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SUMMARY

Approaches to Azatropones

Previous work towards the synthesis of azatropones
has been reviewed.

Various routes to bonz|f]azatropones and benz|flazatropolonecs
have been investigated.

The acyloin reaction on methyl~Ne| 2-methoxycarbonyleihyll-
anthranilate led to a variety of products, in which the pressnce
of the desired seven memberpd ring ketol could only be inferred.

Claisen eondengation of diethyl oxalate with ethyleN~
{ o=ethoxycerbonylmethylphenyl }-Netolusens=~p=sulphonylglycine
iad unexpactedly to a known substituted ocxindole as well as to
other products, The pessible mechanism is discussed.

Claissn condensation of diethyl melonate with methyl-N-
ethoxycarbonylmethyl~N-toluoae«p-sulphonyl anthranilate, under
tvo different sets of reaction conditions, lod to twe different
but related indolone derivatives of unusual structure, the
evidence for which is discussed: a mechanism for their formation
is proposed,

Some brominated derivatives of 2,3,4,5~tetrahydrobenz| ]



azepin-S5«-one have been synthesised, together with sundry oxidatiecn,
dehydrobromination, and dehydrogenation products,

An attempt to synthesise benz| f]azepin-3-one gave a known
dimeric product containing the quinolins nucleug: pregumably by
a mechanism involving an unusual type of benzoin reaction.

Attenpts to prepars dibenz[b,elazepin-4wono are described,

Suggestions for further work in this field are made.
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INTRODUCTIOR




omat <
The theory of arometicity of chemical compounds has
undergone, in the past century, a progressive change, from
the qualitative observations of the late nineteanth century,
to the quantitative calculations of the present day.
From the earliest attempts to explain the structure
of berzene, 'the marsh-gas of the aromatic series’% by

2 2

Armstrong and Baeyer , Claus , Ladenberg (I)a, Dewax (II)zn

and Kekule (III)EP whose theories have become familiar,

I II 11X

modern chemists have developed the ability to synthesise
compounds which in fact contain the structures (1)3g (11)3’4,
and (III a or b)s,

Kekule°56 resonance structures (IIi) for benzeme have besn
dascribed by Bakerg, as, ‘perhaps the most fruitful single

sugestion in the history of organic chemistry’, This

do



n

accolade may not be undesserved, in the light of the fact that
Kekule®s theory was proposed almogt fifty years bafore the
advent of the electronic theory of valency.

The revolutionary nature of Kekule®s description of the
benzene nucleus, was in his recognition that the ?second half’
of a double bond, unlike a single bond, could not be assigned
a fixed position in the moleculs.

In the ensuing ysars, the characteristic properties of
benzenoid aromatic molecules bocame recognised. The stabilitiy
of the system was shown, by its ease of formation and the
difficulty of effecting addition reactions at the double
bonds; whereas the ring hydrogen atoms were readily replacad
by other groups in electrophilic substitution reactions, e.g.
sulphonation, nitration, halogenation, acylation, etc. The
aromatic nucleus wss also noted to confer unusual properties on
substituents, ¢.g. acidity of phenols, the lowersd basicity
of aromatic aminses and their abiiity to undergo zzo coupling.

A major advance in the understanding of these reactions
came in 1925, when Armit and Rcbinson7 proposed the theory of
the 'aromatic sextet?, as a group of mobile electrons rasponsible
for the unique character of the system. With no mathematical
foundation, but a wealth of empirical information, this theory
served to interpret and predict the aromaticity, not only of

carbocyclic, but algso that of heterocyclic compounds such as
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pyridine and pyrrole.

A few years later (about 1930), saw the birth of the wave
mechanical treatment of aromaticity. Two methods were evolved:;
the resonance theory8 developed by Pauling and others, and the
molecular orbital theory due mainly to Huckolg'lo.

The resonance theory allowed mathematical calculation of
resonance ensergies, which are experimentally mecasurable, and
striking agreement with theory was frequently obtained. Conse-~
quently the concept continued to find favour among chemists, with
its use of classical 'struciures’ which ware already well establishe«

The Huckel theory, on the other hand, had a less immediate
appeal, since its moclecular orbitals had no obvious counterpart
in classical chemistry., However, the results provided by this
method resclved many of the ambiguities of the other theory.

The molecular orbital approach imagines that in an isolated
aromatic gystem, such as benzene, each pair of adjacent atoms has
between them a localised two electron band, called a & -bond, and
that the remaining six valency electrons, called 7 -electrons,
are not localised in particular bonds, but occupy orbits which
axtend over all six carbon atoms. The number of these orbits,
or molecular orbitals, is euual to the number of atoms in the
system, and each molecular orbital is a function of the atomic

orbitals of ihe atoms concerned.



It is therefore possible to congtruct a set of n simulta=
neous epuations for the n atoms in the molecule: soclutvion of
these equations will define the energies of the molecular
orbitals,

Three types of molecular orbital are possible. These are:-
a) Bonding orbitals, whose energy is less than the sum of the
individual energies of the atomic orbitals concerned, and hence
their occurrence favours the stability of the system,

b) Non-bonding orbitals whose energy is equal to the sum of
the individual energies of the atomic orbitals.

¢) Anti=bonding orbitals whose electrons have energy in excess
of the energies of the atomic orbitals. The occurrence of
electrons in these orbitals is energetically disadvantageous,

The numbers of each of the three types of orbital and
their energies, are determined by solution of the wave egquation,
In accordance with the Pauli exclusion principle, not more than
two electrons can be allocated to each orbital.

Solution of the wave equation for benzene determines that
there are three bonding, and three antibonding orbitals. In
the ground state theT] —electrons occupy the orbitals of lowest
energy, i.e. the bonding orbitals.

The energy of the 3 x 2ff-alectron system in benzene is found
to be about 39 k. cal. mole less than that of thrse isclated double

bonds, and is therefore a measure of the stabilisation conferred



on it by electron delocalisation,

The pattern of molecular orbital energies in benzene turns
out to be typical of cyclic systems generally, and it is found
that a stable closel electron shell is formed when n (the number
of TT ~electrons) is 2,6,10,14, etc. This conclusion is embodied
in the Huckel rule in which he states that, "monocyclic conju-
gated polyolefins having the symmetry of a regular polygon
possess a closed e@lectron shell, and comsequently aromatic
stability, if the number of I -slectrons is 4n + 2 (where n is
any integer)‘®. The concept of the closed electron shsll can
be likened to the stable configuration of the inert gases,in
that addition o removal of an electron requires the expendiiure
of energy.

The empirically derived thecory of the ’apomatic sextel’
was thus seen te have a mathematically defined basis, and was in
fact the particular case of n = 1 in the 4n + 2 Huckel rule.
Similarly the probable non-aromaticity of eyclecbutadiens and
cyclcoctatetraena was explained, and has since besn adequately
demonstrated. No earlier theory had rigorous grounds for thig
coniention,

Huckel was also able to explain the stability of the cyclo-
pentadienyl anion (IV), and foresee the possibility of obtaining

a stable cycloheptatrienyl cation (V). The latter conclusion
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vas only confirmed twenty-three years later in 1954 when
Doering and Knoxll synthesised tropylium bronmids.

The c¢riterion of a closed electron shell as a necessary
condition for aromatic bohaviour is applicable to any cyclic
system., The rule however, was only derived for monocyclic
molecules, but numerous experimental results show it to be
applicable to bicyclic fused systems. Consaquently if the
bridging bond is neglected, naphthalene (VI) and azulene (VII),

are derivatives of a ten-membered cyclic hydrocarbon, cyclodeca-=

VI Vil

pentaene; containing 1l0M¥-electrons, (i.e. n = 2 in vhe formula



7o

4n » 2), and therefore aromatic. The rule can also be extended
to a number of polycyclic systems, Thus anthracene and phenan-
threne have l47=electrons and as derivatives of a fourteen
membered ring should be, and are found to be, aromatic,

Vol'pinl2 generalises the rule as, ‘any plane (or nearly
plane) fused system containing no atoms common to mors than
two rings will be aromatic if the number of I -electrons in
it is egual to 4n + 2 (where n is a whole number)®.

Definitions of aromaticity have changed over the yoar8139
due to the difference betwsen, "like benzene in chemical proper-
ties®, which is the classical definition, and, 'having a low
ground state enthalpy®, which is the modern theoretical meaning,
as stated by Whelandlao

An attempt has been mads, by Elvidge and Jackman'?, to
measure aromaticity, using nuclear magnetic resonancs speciroscopy,
by estimating the extent of the TW-slactron delocalisation in terms
of the induced ring current, They have concluded, °we can defins
an aromatic compound, therefore, as & compound which will sustain
an induced ring current, The magnitude of the ring current will be
a function of the dslocalisation of the qU-slectrons around ths ring
and therefore a mneasure of aromaticity?’.

Hafner16 has summarised the position by stating that, 'a

high degree of electron dslocalisation, i.e, a strong ring current



of ths ¥ -electrons doss not always guarantec banzene-like
reactivity and stability. It therefors appears justified to
distinguish betveen ‘aromatic character' of the ground state,

and ®aromatic?® reactivity and stability.®
Tropones and Tropolones

In 1945, Dawarl7 preposed that tho 2-hyfroxy=-cyclohepta=
2,4,6-trien-li~one (VIII) skeleion would satisfactorily account
for the chemistry of the mould product stipitatic acid, and the
alkaloid colchicine, His suggestion formed the basis for the

subsequent studies on this novel aromatic system, giving rise to

VIIY Vilia IX

several hundrad papers.

18a

Independently, Nozoe and otherg, workimg on the cszentisl

oil of Formosan cedar, had isolated a substance which tThey caillsd
*Hirokitiol®, By 1940 thaey had determined that it contains an

18
a~gnolone structurs in an unsaturated seven membered ring™ bv and
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possesses aromatic proper’cieslsco

The parent compound (VIII), named 'Tropolone®, by Dewar, was
finally synthesised in 1950, indapsndently by Cook19 and Nozoeao
and their respective collaborators.

The synthesis of tropone (IX) was reported in 1951 by
Doering21 and Danaﬂalo

Tropolone was originally thought to be a resonance bhybrid
of (VIII) and (VIIIa), but later physicochemical studieé have
shown it to be a mobils tautomeric system invelving these
structures,

Tho physical and chemical properties of tropolons can bs
attributed to the number of tavitomeric and resonance struciures

possible, inclvding the "aromatic® resonanca ferms (X) and (Xa)

etc. Similarly, ths properties of tropone, i.e. 2 high dipole

He

X Xa X1

moment, show some degree of ionic contributien as in (XI), and

the "aromaticity’® is due %o & Jf -electrons resonating in
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7 p-orbdbitals.

Tropolones undergo nearly all the common aromatic
electrophilic substitution reactions, e.g. nitration,
sulphonation, halogenation, hydroxymethylation etc., but
do not undergo Friedel-Crafts acylation or alkylation, due
to the formation of conjugate acids, or complex metal salts,
in the presence of strong acids, or metal sélts, respectively.,

Tropones do not undergo electrophilic halogenation
reactions in the normal fashion, but tend to form addition
compounds initially, which then eliminate to form the requisite
‘substitution’ product.

p-Tropolones (XIa) and b’—tropolones {(XIb) are not
internally hydrogen bonded as are the a-isomers, and their
physical properties reflect this, i.,e. decreased volatility,
increased melting point, etc. Their preparstionand relative

properties have becen reviewed by Coffey and Johnsonez.

XIa XIb
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23

Tropones and Tropolones have been reviewed by Pauson
and Nozoea4.

Aromatic Heterocycles

The aromatic character of certain five and six membered
rings containing hetero atoms is well established by theory and
practics, Bakera has pointed out that aromatic systems can be
derived, in prineiple, from benzene by replacing the group

&
=CH= by =N=, to give pyridine (XIXI )}, or by =NeR to give

XII XIII XIv

pyridinium derivatives (XIII), and by =3c to pive pyrilium
derivatives (XIV).

Similarly five membered aromatic systems can be obtained
by replacing the group ~CH=CH-= in benzene, [or =CH~ in the
cyclopentadienyl anion (IV) ] by, =NH- to give pyrrole £XY);

=0= to give furan (XVI) and -S= to give thiophen (XVII).
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& )

XV Vi XV1I

in the series (XII = XIV), the hetero atom is contributing
one pff-slectron to complets the "shell® of 6T =electrons, In
the second series (XV = XVII), the hetero atom is contributing a
lone pair® of electrons in order to make up the ‘aromatic
sextet?,

Pyridine consequently has almost the same geometry as
benzene, with only very slight distortion of the ring at the
nitrogen atom. The electron density of the ¥V =cloud is, however,
very slightly greater at the nitrogen atom than at the carbon
atoms, due to the greater electrenegativiiy of nitrogen. Thus
the pyridine nucleus has a greater tendency than benzene to
undergo nucleophilic attack, and conversely a gresater reluctance
to undergo electrophilic attiack.

Physically pyridine has a measured resonance energy which

has been quoted variously from 23 ~ 35 k. cal. m°1°14,25'
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Chemically it is considered tc be as arometic as bsnzeng in
its chemical reactions.

Pyrrole is not as chemically stable as pyridine since in
the presence of strong acids the lone pair of electrons of
the nitrogen atom can be shared with a proton, thereby disrupting
the ‘aromatic sexieit’, and polymerisation usually occurs., The
nitrogen atom of pyridine can, however, donate its lone pair teo
electron acceptors without disrupting the closed eleciron shell,
and in doing so gives rise to the pyridinium iom (XIIIX).

The foregoing comments serve to illustrate the two
different modes of bonding of the nitrogen atom in nitrogen
heterocyclic compounds,

Seven Membered Nitrogen Heterocyclic Compounds

The manifold possibilities for the preparation of seven
menbered nitrogen heterocyclic systems of aromatic character
or otherwise, have been largely unexplored prior to about 1960,
However, recent years have seen a quickening interest in the
study of these systems,

By application of Baker°52 suggestions, it can be sean
that substitution of the group =N- for =CH=, in a seven membered
carbocyclic system should maintain the number of electrons
invelved in ring formation at its previous value. It is usually

2

assumed” that this substitution would ceuse only a slight
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'perturbation? of the system, and has no effect on whether or
not the electron shell is closed.

Another possibility, of less interest in this context,
is to substitute the grcup -NH- for the =CH- moiety, with
the result that there is a one electron increase in the ring-
forming electrons. Of compounds of this type, i.e. in the

seven membered ring series, the parent azepine (XVIII) has

XVIII XIX

not yet been prepared, but several mono-and di-benzo derivatives

have been synthesised, as well as various polysubstituted, and

dihydro derivativesa6°27“28’290 These compounds are iso=-

electronic with the cyclohaptatriene anion (XIX), detected

30

recently by Dauben” , and its heptaphenyl derivative by

Breslow and Chang’l° Both carbocyclic systems of 8- -electrons

have proved toc be thermally unstable,

Hafnerl6 attributes the stability of the substituted
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azepines to the stability of the benzenoid mucleus in the
benzazepines or to the resonance possibilities of the
substituted azepinés.

Seven membered nitrogsn heterocyclic compounds whose
electron.systems should obey the Huckel 4n + 2 rule, have been
investigated by only a handful of workers. The compounds of
interest are theoretically derived from tropona and tropoclone,

There are nine possible isomeric dioxy- mono-azepines,
if as in tropolone chemisiry, the oxygen functions are

32°33° Each of the nine isomers

congidered to be equivalent
can presumably exist in the tautomeric forms shown (XX), by

analogy with the tropolones.

=t
——
B
a b
XX : XXI

"Also, four of these nine isomers theoretically have an
additional tautomeric possibility, i.e. that of the lactam,

or viaylogous lactam, (structures XXI - XXIV),
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DL L

XXTX XXI1t XXIV

In the Yazatropone’ series there are only thres theoretical

possibilities (XXVa- XXViIal).

G GRS

Vo XXVia TVIIao

Probably the earliest reported derivative of the sysiem

is the lactam (XXiVa), described by Kranzlein34o

XXiva, XXV
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Later worker335’36”37’38 have reperied the ketones

(XXV; R = H and CHZPh) and (XXVI; R = Me and pﬂcucsﬂh.SOEo

XXVI XXVIii

RY = R'® = H) without Jdescribing any dehydrogonation
39.40

procedures on them. However, Proctor has since describsd

the preparation of the diketone (XXVI: R = Rpsﬂﬁﬁasoz, R" R'¢ = 0)

and the dihydroazepinone (XXVII; R = H, R* = OBt).
Look41 has prepared the derivative (XXVIII), but atitampted

demethylation led to the formation of methyl quinaldate

(XXViila).

XXVIII XXVIila
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Another interesting lactam derivetive (XXIX) has been

42

described by Rees , who does not describe any rigorous piroof

of the existence of the lactim tautomer (XXIXb). In the

LXIX

Bame paper, Ress has reported the preparation of the lactam

(XXX), but concludes that it shows no heterotropoione behaviocur.

XXX

43

A claim, by Treibs “, t¢c have prepared various derivatives

of the parent azatropolone (XXXI), has very recently bsen
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disproved by Rees44, who has shown the compounds to be

R

ST,

XXXI XXXII

of the type (XXXII).
The first reported azatropone dorivative (XXXIII) was

described in 1960 by Proctor45o The deep purple compound

S o e

XXXIII ‘ XXXIV
shows C=0 absorption at 1613 cm,“l, reminiscenrt . aaopolonosaj,
23,46

but lower than previously recordsd tropones and it

~
appears to undergo some interesting renctionn#',

Of more interest would have been the parent azatropons
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(XXXIV), reporved by Johnson48 and co-workers ia 1962, but
which, unfortunately, proved to be the furopyridine (XXXV),

as they have shown in a later paper49.

K= £

XXXV XXXVI

Sundry dihydroazepinones have bsen described, such as
{XXXVI) prepared by Erb and Vogelso via a lengthy sseries of
reactions. However, Paqueti:e51 has developed a simple route
to compounds of this type (XXXVIII) by a one-step ring

expansion of tri-substituted phenols (XXXVII)

R R
R L. Na
TN
" )
XXXVII XXXVIiIX
52

Folkers and his co-workers have made a series of



azepindiores of the type (XXXIX), by ring-expansion of

XXXIX XL XLI

suitably substituted p-quinones, using a variation of the
Schmidt reaction53o An attempt at a similar typs of reaction
on thymoquinone, by 3308549550 led initially to the unususgi
compound (XL), which on further treatment gave the azepine
derivative (XLI). The latter compound decomposed on attempted

hydrolysis to the aiatropolonoo

Diazepinones

One diazatropone derivative (XLII) has been prepared by

Johns and Markhamsso




The compound appears to be very stable, and 1t is
suggested that the ionic ‘tropylium’® structure (XLIII}
plays some part in its formulation, and hence that it is a
true heterotropone. However, the chemisiry of the parent
systen is obviously modified by the presence of ths fused

benzene rings.

The dihydrodiazepinone (XLIV) described by Moores7 does

XLIV
not appear to lend itself to dehydrogenation, and these workers
have tendsd to concentrate on the interesting rearrangements of
the system58’59’GOo
The foregoing survey shows that, to the author®s knowledge,
only one "azatropone’ and one "diazatropona’ (both dibenze-

derivatives), and no %azatropolones® incapable of lactanm

formulation, have been prepared to date.



23.

DISCUSSION
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In the introduction to.this work, it has been seen that
most of the azatropolones or azatropones prepared to date,
have been lactams, with the consequent modifications to their
.chemical and physical properties to be expected of this
formulationua° Therefore, in proposing desirable compounds
for attempted synthesis, lactam structures were avoided. In
addition, it was considered that a tropolone structure
(o preferably), with its attendant tautomeric possibilities,
would be more stable than a tropone one.

With the above precepts in mind, it can be seen that the

"ideal? structures would be (XLV) or (XLVI).

XLV XLVI
An enhanced stability might be expected of the benzo derivatives
of these systems, and hence the initial goal of this project
became that of preparing compounds of the type (XLVII) and

(XLVIII).
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XLVII ALVIII

The ready conversion of benzocycloheptanedione (XLIX)
to the benzotropolone (L)610 prompted an investigation of the

acyloin reaction on the diester (LI) as a means of obtaining

XLIX L

\S%&Hbﬁﬂﬁgggﬁﬁg

LY L1I



26,
the hydroxy ketome (LII; R = H, R" = OH) and thence the diketone
(LII; R,R' = 0).

37

Earlier studies”’ had showvn that conventional acyloin
procedures, on diester (LI), gave rise to dihydroquinoclones

(LIXII3 R = H and COOMe), but that when carefully purified toluene

/,c HaCHCODESE

-N
R CHaCHaCOOEC

LIII LIV

was used as solvent, no reactjon occurred,

Leonard62 and co-workers have prepared a series of cyclic aza
acyleins and have found that aza~keto-~esters were frequently forme
at the same time,

The use of liquid ammonia as solvent in the acyloin reaction

63

has been recommended and thus all the reactions were performed i
carafully dried and redistilled liquid ammonia,

A preliminary reaction of the diester (LIV:; R = H) i.o. an
attempted preparation of the parent system (LV; R = H), gave only
colourless unidentifiable oils, which were not further investigate

Similar reactions of the aryl diester (LI) with sodium in

liquid ammonia gave, on working up, tarry mixtures containing
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polymeric material, Thin layer chromatogrnphy64 of the

mixture, revealed the presence éf gtarting diester, and the
dihydroquinelone (LIII; R = COOMe), along with very polar
materials; Chromatography of these mixtures, on neutral
deactivated alumina or silica gel, gave, after separation of

the above products, dark gums which on distillation, rechromato-
graphy, or benzoylation, failed to yield analytically identifiabie
compounds, The infrared spectra of the polar materials indicated
the presence of hydroxy ketones, which could have been of the
required structure, However, oxidation of these compounds with
Bismuth oxidess led t0 non crystalline solids which were probably
mainly polymeric, although their infrared specira displayed two
absorptions in the C=0 region.

These results, complement earlier studies in these
laboratories4o which showed that this reaction at best gave
very.poor yields of material difficultly separable from thg
pélymeric by products.

Laonard62 and hiq collaborators were unable to isolate

the parent cyeclic acyloin (LV: R = Bt) but did isolate the
H
' ook

(n = 5,6,7,8,10,11,13)

CRa)COOR,

Lv LVI
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N~phenyl derivative in 10% yield.
Pinlayss in his recent review of the acyloin reaction,
has remarked on the scarcity of examples of seven-mombered

carbocyclic acyloins, and Huisgen§7

has reported that aryl
alkyl dilesters of the type (LVI; R = Me and Ph) did not% yield
"definite?® acyloins, eilther in xylene or refluxing ammonia as
solvent,

Ester Condensation Reactions

The possibility of synthesising a benzazatropolone,
via Claisen condensation of the appropriate aliphatic and
aromatic diesters, appeared promising,

It had Bevs feported’’ that cendensaticn of the Aieubati-

tuted amine (LVII; R = CN and COOEt) with diethyl oxalate gave

_,CHQCMaRs Et. i-
H aCila R i:: Et K R

LVII ‘ LVIIY

(LVIIT; R = CN and COOE% ) which was subsequently dehydrogonated,
with sulphur and quincline, to various azatropolone derivatives.
As has bsen said in the introduction, this c¢laim has since been

disprovedlmo but the route is a reasonable one in the light of
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previous reports, which have described analogous synthecses of
cycloheptanediones by condensation of ethyl oxalate with diethyl

68

pimelate , and with diethyle X ° b/ -ethylenedioxopinelatosga

Benzotropolones and benzotropones have been prepared by condenc
sation of phthalaldehyde with substituted 800t0h08700710720730740
It therefore appeared possible that condensation of
diethyl oxalate with a compound such as (LIX; R = Et) could lead
to the dihydroazatropolone (LX; R = Et). In both of these
compounds, R? would be a suitable proteeting group, i.e.

readily removable,

#aCooR COOES & o
Joalf.t / é

-CHaCOOR
g R

LIX ' X
Preliminary attempis to prepare the amino-
diester (LXII; R = B4, R° = H), by reaction of ethyi-
bromoacetate with (LXI3 R = E2, R* = H) lod %o an oxindolo
derivative (LXIII), whose structure was established by
analysis and nuclear magnetic resonance gpectroscopy.

The sulphonamide (LXI3 R = Bt, R®* = pMeCGBQSOZ)
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LXI LXIl

ChacooR

LXIIX

vas prepared and readily yielded the desired diester
(LX1I3; R = Bt, R = pMécsﬂksoa) on treatment of its
potassium salt with ethyl bromoacetate.

The choice of the sulphonyl group, for protection of
the nitrogen atom allowed ready formation of the diester,
However, in addiiioﬁa it seemed possible that, in the event of
the desired condensation taking place to form the diketone
(LX; R = Et, R® = pMeC H,S0,) subsequent or simultaneous

19

elimination’” of the sulphonyl group would occur to form the

azatropolone (LXIV: R = Et).

LX LXIV
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In practice, the reaction gave a complex mixture of
-products, from which the main identifiable components were
always a hydroxy quinoline ester, for which the structure (LXV)

is proposed, and the acidic oxindole derivative (LXVI; R = Et).

LXV LXVI

Alsc isolated wvere the Dieckman condensation product (LXVIIg

ot
‘IIII‘i R’
LXVII LXVIIX LXIX
R = pMeC H,SO,,R® = H or COOEt, E” = COOEt or H), the
disulphoxide (LXVIII) and toluens-p-sulphinic acid (LXIX) and

in one worke-up procedure the acid (LXVI; R = H).,

A °blank? reaction, i.e. on the diester (LIX) alone in
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the absence of diethyl oxalate, and performed under similar
conditions, gave all of these products except the oxindole
derivatives (LXVI:; R =Et and H)

The oxindole derivative (LXVI; R = BEt) formed, a methyl
ester on reaction with diszomethane, an acid (LXVI: R = H) on
hydrolysis; and a quinoxaline derivative on reaction with
o phenylene diamine. These reactions proved its ic ntity with
the compound m,p, 187° prepared by w1slicenus76, by the reaction
of ethyl oxalate with oxindole in the presence of sodium
ethoxide,

The formation of the oxindole (LXVI; R = Et) could be
expieined by cssuming that elimination of the sulphonyl group ig

the initial roaction %o, form the anii (LXX). Subsgequent

Schame I

CHaCOOEL CllkCOOEL
_SL___> ¥
!;Jscuacooa; N=CH+CODEL
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or concurrent nucleophilic attack of the aryl-metvhylsnc
anion on disthyl oxalate would give (LXXI). At this stage
it could be possible that the acidic work-up conditions
would hydrolyse the anil to (LXXII) which could cyclise to
(LXVIs R = t).

Formation of the oxindole derivative (LXVI: R = BEt)
under similar conditions by the action of ethyl oxalate on
oxindole has been reportad764 but reaction of thege components
under the conditions used for the diester reaction gave a lower
yield (8%) of (LXVIs R = Et), than that from the diester
reaction (ca 137}, due possibly to the greater acidity of
the aryl methylene group in the diester (LIX; R = B¢, R° =

pMeC6H 302) than the same group in oxindole. Thsase findings

4
tend to substantiate the mechanism of formation of (LXXI),
However, if,as has been suggested, the subsequent course of
the reaction proceeds via hydrolysis during the acidic working-
up of the reaction then there should have been a substantial

vield of ethyle2,3-dioxycinchoninate (LXXIII) from the

cyclisation below,

LXXIY LXXIIX
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Wisliccnus76 has prepared the ester (LXXIII) in
high yield (94%) by the reaction of ethyl oxalate with ethyleo-
aminophenylacetate in the presence of base, giving only a tracs
of the by-product (LXVI; R = Et).

It would therefore seem that an intramolecular rearrange-~
ment of the anil (LXXI) must take place to form the oxindole

compound (LXVI; R = Bt), as shown in Scheme II.

Scheme II




>5.

It is tentatively proposed that ethoxide ion can add
across the anil double bond, due to electron deficiency
at the carbon atom, forming the anion (LXXIV) which carn cyclise
to the carbinolamine derivative (LXXV). The last step, i.e.
elimination of ethylglyoxalate, could possibly take place
during the acidic working-up conditions,

The two quinoline derivatives (LXV) and (LXVII) are to be
expected from the reaction competing with anil formation

i,e, as shown below,

Et o
8 e
—Cll<cooEe CLOOEL

T . 1o
"" -

LXVII

LXV
I¢ is to be expected that the dihydroquinoline ester
{LXVII) should be found in trace quantities and the quinolime
ester (LXV) in muc¢h higher yield, due to the reactivity of
(LXVII), The formulation of (LXV) as 2-ethoxycarbonyle=3-=hydroxy-
quinoline folloved from elemental analysis of the compound and

its toluene=p=sulphonyl derivative,
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The ultraviolet spectrun of compound (LXV) was virtually
identical to that of quinoline~2-aldehyde. Infrared and
nuclear magnetic resonance specira were consistent with its
being a hydrogen bonded quinoline ester, Finally the reported
MoPo 69a?l°77 of the other possible isomer, 4-carboethoxy~3e
hydroxyquinoline precluded this formulation for (LXV) which had
m.p. 112-113°,

it is not known whether the other quinoline derivative
(LXVII) has the ester group in the 2, or the 4 pesition.

The presence of toluene~p-sulphinic acid (LXIX) is

usual ian reactions of ¢his type78

o and the acid was identified
by its infrared spectrum,m.90080081°79, and observed dsiiquosnence,
Di=p-toluene disulphoxide (LXVIIJ is thougiit io have arise. from
the decomposition of toluene-p-sulphinic acid, a transformation
reported in the literatureaoo and vas identificed by elemental
analysis and by its m.p. ?4«?6°810

Phe cther unidentified portion of the reaction mixture was
a gum, which, from its infrared spectrum appeared to contain
starting material.

The detailed investigation of this reaction was carried out
mainly to obtain additional information about the oxindole

compound (LXVI3; R = Et) as it was initially thought to have a

seven nmembered ring structure of the type required,
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Another condensation reaction, which was investigated,
was that betveen the diester (LXXVI) and diethyl malonate,

It was hopsd that the reaction shown could be performed in one

Me -
QU o=
‘rg’<4h§1N°E£$ . ofL

LXXVI LXXVII

or more steps, with the object of obtaining the f~-azatropolons
(LXXVII),

In practice, the reaction, when carriesd out in sthanolic
sodium athoxide, gave two main products which were separated by
chrorvatography of the neutral portion of the reaction mixture.
Tolueno-p-sulphinic acid and di-p=toluene~disulphoxide were
algo identified in the acidic portion of the reaction mixzture,

The first of the two neutral products obtained by
chromatography, was a pale yellow cryetalline solid m,p. 115°o

vhich formed an acetate, and toluene-p-~sulphonate,
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Analysis of the compound and its derivatives identified

i+ as sthylindoxylate (LXXVIII), which has besn prapared s

O0LE
(I s
; ~CH.,COOEL

)
L

=2

LXXVIIX LXXIX
from the diester (LXXIX) by treatment with base,

The second compound isolated was an orange crystalline
solid, €, f, N0 )m.p. 112° which formed a dinitrophanyle
hydrazone (calnlguspe). Phe infrared spectrum of the material
showed absorptions corresponding to éecondary amine, and ketonic
and ester carbonyl.

Nuclear magnetic resonance measurements showod the
presence of two ethyl esters, i,8., two triplets centred at 8.7
ard 8,63 T’ oquivalent to 6 protons (2 x CH3)° a multiplet
centred at 5.6 7 equivalent to 4 protons (2 x -CBZ-). an aryl
multiplet at 2,2=3,27F (4 protons), and a broad singlet at 0,87,
1 proton (NH).
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Further evidence was gathered from mass spectral analysis
vhich showed major peaks at m/e 289, 243, 215, 171, 143, 115,
89, 76.

From all the evidence shown, the compound has been
formulated as diethyl-(3=oxo-2-indolinylidens)-malonate

(LXXX). It wvas considered that the isomeric indolone (LXXXI)

LXXX LXXXI

/

]

LXXXII

may have been a contributing structure, but the ultraviolet
spectrun of compound (LXXX) bore a greater resemblance to the

published spectrum of isatin83

» than to that of 2-phenyl
indolonsako The separation of the ethyl ester peaks in the

n.m.r, spectrum is also consistent with their being held



rigidly in slightly different magnetic environments,

The isomeric diéthylo(aooxo~3~indolinylidene)a
malonate (LXXXII) m,p. 149°85 is known, and could therefore be
ruled out as a structural possibility,

A suggested mechanism for the production of the diester

(LXXX), under these reaction conditions, is shown in Scheme III.

Scheme III

EL
4%
loa:‘
LXXVia
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ER
LXXXIV loge LXXXIII
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The indolone ester (LXXXIII) is considered $o bs the first
product, by cyclisation, then elimination of the sulphonyl
group. Addition of anionic fragments to the reactive C=N-
double bond of schiff basesssoas woll as similar additions to
a7

indolone derivatives ' are known, Therefore, the next step
could well be addition of malonic ester to form ths triester
(LXXXIV).

Neunhbefferes has describad the displacement of ester groups
from 2-indoxyl esters such as (LXXXVI; R = Me, Bt, Ph and COOEt )
in the presence of alcoholic sodium ethoxide, to form indoxyl

derivatives like (LXXXVII; R = Me, Et¢, Ph, and COOR) and diethyi

+ co(0EY),

LXXXVI 23’// LXXXVIX

LXXXVIII

carbonate, The resultant indoxyls can autoxidise, or be

oxidised by hydrogen peroxide, to indolone derivatives
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(LXXXVIII; R = Me, Et, and Ph). Autoxidation does not take
place wvhen R = COOR in (LXXXVII).

Therefore, in Scheme III, the triester (LXXXIV) could lose
the group COOEt ¢to form diethylcarbonate, and the diester
(LXXXV),uhich should readily autoxidise to the indolone (LXXXI)
followed by rearrangement to (LXXX).

The hydrogen from (LXXXV) could alternatively be transferred
to the indolone ester (LXXXIII) to form ethyl indoxylate (LXXVIII)
and since this would not autoxidise, this reaction would account
for its presenee in the mixture,

When the condensation was carried out in anhydrous benzene,

only a trace of the orange product (LXXX) was obtained bdug
this time a ysllowv (blue fluorescant) compound (018321N°7)
Mo Po 108°0 was obtained in about 20-30% yield., This compound
was initially thought to be the intermediate triester (LXXXIV)
postulated in the previous reaction, but its nuclear magnetic
rosonance spectrum was more consistent with the formulation

(LXXXIX), since it contained three separate methyl tripiets

f ook
) 1i;LOOE$
=CW ~CO0EL

LXXXIX XC
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centred at 8.66, 8,79 and 9,27 respectively, equivalent %o a
total of 9 protons, a multiplet from 5.4 = 6.3 T'equivalent to
6 protons (3 x v-CHZ—)0 a sharp singlet at 5,37 (one proton),
a broad singlet at 4,2 T'(NH) and & aryl prstons as a nmultiplet
at 2,2-3,2T. These measurements preclude its formulation as
(LXXXIV) since in that molecule, the diethyl malonyl residue
should give rise %o only one methyl triplet (equivalent to
six protons) due %o the equivalence of the ester groups, and
the tertiary ester group should have produced a geparate methyl
triplet signal equivalent to three protons,

The production of this compound appears to demonstrate
that in aprotic conditions, the reaction proceeds by a
different route. It is suggested that in this case the reaction
involves the intermediate (XC), i.e, that anil formation
precedes ring closure, and not vice versa as was postulated

for the previous reaction.,



Reactionsof 2,3.4.5-Tetrahydroel=toluens.p~sulphonyi

benzlf]azogin—i:on.

Having failed to synthesise ithe required seven
nenbered ring comtaining two oxygen functions, attention
was directed to the known tetrahydro-azepinone (XCIXj

R = pHeCGB#SOZ. R* = R'" = 3)370

XC1 XCII

Although the mono and dibromoc derivatives of this compound
1., (XCI3 R = p“”°6“4502° R® = Br, R'® = H) and (XCI;
R = pMeCGH#SO20 R' = R'"Y = Br) respectively, and the diketone
(XCI; R = pMeCgH,S0,, R® = R'® = 0) have besn prepared’’, the
toluene-p=sulphonyl group could not be removed by the usual
reagents,

During some investigations on the bromination of the
ketone (XCIi R = pHoCGB4802, RY = R'* = B), it was found that

excess bromine converted it in high yield to the tetrabromo
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compound (XCII), the tosyl group having been smoothly cleaved
at room temperatures,

Very mild hydrolysis procedures, i.e. prolonged refluxing
with aqueﬁus acetone, on the tetrabromide (XCII), were without
anpreciable effect, However, more vigorous conditions i.e.
refluxing aqueous alcoholio potgssium carbonate, barium
hydroxide, sodium hydroxide etc,, all converted it mainly %o
complex mixtures vhich were found to contain the dibromide
(XCIII) and the tribromide (XCIV) as well as quantities of

polar materials which could not be identified, It wes felt that

XCIII XCIV

conditions vigorous enough to bring about the desired hydrolysis
were also probably sufficient to destroy the reactive dicarbonyl
system (XCV) produced, causing possibly, benzilic acid rearrangoe-

ment to the hydroxy acid (XCVI) although no evidence for this
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was found, The presence of trace quantities of the desired

xci XCVI
diketone (XCV), was shown by the formation of a quinoxaline
derivative from the crude reaction product. The diketone
(XCV) was eventually prepared in better yield by selenium
dioxide oxidation of the dibromo ketone (XCIII): again it could
not be purified, but was isolated as the quinoxaline derivative,

The dibromo ketono (XCIII) was prepared by zinc and
methanol roduction of the tetrabromide (XCII), or the tribromide
(XC1IV), which in turn were synthesised by bromination of the
dibromide (XCIII). These transformations served to idantify
the various products of the hydrolysis reaction.

It was noted that a considerable amount of starting
material was usually recovered in the hydrolysis of theo
tetrabromide (XCII) suggesting that the decomposition of
the products proceeds at a greater rate than the initial

hydrolysis.
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The debromination, noted in this reaction, which must
be a reductive process, has been previously reported o occur in
a similar system (XCI; R = pM906843020 R = R'" = Br), during

dehydrogenation39

and hydrolysis40 experimento.

It would appear that these products could arise from a
disproportionation process taking place between the tetra-
bromide (XCII) and the productsof hydrolysis.

Garb!schﬂg has reported the replacement of bromine by

hydrogen, a3 a minor process occurring durxing the
dehydrobromination of cyclic a=bromo ketones,

It was found that the tetrabromide (XCII) was fairly
stable to dehydrobrominating reagents, and could be recovered
in about 707 yield after refluxing for 4 hours in collidime,
or on refluxing with l1ithium chloride in dimethylformamide,
The other products of these reactions were intractable tars.

Treatment of the tetrabromide with anhydrous potassium
tert butoxide in dimethylsulphoxide for 24 hours at room
temperature gave a 50% recovery of starting material, along
with a lov yield of a yellow substance (m.p. 220°) which
appeared to be gomewhat unstable, turning red slowly in the
presence of air. Elemental analysis of this compound corres~

ponded approximately to the loss of two bromins atomgs from the

original molecule, Nuclear magnetic resonance measgurements could
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not be made on this material because of its insolubility,
and it is consequently thought 0o bo dimeric, The tetrabromide
(XCII) was recovered unchanged after 24 hours solution in
oleum at 0° followed by pouring on ice, a process which has beon
used’° to comvert geminal dibromides to ketones.

The difficulty of effecting hydrolysis of the a-
dibromo ketones (XCI3 R = PMeC.H,S0,, R' = R'? = Br) or (XCII),
must be, in part, due to the steric crowding which has to
prevail during tho intermediate stage of the Sn2 process.

The similar reluctance of these molecules to undergo
dehydrobromination, is thought to be associated with the
internal strain imposed on the molecule in assuming the geonetry
required for the eliminating atoms to lie in the trans planar

91

configuration nocessary”” for elimination. The very facile

elimination of hydrogen bromide from the bromo ketons (XCVII)

N

XCVII XCVIII



to form the diketone (XCVIII), which is describeod by Rooa“ao

can be explained by the activating effect of the amidoe carbonyl
on the Behydrogen atom, thus facilitating nucleophilic attack,
and hence olimination,

The preferred conformations of seven membered rings have not
yet been very fully investigated, and no information appears to
be available on heterocyclic seven membered rings, but an
oxamination of molecular models of compound (XCVII), suggests
that a trans planar configuration (to hydrogen) would be readily
available to the bromire atom for elimination. In a compound

of type (XCIX), however, although it appears to have a greater

»

XCIX c

dogree of freedom than the compound (XCVII) some configurations
are liable to be hindered by interactions of the bulky sulphonyi
group, or bromine atom, and this may account for 2he observed

disinclination towards dehydrobromination,
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An examination of tho model of compound (C), suggosted

that the extra freedom conferred on the seven membered ring
by the trancformation of the trigonally hybridised carbonyl-
carbon atom in (XCIX) to the tetrahedral hybri&isation of the
ketal form, should facilitate elimination of the a=-bromine
atom, Ia practice, the compound (C) was recovered virtually
unchanged afver 4 hours refluxing in collidine, and therefore
it would appear that some other factor is contributing to

its staﬁilityo '

Th; crude mixture containing the dibromo éiketono (xcv)
vhich was obtained by selenium
dioxide oxidation of the dibromo
ketone (XCIII) could not be

dehydrogenated with dichloro-

dicyanoquinone (D.D,Q.) to give

Xcv

apy recognisable products,
Similar attempts to dehydrogenate the ketone (XCIII) with
D.D.Q. merely led to a gquantitative recovery of the starting
matorialo‘

Various transformations of the system woere carried out,

and these are shown in Secheme IV,
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Schenme IV

CIv CIIX

The final steps of the proposed transformations should
bave been as shown below in Scheme V, %0 prepare the azatropone

Schoenme V
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(CVII), but were not carried out due to the lack of material.
The difficulty oncountered’g in cleaving thoe H=S bond of

the diketomne (CVIII; R, RY = 0) prompted attenmpts to form

T

CVIII CIix
the diketonme (CIX; R, R? = 0) after removal of the sulphonyl
group in the ketome (CVIII; R = R* = H). A route to the
dihydroazepine (CX) was readily available by sodium and
92

liquid ammonia cleavage of the sulphonyl group in the

ketone (CVIII; R = R* = H) to give the amino ketone

CX CXI
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(CIX; R = R" = H), followed by reduction of the ketone,

dehydration of the secondary alcohol formed, and finally
acetylation to give the compound (CX). At this stage an
attempt to form the diol (CXI) by hydroxylatiom of the double
bond with moutral potassium permanganate solutiong} led %o a
high recovery of the unchanged olefin,

A similar lack of reactivity of thig doubdble bond towards
hydroxylating agents, was obsorved in another two compounds
(CXII) and (CXIII). In the case of (CXII), nocutral potassium
permanganate solution caused some loss of material, probably

due to ring opening of the dihydroxy ketore formed, but the

y

CXIIX CXIIX
starting material was recovered in 70% yield.
Similarly, prolonged treatment of both compounds (CXII)
and (CXIII) vwith ogmium tetrozide, led to amn B6% recovery of
(CXII), although the ketol (CXIII) did in fact oxidise somewhat

after elevaen days reactiorn ¢ime, ylelding only a small amount of



hydroxylaeted material which could not be obtained in a
pure stato, the remainder being recovered in greater than
55% yield.

The foregoing compounds wers prepared by standard

procedures from the ketone (CXIV) as shown baslow. It

'. m‘
a. off”

3, ce0s [FYh.

CXIII CXIl

wag hoped that hydroxylation of the ketone (CXII) would give
the dihydroxy ketome (CXVI), which in turn could dehydrate to

a mixture of fwo diketoneg (CXVII) and (CXVIII).
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-

CXVIIIL

The failure of csmium tetroxide in ether, to react with
o= unsaturated ketonos has bsen noted befor994° but altornati v«
procedures involving alkaline potagsinm permanganate, or
epoxidatior with alkaline hydrogen per0116995° were liable
to cause olimination of the sulphonamide, and consequently
protection of the carbonyl group seemed necessary. The
long reaétion time necessary for hydroxylation of the ketel
(CXIII) with osmium tetroxide, and the difficulty of
isoiating the products, impelled a search for a bestter route
to the dihydroxy ketone (CXVI), Bromination of the ketal
(CXIXI) readily gave the dibromide (CXIX) as a crystalline
material. However, hydrolysis of the dibromide in aqueous
acetone, followed by dehydration and acidic hydrolysis

of the ketal group, (without purification of the intermediate
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T1s

CXIX cxXx

diel (CXX)) led only to a low yicld of diketone which was
not identified, but which gshowsd infrared abscrptions a®

1755 and 1682 ecm,™}

» the former absorption boing larger
than the latter. The material was therefore probably a

mixture of the dosired compounds (CXVII) and (CXVIII).



The Base-catalysed Elimination of Sulphonamides
In the presparation of many of the compounds described

in this work, the intended final preparative step was
envisaged as a base catalysed elimination of the toluensep-
sulphonamide group as shown in Scheme VI. The groups

R and R? would have been, in this case, part of a seven

menbered ring,

Schene VI

CXXI

R—N=cH-co-R’

CXXI1I

Thus the only requirement was seon to be that the
hydrogen atoms on the carbon atom adjacent to the nitrogen
atom; be activated dirsctly by an electron withdrawing group

as in the diketone (CXVIII), or vinylogously as in the
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CXVIII CXXIII
X
uncsaturated ketone (CXXIII). Proctor’s has used this

reaction as the final synthetic step of an azadibenzotropone

(CXXIV).,

CXX1v CXxv CXXVI

Eliminations of the type shown in Scheme VI have besn
doscribad?5°78’96g but Negishi and Da397 have recently shown
that when using Proctor®s'? roaction on the compound (CXXI;

R = R? = Ph), the product was not the anil (CXXII), but an
exact dimer, althcugh they vwers unable to propound a structure

for the dimer, Howevey, Proctor and co-worker398 have ghown
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that the dimer is a compound of the type (CXXV; R= R' = Ph),
and that monomers like (CXXVI; R = R' = R'?' = Ph) can be obtained
if the starting material has only one hydrogen atom available
for elimination, the other being substituted by a suitable
group such as Me or Ph,
The latter result has been implicitly demonstrated by

a number of workers>2»100,101,102

» wWho have used the reaction
satisfactorily in synthetic work,

The successful preparation of the azadibenzotropone
(CXXIV) by the elimination reaction, suggested that the

compound (CXII) should lend itself to a similar process

CXII CXXVII

giving the azatropone (CXXVII). The reaction was carried

out using sodium hydride, as base,in anhydrous tetrahydrofuran,
and yielded a deep purple compound m.p. 158—159°, which had a
tendency to autoxidise in solution. The compound has an
empirical formula C, A, NO which fits the structure (CXXVII),

1077
but a mass spectral analysis revealed that it was a dimer,
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caonlhuaog. The infrared spectrum of the compound in carbon
tetrachloride shows no apprecinble absorption between 3500 and

1615 co, ™t

And the nuclear magnetic resonance spectrum is
simple, suggesting a symme%rical structure, and showed a &4
proton quartet, i.e, doublets centred at 3.03Y7and 3.777
respectively, j = 12 c.p.s., an aryl multiplet at 2.957,
equivalent to 8 protons, and a broad (2 protons) singlet
(M0 or OH) at =0.97.

The spectral evidence, coupled with the knovn98 reactions

of 'activated® anils of the type (CXXII) suggest the structure

(CXXVIII) for the purple compound.

=

CXXVIIa CXXV1I CXXVIII

it is proposed that the expected reaction, i.e,
elimination of the sulphonyl group, takes place initially to
form the azatropone (CXXVII), which can then form the anion
(CXXVIIa), due to the electron withdrawing effect of the
neighbouring groups,

By analogy with the mechanism proposod98 for the formation

of the dimer (CXXV), the present dimerisation is seen as the
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addition of the anion (CXXVIIa) and a proton, to the C=N
bond of the azatropone (CXXVII) to form the unsymmetrical compound
(CXXIX) which rearranges by a hydride shift, to assume the

more stable, intramolecularly hydrogen bonded structure

CXXIX CXXX

(CXXVIII). The colour of this compound is probably due to
the contribution of charged resonance structures such as
(CXXX), although their contribution will be small owing to
the high degree of covalent bonding possible in systems of
this typ0103,

The complete loss of infrared absorptions recognisably due
to secondary amine or carbonyl stretching, has been observed by
other workersloa, in acylic compounds of the type (CXXXI;

R =2 Phos R = CGBII or PhCHa) which bear an obviocus relationship

to the proposed structure (CXXVIII).
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CXXXI CXXXII

An isomer (CXXXII) m,p. 232-2330° of the compound (CXXVIII)

has been described by Bue hlerlos

; and is prepared by the
benzoin condensation of quinoline=2~aldehyde. The close
similarity, apart from the difference of 70° in melting
point, of this compound to the dimer (CXXVIII), e.g. identical
molecular formula and colour, lack of infrared absorption
between 5000-1615 cm,”r, and the likelihood of their having
similar n.m.r. spectra, prompted a comparison of the %two,

The enediol (CXXXII) has bsan reportodlo6 to oxhibit
absorption in the ultraviolet at 440 m u, whoreas the dimer
(CXXVIII) haz maxima at 270, 370, and 532 m u.

A dilute (purple) solution of the dimer (CXXVIII) in

dioxan, becomes yellow after standing for some time in the

presence of alir, possibly by autoxidation to the bis-azatropone
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(CXXXIII), since it is known °°*1%7 that the enediol (CXXXII)
is very readily oxidised to quinaldil (CXXXIV). The ultra-
violet spectrum of the solution then exhibits a maximum at

277 m u, vhereas quinaldil has a maximum at 340 m u106°

8 is being carried out on a crystal of the

An x=ray studylo
compound (CXXVIII), and preliminary measurements have confirmed
that it is a planar, centrosymmetric molecule as expected,
but unfortunately, the more refined calculations, which will

define the remainder of the structure, are as yet unavailable.

The compound (CXXVIII) is therefore postulated teo

CXXXV

be a resonance hybrid of the two forms (CXXXV; a and b) as
the main contributing structures.

The slight paramagnetic shift (about 0.3 7T') observed in
the n.m.r, spectrum of the dimer (CXXVIII), for the two vinyl
protons [compared with the precursor (CXXXVia; R = H)] could

possibly be attributed to the development of a ring currant15°109.
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but since the shift is rather small, it may only be due to
changes in the environment, e.g, the development of planarity.

The usefulness of the sulphonamide elimination reaction
for the final step in the preparation of monomeric azepinones,
will undoubtedly bes enhanced in the future by the use of suitable
blocking groups in the B-position, e.g. as in the compounds
(CXXXVI; a, b or c¢) where R would be an alkyl or aryl group.
It is reasonable to suppose that a variety of interesting aza-
trOponés and azatropolones would then become available by this

route.

R R

(a) (1) (c)
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Dibenzazatroponse

There is only one unknown simple isomeric dibenzazatropone

(CXXXVII), other than the one prepared by Proctor“s

e BT we

CXXXVII CXXXVIIX

which has

besen already described. A synthesis of this unknown compound
was attempted via the Friedel«Crafts ring closure of the acid
chloride (CAXXVIII) at low temperatures, in order to obtain

the compound (CXXXIX) which was expected to underge elimination

to yleld the dibenzazatropone (CXXXVII). The cyclisation

T

~XXXIX CXL

step gave a lov yield of a compound m,p. 1716, shown by
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elemental, and mass spectral analysis to have a molecular
formula 821H17N038, exactly that of the desired compound
(CXXXIX), The infrared spectrum showad no absorption for
NH or OH, but did display a carbonyl peak at 1634 cm.'l.

On the basis of the n.m.r. spectrum of the compound, the formula
(CXXXIX) was initially discounted due to the presence of a

signal at 3.2 }P(singlet) which gave a poor integral equivalent

to either 4 or 5 protons, However,on reduction of the compound
with sodium borohydride a compound (CZIHISNOSS) MWoPo 148° was
obtained displaying hydroxyl absorption and no carbonyl absorption
in the infrared, The n.m.r. spectrum was now consistent with

the alcohol (CXL), and the peak which was previcusly a singlet

had become mergsed as a multiplet in the aryl region, and

was therefore in fact due to the four aryl protonsof the toluenec=
p=sulphonyl group. It has been occasionally noticed in these

120 that the n.m.r, spectrum of a toluens-=p-

laboratories
sulphonyl group can give rise to a singlet in the aryl region.
A re-examination of the n.m.r. spectrum of the compound (CXXXIX)
now suggests that it f£s actually consistent with this formula.
The spectra are detailed in the appendix.

An olimination reaction on the compound (CXXXIX) has not,
as yet, bsen performed, but such a reaction should be possible,

and it will be of interest to determine whether tha product is

monomeric or dimeric,
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GENERAL EXPERIMENTAL PROCEDURES

Melting Points:- were determined on a Gallenkamp Melting Point

Apparatus and are uncorrected,

Infrared Spectra:= were generally measured as potassium chloride

discs (1%), or as specified in other cases.

Nuclear Magnetic Resonance Spectra:-were measured on a Perkine

Elmer 40 '1/C spectrometer,

Reagents. The silica gel used for chromatography was Hopkin and
Williams M,F.C. Grade. Alumina used was Spence's PActivated
Alumina Ungraded®, and was deactivated by exposing to the
atmosphere for varying periods of time,

Thin Layer Chromatography:~ is referred to throughout as T.L.C.

and was performed on 5 x 15 cm. plates coated with Merck's

Kieselgel G.
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o=Nitrophenylacetic acid

o=Nitrophenylacetic acid was prepared by the method of

110

May and Mogettig™ , and was obtained ag ncedles, m.p. 136-

110

140° (1it. mep. 141°%).

Ethyleo-nitrophenylaceiate

o=Nitrophenylacetic acid (18.1 g.; 0.1 mole) wao dissclved
in ethanol (200 ml,) and concentrated sulphuric acid (5 ml,) was
added., The nixture was neated under reflux for &4 hrs. After
the ugual work-up prbcedurag purification wag offected by eluting
the egter with benzene through a ghort alumine column., Evapos
ration of theo eluate undez reduced pressure gave yellowy prisas
of the desired ester (17.6 g.., B5%) m.p. 68-69° (11%0111 B,Po 69°J.

Ethyl-o-aninophenylacetate

Ethyle-o=nitrophenylacetate (6.3 g.}; 0,03 mole) wasn
hydreogenated over a platinum catalys? (200 mg.) irn ethanel,
until hydrogea uptake ceased (ca. 0.5 hr.), The solution was
filtered and evaporated in vacuo, at room tempersture, to give
othyl-o-aminophenylacetate (S.4 g.). The amine formed an

122 Rap. 66°) from ethanol

112

acetate, white needloes m.p. 66° (1it.
and z bonzoate, white needles m.p. 81° (1ic. MePo 829) from
ethanol,

Ethyle(l-toluene-p=sulphonyl )=c=aminephenylacetate

To ethyl~o-aninophanylacetate (S.4 g.; 0.03 mole) in
pyridine (30 mil,) at 0°, vas added toluene-pesulphonylchloride

(5.7 8.3 0.03 mole) and tho mixture vas allowed to ztand for
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24 hrs., After working-up by conventional procedures, recrystalle
isation from petroleum-ether (b.p. 60-80°) afforded white
prisms of the gulphonamide m.p. 50° (Found: C,60,7; H,5.7;
N,4e33 S,9.9. 017319N048 requires C,61,3; H,5.7;: N,4.2;
s’9°6"”\)max, (ECL disc) 3290, 1740 cm.”' (NH and C=0
respectively).

Reaction of Ethylwc-aminophenylacetate with Ethyle

bromoacetate

A mixture of ethyl=c-aminophenylacetate (2,32 g.:
7.5 mmole) and ethy)l bromcacetate (1,2 g.; 7.5 mmole) was
haated at 100° for 6 hrs. The cooled mixture was taken up
in chloroform (100 ml,), and the solution was washed
with sodium bicarbonate solution (20 ml,; 10%), water, and
dried (Na 504) The solvent was removed by diatillation;
leaving a red gum (1.52 g.), which was chromatographed on
neutral deactivated alumina, Benzene elution yielded, on
evaporation of the eluate, a white solid (0,54 g.) mopo
126-128°° Recrystallisation from petroleum ether (b.p., 60-

80°) gave white needles of Ethyl-oxindol=l-ylacetate (317 mg.)

mop. 128-129° (Found: €,65.8; H,5.8; N,6,7. NO, requires

12 13
C,65.7; H,6,0; N,6 4-%);) — 1770, 1736 (C=0), N.M,R. data
are recorded in the appendix,

Further elution with benzene gave a mixture (0.52 g.)
Mo Pe 107-11é°. of the above compound and oxindole (identified

by T.L.C.). Continued benzene elution gave oxindole (0,460 g.)
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jdentified bY m.p. 125=126°, undepressed on adnixture with

an authentic sanple (11%313 MoPo 127°).

Ethyl (Nes-ethoxycarboaylmethylphonyl)=R-tolueng=p-

sulpvhonyiglycine
To ethyl (W-toluone=p-sulphonyl)-o~aninophenyl=

acetate (6,66 g.; 0.02 mole) dissolved in dry acetonc (70 nl,)
vas added potassius carbonate (3.0 g., anhyd,) followed by
ethyl bromcacotate (3.5 go3 0.0205 mole). The slurry
was stirred and refluxed for 3 hrs, Tho, imitislly formed,
thick slurzy became more mobile as the reaction procoeded.
‘fhe cooled recaction mixture was filterod and ovaporated
in vacuo, to yield a yellessbrown syrup (8.8 g.)o
Chromatography of the syrup on Reutral alumina gave
on beomzeno elution, a pale yollovw liquid (0,35 g.) smellimg
strongly of othyl browmoacetatc, Continued slution, and

eveporation of the eluate, yieldsd Ethyl (l-o~ethoxzycarbonyl-~

mothyipbenyl )=l-toluone~p-sulphonylglycine (7.6 g.; 91%) as

a2 thick yellowv syrup which would not crystallise or distil,
(Pound: C.,60,0; H,6,3; N,3.0, Caznzsﬁoas requireg C,60,2;

H,6.0; N.%B%)% (Qiq. £ila) 1720-1740 cm.”> (C=0

Bax
unresolved).,

Tho above diester (1 g.) and alcoholic potassium
hydroxide solution (25 ml,; 1N, 50%) were heated under reflux

for 1 hr, Dilutien with water and acidification with d&ilute
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hydrochloric acld (10%), gave H=(o=carboxymethylphenyl)e

F=toluone=p=sulphonylglycins (0.5 g.) ag white prisms m.p.

196-197° from aqueous othenol (Fourd: C,56.2; H, 40.6; ,3.9;
8.9.10 0173173065 I'equirea C,,SG.E: Hgl"g?= ﬂ9309§ S.Bo%)
9“’ (ECL dise) 1730 em.™t broad (2 x C=0).

Reaction of ethyl Ne{o=othoxycarbonylmeihylphenyl)-

Netoluens-p-sulphonyiglycine with diethyl ozalate

o a cooled (0°) zolution of sodium ethexide, prepared f£ro=
sodiun (0,36 g,), in ethanol (35 ml,), was addod diethyl
oxalate (1,15 g.) follouwad by a soludion of ethyl Be(o-
othoxyecarvonylnethylphenyl )=H-toluens«pogulphonyiglycine
(331 go) in othamol (15 ml,). Thke solution was stirred for
i2 by, and allowed to come to room temporature, The resultant
dagk brovn polution was poured imto water and estracted twice
with ether (2 z 150 ml,). The bulked other extracts were
washod, dried (Ha2804) and evaporated in vacuo %o a thick oil
(2.0 go). This oil w?ll be tormed product A.

The basic aquoous phase was acidified with hydrochloric acid
(4N) and extracted with ether. The crganic layer was dried and
svaporated to a dark brown gum., Trituration of the gum with
hot water and filtration yielded pale yollow daliquescent plates

of toluone-p=sulphibnic acid (0,35 g.) m.p. ?8a80° from the

7 .
cooled filtrate (11%.9 B0 Pe 84~85°). Further recrystallisation

caused the acid to decomposs to die-p-tolueno=digulphoxide m,p.

81

2696 (1it, © m,po 74=76°) (Found: C,60,2; H,4,9, Calculated
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for Cy,H,,8,05. C,60.03 H,5.0%),

Product A was chromatographed on silica gel, and gave on
benzene elution a green solution which on ¢vaporation and
recrystallisation from petroleum ether (b.p. 60-80%) yielded
2-ethoxycarbonyle3-hydroxyquinoline (0,494 g,) as pale groen
needles m.p. 113° (Pound: C,65.8; H,4.9; §,6,55, Cy #1105

roquires C,66,4; H,5,1; H,6,45) 9.“ (KCL disc) 1678 cm.~! (Ca0).
N.M,R., data are reported im the appendiz.
Furthor elution of the cclumn with benzene ether (19:1)
yielded a rod gum (0.94 g.) which failed to crystalliss,
Treatment of 2-ethoxycarbonyle3«hydroxyquinocline (0,11 g.)
in pyridine (5 ml,) with toluene-=p=sulphonylchloride (0,1 g.)
gave after 12 hrs., and workimg-up by standard procedures

2=othoxycarbonyl-3=toluone=p=gulr

BoPo 66° as white prisms from othanol (Poumd: C,61,8; H,&4.6;

N,4,0; 35,8.8, °19517“°5S requires C,61,5; H,4.6; K ,3.8; 5,8,6%)
=l

qu (KCL disc) 1740 em,”* (C=0).

Roaction of ethyl K-(o-cthoxycarbonylmethylphenyl)elN=tolusne-

p-sulphonylglycine with diethyl oxalate

To a stirred refluxing solution of sodium ethoxide (0,75 g.)
in absolute othamol (20 ml,) in a nitrogem atmosphers, was
added a solutioca of diethyl oxzalato (2,33 g.) and othyl N-(o=
ethoxycarbonylmethylphenyl )=R=toluene=p=sulphonylgliycine (6.7 go)
in ethanol (20 ml,) over 2 minm.
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Stirring wvas continued for 1 hr, while the temperature
was allowcd to fall to 20°. Phe mixzture was worked up
essontinlly as before and separated into a non=acidic
portion, Praoduct 4, and an acidic portion Product B,

Product A was a brown gum (3,06 g,). Chromatography oa
silica gel (bonzeno cluiion) yiolded a white solid (0,060 g.).
Reerystallisation from potroleum ether (b.p. 60-802) gava
1,2~dihydro=t-othoxycarbonyl-3hydroxy-i-toluone=p~sulphonyle
quineline (0,030 g.) m.p. 105-106° (Found: C,60.7; H,5.1; N,3.6,
Cygllygi0sS Foquires C,61.1; H,5,1; N,3.8%) 9&31: (ECL disc)
1658 ca,”t (C=0).

Ferthor olution with benzeno gave a green gun (0,450 g.)
vhich o rocrystallisation Lrom petroleoum ether (b.p. 60-80°3
gave 2-e¢thoxycarbonyl=3<hydroxyquinoline (0,359 g.) mope 112°°
undepressod on admixture with a sample provicugly obtained,
Elution was continuod with bonzene other (19:1) and gave an
impure rod gum (2,1 g.) vhich failed to crystalliss, An infrared
spectral comparison of this metorial, with the setarting disater,
suggested that it consistod mainly of the latter,

Product B vas a yellovw gum (3,5 g.) comtaining cryctallino
material (mainly sulphimic acid)., TRitoraticn of the gum with
coléd benzene and filtration, yieolded yellow prisms of J=
ethoxalyloxindole (0,212 go) Bope 184.186°, Recryatallisation
from othamol geve (0.18 g.) mepo 186° (18t.7° mep. 187°).

(Pound: C,61,2; H,4.8; N,5,7. Caleulated for C

1211504

C, 61,83 H,4.8; N,6,0%).
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The doazene filtrate was evaporatod and extracted with
beiling potroloum ether (bop. 60-80°%), oOn evappraﬁion of the
patroloun ether extract, whito prisms of diepotolusae~
disulphoxide (0,65 g,) were obtaimed, mop. 23<75° undepressed
oa admizturc with a semplo previously obtzined,

Seif-condonsation of ethyl H-(OQe%hazgcarbogglmethylpbogg@)a

H=toluorcep=gulphonyigl yecire

When the previous recction wag carried cut, but witchon?
the addition of ethyl ozxalate, all the c¢cmpounds previously
noted wore found to bo present with tho excgptien of J-athozalyl-
oxindole which could pot be detected.

Roaction of othyl N-(o-ethoxycarbonyimethylphenyl)--toluene-

PLTE St (g it

To a sugspension in dery ether (25 ml,} of dry sodium
othonide, preopared from sodium (1.38 go; 0,02 wole), was added
a selution ef ethyl H=(o-sthoxycarboaylmethylphenyl)e-
tolusne=p=gulphonylglycine (8,38 g.; 0,02 nols) and diethyl
ozalate (2.92 g.; 0,02 mole) in other (15 mi.). The mixturc waco
rofiuxed for 15 mim., then evaporated $o dryness in vacuo and
heated for 30 min. ip vacuo. Vorking-up ac borYoere and
soparation of {he aecidic products gave 3~othozelyloxindole
{0,583 g.; 13%) mop. 1846185° unéspressod on admiziure with o

geauine sample. N.M.R, data are roported in the appendixz,
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Hydrolysis of J-ethoxalyloxindole

3-athoxalyloxindole (80 mg.) was dissolved in agqueous
ethanolic sodium hydroxide (10 ml., 1.0 N), and allowed to
stand for 24 hrs., Acidification with dilute h§arochlor1c acid
(1,0 N) gave, on filtration and recrystallisation of the
precipitate from aqueous ethanol, oxindole=3-yl oxalate (20 mgo)

14

Mo Po 266-269° (lit.1 Mo Po 265-2?O°) (Found: N 6,5,

Calculated for 01037!04. N,6,8%).

6=0xindol =3-yl-7-oxoquinozaline
A solution of 3-ethoxalyloxindole (47 mg.,), and o=

phenylenediamine (25 mg.) in ethanol (5 ml,) was heated under
reflux for 2 Wrs, The resunltant red precipitate was filtered
off and yielded 6-qx£ndolu3=y1-7=oxoquinoxaline {25 ng,)

m,Po >340° (111:076 -;p,)aho°) as a red powder,

Msthylation of J-ethoxzlyloxindole
A solution of 3-sthoxalyloxindole (150 mg,) in dry ether

(30 Bl.) was tresated with an ethereal solution of diazomethane
(excess), Evaporation of the solvent gave a red gum which wae
chromatographed on silica gel (benzene-ether 19:1 elution), The
first fraction was a yellow solid which on recrystallisation from
Benzene/petroleun ether (b.p. 60=80°) yielded methyl 3-indolingl-

idene-methoxyacetate (36 mg.) m.p. 143° as yellow needles

(Pound: €,63,33 H,5,2¢ N,5.6, °13313“°4 requires C,63.21

Hy,503; N,5.7%) %m (KC1 dise) 1724, 1692 cm.“" (Cx0).



Further oelution of the column gave a white szolid
which on recrystallisation from ethanol yielded a white
powder (63 mg,)‘m,p, 194~195°, for which no structure could
be deduced.9 ax. (KC1 dise) 1730 em,™' (C=0),

Preparation of Oxindole

Ethylegenitrophenylacetate (1.5 g,) was hydrogenated
over platinum (Pt0,, 100 mg,) in ethanol and the resultan®
solution was filtered and evaporated in vacuo to an oil, The
>il was hoated at 90° for 1 hr. and the solid obtained was
recrystallised from petroleum ether (b.p. 60-80°) %o yield

113

oxindole (0,7 g.; 75%) m.p. 125-126° (1it. D.Pe 127°%),

Reaction of oxindole with ethyl oxalate

Oxindole (0.5 g.) was added to a solution of sodium
ethoxide, prepared from sodium (0,07 g.) and diothyl ozxalate
(0.5 g.) in ethanol (20 ml,). The solution was heated under
reflux for S min, then the solvent was removed in vacuoc and
tho residue was hoated at 90° for 30 min. Water was added
and the solution was extracted with ether. The aqueous layer
waé acidified with dilute hydrochloric acid and ¢the yellow
precipitate was filtered off. Rocrystellisation from ethanol
yielded 3-sthoxalyloxindole (50 ng.: 8%) m.p. 184-185"
(15¢.7¢ n.p. 186°),

Preparation of ethyle2,3-dioxycinchoninate

The ester was prepared essentially by the method of
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Hislic@nu576 and gava the product (625 mg.) m,p. 210-211°
(1it.7° m.p. 212°).

Methyl=-Netoluene=-p-sulphonylanthranilate

The sulphonamide was prepared by standard procedures
from meth&l anthranilate and toluene-p-sulphonylchloride in
pyridiné, and obtained from ethanol as white prisms m.p. 113o
(1it.”? m.p. 113%).

-

Methg}»ﬁ;ethoxggarbonylmethglJNvtoluenegpasulpbonxl-

anthranilate

A mixture of methyl Netolueno=p=sulphonylanthranilate
(16 g.; 0,05 mole), ethyl bromoacetate (8.5 g.: 0,05 mole,
2% oxcess) and anhydrous pulverised potassium carbonate
(10 g,) in dyy acetonoe (150 ml,) was he;ted and stirred
under reflux for 4 hrs, The rosultant susponsion was filtered
and the solids washed with dry acetone. Theo filtrate and
vashings were bulked and evaporated to a thick purplish oil
vhich was chromatographed on neutral alumina. Benzene elutad,
initially, a mixture of ethyl bromoacetate and methyl N-
toluene-p-sulphonylanthranilate (1.6 g,) identified by
gtrong lachrymatory amell and T,L.C. comparison with starting
matorials, Further elution with bsnzene other (19:1) gave
a2 thick syrup (15.6 g,) which crystallised after some days.

Recrystallisation from ethanol afforded methyl R-othoxy-

carbonylmethyleN-toluone-p=sulphonylanthranilate (13.5 g.;
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69%) as fine white needles m.p. 63° (Found: C,58,5;
HeB5:.5: K. 3.5 cl9“21N065 roquires C,58.3; H,5.4; N,3.6%)
'§max° (KC1 disc) 1755, 1713 cm.™> (C=0)

Reaction of Methyl KReethoxycarbonylmethyleN=-toluene-p-

sulphonylanthranilate with diethyl malonate

To a solution of sodium ethoxide, prepared by dissolving
sodium (0.34 g.; 15 mmole) inlethanol (10 ml,) was added diethyl
malonato (0,8 g.; 5 mmole) followed by methyl Ne~ethoxycarbonyle
nethyl-N-toluene=p=gulphonylanthranilate (1.95 g.; 5 mmole) in
ethanel (i0 ml,). The solution turned dark green 1mmodiaﬁel§ and
it wvas then heaitad under reflux for 15 min, The rezultant
dark brown solution was cooled, poured into water and extracted
tvice with ether. The bulked ethereal extracis were dried
(Na2804) and evaporated to a brown syrup (1,5 g.).

Chromatography of the product on silica gel gave, on benzene
elution, a pale yellowegresn solid (0.5 g,) m.p. 110-112%,

Two recrystallisations from petroléum ether (b,p. 60-80°)
afforded 2-ethexycarbonyle3-hydroxyindole (0.26 g») mspo

115

115-136° (1it. m.p. 116=117°) ac pale green neecdles.

(Found: C,04,3; H,5.4; N,6,8. Calculated for 011“11503’
C,64.3; H,5.%4; N,6,8%),
Treatment of the above compound with toluene«=p-

sulphenyl chloride in pyridine for 12 hre, and working up
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by standard procedures afforded 2-sihoxycarbeunyle3-

toluone-p-sulphonylozyindole m,p., 152° (Found: C,60.1;

B,4,7; S,9.5. CygHypl0cS requires C,60,2; H,4,5; S5,8.5%)
‘ﬁmax. (EC1 dise) 3125 (NH), 1695 cm.” (C=0).

Further elution of the column with benzene ether (19:1)
gave & dark red gum (0,630 g,) which was recrystallised from

cyclohexans, then ethanol to yield diethyl=(3-oxo=2-indolyinyl-

idene)=malonate (0.41 g,) m.p. 111-112" as an orange powder,

(FPound: C,62,2; H,5.2; N,4.9. 015515!05 roquires C,62.3;
B,5.2; N,4,8%) )m- 3366 (WH), 1745, 1720, 1689 cn,” (C=0).
N.MsR, datrn are recordsd in tho appendix.

The 2,4-dinitrophonylhydrazone of the ester crystallised from

oethanol/ethyl acetate as dsep violet needles m,p. 209°,
(Pound: N,14,9. 021}1191&!508 requires “*14"9%)'})::;&:,
(ECt aisc) 3330 (NR), 1728, 1676 (Cz0).

Continued olution with benzene ether mixtures increasing
to pure ethdr, gave a dark red gum (0,12 g.) which failed to

crystallige,

Reaction of methyl Nesthoxycarbonylmethyl-N-toluens=p~sulphonyl-

anthranilate with diethyl malomate,

To a suspension of sodium ethoxide, prepersd from sodium
(1.38 g.; 0,06 mole), in dry bonzene (60 ml,) was added diethyl

malonate (3.2 g.; 0,02 mole) feollowad by methyl Neethoxye
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carbonylmethyl-=Netoluene-p=sulphonylanthranilate (7.52 g.;
0,02 mole) in banzemne (60 ml,)., The mixture was hoated under
reflux (in & nitrogen atmosphers) for 10 min,, then evaporated
to dryness and heated at 90° in vacuo for 40 min., Tho mixture
vag cooled and water and ether was added. The organic layer
was separated, washed, dried (Naasoa). and ovaporated to a
brown gun (5,53 g.). Chromatography of the gum on silica gol
with benzeono elution gave a yellow gum (2.05 g,). Two
rocrystallisations from ethanol yielded 2-zthoxycarbonylelo
hydroxy indole (0.8 g.) m.p. 114-115° undeprossed on admixture
vith a sample previously obtained.

Continued elution with benzene other (19:1) gave diethyl
(3~oxo-2~indolinylidene)-malonate (0,187 g,) as a semi~
crystalline gum, identified by infrared comparison with a
sample previously obtained.

Further elution with bsnzsne ether (19:1) gave a
red solution (blue fluorescing) wvhich ovaporated to a red
gum, This was purified b; repoated crystalligation from ethanol

to yield 2.3,3-Triethcxycarbonylel, 2,3 4-totrahydroquinol-4<one

as pale yollow prisms m,p., 108° (Pound: C,59.4; H,5.8; N,3.8.

ClBHEIHO'? requires C,59,5; H,5,8; N,3,9%) 9mx 3390 (4H),

1750, 1720, 1692 cm,”t

(C=0).
Tho above compound failed to react with either Brady's

reagent or with toluene=pe~sulphonyl chioride in pyridine.



81,

Ethyl Netolucpo-p-sulphonylamipoacetate

Ethyl Heioluero=pwsulphonylamincacetate was prepared by
standard procedures from ethylaminoacetate hydrochloride and
toluero-p-pgul phonyl chlorido in pyridire, yieclding the

136 o p. 64-65°) as fime

sulphonanide in 53% yield m.p. 65° (1it,
vhite msedles from petroloun ether (bop, 80-100%).
(Pound: C,51,7; H,6.0; N, 5,43 $,12,9. Calculated for
cllﬂl5N0,+S: Cy5103; H,568; H,5.5: S,12.5%)6

Diethyl~N-tolueno=p~sulphonyliminodiacotato

Po a stirred siurry of ethyl Netocluene=p=sulphonylaminoe=
acotate (21 g.) and potassium carbonate (20 g.) in acetons
(250 ml,), was added ethyl bromoacetate (14.5 g.) ir acetons
{50 ml,), The mixture was heated under refiux for % hrs,,
cooled and filterad, The fildrate was evaporated to an oil
and chromatographed on silica gel. Bonzerne elution gave
(after discarding a fors-run containing ethyl broepocacetate),

dicthyl Nefoluene-p-gulphonyliminodiacetate (19,58 g.)

as a colourless undigtillable syrup, shown to b2 homogeneous
by ToLJCo )) A
(S“‘o)o

max. (1iGe £ilm) 1750 (C=0), 1340, 1163 cm.~
The above diester (1,9 g.) was refluxed with aqueous
aleoholic potassium hydroxide solutior (20 mig 2N) for 1 hr,

The roesultant solution was acidified and the precipitate
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(1.3 g») was filtered off and recrystallised from aqueous

ethanol to yield Netolusne«pegulphonyliminodiacetic acid

as fine white pouder Mo Po 184-186° (Pound: C.,86.5; B,5,0;

N,4,9. NOGS requires C,46,0; H,4.5; N,hog%);$

13
(Nujol) 1721 cmogl (C=0),

max.

Di=(2,2%<-athoxycarbenyletihyl }-anine

The disubstituted smine was prepared by the method of
McElvain and stork117” and gave 22,6 g, of product as a

117 y.po 119-125°,

colourless o0il, b,p. 121=-126°/2 mm, (1it.
1-2 mm, ),

Atteompted acyloin cyclisation of di-(2 2% thoxycarbonylethyl)amine

Both attompis to cyclise the above compound, under the
general reaction conditions described below, led %o low yields
of intractable oils which were not further investigated,

Attempted acyloin cyclisation of methyl R-(2-methoxy-

carboqglethgl)oanthranilaﬁe (General Proccdure).

Liquid ammomia (1 1.) was distilled through potassium
hydroxide pellots into a flask at =70°, fitted with a paddle
stirrer and a drying tube packed with potassium hydroxids.
After addition of ethez (750 ml,), the apparatus was flushed
with oxygen-fres nitrogen, while sodium (6,1 g.) was added in
small pieces, The resultant blue solution was stirred for

1 hr,, after which methyl-N=(2-methoxycarbonylethyl)eanthranilate
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(11,9 g.) in ether (750 ml.) was added dropwise over
2 hrg, with stirring, tho blue colour finally giving way te
yellow,

After being kept under nitrogen overnight, the miziture wae
¢roated with othanol (30 ml.) and, after 30 mim,, was extracted
vith dilute hydrochloric amecid (3 = 200 ml, 4#N). The extracts
ware basified with ammonia (4. 0,850), ard oxtracted with
chloroform. The opganic phase vas washed, &ried (mazsoa) and
avaporated to a dark tar (5.4 o). T.L.C, revealed the presence
of a variety of compounds in the tar,.

Chromatography of a portion of tho tar (2,7 g.) on rentral
doactiveted alumina gave the following fractionst-

1) Bonzono=chloroforz (1l:1). A greea gum (0,268 g.)

vhich contains recoverad metihyleNo{2-methoxycarbonylethyl)e
anthrenilate and 1,2,3 4«tetrahydro=3=nethoxycarbonylef=ozo=
quinoline, Ideatified by comparative T.L.C,

2) Chloroforz-ethanol (50:1) gave a dark orange gum (1,1 g.)
showa by T.L.C. tc bo & mixture of 7 polar maltorials,

3) Thoe cclumn was stripped with chloroform-methanol to
vioid a dark intractable tar (0.32 go)s

Rechromatography of the second fractiocn gave a homogeneous
yollov gun (0,18 g,), which failed %o crystalliss, and for which
no gtructure could be deduced from sleomental ana!.ysiso\baazo

(1iq. £ilm) 3450-3220 (OH), 1662 cm,~t (€=0).



Oxidation of crude acyloin

A portion (0,68 g,) of tho crude product from the

previous reaction was digsolved in glacial acetic acid (15 ml,).
Bismuth oxide (2.0 g.) was added and the otirred mixture was
hoated 4o 90° for 30 miu, Working up by standard procedures
gave a dark brown solid (0,53 g.,). Tho solid was extracted
with hot bonzeno, which, on ccoling, depozited arn amorphous
pewdoar (56 mg.) B,P. 88a95° for which no strueciure could bo
doduced fron olememtal analysis.)}mazo (EC1 disc) 32%0 (WH),

1730, 1670 cm, >

{C=0), The material could mot be ferther
purified by distillation,

Attenpts to propare quinozaline or dinitrophenylhydérazone
derivatives of tho above material gave rigs %o impure solids,

Bthyl«B-o=toluidinopropionate

The above compound was prepared by the general method

of Jehnson, Woroch and Buolll18

S‘q’%)o bopo 18091840/14 Billo

; and gave the product (37 go$

He(3°=Hydroxypropyl)=c=toluidino

To a stirred sugpension of sodium (6,0 g.3 0,25 mole) in
dey toluemo (25 ml,) heated at 60°, was added over 10 min,
a solution of Ne(2eecthoxycarbonylethyl)=u-toluidine (8,28 g.5
0,04 molo) in ethanoel (20 ml,), After the addition was
coapleted a furtheor aliquet of ethanol (40 nl,) was added,

lloating wvas comtinvaed for 30 min, Thoe solution was cooled,
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poured iBio vater and extracted with other, The organic
phase was waghed, dried (Na2504) aﬁd evaporated to a yellow
0il, Distillation ir vacuo yielded K-(3'<hydroxypropyl)eo=
¢olusdine (2,86 g.° 44%) as & pale yollow oil b,p. 100-101°/
0,15 mm. (1222 b.op. 140°/0.4 mm.). (Pound: C,73.2; H,9.0;
¥,8.3., Calculated for Cpolysi* C,72.73 ¥,9.15; W,8,58).
Pho dibonzeate erystallised fron petroleum ether (bape
60-80%) as uhite prisms m.p. 140° (Fourd: C,77.6: H,6.1;
N,305. Calculated for 024B33503: Co77e2; H,6,2; H,3,75%)0
This product proved ideatical o material obtained from the

crude acyloin product by sodivm and alcohol reductionkua
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Reactions of 2,3,4,5-Fotrahydro=l-toluono=p=sulphonyle=

benz| flazepin-S5=cne

4,4.7,9-Tetrabromo=2,3,4,5=totrahydrobenz( flazepin-S=one

To a stirred solution of 2,3,4,5-tetrahydrobenz|f]azepin-

S=one (20,5 g.; 66 mmole) in chlioroform (300 ml,) was addod a
solution of bromine (20 ml,) in chloroform (S0 ml,). The
rosulvant fuming eolution was allowed 2o stand overnight, The
yellow preocipitate (27.3 go.; B6%) was colleocied and recrystaili-

sation from ethanol afforded 4,4,7,9-tetrabromo=2,3.%4,.5-tetrahvdro-

benz[ flazepin=S-ons (25,8 g,) as yellow priems m.p, 152=

153° (Fourd: Cp25,65 Holo7s W,2.9, Cldﬂ7Br¢$O roquires
Cn25.2; Hy1.5; N2, 10).'9 -
(C:O)o

" (EC1 disec) 3400 (NR), 1680 cma°1
The acetate crystallised from ethanol as white plates m,p.
o W . . . .
165-166" (Found: C,27.8; H,i.7; Br,61.0; §,2.9, CléﬁgBréﬁoa
roquires C,27.7; H,1,7; Br,61.6; N, 2,7%).

Hydrolysis of 4,4,7,9=tetrabrome=2,3 .4, S=tetrahydrobenz| £]

azopin=-S5-onoe

A miziuro of the tetrabromoketome (11,0 g,), ethamol
(250 ml,) and sodium bicarbonate selution (300 mi.: 10%) was
hoated under refiux for 4 hrz, The mixture was cecoled and
oxtracted vith chloroform. The organic phase was washod, dAried

and evaporafted to a dark brown tar (7,0 g.). Chromategraphy of
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the tar op silica gel (banzens elution with increasing
concentrations of chloroform) gave the startiing tetrabronide
(1033 8.) mop, and m.m.p. 152-152°,

Furthey eluéion yielded a yellow solid (3.7 g.)-
Recrystallisation from petroleum ether (b,p. 60-80°) gave

4.7 .9=tribrono~2.3,4,5=-tetrahydrobonz| £lazepin-S~one (2,9 g.)

as a fine yellov powder m.p, 107° (Found: €,30.0; H,2.0; Br,60.4;
N,3.4%, CloﬁeBr3N0 requires C,30,2; H,2,0; Br,60,3; H,3,5%)
‘%E&x; (EC1 @isc) 3368 (NH), 1675 cme™> (C=0).

Continued olution gave a pale green solid (0.154 g.)
8o Po 38990° recrystallisation from ethanol afforded yellow

noedles of 7,9-dibromo-2,3 4,5=tetrahydrobonz| £]azopin=S-one

(80 mg,) mop. 91°. (Found: C€,37.3; H,3.0; N,4.3. €, oflgBr 10
requires C,37.6; H,2.8; N,‘h‘l%)?na: (KC1 disc) 3316 (RH),
1667 cm,”t (C=0). The dinitrophenylhydrazone crystallised from
ethyl acetate as fine dark red neadles m,p. 276°, (Pound:
c,38.,7; H,2,8; Br,33,4; N, 12,6, 6163133r2l504 requires
C,38,4; H 2,65 Br,33.3; N,12.6%),

Ono other fraction was obtained as a gum (0,557 g.) om
continuod slutionr, and this could not be idontified,

7 . 9=Dibroro=2.3 .4, 5-tatrahydrobenz| £ |azepin~5=o0no

A mixture of 4,4,7,9=tetrabromo=2,3,4,5-tetrahydrobenzg| 2]
azepin=S~-ono (4.8 g.y 0.0l mole), zinec dust (20 g,) and methanol

(150 nl,) was heated under reflux for 2 hrs, The mixture was
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cooled ard filtered through kiesclguhr, poured into water and
extracted with ether, The organic layoz was washed, dricd
(Naasoh) and evaporated to a pale yellow golid (3.03 g.% 95%).
Recrystallipation from ethanol affordsd 7,9-dibromo=2,3,4,5=
totrahydrobenz{ £ ]Jazepin~S=one (2.8 go) m.p. 90-91° undopresgod
on admixture with a sample previously obtained,

Acetylation of the dibromo ketone in acetic anhydride/
pyridine had no offect, but refluxing acetic anhydride containing
a drop of concentrated sulphuric acid gave afier working-up

S=acotoxy=l-acatyl=7,9-dibromo=2,3=dihydrobenz| f]azepine

mopo 1571582 as fire white needles from ethamol, (Found:
C,41,93 Hy3,2; N 3.3, claﬂllBraﬂoa requires C,41.7; H,3.2;
NQBaB%).))maxo (RC1 disc) 1732, (C=0 cnolacetate) 1650 cmoal
(C=0 amide),

Reaction of kn?,9wtribromo~2qjﬂhmﬁ-totrahgdrobenz[flazeginmig

ong with zinc and methanol

A mixturo of the tribromo ketone (1 g.), zinc duat
(5 g.) and methanol (50 ml,) was refluxed for 2 hr, Workinge
up as before gave 7,9-dibromo=2,3,4,5-tetrahydrobenz| f]azepin-
S~0n0 (0.6 £o) M.p. and m.m.p, 88-50°,

4,.7,9-Tribromo=2,3,.4,5-tetrahydrobenz| f Jazopin-S=o50

fo a stirred solution of 7,9-dibromoc2,3,4,5-tetrahydrobens| £]
azepin-S5-ope (1,85 g,) im chloreform (50 rl,) was added bromine

(0.32 ml,) in chleroform (10 ml,), The solution was lof%
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overnight, washed with sodium bicarbonste solution (10%), water,
dried, (Haaso#) and ovaporated to a green gun. Recrystallisation
frem ethanol yiolded the tribromide (1.59 g.; 59%) m.p. and
me@ep. 207%,

Bydrolysis of 4,7,2:tribrono=2,3n4,5otetrahydrobenz!flazoginw
5-ome

Tho tribromo amino ketope (0.24 g.) and potassium
bicarbonate solution (20 ml,, 5%) was heated under reflux for
8 hrs. The solution was cooled and extracted with chioroform
(2 = 20 rl,). The organic extracts wore bulked and dried
(N“asot;) and evaporated to a green gum, Chromatography on
neutral alumina, with benzene elution, gave traces of the
starting material, and ?;Smdibrom092°3,4°5etotrahydrobenz[f]
azepin-5=-oneo, (identified by T.L.C.), followed by a yellow
gun (70 mg,) vhich was vecrystalliised from petroleum ethez
(b.p. 60-80%) to give a yollow powder (40 mg,) mop. 155-
156°, No structure could bo deduced for this compound,
(Found: C,36,0; “o"’°‘*%’-‘}mm(m diac) 3330 (NE),

1664 ca,”t (C=0).

The dinitropkenylhydrazone crystalliged as finso red necdles
M, Pa 304-305° from ethamol, (Found: Co37.3: H,2,13; N, 14,3%).
No structure could be deduced foxr this compound,

Attempted dedydrobromination of 4.7.9«tribromo-2,3.4,.5=

tetrahydrobenz] £ Jazepin-S-one

Anhydrous lithium chloride (5,0 g.) was added to a
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solution of the tribromoketore (0.5 g.,) in dimethyl formamide
(30 ml,), and the mixture was heated under reflux for 1 hr. The
resultant solution was cooled, poured into water, and exiracted
vith ether, The organic phase was washed, dried (532804) and
evaporated to a gum, Recrystallisation from ethanol yielded

7 ,9=dibromo«é=chlore=2,3,4,5~tetrahydrobenz| f|azepin=5=0n0

(180 mg.) as yellow blocks m,p. 117° (Found: Co34,.3; H,2.7.
CloﬂaBracINO requires C,34.0; H°2°3%)})max, (XC1l disc)
3379 (WE), 1674 em.”! (C=0).

Attempted Dehydrogenation of 7,9-~dibromo=2.3.4 5~
totrahydrobenz| f Jazopin-5-one

A solution of the dibromo aminoketone (320 mg.) and
2,3~dichloro~5, 6=dicyanobenzo~1 ,4~-quinone (500 mg,) in
xylons (25 ml,) was heated under reflux for 6 hr, The solution
vas poured into ether and extracted twic¢e with alkaline sodiunm
dithionite solutioa (20 ml,, 10%), The organic phame was
ovaporated in vacuo to give a yellow solid (320 mg.).
Recrystallisation from ethanol gave recovered starting
matarial (200 mg,) M.Po and M.MB.Po 90m91°,

Reaction of 7,9=Dibromo=l,2,. 3 4~tetrahydrobenz| flazepin-5=-one with

Selenium dioxide

To a solution of the dibromo ketone (0.8 g., 2.5 mmole)

in glacial acetic acid (15 ml,) was added a solution of
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seleniunm dioxide (0,3 g.:; 2.5 mmole) in water (2 ml.).

The solution was heated under reflux for 3 hra. and cooled,

ether (50 ml,) was added, and then the solution was filtered.

The filtrate was washed succesively with water, sodium
bicarbonate solution, water and then was dried (Nazsok) and
evaporated to a dark gum, Chromatography on neutral alumina
gave traces of starting material followad by a yocllow gum
(200 mg.) which failed to crystallise. The infrared spectrun
éf this gum showed bands at 3430 (NH), 1737, 1680 cm."l

(C=0). The material (200 mg,) and o=phaenylenc diamine

(150 mg,), were dissolved in ethanol and heated under refiux

for 1 hr, The ethanol was removed by distillation and the

residue vag chromatographed on neutral alumina, Benzene eluted

a yellow solid which was recrystallised from petroleum ether

(B.Ds 6ou80°) $0 yield yellow nsedles of the quinoxaline

derivative of 7,9-dibromo=~2,3,4, S5-tetrahydrobenz| flazepin=4, A S«

dione (62 mg,) M.P. 173% (Found: c,47.7; H,2.8; W,9,9,

c16H113r2N3 requires C,47.4; H,2,7; N,10,4%),

Hydrolysis of 4,4.7,9-tetrabromo~2,3 4, S5-tetrahydrobenz(f]

azepin-5-one

The tetrabromo ketone (1 g.,) was hydrolysed as
describaed previously (page 86) and the tarry rasidue (0.327 g.)
isolatad as befora was dissolvad in ethanol (20 ml,), o-

pherylene diamine (200 mg,) was added and the solution was
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heated undey reflux for 2 hr,, then evaporated to dryness,
T.LoC. revealed the presenca of trace quantitiez of the
quinoxaline isolated in the previous experiment. The roéidne
was not furtheor investigated,

Attempted Hydrolysis of 4,4.7,9-Tetrabromo«2,3.4,5-totra~

hydrobenz| f lazepin=5-one

The tetrabromoe ketone (1 g.) was suspended in oleunm
(20 m1,) at 0° and left 16 hrs, The resultant homoganeous
solution was poured into crushed ice (200 g.) with stirring.
The precipitate was extracted with ether and on working-up gave
a quantitative recovery of the starting material n.p., and
m.m.p. 151-152°,

Attempted dehydrohwromination of 4,4,7.9-tetrabromo~2.3,4,5-

tetrahydrobenz| £ lazepin~S-ona

To a solution of the tetrabromo ketone (2 g.) ir banzens
(40 ml,), was added sublimed potassium-tbutoxide (0,47 g.).
The mixture was heated under reflux for 30 min., then allowed
to stand at room temperature for 16 hrs, The mixture was
treated with active charcoal (100 mg.) and kieselguhr (2 g.)
and warmed for 5 min,, thén £iltered., The filtrate was
evaporated to a red gum (1.3 g.), vhich on recrystallisation
from ethanol gave the starting material (1 g.) m.p. and
Memops 149-151°,

The mother liquors were found by T.L,C., to contain a

complex mixture of polar substances and were not further

'S . » -
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Reaction of &4,4.7,9=-tetrabromo«2,3,4 5-tetrahydrobenz| £}

azepin«S-one with potassium~t-butoxide in dimethyl sulphoxide

To a solution of 4,4,7,9=-tetrabromo=2,3,4,5~tetrahydro=
bonz[ f JazopineSeone (2.4 g.; 5 mmole) in dimethyl sulphoxide
(30 ml.) was added sublimed potassium~twbutoxzide (0.8 g.;

7 mmole). The red solution waz left in a stopper=d flask
overnight at roem temperature, thon poured into water and
extracted with ether, The organic phase was washed, dried
(Naasoa) and evaporated %o a red gum (1,95 g.). Chromatography
of the gum on silica gel (benzene elution) gave tho starting
material (0.95 g.) contaminated with a trace of red material,

Further elution with benzene ether gave a red gum
(0.5 g.) which was rechromatographed (see balow). Ko
other fractions were collected,

The red gum (0.5 g.) was rechromatographed on neutral
active alumina which caused extensive decomposition, Bonzone
other gradient clution, eluted varipus trace quantities of
coloured materials which were not investigated, BEther elution
yielded =a yollow‘solid vhich on recrystallisation from
benzene gave a yellow powder (60 mg.) m.p. 220-221°for
wvhich no structure could be deduced from elemental analysis.
(Found: C,37,3; H,3.2; N,B,le%),g
1662 em.”t (C=0).

(Nujoi) 3390 (WNH),

maX,
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4-Bromo=4w~ethoxycarbonyl-1-toluene-p~sulphonyi=2,3.4,5=tetra=

hydrobenz| £ |azepin=5-one

To a solution of 4«ethoxycarbonyl-l-toluene-p-suiphonyl~
2‘,3‘,l«-,,'5-*l'.e‘trahydrolmx:az[f’]aze:pi.no-s--cu?a9 (11.¢ g.) in chloroform
(150 ml,) vas added bromine (4,8 g,) in chloroform (50 ml,) with
stirring, After 2 hrs., the solution was washed with an aqueous
solution containing sodium bicarbonate (5%) and sodium thiosulphate
(5%), then water, dried (Nazsoh), and evaporated in vacuo to o
thick yellow syrup (12.8 g.; 92%). Recrystallisation from

ethanol. afforded white prisms of the desired product mop,

20720
C,51.5; H,%.3; N,3.0%).Q pax, (Nujol) 1740, 1704 em, "t (C=0).

78-79° (Found: C,51.6; H,4.45; N,3.4. C..H BrNOS requires

Attempted Dohydrobromination of 4-Bromo«f-ethoxy

carbonyl=l~tolucneep~sulphonyl=2,3,4, 5=tetrahydrobenz

[ £lazepin~5=0no

The bromo ester (2.9 g.) was dissolved in collidine (25 ml,)
and heated under reflux in a nitrogen atmesphere for 6 hrs., The
dark reaction mixture wag cooled and poured into ice and diluto
hydrochioric acid (4N) and extracted with chioroform. The
organic layer was washed, dried (N825Q4)° and evaperated in
vacuo to a dark gum, Crystalligation from ethanol yielded
2,3,4,5=totrahydro-l-toluene-p-sulphonylbenz| f Jazepin=5~one
(1.1 g.) mopo 122-123° (11t.%” m,p. 126°), identified by
infrared comparison with an authentic sgample.

Concentration of the mother liquors gave 4-ethoxy
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carbonyl=2,3,4,5~totrahydrobenz| £]azepin~5-one (110 mg,)

MoDe 117-119°g undepressed on admixture with an authentic

gample,

2,3=Dihydro-l=toluene=-p-sulphonylbenz| f Jazepine
To a solution of 2,3,4,S5=tetrahydrobanz|f}azepin=-5-one

(9,45 go) in ethanol (100 ml.,) was added sodium borohydride

(2,0 po) in small portions over 1 hr. The solution was left
overnight, acidified with dilute hydrochloric azcid (3N) and
extracted with ether, The organic phase was washed, dried
(Naasoh) and evaporated to an oil. A mixture of the o0il and
toluene~p-sulphonic acid (200 mg.) was heated at 160°/0,01 mm. for
1 hr, Cooling of the mixture gave a crystalline maess which was
dissolved in benzens and eluted through a short column of silica
gel. Evaporation of the eluaste and recrystallisation from ethanol
gave the desired product (8.0 g.; 89%) m.p. 106-107°, identified
by infrared comparison with a sample m.pe. 109°, praviously

preparedlzo

2,3-Dihydro-3=hydroxyel=toluens-p-sulphonylbenz| f]azepine
2,3=Dihydro~l=toluene~p-sulphonylbenz{f]azepine (9.0 g.),

in this laboratory,

N-bromosuccinimide (5.4 g.) and dry carbon tetrachloride

(120 ml,) ware refluxadlal

for 4 hrs., using a 200 w. bulb,
After cooling, filtration and removal of sclvent, the residue
wvas dissolved in acetone/water (l.4 1. 1:1) and the solution
was heated under reflux for 24 hrs, The acetone was distilled

off and the aqueous residue extracted with ether. Thoe organic
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phase was dried and evaporated to a crystallinemass (9.3 g.),
vhich was chromatographed on silica gel. The banzeno eluates
wvere discarded. Benzene ether (9:1) elution gave a white
solid (8.4 g,) vhich was recrystallised from benzene/petroleum
other (b.p, 60-80°) to give the product (7.3 g. 7?8%) as white
prisms Mop. 1110, identified by infrared comparigon with a
sample m,p. 111°D praviously preparedlao in thig laboratory.

2,3=-Dihydro~l~tolusnc~p-sulphonylbenz|{]azepin-3~one

Chromium trioxide (4,0 g.) was added in small portions
to pyridine (40 ml,) with swirling and cooling %o 0° over a
period of 20 min.laz. To the suspension of the chromium
trioxide/pyridine complex was added a solution of 2,3=dihydro-
3=hydroxy=-1~toluene-p~gulphonylbenz| f]azepine (6.3 g.) in
pyridine (70 ml,), with stirring and cooling to 0°. Phe mixturs
vas allowved to stand at room temperature for 16 hrs,, then
poured into ice and dilute hydrochloric acid (4N) and exitracted
vith ether (3 = 150 ml,). The organic layer was washed, dried
(Nazsoh) and evaporatved to a yellow sclid., Recrystallisation from
ethanol afforded the desired product (3.6 g.; 58%) as
pale yollow prisms m.p. 150-151°, identified by infrared
comparison with a sample m.p. 152e previougly prepared in

this laboratorylZP,

Reaction of 2,3-dihydro-l-toluene=-pesulphonylbenz|f]azepin-

3-one with sodium hydride

To a stirred solution of the azepinone (1.05 g.; 33 nmole)
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in dvy tetrahydrofuran (40 ml.), was added sodiunm hydride
(0.075 g.3 3 mmole) in an aﬁmosphera of nitrogen. Stirring
vag continued for 40 min, The desep purple solution was
quickly poured through a 2% thick pad of noutral alumina
(deactivated 20 hrs,) and washed with some ether (100 ml,).
fhe filtrateo was evaporated in vacuo at 30° to a crystalline
mass (about 250 mg.). Recrystallisation from othanol yieldad

2,2%bi{2,3~dihydro-3-oxo~benz| f]azepinylidena) (70 ag,) as

purple needles m.p. 158-159° (evacuated m.p. tube). (Found:
C,76.,2; H,4,8; N.8,9, 020314N202 requires C,76.5; H,4.5%
N,8.9%) mol, wt, (mass spec,) 314, c20H14N2°2 requires wol,
wt. 314,
2OBwDihydfobenz[f]azegigg

To a stirrod solution of 2,3,4,5-tetrahydro-1-tolueno-p-
sulphonylbonz| f Jazopin-5-ons (12,6 g.) in anhydrous liquid
anmonia under reflux, was added sodium in small peilotso until
the blue colour just persisted for more tham 5 min, Sufficient
amnonion chloride (ca, 50 mg.) to destroy the blme colour vas
added, then the ammonis was allowad to distil off, The regidvoe
was shaken with other and water., The organic layer was dried
(Ha,S0,) and evaporated to an 0il (6.4 go). The oil was
reduced with sodium borohydride in ethanol and the product was
isolated in the usual manner., Dshydration of the alcohol was
effocted in 2 Dean end Stark apparatus by azeotropic removal of

vater from a benzene solution of the alcohol and telueneep-
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sulphonic acid (50 mg.). The resultant solution was eluted
through a short silica gel column with benzene. Evaporation

of the eluate yielded 2,3-dihydro-benz[f]azepine (4,01 g.:

70%) as a colourless waxy so0lid m.p. 48°. 1den£1fi@d by infrared

40

. comparison with an authentic semple (lit, -~ b.p. 95-100/0,%4 mm.).

The acoiatg crystallised {rom aethanol as white prisms m.p. 66°

(Round: C,77.%4; H,7.1; N,8,0, C WO reoquires C,77.0;

12913
H,7.0; N,7.5%).

4=Bromo«2,3, 4, S5-tetrahydro«l=tolusne=p~gulphonyibenz| £]

azepin=5-one

The above compound was prepared by the method of Proctor39
and gave the bromo ketome (6,4 g.) m.p. 129@131o (11%,39
2.p. 132%).

The ethylene kotal of the above compound was propared by

refluxing a solution of the bromo ketone (3.6 g.) rodistilied
athylone glycol (2,5 ml,) and toluene=p—gulphonic acid (200 mg.)
in dry tolucne (120 ml,) im a Dean and Stark apparatus for

72 hrs. Bvaporation of the solvent followed by chromatography
or neutral alumina with benzene olution, gave the ethylene

ketal (2.8 g.) as white prisms m.p. 147° on recrystallisation

from ethanol, {Found: ¥, 3.2, L3 PrH'O4 requires

5
19 20"
"N,3.2%). The infrared spectrum showed no abgorption due %o

{(C=0) stretching.,



Ethylone ketal of 2,3-dihydro=1-toluene-p-sulphonylbenz(f]

agopin=3=-0ne

The ketome (3.0 g.), redistilled sthylens glycol (2 ml,),
dry benzene (100 ml,), and toluene~pesulphonic acid (300 mg.)
vere refluxed in a Dean and Stark apparatus, The solution
was cooled, washed with sodiunm bicarbonate solution (10%) and
vater, and then dried (Na2804)o Bvaporation of the solvent,
and recrystallisation of the residue from othanol yielded the
ketal, (2,9 g.) as white prisms m.p. 116", (Found: C,64,5;

H,5.6; #,3,9. 0195 NO,S require Co63.9; H,5.3; N,3.9%). Tke

19
infrared spectrum showed no absorption dus to (C=0) stretching.

Hydroxylation exzperiments

Attonpte were made to hydroxylate the following compounds
with the reagents shown. The %times of reaction and pereentage
recovery of starting material are given, No other compounds

woro isolated,
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Compound Hydrexylating | Solvent |Reaction | % Recovery of
, agent used time staring material
|
0504 ToH.F. 120 bhrsa, 86%
KHnO4 Acetonse (1,5 hrs, 70%
15,
KMnO,, Acetone |2& hreg, 80%
fic
080y, Ethor 150 hrs,| 59

Ethylens ketal of 4,5-dibromo=2,3,4 S-tetrahydro-l.toluene=p=

sulphonylbonz| f |azepit=-3-one

To a solution of the ethylene ketal of 2,5-dihydro=-l-telueno-
p=sulphonylbenz| f]azepine3~ono (0.9 g.: 25 mmole) in chloroform
(20 mnl,) coataining pyridime (1 drop) was addsd bromine (0.4 go;
25 mmola) in chloroform (10 ml,). Thoe solution was left at
room temperature for 3 hrs., washed with sodium hydrogen carbonate
solution, water, dried (Na2304) and evaporated to a gumn. Recrystalle
isation from othanol yielded the product (410 mg.) as white
prisns mop. 161-162°. (Found: C,43.9; H,3.8; N,2.7. Cygll, oBv, HO,S
roquires C,4%4,1; H,3.7; N,2.7%). The infrared spectrun showsd no

absorption due to (C=0) stretching,
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Attempted hydrolysis and deiaydration of the product from the

preceding ozperiment

.The dibromo ketal (100 mg,) was dissolved in aqueous acetone
(20 ml,; S50%) and heated under reflux for 24 hrs, The acetone
vas removed by distillation and the aqueous residuc was extracted
twice with ethor, Tho organic layer was dried and evaporated
to a gum (70 mg.). The infrared spectrum showed abgorption in
the (OH) stretching regiomn but nc peaks dus to (C=z0) stretching.

Without further purification the gum was hsated with
toluene«~p-sulphonic acid (5 mg.) at 150°/0,1 mm. for 1 hr.
Chromatography of the residue om gilica gel, with benzens othow
(i9:1) elution, gave a gum (30 mg,) which failed to crystallisc.
\)mxo 1755, 1682 cm,”t,

-Benzyl-l~tolueno-pesulphonylanthranilic acid

A mixture of methyl-N-toluene-pwsulphonylanthranilate
(31 g.; 0,1 mole) benzyl bromide (18 g.; 0,11 mole), anhydrous
potassium carbonate (i5 g.), and dry acetone (200 ml,) was
heated under reflux for 6 hrs,

The insoluble solids were removed by filtration and the
filtrate vas evaporated to a thick oil, Chromatography of the oil
on silica gel with beonzenec elution, pave (after dissarding the
fore-run containing benzyl bromide) a thick oil (37 g.) whish gave
a single spot on T.L.C. The oil was dissolved in aqueous methanol
(250 ml,; 50%) and sodium hydroxide solution (50 ml,; 20%) and

rafluxed for 1 hr, The coolad solution was extracted with othor,
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The aquoous phase was separated and acidified with dilute
hydrochloric acid, The precipitate was filtered off and

rocrystallisation from aqueous methanol afforded Hebenzyl-li-

toluone=p-sulphonylanthranilic acid (31 g.; 82%) as white
neodlos mop, 160-162°, (Found: C,66.1; H,5.0; N,3.95;

5,808.. 0213193048 requires 0,6602; H,5.,0; N,3.7; soaa%)o

N-Bonzyl-N-toluone~p-sulphonylanthraniloyl chioride

H-BonzyloN-toluone-p-sulphonylanthranilic acid (31 g.), and
thionyl chloride (20 ml,) wero heated together under roflux for
1 hr, Tho ;xcess thionyl chloride was removed by diaﬁnationD

leaving the acid chlorido as a yellow crystalline fuming solid.

The acid chloride (1 g.) and aniline (1,5 g.) were dissolved in
benzone (30 ml,) and heated under reflux for 30 min, The coclod
solution uaé vashed with sodium bicarbonate solution (10%) dilute
hydrochloride acid (2N) and water,  dried and o;aporatod to a yellow
golid., Recrystallisation from ethanol yielded the an;lidso asg £ine
yellow prisms m.p. 132°. (Pound: C,70.7; H,5.2; N,6,2, C27Ba~!2938
requires C,71,0; H,5.3; N,6.15%).

Attempted Friedel-Crafts cyclisation of N-Benzyl-ilstolueng=p-
sulphonylanthranilogl chloride,

To a stirrod solution at =75° of the acid chloride (31.6 g.)
in mothylene chloride (500 ml,) was added aluminium chioride
(25 g, finoly powdered). The mixture was allowed to come to

room temperaturo cver 4-5 hrs, The mixture was poured inte o
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mizture of ice and dilute hydrochloric acid (4%), shaken and
gseparated. The organic layer was washed with di}uta godiun
hydroxide solutien (2N), water, thon dried (NaasOA) and evaperated
to a y?llow 0il, Chromatography of the oil on smilica gel,
vith benzeneo elution gave a white solid m,p, 65-67°which on
recrystallisation from petroloum athor (b.p, 60-80°) afforded
toluene~p-sulphonyl chioride (3.8 g.) m.p. 68-69° undopressed on
admixture with an auvthentic sample (litolas m.po 69%).

Further elution with benzenc gave a pale yellov solid

which on ropeated recrystallisation from ethanol yieldsd a subgtance

(1,2 g.) as yollow needles m,p. 171° (Found: C,69,2; H,4,85;
N,3,953 $.9.3. 621H17H038 requires C,69,4:; H,4,7; K,3.9; S,8,8%)

21317 3 B2aX,

m,w, found (mass gspec, ) 363, C_.H. . NO rsquirés 363,-»
(Fujol) 1634 em.™  (C=0). N.M.R., data are reported in the

appendix,

Reduction of unkmown gubstance from the above exzperiment

The substancs m,p. 1719 (450 mg.) vas reduced with sodium
borohydrido/othanol by standard procedurees to yield on recrystall-

igation from ethanol whito prisms of a substance (200 mg#) DoPo

147-148° (Found: C,68.7; H,5.13 N,3,7. C §O.S requires

21719
c,69,0; H,5.2; N,3.8%8)., N.M,R, data are roported in the appendiz,
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) d ©

:, A H;_C Od.c—ﬂac‘H3
@) iillﬂ » @G O
)L x.§d,,cgwccu§4%gzﬂ5
\ Ethyl N-(o-ethoxycarbonyl
methylphenyl)oN-tolue;a—pe
(“) [ Q k sulphonylglycine.,
Cc

) Integral:~ 8:8:5,7:3.

T values:~ (a) 2.4=3.2 (m); (b) 5.6=6.4 (m); (c) 8,74,8.81 (2 x
t); (e) 7.6 (8)

3<-Ethoxalyloxindole

Integral:- 4:1.,2:2:3:1.

T values:- (a) 2,75 (m); (b) =4.15 (s); (c) 5.57 (g); (d) 8.74 (%)
(e) =2.0 (s).

2~Ethoxycarbonyl~3+-hydroxy=

quinoline.

Integral:= 5:1,5:2:3
T values:~ (a) 2.2=2.7 (m); (b) -0.45 (8); (c) 5.35 (q);
(d) 8.46 (t).

(s) = singlet, (t) = triplet, (gq) = quartet, (m) = multiplet
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[/\l/'{ O CHa
O&C;:;C.HJ Diethyl~(3~0xo~2«indol=~

( D) inylidene )=malonate.
Integral:~ 3,7:3.7:6:1

“T-values:= (a) 2.2=3.2 (m); (b} 5.56,5.69 (2 x q); (c) 8.61,8.69
(2 x t); (d) 0,78 (8).

b ©
/ 0aCHaClly

GaCHCHy
b @ 2,3,3=Triethoxycarbonyl-~

Y ; G»Z.gs 1,2,3,4=tetrahydroquinol~4=one,
Integral:e 436:9:1:1
“Tvalues:~ (a) 2.2=3.1 (m); (b) 5.4=6.3 (3 x q)s (c) 8.67,8,79;
9.2 (3 x t); (d) 5.32 (s8); (e) 4.24 (8).

2,3~dihydro=l=toluens=p-

% sulphonylbenzi f]azepin=3=one
G»[ }@ Integral:= 8,5:1:1:2:3.

T valueg:~ (a)&)&a-BoO {(m); (b) 3.2 (d); (c) 4,25 (4&); (4) 5.2-
€,0 (m); (e) 7.6 (=).

(s) = singlet, (d) = doublet, (t) = trivlet, (g) = guarte:,

(m) = multiplet .
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Bis(2,3~dihydro=3«ox0~

benz{ flazepinylidens).

Integral:= 4:1:1:0,7

T values:~ (a) 2,6=3.4 (m); (b) 3.05 (d); (o) 3,76 (d);
(d) “009 (')o

2,5=Dihydro=l=toluene=p=
sulphonyl=dibenz{ c,f]azepin=5=0i
Integral:= 8.8:4,6:1,9:13

2,5=Dihydro=5-hydroxy=l-
toluens-p-sulphonyl=dibenz{c,f]

azepin-5-one,

Integral:= 13,5:0,8:0,7:1.8:3

’T’values:- (a) 2.3=3,0 (m); (b) 4,2 (8); (c) 7.25 (s); (Q) 5.0 (4)
(e) 7@62 (8)0
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