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SUMMARY

Nitration of tropolone yields a mixture of X- and
(-mononitrotropolones which are oriented by isomerisation,
via thelr methyl ethers, to o- and p-nitrobenzoic acids
respectively. Of the derived amino-tropolones the Y-
lsomer 1s also produced by reduction of tropolone coupling-
products and 1s convertible into Y -hydroxy-, \ -halogeno-
and.“-cyanotropolone: it also undergoes the Skraup re-
action, On the other hand, dlazotisation of o -amino-
tropolone yields much salicylic acid. Nitration of -
bromotropolone yields the Y-nitro-derivative.

Y-Cyanotropolone 1is used to prepare Y-carboxy-
tropolone and Y-aminomethyltropolone. ™ -Carboxytropolone
is synthesised via a condensate of plmellc and oxalic
esters, Thls condensate 1s proved by 1ts reactions to be
l:4-dicarbethoxycyclohepta-2:3-dione and on bromination -
dehyd robromination, it affords cxd/-dibromotropolone.

The conversion of tropolones into chlorotropones
is described and halogen mobllity in these compounds and
in halogenotropblones is exemined with especlal reference
to mercaptide reagents which, in most cases, can exhaustive-
ly replace the halogen substltuents, Some inclidental re-

arrangements are noted.



The interaction of ethyl oxalate and di-}%—
cyanoethyl sulphide - examined in course of preliminary
experiments on the synthesis of heterocyclic analogues
of tropolone - leads to a sulphur-free compound which is
identified, by hydrolysls and degradation, as 3:6-

dicyanocatechol.



CONTENTS

Introduction ......ccecoceeee

® ® 6@ 69 00 000 000

Orientation and Substitution in Tropolones .

1) Nitration of Tropolone ......eceeeees
2) Diazocoupling of Tropolone ..........
3) Nitration of ™ -Bromotropolone ......

® e s 00

¢ s 0 o0

4) \-Aminotropolone and related compounds ...

Synthetlc Tropolones ......cceeeeeeescnasces

1) l:4-Dicarbethoxycyclohepta-2:3-dione
2) d-CarbOthrOPOlone ® & & &6 6 5 0 8 8 s 00 0 00 00

LRI

e 0 00

3) q/O(/—DibrOmOtrOPOlOne ® @8 09 0 s 2R esEsETTE

Halogenocycloheptatrienones ......eeceececocancss

Anionoid Replacement in Substituted Tropolones ..

Reactions of the Hydroxyl Group in Tropolones ...

APPENDIX

Heterocyclic Tropolones ...cecececsceccccccsne

Experimenta‘l 9 8 0 06 0 00 5 0 0V 9 00 OGSO SC O OSE NSNS S

e e o s

40

46



INTRODUCTION

The existence of a new class of natural product has
recently been established, in which the common structural
feature 1s the seven-membered carbon ring. The hypo-

thesis of a cycloheptatrienolone (tropolone I) ring system

3
in such compounds was first conceived by Dewar as a basis

for Interpreting the otherwise perplexing behaviour of the
mould metabolite, stipitatic acid II,

O O©OH O OH

I IT

This illuminating proposal has been substantilated
C &3
by the synthesis of this acid, and many more natural pro-

ducts have been investigated and found to incorporate the

tropolone nucleus as a unit of their structure, Two
2

other mould metabolites, puberulic acid III and puberulonic

¥y

acid IV have been recognised as tropolone derivatives,
61,8

whilst the o -, p- and y-thujaplicins V, obtained from

Faom

the heartwood of Western red cedar, and purpurogallin VI,
an oxidation product of pyrogallol, are likewise found to
contain the tropolone grouping and have been synthesised.

12
The alkalold colchicine VII isolated from the autumn crocus



almost certainly

methyl ether,
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possesses the ring system of a tropolone
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It lies beyond the scope of this monograph to dis-

cuss fully the elucidation of structure in these natural

products, but an outline of the synthetic approaches to

these compounds and an account of their more detailed

chemistry are relevant,

SYNTHETIC TROPOLONES

The first synthesis of a tropolone was reported by

Cook & Somerville in 1949, when they obtained

o B ~benzo-

tropolone VIII by dehydrogenatlion of the appropriate

benzocyclohepta-l:2-dione:-



VIIT
Thelr scheme of synthesis was found to be adaptabls to
the preparation of other tropolones and, in 1950, this
research group was successful in synthesising the parent

14
of the series, tropolone itself, from cyclohepta-1:2-dione:-

D=3~ G

I
This dehydrogenation technique is perhaps the most general
for the synthesis of tropolones, The cyclohepta-1l:2-
diones are obtained by oxidising a reactive methylene group
in the appropriate cycloheptanone, particularly by means of
selenium dioxide, Successful dehydrogenations have besn
achieved with 10% palladium charcoal in boiling trichloro-
benzene, although the mosﬁ effective method involves the
bromination of the appropriate cyclohepta-1l:2-dione and
subsequent dehydrobromination. By the same process, Cook,

7
Raphael & Scott synthesised the three thujaplicins.



The structural characterisation of ’B-thujaplicin
(hinokitiol) including 1ts synthesis has also been reported
by a Jepanese research team under Nozogﬂin an extensive
chemical study of this natural product, This team evolved
the same synthesis as Cook et al, for ls—thujaplicin, and
concurrently with the latter authors, achieved a similar
synthesis of tropolone?

Of considerable importance in the tropolone field
are the investigatlions of Dosring & Knox In America and
Haworth & Hobson in Britain, These groups almost simul-
taneously with Gook et al, reported the formation of tropol-
one in two further distinct syntheses,

The simple two-step route adopted by Doering & Knoxm
depends on the formation of cycloheptatriené iX by ir-
radiatlion of a benzene solution of diazomethane with ultra-

violet light and the subsequent oxidation of this product

with permanganate :-

=

’IX I
Although the amount of tropolone isolated is extremely
small, l%, the possibilities are great, as the materials
required are relatively inexpensive and easy to obtain.

These authors have further progressed with this method



resulting in the recent preparation of a number of Y-
1

alkyltropolones,

The method of Haworth & Hobso;mﬁnvolves the degrada-
tion of purpurogallin, and it is noteworthy that this
treatment furnishes a number of difficultly obtainable
P—derivatives of tropolone, It consists in the stepwise
oxldation of purpurogallin to F—carboxytropolone X and

culminates in the decarboxylation of this compound:-
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A fifth synthesis of tropolone has been devised by
22
Knight & Cram, They investigated the acyloin condensation
applied to ethyl pimelate and were successful in isolating

the 2-hydroxycycloheptanone XI in ca, 50/ yield.,  Direct



oxidation to the dione could not be realised, but bromina-

tlion - dehydrobromination resulted in the formation of

tropolone :- QO oW O oM
Bto,c Co &t
b dn )
s —_— —_
cHe C“z
\\41
XI I

Very recently, Leonard & Robinsogéhave reported the
isolation of 3:7-dibenzyltropolone XIII from the lsomerisa-
tion of 3:7-dibenzylidenecyclohepta-1l:2-dione XiI in
hydrogen bromide - acetlc acid solution, The dibenzylidene
compound was obtained by condensation of cyclohepta-l:2-

dione with benzaldehyde in ethanol containing piperidine:-

TR R
Ph.cn = =CH .Ph . Phed,— ch, Ph
XIT XIII

Many attempts have been made to obtain tropolone and
its derivatives by direct synthesis. Dewar described the
unsuccessful condensation of mesityl oxide XIV with ethyl
oxalate in presence of potassium ethoxide as early as

1945 :-
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Other more recent attempts by Cook, Raphael & Scott in-
clude the reaction of sodionitromalonyldialdehyde with
diacetyi? sodionitromalonyldialdehyde with cyclodeca-1l:2-
dioneuand maleic dilaldehyde with hydroxyacetone or methyl
ethyl ketone. In none of these condensations could any
tropolonoid material be isoiated.

Not every attempt met with failure, however,
Scott & Tarbelf7synthesised Fy-benzotropolone XV from
o-phthalaldehyde and hydroxyacetone, whilst Bartels, Keith
& Johnsoﬁ%have devised a neat synthesis of stipitatic acid

II from 1:2:4-trimethoxybenzene by reaction with diazoacetic

ester.
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GENERAL PROPERTIES OF TROPOLONES

The tropolones are crystalline solids and can be -
frequently purified by reason of the ease with which they
undergo sublimation, They have an acidic strength
intermediate between those of phenol and acetic acid and
react, in most cases, with sodium hydrogen carbonate and
form coloured salts with alkali which are, generally, in-
soluble in the alkaline mother liquor.

As enols, the tropolones give an intense colour with
ferric chloride solution and form typical coordination com-
plexes ﬁith various metals, In particular, formation of a
chloroform-soluble copper complex 1s characteristic of the
series.

The tropolones form ethers with various alkylating
agents, Methylation of an unsymmetrically substituted
tropolone produces, as expected, two isomeric ethers.

No carbonyl reactivity is apparent in the tropolones
and atbtempts to prepare ketonic derivatives have not, in
general, met with success.

The fact that tropolones are fairly resistant to
oxidising agents is implicit In two of the methods of pre-
paration, but reaction with alkaline hydrogen peroxide can
lead to ring fission and formation of aliphatic dicarboxylic

aclds, Hydrogenation of the tropolone ring system is



possible, but the resulting product is usually a complex
mixture.

Reaction of the tropolcnes with potassium hydroxide
or of their methyl ethers with sodium methoxide can result
in their isomerisation to benzenoid compounds, As a means
of identifying the position of a group in the tropolones
this rearrangement, which is of the benzilic acid type, is
of the utmost importance,

The basic character of the tropolones 1s revealed
In their formation of salts with acids, This remarkable
property can be explained by assuming that a stable con-
Jugate acid cation XVI is formed, the positive charge being

borne by the two oxygen atoms and distributed throughout

the ring.
HO oH H'o- OIH T
}
7\ i
<~ / X
2~
XVI

Substitution by electrophilic reagents rather than
addition takes place wlth the tropolones. According to
quantum mechanical calculations made by Dewar, substi-
tution should occur alﬁost exclusively in the Y-position
and although this prediction is only approximately ful-

filled in the case of nitration and is not in accordance
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with the results of bromination, yet 1t appears to hold
for diazocoupling.

An X-ray Investigation of copper tropolone by
Robertson“haé shown that the ring system 1s a flat regular
heptagon with one of the two oxXygen atoms more closely
bound to the ring than the other.

Finally, the aromaticity of tropolone cannot be ex-
plaired simply by resonance, Involving masking of the
ethylenic and carbonyl functions, conveniently represented
by XVII, as implied in its chemical formulae, The 1:2-
bond of tropolone possesses some double-bond character and
is indistinguishable from the other bonds in the ring, A
more correct pilcture of tropolone would be deplcted by

XVIII. . h o

b A -k

XVII XVIII
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ORIENTATION AND SUBSTITUTION IN TROPOLONES

The orientation of substituted tropolones has
presented its investigators with a frequently.difficult
problem, It has been recognised that Dewar's prediction
'that substitutibn of tropolone should occur almost ex-
clusively in the Y-position' is not applicable in every
case, This is evinced in the results of bromination,
where Cook et‘aff have reported the formation of a scarlet
bromine complex with tropolone, which yields a mixture of
tropolone, o -bromotropolone and w/-dibromotropolone
on decomposition with alkali, A more practical approach
based on isomerisation to benzenold compounds has not al-.
ways been possible and it might be that nitro- and amino-
tropolones would act as key-compounds in orientation,.

This procedure has been essential in the benzene series and
has already been recognised by Haworth & Hobson on F-
methyltropolong and Nozoe et al, on hinokitiolizmethyl-
tropolangsand tropolone?ﬂg |

With this possibility in mind, the nitration and
diazocoupling of tropolone was investigated and the posi-
tion of substitution established by isomerisation of the
products to benzenoid compounds of known structure. The
investigation was extended to the preparation of some
important reference compounds based on the products of

nitration.
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NITEATION OF TROPOLONE

Tropolone in acetic acid was successfully nitrated
with nitric acid (S.G. 1.42) in acetic acid, molar quan-
tities of nitric acid being used. Two yellow, crystalline
mononitrotropolones were isolated from the reaction mixture.
These mononitrotropolones are acidic substances, dissolving
with effervescence in aqueous sodium hydrogen carbonate
and give a green colour with alcoholic ferric chloride.
They were individually separated by fractional crystallisa-
tion of their sodium salts from water or of the free acilds
from benzene,

"he bulk (40%) of the mononitrotropolone mixture

consisted of _l—nitrotropolone, m,p. 194° in sealed tube,
which gave a methyl ether, m,p, 224° in sealed tube, on
methylation with dilazomethane in ether-methanol, & -Nitro-
tropolone, m.p. 1550, obtained in 10% yield, also afforded
a methyl ether, micro- m.p. 1270, on methylation with diazo-
methane.

In accordance with the methods of Fernholt;b& Doer-
iné? when ®{-nitrotropolone methyi ether and Y—nitro-
tropolone methyl ether were heated with sodium methoxide
in methanol and subsequently hydrolysed, o- and p-nitro-

benzolc acids were formed respectively and were identified

by comparison with authentic samples. These could only
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have been formed by a modified benzilic acid type rearrange-
ment of the mononitrotropolones and consequently the posi-

tion of the nitro group in the mononitrotropolones must be

o~ and Y- respectively. ™

(Ry0 g ‘\: .~ OCHz

OCH = OH ocH CDZ CI"\3
Uizo | !
- "y
Q —_— —_— ‘ !
CH3DH CH30R /‘.
NO
No, E

The structure of the «-nitrotropolone was further
confirmed by reduction with sodium hydrosulphite to the
amino-compound, miéro- m,p. 86°, which was diazotised to
obtain an o-hydroxytropolone. In accordance with the
rearrangement described by Nozoe ef al? for X-amino-
hinokitiol, a small quantity of sallcylic acid together

with some tropolonoid material was obtained, This re-

arrangement is accounted for as a modified benzilic acid

change,
© OH
1 Y N
X~ -y K\\ <‘;“ :._> X \ —
Hz0
= =
Hoge oy O H
Y/ )
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(where X is the amino-group and, in the course of diazo-
tisation and héating, is transformed into the hydroxyl
group). |

Nitration of tropolone was also effected with
nitrogen tetroxide in light petroleum, The procedure
adopted was similar to that described by H, Wielan&éfor
the nitration of phenol and it is interesting to note that
in this non-ionic environment, the products formed are the
same as in the ionic (nitric-acetic acid reaction), namely,
o/~ and X-nitrotropolones.

Tropolone in strong acid solution is knowvn to be
resistant to substitution, due, presumably, to the formation
of a stable conjugate acid cation, In concentrated sul-
phuric acid, however, tropolone and potassium nitrate were
found to react, The reaction, which was carried out at
room temperature, was complete in 16 hours and small amounts
of o= and Y-nitrotropolones were isolated.

Nitration with dilute nitric acid was not successful,
although in one experiment some YN-nitrotropolone was obtained.

Doering &_Knoiéhave described a mononitrotropolone,
m,p. 191° (dec.), formed by the reaction of tropolone with
cold dilute nitric acid which is probably identical with
the above \~nitrotropolone. Another investigation on the

da
nitration of tropolone by Nozoe et al, has also resulted
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in the isolation of a mononitrotropolone from a nitric-
acetic mixture in a similar manner to that described

above. The latter authors encountered difficulty in
orientating the products of nitration. They obtained

one mononltrotropolone and originally regarded it as the
ortho derivative. This was based on reduction to the
amino compound, which by mixed m,p. with an authentic sample
of *—aminotropolone, showed depression, Similarly the
amine picrate showed depression of m,p, when fused with an
‘authentic sample of %-aminotropolone plcrate, In a later
reportf.however, they identifiled this mononitrotropolone as

the (-compound by e similar orientation to the one de-

scribed above for Y-nitrotropolone.

DIAZOCOUPLING OF TROPOLCNE

Coupling of tropolone was carried out with diazotised
p-toluidine at different values of pH, the best results
being obtained in a 0,25 molar phosphate buffegoat pH ca, 7.
At this value, p-tolylazotropolone precipitated as a yellow
flocculent mass in 90% yield and formed orange crystals of
m,p. 2010, from acetone, The yield and quality of the
coupled product deteriorated as the pH of the reaction was
raised,

The position of the entrant group was identified by

reduction of this azo-compound and of Y—nitrotropolone by
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means of sodium hydrosulphite whereby the same amine,

namely, %—aminotropolone, micro-m,p. 1750, was formed,
Hozoe et al?gand Doering & Kno;7have reported the

preparation of such azotropolones, and in each case, sub-

stitution has been arrested at the mono-substituted stage.

NITRATION OF & =BROMOTROPOLON I

Nitration of o-bromotropolone has also been carried
out, and with a mixture of nitric acid (S.G. 1.42) in acetic
acid, a crystalline mononitrobromotropolione, m,p. 158-90,
was obtained, This compound is an acldic substance, dis-
solving with effervescence in aqueous sodium hydrogen car-
bonate and giving a greenish-brown colour with alcoholic fer-
ric chloride, It formed a methyl ether, m,p. 196° in sealed
tube, on methylation with diazomethane in ether-methanol,
which could not be obtained analytically pure elther by
crystallisation from benzene-light petroleum, methanol or
ethanol, or by sublimation in vacuo, The mononitrobromo-
tropolone was identified as Y-nitro— A-bromotropolone by
rearrangement of its methyl ether, in a similar manner to
that described for ‘-nitrotropolone methyl ether, whereby
p-nitro-o-bromobenzoic acid was produced.

Nozoe et ai?f;ave obtained a mononitrobromotropolone,

m.p. 111—1120, in a similar process, which differs greatly
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in melting point from the one described above, These
authors have orientated their compound by comparison with
the mononitrobromotropolone obtained from the bromination
of ‘-nitrotropolone. As the mixed m,p. of these two com-
pounds showed no depression, it followed that their compound
must also be \—nitro— oL~bromotropvolone, but direct con-
firmation is still lacking.

Haworth et al? have also described the nitration of
a substituted tropolone, namely, F-methyltropolone.
p-Methyl- Y—nitrotropolone, the o -1somer and the bJ-isomer
were isolated from this reaction and identified by re-
arrangement to benzenoid compoundé. The V-isomer was

formed in greatest quantity.

*—AMINOTROPOLONE ANWD REIATED COMPOUNDS

{-Aminotropolone was prepared by reduction with
sodium hydrosulphite of (-p—tolylazotropolone or (-nitro—
tropolqne, It behaves to some extent like aryl amines
such as aniline and forms a picrate, an acetyl derivative
and gives halogen and hydroxyl compounds via dilazonium
salts,

Acetylatiogaof {—aminotropolone in acetic anhydride
and crystallisation from water givesa monoacetyl derivative,
m.p. 159-162°, which gives a green colour with ferric

chloride solution and is therefore the N-acetyl and not the



O-acetyl compound,

{-Aminéfropolone on dlazotisation and subsequent
heating forms ‘-hydroxytrOpolone} m.p. 244° (dec.) in
sealed tube, as a stable granular compound from methanol-
benzenef

Application of the Sandmeyer reaction wiﬁh cuprous
cyanide or better potassium nickelocyanidglon the diazotised
material results in an insoluble copper complex being
formed from which ‘-cyanotropoldne, m.p. 236° in sealed
tube can be obtained, by heating in vacuo at 2000, as a
crystallisable sublimate. ‘%—Bromotropolongi micro-m,p.
and mixed micro-m,p. 186-1828° with authentic sample, was
obtained in a similar manner using cuprous bromide.

Hydrolysis of \-cyanotropolone was effected either
by concentrated acid or alkall yielding ’(-carboxytropolone,
m,p., 288° (dec,) in sealed tube, which gave a crystalline
methyl ester methyl ether, micro-m.p. 1840, on methylation
with diazomethane. The free acid could not be decar-

boxylated by heating alone or in pyridine, but afforded
tropolone on heating in aniline, The action of alkaline
hydrogen perqxidéwon *-cyanotropolone gave an unidentified
product of empirical formula CgHzOgN, m.p. 269O (dec.).

Catalytic reduction of \—cyanotropolone in presence

of palladium chafcoal with 1 molecular proportion of hydro-

gen chloride gave rise to {-aminomethyltropolone which was
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isolated as its picrate, m.p. 208° (dec.). This pro-
cedure was successfully derived by Nozoe et alfﬁfor the
hydrogenation of o-cyanotropolone when these authors
obtained o-aminomethyltropolone,

The recognised methods for the preparation of
hydrazines from aryl amines by diazotisation and reduction
did not, however, yield %-hydrazinotropolone. Nozoe et af?
have reported the formation of Y -chloro- and \ ~1odo-
derivatives of tropolone by a similar prdcess to that
described above for Y-bromotropolone and in the elimination
of the amino group by diazotisation in ethanol and heating
unexpectedly obtained p-ethoxytropolone,

Reaction of %—aminotropolone with p-toluenesul-
phonyl chloride in pyridine and dilution with water slowly
precipitates a mono-p-toluenesulphonyl derivative, m,p. 178~
180°, It produces a faint colour with ferric chloride
solution and is probably the H-derivative rather than the
O-compound, Nozoe et alr‘bave described the p-acetyl-
aminobenzenesulphonyl derivative of {-aminotrdpolone and
report it as the N-compound,

One important reaction of aryl amines is thelr con-
version to quinolines by the Skraup synthesis, This re-

action with nitrobenzene, glycerol and 70% sulphuric acid

was successfully applied to ‘-aminotropolone. The pro-
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&6
duct, P:Y -(3:2-pyrido)tropolone XIX, m.p, 168-9°, which
was both basic and enolic, gave a picrate, micro-m.p. 2180,
and was shown to contain a pyridine ring by oxidation with

nitric acid (S.G. 1,42), whence quinolinic acid XX was

identified.
Oof
Ho__ Ho,e HO J
CoNc. ~ \ ° \ f—Colat'
O _ HND3 I <
/ HOLC/ ."/ N
XX XX XTI
o OH
W
NH.C(oH)(C02C2Hs ),
XXIT XXITT

47
Slack & Attridge have reported the synthesis of

two substituted pyridotropolones from Y-aminotropolone

by the procedure of Gould & Jacobs and the Uoebner-ililler
reaction, Thus, the amine and ethoxymethylenemalonic
ester at 130° gave Y-(F%/ -dicarbethoxyvinylamino)-
tropolone which readily lost ethyl alcohol in boiling Dow-
therm to yield F:Y - (3-carbethoxy-4-hydroxy-5:6-pyrido)-
tropolone XXI, Similarly, X-aminotropolone with acetalde~

hyde in the presence of hydrochloric acid gave P:Y -(2-
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methyl-5:6=-pyrido)tropolone XXII,

- When cinnamaldehyde and .V—aminotropolone were
heated in concentrated sulphuric acid, an insoluble sddition
product was formed which was hydrolysed by warming with
water, Nozoe et alfshave described a similar type of
addition product with p-nitrobenzaldehyde and ‘-amino—
tropolone, this being their only success with a number of
aldehydes,

A further characteristic of aromatic amines is their
condensation with ketomalonic ester to form oxindole-
carboxylic acids‘f3 Such a reaction with ‘-aminotropolone
yielded an addition product, 'Y-( Lot -dicarbethoxy-v,-
hydroxymethylamino)tropolone XXIII, m.p. 137-8°. This
compound would not cyclise, for when heated in either con-
centrated sulphuric acid or diphenyl ether, Y-aminotropolone

was recovered,



22,

SYNTHETIC TROPOLONES

The concept of an aromatic cycloheptatrienolone
(tropolone) ring system has revived the interest in seven-
membered carbon ring compounds, There has recently been
published a wealth of literature devoted to the synthesis
and properties of the tropolones and the search for their
direct synthesis is still being continued,

In 1940, S.N, Naumov & A M, Perminovgﬁdescribed the
formation of 1:4-dicarbethoxycyclohepta-2:3-dione XXIV
from the condensation of pimelic wilth oxalic ester, The
properties of this dione have been more fully investigated
by the present author and, using different methods of de-
hydrogenation, two substituted tropolones, namely «-carboxy-
tropolongménd M:d/-dibromotropolon;t have been isolated,
Thils is a new synthesis of these substituted tropolones,
entalling only two stages, a condensation and a dehydrogena-

tion,

FORMATION AND PROPERTIES OF 1:4-DICARBETHOXYCYCLOHEPTA-Z2 :3-DIONE

Oxalic and pimelic esters were reacted together using
two moles of sodium ethoxide as a condensing agent to form
a mixture of products from which 1l:4-dicarbethoxycyclo-
hepta=2 :3-dione has been isolated, Reaction dld not occur

when the reagents were refluxed in ether, but only took
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place at a higher termperature, 120-125° under distillation
conditions. The dione was separated by means of its
abllity to form a fairly insoluble yellow sodium salt,
which on acidification and crystallisation from ethanol
gave an 8% yleld of crystalline material,

The structure of the dione was established by alkaline
hydrolysis, when a benzilic acid type rearrangement occurred
and 1l:2:3-tricarboxy-2-hydroxycyclohexane XXV was formed.
The product was obtained as a gum which slowly crystallised,
It remained unchanged when sublimed in vacuo or when re-
acted with alkaline hydrogen peroxide and has an equivalent
of 79.5. Reaction of this tricarboxy compound wlth con-
centrated sulphuric acid afforded 1l:3-dicarboxycyclohexan-
2-one XXVIﬁon careful crystallisation from the cooled
diluted solution, The degradation was finally completed
by warming an ethanolic solution of the 1l:3-dicarboxycyclo-
hexan-2-one with 2:4-dinitrophenylhydrazine, when the

hydrazone of cyclohexanone was isolated and identified,
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Dedusenko has investigated the reversibility of the
rearrangement of 1l:4-dicarbethoxycyclohexa-2:3-dione XXVII
to 1:2:3-tricarbethoxycyclopentan2-0l XXVIII and established
a method for the interchange, The action of sodium ethoxide
in ethanol produces the degradation whilst the action of
a mixture of sodium and sodium ethoxide in the absence of

ethanol brings about enlargement of the ring,
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Acid hydrolysis of 1l:4-dicarbethoxycyclohepta=-2:3-
dione was best carried out in acetic acid with 25% sulphuric
acid, Additidn of an ethanolic solution of 2:4-dinitro-
phenylhydrazine to the reaction mixture afforded a mixture
of hydrazones which were separated on alumina to give two
crystalline hydrazones, m,ps. 1440 and 1980. The higher
melting product was identified as the bis-2:4-dinitrophenyl-
hydrazone of cyclohepta-l:2-dion;3which crystallises from
benzene with 1 molecule of solvent, whilst the other, m.p.

144°, remains unidentified, Consequently, acid hydrolysis

of the dione leads simply to decarboxylation.
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The presence of two keto groups was shown by re-
action with phenylhydrazine, their adjacence being establish-
ed with o-phenylenediamine, Naumov et afﬁfreported the
formation of a phenylhydrazone of l:4-dicarbethoxycyclohepta-
2:5-dione, but experiments carried out here nave yielded
only the dipyrazolone compound XXIX, A mixture of 1 mole
dione witnh 2 moles phenylhydrazine was refluxed with ethanol
and on cooling the colourless dipyrazolone compound crystal-
lised out. Recrystallisation from acetic acid produced a
purple form which analysed slmilarly and showed no depression
in the melting point, A 1:1 ratio of dione to phenyl-
hydrazine resulﬁed similarly in the formation of the di-
pyrazolone compound, When the reactants were mixed in the
cold and allowed to stand, the final product on careful
evaporation of the ethanol in vacuo was a yellow oil which

gave the dipyrazolone compound when heated in acetic acid.
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The formation of a quinoxaline derivative XXX, m.p.~142°,

of 1l:4-dicarbethoxycyclohepta-2:3-dione has been reported
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by Naumov et al,, but when the dione was refluxed with
o-phenylenedliamine in ethanol for 1 hour and the reaction
liquor carefully diluted with water, two colourless crystal-
line substances, m.p, 142° and m.p. 82° respectively, were
unexpectedly 1301ated; Nelther gave a colour with ferric
chloride solution and it is most likely that they are

stereolisomers,

A ~CARBOXY THOPOLONE

& =Carboxytropolone was isolated in the dehydrogena-
tion of 1l:4-dicarbethoxycyclohepta-2:3-dione by the action
of a trace of lodine in refluxing nitrobenzene, as described
by Treib;*for the preparation of azulene derivatives,

The reaction was carried out by refluxing the dione
in nitrobenzene, adding a small crystal of iodine and con-
tinuing the heating for a further % hour, The nitro-
benzene was reﬁoved by steam distillation of the alkaline
gsolution and the acidified residual liquor was first ex-
tracted with ether and then with methyl ethyl ketone, The
methyl ethyl ketone solution afforded on eveporation and
sublimation the «-carboxytropolone (0.5%) which was identi-
fied by mixed m,p. with an authentic sample,

The bulk of the reaction product was 1lsolated from
the ether solution by evaporation and sublimation, This

crystalline product is probably 1l:3-dicarbethoxy-2-
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carboxycyclohexan-2-0l formed from the dione in the moderate-
ly alkaline medium, 1t dissolved in agueous sodium
hydrogen carbonate and warm sulphuric acid with effer-
vescence and has an equivalent of 285,

Further methods of dehydrogenation were tried without
success, The dione was refluxed with palladium charcoal
in trichlorcbenzenésunder nitrogen for 8 hours and the
products isolated. liost of the material had been trans-
formed into a neutral tar, whilst the small amount of
acldic product separated as a brown gum, which possessed
little or no tropolonoid character, Dehydrogenation of the
dione with.chloranil?in refluxing xylene for 28 hours was
likewise unproductive,
o : o'~ DIBROMOTROPOLONE

£,95,1b,1,50 2
Hozoe et al., and Cook et al., have found the bromina-

tion - dehydrobromination of substitubted cyclohepta-1l:2-
diones to yield tropolones satisfactorily. 4 similar pro-
cedure was tried with 1:4-dicarbethoxycyclohepta-2:3-dione
with partial success, Bromination with elther bromine or
N-bromosuccinimide in chloroform was wproductive, but
bromination with bromine in acetic acid yielded a moderate

quentity of o :«~dibromotropolone.



Bromination in Chloroform

Bromination was effected by refluxing the dione
with two moles bromine in chloroform. After the evolution
of hydrogen bromide had ceased, the product was separated
into four fractions by washing with sodium hydrogen car-
bonate, sodium carbonate and finally sodlum hydroxide
solutions. The bicarbonate and neutral fractions com-
posed nearly the whole of the material and were further
Investigated,

The bicarbonate fraction was refluxed with dilute
caustic soda and an wnidentified crystalline material
isolated. It gave no colour with ferric chloride solution
and the presence of bromine could not be shown by sodium
fusion, The neutral fraction gave a strong bromine test
on sodium fusion and produced a water soluble gum with no
tropolonoid properties on'refluxing with caustic soda,

Bromination was also effected with W-bromosuccinimide
and the product submitted to thermal dehydrobromination.
From the caustic soda fraction was recovered the unchanged
dione together with a dark green crystalline material which
did not give a colour with ferric chloride solution. (o

tropolonoid material was isolated from any fraction,
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Bromination in Acetic Acid

1l:4-Dlcarbethoxycyclohepta-2:3-dione in acetic acid
was heated under reflux with 2%-moleé of bromine until
evolution of hydrogen bromide ceased. The reaction
mixture was then taken to dryness under reduced pressure
and M:ciladibromotropolone was isolated in 28% yield from
the residue. It was separated by reason of its ability
to form a fairly insoluble sodium salt and was identified
by mixed m,p. with an authentic specimen.

The production of e(ﬂd' -dibromotrépolone can be
most simply explained as the bromination of pre-formed
cyclohepta-1l:2-dione, a reaction vhich has been confirmed
experimentally, The formation of cyclohepta-1l:2-dione
from 1:4-dicarbethoxycyclohepta-2:3~-dione in acid medium

has already been demonstrated in this thesis,
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HALOGENOCY CLOHEY TATRIEN ONES

Exploratory work on the halogenocycloheptatrienones
was carried out by researcher B,J, Abadir, whose results
have been further investigated by the present author. .\
completed survey of this work has been published in the
Journal of the Chemical Society?

The hydroxyl function of tropolone can be regarded
as similar to the hydroxyl of a carboxylic acid in its
acldity and etherification with methanolic hydrogen chlor-
ide, This comparison is indicative to some extent of the
compound'!s reactivity. Thus Doering & Knoéwin America and
Nozoe et al% in Japan have reported the formation of 2-
aminocycloheptatrienone, a substance corresponding to an
acid amide, by heating tropolone methyl ether with methanol-
ic ammonia in a sealed tube,

This parallellsm has likewlse been supported by the
results obtained here on halogenocycloheptatrienones.

With thionyl chloride in benzene, tropolone initially forms
a white precipitate of tropolone hydrochloride, which dis-
solves on heating to give 2-chlorotropone XXXI, a compound
with some of the properties of an acid chlorlde. o-Chloro-
benzaldehyde appears to be a by-product of this reaction.
Its singular formation may possibly be interpreted as a

rearrangement of 2-chlorotropone in acid environment, and
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63

recalls the production of benzaldehyde by treatment of
tropolone methyl ether with lithium aluminium hydride.

N ~
NS
XXXI

Thionyl chlorlde also reacts with «-bromotropolone,
Yielding a dichlorotropone which has been identified by
Nozoe et ai?a:; the 2:7-dichloro-compound., The formation
of identical 2:7—di-p-tolylthiotroponéwfrom both the di-
chlorotropone, prepared by the same method as above and
2-chloro-7-bromotropone, prepared from 2-hydrazino-7-
bromotroponémestablished this configuration. 2-Hydrazino-
7-bromotropone has indisputably this structure from its
method of preparation from 2-methoxy-?-bromotropone? a
compound whose configuration has been confirmed by X-ray
diffraction,

The halogen atom attached to the troponoid nucleus
in 2-chlorotropone is easily substituted and with thio-p-
cresol (as the sodium salt) in methanol, p-tolylthio-
tropone is formed, Reaction of the 2-chlorotropone with
another anionoid reagent, sodium p-toluenesulphinate, pro-

duced sn insoluble precipitate which could not be crystal-

lised,.
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A similar replacement of halogen takes place in
2t¢7-dichlorotropons, With dlethyleamine and p-toluidine,
mono-replacement occurs even when excess p-toluidine is
present, but with thio-p-cresol (as its sodium salt), re-
placement of both halogen atoms has been achieved. Depend-
ing on the molecular proportion used, a mono-p-tolylthio-
or a di-p-tolylthio-compound was formed, It is not in-~
concelvable that the 2:7-dlchlorotropone might form a
quinoxaline compound with o-phenylenediamine, but in con-
ditlons suitable for the formation of the p-toluidino-
compound the 2:7-dichlorotropone was recovered, When the
two reactants were fused together at 100° reaction did
indeed occur, but the product is complex,

Acid-catalysed exchange reactions have also been en-
countered by Doering et alfzin their investigations on
~halogenotropones,. Particular attention was drawn to the
replacement of bromine by chlorine, illustrated in thelr
reaction of 3:5:7-tribromotropolone with thionyl chloride
in benzene when 2:3:5:7-tetrachlorotropone was formed,
Considering that an acid-catalysedAexchange had been in-
volved, these authorskproceeded to react the 3:5:7-tri-
bromotropolone with concentrated hydrochloric acid at 150°,

when the product proved in fact to be 3:5:7-trichloro-

tropolonse,
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Neither 2-chlorotropone nor 2:7-dichlorotropone could
be caused to react with aromatic hydrocarbons in the pres-
ence of aluminium chloride, In both cases, condensation
with benzene led to recovery of the chlorotropones but
when 2:7-dichlorotropone was reacted with m-xylene as hydro-
carbon, there resulted in 70% recovery of the 2:7-dichloro-
tropone together with a small quantity of unidentified orange
prisms,

Catalytic hydrogenation of 2:7-dichlorotropone and
chloro-p-tolylthiotropone with Raney nickel did not give
homogeneous products but indicated the occurrence of de-
halogenation and desulphurisation, Dauben & Ringoléﬁhave
prepared 2:4:6-cycloheptatrien~l-one (tropone) by inter-
ruption of the hydrogenation of 2:4:7-tribromotropone with
palladised barium sulphate, a process which would ultimately
give cycloheptanone, It 1s likely that in the catalytic
hydrogenation of the 2:7-dichlorotropone and chloro-p-
tolylthiotropone the product is a mixture of tropone, cyclo-

heptanone and partially hydrogenated intermediates.
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ANTONOID REPLACEMENT IN SUBSTITUTED TROPOLONES

It is well known that op-cationoid groups are capable
of producing a high degree of mobility in a potential anion
attached to a benzene ring, Replacement of a chloro- or
nitro-group by the p-tolylthio-group has been established
for a series of op-disubstituted benzonitrile;4and the
Interaction of o/p-polyhalogenonitrobenzenesu;nd the sodium
salt of thio-p-cresol has yielded complete replacement of
halogen,

If a similar type of replacement could be demonstrated
in the trépolone nucleus, the problem of orientation of
substituted tropolones might well be solved, In experiment,
this possibility is not fully realised; there seems to be
some reslstance to replacement of a '(-bromo-group and
under the most vigorous conditions employed, replacement of
a (-nitro-group by the p-tolylthilo-group could not be
effected,

The formation of d-p-tolylthiotropolonébfrom the
sodium salt of «-bromotropolone and thio-p-cresol in
pyridine has already been recognised and the method followed
here 1s essentially the same. Q%u% ~-Tribromotropo-
lone was heated with excess thilo-p-cresol and sodium

hydroxide in pyridine and the product isolated. This was
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identified as (-bromo- Lot -di-p-tolylthiotropolone by
bromination of <£d/-di-p-tolylthiotropolone obtained from

&J-dibromotropolone whereby the same product was formed,
The reaction proceeded smoothly without the sodium hydroxide,
pyridine providing a suitably basic medium to ensure the
presence of thio-p-cresolate ions and to remove liberated
hydrogen bromide, Nozoe et al%’have recently carried out
a similar reaction in ethanol but besides the above product
isolated two other substitution products which our method
did not provide. * -Bromo- &1’-di-p-tolylthiotropolone
was further reacted with thio-p-cresol as 1ts sodium salt
in ethanol at 150° whence the completely substituted

ddy -tri-p-tolylthiotropolone was produced,

In correspondingly vigorous conditions, Y-nitro-

tropolone could not be made to‘react with thio-p-cresol and
was recovered, This would seem to be at variance with the

results obtained in the benzene series, but can be explained

by the formation of a stable anlon due to resonance XXXII.

-

g- o
noo no
+
H -«
z,
L AN
o AN



36,

Replacement of halogen in halogenotropones by the
p-tolylthio~-group has already been commented on (cf.
halogenotropones), but with 2:3:5:7-tetrachlorotropon;i
the alkalinity of the environment produces isomerisation
to 2:3:5-trichlorobenzoic acid and the formation of sub-
stituted products is not encountered,

As would be expected, tropolona-p-‘r.o'_i.ueneasmlphornate“’z

reacts with the sodium salt of thio-p-cresol in ethanol to
form o -p-tolylthiotropone in 80% yield,

I
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REACTIONS OF THE HYDROXYL GROUP IN TROPOLONE

Dewar regards tropolone as an enol of pronounced
acldic character, capable of monoalkylation or acylation
on elther oxygen atom, Our experiments have shown that
ethers are formed when 2-chloro-3:5-dinitrobenzophenone
1s mixed in pyridine with either tropolone or «-bromo-
tropolone, In each case, only one product could be iso-
lated, although there is a possibility of two isomers being
formed from the -bromotropolone,

The method of Loudon, Robertson & Watsoéﬂfor the
orthohydroxylation of phenols now appeared applicable, This
reaction depends on the formation of hilghly coloured
xenthylium salts XXXIII in concentrated sulphuric acld and
subsequent oxidation and scission, The above ethers gave
no characteristic colour in aluminium chloride in ethylene
chloride or in concentrated sulphuric acid, even on heatling,
and the possibility of obtaining xanthylium salts seems

rather remote.
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By a similar method, with p-toluenesulphonyl chlor-
ide in pyridine, tropolone p-toluenesulphonate was obtained,
The same reagent did not form an ether with «-bromo-
tropolone and curiously enough tropolone could not be made
to react with 2 :4-dinitrochlorobenzene,

Reaction of tropolone with malic acid in hot concen-
trated sulphuric acid in an attempt to synthesise a coumarin-
type compoundXXXIV, led to recovery of the tropolone and

formation of 6-carboxycoumalin from the mallc acid,

R CHy €N
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Various cyanoethyl aryl ethers have been obtalned

by treating phenols with acrylonitrile in the presence of
ca, 1% metallic sodium as catalyst., An unusual reaction
of this reagent is represented by the formation of oL = (w-
cyanoethyl)- ,3~naphth03(.ﬂXXXV from F-naphthol and solid
caustic soda in bolling benzene, The alkalinity of this
reaction favours the formation of a corresponding tropolone
derivative (cf. Cook et al, on (—formyltropoloneﬁand Nozoe
o

et al., on 3-hydroxymethyltropolone) but nevertheless this

procedure led to recovery of the tropolone.
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In contrast to the case with which it is alkylated
the hydroxyl group in tropolone 1s much less readily
acylated, C-Acylation is even more difficult and the
formation of a C-acetyl derivative of stipitatic aeiévis
perhaps unique, Recently some C-acylation reactions
catalysed by strong aclds have been investigated by H,
Burton & P.F.G. Prailimand with perchloric acid - acetic
anhydride mixtures favourable results have been obtained
on anisole, ete,. A similar reaction applied to tropolone
methyl ether or tropolone resulted in the recovery of
tropolone, Similarly trifluoroacetic anhydridgshas been
shown to promote, under mild conditions, the condensation
between suitably activated aromatic compounds and carboxylic
acids to give ketones, but a corresponding reaction with
tropolone methyl ether or tropolone yielded only unchanged

material,
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APPENDIX, -HETEROCYCLIC TROPOLONES

The existence of (o-alanylphenyl)glyoxilic acid
lactamMXXXVI which might be termed a heterocyclic tropolone
is probably unique. The instability of this compound with
alkali, ring ruptures on trituration with 10% sodium
hydroxide to form (o-lactylphenyl)glyoxalamide XXXVII, has
deterred us from preparing this compound and investigating
1ts properties. Nevertheless, 1t does not exclude the
posslibllity of obtaining a stable heferocyclic tropolone
ring and with this ldea in mind, a pursuilt of such com-

pounds was undertaken,
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XXXVII

2:6-DICYANOCATECHOL

The satisfactory preparation of tropolones by con-
densing oxalic and pimelic esters énd subsequent dehydro-
genation held promise that this type of reaction could be
extended to inclule heterocyclic tropolones, The conden-
sation of bis-(2-cyanoethyl)sulphideIwith oxalic ester was
first investigated and although the reaction did not pro-

duce the expected compound, nevertheless an extremely
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Interesting result was obtained, The condensation was
effected by heating under reflux the reactants with two
moles of sodium ethoxide in ether, A crystalline com-
pound was isolated from the reaction mixture which was
identified as the unrecorded 3:6-dicyanocatechol by degra-
dation to catechol, This compound formed a dimethyl ether
with diazomethane and was hydrolysed with sodium hydroxide
(1:1) to 3:6-dicarboxycatechol, m,p, 288-290° (dec,) (lit.
m.p. 290° with gas evolutiorf), which monodecarboxylated to
3-carboxycatechol, m,p. 199-202° in sealed tube (1lit. m.p.
204°;i on heating at 300°, complete decarboxylation to
catechol being achicved by heating under reflux with aniline,
The formation of 3:6-dicyanocatechol can possibly be ex-
plained by supposin,; the intermediate formation of 3:6-
dicyano-4:5-diketohexamethylenesulphide XXXVIII, elimina-
tion of hydrogen sulphide with the formation of 2:5-dicyano-~

3:4-diketokexa~1l,5~-diene XXXIX and cyclisation of thils

compound, o)
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N-( P -CYANOETHYL) -4-CYANO=2 :3-DIKETOPYRROLIDINE
T

Another interesting compound was formed when bis-

(2-cyanoethyl)amine and oxalic ester were heated with two
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moles of sodium ethoxide in ether, The extremely water
soluble product was isolated by passing the alkaline solu-
tion through an lon-exchange resin and concentration of the
effluent, Part of the residue crystallised and is con-
sidered to be N-{ P-cyanoethyl)-4-cyano~2:B-diketopyrroli-
dine XL, It gave a red colour with aqueous ferric chloride,
dissolved in sodium hydrogen carbonate solution with effer-
vescence, and the presence of one reactive hydrogen was
1llustrated by the formation of a monomethyl ether with
diazomethane, The non-basicity of the ring nitrogen was
demonstrated by the fallure to lsolate a plcrate whilst

the presence of only one ketonlc oxygen was shown by reaction

with o-phenylenediamine, when only one amino-group reacted.

oN
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XL XLI
In order to pliminate participation in this conden-
satlon of the hydrogen atom attached to the nitrogen, a
suitable derivative of the bis-(2-cyanoethyl)amine was pre-
pared. p-Toluenesulphonyl chloride was found to react
with the amine in pyridine giving a crystalline derivative,

This compound failed to condense with oxalic ester when
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the experiment was conducted under similar conditions to
the above, Stronger conditions realised by heating the
reactants together under ordinary distillation conditions
in the absence of solvent, also failed to produce reaction
end a large quantity of the substituted amine was recovered
from the melt,

A final effort to synthesise a heterocyclic tropolone
by this method was attempted in the condensation of big-
(2-cyanoethyl)anisidine and oxalic ester with two moles of
sodium ethoxide in ether, Together with recovered starting
meterial, an amorphous product was obtained. There is
very little evidence for suggesting that this compound might
be N=-p-anisyl-3:6-dicyano-4:5-diketohexamethylenimine XLI,
as it dlssolves in sodium hydroxide but does not give a
colour with ferric chloride and forms only one crystalline

derivative, a monophenylhydrazone.

2-(2!' -AMINOBENZOYL )BENZOIC ACID LACTAM

We have synthesised 2-(2'-aminobenzoyl)benzoic acld
lactam XLIf? a compound already known, by a different
procedure in a further search for heterocyclic tropolones,
Phthalanil rearranged in an aluminium chloride - sodium
chloride melt to form the lactam in 40% yield. A similar

reaction applied to succinanil in an attempt to prepare

1:5-dihydroxy-3,2-benzazepine, XLIII was not successful,
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Under similar conditions to above or wnder any conditions
imposed the product was a mixture of recovered succinanil

end a black amorphous solld which has not been identified.

_Co NH\

N

XLII

Another unfruitful reaction investigated depended
on the stralghtforward condensation of oxamide and ethyl
malonate with two moles of sodium ethoxide in ethanol,
The insolubility of the oxamide prevented the formation
of any consliderable quantity of product but nevertheless
reaction did occur, An acidic product, m,p. 240° (Found :
C, 45,7; H, 4.4; N, 17,6%) was isolated which did not
give a colour with ferric chloride but formed a methylated
product, m.p. 116° (Found: C, 50.8; H, 5.5; N, 13.9%)
with diazomethane,

A final attempt t§ prepare a heterocyclic tropolone
falled when the oxidation of 2-methyl-4-hydroxybenzazepine
XLIV (ef. W.A. Sexton, J.C.S.,, 1942, 303) was investigated.

Selective oxidation of the methylene group was attempted
77

with selenium dioxide, but when the benzazepine was refluxed

in either ethanol or acetic acid with 1 mole of selenium

dioxide and the precipitated selenium filtered off, the
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filtrate afforded a compound which 614 not depress the

m;p. of 2-hydroxybenzimidazolémXLV. Four standard method;?
of nitrosation of the reactive methylene group were tried
without success on the benzazepine, In each case either
starting material was recovered or the compound was
hydrolysed to 2-hydroxybenzimlidazole. Three methods of
condensing benzaldehyde with the benzazepine were tried,
also without success, The third method?pinvolving reaction
with sodlum acetate and acetic anhydride, produced a new

compound which 1s probably the monoacetate of the benzazepine,
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Tropolone was prepared from sodium bromotropolone

dihydrate (Cook, Gibb, Raphael & Somerville, J,C.S,, 1951,
503-511),

NITRATION OF TROPOLONE

1) With nitric-acetic acid mixture

2) With nitrogen tetroxide

3) With potassium nitrate in conc. sulphuric acid
4) With dilute nitric acid.

1), With nitric-acétic acid mixbture

Tropolone (0,6 g.) in acetic acid (10 c.c.) was
nitrated with nitric acid (0,32 c.c,; S.G. 1.42) in acetic
acid (2.9 c.c.), added from a micro-burette in % hour,

The temperature rose after addition of the first few drops
to 27°C where reaction occurred; the rest of the mixture
was added slowly malntaining the temperature just below
this wvalue. The reaction mixture was allowed to stand for

16 hours at room temperature and the \( -nitrotropolone,
]

which had precipitated as a light yellow solid (0.16 g.), was
flltered off, The mother liguor was diluted with water and
continuously extracted with benzene, The benzene extract
was evaporated to dryness and the product fractionally
crystallised from benzene to gilve a mixture of the more

insoluble \/-nitrotropolone (0.16 g,) and o -nitrotropo-
-\

lone (0.08 g.).
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giéNitrotropolone recrystallised from benzene in

yellow needles, m,p. 187° in sealed tube rising to 194°

on further crystallisation (Found: ¢C, 50.1; H, 3,0;

N, 8.5, C,HzO,N requires C, 50.3; H, 3.0; N, 8,4%). It
sublimes at 120°/16 mm,, glves a green colour with alcoholic
ferric chloride, dissolves in aqueous sodium hydrogen car-
bonate with effervescence and forms an orange,.sparingly
soluble sodium salt with alkali,

O -Nitrotropolone recrystallised from benzene in

yellow prisms, m,p, 153° (Found: ¢C, 50,5; H, 3.2; N, 8.5.
Cq Hyg 04N requires C, 50.3; H, 3.0; N, 8.4%). It gives
a green colour with alcoholic ferric chloride, dissolves

in aqueous sodium hydrogen carbonate with effervescence and

forms a red sparingly soluble sodium salt with alkalil,

2). With nitrogen tetroxide

Tropolone (0.5 g.) in 200 c,c, of light petroleum
(60-80°) was nitrated by slow addition of nitrogen tetroxide
(0.5 g.) in light petroleum (5 c.c.) at 10-15°C with
mechanical stirring. After leaving under agltation for 3
hours, the light petroleum was decanted off and the product
waghed with fresh solvent, The gummy residve was success-
fully worked up by either of the following methods:-

(a) Washing with a little water and filtering ylelded
0,36 g, of a mixture of o - and.‘{-nitrotropolones. Con-

tlnuous extraction with benzene of the aqueous mother
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liquor ylelded a little further nitrotropolonic material,
(b) Crystallisation from methanol gave 0,18 g,
{-nitrotropolone; m.p. in sealed tube 193-194° with
{-nitrotropolone obtained in (1). Evaporation of the
filtrate and crystallisation from benzene yielded a mixbture

of &« - and %-nitrotropolones.

3). With potassium nitrate in conc, sulphuric acid

To tropolone (0,05 g,) in conc, sulphuric acid
(L c.c.) was edded at 0°C potassium nitrate (0.048 g.) in
conc, sulpmmric acid (1 c.c.). No reaction occurred
till the temperature was ralsed, After allowing to stand
fof 16 hours at room temperature, the orange solution was
poured on to ice and ol - and {-nitrotropolones isolated

as in (1) above, in small yield,

4), With dilute nitric acid

(a) No reaction occurred when nitric scid (0,059 c.c.;
S.G, 1,42) in water (0,53 c,c,) was added to tropolone
(0.1 g.) in water (1 c.c.) at 0°C, The mixture was
allowed to stand at room temperature and then heated on a
steam-bath to 9500, where reaction occurred. Continuous
extraction with benzene produced a small amount of

%-nitrotropolone.
(b) In a similar experiment to (a) at a 1ower'tem-

perature (62°C) and with nitric acid (0.059 c.c.) in
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water (0.24 c.c.), a more vigorous reaction occurred from

which no tropolonic material could be isolated.

J -NITROTROPOLONE METHYL ETHER

A

Diazomethane in ether was added to {-nitrotropolone
(0.1 g.) in methenol (10 c.c,) and the solution allowed to
stend for 16 hours, Evaporation followed by solution in
benzene, washing with dilute aqueous sodium hydrogen car-

bonate, drying and crystallisation from benzene gave

_%-nitrotropolone methyl ether as bright yellow needles,
m,p. 224° in sealed tube (Found: ¢C, 52.8; H, 3.8; N, 7.9.
CgHnO,N requires C, 53.0; H, 3.9; N, 7,7%),

REARRANGEMENT OF %-NITROTROPOLONE METHYL ETHER
\L-Nitrotropolone methyl ether (0,03 g,) was heated

under reflux with sodium (0,02 g.) in methanol (5 c.c.)

for 3 hours on a steam-bath, After evaporation, 6N caustic

soda (2 c.c,) was added and the solution heated for 1 hour

on a steam-bath, Acidification, extractlion with ether

and crystallisation from benzene gave p-nitrobenzolc acid

as colourless needles, m,p. end mixed m,p., 238-239° in

sealed tube with authentic specimen,

o ~NITROTROPOLONE METHYL ETHER

The methyl ether was prepared in a simllar manner
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to that adopted for the ‘{-nitro-compound and crystallised
from ether in pale yellow feathery crystals, micro-m.p.
127° (Found: C, 53.0; H, 4,1; N, 8.1, CgH,0,N requires
c, 53,0; H, 3.,9; N, 7.7%).

REARRANGEMENT OF L -NITHKOTROPOLONE METHVL ETHER

The rearrangement was carried out in a similar manner
to that adopted for \(—nitrotropolone methyl ether and
yielded o-nitrobenzoic acld, micro-m.p. and mixed micro-
m,p, with authentic sample 136-140°, Mixed m.p. with

authentic sample of m-nitrobenzoic acid 97-1120.

REDUCTION OF ‘{-NITROTROPOLONE

A 10% solution of sodium hydrosulphite (10 c.c.) was
added to \(-nitrotropolone (0.1 g.) in warm water (10 c.c.).
The pale yellow solution was neutralised with ammoniauand
made faintly acld with acetlc acid, Extraction with

gseveral portions of methyl ethyl ketone, evaporation and

crystallisation from xylene ylelded \é-aminotrogolone

(0.03 g.) as yellow scales, micro-m.p, 173° (Found: C, 61.4;
H, 5,4; N, 10,5. CVHﬁozN requires C, 61.,3; H, 5.2;

N, 10.2%). It gives a purple colour with alecoholic ferric
chloride and dissolves in aqueous sodium hydrogen carbonate

with effervescence,

Picrate: Yellow-brown crystals from ethanol,
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m.p. 224-6° (dec.).

Acetyl derivative: By heating in acetic anhydride

end crystallisation from water, m.p. 159-162° (Found:
C, 60.4; H, 5.8, CgHgOzN requires C, 60.3; H, 5,1%).

p-Toluenesulphonyl derivative: (-Aminotropolone
(0,02 g,) and p-toluenesulphonyl chloride (0.03 g.) were
left in pyridine (1 c.c.) overnight, Dilution with water
produced an opaque solution from which the product slowly
crystallised, Recrystallisation from water gave the

p-toluenesulphonyl derivative as yellow needles, m,p, 178~

180° (Found: C, 56,1; H, 4.8; N, 5.5,  Cp,H 30,NS
requires C, 57,7; H, 4.5; N, 4.,8%). It gave a faint
colour with ferric chloride in etheanol,

Using twilce the quantity of p-toluenesulphonyl
chloride and similar treatment to above, a 60% recovery of

p-toluenesulphonyl chloride was obtained.

REDUCTION OF o -NITROTROPOLONE

From a similar process to the above, ™-aminotropol-
one was obtalned as yellow needles from light petroleum
(60-80°), micro-m.p. 86° (Found: C, 61,5; H, 5.2.

CyHnOoN requires C, 61.3; H, 5,2%).

REACTION OF TROPOLONE WITH p-TOLUENEDIAZONIUM CHLORIDE

Coupling waes carried out at different values of pH,

the best results being obtained with a 0.25 molar phosphate
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buffer, containing potassium dihydrogen phosphate (2.72 g.)
and sodium hydrogen phosphate duodecahydrate (6.92 g.) in
water (100 c.c.), which gives a pH in the region of 6.9.
Tropolone (0,5 g.) 1in the buffer solution (60 c.c.)
was coupled with 0,1 molar p-toluenediazonium chloride in
0.06N hydrochloric acid. The yellow flocculent precipitate

(0.9 g.), iyp-tolylazotropolone, was filtered, dried and

crystallised from acetone. Orange crystals (0.6 g.),

m,p, 201° (Found: C, 70,1; H, 5.,2; N, 11.8. Cq4H1 50N,
requires C, 69,95; H, 5,0; N, 11,7%). It gave a deep-
red colour with ferric chloride in ether and forms an in-

soluble red sodium salt with alkslil,

REDGCTION OF {1pgTOLYLAZOTROPOLONE
\
Reduction of the above compound (0.2 g.) in 30 c.c.

acetone-water (2:1) similar to the reduction of {-nitro-

tropolone yielded '{-aminotrqpolone (0.14 g.), m,p. and
mixed m,p. 173-175° with.‘(-aminotropolone obtained by re-

duction of ‘{-nitrotropolone.

\ -HY DROXY TROPOLONE

—

(-Aminotropolone (0.13 g.) in sulpluric acid (8 c.c.
of 0.36) was cooled in ice and sodium nitrite (1 c.c, of
7%) added and the mixture heated wmder reflux for 2 hours.
Extraction with ether, followed by sublimation at 150°/1 m.m.
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and subsequent crystallisetion from methanol-benzene

+.yilelded ighydroxytrqpolone as pale yellow grsnular

crystals, m,p. in sealed tube 244° (dec.) (Found:

C, 61.1; H, 4.7. C7H605 requires C, 60,9; H, 4,4%).
It gave a deep blue colour with alecoholic ferric chloride
and dissolved in aqueous sodium hydrogen carbonate with

effervescence,

i;BROMOTROPOLONE
\-Aminotropolone (0.14 g.) in sulphuric acid (10 c.c.
of 0.36N) was diazotised by addition of sodium nitrite
(L c.c., of 7%) at 0°C, This solution was added to 2 c.c.
cuprous bromide solution, allowed to stand for 1 hour and

then heated on a steam-bath for 1 hour. An insoluble

brown copper complex was formed from which L:bromotropolone
was obtained by sublimation at 240-260°/1 m.m., crystal-
lising from methanol in needles, micro-m,p. and mixed
micro-m,p, with authentic sample of {-broﬁotropolone

186-188°,

ﬁ-CYANOTROPOLONE

o \{-Aminotropolone (0.32 g.) in sulphuric acid
(10 c.c. of 0,72N) was dlazotised at 0° with sodium nitrite
(8 c.c. of 2%). The cold diazo solution was run into
12 c.c., of a solution of potassium nickelocyanide and

sodium carbonate as prepared by Storrie, with stirring.
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On standing overnight, the dark red solution was filtered,
the filtrate acidifled and the yellow flocculent precipi-
tate collected, This insoluble nickel complex afforded

i;cyanotropolone (0.13 g.) when heated up to 200° at

0.2 m,m, Extraction of the aqueous solution with chloro-

form ylelded a little further 4rqyanotropolone, pale yellow

needles from water, m,p. 236° in sealed tube (Found:

¢, 66.5; H, 3.4; N, 9.,7. CBHSOZN requires £, 65,3;

H, 3.4; N, 9,5%). It gives a greenish-brown colour with
alcohollic ferric chloride. *-cyanotropolone was prepared

with cuprous cyanide by a similar procedure.

\ - CARBOXY TROPOLONE
\

1) \-Cyanotropolone (0.08 g.) was added to a 3%
solution of hydrogen peroxide (1,5 c,c,) at room temperaQ
ture, the solution made just alkaline with caustic soda and
left overnight. Oxygen was evolved and on acldification a
white unldentified precipitate formed which was filltered off
and crystallised from water. Yellow prisms (0.05 g.),

m.p. 269° (dec.) (Found: ¢, 38.1; H, 3,1; N, 8,9,
C5HgOgN requires C, 37.8; H, 3.,2; W, 8,8%).

2) {-Cyanotropolone (0.2 g.) was heated under reflux
with 50% potassium hydroxide (5 c.c.) for 25 mimtes.
Cooling, diluting and acidification ylelded a greenish
solid, J—carboxytropolone (0.1 g.), which was filtered off
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and crystallised from acetic acid. Small yellow crystals
m.p, in sealed tube 288° (deo.) (Found: C, 57,7; H, 3.7.
Cglig0y requires C, 57.8; H, 3.6%). It gives a greenish-
brown colour wlth alcoholic ferric chloride,

3) %-Cyanotropolone (0.05 g.) was heated under re-
flux with conc, hydrochloric acid (3 c.c.) for 1 hour. A
white product crystallised out on cooling and three
crystallisations from acetic acid yilelded ¥-carbogz-

tropolone (0.02 g.) as yellow crystals, m.p. and mixed
m,p, with above in sealed tube 286-7° (dec,).

METHYL ESTER METHYL ETHER OF \/-CARBOXYTROPOLONE
\

(-Carboxytropolone (0,02 g.) was suspended in

ether (5 c.c.) and diazomethane in ether added and the

mixture left to stand for 16 hours, The methyl ester methyl

ether crystallised out and was recrystallised from benzene-
1ight petroleum (60-80°) as colourless needles, micro-m,p.
184° (Found: €, 62,1; H, 5.1, C1oH1004 requires

c, 61.9; H, 5.2%).

DECARBOXYLATION OF %—CARBOXYTROPOLONE

1) {-carboxytropolone was heated under sublimation
conditions at atmospheric pressure and the sublimate
identified as unchanged starting material,

2) {-Carboxytropolone (0.02 g,) was heated under

reflux in pyridine (3 c.c,) for 1 hour and the cooled




56,

solution added to dilute hydrochloric acid, The crystal-
line precilipitate which formed was ldentifled as unchanged
{-carboxytropolone.

3) (—Carboxytropolone (0.02 g.) was heated under
reflux in aniline (3 c.c.) for 1 hour and the cooled
solution poured into dilute hydrochloric acid, The acid
solution was extracted with ether and the extract dried
and concentrated. The residue was sublimed at 100°/,, _—

and the sublimate identified as tropolone, m,p. and mixed

m,p. with authentic sample 48-49°,

i%AMINOMETHYLTROPOLONE

X-Cyanotropolone (0.05 g.) in ethanol (20 c.c.)
containing 1 molecular proportion of hydrogen chloride was
hydrogenated in the presence of palladium charcoal (0,025 g.).
The uptake of hydrogen was complete in 3 hours and the
filtered solution was concentrated, The brown gum which
remained formed a picrate from ethanol which recrystallised
from water as brown needles, m,p. 208° (dec.) (Found:

Cc, 44,3; H, 3.55, C4H1000N, requires C, 44.2; H, 3.2%).

Y ~HY DROXYTROPOLONE

ol ~Aminotropolone (0,009 g.) in sulphuric acid (1 c.c.
of 0,36N) was dlazotised at 0° with sodium nitrite (1 c.c.

of 0,005%). The orange solution was heated on a steam-bath
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for % hour, a deep red replacing the now pale yellow colour,
Extraction with ether, evaporation, charcoaling in benzene
and finally crystallisation from light petroleum (60-30°)
gave two products (a) and (b).

(2) The more soluble product crystallised in colour-
.,1ess needles, micro-m.p. and mixed micro-m.p. with authentic
sample of salicylic acid 152-155°, It gave a violet colour
with ferric chloride,

(b) The more insoluble product gave granular crystals,

‘having a red-brown colour with ferric chloride, micro-m.p.

showing sublimation at 190°,

ATTEMPTED PREPARATION OF q-HYDRAZINOTROPOLONE
\

a) {-Aminotropolone (0.1 g,) was dlazotised (see

{—hydroxytropolone), and the cooled solution run into a
solution containing sodium carbonate (0.1 g.) and sodium
sulphite (0.5 g.) in water (2 c.c,), with stirring., After
10 mins, the orange solution was warmed to 30° and saturated
with sulphur dioxide, then further heated to 70°, The
solution was cooled, made alkaline with ammonia, faintly

aclid with acebtic acid and continuously extracted wlth ether

to glve j-aminotropolone, m,p, and mixed m,p. 170-174°
: v
with authentlc specimen of {-aminotropolone.

b) {-Aminotropolone (0.1 g.) was diazotised (see




58.

i-hydroxytropolone), and the cooled solution added to
stanmmous chloride (0.3 g.) in conc, hydrochloric acid
(0.5 d.c.; 10N). A brown-red precipitate formed which
did not sublime and containéd both orgenic and inorganiec

material,

SKRAUP REACTION ON \ -AMINOTROPOLONE
\

{-AminotrOpolone (0.3 g.), nitrobenzene (0,35 c¢.c.),
glycerol (0,38 c,c.) and 70% sulphuric acid (2.16 c.c.) were
warmed together slowly to 160° and heated for %+ hour at this
temperature; Duration of heating % hour, After cooling
and diluting with water, ﬁhe solution was made alkaline with
caustic soda and the nitrobenzene extracted with ether,

The aqgueous solution was made acid with dilute hydrochloric
aclid, neutralised with ammonla and made failntly acid with
acetic acid, Extraction with several portions of methyl

ethyl ketone and subsequent evaporation and crystallisatlion

from benzene ylelded ?}! ~(3:2-pyrido)tropolons as pale
yellow needles (0.09 g.), m.p. 168-9° (Found: C, 69.5;
H, 4.3; N, 8.3. G, HON requires C, 69.4; H, 4.1;
N, 8.1%).

Picrate: from water, yellow needles, micro-m,p. 218°
(Found: C, 49.8; H, 2.8, C16H1009N4'requires C, 49,8;
H, 2,6%).
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OXIDATION OF jb\‘[- (3 :2-PYRIDO)TROPOLONE

Fq-(S:Z-Pyrido)tropolone (0.01 g.) was heated
under reflux with conc. nitric acid till no brown fumes
could be detected, Evaporation and washing with ether,
followed by crystallisation from ethanol - light petroleum
(60-80°) gave colourless crystals, micro-m,.p., and mixed

m,p, with authentic sample of gquinolinic acid showing decom-

position at 190-195° with sublimation of a crystalline
product from 210-220°,

Sublimation at 180--1900/0.2 _— yielded a colourless
product, m,p, and mixed m,p. In sealed tube with authentic

sample of nicotinic acid 232-4°,

CONDENSATION OF Q-AMINOTROPOLONE WITH CIWNAMALDEHYDE
Al

{-Aminotropolone (0.1 g.) and cinnamaldehyde (0,11 g.)

were heated to 100° for 1 minute with 1 c¢.c, of conc, sul-
phurlic acid, Diluting with water, precipitated a red- .
brown insoluble mass which was uncrystallisable. Warming
this product in water produced solution and decomposition
into cinnamaldehyde and ‘-aminotropolone, lsolated as 1its

plcrate,

CONDENSATION OF 'V-AMINOTROPOLONE WITH KETOMALONIC ESTER
\
Liquid nitrogen tetroxide (20 g.) was slowly added
to ethyl malonate (20 g.) c¢ooled to 0°. After leaving

overnight, the product was distilled, the fraction distilling
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at 98-110°/13 y , being ketomalonic ester.
(-Aminotropolone (0.1 g.) and ketomalonic ester
(0.15 g,) were heated in benzene (10 c.c.) on a steam-

)
bath for 3 hours. ;i-( Aol -Dicarbethoxy-tf-hydroxyl-

methylaminotropolone crystallised out on concentrating as

bright yellow needles, m.p. 137-8° (Found: C, 53.9;
H, 5.4. €y H,.0 requires C, 54,0; H, 5,5%).
Attempted Cyclisation

a) The above product (0.1 g.) was heated in conc.
sulphuric acid (3 c.c,) to 100° for 3 mimtes, cooled and
poured into water and the product lsolated as for {-amino-
tropolone, ‘(~Aminotropolone, m,p. and mixed m,p, 174-
177°, was identified in the gummy residue.

b) The above product (0.1 g.) when refluxed with
diphenyl ether for 5 minutes gave, after evaporation and
crystallisation from xylene, (-am;notr0polone, m,p., and
mixed m.p. 170-173°.

Oxldation

Oxidation of the above product with conc, nitric acid,
evaporation and crystallisation from ether - light petroleum
(60-80°) gave oxalic acid, m,p. and mixed m,p. in sealed
tube with authentic sample of oxalic acid 100-1020.
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NITRATION OF o -BROMOTROPOLONE

o-Bromotropolone (0.5 g.) in acetic acid (10 c.c.)
was nltrated with nitric acid (0,165 c.c.; S.G, 1.42) in
acetic acid (1.5 c.c.). The temperature of the reaction

was kept at 15-17°C by surrounding the solution with a
bath of cold water, After dilution with water and con--

tinuous extraction with benzene, the product o-bromo-Yy -

nltrotropolone was crystallised from benzene - light

petroleum (60-80°) as yellow crystals (0.2 g.), m.p. 138-9°
(Found: €, 34.,3; H, 1.8; N, 5.9. CyH,04NBr requires

Cc, 34,2; H, 1,6; N, 5,7%)., It gives a greenish-brown
colour with alcohollec ferric chloride and dissolves in

aqueous sodium hydrogen carbonate with effervescence,

N—BROMO-'{-NITROTROPOLONE METHYL ETHER

An ethereal solution of diazomethane was added to
o{-bromo~ { -nitrotropolone (0.1 g.) in methanol (5 c.c.)
and left to stand overnight. Evaporation and crystallisa-

tion from ethanol gave the methyl ether as yellow needles,

m,p. 196° in sealed tube,
The methyl ether could not be obtalned snalytically

pure and gave the following analyses:-




62.

c H
CgHgO4NBr requires ‘ 36.95% 2.33%
Sublimed at 190%50 n u 38,02% 2.95%
Crystallised from Methanol 38,00% 2.60%
" _ " Ethanol 38,5% 3.45%
. " Bgz,-Pet;Ether 37.54% 2.93%

‘REARRANGEMENT OF SX-BROMO—ji-NITROTROPOLONE METHYL, ETHER
The methyl ether (0,052 g.) was heated under reflux
in methanol (5 c¢.c,) containing sodium (0.045 g,) for 3
hours on a steam-bath. Afterrevaporation 6N caustlc
soda (2 c.c.) was added and the solution heated for 1 hour
on a steam-bath. Acidification, extraction with ether and
crystallisation of the product from benzene-light petroleum
(60-800) gave o-bromo-p-nitrobenzolc acid as colourless
crystals, recrystallising from water in prisms, m.p. and
mized m.p. in sealed tube with authentlc specimen 159-1620.
The benzene-light petroleum mother liquors were
evaporated to dryness and the residue crystalliéed from
lighﬁ petroleum (60-800) as needles,m,p,. 120-20. This
product dissolves in sodium hydrogen carbonate solution
with effervescence and contains bromine. It crystallilses

from water as needles and gives no colour with aqueous

ferric chloride.
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1:4-DICARBETHOXY CY CLOHEPTA -2 :3 - DIONE

Sodium (2,18 g.) and dry ethanol (4.36 g.) were
reacted to form sodium ethoxide in ether. Oxallc ester
(7 g.) was added to this solution with cooling end finally
pinelic ester (10,3 g.) added slowly. The resultant
solution was heated under reflux for 1 hour and then the
ether was distilled off, The residue was heated at 120-
125° for 3 hours under ordinary distillation conditions and
the dark red-brown mass cooled, The solid mass was dis-
solved in water (sodium salt comes out but redissolves),
acidified with dilute sulphuric acid and extracted with ether.

The ether solution was washed with sodium carbonate
solution untll the extract was only faintly yellow and then
with sodium hydroxide (8N), when a bright yellow sodium
salt precipitated, This was filtered off, acidified with
dilute sulphuric acid and the solution extracted with ether,
Evaporation and crystallisation from ethanol.gave the 1:4-
diocarbethoxycyclohepta-2:3-dione as colourless prisms,

m.p., 70°. Yield, 1.8 g. of pure material,

ALKALINE REARRANGEMENT OF 1 :4-DICARBETHOXYCYCLOHEPTA-2:3-DIONE

The dione (0.1 g.) was heated under reflux with 6N
sodium hydroxide (5 c.c.) for z hour. The initial sodium
salt whitened and filnally dissolved. The solution was
aclidified with dilute sulphuric acid eand extracted with
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ether to glve a colourless viscous gum (0,08 g.). This
material slowly crystallised from ethyl acebtate to give

L:2:5-tricarboxyecyclohexan~2-0l as colourless crystals,

m.p. in sealed tube 215-16° (dec,) (Found: C, 46.0;
H, 4.8,  CgH,,0, requires C, 46,55; H, 5,2%). The

product gave no colour with ferric chloride,

REACTIONS OF 1:2:3-TRICARBOXYCYCLOHEXAN-2-0L

1) Molecular weight determination by titration

The tricarboxy compound (0,0516 g,) was dissolved in
water (2 c.c.) and titrated with 0,0997N sodium hydroxide
solution with 1 drop phenolphthalein as indicated, The
titre was 6,49 c.,c.,, giving the equivalent of the tri-
carboxy compound as 79,7 (requires 77.3).

2) Reaction with peroxide

The tricarboxy compound (0.05 g.) was added to water
(2 c.c.) and made just alkaline with dilute sodium hydroxide
solution, Hydrogen peroxide (3 c,c,) in excess was added
end the solution allowed to stand overnight. Aclgification,
extraction with ether and crystallisation from ethyl acetate
gave the unchanged tricarboxy compound as crystals, m.p. and

mixed m,p. iIn sealed tube 211-15° with authentic sample,

3) Sublimation

The tricarboxy compound (0,05 g.) sublimed as & gum

at 200-10%55 , 1, The product gave the unchanged tri-
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carboxy compound as crystals from ethyl acetate, m,p. and
mixed m,p, In sealed tube 208-12° with authentic sample.

4) Reaction in conc, sulphuric acid

The tricarboxy compound (0.1 g.) was added to conc.
sulphuric acid (2 c.c.). Effervescence occurred snd the
solution was allowed to stand for 12 hours. Addition of
ice to the well-cooled solution gave a solid precipitate of

l:5-dicarboxycyclohexan~2-one, which recrystallised from

water in needles (left overnight in refrigerator), melting
with decomposition from 120-140° (Found: C, 51.8; H, 5.6.
CgHy0g requires C, 51.6; H, 5,4%).
1:3-Dicarboxyecyclohexan~2~one when warmed with an
ethanolic solution of 2:4-dinitrophenylhydrazine gave a
yellow preclpitate which crystallised from ethanol in
plates, m.p. 158°, This was ldentified as the 2:4-di-
nitrophenylhydrezone of cyclohexanone by mixed m,p. 156-8°

with authentic sample of m,p. 154°,

ACID HYDROLYSIS OF 1 :4-DTICARBETHOXYCY CLOHEPTA-2 :5~DIONE

The dione was recovered unchanged when heated under
reflux with 25% sulphuric acid for 1 hour. ihen the dione
(0.1 g.) was heated under reflux for 2 hours with 25%
sulphuric acid (4 c.c.,) and acetic acid (4 c.c.), the
gsolution turned brown and addition of 2:4-dinitrophenyl-

hydrazine in ethanol gave a precipitate. This was filtered
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off, taken up in benzene and chromatographed on alumina with
the same solvent. Two compounds were isolated, a more
easily eluted pale yellow solid and a dark red less soluble
compound, The latter crystallised from benzene in red
crystals, m,p, 198-200° (Found: C, 53,6; H, 5.0; N, 20.1.
Cale, for 019H1808N8 c6ﬁ6- C, 53.2; H, 4,3; N, 19,85%
Thils was identifled as the bls-2:4-dinitrophenylhydrazone of
cyclohepta-l:2-dione which crystallises from benzene with
1 molecule of solvent,

The first eluted compound crystallises in yellow
needles from ethanol, m,p. 142-4° (Found: C, 51.3; H, 4.8;

N, 17.3%) and has not been identified.

REACTION OF 1:4-DICARBETHOXY CYCLOHEPTA-2 :5-DIONE WITH

PHENYLHYDRAZINE

1) The dione (0,125 g.,) was heated under reflux with
phenylhydrazine (0.15 g,) in ethanol (10 e¢,c.,) for 13 hours.
A white solid (0.13 g.) crystallised out, m,p. 309-11°
(dec.,) (Found: C, 70,4; H, 5,1, CoqH1g050 requires
c, 70.4; H, 5.,1%).

When recrystalllsed from acetlc acld, a purple
crystalline product was obtained, m.p. 310-12° (dec.)
(Founda: €6, 70.2; H, 5,0, CoqHqg0oN, requires C, 70,4;

H, 5.1%).
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2) The dlone (0,27 g.) was heated under reflux with
phenylhydrazine (0.1 g.) for 1% hours in ethanol (3 c.c.).
A white crystalline product (0,025 g.) was obtained, m.p.
31.0°, This recrystallised from acetic acid in purple
prisms, m,p, and mixed m.p, with purple compound from 1)
above 310-12%,

3) The dione (0,125 g.) was allowed to stand with
phenylhydrazine (0,15 g,) in ethanol (15 c,c.) for 24 hours.
The colourless solution became bright yellow and no preci=-
pitate formed, The ethanol was evaporated off in vacuo
giving a yellow oil which gave the purple crystalline

material, above, when heated in acetic acid,

REACTION OF 1 :4-DICARBETHOXYCYCLOHEPTA-2 :3-DIONE WITH

O-PHENYLENEDITAMINE

The dione (0.25 g.) and diamine (0,11 g.) in ethanol
(2 c.c.) were heated under reflux for 1 hour and the
stoppered solution allowed to stand for 12 hours. No
erystals deposited but cautious dilution of the reaction
fiquor with water produced three crops of crystals, Each
was recrystallised from ethanol water mixtures,
Crop I:- Colourless needlss (0,06 g.), m.p., 140-2° (Found:

c, 66,3; H, 6,35; N, 8,1, C1gHgo04N2 requires

c, 66,73 H, 6,4; N, 8,2%).
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Crop II:- Colourless prisms (0.10 g.), m.p. 80-2° (Found:
¢, 66,7; H, 6,3; N, 8,7. 619H2204N2 requlres
C, 66.7; H, 6.4; N, 8,2%).

Crop III:- Colourless crystals (0.02 g.), m.p. 78-80°,

Mixed m.p, with sample of crystals (m.p. 80-2°)

showed no depression.

DEHYDROGENATION OF 1 :4-DICARBETHOXY CY CLOHEPTA-2 13-DIONE

1) ~¥-Carboxytropolone

The dione (1 g.) was refluxed in nitrobenzene (5 c.c.)
and one crystal of iodine added, After further heating
for % hour, the mixture was cooled, made slightly alkaline
and the nitrobenzene etc, steam distilled off. The re-
sldual liquor was acidified with dilute sulphuric acid and
extracted with ether and then methyl ethyl ketone,

a) The ether solution was evaporated to dryness and
the brown mass sublimed up to 1609/20 _—

The uwnidentified crystalline sublimate recrystallised
from benzene - light petroleum (60-80°) in colourless
needles (0.5 g.)s M.Do 128-130° (Found: c, 54,0; H, 6.6,
C,3Hp00n Tequires C, 54.15; H, 7.04). This product dis-
solved with effervescence in both aqueous sodium hydrogen
carbonate and warm concentrated sulphuric acid and did not
produce colouration with ferric chloride solution, 0.02 g.

of this acid, dissolved in water (L c.c.,) was titrated with
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sodium hydroxide solution (0.2N) with 1 drop phenolphthalein
as Indicator. The titre was 0,35 c,c., corresponding to
an equivalent for the acid of 285 (requires 288).
b) The methyl ethyl ketone solution was evaporated
to dryness and the yellow mass sublimed at 100-120°/5 , . .

The sublimate, dl-carboxytropolone, crystallised from chloro-

form - light petroleum (60-80°) as yellow needles (0.0l g.),
m,p. 200-202° (dec,) (Found: €, 57.65; H, 4,0, Calec.

for CgHgO0,: C, 57,8; H, 3,6%). Mixed m.p., with authentic
sample of ol-carboxytropolone produced no depression,

2) The dione (0.27 g.) was refluxed with palladium
charcoal (0,1 g.) in trichlorobenzene (10 c,c.) for 8 hours
under nitrogen. The solution was taken up in ebther and
extracted with dilute sodium hydroxide. The extract was
acldified with dilute sulphuric acid then extracted with
ether and the solutlon dried, The ether was evaporated
off and the brown gummy residue (0,03 g.) sublimed at
160—2000/2 m.m, The product was a ysllow gum whilch gave

a faint purple colour with alcoholic ferric chloride and
showed no tendency to crystallise from solvents,

3) The dione (0,27 g.) was refluxed with chloranil

(0,49 g.3 2 mols,) for 28 hours in 5 c.c, freshly distilled
xylene, When a drop of this solution was tested for un-
changed chloranil by heating with dilute sodium hydroxide

solution, a positive red colouration was produced. The




70.

xylene solution was taken up in ether and extracted with
sodium hydroxide solution, The alkaline extract was then
concentrated and the brown gum sublimed up to 200?/ .
20 m,m,
The solid sublimate crystallised from ethanol-water in
cream flakes and was ldentified as 3:6-dichloro-2:5-di-
hydroquinone, m.p, and mixed m,p. 275-280° with authentic

specimen,

BROMINATION OF 1:4-DICARBETHOXYCYCLOHEPTA-2 :3-DIONE

1), BROMINE IN CHLOROFORM

Bromine (2.4 g.) in chloroform (15 c.c.) was added
to the dione (2 g.) in chloroform (15 c.c,) and the solution
allowed to stand for % hour, then heated under reflux for
1% hours till evolution of hydrogen bromide gas ceased,

The chloroform was evaporated off and the resldue taken up
in ether, The ether solution was washed with sodium
hydrogen carbonate, sodium carbonate and sodium hydroxide
solutions in that order, to give four fractions on acidifi-
cation and extraction with ether,

Sodium hydrogen carbonate fraction: Brown gum (0,6 g.)

which gave a purple colour with ferric chloride solutilon
and on fusion with sédium gave a positive bromine test.
a) The gum sublimed at 150-160/g9¢g p n, to glve a

colourless oil, insoluble in sodium hydroxide. The sub-
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limate afforded some crystals on long standing from light
petroleum (60-80°), micro-m,p. 110-118°, This material
did not give a colour with alcoholic ferric chloride,

b) The gum (0,4 g.) was heated under reflux for 1
hour with 6N sodium hydroxide solution. The solution was
acidified and extracted with ether. The ether exbtract was
evaporated to dryness to give an oil, soluble in sodium
“hydroxide solution, which crystallised from chloroform in
colourless crystals, m,p, 154-5° with effervescence in sealed
tube (Found: C, 47,5; H, 5.,2%). This compound gave no
colour with alcoholic ferric chloride.

Sodium carbonate fraction: Brown gum (0.1 g.) which gave a

purple colour with ferric chloride solution and a positive
bromine test on fusion with sodiunm,

Sodium hydroxide fraction: Brown gum (0,05 g,.,) which gave a

purple colour with alcoholic ferric chloride and a negative
bromine test on fusion with sodium,

Neutral fraction: Brown gum (0,7 g.) which gave a positive

bromine test on fusion with sodium,

a) The gum sublimed at 150-1709/20 m,m, 0O &ive an
oll insoluble in sodium hydroxlde solution.

b) The gum was heated wnder reflux with sodium
hydroxide solution for 1 hour and the acidified solution
extracted with ether. Tne concentrated ether extract

afforded a colourless oll, extremely soluble in water, wilth
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no ferric chloride colouration,

2). N-BROMOSUCCINIMIDE IN CHLOROFORM

The dione (1 g.) was heated under reflux in chloro-
form (10 e.c.) with freshly prepared N-bromosuccinimide
(1.4 g.) for 3 hours. The solution was cooled in the re=-
frigerator and the succinimide filtered off, The chloro-
form was evaporated off and the residue heated under
ordinary distillation conditions at 120-130° for 1 hour,
The residue was taken up in ether and washed with sodium
hydrogen carbonate, sodium carbonate and sodium hydroxide
solutions, in that order, to give four fractions on
acildification and extraction with ether,

The sodium hydrogen carbonate, carbonate and neutral

fractions afforded small amounts of impure yellow-brown gums,
all of which gave a brownish colour with alcoholic ferric
chloride,

The sodium hydroxide fractlion contained the bulk of

the products and was isolated as a green-brown gum with
purple colour in alcoholic ferric chloride. A dark green
crystalline material, micro-m.p, 85-950, slowly precipitated
out from the gum in ethanol, It did not give a colour with
alcoholic ferric chloride. The ethanol mother liquors when

concentrated afforded unchanged 1:4-dicarbethoxycyclohepta=-

2:3-dione as colourless crystals, m,p, and mixed m,p. 66-8°

with authentic sample,
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A simllar experiment was carried out except that the
materials were heated at 140-50° for 1 hour, with similar

results.

3). BROMINE IN ACETIC ACID

The dione (1.4 g.) was refluxed in acetic acid (20 c.c.)
with bromine (2,0 g.,) for 5 hours,. The acetic acid was
evaporated off, in vacuo, and the residue submitted to steam
distillation - no material was steam distilled. The
residue was taken up in ether and shaken gently with conc.
alkall, A yellow precipitate formed which when taken up
in water and acidified, yielded a flocculent precipitate

ofc%:od-dibromotrqpolone (0.4 g.). Colourless needles from

methanol, m,p. and mixed m.,p. 156° with authentic specimen,
The alkaline mother liquor was separated and acldi-
Tied, Extraction with ether and concentration ylelded

sn unldentified greenish gum,

2-CHLOROTROPONE

Tropolone (1 g.), benzene (10 c.c.) and thlonyl
chloride (10 c.c.) were heated under reflux for 3 hours,
The white precipitate of tropolone hydrochloride, m,p, 119-
1250, which was initially formed, gradually redissolved.
After concentration in vacuo, addition of benzene and
renewed concentration, the residual gum was distilled at

900 (bath)/z mom. A solution of the distillate in
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benzene was shaken with satursated aqueous sodium bisulphite
and the resulting solid (A) was collected, The washed,
dried and concentrated benzene solution afforded 2-chloro-
tropone as colourless needles, m.p. 63-64° from light
petroleum (60-80°)., The bisulphite compound (4) was
treated with aqueous sodium carbonate and the mixture was
extracted with benzene, The recovered oil was oxidised by
potassium permanganate to o-chlorobenzoic acid, m,p. and
nixed m,p. 145-1440, and afforded a 2:4-dinitrophenylhydra-
zone, m,p, 205° (Found: c, 48}6; H, 3.2, Calc, for
CyzHgO0,W,Cl: C, 48.7; H, 2,8%) and a semicarbazone m.p.
239-240°, which were identified by mixed m.p. with authentic

samples prepared from o-chlorobenzaldehyde,

2 27-DICHLOROTROPONE

K -Bromotropolone (1 g.) and thionyl chloride (10 c.c,)
in benzene (10 c.c,) were heated under reflux for 5 hours,
After volatile liquids had been removed in vacuo, the
residual gum was sublimed at 80?/2 _— and afforded 2:7-
dichlorotropone as colourless needles, m.p. 129-150O from
1ight petroleum (60-80°) (Found: ¢, 47.8; H, 2.2,

CyH O Cly requires C, 48.0; H, 2.3%).

REACTICONS OF 2-CHLOROCYCLOHEPTATRIENONE

(1) Ethanol solutions (2 c.c, each) of 2-chlorocyclo-

heptatrienone (0.1 g.) and of thio-p-cresol (0.09 g.) with
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sodium hydroxide (0.03 g.) were mixed and heated to the b,p,
The bright yellow precipitate, which was produced on cooling

end dilution with water, afforded 2-p-tolylthiocyclohepta-

trienone as yellow needles, micro-m,.p. 1480, from benzene-
light petroleum (60-80°) (Found: C, 73.7; H, 5.3.
C14H,208 requires C, 73,6; H, 5,3%),

(2) A solution of the 2-chloro-compound (0.11 g.) in
benzene (2 c.c.) was added to a suspension of aluminium
chloride (0.2 g.) in benzene (2 c.c.). In separate experi-
ments the mixture was kept below 10° for 16 hours or was
heated under reflux for 1 hour, In each case 2-chloro-

cycloheptatrienone, m,p. and mixed m,p. 62-650, was recovered

from the washed and dried benzene solution.

(3) 2-chlorocycloheptatrienone (0,02 g.), sodium
p-toluenesulphinate (0,026 g,) were heated under reflux in
ethanol (3 c,c,) for 1 hour. The solution darkened and
en insoluble brown precipitate formed (0,023 g.). This
meterial does not melt below 360° and could not be

crystallised,

REACTIONS OF 2:7-DICHLOROCY CLOHEPTATRIENONE

(1) The dichloro-compound (0,3 g.), diethylamine
(1 ¢c.c.), and benzene (3 c.c.) were heated under reflux
for 2 hours, The benzene solution, after being washed

with dilute acid and then with water, was dried and con-
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centrated, affording an orange-yellow residue. This, when

heated in a sublimation tube at 800/2 gave a sublimate
m,m,

which afforded 2-chloro-7-dliethylaminocycloheptatrienone

as orange prisms, micro-m,p, 56°, from light petroleum
(60-80°) (Found: C, 62.3; H, 6,7. C11H14ONC1 requires
C, 62.,4; H, 6,7%).

(2) The dichloro-compound (0,1 g.), p-toluidine (0.5g.)
and zylene (10 c,c,) were heated under reflux for 30

minutes, The cooled solution, after being washed with

dilute acid, was dried and evaporated and gave 2-chloro-7-

p-toluidinocycloheptatrienone as yellow needles, micro-m,p.

121° from benzene (Found: C, 68,3; H, 4.,8; N, 5,8,
C14H00NC1l requires C, 68.4; H, 4,9; N, 5,6%).

(3) Ethanol solutions (2 c.c. each) of the dichloro
compound (0,1 g.) and thio-p=-cresol (0,08 g,) with sodium
hydroxide (0,02 g,) were mixed and heated to the b,p.

The orsange precipitate, which was produced on cooling and

dilution with water, afforded 2-chloro-7-p~tolylthiocyclo~

heptatrienone as yellow needles, micro-m,.p. 1650, from

benzene-light petroleum (60-80°) (Found: C, 64.1; H, 4.2,
C14H110SCL requires C, 64,0; H, 4.2%).

(4) Experiment (3) was repeated with twice the quan-
tities of thio-p-cresol and sodium hydroxide. 2:7-Di-p=-
tolylthiocycloheptatrienone was thereby obtained as dark

yellow crystals, m,p. 266°, from benzene (Found: C, 71.7;
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Hy, 5.4.  CgqH,o0S, requires C, 72.0; H, 5,27%),

(5) Attempted condensation of the dichloro -conmpound
with benzene in presence of aluminium chloride (as described
for the 2-chloro-compound) led to recovery of the dichloro-
compound. Likewise, under reflux conditions, with m-
xylene as hydrocarbon, there resulted 70% recovery of the
dichlorocyc1oheptatrienone, but in this case chromatography
on alumina afforded also a small quantity of unidentified
orange-coloured prisms, m,p, 279-281°, from light petroleum
(40-60°).

(6) Attempted reaction with o-phenylenediamine

The_dichloro-compound (0.1 g.) and o-phenylenediam-
ine (0,06 g.) were fused at 100°, Reaction occurred and
heating was continued for 2-% mins,; cooling and washing
with dilute hydrochloric acld produced a brown solid which
gave several multicoloured bands on alumina from benzene,
When the two reactants were heated under reflux in xylene
for 1 hour, the dichlorotropone was recovered, m,p, and
mixed m,p. with authentic sample 128-130°,

Hydrogenolysis

(1) A solution of the dichloro-compound (0.1 g.)
.in ethanol (5 ¢.c.) containing Raney Nickel (0.5 g.) in
suspension was heated under reflux for 2 hours, The
colourless oil, which was obtained on filtration and con-
centration, distilled at '70-800/2 _— (Found: C, 72.6;
H, 10.4%).
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(11) Similar treatment of the chloro-p-tolylthio-
tropone (m.p. 165°) gave a colourless oil, b.p. 50-60?/2

m.m,
(Found: €, 80,7; H, 7.2%).

ANTONOID REPLACEMENT IN SUBSTITUTED TROPOLONES

}
1) olyY-Tribromotropolone
]

a) Preparation: The tribromotropolone was prepared

by heating under reflux o -bromotropolone (1 g.) and

bromine (2 g.) in acetic acid (5 c¢c,c.) for 2 hours and
separated out on cooling as yellow needles (0,5 g.), m.p.
122-3°, Addition of water to the mother liquor precipitated
a colourless product (0.7 g.) as needles, m.p, 112° (dec.)
(Found: ©, 18,0; H, 1.1#). This material afforded a
further quantity of the tribromotropolone when warmed with
alkali and then acidified,

b) Y -Bromo-olet'-di-p-tolylthiotropolone

obﬁ( -Tribromotropolone (0.2 g.), sodium hydroxide
(0,067 g.) and thio-p-cresol (3 mols,: 0,21 g.,) were
heated under reflux in pyridine (5 c.c.) for 13 hours.
The cooled solution was added to dilute sulphuric acld and
the precipi tate dollected. Crystallisation from acetic

/
acld afforded {-bromo— o -dil-p-tolylthiotropolone

(0.22 g.) as yellow prisms, m.p. 216° (Found: C, 56.2;

H, 3.9, 021H17028r82 requires C, 56,6; H, 3.85%).
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The same product in similar yield was isolated when the
sodlum hydroxide was omitted in the above experiment.

¢) Structural identification of \ -bromo- o -di-p-
1

tolylthiotropolone

<yduDibromotropolone was prepared according to the
method of Cook et al, from ol -bromotropolcne.

The dd/-dibromotropolone (C.34 g.), thio-p-cresol
(0.33 g.) and sodium hydroxide (0.106 g,) in ethanol
(5 e.c.) were heated at 150° in a sealed tube for 12 hours.

dd’-Di-p-tolylthiotropolone crystallised out on cooling and

recrystallised from ethanol as yellow needles, m.p. 159°,
Bromination of Nd’-di-p—tolylthiotropolone was

effected by heating under reflux the tropolone (0,05 g,)

in glacial acetic acid (2 c¢,c.,) with bromine (0,025 g,)

for 1 hour. On cooling, the Y-bromo- oldt! ~d1-p-tolylthio=

tropolone crystallised out and when recrystallised from
acetic acid had m,p. 214°. Mixed m.p. with | -bromo- st
di-p-tolylthiotropolone obtained from (b) showed no de-

pression,

d) oY -Tri-p-tolylthiotropolone

{-Bromo- old! ~di-p-tolylthiotropolone (0.26 g.),
thio-p-cresol (0.06 g.) end sodium hydroxide (0.026 g.) in
ethenol (5 c.c.) were heated at 150° iIn a sealed tube for
12 hours, The concentrated ethanol solution was added to

dilute sulphuric acid and the precipitate filtered off,
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The dried residue was crystallised from acetic acid and

]
afforded obLY-tri:p-tolx;thiotrqpolone as yellow needles,
o )
m,p, 182 (Found: C, 69,1; H, 5,0, Cogllog 008z requires
c, 68.8; H, 4.95%).

2) Y-Nitrotropolone

)

a) The sodium salt of j-nitrotropolone (0.09 g.) was
heated under reflux with thio-p-cresol (0.09 g.) in pyridine
(3 c,c,) for 2 hours. The cooled solution was added to
dilute sulphuric acid and the precipitate filtered off,.
Crystallisation from methanol afforded {-nitrotropolone
as yellow needles (0,03 g.), m,p., and mixed m.p. 188-190°,

b) {-Nitrotropolone (0,034 g.), sodium hydroxide
(2 mols.: 0,017 g.) and thio-p-cresol (0,037 g.) were heated
under reflux in pyridine (5 c,c,) for 2 hours, The cooled
solution was added to dilute sulphuric acid and extracted
with ether. Evaporation and crystallisation of the residue
from methanol afforded ‘(-nitrotropolone (0,022 g.), m.p.
and mixed m.p, 187-190°.

¢) The sodium salt of {-nitrotropolone (0,09 g.)
and thio-p-cresol (0.13 g.) in ethanol (5 c.c,) were heated
in a sealed tube for 12 hours at 150°, The ethanollc
solution was concentrated and added to dilute sulphuric acid,
The precipltate was collected and crystallised from methanol-
water in colourless needles, m.p. and mixed m,p. 48° with

an suthentic specimen of p-tolyldisulphide. The orange
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coloured filtrate was extracted with chloroform and the
extract dried, The residue from the concentrated exbtract
crystallised from methanol in yellow needles (0,01 g.),
m.p, and mixed m,p, 192-194° with authentic specimen of

Q-nitrotropolone.

3) 2:3:5:7-Tetrachlorotropone

The tetrachlorotropone was prepared according to the
method of Doering & XKnox by heating under reflux dd%-tri-
bromotropolone (0.3 g.), thionyl chloride (1 c.c.) and
benzene (5 ¢,c,) for 2 hours, The solvents were evaporated
off in vacuo and the residue sublimed at 1200/20 m.m, *
Crystallisation of the product from cyclohexane afforded
233 :5:7-tetrachlorotropone as yellowish crystals m.p. 1150.

2:3:5:7-Tetrachlorotropone (0,1 g.), sodium hydroxide
(0.066 g,) and thio-p-crescl (0,205 g,) were heated under
reflux in ethanol (10 c.c,) for 1 hour., The ethanol was
evaporated off iIn vacuo and the residue taken up in a small
amount of water and acidified with dilute sulphuric acid,
The solution was extracted with ether, dried, evaporated

and the residue crystallised from cyclohexame to give

23 s5-trichlorobenzolc acid as colourless needles, m.p, and

mixed m,p. 165-6° with authentic specimen,
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4) Tropolone p-toluenesulphonate

' Tropolone p-toluenesulphonate (0.09 g.) and thio-
p-cresol (0,04 g.) were heated with sodium hydroxide
(0,013 g.) in ethanol (6 c.c,) on a steam-bath for 1 hour,
Concentration, diluting with water and filtration of the
product afforded 2-p-tolylthiotropone (0,05 g,), m.p. and

mixed m,p. 147-8°,

Ry



83.

SOME ETHERS OF TROPOLONE AND  A-BROMOTROPOLONE

1) 3:5-Dinitrobenzophenone ether

Tropolone (0,1 g.,) and 2-chloro-3:5-dinitrobenzo-
phenone (0.25 g.) were left in pyridine (2 c.c.) overnight.
After adding to dilute hydrochloric acid, acidifying and
filtering, the product was crystallised from ethanol.
Light brown prisms, m.p. 159° (Found: €, 61.3; H, 3,1,
CooHy100mNg requires C, 61.2; H, 3,1%). Similarly o-
bromotropolone gave light brown crystals from ethanol,
m.p. 188-9° (Found: ¢, 60,0; H, 2.8. Co oty O BT
requires C, 60,0; H, 2.4%).

2) Tropolone p-toluenesulphonate

In a similar manner to 1) above tropolone formed with
p-toluenesulphonyl chloride colourless needles, m.D. 162°
(Found: C, 60.,8; H, 4,6, 014H12048 requires C, 60.9;

H, 4.4%).

o =-Bromotropolone did not form an ether with thils re-
agent in a similar manner to tropolone, but was recovered.
A-Bromotropolone was also recovered when its sodium salt
(0.22 g.) was refluxed in pyridine (5 c.c.) with p-toluene-

sulphonyl chloride (0.2 g.) for 2 hours,

3) 2:4-Dinitrophenyl ether

Tropolone did not react with 2 s4-dinitrochlorobenzene

in a similar manner to 1) above, even on heating the mixture
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under reflux for % hour. A pyridinium salt of 2:4-dinitro-

chlorobenzene was produced which did not appear to dissolve

in boiling pyridine.

REACTION OF THE 2:4-DINTITRO-5-CHLOROBENZOPHENONE DERIVATIVE

OF TROPOLONE WITH, 1) ALUMINTIUM CHLORIDE, 2) CONC, SULPHURIC

ACID

1) The ether (0,08 g.) of m.p. 159° was brushed into
a suspenslion of aluminium chloride (0,03 g.) in ethylene
chloride (2 c,c.)., The solution was allowed to stand for
16 hours and was then diluted with water and the ethylene
chloride layer separated, washed with water and dried, The
evaporated extract gave a gum which crystallised from ben-
zene and was ldentlfied as starting material, m,p. and
mixed m,p, 156-70.

2) The ether (0.05 g,.,) was dissolved in conc, sul-
phuric acid (2 c.c.) and heated to 70° for a few minutes:
only slight browning of the solution colour occurred.

When cooled and poured into water, a solid precipitated which
- erystallised from benzene and was identified as starting

material m.p. and mixed m.p., 155-7°,

ATTEMPTED REACTION OF TROPGLONE WITH MALIC ACID

Tropolone (0.0l g,) and malic acid (0.11 g.) in conc.

o
sulphuric acid (2 c.c,) were heated for S mins, at 100,
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when effervescence occurred with darkening of solution.
Diluting with water and extraction with chlorofomm yielded
tropolone m.p., and mixed m.p,. 46-48° and an acidic product

ldentified as 6~carboxycoumalin m.p. and mixed m.p. 226-
227° with authentic sample,

ATTEMPTED REACTION OF TROPOLONE WITH ACRYLONITRILE

Tropolone (0,244 g.), acrylonitrile (0,12 g.) and
sodium hydroxide (0,09 g.) were heated under reflux in
benzene (0,5 c.c,) for 8 hours. The benzene solution was
decanted and the resldue washed once with fresh benzene,
The product was taken up in water, acidified with dilute
sulphurilc acid and extracted with ether, The ether ex-
tract afforded tropolone (0.2 g.) m,p., and mixed m,p, 47-
48° with authentic specimen,

ATTEMPTED ACYLATION OF, 1) TROPOLONE, 2) TROPOLOWE METHYL

ETHER WITH A MIXTURE OF PERCHLORIC ACID AND ACETIC ANHYDRIDE

1) TROPOLONE

a) Monoacylation with 0,25 mol, perchloric acid

Acetic anhydride (0.157 g.) was added to a mixture
of nitromethane (0.53 g.) and perchloric acid (0,035 g. of
72%) at 0-5°. Tropolone (0,122 g,) was added to this
solution at 0-5° in 3 minutes and the mixture left to stand
for 18 hours. The solution was poured on to ice and ex-.

tracted with ether. The ether extract was washed with
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ammonia solution (2N) till washings became colourless then
with water twice and dried over sodium sulphate, The ether
solution when evaporated failed to yield any organic
material,

The ammonla extracts were acidified and extracted
wlth ether, The dried ether extract was evaporated to dry-
ness and the residue crystallised from light petroleum
(40-60°),  Cream needles (0,04 g.) were formed and were
identified as unchanged tropolone m,p, and mixed m,p. 46-
47° with authentic specimen.

b) Diacylation with 0,25 mol, perchloric acid.

A similar experiment was carried out with tropolone
(0.24 g.), perchloric acid (0,07 g, of 72%), nitromethane
(2 g.) and twice the above quantity of acetic anhydride
(0.518 g.). Tropolone was again recovered in a similar
procéss to above,

c) Diaéylation with 1 mol. perchloric acid

Acetic anhydride (0.85 g.,) was added to a mixture of
nitromethane (2.4 g.) and perchloric acid (0.28 g, of 72%)
at 0-5°. Tropolone (0.244 g,) was added slowly to this
solution at 0-5°, and the mixture left to stand for 18
hours. When this solution was cooled in the refrigerator
for a further 18 hours, crystals m.p. 170° slowly deposited.

These contain chlorine, explode on heating and are probably

the perchlorate of tropolone.
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2) TROPOLONE METHYL ETHER

T.M.E, was prepared from tropolone by adding an
ethereal solution of diazomethane to an ether solution of
tropolone, evaporating off the ether and crystallising the
residue from ether By leaving In refrigerator, needles,

m.p., 37-38°

a) Acylation with 0,25 mol, perchloric acld

Acetlc anhydride (0.073 g.) was added to a mixture
of nitromethane (0.15 g.) and perchloric acid (0,012 g. of
72%) at 0-5°,  Tropolone methyl ether (0.05 g.) was added
slowly to this solution at 0-50, and the mixture left to
stand for 18 hours. The solution was poured on to ice and
extracted with ether, The ether solutlon falled to give
any organic material,

The aqueous liquor was made 2N with dilute sulphuric
acid and heated on a steam bath for 45 mins,, then extracted
with ether, The ether extract on concentration and crystal-
lisation from light petroleum (40-60°) afforded tropolone
(0.03 g.) m.p. and mixed m.p. 49° with authentic specimen.

b) Acylation with 1 mol., perchloric acid

Tropolone methyl ether (0.21 g.), perchloric acid
(0.203 g.), nitromethane (1 g.) and acetic anhydrilde (0.55g.)

were reacted as in a) sbove and the solution worked up in a

similar manner.
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From the dilute sulphuric acid hydrolysed portion
there was 1solated besides tropolone (0.12 g,), some tro-
polone perchlorate, m,p., and mixed m,p, 172° with authentic

sample, by crystallisation from ethyl acetate,

ATTEMPTED ACYLATION OF, 1) TROPOLONE, 2) TROPOLONE METHYL

ETHER WITH ACETIC ACID AND TRIFLUOROACETIC ANHYDRIDE

Trifluoroacetic anhydride was prepared by dis-

tilling trifluoracetic acid over phosphorlc oxide, as
recommended by Swarts (Bull.Acad.roy.Belg., Classe sci,,
1922, 8, 343),
1) TROPOLONE

a) Heat was generated when trifluorocacetic anhydride
(0.55 e.c.) was added to a mixture of tropolone (0,122 g.)
and glacial acetic acid (0.18 c.c.). The reactlon mixture
was allowed to stand for 12 hours and then poured Into cold
dilute sodium carbonate solution and extracted with ether.
The ether extract gave no residue on evaporation,

Acidification of the sodium carbonate mother liquor,
extraction with ether and evaporation afforded unchanged
tropolone (0.07 g.) from light petroleum (40-60°), m,p. and
mixed m.p. with authentic specimen 46-47°,

b) In a similar experiment, the reaction mixture was

kept at 60° for 15 mins. and the product worked up with the

recovery of unchanged tropolone,
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2) TROPOLONE METHYL ETHER

Tropolone methyl ether hemihydrate (0,05 g.) was
added to a mixture of acetic acid (0.03 c¢.c.) and tri-
fluorcacetic anhydride (0.1 c.c.), and the mixture kept
at room temperature for 12 hours. The solution was
neutralised with aqueous sodium bicarbonate and exhaustively
extracted with chlorofom, The chloroform extract was
evaporated to dryness, the product crystallised from ether
and ldentified as unchanged tropolone methyl ether hemi-

hydrate, m,p, and mixed m,p. 550.

CONDENSATION OF BIS-(2-CYANOLTHYL)SULPHIDE WITH OXALIC ESTER

Sodium (1,64 g.) and dry ethanol (4,15 c,c,) were
‘reacted together in ether to form sodium ethoxide. Oxalic
ester (5.2 g.) was added to this solution with cooling and
finally bis-{(2-cyanoethyl)sulphide (5 g.) added slowly.

The resultant solution was refluxed for % hour and then the
ether distilled off,. The residue was heated at 105-120o
for 2 hours under ordinary distillation conditions and the
red mass cooled. The solid mass was dlssolved in water
and unchanged starting materlals extracted with ether, The
aqueous liquor was acidified wlth dilute sulphuric acid,
when a semi-solid material precipitated, and the whole

solution continuously extracted with ether. After 48 hours,
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an insoluble precipitate still remained unextracted and was
consldered to be a polymer of vinyl cyanide.

The ether extract was dried and evaporated to drynéss.
Part of the residue slowly crystallised from water in colour-
less needles, m,p. over 330° (Found: C, 60,2; H, 2.8;
N, 17.5. CgHyOglg requires C, 60.0; H, 2,5; N, 17,5%).
This compound was later identified as 2:6-dicyanocatechol
by degradation to catechol, It glves a bright green colour
with aqueous ferric chloride and dissolves in alkall with
pale yelloﬁ colour, the sclution having a weak yellow-green
fluorescence in U,V, light, The agueous solution of this
compound exhlibits a feeble blue fluorescence in U.V, light
which changes to violet on addition of acids.

If the experiment was carried out with the same quan-
tities as before but the refluxing in ether carried on for
10 hours, without the heating at high temperatures, the
products were a 20% yield of 2:6-dicyanocatechol and an
unidentified liquid, The liguid gave a red-brown colour
with aqueous ferric chloride end when refluxed with alkall
(1:1), ammonia was given off and oxalic acid identified in

the products, m.p. and mixed m,p. 96-98° in sealed tube,

3 16-DICYAN OCATECHOL DIMETHYL ETHER

3:6-Dicyanocatechol (0.1 g.) was brushed into an

ethereal solution of diazomethane, Effervescence occurred
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and a crystalline precipitate formed, which on sfanding
12 hours redissolved, - Evaporation and crystallisation
from light petroleum (60-80°) gave white needles, m.p.
109-110° (Found: C, 64,1; H, 4.2; N, 15.05.

C,oHgOoNy requires C, 64,0; H, 4,3; N, 14,9%),

3 :6-DICARBOXY CATECHOL

3:6-Dicyanocatechol (0.1 g.) was refluxed with 4 g.
of sodlum hydroxide solution (1:1) for 10 mins. The
yellow sodium salt dissolved and ammonia was given off,
The cooled solution was diluted and acidified with dilute
sulphuric acid, The white preclipitate which formed was
. filtered off and crystallised from water, crystals, m.p.
268-260° (dec.) (Found: C, 44,38; H, 3,8, Calc, for
C.HLO0,t C, 44,45; H, 3,7%). It gave a blue-purple

87877"
colour with aqueous ferric chloride,

3~CARBOXY CATECHOL

a) The dicarboxy compound sublimed at 210-220?/20 m.m, *
b) The dicarboxy compound was heated at 240-260°/-
760 m.,m, with final raising of the temperature up to 300o
and the sublimete crystallised from toluene, colourless
crystals, m.p. 199-202°, in sealed tube., It gave a blue

colour with aqueous ferric chloride.
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CATECHOL FROM 3-CARBOXYCATECHOL

1) 3-Carboxycatechol sublimed unchanged when heated
alone or wlth pumice or when plunged into a preheated bath
at 400°,

2) 3~Carboxycatechol (0,1 g.) was heated under re-
flux in aniline (3 c,c,) for 1 hour, The acidified solu-
tion was extracted with ether and the ether extract dried
and concentrated, The residue crystallised from benzene
and was identified as catechol, micro-m,p. and mixed micro-

m,p. 98-100°,

CONDENSATION OF BIS-(2-CYANOETHYL )AMINE WITH OXALIC ESTER

Sodium (1.64 g.) and dry ethanol (4.15 c.c,) were
reacted in ether to form sodium ethoxide, Oxalic ester
(5.2 g.) was added to this solution with cooling and finally
bis-(2=-cyanoethyl)amine (4.4 g.) added slowly, The re-
sultant mixture was refluxed for 1 hour. The cooled solu-
tion was filtered and the yellow sodium salt (7.4 g.) which
separated dissolved in water, As acidification of this
aqueous solution produced a non-ether extractable substance,
the alkaline solution was passed through an lon-exchange
resin (IR - 120H) in column form, The aqueous acldic
liguor which emerged from the column was concentrated under
reduced pressure on & steam-bath to give a brown gum (4.5 g.).

The gum partially crystallised from water in cream crystals
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(1.0 g.), m.p. 176-177° (Found: C, 49.6; H, 4.7; N, 21.5.
CgHyOgN3.Ho0 requires C, 49.2; H, 4.,65; N, 21,5%)., It
gave a red colour with aqueous ferric chloride, dissolved
with effervescence In sodium hydrogen carbonate solution
and failed to form a picrate from either water or alcohol.

It 1s considered to be N-( P-cyanocethyl)-4-cyano-2:3-di-

ketopyrrolidine.

N-( p-CYANOETHYL)-4-CYANO-2 :3-DIKETOPYRROLIDINE METHYIL ETHER
| The pyrrolidine (0,1 g.) was dissolved in methanol

(3 c.c.) and an ether solution of diazomethane added, After

standing for 12 hours the solution was taken to dryness and

crystallised from methanol, Charcoaling once and re-

crystallisation from methanol gave greenish crystals, m.p.

160-162° (Found: C, 56.,4; H; 4,7; N, 21.7. 09H9N302

requires C, 65,5; H, 4,75; N, 22,0%),

REACTION OF N-( P ~-CYANOETHYL )-4-CYANO=-2 :3-DIKETOPYRROLIDINE
|

WITH O-PHENYLINEDIAMINE

The pyrrolidine (0,15 g.) was heated under reflux in
ethanol (2 c.c.) for 1 hour with o-phenylenediamine (0.86 g.).
The ethanol was evaporated off and the residue taken up in
water. On standing a black preciplitate was deposited which
formed a hydrochloride with dilute hydrochloric acid. The

hydrochloride crystallised from methanol in red-purple plates,
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o
m,p, 310-312 (dec.) (Found: C, 55,3; H, 4.8,
C14H140N5C1 requires C, 55.4; H, 4,65%).

ACETYLATION OF Na( ?-CYANOETHYL)-é—CYANO-2:S-DlKETOPYRROLIDINE

The pyrrolidine (0,1 g.) was heated under reflux
with acetlc anhydride (3 c,c.) for 5 mins. The sacetic
anhydride was evaporated off in vacuo and the residue washed
with 1ight petroleum (60-80°)., The gummy mass s lowly
crystallised, but a suitable solvent for crystallisation
could not be found. A small amount crystallised from
ether in cream crystals, m,p. 88°, which did not gilve a

colour with aqueous ferric chloride,

ALKALINE HYDROLYSIS OF N-j_?;CYANOETHYL)-é-CYANO-2:5-
DIKETOPYRROLIDINE

The pyrrolidine (0.5 g.) was heated under reflux
for %+ hour with 10 c.c, of sodium hydroxide solution (1:1).
Vigorous frothing ensued and ammonia was given off, A
white sodium salt precipitated and was separated and passed
through an ion exchange resin (IR - 120H), The emerging
liquor was evaporated to dryness and the white residue
crystallised from ether-light petroleum (60-80°). It was
identified as oxalic acid, m,.p. end mixed m,p. in sealed
tubes, 98-101°,
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N-Bis-(2-cyanoethyl)-p-toluenesulphonamide

Bis-(2-cyanoethyl)amine (4 g.) was dissolved in pure
pyridine (20 c.c,) and p-toluenesulphonyl chloride (2.5 g.)
brushed in with cooling. The reaction mixture was left
for 24 hours and then poured into cold dilute hydrochloric
acld and the white precipitate (5.2 g.) filtered off.
Extraction of the aqueous mother liquor with ether produced
a further quantity of product (0,5 g.). The N-bis-(2-
cyanoethyl)-p-toluenesulphonamide crystallised from ethanol
in colourless needles, m.,p. 102° (Found: C, 56.7; H, 5.0.

Cy5H, 505858 requires C, 56.3; H, 5,45%).

CONDEN SATION OF N-BIS-(2-CYANOETHYL)-p-TOLUENESULPHONAMIDE

WITH OXALIC ESTER

Sodium (0.78 g.) and dry ethanol (1.94 c.c.) were
reacted in ether to form sodium ethoxide. Oxalic ester
(2.44 g.) was added to this solution with coollng and
finally the sulphonamide (4 g.) added slowly. The re-
sultant mixture was refluxed for 3% hours. A portlon of
the solution was then removed and found to contain unre-
acted starting material, m.p, and mixed m,p. with authentic
specimen 99-1000.

The ether was evaporated off and the residue heated

under distillation conditions for 2 hours, bath temperature
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160-1800. No ethanol dlstilled over and the residue was
treated with water and the insoluble solid filtered and
ldentifled as unchanged sterting material, m.p, and mixed
m,p. 99-100° with N-bis-(2-cyanoethyl)-p-toluenesulphon-

amide,

CONDENSATION OF BIS-(2-CYANOETHYL)ANISIDINE WITH OXALIC ESTER

Bis-(2-cyanoethyl)anisidine was prepared from vinyl
cyanlde and p-anisidlne according to the method of
J,T, Braunholtz & F,G, Mam, J,C.S,, 1952, 3046,

Sodium (1 g,) and dry ethanol (2.53 c¢.,c,) were re-
acted 1n ether to form sodium ethoxlde. Oxalic ester
(3.18 g.) was added to this solution with cooling and finally
the amine (5,0 g.) added slowly. The resultant mixture was
refluxed for 5 hours. The ether was evaporated off and the
residue treated with water. The insoluble materlal was
filtered off and after crystallisation from ethanol was
identified as unchanged bis-(2-cyanoethyl)amine, m.p. and
mixed m.p. 97—990 with authentic specimen.

The aqueous mother liquor was acidified with dilute
sulphuric acid and the orange-brown solid (2.5 g,) filtered
off, This amorphous solid is probably N-p-anlsyl-3:6-
dicyano-4 :5-diketohexamethylenimine and dissolves in caustic

soda, gives no colour with ferric chloride and does not

form a picrate.
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A simlilar experiment was carried out without the
solvent (ether), the reaction mixture being heated at
140° under ofdinary distillation conditions. Ethanol
distilled over, and similar fractions to the above were

obtained,

REACTIONS OF N-p-ANISYL-3:6-DICYANO=-4 :5-DIKETOHEXAMETHY LEN -

IMINE

1) The dione (0.15 g.) was refluxed in scetic acid
(3 c.c.) with phenylhydrazine (0,12 g,) for 1 hbur. A
crystalline brown solid precipltated which recrystallised
from water after charcoaling as colourless prisms, m;p.
126-129° (Found: G, 63.9; H, 5.9; N, 17.5.
CopHygl505.HoO requires C, 64.4; H, 5.4; N, 17.9%) .

2) The dione (0,15 g.) was refluxed in acetic acid
(2 ¢e.c.) with o-phenylenediamine (0.12 g.) for 1 hour.
The cooled solution was poured into water and the black
precipitate filtered off. This precipitate could not be
crystallised and did not form a hydrochloride with dilute
or conc, hydrochloric acid.

3) On warming the dione (0,1 g.) with caustic soda

(1:1), ammonia gas was evolved.
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ACTION OF ALUMINIUM CHLORIDE ON PHTHALANTL

a) A mixture of phthalanil (1 g.), sodium chloride
(1 g.) end powdered aluminium chloride (5 g.) was heated
at 230-240° for 15 minutes, The cooled mass was treated
with water and the insoluble product filtered off and
crystallised from acetlic acid, This proved to be unchanged
phthalanil, m.p. and mixed m,p, 203° with authentic specimen.
b) A mixbture of phthalanil (1 g.), sodium chloride
(1 g.) and powdered aluminium chloride (5 g.,) was heated
at 290-300° for 15 mins, The cooled mass was treated with
water and the 1insoluble product filtered off and erystallised

from acetic acid, This is probably the lactam of 2-(2'=-

aminobenzoyl)benzolic acld, colourless needles, m,p. 245°

(Found: C, 75.4; H, 4.0; I, 6.1, Cale, for Cy,H0.N:

¢, 75.,3; H, 4,1; N, 6,3%).

ACTION OF ALUMINIUM CHLORIDE ON SUCCINANIL

a) A mixture of succinanil (1 g.), aluminium chloride
(0.77 g.) and ethylene chloride (5 c.c.) was left for 48
hours at room temperature. Washing with water, concentra-
tion, and crystallisation from water ylelded unchanged
succinanil, m,p. and'mixed M. D. 156° with authentic specimen,
A similar experiment with twice the quantity of

aluminium chloride (1.55 g.) gave a simllar result.
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b) A mixture of succinanil (1 g.) and aluminium
chloride (0,77 g.) was heated to 140° for 15 mins. The
cooled product was treated with water and the hot filtered
solution allowed to cool slowly, Unchanged succinanil
(0.8 g.) crystallised out and was identified by m.p. and
mixed m,p. 154-156° with authentic sample,.

A similar experiment with twice the quantity of
aluminium chloride (1.55 g.) conducted at a higher tempera-
ture, 2800, gave a simllar result,

¢) A mixture of succinanil (3 g.), sodium chloride
(3 g.) and aluminium chloride (15 g.) was heated at 200°
for 30 mins. The cooled product was treated with water
and succlnanil (2.4 g.) recovered as in b) above,.

A similar series of experiments was carried out at
higher temperatures ranging from 240 to 310°, The cooled
product was treated wlth water and the hot filtered solution
yielded, in every case, unchanged succinanll, m.p. and
mixed m.p, 156° with authentic specimen, The dark insoluble
residue, which remains, was extracted with chloroform and
yielded on concentration a black solid. This compound does
not melt and could not be crystallised. It formed a
2 :4-dinitrophenylhydrazone when treated with the phenyl-
hydrazine in ethanolic solution, Red crystals from n-

butenol, m.p. 199-200° (Found: C, 51.9; H, 4.8; N, 21.9%).
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CONDENSATION OF OXAMIDE WITH DIETHYL MALONATE

Sodium (1.3 g.) and dry ethanol (50 c¢.c.) were re-
acted to form an ethanolic solution of sodium ethoxide.
Diethyl malonate (9,05 g.) and oxamide (5 g.) were added
to thls solution and the mixture refluxed for 6 hours.
The cooled solution was poured Into water and unchanged
oxamide removed, The filtrate was passed through an ion
exchange resin (IR-120H) and the effluent concentrated.
The gum partly crystallised from water, colourless needles,
m.p. 240° (Found: C, 45.7; H, 4.4; N, 17.6%). It dis-
solves in sodium hydroxide, slowly with no effervescence
in sodium carbonate, and does not give a colour with agqueous
ferric chloride. It formed a green methylated compound
with diazomethane which recrystallised from light petroleum
(60-80°) as prisms, m.p. 116° (Found: ¢, 50.8; H, 5.5;
N, 13.9%). |

The remaining part of the concentrated effluent was a

red gum, which gave a red colour with aqueous ferric chloride,

ATTEMPTED OXIDATION OF THE METHYLENE GROUP IN 2-METHYT.-4-

HY DROXYBENZAZEPINE WITH SELENIUM DIOXIDE

2-Methyl-4-hydroxybenzazepine, m.D. 1210, was prepared
from o-phenylenediamine and acetoacetic ester according to
the method of W.A. Sexton, J.C.S., 1942, 303,

8) The benzazepine (0.5 g.) and selenium dioxide
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(0.32 g.) were refluxed in ethanol (4 c.c.,) for 6 hours

and the precipitated selenium (0,223 g.) filtered off,

The ethanol solution was evaporated to dryness in vacuo

and the residue dissolved in ether. The ether extract

was concentrated and the product crystallised from n-butanol
or ethanol, glving crystals, m,p, and mixed m.p. 310° with
an suthentlc sample of 2-hydroxybenzimidazole,

b) The same quantities as in a) were refluxed in
acetic acld (4 c.c,) for 5 hours and the precipitated
selenium (0,147 g.) filtered off, The filtrate was evapor-
ated to dryness in vacuo and the residue treated with water
and filtered. The insoluble material (0,38 g.) was fil-
tered off and crystallised from ethanol as crystals, m.,p,
and mixed m.p. 312° with authentic sample of 2-hydroxy-
benzimidazole,

In both a) and b) the crystalline product was not
identical with 2—hydroxy5enzimidazole in that the pure con-
pound crystallised much more readily.  After sublimation
or after passage of hydrogen sulphide into its dioxan

solution, the product ylelded a more easily crystallised

form,
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ATTEMPTED NITROSATION OF THE METHYLENE GROUP IN 2-METHYL-4-

HYDROXYBENZAZEPINE

1) The benzazepine (1 g.) was dissolved in dry ether
(10 c.c.) and n-amyl nitrite (1,35 g.) in dry ether (10 c.c.)
added dropwise at 0°c¢. Dry hydrogen chlorlde was passed in
similtaneously and the operation completed in 30 minutes,.
The crystalline precipitate was filtered off and decomposed
by adding slowly to cold water, It crystallised from
ethanol, crystals, m.p. and mixed m.p, 310° with authentic
specimen of 2-hydroxybenzimidazole,

2) The benzazepine (1.0 g,) was added to sodium
(0.132 g.) in dry ethanol (4 c.c.) at 0°, n-Amyl nitrite
(0.68 g.) was added dropwise to this solution and the mixture
left for 48 hours. Acidification gave unchanged starting
material, m.p, and mixed m,p,. 118—1210.

3) Concentrated sulphuric acid (0.56 g.) in water
(5 ¢c.c.) was added to a mixbture of the azepine (0.5 g.),
caustic soda (0.13 g.) eand sodium nitrite (0.24 g.) in
water (10 c.c.) at 0°c. The solution was allowed to stand
overnight and when worked up, afforded unchanged starting
material, m.p. and mixed m.p. 119-120°.

4) Sodium nitrite (0.2 g.) was added to a mixture of
the azepine (0.2 g.) and acetic acid (3 c.c.) at 0°C.  The
solution was left overnight and then poured into water and

extracted with ether. The ether extract on evaporation
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gave a gum which slowly crystallised from ethanol-water and

was ldentified by mixed m.p. 310° as 2-hydroxybenzimidazole,

ATTEMPTED CONDENSATION OF BENZALDEHYDE WITH 2-METHYL-4-
HY DROXY BENZAZEPINE

1) A mixture of the benzazepine (0.1 g.), benzalde-
hyde (0,062 g.), caustic soda (0,001 g.,) and ethanol (4 c.c.)
was left for 24 hours, Acidification and crystallisation
of the precipitate from ethanol gave unchanged starting
material, m.p., and mixed m,p. 120-121°,

2) The benzazepine (0.2 g.) and benzaldehyde (0,125 g.)
were heated in pyridine (3 c.c,) for 2 hours. The mixture
was poured into dilute sulphuric acid and the solution ex-
tracted with ether. The ether extract on concentration and
crystallisation of the residue from ethanol gave 2-hydroxy-
benzimidazole, m,p, and mixed m,p. 310°,

3) The benzazepine (0.2 g.), benzaldehyde (0.122 g.),
sodium acetate (0,094 g.) and acetic anhydride (0.35 g.)
wore heated on a steam-bath for 1 hour. The solution was
poured into water and left for 12 hours. Extraction with
ether and removal of the excess benzaldehyde with bisulphite
golution followed by steam distillation and crystallisation
of the distillate from ethanol-water gave colourless needles,
m.p. 101° (Found: C, 66.6; H, 5,0,  CypHjp0ply requires

¢, 66,5; H, 5.6%).
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