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SUMMARY.

Part I
Attempts were made to synthesise the unknown heterocyclic

vouttj
compound, benz-l-oxepin. Two separate re&ulto were investigated 
one involving the use of homochroman-3-one, the other, the use 
of the isomeric liomochr oman-5-one, both of which were reducible- 
to the known homochroman. Homochroman-3-one was prepared by 
Dieckmann cyclisation of the dimethyl ester of dihydro-o- 
coumaroxyacetic acid, followed by hydrolysis and decarboxylation 
of the resultant 6-keto-ester. The ketone was converted into 
the corresponding ocG-unsaturated compound which, on spectral 
evidence, failed to show any enolisation in basic solution. 
Homochroman-5-one, obtained by cyclisation of y-phenoxybutyrrc. 
acid, was treated in a number of ways in an attempt to insert 
the required double bonds. V.ork on the olefin, 2 s3-dihydro- 
benz-l-oxepin failed to give the completely unsaturated system 
required. Both routes were characterised by the large number 
of by-products obtained at each stage and by the instability 
of intermediates and these factors almost certainly contributed 
to the lack of success.

Part II
2-(3-3enzoylethyl)-cyclohexanone was cyclised under acid 

conditions to 2-phenyl-bicyclo- ['y .3 si ]-non-2-en-9-one and



2-(p -benzoylethyl)-cycloheptsnone, in a similar manner gave 
7-phenylbicyclo-[4s3;1]-dec-7-en-10-one• The corresponding 
cyclopentanone derivative, 2-(0-benzoylethyl)-cyclopentanone, 
however, did not yield a bicyclic ketone under the same con­
ditions. This reaction afforded instead an acidic material 
and an isomeric neutral compound, a ̂ -lactone. These were 
shown to be related by cyclisation of the acid to the lactone. 
The structures of the acid and lactone were examined and the 
acid shown to be 4-phenylcycl©hept-3-ene carboxylic acid. A 
mechanism was proposed for the obtention of t lese compounds fr 
the cyclisation of the diketone. 2-Phenylbicyclo-[3*2:1]-oct-
2-en-8-one was itself obtained under suitable cyclisation con­
ditions and was found to be very readily ring-opened under 
mild conditions to i-phenylcyclohept-3-ene carboxylic acid and 
the corresponding <3f-lactone. The reaction was shown to be 
applicable to a related diketone, 3-(2-oxocyclopentylmethy1)- 
Ot-hydrind one, which yielded indeno(2’,3*'3,4)-phenylcyclohept-
3-ene carboxylic acid.



PART I



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 (heteropine where the heteroatom is N, or its 
analogues P and As) is as shown (l). 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 benzheteropin 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)].

Addition of a second benzene ring to the parent nucleus 
increases the number of possible isomers to four, giving 
dibenzo[b,f] heteropins, and the corresponding dibenzo[b,e], 
dibenzo[b,d ] and dibenzo[c,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 heteroatoms incorporated in the 
nucleus include both metals and non-metals. Compounds have 
been prepared with As^, , Se^, Si^, Sn(ll)^ and Sn(iv)^
as the heteroatom.

Up to the present time none of the simple parent systems 
is known* (either synthetically or naturally-occurring), and 
of the totally unsaturated unsubstituted benzheteropins only 
benz-3-oxepin (10)^ has been synthesised.** In the dibenzo 
series, as might be expected from the greater stability con­
ferred on the compounds by the presence of two benzene rings, 
parent systems with X = 0®, S^, NĤ -0 and BH^ 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 dibenz [c,e] oxepir was recorded in the
literature of 1 8 7 7 but the second example (a derivative

12of dibenzo [c,e] azepine) was not recorded until 1888 
Yet an other decade passed before the first monocyclic system, 
oxepan itself (12; X = 0) was noted^^. This compound and 
its sulphur analogue (12; X = S)^, both readily prepared, 
excited no great interest since they possessed no unusual 
properties.

1811 marked a turning-point in heteropin chemistry*
In this year a dibenz [b,f] oxepin derivative (13) was 
reported by Pschorr*^ as an abnormal by-product in an 
attempted phenanthrene synthesis. Prom this point on, the 
subject started to gather momentum and in the ensuing years 
derivatives of several other parent compounds appeared, 
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 number of compounds, however, were derivatives of 
tetrahydroazepine (hexamethyleneimirje) (12; X = NH).
These were the subject of intensive research because of their 
potential usefulness in a variety of fields from analgesics 
and insecticides to adhesives, and although they are outwith 
the scope of this review, one relevant 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 azepines-^. The 
products isolated, however, were not azepines hut derivatives 
of a-picoline.

Interest in the heteropin system stemmed also from 
another source, with the publication of Robinson's proposed 
structures-1-̂  for strychnine derivatives, which incorporated 
a tetrahydro-oxepin nucleus. Following closely on this was 
the suggestion by Manske^-9 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 
readily 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^ in rearrangement products of alkaloids of the 
Srythrina 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



above are the only ones known to contain a heteropin nucleus
of some kincl.

Up until 1950, therefore, heteropins were of interest 
solely on account of their pharmacological properties or 
because of their presence in novel naturally-occurring 
compounds.

Post-1950;

Suddenly and emphatically, however, this attitude
changed end heteropins became keenly sought after as possible
sources of verification and clarification of the Ktickel 

21Rule and of the whole question of aromaticity in general.
The reason for this change possibly has its origin in 

the culmination at this time of all the work done in the 
field of azulene chemistry, coupled with the synthesis of

92 2 8tropolone1* and derivatives (1950) and of tropone J itself 
(1951). Examination of the properties of the pseudo- 
aromatic azulenes and tropones stressed the need for deter­
mining the requirements for, and nature of, aromaticity in 
the seven-membered ring. Indeed, the whole question of 
aromaticity and in particular its relationship to the 
Hiickel Rule has alv/ays aroused lively interest and hetero­
pins appeared to provide another test case.

The concept of aromaticity and the importance of the



"aromatic sextet" of electrons won originally developed 
to express some aspects of chemical behaviour of a certain
class of molecule. It was first put in electronic terms

2 a 25in theories developed by Ingold and by Robinson , end
was subsequently shown to be compatible with the quantum 
physical aspect of the electron postulated by Kuckel^.
Once the connection between -electron delocalisation and 
aromatic properties had been explained theoretically, it 
was recognised that aromaticity could be expected where 
conditions of stereochemistry, availability of orbitals 
and number of electrons allowed electron delocalisation 
to occur. This delocalisation of electrons is the most 
important factor in theories of aromaticity and the cal­
culation of delocalisation energy is the chief aim of 
theories evolved to deal with it. This energy is decreased 
if the conjugated planar framework of the molecule is dis­
torted into a non-planar conformation because maximum 
overlap of -orbitals is then not possible.

Prom this it follows that the kind of atom involved 
in a -electron system should not have an overwhelmingly 
detractive influence on its aromaticity, provided, of course, 
that it can supply a 2 p 17-orbital and that it does not 
distort (e.g. 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 believes) that they should have any 
light to shed on the meaning or validity of the Huckel Rule, 
a hope expressed fairly often by other workers. Indeed
tl

Huckel himself was careful to define the Rule’s limitations.
OAs originally stated (1931) the Huckel Rule applied solely 

to monocyclic co-planar systems of trigonally-hybridised 
atoms which contain (4n + 2) -electrons (where n is integral) 
and which would possess relative electronic stability. The 
rule is inherent in the form of the molecular orbitals which 
can be written for these systems and depends on the existaree
of degenerate molecular orbitals.

26It has been recognised , however, that there are other 
systems not possessing a total of (4n +2)7/ -electrons which 
are equally stable and presumably "aromatic”. These are 
homomorphic systems (i.e. all participating orbitals have 
the same local symmetry) constructed from 2m orbitals. (For 
systems which obey IJuckel1 s Rule 2 m = 4n + 2; in the above 
cases 2m= 4n). These other systems include bicyclic and 
polycyclic compounds e.g. the tricyclic diphenylene which 
has twelve if-electrons. Not all systems with 4n electrons 
are as stable and non-benzenoid “TT-electron molecules show 
behaviour varying from olefinic (cyclo-octatetraene) through 
intermediate (azulene) to essentially aromatic (acenaphthene, 
ferrocene)*



Acknowledging that the heteropin system would make a 
suitable topic for study in the light of what was already 
known ahout tropolores and azulenes, it was thought that a 
closer examination of other ?ion-benzenoid systems could 
provide useful preliminary theoretical background. In the 
case of five-member ed rings, the carbocyclic cyclopentacliene 
which is completely devoid of aromatic character contrasts 
sharply with the formally analogous heterocyclic aromatic 
systems furan, thiophen and pyrrole. The_ cyclopentadienyl 
anion, however, not only possesses an aromatic sextet but 
undoubtedly also the aromaticity which the parent hydrocarbon 
lacks.

In eight-membered ring systems, very little has been
recorded of either the actual or theoretical properties of
rings containing heteroatoms although the carbocyclic cyclo-

27octatetraene is very well documented The last two of the
eight fT-electrons occupy an unfilled state and Huckel 
Molecular Orbital Theory predicts that the planar molecule 
will be unstable. In practice, cyclo-octatetraene behaves 
as a highly unsaturated polyene with no aromatic character. 
The conformation adopted is the non-planar tub and the un­
saturated character is due to the lack of conjugation between 
orthogonal double bonds; non-planarity alone, however, is 
not sufficient evidence that the eight 'fi -electrons of the



9.

planar, molecule would represent an unstable configuration, 
for the storic energy requirements of a planar eight-merabered 
ring are expected to be substantial.

On the one hand then are the planar five-membered rings 
which possess (4n + 2) h  -electrons and show distinct aroma­
ticity; on tie other is the non-planar, distinctly non- 
aromatic cyclooctatetraene with eight h  -electrons. Between 
these two situations lie the seven-membered rings. The carbo- 
cyclic cycloheptatrieno has three bonding molecular orbitals 
in two shells completely filled by six h  -electrons which 
should therefore result in relative stability. The tropylium 
cation (15a) (with six h-electrons spread over several atoms) 
is stable; the radical (15b) with the odd electron placed in 
an anti-bonding orbital would be expected to oxidise readily, 
whilst in the anion (15c) the eighth"//-electron is also placed 
in an anti-bonding molecular orbital and still leaves an 
incomplete shell. This anion, with eighth-electrons dis­
tributed over seven atoms is closest to the situation in 
heteropins and one might expect the stabilities of the systems 
to be of the same order.

p Q
It has been calculated , however, that introduction of 

a heteroatom into the tropylium anion ‘'jf-lattice alters the 
degeneracy of the first anti-bonding molecular orbital and for 

electronegative heteroatoms lov/ers the energy. If the



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 easy. Viewed in this light, the VT _ 
system of a typical heteropin has less stability than would 
be expected from a simple consideration of resonance 
structures. The only exception to this would be a system 
such as borepin which, with six h-electrons, would be 
expected to be stable.

In spite of theoretical predictions that heteropins 
would not be over-stable great efforts were made to synthesise 
not only the parent systems but benzheteropins and dibenzo- 
heteropins. Apart from their own intrinsic interest, these 
latter were considered potentially useful for comparison 
with those of the corresponding derivatives of the tropone 
series. 2,3-Benzot.ropone (16), in contradistinction to 
tropone behaves as a typical dienone because fusion to the 
benzene ring 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 naturally-occurring



heteropins. Here, of necessity, most of the work was 
carried out on dibenzo-derivatives containing a specific 
heteroatom. The major interest lay, and indeed still lies, 
in the properties of the parent systems, the particular 
heteroaton involved being initially immaterial.

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

1. Dibenzoheteropins.
2. Benzheteropins.
3. Parent heteropins.

1. Dibenzoheteropins
Although a great deal of work was done on these com­

pounds most of it lies outside the scope of this review.
A few compounds arc worthy of note. Pibenzheteropins 
containing As\ p \  Se^, Sn^ were prepared but no mention
made of their properties. Most interesting of all was a 

oborepin of structure (17) which with six //-electrons 
in the central ring, should show aromaticity. The small­
ness of the boron atom compared to, say, phosphorus or 
arsenic favours planarity and lack of strain.

The parent dibenzoxepin was synthesised by several
o q

workers , as was dibenzothiepira (6; X = S). The latter 
is isosteric with 1,2:5,6-dibenzo-l,3 ' 5,7 cyclo-octa- 
tetraene (18) and was found to have less olefinic



character than the carbocycle.

2. Benzheteropins

Under this heading may he placed the most fruitful 
work from the point of view of providing information about 
the nature of heteropins.

The first compound prepared for study was a sulphur-
2qcontaining seven-membered ring compound which Scott  ̂

postulated as 2:4-dicarboxybenz-3-thiepin (19; X = S, R = 
co2h) and therefore containing a system of double bonds 
formally analogous to thiophen. He 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-planar. The same compound was later prepared by 
Dimroth and Lenke^ and converted to the more stable di­
ester (19; X = S, R = CC>2 CĤ ) which showed an appreciable 
degree of aromatic character. The same general behaviour 
was manifested by the nitrogen analogue (19; X = NR*) 
prepared by Dimroth and Freyschlag^. The properties of 
the nitrogen and sulphur analogues were such as to make 
the oxygen-containing compound even more interesting. It 
is possible that stereochemistry may be involved in the 
respective stabilities. The oxygen atom is smaller than 
the carbon atom but the valency angles are not dissimilar.
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Therefore of the unsaturated seven-membered heterocyclic 
rings, the oxygen-containing one must he the one in which 
the ring is nearest planarity. It is also possible that 
with the help of the oxygen a,tom unbound electron pairs may 
be stabilised by resonance. In addition moleceilar orbital 
calculations predict that oxygen, by virtue of its larger 
electro-negativity will exert a stabilising effect on the 
anti-bonding orbital containing the fourth electron-pair, 
lowering the energy relative to that of a„zepine and tbiepin, 
so that it approaches a bonding orbital in energy.

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

After considerable disagreement the whole question 
appears to have been cleared up recently by Jorgenson*^ who



re-investigated the work already done. In an extremely 
lucid paper Jorgenson confirmed the remarkable stability 
to acid and explained it on the basis of formation of a 
protonated species in which the bon?-' ■''•■ring as a whole 
acts as a protonation site, affording an aroma/tic sextet; 
the most likely site seemed to be the oxygen atom itself 
since 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
35as the heteroatom. Much of this^has been done by Meinwald 

and his collaborators. They (and Olsen and Bredoch3 in­
dependently) prepared 2 , 3 ? 6 , 7-tetrahydro-oxepin (2 1 ) 
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). The synthetic objective 
here and in the work of others was the epoxy-diene (2 4 ) 
which is the valence tautomer of oxepin, and assumed to



be thermally convertible into the latter. There were indeed 
previous analogies for this, but so far the idea has not met 
with much success.

Y / e s t oft37 claimed that he had synthesised an oxepin of 
structure (25) by direct condensation of acetonylacetone and 
cyanoacetamide to give a compound he assumed to be 2-amino- 
4,7-dimethyloxepin-3-carboxamide (26). This was subsequently

O Dshown by Buchanan end Hamilton^ to be the compound (27) with 
which the reported properties were much more compatible.

In the case of sulphur-containing compounds, Traynelis 
and Lowe^ prepared both sulphides and sulphones to test for 
the presence or absence of aromatic properties in such 
systems. The sulphones may be regarded as analogues of 
tropone which can give rise to the stable cation (28). Here 
the sulphonyl group by electron attraction and possible 
participation of vacant d orbitals can help delocalisation 
of six 7^-electrons over seven atoms (29a) ̂ =7 (29b) . The 
question of the importance of this stabilisation in the 
absence of planarity has been raised. An attempt by Maerov 
to synthesise the parent sulphone produced an unstable com­
pound. This, if it was the desired product, was certainly 
not resonance stabilised.

Of the nitrogen analogues N-carbethoxyazepine 
\/13(1; X = NCOg ̂ 2 the nearest compoimd to the parent system



yet prepared. A compound of structure (30) has been made
40

beit attempts to desulphurise it proved unsuccessful.
Before embarking on a synthesis of a heteropin system 

it would seem a sensible approp.cb to review the relevant 
properties of compounds already obtained as well as their 
method of synthesis since information gained from these could 
indicate what form future work should t<ake and what would be 
a reasonable synthetic objective.

General Properties of hotcronins

I* Dibenzheteropins:
Only the unsaturated compounds provide any useful 

information. Of the parent systerns the dibenzoborepin
o(17) appears to be relatively stable (although this does 

have six if -electrons).

2. Benzheteropins:
Although there has been some controversy about both 

the structures and properties of some of these compounds, 
some general trends may be observed.

(a) Benz-3-heteropins s
The general structure of these compounds is as 

shown (19)* In general, dicarboxylic acid derivatives 
(R = C02H) are iinstable and resinify readily while the



di-esters are more stable, even resisting attack by concen­
trated sulphuric acid. Quite a degree of difference of 
chemical behaviour is shown by individual compoundsr-
(i) X = I'TCK,, R = COjCK,31

This loses nitrogen in oJ.ko.li, has the heterocyclic
ring oxidised by permanganate and is reduced by hydrogen
over palladium-barium sulphate. On the other hand it
does not add either diazomethane or methyl iodide, while
bromine adds to the nitrogen atom and-not to the double

31bond. The corresponding acid (R = OOpH) is stable to 
perchloric acid indicating that an aromatic cation is 
formed in the presence of electrophilic reagents.

(ii) X = S, R = C02 CH,30

In alkali, this decomposes with loss of sulphur, 
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 
pyrazoltne-like adduct, but an appreciable degree of 
aromatic character is manifested by the some general 
behaviour as the nitrogen compound.



18.

(iii) X = 0, R = C02 CEL
32This osterJ is stable to mineral acid and enters 

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

opThe corresponding acid (R = CC^H) is extremely 
stable to acid due to protonation on the oxygen atom.

Prom the known properties, it may be concluded that 
the oxygen analogues are the most aromatic in character. 
This is in accord with theoretical predictions.

(iv) X = S02, R = H

The non-aromatic character of this molecule^ 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.

(c) Benz~l~heteropins:
These are of general structure (3).



19.

(i) X = NCH3

The derivative of the system shown (31) appears 
to he the only one whose properties have been investi­
gated. It is reported^ as being unstable and in­
sufficiently reactive to give ketonic derivatives.

(ii) X = S02

This c o m p o u n d * ^  shows more stability than the 
isomeric sulphone in (a) (iv) above, and does not in 
general behave like an ordinary a|3—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 4xtiwcFed 
conjugation. On balance, the results suggest an 
appreciable degree of olefinic character in the hetero­
cyclic ring.

No particular properties of any benz-l-oxepins or 
benz-l-thiepins have been noted.

3. Parent Heteropins;

These are of the general structure already shown (1),
*The only system so far known is that with X = S02 and

* See Additional Note 1.



there is some doubt as to whether this compound was actually
produced. If it was, it was unstable and obviously not
resonance stabilised^.

Previous liethods of Synthesis.
The principal methods of synthesis can be divided into three 
categories

(a) ring closure,
(b) ring expansion,
(c) condensation of appropriate fragments.

1 . Dibenzheteropins.
(a) These have been prepared by cyclisation of carbonyl

c o m p o u n d s ^  > 4-4-̂ an(j by formation of lactones and 
45lactams followed by reaction of the carbonyl group.

In the case of the oxygen analogues, an additional 
46synthesis was provided by the Ullmann method for 

preparation of diphenyl ethers.
(b) Oxygen-containing compounds have been prepared by

gexpansion of xanthene derivatives .

2 . Benzheteropins.

(i) Benz-3~heteropins;
(a) An example of a ring closure method^, using a 

carbonyl compound is as shown (32)— o(33).



(c ) The chief synthetic method^ ’ ^  , which is
a general one, consists of condensation of o-phthal- 
dialdehyde and the 2,2f-heterodiacetic ester (34) to 
give the corresponding substituted lieteropin as shown 
(19). The Wittig reaction was employed in the prepar­
ation of unsubstituted Lenz-3-oxepin (19; X = 0, R = K 
by the reaction scheme shown. (Scheme A).

(ii) Benz-2-heteropins.
(a) One of the few successful reactions^ in this serie 

was ring closure of the alkyl halide (35) to the 
saturated tetrahydrobenz-2-oxepin (36).

(iii) Benz-l-he ter opins:
(a) Cyclisation of the appropriate carboxylic acid (37)

has yielded derivatives of benz-l-oxepin and benz-1-
thiepin but with nitrogen as the heteroatom the

49cyclisation could not be induced to take place . 
Lactam formation and Lieckmann cyclisation (e.g.
(38)— 0 (39)) have 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. (4 0 )— o(41)), a

50method which appears to be a limited application .
51(c) Another method of limited application has been



the condensation of an arylamine with a I f -keto-acid 
(exemplified by (42)— 0 (43)).

Parent lie tor opins.
/ \ 52(a; A successful method of ring closure has been the

cyclisation of a bromo-acetate (of type (44)) to a
substituted 4,5-dihydro-oxepin (45) while unsubstitutcd

5 34,5-dihydro-oxepin itself has been prepared J by the 
cyclisation of the diene 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)~—o  (48)).
3k(ii) pyrolysis of phenylazide in primary aryl amines" 

to give the appropriately substituted azepine (e.g. 
(49)— o  (50)).

(iii) Via darbene intermediates. This method has been
55tried by several workers with, so far, little

success. (e.g. see reaction scheme (51)— l>(52))
56(iv) Via nitrene intermediates (see (53)— D>(54)).



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 reasons for this were three-fold;-

1. Dibenzo derivatives 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 
properties. In the fused benzene ring system one of the 
three double bonds required in the heterocyclic ring is 
already present. The benzheteropin, in addition, could 
serve as a useful model compound for the parent heteropin 
itself 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 and large electro-negativity 
render it the most useful of the hetero atoms since the 
product is likely to be nearly planar and stabilised by 
resonance.

3. The choice of position of the hetero-atom adjacent to 
the benzene ring was influenced by the possibility of 
extended conjugation, by the fact that less appears to be 
known about the properties of benz-l-beteropins, and by



an interest in the potential products of ring collapse. In 
the event of ring contraction the oxygen may stay attached 
to one position or the other, producing either a-naphthal 
or a compound with oxygen at the bridgehead.
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Additional Note 1
57Vogel has recently reported the first successful 

synthesis of a parent heteropin - the oxygon analogue 
(1; X = 0). This was achieved via the valence tautomer (24) 
which other workers had failed to obtain.

Cyclohexa-l,4~diene (55) is converted to the mono­
epoxide (56). Bromination and dehydrobremanation of the 
latter gives the diene-epoxide (24) which on heating isomer- 
ises to oxepin. The product appears to he very unstable, 
rearranging readily to phenol as expected.



Additional Note 2.

A successful synthesis of benz-l-oxepin has recently
egboon reported by Sondhoimer and Shari , involving again 

the use of valence tautomers which it was suspected would 
be the eventual solution to this and similar problems.

IClegant in its simplicity, the synthesis had as its 
starting point the epoxide (57). Bromination of both double 
bonds followed by dehydrobromination in ethanolic potassium 
hydroxide gives two products (3; X = 0) and (53) in 20$ and 
50$ yield respectively. These are both postulated as having 
come from the some valence tautomer (59) by the appropriate 
mechanistic routes shown; they are presumed to be derived 
differently since (3; X = 0) and (58) are not interconvertible 
by base.

The properties of the two products are of particular 
interest sinco the structure (58) ha.s ten Tf-electrons and 
the structure (3; X = 0) has eight 1T -electrons in the 
heterocyclic ring. The compounds might therefore be reason­
ably expected to behave differently.

(50) is shown to be aromatic in character from the 
following observations. The n.m.r. spectrum shows bands at 
very low field (centred at 2.52X) indicative of a ring 
current. The compound aJLso undergoes aromatic-like electro- 
philic substitution.
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Benz-l-oxcpin itself (3; X = 0) is reported as a low- 
boiling liquid whose n.m.r. spectrum indicates that the 
substance is olefinic in character. On catalytic reduction, 
the c omp oun d yi e1d s h omochr oman (60).
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DISCUSSION

It was intended that the synthesis of benz-l-oxepin 
(3; X = 0) should he approached via two different routes.
In each case there was a key intermediate, potentially use­
ful in several ways for the insertion of the appropriate 
double bonds. In addition, the routes planned were such 
that the intermediates could be related to each other.

In route A, the desired intermediate was b.omochroman- 
3-one (2,3 : 4,5-tetrahydrobenz-l-oxepin) (61), a potential 
product from pyrolysis of the barium salt of dihydro-£- 
coumaroxyacetic acid (62). The latter it was hoped to obtain 
from readily available salicylaldehyde, by extension of both 
functional groups, firstly to o_-formylphenoxya.eetic acid 
(63)* This should then give, via the Perkin reaction or via 
a. Knoevenagel reaction with.malonic acid, o-coumaroxyacetic 
acid (64), reducible to the required diacid (62).

Alternatively (route B), it would be possible to aise the 
known isomeric homochroman-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).



Route A.

Some difficulty was experienced at the commencement of
RQthis route. The instructions given in the literature for 

Katz’s preparation of o-formylphenoxyacctic acid (63), when 
carried out exactly as stated, gave none of the required 
product, hut with drastic alterations to the given reaction 
time a low yield of the acid was obtained. It is therefore 
possible that a misprint has occurred.

In the first instance, a mixture of chloracetic acid, 
salicylaldebyde and aqueous sodium hydroxide was refluxed 
for twenty hours (Quantities used and reaction time were as 
reported in the literature). The reaction mixture did not 
become homogeneous and. it was noted, that the aqueous layer 
was acidic to litmus instead of alkaline as expected;, further 
portions of chloracetic acid and sodium, hydroxide were there­
fore added and the mixture became homogeneous. Acidification 
yielded an oily solid which was soluble in aqueous sodium 
carbonate. Reprecipitation of the acidic material gave a 
fine yellow solid and a brown oil which solidified on cooling 
The yellow solid was soluble in hot water, the brown oil 
insoluble, and separation of the two components was effected 
by filtration of the hot aqueous solution. The filtrate, on 
cooling, gave a. yellow amorphous material, in.p. 165° and 178° 
(o-formylphenoxyacetic acid has m.p. 133 )• On admixture
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with an authentic sample of (63), a narked depression of the 
m.p. was observed. An i.r. spectrum of the amorphous material 
showed complete absence of aldehyde absorption; but indicated 
the presence of an aryl carboxylic acid ("V/max 1680 cm"”'**), 
an aliphatic carboxylic acid (t/* max 1742 cm”^) and ortho­
substitution in the benzene ring (V*max 765 cm”^). Later 
work (sec p. 33« ) showed that the material was in fact, pre­
dominantly o-carboxyphenoxyacetic acid (66). This may have 
arisen either 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 
mixtures obtained from the reaction, Cannizzaro reactions 
being possible on both the starting aldehyde and the product 
aldehyde.

Since prolonged heating was obvious!^ undesirable it was 
considered possible that the reaction time given in the 
literature should have read "2 hours" and not "20 hours".
The reaction was therefore repeated, with a reflux time oh 
two hours and gave a, 12$ yield of the required acid (63) 
m.p. 129-131°.

A yield of this order being an obvious disadvantage lor 
a starting material, an alternative preparation of the acid 
was attempted, following Zubrys and Siebermann's modifi­
cation^^. The acid was readily obtained in 57$ yield,



31.

m.p. 130-133°. The i.r. spectrum was notable for the 
presence of throe carbonyl bands instead of the expected 
two. An unusually sharp hydroxyl bend accompanied these.
The apparent anomalies may be accounted for in terms of 
hemiacetal formation between the aldehyde group and the 
hydroxyl of the carboxylic acid group (63)— 0(67) • The 
carbonyl bands can then be assigned as follows;- max 
1750 cm*^ (^-lactone of hemiacetal), 1710 cm”’**' (aliphatic 
carboxylic acid), 1670 cm”’*’ (aryl aldehyde) while the band 
at 3150 cm*"'*' may be attributable to the hydroxyl group of 
the hemiacetal form.

The next stage in the proposed synthesis likewise
6*1presented some literature difficulty. Rossing*s method 

was followed for the attempted preparation of o-coumaroxy- 
acetic acid (64). This involved a reaction of the Perkin 
type between a-formylphenoxyacetic acid (63) and a mixture 
of acetic anhydride and sodium acetate in the weight ratio 
1: 5-6; 3* Rossing isolated an acid from the reaction mix­
ture which he claimed was the acid (64). He reported a 
m.p. of 197° and an analysis of the silver salt giving 
Ag, 49*62^ (Reqtiired; 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.p. 197°. In a repeat procedure, larger quantities
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were need end resulted in an 11$ yield of an a,cid with an 
anomalous m.p. (softening at 145°, m.p. 177-180°) even after 
repeated crystallisation from water. The i.r. spectrum of 
this acid, however, corresponded to that of the product from 
the initial attempt. Yet another attempted preparation on a 
considerably stepped-up scale yielded an acidic compound 
(40$) whose i.r. spectrum was completely different from that 
of the initial acidic product. This new acid could he re­
crystallised from hot water as a pale yellow solid, m.p. 
225-227°. Analysis showed the acid to have the empirical 

formula cpi^po^5* ^ ' T ' sPec^m  showed two carbonyl
frequencies, increased intensity of double bond absorption 
in the 1620 cm“^ region and a new band at 990-980 cm~^ (trans­
disubstituted double bond).

The acid obtained by Rossing end 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

C p
the standard method from coumarin via the corresponding 
dibromide. It was obtained as a. crystalline solid (m.p. 
190.5°) whose i.r. end u.v. spectra were identical with those 
of "Rossing* s acid". JJo depression of m.p. was observed on 
admixture of "Rossing*s acid" and authentic coumarilic acid, 
whereas the m.p. of a sample of the acid n.p. 225-227°, mixed 
with coumarilic acid was considerably depressed.
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It must toe admitted that Rossing did not have the advan­
tage of modern physical techniques and in fact, all the 
reactions he quotes for his acid could, toe given equally well 
toy o-coumaroxyacetic acid. As additional evidence for the 
structure of the acid m.p. 225-227°, reductive and oxidative 
reactions were carried out*

Coumarilic acid 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 110 isolated double toond absorption. 
A marked depression in m.p. was observed on admixture of the 
two re6.ucod acids*

Alkaline potassium permanganate oxidations were carried 
out on each of the following acids and a comparison made of 
the products.
(a) o-Pormylphenoxyacetic acid (63) on oxidation gave an

80$ yield of £-carboxy}:>henoxyacetic acid (66), m.p.

190-191.5°.
(to) "Rossing1s acid" on oxidation gave

(i) with mild heating**- unchanged starting material;
(ii) with prolonged heating;- no extractable product.

(c) Authentic coumarilic acid on oxidation yielded
(i) under mild conditions:- unchanged starting material;
(ii) under vigorous conditions:- cartoon dioxide and water 

only.
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(&) The acid. m.p. 225-227° on oxidation gave a 50$ yield of 
an acid m.p. 1(39°, shown to be o-carboxyphenoxya.eetic 
acid.
A mixture of the products from reactions (a) and (d) 

showed no depression of m.p. and the i.r. spectra, of the two 
e,cids were identical in all respects. By contrast, on ad­
mixture of the products from reactions (a) and (b)(i), the 
m.p. was considerably depressed and the i.r. spectra did not 
correspond.

It may be concluded from the above that "Rossing*s acid" 
was coumarilic acid which on reduction gave dihydrocoumarilic 
acid and on oxidation was unaffected by mild conditions but 
completely destroyed under vigorous conditions. The unknown 
acid m.p. 225-227° was, however, the required o-coumaroxy- 
acetic acid (64). Both physical and chemical properties 
were in accordance with the expected structure. (See Experi­
mental).

As a method of synthesis, the Perkin reaction proved 
unsatisfactory in this particular instance and an alternative 
condensation of the ICnoevenagel type was investigated. o- 
Formylphenoxyacetic 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



with a short reaction tine gave the required o-coumaroxy- 
acetic acid (in 71^ yield).

It would therefore appear that reactions carried out on
0. small scale with a relatively long reaction time resulted 
merely in intramoleculor dehydration of o_-formylphenoxyacetic 
acid to coumarilic acid while under milder conditions, a true 
intermolecular condensation could take place.

Reduction of the a.cid, in hulk, was carried out not with 
palladium-charcoal as catalyst, hut using Raney nickel, with 
hydrogen under pressure. The reduction was carried out in 
aqueous sodium hydroxide and it was found that 011 acidifica-:. 
tion of the reaction mixture two products were obtained. At 
pH 7-8 a, crystalline solid was precipitated. This was the 
required dihydro-£-coumaroxyacetic acid. The product was 
identical with that given by the palladium-charcoal catalysd 
reduction, did not decolourise alkaline potassium permanganate, 
nor did it show any double bond absorption (other then aro­
matic) in its i.r. spectrum. At pH 4 another crystalline solid 
was precipitated said proved to be half-hydrogenated diacid, 
with an indefinite m.p. and showing some double bond absorp­
tion in its i.r. spectrum. The acidification of the reaction 
mixture thus provided p. means of obtaining dihydro-o-coumar- 
oxyacetic acid uncontaminated by unreduced starting material, 
in cases where reduction did not go to completion. Optimum
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conditions for loading the apparatus v/ere eventually worked 
out by trial raid error so that reduction was carried out to 
completion before pyrolysis was attempted.

The first application of barium sa.lt pyrolysis as a 
method of ring closure was by Boussingault^ in 1836. He 
obtained cycloheptanone from iDyro lysis of the barium salt of 
suberic acid. To-day the method is still essentially the 
sane. Pyrolysis leading to seven-membered rings is known to 
be difficult and to result in low yields, partly due to the 
strain involved, and partly due to formation of by-products.
(It was for the former reason that (62) was chosen for use in 
pyrolysis, rather than the double-bonded acid (64) • Although 
the unsaturated acid on cyclisation would already have one 
of^the required double bonds present, ring closure was pre­
sumed to be more feasible in the saturated compound). Other 
workers have used calcium, yttrium and thorium^ salts in 
preference to the barium salt; it ha^hecently been found^, 
however, that a catalytic mixture of iron filings and 5$ 
baryta gives cleaner products, In this instance, pyrolysis 
was carried out on the dry barium salt itself. The first 
attempt, in which the diacid and barium carbonate used were 
in a molar* ratio of 1: 2.5, afforded mainly unchanged starting 
material, but accompanied by a phenolic product and a. neutral 
material.



The phenolic product consisted of a brown oil which 
could not be induced to crystallise. It was identified as 
phenol itself by comparison of i.r. spectra and conversion 
into the known tribromophenol.

The neutral material was shown to be a. mixture of the 
lactone dihydrocoumarin (70) and its corresponding hydroxy- 
acid, melilotic acid (71), by comparison with authentic 
samples. Hydrolysis of the lactone gave the free acid (71) 
but attempted recrystallisation or distillation resulted in 
partial relactonisation and a mixture of (70) and (71) was 
obtained. This ready interconversion was also found to occur 
in known samples.

An increase in the proportion of barium carbonate to 
acid (5:1) in preparation of the barium salt was found to be 
efficacious and no unchanged starting material was obtained 
under these conditions.

It is difficult to postulate any satisfactory mechanism 
for the formation of phenol end dihydrocoumarin during the 
pyrolysis. These two compounds must have been derived either 
from the starting material or from the ketone (61), assuming 
it is first, formed. Although other explanations are possible, 
the most likely invokes cleavage of the ether linkage in the 
starting material. Although at the temperature of the pyro­
lysis this could no doubt bo done in other unspecified ways,
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one possible mode of cleo.vo.ge is as shown (Scheme B). The 
intermediate could then be imagined as giving rise to phenol 
(Scheme Bp) or to (70) (Scheme B2). It is much more difficult 
to provide a. reasonable mechanism by which the observed 
products could have come from the ketone (61).

In an attempt to clarify the situation, however, the 
pyrolysis was repeated, incorporating into the system a 
cold-trap for isolation of any volatile fragments from the 
reaction. No new compound was isolated, the only materials 
found in the trap being traces of phenol and dihydrocoumarin.

In view of the results obtained from pyrolysis, an 
alternative method of cyclisation was sought. Dieckmann 
closure of the diester of dihydro-o-coumaroxyacetic acid (62) 
should give the (3-keto-ester (72a) or the less probable 
isomer (72b), either of which, on hydrolysis and decarboxyl­
ation should yield the required ketone (61). The 3-keto- 
ester itself is also potentially useful for the insertion of 
double bonds into the heterocyclic ring.

The dimethyl ester of the acid was readily obtained by 
treatment of the acid with diazomothane, but on a preparative 
scale it was found more practicable to form the ester by 
treatment with anhydrous methanol and concentrated sulphuric 
acid. This afforded the ester in 82$ yield whereas the 
standard Fischer-Speier method which was -also investigated



gave only a 5 7 c/° yield 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 Alf° yield. This consisted of a brown viscous oil whose
i.r. spectrum showed the distinctive characteristics of a 
3-keto-ester. The oil gave the expected intense purple 

colouration with methanolic ferric chloride. The crude 
product was subjected to base hydrolysis and acid-catalysed 
decarboxylation and afforded both acidic and neutral materials. 
The former was found to be a mixture of melilotic acid (71) 
and the corresponding lactone (70) while the latter was the 
required ketone homochroman-3-one (61), characterised as 
its 2:4-dinitrophenylhydrazone. The overall yield of the 
ketone by this method was 2 8 The presence of (70) and 
(71) could be accounted for if it were assumed that some 
unchanged diester (73) remained in the 3-keto-ester. (73), 
on hydrolysis would give the di-anian (62a) which could con­
ceivably yield dihydrocoumarin by the mechanism previously 
proposed. It is difficult to see how either dihydrocoumarin 
or melilotic acid could have arisen from the 3-keto-ester



or the ketone (61) itself.
The size of the heterocyclic ring was confirmed by Wolff- 

Kishner reduction of the ketone to the known homochroman (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. 
spectrum showed absorptions attributable to both acid and 
ester functions it could not distinguish between the two 
possible half-esters. Hydrolysis of the material, however, 
did indeed produce dihydro-£-coumaroxyacetic acid.

The other product from the cyclisation wa.s the required 
3-keto-ester (identical to that in (a)), obtained in only 
15$ yield. Hydrolysis of the 3-keto-ester was in this 
instance carried out under acid catalysis, as was decarboxy­
lation. The ketone (61) v/as obtained by this method in 
almost 11$ yield overall.

(c) The most satisfactory method of cyclisation proved to be 
that using potassium-t-butoxide in dry benzene. In this 
case the reaction gave the required 3-keto-ester in 66$ 
yield and afforded only a small proportion of acidic 
material. The product from this cyclisation was much 
cleaner than that from (a) and (b).
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An improved method for the production of the ketone (61) 
from the 3-keto-ester was od.sc found. Hydrolysis of the 
latter with metlianolic potassium hydroxide readily gave the 
corresponding 3-keto-acid in 73$ yield. The acid, a low- 
melting solid, was observed to undergo spontaneous decarboxy­
lation at room temperature. This was completed by heating the 
crude acid under reduced pressure. Prolonged heating during 
the decarboxylation was found to result in considerable 
polymerisation of the material.

It was also noted that the neutradL material returned from 
the hydrolysis was not wholly unchanged starting material but- 
appeared to contain a quantity of the ketone (61) presumably/ 
from deca.rboxylo.tion of the 0-keto-acid. Distillation of the 
product, however, did not effect any separasbion of (3-keto-cster 
and the presumed ketone.

Homochroman-3-one was then treated with N-bromosuccinirri.de 
in dry carbon tetrachloride containing a tro.ee of benzoyl 
peroxide. It was hoped that bromination would take plane 
preferentioJLlyr in the benzylic position end the bromo-ketone 
would then undergo elimination of hydrogen bromide to give the 
a 3 -unsaturated ketone (75a). The latter, in its enolform 
(75b), being essentially a substituted benz-l-oxepin should 
give some indication of the properties of the oxepin ring 
system.



The hotone (61) was therefore treated under the bromin-
ation conditions described. The intermediate bromo-compound
was not isolated but treated in the crude state with redistilled,
dry collidine. A precipitate, presumed to be collidine-hydro-
bromide won readily obtained. The product from the reaction
mixture, a yellow oil, wan distilled, giving a pale oil which
was observed to darken rapidly and become tarry in consistency/.
The i.r. spectrum of the distillate indicated that the product

_1
was most likely a mixture ( v max 1755, 1710, 1650 cm ).

A sample of the product on treatment with an .acidic sol­
ution of 2:4-dinitrophenylh.ydrazine gave a brick-red preci­
pitate which proved to be a mixture of compounds. The chief 
component of the mixture, a brick-red solid, was insoluble 
in most organic solvents with the exception of hot pyridine 
from which it could be deposited an an amorphous solid by 
addition of chloroform. No true analysis for the material 
could be obtained since a sample could not be satisfactorily 
recrystallised. Mass spectrometry however, indicated a parent 
ion at 538, corresponding to a possible molecular* formula of 

^22^18^8^9* secon -̂ largest peak appeared at 341, i.e.
a loss of 197, corresponding to CgH^N^O^.

The u.v. spectrum of the derivative gave some unusual 
results. In chloroform solution, the compound absorbed at 
A  max 255mp. (log£, 4.23), 395 mji (log£, 4.53) and 435mp. 
(logC, 4.47). In pyridine solution an intense purple



colouration won obtained and the u.v. spectrum of this solution 
showed a continuous series of .absorption peaks between 345 end 
570 mp in addition to another band at 312 mp . On addition of 
one drop of water to the pyridine solution the purple colour­
ation disappeared, to leave a poke yellow solution.

One possible structure for the derivative is that of the 
hy/drazide-hydrazone shewn (76). This could have been formed 
cither
(a) from the bromo-kctone (77) by normal hydre.zone formation 

end elimination of hydrogen bromide between the molecule 
and a second molecule of reagent, or

(b) from the ix£-unsatura'ted ketone (75a) by normak hydrazone 
formation and addition of a. second moleceile of reagent 
across the double bond. Such a structure is in agreement 
with the mass-spectromotric results.

An alternative explanation is that bromination did not 
take place on the benzylic carbon atom, but on the carbon 
atom a to the ether function, to give the bromo-kctone (78). 
This cannot eliminate hydrogen bromide on treatment with base 
but on work-up of the reaction mixture could be hydrolysed to 
give the hcmiarctal (79). This may be assumed to be readily 
opened to the corresponding hydroxy-aldehyde (80) which could 
form a bis-2;4-dinitrophenylhydrazone. This Ms-derivative



would also have a molecular weight of 538 .and its insolubility 
would not be unexpected. Against this argument is the fact 
that the derivative showed no phenolic characteristics.

It was obvious that treatment of (61) with N-bromo- 
succinimide did not proceed in a straightforward manner to 
give the required a 3 -unsaturatcd ketone. Even if the latter 
were present it appeared to be accompanied by other products 
in on unstable mixture.

Lack of success in preparing the unsaturated ketone (75a) 
led to a reconsideration of the potential uses of the 3 -koto- 
ester (72) itself. If the more probable isomer (72a) were 
converted to the corresponding endt-acetate (81a.) it should be 
possible to insert into this molecule another double bond to 
give what again is essentially a substituted benz-l-oxopin 
(82). Apart from any information gained about the ring system 
from this compound, it should also be possible to hydrolyse 
both the ester and acetate groups to give the enol form (75b) 
of the ketone (61), already unsuccessfully sought by the 
route previously mentioned.

Several preparations of the enol-acetate were attempted. 
In the first instance, a solution of the 0-keto-ester in 
dry pyridine was treated with acetyl chloride end allowed to 
stand at room temperature. Pronounced discolouration occurred 
but the product, after the usual work-up, on fractiona.ticn



provided some material which gave a negative reaction with 
mcthanolic ferric chloride. The i.r. spectrum (carbon tetra­
chloride) showed some significant differences from the 3 — 
keto—ester, in the carbonyl region. The latter possessed
three strong posies, \ f  max 1743 cm”  ̂ (normal ester), 1723 cm~^

—  1(ring ketone) and 1650 cm (chelated ester). The product 
from enol-acetylation showed more widely separated carbonyl 
bands at 1750 cm'”'*' and 1710 cm"’’*' while the band at 1650 cm”’*' 
was reduced in intensity. The band at 1750 cm"’*’ may be 
attributed to the vinyl ester group and that at 1710 cm”'*' to 
the other ester group, with the frequency lowered by conju­
gation to the double bond of the enol-acetate. Microanalysis 
of this compound was as expected for the desired eno1-acetate 
(8la) or its possible isomer (8lb).

Since (81) proved to be extremely labile, the preparation 
was modified by carrying out the reaction in an atmosphere 
of nitrogen and by avoiding the use of both acid and base 
during the work-up. These precautions, however, did not 
prevent marked deterioration in the product, and in no 
instance wan a pure compound obtained although distillation 
did provide some enol-acctate uncontaminated by 3-keto-ester.

In one attempted preparation of (81) using acetyl 
chloride and pyridine, anomalous results were observed. On 
distillation of the product, four fractions were obtained,



the first having a boiling point noticeably lower than the 
other three. The i.r. spectrum of this fraction exhibited, 
in the carbonyl region,one main single sharp band at 1725 
cm ^ and the whole spectrum was very similar to that of 
homochroman-3-one (61) itself. This fraction gave a. slight 
positive reaction with mcthanolic ferric chloride. Both this 
and some charactcristies of the i.r. spectrum, indicated that 
the sample contained traces of 3-keto-ester (72). The other 
fractions contained increasing amounts of 3 -keto-ester an 
well an the ketonic material. It is not difficult to explahn 
the presence of the ketone (61) in the reaction mixture since 
hydrolysis and thermal decarboxylation of the 3 -keto-ester 
were already shown to give the ketone.

As confirmation of the presence of homoChroman-3-one in 
the mix hare, each fraction was treated with an acidic solution 
of 2:4-dinitrophenylhydrazine -and from the chromatographed 
products there was isola.tcd a crystalline yellow-orange solid, 
(m.p. 152-155°) whose m.p. was not depressed on admixture with 
a kncwi sample of homochroman-3-one 2:4-dinitrophenylhydrazone. 
The later fractions gave less ptire products.

As an alternative to the acetyl chloride - pyridine method 
of preparation, cnol-arctyla.tion wan attempted using iso- 
propenyl accta/te. Although the 2 ; 4-dinitrophenylhydrazone 
of acetone wan isolated, indicating that the reagent had



split into the necessary component ports for acetyiation 
only 3-keto-ester was obtained on work-up.

'Despite the obvious lability of the enol-acctate, it 
was decided to use it for insertion of the last double bond 
into the required ring system. The presumed enol-a.eetate 
won treated in the usual way with N-bromosuccininide in 

c orb on tetrachloride. The intermediate bromo-compound was 
not isolated but refluxed in fresh solvent, during which 
evolution of hydrogen bromide was observed. The product, a 
pale yellow oil, gave a negative reaction with methanolic 
ferric chloride and was rapidly oxidised by aqueous alkaline 
permanganate. On distillation, however, on oil was obtained 
which gave a positive reaction with methanolic ferric chloride, 
The i.r. spectrum of this material did not correspond to 
either the starting enol-acetate or the 3-keto-ester. The 
small amount of material available was not purified further 
but hydrolysed directly with methanolic potassium hydroxide, 
hydrolysis appeared to be incomplete and some neutral starting 
material was returned. This was accompanied by an acidic 
material, a dark viscous oil which produced an intractable 
tar on attempted decarboxylation; no ketonic material could 
be isolated from this, although the product was treated with 
an acidic solution of 2;4-dinitrophenylhydrazine in the hope 
that an identifiable derivative might be obtained. The only
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product v-Tis an oily orange-red precipitate which could not 
be purified.

In view of the lability of the enol-.acetate and un­
successful decarboxylation of the final product (83) it was 
decided to abandon this line of approach to benz-l-oxepin.

It was felt, however, that some of the difficulty 
experienced in working with the 3-keto-ester might have 
been due to the fact that both of the possible isomers (72a) 
and (72b) were present end that some further investigation 
was necessary. The 3-keto-ester itself, on standing, was 
observed to become slightly cloudy but it could not be in­
duced to crystallise, nor was any solid separated by tri­
turation. On distillation, no fractionation of isomers took 
place.

Preparation of the 2:4-dinitrophenylhydrazone(s) gave 
a yellow solid contaminated with a brown oily solid. 
Chromatography of the product on bentonite-kieselguhr (4;1) 
yielded only a low-nelting solid of indefinite m.p. which 
could not be characterised.

The n.m.r. spectrum was recorded but proved, uninform­
ative. If both possible isomers were present, each of which 
could exist in an enol as Well as a keto form, there would 
be four different species contributing to the spectrum. The 
results obtained were not consistent with what would be
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expected for any one of the species. The spectrum was of 
poor resolution and no integration was possible. G-.l.c. was 
hardly more informative (see Experimental).

Route B.

The key intermediate in this route, as already stated
was homochroman-5-one (65). The starting material for the
preparation of this ketone was & -phenoxybutyric acid whose
preparation has been recorded in the literature. Dann and 

66Arndt prepared it from condensation of phenol with bromo- 
crotonic ester, followed by reduction, but the overall yield

Cr7was only 3 0 An improved method was that due to Reppe ,
in which the .acid was prepared in 76% 3/ield by heating
equimolar quantities of sodium phenolate and & -butyrolactone
at 200°. In our case, the acid was obtained in 90% yield by
a slight modification of Reppe's method.

Cyclisation of the acid (84) had already been reported
68by several workers. Powell and Anderson achieved only 

partial success in their attempted cyclisation even when no 
greater than lg quantities were used* indeed, they did not 
isolate the required ketone (65), hut identified it as its 
oxime and semicarbazone. Dann and Arndt carried out the 
cyclisation using both syrupy phosphoric acid and hydrogen



fluoride. Although they reported better yields with the 
latter, the working conditions were not at all practicable. 
Subsequent work has shown that a mixture of phosphorus 
pentoxide and 85% orthophosphoric acid as cyclisation agent 
gives cleaner products end higher yields than commercial 
syrupy phosphoric acid itself. This improved method was 
therefore chosen.

On the first .attempt, a mixture of products was obtained, 
consisting of 92% neutral material and 8% acidic material.
The neutral material on distillation gave pure homochroman- 
5-one (65) in 75% vield overall. The nature of the acidic 
material is discussed in Appendix I (p.77). In a subsequent 
preparation yet 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 mji ).

Of the several possible uses for this ketone, the one 
first considered was its conversion into the a-bromo-ketone 
(85) which by dehydrobromination should give the a 0- 
unsaturated ketone (86). Snolisation of (86) theoretically 
would give a substituted benz-l-oxepin, while reduction and 
dehydration could conceivably give (3; X = 0) itself.

This scheme was baulked at the outset when it was found



that the bromo—ketcne could not he satisfactorily prepared. 
Anhydrous conditions were employed so that bromination should 
take place in the side-chain and not in the nucleus. The 
initial product was si own to be a mixture of st ox ting ketone 
and a-bromo-ketone. The i.r. spectrum possessed two carbonyl 
absorption bands, 'V*’ max 1695 cm ^ (bromo-ketone), 1680 cm"'*' 
(normal aryl ketone) . Although the calculated amount of 
bromine had already been taken up, the crude product was treated 
with a fresh portion of bromine. No further uptake was, how­
ever , observed. Repeated attempts cat bromination always 
re stilted in a partially brominated product. The bromo-ketone 
(85) could, not be separated, from the starting materio.l by 
distillation but its presence in the mixture was confirmed by 
treatment of the product with a-phenylenediamine. A crystalline 
quinoxaline derivative was isolated.

The expected structure of the fully-oxidised quinoxaline 
would be as shown (87), but it is not impossible that a 
dihydrocuinoxaline (88) or even a tetrahydroquinoxaline (89) 
could be obtained. It was also possible that the solid isolated, 
was merely a derivative of homochroman-5-one present in the 
mixture. This would be the amine (90). Since these possible 
structures differed from each other only by two or four 
hydrogen atoms, microanalysis was not sufficiently accurate 
to differentiate amongst them. Mass-spectrometric evidence,



however, indicated the fully oxidised derivative (87) as the 
most likely structure, since .a parent peak: was obtained at 
mass 248. (0-̂ g H^2 ̂ 2  ̂• ^-e derivative showed. A  max 244 Dip
(log € , 4.41) and 330 mp (log € , 3*98).

Utilisation of the ketone (65) via the a-bromo compound, 
was abandoned. Attention was then turned to production of 
the olefin, 2•3-dihydrobenz-l-oxepin (91) from homochroman- 
5-one, Decomposition of the p-toluenesulphonylhydrazone was 
first considered. It is known^ that decomposition of such 
derivatives can lead to olefins (the Bamford-Stevens reaction).

The crystalline derivative was readily obtained in 81% 
yield end treated with a standard (IN) solution of sodium 
ethyleneglycollate. The product was separated into acidic 
and neutral fractions, The former was a solid (m.p. 84°) and 
was shown (i,r, end m.p,) to be the water-insoluble jj-tolucne- 
sulphinic acid, The yield of acid was 73% of that theoretically 
expected from decomposition end indicated that degeneration 
of the £-toluenesulphonylhydrazone had taken place at least 
to the stage of the intermediate diazo compound.

The neutral material recovered from the reaction possessed 
a pronounced phenolic odour, gave a green colouration with 
methanolic ferric chloride and was partially soluble in 
aqueous sodium hydroxide. Apart from end-absorption, the 
the u,v, spectrum showed A  max at 268 and 308 mp , The i.r.



spectrum showed hydroxyl absorption. This neutral material 
was cloudy in appearance end because of its rartial solubility 
in aqueous bs.se, was suspected of being a mixture. It was 
therefore separated by basic extraction into neutral and 
base-soluble components. The latter (8% of the total) was 
an orange-coloured viscous oil with a pronounced phenolic 
odour, giving a green colouration with methanolic ferric 
chloride. The u.v, spectrum had A  max. 266 and 308 mp . hack 
of material and its impurity prevented identification of this 
phenol. The presumed neutral portion (92%) from the extraction 
was a yellow-green liquid, showing hydroxyl absorption in the 
i.r., but possessing no.w A  max at 268 mp only. Distillation 
of the liquid, however, appeared to occasion some changes in 
it. Four fractions were collected, the first two being 
separated from the latter two by a difference of approximately 
20° in boiling point. The middle two fractions were observed 
to undergo distinct colour changes on hooking and cooling.

The lower-boiling portion of the distillate possessed a 
phenolic odour and was similar in character to the phenol 
already examined. (The u.v. spectrum now showed A  max. 265 
and 308 mp ; since the latter absorption was not present in 
the undistilled material it suggested that it had. been 
produced on heating). The higher-boiling frrctions of the 
distillate, virtually odourless oils, giving negative reactions



with methanolic ferric chloride, showed A max 269-270 1141 
only. The i.r. spectrum showed increased intensity of the 
aromatic bands and a very sharp band at 1620 cm” %̂ but no 
absorption at lower frequency attributable 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 not investigated further. It 
is possible that some of the required olefin (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.

An alternative method for obtaining the required olefin 
(91), via dehydration of homochroman-5-ol (92) was explored.
The alcohol was readily obtained (9870 yield) from the corres­
ponding ketone (65) by reduction with sodium borohydride.
The alcohol, a crystalline solid, showed evidence of intra­
molecular hydrogen bonding in the solid state. In its i.r. 
spectrum, the normal alcohol absorption ( X max 3200 cm”-*-) 
was accompanied by a weaker band at 2600 cm“ .̂ This presumably 
could be that due to an internally bonded structure such as

Dehydration of the alcohol was successfully achieved by



two methods. Treatment with boric acid gave the olefin (91) 
in 951- 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 permanganate and gave 
an orange colour instantaneously with tetranitromethane.
The i.r. spectrum showed enhanced intensity of the aromatic 
absorption bands, a band at 1625 cm”  ̂and two new bands at 
700 and 660 cm"'*', indicating the presence of a phenyl- 
conjugated double bond.

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 reduction the compound gave the known 
homochroman (60) with uptake of one molar equivalent of 
hydrogen, confirming both ring size and presence of one 
double bond.

The n.m.r. spectrum of the olefin (94) showed the
following signalsc- multiple! at 3.0 % assignable to aromatic
protons; double triplet centred at 3*7*^ arising from H ,a
split by coupling with H, (J = 12 cps), each half of thisb ab
doublet further split by long-range coupling with Hc,ci
(j = J = i#9 cps); a similar double triplet centred at ac ad
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4.37T, assigned to , split by coupling with Hq (Ja^ = 12 cps)
to a doublet and further split by coupling with H  ̂ (J^c =
Jbd = 4-8 cps); triplet centred at 5.9t; assigned to H0 f
split by coupling with H ■, (J = 4.8<?f>s)-an octet centredV y u. c © y
at 7.56X assigned to the allylic protons H split to ao ̂ cl
triplet by coupling with H « further split by coupling withe 51 j

, resulting in a quartet, and finally split to an octet by
coupling with H (J = Ja(j = 1.9c frs).ac

The u.v. spectrum, of the olefin proved to be of some 
interest. The compound absorbed at X max 255 and 293 
(£, 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 
examination of the u.v.- spectra of related compounds was 
therefore made.

In conjunction with- changes in ring size in the series 
under discussion, there.are. two factors to be considered -
the-effect of ring size on the ether group and also on the

70-74double bond in the heterocyclic ring. Several workers
have studied the first of these factors and been able t©
rationalise changes both in chemical reactivity of the ether

7 2group- (e.g. basicity) and in absorption spectra. Baddeley 
postulated an increase of steric interaction with decrease . 
of the oxygen - interplanar angle of the ether group and the 
benzene ring in aromatic, .ethers. In the system (95),
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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 — OCH2 bond away from the plane of the benzene 
ring.

In the series shown (Table II) the steady decrease in 
A max (98)~H>( 99) —*>(60) as the heterocyclic ring is 
enlarged Is explained by increased puckering of the hetero­
cyclic ring, forcing C2 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 (101) 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 characteristic bands A. max 282, 291 mp which are 
due to displaced benzenoid absorption. The 248 mp band is 
sensitive to changes in conformational environment and its 
intensity and position are susceptible to loss of coplanarity.



TABLE III

Compound

(104)

C o (105)

(106)

JE Ref.
248 (140000)
282 (750) 79
291 (500)

249 (11,000)
280 (450) 80
290 (750)

262 (10,500)
80

292 (700)

TABLE IV

CoBspotmd \msx(r»ŷ ) je Ref,

Co

(91)

274 (1,995)
281 (l»585)^  (108) 81

(109) 250 (11,500) 82

246 (10,000)
(96) 275 (2,512) 76

282 (2,239)

(97) 263 (4,266) 76

255 (10,000)
293 (1,622)



The absorption of in.dene (105) (Table III) is very similar 
to that of styrene (104) itself, while 1 :2-dihydronaphthalene 
(106) shows a shift of the main band to longer wave-lengths 
and some reduction in intensity. Unfortunately no data appear 
to be available for the homologue (107).

I.' the series being considered (Table 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 thereby 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 the heterocyclic ring 
allows the double bond to become more nearly coplanar with 
the benzene ring than the corresponding six-membered ring does



It was observed that on standing for some time samples 
of the olefin showed signs of deterioration. This was later 
investigated (See Appendix II, p. 83 ).

The ap-unsaturated ketone (75) previously sought (p.Ul ) 
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 is a double or a triple bond, the product is generally 
the corresponding unsaturated alcohol. It has further been 
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 a-diketones.

In our case therefore, one might anticipate that the 
most likely product would be the allylic alcohol (110; R = ff) 
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



route since not onlv are both, potentially useful, but are 
theoretically readily interconvertible. It is known that 
acetic acid and acetic anhydride, if used as solvents for

q ̂
the reaction  ̂can combine with the required product, but 
this provides the advantage of being able to isolate any 
alcohol present as its acetate.

Acetic anhydride was chosen as a suitable solvent since 
it is less likely to give a mixture of alcohol and acetate,

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 reaction was carried out 
for 2 hours in acetic anhydride. The crude product, a brown 
oil, was shown to contain traces of acetic anhydride, which 
was removed by distillation. The required acetate (110;
R = COCIl̂ ) 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 acetate 
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 increase 
in the amount of unchanged olefin and reduction of the yield 
of acetate to 62^. In subsequent preparations, the crude



product 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 2.9 X  (aroniatics) , 3.5 %  

(doublet, assigned to proton on C^), 4.0T(multiplet, 
assigned to proton on C^), 4.42X (quartet, assigned to 
allylic proton on C^), 5.75*£(doublet, assigned to protons 
on C2) and 7.9t (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 Appendix III, p.85 ).

Hydrolysis of the acetate was carried out under both 
acidic and basic catalysis. With, acid hydrolysis, some un­
changed acetate was always left but the product was much 
cleaner than that obtained by base hydrolysis. Under base 
catalysis (alcohol/potassium hydroxide) hydrolysis proceeded 
smoothly to give a liquid alcohol (66fr yield) which was shown 
to be the required compound (110; 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 separately.



(The nature of, and possible structure for this material 
are discussed in Appendix III, p.86 )•

The structure of the liquid alcohol 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 1 s- ^^max 1630 cm 1 (phenyl conjugated double 
bond), and 1603, 1582, 1492 cm 1 (aromatics). Strong 
hydroxyl absorption was also present, ' \ f  max 3300 cm”'*'. 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 mp (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 both in the regions of 
1720 and 1680 cm”1. Distillation of old samples of alcohol 
did not effect a separation of any 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 any recognisable components.

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

Oxidation of the allylic alcohol (110; R = H) to the 
required ketone (7 5) 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 quantity 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 ( t/*max 
1740 (m), 1700(s), 1680 (sh;m) cm”1). The attempted prepar­
ation of a 2 s4-dinitrophenylhydrazone gave initially a 
soluble product. Concentration of the solution gave only an 
oil 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



obtained even under the same conditions. From the bulk 
oxidation there was obtained an oil which, would not solidify. 
The i.r. spectrum of the oil 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 
boiling fraction appeared to be a mixture of ketonic and 
olefinic materials ( V m a x  1730(a), I660(s), I600(s), 1570(s), 
1480( s ) ,  710(s), 670( s ) cm”1). The higher boiling fraction 
also contained ketonic material, differing from that of the 
first fraction ( \ T max 17 50(w), 1730(s), 1660(a), 1600(a), 
1570(a), 1480(a), 710(s), 670(3) cm-1).

Attempted preparation of a 2:4-dinitrophenylhydrazone 
from the first fraction 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°).

7/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-



hydrazine solution, the main product isolated was identical 
with that previously obtained (m.p. 17 5°) ( A  max 250,
390 mp.; cf. homochroman-3—one, 2 ;4—dinitrophenylhydrazone 
—  A  max 261, 354 mp,).

Although the oxidation products were obviously mixture 
it was hoped that after reduction, it would be possible to 
identify any homochroman-3-one present. The reduction was 
carried out over 57- palladium - charcoal as catalyst, 
stopping the reaction when one molar equivalent of hydrogen 
had been taken up. The product, a yellow oil, showed "v/max 
3500, 1730(s) cm*”1 and weak double bond absorption. Further 
reduction of the saturated ketone (61) to the corresponding 
alcohol may have taken place. The mixture was treated with 
2 c4-dinitrophenylhydrazine and (61) identified as its 
derivative, a yellow crystalline solid, m.p. 158-159°• The 
2=4—dinitrophenylhydrazone of a known sample of (61) had 
m.p. 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 (7 5) was present in the mixture 
of products from oxidation of the allylic alcohol. This, 
however, 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



66.

manganese dioxide gave four products. The values of 
these compounds were close 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 tried was chromium trioxide

84.in sulphuric acid (Jones's reagent) . Treatment of the 
alcohol with Jones's reagent gave a product (in 40/i yield) 
consisting of a yellow oil containing some solid. T.l.c. 
of the product shov/ed 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 fourth 
(present in only small amounts) was identified as the olefin 
(91) l this presumably was carried over from preparation of 
the alcohol. Trituration of che product v/ith ether precipi­
tated out a solid which was removed and purified by sublimation 
The high-melting solid gave a yellow 2^-dinitrophenylhydrazone 
and showed two carbonyl bands in the i.r. spectrum (1700 and 
1680 cm ■*■). T7eak 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.



The residual oxidation product after removal of this 
solid was chromatographed, but a successful separation of 
the components of the mixture was not achieved. Spectro­
scopic evidence, however, did give some indication of the 
nature 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 . later fractions were more impure 
and contained some of the same solid which could be precipi­
tated by addition of ether to the reaction mixture.

A sample of the crude ketone (7 5) was catalytically 
reduced, stopping the reaction 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
saturated ketones. Chromatography of the mixed 2»4-dinitro- 
phenylhydrazones on bentonite-kieselguhr proved ineffective 
as a means of complete separation, but it was possible to 
isolate from the column a fraction which was further purified 
by repeated crystallisations. The orange needles (m.p. 
155-159°) lib not depress the m.p. of homochroman-3-one,
2:4-dinitrophenylhydrazone.

As in the case of the manganese dioxide oxidations, 
therefore, the required ketone appeared to be present, but



accompanied by other oxidation products from which, it could 
not easily be separated. Although every effort was made to 
free the alcohol (110, R = K) from the ':diolf' impurity (see 
p.86 ) it is not impossible that traces of it remained. 
Oxidation of this t;diol:! would add further complications to 
the mixture already obtained from the mono-ol.

The sample of a(3-unsaturated ketone (7 5) obtained by 
chromatography 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 (7 5) and its apparent 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 (ill), obtainable theoretically 
from the ketone via its enamine.

Seeking an alternative method of introduction of the
required double bond, attention was turned once again to the
allylic acetate (110; R = COCH^). It is known that pyrolysi

85of acetates, amongst other esters, can yield olefins , and



69.

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 unchanged acetate. Elevation of the 
temperature to 450° 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 chamber. In view of this, 
the corresponding tosylate (110; R = Ts) and carbonate 
(110; R s= 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 reaction 
time gave a small amount of an unidentified yellow oil, 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 treatment with refluxing collidine. The 
recovered material proved to be only unreacted starting



material. Treatment with, quinoline gave the same result. 
Since it 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 = II) 
was allowed to stand at room temperature in pyridine for 
24 hours, ho reaction was observed to have taken place and 
the alcohol was recovered unchanged. The compounds produced 
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.

On a small pilot run, a sample of freshly-prepared, 
redistilled alcohol (110; R = H) was treated with ethyl 
chloroformate to give an oil with an ester-like odour*
( * \ f max 1740, 1250 cm’ ;̂ hydroxyl absorption absent). Since 
this initial reaction was carried out on a small scale the 
supposed carbonate was not purified first but was pyrolysed^ 
in the crude state. The pyrolysis was carried out in diethyl 
phthalate at 220° and the reaction product separated into 
neutral and base-soluble materials. It was anticipated that 
benz-l-oxepin (3; X = 0), if produced in the reaction, might



undergo ring collapse at the temperature of the pyrolysis 
to give a phenol. The base-soluble portion of the product 
was therefore examined particularly for the presence of any 
phenolic material. This fraction, a very small amount of a 
brown oil, did have a phenolic odour. The i.r. spectrum, 
although 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 -cC-naphthol) are known 
not to give characteristic colour reactions. On coupling 
with a diazo salt, a red azo-dye was obtained. Lack of 
material and the impurity of what little there was has so 
far prevented identification of this phenol.

Encouraged, 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 ethy^6hloroformate in pyridine to yield the 
expected yellow oil which was this time distilled, and the 
product analysed. Rather unexpectedly, the analysis figures 
did not correspond to those required for the carbonate (110;
R = C02C2H^), but were more nearly (but not quite) in agree­
ment with those expected for the a3-unsaturated ketone (75). 
The i.r. spectrum of the distilled material showed slight 
differences from that of the crude product. The carbonyl



band was sharper than might be expected for a carbonate, 
which is generally reported as being a broad absorption.
The position of the band remained the same, but this, in 
turn, was not in accordance with that expected for an a0- 
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. The oil was soluble in aqueous 
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.64).

The supposed "carbonate” was subjected to hydrolysis 
under basic catalysis and the product separated into neutral 
and base-soluble fractions. The neutral fraction, a red 
oil, 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



the nature of the "carbonate" by hydrolysis was abandoned.
Permanganate 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. Since 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 system, 
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.



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 wa3 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 
starting olefin.* The band at 1620 cm"^ was of much greater 
intensity than the corresponding band observed in the olefin 
and the two strong bands at 700 and 660 cm"̂ * present in the

* Following 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 basis 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.



spectrum of the olefin were completely absent in this case.
The region 1300-900 cm“^ 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. Oi 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 mixture of the unknown olefinic 
product and the starting 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). Since 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 quantity 
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



each, stage 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.



Appendix I .

By-products from cyclisation of tf-phanoxybutyric 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.

66Dann and Arndt found that, in general, treatment of 
^-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 3 6 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 & 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.



By-product 1.

In each cyclisation product there was always present 
(to the extent of approximately 8>e of the total), an acidic 
compound, removed from 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. 141-142°. Drying at 10p° 
under reduced pressure appeared 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

oobtained, m.p. 112-116 . This derivative appeared to be still 
acidic, being soluble in aqueous alkalis (ammonium 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 
^lO^lg ^3* "kki-3 basis it was at first thought that the
compound could be a linear condensation product present as a 
hydrate, i.e. of formula (C^qH ^  ^3^ 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. Mass-spectrometric evidence however,



eliminated this possibility, for a parent ion was obtained of 
mass 180, corresponding to a molecular formula of 8qoH12 ^3*
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, -phenoxybutyric 
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 theory was rejected on comparison of 
the cracking pattern of the unknown acid with that of an 
authentic sample of & -phenoxybutyric acid. More 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 
chloride disc. The compound showed max 3350(s), 3070(s), 
1650(v s ), 1600 (m), 1580(vs), 1505(m), 1474(m), 1376(b ), 
1316(a), 1294(s), 1260(m), 1220(m), ll80(m), 1060(m), 1020(m), 
847(a), 760-740(m) cm"^. The band at 3350 cnT"̂  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 ^ appeared 
as in the disc spectrum. The n.m.r. spectrum, due again





to insolubility, bad to be recorded in trifluoracetic acid.
No integration was possible at this time, but the spectrum 
itself was of an unusual and simple pattern and is reproduced 
in Fig. 1. The following signals were observed 
at -1.33X (proton of trifluoracetic acid), 1.63X (doublet), 
2.7 X  ( doublet), 4.46*£(triplet), 5.88 X  (triplet), 1 . 2 V  

(quintet). None of these was immediately assignable to any 
particular structure, and further chemical evidence was 
sought.

Preparation of the p-bromophenacyl ester was attempted 
and yielded a yellowish solid whose i.r. spectrum indicated 
that it could be a mixture of starting material and reagent. 
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 
mixture.

Wolff-Xishner 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 cm~^.

Treatment of the unknown compound with hydriodic acid- 
acetic acid to test for the presence of any residual ether 
link similarly gave no useful results; the paucity and



impurity of the product precluded any further investigation.
The structure of this by-product thus remains unknown.

By-product 2.

A second by-product 'was obtained from this reaction 
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 as a solid contaminant of homochroman—5— 
one and could be precipitated 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 which then melted at 
238°. A bright orange 2s4-dinitrophenylhydrazone was readily 
obtained (m.p. y  320°).

Kicroanalysis of the unknown compound did not give an 
exact empirical formula but mass-spectrometry showed it to 
have a molecular weight of 324. The microanalysis was then 
in sufficient agreement with this figure to indicate a
molecular formula of C H 0 .20 20 4

The i.r. spectrum contained no hydroxylic or acidic 
absorption bands, a single sharp carbonyl band at 1680 cm*^, 
aromatic absorption at 1600 cm“^ but only a few weak bands in 
the region 900-650 cm“ .̂ The positions and intensities of 
these latter bands were such as to prohibit an unequivocal



recognition of benzene substitution patterns*
Further chemical evidence for the presence of one 

carbonyl group (or two identical or very similar carbonyl 
groups) came from Wolff-Kishner reduction of the unknown 
compound. Although a mixture of products was obtained, there 
was isolated, on chromatography, a white crystalline solid, 
m.p. 128-130° with a distinctive odour and whose i.r. spectrum 
showed complete absence of carbonyl absorption. A number of 
bands were present in the region 900-650 cm“^ 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 
from elimination of two molecules of water between two 
molecules of -phenoxybutyric acid to give a diketone of 
formula £20^ 0^4* This diketone may have two ortho-subs ti tut eel 
benzene rings as in (115a), 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 
in the region 900-650 cm”^ as stated before gave no indication 
as to the nature of the substitution pattern.



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.

A 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"^. The mixture 
also gave an orange-yellow precipitate on treatment with an 
acidic solution of 2;4-dinitrophenylhydrazine.

The experiment was repeated in basic 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 broad carbonyl absorption in the region of 1700 cm“^;
a 2:4-dinitrophenylhydrazone (yellow-orange needles) was

oobtained, m.p. 115-120 . 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



which, could not be purified but whose i.r. spectrum showed
both carbonyl and strong hydroxyl absorptions.

Although no identifiable material was isolated during
the above reactions there was evidence that decomposition
of the olefin in air did take place to a pronounced extent.

86There are indeed analogies for the autoxidation of allylic 
compounds and it is possible that oxidation of the olefin may 
take place by a radical mechanism such a3 shown. (Scheme C). 
If the initial step were the production of the allylic 
radical (116), this could react with oxygen, itself a 
biradical to give (117). The latter, by abstraction of a 
hydrogen atom from a second molecule of olefin would give 
the peroxide (118) and enable the chain reaction to continue. 
Decomposition of the peroxide itself is then also possible.



Appendix III.

(a). The solid removed from the acetate (110; R = C0CH^)

The solid deposited from the acetate (110; R = COCH^) 
£p.6lj on standing was recrystallised from light petroleum 
as colourless needles, m.p. 95-96°. liicroanalysis indicated 
an empirical formula of i»r. spectrum (carbon
tetrachloride) showed one strong carbonyl absorption (17 50 
cnT'l) and C - 0 absorption (1245, 1222 cm"^). The € value 
of the carbonyl band (1400) corresponded to the presence of 
two ester groups. The aromatic absorptions were normal and 
did not indicate conjugation with a double bond. From the 
evidence obtained up to this point, it was deduced 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 a 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 = COCH^). 
On this basis, a number of structures was possible,

including the 1:2-diacetate (119) (cis or trans) and the 
1;3-diacetate (120). On the evidence of the i-xv spectrum, 
no vinyl acetate could be present. If one were to assume



that a double bond shift had taken place initially in the 
olefin, the diacetate (121) (cis or trans) would also be a 
possible structure.

It was hoped that n.m.r spectroscopy would eliminate at 
least some of the possible structures. The results, however, 
were not immediately in agreement with the evidence already 
obtained. Signals were recorded at 2.7 X  (aromatics) , 3»8T 
(appearing as a slightly broadened singlet, i.e. sub-splitting 
may be present, but not discernible), 4.61^ (triplet with 
barely discernible sub-splitting), 5-87f(triplet), J , 6 T 1  

(triplet), 7•87T(singlet), 7•9 5 T (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'r', 7-95^) • Assignment of the other peaks does not appear 
feasible on the basis of any one structure, especially since 
integration of the spectrum was not possible.

Hydrolysis of the diacetate was attempted but under 
acidic catalysis yielded seven inseparable compounds, none 
of which could be identified.

(b)The solid removed from the alcohol (110; R = H) j’p.
The solid precipitated from the alcohol (110; R = H) 

by addition of ether was recrystallised from dioxan—ether 
mixtures as white laths, m.p. 140-143°- The solid was



insoluble in cost organic solvents, but soluble in hydroxylic 
solvents, including water. I.Iicroanalysis indicated an 
empirical formula of -he i-r. spectrum (nujol)

showed hydroxyl absorption ( “\ f  max 3300 cm and unconjugated 
aromatic absorption. No solution spectra were possible due 
to the extreme insolubility or the compound. The u.v. spec­
trum showed A  max 256-264 mji (€, 1650-1600) and 292 op.
(6, 224). An attempt was made to record the n.m.r. spectrum 
but great difficulty was experienced in finding a suitable 
solvent. It was thought possible to record low*£T-values in 
acetone solution and highT-values in pyridine solution since 
the unknown 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).

Mass-spectrometry did not give a parent ion at mass 180 
as expected from the empirical formula, but shov/ed the 
heaviest ion to be of mass 162. This may be rationalised 
on the assumption that water (mass 18) is easily lost from 
the compound and that no 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



mass-spectrum of the unknown compound occurred at mass 14-4, 
i.e. a further loss of 18 mass units from 162. Such results 
indicated that the compound could be a diol, of mass 180, 
which would be expected to undergo a loss of two molecules 
of water to give the observed results.

Confirmation of the compound a3 a diol was then sought 
and in so doing a connection was established between it and 
the unknown diacetate (p.85 )• Acetylation of the supposed 
diol with acetyl chbride in pyridine gave a solid diacetate 
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 treatment 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 C2), the hemiacetal thus formed would be expected to 
open in acidic solution and yield the 2 14-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 
chloroform. The product, a viscous yellow oil showed Vmax 
3350, 1700(sh), 1680 cm This would be in agreement 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-

m
lated in a pure 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 m a x  ca, 1720, 1670 
cm~l), and residual hydroxyl absorption. If the unknown com­
pound were a l:2-diol as in (122) , oxidation under the 
above conditions would give an oc-d ike tone whose carbonyl 
groups would be expected to absorb in the regions observed, 
there being little interaction between the carbonyl groups 
of such a diketone.



Further attempts were therefore made to establish the 
diol as being of the vicinal type. No acetonide could be 
obtained from the diol nor was an adduct given with dicyclo- 
hexylamine and both these experiments were rejected as being" 
inconclusive.

Y/ere the diol either the 3 »4-dihydroxyhomochroman (123)
(c is or trans) or the isomeric 4 *5-dihydroxyhonochroman (122 
(cis or trans) it would be possible to establish the vicinal 
relationship of the hydroxyl groups and to differentiate 
between these two structures by cleavage of the diol.

Since lead tetra-acetate is known in some instances 
to cause acetylation via a radical mechanism, the reagent 
chosen was sodium jjeriodate, (122) on cleavage should give 
the dialdehyde (124) which on oxidation would give o-carboxy- 
phenoxypropionic acid (125) while (123) should 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). c-Carboxyphenoxypropionic acid (125) was readily 
obtained by oxidation of £-formylphenoxypropionic acid (pre­
pared by the same method as o-formylphenoxyacetic acid (63)K  
The required acid (125) was a solid, m.p. 120 whose i.r.



spectrum showed the two expected carbonyl absorptions, V  nax 
1730 cnT^ (aliphatic acid) and 1690 cq“  ̂ (aryl acid).

A successful synthesis 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 
that preparation of a sample 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 £-hydroxy-a-toluic acid (128),
a known acid which had already been prepared by several

88methods, although all in low yield. Erlenmeyer u reported 
a synthesis of (128) via an azlactone intermediate (129) 
formed from salicylaldehyde. (129) on treatment with hydroge:
peroxide and sodium hydroxide was said to give the required 
acid. At each stage the production of by-products was also 
reported. Erlenmeyer1s method was followed but yielded a 
mixture of products which could not be satisfactorily 
separated. Chromatography did yield one solid thought to be 
the required acid (128) but the yield and impurity of this 
compound rendered it of little value for continuing the 
synthesis.

Attention was then turned to synthesis of the required 
acid (128) from reaction of o-chlorophenol acetate and diethyl
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malonate reported as giving (128) in 34/* yield . £-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 mixture was hydrolysed and decarboxylated.
The only product which could be isolated from the reaction 
was found to be £—chlorophenol and this method was therefore 
rej ected.

One more attempt was made to obtain the diacid (127).
It was hoped to treat £—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 £-allylphenol in 96/̂  yield. The latter 
was treated with chloracetic acid as in previous reactions 
(p. 30 ) anc* from the reaction mixture a white solid was 
isolated, m.p* 145-147° (from water). Llicroanalysis of this 
solid gave results corresponding to those expected for a 
molecular formula of CppHp2 03* 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 max 1740, 1705, 1380, 1240, 915,
760, 700 cm” .̂ The positions of these bands were not what



would be expected for the required acid (130) or its possible 
double-bond isomer (131). Although absorption was present 
at 915 cm’ ,̂ it was not accompanied by any other band in 
the region 935-985 cm \  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 either to a trans double bond

—1 —1 (ca. 900 cm ) or a cis double bond (ca. 69O cm~ ). The
band at 1380 ca”^ does however suggest the presence of a
methyl group.

The carbonyl band at 1740 cm  ̂was much more intense
than that at 1705 cm""-*- which would be the position 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 cm”-** band. Oxidation of the compound with 
alkaline permanganate was essayed but gave only unchanged 
starting material.

No further attempts to prepare the diacid (127) were 
made 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 small 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
semi-solid oil. The i.r. spectrum of this material showed
two separate carbonyl absorptions (V  max ca. 1725 and 1690 

-1 \cm ) accompanied by a band of medium intensity at 3500 cm 
and a weak band near 2750 cm The oil yielded no bisulphite 
compound but gave a precijjitate with an acidic solution of 
2:4-dinitrophenylhydrazine. The precipitate however decom­
posed on warming. SincS the amount of material available 
was small it was decided to oxidise it in the crude state 
rather than suffer losses by purification. Oxidation with 
potassium permanganate in acetone yielded a minute amount of 
an intractable oil from which no information was obtained, 
while oxidation with alkaline permanganate gave a brown 
sticky oil whose i.r. spectrum, apart from showing acidic 
hydroxyl absorption, was indistinct and could not be used 
for comparative purposes.

The limited information obtained from these experiments 
gave some indication that the diol was most probably one of 
the two possible isomers (cis or trans) of 4:5-dihydroxy- 
homochroman (122), since cleavage with periodate gave a 
product containing both aryl and aliphatic aldehydes.

A means of preparing either or both of these isomers 
was therefore sought. Treatment of hoaochroaan-5-one with



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 starting material. A small amount of 
another compound was obtained which gave a slow positive re­
action with methanolic ferric chloride but failed to give any 
test characteristic of a-diketones. Reduction of this materia 
with sodium borohydride did not give any tractable material.

Hydrolysis of the d-bromoketone (85) with silver oxide 
gave a hydroxy-ketone which it was hoped to reduce to 4; 5- 
dihydroxyhonochronan, but sodium borohydride treatment of the 
hydroxy-ketone proved unsuccessful, an inseparable mixture of 
compounds resulting.

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

91Epoxidation was carried out with perbenzoic acid 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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arid the product was in fact a monobenzoafce alcohol, the most 
probable isomer being the one shown (133). This could not 
be Hydrolysed in anhydrous conditions with sodium methoxide, 
and was 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-melting solid which could 
not be induced to crystallise. 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 C-^ H-j g 0^, 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 m.p. was observed.

That part of the product from hydrolysis of the mono­
benzoate alcohol which was insoluble in light petroleum was 
a white crystalline solid identical (i.r.; m.p.) with the 
unknown diol (p. 86)* Acetylation of this solid gave the 
same diacetate as previously obtained (p. 85^*

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



explanation for this is not at all clear and one cannot assign 
any unambiguous 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 may 
be the corresponding cis diol, arrived at by a completely 
different route. A more satisfactory explanation would be 
that the second diol was also a trans diol, but derived from 
the isomeric olefin (135) via the appropriate epoxide. This 
is based on the assumption that the conjugated olefin (91) 
may first undergo double bond shift under acid conditions.

The unknown diol. obtained T)reviously (p. 86) could there­
fore have any one of a number of possible structures. Failure 
to form an acetonide and the nacure 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) .



EXES RIMEN 'I AL:

General
Melting points were recorded on a Kofler microscope hot 

stage and are uncorrected. Routine infra-red spectra of 
liquid films and nujol mulls were recorded on Perkin Rimer 
137 and Unicorn S.P. 200 spectrophotometers. (Accuracy + 10 
cm~^). Quantitative infra-red absorption spectra were deter­
mined on a Perkin Elmer "mod el 13, and Unicam 3.P. 100 double^beam 
spectrophotometer equipped with an 3.P. 130 sodium chloride 
prism-grating double monochromator operated under vacuum 
conditions (Accuracy i 1 cn“-*-), Ultra-violet absorption 
spectra, measured on a Perkin Elmer model 137 U*V» spectro­
photometer and Unicam 3.P. 300 and 5.P. 800 spectrophotometers, 
refer to solutions in ethanol unless otherwise stated.

Nuclear magnetic resonance spectra were determined on 
A.E.I. RS2 (60 megacycles) and Perkin Elmer R310 (60 mega­
cycles) spectrometers, and mass-spectra on A.E.I. MS 2 and MS 9 
spectrometers.

Gas-liquid chromatographic data were recorded with a
qOPye "Argon” Chromatograph equipped with a Sr detector. 

Thin-layer chromatography (t.l.c.) was carried out with 
Kieselgel G silica in 15^ ethyl acetate-light petroleum 
unless otherwise stated.

Light petroleum refers to that fraction b.p. 60-80° 
unless otherwise stated.



EXPERIMENTAL - PART I.

£~Eormylphenoxyacetic acid (63)

(i) Method I; Reflux time 20 hours
The method followed was according to Katz . Chloracetic 

acid (52g.; 0.55 mole), salicylaldehyde (6l.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 mixture heated 
under reflux for a further 15 hours. 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 aqueous sodium carbonate, the solution 
filtered, washed with ether and acidified. The precipitate 
was a mixture of oil and solid. The latter was soluble in 
hot water from which it crystallised as fine yellow needles, 
m.p. 165° and 178°. Attempted recrystallisations from aqueous 
ethanol or acetic acid gave only amorphous material. On ad­
mixture with the product from (ii) (below) a depression of 
m.p. was observed. The material was identified by comparison 
of i.r. spectra as £-carboxyphenoxyacetic acid (66).
(ii) Method I. Reflux time 2 hours.

A mixture of freshly distilled salicylaldehyde



(40.55g.; 0.25 mole), chloracetic acid (31.5g. ; 0.3 mole), and 
sodium hydroxide (4-Og. ; 1 mole) in water (350 ml.) was heated 
under reflux for 2 hours. The cooled mixture on acidificaticn 
(sulphuric acid, 6N) gave an oil which was extracted into 
ether. The ethereal solution was washed several times with 
aqueous sodium hydrogen carbonate which was then acidified, 
giving a finely divided yellow precipitate which was collected 
by filtration (6.9g*| 11.5/®)* The solid was recrystallised 
from water as fine yellow needles, m.p. 129-131°. The i.r. 
spectrum (nujol) showed at 3300 cm~T and at 1750
cm~l (£-lactone), 1715 cm~l (aliphatic acid) and 1675 cm“T 
(aryl aldehyde).
(iii) Method II.

The acid (63) was prepared according to the method of 
Zubrys and S i e b e r m a n n ^ .  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. 130-133°. The i.r. spectrum of the product was identical! 
with that of the product obtained in (ii) (above).

61L
The Perkin reaction on Q-formylnhenoxyacetic acid (63)
(i) The acid (63) (2g.), acetic anhydride (lOg.) and anhy­
drous potassium acetate (6g.) were warmed together for 100 
minutes; the resultant viscous oil was poured into water and
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solid sodium hydroxide added until the solution was alkaline
to litmus. Filtration 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 carbonyl absorption at 1680 cm’ .̂
The u.v. spectrum had A  269 mp. (log6’, 4.02). On admix-max
ture with a sample of coumarilic 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 (lOOg.) 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°. (Founds 
C, 59.39; H, 4.79. 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 ^ (aliphatic acid) 
and 1690 cm 1 (a|3-unsaturated acid) in addition to a weak 
band at 940 cnf“̂  (trana double bond). The u.v. spectrum 
showed max 276 mp, (log £, 4.22) and 324 mp- (log6, 3*91).



Condensation of g-formylphenoxyacetic acid (63) with malonic
acid (92).

(i) A solution of malonic acid (14.5g. ) and o-formylphenoxy- 
acetic acid (63) (11.3g.) 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, 
v/ashed with dilute hydrochloric acid, with water and dried.
The product (3-3g.; 23k) was recrystallised from water as 
yellow needles, m.p. 193-195°* On admixture with coumarilic 
acid the m.p. was undepressed.
(ii) A solution of malonic acid (69.3g«; 0.6 mole) and £- 
formylphenoxyacetic acid (63) (60g.; 0.3 mole) in pyridine 
(133 ml.) containing 10 ml. piperdine was heated as described 
above. The cooled solutiozi 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. j 71/°) 
was recrystallised from water as yellow needles, which melted
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at 207° to recrystallise as rhombs, m.p. 225-226°. 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).
The acid was prepared by the standard method^2. Prom

0.1 mole coumarin, the yield of the intermediate dibromo- 
coumarin was 62k. 18.5g* (0.6 mole) of the dibromide gave
S.lg* (8 2fo) coumarilic acid (68). The crude acid was purified 
by solution in aqueous sodium hydrogen carbonate, filtration and 
acidification of the solution. The precipitate was recrystall­
ised from aqueous ethanol (lsl 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 5cr  palladium-charcoal as cat­
alyst. The uptake of hydrogen was 11.8 ml. (l molar equivalent 
= 13.8 ml. hydrogen at N.T.P.). After filtration, the product 
(94 mg.; 93$) was recrystallised from aqueous ethanol as white 
needles, m.p. 116.5°.
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Reductions.

(a,) Product from Perkin (i) reaction, m.p. 197°.
The acid (°2 mg.) in ethanol was reduced in a.n atmosphere 

of hydrogen with 5 palladium-charcoal as catalyst. The up-- 
take of hydrogen was 13.9 ml. (l molar equivalent = 12.7 ml. 
hydrogen at N.T.P.). The reaction mixture was filtered and 
evaporated to yield a yellowish solid (74 mg.; 80^’) which 

was recrvstallised from aqueous ethanol a.s white needles, m.p. 
114-116°. On admixture with dihydrocoumarilic a.cid the m.p. 
was undepressed.

(b) Product from Perkin (ii) reaction, m.p. 22 5-227°.
A solution of the acid (2.22 g.) in 10$ sodium hydroxide 

solution (15 ml.) was reduced in an atmosphere of hydrogen 
over 5/̂ palladium-charcoal (300 mg.) as catalyst. The up­
take of hydrogen was 264 ml. (l molar equivalent = 224 ml. 
hydrogen, at N.T.P.). The reaction mixture was filtered.
Acidification of the filtrate (to Congo Red) with dilute 

hydrochloric acid gave a yellow precipita.te (1.4-1 g.; 63$) • 
Recrystallisation from water gave the product as pale yellow 
needles, m.p. 141°. (Pounds C, 58.64; H, 5.39. ^11^12^5
requires C, 58.93; H, 5.35cfc) •

\



On admixture with the product from (a.) above, the m.p. was 
depressed. The i.r. spectrum showed a single carbonyl band at 
1715 cm ^, aromatic absorption (1600 cm”1) being of consider­
ably reduced intensity. The u.v. spectrum showed A  max 275 w/jl 

(log£, 3.22).

Pe rmangana te Ox id a t i on s .

(a) _o-Formylphenoxya.cetic acid (63).

Potassium permanganate (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 (f5 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 30 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.
190-191.5°; V ’ nujol 1720 cm'1 (aliphatic carboxylic acid)0 0
and 1680 cm”1 (aryl carboxylic acid).

(b) Prod ict from Perkin (i) reaction, m.p. 197°.
The acid (2.l6g.) was dissolved in aqueous potassium



hydroxide (4 g. in 50 ml. water) and treated with a solution 
of potassium permanganate (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* 193-194°. It was 
identified (i.r., mixed m.p.) as unchanged starting material.

Repetition of the oxidation with a longer period of heating 
gave no isolable material.

(c) goumarilic acid (68).
Oxidation of the acid (68) was carried out as for (b).

V/ith a reaction time of 1.5 hours a minute amount of a solid; 
m.p. 192-194° was obtained. This was identical (i.r., nixed 
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 

hydroxide (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



from (b) and from (c), the m.p. showed considerable depression

Hihydro-_o-coumaroxyacetic acid (62).

The Raney nickel used in these experiments was prepared 
according to the method of Tucker^ and was stored under ethanol 

A solution of the a.cid (64) (36g.; 0.162 mole) in aqueous 
sodium hydroxide (250 ml.; 4N) was hydrogenated over Reney 
nickel (lOg.) at a pressure of 6 Atm. The total uptake of 
hydrogen was 4 Atm. (= 6 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 a.cidified 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 water as white 

needles, m.p. 133° and 140-143°. On admixture with dihydro-



o-coumaroxyacetic acid the m.p. was 133° and 143° but the i.r. 
spectra of the two materials differed. The i.r. spectrum of the 
material precipitated at pH4 showed additional bands at 800 and 
786 cm and the material decolourised alkaline permanganate 
instantane ously.

,r|he two precipitates were re-combined, dissolved in aqueous 
sodium hydroxide and shaken in an atmosphere of hydrogen over 
fresh catalyst (lOg.). A further 0.7 Atm. hydrogen v/as taken 
up. The product was obtained by precipitation at pH7-8 as a 
white solid (21g.; 58$). It was recrystallised from water as 
white needles, m.p. 144-146°.

Optimum conditions were found to apply when 30g. _o-coumar- 
oxyacetic acid (64) in aqueous sodium hydroxide (250 ml.; 4N) 
was reduced over 30g. Raney nickel as catalyst. The reduction 
was complete in 22 hours. The yield of reduced acid (62) wa.s 
85$, obtained as one precipitate at pH7-8.

Pyrolysis of the barium salt of dihydro-o-coumaroxyacetic a.cid(62)

Attempt (i)s- Acid: barium carbonate, molar ratio Is 2.5.
The finely powdered acid (8.2g.; 0.038 mole) was stirred 

in 70 ml. hot water. Barium carbonate (20g.; 0.1 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



arm connected to a receiver which was continuously water-cooled, 
The salt was dry-distilled under reduced pressure (16 mm.) by 
heating in a, graphite bath above 360°. ^he distillate (15 ml,) 
was a brown liquid with a pronounced phenolic odour. It was 
dissolved in ether (15 ml.) and extracted with aqueous sodium 
carbonate (3x 5 ml.) (A), with aqueous sodium hvdroxide (3x 5 
ml.) (B), with brine (2x 5 ml.), and the residual ether solution 
dried (C).

A . Sodium carbonete extract.
Acidification and extraction with ether gave a white solid, 

recrystallised from water as needles, m.p. 139-143°, identified 
(i.r., m.p.) as the starting acid (62).

i?-L Sodium hvdroxide extract.
Acidification and extraction gave an oil which distilled 

to a brown liquid at 120-125°/20 mm, (bath). The product, which 
could not be induced to crystallise, possessed a pronounced 
phenolic odour, gave an intense purple colouration with methanolic 
ferric chloride and coupled with benzene diazonium chloride to 
give a red-brown a.zo dye. On treatment with bromine water a 
white precipitate was readily obtained. 'The precipitate was 
filtered, washed with water and recrystallised from aqueous 
ethanol as fine white needles, m.p. 92-93°- On admixture with 
a sample of tribromophenol the m.p. was not depressed. The



i.r. spectrum of the liquid was superposable on that of phenol 
itself, showing typical broad hydroxyl absorption.

C . Neutral ethereal extraet.
Removal of the solvent left an oil whose i.r. spectrum 

showed weak hydroxyl absorption (ca. 3500 cm“ )̂ and strong 
carbonyl absorptions at 1770-1760, 1750 and 1700 cm”1 * Two 
fractions were collected from distillation of the oils-
1. A yellow liquid, b.p. 80°/u.07 ram., n^9 1.5590, whose i.r. 

spectrum showed Vr at 3400 c m ^ ( s )  and at 1770-1760,U-tl {y Vj
1750 and 1700 (sh) cm“^.

2. A yellow liquid, b.p. 80?/0.07 mm* (with slight decomposition), 
n^9 1.5606. The i.r. spectrum was entirely supernosable on
that of fraction 1, but showed reduced intensity of hydroxyl 
absorption at the expense of increased intensity of the car­
bonyl absorption at 1770-1760 cm"^. Neither fraction gave any 
colouration with methanolic ferric chloride.

Hydrolysis of the material was attempted by heating it under 
reflux with 1C$ sodium hydroxide solution for 3 hours. The 
cooled solution was acidified and extracted with ether. The 
ethereal solution was washed, dried and concentrated to give a 
brown oil which solidified on standing. This solid, m.p. 83-85°* 
had a strong phenolic odour but gave no colouration 7/ith methan­
olic ferric chloride. The i.r. spectrum showed sharp hydroxyl

•iabsorption at 3350 cm and strong carbonyl absorption at 170C



cm • Attempted recrystallisation of t^e solid resulted only in 
oils. The solid was therefore distilled but yielded a liquid 
distillate which could not be solidified. The i.r. spectrum of 
this distillate corresponded to that of the material before 
hydrolysis, i.e. s lowing reduced hydroxyl absorption with a new 
carbonyl band at I'hO-lfSu cm“^. "hie solid, m.p. 83-85°, was, 
however, shown to be melilotic acid (hi) by comparison of the
i.r. spectra. On admixture of the solid with a. sample of the 
acid (71) (m.p. 88-89°) the m.p. was 84-87°. Attempted re­
crystallisation and distillation of the solid therefore must 
have given a mixture of the hydroxy-acid (7l) and its correspon­
ding lactone, dihydrocoumarin (70). Comparison of the i.r. 
spectra showed the original distillate, before hydrolysis,to 
consist of the same mixture of hydroxy-acid (71) and lactone (70).

Dihydrocoumarin (70)
Coumarin (l.47g.;, in ethanol (30 ml.) was reduced in an 

atmosphere of hydrogen under pressure, using Raney nickel (2g.) 
as catalyst. The required lactone (7c) was obtained as a yellow 
viscous oil which solidified on cooling (carbon dioxide/acetone) 
but could not be crystallised.

Melilotic acid (71)
Crude dihydrocoumarin (70) (0.6g.) was hydrolysed with 10#



sodium hydroxide solution (50 ml.) by heating under reflux for
3.5 hours. The reaction uixture was acidified, extracted with 
ether and the ethereal solution washed (brine) and dried# Con­
centration of the extract gave a solid which was recrgstallised

n 94from water as off-white needles, m.p. 88—39 (lit. 82°)' .

Attempt (ii)s- acid* barium carbonate, molar ratio 1:5.
The experiment was repeated as in (i) using 8.2g. dihydro- 

_o-coumaroxyacetic (62) acid and 40g. barium carbonate. The 
reaction was worked up as before but no material was obtained 
from the sodium hydrogen carbonate extract while the sodium 
hydroxide extract yielded phenol and the neutral ether extract 
gave a mixture of dihydrocoumarin (70) and melilotic acid (71) 
as before.

Attempt (ii)x- with "cold-trap" isolation of volatile products.
The pyrolysis was carried out as in (ii) above and the 

receiver connected to the pump via a trap cooled in liquid 
nitrogen.

Distillate:- this was worked up as before and yielded phenol 
and dihydrocoumarin, accompanied by the corresponding hydroxy- 
acid (71).

Trap contents:- the material was extracted into ether and 
washed with aqueous sodium hydrogen carbonate (A) with aqueous
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sodium hydroxide (B) ,  with brine and dried (C) .  The extracts 
were each worked up as before. Extract A gave a negligible 
amount of material with an indeterminate i.r. spectrum.
Extra Ot B gave phenol es> b e f > an^ dihydrocoumarin (and the 
acid (71)) were obtained from extract C. No other material 
could be isolated.

Bsterification of dih,ydro-o~coumaroxyacetic acid (62).

(a) Diazomethane
An ethereal solution of the acid (62) (3g»; 0.0134- mole) 

was treated with an ethereal solution of diazomethane (contain­
ing 0.04- mole). The reaction was worked up in the usual way 
and the product separated into acidic and neutral components. 
The acidic material consisted of 0.5!• unchanged starting 
material. The neutral fraction was a yellow viscous oil 
(2.l8g.; 78?a) which distilled to a colourless oil, b.p. 130- 
135°/0 .07  rum., n^4 1.5062 (Pound: C, 61.42, H, 6 .59. c i 3 Hi6 °5  

requires C, 61.39; H, 6.39^) *  The i.r. spectrum showed \/CO
at 1750 and 1736 cm'1 and \ f  at 1250 cm .C —0
/ \ 95(b ) Fi3Cher-5pe ier esterif ication

The acid (62) (23*33g.) was heated under reflux for 8 
hours in methanol (150 ml.) saturated with gaseous hydrogen 
chloride. Excess of methanol was distilled off, leaving a 
red oil which was dissolved in ether. The ethereal solution



was washed with aqueous sodium hydi ogen carbonate (3 x 50 ml.), 
with, brine and dried. Concentration of the ethereal solution 
gave the ester (73) (13-5g.; 51i0 which distilled to a colour­
less oil, b.p. 177-178°/0.35 mm., n ^  1.5066.

(c) Methanol-sulphuric acid.
A solution of the acid (62) (61 g.) in dry methanol (350 

ml.) and concentrated sulphuric acid (3 ml.) was allowed to 
stand at 20° overnight, then heated under reflux for 2 hours. 
Excess of methanol was distilled off, the residue diluted with 
water (200 ml.) and extracted with ether. The ethereal solution 
was 7/ashed with aqueous sodium hydrogen carbonate, with brine 
and dried. Acidification and extraction of the basic solution 
gave 4.44 g. of the acid (62), while the neutral ethereal 
solution gave 57.82g. (91/0 of the required ester (73)•

Attempted preparation of 2-carbomethox.yhomochroman-3-,o*ie (72a)
by Dieckmann cyclisation.

(Formulae flow-sheet, for this section is on p. iixQ.

96 97(a ) Sodium hydride /xylene. High dilution technique
In a three-necked flask fitted with nitrogen inlet, stirrer,

pressure-equalised dropping funnel and condenser, were placed
glass beads (3g. ; 6 min.), sodium hydride (l.3g.) and sodium-
dried xylene (750 ml.). To the stirred mixture, under nitrogen,
was added 0.5 ml. absolute methanol, and heating commenced. To



the gently refluxing mixture a solution of the diester (73) 
(5*06g.) in xylene (250 ml.) was added at a rate of 0.2 ml./ 
minute. Addition was completed over 120 hours. The mixture 
became deep orange in colour and solid was deposited. After 
addition, the reaction mixture was heated under reflux for
1.5 hours, allowed to cool and neutralised, with stirring and 
cooling by drop-wise addition of glacial acetic acid (3g.) 
over 30 minutes. Stirring was then continued for 1 hour. As 
neutralisation took place the colour of the solution slowly 
paled and the precipitate dissolved. T7ater (13 ml.) was then 
added similarly. Precipitation of sodium acetate was induced 
by addition of a few crystals of the same. After filtration, 
the aqueous and organic layers were separated. The aqueous 
layer was extracted with xylene (2 x 25 ml.) and the extracts 
combined with the organic layer. The combined xylene extracts 
were washed with aqueous sodium hydrogen carbonate, with brinej 
dried and fractionated to remove xylene. The product (2.1g.; 
47.7/°) was a brown viscous oil which gave an intense purple 
colour with methanolic ferric chloride. The i.r. spectrum
showed characteristic 0-keto-ester bands, \ / ^ ^ 4  1743 cm”*'*"

-1 ^  -1(normal ester), 1723 cm (ring ketone) and 1650 cm (chelatecl
ester) and A  max 157 5 cm \  The u.v. spectrum, in neutral 
solution, showed A. max 255-260 mp (6, 3,3*30) and in basic 
solution A  max 291 Dip (6 , 7,800). The oil was not purified 
but was hydrolysed directly. It was, however, identical with
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the 3-keto-ester later obtained in a purer state. (p. 120 ) •
Ease hydrolysis; acid decarboxylation;- the oil was stirred
at room temperature in 57° aqueous sodium hydroxide (48 ml.) and
gradually dissolved. Stirring was continued for 1 hour. The
solution -was acidified to pH8, causing precipitation of an oil.
Sufficient ethanol was added to effect solution and the mixture
heated under reflux for 12 hours. Evolution of carbon dioxide
was observed. The cooled solution was extracted with ether;
the ethereal solution was washed with brine, with sodium hydrogen
carbonate solution (a), with brine again and dried (B).
Extract A ;- acidification and extraction with ether gave a
brown oil, tending; to solidify. The oil was distilled £l90°
(bath)/l mm/]. with apparent decomposition to a yellow oil
which partially solidified. This was identified (i.r.) as a
mixture of dihydrocoumarin (70) and melilotic acid (71).
Extract B;- concentration of the ethereal solution gave a
brown viscous oil which distilled to a yellow oil [l250 (bath)/

^ 221 m.m.^ n ^  1.5461., whose i.r. spectrum showed a single 
intense carbonyl band at 1715 cm \  The ketone (61) was 
characterised as its 2 . 4~dinitropher,ylhydrazone, which was 
chromatographed on 4 si bentonite-kieselguhr and recrystallised 
from chloroform as pale orange needles, m.p. 160-161°. (Bound r
0, 56.39; H, 4.08, N, 16.17. ci6H14N4°5 re(luires 56.14;
H, 4 .12, N, 16.377°). Bhe u.v, spectrum of the derivative (in 
chloroform) showed /V max 261 mfx (£ 12,659) and 354 m|i (£ 25484).
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100Wolff-Kish-ner reduction of homochroman-3-one (61).
A solution of the ketone (61) (0.5 g.), potassium 

hydroxide (0.53g.) and lOOfo hydrazine hydrate (l.ml.) in 
diethylene glycol was heated under reflux for 1.5 hours. Tater 
was drained from the condenser and the temperature allowed so 
rise to 200°, collecting the distillate. The residue was 
refluxed a further 4 hours, cooled, diluted with water and 
extracted with light petroleum. The organic layer was washed, 
dried and concentrated to give a colourless liquid (0.4g.) 
with an anisole-like odour. The distillate was similarly 
extracted to give 0.02g. of the same product. The combined 
liquids (0.42g.; 95?°) distilled to a colourless oil b.p. 60°/
0.2 nun., n2j 1.5370 (7ound; C, 8C.67; H, 7 .92. C10H120
requires C, 31.03, H, 8.17/°), i.e. homochroman (60).

38
(b) Sodium hydride/ether

Sodium hydride (4g.; 0.17 mole) anhydrous ether (200 mi.) 
and glass beads (4g.; 7 min,) were stirred, with cooling, 
under an atmosphere of nitrogen. 0.5 ml. absolute methanol 
was added; a solution of the diestor (25.23g.> 0.1 mole) in 
100 ml. ether was added drop-wise, with cooling and stirring 
over 24 hours. After addition, the mixture was stirred at 
room temperature for 24 hours and refluxed for 24 hours, 
precipitating the yellow sodium enolate of the required (3- 
keto-ester. Txcess of sodium hydride was destroyed by cautioui 
addition of moist ether, followed by 6 ml. water. The (3-keto-



ester was liberated on neutralisation with dilute hydrochloric
acid. The aqueous layer was extracted with ether ( 2 x 5  ml.)
and the combined organic layers washed with aqueous sodium
hydrogen carbonate (A), with brine and dried (B).
Extract A;- acidification and extraction with ether gave a
yellow viscous oil (2.33g*) whose i.r. spectrum contained both
carboxylic acid and ester absorptions. { ' y ' 1730, 1710 cm”^).00
Hydrolysis with 10^ sodium hydroxide solution for 3*5 hours 
gave a dark brown solid which was purified by repeated solution 
in aqueous sodium hydrogen carbonate and precipitation with 
acid. The product was shown (i.r., m.p.) to be dihydro-£- 
coumaroxyacetic acid (62), indicating that the oil was the 
half-ester (74a or 74b).
Extract 3 removal of solvent left an oil (3*28g.; 487c), the 
required 3-keto-ester (72).
Acid hydrolysis and decarboxylation.

The crude 3-keto-ester (3*28g.) was heated under reflux 
for 1 hour with sulphuric acid (50 ml.; 6N) containing enough 
dioxan to give a homogeneous solution. The reaction mix'ture 
was cooled, diluted with water and extracted 'with ether. The 
ethereal solution was washed with aqueous sodium carbonate (A) , 
with brine, and dried (B).
Extract k i acidification and extraction with chloroform gave 
a viscous brown oil (0.21g.) which possessed an indeterminate
i.r. spectrum and could not be identified.
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Extract B ; removal of solvent left a brown oil (1.72g.), iden­
tified (i.r., 2 o 4-dinitrophenylhydrazone) as the ketone (61).

The ketone (61) was obtained by ibis method in 10.6^ yield 
overall.

99(c) Potassium t-butoxide/benzene
Freshly cut potassium (8.5g.) was added in small pieces tc 

dry t-butanol (250 ml.) under an atmosphere of nitrogen, and 
beared under reflux for 6 hours, with constant stirring. Excess 
of t-butanol was removed by distillation. Dry benzene (250 ml.) 
was added to the residue and distilled off slowly to azeotrope 
out the last traces of t-butanol. the procedure was repeated 
with a further 2 x 250 ml. benzene, distilling to dryness each 
time. 'Phe residue was dissolved in benzene (250 ml.) and the 
solution brought to reflux temperature. A solution of the 
diester (73) (lOg.) in benzene (250 ml.) was added over 5 hours 
and the yellow potassium enolate of the 0-keto-ester (72) was 
precipitated. fo the cooled reaction mixture, glacial acetic 
acid was added dropwise, with cooling and stirring until the 
solution was just acid to litmus. 77arer (20 ml.) 'was added and 
the aqueous and organic layers separated. Phe aqueous layer 
was extracted with ether and the organic layers combined, washc 
with aqueous sodium carbonate (A), with brine, and dried (B).
Bxtract A;- acidification and extraction gave the half-ester 
(74a or 74b) (l.2g.).
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Extract B s- concentration of the ether-benzene extract gave
a viscous yellow oil (5.03g.; 52>o) , giving an intense purple
colouration with methanolic ferric chloride. The i.r.
spectrum corresponded to that of the (3-keto-ester (72)
previously obtained (p. 118). The product was much cleaner
than those previously obtained and on distillation gave a

27pale yellow viscous oil, b.p. 116-120°/0.1 mm., n 1.5348D
(Found: C, 65.66; H, 6.06. ^12^12^4 relu^res 8, 65.44;
K, 5*49?°) • Phe n.m.r. spectrum (carbon tetrachloride) was 
poorly resolved and did not provide conclusive proof of the 
presence of one isomer (72a) or she other (72b) either in the 
keto or enol forms. A mixture of either isomers or keto-enol 
forms was indicated. Signals were obtained at 2.96 ̂ (multi­
ple t; aromatics), 4. 65 "tT( singlet) , 5. 55*C ( -riplet, J = 4.83 
c.p.c), 6.16 Y  ( doublet, J = 1.35 c.p.s., 6.28X(doublet,
J = very small), 6. 64-7 .3 (broad band), 8. 39 tf ( singlet) ,
8.58X (doublet, J = very small). G.l.c. on 10$* Apiezon 'L’
(17 5°) showed two peaks, R.T. = 36 and 384 secs, respectively; 
on 0.75> silicone at 130°C, three peaks were obtained, R.T. = 
96, 264, and 480 secs, respectively. The last peak was 
extremely broad .

H0moc hroman-3-on e (61)
(i) A solution of the 0-keto-ester (72) (3«93g.) in methanol 

(30 ml.) containing potassium hydroxide (1.27g.) "was allowed



to stand at room temperature for 48 hours. Excess of methanol
was removed under reduced pressure keeping the temperature
below 50°. The residue was diluted with water (125 nil.) and
extracted with ether (A). The aqueous layer w a s acidified
(hydrochloric acid; 6N) end extracted with e sher (2 x 30 ml.)
(B). Both ether extracts were washed (brine) and dried.
Extrace A .- concentrejion of the ethereal solution gave a

20.5 i ** 0red oil (2.03g.)» n * % identified (i.r.) as unchanged (3-keto-D a
ester (72).
Extract B s- removal of solvent left a bright yellow oil (L7g., 
46fo) which solidified on standing to a yellow solid, m.p. 48°. 
The i.r. spectrum showed typical carboxylic acid absorptions. 
The acid was observed to undergo slow spontaneous decarboxyl­
ation at room temperature and decarboxylation was completed 
by heating the crude acid without solvent. A sample (lg.) 
was heated for 2 hours at 140-150° (bath). The cooled reaction 
mixture was dissolved in ether and separated into acidic and 
neutral materials. The acidic fraction was unchanged starting 
material and the neutral fraction, a brown oil (0.43g*; 54.6^) 
was shown (i.r.) to be the ketone (61).

The overall yield of ketone by this method was 25?°*

(ii) When the hydrolysis was carried out on a larger scale 
(I2g. 3-keto-ester (72)), it was observed that the neutral 
fraction differed from that obtained in (i) above. The



neutral fraction was a viscous yellow oil v/hich in low concen­
trations gave a negative reaction with methanolic ferric
chloride. On distillation the oil gave a fraction b.p. 68—70°/ 

22
0.15 m*m. , n 1.5428 7/hose i.r. spectrum corresponded to that 

D
o f the ketone (61), and a fraction b.p. 70-80°/0.15 mm. ,
23n 1.5485, giving a slight positive reaction with methanolic 
D

ferric chloride wnose i.r. s.-ectrum showsd it to be a mixture 
of the ketone (61; and the B-keto-ester (72).

Reaction of nomochronan-3-one (61) with k-oromosuccinimide- 
collidine.

A solution of the ketone (61) (l.64g.; 0.01 mole) in dry 
carbon tetrachloride (25 ml.) was heated under reflate for 48 
hours with N-bromosuccinimide (2.1g.; 0.013 mole) containing 
a trace of benzoyl peroxide. ihe mixture was chilled, filtered 
and the filtrate washed (brine), dried and concentrated. The 
crude product was dissolved in a solution of carbon tetra­
chloride (15 ml.) containing 1.5 ml. redistilled collidine.
A precipitate formed almost immediately and the mixture was 
warmed for 30 minutes, cooled, and diluted with water. Tile 
separated organic layer was washed with dilute hydrochloric 
acid (6N), with brine till the washings were neutral, dried 
and concentrated. The product, a brown oil (2.39g«) distilled 
to a pale yellow oil, b.p. 132-134°/0«4 mm:, which darkened 
rapidly on standing and became tarry in consistency. The i.r.
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spectrum showed three carbonyl absorption bands, at 17 55, 1710 
-1and 1650 cm and would appear to indie ace e mixture of products.

An ethanolic solution of the product gave a brick-red
precipitate with an acidic solution of 2;4-dinitrophenylhydra-
zino. ihe derivative was chromatographed on 4°1 bentonite-
kieselguhr. Slution with chloroform gave an amorphous orange-
yellow solid which was discarded. Slution with 10y methanol-
chloroform gave bright orange needles, m.p. 293-295° insoluble
in most organic solvents but soluble in large volumes of
pyridine. Recrystailisation from pyridine-chloroform mixtures
gave only amorphous material (Pound:, C, 52.32; H, 3.66; P,
19.9490; A  max (chloroform)-'255 mu (log€ , 4.23), 395 mp.
(log£ , 4 • 53), 435 mp, (log£., 4,47). When dissolved in pyridine,
containing traces of ethanol, the derivative gave an intense
purple solution. Ihe colour could be dispensed by addition of
one drop of water. The u.v. spectrum of the purple solution
showed a continuous series of maxima from 345-570 mp, in addition
to X  max at 312 mp.. A mass-spectrum of the derivative gave

a peak due to the parent ion at 538 (C22^18^8^9+ *̂ secon(^
largest peak appeared at 341 (los^ of C H N Q ).

6 5 4 4
Enol-acetylation of the (3-keto-ester (72)
(a) Acetyl chloride
(i) Acetyl chloride (2.5 ml.) was added dropwise, with shaking 

and cooling, to a solution of the 0-keto-ester (72) (3.5g.;
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0.016.mole) in dry pyridine (15 ml.). The mixture was allowed 
to stand overnight at room temperature, marked discolouration 
occurring. Pyridine hydrochloride was filtered off, washed 
with dry ether (50 ml.) and the combined filtrate and washings 
washed with dilute hydrochloric acid (3 x 50 ml.), with aqueous 
sodium hydroxide (3 x 50 ml.; 4N), with brine (2 x 5 ml.) and 
dried. Concentration of the ethereal solution gave a brown oil 
(3«7g.) which distilled to give two fractions.-
1. A ysilos oil, b.p. 13S-139°/0.35 mm.,, n1®*5 1.5341, feivine 

a positive reaction with vethanolic ferric chloride.
2. A yellow oil, b.p. 140-141°/0.35 nun., 1. 5361, giving

a negative reaction with"methanolic ferric chloride. This
was redistilled to a pale yellow oil, b.p. 139-140°/0.1 mm.,
n19*5 1.5350. (Found. C, 64.16; H, 5-95. C H 0 requires D > » » 14 14 5
C, 63.87, H, 5.74/°). The i.r. spectrum (carbon tetrachlor-

r —1 \ide) showed "V at 17 50 cm (vinyl acetate) and at 1710 Ou
cm“^ (aP-unsaturated ester). A small band at 1650 cm"^ was 
also present.

(ii) The experiment was repeated as in (i) above, but was 
carried out under an atmosphere of nitrogen. Ihe reaction 
mixture was worked up by washing with brine only. This 
procedure lessened, but did not prevent decomposition of 
the enol-acetate and a mixture of 0-keto-ester (72) and 
enol-acetate (81) was obtained.
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101
Isopropenyl acetate

The 0-keto-ester (72) (2.2g. ; 0.01 mole), isopropenyl 
acetate (1.5 ail., 0.01 mole) and p-tola.ene3ulph.onic acid (20 
mg.) were refluxed together for 2 fours. The temperature was 
then allowed to rise and the distillate collected over 3 hours 
during which time a further quantity of isopropenyl acetate 
(l ml.) was added to the reaction mixture. The distillate was 
treated with an acidic solution of 2 s4--diniirophe nylhydraziiie 
and the resultant precipitate recrystallised from the minimum 
volume of methanol as yellow needles, m.p. 127-128°. On 
admixture with the 2.4-dinitrophenylhydrazone of acetone the 
m.p. was undepressed. The reaction mixture was cooled and ^ust 
neutralised with solid sodium hydrogen carbonate. Excess of 
isopropenyl acetate was removed under reduced pressure, keeping 
the temperature below 30°. The residue was extracted with ether 
and the ethereal solution washed with brine until the washings 
were neutral. The dried ethereal solution was concentrated, 
giving a red oil (2g.) which was distilled to give four (arbi­
trary) fractions, b.p. ll8-125°/0.05 mm., all of which gave a 
positive reaction with methanolic ferric chloride. The i.r. 
spectrum of each fraction corresponded to that of the starting 
material (72).

Reaction of the enol-acetate (6l) with N-bromosuccinimide.
A solution of the supposed enol-acetate (0.87g.) in dry
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carbon tetrachloride (30 ml.) was treated with a suspension of 
N -b r o mo su c c in im i d e (0.74g.) in carbon tetrachloride (20 ml.) 
and the mixture heated under reflux for 1.5 hours. After 
thorough chilling, succinimide was filtered off, washed with 
ice-cold carbon tetrachloride and the combined filtrate and 
washings concentrated to give a red oil. fhe crude product was 
dissolved in fresh carbon tetrachloride and heated under reflux 
for 4 hours during which time hydrogen bromide was evolved 
(acidic reaction to moist litmus paper). fhe solution was 
washed (brine) until the washings were neutral, dried end 
concentrated to give a pale yellow oil (0.6g., 69.5/0, which 
gave a negative reaction with methanolic-ferric chloride. fhe 
oil 'was distilled, b.p. 150-160°/0.1 min. but appeared to 
undergo slight decomposition, to give a brown viscous oil which 
gave a slight positive reaction with methanolic ferric chloride. 
The i.r. spectrum was indistinct and showed a broad unresolved 
carbonyl band ca. 17 50-1650 cm“  ̂but did not in general corres­
pond to that of either the enol-acetate (8l) or the (3-keto- 
ebter (72). fhe u.v. spectrum (in neutral ethanol solution) 
showed X  max at 243 and 297 mu; in basic ethanol solution X max occurred at 259
Attempted hydrolysis and decarboxylation•

A solution of the crude product (0.6g.) in methanol (20 
ml.) containing potassium hydroxide (0.2^.) was allowed to



stand at room temperature for 48 hours. Zxces3 of methanol
was removed, the residue flooded with water and extracted
with ether. The ethereal solution was washed (brine), dried
and concentrated to give a yellow glass (0.41g.) whose i.r.
spectrum showed it to be unchanged starting material. The
aqueous layer was acidified, extracted and worked up in the
usual way to give a brown viscous oil (0.03g.). The i.r.
spectrum showed hydroxyl and unresolved carbonyl absorptions.
The oil was heated under reduced pressure (22 mjn»,) at 100°
(bath) for 2 hours, giving an intractable tar. T.7ith Brady’s 

102reagent an oily precipitate was obtained which was 
chromatographed on 4'-l bentonite-kieselguhr. Tlution with 
chloroform gave an orange-red solid melting over a consider 
able range of temperature. The derivative could not be ob­
tained in a pure state and was not identified.

%-?henox.ybutyric acid (84).
The acid was prepared by a modification of the standard 
67method . Phenol (47g») was dissolved in 35> sodium hydroxide 

solution (86 ml.) and the solution evaporated to dryness, 
under reduced pressure at 150-160° (bath). & -butyrolactone 
(56 ml.) was added, the mixture allowed to stand overnight 
end the resultant solid mass heated at 270° in a metal bath 
for 4 hours. The cooled reaction mixture was boiled with 
250 ml. water, the solution decanted and the residue boiled



with, a further 250 ml. water. The process was repeated 
until the whole of the product was in solution (700 ml.).
The solution was acidified with dilute hydrochloric acid to 
give a light-brown oil which readily solidified on cooling.
The solid was extracted into ether and the ethereal solution 
washed with aqueous sodium carbonate solution (3 x 100 ml.).
The latter 'was re-acidified with dilute acid, the precipitate 
filtered, washed with water and dried (80g.; 89b)* The 
product was recrystallised from light petroleum as thin 
white plates, m.p. 69-70°.

66,68
Homochroman-5-one (65)____ ~ •

Phosphorus pentoxide (400g.) was stirred vigorously 
while orthophosphoric acid (240 ml., sp. gr. 1.75) was added.
The stirred mixture was warmed (steam-bath) until solution 
was complete (2 hours). Pry, finely-powdered jj-phenoxy- 
butyric acid (84) (I6g.) was added with vigorous stirring 
and heating continued for a further 1.5 hours. The reaction 
mixture was cooled, poured onto crushed ice (3 Kg*), allowed 
to come to room temperature and extracted with ether. (4x).
The combined ether extracts were washed with aqueous sodium 
carbonate, with brine and dried. Concentration of the ethereal 
layer afforded the required ketone (65) as an oil (10.86g.;
7 5/̂ ) which distilled to a colourless liquid, m.p. 82-84°/

0.035 mm., n1 *̂ ̂ 1.5641; ^ q^ 14, 1^80 cm 1- ketone



gave a 2;4-dinitrophenylhydrazone, orange needles, m.p. 
240-246°, A r;iax 370 mp. (log€, 4.42). '.volff-Kishner 
reduction of the ketone was carried out as for the isomeric 
homochroman-3-one (61) (p. 117). On reduction, the ketone 
(65) (3g.) gave homochroman (60) (l.43g.; 52b), identical 
with the product from reduction of the ketone (61).

The sodium carbonate washings, on acidification and 
extraction gave a brown solid (0.94g.) which was examined 
separately (see Experimental, Appendix I, By-product 1, p.150).

In a repeat preparation of the ketone (65), using 32g. 
of the acid (84), the crude reaction mixture was extracted 
with ether and with chloroform. The ether extract yielded 
the ketone (65) as before; the chloroform extract yielded 
a brown oil from which a solid was deposited on standing.
The solid could also be precipitated by addition of ether.
It was removed and examined separately (see Experimental, 
Appendix I, By-product 2, p.152).

Attempted bromination^^ of homochroman-5-one (65)»
A solution of the ketone (65) (3*89g»; 0.02 mole) in 

glacial acetic acid (40 ml.) was treated with a solution of 
bromine (3*82g.; 0.02 mole) in glacial acetic acid (10 ml.), 
added dropwise over 3 hours. On addition of water (50 ml.) 
to the reaction mixture an oil was precipitated which was 
extracted into chloroform. The aqueous layer was re-extracted



with chloroform, the extracts combined and washed with 
saturated sodium carbonate (3 x 25 ml.), with 5b sodium 
bisulphite in brine (3 x 25 ml.), with brine (25 ml.) and 
dried. Removal of solvent left a brown oil (4g. ; 69/) whose 
i.r. spectrum showed it to be a mixture of bromo-ketone

1695 cm ■*■) and the starting ketone (65) (V\^ 1680 cm  ̂
Co 00

A sample of the partially brominated ketone (lg.) in glacial
acetic acid (25 ml.) was treated dropwise with a solution of 
bromine (3.5g.) in acetic acid (10 ml.). A permanent colour­
ation was obtained with the addition of only a few ml. of 
bromine solution. The reaction was worked up as before. 
Removal of solvent left an oil which distilled to a pale 
yellow liquid, b.p. 120-124°/0.4 mm.., n ^  1.6070. The i.r. 
spectrum still showed two carbonyl absorptions at 1695 and 
1680 cm "*■ of almost equal intensity.

104Quinoxaline derivative a solution of the partially
brominated product (l.llg.), <o-phenylenediamine (0.5g*) and 
sodium acetate (0.7g.) in ethanol (20 ml.) was heated under 
reflux for 2 hours. No precipitate was obtained, water was 
added to the reaction mixture and excess of ethanol removed 
under reduced pressure. The residue was diluted with water 
and extracted with ether. The ethereal layer was extracted 
with dilute hydrochloric acid. Basification of the acid 
extract with aqueous sodium carbonate caused precipitation



of a finely-divided solid which was extracted into chloroform. 
Drying of the chloroform solution over magnesium sulphate was 
prohibited by strong adsorption of the material on the drying 
agent. The solution was therefore concentrated and the product 
dried by azeotropy with benzene. The product was found to be 
a mixture of two components, one of which (unchanged o_-phenyl- 
enediamine) was removed by solution in benzene. The residual 
yellow solid (which possessed a green fluorescence in solution 
and turned red in alkali) was recrystallised from ether (5X) 
as pale yellow needles, m.p. 121-122° (Found; C, 77.11; H,5.4;
N, 11.14. C H N 0 requires C, 77.4; IT, 4.87; N, 11.28^.16 12 2
^16^14^2^ re(iuires 76.78; H, 5.64; E, 11.19/0* A mass- 
spectrum showed a parent ion at 248 (C^gH-^N^O*) and strong 
peaks at 233 (loss of 15 mass units) and 218 (loss of 2 x 15 
mass units). The i.r. spectrum showed very few absorption 
bands even in high concentrations, \ T  max 3400, 3200, 1600, 
1480, 1210, 750 cm-1. The u.v. spectrum showed A  max 244mp 
(log6. , 4.41) and 330 mp. (log£, 3*98).

105Preparation of the p-toluenesulphonylhydrazone of homo­
chroman-5-one (65).

A solution of the ketone (65) (2g.; 0.012 mole) and 
p-toluenesulphonylhydrazine (4/3g*; 0.012 mole) in methanol 
(20 ml.) was heated under reflux for 30 minutes. On cooling, 
a white crystalline solid was deposited (3*3g*; 81/0.



was recrystallised from methanol as flat white plates, m.p.
147-148° (Found; C, 61.69; H, 5.58; N, 8.59. C B I O S17 lo 2 3
requires C, 61.81; H, 5.49; N, 8.48$), X  max 259 mp. (£ 1,700). 

69 105Degeneration ’ of the p-toluenesulphonylhydrazonethe

derivative (2.44 g.) was heated under reflux for 1.5 hours in 
a solution of sodium in ethylene glycol (17 ml.; IN). The 
cooled reaction mixture was diluted with water, extracted with 
ether and the aqueous and organic layers separated. The 
aqueous layer, on acidification and extraction, gave a yellow­
ish-white solid (0.84g.), m.p. 84°. This was identified (i.r., 
m.p.) as p-toluenesulphinic acid. (0.84g. = 76'̂  of yield 
expected). The ether layer was washed (brine) till the 
washings were neutral, and dried. Concentration of the 
ethereal solution gave a yellow oil (l.35g«), possessing a 
pronounced phenolic odour and giving a green colouration with 
methanolic ferric chloride. The u.v. spectrum of the crude 
oil showed X  max 268, 308 mp. The product was partially 
soluble in aqueous sodium hydroxide. The base-soluble portion 
was an orange suicky oil (0.09g.; 8h of the total). The oil 
gave a green colouration with, methanolic ferric chloride; its 
u.v. spectrum showed A  max 266, 308 mp. The oil could not 
be induced to solidify and was not investigated further. The 
base-insoluble portion of the product was a yellow-green oil 
(0.97g.5 92^ of the total) whose i.r. spectrum showed hydroxyl
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absorption. The u.v. spectrum showed A  max 268 mp. The oil 
was distilled and gave four fractions;-
1. A yellow oil, b.p. 58-60°/0.07 ram., A % max 220, 265,308mp.
2-. A green oil, b.p. 61-64-°/0.07 mm.,. /\ max 220, 265, 308mp. 

The oil turned yellow on standing.
Both fractions 1 and 2 gave negative results with methan­

olic ferric chloride.
3. A violet oil, b.p. 64-88°/0.07 num., A  max 269 mp. The 

oil turned yellow on standing.
4. A pale yellow oil, b.p. 85-86°/0.07 nun., X  max 270 mp.

The oil gave a negative reaction with methanolic ferric 
chloride. The i.r. spectrum showed V  3500-3400 cm"-'-, 
'\Xq_ 0 1620 cm"-'- but no cis double bond absorption ca.
690 cm“-'-.
None of the fractions was identical with the olefin (91) 

but comparison of the i.r. spectra with that of the olefin 
obtained later (p. 135) showed that traces of it were present 
in the product.

Homochroman-5-ol. (92).
A solution of the ketone (65) (4.5g.; 0.028 mole) in 

methanol (30 ml.) was cooled in ice and treated with a solution 
of sodium borohydride (1.3g»; 0.034 mole) in water (15 ml.).
The reaction mixture was allowed to stand overnight at room 
temperature, diluted to 90 ml. with water and extracted with



134.

ether (4 x 25 ml.) (A). The aqueous layer was acidified and 
extracted with ether (B).
extract A yielded a white crystalline solid (4.4g.; 98^) and
extract B gave O.Olg. of the same solid. The alcohol could
be recrystallised from chloroform (needles) or aqueous methanol
(cubes)v m.p. 75°= (Found; C s 73-05; H, 7.05. C H 010 12 2
requires C, 73.14; H, 7.041). The i.r. spectrum showed evi­
dence of intramolecular hydrogen-bonding, “'■./* 3200 cm--*-

0H(free hydroxyl) and 2600 cm 1 (bonded hydroxyl, weak).

2;3-Bihydrobenz-l-oxepin (91).
The olefin (91) was^obtained by dehydration of the alcohol 

(92). Two methods were employed.
( \ - n  . n l 0 6(a) Boric acid

The alcohol (92) (4.3g. ; 0.026 mole) and boric acid 
(l.7g.; 0.027 mole) were ground together to a fine powder 
which was heated at 140° (bath) under reduced pressure 
(20 m:m. ) for 2 hours. Water formed in the reaction was 
removed by distillation. The olefin (91) distilled over 
at higher temperatures (106-108 /15 mm.) as a colourless 
mobile oil (2.8g. ; 95/0*

(b) Hydrochloric acid/me thanol.
A solution of the alcohol (92) (lOg.) in methanol (150 

ml.) containing concentrated hydrochloric acid (10 ml.) 
was heated (steam-bath) for 1.5 hours, neutralised with
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aqueous sodium hydroxide (4N) and concentrated. The mix­
ture was extracted with benzene. Concentration of the 
washed and dried benzene extract gave the olefin (91) 
(7*38g.; 83/0 which distilled as a colourless liquid, b.p. 
104°/10 mm.

The products obtained from reactions (a) and (b) were
identical. (Found. C, 81.72; II. 6.68. C H 0 requires

’ * ’ 10 10 *
C, 82.16; H, 6.9/0. The olefin rapidly decolourised aqueous
permanganate and gave instant colouration with tetranitro-
methane. On reduction over 5/= palladium-charcoal as catalyst,
the olefin gave homochroman (60), with uptake of 1 molar
equivalent of hydrogen.

The i.r. spectrum showed at 1625, 700 and 660 cm"-'-C =0 ’
with increased intensity of aromatic absorptions. The u.v. 
spectrum showed A  max 255 mp (log£, 4.0) and 293 mp, (log6^ 

3.21).
The n.m.r. spectrum (see Discussion, p. 55) gave bands at

3. 0Y( multiple t, aromatics), 3 *7 'C' (double triplet, proton on 
C ̂ ; J =12 cps and 1.9 cps), 4.3 If (double triplet, proton on 

; J = 12 cps and 4.8 cps), 5.9 X  (triplet, protons on C2;
J = 4.8 cps) and 7.56TT'( octet, protons on C^; J = 1.9 cps).

N o t e the olefin (91) was subject to aerial oxidation 
(see Experimental, Appendix II, p. 158).
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3-Acetoxy-2 ;3-dihydrobenz-l-oxepin (110; R = COCH-̂ ).

The acetate (110; R = COCH ) was prepared by selenium
O o

dioxide oxidation^ of the olefin (91). A number of modifi­
cations were employed.
(i) Selenium dioxide/acetic anhydride/2 hours.

Selenium dioxide (1.13g. > 0.01 mole) was added to a
solution of the olefin (91) (3g«; 0.02 mole) in acetic
anhydride (15 ml.) and the mixture brought slowly to reflux
temperature. Rapid darkening of the mixture was observed.
Heating was continued for 2 hours, the mixture cooled and
the supernatant liquid decanted with water (100 ml.). The
residual selenium was washed with water, and the washings
combined and extracted with ether. The ethereal solution
was run through a short column of alumina and precipitated 

107silver • (lsl by weight) to remove colloidal selenium.
(An alternative procedure was to boil the product, dissol­
ved in benzene, over precipitated silver for 15 minutes). 
Removal of solvent gave a dark-brown oil from which the 
bulk of residual acetic anhydride was removed by distill­
ation under reduced pressure. Distillation of the residue 
gave rc-
1. A colourless liquid, b.p. 6l°/0*°3 mm. whose i.r. 

spectrum indicated the presence of an acetate (l/0 U
1730 cm"1 ; hx ca. 1250 cm""1) contaminated withC — 0
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traces of acetic anhydride. Redistillation did not
provide a pure sample of the acetate.

2. A colourless liquid b.p. 64°/0.04 m.m. , whose i.r.
spectrum showed it to be a mixture of an alcohol (VOtrUri
3450-3250 cm and an acetate (1.0 1730 cm”-*-). Theo u
total yield of distilled material was 0.99g. (25/0.

The material obtained in this reaction was shown, 
by comparison of i.r. spectra of pure samples later ob­
tained (see (ii) below and p 139) to be a mixture of 
the required acetate (110; R = COCH^) and the alcohol 
(110; R = Ii).

(ii) Selenium dioxide/acetic acid/l.5 hours.
A mixture of selenium dioxide (0.6g.; 0.005 mole) and 

the olefin (91) (1.36g.: 0.009 mole) in acetic acid (10 
ml.) 'was heated under reflux for 1.5 hours. The reaction 
mixture was worked up as in (i) with the exception that 
the ethereal solution was washed with aqueous sodium car­
bonate before being run through the alumina-silver column. 
Removal of the ether left a brown oil (l.5g.; 03/0 whose 
i.r. spectrum showed no hydroxylic or carboxylic absorp­
tions. Distillation afforded the acetate (110; R = COCH ) 
as a pale yellow oil, b.p. 74-96°/0.4 mm.. (Round.
C , 70.23; H , 6.09. C H 0 requires C, 70.59; H, 5.88/0;12 12 3
h/co 1730 cm""1.
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Tine n.m.r. spectrum (carbon tetrachloride), although
not very well resolved showed the following bands
multiple! at 2 . ( aroma nc protons), doublet at 3-5^
(J = 12.3 cps; proton on C ); irregular multiplet centred5
on 4. o~e.{ proton on C ); quartet centred on 4.42 V(J = 3.74
cps; protons on 0^) , doublet at 5.75*f(J = 3*7 cps; pro­
tons on C ); singlet at 7.9^(^ethyl protons).

(iii) Selenium dioxide/acetic acid/l hour.
A reaction mixture of selenium dioxide (5g»; 0.044 mole), 

olefin (91) (10.57g.; 0.07 5 mole) and acetic acid (90 ml.) 
treated as in (ii) gays an oil which, on distillation 
yielded the olefin (91) (l.l8g.), the required acetate 
(110; R = COCH^) (7•9g.? 63/0 end a black tarry residue 
(2#67g.) which was not identified.

(iv) Selenium dioxide/acetic acid; pyridine/acetic anhydride, 
In subsequent preparations of the acetate (110; R =

COCH^), the crude reaction mixture from the selenium 
dioxide oxidation was treated with a mixture of pyridine 
and acetic anhydride (2;1 by volume) and allowed to stand 
at room temperature for 24 hours. The mixture was poured 
into water, acidified (dilute hydrochloric acid) and 
extracted with ether. The washed and dried ether extract 
was concentrated and the product distilled to give the 
acetate (110; R =C0CH )uncontaminated by any hydroxylic 
material.



N o t e It was observed that on prolonged standing, the 
acetate deposited large needle-shaped crystals. These 
were insoluble in cold light petroleum and were isolated 
by filtration of a light petroleum solution of the acetate. 
The material was examined separately (see Experimental, 
Appendix III, p. 155 ).

2 ;3-Dihydro-3-hydroxybenz-l-oxepin (110; R =11).
(i) Hydrolysis of the acetate (110; R = CQCH^) with sulphuric

acid in methanol gave an oil whose i.r. spectrum showed
residual acetate absorption as well as strong hydroxyl ab-

—1sorption ('\/ 3400 cm- ). Re-hydrolysis did not succeedOH
in making the reaction go to completion and a mixture of 
acetate and alcohol was obtained.

(ii) Basic hydrolysis of the acetate (110; R = COCH^) was 
carried out as on p. 120. A solution of the acetate (110;
R = COCHj) (l.5g.) in methanol (100 ml.) containing potass­
ium hydroxide (1.7g.) was heated under reflux for 2.5 hours, 
and worked up as usual to give a brown oil (0.8 g.; 66^). 
Distillation afforded the alcohol (110; R = H) as a colour­
less oil, b.p. 94~95°/0.04 mm. n^" 1.6028. (Found; C, 
73.12; H, 6.28. cioHlO°2 reHuires c > 74.05; H, 6.22$);
A  max 255 mp (log€, 3.92) and 290 mp. (log£, 3.18). The 
i.r. spectrum showed hydroxyl absorption at 3300 cm \  and
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double band absorption lA at 1630 cm , with, increased
v* 0

intensity of the aromatic bands at 1603, 1582 and 1492 cm” .̂
The n.m.r. spectrum (carbon tetrachloride) gave the

following bands.- multiplet at 3.0~e(aromatics); doublet
centred on 3 .7 5 "c (proton on Cc split by proton on C , J = 13

J 4
cps); quartet centred on 4.09 'l (proton on split by proton
on C^, J = 13 cps, each band further split by coupling with
the proton on C.̂ , J = 3 cps.); unresolved band at 5*6 "£T
(proton on and alcoholic proton); doublet centred on 5.92*£
(protons on Cp split by proton on C , J = 4.5 cps). ̂ 3

The alcohol (110; R = H) on standing was observed to
undergo deterioration. The i.r. spectrum showed " i f  1720,CO
1680 cm and a precipitate was obtained with 2;4-dinitro- 
phenylhydrazine but proved to be a mixture. Distillation of 
the deteriorated material did not provide any pure samples.

When the hydrolysis was carried out on a larger scale 
it was possible to isolate a small quantity of another 
material. Hydrolysis of the acetate (110; R = COCIl̂ ) (7.9g.) 
gave the required alcohol (110; R = H) and a white crystall­
ine solid (0.51g.) which could be precipitated out of the 
alcohol by trituration with ether. The solid was removed 
and examined separately (see Experimental, Appendix III, 
p. 155).
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Oxidation of 2;3-dihydro-3-h.ydroxybenz-l-oxepin (110; H = H).
(a ) lianganese dioxide.
(i) Carbon tetrachloride/7 hours.

The alcohol (110; R = K) (0.4g.) and manganese dioxide 
(4g.) in carbon tetrachloride (40 ml.) were stirred vigor­
ously at room temperature for 7 hours. The reaction mix­
ture was filtered (Celite 535) and the residue washed with 
hot carbon tetrachloride. The combined filtrates were 
evaporated to leave a very small amount of a colourless 
oil which on cooling gave fine white needles, m.p. 60-65°, 
"\/co 1740 cm“^ (w) 9 1700 cm ^ (s) and 1680 cm"^ (sh;m). 
Treatment of the product with 2;4-dinitrophenylhydrazine 
gave a very small amount of an oil which was soluble in 
methanol and could not be induced to solidify.

(ii) Carbon tetrachloride/15 hours.
The alcohol (110; R = H) (0.8g.) and manganese dioxide 

(8g.) in carbon tetrachloride (80 ml.) were stirred at 
room temperature for 15 hours. The reaction mixture was 
worked up as in (i), giving a yellow oil, containing traces 
of solid. Distillation of the product afforded two frac-. 
tions c-
1. A colourless oil, b.p. 60-88°/0.2 mm., "Vr max 1730(s) 

1660 (a), 1600(s), 1570(a), 1480(a), 710(a), 670(a) cm-1. 
A mixture of 2:4-dinitrophenylhydrazones was obtained.
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2. A yellow oil, b.p. 90°/0.2 mm.; max 1750(w),
1730(s), 1660(b ), 1600(b), 1570(b), 1480(b ), 710(b ) and 
670(b ). Multiplicity in the carbonyl region indicated 
the presence of a mixture. One 2;4-dinitrophenylhydra- 

zone was however isolated, an orange amorphous solid, m.p.
17 5°.

( i i i ) • Carbon tetrachloride/48 hours.
The alcohol (110; R = K) (0.2g.) and manganese dioxide 

(2g.) in carbon tetrachloride (80 ml.) were stirred together 
for 48 hours and worked up as in (i) to yield a yellow oil 
(0.16g.) whose i.r. spectrum again showed multiplicity in 
the carbonyl region. T.l.c. showed four spots whose 
values were close together and rendered separation by 
chromatography impracticable. A mixture of 2;4-dinitro- 
phenylhydrazones, chromatographed on 4-1 bentonite-kiesel- 
guhr, yielded a bright orange solid m.p. 172-175°; X. max 
250, 390 mp.; the derivative was identical with, that ob­
tained in (ii) above.

The product from the oxidation (0.15g.), in ethanol
(20 ml.) was reduced in an atmosphere of hydrogen, using
5/ palladium-charcoal (15 mg.) as catalyst. The uptake
of hydrogen was 17.5 ml. (1 molar equivalent =* 22.4 ml.
hydrogen at N.T.P.). The product# a yellow oil, showed
l/\TT 3500 cm""1 and ^  1730 cm-1. The oil gave aOh CO
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2 ;4-dinitrophenylhydrazone, recrystallised from ethyl acetate 
as noodles, m.p. 158-159°. On admixture with the 2:4-dinitro- 
phenylhydrazone of homochroman-3-one (61), the m.p. was not 
depre ssed.

84(b) Chromium trioxide/sulphuric acid (Jones's reagent)
The alcohol (110; R = K) (1.64g.) was oxidised with the 

calculated amount of Jones's reagent. The product was a 
yellow oil (0.67g.; 40$) containing some solid. T.l.c. showed 
the product to be a mixture of four compounds; one of these 
was identified (R^ values) as the olefin (91). Ihe other 
three were carbonyl-containing compounds. On trituration with 
ether, a minute amount of a white solid was obtained. The 
solid (m.p. 243-246°, subliming at 240°) showed 1700
and 1680 cm"-*- and gave a yellow precipitate with 2;4-dinitro- 
phenylhydrazine solution. Lack of material prevented identi­
fication of the compound.

The residue, a viscous yellow oil, was chromatographed 
on alumina (grade III; neutral), eluting with light petroleum 
and ether-light petroleum mixtures with increasing percentages 
of ether. The majority of fractions obtained contained mix­
tures but that eluted with 2$ ether-light petroleum gave an 
impure sample of the required ketone(75), ^  1660 cm”l.
The u.v. spectrum, in neutral ethanol solution showed A  max 
257 mp. (log£ , 3.96), 265 mji (sh. ; log6:, 3-94) and 292-300m^



(log£. , 3.21). The u.v. spectrum in basic ethanol solution 
was identical with that in neutral solution.

A sample of the presumed ketone (7 5) (0.25g.), in 
ethanol, was reduced in an atmosphere of hydrogen over 5$ 
palladium-charcoal (150 mg.) as catalyst. The i.r. spectrum 
of the product showed it to be a mixture of saturated and 
unsaturated ketones. The product gave a yellow 2 0.4-dinitro- 
phenylhydra zone, recrystallised from ethyl acetate as needles, 
m.p. 155-1590. On admixture with the 2;4-dinitrophenylhydra- 
zone of homochroman-3-one (61), the m.p. was undepressed.

A1 1 em p ted p,yrolysi s ̂ 5 of -g-acetoxy-2 o 3-dihydrobenz-1-oxepin
(110, R = COCH ).

The acetate (110; R = COCH^) was heated and the vapour 
allowed to pass through a column of packed glass helices heats 
in an electric furnace at 380°. The system was kept under an 
atmosphere of nitrogen, at 1 mm. pressure. The distillate 
was collected in a receiver cooled in liquid nitrogen. It 
’was found (i.r.) to be unchanged acetate. Repetition of the 
procedure at 450° also gave unchanged starting material.

Attempted tosylation of 2;3-dihydro-3-hydroxybenz-l-oxepin
(110; R = H ).

(i) 48 hours.
The alcohol (8g.) was dissolved in dry pyridine (125 ml.) 

containing tosyl chloride (lOg.) and the mixture allowed to



stand at room temperature for 48 hours. The black solution 
was poured into water and extracted with ether. The ethereal 
solution was washed with dilute hydrochloric acid, with brine, 
with aqueous sodium hydrogen carbonate, with brine and dried. 
Concentration of the ethereal solution gave a semi-solid mass, 
shown by t.l.c. (benzene) to contain five compounds. The i.r. 
spectrum showed hydroxyl absorption.
(ii) 2 weeks.

A reaction mixture identical to that in (i) was allowed 
to stand at room temperature for 2 weeks. It was then poured 
into ice-cold aqueous sodium hydrogen carbonate, allowed to 
stand for 30 minutes and extracted with ether. The ether ex­
tract was worked up as in (i) to yield a yellow oil which could 
not be induced to solidify. The i.r. spectrum showed no 
hydroxyl absorption, weak carbonyl absorption at 1710 cm”^ 
and bands at 1350-1300, 1250, 1200, 1180f 1160, 1000, 1050,
800, 7 50 cm"l. T.l.c. (5$ ethyl acetate-light petroleum) 
showed two strong spots and a weak one. The product was not 
purified.

Treatment of the supposed tosylate (110; R = Ts) with collidine
The crude product (2.8g.) from the above reaction was 

dissolved in collidine and the solution heated under reflux 
for 6 hours. The reaction mixture was taken up in ether and 
the ethereal solution washed with dilute hydrochloric acid,
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with, brine, and dried. Re a oval of the ether left a brown oil 
whose i.r. spectrum was identical with that of the starting 
material.

The experiment was repeated using quinoline as solvent. 
Unchanged starting material was again obtained.

Reaction of the alcohol (110. R = H) with pyridine.
A solution of the alcohol (110; R = H) in pyridine was 

allowed to stand at room temperature for 24 hours, then worked 
up as usual. The product was entirely unchanged starting 
material.
Attempted preparation and pyrolysis of the carbonate (110;

R = C02C2H5).

(i). A solution of the alcohol (110; R = H) (350 mg.) in dry
pyridine (7 ml.) was cooled in ice. ZSthyl chloroformate
(2.5 ml.) was added, the flask stoppered and allowed to stand
overnight at 0°. The reaction mixture was poured into water,
extracted with light petroleum and the organic layer washed
(dilute acid; brine) and dried. Removal of the solvent gave
a yellow oil (451 mg.) with an ester-like odour, at 1740C 0

at 1250 cm“ ,̂ with complete absence of hydroxylC — 0 
absorption.

The crude material was dissolved in diethyl phthalate 
and heated at 220° for 3 hours. The product was dissolved 
in ether and extracted with aqueous sodium hydroxide.



Acidification and extraction of the basic solution afforded 
a brown viscous oil with a phenolic odour; the oil gave a 
negative reaction with methanolic ferric chloride but on 
treatment with a solution of benzenediazonium chloride a red 
azo dye was obtained. The i.r. spectrum although indistinct 
did not correspond to that of cx-naphthol, but showed hydroxyl 
absorption 3600-2600 cm"-*-.

Uri

(ii). A solution of the alcohol (110; R = H) (2.3g-) in dry 
pyridine (20 ml.) was treated with ethyl chloroformate (10 ml.) 
as in (i), to give a yellow oil (1.99g«; 60‘,*) which was dis- 
tilled, b.p. 74-77°/0.1 nr.-. . (?ound; C, 75.13; II, 6.79£),
VI, 1740 cm--'-. The u.v. spectrum in both basic and neutral

w u
solution showed A  max 256 and 266 nqi. T.l.c. showed only 
one spot. The oil was soluble in aqueous sodium hydroxide 
and readily gave a precipitate -with a solution of 2:4— dinitro- 
phenylhydrazine. On attempted recrystallisation, the deriva­
tive decomposed.

The oil (150 mg.) was hydrolysed in the usual way with 
methanolic potassium hydroxide and the product separated into 
neutral and acidic fractions. The neutral material was a red 
oil which turned green on standing. The oil gave a negative 
reaction with methanolic ferric chloride. The i.r. spectrum 
showed 34-00 cm""'*' and V p Q  1710 and 1680 cm”*'. T.l.c.
showed the material to be a mixture of eight compounds. The
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acidic product, a yellow oil, turned red on standing, and 
consisted of a mixture of six compounds (t.l.c.).

Oxidation of the unknown oil (560 mg.) with potassium 
permanganate in acetone afforded only 27 mg. of an oil whose 
i.r. spectrum showed it to be largely unchanged starting 
mateiial.

Reaction of 2 O-dih.ydrobenz-l-oxepin (91) with N-bromosuccinimide.
To a solution of the olefin (91) (5g«» 0.034 mole) in dry 

carbon tetrachloride (25 ml.) were added N-bromosuccinimide 
(6.8g.; 0.068 mole) and a trace of benzoyl peroxide. The mix­
ture was heated under reflux for 48 hours, chilled and filtered. 
The filtrate was washed (brine), dried and concentrated. The 
crude product was dissolved in a solution of redistilled 
collidine (4.2g.) in carbon tetrachloride (25 ml.), and heated 
under reflux for 2 hours, during which a brown oil collected 
on the bottom of the flask. T.7ork-up in the usual way afforded 
a yellow oil (4.5g.) which was chromatographed on alumina 
(85g.; grade III, neutral). The following materials were 
obtained
1. A yellow-green oil, eluted with light petroleum. The i.r. 

spectrum showed strong double bond absorption at 1620 cm“  ̂
with enhanced aromatic absorptions; two new bands were 
present at 880 and 850 cm"-*- while the bands observed at 
700 and 660 cm"̂ * in the olefin (91) were absent.



2. A yellow oil, eluted with, light petroleum, whose i.r. spec­
trum showed that it was predominantly the olefin (91)*

3* The alcohol (110c} R = II), eluted with 50k benzene-light 
petroleum.

4. An oil, eluted with benzene, showing \T  3400 cm"^ and
OH

V qq 1700 cm
5. A viscous oil, eluted with benzene, showing strong hydro­
xyl absorption V  3400 cm*"̂  but no carbonyl absorption*

Uri

6. A viscous oil eluted with 10̂ 4 chloroform-benzene, whose
i.r. spectrum showed few peaks apart from a strong carbonyl 
band at 1700 cm~l.

Fraction 1, which darkened rapidly on standing, was 
treated with maleic anhydride in refluxing benzene but failed 
to give any adduct.
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Appendix I.

By-product 1. (sec p.129).
The solid was recrystallised from water as off-white 

needles, m.p. 14-1-142°. Drying at 100° under reduced pressure 
led to decomposition. The material contained no phosphorus 
(Found* C, 66.59; H, 6.76k. (^ickh.2^3^ requires C, 66.66;
H, 6.66^). The mass-spectrum gave a parent peak at 180 mass 
units (0qQHq2^3+) an(̂  included stron^ peaks at 162 mass units 
(loss of 18 mass units), 136 mass units (loss of 44 mass units) 
and 93 mass units (C^H^0+). The i.r. spectrum (KC1 disc) 
showed V  maXo-
3350(s), 3070(s), I650(vs), l600(w), 1560(vs), 1505(m), 1474(m), 
1376(b ), 1316(b ), 1294(b ), 1260(m), 1220(m), ll80(m), 1060(m), 
1020(m), 847(s), 760-740(m) cm’ .̂

The n.m.r. spectrum (trifluoracetic acid) (Fig. 1.) 
showed signals at -1.334T (singlet), 1. 63 T(doublet), 2.7tT 
(doublet), 4.46'c(triplet), 5.88 T( triplet) and 7.2Ag(quin­
tuplet ).

The compound gave a 2s4-dinitrophenylhydrazone, crimson 
needles (from methanol) m.p. 116-118°. The derivative was 
soluble in aqueous sodium carbonate, sodium hydroxide and 
ammonium hydroxide.
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Attempted preparation of a p-bromophenacyl ester.
The unknown compound (140 mg.) in Water (1 ml.) was 

neutralised until the solution was just acid to litmus. A 
solution of £-bromophenacyl bromide (160 nig. ) in rectified 
spirit (3 ml.) was added and t'ne mixture heated under reflux 
for 4 hours. Extraction with ether gave a yellow solid, shown 
by t.l.c. to contain eleven compounds; the mixture was not 
separated.

Attempted T,7olff-Kishner reduction.
The reduction was carried out as previously on 200 mg. 

of the unknown solid and' yielded an acidic material, a viscous 
intractable oil whose i.r. spectrum showed residual hydroxyl 
and carbonyl absorptions.

Reaction with hydriodic acid/acetic acid.
The unknown compound was heated under reflux for 2 hours 

with a solution of constant-boiling hydriodic acid in glacial 
acetic acid. The reaction mixture was dissolved in ether and 
separated into neutral and acidic fractions by extraction with 
aqueous sodium hydroxide. The neutral material was a negli­
gible amount of a yellow oil; the acidic material was an 
intractable oil whose i.r. spectrum showed ill-defined 
hydroxyl absorption and a broad unresolved carbonyl band 
(1700-1650 eta-1).



By-product 2. (see p. 129).
The material was re cry stallised from chloroform as a 

white finely-divided solid, m,p. 238° (with sublimation to 
laths at 214°) (Bound; C, 73.00; H, 6.8/0. The mass-

. +  Vspectrum showed a parent ion at 324 mass units (C^qH^q Ô  )
and showed strong peaks at 121 mass units (CcH 0+), 120 massu 9+ + units (CyH^02 ), and 92 mass units (CgH^O ). The i.r. spec­
trum (nujol) showed carbonyl absorption at 1680 cm”\  aro­
matic absorptions and weak bands at 865, 810, 780 and 725cm”'*'.

The solid gave a 2 og-dinitrophenylhydrazone, bright orange 
needles, m.p. ^360°.

Wolff-Kishner reduction.
The unknown solid (20 mg.) was reduced in the usual way 

to give a yellow oil, shown by t.l.c. to be a mixture of four 
compounds. The oil was chromatographed on Woelm Alumina 
(5g.; grade III, neutral). Blution with light petroleum 
gave a white crystalline solid, m.p. 128-130° (subliming to 
fine needles, 110-115°). The i.r. spectrum showed complete 
absence of carbonyl absorption; in the "finger-print” region, 
bands appeared at 825, 775, 725 and 690 cm \



Appendix II.

Aerial oxidation of 2 ;3-dih,ydrobenz-l-oxepin (9l)>

(^) Neutral solution.
A constant stream of air was bubbled through a solution

of the olefin (91) in carbon tetrachloride for 14 days,
replacing solvent lost by evaporation. Removal of solvent
left an oil which readily gave an orange-yellow precipitate
with a solution of 2:4-dinitrophenylhydrazine. The i.r.
spectrum showed ^ qq 1720, 1680 cm~^» On prolonged contact
(several months) with air the olefin (91) was further
oxidised. The i.r. spectrum of such a sample showed strong

-1hydroxyl absorption, V  3500 cm and carbonyl absorptions
. -1 0H V qq 1720, 1680 cm . The double bond absorptions at 700

and 660 cm”-1- were virtually absent. T.l.c. showed six spots.
(ii) Sasic solution.

Air was bubbled through a solution of the olefin (91) in
methanolic potassium hydroxide f»r 24 hours. Prom the reaction
mixture was isolated a yellow oil whose i.r. spectrum showed

f  —1weak hydroxyl and carbonyl absorptions ( V qq ca. 1700 cm ).
The oil gave a yellow-orange 2:4-dinitrophenylhydrazone, m.p. 
115-120°. T.l.c. of the oil showed the presence of two com­
pounds, one of which was identified (R^ value) as the starting 
olefin (91).



V/hen the reaction mixture was heated under reflux for 
2 hours after being treated as above, the product was a 
semi-solid mass whose i.r. spectrum showed a further increase 
in intensity of hydroxyl and carbonyl absorptions.
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Appendix H I

By-product from, selenium dioxide oxidation (see p. 139).
The solid contaminant of the acetate (110; R = COCH^)

was recrysua11ised from light petroleum as transparent
needles, m.p. 95-96° (Round, C, 63.07 i H, 6.01. C, „H,.0r1 <r 16 5
requires C, 63.62; H, 6.10/t). The i.r. spectrum (carbon 
tetrachloride) showed a single carbonyl absorption at 1750 
cm  ̂ (£, 1,400), \ f  ^ at 1245 end 1222 cm” -̂ and no double 
bond absorptions other than aromatic.

The n.m.r. spectrum (deuterochlorofore) gave bands at 
2.7 Y(multiplet) , 3 . 7 ^ (possibly singlet) , 1. 6 7£( triplet, 
wish indistinct sub-splitting), 5. 8'c’ (triplet) , 7 • 6 if (triplet) , 
7.0V (singlet), and 7•95*C( singlet).

Attempted acid hydrolysis of the material gave a yellow 
oil, shown by t.l.c. to be a mixture of seven compounds. The 
mixture was not separated.

Solid contaminant of the alcohol (110; R = H) (see p .140).
The ether-insoluble solid was recrystallised from dioxan­

other as white needles, m.p. 140-143° (Round. C, 66.25;
K, 6.47. 6l0^12^3 rec±tiires 6, 66.65; H, 6.71/0* fhe mass-
speetrum did not show the expected parent ion at 180 mass
units, (C H 0 +) but gave a peak at 162 mass units 5 10 12 3
(C^qH^q02+ ; loss of HpO (13 mass units)) accompanied by an
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intense peek at 144 mass units (C10HgO+  ̂ further loss of 18 
mass units). The i.r. spectrum (nujol) showed strong 
hydroxyl absorption (3300 ch“^), week aromatic absorption 
and ortho-substitution (750 cm"^). The u.v. spectrum showed 
A  max 256-264 mp (3: 1650-1600) and 292 nip (£ 224).

The n.m.r. spectrum was recorded in both acetone and 
pyridine but the spectra bore no cor::elation to each other 
and were rejected.

The solid gave a negative ferric chloride test and did 
not form a 2; 4-dinitrophenylh.ydrazone.
Acetylation: on acetyla.fion with acetyl chloride and pyridine,
the solid gave a crystalline acetate, m.p. 95-96° (needles 
from light petroleum), identical (i.r., mixed m.p.) with the 
unknown diacetate (p. 155).
Oxidation
(a) Manganese dioxide

The supposed diol (0.l8g.) was shaken with manganese 
dioxide (1.8g.) in a mixture of carbon tetrachloride and 
chloroform (70 ml.) for 48 hours and worked up as previously 
to give a yellow sticky, viscous oil whose i.r. spectrum 
showed qjj 3350 cm“^ and ^  qq 1700 and 1680 cm“ .̂ The oil 
gave a mixture of 2;4-dinitrophenylhydrazones which were 
chromatographed on 4:1 bentonite-kieselguhr. Elution with 
benzene and benzene-chloroform mixtures gave only impure



material, but elution with, chloroform gave a deep orange 
solid, m.p. 261-263°.
(b) Jones oxidation.

A solution of the supposed diol (306 mg.) in acetone
Pi A(50 ml.) was treated with Jones's reagent until colouration 

in the supernatant layer indicated the presence of excess 
reagent. The reaction was worked up in the usual way to give 
a viscous oil (104 mg.) containing some solid. The i.r. 
spectrum showed hydroxyl absorption (3350 cm^), and carbonyl 
absorptions (1700 and 1670 cm"^) but was not identical with 
that of the product from oxidation (a) above.

Attempted formation of an acetonide.
A solution of the unknown solid in Analar acetone was 

shaken with anhydrous copper sulphate at room temperature for 
24 hours, filtration and removal of solvent gave unchanged 
starting material.

108Attempted formation of a dicyclohexylamine adduct
A solution of the unknown solid in acetone was treated 

with a solution of dicyclohexylamine in acetone (2 molar 
equivalents) at 0°C. The only solid isolated was identified 
as the dicyclohexylamine-carbonic acid adduct, m.p. 61°.

o-Formylphenoxypropionic acid

The acid was prepared exactly as for £-formylphenoxyacetic
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acid (63) (p.100), and was obtained as a white crystalline 
solid, m.p. 116° (from -water). (Found; C, 62.18; H, 5*63.
C H 0 requires C, 61.85; H, 5.19/0 • ^he i.r. spectrum

-L v̂ / «L \J

(carbon tetrachloride) showed ~v/ qq 1718 cm“^ (aliphatic acid) 
and 1690 cm“  ̂ (aryl aldehyde).

p-Carboxyphenoxypropionic acid (125).

An alkaline solution of o-formylphenoxypropionic acid
was oxidised with potassium permanganate by the method used
previously. No precipitate was obtained on acidification of
the alkaline solution which was therefore concentrated to
half of its volume. On'cooling, the required acid (125) was
deposited. It was recrystallised from water as white rhombs,
m.p. 120°. (Found. C, 56,84-; H, 5.04-. C H 0 requires10 10 5
C, 57*14; H, 4.850). The i.r. spectrum (carbon tetrachloride) 
showed qq 1730 cm (aliphatic acid) and 1690 cm (aryl 
acid).

Attempted preparation of p-hydroxy-a-toluic acid (128).
88Method I ; the method followed was that due to Frlenmeyer 

A mixture of hippuric acid (I7.9g.)> fused sodium acetate 
(8.2g.), salicylaldehyde (I2.2g.) and acetic anhydride (30.6g.) 
was warmed (steam-bath) for 30 minutes. On cooling, a semi- 
solid mass was obtained. This was filtered and washed with 
methanol and water. Attempted purification by fractional



crystallisation did not give any pure azlactone (129). The 
crude product was therefore heated under reflux with. 10/o 

aqueous sodium hydroxide (80 ml.) for 12 hours. The solution 
was cooled, diluted to 500 ml. with water and treated with 
90f hydrogen peroxide (10 ml.). The acidic product was a 
yellowish solid (5»7g.) of an indefinite m.p., and giving a 
positive reaction with methanolic ferric chloride. Sublim­
ation and fractional crystallisation failed to give any pure 
compounds. The crude material was chromatographed on silica.
The only identifiable product was benzoic acid.

89method II. An alternative literature method was adapted. 
_o-Ch.loroph.enol acetate was prepared in 98^ yield by aeetyl- 
ation of jo-chlorophenol in the usual way-^9. fhe product 
(log.) was added to sodio-diethyl malonate (from diethyl 
malonate (17g.) and solid sodium hydroxide (4.5g.)) containing 
copper powder (1.8g.). The mixture was heated under reflux 
for 8 hours. Extraction with ether gave a brown oil (26g.) 
with a strong phenolic odour. The i.r. spectrum showed h/

Ori

at 3500 cm’--*-. T.l.c. showed three spots, none of which, 
corresponded to diethyl malonate. The crude reaction mixture 
was hydrolysed by heating under reflux for 3 hours in aqueous 
sodium hydroxide. The solution was acidified (concentrated 
hydrochloric acid) and heated under reflux for a further 4 
hours. The reaction mixture was extracted with ether and



separated into acidic and neutral fractions. Both of these 
were shown (t.l.c.) to be mixtures. One component in each 
fraction was identified (t.l.c.) as _o-chlorophenol.

Attempted preparation of &-(carboxymethoxy)-phenylacetic acid(l27) 
Allyl phenyl ether was prepared and rearranged to o— 

allylphenol (in 96g yield) according to the standard method^.
The i.r. spectrum of o-allylphenol showed vinyl double bond 
absorptions ( \ f  max 1640, 1000 and 930 cm"-*-).

The phenol was condensed with chloracetic acid by the 
methodDU previously used for the successful preparation of 
the acid (63). The product, a white solid, was recrystallised 
from water as fine needles, m.p. 145-147°. (found; C, 60.69;
H, 5.99* ^11^12^3 reclu4ros 6, 68.73; H, 6.29/c)« The i.r.
spectrum, however, did not correspond to that expected for 
£-allylphenoxyacetic acid (130). It showed broad hydroxyl 
absorption, and carbonyl absorptions at 1740 cin'̂- (lactone) 
and 1705 cm"-*- (aliphatic acid). The double bond absorption 
at 1640 cm-1* was very weak. Other bands occurred at 1380,
1240, 1125, 930, 760 and 700 cm"1.

Attempted oxidation of the product from the above with 
alkaline permanganate gave only unchanged starting material.

110Attempted periodate cleavage .
A solution of the supposed diol (80 mg.) in ethanol (4ml.)
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was treated with a solution of sodium periodate (meta) (300mg. )
in water (5 ml.) and the mixture warmed to homogeneity. It
was allowed to stand overnight at room temperature, filtered
and the filtrate evaporated to dryness under reduced pressure.
The residue was washed with light petroleum and extracted
with acetone. Concentration of the acetone solution gave a
white semi-solid whose i.r. spectrum showed 3500 cm’ (̂ni)

On

and'l/'CQ 1725( s) and 1690 cm*"1-; there was also a weak band 
at 2750 cm-1-. The material gave a 2:4-dinitrophenylhydrazone 
(m.p. (crude) ca. 90°) which decomposed to a brown oil on 
attempted recrystallisation. No bisulphite compound was ob­
tained, but Fehling's solution was reduced.

The crude material from, the above reaction was dissolved 
in warm water, made alkaline with solid potassium hydroxide 
and oxidised with aqueous potassium permanganate. The reaction 
mixture was worked up in the usual way to give an acidic 
product, a minute amount of a brown sticky oil whose i.r. 
spectrum showed hydroxyl absorption of the carboxylic acid 
type, and a broad unresolved carbonyl band. The oil could 
not be purified.

When the oxidation was carried out in acetone, the yield 
of material was extremely small and consisted of an intract­
able oil.



Attempted preparations of 4; 5-dihydroxybenz-l-oxepin (122).
(a) Via homoch.roman-4 ; 5-dione (152)

A solution of homochroman-5-one (65) (l.65g.; 0.01 mole) 
in ethanol (25 ml.) was heated to reflux temperature and a 
suspension of selenium dioxide (1.11 g • ; 0 .01 mole) in ethanol 
(50 ml.) added. The mixture was heated under reflux for 1.5 
hours, excess of ethanol distilled off, the residue taken up 
in ether, filtered, and extracted with cold 10A aqueous 
potassium hydroxide (3x:). Acidification and extraction of 
the basic solution gave a brown oil whose i.r. spectrum showed 
broad hydroxyl (3500-3000 cm""1-) and carbonyl (1730-1680 cm""1-) 
absorptions. The oil gave a slow positive reaction with 
methanolic ferric chloride but failed to form a complex with 
nickel and hydroxylamine hydrochloride.

The crude product was treated with sodium borohydride 
and afforded a very low yield of a whiteish oil whose i.r. 
spectrum showed "\Z*q£ at 3400 cm"1 and weak residual carbonyl 
absorption. Lack of material precluded any further investi­
gation.
(b) Via 4-bromohomochroman-5-one (85).

The bromoketone (85) prepared as before (p. 129) w&s 
heated under reflux for 5 hours in a suspension of silver 
oxide in water. The reaction mixture was filtered, extracted 
with ether and the ether extract concentrated to give a
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viscous yellow oil, 3400-3300 cm”1-. The crude product
(200 mg.) was dissolved in methanol and treated with sodium 
borohydride. Luring work up, a yellow solid was precipitated 
out and was removed by filtration. The filtrate was found 
(i.r.) to contain unchanged starting material. The yellow 
solid had an indefinite m.p. and proved impossible to re- 
crystallise. The i.r. spectrum showed hydroxyl absorption 
(3500-3400 cm"1-) and^weak carbonyl absorption. T.l.c. (5/° 
methanol-chloroform) showed only one spot which did not, 
however, correspond to that given by the supposed diol (p. 155)•
(c) Via epoxidation of 2;3-dihydrobenz-l-oxepin (9l)«

A solution of the olefin (91) (1.152g.) in dry Analar 
chloroform was added dropwise, with shaking to a solution of 
perbenzoic acid^ in chloroform (57 ml.; 0.15M), at 0°. The I

solution was kept at 0° until a negative reaction was obtained 
with moist starch-iodide paper (72 hours). The solution was 
stirred for 48 hours over solid calcium hydroxide containing 
anhydrous magnesium sulphate, but remained acid to litmus.
It was therefore filtered and the filtrate washed v/ith 
saturated sodium hydrogen carbonate, with brine, and dried. 
Removal of chloroform left a viscous cloudy oil (l.5g.) whose 
i.r. spectrum showed it to be a hydroxy-monobenzoate (133 or 
isomer). The i.r. spectrum showed v max 3450, 1720, 1270,
770, and 720 cm"1.



The hydroxy-monobenzoate was hydrolyseds-
(i) with sodium methoxide:- the hydroxy-monobenzoate (0.75g.) 
was heated under reflux for 5 hours in a solution of sodium 
methoxide in dry methanol. The solution was neutralised with 
gaseous carbon dioxide, excess of methanol removed under reduced 
pressure, the residue taken up in ether and filtered. Removal 
of the ether left a viscous oil shown (i.r.) to be unchanged 
starting material.
(ii) with methanolic potassium hydroxide.- a solution of the 
hydroxy-monobenzoate (0.7 5g.) in methanol (25 ml.) containing 
potassium hydroxide (0.17g.) was heated under reflux for 4 
hours. Excess of methanol was removed under reduced pressure, 
the residue flooded with water, extracted with ether and the 
layers separated. The aqueous layer on acidification gave 
benzoic acid. The ether extract was washed (brine), dried 
and concentrated to give a whiteish sticky oil which could 
not be induced to solidify. The i.r. spectrum showed strong 
hydroxyl absorption (3400-3200 cm’1) and complete absence of 
carbonyl absorption. The product was partially soluble in 
hot light petroleum.
Petroleum-soluble material:-

Concentration of the light petroleum extract gave an 
oily, low-melting solid which could not be recrystallised.
The i.r. spectrum 3howed ai 3400 cm"1. The crude material



was heated under reflux for 3 hours with a mixture of acetic 
anhydride and dry pyridine. The reaction mixture was dissolved 
in ether, washed with dilute mineral acid, with brine and dried, 
Concentration of the ethereal solution gave a yellow oil which 
solidified on cooling. The solid was crystallised from ethyl 
acetate-light petroleum mixtures and then recrystallised from 
light petroleum as white needles, m.p. 100-103°. (Found;
C, 63.72; H, 6.18. ^14^16^5 requires C, 63.62, H, 6.105c).
On admixture with the presumed diacetate already examined 
(p. 155) the m.p. was depressed. The i.r. spectrum showed a 
single sharp carbonyl band at 1755 cm""̂  and C - 0  absorption 
at 1245 cm~l.

Petroleum-insoluble material.
The petroleum insoluble residue was taken up in ether and 

the solid reprecipitated by addition of light petroleum. The 
solid was identical (i.r., m.p.) with the supposed diol ob­
tained previously (p. 155). Acetylation of the solid gave 
a crystalline diacetate, identical with that previously ob­
tained (p. 155). On admixture with a sample of the diacetate 
m.p. 100-103° (see above), the m.p. was depressed.
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INTRODUCTION

Although a large number of synthetic methods to five- 
and six-meinhered rings are available, methods of synthesis 
of medium-sized rings are few, and so inflexible that means 
of placing substituents in a chosen position are fraught 
with difficulties. Any new method of synthesis, especially 
one in which substituents could be easily introduced, would 
therefore be of great importance.

Recent publications from this department and elsewhere 
have been concerned with bridged bicyclic systems and some 
of these describe methods by which the bridge may be opened, 
giving rise to medium-sized ring systems.

Thus Cope^-^ found that 1-e choxycarbonylbicyclo- [3 s3 '.13- 
non-3-en-9-one (l) would undergo a reverse acetoacetic ester 
condensation, under the action of sodium ethoxide, to give
1;5-diethoxy carbonyl-cyclooct-l-ene (2). Work has also been

^  112 carried out by Buchanan, McKillop and Raphael on the
analogous l-ethoxycarbonyl-5-methylbicyclo-[3-3;l]-non-3-en-
9-one (3)* This was expected to yield, on treatment with
sodium ethoxide, 1-methyl-l;5-diethoxycarbonylcyclodct-2-ene
(4), concomitant shift of the double bond into conjugation
with the ester carbonyl group being in this case prohibited.
In actual fact the product was not the expected one, but a
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hydroxy-acid shown to be 5-methyl-9-hydroxy-bicyclo-[3:3:1]- 
non-3-en-l-carboxylic acid (5). Similarly, treatment of the 
corresponding methyl ester (6) with sodium methoxide under 
the same conditions gave the same hydroxy-acid. It was found 
in other attempts to open the bicyclic keto-ester (3) that 
treatment with potassium hydroxide in ethanol, or with soda- 
mide in xylene gave, again, the hydroxy-acid (5), while 
treatment with potassium t-butoxide in jt-butanol gave the 
hydroxy-jt-butyl ester (7). It later became evident that not 
only must the reaction be carried out in a non-reducing medium 
but that the Cq carbalkoxy residue must not contain any 
potential reducing agent. The t-butyl ester (7) on treatment 
with potassium t-butoxide in _t-butanol did in fact undergo a 
reverse acetoacetic ester condensation to give the required 
cyclooctene di-jt-butyl ester (8).

In the homologous bicyclo-[4:3 »l]-decane system (9), the 
112same authors found that reverse acetoacetic ester reactions 

were impossible although the tosylate (10) on treatment with 
ethoxide afforded the cyclononene diester (11).

In each of the above cases, a suitable '’handle" had been 
built into the system to facilitate the opening process. It 
was of interest to investigate cases where no such functional 
group was included.

The most readily prepared simple bicyclic system was 
2-phenylbicyclo-[3:3;l]-non-2-en-9-one (12), available from
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cyclohexanone, and it was the object of this work to investi­
gate the bridge opening of such compounds as (12) and its 
analogues (13) and (14).
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DISCUSSION.

The starting material for the preparation of the bi­
cyclic ketones (12)-(14) whose ring-opening was to be 
investigated was, in each case, the appropriate 1;5-diketone
(15) , (16) or (17) .

It was found that these diketones could be prepared by 
two methods. 2- (3-Senzoylethyl)-cyclohexanone (15) and 
2-( 3-benzoyle thyl) -cyclopentanone (16) were initially syn­
thesised by the method previously used by Cope and Hermann-^ 3 
for the preparation of (15). This consisted essentially of 
a Michael reaction between the appropriate alicyclic ketone 
and phenyl vinyl ketone, liberated in situ from 33" -dimethyl- 
aminopropiophenone (the Mannich base of acetophenone), present 
as its hydrochloride. The reaction was carried out in al­
kaline solution. Fractional distillation in each case 
afforded the required diketone as a low-melting solid, accom­
panied by a liquid by-product. These by-products, although 
not positively identified, were suspected (from i.r. spectra) 
of being the products of self-condensation of the starting 
materials, i.e. 2-(cyclopentylidene)-cyclopentanone (18) and 
2-(cyclohexylidene)-cyclohexanone (19)•

An alternative, and better, method for the preparation 
of the diketones was that applied by Gill and her co-workers11*̂



to the synthesis of the diketone (16). The diketones (15),
(16) , and (17) were obtained by heating the free Mannich baso 
with the appropriate cyclic ketone (in a molar ratio of 1 :3) 
at reflux temperature until all dimethylamine had been evolved. 
Txcess of cycloalkanone was removed by distillation. The 
crude products were shown (t.l.c.) to be mixtures, but dis­
tillation at reduced pressure afforded the required diketones 
in a pure state. The diketones (15) and (16) were identical 
with, those obtained by the first method; 2-(3-benzoylethyl)- 
cycloheptanone (17), not previously obtained, was also a 
low-melting solid, whose i.r. spectrum showed the two expected 
carbonyl absorptions, at 1702 and 1693 cm“ .̂

The residues were not examined closely in the case of 
(15) and (17), but that from the preparation of (16) could 
be purified. The residue was a crystalline solid which 
analysed for the molecular formula C2^ 2^03. The i.r. spectrum 
showed carbonyl absorptions at 1735 cm"-*- (ring ketone) and 
1692 cm-1 (aryl ketone). The compound was therefore assumed 
to be a di-addition product, from two molecules of phenyl 
vinyl ketone and one of cyclopentanone. The n.m.r. spectrum 
did not distinguish between the two possible isomers, 2;5-bis 
(benzoylethyl)-cyclopentanone (20) and 2;2-bis (benzoylethyl)- 
cyclopentanone (21). It is probable that the residues from 
the preparations of the other diones (15) and (17) contained



the corresponding di-addition products. Attempts were later 
made to purify the crude diketones by simple recrystallisation 
but it was always found better to distil the products; the 
di-addition compounds appeared to be much higher-boiling than 
the required diketones and a more efficient separation could 
be achieved this way.

A slight modification to the literature method for the 
preparation of these diketones was found to improve both the 
purity and yield of the products. The reflux time for the 
reaction was shortened and residual dimethylamine neutralised 
with glacial acetic acid instead of being boiled off. This 
satisfactorily prevented any charring of the product through 
over-heating.

Since it was already known, it was decided to carry out
experiments first of all on 2-phenylbieyclo-[3 «3 -non-2-

113en-9-one (12). Following Cope and Hermann's method , the 
bicyclic ketone (12) was obtained byrefluxing the diketone
(15) in a mixture of glacial acetic acid and concentrated 
hydrochloric acid for 16 hours, to give the required ketone
(12) as a low-melting solid . The i.r. spectrum (carbon 
tetrachloride) showed two carbonyl absorptions, instead of 
the expected single band. These occurred at 1732 cm"1 
(G. 44-4) and 1722 cm”1 (G. 313)* In chloroform the main band 
appeared at 1715 cm”1 (0 437) with a small band at 1729 cm"1



(0 291) while in hexane carbonyl absorption occurred at 1736 
cm"1 (€ 504) and 1724 cm"1 (shoulder, 0160). If the two 
carbonyl absorptions were attributable to the presence of two 
different isomers, the intensities of the two bands would be 
expected to remain constant as the solvent varied; if the 
two absorptions were caused by two conformers, it would require 
a change of temperature to alter the relative intensities.
The effect would therefore appear to be due to Fermi reson­
ance. The n.m.r. spectrum (carbon tetrachloride) showed one 
olefinic proton at 3* 8tas a triplet (J = 4 cps). It was 
observed that on standing, the 3olid ketone became oily and 
the i.r. spectrum of this material showed hydroxyl absorption. 
Distillation of the oily material afforded again the solid 
ketone (12). This reversible reaction may be explained in 
terms of addition of the elements of water to the double bond 
of the ketone to give a hydroxy-compound which can be de­
hydrated on heating back to the ketone. The nature of this 
change was not further investigated. (Cope and Hermann111 
also noted that on standing the ketone (12) gave a gummy solid).

Since the purpose of this work was to try to open the 
diketone (12) (among others), to a medium-sized ring, a simple 
effective reagent which would permit this was sought. As 
previously mentioned (see Introduction) there was, in this 
case, no substituent group at the bridgehead which would
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assist the ring opening by direct attack of a reagent at the 
bridgehead carbonyl. It was thought likely, therefore, that 
an indirect attack would be more successful, and*one way of 
achieving this was considered to be via the use of a peracid. 
Theoretically, treatment of the ketone (12) with a peracid 
could, by the Baeyer-Villiger reaction yield a lactone. Two 
isomers (22) and (23) are possible and it would be interest­
ing to see which of these would be obtained. Both lactones 
(22) and (23) would of course open with base. It was also 
possible that epoxidation of the double bond would take 
place; the epoxy-ketone (24) depending on its stereochemistry 
could then be opened with either acid or ba3e to give a 
substituted seven-membered ring (25).

The ketone (12) was accordingly treated with perbenzoic 
acid and with a mixture of peracetic acid and sodium acetate 
but yielded in both cases only unchanged starting material. 
Treatment with trifluoroperacetic acid likewise proved a 
signal failure and yielded only a glass which could neither 
be purified nor identified.

7/hile this work was in progress, cyclisation reactions 
ware being carried out on the diketones (16) and (17). 
Treatment of 2-(3-benzoylethyl)-cycloheptanone (17) with 
glacial acetic acid and concentrated hydrochloric acid gave 
the bicyclic ketone, 7-phenylbic/clo-f4;3«lj-dec-7-en-lO-one
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(14) as an oil which, proved difficult to crystallise (it was 
later found (see p. 187 ) that a more satisfactory method of 
obtaining the ketone (14) was by cyclisation of the diketone
(17) under the agency of ^-toluene-sulphonic acid in dry 
benzene, with the removal of the water formed in the necessary 
aldol condensation. The products obtained by the two cyclis­
ation methods were, however, identical). The ketone was 
initially crystallised from hexane-light petroleum mixtures 
as a white solid, m.p. 40°. On standing in the cold, the 
m.p. of this solid, in the dry state, rose to 78-80°. A 
sample of this higher-melting material on recrystallisation 
from light petroleum, gave a white crystalline solid sup.
40°. Since the two materials possessed identical i.r. spectra 
and identical R̂ . values, it was assumed that the ketone (14) 
was dimorphic. The i.r. spectrum (carbon tetrachloride) 
showed the main carbonyl absorption band at 1718 cm“^ (c 474) 
accompanied by a shoulder at 1710 cm“^ (<T: 248). On further 
investigation it was found that in chloroform, the main band 
appeared at 1705 cn”-*- (Cf 350) with a shoulder ca. 1715 cm"^ 
(c,222) while in hexane, the main band was at 1725 cm”l (*£252) 
with a slight shoulder at 1710 ca"^ (<£95). These results 
correspond to those observed for the analogous bicyclic 
ketone (12), and it is assumed that the same effect is 
operating. The observed carbonyl frequencies and intensities



TABUS I — Carbonyl Absorption Frequencies 
of the Bicyclic Ketones (12) and (l4)e

Xisl
•1\Solvent v(cm.~*)

Hexane 1736
(504)

1724
(160)

CCl^ 1732 1722£ (444) (313)
chc i3 1729

(291)
1715
(437)

(14)
v(c»."*) v ( e m ^ )

1725 1710
(252) (95)
1718 1710
(474) (248)
1715 1705
(222) (350)

Figures in parentheses are e values.



of the two ketones (12) and (14-) are listed in Table I.
The n.m.r. spectrum showed one olefinic proton as a 

poorly resolved triplet, at 3-98't', (J = 4 tps). On treat­
ment with an acidic solution of 2;4~dinitrophenylhydrazine, 
the ketone (14) gave a yellow derivative which was unstable 
to heat but could be obtained in a crystalline state by care­
ful recrystallisation from large volumes of ethanol.

Attempted cyclisation of the diketone (16) under the 
same acidic conditions did not give the expected bicyclic 
ketone (13)* Instead, a mixture of an acidic and a neutral 
material was obtained. The result was sufficiently unusual 
to merit a detailed study. It was also observed that alter­
ation of the reaction time altered the ratio of acidic : 
neutral material in the product. Heating the diketone (16) 
under reflux with glacial acetic acid and hydrochloric acid 
for 8 hours gave a ratio of acidic ;neutral material = 86fo;14^, 
while a reflux time of 48 hours gave a ratio of acidic^neutral 
products = 30/t;70y.

The Acidic Component.
The acidic material was a yellow viscous oil, b.p. 150- 

154°/0.15-0.2 mm. which, on cooling, became a glass, but 
could not be induced to crystallise. Liicroanalysis indicated 
a molecular formula of for the compound. The pres­
ence of a carboxyl function was established by solubility in
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aqueous sodium hydroxide and in aqueous sodium hydrogen car­
bonate, by ester formation on treatment with diazomethane, and 
from i.r. data. The i.r. spectrum (carbon tetrachloride) 
showed absorptions typical of a carboxylic acid. Hydroxyl
absorption occurred at 3544-3518 cm' (€, 4-6; A ,i, 26 cm"1)v
and carbonyl absorption at 1756 cm"-*- (monomer; £, 194; A  i t 

17 cm"1) and 1707 cm"1 (dimer, £, 563; Aji, cm” ). On 
esterification, a single carbonyl absorption was observed at 
1730 cm"*1 , and there was complete absence of hydroxyl absorp­
tion.

The u.v. spectrum showed the presence of a styrene chromo­
phone ( A  niax 250 m m  log (z , 3.98). This may be compared with 
the absorptions of styrene itself ( A  max 248 mji; log ( z, 4.15) 
of t*vmethyl-styrene (26) ( A  max 245 mp,; log£ , 4.1)^^ and 
of a-methyl-styrene (27) ( A  max 243 mu; log£, 4.05)*L‘*’A  
The unknown compound rapidly decolourised alkaline potassium 
permanganate. The presence of one double bond in the molecule 
was confirmed by the uptake of 1 molar equivalent of hydrogen, 
on catalytic reduction over 5/0 palladium-charcoal. The 
product, a white crystalline solid, m.p. 57°, did not decolour­
ise permanganate and its u.v. spectrum showed only benzenoid 
absorption.

The i.r. spectra of both the saturated and unsaturated 
acids showed the presence of a mono—substituted benzene ring.
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(V  max 756 and 690 cm"1 ). Assuming (from <3 values and 
molecular formula) the presence of only one carboxyl group, 
there then remained seven carbon atoms whose relation to each 
other had to be established. That these carbon atoms con­
stituted a seven-membered ring was shown as follows. Decar­
boxylation of the unsaturated acid was attempted by a number 
of methods. Distillation of the acid from soda-lime and 
treatment with copper powder and quinoline both gave unchanged 
starting material. Refluxing the acid in diphenyl ether gave 
unchanged starting material accompanied by a neutral fraction 
which was shown (t.l.c.) to contain eleven components. None 
of these has so far been identified. The reduced acid, 
however, on refluxing under nitrogen for 72 hours in quin­
oline, containing copper powder, has been found by Mr. 
Henderson11  ̂ to yield an oil (3D) identified as phenylcyclo- 
heptane. The product was identical with an authentic sample 
of phenylcycloheptane with respect to i.r. and n.m.r. spectra.

The structure of the unknown acid may then be written 
as (28) with the position of the carboxyl group so far un­
specified. At this point it was helpful to consider a possible 
mechanism by which a phenylcycloheptene acid could be formed 
during the reaction and it seemed necessary to invoke a 
bicyclic intermediate. If it were assumed that the diketone
(16) did in fact give the bicyclic ketone (13), it is possible
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to postulate an acid catalysed ring-opening of (13) to give 
the phenylcycloheptene acid (29) (Scheme A ). Another 
possibility is that the ring-opening proceeds via a ketone 
intermediate (30) as shown (Scheme A ). This would give 
rise to the same unsaturated acid (29), so that either of 
these mechanisms suggests a possible location for the double 
bond.

Accordingly, oxidative experiments designed to cleave 
the ring system at the double bond were undertaken to estab­
lish the relative positions of the double bond and the 
c arb oxyl group.

Treatment of an alkaline solution of the unknown acid 
with saturated aqueous potassium permanganate gave a water- 
soluble white crystalline solid, m.p. 118-122°. This was 
identified by comparison with an authentic sample as simply 
benzoic acid, whose presence may be readily explained on 
the basis that oxidation had taken place at the double bond 
to one end of which the phenyl group was attached, but had 
proceeded further than was hoped for.

The oxidation was then carried out in neutral acetone 
solution, to give an oily product which was shown by t.l.c. 
to be a mixture of several compounds. These were separated, 
by extraction, into acidic and neutral fractions. The 
acidic material was found to be unchanged starting acid.



The neutral fraction was examined by t.l.c. and contained 
between eight and ten compounds narrowly separated from each 
other. Several of these were shown, by use of appropriate 
staining agents, to contain carbonyl compounds, but the mix­
ture could not be separated. Oxidation of the unknown acid 
by potassium permanganate was therefore abandoned, and an 
alternative ring-cleavage by ozonolysis was investigated.

The ozonolysis was carried out in methylene chloride at 
-70° and the ozonide worked up in two different ways. Ozonides 
may be decomposed cither reductively, to give, in this case, 
a keto-aldehyde, or oxidatively, to give, in this particular 
case, a keto-acid. A reductive work-up was chosen initially, 
and the crude ozonide was stirred with powdered zinc and 
acetic acid until a negative starch-iodide test indicated 
that the ozonide had been completely decomposed, filtration 
and evaporation of the solventjleft the product as a yellow 
oil which contained a white solid. The oil could not be 
induced to crystallise nor did trituration effect any separ­
ation of the solid and liquid components. The i.r. spectrum 
of the exude material showed hydroxyl absorption and a broad, 
poorly resolved carbonyl band, which did, however, indicate 
three separate absorptions (ca. 1740, 1715, 1680 cm'"-'-). It 
was decided not to proceed with the purification of this 
material but to oxidise it in the crude state converting any
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sldehydic material present into the corresponding acidic
compound. The crude product was oxidised with Jones's 

84reagent in the usual way to give a yellow semi-solid mass 
from which a white crystalline solid could be precipitated 
by addition of small amounts of acetone. The solid was 
removed and examined separately. The residue was shown by 
t.l.c. to contain three compounds, all of which were strongly 
adsorbed near the origin, and could not be separated by 
chromatography. The i.r. spectrum of the mixture gave no 
indication of the nature of the components, showing only 
acidic hydroxyl absorption and broad, unresolved carbonyl 
absorption. This residue was not therefore examined further.

The solid previously removed from the crude reaction 
product melted over a considerable range of temperature.
The t re me insolubility in most organic solvents rendered it 
unsuitable for purification by recrystallisation, while 
strong adsorption on both silica and alumina prohibited 
purification by chromatography. Apart from hydroxylic ab­
sorption, the i.r. spectrum showed carbonyl absorptions at 
1725(sh), 1715, 1685, and 1675 ci"\ This, and the indefinite 
m.p. indicated that the solid was probably a mixture. Apart 
from the possibility of there being more than one product 
obtained from ozonolysis, oxidation by Jones's reagent may 
not have gone to completion.



This attempt was therefore discarded and the ozonolysis 
repeated, using this time an oxidative work-up which was 
expected to yield a keto-diacid. The ozonide, prepared as 
previously, was decomposed by adding it to a warn solution of 
30/3 hydrogen peroxide and heating the mixture under reflux 
until decomposition was complete. The crude product, a semi­
solid was shown by t.l.c. to be a mixture of six compounds.
The crude mass was dissolved in ether and the ethereal sol­
ution washed with aqueous ferrous sulphate with the intention 
of removing any excess peroxide present. Instantly, however, 
a brown curdy precipitate was obtained and it was found that 
part of the product had complexed with ferrous sulphate. The 
complex could be decomposed on acidification and gave a white 
solid, identical with the acidic material obtained by base 
extraction of the ethereal solution. The solid did not have 
a sharp m.p. (165-170°) but repeated washing with ether gave 
purer material. This was at first thought to be one compound 
since t.l.c. (15/r° ethyl acetate-light petroleum) showed only 
one spot. Closer examination by t.l.c. (benzene-dioxan-acetic 
acidj 90;25;4 by volume) revealed, however, that three compounds 
were present, two of them in very small amounts. High insol­
ubility rendered recrystallisation impossible. The i.r. 
spectrum of the slightly impure material showed strong carbonyl 
absorption at 1702 cm”-'- and weaker absorption at 1692 cnf"l.



An orange 2; 4-dinitrophenylhydrazone was obtained only in 
highly concentrated solution, the derivative being extremely 
soluble in methanol.

It was hoped that esterification of the acidic material 
would render it easier to purify. Treatment with diazomethane 
gave an ester whose i.r. spectrum showed carbonyl absorptions 
at 1730 cm”-'- (ester) and I69O cm”-'- (aryl ketone). T.l.c. of 
the oil showed three spots. Distillation did not effect any 
separation of the mixture. Similarly, an attempted separation 
by thick-plate chromatography proved unsuccessful.

Treatment of the crude acidic material with acetyl
chloride gave a crystalline keto-anhydride, of molecular
formula C H 0 . The i.r. spectrum (in carbon tetrachloride) 14 14 4
showed carbonyl absorptions at 1863 and 1794 cm”l (anhydride) 
and 1692 cm”l (aryl ketone). Contrary to expectations, the 
anhydride bands were those of a typical succinic anhydride 
(succinic anhydride-'--*-® itself shows carbonyl absorptions at 
1865 and 1782 cm“l) and not those of a substituted glutarie 
anhydride (glutarie anhydride-'--'-® shows carbonyl absorptions 
at 1802 and 1761 cm"1). This would imply that the structure 
of the anhydride obtained was (32) and not that expected (33)• 
The n.m.r. spectrum (deuterochloroform) neither confirmed nor 
contradicted the infra-red evidence, showing only a broad 
band in the region of 6.9Z*given by five protons adjacent to
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carbonyl groups and another unresolved band ca. 8.1^, 
attributed to four methylene protons. Tither of the struc­
tures (32) or (33) would give such a result.

The keto-diacid corresponding to the anhydride obtained 
must therefore have the structure (34). This, in turn, could 
only have arisen from ozonolysis of the phenylcycloheptene 
acid (35), i.e. 4-phenylcyclohept-3~ene carboxylic acid, and 
not from the acid previously postulated, (i.e. 4-phenylcyclo- 
hept-4-ene carboxylic acid (29)) as being the product of ring- 
opening of the bicyclic ketone (13) under acid conditions.

These findings raised some doubts about the validity of 
the mechanisms proposed for the ring opening (p.178 ).
Neither of these was acceptable, unless it were assumed that 
the acid (29) was first obtained (as suggested by both 
mechanisms) and then isomerised under acid catalysis to the 
other acid (35). Such an isomerisation could occur readily 
but there appeared to be no driving force which would cause 
it to take place. A study of molecular models did not indi­
cate any stereochemical or conformational advantage to be 
gained by isomerisation of the double bond. Obviously further 
investigation into the meghanism of the ring-opening was 
necessary. The first question to be settled was whether the 
bicyclic ketone (13) was in fact the true intermediate or not.

Nork was consequently begun to prepare and isolate the
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elusive bicyclic ketone (13). & any attempts were made under
a large variety of conditions to prepare this ketone, the
effort being eventually rewarded by a successful synthesis.
The cyclisation conditions which were studied are tabulated 
/ \ *(Table II)’ for convenience.

On the assumption that the bicyclic ketone (13) was in 
fact the precurser of the acidic material obtained and that 
the system (13) itself was unstable to acid, it was first 
thought that the presence of a reducing agent in the 
cyclisation medium would prove advantageous. Preferential 
reduction of the carbonyl group of (13) would preserve the 
bicyclic system in a reduced form and render it less suscept­
ible to ring opening. Sodium sulphite (as a one-electron 
reducing agent) was therefore added to the reaction mixture 
(acetic acid and hydrochloric acid) but the only products 
were the acid (35) and the neutral material (lactone, see * 
and p.192 ) previously obtained.

* In Table II, "lactone” refers to the neutral material 
originally recovered from acid treatment of the diketone (16) 
(p. 175 ) and whose structure was subsequently .proved (p. 19U ). 
Assumption of the nature of this particular compound before 
proof of its structure is given is necessary to avoid con­
fusion with other "neutral material" obtained in the cyclis- 
ations.



Other acidic cyclisation reagents (sulphuric, hydro­
chloric and perchloric acids) did not promote any reaction 
at all, and the starting diketone (16) was returned unchanged. 
Basic conditions (sodium methoxide in methanol) gave similar 
results. It seemed likely that an aqueous medium was unsuit­
able for the reaction and cyclisation conditions in non- 
aqueous media were therefore investigated. Gaseous hydrogen 
chloride was used as cyclisation agent in a number of solvents. 
In carbon tetrachloride and dry t-butanol the starting material 
was returned unchanged. With dioxan as solvent, the product 
consisted mainly of unchanged starting material but a small 
amount of the acid (35) was also recovered, along with a 
negligible amount of another neutral material which could 
have been identical with the neutral material originally ob­
tained (see p. 175) but was not positively identified. With 
dry ethanol as solvent for the gaseous hydrogen chloride, no 
starting diketone was recovered. The product was separated 
into acidic and neutral components. The former was shown 
(i.r., t.l.c.) to be the acid previously obtained. It was 
present in almost negligible amounts. The neutral material, 
a yellow oil, was obtained in over lO f i yield. T.l.c. showed 
it to be a mixture of three compounds which were separated 
by chromatography on alumina. Elution with 57“ ethyl acetate- 
light petroleum gave a mobile oil with an ester-like odour.



The i.r. spectrum showed a single sharp carbonyl band at 
1740 cm“  ̂ and strong absorption in the 1250 cm"*l region. 
Hydrolysis of this material with alcoholic potassium hydro­
xide gave a yellow viscous oil identified as the acid (35)* 
This fraction from the chromatographic separation was thus 
presumed to be the ethyl ester of the acid (35). Elution 
with 10^ ethyl acetate-light petroleum afforded the second 
fraction, a white crystalline solid, m.p. 99-104°, identified 
(i.r. and t.l.c.) as the di-addition product (20) or (21) . 
The third fraction was eluted with 207- ethyl acetate-light 
petroleum as a yellow oil which was shown to be a mixture of 
the di-addition product and another material which could not 
be identified. The i.r. spectrum showed that it contained 
both hydroxyl and carbonyl functions.

Cyclisation was next attempted using boron trifluoride 
etherate in dry benzene, at various temperatures. The 
results were as shown in Table II. One set of conditions did 
yield a material which from later work (p. 188) was identified 
as the required bicyclic ketone (13), although in poor yield 
and in an impure state. The reaction afforded both acidic 
and neutral materials (in a ratio of 30/o:70/o). The acidic 
material was identified as the acid (35). The neutral 
material was shown by t.l.c. to consist of two main compounds, 
Rf = 0. 54 and 0.23 respectively (Rf for starting diketone(16)



= 0.31). Chromatography of this neutral material on alumina 
(grade I, neutral) appeared to cause severe decomposition and 
several materials were recovered from the column. Among 
these was a colourless oil (277“ of the total) which solidified 
on standing. The material had the same m.p. as the starting 
diketone (16) but depression of m.p. was observed. Success­
ful recrystallisation of the material was not achieved, the 
product always being obtained as an oil, indicating that it 
was of low purity. The i.r. spectrum showed a single car­
bonyl absorption (ca. 1760 cm~̂ -) and from this, it was later 
identified as the desired bicyclic ketone (13). Approximately 
16^ of the material recovered from the column was the di­
addition product (20) or (21) while the remaining 507̂  was 
shown (i.r. and t.l.c.) to be the acid (35). The overall 
yield of bicyclic ketone (13) by this method was only 16.57® 
and, as shown, even this was not obtained in a pure state.

The indications, at this point, being that an anhydrous 
medium was essential for the isolation of the bicyclic 
ketone (13), the cyclisation was finally carried out under 
conditions in which even the water formed in the aldol 
condensation itself was removed. The diketone (16) was 
refluxed in dry benzene containing p-toluenesulphonic acid, 
removing any water formed by means of a Dean and Stark water 
separator-*--^. The reaction was worked up by neutralising



the reagent with solid potassium carbonate mixed with a small 
amount of anhydrous magnesium sulphate. filtration, followed 
by removal of the benzene gave the product as a brown oil 
shown by t.l.c. to be a mixture of three compounds. Chromato­
graphy of the product on silica, as in the case of the boron 
trifluoride product (see p. 187 ) occasioned decomposition 
and the number of materials eluted from the column was con­
siderably greater than three (see Experimental). Among these, 
however, it was possible to identify three major components.
The first material isolated (1.2̂ - of the total) was a yellow 
oil, with an ester-like odour, shown (t.l.c.) to be a pure 
compound. The i.r. spectrum showed a single carbonyl band 
at 1738 cm“l. Although lack of material prevented identifi­
cation of this compound it wassupected of being a £-toluene- 
sulphonate ester.

The bicyclic ketone (13) was then eluted (687° of the 
total), followed by a mixture of fine compounds, one of 
which was identified as the starting material (16).

The bicyclic ketone itself (13) was obtained in 52.8;- yield 
by this method. It was recrystallised from a mixture of 
benzene and light petroleum as white needles, which consistently 
showed two m.p.'s;- 71-75° and 89-93°* The i.r. spectrum 
(carbon tetrachloride) showed a single carbonyl absorption 
at 1758 cm-1 (€., 548) accompanied by three small bands at
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3085, 3064 and 3030 cm”! (£, 22.65 28.3" 39-6 respectively). 
The n.Qi.r. spectrum showed a single olefinic proton at 4.1~C 
as a triplet (J = 3.7 5 cps).

The bicyclic he tone gave a yellow 2 4-dinitrophenyl- 
hydrazone, yellow needles, m.p. 70-73°. On reduction, over 
51 palladium-charcoal, the ketone (13) was observed to take 
up 1 molar equivalent of hydrogen to give a colourless oil 
which could not be induced to solidify. The oil showed car­
bonyl absorption ca. 1735 cm“ -̂ (i.e. at lower frequency than 
the bicyclic ketone (13)). A yellow 2:4-dinitrophenylhydra- 
zone was obtained, m.p. 72-75° which on admixture with the 
corresponding derivative of the bicyclic ketone showed a 
depression of the m.p.

Reduction of the bicyclic ketone with sodium borohydride 
gave a mixture of products. One of these was identified 
(t.l.c.) as the diketone (16), while the other was of unknown 
constitution; the mixture could not be separated.

The bicyclic ketone was refluxed in a series of acidic, 
basic and neutral media (see Table III). In every case, 
acidic material identified os the acid (35) was obtained. It 
was noted especially that the presence of water alone was 
sufficient to cause ring-opening of the bicyclic ketone.

Since it was now established that the bicyclic ketone
(13) was indeed the precursor of the acid (35), both the
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mechanisms proposed for ring opening (p. 178 ) hold good if, 
as previously suggested the initial product was the acid (29), 
which could readily isomerise to (35). Later work (p. 203) 
did in fact suggest shat an equilibrium was set up between 
the two acids and that both were present in any acidic mater­
ial from attempted cyclisations of the diketone (16) .

On reduction, both or either of these acids would give 
the same product and the structure of the reduced acid (see 
P*176 ) would then be (36), i.e. 4-phenylcycloheptane carbox­
ylic acid. The fact that the reduction product had a sharp 
m.p. and appeared to be only one compound was rather surprising. 
Reduction of either of the acids, (29) or (35) would normally 
be expected to give rise to both cis and trans isomers. If 
the carboxyl group were strongly hydrogen bonded to the double 
bond, this would provide sufficient reason for a cis reduction 
to take place. There is, however, no evidence for hydrogen- 
bonding in the i.r. spectrum. It is possible that the acid 
molecule lies on the surface of the catalyst in such a manner 
as to make a cis reduction entirely possible. Were this so, 
the phenyl and the carboxyl groups of the reduced acid (36) 
would have a cis relationship to each other. An attempt was 
made to corroborate this fact by cyclisation of the reduced 
acid (36) to the tricyclic ketone (37) • The reduced acid 
was heated with polyphosphoric acid. 'The product consisted
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entirely of neutrel material (91/-). The i.r. spectrum of the 
crude product showed strong carbonyl absorption at 1670 cm“ .̂ 
The normal absorptions in the regions 750, 690 cm"^ for a 
mono-substituted aromatic ring were absent, and were replaced 
by bands at 800, 77 5, 7 50 and 730 cirf\ suggesting a mixture 
of lo2-, Ini-, and perhaps other substitution patterns. This 
suggested that a mixture of products was present, not surpris­
ingly so since linear condensation products are known to occur

6 6in reactions with polyphosphoric acid . The crude mixture 
was treated with an acidic solution of 2:4-dinitrophenyl- 
hydrazine and the precipitate chromatographed on 4:1 bentonite- 
kieselguhr. On elution with chloroform two fractions were 
obtained, the first a mixture which was discarded. The second 
fraction was further purified by sublimation and yielded an 
orange, high-melting derivative. Insufficient material was 
available for microanalysis, but mass-spectrometry showed a 
p are nt i on at 3 8 0 ma s s un i t s (C 9 ̂11 0 qN „ 0 / +). This c or re sp ond s 
to the molecular weight expected for the 2:4-dinitrophenyl- 
hydrazone of the tricyclic ketone (37)*

T h e II q ut r a 1 0 omp one nt.
The neutral fraction from attempted acid cyclisation of 

the diketone (16) (p. 175) was a solid which was recrystallisea 
from light petroleum (b.p. 80-100°) as white needles, with 
a sharp m.p. (121°). T.l.c. of this material showed only
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one spot and the compound was thought to be 100p pure. It 
was later found (p. 200)> however, to contain traces of the 
di-addition product ( 20) or (21) which had an identical 

value and was not detected by t.l.c.. The material was 
therefore rigorously purified by treatment with sodium boro- 
hydride which reduced any extraceous ketonic material and 
left the required neutral compound unaffected. Chromatography 
on silica , followed by recrystallisation, gave a pure scruple 
of the solid, m.p. 121°. Hicroanalysis showed the compound 
to have a possible molecular formula of ^py^-pg^ ^*e* 
isomeric with xhe acid (35) already discussed. The neutral 
compound was not oxidised by alkaline potassium permanganate, 
gave no precipitate with an acidic solution of 2;4-dinitro- 
phenylhydrazine and was soluble in hot alkali. Acidification 
of the alkaline solution gave back the neutral material.
The i.r. spectrum of the unknown compound indicated the pres­
ence of a Jf-lactone. In carbon tetrachloride solution, car­
bonyl absorption was observed at 1780 cm”-'- (£, 90; ̂  y K  12.5 
cm”-'-). This was accompanied by a strong band at 1156 cm~-'- 
(C - 0 str).

Experiments were carried out to show that the neutral 
compound was related to the acid previously described. The 
acid (35) was heated under reflux for 8 hours in a mixture 
of glacial acetic acid and aqueous sulphuric acid (50£ by
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volume) and trie product separated into acidic and neutral 
materials by extraction. The former was unchanged starting 
material while the latter, a yellow solid was shown to be the 
5-lactone under discussion. Hecrystalliaation of the solid 
gave white needles, m.p. 115-120°; on admixture with a sample 
of the^-lactone (m.p. 121°) the m.p. was not depressed. The 
i.r. spectra of the two materials were entirely superimposable 
and t.l.c. confirmed that thev were identical.

Lactonisation of the acid (35) was also attempted using 
glacial acetic acid and concentrated hydrochloric acid, i.e. 
the conditions under which the acid and the ?f-lactone were 
obtained from the diketone (16). fhe acid (35) was heated 
under reflux in glacial acetic acid and concentrated hydro­
chloric acid for o hours and the product separated into acidic 
and neutral materials. The acid fraction was unchanged 
starting material. The neutral fraction was shown by t.l.c. 
to be a mixture of three compounds. These were identified 
(t.l.c.) by comparison with known samples as the ^-lactone, 
the bicyclic ketone (13) and the diketone (16), the latter 
being present in very small amounts. On redissolving the 
crude product in ether, there remained a white solid residue 
which was recrystallised from light petroleum as needles, m.p. 
117-120°. This material was identical with the^-lactone 
with respect to their i.r. spectra with the exception of a
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slight shoulder on the carbonyl absorption band at 1745 cm~-k 
Further recrystallisations did not remove this.

Bearing in mind the 1; 4 relationship of the phenyl and 
carboxyl groups of the ring system involved, there were two 
^-lactones possible, (38) and (35) each of which can have 
two epimeric forms. That the ^-lactone was (38) seemed 
unlikely; (39) appeared the more plausible structure on the 
evidence of the relationship between the acid (35) and the 
2(-lac tone. A study of the n.m.r. spectrum, however, enabled 
a choice to be made between the alternative ^-lactones. The 
spectrum revealed the -CO-C-C^-H proton as a doublet (1SH) 
at 5*1T(J = 6.9 cps) showing barely discernable sub-splitting-. 
The lactone (33) demands a more intricate splitting and was 
rejected as a possible structure. It was scon from models 
that the cis-phen.yl lactone (40) as represented in the most 
probable conformation (40a) would give rise to such a signal 
since the dihedral angles H f H-̂ Ĥ  and were close to
90°, 90° and 30° respectively. The observed coupling constant 
was also of the correct order-^0. The alternative epimeric 
structure (41) which also satisfied the n.m.r. spectrum was 
discounted on the grounds that this would require lactonis- 
ation to proceed via a cis-addition mechanism, whereas trans-

1 onaddition to the double bond is usual in these reactions
It was interesting to note that, were the structure of



the lactone the one proposed addition to the double bond 
must, in this instance, have taken place in an cnti-Markowni- 
koff manner. In general, the nucleophilic carboxyl group 
would attack the more stable carbonium ion, i.e. in this 
case, attack would take place preferentially at the tertiary 
carbonium ion (42) to give the <J-lactone (43), rather than at 
the secondary carbonium ion (44) which would yield the X -  

lactone (40). This holds, however, only for reactions where 
steric factors are unimportant. It may be that, in the 
transition state, a greater overlap of the 21> orbitals of the 
Cc?rbonyl oxygen exists between the vacant orbital of the^C- 
carbonium ion than is possible with the <5-carbonium ion; 
since the two reactive centres must be sufficiently close to 
allow bond formation to occur, further chemical evidence 
for the problem was therefore sought.

It was hoped that the <5*-lacrone (43) could be prepared 
for comparison with the unknown lactone. A study of its 
stability, and its possible rearrangement to the correspond­
ing ̂ -lactone (40) would provide useful information. The 
proposed method of obtaining thecT-lactone (43) was via the 
corresponding bromo- or iodo- lactone. Bromo- and iodolact— 
onisation experiments were therefore carried out on the 
acid (35) but neither met with any success. Treatment of 
the acid (35) with bromine in acetic acid resulted in a black
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oily mass which, was then neutralised with, sodium hydroxide. 
Bther and chloroform extracts from the reaction were examined. 
The former yielded a yellow oil shown by t.l.c. to contain 
four compounds. The chloroform extract afforded only a black 
tar. Both extracts were discarded. It was suspected that 
the intermediate dibromo compound was decomposing before 
lactonisation could occur in base, and a reverse procedure 
was therefore employed. In this case bromine was added 3lowly 
to a solution of the acid (35) in aqueous sodium hydroxide 
until excess of bromine was present. Chloroform and other 
extracts of the reaction mixture were examined. The chloroform 
solution gave a low-melting solid which could not be re­
crystallised. T.l.c. showad it to be a mixture of four com­
pounds. The mixture was net separated. The ether extract 
gave a yellow oil. T.l.c. showed only one spot with an Rf 
value equal to that of the ^-lactone. The i.r. spectrum, 
however, suggested the presence of a mixture since it showed 
hydroxyl absorption accompanied by three carbonyl absorptions. 
(1780, 1750 and 1730 cm~l). Bromolactonisation was not further 
investigated.

Iodolactonisation of the acid (35) was attempted by the 
standard method but yielded no useful resul t s • B oth acidic 
and neutral materials were obtained. The acidic material 
was an iodine-containing solid which could not be purified.
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The neutral material was chroma to graphed on silica and 
extensive decomposition occurred, do single pure compound 
could be isolated. Preparation of tie <3-lactone (43) was 
therefore abandoned.

bince the structure proposed for the lactone was based 
principally on the evidence of the n.m.r. spectrum, confirm­
ation of this structure by chemical moans was sought* Hydro­
lysis of the $ -lactone (40) would give a hydroxy-acid which 
should be oxidisable by Jones’s reagent to the corresponding 
keto-acid. The hydroxy-acid from the^-lactone (43) would 
not be oxidisable in such a way, the hydroxyl function in 
this case being a tertiary one. Hydrolysis and oxidation 
to the corresponding keto-acids would not distinguish between 
the epimeric lactones (40) and (41), "but the carbonyl and 
carboxyl groups were considered potentially useful for further 
distinguishing reactions.

The lactone was first refluxed in lOy? aqueous sodium 
hydroxide containing sufficient ethanol to effect solution.
The product consisted largely of unchanged lactone but a 
very small amount of an acidic material was obtained. This 
was not purified but was oxidised in the crude state with 
Jones's reagent. The yield of material was small enough to 
preclude any further investigation although 2;4-dinitro- 
phenylhydrazone formation indicated the presence of a car­
bonyl function. Attempted hydrolysis of the lactone with



35/- sodium hydroxide gave, similarly, unchanged starting 
material and an ether-insoluble precipitate. The latter 
material was water-soluble, its i.r. spectrum showed strong 
hydroxyl absorption at 3400 cm~l and two bands (1550, 1420 
cm such as might be given by a carboxylate anion. Use of 
an acidic oxidising agent was avoided by treating this mater­
ial with a solution of chromium trioxide in pyridine. The 
product, a white crystalline solid was identified as the 
starting lactone.

The indication in the above experiment being that it was 
possible to form the sodium salt of the hydroxy-acid produced, 
it was hoped that treatment of the salt with methyl iodide 
would yield the corresponding methyl ether and re-lactonisation 
would thus be prevented. The dry sodium salt was suspended 
in acetone and refluxed with excess of methyl iodide. The 
product, a yellow solid, had an anomalous m.p. (75-80°, with 
crystals appearing at 140°, to remelt at 240°). T.l.c.,
however, showed only one spot, corresponding to the known 
lactone, Aecrystallisation of the crude material yielded 
lactone only.

An alternative procedure designed to open the lactone 
was reduction with lithium aluminium hydride. At the first 
attempt the lactone was refluxed for 5 hours with a suspension 
of .lithium aluminium hydride in dry tetrahydrofuran. The
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product was a yellow sticky oil which, solidified on cooling.
Recrystallisation of the solid proved exceedingly difficult 
and generally resulted in oils or soft solids. A sample, 
recrystallised several times from water, was eventually ob­
tained as white noodles, m.p. 80-85°. T.l.c., however, showed
thev even this sample was impure and contained three compounds, 
one of which was the starting lactone, present in very small 
amounts. Chromatography of the strongly adsorbed material 
was impossible, but it was found that a longer reflux time 
(7*5 hours) removed all traces of the starting lactone. The 
product was then a crystalline solid contaminated by traces 
of another strongly adsorbed material. It was shown by its 
i.r. spectrum to be an alcohol, with strong absorption at 
3363 cm~-*- and at 1073? 1020, and 993 cm Purification was 
therefore attempted by acetylation and benzoylation of the 
product but in neither case was this successful. The product 
from acetylation was an oil shown by t.l.c. to be a mixture 
of two compounds. The i.r. spectrum of the immediate product 
showed absence of hydroxyl absorption, a broad carbonyl band 
at 1738 cm“-*- and strong absorption at 124-8 cm”-̂. Attempted 
crystallisation and prolonged standing of the material gave 
rise to the presence of a hydroxyl function. The product 
from benzoylation appeared to be a mixture of mono- and di­
benzoates. It was impossible to work with the material



without considerable; hydrolysis taking place. Purification 
via esterification was thus useless.

All work on the product from hydride reduction had to be
carried out on a material which although crystalline, was
known to contain traces of an impurity. Analysis of the
material was sufficiently accurate to indicate that it did
have a molecular formula of C H 0 . as expected. ihe n.m.r14 20 2
spectrum, in deuterochloroform showed a poorly resolved multi 
plet (1,H) centred at 5.9874(assigned to proton of a secondar 
alcohol CHOH) and a doublet (2,H) at 6.54li(J = 5 cps) 
as .igned to the methylene protons of a primary alcohol (-0-

i
CHg - CH). 7hen the spectrum was "re corded, in dimethyl- 
sulphoxide-^2 ^ ae secondary and primary hydroxy^rotons were 
observed respectively as a doublet at 5*78T(J = 4*8 cps) 
and a triplet at 5 *51? (J = 4.8 cps), each corresponding to 
one proton. The structure of the diol is most probably as 
shown (45).

Jones's oxidation of the diol was carried out at 0° 
with a calculated amount of reagent and at 15° with excess 
of reagent. The result was the same in both cases. The 
product was a semi-solid shown by t.l.c. to be a mixture of 
four compounds. One of these was separated out by tritur­
ation of the crude material with ether. It was identified 
as the di-addition product (20) or (21) and presumably
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had been pro sent in the starting lactone. On reduction 
it would give a triol, almost certainly one contaminating 
material present in tie diol (45); the triol, on oxidation 
would once more give tie trione (20) or (21) . The lactone 
used for the hydride reduction was a recrystallised sample 
and showed only one spot by t.l.c. Only one carbonyl band
was observed in the i.r. spectrum. It was at this point
that it was realised that the Eg values of the lactone and 
the di-addition product were identical and that further 
purification of the lectone ,vas essential (see p. 192 ).

Removal of the trione (20) or (21) from the oxidation
product left a viscous yellow oil which was found to be a 
mixture of several compounds. The i.r. spectrum showed 
acidic hydroxyl absorption and a broad unresolved carbonyl 
band (ca. 1740-1680 ce"^). The mixture was not separated 
and it may be concluded that oxidation of the diol (45) did 
not proceed in a simple manner.

It is now possible to have an overall picture of the 
reactions taking place when the diketone (16) is treated 
with acetic acid and hydrochloric acid (or indeed, under a 
variety of acidic conditions). Firstly, it becomes clear 
why the ratio of acidic ; neutral material from the attempted 
cyclisation reaction varies with time (p. 175 )• Longer 
reaction times will promote the formation of correspondingly
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groator amounts of i -lactone (i.o. neutral fraction) at the 
expense of the acidic material.

In the attempted lactonisation of the acid (35) the 
product was found to contain not only the lactone (40) hut 
also the bicyclic ketone (13) and the diketone (16). Those 
findings suggest that not only is the^-lac tone (40) obtain­
able from the acid (35) but that an equilibrium is set up 
between the acid and the bicyclic ketone (13) to which it 
may revert under acid conditions. The bicyclic ketone, in 
turn, must be reversibly in equilibrium with the diketone 
(16) since it was found to be present. (Scheme Bj). Inc­
luded in this scheme must be the reversible equilibrium 
pertaining to the two isomeric acids (29) and (35)- The 
mechanism proposed for the opening of the bicyclic ketone 
(13), shown to be a precursor of the acid (35), requires 
the initial production of the acid (29). Both the acids 
(29) and (35) are capable of lactonisation but only (35) 
can give a X-lactone. It is generally held that & -lactones 
are more stable thanS -lactones and it may be assumed that 
the -lactone (40) is formed preferentially, thus upsetting 
the equilibrium between the two acids and driving the 
reaction to the right (Scheme B )• The acid (35) and its 
^-lactone will themselves, however, be thermally in equi­
librium. (The lactone oxygen atom is 3 to a phenyl ring
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and the acid (35) would be obtained by 3-elimination). The 
whole system which is in equilibrium under acid conditions 
may then be written as shown (Scheme lac tors which
will determine the exact position of equilibrium will be the 
stability of the bicjrclic ketone (13) (whose high carbonyl 
absorption in the i.r. indicates ring strain) and the ease 
of formation of the 2T-lactone (40).

The crude acidic material from treatment of the diketonc
(16) with glacial acetic acid and hydrochloric acid was 
examined more closely to see if the presence of the two 
isomers (29) and (35) could be detected. T.l.c. examination 
consistently showed apparently one compound. At this time, 
other work^-^3 being carried out in this department on 
related compounds suggested that g.l.c. examination of the 
ester might prove more informative. Esterified material 
had, like the acidic material, shown only one compound on 
t.l.c. examination, but g.l.c. did in fact indicate the 
presence of two isomers. These could not be separated 
either by chromatography or by distillation. It may be 
concluded from this that both acids were indeed present.
The mixture of products obtained from ozonolysis (see p.179) 
of the acidic material may be explained on the basis of there 
being two acids present. The particular keto-diacid isolated, 
(34) would appear to be present in larger amounts and was
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therefore obtained preferentially. An additional factor in 
the preferential isolation of the keto-diacid (34) may be 
the relative solubilities of the products the diacid obtained 
in essence, a substituted succinic acid v/hi'le the keto-diacid 
(31) 'which would be obtained on cleavage of the acid (29) is 
a substituted glutaric acid. Succinic acid itself is 
approximately ten times less soluble (in water) than glutaric 
acid, and if the same relationship held only approximately 
for the substituted acids, the keto-diacid (34) is the one 
more likely to be isolated.

Obviously there still remains a considerable quantity 
of work which could be done to establish conclusively the 
presence of both the acids (29) and (35) and to investigate 
the equilibrium between them. It might well be that examin­
ation of the residues from ozonolysis would furnish the 
other keto-diacid (31). Lack of time, however, precluded 
any further work on this topic for the present.

The results obtained from attempted cyclisation of the 
diketone (16) and from work on the bicyclic ketone (13) 
prompted an inquiry into why ring-opening should be observed 
in the ketone (13) But apparently not in the cases of the 
analogous bicyclic ketones (12) and (14), both of which were 
readily obtained (see p.171 )• The answer appeared to be
simply that considerable ring strain would be present in the



205.

bicyclic ketone (13) which, contained two five-me inhered rings, 
and whose size occasioned considerable interaction between 
the carbonyl group and the double bond. There is indeed 
evidence for ring strain in similar bicyclic systems. 2- 
Hethyl-5-carbethoxybicyclo— [3 °2;l]-oct-2-en-8-one (46) 3-24- 
shows cyclopentanone carbonyl absorption at 1760 cm-l in the 
infra-red, while the absorption of the cyclopentanone carbonyl 
of bicyclo-[3:2-1]-2;8- dione (47)"^ is observed at 1754 cm”l. 
Carbonyl absorption in the bicyclic ketone (13) under dis­
cussion occurs at 17 58 cm“T. This strain would be considerably 
less in the bicyclic ketones (12) and (14).

Accordingly, the acid cyclisation of the diketones (15) 
and (17) and the stability of the respective products (12)
and (14) was re-investigated.

The product from acid cyclisation of the diketone (15) 
was examined for the presence of any acidic material, but 
none was found. The bicyclic ketone itself (12) was treated 
with a number of acids and in every case, except one, was 
recovered intact. The ketone (12) proved stable to treatment 
with concentrated sulphuric acid, and concentrated hpdro** - 
chloric acid. On treatment with a mixture of perchloric acid 
and acetic acid the product, as before, was largely unchanged 
ketone (12). This was accompanied, however, by a minute 
amount of an acidic material. The yield of this was so small
that no data for it could be recorded.
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A re—investigation into tine products from acid cyclin- 
ation of the diketone (17) revealed that acidic material was 
actually present, but only to the extent of 0.5f of the total 
product (i.e. a yield of 0.357- from the diketone). An 
increased reaction rime (75 hours) did show a corresponding 
increase in acidic material. A ratio of acidic.neutral mater­
ial of 10p:,90f was then obtained, raising tine overall yield 
of acidic material to C.27<j. The acid was not obtained in 
sufficient quantity to be identified but an attempt was made 
to convert it into the corresponding lactone by treatment 
with glacial acetic acid and concentrated sulphuric acid.
This however yielded a mixture of five compounds, two of 
which were shown (t.l.c.) to be the diketone (17) and bi­
cyclic ketone (14) respectively. This suggests that the 
same type of equilibrium exists here as was observed in the 
case of 2-phenylbicyclo-^3:2-lJ-oct-2-en-8-one (13) (p. 202 .
and Scheme B^) but the position of equilibrium is obviously 
different.

Compared to the bicyclic ketone (13), its analogues (12) 
and (14) demonstrated remarkable stability in acid conditions.

The reaction described (p. 3.75 ) provided easy access to 
a seven-membered ring and appeared potentially useful for 
the synthesis of compounds.containing such a ring system 
(e.g. colchicine (48)) and substituted azulenes. Its possible
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application was tested by carrying out the same reaction 
on the 1:5—diketone, 3—(2-oxocyclopentylmethyl)—a—hydrin- 
done (54).

a-hydrindone (51) was initially prepared by decarboxyl­
ation of l-keto-3-carboxyindane (50), but more satisfactorily 
by polyphosphoric acid cyclisation of 3-phenylpropionic 
acid (49)* A neutral by-product obtained in the latter 
reaction was a yellow-green crystalline solid (m.p. 144-146°) 
which turned brown on standing for some time. It was shown 
by t.l.c. to be a pure compound. Mic roanalysis gave a
possible molecular formula of C H 0 and mass-spectrometry18 -14
confirmed this, a parent ion being obtained at 246 mass 
units (Cl8 H ^ 0 +). The i.r. spectrum showed a single car­
bonyl band at 1p70 cm"^ (a-hydrindone itself absorbs at 
1700 cm~^) accompanied by an intense band at 1610 cm""-*-. A 
single band at 750 cm"^ indicated ortho substitution of a 
benzene ring. The compound gave an unstable 2;4-dinitro- 
phenylhydrazone. On the above evidence, the structure of 
the by-product was postulated as 2-(hydrindylidene-1)-a- 
hydrindone (52) from condensation of two molecules of a- 
hydrindone (51). Self-condensation seemed more likely to 
give the isomeric 3-(hydrindylideno-l)~a-hydrindonc (53). 
Literature reports of the preparation of a-hydrindone (51) 
are many and the only by-product which seems to have been



observed is (53) but in every case this is reported as a 
high-boiling oil, which, the by-product in our case was not.
The position of tine carbonyl band in the i.r. spectrum of 
the solid by -product also lends weight to the argument that 
an a3-a'3'-unsaturated ketone is present. Although cyclis­
ation of the acid (49) to a-hydrindone (51) under various 
conditions has been reported-*-̂ 6̂  no mention is made of poly- 
phosphoric acid so that no comparison of other workers'

1P7results with our own could be made. Kipping ' did however, 
in 1894, isolate a yellow crystalline solid, m.p. 142-143°, 
from treatment of a-hydrindone with dilute sulphuric acid 
which he postulated as 2-(hydrindylidene-l)-a-hydrindone (52).

The Karmic h base hydrochloride of a-hydrindone was 
prepared in the usual way but liberation of the free base 
proved unsatisfactory. A low yield (10CP) of an impure 
product was obtained on liberation with sodium hydroxide. 
Liberation of the free base with 5/® ammonium hydroxide gave 
a cleaner product, in 35/1 yield.

The diketone (54) was prepared as before (p. 170). Two 
products were obtained and the required compound (54) isolated 
by fractional crystallisation. The other product, which was 
not investigated was probably a di-addition compound, by 
analogy with previous cases. The diketone (54) was heated 
under reflux for 8 hours in a mixture of glacial acetic acid
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and hydrochloric acid and yielded both acidic and neutral 
material (78/*:22>). The acidic material was a white crystall­
ine solid with tv/o m.p.'s (at 158-160° and again at 168-169°). 
It is possible that lactonisation of the acid occurred at the 
m.p., since t.l.c. of the material showed only one spot. 
I.Iicroanalysis gave the expected molecular formula, ^15^15^2* 
The n.m.r. spectrum showed complete absence of vinyl protons.

from these results it was concluded that the acid ob­
tained in this case was the isomer (55). The fact that only 
one acid was obtained in this case was not unexpected, since 
the isomer (55)has a double bond in the tetra-substituted 
state, achievement of which would provide a driving force 
for the isomerisation (56)--0(55).

The neutral fraction from the reaction was a mixture of 
three compounds, one of which was identified (t.l.c.) as the 
diketone (54). The Rf values of these materials were very 
similar and chromatographic separation was not possible. The 
expected lactone (57) was not isolated. An attempt was made 
to obtain it by lactonisation of the acid (55) which was re­
fluxed in glacial acetic acid and concentrated hydrochloric 
acid for 24 hours. The yield of neutral material (0.6 mg.) 
was only 0.0001/T and prohibited any further investigation. 
T.l.c. however showed that the neutral material was a single 
compound with an Rp value different from that of the diketone
(54).



As previously, it was found possible to prepare the 
bicyclic ketone (58) by cyclisation of the diketone (54) in 
dry benzene, using p-toluenesulphonic acid as catalyst, and 
removing any water formed. The bicyclic ketone (56) was ob­
tained in 72.4/“ yield as a white crystalline solid. The i.r. 
spectrum (nujol) showed a single carbonyl absorption at 1745 
cm The n.m.r. spectrum showed complete absence of Vinyl 
protons as expected.

On the evidence so far obtained, it would appear that 
the stability (or otherwise) of the bicyclic systems examined 
(12), (13)9 (14)j (56) depended on the ring size of the 

system and the concomitant ring strain. Tnormous scope 
obviously exists for further investigation in this field.
The reactions carried out so far have, of necessity, been 
limited to a few but further work on that reaction involving 
a bicyclo-j 3 :1 J-ketone intermediate should prove both
interesting and useful as a synthetic method to seven-membered 
rings. The advantages of being able to synthesise a seven- 
membered ring system with substituents in any required 
position would be considerable. As has been shown, the 
reaction also applies to fused ring systems. Opportunity 
therefore exists for examining the same reaction on a series 
of diketones of different types.



211.EXPERIMENTAL - PART II.

Preparation and reactions of 2-phen.ylbicyclo-|^ 3 ;3 s jj -non-2- 
en-9-one (12).

»3 , 3 -dine thylaminopropiophenone ay d r o c ill or id e .
The I.iannich base was prepared as its hydrochloride by 

the method given in "organic S y n t h e s i s " pt was obtained 
in 92,- yield as a solid, m.p. 140-144°. The product was 
recrystallised from a mixture of 955= ethanol and acetone.
.The large white hexagonal c rystals (m.p. 142-144°) were 
hygroscopic; on further drying they had m.p. 152-153°.

2-( 3-3enzoylethyl)-cyclohexanone (-15).
(a) The diketone (15) was prepared by the method of Cope 
and H e r m a n n - * - - * - ^  Technical cyclohexanone was redistilled from 
calcium chloride. The reaction product, a red oil, was dis­
tilled, b.p. 152-170°/0.5 mm., with a small fore-run whose
i.r. spectrum showed no aromatic absorptions but which was 
not identical to that of cyclohexanone. The bulk of the 
product, on cooling, slowly solidified. The required diketon
(15) was crystallised from cyclohexano — light petroleum
mixtures as white needles, m.p. 49-50°; 1700 cm”-*- (ringCO
ketone) and 1680 cm”-*- (aryl ketone).
(b) The diketone (15) was prepared by a modification of the 
method used by Gill e_t al^^ for the analogous dike tone (16).

33'-Dimethylaminopropiophenone was liberated from its



hydrochloride by suspension in water, addition of aqueous 
sodium hydroxide and extraction of the precipitated free 
base. Freshly prepared IZannich base and redistilled cyclo­
hexanone in a molar ratio of 1;3 were heated together at 
160° for 20 minutes, evolution of dimethylamine was observed. 
The cooled reaction mixture was exactly neutralised with 
glacial acetic acid and extracted into ether. The ethereal 
extract was washed with brine, dried and concentrated. Ex­
cess of cyclohexanone was removed on a water-pump and the 
residue distilled under reduced pressure to give a pale yellow 
oil which solidified on cooling. The diketone (15) crystall­
ised from light petroleum as white needles, m.p. 48-50°, 
identical with the product obtained in (a), from 50g. of 
the hannich base, the yield of diketone (15) was 38.6 g. (80$)

2-Phenylbicyc 1 o- 3 »3 «lj -non-2-en-9-one (12 )
The method of Cope and Uernann-^8 was used. A solution 

of the diketone (15) in glacial acetic acid (250 ml.) and 
concentrated hydrochloric acid (50 ml.), on heating under 
reflux for 16 hours afforded the required ketone (12) as a 
yellow oil, b.p. 130-133°/0.15 mm. (22g. ; 74/0 which solidi­
fied on trituration with light petroleum. The solid was 
recrystallised from cyclohexane-light petroleum as fine white 
needles, m.p. 52-53°. The i.r. spectrum (carbon tetrachloride
showed V~ at 1732 crr̂ - ( t , 444) and 1722 cm”T (£-, 313) 5 in 0 u



chloroform, carbonyl absorption occurred at 1729 cui"̂  (£\ 291) 
and 1715 cn“l (£, 437), and in hexane at 1736 cm~T 504) 
and 1724 cn“  ̂ (sh, £  160). The compound became oily on 
standing and developed hydroxyl functions (as seen from i.r. 
spectra), but was restored to its original form on distill­
ation. The n.m.r. spectrum (carbon tetrachloride) was 
poorly resolved and may be attributed to partial decomposition. 
Signals were observed at 2.87^(multiplet, aromatics), 3.8"£ 
(triplet, J = 4 cps, olefinic proton), 6.5^(unresolved 
band, probably proton on C^), 6.7 ̂ (unresolved), 7.1-8. 5 '"C 
(broad unresolved band).

Reactions of 2-phen.ylbicyclo-|^3 ;3 s 1J-non-2-en-9-one (12).
(a) Perbenzoic acid;- A solution of the ketone (12) (2g.) 
in chloroform was treated with a solution of perbenzoic acid 
in chloroform and allowed to stand at 0° for 72 hours. The 
ketone (12) was recovered unchanged.
(b) Peracetic acid-sodium acetate-^9;- The ketone (12)
(4g.) in glacial acetic acid (4 ml.) was treated with 40$ 
peracetic acid (20g.) containing sodium acetate (4g.) and 
left at room temperature for 92 hours. The solution was 
diluted with water and neutralised with aqueous sodium hydro­
xide. Extraction yielded a solid product which was identi­
fied (i.r., m.p.) as the starting ketone (12).
(c) Trifluoroperacetic acid~^^;- To a mixture of 80-90$



hydrogen peroxide (1 ml.) and methylene chloride (5 ml.) at 
0° was added trifluoroperacetic acid (4 ml.). The mixture 
was allowed to stand for a short time in ice, then added 
portion-wise to a solution of the ketone (12) (4.2g.) in 
methylene chloride (20 ml.) containing disodium hydrogen 
phosphate (12g.). '.Then the vigourous reaction subsided, the 
mixture was warmed (steam-bath) for 30 minutes, cooled and 
poured into ’water. Extraction with methylene chloride gave 
a straw-coloured oil which turned to an intractable glass on 
cooling.
(d) Sulphuric acid;- The ketone (12) (2g.) was added to con­
centrated sulphuric acid (8 ml.) at 0°, to give a red solution. 
The reaction mixture was allowed to stand at room temperature 
for 19 hours, with occasional shaking, then poured onto ice. 
Extraction with ether gave a yellow oil which solidified on 
cooling, identified (i.r.) as unchanged starting material.
(e) Hydrochloric acid:- The ketone (12) (2g.) was treated 
with concentrated hydrochloric acid (8 ml.) but did not 
dissolve. The mixture was warmed, treated with a further 
portion of acid (10 ml.) and warmed again. The ketone (12) 
still did not dissolve and the reaction was abandoned.
(f) Perchloric acid/acetic acid;- The ketone (12) (2.4g.) 
was dissolved in 72$ perchloric acid (8 ml.) and acetic acid 
(2 ml.) and the cherry-red solution left overnight at room
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1 ’ *
temperature. The reaction mixture v/as poured onto ice, the 
solid product filtered, taken up in ether and the ethereal 
solution washed with aqueous sodium hydroxide, with brine and 
dried. The neutral ethereal extract afforded an oil3̂ product, 
identified (i.r.) as the starting ketone (12). Acidification 
and extraction of the basic solution gave a negligible amount 
of a brown oil with s butyric acid-like odour.

Preparation and reactions of 7-phen.ylbic.yclo-|^4 O  ° 
en-10-one (14).

2-( g-Benzoylethyl)-cycloheptanone (17 )»
The diketone (17) was prepared exactly as for the di­

ketone (15) [ Liethod (b)J. 69g. of the Llannich base yielded
50g. (6lc/o) of a brown oil which distilled to a yellow oil, 
b.p. 162-167° (0.35 mm.). T.l.c. showed the oil to be a 
mixture of two compounds with very similar Rf values. On 
cooling and scratching the material was induced to solidify. 
The required diketone (17) was isolated from the mixture by 
recrystallisation from light petroleum. This procedure 
occasioned considerable loss but gave the diketone (17) (35g»» 
}Sfc) as a pure compound (t.l.c.), white needles, m.p. 27° 
(Rounds C, 78.41; II, 7.87. ci6^2^2 requires C, 78.65; H, 
8.25/̂ ). The i.r. spectrum showed ̂ CO 1702 (ring ketone)
and 1693 cm~l (aryl ketone).

1] -dec-7-
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7-?henylbic,yclo-j^4 3 ;lj-dec~7--en-10-one (14).
(a) Glacial acetic acid/hydrochloric acid, 8 hours;- A sol­
ution of the diketone (17) (3g.) in glacial acetic acid (25 
ml.) and concentrated hydrochloric acid (6 ml.) was heated 
under reflux for 8 hours, excess of acetic acid removed under 
reduced pressure and the residue flooded with water. The mix­
ture was extracted into ether and the ethereal extract washed 
with aqueous sodium hydroxide, with brine, and dried. The 
basic solution on acidification and extraction gave a brown 
oil (0.0104g.; C.35A) whose i.r. spectrum, showed carboxylic 
acid absorptions 3500-2900 cm"1 , 1710 cm-1). The
neutral ethereal extract gave a yellow viscous oil (2.2 g. ; 
79«ly>) which partially solidified on standing. The i.r. 
spectrum showed carbonyl absorption (ca. 1700 cm"1) and the 
typical fine structure of a bicyclic system (780-740 cm"1). 
T.l.c. showed that five compounds were present, one of which 
was identified (Rf value) as the starting diketone (17) and 
another as the required bicyclic ketone (14), by comparison 
with the product from (b), below. The ratio of acidic:neutral 
material was 0. 5/°s99 • 5/*.
75 hours;- the reaction was repeated with a reflux time of 
75 hours. The yield of acid was 8.2A; the neutral material 
again contained five compounds. The ratio of acidic:neutral 
material was 10^;90/^.
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Attempted lactonisation of the acidic material.
The acidic material (0.5g.) from the above reaction was 

heated under reflux for 15 hours in a solution of glacial 
acetic acid (10 ml.) and concentrated sulphuric acid (1 ml.). 
Txcess of acetic acid was removed under reduced pressure, the 
residue diluted with water and extracted with ether. The 
ethereal extract was washed with brine, with aqueous sodium 
carbonate, with brine again and dried. The basic extract 
contained a negligible amount of the starting acid. Concen­
tration of the neutral ethereal solution gave a semi-solid; 
shown by t.l.c. to contain five compounds. Two of these 
v̂ ere identified (R^ values) as the diketone (17) and the bi­
cyclic ketone (14) respectively. The mixture was not separ­
ated.
(b) £-Toluenesulphonic acid*- £-toluenesulphonic acid (3g.)

was heated under reflux in dry benzene (125 ml.) removing any 
water present by means of a Dean and Stark water separator11^„ 
Once all they acid had dissolved (40 minutes) the diketone
(17) (3g.) 'was added and the mixture heated under reflux for 
2.5 hours, removing any water formed. Solid potassium car­
bonate was added to the hot solution and the mixture allowed 
to cool. The reaction mixture was filtered and the filtrate 
evaporated to give a brown mobile oil (2.2g. ; 79*2/c), shown 
to consist of a mixture of four compounds. Chromatography
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of the product on silica (40g.) gave the required ketone (14) 
as on oil which was induced to crystallise by trituration 
with light petroleum. The material was recrystallised with 
difficulty from hexane-light petroleum (b.p. 4-0-60°) as a 
white solid, m.p. 40°. The m.p. of the solid, kept at 0° in 
the dry state, rose to 78-80°. 1 sample of the latter mater­
ial, on recrystallisation from light petroleum (b.p. 40-60°) 
by slow evaporation of the solvent gave a white solid, m.p.
40°. The i.r. spectra of the two materials of different m.p. 
were identical. i.l.c. shorwed the material to be a pure com­
pound (found; C, 85115; II, 7*76. ^igH^gO requires C, 84.93; 
h, 7.99h)« Ihe i.r. spectrum (carbon tetrachloride) showed 
V c 0 1718 ce”-*- (€. 474) and 1710 cin”  ̂ (yh, €  248). In chloro­
form, carbonyl absorptions .V/ero observed at 1715 cn"-'- (eh,
€. 222) and 1705 cm~l (sh, £ 350) while in hexane carbonyl ab­
sorptions occurred at 1725 cm"7 ( €  252) and .1710 cm“ -̂ (sh,£ 95).

The n.m.r. spectrum (deuterochloroforn) showed signals at 
2.667^(multiplet, 5H; aromatic protons), 3 •98'”l)( poorly resolved 
triplet, 1H; olefinic proton), 6.45^(unresolved band, 1H; 
proton on Cg), 7.1-7. 9 ^ (unresolved band, 3H; proton on C-̂ and 
allylic protons on C^) and 8.2-8.88^(multiplet, 8H ; methylene 
protons.

The ketone (14) gave a yellow 2;4-dinitrophenylhydrazone, 
recrystallised from ethanol as needles and plates, m.p.
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21C-220 and from dioxan-ethanol mixture a as needles, m.p. 
223°- -ha derivative was unstable to neat, in solution.

Preparation and reac tions of 2-;elien.ylbic.yclo-ĵ 3 ;2 *lj -oct-2-
en—6— one (13).

2-3-(3enzo.ylsthyl )-cycl open tan one (16).
(a). The dike tone (16) was prepared in the sane way as the 
diketone (15)[ Ilethod (a)J. Cyclopen.canone (I12g.) and 
sodium hydroxide (ill ml., 6N) were added to 00 -dimethyl— 
ar.inoprcpiophenone hydrochloride (66g.) in ethanol (50C ml.) 
at boiling point, and heated under reflux for 15 minutes. 
Acidification and extraction gave an oil which was fraction­
ated to give
1. a colourless oil, b.p. 70-10G°/0.1 at., whose i.r. spec­
trum showed no aromatic absorptions and did not correspond to 
that of cyclopontanone.
2. a yellow oil, b.p. 150-170°/0.1 mm., which solidified on
cooling and scratching. Recrystallisation from, cyclohexane-
light petroleum gave the required diketone (16) (37g.) &s
off-white needles, m.p. 40-42°, V  1737 cm”l (ring ketone)G 0
and 1686 cm“l (aryl ketone).
(b) The diketone (16)^14 was prepared in the same way as the 
diketone (15) Ilethod (b) . Distillation of the crude product 
gave an oil which solidified on cooling. The required dilcetone



(16) was recrystallised from light petroleum as white needles, 
m.p. 4-0-42°, identical with the product obtained in (a) above.
The yield of diketone was 17 3 f . The residue from the distill­
ation was extracted with benzene and on addition of light 
petroleum, a solid was precipitated. The solid was recrystall­
ised several times from light petroleum and finally from ether 
as fine white needles, m.p. 115°. (Founds C, 70.62; H, 6.84. 
^23^24^3 requires C, 70.28; H, 6.°4$). The i.r. spectrum showed 
V^O 1735 cm“1 (cyclopentanone) enrl 16^2 cm~-*- (aryl ketone)
The n.m.r. spectrum (deuterochloroform) showed the following 
signals?- multiplet at 2.0lf(4H, assigned to aromatic protons 
adjacent to a carbonyl function), multiplet at 2.4l7(6H, 
remaining aromatic protons), triplet at 6.85 b(J = 7 cps; 4H, 
assigned to -CI^CQ-Ph protons), unresolved multiplet centred 
on 7.85 12, and multiplet at 8.3*tl(lOH in total).

Attempted preparations of 2-phenylbicyclo-[3?2;1]-oct-2-en-8- 

one (13). see Table II.
(a). Acetic acid/hydrochloric acid, 48 hours?- a solution of the 
the diketone (16) (37g.) in glacial acetic acid (300 ml.) and 
concentrated hydrochloric acid (75 ml.) was heated under reflux 
for 48 hours. Excess of acetic acid was removed under reduced 
pressure, the residue diluted, with water, and extracted with 
ether. The ether extract was washed with brine, aqueous sodium



hydroxide, more brine and dried. Concentration of the ethereal 
layer gave a neutral material (l8#16g.) (the lactone (40); for 
properties and reactions see p. 239 ) . Acidification and ex­
traction of the sodium hydroxide extract gave a viscous brown 
oil (7.83s;.) (the acids (29), (35); for properties and reactions 
see p. 226 ). The ratio of neutral sacidic material was 70$?30$.
(b) . Acetic acid/hy^rochloric acid, 8 hours?- experiment (a) 
above was repeated with a reflux time of 8 hours. The total 
yield of product was 32.Ig. (87^) consisting of the lactone 
(40) (4.45g.) and acidic material [(29), 35)] (27.65g.) in a 
ratio of 14$?86$.
(cl Acetic acid/hydrochloric acid/sodium sulphites- a solution 
of the diketone (16) (l0.8g.; 0.05 mole) and sodium sulphite 
heptahydrate (l3g.; o.05 mole) in glacial acetic acid (100 ml.) 
and concentrated hydrochloric acid (25 ml.) was heated under 
reflux for 8 hours. The reaction mixture was worked up as in
(a) and gave both neutral and acidic materials. The neutral 
material was identified (t.l.c.) as a mixture of the lactone 
(40) and the starting diketone (16), the acidic material as 
the acids (29), (35).
(d) Concentrated sulphuric acid?- treatment of the diketone
(l6) (5g.) with concentrated sulphuric acid (50 ml.) at room 
temperature gave only unchanged diketone (16). No acidic 
material was isolated.



(e) Hydrochloric a c i d / d i o x a n a solution of the diketone (16) 
(4g.) in dioxan (40 ml.) and hvdrochloric acid (4 ml., 6N) was 
warmed (steam-bath) for 3 hours. The process afforded only 
unchanged diketone (16).
(f) Perchloric acid/dioxans— a cooled solution of the diketone 
(16) (ig.) in dry dioxan (20 ml.) was added dropwise to a mix­
ture of perchloric acid (6 ml.) and dry dioxan (300 ml.) at
0°. The mixture was allowed to stand at room tenperature for 
48 hours, then divided into two portions.
1. The solution was poured into water and extracted with ether. 
The washed and dried ethereal solution, on concentration, aff 
afforded an oil which solidified on cooling. It was identified 
(i.r., m.p.) as the diketone (16).
2. The solution was warmed (steam-bath) for 2 hours, gradually 
darkening in colour, and was worked up as in 1, to yield an 
orange oil whose i.r. spectrum showed hydroxyl absorptions of 
the acidic type. The oil was therefore dissolved in ether and 
separated into acidic and neutral fractions. The acidic 
fraction was a brown oil, identified (i.r.) as the acids (2Q), 
(35). The neutral fraction was unchanged diketone (16).
(g). Sodium nethoxide/methanol s- a solution of the diketone 
(16))(129 mg.) in methanol (25 ml.) containing sodium methoxide 
(45.2 mg.) was allowed to stand at 20° for 24 hours with 
occasional shaking. The solution was acidified (acetic acid)



uo pH6, diluted with water and excess of lethanol removed under 
reduced pressure. The residue was extracted with ether. The 
ethereal solution was washed with brine, with saturated sodium 
hydrogen carbonate, dried and concentrated to give a solid, 
identified as the diketone (16). Acidification of the basic 
extract afforded no acidic product.

Repetition of the above with an additional reflux time 
of 2 hours afforded unchanged diketone (16) and a minute amount 
of an unidentified acidic material.
(h) Hydrogen chloride (g)/eth a n o l a solution of the di­
ketone (16) (10.8g.) in anhydrous ethanol (50 ml.) was satur­
ated with gaseous hydrogen chloride. The reaction mixture was 
heated under reflux for 2 hours, excess of ethanol removed, 
the residî e poured into water and the whole extracted with 
ether. Separation into acidic and neutral components was 
effected in the usual way. The acidic fraction was a negligible 
amount of a brown oil, identified as the acidic material [(29), 
(35)], previously obtained. The neutral fraction, a yellow 
oil (7g.; 70.3$) was shown by t.l.c. to be a mixture of three 
compounds. Chromatography of the neutral material on alumina 
(grade I; 150g.) gave the following materials
1. a mobile yellow oil, eluted with 5$ ethyl acetate-light 
petroleum. The oil had an ester-like odour a.nd its i.r. 
spectrum showed 3-740 cm”  ̂and V  ̂ 1250-1150 cm~3-.



Hydrolysis of a sample of the material (117 mg.) with methan- 
olic potassium hydroxide gave a viscous yellow oil (63 mg.) 
identical with the acidic material [(29), (35)] previously 
obtained.
2. a, yellowish solid, eluted with 10$ ethyl acetate-light 
petroleum. ^crystallise tion from light petroleum gave an 
impure material, white needles, m.p. 99-104°, V ^ q  1730 and 
1680 cm“3-. The material was identified however (i.r., t.l.c.) 
as the di-addition product [(20) or (21)].
3. a yellow oil, eluted with 20$ ethyl acetate-light petroleum 
whose i.r. spectrum showed it to be a mixture of the di- 
addition product [(20) or (2l) ] and an unidentified hydroxyl- 
containing compound ( 3 5 0 0  cm”3-), which also showed car-
b any 1 av> s orpt i on ( v 'n q 17 6g cm"^) .
(i) Hydrogen chloride (g)/carj>on tetrachloride?- the reaction 
was carried out as in (h), using 2g. of diketone (16) with a 
reflux time of 3 hours. No acidic material was present in the 
product which consisted solely of unchanged diketone (16) .
(,i) Hydrogen chloride (g)/dry £-butanol?- the procedure was 
as in (h) and afforded only ’inchanged diketone (16).
(k) Hydrogen chloride (g)/dioxan ?- the reaction was carried 
out as in (h), using 5g. of diketone (16) and a reflux time 
of 1 hour only. The neutral fraction of the product was un­
changed diketone (16) while the acidic fraction was a minute
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amount of the acidic material [(29), (35)] previously obtained. 
(1) Boron trifluoride etherate/dry benzene :- 
At 20°?- a solution of the diketone (16) (450 mg.) in dry 
benzene (1C ml.) was treated with a solution of boron trifluor­
ide ether?te (2 droos; in dry benzene (10 ml.), keeping the 
temperature below 5°. The solution was allowed to stand at 
20° for 1 hour, then diluted with ether (40 ml.), washed 
rapdily with 5$ sodium acetate solution (l x 10 ml.), brine 
and dried. Gen centra tion of the et ereal solution gave un­
changed diketone (16).

Repetition of the experiment with a reaction time of 24 
hours again gave the diketone (16) only, 
it reflux temperature:- a solution of borcn trifluoride 
stherate (12 ml.) in dr/- benzene (40 ml.) was s^ded over 30 
minutes to a solution of the diketone (16) (20g.) in dry ben­
zene (400 ml.) and the solution heated under reflux for 3 
hours. The dark red solution was cooled, diluted with ether, 
washed with 5$ sodium acetate solution (2 x 25^ ml.), with 
aqueous sodium carbonate, and dried. Acid if ica tion and ex­
traction of the basic solution gave the acidic material 
[(2Q), (35)] previously obtained (5.0Ag.). Concentration of 
the neutral ether extract gave a semi-solid (ll.23g.; 61$) 
shown by t.l.c. to be a mixture of two compounds. Chromato­
graphy on alumina (grade I, neutral; 200 g.) caused severe
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decomposition end. sever?! materials (both neutral and acidic) 
were eluted. These included
1. A colourless oil (3.03g.; 2 7?' of total recovered material), 
eluted with 1-5?= ether-light petroleum. The oil solidified on 
standing, m.p. 10-41°, l'T60 cm“ -̂. On admixture with a 
sample of the diketone (16^ (m.p. 40-42°), the m.p. was de­
pressed. Attempted recrystallisations of the material resulted 
in oils but it was shown by comparison (t.l.c., i.r.) with a 
pure sample obtained later (p.2U5 ) to be the required bicyclic 
ketone (13) •
2. A white crystalline solid (l.p6g.; 16?; of total recovered 
material) eluted with 20-65? ether-light petroleum, recrystall­
ised from light petroleum as white needles, m.p. 110-112°.
The solid was identical (i.r., mixed m.p.) with the di-addition 
product [(20) or (21)].
3. A brown oil (5.5g.; 49.4?" of total recovered material), 
eluted with methanol, identified (i.r., t.l.c.) as the acidic 
material [(29), (35)] previously obtained.

The overall yield of impure bicyclic ketone (13) was

16.5#.

Properties and reactions of the acidic material from acid 
treatment of the diketone (16) [p.22P]»

The acidic material was distilled to a yellow viscous oil.



b.p. 150-154° / 0 .15-0 .2  mm. (Pound: C, 77.7 * H, 7.6 . 14 16 2
requires 0 , 77.8; H, 7.5^). The oil became a glass on cooling 
but did not solidify. Tie i.r. spectrum (carbon tetrachloride) 
showed carboxylic acid absorptions at 3544-3518 cm”1On

(6 46; 26 cm”1) and at 1756 cm”1 (<=194 5 17 cm”1
monomer) and 1707 cm"1 (£ 563; 3-4 cm”1 ; dimer). The u.v.
spectrum showed A  max 25o m|Lt (logO: , 3.99). T.l.c. of the 
acidic material indicated the presence of only one compound.

On esterification with anhydrous methanol and concentrated 
sulphuric acid, the acidic material (4.15g.) gave a neutral 
product (3.41g.; 75#) which distilled to a yellow oil, b.p. 
134°/0.1 mm. (Pound* C, 78.61; H, p.06. ^15^18^2 re9ulres
C, 78.23; H, 7.88#), hjrri 1730 cm"1. T.l.c. showed only

j u one
spot, but g.l.c. (l# polyethyleneglycol adipate, 150°) showed 
two peaks (R.T. = 324, 360 secs, respectively) indicating that 
the material was a mixture of esters. The acidic material was 
therefore presumed to be a mixture of two acids [(29), (35)]. 
Attempted decarboxylation of the acidic material [(29), (35)].
(a). S o d a - l i m e distillation of the acidic material from 
soda-lime at 0.1 mm. gave unchanged starting material accom­
panied by a small amount of a neutral solid identified (i.r.) 
as the lactone (40).
(b). Copper powder/quinolines- the acidic material (2g.) was 
heated under reflux for 12 hours in quinoline (20 ml.)



containing copper powder.
The cooled mixture was filtered and the filtrate diluted 

with ether. Separation of the product into acidic and neutral 
: fractions was effected by extraction. The acidic fraction 
consisted of unchanged starting material (l.6g.). The neutral 
material (44 mg.) was an intractable oil which was not identi­
fied .
(c) hiphenyl ether*- a solution of the acidic material (4g.) 
in diphenyl ether (3o ml.) was heated under reflux for 3 hours, 
with considerable darkening. The solution was diluted with 
ether, washed with aqueous sodium carbonate, with brine and 
dried. The basic extract afforded unchanged starting material 
(2.57g.). The neutral ethereal solution gave a viscous oil

whose i.r. spectrum showed contamination with diphenyl 
ether. Chromatography on silica separated the product from 
the diphenyl ether. The product was shown (t.l.c.) to contain 
at least eleven different compounds. No clear-cut separation 
was achieved and the mixture could not be separated. One of 
the components was tentatively identified (t.l.c.) as the 
lactone (40).
Reduction of the acidic material [(29), (35)]•

The acidic material (310 mg.) in ethyl acetate was hydro­
genated using 5# palladium-charcoal as catalyst. The uptake 
of hydrogen was 36.5 ml. at 18° (Theoretical uptake for 1 molar



equivalent = 32 ml. hydrogen at N.T.P.). Filtration and con­
centration of the filtrate gave a saturated acid (36) (370 
mg.; quant.), recrystallised from light petroleum (b.p.
4u-60°) as white needles, m.p. 57-59° (Found: 0, 76.7 ;
H, 7.8 ; ciah18°2 recT-iires 9, 77.0 ; H, 8.3 /;) . The i.r. 
spectrum showed carbonyl absorption at 17,;G cm"1 and reduced 
intensity of aromatic absorptions. The u.v. spectrum showed 
Xmax 2U2-21+3ny»̂

Decarboxylation of the saturated acid (36)llf̂ •
Decarboxylation of the acid (8g.) from the above re­

action was effected by boiling under reflux for 72 hours in 
quinoline (28g.) containing copper powder (2g.). The mixture 
was filtered, the filtrate dissolved in ether, washed with 
dilute hydrochloric acid, aqueous sodium hydroxide (4N) and 
brine and dried. Concentration of the ethereal solution gave 
an oil which was chromatographed n alumina to yield phenyl- 
cycloheptane (200 mg.; 3$) b.p. 110-112°/l0 mm., identical 
(i.r., n.ra.r., t.l.c.) with an authentic sample prepared by 
standard methods1^1*1-̂  .
attempted cyclisation of the saturated acid (36).

L solution of the acid (36) (200 mg.) in polyphosphoric 
acid (5 ml., commercial grade) was warmed (steam-bath) with 
stirring for 1 hour. The dark brown solution was poured, 
while still hot, onto crushed ice and left to stand overnight.



The mixture was then extracted and the ethereal extract washed 
with aqueous sodium hydrogen carbonate, with brine, and dried. 
Removal of solvent from the neutral ethereal extract gave a 
yellow oil (167 mg.; 91/") with a distinctive odour. The i.r. 
spectrum of the crude material showed sharp carbonyl absorption 
at 1670 cm"1 and an intense peak at 1590 cm”1. The usual bands 
at 690, 750 cm”1 for a monosubstituted benzene were absent and 
aromatic substitution bands appeared at 80O, 775, 750, 730 cm"1. 
The u.v. spectrum showed A.max 250 mq.

L sample of the product readily gave an orange precipitate 
with an acidic solution of 2 s4-dinitrophenylhydrazine. The 
m.p. of the crude material indicated that it was a mixture. 
Chromatography of the derivative on 4 si bentonite-kieselguhr 
gave two fractions s-
1 . A mixture of a yellow and an orange solid which sublimed 
at 210-220°, m.p. 235-255°. This material was discarded.
2. I n  orange solid which sublimed at 220°; m.p. 245°. It was 
further purified by sublimation at l60°/0.2 mm., giving two 
separate sublimates

(a) A solid, m.p. 82°, obtained in an amount which precluded 
any further investigation.

(b) Orange, diamond-shaped plates which sublimed at 253°> 
m.p. 259-2600. Insufficient material was available for 
analysis but mass-spectrometry showed a parent peak at

380 mass units (C 20H20N4°4+  ̂’■



.Attempted permanganate oxidation of the acidic material [(29) ♦ 
I15U.
(a) L solution of the acidic material (l.08g.) in water (25 ml.) 
containing sodium hydroxide (G.5g.) was warmed to 80° and treated, 
dropwise, with a saturated aqueous solution of potassium perman­
ganate until a faint permanent colouration was obtained in the 
supernatant layer. The reaction was worked up in the usual
way but on acidification, no precipitate was obtained. Extrac­
tion of the acidified solution with ether gave a yellow solid, 
recrystallised from light petroleum as white needles, m.p. 
118-122°. The material was identical (i.r., mixed m.p.) with 
a sample of benzoic acid.
(b) To a refluxing solution of the acidic materia.l [(29), (35)] 
(7g.) in acetone (100 ml.) was added, dropwise, a solution of
potassium permanganate (4g.) in acetone (100 ml.). Heating 

was continued for 1 hour. Ilanaanese dioxide was reduced with 
sulphur dioxide, causing precipitation of an oil which was 
extracted into ether and separated into acidic and neutral 
components. The acidic fraction was a brown oil (3.1g.) shown 
(i.r., t.l.c.) to be predominantly unchanged starting material.
The neutral fraction was an orange viscous oil (2.91g.) whose
i.r. spectrum showed only weak hydroxyl absorption and a broad 
unresolved carbonyl band. T.l.c. examination of the material 
showed between eight and ten indistinct spots, several of which



were demonstrated to contain carbonyl functions. The mixture 
was not separated.

Ozonolysis
(r)» Reductive work-up;- a solution of redistilled acidic 
meteriel [(23), (35) ] (2g.) in methylene chloride (50 ml.) was 
cooled to -70°. Ozone was bubbled through the solution at a 
rate of 50 ml./minute, until the typical blue colouration of 
excess ozone appeared (30 minutes). The solution was allowed 
to come to room temperature and powdered zinc (2g.) and glacial 
acetic acid (15 ml.) a^ded with stirring. If ter 1 hour a 
negative starch-iodide test was obtained. The zinc was filtered, 
off, washed with methylene chloride and the combined filtrate 
and washings evaporated to give a yellow oil (l.64g.) contain­
ing some solid. Trituration did not effect any separation of 
solid material nor was the whole induced to solidify. The i.r 
spectrum of the crude material showed acidic hydroxyl absorp­
tion and a broad, partly resolved carbonyl band (Vqq ca . 1740 
1715, 168u cm-1).

The crude material was not purified but was oxidised with 
Jones's re a gent ̂  in the usual way. L s solvent was removed by 
evaporation from an ethereal extract of the product, a white 
solid crystallised out. This was removed by filtration.^ Both 
it and the filtrate were examined separately. The solid melteJ 
over a considerable range of temperature. Insolubility in



most organic solvents prevented purification by recrystallis­
ation while strong adsorption on silica and alumina, prohibited 
chromatographic purification. The crude material gave an or 
orange precipitate with Brady’s reagent102 and its i.r. spec­
trum showed carbonyl absorptions at 1725 (sh), 1715, 1685 and 
1675 cm-1. The filtrate on evaporation gave an oil, t.l.c. 
examination of which showed three strongly adsorbed spots near 
the origin. The i.r. spectrum showed hydroxyl and unresolved 
carbonyl absorptions.
(b). Oxidative work-up:- a solution of the acidic material 
[(29), (35)1 (5g.) in methylene chloride (60 ml.) was cooled 
to -70° and a stream of ozone bubbled through the solution until 
excess was present. The solution was allowed to come to room 
temperature and was added dropwise to a hot (43°) solution of 
3 0 hydrogen peroxide (50 ml.). Addition was completed in
1.5 hours and. during this time the temperature was kept between 
40-60°, cooling if necessary. The mixture was then stirred 
at room temperature overnight, methylene chloride (15 ml.) added 
and the mixture heated under reflux for 1 hour. Methylene 
chloride was distilled off slowly and the residue extracted 
with ether. L sample taken at this point from the ethereal 
extract showed the product to be a mixture of six compounds 
(t.l.c.). The ethereal extract was washed with aqueous 
ferrous sulphate (forming a brown curdy precipitate insoluble



in both layers), sodium hydrogen carbonate, brine and drieC.
The neutral ethereal solution gave a r^d oil (0.6g.) shown 
by t.l.c. to be a mixture of two compounds. The i.r. spectrum 
showed hydroxyl absorption at 7500 cm"1 unlike that of a 
typical carboxylic acid, and carbonyl absorptions at 1865,
1775, 1735 and 1685 cm"1 . The mixture was not separated.

Acidification of both the precipitate and the alkaline 
extract afforded the same product, a yellow semi-solid (4.17g. 
combined), shown (t.l.c.) to be 2 mixture of four compounds.
A partial separation was achieved by solubility differences 
in ether. The ether-soluble portion consisted of a mixture of 
three compounds which were not further separated or identified. 
The ether-insoluble solid was removed by filtration, washed 
with ether and dried, white needles, m.p. 165-170°. Initial 
t.l.c. examination (silica; 15- ethyl acetate light petroleum) 
showed only one spot but further investigation (silica, benzene 
dioxan :acetic acid, 90:25:4 by trolume) showed that three mat­
erials were actually present. Insolubility of the product 
prevented purification by recrystallisation but repeated 
washing with ether gave a white crystalline solid, m.p. 166- 
170°, V~co 1702, 1692 cm”1. The solid gave an orange-yellow 
precipitate with Brady’s reagent102. The derivative was very 

soluble in methanol.
Egterification of the solid (101.2 mg.) in methanol with an



ethereal solution of diazomethane gave a yellow oil (96 mg.;
85$) > ' x f  qq 1730 and 1690 cm"1 . T.l.c. of the ester showed 
three spots, with very similar Rf values. Distillation did 
not effect any separation of the mixture. Thick-plate 
chromatography (silica, 1 mm.; 30/̂  ethyl acetate-light petro­
leum) proved unsuccessful and no pure material was obtained.
An anhydride of the solid (m.p. 166-170°) was formod by warm­
ing the crude solid (64 mg.) with acetyl chloride (5 ml.) for 
3 hours. Excess of acetyl chloride was removed by distillation, 
the residue diluted with water and extracted with ether. The 
washed and dried ethereal solution gave a solid anhydride (32) 
(51 mg.), recrystallised from benzene-light petroleum as white 
needles, m.p. 100-101° (Found: 0, 68.52; H, 5.58. C14H14°4
requires C, 68.28; H, 5*73$). The i.r. spectrum (carbon 
tetrachloride) showed carbonyl absorptions at 1863 and 1794 
cm"1 (anhydride of the succinic type) and at 1692 cm"1 (aryl 
ketone). The n.m.r. spectrum (deuterochloroform) showed the 
following signals:- multiplet at 2.03^(211, aromatic protons 
adjacent to carbonyl), multiplet at 2.4^(3H, aromatic protons) 
multiplet at 6.9^ (5H, protons ad ia cent to carbonyls), unre­
solved band at S*1 ^  (4H, methylene protons).

Attempted bromolactonisation of the acidic material.
(a) The acidic material [(29), (35)] (l.5g.) dissolved in 
the minimum volume of acetic acid was cooled in ice. A



solution of bromine in acetic acid was added dropwise, with 
cooling, until excess of bromine was present. The reaction 
mixture was allowed to stand at room temperature for 1 hour 
then neutralised with aqueous sodium hydroxide (4N). The 
solution was filtered, the filtrate acidified and extracted 
with ether and chloroform. Both organic extracts were washed 
(brine) and dried. The ether extract gave a yellow viscous 
oil, shown (t.l.c.) to be a mixture of at least four compounds. 
The chloroform extract gave a black tarry oil. The material 
from both extracts was not further examined.
(b) Bromine was added dropwise to a solution of the acidic 
material [(29), (35)] in aqueous sodium hydroxide (4N) until 
excess was present. The reaction mixture was extracted with 
ether, the residual aqueous layer acidified and extracted with 
chloroform. Both extracts were washed and dried in the usual 
way. The ether extract gave a yellow oil* T.l.c. showed only 
one spot with an R.̂  value equal to that of the lactone (40) .
The i.r. spectrum, however showed hydroxyl absorption at 3500 
cm"1 and carbonyl absorption at 1780 cm”1 (sh) 1750 cm 1 and 
1730 cm"1 (sh). The oil could not be induced to crystallise.

The chloroform extract yielded a low-melting solid which 
could not be re.crystallised. T.l.c. showed it to be a mixture 
of four compounds. The mixture was not separated.



Attempted iodolactonisation1^  of the acidic material.
A solution of the acidic material [(29), (35)] (9.6g.) 

in aqueous sodium hydrogen carbonate (240 ml., G.5h0 was 
treated with iodine (20.1g.) in a solution of potassium iodide 
(40g.) in water (120 ml.). The reaction mixture was allowed t^ 
stand at room temperature for 43 hours with exclusion of light. 
A thick tarry deposit developed. The mixture wa.s extracted 
with methylene chloride and the organic and aqueous layers 
separated with difficulty. The organic layer was washed with 
aqueous sodium thiosulohite (o.lN), brine and dried. Concen­
tration of the extract gave a dark green oil (9g.) which was 
redissolved in chloroform. The c lorofcrm solution was washed 
with sodium thiosulphite, extracted with aqueous sodium car­
bonate and sodium hydrogen carbonate and dried. Acidification 
and extraction of the basic extracts gave a brown oil (u.9g.) 
which foamed under reduced pressure to give a yellow solid, 
m.p. (crude) 130°. Attempted rocrystallisations of the solid 
resulted in sticky oils. The material gave a positive 
Beilstein test. The neutral chloroform extract gave an iodine- 
containing brown oil (6.1g.) which did not solidify. A sample 
(2g.) was chromatographed on silica (50g.) and considerable 
decomposition occurred, both neutral and acidic materials 
being eluted. A successful separation was not achieved, the 
fractions exhibiting much overlap.



Lactonisation of the acidic material.
(a) Acetic acid/hydrochloric acid:- a solution of the acidic 
material [(29), (35)] in glacial acetic acid (30 ml.) and 
concentrated hydrochloric acid (6 ml.) was heated under reflux 
for 8 hours. The product was separated into acidic and neutral 
fractions. The acidic fraction (l.6g.) was identified (i.r., 
t.l.c.) as unchanged starting material. The neutral fraction 
(l.llg.) consisted of an oil containing some solid. T.l.c.
of t ie crude product showed two main spots, one at the position 
of the known lactone (40) and the other with an R^ value 
corresponding to that of t ue bicyclic ketone (13). The i.r. 
spectrum showed characteristics of both these compounds. On 
redissolving the crude product in ether, there remained a, white 
solid residue which was removed by filtration. Recrystallisation 
from light petroleum gave a white crystalline solid m.p. 117- 
120° whose i.r. spectrum was superposable on that of the lactone 
(40) except for a shoulder on the carbonyl band at 1745 cm**1 
which was not removed by further recrystallisation.
(b) 50$ aqueous sulphuric acid/acetic acid:- a solution of 
the acidic material [(29), (35); lactone-free (t.l.c.)] (2g.) 
in glacial acetic acid (30 ml.) and 50$ aqueous sulphuric acid 
(15 ml.) was heated under reflux for 8 hours. Excess of acetic 
acid was removed under reduced pressure, the residue flooded 
with water and extracted with ether. The ethereal solution was



washed with aqueous sodium carbonate, with brine anr1 dried. 
Acidification of the basic extract followed by et ier extraction 
gave a viscous brown oil, (l.77g.) shown (i.r., t.l.c.) to be 
unchanged starting material. The neutral ether, on evaporation 
gave a yellow solid (192 mg.) which, was recrystallised from 
light petroleum as white needles, m.p. 115-120°, identical (i.r 
mixed m.p.) with tie lactone (40). T.l.c. showed one spot 
with an R^ value equal to that of the lactone (40).

Properties and reactions of the lactone (40) from acid treat­
ment of the diketone (16') [p.221 ]«

The lactone (40) was recrystallised from light petroleum 
(b.p. 80-100°) as white needles, m.p. 121°. Further purifi­
cation was effected by solution in methanol and treatment with 
an aqueous solution of sodium borohydride. The reaction was 
worked up in the usual way and the product chromatographed on 
silica (20*1 by weight). Elution with light petroleum gave a 
small amount of a yellow oil which was discarded, followed by 
the pure lactone (40), m.p. 122° (Found: 0, ‘78.02? H, 7.74. 
c14h16°2 reluires 77.8; H, 7.5/'). The i.r. spectrum (carbon 
tetrachloride) showed V  qq at 1780 cm” -̂ (£, 90; 12.5 cm"̂ -)
and 1150 cm“l. The n.m.r. spectrum (deuterochloro-
form) showed -CO-c-H as a doublet at 5.1*^ (1H, J = 6.9 cps)i
with barely discemable sub-splitting.



Attempted hydrolysis of the lactone (AC).
(a) 10^ aqueous sodium hydroxide?- a solution of the lactone 
(40) (200 mg.) in luf' aqueous sodium hydroxide (2 5 ml.) (con­
taining sufficient ethanol to effect solution) was heated under 
reflux for 3 hours. Extraction of the reaction mixture with 
ether gave unchanged lactone (a o) (16"7 mg.). Acidification 
and extraction of the alkaline solution afforded a yellow
waxy material (20 mg.) which was oxidised with Jones’s reagent^. 
The product, a yellow oil, gave an orange precipitate with

1 r) pBrady’s reagent . lack of material prevented purification 
and identification of the oil whose i.r. spectrum did however 
show hydroxyl and carbonyl absorptions 3400 cm”l; "^CO
ca . 1700 cm”^).
(b) 35/̂  aqueous sodium hydroxide:- the lactcne (40) (l67mg.) 
was dissolved in the minimum vol’mie of ethanol and 3 5 aqueous 
sodium hydroxide added (20 ml.). The mixture was heated under 
reflux for 2 hours and allowed to stand at roan temperature 
for 48 hours. The alkaline solution was extracted with ether, 
occasioning precipitation of a white solid at the interface.
It was removed by filtration. (A). The ethereal solution was 
washed and dried (B). Tie aqueous layer was acidified, giving 
a white precipitate which was extracted into ether and the 
ethereal solution washed and dried (C).

The solid (A) was Vater-soluble; its i.r. spectrum showed



strong hydroxyl absorption (V~0H 3400 cm-1) and two bands at 
1550 and 1420 cm”1 (carboxylate anion). Oxidation of the 
solid with chromium trioxide in pyridine1-̂  gave a white 
crystalline solid identical (i.r.) with the lactone (40).

Extracts B and C both yielded the starting lactone (40).
(c) Sodium hydroxide/methyl iodide:- the lactone (40) (5g.;
0.02 mole) was dissolved in 0.111 sodium hydroxide (200 ml.;
1 molar equivalent) containing methanol (10 ml.). The solution 
was heated under reflux for 28 hours and allowed to stand at 
room temperature for 24 hours. The solution was evaporated to 
dryness under reduced pressure, the residue washed with ether, 
then dried by azeotroping with benzene. The dry, powdered 
residue was suspended in Analar acetone and treated with re­
distilled methyl iodide (30g.). The mixture was heated under 
reflux for 2 hours, and excess of acetone and methyl iodide 
distilled off to leave a yellow solid (m.p. 75-80°; crystals 
appeared at 140°, remelting at 240°). The i.r. spectrum was 
similar to that of the lactone (ao), with addition bands at 
3400 and 1620 cm”1 . T,l.c. (20# ethyl acetate-light petroleum) 
showed only one spot writh an Rf value equal to that of the 
lactone (40). A mixture of the product and the lactone (40) 
also showed only one spot. Recrystallisation of the product 
from light petroleum g£ve a solid, m.p. 120-121°, identical 
with the lactone (40).



Lithium aluminium hydride reduction of the lactone (iO) .
To a stirred suspension of lithium aluminium hydride (300 

mg.) in dry tetrahydrofuran (15 ml.) was added a solution of 
the lactone (40) (2g.) in dry tetrahydrofuran (20 ml.) over 2 
hours. The mixture was heated under reflux for 5 hours. Excess 
of lithium aluminium hydride was destroyed by careful addition 
of saturated ammonium sulphate followed by sufficient dilute 
hydrochloric acid to dissolve the lithium salts. The bulk of 
the solvent was removed under reduced pressure, the residue 
diluted with water and extracted with ethyl acetate. The 
organic layer was washed, dried and concentrated to give a 
yellow sticky oil (2.2g.) which solidified on cooling. T.l.c. 
showed the material to consist of three compounds, one of which 
was the starting lactone (Rf value). Repetition of the reduction 
with a reflux time of 7.5 hours gave a sticky solid identical 
to the first except that it no longer contained any starting 
lactone (40). Recrystallisa.tion of the product (now shown by 
t.l.c. to be a mixture of two compounds) proved exceedingly 
difficult and generally resulted in oils or soft solids. A 
sample o^ impure diol (45) was eventually obtained by successive 
recrystallisations from water as a white solid, m.p. 80-85°
(Found: C, 75.23; H, 8.45. ci4H20°2 quires c > 76.33; H, 9.15#).
The n.m.r. spectrum (deuterochloroform) of the impure sample 
showed a poorly resolved multiplet (lH) centred at 5.98 c



24-3.

(assigned to proton of a secondary alcohol -CHOH) and a doublet
(2H) at 6.54 ^ (J = 5 cps; assigned to methylene protons of a.

/

primary alcohol, -0-CH2~0H) . In dimethylsulphcxide, the 
secondary and primary hydroxyl protons were observed respectively 
a.s a doublet at 5.78 "o (J = 4,8 cps), and a triplet at 5.5 ~

(J = 4.8 cps), each (1H).
Acetylation of the diol (45) with acetic anhydride in pyridine 
gave a yellow oil which did not solidify. The i.r. spectrum 
showed absence of hydroxyl absorption, a broad carbonyl band 
at 1838 cm"-*- (C = 0 of acetate) and strong absorption at 1248 
cm-1 (C - 0 of acetate). Attempted crystallisation and prolonged 
standing gave rise to the presence of a hydroxyl function. T.l.c. 
showed the product to be a mixture.
Benzoyla.tion of the diol (45) in aqueous base, with benzoyl 
chloride gave a yellow oil, shown by t.l.c. to be a mixture 
of three compounds, none of which was identical with the 
starting material. The oil could not be induced to solidify 
and the presence of solvents only appeared to hasten decom­
position. The i.r. spectrum of the crude product showed a 
strong carbonyl band at 1718 cm”1 (C - 0 of benzoate ester), 
bands at 1283 and 1120 cm”1 (C - 0 of benzoate ester) as well 
as a broad, intense hydroxyl band at 3500 cm”1 . On prolonged 
standing of the material, the intensity of the hydroxyl band 
in the i.r. spectrum increased at the expense of the carbonyl 
band •



Attempted oxidation of the diol (45).
(a) The impure diol (45) (500 mg.) in Analar acetone (10 ml.) 
was cooled to 0° and treated with Jones’s reagent^ until colour 
persisted in the supernatant layer. The mixture was warmed to 
coagulate the chromium (ill) salts and worked up in the usual 
way. The product, a yellow oil was a. mixture of four compounds; 
the i.r. spectrum showed hydroxyl absorption and a broad un­
resolved carbonyl band (1760-1680 cm”1).
(b) A solution of the impure diol (45) (500 mg.) in acetone
at 15° was treated with excess of Jones's reagent and worked up 
in the usual way to give a semi-solid. On attempted solution 
of the material in ether, a crystalline residue was obtained. 
This was removed by filtration and recrystallised from ether as 
white needles, m.p. 114°, identical (i.r.; mixed m.p.) with a 
sample of the di-addition product [(20) or (21)], Concentration 
of the filtrate gave a. yellow oil, similar to the mixture ob­
tained in (a). The i.r. spectrum showed hydroxyl absorption 
and a. broad unresolved carbonyl band (ca. 1740-1680 cm”1).
T.l.c. showed three spots. The oil gave a precipitate with 
Brady’s reagent1^ .  On standing, the oil was observed to 
deteriorate (t.l.c. showed ten spots) and was reiected.

2-Phenylbicyclo-[5 °2 si]-oct-2-en-8-one (15)«
The bicyclic ketone (13) was prepared by the method used

for the analogous ketone (14), method (b) [p. 217 ]•



product obtained from cyclisation of the diketone (16) (l2g.) 
was a brown mobile oil (llg.) shown by t.l.c. examination to 
be a. mixture of three compounds. Ohromatography of the mixture 
on silica (230g.) caused decomposition and several materials 
were eluted from the column. These included:-
1. A yellow oil (104 mg.; 1.2? of total recovered material), 

eluted with light petroleum. The oil possessed an ester­
like odour, was t.l.c. pure and showed ^ q q  at 1738 cm"^.

2. A white crystalline solid (5.82g.; 68? of the total) eluted 
with 10-15? ethyl acetate-light petroleum. The required 
hicyclic ketone (13) was recrystallised from benzene-light 
petroleum as needles, m.p. 71-75° and 89-93° (Found: C,
85.06; H, 7.13. requires C, 84.81; H, 7.12?). The
i.r. spectrum (carbon tetrachloride) showed at 1758 cm“^
(£ 548). Three small bands were also present at 3085, 3064 
and 3030 cm”^ (£, 22.6; 28.3; 39.6 respectively). The n.m.r. 
spectrum (deuterochloroform) showeds-
multiplet at 2.6 T  (5H, aromatic protons), triplet at 4.1^

(J = 3*75 cps; 1H, olefinic proton), multiplet centred on 
7.2*^ and multiplet centred on 7.85^ (8H combined).
The ketone (13) gave a yellow 2 :4-dinitrophenylhydrazone, 
m.p. 70-73°.

3. A brown oil (2.54g.; 30?) eluted (from methanol) with 
20? ethyl acetate-light petroleum. T.l.c. showed the oil



to be a mixture of five compounds one of which was identified 
(R^ value) as the diketone (16) .
The overall yield of the required bicyclic ketone (13) was 
52.8?.

Reduction of the bicyclic ketcne (13).
The bicyclic ketone (13) (28., mg.) in ethyl acetate (25 

ml.) was hydrogenated over 5? palladium-charcoal as catalyst.
The uptake of hydrogen was 36 ml. at 18° (l molar equivalent 
of hydrogen = 31.6 ml. at N.T.P.). Filtration and concentration 
of the filtrate gave a colourless oil (2^0 mg.), 1/ qq 1735 cm~^. 
The oil gave a yellow 2 :4-dinitrophenylhydrazone which was 
chromatographed on 4. si bentonite-kieselguhr. Flution with 
chloroform gave the yellow derivative, recrystallised from 
methanol as needles, m.p. 72-75°. 'On admixture with the 2:4- 
dinitrophenylh.ydra.zone of the unsaturated bicyclic ketone (13) 
(m.p* 70-73°), a. depression of m.p. was observed.

.Attempted borohy^ride reduction of t ie bicyclic ketone (13) •
The ketone (13) (345 mg.) in methanol (25 ml.) was treated 

with a solution of sodium borohydride (200 mg.) in water (10 
ml.). The fixture was allowed to stand overnight at room 
temperature, diluted with water and extracted with ether (A).
The residual aqueous layer was acidified and extracted with 
ether (B). Both extracts were washed and dried. Fxtract A



gave a yellow oil (410 mg.) shown by t.l.c. (18? ethyl acetate- 
light petroleum) to be a mixture of two compounds, one of which 
was identified (R^ value) as the diketone (16). The mixture 
was not separated. The i.r. spectrum of the crude material 
consisted of broad absorption bands in both hydroxyl and car­
boxyl regions. Fxtract B gave a yellow oil (20 mg.) whose R^ 
value (18? ethyl acetate-light petroleum) was identical with 
that of the dike tone (16).

Reactions of the bicyclic ketone (13) in acidic, basic and 
neutral media. see Table III.
(a) Sulphuric acid/dioxan.

A solution of the bicyclic ketone (13) (228 mg.) in di- 
oxan (25 ml.) and concentrated sulphuric acid (0.1 ml.) was 
heated under reflux for 2.5 hours. The mixture was poured into 
water and extracted with ether. The et lereal solution was 
washed with brine, aqueous sodium carbonate and brine again 
till the washings were neutral. Removal of solvent from the 
ether extract left a yellow oil (162 mg.) shown by t.l.c. to be 
a mixture of the ketone (13) and the lactone (40). The sodium 
ca.rhona.te extract on acidification and extraction with ether 
gave an oil (50 mg.) identical (i.r., t.l.c.) with the acidic 
material [(29), (35)].
(b) Sodium hydroxide/dioxan.

A solution of the bicyclic ketone (13) (142 mg.) in



dioxan (25 ml.) and aqueous sodium hydroxide (10 ml.; 4N) was 
heated under reflux for 2.5 hours. The reaction mixture was 
washed with ether and the ethereal solution washed (brine) and 
dried. Removal of the solvent left a yellow oil (10 mg.) 
shown by t.l.c. to be a mixture of the bicyclic ketone (13) 
and a small amount of the lactone (40) or the diketone (l6).
The i.r. spectrum of the material, however, showed only the 
single carbonyl peak (1755 cm~l) of the sodium hydroxide sol­
ution gave a yellow oil (50 mg.) whose i.r. spectrum indicated 
that it was the acidic material [(29), (35)]. T.l.c. confirmed 
this .
(c) Water/dioxan .

A solution of the bicyclic ketone (13) (267 mg.) in di­
oxan (25 ml.) and water (5 ml.) was heated under reflux for
2.5 hours. The reaction mixture was diluted with water and 
extracted into ether. It was then worked up as in (a). The 
neutral product (127 mg.) was a mixture of starting ketone 
(16) and the lactone (40^ (i.r., t.l.c.). The acidic fraction 
was a yellow oil (75.4 mg.), identical (i.r., t.l.c.) with the 
acidic material [(29), (35)].
(̂ ) Acetic acid/hydrochloric acid.

A solution of the ketone (13) (69.5 mg.) in glacial 
acetic acid (lu ml.) and concentrated hydrochloric acid (0.1 
ml.) was heated under reflux for 2.5 hours. The reaction was



worked up in the usual way. The neutral material obta.ined was 
a semi-solid (20 mg.) whose i.r. spectrum showed unresolved 
carbonyl absorption ca . 1745 cm“  ̂but no lactone carbonyl absorp­
tion. The acidic product was a vellow oil (20 mg.) identical 
with the acidic material [(29), (35)].
(e) Y/ater.

The bicyclic ketone (13) (81.8 mg.) was suspended in water 
and the two-phase svstem heated under reflux for 3.3 hours.
The reaction mixture was extracted with ether and the product 
separated into neutral and acidic fractions. The weak i.r. 
spectrum of the neutral fraction (4 mg.) corresponded to that 
of the starting ketone (13) • The acidic fraction of the pro­
duct, a yellow oil (5u mg.) gave a poorly resolved i.r. spec­
trum, similar to that of the acidic material [(29), (35)].

Preparation of indeno (2t,3f?3,2) bicyclo- [3 si ]-oct-2-en-8- 
one (58) and related compounds.
Phenylsuccinic anhydride.

This anhydride was prepared by warming phenylsuccinic acid 
in acetic anhydride for 2 hours. Excess of acetic anhydride 
was removed under reduced pressure and the residue dissolved in 
ether. The ethereal solution was washed rapidly with aqueous 
sodium hydrogen carbonate, with brine and dried. Evaporation 
of the ethereal solution gave a 70? yield of the anhydride,



long white needles, m.p. 54° (from ether), i.e. d, 1 and 
racemic forms were present.
l-keto-3-carboxyindane (50) and q-hydrindone (5l)~^.

Sherif’s method ̂-36 f0r the preparation of the acid (50) 
was followed. Treatment of phenylsuccinic anhydride with 
aluminium chloride in jD-dichlorobenzene gave the required keto- 
acid (50) as its monohy^rate, m.p. 85°. Frying over phosphorus 
pentoxide gave the acid (50) itself, m.p. 116-118°.

The crude keto-acid (51) (4g.) was heated under reflux 
for 1 hour with redistilled quinoline (30 ml.) and copper bronze 
(lg.). The cooled, filtered mixture was extracted with benzene 
and the organic extract we.shed with dilute hydrochloric acid 
and brine, dried and concentrated to give a brown oil (l.5g.; 
50?). The oil was shown (t.l.c.) to be a mixture of four com­
pounds. It was therefore dissolved in chloroform, washed with 
aqueous sodium carbonate and brine and dried to give a brown 
oil (0.4g.) which solidified on cooling* T.l.c. examination of 
the oil showed it to be a mixture of two compounds, ftecrystall- 
isation from light petroleum (5X) gave a very small amount of a 
yellow crystalline solid, m.p. 35-40°. This was shown by com­
parison (i.r., t.l.c.,) of a later sample to be impure a- 
hydrindone (5l). 
oc-Hyctrind one (51).

0-Phenylpropionic acid (49) (50g.) and commercial grade



poly.phosphoric acid (5G0g.) were heated together (steam-bath), 
with stirring, for 1 hour. The hot reaction mixture was poured 
onto crushed ice (l Kg.) and extracted with ether and with 
ethyl acetate. The combined extracts were washed with brine, 
with aqueous sodium hydrogen carbonate, with brine again and 
dried. Acidification and extraction of the sodium hydrogen car 
bonate extract gave unchanged starting material (43) (0.74g.).
Concentration of the organic extracts gave a yellow oil (43g.) 
which sodidified on cooling. The crude material was exhaustive 
ly steam-distilled. The distillate, on cooling, deposited ot- 
hydrindone (5l) as white glistening plates m.p. 42°. The yield 
of product, collected by filtration, was 32.4g. (73?). The 
residue from steam-distillation contained a water-insoluble 
solid (9.2g.) which was recrystallised from ethyl acetate as 
bright yellow needles, m.p. 144-146°. (Found: C, 97.70; H, 
5.78. cibH14° requires 0, 87.78; H, 5.73?). Hass-spectrometry 
showed a parent ion at 246 mass units (C^gH^O*) . i.r*
spectrum showed carbonyl absorption at 1670 cm”-*-, double bond 
absorption at 1610 cm~l and ortho substitution of an..aromatic 
ring (750 cm”^). The solid (postulated as 2-(hydrindylidene- 
l)-a-hyd rind one (52)] turned brown on standing. It gave an 
unstable 2 :4-dinitrophenylhydrazone.

The Hannich base of a-hydrindone.
A solution of a-hydrindone (51) (24g.; 0.16 mole),



paraformaldehyde (ll.ig.; 0.23 mole) and dimethylamine hydro­
chloride (l6.2g.; 0.73 mole) in absolute ethanol (100 ml.) 
and concentrated hydrochloric acid (3 ml.) was heated under 
reflux for 2 hours. The mixture was cooled slightly, poured 
into acetone and allowed to stand overnight in the cold. The 
wiite crystalline precipitate (30.5g.) wa.s filtered off and the 
mother liquors concentrated to give a further crop of 3*5g. 
(yield 86?) . The blannich base hydrochloride was recrystallised 
from absolute ethanol-acetone mixtures (1:4 by volume) as white 
needles, m.p. 148-150°. (Found: 0, 63.63; H, 7.36; N. 6.07. 
Ci2Hi6N°C1 requires C, 63.84; H, 7.12; N, 6.21?). The solid 
was hygroscopic and wa.s stored in a vacuum desiccator over 
silica gel.

Liberation of the free Hannich base from its hydrochloride, 
in the usual way with aqueous sodium hydroxide gave the free 
base in an impure state in. 10? yield. A more satisfactory 
method consisted of treating an aqueous solution of the Kannich 
base hydrochloride with 1 molar equivalent of 5? ammonium 
hydroxide. The resultant precipitate was extracted into ether? 
washed with brine and dried. Concentration of the ethereal 
solution gave the free base in 35? yield.

0-(2-oxocyclopentylmethyl)-a-hydrindone (54)»
The crude Hannich base (18.9g.; 0.1 mole) prepared as 

above, and redistilled cyclopentanone (25.2g.; 0.3 mole) were
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heated together at reflux temperature for 40 minutes. The 
reaction was worked up in the usua.l way. Distillation of the 
product gave three fractions
1. a yellow oil (4.1g.), b.p. 146-148°/J .07 mm., which par­
tially solidified on cooling. T.l.c. showed two spots.
2. a yellow oil (5.4g.), b.p. 164-176°/o.07 mm., which solidi­
fied on cooling. T.l.c. showed two spots.
3. s yellow oil ( 9 - 5g.), b.p. 176°/(j .07 mm., wh ich solidified 
on cooling. T.l.c. showed two almost coincident spots.

Recrystallisation of fractions 1 and 2 gave solids of
indefinite m.p. but repeated recrystallisation of fraction 3
from light petroleum gave the required diketone (54) (t.l.c.
pure) as a white solid, m.p. 60-64°. (Found: C, 78.72; H,
6.97. C II 0 requires 0, 78.92; H, 7.06?); the i.r. spectrum 

15 16 2
showed a poorly resolved carbonyl band ca. 1740-1680 cm •

Reaction of the diketone (54) with acetic acid/hydrochloric acid.
The reaction was carried out as previously, a solution 

of the diketone (54) (3g*) in glacial acetic acid (25 ml.) and 
concentrated hydrochloric acid (6 ml.) being heated under reflux 
for 8 hours. The reaction was Worked up in the usual way. The 
neutral fraction of the product was a yellow oil (0.6g.).
T.l.c. showed three overlapping spots, one of which correspon­
ded (Rf value) to the starting diketone (54). The mixture was 
not separated.



The acidic fraction of the product was a white solid 
(2 .1g.; 70°/c) . Recrystallisation of the solid several times 
from chloroform-light petroleum mixtures, and finally from 
light petroleum (b.p. 8O-I0O0) gave a white crystalline solid, 
observed to melt at 158-160° then remelt at 168-169°. T.l.c. 
showed the solid to be only one compound, the acid (55).
(Found: 0, 78.86; H, 7.13. ^15^1502 requires C, 78.92; H,
7.04?), ca. 1700 cm"T, The n.m.r. spectrum (deutero-
chloroform) showed complete absence of olefinic protons. The 
methylene protons of the indene ring were observed as a singlet 
at 6.65 <-(2H). N o other individual signals were distinguish­
able in the broad bands centred at 7.27 L and 8.077.

The acid (55) (500 mg.) was heated under reflux for 24 
hours in glacial acetic acid (10 ml.) and concentrated hydro­
chloric acid (l ml.). The reaction was worked up in the usual 
way. The acidic fraction of the product was unchanged starting 
material (489 mg.). The neutral fraction was an oil (0.6 mg.; 
0.0001?). T.l.c. showed one faint spot whose Rf value diff­
ered from that of the diketone (54).

Indeno(2 *,3*:3,2)bicyclo-[3:2:1 ]-oct-2-en-8-one (58).
Treatment of the diketcne (54) (3g.) with ]D-toluene- 

sulphonic acid in dry benzene as for the other bicyclic 
ketones gave an orange oily solid (2g. 5 72.4?) shown by t.l.c.
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to be one compound, trituration with ether gave a white solid 
which was filtered of_p, washed with ether and recrystallised 
from light petroleum. This gave the required bicyclic ketone 
(58) as fire white needles, m.p. 157° (found: C, 85.65; H, 6.92. 
^15^1^3 requires 0, R5 .6 9; H, 6 .71^), nujol 174-5 cm-1.
The n.m.r. spectrum (deuterochloro^orm) showed complete absence 
of olefinic protons.
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