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SUMMARY

Acid catalysed cyclodehydrations of n-{(f-phenylmercapto)-
propyl vhenyl ketone 9 and §-phenyl— p~phenylmercaptoethyl
methyl ketone 1C led to the mixture of 2-methyl-4-phenyl-
thienaphthalenium perchlorate il and 4-methyl-2-phenyi-
thianaphthalenium perchlorate 12 along with c¢is (4) and
Irans {B) mixture of 2-methyl-4~phenylthiachroman 13 and
4-methyl-2~phenylthiachroman. 14 in varying proportion. The
formation of rearranged products 12 and 14 from 9 and that of 11 and
13 from-;g is rationalised by postulating the formation of
1~S-phenyl-1-thioniumeyclobut-2-ene perchlorates 15 and 16

as the reactive intermediates, These intermediates, along
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with a few analogues such as 17, 18 and 19, were synthesised
and some of their rearrangement reactions were studied. On
the same lines, acid gatalysed cyclodehydrations of l1-phenyl-
mercapto—l—phenylbutan—Z-ol 31/%4 and 3-phenylmercapto-i-
phenylbutan-1-ol 32/33, respectively prepared by two different

methods, gave a mixture of c¢is and trans stereocisomers of 13

and 14 in varying proportions. The rearrangement reactions,
observed during the above cyclodehydrations, have TDeen
explained by'envisaging the formation of an intermediate such
as 1-S-phenyl-i1-thioniumcyclobutane perchlorate 36. However
ite synthesis has not yet been successful.

Acid catalysed cyclodehydration of l-arylamino~3—
alkanols also gave a mixture of normally expected 3,4—
disubstituted 1,2,3,4-tetrahydroquinolines as well as 2,3~
disubstitutedﬂl,E,3,4-tetrahydroqﬁinolines. Thus the cyeclo—-
dehydration of 3-(3*-methoxyphenyl)amino-i~phenylbutan~1i~ol
38, prepared by two alternate methods gave fhe rearranged
tetrahydroquinoline 40B and 1-(3‘-methoxyphenyl)amino~1-

phenylbutan-3-ol 39B , prepared by the reduction of
enaminoketone such as 42 gave a mixture rearranged teira—
hydroquinolines 434 and.gég and the normally expected
tetrahydroguinoline 404, On the contrary, 1-(3%'-methoxy-
phenyl) amino-1-phenyloutan~3-ol (394 - a stereocisomer of
39B) prepared by the reduction of g-arylamino ketone 41
gave only unrearranged tetrahydroguinoline 404. In these

series also, the formation of rearranged tetrahydro@uino-
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lines has been explained by the intermediamy of N-aryl-
azetidines. A number of N-arylazetidines were prepared
from the corresponding l-arylamino-3-alkanols and their
rearrangements to 1,2,3,4-tetrahydroquinocline under acidie
conditions were studied. A more stereogelective synthesis
of 2,4-disubstituted N-arylaszetidines such as 464 and 46B

has also been achisved,

Acid catalysed cyclodehydration o¢f f~phenylmercapto-
ethyl alkyl/cycloalkyl/aryl ketones 1 leads to the formation
of fhianaphthalenium salts 2 and thiachromans 3. The keto-
sﬁlphides, on acid treatment, furnish the intermediate
As—thiachromene 4 which immediately undergoes disproportio-
nation in situ by intermclecular hydride transfer to yield
2 and §112 Analogously, the formation of gquinoline
derivatives 5 and the corresponding 1,2,3,§—tetrahydro—
quinolines & by cyclodehydration of §-phenylaminoethyl
alkyl/cycloalkyl/aryl ketones ¥ has also been explained by
the formation of the intermedizte 1,2-dihydroquinoline §
and its sﬁbsequent disproportionations. This mechanism
was substantiated by the independent synthesis of 4 and 8
énd a étudy of their disproportionation under identical

4
conditions and also by deuterium incorporation studies .,

+ N,C.L, Communication No,2212
* To whom inguiries may be sent.
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Careful reexasmination of the perchloric acid cata-
lysed eyclodehydration products of n-(f~-phenylmercapto)-
propyl phenyl ketone 9 and §-phenyl-f~-phenylmercaptoethyl
methyl ketone 10 revealed that in both thege reactions a
mixture of 2-methyl-4-phenylthianaphthalenium perchlorate
11 and 4-methyl-2-phenylthianaphthalenium perchlorate 12
was obtained along with cig (4) and trans (B) mixture of
2-me thyl—4-phenylthiachroman 13 and 4-methyl~2~phenyl-
thiachroman 14 in varying proporfion. Whereas the forma-—
tion of 11 and 12 (& and B) from 9 and that of 12 and 14
(&4 and B) from 10 proceeds normally as shown in Chart 1,
the formation of 12 and 14 (A and B) from 9 and that of
131 and 13 (4 and B)from 10 can be rationalised by postu-
lating the intermediate formation of 1-$-phenyl-1-thionium-

cyclobut-2~ene perchlorates 15 and ;ﬁ?.

To confirm the involvement of the above'four—
membered sulphur heterocyclics 15 and 16 in the above
cyclodehydration, their independent synthesis was nece~
ssary. Thus when n-@-phenylmercapto) propyl phenyl ketone
9 was reacted with phosphorus oxychloride and then treated
with 70% perchloric acid, 4~methyl-2-phenyl-i-S-phenyl-1-
thioniumeyclobut-2~ene perchlorate 15 was obtained,
Analogously 2-methyl-4~phenyl-1~5-phenyl-1-thioniumecyclo-
but—zwgne perchlorate 16, 2,4~diphenyl-1~S-phenyl-1~
thioniumeyclobut-2~ene perchlorate 17, 2-p-methoxyphenyl-
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4~ phenyl-1-8-phenyl—-1-thioniumeyclobut-2—~ene perchlorate
18 and 4-p-methoxyphenyl—-2-phenyl-1-5~phenyl-1-thionium-
cyclobut-2-ene perchlorate 19 were prepared by interacting
10, p—phenyl-p-phenylmercaptoethyl phenyl ketone 20,
f-mercaptophenyl—p-phenylethyl p-methoxyphenyl ketomne

g;é and f~p-methoxyphenyl-f-phenylmercapto ethyl phenyl

ketone 22 respectively.

On warming with 70% perchloric acid, 15 rearranged to
a pair of thianaphthalenium perchlorates 11 and 12 and a
pair of thiachromans 13 and 14. The formation of these
compounds probably cccurs through double bond migration
in 15 to give the isomerie perchlorate 16. Compounds 15
and 16 then lead to 11, 12, 13 and 14 via the intermediate
Az-thiachromenes 25 and 24 respectively, The perchlorate
16, however, on warming gave only 11 gna 12 presumably
through Az—thiachromene Z4. The change of 15 into 16 in
perchloric acid was studied by monitoring the PMR spectrum
during the reaction and studying the methyl signal., Under

identical conditions 16 does not equilibrate with 1._5_.5

Compound 15 was also converted into 16 in another
interesting manner by proton abstraction from 15 with
sodium hydride in tetrahydrofuran and diethyl ether
followed by reprotonation. In this process the yellow

coloured 10 was converted inte a deep olive green coloured
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preduct which appears to be 2-methyl-4-phenyl-i~5-phenyl-
1-thiacyclébutadiene (25, 26). The formation of 16 on
reprotonation, indicates the dominance of the dipolar'
form 264 as compared to 25A. Compound 16, on similar
treatment with sodium hydride gave thiacyclobutadiene
(25 , 26) which on protonation gave back only 16. Admong
the various resonance forms 25, 26, 254 and 264 for the
olive green coloured sulphur heterocyclic compound, the

5
dipolar form 264 obviously dominates over others.

Yet amother explanation teo account for the forma—
tion of 11, 12, 13 and 14 from @ can be put fortk., In
acidic medium 15 may be getting converted into 9 or 10
(via 16) which may then undergo cyclodehydration normally
ag depicted in Chart 1, It was indeed found to be tﬁ;

'case, since 15 on treatment with water containing a few
drops of perchloric acid, gave & mixture of 9 and 10 in
whick 10 predominated., Under similar conditions 16 gave

5
only 10, again indicating the greater stability of 10.

The acid catalysed ring opening leading to the
formation of ketosulphides was algo observed when\per—
chlorates 18 and 19 were treated with water. In both
the cases ketosulphide 21 was formed predominantly,
However conversion of 19 into 18 could not be achieved

through the intermediate formation of thiacyclobutadiene
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and its reprotonation, because in the thiscyclobutadiene
formation, both the reactions yielded only polymeric
compounds.6 These observations support the ylid struc-

tures 254, 26A for the thiacyclobutadiene.

The mechanism of the cyclodehydration of ketosulw
phides indicates that the yields of the aromatic and the
tetrahydro components can never individually exceed above
50%, The. yields of the aromatic component inersases con-—
siderably if an external hydride abstractor such as trityl
chloride is incorporated during the cycledehydration of
ketosulphides.7 For the synthesis of tetrahydro compo-

“nents, carbinols derived from the relevant ketosulphides

were used for the cyclodehydration reaction,

A mixture of p~phenylmercaptocrotonophenone 27 and
od-phenylmercaptostyryl methyl ketone 28 obtained by the
condensation of thiophenol 29 and benzoylacetbne 30 was
reduced with sodium borohydride and the mixture of
l-phenylmercapto—1-phenylbutan~-3-o0l 31 and 3-phenyl-
mercapto-1-phenylbutan-1-ol 32 was separated by column
ehromafography. Treatment of 31 with 70% perchloric
acid gave a mixture of trans—2-methyi-4~phenylthia-
chroman 13B (5%) and irans-4-methyl-2-phenylthiachroman
148 (95%). Similar treatment of 32 with perchlorie acid
resulted in a mixture of 13B (79%) and cis 2-methyl-d-
phenylthiachroman 134 (2i%). Carbinol 33 prepared by

(1350)
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the sodium borohydride reduetion of the ketosulphide 9,
on treatment with perchloric acild, gave a mixture of 134
(11%) and 13B (89%). However, carbinol 34, obtained by
the reduction of the ketosulphlide 10, under identiecal

conditions gave a mixture of 13A (20%) and 13B (80%).

Thus in the above set of reactions, it was observed
that the cyclodehydration of the carbinols 32 and 33 led
to the normally expecied products 134 and 13B in more or
less the same proportions. Thus these itwo carbinols,
obtained by two different routes appear configurationally
the same., On the other hand, carbinols 31 and 34 appear
to be configurationally different because, under identical
conditions the pattern of their cyclodehydration ﬁrodnc!s

are different.

The formation of the normal preducts such as 134

and 13B in the cycledehydrations of carbinols 32 and 33
and that of 14B in the cyclodehydration of 31 is

explained by the mechanism shown in Chart 7. However in

all these cyclisations, whether leading to the normal or

rearranged products, a preferential formation of the trans

igsomers such as 1%B and 14B was observed. If the carbénium

ion derived from 35 (Chart 6) is formed prior to cyclisa-
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tion, it can be attacked from above or below the plane
carrying the carbonium ion, leading to the possibility
of the formaticn of both cis (4) and trans {B) isomers

in equal proportions.,

The above cyeclodehydration reactions,fherefore,
appear to be largely stereospecific invelving concerted
reactions in which discrete carbonium ions are probably
not formed, The stereospecific formation of wvarious
thiachromans may be explained by involving the inter-
mediate formation of 1-S—phenyl—1-thioniumcyclobufane~
perchlorates 36. The latier may then cleave in itwo .
alternate ways to yield éither the normal or the re-
arranged products. The formation of products 134 and

@ |
13B will involve the cleavage of >S-§-(I:—~—cp bond

(Route 4) and that of 144 and 14B, will involve the
eleavage of >g—§—(:Z—CH3 bend (Route B) in the
2-methyl—4~-phenyl-1~-3-phenyl-1i-thioniumeyclobutens
perchlorate 3% which is the likely intemediate in all
these reactions: In these rearrangements Route A&

appears to be more facile than Route B?

Attempts to synthesize 1-5-phenyl-1-thionium~
cyclobutane salts such és 36 have not been successful

sc far.
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As mentioned earlier, acid catalysed cyclodehydra-
tion of ﬁﬁarylaminoethyl alkyl/eycloalkyl/aryl ketones
leads to the formation of quinolines and corresponding
1,2,%3,4~tetrashydroquinolines in equimolecular a:au::v.nt.ss.:5
For the synthesis of tetrahydrequinolines, acid catalysed
cyclodehydration of l1-arylamino-3-alkaneols was stu@ied.g
Cyclodehydration of a number of such alkanols yielded a
mixture of the normally expected 3,4-disubstituted 1,2,3,4-
tetrahydroquinolines aé well as 2,3-disubstituted-1,2,3,4~
tetrah&dquuinolines which were formed by rearrangement,
With a view to study these rearrangement reactions
cyclodehydration of 3-(3!-methoxy phenyl}amino—1-phenyl—
butan-1-01l 38 and 1-(3‘~methoxyphenyl)amino-1i-phenyl-

butan-3-0l 39 was examined.11

The carbinol 38, prepared by two alternate methods
shown in Chart 9 gave, oh cyclodehydration, exclugively
tlie rearranged product, irans-7-methoxy 4-methyl-2-phenyl-
1,2,3,4-tetrahyd¢roquinoline 40B. On the other hand,
carbinol 394, prepared by reduction of §~(3f-methoxy-
phenylamino—§-phenylethyl methyl ketone 41, on cyclo-
dehydration, gave exclusively the normal product, cis~7-
methoxy-4-méthyl-z-phenyl-1,2,3,4ntetrahydroduinoline
408, whereas the carbinol 39B, prepared by the reduction
of «~(3%~methoxyphenyl)aminostyryl methyl ketone 42, on

cyclodehydration yielded a mixture of the nommal

(1356)
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tetrahydroquinoline 404 as well as two sterecisomers of
the corresponding rearranged 7-methoxy-2-methyl-—4-phenyl-
1,2,2,4~tetrahydrogquinolines, 434 and ggg. The ¢arbinols
394 and Z9B frepared by the two different routes are

therefore different,

As in the sulphur series, in all the above aitrogen
heterocyclic syntheses stereochemical preferences were
observed both in the rearranged as well as normal cyclo-
dehydration products. The rearrangement products obtained
by the cyclodehydration of the carbinols (38, ggB) can be
rationalized by assuming the intermediary of ¥~arylaze-

tidines such as 44,

Our preliminary attempts to prepare N-arylazeti-~
dineg by the acid‘oatalyzed eyclisation of l-arylamino-3-
alkanels (using sulphuric acid) gave only minor amounts
of the N-arylazetidines and major reacticn products were
the normal and resrranged 1,2,5,4-tetraﬁydroquinolines.11
- Thus for the synthesis of N-arylazetidines, it was
necessary to carry out the cyclodehydration reaction
under basic conditions and also to convert the Y-hydroxyl
group into a good leaving group. This was achieved by the
treatment of the carbinel with triphenylphosphine dibromide
in the‘presence of triethylamine whereby the carbinol group

was presumably converted in sitm to oxophosphinium bromide,

The reaction mixture on work up gave a sterecisomerie

1357}




£H9,, H LOO*H Fho
+
¢

"6 — LYVHD

0o%H
& 8 6¢ v vt
H H €49
b N 09%H b N 05°H N 09%H
20
HO b
8¢ S H iy 5
H
o A 09%H 4o, N 09%H £Ho N 2HN 00%H
R QL et R i v
HO .
H
& ® b
8¢ St
H H £ 4 <
£HD N 09%H €49 N 0°%H HD H HN fodous
~——
Qe O
HO H

{1358)



HETEROCYCLES, Vol. 7, No. 2, 1977

mixtﬁre of N-arylazetidines along with the corresponding
mixed tetrahydroquinolines. A variation wherebdy the
carbinoel group was converted into the triphenylphospho-~
nium-trichloromethyl derivative considerably reduced

the reaction period.12

More stereoselective synthesis of H—arylazetidine
was also achieved.lg Thus carbinols 38 and 394,prepared
respectively by the reduction ofrthe saturated ketones
45 and 41, on cycleodehydration under alkalihe conditiong
as described above, gave essentially irans—2-methyl—4-
phényl—i—N~(3'—methoxyphenyl)azetidine 46B. On the other
hand, carbinols 38 and 39B, prepared respectively ﬁy the
reduetion of the enamino-ketones 47 and 42, under
identical conditions gave essentially the ¢is-2-methyl-

4-phenyl-1-8~(3*-me thoxyphenyl)azetidine 46A.

However this stereoselectivity was not evident in
the case of N-arylagzetidines arising from 3-{3f-methoxy-
phenyllamino-2-methyl-1-phenylpropan—1-ol 48 and
4~ (37-methoxyphenyl) amino- 3- phenylbutan—2-o0l 32}4 The
latter were prepared by two aliernate methods shown in

Chart 11.

It was also observed by us that p-arylaminoethyl

5,15

alkyl/eycloalkyl/aryl ketones on cycledehydration

with fused zinc chloride and arylamine hydrochloride in
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ethanol gave a mixture of rearranged gquinolines and
tetrahydroquinolines along with the normal cyclodehydra—
tion products (cf Chart 12). The formation of rearranged
products is also explicable by envisaging the intermediate
formation of N—arylazetidines 50 which have a leaving
group as shown in Chart 12 or through the involvement of
N-arylazetes 51 and 514 as shown in Chart 13,
Literatire survey reveals that as against aziridines
which have been widely studied, the chemistry of
4-membered saturated and unsaturated rings carrying one or
more heterostoms has not been much explored. We hope to
continue our work in this area to get a better insight in
their synthesis, stereochemistry and reactions. Thus our
future objeetives in this field are the synthesis of
1-8-phenyl—-1-thioniumcyclobutane salts, N-arylazetine and
N-arylazetes and a study of their structure, properties

and reactivity.

This review article of authors' recent contributions
is dedicated in humble tribute to Prof. R. B. Woodward
with whom one of the authors (B, D, T.) had the privilege

of spending a year (1960-1961).
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