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was washed with H,O. The product was extracted into saturated
NaHCO; solution which was then acidified with HCl and ex-
tracted with Et,0. Evaporation of the dried (Na.S0,) Et.O
gave 0.65 g of the 178-hydroxy-1,4-seco-5a-androstane-1,4-dioic
acid acetate which was esterified with CH,N, to give 8. Re-
crystallization from MeOH gave 0.50 g of 8. Several recrystalli-
zations from MeOH furnished the analytical sample: mp 116-
118°; [«]®p —26° (¢ 1, CHCl3); nmr 3.62 and 3.7 ppm (6 H,
2—OCH3>, Anal. (CmHQ?OG) C; H.

1,4-Seco-2,3-bisnor-5«-androstane-1,4,173-triol 17-(2’-Tet-
rahydropyranyl) Ether (9)—Compound 7 was treated with
CH:N; in Et,O to give the corresponding dimethyl ester, as
indicated by the nmr spectrum: 0.72 (s, 18-H), 1.12 (s, 19-H),
3.62 and 3.73 ppm (s, s, 3, 3, OCH;). A solution of 0.5 g of the
dimethyl ester in 50 ml of dry dihydropyran and a drop of POCl;
was stirred at room temperature for 1 hr and evaporated under
reduced pressure. The residue was dissolved in ether, washed
(NaHCO; solution, H20), dried (NasSOy), and evaporated to give
the crude tetrahydropyranyl ether, as indicated by the nmr
spectrum: 0.78 (s, 3, 18-H), 1.12 (s, 3, 19-H), 3.62 and 3.70 ppm
(s, s, 3,3, OCH;).

This tetrahydropyranyl ether (0.25 g) was dissolved in 50 ml of
dry Et,0 and added to 0.5 g of LAH in 100 ml of dry Et.O. It
was refluxed and stirred for 3 hr after which no starting material
remained, as shown by tle. A saturated solution of sodium
potassium tartrate was carefully added, and the mixture was
filtered. The precipitate was washed with Et,0, and the com-
bined Et,O solution was washed (dilute HCl, H.0), dried (Na.-
S0,), and evaporated. The residue was crystallized several times
from Me,CO giving colorless crystals, mp 158-160°. Anal.
(Cs2H30,) C, H.

1,4-Seco-5«-androstane-1,4,173-triol 1,4-Dimethanesulfonate
17-(2’-Tetrahydropyranyl) Ether (10)—To a cold solution of
0.16 g of 9 in 3 ml of pyridine was added dropwise with stirring, a
cold solution of 0.15 g of MeS0.Cl in 0.5 ml of pyridine. After
the addition was complete, the reaction mixture was stirred at
25° for 3 hr. The mixture was diluted with ice—-H,O (100 ml)
and the precipitate was filtered and washed (H.O). It was
recrystallized from Et:O-petroleum ether (bp 30-60°) to give
0.17 g of 10, Several recrystallizations from the same solvent
gave the analytical sample: mp 114-116°; nmr, 0.77 (s, 3,
18-H), 0.84 (s, 3, 19-H), 3.4 and 3.5 ppm (2 s, 6, SO.CHj3).
Anal. (CuHeOs8:) C, H, S.

1,4-Dibromo-1,4-seco-2,3-bisnor-5a-androstan-173-0l Acetate
(11)—To 1.9 g of 2 in 100 ml of stirred, refluxing CCly, there
was added 1.62 g of red HgO. The reaction mixture was shielded
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from light, and Brs (1.6 g) was added dropwise. After 1.5 hr,
the reaction mixture was allowed to cool, the dark mixture
was filtered, and the filtrate was concentrated under vacuum.
The residue was chromatographed on AlQ; to give 1.1 g of pure
11 which was recrystallized from MeOH; mp 155-158°, [«]®D
—2° (C 1, CHCIQ) Anal. (CnggBI‘zOz) C, H, BI“

2-Thia-A-nor-5c-androstan-178-0l (12). Procedure A.—A
solution of NaHS was prepared by bubbling H.S into a suspension
of 9 g of NaOMe in 70 ml of HOCH,CH,OEt until the exothermic
reaction ceased. The resulting mixture was filtered and to 30
ml there was added 0.10 g of 10, The mixture was heated at
reflux for 20 min, cooled, and diluted with H.O. The precipi-
tated product was collected and dried. The protecting ether
group was hydrolyzed in 10 ml of EtOH, 3 drops of HCl, and
1 ml of H,O at 60° for 5 min. The mixture was cooled, evapo-
rated, and extracted with Et.O to afford a solid (0.050 g). Several
recrystallizations from Et.O-hexane gave the analytical sample,
mp 141-143°% [«]®p +58° m* = 280. Anal. (C;;Hy;08)
C,H,S.

Procedure B.—A solution of 0.10 g of 10, 100 ml of 809, EtOH,
and 300 mg of Na8 was heated at reflux for 6 hr. After cooling,
it was worked up as in procedure A to afford 12, mp 141-143°.

Procedure C.—To a refluxing solution of 0.70 g of 11 in 100 ml
of refluxing EtOH there was added a tenfold excess of NaSH
dissolved in the minimum amount of H.O., Heating was con-
tinued for 24 hr when tle indicated complete conversion of the
dibromide to the product. The solvent was removed under
vacuum and the residue was taken up in Et,0, washed (H.0),
dried (Na,S80,), and evaporated to give 0.50 g of 12 as a white
solid.

2-Thia-A-nor-5«-androstan-173-0l Acetate (13).—A solution
of 0.05 g of 12 in 2 ml of pyridine and 1 ml of Ac.O was kept
overnight at 25°, poured into 20 ml of ice-H0, acidified to pH 3,
and extracted with Et,O. The Et,0 was washed several times
with H.0O, dried (Na,04), and evaporated to give an oil which
was purified by preparative tle on silica gel to give 13 as an oil
soluble in all organic solvents. On drying under vacuum, it
cerystallized giving a solid which was crystallized from petroleum
ether at —70° giving crystals, mp 88-89° [«]®p +30° (¢ 1,
CHCL), m™* = 322. Anal. (C:Hy0.8) C, H, S.

2-Thia-A-nor-5«-androstan-173-ol Propionate (14).—A solu-
tion of 0.05 g of 12 in 2 ml of pyridine was treated with 1 ml of

(EtCO)0. It was worked up as in the case of 13, giving a solid,
mp 88-90°, [a]®D 64° (¢ 1, CHCly), m*+ = 336. Anal. (CsHa-
0,8) C, H, 8.

The Synthesis and Progestational Activity of Some

1,2a-Cyclomethylene-16-methylene Progesterone Derivatives

E. L. Suariro, T. L. Porrer, L. WEBER, R. NERI,' AxD H. L. HERZOG

Natural Products Research Department and Physiology and Biochemgstry Department,
Schering Corporation, Bloomfield, New Jersey 07003

Received November 21, 1968

The progestational activities and syntheses of the 1,2a-c¢yclomethylene-16-methylene compounds 4, 15, and

25 and of the precursor 1,4,6-trienes 26, 16, and 23 are reported.

Int all cases the trienes exhibited higher pro-

gestational activity than the corresponding 1,2a-cyclomethylene derivatives when tested intramuscularly in

the rabbit.

The progestational potentiating effect of the 16-
methylene moiety has been described.? Recently,
progesterone analogs have been reported which have a
1,2a-cyclomethiylene moiety.>* We felt it to be of

(1) From the Physiology and Biochemistry Department.

(2) (a) E. Shapiro, T. Legatt, L. Weber, M. Steinberg, A. Watnick, M.
Eisler, M. G. Hennessey, C. T. Coniglio, W. Charney, and E. P. Oliveto,
J. Med. Pharm, Chem., 8, 975 (1962); (b) K. Syhora and R. Mazac, Collect.
Czech. Chem. Commun,, 81, 2768 (1966).

(3) R. Wiechert and E. Kaspar, Chem. Ber., 98, 1710 (1960).

(4) G. W. Krakower and H. A, Van Dine, J. Org. Chem., 81, 3467 (1966).

biological interest to combine these two structural
features in the same molecule and now report some of
our findings with eompounds of this type. Specifically,
we have synthesized 1,2a-cyclomethylene-16-methyl-
ene-17 a-hydroxy-4,6-pregnadiene-3,20-dione 17-acetate
4), 1,2a-cyclomethylene-6-methyl-16-methylene-17 a-
hydroxy-4,6-pregnadiene-3,20-dione 17-acetate (15),
and 1,2a-cyclomethylene-16-methylene-6-chloro-17 -
hydroxy-4,6-pregnadiene-3,20-dione 17-acetate (25).
The synthesis of the 1,2«-cyclomethylene 4 (Scheme
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1) proceeded from the 4,6-dienc 1.?*  Dehydrogenation
with dichlorodicyanobenzoquinone (DDQ)* gave the

SCHEME 1
COCH,
--OH
CH. Db

diexane
O
COCH, })

--OH (1) Me,S*~CH,”. DMSO
*(2) AcOH, TFAA, pTSA

3.R=H
4. R=COCH,

1,4,6-triene 2.5 Introduction of the 1,2a-cyclomethyl-
ene moiety into the 1,4,6-trien-3-one system has been
accomplished by two methods. One method utilizes
CH:N; to give the la,2a-pyrazoline which either by
pyrolysis? or on treatment with strong acid* is converted
to the desired cyclomethylene compound. The other
method utilizes dimethylsulfoxonium methylide’ to
effect the formation of the 1,2a-cyclomethylene
molety.**

Our experience has been, as may be noted for the
preparation of 25, that the yields of cyclomethylene
compounds by the first niethod are low. We therefore
chose the second method using the Corey reagent
described in ref 8. In order to avoid the base-catalyzed
cyelizations of 17a-acetoxy-20-ketopreguanes to 8-
hydroxylactones and butenolides,® the 17a-hydroxy 2
was used as the substrate and the 1,2a-cyclomethylene
3 was obtained in 719, yield after crystallization.
Acetylation of 3 using AcOH, trifluoroacetic anhydride
(TI'AA), and p-toluenesulfonic acid monohydrate
(p-TSA-H,0),"* afforded the 17-acetate 4 with the
cyclomethylene substituent intact.

The procedure utilized for the preparation of 15" is
outlined in Scheme II. Oxidative bromination-de-

¢3) 1. Burn, D. N. Kirk, and V. Petrow, /’ror. Ckem. Soc., 14 {1960).

() ). N. Kirk and V. Petrow, British Patent 869,804 (June 27, 1962}.
Note differences of plysical constants for 2 in the Kxperimental Section.

(7) E. J. Corey and M. Chaykovsky. J. Amer. Chem. Soc., 87, 1353
(1965).

(8) Schering A.G., Eire Patent 965,65 (Oc¢t 14, 1965).

() (a) . G. Lelimann, Angew. Ckem. Intern. Ed. Ingl., 4, 783 (1965):
(b) G. W. Moerscli, D. E. Evans, and G. 8, Lewis, J. Med, Chem., 10, 254
(1967): (c¢) private communication from these laboratories by Dr. A.
Afonso.

(10) E. Slapiro, L. Finckenor, H. Pluchet, L. Weber, (!. H. Robinson,
E. P. Oliveto, H. L. Herzog, I. I. A. T'abachnick, and E. Collins, Steroids, 9,
143 (1967).

t11) While tlhis work was iu progress, thie preparation of 18 by a dif-
ferent route was described by Diritish Drag llouses, Ltd., Belgan Paten¢
684,273 (April 14, 1987).  We thank one of the referees for supplying infor-
mrtion pertaining to this patent.
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hydrobromination of 5% with Br, in DMI® in the pres-
ence of LiBr, LisCOy, and CaCO; at 80°1 afforded as
the major component the 4,6-dienone 6 with the 163-
methyl-16,17a-oxido muoicty iutact. However, some
rearrangement of this oxido function did occur and the
AP-17a-liydroxy 7 was also isolated in about 8% vield.
Alternatively, 6 was obtained by chloranil dehydrogena-
tion of 8.1 When commercial, unreerystallized chlor-
anil was used, sonie transformation of the 16g-methyl-
16,17a-0xido function occurred, and in addition to 6,
both 7 and the 16-methylenc-17 a-hydroxy 9 were also
obtained. Dechydrogenation of 6 with DDQ gave the
triene 10 which on treatment with sulfuric acid in
dioxane, followed by esterification with AcOH, TI"AA,
and p-TSA afforded the 16-methylene-17 a-ucetoxy 16.°
Consistent with the results reported for 6-unsubstituted
At483 keto steroids,#® reaction of 10 with the Corey
“vlide” reagent gave the 1,2¢-cyclomethylene 12 in
869 vield. The use of the 168-methyl-16,17 a-oxido
moiety thus prevented the occurrence of butenolide
formation referred to previously.® A second product
was also obtained which did not display, by ir spectros-
copy, the nonconjugated 20-ketone, and by nmr (see
Experimental Section) showed an additional methylenc
(-CHy-) with u chemical shift of 2.94 ppm. We have
assigned the 16,17 ¢;20,22-bisoxide structure 13, with
the stereochemistry at (-20 undetermined. Oxiranc
formation from saturated ketones with dimethylsulf-
oxonium methylide has been deseribed previously.”
Ring opening of 12 proceeded with H,SO, in dioxane to
afford the 16-methylene-17«-hydroxy 14 in 599 vield.
Using HCl in aqueous acetone, 12 was converted to both
14 and the A'-16-methyl 11, with the latter being
obtained as the niajor component in 349 vield. The
structure of 11 was supported by analytical and nmr
data, ax well as by comparison of rotations between 14
and 11. A positive rotational difference of 12° ix
observed for 14 as compared to 11, which is consistent
with reported molecular rotations for l6-methylene-
17 a-hydroxy componnds being 2-20° more dextrorota-
tory than the A-16-methyl-17a-hydroxy isomers.'
Acetylation of 14 with AcOH, TI"'AA, and p-TSAY gave
the desired 1,2a-cyclomethylene 17-acetate 15 in 67
vield.

The =ynthesix of the ¢-chloro 25 is outlined n
Scheme TIT."»  Chlorination of 16-methylene-338,17a-
dihydroxy-s-pregnen-20-one 3,17-diacetate (17)1% gave
selectively the Ha,68-dichloro 18. Selective hydrolysis
of the 3-acetate in 18 with HCIO, in MeOH--CHCl; gave
19. Oxidation of the 3-hydroxyl function in 19 with
CrOy 1 pyridine followed by in situ dehydrohalogena-
tion of 20 afforded directly the 3-keto-A4-63-chloro 21
in approximately 329 yield. Transformation of 21 to
the enol ether 22° proceeded smoothly in dioxanc with

12y DN, Kirk. V. Perrew, aud D, AL Williawmson, J. Chen Soc., 2821
(1961).

i13) Tle procedare nsed was essentially described Ly 1. L. Dryden and
M. J. Kalm, U. 8. Patent 3.270.008 (Aug 30, 1966).

(14) (a) Huang-Minlon, C.-11, Wu, J.-W. Chin, and Y.-C. Clhea. Sci.
Sirdca (Peking), 11, 1659 (1962); Chem. Abstr., 89, 2985¢ (1963): (b) I, v.
Werder, K. Bruckner, K. H. Bork, H. Metz, B. Hampel, and H. J. Manu-
hardt, Ber., 96, 2110 ¢1962): (¢) G. H. Phillips, W. Grabam, Ci. 1. Cregory.
and J, Elks, U, 8. Patent 3,040,069 (June 19, 1962).

(15) See ref 21 for the reactions and processes which were employed o
prebare some of the intermediates also prepared via Scheme I11.

«16) D. N. Kirk., V. Petrow, M. Stansfield. and D. M. Williamson, J.
Chem, Sov., 2383 (1960).

t17) L Poos. Gl Arde RLL
Chen. Noc., T8, 422 (1053),

Beyler, and Lo 1 Sarece, J.o o,
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ethyl orthoformate, EtOH, and H,80,. Dehydrogena-
tion of 22 with DDQ in benzene®® to give the 14,6-
trienone was incomplete and appeared to consist of 4
parts of the 1,4,6-triene 23 to 1 part of the 4,6-diene.
The reaction product was treated again with DDQ), this
time in dioxane, thereby affording 23.2> Reaction of 23
with CH,N; gave impure 1a,2a-pyrazoline 24 which was
exposed to HCIO, to give the desired 1,2a-cyclomethyl-
elle 25 in approximately 199, yield from the impure
pyrazoline.

Biological Activity.—Table I lists the intramuscular

(18) (a) H. J. Ringold and A. Turner, Chem. Ind. (London), 211 (1962);
(1) 8. K, Pradhan and H. J. Ringold, J. Org. Chem., 29, 601 (1964).

activities of the three 1,2-cyclomethylene-16-methylene
compounds we have described as well as the correspond-
ing 1,4,6-trienes. Included also are the oral progesta-
tional activities, except for compounds 4 and 26.
For comparison, the activities of the related 16-unsub-
stituted 6-chloro compounds 27 and 28 are also listed.
The potentiating effect of the 16-methylene group is
revealed in the intraniuscular activities found for 23 and
25 as compared to 27 and 28, respectively. Whereas in
the 16-methylene series introduction of the 1,2a-
cyclomethylene moiety decreases the intramuscular
progestational activity compared to the corresponding
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ScHEME IIL

COCH,
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CH,
) CL. CH,CL—pyridine
(2) HCI0,, CHClL,—MeOH
AcO
17
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" COCH,

--OAc
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1,4,6-trienes, the opposite effect can be observed for the
16-unsubstituted 27 and 28.

COCH.
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.-OAc
CH.
0]
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26 27

COCH,

28

Experimental Section!*

16-Methylene-17«-hydroxy-1,4,6-pregnatriene-3,20-dione (2).
~-A mixture of 9.00 g (0.0264 mole) of 16-methylene-17a-
liydroxy-4,6-preghadiene-3,20-dione (1) and 18.05 g (0.0795 mole)
of DDQ i 450 ml of dioxane was refluxed with stirring for 3.5
lir.  Ewvaporation in vacuo afforded a residue to which 300 ml of

(19) All melting points were determined on & Kofier liot stage microscope
and are uncorrected. Rotations are in dioxane at 25° at about 1% con-
centration, uv spectra are of MeOl{ solutions, and ir spectra are in Nujol
unless otherwise stated. The nmr spectrs were measured on a Varian
A-60-A spectrometer in CDCls (MesSi). Mass spectra were determined on
a CEC 21-103 spectrometer using a heated-inlet system at a temperature
of 200-230°.  Analyses were determined by the Pliysical Organic Chemistry
Departinent of Schering Corp. Where analyses are indicated only by
symbols of the elements, analytical results obtained for those elements were
within £0.49; of thie theoretical values.

--OAc
CH, CH, CH,
HCWOEQ, .80,
—_— ———
EtOH—dioxane
o) [ 0O EtO
1
¢ Cl Cl

21

COCH,
--OAc
CH,
RO {
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@
18, R = COCH,
19.R=H
COCH, COCH,

--OAc

ql
22

He'to),
———
Me €O
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TasLe I
PROGESTATIONAL ACTIVITY®

Route of admin® .
Compd Im Oral

29¢ 2.5
264 255
4 6

16 REE 29.7
1o 15.9 45.0
23 145 76

25 120 1.6
07 6.4 [
28/ W 15.6

* Progesterone = 1. ° Progestational activity was deter-

mmed in immature rabbits by the method of M. K. Mc¢Phail,
J. Physiol. (London), 83, 145 (1934). The compounds were
dissolved i sesame oil for intramnscular administration or sis-
pended in an aqueous suspending medium (0.99; NaCl, 0.5Y;
carboxymethylcellilose, 0.4, polysorbate 80, and 0.9¢; Ph-
CH.OH) for oral administration. Progesterone int sesame oil
was always given intramuscularly. The statistical analys«is foor
the progestational assays utilized the randomized Bloch analysis
of variance with Dunnett’s and Duncan’s multiple comparison
procedure (see G. Miller, Jr., “Simultaneons Statistical Infer-
ence,” McGraw-Hill Book Co., Ine,, New York, N. Y., 1967).
¢ 17a-Ethinyl-19-nortestosterone. 4 16-Methylene-17a-hydroxy-
1,4,6-pregnatriene-3,20-dione 17-acetate, prepared from 2 by
acetylation with AcOH, TFAA, and p-TSA-H.Q as in ref 10
[mp 203-205-206°; [a]p —192°; Amax 222 mu (e 12,400), 256
(9950), 299(13,500); vmax 1754, 1727, 1664, 1610, and 1585 cm—1].
¢ 8-Chloro-17a-hydroxy-1,4,6-pregnatriene-3,20-dione 17-acetate;
cf. H. J. Ringold, A. Batres, A. Bowers, J. Edwards, and J.
Zderic, J. Amer. Chem. Soc., 81, 3485 (1959). 7/ 1,2a-Cyclo-
methylene-6-chloro-17 a-hydroxy-4,6-pregnadiene-3,20-dione 17-
acetate. We thank Berlin Laboratories, Inc., an affiliate of
Schering A.G., Berlin, Germany, for a sample of this compound.
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CeHs was added, and the supernatant was separated by filtration.
Evaporation of the filtrate afforded a residue which was dissolved
in 2 1. of EtOAc-Et.O (1:1). After washing with 59, NaOH,
then H,0, and drying (MgS0,), the organic phase was evaporated
to a residue in vacwo. Crystallization from EtOAc yielded: 3.50
g (38.99%) of 2: mp 220-224-225°: [a]p —99°, [a]p —124°
(CHClL); Amax 221 mu (e 12,390), 256 (9650), 299 (13,100) [lit.®
mp 212—2140, [tx] Bp —174° (CHCIQ)] Anal. (szHzeOa) C, H.
1,2a-Cyclomethylene-16-methylene-17 «-hydroxy-4,6-pregna-
diene-3,20-dione (3).—To a stirred slurry of 7.68 g of trimethyl-
sulfoxonium iodide in 56 ml of DMSO was added 960 mg of a
mixture of NaH-mineral oil (1:1). The reaction mixture was
stirred at 25° for 1 hr, and then 2.70 g (0.00798 mole) of 2 was
added as a solid. After 3 hr at 25°, the reaction mixture was
added to 600 ml of H,O. Collection of the resulting solid by
filtration yielded 2.81 g of crude product. Crystallization from
EtOAc gave 2 g (71.49) of 3, mp 214-216-218°, [«]D +121°,
Amax 282 mu (e 20,400). Anal. (CxHa0;) C, H.
1,2a-Cyclomethylene-16-methylene-4 ,6-pregnadiene-3,20-
dione 17-Acetate (4)—TFAA (7.0 ml) was slowly added within
5 min to a slurry of 1.75 g of 8, 175 mg of p-TSA-H.0, and 17.5 ml
of HOAc, while maintaining the temperature at approximately
18°, When all the TFAA had been added, the reaction mixture
was removed from the ice bath and maintained at room tempera-
ture for an additional 15 min. It was then added to 200 ml of
H:0 and extracted with CH.Cl,, and the extracts were washed
(3% NaOH, H,O until neutral), dried (MgSQ,), and evaporated
to a residue in vacuo. This residue was chromatographed on 180
g of silica gel (100-200 mesh). Elition with EtoO-CsHu (3:1)
afforded 4. Crystallization from EtOAc yielded 1.10 g (56.1%);
mp 205-206-207°; [a]D +13°; Amax 282 mpu (e 20,600); vmax
1754, 1739, 1724, 1666, 1636, and 1600 em—'; nmr, 5 0.80 (13-
CH,), 1.22 (10-CHs), 2.07 (17-OCOCH3;), 2.18 (20-CH;), 5.48 and
5.61 (16-—=CH,), 5.531 (4-H), 5.98 and 6.09 (6-H, 7-H) ppm.
Anal. (CstggO;) C, H.

6,163-Dimethyl-16,17 «-0oxido-4,6-pregnadiene-3,20-dione (6).
A. By Chloranil Dehydrogenation.—A solution of 8 (57 g,
0.16 mole) in -~-BuOH (2.5 1.) was heated at reflux with chloranil
(118 g, 0.48 mole, recrystallized from CH,Cl:) for 17 hr. The
solids were removed by filtration, and the filtrate was concen-
trated to dryness. The dark residue was taken up in a mixture of
Et,0-EtOAc (1:1), and the solution was washed (19, NaOH,
saturated NaCl solution), dried (Na,SO,), and evaporated. The
residue was chromatographed over alumina (Merck, activity I,
45 X 6.3 cm). Elution with CiHeEt,O (1:1) yielded after
crystallization from CH.Cl,-Et.0 32 g (579,) of 6, mp 143-144°,
[a]D +114° (CHCL), Amax 289 mu (e 24,420). Anal. (CxHi0s:)
C, H.

When unrecrystallized commercial chloranil was used in the
reaction, 7 and 9 were also formed in addition to 6. Purification
by repeated crystallizations from EtOAc gave 9: mp 213-218°;
[e]p —30° (CHCl3); Amasx 289 mu (e 24,800); nmr, § 5.08 and
5.28 (16—=CH2) ppm. Anal. (CzaHaoOg) C, H.

B. By Oxidation-Bromination Sequence.—LiBr (59 g),
Li,CO; (70.5 g), and CaCO; (70.5 g) were suspended in DMF (650
ml), and after 5 min, 5 (33 g, 0.098 mole) was added. The slurry
was heated to 75°, and Br: (31.4 g, 0.196 mole) in dioxane (400
ml) was added over a period of 1 hr.  After stirring for an addi-
tional hr at 75°, the reaction mixture was cooled and filtered, and
the filtrate was added to ice—water (121.). The resulting precipi-
tate was filtered, washed with H.O, and dried. The above reac-
tion was repeated, and the crude products were combined.
Crystallization from MeCO-CsHy yielded 4.8 g (7.79%) of 7:
mp 203-206°; [a]D —44°; Agay 287 mpu (¢ 24,800); nmr, § 1.81
and 1.87 (16-CH,, 6-CH;), and 6.11 (15-H) ppm. Anal. (Ca
H30s) C, H.

The major portion of the material, which was contained in the
mother liquor, was chromatographed over neutral alumina
(Woelm, activity III, 70 X 5.7 cm). Elution with CeH.—~CsHs
(1:1) gave 27.85 g (409, based upon recovered starting material)
of 6 identical with the product obtained by dehydrogenation of 8
with chloranil. Elution with CsHs gave 6.3 g of unreacted
starting material.

6,163-Dimethyl-16,17 «-0xido-1,4,6-pregnatriene-3,20-dione
(10),—A mixture of 6 (3.45 g, 0.00975 mole) and DDQ (11.05 g,
0.0488 mole) and C¢H; (250 ml) was heated at reflux for 20 hr.
After cooling, the supernatant was separated by filtration and
evaporated to dryness in vacuo, and the residue was chromato-
graphed over alumina (Merck, activity I, 21 X 4.2 em). Elution
with Et.0, followed by crystallization from ¢-Pr.0, yielded 1.10

1,2a-CYCLOMETHYLENE-16-METHYLENE PROGESTERONE DERIVATIVES 635

g (339%) of 10: mp 140-142°; [a]Dp + 113° (CHCl3); Amax 227
mu (e 14,800), 255 (9200), 304 (12,250). Anal. (Cx;Has0s5) C, H.
6-Methyl-16-methylene-17 «-hydroxy-1,4,6 -pregnatriene-3,20-
dione 17-Acetate (16).—A solution of 10 (560 mg, 0.00159 mole)
in dioxane (6.ml) was stirred with concentrated H,SO; (0.18 ml)
under N.for 3 hr. The reaction mixture was added to ice—water,
and the resulting precipitate was collected and dried, affording
490 mg of crude solid. Esterification with TFAA (2 ml), AcOH
(5 ml), and p-TSA-H.O (49 mg) gave a product which was
chromatographed over Florisil (18 X 1.5 cm). Elution with
Et:0-CsHu (1:1) and crystallization from Et,0-CeH,s gave 265
mg (42.59%) of 16: mp 225-230°; [a]p —190°; Apax 227 mp
(e 14,500), 252-254 (9300), 303 (12,420) [lit.f mp 228-230°:
[«]D —188° (CHCls); AESH 228 mu (e 13,330), 251 (9192), 302
(12,190)] Anal. (CstgoO;) C, H.
1,2a-Cyclomethylene-6,16 3-dimethyl-16,17 «-oxido-4,6-preg-
nadiene-3,20-dione (12).—NaH (0.0075 mole, 360 mg of a
509 mineral oil suspension) was added to a solution of trimethyl-
sulfoxonium iodide (3 g, 0.0136 mole) in DMSO (22 ml) under No.
After 2 hr a solution of 10 (1.132 g, 0.00323 mole) in DMSO (12
ml) was added, and the solution was stirred at room temperature
for 3 hr. After addition to H»O, the precipitate was collected by
filtration, dried, and crystallized from i-Pr,O-CsHis to yield 1.01 g
(869,) of 12, mp 184-186°, [a]D +144° (CHCl;), Amax 287 mp
(e 18,800), Anal. (CuHs0s5) C, H.

From the mother liquor a small amount of 13 was isolated,
crystallized from EtOAc; mp 167-170°; [«]|D +182°%; Amax 287
myu (e 18,400); vmax 1658, 1631, and 1587 em™!; numr, § 0.68 and
0.86 (cyclopropyl), 1.06 (13-CHj), 1.18 (10-CHs), 1.51 and 1.54
(16-CHj;, 20-CHa), 1.80 (6-CH;, m), 2.57 and 2.94 (22-H,, q, J =
5.5 Hz), 5.69 (4-H), and 5.80 (7-H) ppm. Anal. (Cy;HnO;) C,
H.

1,2¢-Cyclomethylene-6-methyl-16-methylene-17 «-hydroxy-
4,6-pregnadiene-3,20-dione (14).—A solution of 12 (6.9 g) in
dioxane (60 ml) was stirred with concentrated H,SO, (1.5 ml)
under N, for 3.5 hr. The reaction mixture was added to ice—
water, and the precipitate was collected by filtration and dried.
Crystallization from CH,Cl,~i-Pr,O yielded 4.103 g (59%) of 14:
mp 210-216°; [a|D +124°; Amax 287 mu (e 19,000); nmr, § 5.12
and 5.31 (16-—=CH,) ppm. Anal. (CxHy0,) C, H.

1,2¢-Cyclomethylene-6-methyl-16-methylene-17 «-hydroxy-
4,6-pregnadiene-3,20-dione 17-Acetate (15).—TFAA (0.64 ml)
was added dropwise to a solution of 14 (160 mg) and p-TSA . H,0O
(16 mg) in AcOH (1.6 ml). After 30 min, the solution was poured
into H»0, and the precipitate was collected, and dried. Crystal-
lization from CH,Cly—i-Pr.0O gave 119 mg (679%) of 15: mp 231-
233°; [a]D +16.5%; Amsx 287 mu (e 19,600) [lit.'! mp 235-237°,
Amax 285 mu (¢ 18,800), [a]p +10° (CHCL)]; »max 1757, 1724,
1669, 1639, and 1594 em—; nmr, 8 0.80 (13-CH,), 1.20 (10-CH,),
1.87 (6-CH;, m), 2.07 (17-OCOCHj;), 2.17 (20-CHj,), 5.51 and
5.63 (16-—CH,), 5.74 (4-H), and 5.87 (7-H) ppm. Anal.
(CeH0O4) C, H.

1,2a-Cyclomethylene-6,16-dimethyl-17«-hydroxy-4,6,15-

pregnatriene-3,20-dione (11).—A solution of 12 (431 mg) in
Me,CO (10 ml) and H;O (2.5 ml) was stirred with concentrated
HCI (2 ml) for 30 min. The solution was added to H:O and the
precipitate was collected, and dried. After several crystalliza-
tions from Me,CO—-Pr.0, 147 mg (349,) of 11 was obtained;
mp 248-260° dec; [a]D +112°; Amax 287 mu (e 18,850); nrmar, §
1.82 (6-CH;, 16-CH;), and 6.00 (7-H, 15-H) ppm. Anal.
(CaH50s) C, H.

5a,68-Dichloro-16-methylene-33,17 «-dihydroxypregnan-20-
one 3,17-Diacetate (18).—To a solution of 17 (11.02 g, 0.0257
mole) in 5531 ml of CH»Cl; and 2.38 ml (0.0283 mole) of pyridine,
which was stirred at 5°, was added a solution of Cl; (0.0283 mole)
in CCl: (77 mg, Clo/ml). The reaction was negative to moist
KI-starch paper in less than 2 min, The solution was then
washed with H;O until neutral, dried (Mg80,), and evaporated
to a residue in vacuo to yield 12.44 g of crude produnet. Crystal-
lization from MeOH yielded 9.24 g (729;) of 18: mp 195° dec;
[e]lp —129°; nmr, § 5.47 and 5.60 (16~—=CH.) ppm. Anal.
(CeHss05Cl:) C, H, Cl.

5a,68-Dichloro-16-methylene-33,17 «-dihydroxypregnan-20-
one 17-Acetate (19).—A solution of 18 (13.70 g, 0.0274 mole) in
760 ml of MeOH, 41 ml of CHCls, and 27.4 ml of 709, HCIO, was
kept at 5° for 18 hr.  Then, 1 1. of H,O was added, 1 1. of solvent
was evaporated #n vacuo, and insolubles were chilled and collected
by filtration to yield 11.4 g of crude product. Crystallization
from MeOH yielded 8.71 g (69.5%) of 19: mp 232° dec; [a]D
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—132°%; vuax 3359, 3290, 1751, 1730 (sh), and 1718 emi~t. Anal,
(CuH:0.CL) C, H, Cl.
63-Chloro-16-methylene-17 «-hydroxy-4-pregnene-3,20-dione
17-Acetate (21).—To a slurry of 7.8 g of CrO; i1 78 ml of
pyridine at 15° was added 19 (7.8 g, 0.0171 mole) it 78 ml of
pyridine. After 42 hr at room temperature, the reaction mixture
was added to 1.6 1. of ice-water and 160 m! of concentrated HCI,
T'he crude produet obtained by CH.Cl. extraction was chromatao-
graphed on 700 g of silica gel (100-200 mesh). Elution with
Et,0-CeHuy (3:7) afforded 3.38 g of 21. Crystallization from
Et,0 yielded 2.25 g (31.5%); mp 145° dec: [alnp —110%; Ay,
240 mu (e 15,000) [lit.? mp 1351-153°, [«]®p —113° (¢ L.,
CHClL), Maax 240 mp (log € 4.18)]; wnr, § 4.74 (6-H, t, Juu-., =
Jitgiieg = 2 Hz), and 5.88 (4-Hj ppm.  Anel. (CoHnOCD C
I, L
3-Ethoxy-6-chloro-16-methylene-17 «-hydroxy-3,5-pregna-
dien-20-one 17-Acetate (22).-—To a solution of 21 (5.76 g,
0.0137 mole) in 115 ml of dioxane was added 1.72 ml of IEtOH,
17.2 ml of triethy! orthoformate, and 17.2 ml of a solution of
Ha80~dioxane (1:19). After 15 min at 25°, 35 inl of pyridine
was added, and the solution was concentrated to a thick paste in
vacuo.  Addition of 10 ml of MeOH and cooling at 5° gave
erystallhie 22, 4.32 g (70.29), mp 173° dee, [afp —234°, N
252 mu (e 21,650) [lit.2 mp 177-178°, [a]®> —238° (e 1.0,
CHCL),y Amax 201 mp (log €4.55)].  Anal.  (CyxH3000) C, H, CL
6-Chloro-16-methylene-17 «-hydroxy-1,4,6 -pregnatriene-3,20-
dione 17-Acetate (23).—A solution of 22 (11.34 g, 0.0234 niole)
in 1.14 1. of Ce¢Hg was added to 17.30 g (0.0762 mole) of DDQ in
1.14 1. of CeHy and stirred at 25° for 6 . The reaction nixtnre
was filtered, and the filtrate was evaporated to a residue in vacuo.
The residue was dissolved in 3 1. of EtOAe-126:0 (1:1), which was
washed with 19, NaOH, theu with H.0, dried (MgR0,), and
evaporated to a residue. Since the praduct appeared by tle
[silica gel, CHClEtOAc (9:1)] to be a mixture of approximately
4 parts of Al.tb-trienne to 1 part ol Atd-diene, dehvdrogenation
was carried out again, as follows. The prodict (10.56 g) was
refluxed in 525 ml of dioxane with 5.72 g of DDQ for 4 hr.  Evap-
oration ‘n vacuo gave a residne to which was added 500 ml of
Cglls. The CgHg solntion was separated from insolubles and
evaporated in vacuo to a residiie which was taken up in EtOAc-
1,0 and washed as previously described. Evaporation of the
solvent gave a crude prodnet, 10.5 g, and two erystallizations
frcan MeOH yielded 28: 5.39 g (510.): mp 220° dec; [«]n
—173°% Amax 228 mu (e 10,8300, ufl at 235, 258 (10,450), 207
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(11,080) [lit.2> mp 228-230
Amax 229 mu log € 4.01), 258 (4.00), 297 (4.03)].
0,Ch ¢, H, CL

la,20-(4,3,1-Pyrazolino)-6-chloro-16-methylene-17 «-hydroxy-
4,6-pregnadiene-3,20-dione 17-Acetate (24).--1utu a solitticn of
6.0 g of 23, i 60 ml of CH.Cly, maintained av approxhnately 57,
was diztilled 600 nd of an 160 solution of C1LNs [prepared [rom
bist N=inethyl-N-nitresonerephthalamide by adding (o 96 ¢ of
EXR-101* <aspended in 1.2 1. of Pt.0 and 192 ml of TLO, «
solution of 4% g of KO, 192 ml of E{OH, and 96 ml of 11,07,
The closed reaction Hask was then alliwed to remabc wt 259 for
48 hr. xeess CHuNL was removed by air enteaibiuent. i
additional 6 g «d 23 wa~ similarly allowed (o react with CHaN.,
and the eomnbined veacrtion prodnets were clvomaragraphed o
sihen gel CP200, 964, and 487 g, <uccessive portions, 100201
sne<lu three 1hnes, cluting with Me,CO -Callyg (1030 1 obtang
280 gof impnre 24: Lofn -~ 13290 A 227 1op e DH0U) and 287
W e FRU0030 me 1704, 1739, 1672, 1615, and 1562 e L A
satislaetory analysis was not obtained for this substance.

1,2a-Cyclomethylene-6-chloro-16-methylene-17.-hydroxy-

4,6-pregnadiene-3,20-dione 17-Acetate (25).- A =olution ol
mpure 24 (2.6 g+ in 515 ml of MeCO and 5.2 30l «f 700, HCHO,
wix allowed o reaet at 25° for 20 mne An equal volmue of 11,00
wax then added, :nd (he pH was adjsted to abont 7 with
NaHCO.  Me,CO was vemoved (n raceo, and alter extraction
with C11,CL, the ernde prodnet of 251 ¢ was ehromatographed o
250 ¢ of sihiea gel 1100-200 mesh Ebition with MeCO-Cally,
(3:17) gave 760 wg, priveipally 25, Crestallizacon fron 6O
vielded 432 g PS5 0 mp 250° deer [alb #1270 Mgy 282
Mg Ce 1700000 v 1704, 1724, 1666, 1612, and 1559 fvw) ein b
iy, § 080 ¢13-Cllyy 123 (10-CHiy, 2,07 (07-OCOCH,), 207
C20-C1Hy) 3000 and 5,63 (16-==C"11,), and 6.20 ¢+-H, 7-H) ppoe
The recovered rotation =mmple was nzed for micromudysi= and
for maxs =pectroseopic detenuination.  lual,  (CuHaO,CT-005-
dioxaner C, 1, g0 ¢ (4280

S fad®™n —2177 (¢ 1.0, CHClg);
= ] 4\ 7[(1]. ((?24}1:;'
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Tricyclic Analogs of Melatonin
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The angular tricyclic analog of melatonin, 8-methoxy-6-ox0-3,4,6,7-tetraliydro-1H,5H-azac¢in[4,5,6-cd]indole
(IV) as well as the linear ‘‘dehydromelatonin,” z7z., 5-miethoxy-l-acetyl-2,3-dihydropyrrolo(2,3-blindole (VI)

liad retained only tiny fractions of the activity of melatonin.

showed no major CNS effects in mice and cats.

Melatonin, N-acetyl-3-methoxytryptamine (I),? has
been isolated from extracts of pineal glands and identi-
fied in peripheral nerves of mammals and man. It is
conveniently assayed by its lightening effect on frog
nelanocytes.®  Its biological properties are different
from those of other known lightening agents.*

We have now applied the photoeyclization of N-

(1) Visiling Seientisi 18966-1967.  Department of Chemistry, Cakashain
University, Mejiro, ‘I'okyo, Japan.

(2) A. B. Lerner, J. D, Case, and R, V. leinzelman, J. Awm. Ckem, Soc., 81,
6084 (1959).

t3) M. R. Wright aud A. B. Lerner, Frdocrirology, 66, 509 (1960).

(1) A, B. Lerner, J. D). Case, W. Mori, and M. R. Wright, Nuture, 183,

1821 (1959).

The lactain IV and the corresponding amine V

chloroacetyltryptophan (yvielding the lactam 1I%) 1o
the synthesis of the tricyclic dehydronielatonin IV and
its reduction product V (Scheme I). Ou irradiation
with a low-pressure mercury lamip in aqueous THI
buffered with NaOAc, N-chloroacetyl-5-methoxytryp-
tamine (IIT) afforded a 469 yield of the cyclized prod-
uct IV. Reduction of the eight-membered lactam IV
with diboranc at rooni teniperature gave 8-metlioxy-
3,4,6,7-tetrahydro-1H,5H -azocin[4,5,6 -¢d Jindole  (V),
after decomposition of an intermediary, stable boranc
complex by refluxing in ethanolic IXOH.

Tryptamine and tiryptophan derivatives are con-

(5) O, Yonemiist. 1, Ueentdi, und I3, Witkoy, J. Am. Chemw. Sov., 88, 311
(1966).



