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The anthrasteroid, 5,7,9,14-anthrapregnatetraen-20-one (XI, R = COCH;), wlhiclh bears the side chain of progesterone,

has been prepared froin preguenolone for carcinogenic aud endocrinologic studies.

antlirasteroids as a classare discussed.

It was suggested in earlier publications? from this
Laboratory that the anthrasteroid rearrangement
may form part of a biochemical pathway to endog-
enous carcinogens, and since then this hypothesis
has received the attention of several other authors.?
Various anthrasteroids, =z, XI (R = C¢Hy; and
CgHi; derived, respectively. from ergosterol and
cholesterol), the 14,15-dihydro derivatives of XI
(R = CeHjy and CgHy), and the corresponding
completely dehydrogenated pentenoanthracenes
(XII, R = CyHyyand CsH)7),' 2 have been examined
biologically by Dr. Murray J. Shear of the National
Cancer Institute* but no evidence of carcinogenic
potency could be detected. It is known, however,
that large alkyl residues diminish or abolish carcin-
ogenicity® and, consequently, the negative results
with the compounds bearing a Cs- or Cy-side chain
do not exclude the possibility that carcinogenicity
may be found among anthrasteroids with a small
side chain or none at all. In fact, the most thor-
oughly investigated cases of the relationship of
steroids to cancer deal with the hormones, and it 1s
of interest that these materials bear a side chain with
no more than two carbon atoms., We have accord-
ingly undertaken the synthesis of several anthra-
steroids which are related to the hormones and
wish to report here the conversion of pregnenolone
(I, R = COCHj;) to an anthrasteroidal analog
of progesterone, viz., 5,7,9,14-anthrapregnatetraen-
20-one (XI, R = COCHj;).¢

The synthesis of XI from I (R = COCHj;) was
accomplished through the series of reactions used
previously for the conversion of other steroids to

(1} Part IV, W. R, Nes, R. B3, Kostic and E, Mosettig, THIS JOUR-
NaL, T8, 436, 6423 (1956),

(2) (a) W.R. Nes and E. Mosettig, 1bid., T8, 2787 (1933); (b) W.R.
Nes and B. Mosettig, ibid., 76, 3182 (1954).

(8) (a) A. Haddow, Ann. Rev. Biochem., 24, 496 (1955); (b) A.
Butenandt and H. Dannenberg, Handbuch Allgem. Pathol., 6 (Part 3),
150 ff. (1930); (c) H. H. Inhoffen, Nalurwissenschaflen, 40, 455
(1933); (d) H. H. Inhoffen and K. Briickner, Fortschr. Chem. org.
Naturstoffe, 11, 116 (1954); (e) H. Dannenberg, Krebsforschung und
Krebshekdmpfung, 2, 36 (1957).

(4) ‘The compounds were dissolved in mineral oil (Nujol) in a con-
centration of 10 mg./ml. A single injection of 2 mg. was given, sub-
cutaneously in the left axilla, to each of 30 young adult CAF mice
equally divided between the sexes. The biological experiments were
begun between October, 1953, and March, 1954. Periodic examination
of the mice revealed only a single spontaneous carcinoma, but no in-
diteed tumots were obtainat by the time the experiments were ended
after a porivd of about two yeurs,

i () OV N Badger, B . Caner, 2, 300 (1948); (b)Y J. 1., Hart-
well, “Surves of Componnds which llave beent Tested for Carcinogenic
Aruivity,'t Vol, I, 1L S Public MHealth Service Publication No. 149,
FOS1, pp. 398, 129, 268; (¢} . Danncubrrg, Z, Krebsforsch., 62, 220
11647).

(6) The preparation of an anthrasteroid related to the androgens
and estrogons is the subject of Part VI, W. R, Nes, J. A, Steete and T.
Matiebiiz, Tris Taienar, 80, 5285 (1058

see also rel 1,

The structure and nomenclature of

anthrasteroids. The steps are: (a) introduction of
a d,7-diene system (II to IV) and then a 5,7,9(11)-
triene system (IV to VI),! (b) acid-catalyzed de-
hydration to a 3,5,7,9(11)-tetraene (VI to VIII)
which apparently proceeds by an allylic mecha-
nism involving prior double bond migration (VI to
VII),™ (c¢) acid-catalyzed double bond inigration
which converts VIII to the 5,7,9(11),14-tetraenc
X through the probable intermediate tetraene
IX,72b and, finally, (d) acid-catalyzed rearrange-
ment and aromatization of X to the anthrasteroid
XI.» In the present case, the conversions b, ¢ and
d, i.e., VI—=>XI, were carried out in one experimental
step in a 209, over-all yield of isolated, crystalline

material. The prerequisite conversion of I to IV
and then to VI was carried out in the manner we have
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previously reported for the preparation of 5,7,9-
(11)-cholestatrien-38-ol from cholesterol (VI from
I, R = CgHyy) using the isocaproate technique.!
The yield of the pure, crystalline 7-dehydro com-
pound IV (R = COCHj, R’ = CO(CH,).CH(CHjy)2)
from pregnenolone isocaproate II (R = COCH,,
R’ = CO(CH:),CH(CHj);) was 349 which repre-
sents approximately a 10007 increase in the vield of
1V compared to the vields reported curlicr for the
henzoate®® or acetate ’”  The advantage of the iso

(7) (a) W. R, Nes and J. A, Steele, J. Org. (Thew., 22, 1ILT (1807}
(b) W. R, Nes, Tuis JourNar, 78, 193 (1936).

(8) (a) C. Djerassi, J. Romo and G. Rosenkranz, J. Org. Chews., 186,
734 /1951); (b)Y R. Antonucei, S Bernstein, D. Ginneata amd K. ]
Sian, bl , 16, 112G (1441)
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caproate method for the preparation of pure 7-
dehydrosteroids probably results from steric
inhibition of elimination at C-4 caused by the bulky
ester group as well as an improved solubility re-
lationship between the double bond isomers which
are formed.® The introduction of the third double
bond at C-9(11) was effected with mercuric acetate
by a modification of the procedures already reported
in the literature.21® The isolation of pure VI was
best accomplished after hydrolysis of the ester.
The vield of ester VI (R = COCH;, R’ = (CHjy)e-
CH(CH.),CO) as the crude chromatographed prod-
uct was 509%,. It showed only the absorption of the
3,7,9(11)-triene system, but it failed to crystallize.
Similarly, the acetate of IV (R = COCHj;) on
conversion to the acetate of VI (R = COCH,)
with mercuric acetate failed to give the correct
melting poiut except on extensive recrystallization.
An explanation for this may be that VI was con-
taminated with a small amount of the 3-epimer.'!
The crystalline alcohol VI (R = COCH;, R’ = H)
could be obtained after hydrolysis in an over-all
yield of 449, (crude) and 269, (pure) from the iso-
caproate of IV (R = COCH;). Hydrolysis was
employed principally as a means for facilitating
the final isolation of the anthrasteroid XI (R =
COCH;). The main by-products of the conversion
of VI to XI retain an ester or hydroxyl group de-
pending on whether an ester or free alcohol is used
as starting material (VI). Since XI (R = COCHj;)
is a ketone, it is separated readily from hydroxylated
by-products by chromatography but less readily
separated from the corresponding esters.

The anthrasteroid XI (R = COCHj) prepared in
this investigation can be assumed with certainty
to have the structure as shown in the formula.
Its spectroscopic properties in the infrared (Apax
5.84 and 12.27 u) and ultraviolet (\nax 221, 226, 266,
296, and 308 mu) regions are exactly those quali-
tatively and quantitatively to be expected?!? for
this type of compound, and the structural uncertain-
ties which remained following our earlier work?
have been removed by Burgstahler!® whose degra-

(9) Improved yields of 7-dehydrosteroids have also been claimed in
several recent patents by the use of dehydrobrominating agents other
than collidine, Thus, ammonia (A. Wander, British Patent 760,460,
Oct. 31, 1956; C. A., B1, 9722 (1957)) and sodium silicate (H. C.
Klein aud R. Kapp, U. S. Patent 2,776,304, Jan, 1, 1957; C. 4., 51,
7447 (1957)) are reported to give 7-dehydrocholesterol in a yield of ca.
30%. Both of these were tried with pregnenolone acetate but failed
to give any isolable pure 7-dehydro derivative. The use of quinal-
dine has been reported (K. H. Schaaf, U. S. Patent 2,546,788, Mar.
27, 1951, and W. L. Ruigh and D. H. Gould, U. S. Patent 2,546,787,
Mar, 27 1951) to improve the preparation of 7-dehiydrocholesterol,
bLut the experiments detailed do not give any yields of isolated pure
steroid.

(10} R. Antomuceci, S. Bernstein, D. Giancola and X. J. Sax, J.
Org. Chem., 16, 1159 (1951,

(11) Assuming an analogy between the reaction of mercuric acetate
with IV and its reaction with 6,8-cholestadien-38-0l p-nitrobenzoate
(D. H. R. Barton and W, J. Rosenfelder, J. Chem. Soc., 2381 (1951)),
we brlieve that the S5a-acetoxy-6,8-diene V may be an intermediate in
the vonversion of IV to VI.  We have actually observed the presence of
A by-product absorbing at 2806 mu which is close to the expected maxi-
num for such a homoannntar dieue. If V were the intermediate, an
acid-catalyzed elimiuvation reaction at C.3 with neighboriug group
partivipation from the 5a-acetoxy group world lead to the 3-epimer of
VI. Such a reaction already has been observed (D, C. Burke, J. H.
Turnbull and W. Wilson, J. Chem. Soc., 3237 (1953)).

(12} T. Srheer, W. R, Nes anid P. Smeltzer, THis ToURNAL, T7, 3300
A HAIN

CIR AW Boestabier, ih07 079, HOIET (1057)
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dation of 5,7,9,14-anthracholestatetraene! led to
3,9-dimethylanthracene which proved the position
of the methyl group on the aromatic ring and the
position of the conjugated double bond. Since
there is no reason to believe that the stereochem-
istry at the only two asymmetric centers (C-13 and
C-17) in XI is different from that present in the
steroids, the problem of structure is now completed
for the anthrasteroids prepared by acid-catalyzed
dehvdration, rearrangement and aromatization of
38-hydroxy-5,7,9(11)-trienes and their esters.
There is, however, one point which requires further
study for anthrasteroids prepared by the dienone-
phenol rearrangement of 7-keto-5,8-dienes!* and the
photodehydrogenation and rearrangement of pro-
vitamin-D.%» In these two cases the conversion
does not remove the substituent in ring A. If the
mechanism of rearrangement involves a spiro
intermediate XIII, then the position of the substit-
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uent (originally at C-3) in the final product is uncer-
tain, because, as Bladon!*® has pointed out,
the spiro form XIII can rearrange to an anthra-
steroid by the migration of either of two carbon
atoms (C-1 or C-4) to C-6. This problem is
obviated for the conversions VI — XI which pro-
ceed with initial dehydration at C-3, for, unless
there is somme additional substituent in ring A, the
spiro interimediate will lack substitution and be
symmetrical. The question of the mechanism!
bears also on nomenclature.l” Bladon!** has used
a numbering for anthrasteroids as shown in XIV.
Such a system suggests that C-1 is finally attached
to C-6,% but this remains to be established.
Nevertheless, the numbering shown in XIV has
great merit in that, as we now know,27!% it cor-
LB
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rectly identifies all of the carbon atoms in rings B, C
and D with the original steroid. We are adopting

(14) (a) P. Bladon, J. Chem. Soc., 2176 (1935); (b) K. Tsuda, K.
Arima and R. Hayatsu, TrHIis JOURNAL, T6, 2933 (1954).

(15) K. Tsuda and R. Hayatsu, ibid., 77, 3089 (1955).

(16) Burgstahler’s proof!* of the position of the methyl group in
anthrasteroids establishes that of the two possible sites for the initial
carbon—carbon ruptucmb the onev involving a break betwren C-1 amil
C-10 is correct. Tt is interesting to note that this means that the
migration of a carbon atom from C-10 is not stereospecific, because we
have already shown that the same anthrasteroid is obtained by acid-
catalyzed dehydration and rearraugement regardless of the configura-
tion at C-10.2®  Bladon!%® has observed the same non-stereospecificity
in the dienone—phenol rearrangement leading to anthrasteroids,

17} Tor aur proposal concerning the nmnenclature af the parent
rarbott skeletons nf antbrasteroitls see ref. 2, footute G,
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this systemn realizing that it may or may not cor-
rectly identify the carbon atoms of ring A.

The anthrasteroid XI (R = COCHj) is being ex-
amined for carcinogenic activity by Prof. N. P.
Buu-Hoi of the Institut du Radium in Paris.
Compounds XI (R = COCH,), VI (R = COCH;,
R’ = H) and IV (R = COCH,, R’ = H) were
tested for hormonal behavior by the Endocrinology
Branch of the National Cancer Institute under the
direction of Dr. Roy Hertz. None showed any
potency in the Clauberg test in the rabbit at ten
times the effective dose of progesterone. They
were also examined for potential anti-progestational
effects at comparable levels against half-maximal
doses of progesterone and were found to be inef-
fective.

Experimental!s.}®

S-Pregnen-33-o0l-20-one Isocaproate (II from I).—Preg-
nenolone was esterified with 4-methyl-pentanoyl chloride in
pyridine in the usual manuner, The colorless ester formed
in elongated, flat prisms, m.p. 100-102°, {a]p +19°.

Ancl. Caled. for CyHy05 (414.8): C, 78.21; H, 10.21.
Found: C, 78.40; H, 10.25.

5,7-Pregnadien-33-0l-20-one Isocaproate (IV from II).—
The isocaproate (50 g.) of 5-pregnen-38-0l-20-one was dis-
solved in 200 ml. of carbon tetrachioride. To this was
added 800 ml. of petroleum ether (b.p. 60~71°) and 23.8 g.
of N-bromosuccinimide. The mixture was heated to hoil-
ing under reflux; the heating was tlien discontinned and the
mixture was irradiated with two General Iilectric ‘‘photo-
spot”’ lamps (No. RSP2) held ca. 1 em. from the flask walls.
Irradiation with spontaneous reflux was maintained for
1.0 hr. The mixture was cooled in ice and filtered. The
precipitate of succinimide and excess N-bromosuccinimide
after drying weighed 15.9 g. The filtrate was evaporated
to dryness under reduced pressure in a batli at 40°. The
crude 7-bromo-5-pregnen-38-0l-20-one isocaproate (III) was
not further purified. It was dissolved in 150 ml. of xylene
and added dropwise to a well stirred, refluxing mixture of
40 ml. of collidine in 350 ml. of xylene. The addition re-
quired 50 min. after which thie mixture was refluxed an addi-
tional 60 min., cooled in ice, and filtered. The dried colli-
dine hyvdrobromide whicli was collected weighed 24.4 g.
(1009 based on pregnenolone isocaproate). The filtrate
was evaporated to dryness under reduced pressure. The
residue was dissolved in 130 ml. of hot methanol and ailowed
to cool slowly to —20°. The resulting crystals (mixed with
some gum) were recrystallized once further from 130 ml. of
methanol (cooling to 0°) and three times from 130 ml. of
methanol and sufficient water to induce crystallization while
hot (cooling to 0°). This precedure cousistently gave 17 g.
(849%) of pure 7-dehydropregnenofone isocaproate {IV) as
essentially colorless iong flat prisms, m.p. 105-10%8%, [«]D
—19°; Amax 271.5, 282.5 and 294.7 mp (¢ 112530, 12000 and
T000); Apnn 262 mpu (e T700), Amin 232 mypu (¢ 1300%. A
ca. 409, vield of material of somewhat less purity was oh-
tained by carrying out fewer reerystallizations.

(18) All melting points were determined on a Kofier Linck anid are
retorded asread.  Analyses are by tlie Microanalytical Service Lakora-
tory of this institute under the direction of Dr. William C. Alford,
Rotations were taken in 19, chloroform solutions at 20° by Mrs. E,
Peake. The infrared spectra were determined on a Perkin-Elmer
double beam spectrophotometer (model 21) ip CS: by H. K. Miller,
Ultraviolet spectra were determined on a Cary recording spectro-
photometer (model 11) with the assistance of Mrs. C. I, Wright.
The ultraviolet spectra were measured in an ethanol solution unless
otherwise noted. The ultraviolet absorption from 220 to 400 mu of
every fraction from chromatograms was determined and was the basis
for combinations of fracticns as well as for the evaluation of the con-
stituents present. The elutions with a given solvent were routinely
continued until the material in question no longer was being rewnoved
at a significant rate. The alumina uscd was purchased from M-
Woelm-Eschwege, activity grade 1, and was of an acidic or basic
nature as indicated. Solvents were purified, distilled and dried with
the help of J. Lyons excepting ethanol and chloroform which were the
11sual commercial grades of reageut material.

(19) Tu the formulas referred to in this secticn, R = COCH,
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Anal. Caled. for CxHyQ; (412.6): C, 78.59; H, 9.77.
Found: C, 78.50; H, 9.78.

The procedure described above was successful with batches
varying from 25 to 75 g.

5,7-Pregnadien-33-0l-20-one.—7-Dehydropreguenoloue

isocaproate was hydrolyzed witli potassiuin carbonate in
methanol containing a little water. The product was re-
crystallized from chloroform—~ethanol and gave large, color-
less prisms, m.p. 220-223°, [a]D —77°; Apax 271, 282 and
294 mp (e 11200, 12000 and 7000), Minsi 263 mpu (e 7700);
lit. r(r’n?7 216~220°, [«]p —67°,% and m.p. 228-230°, [a]D
—78°%

5,7,9(11)-Pregnatrien-38-0l-20-one (VI).—To a solution
of 15 g. of 7-deliydropregnenolone isocaproate (IV) in 366
ml, of chloroform was added a solution of 30 g. of mercuric
acetate in 350 ml. of acetic acid and the solution was allowed
to remain at room temperature (24°) for 40 hours. Mer-
curous acetate began to precipitate immediately and at the
end of the reaction was collected by filtration and dried. It
weighed 21.8 g. (1159% of two molecular equivalents of
starting steroid). When the reaction was carried out for
less time the yield of mercurous acetate was less, but the
product was contaminated with starting material as shown
bv ultraviolet assayv. The filtered reaction mixture was
diluted with cliloroforn1 and washed with water. The or-
ganic layver was washed with aqueous potassium carbonate
until it was nentral and finally with water. Removal of the
solvent under reduced pressure left a reddish oil (A\max 286,
324 and 338 mu; € 10500, 6800 and 4400) which was dis-
solved in a small amount of ether and adsorbed on 280 g. of
alumina (“‘basic’’). Elution with 600 ml. of ether in several
fractions yielded 5,7,9(11)-pregnatrien-38-0l-20-one iso-
caproate as a light yellow oil showing ouly the characteristic
ultraviolet spectruin of the 5,7,9(11)-triene system. It
weighed 7.5 g. (509), but crystallized only with difficulty
and was therefore not purified further. It was dissolved in
116 ml. of methanol under reflux and to this was added 39
ml. of hot water containing 6.5 g. of potassium carbonate.
After about 15 minntes a precipitate begaun to formt. After
a total of two hours the solution was diluted with water,
cooled to 0°, and filtered. The resuiting 5,7,9(11)-pregna-
trien-38-0l-20-one was washed well with water and with a
little cold methanol. The dried product weighed 5.05 g.
(44%) and melted at 188-192°, Amax 324 myu (e 10600),
Xinnt 312 and 338 myu (e 9400 and 8900). A portion of this
was recrystallized twice from benzene yielding 3.0 g. of the
pure alcoho! as colorless prisms, m.p. 204-207°, {«]D +271°,
Nmax 324 mu (e 11000), Aing1 313 and 338 my (e 9800 and 6900),
Amin 247 mu (e 480); lit. m.p. 201-203°, {«]D -+285°8 and
m.p. 221-225°, [«]D +304°.%

5,7.9,14-Anthrapregnatetraen-20-one (XI from VI).—A
solution of 5.0 g. of 5,7,9(11)-pregnatrien-38-0l-20-onte in 300
nil. of 0.079 M HCI in chloroform was allowed to remain at
room temperature (24°) for 2.0 hr. during which timme the
solution turned dark red. It was extracted witl an aqueous
potassium carbonate solution which caused tlie color to
turn to light yellow. Removal of the solvent under re-
duced pressure left an oil which was chromatograplied on
150 g. of alumina (‘‘basic’’). The column was eluted with
ether. The fractions containing the aunthrasteroid (2.2 g.
based on the intensity of the maximum at 266 mgy) were
contaminated with an impurity absorbing near 340 and 352
mg. The intensity of absorption at 340 mu was 17% of
the inteusity of thie maxitnum at 266 myu for the anthraster-
oid aud this relative intensity was unchanged over 27 {rac-
tions of 22 ml. eacli. Twelve fractions under the principal
part of the elution curve were combined and evaporated to
dryness, yielding 2.1 g. of an oil which was crystallized twice
from ethanol-water. The resulting anthrasteroid weighed
0.93 g. (209,) and melted at 130~133°. Further recrystalli-
zation from ethanol-water gave the analytical samiple as
colorless needles, m.p. 138-139°, [a]D —33°; Algwe=e 221,
226, 266, 296, and 308 mu (e 24600, 25300, 16300, 2400 and
1900); Abgeane 233 mpu (¢ 18300) Amax 5.84 and 12.27 4.

Anal. Caled. for CalaO (294.4): C, 83.66; H, 8.90.
Found: C, 85.23; H, 8.94.

Tlie anthrasteroid XI was obtained iu essentially the same
vield from either crude (im.p. 188-192°) or pure (in.p. 204-
207°) 5,7,9(11)-pregnatrien-338-o0l-20-one (VI).

Acknowledgment.—We wish to thank Americau
Steroids, Inc., for a generous gift of pregnenolone.
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