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WTRACT 

The total rynfherer of racemic 1 6dithiabent 
ertra-3.~(10)r8,14-tetraen-17-one~I~and P 

,41- 
1,6-dith abenz- 

C3,4]-D-homoertra-3, (10) 8 140tetraen-lTa-oneaastarfing 
from imothiochromnn~-one w are dercribed . 

It ie well known (1.2) that the heterocyclic deri- 

vativea of rteroids dirplay different type+ of phyaiologi- 

cal propertier such am anabolic, anti-tumor, anti-inflam- 

matory, hypotensive, etc. Thiastrroidr, ruch ar 6-thia- 

8(9)-dehydrooatroner, were claimed to poecress anti-ferti- 

lity activity(J). Moreover, pentacyclic 8teroidr obtaln- 

ed by furlon of a carbocycllc ring ouch as benrene or cyclo- 

hexane or cyclopentane to the rteroid nucleur or pentacyc- 

lit rteroidr derived by the furlon of a carbocyclic ring to 

a heteroeterofd rkeleton are known to exhibit intererting 

and diverse biological propertier (4-12). Quite recently, 

Chorh and Raara (13) have alro reported syntheree of a se- 

ries of pentacyclic steroids by the fueion of an ethano 

bridge to positione 4 and 6 of estrone with the intention 

of rtudying thelr anti-fertility properties. A careful 

survey of literature (1,2,14-20) reveals the fact that 

there has been no report to date on the total synthesis of 
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l,i-dithia pentacyclic rteroidr. Encouraged by thir find- 

ing and alro in view of our continued intereat in the syn- 

theoir of newer types of thiasteroids, we wish to report, 

herein, the total rynthe8es of the racemates of the title 

eonpounds Big and 0X1(21 ) . 

The key intermediate, l-oxo~,19-dithia-l,2,~,~,9,1~~ 

hexahydrophenanthrene~I~7 required for the rynthesea of 

the title compounds @Ia and Da , was prepared starting from 

isothiochroman-l)-onem(22). Iaothiochroman-&onem, on 

treatment rithp-mereaptopropionic acid under the catalysis 

of p-toluenesulfonic acid (PTS) furnirhed the expectedp- 

(lH[~bencothiopyran-&ylthio)propionic acidcra. Cyclode- 

hydration of the acidbawith phorphorus pentoxide in refl- 

uxing benzene gave the tricyclic ketone, 1-oxo=4,ltLdithia- 

1,2,3,4,9,10-hexahydrophenanthrene~1~. The tricyclic ke- 

tone6Ig, on treatuent with vinylmagnerium bromide under 

Normant reaction conditions (23) gave the anticipated ally1 

alcohol, 1-hydroxy-1-vinyla,l&dithia-1,2,3rbr9(10-hexa- 

hydrophenanthrenem The PHR spectrum (CDC13) of the 

ally1 aloohol~indicated eignal~ at 6 2.0-3.9 (m,SH,meth- 

ylenes at C2 and C3 and the hydroxyl proton). The methy- 

lone protona at position 9 appeared as an AB-quarfet cente- 

red at 6 3.72 (JB = 14 Hs). The complex multiplot obaer- 

red at 6 5.0-6.0 for the olefinic protonm was in conformity 

with the expeoted ABC pattern reported for the styrene-type 

sy8teme (24). 



522 S TmEOXDB 

fhe unstable ally1 alcoholagreacted smoothly with 

thiourea and glacial acetic acid (25) affording the more 

stable b,lO-dithia-1,2,3,4,9,lO-hexahydrophenanthrenylide- 

neethylieothiuronium acetaterd. Condensation of the iso- 

thiuronium acetate@Jwith 2-methylcyclopentane-l,+dione 

(26) in a mixture of water and ether (lrl) gave the expec- 

ted 8,14-seco-1,6-dithiabenz~,4~ertra-3,5(10),9(11)-triene 

-14,17-dione[Va . 

Cyclodehydration of the secosteroidfif7with mefhanolic 

hydrochloric acid (27) afforded the title compound,~. 

racemic 1,6-dithiabenr[3,4~estra-3,5~10),8,14-tetraen-l7- 

one&IIJ. 

Condeneation of the isothiuronium acetate&!with 2- 

methylcyclohrxane-l,+dione (28) under the same conditions 

yielded 8,l4-seco-lr6-dithiabens~,4~-D-homoeetra-3,5(10), 

9(11)-triene-14,17a-dione&III]. 

Initial attempts to effect cyclodehydration of the 

secodione~II~omploying methanolic hydrochloric acid (27) 

or dioxane-hydrochloric acid (29) failed to furnish the 

desired pentacyclic dithia-D-homoateroidhX]. However, 

cyclodehydration of the eecoe!teroidfiII~with p-tofueneteul- 

fonio acid (PTS) in refluxing benxene for 15 min proceeded 

smoothly, furnishing the anticipated racemic 1,6-dithia- 

benz~~r4~-D-homoestra-~,5(10),8,14-tetraen-17a-one~X~(3O>. 



Hydrogenation of the 8,9 and 14,1$-olefinic bonds in 

the title o~~u~s~I~~~~over 1#$ palladium-on-carbon 

was unsuccessful and the starting compoumds wore recovered 

unchanged. No absorption of hydrogen was notioed at atmos- 

pheric pressure and at room temperature or at slightly ele- 

vated pressures. The observed difficulty might perhaps be 

due to the deactivation of the catalyst by the sulphur 

present in compoundsfiI~andfi~. 

The tricyclic ketone@a, the key intermediate in the 

synthesis of the title compounds~I~and~~was available 

in larger quantity. It was felt profitable t0 t?UYiVe at 

the appropriate reaction conditions to hydrogenate the ole- 

finic bond in the tricyclic ketoneDIg, so that the know- 

ledge could be extended to hydrogenate the olefinic bonds 

in the two pent&cyclic compounds~I~~d~~ referred to 

above. 

Initially hydrogenation of the olefinic bond in the 

tricyclic ketone~I~wes attempted with l@% palladium-on- 

carbon or with 30% palladium-on-carbon at atmospheric pres- 

cure and at room temperature, but with no success. Attemp- 

ted chemical reduction of the oleffnic bond in the tricy- 

cfic compoundCfII]with lithium in liquid ammonia furnished 

a gummy material (different from the starting ketone) which 

on TLC examination was found to be a mixture of several 

components, From a study of the spectral propertie of 



this material (PMR and Ii%) it was noticed that the ketone 

had Suffered a oarbon-eulphur bond cleavage, although the 

olefinic bond appeared to have undergone saturation. 

Hydroboratfon of the olefinic bond followed by proto- 

nolysie was conSid8r8d 88 an alternative procedure to ob- 

tain the COrreSpOnding Saturated tricyclic ketone (31). 

Hence the tricyclic ketOne~I~W88 treated with the tri- 

rnet~l~ine-borane complex in dry tetrahydrofuran (THF) 

according to the procedure of Murray (32). Protonolysis of 

the resulting product wad effected with propionic acid. 

After the usual work-up, a large amount of the tricyclic 

keton8~I~waS recovered UnreaCt8d. A small asount of the 

product, left after the separation of the starting tricy- 

clio k8tOI’&ee Showed in its IR spectrum th8 absence of car- 

bony1 absorption. The PMR spectrum of the product indica- 

ted th8 presence of the olefinic protons. The failure to 

hydrogenate the olefinic bond in the tricyclic conpound~If7 

under hydroboration conditions may be attributed to its 

tet3?8Sub8titUt8d 3IatUr8. fn Vi8W Of the88 diffiCUlti88~ 

fUrth8r conversion of the title compounds&Iaand0XJto the 

corresponding 8,9,14,15-tetrahydro derivatives,&&, 1,6-di- 

thiaben~~3,4~estra-3,~(lO)~ien-l?-one and l,$nd~thiaben~- 

~,~-D-homoestr8-3,g(lO)-dien-l7'a-one could not be rea- 

lised. 

EXPERIbBRTAL (33) 

~-~lH-~~~en~othiop~~~-ylthio)propionic ac!idDag A sol- 
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ution of irothioehromnr&-onola(16.4 g), -merc8ptopropio- 
nit aoid (10.6 g) and PTS (1.33 g) in dry & nsono (2::) 
was rofluxod for 20 h uring a Dean-Stark water se 
The benrene rolution war cooled and extrseted wit R" 2R po&- 
erium carbonat. rolution (4 x 60 ml). The oombined aquooue 
alkaline l xtraota wore cooled and neutralfred with dilute 
hydrochloric raid (111) at Oo to afford 8 dark brown solid. 
This solid war filtered, waehed with water and dried. Re- 
cryetalliration of the crude rolid from rethylene chloride- 
hexane after treatment with norite gave the analytical eam- 
ple ofna(to g, 8W ld) 
mp 110.1120: 

80 a brown cryeklline solid, 

9 

IR(CHCl3 
lit OH atretching), 

rax 3500-3200 (broad, bonded oarbo- 
1710 (CO, aoid dimer), 15f30, 1480, 

1 50 and 1420 om-1 (aromatic C-C &retch). PMR (@Cl ) 6 
2.5.3.O(r,4H, S-CH -CH -CO), 
olefinic proton), .O 34 

).8(s,WiH,Ar-CH2-S), 6.85?#,lH, 
.O(m,4H, aromntic protons) and 12.0 

(34) 6 28.7)(&S-a-CHECO), 3l.&t,Ar-CH -Si 34.2(t 
(e,acid proton, dieappeared on D 0 exahange) Cm (CDC13) 

S-CH -CC -CO) 125.6b(d,olefinic carbon af pobition 3f 
127.b. f28.0&, 129.03 and 129.33 (d, aromatic aarbone 
128.24, 129.52 and 132.62 (r,aromatic tertiary carbona 'and I 
177.9 (8, acid carbonyl o-bon): mace peaks 8t 4% 252(H+*, 

* m/r 179 (71%), m/r 147 (35k), a/r 135 (75$)r m/s 115 
. 

a. Calcd. for C12Hl202S2 I C.56.141 H, 4.76$. 

Found: C, 55.92: H, 4.51$. 

wae refluxed for 5 h. The reaction mixture wae cooled and 
the benrene molution decanted. The reddish maee was de- 
composed with ioe-cold water (500 ml) and extracted with 
benrene (3 x 60 ml). The combined benrene extra&e were 
washed with eaturated aodiur bicarbonate rolution (2 x 40 
ml) and then with water (1 x 20 ml). The dried bensene 
layer was evaporated to afford the tricyclic ketonefif~srr 
a reddieh brown solid (15 6). Chromatography of thie mate- 
rial through eilioa gel (250 g) furnirhed from benrene-hex- 
ane (211) eluatea (4000 ml) the desired ketonefiIg(7 gr 
30$ yield) ae a brownirh yellow solid, lap 148-150 l Recry- 
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(6, carbonyl carbon); mass 
m/s 2 3 
R/e 1 6 2 

(26%) i m E 206 
/ 

(23% 7 
eaks at m/z 234 (N”**, lOO%), 
. 

(sse), m s 134 (35%). 
m/s 178 (22%). 4~ 177 (24470), 

Anal. Calcd. for C12H10CS2: c,61.54; H,4.27%. 

Found: C,61,32r H,4.10%. 

l-ZIudro~-l-vfnul~,l0-dithia-lr2,3,4,9,l0-hexahudro~hean- 
t~ene~IV~ I To a stirred suspension of vinyl~~esi~ bro- 
mide (from 20 ml of vinyl bromide and 3.5 g of magnesium 
turnings) in dry tetrahydrofuran cooled to -20° wae added 
dropwise a solution of the tricyclic ketoneDIIJ(4.68 g) in 
dry tetrahydrofuran precooled to -20° in an atmosphere of 
dry nf trogen . The reaction mixture was slowly brought to 
room temperature and then refluxed for 6 h. The dark brown 
Grignard complex was decomposed with ice-cold lO% a~onium 
chloride solution and the yellowish brown product was ext- 
racted with ether (3 x 100 ml). The dried ethereal layer 

under reduced pressure to give the crude all- 
6.5 g) as a gum. Attempted purification of 
by evaporative distillation at 100-llOo/ 

mm led to its decomposition giving rise to a 
merit material. However, the crude ally1 alcoholna (rt!- 
on rapid chromatography through neutral alumina (120 g) fu- 
rnished from methylene e eluates (3000 ml) a fairly 
pure sample of the alcohol (4.5 g, 90% yield). All att- 
empts o induce solidification of this m failed; IR 
(film) 

5 
max 35900 100 (broad, bonded OH , 1640 (olefinic ‘5” 

stretch , 1590, z 1 90, 1450 (aromatic skeletal vibrations), 
1000 and 920 cm' 1 (viz@ ending)i m (CDCl3)$2,0-3.9 (m, 
methylenes at C2 and C3 and the hydroxyl proton), 3.72 (Ah- 
quartet, 2H, aethylene at C4), 5.0-6.0 (m, 3H, -CH=CH2), 
7.0-7.7 (m, 4H, aromatic protons). 

4,10-~fthia-1,2,3.4.9.tOlhex~he~vdro~hs~t~e~lidenee~l- 
~~, To a mixture of the purfffsd’allyl 
alcohollTW (3.93 g) and thiourea (1.14 g) cooled to O-50 
was added 15 ml of glacial acetic acid. The resulting mix- 
ture was slowly brought to room temperature and stirred for 
12 h. At the end of this period, 80 ml of dry ether was 
slowly added to the reaction mixture. The precipitated 
product was separated and washed several times with 
tone (4 x 25 ml) to furnish the analytical sample 

60% yield), as a white amorphous solid, rap 138-140 
KEMO~ 3240 (NH stretch), 1645 (olefinic stretch), 1580, 
1500, lg?B and 1440 cm-1 (aromatic skeletal vibrations);PWR 



. r/t 212 (1W). m/s 185 (?S), m/s 
and m/t 134 (S$c). 

Anal. Calcd. for C+,H2ON202S3: C,53.681 IL5.26: N,7.37% 

FOUL c,53.21 1f.5.101 ~,7.22$. 

ted and the 4urour layer was l xtraoted with ether (2 x 20 
al). The combined ether extraat wa8 rarhed succerrively 
with lO$ potaarium carbonate 8olution (3 x 15 ml) and water 
(2 x 15 ml). maporation of the dried solvent afforded a 
thick brown 

USE 
(0.82 g) which on chromatography throu@ 

neutral al (25 g) furni8hed from bensene-hexane (381) 
eluateo (1500 ml) a brownieh yellow rolid whioh on recr rt- 
l lli8ation from methanol gave th8 ulalytioal ramp10 of fl 
(0.67 gr 955 yield) a8 brownish yellow flakor, mp 110.1120: 

E 

UVA (ethanol) 215 (E, 2816). 259 (2, 2720) and 358 N 
(c, !!w2)‘ IR(CHCl )'3 1750, 1725 characteri8ticl;;02,2- 
di8Ub8tihrted ()5)'CyCEx ntane-1 3 -J iOn0 ~0i 
(tri8ubstitutOd C-C), 14& 1450 brd 1410 CR- 

4X& CalM. for C2OH2002S2' C,6,.421 ~,5.62$. 

Found1 C.67.481 H,5.97$. 

quantity of 80 
droprire under rtirring cone. 
rolution became turbid. A little exce88 of the acid wa8 
added in order to have porsi8tent turbidity. After stirring 



the contents for a further period of 45 min, the precipita- 
tion was complete. The resulting sorid was filtered and 
washed several times with 8 mixture of water and methanol 
(111). Rapid chromatography of this solid (0.35 g) through 
silica gel ( 
ates(1500 ml 3 

5 g) furnished from beneene-hexane (2tl) elu- 
a yellow solid which on recrystallisation 

from hexane-chloroform afforded an analytical sample of@a 
(0.26 gr 75% yield) as a yellow crystalline solid, mp 179- 
1800: UVA, (ethanol) 212 (E, 13520). 218 (E, 13182). 238 
(c 8788) 298 (E, 8?88), 297 (E, 9126) and 410 nm (e,8ll2); 
IR'(CHC1 5-j 1735 (C=O), 1650 (trisubstituted olefinic 
bond), 1300,"lrF80, 1420 (aromatic skeletal vibrations) and 
840 cm-1 (out of plane bending of the olefinic C-H); PMR 

133.97, 145.13 (8, m-carbons at C 
C10) and 218.67 (s, carbonyl carbon a 

, 
t 
C4, C , C , C9 and 
osit on i B 

peaks at m/s 338 (I@‘, 
7); mass 

and m/s 295 (19%). 
100%). m/z 310 (&2%L m/S 309 (19%) 

&&. Calcd. iOr c&i18~s21 c,71.01$ H,5.33%. 

Found, C.71.25: H.5.8046. 

niuw acetate 
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217 (20#), m/z 212 (21$), m/a 185 (13s) and m/a 165 (lS$)e 

&!a@ calad. for C2$f2202Sp C.68.llt H,S.grif. 

Foundt G67.94, H,5.63%. 

e recovered material with that of the authentic secodione 
the identity of the two. 

til the solution became turbid. After stirring for 30 ain, 
a comparative TLC (benrene) of the reaction mixture with 
the starting seoodione~I1 revealed that no reaction had 
occurred. The reaction mi P ture was then warmed to 600 for 
2 h with stirring. The solvent was removed under reduced 
pressure and the residue was extracted with ether (2 x 25 
al). The ether solution was washed successively with eatu- 
rated sodium bicarbonate solution (2 x 15 ml) and water (2 
x 20 ml). The dried ether extract was evaporated to fur- 
nish a gum whi h was found to be identical with the start- 
ing eecodione II lb as evidenced from a comparative study of 
TLC and IR characteristics. 

-D-homoertra-3,5(10),8,14-tetraen-17a- 
n of the secorteroidLVII&/ (0 

dry, thiophene-free bensene (70 ml) containing $l 
was refluxed for 15 min. using a Dean-Stark water se 

p” 
ator. 

The reaction mixture was cooled and poured over ice 40 g). 
The benaene layer was separated and the aqueous layer was 
extracted with benzene (2 x 20 ml). The combined benrene 
extracts were washed successively with saturated sodium bi- 
carbonate solution (20 ml) and 6odium chloride solution (2 
x 15 ml). Evaporation of the dried solvent gave a crude 
yellow solid, which on chromatography through silica gel 
(30 g) furnished from benrene-hexane (312) eluates (1200 ml) 
a pure sample of~~(O.3 gr 85s yield). An analytical sam- 
ple was obtained by recrystallisatian fkom methanol contai- 
ning a few drape of acetone, as a dark yellow crystalline 
solid mp 164469o; IR (CM1 ) 
substituted olefinic s,et=hs,~~,1~nS'~~);,:~'~rn'pt,_ 
OlaatiC skeletal vibrations): F%R (CDCl3)$1.25 (8, 3H. C18- 
methyl), 1.3-3.0 (m, 8H, methylene6 at C1 
C17), 3.52 (AD-quartet, 2H, methylene at 7, E' 
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Anal. Calcd. for C21H2OOS2: c.71.6; H,5.68%. 

Found: C,72.05# H,5.88%. 

g) in an atmosphere of hydrogen for 12 h in a Parr hydroge- 
nator. No absorption of hydrogen was noticed at atmorphe- 
ric presrure and at room temperature. The exporieent wae 
continued for a further period of 3 h at an elevated pres- 
sure of 2 to 3 atmospheres. No absorption of hydrogen wa8 
noticed. The catalyst was removed by filtration and the 
benzene solution was evaporated to afford a yellow solid 
which was found to be identical with the starting compound 
z&<bgn; comparative study of TLC, IR and mixed mp deter- 

. 

as well as 30% palladium-on-carbon catalysts following the 
procedure described above. The yellow solid obtained was 
found to be identical with an authentic sample ofD1 
comparative study of the TLC, IR and mixed mp determ 

AttemDted chemical reduction of the olefuc bond infiII7: 
To a stirred solution of the tricyclic ketone (0.5 g) in li- 
quid ammonia (150 ml) and dry THF (50 ml) was added freshly 
cut lithium (45 mg). Stirring was continued until the reac- 
tion was over a8 indicated by the disappearance of the blue 
colour. After the evaporation of liquid ammonia and THF, 
the residual reddish brown gum was taken up in ether and wa- 
shed with water (3 x 20 ml). Evaporation of the dried ether 
extract gave a thick brown gum (0.47 g). TLC (benzene) exa- 
mination of this gum indicated it to be a mixture of several 
camp 

$ 
enta having cloee R valueel IR (film) of this pro- 

duct 1700 1600 1495,and 1450 cm-l; FMR (CDC13) S2.3 
(s), 2253.5 (lf3). 7.3 (8, aromatic protons). 

AttemDted saturation of the olefinic bond infiIabY hydro- 
To a stirred solution of the tricy- 
dry hexane (2 ml) and dry THF (10 ml) 

under anhydrous oxygen-free nitrogen atmosphere wae added 
dropwiee a solution of the trimethylamine-borane complex 
(Aldrich chemical) (0.06 g) in dry THF (10 ml). The system 
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was stirred at room temperature for 2 h and was then refl- 
uxed with stirring for 12 h. At the end of this period, 
propionic acid (6 ml) was added to the reaction mixture 
and the contents were refluxed for 3 h. The solvents were 
removed under reduced pressure. The residual yellow gun 
was extracted with ether (30 ml) and the organic layer was 
washed with water (3 x 10 ml) and dried. Evaporation of 
the solvent afforded a brownish yellow gummy solid (0.55 
id* TLC (beneene) examination of this product indicated 
several spots, nant spot corres onded to the 
starting tricyclic ketone II](Rf value 0. B ). bcareful 
and rapid chromatography of the above crude product thro- 
ugh a short column of silica gel (20 g) gave mainly from 
the bentene eluatee two fraotions, The first fraction ob- 
tained from bentene (250 ml) was found to posse88 a dif- 
ferent Rf value from that of the starting tric clic ketone, 
while the second fraction from bencene (500 ml was shown 
to be the starting tricyclic ketone 
spectral data obtained for the f 

Ig. 
s 

The following 
init al fraction clearly 
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