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SUMMARY.

R

Part I
Attempts were made to synthesise the unknown heterccyclic ,
' voutes !
compound, henz-l-oxepin. Two sevarate mesulbs were investigated

one involving the use of homochroman-%-one, the other, the use
of the isomeric homochromen--5-one, both of which were reducible

to the known homochroman. Homochroman-3-one was »repared by

Dieckmenn cyclisation of the dimethyl ester of dihydro--o-
coumaroxyacetic acid, folloﬁed by hydrolysis and decarboxylation
of the resultant B-keto-ester. The ketone was converted into
the corresponding gB-unsaturated compound which, on spectral
evidence, failed to show any enolisation in basic solution.
Homochroman-5-one, obtained by cvclisation of ¥-phenoxybutyriec
acid, was treated in a number of ways in an attempt to insert
the required double bonds. VWork on the olefin, 2:3-dihydro-
benz-l-oxeyin failed to give the completely umsaturated system
required. Both routes were characterised by the large nunbex
of by-products obtained at each stage ana by the instability

of intermeciates and these factors almost certainly contriouted

to the lack of success.

Part II

2-(B-3enzoylethyl)-cyclohexanone was cyclised under acid

conditions to 2-phenyl-bicyclo-[>.3:1)-non-2-en-9-one and



2~(B—benzoylethyl)—cvcloheptanone, in a similar menner gave
T-phenylhicyclo-{4:3:1)-dec-7-en-10-one. The corresponding
cvclopentanone derivative, 2-(B-benzoylethyl)-cyclopentanone,
however, did not yield a bicyclic Zetone under the same con-
ditions. Tais reaction afforded instead an acidic material
and an isomeric neutral compovnd, a ¥ ~lactone. These were
shown to be related “»y cyclisation of the acid to the lactoe.
The structures of the acid and lactone were examined and the
acid shown to be 4-phenylevclehevt-3-ene carboxvlic e2cid. A
mechanism was proposed for the obtention of tese compounds fron
the cveclisation of the diketone., 2-Phenylbhicyclo-[3:2:1]-oct~
2-en-8-one was itself obtained under suitable cyclisation con-
ditions and was fomd to he very readily ring-opened wnder
mild conditions to 4-phenylcyclohept-3-ene carboxylic acid and
the corresponding ¥-lactone. The reaction was shown to be
apnplicable to a related diketone, B-(2-oxocyclopentylmethyl)-
a-hyérindone, which yielded indeno(?',B'53,4)—phenylcyclohept—

3-ene carboxvlic acid.






Introduction

Note on Nomenclature.

Oxepins are members of the class heteropins, which are
unsaturated seven-membered rings containing one or more
atoms other than carbon. The corresponding fully saturated
compounds are known as heteropans. The general formula for
a heteropin (heteroping where the heterocatom is N, or its
analogues P and As) is as shown (1). In cases where maximum
unsaturation occurs and the double bonds can be arranged in
more than one way, the position of these bonds is defined by
indicating the heteroatom or carbon atom not multiply-bonded
and therefore carrying the "extra" hydrogen atom, e.g. 1H-,
2H-. (2) shows the structure of 2H- azepine.

Fusion of one benzene ring to the heterocyclic nucleus,
giving the bengzheteropin series, introduces the possibility
of isomerism - for the heteroatom may now be in three
different positions, giving the benz(o)-l-heteropins,
benz(o)-2-heteropins and benz(o)-3-heteropins [of general
structure (3), (4) and (5)1.

Addition of a second benzene ring to the parent nucleus
increases the number of possible isomers to four, giving
dibenzofb,f] heteropins, and the corresponding dibenzolb,e],

dibenzolb,d] and dibenzolc,e] systems. [(6) - (9)].



By far the greatest number of known heteropins contain,
for the usual reasons, nitrogen, oxygen or sulphur, but it is
interesting to note that other heterocatoms incorporated in the
nucleus include both metals and non-metals. Compounds have
been prepared with Asl, B, P7, se*, si°, $n(11)° and Sn(IV)®
as the heteroatonm.

Up to the present time none of the simple parent systems
is known* (either syntheticallv or naturally-occurring), and
of the totally unsaturated unsubstituted benzheteropins only
benz-3-oxepin (10)7 has been synthesised;;* In the dibenzo
series, as might be expected from the greater stahility con-
ferred on the compounds by the presence of two benzene rings,
parent systems with X = 08, 89, NHLO ang 3H? are known. Other
heteroatoms occur mostly in the form of the tetrahydro
derivatives and the bulk of all the work done on the class as
a whole has been on derivatives of some sort.

This review will be confined predominantly to systems
with a single heteroatom and their chemical history may be

conveniently divided into two parts, pre-1950 and post-1950.

Pre~1950
In this period, heteropin chemistry presents a somewhat

disparate appearance. The first example of the class (11),

*  See additional note 1 (p. 25)
** See additional note 2 (p. 26)




a derivative of diberz [c,e] oxepir was recorded in the
literature of 1877ll but the second example (a derivative
of dibevnzo [c,e] azepine) was not recorded until 188812.
Yet another decade passed before the first monocyclic system,
oxepan itself (12; X = 0) was noted}®. This compound and
its sulphur analogue (12; X = 8)14, both readily prepared,
excited ro great irterest since they possessed no unusual
properties,

1911 marked a turning-point in heteropin chemistry.
In this year a dibenz [b,f] oxepin derivéfive (13) was

reported by Pschorr15

as an abrormal by-product in an
attempted phenanthrene synthesis. From this point on, the
subject started to gather momentum ard irn the ersuing years
derivatives of several other parert compouwdsAappeared,
including compounds derived from benz-l-oxepin (3; X =0),
benz-3-oxepin (5; X = 0), benz-2-thiepin (4; X = S) benz-3-
thiepin (5; X = S) and from dihydro-oxepin., By far the
largest rumher of compounds, however, were derivatives of
tetrahydroazepire (hexamethvleneimine)l6 (12; X = NH).

These were the subject of intersive research because of their
potertial usefulness in a variety of fields from aralgesics
ard irsecticides to adhesives, and although they are outwith

the scope of this review, one relevart point may be noted.

One of the earliest reactions carried out on tetrahydroazepine



and some of its derivatives was an attempt to oxidise the
reduced compounds to the unsaturated azepinesl7. The
products isolated, however, were not azepines but derivatives
of a-picoline.

Interest in the heteropin system stemmed also from
another source, with the publication of Robinson's proposed
structuresld for strychnine derivatives, which incorporated
a tetrahydro-oxepin nucleus. TFollowing closely on this was
the suggestion by Menskel9 that the alkaloid cularine (14)
contained a dibenzoxepin ring system which gave unusual
reactions. Oxidation of cularine derivatives was observed
to give rise to xanthones. The latter compounds were not
reedily obtainable by other methods and as a result, part
of the new interest in heteropins arose from their potential
use as intermediates in the preparation of xanthones. In
addition to this, cularine appeared to contain, in the
dibenzoxepin system, a new type of ether linkage of bio-
genetic interest.

The benz~l-azepine nucleus (3; X = NH) was subsequently
obtained?0 in rearrangement products of alkaloids of the

Erythrina type and as a result, a considerable amount of

work was carried out on the synthesis of benz-l-azepines as
model compounds for these alkaloids.

So far, the naturally-occurring compounds mentioned
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above are the only ones known to contain & beteropin nucleus
of sonmc kind,

Up until 1950, tlrerefore, heteropins were of interest
golely on account of their pharmacological properties or
because of their presence in novel naturally-occurring

comnounds.

Post-1950:

Sucdenly and emphatically, however, this attitude
changed and heteropins became keenly sought after as possible
sources of verification and clarification of the Hiickel

Rulezl

and of the whole guesgtion of aromaticity in genereal.
The reason for this chenge possibly has its origin in

the culmination at this time of 211 the work done in the

field of azulene chemistry, coupled with the synthesis of

2 ona derivatives (1950) and of tropones itself

tropolone2
(1951)., ZExamination of the vroperties of the pseudo-
eromatic azulenes and tropones stressed the need for deter-
mining the requirements for, and nature of, aromaticity in
the seven-membered ring. Indeed, the whole gquestion of
aromaticity and in perticular its relationship to the
Hickel Rule has elways aroused lively interest and hetero-

pins apneared to provide another test case.

The concept of aromaticity end the importance of the



"aromatic sextet" of electrons wes originally develoned
to exnrcss some agnects of chemicel beheviour of o certain
class of molecule. It was first —-ut in electronic terms

2 . . 2
4 ond by Robinson 5, and

in theoricg ceveloved by Ingoll
was subsequently skhown to be compatible with the guantum
physical aspeccet of the electron postulated by Hﬁckelzl.
Once the connection between 71 —clectron delocalisation and
aromatic properties had been explained theoretically, it
was recognised that aromaticity could be exmected where
conditions of stereochenistry, availability of orbitals
and number of electrons allowed electron delocalisation
to occur. This delocalisation of electrons is the most
inportant fector in theories of aromaticity and the cal-
culation of delocalisation energy is the chkief aim of
theories evolved to deal with it. This energy is decreased
if the conjugated planar fremework of the molecule is dis-
torted into = non-planar conformation becscuse maximum
overlap of 71 —orbitals is then not possible,

From this it follows that the kind of atom involved
in an -electron system should not have an overwlhelmingly
detractive influence on its arometicity, provided, of course,
that it c2n supply a 21)77-orbital and that it does not

distort (e.z. by reason of size) the framework too seriously

from planarity. Up to this point, there is no reason why



heteropins should not exhibit aromaticity. It seems unlikely,
however, (the writer believos),that thev should heve any
light to shed on the meaning or validity of the Iickel Rule,

a hope cxpressed foirly often by other weorkere. Indeed
H&ckel himself was careful to define the Rule's limitations.
As originally statedgl (1931) the Imickel Rule applied solely
to monocyclic co-planar systems of trigonally-hybridisecd
atoms which contain (4n + 2) 7 -elecctrons (where n is integreol)
and which woulcd possess reletive clectronic stebility. The
rule ig inherent in the form of the moleculnr orbitals which
can be written for these systems end depends on the existance
of degenerate molecul~r orbitals.

It has been recognisod26, however, that there are other
syctems not nossessing & total of (4n + 2) T —electrons which
are equally stable and presumably Yaromatic". These are
homomorphic systems (i.e. all varticipating orbitals have
the same local symmetry) constructed from 2m orbitals. (For
systems which obey Iickel's Rule 2m = 4n + 2; in the above
cases 2m= 4n). These other gystoms include bicyclic and
polycyclic compounds e.g. the tricyclic diphenylene which
has twelve Tf—electrons. Not all systems with 4n electrons
are as stable and non-benzenoid TT—eleotron molecules show
behaviour varying from olefinic (cyclo-octatetraene) trrough
intermediate (azulene) to essentially aromatic (acenaphthene,

ferrocene),



Acknowlecging that the hetervopin system would make a
suiltehle topic for stuly in the light of what was 2lready
known about tropoloncs =nd azulcnes, it was thousht that a
closer examination of other non-benzenoid systems could
provice uscful preliminary theoretical background. In the
case of five-membered rings, the csrbocyclic cyclopentadiene
which is completely devoid of arometic choracter contrests
sharply with the formelly annlogous heterocyclic aromatic
systems furan, thiophen and pyrrole. Tre cyclopentadienyl
anion, rowever, not only possesses sn cromatic sextet but
undoubtedly also the arometicity which the parent hydrocarbon
lacks.

In eight-membered ring systems, very little hns been
recorded of either the actual or theoretical properties of
rings containing heteroatoms altkhough the carbocyclic cyclo-
octatetraene is very well documented27. The last two of the
eight TT—electrons occupy an unfilled state and Huckel
Molecular Orbital Theory predicts that the planar molecule
will be unstable. In vractice, cvclo-octatetraene behaves
as a righly unsaturated polyene with no cromatic cheracter,
The c~nformation adopted is the non-planar tub and the un-
saturated character is Jdue to tke lack of conjugestion between
orthogonal double bonds; non-planarity alone, however, is

e
not sufficient evidence that the eight |l ~electrons of the



plenar molecule would renresent =n unstable confimsuration,
for the stoeric energy recuirements of a planar eight-membered
ring are exnected to be substontiel.

On the one hand then are the vlanar five-membered rings
which wossess (4n + 2)‘ﬁ’~electrons ~nd show distinct aroma-
ticity:; on the other is the non-plansr, distinctly non-
arometic cyclooctatetraene with eight T —clectrons. Betweon
these two situastions lie the seven-menbvered rings. The corbo-
cyclic cycloheptatrienc hag three bonding molecular orbitels
in two sghells completely filled by six 77-e1ectrons which
should therefore result in relntive stobility. The tropylium
cation (15a) (with six 7 —clectrons spread over several atoms)
is stable; the radical (15b) with the odd electron placed in
an anti-bonding orbital would be expected 1o oxidise readily,
whilst in the anion (15c) the eigbthﬂj—electron is also placed
in an anti-bonding molcculor orbital and still leaves an
incomplete shell., This anion, with eight 7T-electrons dis-
tributed over seven atoms is closest to the situation in
heteroping and one nmight exnect the stabilities of the systeme
to be of the same order.

It has been calculatedzB, however, that introduction of

a heterogtom into the tropylium anion ﬁf—lattice alters the

degeneracy of the first anti-bonding molecular orbital and for

electronegstive heteroatoms lowers the energy. If the
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heteroatom is sufficiently electronegative, the fourth
molecular orbital is bonding, but even in this case the
highest occupied orbital has little bonding character and
oxidation should be eagy. Viewed in this light, the -
system of a tynical hreteropin has less stability than would
be expected from o simple consideration of resonance
structures. The only exception to this would be a system
such as borepin which, with six ﬂ/—electrons, would bhe
expected to be stable.

In spite of theoretical predictions %hat heteropins
would not be over-stable great efforts were made to synthesise
not only the parent systems but benzheteropins and dibenzo-
heteropins. Apsrt from their own intrinsic interest, these
latter were consicdered potentially useful for comnarison
with those of the corresponding derivatives of the tropone
series. 2,3-Benzotropone (16), in contradistinction to
tropone behaves as a typical dienone because fusion to the
benzene riung reduces the gain in delocalisation energy ob-
tained in going to the dipolar structure. Dibenzotropylium
cations are very unstable due to steric interference of
neighbouring benzene hydrogen atoms in a planar structure.

After 1950, therefore, the interest in heteropin chem-
istry was two-~-fold. The minor part was still concerned with

attempted synthesis of model compounds for noturally-occurring
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heteropins. Here, of neccssity, most of the work was
carried out on dibenzo-derivatives containing e gpecific
heteroatom. The major intercst ley, and indeed still lies,
in the properties of the psrcnt svstems, the particular
heteroatowr invelved being initiclly immaterial.

For convenience, post-1950 research on hecteropins may
be classified under the three separate headings:-

1. Dibenzoheteroping.

2. Benzhcteronins.

3. Parent heteropins.

1. Dibenzoheteronins

Although a great deal of work was done on these com-
pounds most of it lics outside the scope of this review,
A few compounds arc worthy of note. Dibenzheteropins

1 6
, B3, set, sn

containing As were prepared but no mention
made of their propertics. Most interesting of all was a
borepin2 of structure (17) which with six 77-electrons
in the central ring, should show aromaticity. The small-
ness of the boron atom compared to, say, phosphorus or
arscnic favours planarity and lack of strain.

The warent dibenzoxepin was synthesised by several
workers8, as was dibenzothiepin9 (6: X = S). The latter

is isosteric with 1,2:5,6-dibenzo-1,3:5,7 cyclo-octa-

tetraene (18) and was found to have less olefinic
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character than the carbocycle.

2. Benzheteropins

Under this heading may be placed the most fruitful
work from the point of view of providing informetion about
the neture of heteropins.

The first compound prepared for study was a sulphur-
containing seven-membered ring compound which Scott29
postulated as 2:4-dicarboxybenz-3-thiepin (19; X = S, R =
CO,H) and therefore conteining a system of double bonds
formelly analogous to thiophen. FHe stated that instability
prevented the preparation of acid derivatives or of reduction
products. A model of the compound showed it to be strained
and non-plenar. The same compound was later prepared by

30 and converted to the more stable di-

Dimroth and ILenke
ester (19; X = S, R = COQCHé)‘Which showed an appreciable
degrece of aromatic character. The same general behaviour
was manifested by the nitrogen analogue (19; X = NR')
prepared by Dimroth and Preyschlagdt, The properties of
the nitrogen and sulphur analogues were such as to meke
the oxygen-containing compound even more interesting. It
is possible that stereochemistry may be involved in the

~regpective gtabilities. The oxygen atom is smeller than

the carbon atom but the valency angles are not dissimilar.
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Therefore of the uneatureted geven-membered heterocyclic
rings, the oxygen-containing one must be the one in which
the ring ie nearest planarity. It is also possible that
with the help of the oxygen atom unbound electron peirs may
be stabilised by resonence., In addition molecular orbital
calculations predict that oxygen, by virtue of its larger
electro-negativity will exert a stabilising effect on the
anti-bonding orbital contairing the fourth electron-pair,
lowering the energy relative to that of azepine and thiepin,
so that it apnroaches a bonding orbital in energy.

Dimroth and Freyschlag accordingly prepared the oxygen
di-zciad? (19; X = 0, R = CO,H) and found thet among other
aromatic-like properties it possessed stability to mineral
acids (incompatible with its representation as a classical
divinyl ether). Tkis work was later cnlled into question by
Schgnberg and Fayez33 who criticised both this and Scott's
original work on the sulphur acid (19; X = S, R = COQH) and
refuted the claim that the seven-membered ring "approached"
an aromatic system, Schgnberg and Fayez held the opinion
that the properties of the sulphur-containing di-acid were
more 1iké those of a sulphide and accordingly proposed the
structure (20).

After considerable disagreement the whole question

4

appears ‘to have been cleared up recently by Jorgenson3 who
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re-invcetigated the work already done. In an cxtremely
lucid paner Jorgenson confirmed the remarksble stability
to acid =nd expleined it on the basis of formetion of a
benz=oxehin
protonated species in which the ®e== ' "~ ring as a whole
acts as a protonation site, affording an aromatic sextet;
the most likely site seemed to be the oxygen atom itself
gince other sites are too close to the carboxyl groups.
Of the benz-2-heteropins only the oxygen analogue has
received any attention and only in the form of saturated
derivatives. In the benz-l-heteropin series a similar

situation exists, the known compounds being all derivatives

of the tetrahydro system.

3. Parent Heteropins

In recent years, a considerable amount of work has
been carried out on the parent systems, notably with oxygen
as the heteroatom. Much of this has been done by lMeinwald

h36 in-

and his collaborators. They (and Olsen and Bredoc
dependently) prenared 2, 3: 6, T7-tetrahydro-oxepin (21)
which it was hoped to convert to the 2, 7-dihydro deriva-
tive (22). The compound obtained actually proved to be
the 2, 3-dihydro-oxepin (23). Thke synthetic objective

here and in the work of others was the epoxy-diene (24)

which is the valence tautomer of oxenin, and assumed to
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be thermally convertible into the latter. There were indeed
previous analogies for this, but so far* the idea hes not net
with mucl success.

West0837 claimed that he hed synthesiced an oxepin of
structure (25) by direct condensation of acetonylacetone and
cyanoacetamide to give a compound he assumed to he 2-amino-
4,7-dimethyloxepin-3-carboxamide (25). This was subsequently
shown by Buchanan and EamiltonBB to be the compound (27) with
which the reported properties were much more compatible.

In the casc of sulphur-containing compounds, Traynelis

and Love39

prepared both sulphides and sulphones to test for
the prcsence or abscnce of aromatic properties in such
systems. The sulphones may be regarded as analogues of
tropone which can give rise to the stable cation (28). Tere
the sulphonyl group by electron atitraction and possible
participation of vacant d orbitals can help delocalisation
of six T -electrons over seven atoms (29a) 55 (29b) . The
question of the importance of this stebilisation in the
absence of planarity has been raised. An attempt by Maerov
to synthegise the parent sulphone produced an unstahle com-
pound. This, if it was the desired product, was certainly
not resonance stabilised.

56

Of the nitrogen analogues N-carbethoxyazepine

9
(1; X = N002(%2H5#Athe nearest compound to the parcent system
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yet wrepared. A comnound of structure (30) Lhas been made
but ottempts to desulphurise it proved unsuccessful?o

Before emberking on a synthesis of 2 heteropin systenm
it would seem & sensible ap roasct to review the relevant
propertics of compounds already obtained as well as their
method of synthesis since information gained from these could

indicate what form future work should teke and what would be

a reasonable gynthetic cbjective.

General Prowcrties of Feteronins

1. Dibenzhcteropins:

Only the unsaturated compounds provide any useful
information. Of the parent systems the dibenzoborepin
(17)2 appeers to be relatively stable (although this does

have six‘ﬂ,—eloctrong).

2., Benzheteropins:

Although there has been some controversy about both
the structurcg and properties of some of these compounds,

some general trends may be observed,

(a) Benz-3-heteropins:

The general structure of these compounds is as

shown (19). In general, dicarboxylic acid derivetives

(R = COQH) are unstable and resinify readily while the
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di-esters are norce steble, even resisting attack by concen-
treted sulphuric acid. Quite a desrcece of differcnce of
chemical bhohaviour is shown by individual compounds:—

3 - ] 1T — 1 NTT 31
(i) X = NCHy, R = CO, CHy

Trhic loses nitrogen in allkali, lLas the heterocyclic

ring oxidised by permangsnate ~ncé is reduced by Lyirogen
over palladium-barium sulphate. On thc other hand it
does not add cither diazomethane or methyl iodide, while
bronine zdds to the nitrogen atom and-not to the double
bond. The corresponding acid (R = COQH)31 ie stable to
perchloric acid indicating that an aromatic cation is

Tormed in the nresence of electrophilic reagents.

30
3

In alkeli, this decomposes with losg of sulphur,

(i1) X =85, R = CO,CH

while in acid, naphthalene dicarboxylic acid is obtained.
Thermal decomposition also results in extrusion of sulphur,
to give naphthalene. Unlike the corresponding nitrogen
compound, the sulphur ester adds diazomethane to give a
pyrazoline-like adduct, but an appreciable desgrece of

aromatic character is menifested by the same general

behaviour as the nitrogen compound.
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(iii) X = 0, R = CO, CH3

32 .

This ecster is stable to nmineral acid and enters

reluctantly into reactions witl bromine and permangansate.
One double bond iz readily reduced catalytically, but
the second only with difficulty. Methanol is not added
under conditicns in which enol ethers usually react to
give acetals,

The corresponding acid (R = COZH)32 is extremely
gtable to acid due to protonation oﬂ the oxygen atom.

From the known properties, it may be concluded that
the oxygen analogues are the most aromatic in character.

This is in accord with thecretical predictions.

(iV) X = SO R=H

27

The non-aromatic character of this molecule41 was

established by its susceptibility towards addition
reactions, by thermal instability and by difficulty in
forming it by dehydrogenation. A model of the molecule,

however, showed it to be distinctly puckered.

(b) Benz-2-heteropins:

No properties of these have been reported.

(¢) Benz-l-heteropins:

These arc of general structure (3).
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(i) X = NCHy

The derivative of the system shown (31) appears
to be the only one whose properties have been investi-
gated, It is reported42 as being unstable and in-

sufficiently reactive to give ketonic derivatives.

(ii) X = 50,

d39 shows more stability than the

This compoun
isomeric sulphone in (a) (iv) above, and does not in
general behave like an ordinary aﬁ;unsaturated sulphone.
Although the dihydro derivative adds bromine readily,
the parent sulphone will do so only in sunlight or
U.V. light., The U.V. spectrum indicates some éxtemded
conjugation. On balance, the results suggest an

appreciable degree of olefinic character in the hetero-

eyclic ring.

No perticular properties of any benz-l-oxepins or

benz-l-thicpins have been noted.

3. Parent Heteropins:

These arc of the general structure alreody shovm (1).

The only system so far known* is that with X = 50, and

% See Additiomal Note 1.
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there is some doubt as to whether this compound was actually

produced. If it was, it was unstable and obviously not

resonance stabilised39.

Previous Iliethods of Synthesis.

The principal methods of synthesis can be divided into three

categories:-

1.

2.

(a) ring closure,
(vb) ring expansion,

(¢) condensation of apvropriate fragments.

Dibenzheteropins.

(a) These have been prepared by cyclisation of carbonyl
compounds*3s44, and by formation of lactones and
lactams45 followed by reaction of the carbonyl group.
In the case of the oxygen analogues, an additional
synthesis46 was provided by the Ullmann method for
preparation of diphenyl ethers.

(b) Oxygen-containing compounds have been prepared by

expansion of xanthene derivatives8.

Bengneteropins.

(i) Benz-3-hetercopins:

(a) An exauple of a2 ring closure method4?, using a

carbonyl compound is as shown (32) —> (33).
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(¢) The chief synthetic metroa2130531:32,33 " yhion is
a general one, consists of condensation of o-phthal-
dialdehyde and the 2,2!'-hcterodiacetic ester (34) to
give the corresponding substituted heteropin as shown
(19). The Wittig renction was employed in the prepar-—
7

ation of unsubstituted benz-3-oxepin (19; X = 0, R = E)

by the rcoction scheme shown. (Scheme A).

(ii) Benz-2-hetcropins.

48 in this serics

(a) One of the few successful rezctions
was ring closure of the alkyl halide (35) to the

seturated tetrahvdrohenz—2-oxepin (36).

(iii) Benz-l-hetcropins:

(a) Cyclisation of the appropriate carboxylic acid (37)
has yielded derivetives of benz-l-oxepin and benz-1-
thiepin but with nitrogen as the heteroatom the
cyclisation could not be induced to take place49.
Lactam formation and Dieckmann cyclisation (e.g.

(38) —>(39)) havc also been employed, in addition
to other methods of less general use.

(b) The only ring expansion noted so far has been the
rearrangement of sulphonates (e.g. (40)—(41)), a

50

method which appears to be a limited application””.

(¢) Another method of limited application51 has been
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the condensation of an arylamine with a & —xeto-acid

(exemplified by (42)—e> (43)).

3. DParent Heteropins.,

(a) A succecssful method52 of ring closurc has been the
cyclisation of a bromo-acetate (of type (44)) to a
substituted 4,5-dihydro-oxepin (45) while unsubstitutcd
4,5-dihydro-oxepin itscelf has been prepared53 by the
cyclisation of the dicne shown (46), obtainable from
the readily available acrolein.

(b) Several methods of ring expansion have been used in
the preparation of the parent heteropin systems. The
most important are as under:-

(i) +treatment of cyclic ketones with diazomethane
(e.g. expansion of (47)— (48)).

(ii) pyrolysis of phenylazide in primary aryl amines”
to give the appropriately substitﬁted azepine (e.g.
(49)—(50)).

(iii) Via carbene intermediates. This method has been
tried by several worker555 with, so far, little
success. (e.g. see reaction scheme (51)=—£2(52))

(iv) Via nitrene intermediates56 (see (53 —»(54)).
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Choice of Synthetic Objective:

Benz-l-oxepin (3; X = 0) was chosen as the synthetic
objective for the study of a particular example of a hetero-

pin. The rcasons for this were three-fold:-

1. Dibenzo derivetives cannot be expected to give a true
picture of the properties of the heterocyclic ring. The
benz derivative, however, while lending extra stability
to the system does not interfere so much with these
propertiecs., In the fused benzene ring system one of the
three double bonds required in the heterocyclic ring is
already present. The benzheteronin, in addition, could
serve as o useful model compound for the narent heteropin
itsclf which would be the ultimate objective of any study
such as this,

2. Oxygen was chosen as the heteroatom in the.light of
previous experience. Its size ond large electro-negativity
render it the most useful of the hetero atoms since the
product is likely to be ncarly planar end ctebilised by
resonance,

3. The choice of position of the hetero-atom adjacent ‘o
the benzene ring wes influenced by the possibility of
extended conjugation, by the fact that less appears to be

known about the properties of benz-l-reteropins, and by
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an interest in the potential products of ring collapse. In
the event of ring contraction the oxygen may stay attached
to one pogition or the other, producing cither e-naphthal

or & compound with oxygen at the bridgehead.
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Additional YMote 1

Vogel has rccontly rcported57 the first succesnful
syntheceis of a norent heteropin - the oxvegcn analogue
(1; X = 0). This was achieved via the valence Tautomer (24)
which other workers had foiled to obtain.

Cyclokexa~l,4~diene (55) is convertad to the mono-
epoxide (5C). Bromination =nd dehycrobreninatior of the
latter gives the diene~enoxide (24) which on heating isomer-
ises to oxepin. The product appears to be very unstable,

rearranging readily to phenol as expecied,
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Additional NMote 2.

A successful synthesis of benz-l-oxenin has recently

- o~ 0 3 r
been reported by Sondhcimer and Shan1)8

y, involving again
the use of valence tautomers which it wasg suspected would
be the eventuel solution to this =nd similar problems.

Zlegant in its simplicity, the synthesis had as its
starting peint the epoxide (57). Bromination of both double
bonds followed by dehydrobromination in ethanolic potassium
Lydroxide gives two products (3; X = 0) and (58) in 20% cond
50% yield recpectively. Thene are bHoth postulated as having
come from the same valence toutomer (59) by the aporopriate
necharistic routeg shown; they are presumcd to be derived
differently since (3; X = Q) and (58) are not interconvertible
by bose.

The propertics of the two products are of particular
intercst since the structure (58) hes ten TY-electrons and
the structure (3; X = 0) has eight M-clectrons in the
heterocyclic ring. The compounds might therefore be rcason-
ably expected to beheve differently.

(50) is shown to be aromatic in character from the
following observetions. The n.m.r. spectrum shows beands at
very low ficld (centred at 2.527%) indicative of a ring
current. The compound also undergocs aronatic-like elcctro-

Philic substitution.
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Benz-l-oxezin itsclf (3; X = 0) is rcported ag o low-
beiling ligquid whose n.m.r. soectrum indicates that the
substence is olefinic in character., On cetelytic reduction,

the compound yields homochroman (60).
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DISCUSSION

It was intended that the synthcsic of benz-l-oxepin
(3; X = 0) should bc approachcd via two different routes.

In cach casc therce was a key intermecdinte, votentially use-—
ful in several ways for the insertion of the appropriate
double bonds. In addition, the routes planned werc such
that the intermedictes could be related to each other.

In route A, the desired intermediate was homochroman-—
3-one (2,3 : 4,5-tetrahydrobenz—l-oxepin) (61), a potential
product from pyrolysis of the berium selt of dihjdro—gr
coumsroxyacetic acid (62). The latter it was hoped to obtain
from readily available selicyloldekhyde, by extension of both
functional grouns, firstly to o-formylphenoxyacctic acic
(63). This should then give, via the Perkin reaction or via
a Knoevenagel rcaction with malonic acid, o-coumaroxyacetic
acid (64), reducible to the required diacid (62).

Alternatively (route B), it would be possible to use the
known isomeric homochromen-5-one (65).

Correlation of the routes should be available by the
reduction of both homochroman-3-one (61) and homochroman-5-one

(65) to the same compound, the known homochroman (60).
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Route A.

Somec difficulty wae exvericnced at the commencenent of
this route. The instructions given in the 1iter3ture59 for
Katz's preperation of O-formylphenoxyacctic acid (63), when
cerricd out exactly as steted, goave none of the reccuired

product, but with dre

v}

atic a2lteraotions to the given reaction
time a low yicld of the 2cid was obtained. It is therefore
pogsible tleat a misprint hes occurred.

In thc first instence, a mixture of chloracetic acid,
salicylrldehyde and aqucous sodium hydroxide was refluxed
for twenty hours (Quantities used and reaction time were cs
reported in the litcrature). The recction mixture did not
become homogeneous and it was noted thet the agueous layer
wag ecidic to litmus instead of alkaline as expected; further
portions of chlorscetic acid and sodium hydroxide were there-
forec ad:ied and the mixturc became homogencous. Acidificetion
yielded an oily =o0lid which wes soluble in aqucous sodium
carbonate., Reprecipitation of the acidic matericl gave a
fine yellow so0lid and a brown o0il which solidified on cooling.
The yellow solicd was soluble in hot water, the brown oil
insoluble, and scparation of the two components was effected
by filtration of the hot agueous solution. The filtrate, on
cocoling, gavec a yellow amorphous material, m.pn. 165° -na 178°.

(grformylphenoxyacetic acid hes m.p. 1330). On admixture
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with an suthentic sample of (63), a marked depression of the
m.p. wag observed., An i.r. spectrum of the amorphous mnterial
showed complete abscnce of aldehyde absorption; but indicated
the presence of an aryl carboxylic a2cid (V max 1680 cm'l),

an sliphatic cerboxylic acid (W max 1742 cm~t) and ortho-

-1y, 1ater

substitution in the benzene ring (VW max 765 cm
work (secc p.33. ) showed that the material was in fact, pre-
dominantly c-carboxyphenoxyacetic acid (66). This may have
arisen cither by oxidation of the corresponding aldehyde or
via a Cannizzaro reaction due to prolonged heating in base.
The latter possibility would also account for the obvious
nixtures obtained from the reaction, Cannizzaro reactions
being possible on both the starting aldehyde and the product
aldehyde.

Since wrolonged heating was obviouslv nndesirable it was
considered possible that the reaction time given in the
litcrature should have read "2 hours" and not "20 hours".

The reaction was therefore repeated, with a reflux time of
two hours end geve a 12% yield of the rcguired acid (63)
m.p, 129-131°,

A yield of this order being an obvious disacdvantage for
a starting material, an slternative preparation of the acid
was attempted, following Zubrys and Siebermenn's modifi-

cation®®. The acid was readily obtained in 57% yield,
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e 130-1330. The i.r. spectrum was notable for the
presence of three carhonyl bands instead of the expected
two. An wnusually sharp hydroxyvl bsnd sccompanied these.
The apparent anomalies may be accounted for in terms of
heniccetal formation between the aldehyde group nnd the
hydroxyl of the carboxylic acid group (63)=—(67) . The
carbonyl bends can then be acssigned as follows:- W/ max
1750 em™d (6~lactone of hemiacetal), 1710 cm™t (aliphatic
carboxylic acid), 1670 em™  (aryl aldehyde) while the band
at 3150 cm"l mey be attributable to the hyldroxyl group of
the hemiacetal form.

The next stage in the proposed synthesis likewise
presented some literature difficulty. Réssing's method61
was followed for the attempted preparation of O-coumaroxy-
acetic acid (64). Thies involved a reaction of the Perkin
type between o-formylphenoxyacetic acid (63) and a mixture
of acetic anhydride and sodium acetate in the weight ratio
l: 5-6: 3. Rossing isolated an acid from the reaction mix-
ture which he claimed was the acid (564). F¥e reported a
m.p. oFf 197° and an analysis of the silver selt giving
Ag, 49.62% (Required: Ag, 49.54%). The acid, according to
Rossing formed a dibromide.

In our case, a small pilot run gave a minute amount of

an acid, m.Dp. 1970. In a repeat procedure, larger cquantities
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were used cnd resulted in an 11% yicld of an acid with an
anon~lous m.p. (softening ot 1450, e 177-1800) even after
repeated crystalliection from woter., The i.r. spectrum of
this acid, however, corresponded to that of the product from
the initi=l attempt. Yct anothrer nttempted preparation on a
congiderably stepped-up scole yielded an acidic compound
(40%) whose i.r. spectrum was completely differcent from that
of the initial acidic product. This new acid could be rc-
crystalliscd from hot water zs a pale ycllow solid, m.p.
225-227°, Analysis showed the acid to éave the empirical
formula CllIHl)O5’ The i.r. spectrum showed two carbonyl
frecuencics, incrcased intensity of double bond absorption
in the 1620 cm™t region and a new bhand at 990-9380 em™t (trans-
disubstituted double bond),

The acid obtainced by Rossing and in our own first two
attempts was then shown to be not the required acid but
coumarilic acid (68). A sample of the latter was prepared by
the stendard method62 from coumerin via the corresponding
dibromide. It was obtained as o crystalline solid (m.np.
190.5°) whose i.r. and u.v. spectra were identical with those
of "Rossing's acid". 1o depression of m.p. was observed on
adnixture of "Réssing's acid" and authentic coumarilic acid,
whereas the m.p. of a sample of the acid n.p. 225—2270, mixed

with coumarilic acid was considerably depresscd.
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It must be alimitted thet Rossing did not have the advan-
tage of modcrn physical technigues and in fect, all the
rcactions he quotes for his acid could be given equally well
by o-coumaroxyacetic acid. As additional evidence for the
structure of the acid m.p. 225,2270, reductive and oxidative
reactions were carried out.

Coumarilic accid was reduced catalytically to dihydro-
coumarilic acid (69), m.p. 116.5°%; the unknown acid m.p.
225-227° on reduction gave a white crystalline acid m.p. 146°
whose i.r. spectrum showed no isoloted double bond absorption.
A marked depresgion in m,p. was observed on aldmixture of the
two reduced acids.

Alkaline potassium permangonete oxidations were carried
out on each of the following acids and a comparison made of
the products,

(a) ngormylphénoxyacetic acid (63) on oxidation gave an
80% yield of o-carboxyphenoxyacetic acid (66), m.p.
190-191.5°,

(b) "Roéssing's acid" on oxidation gave
(i) with mild heatings;- unchanged starting material;

(1ii) with prolonged hcating;— no extractable product.
(¢) Authentic coumerilic acid on oxidation yielded
(1) under mild conditions:~ unchanged starting material;
(ii) under vigorous conditions:- carbon dioxide and water

only,
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(&) The acid m.p. 225-227° on oxidation gave a 50% yield of
an  acid m.D. 1890, shown to be o-carboxyphcnoxyncctic
acid.

A mixture of the products from reactions (a) and (4)
showed no c“epregsion of m.p. ond the i.r. spectra of the two
acids were identical in all respccts. By contrast, on ad-

mivture of the products from resctions (a) and (b)(i), the

2

¥

m.p. wag consideravly depressed and the i.r. spectra did not

correapond.

It may be concluded from the abovevthat "Rossing's acid"
we,s coumarilic acid which on reduction gave dihydrocoumeorilic
acid and on oxidation was unaffected by mild conditions but
completely destroyed under vigorous conditions. The unknown
acid rIi.De. 225-227° was, howecver, the required o-coumaroxy-
acctic acid (64). Both physical and chemical properties
were in accordance with the exnected structure. (See Experi-
nental).

As a method of synthesis, the Perkin reaction proved
unsatisfactory in this particular instance and an alternsative
condensation of the Knoevenagel type was investigeted. o-
Formylphenoxyacectic acid was condensed with malonic acid in
pyridine, using piperidine as the condensing agent. Small-
scale reactions, as in the case of the Perkin reaction,

yielded coumarilic acid (23%) while large-scale reactions
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with a short recction time gave the required o-coumaroxy-
acetic acid (in 71% yield).

It would tlerefore appear that rezctions cerried out on
2 smell scale with e relatively long reaction time resulted
merely in intramoleculor dehydretion of o-formylphenoxyecetic
acid to coumcrilic ecid while under milder conditions, a true
intermoleccular condensation could take plece.

Reduction of the acid, in bulk, was carried out no? with
palladium-charcoal as catalyst, dbut using Reney nickel, with
hydrogen under pressure, The reduction was carried out in
agqueous sodium hydroxide anéd it was found that on acidifica-:
tion of the reaction mixture two products were obtained. At
pH 7-8 a crystalline solid was prccipitated, This was the
required dihydro-o-coumaroxyacetic acid. The product was
identical with that given by the palladium-charcoal catalvsed
rcduction, did not decolourise alkaline potassium permanganate,
nor did it show ony double bond absorption (other than aro-
natic) in its i.r. spectrum. At pH4 another crystalline solid
was precipitated and proved to be helf-hydrogenated dircid,
with an indefinite m.p. and showing some double bond absorp-
tion in its i.r. spcctrum. The acidification of the rcaction
mixture thus provided a means of obtaining dihydro—grcoumar_
oxyacetic acid uncontaminzted by unreduced starting naterial,

in cases where reduction did not go to completion. Optimum
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concitions for loading the anparatus were eventually worked
out by trial ond error so that reduction was carried out to
conpletion before pyrolysis was attempted.

The firet opplication of barium =alt pyrolysis as a
method of ring closure was by Boussingault63 in 1836. He
obtained cycloheptanone from pyrolyzis of the barium =21t of
suberic acid. To-day the method is still cessentially the
sane, Pyrolysis lcading to seven-membered rings is known to
be difficult and to result in low yiclds, partly due to the
strain involved and partly due to formation of by-products.
(It was for the former recason that (62) was chosen for use in
pyrolysis, rather than the double-bonded acid (64). Althoueh
the unsaturated acid on cyclisation would already haeve one
of .the reguired double bonds present, ring closure was pre-
sumed to be more fecasible in the saturated compound). Other

64 galts in

workers have used calcium, yttrium and thorium
preference to the barium salt; it hagftecently been found65,
however, that a catalytic mixture of iron filings and 5%
baryta gives cleaner products, In this instence, pyrolysis
wag carried out on the dry barium salt itself, The first
attempty in which the diacid and barium carbonate used were

in a moler ratio of 1l: 2,5, afforded mainly unchanged starting

material, but accompanied by a phenolic product and a ncutrel

material,
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The phenolic nroduct consisted of a brown oil which
could not be induccd to crystallise., It was identified as
phenol itsclf by comparison of i.r. spectra and conversion
into the known tribromophenol.

The neutral meterial was shown to be & mixture of the
lactone dihydrocoumarin (70) 2nd its corresponding rydroxy-
acid, melilotic ncid (71), by comparison with suthentic
samples. Hydrolysis of the lactonc gave the free acid (71)
but attempted recrystallisation or distilletion resulted in
vartial relsctonisation and a mixture of (70) and (71) was
obtained., This ready interconversion was also found to océur
in known samples. .

An increcase in the proportion cf barium carbonate to
acid (5:1) in preparation of the barium szlt was found to be
efficacious and no unchanged starting meterial was obtained
under these conditions,

It is difficult to nostulate any satisfrctory mechanism
for the formation of phenol and dihydrocoumarin during the
pyrolysis. These two compounds rmust have been derived cither
from the sterting matcriél or from the ketone (61), sssuming
it is first formed. Althoush other explenctions are possible,
the most likely invokes cleavoge of the ether linkage in the
starting material. Although at the temperature of the pyro-

lysis this could no doubt be done in other unspecified ways,
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one possible modc of clecavage is as shown (Scheme B). The
intermediate could then be imcgined as giving ricse to phenol
(Scheme By) or to (70) (Schenc By). Tt is much more difficult
to provide a rcasonablc mcchonism by which the observed
products could have come from the ketone (61).

In on attenpt to clarify the situation, however, the
pyrolysis wag rcpecated, incorporating into the system a
cold-=trap for igolation of ony volatile fregments from the
reaction. No new compound was isolated, the only materinls
found in the trap being traces of phenoi and dihydrocoumarin.

In view of the results obtained from pyrolysis, an
alternative mcthod of cyclisation was sought. Dieckmeann
closurc of the diecster of dibydro-o-coumaroxyacetic acid (62)
should give the P-keto-cster (72a) or the less proboble
isomer (72b), either of which, on hydrolveis and cecarboxyl-
ation should yield the rccuired ketone (61)., The PB-keto-
ester itsclf iz also potentially uscful for the ineertion of
double bonds into the heterocyclic ring.

The dimethyl cster of the =2cid wes readily obtained by
treatnent of the acid with diazomcthane, but on & preparative
scale it was found more practicable to form the ester by
trecatment with enhydrous methanol and concentrated sulphuric
acid. This afforded the ester in 82% yicld whereas the

standard Fischer-Specier method which wos also investigated
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gave only a 57% vield in return for a more tedious preparation.

Cyclisation of the diester (73) by the Dieckmann method
was attempted using various modifications (as noted below) until
optimum conditions were found. Hydrolysis and decarboxylation
of the products in each case was also carried out.

(a) A high dilution technique in refluxing xylene, using
sodium hydride as condensing agent, gave a neutral product
in 47% yield. This consisted of a brown viscous oil whose
i.r. spectrum showed the distinctive characteristics of a

B-~keto-ester. The o0il gave the expeéted intense purple
colouration with methanolic ferric chloride. The crude
product was subjected to base hydrolysis and acid-catalysed
dcecarboxylation and afforded both acidic and neutral materials.
The former was found to be e mixture of melilotic acid (71)
and the corresponding lactone (70) while the latter was the
required ketone homochromen-3-one (61), characterised as
its 2:4-dinitrophenylhydrazone. The overall yield of the
ketone by this method was 28%. The presence of (70) and
(T1) could be accounted for if it were assumed that some
unchanged diester (73) remained in the B-keto-ester. (73),
on hydrolysis would give the di-animn (628) which could con-
ceivably yield dihydracoumarin by the mechanism previously
proposed. It is difficult to see how either dihydrocoumarin

or melilotic acid could have arisen from the B-keto-ester
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or the ketone (61) itself.
The size of the heterocyclic ring was confirmed by Wolff-

Kishner rcduction of the ketone to the knovm homochromen (60).

(b) Cyclisation of the diester using sodium hydride in ether,
at room temperature, was found not to go to completion.
One of the products from the reaction was suspected of
being the half-ester (74a) or (74b) arising from partial
hydrolysis of the starting material. Although the i.r.
spcetrum showed gbsorptions attributable to both ~cid and
ester functions it could not distinguish between the two
possible half-esters, Fydrolysis of the material, however,
did indecd produce dihydro-o-coumaroxyacetic acid.
The other prceduct from the cyclisation was the reguired
B-keto—-ecster (identical to that in (a)), obtained in only
15% yield. FHydrolysis of the B-keto-cster was in this
instance carricd out under acid catalysis, as was decerboxy-
lation. The kctone (61) was obtained by this method in
2lmost 11% yield overall.

(c) The most satisfaoctory method of cyclisation proved to be
that using potassium-t-butoxide in dry benzene. In this
case the reaction gave the required B-keto-ester in 66%
yield and afforded only a small proportion of acidie
material. The product from this cyclisation was much

cleaner then that from (a) and (b).
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An improved method for the production of the ketone (61)
from the B-kcto-ester wag alsce found. Hydrolysis of the
latter with methanolic potassium hydroxide rcedily gave the
corresponéing  B-keto-acid in 73% yicld. The acid, a low-
melting solid, was observed to undergo spontoneous dcecarboxy--
lation at room temperature., This was completcd by heanting the
crude acid under rcduced pressure, Prolonged heating during
the decarhoxylation was found to result in considerable
polymcrisation of the materisl.

It wee algo notcd that the neutral material returncd from
the hydrolysis was not wholly unchanged starting materinl but
appcarcd to contain a quantity of the ketone (61) presumsbly
from decerboxylation of the B-keto-acid. Distillation of the
product, however, did not cffect cny separation of B-keto-cster
and the presumed kctone.

Homochroman-3-one was then treatced with N-bromosuccinimide
in dry carbon tctrachloride containing a trace of benzoyl
peroxide. It was honed that bromination would take pleoce
preferentially in the benzylic position snd the bromo-ketone
would then undergo climination of hydrogen bromide to give the

o B ~ungaturated ketone (75a). The latter, in its enol form
(75b), being cssentially a subgstituted benz-l-oxepin should
give gome indication of ‘the properties of the oxepin ring

system,
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The ketone (61) was therefore trected under the bromin-
ation conditione dcscribed. The intermedicte bromo-compound
was not isoclated but trested in the crude stote with redistilled,
dry ccllidine. A precipitate, presumced te be collidine-hycdro-
bromide was rcadily obtained. The »roduct from the reaction
mixture, a yellow oil, was distilled, giving a pale oil which
wag obgcrved to darken repidly ond become tarry in consistoncy.
The i.r. speetrum of the distillote indicetcd that the product
wes most likely a mixturc (8 max 1755, 1710, 1550 em™t).

A sample of the product on trcatment with on acidic sol-
ution of 2:4-dinitrophenylhydrazine geve a brick-red preci-
pitete which proved to be a mixture of compounds. The chief
component of the mixture, o brick-red solid, wes insoluble
in most organic solvents with the excention of hot pyridine
from which it could be dceposited as an amorvhous solid by
addition of chlorofsrm. No truc eanalysis for the materinl
could be obtaincd since o semple could not be satisfectorily
recrystallised. Macs specetrometry however, indicated a parent
ion at 538, correcsponding to a possible molecular formula of
022E582N8(%T The second largest peak appeered at 341, i.c.

a loss of 197, corresponding to C6I%SN4O4'

The u.v. spectrum of the derivetive geve some unusual
rcsults. In chloroform solution, the compound absorbed at
A max 255mp (log €, 4.23), 395mu (log €, 4.53) and 435mu

(Log&€, 4.47). In pyridine solution ~n intense purple

N
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colouration wasg obitrined and the u.v. spectrum of this solution
chowed a continuoue scrica of absorption neoks between 345 and
570 mp in ~ddition to enother band at 312pp . On addition of
onc ¢rop of water to the pyvridine solution the purple colour-
atinn dissppeazcato lenve o pele vellow zsolution.

Cnc poscible structure for the derivative is that of the
hvdrazide=hydrazone sl.ovm (76). This could have been Tormed
cither
{a) from the bromo-=kctone (77) by normal hydrazone formation

and elinmination of hydrogen bromide bétwcen the molecule

and a sccond moleculce of reagent, or

(b) from the oB-unsaturated ketone {75a) by normal hydrazone
formation and addition of 2 sccond molecule of rescgent
across thce deouble bond. Such a siructure is in agrecment

with the mass-spectromctric results.

An altcrnative cxplanation is that bromination did not
teke place on the benzylic carbon otom, but on the carbon
atom o to the cther function, to give the bromo-kcetone (78).
This cannot c¢liminate hydrogen bromide on treatment with base
but on work-up of the rcaction mixturc could bhe hycdrolysecd to
give the hcmiacetal (79). This may be assumed to be readily
opened to the corresponding hydroxy-zldchyde (80) which could

form a bis-2:4-dinitrophenylhydrazone. This bis-derivative
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would also have a molecular weight of 538 and its insolubility
would not bec unexpected. Against this ergument is the fact
that the derivative showed no phenolic cheracteristics.

It was obvious that trcntment of (61) with N-bromo-
succinimide did not procecd in a2 straightforward manner to
give the reguircd of ~unsaturatcd ketonce. Bven if the latter
were prescent it eppesrcd to be accempanicd by otker products
in an unstable rmixturc. .

Lack of succcss in preparing the unseturated ketone (752)
led to a rcconsidersation of the potential uscs of the B -kceto-
ester (72) itself. If the more probeble isomer (72a) were
converted to thc corresponding endkacetote (81la) it should be
possible to insert intoe this molccule another double bond to
give what agein is cssentially a subotituted benz-l-oxcpin
(82), Apart from any informetion gained about the ring systenm
from this compound, it should al=o be possible to hydrolyse
both the ester and acetate zroups to give the enol form (75b)
of the ketone (61); alrendy uncuccessfully sought by the
routc previcusly mentioned.

Scveral p»recrearations of the gnol-ccctate were attenrted,
In tre first inst:nce, 2 s»lutiorn of thke PB-keto-ester in
dry pyridine wes $rertcd withk ccetyl ckloride tcnd =2llowed *o
étand =t room temperature. Pronounced discolouration occurred

but the preduct, after the usual work-up, on fractionsticn
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provided somec moterial which geove o negative reaction with
mcthanolic ferric chloride. The i.r. spectrum (carbon tetra-
chloride) showed somc significant differcnces from the B -
keto-cster, in the carbonyl region. The latter possenced
three strong poaks,\}’max 1743 cm"1 (normal cster), 1723 cm—l
(ring kctonc) and 1650 em™1 (chelatcd cster). The product
from cenol-accetylation showed more widely separated carbonyl
bands et 1750 et and 1710 cm™t whilc the band et 1650 cm™+
was reduccd in intensity. The bend at 1750 cm_l nay be

1 to

attributed to the vinyl cster group and thet ot 1710 em™
the other egter group, with the frecuency lowercd by conju-
gation to thc double bond of the cnol-acetate. Micronnalysis
nf this compnund wos ag cxpected for the desired encl-acetate
(81la) or its possible isomcr (81b).

Since (81) proved to be extremcly labile, the preparation
was modificd by cerrying out the rcaction in an atmosphere
of nitrogen and by zovoiding the use of both acid and bese
during the work--up. Thesc precautions, however, did noct
prevent merked deterioration in the product, and in no
instance was a pure compound obtained although distillation
did provide some enol-acctate uncontaminated by B-keto-cster.

In one attempted preparation of (81l) using acetyl
chloridc and pyridinc, enomalous resulte were observed., On

distilletion of thc product, four fractions werc obtained,
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the first having a boiling point noticeably lower than thre
othcer three. The i.r. spectrum of this froction exhibited,
in thc carbonyl region,onc mein single shorp bond at 1725
Cm-l end the whole gpectrum was very similar to thot of
homochroman-3-one (61) itsclf. This freoction gave a slight
positive renction with meth-nolic ferric chloride. Both this
and csome cheracteristics of the i.r. spectrum indicated thot
the sample contnined treces of B -keto-cster (72). The other
fractions containcd incrcesing cmounts of B -ketec-cster aos
well as the ketonic materinl., It is not difficult to expnlain
the prescncce of the ketone (61) in tre rersction mixture since
hydrolysis and thermal decerboxylation of the B -kecto-cster
were olready shovm to give the ketone,

As confirmetion of the presence of homoChroman-3-one in
the mixturc, cach fraction wes treatced with an acidic solution
of 2:4~dinitrephenylhydrazine ~nd from the chromatogrophed
rroducts therc wes isolated a crystalline yellow-ornnge scolid,
(m.p. 152-1550) whose m.pn. wes not depressed on admixture with
a knon semple of homochroman-3-one 2:4-dinitrophenylbydrazone.,
The later fractions gave lcss pure products.

As en =lternative to the acctyl chloride - nyridine metiod
of preparation, cnol-acctylation was attempted using iso-
propenyl acctate. Although the 2:4-dinitrophenylhydrazone

of acetonc was isolated, indiczting that the recgent had
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split inte the ncccecggsary component parts for mcetylation
only B-kcton-ecstcr wrs obtoined on work-up.

Degnite the obvious lability of the enol-acctate, it
wag docided to usc it for inscrtion of the lnst double bond
into the required ring cvstemn. The presuncd cnol-acctete
wag trented in the uesuwal way with N-bromosuccininide in
cexrbon tetrachloricde. The intermedicte bromo-compound was
not isolated but refluxed in fresh solvent, during which
evolution of hydrogen brenide wes observed., The product, s
pale yellow o0il, gave o negative reaction with methonolic
ferric ckloride and was rapidly oxidiged by aqueous 2lksline
vernangenate. On distillation, however, an oil wes obtnined
which gave a pocitive recction with methanolic ferric chloride.
The i.r. spectrum of this materisl did not correspond to
either the starting enol-acetate or the B-keto-ester. The
smell emount of materiel availeble was not purified further
but hydrolysed directly with methanolic potassium hydroxide.
Lydrolyesis ~ppeared to be incomplete ond some neutral starting
material was returned. This was accompanied by on acidic
material, o dark viscous oil which produced an intractable
tar on attempted decarboxvlation; no ketonic meterisl could
be isolated from this, =~lthough the »roduct was trented with
an acidic solution of 2:4-dinitrophenylhydrazine in the hope

thet an identifiable derivative might be obteined. The only




nroduct was an oily orsnge-red mrecipitote v ich could not
be purifiec.

In view of the 1l:bility of the enol-acetote ond un-
successful decarboxylztion of the finol product (83) it wes
decided to abandon thig line of approsch to bYenz-l-oxepin.

It was felt, rowever, that some of the difficulty
expericnced in working with the B-keto-ester might bheve
been due to the fact that both of the possible icomers (72a)
and (72b) were vréesent rnd that csome furtkher investiration
was necessary. The B-keto-ester itself;/on standaing, was
obgserved to become slightly cloudy but it could not be in-
cduced to crystallise, nor was any solid separ~ted by tri-
turation., On distillation, no frectionation of isomers took
nlace.

Preparation of the 2:4-dinitrcshenylhydrazone(s) gave
~ yellow solid contaminated with a brown oily solid.
Chromatogranhy of the product on bentonite-kieselguhr (4:1)
vielded only = low-melting solid of indefinite m.p. which
could not be characterised.

The n.m.r. spectrum was recorded but proved uninform--
ative. If Loth posgible isomers were present, each of which
could exist in an enol za2s well as a keto form, there would
be four different species centributing to the spectrum. The

results cbtained were not consigtent with what would be
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expecied for cny one of the aspecics., The sw»ectrum wags of
poor resolution =2nd no integration was nossible. G.l.c. wos

rardly more informative (see Ixoperinentel).

Route R,

The key intermediste in this route, as already stoved
was bomochroman-5-one (65). The sterting meterizl for the
preperation of this ketone Wasvs'—phenoxybutyric acid whose
nrevaration has Leen recorded in the litéfature. Dann and
Arndt66 preyraered it from condensation of jphenol with bromo-
crotonic egter, followed by reduction, but the overall yield
vas only 30%. An improved method was thot due to Repp667,
in which the ~cid was prepared in 76% vield by henting
eguimolar quantities of sodium phenoclate and 5'—butyrolactone
at 200°, In our case, the acid was obtained in 90% yield by

ne's method.

a

a slight modificetion of Rep
Cyclisation of the acid (84) had already been reported

68

by several workers., Powell znC Anderson achieved only

partial success in their attempted cyclisetion even when no
greater than lg quantities were used; indeed, trey did not
isolate the required ketone (65), but identified it =25 its

oxime and genicarbazone. Dann and Arndt carried out the

cyclisation usging both syrupy phosphoric acid and Iydrogen
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fluoride. Although they reported bhetter vields with the
latter, the working con’itions were not ot all procticable.
Subsecuent work has shovm that a mixture of phosnhorus
pentoxide and 85% orthophosphoric nmcid as cyclisation agent
gives cleaner products and higher yields then commercial
syrupy vhosphoric acid itself., This improved method was
therefore chosen.

On the first attempt, o mixture of products was obtained,
congisting of 92% neutral material and 8% acidic material.
The neutral meoterizsl on distillation gave pure homochroman-—
5-one (65) in 75% vield overall. The nature of the acidic
materinl is discussed in Appendix I (p.77). In a subsequent
preparation vet another by-product was obtained (vide also
Appendix I).

The ketone (65) was readily reduced (Wolff-Kishner) to
(60), and gave an orange 2:4-dinitrophenylhydrazone (A max
217-248, 370 mi ).

Of the severnl possible uses for this ketone, the one
firet considered was its conversion into the « -bromo-ketonc
(85) which by dekhydrobromination should give the B -
unsaturated ketone (86). @nolisation of (86) theoreticrlly
vould give a substituted benz-l-oxepin, while reduction and
dehydration could conceivably give (3; X = 0) itself.

This scheme wags baulked at the outset when it was found



that the Lromo-ketene could not be satisfactorily prevared.
Anbydrous conditions were emnloyed so thot bromination should
take place in the side-chain sand not in the nucleus. The
initicl product was srown te be arnixture of storting ketone

and o« -bromo-ketone. Tre i.r. spectrum poszcessed two carbonyl
abg +5 bands. X -1 -1
absorption bands, VWV mex 1695 cm (bromo-~ketone), 1680 cm
(normaol 2rvl ketone) . Although the cnlculeted —mount of

4
(«

bromine hod ezlready been taken up, the crude »roduct was tre-ted

L

with o fresh portion of bromine. ¥o further uptcrke wes, hovi-
ever, obscrved. Repeazted attempts ot bLromination always
resulted in o partislly brominated product. The bromo-ketone
(85) could not be separcted from the starting materisl by
distillation but its presence in the mixture wes confirmed by
treatment of the Hrocduct with o-phenylenediamine. A crystalline
guinoxagline derivative wos isolated.

The expehted structure of the fullv-oxidised guinoxaline
would be =g shown (87), but it is not impossible that a
dihydrocuinoxeline (88) or cven o tetrshydroaquinoxeline (89)
could be obtained. It wng also poesible that the solid isolaoted
was merely a derivetive of homockroman-5-one vpresent in the
nixture. This would be the mmine (90). Since these nossible
structures adiffercd from each other only hy two or four
hydrogen atoms, microanalysis was not sufficiently accurate

to differentiate amongst them. Mass-spectrometric evidence,



however, indicated the fully oxidised derivative (§7) as the

most likely structure, since a parent peak was obteained at

=t

ass 248. (016 le Nz O+). The Jderivative showed )\ max 244 my
(log €, 4.41) and 330 mp (log €, 3.98).

Utilisation of the ketone (65) via the o -bromo compound
was abandoned, Attention was then turned to production of
the olefin, 2:3-dihydirobenz-l-oxepin (91) from homochroman-—
5-one, Deconposition of the p-toluenesulphonylhydrazone was
first considered., It is knomeg that decomposition of such
derivatives can lead to olefins (the Bamford-Stevens reaction).

The crystalline derivetive was readily obtained in 81%
yield and treated with o stondard (1N) solution of sodium
ethyleneglycollate, The product was separated into acidic
and neutral fractions, The former was a solid (m.p. 84°) and
was shovm (i,r, and m.p.,) to be the water-insoluble p-tolucne-
sulphinic acid, The vield of acid was 73% of that theoretically
expected from decomposition and indicated that degeneration
of the p-toluenesulphonylrydrazone hed taken place at least
to the stage of the intermediate diazo comnound.

The neutral materizl recovered from the resction possessed
a pronounced phenolic odour, gave a green colouration with
methanolic ferric chloride and was partially soluble in
agueous sodium hydroxide. Apsrt from end-absorntion, the

the u,v, spectrum showed A max at 268 and 308 mp ., The 1.r.
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cpectrum showed hydroxvl absorption. This neutrel material
was cloudy in appearance cnd beczuse of its nartial solubility
in aocueous basge, wos suspected of being ¢ mixture. It wes
therefore separated by basic extroction into neutr~l and
besc-soluble components. The leatter (8% of the total) was

an orange-coloured viscous oil with a pronounced phenolic
of.our, Ziving & green colouretion with metheonolic ferric
chloricdc. The v.v. snectrum had A max. 266 ond 308 mp . Lack
of material and its impurity preVented identification of this
nhenol. The oresumed neutrsl portion (92%) from the extraction
was a yellow-grecen liguid, showing hydroxyvl avbsorption in the
i.r., but possessing now A max at 268 mp only. Distilletion
of the liquid, however, appncared to occesion some changes in
it. Four fractions were ccllected, the first two bheing
separated from the latter two by a differcnce of approximately
20° in boiling point. The middle two fructions were obrerved
to undergo distinct colour chenges on heating and cooling,

The lower-boiling portion of the distillate posseaced a
vhenolic odour and wase similar in choracter to the phenol
alrecady exenmined. (The u.v. spectrum now showed A nax. 265
and 308 mu ; since the latter absorption wee not drezent in
the undistilled meterinal it suggested that it had been
procduced on heating). The higher-boiling froctions of the

distillate, virtually odourless oils, gziving negetive re-ctioms
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with methanolic ferric chloride, showed A nax 269-270 my
only. The i.r. spectrum showed increaszed intensity of the

aromatic bands and a very saarp band at 1620 cm"l

, but no
absorption at lower frequency attritutable to a cis double
bond. There was also very strong hydroxyl absorption (3500-
3400 cm—1), not of the usual broad type expected of a phenol,
in the liquid state. In view of the mixtures obtained and
the difficulty experienced in getting any component freed
from the mixture, this line was notv investigated further. It
is possible thai some of the required ole}in (91) was present
in the mixture (as a comparison of i.r. spectra later indicated,
when a sample of pure olefin was available) but it was not
positively identified at this time.

tn alternative method for obtaining the required olefin
(91), via dehydration of homochroman-5-o0l (92) was explored.
The alcohol was readily obtained (98% yield) from the corres-—
ponding ketone (65) by reduction with sodium borohydride.
The alcohol, a crystalline solid, showed ecvideuce of intra-
molecular hycdrogen bonding in the solid state. In its i.r.
spectrum, the normal alcochol absorption ( A max 3200 cm=1)
was accompanied by a weaker band at 2600 cm~t. This presumably
could be that due to an internally bonded struciurc sucn as
(93).

Dehydration of the alcohol was successfully achieved by
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two methods. Treatment with boric acid gave the olefin (91)
in 955 yield, while dehydration of the alcohol in methanol
containing concentrated hydrochloric acid gave the same
olefin in 83% yield. The olefin, a colourless low-boiling
liquid, rapidly decolourised alkaline permanganste and gave
an orange colour instantaneously with tetranitromcthane.

The i.r. spectirum showed enhanced intensity of the aromatic
absorption bands, a band at 1625 cm~l and two new bands at
700 and 660 cm’l, indicating the presence of a phenyl-
conjugated double bond. i

The structure of the olefin, however, was rigorously
investigated to ensure that no skeletal change (e.g. ring
contraction) or double bond shift had taken place during
dehydration.

On catalytic rcduction the compound gave the kinown
homochroman (60) with uptake of one molar equivalent of
hydrogen, confirming both ring size and prescnce of one
double bond.

The n.m.r. spectrum of the olefin (94) showed the
following signals:- multiplet at 3.0 assignable to aromatic
protons: double triplet centred at 3.7T arising from Ha,
split by coupling with H

b
doublet further split by long-range coupling with Hc

(J b = 12 cps), each half of this
a

d
y
(Jac = Jad = 1.9 cps); a similar double triplet centred at



TABIE I

Anmax(mpn) €

245 (10,000)

Compound
@] (98) 278 (2,512)
o 282 (2,239)
O (97) 263 (4,266)
N0
= 255 (10,000)
9
@[:j o) 293 (1,622)

76
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4.3T, assigned to Hb,'split by coupling with H (Jab = 12 cps)
to e doublet and further split by coupling with H, ; (Jpe =
Jypg = 4.8 cps); triplet centred at 5.9T, assigned %o He,f
Q}an octet centred
et 7.56%¥ assigned to the allylic protons Hc

5plit by coupling with Hc,d (Jce = 4.8¢p
. split to a
triplet by coupling with He,f, further split by coupling with
Hy, resulting in a quartet, and finally split to an octet by
coupling with H_ (Jac = Jgq = 1.9eps).

The u.v. spectrum of the olefin proved to be of some
interest. The compound absorbed at A max 255 and 293 mu
(€, 10,000 and-1,622 respectively). These values were com-
pared with those for benzfuran (96) and for 3:4-chromene (97),
and at first sight appeared to be discrepant (Table I). An
exapination of the u.v. spectra of related compounds was
therefore made.

In conjunction withlchanges in ring size in the series
wnder discussion, there.are two factors to be considered -
the-effect of ring size on the ether group and also on the
double bond in the heterocyclic ring. Several workers 'O~ T4
have studied the first of these factors and been able te
rationalise changes both in chemical reactivity of the ether
" group (e.g. basicity) and in absorption spectra. Baddeley72
postulated an increase of steric interaction with decrease

of the oxygen - interplanar angle of the etuer group and the

benzene ring in aromztic ethers. In the systen (95),



Compound Mmax(mp)
275
(e8)
282
274
(99)
» 278
266-267
(80)
269..270
268
-~ ‘ (100) 272
S5 218
(259)
o ‘ TAN (101) - 264
"
274
— ‘ (r02)
— 281
COM
265

o o 270

(3,162)

(1,622)

(868)

(820)

(1,269)
(1,998)
(1,778)

(1,800)
(1,860)

(570)
(555)

17

‘18

T

1

73
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conjugation should be a maximum when n = 5 and should decrease
with increase in the value of n, in so far as this increase
rotates the —OCH, bond away from the plane of the benzene
ring.

In the series shown (Table II) the steady decrease in
A max (98) —v(99) —(60) as the heterocyclic ring is
enlarged is explained by increased puckering of the hetero-
cyclic ring, forcing 02 out of the plane of the benzene ring,
thereby decreasing the interaction between the unshared pairs
of electrons on the oxygen atom and the aromatic ring. The
values for these compounds may, in turn, be compared with
those for anisole (100) and for t-butylphenyl ether (101).

In anisole, a contribution from an ionic structure is poss-—
ible, whereas it is not in the ether (101l) whose spectrum

is nearly identical with that of homochroman (60). This
argument may be substantiated by a comparison of the absorp-
tion spectra of the acids (102) and (103).

The second factor is the possibility of changes in the
absorption of a styrene-like double bond. In styrenes the
main absorption band appears in the region of 248 mp, with
additional charscteristic bands }\ max 282, 291 mp which are
due to displaced benzenoid absorption. The 248 mu band is
sensitive to changes in conformational environment and its

intensity and position are susceptible to loss of coplanarity.



Compound
(105)
(1)

Compound
[:::::I:f}\“cﬂs (108)

OCM.;
/KI: (109)
CHy Hy
g @

o

(o]

TABLE III

249
280
290

262

292

TABLE IV

Amax(wp)

274

281

250

245
275
282

263

255

293

£

(14,000)
(750)
(500)

(11,000)
(450)
(750)

(10,500)
(700)

£
(1,995)
(1,585)
(11,500)
(10,000)

(2,512)
(2,239)

(4,268)

(10,000)

(1,622)

79

80

80

81

82

76

76
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The absorption of indene (105) (Table III) is very similar
to that of styrene (104) itself, while 1l:2-Gihydronaphthalene
(1L06) shows a shift of the mein band to longer wave-lengths
and some reduction in intensity. Unfortunately no data appears
to be available for the homologue (107).

I- the series being considered (Pable I) both of these
factors will be operating; from the limited data available
it would appear that the effect of ring size on the ether
linkage is greater than the corresponding effect on styrene
absorption. In the open-chain compounds containing both an
ether and a double bond (Table IV), (108) shows predominantly
anisole-like absorption whereas the compound (109) is more
styrene~like. Of the cyclised compounds of this type,
benzfuran (96) reflects a high degree of conjugation in its
absorption pattern. In 3:4-chromene (97), considerably
reduced intensity of the main styrene-like band is observed.
This may be attributed to the fact that the presence of the
ether oxygen atom in the heterocyclic ring forces the double
bond out of the plane of the benzene ring thersby reducing
conjugation. In the olefin (91) however, it would appear
that while the oxygen atom may still be out of the plane of
the aromatic ring, the greater size of tue heterocyclic ring
allows the double bond to become more nearly coplanar with

the benzene ring than the corresponding six-membered ring does.
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It was observed that on standing for some time samples
of the olefin showed signs of deterioration. This was later
investigated (See Avpendix II, p. 83 ).

The ap-unsaturated ketone (75) previously sought (p.41)
should be obtainable by allylic oxidation of the olefin. It
is known that, in general, activated methyl or methylene
groups may be oxidised by selenium dioxide. If activated by
a carbonyl group, the product is usually an aldehyde or ketone
.from methyl and methylene respectively); if the activating
group 1s a double or a triple bond, the product is generally
the corresponding unsaturated alcohol. It has further becn
noted that a methyl or methylene group adjacent to one or
more aromatic rings may also be converted into the corres-—
ponding carbonyl group. Some olefins, in addition, are
known to undergo loss of hydrogen and addition of oxygen to
give wa-diketones.

In our case therefore, one might anticipate that the
most likely product would be the allylic alcohol (110; R = H)
although conjugation with the benzene ring could conceivably
activate the allylic methylene sufficiently to give some
ketonic material. Whether any oxidation at the double bond
itself would take place or not is a matter for some specula-
tion. The possibility of obtaining either the alcohol or

the ketone or a mixture of both was no deterrent to this
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route since not onl, are both potentially useful, but are
theoretically readily interconvertible. It is known thatb
acetlc acld and acetic anhydride, if used as solvents for
the reaction83 can combine with tne required product, but
this provides the adventage of being able to isolate any
alcohol present as its acetate.

Acetic anhydride was chosen as a suitable solvent sincc
it is less likely to give a mixture of alcohol and acetste.

At the first attempt a molar ratio (olefin : selenium
dioxide) of 2:1 was used to minimise the extent of oxidation
at the allylic position, and the reection was cerried out
for 2 hours in acetic anhydride. The crude product, a browm
0il, was shown to contain traces of acetic anhydride, which
was removed by distillation. The required acetate (110;
R = COCH3) distilled as a yellow oil; it was observed that
the tarry residue from distillation contained hydroxyl
absorption bands in its i.r. spectrum. The yield of aceteate
in this experiment was only 25%, but a modification of the
method improved this yield. Reduction of the reaction time
to 1.5 hours, coupled with the use of acetic acid as solvent
rather than acetic anhydride, raised the yield to 83%.
Reaction times of less than 1.5 hours resulted in an increasc

in the amount of unchanged olefin and reduction of the yield

of acetate to 62%. In subsequent preparations, the crude
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pfoduct from the oxidation was treated with a mixture of
acetic anhydride in pyridine to ensure complete conversion
into the acetate.

The i.r. spectrum of the acetate showed the normal
expected ester absorption bands. The n.m.r. spectrum was
ill-defined but gave signals at 2.9Y¥ (zromatics), 3.5 %
(doublet, assigued to proton on C5), 4.0T(multiplet,
assigned to proton on 04), 4.42 T(quartet, assigned to
allylic proton on 03),”5.75'E(doublet, assigned to protons
on C,) and 7.9 (singlet, assigned to methyl protons).

It was noted that samples of the acetate even when
redistilled, if allowed to stand at room temperature for
some time, deposited a crystalline material. This was
removed and examined separately (See Avpendix III, p.85 ).

Hydrolysis of the acetate was carried out under both
acidic and basic catalysis. 7ith acid hydrolysis, some un-
changed acetate was always left but the product was much
clealer than that obtained by ﬁase hydrolysis. Under base
catvalysis (alcoho%/potassium h_droxide) hydrolysis proceeded
smoothly to give a liquid alcohol (66% yield) which was shown
to be the required compound (11C; R = H). This alcohol was
accompanied by a white crystalline solid which could be
separated from the required compound by precipitation with

ether. The solid was removed and examined separatvely.
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(The nature of, and possible structure for this material
are discussed in Appendix III, p.86 ).

The structure of the liquid elcohol was confirmed by
its physical data. The i.r. spectrum contained a striking
example of the effect of conjugation of a double bond with
an aromatic ring. Four strong bands appeared in the region
1600 - 1480 cm~l:- Vmax 1630 em™ T (phenyl conjugated double
bond), and 1603, 1582, 1492 cm™* (aromatics). Strong
hydroxyl absorption was also presen’t, V max 3300 cm'l. The
u.v. spectrum confirmed the conjugation of the double bond
with the aromatic ring, showing that hydrolysis had not
occasioned any double bond shift; A max 255 mu (log €, 3.92),
290 mp (log€, 3.18) .

The alcohol was found to deteriorate on standing for a
few weeks at room temperature. From i.r. spectra it was
found that carbonyl functions developed at the expense of
the conjugated double bond system, a marked reduction in
the intensity of the double bond and conjugated aromatic
bands being observed. A reduction in intensity of hydroxyl
absorption was also noted., The carbonyl bands were broad
and somewhat indistinct but appeared beth in the regions of
1720 and 1680 cm‘l. Distillation of o0ld samples of alcohol
did not effect a separation of eny ketonic compounds from

hydroxylic ones. The presence of a mixture was confirmed



by attempted preparation of 2:4-dinitrophenylhydrazones of
any ketonic products present. Although an orange solid
was obtained, chromatography of this failed to separate an
obvious mixture into eny recognisable components.

Storage of the alcohol under nitrogen slowed up but did
not prevent oxidation so that the alcohol had to be freshly
prepared from the corresponding acetate each time it was
required.

Oxidation of the éllylic alconol (110; R = H) to the
required ketone (75) was initially attempted using manganese
dioxide. A small scale test experiment was carried out in
carbon tetrachloride using a commercial grade manganese
dioxide. The reaction was carried out at room temperature
for 7 hours and yielded a small guantity of a colourless oil
which solidified on cooling, to fine white needles, m.p.
60-65°. The i.r. spectrum showed that this was not the
expected ketone, although it may have been present (’J’max
1740 (m), 1700(s), 1680 (sh;m) cm-l). The attempted prepar~
ation of a 2:4-dinitrophenylhydrazone gave initially a
soluble product. Concentration of the solution gave only an
0il which could not be induced to crystallise. Since lack
of material precluded identification of the oxidation product,
the experiment was repeated on a larger scale, but it was

disturbing to find that the solid product was never again
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obtained even under the seme conditions. From the bulk
oxidation tanere wes obtained an o0il which would not solidify.
The i.r. spectrum of the o0il differed from that of the first
solid product and indicated a possible mixture. Distillation
effected only a slight separation of components. Two fractions
were obtained, with dissimilar i.r. spectra. The lower
bolling frauction appeared to be a mixture of ketonic and
olefinic materials ( V max 1730(s), 1660(s), 1600(s), 1570(s),
1480(s), 710(s), 670(s) cm'l). The higher boiling fraction
also contained ketonic material, differing from that of the
first fraction (M max 1750(w), 1730(s), 1660(s), 1600(s),
1570(s), 1480(s), 710(s), 670(s) cm~1).

Attempted preparation of a 2:i4-dinitrophenylhydrazone
from the first frection gave initially an orange precipitate,
and on standing, a deep red deposit. The mixture could not
be properly recrystallised and no definite m.p. was obtained
for the material. The second fraction, however, yielded an
orange-red solid of low solubility which appeared to be one
compound (m.p. 175°).

“hen the oxidation was carried out for longer periods
of time, an oil was obtained whose i.r. spectrum showed no
hydroxyl absorption but possessed a complex carbonyl region.
The product was presumed to be a mixture although on chromato-

graphy of the precipitate obtained with 2:4-dinitrophenyl-
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hydrazine solution, the main product isolated was identical
with that previously outained (m.p. 175%) ( A max 250,

390 mpy cf. homochroman-3-one, 2:4-dinitrophenylhydrazone
— A max 261, 354 mu).

Although the oxidation products were obviously mixtures
it wes hoped that after reduction, it would be possible to
identify any homochroman-3-one present. The reduction was
carried out over 55 palladium - charcozl as catalyst,
stopping the reaction ﬁhen one molar equivalent of hydrogen
had been taken up. The product, a yellow oil, showed V max
3500, 1730(s) en™t and weak double bond absorption. Trurther
reduction of the saturated ketone (61) to the corresponding
clcohol may have taken place. The mixture was treated with
2:4-dinitrophenylhydrazine and (61) identified as its
derivative, a yellow crystalline solid, m.p. 158-159°. 7The
2:4-dinitrophenylhydrazone of a known sample of (61) hed
M.Pe 160-161°. On admixture of the two samples, the m.p.
was not depressed.

From these results, it may be concluded that the
required unsaturated ketone (75) was present in the mixture
of products from oxidation of the allylic alcohol. This,
aowever, could not be isolated in a pure state. (Later
work, using the newly-introduced technique of t.l.c., did

in fact show that oxidation of freshly-prepared alcohol by
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manganese dioxide gave four products. The Re values of
these compounds were clocse together and did not favour
separation by chromatography. Likewise, t.l.c. of a mixture
of the corresponding 2:4-dinitrophenylhydrazones indicated
that chromatographic separation would be impracticable).

Lack of reproducible results and inhomogeneity of the
product caused oxidation by this method to be discarded as
unhelpful. An alternative reagent tricd was chromium trioxide
in sulphuric acid (Jonés's reagent)84. Treatment of the
alcohol with Jones's reagent gave a product (in 40% yield)
consisting of & yellow o0il containing some solid. T.l.c.
of the product showed it to be a mixture of four compounds,
three of which were shown, by use of appropriate staining
agents, to contain carbonyl functions, while the Ifourth
(present in only smell amounts) was identified as the olefin
(1): this presumably was carried over from preparation of
the alcohol. Trituration of the product with ether precipi-
tated out a solid which was removed and purified by sublimation
The high-melting solid gave a yellow 2:4-dinitrophenylhydrazone
and showed two carbonyl bands in the i.r. spectrum (1700 and
1680 cm_l). Weak hydroxylic absorption of the acidic type
was also present, and accompanied by an unusual benzene
substitution pattern. Lack of material, however, precluded

any further investigation.
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The residual oxidation product after removal of this
solid was chromatographed, but a successful separation of
the components of the mixture wos not achieved. 3Spectro-
scopic evidence, aowever, did give =ome indication of the
rature of the components. The first fractions were olefinic
in character and were followed by ketonic material similar
to that obtained by manganese dioxide oxidation. This
material appeared to be predominantly the required ketone
(75) ( V max 1660 cm_l). Later frections were more impure
and contained some of the sesme solid which could be precipi-
tated by addition of ether to the reaction mixture.

A semple of the crude ketone (75) was catalytically
reduced, stopping the resction when one molar equivalent of
hydrogen had been taken up. The product, a yellow oil, on
spectroscopic evidence,; was a mixture of saturated and un-
saturatved ketones. Chromatography of the mixed 2:4-dinitro-
pienylhydrazones on bentonite-kieselguhr proved ineffective
as a means of complete separstion, but it was possible to
isolate from the column a fraction which was Iurther purified
by repeated crystallisations. The orange necdles (m.p.
155-1590) did not depress the m.p. of homochroman-3-one,
2:4-dinitrophenylhydrazone.

As in the case of the manganese dioxide oxidations,

therefore, the reguired ketone appeared to be present, but
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accompanied by other oxidation products from which it could
not easily be separated. Although every effort was made to
free %he alcohol (110; R = H) from the “diol" impurity (see
.86 ) it is not impossible that traces of it remained.
Cxidetion of this ;diol“ would =dd further complications to
the mixture slready obitained from the mono-ol.

The sample of ap-unsaturated ketone (75) obiained by
caromatograpny was examined for enolisation. The u.v.
absorption of the material was recorded in both neutral and
basic solution, but no shift in A max was observed,
indicating that the ketone was not readily enolisable to the
substituted benz-l-oxepin system (75b) hoped for.

In view of the difficulty experienced in obtaining the
ketone (75) and its aprarent non-enolisation this line of
approach was not investigated further. Had it been possible
to obtain the required ketone (75) in a pure state and in
reasonable yield, one way of introducing the necessary third
double bond in the heterocyclic ring would have been by
pyrolysis of the amine oxide (111), obtainable theoretically
from tne ketone via its enamine.

Secking an alternative method of introduction of the
required double bond, attention was turned once again to tae
allylic acetate (110; R = COCH3). It is known that pyrolysic

85

of scetates, amongst other esters, can yield olefins 7, and
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this was therefore attempted. The pyrolysis was carried

out initially at 380°, under reduced pressure and in a
nitrogenous atmosphere, collecting the pyrolysate in a

vessel cooled by liquid nitrogen. A yellow oil was collected
and proved to be unchenged acetate. Zlevation of the
temperature to 4500 failed to pyrolyse the acetate which
again distilled over unchanged. Failure could, in part,

be attributed to the fact that the acetate was very difficult
to vaporize, only a small portion of the starting material
passing through the pyrolysis chember. In view of this,

the corresponding tosylate (110; R = Ts) and carbonate

(110; R = COZC2H5) were considered as potentially useful for
the same purpose.

Attempts were made to prepare the tosylate in the usual
way, using p-toluenesulphonyl chloride in pyridine. The
product consisted mainly of unreacted reagent but the residue
after removal of this was shown to be a mixture of five
compounds. Repetition of the procedure with a longer reacticn
time gave a small amount of an unidentified yellow o0il, whose
i.r. spectrum did, however, exhibit the expected tosylate
bands; it was found to be a mixture of three components.
Although no pure tosylate was isolated the mixture was
subjected to trestment with refluxing collidine. The

recovered material proved to be only unreacted starting
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material. Treztment with gquinoline gave the same result.
Since 1t was considered possible that the alcohol could be
reacting with pyridine itself to give some of the compounds
found in the reaction, a sample of pure alcohol (110; R = H)
was allowed to stand at room temperature in pyridine for

24 hours. No reaction was observed to have taken place and
the alcohol was recovered unchanged. The compounds produccd
on attempted tosylation have not so far been identified and
this part of the work~was abandoned.

Since it has been found that pyrolysis of carbonates to
olefins generally proceeds at a lower temperature than that
required for the corresponding acetates, and in addition,
that most carbonates are readily formed, it was hoped that
better results would be obtained from this particular ester,

Cn @ small pilot run, a samuple of freshly-prepared,
redistilled alcohol (110; R = H) was treated with ethyl
chloroformate to give an oil with an ester-like odour.
(\J—max 1740, 1250 cm-l; hydroxyl absorption absent). 3ince
this initiel reaction was carried out on a small scale the
suppoéed carbonate was not purified first but was pyrolysed\
in the crude state. The pyrolysis was carricd out in diethyl
phthalate at 220° and the reaction product separated into
neutral and base-soluble materials. It weas anticipated that

benz~l-oxepin (3; X = 0), if produced in the reaction, might
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undergo ring collapse at the temperature of the pyrolysis

to give & phenol. The base-soluble portion of the product
weas therefore examined particulerly for the presence of any
phenolic meterial. This fraction, a very small amount of a
brown oil, did have a phenolic odour. The i.r. spectrum,
elthough indistinct, did not correspond to that of a-naphthol,

one of the possible products of ring collapse. The product
did not give any colouration with methanolic ferric chloride
but some phenols (one of them being -~naphthol) are known
not to give characteristic colour reactions. On coupling
with 2 diazo salt, a red azo-dye was obtained. Lack of
material and the impurity of waat little there was has so
far prevented identification of this phenol.

Zncouraged, however, by the presence of some phenolic
material in the product, the reaction was attempted on a
larger scale. The alcohol (110; R = H) was treated exactly
as before with ethylfhloroformate in pyridine to yield the
expected yellow oil which was this time distilled, and the
product analysed. Rather unexﬁectedly, the analysis figures
did not correspond to those required for the carbonate (110;
R = 00202H5), but were more nearly (but not quite) in agree-
ment with those expected for the af-unsaturated ketone (75).

The i.r. spectrum of the distilled material showed slight

differences from that of the crude product. The carbonyl
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band was sharper than might be expected for a carbonate,

wnich is generally reported as being a broad absorption.

The position of the band remained the same, but this, in

turn, wes not in accordance with that expected for an aB-
unsaturated ketone.

Other properties of the oil gave apparently anomalous
results. A precipitate was readily obtained with an acidic
solution of 2:4-dinitrophenylhydrazine but was subsequently
shown to be a mixture. vThe 01l was soluble in agueous
sodium hydroxide yet showed no shift in its u.v. absorption
spectrum in basic solution. The oil was shown by t.l.c.
to consist of one major product and this did in fact
correspond to one of the products obtained on oxidation of
the alcohol (110; R = H) with manganese dioxide (see p.04).

The supposed "carbonate" was subjected to hydrolysis
under basic catalysis and the product separated into neutral
and vase-soluble fractions. The neutral fraction, a red
0il, which turned bright green on standing overnight, gave
no colouration with ferric chloride solution, only a slight
precipitate with 2:4-dinitrophenylhydrazine and was shown
by t.l.c. to contain eight different compounds. The base-
soluble fraction was a yellow oil which turned dark red
on standing and was found to contain six compounds. In

view of the mixture of products obtained, investigation into
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the nature of the "carbonate” by hydrolysis was abandoned.
rermanganate oxidation of the "carbonate" likewise gave

a mixture of products. The structure of the "carbonate"

remains as yet undetermined and further evidence, which lack

of time did not permit, would be necessary for the elucidation.

The reason for the failure of the alcohol to form both
a normal tosylate and a carbonate, but not an acetate, remains
as yet unknown. ©3Since all these reactions were carried out
in pyridine and the alcohol itself was shown not to react with
pyridine, the use of this particular solvent itself cannot
be the answer.

One other possible method of introducing the last double
bond into the required ring system still remained. This
consisted of treating the olefin (91) with N-bromosuccinimide
to give the allylic bromide (112) which could be dehydro-
brominated to benz-l-oxepin itself or to a product of ring
collapse of the latter. Failure of previous work to give even
a substituted benz-l-oxepin meant that it was not possible to
gauge the stability or otherwise of the required ring systemn,
and it was felt that the parent compound itself might not
be readily obtainable. The presence of a product of ring
collapse of (3; X = 0) from the bromination-dehydrobromination
reaction would at least indicate, however, that benz-l-oxepin

had existed however transiently.
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On treatment of the olefin, in carbon tetrachloride,
with N-bromosuccinimide containing a trace of benzoyl
peroxide, succinimide was produced slowly as bromination
appeared to take place. The crude product was not isolated
but treated directly with collidine in carbon tetrachloride.
A very slight precipitate was immediately obtained but
heating produced a dark insoluble oil. On work-up, the
product was a pale yellow oil which was chromatographed.

Six different fractions were obtained, the first one, eluted
with light petroleum, being the most interesting. This oil,
which possessed a pronounced olefinic odour, had an i.r.
spectrum which did not correspond exactly to that of the
starcing olefin.* The band at 1620 em™1 was of much greater
intensity than the corresponding band observed in the olefin

and the two strong bands at 700 and 660 em~1 present in tue

* Pollowing his successful synthesis of benz-l-oxepin (3; X=0),
Professor Sondheimer most kindly forwarded a copy of its
i.r. spectrum for comparative purposes. On the besis of
spectral evidence alone it was concluded that while the
material obtained from chromatography in our case was not
(3; X = 0) itself, the possibility that it was present in

a mixture of olefinic materials could not be ruled out.
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spectrum of the olefin were completely absent in this case.
The region 1300-900 cm™t also contained some differences.
The material failed to give an adduct with maleic anhydride;
this only indicated that were benz-l-oxepin present in this
fraction, it did not behave as a diene. On standing, the oil
darkened rapidly and became more viscous.

The i.r. spectrum of the second fraction from chromato-
graphy indicated that it was a nmixture of the unknown olefinic
product and the startiné material (91). Subsequent fractions
were found from their i.r. spectra to contain hydroxyl and
carbonyl functions. Although these compounds could not be
identified because of the mixture present, spectral evidence
indicated that one of the compounds present could be the
allylic alcohol (110; R = H). 3ince the i.r. spectrum of the
crude material before chromatography showed no hydroxyl
absorption, this presumably could have arisen from hydrolysis
on the column of the corresponding bromide (112). The
carbonyl compounds were not present in sufficient guantity
to identify them by means of their 2:4-dinitrophenylhydrazones.

One may conclude that while some interesting results
were obtained, the attempted synthesis of benz-l-oxepin by
the routes described was severely hampered by production of
by-products and by deterioration of intermediates. Were it

possible to separate rigorously the mixtures obtained at
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each stege and to isolate the required compounds in reason-
able yield, the desired synthesis might still be achieved.
This would, however, have taken much more time than was

available for this work.
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Lppendix I.

By-products from cyclisation of ¥-phenoxybutyric acid (84)

to homochroman-5-one (65).

The fact that two different by-products were obtained in
the course of this reaction (p. 50) was not at all surprising.
Dann and Arndt66 found that, in general, treatment of

d-aryloxybutyric acids with anhydrous hydrogen fluoride or
polyphosphoric acid gave good yields of homochromanones

when the para position was blocked; otherwise para-polymeric
condensation products predominated. These workers, in fact,
attempted to cyclise ¥ -phenoxybutyric acid itself using both
reagents. With syrupy phosphoric acid they obtained the
ketone (65) in 36% yield (but make no mention of by-products)
while by the hydrogen fluoride method only polymeric materials
were obtained. One of these was reported as a highly insol-
uble solid, m.p. 250°, to which they attributed the structure
(113) where the value of I was unspecified.

Neither of the by-products isolated in this present work
corresponded to the high-melting solid (113) mentioned by Dann
and Arndt. The reaction was however carried out under the
agency of a mixture of phosphorus pentoxide and 85% ortho-
phosphoric acid and not exactly under the conditions used

by Dann and Arndt.



78.

By-product 1.

In each cyclisation product there was always present
(to the extent of approximately 8,0 of the total), an acidic
compound, removed frouw the reaction mixture in aqueous sodium
carbonate. The substance was a white crystalline solid,
sparingly soluble in most organic solvents, but recrystallis-
able from water as needles, m.p. 141—1420. Drying at 100°
under reduced pressure éppeared to cause decomposition. The
solid was soluble in aqueous sodium carbonate and could be
reprecipitated by the addition of acid. It gave no colour-
ation with methanolic ferric chloride. On treatment with
acidic 2:4-dinitrophenylhydrazine a crimson precipitate was
obtained, m.p. 112-116°. This derivative appeared to be still
acidic, being soluble in aqueous alkalis (ammoniwm hydroxide,
sodium hydroxide and sodium carbonate). This suggested that
the compound might be a keto-acid.

Microanalysis of the solid showed that the compound
contained no phosphorous and that the empirical formula was
ClOHlZ 03. On this basis it was at first thought that the
compound could be a linear condensation product present as a
hydrate, i.e. of formulea (ClQH12 03)2 with a possible structure
as shown (114). Such a structure would account for decom-
position on drying and for the obtention of an acidic 2:4-

dinitrophenylhydrazone. liass-spectrometric evidence however,
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eliminated this possibility, for a parent ion was obtaincd of
mass 180, corresponding to a molecular formula of ClOHlZ 03.
The compound showed ready loss of water to give the second
largest peak at mass 162. The compound therefore had the
same mass (180) as the starting material,X-@henoxybutyric
acid. Although the compound was not the acid (84) itself,
it was possible that it was its dimer which, during mass-
spectrometry merely split into two molecules, giving the
same parent ion. This %heory was rejected on comparison of
the cracking pattern of the unknown acid with that of an
authentic sample of‘X-pbenoxybutyric acid. Iore conclusive
proof would have been obtained by esterification of the
unknown acid but extreme insolubility prohibited this.

The unknown compound possessed an unusual i.r. spectrum.
No solution spectra were possible due to solubility diffi-
culties but an i.r. spectrum was recorded from a potassium
chlcride disc. The compound showed  nax 3350(s), 3070(s),
1650(vs), 1600 (m), 1580(vs), 1505(m), 1474(m), 1376(s),
1316(s), 1294(s), 1260(m), 1220(m), 1180(m), 1060(m), 1020(m),

847(s), 760=740(m) cm~t. The band at 3350 cm™1 was extremely

sharp and narrow. Although, in nujol, some weak broad hydrox-
ylic absorption of the acidic type was observed, in the
carbonyl region only the single band at 1650 cm-l appeared

as in the disc spectrum. The n.m.r. spectrum, due again
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to insolubility, had to be recorded in trifluoracetic acid.
No integration was possible at this time, but the spectrum
itself was of an unusual and simple patiern and is reproduced
in Fig. 1. The following signals were observed:.-

at -1.33 7 (proton of trifluoracetic acid), 1.63 T (doublet),
2.7 T(doublet), 4.46 T(triplet), 5.88 T(triplet), 7.27
(quintet). None of these was imacdiately assignable to any
psrticular structure, and further chemical evidence was
sought.

Preparation of the p-bromophenacyl ester was attempted
and yielded a yellowish solid whose 1.r. spectrum indicated
that it could be a mixture of starting material and reagent. j
T.l.c. however showed the solid to be comprised of no less
than eleven components, three of which were present in
considerable amounts, but could not be separated from the

nixture.

Wolff-Kishner reduction of the unimown compound was
uninformative. The product was acidic in character but
appeared to be a mixture. The i.r. spectrum, although
indistinct, did indicate strong hydroxyl absorption and
weak carbonyl absorption in the region of 1700 em—1,

Treatment of the unknown compound with hydriodic acid-

acetic acid to test for the presence of any residuael ether

LN

link similarly gave no useful results; the paucity and
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impurity of the product precluded any further investigation.

The structure of this by-product thus remains unknown.

By-vroduct 2.

A second by-product was obtained from this rcaction
but present in such small amounts that it appeared detectable
only when the reaction was carried out on a large scale. It
was first observed ae & solid contaminant of homochroman-5-
one and could be precipgtated out of the mixture by addition
of ether. The crude material was recrystallised as a finely-
divided white solid from chloroform-light petroleum mixtures.
The solid sublimed at 214° to laths waich then melted at
238°, A bright orange 2:4-dinitrophenylhydrazone was readily
obtained (m.p. » 3200).

Iicroanalysis of the unknown compound did not give an
exact empirical formuls but mass-spectrometry showed it to
have a molecular weight of 324. The wmicroanalysis was then
in sufficient agrcement with this figure to indicate a
molecular formula of 020H2004.

The i.r. spectrum contained no hydroxylic or acidic
absorption bands, a single sharp carbonyl band at 1680 cm‘l,
aromatic absorption at 1600 cm~1 but only a few weak bands in
the region 900-650 em~l, The positions and intensities of

these latter bands were such as to prohibit an unequivocal
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recognition of benzene substitution pestterns.

further chemical evidence for the presence of one
carbonyl group (or two ideantical or very similar carbonyl
groups) came from Wolff-Kishner reduction of the unknown
conpound. Although a uixture of products was obtained, there
was isolated, on chromatogranhy, a white crystalline solid,
m.p., 126-130° with a distinctive odour and whose i.r. spectrun
showed complecte absence of carbonyl absorption. A number of
bends were present in the region 900-650 cm~1 which again
could not be unambiguously assigned to any particular benzene
substitution pattern. Lack of material prevented any further
investigation of this compound and of other fractions obtained
by chromatography.

On the basis of the limited evidence obtained it is
possible to postulate that this by-product could have arisen L
from elimination of two molecules of water between two
molecules of -phenoxybutyric acid to give a diketone of
formula CpoHpn0s. This diketone may have two ortho-substituted
benzene rings as in (1l5a), two para-substituted benzene rings
(115b) or one ortho and one para-substituted ring (115c). The
size of the centre ring in each case would be large enough to
permit any of these. The weak absorptions in the i.r. spectra

1

in the region 900-650 cm — as stated before gave no indication

as to the nature of the substitution pattern.
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Appendix II

Following the observation that the olefin (91) appeared to
suffer deterioration on standing in air at room temperature,
deliberate attempts to oxidise the olefin in air were made.

A4 constant stream of air was bubbled through a carbon
tetrachloride solution of freshly-distilled, carbonyl-free
olefin for 2 weeks. The product proved to be an inseparable
mixture of compounds but the i.r. spectrum indicated two
new carbonyl absorptions, at 1720 and 1680 cm_l. The mixture
also gave an orange-yellow precipitate on treatment with an
acidic solution of 2:4-dinitrophenylhydrazine.

The experiment was repeated in basie solution, passing
air through a solution of the olefin in alcoholic potassium
hydroxide. Considerable darkening of the solution was
observed. The product was shown by t.l.c. to consist of
the starting olefin accompanied by very small amounts of a
slower-moving compound. The i.r. spectrum of the mixture
showed brcad carbonyl absorption in the region of 1700 cm'l;
a 2:4-dinitrophenylhydrazone (yellow-orange ncedles) was
obtained, m.p. 115—1200. Lack of material prevented further
investigation of this derivative.

Repetition of the above experiment with the addition

of heat yielded a minute quantity of a low melting solid
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which could not be purified but whose i.r. spectrum showed
both carbonyl and strong hydroxyl ebsorptions.

Althougn no identifiable material was isolated during
the above recactions there was cvidence thnat decomposition
of the olefin in air did take place to a pronounced extent.
There are indecd analogie586 for tne autoxidation of allylic
compounds and 1t is possible that oxidation of the olefin may
take place by a radical wmechanism such as shown. (Scheme C).
If the initial step were the production of the allylic
radical (116), this could react with oxygen, itself a
biredical to give (117). The latter, by abstresction of a
hydrogen atom fron 2 second molccule of olefir would give
the peroxide (118) and enable the chain reaction to continue.

Decomposition of the peroxide itself is then alsc possible.

e N Gl G s i Bk 8
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Appendix III.

(a). The solid removed from the acetate (110; R::COCHB)

The solid deposited from the acetate (1103 R = COCH3)

[p.6£] on standing was rccrystallised from light petroleun

as colourless necdles, n.p. 95—960. Ilicroanalysis indicated

an empirical formula of Cl4Hl605’ The i.r. spectrum (carbon

tetracnloride) showed one strong carbonyl absorption (1750

em~1) and C - O absorption (1245, 1222 cm~1). The € valuc

of the carbonyl band (1400) corresponded to the presence of

two ester groups. The aromatic absorptions were normal end

did not indicate conjugation with.a double bond. TFrom the

evidence obtained up to this point, it was decduced that the

unknown solid was a diacetate which did not contain a double

bond conjugated to an aromatic ring. This diacetate could

have been produced

(i) by acetylation of 2 diol produced by the action of
selenium dioxide on the olefin (91), or

(ii) by action of acetic anhydride or acetic acid on the
olefin itself or on the allylic acetate (110; R = COCHj).
On this basis, a nuaber of structures was possible,

including the 1:2-diacetate (119) (cis or trans) and the

l:3-diacetate (120). On the evidence of the i.r. spectrun,

no vinyl acetate could be present. If one were to assunme
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that 2 double bond shift had taken place initially in the

olefin, the diacetate (121) (cis or trans) would also be a

possible structurs.

It was hoped thet n.m.r spectroscopy would e¢liminate at
least some of the possible structures. The results, however,
were not immediately in agreement with the evidence already

obtained. Signals were recorded at 2.77 (aromatics), 3.87T

(appearing as a slightly broadened singlet, i.e. sub-splitting

may be present, but notvdiscernible), 4.6T (triplet with
barely discernible sub-splitting), 5.8 T(triplet), 7.6 T
(triplet), 7.87% (singlet), 7.95T (singlet). Apart from the
signals given by the aromatic protons, the only other assign-
ment made was to the methyl protons of the two acetate groups
(7.8, 7.95v). Assignment of the other peaks does not appear
feasible‘on the basis of any one structure, especially since
integration of the spectruimn was not possible.

Hydrolysis of the diacetate was attempted but under
acidic catalysis yiclded seven inseparable compounds, none

of which could be identified.

(b)The solid removed from the alcohol (110; R = H) [P°624
The solid precipitated from the alcohol (110; R = H)
by addition of ether was recrystallised from dioxan-ether

0 .
nixtures as white laths, m.p. 140-143". The solid was
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insoluble in uost organic solvents, but soluble in hydroxylic
solvents, including water. Ii:icroanalysis indicated an

empirical formula of C The i.r. spzetruz (aujol)

10712%3"
showed hydroxyl abscrption (°V max 3300 cm—l) and unconjugated
eromatic abeorption. No solution spectira were possible due
to the extreme insolubility of the compound. The u.v. spece-
trurc showed )\ nax 256-264 mp (€, 1650-1600) and 292 o
(€, 224). 4in ettenpt was made to record the n.m.r. spectrunm
but great difficulty was experienced in finding a suitable
solvent. It was thought possible to record low T-values in
acetorie solution and highT -values in pyridine solution since
the unkniown compound was soluble in both these solvents. The
results were however invalidated by the discovery that the
compound reacted in some way with pyridine. (Comparison
of the pyridine solution spectrum with that of pyridine
alone showed this).

llass-spectrometry did not give a parent ion at mass 180
as expected from the empirical formula, but showed the
heaviest ion to be of mass 162. This may be rationalised
on the assumption that water (mass 18) is ezsily lost fron
the compound and that ro parent ion is in fact obtained.
This is a common occurrence with alcohols, few of which are
known to give parent ions but generally show the heaviest

ion at mass (parent - 18). The strongest peak in the
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mass-spectrun of the unknown compound occurred at mass 144,
i.e. & further loss of 18 mass units from 162. Such results
indicated that the compound could be a diol, of masg 180,
wiich would be expected to undergo 2 loss of two molecules
of water to give the observed results.

Confirmation of the compound as a diol was then sought
and in so doing a connection was established between it and
the unknown diacetate (p.85 ). Acetylation of the supposcd
diol with acetyl chbride in pyridine gave a solid diacectate
which was shown to be identical with that already isolated.
Elucidation of the structure of the diol could thus provide
also the structure of the diacetate and might give some
insight into the mode of formation during the selenium di-
oxide reaction.

The problem was approached from two different angles -
reactions of the diol itself, and attempted preparation of
the same diol from other starting materials.

On treatuent with an acidic solution of 2:4-dinitro-
phenylhydrazine, the diol failed to give any derivative. Had
one alcohol group been adjacent to the ether oxygen atom
(i.e. on Co), the hemiacetal thus formed would be expected to
open in acidic solution and yield the 2:4-dinitrophenylhydra-
zone of the corresponding aldehyde.

Treatment of the diol with hydriodic acid-acetic acid
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to establish the presence of the ether linkage gave incon-
clusive results and a mixture of products was obtained.

Oxidation of the diol was carried out initially with
manganese dioxide in a mixture of carbon tetrachloride and
chleroform. The product, a viscous yellow o0il showed \max
3350, 1700(sh), 1680 cm™t. This would be in agreenent with
a structure such as the diol (122) where the benzylic
hydroxyl group could be oxidised to a carbonyl function and
the second hydroxyl group would be unaffected by manganese
dioxide. The product did however appear to be a mixture and
both yellow and orange-red 2:4-dinitrophenylhydrazones were
obtained. Chromatography of the mixture of derivatives failed
to give a satisfactory separation. One derivative was iso-
lated in a purc state (orange needles, m.p. 261—263.) but in
insufficient quantity to be of further use.

Jones's oxidation of the diol likewise gave a mixture of
products which in this case may have been due to incomplete
oxidation. The i.r. spectrum of the crude product showed two
carbonyl bands of equal intensity (V max ca. 1720, 1670
em™1l), and residual hydroxyl absorption. If the unknown com-
pound were a 1l:2-diol as in (122) , oxidation under the
above conditions would give an a-diketone whose carbonyl
groups would be expected to absorb in the regions observed,
there‘being little interaction between the carbonyl groups

of such a diketone.
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Further attempts were therefore made to establish the
diol ps being of the vicinal type. No acetonide could be
obtained from the diol nor wes an adduct given with dicyclo-
nexylamine and both these experiments were rejected as being
inconclusive.

Were the diol either the 3:4-dihydroxyhomochroman (123)
(cis or trens) or the isomeric 4:5-dihydroxyhomochroman (122
(cis or trems) it would be possible to establish the vicinal
relationship of the hydfoxyl groups and to diffcrentiate
between these two structures by cleavage of the diol.

Since lead tetra-acetate87 is known in some instances
to cause acetylation via a radical mechanism, the reagent
chosen was sodium periodate, (122) on cleavage should give
the dialdehyde (124) which on oxidation would give o-carboxy-
phenoxypropionic acid (125) while (123) shculd give the
dialdehyde (126) oxidisable to the diacid (127). Since
aldehydes were considered more difficult to work with, it
was intended that comparisons should be made on the basis
of the corresponding acids. Whilst cleavage of the diol was
in progress, attempts were made to synthesise the acids (125"
and (127). o-Carboxyphenoxypropionic acid (125) was readily
obtained by oxidation of o-formylphenoxypropionic acid (pre-
pared by the same method as o-formylphenoxyacetic acid (63)).

The required acid (125) was a solid, m.p. 120 whose i.r.
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spectrum showed the two expected carbonyl absorptions, V¥V nax
1730 cm~1 (cliphatic acid) and 1690 en™t (aryl acid).

A successful synithesis of the other required diacid
(127) was not achieved. Although, unlike the first acid
(125), this diacid was known in the literature, it was felt

nat preparaetvion of & sanple was necessary so that a true
comparison between it and the ultimate product of cleavage
of the diol could be made. The synthesis was attempted by
three different methods: In the first two, the essential
stage was the preparation of o-hydroxy-a-toluic acid (128),
a known acid which had already been prepared by several
methods, although all in low yield. Erlenmeyer88 reported
a synthesis of (128) via an azlactone intermediate (129)
forned from salicyleldehyde. (129) on trea*nrent with hydroge:
peroxide and sodiun hydroxide was seid vo give the required
acid. At ecach stage the production of by-products was also
reported. Erlenmeyer's method was followed but yielded a
mixture of products wihich could not be satisfactorily
separated. Chrcaatography did yield one solid thought to be
the required acid (128) but the yield and impurity of this
corpound rendered it of little value for continuing the
synthesis.

Attention was then turned to synthesis of the required

acid (128) fron reaction of o-chlorophenol acetate and dietuyl
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malonate reported as giving (128) in 34% yield89. o~Chloro-
phenol was readily acetylated in 98% yield and added to
diethyl malonate containing solid sodium hydroxide and copper
powder as catalyst. The product was shown (t.l.c.) to be a
mixture of three compounds, none of which was diethyl malon-
ate. The crude nixture was hydrolysed and decarboxylated.
The only product which could be isolated from the reaction
was found to be o=-chlorophenol and this nethod was therefore
rejected. i

One more attempt was made to obtain the diacid (127).
It was hoped to treat o-allylphenol with chloracetic acid to
give (130) which on oxidation should yield the desired diacid
(127). Allyl phenyl ether?® was prepared by the standard
method, by condensation of phenol with allyl bromide and the
product converted to o-allylphenol in 965 yield. The latter
wag treated with chloracetic acid as in previous reactions
(p. 30) and from the reaction mixture a wihite solid was
isolated, m.p. 145-147° (from water). Illicroanalysis of this
solid gave results corresponding to those expected for a
molecular formula of CyyH32 03. The i.r. spectrum, however,
was not in agreement with the expected structure. Apart from
broad hydroxyl absorption of the acidic type, this showed
strong absorptions at V nax 1740, 1705, 1380, 1240, 915,

760, 700 cm_l. The positions of these bands were not what



93.

would be expected for the required acid (130) or its possible
double-bond isomer (131). Although absorption was present
at 915 cm‘l, it was not accompanied by any other band in

the region 995-085 cm'l, usually found in double-bonded
compounds of the vinyl type. On the other hand, were the
compound the isomer (131), one would expect evidence of
conjugation of the double bond with the aromatic ring and an
absorption band attributable eitner to a trans double bond
(ca. 960 cm“l) or a gggfdouble bond (ca. 690 cm’l). The
band at 1380 cm'l does however suggest the presence of a
nethyl group.

The carbornyl band at 1740 cm—l was much nore intense
than that at 1705 cm~l which would be the nosition expected
for an aliphatic carboxylic acid. One possible explanation
for this is that partial lactonisation of the acid onto the
double bond of the side chain may have taken place, giving
rise to the 1740 cn~L band. Oxidation of the coripound with
alkaline permanganate was essayed but gave only unchanged
starting material.

No further attempts to prepare the diacid (127) were
nade at this stage in view of the results obtained from
periodate treatment of the unknown diol.

Cleavage of the diol with sodium periodate was hampered

from the start by the snall quantity of material available
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and by its insolubility. An ethanolic solution of the diol
on treatment with sodium periodate in water gave a viscous
seni-solid oil. The i.r. spectrum of this material showed
two separate carbonyl absorptions (N max ca. 1725 and 1690
cm—l) accompanied by a band of mediun intensity at 3500 cm-l
end a weak band near 2750 cm-l. The o0il yielded no bisulphite
conipound but gave a precipitate with an acidic solution of
2:4-dinitrophenylhydrazine. The precipitate however decon-
posed on warming. Sincé the amount of material available
was small it was decided to oxidise it in the crude state
rather than suffer losses by purificetion. Oxidation with
potassium peruangenate in acetone yielded a mainute amount of
an intractable oil from which no information was obtained,
while oxidation with elkaline per:anganate gave a brown
stvicky oil whose i.r. spectrun, apert from showing acidic
hydroxyl abtsorption, wes indistinct and covld not be used
for couparative purposes.

The limited inforunation obtained frowm theese experiuentis
gave some indication that the diol was most probably one of

the two possible isomers (cis or trans) of 4:5-dihydroxy-

tiomochroman (122), since cleavage with periodaie gave a
product containing bvota aryl and aliphatic aldenydes.
AL means of preparing either or beth of taese isowers

was tner2fore sought. Treatuent of homochroaan-5-one with
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selenium dioxide could theoretically give the a-diketone (132)
which on reduction would give the required diol or diols (122).
The reaction was carried out in the usual way but yielded
predominantly unchanged starving material. A suall anount of
another conpound was obtained which gave a slow positive re-
action with wethanolic ferric chloride but failed to give any
test characteristic of a-diketones. Reduction of this material
with sodium borohydride did not give any tractable material.

llydrolysis of the a-bromoketone (85) with silver oxide
gave a hydroxy-ketone which it was hoped to reduce to 4:5-
Cihydroxyhonochronan, but sodium borohydride treatment of the
nydroxy-ketone proved unsuccessful, an inseparable mixture of
conpounds resulting.

The olefin (91) was epoxidised, and it was anticipated
that opening of the epoxide under acid catalysis would give
trans - 4:5-dihydroxyhonochroman. This would either be
identical with the unknown diol or would be different from it,
leaving the possibility that the unknown solid was cis-4:5-
dihydroxyhorochronan.

Epoxidation was carried out with perbenzoic acidgl in
dry chloroform. Stirring the reaction mixture with solid
calcium hydroxide failed to neutralise it and neutralisation

was accordingly completed with aqueous sodium hydrogen

carbonate. As a result, the epoxide itself was not isolated
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and the product was in fact a monobenzoate alcohol, the nost
probable isoner veing the one shown (133). This could not

be hydrolysed in anhydrous conditions with sodium methoxide,
and weas therefore refluxed in methanolic potassium hydroxide.
The product, a viscous sticky oil appeared to be a mixture

of compounds which could be separated into two components by
solubility differences. The portion of the product soluble
in light petroleum was an oily, low-nelting solid which could
not be induced to crystéllise. Its i.r. spectrum indicated
that it was an alcohol and it was therefore acetylated. The
product, a white crystalline solid, (m.p. 100-103°) was found
to have the molecular formula Cl4H16 05, i.e. isomeric with
the "diacetate" isolated from the selenium dioxide reaction
on the olefin (91) (see p. 85 ). The i.r. spectra of these
two compounds were dissimilar and on admixture of the two
samples a depression of n.p. was observed.

That part of the product frowm hydrolysis of the mono-
benzoate alcohol which was insoluble in light petroleum was
a waite crystalline g8olid identical (i.r.; m.p.) with the
unknown diol (p. 86). Acetylation of this solid gave the
same diacetate as previously obtained (p. gs).

Since two different, isomeric diacetates were obtained,
one may conclude, by extrapolation, that two isomeric diols

were first obtained from epoxidation of the olefin. The
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explanation for this is not at all clear and one cannot assigh
any unamnbiguous structure to either of the diols or the di-
acetates. If opening of the expected epoxide (134) proceeded
in the normal way, the only diol which should be produced
would be the trans isomer (122a). The other diol obtained nay
be the corresponding cis diol, arrived at by a cowpletely
different route. 4 unore satisfactory explanation would bve
that the second diol was also a trans diol, but derived from
the isomeric olefin (135) via the anppropriate epoxide. This
is based on the asswaption that the conjugated olefin (91)

may first undergo double bond shift under acid conditions.

The unknown Adiol, obtained previously (p. 86) could there
fore have any one of a number of possible structures. Failure
to form an acetonide and the nasure of the product from peri-
odate cleavage of the diol lend weight to the argument that

the most probable structure for this particular diol is (122a) .
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General

Melting points were reccordcecd on a Kofler uicroscope hot
stage and are uncorrectecd. Routine infra-red spectra of
liquid films and nujol wmulls were recorded on Perkin Ilumer
137 and Unicam S.P. 200 spectrophotoneters. (Accuracy + 10
cm“l). Quantitative infra-red absorption spectra were deter-
ninsd on a Perkin Elmer-model 13, and Unicam 3.F. 100 double-beam
spectrophotoncter equipped with an S.F. 130 sodium chloride
prism-grating double monochromator operaved under vacuun
conditions (Accuracy * 1 em™1l), Ultra-violet absorption
spectra, measured on a Ferkin Elner model 137 U.V. spectro-
photoneter and Unicam 3.P. 500 and 35.P. 800 spectrophotometers,
refer to solutions in ethanol unless otherwise stated.

Nuelear magnetic resonance spectra were determined on
A.E.I. RS2 (60 megacycles) and Ferkin Eluer R310 (60 nega-
cycles) spectrometers, and uass-spectra on A.3.I. KS2 and liS9
speectroncters.,

Gas-liquid chromatographic data were recorded with a
Pye "Argon" Chromatograph equipped with a 908r detector.
Thin-layer chromatography (t.l.c.) waz carried out with
Kieselgel G silica in 15% ethyl acetate-light npetroleunm
unless otherwise stated.

Light petroleun refers to that fraction b.p. 60-80°

unless otherwise stated.

R ———
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ERPERININTAL - PART I.

O-Foruylphenoxyacetic acid (63)

(i) Method I: Reflux time 20 hours

59

The metnod followed was according to Katz””. Chloracetic

acid (52g.; 0.55 mole), salicylaldehyde (61.6g.; 0.5 mole)
and sodium hydroxide (60 g.; 1.5 mole) in 500 ml. water were
heated under reflux for 20 hours. The mixture was not homo-
geneous and was alkaline to litmus. Chloracetic acid (35 g.)
and sodium hydroxide (40 g.) were added and the nixture hested
under reflux for a further 15 nours. The cooled solution was
acidified with hydrochloric acid (6N), yielding a brown oil
(which hardened on standing) and a fine yellow precipitate.
Both were dissolved in agueous sodium carbonate, the solution
filtered, washed with ether and acidified. The precipitate
was a mixture of o0il and solid. The latter was soluble in
hot water from which it crystallised as fine yellow needles,
.o 165° and 178°. Attenpted recrystallisations from aqueous
ethanol or acetic acid gave only amorphous material. On ad-
nixture with the product from (ii) (below) a depression of
m.p. was observed. The material was identified by comparison
of i.r. spectra as o-carboxyphenoxyacetic acid (66).

(ii) Method I. Reflux time 2 hours.

A nixture of freshly distilled salicylaldehyde
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(40.55g.; 0.25 nole), chloracetic acid (34.5g.; 0.3 mole), anc
sodiun hydroxide (40g.: 1 mole) in water (350 ml.) was hcated
under reflux for 2 hours. The cooled mixture on acidificaticn
(sulphuric acid, 6N) gave an o0il which was extracted into
ether. The ethercal solution wes washed several times with
agqueous sodium hydrogen carbonate which was then acidified,
giving a Tinely divided yellow precipitate which was collected
by filtration (6.9g.; 11.5%). The solid was recrystallised
from water as fine yelibw needles, n.p. 129—1310. The i.r.
spectrun (nujol) showed \/OH at 3300 em~1 andﬂ\fco at 1750
cn~l (€-lactone), 1715 cm~l (aliphatic acid) and 1675 cm—1
(aryl aldehyde).

(iii) Method II.

The acid (63) was prepared according to the method of I
Zubrys and Siebermann®®. From 36.6 g. (0.3 mole) of salicyl-
aldehyde, the yield of the required acid (63) was 30.7 g.
(57%) , recrystallised from water as cream-coloured needles,
m.p. 130-1330. The i.r. spectrum of the product was identical
with that of the product obtained in (ii) (above). X

51

O
The Terkin reaction on g-formylnhenoxyacetic scid (63)

(i) Tae acid (63) (2g.), acetic anhydride (10g.) and anhy- |
drous potassium acetate (6g.) were warmed togetner for 100

minutes; the resultant viscous oil was poured into water and
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so0lid sodium hydroxide added until the solution was alkaline
to litmus. Tiltration and acidification of the filtrate
(dilute sulphuric acid) yielded a brown solid (0.25g.; 11%)
which was recrystallised from water as yellow needles, m.p.
197°. The i.r. spectrum showed hydroxyl absorption of the
carboxylic acid type and cerbonyl absorption at 1680 cm'l.
The u.v. spectrum had )Kmax 269 mp (log&, 4.02). On admix-
ture with a sample of co&marilic acid (68), the m.p. of the
product was undepressed. The i.r. spectra of the two materials
corresponded.

(ii) The acid (63) (20g.), acetic anhydride (100g.) and
anhydrous potassium acetate (60g.) were heated under reflux

for 90 minutes and the reaction mixture worked up as above.

The product, a yellow solid (9.72g.: 40%) was recrystallised
from water as pale yellow needles, m.p. 225-227°. (Found:

C, 59.39; H, 4.79. C11H 0y requires C, 59.44; H, 4.54 %).

The i.r. spectrum showed hydroxyl absorption of the carboxylic
acid type, and carbonyl bands at 1725 cm™t (aliphatic acid)

and 1690 cm“l (uB-unsaturated acid) in addition to a weak

band at 940 em™t (trans double bond). The u.v. spectrum :

showed A max 276 my (log €, 4.22) and 324 mu (log€, 3.91).
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Condensation of g-formylphenoxyacetic acid (63) with malonic

acid (92).

(i) & solution of malonic acid (14.5g.) and o-formylphenoxy-
acetic acid (63) (1l.3g.) in pyridine (30 ml.) containing

0.5 ml. piperdine was warmed (steam-bath) for 1 hour, then
boiled for 5 minutes. The cooled reaction mixture was poured
into water, and acidified with dilute hydrochloride acid,
giving a yellow precipitate. The latter was filtered off,
washed with dilute hydf&chloric acid, with water and dried.
The product (3.3g.; 23%) was recrystallised from water as
yellow needles, m.D. 193-1950. On admixture with coumarilic
acid the m.p. was undepressed.

(ii) A solution of malonic acid (69.3g.; 0.6 mole) and o-
formylphenoxyacetic acid (63) (60g.: 0.3 mole) in pyridine
(133 ml.) containing 10 ml. piperdine was heated as described
above. The cooled solution was poured into 1.3 1. cold water
and acidified slowly with 170 ml. concentrated hydrochloric
acid. The yellow precipitate was filtered off, washed with
cold water (4 x 150 ml.) and redissolved in a solution of
sodium hydroxide (54 g. in 1 1. water). The solution was

filtered, diluted with water (400 ml.) and acidified with

1:1 hydrochloric acid (400 ml.). The precipitate was filtered,

and washed with water (3 x 50 ml.). The product (50g.; 71%)

was recrystallised from water as yellow needles, which melted

|
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at 207O to recrystallise as rhombs, m.p. 225—2260. It could
also be recrystallised directly from aqueous methanol as
yellow rhombs, m.p. 225-227°., The material was identified as
o-coumaroxyacetic acid (64), identical (i.r., m.p.) with that

obtained from the Perkin reaction (ii).

Coumarilic acid (68).

D
6‘. From

The acid was preparcd by the standard wmethod
O.1 mole coumarin, the yield of the intermediate dibromo-
coumarin was 62%. 18.5g. (0.6 mole) of the dibromide gave
9.1g. (C2%) coumarilic acid (68). The crude acid was purified
by solution in aqueous sodium hydrogen carbonate, filtration and
acidification of the sclution. The precipitate was recrystall-

ised from aqueous ethanol (1:1 by volume) as white needles, m.p.

189-190.5°.

Dihydrocoumarilic acid (69).

Coumarilic acid (68) (100 mg.), in ethanol, was reduced in )
an atmosphere of hydrogen, using 5% palladium-charcoal as cat-
alyst. The uptake of hydrogen was 14.8 ml. (1 molar equivalent iy
= 13%3.8 ml. hydrogen at N.T.P.). After filtration, the product

(94 mg.; 93%) was recrystallised from aqueous ethanol as white f

needles, m.p. 116.5°,
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Reductions.

(a) Product from Perkin (i) reaction, m.p. 197°,

The acid (92 mg.) in ethanol was reduced in an atmosphere
of hydrogen with 5% palladium-charcoal as catalyst. The up=-
take of hyAdrogen was 1%.9 ml. (1 molar equivalent = 12.7 ml.
hydrogen at N.T.P.). The reaction mixture was filtered and
evaporated tc yield a yellowish solid (74 mg.:; 80%) which

was recrystallised from agueous ethanol as white needles, m.p.

114-116°, Cn adwixture with dihydroccoumarilic acid the m.p.

was undepressed.

(b) Product froi1 Perkin (ii) reaction, m.p. 225-227°.

4 solution of the acid (2.22 g.) in 10% sodium hydroxide
solution (15 ml.) was reduced in an atmosphere of hydrogen
over 5% peslladium-charcoal (300 mg.) as catalyst. The up-
take of hydrogen was 264 ml. (1 molar equivalent = 224 ml.
hydrogen, at N.T7.P.). The reaction mixture was filtered.

Acidification of the filtrate (to Congo Red) with dilute
hydrochloric acid gave a yellow precipitate (1.41 g.: 63%) .
Recrystallisation from water gave the product as pale yellovw
needles, m.p. 141°, (Found: C, 58.64; H, 5.39. C,,H,,0q

requires C, 58.93; H, 5.35%).
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On admixture with the prodict from (a) above, the m.p. was
depressed. The i.r. spectrum showed a single carbonyl band at
1715 em™L, aromatic absorption (1600 cm™1) being of consider-
ably reduced intensity. The u.v. spectrum showed A max 275 maL
(1og€, 3.22).

Permanganate Uxidations,

(a) o-Tormylphenoxyacetic acid (63).

Potassium permangenate (4.5 g.; 0.03 mole) was heated
in water (90 ml.) until solution was complete. A solution
of the acid (63) (3.6 g.; 0.02 mole) in water (75 ml.) con-
taining potassium hydroxide (1.12 g.) was then added, The
internal temperature was allowed to rise to 75-80° and main-
tained for 1 hour. The hot reaction mixture was filtered,
the residue boiled with water (100 ml.) and filtered, The
combined filtrates were acidified with 10 ml. concentrated
sulphuric acid in %0 ml. water, to give o-carboxyphenoxy-
acetic acid (66) (3.2 g.; 80.6%) as a white crystalline solid.
This was recrystallised from water as white plates, m.p.
190—191.50;‘LWCO nujol 1720 em™L (aliphatic carboxylic acid)
and 1680 em~1 (aryl carboxylic acid).

(b) Prod.ct from Perkin (i) reaction, m.p. 1970,

The acid (2.16g.) was dissolved in aqueous potassium



hydroxide (4 g. in 50 ml. water) and treated with a solution

of potassium permangenate (7.03 g.) in water (10 ml.). The

reaction mixture was heated for 2.5 hours then worked up as

in (a) (above). The product (0.27 g.) was recrystallised

from water as fine white needles, m.p. 193-104°, It was

identified (i.r., mixed m.p.) as unchanged starting material.
Repetition of the oxidation with a longer period of heating

gave no isolahle material,

(¢) Coumerilic acid (68).

Uxidation of the acid (68) was carried out as for (b).
With & reaction time of 1.5 hours a minute amount of a solid.
m.p. 192-194° was obtained. This was identical (i.r., mixed
m.p.) with the starting material.

With a reaction time of 3 hours, no isolable material

was obtained,

(d) o-Coumaroxyacetic acid (64) (from Perkin (ii) reaction).

The acid (2.22 g.) in water (40 ml.) containing potassium
hydroxid. (3.2 g.) was oxidised as in (a) with a solution of
potassium permanganate (7.03 g. in 10 ml. water). The product
(0.97 g.; 51%) was recrystallised from water as yellow needles,
m.p. 185-189°, On admixture with the product from (a), the

m.p. was undepressed, while on admixture with the product
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from (b) and from (c), the m.p. showed considerable depression.

Dihydro-o-ccumaroxyacetic acid (62).

The Rahey nickel used in these experiments was prepared
according to the method of Tucker ? and was stored under ethanol.

i solution of the acid (64) (§6g.; 0.162 mole) in aqueous
sodium hydroxide (250 ml.; 4N) was hydrogenated over Raney
nickel (10g.) at a pressure of 6 Atm. The total uptake of
hyvdrogen was 4 Atm. (26 1.). The reaction mixture was filtered
and the filtrate acidified with hydrochloric acid (6N). At
pH 7-8 a yellow precipitate was obtained and was removed by
filtration. The filtrate was further acidified to pH4 and a

white crystalline solid was precipitated.

pH 7-8 precipitate.

The product was recrystallised from water as yellow needles
m.p. 145-146°, which did not decolourise alkaline permanganate.
It was identical with the dihydro-o-coumaroxyacetic acid pre-
viously obtained [Reduction (b) p. 104]. The i.r. spectra of
the two materials were identical and no depression of m.p. was

observed.

pH 4 precipitate.

The precipitate was recrystallised from watcr as white

needles, m.p. 1339 and 140-143°, On admixture with dihydro-

-
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o-coumaroxyacetic 2cid the m.p. was 133° and 143%° but the i.r.
spectra of the two mateoriels differed. The i.r. spectrim of the
material precipitated et pH4 cshowed 2dditional bands at 8CQ and
736 cm‘l, and the material decclourised alkelinz permangenate
instantaneously.

"he two precipitates were re-combined, dissolved in aqueous
sodium hydroxide and shaken in an atmosphere of hy'rocgen over
fresh catalyst (10g.). 4 further 0.7 Atm. hydrogen was taken
up. The product was ohteined bv precipitation at pH7-8 as a
white solid (2lg.; 58%). It wes recrystallised from water es
white needles, m.p. 144-146°,

C timum conditions were found to apply when 30g. o-coumar-—
oxyacetic acid (54) in aqueous sodium hydroxide (250 ml.j; 4N)
was reduced over 30g. Raney nickel as catalyst. Thz reduction
was complete in 2?2 hours. The yield of reduced acid (62) was

957, ohtained as one precipitate at pH7-8,

Pyrolysis of the barium salt of dihydro-o-coumaroxyacetic acid(62)

i

Attempt (i):- Acid: barium carbonate, molar ratio 1: 2.5.

The finely powdered zcid (8.2g.; 0.038 mole) was stirred
in 70 ml. hot water. Barium carbonate (20g.; (.l mole) was
added slowly, with effervescence of carbon dioxide. The solution
was evaporated to dryness, the residue powdered and thoroughly

dried. The dry salt was placed in a Pyrex flask with a side
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arm connected to a receiver which wes continuously water-cooled.
The selt was dry-distilled under reduced pressure (16 mm.) by
heating in e grashite bath above %609, The distillate (15 ml.)
was a brown liquid with 2 vpronounced phenolic odour. It was
diesolved in ether (15 ml.) and ex*tracted with agueous sodium
carbonate (%x 5 ml.) (A), with aqueous s.dium hvdrcxide (3x 5

ml.) (B), with “rine (2x 5 ml.), and the residusl ether solution

dried (C).

4. Sodium carbonate extract.

Acidification and extraction with ether msave a white solid,
recrystallised from water as needles, m.p. 139—1430, itentified

(i.r., m.p.) as the startin<s acid (62).

(B)  Sodium hvdroxide extract,

—— -

Acidification and extraction gave an 0il which distilled
o .

to & hrown liquid at 120-1259/20 mz, (bath). The product, which

could not be induced to crystallise, vossesced a vnr:mounced

prenolic odour, gave an intense purple colouration with methanolic

ferric chloride and c:oupled with benzene diazonium chloride to
give a red-hrown azo dye. On treatment with bromine water a
white precipitate was reedily obtained. The precinitate was
filtered, washed with water and recrystallised from aqueous
ethenol as fine white needles, m.p. 92-93°. {(n admixture with

a sanple of tribromophenol the m.p. was not depressed. The
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i.r. spectrum of the liquid wes supervoszhle on that of phenol

itself, showing typical brced hydroxyl 2»sorption.

C. lNeutral ethereal extrazt.

Removal of the solvent left an oil whose i.r. spectrum
showed week hydroxyl absorption (ca. 3500 cm'l) and strong
carbonyl awhsorptions at 1770-176C, 175C and 17¢0 em™ L. Two
fractions were collected from distillation of the oil:-

%? 1.5590, whose i,r.

at 3400 om™(s) end V', et 1770-1760,

1. A yellow liquid, b.p. 20°/U.07 mm., n
spectrum sdowed'LrOH
1750 and 17¢0(sh) em~Ll.

2. & yellow ligquid, b.p. 809/0.07 nm, (with slight decomposition),
n%? 1.5606. The i.r. spectrum was entirely supervosable on
that of fraction 1, but showed r=duced intensity of hylroxyl
absorption at the expense of increased intensity of the car-
bonyl absorption at 1770-1760 em™l., Neither fraction gave any
colouration with methanolic ferric cnhloride.

dy2rolysis of the material was atte:pted hy heating it under
reflux with 1C% scdium hydroxide sol ition for 3 hours. The

cooled solution was acidified and extracted with ethar. The

etzereel sclution was washed, dried and concentrated to give 2

hrown cil which sclifified on stending. This solid, m.p. 83-859,

had 2 strong phenolic cdour but gave r: cclouretion with methzn-

zlic ferric chloride., Thz i.r. snectrur showed shsry nyiroxyl

1

aheorptian 2t 3350 cm™ and strong cezrbornyl zwscrrtion 2% 1700
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cm_l. Attempted recrystallisation of tre solid resulted only in
oils. The solid was therefore distilled but vieXded a liquid
distillate which could noct be scolidified. The i.r. spectrum of
tils distillate corresponded to that of the material wefore
hydrolyvsis, i.e. s:owing reduced ydroxyl absorption with a new
carbonyl hand at 1770-176u em™t.  Tne solid, m.p. 8%-95°, was,
however, shown to be melilotic 2cid (71) by comparison of the
i.r. spectra. C(n ad=zixturs of the solid with a sample of the
acid (71) (m.p. 88-29°) the m.p. was 84-87". Attempted re-
crystallisation and distillation of the solid therefore must
have given a mixture of the aydroxy-scid (71) and its correspon-
ding lactone, dihydrocoumarin (70). Comparison of the i.r.
spectra showed the original distillate, »efore hydrolysis,to

consist of the sane mixture of hydroxy-acid (71) and lactone (70).

Dihydrocoumarin (70)

Coumarin (1.47g.}, in eth2nol (30 ml.) was reduced in an
atmosphere of hydrogen 'mder pressure, using Raney nickel (2g.)
as catalyst. The required 