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Abstract ~ This review describeg the recent progress

achieved in the partial and total syntheses of thiasteroids
as well as in the total syntheses of pyraszole and isoxagole
analogues of steroids with sulfur atom in various positions

of the sterold mucleus,

IRTRODUCTION
There has been a tremendous progress in recent years in the field of thia-
analogues of aromatic and non-aromatic stercids. 4 voluminous literature on

thiagteroids has appeared in recent timeg. In spite of the fact that there

appeared in literature general reviews on steroidst™S

steroids7—11

and heterocyclic

y & detailed account on the chemistry and syntheses of 'L'h:l.a.-
ateroids of different types is not reported till date. This necessitated us
to review and highlight the current trends schieved in the field of thia-
sterolds.

For the sake of convenlence the review is divided mainly into two sections.
Section 1.1 deals with the partial and total syntheses of thila-analogues of
aromatic and non-aromatic stercids while Section 1.2 concerng lteelf mainly
with the description of the total syntheses of pyrazole and isoxazole
anslogues of steroids with sulfur atom in 6, 7, 11 and 12% positions of the

steroid nucleus.

gection 1,1
l=-Thiasgterolidss:
Lehman and coworkersla, in 1968, achieved the total synthesgsis of 2~phenyl-i-

+ gteroid numbering
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nor-l-thia-3~azaestra-2,5(10),8,14~tetranen-17-0l (8) (Scheme I} starting with
2-phenyl-T~oxo-4,5,6,T-tetrahydrobenzothiazole (1) adopting the familiar

Torgov-~Smith approachl3"19.

Cyclodehydration of the seconteroid (6) under the
influence of p-toluemesulfonic acid in refluxing toluene, yielded 1T7-oxo=2-
phenyl-A-nor-l-thia-3-azaestra=2,5(10),8,1l4~tetraen-1T-one (7) in 95 9%, yiela.
The tetracyclic ketone (7} on sodium borohydride reduction furnished the
corregponding 17B-hydroxy derivative (8). 8Similarly the syntheses of hetero-
gteroids {9 and 10) were also achieved,

Recently Johnson and coworkerszo'21 have developed a new method of gynthesis of
stercids, especially aromatic stercids, via clefinic cyclisation approach which

iz based on the basic concep't22’23
24=28

of the in vivo synthesis of gteroids.
Several groups of workers have described the total synthesis of steroids
by thisg new approach.

29,64 edopting this biomimetic apyrosch reported the total

Coxvers and coworkers
gynthesis of A-thiencestrone {25) as depicted in Scheme II. Reaction of 3~bromo-
thiophene with n-butyllithium afforded 3-thienyllithium which was treated with
the bromide (11)30 to furnish the corresponding acetal (12), Hydrolysis of the
acetal (12) produced 3-{3-thienyl)-l-propanal (13) which on trestment with
triethylphosphonoacetate gave the unsaturated ester (14). Reduetion of 14 with
diisobutylaluminium hydride (DIBAI-H) gave the corresponding allylic aleohol
which on methylation gave the corresponding methyl ether (15). The copper-
promoted couplin331 of the allylic ether {15) with the CGrisnard derivative (16)
gave l-(3~-thienyl)-7~{5-methyl-2-furyl)-E-hept-3-ene (17) in excellent yield,
Acid-catalysed opening of the furan ring in compound (17) by the method of
Johnson32 fforded the diketel {(18), which on hydrolysis followed by cyclodehy-—
dration under basic conditions led to the formation of the cyclopentenone
derivative {19). Reduction of 19 with TAE afforded the cycloventenol deriva-
tive (20). GCyclisation of 20 with one equivelent of anhydrous stannic chloride
in methylene chloride afforded the tetracyclic derivative (21}, Treatment of

21 with N=-chlorosuccinimide (HCS) in tert-butancl-water cave a 1l:l mixture of

the two igomeric chlorohydrins {22 and 23). This mixture on treatment with
K,05 in methanol gave the a=epoxide derivative {24), which on treatment with
boron trifluoride etherate gave the expected A-thienosteroid (25).

In 1978, Kowmene and coworker333 reported the gyntheses of several l-thiasteroid
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derivatives (Scheme III}. 1,5-Dioxo=Ta-methyl-3ac,Taf-hexshydroindan-4q-
ylacetic acid (26)34’35 on gelective Grignard reaction with an excess of
2-thienylmasnesium hromide gave an epimeric mixture of the 1l:l adduct retaining
both the l-oxo function in the S-membered ring and the carboxyl moiety. The
mixture on heating with acetic anhydride in pyridine afforded the clg-y-lactone
(27) besides = coneiderable amount of thienyl ixang-y-lactone (28), Treatment
of 28 with ECl0,-acetone gave the more stable cis-y-lactone {27} in greater
yield., The 2-thienyl-cig-y-lactone (27) when refluxed with H,50,~methanol gave
the vinylthiophene derivative (29}, The free acid (30) prepared by hydrolysis
of 29 on treatment with trifluorocacetic anhydrid336 in boiling henzene gave
rise to 6-oxo—~9-dehydro-A-thienostercid (31}). Reduction of 29 with sgodium boro-
hydride followed by hydrolysis gave hydroxyvinylthiophene derivative (32).
Treatment of 32 with trifluorocacetic anhydride in benzene at room temperature
for 1 h afforded the expected cyclisation product (33), Huane-Minlon reduction
of which gave 9-dehydro-A-thienogteroid (34}, Refluxing of vinylthiophene deri-
vative (32) with trifluorcacetic anhydride in benzene for a short period gave
the A-thienocequilenin derivative (35) in sddition to A-thieno~6~oxo derivative
{33). Refluring the game reaction mixture for a longer period (24 h) gave
A-thiencequilenin derivative (35) in quantitative yield, A similar aromatiza-
tion of the B-ring was 2lgo achieved in the remction of 6a-acetate (38), derived
from (36) or (37) on sodium borchydride reduction and acetylation. Thus
refluxing of 38 with p—-toluenesulfonic acid in benzene afforded the A-thieno-
equilenin derivative (39).

On the other hand, hydrogenation of vinylthiouhene derivative (29) in the pre-
gence of triethylamine gave the corresponding dihydro derivative (40). Reduc-
tion of 40 with scdium borchydride followed by hydrolysis and cyclisation with
trifluoroacetic anhydride in benzene gave 6-oxo-A-thiencegitrone derivative (41),
which was converted to 17f-alcchol (42} and 17P-acetate (43} by conventional
procedures. Huang-Minlon reduction of 41 and 43 afforded l-thia-A-norestra-—
2,5(10)-d1en~17f-01 (44) in 85 Y, yield with an oily isomer, having cis-
locking of B/C-rings (45) in 5 %, yield. The conversion of 44 to ethynyl-
carbinol (46) was carried out by usual ethynylation of 17-ketone (25}, prepared
by Jones oxidation of 44,
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Interestingly, l-thia-Ai,19-bisnortegtosterone (50) was synthesised from +the
acetate (47) of A-thienosteroid derivative ({4) using the general conversion
of thiophene to thiolenone via thienyl borate37. Thus, bromination of the
acetate (47) yith KBS in CHC1y 3 AcOH (1:1) gave the 2-bromo-A-thienosteroid
derivative (48) in 86 7, yield, accompanied by a 7T i@ yield of dibromide
derivative (49). The reaction of 49 with zinc and acetic acid gave the
9~dehydro=-A=-thienosteroid derivative (51). Halogen-metal interconversion
reaction of the monobromide (48) with n-butyllithivm in THF and the subseguent
substitution with [n-Bu0],B followed by oxidation with 30 % hydrogen
peroxide gave l—thia—A,lé—bisnortestosterone (50) in 54 %, yield and the
acetate {52) in 3.5 9 yleld. The reaction of SO with acetic anhydride in
hot pyridine afforded the acetate (52) im 61 9, yield, and the acetoxythio-
phene (53) in 22 7, yield.

2-Thiastercidss

With a view to studying the optical rotatory digpersion properties of cyclic

silfides possessing rigid conformetions, Mislow and c0workers38

reported the
synthesis of A-nor-2-thiacholestane (56) (Scheme IV) giarting with 2,3~seco-
cholestane—2,3-dioic acid (54) which on Hunsdiecker desradation gave the
expected 1,4-seco-l,4-dibronocholestane (55). Treatment of the dibromide (55)
with sodium sulfide furnighed the anticipated A-nor-2-thiacholestane (56) in

0 % yield.

In 1967 Sollman and coworker539 achieved the synthegis of 2-thia-So-androstan-—
17g~0l (61) starting with 17B-mcetoxy-Sa-androstan-l-eu-3-one (57) (Scheme V),
The acebtoxy compound (57) on ozonolysis afforded the corresponding aldehyde
{58) which on treatment with benzyl mercaptan gave the corresponding thioacetal
derivative (59)., The thiocacetal (59) on reduction with lithium in liguid
amponia yielded the mercapto acid (60) which on reduction with IAH in toluene
gave the desired 2-thiasteroid (61).

In 1969 Zanati and wo1rs 40 degeribed the synthesis of 2-thia-A-nor~5¢-androstan-
17g=0l (66} sterting with l7p-hydroxy-2,3 -seco~5a-androstane-2,3~dioic acid
(62) (Scheme VI), The dioic acid (62) was converted into the corresponding
bilg-i-nor-l,4-dibromide (64) by a modified Hunsdiecker degradation method.
Cyclisavion of the dibromide (64) with sodium hydrogen salfide (HaHl8) gave the

thiagtercid (66)., These authors also achieved the preparation of 17f-scetoxy-
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2= thia-i-nor-Sg=-androstane (67} by a asimilar procedure starting with the
acetoxy derivative {63).

In the year 1970 Zanati and Wolff41 have also reported the gynthesis of 2-thia~
A=nor=-5a~pregnan=20f-ol starting with 20-oxc-2,3~geco-Sa-pregnane-2,3-dicic
acid adopting the same method as described above,

In 1971, Kashman and coworkers42 reported the gynthesig of 2-thia-5a-chole-
stane (72) {Scheme VII) starting with cholest-l-en-3-one (68), Treatment of 68
with potassium permanganate-sodium metaperiodate???%% yielded the dimcid (69).
The dimethyl ester of 69 on reduction with IAH gave the 1,3-diol (70) which was
converted into the corresponding mesylate (TL) by treating it with methane-
sulfonyl chloride. The 1,3~secodimesyloxy derivative (71) on reaction with
Ya,S gave 2-thia-Sa-cholestane {72).

In 1974, Zanati and coworkerst?

reported the gynthesis of 2-thia-Se~androstan-
17f=0l (61} starting with L7B-hydroxy-l,2-seco~A-nor-5Sg-androstane-1,3-dioic
acid. The diacid was converted into the corresponding diester which on treat-
ment with dihydropyran gave the corresponding 17-tetrahydropyranyl ether. The
latter compound on reduction with LaH gave the expected 1,2-seco—-A-nor-5a-
androstane-1,3,17p~triol 17-(2'-tetrahydropyranyl) ether (735} (Scheme VIII),
The djol (73), vie its dimegylate, was converted into the desired thiasteroid
(61) by treatment with Nazs.

In 1979 Wolff and Chiu46 have reported the gynthesis of Tp-methyl-2-thla-A-nor-~
Sa=-androstan-17p-ol acetate (76) starting with 6-dehyaro-T-methyltestosterone
acetate (74) (Scheme IX). The acetate (74) on catalytic hydrogenation in
acetic acid gave TP-methyl-1Tf-acetoxy—-Sa—andrcstan—-3—-one in 58 % yield.
Opening of ring-A by chromiun trioxide oxidation gave the corregponding di-
carboxylic acid, Tp-methyl-lT7R-acetoxy=-2,3=-seco-Sa-androgtane-2,3-diolc acid,
in 48 %, yield which via a modified Hunasdiecker reaction afforded 7p-methyl-
1,4-dibromo-1,4-seco=2,3-dinor-5a-androstan-17f-ol acetate (75) in 73 9,
yield. The dibromide (75) on treatment with Naas furnighed 7p-methyl-2-
thia~p-nor-5a-androstan-17p-ol with concemitant cleavage of the acetoxy group
at Clﬂ' The l7-hydroxy-2-thiasteroid derivative on acetylation gave the
expected 7f-methyl-2-thia-i-nor-Sa~androstan-17f-ol acetate (76).
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3-Thiapteroids:

In 1968 Bertin and Perronnet?’achieved the synthesis of the two isomeric thia-
steroids, 3-thismestra-5(10)}-en-17-one 3,3-dioxide (84) and 3-thimegtra~5(6)-en—
17-one 3,3-dioxide (85) starting with the enamine, S5-pyrrolidinyl-a-desestra-
5(10),9(11)-dien-17B~0cl (77) (Scheme X). The enamine (77) on treatment with
methyl vinyl sulfone gave the Michael adduct, 3 thia-l7p=-hydroxy-4,5-secoestra-
9-en-5-one 3,3-dioxide (78}, which on eyclodehydration furnished 3-thia=-17p-
hydroxy~4 ,5-secoesgtra=5-one 3,3-dioxide (79). The dicxide (79) on intramole-
cular aldolisation gave two isomeric eldols (BC and 81} which underwent dehy-
dration to yield 3-thisestra-5(10)-en-17f-0l 3,3-dicxide (82) and 3-thimestra-
5(6)-en-17p~0l 3,3-dioxide (B83) regpectively. These two alcohols (82 and 83)
on oxidation furnished the corresponding 3~thia-17-ketosteroids (84 and 85).

48

Gugt and coworkers reported a novel synthesig of 2,3-seco-A-nor~Sa—-cholest-

ane-2,3=4iol (91)49 (Scheme XI)} which was subseguently converted into the
corresponding 3-thissteroid derivative (92). Baeyer-villiner oxidation’0IL

of 5a=-cholestan~-3~one (86) with m-chloroperbenzoic acid gave 2 mixture of
lactones {87 and 88). Reaction of the crude lactone mixture (87 and 88) with
phenylmagnegium bromide gzave a mixture of the hydroxy ketones (89 and 90).
Oxidation of the mixture of (89 and 90) with m-chloreperbenzoic acid52 followed
by saponification gave the 1,3-diol (91), which was converted into 3~thia-5p-
cholegtane (92) by treating the dimesylate corresponding to (91) with sodium
sulfide,

Eomeno and K:i.shi53 have accomplished, in 1971, the gynthegis of A-nor-3-thia-
estra-1,5(10)-dien-178-0l (96) (Scheme XII) starting with 17i-benzoyloxy-3-
0xo~19-nor-5a-androstane-2a,5-sulfide (93). 'Thus a benzene golution of the
sulfide derivative (93) on irradiation with s hish pressure mercury lamp at
room temperature furnished S5-formylmethyl-lT7f-benzoyloxy-A-nor—-35-thia-5g-
estr-l-ene (94) and 1T7p-benzoyloxy-A-nor~3-thiaestra-1,5(10)~diene (95) in

5.6 % and 5 % yield, respectively. The benzoyloxy derivative {9%) on
reduction with LAH gave the expected A-nor-3-thiasteroid (96}.

In 1972 Zanati and Wolff’¥

achieved the synthesis of A-homo=-3-thia-Sa-andro-
stan-17g-ol (200) starting with the diester {97) (Scheme XIII)}. The 17j-
hydroxy group in the diester {97) was protected as tetrahydropyranyl ether and

gubsequently the diester was reduced with LiAH %o afford the diol, 17P-hydroxy-
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2,3 = seco-Se-androstane-2,3%,17f-triel 17=(2=tetrahydropyranyl) ether (98).
Conversion to the dimesylate (99) followed by cyelieation with Na,S and subse-
quent removal of the protecting group afforded the desired thiasterqid {(1c0).
Trehan and coworker555'56 reported the total gynthesis of A-nor-3-thiastercid
(103) (Scheme XIV) starting with the vinyl carbinol (101). Treatment of 4~
hydroxy-4=-vinyl=4,5,6,7-tetrahydrobenzothiophens (101) with 2-methyl-1,3=cyclo=
pentanedione in the pregence of a catalytic amount of 'Criton-B' gave three
products (102, 103 and 104)}. Sodjum borohydride reduction of 103 afforded the
17p-alcohol (105) which on hydrogenation gave the corresponding 14,15-dihydro
derivative (106). Diels-Alder adducts (107 and 108), obtained by treating the
diene (104} with mealeic anhydride and 1,4~benzequinone respectively, were also
prepared by directly heating the vinyl carbinel (101) with the respective dien~

57

ophilea. These authors quite recently published the sgynthesis of A=-nor=3-

thia-13-~azagtercid derivative (111) starting with the vinyl carbinol {101).
The ecarbinol {101} on fusion with the potassium salt of suceinimide afforded
the corresponding succinimide derivative (109). Following the procedure of

Huisman and coworker558

s the succinimide derivative was reduced with sodium
borohydride in ethanol containing hydrochloric acid %o afford the ethoxy~
lactanm (110), which on cyclisation in the presence of B—toluenesulfonic acid/
benzene afforded the A=-nor-3-thia-13-gzagteroid derivative {111).

Ramadas and Srinivasan59’60 reported in 1974, the total gyntheses of A-nor-
3-thiaegtra-1,5(10},6,8,14-pentaen-17p—ol (114) and A-nor-3=thisestra-1,5(10)},
8(9),14-tetraen-17p-ol (105) (Scheme XV) starting with the known blcyeclic
ketone (112}61’62 following the well-known Torgov-Smith approachl’ll.
Reduction of tetraene steroid (103) with sodium borohydride gave the expected
17B-hydroxyvderivative {105) which wus dehydrogenated with 10 9, palladium-
on-carbon to furnish the tetracyclic steroidnl aleohol (114). The tetracyclic
ketone (103) on dehydrogenation with DDQ furnished the 14,15-dehydro~A-nor-3-
thisequilenin {115) in 10 % yield. Attempted simultaneous reduction of

8,9= and 14,15-o0lefinic bonds in compound (105) failed to furnigh the
Komeno's thiagteroid (96)53.

In 1977 Zanat163 reported the synthesis of 2,4-diocxa-3-thiaandrogbane (117)

by cyclisation of A=-trinor-l7j-acetoxy-l1,5-secoandrostane (116} with 802012

(Scheme XVI) followed by the cleavage of tne ClT-acetoxy function.
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Corvers and coworkerss4

, in 19877, also reported the total synthesls of A-nor-
F-thinegtrone {(118) based on the biomimetic approach discussed earlier in
conhection with the total synthesis of A-nor-l-thiastercid derivstive {25)
(2cheme II). The steps involved in the total synthesis of 118 are depicted

in 3cheme XVII,

In 1978, Komeno and coworkers33 achieved the synthesis of a number of 3~thia
analogues of estrone (gcheme XVIII) adopting the same pzocedure that was
employed for the total syntheses of l~thlasteroid derivatives (vide Scheme III).
The steps involved in the syntheses of these compounds are deplected in

Scheme XVIIL. ‘

65

Bhide and Jogdeo - reported the synthesis of (i)=A-nor-3-thiaestra-1,5(10)-

dlen-17g-0l (96) (Scheme XIZ), starting with A-nor-3-thisestra~l,5(10),8,14-

tetraen-17-one (103) already reported by Ramadas and coworkerssg’so

55,56

and Trehan
and coworkers Catalytic hydrogenation of the ketone (103) over palla-
dium-on~-caleium carbonate gawve (119 and 120). The 8(9)-olefinic bord in the
¢/D trans product (119), following the procedure of Hughes-Smith17, was iso-
merised to 3(1l)-pogition using metharolic hydrochloric acid to furnigh the
compound (121). Hydrogenation of the 9(1l)-olefinic bond in (121) over

10 % palladium-on—-carbon ag well as by lonic hydrogenation using triethyl-
silane~trifluoroacetic acid gave (122), which on sodium borohydride reduction
afforded the corresponding tetracyclic derivotive (96}, prepared by Komeno and
Kish153 earlier.

2,3-Bisthiagtercid:

In 1977 Zanat163 reported the synthesis of A-norw2,3-dithisandrostane (123)
(Scheme XX) by condensing the dimesylate of 116 with Na,8, followed by the
removal of the 017-acetoxy Zroup.

4=Thisgteroidsa:

Taylor and cowon:kers66 reported, in 1974, +the total synthesis of 4-thia-5f-
cholestone (133) (Scheme XXI)., Methyl 5-oxo-A-nor-3,5~secocholastan~%-ozte
(125) derived from the Windaug ket¢ acid (124) reacted with benzyl mercaptan
to give methyl 5-benzylihio-i-nor-3,5-cholest~5-en-3-oate (126) which on
treatment with Raney nickel gave methyl A-noxr-3,5-secocholest~5-en-3-oate
(127). Reduction of the ester (127) with LAH gave the unsaturated alcohol
(128) which was converted to the corresponding mesylate (129). The mesylate
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{129) reacted with tetrabutylammonium thicacetate as well as with potassium
thiocyanate to furnish {(130) and (131), respectively. Reduction of the thio-
acetate (130) or thiocyanate {131) with ILAH gave A~nor-3,5-secocholest~5~-
ene-3-thiol {132), which upon irradiation with UV light gave 4-thia-5p-
cholestane (133).

6-Thiagteroidg:

In 1952 Nazarov and cmn'o:r:l-x'.e:r:536'7

reported the synthesis of 6-thiaestra-9,1il-
ene derivatives (136 and 137) by a Diels-Alder reaction of 4a,5,6,7,8,8a-
hexahydro=2-methyl-4~vinyl-1(2H)-benzothiapyran (134) with 2,4-dimethylcyclo-
pent~2-en~l-one (135) (Scheme XXII).

Tilak and Mitra68’69 reported fthe total synthesis of thiophene analogues of
3~desoxyequilenin (149 and 150) (Scheme XXIII) starting with 4=keto~1,2,3,4=
tetrahydrodibenzothiophene (141)70'71 adopting Johngon's’ 2 synthesis of
equilenin. The intermediate (141} was synthesised as deiailed below.

Reaction of thianaphthene (138) with p-methoxycarbonylpropionyl chloride in
presence of stannic chloride gave methyl P={3-thianaphthoyl)-propionate {139).
Wolff~Kishner reduction of the keto ester (139) afforded the acid (140),
cycligation of which, wia its acid chloride, with anhydrous stannic chloride
gave the tricyelic ketone (141).

Formylation of the tricyclic ketone (141) gave the hydroxymethylene derivative
(142) which on treatment with hydroxylamine hydrochloride in acetic acid gave
the isoxazole (143). The isoxazole (143) was cleaved to the ketonitrile (144)
by the action of potassium tert-butoxide in tert-butancl. The compound {144)
reacted in situ with methyl iodide to produce (145). Stobbe condensaticn of
145 with diethyl succinate in the presence of potassium tert-butoxide furnighed
ethyl 3-degoxy-14,l5-dehydrothisequilenin~l5-carboxylate (146). Saponification
of the ester with baryta gave the acid (147), vhich was decarboxylated to
afford 5-desoxy-A-nor-6-thia-14,15-dehydroequilenin (148). Hydrogenation of
148 over % % palladium-charceal catalyst gave 3~-desoxy-B-nor-6-thiaiscequi-
lenin {149} in 50 %, yield. Hydrogemation in slightly moist acetic acid gave
the other isomer EEEL’ 3=desoxy-B-nor=6=thisequilenin (150) in 50 % yield.

73

Brown gnd Colling' ~ reported independently, the synthesis of 3-desoxy~B-nor-

6~thiaisoequilenin (149) using the same synthetic approzch discuassed above.
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T4,75

Tilak and coworkers reported the total gyntheses of F-degoxy-B—nor-6-

thinigoequilenin (149) and B-nor-6-thiaisoequilenin {160) (Scheme XXIV)

adopting the well-known procedure of Bachmann and coworker976

for the total
synthesls of equilenin. Introduction of methoxycarbonyl and methyl groups at

poaition . in the triecyelic intermediate (141) was effected by means of

3
dimethyl carbonate in presence of godium methoxide and methylation of the

repulting pP~keto—-ester in situ with methyl 1odide77. The resulting 3-methoxy-
carbonyl-3-methyl=4-cxo~1,2,3,4-tetrahydrodibenzothiophene (151la) on treatment
with ethyl bromoacetate in pregence of zinc gave the expected trieyclic
diester (152a), which was dehydrated to give 153a, which on saponification
followed by catalytic reduction afforded the tricyclic diacid (154a) as the
major product. This acid was esterified by diazomethane to give 15%a. Partial
hydrolysis of the diester {155a) gave the ester acid (156a), The ester acid
{156a) on Arndt-Eistert homologation sequence through the diazoketone {157a}
afforded the anticipated 3-methoxycarvonyl-4a-carbomethoxyethyl-3-methyl~
1,2,%,4=tetrahydredibenzothiophene {158a) which upon Dieckman cyclisation
yielded the p-keto—~ester (159a). This P~keto~ester (15%a) on acid hydrolysis
yielded the corresponding 3-desoxy~B-nor-6-thiaiscequilenin (149) which isa
identical with the compound synthesised earlier by these authorssg. In a
girilar way the authors have prepared B-nor-6-thiaiscequilenin (160) starting
with T-methoxy-4-keto-1,2,3,4-tetrahydrodibenzothiophene (l41b)78.

One of the more novel approaches towards the synthesis of dAl-B-nor-6-thiaequi-
lenin (167) (Scheme XXV) has been reported by Iuke and Grenshaw79. Alkaline
hydrogen perozide oxidation of the a,Pf-unsaturated ketone (161)80 gave the
corresponding epoxide (262). Treatment of the epoxide (162) with m-methoxy-
thiophenol under slightly alkaline conditions (pH = 7.5} gave the B-seco-
steroid {163), dehydration of which was effected by raising the pH of the
solution above '8' to give 164. Cyclodehydration of 164 was effected by
aluminium chloride in methylene chloride to furnigh (165), Catalytic hydro-
genation or 165 over pallazdium=on=caleium carbonate afforded the B=nor-6-
thiaisoequilenia methyl ether (L60). The 17-keto function of 165 on sodium
borohydride reduction ~ave the corresponding 17p-ol, which was then catalyti-
eally hydrosensted to give the corresponding dihydro derivetive, (xidation of

the 1TE=-ol with dimethyl sulfoxide-dicyclohexylcaxbodiimide afforded the
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expected thimequilenin derivative with C/D-trans fusion (166). Demethylation
of 166 with pyridine hydrochloride furnished dl-B-nor-6-thimequilenin (167).

In 1974, Speckamp and KbsselaarSl have developed a short and sterecselective

synthesis of 6é~thiasteroids. Starting with tert-butyl ether of cholesterolgz,
the corresponding keto acid (168) (Scheme XIVI) was obtained in 85 %, yield.
Bgterification followed by sodium borohydride reduction afforded SaE-lactone
(169). =nReduction of the keto acid (168) with sodium borohydride in presence

of DME afforded the SpH-lsctone (170}, TAH reduction of 169 and 170 gave the
corregponding diols (171 and 172}, which were mesylated to furnish the corres-
pending mesylates (173 and 174). The mesylaies (173 and 174) upon treatment
with IIa2583 afforded their regpective iscmers of 6~thiacholestanol tert-butyl
ethers {175 and 176), which were dealkylatcd. Subsequent oxidation with
Agz{}03/celite gave the expected 6-~thiacholestan-3-one derivatives (177 and
178).

A large mumber of 6=-thia amalogues of various steroids are gynthesised adopting
Torgov approachl'll’84. The ge thiasteroids are listed in Table 1.

In 1976, !hnhag and coworker595 described the syntheses of a number of B-nor-
thiadiazasteroid analogues (Scheme XXVil). Suitable o~aminenitrile deriva-
tives (179-182), prepared from the corresponding cycloallkanones, malononitrile,
triethylanine and sulfur were acylated with y-chlorcbutyryl chloride., The
resulting amidonitriles (18%-186) underwent cyclisation to furnish the substi-
tuted y-lactams {187-190) under the influence of godium methoxide or godium
hydride. The y-lactams {187-190) underwent cyclisation in ethanol saturated
with hydrogen chloride to furnish the tetracyclic dlazathiasteroid analogues
(191-194).

Po functionalige the 17 position in these steroidal analogues, the interme-
diate y-lactams (187 and 188) were converted to arylidene derivatives (195 and
196) by treatment with sodium hydride and g-methoxybenzaldehyde. The resulting
arylidene derivativeg were cyclised in the scme manner as described above to
furnigh the tetrasyclic diazathiasteroid analogues (197 and 198).

96 reported a serieg of thiadiazagtercid analogues

In 1978, lManhas and coworkers
(scheme LVIII). Vhen 2=-gmino=3=-carboxamido-4,5,6,7-tetrahydrobenzothiophene

{199), was refiuxed with levulinic acid in kigh boiling solvents like toluene,
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TABLE-2. 7-THIASTEROIDS

Serial AB-Part of D-Ring of Product
No the steroid nucleus the steroid rocucts Reference
e OH
& 0 93
R OH H:‘Cﬁ 94
i
S
H,CO 0
R=H| OCHJ
& 0 93
R OH H,C 84
i 5
M,CO 0
R=H, K OCH,
0 95
R OH H,C
ifi
R 0
R=CH,, R=H R=CH,, R=H
R:=R=H R=R=H
R=H,R=CH, Rz=H, R=CH,
R=H,k R=0CH, R=H, R:CﬁCH3
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xylene or o-dichlorobenzene (0DCB), thisdiazasteroid anslogue (200), was
obtained in 78 % yield.

In 2 gimilar manner compounds (201-204) were prepared by treating (199) with
y-acetylbutyric acid, P-benzoylpropionic acid, yY-benzoylvutyric acid and
p—(p-methoxybenzoyl) proplonic acid respectively. Condensation of 9-carboxy-
acetophenone (205) with 199 under similar conditions provided the pentacyclic
compound {206), 3Z-Hydroxyphthalide on condensztion with 199 provided the 18-
nor-analogue (207). Similsrly, reactlon of 208 with levulinic acid afforded
the tetracyelic steroidal derivative (209).

1l,6-Bigthiasteroids:

Ramadag and Vijaya Krishna97

recently reported the total synthesis of 1,6~
bisthiabenz[3,4]estra-3,5(10),8,14~tetraen~17-one (216), starting with the
known igothiochroman-4-one (210)98. The isothiochroman-4—-one (210) on treat-
ment with p-mercaptoproplonic acid furnished P-{isothlochroman-4-ylthio)pro-
plonic acid (211) which underwent cyclodehydration to afford the trieyclic
ketone {212), (212) was converted into the pentacyclic bisthiasteroid deriva-
tive (216) as outlined in Scheme XXIX based on the well-kmown Torgov-Smithl'll
approach,

T=-Thiagteroids:

2 94

Huisman and coworkers® and Trehan and coworlers synthesised a number of
7-thiasteroid derivatives baged on Torgov approach. These compounds are ligted

in Table-2.

99,100 reported the syniheses of T-thiasteroid

In 1971, Hulisman and coworkers
derivatives (218, 220, 222) (Scheme XXX). Reaction of the known epoxy ketone
(162) with m-methoxybenzylmercaptan at pH 8 gave the ene-dione {(217). Sodium
borchydride reduction of the B-secosteroid (217) furnilshed the corresponding
9%, 17p-4iol which on treatment with boiling acetic anhydride gave the 3-methyl
ether of 7-thia-9ﬁ ~egtra-1,5,5(10),8{14)-tetraene-di0ol-1T7f~acetats (218),
Alternatively, the sulfone (219), prepared by hydrogen peroxide-acetic acid
oxidation of 217, on treatmeut with PPA, gave the teiracyecllc compound,
3-methoxy~T-thia=7 ,7-dioxo-1,3,5{1C),8,11~estrapentaen~17-one (220) with cip-
stereochemistry at the ¢/D-ring junction., similarly, the acetate (221),
prepared by sodium borohydride reduction of 17-keto function in {219}, followed
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by acetylation and PPA induced cycligation gave the tetracyclic compound (222).

In 1979, Xano and coworkers O+

reported the stereoselective syntheses of T-thia-
l6=oxa-14p—-estrone derivatives (228, 230) (Scheme XXXI). Vilsmeir reaction of
T-methoxyiscthicehromene (223)102 with DE-]E"-POGI3 gave the aldehyde (224) which
on treatment with methylenetriphenylphosphorans gave the diene (225). The
Dielg-Alder renction of the diene (225) with maleic anhydride yielded the

adduct (226). Reduction of the tetracyelic anhydride (226) with sodium boro-

hydrigel07:104

afforded 3-methoxy-7~thin-lé-oxa-18-nor-148-1,3,5(10),9(11)~
estratetraen-17-one (227), along with the corresponding 538’9-isomer (228).
The reaction of the dieme (225) with citraconic anhydride gave only the 13—
methyl=-1l6-oxa~-7~thiasteroid derivative (229) without the formation of the
18=-nor=-l4-methyl isomer. Reduction of 229 with sodium borohydride afforded
the expected 3-methoxy-T-thia-lé6-oxa-1,3,5(10),9(11)~14-iscestratetraen-17-one
{230) and the 15-oxo isomer {231).

3, T=Bigthiasteroids:

Recently Ramadas and Niza1105 repoxrted the total synthesis of A-nor~3%,7-bis—
thige stra=-1,5(1C),8,14-tetraen-17F~o0l (239). Starting with the hitherto known
1,6~bisthia-4,5,6,7-tetrahydroinden-4-one (234}, the 3,7-bigthiastercid deri-
vative (239) was obtained ag indicated in Scheme XXXII based on the well-known

Torgov-~Suith approachl’ll.

An alternative approach atudied by these authorsl06

to achieve the syntheses of
3,7~bisthia-A-noregtrone derivatives (238 and 244) {Scheme XXXIII} is outlined
below.

2-Mercapitomethylthiophene (241) on treatment with the hitherto known &pOXY
ketone {162} under basic conditions afforded the B-gecosteroid (242) in

90 Y% yield. Attenpied eyclodehydration of 242 with a veriety of dehydrating
agents failed to furnish the expected tetracyclic stercid {238). Sodium boro-
hydride reduction of 242 gave the corresponding B-seco-diol (243%) which on
atggmpted cyclodehydration yielded only the diacetate (245) instead of the
expected tetracyelic 3,7-blsthiasteroidal acetate (244).

106 concerning the acid catalysed cyclodehydration of the B-

Similar studies
secogteroid (248), prepared as outlined in Scheme XXXIV also failed to afford

the anticipated 1,7-bisthizstercidal derivative (249),
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1li-Thingterolds:

128-130

Fravolini and coworkers reported the gyntheses of isoxazole and pyrazole

derivatives of ll-thia analogues of estrone and equilenin, §Similarly, Ramadas

and 1221190, Ramedas and Chenchaianl™®

, and Ramedas and Vijaya Krishna'->,
have algo achieved the syntheses of isoxazole and pyrazole derivatives of
A-thieno-1l-thiaggtrone, 3-deoxy-l2-thiseguilenin and 3-deoxy-7,ll~bisthia-
egtrone. The gynthetic steps concerning the preparation of these steroidal
derivatives are discugsed in detail in section 1.2 of this review.

12-Thiasteroidsg:

107

In 1977, Bhide and Jogdeo reported the syntheses of B-nor-6-aga-l2~thia-3-

methoxyestra-1,3,5(10),8-tetracne-12-dioxide-17f-o0l (254) (Scheme XXXV). The
bismethylene ketal of 3—(ﬁ-carbomethoxyethyl)-tetrahydrothiapyran—4-on9108

was oxidised with hydrogen peroxide-acetic acid to the sulfone (250) which
underwent cyclisation to give (251) on freatment with sodium hydride in DMSO.
Angular methylation of keto-sulfone (251) with methyl iodide in presence of
sodium hydride in DMSO gave (252). Sodium borohydride reduction of 252
resulited in concomitant deketalisation (during work-up) giving the keto-
aleohol (253%). Pischer-indole reaction of 25% with m-methoxyphenylhydrazine
hydrochloride gave the expected l2-thiasteroid derivative {(254).

Quite recently a simple and an elegant new approach towards the total syntheses
of 3-decmy-l2-thiaeguilenin (260) (8cheme XZIVI) and 12-thimequilenin methyl
ether (269) (Scheme-XXXVII) has beenr developed by Ramadns and Chenchaiahlog'llo.
1~-lMercaptomethylnaphthalene (255) was converted into its lead mercaptide (256)
on treatment with lead monoxide. Addition of N~bromosuccinimide to the lead
mercaptide (256) in benzene gave the corresponding N¥-(l-naphthylmethylthio)-
succinimide (257) as a pale yellow crystalline sclid in 70 % yield. Treatment
of the thiosuccinimide derivative {257) with 2-methylcyclopentane-l,3-dione
under the influence of 'Priton-B' gave the C-gecostercid, 12-thia-8,l4-seco-
1,3,5(IOj,6,B-estrapentaene-14,l7-dione (258), as a pale yellow crystzlline
solid in B0 ﬂ% yield. All attempis towards cycledehydration of the 12-thia-
B,l4~secosteroid (258) under the influence of the conventional Lewis or proto=-
nic aeids failed to furnich the expected 12nthia-l,3,5(10),6,8,14—estraﬁgxaen—
17-one {259).

Eresuming that the bivalent gulfur at posgition *12' in the secosteroid (258)
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ig resvonsible in preventing the cyclodehydration, the secosteroid (258) was
oxidised with m~chloroperbenzoic acid to its sulfone (261). Attempted cyclo-
dehydration of the 8,l4-secosteroidal sulfone {261) employing the conventional
catalysts failed to furnigh the desired tetracyclic sulfone (262},

The difficulty encountered at the ecyclodehydration step of 258 necessitated
the auﬁhorslog to undertake the total synthegis of 1l2-thimequilenin methyl
ether (269) (Scheme XXXVII) assuming that the methoxy sroup at position '3' in
the corresponding C-secostercid (267) would facilitate smooth cyclodehydration.
Thus 3-methoxy-l2-thia-8,l4-seco~-1,3,5(10),6,8~estrapentaene-14,17~dione (267)
wag gynthesised starting with 6-methoxy-l-bromomethylnaphthalene (263) as out-
lined in gcheme XXXVII. Attempted cyclodehydration of 3-methoxy-l2-thia-(-
gecosteroid (267) under the influence of conventional Lewis or protoanic acids
failed in thils case also to furnish the cyelised tetracyclic stereid (288).
Ramadas and Apparaoll1 have zlso investigated the total synthesis of B-nor-6,
12~bigthiaestra-1,3,5(10),8,14-pentaen-17-one (276) and 13-B-ethoxyearbonyl-B-
nor=-6,12~bisthiagona-1,3,5(10),8,l4-pensaene {278) adopting the aforementioned
approach,

Bromination of 3-methylthianaphthene (270) (&cheme XXYVIILII) with IBS afforded

the knoun 3-bromomethylthianaphthene (271)142,

The bromomethyl derivative
{271) wzs converted to the corresponding known mercapian (2’72)113 by conven—
tional procedure. 3-Mercaptomethylthianaphthene (272} on treatment with lead
acetate vas converted into the correspondiag lead mercaptide (273). ‘"reatment
of the lead mercaptide (273) with NSy afforded H~({3-thionaphthenylmethyltnio)-
suceininide (274). Treatment of (274) with 2-methyleyclopentane-1,3-dione
under the influence of 'Triton-B' gave the expected (-secosteroid, B-nor-6,
12-bigthin=8,l4-gsecoestra=-1,3,5(10)8~tetraene~14,17-dione {275). Attempied
cyclodehydration of the C-secostercid (275) under Lewis and protonic acid
conditicng, however, failed to furnish the anticipated 6,l2-bisthiastercid
(276).

The aforementioned thiosuccinimide derivative {(274) on treatment with 2-
ethoxycarbonyleyclopentancne under the catalysis of 'Uriton-B' afforded the
expected C-secosteroid, 136—ethoxycarbonylnﬁ-nor76,l2—bisthia—8,l4~seco—
zona=1,%,5(10},8~tetraen~14-cne (277) 2s a fun. .Cyclodehydration of +the

C-gecosveroid (277) vith p~toluenesulfonic ncid in benzene afforded the
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expected tetracyeclic steroid, L3p-ethoxycarbonyl-B-nor-6,12-bigthiagona=-1,3,

111 as a crystalline solid, m.p. 8s%c,

5(10),8,1l4~pentaens (278)
Condengation of the succinimide derivative (274) with 2-methyleyclohexane-1,
3~dione in pregence of 'Triton~B' furnighed the exvected C-secostercid, B-nor-
6,12-bigthia~8,14-geco-D-homoestra-1,3,5(10),8-tetraene-14,17a-dione {279).
Oyclodehydration of 279 under the influence of p—toluenesulfonic acid gave the
anticipanted B-nor-6,12=bisthia-D-homoestra=1,3,5(10),8,l4-pentaen-1T7a=one
(280) as a crystalline solid, m.p. 114-115°C.

15=-Thiasteroids:

114 yeported the synthesis of (i)-13-mza-15-thia-

In 1971, Kessar and coworkers
l8-norequilenin (286) (dcheme XXXIX). 6~Methoxy-l-naphthylacetonitrile {281)
on reduction with LAH gave the corresponding 2~(l-naphthyl)ethylamine (282).
N-Formylation of 282 with ethyl formate gave the formamide (283) which under-
wont Bischler-Napieralski cyelisation to give the dihydrobensz(f)isoquinoline
derivative (284). fTreatment of 284 with mercaptoacetic acid in g—toluenesul-
fonie acld-benzene resulited in the formation of (%)-13-aza-15-thia-l8-norequi-
lenin methyl ether (285). Demethylation of 285 with molten pyridine hydro-

chloride gave the equilenin derivative (286},

12,15-Bigthiasteroid:

Ramadas and Chenchaiahll5

reported quite recently a short and simple method
for the total gynthesgis of 3-deoxy-12,15-bisthisequilenin derivative (290)
(scheme XL) as detailed below.

l-Chloromethylnaphthalene on treatment with thioglycolic acid in 2N sodium
hydroxide furnished the known l-naphthylmethylthiocacetic acid (287) which on
cyclodehydration afforded l-oxo-3-thia-1,2,3,4~tetrahydrophenanthrens (288).
The tricyclic ketone (288) on treatment with mercaptoacetic acid in presencs
of p-toluenesulfonic acid in benzene gave (3-thia=3,4-dihydrophenanthren-l-
yl)thioacetic acid (289) which on further cyclodehydration with Eftoluene—
sulfonic acid in benzene gave 12,15-bisthia-1,3,5(10),6,8,13(14)-gonahexaen~
17-one (290) in ca 15 %, yield.

lé=Thingteroids:

116,117,118

In 1978-12981, Terasawa and Okada reported the synthesis of lé-thia-

D-homoestrones (296, 297, 302, 303, 316, 313, 315 and 517) (Scheme XIT)

1,11

adoptinz the Torgov approach Condensation of the known isothiuronium

—910—



HETERQCYCLES, Vol 19, Ne 5, 1982

SCHEME - XLI

_NH,
=1 \f\S)OAc R O
"o 5
H4CO 0
(291)
(292) R =CH,
(293) R:Et
R O
S
HyC0
(294) R=CH, (296) R =CH,
(295) R = Et (297) R=Et
HyC 0
2
_ S
——————
H4CO H5CO
(298) (299)

SCHEME XLI contd.

—911—



SCHEME XLI contd.

H
Hye R Hac OR 3° +OR
I'I
H4CO H,CO H co

(300} R1 =H .Rz:OH (309)

(30%) R.|=0H. Ry=H

HaC §
‘ —_—
e S .

(304)

(299) —= O
H4CO

mel

a R z=H
b R:=Ac

—912—



HETERQCYCLES, Vol 19, No 5, 1982

SCHEME XL1 contd.

(294)
]
& Hac §R * Hye IF
I s + ' S
OR OR
HyCO H3CO
(310} (N2
c OR
H3Cl

(308) (310a) R,=0H,Ry< H
| (313) Ry,R,=0

(314) Ry=H,Rp=0H  (316) Ry=H. Ry=OH
(315) Ry .Ry=0 (317) Ry,Ry=0

{ay R=H (b} R=Ac

—913—



)119

acetate (291 with 2-substituted S-thiacyclohexane-1,3-diones (292 and
293)1%

(294 and 295). Cyclodehydration of the C-secosteroids {294 and 295) with

oceurred smoothly in 50 9, aqueous ethanol affording the secodioneg

E-toluenesulfonic acid-benzene gave the D-homo-l6-thizestrone dsrivatives

(296 and 297).

Another sequence investigated by these authors for the synthepis of the
pentaene steroid (296) (Scheme XII) was based on Hughes-Smith approacth.
Michael condensation of the diome (292), with the known vinyl ketone deriva-—
tive (298)17 in boiling xylene containing pyridine gzave the trions (299),
which was cyclodehydrated with phosphorous pentoxilde in benzene to the
pentaene steroid (296).

16-This-D~homostercid {296) on reduction with LAH gave 3-methoxy-l6-this-D-
homoestra-1,3,5(10),8,14-pentaen-17ac-0l (300} and 1ts 1lT7af-igomer {3C1l) in

76 %% and 17 %, yields respectively. On prolonged hydrogenation over plati-
mm oxide in acetic geld under low hydrogen pressures, the tetracyeclic aleohol
{300) afforded 14,15-dihydre derivatives (302a and 303a) with c¢ig-fusion of
the O/D-rings. The major product was proved to be the D-ring contracted 16-
thiagteroid derivative (303a) which on acetylaticn gave the corresponding
acetoxy derivative (303b).

116 have also achieved the syntheses of Lé=-thia=-D-homoestra-

The same authors
diol derivatives (3102 and b) by subjectinz the intermediate triketone (299)
to cyclodehydration under the influence of benzoic acid and triethylamine in
refluxing toluene to furnish the anticipated unsaturated dione; 3-methoxy-
9,10-geco~lé~thia-D~homoestra=-1,3,5(10),8(14)~tetraene~9,17a~dione (304), in
23 %/ yield. Sodium borohydride reduction of the diketone {304) in methanol
afforded the 1l7ap-ol (305a) in 50 % yield which on acetylation gave the
sorresponding 1l7aP-acetoxy derivative (305b). Hydrogenation of the olefinie
bond in 8,1l position in (305a and b} with 10 9, palladium-on-charcoal gave
in low yield a mixture of 8,1ll-dihydro derivatives corresponding to the re-
arranged and unrearranged products (306 and 307). Altermatively, prolonged
hydrogenation of the keto acetate {305b) with 5 9, palladium~on-charcoal in
THF containing acetlc acid afforded exclusively the exwvected 8,l4-dihydro
derivative (307b) in moderate yield, which on eyclodehydration with p-toluene-

sulfonic ocid in refluxing benzene gave the zb?—homoestratetraene (308b}) in
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65 9% yleld. Alternatively attempted cyclodehydration of the keto-aceiate
(307b) with methanolic hydrochloric acid peve a mixture of the Z&B- and [&9(11)_
tetracyclic tetraenes (308D and 309b) (1:2,6) in 90 % yield., The isomeric
tetraenes (308 and 309} on lithium in liguid ammonia reduction gave the antici-
pated lé-thimegtradiol derivatives (310a and b) in 72 9%, yield.

Terasawa and Okadall8 in 1981 found a new amnelation procedure involving the
cationic olefin cyclisation reaction through the participation of the neigh-
bouring sulfur atom to furnish in a highly stereospecific manner the expected
1l6~thiasteroids (302 and 308) (Scheme XLI). The key intermediates, %he 8,14-
secodinls {(31la and 312a), were obtained by the reducticn of 294 with sodium
bis(2-methoxyethoxy )aluminium hydride (SMEAH) in bengzene, in 40 9%, yileld.
Treatment of 31la with glacial acetic aecid in presence of methanesulfonic acid
effected 2 smooth ring clogure fugnishing the tetracyclic acetate (302b) with
gis~fusion of the G/D-rings in 72 °f yield. Similar acetolysis of 312b at
100°¢ resulted in the formation of the tetracyclic acetate (308b) with frans~
fusion of the C/D-rings in 70 9, yield. Reduction of 308a with lithium in
liguid gmmonia gave entirely the expected lé~thia-D-honoegtradiol 3-methyl
ether {310a) in 80 %, yield, while under similar conditions of reduction,
(302a) gave a mixture of %rans-syn-cis- and cig-anti-cis-tetracyclic-16-thia~
steroid derivatives (314 and 316) in 36 %, and 28 % yields respectively.
Oxidation of 310a with Fetizon's reagent (Ag2003/Celite) in refluxing toluene
yielded the desired lé~thia~D-homoestrone %-methyl ether (313) in 68 ﬂ@ yield.
In 2 similar manner, both the igomeric ketones (315 and 317) were obtzined in
60~TO 9; yield from the corresponding tetracycliec alcchols (314 and 316).

In 1965, Griggslzl reported the synthegis of 3-methoxy-l6-thiasestra-1,3,5(10),
8,14-pentaen-17-cne (320) by condensing the known allyl aleohol (318)]‘}'9 with
2-methyl-5-thiacyclopentane~1,3~dione (319) (Scheme XLIL) following the well-
known Torgov approachl’ll.

3,16~Bisthiagteroida:

22 achieved the syntheseg of A-nor-3%,lé~bisthia-D=-

In 1981, Terasawa and okaga’
homoéstrone derivatives (322, 323 and 324} starting with the known isothiuro-
nium acetate (113)56'59'65 and 2-methyl-5=-thiacyclohexane-1,3—-dione (292)120

ag outlined in Scheme XLIII,
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17-Thiagteroids and 3,1l7-Bisthiasteroids:
125

As early as 1941, Robinscn and leGinnis reported the synthesis of the 17—~
thiasteroidal system (329) (Scheme XLIV), Bis-y,y'-diethoxypropyl sulfide (325)
underwvent hydrolysls and cyclodehydration on boiiing with 1N sulphuric acid to
give the unsaturated aldehyde (326). Reaction of methylmsgnesium iodide with
the aldehyde (326} gave the sec-alcohol (327) which on Oppenauer oxidation with
aluminiun tert-butoxide and acetone gave the methyl ketone (328). <Condensa-
tion of 328 with 6-methoxytebtralone in presence of sodamide gave the steroidal
aystem (329).

124,125

Bhide and Jogdeo reported the synthesis of 1l7-thiaesgirane derivatives

1,11 ag outlined in

{332, 333, 334 and 335) following the Torgov approach
Scheme XLV, Condensation of the known ilsothiuronium acetate (291)1:L9 with 2-
methyl-3-ozothiophane-l-dioxide (330) afforded the {-gecostercid, 17-thia-3-
nethoxy-l4-oxo=8,Ll4~secoestra-1,3,5(10),9{11l)~tetraene-17-dioxide (331} which
underwent cyclodehydration with p-toluenesulfonie aecid in refluxing benzene to
yield the tetracyclic steroid, 17-thia-3-~methoxyestra-1,3,%(10),8,14-pentaene~
17-diozide {332). Catalytic hydrogemation of the 8,l4-bisdiehydrosteroid (332)
with 5 35 palladium-on-calecium carbonate gave a mixture of two compounds
which were identified as 17-thia-3-methoxy-l4f-estra-1,3,5(10),8~tetraene-17-
dioxzide (33%3) and 17-thia-3-methoxy-8a,l4p~estra=1,3,5(10)-triens-17-dioxide
(334}, Alternatively, catalytic hydrogenation of 332 as well as 333 employing
10 %& palladinm-on~charcoal gave trans-gyn-cis-l7-thiasteroid derivative
(334). Ionic hydrogenationl®? of 332 with triethylsilane and trifluoroscetic
acid in dry methylene chloride resulted in the 1,4-additicn of hydrogen to the
conjugated 8,14-diene system t0 afford 3-methoxy-1l7-thiaegtra-l,3,5(10),8(14)-
tetrasne~17-dioxide (335) with the olefinic bond in 8(14) position.

124,125

Bhide and Jogdeo acconplished the gyntheses of a few 3,17-bisthia-a~

norestrane derivatives (337, 338 and 339) following the same Torgov approachl'll
as depicted in Scneme XIVI, Condensation of the known isothiuronium acelate
(113)79:59+65 Ui4n the keto sulfone {330) in a heterogeneous medium {ether,
weier and vengeng) at room btemperature afforded the C-secosterold, 3,17~
dithia~l4=-0x0-8,14-seco-4-norestra-1,5(20),9(11)~trienc-L7-dioxide {(3%6).
Oyclodehydration of 336 with g—toluenesulfonic acid in boiling bengene furni-

ched the expected 3,17=bisthia-A-norestra-1,5(10),8,14-tetraene-17-dioxide’

—918 —




HETEROQCYCLES, Vol 19, No 5, 1982

SCHEME XLVII P o
A
o o s%_CHy
H
N7 cH, 3¢ i
|| —— HD
g
(341) (342)
0
. "D*s” CHy
0, .0
J Y —
A = O
H3Co HacJ;JJ, H4CO 0
(343) (344) (345)
S .CHg \\” CHy s” CH,
Q/Cj:gj;‘)/ H3C 0 /E J/EE ;
CHy
t345) (348)
(349)
SCHEME XLVII o, 0

00 + 85—, 00h
H4C0 H4CO
343 (351)
(343) (35 0 \\ ‘

SRPEESC
‘ (352)
wee

(353)

—919—




(337). Treatment of 337 with polyphosphoric acid in refluxing benzene
effected isomerigation of the B-ring in 337 resulting in the formation of
3,17-bisthia-A-nor~l4p-estra-1,5(10),6,8-tetraene-17-dioxide (338), while
the ionic hydrogenation of 337 with triethylailane and triflucrocacetic acid
furnished 3,l7-bisthia-A-noresira-1,5(10)},8(14)~triene~17-dioxide (339).
17a=-Thinstercids:

126 reported the syntheses of various types of

In 1953, liazgrov and coworkers
17a-thiasterolds (342, 345-349) via the Dielg-pAlder reaction between approp-
riate hicyclic dienes and dienophiles such as unsaturated y-keto sulfones
{Scheme XIVII)., Thus, l—vinyl—9-methyl—le—octahydro-6-oxonaphthalene (340}
on heating with 2-methyl-(4H)-l-thiapyran-4-one 1l,l-dioxide {341) in dioxane
gave the corregponding lT7a-thiastercid derivative (342). Under identical
conditions, l-vinyl-=6-methoxy-3,4-dihydronanhthalene (34%3) reacted with 2,5-
dimethyl~( 4H)-1-thiapyran-4—one 1,l-dioxide (344) afforded the expected 1T7a-
thiasteroid analogue of estrone methyl ether (345). They have alsc reported
the syntheses of other types of 1lTa-thiasteroidal derivatives (346, 347, 348
and 349) employing the same Diels-Alder approach (Scheme XLVII),

126 pointed out the formation of +the other pogsible structural

These authors
isomer of the Dielg=Alder adduct in the aforxementioned reactions but have not
egtablished conclugively the structures assizned to these adducts.
Quite recently Huligman and coworkersl27 had undertaken the study of the
Dielg-ilder reaction between 1l-vinyl-6-methoxy-3,4-dinydronaphthalene (343}
and 2,3-dihydrothiopyran~-4—one §,5-dioxide (350) with a view to establighing
the relotive orientation of diene (343) and dienophile {350) in affording
the Dielg-ilder adduct (351). Thus, the recction of the diene (343) with
the diencphile (350) in benzene at 150°C gave the Dielg-Alder adduct (351)
in preponderant quantity (65 % ). The sfructure assizned to (351) was
confirmed by a very eareful analysis of the H,il.R. spectra of the adduct (351)
and its deutero derivatives (with deuterium at 13, 14, 17-positions) and also
by ite comversion to 3~methoxy~l5-ethylenedioxyestra=-1,3%,5(10),8,13(17)-
pentaene (352} and the tetracyclic ketone (353),

Section 1.2
Total syntheseg of pyrazcle and isoxazole analogues of sterolds with sulfur

in 11 or 12 or 6,11 3,7,11 or 7,ll-positions of the steroidal mucleus are
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described in this section.

Fravolini and coworker3128—13o have reported the syntheses of iscxazole and
pyrazole gnalogues of ll-thiaequilenin starting with benze(h)thiochroman-4-
one (354)131 (Scheme XLIX)}. Formylation of the tricyclic ketone (354) gave
3-hydroxyme thylenebenzo(h)thiochroman-4-one {355), which on reaction with
hydroxylamine hydrochloride in presence of godium acetate in methanol furni-
shed benzo(h)thiochromano[3,4~d]isoxazole (356). The igoxazole derivative
(356) on treatment with sodium methoxide and methanol gave the cyznothio-
ehromanone (357), which was converted into l-amino-3H-benzo(h)thiochroman-—
{4,3-clpyrazole (358) via reaction with hydrazine hydrate in ethanol solu-
tion in presence of ace$ic acid. In addition, the cyanothiochromanone {357)
on treatment with dry hydrogen chloride gas in dry methanol afforded the
B-keto-ester (359), which on treatment with hydrazine hydrate yielded
1-hydroxy-3H-benzo(h)thiochromano{4,3-c]pyrazole (360).

Treatment of the isoxazole derivative (356) with sodium methoxide in pregence
of methyl iodide gave 3-cyano-3-methylbenzo(h)thiochroman-4-one {361}, The
cyanomethylthiochromanone (361) on heatinz with hydrazine hydrate gave
l-aming-llia-methylbenzo(h)thiochromano[4,3-clpyrazole (362). The eyancmethyl-
thiochromanone (361) was converted into the P-keto-ester (363) by treaiment
with dry hydrogen chloride in methanol. The P-keto-egter derivative (363) on
heatinz with hydrazine furnighed lla-methylbenzo(h)thiochromane(3,4-d]pyra-
zolin-l-one (364).

Fravolini and coworker5129 have reported the syntheses of several polyaza-
dithiastercid analogues {Scheme L). The gynthesis of the aforementioned
compoundg depicted in (Scheme L) was achieved from the kmown 2-methyl-2H-1,
2-benzothiazin—-4(3d)-one-1,l-dicxide (365)132, which by acid catalysed
reaction with Brmercaptopropionic acid gave ﬁ—(2—methyl—2H*lﬂ2~benzothiazin~
4=ylthio 1l,l-dioxlde)propionic acid (366). Uyclodehydration of (366) with
PPA gave the tricyclic ketone (367). Condensetion of 367 with dimethyl
oxalate furnished the corresponding glyoxalate derivative (363), which on
neatin; with soft glass powéer underwent decorbonylation giving the p=keto-
ester (369). The P-keto-ester (369) was then converted to 3-methoxycarbonyl-
3,5-dinethyl~4=-0%0-2,3,4,5-tetrahydrothiopyrano[3,2-c][1,2]venzothiazine-6,

6-dioxide {370) by treatmeni wiith sodium methoxide and methyl iodide.
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Compounds (369 and 370) on heating with an ethanolic solution of hydrazine

afforded 4,11-dihydro-4-methyi-l-hydroxy—3H-pyrazolo[4,3~c]thiopyrano[3,2-c]-
[1,2]benzothiazine 5,5-dioxide (371) and the racemic T-methyl-7,15,l6-triaza-
6,11-dithia=1,3,5(10),8,l4~eatrapentaen-1y~one~6,6=-dioxide (372) regpectively.
The glyoxalate (368) on treatment with hydrazine hydrzte and hydroxylamine
hydrochlorids gave the corresponding pyrazole (373) and ipoxazcle (374) deri-
vatives respectively.

Ramadas and Niza1106 in 1980 achieved the total syntheses of a few 3,7,ll-
fristhia analogues of A-thilencestrone as outlined in Scheme II.
1,6~Bigthia—4,5,6,7-tetrahydroindene~4-one (234) on condensation with
p-merecaptopropionic acid in presence of E—toluenesulfonic acid in benzene
affoprded the acid (375) which underwent eyclodehydration with phosphorous
pentoxide affording the tricyclic ketone (376). Condensation of 376 with
dimethyl coxalate under base conditions gave the corregponding glyoxalate (377).
Condensation of 377 with hydroxylamine hydrochloride, hydrazine hydrete and
phenylhydrazine hydrochloride gave the corresponding iscxazole (378) and
pyrazole derivatives (379 and 380) respectively.

110 have achieved quite recently the syntheses of a few

Ramadas a2nd Chenchaiah
igoxazole and pyrazole analogues of 3-deoxy-l2-thiaequilenin as outlined in
Scheme LII.

Condensation of the hitherto mentioned tricyclic ketone {288) with dimeithyl
oxalate under the influence of sodium methoxide gave the glyoxalate deriva-
tive (381). Condensation of the glyoxalate derivative (381) with (i) hydroxy-
lamine hydrochloride,(ii) hydrazine hydrate, {iii) methylhydrmzine, (iv) phenyl-
hydrazine hydrochlorlde gave the corresponding isoxaszole {382) and pyrazole
analogues {383, 384 and 385), respectively.

Formylation of the tricyclic ketone (288) gave the hydroxymethylene deriva-
tive (386), which on condensation with hydroxylamine hydrochloride furnighed
the‘corresponding isoxazole derivative (387).

henedas and Vijaya Krishnal33 have achieved very recently the sgyntheses of a
few isoxazole and pyrazole analogues of 3-decxy-T,ll-bisthiaegtrone as
explained in Scheme LIIL.

Condensation of the bisthiatricyclic ketone (212), obteined hitherto in con-

nection yith the total synthesis of pentaecyclic 1,6~bisthiasterocild (216)
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{Scheme XXIX), with dimethyl oxalate under base conditions gave the expected
glyoxalate derivative (388). Condensation of 388 with (i) hydroxylamine
hydrochloride, (11) hydrazine hydrate, (1ii) phenylhydrazine hydrochloride gave
the corresponding isoxazole (389} and pyrazole analogues {390 and 391) of

T,1l=-bigthiaseatrone, respectively.
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