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Abstract - This review describes the recent progceee 

achieved in the p a r t i a l  and t o t a l  wntheses of th ias te ro ids  

a s  well  a s  i n  the  t o t a l  syntheses of pyraeole and isoxazole 

analogues of s teroids  with sulfur atom in various posi t ions 

of the  s t s ro id  nucleus. 

There has been a tremendous progress i n  recent years  i n  the  f i e l d  of thia- 

analogues of aromatic and non-aronatio s teroids .  A voluminous l i t e r a tu r e  on 

th ias te ro ids  ha s  appeared in recent times. I n  sp i t e  of the f a c t  t ha t  there 

appeared in  l i t e r a t u r e  general reviews on and heterocyclic 

steroids1-11, a detai led account on the  chemistry and syntheses of thia- 

s te ro ids  of d i f fe ren t  types is not reported till date.  This necessitated u s  

t o  review and highlight the  current t rends achieved in the  f i e l d  or  thia- 

steroids.  

POE the sake of convenience the review i s  divided mainly in to  two sections. 

Section 1.1 deals  with the p a r t i a l  and t o t a l  ayntheses of thia-analogues of 

aromatic and non-aronatic s te ro ids  while Section 1.2 concerns i t m l f  nainly 

with the description of the  t o t a l  syntheses of pyrazole and isoxaeole 

analogues of s te ro ids  with sulfur atom in 6, 7, 11 and l2+  positions of the 

s teroid nucleus. 

sect ion 1.1 

1-Thiasteroids: 

hhman and coworkers12, in 1968, achieved the t o t a l  synthesis of 2-phenyl-A- 

+ steroid mmbering 
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nor-1-thia-3-azaestra-2,5(10) ,8,14-tetraen-176-01 ( 8 )  (Scheme I )  s t a r t i n g  with 

2-phenyl-7-0x0-4.5.6.7-tetrahydrobenzothiazole ( 1 )  adopting the famil iar  

Torgov-Smith approach 13-19. Cyclodehydration of the seoosteroid (6 )  under the 

influence of p-toluenesulfonic ac id  i n  refluxing toluene, yielded 17-oxo-2- 

phenyl-~-nor-l-thia-3-azaestra-2,5(10) ,8,14-tetraen-17-one (7 )  i n  95 % yield.  

The t e t r acyc l i c  ketone ( 7 )  on sodium borohydride reduction furnished the 

corresponding 178-hydroxy derivative (8 ) .  Similarly the syntheses of hetero- 

s teroids  ( 9  and 10) were a l so  achieved. 

Recently Johnson and coworkers 20p21 have developed a new method of synthesis  of 

s teroids ,  especial ly arometic steroids.  & ole f in ic  cycl isa t ion approach which 

i s  based on the basic of the i n  vivo synthesis  of steroids.  

Several groups of workers 24-28 have described the t o t a l  synthesis  of s teroids  

by t h i s  new approach. 

Comers and coworkers 29364 adopting t h i s  biomimetic approach reported the t o t a l  

synthesis of A-thienoestrone (25) a s  depicted i n  Scheme 11. Reaction of 3-bromo- 

thiophene v i th  n-butyllithium afforded 3-thienyllithium which was treated v i t h  

the  bromide (11)3O t o  furnish the corresponding a c e t a l  (12) .  H!rdrolysis of the 

a c e t a l  (12) produced 3-(3-thieny1)-1-propans1 (13)  which on treatment with 

triethylphosphonoacetate gave the unsnturated es te r  (14) . Reduction of 1 4  riith 

diieobutylaluminiuol hydride (DIBAI-H) gave the corresponding a l l y l i c  alcohol 

which on methylation gave the  corresponding methyl e ther  (15).  The copper- 

promoted coupliJ1 of the a l l y l i c  ether (15) with the G r i p a r d  der ivat ive  (16) 

gave l-(~-thienyl)-7-(5-methyl-2-furyl)-E-hept-3-ene (17) i n  excellent yield.  

Acid-catalyssd opening of the furan r ing  i n  com~ound (17) by the method of 

~ o h n s o n ~ ~  afforded the d i k e t a l  ( l a ) ,  which on hyrirolysis followed by oyclodehy- 

dra t ion under basic conditions led t o  the formation of the cyclopentenone 

de r iva t i~ ie  (19). Reduction of 19 with LAH afforded the cyclo?entenol deriva- 

t i v e  (20). Cyclisation of 20 with one equivalent of anhydrous stannic chloride 

i n  methylene chloride afforded the t e t r acyc l i c  der ivat ive  (21). Treatment of 

21 with Xi-chlorosuccinimide (NCS) i n  w - b u t a n o l - w a t e r  save a 1:l mixture of 

the two isoneric chlorohydrins (22 and 23). $%is mixture on treatment with 

K CO i n  methanol gave the a-epoxide derivative (24).  which on treatment with 
2 3 

boron t r i f l u o r i d e  e thera te  gave the expected A-thienosteroid (25). 

I n  1978, &eno and coworkers33 reported the wntheses of several  1-thiasteroid 
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der iva t ives  (scheme 1x1). 1,5-Dioxo-7a-methyl-3aa ,la@-hexahydroindan-4a- 

y l a c e t i c  ac id  (26)34*35 on $elec t ive  Grignard reac t ion  with an excess of 

2-thienylma~nesium bromide gave an epimeric mixtlwe of the  1:l adduct r e t a in ing  

both the  1-0x0 function i n  the 5-membered r i n g  and the  carboxyl moiety. The 

mixture on heating with a c e t i c  anhydride i n  pyridine afforded the  9 - y - l a c t o n e  

(27) bes ides  a coneiderable amount of th i eny l  =y-boctone (28).  Treatment 

of 28 with iiC104-acetone gave the  more s t ab le  - cis-y-lactone (21) i n  grea ter  

y ie ld .  The 2-thienyl-cis-y-lactone (27)  when refluxed with H2S04-methanol gave 

the  vinylthiophene der ivat ive  (29). The f r e e  ac id  (30) prepared by hydrolysis  

of 29 on treatment with t r i f luo roace t i c  anhydride36 i n  bo i l ing  b e n ~ e n e  gave 

r i s e  t o  6-0x0-9-dehydro-A-thienosteroid (31).  Xeduction of 29 with sodium boro- 

hydride followed by hydrolgsis  g v e  hydroxyvinylthiophene der ivat ive  ( 32). 

!Creatment of 32 with t r i f l u o r o a c e t i c  anhydride i n  benzene a t  room temperature 

f o r  1 h afforded the expected cyc l i sa t ion  product (33) ,  Xuaq-l4inlon reduction 

of which gave 9-dehydro-A-thienosteroid (34). Ref luxing of vinylthiophene der i -  

va t ive  (32) with t r i f l u o r o a c e t i c  anhydride i n  benzene f o r  a short period gave 

the  A-thienoequilenin der ivat ive  (35) i n  addi t ion  t o  A-thieno-6-0x0 der ivat ive  

(33). Refluxing the  same react ion  mixture f o r  a longer period (24 h )  gave 

A-thieloequilenin der ivat ive  (35) i n  quant i ta t ive  y ie ld .  A similar aromatiza- 

t i o n  of the B-ring was a l s o  achieved i n  the  react ion  of 6a-acetate (38) ,  derived 

from (36) or  (37) on sodium borohydride reduction and acety la t ion .  Thus 

refluxing of 38 with p-toluenesulfonic acid i n  benzene afforded the A-thieno- 

equilenin derivative (39).  

On the  other hand, hydrogenation of v i n y l t h i o ~ h e n e  derivtltive (29) i n  the  pre- 

sence of triethylamine gave the  corresponding dihydro de r iva t ive  (40).  Reduc- 

t ion  of 40 with sodium borohydride followed by hydrolys is  and cycl isa t ion  with 

t r i f l u o r o a c e t i c  anhydride i n  benzene gave 6-0x0-A-thienoestrone de r ivs t ive  (41).  

which was converted t o  17B-alcohol (42) and l7P-acetate (43) by conventional 

procedures. Huang-Ifinlcn reduction of 41 and 43 afforded 1-thia-A-norestra- 

2,5(10)-dien-176-01 (44)  i n  85 % yie ld  with an  o i l y  isomer, having 9- 
locking of B/c-rings (45) in  5 O/o yie ld .  The conversion of 44 t o  ethynyl- 

carbinol  (46) was carried out by usual ethynylat ion of 11-ketone (25) ,  prepared 

by Jones oxidation of 44. 



SCHEME IV 

(61) (60) 

SCHEME VI 

SCHEME VII 



HETEROCYCLES, Vol 19, No. 5, 1982 

In te re  stin&/, 1-thia-A,l9-bisnortestosterone (50) was synthesised from the  

ace ta t e  (47) of A-thienosteroid der ivat ive  ( 1 4 )  using thc  general  conversion 

of thiophene t o  thiolenone y& t h i eny l  borate3'l. Thus, bromination of the  

ace ta t e  (47) with KBS in CH0Lj:AcOH (1 : l )  gave the  2-bromo-A-thienosteroid 

der ivat ive  (48) in 86 % y ie ld ,  accompanied by a 7 % y ie ld  of dibromide 

der ivat ive  (49). The react ion  of 49 with zinc and a c e t i c  acid gave the  

9-dehydro-A-thienosteroid der ivat ive  (51).  Halogen-metal interconversion 

reac t ion  of the  monobromide (48) with n-butyllithium in THF and the subsequent 

subs t i tu t ion  with [n-BuOlgB followed by oxidation with 30 % hydrogen 

peroxide gave 1-thia-AJ9-bisnortestosterone (50) in  54 % y i e l d  and the  

ace ta t e  (52) in 3.5 % y ie ld .  The react ion  of 50 with a c e t i c  anhyar3.de in 

hot  pyridine afforded We ace ta t e  (52) i n  6 1  % y i e l d ,  and the acetaxythio- 

phene (53) in 22 % yie ld .  

2-Thiasteroids: 

'rlith a view t o  studying the  o p t i c a l  ro ta to ry  dispersion proper t ies  of cyc l i c  

su l f ides  possessing r i g i d  conformtions,  iJiislow and c o ~ o r k e r s ' ~  reported the  

synthes is  of A-nor-2-thiacholestane (56) (Scheme IV) s tar t -  with 2,3-seco- 

oholestane-2,3-dioic ac id  (54) which on Hunsdiecker degradation gave the  

e x p c t e d  1,4-seco-1,4-dibrouocholestane (55).  Treatment of the dibromide (55) 

with sodium su l f ide  furnished the ant ic ipated  A-nor-2-thiaoholestane (56) in 

70 yie ld .  

I n  1967 Sollman and c o ~ o r i r e r a ~ ~  achieved the synthesis  of  2-thia-5rr-androstan- 

17P-01 (61) s t a r t i n g  with 17B-acetoxy-5a-androstan-1-en-pone (57) (Scheme V). 

The acc'coxy compound (57) on ozonolysis afforded the  corresponding aldehyde 

(58) which on t r ea tnen t  with beneyl mercaptan gave the  corresponding th ioace ta l  

derivati-re (59). The th ioace ta l  (59) on reduction with l i thium i n  l iqu id  

ammonia yielded the mercapto ac id  (60) which on reduction with LAH i n  toluene 

gave the  desired 2-thiasteroid (61). 

I n  1969 Zanati and ~ o l f f ~ ~  described the  synthesis  of 2-thia-A-nor-5a-androstan- 

17B-01 (66) s t a r t i n g  with 17b-hydroxy-2,3 -secc-5a-androstane-2,3-dioic ac id  

(52 )  (Ychene YI). The d io ic  acid (62j  was converted i n t o  the  corresponding 

bis-A-nor-1,4-dibromide (64) by a modified Iiunsdiecker degradation method. 

CYclisa5ion of the  dibromide (64) with sodium hydrogen sa l f ide  (IkIIY) gave the  

th ia s t e ro id  (66).  These authoio a l s o  achieved the preparat ion of 17p-acetoxy- 
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2-thia-8-nor-5aandrostane (67) by a similar procedure s t a r t i n g  with the 

acetoxy derivative (63) .  

I n  the year 1970 Z a n a t i  and i:olff41 have a l s o  reported the synthesis  of 2-thia- 

A-nor-5a-pregnan-20-1 s t a r t i n g  with 2O-oxo-2,3-seco-5a-pregnans-2,3-dioic 

a c i d  adopting the same method as described above. 

I n  1971, Kashman and coworkers42 reported the  synthesis  of 2-thia-5a-chole- 

stane (72) (scheme VII) s t a r t i n g  with cholest-l-en-3-one (68). Treatment of 68 

with potassium permanganate-sodium metaperiodate43944 yielded the diacid (69) .  

The dimethyl e s t e r  of 69 on reduction with gave the 1.3-diol (70) which was 

converted i n t o  the corresponding mesylate (71) by t r e a t i n g  it with methane- 

s u l f o w l  ohloride. The 1,3-secodimesyloxy der ivat ive  (71) on react ion with 

N a  3 gave 2-thia-5a-cholestane (72). 2 
I n  1974, Zanati and coworkers45 reported the wnthes i s  of 2-thia-5a-androstan- 

17p-01 (61) s t a r t i n g  with 17~-hydroxy-1,2-seco-A-nor-5a-androstane-l,3-dioic 

acid. The diacid was converted in to  the  corresponding d i e s t e r  which on t r e a t -  

ment i;ith dihydropyran gave the corresponding 17-tetrahydropyranyl ether.  The 

l a t t e r  compound on reduction with LBH gave the expected 1,2-seco-A-nor-5a- 

androstane-1,3,17p-trio1 17-(2'-tetrahydropyrangl) ether (73) (scheme VIII )  . 
The d i o l  (73). v& i t s  dimesylate, was converted i n t o  the desired th ias te ro id  

(61) by treatment with Na2S. 

I n  1979 Wolff and ~ f l i u ~ ~  have reported the synthesis  of 7B-methyl-2-thia-A-nor- 

5a-androstan-17p-01 aceta te  (76) start ine;  with 6-dehybro-7-methyltestosterone 

aceta te  (74) (Scheme IX). The aceta te  (74) on c a t a l y t i c  hydrogenation i n  

a c e t i c  acid gave 7~-methyl-17~-acetoxy-5a-anbrostan-3-one in 58 % yie ld .  

Opening of ring-A by chromium t r ioxide  oxidation gave the  corresponding di -  

carboxylic ac id ,  7~-met~l-17~~cetoxy-2,3-seco-5aandrostane-2,3-dioic ac id ,  

i n  48 yie ld  which v i a  a modified Hunsdiecker react ion afforded 7p-methyl- - 
1,4-dibromo-1,4-seco-2,3-dinor-5a-androstan-17~-ol ace ta te  (75) in 73 

yie ld .  The dibromide (75) on treatment with Na2S furnished 7p-methyl-2- 

thia-A-nor-5a-androstan-17p-01 with concomitant cleavage of the acetoxy group 

a t  C17. The 17-hybroxy-2-thiasteroid der ivat ive  on acetyla t ion gave the  

expected 7p-methyl-2-thia-~-nor-5a-androstan-17p-01 ace ta te  (76). 
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J-Thiasteroids: 

47 I n  1968 Bertin and Perronnet achieved the  synthesis  of the two isomeric thia-  

s teroids ,  3-thiaestra-5(10)-en-17-one 3,3-dioxide (84) and 3-thiaeetra-5(6)-en- 

17-one 3.3-dioxide (85) s t a r t i n g  with the enamine, 5-pyrrolidinyl-A-desestra- 

5 ( U )  ,9(ll)-dien-17s-01 (77) (Scheme 8). The enamine (77) on treatment with 

methyl v iny l  sulfone gave the  Nichael adduct, Fthia-17B-hydroxy-,5-secoestra- 

9-en-5-one 3,3-dioxide (781, which on oyclodehydration furnished 3-thia-17j3- 

hydroxy-4,5-seooestra-5-one 3,3-dioxide (79). 'The dioxide (79) on intramole- 

cular  a ldo l i sa t ion  gave two isomeric a l d o l s  (80 and 81) which underwent dehy- 

dra t ion t o  y ie ld  3-thiaestra-5(10)-en-17B-o1 3,3-dioxide (82) and 3-thiae s t ra-  

5(6)-en-17~-01 3.3-dioxide (83) respectively.  These two a lcohols  (82 and 83) 

on oxidation furniIlled the corresponding 3-thia-17-ketosteroids (84 and 85) .  

Gust and coworkers4' reported a novel synthesis  of 2,9-seco-A-nor-5a-cholest- 

am-2,3-diol (911~ '  (Scheme X I )  which was subsequently converted i n t o  the 

corresponding 3-thiaster oid der ivat ive  (92).  Baeyer-Yilliger oxidation 50.51 

of 5u-cholcstan-?-one (86) with 2-chloroperbenzoic ac id  gave a mixture of 

lac tones  (87 and 88).  Reaction of the crude lactone mixture (87 and 88) with 

phenylmagnesium bromide gave a mixture of the hydroxy ketones (89 and 90). 

Oxidation of the  mixture of (89 and 90) with m-chloroperbenzoic acid5' followed - 
by saponification gave the  1,3-diol (91) .  w h i c h  was converted in to  3-thia-5a- 

choleetane (92) by t r ea t ing  the dimesylate corresponding t o  (91) with sodium 

sulfide.  

Komeno and KishiS3 have accomplished, i n  1971, the synthesis of A-nor-3-thia- 

estra-1,5(10)-dien-l7p-01 (96) (Scheme XII) s t a r t i n g  with 176-benaoyloxy-3- 

oxo-19-nor-5a-androstane-2a,5-sulf ide  (93) .  'Yhils a benzene solution of the 

aulfide der ivat ive  (93) on i r r ad ie t ion  with a high pressure mercury lamp a t  

room temperature furnished 5-formyln1ethyl-l7~-benzoyloxy-A-no~-3-thi-5j3- 

estr-1-ene (94) and 17p-benzoyloxy-A-nor-3-thiaestra-l,5(10)-diene (95) i n  

5.6 % and 5 % yie ld ,  respectively.  The benzoyloxy de r iva t ive  (95) on 

reduction with LAH gave the expected A-nor-3-thiasteroid (96).  

I n  1972 Zanati and ~ o l f f ~ ~  achieved the  synthesis  of A-homo-3-thia-5a-andro- 

stan-178-01 (100) s t a r t i n g  with the  d i e s t e r  (97) (Soheme XIII ) .  The 1713- 

hydroxy group i n  the d ies te r  (97) was protected a s  tetrahydropyranyl e ther  and 

subsequently the  d i e s t e r  was reduced with LAH t o  afford the d i o l ,  178-hydroxy- 
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2 , g  - seco-5a-androstane-2,3,17B-trio1 17-( 2-tetrahydropyranyl) e ther  (98). 

Conversion t o  the dimesylate (99) followed by cyclirettion with Na2S and subse- 

quent removal of the  protec t ing  group afforded the des i red  th ia s t e ro id  (100). 

h e h a n  and coworkers 55v56 reported the  t o t a l  synthes is  of A-nor-Fthiasteroid 

(103) (Scheme XIV) s t a r t i n g  with t h e  v inyl  carbinol  (101). Treatment of 4- 

hydroxy-4-vinyl-4,5,6,7-tetrahydrobeneothiophene (101) with 2-methyl-l,3-cyclo- 

pentanedione in t h e  presence of a c a t a l y t i c  amount of 'hiton-B' gave th ree  

products (102, 103 and 104). Sodium borohydride reduction af 103 afforded the  

178-alcohol (105) which on hydrogenation gave the corresponding 14,15-dihydro 

derivative (106). Diels-Alder adducts (107 and 108),  obtained by t r ea t ing  the 

diene (104) with msleic anhydride and 1.4-benzoquinone respect ive ly ,  were a l s o  

prepared by d i r e c t l y  heating the  v i n y l  carbinol  (101) with the  respect ive  d i e h  

ophiles. These authors57 quite recent ly  published the ~ n t h e s i s  of A-nor-3- 

thia-13-azasteroid der ivat ive  (111) s t a r t i n s  with the v i n y l  carbinol  (101). 

The carbinol  (101) on fusion with the potassium s a l t  of succinimide afforded 

the corresponding succinimide derivative (109). Following the  procedure of 

Hui-n and coworkers5', the succinimide der ivat ive  was reduced with sodium 

borohydride i n  ethanol containing hydrochloric acid to  afford the  ethoxy- 

Lactam (110),  which on cyc l i sa t ion  i n  the  presence of p-toluenesulfonic acid/  - 
benzene afforded the  A-nor-3-this-13-azasteroid der ivat ive  (111). 

Barnadas and S r i n i v a ~ a n ~ ~ * ~ ~  reported i n  1974, the t o t a l  syntheses of A-nor- 

3-thiae stra-1,5(10) ,6,8,14-pentaen-17B-01 (114) and A-nor-3-thiaestra-l.5(10 ) , 
8(9)  ,14-tetraen-17B-01 (l.05) (Scheme XV) s t a r t i n g  with the known bicy c l i c  

ketone (112) 1,11 61n62 following the  well-known Tcrgov-Smith approach . 
Heduction of te t raene  s teroid  (103) with sodium borohydride gave We expected 

17s-hydsoxy der ivat ive  (105) imich was dehyarogenated with l0 % palladium- 

on-carbon t o  furnish  t h e  t e t r acyc l i c  s t e ro ida l  alcohol (114). 'Ihe t e t r a c y c l i c  

ketone (103) on dehydrogenation with DDQ furnished the  14,15-dehydro-A-nor-3- 

th iaequi lenin  (115) i n  10 % yie ld .  Attempted simultaneous reduction of 

8,9- and 14,15-olefinic bonds i n  compound (105) f a i l e d  t o  fu rn i sh  the  

53 Komeno's th i a s t e ro id  (96) . 
I n  1977 ~ a n a t i ~ ~  reported the  synthesis  of 2 ,$-dioxa- 5-thiaandrostane (117) 

by cycl isa t ion  of A-trinor-17B-acetoxy-l,5-secoandrostaae (116) with S02C12 

(Scheme XU) followed by the cleavage of the C -acetc::y function. 17 
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Corvers end coworkers64, i n  1977, a l s o  reported the t o t a l  synthesis  of A-nor- 

3-thiaestrcne (118) based on t h e  biomimetic asproach discussed e a r l i e r  in  

connection with We t o t a l  synthesis of A-nor-1-thiasteroid der ivat ive  (25) 

(Scheme 11) .  The s teps  involved i n  the t o t e l  synthesis  of 118 are  depicted 

i n  Scheme WII .  

I n  1978, Komeno and coworkers33 achieved the synthesis of a number of 3-this 

analogues of estrone (Scheme W I I I )  adopting the same procedure tha t  was 

employed f o r  the t o t a l  syntheses of 1-thiasteroid der ivat ives  (vide Scheme 111). 

The s t eps  involved i n  the syntheses of these compounds a r e  depicted i n  

Scheme XVIII. 

Bhide and 3 0 g d e o ~ ~  reported the synthesis  of (*)-~-nor-3-thiaestza-l,5(10)- 

dien-17b-01 (96) (scheme XU), s ta r t ing  with A-nor-3-thiaestra-l,5(10) ,8 ,l4- 

tetraen-17-one (103) already reported by Famadas and  coworker^^^^^^ and Trehan 

and coworkers 55'56. Catalytic hydrogenation of the ketone (103) over palla- 

dium-on-calcium carbonate gave (119 and 120). The 8(9)-olef in ic  bond i n  the 

C/D trans product (119), following the  procedure of ~ u g h e s - ~ n i t h ~ ~ ,  was iso- 

merised t o  9(11)-position using methanolic hydrochloric ac id  t o  furnish  the 

compound (121). Hydrogenation of the  9 ( l l ) -o le f in io  bond i n  (121) over 

10 % palladium-on-carbon a s  well a s  by ionic  hydrogenation using t r i e thy l -  

si lane-tr if luoroaoetic ac id  gave (122), which on sodium borohydride reduction 

afforded the corresponding t e t racyc l i c  derivative (96) ,  prepared by Komeno and 

ea r l i e r .  

2,3-Bisthiasteroid: 

I n  1977 ~ a n a t i ~ ~  reported t h e  synthesis  of A-nor-2 ,3-dithiaandrostane (123) 

(Scheme XX) by condensing the d imesybte  of U 6  with Na2S2 followed by the 

removal of the  C17-aoetoxy group. 

pThiaeteroida:  

Taylor and reported,  i n  1974, the t o t a l  synthesis  of 4-thia-5B- 

cholestane (133) (Soheme =I) .  &'chyl  5-0x0-A-nor-3,5-secocholestan-3-oate 

(125) derived from the Windaus keto ac id  ( ~ 4 )  reacted with bennyl mercaptan 

t o  give methyl 5-benzylthio-A-nor-3,5-cholest-5-en-3-oate (126) which on 

treatment with Raney nickel  gave methyl A-nor-3,5-secocholest-5-en-3-oate 

(127). Reduction of the e s t e r  (127) with LA8 eave the unsaturated alcohol 

(128) which was converted t o  the corresponding mesylate (129). The mesylate 
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(129) reacted with tetrabutylammonium th ioaceta te  a s  well a s  with potassium 

thiocyanate t o  fu rn i sh  (130) and (131). respectively.  Reduction of the  thio-  

ace ta t e  (130) or thiocyanate (131) with LX gave A-nor-3.5-secocholest-5- 

ene-3-thiol (132),  which upon i r r a d i a t i o n  with W l i g h t  gave 4-thia-5p- 

cholestane (133). 

6-Thiasteroids: 

I n  1952 Naearov and coworkers67 reported the synthes is  of 6-thiaestra-9, l l -  

ene de r iva t ives  (136 and 137) by a Diels-Alder r eac t ion  of 4a,5,6,7,8,8a- 

hexahydro-2-methyl-4-vinyl-l(2H)-benzothiapyran (134) with 2.4-dimethylcyclo- 

pent-2-en-1-one (135) (Scheme XXII). 

' f i l ak  and ~ , I i t r a ~ ~ ' ~ ~  reported the  t o t a l  synthesis  of thiophene analogues of 

3-desoxyequilenin (149 and 150) (Scheme Z I I I )  s t a r t i n g  with 4-keto-1,2,3,4- 

tetrahydrodibeneothiophene (141)~' '71 adopting Johnson' s72 synthesis  of 

equilenin. The intermediate (141) was synthesised a s  de ta i l ed  below. 

Reaction of thianaphthene (138) with $-methoxycarbonylpropionyl &lor ide  in 

presence of stannic chloride gave methyl B-(3-thianaphth0yl)-~ro~ionate (139). 

Wolff-ILishner reduction of the  keto e s t e r  (139) afforded the  ac id  (140). 

cycl iea t ion  of which, i t s  acid chlor ide ,  with anhydrous stannic chloride 

gave the t r i c y c l i c  ketone (141). 

F o r q k t i o n  of the  t r i c y c l i c  ketone (141) gave the  hydroxymethyleee der ivat ive  

(142) which on treatment with hydroxylamine hydrochloride i n  a c e t i c  ac id  gave 

the  isoxaeole (143). The isoxazole (143) was cleaved t o  the  k e t o n i t r i l e  (144) 

by the  ac t ion  of potassium =-butoxide i n  m - b u t a n o l .  The compound (144) 

reacted i n  s i t u  with methyl iodide t o  produce (145). Stobbe condensation of 

145 with d ie thy l  succinate i n  the  presence of potassium =-butoxide furnished 

e thy l  3-desoxy-14,15-dehydrothiaequilenin-15-carboxylate (146). Saponification 

of t r e  e s t e r  with baryta gave the  ac id  (147) ,  irhich was decarboxybted t o  

af ford  5-deeoxy-A-nor-6-thia-14,15-dehydroequilenin ( 148). Hydrogenat ion of 

148 over 30 palladium-charcoal ca ta lys t  gave 3-desoxy-B-nor-6-thiaisoequi- 

l e n i n  (149) i n  50 yield.  Hydrogenation i n  s l i g h t l y  moist a c e t i c  ac id  gave 

the  otkrer isomer v ie . ,  3-desoxy-B-nor-6-thiaequilenin (150) in 50 % yie ld .  - 
Brovn and collins'13 reported independently, the  synthesis  of 3-desoxy-B-nor- 

6-thiaisoequilenin (149) using the  same synthetic approech discussed above. 
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Ti l ak  and coworkers 74'75 r epo r t ed  the  t o t a l  syntheses  of 3-deeoxy-B-nor-6- 

t h i a i s o e q u i l e n i n  (149) and B-nor-6-thiaisosquilenin (160) (scheme XXIV) 

adopt ing  t h e  vell-known procedure of Bachmann and f o r  t he  t o t a l  

syn thee i s  of equ i len in .  I n t roduc t i on  of methoxycarbonyl and methyl g o u p s  at  

p o s i t i o n  C i n  the  t r i c y c l i c  in te rmedia te  (141) was e f f e c t e d  by means of 3 
dimethyl  carbonate  i n  presence of sodium methoxide and methylat ion of t he  

r e s u l t i n g  9-keto-ester i n  s i t u  with methyl iodide77. The r e s u l t i n g  3-methoxy- 

c a r b o n y 1 - 3 - m e t h y l - 4 - 0 ~ 0 - 1 , 2 , 3 , 4 - t e t r a h y ~ e n e  (151a) on t rea tment  

wi th  e t h y l  bromoacetate i n  presence of z inc  gave t he  expected t r i c y c l i c  

d i e s t e r  (152a).  which was dehydrated t o  g ive  15ja, which on eapon i f i c a t i on  

followed by c a t a l y t i c  r edac t i on  afforded t h e  t r i c y c l i c  d i a c i d  (154a)  as the  

major product.  This  a c i d  was e s t e r i f i e d  by diazomethane t o  g ive  155a. P a r t i a l  

h y d r o l y s i s  of t he  d i e s t e r  (155a)  gave t h e  e s t e r  a c i d  (156a).  The e s t e r  a c id  

(156a)  on Arndt-Eis ter t  homologation sequence through t he  diaeoketone (157s)  

afforded t h e  a n t i c i p a t e d  ~-methoxyoarbonyl-4a-oarbometinoxyethyl-~-methyl- 

1,2,3,4-tetrahydrodibeneothiophene (158a) which upon Diecknan o y c l i s a t i o n  

y i e i a e a  t h e  p-keto-ester (159a).  T h i s  B-keto-ester (159a) on a c i d  hyd ro ly s i s  

y ie lded  t h e  corresponding 3-desoxy-B-nor-6-thiaisoequilenin (149)  which i s  

i d e n t i c a l  with t he  compound syntheeised e a r l i e r  by t he se  authors6'. I n  a 

similar way the  a u t h o r s  have prepared B-nor-6-thiaisoequilenin (160) s t a r t i n g  

78 with 7-methoxy-4-keto-l,2,3,4-tetrahydrodibeneothiophene (141b) . 
One of t h e  nore nove l  approaches towards t he  syn thee i s  of dl-B-nor-6-thiaequi- 

l e n i n  (167) (Scheme XXV) has been repor ted  by Luke and ~ r e n s h a w ~ ~ .  Alkal ine 

hydrogen peroxide ox ida t ion  of t h e  a,P-unsaturated ketone (161)'~ gave t he  

corresponding epoxide (162).  Treatment of the  enoxide ( 162 ) w i t h  g-methoxy- 

th iophenol  under s l i g h t l y  a l k a l i n e  cond i t i ons  (pH = 7.5) gave t he  B-seco- 

s t e r o i d  (1631, dehydrat ion of which was e f f e c t e d  by rais!nr t he  pH of t h e  

s o l u t i o n  above '8' t o  give 164. Cyclodehydration of 164 vas e f f e c t e d  by 

a lumin im  c i ~ l o r i d e  i n  methylene ch lor ide  t o  f u r n i s h  (165) .  Ca t a ly t i c  hydro- 

gena t ion  o i  165 over p a l l a d i u m - o n - c c  carbonate  afforded t he  B-nor6- 

t h i a i soequ i l en in  methyl e t he r  (160) .  The 17-keto f u n c t i o n  of 165 on sodium 

borohydri~de reduc t ion  ,?ve t he  corresponding 17p-01, which w.s then c a t a l y t i -  

c a l l y  hydro-enated t o  g ive  t h e  correspondin,. dihydro d e r i v z t i v e .  Lxida t ion  of 

t he  17P-01 v i t h  dimethyl  sulfoxide-dicyclohexylcarbodi i rnide afforded t h e  
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expected thiaequilenin derivative with C / D - t r a n s  fus ion (166). Demethylation 

of 166 with pyridine hydrochlmide furnished dl-B-nor-6-thiaequilenin (167). 

I n  1974, Speckamp and ~ e s s e l a s r ~ ~  have developed a short  and s tereoselec t ive  

synthes is  of 6-thiasteroids.  S tar t ing  with E - b u t y l  ether of cholesterol82, 

the  corresponding keto ac id  (168) (Scheme Z V I )  was obtained i n  85 y ie ld .  

Es te r i f i ca t ion  followed by sodium borohydride reduction afforded 5aH-lactone 

(169). Reduction of the  keto ac id  (168) with sodium borohydride i n  presence 

of D m  off orded the  5pH-bctone (170). LAH reduction of 169 and 170 gave the 

corresponaing d i o l s  (171 and 172). which were nesylated t o  furnish the corres- 

ponding nesylates (173 and 174). The mesjrlatee (173 and 174) upon treatment 

with ila se3 afforded t h e i r  respective isomers of 6-thiacholestanol t a - b u t y l  2 

e the r s  (175 and 176),  which were dealkylatcd. 511bsequent oxidation with 

~ g ~ O O ~ / c e l i t e  gave the  expected 6-thiacholestan-3-one der ivat ives  (177 and 

178). 

A la rge  number of 6-thia analogues of various s t e r o i d s  a r e  synthesised adopting 

Torgov approach 1 8 .  These th ia s t e ro ids  a r e  l i s t e d  i n  Table 1. 

I n  1976, lbnhas and coworkersg5 described the  syntheses of a number of B-nor- 

thiadiaoasteroid analogues (Scheme XXTII). Suitable - 0-aminonitrile deriva- 

t i v e s  (179-182), prepared from the corresponding cycloalkanones, malononitr i le ,  

t r i e t h j l a n i n e  and sul fur  were acylated with y-chlorobutyryl chloride. The 

result in^ amidoni t r i les  (183-186) underwent cycl isa t ion  t o  fu rn i sh  the  substi-  

tu ted  y-laotams (187-190) under the  influence of sodium nethoxide or sodium 

hydride. The y-lactams (187-190) underwent cycl isa t ion  i n  ethanol saturated 

with hydrogen chloride t o  fu rn i sh  the t e t r a c y c l i c  d iazath ias teroid  analogues 

(191-194). 

To funct ional ise  the 17 pos i t ion  i n  these  s t e ro ida l  analogues, the interme- 

d i a t e  y-lactams (187 and 188) were converted t o  arylidene der ivat ives  (195 and 

196) by treatment with sodium hydride and p-methoxybenzaldehyde. The r e s u l t i n g  - 
arylidene der ivat ives  were cyclised i n  t h e  sune llgnner a s  described above t o  

furnish the t e t r acyc l i c  d iazath ias teroid  analogues (197 and 198). 

I n  1978, Ihnhas and coworkers96 reported a s e r i e s  of th iadiazas teroid  analogues 

(3cheme X T I I I )  . then 2-amino-3-oarboxamido-4,5,6,7-tetrahydrobenzothiophene 

(199), was refluxed v i t h  levul in ic  ac id  i n  high boil in,^ solvents l i k e  toluene,  
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xylene or o-dichlorobenzene (ODCB) , th iadiazas teroid  analogue (ZOO), was - 
obtained i n  78 % yield.  

I n  a similar manner compounds (201-204) were prepared by t r ea t ing  (199) with 

y-acetylbutyric ac id ,  @-benzoylpropionic ac id ,  y-benzoylbutyric acid and 

B-(p-methoxybenzoyl) propionic ac id  respectively.  Condensation of 2-carboxy- 

acetophenone (205) with 199 under similar condit ions provided the  pentacyclic 

compound (206). 3-Hydroxyphthalide on condensation with 199 provided the 18- 

nor-analogue (207). S imi lmly,  react ion  of 208 with l evu l in ic  acid afforded 

the  t e t r acyc l i c  s t e ro ida l  der ivat ive  (209). 

1.6-Bisthiasteroide: 

Ramadas and Vijaya Xrishnag7 recent ly  reported the t o t e l  synthes is  of 1,6- 

bisthiabenz[3,4]estra-3,5(lO),8,14-tetraen-17-one (216),  s t a r t i n g  with We 

known isothiochroman-4-one ( 2 1 0 ) ~ ~ .  The isothiochroman-4-one (210) on t r e a t -  

ment with @-mercaptopropicnic acid furnished B-(isothiochroman-4ylthio)pro- 

pionic  a c i d  (211) which underwent cyclodehydration t o  afford the t r i c y c l i c  

ketone (212). (212) was converted i n t o  the  pentacyclic b i s th ia s t e ro id  deriva- 

t i v e  (216) a s  outlined i n  Soheme XXIX based on the well-known Torgov-Smith 1,11 

approach. 

I-Thiasteroids: 
2 Auieman and coworkers and Trehan and coworkersg4 synthesised a number of 

7-thiasteroid der ivdt ives  based on Torgov apgroach. These compounds a r e  l i s t e d  

i n  Table-2. 

I n  1971, Huisman and coworkers 99*100 reported the  syn';heses of 7-thiasteroid 

der ivat ives  (218, 220, 222) (Scheme XXX). Xeaction of the known epoxy ketone 

(162) irith g-methoxybenzylmercaptan a t  pH 8 p v e  the  ene-dione (217). Sodium 

borohydride reduction of the  B-secasteroid (217) furniohed the  corresponding 

9 3 ,  17s-diol which on treatment with boilingg a c e t i c  anhydride gave the  3-methyl 

e ther  of 7-thia-9\ -eetra-l,~,5(10),8(14)-tetraene-diol-17P~cetate (218). 

Alternatively,  the sulfone (219) ,  p r e p r e d  by hydrogen peroxide-acetic acid 

oxidation of 217, on treatment with PPA, @ve the t e t r acyc l i c  compound, 

3-metho::y-7-thia-7,7-dioxo-1,3,5(10) ,8,11-estrapentaen-17-one ( 220) with 

stereochemistry a t  the c/D-ring junction. Similarly,  the ace ta t e  (221), 

prepared by sodium borohydrifie reduction of 17-keto function i n  (219),  followed 
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by ace ty l - t i on  and PPA induced c y c l i e a t i o n  eave t h e  t e t r a c y c l i c  com:ound (222).  

I n  1979, Ikno and coworkers101 r epo r t ed  t h e  s t e r e o s e l e c t i v e  syn theses  of 7-thia- 

16-oxa-l4$-estrone d e r i v a t i v e s  (228, 230) (Scheme XXXI) . Vilsmeir  r e a c t i o n  of 

7-methoxyisothiochromene (223)lo2 with Dl*@-POCl gave the  aldehyde (224) which 
3 

on t reatment  with methylenetriphenylphosphorme gave the  diene (225) .  The 

Diels-Alder r e ac t i on  of t he  d iene  (225) with maleic anhydride y ie lded  t h e  

adduct (226) .  Reduction of t h e  t e t r a c y c l i c  anhydride (226) with sodium boro- 

hydr ide  1031104 a f forded  3-methoxy-7-thia-16-oxa-18-nor-148-1.3,5( 10 )  ,9( 11)-  

estratetraen-17-one (227) ,  a l o q  with t he  corresponding A8'9-isomer (228) .  

The r e a c t i o n  of t h e  d iene  (225) with c i t r a c o n i c  anhydride gave only t h e  U- 

methyl-16-oxa-7-thiasteroid derivc.tive (229)  without t h e  formation of t h e  

18-nor-34-methyl isomer. Reduction of 229 with sodium borohydride a f fo rded  

t he  expected 3-methoxy-7-thia-16-oxa-l,3,5(10) ,9(11)-14-isoestratetraen-17-one 

(230) and t he  15-0x0 isomer (231). 

3 .7-Bisthiasteroids:  

Recently Ramadas and ~ i a a l ' ' ~  repor ted  t h e  t o t a l  s y n t h e s i s  of A-nor-3.7-bis- 

thiaestra-1,5(10),8,14-tetraen-17P-o1 (239) .  S t a r t i n g  wi th  t he  h i t h e r t o  known 

1,6-bisthia-4,5,6,7-tetrahydroinden-4-one (234) ,  t h e  3 .7 -b i s th ias te ro id  de r i -  

v a t i v e  (239) was obtained as ind i ca t ed  i n  Scheme XXXII based on t he  well-known 

1,11 Torgov-Smith approach . 
An a l t e r n a t i v e  approach a tud ied  by t h e s e  au thors lo6  t o  achieve t he  syn theses  of 

3  ,7-bisthia-A-norestrone d e r i v a t i v e s  (238 and 244) (scheme 1~~x111)  i s  ou t l i ned  

below. 

2-Mercaptomethylthiophene (241) on t r e a tmen t  w i t h  t h e  h i t h e r t o  known epoxy 

ketone (162) under b a s i c  cond i t i ons  a f fo rded  t h e  B-secoeteroid (242)  i n  

90 y i e l d .  Attenpted cyclodehydrat ion of 242 with a v ~ z i e t y  of dehydrat ing 

agen t s  f a i l e d  t o  f u r n i s h  the  expected t e t r a c y c l i c  s t e r o i d  (238) .  Sodium boro- 

hydride reduc t ion  of 242 gave t h e  correspondin,. B-seco-diol (243) which on 
i: 

attempted cyclodehydrat ion y ie lded  only t he  d i a c e t a t e  (245)  i n s t ead  of t he  

expected t e t r a c y c l i c  ? , I - b i s t h i a s t e r o i d a l  a c e t a t e  (244).  

Similar  s t ud i e su6  concerning t he  a c i d  ca ta lysed  cyclodehydrat ion of t h e  B- 

secosteroid (248) ,  prepared as out l ined  i n  Soheme W I T  a l s o  f a i l e d  t o  a f f o r d  

t he  a n t i c i p a t e d  l , 7 - b i s t h i a s t e r o i d a l  d e r i v a t i v e  (249).  
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11-Thiasteroids: 

F r a v o l i n i  and coworkers 128-130 r epo r t ed  t h e  ~yn the se r ,  of i soxaeole  and pyraeo le  

d e r i v a t i v e s  of l l - t h i a  analogues of e s t r one  and equi len in .  S imi l a r l y ,  Ramadas 

and ~ i z a l ' ' ~ ,  Ramadas and chenchaiahlW, and Ramadas and Vijaya K r i ~ h n a ' ~ ~ ,  

have a l s o  achieved t h e  syn theses  of isoxazole  and pyrazole  d e r i v a t i v e s  of 

A-thieno-U-thiaestrone, 3-deoxy-12-thiaequilenin and 3-deoxy-7,ll-bisthia- 

es t rone .  The syn the t i c  s t e p s  concerning t h e  prepara t ion  of t h e s e  s t e r o i d a l  

d e r i v a t i v e s  a r e  d i scussed  i n  d e t a i l  in  s ec t i on  1.2 of t h i s  review. 

12-Thiasteroids: 

I n  1977, Bhide and ~ o g d e o l O ~  r epo r t ed  t h e  syn theses  of B-nor-6-aza-lZ-thia-7- 

methoxyestra-1.3,5(10) , 8 - t e t r aene l2 -d iox ids - l7~-o l  (254) (Scheme XXXV) . The 

bismethylene k e t a l  of 3-(~-carbomethoxyethyl)-tetrahydrothiapyran-4-one 108 

w a s  oxiil ised w i t h  hydrogen peroxide-acet ic  a c i d  t o  t h e  sulfone (250)  which 

underwent c y c l i s a t i o n  t o  g ive  (251) on t rea tment  with sodium hydride i n  DitSO. 

Angular methylat ion of keto-sulfone (251) with methyl iod ide  i n  presence of 

sodium hydride i n  DMSO gave (252) .  Sodium borohydride reduc t ion  of 252 

r e s u l t e d  i n  concomitant d e k e t a l i s a t i o n  (&ur ine  work-up) g i v i w  t h e  keto- 

a l coho l  (253) .  E'ischer-indole r e a c t i o n  of 253 w i t h  m-methoxyphenylhydrazins 

hydrochlor ide gave t h e  expected 12 - th i a s t e ro id  d e r i v a t i v e  (254).  

Quite  r e cen t l y  a simple and an  lega ant new approach towards t h e  t o t a l  syn theses  

of 3-deoxy-12-thiaequilenin (260)  (Scheme X m I )  and 12- th iaequi len in  methyl 

e t h e r  (269)  (scheme-XCCVII) ha s  been developed by Ramadas and Chenchaiah 109,UO 

1-Mercaptomethylnaphthalene (255) was converted i n t o  i t s  l e ad  mercaptide (256) 

on t rea tment  with l e ad  monoxide. Addit ion of N-bromosuccinimide t o  t h e  l e a d  

mercaptide (256) i n  benzene gave t he  corresnonding N-(1-naphthylmethy1thio)- 

succinimide (257) as a pa l e  yel low c r y s t a l l i n e  s o l i d  i n  70 % y i e ld .  Treatment 

of t h e  t h io succ in in ide  d e r i v a t i v e  (257) with 2-methylcyclopentane-1,3-dione 

under t he  W l u e n c e  of "l'riton-B' gave t h e  C-secosteroid, 12-thia-8,14-seco- 

1 ,3 ,5(10)  ,6,8-estrapentasne-14,17-dione (258) ,  a s  a pa l e  yel low c r y s t a l l i n e  

s o l i d  i n  80 % y i e l d .  A l l  a t t emp t s  towards cyclodehydrzt ion of t he  12-thia-  

8,14-secosteroid (258)  under t h e  in f luence  of t h e  convent ional  Lewis o r  ,proto- 

n i c  a c i d s  f a i l e d  t o  f u rn i sh  t h e  expected 12-thia-1,3,5(10),6,8,14-estmtiexaen- 

17-one ( 259). 

Y r e - i ~  t h a t  t h e  b iva l en t  su l fu r  a t  p o s i t i o n  1 2  i n  Lhe secos te ro id  (258)  
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i s  r e s ? o n d b l e  i n  p revent ing  t he  cyclodehydrat ion,  t h e  s ecos t e ro id  (258)  was 

oxidised with m-chloroperbenzoic a c i d  t o  i t s  su l fone  (261).  Attempted cyclo- 

dehydrat ion of t h e  8 ,14-secos te ro ida l  su l fone  (261) employing t h e  convent ional  

c a t a l y s t s  f a i l e d  t o  f u r n i &  t h e  d e s i r e d  t e t r a c y c l i c  sulfone (262).  

The difficulty encountered at  t h e  cyclodehydrat ion s t e p  of 258 nece s s i t a t ed  

t h e  au thors log  t o  undertake We t o t a l  syn the s i s  of 12- th iaequi len in  methyl 

e t h e r  (269) (scheme XXXVII) assumin&' t h a t  t h e  methoxy p o u p  a t  p o s i t i o n  3 i n  

t he  corresponding C-secosteroid (267) would f a c i l i t a t e  smooth cyclodehydration. 

Thus 3-vlethoxy-12-thia-8,14-seco-1,3,5(10) ,6,8-estrapentaene-14,17-dione (267) 

was syn thes i sed  s t a r t i n g  with 6-methoxy-1-bromomethylnaphthalene (263) as out- 

l i n e d  i n  Scheme X X X V I I .  Attempted cyclodehydrat ion of 3-methoxy-12-thia-C- 

secofi terold (267) under t h e  in f luence  of convent ional  Lewis o r  p ro ton i c  a c i d s  

f a i l e d  i n  t h i s  case a l s o  t o  f u r n i s h  t h e  cyc l i sed  t e t r a c y c l i c  s t e r o i d  (258). 

Famadas and ~ p p a r a o l l l  have a l s o  i nves t i ga t ed  t he  t o t a l  s y n t h e s i s  of a-nor-6, 

12-bis thiaestra-1,3,  , 8 , 14 ' pen t aen - -one  ( 276) and 13-B-ethoxycarbonyl-B- 

nor-6,12-bisthiagona-l,3,5(i0) ,8,14-pentaene (278)  adopt ing  t h e  aforementioned 

approach. 

Bromination of 3-methylthianaphthene (270)  (scheme Bji:I'IIII) with iBS af forded  

t h e  knorm 3-bromomethylthianaphthene (271)l12. The bromomethyl d e r i v a t i v e  

(271)  irzs converted t o  t h e  corresponding known mercaptan (272l1l3 by conven- 

t i o n a l  procedure. 3-1.lercaptomethylthianaphthene (272) on t rea tment  with l e a 6  

a c e t a t e  was converted i n t o  t h e  c ~ r r e s p o n d i ~ y :  l e a d  mercaptide (273) .  Treatment 

of t h e  l e ad  mercaptide (273) with iWS afforded i4-(3-thianaphthenyhethylthio)- 

succiuixiide (274) .  Treatment of ( 274) with 2-methylcyclopentane-l,3-dione 

under t h e  in f luence  of 'Tr i ton-8 '  save  t h e  expected C-secos'ceroid, B-nor-6, 

12-bisthla-8,14-secoestm-l,? ,5(10)8-tetraene-14 ,IT-dione (275).  Attenpted 

cyclodehydrat ion of t h e  C-secosteroid (275) .under Lewis and pro ton ic  a c i d  

condiz ions ,  however, f a i l e d  t o  f u r n i s h  the  a n t i c i p a t e d  6 .12-b is th ias te ro id  

(276).  

The aforementioned thiosuccinimide d e r i v a t i v e  (274) on t reatvlent  w i t h  2- 

e thoxycnrbonylcyclopenta~oi~e under t he  ca . t a lys i s  of "h i t on -5 '  afforded t h e  

expected C-secosteroid, 13~-ethoxycarbonyl-~or-6,12-biuthia-8,14-seco- 

gona-1,5,5(10) ,8-tetraen-14-one (277)  a s  a p.m. Cyclodehydration of t he  

C-secos-ceroid (277)  ! i i th  p- toluenesulfonic  ncid i n  beneene a f forded  t h e  
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expected t e t r a c y c l i c  s t e ro id ,  13g-ethoxycarbonyl-B-nor-6,l2-bisthiagona-l,~, 

5(10),8,14-pentaene (278)111 a s  a c rys ta l l ine  so l id ,  m.p. 88OC. 

Condensation of the  succinimide der ivat ive  (274) with 2-methylcyclohexane-1, 

3-dione i n  presence of "Triton-B' furnished the  expected C-secosteroid, B-nor- 

6.12-bisthia-8,14-seco-D-homoestra-1,3,5(10) ,8-tetraene-14,17a-dione (279). 

Cyclodehydration of 279 under the  influence of p-toluenesulfonic ac id  gave the  

ant ic ipated  B-nor-6,12-bisthia-D-homoestra-1,3,5(10),8,14-pentaen-17a-one 

(280) a s  a c rys ta l l ine  so l id ,  m.p. 114-115'~. 

15-l'hiasteroids: 

I n  1971, Kessar and coworkersu4 reported the synthes is  of (i)-13-aza-15-thia- 

18-norequilenin (286) (Scheme XXXIX). 6-Methoxy-1-r~a~hthylscetonitrile (281) 

on reduction with U H  gave the corresponding 2-(1-naphthy1)ethybmine (282). 

N-Formylation of 282 with e thy l  formate gave the  formanide (283) which under- 

went Bischler-Napieralski cycl isa t ion  t o  give the dihydrobene(f ) isoquinoline 

der ivat ive  (284). Treatment of 284 with mercaptoacetic acid i n  p-toluenesul- - 
fon ic  acid-benzene re su l t ed  i n  the  formation of (~)-13-aza-15-thia-18-norequi- 

l en in  methyl e ther  (285). Demethylation of 285 with molten pyridine hydro- 

chloride save the equilenin der ivat ive  (286). 

12,15-3isthiasteroid: 

Ramadas and ~henchaiah''~ reported q u i t e  recently a short and simple method 

f o r  the  t o t a l  synthesis of 3-deoxy-l2,15-bisthiaequilenin der ivat ive  (290) 

(scheme XL) a s  de ta i led  below. 

1-Chloromethylnaphthalene on treatment with th ioglycol ic  ac id  i n  2N sodium 

hydroxide furnished the known 1-naphthylmethylthioacetic acid (287) which on 

cyclodehydration afforded 1-0x0-3-thia-1,2,3,4-tetrahydrophenanthrene (288). 

The t r i c y c l i c  ketone (288) on treatment with mercaptoacetic ac id  i n  presence 

of p-toluenesull'onic ac id  i n  benzene gave (3-thia-3,4-dihydrophenanthren-1- - 
y1) th ioacet ic  acid (289) which on fu r the r  cyclodehydration with p-toluene- - 
sulf onic ac id  i n  benzene gave 12,15-bisthia-1,3,5(10) ,6,8.13(14)-gonahexaen- 

17-one (290) i n  15 % yie ld .  

16-Thi~~eteroids:  

I n  1978-1981, Terasavra and Okada *117s118 reported the writhe sis of 16-thia- 

D-homoestrones (296. 297, 302, 303, 310, 313, 315 and 317) (Scheme XSI) 

adoptins the  Torgov approachl'll. Condensation of the known isothiuroniun 
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ace ta te  (291)'19 with 2-substituted 5-thiacyclohexane-l,3-diones (292 and 

293)lX) occurred smoothly i n  50 O h  aqueous ethanol affording the secodiones 

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

p-toluenesulfonio acid-benzene gave the D-homo-16-thiaestrone der ivat ives  - 
(296 and 297). 

Another sequence invest igated by these authors  f o r  the  synthesis  of the  

pentaene steroid (296) (Scheme XLI) was based on Hughes-Smith approach17. 

Michael condensation of the  dione (292). with the known v i n y l  ketone deriva- 

t i v e  (298)17 i n  boi l ing  xylene containing pyridine gave the t r ione  (299). 

which was cyclodehydrated with phosphorous pentoxide i n  benzene t o  t h e  

pentaene steroid (296 1. 
16-Thia-D-homosteroid (296) on reduction with LAX gave 3-methoxy-16-thia-D- 

homoestra-l,j,5(10) ,8,14-pentaen-17aa-01 (300) and i ts  17aQ-isomer (301) i n  

76 and 17 O/o y i e l d s  respectively.  On prolonged hydroeenation over p l a t i -  

num oxide i n  a c e t i c  ac id  under low hydrogen pressures,  the t e t r a c y c l i c  alcohol 

(300) afforded 14.15-dihydro der ivat ives  (302a and 303a) with 2 - f u s i o n  of 

t h e  o/D-rings. The major product was proved to  be the  D-ring contracted 16- 

th i a s t e ro id  der ivat ive  (303a) which on a c e t y h t i o n  gave the  correspondiw 

acetoxy derivative (303b). 

The same authors116 have a l so  achieved the syntheses of 16-thia-D-homoestra- 

d i o l  der ivat ives  (310a and b )  by subjecting the  intermediate t r ike tone  (299) 

t o  cyclodehydration under the influence of benzoic ac id  and tr iethylamine i n  

ref  luxiq toluene t o  fu rn i sh  the ant ic ipated  unsaturated dione; 3-methoxy- 

9 ,lo-seco-16-thia-D-homoestra-1,3,5(10) ,8(14)-tetraene-9 ,l7a-dione (304),  i n  

23 % yie ld .  Sodium borohydride reduction of the  diketone (304) i n  methanol 

afforded the  17ap-01 (305s) i n  50 y ie ld  which on ace ty la t ion  gave the 

corresponding l7ap-acetoxy der ivat ive  (305b). Hydrogenation of the o l e f i n i c  

bond i n  8 ,11 pos i t ion  i n  (305a and b) with 10 % palladium-on-charcoal gave 

i n  low yie ld  a mixture of 8,ll-dihydro der ivat ives  corresponding t o  the re-  

arranged and unrearranged products (306 and 307). Al ternat ive ly ,  prolonged 

hydrogenation of the keto ace ta t e  (305b) v i t h  5 % palladium-on-charcoal i n  

THF containing a c e t i c  acid afforded exclusively the  exgected 8.14-dihydro 

d e r i v a t i - ~ e  (307b) i n  moderate y ie ld ,  which on cyclodehjdration with p-toluene- - 
8 sulfonic acid i n  refluxing benzene gave the  A -homoestratetraene (708b) i n  
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65 % yie ld .  Alternatively attempted cyclodehydration of the  keto-acekte  
8 (307b) with methanolic hydrochloric a c i d  gave a mixture of the - and a 9 ( n ) -  

t e t r acyc l i c  te t raenes  (308b and W9b) (1:2.6) i n  90 % yield.  The isomeric 

t e t r aenes  (308 and 309) on l i thium in l iquid  ammonia reduction gave the a n t i c i -  

pated 16-thiaestradiol  der ivat ives  ( 3lOa and b )  in 72 yield. 

'i'erasawa and 0kada118 i n  1981 found a new annelat ion procedure involving the  

ca t ionic  o le f in  cycl isa t ion  reac t ion  through the  par t ic ipat ion  of the  neigh- 

bourin:: su l fur  atom to  fu rn i*  i n  a highly s tereospeci f ic  manner the  expected 

16-thiasteroids (302 and 308) (scheme XLI). The key intermediates, t he  8,14- 

secodiols  (311a and 312a), were obtained by the reduction of 294 with sodium 

bis(2-metl~oxyethoxy)aluminium hydride ( sN!%H) i n  benzene, i n  40 yield. 

Treatment of 3 l l a  with g l a c i a l  a c e t i c  ac id  i n  presence of methanesulfonic acid 

effected a smooth r i n g  closure furnishing the t e t r a c y c l i c  aoeta te  (302b) with 

cis-fusion of the C/D-rings i n  72 y ie ld .  Similar a c e t o l y s i s  of 312b a t  - 
1 0 0 ~ ~  resu l t ed  i n  the  formation of the t e t r a c y c l i c  aoeta te  (308b) with trans- 
fusion of the  C/D-rings i n  70 yield.  Zeduction of 308a with l i thium i n  

l iquid  ammonia gave e n t i r e l y  the expected 16-thia-D-honoestradiol 3-methyl 

e ther  (310a) in 80 y i e l d ,  while under similar  condit ions of reduction, 

(3OZa) gave a mixture of trans-syn-cia- and cis-anti-cistetracyclic-16-thia- 

s t e ro id  aer ivat ivea  (314 and 316) i n  36 and 28 % y i e l d s  respectively.  

Oxidation of 3lOa with Fet iaon 's  reagent  ( ~ e ~ ~ ~ ~ / ~ e l i t e )  i n  refluxing toluene 

yielded the  desired 16-thia-D-homoestrone 3-methyl e ther  (313) i n  68 % yie ld .  

I n  a similar  manner, both the isomeric ketones (315 and 317) were obtained i n  

60-70 % y i e l d  from the corresponding t e t r a c y c l i c  alcohols (314 and 316). 

I n  1965, ~ r i ~ ~ s l ' l  reported the 6ynthesis of 3-methoxy-16-thiaestra-l,3,5(10), 

8,14-gentaen-17-one (320) by condensing the known a l l y 1  alcohol (318)119 with 

2-methyl-5-thiacyclopentane-1, T-dione (319) (scheme XLII ) following the  well- 
1,11 known Torzov approach . 

3 , l6-Bisthiasteroids: 

In 1981, Terasawa and 0kadalZ2 achieved the  syntheses of A-nor-3,lGbiethia-D- 

homoes'irone der ivat ives  (322, 323 and 324) s t a r t i n s  with the known isothiuro- 

nium ace ta t e  (113) 56 *59p65 and 2-methyl-5-thiacyclohexane-l,3-dione (292) 
120 

a s  outlined i n  Scheme XLIII. 
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17-ThL?steroids and 3 .l7-Bisthiasteroids: 

A s  ear ly  a s  1941, aobinson and i d c ~ i n n i s l ~ ~  reported the synthes is  of the  17- 

thiastei.oida1 system (329) (Scheme XLIV). Bis-y,y'-diethoxypropyl sulf ide (325) 

underwent hydrolysis  and cyclodehydration on boi l ing  with 1 N  sulphuric acid t o  

give the  unsaturated aldehyde (326). Reaction of methylmagnesium iodide with 

the  aldehyde (326) gave the  sec-alcohol (327) which on Oppenauer oxidation with - 
aluminiun 3 - b u t o x i d e  and acetone gave the methyl ke';one (328). Condensa- 

t i o n  of 328 with 6-methoxytetralone i n  presence of sodamide gave the  s t e ro ida l  

system (329). 

BhiCe and Jogdeo 1241125 reported the  synthesis of 17-thiaestrane de r iva t ives  

(332, 333, 334 and 335) following the Torgov approach l*'' a s  outlined i n  

Scheme XLV. Condensation of the  known iaothiuronium ace ta te  (291)119 with 2- 

methyl-5-oxothiophane-1-dioxide (330) afforded the  C-secosteroid, 17-thia-3- 

methoxy-14-oxo-S,14-secoestra-l,3,5(10),9(11)-tetraene-17-dioxide (331) which 

underwent cyclodehydration with p-toluenesulfonic ac id  i n  ref luxing benzene t o  - 
y ie ld  t h e  t e t r acyc l i c  s t e r o i d ,  17-thia-3-methoxyestra-l,3,5(10) ,8,14-pentaene- 

17-dioxide (332). Cata ly t ic  hydrogenation of the D,14-bisdehybrosteroid (332) 

with 5 % palladium-on-oalcium caxbonate gave a mixture of two compounds 

which were iden t i f i ed  a s  17-thia-3-methoxy-14$-estra-1,3,5(10) ,8-tetraene-17- 

dioxide (333) and 17-thia-3-methoxy-8a,14$-estra-l,3,5(10)-triene-l7-dioxide 

(334). Alternatively,  c a t a l y t i c  hydrogenation of 332 a s  well  a s  333 employing 

U) 'lo palladium-on-charcoal gave trans-syn-cis-17-thiasteroid der ivat ive  

(334). Ionic h y d r ~ g e n a t i o n ' ~ ~  of 332 with t r i e t h y l s i l a n e  and t r i f l u o r o a c e t i c  

acid i n  Wy methylene chloride r e su l t ed  i n  the 1,4-addition of hydrogen t o  the 

conjugat ed 8.14-diene syatem t o  afford 3-methoxy-17-thiaestra-l,3,5(10 ) ,8(14)- 

tetraene-17-dioxide (335) with the  o le f ln ic  bond i n  8(14) posit ion.  

Bhide and Jogdeo 124v125 acconplished t h e  syntheses of a few 3,l'l-bisthia-A- 

norestrane de r iva t ives  ( 337, 338 and 339 ) following the  same Torgov approach 
1,11 

a s  depicted in  Scheme XLVI. Condensation of the  knorm isothiuronium ace ta te  

(113) 56,59165 with the  keto sulfone (330) i n  a heterogeneous medium (et i ier ,  

water and benzene) a t  room temperature afforded the C-secosteroid, 3,17- 

dithia-l4,-oxo-8,14-seco-~-norestra-1,5(10 ) ,9(11)-triene-17-dioxide (336). 

Cyclodeiv&ration of 336 with p-toluenesulfonic acid i n  boi l ing  benzene furni -  - 
ehed the  expected 3,17-bisthia-A-norestra-1,5(10) ,8,14-tetraene-17-dioxide 
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(337).  Weatment of 337 w i t h  polyphosphoric a c i d  i n  r e f  lux ing  benzene 

e f f ec t ed  i somer i sa t ion  of t h e  B-ring i n  337 r e s u l t i n g  i n  the  formation of 

3 $17-bisthia-A-nor-14P-estra-1,5 ( l o ) ,  6,8-tetraene-17-dioxide (338 ) ,  while 

t h e  i o n i c  hydrogenation of 337 with t r i e t h y l s i l a n e  and t r i f l u o r o a c e t i c  a c id  

furn i shed  3,17-bisthia-A-norestm-1,5(10) ,8(14)-triene-17-dioxide (339) .  

17s-Thiasteroids:  

I n  1953, IFazarov and coworkers126 r epo r t ed  t h e  syn theses  of va r i ous  t ypes  of 

17a- th ia8 te ro ids  (342, 345-349) v& t h e  D i e l s A l d e r  r e a c t i o n  between approp- 

r i a t e  b i c y c l i c  d i enes  and d i enoph i l e s  such a s  unsa tu r a t ed  y-keto su l fones  

(Scheme XLVII). Thus, 1~i~1-9-methyl-~~0~tahydro-6-ox0na~hthalene (340) 

on hea t i n2  with 2-methyl-(4H)-l-thiapyran-4-one 1, l -d iox ide  (341) i n  dioxane 

gave t he  corresponding 17a- th ias te ro id  d e r i v a t i v e  (342) .  Under i d e n t i c a l  

condi t ions ,  l-vinyl-6-met:zoxy-3,4-dihydronaphthslene ( 343) r e ac t ed  with 2.5- 

dimethyl-(4H)-1-thiapyran-4-one 1, l -dioxide (344)  a f forded  t h e  expected 17a- 

t h i a s t e r o i d  analogue of es t rone  methyl e t h e r  (345) .  They have a l s o  repor ted  

t he  syn theses  of o the r  t y p e s  of l 7 a - t h i a s t e r o i d a l  d e r i v a t i v e s  (346. 347, 348 

and 349) employing t h e  same Diels-Alder approach (Soheme XLVII). 

These authors126 po in ted  ou t  t h e  formation of t he  o the r  pos s ib l e  s t r u c t u r a l  

isomer of t he  Diels-Alder adduct i n  t he  aforementioned r e a c t i o n s  bu t  have not  

e s t ab l i shed  conc lus ive ly  t h e  s t r u c t u r e s  a s s i s e d  t o  t he se  adducts .  

Quite  r e c e n t l y  Huisman and coworkers127 had undertaken t he  study of t h e  

Diels-.;lder r e a c t i o n  between l-vinyl-6-methoxy-3,4-dihydronaphtnalene (343) 

and 2.3-dihydrothiopyran-4-one '3.3-dioxide (350)  with a view t o  e s t a b l i s h i n s  

t he  reb;>ive o r i e n t a t i o n  of d iene  (343)  and riienophile (350)  i n  a f f o r d i n g  

t h e  Diels-Alder adduct (351).  Thus, t h e  r e x t i o n  of t h e  d i ene  (343)  with 

t h e  d ienophi le  (350) in benzene a t  1 5 0 ' ~  gave t h e  Diels-Alder adduct (351) 

i n  preponderant q u a n t i t y  (65 % ). The s t r u c t u r e  a s s i zned  t o  (351) was 

confirmed by a very c a r e f u l  a n a l y s i s  of t h e  B.131.R. s pec t r a  of t h e  adduct  (351)  

and i t 3  deu te ro  d e r i v a t i v e s  (w i th  deuter ium a t  1 3 ,  1 4 ,  17-pos i t ions)  and a l s o  

by i t s  conversion t o  ~-methoxy-15-ethylenedioxyestra-1,3,5(10),8,l3(l7)- 

pentaene (352)  and t he  t e t r a c y c l i c  ketone (353) .  

Sec t ion  1.2 

To t a l  syn theses  of pyrazole  and i soxazole  analo,mes of s t e r o i d s  with s u l f u r  

i n  11 or  12  o r  6 , ;  3 ,7 ,11 o r  7.11-positions of t h e  s t e r o i d a l  nucleus a r e  
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described i n  t h i s  sect ion.  

F ravo l in i  and coworkers l2'-'j0 b v e  repor ted  the  syntheses of iscxaeole and 

pyraeole analogues of 11-tihiaequilenin s t a r t i n g  with benzo(h)thiochroman-4- 

one (354)"' (Scheme XLIX). Formylation of t he  t r i c y c l i c  ketone (354) gave 

3-hydroxymethylenebeneo(h)thiochroman-4-one (355). which on r e a c t i o n  with 

hyaroxybaine  hydrochloride i n  presence of sodium a c e t a t e  i n  methanol furn i -  

shed beneo(h)thiochromano[3.4-d]isoxaaole (356 1. The isoxazole de r iva t ive  

(356) on treatment  with sodium methoxide and methanol gave the cyanothio- 

chromanone (357), which was converted i n t o  1-amino-3H-benzo(h)thiochroman- 

[4,3-c]pyraeole (358) 2 r eac t ion  wi th  hydraeine hydrate i n  e thanol  solu- 

t i o n  i n  presence of a c e t i c  ac id .  I n  add i t i on ,  the cyanothiochromanone (357) 

on treatment  with dry hydrogen chlor ide  g a s  in dry methanol afforded the  

B-keto-ester (359),  which on treatment  with hydrazine hydrate y ie lded  

1-hydrozy-3B-beneo(h) thiochroman0[4~3-~]~yrazole (360). 

Treatnent  of the isoxazole de r iva t ive  (356) with sodium methoxide i n  presence 

of methyl iodide gave 3-cyano-3-methylbenzo(h)thiochroman-4-cne (361). The 

cyanornethylthiochromamne (361) on hea t ing  wi th  hydraeine hydrate gave 

l-amino-lla-methylbeneo(h)thiochromano[4,3-~]~yrazole (362). The cyanomethyl- 

thiochronanone (361) was converted i n t o  the B-keto-ester (363) by treatment  

with dry hydrogen chlor ide  i n  methanol. fhe 6-keto-ester de r iva t ive  (363) on 

heatin.. with hydraeine furniehed lla-methylbeneo(h)thiochromano[3,4-dlpyra- 

eolin-1-one ( 364). 

F ravo l in i  and coworkers129 have repor ted  the syntheses of severa l  polyaea- 

d i t h i a s t e r o i d  analogues (Scheme L). The synthes is  of t he  aforementioned 

compounds depicted i n  (Scheme L) was achieved from the known 2-methyl-2H-1, 

2-benaothiazin-4(3H)-one-1.1-dioxide ( 3 6 5 1 ~ ~ ~ ,  which by ac id  catalysed 

r eac t ion  with B-mercaptopropionic ac id  gave p-(2-methyl-2H-l,2-benzot'niaein- 
I 

4 y l t h i o  1, l -dioxide)propionic ac id  (366) .  ~ c l o d e h y c h a t i o n  of (366) with 

PPA gave t h e  t r i c y c l i c  ketone (367).  Condensation of 767 with  dimethyl 

oxala te  iurnished t h e  corres:,onding glyoraL-.te derivati-7e (360) ,  r;hich on 

hea t in ;  :;ith s o f t  g l a s s  pori&e:. underwent &cc?rbonylation t;iviilg t he  B-kcto- 

e s t e r  ( 3 G g ) .  The p-keto-ester (369) was then converted t o  3-methoxycarbonyl- 

3,5-d~c'~l~yl-4-oxo-2,3,4,5-tetrahydrothiopyr-no[3,2-c] [ l ,~ ]beneo th i az ine -6 ,  

6-dioriire (370) by treatment  with sodium hiethoxide and methyl iodide. 
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SCHEME - LII 



Compounds (369 and 370) on heating with an ethanolic so lu t ion  of hydrazine 

afforded 4,U-dihydro-4-methyl-l-hybroxy-XI-pyrazolo[4,3-c]thiopyrano[3,2-c]- 

[1,2]benzothiazine 5,5-dioxide (371) and the racemic 7-methyl-7,15,16-triaza- 

6 ,U-dithia-l ,3,5(10) ,8,14-estrapentaen-17-one- ,6-dioxide (372) respectively.  

The glyoxalate (368) on treatment with hydrazine hydrate and hydroxylamine 

hydrochloride gave the  corresponding 2yrazole (373) and isoxazole (374) der i -  

va t ives  respectively.  

Ramadae and ~ i z a l ~ ~  i n  1980 achieved t h e  t o t a l  syntheses of a few 3 ,7 , l l -  

t r i s t h i a  analo,wes of A-thienoestrone a s  outl ined i n  Scheme LI. 

1,6-Biethia-4,5,6,7-tetrahydroindene-4-one (234) on condensation with 

p-mercaptopropionic ac id  i n  presence of p-toluenesulfonic acid i n  benzene - 
affooded the  soid  (375) which underwent cyclodehydration with phosphorous 

pentoxide affording the  t r i c y c l i c  ketone (376). Condensation of 376 with 

dimethyl oxalate under base condit ions gave the  corresponding glyoxalate (377). 

Condensation of 377 with hydroxylamine hydrochloride, hydrazine hydrate and 

phenylhydrazine hydrochloride gave the corresponding isoxazole (378) and 

pyrazole der ivat ives  (379 and 380) respectively.  

Ramadas and chenchaiahlU) have achieved qu i t e  recent ly  the  syntheses of a few 

isoxazole and pyrazole analogues of 3-deoxy-12-thiaequilenin a s  outl ined i n  

Scheme LII .  

Condensation of the  h i t h e r t o  mentioned t r i c y c l i c  ketone (288) with dimethyl 

oxalate under the  influence of sodium methoxide gave the  glyoxalate deriva- 

t i v e  (381). Condensation of the  glyoxalate der ivat ive  (381) with ( i )  hydraxy- 

lamine hydrochloride, (ii) hydrazine hydrate, ( i i i )  methylhyQaeine, ( i v )  phenyl- 

hydrazine hydrochloride gave the  corresponding isoxazole (382) and pyrazole 

analogues (383, 384 and 385), respectively.  

Fornylation of the  t r i c y c l i c  ketone (288) gave the  hydroxymethylene deriva- 

t i v e  (386),  which on condensation with hydroxylamine hydrochloride furnished 

the  corresponding isoxazole derivative ( 387). 

Ramadas and Vijaya ~ r i s h n a ' ~ ~  have achieved very recently the  syntheses of a 

few ieoxazole and pyrazole analogues of 3-deoxy-7,ll-bisthiaestrone a s  

explained i n  Scheme LIII .  

Condenstion of the  b i s t h i a t r i o y c l i c  ketone (2121, obtained h i the r to  i n  con- 

nection with the  t o t a l  synthesis of pentacyclic 1,6-bisthiasteroid (216) 
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(Scheme S I X ) ,  with dimethyl oxalate under base conditions gave the expected 

glyoxalate derivative (388). Condensstion of 388 with ( i )  hydrcxylamine 

hydrochloride. (11) hydrazine hydrate, ( i i i )  phenylhydrazine hydrochloride gave 

the corresponding isoxazole (389) and pyrazole analo@;ues (390 and 391) of 

7 ,ll-bisthiaeetrone , respectively. 
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