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HETERDCYCLIC STEROIDS-PART X: TOTAL SYNTHESIS OF
12,15-BISTHIA-1,3,5(10),6,8,13(14)-GONAHEXAEN-1T7-0NE
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ABSTRACT

The total synthesis of 12,15~-bisthia-«1,3,5(10),6,8,
13(14)-gonahexaen-1T7-one(I11) from {.chloxromethylnaphtha-
lene(lV) is herewith described,

Recent publications on heterocyclic steroidal systems
(1 to 5) indicate that there has been no report on the
total synthesis of t2-thiasteroids in the equilenin series,
In & broad programme to study the influence of sulphur in
position '12' of the steroid nucleus on the bioclogical
activity, the total syntheses of 3.deoxy-i2-thiaequils-
nin(I) and 12-thiaequilenin methyl ether (II) were under-
taken as early as in 1975 based on a new approach (6). In
continuation of our studies on structure-activity relation-
ships, the synthesis of the title compound (1I1) was
achieved adopting @ short and simple synthetic approsch,
1-Chloromethylnaphthalene(IV), upaon treatment with thio-
glycollic acid in 2N sodium hydroxide, furnished a product
which upon recrystallization from carbon tetrachloride
gave the an8elytically pure sample of 1-naphthylmethyl-
thicacetic acid (V) as a pele yellow crystalline solid in
80% yield. It may be pointed out here that Luma and

Berchtold (7) have also reported the synthesis ef acid (V)
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almost in comparable yield to the present ons by canden-
sing 1-mercaptomethylnaphthalens with chloroacetic acid.
The thioacetic acid derivative (V) on cyclodehydration
with phosphorous pentoxide in refluxing benzene afforded
a brownish thick gum which on chromatography afforded
from benzene-hexane (1:1) eluates a fairly pure sample of
the ketone (VI) which on recrystallizatien from carbon
tetrachloride yielded the analytically pure sample of
{-oxo-3-thia-1,2,3,4-tetrahydrophenanthrene (VI) as an
yellow crystalline solid in 25-30% yield. Luma and
Berchtold (7) have alec reported the cyclodehydration of
the thiocacetic acid derivative (V) essentially under
conditions ®Similar to what we employed but the authors
(7) reported the resulting tricyclic ketone (VI) in lower
yields, The tricyclic ketone (VI) upon reaction with
thioglycollic acid in presence of p-toluenesulphonic acid
(PTS) in benzene at reflux temperature, afforded a pro-
duct which upon recrystallization from benzene gave the
analytically pure sample of (3-thia-3,4-dihydrophsnan-
thren-1-yl) thiocacetic acid (VII) as a dark brown crys-
talline solid in 50% yield., The thicacetic acid deriva-
tive (VII) on further cyclodehydration with PTS in re-
fluxing benzene gave a brown gummy solid, Chromatography
of this product through silica gel and recrystallization
from methanol gave a pure sample of 12,15-bisthia-1,3,5

{(10),6,8,13(14)~gonahexaen-17-one (III) as an orange
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crystalline solid in 15% yield. The structure assigned to

it was supported by its spectral data (see Experimental).

All attempts to hydrogenate the 13,14-olefinic bond
in (III) employing the conventional catalysts were un-
successful thereby preventing the desired methylation at
C13. In view of these limitations, further transformation
of (III) into the desired 3-deoxy-12,15-bisthiasequilenin

could not be achieved,

EXPERIMENTAL (8)

{-Naphthylmethylthicacetic acid L!l: To a well-stirred
solution of thioglycollic acid (7g) in 2N sodium hydroxids
solution (55 ml) maintained at 0-5°C, was added dropwise a
solution of 1-chloromethylnapthalene (IV) (11,25g) in
50 ml of acetone for about on® hour and stirring was con-
tinued for about fifteen hours, Water (50 ml) was added
to the reaction mixture and the aqueous layer was washed
with ether (2x25 ml) and then neutralized with aqueous
dilute hydrachloric acid (1:1) at 0°C to afford a solid,
which was filtered, washed with water and dried. Re-
crystallization of the crude sclid from carbon tetra-
chloride gave the analytical sample of (V) (13g, B80%
yield) as a pale yellow crystalline solid, m.,p. 111-112°
reported (7) m.p. 110-111° ; IR(KBr) 9pax 3200-2800
(bonded OH stretching and CHy-stretch), 1680 (CO acid
dimer), 1590 and 1500 cm~! (aromatic C=C stretch).
TH-NMR(CDC15) § 3.2(s,2H,-5-CHp-COOH), 4.4(s,2H,Ar~CHy-
5), 7.4-8.,4(m, TH,aromatic protons) and 11.0(s,acid pro-
ton) and the last signal disappeared on shaking with D,0;
mass peaks at m/z 232 (M*°,18%), m/z 173(3%), m/z 1T
(4.3%), m/z 141(100%), w/z 139(63%) and m/z 115(12%).

Anal. Calcd., for C{13Hq2025: C,67.24; H,5.17%.

Found: c.66-89; Hp 5.29%.

1-0Oxo-3~-thia-1,2,3,4-tetrahydrophenanthrens (VI):

A mixture of the acid (V) (8.7g), phosphorous pent-
oxide (36g) and thiophene-free dry benzene (125 ml) was
refluxed under anhydrous conditions for five hours, The
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benzene layer was separated and the residue was decomposed
with ice-cold water, The aqueous layer was extracted
with benzene (2x25 ml); the combimed benzene extracts were
washed with saturated solution of sodium bicarboneate

(3x20 ml) and then with water (2x20 ml), The brownish
thick gum, obtained on evaporation of the dried benzene
extract, was chromatographed through silica gel (130g).
The benzene-hexane (1:1) eluates upon evaporation gave the
pure product, which on recrystallization from carbon
tetrachloride yielded the apalytically pure sample of the
tricyclic ketone (VI) (2,2g, 25-30% yield) as a yellow
crystalline solid, m.p. 123-124° reported (7), m,p. 125~
126° ; IR(KBr) Qpax 1670 (CO stretch), 1600, 1570 (aro-
matic skeletal vibrations) 1260 cm™ (L-S stretch);
1H_NMR(CDEla) 'S 3.5(5,2H,-S-CH2-CU-), 4.2(s,2H,Ar-CH,-S)
and 7,3-8.3 (m,6H,aromatic protons); 13C-NMR(CDE13)

28.47 (t,-5-CH,-L0), 37.47 (t,Ar-CH,-5), 125.76-142.55
(aromatic carbons) and, 193.44(s,C0); maess peaks at m/z
214 (M**,72%), m/z 184(2%), m/z 172(2%), m/z 171(5%), m/=z
168(100%), m/z 141(30%), m/z 140(64%) and m/z 139(28.3%).

Ansl, Celcd., for Cq3Hig0S: C,72.90; H,4.67%.
Found: C,73.10; H,4.674.

(3-Thia-3,4-dihydrophenanthren~-1-yl)thioacetic acid (VII):

A mixture of the tricyclic ketone (VI) (1.07g),
thioglycollic acid (0.5g) and PTS (0.1g) was refluxed in
dry benzene for 16 hours under anhydrous conditions, The
benzene layer was extracted with 10% sodium hydroxide
solution (2x20 ml) and the alkaline extract cooled to 0°
was acidified with hydrochloric acid (1:1) to give the
corresponding VII as a solid, which was filtered and
dried in vacuum. Recrystallization from benzene gave the
analytical sample of VII (0,73g, 50% yield) as a dark
brown crystalline solid, m.p. 174-175°; IR(KBr).Qmax
3200-2800 (bonded OH and CHp stretching), 1700 (CO stretch
acid dimer), 1600-1400 (aromatic skeletal vibrations).

The olefinic stretching appears to have merged with the
aromatic skeletal vibrations because of its conjugation
with sulphur atom, 1H-NMH(CDCla) & 3.7(s,2H,-5-CH,-COUH),
4,52 (s,2H,Ar-CH;-5), 7,4(s,1H,-5-CH-C) and 7.6-8.4 (m,6H,
aromatic protons); mass peaks at m/z 288 {(M**,100%), m/z
287(12%), m/z 229(65%), m/z 228(24%), m/z 197(18%), m/z
185(59%), m/z 184(38%), m/z 165(18%) and m/z 152(18%),

Apal, Calecd, for CygHy2055,:C,62,50; H,4.17%.
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Found: C,62,72; H,4.31%.

12,15=-Bisthia-1,3,5(10),6,8,13(14)-gonahexaen-1T7-one (111}

A mixture of tricyclic acid (VII) (0.28g) and PTS
(20 mg) was refluxed in dry benzene (20 wl) for 3 hours
using a Dean-Stark apparatus, The benzene layer was
washed thoroughly with saturated sodium bicarbonate solu-~
tion (2x10 ml) and then with water (10 ml). Evaporation
of the dried solvent yieldsd a gummy solid which was dis-
solved in benzene and quickly passed through & short
column of silica gel (15g). The product obtained from
benzene eluates was recrystallized from met h&nol to give
(I11) (40 mg, 15% yield) as a crystalline solid, m.p.
141-142°; IR(KBr) iamax 1680 (conjugated carbonyl
stretch), 1600-1480 em-! (aromatic skeletal vibrations)
and 1620 cm~! (sh) (olefinic stretch). 'H-NMR(CDC13)§
3.50(s,2H,-5-CH,-C=0), 4,25(s,2H,Ar-CHy-5) and 7.4-8.1
(m,6H, aromatic protons), mass peaks at m/z 270 (M*+,2%),
?éz%§12(50%). m/z 168(90%), m/z 140(100%),and m/z 139

0 -

Anal, Calcd. for CygHyg0S,: C,66.66; H,3.70%.
Found: C,67.01; H,3,83%.
ACKNOWLEDGEMENT

P.Ch, is grateful to the Director-Gensral, C.S.I.R.
New Delhi for finmancial essistance (JRF) and the Director
of this Institute for providing necessary facilities,




2.
3.

STHBOID-

REFERENCES

HUISMAN,H.0., 'Total synthesis of heterocyclic
steroidal systems', in MTP internaticnal Review of
Science, 'Steroids', Vol.8, Ed. by Jochns,W.F.,
Butterworth,London (1973), pp 236-44,

MORAND,P, and LYALL,J., Chem., Rev., 68, 85 (1968).

RAMADAS,S,R. and CHAUDHURI,A.P., J, Sei, Ind, Res.,
India, 34, 563-585 (1975).

RAMADAS,5.R, and SRINIVASAN,P.S., STEROIDS, 3Q,
213 (1977).

RAMADAS,S.R, and PADMANABHAN,S,, STEROIDS, 33, 153
(1979).

A simple and new route towards the total synthesis
of 3-degxy-12-thisequilenin(I) and 12-thisequilenin
methyl ether(II) has been developed, A prsliminary
report on these results appesred in J, Steroid
BiQChem.’ 2' 813 (‘975).

LUMMA,W.C, and BERCHTOLD,G.A., J. Org. Chem., 34,
1566 (1969).

The recorded temperatures are uncorrected, IR
spectra were taken using a Perkin-Elmer grating
infrared spectrophotometer, model 257, NMR spectra
were recorded on Varian XL 100 spectrometer using
tetramethylsilane (TMS) as the internal standard,
the chemical shifts being reported in '§' values,
Mass spectra were taken using A MAT.CH 7 spectro-
meter,
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