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Abstract-Contributions by the author extending over the last 15 years on two related topics have 
been reviewed: (1) Carcinogenesis by thiophene isosters of polycyclic hydrocarbons in connexion 
with the study of the rble of the 9,10-double bond in phenanthrene (K region) and (2) Synthesis of 
condensed thiophenes and thiapyrans. The survey also includes a considerable amount of 
unpublished work. 

Thiophene isosters of polycyclic carcinogenic hydrocarbons 

CHEMICAL carcinogenesis has been extensively investigated and several reviews on 
the subject are available. l Among the large number of chemical carcinogens, the 

polycyclic hydrocarbons are the most systematically studied in view of their structural 
relationship to the naturally occurring compounds such as, the steroids on the one 
hand, and their association with certain forms of occupational cancer on the other. 
Series of closely related hydrocarbons have been prepared with the view to study the 
relationship between chemical structure and biological activity. Majority of poly- 
cyclic hydrocarbons, that have proved carcinogenic, are phenanthrene derivatives 
suitably substituted by alkyl groups or with fused aryl ring attached to phenanthrene. 
Many heterocyclic analogues of these carcinogenic hydrocarbons such as, acridine, 
carbazoles and thiophene derivatives have also proved to be carcinogenic.’ These 
facts led Robinson to suggest that the essential structural feature for carcinogenicity 
in the polycyclic hydrocarbons may be an activated phenanthrene bridge (the 9,10- 
double bond in phenanthrene shown by asterisks in formulae) which needs to be 
unsubstituted.2 With this end in view, Robinson and Tilak initiated a programme of 
synthesis of thiophene isosters of carcinogenic hydrocarbons, wherein the sulphur 
atom in the thiophene ring replaced the key phenanthrene bridge.3 

In this connexion, compounds III, IV and IVA were prepared.3w4 As against the 
activity of I and 11, prepared earlieti$ E III was only slightly active when painted 

on mice and inactive when injected subcutaneously.‘” The inactivity of III was 

1 ((I) A. Haddow. Brit. Med. Bull. 4. 3 14, 33 1 (1947). 
(6) J. L. Hartwcll, Survey of Compounds Testedjor Carcinogenic Acrirify. U.S. Pubhc Health Serwce (1951). 
(c) G. M. Badger, Roy. Aust. Chem. Insr. J. & Proc. 17, 14 (1950). 
(d) Ng. Ph. Buu-Hoi. Chem. Progr. 13, 23 (1952). 
(e) G. M. Badger, Advances in Cancer Research Vol. II, pp. 73-127. Academic Press. New York (1954). 

* R. Robinson, Brit. Med. J. I, 945 (1946). 
’ B. D. Tilak. D. Phil. Thesis Oxford University (1946). 
’ B. D. Tllak, Proc. Indian Acad. Sci. 33A, 131 (1951). 
o R. B. Sandin and L. F. Fiescr, J. Amer. Gem. Sot. 62, 3102 (1940). 
‘ E. B. Hershbcrg and L. F. Fieser. /. Amer. Chem. Sot. 63. 2563 (1941). 
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I lx III. 

attributed to the absence of the phenanthrene bridge, since high activity again emerged 
in the case of IV and IVA which contain a phenanthrene bridge. 

m. Ipa 

While the above data was being collected, Pullman er al. and Coulson approached 
the problem from quantum mechanical considerations. Summaries of their con- 
clusions are available in recent literature. ‘1s Since the first step in carcinogenesis 
involves a reaction of the carcinogen and a cellular receiver probably of an electro- 
philic nature, Pullmann’ postulated that the “K-region” should be sufficiently active 
and that the “L-region” (meso positions in anthracene residue) should be inactive (by 
substitution, e.g. by methyl groups). The activities of these centres were expressed in 
terms of electrical indices calculated by Pullmann on the basis of bond localization 
energies. There are, however, certain exceptions which are difficult to explain on the 
basis of the Pullmann hypothesis. 

The interaction at the phenanthrene bridge in the metabolism of 1:2,5:6-dibenz- 
anthracene has been demonstrated by Heidelberger.Q This work indicates that the 
phenanthrcne bridge is involved in carcinogenesis by 1:2,5:6_dibenzanthracene. 

The synthesis of key thiosters of carcinogenic hydrocarbons wherein the 
“K-region” is replaced by isosteric substitution by means of thiophene has been 
continued by the author. 4 Thus thiosters of the following carcinogens were prepared: 
9,10-dimethyl-l :Zbenzanthracene (V), 1:2,5:6_dibenzanthracene (VI), 9,10-dimethyl- 
1:2,5:6-dibenzanthracene (VII), 1:2,‘7:8_dibenzanthracene (VIII), 9,10-dimethyl- 
1:2,7:8-dibenzanthracene (IX), 3:6benzphenanthrene (X), chrysene (Xl), 3:4-benz- 
pyrene (XII) and 1:2,5:6-dibenzphenanthrene (XIII). The phenanthrene-bridges 
referred to hereafter as PB/s are shown by asterisks and the thiosters synthesized are 
shown alongside with the hydrocarbons in Chart I. 

Thiosfers of 9,10-&methyl-l: 1-benzanfhracene (V). The carcinogenic activity of 
the thiosters I, II and III has been discussed earlier. Isoster VA has also been 
prepared,‘O but could not be tested for want of material. 

’ A. Pullmann and B. Pullmann, Ad~w~es in Conccr Research Vol. III. p. 1711. Academic Press, New 
York (1955). 

n C. A. Coulson. Ad~~~nces In Cancer Research Vol. I. PP. l-56, Academic Press. New York (1953). 
’ P. M. Bhargava. H. I. Halder and C. Heide1bergcr.J. Amer. Chem. Sot. 77.2877 (1955); 78, 3671 (1956). 

lo V. V. Ghaisas and B. D. Tllak, 1. Sri. Id Reg., India 148, 11 (1955). 



B. D. TILAK 

Chart 1 
arcinopmic hydrocorbonr Thioslws 

VlIIb 

MI 

-. 

l xll* l Xb xc 
-. -- 



Carcinogenesis by thiophene isosten of polycyclic hydrocarbons 79 

Thiosrers of 1:2,5 :bdibenzanthracene (VI). In compound VIB both the PBS are 
replaced by sulphuru and the compound has proved inactive.12 Compound VIA, 
wherein only one of the two PBS in VI is replaced, has been synthesized very recently, 
and remains to be tested.13 

Thiosters of 9,10-dimethyl- :2,5:6_dibenzanthracene (VII). The two PBS in VII 
have been replaced stepwise as in IVA3p4 and VIIB.‘O Compound IVA is a much more 
powerful carcinogen than VIP* and the high activity was attributed to a single 
activated PB instead of two competitive PBS as in VII.4 The key thioster VIIB, 
wherein both the PBS are removed, however, proved highly active contrary to the 
expectation that it would be inactive.12 

Thioster of 1:2,7:8-dibenzanthracene (VIII). Thiosters VIIIAis and VIIIBiQ have 
been recently synthesized wherein the two PBS in VIII have been removed stepwise. 
These compounds have yet to be tested. 

YIRiosters of 9,10-dimethyl- :2,7:8-dibenzanthracene (IX). When one of the two 
PBS in IX was replaced, a highly active carcinogen IV resulted as expected.4 However, 
the key thioster IXB, wherein both the PBS were removed15, also proved to be highly 
carcinogenic, contrary to its expected inactivity.12 

Thiosters of 3:Cbenzphenanthrene (X). All the three thiosters XA,15 XB,l’W and 
XC18 of this weakly active carcinogen X have proved inactive.lb*12 

Thiosrers of chrysene (XI). Conflicting reports have appeared as regards the 
carcinogenic activity of chrysene. lb Out of the three thiosters XIA,20 XIBls and 
XIC,lB the key compound XIC, wherein both the PBS are removed, has proved 
noncarcinogenic. l2 Compounds XIA and XIB are also inactive.lbl12 

Thiosrers of 3 :Cbenzpyrene (XII). This thioster XIIA21 in which the two K-regions 
of 3:4-benzpyrene XII are unaffected is under study for its carcinogenic activity. 

Thiosters of 1:2,5 :6-dibenzphenanrhrene (XIII). As against the weak carcinogenic 
activity of X111’* its thioster 1:2,5:6-dibenzo-Pthiafluorene (XIIIA)” has given a 
highly toxic initial reaction when given subcutaneously to mice.lao The test is still in 
progress. 

Thiosrers of phenolic steroids. Compounds XIVA22 and XVAss which are thiosters 
of 3-desoxyequilenin (XIV) and 3-desoxyisoestradiol (XV), were synthesized as a 
preliminary step in the synthesis of B-nor-64hiaequilenin (XIVB) and B-nord- 
thiaestradiol (XVB). It is of interest to compare the carcinogenic and estrogenic 
properties of these thiosters and the corresponding natural steroids. 

In conclusion it may be said that the interrelation between carcinogenicity and the 
structure of polycyclic hydrocarbons and their thiosters does not appear to be simple. 

I1 D. S. Rao and B. D. Tilak. J. Scf. Ind. Rrs., India 17B, 260 (1958). 
ss K. J. Ranadive and S. S. Waravdekar. I. Nor. Cancer hf. 18. 555 (19ST). 
t- K. J. Ranadive and S. S. Waravdekar, Private communication. 
l* Cl. N. Pillai and B. D. Tilak. Unpublished work. 
l’ L. J. Pandya. G. N. Pillai and B. D. Tilak. I. Sci. Ind. Res., India ISB, 198 (1959). 
u V. V. Ghaiw, K. Rabindran and B. D. Tilt&, Proc. Indian Acad. Sci. 37A, 114 (1953). 
i* K. Rabindran and B. D. Tilak. Proc. Indian Acad. Sci. 37A, S64 (1953). 
l7 K. Rabindran and B. D. Tilak, Proc. Indian Acad. Scl. 38A, 271 (1953). 
ls R. B. Mitra, L. J. Pandya and B. D. Tilak. I. SC/. Imf. Res.. India 16B, 348 (1957). 
l* V. V. Ghaisas and B. D. Tilak, 1. Sci. hf. Res.. India 16B, 345 (1957). 
so B. D. Tilak. Proc. Indian. Acad. Scf. 33A, 71 (1951). 
s1 L. J. Pandya and B. D. Tiik. Chcm. & Iad. 981 (1958). 
n R. 8. Mitra and B. D. Tilak. J. Scf. Ind. Res.. India 14B, 132 (1955); lSB, 497 (1956). 
y R. B. Mitra and B. D. Tilak, 1. Sci. Ind. Res. Indfa ISB, 573 (1956). 
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.XWb, R=OH 

XVb 

The carcinogenicity of some of the thiosters which do not contain a phenanthrene- 

bridge cannot be fitted into the K-region hypothesis and it seems likely that the sulphur 
atoms in these condensed thiophenes have their own characteristic reactivity towards 
a biological substrate. A study of the metabolism of the above condensed thiophenes 
is undoubtedly an important aspect which needs to be investigated in order to study 
the comparative biological activity of thiosters and their hydrocarbon counterparts, 
and to find out whether the sulphur atom is implicated in metabolism. Experimental 
support to the latter suggestion is forthcoming from the recent studies on the meta- 
bolism of dibenzothiophene (given orally to rats through diet) when 2-hydroxy- 
dibenzothiophene-5,5-dioxide was isolated (from urine).= 

Synthesis of condensed thiophenes. The synthesis of thiosters of carcinogenic 
hydrocarbons necessitated exploration of new and better synthetical approaches to 
condensed thiophene ring system. Prior to the present workS*25 perhaps the best 
method for the synthesis of thionaphthene and its derivatives (where the thiophene 
ring was located at the end of the fused ring system) consisted in cyclodehydration of 
arylthioglycolic acids (XVI) to corresponding thioindoxyls (XVII), followed by 
reduction of the latter to the corresponding thionaphthenes (XVllI).26 

The above method is not very satisfactory, because of low yields in the cyclo- 
dehydration and reduction steps and the susceptibility of the thioindoxyls to air 
oxidation (conversion to thioindigo dyes). 

Hartough and Meisel’s survey of the literature on the subject% reveals ample 

u T. B. Pamc and B. D. Tilak. Unpublished work. 
** B. D. Tilak, Proc. Indian Acad. Sci. 324 390 (1950). 
16 H. D. Hat-tough and S. L. Meiscl. Compounds with Condensed Thiophene Rings. Interscicncc, New York 

(1954). 
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opportunities for contributions in the field of condensed thiophenes. The present 
paper gives a summary of the several new and general methods for the synthesis of 
condensed thiophenes developed by the author. 

Synthesis of condensed rhiophenes from arylthiols 

One or more thiophene, thiapyran, thionaphthene and naphthothiophene ring 
systems were fused to an aromatic residue by starting from aryl mono- and di-thiols on 
the one hand and halogenoacetaldehyde dialkyl acetals3Bz5 and a-halogenocyclic 

ketones (2-bromocyclohexanonez7 and 2-bromo-1-tetralone”) on the other. These 
approaches may be summarized as follows: 

Method I : Fusion of one or more rhiophene or thiapyran rings to an aryl residue3,s 

\ Ar i + XCH,CH (ORlr 
NoOEt Ckt(OR& 

- --L i I 

x- CL.Br ,, \. , CH2 

S’ 

R- Mt,Et 

PPA 

, 

Method II : Fusion of benzorhiophene ring system to an aryl residue2’ 

I m I I> 
Method 1 I I : Fusion of a naphrhorhiophene ring system ro an aryl residue” 

1’ K. Rabindran and B. D. Tilak. Curr. Sri. 20, 207 (1951); Proc. Indian Acod. Sri. 36A,411 (1952). 

0 
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TABLE 1. CONDENSEDTHIOPHENESFROMARYLTHIOLSAND HAL~GENOACETALDEHYDE- 

No. 

- 

1 

9 

10 

11 

12 

13 

14 

- 

_ 

I’ 

DIALKYL ACETALS (Method I)* 

I 
Aryl odimethoxyethyl 

sulphide 

Phenyl w-dimethoxyethyl 
sulphide 

Phenyl o-diethoxyethyl 
sulphide 

pToly1 w-dimethoxyethyl 
sulphide 

mToly1 o-dimethoxyethyl 
sulphide 

o-Tolyl wdimethoxyethyl 
sulphide 

pChloropheny1 wdimethoxy- 
-ethyl sulphide 

mChloropheny1 o-dimethoxy 
ethyl sulphide 

oChloropheny1 
wdimethoxyethyl sulphide 

o-Bromophenyl 
wdimethoxyethyl sulphide 

pBromopheny1 
w-dimethoxyethyl sulphide 

u-Nitrophenyl 
w-dimethoxyethyl sulphide 

o-Nitrophenyl 
o-dimethoxyethyl sulphide 

a-Methoxyphenyl 
o-dimethoxyethyl sulphide 

m-Methoxyphenyl 
w-dimethoxyethyl sulphide 

IS j o-Methoxyphenyl 
o-dimethoxyethyl sulphide 

16 

17 

pEthoxypheny1 
w-dimethoxyethyl sulphide 

3-Methoxy-4-methylphenyl 
w-dimethoxyethyl sulphide 

% Yield 1 
from Condensed thiophenes 
thiol 

76 Thionaphthene 

- 

65 

69 

Thionaphthene 

5-Methylthionaphthem 

69 

69 

65 

62 

6Methylthionaphthcnc 

7-Methylthionaphthem 

5-Chlorothionaphthenc 

6Chlorothionaphthene 
4Chlorothionaphthene 
7-Chlorothionaphthene 

78 7-Bromothionaphthene 

72 

68 

70 

5-Bromothionapthene 

5-Nitrothionaphthene 

Did not cyclize 

5-Methoxythio- 
naphthene 

74 

82 

CMethoxythio- 
naphthene 

7-Methoxythio- 
naphthene 

85 S-Ethoxythionaphthene 

84 dMethoxy-5-methyl- 
thionaphthene 

‘A Yield 
from 

sulphide 

37 

89 

32 

48 

- - 

3.25 
--_ _ 

28 
-_. ._ 

3,25 

29 

42 
78 

- 

_ 

_ 

_. 

._ 

. . 

._ 

-- 

53 

43 

32 

40 
-- 

72 

(:9’) 
-. _ 

13 

12 

29 
28 

-__- 

29 

29 

29 
29a 
29 

-- 

28 
30 

low 

crude 
62 

18 

15 

64 

Ref. 

-.- 

30 

30 

30 

31 

31 

31 

31 

31 

l Where two yields are quoted for the same compound, the yield in brackets refers to yield of the purer 
compound. In all other cases. the yield figure relates to the pure compound. 

*’ K. Rabindran and B. D. Tilak. Curr. Sci. 20. 205 (1951). 
*s A. V. Sunthankar and B. D. Tilak, Proc. Indhn. Acad. Scl. 32A, 396 (1950). 
aw C. Hansch and B. Schmidhalter. J. Org. Chem. 20, 1056 (1955). 
*O K. Rabindran, A. V. Sunthankar and B. D. Tilak, Proc. Indhn Acod. Sci. 36A, 405 (1952). 
‘I A. V. Sunthankar and B. D. Tilak. froc. Indian Acud. Sci. 334 35 (1951). 
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TABIX 1 (conrd.) 

No. 

-- 

Aryl w-dimethoxyethyl 
sulphide 

% Yield ‘% Yield 
from Condensed thiopheoes from Ref. 
thiol sulphide 

- - ~ __ 

18 

19 

#?-Naphthyl w-dimethoxy- 
ethyl sulphide 

a-Naphthyl 
w-Dimethoxyethyl sulphide 

20 1 I-Chloro-I-naphthyl 

21 

22 

23 

24 

2s 

26 

w-dimethoxyethyl sulphide 
2-Chloro-I-naphthyl 

w-dimethoxycthyl sulphide 
3-Phenanthryl 

w-dimethoxyethyl sulphide 
3-Thienyl o-dimethoxyethyl 

sulphide 
2-Thienyl 

o-dimethoxyethyl sulphide 

o-Dimethoxyethyl 
2-thionaphthenyl sulphide 

1,2-Bis-w-dimethoxyethyl- 
mercaptobcnzene 

27 1 CBromo-1,2-bisw-dimethoxy- 
ethylmercaptobenzene 

28 1,3-Bis-w-dimethoxyethyl- 
mercaptobenzene 

29 I-Chloro-2.4bis-wdimeth- 
oxyethylmercaptobenzeoe 

30 ! 1 +Bis-o-dimethoxyethyl- 
mercaptobenzene 

31 1,4-Dichloro-2,5-bis-w- 
dimethoxyethylmercapto- 
benzene 

32 4 1,3-Di-(o-dimethoxyethyl- 

mercapto)-naphthalene 

40 

69 

70 

72 

66 

73 

70 

70 

48 

66 

72 

52 

83 

I I 54 I 20 

/ 4:5-Beh~petnheio- Naphtho-(1’,8’-bc)- 20 
thiapyran (8 %) and 
6:7benzothio- 

i (MEtr.) 32 

naphthene (92%) 

3’-Chlorobenzo-(1’2’. 82 
6:7)-thionaphtheoe I Crude 

9Chloronaphtho- 11 
’ (1’,8’-bc) thiapyran. 
1 7:8Renzothiophao- 36 
, threne 

Thieno-(3,2-6) 18 
thiophene 

Thieno-(2,3-b) 
(E) 1 thiophcne 

33 

32,33 

34 

35,36 

35.36 

1 Thieno-(2,3-b)- thionaphthene 48 / 18 

I Benzo-(2.1 -b,3,4-b?- Poor 11 
dithiophene I 

dBromobenzo- 7 I 11 
(2.1~&3,4-b’) I 

dithiophene Benzo-( I ,2-b,5,4-b’)- 50 I 37 
dithiophene (41”%) 

, 

+ Benzo-(1.2~b,3,4- ’ 
(Mixtr.) 

b’)-dithiophene I I 
(59 %) I 

8Chlorobenzo- 45 37 (I ,2-6,3,4-b’)- 1 

dithiophene I 
Benzo-(1,2-&4,3-b’)- : 32 

dithiophene 1 (23) 
~ 38 

4,8-Dichlorobenzo- 54 38 , 
crude 1 (1.2~6.4,s~b’)-dithio- 

88 
1 phene 

Naphtho-(1.2~b,3,4-b’)- 80 i 39 
dithiophene, m.p. ’ 

[ 169” I ! 

** H. S. Desai. D. S. Rao and B. D. Tilak. Chcm. & Ind. 464 (1957). 
” V. K. Dikshit and B. D. Tilak. Proc. Indian Acad. Scl. 334 78 (1951). 
u B. D. Tilak, Proc. Indian Acad. Scl. 334 85 (1951). 
a V. V. Ghaisas and B. D. Tilak, Curr. Scl. 22, 184 (1953). 
W V. V. Ghaisas and B. D. Tilak. Proc. Indhn Acad. Scl. 39A. 14 (1954). 
‘7 D. S. R.ao and B. D. Tilak, /. Scf. hi. Res.. huh 13B. 829 (1954). 
*’ D. S. Rao and B. D. Tilak. J. Scl. Ind. Res., India 16B, 65 (1957). 
80 H. S. Desai and B. D. Tilak. Unpublished work 
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TABLE 1 (cuufd.) 

I I I I I 
No. I 

Aryl w-dimethoxyethyl 
o/0 Yield % Yield , 

I 
sulphide 

from Condensed thiophenes from L Ref. 
thiol 1 sulphide 

I - - -. - -. - 

33 1,4-Di-(w-dimethoxyethyl- 
mercapto)-naphthalene ! 8o ’ 

Naphtha-(1,2-&4,3-b’) 1 8 I 39 
dithiophene m.p. 

34 1 1,5-Di-(wdimethoxyethyl- j 38 1 I,Q-)D4&hiopyrene ’ 7 1 20.39 
mercapto)-naphthalene i Naphtho-(l’,8’-bc, ) 

I 
5’,4’-Kc’)-dithiapyran 

-- I 
35 2,6-Di-(w-dimethoxyethyl- 51 Naphtho-(2.1~b.6,5-b’)- 20 20 

mercapto)-naphthalene dithiophene 

36 I 2,7-Di-(wdimethoxyethyI- 77 
mercapto)naphthalene 

Naphtha-(2,1-b,7,8-b’)- 29 i I5 
dithiophene 

37 4-wDimethoxyethyldiphenyl 78 5-Phenylthionaphthene 79 I 40 
sulphide m.p. 100’ I 

38 4,4’-Di-(w-dimethoxyethyl- 42 5,5’-Dithionaphthenyl ’ 10 40 
mcrcapto)-diphenyl ether ether, m.p. 93” ’ 

The condensed thiophenes and thiapyrans synthesized by methods I, II and III are 
tabulated in Tables 1.2 and 3 respectively which include reference to their preparation. 
Melting points and boiling points of hitherto unreported condensed thiophenes are 
also included in Tables 1-3 and other tables that follow. 

Scope and limitation of Methods I, II and III. The general applicability of the 
methods for the synthesis of condensed thiophenes will be obvious from the large 
number of compounds synthesized (Tables l-3). The only requisite for fusing a 
thiophene or a condensed thiophene ring system appear to be an aryl thiol with free o 
or peri position to enable cyclization of the thioglycolic-acetaldehyde dialkyl acetal 
side chain in Method I or the cyclodehydration of the 2-arylmercapto-cycloalkanones 
in Methods II and III. 

The scope of Method I in the substituted thionaphthenes appears to be largely 
limited to 5, 6-, and 7- substituted derivatives4 although in one instance, Cchloro- 
thionaphthene’Q*2D” has also been prepared by this method. It may be mentioned that 
prior to the developement of Method I, only very few substituted thionaphthenes 
with substituents in the benzene half of the molecule were known. The latter type of 
thionaphthenes where the substituent is Cl, Br, 0 Me, Me, Et are now readily 
synthesizable by Method 1. When the substituent was a nitro group, the yield of the 
thionaphthene was very low. 3o Other thionaphthenes containing substituents such as, 
hydroxy,“’ amino?O cyano4t and carboxy groups were then synthesized, starting 
from suitably substituted thionaphthenes prepared by Method 1. Starting with aryl 
dithiols two t hiophene rings have been fused to a benzene or naphthalene ring. In the 
case of a-thionaphthol, the end products were 6:7_benzothionaphthene and naphtho- 
( 1’ :8’-bc)-t hiapyran .32 Naphthalene-1,5-dithiol likewise gave a bis-thiapyran.2°*39 
With the exception of a recently described thiapyran,P2 these compounds appear to be 

‘O L. J. Pandya. D. S. Rao and B. D. Tllak. J. Sci. Ind. Res., India 188, 516 (1959). 
‘* R. B. Mitra, K. Rabindran and B. D. Tilak, J. Sci. Ind. Res., India 15B, 627 (1956). 
‘* A. Cr. Anderson, Jr., W. F. Harrison, R. G. Anderson and A. G. Osborne, J. Amer. Chem. Sot. 81, 

125s (1959). 
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the only two examples of aromatic thiapyrans. Both are deeper in colour than the 

corresponding thiophenes and give characteristic black coloured picrates as against 
yellow, orange or red coloured picrates given by condensed thiophenes. The structure 
of the bis-thiapyran from naphthalene-1,5-dithiol suggested by the author has been 

questioned by Banfield et al. a However, since desulphurization of the product gave 
1 J-diet hylnapht halene, the structure suggested by the author is undoubtedly 

correct.3s It is, however, interesting to record that cyclization of 1,5di_acetonyl- 
mercaptonaphthalene gave exclusively 3,8-dimethyl-(6,7:7’,6’)-dithionaphthene, no 

thiapyran being detected. Similarly naphthalene-l$dithiol and naphthalene-1,3- 
dithiol also led to naphtho-( 1:2-h,4,3-b’)-dithiophene and naphtho-( 1:2-b,3 :4-b’)- 
dithiophene respectively (.Table 1). The structure of the latter compounds was proved 
by desulphurization and identification of the corresponding diethylnaphthalenes.39 
Method I is applicable to thiols derived from both, homocyclic as well as heterocyclic 
aromatic compounds such as, thiophene and thionaphthene, although w-dimethoxy- 
ethyl 2-pyridyl sulphide failed to cyclize on treatment with PPA as discussed later.29~49 
In majority of cases the method has led to condensed thiophenes of unambiguous 
structure, but where more than one possibility exists as regards the direction of 
cyclization of the sulphide side chain, the structures of the resulting condensed 

thiophenes have been proved either by suitable degradations (desulphurization, 
oxidation, etc.) or by unambiguous synthesis (e.g. by blocking alternative cyclization 
positions by means of chlorine and dechlorination at a later stage). 

Cyclization of the sulphide chain carrying the acetal group is best effected by the 
action of polyphosphoric acid (freshly prepared by mixing P,O, and H,PO,) under 
reduced pressure or at atmospheric pressure in the presence or absence of boiling 
solvents such as, benzene, chlorobenzene or o-dichlorobenzene. Banfield et a!.& have 

have used stannic chloride in chlorobenzene for the cyclization of acetals but they also 
found that PPA gave higher yields of the condensed thiophenes. 

A series of condensed thionaphthenes and benzothionaphthenes have become 
available as a result of Methods II and III. Several of these compounds are of interest 

in the study of the chemical carcinogenesis discussed earlier in this paper. Whereas in 

Method I, thiophene or thiapyran rings are fused at the end of an aromatic ring 
system, in Methods II and 111. benzothiophene or naphthothiophene rings are so 
fused. As against two steps involved in Method I, Methods II and III require three 
steps (condensation, cyclodehydration and dehydrogenation) for the conversion of 
arylthiols to condensed thiophenes. The yields in all the three steps are generally 
satisfactory. The scope and limitations of these methods are nearly the same as those 
for Method I. However, as against Method I, a-thionaphthol and naphthalene-l,S- 
dithiols did not lead to condensed thiapyrans 169 but to condensed thiophenes. The 
problems in structure determination were the same as in Method I and were dealt with 
similarly. As against the stability of halogenoacetaldehyde dialkyl acetals, 2-bromo- 
cyclohexanone is unstable and has to be freshly prepared and immediately used for 
condensation with arylthiols. This condensation is effected in aqueous alkali or in 
ethanolic sodium ethoxide. An alternative method consists in the use of pyridine 

U J. E. Banficld, W. Davies. B. C. Ennis, S. Middleton and Q. N. Porter, J. Chem. Sot. 2607 (1956). 
L( hi. K. Bhattacharjee and B. D. Tilak. Unpublished work. 
4b K. Rabindran and B. D. Tilak, Proc. Indian Acad. Sri. 37A, 557 (1953). 
” L. J. Pandya, Ph.D. (Tech.) Thesis University of Bombay (1959). 
” G. R. N. Sastry and B. D. Tilak. Unpublished work. 
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Carcinogenesis by thiophene isosters of polycyclic hydrocarbons 89 

which was employed in the condensation of thiophenoP’ and naphthalene-1,5- 

dithiol?9 Cyclodehydration of the 2-arylmercaptocycloalkanones was generally 

effected by the action of the following reagents: (1) P,O, at 160-180”, (2) P,O,-H,PO, 
mixture at 175-190” in vacuum or at atmospheric pressure, (3) P,O, in boiling benzene 
or chlorobenzene. The hydroaromatic condensed thiophenes obtained were dehydro- 
genated by several agents, although treatment with selenium at 30&350” gave best 

results!j 
TABLE 4.-CONDENSED THIOPHENES FROM DIARYLS 

(Method IV) 

No. 1 Diatyls used 

pTerphenyl 

2 m-Terphenyl 

3 

4 

2:2’-Dithionaphthenyl 

3:3’-Dithiooaphthenyl 

5 2:3’-Dithionaphthenyl 

6 3-Phenylthionaphthene 

Condensed thiophenes obtained ) % ! Ref 
by thionation , Yield 

I ~- -.- _-_ - 

Beruo-(1.2~b,4,5-b’)-dithionaphthene 

(18%) 
Benzo-(2,1-6,3,4-b’)-dithionaphthene 

(27 %) 
Fknzo-( 1,2-b, S&6’)-dithionaph- I 

thene 
Eknzo-( 1.2-b. 3,4-b’)-dithionaph- I 

thene 
Benzo-( I ,2-b, rl,S-b’)-dithionaph- 

thenc I 

Thieno-(3.2-b. 4,5-b’)-dithionaph- 
thenc 

Compound (A), m.p. 190’. + thieno- 
(3,2-b, 4,5-b’)-dithionaphthene 
(in presence of AK],) compound 
m.p. 200’ (without AICI,) 

Compound (A), m.p. 190’. -1. thieno- 
(3,2-h, 4.5-h’)-dithionaphthene 

Thionaphtheno-(3,2-h)-thionaph- 
thcne (in prescncc of AU,) 

Thionaphtheno-(2.3~b)-thionaph- 
thenc (without AICI,) 

I I 
22 11 

(Mixture) 

14 

14 

14.46 

I 

14.46 

7 1 19.48 

! 
20 18.48 

Synthesis of condensed thiophenes from diaryls. “*” Among the different methods 
available for the synthesis of condensed thiophencs, the one step synthesis from 
diaryls by interaction with sulphur and anhydrous aluminium chloride is an attractive 
route which does not appear to have been much studied. The approach (Method IV) 
has now been studied in the case of 2 and 3-phenyl thionaphthenes; meta- and para- 
terphenyls, 2,2’-,3,3’-, and 2,3’-dithionaphthcnyls and the results obtained are 
summarized in Table 4. 

Merhod IV. Aluminium chloride used in the thionation effects partial isomer- 
ization of the diaryls. Several isomeric condensed thiophenes are, therefore, formed 
in the above synthesis and the structures of the condensed thiophenes so obtained have 
to be proved in each case. In the latter connection, aluminium chloride induced 
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isomerization of the diaryls has also to be studied. In spite of these limitations, this 
route is still attractive, since the condensed thiophenes which result are often otherwise 
difficultly accessible,and also because the mixtureof the isomeric condensed thiophenes 
is easily separable. The method, however, suffers from low yield of the thionation 
products. 

Very recently 3-phenylthionaphthene has been converted to thionaphtheno- 
(2:3-b)-thionaphthene by thionation with sulphur alone and it appears that aluminium 
chloride-induced isomerizations can thus be avoided.48 In fact when this thionation 
was carried out in presence of aluminium chloride, the isomer thionaphtheno-(3 :2-b)- 
thionaphthene was obtained, whereas 2-phenylthionaphthene when treated with 
sulphur and aluminium chloride did not yield the above condensed thiophene.‘s 

Method IV is likely to prove of general interest and with this end in view synthesis 
of several diaryls containing benzene, thiophene, naphthalene and thionaphthene ring 
systems has been undertaken in this laboratory as discussed later (Method VII). 

Synthesis of condensed thiophenesfrom aryllithium deriuarbes (Method V). A novel 
and general synthesis (Method V) of aryl o-dimethoxyethyl sulphides dispenses with 
the need of starting with thiols (foul smelling!) required in the synthesis of condensed 
thiophenes by Method I discussed earlier. 21.40 The method may be outlined as follows: 

+ y-C%CH (OMe), 
Aeration 

. > 

&CCyCH (OMe), - LISCH,kH (OMe), 

XmI 
t 

ArSCH$H (OMe), 

I Method I 

Method V. The above method has led to the synthesis of the known condensed 
thiophenes such as thionaphthene, thieno-(2:3-b)-thiophene, naphtho-(1’:8’-bc)- 
thiapyran, 6:7benzothionaphthene, and thieno-(2:3-b)-thionaphthene, in addition to 
the hitherto inaccessible condensed thiophenes: thieno-(3:4-b, 5:4-b’) dithiophene 
(XIX) and thieno-(3:4-b)-pyrene (XIIA, the thioster of the potent carcinogen 3:4- 
benzpyrene). Compounds prepared by the method are listed in Table 5. This synthesis 
opens a possible route to thiosters of polycenes, since the process of metalation and 
interaction with XVIII may be repeated on XIX, leading ultimately to the pentacene 
analogue XX. However, the bond angles of the sulphur atom linked in these com- 
pounds will be so much deviated from those in thiophene, that a c&build up of 
thiophene rings beyond the tetra or pentacyclic stage may be very difficult if not 
impossible. A pentacene analogue containing five c&fused thiophene rings (XX) 
could be built up with a Courtauld models0 with adjustable bonds, but the molecule 
was highly strained. Attempts at the synthesis of a pentacene analogue have already 

‘( T. S. Murtby and B. D. Tilak, Unpublished work. 
” L. J. Pandya and B. D. Tilak, 1. Sri. hi. Res.. India 18B, 371 (1959). 
‘O R. Robinson, D&c. Fara&y Sot. 16, 125 (1954). 



N
o
. 

- - - 

T
A
B
L
E
 

5.
 C
O
N
D
E
N
S
E
D
 

T
H
I
O
P
I
E
N
E
S
 
F
R
O
M
 
A
R
Y
L
L
I
T
H
I
U
M
 
D
E
R
I
V
A
T
I
V
E
S
 

‘A
 Y

ie
ld

 

St
ar

tin
g 

m
at

er
ia

ls
 

A
ry

lli
th

iu
m

 
A

ry
l 

od
im

et
ho

xy
et

hy
l 

de
ri

va
tiv

e 
su

lp
hi

de
 

(a
cc

ta
l)

 
fr

om
 

th
e 

S
t
Z
A
l
l
g
 

m
at

er
ia

l 

-.
_ 

B
ro

m
oh

en
ze

ne
 

T
hi

op
he

ne
 

a-
B

ro
m

on
ap

ht
ha

le
ne

 

T
hi

on
ap

ht
he

ne
 

2-
B

ro
m

op
yr

id
in

c 
I I 

2,
5-

D
i-

io
do

th
io

ph
en

e 
; I 

3-
B

ro
m

op
yr

en
e 

I 
Ph

en
yl

lit
hi

um
 

I 

2-
T

hi
en

yl
lit

hi
um

 

a-
N

ap
ht

hy
llt

hi
um

 

2-
T

hi
on

ap
hl

he
ny

l-
 

lit
hi

um
 

I 
2-

Py
ri

dy
lli

th
iu

m
 

T
hi

en
yl

-2
.S

- 
di

lit
hi

um
 

3-
Py

re
ny

lli
th

iu
m

 

w
-D

im
et

ho
xy

et
hy

l 
ph

en
yl

 
su

lp
hi

de
 

o-
D

im
ct

ho
xy

et
hy

l2
-t

hi
cn

yl
 

su
lp

hi
de

 
w

-D
im

et
ho

xy
et

hy
l 

a-
 

na
ph

th
yl

 
su

lp
hi

de
 

o-
D

im
et

ho
xy

ct
hy

l 
2-

th
io

- 
na

ph
th

en
yl

 
su

lp
hi

de
 

c+
D

im
et

ho
xy

et
hy

l 
2-

py
ri

dy
l 

su
lp

hi
de

 
2,

S-
B

is
-o

-d
im

et
ho

xy
ct

hy
l-

 
m

er
ca

pt
ot

hi
op

he
nc

 
o-

D
im

et
ho

xy
ct

hy
l 

3-
py

re
ny

l 
su

lp
hi

de
 

97
 

T
hi

on
ap

ht
he

ne
 

41
 

C
on

de
ns

ed
 

th
io

ph
cn

es
 

‘A
 Y

ie
ld

 
fr

om
 

th
e 

ac
et

al
 

.-
-’ 

I 

42
 

T
hi

en
o-

(2
,3

-b
)-

 
th

io
ph

en
e 

45
 

69
 

54
 

58
 

T
hi

en
o-

(3
,4

-b
)-

py
re

ne
 

A
 m

ix
&

e 
of

 n
ap

ht
ho

- 
(1

 ‘,a
’-

bc
)-

th
ia

py
ra

n 
an

d 
6.

7~
he

nz
ot

hi
o-

 
na

ph
th

en
e.

 
T

hi
en

o-
(2

,3
-b

)-
th

io
- 

na
ph

th
en

c 
D

id
 

no
t 

cy
cl

iz
e 

T
hi

en
o-

(2
,3

-b
,5

,4
-b

’)
 

di
th

io
ph

en
e 

11
 

34
 

36
 

- 33
 

lo
w

 

- 
6!

 
0”

 
5.

 
R

ef
. 

4 g.
 

--
 

Y
Q

 

21
,4

9 
2 4 z 

21
,4

9 
2 ?I

;’
 

21
,4

9 
8 6 a %

 
B

 
21

.4
9 

<
 

2 
21

.4
9 

g 

21
.4

9 
’ i 

21
,4

9 
g a 



92 B. D. TILAK 

been undertaken, as also the synthesis of a dithiophene analogue of 3:4,9:10-dibenz- 
pyrene (the suspected carcinogenic factor in tobacco tar)ji starting from 3,10- 
dibromopyrene. 

Synthesis of condensed rhiophenes from diarylsulphones. A few condensed thiophenes 
have been synthesized by the cyclization of diary1 sulphides by the action of arylsodium 
and/or aryllithium 52 derivatives, and by the action of sodium amide on diary1 sulph- 
oxides.% In view of the formation of diphenyl sulphone-2,2’-dilithium (XXII) from 
diphenyl sulphone (XXI)” and the synthesis of 2,2’- and 3,3’-dithionaphthenyls from 
2- and 3bromothionaphthenes by the action of cupric chloride on the corresponding 

Grignard reagents, 4o the possibility of cyclization of XXII by interaction with cupric 
chloride was investigated. It is of interest to record that a little of dibenzothiophene 
was formed along with the expected sulphone XXIII (yield 70%). The latter was 
then readily converted to dibenzothiophene in good yield by reduction with lithium 
aluminium hydride. 55 This synthesis (Method VI) may also prove to be of general 
interest for the preparation of other condensed thiophenes from diary1 sulphones as 
well as for the synthesis of dialkyls, diaryls, and diarylenes. 

Experiments in this direction have been already undertaken. 

~,,/c - 
2 

XXI 

?JyLD - 
s 
02 

XXII 

Method VI: Synthesis of alkyl and aryl dericatices of condensed thiophenes 
(Method VII). Synthesis of 3-alkyl and 2,3-dialkyl thionaphthenes by cyclodehyd- 
ration of aryl 2-ketoalkyl sulphides (Ar-S-CHR-CO-R’) has been reported by 
Werner.bs Banfield et al.57 have suggested that cyclodehydration of sulphides 
represented by the general formula Ar-S-CH,-CO-R leads to 3-alkylthionaph- 
thenes, where R is an alkyl group, and to 2-arylthionaphthenes where R is an aryl 
group. A re-investigation of Banfield’s work has revealed that both 2-aryl and 3-aryl 
thionaphthenes were formed when aryl aroylmethyl sulphides were treated with 
polyphosphoric acid at 170-l 8Oo.58 The structure of 3-arylthionaphthenes was proved 

by two unambiguous synthesis involving the Grignard reaction: (1) starting from 
3-halo-(iodo or bromo) thionaphthene (and related compounds) and cyclohexanones”a 

L1 B. D. Tilak, M. K. Unni and K. Venkataraman. Tetrahedron 3, 62 (1958). 
L1 o A. Luttringhous, G. Wagner, E. Sucker and G. Borth, Liebigs Ann. 557. 54 (1945); b G. Wittig and 

E. Benz, Chem. Et-r. 91, 873 (1958). 
OS o J. H. Freeman and C. E. Scott, /. Amer. Chem. Sot. 77.3384 (1955): b H. Gilman and D. R. Swayam- 

pati, J. Org. Chem. 21. 1273 (1956); c R. Wtlputte, Bull. Sot. Chem. Be/g. 65. 674698 (1956); Chem. 
Absrr. 51, 6589c (1957). 

M o W. E. Truce and M. F. Amos, J. Amer. Chem. Sot. 73, 3013 (1951); b E. A. Lehto and D. A. Shirley, 
J. Org. Ckm. 22. 989 (1957). 

5s V. S. Palkar and B. D. Tilak. Unpublished work. 
u E. G. G. Werner, Rec. Trau. Chim. 68. 509 (1949). 
L7 J. E. Banfield, W. Davies, N. W. Gamble and S. Middleton, J. Chem. Sot. 4791 (1956). 
b’ D. S. Rao and B. D. Tilak, J. Sci. Ind. Res., India 18B, 77 (1959). 
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and (2) starting from thioindoxyl (and related compounds) and arylhalides (bromo 

or iodo).4s 
The 2-aryl and 3-aryl-thionaphthenes and related compounds which were 

synthesized by cyclodehydration of compounds of the type Ar-S-CH,-COAr’ are 
listed in Table 6. The general method of synthesis (Method VII) may be represented 
as follows: 

t BrCH2COAr’ _ 
SH 

FOAr' 
- 

S' CH2 

Method VII: A reaction mechanism to account for the formation of the two 
isomeric arylthionaphthenes in the above method has been suggested.s8 The relation 
between the yield of the two isomers and chemical structure of the intermediate 
sulphides is under investigation. Another point of interest in this study is the possible 
use of the arylthionaphthenes in the synthesis of condensed thiophenes by the Method 
IV discussed above. 

Synthesis of condensed rhiophenes from thiophanthrenequinones and related com- 
pounak Thiophanthrenequinones and related benzo-derivatives were prepared from 
thioisatin as follows: 

-.. ,coW 
--co 

‘, 
oqNaOH I’. 1 

-c6 
-__c 

;.. 
:, , 

‘1.. co 

S’ 
~,!J,SNa + ““,Ff”,;,;: 

Ar= C,H,;o-and/‘-Nophthyi 

2 --fhienyl 
3-Thlonaphthenyl 

0 

S C’ . LsALY, S’ . . 

% 

Method VIII. The above method was first suggested by Maye+* and was used 
subsequently by the author for the synthesis of several thiophanthrenequinones 
of the type XXIV,s,4.10,15 which were required in the synthesis of meso-dimethyl 
derivatives. The latter compounds were required in the study of chemical 
carcinogenesis discussed earlier in the paper. 
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Removal of the quinone group in the above thiophanthrenequinones by reduction 
appeared to be an attractive route for the synthesis of several condensed thiophenes 
which are of interest in the above study of chemical carcinogenesis. The reduction 
step, however, proved difficult, and with the exception of 2:3-benzo-4:9-thiophan- 
threnequinone which was reduced by zinc and ammonia in poor yield (cf. Mayer),61 
the other quinones were not amenable to reduction by means of milder methods such 
as, treatment with zinc and alkali, lithium aluminium hydride, two step reduction by 
conversion to anthrone and subsequent reduction by zinc and alkali. When a more 
drastic method of reduction such as zinc dust distillation was employed, the sulphur 
atom was removed (e.g. formation of 3-phenylphenanthrene from 2:3,7:8dibenzo- 
4,9-thiophanthrenequinone3) and under milder conditions such as Clar reduction, the 
intermediate anthrones were obtained .3~4 Recently two condensed thiophenes have 
been prepared in low yield by the reaction sequence outlined above (Method VIII). 

By employing the above procedure, compounds VIA and VIIIA (see Chart I), the 
thiosters of the carcinogens 1:2,5:6-dibenzanthracene and 1:2,7:8dibenzanthracene, 
have been prepared in low yield. I3 In view of the facile synthesis of anthrones [either 
through the diarylmethane-o-carboxylic acids (as outlined above) or by reduction of 
quinones], the above method of removal of the quinone groups may prove of general 
interest. Thus anthraquinone and 2-methylanthraquinone have been reduced to 
anthracene and 2-methylanthracene through the corresponding anthrones, either by 
Clar reduction or by the action of lithium aluminium hydride. 

Although the above synthetical methods for condensed thiophenes were initially 
developed in connection with the synthesis of thiosters of carcinogenic hydrocarbons, 
the work is also interesting in the study of the following: 

(1) Precise nature and extent of isosterism between thiophene and benzene in 
their polycyclic derivatives, 

(2) fine structure of fused thiophene ring systems, 
(3) general chemistry of condensed thiophenes and 
(4) nature of sulphur containing compounds in the higher boiling fractions of 

petroleum. Indeed, on account of the latter interest, major portion of the work on 
condensed thiophenes in progress over the last three years, has been financed, out of a 
generous grant from the Petroleum Research fund of the American Chemical Society. 
The condensed thiophenes are also being studied under the American Petroleum 
Institute Research Project 48, which deals with the synthesis, properties and identifica- 
tion of sulphur compounds in petroleum. 
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