
not merely steric hindrance, must intervene in order
to explain the noteworthy different chemical behavior
between the D-ring-fused oxazoline- and dioxolidine-
pregnanes. The 118-hydroxy derivative VIII was
hydrolyzed to IX by merely boiling with HCI in
aqueous methanol. This process has given better yields
than other methods® which necessitate the use of pyruvic
or nitrous acid. Selective oxidation of the 3-hydroxyvl
of IX, according to Oppenauer, led to the 3-keto deriva-
tive X, and the diene XI was obtained from this, by
dibromination in dioxane and dehydrobromination
with Li salts and DMF. 21-Acetoxylation performed
as described for VI furnished the oxazoline analog
of prednisolone (XII).

The synthesis of the 9a-fluoro derivative XV was
performed in a routine manner, dehydrating’ the 113-
hydroxy steroid XII to Al490 1 triene XIII; onadding
HOBr to the 9,11 double bond and treating the bromo-
hydrin with alkali the 98,118-epoxide XIV was obtained.
Reaction of XIV with anhyvdrous HF supplied the re-
quired [17¢,16a-d]-2-methyloxazoline of 9a-fluoro-
prednisolone (XV) .89

Biological Results.*—The compounds have been
examined for neoglycogenetic!! and antigranulomatous

(6) Inter alia: (a) H. L. Herzog, C. C. Payne, M. A. Jevnik, D. Gould,
E. L. Shapiro, E. P. Oliveto, and E. B. Hershberg, J. Am. Chem. Soc., 77,
4781 (1955); (b) E. P. Oliveto, E. Rausser, .. Weber, E. Shapiro, D. Gould,
and E. B. Hershberg, ibid., 78, 1736 (1956); (c) N. 1. Wendler, Huang-
Minlon, and M. Tishler, ibid., 73, 3818 (1951).

(7) G. G. Hazen and D. W. Rosenburg, J. Ocg. Clhen., 29, 1930 (1964).

(8) J. Fried and E. F, S8abo, J. Am. Chew. Soc., 79, 1130 (1957).

(9) R. F. Rirschmann, R. Miller, J. Wood, and R. E. Jones, ib(d., 78, 4956
(10586).

{10) The authors are indebted to Dr, P. Schiatti and Professor G. Maflii
of the Lepetit Department of Pharmacology for kindly supplying these data.

(11) R. E. Olson, F. A. Jacobs, D. Richert, 3. A, Thayer, K. J. Kopp, and
N. J. Wade, Endocrinology. 35, 430 (1944).



