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LOZIES

Helting points are uncorrected.

The liquid compounds were distilled in a bulb tube

and the boiling points reported presently correspond to
bath temperature.

The PR gpectra were recorded on a Varian A~60 and =60
spectrometer in IMS0, CFaCOCH and/or CiClg solutions
taking IM5 as internal standard, The chemical shifts (&)
values are reported in ppm and J values in Hg,

The IR spectra were recorded on a Perkin-Elmer model
221 spectrophotometer using a sodium chloride grating
interchange in nujol or HCE mull and in 001‘ solutions,
The instrument was calibrated with water vapour and
carbon dioxide bands, calibration being checked from
time %o time with polystyrene film, Some of the IR
spectra were takem in nujol mull or es a liquid film,
using Ferkin-ilmer Iafracord 137 spectrometer, The IR
values are recorded ia e I,

Mags specira were recorded on GiC 21-110B double
{ocussing spectrometer using direct inlet aystem,

UV and visible spectra were recorded on a Beckman ratio
recvrding spectrometer and values reported as A, .. in



7.

i end log € values in parenthesis. Ihe spectra of
the perchlorates reported were teken in acetic acid
containing 1¥ perchloriec acid and cther compounds were
teken in ethancl,

The nowenclature and numbdbering system used by chemical
abstrads end Ring index! has been adopted in the preseat
work., Chartl findicates the names and numbering of some

of the typical compounds., Jince many workers name the
compounds in more than one way (eg, benzo(1,6jnsphthyridines
are also termed as 1,6~pheaanthrolines) the naming and
numbering of these compounds suggested by earlier workers
have been modified according to the preseat numbering
adopted by chemical abstracts,

dpectral charts, wherever negessary, hauve been reduced to
stendard size and sttached at the eand of the discussion.
Yhe actual values are givem in the discussion,
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CHAPIER 1

LITERATURE SURVEY ON THE SYBTHESIS OF DIHETSROATOMIC
TETRACYCLIC ANKD PHNTACYCLIC RING 3SYSTEMS




ANIRODUCTICH

Nitrogen and sulphur heterocycles form an important
class of compounds. Many of these are widely used in
industry, e.g. as dyes and photographic amo.u'. and
s chemotherapeutic agents possessing antibacterial,
antimalarial and trypanoeidal activity, The syathesis,
properties and uses of the urtduua. ph-uthuunu‘.
phenanthrolines’ and naphthyridines®”? have been studied
in detail, The present work deals with the synthesis of
tetragyclic and pentacyclic ring systems containing both
nitrogen and sulphur, Literature survey relevant to the
synthesis and present work carried out im our laboratory
will be discussed in the following pages.

Quinoline was synthesised by Skreup '’ in 1880 by
heating a mixture of aniline, nitrobenszene, glycerine and
concentrated sulphurie acid, First step in the Skraup
synthesis, is the dehydration of glycerol to acrolein
which then adds to the aromatic amine and subsequently
undergoes ayclodehydrogenation under acidic conditions
in the presence of oxidising agents to give quinoline.

The Skraup synthesis is applicabdble to any «, j-unsaturated
aldehydes. Subsequently «,j-unsaturated ketones have been
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used in place of the aldehydes. Thus in Riehm synthesis *,
aniline and two molecules of acetone gave 2,4~dimethyl
quinoline, Hany of the latter methods ianvolve aecid
catalysed reactions of primary amines and «,p-unsaturated
earbonyl compounds.

Badger uu have prepared guinolines by the
acid-catalysed addition of aniline to the «,p~ungaturated
compounds, the adducts being isolated at lower temperutures.
Badger ,j_ﬂu have also prepared the adducts by Mannich
reaction and have gycliised it under acidic conditions to
yield quinclines.

There are several ways of preparing polymethylene -
guinolines in general., Various quinclines have been
prepared by using Doebner-iiller .yuthuu“' 14.18’

Kiehn .ynthutom e

’ Knorr“ or Conrad~Limpach mothod
and Combe's ructlou". In & modified Skraup synthesis
condengzation of formalin with cycloalkancnes 1 gave

the corresponding hydroxymethyleyclealkanones £ which on
interaction with o-nitrcsniline led to the formation of
3y4~cycloalkeno~8~nitroquinolines ﬁ“. The preparations

of gquinolines by these methods are indicated in chart 2 and 3.

The cther methods involve the reasctions of substituted
ketones with a condensable «~-methylene group, with
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o~aminobensaldehyde and o-aminocacylbengzenes 4. Isatin §
and anthranilic acid § with ketones thus gave 2,3
disubstituted quinclines 7 and 7g. These reactions employ
Priedlander untbuugo. Pfitzinger mcuonn’u and the
Niementowski ruouon” respectively., The reaction routes

are indicated in chart 4,

Yet another method of preparation of the polymethylene-
quinolines consists of condensing various aromatic amines
with ethyl cycloalkanone~2-carboxylates and cyclising the
resulting anilides in the presence of Dowtherm, sulphuriec

25,26
acid or polyphosphoriec aecid N

Synthesis of quinolines have also been achieved by

eyclodehydration reaction of the appropriate cyclic
27 28,29 30

ketoximes , enamines s Schiff bases , Mannich
luu”. b-kotouuuu and u'ylatu-“.
54

Sutter-Kostic and Karrer have observed the
disproportionation of Nemethyl-1,2-dihydroquinoline 8 in

the presence of ethanolic hydrogen chloride. sSimilarly
i-phenyl-3,4-dihydroisoquinoline 9 on atmospheric distillation
gave l=phenyl-isoquinoline 10 and i-pheayl-1,2,3,4~tetrahy-
mxnmuun’ Al.

7
Tilak M“'a have reported the formation of
tetrahydroquinclines and quinolines during the acid catalysed
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disproportionation of j~eminoethylalkyl/aryl ketones.

They envisaged the formation of the intermediate
l,8~dihydrcquinolines. The disproportionation involves
intermoleculer hydride transfer between two molecules

of 1,2-dihydroquinolines, one acting as a donor and the
other acting as a hydride acceptor, iowever when external
hydride abstractor such as triphenylmethyl chloride was
used, quinolines resulted almost exclusively,

Attention has been focussed on the reactions where
the disproportionation is avoided. Thus Tilak _ﬁ_ﬂ"
have undertaken systematic studies on the acid catalysed
eyclodehydration reactions of Sig-2~arylaminome thylene~
eycloalkanones,

Barlier Douchoa has reported the synthesis of
2~phenyliminome thylenecyclohexancne 18 obtained by
condensing formyleyclohexanone with anilime, However,
when 12 was treated with zine chloride in isoamyl aleohol
at reflux, no reaction took place. On the other hand,
A8 on treatuent with POy or POCLg, tetrahydroacridime 13
resulted instead of the expected tetrahydrophenanthridine As.
Thielpape™ attributed lack of eyelisation of phenyl-
iminomethylacetone (from formylacetone) 18 to a trans-
configuration of the anil.



rotro'“ contends that by analogy with salicylidene~
aniline 16 to which trapg-configuration has been assigned
on the basis of the absorption spectra -muuonn‘o.
dipole mu“ and the formation of chelate metallic
salte*?, 1t may be inferred that the anils derived from
p~ketoaldehydes are similarly oriented and their direct
cyclisation therefore is improbable on stereochemical
grounds.

Aecording to Hollingsworth and Petrow'® compounds

such as 2-phenyliminomethylenecyclohexanone 12 have Srans-
configuration and consequently they resist direct
eyelisation, Cyclisation of compound 12 was achieved by
heating with formic acid to 7,8,9,10-tetrahydrophenanthridine
A4. 1t was argued that favourable stereochemistry is
achieved by the selective reduction of the azomethine

linkage to give 2-phenylaminomethyleyclohexanone 17

and then to pheneanthridine 14. However, it was showm later
by Tilak gt a1’ that the enil 12 is in fact the gip isomer
only and the eyelisatiom to 7,8,9,10-tetrahydrophenanthridine 14
could also be achieved with polyphosphorie acid,

Kenner u“ have reported the preparation of
7,8,9,10-tetrahydrophenanthridine 14 in moderate yield
by the condensation of hydroxymethylenecyclohexanone
with aniline and snilinehydrochloride in the presence of
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stannic chloride hydrate, The cyclisation of
2=(1'~naphthylaninomethylene) syclohexanone by means

of formic acid yielded 8,9,10,11-tetrahydrobenz{c]jacridine
in adaition to 1,2,3,4~-tetrshydrobenszo[c)phenantaridine®®s,
Similerly 2-(2'-naphthylaminomethylene) cyclohexanone

has been shown to give 1,2,3,4~tetrahydrobengo[a-
phenanthridine and 8,9,10,11-tetrahydrobens{ajacridine>®,

Among the other miscellaneous reactions, it may
be worth mentioning here that i-QO-acylamincarylanaphthalenes*®
have been oyclised to give B,é~bensophenanthridines.
Acyl derivatives of trans-2-(1'-naphthyl) eyclohexylamine
could not be eyclised, loruho“ succeeded in oyelising
the mono enil of 2-acetylcyclohexanone to a difficultly
separable mixture of acridine and phenanthridine,
2-Phenyliminomethyl~i~-tetralone 18 when treated with
formiec acid gave dibens[c,h jacridine 19 in poor yields.
2-(1'- end 2'~-Naphthyliminomethyl)=-i=-tetralones 20 and 21
gave small yields of 1= and 2~formamidonaphthalenes 22
and 23 respectively., However it was nportod“' that
treatuent of 2~(1'~naphthylaminomethylene)-i-tetralone
yielded 7,8~dihydrodibenso[e,klphenanthridine with formic
aedd, Attempts to ayclise 3rang-i-acetamido and trans-i-
ben zami do-2~«~naphthylcyclohexane with a number of
reagents have failed*®,
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The cyeclising agents used in these reactions are
ethenolic hydrogen chloride, polyphosphoric aecid (PPa),
sulphuric acid, formic acid, lactiec acid, monochlorcacetic
acid, Dowtherm and finally zine chloride along with amine
hydrochloride. Barring a few exceptions it can be said
that the cyclodehydration reactions of gig-2-arylaminomethylene—
eycloalkanones with lactic acid or anhydrous sine chloride
and the corresponding arylamine hydrochloride in boiling
ethancl yield the linear guinolines (aeridines).
Monoehlorocacetic acid eyclisations also yield the linear

qunollnu“.

Cyelodehydration of gig-2~(3'-methoxy) anilinomethylene~
cyclohexenone 244 by treatament with FPA ylelded
S~methoxy~-1,2, 3,4~ tetrahydrophenanthridine 28s in good yield,
(96%) 97, Gyclodenyaration of 244 by treatment with aniline
hydroehloride/enhydrous ziac chloride in boiling ethanol
gave G~methoxy-1,82,3,4~tetranydroacridine 264 in 57% yield,

T1lak gt 8147 oyclodehydarated gig-2-arylaminomethylene-
oyclohexanones with different primery arylamine hydroechlorides
in boiling ethanol in the presence of anhydrous sinc chloride
to obtain tetrahydroacridines, where the aryl moiety was
retained or substituted by interacting arylamine (used as
hydrochloride). In the above reactions the amines used
were substituted aniline and «~ and p~naphthylemines.
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Cyclodehydration of gig~2~(3'~methoxy)anilinomethylene-
eyclopentanone 27 by interaction with PPA gave 3,4~
cyclopenteno~7-unethoxyquinoline 28 and 3,4—-cyclopenteno-5-
methoxyquinoline 29 in 61¥ and 8F yields rnpoottnly“.
Similarly gig~2-(3'-methoxy)anilinomethylenecycloheptanone 3O
and gig-#-(3'~methoxy) anilinomethylenecyclooctancne 32
when reacted with PPA gave S~methoxycycloheptenoquinoline 31
and Z-methoxyecyclooctanoquinoline 3§ respectively, When
Sig-2-snilinomethylenegycloheptancne 34 was treated with

chloroscetic acid, eyclohepteno(b)quinoline 35 was touod“.

in order to synthesise tetracyclic nitrogen
hetrogycles gig-2-(1'-naphthylaninomethylene) cyclopentanone 36
and gis-o~(2'-naphthyleminomethylene) eyclopentanone 38 were
treated with FPA, Decomposition of the reaction products
ocourred and the relevant naphthylamines were formed by
the retro- Miohael reaction%®,

Interaction of 3§ and 38 with lactic acid yielded
4~ase-cyclopenteno| bjphenanthrene 37 and l-asa~cyclopenteno(b)-
phenanthrene 39 respectively. It may be noted that here
instead of the normal angular cyclised products, linear

heterogyecles resulted by mmmt“.

Tilak !-L.ll“ have studied eyclodehydration of
Sig~8~arylaminome thylenecyclohexanones in the presence of
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lactic acid, This reaction yielded a mixture of acridines.
The reaction mechanisms will be discussed in Chapter III

in detail, In short lactic acid rescts with gig-S~arylamino~
methylenecyclohexanone to form an intermediate product

vig., 2-(R'~keto~1'-cyclohexyl)-é~keto-5-methyl=1, 3~

dioxalane 40 which then reacts with the eliminated arylamine
leading finally to an acridine via the arylimine intermediate.
Although the dioxalene 40 could not be isolated, it was
prepared by an indepeandent route and treated with the
arylamine to give the aeridines,

With a view to obtain tetrahydroquineolines in
better yields, acid catalysed qyclodehydration of
l~arylamino-I~alksnols was studied®’. Under acidie
condi tions, these alksnols 51 yielded 2,3~disubstituted
1,2, 3,4~tetrahydroquinoline §2 along with 3,4~disubstituted
1,2,3,4-tetrahydroquinoliness., The alkanols were prepered
by sodium borohydride reduction of the corresponding
p~aryleminomethyl alkyl/aryl ketones or gis-®-arylamino-
methylenecycloalkanones.

To atudy the reaction mechanism of cyelodehydration

1

reactions, attempts were n«° to prepare E~-arylazetidines

and rearrange them to acridines under acidic conditions.
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The work has mow been extended by Mulliek®? to
synthesise pentacyclic compounds containing one or two
nitrogen atoms. 8,9-Idhydrobens|c,h]acridine 42 and
7,6~dihydrodibenzo[ ¢, kiphenanthridine 44 have been synthesised
by the cyclodehydration of 2~(1'~naphthylaminomethylene)-1-
tetralone 4]1. Similarly cyclodehydration of 2-(2'~naphthylamino-
methylene)~l-tetralone 46 lead to the formation of 5,6~
dihydrodibenz(a,h]acridine 47 and 5,6~dihydrodibenszo(a,k]~
phenanthridine 49. Lactic and formic acids have been used
for effecting these cyclisationas.

The dihydro compounds on dehydrogenation im presence
0f selenium st elevated temperatures gave the corresponding

dibensacridines 43, 48 and the corresponding dibengo~-
phenanthridines 45, §0.

Structural analysis was based on the FMR gtudies of
the dehydrogenated products. It may be interesting to note
that formic acid cyclisation gave both the angular and
linear products.

Apropos the work done by Bordo'”' to obtain
dihetercatomic pentacyclic ring systems, interaction of
Sig-2~hydroxymethylenecyclohexanone 54 with m-phenylene-
diumine gave either s mono~ (B8) or a dicondensation product
(60) depending upon the molar ratios of the m.tutl‘”.
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Gyclodehydration of 58 and €0 gave the corresponding

1,2, 3,4,9,10,11,12-0ctahydrodibenzo[ b, jl[(1,7)phenanthroline §6
and 1,2,3,4,9,10,11,12-0ctahydrodibenzo[e,k][1,7]~
phenanthroline @1, Compounds $6 and §1 on selenium
dehydrogenation yielded dibenszo(b, j)(1,7)phenanthroline 57
and aibenso(e,k)[1,7)phensnthroline 8. The formation of
6~amino~1,2,3,4~tetrahydroacridine 58 was also observed

as a side product, Compound §8 when treated with
hydroxymethylenecyclohexanone gave §9 which on cyeclisation
with FPPA gave back 58 by retro~liichael reaction, in
addition to §6.

similarly eyclodenydration of gig-i,N'-blse-
{2=ketocyclohexylidinomethylene) p~phenylenediamine 63
in the presence of FPA lead to the formation of
1,2, 3,4,9,10,11,12~0ctahydrodibenzo(b, j) (4, 7)phenanthroline 64
and 1,2,3,4,9,10,11,12-0ctahydro=-6,13~diasabensoal-
naphthacene 6. Compounds §4 =nd §6 on selenium
dehydrogenation gave dibensgo(b, j)(4,7)phenanthroline §5
and 6,13%-diazabenzo[alnaphthacene 67 respectively® 2104,

1t was reported that although cyclodehydration
of “bruotﬂhphmlﬂnonthylunyolohomo 89,
prepared by the interaction of gig-2-hydroxymethylene-
eyclohexanone §4 and p-amincacetanilide §8, with FFPA
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afforded a new pentacyclic compound im addition to
T~amino-1,2,3,4~tetrahydroacridine, as evident by the
FMR and mess spectral data, it could mot be isolated.

Our present work is aimed at the synthesis of
tetracyclic and pentacyclic ring systems containing
nitrogen and sulphur, The aystems containing two
nitrogens in the adjacent rings are called naphthyridines,
Similarly the systems containing nitrogen and sulphur in
the adjoining rings are called thiopyramopyridines.

The first representative of the naphthyridine
system was synthesised about 80 years ago by Relssert
who suggested the name naphthyridine, Most of the
synthesis of naphthyridines are adaptations of the
quinoline synthesis > '°%, It may be mentionea here that
the difficulty in bringing about the Uliman condensations
with a pyridine ring to give naphthyridine derivatives
is in sherp contrast, the case with which such condensations
ocour with the benzene ring to yield phenanthridines.
it is thus diffimlt to prepare 1,6é~naphthyridine

compared to other compounds of the naphthyridine series.

Some of the reactions are described in chart §

wherein 4-aminopyridive 70, snd 2-methyl-4-aminoguinoline n
have been used as starting materials for the synthesis of
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substituted (1,6}~ end substituted benzo(b)[1,6)-
naphthyridines 73, 74, 75 mpnum,“.

Dibdenso[b,n](1,6]naphthyridine 78 is prepared by
the interaction of isatin 76 snd 1,2,3,4~tetrahydroquinolin-4-
one 77 (R«=H) in aleoholic potassium hydroxide which is
then decarboxylated and dehydrogenated®’., Thus by applying
the Ffitzinger reaction to various tetrahydrooxoquinolines,
Buu-Hoi and coworkers® ®, prepared & number of substituted
divenso{b,hj(1,6)naphtayridines.

N-methyl=-1,2,3,4~tetrahydroquinolin-4~one 77
(n-ou,) reacts with o-aminobensaldehyde at room temperature
giving dihydro-fi~methyldibdenszo[b,h)[1,6)naphthyridine 78a.
The hydrochloride of this conpo.d is described as an

unstable oo-pom“.

A number of benzonaphthyridines have been prepared
by applying the Friedlander reaction to various
tetrahydrooxoquinolines., Thus condensation of
o-aminoacetophenone S0 with substituted l-methyl-1,2,3,4~
tetrahydiroquinolin-4-one 79 resulted in the formation of
substituted 5,6~dihydrodibenzo[b,h])[1,6)naphthyridines n”.

Acetophenone §2 has been reacted with aniline to
give 83. Compound 83, on further treatment with 84
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(obtained from triphenylguainidine), gave 7=phenylinino=-6~
phenyl~7,128~-dihydrodibenso(b,h)[1,6inaphthyridine l‘oo
Nossew and coworkers® s%®
on these lines.

have published several papers

Little work has been reported on the synthesis

of pentagyclic systems containing the 1,6é-naphthyridine
moiety,

ZHIOFYRANCQUINOLIN £5

Very little work has been reported on the synthesis
of thiopyranoquinolines. Kempter and oo-ukou“ prepared
7-methyl-6H[1] benzothiopyreno(4,3=b)quinolines 88 by the
reaction of o-aminoacetophenone §6 with substituted
thiochromanones §7.

Jacquignon and anrtcu“’“

modification of the Friedlander remction starting with
o-aminobenzaldehyde hydrochloride §9 or ortho-
aminoacetophenone hydrochloride 90 to prepare
thiopyranoquinolines 91.

used the Kempter

They have also prepared recently the 2~, 3=,
and 4~fluorinated analogs of the carcinmogeniec
6~ 1] benszothiopyrane(4, é~bjquinclines 93 by the
condensation of o-aminoacetophencne §6 with the



corresponding thiochromanones 92. They confirmed the
gtructures by PlR studies.

Ho work has been reported by us so far on the
syanthesis of naphthyridines and thiopyranoquinolines.

(g}
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As will be clear from the latter part of Chapter I,
little work has been reported on the synthesis of
naphthyridines and thiopyrsanvquinolines,

The earlier workers prepared the naphthyridine ring
aystems by applying Priedlander snd Piitsinger reactions ®Zr11
to the various 1,2,3,4-tetrahydroquinolin-4~ones. The
thiopyreanoquinoline ring systems were prepared by the
Kempter modification of the Friedlander reaction™*% as
discussed in the previous chapter,

Ihe aim of the present work wag to extend the
studies and scope of the eyclodehydration reactions of
arylaninome thylenecycloalkanones tos-
(a) polyeyclic systems containing two heterc atoms,
(b) to prepare dicationoid systems, and
(e) to use these compounds for a study of careinogenesis
by such nitrogen and sulphur hetervcgyclic analogues
of polyeyeclic carcinogenic hydrocarbons.

The dihetercatomic polycyeclic systems, as will be
seen in the earlier chapter, were prepared by starting from
aryl dlamines®’S, An alternative approach would be to start
with eycloalkenones containing one hetero-atom and subsequently
incorporate another hetero-atom (nitrogen) carried by an

arylamine, The condensation products from the above reaction



on gsubsequent cyclodehydration should lead to dihetercatoumic
polycyclic ring systems. It is left to be seen whether the
above dihetercatomic polyeyeclics can be converted to the
monccetionoid or dicationoid systems, which are likely to

be coloured compounds.

We have chosen for our study two such eyclic ketones
vig., Nemethyl-1,2,3,4~tetrahydroquinolin~4-one } and
thiochroman~4~one 2, These ketones are quite prone to
side reactions., It may be worth mentioning some literature
data regarding these cyclic ketones.

N-liethyl-1,2,3,4~tetrahydroquinolin-4~one ] reacts
with p=(dimethylamino) benzaldehyde and p~(nitroso)=-
dimethyleniline to give bright red crystals of
&(p-dimethylamino) bensylidine derivative J and analogous
& (p~dimethylaminophenylimino) derivative 4. It was stated
that under milder conditions the imino derivative ¢
isomerised to ¥=(p-dimethylaminoanilino)-i-N-methyl-1,4~
dihydroquinolin-4-one §. The substituted quinolones
thus cen be readily dehydrogenated to give substituted
1t4~dihydro derivatives §.

The Mennich base of N-methyl-1,2,3,4~tetrahydroquinoin-4-
one 7 on boiling gave a pale yellow 1:4~dihydro-3~methyl-N-
methylquinolin-4~one 8. It was presumed that the
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the intermediate product is the Z~methylene derivative 2

The Mannich base of thiochroman~4-one J0 was prepared
by several -orkona’e’m. Sae-lee Chu and oo-orkona"
found that thiochroman-4-one gives an unstable Hannich
base 1O by the ususl procedure, The Mannich base 10
gives rise to a dimer via the intermediate 3-methylene-
thiochroman-4~one 11. Polymerisation of 11 was also
facilitated during the reaction in the presence of amines,

The stability of the tetracyclic and pentacyclie
ring systems depend upon several factors such as, the
stereochenmistry of the molecule, the reactivi ty of the
hetercatoms present in the molecule and formation and
stability of the intermedia te products., The syathesis
of these compounds present many difficulties, as the
reactions proceed by alternate path ways, giving rise to
several products, Detalls of the work are discussed in
Chapter IV,

The synthesis of the dihetercatomic polycyclics by
yet wnother route consists in the reaction of
hydroxyme thylenecyclohexanone with aminopyridines and
oyclising the resulting condensation products. However
atienpts on these lines were unsuccessful although the
intermediate products viz,, gig-2~(2'-pyridylaminomethylene)-



eyclohexanone 13 and gig=2-(4'-pyridylaminomethylene)-
eyclohexanone 14 were readily odtained and characterized
from a study of their spectral data,

Cyclodehydration of gig-2~phenylmercaptomethylene~1i-
tetralone using 70% perchloric acid resulted in the formation
of the rearranged 5,6~dihydre-12-thiabenz(a)anthraceniun
perchlorate instead of 5,6~dihydro-8-thiabenz(a)phenanthrenium

perchlorate 2@

« This rearrangement was similar to the one
which we had reported earlier in the cyclodehydration of
gig-8-arylaminomethylenecycloalkanones 2%"®, The preseat

work is en extension of these studies in which qyclodehydration
of gig-¥~arylaminonethylene=l~N-methyl-1,2,3,4~tetrahydro~
quinolin-4-ones 15-17 and gig~-~arylaminomethylene
thiochroman-4-ones 18~20 was studied, The experimental

details and analysis of the final products are described

in the following pages.

Z~Hydroxymethylene=ki-mnethyl=1,2,3,4~tetrahydroquinolin=-4-
one 123 was prepared by the interaction of ethyl formate
with l-methyl=-1,2,3,4=tetrahydroquinolin-4~one ] in the
presence of sodium methoxide. Condensation of 123 with
aniline, «-naphthylamine and p-naphthylamine led to the
formation of gis-J~anilinomethylene~i=N-methyl-1,2,3,4~
tetrahydroquinolin~4-one 15, g¢ig~3(1'-naphthylamino
methylene)~l-N-methyl-1,2,3,4~tetrahydroquinolin-4-one 16






and gig-3(2'~naphthylaninonethylene)=i-N-nethyl-1,2,3,4~
tetrahydroquinolin-4~one 17 respectively.

Cyeclodehydration of compounds 15, 16 end 17 by
interaction with 70% perchloric acid in the presence of
triphenylmethyl chloride was unsuccessful., However,
treastment of these compounds with sulphuric acid in the
presence of triphenylmethyl chloride gave the sulphates
£1, 22 and 23, These sulphates were then converted into
the respective perchlorates 24, 25 end £6 by interaction
with 708 perchloric acid, The intermediate sulphates
were however not fdentified.

Compounds 24, £5 and 26 were identified solely by
PMR end UV spectral studies. A considerable amount of work
has been carried out on the analysis of the PMR spectra of
polynuclear aromatic and hetercaromatic compounds with
emphasis on the chemical shifts of the hindered protoans.
Sarlier it has been observed that in the rili spectra of
engularly annelled polycyclic aromatic hydrocarbons the
hindered protons appear at a lower field than the other
aromatic protons and thus can be identified, Also the
protons in the proximity of the hetercatom have a
paramagnetic shift and also appear downfield. It has also
been observed that the property of sterically himdered



protons in exhibiting downfield shift is also dependent
on the planarity of the molecule. The steric interaction
between protons in certain complex polyeyelic hydrocarbons
disturbs the planarity of the molecule and consequently
the protons appear to be shielded’®,

These principles were made use of in determining
the structures of our compounds, Gogte et al ’ hove used
these general observations in assigning the structures of
v&rxou totr&cyclto and pentacyclic heterogyclic ring
eystems., 1This method proved quite handy in establishing
the structure of the products wherein as many as eight
different possible structures were assignabdble to the preduct,

Compound 15 on cyclodehydration could lead to two
poseible derivatives, the angular S-N-methyl=-
dibenzo(e,f)(2,7) naphthyridiniun perchlorate 30 or the
linear S-l-methyl-dibenzo(b,h)[1,6)naphthyridinium
perchlorate 24, In the MMR spectrum ,the angular structure 0
should show two multiplets for O~1 and O-12 and two
singlets of one proton intensity each for C=-6 and C=-7
in the low field region, On the other hand the linear
compound S-l-methyldibenso[b,h)(1,6)naphthyridinium
perchlorate 24 should show a multiplet of one proton
intensity for O-1 and a singlet of one proton intensity



A= HSO4
24; X =& NeCHo
A= C|O4
C-1 Multiplet 2r; X'=§
C -6 Singlet A= ClO4

5-N-methyl-dibenzo [b,h] [1,6] naphthyridinium 24
[1] Benzothiopyrano [ 4,3 -b] quinolinium 27

30, X= N—CHy
A=ClO,

33; X=5S
A-C|O4

C-6 and C-7 Singlets
C—-1 and C-12 Multiplets

5-N-methyl- dibenzo [ c¢,f][ 2,7 ] naphthyridinium 30
[1] Benzothiopyrano [3,4—c] quinolinium 33
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for C~6. In fact the FPMR spectrum showed a multiplet

for C-1 spread over 7.86-8.24 4 and a singlet for -6

at 8,00 & both together integrating for 2 protons, Thus
the possibility of the fomation of the angular product
wag ruled out and the linear structure S5~N-methyl-di bengo~

(bhj(1,6)=naphthyridinius perchlorate 24 wes assigned,

The cyclodehydratioan product of compound A6, in
its PMR gpectirum should show two singlets of one proton
intensity each for 0-6 and C-7, one doublet of one proton
intensity for O-14 and two multiplets of one proton iatensity
each for O-1 and 0~9 in the low field region if 1t were to
be the angular product S-i-methyl-beaso(f]-nephthol(1,2-¢)—
(2,7)-naphthyridinium perchlorate 31. In case of linear
structure H-i-methyl-benzo(hjnaphtho[1,8-bj(1,6]naphthyridinius
perchlorate 25 there should be two multiplets of one

proton intensity each for C~1 and C~13 and two singlets
of one proton intensity each for O-6 smd C-7, The product

has shown one singlet for O~6 at 6.26 & and two contiguous

multiplets for O~1 and O~13 spread over 8.4 - 9.0 &,

the singlet for O~-7 proton being masked by the other
aromatic protons, 7The low field multiplet expected for
C-9 of the angular produet 31 is absent, lence the linmear
structure was assigned,
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22; X=N—CHy

A= HSQ,
25; X =N =CHs
A= ClOg4
C-6 ond C-7 Singlets 28 ;. X =S
C-1 and C-13 Multipletes A = ClOg4

5-N-methyl— benzo [h] naphtho[1,2-b7 (1,6 naphthyridinium 25
[1] Benzothiopyrano[4,3-b ] benzo [h] quinolioium 28

A= ClO4
34; =5
A = ClO4

C-1 and C-9 Multipletes
C-14 Doublet
C-6 and C-7 Singlets

S-N-methyl- benzo [ f ] naphtho [1,2 -c] [ 2,7 ] naphthyridinium

31
[1] Benzothiopyrano [3,4-c] benzo Lh]quinolinium 34 e
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Analogously, the cycledehydration product of
gompound 17 showed in its FME gpectrum two close singlets
for 0~6 and C-7 at 8,2 ¢ and 8,13 & respectively and a

multiplet of two proton intemsity for O-1 end C~8 spread
over 0.“ . 9.00 6.

ihis product was assumed to be the linear rearranged
produet S5-i-methyl-benzo[h)naphtho(2,1~bj(1,6jnaphthyridiniun
perchlorate 26 for the angular product S-i-methyl-benszo[f]-
naephtho| 2,1~e) (2, 7)naphthyridinium perchlorate 32 should
show teo singlets of cne proton intensity each for O~6 end
=7, The signals for the hindered protons in this case at
C-1 and C~14 would considerably move upfield because of the
distortion in the planarity of the molecule, But such high
field proton signaels are not observed,

d~Hydroxynethylenethiochronan~¢~one 12b was prepared
by the iateraction of thiochromsn-4-one £ with ethyl formate
in the presence of sodium methoxide., The resulting
compound 120 on condensation with aniline, «<-naphthylamine
and ~asphthylamine gave the gig-S~anilinomethylene~
thicchroman—-4~one Jl-. 8i9~3~(1'-naphthylaminomethylene)~
thiochroman-4~one 1) snd gig-~(2'-nsphrthylamincmethylene)-
thicchroman-4~-one 20 respectively., Compounds 18, 19 and
2C were identified by their elemeantal analysis sad their



ﬂ; X- N""CH3

26; X = N—CH;
A= C|O4
C-1 and C-8 Multiplets 29; X =S
C-6and C-7 Singlets A= ClO,4

5-N-methyl - benzo [h] naphtho [ 2,1 -b ] [1,6]
naphthyridinium 26

(1] Benzothiopyrano [4,3-b ] benzo (] quinolinium 29

A= ClO,4
£ X=5
A= ClO,
C-1 and C-14 Multiplets (upfield)
C-6 ond C-7 Singlets

5-N-methyl-benzo [f Jnaphtho [2,1-¢] [2, 7]
naphthyridinium 3

(1] Benzothiopyrano [3,4-c] benzo [f] quinolinium 35

—_—
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spectral data. However, we could not isolate
‘d=arylmerecap tome thylene-li-methyl-1,2, 8,4~ tetrahydro~
quinolin-4~one 36 and - -I~arylmercaptomethylenethiochroman-4~

one 37 by the reaction of 12s and J2b with thiophencl
respectively.

Interaction of gig~3~anilinomethylenethicchroman-4~one
18 with 708 perchloric acid in the presence of an external
hydride abstractor such as triphenylmethyl chloride atfforded
the orange coloured mono-cationoid compound (1)benso~-
thiopyreno(4,2=b]lquinolinium perchlorate 27. Further
alkylation of the second nitrogen atom tc fom a
dicationoid compound was tried unsuccessfully. Similarly,
cyelodehydration of compounds 19 and 20 furnished
(1) venzothiopyrano(4,2=bjbenzo[h)quinclinium perchlorate 28
and [1)bengothiopyrano[4,3~b)benso[f)quinolinium
perchlorate 29, rearrangement to linear structures having
occurred during cyclodehydration, The same arguments as
in the nitrogen analogs, can be put forward for the
elucidation of the structures of benzothiopyranoquinolinium
perchlorates.

fhe PMR speotrum of the cyclodehydration product
of compound 18 should show two multiplets of one proton
intensity each for O-1 end CO-12 and two singlets of one



Ly L

proton intensity each for C-6 and C-7 ia the low field
region if it were to be the angular product viz,,

(1) venzothiopyrano ?y4-e)quinclinium perchlorate g,

The Pk spectrum has shown a multiplet of one proton
intensity for O-1 spread over 8,33 - 8,66 & end a singlet
of one proton intensity at 0,13 ¢ for C-6 in the lower
field, a pattern more consistant with She linear product
(1)vensothiopyrano 4, ~bjquinoliniun perchlorate 27.

Similarly the cyclodenydration produet of compound 19
shculd show two singlets of one proton intensity each for
C=6 end C~-7, a doublet of omne proton intensity for C-14

and two multiples of one proton intensity each for (~1 and
C~3 in the low field region in its Fii gpectrum in case if
the normal compound (1)bensothiopyranc 3,é~c)benszo(hj~
quinclinium percinlorate 24 was formed,

In the event of the formation of 28, on the other
hand, caly two singlets for protons (-6 and C-7 ghould
have appesred in the low field region along with the two
protons at C~1 and O-123 as multiplets, The IR spectrum
of 28 in MSU showed two singlets for C-6 amnd CO-7 at
10,32 ¢ and 9,16 & and the multiplets for C-1 and C-13
near the aromstic signels. 1I1he low field multiplet for
(=0 expected in the alternate angular structure 4
is absent, thus confirming the formation of the linear



structure (1]bensothiopyrano[4,2=bjbengo[h)quineliniua
perchlorate £8.

In the same manner the eyclodehydration product
of compound 20 should show two multiplets of one proton
intensity each for O-1 and C~14 in the upfield region
because of the distortion in the planarity of the molecule,
and two singlets of one proton intensity each for U~6 and
C-7 4f it were to be the normal angular product
(1) benzo thiopyrano(3,4~c)benzo(f)quinolinium perchlorate J5.
If the rearrangement has occured then the compound ihnnld
show two singlets of one proton intensity each for (-6
and C-7 and one multiplet of two proton intensity for
O=1 and C-8 protons.

The compound has in fact shown two singlets of ome
proton intensity for =6 and O~7 at 9.6 & and 9.16 & and
one multiplet of two proton intensity for C-1 and C~8
apread over 8,03 - 86,88 &, thus confirming the linear
structure [1)benszothiopyrano(4,3~bjbenzo[f]quinolinium
perchlorate 29.

In all the above eyclodehydration reactions
rearrangement has occurred and the linear products have
been formed.



It was also found that the PME spectra in the diasza
systems had more distinet features and thus the choice
between the alternative linear and sngular structures was
easier then in c=se of sulphur, It seems likely that the
lone pair of oxygen in DMS0, the solvent used for PuR
spectrum gets accomcdated in the d-ahell of the sulphur
atom in the molecule, Fresumably sulphur assumes a neutral
covalent character, The chemical shift of -§-cn- moves up
field in IMS0O solvent, This reasoning gets additional
support by the fact that in diaza systems, where the
distinetive features in the PMR gpectra are not lost because
of the difficulty of nitrogen to expand its valance shell
to accomodate the lone pair of oxygen in IS0,

-

thiopyranoquinolini

2% Alx

perchlorates 24 - £6 and u ~ 22

UV spectra have been extensively used for the

agsignments of structures of tetragyclic and pentacyelie
ring systems with or without the hotoroatou“-zo. While
interpreting the results present, the following points have
to be taken into consideration:-
(a) The aza substitution in a polyeyclie hydrocarbon
system results in a bathochromic shift in the UV

abgorption maxima of group II and IIT banda,
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(b) There is considerable loss of fine structure
in replacing a methine group by an annuler
nitrogen atom and more so in diaza systems where
the nitrogen atoms are placed in the adjoining rings.
(e) Finally the absorption maxims of the saltp are
much broader compared to their pareat structures,
which give well defined peaks,

¥e, in our work, have studied the ultraviolet and
visible spectra of these compounds in acetic acid containing
1% perchloric acid, end also in dimethyl sulphoxide, as the
perchlorates are soluble in these solvents only. In the
absence of any available information on the UV and visible
spectra of tetracyclic and pentacyclie naphthyridinium
and thiopyranoguinolinium galts only vague conclusions
could be made from their patterns compared with those of
similaer compounds.

Compound 27 showed broad absorption maxima around
320 mu end the pattern is similar to the tetraeyclie
dihetercatomic ring systems containing nitrogen which showed
two broad peaks centred around 300 and 410 my as mentioned

in the utoratmle. In ceee of the nitrogen analog 24,

a bathochromic shift hes occurred.
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Pentagyclic ring systenms such as didenz{a,hjacridinius
ion and dibens c,hjacridiniun ion have two broad peaks
around 210 mu end 420 mu a8 sslient features in their
ultraviclet absorption apectra as menticaed in the
utc:amro“' 15 Wtraviolet spectra of compounds 28
and 29 which are similar to the above compounds have also
showed absorption mazina peaks arocund 320 - 30 ay end a
broad hump around 390 - 400 mu, In case of the uitrogen
containing compounds, 20 and 26 a bathochromic shift
has ocourred.

Far reaching conclusions could not be made as
regards to the UV and visible spectra of thege compounds.
The results are tadulated in Table .u.4.



INREX 10 SPECTRAL CHARTS

Degeription
PMR gpectrum of 24 in IMSO
PME spectrum of 25 in INS0
PER gpectrum of 26 im DHS0
PME spectrum of 27 im LNS0
PMR spectrum of 28 in INs0
PUR gpectrum of £9 in IN3O

UV end visible spectra of 24 and 27
UV and visible spectra of 25 and £8

UV and visible spectra of £6 und 29
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CHAPTER IX
PART Bs SOME STUDIES O THE TAUTOMSRIC BQUILIBRIA IN
2=-ARYLANINOMATHYLENECY CLOALKANCH &3




some studies on the tautomerig equilibrie in
g-aryleminomethylenegycloplkanones

¥hen two or more tautomeric structures differ in
the position of the hydrogen atom or the distribution of
valance bonds, the phenomenon is deseribded as prototropy >,
The aeidic proton invelved in hydrogen bonding, readily
shifts in the conjugated molecule resulting in the
reversible egquilibrium uolortuuoau. Tautomeriec
equilibria have been studied by m”. IRS‘ and W”
spectroscopy. The detection of tautomer becomes difficult
when its concentration in the mixture is less than 5%.
¥ith regards %o tautomeric equilibria, we have studied the
IR and PER gpectra of the gis-2-arylaminomethylene~
eyelokezanones ’ and 3=(w-arylaminoethylidino) tetrahydro-
mn-Muu. We have now studied the IR and FMR spectra
of gig-¥(arylaminomethylene)~i=li-methyl-1,2,3,4~
tetrahydroquinocliin-4~ones 44a-¢ and gig-i~arylamino-
me thylene thiochroman~-4d~cnes 43a-c.

Carbonyl compounds exist exclusively in the
ketoform unless enol form is stabilised due to hydrogen
bonding.
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The strength of hydrogen bonding can be studied
by the vibrational stretching frequencies of the U=0
and O groups in the infrared and the chemical shifts
of the encl proton in the PMiR speectra,

Hydroxymethylene keto-aldo-enocl equilibrium has
been extensively studied>®, The nature of the Sohiff's
bases have been investigated in recent years. The possibdble
tautomeric forms of Jchiff base are shown in the chart 1,
fhe keto-enamine (A) enolimine (B5) end keto-imine (C) are
obtainable by simple prototropy. Intercoaversion from
glg-ketoenamine (A) to $rans-ketoenemine (D) is possidle
through bond rotation., Solvent, concentration, temperature
and stereochemical factors affect the tautomeric equilibria,
The concentration of the trans isomer increases whea bulky
groups produce sterie interaction,

The role of solvents such as dimethylsulphoxide
was not discussed in detail till now, as far as
2-arylaminomethylenecycloalkanones are concerned, Solvent
effects on chemicel shifts have now been studied in «tau”.
Although M350 offers excellent solvent properties, it hes
the disadvantage of entering into hydrogen hnuu” or
dipole-dipole association in the solution,
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hr«“ condensed various arylamines with

2-hydroxyme thylenecyclohexanone to give gig-2-arylamino-
methylenecyclohexanones. The exelusive formation of the

248 lsomer has been explained through addition elimination
mechanism,

Considering the beasic structures as indicated
38, 32, 40 and 4] the ketone 3§ did not show many of the
ketonic properties. It was proposed by Allison ,u_g”
that the ionic aromatic form 3P makes the major contribdution
to the resonance structure. The bright yellow colour of
the l-methyl~-1,2,3,4~tetrahydroquinolin-4-one 40 is prodably
due to a considerable contribution by the form 4] in which
the charge separation entails the o~quinocnoid structure’,
The condensation produets prepared from the above compound
also showed special characteristics. 1t was mortuu
that quinolin-4-ones showed a characteristic absorption
band between 1618~1647 (0=0)., Also solvent shift studies
indiecated that a band Ca, 1590 is alse partly carbonyl in
character.

Compounds 43a, 43b end 4i¢ exist in chloroforam
solutions as gis-ketoenamine tautomer (A) as revealed by

the IR snd PMR spectra shown in Table 5. These compounds
showed typical bands at 1635 cu » (O=0) and 3050 em }
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¢ =@ = [} -naphthyl- ¢ =@ =pR-naphthyl—
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c=@ = p-naphthyl-



69

(bonded BH) in chloreform solution which were unaffected

by dilution., In the FMR speetra the NH proton appeared

as a doublet around 12,0 & in chloroform., These results
thus indicate strong intramolecular hydrogen bonding
poseible in gig-ketoenamine teutomer (A). Unlike the
earlier recorded examples, there is very little isomerisation
to frgng-ketoenamine tautomer of these compounds in dimethyl
sulphoxide in which the XH proton appeared at 12-13 b,
Compound 45 existed as gig-ketoenamine (A) and enolimine
tautomers (B) in chloroform solution as well as in solid
ntatou. Compound 42 on the other hand existed as
glig-ketoenanine tautomer (4) in solid state as well as

in chloroform -olutzon“.

Compounds 443, 44D and 44gc were difficult to study
in chloroform solution because of poor golubility and we
had to carry out IR studies in nujol end PMR studies in
M350, These compounds exist in still ancther tautomerie
form 46a, 46b and 46g in NS0 as well as in solid state,
This was characterised by the appearance of a triplet
(J = 6 ops) typloal of NH at about 6 & which collapses
on Do0 exchange., The -Clg existed as a doublet (J = 6 ops)
before Dol excheange, collapses into a singlet after 0,0
exchange. In the IR the C=0 eppears at 1622 em ! in nujol
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and the NH at 3330 om '. The apparently low value of

the C=0 streteohing fregquency of the compound 44 is the
characteristic of Nemethyl-1,2,3,4-tetrahydroquinolin-4~one.
This form was not detected by us in any of our eariier
compounds. In IM30, compounds 42 and _‘,“ existed as
trons-ketoenamine form as against the gig- form in
chloroforn, the compound 43 showed very little isomerisation
to trans form in IMS0, The IR and PMK spectral data is
given in Table B,



Degcription

PHR spectrum of 46a inm IMSO

PHR spectrum of 46b in INSO

PR spectrum of 46¢ in IMSO
PMR spectrum of 440 in oracow

PiR spectrum of 43b im CICl,
IR spectrum of 4Sb im CHOL,

IR spectrum of 44b in Hujol

R
(Discussion)
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BLPSh i BIAL
Ereparation of Nemethyl-1,2,3,¢-tetrahydroguinolin-¢-one }

l-fethylaniline was condensed with acrylomitrile
in the presence of acetic acid and the resulting product
was cyclised with aluminium chloride snd potassium chloride
to give the N-methyl-1,2,3,4~tetrahydroquinolin-4~one d.

fhis product decomposes on knptuw'“'u.

S-lHydroxymethylene~-li-methyl-1,2,3,4~tetrahydroquinolin=-4-one 12s

A solution of ethyl formate (5.92 g;0.08 mole) in
bengene (25 ml) was added to a solution of sodium methoxide
(4.22 g; 0,08 mole) in bengene (100 ml) at O with stirrinmg.
A solution of N-methyl-1,2,3,4-tetrahydroquinolin-4~one ad
(6.44 &3 0.04 mole) in benzene was then added slowly, The
mixture was then stirred for ¢ hour./oo and was left
overnight to warmm upto room temperature, After addition of
Ca 100 ml of cold water with stirring, the agueous layer
was acldified with acetic acid and extracted with ether
to give 128 s a red viscous liquid (6.4 g; yleld 88%),

Since the hydroxymethylene derivative is somewhat
unstable, the crude product was directly used for
condensation with arylamines which were used in excess.



Thiochroman-é~one £

Condensation of thiophenol with p-propiolactone
guve the carboxylic acid, which was then eyclised with

sulphuric acid at roos temperature to give the
5

s
.

thicechroman—4-one 2 e

i-Hydroxymethylens thiochroman-4~one 120

Sodium methoxide (4,32 g; 0.08 mole) in dry benszene

74

(106 ml) was cooled to O° under stirring. ¢ this suspensicn

was added, ethyl formate (5.92 g 0.08 mole) im dry
beagene (256 ml). After 1 hour, thiochroman-4-one §

(6,66 g3 0.04 mole) in dry bensene (25 ml) was added to
the above suspension, IThe mixture which turned red was
stirred for 1 honr/0° snd then left ovemight to warm upto
room Stemperature, after dilution with water, the aquecus
layer was acidified with glacial acetic acid and then
extracted with ether, Hemoval of ether gave 18D as a red
coloured liquid (5,37 g; yield 708) which was directly
used for condensation with arylamines.

Genersl method for the preparation o_x:.u-a-mxmo
ReShylenei-ii=me thyl=1,8, 3.4 tetrahyiroquinolin-4-ones
w and cip=-’-arylaminome thylenethiochromen-4~ones plo2e

The hydroxymethylene derivative (1 mole) and
arylemines (sniline, «~paphthylemine and y~naphthylsmine)
(1.1 mole) were mixed im ether at room temperature and



then kept at 0° for 24 hours. In most of the cases o
yellow solid separated out which was filtered and washed
with ether to remove uareacted arylamines. In case of
sulphur compounds which are ecoloured, a little ether wash
was sufficient to prepare the condensed products in pure
fors, In the case of nitrogen analogs, purification by
erystallisation and chareoal treatment was necessary to
give the pure products, By concentrating the mother liguer,
diluting with benzene and petroleun e¢ther mixture and
ecooling, a second crop of the condensed compound could be
isolated. The concentrates from mother liguors were then
subjected to column chromatography over neutral alumina,
using petroleum ether, benzene, ethylacetate and methanol
a8 eluents successively, %0 igolate the remaining portions
in pure form,

The condensation products were reorystallised from
sppropriate solvents and then used for further spectral
studies., The experimental details, properties and elemental
enalysis are tabuloted in tables 1 and 2,

General method for the eyclodehydration of gig-3-

ones 7

The respective anilino, («-naphthylamino)~ and



7%

(p=naphthylamine) methylene~l-li-methyl-1,2,3,4~
tetrahydroquinclin-4~ones (1 mole) were treated with
congentrated sulphuric acid (15 ml) and triphenylmethyl
chloride (1 mole) at 8° for 3 hours. The resulting mixture
was then diluted with cold dry ether and filtered. The
so0lids were washed free of acid by dry ether and dried
over Poly for a long time (48 hours). The gyclodehydrated
products 21, 22 and 23 (as sulphates) were then treated
with 70f perchloric aeid (10 ml) and the mixtures were kept
at 60° for 4 hours under stirring, The mixture after
trituration with cold ether (250 ml) and keeping at O

for 24 hours gave the corresponding perchlorates 24, 25
and 26 as yellowish hygroseopic compounds, by filtrationm,
washing with ether and drying over ¥olg.

General method for the gyclodehydration of gig-3¥-

aryleminome thylene tiiochroman=4~ones 18-20

The arylaminomethyleneihiochroman-4é~one (1 mole)
wes disolved in glaciel ecetic acid (10 ml) and cooled
to 5° under stirring, Iriphenylmethyl ehloride (1 mole)
was then added followed by 70§ perchlorie acid (10 ml),
This mixture was stirred in the cold at O° for 1 hour
and then at room temperature for & hours,
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The mixture was then triturated with 500 ml of
cold ether and then kept at 0° for 24 hours. The orystalline
perchlorates 27-29 which separated out, were filtered,
washed with excess of dry ether (250 ml) and dried over
onb in vacuum, Compounds 7 and 29 are orange coloured
compounds, whereas 28 was a yellow crystalline compound,
These have marked difference in colour, compared to the
nitrogen analogs.

The experimental data, relevant spectral
characteristics and the elemental snalysis are tabulated
in tables 3 and 4.
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Compound Found ¥ FTTTTEC T S—
o, ¢ i E ¢ i X (u%)
15 7.4 10,7 6.7 7.2 10,6 6.7 264
16 79.9 5.4 9.0  80.2 5.7 8.9 314
17 9.8 8.4 9.1 80,2 B.7 8.9 34
1. 72,0 5.1 5.5 7.9 4.9 5.2 267
19 .3 4.6 &7 W &7 e 317
20 76.0 4.3 € W 47 s 27

« IR and PHRE gpectral data was given seperately in the

later

part of this thesis.
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(e9°2) gee @6°2) 8. e, «8 ¢
(26°2) oge *(30°%) 192 (g2t *y) z63° * Mnn... 292 Te
(69°2) o2v
(°2) e62 *(1°y) 822 (96°2) SIv *(gaT°y) O - §
(g4t °2)00% *(@6°2)geRT
(06°2) Qe *(31°%) @2 (1°%) ove *(21°%) 84 x4
(aus°2) g ©
(g16°2) 53»8.3 382 (66°2) @2 *(u0°Y) 963 %
(68°c) 983 (32°9) o2e *(964°3) 963 -4
(9s°2) o1 (»6°2) »63 1 73
Yatonsimov oswr
ur (3 For) o *oy punodmop




Zable § =~ IR snd FEE gpectral data of gompounds
43e-¢ and g4a-g
EMR_(N¥) IR
& C=9 BH «3
onl -

43a

b

43¢

44b

11.1 (CDoly
12.3 (mMs0)

12.8 (CDOLy)
18.0 (mMs0)

11.8 (cm,)
12,6 (m30)

5.7 (misQ)
6.5 (ms0)

6.1 (Ms0)

1637 (cHCL,)
163 (Hujol)

1640 (cucna)
1636 (Nujol)

1639 (cHcly)
1638 (Nujol)

1626 (Nujol)
1622 (Nujel)
1622 (Nujol)

3080 (CHOLy)

3060 (CuCly)

3080 (cdc1y)

3326 (Nujol)
3330 (Fujel)
3330 (Nujol)
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CHAPTER 11X

STUDIES IN CYCLODEHY DRATION RBEBACTIUNS USING ZINC
CHLORI DE/ARYLANING HY DROCHLORI DB




It was mentioned in Chapter I that eyclodehydration
of various gig-S-arylaminomethyleneaycloalkanones with
various eyelising agents like sulphuric acid, formic aeid,
dl~lactic acid, monochlorcacetic aeid, polyphosphorie aeid,
ethanolic hydrogenchloride, acetic and propionic seids and
enhydrous zine chloride along with the appropriate arylamine
hydrochloride leads to either the linear or the angular
derivatives depending upon the conditions and reagents used.
Cyclisation reactions with sulpho-mix> snd Dowtherm:®>’%
have also been reported yielding excellent results., The
feilure of cyclodehydration reactions has been attributed to
the reasons like, stereochemical hindrances, poor reactivity
of the molecules when the hetercatoms are present and the

geometry of the molecular structure i.e., the trans congiruation.

Some of the reagents give exclusively the linear
rearranged products while some other reagents gives exclusively
the angular products.

Earlier Borsche and oonrtou’ had reported the
concomitent formation of both the linear and angular products
during the cyclodehydration reactions., KHeceat studies also
indicate similar formation of mixture of products in many

6,7
cages .



The reaction mechanism whereby linear rearranged
producte are obtaimed is different from the mechanism
which leads the (normal) angular derivatives,

The reactive intermediates postulated by various
workers have been rarely isolated. In the present work,
two such intermediates have now been isclated. The reaction
mechanisms postulated by various workers are reviewed below
with the view to acoount for the products described in this
chapter,

(a) The formation of the normal engular products,
with particular reference to tetrshydrophenanthridines 2
by the acid catalysed eyclodehydration of 1 can be explained
by the usual gyclodehydration mechanism as shown in chart 1,
The gyclodehydrating agents used are FPA, formic acid and
monochloroacetic acid,

() Petrow” ayclised the anils of j~keto-aldehydes
to acridine derivatives 4 by treatment with the seame
arylamine hydrochloride in boiling ethanclic hydrogenenhloride
with an optional addition of zinc chloride. He has postulatec
the formation of an intermediate 'dienil' which then cyclises
to tetrahydroseridine as shown in the chart 2, The failurae
¢f eyclisations was attributed to the trans-stereochemistry
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of the enils.

(¢) Hall and Welker® have used dl-lactic acid for

their eyclodehydration reactions to yleld the rearrsaged
seridines, The distinctive role played by lactic acid has
been explained by Tilak um. vhen the cyclodehydration
was affected with different arylamines, in the presence of
lactic acid, a mixture of acridines resulted. Cyclodenydratiocn
of gig-2(1'-naphthylaminomethylene) eyclopentanone and
gig~2(2'=nephthylaninomethylene) oyclopentancne on treatument
with laectic acid yielded linear heterocycles 4-ase~
eyclopenteno[b)jphenanthrene and l-ase-cyeclopenteno[bl-
phenanthrene respectively by rearrangement, 8,9-Dihydro-
divensz{c,hjacridine and 5,6~dihydrodibens{a,hjacridine

wers formed, during the cyclodehydration of
#-(1'-naphthylaminomethylene)~i-tetralone and
2(2'~naphthylaminomethylene)~1~te ttnlou‘. These reactions
are described in Chapter 1,

fhe reaction mechanism wherein dl-lactic aecld is
used as a cyclodehydration agent is shown in chart 3.
Un protonation the enamine salt § is formed which then
adds the lactate asnion., The adduct formed eliminates the
arylamino group leading to 2-(2'-keto-1'-cyclohexyl)=4¢~
keto-f-methyl~1,8~dioxolane § which then forms an anil
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with the eliminated arylamine, The anil on cyelisation
forms acridine. Although it has not been possible to
isolate §, it was separately prepared by the interaction
of gig-(2-p-tosyloxymethylene) oyclohexanone 7 with caleium
lactate., 1The dioxolone thus prepared also gave acridines
on treatment with arylamines and lsctic acid.

(d) Hall end Walker mechanism (chart ¢) for aeid
catalysed cyclodehydration of gig-2-aryleminomethylene~
ketones involves fission of these compounds, In the first
step the gig-?~arylaminomethylenecycloalkanone 8 gets
protonated at the nitrogen atom to yield 9. Addition of
another molecule of the acid (H'X ) yields 94 wnich on
fission yields the arylemine and the carbonium ion 1U.
ihe ortho-position (with respeect to the arylamine function)
now undergoes alkylation with the carbonium ion, The
resulting compound 11, then undergoes acid~induced
cyclisation to give the rearranged tetrahydroacridines A2,

However the above mechanism does not explain why
produets erising from the p~alkylation of the arylamine
are not observed. Tilak and oovorkouw pointed out that
the nitrogen atom in 8 is not protonated since compound
8 is a vinylogoues amide., Indeed addition of a moleeule

e
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of aeld (H'X") to § yields the enamine salt 8a by
protonation of the carboayl group (and not the amine
function)., This aslong with I-Jonhi'allohnmuon that
gig-2(m=enisidino) methylenecyclopentanone did not form
the linear egyclisation product with lactic acid raises
objeections to the Hall and Wwalker hypothesis.

(e) It has been observed that cyclodehydration of
gig-2-aryleminomethyleneketones by interaction with
arylamine hydroehlorides in boiling ethancl in the presence
of snhydrous zinc chloride leads to tetrahydroacridines,
wherein the arylamine moiety present in the starting ketone
is displaced by the (different) arylamine used for
ecyeclodehydration., The substitution of the arylamine probably
takes place through the implication of the intermediate
'dienil’ 13 (a8 suggested by Petrow), This dienil then by
prototropie shift, rotation along with a c-¢ bond and
cyclisation will lead to the tetrahydroacridine 14 in whieh
the reacting arylamine gets incorporated and the arylamine

originally present in the starting ketone gets eliminated
(M 8).

In the above ecyclodehydration reactions tetrahydro -
acridines are also formed where the arylemine originally
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present in the starting ketone is retained. In this case
the aeld catalysed substitution of RBy=0gli~NHy ocours as

a first step to yield 15 by an addition and elimination
reaction, Further reactions follow the sequence similar

to chart 6., This reaction path wherein the original smine
is retained by a process of elimination and reincorporation
is indicated in chart Sa, (through the formation of
intermediate products 16 and 17).

The interchangeability of the amine depends upon the
comparative basicities of the two amines,

ihe concept of the 'dianil' as a probable intermediate
has been recently substantiated by Acheson ”_g“. who
obtained the intermediate 'bis-anil' 20 from 18 in hot
lactic acid, This showed that aclid-catalysed reaction of
A8 to By occured probably by hydrolysis of 18 to 19 aend
subsequent reaction of 19 with unreacted 18. Ihe bis-anil
20 by treatment with glacial acetic acid at 100° was
completely converted tc the acridine 28 and 2~aminobipheanyl,
whereas the monoanil 18 was unchanged under these conditioans.
The monoanil ]§ on treatment with anhydrous lactic acid
(120°/20 hrs),, however, did give 22 (25%) and the
li~(2-diphenyl)~lactemide These reactions are shown
in chart 6,
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(£) Tilek and co-orkcnu have postulated the
formation of the intermediate azetine which eventually
rearranges under acidic conditions as shown in chart 7,

The leaving groups are -U~ZuCl or the O-acyl groups
(@ege s lactate, formate, propionate, acetate and chlorcacetate)
depending upon the reagents (acidie) used for cyclisation,

The reaction is essentially intramolecular.

Although azetines themselves have not been isolated
and identified, Tilak and coworkers > have isolated the
intermediate azetidines in anslogus cyclizations of
p~arylaminome thylcarbinols which then underge ring expamsion
%o yield the respective eand products, 1,2,3,4~tetrahydro
guinolines (under acidic conditions) 19 (5ee chart 7a).

Lxegent work

Cyclodehydration of gig-?~(1'~-naphthylaminomethylene)=1-
H-methyl-1,2,3,4~tetranydroquinolin-4-one 23 on heating
with «=naphthylemine hydrochloride snd fused zine chloride
in boiling ethanol gave $rang-3~((1'-~amino-2'-naphthyl)-
methylene)~1~N~methyl~-1,2,3,4~tetrahydroquinolin-4~one 24
and 6-keto-b-li-methyl-benzo[hjnaphtho[1,2-b](1,6]~
naphthyridine 26 (chart 8),
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In a similer nenner oyclodehydration of gig~-3~
(2'=naphthylaninonethylene)=i=i-nethyl-1,2, 8,4~ tetrahydroqui-
nolin-4-one 26 (by treatment with j~naphthylemine hydroehloride,
zinc chloride and boiling ethancl) yielded trans-3((2'-emino~i-'
naphthyl) methylene - 1=N~methyl=1, 2, 3, 4= tetrahydroquinolin=4¢-
one £7 and 6~keto-5-N-methyl-benzo[hlnaphtho[2,1~b](1,6,=
naphthyridine 28 (chart 8). The yields of 24 from 23
and of 27 from 26 in the above reactions were low (< 25%).

The yield of the lactams 25 from 23 and 28 from 26 were
eveu still lower (< 8%).

This appears %o be the first time that such Srang-
amine intermediates 24 and 27 have been isolated., The
formation of the amine intermediates 24 and 27 may follow
the reaction mechanisn suggested by Hall and Valker’ (chart 10).
However the above gis~-Y~aryleminomethylene ketones
2% end 26 do pot yleld the trapg-olefins 24 and 27 under the
usual gyclodehydration agents (sulphuric aeid, perchloriec aeid,
ete) but only when they are treated with the respective
arylemine hydrochlorides (in presence of inely and boiling
ethanol), The role of the latter in cyelodehydration is
not explicable by the mechanism suggested by Hall and Walker,
Hence it seems likely that £ and 28 are probably comverted
to di-anils (as proposed by Petrow, c¢.f, chart 5) which
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then undergo further conversion to the trans-olefins
n and n.

An alternate mechanism may also be suggested
which may involve initial conversion of £3 and 26 to
di-anils and their subsequent conversions to aszetine

intermediates as shown in chart 11,

fhe formation of the keto-naphthyridines can be
explained if one assumes di-anil formation as indicated
in chart 10s, The sequence of reactions are similar to
those shown in chart 5 (Petrow mechanism).

The Hall and Walker mechanism leading to the trans
olefins 24 and £7 does not explain:

(a) why such compounds are not formed in all other
such gyeclodehydrations and

(b) the role played by the arylamine hydrochloride
used in the ¢yclodehydration since using other reagents
the trapg-products 24 and 27 were not formed. It may be
recalled that Hall and Valker suggested the formation of
gis~internmediates which would permit cyclodehydration,
whereas compounds 24 and £7 are in faet trang oriented.
1t seems to us that this mechenism, if at all operative
should indeed lead to trans rather than gig- derivatives

101
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for reassons which will be obvious from the scheme
shown in chart 10,

¥hen 23 was heated with «<~naphthylamine hydroechloride
and fused gine chloride in boiling ethanol and the mixture
was purified by ochromatography on neutral alumina, a
compound (A) m.p. 266° was isolated whose molecular
weight (as determined by mass spectrum) was the same
as 22 but whose PHR and IE spectra and mass spectral
fragmentation pattern were completely different from that
of £8. oince this compound is iasoluble in common organic
solvents, triflurcacetic acid and IMS0 were used as solvents
for PR study, In trifluoroacetic acid the amine group
g0t protonated and moved downfield, thus mixingz the acid
signals, The FMR spectrum showed methyl at 4.41 & (s, 3P),
mothylene at 4.56 & (s, 2P), deshielded aromatic proton
spread over 8,63-8,33 &, olefinic proton at 8,76 & and
the remaining aromatic protoas spread over 7,238,23 b,
The FME spectrum in M5S0 revealed HHy at 5.9 & exchangeable
with D;0, olefinic proton at 8.08 &, the deshielded aromatic
proton spread over 7,98-8.41 & and the remaining aromatie
protons spread over 6,9%7.73 .
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This compound in Ik is characterised by NH, bends
between 3300 and 3450 amnd (Ce0) absorption near

1625 on”! both in nujol end chloroform solutions.

v s A::‘:l mu (log €) : 225 (4.21), 288 (4.13),

260 (2.27), 281 (3.44) and no absorption in the visidle
region,

Compound 4 was recovered unchanged even after
treating with stronger acids like sulphuric scid sad
also with ethanclic hydrogen chloride. The spectral
properties of 4 are explicable Af A is represented by
Arans-3~((1'-aaino-2'~naphthyl) nethylene - 1-l-mnethyl~
1524 3,4~ tetrahydroquinolin-4~one 24. The other products
of the nnouoi were «~naphthylamine, an intractable gum
ond a lactem which was identified as 25, on the basis of
its properties, MR and IR spectra and mass spectral
degradation pattern, The FMR spectrum of compound 5
in 0!;00(3 showed methyl signel at 4,11 & (s, 2P), proton
at C-7 at 10,28 ¢ (s, 1F), protons at O~1 and 0~13 spread
over 8.85-9.3 & (m, 2°) and the other aromatic protons
espread over 7,76 ~ 8.41 & (m, 97). IR spectrum showed no
absorption bands in the region Z300-2500 indicating the
abgence of any OH, KH or llz groups., 1t only showed absorption

vend at 1665 (0=0), UV x::?‘ mu (log €): 263 (4.407),
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292 (4.60), 362 (3,47). Hass spectrum indicated the
molecular ion peak at m/e 310,

Similarly when 26 was heated with ,-naphthylamine
hydrochloride, fused sine chloride in boiling ethanol,
trang-o~( (2'~amino~1'~naphthyl) methylene - 1-l~me thyl~-
1,2,3,4~tetrahydroquinolin-4~one 27 and é~keto-S~li-methyl
benzo[hjnaphtho(2,1~b] [1,6)naphthyridine 28 were obtained.
Here also the amine peak in compound 27 was observed oaly
in M50 and not in trifluoroacetic acid. Compound L7 was
recovered unchanged even after treating with stronger acids
and also with ethanol::hydrogen chloride.

PHR spectrum of compound 27 in trifluoroacetic acid
showed methyl at 4.25 & (s, 2P), methylene at 4,96 ¢ (s, 2¢),
deshielded aromatie proton spread over 8.66 to 8,78 ¢ (m, 17),
the olefiniec proton end the other aromatic protons spread
over 7.68 - 8,2 & (m, 97). The smine got protonated,
mixed with the acid signals end thus could not be located.

In M50 compound £7 showed methyl ot 4.11 & (s, &), Do
exchangeable HH, centred at 6.62 ¢ (s, 2¢), deshielded
arcomatic protoan spread over 8.2 - 8.46 & (m, 1P), the
olefinic proton and the remaining sromatic protons spread
over 6,938,038 & (m, 11P).
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Compound 27 was characterised by its IR which
showed Ny bands between 3200 om © and 3400 em ! and
carbonyl mear 1660 om ', The high value of N, bands in
both the compounds £4 and 27 suggests that it is not involved
in.hydrogen bonding ruling out a gis configuration involving
an intramolecular hydrogen bonding between the C=0 and lul.
UV of 27 A::? ' 247 (4.83), 280 (4.028) and
2900 (4.01) and no absorption in the visible region., Apart
from 27 the reaction mixture gave p-naphthylamine, in
intructable gum and the lactam 28, The lactam was assigned
structure 28 on the basis of its properties, analysis and
spectral evidence. Compound 28 ian CDClg; showed methyl at
2.7 & (s, 3), proton at Oy at 9,86 & (s, 1F) prcton at
¢y spread over é.oa-o.u (m, 17), proton at Cg spread over
7.16~8,16 & (m, 1P) and other aromatic protons spread over
7.16-8,16 & (m, 8P),

Compound £8 in IR spectrum showed an absorption band
at 1666 (C=0), and mo absorption in the region 3300-3500.cn .
w ).::;m 227 (4.72), 290 (4.98), 320 (4.39).
Mags spectrum showed a molecular ion peak at m/e 310,

During the above gyclodehydrations using sinc chloride/
arylamine hydrochloride rearrangement has occurred and the
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linear produots 28 and 28 are formed. In case if the
normal oyeclisation bas cocourred, then 5,6-dihydro=S=fi-
methyl-benzo(finaphtho|1,2-¢)(2,7]naphthyridine 263 end
5, 6~dihydro-S-li-ne thyl-bengo| £ naphtho(2, 1~e) (2,7}~
naphthyridine 28g should have been formed. Under the
conditions of the resction, compounds £Ba and 283 may
suffer dlsproportionation leading to N-methylquinolium
salt which may eventually lead to compounds 25b and 280
on treatment with base during work up (Chart 8}, If 250
end 280 haod formed, then the mass spectral fragmentation
pattern should have indicated a loss of HCGN from the

2, T-nuphthyridine moiety. sSince there was no such indi-
cation fn the fragmentation pattern, it may be concluded
that the angular products 28D and 28D have not been formed.

The formation of the luactams is explicable Af one
agsumes ianvolvement of intermediates 31, 32, 33 end 34
(Chart Ya)., The lactoms 25 and 28 were unaffected by
strong.alkall even at higher temperatures. In order to
prepare 25 by an unambiguous route, H-N-methyl-benzo(h)-
naphtho[ 1,2-b)[1,6jnaphthyridiniun perchlorate 35
(deseribed in Chapter II) was treated with dilute alkalil.
However this leed to cleavage of 35 yielding the samino
acid 36 (provably through the intermediate amino aldehyde
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S6a (Chart 12). Dehydration of $6 will then lead to 25,
The conversion of N~alkylquinolinium salts to the eyelie
lactans (1-N-2-quinolines) by treatment with base has been
well documented’®*®, wmen the nitrogen in the quinolinium
salt carries an electron withdrawing group (e.g. aeyl),
treatment with base led to & j~(g-aminophenyl)acrylie

aldehyde derivativel®,

The lactams were identified without much difficulty,
The UV spectra of the lactams, resemble the corresponding
naphthyridinium perchlorates, described in Chapter 1I.
UV spectra were not helpful in distinguishing the condensed
ketones 23 and 26 and the rearranged products 2¢ and 27.

llass spectral characteristics of n! n. g‘ and ﬂ.

The mass spectra of the isomeric pairs 23, 26 and 24,
27 show significent differemces.

(1) All the four speetra show significant molecular
ions, The base peak in the isomers 24, 27 is the molecular
ion whereas the base peak in the isomers 2%, 26 is at m/e 172,

(2) The peak at m/e 297 (M~0H) is more significant in
the isomers 24 and £7 whereas it is relatively less intense
in the isomers 23 end 26.
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The base peak in the speotra of 23 end 26 is at
n/e 172, 1It's genesis from the molecular ion by the loss
of naphthylanine radical is supported by the metastadle peak,

+
e (172)% + 142 : 172° = n* (94.20)
214 ? % - !

This fragmentation mode is not favoured in the
spectra of 24 and 27, O(ue of the reasons may be the
stabilisation of the molecular ions of 24 and £7 by
con jugation in these compounds as compared to g3 and 26.
Also the more favourable heterolytic cleavage of CO-K bond
in 29 and 26 as compared to the homolytic cleavage of
C-C bond in 24 and 27 might be the driving force for this
fragmentation in the former peair,

The peak at m/e 207 (M~17), shown in high resolution,
may be attributed to the loss of OH and not Nidg,

Expeeoted Cheserved

314  CgqHygh o0 314.1419 314.1380
297  COgyHyqlip(=0H) 297, 13917 297, 14707
297  CgqHyghO (-NHg) 297,1183

In the absence of deuterium labelling, it is
difficult to propose definite fragmentation mechanism for
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the loss of OH radical. It is reasonable to sssume that
this loss occurs by 1,5 mechanism (chart 9),

The loss of O is more significent in the spectra
of 24 and 27 as compared to the spectra of 2% and 26.
It is difficult to raticnalise this behaviour, OUne can
only suggest thut this fragmentation mode competes with
loss of naphthylamine radical which is strongly favoured

in 2% anad 26,

Further work:

Purther work on the possible isomerigation of the
lrgns-olefins 24 and 27 to gig-clefins under acidic
conditions (involved in eyelodehydrsztion resctions) appears
negessary, ouch a conversion will involve addition and
elimination of the acidic reagent (H'X"). It may mot be
surprising, however, if such attempte are unsuccessful
since trang-elimination of the added acidic meiety (i)
is likely to be preferred leading to regeneration of the
Irang-clefins B4 end 27 rather than gig-elimination whiech
alone will lead to gig-isomers 24s and 27a (chart 13),
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UV SPECTRA OF 25 AND 28 IN ETHANOL
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gig-2-hydroxyme thylene-l-me thyl-1,2, 3, - tetrahydroquinolin-
4~one, Cig-3~(1'-naphthylaminomethylene)=-i-i-mnethyl-
1,2,3,4~tet droquinolin~4~one and 3(2'=-n

aminome thylene) - 1~-l~me thyl-1,2, 3, 4~ tetrahydroquinolin-4-one n

These compounds were prepared as mentioned in
Chapter II.

Cyelodehydration of k&(l'mgpt&lmmﬁyluo)-l-
Nemethyl=1,2,3,4~tetrahyiroquinolin-4~one g by zine
ghioride and <-paphthylsmine hydrochloride

To e suspension of 23 (3.14 g; 0.01 mole) in
absolute ethanol (50 ml) was added «~naphthylamine
hydrochloride (1.795 g; 0.01 mole) and fused sine chloride
(2,61 g) freshly prepared by heating and cooling in a
desicator, 7The contents were refiuxed for 48 hours,
Bthanol was then distilled under reduced pressure and
distilled water (100 ml) was added. This mixture was
then besified with aqueous ammonia and then extracted
several times with chloroform, The combined chloroform
extracts on work up gave a viscous dark brown liquid
with green fluorescence, Jhis was mixed with chloroform:
methanol (80320) and was kept overnight at 0°, when a
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white solid (0,270 g; fraction A) seperated which was

filtered out, The mother liquor on concentration gave a
thick brown liquid with a green fluorescence (4.19 @)
which was then chromatographed, The details of

chromatography are givem below:

Chromatogram 1

Total Compound charged = 4,19 g
Alumina (neutral) = 100 g (grade II)

racti und t R ] t
16 . -17' 00::? Eluen emarks :;_)‘h
1~-6 B Pet,ether : Benzene Black liquid from
80 3 5O which «~naphthyla- 1.404¢
mine erystallised
To out,
Bengzene s Ethyl acetate
90 s 10
7-16 Cc Bengzene 3 Ethyl acetate sStarting 1.444
material,lactan
(] 1 2B and the rearran-
ged product
To as shown by TLC
Bthyl acetate
1726 D Ethyl acetate Black tarry 0,940
liquid
o
Bthyl acetate : Methanol
™ 0 2B

Total recovery of the compound =



The fraction C containing all the three products
was subjected to a second chromatography, This was necessary
to separate the starting condensed amine, the lagtam and the
rearranged product which have very close iy values.

Shromatogram 11

Total compound charged = 1,444 g (0Q)
Alumine (neutral) = 80 g (grade I11)

Fraction Compound Eluent Remarks W t
(25 ml) No (3_M
-2 % Beazene #hite solid 0,086 g
Te mp 285
Bengene : Ethyl acetate
90 ¢ 10
=7 0' Benzene 3 Ethyl acetate white lc)].ld° 0. 465 g
mp 170-190
90 s 10
To
Bengene 3 Ethyl acetate
™ 28
8~10 08 Benszene : Ethyl acetate white sold 0.670 g
ap 200=
™ 25
To
Ethyl acetate

Total recovery = 1,220 g
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Fraction C; = was crystallised from methanol as white

flakes (0,076 g; yield 2.4%).
_ m.p. 260°, confirmed as the lactam 25.

Fraetion Cp -~ mixture of the condensed ketone and a
little of the rearranged amine,

Fraction C; =~ Contains a little of the condensed ketone 23
and the rearranged product £4. ecrystaliised
10 times, from chloroform: methanol and methenol
as solvents till a constant mel ting point is
reached to remove £3 (yield 450 ng).

Fraction A (obtained from the reaction mixture directly,

0.270 g) was identical in all respects with the crystalline

compound obtained in fraction C, after crystallisations,

Total yield of Compound 24 = 0.720 g (23.6%), m.p. 266°.

Cyeclodenydration of gig-2-( l'-naphth&utmctqlao) -
Nemethyl-1,2,3,4~tetrahydroguinolin-4~one n.

Cyclodehydration of 26 was carried ocut on similar lines
to the one described above with the same weight of the reactants.
During the finul work up, the combined chloroform
extracts on evaporation to dryness gave a brown viscous
liquid which was directly chromatographed. No solid could be
isolated from the viscous liquid before chromatography, as was
the case in the previous eaperiment,
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The compound was chromatographed twice and
erystallised several times in order to get pure compounds,
ihe purification details are described below:

Shromatogrem I

Total compound charged = 3,8 g
Alumina (neutral) - 100 g (Grade II)

Fraction Compound Eluent Hemarks Weight
(60 ml) No. (@
1-4 A Pet ether : Benszene Yellow liquid e
80 3 B0 from which yelliowish

white needles
separated out,

5~-7 B Benzene Dark reddish 0,870
brown liquid
8~19 ¢ Bengzene : Ethyl Reddish brown 1,60
acetate liguid from which
white solid
920 1 10 separated out
To
Benzene 1 ithyl
acetate
28 : W
20~-28 D Bengene : Ethyl acetate
2B 1 Dark viscous 1,087
" black liquid

Lkthyl acetate : methanol
™ : 2




Total recovery = 3,68 g

FPraction A = The solid separated was crystallised from
chlorofora (yield, 0.15 g; 4.8%) mp 258°,
Identified as the lactam 28,

Fraction B - (omprised mostly of naphthylamine and also a
little of the condensed ketone 26.

Fraction C « The solids from this fraction containing the
condensed ketone 26 and the rearranged amine 27

(showing close Ry values) were rechromatographed.
Fraction D

Intractable gums resulted

Shromatogram 11
Total compound charged = 1.5 g [CJ
Alumina (neutral) - 5C g (grade 1I)

Fraction Compound Eluent Remarks Weight
No. No. (&
(26 mi)
1-3 Cx Benzene Heddish browm 0.263
To solution

yielding browm
Benzene : ZSthyl acetate crystalline

solids
90 s 10
&9 Co Benzene : Sthyl acetate uhite solids 0, 664
separated
90 : 10
To

Benzene : Ethyl acetate
50 : 50
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Total recovery = 0,917 g

Fraction 01 = ghowed the presence of condensed ketone £6
with a 1little rearranged product 27,

Fraction 0, = econtains mainly the rearranged compound 27
with a little condensed ketone., Crystallised
from echloroform : methanol (20380), several
times, till 2 constent m.p. was obtained, to
give 27 (0.57 g; yield 17%), m.p. 23°.

Elementary analyses and physical data of the above compounds
are given in table 1.
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MISCELLANEOUS CYCLODEHYDRATIONS
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In the previous chapters the synthesis of tetracyeliec
and pentacyclic ring systems containing nitrogen and sulphur
has been described. The aim of this work was tc prepare
systems like dibenzonaphthyridines, thiopyranoquinolines
and thiopyranothiopyrsns which are shown in chart 1 and 2,

Ve were also interested in preparing some of the
angular gyclised products §, 6, 7 and 8§, Our earlier work
indicated that a good method for the preparation of
angular (normal) cyeligation products would be by
cyclodehydration of J~arylaminomethyl=i-l-methyl~1,2,3,4~
tetrahydroquinolin-4-ones 1, 3~arylmercaptomethyl-N-methyl-
1,2, 3,4=tetrahydroquinelin-4~ones 2, 3arylaminomethyl-
thiochroman—4~ones § and 3-arylmerecaptomethylthiochroman=4~
ones 4 by treatment with PFA (in presence or absence of
a hydride acceptor). Oyclodehydration of gie-3~
arylaminomethylene~i-li-methyl-1,2,3,4~tetranhydroquinolin=-4~
ones 2, 3~arylmercaptomethylene-i-methyl-1,2,3,4~
tetrahydroquinolin-4~ones 10, gis~3~arylaminomethylene-
thiochromen-4-ones ]l and Z-arylmercaptomethylenethiochroman—4~
ones 12 by interaction with lactic acid or formic aeid,
on the other hand, may be expected to lead to limear
products 13, 14, 18 and 16 respectively.



|
@

CHART 1. SCHEME TO PREPARE SOME OF THE ANGULAR COMPOUNDS
BY THE CYCLODEHYDRATION OF 3-ARYLAMINOMETHYLKETONES.



CHART 2, SCHEME TO PREPARE LINEAR COMPOUNDS BY THE

CYCLODEHYDRATION OF Cis-3-ARYLAMINOMETHYLENE-
KETONES
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Tilak ﬂ.ﬂl had prepared a number of angular
phenanthridine derivatives by the eyclodehydration of
p~arylaminoethyl alkyl/arylketones (Z-arylaminomethyl-
ketones) which in turn were prepared from the relevant
Mannich beses and aromatic amines, one of the two componen ts
being used as hydrochloride, They £ have also extensively
studied the eyclodehydration of glig~®~arylaminome thylene~
eycloalkanones by treatment with PFa, lactic acid, formiec
4«eid and anhydrous sine chloride/arylamine hydroenloride,

N-Methyl-1,2,3,4-tetrahydroquinolin-4-one was

treated with paraformaldehyde, dimethylamine hydrochloride

in ethancl and acetic acid at boil to give yellow crystalline
hygroscopic compound which was identified as the Mannich

base salt 17 (Chart 3). However compound 17, on condensation
with eniline, did not give the expected S~anilinomethyl=-1i=-
li-methyl-1,2, 3,4~ tetrahydiroquinolin~4~one 1. The resulting
product showed a molecular ion peak at m/e 246, The IR
spectrum indicated a characteristic carbonyl peak at

1660 en”! and d1d not indlcate the presence of ~NH. The

FMR spectrum showed two methyl peeks at 3.0 & (s, 2P),

3.76 & (8, ), 3 methylene peaks at 2.4 & (t, 2p),

2.6 & (m, 2°), 2.0 & (%, 2°) and olefinic proton at

6.71 & (%, 17).
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The above product, therefore, appears to be constituted
as 18. The probable sequence of the reactions which lead
to 18 are shown in the chart 3,

Subbaswami® has reported that when the iannich base
derived from «-tetralone was reacted with aniline in agqueous
ethanol, in addition to J~anilinomethyl-«-tetralone 20,

a non-nitrogenous, colourless crystalline substance was

also obtained, which was identified as «,;~bis~(1-keto~

1,2, 3,4~tetrahydro~2~naphthyl) ethane 19. Similar dimers

such as, big-2~keto-2-cyclopentanylmethane have also been
reportea®4, Dimers®’® from the Mennich vese of thiochroman-4-
one also have been reported.

Another possible method for the synthesis of
intermediates required for the eyclodehydration reasctions
leading angular products was to reduce the gig—-?
arylaminomethylenegycloalkanonea to the saturated ketones
(g B3 and 2¢). Clo=-3(1'~naphthylaninomethylene)=i=
N-methyl-1,2,3,4~tetrahydroquinolin-4~one 21 on hydrogenation
using 10¥f Pd/carbon catalyst, however, resulted in the
formation of «~naphthylamine as one of the products, Thus
the cleavage of 21 took place under these conditions.
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Similarly attempts to convert gig-3~(1'-naphthylamino~
me thylene) thiochroman-4¢~-one 22 to the saturated ketome 24
also resulted in the formation of «~naphthylamine by

cleavage of 282,

Yet another method to prepare the angular products
was %o qyclise Z2-phenyliminomethyleneeycloalkanones
(c.f. lunr"a). The scheme shown in chart 4 was
attempted, Cig~3(1'~NHaphthylaminomethylene)~i=~N-methyl-
1,2, 3,4~ tetrahydrogquinolin-4~one 2] on treatment with
triphenylmethyl chloride may be expected to yield
3=(1'=-naphthyliminome thylene) = 1~N-me thyl-1, 4~dihydroquinolin=4-
one 26. This on treatment with sodamide and through the
sequence of reactions as shown (chart 4) was expected to
yield the smgular 2,7-naphthyridine 26.

Ireatment of the compound 21 with triphenylmethyl
chloride resulted in the formation of 3 (1'-naphthylimine-
me thylene) - i=li~nethyl-1,4-dihydroquinolin-4~one 25 in
very poor yield (3%). The compound was identified by the
IR end PMR gpectral characteristics, 3Because of the low
yield further work was not carried out,

Further attention was then diverted to the synthesis
of I~arylmercaptomethylene-N-methyl~1,2,3,4~tetrahydro~
quinolin-4~one and gig-S~arylaminomethylene-li~-N-methyl-
1,2,3,4~tetrahydroquinolin-4~one and the corresponding



NaNHp

CHART 4
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thiochroman—-4~cnes,

When Z~hydroxymethylene-ii-methyl=-1,2,3,4~tetrahydro-
quinolin-4~one 27 was trested with thiophenol (in ether in
cold), white crystals, mp 192°, were obtained which did not
show the characteristic properties expected for
&=phenylmercaptomethylene-ii-methyl-1,2,3,4~tetrahydroquinolin-4-
one £9. IR showed characteristic band absorptions at
1620 en~1 (for quinolome C=0) and 1660 em ' (for aldehyde C=Q).
The above compound, mp. 192° turned out to be 28 by FHR
studies which revealed a methyl at 4.6 ¢ (s, 2P), Cp proton
at 9.4 & (s, 1¢), Cy aldehyde proton at 10.2 & (s, 1F)

Cs eromatic proton at 8.86 ¢ (d, 1F) and other arovmstic
protons appearing between 0,08-8,6 & (m, 3P),

Similarly ¥~hydroxymethylenethiochroman-4-one also
gave an aldehyde on treatment with thiophenol as revealed
by spectral characteristics of the compound.

Cyclodehydration of gig-3~aryleminomethylene—1-i-
methyl-1,2,3,4~tetrahydroquinolin~4~cnes and gig~-o
arylaminomethylene thiochroman-4~ones was then studied.,

Cyeclodehydration of the above compounds has been
reported in Chapter 11 using percaloric acid. Frior ®o
using perchloric acid, other cyclcdehydrating agents such as



152

PPA, formic acid, luctic aecid and zinec chloride with the
appropriate arylamine hydrochloride were also tried.

fhe perchloric acid eyclisations are described in Chapter 1I,
whereas zine chloride eyclisations were deseribed in

Chapter III., Following are the results with other

cyclising agentss-

FPA oyclisation of gig-J~anilinomethylene~li=i-
methyl=-1,2,%,4~tetranydroquinclin-4-one 3 resulted in
formution of tarry products whioh ocould not be identified,

Further work was not carried out with the other amines,

Compound 9 on heating with formic acid could have
cyclised %o yield both angular and linear products (in
anslogy with earlier wrk)g'm. TLC showed the presence
of a new compound in addition to the starting material,

The former isolated in 80f yield, proved to be
I~li'=formylanilinomethylene-l~l-methyl-1,2, 3,4~ tetrahydro-
quinclin-4-one 30, IR imdicated characteristic band
absorptions at 1630 em ! (for quinclone 0=0) and 1690 om }
(for N'~formyl C=0) and no bands for NH, PFMR gtudies revealed
methyl at 4.41 &, (8, &) methylene at 4.356 & (s, 2F),
olefinic proton at 8,2 & (s), aldehyde proton at 8.6 & (s)

and other aromatic protons spread over 7.08-9.08 & (m, 99),
Thus the N'-~formyl structure 30 hes been confirmed (chart 5).



The compound § on treatment with lactic acld at
140°/8 hre and work wp gave in addition to the starting
material, a white erysteliine compound (mp 212°).

PUR gpectrum indicated the following:~ methyl at 1,73 ¢
(dy 3?) methylene at 4.33 & (s, 2), N=-methyl at 4,43 &
(s, &), methine of CHUH centred at 4.6-5.08 & (qy 1F)
and all other protons spread over 7,21-8.33 & (m, 117).
IR indicated characteristic band absorptions at

1620 e ! (for quinolone C=0) end 168C¢ em™! (for
l'~lactyl C=0), and G spreading between 3200-3300 eml,
Thus the above compound is the N'-lactate 21 (chart 5),

Finally eyclodehydration of the relevant
arylaminomethyleneketones t0 naphthyridines and thiopyrano~
quinolines was successfully achieved by usiang perchlorie
acid and triphenylmethyl chloride (es the hydride abstractor),

To prepare tricyclic dihetercatomie systems shown
in chart §, i~hydroxymethylenecyclohexanone 28 was
condensed with 2= and 4~aminopyridines in boiling ethanol
with piperdine as a catalyst whereby 8ig-2=-(2'=pyridylamine)-
methylenecyeclohexanone 33 and Sip~2~(4'=pyridylanino)~
methylenecyclohexanone 34 were obtained, The PMR spectrum
of the compounds 33 and 34 in IMSC indicated the existence
of gig- and trans-tautomers,
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The FMR spectrum of compound 32 in NSO

indicated the presence of gig HH at 10,61 & end Xrans NH

at 8,01 &. IR (nujol) indicated characteristic band
 absorptions at 1660 ea~! (C=0) and 3200 em~ ) (NH)
(glg~ketoamine tautomer)., similaerly the PMR spectrum
of compound g4 in NSO indicated the presence of gis WH
at 10.09 & and $rgug ¥H at 9.0 6. IR (nujol) indicated
characteristic band absorptions at 1660 em~! (C=0) and
5180 em ! (NH) (gls-ketosmine tautomer).

Cyclisation of 33 and 34 with a number of reagents
including ¥PA, perchloric acid and Dowtherm have failed.
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rrepar

l-methyl=-1,2,3,4~tetrahydroquinol

A ’ AL O XV

in-é~cne 27

The hydroxymethylene compound (7.56 g; 0.04 mole)
(prepared as described in Chapter I1) was refluxed with
paraformaldehyde (1,20 g, 0,04 mole) and dimethylamine
hydrochloride (3.28g, 0.04 mole), in boiling ethancl for
6 hours. Glacial acetic acld (4 ml) was added to initiate
the reaction., A clear orange-red solution was formed,
Alcohol was then distilled off under reduced pressure and
the residue was dissolved in hot dry acetone and kept at O°
for 24 hours., Yellow crystalline solid (5.0 g, 50% yield),
highly hygroscopic, highly soluble in water resulted which
was filtered out, The presence of the mannich base was
confirmed by the spectral characteristics of the free base
generated from Mannich base hydrochloride.

Attempted synthesis of I-~snilimomethyl-i-N-methyl
1.8.8.0“&6&3\4“11:-4-»0 j

The Nannich bdase so obtained (2.53 g, 0.01 mele)
was refluxed with amiline (0,93 g, 0.01 mole) in 50F

ethyl aleochol (20 ml). Change in colour was observed.




Alcohol was then removed and the aqueous phase was
extracted with chloroform, Chloroform was removed by
distillation and ether (50 ml) was added wherebdy a
erystalline compound resulted as yellow meedles (2,56 g,

7% yield), mp. 210°. The elementsl amalyeis and speetral

1€4

characteristics of thias compound was found to be that of 8.

Elemental analysis of the compound gave O, 76.43; H, 6.74;

Hy 8,14. Requireq for Coollo 0N, C, 76.3; H, 6.3; N, 8,3,

fhe compound has a molecular ion peak at m/e 346 as showm

by the mass speetroscopy.

2 GED O (GG S3 WO DISDA.
E-methyl-1,2, 5, 4~ tetrahyiroquinoll
The hydroxymethyleme compound (3,78 g, 0.02 mole)
was treated with thiophenol (4.4 g, 0.02 mole) under
nitrogen atmosphere with stirring at room temperature
for & hours, Work up of the reaction product
yielded in addition to the starting material a compound
which was identified as 28 on the basis of the spectral

A 1

.‘

charaeteristics, No formation of 29 was observed., Llemental

requires C, 70.58; H, 4.8; N, 7.4. 7The molecular ion
peak at m/e was found %o be 187,
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Exeparation of I-N'-formylenilinomethylene~ -k
methyl-1,2,3,4~tetrahydroquinolin~4~one ﬁ

Lig-d~anilinomethylene~i~li~-methyl-1,2,5,4~
tetraaydroquinolin~4-one (1,31 g,.01 mole) was refluxed
with formic acid (156 ml) (99%) for 8 hours. The reaction
mixture was cooled and dumped on ice and basified with
agueous ammonia and extracted with chloroform, After work
up 1.5 g of the crude material resulted. This was
erystallised from dengene (yield, 0,46 g . The mother
liquor, when subjected to chromatography on silice gel
column, using bengenestethyl acetate (75:25) as eluent gave
a further amount (0,62 g) of the formylated compound (mp 236°).
Total yield of the erystallised product is 0,98 g, 628,
Identification was based on elemental analysis and otaer
spectral characteristios.

Elemental analysis was found to be ¢, 75,98;
Hy 5,33 and N, 9.08, omudngog requires C, 76,3; H, 5.6
and N, 9,5, The molecular weight was found to be 262 by
mass spectroscopy.

1, z,a.c—mnllmﬂl_o_urﬂn “

Cis=3~anilinome thylene~i~N-methyl-1,2, 5,4~ tetrahydro




1€6

quinolin-4-one (1.3 g, 0.01 mole) on treatment with gl-
lactic acid (15 ml) at 14C° for 8 hours and on usual work
up and purification gave 31 (0.9 g, 568 yield) as yellowish
white needle (mp, 212°). Elemental snalysis: C, 71.52;

Hy 5.93; B, 7.9, owu,onzos requires O, 71.4; H, 6,03

Hy 8.,3. The molecular weight was found to be 336 by

mass spectroscopy.

Hydrogenation of &a( 1'~naphthylsaninomethylene)~=1~
H-methyl=1,2,3,4~tetrahydroquinolin-4~one !_1_

The ketone was hydrogenated using 10f pd/e. After
the stochiometric intake of liy, the reaction mixture was
filtered and the filtrate on work up gave «~paphthylamine
in addition to the starting material showing only
hydrogenolysis of O-N bomd,

Preparation of gig-2 (2'-pyridylaminomethylene) —
and gig~2~(4'=pyridylaminomethylene) cyclohexanones 33 and 34

2~-Hydroxyme thylenecyclohexanone was prepared by the
method deserided by earlier urkou'. 2-Hydroxyme thylene~
cyclohexanone (12,6 g, 0.01 mole) was reacted with 2~ and
4~aminopyridines in boiling ethanol (100 ml) with
piperidine (0.6 ml) as a catalyst., After the conveantional
work up and chromatography gis-2(2'-pyridylaminomethylene)-



1€7

cyclohexanone was obtained as white crystals from methanol

wp 161° (3.4 g, 30% yleld) and gig-2(4'~pyridylaninomethylene)=
cyclohexanone, also ss white crystals from methanol mp 163°.
(6.0 g, 46% yield), The 2-pyridyl derivative gave an
elemental analysis C, 70.81; i, 6.86; N, 13.9. Onl!“l'O
requires ¢, 71.2; H, 6,93; N, 13.8., The 4~-pyridyl

derivative gave an elemental analysis C, 70,7; H, 6.443

Hy 13,5, Ogp, N0 requires C, 71.2; H, 6.93; N, 13.8.

Both these compounds gave a molecular iom peak at m/e 202

by mass spectroscopy.
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Shapter 1

The Chapter includes back ground information
regarding the present work and & summary of earlier work
carried out in this Laboratory.

Shapter 11

Arylaninomethylenegycloalkanone derivatives obtained
from thiochromen-4-ones, on oyclodehydration with 70%
perchloric acid in the presence of an external hydride
abstractor, like triphenylmethyl chloride, afforded
corresponding quinolinium perchlorates, rearrangement
having occurred during cyclodehydration, Similarly
arylaminomethylenecycloalkanone derivatives derived f{rom
N-methyl-1,2,3,4-tetrahydroquinolin-4~one on cyclodehydration
gave the corresponding perchlorates which have been assigned
the linear configurations on the basis of spectral evidemce,

Some aspects of the tautomeric equilibria of the
condensed ketones is also discuss ed in this chapter,

Chepter 111
Cyclodehydration of gis-3~(1'-naphthylamino)=-
methylene~i1=N-methyl=1,2,2,4~tetrahydroquinolin~4~one



170

by heating wit h «~=naphthylamine hydrochloride and fused
zine chloride in ethanol led to tramg -3((1'-amino-2'-
naphthyl) methylene~ii-nethyl=-1,2, 3,4~ tetrahydroquinolin=4~
one and é~keto~b-li-methyl~benzo(hjunaphtho(1,2-b}[1,6)=
naphthyridine, In a similar manner cgyclodehydration

of gig-¥~(2'=naphthylamino)methylene~i=li-methyl=1,2,3,4~
tetrahydroquinolin-4=-one yielded trgng-2~((2'-amino-1'~
naphthylmethylene~i-nethyl~1,2,3,4~tetrahydiroquinolin=«d-
one and 6~keto-B-li-methyl-bengo(hjnaphtho(2,1-b][1,6])=
naphthyridine., The formation of the above keto~
naphthyridines may follow the reaction mechanism suggested
by Petrow,

Shepter 1V

Ags in our earlier work, various reagents like
formic acid, lactic acid and PPA were used to effect
cyclodehydration of gig-®~(anilino)methylene~i-l-methyl-
1,2, 3,4~ tetrahydrogquinolin-4~one, However instead of
the expected rearranged cyclodehydration products, formate
and lactate derivatives of the condensed ketone were
isolated. Various attempts to synthesise arylaminomethyl-i-
N-methyl=1,2,3,4~tetrahydroquinolin~4~ones, through different
routes are also discussed in this Chapter.
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