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(IX).—A suspension of 0.30 g. of 5% palladium on charcoal
in 200 ml. of pyridine was shaken in an atmosphere of
hydrogen for 45 min. There was then added 1.50 g. of
the ethynyl compound VIII. Within 4 br. the theoretical
bhydrogen uptake had been observed. The catalyst was
removed by filtration and the solution concentrated to
5-10 ml. in vacuo. The solid which was obtained on dilu-
tion of the residue with water was recrystallized from
aqueous methanol to yield 0.77 g. of product m.p. 154-156°;
vmax 3030, 2750, 1670, 1637, 1615 cm. ™!

Anal. Caled. for C5H3:NO: C, 80.88; H, 10.33; N, 4.10.
Found: C, 81.14; H, 10.29; N, 4.18.

173-N,N-Dimethylamino-17-cyane-3-methoxyestra-
1,3,5-triene (XII).—Methylamine was bubbled through a
melt of 5 g. of estrone methyl ether heated to 195° for 7 hr.
The solid which was obtained on cooling was taken up in
methylene chloride, and this solution washed with water and
taken to dryness.

A solution of the crude product from above in 50 ml. of
methylene chloride was allowed to stand for 2 hr. with 15
wl. of iodomethane. The solid which was obtained when
the mixture was poured into ether (500 ml.) was dissolved in
120 ml. of acetonitrile and added to 50 ml. of 109, aqueous
potassium cyanide. Following 1 hour standing the solution
wag diluted with water. The solid thus obtained (4.80 g.;
m.p. 140-147°), was recrystallized from ethyl acetate-
hexane to yield 4.15 g. of XII, m.p. 148-150°.

A sample was recrystallized once again from the same
solvent; m.p. 148-150°.

Anal. Caled. for CoHpN0: C, 78.06; H, 8.93; N,
828. Found: C, 78.27; H, 9.13; N, 8.26.

178-N,N-Dimethyalmino-17-methyl-3-methoxyestra-
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1,3,5-triene (XIII). (A) From XII.—A solution of 1.50 g. of
aminonitrile XII in 25 ml. of THF was added to 10 ml.
of 3 M methylmagnesium bromide in ether. After 3 hr. of
heating under reflux the reaction mixture was worked up in
the same manner as XV to give 1.20 g. of product m.p.
104-108°. A single crystallization from aqueous methanol
gave 1.10 g. of fine long needles of XIII, m.p. 110.5-112°,

The analytical sample, m.p. 110.5-111.5°, was obtained by
erystallization from the same solvent.

Anal. Caled. for CoHyuN,0: C, 80.68; H, 10.16; N,
4.68. Found: C, 80.77; H, 10.40; N, 4.52.

(B) From XI.—A solution of 0.021 mole of methylmag-
nesium bromide in 131 ml. of ether was added to a suspension
of 0.88 g. of the salt XI in 30 ml. of THF. The resulting
solution was heated at reflux for 2 hr. After cooling, the
reaction mixture was worked up as above to give 0.30 g. of
basic material, m.p. 96-110°. Two crystallizations from
aqueous methanol gave 0.21 g. of XIV m.p. 104-108;
mixture m.p. with XIV obtained from aminonitrile: 105~
109°.

178-Dimethylamino-17-ethynyl-3-methoxyestra-1,3,5-
triene (XIV).—A solution of 1.5 g. of the intermediate XII in
25 ml. of THF was added to 0.03 mole of ethynylmagnesium
bromide in 20 ml. of ether-free THF., The mixture was
heated at reflux for 3 hr., allowed to cool, and worked up in
the same manner as above. The crude products were
recrystallized twice from chloroform hexane to afford 0.60
g. of XIV, m.p. 198-200°.

The analytical sample showed m.p. 199.5-201°.

Anal. Caled. for C;HyNO: C, 81.85; H, 9.26; N, 4.15.
Found: C, 81.94; H, 9.68; N, 4.61.
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63-Hydroxyhydrocortisone and 6a-Hydroxyprednisolone'
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The preparation of 6a- and 68-hydroxyhydrocortisone from the 5a,6a-epoxide of hydrocortisone bisethylene ketal viq the
intermediate, 5«,68,118,17a,21-pentahydroxypregnane-3,20-dione iz described. 6a-Hydroxyprednisolone was obtained
by selenium dioxide dehydrogenation of 6a-hydroxyhydrocortisone 6,21-diacetate followed by saponification.

The biochemical importance of C-6 oxygenated
steroids, especially 68-hydroxyhydrocortisone (IT1-
a), is now well established. Numerous publica-
tions have appeared on C-6 hydroxylation under
in vitro conditions.? Inter alia, it has been demon-
strated by incubation studies that the human
adrenal contains a C-6 B-hydroxylase as this
gland is capable of producing 68-hydroxyhydro-
cortisone (111a).22

68-Hydroxyhydrocortisone (I1Ia) has been iso-

(1) For a preliminary report on this work see paper I, 8. Bernstein
and R. Littell, J. Org. Chem., 25, 313 (1960).

(2)(a) W. J. Haines, Recent Progr. Hormone Res., T, 282 (1952);
(b) M. Hayano, M. Wiener, and M. C. Lindberg, Federation Proc., 12,
216 (1953); (¢) L. R, Axelrod and L. L, Miller, Arch. Biochem. Biophys.,
49, 248 (1954); (d) G. C. Mueller and G. Rumney, J. 4m. Chem. Soc.,
79, 1004 (1057); (e) H. Breuer, L. Nocke, and R. Knuppen, Natur-
wissenchaften, 48, 397 (1958); (f) H. Breuer, L. Nocke, and R. Knuppen,
Z. Physiol. Chem., 318, 72 (1959); (g) J. C. Touchstone, M, Kasparow,
and O. Rosenthal, Federation Proc,, 18, 340 (1959).

lated as an urinary metabolite in both the normal
guinea pig? and normal human after the oral
administration of hydrocortisone, and from late
human pregnancy urine.*®* Moreover in the third
trimester of normal pregnancy and in toxemia a
rise in the excretion of 68-hydroxyhydrocortisone
(I11a)* has been observed. This compound ap-
pears also to be the principal unconjugated urinary
metabolite in the newborn human® and a major
urinary excretory product in human adrenal hyper-

(8) S. Burstein and R. Dorfman, J. Biol. Chem., 218, 581 (1955).

(4) 8. Burstein, R. Dorfman, and E. Nadel, Arch. Biochem. Biophys.,
§3, 307 (1954).

(5) A. G. Frantz, F. H. Katz, and J. W. Jailer, Proc. Ezptl. Biol.
and Med., 108, 41 (1960).

(8)(a) E. Colle and R. A. Ulstrom, Am. J. Diseases Children, 98,
574 (1959); (b) R. A. Ulstrom, E. Colle, J. Burley, and R. Gunville,
J. Clin. Endocrinol. Metab., 20, 1080 (1960).
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function.™® It has been reported that levels of
68-hydroxyhydrocortisone (IIla) in normal adult
urine are higher than those of any other uncon-
jugated hormone including hydrocortisone itself.58

At present the source of the 68-hydroxyhydro-
cortisone (I1Ia) has not been established, although
the increased level observed following administra-
tion of ACTH suggests an adrenal origin.” It has
also been pointed out that it is necessary to con-
sider that hydrocortisone metabolism has been
altered leading to increased amounts of 68-hydroxy-
hydrocortisone (I1Ia)."® The latter hypothesis
is currently favored by the Columbia group.51
In this connection, a study!! based on the ¢n vivo
conversion of hydrocortisone by the human liver
leads to the conclusion that this organ may be the
site of formation of 68-hydroxyhydrocortisone
(I1Ia), but that an adrenal source for some of the
compound was not excluded.

Burstein and Dorfman® have speculated that
6a-hydroxyhydrocortisone (IVa) may also be a
metabolite of hydrocortisone in the guinea pig.
Frantz, Katz, and Jailer® have tentatively identified
6a-hydroxyhydrocortisone (IVa) as a metabolite
in human urine in pregnancy and toxemia. More
recently, the same workers® have isolated 6a-
hydroxyhydrocortisone (IVa) from the urines of
two normal men after hydrocortisone administra-
tion and from the urine of a patient with adrenal
carcinoma.

68-Hydroxyhydrocortisone (IIIa) was first syn-
thesized biochemically by Hayano and Dorfman,!?
by incubation of 63-hydroxy-substance S!314 with
the 118-hydroxylase system of beef adrenals.
In this paper, we wish to report on the first chemical
preparation of 6a- and 68-hydroxyhydrocortisone
which have been used as reference standard
compounds in most of the above described biologi-
cal work. In addition, the synthesis of 6a-
hydroxyprednisolone (VIa) will be given.?®

Treatment of the 5a,6a-epoxide (I) of hydrocorti-
sone bisethylene ketal®® with either perchloric or
sulfuric acid in aqueous acetone resulted in the re-

(7) J. C. Touchstone and W. S. Blakemore, J. Clin. Endocrinol.
Metab., 21, 363 (1961).

(8) A.G.Frantz, F. H. Katz, and J. W. Jailer, 1bid., 21, 1200 (1961).

(9) In this respect, I. E. Bush and V. B. Mahesh, Biochem. J., 71,
718 (1959), found that the metabolism of 2-methyl corticoids was
different from that of hydrocortisone. There was almost a complete
lack of ring-A reduction metabolites and a much higher proportion of
88-hydroxy and 20f-hydroxy metabolites. Also, J. R. Florini, L. L.
Smith, and D. A. Buyske, J. Biol. Chem., 286, 1038 (1961) have ob-
served that triamcinolone is metabolized principally to 68-hydroxy-
triameinolone by the dog and, apparently, by man.

(10) M. M. Lipman, F. H. Katz, A. G. Frantz, and J. W. Jailer,
Abst. No. 73, p. 39, Endocrine Society, 44th Meeting, New York,
N. Y., June 22-24, 1961.

(11) G. L. Cohn, V. Upton, and P. K. Bondy, J. Clin. Endocrinol.
Metab., 21, 1328 (1961).

(12) M. Hayano and R. Dorfman, Arch. Biochem. Biophys., 50,
218 (1954).

(13) F. Sondheimer, O. Mancera, and G. Rosenkranz, J. 4m. Chem.
Soc., 76, 5020 (1954),

(14) D. Peterson, S. Eppstein, P. Meister, B. Magerlein, H. Murray,
H. Leigh, A. Weintraub, and L. Reineke, ibid., 78, 412 (1953).
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moval of both ketal groupings and in the opening
of the epoxide grouping to give the water-soluble
5a,683,113,17,21 -pentahydroxypregnane - 3,20 - di-
one (Ila). Acetylation of the latter at room
temperature overnight with excess acetic anhy-
dride provided both the 21-monoacetate II¢ and
the 68,21-diacetate IIb, whereas acetylation
under the same conditions with slightly less than
one equivalent of acetic anhydride gave the 21-
monoacetate Ilc in 689, yield. Acetylation at
100° with excess acetic anhydride gave the diace-
tate IIb exclusively in contrast to benzoylation at
100° which resulted in esterification of only the
primary hydroxyl group to give 21-benzoyloxy-
5a,683,118,17a - tetrahydroxypregnane-3,20 - dione
(ITd). These esterification studies thus estab-

(15) F. Sondheimer, O. Mancera, and G. Rosenkranz (ref, 13) have
described the preparation of 68-hydroxycortisone. Also the 6a-
hydroxy analogs of cortisone and prednisone have been prepared,
J. A, Edwards, J. Iriarte, C. Djerassi, and H. J. Ringold, forthcoming
publication, as cited by A. Bowers and co-workers, ibid., 8%, 5233
(1959).

(18) R. Littell and 8. Bernstein, ibid., 78, 984 (1956).

(17) The 68,21-diacetate ITb usually proved difficult to obtain in a
crystalline form, and generally was used as an oil in subsequent trans-
formations. The oil was demonstrated by paper chromatographic
analysis to be practicslly homogeneous.



LirTELL AND BERNSTEIN

TaBLE I
PuysicaL PROPERTIES OF C-6 OXYGENATED CORTICOIDS

Compound M.p., °C.
68-Hydroxyhydrocortisone 8,21-diacetate (IIIe) 148-150
6a-Hydroxyhydrocortisone 6,21-diacetate (IVb) 128-130
68-Hydroxyhydrocortisone 21-acetate (II1b) 208-210
68-Hydroxyhydrocortisone (IIIa) 241-243
6a-Hydroxyhydrocortisone (IVa) 220-222
6a-Hydroxyprednisolone 6,21-diacetate (VIb) 146-148
6a-Hydroxyprednisolone (VIa) 248-250
6-Ketocortisone acetate (V) 217-218

Vou. 27
Paper strip
~—chromatography—
Amax mp [a]®*p A(Ryp)® B(Repﬂ?)'
235-236 12,100 --89° (methanol) 0.78
236 12,800 +113° (methanol) .80
236 13,400 +107° (methanol) .26
234-235 12,100 +4-90° (methanol) .065 0.29
241 13,300  +122° (pyridine) 0.00-0.06 .22
241-242 13,900 480° (chloroform) 0.74
242 13,800  +88° (methanol) .03 .19
247-249 10,500 +119° (methanol)

@ System A was composed of benzene-acetic acid~p-dioxane-water (10:2.5:2.5:2) using 1-in. wide untreated Whatman
No. 1 paper. ? System B was composed of benzene-acetic acid~petroleum ether (b.p. 90-100°)~water (6.5:8:3.5:2).

lished, as anticipated, the hindered character of the
68-hydroxyl group.

Dehydration of the 5a-hydroxyl group of the
68,21-diacetate ITb was accomplished with hydro-
gen chloride in dry methylene chloride at 0°.
The stereochemical course of this reaction, how-
ever, was not as easily controlled as has been ob-
served with a steroid containing a C-11 carbonyl
or C-11 methylene group.%® Thus, when the
5a-hydroxy 68,21-diacetate IIb was treated under
anhydrous conditions with hydrogen chloride a
mixture of 68-acetoxy- and 6a-acetoxyhydrocorti-
sone acetate (IIIc and IVb, respectively) was ob-
tained. When the dehydration reaction mixture
contained a few drops of alcohol, only the thermo-
dynamically more stable 6a,21-diacetoxy-116,17a-
dihydroxypregn-4-ene-3,20-dione (IVb) was ob-
tained. Dehydration of the 5a-hydroxy group was
also accomplished without acetylation of the 68-
hydroxy substituent by heating 21-acetoxy-5a,68,-
17 a-trihydroxypregnane-3,20-dione (IIc) with aque-
ous acetic acid to produce 68-hydroxyhydrocorti-
sone 21-acetate 11Ib after suitable chromatography.
Acetylation of IIIb gave the 63,21-diacetate I1lc.

Saponification of the 6«,21-diacetate IVb with
potassium hydroxide, or, in higher yield, with
potassium carbonate in methanol gave 6a-hydroxy-
hydrocortisone (IVa) as a solvate. Saponification
of the ¢mpure 68,21-diacetate IIlc with potassium
carbonate in methanol followed by partition
chromatography on diatomaceous earth provided
68-hydroxyhydrocortisone (I1IIa). The latter was
reacetylated to give the pure 68,21-diacetate 11lc.
Both 6g-hydroxyhydrocortisone (IIIa) and its
diacetate I1Ic were shown by infrared analysis to
be identical with the biochemically obtained
samples.!?

The structure of 6a-hydroxyhydrocortisone (ITI-
a) was established in a conventional manner.
Monoacetylation at C-21 followed by oxidation
with excess chromic acid gave the known 6-keto-
cortisone acetate (V),!* thus confirming the pres-
ence of an oxygen function at the C-6 position.

(18) C. P. Balant and M. Ehrenstein, J. Org. Chem., 17, 1587
(1952).

(19) We are indebted to Dr. 8. Burstein of the Worcester Founda-
tion for Experimental Biology, Worcester, Mass., for these comparisona.

Saponification of the diacetate IVb (Amax 236 my)
produced the free steroid IVa (Ayax 241 mu) which
on reacetylation gave back the original diacetate
IVb (Amax 236 my). This bathochromic shift in
the ultraviolet absorption spectrum observed in
the transformation from a 6-acetoxy to a 6-hy-
droxy group is characteristic only of the 6e-
series and not of the 68-series®® (Table I). Finally
the relationship of the paper chromatographic
mobility of 6a-hydroxyhydrocortisone (IVa) to
that of 6g-hydroxyhydrocortisone (IITa) is in
conformity with the expected greater polarity of
a 6a(equatorial)-hydroxy group than that of a
6B(axial)-hydroxyl group.?® It will be noted in
Table I, however, that the axial 68-acetoxyl group
is chromatographiecally more polar than the equa-
torial 6a-acetoxyl group. The same observation
has been made with certain C-6-methyl com-
pounds,?!

Treatment of 6a-hydroxyhydrocortisone 6,21-
diacetate (IVb) with selenium dioxide in #-butyl
alcohol and acetic acid according to published
procedures?22® gave after partition chromatog-
raphy 6«,21-diacetoxy-118,17 a-dihydroxy-1,4-preg-
nadiene-3,20-dione (6a-hydroxyprednisolone 6,21-
diacetate)(VIb). Saponification with potassium
carbonate in methanol yielded 6a-hydroxypredni-
solone (VIa). The structures of VIa and VIb
were established by the method of synthesis, in-
frared spectral analyses, and their paper chroma-
tographic behavior. Since increases in polarity
of the C-3 carbonyl group induced by the extent of
conjugation with unsaturated bonds are reflected
in the mobility of the keto steroid, it will be seen
from Table I that 6a-hydroxyprednisolone (VIa)
and its 6,21-diacetate VIb show higher polarity
(and therefore a greater degree of unsaturation)
than 6a-hydroxyhydrocortisone (IVa) and its 6,21-
diacetate IVb, respectively. It should also be
observed in Table I that the ultraviolet absorp-
tion spectra of the 6a-hydroxy- and 6a-acetoxy-

(20) K. Savard, J. Bisl. Chem., 201, 457 (1953).

(21) Unpublished results of these laboratories.

(22) 8. Bernstein and R. Littell, J, Am. Chem. Soe.,82, 1235 (1960).

(23) C. Meystre, H, Frey, W. Voser, and A. Wettstein, Hels. Chim.
Acta, 89, 734 (1956); and T. Posthumus, M, DeWinter, and D. Van
Dorp, Rec. trav. chim., T8, 475 (1956).
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Ali3-one compound (IVa and IVb, respectively)
are practically identical in contrast to the batho-
chromic shift observed with the corresponding
A4-3-one compounds (vide supra).

In Table 1 is given a summary of the physical
properties of the C-68 oxygenated corticoids pre-
pared herein.

Experimental

Melting Points.——All melting points are uncorrected
and were determined with uncalibrated Anschutz thermom-
eters.

Absorption Spectra.—The ultraviolet absorption spectra
were determined in methanol solution. The infrared
absorption spectra were determined in a pressed potassium
bromide disk.

Petroleum Ether.—The fraction used had a b.p. 60-70°.

5a,68,116,17«,21-Pentahydroxypregnane-3,20-dione (IIa).
—A. To a suspension 1.1 g. of 5a,6a-epoxido-3,20-bis-
ethylenedioxypregnane-118,17«,21-triol (I) in 40 ml. of
acetone was added 3 ml. of 1.5 N perchloric acid, and
the resulting clear solution was allowed to stand at room
temperature for 17 hr. After concentration under reduced
pressure the reaction mixture was extracted with ethyl
acetate, and the extract was washed with saturated ammo-
nium chloride, saturated sodium bicarbonate, and finally
with saturated saline. After drying and evaporation, 500
mg. of an oil was obtained. Several crystallizations from
acetone—petroleum ether gave the pure pentol IIa, m.p.
273-274° dec., Amax none; [a]¥p ~+35° (pyridine); vmax
3650 and 1710 cm. 2.

Anal. Caled. for CuHi07 (396.47): C, 63.61; H, 8.14.
Found: C, 63.44; H, 8.46.

B. To a suspension of 10 g. of I in 400 ml. of acetone was
added 2 ml. of sulfuric acid in 20 ml. of water, and the solu-
tion was stirred at room temperature for 4 hr. The solu-
tion was then neutralized with 109, potassium hydroxide in
methanol and the inorganic precipitate was removed by
filtration. The filtrate, on evaporation under reduced
pressure, provided a residue which was leached several
times with ethyl acetate. Evaporation of the extract and
erystallization from acetone gave 1.0 g. of pentol Ila, m.p.
272-274°.

The above residue, after being leached with ethyl acetate,
was dissolved in hot acetone, filtered through a column of
magnesium silicate adsorbent and the column was washed
with acetone. Evaporation and crystallization of the residue
from acetone—petroleum ether gave 1.28 g. of 1Ia, m.p.
279-281°., Concentration of the mother liquor gave an addi-
tional 2.0 g., m.p. 267-269° for a total yield of 4.28 g.
(49%).

21-Acetoxy-5a,68,118,17a-tetrahydroxypregnane-3,20-di-
one (IIc) and 68,21-Diacetoxy-5a,118,17a-trihydroxypreg-
nane-3,20-dione (IIb).~—A. Asolution of 425 mg. of 5«,68,-
118,17«,21-pentahydroxypregnane-3,20-dione (IIa) in 4
ml. of pyridine and 0.4 ml. of acetic anhydride was allowed
to stand at room temperature for 16 hr. The mixture was
poured into water and extracted with ethyl acetate. The
extract was washed with saturated saline, dried, and evapo-
rated to give a white glass. Crystallization from acetone—
petroleum ether gave 125 mg. of white crystals, m.p. 252—
256°. Three recrystallizations from acetone—petroleum
ether gave the pure 21-monoacetate Il¢, m.p. 280-282°;
[a]l®p +435° (pyridine), vmax 3410, 1728, 1698, and 1242
cm. "k,

Anal. Caled. for CiHi0s (438.50): C, 62.99; H, 7.82;
OAc, 9.8. Found: C, 62.62; H, 8.00; OAc, 9.2.

The mother liquor from the first crystallization above
was evaporated and the residue was crystallized from ben-
zene to give 135 mg. of the diacetate IIb, m.p. 145-155°.
Recrystallization from acetone-benzene did not change
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the melting point; [a]®p +6° (pyridine);
1726, and 1242 ¢cm. "1,

Anal. Caled. for CuHysO, (480.54): C, 62.48; H, 7.55.
Found: C, 62.46; H, 7.81.

B. A solution of 940 mg. of the pentol IIa in 5 ml. of
pyridine and 8 ml. of acetic anhydride was allowed to
stand at 100° for 1 hr. The mixture waa cooled and water
was added. This gave an oil which, after cooling, was
geparated by decanting the supernatant liquid and was
then dissolved in ethyl acetate. The solution was washed
with saturated saline, dried, and evaporated to give 1.1
g. of the diacetate IIb as an oil, Amsx none. Paper strip
chromatographic analysis indicated that the product con-
tained only trace impurities and its mobility was identical
to the diacetate IIb prepared above.

C. A solution of 4.7 g. (11.9 mmoles) of the pentol Ila
in 25 ml. of pyridine and 1.2 ml. (11.8 mmoles) of acetic
anhydride was allowed to stand at room temperature for
24 hr. The mixture was then extracted with ethyl acetate,
and the extract was washed twice with saturated saline,
dried, and evaporated. Ether was added to the solid
residue which was collected by filtration to give 3.5 g. of
the 21-monoacetate IIe, m.p. 277-279°. The infrared
gpectrum was identical to that of the sample obtained in A.

21-Benzoyloxy-5«,68,118,17a-tetrahydroxypregnane-
3,20-dione (IId).—A mixture of 300 mg. (0.76 mmole) of
5a,68,118,17a,21-pentahydroxypregnane-3,20-dione  (IIa),
8 ml. of pyridine, and 240 mg. (1.7 mmoles) of benzoyl
chloride was heated at 100° for 1.5 hr. After being cooled,
the solution was poured into water and 380 mg. of white
powder, m.p. 235-237°, was collected by filtration. Two
recrystallizations from acetone gave the pure 21-mono-
benzoate IId, m.p. 296-298°; Amexr 228 mu (¢ 15,100);
[«]®D +4-80° (pyridine); wvm.x 3420, 1709, 1602, 1582,
1450, and 1275 em. 1.

Anal. Caled. for CuaHiOy (500.57): C, 67.18; H, 7.25.

Found: C, 67.07; H, 7.39.

6a,21-Diacetoxy-113,17«-dihydroxypregn-4-ene-3,20-
dione (6a-Hydroxyhydrocortisone 6,21-Diacetate) (IVb).—
A, A stream of dry hydrogen chloride gas was passed
through a solution of 900 mg. of noncrystalline 68,21-
diacetoxy-5a,118,17a-trihydroxypregnane-3,20-dione (IIb)
in 100 ml. of dry methylene chloride at 0° for 1 hr. After
being washed with ice water and with cold 1 &NV sodium bi-
carbonate the solution was dried and evaporated. The
resulting oil was shown by paper strip chromatographic
analysis to contain a mixture of 6a- and 68-epimers. Chro-
matography on 80 g. of magnesium silicate adsorbent gave,
from 89, acetone in benzene, 300 mg. of a white solid which
was crystallized from acetone-benzene to give 160 mg.,
m.p. 126-129°. Recrystallization from acetone-benzene
resulted in the pure 6«,21-diacetate IVb, m.p. 128-130°;
Amax 236 mpu (e 12,800); [a]®Dp -+107° (chloroform);
3480, 1750, 1730, 1668, 1650, and 1232 cm. 1.

Anal. Caled. for CosHy 05 (462.52): C, 64.92; H, 7.41.
Found: C, 64.72; H, 7.69.

The 68-epimer could not be isolated in pure form from
this reaction.

B. A strcam of dry hydrogen chloride gas was passed
through a solution of 900 mg. of nonerystalline IIb in 60
ml. of methylene chloride containing 4 drops of ethanol.
The reaction was allowed to proceed at 0° for 1 hr. after
which the reaction mixture was washed with cold, saturated
sodium carbonate and once with saturated saline. Evapo-
ration of the dried extract gave a crude product which was
crystallized once from acetone-benzene, 490 mg. of IVb,
m.p. 126-130°; Amar 236 mp (e 13,500); [a]®Dp -+113°
(methgnol).

C. A solution of 30 mg. of 6a-hydroxyhydrocortisone
(IVa) in 1.0 ml. of pyridine and 0.5 ml. of acetic anhydride
was allowed to stand at room temperature for 18 hr. Evap-
oration of the solvents followed by crystallization of the
crude residue from acetone-benzene gave 24 mg. of the di-
acetate IVb, m.p. 126-128°; Ap.r 235-236 mu (e 12,600).

vmax 3480,

Vmax
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6c,113,17,21-Tetrahydroxypregn-4-ene-3,20-dione
(6a-Hydroxyhydrocortisone) (IVa).—A mixture of 200 mg.
of Ba-hydroxyhydrocortisone 6,21-diacetate (IVb), 30 ml.
of methanol, and 0.65 ml. of 109, aqueous potassium carbo-
nate solution was agitated at room temperature with a
stream of nitrogen for 30 min., when 0.3 ml. of acetic acid
was added. Concentration under reduced pressure and
addition of water gave 118 mg. of white crystals, m.p.
216-217°. Recrystallization from acetone gave 84 mg. of
the tetrol IVa, m.p. 220~222°; Apex 241 my (e 13,300).

In another run with 720 mg. of noncrystalline diacetate
1Vb, 50 ml. of methanol, and 6.6 ml. of 0.51 N potassium
hydroxide, the crude product obtained as above, was
crystallized from acetone to give 185 mg. of IVa, m.p. 217-
220°. The sample for analysis was obtained by two
crystallizations from acetone and was solvated, m.p. 220-
222°; [a]®p +122° (pyridine); »max 3460, 3320 (shoulder)
1722, and 1645 ecm. 1.

Anal. Caled. for CuH30s (378.45): C, 66.64; H, 7.99.
Found: C, 64.42; H, 7.96.

683,118,17a,21-Tetrahydroxypregn-4-ene-3,20-dione (63-
Hydroxyhydrocortisone) (Illa).—A solution of 1.2 g. of
crude 68-hydroxyhydrocortisone 6,21-diacetate (IIlc) (ob-
tained from the dehydration of IIb) in 100 ml. of methanol
and 4.0 ml. of 109, aqueous potassium carbonate was
agitated at room temperature with a stream of nitrogen for
30 min., when 2.0 ml. of acetic acid was added. The re-
action mixture was extracted twice with ethyl acetate and
five times with chloroform. The combined extracts were
dried and evaporated to afford a yellow glass which was
subjected to partition chromatograpby on 400 g. of diato-
maceous earth with an ethyl acetate—ethylene glycol solvent
system. Concentration of the third hold-back volume gave,
after the addition of water, 78 mg. of white crystals, m.p.
239-242°; Apax 234-235 mp (e 12,000). Crystallization
from acetone gave 43 mg. of 68-hydroxyhydrocortisone
(I11a), m.p. 241-243°; [a]®Dp -90° (methanol); »max
3395, 1712, and 1665 cm.!. Infrared spectral analysis
showed this compound to be identical with a reference
sample.14

21-Acetoxy-17a-hydroxypregn-4-ene-3,6,11,20-tetrone
(6-Ketocortisone Acetate) (V).—To a solution of 116 mg.
(0.305 mmole) of 6«,118,17a,21-tetrahydroxy-4-pregnene-
3,20-dione (IVa) [m.p. 213-215°, Amax 241 mu (abs. alc.)]
in 2 ml. of dry pyridine at —10° was added 0.9 ml. (0.325
mmole of acetic anhydride) of a stock solution of acetic
anhydride (37 mg.) in pyridine (1 ml.), and the mixture
was allowed to stand at —5° for 17 hr. The reaction mix-
ture was extracted with ethyl acetate, and the extract was
washed with dilute sulfuric acid, dilute sodium bicarbonate
solution, and finally with water. After being dried the
extract was evaporated to afford 128 mg. of a white glass.
The latter was then treated with 4 ml. of acetic acid con-
taining 50 mg. of chromic anhydride and 3 drops of water.
The mixture was extracted with ethyl acetate, and the
extract was washed with cold sodium bicarbonate solution
and water, dried, and evaporated. The residue was sub-
jected to partition chromatography on diatomaceous earth
with the system, toluene (6 parts)-petroleum ether (4 parts)-
methanol (6.5 parts)-water (3.5 parts), to give 15 mg. of a
white solid, m.p. 214~2156°. Two recrystallizations from
acetone-petroleum ether gave 7 mg. of the tetrone V, m.p.
217-218°;, Amax 247-249 mp (e 10,500); ([«]®p -+119°
(chloroform}; vmax 3420, 1742 (shoulder), 1708, 1322, and
1235 em.? {lit.,!® m.p. 210-212°; Apax 245 mp (e 11,000);
[a]®D +115° (chloroform}|.
66,21-Diacetoxy-113,17a-dihydroxypregn-4-ene-3,20-
dione (IIIc).—To the mother liquor residues from the crystal-
lization of 68-hydroxyhydrocortisone (IIIa) was added 3
ml. of pyridine and 2 ml. of acetic anhydride. After stand-
ing at room temperature for 18 hr., the solution was dis-
golved in ethyl acetate, washed with dilute sodium carbo-
nate solution, dilute hydrochloric acid solution, and finally
with saturated saline. The extract was concentrated to a
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small volume and poured into water. The resulting solid,
30 mg., m.p. 138-140°, was crystallized from ethanol-
water to give 26 mg. of IIle, m.p. 148-150°; Apax 235~
236 mu (e 12,100), [a]®D -+89° (methanol), vmsx 3400,
1742 (shoulder), 1725, 1660, and 1230 cm.-!. Infrared
spectral analysis showed this compound to be identical with
areference sample.!¢
21-Acetoxy-63,118,17a-trihydroxypregn-4-ene-3,20-dione

(65-Hydroxyhydrocortisone 21-Acetate) (IIIb).—A solution
of 3 g. of impure 2l-acetoxy-5«,68,118,17a,21-pentahy-
droxypregnane-3,20-dione (IIc) in 15 ml. of acetic acid
containing 1.5 ml. of water was heated on a steam bath
for 1.5 hr. The mixture was then extracted with ethyl
acetate, and the extract was washed with saturated sodium
bicarbonate solution and saturated saline, dried, and evapo-
rated. The crude product, 2 g. of a yellow oil, Apmax 235
mu (e 5800), so obtained was subjected to partition chroma-
tography on diatomaceous earth with the solvent system,
methylene chloride (8 parts)-ethyl acetate (2 parts)-
ethylene glycol (1 part). The second hold-back volume
gave, after crystallization from acetone-petroleum ether,
135 mg. of 6g-hydroxyhydrocortisone 21-acetate (IIIb),
m.p. 206°; Amasx 234 mu (e 14,000). Two recrystallizations
from the same solvent pair gave solvated IIlb, m.p. 208~
210° (with solidification and remelt at 220°); Amax 236 mp
(e 13,400); [a]®p +107° (methanol); wmax 3510, 1740,
1672, and 1235 em. 1.

Anal. Caled. for CuHOr (420.49): C, 65.59; H, 7.67.
Found: C, 64.99; H,7.75.

A small sample of IIIb was acetylated to give 68-hy-
droxyhydrocortisone 6,21-diacetate (IIIc), m.p. 149-150°.

6a,21-Diacetoxy-113,17a-dihydroxypregna-1,4-diene-3,20-
dione (6a-Hydroxyprednisolone 6,21-Diacetate) (VIb).—
To a solution of 265 mg. of 6a-hydroxyhydrocortisone 6,21-
diacetate (IVb) in 30 ml. of ¢-butyl alcohol and 1.5 ml. of
acetic acid was added 200 mg. of selenium dioxide, and the
mixture was heated at reflux for 18 hr. The cooled mixture
was stirred for 0.5 hr. with deactivated Raney nickel cata-
lyst, filtered, and evaporated. The residue was dissolved
in ethyl acetate and the extract was washed successively
with water, cold saturated sodium carbonate and finally
with saturated saline, dried, and evaporated. The resulting
215 mg. of yellow glass, Amax 241 mu (e 12,400), was sub-
jected to partition chromatography on diatomaceous earth
with the solvent system, n-heptane (3 parts)—ethyl acetate
(3 partg)-methanol (3 parts)-water (2 parts). The fifth
hold-back volume gave, after crystallization from acetone—
benzene, 120 mg. of 6a-hydroxyprednisolone 6,21-diacetate
(VIIb), m.p. 144-146°. Two further crystallizations from
the same solvent pair gave the sure sample of VIb; m.p.
146-148°%;  Amax 241-242 mp (e 13,900); [a]®p +80°
(chloroform); wmax 3380, 1738, 1720, 1654, 1609, 1590,
and 1230 cm. 1.

Anal. Caled. for C»Hz0s (460.51): C, 65.20; H, 7.00.
Found: C, 65.08; H,7.48.

6c,118,17c,21-Tetrahydroxypregna-1,4-diene-3,20-dione

(6a-Hydroxyprednisolone) (VIIa).—A mixture of 290 mg.
of 6a-hydroxyprednisolone 6,21-diacetate VIb in 43 ml. of
methanol and 1.0 ml. of 109, aqueous potassium carbonate
was agitated with a stream of nitrogen for 0.5 hr. Addition
of 0.5 ml. of acetic acid and several ml. of water followed by
concentration under reduced pressure gave 150 mg. of white
crystals, m.p. 239-241°, Two crystallizations from ace-
tone-benzene gave the constant melting sample of 6a-
hydroxyprednisolone (VIa) in a solvated state, m.p. 248~
250°; Amax 242 mpu (e 13,800); [a]®D +88° (methanol);
Ymax 3420, 1712, 1656, and 1602 cm. 1.

Anal. Caled. for CangOo (37644) C, 6700, H, 7.50.
Found: C, 66.28; H,7.97.
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The dehydration of 118-hydroxy-1--methyl-58-pregnane-3,20-dione yielded both the A®1V- and All-11-methyl steroids.
Employing these olefinic intermediates, the chemistry of C-ring altered steroids has been investigated. The structures of
many of thege products were elucidated by their NMR spectra and an interesting unshielding effect of allylic systems was

observed.

Among recent reports on the reaction of methyl-
lithium with 11-keto steroids?®?®3 the preparation
of 118-hydroxy-11-methyl-58-pregnane-3,20-dione
(I), a potent central nervous system depressant,*
was described. Prompted by the marked biological
properties of this compound, the present work was
undertaken as part of the continuing investigation
of 11-alkylated steroids.

By the method of Drake, Fonken, and Howard®
(N-bromoacetamide—pyridine-sulfur dioxide) 114-
hydroxy-11-methyl-53-pregnane-3,20-dione (I) was
dehydrated giving a mixture of 11-methyl A®GD-
58-pregnene-3,20-dione (II) and 1l-methyl-All-
58-pregnene-3,20-dione (IIT). The composition of
this mixture was established by NMR spectroscopy
as roughly 859 of the A*1D (IT) and 159 of the
All-pregnene (III).

Ozonolysis of the above mixture of the olefins
yielded 469 of a neutral tetrone (IV) in addition to
39, of a polyketo acid (IVa) which was character-
ized only by its infrared spectrum. The 9,11-seco-
tetrone (IV) gave upon treatment with base the
expected aldol products (V and VI) characterized
by a variety of chemical and physical methods
including NMR, ultraviolet, infrared, and X-ray
unit cell determination. While the isomeric triones
V and VI differed in their physical constants and
NMR spectra, they could not be distinguished.
The other somewhat more remote possibilities for
the structure of aldol products [structures (VII)

(1) This paper was presented at the Michigan-Toledo—South Bend
Meeting-in-Miniature of the American Chemical Society, February
27, 1960. Since the original presentation of this paper, the chemistry
of some 5a-11-methyl steroids has appeared [J. Elks, J. Chem. Soc.,
3333 (1960)].

(2)(a) H.J. Ringold, E. Batres, and J. A. Zedric, Tetrahedron, 4, 165
(1958); (b) G. S. Fonken and J. A. Hogg, tbid., 368 (1958).

(8) G. 8. Fonken, J. Org. Chem., 28, 1075 (1958).

(4) P. H. Seay (The Upjohn Co.), private communication.

(5) A. Drake, A. Fonken, and R. B. Howard, British Patent 790,-
452.

(6) (a) Harley and Robinson, Trans. Faraday Soc., 48, 847 (1952);
(b) Robinson and Ambrose, bid., 854 (1952); (c) Robinson, Dis-
cussions Faraday Soc., 16, 125 (1954).

and (VIII)] were incompatible with the ultraviolet
spectrum of the «,8-unsaturated ketone system
MSIEOR 939 my (log e 4.08)]. Construction of a
Courtaud Model® of the isomeric C-homo steroid
(IX) indicated that the unsaturated ketone system
of this molecule could not become co-planar and
since the ultraviolet and infrared spectra (vumes
1715, 1650, and 1625 cm.™) were normal this
possibility was unlikely. Further the C-homo
possibility (IX) appeared highly unlikely since the
9,11-secobisketal (XXI) did not undergo aldol
eondensation. The NMR spectra of the aldol prod-
ucts, in addition to the two angular methyl ab-
sorptions” at 9.07 and 8.60 and at 9.12 and 8.62 7.}
showed methyls on double bonds as close doublets
at 8.03 and 8.02 r, respectively. The magnitude of
the coupling constants (both 1.5 ¢.p.s.) was indica-
tive of splitting through a double bond by an ad-
jacent vinyl hydrogen which was present as a multi-
plet in the two condensation products at 4.10 or
4.19 7, respectively. Structures VII, VIII, and
IX lacked this configuration and were thus clearly
eliminated.

In addition to the tetrone IV and keto acid IVa
the 9a,1la-epoxide (X) derived from the original
olefin was isolated from the ozonization mixture.
The structure of this compound was established by
three independent syntheses from the 11-methyl-
A%UUoplefin (II) employing separately trifluoro-
peracetic, chromic acid, and potassium permangan-
ate as epoxidizing agents, all of which would be ex-
pected to attack the relatively unhindered backside
(a-attack) of the molecule. Further evidence for
this structural assignment was the inactivity of the
epoxide towards perchloric acid in acetone. (98-
118-Epoxides are known to open hydrolytically

(7) For Basic Steroid NMR assignments see J. N. Schoolery and
M. T. Rogers, J. Am. Chem. Soc., 80, 5121 (1958).

(8) These spectra were measured in a Varian A-60 spectrometer
in CDCls solution.



