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Catalytic Hydrogenation of the Adduct.—Approximately
20 mg. of platinum oxide in tetrahydrofuran was prereduced
in the usual manner. A solution of the adduct (0.4 g.) in
30 ml. of tetrahydrofuran was added. The adduct ab-
sorbed 959, of the theoretical amount of hydrogen (based on
two double bonds) in 40 minutes. The hydrogenation was
continued for a few hours during which time hydrogen was
absorbed at a greatly reduced rate. The total hydrogen
uptake was almost exactly 2 moles per mole of adduct. The
product obtained by filtration and removal of the solvent
under reduced pressure was a viscous, colorless liquid which
could not be induced to crystallize. Sublimation of a por-
tion of the product gave a tacky, viscous liquid which could
not be crystallized. This material showed infrared maxima
at 5.40, 5.6Q and 5.84 u and no high intensity absorption in
the ultraviolet.
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Preparation of the Bromolactone VI or VII.—The adduct
(0.2 g.) was dissolved in 10 ml. of hot water, and the solu-
tion was cooled to 40°, Bromine (0.55 ml., 959, of the
theoretical) was added dropwise with swirling. During
the addition, the bromolactone precipitated. The mixture
was chilled in ice, and the precipitate was collected and re-
crystallized from ethyl acetate giving 0.18 g, (63%) of
crystalline bromolactone, m.p. 100.5-103°, A% EOH 227
mu (5700); infrared maxima: 5.56, 5.78 and 5.92 u. It
was necessary to dry the bromolactone at 100° just prior to
analysis to completely remove water from the sample,

Amnal, Caled. for CpHnOeBr: C, 43.52; H, 3.35.
Found: C, 43.62; H, 3.44.
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The Total Synthesis of dl-C-17 Oxygenated Anthrasteroids!
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d1-17-Oxo0- and 178-hydroxyanthrasteroids (XV, R = CHjand II, R = OH, respectively) have beeu synthesized from the
4-oxo0 derivative (VI, R = CHj) of 9-methyl-s-octahydroanthracene (V, R = CHj;) by application of the reaction sequence
devised by Johnson, Petersen and Gutsche (ref, 8a) for the attachment of ring D in their total synthesis of equilenin.

In the presence of an acid catalyst 38-hydroxy-
steroidal-5,7,9(11)-trienes (I, R’ = H) and their
esters (I, R’ = acyl or aroyl) undergo an interesting
transformation involving dehydration, bond re-
arrangement and aromatization to yield unsatu-
rated derivatives (II) of s-octahydroanthracene.?

CH, R
CH,

RO

I

Because of its possible implications in any ab-
normal steroidal metabolism which might lead to
the formation of active anthracenic carcinogens in
the body,* the reaction has been the subject of
considerable study from a chemical standpoint, es-
pecially by Nes and Mosettig and their co-work-
ers,® and has been designated by them as the "an-
thrasteroid rearrangement.” With the recent dem-
onstration® of the detailed structure of these prod-
ucts as shown in II, rational efforts for the total
synthesis of representative members of the group
became feasible. Moreover, in view of various ex-
perimental difficulties involved in the preparation
of certain anthrasteroids from natural sources, e.g.,
II, when R = OH,® such a goal, if it held promise
of having preparative utility, would not only be

(1) Presented before the Division of Organic Chemistry at the
135th National Meeting of the American Chemical Society, Boston,
Mass., April, 1959,

(2) Visiting Scientist, U. S. Public Health Service, N.I.H., Summer,
1958.

(3) For nomenclature, numbering convention and references, cf.
W. R. Nes, J. A, Steele and E. Mosettig, Tuis JournaL, 80, 5230
(1938); see also P. Bladon, J. Chem. Soc., 2176 (1953).

(4) For discussion and references, ¢f. tef. 3 and 6.

(3) A. W. Burgstahler, TH1S JOURNAL, 79, 6047 (1957).

(8) W.R. Nes, J. A, Steele and E. Mosettig, tbid., 80, 5233 (1958),

attractive for its own sake in providing final con-
firmation of the structure of anthrasteroids but
would also be of considerable value for the practical
purpose of making these substances and their deriv-
atives more readily accessible for further biological
examination.

While studies on the total synthesis of anthra-
steroids have not been described as yet by other
workers, the preparation of the parent dimethylcy-
clopentenoanthracene III by a multistage route
from 1-methyl-2-naphthoic acid (IV) has been re-
ported recently.” Conceivably, with appropriate
modifications, this synthesis could be adapted

CH.

to the preparation of anthrasteroids; it would,
however, necessarily be somewhat lengthy. In
the present work, by employing a suitable pre-
formed hydroanthracene unit, and by applying to it
the elegant method of Johnson, Petersen and
Gutsche® for the attachment of ring D, which was
used with such outstanding success in their total
synthesis of equilenin, we have realized a compara-
tively direct synthetic pathway to C-17 oxygen-
ated anthrasteroids.

The starting material, 9-methyl-s-octahydroan-
thracene (V, R = CHy), is easily obtained from an-

(7) M. Nakazaki and S, Isoe, Chemistry & Industry, 43 (1958).

(8) (a) W. S. Johnson, J. W. Petersen and C. D. Gutsche, Tais
JourNaL, 69, 2942 (1947); (b) ¢f. D. K. Bannerjee, S. Chatterjee,
C. N. Pillai and M. V, Bhatt, ¢bid., 78, 3769 (1956). (c) For another
application, see R. J. Collins and E, V. Brown, ibid., 79, 1103 (1957);
also . V. Bhide, N. L. Tikotkar and B. D, T7Tilak,
Chemisty & Industry, 1319 (1937) and references cited therein.
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thracene by a known, three-step procedure consist-
ing of partial hydrogenation of the latter to s-octa-
hydroanthracene (V, R = H), followed by chloro-
methylation and hydrogenolysis.® In view of the
previously observed steric hindrance associated
with the methyl group in V (R = CH,) during
vigorous oxidation with nitric acid to form 1-
methyl-2.3,5,6-tetracarboxybenzene,’ it seemed
likely that suitable conditions could be fouud for the
selective introduction of oxygen into the C-4 posi-
tion of V (R = CHj;) to provide the desired 4-oxo
derivative VI (R = CH;). In keeping with re-
sults in the analogous preparation of 1-oxo-s-ccta-
hydroanthracene (VI, R = H),!! chromium trioxide
in acetic acid at 15—20° served to produce, i1 fair
yield, the ketone VI (R = CH;), m.p. 76-77°, which
was isolated and purified as the semicarbazone. To
confirm the position of oxidation, this ketoue was
converted, g the Mannich base VII and also
through the hvdroxymethylene derivative X (R =
CH;, see below), to 4-0x0-3,9-dimethyl-s-octahvdro-
anthracene (VIII), in.p. 87-89°, which had been
obtained earlier in the anthrasteroid structure
proof.® The further transformation of both VII and
VIII to the known!* 3,9-dimethylanthracene (IX)
was also accomplished as indicated.’ -t

/\/R
CH.
’ o 1, LiAIH,
2.P4-C

VILLR=CH,;N{CH».
VIII,R - CH;

Since the reaction sequence developed by John-
son, Petersen and Gutsche® for the attachment of
ring D to a tricyclic ketone somewhat similar to VI
led to an unambiguous structural result in their to-
tal synthesis of equilenin, as well as to the incorpo-
ration, at the penultimate stage, of a 14,15-double
bond, which is also present in anthrasteroids, ap-
plication of this same scheuie to VI (R = CHj)
appeared to be ideally suited to the synthesis of the
analogous C-17 oxygenated anthrasteroids (XV, R
= CH;and II, R = OH).

By adhering closely to the procedures devised by
the Johnson group.’ we found that the first stages.
from VI to the methvlated cyano ketone XII.

(9) G. M. Badger, W. Carruthers, J. W. Cook and R. Schoental,
J. Chem. Soc., 169 (1949); ¢f. ref. 10.

(10) W. R. Nes and E. Mosettig, THIS JoUurNAL, 76, 3186 (1934).

(11) G. Schroeter, Ber., 87, 2003 (1924).

(12) E. DeB. Barnett and N. F. Goodway, J. Chem. Src.,
(1929).

(13) Since 4,9-dimethylanthracene does not appear to have been de-
scribed in the literature, the conventional method of proving the loca-
tion of the carbonyl group in V1 (R = CH;s), by dehydrogenation ot
the corresponding methyl carbinol, was not applicable. With this
ketone now available, the preparation of various 4-substituted
9-methylanthracenes has been undertaken (A.W.B.).
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proceeded easily and in excellent yields, both in
the model series (R = H) and in the methyl se-
ries (R = CH;). However, as in the experience of
Bannerjee and co-workers,®® and also Collins and
Brown,* we noted that, for optinum results. the
succeeding Stobbe condensation step (XII — XIII)
required lower temperatures than in the equilenin
synthesis.®* Even so, the yields which we obtained
at this stage were decidedly inferior to those
achieved in the latter work. Hydrolysis of the
Stobbe condensation product XIII with dilute
alcoholic barium hydroxide under a nitrogen atmos-
phere afforded. in good vield. the keto acid XIV.
In the formation of this product the shift of the
double bond from the 14,13- to the 15,16-position,
into conjugation with the 17-oxo group, parallels
subsequent observations'**® concerning the equi-
lenin work and was confirmed here by the infrared
and ultraviolet spectral differences between the keto
ester XIII and the keto acid XIV and also by the
fact that esterification of the latter with diazometh-
ane did uot revert it to XIII but led to an isomeric
keto ester spectrally very similar to XIV. The final
step, acid-catalyzed decarboxylation of XIV in re-
fluxing aqueous pyridine hydrochloride, largely re-
stored the double bond to the 14,15-position, as in
the equilenin syuthesis, and, in the series R = CHj,
furnished the desired 17-oxo anthrasteroid, dl-5,-
7,9,1&-amthrastatetraen-17-011e (XV, R = CHy),
m.p. 143-145°, i1 moderate yield. Although this
partmular authrasteroid has not yet been prepared
from natural sources, the infrared and ultraviolet
absorptiou spectra of the synthetic product are in
exact agreement with those of known authentic an-
thrasteroids.®$

For the reduction of the above product to the
corresponding carbinol, sodium borohydride was
etnployed and vielded a single product, the 178-hy-
droxy derivative,’ d/-5,7,9,14-anthrastatetraen-

{14) W. S. Johnson, C. D. Gutsche, R. Hirschmann and V. L.
Stromberg, Tuis JourNaL, 78, 322 (1951).

(15) For a discussion and examples of the closely related reduction

of 17-0xo steroids, ¢f. L. F. Fieser, Experientia, 6, 312 (1950); also ref.
8b.
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17B-0ol (II, R = OH), m.p. 129-130°, whose highly
detailed infrared and ultrawiolet spectra were iden-
tical in every respect to those of the corresponding
optically active anthrasteroid (II, R = OH), which
was prepared earlier from d-5,7,9(11)-androstatri-
ene-33, 178-diol 17-benzoate (I, R’ = H, R = OBz) %
Hence, although more direct comparison is pre-
cluded until the synthetic product is resolved and
obtained as the appropriate enantiomer, the pres-
ent results not only give strong support to the gen-
eral formulation of anthrasteroids as II, in agree-
ment with previous spectral and degradative evi-
dence,?® but also make attractive the total syn-
thesis of other anthrasteroids and their derivatives
by suitable extensions of the present scheme.
Finally, it remains to note that the infrared and
ultraviolet spectra of a ketone isomeric with XV
(R = CH,;), which was isolated earlier from acid
treatment of 3,7,9(11)-androstatrien-38-ol-17-one
isocaproate (I, R’ = -CgH;;0; R = ox0),% differ
markedly from the normal anthrasteroid spectral
features of the synthetic @d/-17-oxo anthrasteroid
(XV, R = CHj). Hence, an “‘abnormal”’ consti-
tution must be ascribed to the former, and the
question of its structure is reopened.’” Further
studies concerning the structure of this substance as
well as biological tests with the present synthetic
products and their derivatives are under way.

Experimental®®

4-0x0-9-methyl-s-octahydroanthracene (VI, R = CH;).—
The previously described$10 sequence for the preparation of
9-methyl-s-octahydroanthracene (V, R = CHj;) was fol-
lowed except that the reductive dehalogenation of the 9-
chloromethyl intermediate (V, R = CH.Cl) was conducted
in ethyl acetate under three atmospheres of hydrogen with
a 109, palladium—charcoal catalyst. The yield of recrys-
tallized V (R = CH;), m.p. 51-51.5°, in this step was
86-909%.

To a well-stirred solution of 10 g. (0.05 mole) of V(R =
CH3;) in 500 ml. of glacial acetic acid cooled to 15°, 40
ml. of an aqueous solution containing 7.0 g. (0.07 mole) of
chromium trioxide (reagent grade) was added over a period
of 1 hr. After being stirred overnight at 15-20°, the mixture
was treated with 10 ml. of methanol to destroy residual
oxidizing agent, and the bulk of the solvent was removed
under reduced pressure on the steam-bath. When the
mixture had been concentrated to a voluie of 50 ml., it was

(16) W. R. Nes, R. B. Kostic and E, Mosettlg, Tuls Jour~aL, 78,
436 (1956); cf. ref. 6.

(17) On the assumption that ring B is aromatic in this isomeric prod-
uct, the above spectral comparison now excludes the presence of the
conjugated olefinic bond in the 3-membered ring containing the ketone
grouping. In the event that aromatization occurred prior to the usual
bond migration,*® a ring A-unsaturated anthrasteroid arises as an
alternative structure, but the ultraviolet absorption maximum at 279
myu may be at too high a wavelength to be entirely compatible with this
snggestion, since, ¢.g., A¥5%% and A1l neoergostatetraene systems
have their absorption maxima at the lower wave lengths of 265-270 mg
{¢f. W. R. Nes and E. Mosettig, THIS JoUurNaL, 76, 3182 (1954),
footnote 2]. Similarly, the absorption maximum of what would be
a more nearly analogous chromophore, that of 3,9-dimethy1-1,2,5,6,7,8-
hexahydroanthracene, has been found in the present work to occur at
269 my.

(18) Melting points were determined on a Keofler block calibrated
against standard substances. Ultraviolet spectra were measured in
ethanol (unless specified otherwise) on a Cary mode!l 11 recording spec-
trophotometer by Mrs. Anne Wright. Infrared spectra were deter-
mined in chloroform or carbon disulfide solution, as indicated, on a Per-
kin—Elmer Infracord or model 21 double beam spectrophotometer
with the assistance of Mr. H. K. Miller. Analytical samples were
dried in vacuo at 80° or at temperatures 30 ° below their melting points,
whichever was lower. Microanalyses were performed by the Analyti-
cal Service Laboratory at the National Institutes of Health under the
direction of Dr. William C. Alford and by the Schwarzkopf Micro-
analytical Laboratory, Woodside, N. J.
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diluted with 11, of water, acidified strongly with 100 ml. of
6 N sulftiric acid, digested for 5 min. on the steam-bath,
cooled, and extracted with three 100-ml. portions of low
boiling (30—40°) petroleum ether, The combined petroleum
ether extracts were washed further with dilute acid and then
with 100-ml. portions of 109 sodium hydroxide solution
until the aqueous extracts remained colorless. After
evaporation of the solvent on the steam-bath, the yellow,
oily residue was treated with excess semicarbazide acetate in
refluxing methanol for 0.5 hr. The semicarbazone of VI
(R = CHj;) deposited slowly and was allowed to crystallize
for several hours at 0°. When collected, washed and dried
it weighed 5.5-6.0 g. (41-449, yield) and melted over the
range 210-225° with decomposition. Recrystallized twice
from acetic acid-ethanol or from dioxane-ethanol, it
formed nearly colorless microscopic needles, m.p. 236-238°
dec. (rapid heating) or 227-229° dec. (slow heating);
vield 3.5-4.0 g. (26-30%;).

Anal. Caled. for CeHxyON; (271.35): C, 70.82; H,
7.80; N, 15.49. Found: C, 71.05; H, 7.86; N, 15.29.

In a typical experiment, liberation of the free ketone
(VI, R = CHj;) was accomplished by decomposition of 1.5
g. (6.5 mmoles) of the twice recrystallized semicarbazone
in a solution of 25 ml. of acetic acid and 10 ml. of 6 N sul-
furic acid heated on the steam-bath for 1 hr. The mixture
was diluted with water, and the product recovered by ex-
traction with petroleum ether. The combined extracts
were washed with 109, sodium hydroxide solution, dried
over anhydrous magnesiun sulfate, and treated with Darco
to aid in the procurement of a colorless and more readily
crystallized product, Filtration and removal of the solvent,
followed by crystallization of the residue from 8 ml. of
methanol at —30°, afforded 1.05 g. (889, yield) of VI(R =
CHj;) as colorless needle clusters, m.p. 73-76°. Recrystal-
lized from the same solvent these melted at 76-77.5° and
had ASECH at 5.97(vs) and 6.28(s) u and AES® at 220
(e 28,900), 266 (13,000) and 306 mg (1960). In addition,
Asooctane  were measured at 221 (e 33,150), 259 (14,520),
265 (13,150), 300 (1780) and 310 mu (1640).

Amnal. Caled. for C;HyO (214.29): C, 84.07; H, 8.47.
Found: C, 84.23; H, 8.69.

The oxime of VI (R = CH;) crystallized froin ethanol as
stubby prisms, m.p. 185-186.5° (soft. 182°), This deriva-
tive proved less satisfactory than did the semicarbazone
for the isolation of the ketone from the oxidation reaction.

Amnal. Caled. for C;:HON (229.31): C, 78.56; H,
8.35; N, 6.11. Found: C, 78.55; H, 8.38; N, 5.92.

The 2,4-dinitrophenylhydrazone of VI (R = CHj) crys-
tallized from chloroform—ethanol as small orange-red needles,
m.p. 284-286° dec.

Anal. Caled. for CaHaO.N, (394.42): C, 63.94; H,
5.62; N, 14.21. Found: C, 63.68; H, 5.63; N, 14.41.

4-0x0-3,9-dimethyl-s-octahydroanthracene (VIII).—
Uuder the conditions described by Mosettig and May!® 1.00
g. (4.65 mmoles) of the above ketone VI (R = CH;), ni.p.
74-76°, was allowed to react with 0.40 g. (4.9 mmmnoles) of
recrystallized dimethylaminc hydrochloride and 2 ml. of
37% formaldehyde in sufficient ethanol to provide a single
phase. Although the basic, ether-soluble product failed to
solidify, it readily deposited the crystalline hydrochloride,
m.p. 196-198°, of 3-dimethylaminomethyl-4-0x0-9-methyl-
s-octahydroanthracene (VII) from ether-ethyl acetate when
treated with anhydrous hydrogen chloride; yield 0.64 ¢
(459;). This derivative was recrystallized from methanol-
ethyl acetate as fine needle clusters, m.p. 197-198°, A: s
at 218 (e 27,400), 272 (14,250) and 308 mu (2120).

Anal. Caled. for CjsHoON-HCl1 (308.86): C, 69.99:
H, 8.49; N, 4.54. Found: C, 69.95; H, 8.32; N, 4.42.

For further characterization, the free amino ketone VII
(liberated from 350 mg. of the above hydrochloride by the
addition of aqueous ammonia and recovery by extraction
with ether) was treated with excess lithium aluminum hy-
dride in ether solution at room temperature. The resulting
amino alcohol, 3-dimethylaminomethyl-9-methyl-s-octahy-
dro-4-anthrol (220 mg.), crystallized readily from petroleum
ether (60-70°) as prismatic plates, m.p. 108-109°, Amax
at 272 (e 450) and 284 my (400).

Anal. Caled. for CiHxyON (273.40): C, 79.07; H,
9.95; N, 5.12. Found: C, 79.34; H, 10.09; N, 5.13.

(19) E. Mosettig and E. L. May, J. Org. Chem., §, 528 (1940).
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Hydrogenation of 200 mg. of the amino ketone VII ac-
cording to the procedure of Mosettig and May!? led to a
neutral ketonic product, which, by chromatography on
alumina as described previously for the isolation of 4-oxo-
3,9-dimethyl-s-octahydroanthracene (VIII),® furnished 48
mg. of crystalline material, m.p. 84-87°. TUpon sublima-
tion (90-100° (0.01 mm.)) this afforded 35 mg, (20)¢ yield)
of colorless, irregular prisms of purified 4-0x0-3,9-dimethyl-
s-octahydroanthracene (VIII), m.p. 87-89° (no depression
on admixture with the earlier preparation).’ Its infrared
and ultraviolet spectra were also identical with those ob-
served previously,t with ACECH at 5.97(vs) and 6.28(s) u:
Amax at 221 (e 29,400), 266 (14,700) and 305 my (2250);
and Apin at 235 (e 1860) and 295 my (1980).

Amnal. Caled. for CisHyO (228.32): C, 84.16; H, 8.83.
Found: C, 84.29; H, 8.77.

By a modification of the procedure of Yanagita and Fu-
taki,? this same ketone (VIII) was also obtained by hydro-
genolysis of the hydroxymethylene derivative X (R = CH;—
see below) of VI (R = CHj). The reduction of 242 mg. (1.1}
mimnole) of X (R = CH;), m.p. 97-98°, in 30 ml. of 95,
ethanol containing 2 ml. of added 12 N hydrochloric acid
was conducted at 45-50° and required 3 hr. for completion.
By chromatography, 76 mg. (339, vield) of crystalline
VIII, m.p. 85-88°, resulted.

The 2,4-dinitrophenylhydrazone of VIII crystallized from
chloroform-ethanol as a mixture of orange-red inicrn-
scopic needles and plates, m.p. 208-210° and 215-218°,
respectively.

Anal. Caled. for CeHauOdN, (408.44): C, 64.69; H,
5.92; N, 13.72. Found: C, 64.40; H, 5.94; N, 13.60.

Reduction of 95 mg. of the above ketone VIII, m.p. 85—
87°, in the manner described previously,® afforded pre-
dominantly one isomer of 3,9-dimethyl-s-octahydro-4-
anthrol, which crystallized readily froin benzene—petroleum
ether (30-40°) in colorless matted needles, m.p. 142-143°,
vield 67 mg. (719).

Anal. Caled. for Clstgo (23().33) C, 83-43,' }{, 9.63.
Found: C, 83.67; H, 9.39.

Dehydrogenation of 50 mig. of the above carbinol with
10%% palladium—charcoal at 320° in a sealed tube and isola-
tion of the product as described earliers furnished 18 mg. of
sublimed and recrystallized 3,9-dimethylanthracene (IX),
m.p. 84-85° (no depression on admixture with an authentic
sample).51? The maroon picrate, m.p. 126-127.5°5 like-
wise gave no depression of m.p, when mixed with an au-
thentic sample. The infrared spectrum (CS;) of 3,9-di-
methylanthracene (IX) prepared in this manner was iden-
tical with that of an authentic specimen®!? and exhibited
characteristic bands at 11.2(s), 11.95(m), 12.4(s), 12.95(w
and 13.3(vs) u. This spectruin is clearly different from that
of 2,9-dimethylanthracene!2 [ASSt 11.35(s), 11.35(m),
11.9(m), 12.55(w), 12.9(m) and 13.5(vs) ux], which would
have resulted if tlie original ketone had the alternative
1-0x0-9-methy! structure, The ultraviolet spectrum of IX
has already been recorded.’

Dehydrogenation of 100 mg. of the amino alcohol (m.p.
108-109°), derived from the Mannich base VII (see above),
similarly afforded 8 mg. of purified 3,9-dimethylanthracenec,
m.p. and mixed m.p. 84-85°; picrate, m.p. 126-127.5°.

Treatinent of 5 mg. of 3,9-dimethyl-s-octahydro-4-an-
throl (m.p. 141-143°) with 0.5 ml. of phosphorus oxychlo-
ride in 5 ml. of pyridine for 10 min, at 50° furnished ca. 3
mg. of evaporatively distilled 3,9-dimethyl-1,2,5,6,7,8-
hexahydroanthracene, Amax 269 mpy (e 14,000), Apip 244
myu (e 5500)., Further characterization of this material was
deferred.

Sequence from VI to the dI-17-Oxo Anthrasteroid (XV).—
In the following steps, the standardized procedures of John-
son, Petersen and Gutsche®s were employed essentially with-
out change, and hence, for the most part, dctailed experi-
mental descriptions are omitted. At each stage the results
obtained in the model series (R = H) starting from the ke-
tone VI are recorded first.

A. The Hydroxymethylene Ketone X.—From 3.50 g.
(17.3 mmoles) of l-oxo-s-octahydroanthracene (VI, R =
H), m.p. 47-48° [prepared according to the directions of
Schroeter!! and purified vie the semicarbazone, m.p. 260-
262° dec.!], there was obtained (warm sodium methoxide-

(20) M. Yanagita and R. Futaki, J. Org, Chen., 21, 949 (1956).

\=1) D. D. Phillips and J. Cason, TH1s JoUrNAL, T4, 2934 (1932).
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in-benzene)d 3.73 g. (959 vield) of 1-0xo0-2-hydroxymethyl-
ene-s-octahydroanthracene (X, R = H), which crystallized
from petroleum ether (30—40°) as fine, jagged clusters of
canary-yellow prisms, m.p. 54-56°; Amax 230 (e 3730}, 276
(7130), 332 (9260) and 342 mu (9040); Ainst 306 miu
(e 8240).

Anal. Caled. for CisHy40: (228.28): C, 78.92; H, 7.06.
Found: C, 78.88; H, 7.27.

From 3.10 g. (14.5 munoles) of 4-oxo-9-methyl-s-octu-
hydroanthracene (VI, R = CHj3), m.p, 74-76° (see above),
there was obtained 3.45 g. (989, yield) of 3-hydroxymethyl-
ene-4-0xo-9-methyl-s-octahydroanthracene (X, R = CHau).
which deposited from petroleum ether (60-70°) in large,
light yellow needle clusters, m.p. 97.5-98.5°%; Amux 248
(e 4000), 308 (11,000) and 340 mu (9900); Ainn 280 (e 7500)
and 328 mu (10,100).

Anal. Caled. for CieHis0, (242.30): C, 79.31; I, 7.49.
Found: C, 79.37; H, 7.29,

B. The Isoxazole XI.—With a 5-minute reflux period i1
glacial acetic acid,? 1.5 g. (22 mmoles) of hydroxylamine hy-
drochloride served to convert 2.30 g. (10.1 mmoles) of X
(R = H), m.p. 54-36°, to 2.10 g. (949, vield) of purified
5,6,7,8,10,11-hexahydroanthra(2,1-d]isoxazole (XI, R =
H), which crystallized from methanol as large, colorless,
flat plates, n1.p. 99-99.5°; Ana.x 228 (e 14,640), 234 (12,700),
278)(14,060,‘, 287 (15,290), 305 (10,720) and 314 myu (10,-
740).

Anas.  Caled. for CsHy;ON (225.28): C,79.97; H, 6.71;
N, 6.22. Found: C,79.86; H,6.83; N, 6.16.

Iu the same manuer, 2.05 g. (8.45 mmoles) of X (R =
CH;), m.p. 97-98°, was converted by means of 1.0 g. (14.5
mmoles) of hydroxylamine hydrochloride to 1.89 g. (93%
vield) of purified 9-methyl-5,6,7,8,10,11-hexahydroanthra-
[2,1-d]isoxazole (XI, R = CHj), which crystallized from
petroleum ether (60-70°) in nearly colorless, irregular
prisms, m.p. also 99-99.5°; Apax 230 (e 16,150), 236
(13,610), 278 (15,460), 290 (16,770), 300 (9620) and 314
mu (8620).

Anal. Caled. for CiHy:ON (239.30): C, 80.30; H,
7.16; N, 5.85. Found: C, 80.41; H, 7.03; N, 5.68.

C. The Methylated Cyano Ketone XII.—The methyla-
tion of 2.0 g. (8.9 mmoles) of the isoxazole X1 (R = H),
m.p. 98-99°, by the direct procedure with potassium ¢-
butoxide and methyl iodide® furnished 1.75 g. (329, yield)
of purified 1-0x0-2-cyano-2-methyl-s-octahydroanthracene
(XII, R = H), which crystallized from benzene-petroleum
ether (60-70°) as small, irregular prisms, m.p. 109-110°;
Amex. 217 (e 22,480), 268 (15,690) and 305 mp (2770);
ASHOL 4 5(w) and 5.96(s) u.

Anal. Caled. for CyH,yON (239.30): C, 80.30; H,
7.16: N, 5.85. Found: C, 80.45; H, 7.30; N, 5.82.

Similarly, from 1.79 g. (7.5 mmoles) of the isoxazole NI
(R = CHzs), m.p. 98-99°, there was obtained 1.50 g. (v9¢/
vield) of purified 4-0x0-3-cyano-3,9-dimethyl-s-octahydro-
anthracene (XII, R = CHj;), which crystallized from ben-
zene—petroleum ether (60-70°) as colorless, fine clusters,
m.p. 123-124° (soft, 121°); Amax 220 (e 23,480) and 27
mu (13,900); Aian 307 mu (e 2390); ASECL 4.5(w) and
5.96(s) u.

Anal. Caled. for CjH)ON (253.33): C, 80.57; H,
7.56; N, 5.53. Found: C, 80.66; H, 7.56; N, 5.43,

D. The Unsaturated Tetracyclic Al*-Keto Ester XIII and
AB-Keto Acid XIV.—The potassium #-butoxide-catalyzed®
(sodium hydride?? was completely ineffective) condensation
of dimethyl succinate with the methyvlated cyano ketone
XII did not procecd satisfactorily at a temperature of 50-
53° as in the equilenin synthesis.3* When the reaction was
conducted in dry benzene-t-butyl alcohol (1:1) at 10-207
over a period of 8 to 10 hours (longer times® led to dimin-
ished yields of product), 1.00 g. (4.18 mmoles) of the model
cyano ketone XII (R = H), m.p. 108-110°, afforded 0.52
g. (409, vield) of crude d/-19-nor-5,7,9,14-anthrastatetraene-
15-carbomethoxy-17-one (XIII, R = H), m.p. 83-87°.
Recrystallized from petroleum ether (60-70°), this sub-
stance was obtained as nearly colorless, irregular prism
clusters, m.g. 91-92°, Amax 220 (e 15,000) and 294 mpu
(10,8530); AGES: 5,74(vs) (isolated 3-membered ring ketone
carbonyl) and 5.88(s) 4 (cinnamic acid type ester carbonyl).

(22) Cf. G. H. Daub and W. S. Julmsou, ibid., 72, 301 (1930).
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Anal. Caled. for C;0H20; (310.38): C, 77.39; H, 7.14,
Found: C, 77.12; H, 7.23.

Saponification of 300 mg, (0.97 mmole) of the above keto
ester with 350 mg. (1.11 mmoles) of barium hydroxide octa-
hydrate in 20 ml. of dilute ethanol under nitrogens furnished,
by extraction of the acidic product with chloroform, 270
mg. (949, yield) of once-crystallized dJ-19-nor-5,7,9,15-
anthrastatetraene-15-carboxy-17-one (XIV, R = H),
m.p. 185-190° dec. When recrystallized from benzene-
petroleum ether (60-70°) this material was obtained as very
light yellow granules, m.p. 188-193° dec. (soft. 184°);
Amax (broad) 221 mu (¢ 17,600), weak end-absorption to
350 mu, ASHC: 5.88(vs) u (superimposed conjugated 5-
membered ring ketone and carboxyl carbonyls).

Anal. Caled. for CyH20s (296.35): C, 77.00; H, 6.80.
Found: C, 76.77; H, 6.90.

The methyl ester of XIV (R = H) was prepared in ca.
809, vield by brief contact of the acid with excess diazo-
methane in ether.!* It crystallized from petroleum ether
(3040°) as elongated prisms, m.p. 93-95°; Ap.x (broad)
224 (e 18,500) and 303 mu (520); ASEM 5,88(vs) u (super-
imposed conjugated 5-membered ring ketone and ester
carbonyls). A mixed m.p. of this substance with the origi-
nal Stobbe condensation product (XIII, R = H) was de-
pressed to 68-83°.

Anal. Caled. for CeH20; (310.38): C, 77.39; H, 7.14.
Found: C, 77.49; H, 7.31.

When applied to the methyl series, the above modified
conditions in the Stobbe condensation led to the conversion
of 1.00 g. (3.95 mmoles) of the cyano ketone XII (R =
CHs), m.p. 121-124°, to 0,95 g. of a light yellow, neutral
oil which, although it solidified to a glass on cooling, could
not be induced to crystallize. However, it appeared to
consist largely of the desired dI-5,7,9,14-anthrastatetraene-
15-carbomethoxy-17-one (XI1I, R = CHj;), since its ultra-
violet and infrared spectra very closely resembled those of
the crystalline counterpart in the model series (XIII, R =
H), with intense Apax at ca. 220 and 295 mu and ASESH at
5.74(vs) and 5.88(s) u, also containing an appreciable
shoulder at 5.78 u, due probably to residual dimethyl suc-
cinate.

Saponification of all of the above product with 2.5 g.
(8.0 mmoles) of barium hydroxide octahydrate (allowing
an excess for the dimethyl succinate suspected not to have
been completely removed from the keto ester in its isolation
—see infrared data above) provided 650 mg. of once-crys-
tallized dI-5,7,9,15-anthrastatetraene - 15-carboxy - 17 - one
(XIV, R = CHj), m.p. 195-200° dec. (soft. 185°). This
represents an over-all yield of 539, from the cyano ketone
XII (R = CH;). Recrystallization from benzene contain-
ing a few drops of ethanol furnished 560 mg. of light yellow,
diamond-shaped crystals, m.p. 197-201° dec. (soft. 185°);
Amax (broad) 221 myu (e 16,880), weak end-absorption ex-
tending to 350 myu, ASECs 5.88(vs) u (superimposed conju-
gated 3-membered ring ketone and carboxyl carbonyls),

Anal. Caled. for CooH0: (310.38): C, 77.39; H, 7.14.
Found: C, 77.54; H, 7.13.

As in the model series, the 13,16-position of the double
bond in this acid was confirmed chemically by the prepara-
tion of the methyl ester of XIV (R = CHj) in ca. 759 yield
by brief contact of the acid with excess diazomethane in
ether. After sublimation at 0.005 mm. (bath 150-160°)
and crystallization from petroleum ether (30-40°), this
derivative was obtained as colorless, jagged prisms, m.p.
102-104°; Amax (broad) 224 mu (¢ 19,000) and 305 mu
(520), ASECh 5.88(vs) u (superimposed conjugated 5-mem-
bered ring ketone and ester carbonyls)., This material
failed to “‘seed’’ the crystallization of the Stobbe condensa-
tion product XIII (R = CHj,).

Anal. Caled. for CyHaO; (324.40): C, 77.75; H, 7.46.
Found: C, 77.81; H, 7.56.

dl-C-17 OXYGENATED ANTHRASTEROIDS
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E. The di-17-Oxo Anthrasteroid (XV).—Decarboxyla-
tion of the above Als-keto acids (XIV, R = H and CHj) in
aqueous pyridine hydrochloride® at the reflux temperature
(bath 150°) proceeded without coloration and appeared to
be complete in 0.5 hr. From 200 mg. (0.675 mmole) of
XIV (R = H), m.p. 188-193° dec., there was obtained,
after one crystallization from dilute methanol, 40 mg. (23%,
vield) of crude dl-19-nor-5,7,9,14-anthrastatetraen-17-one
(XV, R = H), m.p. 120-123°. After sublimation at 0.001
mm. (bath temp, 75-80°) and several recrystallizations from
petroleum ether (30-40°) this substance was obtained as
colorless needle clusters, m.p. 131-132° (soft. and change of
form at 124~126°), Amax 219 (e 28,500), 261 (16,100), 297
(3560) and 307 mu (3000); Amix 239 mu (e 6150); AS:
5.74(s) and 12.35(s) u.

Amnal. Caled. for CisHxO (252.34): C, 85.67; H, 7.99.
Found: C, 85.65; H, 8.26.

The oily, neutral mother-liquor concentrates from the
decarboxylation appeared to consist mostly of the conjugated
Ali-ketone, since the infrared carbonyl stretching occurred
largely at 5.88 u (CHCl;). Preliminary efforts to obtain
this material crystalline were unsuccessful (but see below).

From 500 mg. (1.60 mmoles) of XIV (R = CHj), m.p.
197-201°, there resulted 140 mg. (33% yield) of nearly pure
d}-5,7,9,14-anthrastatetraen-17-one (XV, R = CHj;), which
was obtained as almost colorless, jagged prisms, m.p. 134-
137°, by crystallization from benzene—petroleum ether (30—
40°). Recrystallization from the same solvent mixture
furnished 105 mg. (259%) of product, melting at 143-145°
(soft. 140°); Amax 219 (e 28,700), 223.5 (29,000), 263
(16,270), 293 (1720) and 303 mu (1340); Apin 239 mu
(e 5050); AS325,74(s) and 12.4(s) u.

Anab. Caled. for CpHyO (266.37): C, 85.67; H, 8.33.
Found: C, 85.50; H, 8.13.

The mother-liquor concentrates gradually deposited an
additional crystalline product, m.p. 65-70°, whose infrared
spectrum [ASES 5.74(w) and 5.88(s) ] indicated that it
was probably the isomeric Al-ketone, containing a small
amount of XV (R = CHj). Isolation of this lower melting
product in pure form by crystallization was apparently
severely handicapped by the presence of the less soluble Al4-
ketone (XV, R = CH;), and further attempts were de-
ferred for the present until larger scale preparation of these
materials is completed.

dl-5,7,9,14-Anthrastatetraen-178-0l (II, R = OH).—A
solution of 75 mg. (0.28 mmole) of the above di-17-oxo
anthrasteroid (XV, R = CH;), m.p. 143-145°, in 10 ml. of
ether was added, at room temperature (23°), to 15 mi. of a
methanol solution of an excess of sodium borohydride (150
mg., 4.0 mmoles). After having stood for 45 min. at room
temperature, the clear reaction mixture was warmed on the
steam-bath and the surplus borohydride decomposed by the
addition of a few drops of acetic acid. Water (50 ml.) was
then added and the product recovered by extraction with
two 50-ml. portions of ether. The combined ether extracts
were washed with 5% sodium carbonate solution and dried
over anhydrous magnesium sulfate. Evaporation of the
ether and crystallization of the residue from benzene—petro-
leum ether (30-40°) afforded 60 mg. (799, yield) of the de-
sired carbinol (II, R = OH) as colorless plates, m.p. 129~
130°; Amex 221 (e 24,500), 227 (25,300), 266.5 (16,340),
297 (2330) and 308 mu (1950); Amin 242 mu (e 4930);
Nine1 233 mu (e 15,500); A5 12.30(s) .

Anal. Caled. for CyyHyO (268.38): C, 85.02; I, 9.01.
Found: C, 85.03; H, 9.10.

The above absorption features (including the complete
infrared spectrum) are, by direct comparison, identical with
those of the corresponding product (II, R = OH) obtained
previously by means of the anthrasteroid rearrangement of
material derived from natural sources.é
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