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Action of Some Steroids on the Central Nervous System
of the Mouse. 1. Synthetic Methods
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The preparation is described of a nimber of previously unreported steroids, required for tests of their hypnotic
activity. The compounds, which are prepared by conventional methods, are chiefly 5a- or 58-pregnan-20-ones,
substituted at C-3 by hydroxy or oxo groups; other substituents include hydroxy groups at positions 11, 16, and
21, un oxo group at position 11, methyl groups at positions 3, 6, and 16, 9,11- and 11,12-epoxy groups, and halogen
atoms at position 21.  Also described is the preparation of some androstane and D-homoandrostane derivatives,
oxygenated at positions 3, 11, and 17 or 17a. Most of these compounds, as well as a nimber of known substances
of similar type, are esterified with polybasic acids, thus allowing formation of water-soluble salts. Hemisunccin-
atex and monoesters of some other dicarboxylic acids are prepared from the steroid alcohol and the appropriate
acid anhydride. Phosphates of several 3-hydroxy steroids are prepared from the alcohol and dibenzyl phos-
phorochloridate with subsequent removal of the protecting gronps by hydrogenolysis. The pyrophosphate of
21-hydroxy-38-pregiane-3,20-dione is prepared from the corresponding 21-monobenzyl phosphate, Ly treat-
ment with dicyclohexylearbodiimide and sabsequent removal of the benzyl growps with sodium iodide. Some
basic esters of 3a-hydroxy-38-pregnane-11,20-dione are prepared from the alcohol via the chloroacetate and

iodoacetate.

In connection with the program of biological tests
described in the accompanying paper! it was necessary
to prepare a nuniber of steroids bearing water-solubiliz-
ing groups. Since the initial results suggested that the
desired hypnotic activity on intravenous adininistra-
tion ocecurred only with the pregnane derivatives, we
concentrated on the variation of substituents in this
nucleus.

For the most part, we used the well-known method of
converting steroid alcohols into their hemisuccinates,
whose sodium salts usually are sufficiently water solu-
ble. The preparative methods, which are conventional,
and the products obtained are described in the Experi-
nental section.

The 17-acetate 3-henmiisuccinate [I, R = CO(CH,)s-
CO:H; R’ = Ac] of 38,17-dihydroxy-da-pregnane-
11,20-dione was prepared from the 3-hemisuccinate by
acetylation with acetic anhydride in presence of per-
chloric acid; there was no apparent transesterification
at C-3.  Anattempt to introduce the ester groupings in
the alternative order was unsuccessful, because the 3,17-
diacetate (I, R = R’ = Ac) could not be selectively
hydrolyzed to the 17-nionoacetate (I, R = H; R’ =
Ac).
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(1) R. M. Atkinson, B. Davis, M. A, Pratt, H. M. Sharpe, and E. G.
Tomich, J. Med. Chem., 8, 426 (1963).

The instability of the salts of the hemnisuccinates
(particularly those of the 21-hydroxy compounds) in
aqueous solution was something of a disadvantage, and
several of the more promising alcoliols were converted
nto their phosphates.

Thus, 38-hydroxy-5a-pregnane-11,20-dione, 3o-hy-
droxy-58-pregnan-20-one, 3a-hydroxy-38-pregnane-
11,20-dione, and 3a-hydroxy-16a-methyl-58-pregnane-
11,20-dione were all treated with dibenzyl phosphoro-
chloridate, and the resulting crude 3-dibenzyl phos-
phates were hydrogenolyzed to give the corresponding
free phosphates, isolated as their disodium salts IT and
INI{X=H,R=H; X=0,R=H; and X = O,
R = Me), respectively.
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For the preparation of the pyrophosphate derivative
ol 21-hydroxy-58-pregnanc-3,20-dione (IV, R = OH).
this alcohol was converted, vda its methanesulfonarc
(IV, R = 0S0,)\le), into the 21-iodo compound (IV, R
= I). Reaction of this last compound with silver di-
benzyl phosphate, best in acetonitrile, gave the 21-di-
benzyl phosphate [IV, R = OPOOCH,CsH;).l, which
was monodebenzylated by sodivn iodide to give the 21-
nionobenzyl phosphate {IV, R = OPOOH)(OCH.
CeH:)y ). This was condensed, by weans of dievelo-
hexylearbodiinmide, {o the corresponding pyrophosphatc
(V. R = CHyCeH;) which was further debenzylated by
soditun iodide to the required PP=bis(3,20-dioxo-54-
pregnan-21-vl) P2-disoditun pyrophosphate (V, R =
Na).

Since the hemisuccinate and the phosphate of 3a-
hydroxy-38-preguane-11,20-dione (VI, R = H) showed
particularly favorable propertics in the biological tests,
this alcohol was chosen as the parent for an investiga-
tion of the effect of various other water-solubilizing
groups. The sulfate (VI, R = SO;H). hemimaleate
(VI, R = COCH=CHCO.H). hemiglutarate [VI. R =
CO(CHy);COsH], hemidiglycolate (VI, R = COCH.O-
CH.CO.H), and hemiphthalate (VI, R = COC¢H,-
CO.H-0) were all prepared from the steroid aleohol and
the appropriate acid anhydride in p\1idin( Rear-
tionn of Je-hydroxy-53-pregnanc-11,20-dione (VI, R =
1) with N-acetylr-ghuamic anhydride gave a com-
pound whose analysis was that cxpected for the steroid
hemi-N-acetylglutamate, but we have 1o evidence as to
whether it was the a- or y-monocster ov, indecd, a mix-
ture of both

In another series of derivatives of compound VI (R =
H), water solubility was conferred by esterification with
amino acids., Thus, treatment with chloroacetic an-
hydride in pyridine gave the chloroacetate (VI, R =
COCH.CD, which was converted by sodiwa odide into
the corresponding iodoacetare (VI, R = COCH,I}.
This compound reacted with ananonia and with diethyl-
amine to give the amnoacetate (VI IV = COCH,NH,)
and the (11(111\1&111111()&(((21(( (VI. R = COCH,NE1. )
1(bpe(m(l the latter 1(&(1((1 \\»111 ethyl iodide 1o
vield the quatunal\ salt (VI = ()CH N+t I
Finally, the iodoacetate, on 11(&1111(,111 with N- 111(,11131
wmorpholine, gave tll(' Jllolpholizloa( elate methiodide
(VI.R = COCH, MeNHCHO -1

Many of the \1L101d alcohols 11()111 which these water-
soluble derivatives were prepared arce already ade-
quately deseribed in the literature, and the same is truc
of a nummber of other steroids whose activity, on intra-
venous administration as suspensions, is discussed in the
following paper. Several, however, arc new, and their
preparation is suwinmarized here; many of the syntheses
tsed follow conventional lines that require no comnient
beyond the preparative method given in the Experi-
mental section.

38-Hydroxy-se-androstan-11-one was prepared by
Wolff--Kishner reduction of 38-hydroxy-ja-androstane-
11,17-dione, advantage being taken of the unreactiviry
of the 11-ox0 group under usual reaction conditions.

3@,21-Dihydroxy-38-pregnane-11,20-dione  diacetate
(VII, R = Ac; R’ = 0OAc¢) underwent selective hy-
drolysis of the primary acetoxy group on treatmntent
with ca. 1 cquiv. of potassium bicarbonate. The re-
sulting 3-monoacetate (VII. R = Ac: R = OH), was
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converted imto its 21-methancesulfonate (VII, R = Ae¢;
R' = 0SO:Me) [which was accompanied, in one experi-
ment, by the 21-chloro compound (VII, R = Ac; I/ =
CH] and thenee into 3a-hydroxy-21-iodo-33-pregnane-

1.20-dione accrare (VI o= Aer R = 1) At-
temipts to hydrolyze the 3-acetate 21-methanesulfonate
10 the corresponding 3-aleohol with alkali were unsue-
cessful, but treatment with methanolic perchlorie setd
vielded the desived compound (VII, R = H: R’ =

OSO,Me). This, in turn, was converted into the cor-
responding 21-fluoro (VI[, R = H: R’ = ) and 21-

iodo compounds (VII, R = H: R’ = I) by reaction
with potassium hydrogen fluoride in dimethylforiaa-
mide and with soditun jodide In acctone, respectively.
Finally,  Be-hydroxy-21-todo-58-pregnanc-11,20-dione
(VII, R = 1. R” = 1) was treated with triethylam-
moniune &-butyvlacetate and with potassiune thioaretatce
10 give the 21-butylacetoxy (VIIL R = 11 R’ =
OCOCNey) and the 21-accetylthio compound (VII 1R =
[: R’ = SCOMe), respectively.

For the preparation of Ge-mcethyl-58-pregnanc-3,20-
dione, the commereially available Ga~mcthylpregna-
4.16-diene-3,20-dionre was reduced catalyvtically.  The
Iromeric Ge-methyl-Ha-pregnanc-3,20-dione (a known
compound) was produced simultancously, bhut frae-
tional crystallization scrved to scparate the two com-
pountds,

The epunerie 3-mcthyl-3-hydroxy-58-pregnane-11,20-
diones (VIIL, R = JMce: R = OH) and (VI
R = OH; R’ = AMc¢) were synthesized from o8-
pregnanc-3,11.20-trione 20-cthylene keial by treat-
ment with raethyhnagnesium iodide and subsequent
deketalization, the cpimers being separated chromato-
graphically.  Configurations at C-3 were assigned to the
isonters on the hasts of the case of their clution from the
columm, the less strongly adsorbed compound being re-
warded as the axial 38-ol; their nfrarced spectra were i
agrecinent with these assignments,

The D-homoandrostanc (IX) was prepared frora
38,17-dihydroxy-5e-pregnane-11,20-dione (I, R =
R’ = H). Reaction of this compound with boron tii-
fluoride was very slow, but the 3-monoformate (I, R =
CHO; R’ = H) was rcadily rearranged by the
samie reagent to a compound that we formulate as
38,17 a-dihydroxy-178-methyl-D-homo-ja-androstane-
11,17a-dione 3-formate (IX, R = CHO), by analogy
with the sarae rearrangement in the 3e-hvdroxy 58-
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series.? In accordance with this, the diol (IX, R = H),
obtained by hydrolysis of the forinate, showed evidence,
in its infrared spectrum, of hydrogen bonding between
the hydroxy and ketone groups in ring D.

Of the renmaining compounds referred to in the fol-
lowing paper or used as intermediates, 168-methyl- and
16,16-diniethyl-3a-hydroxy-58-pregnane-11,20-dione,
and 3a-hydroxy-16-methyl-58-pregn-16-ene-11,20-dione
were kindly supplied by the Schering Corp. A few
other new compounds (numbered in Tables I and
11 of the following paper as 18, 25, 28, 84, 118, 140, 149,
150, and 161-168 inclusive) will be described in papers
that we hope to publish shortly.

Experimental

The bold-faced numbers that follow the subtitled names of
certain compounds are the numbers identifying these compounds
in the following paper. TUnless otherwise stated, melting points
were determined on the Kofler block, and rotations were de-
termined in CHCl; solution (¢ 1).

33-Hydroxy-5«-androstan-11-one.—A mixture of 38-hydroxy-
5a-androstane-11,17-dione acetates (4.0 g.), NaOH pellets (4.0
g.), 959 hydrazine hydrate (4.0 ml.), and triethylene glycol (40
ml.) was kept at 180° for 2 hr. Dilution of the cooled solution
with water precipitated a product which was then acetylated by
treatment for 36 hr. at room temperature with pyridine (25 ml.)
and acetic anhydride (25 ml.). The product was isolated by
extraction with ether and chromatographed on alumina; ben-
zene-hexane and benzene eluted 33-hydroxy-5«-androstan-11-
one acetate, which was crystallized from methanol to give 1.37 g.
of material with nup. 87-00°; [alp +36°; wp. (in CS.) 1732
and 1242 (acetate) aud 1708 em.~! (ketone).

Anal. C&l(}d. for c:;H:]QO.‘:: (‘, l--:)“, H, 0.7.
76.2; H, 9.5.

The free alcohol, obtained by hydrolysis with boiling 4%
methanolic NaOH and sublimation at 120° (0.0005 mm.), had
m.p. 159-160°; [alp +62°; vnax (in C8:) 3600 and 1038 (equa-
torial OH) and 1708 cm. ™! (ketone).

Anal. Caled. for CsH3O.: C, 78.6; H, 10.4. Found: C,
78.9; H, 10.4.

34,21-Dihydroxy-53-pregnan-20-one (75)—3c,21-Dihydroxy-
58-pregnan-20-one 2l-acetate! (0.7 g.) in me‘.thanol (70 ml,,
oxygensfree) was treated with KHCO; (0.7 g.) in wafger (7 ml,,
oxygen-iree), and stirred at room temperature under nitrogen for
1 hr. Dilution with water, extraction with chloroform, and crys-
tallization from ethyl acetate-petroleum ether (b.p. 60-80°)
gave the product: m.p. 151-153°; [a]p +99°; wvmax (in CHBI3)
3600-3500 (OH) and 1702 ecm. ! (ketone).

Anal. Caled. for CaHs0;: C, 75.4; H, 10.2. Found: C,
75.5; H, 10.2.

17,21.-Dihydroxy-5«-pregnane-3,20-dione wus prepared from
its 2l-acetate, a solution of which in CH.Cl, was treated,
under nitrogen, with 1 equiv. of 0.1 V methanolic NaOH. After
15 min. at room temperature the solution was acidified to phenol-
phthalein with acetic acid, concentrated in vacuo, and diluted
with water. The precipitated diol, after crystallization from
acetone, had mup. 219-220°; [a]d +47°; wmex (in CHBry)
3600 and 3500 (OH) and 1702 ¢m. ! (ketone).

Anal. Caled. for C:1H3:O4: C, 724, H, 9.3.
72.5; H, 9.4

6a-Methyl-53-pregnane-3,20-dione (79) and 6a-Methyl-5q-
pregnane-3,20-dione (22)—6a-Methylpregna-4,16-diene-3,20-di-
ones (700 mg.) in ethyl acetate (40 ml.) was hydrogenated at
room temperature and pressure in the presence of 59, Pd-C
(150 mg.); absorption of hydrogen was complete (2 moles)
in 55 min. The catalyst was filtered off, the filtrate was evapo-
rated to dryness, and the residue was crystallized from ethyl

Pound: ¢,

Found: C,

(2) N. L. Wendler, D. Taub, 8. Dobriner, and D. K. Fukushima, J. Am.
Chem. Soc., T8, 5027 (1958).

(8) J. von Euw and T. Reichstein, Helv. Chim. Acta, 26, 988 (1942),

(4) J. D. Cocker. H, B. Henbest, G, H. Phillipps, G. P. Slater, and D. A.
Thomas, J. Chem. Soc., 6 (1965). '

(3) G. Rosenkranz, J. Pataki, 8t. Kaufmann, J. Berlin, and C. Djerassi,
J. Am. Chem. Soc., 72, 4081 (1950).

(6) Purchased from Koch-Light Laboratories Ltd.
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acetate-hexane to give material (253 mg.), m.p. 151-153°.
Recrystallization gave 22 (195 mg.) as plates, m.p. 153-154°
(lit.” m.p. 152-153°).

Evaporation of the mother liquors from the first crystallization,
and recrystallization of the residue from hexane gave a mixture
(303 mg.) of the 3a- and 38-isomers, predominantly the latter.
The mother liquors from this crop were evaporated and the residne
was crystallized from a little hexane, to give 79 (123 mg.): m.p.
99-102°; [alp + 90°; »max (in CSy) 1715 (ketone) and 1358
cm. 7! (COCHjy).

Anal. Caled. for CuH;0.:
80.0; H, 10.2.

3a-Hydroxy-16«-methyl-55-pregnan-20-one (72).—Methyl-
magnesium bromide, prepared from niagnesium turnings (5 g.)
and niethyl bromide (20 ml.) in ether (100 ml.), was treated with
cuprous bromide (40 mg.) followed by 3a-hydroxy-58-pregn-16-
en-20-one acetate (2 g.) in ether (200 ml.). The mixture was
boiled under reflux for 4 hr., cooled, and treated with saturated
aqueous NH,Cl (100 ml.). The product was isolated by extrac-
tion with ether, crystallization from ethyl acetate, and chroma-
tography on alumina (60 g.). Elntion with benzene-ether (1:1)
gave a solid (0.9 g.), m.p. 140-142°, Further crystallization did
not raise the melting point; »max (in CS:) 3620 and 1038 (equa-
torial OH), 1710 (ketone), and 1354 cm.— (COCHs).

Anal. Caled. for CoHs0y: C, 79.5; H, 10.9. Fonnd: C,
79.2; H, 10.9,

5a-Pregn-1-ene-3,11,20-trione (52)—2a-Bromo-5a-pregnane-
3,11,20-trione® (1.85 g.) in freshly distilled collidine (15 ml.)
was boiled under reflux for 1 hr. The suspension was cooled,
diluted with an equal volume of dioxane, and filtered. The filtrate
was washed with 2 ' Hy804 and water, dried, and evaporated.
The residue was triturated with a little aqueous methanol, and
the solid was filtered off and chromatographed on alumina. The
elnate was evaporated, and the residue was crystallized from
aqueous methanol to give colorless needles: nup. 208-213°; [alv
150°; AD9H 229 mip (log € 4.09); vmer (in CSy) 1712 (ketones),
1686 and 780 (A'-3-ketone), and 1355 cm. ! (COCHg).

Anal. Caled. for CoHuOs: C, 76.8; H, 8.6. Found: C,
76.8; H, 8.4,

3a,21-Dihydroxy-53-pregnane-11,20-dione 3-Acetate (115).—
3a,21-Dihydroxy-58-pregnane-11,20-dione diacetate* (3.33 g.,
7.7 mmoles) in niethanol (333 nil., oxvgen-free) was treated with a
solution of KHCO; (0.827 g., 8.27 mmoles) in water (8.27 ml.).
The reaction mixtire was shaken under nitrogen for 1 hr. at room
temperature and poured into water. Brine was added, and the
product wes isolated with CHCl;; solntion in benzene (30 ml.)
and seedirg precipitated 3a,21-dihydroxy-58-pregnane-11,20-
dione (0.12 g.), which was removed by filtration. The fltrate
was evaporated to dryness and the residue was crystallized from
ether to give the monoacetate (2.225 g.), m.p. 133-136.5°; this
still contained a little diol. Crystallization from wet ether gave
material with m.p. 134-136° (lit.® m.p. 137-138°).

Anal.  Caled. for CouHuOs: C, 70.7; H, 88 Found: C,
70.3; H, 89.

3a,21-Dihydroxy-53-pregnane-11,20-dione 3-Acetate 21-
Methanesulfonate (122).—3«,21-Dihydroxy-58-pregnane-11,20-
dione 3-acetate (11.05 g.) in dry pyridine (104 ml.) was cooled
to —20° and treated with methanesulfonyl chloride (10.53 ml.).
After 40 nin. at 0°, the mixture was poured into ice—water, and
the precipitate was crystallized from dry methanol; yield 10.02
g., m.p. 154-157°.  Further crystallization from methanol gave
material with m.p. 162-164° (lit.!® m.p. 164.5-166°); [alD
+110°; vpas (in CHBr;) 1728 and 1255 (acetate) and 1710 ¢m. !
(ketone).

Anal.  Caled. for CuHy0:8: C, 61.5; H, 7.7.
61.9; H, 7.5.

3a-Hydroxy-21-chloro-53-pregnane-11,20-dione Acetate (127).
—3a,21-Dihydroxy-58-pregnane-11,20-dione 3-acetate (2.89 g.)
was treated with methanesulfonyl chloride in pyridine at 0°
for 70 min. and the 21-methanesulfonate (2.2 g.) was isolated as
above; the mother liquors yielded another crop of crystals (0.31
g.), m.p. 130-141°, which, on further crystallization from meth-

C, 79.9; H, 10.4. Found: C,

Found: C,

(7) A. L. Nussbaum, T. L. Popper, E. P, Oliveto, 8. Friedman, and I.
Wender, J. Am. Chem. Soc., 81, 1228 (1959); P. F. Beal, M. A. Rebenstorf,
and J. E. Pike, ibid., 81, 1231 (1959).

(8) B.J. Magerlein, J. Org. Chem.. 24, 1564 (1959).

(9) L. H. Sarett, J. Am. Chem. Soc., T1, 1165 (1949).

(10) N. L. Wendler, R. P. Graber, and G. G. Hazen, Tetrahedron, 8, 144
(1958).
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anol, gave a small quantity of 127: m.p. 163.5-165°; [alb
+134°; ppux (in C82) 1758 and 1242 (acetate) and 1712 ¢ !
(ketone).
Anal. Caled. for CuHuClO4:
Found: C, 67.5; H, 8.0; Cl, 8.7.
3a-Hydroxy-21-i0do-53-pregnane-11,20-dione Acetate (128).
—3a,21-Dihydroxy-58-pregnane-11,20-dione 3-acetate 21-metli-
anesulfonate (1.407 g.) in dry acetone (35 ml.) was treated with
dry Nal (1.383 g.) in dry acetone (28 ml.), and the mixture was
boiled wnder reflux for 15 min., during which time a white solid
separated. Water (7 ml.) wus added, and the solution was con-
centrated in vacuo und cooled.  The deposited crystals (1.54 g
had nm.p. 144.5-146°, unchanged by crystallization from aqueous
acetone; Jalb +137.0%; ve (in OR0) 1754 and 1258 (acetated
and 1710 ¢m. ! (ketone).
Anal, Culed, for C:;]I‘{:]xl()qi Coo0d, 11, H.7; I, D04,
Found: C, 55.0; H, 6.6; I, 25.2.
3a,21-Dihydroxy-55-pregnane-11,20-dione 21-Methanesulfo-
nate (120).—A solition of 3e,21-dihvdroxy-58-pregnane-11,20-
dione 3-ucetate 21-methanesulfonate (.05 g.) in dry methanol
(280 ml) at —=20° was treated with 604 aqueous perchlorir
aeid (16 ml.) and stireed for 16 hr. at room tanperature. The
prixture was then poured into water (1 1) and the produet was
isolated with chloroform and erystallized from ethyl acctate;
4.52 g, mp. 170-172°. A recrystallized sample had nip. 175 -
177%0 vy (in Nujol) 5570 (bonded OH), 1705 (ketone), and 1656
¢, ! (honded ketone).
Anal. Caled. for CupHsOpS:
62050 H, 8.1,
21-Fluoro-3«-hydroxy-55-pregnane-11,20-dione (126).--1'o a
stirred solution of the foregoing 2l-methanesulfonate (120)
(1.0 g.) in dimethylformamide (30 ml.) was added dry potassiuin
hydrogen fluoride (1.0 g.), and the mixture was stirred on the
steam bath under nitrogen for 17 hir. 'The mixture was cooled
and ice-water (70 wil.) was added gradually; after being left at
5° for 24 hr. the solid (459 mg.) was filtered off and washed with
water.  The filtrate was diluted to ca. 500 ml. and extracted with
cthyl acctate to give a further 346 mg. of solid. The combined
solids were chromatographed on Florisil; celntion with 1047 ethyl
acetate in benzene guve 272 mg, of miaterial which, after further
ervstallization from ethyl acetate-petrolenm ether, gave the
prodact (116 mg.), nu.p. 198-202°, [a]p +135° The analytical
sample had n.p. 201-203°.
Anal. Caled. for CoHyFO,: €, 72.0; H, 8.9,
723 H, 8.0,
3a-Hydroxy-21-iodo-53-pregnane-11,20-dione -~-The 21-
iethanesulfonate (1.25 g.) in acetone (28 ml.) was treated
with Nal (1.25 g.) in acetone (16 ml.), and the mixture was boiled
under reflux for 15 min. A little water wus added to dissolve
the precipitate, most of the acetone was distilled, the residue
wus diluted with water, and the resulting oil was extracted with
cther. Fwvaporation of the washed and dried extract gave a
froth (1.3 g.) that could not be induced to crystullize.
3,21-Dihydroxy-53-pregnane-11,20-dione 21-i-Butylacetate
(119).—Crude 3a-hydroxy-21-iodo-53-pregnane-11,20-dione (1.1
g.), prepared us above, was dissolved i acetone (10 ml.) and
added th a solution of i-butylacetic acid (2.5 ml.) and triethvl-
amine (1.5 ml} in acetone (5 ml.). 'The mixture was hoiled
nmpder reflux for 2.5 hr., cooled, and added slowly to ice—water
(250 ml.).  'The aqueous layer was decanted, the residual gum was
diszolved in ethanol, and the solvent wuas evaporated to leave a
Trech (115 g3 wlieh was chromatographed on Florisil (30 g.).
Idadon with 5% ethyl acetate in benzene gave 778 mg. of material
with mup, D)-107°  An analytical sample, eryvstallized from
ethyl acetate—-petvolewm ether (b.p. 60-80°), had m.p. 102-106°;
[edb 4989y« (in CSy) 3600 (OH), 1744 and 1225 (21-ester),
1728 (20-ketone), and 1712 em. ! (ketone).
Anal. Caled. for CoHeOs: C, 72.6: H, 9.5.
72.4; H, 0.5
21-Acetylthio-3a-hydroxy-53-pregnane-11,20-dione (124).---
3a-Hydroxy-21-iodo-538-pregnane-11,20-dione (1.07 g.), prepared
as above, was dissolved in acetone (50 ml.) and added to a sus-
pension of phtassinum thioacetate (0.714 g.) in acetone (50 wl.).
The mixture was heated under reflux in a stream of nitrogen for
2 k., cooled. und most of the ucetone was removed under reduced
pressure. The product was isolated by extraction with ethyl
acetate and chromatography on Florisil (50 g.). The material
0.77 g.) which was eluted with 5 and 109}, ethyl acetate in ben-
zene and was crystallized from ethyl acetate-petrolemm cther

4, 67.5;, H, s.1; Cl, 87

(! 61.9; H, 80, Fomd: .

Ionnd: ¢

Found: (¢,

Vol &

(h.p. 60-80%) hiad wop. 128-130%0 Ja'n + 1507 pa tin O
5020 (OHYamd 1715 aud 1705 em, =t (kebome )

Anolo Caled! tor CqHanO)S: 67000 10, S0
65.0; H, 8.0

33-Hydroxv-17-(2-tetrahydropyranyloxy )-5«-pregnane-11,20-
dione (47).--33,17-Diliydroxy-5a-pregnane-11,20-dicne  S-nce-
tate'! (0.508 g3 in redistilled dihydropyran t4 ml 1 was treated
with redistilled phosphoryl chiloride 51 drop).  An exothermic
reaction regulted, and the soltion was rooled and kept wC voom
temperature for 23 hr.  lsnlation of the produet with ether goves
vellow ail whicli was trented with petmlenm ether (b, 30 603
to give a erystalline solid (0.200 g3 mp. 18091977 Crystalliza-
tion frem ethyl acecate gave 38-hvdrxy-17-(2-tetvahividropy e
nyloxy Fla-pregrame-11,20-dione neerate: . 205 21170 Lein
A3T s T CRO 1T and 1242 (acetaden, 1712 (ketoner, aml
LI30, 1070, and 1055 ¢, P rethery

Anvl, Caled, vor CoHaOg: () 7080 H, S0,
705 H, g0

Treatment of the wretate (1.0 g3 in a botling mixture of meth-
arnl (12 b} and henzene (4 ml with 200, aquenrus KHCO,
Cio mloy bor 4 hies, gave the rorresponding 3-uleohol, whicl, after
crystallization frin ethy] acetate-petmletan ether (h.p. 60-8091,
weighed 0,445 g, and had nmp. 215-217°0 Jelv 446 v (in
Nugol) 3550 (O 1702 (kevonel, and 1150, 10775 ol 1055
et " fethor).

Anal. Caled. Tor Cud 5050
7.9 H, 9.3,

38,16 «-Dihydroxy-5a-pregnane-11,20-dione (36).- 16,17 -
LEpoxy-38-liydroxy-da-pregnane-11,20-dione!2 (R.00 g.) in acetir
acid (476 ml) and water (192 ml.) was treated under nitrogen
with cluomous acetate (18 g.3, and the mixture was stirred fir 18
. The solutinu was extracted repeatedly with chlorofiro,
and the mixture was washed with agneous NaHCO; aud water.
The combined extracts were dried (MgSO4) and evaporated to
dryness.  After trituration ¢f the vesidue with chloroform and
erystallization from methanol, the solid (3.5 ¢.) had m.p. 220-
2340 sublimation;  [e’n 4+69° (¢ 1.0, 1:1 CHCL-McOH
s L1 Nujol) 3500 (OH3 and 1700 e, 7 {ketone

Anal. Caled, for CoyHeO,: €, 72.4; H, 00
7220 H,0h,

33-Hydroxv-163-methyl-5«,17«-pregnane-11,20-dione. - 3-
Hydroxy-163-methyl-de-pregnane-11,20-dione!® (0.743 g1 wax
dissolved in 11, ethanolic KOH (70 ml.).  After 105 min. at
romn temperature the rotation had fallen th Jojy —35.8°, and
boiling the solation under reflux for 30 wmin. caused no further
clurge. Water was added to the point of precipitation, and the
bulk of the solvent was removed 7n racio.  After addithmnf more
witer aud nentralization with CQ., the product was filtered off
and dried, giving 0.711 g. of material, m.p. 195-206°.  Crystal-
lization from methanol gave material with mup. 208.5-200.5°
(previous change of crystalline forin); [alp —8.9° yue tn
CHBry) 5620 (OH), 1698 (ketone), and 1360 ¢m. ™ (COCH;).

Anel. Caled. for CoHaOg: €, 76.3; H, 9. Feund:
TH.00 H, 04

33-Hydroxy-16a-methyl-5«-pregnane-11,20-dione.-"I'o
Grignard reagent prepared front magnesium (4.52 ) and methyl
iodide v24 ml.) in ether (85 ml.), cuprous chloride (0.04 g.) wax
added, inllowed Ty 33-hydroxy-Se-pregn-16-ene-11,20-dione
acetate™ (2,06 g.) in tetrahydrofuran (230 ml.). During the
additinn, cther (30 ml.) had to be added to prevent the mixture
from solidifyving.  After the addition (33 1nin.), the reaction mix-
ture was refluxed for 4 hr., cooled, und treated with suturated
N (100wl The preduet, isolated by extraction with
methylene chloride and erystallization frovc ethyl arcctate, luol
mep. 184.5-186°%; fan +99°%; ppax (in CR2) 56020 and 1044
Cequatnrial OH) and 1710 em. ~! (ketone).

vlnal (‘r(‘ll(.‘d‘ f!!l' (‘:g}{:(;();ﬁ (j, 4-6;):. H, 0.9.
7615 Ho DS,

3a-Hydroxy-33-methyl- (102) and 33-Hydroxy-3.x-methyl-553-
pregnane-11,20-dione (103).-—-A solution of H8-pregnane-3,11,20-
trione 20-ethyvlenc ketal® (3.0 g.) in tetrahydrofuran (30 ml.)
was added showly o u stirred sohition »f methylmagnesium iodide

Found

Feund:

¢, 7220 H, W3 Found.

Mod: .

Fouud:

(11) J. Pataks, (i, Resenkrovz, aml ', Dijerassi, J. Awm. Chem. Soc., T4,
H615 (1932).

712) T, Elke, G 1l Fholbpps, and W, T Wall, J. Chem Seed, 00D (TOARS,

“13) I'. De Rnggieri, Farmacy (Pavig), 24, Sei., 16, 583 (1961},

(14) A. ¥, B. Cameron, R. M. Evans, J. . Hamlet. 1 S0 1D, 14 €L
Jones. amwl A, G, Lung, J. Clene Soc., 2807 (1955,

U GUS Fopken and Mo Co Nrreay, U708 [irent 2008 457 1165458



file:///lgSO4

July 1965

[from magnesium (1.0 g.) and methyl iodide (4.81 g.)] in ether
(10 ml.), and the solution was boiled under reflux with stirring
under nitrogen for 2 hr. Saturated NH.Cl solution was added
to the cooled reaction mixture, and the product was isolated with
CHCl;. The resulting froth was heated at 100° for 1 hr. in acetic
acid (40 ml.) with water (30 ml.) in order to remove the ketal
group, and the product was again isolated with CHCl;, and chro-
matographed on alumina (120 g.). The first fractions (844 mg.),
eluted with benzene containing up to 159 of ether, were mixtures,
as judged from their infrared spectra. Benzene containing 25%
ether eluted 547 mg. of crystalline material, which crystallized
from ethyl acetate to give 103, n.p. 192-195.5°, [a]p +114.5°.
The infrarcd spectrum in CHBrs showed bands at 3620 and
870 (axial OH ) and 1700 cm. ~! (ketone).

Anal. Caled. for CuH:0;: C, 76.3; H, 99. Found: C,
76.0; H, 9.8.

After elution of mixtures (130 mg.) with ether, 209, methanol
in ether eluted 102 (326 mg.), which crystallized from ethyl
acetate-hexane to give the analytical sample (196 mg.), m.p.
168-170°, [alp +112° The infrared spectrum in CHBr;
showed bands at 3600 and 915 (equatorial OH) and 1700 ¢m, !
(ketone).

Anal. Calcd. for C92H3403‘.
76.0; H, 10.0.

118-Hydroxy-5«-pregnane-3,20-dione 3,20-Bisethylene Ketal.
—5a-Pregnane-3,11,20-trione 3,20-bisethylene ketal® (3.44 g.)
and NaBH, (1.7 g.) in ethanol (118 ml.) and water (12 ml.) were
refluxed for 2 hr. Water was added, most of the ethanol was
distilled, the residue was diluted with water, and the precipitate
was crystallized from aqueous ethanol containing pyridine. The
118-hydroxy compound had m.p. 163-164°; [a]n +33°; vmax
(in Nujol) 3620-3520 (OH), and 1100, 1080, and 1052 cm."!

C, 76.3; H, 9.9. Found: C,

(ketal).
Anal. Caled. for Ce;HyOs: C, 71.4; H, 9.6. Found: C,
71.2; H, 9.6.

113-Hydroxy-5«-pregnane-3,20-dione (60).—The foregoing
bisketal (2.84 g.) in acetic acid (80 ml.) and water (80 ml.) was
heated at 100° for 2 hr. Most of the solvent was removed in
vacuo, water was added, and the precipitated product (2.08 g.,
m.p. 224-228°) was crystallized from acetone-hexane and from
ethanol to give material: m.p. 230-231°; [alp +117°; vmax
(in CHBr;) 3600 (OH), 1700 (ketone), and 1354 em.~! (COCHs).

Anal. Caled. for CH305: C, 75.9; H, 9.7. Found: C,

75.9; H, 9.7.

9«,11a-Epoxy-35-hydroxy-5«-pregnan-20-one (61).—9¢q,11a-~
Epoxy-38-hydroxy-3a-pregnan-20-one acetate!? (2.0 g.) was boiled
under reflux for 4 hr. with KHCO; (1.4 g.) in methanol (24 ml.)
and water (7.0 ml.). Water (10 ml.) was added, most of the
methanol was removed #n vacuo, then more water (ca. 100 ml.)
was added. The crystalline precipitate (1.71 g.) was recrystal-
lized to give a solid (1.175 g.): m.p. 180-183.5°; [alp +45°;
vmax (in CHBr;) 3620 (OH), 1700 (ketone), 1358 (COCH;), and
910 cm. ~! (epoxide).

Anal. Caled. for C21H3903Z

75.9; H, 9.6.

93,113-Epoxy-33-hydroxy-5«-pregnan-20-one (63).—38-
Hydroxy-3a-pregn-9-en-20-one acetate?? (2.0 g.) in dioxane
(100 ml.) was treated with 0.46 N aqueous perchloric acid
(10 ml.) followed by N-bromoacetamide (808 mg.), added in
one lot to the stirred solution, light being excluded. After 35 min.,
aqueous sodium metabisulfite was added until the yellow color
was discharged, followed by 2 &’ NaOH (11 nil.) to bring the pH
above 10, and sufficient water (30 ml.) to give a homogeneous
solution. After 30 min., glacial acetic acid (10 ml.) was added to
bring the pH to 6. The dioxane was removed in vacuo and water
was added to precipitate a gummy solid (1.83 g.).

This crude product was reacetylated by heating at 100° for 45
min. in acetic anhydride (10 ml.) and pyridine (20 ml.). The
mixture was evaporated n vacuo, finally with methanol, and the
crystalline residue (1.9 g.) was taken up in ethyl acetate (5 ml.)
and hexane (50 ml.) and charcoaled. The filtered solution was
evaporated to dryness and the residue was crystallized from
aqueous methanol and then from hexane to give 98,118-epoxy-33-
hydroxy-5a-pregnan-20-one acetate (879 mg.): m.p. 115-118.5°;
lalp +84°; vmax (in CSy) 1738 and 1245 (acetate), 1710 (ketone),
and 912 ¢cm. ™! (epoxide).

C, 75.9; H, 9.7. Found: C,

(18) G. S. Fonken, J. Org. Chem., 28, 1075 (1958).
(17) C. Djerassi, H. Martinez, and G. Rosenkranz, ibid., 16, 1278 (1951).
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Anal. Caled. for CoHpuOy:
74.0; H, 9.2.

Hydrolysis by the method used for the corresponding 9e,11a-
epoxide gave the 38-alcohol: m.p. 190-193°; [alp —+101°;
vmax (in CHBrs) 3620 (OH), 1700 (ketone), 1358 (COCHj;), and
905 cm. ! (epoxide).

Anal. Caled. for CoyHypO;:
76.0; H, 9.7.

11a,12«-Epoxy-53-pregnane-3,20-dione (139).—53-Pregn-11-
ene-3,20-dione® (2.0 g.) in CHCl; (40 ml.) was treated with
3 N monoperphthalic acid in ether (10 ml.) and after 16 hr. the
mixture was washed with aqueous NaHCO; and water. After
removal of the solvent in vacuwo, the product was crystallized from
ethyl acetate-hexane and from methanol; yield 1.03 g., m.p.
180-183°, [a]p +83°.

Anal. Caled. for CoyHyO;:
76.2; H, 9.0.

33-Hydroxy-D-homo-5«-androstane-11,17a-dione (147) was
prepared from the corresponding 3-acetute!® (2.1 g.), which was
boiled under reflux for 4 hr. with methanol (24 ml.) and 209,
agueous KHCO; (7 ml).  Dilntion with water and crystalliza-
tion from acetone-hexane gave the 3-alcohol (1.13 g.): m.p.
171-172°; [alp —21.8° (¢ 2.4); vmax (in CHp) 3620 (OH) and
1715 cm. ! (ketone).

Anal. Caled. for CQOH{;OO{;:

75.3; H, 9.5.

38,17-Dihydroxy-5«-pregnane-11,20-dione 3-Formate —A
suspension of 38,17-dihydroxy-5a-pregnane-11,20-dione? (5.0
g.) in benzene (250 ml.) was treated with 98¢ formic acid (50
ml.) and the mixture was slowly distilled, 130 ml. of distillate
being collected in 2 hr. Benzene (200 ml.) was added and the
distillation was continued until formic acid no longer passed over.
The mixture was evaporated to dryness in vacuo, and the residue
was crystallized from benzene; 4.3 g.; m.p. 207-211°; [alp
+15° (¢ 2.5); vmax (in CSs) 1725 and 1180 (formate) and 1700
cm, ~! (ketone).

Anal. Caled. for CpHj0s:
70.5; H, 8.4.

33,17«-Dihydroxy-17 3-methyl-D-homo-5«-androstane-11,17a-
dione (148).—The foregoing formate (4.2 g.) in dioxane (100 ml.)
was treated with boron triffuoride etherate (3 ml.) at room tem-
perature for 23 hr. The mixture was diluted with water and
filtered, and the product was crystallized from methanol to give
33,17«-dihydroxy-17 3-methyl-D - homo-5« -androstane-11,17a-
dione 3-formate (1.01 g.); m.p. 172-174°; [alp 4+39.0° (¢ 2.02,
dioxane); vmax (in CSz) 1724 and 1180 (formate) and 1710 cm.~!?
(ketone).

Anal. Caled. for CQQH{;?O.’::
69.8; H, 8.7.

Hydrolysis of this ester (360 mg.) by heating on the steam
bath for 1 hr. in 509, aqueous acetic acid (10 ml.) gave the 3,17-
diol which, after crystallization from acetone-petroleum ether,
formed needles (169 mg.), m.p. 209-210°, [«]p +56° (¢ 1.86,
dioxane). The infrared spectrum in CHBr; showed bands at
3600 and 3500 (OH) and 1715 and 1705 c¢m.~! (ketone).

Anal. Caled. for CyH3:04: C, 72.4; H, 9.3. Found: C,
72.3; H, 9.3.

Preparation of Hemisuccinates. Method A.—The alcohol
and an equal weight of succinic anhydride in about 10 vol. of
pyridine were kept at room temperature for about 24 hr. The
solution was poured onto 10 vol. of ice and water and acidified
with HCl. The heniisuccinate was collected by filtration (or,
rarely, by extraction), dried, and crystallized.

Method B was identical with method A, except that the re-
action was carried out at 100° for ca. 4 hr.

Method C was identical with the foregoing, but the reaction
was carried out at the boiling point for 4 hr.

The compounds prepared in these ways are listed in Table I;
any significant departures from these methods are noted in foot-
notes to the table.

38,17-Dihydroxy-5«-pregnane-11,20-dione 17-Acetate 3-Hemi-
succinate (46).—38,17-Dihydroxy-5a-pregnane-11,20-dione 3-
hemisuccinate (Table I) (0.4 g.) in a mixture of acetic acid (20
ml.) and acetic anhydride (4 ml.) was treated with toluene-p-

C, 73.8; H, 9.1. Found: C,

C, 75.9; H, 9.7. Found: C,

C, 76.5; H, 9.1. Found: C,

C, 734; H, 9.5. Found: C,

C, 70.2; H, 86. Found: C,

C, 70.2; H, 86. Found: C,

(18) Purchased from Canada Packers Ltd.

(19) D. H. R. Barton, A. da S, Campos-Neves, and A, I. Scott, J. Chem.
Soc., 2698 (1957).

(20) D. H. R. Barton, R. M, Evans, J, C. Hamlet, P. G. Jones, and T.
Walker, ibid., 747 (1954).
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Anal. Caled. for CoHaNa.Ogl’-4H,O: ¢, 47.7: 1, 7.4:

1, 5.9, TFound: C,47.2; H, 7.1; D, 6.5,

3a-Hydroxy-16«-methyl-53-pregnane-11,20-dione 3-Sodium
Phosphate (106).—-3a-Hydroxy-16a-1uethyl-58-pregnune-11,20-
dione?! (1.21 g.) was treated with dibenzyl phosphorochloridace
and then with benzyl alecohol to destroy excess reagent us de-
scribed in the paragraph above. The crmde dibenzyl sternid
phosphate (4.935 g.) was taken ap in absolute ethanol (50 ml.
treated with 109 Pd-C (0.406 g.}, and hydrogenated at room
teruperature and pressure (55 min.). The disodium salt wax
prepared and separated from inorganic phosphute as above and
then erystallized from a mixture of cthyl acetate (43 ml.), meth-
anol (23 mb), and water (7.9 ml.y: 0567 g0 {al +100° ¢
0,952, water): v (i1 Nnjol) 1705 {ketmes) nad 1068 and M-
e~ (phosphate).

Anal. Caled. for CaoHeNuaaOgl?-0.0H.O:
P, 6.5. Found: C, 53.2; H, 7.4; P, 6.9.

21-Hydroxy-53-pregnane-3,20-dione Methanesulfonate—21-
Hydroxy-53-pregnane-3,20-dione?® (15.4 g.) in anhydroas pyri-
dire (150 ml.) was treated with methanesulfonyl chloride (15.5
uil.), and the mixture was kept at 0--3° for 30 min. and poured,
with rapid stirring, o ice-water (2 1), The prodnet was =o-
lated with CHCl, (250 ml.) and crvstallized from aqueous ace-
tone to give material (12.85 g.) with m.p. 144-150°.  Further
erystallization gave the analytical sample: nmup. 148-152°; [alp
+96.0°; paax (in Nujol) 1706 (ketone) and 1335 aud 1176 ¢, ™
(sulfonatc).

Adnal.  Caled. for CpHpuOpS:
L 64.8; H,8.1; 8, 7.7,

21-Todo-53-pregnane-3,20-dione. --The foregoiug 21-methane-
sulfonate (5.0 g.) in acetene (150 ml.) was boiled under reflux with
Nal (5.0 g.) for 15 min.  The solvent wus removed in racio,
and the residue was triturated with water containing o little <o-
dium thiosulfate, and was then crystallized from aqueons acetone
(o give the product:  nup. 120-125°1 ., (in C8) 1714 and 1704
cm, "t (ketones).

Anal. Caled. for CyHyplO. €, 5700 H, 7.1 10 287,
Found: €, d7.2; H, 6.8; I, 28.6.

21-Hydroxy-58-pregnane-3,20-dione 21-Benzyl Sodium Phos-
phate (86).—Silver dibenzyl phosphate (4.05 g.) in acetonitrile
(300 ml.) was treated with 21-odoe-38-pregnane~3,20-dione (5.06
g.}in acetonitrile (50 mil.), and the mixture was boiled under reflux
for 1 lir.  The solvent was removed under rednced pressure,
CHCl; was added, and the Agl filtered off. The filtrate was
washed with aqueous NaHCO; and water, dried, and evaporated t»
give 21-hydroxy-58-pregnane-3,20-dione 21-dibenzyl phosphate
us a gum (6.97 g.) that could not be erystallized.

A solution of this material in acetone (300 ml.) wuas boiled nn-
dev reflux for 5.5 br. with Nal (4.16 g.). Removal of the solvent
in vacwo gave a yellow froth which was treated with water and
extracted with ether. The aqueous layer was adjusted to pH 1.5
with 2 & HCl and extracted with chloroform. The exiract
was washed with water and dilute aqueons sodium thioxulfate,
dried (NayS0,), and evaporated in wacro. The residual gnmn
(408 g.) in methanol (80 ml.) and water (20 ml.) was titrated
with 2 ¥ NaOH, and the solution was brought back to pH 7.5 by
addition of Zeo-Karb 223 in the acid form. Filtration, removal
of the solvent, and crystallization of the residue from acetone gave
the product (3.85 g.) as a hygroscopic white powder: nu.p.
143-147°; [aln +64.5° (¢ 097, wnter): vmax (in Nnjol) 1710
(ketones), 1237 and 1075 (phosphatel, and 7535 and 695 cm. !
(Ph).

Angl. Caled. for CasHseNaOgl  2H.0:
A0, Found: C, 89.7; H,7.9: P, a8

P, P2-Bis(3,20-dioxo-55-pregnan-21-yl) P}, P2-Disodium Pyro-
phosphate (85).—-The foregoing steroid benzyl phosphate (2.513 g.)
in 5'% aqueous methanol (20 nmil.) was passed through a short
column of Zeo-Karb 225 (acid form). The column was washed
with the sume solvent until no longer acidic. The eluate was
evaporated in vacuo, and the residual free acid (2.38 g.) was dis-
solved in dioxane (30 ml.) and treated with dicyclohexylearbodi-
imide (0.893 g.) in dioxane (20 ml.). After 30 min. at room tem-
perature glacial acetic acid (1 1ul.) was added and after a further
30 niin. the precipitate of dieyclohexylnrea was filtered off, and the
filtrate wus evaporated in vacio to a gum. This was taken up in
acetone (50 ml.), and the solution was filtered and evaporated te

¢, o000 H, T

€, 64,55 H,8.5: 8, 7.8, Found:

¢, 60.0: H, 7.5; 1,

(21) G. L. Arth, D. B. R. Johnston, J. Fried, W. W. Spooncer, D, R.
11sff, and L. H. Sarett, J. Am. Chem. Soc., 80, 3160 (1958).
(22) (.1, Laobaeh, U7 8, Patent 2,708,651 (1055).
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give a gum (2,510 go which would not erystallize,  This material
251 g acetone {100 mly was treated with anhydrous Nal
(2,10 g0 incoretane 120 ml), and the mixture was boiled amler
reflux Hor 4 Tue After being onoled, the precipitated naericd
.72 g wax obhtaed as o pale vellow hyvgroscopic solblo .
MO 1047 dien + 677 (0 0.9, wacer),  The analytical <ample wa~
prepared by dissolving this niterial in acetone henzene €321 by
dropwize additin of aleelvd, fltering, ranl voneenauding. The
material <o obtained had mp, 194-200%; 4,0 ‘in Nujoly 1716
(ketnrees, 12000 1120, 1078, and 946 ¢m. {pyiophosphates,

Anol, Calod, tor Cold@NaO), P20 ¢t 11 7.5 1.
00 amds G068 L T T

Miscellaneous Esters of 3a-Hydroxy-53-pregnane-11,20-dione
Sulfate (95). - The pyridine-=20; reagent was prepraed by adding
chlorssulfimie td <ol lmpwise, with good sturing, o a solu-
thar of pyridine 10 mls e ehlovolbrn (15 b)) wr 020 The mix-
ture was stirred (o H

5 nan. after the addition was complete qad
was then filtered, and the solid was washed quickly with pyridive
to retmve the CHCL. The reageut was stored in o desieentar
until rervpuired davl wies used without drving.

Sa-Hydroxy-ns-pregranc-1120-dinne 123 20 in dey elidoroform
»Th mlrwas treaced with the pyridines 80, reagent (7.0 g5, ol
the mixture wis ~tiveed at mom cemperature for 6.5 hroand then
filtered.  The restdue wax wishied with CHCL (10 ml 3, and pe-
trolenm ether calwnt 400 ml s was added 1o the filtrate.  Alter
heing le(t wt 47 Gvernight, the snpernatunt liquid was deeanted,
and the solid residne 16.64 g of emnde Se-hydroxy-93-pregnanc-
11.20-dibne hydrmgen sulfate was dried 7 reero at Tonnn tcempera-
e,

T sshaion of this materiad CGLOS gos i waker (50 ml. 1 was
added a =atrated solutban of NaClin water (60 ml.s swith gond
stirring. The preeipitated ernde sodinm salt (1,04 g, 1 was filteved
oft, washed with i little NaC1 solution, and dried in vacico (14055,
The rrude prodart was warmed t about 35° far 1 min, widp -
~ohite metlisl (20 ml3, the =olution was filtered, and the fil-
trace was evaporated vy leave a=olid (968 mg.). A portion (300
nig.: ot this vesidue was dissolved in ethyl seetate-methancl
water (45:2.5:0.7 0 the sdutben was Hltered and evaporated in
racio oot temperature to snedl balk, more ethyl acetate was
added, and a =<nedl annant sl white nil was removed by filtration,
Addition ol exeess ethyvl neetate then gave the eryxtalline sodium
salt {116 mg. v nup. 160-162°0 lalp 4+107.5° (¢ TR, watery;
v D10 NUpl s 1710 ketone) wnd 1230 wand 1215 e osulfate s

drnal, Caled. Yor Co,HpNafy= .00 ¢, 4160 1, 7.6,
Found: ', H0.7: H, 6.,

Hemimaleate (94).--np-Hydroxy-08-pregnane-11,20-dione < i
g.) atd naleie anhydride (2 g.) were heated at 63-75° for 2 hr.
The cooled nixture washlissolved in the mininunu of acetone and
poured inte water with vigorms stirring.  The resulting oil wies
washed several dmes Ly decantation with water, dissolved in
dilute NaHCOw and reprevipitated by pouring into cold dilute
HCL Furdber purifiration in the same way gave an amorphis
solid: N87 mg.t o G568°0 Telb A 1145° (741,05, dibxane
Vs LI CHBrt 1732 and 1250 1estert ond 1706 v, ikecone
and COL

Anal. Caded, Gor CoHp U 000HLO 0 (L 6803 HL S,
(685 H, 8.0,

Hemiglutarate 1{92). -jn-Hydrosy-3g-preguane-11,20-dsne
(215 g, ghitavie anhydride (1.93 g.), and pyridine (10 1l
weve heated for 1 hrooon the steam bath and then kept at romn
temperature for 3 days. The dark solntion wus poured with
stirring ontre iced dihite HC1 (150 1)), and the gumn whicl sepu-
rated was washed with water by decantation and dissolved in
dilure NaHCO; solution.  Avidification gave amorplious -
hydroxy-58-pregnanc-11,20-dione  hemiglntarate 1.0 g0, .
39-64°, [alp +108° ( 1.07, dioxane).

A portion of the hemiester (350 mg.) was dissolved i wgacous
methanol and charconled, and NaHCO, (66 mg., 1.0 equiv.?in a
little water was added.  Livaporation of the solntion gave a glass
which was dissolved W water, filtered throngh kicselguhr, and
again evaporated 7n vacvo ut room temperature. The crude
sodium salt was dissnlved in wet cthyl acetate containing a drop
of methanol and the solution was quickly boiled down to smuall
volume.  Addition of liexane gave the sodium salt, a whire,
wnorphons, hyvgroscopic powder (218 mg.), m.p. >256° der.
feap.y, faln +85.5° (0 1,82, water).

Anal. Caled Dor CuHpNaOg-HaO: (2, 64.2; H, 8.0,
¢, 64.5; H, 8.0,

Hemidiglycolate (931.--Ja-Hydroxy-53-pregnane-11,20-dbmne
{2 ), diglyeolic unhydride (2 g.), and pyridine (10 ml.) were

IFennd:

Found:
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heated for 30 min. on the steam bath and then left for 3 days at
room temperature. After being poured into iced N HCl (150
ml.), the solid material was filtered off, dried, and recrystallized
once from wet toluene and once by dropwise addition of water
to an ice-cold solution of the derivative in aqueous acetone
(1:1). The crystalline product (1.1 g.) had m.p. 65-68°; [alp
+118° (¢ 1.19, dioxane); wvmax (in Nujol) 1735 and 1220 (ester),
and 1720 and 1708 cm. ~! (ketone).

Anal. Caled. for C3H360,-0.5H,0: C, 65.6; H, 8.1.
C,65.1; H,8.3.

Hemiphthalate (96).—3a-Hydroxy-38-pregnane-11,20-dione (2
g.) and phthalic anhydride (935 mg.) were dissolved in pyridine
(15 ml.), left at room temperature for 20 hr., and then heated on
the steam bath for 1.5 hr. The solution was poured on to iced
dilute HCI and the solid material was filtered off. Purification
was achieved by dissolving the crude hemiester in dilute NaHCO,
solution, acidifying with dilute HC}, and recrystallizing the
product twice from ethyl acetate-petroleum ether (b.p. 40--60°)
to give the hemiphthalate (1.19 g.); m.p. 220-221° (cap.); [«lp
+104° (dioxane); vmax (in Nujol) 1728 and 1290 (benzoate), 1705
(ketone), and 1688 ¢cm.~! (CO.H).

Anal. Caled. for CyoH3eQe: C, 72.5; H, 7.5.
72.5; H,7.7.

Hemi-N-acetyl-L-glutamate (101).—N-Acetyl-L-glutamic an-
hydride (1.99 g.) and 3a-hydroxy-58-pregnane-11,20-dione (4.05
g.) in pyridine (10 ml.) were heated on the steam bath for 1 hr.
and left for a further 2.5 hr. at room temperature. The mixture
was poured into iced water which was then just neutralized by
the addition of dilute HCl. The flocculent amorphous precipi-
tate was removed by filtration and partitioned between dilute
NaHCO;and ether. The conibined aqueous extracts were washed
with ether and then poured onto iced dilute HCl. The amor-
phous precipitate was filtered off, dissolved in methanol, and
charcoaled. Evaporation in vacuo gave an oil which was again
dissolved in dilute NaHCO; and reprecipitated with dilute HCI
to give a solid: m.p. 105-115°; [alp +953.53° (¢ 1.9, dioxane);
vmax (in CHBr;) 3400 (NH), 1720 (ester), 1705 and 2600 (CO.H),
1705 (ketone), 1675 and 1516 cm. 7! (CONH).

Anal. Caled. for C:;HaNO:-0.53H.0: C, 65.6;
Found: C,65.3; H,8.1.

Chloroacetate.—To a solution of 3a-hydroxy-58-pregnane-11,-
20-dione (5 g.) in dry alcohol-free CHCl; (50 ml.) was added a
solution of chloroacetic anhydride (2.5 g.) in pyridine (2.5 ml.),
and the mixture was left at room temperature for 16 hr. The
solution was then washed with dilute HC), dilute NaHCO;
solution, and water. The dried solution was evaporated in
vacuo, and the residue was recrystallized from ether-petroleum
ether (b.p. 60-80°), ether, and finally dry methanol to give the
analytical sample: m.p. 98-101°; [alp +129° (¢ 1.23, dioxane);
vmax (In CS;) 1758 and 1182 (chloroacetate), 1710 (ketone), and
13538 cm. ! (COCHj;).

Anal. Calcd. fOI’ C33H33C104Z C, 675,
Found: C,67.2; H,8.1; C}, 8.5.

Iodoacetate.—The foregoing chloroacetate (3 g.), Nal (3 g.),
and acetone (75 ml.) were refluxed for 1.5 hr. After removal of

Found:

Found: C,

H, 82.

H, 8.1; Cl, 87.
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most of the solvent in vacuo, water (50 ml.) was added, and the
product was isolated with ether and crystallized from ether—
petroleum ether (b.p. 60-80°) and then ether; m.p. 115-117°;
[alp +95.5° (¢ 1.04, acetone); vmax (in CSy) 1730 and 1270 (iodo-
acetate), 1710 (ketone), and 1358 cm. ~! (COCH;).

Anal. Caled. for CxHyl0,: C, 35.2; H, 6.7; 1,25.4. Found:
C,35.5; H,6.7; I,25.0.

Aminoacetate (97)—The iodoacetate (2 g.) in acetone (25
ml.) was added slowly to liquid NH; (abcout 1 ml.), and the mix-
ture allowed to stand for 15 min. After evaporation of the sol-
vent, the residue was partitioned between ethyl acetate and dilute
HCl. The aqueous phase was poured into dilute NaHCO;
and extracted with ethyl acetate. The residue (259 mg.), after
evaporation of the ethyl acetate, was again dissolved in dilute
HC], charcoaled, and basified with NaHCO; to give the amino-
acetate (123 mg.) as an amorphons solid: m.p. 73-77°; [alp
+115° (¢ 1.45, dioxane); vmax (in CHBr;) 3410 (NH), 1735 and
1218 (ester), and 1712 ¢m. ! (ketone).

Anal. Caled. for CuHypNO; 0.53H.0: C, 69.3;
Found: C,69.2; H, 9.0.

Diethylaminoacetate (98)—The iodoacetate (1.5 g.) in acetone
(60 ml.) containing diethylamine (0.75 ml.) was refluxed for 1.5
hr. Evaporation of the solvent gave a mixture of crystals and
oil which was crystallized from ether to give the crude diethyl-
aminoacetate, ni.p. 87-89°. It was dissolved in dilute HC! and
the solution was charcoaled and basified with NaHCO;. Ex-
traction with ether and recrystallization gave the analytical
sample with m.p. 89-91°; [alp +119° (¢ 1.16, dioxane); vmax
(in CS:) 1730 and 1190 (ester), 1710 (ketone), and 1338 cm. !

H, 9.1

Anal. Caled. for CoHisNOs:
Found: C,72.8; H,9.9; N,2.8.

Diethylaminoacetate Ethiodide (99)—The iodoacetate (512
mg.) in acetone (20 ml.) was treated with triethylamine (0.25 ml.),
and the solution was refluxed for 2.5 hr. After removal of solvent
the residue was found to be insoluble in water and so was again
refluxed in acetone (20 ml.) with triethylamine (1 ml.) for another
2 hr. The residue, after evaporation of solvent, was soluble in
hot water. Crystallization from acetone-hexane gave the eth-
iodide (248 mg.), m.p. 197-200°; a second crop (125 mg.) had
m.p. 192-194°. Recrystallization from acetone-hexane gave the
analytical sample with m.p. 203-205°; [alp +97.53° (c 1.34,
aqueous dioxane); vmax (in CHBr3) 1735 and 1226 (ester), 1700
(ketone), and 1360 ¢cm.~! (COCHs).

Anal.  Caled. for CosHuINOg: C, 57.9; H, 8.0; I, 21.1; Y,
2.3. Found: C, 57.6; H, 8.0; 1,20.6; N, 2.1,

Morpholinoacetate Methiodide (100).—The iodoacetate (750
mg.) in acetone (30 ml.) containing N-methylmorpholine (1 nil.)
was refluxed for 30 min. The mixture was cooled and filtered to
give the methiodide (550 mg.): m.p. 228-229°, unchanged by
crystallization from methanol; [alp 4+87.5° (¢ 1.08): ypax (in
CHBr;) 1735 and 1228 (ester), 1700 (ketone), and 1360 ¢m. ™!
(COCH,).

Anal. Caled. for CisHuINO;: C, 535.9; H, 7.4; I, 21.1
Found: C, 53.6; H,7.4: I,20.7.

C, 728; H, 9.7; N, 3.1.



