a6+ J. P Dusza, J PO Josers, M. HELLER, AxD S, BERNSTEIN Vol 6
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17 a-Hydrmxypregn-1I-ene-3,20-dione {VIl) has been synthesized frinn hoth e, 17 a-epoxy-3a, | 2e-diliv-
tlrixypregnane-3,20-dione (1) and pregn-11-ene-3,20-dione (XVI). This kev intermediate has heen ennverted
into 17a-acetoxypregna-4, | |-diene-3,20-dione (XX), 17a-ncetuxypregna-1,4,11-triene-3,20-dibne (XX1), 17a-
ncetaxypregna-1,6,11-triene-3,20-dione (XNII), and ITa-acetoxypregna-1,4,ti,11-tetruene-3,20-dione ¢ XXIV1
The biological activities ( Clanberg assav) nf these compramds are talmlated.

Whereas the biologieal influence of a 11,12-double
bond in parenterally admiinistered progestational agents
Ix inconsistent, ! * its etfect ou oral activity has 1ot beeu
mported. It seemed therefore desirable to syuthesize
a uiodification of a kuown orally active progestin iu-
corporating the 11,12-double boud.  1'or this purpose a
srries of All-unsaturated compounds related to 17a-
aretoxvprogesteroiie was prepared {nr biological eval-
ttatinii.

A couvenicnt starting waterial for the synthesis of
t-dehydro-17a-oxygenated compounds was 10,17 a-
epoxy-3a,12e-dilivdroxypregnan-20-one (I), deseribed
by Julian and co-workers? Selective esterification
cniploying ethyl chloroformate® provided the 3a-carbn-
vthioxy derivative II, which on tmatiment with p-
toluenesulfouyl cehloride i1 pyridim™ was converted
into Ja-carboethnxy-16a,17 a-epoxy-12a-tosyloxypreg-
nan-20-one (11D, Two distinet synthetic moutes were
prrsuell from this intermediate. 1o oour series of
macting, the elimination of the 2e-tnsyl group was
achieyved, albeit in poor viehl, by treatuent of TIT in
refluxing collidine and thus atforded the 1i-dehydro
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1Ty It is interesting to note the foltowing rransiormation,
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T'la: sodinm acethmxide hycrolysis of ((alionted T and therefore confirmed
the macroeyelie dilactone stmanie,

rotpound V. Hydmlysis of the carboethoxy group
with sodium methoxide in mmethanol at reflux tempera-
ture provided 10,17 a-cpoxyv-3e-hydroxypregu-11-rn-
Z0-oue (V). The latter was oxidized with ehromimm
trioxide in pyridine to vield the eorrespouding 3-car-
bouyl derivative (VI). By application of the estab-
lished Julian procedure, the 16,17 a-epoxide  was
transforied intn the broumhydrin and i turn redueed
with Raney nickel to vield 17 a-hvdroxypregn-11-rne-
3,20-dione (VI Fuarther trausformations af VI
have been varrierl nat and will be diseussed 1 a later
part of this paper.

A secotnd series of reactions based on the niixed exter
[T was wvestigated as an alternative pathway to o
suitable A''-17a-hivdroxylated interuediate.  An ex-
coellent yield of e 17 a-epoxy-Sa-hvdroxy-12a-tosyl-
oxyvpregnan-20-onr (VIID) was rucountererl in the
soditun methaxide  hydralysis of  ITI. Chrominny
triaxide i pyridine axidation. also in excellent yield,
afforded the 3-keto alevivative (IX). When the low
teimperatire (—60°) bromination® uf IX was performerk,
48 - browo - 168,17« - epoxy - 12a - tosyloxypregnate-
3.20-divne (X)) was isolated.  Ou being refluxed with
vollidine on a small scale (100 mg.), X wnderwent
climination at two sites to vive I, 17 a-epoxypregiia-
4, 11-diene-3,20-dionre (NI i poor vild {approximately
t0C0). Applving the reaction on a larmer scal lod
nnexpeetedly to the isolation of 16a,17 a-cpoxy-12e-
toxvioxvpregn-t-cne-3,20-dione (X1 Subsenuent
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attenipts to effect the elimination of the tosylate group
from this material were unsuccessful and thus the
projected pathiway was not iuvestigated further. How-
ever, XI could be quite readily prepared from its 4,3-
dihydro derivative VI through low temperature bro-
mination followed by collidine-dimethylformamide
treatnient of the iutermediate XIII. By application of
the bromohydrin sequence, XI was easily converted to
17 a-hydroxypregna-4,11-diene-3,20-dionie (XIV). The
latter was also obtaiuned fromi VII through the 43-
brouio intermediate XV, 1!

Iuvestigation of the direct introduction of a hy-
droxyl group at C-17 through the procedure outlined by
Barton and co-workers!>!s was also pursued. Iu this
series of reactious, pregii-11-ene-3,20-dione (XVI) was
first converted to its diniethyl ketal XVII through the
scleniuin dioxide-methanol techuique!* or more cou-
veniently through tlie use of p-toluenesulfonic acid-
niethanol.’®  When the oxygeuation of XVII in the
presenice of potassiuin t-butoxide was conducted at
room temperature emiploying ai excess of oxygen, with
subsequent reduction of the intermediate hydroper-
oxide, ouly trace anouuts of hydroxylated niaterials
were encountered and tliese results were quite variable.
However, employing the reaction conditions more
recently described by Amiard and co-workers,!® which
eiphasized lower reaction temperature (ca. — 7°), the
desired  17a-hydroxypregn-11-ene-3,20-dione  (VII)
could be obtained consistently in a fair yield (589).7
Thus direct hydroxylation provided the most cou-
venient route for the preparation of a 17a-hydroxylated
substrate. Our attention was now directed toward
the synthesis of the title compounds from the advanced
intermediate VII.

The acetylation of VII employing acetic anliydride—
acetic acid—p-toluenesulfonic acid afforded a crude enol
diacetate XVIIIa which although isolated, was char-
acterized only by spectral analysis. Careful basic
methanolysis afforded the desired 17 a-acetoxypregi-11-
cune-3,20-dione (XVIII), but other hydrolytie econdi-
tious, although very mild, usually converted the euol
diacetate into the starting material VII. #

{11) Lithium chloride’® dehydrohalogenation of XTIl gave 168-chloro~
17a-lydroxypregna-4,11-diene-3,20-dione (v) m.p. 209-210°; |alvo +67°
(chloroform); Amex 238 mu (¢ 14.800); 1mes 3300, 3050, 2930, 1735, 1667,
1625, 1355, 1285, 1248, 751, and 718 ¢m. ™). Anal. Caled. for CaHnClO,:
C, 649.50; H, 7.50; Cl, 9.77. Tonnd: C.69.40; H, 7.73; C1, 9.98.

The epoxide XI could be obtained frism the ehlorohydrin (v) on reflnxing
with potassium acetate fn acetone.
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(12) L. Bailey, J. ilks. and D, Bartun, Proc. Chem. Soc., 214 (1960),

(13) E. Bailey, D. Barton, J. Elks, and J. Templeton, J. Chem. Soc., 1578
(1462),

(14) E. Oliveto, C. Gerold. and E. Hershberg. J. Am. Chem. Soc., 76, 6113
(1954).

(15) M. Janot, X. Lusincli, and R. Goutarel, Bull. soc. chim. France, 2109
(1061).

(16) G. Amiard, M. Legramnl, J, Mathieu, R. Heymjer, and T. van Thhong,
id., 2417 (1961).

(17) In the reduction of the intermediate 17«-hydroperoxide employing
zinc—acetic acid, the dimethyl ketal protective gioup was conseqlently re-
moved.

(18) The relative ease of hydrolysis observed for the 17a-acetate grouping
may possibly be ascribed to the absence of a 12«-axial hydrogen in the A~
series.

A'-17 - ACETOXYPROGESTERONE AND RELATED COMPOUNDS 3653

Tlie introduction of the a,8-unsaturated ketone fuie-
tion in ring A presented no difficulty. The low tein-
perature bromination of either XVIII or its enol di-
acetate XVIIIa afforded an excellent yield of
17 a-acetoxy-48-bromopregi-11-ene-3,20-dione  (XIX).
Llimination of the elements of hydrogeu bromide using
lithium echloride in dimethylformaniide!® afforded
17 a-acetoxypregua-4,11-diene-3,20-dione (XX). Dehy-
drogenation of tlie latter with 2,3-dichloro-5,6-dicyaiio-
beuzoquilione® in refluxing dioxane gave the corre-
sponding 1 4-dien-3-one (XXI). This material could
also be obtained by direct dehydrogenation of the
saturated ring A ketone XVIII under similar reaction
conditions. Conversion of XX to 17a-acetoxypregna-
4,6,11-triene-3,20-dione (XXII) was readily accou-
plished utilizing the recent procedure of Ringnld and
Turner?' wheretn XX in the presence of anhydrous
hydrogen chloride could be dehydrogenated with the
quinone reageut to yield the 4,6-dien-3-one XXII
directly. By the saine procedure XIV gave 17a-
hydroxy pregna-4,6,11-triene-3,20-dione (XXIII). By
a two stage sequelice, first introduction of the C-6,7-
double bond and then the C-1,2-double bond, XX was
dehydrogenated to 17a-acetoxypregna-1,46 11-tetra-
etie-3,20-dione (XXIV).

The biological assay results for the various A'l-
compounds have been collected i Table I, along with
those for 17a-acetoxypregi-4-ene-3,20-dionie and 17a-
acetoxypregua-1,4,6-triene-3,20-dione.?? These results
indicate that the biological influence of a Al'-double
boud o11 oral progestational activity is variable,

Tabre I
ProcE<1TATIONAL RESPONSE-ORAL CLAUBERG Assay??

Average
graded
Totat endo-
dose/rabbit nietrial
Compound mg. response
17e-Acctoxypregn~4-ene-3,20-dione 2.5 0.75
5.0 1.5
10.0 2.3
20.0 3.0
17 a-Acetoxypregna-,11-diene-3,20- 0.+ 0
dione (XX) 1.2 0
3.6 75
7.2 2.2
17 w-Acctoxypregna-1,4,11-triene- 0.5 0.5
3,20-dioue (XXI) 2.5 3.2
17 a-Acetoxypregna-4,6,1 [-tricne- 0.25 0
3,20-dione (XXII) 75 2
2,125 2.8
17a-Acctoxypregna-1,4,6,11- 0.25 0.3
tetraene-3,20-dione ( XXIV) .50 4
75 2.4
1.0 2.2
205 3.0
17 a-Acetoxypregni-1,4 ti-triene-'3,20- 0.31 1.5
dione 62 3.0

(19) R. Holysz, J. Am. Chem. Soc., 75, 4432 (1953).

(20) D. Burn, D. Xirk, and V. Petrow, Proc. Chem. Soc., 14 (19601.

(21) H. Ringold and A. Turner, Chem. Ind. (London), 211 (1962); cf.,
R. Brown and L. Jackman, J. Chem. Soc., 3144 (1960).

(22) J. P. Dusza, J. P. Joseph, and 8. Bernstein, J. Org. Chem., 28, 92
(1963).

(23) Assays were performed by Endocrine Laboratories, Madison, Wis-
consin.
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Experimental?! -

3u~Carbethoxy-16x,17a~epoxy-12a-hydroxypregnan-20 - one
Al -—-A solution of 16, 17a-eprixy-3u, 12« -dihvdroxvpregnan-
20-nme (I, 0.5 g.) i1 pyridine (3 ml.i was raaled ta 5% and tn this
wis added ethyvl chlomformate ¢0.42 ml.y.  The reaction nixture
was allowed to remain at monn temperature for 4 hr., and then
panred into 30 ml. nf ice water and extrarted with ether.  The
washed nnd dried extract nn evapnratinn gave a glass who'h
ervstallized on the addition of pther,onp. 189-191°. Reervstal-
lization fronr accetone-petroleuin ether gave 350 mg. of I1, mp.
193--198°; repeated crystallization raised the m.p. th 198-200°:
Yimas 3300, 2030, 1720, 1705, 1460, 1380, 1275, 10:2, 1020 e,
Jaf =R8° (¢ 104250,
el Calede for (
', 685060, M, SN
3a-(Carbethoxy-16«,17a-epoxy-12a-~tosyloxypregnan -~ 20-one
iIIL5 A snlutinn of 3e-rarbethoxy-16ea, 1 7a-epnxy-12a-hyvdrovy-
pregan-20-one (11, 1.4 g and p-tohienesulfonyt chloride 2.0 g. -
i pyridine (10 ml.) was allnwed to rendin at 37° for 4 davs, sealiml
fen atnmspheric misture. The rlenr vellow solnthm was
potred ity water and the resultant tacky white g which solidi-
ficd vu standing, was enllected by filtratinn, The snlid was is-
salven] in methyvlene chliride amd the solutiom was washed with

SO O tinaY M, N Fonml:

b

v2:1) Alelting points wereoletermimol we b ameslibrated National Bareos
of Standards Anschiitz themaometees in a Hershhorg apparatns.

i) The nltravialet 2bsarption spane wine doeterminenl in aethannl, tlie
infrared absorntion spectia are for potessime hrowaidetisks, the eptieal rata-
rions are for ehlyrafnrm snlntons at 257 and tle nomer, spectra Weee -
rordird nnoa Varian A-60 spectcomrter asme satations of tle rondgmamts in
itentetioelilomforin,

26} The authors wre indehudd 1 Willimo Inheoe and assovicues for the
iafrared and nloraviolet ebhsorptivn, tle: aptical 1mstation aml nnclear megnetic
resonanre datn; ta 3. Charles Pidacks and associates far tle paitition
chrmmarographic separations;  and to Ay, Linkis M. Brancone and assin«-
wtes Tar the rlemental analyses,

27) The thinlayrr rloon@atozraios Wine carriol oat at raom 1emperatnre
on glass plates roatell with appruximarely D.25 ma. of Silien Gel G. (Merck,
Danmnstaitr) prepareil acrording vy E. Stabl. Chem. Ztg., 82, 323 (1)58), antd
ihied for 2 by at 70°, Datection of sternids was crcomplished witle a phos-
plamwlyInlic aeid (104 in methanal) spray.

i28) Peurolennortler refers to the fraction, o, 6027117,
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XIX,R=Ac. R =Br
CH;
¢}
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O
XXII,R=Ac XIV,R=H
XXIII,R=H XX, R=Ac

XXIV,R=Ac, 4
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exrpss roqenns sittnrated solim bicarbonate and then with
witer nntil nentral,  Evaporation ot the drietl solution gave 111
as solid upon the additim ot ethey (10D g, vrp. 170-172°).
In amother experivient, purificntion raised the wrp. to 176-177°7;
Vs 2030, 1745, 1705, 14350, 1335, 1265, 1255, 1180 v
fa o 877 0¢ 12000,

Avcel. Caled. Tor CiyHpOS0 O
Fonnd: O, .57 H, 7.73; N, 5.485.

3a~Carbethoxy-16a,17a~epoxypregn-11-en~20-o1e Vi A
anlution of ernde 3-carbeihniv-16a, 1 7a-epnxy-12a-tosyvloxypreg-
a11-20-nne (111, 27.0 ¢ inollidbe 166 ml was refluxed Tor 24

1.

(4.7 H,
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hr., then cooled and added to 2 N hydrochloric-acid (7 1.). The
mixture was extracted with chloroformi and the extract was
washed with water until neutral, dried, and evaporated leaving a
dark gum. The latter was dissolved in ether (500 ml.) and
washed with N hydrochlorie acid (100 ml.) and then water.
Evaporation of the dried solution gave a crude gum which was
dissolved in benzene (100 ml.) and added to a column of silica
gel (500 g.). FElution with benzene—ether (98:2) gave 12.6 g.
of crude IV, which on trituration with methanol afforded 11.3 g.,
m.p. 147-149.5°. Recrystallization from acetone-petroleum
ether gave IV, m.p. 148.5-149.5°; wm.x 2030, 1745, 1710, 1455,
1370, 1320, 1360, 1080, 1010 cm.™'; [a]p +87° (¢ 1.130).

Anal. Caled. for CoH3QOs: C, 71.61; H, 8.51. Found:
C, 71.54; H, 8.56.

Further elution of the column with benzene-ether (9:1)
gave 4.6 g. of starting material (III), m.p. 172-175°.

The 118,12«a~dibromo derivative (IVa), prepared by bromi-
nation at 0° in a methylene chloride solution, had m.p. 178-181°;
[a]lp +114° (¢ 0.352); wmax 2060, 1745, 1710, 1470, 1370, 1265,
and 995 cm. 7L

Anal.  Caled. for CoHyBr;0;: C, 51.27; H, 6.09; Br, 28.42.
Found: C, 51.02; H, 6.41; Br, 28.33.

16a,17a-Epoxy-3a-hydroxypregn-11-en-20-one (V).—A solu-
tion of 3a-carbethoxy-16a,17a-epoxypregn-11-en-20-one (IV, 1.0
g.) in 0.1 ¥ sodium methoxide in methanol (60 ml.) was refluxed
for 1 hr. It was then evaporated, and the residue was extracted
with methylene chloride. The washed and dried extract was
evaporated leaving a semicrystalline solid which was crystallized
from acetone-petroleum ether to give V (711 mig.), m.p. 169-
170°;  »max 3540, 2040, 1710, 1690, 1370, 1080, 1045 cm.™Y;
[a]p +86° (¢ 1.824).

Anal. Caled. for CyHyp O, C, 76.32;
C, 76.19: H, 9.34.

16c,17«~-Epoxypregn-11-ene-3,20-dione (VI).—To an ice-cold
solution of 16«,17a-epoxy-3a-hvdroxypregn-11-en-20-one (V, 1.7
g.) in pyridine (36 ml.) was added a solution of chromium trioxide
(1.62 g.) in cold pyridine (18.7 ml.). The resulting dark brown
mixture was stirred for 20 hr, at room temperature, then methanol
(about 50 ml.) was added. The solvents were then evaporated
to give a gum. Benzene was added and subseguently evaporated
to remove the last traces of pyridine. The residue after the
addition of water was extracted with methylene chloride and
the extract was washed successively with dilute sodium bi-
carbonate, and water. The dried methylene chloride solution
was pussed through a column of Magneso!® and gave on evapora-
tion the dione VI (1.52 g.), m.p. 143-146°. Crystallization of a
sample of this material raised the n.p. to 147-149°; vmax 2930,
1715, 1460, 1375, 1215, 1200 cn1.~'; [a]p +94° (¢ 1.002).

Anal. Caled. for CuHsOy: C, 76.79; H, 8.59. Found:
C, 76.60; H, 8.73.

16c,17a~-Epoxy~3a~hydroxy-12a~tosyloxypregnan-20-one
(VIII).—A solution of 3a-carbethoxy-16a,17a-epoxy-12a-tosyl-
oxvpregnan-20-one (I11, 1.0 g.) in 0.1 N methanolic sodium meth-
oxide (42 ml.) was refluxed for 0.5 hr. Evaporation in wacuo
(bath temp. 25°) gave a salid residue which was partitioned be-
tween water and methylene chloride. The organic layer was
washed with water until neutral, dried and evaporated in vacuo.
The addition of ether to the residue gave VIII (0.88 g.), m.p.
174-176°.  Recrystallization from  acetone—petroleum ether
did not alter the meking point; [a]o +75° (¢ 1.051); vmax
3470, 2040, 1695, 1605, 13635, 1355, 1175, 918 ¢m. ™",

Anal. Caled. for CsHy068: C, 66.91; H, 7.62; S, 6.38.
Found, C, 66.57; H, 7.69; S, 6.60.

160,17 a-Epoxy~12a-tosyloxypregnane-3,20-dione (iX).—To a
enoted 10-5°) solution of chromium trioxide (1.28 g.) in pyridine
(15 ml.; there was added a cold solution of 16q,17a-epoxy-3a-hy~
drosy-12a-tosvloxypregnan-20-one {VIII, 2.0 g.). The mixture
was allowed to stand for 15 min. at 0° and then 3 hr. at room tem-
peratiire when methanol (10 ml.) was cautinusly added, and the
mixture was evaporated in vacuc. Benzene was added and the
evaporation was repeated several times until the residual pyridine
was removed. The residue was dissolved in methylene chioride
and washed with water. The dried extract was passed through
a column of Magnesol® to remove the dark color and evaporated
1o afford crystalline IX (1.8 g.). A sample was recrystallized
from acetone-petraleum ether and the m.p. remained unchanged

H, 9.15. Found:

(29) Magnesot® (Food Machinery Chemical Corp.), a hydrons nag-
nesiuin silicate.
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at 206-207°; [alp +75° (¢ 0.907);
1335, 1175, 918 em. L

Anal. Caled. for CuHis06S: C, 67.18; H, 7.25; S, 6.39.

Found: C, 67.35; H, 7.45; 8, 6.59.

43-Bromo-16«,17 a-epoxy-12a-~tosyloxypregnane-3,20-dione
(X).—To a cold (—60°) solution of 16«,17a~epoxy~12a-tosyloxy-
pregnane-3,20-dione (IX, 0.4 g.) in chloroform (8.0 ml.) and ace-
tic acid (0.9 ml.) there was added with stirring over a period of 45
min. bromine (0.041 ml.) in 329 hydrogen bromide-acetic acid
(0.196 ml.), and acetic acid (0.6 ml.). The solution was then
kept at —60° for 1 hr. when a solution of sodium acetate (131
mg.) in water (1.1 ml.) was added. The mixture was stirred at
room temperature for 0.5 hr. when chloroform was removed in
vacuo, and water was added. The residua! mixture was cooled
In an ice bath for 1 hr., and the white solid which formed was
collected and dried. Recrystallization from acetone-petroleum
ether gave X (409 mg.), m.p. 189-191° dec.; wvamas 2046, 1738,
1708, 1608, 1355, 1178 cni. 7L

Anal. Caled. for CxzH;:BrOsS:
13.79; S, 5.53.

13.61; 8, 5.76.

16c,17~Epoxy-12«~tosyloxypregn-4-ene-3,20-dione (XII).—A
solution of X (1.25 g.) in collidine (30 ml.) was refluxed for 6 hr.,
cooled, and the excess collidine was removed in vacio (bath temp.
45-50°). The residue was dissolved in methylene chloride (50
ml.) and washed with N hydrochloric acid (50 ml.) and then twvice
with water. After being dried the solvent was removed in vacio;
anl infrared analysis of the crude residue indicated the tosyl group
was still present but that dehydrohalogenation had taken place
as shown by the conjugated ketone absorption. A solution of
this crude residue in methylene chloride was filtered through a
pad of Magnesol® to remove color. Evaporation of the methyl-
ene chloride 7n vacuo gave a light yellow cryvstalline solid (XII)
(0.86 g.), m.p. 195-200°. A portion of this material, was crys-
tallized from acetone—petrolenm ether, m.p. 203-204°; [«]p
+112° (¢ 0.790); Amax 227 mu (e 23,400), 238 myu (e 15,500);
rmes 2060, 1710, 1665, 1620, 1605, 1350, 1185, 1175, 912 cm. L.

dnal. Caled. for CyuH3068: C, 67.45; H, 6.87; 8, 6.42.
Found: C, 67.35,67.58; H, 6.99, T.35; 8, 6.58.

16c,17a~-Epoxypregna-4,11-diene~3,20-dione (XI). A.—A so-
lution of 48-bromo-16a,17a-epoxy-12«-tosvloxypregnane-3,20-di-
one (X, 0.1 g.) in collidine (1 ml.) was refluxed for 6 hr., and
evaporated in vacuo. The residue was dissolved in methyvlene
chloride and passed through a small colimn »f Magnesol.2* The
crude residue after evaporation was triturated with cold ether to
give XI (15 mg.), m.p. 185-190°. This material was identical
with that obtained in procedure B.

B.—To a cold (—60°) solution of 16«,17a-epoxypregn-11-ene-
3,20-dione (VI, 0.38 g.) in methylene chloride (5.5 ml.), chloro-
form (5.5 ml.), and acetic acid (1.35 ml.) there was added over a
period of 20 min., with stirring, bromine (0.038 ml.) in 307 hy~
drogen bromide-acetic acid (0.29 ml.) and acetic acid (0.91 ml.).
After 1 hr. at —60° a solution of sodium acetate (0.19 g.) in
water (20 ml.) was added and the mixture was stirred at room
temperature for 1 hr. The mixture was evaporated in vacio
(bath temp., 30°), and the residue was treated with water tn
give a gum which partially crystallized. Identification of this
material as 48-bromo - 16,17« -epoxypregn-11-ene-3,20-dione
(XIII) was based on an infrared analysis of the carbony! region
which exhibited peaks at 1690 and 1720 ¢m.~'. This crude
product (430 mg.) was dissolved in dimethylformamide (2.5
ml.) and collidine (1.0 ml.) and the solution was refluxed for 2.5
hr. After dilution with methylene chloride, the solution was
washed with water, V' hydrochloric acid, and then water and
sodium bicarbonate. The dried methylene chloride solution was
passed through Magnesol® to give XI (0.30 g.), m.p. 195-197°.
A recrystallization from ether gave white crystals, m.p. 203-
205°%;  Npax 238 mpu (e 15,000); wrmax 2040, 2950, 1712, 1678,
1625, 1380, 752, 722 em1. ™Y [aJu +181° (¢ 0.939).

Anal. Caled. for CyHwO,: C, 77.27; H, 8.03.
C, 76.83; H, 7.84.

3,3-Dimethoxypregn-11-en-20-one (XVII). A.—A solution of
pregn-11-ene-3,20-dione® (XVI, 18.0 g.) and seleninm dioxide
(18.0 g.) in methanol (500 ml.) was allowed to stand at room tem-
perature. After 0.5 hr. crystals began to separate. These were
collected by filtration after 24 hr. and were washed with methanol

vmax 2980, 1710, 1605,

C, 58.03: H, 6.0%; Br,
Found: C, 57.25, 57.35; H, 6.15, 6.15; Br,

Fouud:

(30) "'Elseviers Encyclopedia of Organi¢c Chemistry,” Vol. 14 Snppletent,
Springer-Verlag. Berlin, 1939 pp. 2793s-2704s.



36N J. P Dusza, J.o Do Joseea, M. HELLER, asn X BrepNsTEN

ta give the ketul XV11110.7 2.3, np. 135-137°. The filtrate was
eoncentrated in racico (bath temp. 30°¢ and a snhition nf potas-
stibn hvdroxide €18 ¢.3 b1 methannl (360 il was added.  The
snlition was potred intn water and the white salid was imllected.
Crystallization of this inaterial Irom methannl with a few drnps
al pyridine added gave additional NVII ¢5.7 g0 mp. 136-138°.

B.-—-A mixture of XV1I110.0 g.; and p-toluenesnlfonic add (0.5
¢+ tnmethainl (200 1l was refluxed fr 0.5 he. The reaction
wits terminated by the dropwise addition nf N ethanolic sadinin
methoxide until the mixture became bash (ay prox. pH D-103,
amtl the snhition was then concentrated in raero th abang
nl its nriginal ynlmme.  After conling nvernight at 5°, the 1rrys-
tals which had separated were enllected nnd washed with a snmll
aunnint of cold wethanol: 102 g, wm.p. 131-132° repratal
reervstallization frion ether gave mp. 134-13670 jaln 4102°
e 0975); w3040, 2030, 1710, 1458, 1365, 1100, 1055, 723
il

Anal. Calal. for CullyO,: O
(, 76.00, 76.35; H, 10.03, 10.04.

17«~-Hydroxypregn-11~ene-3,20-dione (VII;. A.—Tu a ranjel
118%) solution of 16, 17a-epoxypregii~11-ene-3,20~-divne VI, 1.2
e and acetie acid (1.5 mlb.y in methylene chloride (15 ml.) therr
was aclded dropwise with stirring nver a period of 20 min. 32¢%
hydrogen bromide-acetic neid (2.4 ml.5.  After an additivnal 30
uin. at 15-20° the reaction mixtiire was poured into ice witer and
wis extricted with methylene chloride.  The extract was washel
witl water, dried, and evaporated (bath temp. 20-25°).  To a zo-
huting of the erude residie in methanol (40 ml.} containing water
1.6 ml.), Raney nickel (8 g.) wns added, and the mixtiure was re-
fluxed with stirring for 4 hr.  The nickel was removed by fil-
tration from the hot mixture and the filtrate was evapnrated.
The additinn of ether to the gummy residue gave crystalline V1I
(.71 g), mp. 196-200°.  An analytical samiple nf VII wuas nh-
tained from methylene chloride-petrnlenm ether, m.p. 2042067
lee]t 4+167° (¢ 1010); vimex 3010, 2935, 1715, 1343, 718 on. .

Jdual. Caled. for CyH,Os: () 76320 H, 1).15. Found:
(', 76.34; H, 9.35.

B.—To a sulutim of 3,3-dimethnxypregn-11-en-20-nue {XV1I,
2.0 g there was added a soliithm nf ~N potassinm ¢-butoxide in
t-bityl aleohnl (28 ml) and the reartinn ixture was ennled to
approximately —7° in an ice-salt bath.  The remtion flask was
atthed to a gas measuring burette and the gyvstem evacunted
and filled with oxvgen.  With magnetie stirring of the reaction
mixture the oxygen uptake wus measured and when a 107,
exress (146 ml tital) of oxygen was eonsnmed the solntim was
acidified with acetic acid (28 mb).  Zine dust (1.0 g.) was alded
with brisk agitution and the mixture was stirred for 2 hr. at
rooln temperature, The zine was removed by filtration and
washell  with #bntyl aleohol. The rombined filtrates were
evaporated (bath temp. 40°) leaving n thick oil.  The additim
ol water caused precipitatinn nf a solid which was enllected and
dried (1.6 g.).  Crystallization Iromr acetone-petrnlenm ether
gave VII (1.1 g.), np. 190-200°.  An iufrared analysis showed
this material to be identical with the materinl obtained by prn-
cadire AL

43-Bromo-17a-hydroxypregn-11-ene-3,20-dione (XV).-—Ta a
aiixture of methylene chloride (7 ml.), ¢hloroform (7 ml.; and
acetic acid (1.751ml.) was added VII 10.5 g.) and the splution was
caaled to =50 tn —60° while stirring.  To this was added drap-
wise aver | hr. o soluting of bromine (0.079 ml) in 3297 hydrogen
bromide -acetic acid (0.88 ml.). The mixture was then stirred
h 1 hr. at this temperatiire, when a sohition of sodinm acetat
0,25 g. c in water (2.0 ml.y was added, and the stirring was enn-
tinned Tor an additional hour at mown temperature.  After the
atore volatile organic solvents were renmved 71 racio {hath temp.
30~35°), water wus added tn the residue th vield n white g
which solidified on standing. 'The snlid was recrystallized from
acetine-petroleum ether to give NV (0.31 g.), m.p. 170-172°
dee. For analyvsis, o omethyvlene eliloride solatinn of this ma-
terinl was passed thrngh a filter pad of Muagnesol® and the re-
siltant solid vbtained on evaporation of the salvent was reerys-
(allized froni the abnve salvent paiv tu give m.p. 175-176° dec.:
ta i H37° (o 1 4B0Y: w3400, 2950, 1725, 1710, 1450, 1355,
FING, 712 o

deal, Caled. for CoyHayBrOy i400.365: ¢, 61681 H, 7.11:
Br, 19.52. Found: C, 61.30; H, 7.03; Br, 19.00, 1872,

17«~-Hydroxypregna-4,11-diene-3,20-dione (XIV:. A.—In an
atumsphere ol nitrngen a sonlntion of vrude 48-bromo-17a-hyv-
iheoxypregu-11-pne-3,20-dine «XV, 2.4 ¢ and lithimn chlorbly
.5 g dey dbunethyvloomanide (80 mb v was heated at 105

76.62; H, 10.07. Fomul:

Vol 6

110° Tar 3 hiee . The solvint was rezaoved 7n raewwo and the residine
was frested with methylene chloride.  The extract was washed
with exvess sndimn birarbonate solution and then water.  Fvapo-
ritian 1 racico gave aovride solid 2.4 g0 which on reervstallizo-
tion Trow henzene provided XTIV (103 g, wop. 202-206° A
partion 300 . of this materinl was chrawatogriphed an
Fhvtgil#' The frntion eluted with 89, aretime: petralavn vther
was ayvstallized o constant e, 203-243%0 {oly 117
117 Mg 23N g fe T6,N000: w,, SAN0, 3020, 2400, 1790,
LGGS, 1615, 1345, 1239, 1110, 71Coan,

A Cobedl oo CuHLO: O
O, TheN: ML N5,

B.— A solition o e} 7a-cpoxy pregra-+4. 1 1-diene-3.20- hiarme
(X1 266w tn methyhmie ehiorbde (5 il and seeth: acid 0.5
wl was treatml with 3070 hydrogen bromide-acetic amid (0.4
vil s and the mixtre was allowed th stand at rom tetperatma:
for 0.5 hr. The pradort was extracted with methylene chlsride,
whirlt on evaparation vielded the ernce browwhydrin, Ta w
suspension of the Lirtey iouethanal (10 ml amd water (L4 ml. )
was ndded Raney nickel /2.0 g3 and the mixtnre was refluxed
for - T Evaporaticar of the filtervd reactim mixtone viebled
NIV, After several ervstallizatinns frain acetnne-petrohaim
cther, there was abtoined 113 wmg., nup. 211-213°, whiel was
identical with the prodint obtained hy proerdure A

17a~Acetoxypregn~11-ene-3,20~-dione (XVIID).— T =ohution
nl aertie wdd 30 mibr aanl acethe ambivdridie (10 vl thoere was
added 17e-hyvdrosypregn-1l-ene-3.20-dbate (V1L 0.0 g0 vitro-
gen was bibhbled thromgh this solutinn, aud zetoliienesulionn: mweid
1.0 g0 was added. After IS br. sealetd umler a nitrogen ot
wospliere. the reaction pistre was poured mto fee water ot ex-
trietd with methvlenr chloridie. Evapnration o the wasioed
aml drived vxtriet gave o gon whidh wasolissolved momeslume!?
{10 mlo, and N sadithyn Huethazinde i nethaml was added ot
the pH was abont 9. The salntion was refluxed Tor 0.5 hire ol
moled. A (hin biver vhrapmtagraph showed  predomdnantls
ane catponiind less polar than starting waterial.  Nentraliza-
tinn with neetir meid aad veaporatinn gave a residne which ervs-
tallized from wectomepetrolinmy ether to give NVIL (5361 mg.
nep. I18S0-183°0 Crestallizathm o4 a0 sample from ether gave
uep. ING-INTS bein +50° e 10263 v, 3030, 2070, 1735,
P3RS, 1265, 1245, 716 e, &

Aodd. Cahsll oo CuHO0 € THIG; L N6,
CTa2a0 Ho s

I amther mn the matevial whivh separatel upon the ad-
it of ire watir ta the reactinn mixture was rollected winl
dried. Tis mibrarert spertrin showed this naterial to be most
likely 3, 1T anlieteaypregin-3, 1 -iien-20-ome  (XVIHLn v,
1740, and 1210 v,

17a~Acetoxy-453-bromopregn-11-ene-3,20-dione XIX:. A
A solntion feaaled 1o =508 of [Ta-acrtoxypregn-11-cne-3.20-h-
ame {NVTH, 372 g+ inmethyleme vhiboride (4.5 il vhiloroform
4.5 il oy, and acetiv acbb 111 ml 7 was treated vdempwise addition
with stirring) with w solution of bromine (160 mg. ¥ in 309, hydra-
gen bramide-neetis acid 10.25 il and acetie aeid 10.75 1wl
Thr renction mixtire was stirretd foa o teaal ol 2 hiesat =507 when
a solution of sadinm acetite (164 mg and water 114 b was
adde. The mixtie was stivved af roarn temperatiee hor 0.5 hie
and the valatile solvents were renmived 7 raoro thath temys.
105 Water (20 ml was added awd o guniy precipitate forned
which salidiber] ou stinding overnight ot 57 The salill was
vallertel, dissolved in methylene chloeide, aud filtermd theaagle
a el ool Magnesal®  Fvaparation of the filtrate gave white
ervatals of NIN 36T v, mep. I74-175°0 Tts infrared spoe-
trm was dentical with that of au andytical smnple abtained
3N lll‘tll‘l\dll)'l‘ 13 }1('111\\'.

B.— T a cald = 50°) salutinmn at erude 3,1 Ta-dinccetnxy pregna-
31 -diene-20-cne « XV Ia, 414 Hug.y in methylene chloride 110
ml.) and ehloroinem (10 mly there was added drapwise with stir-
ring nver 3 min. a salution of bmmine 1160 mg.) in vhlbroforin 13
mly A solntion of sadinm acetate (164 mg.) in water (3.0 Hul.;
wis added ta the renction mixtnre which was now allbwed oo
ronte ta o temperature,  After 0.5 hr. at room temperature,
the mixture was evapirated i vacuo (bath temp. 25°), and water
wns added ta (he residue. The resulting gum was dissolved in
wethylenn eblaride and filtered through Magnesol.®  The filtral-
wins evaparatel teaving a g which ervstallized on tritnration
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with ether. In this manner there was obtained XIX (81 mg.),
m.p. 173-174° dec. Crystallization from ether raised the m.p.
to 178-179° dec.; [a]p +58° (¢ 0.950); wmax 2940, 1735, 1370,
1265, 1250, 725 cm. ™"

dnal. Caled. for C,3Hy BrO,: C, 61.19; H, 6.93; Br, 17.72.
Found: C, 60.92; H, 7.08; Br, 17.89.

17«-Acetoxypregna-4,11-diene-3,20-dione (XX). A.—Under
an atmosphere of nitrogen, criide 48-bromo~17@~acetoxypregn-11-
ene-3,20-dione (XIX, 1.5 g.) and lithium chloride (2.8 g.) were
heated in dry dimethyltormamide (50 ml.) for 3 hr. at 100-110°.
The solvent was removed in racuo and methylene chloride was
added. The extract was washed with a saturated sodium
bicarbonate solution and water, dried, and evaporated to give a
vellow solid which was dissolved in benzene and added to a
column of Florisil®! (50 g.). Elution with 69 acetone—petroleum
ether gave 3 major fractions which were grouped according to
the results obtained by thin layer chromatographic analysis.
Fraction A contained product contaminated with a less polar
material which gave on crystallization from acetone—petroleum
ether XX (107 mg.), m.p. 210-211°. Fraction B was essentiallv
pure XX, m.p., 216-219°. Fraction C contained XX with a
1nore polar substance and had a low m.p. Crystallization of
a sample of fraction B from ether gave crystals, m.p. 220-222°;
[a]Dp +123° (¢ 1.160); Amax 238 mu (e 17,200); wnax 3010, 2930,
1730, 1661, 1620, 1445, 1360, 1265, 1250, 1072, 718 cm.™ !

Anal. Caled. for Cy3HyO,: C, 74.56; H, 8.16. Found:
C, 74.50; H, 8.30.

B.—17a~-Hydroxypregna-4,11-diene-3,20-dione (XIV, 0.83 g.)
was dissolved in a mixture of acetic acid (25 ml.) and acetic anhy-
dride (8 ml.). Nitrogen was bubbled into this solution for a few
min. and then p-toluenesulfonic acid (0.83 g.) was added and
the reaction mixture was sealed for 18 hr. A yellow solid sep-
arated when the reaction solution was poured into ice water and
the precipitate was collected. A methvlene chloride solution of
the latter was washed with water, dried, and evaporated. The
resulting gum was dissolved in methanol (10 ml) and a ¥
sodium methoxide in methanol solution was added dropwise
until the pH was 9-10. The solution was then refluxed for 15
min., neutralized with acetic acid, and evaporated to provide XX
(552 mg.), m.p. 208-210°, whose infrared analysis was in agree-
ment with material obtained from procedure A above.

17 x-Acetoxypregna-1,4,11-triene-3,20-dione (XXI). A.—Aso~
lution of crude 17a~acetoxypregn-11-ene-3,20-dione (XVIII, 585
mg.) and 2,3-dichloro-5,6-dicyanobenzoquinone (600 mg.) in di-
oxane (5ml,) was refluxed for 18 hr. The solvent was removed in
vacuo and the residue was snspended in benzene and filtered to
reniove the hvdroquinone. The filtrate was added to a column
of Florisil3! (30 g.) suspended in petroleum ether and by a linear
gradient elution pattern (0-8¢ dioxane—petroleum ether) with
10-ml. fractions on an automatic collector there was obtained
28 mg. of starting material, A second linear gradient elution
pattern (8-209; dioxane—petroleum ether) gave, by ultraviolet
absorption analysis of the fractions, in the following order (in-
creasing polarity) 17a-acstoxypregna-4,11-diene-3,20-dione (XX)
17a-acetoxypregna-4,6,11-triene~3,20-dione (X XII), 17a-acetoxy-
pregna-l1,4,11-triene-3,20-dione (XXI), and 17a-acetoxypregna-
1,4,6,11-tetraene-3,20-dione (XNXIV). However, only XXI
could be separated and was further purified by partition chroma-
tography on Celite®? (heptane-methanol). Crystallization of
the material thus obtained from acetone-petroleum ether gave
8 mg., m.p. 204-206°; [a]p +60° (¢ 1.1537); Amex 246 mu
(e 15,100); wmax 3030, 2970, 1745, 1670, 1630, 1610, 1265,
1250, 840, 719 cm. L

Anal. Calcd. for Cz::Hgs()4!
C,74.77; H, 7.70.

C, 7497; H, 7.66. Found:

(32) Celite ® (Jolns—Manville Company), a diatomaceous silica produet.
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B.-—A solution of 17a-acetoxvpregna-4,11-diene-3,20-dione
(XX, 101 mg.) and 2,3-dichloro-5,6~-dicvanobenzoquinone (72
mg.) in dioxane (5.0 ml.) was refluxed for 18 hr. The hydroqui-
none which separated on cooling was removed by filtration, and
the filtrate was evaporated. Chromatography of the residue on
Florisil3! (10 g.) with 79, acetone—petroleum ether gave the
Al43.one (XXI, 36 mg.). Repeated crystallization raised
the m.p. to 201-202°. The product was identified with material
obtained in procedure A.

17a~-Acetoxypregna-4,6,11-triene-3,20~-dione (XXII).—A
stream of dry hvdrogen chloride was passed into a solution of
17a-acetoxypregna-4,11-diene-3,20-dione (XX, 150 mg.) and
2,3~dichloro-5,6-dicvanobenzoquinone (101 mg.) in dioxane (7.5
ml.) for 1 min. After 0.5 hr. at room temperature, crystals of
hydroguinone separated and these were removed by filtration.
The filtrate was diluted with methylene chloride, and the extract
was washed with excess sodium bicarbonate solution, dried, and
evaporated to give a vellow residue of XXII (105 mig.), m.p. 160-
192°. Since it was hmpossible to remove the color by repeated
crystallization, purification of the sample was accomplished by
chromatography on Florisil.®# Elution with 5% acetone-
petroleum ether gave a material which on crystallization from
ether gave colorless needles, m.p. 205-207°; [a]D +17° (¢
0.500); Apax 285 miu (e 23,500); wanax 3050, 2960, 1742, 1715,
1665, 1615, 1585, 1258, 1242, 1230, 718 ¢m, 7L

Anal. Caled. for CyuHeOy: C, T497: H, 7.66.
C, 74.83; H, 7.88.

17«~Acetoxypregna-1,4,6,11-tetraene-3,20~-dione (XXIV).—Inta
a solution of 17w-acetoxyvpregn-4,11-diene-3,20-dione (XX, 300
mg.) and 2,3-dichloro~5,6~dicyanobenzoquinone (202 mg.) in di-
oxane (10 ml.) was passed a strean of dry hydrogen chloride for
about 1 min. After 75 min. at room temperature the mixture
was evaporated in vacuo (bath temperature 30°), and benzene was
added and evaporated in vcuo 3 times to remove residual hydro-
gen chloride. ‘Methylene chloride was added, and hydroquinone
was removed by filtration. The filtrate was evaporated, the
residue was again dissolved in dioxane (7.0 ml.), and 2,3-
dichloro-5,6-dicyanobenzoquinone (202 mg.) was added. The
solution was refluxed for 18 hr. and the hyvdroquinone was re-
moved by filtration and the filtrate was evaporated to vield a
gum, This was dissolved in benzene and added to a column nf
Florisil3! (15 g.). Elution with 6% acetone—petroleum ether
gave ultraviolet absorbing material. Cuts (50 ml.) were taken
and analyzed by thin layer chromatography, which revealed
essentially one spot. They were therefore combined and
evaporated to give a glass (177 mg.). Crystallization from ace-
tone—petroleum ether gave XXIV (130 mg.), m.p. 175-177°;
crvstallization from ether did not alter the melting point; [a]p
+26° (¢ 0.704); Naax 225 mpu (e 15,900), 252 mu (e 14,900),
300 mu (e 13,600); wmax 3000, 2940, 1730, 1660, 1630, 1605,
1585, 1375, 1355, 1260, 1245, 718 cn1. ™,

dnal. Caled. for CuHuOs: C, 75.38; H, 7.15.
C, 75.20; H, 7.52.

17«-Hydroxypregna-4,6,11-triene-3,20-dione (XXIII).—Drv
hydrogen chloride was bubbled for approximately 1 min. into a
solution of 17a-hydroxypregna-4,11-diene-3,20-dione (XIV, 133
mg.) and 2,3~dichloro-5,6-dievanobenzoquinone (101 mg.) in di-
oxane (7.5 ml.). The flusk was stoppered and after 30 min. the
solid which had separated was removed by filtration. The fil-
trate was diluted with methvlene chloride and the extract was
washed with a sodium bicarbonate solution and water, dried, and
evaporated to give XXIII (120 mg.), m.p. 200-205°. An
analytical sample (59 mg.), m.p. 212-218° dec., was obtained from
a Florisil?! column by elution with 8% acetone-petroleum ether.
Crystallization from ether raised the melting point to 222-224°
dec., [a]D +55° (¢ 0.491); Amax 285 mu (e 20,900); vga, 3410,
3050, 2960, 1708, 1645, 1610, 1580, 1350, 1225, 1185, 720 cn1. L.

Anal. Caled. for CyHypO;: C, 77.27: H, 803. Found:
C, 76.64, 77.27: H, 8.22, 8.39.

Fouud:

Found:



