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CHAPTER I

REVIBY QF CARCINOGANBSIS BY NITROGEN
OONTAINING HYDROCARBONS



Carcinogenesis can be defined as the process whereby
normal tissue is transformed into cancer tissue, Willis (1]
defined cancer as "A tumour in an abnormal mass of tissue,
the growth of which exceeds and is uncoordinated with that
of the nomal tissues, and persiste in the same excessive
manner after the cessation of the stimuli which evoked
the change®.,

Zolyoyelic Arometic Hydrocarbons as Carcimogens

It was established about forty years ago that certain
polyeyelic hydrocarbons have the property of inducing
cancerous growths, either when painted on the skin or
injected into the animal concerned, Since then attempts
to agcoumulate biological data and the study of the
reactions and properties of polycyeclic aromatio compounds
as carcinogens have continued unsbated, Various reviews [2-11)]
in this field have appeared, Hartwell [12] has published
a "Survey of Compounds ¥“hich Have Been Tested for Carcinogenic
Activity®,

The names and numbderings laid down by Chemical
Abstracts (also used by the Ring Index) are employed
throughout,



uol;nt the early synthetic hydrocarbons,
dibenz(a,h) anthracene 10 (Chart 2a), S-methyl derivative
of aibens(a,h)anthracene and 9= isopropylbensz(e)anthracene )}
(Chart 1) were tested by application in benzene solution
to the skin of mice, After lengthy latent periods, tumours
were produced by all the three compounds [13,14]). A potent
eancer producing hydrocarbon benz(a)pyrene § was isolated
from coal tar [15], Another potent carcinogenic hydrocarbdon,
-methyloholanthrene 2 was produced by a series of
degradations from deoxycholic aecid [16].

Since compounds 2, 9, 10 may be considered as
derivatives of benz(a)anthracene, the latter ring system
has been thoroughly inveatigated, Other tricyeclic,
tetracyclic and pentacyclic syetems have all also been
atudied,

Among the unsubstituted hydrocarbons, only a very
limited mumber of the basic structures are carcinogenic,
Less complex hydrocarbons with less than four condensed
benzene rings (bensene, naphthalene, anthracene and
phenanthrene) are inactive,

Of the six possible tetracyclic hydrocarbous
2 ~ 8 (Chart 1), only benso(c)phenanthrene $ has been
shown to possess activity, Tumours have been observed
{17,18] with benz(a) anthracene § and to a very small
extent with chrysene §.
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All the fifteen possible pentacyclic aromatic
hydrocarbons 9 - 25 (Chart 2a and 2b) have been exemined
for their carcinogenic activity., Only five of them,
benzo(a) pyrene J dibensz(a,h) anthracene 10 (mentioned earlier)
dibenzo(a,i) phenanthrene 11, dibenzo(a,c)phenanthrene 12
and dibenz(a, j) anthracene 13 have been found to be active,
All the remaining peantacyeclic hydrocarbons are inactive,

Among the larger size polyeyelic hydroearbons,
of the five possidle dibenzopyrenes 24 to 28 (Chart 3)
didenszo(a,h) pyrene 24 and didenzo(a,i)pyrene 25 are
highly potent in inducing subcutaneous tumours,

Lacassegne et al. ([19] have shown that dibenzo(a,l) -

and dibenso(a,c)pyrene 26, 27 are aleo potent sarcomatogens,
the fomer being less active than the latter, On the other
hand dibenszo(e,l)pyrene 28 is inactive [20]. Didenso(a,0)=-
naphthacene 29 and tribenzo(a,c,j)naphthacene 30, which
may be regarded as higher bensologs of dibenz(a,c)~
anthracene 18 are not sarcomatogenic in situ, dbut have
produced ovarian tumours and leukemia in mice [20].
Pyranthrene 31 and didenso(h,r,s,t) pentaphene 32

[can elso be nemed as trtbun(a.o.llpg:ve: ezloo been tested
for carecinogenic activity, Compound 31 is inactive whereas
32 1s a potent carcinogen [21,22],












5ffect of Methyl Substituente

It has been stated earlier that anthracene and
phenanthrene have been shown to be inactive., However, it
has been found that the introduction of subdbstituent methyl
groups, in both ring systems leads to compounds having
slight careinogenic activity, Both 9,10-dimethylanthracene
and 1,2,2,4~tetramethyl phenanthrene have given tumours when
tested by application to the skin of mice [23,24], Among
the two benganthracenes, 4 and 5 (Chart 1) some di- and
trimethyl derivatives of 4 are among the most potent of all
the known carcimogens [11), There are twelve possible
monomethyl derivatives, and all have been examined.
The T-methyl, S-methyl, and 12-methyl derivatives are
all moderately potent; the 8-, 6=, 9=, 10~ and 1l-methyl
derivatives are all weak carcinogens, and the 1-,2-,3-,
end 4-methyl derivatives are all imactive, In general,
the dimethyl and trimethylbensanthracenes are more active
than the monomethyl derivatives from which they are
derived, 8,12-, 7,6=, and 7,12- dimethyl bens(a)anthracene
are potent carcinogens. The 7,8,12-, 7,9,12-, and
7,8,9~trimethyl derivatives also show merked carcimogeaic
activity, However, all the dimethylbensenthracenes having
a methyl substituent in the angular benszene ring are inactive,



Y

All the simple derivatives of § that have been
teasted have failed to induce tumours.

Out of the four bensophenanthrenes, benszo(o)-
phenanthrene 3, bengo(a)phenanthrene § (chrysene),
benso(d,e, L) phenanthreae 7 (pyrene) and benzo(l) phenanthrene
B _(triphenylene), and the i~, 2=, 3=, 7=, and S-methyl
derivatives of 3 show uro_lnocuuo agtivity, The é-methyl
and 5,6~dimethyl derivatives of § are moderately active,
Derivatives of 7 and § have been found to de inactive,

It has been observed that whereas methyl
substitution in tetracyclic compounds often enhances
aotivity, the result of similar substitution in pentacyclie
compounds are somewhat irregular [25)., Thus 14-methyl
divensz(a,h) anthracene is more active than parent ring
system 10, but 7,14~dimethyl derivative is much less so,
Heidelberger ot al. [26] bave, however, demomstrated that
this compound is also a strong carcinogen. On the other
hand 7,14~dimethyl derivative of didenz(a, j) anthracene
is much more active than the unsubstituted compound 13.
Agein, although dibenszo(a,c)phensnthrene 12 is an active
carceinogen, its S-methyl, and 6é-methyl derivatives appear
to be inactive, Seversl methyl derivatives of benszo(a)=-
pyrene § have been tested, The 6~ and 9-methyl derivatives
are insctive, the 7~ and S-methyl derivatives appear
© %0 be less active than the parent compound, and the
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é~methyl and 2-methyl derivatives have been shown to
possess approximately the same activity as the parent
compound,

S 2 ek SAVE Y. e _Lompounadi 4 LArginogor
The heterocycliec nitrogen containing compounds
(age~snalogues) which are structurslly related to the
polyeyelie hydrocarbons descrided above also possess the
essential features of aromaticity, The -?- atoms in these
hydrocarbons are isoelectronic with the p&lyqyouo EVES
(-N=0<) linkage. It appesred therefore likely that ase-
analogues of ocareinogenic hydrocarbons may slso exhibit
carecinogenic activity,

Acridine and its homologues appeared to be of no
great interest from the point of view of carcimogenic
sotivity [27,28], However, that was not true of the angular
monobengacridines and dibenzecridines. Amongst the existing
throe groups of monobensaeridines, the linear benz(b)acridine
23 (Chart 4) and its derivatives have not shown any activity,
On the other hand, in the angular benz(a)aoridine 3¢ and
particularly the bensz(c)acridine 38 series, a considerable
number of carcinogenic ecompounds have dbeen found.

In the dibenzuoridine series, 36 - 42 (Chart 4),
didenz(a,h)acridine 3¢ was found to be lese active than that
of the homologous hydrocarbon., Conversely the carcinogenic






activity of didenz(a,))acridine 37 was somewhat greater
than in the case of dibenz(e,h)acridine 42 [16]. It is
evident from a study of the bensaoridines that in some
instances, the introduction of the hetero-atom increases
the carcinogenic activity of the analogous hydrocarbons.
Since the presence of the nmitrogen atom dbrings about a
decrease of electron charge at the K-region, the hetero-
atom 1tself - by means of its eleotron doublet - alsc
appears to participate im the interaction with cellular
receptor sites, Iun compounds with two or more nitrogens
all these hetercatoms may partake in the celluler
interactions [290].

Mono~asza and diasa pentasoyclic compounds have
not been much studied for their carcinogenic activity,

It was considered about forty years ago that the
anguler ring system of phenanthrene was much more effective
in promoting carcinogenic activity than does the linear
type of amnelation shown in anthracene, It, therefore,
beceme customary to distinguish between the anthracene
and phenanthrene type skeletons by saying that in the
latter, the 9,10~ double bond region has a character
quite distinet from the fomer, This region was designated



as the K~region [20,31]. The eleotronic distribution at

" the various doudle bonds including the KE-region was studied,
The influence of substitution (particularly by methyl
groups) or by the asa group: on electronic distribution

has also been studied, It has been argued that the K-region,
in polyeyclic molecules, by virtue of a higher electron
density of 1 electrons in this location, is able to
contridute to carcinogemicity., The bond order, net charge,
free valence, energy of excitation and resonance energy

in above polyeyclic hydrocarbons and their heterocyclic
analogues have been studied with the view to elucidate

the mechanism of chemical carcinogenesis.

Recently a strong defence [52] and an attempt at
generalisation [33] has been made of the K~-region hypothesis.
However, substitution in position 7 in bens(a)anthracene 3
by either electron attracting or electron donating
substituents (e,g., -OCHy, -~ C=N, =CHO, or by -Cliy or -Colly)
invariably led to compounds which showed carcinogenic
activity, In the framework of the theory, electron
attracting substituents should decrease carcinogenecity
since they may be expected to decrease the reactivity
at the K-region, /any compounds have also been found

which are carcinogenic: although they do not possess free
phenanthrenoid bonds [34). It has been stated by



Magon [35] that the theories of carecinogenic activity

in term of clectron distridbution and associated properties
of polyeyclic aromatic molecules, which rely on small
differences in local electronic distribution to explain
consideradble variation of physiopathological activity

must be open to considerable 'doubt. Bond orders caloulated
by simple molecular orbital approximation will give bond
lengths which are correct to 0.01A, lMore detailed
theoretical caloulations and a better understanding of
donor acceptor phenomenon may be needed before small
differences in electronic distribution within the molecules
can be accepted as an explanation of variations in biological
activity,

It has been argued that shape, sisze and steric
factors of the compounds are all of importance for carcimogenic
activity [36]., Careinogenicity is largely maintained as
long as molecular planarity and the presence of resonant
diphenylnaphthalene segments are preserved. Lijineky
et al, [37] studied the effect of hydrogenation upon the
carcinogenic activity of certain compounds (Chart 8),.

They have shown that §,6~dihydrodibensz(a,h) anthracene 43
and 1,2,2,4,12,13~hexahydro~dibens(a,h) anthracene 45

are both moderately active carecinogens., The hydrogenated
derivative 43 has resonance pathways identical to
2-phenylphenanthren® 44 and oompound 46 to that of
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2-phenyl=5,6~dinethylnaphthalene 46. Neither 44 nor 46
has been tested biologically; thus the role of the
intereyclic ~CHy - Clg~ groups in carcinogenic aotivity
cannot be agsessed, Further degradation of the resonance
pathways abolishes caroinogeanic activity; thus 5,6,12,1%=
tetrahydrodibens(a,h) anthracene 47 is inactive towards the
skin but produced a large increase in the lung adenomas

in the test animals, No biclogical activity was observed
with compounds 48, 49, 50, in which the remnant of the
aromatic structure corresponds to an acene.

The asza polyeyclics appear more likely to possess
caroinogenic activity if they are isosteric with hydrocarbons
of high potency.

The finding that the presence of a naphthacene
grouping in a hydrocarbon molecule is unfavourable for a
high level of carcinogenic ectivity is also valid in the
acridine series.

The activity of beanzacridines have been reviewed
earlier, No convincing correlation between molecular sisze
and carcinogenic activity has been found (28], Partial
hydrogemation in the bensacridine series appears to affect
carcinogenic sotivity to a much greater degree than among
the hydrocarboms [29). The activity of both 7-methyldibenz(a,h)-
acridine and of 7-methyldibdensz(a,j)acridine is almost
totally lost by replacing one of the fused bensene rings with
a hydrogenated ring., Thus 1,2,3,4~tetrahydro-7-methyl
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didenz(a,h) acridine and 1,2,3,4~tetrahydro-T-nethyl-
divensz(a, J) acridine are almost totally inasctive,
Hydrogenation brings about only a small loss of
coplanarity, which, thus, cannot account for the
considerable loss of biological activity,

Prom the above, it may be concluded that attempta
t0 gorrelate chemical structure and cercinogenic activity
have by and large been unsuccesaful,

Adm of the present work

Among the vast number of compounds which have been
found to be cargimogenic, a majority of them have bdeen
polyeyolie hydrocarbons., Polyecyclic aromatic hydrocarbons
have several features which distinguish them from many of
the nore recently discovered carcimogens. They act at the
site of the application, the effective dose is mimute, of
the order of micrograms and they have been found to induce
tumours in almost every tissue and animal species in ﬂgoh
they have been tested.

Compared to the polycyclic aromatic hydrosarbons,
only a few of their aitrogen containing heteroccyclic
analogs have been tested., Many of these compounds have

slso not been synthesised so far, B
L] .{/7‘7/-53 (043)
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The aim of the present work is to evolve general
methods of eyathesis for scme mono~ end diasa-pentacyclic
compounds., These compounds could add to the number of
available compounds for studying the carecinogenic activity
and its relationship with the structure of these compounds,

The work on the mechanism of the gyclodehydration
reactions of arylaminomethyleneoycloalkancnes by various
acid reagents, by our laboratory, during the last five
years have afforded several convenieat methods of synthesis
of a very wide variety of polyeyelic nitrogen containing
hetero-aromatio systems, The present work is an extension
of this work wherein synthetio procedures developed
earlier have been extensively used.
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CHAPTER II

LITERATURE SURVEY CP THA SYNTHETIC METHODS
OF MONOAZA AND DIAZA PENTACYCLIC COMPOUNDS



Introduction
A literature survey reveals that little work has

been earried out on monoasze and diass pentacyclic compounds,

although a number of substituted derivatives have been
made, and tested as carcinogens. The survey given here
will be confined mainly to the uansubstituted monoasa
pentacyclic compounds, didensscridines 1 - § (Chart la)
and 7 ~ 32 (Chart 1b), dibensophensnthridines 13 -~ 18
(Chart 2) and diaza pentacyclic compounds, dibensophenan-
throlines 19 - 23 (Chart Z), The methods of preparation
of these compounds are gurveyed below,

LAbenzaoridines

Pibens(a,0)acridine } has been prepared by heating
phenanthraquinone 24, 2-anitrobenzyl chloride 25 and
stannous chloride in concentrated hydrochloric aseid
(ohart 4) [1]. Compound ] has also been obtained [2]
by thermal rearrangement of 6~bromo-5,6-dihydro-
8,8~ tetramethylenebenz(o) acridine $0 followed by Pd ~ O
dehydrogenation (Chart 5), Compound 30O has in turn been
prepared by the condensation of 4,4~tetramethylene-i-
tetralone 26 with o-nitrobensaldehyde in the presence of

soetic acid and sulphuric acid providing 2-(o-nitrobensel)~

22
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4,4~ tetromethylene=1=tetralone 27 in 64% yield,

Reduetion of the ketone 27 with iron and acetic aoid
followed by direct eyclisation of the intemediate
sminoketone with hydrochloric acld gave 3,0-tetranethylene~
5, 6=dihydrobens(e) acridine 29 ia 83F overall yield.
Heavtion of the tetralone 26 with isatin under basic

condi tions afforded T-ocarboxy-0,b~tetramethyl ene-
B,6~dihydrobenz(c) acridine 28. Themel decarboxylation
of the acid 28 also gave 29. The unstable bromide 0
obtained by treatment of 29 with N~bromosueccinimide in
carbon tetrachloride, was directly heated at 17¢°
affording the hydrobromide of 5,6,7,8-tetrahydrobensz(a,c)=
acridine 31. Dehydrogenation of the tetrahydro compound
21 gave 1.

Dibenz(a, j) acridine £ has been prepared (3]
by the interaction of {-naphthel, (~naphthylamine and
formaldehyde, The reaction sequence iz shown in (Chart €):
g~naphthol, f~-naphthylemine and fomaldehyde at moderate
temperatures yield £-mino-2'-hydroxy~1,1'~dinaphthyl
methane 33. The mannich base 1=(2'-nephthylaminomethyl)-2=
naphthcl 32 readily isomerises under the conditions of
the resction to the dinsphthyimethane 33 which may well

27
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be the intermediate involved in the reaction sequence,
Compound I3 oyclises with loss of water and hydrogen

to yield didenz(a,)) acridine 2 bdases and other products,
Compound 2 has also been prepared (4] by oyclising
1=formyl=di (2~naphthyl) emine 34 by pyrolysis or bdetter,
by heating with sulphuric acid in acetic acid (Chart 7).
The aldehyde 34 was obtained by treating 2-naphthylmmine
with N-methylfomamide, and phosphoryl ohloride at 100°.
Compound 2 has elso been obtained [5] by refluxing a
nixture of di-2~naphthylsmine, pivalic ecid (trimethylagetiec
selid) and zine chloride for 20 hrs,

Dibens(a,h) aoridine I has been obtained, as in
the case of 2, by heating <~naphthylamine, «~naphthol
and paraformmaldehyde ([6,7]. Another method [8] for the
synthesis of 3 consists in heating together
1,5~di~(2~naphthyl)~thiourea and «~tetralone followed
by hydrolysis, reduotion of the resulting acridanone
with gine and oxidative aramatisation,

If in the abovVe reaction sequence, [~tetralone
is used [9) in place of «-tetralone, compound £ is
obtained,



- Naphthol + B-naphthylamine + HCHO —»

©
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OH
b7 33
T
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CHART — 6
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Dibvenz(a,1)acridine 4 is obtained (10) by
distilling didens(a,i)acridan~-14~one with sinc dust,
The starting material is obtained from S-naphthylamine
and 2-hydroxymethylene-3-ecarboxylic aeid [10,11],

Dibens(b,h) soridine 5 has been obtained by
degarboxylation and dehydrogenstion of §,6~dihydrodibens(b,h)~
acridine-7-carboxylic acid by heating with Pb0 at 300°
or in vacuo at 200° {12]. In e similer way,
B8,6~dihydrodibens(a,i) acridine-14~carboxylic acid gives
compound 4 [12,13],

Iibenz(o,h) soridine § has been obtained by heating
i-naphthylemine and dichloromethane in & sealed tube at
220-22C° [10] or by heating a» mixture of i-naphthylamine,
diohloromethane snd potassium carbonate at 150-160° (14,
Compound § has also been obtained by the pyrolysis [15)
of the N, ,N,li-trimethylhydrazonium fluoborate of
i-tetralone 39 followed by dehydrogenation (Pd~C) at
260° in vaouo (Chart 8), The sequence is that «~tetralone
35 is refluxed with an excess of anhydrous H,N-dimethyl-
hydrasine 36 to give «~tetralone N,li~dimethylhydrasone 37.
The latter is quaternised with methyl iodide to give
the gorresponding «-tetralone~N,l ,i-trimethylhydragsonium



iodide 28 which, on treatment with & hot aqueous
solution of sodium fluoborate, is converted into the
corresponding ketone N,H ,N-trimethyl hydrazonium
fluoborate 39, Compound Z9 on pyrolysis gives
5,6,8,9=tetrabydrodibensz(o,h) aneridine 40 which on
dehydrogenation with Pa~C yields dideasz(e,h)acridine §,

Haphth(2,3-¢) acridine 7 (Chart 1b) has been
i{solated from a complex mixture of six new compounds
which eare formed when seridine 41 and 1,-dihydroisc-
thisnaphthene~2,2-dioxide 42 are heated in diethyl
phthalate at 300° (Chart 9), Compound 7 isolated in
this reaction was found to be iGeatical with an authentic
sasple prepared by zine dust dlstillation of
naphth(2,%=g) seridan 5,8,14~trione [16].

Naphth(R2,1~c)noridine § has been obtained by
the decarboxylation and dehydrogemation of the product
prepared from isatin and 4~ox0~1,2,3,4~tetrahydiro~
phenanthrene [17). Naphth(1,2-0)acridine  has been
obtained [18,19] as in case of 8., Only the derivatives
of naphth(2,3-a)acridine 11 (20,21] and naphth(2,3~b)-
acridine 32 ([21,22,23] are known,
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Recently, Jacquignon @t al.[24] have, by using
drastic experimental conditions, carried out Ffitsinger
reaction between «~naphthisatin 43 and f~nephthisatin 44
and «= and j~tetralons leading finally to didbensz(e,h) - 6,
divens(a,b)~ 3, didens(a, )~ 2, and dibens(bd, j) acridine §
(Chart 10),

In the Pfitzinger reaction, a substituted ketone
with a condensable «~methylene group is reected with isatin
to produce disudstituted quinolines. Hence selecting
Ry and Rp as --(tm.)'l the required polymethylenequinolines
can be gynthesised by following *his synthetic route,

Dibensophenanthridines
Amongast the monoasza pentasyclic compounds
containing the phenanthridine system, only derivatives
of dibenzo(a,k) phenanthridine 14, didbenso(e, ) phenanthridine
16 end didenso(i,k)phenanthridine 18 have been reported.

Stilbene and its analogues are known %o undergo
photochenical reactions and the photecyclodehydrogenation
of stilbene has been extended to itas hetercoyclic
snalogues with considersble success [25]. Thus stilbene
is known to oyolise to phenanthrene 46. Similerly
2y~3~ and ¢~styryl-pyridines on photochemical
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oyclodehydrogenation give beanszo(f) quinoline 47,
benz(f) Leoquinoline 48 and bensz(h)isoquincline 43,
respectively (Chart 11).

The above photochesical method hRss been succesafully
applied for the synthesis of dibenszo(a,i)phenanthridine As
and didengzo(e,1) phenanthridine 15 by irradiating
styrylquinoline bases [26] (Chart 18),

The quinoline derivatives are obtained by oyolising
p-aryleminomethyl alkyl/aryl ketones §1 and 52, The latter
are obtalned by interaction of manaieh base $Q with
«~ and p~nephthylamine respectively, The cyclodehydration
of B1 and 2 with tin (IV) chloride gives the
benzoquinelines §3 and 84 together with the corresponding
1,2,8y P tetrahydrobenscquinclines §§ and B6. The
styrylbenzoquinoiines S and 54 on irradiation led mainly
to Sraps-cls isomerisation followed ¥y eyclodehydrogenationg
thus B3 gives Albengo(o,1)phenanthridine 13, whereas 54
gives didenso(a,i)phensathricine 12,

Cempound 18 has also been obtaimed by the ultraviolet
irradietion [27] of the sohiff base 7 (Chart 13), The
structure of Ib was confirmed by en independent synthesis,
The reaction of dibenso(a,:i) fluorenone with hydromylemine —

36
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hydrochloride in refluxing pyridine gave didenzo(a,i)=-
fluorenone oxime $8, Becimann rearrangement of oxime
B8 by means of polyphosphoric acid afforded
dibenso(c,1i) phenanthridone 9, which on reduction with
lithiwm sluminium hydride gave 15.

The synthesis of dibenso(o,k)phenanthridine 17
will be disoussed later,
ZLibengophensnthrolines

imongst the diasa pentacycliec compounds,
dibensophenanthrolines 19 - 23 (Chart 3), dibdenso(b,J) (1,7)~
phenanthroline 19 has been prepared (28] by heating
Phloroglucinel and anthramilic acid at 180°. T-Hydroxyquin
(2434~a) scridin=-8(135H) 14(55) dione 60, thus odtained on
distillation with zine gives compound 19 (Chart 14).

The aynthesis of didenso(b, J) (4,7) phenanthroline 20
has Deen reported by Badger and Pettit [29). Cyeclisation
of p-phenylenedianthranilic acid 61 has been shown to give
the angular quingoridone §8. The age-hydrocarbon
prepared from 62 is 20, and not the linear compound 63
(derived from 64) as originally suppesed by Ullmann
end Masg [20] (Cnart 185),
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The unsubstituted dibeaszo(d,j) (1,10) phenanthroline
n' n“ﬂ”(ﬂ.t)(l.io’“““"lu. n and dib.“o(O'k)(i’”-
phenanthroline 23 have not been reported sc far,

Unsubetituted mono~ and di~ aza pentacyclic
compounds have been prepared by acid catalysed
eyclodehydration of j~aryleminomethyl ketones or
p~aryleminomethylene ketones., The perhydro - age-

hydrocarboms thus obtained are then dehydrogenated to the
parent asa - pentacyclio systems, The present work also
employs this route to synthesise polyeyelio aitrogen
compounds.

In the first reported example, Zorsche [31]
obtained 6,9-dimethyl~7,8,9,10~tetrahydrophenanthridine 66
in 16% overall yield by condensing é~acetyl-3-methyl-
eyclohexanone with aniline and cyclising the resultant anil
65 with sulphuric coid (Chart 16),

Holliagsworth and Petrow, who agsumed the
lrang - enil structure 67 for the condemsation product
of aniline and 2-hydroxymethylenecyclohexanone, found that
oyclisation to 7,8,9,10-tetrahydrophenanthridine 69
could be achieved by heating with formiec aoid (Chart 17),
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Since this reagent reduces asgomethine bonds, it wes
argued that favourable stereochemistry is achieved by
reduction [52) and in faot the secondary smine §8 was
isolated [7Z), However, it has been shown later by
Tilak et sl [24] (Chart 17) that the anil is in fact gig
aninomethylenecyclohexanone 70 and that the gyeclisation
0 7,8,9,10~tetrahydrophenantiridine can also be effected
by treatment of 70 with polyphosphoric seid. A number of
methyl=, methoxy~, and chloro- substituted derivatives |
can be made to react in the same way,

The eyclisation of 2-{(1-naphthylaminomethylene)-
oyolohexanone 71 by means of formie acid has been shown
by Hall and Welker [35] %o yield 6,7,8,9=tetrahydiro~
1,2-bengacridine 72 in sddition to 7,8,9,10=-tetrahydro-
3,4~bensophenanthridine 73 (Chart 18), Hall and Walker
consider that the oyclisation is essentially a acid
catalysed eyclodehydration reaction, and as such the
reaction camnot Ye attributed to the reduscing property
of formic acid as suggested by Hollingsworth and
Petrow [32,38], liowever, none of the other acids
exanined (exoept pclyphosphoriec acid) gave any appreciable
yield of the phenanthridine, although most gave good
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yield of the acridine via a liofmann-dertius rearrangement
(Chart 19). This mechenism (Chart 19) proposed by

Hall snd Walker involves fission of the ocls~2-
arylaminomethylenecycloalkanones and recomdination of

the fragments (intemmolecular condensation) to yield

the end products, Similarly, 2~-(Senaphthyleminomethylene~
oyclohexanone 74 has been shown to give 1,2,53,4~
tetrahydro 1,2-bensophenanthridine 78 ané 8,9,10,11-
tetrahydrobensz 1,2-acridine 76 in hot fomie acid

(Chart 18), whereas treatment with lsctic acid at 130°
provides the bensacridine 76 and no bensophenanthridine 78.

Treatment of 2-(1-naphthylaminomethylene)=~1-
tetralone §0 with formie aseid (Chart 21) provides
7,8=dihydrodibenso(o,k) phenanthridine §1 although the
simpler anilinomethylene-1-tetralone 77 does not give
a phenanthridine derivative under similar conditions
[25,26]. (Chart 20), The obdservation that ring olosure
of 77 with hot formio acid, followed by treatment with
anmonia gives 5,6,8,9-tetrahydrodibens(e,h) acridine 78
has been confirmed and is retionalised in terms of an
intermediate xanthylium formate 79. The nitrogen atom
in the final product comes from the smmonia used in the
resction [35), The difference in behaviour inm hot

46
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formic acid between 77 and 80 may be dus to steric
effeot of the bulky naphthalene nucleus retarding sny
tendency towards the formation of the tetrahydro-
dibensoxanthylium salt 29, This has Deen observed in
the present work as well,

In our laboratory, eyclodehydration of clo~g8-
eryleminonethylenecyclohexanones 82 under acidic conditions
leading to (angularly cyclised) tetrahydrophenanthridines
or by a rearrangement to (linearly oyclised) tetrahydro-
soridines have been carried out and atudied exhaustively
(24]. Oyclodehydrations of 'anil' of the type 82
(Chart 22) with sulphurie aeid, polyphosphoric seid and
hot formic acid yielded phenantihridines whereas treatment
with arylamine hydrochloride/smine chloride or lactic aseid
yielded acridines, Plausible mecheniems to agcount for
these rsarrengement have been proposed [37). The mechanism
of eyclodehydrstion by polyphosphorie aeid is shown in
(Chart 23) and by lactic acid in (Chert 24). The asetine
mechanism (Chart 25) involves sn intramclecular reaction,
These mechanisms explain most of the results in the
various studies [36,%8,29],
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A considerable amount of work has been carried out
on the snalysis of the PR spectra of polynuclear aromatio
and hetorcaromatic compounds with special emphasis on the
chemicnl shifts of the hindered protons [40-54). It has
beon pointed out by various workers that in the PiR
spectra of angularly anmnelled polyeyclic aromatic
hydrocarbons, hindered protons can be identified by
virtue of their appearance at a lower field than other
aromatic protons [43,45,48,50]. It has also been observed
that the property of asterically hindered protons in
exhibiting the downfield shift, is also dependent on
the distortion in the planarity of the molecule., 7The
sterie interaction between protons in certain angularly
annelled polyeyelic hydrocarbons disturbs the planarity
of the molecules [55-58] and consequently these protons
appear %0 be shielded [59].

It has Deen shown by dartin and coworkers [59)]
that the progressive angular annellation produced in
the bensologue hydroocarbons produces inereasing deviation
from coplamarity (Pig.1) to reach complete overlap.
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The repercussion of theae geometrical distortions

on the PMR spectra of these hydroearbons have been

examined and it has been shown that the modifications

of the P¥R of the helicenes, produced by angulsr amnellation,
follows a constant trend, whioh can be interpreted
qualitatively,

In the hetercarcmatic angularly asnnelled
compounds, in addition to the sterically hindered
protons appearing at a field lower than other aromatic
protons, the protons in the proximity of hetero atom
have a paremagnetic shift [51,63,60-64).

This method of product enalysis hes been successfully
applied in the present work, There was thus no necessity
to carry out complex degradation reactions or to carry
out unambiguous synthesis of these complex polyayclic
compounds, As will be found during the disoussions in
the subsequent Chapters, this method proved quite versatile
in establishing the structures of various reasction
products and it was possible %o choose the right structure,
in some cases, from 2s many as ®ix to seven possible
structures,

To check whether these principles could be applied
in the present work, the spectra of the monoasa tetracyclic
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systems benzo(c)phenanthridine n. benso(a) phenanthridine g4,
benz(c) soridine 85 and bens(ae)aoridine §¢ were compared
(Ohart 26). Compound B in its PMR spectrum is expected

to show a multiplet for proton at O-4 and a asinglet for
proton at C~6, The speotrum did show a singlet at 9,38 &

for proton at O-6 and a downflield multiplet centred at

9.4 & for proton at O-4 (Pig.2),

Compound 84 is having one proton at C-5 in proximity
of nitrogen and as such should appear as a singlet at
downfield, Proton at O~1 and O~12 are hindered and should
appear as two doublets, The PUR gpectrum showed a ainglet
at 9,23 & for proton at C~B and two doublets centred at
9,08 & and 8,9 & ascribable to protons at O-1 and O-12
respeotively, (Pig.2).

Similerly PMR spectrum of §0 showed, as expected,

a downfield multiplet for proton at O-1 spread between
9.38 - 9,66 & and another multiplet for proton at O-11
spread between 8,03 - 8,5 8, A singlet appearing at
8.3 & could be assigned to proton at C=7, (Pig.d).

Also, PMR spectrum of ecompound §6 shows, as expected,
a singlet at 9,16 & for proton at O~12 and two mul tiplets
centred at 8,16 & and 8,6 & asoribable to protons at
O=11 and C-1 respectively. (Pig.B).
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CHAPTAR IIX

SYNTHESIS OF MONOAZA PENTACYCLIC COMPOUNDS
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The synthesis of condensed nitrogen heteroccyeclics
(quinolines and ascridines) by acid catalysed cyeclodehydrstion
of Ml-aryliutmothﬁmunlohumnu has been desoribed
by Tilak et al. [1,2,3]. The present extension of this
work describes the synthesis of 8,9-dihydrodidens(c,h)-
acridine 1, 7,8-dihydrodibenzo(c,k) phenanthridine 2
6,6~dihydrodibens(a,h) acridine S and B,6~dihydrodibenczo(a,k)~
phenanthridine §, These dihydro compounds were then
dehydrogenated to give the parent monocasza pentacyeclic
compounds vig,, didenz(c,h)acridine §, dibenzo(o,k)=
phenanthridine §, didenz(a,h)acridine 2 and divenszo(a,k)=-
phenanthridine § (Chart 1),

Compounds § and 7 which are the aza analogues of
the carcinogenie hydrogarbons didens(a, j) anthracene 2
and dibens(a,h)anthracere 10, are reported to show
carcinogenic activity (4], Compounds § end § are the
aga analogues of benso(c)chrysene 11 and dibenso(o,g -
phenanthrene 12, respectively (Chart 2),

As in the gase of earlier work, the starting point
for the above synthesis was the preparation of
2-(1'=aaphthylaminonethyl ene) -1~ totralone 13 snd
2~-(2"'=naphthylaninonmethylene) -1~tetralone 14 (Chart 2),

The nemes and mumberings laid down by Chemical
Abstracts (also used by the Ring Index) are employed throughout,
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Compound 13 was prepared according to the literature i5Je
Compound 14 was prepared in the same way as 1 by
condensing hydroxymethylene-«-tetralone with p—-naphthylamine,

As in earlier cases (6,7,8], it was necessary to
ascertain the structures of the gondensation products
13 end }4. The P specotrum showed li as Dp0 exchangeable
doublet at 12,68 -~ 13,08 & for 13 and at 12,0 - 12,21 &
for 14. Ho other pesk could be detected upto 15.0 &.
The IR spectrum in chloroform showed the HH and C=0
absorptions at 3000 om } and 1638 om * respectively for
voth 12 and 14. This data indicated thet the condensation
products 13 and 314 mostly exist in gisg keto-mmine
tautomeric form, It may de pointed out here that the
hydrogen boading between NH and C=0 in these compoundis
i@ stronger than in phenylaminomethylenecyelohezanones (6).

when compound 12 was treated with formic aeld
at 110°, a mixture of 1 and 2 was obtained in which
2 predominated. Treatment of 13 with lactic acid at 140°
gave the rearranged cyclodehydration product 1. o
dehydrogenation ] gave § end £ gave §, Jdentification of }
and £ was achieved either on the basis of their PMR
spectra or the spectra of their dehydrogenated products.
The PMR speetrum of ] (Fig, 1) showed aliphatic protens
at O=8 and O=9 at 3,0 & as four proton singlet, There
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were two multiplets centred at 8,76 & snd 9,32 & which
could be assigned to protons at C~13 and O-1 respeotively,
The PME spectrum of 2 (Fig.2) showed aliphatic protons
at C=7 and C=8 at 2,83 &, There is a multiplet spread
between 9.06 - 9,4 & which ocould be assigned to proton
at O-4 a singlet at 8,73 & for proton at O-6 and a
doublet at 8,26 & for proton at O-13, However, these
structural assigmments were confirmed when the PiR
spectra of the respective dehydrogenated products

vig, § and § were studied. Thus compound § was expected
to show a two proton multiplet for hindered protons

and one singlet for the proton situated at the Y-position
(at C=-7) to nitrogen, The spectrum did show a multiplet
of two proton intensity centred at 9,66 & and a singlet
at 8,46 ¢ in the low field region, These could be
apsigned to the protons situated at O-1 and 0-13
(together) and 0-7 respectively (Fig.%). Compound §

in its PMR spectrum was expected to show three hindered
protons, Of these two should appear as multiplets

and the remaining one as a doublet, In addition to
these three protons the proton at 0-6, adjacent to the
nitrogen atom, would also appear on the low field
region, The PiR speotrum (Pig.4) showed two multiplets
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centred at 0,68 & and 9,1 &, a doubtlet st 8,8C & snd a
singlet at 0,37 &, These are assignable to protons
situated at C-4, C-12, 0-17 and C=6 respectively,

Thege structures were further supported by the
UsVe absorption spectra of these compounds which closely
resembled that of their carbooyelic anslogue, The U,V,
speetrum of § (Mg.5) reseables th:t of its carbogyeliec
analogue dibensz(a,j)anthragcene 9 (9], The UV, spectrum
of compound § (Pig,6) resembles that of its carboeyelie
analogue [10] benso(c)ohrysens 11.

When compound 14 was treated with fommic aeid,
it afforded two compounds 3 and 4, while treatment with
lactio scid gave 3, Compounds 3 and § on dehydrogenation
with seleniwm gave 7 and § respectively,

Compound 14 on oyclodehydration can, however,
oyelise at «~ or the p~position in the naphthalene moiety,
However eyclisation in the I-position in 2~substituted
naphthalenes is very rare, Cyclisation at <=-position
msy lead to either the rearranged product £ or the
normel oyclised product 4. Similarly, cyelisstion at
the f~position can lead either to the rearranged product
8y6~dihydro dibenz(b,h) acridine 1§ or the normal oyclised
product 8,9~dihydrodidenso(b,k) phenanthridine 17 (Chart 3,
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Thus, one has to chovse between the four possible
structures when compound 14 is cyclodehydrated., <Ihie
wag done, as previously, from = study of the posaible PMR
spectral patterns, in the low field region of the

dihydro compounds 3, 4, 1B, 17 or their dehydrogenated
derivatives 7, 8, 16 aad 18, respectively (Chart 3),

Compound § in its PHR gpectrum is expectsd %o
show a singlet for proton at O-7 and & multiplet for
proton at 0~8, Compound 4 should show a multiplet for
proton at U-11 and singlet for proton et O=4, On the
other hand, the j~gyclised rearranged product a8 ie
expected to show only one multiplet for proton at (=1
and the f-gcyclised mormal product 17 should show only
one downfield singlet for proton at 0~7, The PHi spectrum
ol one of the compounds showed (Fig.7) a singlet at
8.5 & and a multiplet at 8,4 & which could de assigned
to protons at O~8 and O-7 respectively for ecmpound §.
The other compound showed in its PHR gpectrum (Pig,.8)
a multiplet at 8,4 & and a singlet at a high field
at 7,13 b, whioh could be assigned to protomns at O-11
and O=-4, respectively for compound 4.

The structures for I and 4 were further confimmed
by studyimg the PR gpeotra of thelr dehydrogenated
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product 7 and § respeotively, In compound 7 there

are three hindered protons, O©f these two should appear
as multiplets and one as singlet, The PUR gpectrum
showed a multiplet at 0,8 &6 (2°) snd 8,66 & (17) and

a singlet at 9,2 &, These are asoribable to protoans
situated at 0~1, O=8 and O=7 respectively (F1z.9).

In compound § only two protons are sterieally hindered
and one proton at O-4 is situated adjascent to mitrogen.
These three protoms are indeed clearly distinguished in
the P'R speetrum, the firet two (situated at 0-10 and O=11)
as a two proton iatensity multiplet centred at 9,66 &
and the singlet proton at O-4 at 8,46 & (¥ig,10),

On the other hend the dehydrogensted product
dibenz(byh) aeridine 16 from 5 would show only one
multiclet for proton at O-1 and the dehydrogenated
product dibenso(b,k)phenanthridine 18 from 17 would
show one multiplet for proton at 0~13 and two singlets
for protons at O~7 and C-14, Thus structures 16 end 18
eould be ruled out,

Struoture 7 was further confimed by comparing
the UV spectrum (Pig,11) with the carbooyeclic analogue
dibens(ayh) anthracene 10 (9], uimilarly, structure §
was also further supported by comparing the UV gpeotrum
(Fig.12) with the oarbooyelic snalogue dibenzo(e,g)~
phenanthrene 12 [10].



Cyclodehydration of 12 and 14 with polyphesphorie
acid and with the appropriate smine hydrochlorides
resulted in the bresking of the molecule,

R3
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EXPERTMENT AL

2=(1'~Naphthylminome thylene)=1=tetralone 32

was prepared according %o the literature [5].

2=(2'=Naphthyleminomethylene) - 1-tetralone 14

A solution of j~naphthylemine (4.09 g in ethanol
(30 o.c.) was added to freshly distilled 2-hydroxymetiylene~1l-
tetrulone (6.0 g in ethanol (30 ce). The mixture was set
aside overnight when un orange red compound separated out,
The latter on orystallisetion from ethanol gave 14 as
orange-yellow fibrous needles (8.C g; yield 827) m,.p. 121°
(Pound = C, 84,83 2, 6,0; N, 4.5,
CpqHigR0 requires C, 84.3; 4, B,7; N, 4.7%).

Cyclodehydration of 13 by lactic acid

Compound 13 (2.0 g) was heated with gl- lactic acid
(26,0 m1) at 140° for 72 hrs, The reaction mixture wes
poured in excess of 10 agqueocus ammonia and the
mizxture weas extraoted with benzene, Removal of solvent
gave a red syrupy product (1,0 g which on chromatographic
purification gave 8,9-dihydrodibenz(c,h) acridine 3.

8y



8Y

The latter orystallised from pet,ether (b,p, 60-80°)

in white nesdles, m.p. 141° (0,18 g; yield 10%)

(Pound: O, 89.8; H, B.7; N, B.8, Cpyilygli requires

Cy 89.7; H, 8.%; ¥, 5,0),

ass spectrum : m/e 281 (x°),

UV (P1g.5) : 246 (4.87); 204 (4.52); 214 (4.30); 220 (4.18).

Uyelodehydration of ﬁ with fomio acid

Ocmpound 1 (2,09 g was heated under rellux with
985 formic aeld (20 ec.) for 18 hrs, The red syrupy
liquid was poured in excess of 10f aquecus eamonia and the
mixture extracted with beangene, TLC showed the presence
of two compounds., Rezoval of benzene gave a crude
product (1,85 g) which on chromatography gave 1 and
7,8=-dibydrodibenso( e k) phenanthridine 2, Compound }
was found te¢ be identicsl with leotic acid eyclisation
product mentioned earlier (by PHR and mixed m,p.).
Compound 2 on erystallisetion from pet, ether (b.p. co-oo°)
gave white needles, m,p. 140° (1%, (8] us—uo’ from
ethancl) (0,28 g; yleld 14%). (Pound: C, 90,03
Hy 8,83 i, 5,2, 021815' requires ¢, 89,7; H, 6.3;
W, 5.08), %ass spectrum : m/e 281 (4"),
UV (Pig.6) @ 223(4.96); 260(4.4); 276(4.38); 320(4.07),



Dibenz(c,h) acridine §

Compound 1 (60 mg) was mixed with selenium powder
(150 mg) and heated at 200° for 5 hrs. The product was
sxtracted with bensene which on chromatographic
purification and orystallisation from pet, ether (00-80°)
and small smount of benzene gave B in yellow needles
(20 mg; yleld 28%) m.p. 191 (11%,[5,11] 189-191°),
(Pound: C, 90,43 H, 8,0; ¥, B,4, cnﬂuﬂ requires
Oy 90,33 H, 4,7; H, 5,08),
Mass speotrum: m/e 279 (M),
UV (Fig.B) 1 28 (4.78), 264(4.48), 288(4.88), 299(4.76),
24(3.82), 337(3.88), 364(3,83), 373(3,88),
384(7.56), 391(3.81),
Pibenszo (¢, k) phenanthridine 2

Compound 2 (120 mg) was heated with selenium
powder (200 mg) at 300° for 6 hrs and worked up ae in §.
Chromatographic purifigation and erystallisstion with
petrolem ether (60-80°) and small amount of bengene
gave 6 in light yellow plates (90 mg; yield 76%)

m.p. 123° (11t.[6) 122,5-128° in ethanol)

(h‘dl 0. 90..' H. 0.0' .. 4.9, OEIHISH mull'.‘ °. 90.3‘

Hy 4.7; ¥, 5,08), Hass spectrum : m/e 279 THR
UV : (Pig.6) 229 (4.B58), 273(4.89); 289(4,68), 208(4.68),
318(4.36) , 350(3,83), 369(3,70), 388(3.69).

an
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Cyelodehydration of lby lactic acid

Compound 14 (2,0 g was heated with dl- lactic
seld (20 oe,) at 140° for 72 hrs and the resction
mixture was worked as in the case of ], The reaction
product on chromatography gave 5, 6~dihydrodibens(a,h)=
seridine 3 which orystallised from pet,ether (b,p,60-80")
in white fibrous ncedles, m.p. 184° (0,238 g, yield 128),
(Pound: C, 89,75 H, 8,53 4, 4.7, Ogqliqgt requires
Cy 89,7; H, 8,33 N, 8,08), llase spectrum : m/e 281 (4%),
UV (Fig.11) 3 255(4.782); 262(4.78); 280(4.62); 290(4,55);
514(4,29) ; 332(4.07 .

Oyelodehydration of 14 with fomic aecld

Compound 14 (2.0 @ was refluxed with 987 formic
aold (30 oe.) for 18 hra, The red coloured reaction mixture
wap worked up as in ] and 2. The ecrude product (1.8 g
on chromatography yielded 5,6~dihydrodibenszo(a,k)-
phenanthridine 4 and 3, Compound § eluted first,
crystallised from pet,ether (b,p, 60-8C") in white needles,
m.p. 140° (0,22 ©; yield 12%), (Fownd: C, 90,05 H, 5,43
Ny Be0s Opyllyeli requires C, 89,73 H, 6,3; ¥, 4.9%).
llass gpeotrum : m/e 281 (l’).
W (71g.12) 1 244 (4.57); 280(4.13); 290(4.02); 352(4.08),
The second fraction in chromatography yielded 3
(0,028 g3 yield ﬁ_).



Dibenz(a,h) acridine K4

Compound 3 (50 mg) was heated with selenium
(100 mg) at 300° for 6 hrs. The erude product was
extracted with benzene which on chromatogrsp hic
purification over alumina (neutral) column and
erystallisation from pet.ether (b,p. 60-80°) and small
emounts of benzene gave 7 in yellow fibrous crystals
m.p. 221° (11t, [11] 228°) (30 mg; yield 60%).
(Found: C, 89.9; H, 4.6; N, 4.8, Coqliyal requires:
C, 90.3; H, 4.7; N, 5.0%). Mass spectrum : m/e 279 (¥).
UV (Pig.11) : 220(4.70); 228(4.51); 248(4.33);
269(4.31) ; 268(4.42); 288(4,94); 295(4.94); 316(4.1);
330(3.99); 350(2,73); 368(2.97); 388(3.06).

Dibengo(a,k) phenanthridine 8

Compound 4 (80 mg) was heated with 150 mg of selenium
powder at 200° for 6 hrs. The erude product was worked
up, chromatographed snd crystallised ss in 1 to give
yellow fibrous needles m.p. 180° (50 mg; yield 63%).
(Found: ¢, 90,3; H, 5.,0; N, 5.4, CgqHy 4N requires:
¢, 90,3; H, 4.7; N, 5,08), Mass spectrum : m/e 279 THR
UV (Pig.12) 3 223(4.74); 2564(4.51); 266(4.54); 288(4.87);
299(4.78) ; 320(3,79); 336(4.00); 350(3,83); 368(3.43);
382(3.59) ; 388(3.86).



{1]
(el
(2]
(4]
(sl
(el
(7]
8}
(9]
(10]

{11]

REPERENCES

1‘1“. BID.' '.“.. H.V.. Go‘t.. V.l, and
Ravindranathen, ?, JIndien J,Chem. 8, 1 (1970).

Berde, H,V., Gogte, V.N., Nanjoshi, A.G. and
T1lek, B,D, . 199 9 (1M)o

Berde, H,V,, Gogte, V.,N, and Tilek, B,D,
Indian J,Chem, fo, =22 ao7).

Cleyson, David, B,, Chemical Carcinogenesis;
J and A Churenill 143, , Tondem, TV, T. 150 (I962).

Hell, G,B, and Walker, J,.,

Ja Chem, Soo. 2237 (1968).

B.rd.' B.V.. 00‘30. V.H.. JOCO. Cel, and T‘l“. Be De
Indisp J.Chem. 8, 493 (1977).

te, V.N., Jos Col., Val AR, d Tilak, B,D,
136 bre (idvmy e Cler THIW o '

Gogte, V,i., Gastry
Andisn J,Chen

A.R, ?11ek, B2.D,
. 12 (1250 e T3 e

Badger, G,M, snd Christie, B.J.
J.Chem, 500

. 39, 913 (1988).

Clar, 5, and Stewart, D.C, J,Am,Chem,3500.
6238 (1982),

Andre, J., Ja ny P,y Perin, ¥, and
m—n&z.'i.r.w.: 1, 3908 (1970).

93



CHAPTER IV

SYNTHESIS OF DIAZA PENTACYQLIC CUMPOUNDS



The synthesis of nitrogen heterocyclics by acid-
catalysed oyclodehydration of gig-®-arylmminomethylenecyclo~
alkenones has been reported earlier [1~-6], The synthesis
of peantagyclic moncasa systems hus been described in the
previous chapter, In the preseat chapter, the synthesis
of diaza pentacyclic eystems viz. dibengo(b,k) (4,7)-
phenanthroline 7, dideuso(bd,J) (1,7)phenanthroline £},
and dibenszo(c,k) (1,7) phenanthroline 22 is described.

Here again, PUR has been used as the main tool for

structure assignments.

Cyelodehydration of cis-ii,li=bis-(2~ketocyoclohexy=
lidinomethylens)-p-phenylenediamine  (prepared by the
intersctiion of eis-2~-hydroxymethylemecyclohexanone 1
with p-phenylenediemine 2] by interaction with polyphosphoric
acid leading to the formation of 1,2,3,4,9,10,11,12-
oetahydro~6,13~diasabensc(a)naphthacene 4, and the
subsequent dehydrogenatiocn of § to 6,13~dlagabenzo(a)-
naphthagene § has been reported earlier from this Laboratory ().
Further examination of this reaction has led to the
isclation of another new pentacyclic compound

The names and numberinge laid down by Chemiocsl
Abstrects (also used by the Ring Index) are employed throughout .
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1,2,%,4,9,10,11,18=0ctahydrodibenso (b, j) (4,7) phenanthroline
§. The latter on sSelenium dehydrogenation gave dibeaso(b,k)-
(4,7) phenanthroline 7. (Chart 1).

The choice for the right structure § out of the
six poasible aoyclodehydration products 4, & (Chart 1),
8 = 11 (Chart 2) was made on the basis of the Pili spectrum
of the compound and its dehydrogenation product, 7.
The PMR spectrum of § (Fig.1) shows two singlets at
8.02 & and 8,48 & of two proton intensity each., This
showed that the molecule has a plane of symmetry and hence
structure 4 and §, which do not possess plane of symaetry,
are ruled out, loreover, compound 4 would show in ite
PHR speetrum four non-equivalent protons of one proton
intenaity each, snd compound § would show four signals
of 1311:1:1 proton intensity with a quartet, Ia compound
none of the proton would appear below BOO ops and as
such this structure is also ruled out, The cholice was
now between 6§, JO and 11. The final structure aseigment
wag done on the basis of the Pl spectrum of the dehydrogenated
product 7 from § (Pig.2). This showed a two proton
singlet at 9,205 & and a multiplet for twelve protons
spread between 8,61 & - 10,01 &, The singlet could be



agsigned to the two protons at 0-13 and C~14 of compound 7,
The dehydrogenation product 12 from 10U would have shown
two singlets, each of two proton intensity, one for
protons &t O~14 and O-7 and another downfield singlet for
protons at O-8 and C-12, It would also show a multiplet
for protons at O-1 and 0~8, On the other hand, the
dehydrogenation product 13 from 1] would show one singlet
of two proton intensity for protons at C~1 and 0-6

and a multiplet for two protons at O=-10 and C-11, Thus
the structure of the oyclodehydrated produot from I is

£ and that of the dehydrogenated product from § is 7.

The structures 6 and 7 were further confirmed by
a study of the UV spectra of the two compounds (Fig.d).
The W specotrum of § shows a p~phemanthroline 14
ohromophore in its two absorption bands, It is mentioned
that the UV speotra of O~, m=, and p~phenanthrolines
resemble each other in their two absorption dands (7).
The UV spectrum of 7 is the same as reported by Badger
and Pettit (8] and also resembles its carbooyelie
snalogue pentaphene 18 (8],

Interaotion of gig-2-hydroxymethylenecyclohexanone }J
with m-phenylenedismine 16 gave either a mono 17 - or a
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di-~condensation product 15 depending on the molecular

ratios of the reactants, Cyclodehydration of 17 and

A8 with polyphosphoric acid gave the octahydrophenanthrolines
which on seleniwm dehydrogenation yielded dibenso(d, ) (1,7~
phenanthroline 21 and dibenso(e,k) (1,7) phenanthroline £3
respectively (Chart 3),.

The oyclodehydration of 17 by means of PFA led
to the formation of 1,2,3,4,9,10,11,12~00tahydrodibenso(d, j)~
(1,7) phenanthroline 19 along with G~amino-1,2,3,4~
tetrahydroaoridine 20. GSeleniwm dehydrogenation of 19
at 300° gave the parent diasa pentacyelic compound
dibenso (b, j) (1,7) phenanthroline 21,

Seven alternate structures 13, 22 (Chart 3),
24 ~ 28 (Chart 4), which are possible for the
oyclodehydration product obtained from 17, were considered
and the choice for the right structure 19 was made on the
basis of the PMR gpectrum [eof,3,5,6].

The PUR gpectrum of 1§ (Pig.4), showed a quartet
centred at 7,78 & (2F) and two singlets at 7,73 & and
9.15 & (1p each) in the aromatic region., The quartet
was clearly seen when the spectrum was recorded in
bengene-dg (Pig.8). Struetures 24, 26 and 26 (Chart 4)
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were ruled on the basis of this splitting pattern as

£4 would show three singlets; one for proton at O-14,
another for proton at C=-7 and a third downfield singlet
of two proton intensity for protons at 0-8 and O=9,
Compound £ would exhibit four singlets for protons

&t =5, C=7, O~13 and C~14, in Lite P4R spectrum, proton
at O=b appearing downfield, Compound 26 would show four
singlets, for protons at O=6, O-12, O=13 and O-14, all
appearing upfield, sStructure 22 cen be ruled out because
neither of the proton at O-8 or 0O-14 18 likely to appear
at as high a field as 7.78 b, In struoture 37 also, the
protons at C~12 and O~14 would not appear at 7,73 o,

The cholce between 19 and 28 was difficult to make,
However, the chioice between the latter two possibilities
could only be made on studying the FMR spectrum of the
dehydrogenation produot derived from the octahydrodibeaso-
phenanthroline,

In the dehydrogenation product 30 from 28, only
one proton at O-13 is likely to appear at the low field
6s a multiplet, Exeept perhaps the proton at O-5 and O=1,
other protons would appear as o multiplet without any
distinotive features, Oa the other hand, in the low
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field region, the dehydrogemation product 21 from 19

i likely to show, in addition to a low field singlet
for proton at O=13, another singlet for the proton 0-8.
The PHR speetrum (Fig.6) of the dehydrogenation product
obtained from 19 shows two singlets at 10.1 b and B.46 &
and a multiplet spread between 7,26 - 8,6 ¢ and this pattern
fits in for structure 21. 7The singlet at 1C.1 & is
assignable to the proton at C~1% and the one at 8,46 & to
the proton at O=B, Thus the structure of the
octahydrodibenzophenantaroline ohtained from 17 is
gorrectly represented by 19 and the dehydrogenation
product from 13 by dibenso(b,j) (1,7) phenanthroline £1.

The structures 1P and 2] were further supported
by their UV gpeetra (Fig.7). The U spectrum of 19
shows 1,7-phenanthroline chromophore in respect of two
principal sbsorptions bands, The W spectrum of 7
resembles that of its carbocyclic analogue peataphene (8).
Interaction of 2 moles of 1 with 1 mole of 16
led to Nebis~(2'-keto~oyclohexylidino methylene)-n-
phenylenediomine 18 (Chart 2), The struoture of 18
was arrived at on the basia of its nass speotrum and
elomental anslysis, The IE gpeotrum in nujol showed

0=0 at 1686 ow"}, NH, 3280 am ', Zreatment of § with
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FPA led to the fommation of 1,8,8,4,49,10,11,12~
cetanydrodibenso(e,k) (1,7) phenanthroline 28 whioh on
selenium dehydrogenation at 300° gave dibenszo(e,k)(1,7)-
phenanthroline 23 (Chart 3),

- In this case also the cholce of the structure
for the oyclodehydration product 28 was made on the bdasis
of its F4R gpeotrwm (Fig.8) which showed three singlets at
7.8% & (2P), 8.81 (1P) and 9,06 & (1P), This pattern would
not fit in for any of the possible seven structures
42, 22, %4 - 28 and it wus suspected that the two proton
singlet at 7.82 6 may in faot De a quartet., This did show
up clearly when the spectrum was recorded in acetone -dg
(Pig.9) and benzeno~-d; (Fig.10), This again reduced the
choice to 27 and 28. The final assigmuent could however
be made on the basis of the PMR gpeotrum of the
debydrogenation product, whereas the dehydrogenation
product 23 from 28 was likely to show up five low field
protons (including the hindered protons and those
situated on carbons which are « to nitrogen), the
dehydrogenation product 29 from 27 would show only four
low field protons, The PMR gpeotrum (Fig.,11) of the
dehyirogenation product, was, however, more consistent
with 23 than with 20, It showed a multiplet at 11,03 b



for proton at °-~12, two singlets at 9,58 & and 9,40 &
for protons at C-8 and C=14 respectively, a doublet
at 8,81 & for proton at C-B and a multiplet centred
at 8,656 & for proton at C~-4 in the low field region.

The struotures 22 and 23 were further substantiated
by their UV gpeotra (P1g.7)., The UV spectrum of 28
showed & m~phenunthroline chromophore in having two
principal absorption bands {7]. The UV gpectrum of £3
was similar in pattern to its carboeyelic analogue
benzo (o) chrysene 9],
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EXPERIAENTAL

Holi=bis=(2=Keto 1idi lene)~

Phenylenediamine 3,

This was prepared by the interaction of gig-o-

hydroxymethylenseyclohexanone 1 with p-phenylenediamine 2
by means of polyphosphoric acid (PPA) as described
earlier (2],

192434,9,10,11,12-0ctahydrodibenzo(b, j) (4,7) prenanthroline ()
and 1,2,8,4,0,10,11,12~000a0yaro G, ii~diasabenco(a) naphthacene §

Compound § (1.0 g) wes stirred with PPA (prepared
from 8,0 g of Pply and 3 ec. of HpPOy) at 180° for 3 hr,
The resction mixture was poured into excess of agusous
ammonie and extracted with bengene, TLC showed the
presence of two compounds, HRemoval of benzene gave a red
coloured syrupy product (0.8 g which was chromatographed
over neutral alumine using bensene as eluent. Compound §,
which eluted first crystallised from petroleum ether
(bep. €0~80°) in white needles, m.p. 210° (0,128 g;
yield 14%) ([Found: 0,883,863 H, 7.2; N, 9.4. CpiHpolip
requires C, 83,33 H, 6,93 X, 9.7]. dass spectrum 3
n/e 288 (4°).
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(UV (P1g.3) : 234 (4,78)3 240 (4.74); 290 (4.63)].
Further elution of the column gave compound 4
m.p. 154" (0,48 g; yield 51%) which proved to be
identicsl with the compound described earlier (3],

Dibenzo(b, §) (4,7) phenanthroline ?

Compound 6 (0,06 g was heated with selenium
powder (0,12 g at 300° for 5 hr, The product obtained
by extraction of the mixture with benszene, on
ehromatographic purification, over neutral alumina,
gave 7, which orystallised from petroleum ether
(bep. 60-80°) in white needles, m.p. 240°
(11t. [8] 248° in ethamol) (0,022 g; yield 28%)
(Founds C, 88,43 H, 8.1; N, 9.8, CpHy N, requires
O, 88.7; H, 4.8; N, 10,1%),

Mass spectrum 1 m/e 280 (u").

[V (P1g.3) & 223 (4.41); 241 (4.51); 246 (4.58);
308 (4.39); 326 (4.40') ;2 (2,11); 392 (2.62);
404 (3,08) ],

049~ 2-n-Aninophenyl aminomethylenseyeclohexanone g
Equimolar quantities of freshly distilled
2-hydroxymethyleneoyolohexanone 1 (1.26 g ia 10 oo ethanocl)




119

and m-phenylenediamine 16 (1.08 g in 10 ce. ethanol)
were mixed at room temperature, After the initial
exothermic reaction, the mixture was cooled when s
yellow solid separated, Unreacted ] and A8 were removed
by washing the golid with ether and aloohol, The product
on orysteliisation from ethanol gave 17 as yellow

oubes, m.p. 146° (1.4 g3 yleld 68%) (Founa: C, 72.2;

Hy 7.8; N, 12,7, ouxuugo requires O, 72.2; H, 7.8;
Ny 12.9%). IR: NH, 3240, NHp, 3200; C=0, 1650,

Mass epectrwum : m/e 216 (N'). PMR (im DMS0) - Bonded

NH at 11,72 exchangeable with Dp0 end CH at 7.3 as a
doublet collapses into a singlet on Dpl treatment, free
HH ot 8,48 exchangendle with Do0 and OH at 7,78 as a
doublet collapses into a singlet on Dp0 exchange,

Interaction of ] (6.2 g; 2 moles) and 16

(2.7 g3 1 mole) as above gave A8 in yellow cubes
(£rom othcnoi). R P 220° (6.5 €3 yield 80%)

(Found : Cy 7443 H, 7.3; N, 8.8, Opolipgi o0,
requires C, 74.1; H, 7.4; N, 8,6f). Mass spectrum @
n/e 324 (47).



1~

Aa8250459,10,11,12=0ctahydrodibengo (b, ) (1,7) ~
phenanthroline 19 and 6é~Amino-1,2,3,4-tetrahydroacridine 20

A mixture of 17 (0.7 g and PPA (prepared from
2.5 g POy and 1,3 oo, HyPO) was stirred at 160-170°
for 2 hr, After cooling, the reaction mixture was poured
in excess of aqueous ammonia and the mixture was extracted
with beuzene, TIC showed the presence of two compounds,
Removal of solvent geve a red syrupy product (0.5 g
which on chromatographic separation gave 19 and 20,
Compownd 19, which eluted first, on ecrystallisation
from potrolewe ether (b.p. 60-8C°), gave whits
needles, m.p. 166° (0,186 g; yleld 40%) (Pownd: ¢, 82,7;
Hy 7.03 K, 9.5, Cpplipfip requires C, 83,3; 15, 6.9;
N, 9.7%). Mass speotrums m/s 288 (X°).
UV (Pig.7) 3 236 (4.74); 298 (4.64); 329 (3.23);
%46 (2,0), Compound 20 orystallised from petroleum
ether (b,.p. oo-ao“) in yellow fibrous needles, m.p. mto
(0,174 g; yield 27%) (Found: C, 78.8; H, 7.3; N, 14.7.
Oyafl; 8o requires C, 78.8; H, 7.1; N, 14.28).
IRy NHy 3160, 3350, Mass spectrws 1um/e 198 (M%),
PMR (in CDClg)t Cy+C, protem at 1,68-2,16, (m),



(4¥) 3 04+C, protons at 2,673,17; (m), (4P); NHy
protons at 4,08, (3),(29), exchangeable with D03
Cp proton at 6.8 (q3 Jq,5°2.53 37.0-0.5). (1®);
Cgy proton at 7,07, (d; Jgep=2.5), (1P); Cg proton
at 7.42; (4, 48.7-8.5). (1) end Cg proton at
7.62 (8), (1P),

A mixture of 18 (2.0 g and FPPA (prepared from
20,0 g P05 and 10 co. HgPO) was stirred at 180  for
6 hr, The reaction product was worked up as in 19.
The crude resction product (1.£ g on chromatography and
erystellisation from petrolewm ether (b.p. 60-80") gave 22
in white needles, m.p. 162° (0.28 8 yield 16%)
(Founds C, 83,13 H, 6.8; ¥, 9,7. ogongo‘g requires
C, 83.3; H, 6,9; N, 9,7%), Mass spectrum : m/e 288 (¥"),
W (Pig.7) t R36(4.51); 281(4.42); 329(3,.58).

Dibenzo(b, j) (1,7) phenanthreline 21

Compound 19 (0.288 g was heated with seleniwm
powder (0.4 g) at 300° for 6 hr, The resotion product
was extracted with bengene, chromatographed and crystallised



(petrolewm ether b,p. 60-30”) to glve 21, ia white
needles, m.p. 219° (Lit.[10)221%) (0.163g; yield 58%)
(Pound: C, 85,63 H, 4.8; N, 10,0, Ggpllyplip requires

Co 85,75 N, 4.83 N, 10,08), Hass apeotrum: m/e 280 ().
W (Plg.?) s 221 (4.32); 241 (4.56); 272 (4.28)

280 (4.32); 310 (4.36); 323 (4.44).

Dibeazo(c.k) (1,7) Mathroluoﬁ

Compound 228 (0.06 g was heated with selenium
powder (0,120 g at 300° for 6 hr, The reaction product
was treated as in case of 21 to give 23 in white needles
(petrolewn ether 60-80°), m.p. 181° (0,022 g; yield 55%)
(Found: C, 88.8; H, 4.6; H, 9.8, Cpfiy N, requires

C, 88,73 H, 4,83 N, 10,08), Mass spectrum : m/e 280 (M").

UV (Fig.7) 1 226 (4.70); 242 (4.62); 280 (4,.93);
316 (4.4€) 3 367 (2.64).
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SUNMARY

Carecinogenic polycyclic arcmatic hydrocarbons and
the asa polycyocliecs showing carcinmogenic activity have
been reviewed, The effect of methyl substitueats,
structure (K-region), shape, size and steric factors,
on carcinogenesis has been disoussed,

SHAPTER I13 LITERATURE SURVEY OF THE SYNTHCTIC MSTHODS OF
MONOAZA AND DIAZA PRNTACYQLIC COMPOUNDS
Literature survey of the various synthetic methods
of the unsubstituted dibenszacridines, dibensophenanthridines
and dibensophenanthrolines has been given, Cyclodehydration
reactions leading to hydro derivatives, which have been
enployed in the present work, are discussed. The various
mechanisms proposed in the acid catalysed ecyclodehydrations
and further substantiated by the present work, have been
discussed, The analysis of the P spectra of polynuclear
aromatic and hetercaromatic compounds with special emphasis
on the chemical mfu of the hindered protons, and its
scope of application in the product analysis of the monocasza
and diaza pentacyclic eompounds synthesized in the preseat
work, has been discussed,

bonnd

)



The synthesis of 8,9-dihydrodibens(c,h)acridine 1,

7,8~dihydrodibenzo(e,k) phenanthridine g, 5, 6~dihydrodivenz(a,h)~
acridine 3 and 5,6-dihydrodibens(a,k) phenanthridine 4

and the dehydrogenation of these dihydro compounds to

give the parent monosza pentacyclic ecompounds vis,
dibenz(c,h) agridine 5, didenso(c,k)phenanthridine §,
dibenz(a,h) acridine 7 and dibenso(a,k)phenanthridine 8

has been descrided, Compound 1 and 2 have been synthesised
by the ecyolodehydration of 2-(1'~naphthyleminomethylene)=1=
tetralone 2, while compound 3§ and 4 have been synthesised
by the cyclodehydration of 2=(2'-naphthylaminomethylene)=1-
tetralone 10. Lactic and fomie acid have been used for
effecting the oyclodehydration of § emd 10,

Structure elucidation for these compounds has
been dome by a study of the PR spectra,

SHAPTER IV:
Cyclodehydration of eis~l i-bis(2-ketocyclo~
hexylidinomethylene)~p=phenylenediamine 13 (prepared
by the interaction of els-2-hydroxymethylene-
cyelohexanone 11 with p-phenylenediamine 12) with
polyphosphoric acid leading to the fomation of
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1,2,3,4,9,10,11,12-00tahydro-6, 17=di agabenso(a)~

naphthacene 14 and 1,2,83,4,9,10,11,12~0ctahydrodibenzo(d, )=
(4,7) phenanthroline 18, and the subsequent dehydrogenation
of 14 and 15 with gelenium %o give the parent compounds

16 and 17 respectively, has been described (Chart 2),

Interaction of eis=2-hydroxymethylenecyclohexanone
11 with m-phenylenedianine 18 to give the mono~ 1§
and the di-condensestion product 20 has been desoribed
(Chart &), The cyclodehydration of 19 and 20 by means
of polyphosphoric noid leading to 1,2,3,4,9,10,11,18~
octahydrodibenszo(b, §) {1,7) phenanthroline 21 and
1,2,3,4,0,10,11,1%-0ctahydrodibenso(e,k) (1, 7) phenanthroline
22 respectively, and the subseguent dehydrogenation of 2]
and 28 to give the pureat disza pentacyclio compounds
didenszo(d, J) (1,7) phenanthroline 23 from 21, and
divenso{e,k) (1,7) phenanthroline £4 from 22 has been
desoribed,

The choice for the right structures has been made
on the basgls of the PR speotra of these compounds,
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