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Summary

This thesis is presented in four distinct chapters,
necessary because of the apparent independence of the subjects
studied.

The initial object was an investigation of the interaction
of a series of biphenyl-2-oxyalkanoyl chlorides with aluminium
chloride in benzene as solvent, Ring closure can occur at two
distinct sites leading, in general, to the formation of five~ or
seven~ membered~ ring cyclic ketones and an attempt has been
made to assesc the steric and electronic factors affecting these
cyclisations.

In some of these reactions decarbonylation of the acid
chloride was found to occur and some alkylated products were
isolated. Such reactions had previously been shown to involve
an aryl benzyl ether as intermediate and the interactions of
several biphenyl benzyl ethers with aluminium chloride in benzene
were studied, These, generally, led tc the same alkylated
products formed in similar proportions to those in the cyclisations.

In the course of the initial study the cyclic ketone,
dibenz[b, d]Joxepin-7(6H)-one, was prepared by cyclisation of
biphenyl-2~oxyacetyl chloride.  From this several other
derivatives, including the previously unknown parent compound,
of the dibenz[b, dloxepin ring system were prepared. Some reactions

of dibenz[b, dJoxepin were investigated.



The study of cyclisation reactions was extended initially to

ring closure of N-phenylpyrrole~-propionic acids and subsequently
to some other heterocyclic alkanoic acids, using polyphosphoric
acid as condensing agent. In the course of this work, a
rearrangement, leading to inversion of the cyclic ketone ring was
discovered, which is thought to involve a four-membered=-ring
spirocyclic intermediate, Some S,C,F. molecular orbital
calculations using the CNDC approximation and the computer
program CNINDO were performed on the starting materials,

products and proposed interinediates involved in these reactions.
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Chapter One

Cyvclisations of Aryl- and Heterocyclic

Alkanoic Acids




Section One

Introduction




1:1 Cyclisation of Arvlalkanoic Acids.

The ring closure of arylalkanoic acids and their derivatives
is a well-established method for the preparation of hydroaromatic
cyclic ketonesl' 2'. The reactions are acid-catalysed and both
Lewis and BrBnsted-Lowry acids will effect cyclisation, Typical
conditions involve heating the free acid with a suitable condensing
agent such as sulphuric acid, hydrogen fluoride, polyphosphoric
acid or stannic chloride, or the acid may be converted into its
chloride and then treated with a typical Friedel-Crafts reagent
such as aluminium chloride or stannic chloride.

Typical examples are the cyclisations of 3-phenylpropionic
acid (1, n = 1) to give l-indanone (2, n = 1) and of 4~-phenylbutyric

acid (1, n = 2) to give l-tetralone (2, n = 2).

C’H’c‘( CHp )ncGIQH
(cH,

)
1) (2)

It has been found that the size of the ring to be formed has
a great effect on the reaction., Three- and four-membered rings
are not favoured as shown by the failure of benzoyl chloride and
phenylacetyl chloride to cyclise in the presence of Friedel-Crafts

3
reagents ,



A six-membered ring is formed more readily and in better
vield than a five- or a seven-membered ring. Whenever there is
a choice between the formation of a five- and a six-membered ring
the latter is generally favoured, This is demonstrated in the
cyclisation of the diacid (3) to give the tetralone derivative (4)

as the sole product4.

COQH'
JE ;
Q/ o |

(3) (4)

That a six-membered ring is formed more readily than
a seven-membered ring is shown in the cyclisation of 3~benzyl
adipic acid (5) which gives only the tetralone derivative (6) and

none of the benzosuberone (’?)5.

o

ol Gy
\J\)OQE ﬁOZE
(5) (6)
e
i




Similarly the preference for five-membered ring formation
over seven~-membered is demonstrated in the cyclisation of 2~
benzylglutaric acid (8) which gives exclusively the indanone

derivative (9) rather than the 7-membered ring.

50
i ; (CH2)2Q02H

OH, ),00,H

(e) 9)

Diacid cyclisations of this type do not imply that certain
ring systems are inherently more stable than others but are
illustrative only of rates of reaction, assuming, of course that
both acyl groups are equally reactive i.e. that the reactive
intermediate is the di~acylium ion, or that the rate of inter-
conversion of the mono-ions is faster than cyclisation,

Other factors than ring size may also influence the course
of ring-closure. The nature of the products can depend on steric
and electronic influences in the molecule and also on reaction
conditions,

Cyclisation of a series of B~(l-naphthyl)propionic acids
(10, a = d) gave the six-membered ring cyclic ketones (11) formed

by attack at the 8-position. In the case of (10, a, R = H) a trace



(0,H
2)R=H
NG N (b) R = Me
I (c)R=Et
N 2 ()R =1i- Pr
(e) R =t~ Bu
(10)
0 0
R oy
it o
|
X s
(11) (12) (13)

of the isomeric benzindanone (13, R = H) was also formedT'

Under vigorous reaction conditions some déhydrogenation of (11)
took place giving the phenalenones (12). With the 7-tert-butyl
substi tuted acid (10 e), however, the benzindanone (13, R =t - Bu)
wasg the sole product, showing the dominant steric effect in this
case ,

In contrast to these results, both l-naphthyloxyacetyl
chlo:r:ide9 and B-(l-naphthyl)ethanesulphonyl chloridelo
cyclise exclusively to the five-membered ring products ( 103
and benz:(e)=2, 3-diLydro~thianaphthene-1-dioxide.

As can be seen in cyclisations where alternative sites
for ring-closure are available, ring-size of the product is only

one factor to be considered along with steric and electronic



effects in the molecule.

1:2 Cyclisation of Heterocyclic Alkanoic Acids.

Alkanoic acid derivatives of 5=-membered ring heterocycles
and their benzologues undergo cyclisation reactions analogous tb
those in the carbocyclic series, These "n-excessive"heterocycles
are very susceptible to electrophilic attack and cyclisation occurs
readily under mild conditions although this ia often accompanied
by some decomposition (generally by polymerisation of the
protonated rings) which lowers the yields,

Most of the examples reported in the literature involve
cyclisations of alkanoic add derivatives of thiophene,
benzothi ophene and indole. These reactions may be regarded
as typical examples.

Thiophene-2-alkanoic acids (16) or acid chlorides cyclise

readi ly with the exception of the propionic acid (16, n = 1) which

cyclises only with difficulty and in low yieldn, to give the cyclic
12, 13

ketones formed by attack at the 3~ position (17)

(16) (17)



Typically the conditions used involve heating the free acid
with polyphosphoric acid or treating the acid chloride with stannic
chloride in carbon disulphide.

The isomeric thiophene~3-alkanoic acids (18) also

cyclise readily, and in the case of propionic acid (18, n = 1)

more readily than the Z-isomeru to give the cyclic ketones

14,15

formed by attack at the 2~position (19)

CH, (CH, ), 00,8

(18) (19)

Although the 4-position is also free, the 2- is very much
more reactive towards electrophilic atiack and ring-closure occurs
exclusively there,

With the 2-position blocked as in 2, 5-dimethylthiophen~3-

15
propionic acid (20, X =S, n=1) ~ and 2, 5-dimethylpyrrole-3~

R (17
propionic (20, X = NH, n = 1)16 - and 3-butyric acids
(cH,)
(0]
CHo( CH,, )ncozn'
cH CH Fi
3 3 g 3 CHB

(20) (21)



(20, X =NH, n= 2)17 cyclisation readily occurs giving the
3,4-cyclic ketone (21).

In the pyrrole series, I only one example of a cyclisation
of a 2-propionic acid is recorded, that of 1, 5-dimethyl-4-

ethoxycarbonylpyrrole-2-propionyl chloride (22) to give the ketone(23)18.
0

'E‘]t02f'}

@H3 CH,CH,COCT CH- ¢

2

(22) (23)
Pyrrole-l-propionic acid decomposes under cyclising
conditions when treated with polyphosphoric acid but the nitrile
(24, R = H) undergoes the Houben reaction forming the cyclic
ketone in the 2~-position (26, R = H) and the f-methyl acid (25)

cyclises with polyphosphoric acidlg'

HCL. ete,

(24) (26) (25)
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There are no recorded examples of ring-closure of furan
alkanoic acids on the furan ring although this is known in the
benzofuran series as exemplified in the stannic chloride~
cztalysed cyclisation of the acid chloride of benzo [b] furan=-2-

butyric acid (27) to the cyclic ketone (28)20.

J0J X

(27) (28)
An interesting and most unusual example of a
cyclisation forming a four-membered ring has been reported in
the reaction of 3-arylbenzo[blfuran-2-acetic acids (29) with

phosphoric anhydride in benzene. In an earlier rept:v:t:’t21 the

(29) (30) - (31)



1

products of these cyclisations are claimed to be
5-hydroxybenzo[b]naphthofl, 2-d] furans (30) but;‘“rhore recent workzzit
has been shown that the products are, in fact, the isomeric
cyclobutenones (31).  This structure has been assigned on

the basis of the I.R. (;C = 1750 - 1765 cm-l) and N.M.R,

=0
(T 2.4, multiplet, 9H, aromatic protons; T 5. 66, singlet 1 H)
spectra with an absorption at 248 n.m. (1038 , 4.43) in the ultra-
violet lending further support. These cyclobutenones undergo
base-catalysed rearrangement to the naphthols (30) when treated
with lithium aluminium hydride or Grignard reagents,

Very recently, a similar cyclisation to a four-membered,
cyclobutenone ring has been observed in the reaction of
1, 3-diphenylindole-2~acetyl chloride (32) with aluminium

chloride in benzene forming (33)23. The spectral

characteristics of this product are very similar to those of (31).

y___..
g——d

(32) (33)
In both benzofurans and indoles the 3-position is highly

activated to electrophilic attack and normally, when this position
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is free, substitution occure there. In the cases of (29) and
(32), although these positions are, in fact, already substituted,

they still prove to be the most favourable for cyclisation,

1: 3 Rearrangement during Cyclisation.

In an investigation of the thiocyanation of pyrrole (34),
using either methanolic thiocyanogen at low temperature (-750)
or cupric thiocyanate at Oo. Matteson and Snyder24 obtained a
monothiocyanatopyrrole which they converted to the thioacetic
acid and cyclised giving a cyclic ketone which was positively
identified as (37) by desulphurisation with Raney nickel which gave
the known 2~-acetylpyrrole (38) and by conversion to

thieno[3, 2-b]pyrrole (39) which was also synthesised from thiophene

SoN
:;j \N: :N:
H H H

(34) (35) (36)

U ULo-0

(38) (37) (39)

SCH,COH
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derivatives, From this they concluded that the product must
have arisen frora cyclisation of pyrrole-3-thioacetic acid (36).
Hence the mono-thiocyanato pyrrole must be the 3- isomer (35).
This meant that thiocyanation of pyrrole, an electrophilic
substitution, had occurred, umusually, in the 3-position, whereas
the 2-position is normally attacked in such reactions.

The reaction was re-investigated by Gronowitz and co=~
WOI‘kBrBZS who, using 'H N.M.R. spectroscopy, identified both
the thiocyanatopyrrole and the thioacetic acid (40) as the much
more probable 2~ isomers, The original structure proposed
for the cyclic ketone was correct so a rearrangement must have
occurred during the cyclisation, They proposed the following

mechanism for this rearrangement where the acylium ion (41)

: +
SOH,R0 1 S 60
N .
E i
(40) (41)

o

(42) (37)
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attacke the already-substituted but more reactive 2-position
giving the spirocyclic intermediate (42) which rearranges :
and loses a proton forming (37).

Subsequently Gronowitz and Mose526 discovered a similar
rearrangement in the reaction of 2-thienylthioacetic acid (43)
which cyclises to give 2H-thieno[3, 2-b]thiophen=3-one (45),

identical to the product obtained from cylisation of

3-thienylthicacetic acid (44). Around 10% of a second component

S

CHo GO H
S L 5

(43) (45) (44)
was also formed in the cyclisation of (43). This was never fully
identified but is probably the unrearranged cyclic ketone. A
similar mechanism also involving a spirocyclic intermediate (46)

is proposed for this reaction.

(43) (45)

(46)

Rearrangements of this type are probably connected with the

considerably greater reactivity of the 2-position over the 3-position

L DAY, SR i, ML L ¢ IS I R IO T e
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Section Two

Results and Discussion.
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Al:4 The Cyclisations of 2-Biphenylalkanoic Acids.

The ready cyclisation of biphenyl~2-carbonyl chloride (47)
to forrn fluorenone (48) is well-known. The reaction can occur

in the absence of any catalyst and, indeed, it is almost impossible

(47) (48)
to prepare the acid chloride uncontaminated by fluorenone. In
this case cyclisation to the 2'-position of the second ring forms a
five-membered-ring cyclic ketone and cyclisation to the 3-position
of the same ring is excluded since a three-membered ring would
have to be formed.

Biphenyl-2-acetic acid (49) also readily cyclises to the
2-position of the second ring even under the mild conditions of
warming with acetic anhydride, acetic acid and zinc chloride,
when the product is 9~acetoxyphenanthrene (50), the enol
acetate of phenanthrene27. In this case cyclisation on to the
same ring would necessitate the formation of 2 four-membered -

ring cyclic ketone and is therefore highly improbable.
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0
JH C'OZII

ol

e e

(49) (50)
The case of 3-(2-biphenyl)propionic acid (51) is the
first where cyclisation at both the 3- and 2'-positions is possible,
the former leading to 4-phenylindanone (52) and the latter to

dibenzocycloheptadienone (53). In an early report of the

Ph G‘Hzf'}HzCO ZH
e _~</\>//\gg>

(52) (51) (53)
S :
cyclisation it was claimed that (52) was the sole product of
cyclisation. However, the evidence presented is not very
convincing. A subsequent investigation by Cook and his co=~
Z
workers 7 of the cyclisation of the acid chloride using aluminium
chloride in carbon disulphide showed that while (52) was the major
product, a small amount of (53) was alsc formed. They did not

succeed in isclating any of this ketone but did obtain a little of the
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phenylhydrazone. They also identified phenanthraquinone (54) and
diphenic acid (55) amongst the products of oxidation of the crude
cyclisationmixture. These must have come from oxidation of (53).

0 Q

(55) (54)

Theycould not accurately estimate the amount of (53) present
but estimated it to be less than 10%. A similar result was obtained
from cyclisation of the free acid with hydrogen fluoride as catalyst.

In this investigation the cyclisation of the acid chloride of
(51) using aluminium chloride as catalyst was studied in both
benzene and syme=tetrachloroethane as solvents. A similar result
was obtained in each case, From the 'H n.m.r. spectrum of the
crude cyclisation products it was possible to confirm that both (52)
and (53) were present and also to estimate fairly accurately the
relative amounts of each {rom the integration of the methylene region
of the spectrum, The methylene groups of 4-phenylindanone (52)
gave rise to two quite-well-resolved triplets (J = 7 Hz) centred
on 6,82 T and 7.36 T respectively while those of

dibenzocycloheptadienone were degenerate and gave a singlet at
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7.03 T. The estimated amounts of (52)and (53) present were 80%
and 20% respectively.

Again it proved impossible to obtain a pure sample of
(53) even using chromat ographic techniques. 4-Phenylindanone
(52) was obtained pure and characterised.

A compound which is structurally closely related to
biphenyl-2-propionic acid (51) is 3=-(4-fluorenyl)propionic acid (55).
In this case the geometry of the molecule is much more rigid and

the aromatic rings are held coplanar. Again there is the

CH 2"}}{ 2"10 2H

(56)

(58) = (59)

possibility of five- or seven-membered ring formation, When
the acid chloride of (56) was treated with aluminium chloride in
benzene, one product was formed. This was identified as the

seven-membered ring ketone, 9, 10-dihydrocyclohepa[def]fluoren-8
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(4H)one, (58) on the basis of the I.R. (;C=O = 1675 o™ and 'H n,m.,r.
spectra (2.10 T, quartet, H-7). The n.m.r., spectrum also showed
the two methylene groups as a singlet (6.94 T) which was also found
in (53). None of the isomeric five-membered ring ketone (57)
was detected,

Shortly after this reaction had been studied a report was
published reporting the cyclisation of fluorene-4-propionic acid
(56) using polyphosphoric acid to effect ring clonure3o. When the
reaction was carried out at 180° two products were formed which
were identified as 9,10-dihydrocyclohepta[def]fluoren=~8(4H)one (58),
the same cyclic ketone as is formed in the aluminium chloride
catalysed reaction on the acid chloride, and the unsaturated
derivative (59). At higher temperatures (2000) they found that
(59) was formed almost exclusively while at lower temperatures
(1200) the dihydro-compound predominated.

This observation finds a parallel in the cyclisations of
B-(l-naphthyl)propionic acid (10a.)8 and its acid chln:n'i.de31 when
dehydrogenation of the initially formed perinaphthenone (lla)
to phenalenone (12a) under vigorous reaction conditions occurs.

The reason for such a difference in behaviour during
cyclisation of the biphenyl and fluarene propionic acids is difficult
to see. The electronic effects in the two molecules are not

significantly different at the cyclisation sites and so the explanation
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probably lies in a steric effect. It is possible that the 5-position
of the fluorene nucleus is held just at the correct distance for
attack by a propionyl side-chain while the 2'-position in biphenyl
is less favourably placed.

The Dreiding model of the fluorene-4~propionyl acylium
ion shows that the 5-position of the fluorene nucleus is just at the
correct distance for attack by the --('-350 group which can easily
approach above this site while cyclisation to the five-membered~
ring ketone would involve much more strain in the transition state.
The model of the biphenyl-2-propionyl acylium ion shows that
attack at the 2'-position of the second ring is possible. However
this ring is able to rotate freely and attack there introduces an
unfavourable entropy factor compared to five-membered-ring
formation.

B Cyclisations of Heterocylic Alkanoic Acids.

1:5 Propionic Acids,

The study of cyclisations of propionic acids where there
is a possibility of cyclisation to a five- or a seven-membered ring
product was extended to the heterocyclic series.

These reactions were all carried out by stirring a mixture
of the free acid (one part) and polyphosphoric acid (one hundred
parts by weight) at 100°, The usual time for the reaction was
three hours unless the acid was suspected to be unstable, or the

reaction mixture darkened noticeably, when a shorter time was allowed.
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The first cyclisation studied was that of 1-phenylpyrrole~

2-propionic acid (60). In this case, a five-membered ring would

Ce)

result from attack at the 3~poeition and 2 seven-membered ring from
attack at the 2'-position of the phenyl ring. Although the 3~pogition
is quite strongly activated towards electrophilic substitution the
product of cyclisation there will have two fused five~-membered

rings and will be quite strained. So the possibility of cyclisation
at the less activated 2'-position cannot be excluded since this

would lead to a strain-free product.

Unexpectedly, the thin-layer chromatogram of the crude
product after hydrolysis showed the presence of three components,
all with similar RF values. The 'H n.m,r. spectrum of the crude
product also suggested three components. The separation of these
components proved to be difficult, Chromatography on silica~gel
did not give any separation. However on alumina it proved
possible to separate the two major components in a pure state

although the third was not recovered. The first fraction eluted
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gave a crystalline white solidwhich was shown to be
5, 6-dihydro~1-phenyl-4H-cyclopenta[b]pyrrol~6-one (61) on the
basis of its 'H n.m. r. spectrum which ghowed absorptions at

7.12 T (singlet, 4H, 4-CH2 and 5—-CHZ), 3.74 T (doublet, J = 2.7 Haz,

Eg-——z

(1) (62)

1H, H-3), 2.28 - 2,77 T (multiplet, $H, l-phenyl plus H-2). The
second component igolated was identified as
- 5, 6-dihydro-1-phenyl-4H=cyclopenta[b]pyrrol-4-one (62). Its 'H
n.m, r. spectrum showed absorptions at 7. 02 T (singlet, 4H,
5-CH, and 6-CHZ), 3.53 T(doublet, J = 3,2 Hz, 1H, H-3), 2.90 7T
(doublet, J = 3.2 Hz, 1H, H-2) and 2,58 T (singlet, 5H, l-phenyl).

When the cyclisation was repeated on a larger scale,
the third component was isolated after very lengthy chromatography
on alumina. The 60 MHz n.m.r. spectrum showed that this also
was a cyclic ketone with singlet peaks at 7. C7 T and 2.57 T for the
methylenes and phenyl grcups respectively, In addition there was
a poorly-resolved rnultiplet at 3,11 T which integrated for one

proton, The spectrum at 100 MHz was more informative.

Expansion of the peak at 7, O7 T showed it to be 2 quartet and
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irradiation of this caused the multiplet at 3,11 T to collapse to a

clean doublet (J = O.4 Hz). Also revealed was a doublet

(T = 0.4 Hz) at the upfield edge of the phenyl resonanceat 2.64.T. On this
basig, the structure of this product was assigned as

5, 6=dihydro-2-phenyl-4H-cyclopenta[c]pyrrol-4~one (63) with the

resonances being designated 3.11 T as H-1and 2.64 T as H-3.

An interesting variation in the ratios of the three products
was observed in the two reactions which were performed at theh
same temperature for a similar time and with a similar ratio of
polyphosphoric acid to starting material. In the first experiment
the yields of (61), (62) and (63) as estimated from the integrated
n.m.r. spectrum of the reaction product were 45%, 35% and 20%
while in the second experiment they were 50%, 25% and 25%
respecti vely. In the second case there is a higher proportion of
"abnormal® products compared with the unrearranged cyclic ketone
(62). It was also showntiat when (62) is heated with polyphosphoric

acid at 100° (the temperature of the cyclisation reaction) for 5.5
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hours (twice the time of the cyclisation) it does not rearrange and

is recovered unchanged. Thus the rearrangement must take place
at some intermediate stage in the reaction and not by rearrangement
of the expected product (62). The differences in product ratios
must presumably be due to slightly different acidities of the
polyphosphoric acid used as catalyst.

Several other cyclisations gave similar rearrangement
reactions., From the cyclisation of 5~-methyl-l-phenylpyrrole-2~

propionic acid (64) only one product was formed, in excellent yield.

oH I l (01001

(64) (65)
This was shown to be 5, 6-dihydro=-2-methyl-1-phenyl-4H~cyclopenta
[blpyrrol-6-0one (65). In this case there had been total
rearrangeranent,
The l-phenyl group did not appear to play an important part
in the reaction and so the cyclisations of 1-methylpyrrole~Z2-propionic
acid (66, R=H) and 1, 5-dimethylpyrrole~2-propionic acid (66, R= CH3)

were examined,
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(66) (67) (68)

In the former case, both the rearranged cyclic ketone
(67, R=H) and the "normal" product (68) were formed. Again the
ratios of these products differed in two cyclisations apparently
under the same conditions. This is also, presumably, an effect
of different acidities of polyphosphoric acid used. The first
reaction gave (67, R=H) as 78% and (68) as 22% of the product
and in the second the isomers were formed in egual amounts,
There was no sign of any product of the type (63) which must have
been formed by a double rearrangement.

In similar fashion to (64), cyclisation of 1, 5-dimethylpyrrole-
2-propionic acid (66, R=CH3) gave only the rearranged ketone,
5, 6~dihydro-1, 2-dimethyl-4H-cyclopenta[b]pyrrol-6-one (67, R=CH3).

Thus in both the l-iahenyl and the l-methyl series the
acid without a 5~ methyl substituent has given both rearrangement
and normal cyclisation products and the acid with a 5- methyl

substituent has given only the rearranged cyclic ketone.
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1:6 Mechanism of the Rearrangement.

There are obvious similarities between this rearrangement
and those observed in the cyclisations of pyrrole-2-thioacetic acid
(40) and thiophene-2-thicacetic acid (43). The 2-positions of the
pyrrole and thiophene nuclei are very much more activated to
electrophilic attack than the 3-positionsg and ring closure is
thought to occur initially at the Z-pos_ition forming the four-membered

ring spirocyclic intermediate (I). This then rearranges and loses

e

(1) (11)

a proton to form the cyclic ketone (II).

A similar process is thought to occur in the cyclisations
of pyrrole-2-propionic acids. Attack at the 2-position leads to
the spriocyclic ions (III) which rearrange, in an analogous fashion

to (I), forming the ketones (IV). The cyclic ketones (V) form by

(111) (Iv) (V)

direct eyclisation to the 3-position of the acids without a
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5-methyl-substituent. The reason for the formation of the
'normal' cyclic ketones (V) in these reactions compared with
complete rearrangement during cyclisations of the thicacetic acids
is probably that when the propionyl side-chain adopts the cis~
conformation to cyclise to the spirocyclic ion (III, R = H), the
hydrogen atoms of the methylene groups become eclipsed leading
to strong non-bonded interactions and hence a high activation
energy. These non-bonded interactions are, of course, absent
in the thioacetyl case. In addition, it is possible that the fairly
diffuse d-orbitals of the electronegative sulphur atom may attract
the positively-charged acylium ion towards the cyclisation site,
facilitating formation of the ion (I). Thus direct cyclisation to
the 3-position can more readily occur in the case of the propionic
acids.

The only products from the cyclisations o pyrrole-2-
propionic acids with a 5-methyl substituent are the rearranged
ketones (IV, R = Me). There are tvo pos sible reasons for this.
The inductive affect of the 5-methyl substituent will further activate
the 2-position making the formation of the spirocyclic ion
(IV, R = Me) more probsble. Another possibility is that attack of
the acylium ion on the 2-position is accompanied by loss of a
proton from the methyl group (VI) leading to a series of the type

(VII) which then rearranges to (IV, R = Me).
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Species analogous to (VII) have been proposed for some
electrophilic substitution reactions of furan derivatives where an
existing substituent is expelled by the attacking group.

A possibility existed that the ketones (IV) could have
arisen by rearrangement of the normal products (V). This was
discounted when the 'normal' ketone (V, R' = Ph) was heated with
polyphosphoric acid at 100° for 5.5 hours (twiee the normal time
of a cyclisation reaction) and no rearrangement took place.

The formation of the 3,4~ cyclic ketone was observed
only in the cyclisation of 1-phenylpyrrole-2-propionic acid and
this may provide the clue to the mechanism of its formation. In
the cyclic ketone (IV, R = H, R' = Ph), the bulky phenyl substituent
will cause considerable steric overcrowding in the region of the
carbonyl group. This could be relieved to some exient by
protonation of the 2~position which will push the carbonyl group

out-of-plane as in (VIII). If the bond joining the carbonyl group
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(V1) (IX) (63)

to the pyrrole ring cleaved this would lead, formally, to a
pyrrole-3-propionyl acylium ion which would normally cyclise at
the 2-position but, in view of the steric hindrance there, might also
cyclise at the 4-position to (63).

This was shown to be the case. When 5, 6-dihydro-1-
phenyl-4H-cyclopenta[b]pyrrol-6-one (IV, R = H, R Ph) was
heated with polyphosphoric acid for 4.5 hours (1.5 times the
length of the cyclisation reaction time) at 100°C, the n.m.r.
spectrum of the product showed the presence of 5, 6-dihydro-2-
phenyl-4H-cyclopenta[c]pyrrol-4-one (63) as 19% of the total with
starting material accounting for the remainder. The structure
was confirmed using nuclear magnetic double resonance which gave
the same result as with the material isolated from the cyclisation
reaction.

The thin-layer chromatogram of the product showed two
bands with the minor component having the correct R_, value for

F

(63). Although the reaction was performed on a very small scale
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such that isolation of the products was not possible, there is no

1
doubt that (63) is formed by rearrangement of (IV, R = H, R = Ph)
under cyclising conditions.

M, O. Calculations

LCAQO-molecular orbital calculations were performed on the
isomeric cyclic ketones formed in these cyclisations using the
CNDO approxima.t:ioiaand the computer program CNINDO which
was already in use by other members of this group. This
approach uses the semi-empirical Pople SCMO metho&l'?vhich is
superior to the empirical Huckel-type calculations in that both
€ - and n-electron densities are considered. In Huckel-type
calculations only the m-electrons are considered and the

method is only successful for alternant aromatic hydrocarbons.

The Pople method works best for first row elements.
Only electrons in the valency shell are considered in the
calculations and the effective nuclear charge is the atomic
number recuced by two to compensate for the Is electrons which
are considered to form part of the core.

The CNDO approximation introduces a further
simplification into the calculations by complete neglect of
differential overlap (CNDQ). This means that the product
95& ;L(,, , where é‘" and 55), are assumed to be two different

atomic orbitals, always vanishes, whether the orbitals /4 and Yy

are centred on the same atom or on different atoms. All
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two-centre overlap integrals and many of the Coulomb and
repulsion integrals will vanish. Only electron repulsion
integrals involving no more than two orbitals are retained.

The basis functions used to describe the atomic
orbitals are Slater-type orbitals (STO). These are identical
to hydrogenic orbitals except that the rad inl nodes are
omitted. This introduces considerable simplification into the
calculation of the integrals. If functions having radial nodes
are required, these can be constructed from linear combinations
of STO's. The orbitals most commonly used in applications
of MO theory to organic m-systems, the 2p orbitals, are also
nodeless in the hydrogenic case. Consequently Slater-type
and hydrogenic 2p orbitals are identical.

Although the electron-electron repulsion,nuclear-nuclear
repulsion and electron-nucleus attraction energies when calculated
by this method are not correct in comparison with non-empirical

calculations, the overall differences are reasonably correct. |
Hence the calculated binding energies, although much too large
(probably by around a factor of five), do preserve the correct
relative order in almost all cases.

To simplify the calculation of the molecular geometries,
the N-methyl compounds only were considered. These geometries
are shown in figs 1 - 3. The results of these calculations show

that the rearranged ketone (IV, R = H, R' = Me) should be
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thermodynamically more stable than its unrearranged isomer
(V, R' = Me) by approximately 50.1 Kcal mole-l. More
surprisingly, the 3,4-cyclic ketone (63, Me for Ph) was shown
to be more stable than (IV) although by only 2.3 Kcal mole—l.

The results of these calculations were shown to be
qualitatively correct in the 1-phenyl series. Heating the
'normal’ ketone (V, R' = Ph) with polyphosphoric acid produced
no rearrangement at all as predicted above while heating the
rearranged ketone (IV, R = H, R' = Ph) with polyphosphoric
acid resulted in the formation of a small amount of the
3,4-isomer (63).

In the calculations on the ketones (IV) and (V) it was
found that the best, i.e. lowest, energy was obtained when the
length of the bond common to the two fused rings was kept as
it is in N-methylpyrrole. Increasing or decreasing thislength
(1.37 .g) by O. 02 g with corresponding minor adjustments to
the geometries of the cyclopentenone rings raised the calculated
energies of the molecules by around 300 Kcal mole"1 in each case.

In 2ll cases the orientation of the N-methyl group wase
taken with one hydrogen atom in the plane of the pyrrole ring and
the other two out-of-plane, one above and the other below. The
in-plane hydrogen atom pointed away from the cyclopentenone ring.
Reversing this orientation and repeating the calculations gave 2

marginal energy difference which should be equated with the



barrier to rotation of the methyl group. .This was found to be of
the order of 2.5 x 10"2 Kcal.molns.-‘.'1 and quite insignificant.

The main criterion used to calculate a geometry for the
fused cyclopentenone rings was that the internal angles of the
two methylene groups should be approximately equal. This was
done by varying the angles at the points of fusion of the ketone
ring, within the limits 108° - 1150, till that condition was
satisfied.

Similar calculations were carried out on the starting
material, 1-methylpyrrole-2-propionic acid, and the 3-propionic
acid and also on several possible intermediates in the cyclisation
reactions. For the acids and acylium ions the side-chain was
taken in the fully extended conformation with the minimum number
of non-bonded interactions and for the spirocyclic ions at the 2-
and 3-positions the two rings were assumed to be at right angles
to each other. The results of all these calculations and those on
the cyclic ketones are shown in the ‘able overleaf. The binding

energies are quoted in atomic units (1 a.u. = 627. 501 Kcal.molerl).

Geometries used in Calculations

For 2ll cases, the geometry of the pyrrole ring was that
of pyrrole itself as shown in fig 1. The dimensions of the
N-methyl group were those of toluene.

(a) Cyclic Ketones

These are shown in figs 1 - 3.
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(b) Propionic Acids

The bond joining the side~chain to the pyrrole ring was
taken as bisecting the external angle at the point of substitution.

The geometry of the side-~chain was

T g
o N X
1'[- 5* ._‘."'2 1. (-] -
\%MS\J)\M%‘” H

1,094 1.28
AR

o=

for the 2-propionic acid and the mirror-image of this for the
3-isomer.

(c) Acylium ions

Again the bond joining the side-chain to the pyrrole ring
was taken as bisecting the external angle. The geometry of the

gside~-chain was
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for the 2-propionyl acylium ion and the mirror-image of this for
the 3-isomer.

(d) Sprocyclic Intermediates

The plane of the four-membered ring was taken as
perpendicular to that of the pyrrole ring and to bisect the external
angle at the point of substitution. The geometry of the spiro-ring

was as shown with carbon atom 'C' in the plane of the pyrrole ring

H H
B
\
\
G

1,51 1.5k

¥l

~<H

6]

and with atoms B and D having iden‘ical x and y co-ordinates.
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ONDQ Calculations
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1:7 The cyclisations of 5-methylthiophene-2-propionic acid and

5-methylfuran-2-propionic acid.

To discover if this rearrangement occurred in cyclisations
of propionic acids of other five-membered ring heterocycles
(although thiophene-2-propionic acid had been reported to cyclise
normally),l i‘irst 5~-methylthiophene~2-propionic acid (69) was
reacted with polyphosphoric acid. (69) reacted normally and
cyclised at the 3~ position giving 5, 6-dihydro-2-methyl-4H-
cyclopenta[b]thiophene-4-one (70). This was apparent from the
'H n.m.r, spectrum of the product which showed peaks at
7.56 T (singlet, CH3), 7.17 T (multiplet 2H, 6-CHZ).

6,92 T (triplet, J = 6 Hz, 2H, 5~ GHZ) and 3.28 T (broad singlet

showing some fine-structure, 1H, H-3). The lack of rearrangement

(69) (70) (71)
in this case is not surprising.  The difference in reactivities
between the 2~ and 3- positions of the thiophene ring is much less
than in pyrrole and although rearrangement occurs with the

thioacetic acid the 2- position in that case is being activated by
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the sulphur atom of the side-chain and rearrangement of the
spirocycle is aided by sulphur being a fairly good leaving group.

The 10C MHz n,m. r. spectrum of (70) showed some
interesting features. Expansion of the peak at 3,28 T from the
3-H showed it to be a quartet (J = 1, 2 Hz) showing coupling between
the 3- proton and the 2- methyl group which one might expect.
However, on expansion,the peak from the methyl group at 156 T
was found to be, not a doublet as expected, but a 1:2:2:2:1 quintet
arising from the doublet due to coupling with H-3 being further
split into two overlapping triplets (J = O. 6 Hz).  Decoupling the
6= CHZ group caused this resonance to collapse to a doublet
(3 = 3.2 Hz), Thus, in this case, a coupling of O. 6 Hz exists
between the protons of the 2- methyl group and those of the 6~
methylene group « ... .. although these are separated by six
bonds. No coupling between H-3 and the 6- methylene group was
observed.

For comparison purposes 3-acetyl-2, 5-dimethylthiophene
(71) was prepared and its 'H n.m, r, spectrum recorded at 100 MHz.
This showed absorptions at 7. 68 T (broadened singlet, 3H, 5- CH3),
7.66 T (singlet, 3H, 3-acetyl), 7.44 T (broadened singlet, 3H,
2= CH3) and 3.11 T (quartet, J = 1.2 Hz, 1H, H-4). Expansion
of the broad singlet at 7. 68 T revealed it, in fact,as approximately
a septet. Irradiation at 7.44 T caused this to collapse to a

doublet (J = 1.2 Hz) showing that a coupling exists between the
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protons of the 2- and 5- methyl groups with the coupling constant
estimated to be O, 3 Hz. Here we have another example of
coupling extending across six bonds in a thiophene derivative.
A coupling constant of greater magnitude (J = 1.20 Hz)
has been observed between the 2- and 5- protons of thieno[2, 3-b] -
thiophene (72) 3l+and also between the a ldehydic proton and

H-5 (J = 0.9 Hz) in thiophen-2-aldehyde (73, R=H) althcugh this

was found to vanish when a 5- methyl substituent (73, R= CH3)

| )\ |
LA

(72) (73)
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was introduced i.e. there was no coupling between the protons
of the methyl group and the aldehyde proton.

When 5-methylfuran-2-propionic acid (74) was heated with

(74) (75) (76)
polyphosphoric acid, the product appeared to be a complex mixture.
From the n.m. r. spectrum of the crude product it appeared that

considerable hydrolysis of the furan ring had occurred. The spectrum



L

did show peaks at 4.34 T and 3.67 T (in the ratio of 3:1) which may
have been due to the cyclic ketones (75) and (76) respectively.
However chromatography on neutral alumina gave no separation
and recrystallisation of the reaction product from petroleum ether
gave a white amorphous solid which melted with decomposition
over the range 140 - 170° and appeared to be polymeric in nature,

1:8 The cyclisation of 5-methyl-1~(l-pyrrolyl)pyrrole-2-propionic acid.

The last cyclisation of a propionic acid to be atiempted was
that of 5-methyl-1-(1-pyrrolyl)pyrrole-2-propionic acid (77). This
acid is a derivative of the 1, 1'-bipyrrolyl ring system reported only
recently by some German WorkerSBG who prepared some 2,5

disubstituted derivatives. The n.m.r. spectrum of the product

giee O, CH, (0, H CHz l J B
| \

Ny

t

¥ /i« 4 .
7 <
a0 g
(77) (78)

suggested that the cyclilc ketone (78) formed by attack of the 2'~
position of the second ring represented around 75% of the total,
Thin-layer chromatography on silica-gel showed three components:

a major band at RF 0.7 and two minor bands at RFs Q.2 and C.3

respectively. These last two are characteristic values for 5-
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membered ring cyclic ketones derived from pyrrole propionic acids.
However the reaction was performed on such a small scale that
chromatographic isolation of the components was not even possible
and an attempt to isolate the major component by crystallisation
alsc met with no success.

1:9 Attermnpted Cyclisation of 5-methyl-1-phenylpyrrole-2-acetic acid.

The cyclisation of 5-methyl-1-phenylpyrrole-2-acetic acid
(79) on to the phenyl substituent to form (80) was attempted by two

methods. In the first the acid was heated with polyphosphoric

(79) (80)
acid at 100° for three hours., The product of this reaction was an
intractable brown gum from which no identifiable products could be
isolated. The n.m.r. spectrum of this product also showed no
resonances from pyrrcle protons. The reaction was repeated
this time using the conditions developed by J. F. Batchelor;z"? for

the cyclisation of indole acetic acids on to phenyl- substituents

which involwesrefluxing the acid in acetic anhydride in the presence
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of anhydrous sodium acetate. The product of such reactions is
normally the enocl acetate of a six-membered ring cyclic ketone.
In this case alsc no identifiable products could be isclated and the
n.m.r. spectrum of the product again showed a total absence of
pyrrole protons. The reaction was not pursued further.

1:10 Cyclisation of 1-methylpyrrcole=-2-~butyric acid.

This acid (81) cyclised when heated with polyphosphoric
acid to give one product only which was identified as

6, 7-dihydro-l-methylindol-4(5H)-one (82). Clearly cyclisation to

CH,CH,GH, G0 H “ i

KN 2R e \lif’

|

(81) (82)
a six-membered ring is more favoured than attack of the more
activated 2- position with subsequent rearrangement.

It was desired to perform the cyclisation of
l-phenylpyrrole-2-butyric acid (83) but separation of the mixture of
this with the 3~ isomer (84) formed by hydrolysis and reduction of
the keto~esters produced by treatment of l1-phenylpyrrole with
3-ethoxycarbonylpropionyl chloride and stannic chloride proved

impossible. Indeed the 'H n.m. r, spectrum of this mixture
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(83) (84)

showed the proportion of 2-acid to be present in only approximately
41%.

This mixture of acids was cyclised, and gave a mixture
of three products. From the 100 MHz n.m.r. spectrum it was
possible to estimate acuurately, with the aid of double resonance,
the proportions of each product formed. The products formed
were 6, 7-dihydro-1-phenylindol-4(5H)-one (85) (39%),
4, 5-dihydro-1-phenylindd-7(6H)-one (86) (30%) and
4,5, 6, 7-tetrahydro-2-phenylbenzo[c]pyrrol-4-one(87) (30%). This

mixture was subsequently separated by chromatography on alumina

(85) (86) (87)
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and the compounds characterised. From the ratio of the products
it appears that the 2- acid (83) has cyclised without rearrangement
into the 3- position forming (85) while the 3~ acid (84) cyclises in
equal amounts to the 2- and 4~ positions forming (86) and (87)
respectively. This is very unusual since, normally, pyrrole-3-
alkanoic acids with a free 2- position cyclise there exclusively as
this position is highly activated to electrophilic attack. However
in the case of (84) the bulky l-phenyl substituent may hinder
attack at the 2- position.

The absence of rearrangement during the cyclisations of
pyrrole-2-butyric acids may be due to several factors. Firstly,
direct cyclisation to a strain-free six-membered ring is a very
favourable reaction. Secondly, the intermediate for such a
rearrangement would have to be of the form (88) with a five-

membered spiro-ring. Although the ring strain is less, there are

o cor B o

(88)

more non-bonded interactions in this speciesthen in the
corresponding four-membered ring postulated as the intermediate

in the rearrangement during cyclisation of the propionic acids.
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These may decrease the stability of such a ring although this
effect may be offset by the lesser ring strain.

Probably the main influence will be the higher entropy
of activation for the formation of (88) since the statistical chance
of having the ends of a chain meet decreases markedly as the
chain length increa.sesEa.

For these reasons the formation of an intermediate of
the type (88) does not appear to be a very probable reaction when

compared with direct cyclisation to the 3~ position.
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Chapter Two

Reactions of Aryloxyalkanoyl chlorides and Arylthicacetyl

chlorides with aluminium chloride,




5

Section One

Introduction.
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2:1 Purpose of the Investigation.

The object of this investigation was to study the
reactions of some aryloxyalkanoyl chlorides with aluminium
chloride in benzene wherethe aryl nucleus was biphenyl or a
relat ed system. In general ring-closure to a cyclic ketone
was possible at two sites leading to either a five- or a seven-
membered ring system. From the nature and ratios of products
formed it was hoped to derive some information on the steric and
electronic influences prevailing in the transition states involved.

The reaction of biphenyl-2-thioacetyl chloride was

also investigated.
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2:2 Reactions of aryloxyacetyl chlorides

Lewis-acid catalysed ring closure of phenoxyacetyl chlorides (§9)
has been a widely used method for the preparation of benzofuran-
3(2H)ones (90).  Most frequently the catalyst employed is
aluminium chloride and the solvent benzene. Unless the
aromatic nucleus is activated .by an electr.n-donating substituent,
the yield of cyclic ketone is only moderate and side-reactions occur
giving rise to several products.

5-Methylbenzofuranone (90, R = 5-Me) was prepared39 by
cyclisation of 4-methylphenoxyacetyl chloride 89, R = 4-Me).

40
Cyclisation of phenoxyacetyl chloride (89, R=H) was reported to

B % e L/ffk/lwo

(55) (90) (91)

give benzofuranone (90, R=H) and also some phenoxyacetophenone

(91, R=H).

More recently, workers in this department have undertaken
a detailed study of the reactions of aryloxyacetyl chlorides. with
aluminium chloride in both aromatic and non-aromatic (inert)
solvents., Palmer and McVie showedL}l that the reaction of

phenoxyacetyl chloride (1 mole) ( 85, R=H) with aluminium

chloride (1.1 mole) at 5 - 10°C for 1.5 hours in benzene (15 moles)
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gave five products in addition to 10% recovered anid after
hydrolysis. The major product was benzofuran-3(2H)one
(90, R=H) formed by intramolecular acylation. A small amount
of 2-phenoxyacetophenone (91, R=H) was also isolated. In
addition to these acylation products, small amounts of phenol
(93, R=H), O-benzylphenol (92, R=H) and ciphenylmethane (9))

were present,

R. c:61-14 o, CH COCl1 (89)
+A1013 + C6H6

R. 06H4 OCH CO. Ph

/K
(91)
(90) \ ¥

+
[R.CH,. OCH,CO]

6 4
-CO
\/+
+
R.C.H,. OCH, Cl é&— [R.C 6H4. O.CH2] &~ [R. C HyO= CHZ]-
(97) (96) (99
W
i [R. C6H4'O' CH Ph] (95)
R v

m+3—1~ IH + + Ph,CH,

(92) (93) (9%)
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The last three products are considered to arise from unimol ecular loss

of carbon monoxide from the acylium ion (or other reactive species)
followed by alkylation of the solvent (kenzene) by the resulting
phenoxymethyl carbonium ion (96) and Fries-type rearrangement
of the benzyl phenyl ether (95) formed to the o bserved products.
Benzyl phenyl ether (95) was shown to rearrange under
these conditions giving the products (92), (93) and (94) in similar
ratios to the acid chloride experiment. This justifies the
postulate that benzyl phenyl ether is the initial decarbonylation
product. Similar relationships were observed with nuclear
substituted acid chlorides and the corresponding aryl benzyl ethers.
From a study of the reactions of nuclear substituted
phenoxyacetyl chlorides under similar conditions, the effect of the
substituent groups was determined. With strongly electron-
attracting (-E, -M) groups in the 2- or 4-position (89, R = Z-NOZ,
4-N02. 2-CN) the only product formed was the corresponding
phenoxyacetophenone (91, R = Z-NOZ, 4-N02, 2-CN) in 30 - 50%
yield, the remaining material being accounted for as unreacted
starting material isolated as the acid after hydrolysis. The low
conversion is probably due to electron withdrawal from the aromatic
nucleus decreasing the rate of formation of acylium ions by
reducing the basicity of the chlorocarbonyl group. From this

follows the implication that acylium ion formation is the rate-
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determining step in the reaction. The electron deficiency in the
nucleus also accounts for the lack of decarbonylation since the
aryloxymethyl cation (96) will be less stabilised by conjugation
with the aromatic ring.

In inert, non-aromatic solvents it was found that
phenoxyacetyl chlorides with -E, ~M group. in the 2- or 4
positions lose carbon monoxide exclusively and the major product
from these reactions is the chloromethyl ether (97, R = Z-NOZ,
4-NOZ, 2-CN etc,). The failure of 2,4-dinitrophenoxyisobutyryl
chloride to form a similar product suggests that loss of carbon
monoxide results from a bimolecular reaction involving attack
by chloride or tetrachloroaluminate anion on the acylium ion,

2- and 4-Halogenophenoxyacetyl chlorides also gave the
intermolecular aryloxyacetophenone as the major product in all
cases (in yields of 30 - 80%). The cyclic ketones and
decarbonylation products were also observed and the overall
conversion to products was high as indicated by the low recovery of
acid. In these cases net deactivation of the ring is still the dominant
feature although offset to some extent by electron release from the
halogen.

Alkyl substituted phenoxyacetyl chlorides give the cyclic
ketones as the major products. In the cases of 3-alkyl and

ke
3,4-dialkyl acid chlorides Palmer and Scollick  generally found
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mixtures of the isomeric cyclic ketones resulting from ring closure
at both of the available ortho-sites as in the reaction of
3, 4~dimethylphenoxyacetyl chloride (98) which gave both
4, 5-dimethylbenzofuranone (99) (24%) and 5, 6-dimethylbenzofuranone

(109 (76%

CH
41015 CHy 3
——‘———9
6
CH,0061

(98) (99) (100)

Reaction of phenoxyacetyl chlorides with aluminium
chloride in aromatic solvents of greater nucleophilic character
than benzene, such as p-xylene, anisole and m-dimethoxybenzene,
resulted in a greater proportion of intermolecular ketoreformation
over both cyelisation and decarbonylation when compared with
reactions dp:ne in benzene. The more nucleophilic solvents have
enhanced irlltermolecular acylation, as expected. These results
imply that decarbonylation in aromatic solvents ia a unimolecular
process.

L3

A similar study has also been undertaken of the
reactions of a series of thirteen l-naphthyloxyacetyl chlorides (109
with aluminium chloride in benzene.  With only two exceptions,

these géve an intramolecular cyclic ketone as the sole reaction

product if the naphthalene nucleus was not strongly deactivated



(104)
towards electrophilic attack., If the 2-position was free the cyclic

ketorewas always the naphtho[l, 2-b] furan-3(2H)-one (103). Only
when the 2-position was blocked as in 2-chloro-l-naphthyloxyacetyl
chloride (10%,R = 2-Cl) was the isomeric l-oxaphenalen-3(2H) one
(102, R = 9-Cl1) formed. In the cyclisations of 5- and 7-methoxy-1-
naphthyloxyacetyl chlorides (101, R = 5-OMe, 7-OMe) a small
amount of the 2-(l-naphthyloxy)acetophenone (104, R = 5-OMe,
7-OMe) was formed in each case but the major products were the
naphthofuranones (10%,R=6-OMe, 8-OMe).

When the aromatic nucleus of the acid chloride was
deactivated towards electrophilic attack by a nitro-group (107,
R= 3-NOz, 4-N02) cyclication did not occur and the sole product

formed was the 2-(l-naphthyloxy)acetophenone (10! ,R = 3-N02,

4-N02) in low yield with the remainder of the material being
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recovered as the acid after hydrolysis.
Investigation of the reactions of a series of 2-naphthyloxyacetyl
chlorides(.i03) wvith aluminium chloride in benzene showed 2 that
if the l-position was free then high yields of the cyclic ketones,
naphtho[2, 1-b]furan-1(2H)ones (10~ ', formed by attack at that

position resulted,

N\O”HZ“O QCH 001
B 6 B

(107) (105) (106)
In a few cases a small amount (less than 10%) of the 2-(2-

naphthyloxy)acetophenone (107) was also formed by acylation of

the solvent. Attempted cyclisation of 1-chloro-2-naphthyloxyacetyl

chloride (107,R = 1-Cl) gave the acetophenone (107 , R = 1-Cl) as

the only acylation product. Some decarbonylation also occurred,
2- (1-Naphthyloxy)isobutyryl chloride (108), the only side-

chain substituted acid chloride investigated, gave as the only
i e Me

(108) (109)
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product 2, 2-dimethylnaphtho-[1, 2-b]furan-3(2H) one ( 109), the
cyclic ketone formed by attack on the 2-position.  No
decarbonylation was observed although this might have been
expected by analogy with the reaction of 2-phenoxyisobutyryl
chloride which decarbonylates more readily than phenoxyacetyl
chloride. Clearly the rate of decarbonylation, probably similar
in the naphthyl and phenyl compounds is faster than cyclisation

in the phenyl case but slower than cyclisation to the more reactive
B-naphthyl position.

It has been shown by Rothatein'quthat increasing alkyl
substitution of the side-chain in arylalkanoyl chlorides increases
the rate of cyclisation compared to that of the less~-substituted
homologues. It is unlikely that this is solely an electronic
effect with the side-clnin substituents donating electrons into the
ring and inc.easing the rate of cyclisation.  The results appear
to be more consistent with an increase in proximity effect with
increasing side-chain substitution where restricted rotation
allows the preferred conformation (resulting in the proximity of
the acyl group to the cyclisation site) once formed to be more
rigidly held in that conformation.

The rate of decarbonylation of tertiary acid chlorides
is also increased. This is to be expected since a fairly stable

tertiary carbonium ion will result. In the case of
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aryloxyisobutyryl chlorides the tertiary carbonium ion formed by
decarbonylation of the acid chloride will be particularly stable
since the positive charge is not only offset by the inductive effect
of the methyl groups but can be delocalised throughout the

aromatic ring (110).

. +
/ -] !ez O0=Cleo, O-—GMe2
no ] ﬁ ; O E > U etc.

(110)

2:3 The effect of the "ether" oxygen on cyclisation

In general aryloxyacetyl chlorides containing electron-
donating nuclear substituents readily cyclise in benzene without
the formation of the corresponding intermolecular ketones (91) 42,
while those with electron-withdrawing nuclear substituents give
the intermolecular ketones.

Comparison of the reactions of 3-phenylpropionyl
chloride (111 ) and phenoxyacetyl chloride with aluminium chloride

in benzene shows that the former gives indanone (112) as the only

product in good (90%) yield while benzofuranone (90, R=H) is forined in only

CH,,(H,C0G1 //A\\\

(111) (112)
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44% yield along with a small amount of phenoxyacetophenone
(91, R=H) the remaining p roducts resulting from decarbonylation
of the acylium ion.

From these and other similar observations it appears
that the "ether" oxygen of aryloxyacetyl chlorides does not exert
any substantial effect to promote cyclisatioa relative to the
3-arylpropionyl analcgues. This probably results from two
effects.

The equilibrium conformation of aromatic ethers is in-
plane with the oxygen atom approximately spz hybridised. For
cyclisation the =O- CHZ- group must rotate out-of-plane and the
hybridisation of the oxygen atom will change towards sp3 with
loss in conjugation with the ring, There is thus an overall
loss in binding energy prior to the act of cyclisationi.e. a high
activation er.2rgy.

Also the electron-withdrawing effect of the positively-
charged acylium ion on the aromatic nucleus will be greater in
aryloxyacetyl chlorides than in 3~arylpropionyl chlorides
possibly resulting in a slight relative deactivation of the ring
towards cyclisation. It is unlikely that differences inlgro:cimity
effect are significant since this is essentially a function of chain

length and shape and the two are very similar in both respects.
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2:4 Cyclisations of 3-Aryloxypropionic Acids

3-aryloxypropionic acids (113 ) can be cyclised to chromanones

(114 ) in good yields under a variety of conditions. It has been

POHOH,C0,H

(113) (114.)
45,46
found that the most effective catalyst for these reactions

is polyphosphoric acid, and indeed, ring closure of 3-aryloxypropionic
acids containing strongly electron-withdrawing substituents e.g.
nitro- has been achieved by this method Lﬁ:

These acids cyclise much more readily than the
corresponding aryloxyacetic acids and this fact can be rationalised
on two accounts. Firstly the product of cyclisation is an almost
strain-free six-membered ring. Secondly, in the transition
state, the acylium ion can approach the site of cyclisation withou.t
causing the ether oxygen atom to distort much from the equilibrium
in-plane conformation. This means there is little loss of
conjugation with the aromatic ring and little loss in binding energy
and, hence, a low activation energy for cyclisation.  Furthermore,
since the Ar-0O- CHZ- portion of the molecule remains planar, the

oxygen atom remains approximately sap2 hybridised and, by

electron release can activate the ortho-positions for cyclisation.
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2:5 Reactions of Arylthioacetyl chlorides

The reactions of arylthioacetyl chlorides (115 ) with aluminium
chloride have attracted little attention. Several groups of
48, 49, 50, 51
workers have prepared thianaphthenones (116 ) by
cyclisation of these compounds generally with methyl substituents
but in each case have reported only moderate yields of cyclic
ketones accompanied by side-products. However, no attempts

were made to characterise these other products. The

thianaphthenones (116) were reported to be unstable, undergoing

SCHoCOCL

(115) (116)

rapid air oxidation,
23
A recent investigation by Batchelor  cf the reaction of

phenylthioacetyl (115, R=H) chloride with aluminium chloride in
benzene revealed a very complex process. After hydrolysis the
products isolated were 4-(phenylthioacetyl)phenylthioacetophenone
(117) (35%), phenylthioacetophenone (118 ) (25%), benzo[b]thiophenone
(116, R=H) (11%), diphenyldisulphide (119) (4%) and phenyl

phenylthiothioclacetate (120) (1%). In this case also benzothiophenone

was found to be unstable with respect to air oxidation.(118) is the
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//\SﬂHg OPh SOH,COSPh

PHSCH, CO \ / SOH,C0Ph l
L

(117) (118) (120)
Ph.S.S.Ph

(119)
intermolecular ketone formed by acylation of the solvent and (117)

arisesfrom acylation of (118). (119) must have arisen from
decarbonylation of the acylium ion but since no ortho-
bengylthiophenol was found the CHZ- group must have been lost
probably as formaldehyde. The disulphide would be formed
by air-oxidation of thiophenol. (120) is an ester formed by
reaction of the acid chloride or acylium ion with thiophenol.

The major differences between these reactions and those
of the analogous aryloxyacetyl chlorides appear to be that
cyclisation occurs less readily and that decarbonylation of the
acylium ion is followed by loss of the methylene group rather than
attack on a benzene molecule to form an aryl benzyl thioether.

Cyclisation of l-naphthylthicacetic acid (121) using
aluminium chloride in chlorobenzene at temperatures in excess of
100° is claimed to give the peri-ketone (122)52 while the use of
stannic chloride in the same solvent is said by the Russian workers

55

to give also some of the naphthothiophenone (111) .



0
SCHLC0oH .

(121) (122)
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2:6 The Preparation of Aryloxyalkanoic Acids

The investigation began with a study of the reactions of the
acid chlorides of biphenyl-2~oxyalkanoic acids and related systems
with aluminium chloride in benzene, These acid chlorides were
readily prepared from the corresponding acids by treatment with
thionyl chloride. The acids were preparrd from phenols which
in most cases were commercially available.  Only two phenols
had to be prepared as outlined below.

1, Phenols.

(2) 9, 9-Rimethylfluoren-4-ol.

Aluminium chloride catalysed rearrangement of 6, 6~
dimethyldibenzo[b, d]Jpyran (147) in benzene gives the phenol in
quantitative yield. This reaction will be discussed more fully
in a later section.

(b) 1-(o=-Hydroxyphenyl)pyrrole (126).

This compound was prepared in good yield by refluxing
o-hydroxyaniline (124) with 2, 5-dimethoxytetrahydrofuran (125 )

in aqueous acetic acid followed by steam distillationd the product.

OH C— B N
Mel Iie
e = I OH

(124) "~ (125) (126)

NEo
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2. Aryloxyacetic Acids.

(2) Biphenyl-2-oxyacetic acid and o=(l-pyrrolyl)phenoxyacetic acid.

ok
The general method described by Hayes and Branch

was used to prepare these acids, The phenol was treated with
sodium chloroacetate in aqueous sodium hydroxide solution.
Acidification of the cooled solution followed by extraction into
sodium bicarbonate and addification of the extract gave the acids in

fair yield.

(b) Biphenyl-2.2-bisoxyacetic acid and 2'-hydroxybiphenyl-2-

oxyacetic acid.,

Both of these acids are formed in the reaction of
2, 2'-bishydroxybiphenyl with an excess of soditm chloroacetate
in sodium hydroxide as described above. A single
recrystallisation of the crude product from benzene affords the
pure bis-acid. The liquors contain the hydroxy-acid which was
converted to the methoxy-derivative using dimethyl sulphate.

(c) 9, 9-Dimethylfluoren-4-oxyacetic acid,

The dry sodium salt of 9, 9-dimethylfluoren-4-ol,
prepared by treatment of the phenol with ethanolic sodium ethoxide
and removal of the solvent, was heated with a small excess of
ethyl bromoacetate and a little copper powder to form ethyl
9, 9-dimethylflucren-4-oxyacetate. This gave the acid on alkaline

hydrolysis.
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(d) 2-(2-Biphenyloxy)propionic_acid.

The dry sodium salt of 2-hydroxybiphenyl was heated
with ethyl 2-bromopropionate and a little copper powder. Hydrolysis
of the ethyl 2-(2~biphenyloxy)propionate formed using aqueous
potassium hydroxide followed by acidification gave the acid.

55
(e) 3-(2-Biphenyl oxy)propionic acid.

3-(2-Biphenyloxy)propionitrile was prepared by the base~
catalysed reaction of 2-hydroxybiphenyl with acrylenitrile.
Hydrolysis of the nitrile gave the acid.

(f) 2=-(2=Biphenyloxy)isobutyric acid.

A mixture of 2-hydroxybiphenyl, acetone and sodium
56
hydroxide was treated with chloroform and refluxed . Removal

of excess solvent followed by acidification gave the acid.

(g) Biphenyl-2-thioacetic acid.

T-70 methods were used in this preparation. In the first,
2-aminobiphenyl was diazotised and the diazonium salt added to an
aquecus solution of potassium ethyl xf-*.nthate5? . Hydrolysis of
the xanthate ester formed gave biphenyl-2~thiol which was
converted to the thicacetic acid by treatment with sodium
chloroacetate in alkaline solution. The other involved treatm.ent
of biphenyl-2~diazonium chloride in neutral solution with aquecus
thioglycollic acid to give the azothioglycollic acid which lost

nitrogen on heating forming biphenyl-2-thiocacetic acid.
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2.7 The reactions of Aryloxyalkanoyl Chlorides with Aluminium

Chloride.
Towards the end of an earlier study 580)? the reactions of
substituted phenoxyacetyl chlorides with aluminium chloride in

benzene, those of 2= and 4-phenylphenoxyacetyl chlorides were

investigated 2 9
In the case of the 4-isomer (89, I.=4«Fh) the reaction gave five
3021 _ OCH,COPt
+
i Ph

97 9%

(89,R=4~Ph) (90,R=5-Ph) (91,R=4-Ph)
/"\ OH
CH,Ph Ph P
@ z h,CH,
16% 23% 15%
(92 RA-Ph) (93,R=4-Fh) (9

products. The cyclic ketone, 5-phenylbenzofuranone (90, R=5-7h) was
formed in only 29% yield and the acetophenone (91, R=4»7h) in $% yield.
Decarbonylation was by far the major reaction. The low yield °

of cyclic ketone is probably due to cyclisation having to take place

at the 3-position in the biphenyl nucleus., Normally electrophilic
substitution of biphenyl takes place entirely in the 2- and 4-positions
with the 4~ predominating as in nitration when the products are the

4-nitro (over 75 %) and the 2- nitro (£25%).
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This reaction is fairly typical of an aryloxyacetyl chloride
with a weakly electron-withdrawing substituent and can be
compared with those of 2- and 4~-halogenophenoxyacetyl chlorides.

When biphenyl-2-oxyacetyl chloride (127) was reacted
with aluminium chloride in benzene, the result was quite different.
Only one product was formed and in good yield (60%). This was
shown by P.M,R. spectroscopy and microanalysis to be a cyclic
ketone but it was not possible to differentiate between the two
possible isomeric products, 7-phenylbenzofuranone (90,R=7~"h) or

dibenz[b, d]Joxepin-7(6H)one(128) using I. R(;CO = 1680 cm” 1)

2N Z

| ‘ Fh I
G loc;zﬁzl\ l : =

e ST
(127) (90,R=7-Fh) (123}

or 60 MHz N,M,R. spectroscopy ("I'CH2 = 5.2). A similar
result was obtained when the reaction was performed using carbon
disulphide as sol vent.

To resolve this problem an unambiguous synthesis of
7-phenylbenzofuran-3-one (90, R=7~7%h) was atterapted but it proved

impossible to hydrolyse and decarboxylate the ester (129).
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Ph ()
C0y7 % o
ﬁ} g Z ——>(90,R=7-Fh)
A

(129)
In the synthesis of (129) a series of 3-substituted

derivatives of 2-hydroxybiphenyl were prepared (130 , a = c)

I

£0,R () R =R =H
(b) R =Et; R, = H
OR! 1
Th h)R=EnR1=m5m%m.

(130)
In the 60 MHz N, M,R. spectra of these compounds the

deshielding effect of the 3-carboxyl group was sufficient to lower
the chemical shift of the 4~proton relative to the remaining
aromatic multiplet. In all cases this proton (H 4) was identified
as an ortho-meta split quartet centred at around 2. OT
(J45 = 8 Hz, J46 = 2 Hz). A similar effect is found in the
spectra of 7-substituted benzofuranones and it may be expected
that 7-phenylbenzofuranone would have such a low-field quartet
in the aromatic region due to a single proton (H 4).

While the 60 MHz N,M.R. spectrum of the cyclisation
product derived from biphenyl~2-oxyacetyl chloride gave a low-

field multiplet centred on 2.1 T from a single proton, this did not

appear to be a quartet. The 100 MHz spectrum showed this to
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be an octet, consistent with the proton being coupled to protons
tho= - - to it =7 : % X ;
ortho~, meta- and para- to i (Jortho Hz; Imeta 8 Hz
= 0.7 Hz). Clearly the observed multiplicity cannot be

para
due to the 4-proton of 7-phenylbenzofuran-3-one. The additional
para-coupling allows the multiplet to be assigned to the 8-proton
of dibenz[b, d]oxepin-7(6H)one (128).
Cyclisation of 3, 5-dibromobiphenyl-2-oxyacetyl chloride
(151) also leads to only one product. This was shown by

analysis and N,M,R. spectroscopy to be a cyclic ketone and

must be 2,4~dibromodibenz[b, d]Joxepin-7(6H)one (’ijé).

Br Br

(131)

The N.M.R, spectrum of this compound also shows a low-field

octet at 2. 15 T, integrating for one proton providing further
evidence for the cyclic ketone from (127) being (128).

Comparison of the U.V, spectrum of this cyclic ketone
with that of the known oxepinone ( 132) and with those of a sexies
of 7-substituted benzofuran-3-ones also confirms the structure
as (128). The long wavelength absorptions in benzofuran-3-ones

*
(Nmax = 320 - 340 nm) are due to a W=7 transition involving the
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carbonyl group and are shown to be subject to the normal
bathochromic (and presumably hypschromic) effects of nuclear
substituents (Table 1). The introduction of a phenyl group

in the 7~position of benzofuran~3~one ()Vmax = 325 nm) may

be expected to give rise to two competing effects, a resulting,
increase in conjugation being offset by a steric inhibition of

the conjugative effect of the hetero-atom with the benzofuran
nucleus. It has been shown 6Otha,t the non-coplanarity of
phenyl groups in the biphenyl series is only of consequence when
both the 2- and 2'-positions are substituted by large groups,
resulting in the electronic interactions being isolated within each
ring, For example 2, 2'-dibromobiphenyl ( >vmax = 207 nm)
has a U,V. spectrum similar to that of bromobenzene

(/\/max = 210 nm). However in 2-substituted biphenyls non-
coplanarity; is not significant and the spectrum is that of a typical
biphenyl,  That 2-phenylanisole ( A’max = 246 nm) shows a
large bathochromic shift relative tc anisole ( /\/max = 217 nm)
and a small hypsochromic shift relative to biphenyl

()Vmax = 248 nm) suggests that the steric effects in the former
are of secondary importance and it may be expected that the U.V.
spectrum of 7-phenylbenzofuran-3-one (90 ) would show a marked

bathochromic shift relative to benzofuran-3-one.

- %
However, since the long-wavelength carbonyl w=-w
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absorptions in both 2,4-dibromodibenz[b, dJoxepinone (132)

()\'/max = 300 nm) and the unknown cyclic ketone ()vmax = 307 nm)

show a large hypsochromic shift relative to the corresponding

absorption in benzofuran-3-one (A/ma,x = 325 nm), there can be

little doubt that the cyclic ketone formed by the cyclisation of

biphenyl-2-oxyacetyl chloride is dibenz[b, dJoxepin-7(6H)one (128).
It has been shown 601:1:1::1.1: seven-membered ring systems

of the type (133), which are readily formed by ring closure of

2, 2'-gubstituted biphenyls, are strain-free when the ring-plane

WAL
(133) , ¥ = O, CHCO,R
angle of the benzene rings is approximately 50° and it would
appear that formation of the oxepinone is a result of the non-
coplanarity of the biphenyl system allowing the extreme nroximity
of the acylium ion and the cyclisation site in the transition state.

2:8 The effects of Side-Chain Substituents.

To investigate the effects of alkyl side-chain substituents
on the cyclisations of biphenyl-2-oxyacetyl chlorides, the
reactions of 2-(2-biphenyloxy)propionyl chloride ( 134) and
2-(2-biphenyloxy)isobutyryl chloride (1),2)were studied.

The reaction of 2-(2-biphenyloxy)propianyl chloride (i3k)
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with aluminium chloride in benzene gave four types of product. A

Ph Ph Ph
OH

OoEMen0nl /\
I =

tio u

0
(134) (135) (93, R = 2-Ph)
Ph
O
PhZCHMe =
(136) N HijePh
(137) (138)

cyclic ketone formed in only 5% yield was identified by I.R.

(v = 171C cmnl) and N.M.R. spectroscopy (TCH = 5.3, quartet,
no downfield aromatic octet at 2.QT) as 2-methyl-7-phenylbenzofuran-
3-one (135). 2-Hydroxybiphenyl (93, R = 2-Ph) and

1, 1-diphenylethane (136) were found in 17% and 19% yields
respectively. The benzylphenolic fraction contained ivo
cornponents in roughly equal amounts which could not be separated.
The n.m.r. spectrum of this mixture suggested the components

to be 3-(1-phenylethyl)-2-hydroxybiphenyl (137) and
9-methylfluoren~4-ol (138). These decarbonylation products
suggest that the carbonium ion (139) formed by decarbonylation

of the acid chloride is reacting in two distinct ways. It can

attack a benzene molecule forming the ether (140) which
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)

i _,,Me
O“Hi‘Ie Fh

(m) (139) (140)
( 158) (93 (R=Ph); 136,137)

rearranges normally or it can cyclise on the 2'-position giving
(141), effectively a cyclic benzyl-type ether, which rearranges to
(138).

When 2-(2-biphenyloxy)isobutyryl chloride (142) was
reacted with aluminium chloride in benzene, three products were
isolated after hydrolysis. These were identified as
2, 2-dimethyl-7-phenylbenzofuran-3-on e (143) (31%),
2-hydroxybiphenyl (93, R = 2-Ph) (37%) and 99 -dimethylfluoren-

4-01 (144 ) (21%). Some tarry material was also formed which

Th h h
flife 2"‘3(‘-"} I // -0 OB

(142) (93, R = 2-Ph)
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proved to be intractable but was probably polymerised a-methylsiyrene.
This reaction has followed a2 similar course to the

previous one. The relative rate of cyclisation to the benzofuranone

has been increased by the two methyl groups in the side-chain,

Decarbonylation is again the major process and again the initial

carbonium ion (145 ) is reacting in two ways. It can attack a

Me - ] i
Je / OrMe 2 Orlie 2Ph
e - | —
(147) (145) (wsl)
Ph

©3, R = 2-Ph)
benzene molecule forming the ether (146) which then forms
2-hydroxybiphenyl and 2 cumyl cation which loses a proton to give
a-methylstyrene which is polymerised by the aluminium chloride.
Alternatively it can cyclise at the ZLposition to 6, 6-
dimethyldibenz[b, d]pyran (147), effectively a cyclic benzyl-type

ether, which rearranges to (1LL).
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This was substantiated by preparing (147) and reacting
it with aluminium chloride under similar conditions to the acid
chloride. The fluorenol (14} ) was formed in quantitative yield.
It is difficult to find an explanation of why the
cyclisation of biphenyl-2-oxyacetyl chloride gives the 7-membered
ring oxepinone but that introduction of metnyl groups in the side~
chain of the acid chloride leads to benzofuranone formation.
The answer probably lies in the substituted side~chains having a
smaller O-C-CO angle than in the unsubstituted case which
reduces their effective lengths and increases their curvature.
This results from there being a greater steric repulsion between
two geminal methyl-groups or a methyl-group and a hydrogen atom
than there is between the two hydrogen atoms of a methylene group.

In consequence the CH,~C- CH3 and CHB-C—H angles are slightly

3
increased fioom the normal tetrahedral angle of 109. 5° and this
has the effect of causing the O-C-COC angle to contract, reducing
the effective length of the side-chain,

With the shorter effective length of the side-chain it
is possible that the acylium ion may no longer be able to reach the
2'-position of the biphenyl nucleus but, more probably, being more
bent it is better able to attack the 3-position.

For companéitive reasons, 2~-phemxyisobutyryl chloride

(148) was reacted with aluminium chloride in benzene. Only two
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products were isolated after hydrolysis, the cyclic ketone,

2, 2-dimethylbenzofuran-3-one (149) in 36% yield and phenol, also

in 36% yield. Again some tarry material was formed, probably

o e, 0001 ! =
+
w S)eiban, iy
Me
o)
(148) (149)

polymerised olefin.

These results fit very well into a pattern. The reaction
of (134) can be compared with that of 2~-(2-chlorophenoxy)propionyl
chloride (150) which, when reacted with aluminium chloride in
benzene,gives 2-chlorophenol (151) and 1, 1-diphenylethane (136) a8

the only product358 4 This side-chain appears to have difficulty

= OrHMe0n1 = - + (136
l 01 —? 1 a1
(150) (151)

in adopting the conformation required for cyclisation and
decarbonylation is enhanced since a secondary carbonium ion is
formed.

When the side~chain has two methyl substituents the

Ll

rate of cyclisation is enhanced as has been previously reported
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and decarbonylation is also favoured with a tertiary carbonium ion

resulting,

In order to investigate further the effects of side-chain
substitution on these reactions an attempt was made to prepare
compounds of the type (152), where Rl, Rz are alkyl groups and

Rl it Rz = cyclohexyl, by base catalysed reaction of 2-hydroxybiphenyl

h

2 RyR,"O,H \ v
X R/ \1::

(152) (153)

with chloroform and the appropriate ketone, The only example
prepared in very poor yield was Rl = Me, RZ = Et by reaction with
butan-2-one. All other examples failed presumably because of
steric hindrance to attack by the o-phenylphenoxide anion on the
trichloromethylcarbinol intermediate (153). The reactions were
also attempted using previously prepared (153) with similar

negative resulis. This approach was then abandoned.

2:9 Other cyclisations

When biphenyl-2, 2! -bisoxyacetyl chloride (154) was
treated with aluminium chloride in benzene a complex reaction
took place. Only two products were isolated pure from the
mixture, diphenylmethane in 33% yield and a double cyclic ketone

in 22% yield. The structure (155) is propesed for this ketone
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(154) (155) (156)

based on the spectral data and its ready reaction with aqueous base
forming a red colour. The I.R. spectrum shows a carbonyl
absorption at 1710 cm"1 which is characteristic of benzofuranones.
The N.M.R. spectrum shows that the molecule has a centre of
symmetry and shows absorptions at 5. O T, singlet (2H); 2.65 T,

8 Hz); 2.12 T, quartet (J = 8 Hz, 1.5 Hz) and 1.82 T,

triplet ( J
quartet (J = 8 Hz, 1.5 Hz). The absorption at 5.0 T is assigned
to the methylene groups, that at 2.65 T to the 5-H, 2.12 T to the
6-H and 1.82 T to the 4-H. In the case of the possible iromer
(156 ) one would expect the peaks to have the same multiplicities as
those observed but the order should be different with the 6-H
absorbing at highest field in the aromatic region,

The remaining material was a mixture of compounds
containing both phenolic and ketonic groups. None of the
components could be identified.

In order to simplify the reaction but preserve similar,
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overall characteristics, 2'-methoxybiphenyl-2-oxyacetyl chloride
(157) was reacted with aluminium chloride in benzene. This also
proved to be a complex reaction and not all the products could be
isolated. They could, however, be identified spectroscopically
and the proportions estimated from the integrated N.M.R, spectrum.
The reaction products were 7-(2-methoxyphenyl)benzofuran-3-one
(158) (33%), 2-(2-methoxyphenyl)phenoxyacetophenone (159 ) (20%),
the benzyl phenol (160 ) (7%), 2'-hydroxy-2-methoxybiphenyl (161)
(19%) and diphenylmethane (11%). The I.R. spectrum of the cyclic

ketone (158 ) showed a carbonyl absorption at 1710 cm _. This is

|

>~ _Oue . _~Olle
1,0071 1 o I = | (H,COPh

S l\‘

(158) (159)
]
%‘ Qe Olle

OH e l' 0131

CH,Ph o
(140) (161)

corroborative evidence that the cyclic ketone formed by double

cyclisation of (154 ) is, in fact, (155).

In the cyclisations of biphenyl-2-oxyacetic acids described
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so far the two aromatic rings have been free to rotate with respect to
each other. To investigate the effect of having the rings
constrained to coplanarity, the reaction of 9, 9-dimethylfluoren-4-
oxyacetyl chloride (162 ) with alurninium chloride in benzene was
studied. The 9, 9-dimethyl-derivative of 4~fluorenol was used only
because it is more simply prepared than th> parent compound, An
attempt was made to synthesise 4-fluorenol by a lengthy route
starting from diphenic acid but this was unsuccessful. The

methyl groups are sufficiently remote that their effect should be

H

(163)
(162) (164)

Ph,CH
(9%)

2

negligible, The major reaction in this case is cyclisation to a 5~
membered ring with the product (163) accounting for 87% of the

product. That (163) and not the isomeric seven-membered ring
system is the correct structure is shown by a low-field multiplet

at 2.15 T in the N.M, R, spectrum from the 5-H which characteristically

shows a low=~field resonance in 4-substituted fluorenes. The cther
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products were 9, 9-dimethylfluoren~4~ol (164 ) and diphenylmethane,
each formed in 3% vyield from decarbonylation. In this case the
ortho-position of the second ring is not in a suitable position for
acylation and the oxepincne is not formed. However the 3-
position of (162) is activated by the isopropylidene-group of the
fluorene nucleus and cyclisation readily occurs there. An
analogy can be drawn with the reaction of 3-methylphenoxyacetyl
chloride (165 ) which cyclises to (166) in 83% yield e where the

methyl group activates the position para-to itself to electrophilic

i SIS 0.8:
0"‘}12 0L

(165) (166)

attack,

At a later date, during a study of the cyclisation reactions
of substituted pyrrole alkancic acids, 2(l-pyrrolyl)phenoxyacetic
acid (1672 ) was prepared. This acid had previously been cyclised,
using polyphosphoric acid as a2 condensing agent, by Cheeseman and Roy 61’,
who found that 4-~oxopyrrolo [2,1-d]-1, 5-benzoxazepin (168 ) was
formed in only 8% yield along with 6% of benzo-2H, -1,4~oxazin=3(4H)one

(169 ). The latter product has presumably arisen from attack of

the acyl group on the nitrogen atom of the pyrrole ring followed by
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H

(167) (168) (169)
() R = OH

(b) R = NMe2

elimination of the rest of the ring, = The formation of (168) as the
primary acylation product is analogous to (128 ) resulting from
cyclisation of biphenyl-2-oxyacetyl chloride when the 2'-position
is easily attacked by the acylium ion. In this case, the 2'-site
is alsc an a-position of a pyrrcle ring and highly activated to
electrophilic attack. The low yield of (168) is presumably due to
acid-catalysed decompcosition of the pyrrole ring during the
cyclisation.

It is well-known that the Vilsmeier62 reaction, involving
treatment of a five-membered-ring heterocycle with a tertiary
amide and phosphorus oxychloride is a better method of introducing
acyl substituents than normal Lewis~acid~catalysed acylation. The

reaction is thought to proceed via the intermediate (170 ) formed

by interaction of the amide and phosphorus oxychloride,
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R.CO.NMe, __~3 |R.C

With this in mind the dimethylamigg%? the acid (157b ) was
prepared and treated with phosphorus oxychloride in ethylene
dichloride as solvent, Cyclisation to (168) occurred in 53% vield
and no cther products were observed.

2:10 Cyclisation of 3-(2-biphenyloxy)propionyl chloride

One example of the reaction of a 3-aryloxypropionyl
chloride with aluminium chloride in benzene was examined, that of
3-(2-biphenyloxy)propionyl chloride (171). In this case,
cyclisation at the 2'-position would give an 8~membered ring and
at the 3~position 2 6-membered ring, A previous report states
that (171 ) cy:lises to 8-phenylchromanone (172). Only one

product is formed in the reaction. Its I. R, spectrum shows a

e
N A

mz:grzﬂ 200*"} I

o

3

(171) (172)
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carbonyl abgorption at 1690 cm-1 and the N.M.R. spectrum has
absorptions at 7.4 T, triplet (J = 7 Hz), 2H; 5.68 T, triplet

(3 = 7 Hz), 2H; 2.66 T, multiplet, 8H. The fine structure of the
aromatic region reveals a triplet at 3. O7 T (J = 8 Hz) assigned to
H-6 and a quartet centred on 2.04 T (J = 8 Hz, 2Hz) assigned to
H-5, showing that (172) is indeed the product formed.

2.11: Reaction of Biphenyl-2~thicacetyl chloride

a) In Benzene

When biphenyl-2-~thicacetyl chloride (173) was reacted with
aluminium chloride in benzene, the only acylation product formed

wag 2-(2-biphenylthio)acetophenone (174): A trace amount of a

Ph PR iy 5
a QHZC‘O""]. / { {‘:HZ’:‘O@ 5.8
St
(173) k) )
Ph Ph
& @
(176) (177)

second component wasg isolated which did not contain a carbonyl
group., Although not fully identified this was thought to be 2-biphenyl
disulphide ( 175) formed by air oxidation of biphenyl-2-thiol (176 ).

The I.R. spectrum of the crude reaction product did show a small
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-1
absorption at 2250 ecm  which could be a thiol S-H stretch. No
other decarbonylation products were found, however.

b) In an Inert Solvent

The reaction was repeated using sym-tetrachloroethane as
solvent to prevent intermolecular ketone formation. The sole
product under these conditions was a cyclic ketone to which the;
structure 7-phenylbenzothiophenone (177) has been assigned from
its I.R. (;C=O = 1700 cmnl) and N.M.R. (absence of low-field
octet in aromatic region) spectral characteristics. This compound

was air-sensitive and oxidized readily on exposure to the atmosphere

and could only be isolated as the oxime derivative.
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Chapter Three

Rearrangements of Aryl Benzyl Ethers.




91

Section One.

Introduction
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3:1 Scope of the Investigation.

The rearrangement reactions of a number of aryl benzyl
ethers when treated with aluminium chloride in benzene have
been investigated with particular reference to cases where the
aryl group is biphenyl. It was found that in most cases the
distribution of products was consgistent with the reaction
proceeding via a m-complex intermediate wuich either rearranged

to an ortho-benzylphenol or was attacked by a solvent molecule.

3:2 Historical Background,

The general method of synthesis of the aryl benzyl ethers
used in this study has been by the reaction of the sodium salt of a
phenol with an equimolar proportion of benzyl chloride in ethanol
solution, Conversion to the ether is high and alcoholysis of
the halide of little importance. These reactions are reported
extensively i1 the literature and take place under a variety of

basic conditionse'z' ! 6‘*.

At Q00

(S:L'»)
Aryl benzyl ethers () have long been known to rearrange
when treated with Lewis Acids but only comparatively recently

has it become apparent that two distinct mechanisms operate
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dependi ng on the conditions of the reaction.

Benzyl phenyl ether (9., R=H) undergoes zinc-chloride
catalysed rearrangement at 160° in the absence of a solvent to
give a mixture of 2- and 4~ benzylphenols (92, R=H, 179) ina
molar ratio of 1:4?‘.63 with some 2,4-dibenzylphenol (174) also
produced. In anisole at 100°C these same products are also
formed in similar molar ratios together with large amounts of

4-benzylanisole (180) and 2, 4-dibenzylanisole (181).

O CH,Ph  PhCH, @ th‘Hz@

(J:, R=H) (179) (178)
I Rearr't.
PhOZnCl, *+ Ph. CH, <=—Ph OCHﬁPh
PhOMe 92, R=H)
PhCH, PHOH,,
Olfe ole
(180) (181)

The nature znd proportions of the prorducts are consistent with the
formation of a free benzyl carbonium ion which attacks the
phenol or anisole in a competitive intermol ecular reaction. The
intermolecular nature of such rearrangements has been
substantiated by the zinc chloride-catalysed rearrangement of
benzyl 2-methylphenyl ether (7., R = 2-Me) where the ratio of

4- and 6-~benzyl- and 4, 6-dibenzyl-2-methyl phenols obtained was
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similar to that found in the direct benzylation of 2-methylphenol

(9%, R = 2-Me) using benzyl alcohol and zinc chlorides5.

Hickinbottom has shown66 that aryl benzyl ethers will also
undergo thermal rearrangement. The product ratio again suggests
the reaction is intermolecular. When benzyl phenyl ether
(2, R=H) is refluxed for several days the phenolic fraction of the
products contains 2-benzylphenol ('i», R=H), 4-benzylphenol (179)
and 2,4-dibenzylphenol (178). Similar results were obtained
using substituted aryl benzyl ethers.

A striking contrast is shown in the aluminium bromide-
catalysed rearrangement of benzyl phenyl ether at low temperature
in chlorobenzene as solvent 67. Kinetic studies showed that the

ether was rapidly converted to a mixture of 2~benzylphenol

(c:z, R=H) (55%) , phenol (93, R=H) (40%) and a mixture of

isomeric di-{chlorophenyl) methanes (182). This was followed by a
aibz N, (i Ph
2
0CH PR PhCl. ?
CH OB
(.2 R=H) (85, R=H)
CH

CL =

(182)
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slow unimolecular conversion of 2-benzylphenol to phenol and

(182). The notable feature of this reaction is the formation of
2-benzylphenol as the sole rearrangement product, The absence
of 4-benzylphenol and 2,4~-dibenzylphenol suggests an
intramolecular process.

Palmer and McVie68 studied the reactions of a series of aryl
benzyl ethers with aluminium chloride in benzene and found that
when there was a vacant ortho-position in the aryl nucleus, the
rearrangement product was always the 2-benzylphenol with no more
than a trace of other isomers, The other products in these
rearrangements are always the parent phenol (%) and
diphenylmethane (.%) formed in equimolar proportions by
intermolecular attack of solvent on the intermediate.

Only when both ortho-positions were blocked were meta- and
para-benzylphenols formed with the meta-isomer predominating.,
In the reaction of 2, 6-dimethylphenyl benzyl ether (183), the
rearrangement products were 3-benzyl~-2, 6-dimethylphenol (184),
the meta isomer, and 4-benzyl-2, 6-dimethylphenol (185), the

para isomer, in the ratio 3:1, The same compounds were formed
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(185)

Ph
ZCHZ

(94)

in opposite propontions by direct benzylation of 2, 6-xylenol (186)

using benzyl chloride and aluminium chloride. Thus intermolecular
electrophilic attack gave largely para-substitution while
intramolecular rearrangement gave mainly meta- substitution.
These results are consgistent with the formation of 2 r-complex
69

intermediate (187b), as suggested by Dewar , in which the two

rings rota_ﬁe with respect to_cachother. .
c — — C1341Q {93 01,430 |
C1AL CH,Ph 34 2 3

(187a) (187b) (187¢)
Further evidence for a m-complex intermediate is found in
the work of Hart and E]ia? who showed that the aluminium bromide-
catalysed rearrangement of optically active a-methylbenzyl 4-methyl
phenyl ether (188) gave 2-(a-methylbenzyl)-4-methylphenol (189)

with 75% retention of optical activity.



97

0-CH.Me  phCl QH

(188) (189)

These results and others to be presented later lead to the
conclusion that the Lewis~Acid catalysed rearrangements of aryl
benxyl ethers in aromatic solvents at low ternperatures proceed
via a m-complex interraediate. At higher temperatures a free

carbonium ion mechanism operates.
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Section Two.

Results and Discussion.
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3:3 Rearrangements of Aryl Bengzyl Ethers.

The reactions of a series of benzyl biphenyl ethers with
aluminium chloride were investigated. These were all carried
out at low temperatures (5-100) by adding a solution of the ‘ether
in benzene to a stirred suspension of aluminium chloride in benzene.
Af..r a reaction time of around two hours tle mixture was
hydrolysed by pouring into ice~cooled dilute hydrochloric acid,

The reaction products were extracted into benzene from the
hydrolysis mixture. From the integrated n.m.r. spectrum of the
crude product it was possible to obtain a good indication of the
relative amounts of each product formed. Separation of these
products was generzlly achieved by extraction of the parent
hydroxybiphenyl into aqueous 2M sodium hydroxide followed by
chromatography of the residue on alumina to isolate diphenylmethane
and the benzvl phenol.

The product distributions from the rearrangements of benxyl
2-biphenyl (190) and benzyl 4-biphenyl (191) ethers were very
similar, In the latter case 3-benzyl-4-hydroxybiphenyl (192),
the ortho-benzyl phenol accounted for 33% of the product. Also
isolated were 4~hydroxybiphenyl (193) (43%) and diphenylmethane
(67% ). The molar amounts of these two components should be
equal. However (193) is only moderately soluble in dilute sodium

hydroxide and not all can have been extracted. The remainder
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a 5
4B,

/j; CH, Ph o oH
. l B lf}HzPh
(190) (194)
OH,Ph  OH
Y RS
"“'_‘__;'/ T
(196)

Tk,

(94.)

(193)
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would remain on the column during thé chromatographic separation
of (192) and (9%). The proportion of rearrangement is quite low
probably because the ortho-position in this case while being
activated by the oxygen atom is also the 3-position of the biphenyl
nucleus and meta~ to the other phenyl group. It is therefore

not narticularly favoured in electrophilic attack, In the case

of benzyl 2-biphenyl ether (190), 3-benzyl-2~-hydroxy biphenyl

(194), the product of ortho-rearrangement, comprised 31% of

the total along with 67% and 69% of 2-hydroxybiphenyl (195) and
diphenylmethane respectively, I tis interesting to note that

none of the isomeric 2'-benzyl-2-hydroxy biphenyl (196) was
detected in the benzyl phenolic fraction. This is further
confirmation that such rearrangements proceed through a w-complex
intermediate (187b) in which rotation of one ring leads to substitution
at a vacant ortho-position (187c) since the 2' position, although
quite sterically hindered, is very susceptible to elcoctrophilic

attack and if a free benzyl cation had been formed it would probably,
in part, have attacked that position,

A more striking example of the intramolecular nature of this
rearrangement is found in the reaction of benzyl 2-(l-pyrrolyl)
phenyl ether (197) with aluminium chloride. The benzyl group
again rearranges to the 3-position although only 11% of 2-benzyl-6

(1-pyrrolyl)-phenol (198) is formed. Also isolated were
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2-(l-pyrrolyl) phenol (l§9) and dgiahenyl methane (%) in yields of

35% and 64% respectively. During the alkaline extraction of (199)

S, U

N

OCH,Ph OH ] oH
Do
(197) (198) (199) (200)
' Ph,CH,
(9%}

some dark insoluble material was encountered. This was thought to
be the salts of the polymeric phenols formed by the action of the
Lewis acid on (199) and probably accounts for the small amount of
(199) actually isolated.

There was no evidence at all of benzyl substitution of the
pyrrole ring which would be inevitable if a free carbonium ion was
involved in the rearrangement. The a-positions especially are
so highly activated to electrophilic attack that a benzyl carhonium
jon would certainly substitute there forming (200). The total
absence of this is further strong evidence in support of the
intermediate being a species of the type (187b).

2-Biphenyl l-phenyl ethyl ether (201) rearranges in a very
similar fashion to (190). The ortho-(l-phenylethyl) phenol (202)

forms 35% of the product and 2-hydroxybiphenyl (195) and
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Ph Ph Ph
0CtitiePh OH OH
CHMePh
(201) (202) (195)
Ph,CHMe
(203)

1,1-diphenylethane (203) account for 48% and 55% respectively.
Methyl substitution of the bensyl group appears to have negligible

effect on the reacticon.

3:4 Rearrangements of Cyclic Ethers.

One of the products formed when 2-(2-biphenyloxy) isobutyryl
chloride (142) was treated with aluminium chloride in benzene was
shown to te 9, 9-dimethylfluoren~-4-0l (144), This was thought to

occur by decarbonylation of the acid chloride giving the carbonium

ion (145) which then cyclised to 6, 6-dimeth361%ib$nzo[b, d]6/H)-pyran
,‘. ...r'je

2

OH:
(147) which is in effect a cyclic, side-chain substituted benzyl

ether., This then rearranged in the presence of aluminium
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chloride by deavage of the 5-6 bond, rotation about the bond
joining the tw- .romatic rings and cyclisation at the 1~ position
to give (144).

To investigate this hypothesis, (147) was synthesised using
the method described by Cahn7l wherein the diazonium sulphate
of unthranilic acid was reacted with phenol o give 3,4-benzo=-
coumarin (204). Treatment of this with methylmagnesium iodide

formed the diol (205) which cyclodehydrated, under acid catalysis

to (147).
+
MeMgl H , (147)
0 Clie, O
O
(204) © (205)

When (147) was reacted with aluminium chloride under identical
conditions to the acid chloride it underwent quantitative co..version
to the fluorenol (144). Although this reaction was carried out at
low temperature using a strong Lewis acid a free carbonium ion

must be involved in the intermediate, probably of the {orm (206)

-hl -
15(32.1

- 0" :"s.lc. l 3

L0

(206)
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since it is impossible for this molecule to adopt a2 sandwich-complex

structure.

A very similar observation has been reported by Anchell and
Blatt ?2. They found that when the diol (207) was heated in a
sealed tube at 2000 for twenty-four hours with a mixture of

hylrochloric anfl acetic acids the product was 1, 9, 9-trimethylfluoren-

4-0l (209). It seems reasonable to assume that (207) initially

(207) (209)
underwent acid-catalysed cyclo-dehydration to the pyran derivative
(208) which was rearranged by the acid to (209).

In these two cases, cleavage of the pyran ring leads to the
formation of a stabilised tertiary carbonium ion. To assess the
effect of the side-chain methyl substituents on the reaction, the

unsubstituted dibenzo [b, d]-6(H)pyran (210) was treated with

aluminium chloride in benzene under the same conditions. This
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time the rearrangement product, fluoren-4-ol (211) was formed

in only 15% 3°-id with the remaining material being recovered as
unchanged (210). Cleavage of the ether ring in this example
leads to a primary, benzyl-type carbonium ion and obvio usly

does not readiyy cccuy. This reaction was performed by adding

a u. lution of (210) in benzene to a stirred suspension of aluminium
chloride in benzene 2t 5 - 10°C over 15 minutesfollowed by stirring
the mixture at this temperature over a further 1.5 hours,

In anas tempt to promote the rearrangement reaction, the
experiment was repeated initially as above. At the end of the
first 1.5 hours stirring at 5 - lOO, the mixture was warmed to
50 - 60° and stirred at this temperature for a further 1,5 hours.
After hydrolysis the product was shown by thin-layer
chromatography to have three components, These were separated

by chromatography on silica~gel and found tc be 2-hydroxybiphenyl

th GH2 Ph3 C-OH

(%) (212)

(195)

(195) (87%), diphenylmethane (2..) (80%) and triphenylcarbinol (212)
(20%). At first sight this is a rather odd result but the

explanation almost certainly lizs in the reactivity of the primary



1Q7

cari::onium ion (213) formed by the initial ether cleavage. This ion

A

attacks a ben. -.e molecule forming a benzyl group in (214). It can

=

+ i
H, = OH,Fh
o-—zaf“'f?zl3 o-&lj
(213) (224)

now be envisaged that (214) will react in one of two ways. The
benzyl group can be clea¥ed off by aluminium chloride as a benzyl
carbonium ion complex which will then alkylate a benzene molecule
forming diphenylmethane (92.). The other fragment from (214)
is 2-hydroxybiphenyl probably co-ordinated with aluminium

©
chloride. Alteynatively the -O—AICI3 substituent can act as a

neighbouring group promoting innisation of the benzyl substitucut
to a carbonium ion which alkylates a henzene molecule,
Introduction of a secord phenyl group by the same means would
lead to the triphenylmethyl-substituted species (215). The bond
between the triphenylmethyl group and the aromatic ring will be
considerably weakened by steric overcrowdingand will break easily
forming 2-hydroxybiphenyl and a triphenylmethyl cation. During

hydrolysis this cation is conwerted to triphenylcarbinol (212).
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(215)

The above mechanism seems preferable to the alternative one
wherein (214) loses the benzyl group exclusively to form
diphenylmethane and 2-hydroxybiphenyl since the aluminium
chloride present will almost certainly remain co-ordinated to an
oxygen atom throughout the series of reactions and would not be
available to promote progressive substitution of the methylene
group of the diphenylmethane formed in the reaction which could
also lead to triphenylcarbinol and probably some other species.,
Indeed when diphenylmethane was treated with aluminium (hloride
in benzene for 1 hou. at 55° no triphenylmethanol was detected in the
complex mixture of products formed.

The rearrangements of (147) and (210) provide a convenient
route to 4-substituted fluorene derivatives (216, X = OH) which are
not otherwise readily accussible. The preparation of fluorene
derivatives with a carbon~-containing substitutent in the 4-position

is quite straightforward with the first step generally being the
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(216) (217) (218)
cyclisation of diphenic acid (217) 1o 4=-carboxyfluorenone (218).
However, conversion of the carboxyl group to groups such as
hydroxyl- or amino- is difficult.

Accordingly, in an attempt to e.xtend this rearrangement
reaction to compounds containing hetero-atoms other than oxygen,
5, 6=dihydro-5, 66-trimethylphenanthridine (219) was prepared by
the Grignard reaction of methylmagnesium iodide on 5=

methylphenanthridone (220) and treated with aluminium chloride in

e
R
X R
(219) (220) (221)

benzene at 5 - 10° for two horrs, No reaction occurrzd and (219)
was recovered unchanged, The reaction of the sulphur analogue
(221) was not investigated owing to non-availability of starting

materials.
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Chapter Four

The Dibenz[b, d]Joxepin Ring System
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Secticn One

Intrceduction
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4:1 Dibenz[b, d]oxepin.

NS
V4

.
(

(222)

Although the other, isomeric dibenzoxepins are fairly well-
described in the chemical litera*.re, little is known of this ring
system, Its derivatives have been reported only four times and
the parent compound was unknown at the start of this investigation.
Three of the examples E2rlito are intermediates in terpene
syntheses and are substituted polyhydro-lactones of 2'-hydroxy=
biphenyl-2~acetic or -glyoxylic acids. The fourth exa.m];:ale?6 ’

6, 7=dihydrodibenz[b, d]Joxepin (223) was prepared by the Pschorr

cyclisation of o-aminophenyl B~phenethylether (224) during a

study of pyran and homopyran derivatives. Sieglitz and koch then

(224) (223)
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converted (223) to a mixture of phenanthrene and hydrophenanthrenes

by treatmen* w th hydriodic acid.

4:2 Dibenzo]b, d]thiepin and Dibenz[b, d]azepin

Little also is known of the sulphur and nitrogen analogues of
(2°2), dibenzo[b,d]thiepin and dibenz[b, d]azepin. In neither case
is the parent compeound known. The simplest derivative of the
former which has been described is dibenzo[b, dJthiepin~7(6H)=-
one-1, l-dioxide (225) which was prepared by Dieckmann
cyclisation of (226)?7 An analogous cyclic ketone, 5-p-tcluenesulphonyl-

5(H)dibenz[b, d]azepin-7(6H)~one (227) has been prepared by

20,0515,

802"}1&’3

(225) (226)

cyclisation of the acid chloride (228) at low temperature using
aluminium chloride as catalyst in chloroform as solvent., The
ketone has been reduced fo the corresponding alcohol with lithium
aluminium hydride and derivatives of the type (229), where R is an

alkoxy group, have been prepared by the action of base on (227).

Several dmeric species have also been reported?
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(228) (229)
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Results .and Dilscussion

The cyclic ketone dibenz[b, d]Joxepin-7(6H)-cne(128) was the
starting material used in the preparation of all other derivatives
of the ring system. It is therefore appropriate to consgider first
the chemistry of this compound,

4:3 Reactions of Dibenz[b, dloxepin-7(6H)-one

In most of its reamctions dibenz[b, dJoxepin-7(6H)-one behaves
as a fairly typical, if rathexr unreactive ketone. The carbonyl
group is readily reduced by lilliam aluminium hydride in ether or
more slowly by sodium borohydride in ethanol to the secondary

alcohol (230, R=H), It reacts readily with Grignard reagents

R
\ QH

" SNy—0
A
(128) (230)

methylmagnesium iodide and phenylmagnesium bromide to forrn
the tertiary alcchols (230, R = Me, Ph). These alcohols are all
very viscous, almost colourless cils which have shown no tendency
to erystallise.

The ketone forms a crystalline oxime when treated with
hydroxylamine hydrochloride in basic alcoholic solution. When

Beckmann rearrangement of this cxime was attempted the product
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was a pale brown, amorphous sclid which was quite insoluble in
organic solvents and did not appear to be the desired eight-
membered ring lactam.  The I.R. spectrum of this substance

was very indistinct but a broad, rounded peak at 1640 cmﬂl may
have been due to an amide C=0 stretch. In general the M~methyl
derivatives of amides are much more soluble than the unsubstituted
compounds and an attempt was made tc methylate this substance
using dimethylsulphate and aqueous potassium hydroxide but this
met with no success.

Three different methods were used in attempts to reduce the
carbonyl-group to a methylene-group. Hydtfogenation over
palladium=-charcoal at one hundred atmospheres did not reduce
the compound at all. Clemmensen reduction using the Martin
modification gave a complex mixture cf products several of which
were identified, The crude product partially crystallised and
crystallisation from ethanol gave a colourless compound,

M.P. 216 - 8°, The n.m.r., spectrum of this compound showed
only aromatic protons as a complex multiplet (8H) and a singlet
methyl group. The mass spectrum showed a small parent ion
peak at ™ /e 390 with a large half-mass peak at m/e 195 and
strong peaks at ™ /e 165 (9-fluorenyl cation) and ™ e 152
(biphenylene radical cation). From these observations the
compound was identified as 6, 6~bis-(6-methyldibenzo[b, d]pyranyl)

and subsequently found to be the meso~-isomer,
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H 3 OH

(231) (232) (233)

The I.R. spectrum of the ..aterial rewnaining after the
crystallisation showed a phenolic -OH stretch and extraction with
2M sodium hydroxide gave a small amount of phenclic material
whose n, m, r. spectrum shcwed -CZH5 and ~-CHMe- groups,
suggesting a2 mixture of 2'-ethyl-2-hydroxybiphenyl (232) and 9~
methylfluoren-4=~ol (233). Low temperature crystallisation of
the remain from light petroleumn gave a colourless compound,
M.P. 146 - 8°C.  The n.m.r. spectrum was similar to that of

the meso=-isomer of (231) but the aromatic region showed a

= 8Hz, J = 1,4 Hz)

distinct upfield ortuo-, meta- quartet (Jortho meta

integrating for one proton when compared with the singlet for the
methyl group (3H). The mass spectra of the two compounds
were identical., On this basis, the structure was assigned as

the dl-form of (231). From the photographs of the Dreiding
models of these isomers it can be seen that the 4- and 4'- protons
of the dl-form in what is most probably the preferred conformation

lie directly above a benzene ring in the other half of the mclecule
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and are shielded by the effect of the ring current in that ring,
appearing as the upfield aromatic signal in the n.m. r. spectrum.
The n.m.r. spectrum of the liquors from this crystallisation showed
the presence of a small amount of a compound containing a

~-CHMe~ group with the methine proton absorbing at 4.85 T

(quartet, J = 7 Hz). This is probably 6-methyldibenzo[b, d]-6H-

pyran (234).

(234)
The Clemmensen reduction is thought to proceed by a radical
80
mechanism and, in this case, the initial intermediate is probably

the hydroxy-radical (235) which rearranges to (236).

(235) (236)
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o Me

(237) (238)
Loss of a hydroxyl radical leads to (237) which adds a proton and
an electron to form the 6~mel’yidibenz[b, d]pyranyl radical (238).
Coupling of two of these radicals leads to the meso~ and dl- forms
of (231) dependent on the orientations of the two halves at the time
of reaction. Addition of a hydrogen atom leads to the pyran(234)
which can undergo acid-catalysed rearrangement to the fluorenol
(233). 2'=Ethyl-2-hydroxybiphenyl (232) can arise by cleavage
of the 5, 6=bond of (236) followed by reduction of the acetyl group
formed. .
This proposed scheme finds a close analogy in the Clemmensen
81 82
reductions of cyclozexenone and related systems when ring

cont raction occurs which has been shown to proceed through a

cyclopropanol intermediate of the type (239).

CH

(239)
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83
Wolff-Kishner reduction (using the Huang-Minlon
modification) also failed to give the dihydrooxepin (223), Two

major prod -8 were formed in this reaction which were identified

as phenanthrenequinone (240) and 2!-ethyl-2-hydroxybiphenyl (232).

(240) (241) (242)
The n.m.r. spectrum of the crude product also showed a third
component, present in small amount, which contained a2 ~CHMe-
group with the methine proton absorbing at 6.03 T (quartet,
J = 7Hz). This was thought to be 9-methylfluoren-4-ol (233),
although not isclated.

The formation of phenanthrenequinone must have occurred
by Wittig rearrangement of the cyclic ketone. Abstraction of
a proton by the base would lead to the anion (241) which
rearranged to the alcoholate anion (242). Subsequent
oxidation, presumably by atmospheric oxygen gives the quinone.
This was confirmed by heating the oxepinone with potassium
hydroxide in digol, omitting the hydrazine, when phenanthrene~
quinone was formed in high yield.

Although dibenz[b, dJoxepin~7{6H) one undergoes the Wittig
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rearrangement when strongly heated with potassium hydroxide,
the methylene group is generally unreactive. INo reaction was
observed wi. ... the ketone was treated with Claisen alkali (35 g.
potassium hydroxide, 75 ml. methanol, 25 ml. water) in the cold
and (128) was recovered unchanged, No methylation of the 6~
position occurred when the pyrrolidine enamine was treated with
mathyl iodide and reaction oi the ketone with sodium nitrite in
glacial acetic acid failed to give the 6~ isonitroso derivative.

When the ketone (12€) was heated witk phenylhydrazine the
phenylhydrazone readily formed. Addition of glacial acetic acid
followed by further heating resulted in the formation of indolo
[3, 2=g]dibenz([b, dJoxepin (243) by the Fischer Indok reaction. In

this reaction the initially formed phenylhydrazone is known to

%
U

(243) (244)

rearrange to an ene-hydrazineasvhich subsequently cyclises under
acid catalysis with the elimination of ammonia. In this case the
ene-hydrazine intermediate will be (244).

The formation of the pyrrolidine enamine and the ene-
hydrazine (244) show that enociisation does occur in species of

these types.
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4:4. Preparation of the Dibenz[b, d] oxepin System

When the secondary alcohol (230, R=H) formed by
reduction ~f .ibenz[b, dJoxepin-7(6H)~one with sodium borohydride
or lithium aluminium hydride was heated with a suspension of
phosphorus pentoxide in benzene, the n,m.». spectrum of the
product showed, along with an aromatic multiplet centred on 2. 8T,
‘wo small doublets (J = 6Fz) centred on 3.45 T and 4. 05 T.

These were assigned to the 6~-H and 7-H of dibenz[b, dJoxepin

(222). Numezous peake in the upfield region of the spectrum

(245) (246)
suggested the presence of large amounts of polymeric material
and wher. this product, diesolved ia a little benzene, was poured
into methanol the polymer separated as a white, amorphous solid.
This obviously, was not a satisfactory preparative method.

When the alcohol (23C, R=H) was heatedwith thionyi chloride
in benzene solution it was converted to 7- chloro-6, 7- dihydrodibenz
[b, d]oxepin (245, R=H) which distilled as a colourless liquid,

B.P. 116 - 20° (0. Ol m.m) but rapidly darkened on standing.

After several trial attempts it was found that when this
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chloro- compound was refluxed with a 25% solution of potassium
hydroxide in =thanol for four hours it was converted to
dibenz[b, d] oxepin without polymeric impurities in good yield.
Chromatography of the product on alumina followed by distillation
under nitfoger.-. gave dibenz[b, dJoxepin as a colourless liquid
B.P. 102 - 4°/0.2 mm.

Similar results were obtained with the 7- methyl- and 7-
phenyl- substituted alcohois (23C, R= Me, Ph).  When these
were heated with phosphoxva -enioxide in benzene some oxepin
was formed but much polymeric material resulted. Reaction
with thionyl chloride gave the 7- chloro- derivatives (245, R=
Me, Ph) along with some of the oxepins. Heating these
mi xtures with ethanolic potassium hydroxide solution gave the
oxepins (246, R = Me, Ph) in good yields.

The acid-catalysed polymerisation of these oxepins
probably occurs by protonation of the 6- position. This will
create a carbonium ion at the 7- position which can then attack

another oxepin n.olecule and so on forming a chain.

4. 5 Reactions of Dibenz[b, d]loxepin

From the n.m.r. spectrum of this compound, which shows
the 6-H as a doublet centred on 3,45 T and the 7-H as a doublet
(with the peaks slightly broadened by long-range coupling) centred

on 4.05 T, it appears that the 6-7 bond is olefinic in character.
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This is also supported by an absorption at 1647 cm‘lin the I.R.,
spectrum. One would not expect the system to be aromatic
since there are sixteen m-electrons in the periphery and eight w+
electrons in the oxepin ring and in its reactions it behaves as a
cyclic vinyl ether,

The molecule is non-planar with the 7- membered ring
held in a boat-type conformation, Frem models of the mole-
cule, the angle beiween the two benzanc rings is found to be
around 40° and *he racicanie i ziv i gic.

Dibenz[b, d] oxepin reacts readily with acid and is poly~
merised by it. This was shown by adding one drop of trifluoracetic
acid to a solution of the oxepin in deuteriochloroform in an n.m.r.
tube and recording the spectrum at intervals. The doublets
from the 6~-H and 7-H diminished in intensity to be replaced by
multiplets centred on 7.0 T and 8.7 T. After twenty-two hours
this process was complete.

Attempts to nitrate the ring system were unsuccsssful,
both with fuming ritric acid in acetic anhydride and with cupric
nitrate in acetic anhydride, when complex mixtures of products
were formed, No nitro- derivatives were detected from either
reaction.

The most characteristic reaction of the system is addition
to the 6, 7- double bend.  libenz[b, d] oxepin was slowly
hydrogenated at atmospheric pressure over Raney nickel to form

6, 7- dihydrodibenz[b, dJoxepin (223).
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Bromine readily adds to the double bond to give the
crystalline but unstable 6,7~ dibromo-6, 7-dihydrodibenz[b, dJoxepin

(247). T.- n.m.r. spectrum of this product was interesting

(247) (248)
in that, instead of showing the 6~ and 7- hydrogen atoms as two
doublets, they appeared as two pairs of doublets with coupling
constants of 3.5 Hz and 9.5 Hz respectively. @ From Dreiding
models it was seen that these resonances could arise from either
a mixture of cis- and trans- isomers or from two conformers of
the trans- isomer,. This ambiguity could be resolved by
recording the n.m.r. spectrum at several different temperatures.
If the product was a mixture of conformers, the ratio of the two
should change with changing temperature and a mixture of cis~
and trans- isomers should give the same gpectrum at different
temperatures. When the spectrum was recorded at -600, o°
and +20°C, the intensities of the peaks remained constant
showing that it was, indeed. a mixture of cis~ and trans-
isomers. The two crystallised together from light petroleum

L o
as colourless n=zz2dles M. P. 101 - ¢ C.
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Such cis- additions have been reported and rationalised
by Dewar and ]e"a.hetjr3 ?n the reactions of deuterium bromide and
chloride w %u a.cenaphthylenea,eindeng ?a.nd cis- and trans- l-
phenylpropene@e‘ They showed that the reactions were polar
and not free radical in nature and rejected the idea of a m- complex
intermediate which would lead exclusively to the trans- isomer
or of a free carbonium ion intermediate which should give an
equimolar mixture of cis- and trans-. Their suggested inter-
mediate is a classical carbonium ion which does not exist free but
as an ion pair (249) with the bromide ion on the same side of the

D

D e Br D Br

~¢ = cl——— c\: — G
o N - / © \\
(249)

olefin, Quick collapse of this ion pair leads to a high
proportion of the cis- isomer and the trans- isomer is formed
only if the ion pair survives long enough for the bromide ion to
migrate to the opposite side of the planar carbonium ion. This
should be enhanced in polar solvents which can stabilise the ion
pair and, indeed. thoesc workers found that a greater proportion
of the vis- isomer was formed in less polar solvents.

It is possible that a similar process is operative in this
bromination although the ion~pair effect will be weaker owing to
the larger size of the bromine atom when compared with deuterium

or hydrogen. Similar cis~ additions have been observed in

il 9 90
the chlorination of phenanthrene and acenaphthylene and in the
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bromination of styrene derivatives where a non-symmetrical
bromonium ion has been proposed as intermedia,te.91'’92

The r zoduct ratios from this reaction were not found to
be consistent. On one occasion equimolar amounts of the two
isomers were formed but in all other cases the trans- isomer
formed around 80% of the total.

The reactivity of the a-bromine atom of a,f-dibromo-
ethers is well-known to be many thousands of times greater
than that of the f~bromine in both acyclic and cyclic system393
and dehydrobromination to B~bromovinylethers readily occurs.

This dibromide (247) is very readily dehydrobrominated
by ethanolic potassium hydroxide to 7- bromodit 2nz[b, dJoxepin
(248), a viscous, colourless liquid which showed no tendency to
crystallise. The n.m.r. spectrum of this compound shows
H-6 as a very sharp singlet at 2.98 T, None of the 6- isomer,
which world be expected to show H-7 as a singlet, broadened by
long-range coupling and absorbing at higher field was detected.

Attempted nucleophilic displacement of bromine by cyanide
was attempted with (248) by heating with cuprous cyanide in
dimethylformamide. A complex reaction which appeared to
involve opening of the oxepin ring occcurred and there was 1.0
evidence that the 7- cyano- derivative had formed.

Dibenz[b, dJoxepin reacted sluggishly with ethyl diazoacetate

both when warmed in the presence of copper powder and when

the mixture was strongly heated alone. A small amount of the
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cyclopropane derivative (250) formed by addition of ethoxycarbonyl

carbene to the 6,7~ double bond was formed along with large

(250) (251)
amounts of diethyl fumarate, After hydrolysis of the ester it
was possible to isolate the acid (251) in a fairly pure state but
in very low yield. The high-field region of th= n.m. r., spectrum
of this compound was of considerable interest. The resonances
occurred at 5.43 T (quartet, JAB = 6, O Hz; JAC = 2.5 Hz; 1H;
HA)’ 7.15 T (triplet, J, __=J = 6.0 Hz: 1H; HB) and at

AB BC

7.72 T (quartet, JBC = 6.0 Hz, JAC = 2.5 Hz; 1H; Hc),

showing that the hydrogen atom of the =CH. CO_H group is trans-

2
to the other twc hydrogens of the cyclopropane ring which originate
from the oxepin ring and that those two are cis- with respect to
each other. The structure of the acid must therefore be (247)

or its enantiomer formed by cis- addition of the carbene to che
double bond. This is in accerd with previous observations that
alkoxycarbonylcarbenes undergo stereospecific cis- additions

{ 2%, : . ;
with olefinsg,qé.n?i is also an indication that there is nc intermediate

formation of a pyrazoline.
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GENERAL NOTES

1, Melting points were recorded using a Koffler hot-stage
melting point apparatus.

2. Microanalyses were carried out in this department using
a Perkin Elmer Elemental Analyser, Model 240.

3, Nuclear Magnetic Resonance spectra were recorded using a
Perkin Elmer R.10 (66 MHz) or a Varian Associates HA 100
(100 MEz.) spectrometer with tetramethylsilane as internal
standard. Data are given for 60 MHz spectra unless
otherwise stated.

L4, Infra-red spectra were reco:led on a Unicam SP 200
Spectrophotometer.

5. Mass spectra were recorded using an AEl1-GEC MS 902 double-
focussing mass spectrometer.

6. Solutions were dried over magnesium sulphate monohydrate.

7« Boiling points are uncorrected.
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CHAPTER 1
P e a1

1l.1. Preparation of 3-Arylpropionic Acids.

29
(a) 3=-(Biphenyl-2) propionic acid.

A solution e diethyl malenate (4.5g., 0.028 male) in ethanel
(10 ml.) wes added to a stirred solutien of sodium ethoxide
prepared by adding sedium (0.625g., 0.027 mole) to ethanol
(40 ml,). After 0.5 hours, a solution of 2-chloromethylbiphenyl
(5.5g., 0,027 mole) in ethanol (30 ml.) was added slowly. After
the a.dition was completed, stirring at room temperature was
centinued for a further two hours and then the mixture was
refluxed for 0.5 hours. After covwling it was poured into cold
water (5600 ml.) and extracted w.lu benzene. After drying the
extract, the benzene was remuved under vacuum leaving the crude
diethyl o~phenylbenzylmalonate as an oil. This was aydroelysed
by refluxing with aqueous petassium hydruxide for 3 hours. The
hydrolysis mixture was poured into water and washed with benzene
te remove any non-acidic material present. O-Phenylbenzylmalonic
acid was precipitated on acidification of the basic solution.
It was filtered, dried and recrystallised frem benzene to give
colourless clusters M.P. 126-7° (1it.125.5° - 127.5° ). Yielu 67%
When this acid was heated at 1%0-140° for 2.5 hours, it
decarboxylated smoothly te give 3-(biphenyl-2) propionic acid
purified by recrystallisatien from benzene/light petroleum
(60/80°).

M.P. 111-12° (1lit. 110-113°),

(b) 3-(4=~Fluorenyl) propienic acid.

96
Using the method described by Quelet and Barge, 4~-chloromethyl-

fluorene was prepared in several stages from diphenic acid.
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The chleremethyl compound (5.0g., 0.023 mele) was reacted
with sodie-diethyl malonate (0.023 mole) as above., Hydrolysis
of the diester fellowed by decarbexylatien gave 3-(4~fluorenyl)
propionic acid wr.ch was recrystallised frem benzene,

M.P. 175=-7° (1it. 1779 ) Yield 67%.

l.2. Cyclisatiens of 3-arylprepienyl chlorides with aluminium
chloride.

(a) 3-(Biphenyl-2) propienyl chleride

(i) 1In benzene.

To a suspension of 2.22g. (€.0167 moles) aluminium chlorice
in 14 ml,., dry benzene at 5-10°C 'was added a solutien of
3-(biphenyl~2) propionyl chloride (prepared frem 2.70g., C.0134
moles of the acid) in 14 ml. benzene over 15 minutes and with
vigerous stirring. The reaction mixture was stirred for a further
1.5 hours at this temperature and then poured into iced, diluted
hydrochleric acid and the mixture hydrolysed over 0.5 hours. The
product was extracted into benzene and the organic layer washed
with saturated sodium bicarbenate solution from which no unreacted
starting material was recovered after acidification.

The benzene solutien was dried and the benzene was aistilled
out under vacuum leaving the preduct as a yellow oil, 2.61lg, The
t.l.c. of this preduct on silica gel, eluting with benzene showed
three components, a strong band at RF 0.3, a weak ene at Rp O.h
and a trace at Ry 0.6. The n.m.r. spectrum showed a complex
aromatic multiplet centred on 2.5 T (8H), two triplets (J=7Hz)
centred on 6.82 T and 7.27 Y and a singlet at 7.05Y. The I.R.
spectrum showed iic:o at 1705 cm™t with a shoulder at 1680cm.~ %t

The preduct was chromategraphed on 250g. silica-gel when

three fractions were obtained:
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Fractien 1, (eluent 20% CHCl3/Cglty). This contained €.1lg. and

the I.R. spectrum shewed na carbenyl absorption. It was thought

to contain a hydrocarbon, possibly 9, l0-dihydrophenanthreae

which could have resultei.from decarbonylation of the acylium

ioh followed by cyclisation, but was not fully identified.

Fraction 2. (eluent 50% CHCl3/CgHg). Yield 1.77g. This was a

mixture of two cyclic ketones.

Fraction 3. (eluent 50% CHClz/CgHg). Yield 0,49g. 4~Phenylindanone.

The I.R. spectrum showed Y ._, at 1765 cm™l and the n.m.r. spectrum

shewed a multiplet at 2.35 W (8H, aromatic protons), a triplet

(J=7Hz, 2H, 2-methylene group) at 6.82 T and a triplet which also

showed some fine structure at 7.3 ¥ (J=7Hz, 2H, 3-methylene group).
Further chromatography of fraction 2 and recrystallisation

failed tc isolate the second cyclic ketone, dibenzocycloheptadienone,

in a purs state. From the n.m.r. spectrum of the crude product,

it was eétimated to account for 26% of the total,

The total amount of 4-phenylindanone iaalated was l.2g. (58%),
M.P. 8k-€og, ' |
Oxime: Buff-coloured needles, M.P. 166-8°,
C15H33NO requires: C,B80.69; H 5.87; N 6.27%
found: C,8038; H 560; N 6-00%

(ii) Ir sym~-tetrachloroethane.

A solution of 3-(bipheryl-2) propionyl chloride (from
2.0g., 0.0089 mole of the acid) in sym-tetrachloroethane (10 ml.)
was added to a suspension of aluminium chloride (l.47g., 0.011 mole)
in the sam? solvent (1® ml.) and the reaction carried out as above.

The reacticn complex became dark red in colour and homogeneous.



135

After hydrolysis the solvent and products were extracted into
chloroform. The chloroform solution was washed with sodium
bicarbonate solution which, on acidification yielded 0.0kg.,
2%,recovered 3- (uiphenyl-2) propionic acid, After drying, the
chloroform was distilled out under vacuum and the residue steam-
distilled to remove tetrachloroethane. This left the product as
a yellow oil (1,82g.). T.L.C. again showed three bands and the
n.m.r. spectrum showed the two cyclic ketones present in the same
ratio as before.

The product was chromatographed on silica-gel and also on
alumina but again only 4-phenylin'-none could be isolated pure

(1‘18‘ ] 53%)0

(b) 3~(4-fluorenyl) propionyl chloride.,

A solution of the acid chloride (from 1.06g., 0,0045 mole
acid) in dry benzene (5 ml.) was added over 10 minutes to a
stirred suspension of aluminium chloride (0.74g., 0.0056 mole) in
dry tenzene (5 ml.) at 5-10°C. Starring was continued at this
temperature for a further 1.5 hours. The reaction mixture became
dark green and was not homogeneous. It was hydrolysed by pouring
into iced dilute hydrochloric acid and stirring for 30 minutes,
The products were extracted into benzene and the organic layer
washed with sodium bicarbonate solution. No starting material was
recovered on acidification., The benzene solution was dried end the
benzene distilled out under vacuum leaving the product as a yellow
oil, 0.95g. T.L.C. showed only one component at Rr 0.4 along with
some impurity on the baseline. The product was purified by
chromatography on alumina followed by crystallisation from light

petroleun (B.P., 80-100°C.) which gave white clusters M,P. 87-9°C.
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Yield 0.7g. The I.R. spectrum showed VY ,__ at 16’.7‘5(:::1"":L and the
n.m.,r, spectrum showed a quartet at 2.10 ¥ (J=7.5, 1.0Hz; 1H;
H-7), a multiplet centred on 2,6 ¥ (5H; remaining aromatic
protons), a siu,.et at 6.2 T (2H, CHy) and a broad singlet at
6,95 T (4H, 9-CHp and 10-CHp). This enabled the product to be
identified as 9,10~-diaydrocyclohepta [def] fluoren~8(4H)one,

C16H120 requires: c,87.25; H 5.49%

found: C,87.k; H 5.57%

l.3. Preparation of Pyrrole-2-~propionic Acids.

I. Without a S5-methyl substituent.

N-substituted pyrrole-2-propionic acids without a 5-methyl
substituent were prepared by reaction of the appropriate pyrrole
withfg ~propiolactone. N-methylpyrrole was availatle commercially
and was purified by distillation. N-phenylpyrrole was prepared
as described below:

N=phenylpyrrole.

A solution of aniline (20.0g., 0.215 mole) in glacial acetic
acid (100 ml,) was cooled in a cold water bath while 245-
diethoxytetrahydrofuran (34.4g., 0.215 mole) was added slowly. The
mixture was refluxed for 1 hour during which time it became dark
in colour. It was poured into 500 ml. water and steam-distilled.
N-phenylpyrrole crystallised in the distillate as white plates,

MQP- 5?"'5800- Yield = 25.4g.' 82%-

(a) N-phenylpyrrole-2-propionic acid.

A mixture of N-phenylpyrrole (2.5g.) and P -propiolactone
(5.0g.) was refluxed for two hours. A further 5g. of propiolactone

were added and refluxing was continued for a further two hours.
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On cooling, the mixture solidified. 100 ml. of 15% agueous
potassium hydroxide were added and the mixture refluxed for
%0 minutes. The cooled solution was extracted twice with
benzene. Afte. washing with water, drying and removing the
benzene under reduced pr.ssure, this extract yielded 2.0g. of
unreacted N-pheny.pyrrole. After acidifying the alkaline solution
to pH 4 and stirring for 30 minutes, N~phenylpyrrole~2-propionic
acid precipitated as a brown solid. This was filtered off,
washed with water and dried. Recrystallisation from light
petroleum (80-100°) gave the product as white needles M.P. 87-9°C,
Yield 0.5g+«, 13%.

The n.m.r. spectrum showed peaks at -0.2 T (singlet; 1H; -OH),
2.66 X (singlet; 5H; phenyl), 3.1 T (multiplet; 1H; H~5), 3.8
(multiplet; 2H; H~4 and H-5), 7.2 T (multiplet; H; methylene
groups).

C13H13NOp requires: C, 72.54; H, 6.29; N, 6,51

found: C, 72.35; H 5.94; N 6,4

(b) N-methylpyrrole-2-propionic acid.

A mixture of N-methylpyrrole (10.0g.) and_F -propiol-ctone
(20.0g.) was refluxed (146°C) for three hours. The work-up was
as above. The acid did not precipitate when the alkaline solution
was acidified and was extracted into ether. The ether extract
was washed with water, dried and distilled under reduced pressure
to remove the ether,leaving the product as a brown oil which was
crystallised from light petsoleum (80-100°C) to give N-methylpyrrole-
2=-propionic acid as white needl~s M.P. 80-82°. Yield 0.8g., 4.2%.
The n.m.r. spectrum of this acid showed peaks at -2,0

(singlet; 1H; ~OH), 3.5 T (multiplet; IH; H-5), 4,05 T (multiplet;
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2H; H-3 and H=4), 6.47 U (singlet; 3H; ~Me), 7.25 T (multiplet;
L4LH; methylene groups).
CgH11NOp reqiires: C, 62.73; H, 7.24; N, 9.14%

found: ¢, 62.8¢; H, 7.31; N, 9.08%

II., 5-methylpyrrole~2-propionic acids.

These were prepared by reaction of the appropriate amine with
L4, 7. dioxoeoctanoic acid. This, in turn, was formed by acid
hydrolssis of furylidene acetone

Furylidene acetone.

A mixture of furfural (70g ) acetone (6ig.,), water (400 ml.)
and 5% aqueous sodium hydroxide (20 ml.) was stirred at room
temperature for four hours. After neutralising with acetic acid,
it was extracted thoroughly with methylene chloride. This extract
was dried and the solvent removed under reduced pressure. The
residue was distilled and two fractions were collected, The first
which distilled at 124-6°C/19 mm. was furylideneacstone,

Yield 43.6g. The second, distilling at 224-6°/17 mm. and 2 =
subsequently solidifying was difurylideneacetone. Yield 20.2..

L, 7- Bioxooctanoic acid.

Furylideneacetone ‘42,8g.) was refluxed with a mixture of
ethanol (11l.) and concentrated hydrochloric acid (400 ml.) for
16 hours. The resulting solution was evaporated to dryness under
reduced pressure. A mixture of concentrated hydrochloric acad
(400 ml,.), glacial acetic acid (200 ml.) and water (600 ml.,) was
added to the residue and the mixture heated under reflux for
5 hours. After cooling the solution was filiered and the
filtrate evaporated to dryness leaving 4, 7-dioxooctanoic acid

as a brownisl solid which was used without further purification.

Yield 37.3%c.
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(a) 5=Methyl-l-phenylpyrrole-2~propionic acid.

A solution of 4, 7-dioxooctanoic acid (5.0g., 0.029 mole) in
glacial acetic acid (25 ml.) was added to a cooled solution of
aniline (2.,7g., 0.029 mole) in 2% ml. acetic acid. The mixture
was heated under reflux for one hour and poured into cold water
(300 ml,) containing 5 ml. concentrated hydrochloric acid., The
product was extracted into chloroform. The extract was washed
with water, dried and distilled under reduced pressure to remove
the solvent, leaving the product as a brown gum. This was
crystallised from light petroleum (B.P. 80-100°C) to give pale
yellow needles M.P. 109-11°C, Vi . .d 4.2g., 63%.

The n.mer. spectrum showed absorptions at =1.3 ¥ (broad
singlet; 1H; =~OH); 2.5 - 3.0 U (complex multiplet; 5H; phenyl),
Lo13 T (singlet; 2H; H-3 and H-4), 7.15 - 7.75 T (complex
multiplet; L4H; methylene groups), 8.05 T (singlet; 3H; Me).

Cl#H15NU2 requires: C, 73.34; H, 6.,59; N, €,11%

found: G, 73.55 Hy 6.7; N, 6.,02%

(b) 1, 5- Dimethylpyrrole-~2~propionic acid.

The reaction was carried out as above using 5.0g. of
L, 7-dioxooctanoic acid and 5.5 ml, of a 25% aqueous solution of
methylamine. Crystallisation of the product from light petroleum

(B.P. 80-100°C) gave pale pink leaflets M.P. 103.5 = 106.5°
Yield 2.58‘.’ ll’j%'

Some decomposition occurred on standing.

The n.m.r. spectrum showed absorptions at =1.2 7 (broad
singlet; 1H; =~OH), 4.24 T (singlet; 21; H-3 and H="), 6.65 T
(singlet; 3H; N-Me), 7.0 - 7.45'% (complex multiplet; A4H;

methylene groups), 7.83 7 (broad singlet; 3H; 5<Me).
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09313N02 requires: C, 64.,65%; H, 7.84%; N, 8.38%.
found: C, 64,.84%; H, 7.81%; N, 8.5%.

(¢) Attempted preparation of S5=methylpyrrole~2-propionic acid.

Reaction of 5.8g. (0,029 mole) of 4,7-dioxcnctanocic acid and
2.5g. (0.032 mole) of ammonium acetate in 50 ml. glacial acetic

acid gave 3.59g. of a dark oil which subsequently solidified.
The n.m.r. spectrum showed it to be a complex mixture and no
absorption from a ~COoH group could be detected. None of the

desired acid could be isolated by recsystellisation.

(d) 5-Methyl-1-(l-pyrrolyl) pyrrole-2-propionic acid.

l-Aminopyrrole was prepared in low (7%) yield from
phthalimide as described by Flitsch, Krdmer and Zimnermann?é

A solution of l-aminopyrrole (0.9g., 0.011l mole) and
L, 7-dioxooctanoic acid (1.56g., V.01l mole) in 10 =l. glacial
acetic acid was heated at 120°C for 30 minutes. The normal work-
up procedure gave 0.52g. oi a red oil which subsequently
partially crystallised. The n.m.r. spectrum of this product
showed that it contained around 35% cf the desired compous 4. The
other component was also a pyrrole and was probably 5-methylpyrrole-
2-propionic acid. Recrystallisation from light petroleum

(B.P. 80-100°C) using a little decolourising ckarcoal gave 5-
methyl-l-(l-pyrrolyl) pyrrole~2-propionic acid as colourless
needles M,P. 95-96°C., Yield 0.12g., 5%.

The n.m.r. spectrum showed absorptions at 0.3 T (broad singlet;
1H; -OH), 3.26 T (triplet, J=2.3 Hz; 2H; H=-2' and H-5'), 3,75 T
(triplet, J=2.3 Hz; 2H; H-3' and H-4'), 4.16 U (singlet; 2H;
B-3 and H -4), 7,42 U (broad singlet; U4H; methylenes), 8.04 Y

(singlet; 3H; -CHBJ. S
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Cq,H,,N,0, requires: C, 66.04; H, 6.47; N, 12.84%

found: ¢, 66.4; H, 6.81; N, 12.62%

l.4, Other proplonic acids.

(a) 5=Methylthiophene-.~vropionic acid.

A mixture of 4,7-dioxcoctanoic acid (5.8g., 0.0336 mole),
phosphorus pentasulphide (7.5g., 0.0336 mole) and dry tol¥ene
(50 ml.) was refluxed with stirring for four hours. After
cooling, water (200 ml.) was added and the mixture allowed to
stand for twelve hours with occasionnl shaking. It was filtered
and the organic layer separated, »ied and distilled under
reduced pressure to remove the toluene. This left the product
as a dark oil (3.0g.) which slowly solidified, It was
crystallised from light petroleum (B.P. 60-80°C,), ising
decolourising charcoal, at -~78°c. to give pale yellow needles
M.P. 37-38°C,

The n.m.r. spectrum showed absorptions at =0.4 T (singlet;
IH;-0H), 3.45 T (singlet slhowing some fine structure; 2H; H-3
and H-4), 6.75 = 7,5 T (complex multiplet; L4H; methylenes),
7.62 T (singlet; 3H; =-Me).

CgHy0,€ requires: C, 56.47; H, 5.92%

found: ©, 55.9; ' H, 5.69%

(b) 5=Methylfuran-2-propionic acid.

Phosphorus pentoxide (10.0g.) was added to a solution of
L, 7-dioxooctancic acid (5.9g., 0.029 mole) in dry benzene
(100 ml.,) and the mixture heated under raflux for two hours.
After cooling it was pour:d into water (200 ml.) and the benzene

layer separated. The benzene solution was washed with water,
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dried and distilled under redvced pressure to remove solvent,
leaving the product as a red oil (2.6g.) which subsequently
solidified. It w:s recrystallised from light petroleum

(B.P. 80-100°C,) at =78°C. to give white needles M.P, 54-56°,

The n.m.r. spectrum showed absorptions at =-1.1 T (broad
singlet; IH; =-OH), 4.13 % (singlet showing some fine structure;
2H; H-3 and H-4), 6.85 - 7.557T (two ApBp triplets, J = 6-~7Hz;
L4H; nethylenes), 7.78 U (singlet; 3H; =Me).

CgHyp03 requires: C, 62.3; H, 6.54%

found: C, 61.9; H, 6.28%

1.5. 5-Methyl=l-phenyl-pyrrole~2-acetic acid.

(i) Ethyl 2-ethoxycarbonyl-3, 6-dioxohexanoate.

Levulinic acid (23.2g., 0.20 mole) was converted to its acid
chloride by refluxing with thionyl chloride for 15 minutes. Excess
thionyl chloride was distilled out under vacuum; 50 ml,., dry
benzene were added and distilled out to remove the last iraces
of thionyl chlccide. This was dissolved in ether (100 ml.) and
added to a suspension of diethyl ethoxymagnesiomalonate (0.25 mole)
in dry ether. After the normal work-up, the product was found,
from its n.m.r. spectrum, to contain around 55% of the desired
compound with diethyl nmalonate accounting for the remainder.

T.L.C. showed two components. This mixture was distiiled and
the fraction which came over at 190-210°/11 mm. was collected.
Yield 20.1g. The n.m.r. spectrum showed this to be almost
entir.ly the product, contaminated by a little diethyl malonate.

It was used without further purification in the following reaction.
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(ii) A solution of the above product (5.0g., 0.0194 mole) and
aniline (1.80g., 0.0194 mole) in acetic acid (100 ml,) was
heated under reflux for one hour. After cooling, it was poured
into water (30C wl.) containing 5 ml. concentrated sulphuric
acid and the product was extracted into ether., The ether extract
was washed with suvdium bicarbonate solution, dried and distilled
under vacuuw leaving the crude diester as a red oil. This was
hydrolysed by boiling with 30 ml. of 10% aqueous/methanolic
potassium hydroxide. After cooling, the solution was poured
into water and washed with ether to ~emove any non-acidic material.
Acidification, followed by extrac"““on into benzene, washing with
water, drying and removal of solvent under reduced pressure gave
the product as a jellow crystalline solid. VYield 3.7g. It was
recrystallised from light petroleum (B.P. 80-100°C,) to give pale
yellow needles M.P. 129-11°,

The n.m.r. spectrum showed a»sorpticns at -0,63 T (broad
singlet; IH; -OH), 2.45 - 2.95 T (complex multiplet; 5H;
phenyl), 3.89 T (doublet, J = 3.5Hz; H-3), 4,04 % (octet,

J = 3.5, 0.8 Hz; IH; H-4), 6.58 T (singlet; 2H; CH,), 8,017
(singlet; 3H; Me).
C13H33NOp requires: C, 72.5; H, 6.09; N, 6.51%

found: C, 72.2; H, 5.88; N, 6.3%

l.6. Pyrrole~2-butyric Acids.

I. Unambiguous preparatiors of S5-methylpyrrole~2-butyric acids
could theoretically be achicved by reaction of a suitable primary
amine with 5, 8-cioxononanoic arid in recctions analogcus to the
preparations of the 5-metlyl-2-propionic acids from L, 7=
dioxooctanoic acid. With this in view, several attempts were

made to prepare derivatives of 5, 8-dioxononanoic acid,
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(1) Attempted preparation of 4,4-bisethoxycarbonyl«5,8~
dioxononanitrile.

(a) A solution 6f diethyl malonate (0.2 mole), acrylonitrile
(0.2 mole) and “v ethylamine (20 ml.) in isopropanol (60 ml.) and
water (60 ml,) was allowed to stand for three days at room
temperature., It was then heated under reflux for twelve hours,
cooled, diluted with water (400 ml.) and extracted with ether.
The ether extract was washed with dilute hydrochloric acid and
water, dried and distilled under reduced pressure leaving the
product as a colourless oil which then solidified. The product
was still slightly contaminated with diethyl nalonate which was
removed by trituration with light petroleum (B.P. 60-80°¢,),

3 x 100 ml., which left the product, 4, L-bisethoxycarbonyl-
butyronitrile, as colourless needles. Recrystallisction from
benzene gave M.P., 69°, Yield 19.7g.

Magnesiumn (2.1k4g., 0.089 mole), ethancl (2 ml,) and carbon
tetrachloride (C.2 ml.) were warmed to start reaction, After
several minutes dry ether (50 ml.) was added caitiously with
stirring. A solution of the above compound (19.0g., 0.089 mole)
in 6 ml., ethanol and 10 ml. dry ether was added to the stirred
mixture at such a rate that gentle boiliing was maintained, The
mixture was then refluxed on the steam bath for three hours.

A solution of levulinyl chloride (prepared by reaction of
10.32g., 0.089 mole the acid with thionyl chloride) in 30 ml.
dry ether was added over 15 minntes. 4 dark red, inscluble complex
was formed. The mixture waec refluxed and stirred for five hours,
cooled and hydrolyrsed by pouring into dilute sulphuric acid. The
products were extracted in*o ether and the ether extract washed

with sodium bicarbonate which gave a very dark aqueous solution
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with some suspended material. The ether solution was dried and
evaporated under reduced pressure leaving a red oil (25.08.)
which was found to be almost entirely starting material and soon

crystallised,

(b) 4 solution of ethyl 2-ethoxycarbonyl-3, 6~-dioxohexanoate
(19.0g. ), asrylonitrile (2.1g.) and 20% methanolic potassium
hydroxide (1.,8g.) in 40 ml. tert-butanol was kept at 30°C. for
four hours. No reaction occurred and there was a quantitative

recovery of starting material.

(¢c) A solution of echyl 2-ethoxycarbonyl-3, 6-dioxohexanoate
(5.08.), acrylonitrile (5.0g.) and potassium tert-butoxide (2.17g.)
in tert-butanol (35 ml.) was refluxed for three hours, cooled and
poured into water (200 ml,). Extraction with ether gave a yellow
0il (6.1g.) which crystallised. The mass spectrum sh ed a parent
ion at m/e 213 and the product was thought to be a cyclopentencne

derivative. This reaction was not pursued further.

(ii) Attempted preparation of CHz.C0.CHp.CHp.CO.CHp,CHp.CHp.CN.

Solid potassium tert-butoxide (2.8g., 0.05 mole) was added
to a solution of hexan-2, 5-dione (5.7g.. .05 mole) and
acrylonitrile (2.65g., 0.C5 mole) in 50 ml. tert-butanol. The
mixture was refluxed for one hour, The usual work-up gave a dark
0il (5.3g.) which was found to be a complex mixture and no

identifiable products could be isolated.

II, At this point it was decided to attempt direct substitution
of the pyrrole nucleus which would lead to pyrrole-2-butyric

acids with a free 5=-position.
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{(a) 3=(1-Phenyl-2~-pyrroloyl) propionic acid and l-phenylpyrrole
~2~butyric acid.

(i) Reaction of N-phenylpyrrole (5.0¢., 0.035 mole) with
succinic anhydrid: (3.5g., 0.035 mole) and aluminium chloride
(5.,60g., 0.042 mole) in symtetrachloroethane (50 ml.,) at 5-100°C.

gave no readily identifiable products.

(ii) A similar reaction using ¥ ~butyrolactone and stannic
chloride in an attempt to alkylate the ring led to recovery of

starting materials.

(iii) 3-Methoxycarbonylpropionic acid was prepared by refluxing
succinic anhydride with an excess of methanol for twelve hours.

A solution of 3-methexycarbonylpropionyl chlo-ide (from
L,62g., 0,035 mole the acid by reaction with thionyl chloride) in
tetrachloroethane (20 ml,) was added slowly to a stirred solution
of N=phenylpyrrole in tetrachloroethane simultaneously with a
solution of stannic chloride (10.95g., 0.042 mole) in 20 ml. of

the same solvent. The reaction was carried out at 5-=10°C,
Hydrolysis followed by steam distillation of the solvent left the

product as a red oil, 6.03g. ae n.m.r, spectrum was rather
complex and suggesced the product was a mixture of keto esters.
This product was reduced using the Huang Minlon modification
of the Wolff-Kishner method by heating with potassium hydroxide
(4s7g+, 0,084 mole) and 85% hydrazine hydrate (4 ml,) in 35 ml.
digol, This also hydrolysed the ester group. The product after
the usual work-up was again an oil, 5.0g. The n.m.,r. spectrum
showed that this was a mixture of l-phenylpyrrole=-2=-butyric acid
and l=phenylpyrrole-3-butyric acid in the ratio 1l:2. It was found

impossible to separate this mixture even by chromatography of the

“a
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(b) 3-(1-Methyl-2-pyrroloyl) propionic acid and l-methylpyrrole-
2=~butyric acid.

N-methylpyrrole (6.60g., 0,0814 mole) was reacted with
3.methoxycarbo»v? propionyl chioride (from 10,74g., 0.0814 mole of
the acid) and stannic chloride (22.0g., 0.084 mole) in tetra-
chloroethane as above, The usual work-up gave the crude product
as a red oil, 1lb4,lg., which the n.m.r. spectrum and t.l.c. showed
to be a complex mixture. After lengthy chromatography on silica
gel, 1.15g. of methyl 3-(l-methyl~2-pyrroloyl) propionate was
isolated as a yellow oil which did nct crystallise.

Without further purification this was reduced by the Wolff-
Kishner method, the ester being hydrolysed during the reaction.
This acid could not be crystallised even from petroleum at =789

and was obtained as an o0il, 0.6g.

1.7. Cyclisations of Heterocyclic Alkanoic Acids.,

These were performed by heating the acid (1 part) with
polyphosphoric acid (approximately 190 parts) at 100°C. with
vigorous stirring. Heating was stopped when the reaction mixture
darkened noticeably or after three hours if no colour change
occurred. The reaction mixture was hydrolysed by pouring into
cold water (300-400 rl.) and stirring for 30 minuces. The
products were extracted into chloroform and any unreacted acid

removed by washing the chloroform extract with saturated sodium

bicarbonate solutisn. It was recovered by acidification of the

washings. The chloroform solution was dried and a t.l.c. was run

on silica gel eluting with chloroform. Removal of the chloroform

left the crude product whose n.m.r. spectrum was recorded.,
Mixtures of cyclic ketones were separated by column

chromatography generally on alumina and the ketones were
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recrystallis~d from light petroleum (B.P. 80-100°C,) unless

otherwise stated.

(a) Cyclisation of l-Phenylpyrrole-2-propionic Acid.

(1) From the reaction of l-phenylpyrrole-2-p-opionic acid
(0.14g.) and polyphosphoric acid (15g.) for 3 hours, 0.13g. of
non=-acidic product was recovered. The t.l.c. showed two major
bands At RF values of 0.3 and 0.6 with a minor one at Rp O.k.

The n.m.r, spectrum alec showed the presence of three components.
Chromatography of the product on alumina led to isolation of the
two major components which were fo' .d to be 5,6-dihydro~-l-phenyl-
4H-cyclopental[b] pyrrol-6-one ( 61 ), eluted first and 5,6~
dihydro-l-phenyl-4H~cyclopental[b] pyrrcl-hk-one ( 62 ). The third

component was not isolated,

(ii) The cyclisation was repeaced using 0,95g. ¢f the acid
and 100g. polyphosphoric acid for 3 hours. The product was a
brownish oil, 0.80g., whose t.l.c. again showed three bards. After
chromatography on 30g. alumina lasting two days the three components
were isolated:
Fraction 1. Eluent tuluene 5, 6-dihydro-l-phenyl-lH-cyclopentalb]
pyrrol=-6-one, 0.30g. It was recrystallised from petroleum ether
giving colovrless rods, M.P. 88.5°-89.5°,

The n.m.r., spectrum showed absorptions at 2.32-2.87 T
(complex multiplet; 6H; pheny. and H-5), 3.86 T (doublet,
J = 2.9 Hz; IH; H=4), 7.24 T (singlet; U4H; methylenes) and
the I.R. shows) __ at 1660 cm~t

C13H11NO requires: C, 79.17; H, 95:62; N, 7.10%

found: C, 79.25; H, 5.74; N, 7.04%
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Traction 2, Eluent 20% chloroform/toluene. 5, 6-Pihydro-2-
phenyl-btH-cyclopentalc]pyrrol-t-one, €.05g. Recrystallisation
gave colourless needles, M.P. 126-8°,

The n.m.r. spectrum showed absorptions at 2,61 T (multiplet;
5H; phenyl), 2.68 T (doublet, J=1.6Hz; IH; H-3), 3.16 ¥
(multiplet; IH; H-1), 7.1€¢ U (multiplet; LH; methylenes).
Irradiation at 7.10 T caused the multiplet at 3.16 T to collapse
to a doublet, J = 1,6 Hz. The I.R. spectrum showed 1}00 at
1676 cu™L,

C13H11NO requires: C, 79.17; H, 5.82; N, 7.10%

found: C, ?8.9; H, 50‘4; N' 6!9%

Fraction 3. Eluent 20% chloroform/tcluene. 5, 6-DPihydro~l-
phenyl-4H-cyclopenta [b] pyrrol-k-one, @.1l4g. Recrystallisation
gave white needles, M.P. 87-88,5°,

The n.m.r. spectrum showed absorptions at 2,577 (singlet;
SH; phenyl), 2.90 T (doublet, J = 3.2 Hz; IH; H-2), 3.52 7T
(doublet, J = 3.2 Hz; IH; H-3), 7.€2 T (singlet; 4H; methylenes).
The I.R. spectrum showed Voo at 1680 ¢m. "t I '3;

C13H11NC requires: ©, 79.17; H, 5.62; N, 7.10%

found: C, 79.22; H, 5.76; N, 7.83%

The n.m,r. spectrum of the crude product from the first
cyclisation showed that the ratios of the products in the above
order were 45%, 20% and 35% while in the second cyclisation they

were 50%, 25% and 25%.

(b) l=Methylpyrrole-2-propionic acid.

(1) Cyolisation of the acid (0.5g.) with polyphosphoric acid

for 1 hour gave 0.39g. of crude product. The t.l.c. showed two
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bands at Rp values of 0.3 and 0.5 and the n.m.r. spectrum showed
two producte in the ratio 7:2. The ring protons of the major
component showed absorption at 3.06 T end 4,02 T (doublets,

J = 3Hz) and ¢ . he minor component at 3.29 T and 3,80 T (doublets

J

L4Hz)., Attempts to ceparate them by chromatography on alumina

failed as did attempved fraztional crystallisation of the oximes.

(ii) The cyclisation was repeated using 0.50g. acid and
50g. polyphosphoric acid for 1.5 hours giving 0.38g. crude
product. The t.l.c. again showed two bands and the n.m,r. spectrum
showed the same two compounds but this time present in equal

amounts. Surprisingly, this crude product crystallised.
Chromatography or alumina again gave no separation but this was
achieved using silica-gel:
Fraction 1, Eluent 60% chloroform/40% toluene. 5, 6=Dihydro-
l-methyl~i4H~cyclopenta[b]pyrrol-f-one, 0.12g. Recrystallisation
gave off-white needles, M.P. 57-8°.
The n.m.r. spectrum showed absorptions at 3.08'T'Cdoublet,
J = 3,0Hz; Ih; H=2), 4,02 T (doublet, J = 3.0Hz; IH; H-3),
6.25 T (singlet; 3H; =CHz), 7.23 T (singlet; A4H; methylenes)
and the I.R. spectrum showed V  , at 1665 en™t
CgHgNO requires: C, 71.69; H, 6.71; N, 10.36%

found: ©C. 70175 B, 64703 N, 1031%

Fraction 2, Eluent chloroform then methanol. 5, 6-Dihydro-l-

methyl-4H~cyclopenta[b]pyrrol-4-one, 0.,12g. Recrystallisation

fron petroleum ether gave white needles, M.P. lﬁO-l? | |
The n.m.r. spectrum showed absorptions at 3,36 T (doublet,

J = 2,8 Hz; 1IH; H-2), 3.79°C (doublet, J = 2.8 Hz; IH;
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H-3), 6.45 U (singlet; 3H; =CHz), 7.19 T (singlet; 4H;
methylenes) and the I.R, showed Y ,, at 1675 cm~L
CgHgNC requires: C, 71.09; H, 6.71; N, 10,36%

tound: C, 71l.14; H, 6.82; N, 10.29%

(¢) 5=Methyl-l-phenylpyrcole-2-propionic acid.

Cyclisation of the acid (1l.40g., with 100g. polyphosphoric
acid for three hours gave the product as a dark oil, 1.30g.
The t.l.c. showed only one band as did the n.m.r. spectrum,
Recrystallisation gave 5, 6-dihydro 2-methyl-l-phenyl-4H=-cyclo=-
pental[b]pyrrol~6-one as pale yell . needles M.P. 103-5-105.5°¢C.
The n.m.r. spectrum showed absorptions at 2.35 - 2.80 T
(complex multiplet; 5H; =-phenyl), 3.87 T (quartet, J = 1,0 Hz;
IH; H=3), 7.23 U (singlet; 4H; methyienes), 7.8¢ T (doublet,
J = 1.0 Hz; 3H; -Me) and the I.R. showed % __ at 1675 cm™
C14H13MO requires: C, 79.5y; H, 6.20; N, €.63%
found: ©, 79.813; A, 6.17: N, 6:92%

(da) 1, 5= Dimethylpyrrole-2-propionic acid.

Reaction of the acid (8.5z.) with polyphosphoric ar. d
(50g.) fcr 2.5 hours gave the product as yellow crystals, 0.22g.,
along with 0.16g. recovered acid. The t.l.c. of the product
showed only one component. Recrystallisation gave very pale
yellow needles, M.P. 145-70, shown to be 5, 6=dihydro~l, 2=
dimethyl-4H~cyclopental[b]pyrrol-6-one.

The n.m.r. spectrum showed absorptions at 4.0 T (quartet,
J = 0.9 Hz; IH; H-3), 6.53 7T (singlet, 3H; N-CH3), 7.21 T
(singlet; 4H; methylenes), 7.78 ™7 (doublet, J = 0.9 Hz; 3H;

-CH3) and the I.R. spectrum showed Y ., at 1672 cm~1
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09H11N0 requires: C, 72.46; H, 7.43; N, 9.39%

found: ©; 72.58; H, 7.61; N, 9.18%

(e) 5=Methyl=l-(l-pyrrolyl) pyrrole-2-propionic acid,

Reaction of the acid (0.,042g,) with polyphosphoric acid
(20g.) for twenty minutes gave the crude neutral product as a
brown oil (0.034g.). The t.l.c. showed a strong band at Rp
0.7 auni trace bands at 0.2 and ©.3. The n.m.r. spectrunm
sugges’ed that the major product was the bis-pyrrolodiazepinone,
formed by attack at the 2° position of the second ring, accounting
for around 50% of the total. Th. downfield region showed a
quartet (J = 4,2, 2.7 Hz) at 3.73 € of the same intensity as a
singlet at 4.13 U (H-3 and H~I). Attempts to separate the

mixture or recrystallise the major product were unsuccessful.

(£) 5-Methylthiophene-2-propionic acid.

Reaction of the acid (0.54g.) wiih polyphosphoric acid
(30g.) for 45 minutes gave 0.41g. neutral product along with
0.10g. recovered acid. The t.l.c. of the neutral product showed
only one band. It was crystallised from petroleum ether to give
very pale yellow necdles, M.P. 65.5 - 66.59C, The n.m.r. spectrum
at 60 MHz showed absorptions at 3.30 T (broad singlet, 1H),
6.75~8.30 U (multiplet, 4H) and 7.57 ¥ (singlet, 3H). At 100 MHz,
the downfield singlet was found to be a quartet (J = 1.2 Hz), the
four-proton multiplet separated into a triplet (JI; 6Hz) centred
on 6.927C and a triplet (J = 6Hz) showing further fine structure
centred on 7.177T . On expansion, the 3-proton singlet at 7.57 T

was found to be a 1:2:2:2:1 quintet (J = 1.2, 0.6 Hz)., Irradiation
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at 3.3 T caused this to collapse to & triplet (J = 0,6 Hz) and
irradiation at ?.5?"f'caused the quariet at 3.3 T”to collapse to
a singlet. The I.R. spectrum showed ))co at 1708 cm—l. These
data allow the product to be identified as 5, 6-dihydro=-2-
methyl=bH-cyclopental[bltaiophen-b-one.
CgHgOS requires: C, 63.15; H, 5.30; %
found: C, 62.7; ¥, 5.1%

(g) 5=Methylfuran-2~-propionic acid.

Reaction of the acid (0.5g.) with polyphosphoric acid
(50g.) for 0.5 hour gave 0.40g. nentral proauct along with 0.A5g.
recovered acidic materiel. The t.l.c. of the neutral product
showed two bands, a major one at Rp O.4 and a minor at 0.3. The
n.m.r. spectrum showed singlets in the wownfield region at 4.4 T
and 3.74 € in the ratio 3:1 indicative of tke rearranged and
normal cyclic ketones. However, the upfield region was very complex
suggesting that considerable hydrolysis of the furans had
occurred. No separation was achieved by chroratography on neutral
alumina., Recrystallisation from petroleum ethe: gave a white
microcrystalline solid which melted, with decomposition, in the
range 140-170°, The analysis was correct for a cyclic ketone
but this was thought to be polymeric material,

CgHgO, requires: C, 70.58; H, 5.92%

found: C, 69.9; H, 5.6%

(h) Attempted cyclisaticn of S5-methyl-l-phenylpyrrole-2-acetic
acid.

(i) When the acid (0.5g.) was reacted with polyphosphoric
acid (50g.) for three hours, the product was a brown gum. The

n,m.r. spectrum showed the absence of all pyrrole protons. No
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identifiable products could be isolated by chromatography.

(ii) Similarly when the acid (0.5g.) was heated under reflux
with acetic anhydride (30 ml.) and anhydrous sodium acetate (1.0g.),
no identifiable products were formed and no pyrrcle protons could

be seen in the n.m.r. spectrum of the product.

(1) Cyclisation of a mixture of l-phenylpyrrole-2=- and =3
=~butyric acids.

The mixture of acids (41% 2~ acid) (1.23g.) was reacted with
polrphosphoric acid (100g.) for two hours giving the product as a
yellow oil, 0.84g. The t.l.c. showed three bands and the n.m.r.
spectrum showed three components. The product was chromatographed

on alumina giving three fractions all elnrted with t luene:

Fraction 1. 6, 7-Dihydro-l-pheny’indol-7(6H)=one (86). Yield 0.19g.
Recrystallisaticn from petroleum ether gave white needles,
M,P. 100 - 109.5°C. The n.m.r, spectrum showed absorptions at
2.68 T (singlet; 5H; =-phenyl), 3.68 T (doublet, J = 2.8 Hz;
IH; H-2), 3.85 T (doublet, J = 2.8 Fz; IH; H=3), 7.1 - 8.1 T
(multiplet; 6Hd; methylenes). The I.R. spectrum showed Yo
at 1655 cm™L

C14H; sNO  requires: C, 79.59; H, 6.20; N, 6.63%

found: C, 79.51; H, 6.13; N, 6.66%

Fraction 2. L, 5, 6, 7-Tetrahydrc-2~phenylbenzo[c]pyrrol=-
b-one (87). Yield 0.24g. but slightly contaminated by (86).
The n.m.r. spectrum cshowed absrrptiors at 2.36 T (doublet,

J = 2.1 Hz; 1IH; BH=-3), 2.61 T (singlet; 5H; =-phenyl), 3.14 U
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(two overlapping triplets, J = 2,1, 1.1 Hz; IH; H-1), 7.1 -
8.1 T (multiplet; 6H; methylenes) and the I.R, showed ¥ is

at 1665 cm~L

Fraction 3. 6, 7-Dihydro-l-phenylindol-4(5H)-one (85). Yield 0.22g.

Resryetallisation from petroleum ether gave white needles,
M.P., 65-66°C., The n.m.r. spectrum showed absorptions at 2,38~
2.88 ™ (multiplet; 5H; -phenyl), 3.23 T (doublet, J = 3.2 Hz;
IH; E-2), 3.35°C (doublet, J = 3.2 Hz; IH; H-2), 7.1 - 8.057
(multiplet; 6H; methylenes) and the I.R, showed 1’00 at
1665 cu™t

C14Hy13NO requires: C, 79.59; H, 6.20; N, 6.63%

found: C, 79.76; H, 6.34; N, 6.32%

(j) 1l=Methylpyrrole-2-butyric acid.

Reaction of the acid (0.28g.) with polyphosphoric acid
(50g.) at 108° for 1.5 hours gave 0.18g. neutral product. The
t.l.c. showed only one band and the product was crystallised from
petroleum ether giving white needles, M.P. 83=5°C, The n.m.r.
spectrum showed absorptions at J.49 C (singlet; 2H; H-2 and H-3),
6.47 U (singlet; 3SH; =-CH3), 7.15 - 8.05 T (multiplet; 6H;
metlLylenes) and the I.R. showed V) ,, at 1665 cm™l. This enables
the product to be identified as 6, 7-dihydro-l-methylindol=-
L(5H)=-one (82),

CgHy1NO requires: C, 72.46; H, 7.43; N, 9.39%

found: G, 72.28; H, 7.31; N, 9.17%
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CHAPTER 2
et

2,1l. Preparation o7 Phenels.

(a) 9, 9~Dimethylfluoren-4-el,

(1) 6, 6-Dimethyldibenze[b, d] -6H-pyran was prepared from
anthranilic acid and pheunol, as described by Cahn, in 12%

overall yield.

(ii) A so’utien of the abeve compeund (5.35g., 0.0254 mole)
in dry benzene (25 ml.) was added over 20 minutes to a stirred
suspension of aluminium chloride (%4.2g., 0.0318 mole) in dry
berzene (25 ml.) at 5-10°C. Stirring was coatinued at this
temperature for a further 1.5 heurs. The mixture was hydrolysed
by pouring inte i.ed dilute hydrechlcric acid and stirring for
30 minutes. The benzene layer was separated and th2 aqueous
extracted with benzene (2 x 50 ml.). The comnbined benzene
solutions were washed with sodiur ticarbonate solution, dried
and distilled uader reduced pressure leaving the preduct as a
pale oil which crystallised te small white cubes. Yield, 5.34g.,
100%. Recrystallisation from light petroleum (3.P. 80-100°C.)

gave M,P. 90-1°,

(b) 1-(e-Wydroxyphenyl) pyrrole.

A solution eof 2-aminephenol (25g.) ana 2, 5-dimethoxy-
tetrahydrofuran (30.3g.) in 150 ml. acetic acid and 150 ml,
water was heated under reflux Jor 1.5 hours. It was then added
to 11. hot water and steam Jdistilled. 1-(o-Hydroxyphenyl) pyrrole
partially separated in the distillate as a celourless oil. It

was extracted inte chloroform; the chleruform solution was dried
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and distilled under reduced pressure leaving the product as a

colourless oil whicl. slowly turned pink en standing. Yield

28.98-1 ?9%:

2.2. Preparation of Aryle:zyacetic Acids.

I. From the phenel and sodium chloroacetate.

(a) Biphenyl-2-oxyacetic acid.

A selutivn of 2-hydrexybiphenyl (/lg., 0.418 mele),
chleroacetic acid (39g., 0.418 mele) and sodium hydroxide
(33,6g¢, 0,84 mole) in 300 ml. water was refluxed for four
hours, The cooled mixture was potr- 3d into 1li. water and acidified
with 50% hydrochleric acid. The crude acid separated as a pink
oil and was extracted inte chlorsferm. Extraction into sodium
bicarbonate followed by acidification gave the product as a pale
pink solid which was filtered, driel and rec:ystallised from

benzene, M.P., 99-100°C, Yield 80g., 84%.

(b) 2~(1~Pyrrolyl) phenexvacetic acid.

A solution of l-(e~hydroxyphenyl) pyrrole (1ll.37g., 0.0714
mele), chloroacetic acid (10.00g., 0.107 male) and sedium
hydroxide (7.15g., 0.179 mole) in water (10u ml.) was refluxed
fer four hourr. The conled mixture was poured into water and
acidified to pH 4 when the product separated as a pink oil., This
was extracted into benzene and the acid back-extracted into sodium
bicarbonate., Acidification gave a precipitate of pinkish crystals
which was filtered off and wried. Recrystallisation from light
petrovleum (B,P. 00-100°C.) gave colourless crystals, M.P. 109-10°,
Yield 8.6g., 57%. Unreacved phensl (3.2g., 40%) was recovered

when the dried benzene extract was evaperated.
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°12311N05 requires: C, 66.35; H, 5.1; N, 6.45%
feund: C, 66,.58; H, 5.23; N, 6.29%

(¢) Biphen,. 2, 2'~bisexyacetic acid.,

A selution of 2, 2'-cdihydroxybiphenyl (20.0g., 0.107 mole),
chleresacetic acid (40.0g., C.43 mole) and sedium hydroxide
(25.6g., 0.64 mole) in water (100 ml.) was refluxed for five
heurs. The croled selutien was acidif.ed wi*n dilute
hydrochloric acid and extracted with chlornferm. Back-extractien
into sodium bicarbenate follewed by acidification gave an orange
eil which was extracted into chlernferm. The dried chleroferm
solution was distilled to remeve solvent leaving the product as
a pick, oily selicd. Recrystallisatica from benzene gave the preduct
as fine, white needles, M.P., 148-9°, vield 7:280y 2%,

C16H140¢ requires: G, €3.57; H, 4.67%

Eoundy— 0, 68,5 —H 4T 0%

The liquor from the crystallisat_on contained 2'~hydroxy-
biphenyl-2-oxsacetic acid which was recovered as an orange oil
after dietillation of the benzene. This was used without further

purificaticn in the preparation of the methoxy-acid below,

(d) 2t-Methoxybiphenyl-2-oxyacetic acid.

The crude hydroxy-acid, above, 9.6g., was disselved in an
excess of aqueous sodium hydroxide solution. This stirred
solution was treated dropwise with dimethyl sulphate (25 ml,)
sodium hydroxide pellets being added to keep the pH above 7. The
mixture was peured into water, ucidified and extracted with benzene.

Back~extraction of the Lenzene solution with sodium bicarbonate
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followed by acidification gave the methoxy-acid as a pale-pink
solid. This was filtered, dried and recrystaliised from benzene/
light petroleum (".P. 80°- 100°C.) using a lit’le decolourising
charcoal tc give colourless needles, M.P., 109-10°., Yield 7.8g.
Ci5H140, requires: C, 69.76; H, 5.46%
found: C, 69.81; H, 5.38%

II. From the sodium salt of the pherol and ethyl bromoacetate.

(e) Biphenyl-h-oxyacetic acii.

L-Hydroxybiphenyl (17.0g., O.1 mole) was dissolved in a
solution of sodium ethoxide (fri.~m 2.3g., 0,1 mole sodium) in 150 ml.
ethanol., Ethyl bromcacetate (17.0g., 0.1l mole) was added and the
solution refluxed for 4.5 hours. On cooling, ethyl uLiphenyl-l-
oxyacetate precipitated as a colourless solid. Yield 8.0g., 33%.

This ester (8.0g., 0.03 mole) was refluxed with 100 ml.

10% sodium hydroxide containing 30 ml. ethanol for three hours.
The insoluble solid formed on cooling was collected, washed with
water and refluxed with 50% hydrochloric acid for two hours. The
sclid product was filtered from the cooled mixture, washed wi.h
water, dried and recrystallised from ethanol to give pure

biphenyl=l-oxyacetic ecid, M.P, 188°, vyield 7.0g., 96%.

(£) 9, 9-Dimethylfluoren-4-oxyacetic acid.

A solution of sodium ethoxide (from 0.73g., 0.032 mole
sodium) in 20 ml. ethanol was added to 9, 9-dimethylfluoren-4-
ol (€.7g8., 0.032 mole). Evaporation to dryness, under reduced
pressure, of the resulting solution gave the sodium salt of the

phenol as a yellow solid. Ethyl bromoacetate (20 ml.) and a small
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amount of copvwer powder were added and the mixture refluxed for
four hours. After cooling, 50 ml. of 15% alcoholic potassium
bydroxide were added and the mixture wars :efluxed for one hour,
The resulting eolution was filvered, added to water (500 ml,) and
acidified with 50% hydrochloric acid. The product was filtered
and recrystallised frcm benzene/light petroleum (B.P. 60-80°C.)
giving pale yellow crystals, M.P. 193-5°C. Yield 6.9g., 80%.
C17H1603 requires: C, 76.10; H, 6.01%

found: C, 76.32; H, 6.17%

2,3. 2=(Biphenyl=-2)oxypropionic acid.

2-Hydroxybiphenyl (15.0g., 0.088 mole) was added to a
solu‘ion of sodium ethoxide (from 2.0%g., 0.088 mole sodium) in
50 ml, ethanol., The resulting solution vas evapora.ed to dryness
under reduced pressure. KEthyl 2-bromopropionate (20 ml,) and a
small amount of copper powder were¢ added ard the mixture refluxed
for three hours. After cooling, 100 ml. of 15% aqueous potassium
hydroxide were added and the mixture was refluxed for one hour.
The cooled solution was filcered and diluted wit1 water (200 ml.).
Acidification with 50% hydrochluric acid gave a pinkish o3l which
was extracted into benzene. Back-extraction into socdium bicarbonate
follewed by acidification gave the product as a pale pink solid.
This was filtered, washed wilh water, dried and recrystallised
from benzene giving colourless needles, M.P. 137-5 - 139°,

Yield 12.1g.
Ci5Hy403 requires: C, 74.36; H, 5.82%

founa: C, 74 29; H, £.91%
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2.4, 3-(Biphenyl-2) oxypropionic acid.

(i) 3-(Biphenyl=-2)oxypropionitrile. A mixture of 2~hydroxy-

biphenyl (25g., 0.147 mole), acrylonitrile (39 wul., 3l.2g.,

0,59 mole) and Tr+:on-B (1.5 ml., 40% aqueous benzyltrimethylammonium
hydroxide) was refluxed for 72 hours. After cooling the solution

was neutralised with dilute hydrochleric acid and the excess
acrylonitrile removed under vacuum. After pouring into water

and stirring for 10 minutes the product éolidified. It was

filter:d, washed with water and dried. Yield 20.lg.

(ii) The nitrile (20.0g., 0.09 mole) was heated at 100° for
five hours with a mixture of glacial acetic acid (60 ml.) and
concentrated hydrochleric gacid (45 ml.). The cooled solution was
poured into iced water and the product precipitated as a pinkish
solid, 14.3¢. Recrystallisation from oenzene gave 3-(biphenyl-

2) oxypropionic acid as colourlese crystals, M.P. 95°C,

2.5. Biphenyl-2-oxyisobutyric acid.

Sodium hydroxide pellels (70g.) were added <o a solution of
2=hydroxybiphenyl (54g.) in 300 ml. acetone. The mixture was
refluxed and 50g. chloruform were added dropwise during one hour
to the reflw:iing mixture. A red colour develnped and refluxing
was continved for a further eix hours. Excess acetone was distilled
out and water (500 ml.) was added to the dry residue. Acidification
of the resulting solution gave the product as an oily solid. This
was taken up in chloroform a:d the product extracted into godium
bicarbonate solution. Acidification gave the product as a pale
pink solid which was filtered and dried. Necrystallisation from

water gave colourless needles, M.P. 102-4%¢, yield 56.1g., 69%.
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C16H1603 requires: C, 74.98; H, 6.29%
found: C, 75.03; H, 6.37%

2.6, DPhenoxyisobuiyric acid.

By the same method, using 30g. phenol, phenoxyisobutyric acid
was prepared in 73% yield. TRecrystallisation from water gave

colourless crystals, M.P. 96.5 ~ 97.50C. (1lit. 97-98°),

2.7. Attempted preparation of l-(biphanyl-2)oxycyclohexane-
carboxylic acid.

(i) 2 mixture of 2-hydroxybiphenyl (20.0g.), powdered potassium
hydroxide (70g.) and cyclohexanone (200 ml,) #«as stirred at 60°c,
Chloroform (50 ml,) was added slowly and the mixture recame very
hot r2quiring external cooling in an ace-bath. The addition of
chloroform was completed very slowly with cooling. The mixture was
stirred at €0°C. for twelve hoars, cooled, pcured into water and
the organic layer discarded. After the usual work-np, l-hydroxy-
cyclohexanecarboxylic acid was found to be the only acidic product.

The reac*ion was repeated severali times using different
temperatures, concentrations, bases and states of division of bases

but none of the desired product was formed.

(ii) 1-Trichloromethylcyclohexanol was prepared by reaction of
cyclohexanone with chloroform and potassium hydroxide. B,P. 110-
116°/9 mm, Yield 84%.

A wixture of 2-hydroxy»iphenyl (17.0g., 0,1 mole) and
potassium hydroxide (23.0g., 0,41 mole) in tert-butanol (25 ml.)
was stirred and treated dropwise with a solution of l=trichloro-
methyleyclohexanol (21.7g., 0.1 mole) in 24 ul. tert-butanol.

Stirring was continued for a further hour after the addition was
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completed. The mixture wac poured into water and the usual work-

up again gave only the hydroxy-acid.

(iii.) The reas+ .on (i) was repeated using other ketones but
only in the case of butan-2-one was a small amount of substituted

biphenyloxyacetic acid formed.

2.8, Biphenyl-2-thiocacetic acid.

(1) 2-Aminobiphenyl (42.0g., 0.25 mole) was added slowly to a
stirred mixture of 50 ml, concentrated hydrochloric acid and
50g. dce. A precipitate of Lhe hydrochloride separated. This
was diazotised at 09C. using a solution of sodium nitrite (18.3g.)
in 40 ml, water. The solu*ion of the diazonium salt was filtered
and kept at 0°C., It was added slowly and in small vortions to a
stirred solation of po*assium ethyl x.nthate (46,.7g.) in 60 ml.
water kept at 450C, After stirriag for a further 30 minutes the
xanthate ester was extracted into chluroform. The chloroform
solution was washed with 2M sodium hydroxide till ueutral, dried
and the chlorororm distillcd out under reduced pressure leaving
the xanthate as a deep red oil, 45.1«,

The crude xanthate was dissolved in 150 ml, ethanol and the
solution boiled. Potassium bydroxide peilets (60g.) were added
and the mixture refluxed a further six hours. Most of the ethanol
was distilled out under vacuum and the residue was dissolved in
200 ml, water. The aqueous rolution was washed with ether (3 x
100 ml,) and the washings d- scarded before being vigorously
stirred and acidified with sulphuric acid. Carbon oxysulphide was
liberated and the pruduct thiol was extracted into -=hloroform.

The chloroform solution was dried and the solvent removed under
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reduced pressure leaving the crude thiol as an oil, 19.6g.,
0.105 mole,

To this was added a solution of chloroacetic acid (10.0g.)
and scdium hydrox .de (8.4g.) .n 100 ml. water. The resulting
solution was refluxed for four hours. After cooling it was
acidified and extracted witi chloroform. The product was
extracted into sodium bicarbonate solution and liberated, on
acidification, as a white solid which was filtered, dried, and
recry.~tallised from benzene giving M.P. 172-3.5°C. Yield 6.0g.

The chloroform solution contained biphenyl-2-disulphide

which crystallised on removal of the solvent.

(ii) 2-Aminobiphenyl (30.0g., 0.177 mole) was diazotised in
100 ml, of 52% hydrochloric ccid at @0C. by the addition of a
solution of sodium nitvite (1l4.7g., 0,2 mole) in 30 ml., water.

The diazonium salt solution was almost neutralised witn sodium
bicarbonate and added to a solution of thioglycollic acid (12.5 ml.,
16.5g.4 0,10 mole) in 100 ml. water. Apr oily solid precipitated
and was extrac%ed into chloroform. This was binhenyl-2=-
awothioacetic acid, It was extracted into 2M sodium hydroxide

and the alkaline solution stirred at 100°C. till evolution of
nitrogen ended. The cooled solution was acidified and the orange=-
colcured product filtered. Recrystallisation from benzene
(charcoal) gave biphenyl-2-thiocacetic acid as pale yellow needles,

M.P. 172-173.,5°C. 7Yield 12.3g.

2.9. The Preparation of Aryloxyalkanoyl Chlorides.

The aryloxyalkonoic acid and a twofold excess of thionyl

chloride were refluxed in dry benzene (30-60 ml.) for 45-60 minutes.
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The beazene and excess thionyl chloride were removed under
reduced pressure. 50 ml. dry benzene were added and distilled
out under reduced pressure to remove th: last traces of thionyl
chloride.

The acid chlorides vere not further purified before use
but their purity vas always shecked spectroscopically; the
requirement being a single CH, or other resonance in the n.m.r.

spectrum anl 5}0 1800 * 15 em™l In the I,R. spectrum,

2,10, Reactions of Aryloxyacetyl Chlorides with Aluminium
Chloride in Benzene,

All reactions with benzen= a-~ solvent were performed in the
following general manner,

The acid chloride, previously prepared from the acid (one
molar equivalent), in dry benzene (15 molar equivalents) was added
dropwise over 20-30 wminutas to a v.gorously stirred suspension of
freshly powdered anhydrous aluminium chloride (1.25 molar
equivalents) in dry benzene (15 molar equivalents) at 5-10°C.
Stirring at this temperature was continued for a further two
Fours. Moisture was carefully excluded throughout the reaction.

The reaction mixture was hycrolysed by pouring into crushed
ice and diiute hydrechinric acid and stirring vigorously for
30-60 minutes. The benzene layer was separated from the acidic
aqueous solution which was extracted twice with further
quantities of benzene. The combined benzeie extracts were
washed several times with saturated sodium bicarbonate solution,
washed with water, dried and the solvent removed under reduced
pressure. Acidification of the bicarbonate wash gave recovered

acid (i.e. unreacted 2cid chloride which had been hydrolysed during
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the decomposition) which was identified in the usual manner. The
erude product of the reaction (after removal of carboxylic acid)
was examined by I.R. and n.m.,r. spectroscopy to determine the
aature and range rf products ootained. The n.m.,r. spectrum also
provided a quantitative measure of these products.

The general method used to separate the products was as
follows:

The crude product was divided into two protions, treated

separacely.

(i) Chromatography on silica gel gave diphenylmethane and in

some cases the o-benzylphenol and the ketonic products.

(ii) The sccond portion was dissolved in benzene »r ether and
was washed :thoroughly vith 2M. sodium hydroxide and alcoholic
potassium hydroxide (35g. KOH, 25 ml. H;0, 75 ml. MeOH). The
neutral fractior obtained from the organic layer gave the
aryloxyacetonhenone and diphenylmethane, separeted by chromato-
graphy and the potassium hydroxide extract gave, on acidification,
the benzylphenol. The 2M sodium hydroxide extract generally gave
the parent phenol along with self-condensation produrts of the

benzofurancrne,

(a) Biphenyl-k-oxyacetyl chloride (4~phenylphenoxyacetyl
chloride).

Reaction of the acid chloride (from 4.63g., 0.204 mole the
acid) with aluminium chloride (3.65g., 0.0275 mole) in 45 ml,
benzene gave 4.2g. neutral product and no recovered acid. This
was divided into two equal portions. The first was chromato-

graphed on 200g. silica gel:



167
Fraction 1, Diphenylmethane, 0.23g. Eluent 50% benzene/light
petroleum,
Fraction 2. Eluent benzene. 2~Benszj;l-i-phenylphenol, O.45g.
M.P. 181-2°C, J oy = 3600 cu™t.
Fraction 3. Eluent 50% ether/bemzene. A mixture of the
benzylphenol and two ketonic components.

The second portion was dissolved in ether and extracted in
turn with 1M NaOH and alcoholic KOH. Acidification of the NaGH
extract gave 4-hydroxybiphenyl, 0,39g. and acidification of the
alcoholic KOH extract gave, after chromatographic separation on
a silica=-gel column, 2-benzyl-4-phenylphenol, 0.42g. and products
of self-condensation of 5-phenylbenzofuranone, 0.3kg,

The material remaining in the ether solution was chromato-
graphed on silica gel giving diphenymethane, 0.25g., and 4=
phenylphenoxyacetophenone, 0.25g., ¥ _ _ = 1690 ca™L,

co

The products of the reaction are:

5-phenylbenzofuran-3(2H)-one 16% (1)
L~phenylphenoxyacetophenone 9% (1I)
2-benzyl=-4-phenylphenol 16%
L4-hydroxybiphenyl 23%
diphenylmethane 15%

Notes: (I) Estimated from the integrated n.m.r. spectrum of
the crude product. ©nly products of self-condensation were
isolated,
(II) M.P. 94-6°C. when recrystallised from ethanol/
light petroleum (B.P. 60-80°C.).
Cooi1gY2 requires: C, 83.3; H, 5.59%

found: C, 83-1; H, 5-55%
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2-methyl-7-phenylbenzofuran-3 (2H) one, O.42g., 5% The I.R.
spectrum showed vco at 1710 cu~l and the n.m.r. showed
absorptions at 2.2 ~ 2.7 T (aroratic multiplei; 7H), 2.907
(triplet, J = 7H», 1H; H=5), 5.33 T (quartet, J = 8Hz; 1H;
H-2), 8.46 T (doublet, J = 8Hz; 3H; 2 - CHz).

2=hydroxybiphenyl, 1,00g., 17%

1, l-diphenylethane, 1.25g., 19%

A benzylphenolic fraction, 3.0lg., ~~36% containing two
compo sents which could not be separated., The n.m.r, spectrum
showed U OH at 4.6 and two - CHMe - groups. These were thought

to be 2=-phenyl-6-(l-phcnylethyl) phenol and 9-methylfluoren=k=-ol.

(d) Biphenyl-2-oxyisobutyryl chloride.

From th2 reaction of the acid chloride (prepared from
10.78¢y 0.C42 mole the acid) with aluninium chloride (6.9g.,
0.052 mole) in dry benzene (total 84 ml.) 11.9g. of non-acidic
product were recovered. This was dissolved in benzene and
extracted with 2M sodium hydroxide (4 x 25 ml,) Aczidification
of this gave 2-hydroxybiphsnyl, 2.64g., 37%.

The residue was chromatographed on an alumina column when
two fractions were obtained:

Fraction 1, Eluent benzene., 2, 2-Dimetayl=-7-phenylbenzofuran-

3 (zH) = one., Yield 3.08g.. 31%. Recrystellisation from light
petroleum (B.P. 80-100°C.) gave M.P, 112-1140C. The I.R, spectrum
showed {500 at 1710 cm~l and the n.m.r. spectrum at 100 MHz

showed 2,22 - 2,68 T (aroratic multiplet; 7H), 2.89 1

(triplet, J

n

7.8Hz; 1H; H-5), 8.52 T (singlet; 3H; ~CMe,-),
C16H140p, requires: C, 80.65; H, 5.92%

found: C, 80.45; H, 5.72%
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Fraction 2. Eluent chloroform. 9, 9-Dimethylfluoren-i-ol,
Yield 1.83g., 21%. Recrystallisation €rom light petroleunm
(B.,P. 80-100°C,) gave M.P, 90 - 1°C,

The produc. was contaminated with some tarry material,
probably polymerised <X - methyl styrene, which could form by
loss of a proton irom a cumyl cation which would be produced

along with Z-hydroxybiphenyl.

(e) Phenoxyisobutyryl chloride.

Recaction of the acid chloride (from 5.0g., 0.028 mole the
acii) with aluminium chloride (4.6r., 0.035 umole) in benzene
(56 ml. total) gave L4,6g. non-acidic product contaminated with
some tarry matericl. Extraction with 2M NaOH gave pherol, 0.95g.,
36%. The remainder was chromatographed on an alumi.a column.
Elution wit!. benzene gave 2, 2-dime*hylbenzofuranone, 1l.81lg.,
?€%. The I.E. spectrum showed $L$ at 171% em™+

(f£) Biphenyl-2, 2'=bisoxyacetyl chloride,

Reaction of the bis~acid chloride (from 5.2g., 0.017Z mole
the diacid) with aluminium chloride (5.65g., 0.0425 mole -
1.25 molar equivalents per chlorocarbonyl group) in benzene
(68 ml, total) gave the crude product, 7.Cg., as a red oil which
partially crystallised. Crystallisation from benzene gave 1,0g.,
(22%) of very pale yellow needles, M.P. 253° (dec.). This was
found to be a double cyclic ketone. The I.R, spectrum showed
qco at 1712 em™l and the parent ion in the mass spectrum had
m/e 256, The n.m.,r. spectrum was very simple, showing a high
degree of symmetry in thne molecule, showing absorptions at 1.80"¢

(o=, m-quartet, J = 7.2, 1.5 Hz; 2H; H-4 and H-4'), 2,04 "%
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(o~, m=quartet, J = 7.6, 1.5 Hz; 2H; H-6 and H-6'), 2,64°T
(triplet, J = 7.5 Hz; 2H; H-5 and H~5'), 5.00 T (singlet;
LH; methylenes)., This allows tlLe produrt to Le identified as
7, 7' ~-bisbenzcfir-anane.

C1gH109; requires: C, 72.18; H, 3.79%

fornds €, 72.11; B, 3.92%

Chromatography of the remainder on silica gel gave
diphenylme*hane, 0.96g. (33%) and several other fractions found
to be complex mixtures of ketonic and phenolic products which

were not identified.

(g) 2'=Methoxybiphenyl-2-oxyacetyl chloride.

The acid chloride (from 2.7lg., 0.,0105 mole the acid) was
reacted with aluminium chlorade (1.54g.. 0.0116 mcle) in benzene
(22 ml., total) giving 2.90g. crude necutral product which was
chromatographed on silica gel:
Fraction 1., Eluent benzene. Diphenylmethane. Yield 0.l6g., 9%
Fraction 2. Eluent 10% chloroform/benzene., 2<Berzyl-6-(2-
methoxyphenyl J)phenol., Yicld 0.22g., 7%. Recrystallisation from
petroleum ether (B.P. 80-100°C.) gave white crystals, M.P.
109.5 = 110.E°¢.

Coolg®, requires: C, 82.7; H, 6.25%

found: C, 82.5; H, 6.22%

Fraction 3. Eiuent chloroform. 7-(2-Methoxyphenyl)
benzofaran-3 (2H) - one. Yfeld 1.06g., 42%. The I.R., spectrum
shows ‘700 at 1702 cm~1l an.. the n.m.r, spectrum shows TTCHQ
at 5,47 %
Fraction 4. Eluent methunol. El-Wethox;—2-hydroxybiphenyl.

Yield 0.19g., 9%.
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(h) 9, 9=-Dimethylflucren-b-oxyacetyl chloride,

Tne acid chloride (from 1,02g., 0.0038 mole the acid) was
reacted with aluminium chloride (C.63g., 0.0043 mole) in benzene
(8 ml, total) .i.ing 0.96g. crude product. The t.l.c. showed
three bands and the prodast was chromatographed on alumina:
Fraction 1. Elueat benzene . Diphenylmethane. Yield 0.02g., 3%
Fraction 2. Hluent benzene. 9, 9-PBimnethylfluoreno[k4,3~b]furanone.
Yield 0.83., 87%. The I,R. specirum cghowed 'FEO at 1710 cm=1
and the n.m,r. spectrum showed absorptions at 2,20 T (multiplet;
1H; E-5), 2.55 T (doublet, J = 8Hz; 1H; H-2), 2.65-2.90 F
{mmltiplet; 3H; H-6, H~7, H-8), 3.00 T (doublet, J = 8Hz; 1H;
H-1), 5.44 YV (singlet; 2H; CHp), 8.60 T (singlet; 6F; CMes).
This material decomposed very rapidl; and was not fully
characterised.

The I.R. spectrum of the crude product showed a weak
absorption at 3400 cm™L indicatirg that scme phenoliz material
was present. $, 9-dimethylfluoren-i-ol must have been formed along
with the diphenylmethane but it was uot isclated from the

chromategraphy.

(i) 2=(l=Pyrrolyl)phenoxyacet-dimethylamide.

(i) 2-(1-Pyrrolyl)phenoxyacetic acic¢ (Z.0g.) was converted
to the etnyl ester by refluxing with a soluticn of ethanol (1 ml.)
and a crystal of p~toluenesulphonic acid in 10 ml. ethylere
dichloside for 15 hours. After cooling, the solution was poured
into water and extracted wath chloroform (30 ml.,). The chloroform
extr:ict was washed with sodium bicarbonate solution (2 x 25 ml,),

dried and the solvent removed undei reduced presswe., Yield 1.8g.
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(ii) Th: ester, above, was dissolved in methanol (10 ml,) and
treated witia an excess of a 30% solution of dimethylamine in
methanol. The mixture was refluxed for 1 hour, cooled, poured
into water and extractea with chloroform. The chloroform extract
was washed with dilute (0.5M) hydrochloric acid then with water,
dried and the solvent removed under reduced pressure leaving
the dimethylamide which was used i1 the cyclisation without
further purification. The n.m.r. spectrum s.owed absorptions at
2.60~2.96 T (multiplet; 4H; benzene ring protons), 3.01 7%
(traplet, J = 2.0 Fz; pyrrole of& protonc), 3.72 T (triplet,

v = 2,0 Hzy 2I; pyrrole ? - proi-1as), 5.39 U (singlet; 2H;

CH,), 7.10 T and 7.12 T (two signals; 6H; NMep). Yield 1.69g.

(i1i) The diwethylamide (1.69g.) was dissolved in ethylene
dichloride 9 ml.). This sclution was cooled in an ice-bath
while phosphorus oxychloride (l.u/g.) dissolved in ethylene
dichloride (5 ml.) was added and then for a further 15 minutes
with occasional shaking. The solntion was refluxed for 1,5 hours,
cooled aud a solution of sodium acetate (0.6g.) in 15 ml, wate~»
was added and the mixture boiled for 15 minutes. After pouring
into watexr, the produ-~t was extracted into chloroform. Removal
of solvent gave the product as a yellow waxy solid which was
purified by chromatography on alumina and identified as 4=
oxopyrrolo [2, 1-d] -~ 1, 5 benzoxazepin. Yield 0.73g., 53%.
Recrystallisation from light petroleum (B.P. 80-100°C,) gave
M.P., 78~79°C,

The I,R. spectruvm showed i}cO at 1680 cn™Ll and the n.m.r.

spectrum showed absorptions at 2.72 T (broad singlet; 6H; H-1,
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H-3, H-7, H-8, H-9, H-10), 3.53 T (quartet, J = 3.9, 3.0 Hz;
1Il; H-2), 5.33 T (singlet; 2H; CHp).
01239N02 reciires: C, 72.35; H, 4.55; N, 7.0%

found: C, 72.4; H, 4,6; N, 6.9%

(j) 3-(Biphenyl-2) oxypropionyl chloride,

Reaction of the acia chloride (from 1l.5g., 0.0062 mole the
acid) with aluminium chloride (1.03g., 0.0075 mole) in benzene
(14 ml, totul) gave 8~-phenylchroranore, l.b4g., as the only
product. Recrystallisation from methanol gave pale yellow
needles, M,P., 64-60 (1lil. 65-7°). The I,R. spectrum showed
Yo at 1700 cn™) and the n.me.r. spectrum showed absorptions
at 2,15 T (quartet, J56=7.6 By 755 = 2.0 Hz; 1H; H=5),

2.5 - 2,8 T (multiplet; 6H; H-7 and 8-Ph), 3.07 ‘T (quartet,
Jgp = 8.7 Haz, Isg = 7.6 hz; 1H; H-6), 5.68 T (triplet, J =

7 Hzy 28; 2= CHz), 7.37 70 (triplet, I = 7 Bzy 2H; 3=-CH5)

(k) PRiphenyl=2-thioacetyl chloride.

(1) In benzene.

The acid chloride (from 1.i6g., C.0048 mole the acid) was
reacted with aluminium chloride (0.79g., 0.006 mole) in benzene
(10 =1, total) to give the product as a red oil, 1.25g., which
was chromatographed on alumina. Elution with benzene gave trace
amounts of what appeared to be biphenyl-2, 2'-disulphide from the
I.R. spectrum (by comparisor with the spectrum of an authentic
sampl:). Using 50% chloroform/benzene, 0.93g. of 2-biphenylthio-
acetophenone was eluted as the only other product. The I.R.

spectrum showed ﬁco at 1675 cm™1 and the n.m.r. spectrum showed
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ahscrptions at 2,21 - 2.42 7% (multiplet; 2K; orthe wretens of
benzoyl group), 2.45 - 3,02 T (arowatic muitiplet; 1L2H;
remaining aromatic protons), 5.22 T {einzlet; 2H; methylene
group). This coumpound was rather unstuble and was isnlated as
the yellow, crystalline oxime, M.P. 161-4°C,

Caoﬂl?NOS requires: OC, 75.22; H, 5.37; N, 4.39%

found: C, 75.5; H, 5.47; N, L,26%

(3i) In sym-tetrachloroethane.

Phe zcid chloride (from O.6g., 0.0025 mole the acid)
was reacted with sluminium chloride (0.41p., 0.0051 mole) in
tetrechloveoethane (1 ml. total). 4 dack green homogencous
mixture was formed walch, after hydrolysis and the usual work-
up gave the product a2 a very dark red oil, 0.45g., which
rapidly darkened furtrer. The t.l.c. showed one band and the
product was purified 7 chromatopraphy on silica gel, proviug
to be 7=-phenylbenzolb]ithiophen~3(2H)-cne. The I.R. spectrum
showed :;CO at 1700 cc~t and the n.m.r. spectrum showed
absorptions at 2.15 - 2,89 T (aromutic multiplet; 8H), 6.20 T
(singlet; 2H; CH2). The compound was characterised as the
oxime which crystalliced from ethanol/light petroleum (B,P. 50-
86° as colpurless platas, M.P., 182-40C,

Cy4H;1NOS requires: €, 69.7; H, 4.6; N, 5.8%

found: C, 69-8/ ; H, 46 ; N, 5"34-%



CHAPTER TEREE

3.1, Preparatien of acyclic Aryl Benzyl Ethers.

The preparation of biphenyl-4 benzyl ether outlined belew
illustrates the general method of preparatien.

A solutien ef 4-hydroxybipaenyl (18.7g., 0.11 mele) in
ethanil (50 ml.) was added t»o a selutien eof sedium ethexide
(prepared from 2.53g., 0.1l mele sodium metal) in ethanel (50 ml.)
A solutien of benzyl chleride (12.6g., 0.1C male) in 50 ml.
ethanul was added t> this and the mixture refluxed fer three
heurs during which time sedium chleride separated sut. After
ceoling, this nixlure was poured inte 1M sedium hydraxide (300 ml.).
The presduct was extracted in*» ether (2 x 100 al.) and the ether
solutien washed with water, dried and evapsrated uncer reduced
pressure leaving the prsduct as a pinkish s»1id which was
recrystallised frcm ethanel to give coleurless needles,

M.P. 133 - 133.5%C. Yield 11.4g., 44%.
Table II

Physical Censtents of Aryl Benzyl Ethers.

Aryl Benzyl Tither M.2. er B,P. Yield ‘¥ CHx(a) Netes
28 & e g -2
Biphenyl=~k 133 Ll 5.45
Biphenyl=-2 273/11 imm. 85 S
2-(1-Pyrrelyl)phenyl 53 L7 5.2 (95 (e)

Biphenyl-2 - 38 4.75 (a), (e)
l~phenylethyl -

Netes (a) < CHp denetes the chemical shift ef the methylene
greup relative t> T.M.S8. Spectra were recardec in CDClz selutien.

(b) Recrystallised from light petreleum (B.P. 80 - 100°C).
(¢) CyppH1sNO requires: C, 81.90; H, 6.06; N, 5.62%

feund: C, %232 ; H, 606; N, §93%.
{d) 7YCH (quartet, J =7Hz), CH3= 8.52 (deublet, J = 7Hz)

(e) Did net distil belew 250°/7 wmu.
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3¢2. Preparatien of Cyclic Ethers.

(a) 6, 6=Dimethyldibenze[b, d]-6H-pyran.

(i) 3, L4-Benzecoumarin was prepared in 12% yield from phenel
and the diazonium sulphate of anthranilic acid using the methed
described by Cahn._

(ii) Again following Cahn's methed, 3, 4-benzocoumarin
(14,7g., 0.075 mole) was reacted with methylmagnesium iedide
(from 7.(g. magnesium) in ether/beuzene selution. The usual
work up gave dimethyl-2~(2'-~hydroxyphenyl)phenyl carbinol as the
initial product. This was taken up in benzene (100 ml.) and the
solution refluxed with 1C ml. dilutc sulphuric acid for
30 minutes. The benzene layer was separated, washed with sodium
bicarbonate solutien, dried and the solvent remeved under reduced

pressure, The product distilled as a colourless liquid,

B.P. 180°/20 mm. Yield 1l4.lg., 89%.

(b) Dibenzslb, d]-6bH-pyran,

(1) A solutien of 3, 4-benzocoumarin (2.6g.) in ethanol

(50 ml,) was added te a stirred suspensien of sodium borehydridn
(1.0g.) in ethanol (20 ml.) at 02C. The mixture was stirred

for two hours at reem *emperature then hydrolysed by pouring

into iced dilute hydrochloric acid (200 ml,, 0.5 m.) and stirring
fer 30 minutes. The preduct was extracted into methylene
chleride. The extract was washed with sodium bicarbonate
solutien, dried and evaperated leaving the product, 2! -hydroxy-
biphenyl-2-methanol, as a white solid, 1.9g. Recrystallisatien

from benzene gave white prisms, M.P. 131-2°C.
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(ii) 2'- ydroxybiphenyl-2-methanel (1.9g.) aissolved in dry
menzene (50ml.) was treated wich phosphorus pentoxide (4g.).
The mixture was refluxed for four heurs, cooled and decomposed
using aqueous ammonia. Atter acidification, the product was
extracted into benzene. The benzene solution was washed with
sodium bicarbenate selutisn, dried, and distilled, giving, after
remeval of benzene, dibenzo[b, d]-6d-pyran as a colourless oil,

B.Pt 1090/0.2 mm. Yield 10380

3.3 The Reactisns sf Acyclic Aryl benzyl Lthers with Aluminium
Chleride in Benzene.

The methed eut.ined below for the reactien of biphenyl~2
benzyl ether with aluminium chloride in benzene illustrates the

general scheme used. The results obtained are giver in table III.

(a) Biphenyl-2. benzyl ether.

A solution of biphenyl-2 benzyl ether (5.0g., 0.0192 mole)
in dry benzene (20 ml.) was added dropwise ever 20 winutes to a
stirred suspension of finel; powlered aluminium chleride (3.2g.,

0.024 mole) in dry benzene (27 ml.) at 5-1¢CeC. Stirring was

continued for a further 1.5 hours at this temperature, The reactien
mixture was hydrelysed by peuring into iced dilute hydrochloric

acid and stirring for 30 minvtes. The benzene layer was

separated and the aqueous solutien extracted with further portiens
(2 x 50 ml,) of benzene, The combined benzene solutions were

washed with sodium bicarbonate selutien, dried and evaporated

under reduced pressure leaving the product as a yellow oil,

6.18g., The n.m.r, and I.R., spectra of this preduct were

recorded,
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This crude product was diesolved in benzere (100 ml,) and
extracted with 2M scdium hydroxide (3 x 50 ml.). Acidificatien
¢f this extract gave, after ex“raccion into chloroform, washing
with water, dry.ug and removal of solvent, 2-hydroxybiphenyl,
2.20g., 67%.

The remaining maverial was chromatographed on 150g.
alumina giving:

Fraction 1. Fluent benzene. Diphnenyluethane, 2.28g., 70%.

Fracticn 2., FElvent 75% chloroform, 25% benzene. 2-Benzyl-

6-phenylphensl, 1.6g., 30%.

(b, The Reactiens of Aryl Benzyl Etuiers with AlClz_ir Benzene
at 5-10¢C,

Table III.
Aryl Benzyl Ether Diphenylmethane Phenol 2=-Benzyl-
% % phenol %
Biphenyl=-2 70 67 30
Biphenyl=-k 67 43 33
2=(1=Pyrrelyl)phenyl 54 11 35
Biphenyl=2 55(a) 48 35(b)

l-phenylethyl

Netes: fa) 1, l-Diphenylethane

(b) 2-(1-Phenylethyl)-6-phenylphenol.

3.4. Reactions of Cyclic Ethers with Aluminium Chloride in Benzene.

(a) 6, 6-Dimethyldibenzo[b, d]-6H-pyran.

4 solutien of 6, 6-dimethyldibenzo[b, d]-6H-pyran (5.35g.,
0.025 mele) in dry benzene {25 ml.) was added over 20 minutes to

a stirred suspension of finely powdered aluminium chloride (4.2g.,
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0.032 mole) in dry benzene (25 ml.) at 5-100, After the addition
was complete, stirring was continued at this temperature for a
further 1.5 heurs before the rcaction mixture was hydrolysed by
pouring into iced dilute hydrochlsric acid. After the usual
work-up, the product was o»tained as a white solid, identified
as 9, 9—dimethylfluoren—h~ol, 5.3g8.y 99%. Recrystallisation
from light petroleum (B.P. 80-100°2,) gave white cubes,

M.P. 90-91°C.

() Dibenze[b, d]-6H-pyran.

(i) This compeund (1.25g., 0.CNA9 mole) was reacted with
aluminium chloride (1.l4g., 0.0086 mole) in dry benzeae (14 ml.
tetal) as abeve. The crude prevduct wes cbtained as an almost
colourless oil, l.22g., after the usual work up. Tae n.m,r.
spectrum of this product showed it to comprise 85% unreacted
starting material and 15% fluore.-4-ol which was icolated by
chromatography on 100g. silica gel in a yield of 0.11g., 9%.

M-P L] 106—800 L]

(12i) The reaction was repeated as abeve using 1l.1lkig.,
0.0063 mole of the ether and 1.04g., 0.0078 mcle of aluminium
chleride in d:y benzene (20 ml. total). After being stirred
for 1.5 honrs at 5-10°C., the mixture was warmed to 55° and
stirred for a further 1.5 hours at this temperature before being
hydrolysed by peuring into iced dilute lLydrochloric acid and
stirring for 30 minutes. After the usual work up the product
was cbtained as a dark red oil, 2.02g. The t.l,c. showed three
bands; the n.m.r. spectrum showed a complex aromatic multiple*®

and a single-CHp-resonance at 6.05 and the I.R. spectrum
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showed ]}OH at 3600 and 3400 cm~t., This product was chromato-
graphed on 200g. silica gel:

Fractien 1, Eluent benzene. Diphenylmeihane, 0.86g., 80%.

Fraction 2, Eluent 50% -hloreform, 50% benzene. <2-Hydroxy-

biphenyl, 0.93g., 87%.

Fractisn 3., Eluent chleroform. Trinhenylmethanol, 0.35g., 20%.

The mass spectrum eof this mat~rial alse showed traces of
the mechyl ancd ethyl ethers which would be formed by acid-
catalysed reaction on the column with methanol and ethanol

precenl in the clhiloroferm.
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CHAPTER FOUR.

4,1, Preparatisan of Dibenz[b, dJlexepin-7(6H)-orec.

This was prepared by cyclisation of biphenyl-2-oxyacetyl
chloride with aluminium chloride in benzene as described in
2,10(b). The yield was typically around 9€%. R:icrystallisation
from benzene gave very pale yellow needles, M.P. 79-80°¢.

C,4H1o0, requires: C, 80.0; H, 4.8%
found: C, 79.8; H, 4,9%

Oxime: Straw-colcured needles from aqueous ethanol,
M.P. 188-9°c,

C14H11NO, requires: C, [+.65; H, 4.92; N, 6.22%
found: C, 74.59; H, 5.01; N, 6.15%

k,2. 7-Hydroxy Derivatives.,

(a) 6, 7-bLihydro~7-hydroxydibenz[b, d]oxepan.

(i) Lithium aluminium hydride (1.9g., 0.05 mole) was placed
in a dry 500 ml. three-necked flask fitted with a double-
surface reflux condenser, a sealed stirier and a dropping funnel.
Dry ether (150 ml.) was added cautieusly and the mixture stirr~d
for 10 minutes.

A solution of ditenz[b, d]Joxepin-7(6H)-one (18.5g.) in dry
benzene (100 ml.) was added dropwise at such a rate that the
solutien refluxed gently. After the addition was complete, the
mixture was refluxed for 30 minutes. After cooling, excess
LAH was decomposed by the cautious addition of 5 ml. ethyl acetate
follewed by stirring for 15 minutes. The mixture was hydrolysed
by pouring into iced dilute hydrochieric acid (400 ml.) and
stirring for 30 minutes. The organic layer was separated and the

aqueous phase extracted with ether (2 x 100 ml.). The combined
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organic solntions were washed with sodium bicarbonate solution,
dried and evaporated under reduced pressure leaving the product
as a viscous, pale yellow oil, 18.4g. <This was purified by
chrematography on alumina which gave the alcohol as a colourless
very viscous oil which did not crystallise and did net distil
without decompesition.

The n.m.r. spectrum showed absorptions at 2.5 = 3.2 T
(aromatic muliiplet; 8H), 5.5 - 6.6 T (ABC rultiplet; 3H;

CH, and H-7), 7.0 U (broad singlet; 1H; CH).

(ii) A solutien of dibenz[b, ¢1sxepin.-7(tH)-one (5.0g.)
in ethanol (15 ml.) was treated with a solutien of sodium
borohydride (0.6g.) in 15 ml. ethanol and the mixture stirred
for ene hour before being poured into iced dilute h drochloric

acid (50 ml,). The product was extracted in%e chleroform and

the extract was washed with sodinm bicarbouate solution, dried
and distilled uuder reduced pressure leaving the product as a
pale yellow o0il which was purified by chromatosraphy on alumina.
Yield 4.8¢g.

(b) 6, 7-Dihydre-7-hydrexy-7-methyldibenz’b, d]oxepin.

A soluvion of dibernz[b, d]exepin-7(6H)-one (15.0g.) in dry
benzene (75 ml.) was added to a stirred solatisn of methylmagnesium
iodide (prepareu from 5.lg. magnesium and 30.0g. methyl iodide) in
dry etter (150 ml., at such & rate that gentle refluxing was
maintained. When the addit..on was complete, the mixture was
refluxed for 30 :ainutes, cooled ard hydralysed by pouring into
iced dilute hydrochloric acid and stirring for 30 winutes. The

organic layer was separated and the aqueous extracted with
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benzene (2 » 100 ml.) The combined organic solutions were washed
with sodium bicarbonate solution, dried and distilled under reduced
pressure to remove solvent lraving the product as a brownish oil,
16.0g., which was purified by chromatography on alumina. Eluti.n
with 75% chleroferm/25% benzene gave the alcohol as a very

viscous, orange oil, 15.5g. The n.m.r. spectrum showed

absorptions at 2.35 - 3.05 U (multiplet; 8H; aromatic protons),
5,63 and 5.82 T (two AB doublets, J = 12Hz; 2H; CH,), 7.78 Y

(broad singlet; 1H; OH), &.70 U (singlet; 3H; CHz).

(¢) 6, 7=-Dihydro-7-hydroxy-/~phei ldibenz[b, d]exepin.

In a similar fashion, a solution of dibenz[b, d]oxepin=
?(6h)=-one (10.5g., 0.05 mole) in dry benzene (50 ml.,) was added te
a solutien of phenylmagnesium bromide (prepared from 7.9g.

bromobenzene and 1l.2g. magnesium) in 50 ml. ary ether. After

the addition, the mixture was refluxed for three hours, cooled

and hydrolysed using ammoniacal ammoniuvm chleride solution,

After the usuul werk up the product was obtained as a very viscous,
yellow oil which was purified by chromatography on alumina.

Yield 7.6g., 53%.

4,3, Other Reduction Reactions of Dibenz[t, dlexepin-7(6H)-one.,

(a) Catalytic Hydrogenatien.

A solution of dibenz[b, d]exepin-7(6H)-ene (10.0g.) in ethanol
(100 ml,) was “reated with 10% palladium charcoal (0.5g.) and
subjected to hydrogen at 100 ats. pressure fer 8 hours at 500C,
No rewuuction occurred and the slarcting material was recovered

unchanged.,
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(b) Clemmensen Reduction.

Following the methnd described by Martin. 9.,l1lg. of
dibenz[b, d]oxepin-7(6H)-one was reduced, in toluene solution,
using zinc amalgam and hydrochloric acid. The crude product,
8.3g., was a reddish o0il which partially crystallised. The
crystalline componeunt was iselated in 1l.7g. yield by crystallisatien
from ethanol as colourless plates, M.P. 216-~89C. The n.m.r.
spectrum showed only two absorptiens, at 2.4% - 3.3 7" (complex

multiplet; 8H; aromatic protons) and 8.1 U (singlet; 3H;
CHs‘o The mass spectrum showed the parent ien at m/e 390 with
a large half-mass peak at wm/e 195 aleng with its doubly charged

ion ac m/e 97.5. TFrom the cracking pattern (see text) and the
very simple n.m.r. spectrur, this product was identified as

6, 6~vis-(6-r.ethyldibenzo[b, d]pyranyl) and subsequantly found
to be the meso~ ferm.

The I.R, spectrum of the liguors showed a phenolic ~OH
greup. This material was dissolved in benzene (100 nl.) and
extracted with 8 x 25 ml. portions of 2M sodium hyuroxide.
Acidification of this extrect gave an inseparable mixture of twe
pbenols, O.4kg., which was fornd from the r.m,r. spectrum to
comprise around 70% of 2'-ethyl-2-hydroxybiphenyl and 30% of
9-nethylflucren-4-o0l. The residue was chromatographed on
200g. alumina. Elution with benzene gave %4 7g. of a golden oil
whose n.m.r. spectrum showed it to be a mixture of two components.
The minor component (30% of the mixture) showed absorptions at

4.857T (quartet, J = 7Hz; IH; CHMe) and 8.45 T (doublet,

7= 7Hz; 3H; CH}) with the arcma‘ic region obscured by the
major component which shewed a meth;l group as a sirglet at 8.317,
The first compound was thought to be 6-methyldibenzo[b, d]~6H-

pyran although it could not b= isolated in a pure state,
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The major componsent was isrclated by crystzllisatiuvn from light
petroleum (B.P. 60-80?) at -78°2C, in 1.3g. yield, M.P. 146-8°C.
The mass spectrum of this material was identical with that of
mesw-&, 6-bis-(S-methyldibenzolb, d]pyranyl) and the n.m.r.
spectrum at 100 MHyz showed abserptisns at 2.62 - 3.40 T (complex
multipiet; 7H; aromatic pretons except H-4), 3.61 U (quartet,
J = 8.eH , Joota = L-4HZ2; 1H; H-4) und 8,317 (singlet,
3H; CHj). This allowed the compiund te be identified as the
dl-form of 6, 6-bis(6-mevhyldibenzo[b, d]pyranyl).
Meso~ 6, 6-bis-(€-methyldibenzolb, d]pyranyl):
CogH>5€5 requires: C, 86.13; H, 5.68%
found: €, 86.2; H, 5.53%
DL - 6, 6-bis-(6-methyldibenzolb, d]pyranyl):
C28H2292 requires: €, 86.13; H, 5.58%

found: €, 858 ; H, §76/

(¢) Welff-Kishner Reductien.

A mixture of dibenz([b, d]»xepin-7(6H)-one (9.5g.), potassium
hydroxide (5.6g.) and 85% hydrazine hydrate (5 wml.) in 40 ml.
digol was refluxed for wne hour. Th» condenser was removed
and replaced when the internal teuperature reached 20)°C.
Refluxing was continued for a further three hours. After coocling,
the mixture was poured inte dilute hydrochloric acid (100 ml.) and
extracted wili benzene (2 x 50 ml.). The benzene solution was

washed with sodium bicarbonate uolution, dried and the solvent

was vemoved under reduced pressure leaving the product as a
brown, semi-solid mass. Crystallisation of this from ethanol
gave phenanthrenequinere, 4.9g., as orange needles, M.P., 202-30,

The melting point was not depressed in a mixture with an authentic
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sample. The mass spectrum shewed the parent ien at m/e 188
with two consecutive losses of 28 mass units, and the I.R.
spectrum shewed ., at 1680 cm. =+

The I.R. £ - trum ef the remaining material shewed a

1 Extraction with 2M sodium

phenolic -OH at )}OH = 3400 cm.”
hydroxide follewed by acidification and extraction of the product
into chlorof>rm gave, after removal of the selvent, 1.5g. of
phenolic ma'erial which the n.m.r. spectrum skowed te be a
mixtur: of 2'-ethyl-2-hydroxybiphenyl (86%) and 9-methylflueren-
heol (14%). Crystallisation from light petroleum (B.P. 40~

69°¢) gave the fermer in 0.9g. yield, M.P. 1€3-10°C.

A further 1.9g. of phenanthrenequinene was isolated from

the 2iquers after alkaline extraction

L,4, Other 1eactions of Ditenz b, dlexepin-7(6H)-one.

(a) Wittig Rearrangement.

A solution of dibenz[b, d]exepin~-7(6H)-one (1.5g.) and
potassium hycdroxide pellets (3.0g.) ir digel (50 ml,.,) was
refluxed for four hours. After coeling, the mixture was poured
inco dilute hyd-ochleric acid (250 wl.). The preduct was
extracted into ether (2 x 50 ml.) and benzenz (2 x 50 ml,).

The combined extracts were washed with sodium bicarboaate
solution, dried and distillec under reduced pressure, leaving
the product as a brownish solid which was recrystallised from
ethanol giving phenanthrenequin»ne as fine, orange needles,

M.P, 202-3°C., in 0.95g. yield.

(b) Attempted preparatioa of the f-isenicrosm-derivative.

Sedium nitrite (5.0g.) was added in portions te a stirred

solution of the oxepinone (4.0g.) in glacial acetic acid (50 ml.)
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at 5-10°C. After 4 hours a further 5.0g. of sodium nitrite were
added and the mixture was stirred at rsem temperature overnight
before being peurec inte celd water. A pale yellew selid
precipitated which was filtered, dried and recrystallised from
aqueous methanel giving almest celourless needles, M.P. 79-80°,

It was found te e unchanged starting material.

(c) Atcempted Methylation of 6-pesitien.

(i) A soiutien of the oxepinone (17.ug., 0.081 mele),
pyrrolidine (11,5g., 13.9 ml., 0.16 mole) and a few crystals ef

p~-toluenesulphonic acid Zn dry telucne (50 ml.) was refluxed with
removal of water fer 5 hours. Remeval of the toluene under
reduced pressure left cthe pyrrnlidine enamine as a dark viscous
0il which was used without further purificatien. The I.R,

spectrum showed V... at 1640 cm. ™+

(ii) Methvl iedide (25 ml..) and disxan (75 ml.) were added te
the enamine and the selution was refluxed fer 16 hours. A

solution ef ac:tic acid (2 ml.) in water (30 ml.) was addec and
this solutien was refluxed for &4 heurs before being poured inte
water (300 ml.). After acidification, the product was extracted
inte chlorefoir and ebtained after drying the solutien and removal
c¢f selvent as a dark oil, 15.9g. This was founu to be almost
entirely starting material and none of the 6-methyl derivative

was detected.

(d) Uith Phenylhydrazine.

A mixture of the oxepinene (2lg.) and phenylhydrazine (19.8g.)

was warmed on the water bath and the phenyluydrazone separated.
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Glacial acetic acid was added with stirring, at 100°c., (s L 1
tre solid all dissolved. After heating for a further one hour,
the mixture was cooled and a s>5lid separated which was filtered
off and recrystallised twice from ethanol giving 1l4,7g. of
pale yellew needles, M.P. 200-2%C. The mass spectrum showed the
parent ion at m/e 283, tke n.m.r. shewed absorptiens at -0.3 7"
(broad singlet; 1H; NH) and 2.15 - 3,05%(complex multiplet;
12H; aromatic protons) and the I.R. spectrum showed ¥ g at
3200 cm. ™t chowing the product to be indole[3,2-gldiberz[b,d]
exepin.

CaoHy3NO  reguires: C, (..8; H, 4.62; N, 4,94%

found: C, 85.6; H, 4.7; N, L.8%

4.5 Preparation of Dikenz[b, dloxepin.

(i) Phosphorus pentoxide (70Og.) was added to a solutisn of
6, 7-dihydro-/-hydroxydibenz[b, d]Joxepin (13.6g.) in dry benzene
(200 ml,.,) and the mixture was refluxed with stirring feor three
hours. After hydrolysis with aqueous ammonia the benzene layer
was separated, dried and the solvent was removed under reduced
pressure leaving the product as a brown oil, 13.0g. The t.l.c.
showed two components. Chromatcgraphy on alumina gave a red oil,
12,0g., eluted with benzene. When this was treated with methanel,
a white suvlid was prezapitated. This scftened at around 1059C.
with some decompesition. The n.m.r. spectrum showed aromatic
prctens and sonme bread peaks in the regien 7-8 7 and the material

was feund to be polymeric.

(ii) A solutien of the alcohel, 6,7-dihydre~7-hydroxydibenz[b,d]

oxepin, (4,8g. ) and thionyl chleride (2.5 wml.) in dry benzene (56 ml.)
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was retluxed with the exclusien of meisture for 30 minutes. The
sclvent and any excess thienyl chleride were remeved under
reduced pressure lzaving the chlero-compound as a pale red oil
{4,9g.) 7-Chloro-6,7-dihydrcdibenz[b,d]oxepin distilled under
nitrogen as a coleurless oil, B.P. 116-20%/0.01 mm. which rapidly
darkened on standirg. Yield 4.2g.

After several trials, the most satisfactory conditions fer
the preraration of dibenz[b, d]oxepin were found te be those
given belew, A solution of 7-chloro-56,7-dihydredibenz[b,d]
oxepin (3.8g.) and potassium hydroxide pellets (10g.) in ethanel
(40 ml,) was refluxed fcr four h>mio during which a precipitate
of potassium chleride fermed. The mixture was peured into water
(150 ml.) ané the product extracted into ether. The ether extract
was washed with water, dried and the solvent remeved under
reduceC. pressure leaving the product as pale yellow oil (2.5g.).
This was purified by chromatography on alumina fellowed by
distillation under nitrogen to give dibenz[b,d]»xepin as a coleur-
less oil, B.P. 102-46/0,2 mm., which slowly reddened on standing.
The I.R. spectrum showed Wic=c at 1647 cm.”l and the n.m.r.
spectrum showed absorptions at 2.4 - 3Ll5‘r'(multiplet; 8H;
aromatic protens), 3.75 ¥ (doublet, J = 6.0 H'; 1H; H-6),
4,85 T (doublet slightly broadened by l.r. coupling, J = 6.0 H ;
1H; H-7).

Cy4H1o0 requires: C, 86.6; H, 5.19%
fourd: €, 86.8; H, 5.3%.

4,6. 7-Substituted Dibenz[b,d]exepins.

(a) 7-Methyldibenz[b,d]oxepin.

(i) 6, 7-Dihydro-7-hydroxy-7-methyl i-.benz[b,d]oxepin (7.5g.,
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0.032 mele) disselved in dry benzene (100 ml.) was treated with
thienyl chlovride (3.0 ul., 4.8g.) and the solutisn refluxed fer
1l hour. The solvent and any exzess thienyl chloride were
distilled eut uwdcer reduced pressure; 180 mi. dry benzene were
added and distuilled eut te remove the last traces of thionyl
chloride leaving the product as a pale yellew eil, 7.4g., which
was found, from the n.m.r. spectrum, tu be a mixture of the

7-chloro~derivetive and the 7-methyl-ex.pin.

{ii) The preduct, abeves, was dissolved in 20% ethanolic
pctassium hydrexide (70 ml.) and the solution refluxed fcr
3 heurs oefere heing poured into water (200 ml.,). The product

was extracted into methylene chleride and the extract was washed

with water, dried and the solvent removed under redi~ced pressure
leavirg the product as « dark yellew oil which was purified by
chromatography on alumina to give a pale yellow eil, 6.0g.
Crystallisatien from light petroleum (B.P. 60-839C,) gave white
clusters, M.P. 72-40C.

The I.R. spectrum showed V,_. at 1640 cm.”t and the DeM.r.
spectrum showed absorptiens ai 2.4 - 3.A T (multiplet; 8H; aromatiec
protons), 3.45 T (quartet, J = 1.6 H ; 1H; H-6) and 8.13 7T
(doublet, & = 1.6 H ; 3H; CH3z).

C15H120 requires: C, 86.5; H, 5.81%

found: C, 86.8; H, 5.97%

(b) 7T-Phenyldibeaz[b,dloxenin.,

In a similar fashien, 7-phenyldibenz”b,d]exepin was prepared
from the alcohol by reaction with tkionyl chloride follewed by
dehydrochlerinatien with ethanolic petassium hydroxide.

Crystallisation from light petroleum (B.P. 60-80°C,) gave small



192

white clusters, M.P. 97-9°C. Yield 59%.

The I.R, spectrum showed ))c=c at 1630 cm.-l and the n.m.r.
spectrum showed ahscrptiens at 2.20 - 2.94'Tf(multiplet; 13H;
aromatic pretons including 7-Ph) and 3.12 U (singlet; 1H; H=€).

CpoH140 requires: €, 88.9; H, 5.22%

found: C, 89.1; H, 5.41%

4k.7. Reactiens of Dibenz[b,d]oxepin.

(a) Hydrogenatien.

A solutien of dibenz[b.dJ]exepin (1l.7g.) in ethanel,
containing O.2g. Raney nickel was ' ydregenated at atmospheric
pressure. Afcer five hours, approximately half of the theoretical
volume of hydrogen had been absorbed. The catalyst uas filtered
off and the selvent removed leaving the proeduct as a pale yellow
oil, 1.02g. The t.i.c. showed two bands and the n.,m.r spectrum
showed appreximately equimolar amounts of 6,7-dihyarodibenz[b,d]
exepin and unreduced starting materiel. These were separated by
chromatography on silica gel with the starting material being
eluted with light petroleum and the dihydre-derivative with b uzene.
6, 7-Dihydredibenz[b,djoxepin crystallised frem light petreleum
as small, white needl:s, M.P. 112-13°C. (Sjeglitz and Kech
report 116°C. .

The n.m.r. spec.rum shows abserptiens at 2.5 - 3.05'?’
(multiplet; 8H; arcmatic protons), 5.63 T (triplet, J= 7H ;

2H; 6-CHp) and 7.33 T (triplet, J = 7 H ; 2H; 7-CH»s).

(b) Brominatien.

A stirred solutioen of dibenz[b,d]oxepin (1l.0g.) in chloreferm

(20 ml,) was treated dropwise at room temperature with a solutien
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of bromine (0.8g.) in chloreform (10 ml.). The bromine colour
lisappeared quickly and no HEr was likerated. After the additien
was completed, tle solvent was removed under reduced pressure;

30 ml., of carbon tetrachlor:ide were added and cistilled out under
reduced pressure leaving tle product as a piak vil (1.9g.). The
I.R. spectrum showed the abtsence of a double bond and the n.m.r.
spectrum showed two paiis of doublets centred on 3.157 and 4,70 Yf
(J =3.8H ) and on 3.45 T and 4.95 T (J = 9.5 H ) respectively
of apireximately equal iuntensity. ™he intensities of the peaks
did not change when the spectrum was recorded at —60’0., 0°C and
+28°C, showing that thc two conpou.ents were the cis- and trans-
dibremides.

When the reaction was repeated, the product countained 80%
trans- and 27% ~is~ isemers. This product crystallised from
light petroleum (B.P. 60-84°C.) as colourless needles, M.P.
101-9ecC,

C1LH10Brp0 requires: C, 47.5; H, 3.39%

found: C, 47.24; H, 3.18%

(¢c) Attempted Nitrataon.

(i) A solution of fuming nitric acid (0.6 ml.) and acetic
anbydride (2.0 ml.) in methylene chloride (10 ml.) was adcded
ever 30 minutes te a stirred solutien of dibenz[b,d]exepin (l.ug.)
in methyleane ckloride (5 ml.) containing 1 drop of glacial acetic
acid at 0°C. Stirring was continued for a further hour at this
temperature. The mixture was peured into crushed ice and the
preducts extracted ante methylene chloride when the ice had
melted. The extract was washed with sodium bicarbonate solution,

dried and the solvent removed leaving the precduct as an orange gum,
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(ii) A cuspension of cupric nitrete (l.4z.) in acetic
anhydride (70 ml,) was added elewly to a stirred selution of
dibenz[b,d]oxepin (1.2g.) in acetic anhydride (30 ml.) at -78%C.
After the addition was complete, stirring was continued for a
further 15 minutes at this temperature. The external cooling was
removed and the mixture was allowed te come to reom temperature.
100 ml, water were added and the mixture was shaken with a further
300 ml, of water before the products were extracted into methylene
chloride. This extract wss wacshed with dilute ammonia and water,
dried and the sclveat was removed under reduced pressure leaving
the preduct as a brown oil, 1l.5g.

In neither case were any nitro-derivatives isolated and both
preducts were found t. be coumplex mixtures. Both polymerisation

and hydrolysis o1 the oxepin ring seemed to have taken place.

4.8 7-Bromodibenz[b,d]oxepin.

A solution of 6,7-dibrnome-6,7-dihydrodibenz[b,d]Joxepin (0.95g.)
and petassium hydroxide (1.0g.) in echanol (10 ml.) was refluxed
for 15 minutes. Potassium bromide precipitated quickly. The
mixture was peured into water (100 ml.) and the product extracted
into methylene chlerics. The extract was washed with water, dried
and the solvent removed under reduced pressure leaving the nresduct
as a pale yellew o0il, 0.6g. 7-Bromedibenz[b,d]oxepin crystallised
from light petroleua (B.P. 40-60°C.) at -789C. as fine, white
needles which melted below NeC,

The I.R. spectrum showed V ,_. at 1630 cm.™L and the n.m.r.

=C

spectrum at 100 MH showed absorptions at 2.13 U (ectet, J b

7.0 H o .J = 1.6 H, Jpara = 0.6 H ; 1H; H-8), 2.26 - 2.96 T

metg
(multiplet; 7H; remaining aromatic protuus), 3.05 X (singlet;
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1F; H-6). The mass spectrum showed parent ions of equal
intensities at m/e 274 and m/e 272 with the fragmentation pattern

consistent with the proposed s*ruciure.

4,9. Attempted preparation of 7-cyanodibenz[b,d]oxepin.

A mixture of 7-bromodib@nz[b,d]Joxepin (1.0g.), cuprous
cyanide (0.7g.) pyridine (1 drop) and dimethylformamide (5 ml.)
was refluxed fer 1 heur during which it became homogenesus.
After cecling it was peured into aqueous amrmenia and the product
extracted inte methylene chloride. The extract was washed with
dilnte hydro hleric acid then three times with water, dried and
the solvent removed under reduced pressure leaving the product
as a brown tar. The I.R, spectrum shuwed C = 0, C = N and OH
groups. Chromatography on alumina isolaied O.4g. o. unreacted
start.ng marerial. The remainier wes a complex mixture and no

identifiable preducts were isolated.
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