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Papergram mobiliticss relative to 16a-hydroxy-9a-fluoro-
hydrocortisone include: System I, 0.35; System II, 0.48;
System III, 0.42. The steroid reduces alkaline Tetrazolium
Blue reagent and gives a yellow fluorescent reaction with
isonicotinie acid hydrazide? on papergrams. A normal Porter-
Silber chromogen® with Amax 413 my (Ei% 395) v5. Amax 414
mu. (Ey%  374) for 9a-flucrohydrocortisone is found. Maxi-
mum color development with alkaline Tetrazolium Blue?
occurred at 30 min., with Amex 520 mu (Ei% . 580) vS. Amsx
525 mu (E\% 654) for 9a-fluorohydrocortisone, also maxi-
mum at 30 min.

Spectra in 0.066N ethanolic potassium hydroxide at
room temperature (22°) showed a slow shift from Apax 233
myu (Ej¥ 312) at 3 min. to Amax 235 mu (E1%, 226), 380 mu
(28) at 24 hr. At 60° the spectra changed from Apax 232 mu
(Ei%. 308) at 3 min., Ayax 236 mu (172) at 1 hr., Apax 239 mp
(132), 378 mu (62) at 2 hr., to A max 248 mu (142), 378 mu (91)
at 3 hr., typical of spectyal changes associated with the 68-
hydroxy-a*-3-ketone chromophore.?

The fractions eluted about hold-back volume 3.2 were re-
duced in volume under vacuum, analyzing by paper chroma-
tography as a single major reducing component of R, 0.06
in System II. Crystallization of the material from acetone—
chloroform—ethyl acetate (1:1:2) yielded 7.1 mg. of crystals,
whose infrared absorption spectra indicated the same general
structural features to be present as were present in.the spec-
tra of II. No further characterization was made of this com-
ponent.

21-Acetoay-9a-fluoro-68,118,17 a,21-tetrahydrozy-4-preg-
nene-3,20-dione IV. Ten grams of 9a-fluorohydrocortisone
21-acetate (Ia) was added to a solution of 75 ml. of dioxane,
10 ml. of trimethy! orthoformate, and 0.5 ml. of absolute
methanol.’ To this suspension was added 10 ml. of dioxane
containing 0.5 ml. of coned. sulfuric acid. After 10 min. a
clear solution resulted. After 20 min. at room temperature
pyridine was added dropwise until the deep red color of the
solution was discharged (total pyridine used, about 1 ml.).
The reaction mixture was poured into water, giving an oily
material which was extracted into ether. the ether extract
washed» with saline, and then dried. The ether volume was
increased to 200 ml. and 120 ml. of 0.31N monoperphthalic
acid in ether was added. The reaction mixture was then
stored in the dark for 15 hr,, at which time the precipitated
crystalline product was filtered and washed with ether (4.4 g.
weight). Recrystallization from ethyl acetate yielded 1.635 g.
of pure IV, m.p. 248-252° dec. (capillary); [a]} + 70°
(pyridine); Amax 232 mp (e 14,000); Aibr 2.87, 5.72 (Sh),
5.87, 5.92 (Sh), 5.97, 8.06, 10.04, and 10.61 .

Anal. Caled. for CpsHyO.F: C, 63.00; H, 7.13; F, 4.33.
Found: C, 62.46; H, 7.26; F. 4.44.

The mother liquors on standing deposited an additional
0.60 g. of crude product, which was recrystallized from ethyl
acetate/heptane, 0.24 g., m.p. 234-239° (capillary).

9a-Fluoro-68,118,17 a,21-letrahydroxy-4- pregnene-3,20-dione
(IT). A solution of 600 mg. of the 21-acetate IV in 100 ml. of
absolute methanol was prepared under a nitrogen at-
mosphere. To this solution was added 3.0 ml. of a 109, aque-
ous potassium carbonate solution. After 1 hr. (under nitro-
gen) the reaction mixture was neutralized with acetic acid,
most of the methanol removed under vacuum, and the reac-
tion concentrate was poured into water. The solids recovered
by filtration were recrystallized several times from ethyl
acetate—heptane, yielding 145 mg. of plates, m.p. 214-244°
(capillary), which after drying in vacuum melted at 235-239°
dec. (capillary), 223-225° dec. (Kofler block); [a]f +
57.7° (pyridine); Amax 232 mpu (e 15,000).

(7) L. L. Smith and T. Tocll, Anal. Chem., 31, 109
(1950).

(8) C. C. Porter and R. H. Silber, J. Biol. Chem., 185,
201 (1950).

(9) L. L. Smith and M. Halwer, J. Am. Pharm. Assoc.,
48, 348 (1959).
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Anal. Caled. for C;HyO0F: C, 63.62; H, 7.37; F, 4.79.
Found: C, 63.54; H, 7.60; F, 4.65.

The identity of the microbiologically derived II with II
derived chemically was established by comparison of infrared
spectra, sulfuric acid speetra, melting points and papergram
mobility, and color test behavior.
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Chloromethylation. A Novel Route to
4-Methylsteroids

Joun H. Friep, ANtHoNY N. NUTILE, AND GLEN E. ARTH
Recetved June 27, 1960

Enol acetates of A%-3-ketosteroids have been
utilized to introduce halogen,%? nitro and hydroxyl
substituents at Cq of steroids by an electrophilic
process. An extension of this reaction to include
carbonium ions could be a useful path to the bio-
logically important Cs alkylated steroids.

The solvolytic reaction of chloromethyl methyl
cther in acetic acid appeared to be a suitable source
of an electrophilic fragment, the chloromethy! car-
bonium ion.® A solution of this reagent and 17a,-
20,20,21-bismethylenedioxy-3-acetoxy-3,5-pregna-
diene-11-one, II, afforded a crystalline product after
percolation through alumina. This product was
shown to be a mixture by NMR* analysis but could
not be resolved by recrystallization or chroma-
tography. However, reduction of the crude crystal-
line product with zinc in acetic acid afforded 4-
methylcortisone BMD,® V, in ca. 119 overall
yield. It follows that 4-chloromethylcortisone BMD,
III, was one of the components of the chlorometh-
ylation mixture. All attempts to isolate this product
failed. However, repeated crystallizations from
methanol did afford a second component of the
mixture IV in addition to hydrogen chloride.
A simpler procedure for isolating IV was to reflux
the mixture with dilute hydrochloric acid in meth-
anol. This treatment destroyed the 4-chloromethyl-

(1) A. Bowers, L. C. Ibancz, and H. J. Ringold, J. Am.
Chem. Soc., 81, 3707 (1959) and refcrences cited.

(2) B. M. Bloom, V. V. Bogert, and R. Pinson, Chem.
Ind., 1317 (1959).

(3) The attacking species is represented as TCHCl as a
matter of convenience but could equally well be CH;0+*CH.Cl

or one of scveral ion pairs.

(4) NMR spectra were run on a Varian 60MC Spectrom-
cter at a concentration of ca. 20 mg. in 0.3 ml. deutero-
chloroform. r = /60 + 3.5 where ~ is the observed band
position in c.p.s. relative to benzene as external standard.
Cf. G. V. D. Tiers, J. Phys. Chem., 62, 1151 (1958). We wish
to thank B. Arison and Dr. N. R. Trenner for the deter-
mination and interpretation of the NMR spectra.

(5) N.G. Steinberg, R. Hirschmann, and J. M. Chemerda,
Chem. Ind., 975 (1958).
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cortisone BMD and afforded IV in pure state.
As cortisone BMD was not present in addition
to IV, it was assumed that a disproportionation
reaction of 4-chloromethylcortisone BMD at least
partially accounted for the observed results.
Analysis of TV, CysHgO6Cl, indicated the incorpora-
tion of two atoms of carbon and one atom of chlo-
rine into cortisone BMD. One of the earbons is
present as an exomethylene function, infrared
NSECI 6.20, 11.38 , NMR 2 hydrogens r 4.64.
The other carbon and chlorine is present as a
chloromethyl group, assigned to C, on the basis of
NMR spectral data, indicating replacement of the
viny! proton at C; by a methylene group, 2 hydro-
gens r 5.87, 5.70, 5.40, 5.23 (chloromethyl).
Splitting of the chloromethyl function suggests
restricted rotation. Molecular models indicate
that a 6-ezo-methylene group but not a 2-ezo-
methylene restricts free rotation of the 4-chloro-
methyl. The relatively low wave-length peak in
the ultraviolet, A,.. 253 mu, may then be ascribed
to steric inhibition of resonance. Reduction of IV
with Raney nickel afforded the corresponding
chlorine-free dienone VI. The shift to higher wave-
length in the ultraviolet, A, 258 my, is consistent
with a smaller steric factor in the chlorine-free
product. Conversion of the chloromethyl to a new
methyl group on a carbon bearing no hydrogen is
also shown by the NMR spectrum of VI, 2 hydro-
gens 7 4.71, 5.15 (——(|3=CH2), 3 hydrogens = 8.15

(=CCHs).

|

Reduction of IV with zine in acetic acid yielded
a chlorine-free product VII showing no absorption
in the ultraviolet. The presence of an exo-methylene
group is indicated by infrared peaks at 6.07 and
11.07 u. In addition to the exo-methylene group
the NMR spectrum of VII shows formation of a
new methyl function on a methine carbon, 2 hydro-
gens 7 5.10, 5.25 (C=CH,), 3 hydrogens r 8.98,
9.09, (CH—CHj,). This evidence is consistent with
removal of chlorine and saturation of the 4,5-
double bond in IV. The methy! group in VII is
assigned the « and the ring juncture the trans
configuration since chemical reduction generally
yields the more stable product.® Attempts to
isomerize VII to the conjugated enone IX via VIII
gave only recovered starting material.” Molecular
models indicate eclipsing of the 4- and 6-methyls

CH, CH,4
VI X

CH;

(6) D. H. R. Barton and C. H. Robinson, J. Chem. Soc.,
3045 (1954).

(V) Cf. P. F. Beal, M. A. Rebenstorf, and J. E. Pike,
J. Am. Chenm. Soc., 81, 1231 (1959).
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in VIII. This interaction is presumably responsible -
for the observed result.

The introduction of a chloromethyl at C, into
the enol acetate II can be considered to proceed
via the eyclic mechanism depicted:

A

é o Cral

[+ [ >H
O CH; /

CHzC] CH,Cl
v m
_— v
CH.X
CH.Cl}

A similar mechanism proceeding through the 3-
enol can be written for cortisone BMD. Further
reaction of IIT with chloromethyl methyl ether or
formaldehyde at Cs via the enol X would then lead
to a 6-hydroxy or 6-halomethyl derivative which
is converted toIV by the loss of the elements of HX.

EXPERIMENTAL?

17 ,20,20,21-Bismethylenediozy-3-acetoxy-3,5-pregnadiene-
11-ome, I1. A solution of 4.0 g. of 172-20,20,21-bismethylene-
dioxy-4-pregnene-3,11-dione in 85 ml. of benzene was dried
by azeotropic distillation. Four hundred milligrams of p-
toluenesulfonic acid and 23 ml. of isopropenyl acetate were
added and the mixture refluxed under nitrogen for 4 hr.
The reaction mixture was cooled and worked up.? The
resultant oil was chromatographed on 130 g. of acid washed
alumina (Merck). Elution with 6:4 ether-petroleum ether
(b.p. 30-60°) yielded 1.7 g. (40%) of 17,20,20,21-bis-
methylenedioxy-3-acetoxy-3,5-pregnediene-11-one. Crystal-
hzatmn from ether afforded a sample, m.p. 172-175°;
a% —27° (¢ 0.7, CHCL); ultraviolet AST°% 234 my,
14,400.

Anal. Caled. for CesHgOn:
C, 67.52; H, 7.22.

The compound slowly evolved acetic acid on standing.

4-Methyl-17 a,20,80,21-bismethylenedioxy-4-pregnene-3,11-
dione, V. A solution of 3.0 g. of cortisone BMD and 30 ml.
of chloromethyl methyl ether in 70 ml. of acetic acid was
allowed to stand at room temperature overnight. The
crude product obtained by standard means® was adsorbed

C, 67.55; H, 7.26. Found:

(8) Melting points were determined on a Kofler Micro
hot stage and are corrected. We wish to thank R. Boos and
his associates for the microanalyses, A. Kalowsky for the
ultraviolet absorption spectra and R. Walker and N. Allen
for the infrared spectra (Baird Model B) here reported.

(9) The solution was poured into water and extracted
with chloroform. The chloroform layer was washed with
aqueous sodium bicarbonate ‘solution, dried over sodium
sulfate, and_concentrated _in vacuo.
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on 100 g. of acid washed alumina and eluted with ether to
yield 1.65 g. of a erystalline mixture of compounds (A).
The mixture dissolved in 50 ml. of acetic acid was stirred
and treated with 5 g. of zinc dust. The reagent divided into
six portions, was added at 25° over a period of 45 min.
The suspension was filtered and afforded a crude product
that was chromatographed on 40 g. of acid washed alumina.
Elution with ether-petroleum ether (b.p. 30-60°) (4:6)
afforded 180 mg. of a mixture of saturated compounds
(infrared AY%* 5.90 u; ultraviolet no max) which could
not be separated by further chromatography or crystalliza-
tion. Elution with ether—petroleum ether (8:2) and ether
afforded 565 mg. of crystalline fractions. Crystallization
from ethyl acetate yielded 320 mg. of 4-methylcortisone
BMD, m.p. 268-282°. A sample recrystallized from ethyl
acetate, m.p. 273-282°, ultraviolet ASEF 249 my, e 14,300,
was not depressed by sn authentic sample of 4-methyl-
cortisone BMD.1® Elution with chloroform yielded 327 mg.
of a fraction, m.p. 235-248°. This material was shown to be
cortisone BMD by infrared and melting point comparisons. !
A similar experiment with 1.35 g. of 174,20,20,21-bismethyl-

(10) Kindly supplied by Dr. R. Hirschmann.
(11) R. E. Beyler, B. M., Moriarty, Frances Hoffman,
and L. H. Sarett, J. Am, Chem. Soc,, 80; 1517 (1068).
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enedioxy-3-acetoxy-3,5-pregnadiene-11-one afforded 95 mg.
of 4-methylcortisone BMD.

6-Ezo-methylene-4-chloromethyl-17 «,20,20,21-bismethylene-
diory-4-pregnene-3,11-dione, IV. The crystalline mixture of
compounds (A) prepared as above from 5.0 g. of cortisone
BMD was refluxed with 5 ce. of 2.56N aqueous hydrochloric
acid in 125 ml. of methanol for 2 hr. The solution was con-
centrated in vacuo. The crude product® was adsorbed on
acid washed alumina (Merck) and eluted with ether—
petroleum ether (9:1) and ether to yield 0.67 g. of 6-ezo-
methylene-4-chloromethyl- 174,20,20,21- bismethylenedioxy-
4-pregnene-3,11-dione, 197-199° dec. after crystallization
from methanol.

This material was also prepared from 17,20,20,21-bis-
methylenedioxy-3-acetoxy-3,5-pregnadiene-11-one by treat-
ment with chloromethyl methy! ether in acetic acid. Treat-
ment of 15 g. of the enol acetate with 90 ml. of chloromethyl
methyl ether and 240 ml. of acetic acid at 25° overnight
afforded 4.46 g. of a crystalline mixture which was essen-
tially the same as (A) by infrared comparison after percola-
tion with ether through acid washed alumina (Merck).
This material could not be purified by crystallization from
methanol but decomposition with formation of hydrochloric
acid was observed. A part of this material, 3.5 g., was subse-
quently chromatographed on 200 g. of acid washed alumina
and eluted with ether-petroleum ether (8:2). Repeated
crystallization of this material from methanol (with some
decomposition) afforded ca. 1 g. of 6-exo-methylene-4-chloro-
methyl-17«,20,20,21 - bismethylenedioxy- 4- pregnene- 3,11-
dione, m.p. 193-198°. The sample for analysis was recrystal-
lized from methanol, m.p. 200-205°; of +211° (¢ 1,
CHCL); ultraviolet Aon:°% 253 my, € 11,600; infrared AZ5S"
5.85, 5.95, 6.10, 6.20, 11.38 x.

Anal. Caled. for CpH,,06Cl: C, 64.84; H, 6.75; Cl, 7.66.
Found: C, 64.75; H, 6.85; Cl, 7.40.

6-Ezo-methylene-4-methyl-17 a,20,20,21-bismethylenediozy-
4-pregnene-3,11-dione, V1. A solution of 150 mg. of IV in 30
ml. of ethanol was stirred with ca. 2 g. of Raney nickel!?
(W 3-4) for 2.5 hr. at room temperature. The suspension
was filtered and concentrated in vacuo. Crystallization from
methanol afforded 25 mg. of 6-ezo-methylene-4-methyl-
17,20,20,21-bismethylenedioxy-4-pregnene-3,11-dione, m.p.
187-195°. Recrystallization from methanol afforded a
sample for analvsis, m.p. 198-203°; a3 +243 (¢ 0.6 CHCY);
ultraviolet ASEOE 258 myu, e 10,400; infrared AE® 5.85,
5.98, sh. 6.10, 6.21, 11.37 u.

Anal. Caled for CypH;0s: C, 70.07; H, 7.53. Found:
C, 69.36; H, 7.71.

Chromatography of the mother liquors on 10 g. of acid
washed alumina (Merck) and elution with ether-petroleum
ether (8:2) afforded 50 mg. of VI, m.p. 185-194°, a total
of 75 mg., 54% yield.

6-Exo-methylene-4a-methyl-17 ,20,20,21-bismethylenediozy-
allopregnane-3,11-dione, VII. A solution of 100 mg. of IV
in 10 ml. of acetic acid was treated with a total of 2 g. of
zinc divided into five portions over a period of 45 min.
The solution was filtered diluted with water and extracted
with chloroform. The chloroform layer was washed with
aqueous sodium bicarbonate solution, dried, and concen-
trated in vacuo. Chromatography on 4 g. of acid washed
alumina and elution with ether-petroleum ether (6:4)
afforded 52 mg. of crude VII. Three crystallizations from
methanol yielded a sample of 6-ezo-methylene-4a-methyl-
17,20,20,21 - bismethylenedioxyallopregnane - 3,11 - dione,
m.p. 217-226°. Physical properties determined on a sample
prepared as above were: m.p. 222-229°; infrared Mo 5.85,
6.07, 11.08 p.

Anal. Caled. for CusHuOs: C, 69.74; H, 7.96. Found:
C, 69.69; H, 833.

(12) The Raney nickel was about 3 months old and‘had
been stored under ethanol. Freshly prepared Raney.mckel
tauses reduction to & mixture of saturated ketosteroidw
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Attempted 1isomerization of 6-exo-methylene-4a-methyl-
17a,20,20,21-bismethylenedioryallopregnane-3,11-dione. Only
starting material was recovered on attempted isomeriza-
tion of 10 mg. of VII with 1 drop of 609, aqueous perchloric
acid in 2 ml. of chloroform at room temperature overnight,
or with 20 mg. of p-toluenesulfonic acid and 2 ce. of chloro-
form at reflux for 2 hr.

MzercK SHARP & DOHME RESEARCH LABORATORIES
MEeRrck & Co., Inc.
Rauway, N. J.

Structure of Rhein!

Havao Nawa, Masao UcHiBAYASHI,
AND TosHIRO MATSUOKRA

Received April 26, 1960

Rhein, a constituent of rhubarb,?-% has been
known to have the structure of 1,8-dihydroxy-
anthraquinone-3-carboxylic acid (I).6

It was reported recently by Horhammer, et al.?
that rhein was converted by treatment with acid
into another substance which reverted again to
rhein on alkaline treatment in the presence of air.
They considered from this finding that the pre-
viously described rhein (I) must be a dehydrodian-
throne compound (II) and the product of the acid
treatment has structure I which had been recog-
nized as rhein. Thus they named the former com-
pound (II) ‘“dirhein” and the latter (I) “mono-
rhein.”

The German researchers described that rhein
{their “dirhein,” m.p. 316-319°) obtained from
Rheum palmatum was dissolved in potassium hy-
droxide solution, mixed with methanol, and re-
fluxed with an excess of hydrochloric acid for two
hours. By subsequent sublimation and recrystal-
lization of the reaction produects, they obtained
“monorhein” and “monorheinanthranol,” the struc-
tures of which were derived from the data of in-
frared spectrum and paper chromatography.

We have found rhein to be unsusceptible to
boiling hydrochloric acid in the absence of meth-
anol. Therefore ‘‘monorhein” was thought to be
thein methyl ester. The infrared spectrum of

(1) This work was briefly reported in a preliminary com-
munication, Chem. Pharm. Bull. (Tokyo), 6, 566 (1960).

(2) E. Gilson, Arch. intern. Pharmacodyn., 14, 455 (1905).

(3) O. Hesse, Pharm. J., (4), 1, 325 (1895); O. A. QOesterle
and F, Tisza, Schweiz. Wochschr. Chem. Pharm., 46, 701
(1908); A. Tschirch and K. Heuberger, Arch. Pharm., 240,
596, 610 (1902); O. Fischer, F. Faleco, and H. Gross, J.
prakt. Chem., (2), 83, 208 (1911).

(4) A. Tschirch and P. A. A. F. Eijken, Schweiz. Woch-
schr. Chem. Pharm., 42, 549 (1904).

(5) O. A. Oesterle, Arch. Pharm., 241, 604 (1903).

(6) A. Stoll, B. Becker, and W. Kussmaul, Hely. Chim.
Acta, 32, 1892 (1949).

(7) H. Wagner and I. Kohler, Naturwiss., 44, 260 (1957);
L. Hérhammer, H. Wagner, and 1. Kohler, Naturwsss., 45,
389 (1958); L. Hérhammer, H. Wagner, and I, Kéhler,
Arch. Pharm., 292, 591 (1959).
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“monorhein” was also suggestive of the presence
of an ester group. With this view, a re-examination
of the structure of rhein was made in this laboratory.

Repetition of the experiment reported by Hor-
hammer, et al. was conducted with rhein, m.p.
318-319°, which was isolated from the fresh rhi-
zome of Rheum coreanum Nakai and shown to be
identical with ‘dirhein” by comparison of their
ultraviolet and infrared spectra and melting points.
Following their conditions exactly, rhein was treated
with hydrochloric acid and methanol, and a mixture
of two substances was obtained which gave Ry
values of 0.32 and 0.84 on the paper chromato-
gram. If these substances are “monorhein” and
“monorheinanthranol,” the mixture should be
extractable by aqueous sodium bicarbonate. The
present experiment showed, however, that the
mixture was largely insoluble in bicarbonate solu-
tion, and from this insoluble portion there were
obtained orange crystals melting at 174° (R, 0.84).
The elemental analysis suggested the product to
be rhein methy! ester and its melting point was in
agreement with that reported by Robinson.®
Rhein methyl ester was then prepared from rhein
by the action of diazomethane and compared with
the above product in mixed melting point, infrared
and ultraviolet spectra, paper chromatography,
and other properties. This comparison proved
the identity of the two compounds. Furthermore,
the ultraviolet and infrared spectra were indis-
tinguishable from those of ‘“monorhein.” ‘“Mono-
rhein”’ was thus verified to be rhein methyl ester.
From the alkaline layer of the above extraction
was recovered a small amount of rhein (R, 0.32)
which was characterized by melting point and in-
frared spectrum,

Rhein was further converted into its ethyl
ester,®® diacetyl ethyl ester,® and diacetate.®4810.11
Oxidation of aloe-emodin triacetate® with chro-
mium trioxide also furnished rhein diace-
tate.%4%1.11 Elemental analyses, melting points, and
infrared spectra of these derivatives provided addi-
tional evidence for the structure of rhein (I). The
fact that rhein diacetate was produced from aloe—
emodin triacetate. This fact constitutes further
proof that bimolecular structure (II) is untenable.

The German authors have given four reasons
for the “monorhein-dirhein” hypothesis: 1) con-
version of rhein to monorhein and monorhein-
anthranol by oxidative and reductive cleavages,
2) formation of dirhein by dimerization of mono-
rhein, 3) absence, in the infrared spectrum of di-
rhein, of a band corresponding to the nonchelated
carbonyl group which is observed in the spectrum

(8) R. Robinson and J. L. Simonsen, J. Chem. Soc., 95,
1085 (1909).
( (92; O. A. OQesterle and G. Riat, Arch. Pharm., 247, 527
1909).

(10) F. Tutin and H. W. B. Clewer, J. Chem. Soc., 99,
946 (1911).

(11) F. Tutin, J. Chem. Soc., 103, 2006 (1013),



