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SUMMARY

Starting respectively from 2—methylcyclohexénone
and 2—methylcyclohep£anone, a synthetic route to 8- and
9~-membered carbocycles has been developed via the
bicyclo-[ 3:3:1]-nonane and bicyclo—t4:3:l]—decane systems.
In particular, l-methyl-5-methylenecyclooct-l-ene and
l-methyl-5-methylenecyclonon-l-ene have been synthesised
as models for a projected synthesis of caryophyllene.
Alternative routes to certain intermediates have been
investigated to establish the most direct and
conservative approach to olefins of this type, and the
purity of the products has been established by spectro-
scopic methods, An attempt has been made to extend‘

these methods to a synthesis of isocaryophyllene.




CONTENTS

THE CHEMISTRY OF CARYOPHYLLENE
Introduction
Determination of the structure of caryophyllene
The period 1875 - 1939
The period 1939 - 1956
The tricyclic derivatives of caryophyllene
Absolute stereochemistry
Sesquiterpenes with medium sized rings
‘Biogenesis
Synthesis in the caryophyllene field
APPENDIX
The total synthesis of caryophyllene and
isocaryophyllene
REFERENCES
THE SYNTHESIS OF 1-METHYL-5-METHYLENE-
CYCLOOCT-1-ENE AND 1~METHYL-5-METHYLENE-
CYCLONON-1~ENE |
Theoretical
Appraisal
Experimental

REFERENCES

Page

oo w NN

23
25

30
68
69
138



THE CHFMISTRY OF CARYOPHYLLENE,

INTRODUCTION,

It is possible that caryophyllene, the main
‘ .
hydrocarbon constituent in oil of cloves (from Eugenia

caryophyllata) and occurring in a number of other essent-

ial oils, has been the object of more intense and pro-
longed investigation than any other single sesquiterpene,
Yet its structure, and an explanation of its many rearr-
angements under different conditions, have only recently
become known, and as yet no successful synthesis has been
achieved.

The long period which has elapsed since its discovery
in clove oil by Ettling in 1834 1 and the elucidation of
its structure can be ascribed to three main factors.
Firstly, pure samples of caryophyllene were almost cert-
ainly not available until the fairly recent use of modern
physical techniques, with the result that much of the
early worz is ambigrous and to some extent inexplicable,
In the second place, apart from the macrocyclic fragrant
ketones (which are products of animal metabolism) plant
products which embodied a medium sized ring of nine, ten
or eleven carbon atoms were unknown, Indeed, the

synthesis of medium sized ring compounds was extremely

# See appendix p.23.



difficult and expengive until the innovation of the

acyloin condensation, and the properties of those compounds

which had been prepared and examined seemed to confirm

the view that comparable ring systems would be absent ih

" nature. Caryophyllene was the first terpene containing a

medium sized ring to have its structure elucidated, though

many more have since been reported. 2 Finally, caryophyll-

ene and some of its derivatives undergo a variety of

skeletal rearrangements which could only be fully explained

when the structure of the hydrocarbon itself was known.
This review is intended as a summary of the work

involved in determining the absolute structure of caryoph-

‘llene and an outline of some of the reactions of caryoph-

llene and some of its derivatives. There have been few

attempts to synthesise caryophyllene-type structures

reported, and those for which information is available

are discussed briefly. The now accepted terminology, viz.

caryophyllene and iso-caryophyllene, is used throughout. 3

THE DETERMINATION OF THE STRUCTURE OF CARYOPHYLLENE.

In the earlier literature there is some confusion of
terms, and the names a-, B- and Y-caryophyllene recur,
a~Caryophyllene is now recognised as the sesquiterpene
humulene, while B- and Y-caryophyllene are now referred to
as caryophyllene and iso-caryophyllene respectively. In

reviewing the chemistry of caryophyllene, the accumulation
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of knowledge which led to a final understanding of the
structure and reactions of this remarkable compound falls
gquite naturally into two distinct phases., These are (1)
the period 1875 - 1939, when the classical approach to
structural elucidation was adopted, many derivatives being
prepared and characterised, and the standard degradative
techniques of the time being applied} and (2) the period
1939 - 1956, during which a more refined approach, both
practically and theoretically, led to complete knowledge
of the caryophyllene molecule and a fuller understanding

of much of the earlier work,

(1) THE PERIOD 1875 - 1939.

The composition 015H24 4 and the presence of two
ethylenic double bonds in caryophyllene 5 having been
quickly established; it followed that the compound was

6 led

bicyclic., The prolonged investigations of Deussen
to the proposal of a substituted cyclobutane ring and,
following on the permanganate oxidations performed by
Haarniann,7 Semmler and Meyer proposed the first structures
(1) and (2) for caryophyllene, basing their conclusions

on ozonolysis experiments.8 Similar types of structures,
(3) and (4), but based on the isoprene rule, were proposed
by Bussec9 These proposed structures, however, and other

10

variations on them carried no great influence,; because

(a) there was no evidence, physical or chemical, in
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favour of a system of conjugated double bonds, and (b)
the expected products of oxidation, i.e. the cyclobutane
acids were unknown,

As a result of this lack of experimental confirmation,
attention was focussed on the cyclobutane carboxylic acids
derived from the oxidation of caryophyllene. 7,8,11,12,13.

The monocyclic oxidation products of caryophyllene were

as follows

(i) 014H22O4 : a diketocarboxylic acid,
(ii) C11H18O3 : a ketocarboxylic anid,
‘(iii)ClOHl6O4 : a dicarboxylic acid, which was called

homocaryophyllenic acid,
(iv) 09H14O4 : a dicarboxylic acid, which was called
caryophyllenic acid,
(v) 08H1204 : & dicarboxylic acid which was called
norcaryophyllenic acid.,
One further important degradation product was an acyclic
dicarboxylic CSH1004’ which was shown to be l:l-dimethyl-
succinic acid, and with this degradation product known,

Ramage and Simonsen 14

established that d-transnorcary-
ophyllenic acid was in fact l:l-dimethylcyclobutane-2:3-
dicarboxylic acid by the following reaction sequence. The
acid (5) was conyerted to its di-acid chloride which, on
treatment with bromine, gave the mono- and dibromo

derivatives., The monobromo-acid, after dehydrobromination,

yielded the substituted cyclobutane (6) which. was degraded
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by standard methods to 1l:l-dimethylsuccinic acid (7).

The structure and stereochemistry of norcaryophy-
llenic acid was finally proved by Rydon 15 by Synthesis
as follows, BEthyl a:o-dibromo-p:B-dimethyl adipate (8)
was cyclised to the cyano ester (9) by refluxing with
sodium cyanide in ethanol., Hydrolysis and decarboxyl-
ation with concentrated hydrochloric acid gave racemic
trans-3:3-dimethylcyclobutane-1:2-dicarboxylic acid (5)
which was identical with that derived from caryophyllene.
When the crude acid was heated with acetic anhydride and
the resulting anhydride carefully hydrolysed with water,
the corresponding racemic cis-3:3-dimethylcyclobutane-
l:2-dicarboxylic acid (10) was obtained. Both the 4,1-
cis and trans-norcaryophyllenic acids were resolved, and
only d-transnorcaryophyllenic acid proved identical with
that derived from natural sources,

It now followed that another degradation product,
caryophyllenic acid, could be assigned the structure (11)
or (12), since it could be degraded to transnorcaryoph-
yllenic acid in a manner analogous t0 the degradation
of pinic to norpinic acid - c.f. (13) ---» (14).

Attempts were made to decide which of these structures,
(11) or (12), was in fact that of caryophyllenic acid,12
but confusing results were obtained which were not
satisfactorily explained until much later. 16 The

configuration in caryophyllenic acid was assigned by



(27)

n;Sim, L2

(15)

CqHy64~§ —COH

(16)

~CO

2 1
Sgf16q 2% B8 ogay g -g—ococs,

(1) 0,
(11) NaOEt
(im) NaOBr
0cH, '/“\\cozn
A0 A
(28) (19)

008

-C
!



analogy with the nor acid, but this was rigorously proved

17

by Ramage and Simonsen, using the anhydride technique
as outlined above for norcaryophyllenic acid. There being
two possible structures for caryophyllenic acid, it
followed that there were four possible structures for
homocaryophyllenic acid; this situation could not be
resolved and a position of stalemate existed with respect
to the degradation products.

Interest reverted to oxidative techniques and Ruzicka
and Wind, 12 using standard techniques, confirmed the
nature of the two ethylenic linkages as (a) a terminal
double bond ¢=¢Hand (b) a trisubstituted double bond
carrying a methyl group. More important, however, they
showed that the trisubstituted double bond could be
expanded to include a methylene group, i.e.-cul-éizzzu— y
in the following manner. 0zonolysis of caryophyllene
gave a diketo acid, the methyl ester of which, on treat-
ment with sodium ethoxide, gave an unsaturated keto acid.
This compound, on treatment with hypobromite, gave an
unsaturated di-acid, and this sequence can be represented
schematically as in (15)---3(16), As a result of this
18

work, Ruzicka proposed structure (17) for caryophyllene
and the structure (18) for the monoketo acid from which
homocaryophyllenic acid was obtainable by hypobromite
oxidation, and so Ramage and Simonsen formulated homo-

caryophyllenic acid as (19),17
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Unsuccessful attempts were made to synthesise the

acid (19) while work by Ruzicka 20

and by Ramage and
Simonsen 2l on the neutral products of ozonolysis added
confusion to the overall picture, since the results were
interpreted as supporting evidence for the rather unusual
isobutenyl side~chain in (17), Rydon 22 challenged
Ruzicka’s formula (17) for caryophyllene on purely theor-
etical grounds and was the first to propose a ring of
greater than six carbon atoms in caryophyllene, with the
structures (20) and (21). Ruzicka 23 feinvestigated the
ozonolysis of dihydrocaryophyllene in an attempt to verify
these structures, and, although providing no direct proof
of these structures, he demonstrated for the first time
that éaryophyllene must have one ring of at least seven
carbon atoms, Ozonolysis of dihydrocaryophyllene gave a
keto acid which, on hypobromite oxidation, gave a di-acid}
pyrolysis of the salt of this acid gave a ketone whose
hydroxymethylene derivative, on ozonolysis, gave another
di-acid. The salt of this acid gave, on pyrolysis,
another ketone and not, as would happen if caryophyllene
were (17), a substituted glutaric anhydride. This result
led Ruzicka to consider that caryophyllene was a mixture
of (17) and (20), although neither structure could fully
accommodate the known facts,

The close similarity between caryophyllene and iso-

caryophyllene had long been recognised, and it was
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suggested that, using Ruzicka’s structure for caryophy-
llene, they were structural isomerides of the type (22)
and (23). Ramage and Simonsen, however, showed this to

be untenable, 24

and it was thereafter assumed that the
two compounds werevstereoisomerides°

By 1939, therefore, the structure of caryophyllene
was still seriously in doubt, with no proposed formula
accommodating more than a fractioﬁ of the experimental
observations. The results of the investigations to this
point may be summarised as follows : (i) carophyllene is
a bicyclic, doubly unsaturated sesquiterpene hydrocarbon|
(ii) six of the carbon atoms are located in the form of
a cyclobutane ring with an appended gem-dimethyl group)
(iii) the seccnd ring must contain at least seven carbon
atoms; and (iv) the two ethylenic linkages are present in
the form of a terminal double bond }=:cu, and the grouping

<t

(2) THE PERIOD 1939 - 1956.

In 1947, Treibs began a series of experiments the
results of which were of the greatest importance. 25 Using
hydrogen peroxide, and léter-perbenzoic acid, he obtained
a crystalline monoepoxide which, on ozonolysis, gave a
keto-epoxide and formaldehyde, showing that the more
heavily substituted double bond had been involved in oxide

formation, On the basis of Ruzicka’s formula (17) for
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caryophyllene, this oxidoketone should have had the
structure (24), but did not give a bromoform test.

Treibs made the monoepoxides of both caryophyllene and
isocaryophyllene and carried out a number of reactions
with them, none of which he could satisfactorily explain,
but which were brilliantly accounted for later by Barton
(q.v. )» The isolation of these pure crystalline deriv-
atives was a great step forward in the structural invest-
igations and superseded earlier work on the oxidation of

26

dihydrocaryophyllene with selenium dioxide and with

perbenzoic acid.27
The structures of the cyclobutane acids had mean-
while been taken up again, and the correct structures
of these compounds were determined. d-Transnorcaryophy-
1leﬁic acid was known to have the structure (5) while
the acid (12) was synthesised in both cis and trans forms
aqd shown to be different from caryophyllenic acid 28
(24§,___§ (25). By exclusion, caryophyllenic acid was
ascribed the structure (11), and this was proved by
synthesis of this compound as shown in the scheme (26)
---3 (27). Both cis and trans racemic acids were prepared
and resolved, the trans form proving identical with
genuine caryophyllenic acid.29 There now remained only
two possibilities for the structure of homocaryophyllenic
acid, viz, (28) or (29), and of these, structure (28)

30

was shown to be correct by Dawson and Ramage, who
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synthesised both acids, the synthesis of homocaryophy-
llenic acid being shown in (30) --- (28).

Meanwhile, Sorm and his co-workers made the novel
proposal that caryophyllene contained a nine-membered
ring, 31 their conclusions being based on an infra-red
study of the carbonyl absorption of the oxidoketone
first prepared by Treibs, although chemical evidence in
favour of a nine-membered ring was later advanced.2
Consequent upon this work, Sorm proposed the structures
(31) and (32) for caryophyllene,

Simultaneously, and also working with Treib’s
oxidoketone, Barton and Lindsey provided excellent proof
of the presence of a nine membered ring in the following

32 Treatment of the oxidoketone with chloroformic

manner,
acid gave a chlorohydrin which, on oxidation with chromic
acid, gave a chlorodiketone. This chlorodiketone was
not enolisable and so the epoxide ring could not have
been in a position B:Y— to the carbonyl group. Having
obtained this preliminary evidence, they refluxed the
oxidoketone with methanolic potassium hydroxide and
obtained an isomeric tricyclic substance which contained
one hydroxyl and one carbonyl group. Chromic acid oxid-
ation afforded the corresponding diketone which on
treatment with selenium dioxide gave a fully conjugated
ene-l:4-dione system, whose ultra-violet absorption

spectrum indicated a cisoid arrangement, This was

10.
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11.
supported by the fact that permanganate or nitric acid

oxidation gave a saturated bicyclic dicarboxylic acid
which very readily formed an anhydride, The ease of
formation of the anhydride, together with the other
evidence, suggested a substituted succinic acid, and the
above reactions could be summarised as (33) ---» (34).

Since the CGHll fragment contained the dimethycyclo-
butane entity known to be present in caryophyllene, all
the carbon atoms are accountable at each stage, and Barton
and Lindsey, while allowing that Sorms structures for
caryophyllene might be correct, suggested a third possible
strueture, namely (35). With the three possible structures
"~ (31), (32) and (35) for caryophyllenec, and following out
the scheme outlined in (33) ---» (34), the overall reactions
may be summarised as shown in (31) =~=-» (36), (32) ===» (37)
and (35) ---> (38).

Independently of this work, but following on it,
Dawson and Ramage prcved that the structures (31) and (32)
for caryophyllene could not be correct and suggested yet
another possible structure.33 They foun@ that permanganate
oxidation of pure caryophyllene nitrosite gave three main
products, one of which was the keto-acid (39), and which
could be smoothly oxidised with hypobromite to homocary-
ophyllenic acid. This acid (39) cannot possibly be formed
from structures (31) or (32) and this observation, together

with valid objections by Barton (qg.v.) showed these
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12,
structures to be inadequate. Ramage and Whitehead,
however, suggested the structure (40) for caryophyllene,
and this could reasonably accommodate most of the known
facts then understood. The main objection fo this
structure was that if the procedure developed by Barton
and Lindsey were followed out, the di-acid (41) would be
formed, in which there is a relatively unhindered secon-
dary carboxyl group (c.f. the di-acids (36) and (37) ).
This acid (41) should therefore (like acids (36) and (37))
react with bromine, whereas the acid derived from
caryophyllene, (38), gave no bromo derivative and reacted
entirely in the manner of a di-tertiary carboxylic acid.

Final evidence in favour of Barton’s structure came

35 who ozonised

from experiments by Atwater and Reid,

dihydrocaryophyllene (42) to give the keto-acid (43).

This was oxidised to the dicarboxylic acid (44) with

hypobromite, and this acid degraded in unambiguous

fashion to the di-acid (45). The final product (45)

could not possibly have resulted if caryophyllene had

had the structure (40) as proposed by Ramage and Whitehead.
The carbon skeleton of caryophyllene having been

determined, it remained to determine the structure of

isocaryophyllene., The fwo compounds were known to give

the same dihydrochloride, different nitrosochlorides

and the same dihydrocaryophyllene (in fact dihydroiso-

caryophyllene), It was shown that the two hydrocarbons



) 0$%C

5)GG < IB%C

c&



13.

are in fact geometrical isomers about the cxloecycliz double
bond, caryophyllene and isocaryophyllene having respect-
ively the structures (46) and (47). Caryophyllene was
assigned the more strained trans configuration because it
reacted quicker with perphthalic acid than the cis form, 3
a finding in keeping with Prélog’s observations in the

36 The

cis and trans cyclononene and cyclodecene series,
two isomers differ, however, in the oxides they give with
per acids, facts which were adequately explained by Barton
(q.v. ) and which served as further confirmation of the
geometrical nature of the isomerism, It is not yet clear
whether isocaryophyllene occurs as such in nature, and it

is possible that it is an artefact of caryophyllene

produced during the chemical treatment of this compound.

THE TRICYCLIC‘DERIVATIVES OF CARYOPHYLLENE,

A series of base-catalysed rearrangements occur with
the monoepoxides of caryophyllene and isocaryophyllene

2,37 Treat-

which have been fully elucidated as follows,
ment of caryophyllene oxide (48) with mild base gave the
crystalline diol (49) which could be oxidised in stages

to the diketone (50), Similar cyclisation of the stereo-
isomeric isocaryophyllene oxide (51) gave the isomeric
diol (52) which could again be oxidised in stages to the
same diketone (50). The constitution of the diketone (50)

was rigorously established by Barton and his co-workers, 38
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14,

so that this work constituted additional evidence as to
the geometrical nature of the isomerism in the
caryophyllenes,

Although the double bonds in caryophyllene are not
conjugated, Ruzicka and Zimmermann in 1933 reported the
formation of a 1:1-adduct with maleic anhydride, >~ and
catalytic hydrogenation experiments showed that the adduct

40

still retained two double bonds. It has since been

shown that many mono-unsaturated olefins can give maleic

anhydride adducts in which the anhydride residue is attached

41 and this

42

to the saturated carbon of an allylic systemn,
explanation was formally accepted for caryophyllene.
Following on original degradations of the adduct by
Ruzicka,43 Nickon has shown that its structure is (53),44
and it has been shown that with electrophilic reagents
(XA= Br, H) the caryophyllene-maleic anhydride adduct can
undergo cyclisation to a further type of tricyclic system,
as in (54).

The acid-catalysed rearrangements of caryophyllene
have so far proved the most interesting, and among the
products which have been isolated are the tricyclic
compounds caryolan-l1-ol (f-caryophyllene alcohol),
a-caryophyllene alcohol, and the hydrocarbons clovene,

isoclovene and psuedoclovene.45’46

Caryolan-1-0l1 has
been shown to have the structure (55) by Barton, Bruun

and Lindsey,47 and this was confirmed and the absolute



15.

stereochemistry established by the X-ray determimation
of the structure of the corresponding chloride(56) by

48 and by molecular rotation studies

Robertson and Todd
by Barton and Nickon (q.v.). This X-ray investigation,
moreover, provided for the first time direct proof of

the trans fusion of the bicyclic system in the caryophy-
llene series,

The crystalline chloride (56) was first reported by
Wallach and Walker,49 and the replacement of hydroxyl by
chlorine proceeds with retention of configuration, such
are the steric requirements of the bridgehead carbonium
ion, The mechanistic implications here are of importance
and in this case, and in other fields, have become the
subject of investigation, 50

a-Caryophyllene alcohol, for which the structure (57)
has been tentatively proposed, can be dehydrated 51 to
give the hydrocarbon clovene (58) (or an isomer of
clovene), the structure for which, and mode of formation,
was suggested by Eschenmoser‘and Gunthard 52 and by

47

Barton, Bruun and Lindsey. A rigorous proof of the
gtructure of clovene has been forwarded by Barton and

his co-workers, and by Lutz and Reid.53’54 Of the two
remaining tricyclic hydrocarbons which have been reported,
namely isoclovene and psuedoclovene, the latter has been

tentatively assigned the structure (59), while X-ray

studies have shown that isoclovene has the structure
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(60).55’46° Despite the suggestions in the earlier
literafure, the caryolane and clovene skeletal typeskdo
not seem to be interconverttble (q.v.). Thus dehydration
of caryolan-l1-o0l is now known to give isoclovene and
psuedoclovene; conversely, there is no record of clovane
derivatives undergoing structural change, although the
inconsistences in the a-caryophyllene alcohol field may

in fact be due to such a structural change.

ABSOLUTE STEREOCHEMISTRY.

When discussing the stereochemistry and reactions of
caryophyllene the hydrogen atom at C1 is téken as the
reference centre, since its configuration is unchanged
in all the reactions and transformations, and it was
arbitrarily assigned the B-configuration (61). The
configuration of this hydrogen atom was taken by analogy
with the 05 hydrogen atom in B-caryophyllene chloride (62),

whose B configuration was proved by X-ray methods.

Similarly the hydrogen at C. in clovene was taken as B,

5
(63). Confirmation of the absolute stereochemistry of
caryophyllene and its derivatives was provided by Barton

and Nickon, 2°

using molecular rotation studies. Among
others, Klyhe and Stokes 51 had proposed a useful mélec-
ular rotation rule for correlation of appropriately
substituted cyclohexanols or cyclopentanols with D~gly-

ceraldehyde. Thus the cyclic secondary alcohols of the
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absolute stereochemistry (64) or (65) (where R and Rl are
alkyl or part of a further ring) usually afford positive
molecular rotation increments on acylation. The molec-
ular rotation contribution of the secondary hydroxyl
group with respect to the parent saturnted structure (66)
is also, in general, positive, Conversely, parallel
negative molecular rotation changes are observed for

the epimeric alcohol,

These rules were applied to a number of tricyclic
derivatives of caryophyllene, using benzoate and acetyl
derivatives, and gave excellent agreement with the calc-
ulated changes, assuming the absolute stereochemistries
as in (61), (62) and (63). Since the constitution and
relative stereochemistry of the compounds used had been
rigorously established in earlier work, these results
confirmed that the correct absolute stereochemistry had
been assigned to caryophyllene.

A conformational study of the caryophyllene molecule

shows that, because it is trans within a C, ring, the

9
endocyclic ethylenic linkage must lie with its plane
perpendicular to that of the cyclobutane ring., If the
4-methyl group projects downwards (relative to the
upward B-hydrogen at Cl), then only B-attack is possible,
which will lead to clovane-type cyclisation as in (67)

---3 (58). If, however, the 4-methyl group projects

upwards, only a-attack is possible, leading to caryolane

17.
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type cyclisation as in (68) ---» (69). From the above
discussion, it is obvious that caryolan-1-ol and clovene
belong to different stereochemical classes, and 1t is

not therefore surprising that dehydration of caryolan-l-ol
does not give clovene, as might be expected if the
configuration of the methylene bridge in both compounds

58

were the same,

SESQUITERPENES WITH MEDIUM SIZED RINGS.

Although caryophyllene was the first sesquitefpene
known to have a medium sized ring, it is no longer unique
in that respect, and a considerable number are now known.
Until recently, however, caryophyllene was the only
sesquiterpene known to have a nine-membered ring. A |
group of related compounds, the betulenols, have since
been discovered and investigated, but as yet there is no
agreement on the structures of these compounds, Sorm and

2,59 proposing the structures (70) and (71)

60

his co-workers
while Treibs and Lossner prefer the structures (72)
and (73). The relationship of the betulenols to cary-
ophyllene, however, and the presence of a nine-membered

. ring has been rigorously established,

BIOGENESIS,

The now accepted isoprenoid unit in terpene bio-

synthesis is mevalonic acid, (74) three molecules of

18.
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which can self condense with decarboxylation to give the
simple acyclic sesquiterpene farnesol (75), which can
exist in cis or trans forms. Biogenesis of the sesqui-
terpenes from farnesol is considered 62 to involve ionis-
ation of the allylic hydroxyl and cyclisation of one of
the other double bonds on to the cation thus formed.

Thus, starting with cis-farnesol (76), and utilising the
terminal double bond in cyclisation, cations (77) and (78)
are formed. Similarly, starting with trans farnesol (79),
and again utilising the terminal double bond, cations

(80) and (81) are formed. 62

The large number of sesqui-
terpenes which arise through cyclisation involving the
terminal double bond can be shown to arise either from
cis-farnesol via cation (78), or from trans-farnesol via
cation (80), these two cations being the most stable

electronically and sterically. Simple deprotonation of

cation (78), for example, gives humulene (82), which,

with a doubly allylic methylene group, is easily elaborated

to zerumbone (83).

From examination of models of cation (78) two facts
emerge : (a) the double bonds are not very close together
for cyclisation, and (b) one of the hydrogen atoms at Cl
is turned inside the ring, lying somewhere between C6
and the cationic ClO‘ Neutralisation of the cis cation

can occur by attack of one of the double bonds on the ClO

cation, The £§J7 bond, however, is blocked by the Cl

19.
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V3
hydrogen atom, and attack is only possible with th%(double
bond which; with a concerted loss of hydrogen from the C3
methyl group, yields caryophyllene (84) directly. The
known stereochemistry of caryophyllene, i.e. a trans-fused

four membered ring and a trans double bond at 06-7’ is a

direct consequence of the conformation of cation (78).

SYNTHESIS IN THE CARYOPHYLLENE FIELD.

The synthesis of caryophyllane by Sorm and his co-

workers ©3

is the only synthesis of a caryophyllene type
molecule which has been reported so far. Using as starting
material pure transhomocaryophyllenic acid obtained from
the degradation of caryophyllene, they treated the di-acid
chloride under Arndt-Eistert conditions to give the di-
acid (85), Conversion to the dimethyl ester and half
hydrolysis gave a mixture of acids (86a) and (86b) which
was again treated under Arndt-Eistert conditions to give
the mixture of acids (87a) and (87b). Treatment of the
dimethyl esters with sodium in xylene gave a mixture of
acyloins (88a) and (88b) which, on modified Clemmensen

64

reduction, gave as final product perhydrocaryoPhyllené

(89). According to these workers, the identity of the
synthetic sample was established by infra-red studies and
by comparison of the infra-red spectrum with that of a
Ssample prepared by the catalytic reduction of caryophyllene,

They do not, however, mention any separation of isomers,



OaEt " COZEt H,OH
), i1
o o i O i
‘ H H

caéégms
—2 K->
Lo ' , ' o
éffaﬂ |
(90) (91)
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which would be expected from such a hydrogenation of
caryophyllene, so that the absolute identity of these
infra-red spectra is questionable. The same possibility
of error may be present in their work on the betulenols,
where once again they rely heavily on infra-red studies,
and at the moment much of the infra-red work of Sorm and
his school is subject to serious criticism, 05
Apart from the synthesis of caryophyllane, no other
attempted syntheses of caryophyllene-type molecules have
been reported. The little information that has been
‘published indicates that efforts are being made to synth-
esise model compounds of eight, nine or ten membered
rings with the same distribution of endo-exo double bonds
a8 in caryophyllene, since this is one of the main problems
in a synthesis of the terpene itself. The nature and
position of the double bonds (1:5) are such that the
standard synthetic methods for medium sized rings are
prohibited. As a result, a more promising approach would

Seem to lie in the application of so-called " fragmentation

66

reactions " in which some suitable bicyclic system

is elaborated to give the medium sized carbocycle. In one
of the first recorded approaches to the nine-membered

of caryophyllene,67 the tosylate (90) was synthesised as
shown and treated with base in an attempt to obtain the
compound (91), This compound was not obtained, however,

and the products were established as the tricycloketones
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(iv) OH™ then CH;50,C1, (v) KOt-Ru in HOt-Bu.
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(92) and (93).

A successful synthesis of l-methylcyclodec-l-ene-6-one

68 who synthesised the

(95) has been reported by Wharton,
mesylate (94) as shown, When treated with base, this
mesylate underwent a l:3-elimination reaction to give the
decanone (95) which could, if required, be converted to
the hydrocarbon (96). Although the author does not indicats
the stereochemistry of the tertiary hydroxyl group, an
examination of models reveals that the cis configuration
is more sterically favourable for elimination than the
trans (although the extent to which the steric conditions
control these reactions seems to vary according to the
compound ),

The main object of the work described in this thesis
was to investigate the possibility of elaborating suitable
bicyclic systems into medium sized rings for the following
reasons : (a) besides being a challenging exercise in
synthesis itself, the properties of the bicyclic systems
themselves are of interest, (b) any new or amended methcis
for the synthesis of medium sized rings are of importance,
(¢c) medium sized rings are known to undergo many types of
rearrangements and these could be investigated, and (d)
Successful syntheses of analogues of the nine-membered
ring of caryophyllene would be an important basis for a

Projected synthesis of the terpene itself,
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APPENDIX

THE TOTAL SYNTHESIS OF d,1-CARYOPHYLLEWE AND d,1-ISO-
CARYOPHYLLENE.

Details of the first total synthesis of d,l-caryophy-
llene andfd,l-isocaryophyllene have been published recently
by Corey, Mitra and Uda. 69 Photochemical addition of
isobutylere to 2--cyclohexenone gave 7:7-dimethylbicyclo-
[4:2:0]-octanonc-2 (97) as a mixture of cis and trans forms.
The predominant trars form was isomerised to the cis form,
and this in turu corverted to the f-keto ester (98) by
treatment with dimethyl carbonate and sodium hydride in
dioxanji Methylation of (98) with methyl iodide in base to
the ketone (99) followed by condensation with the lithio
derivative of the dimethyl acctal of propargyl aldehyde
gave the acetylene (100). Catalytic reduction of the
acetylene group and oxidation of the aldehyde with chromic
acid was followed lactonisation to the spiro-lactone (101),

Treatment of this lactone with methylsulphinyl
carbanignlin dimethyl sulphoxide resuitéd in rearrangement
to the tricyclic ketone (102) which was converted to the
hydroxy ketonz (103) by hydrolysis and decarboxylation.
Reduction of this ketone with sodium borohydride, sodium
in moist ether or lithium alunminium hydride furnished the

trans diol (104) (i.,e. methyl and hydroxyl trans),



(1) (11) |
» T -
o") H
O-Ts o
(105) (106) o

(1) CﬁBSOCHz' then Bu0 , (ii):Ph3PCﬂ2.

oH u’-)—-) OH OH +

OoH
o) ¢ 4
S B OH
- (107) (104)
(i1)
.-—) >
(1i1) (iv)
e (o]
(108) (109) {46)
£a)

H., Reney nickel, (ii) TsCl/pyridine when cHBSOCH,f,

il) WaOp-lw, (iv) PhyPCH,

»



24.
Treatment of the monotusylate ester (105) of this diol
with methylsulphinyl carbanion resulted in fragmentation
of the bicyclic system and the production of the required
C9 ring. The product from this process, as expected, had
~a cis ring junction, and so it was not isolated,
epimerisation to the trans form being effected during the
reaction by refluxing with sodium t-butoxide. The final
product was the ketone (106), and treatment of this
compound with methylene triphenylphosphorane under Wittig
conditions gave d,l-isocaryophyllene (47), identical with
a genuine sample,

When the tricyclic ketone (103) was reduced with
Raney nickel, a mixture of diols was obtainéd, one of
which proved to be the diol (104). The other isomer was
agsumed to0 be the cis form (107), and when the monotosylate
of this diol was treated with methylsulphinyl carbanion,
the trans cycloélefin (108) was obtained, in which the
ring junction is c¢is. Prolonged treatment of this ketone
with sodium t-butoxide effected isomerisation to the
required trans form (109), which under Wittig conditions,
gave @,l-caryophyllene (46), identical with that derived

from natural sources.
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THE SYNTHESIS OF 1-METHYL-5-METHYLENECYCLOOCT-1-ENE
AND 1-METHYL-5-METHYLENECYCLONON-1-ENE,

When studied from the point of view of synthesis,
caryophyllene at first sight presents a deceptively simple
proble m. A more detailed examination, however, guickly
reveals that this hydrocarbon incorporates three structural
features which, taken together; exclude completely any
synthesis along classical lines, These are: (1) the largely
stereochemical problem of the trans-fused bicyclo- (7:2:0)-
system, (2) the nine-membered carbocyclic ring with its 1:5-
distribution of endo-exo double bonds, and (3) the stereochemical
complication of the endocyclic trisubstituted double bond lyi:u;
trans within a C2 ring. Of these three facto—s, it was felt
that the synthesis of the medium 31zeq ring might prove the
greatest obstacle in any planned synthesis of the terpene
itself, and accordingly a synthesis of.the monocyclic model
compound for caryophyllene, viz, l-methyl-5-methylenecyclonon-
l-erxe (1) was undertaken.

As mentioned previously, the use of'éome "fragmentation
reggtion" seems to offer a convenient method for the synthesis
of medium sized carbocycles, some of which, if suitably
substituted, might be elaborated to the required model compound
(1). One intsresting reaction of this type has been feported

by COPel, in which the readily available a:a-
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disubstituted B-keto ester l-ethoxycarbonylbicyclo-[3:3:1]-
non—3-—ene—9—one2 (2) undergoes a reverse acetoacetic ester
condensation, (2) -—-3> (3), to give l:S-diethOXYCQrbonyl—
cyclooct-l-ene (3). Were this process to be carried out
with the correspoﬁding bicyclo-[4:3:1]~ester (4), then the
product would be the cyclononene diester (5), which might be

»

elaborated into the required di-oiefin (1) by a route such
as (5) ——-> (1).

For some time nsw, however, l-ecthoxycarbonyl-5-methyl-
bicyclo~[3:3:1]-non-3-ene-9-one (6) has been a key synthetic
intermediate in this department3, and its synthesis has been
~ thoroughly investigated. The obvious advantage in having the
methyl group =2l recady present weighed heavily in favour of
using the corresponding bicycle-[4:3:1]-ester (7) in attempted
fragmentation reactions rather than the nor-methyl series,
Synthesis of the bicyclo-[4:3:1]-system, however, requires
2-methylcycloheptanone as starting material, and this ketone
isbdifficult and tedious to prepare. Consequently, a further
series of model experiments was undertaken using the more
readily accessible bicyclo-L3:3:1]-ester (G). In this way
it was possible to investigafe a number of ﬁossible syntheses
of the analogous olefin l-methyl-5-methylenecyclooct-l-ene
(8), and, by comparison of the salient features of each, allow
& more direct approach to be made to the synthesis of the
09 model.

Base catalysed condensation of 2-methylcyclohexanone
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with diethyl oxalate gave, via the glyoxalate ester (9),
2-methyl-6-ethoxycarbonylcyclohexanone (10).  Addition of
acfglein under modified Michael condition52 furnished the
substituted propionaldehyde (11) which, with concentrated
sulphuric acid, underwent internal aldolisation followgd by
dehydration to give a nixture of l-ethoxycarbonyl-5-methyl-
bicycla—[3£3:1]-non—3—ene-9—one (6) (45~50%), T-methylindan-
4~-carboxylic acid (12) (3-5%), and the ester (13) (5-10%).
The components of the reaction mixture are easily separated
and the structures and possible modes of formation of the
two by-products have been fully elucidated, i.e. (11) =--» (12)
and (11) -—-» (13)3.

A reverse acetoacetic ester condensation with (6) should
furnish l-methyl-l:5-diethoxycarbonylcyclooct-2~ene (14),
concomitant shift of the double bond into conjugation with
the ester carbonyl group being in this case prohibited., The
corresponding dicarboxylic acid (15), however, has a double
bond located B:Y to a tertiary carboxyl group, and B:Y-
unsaturated carboxylic acids are ﬁell known to undergo facile
decarboxylation with resultant shift of the double bond* as
in (16) -=--> (17). On this basis,‘the expected product of
decirboxylation of the di-acid (15) is l-methylcyclooct-1-
ene-5-carboxylic acid (18)‘in which the remaining carboxylic
group is properly situated forelaborgtion to an exomethylene
group,

In actudl fact, treatment of the ester (6) under the
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conditions described by Copel yielded a crystalline hydroxy
acid which was shown to be 5-methyl-9-hydroxybicyeclo-[3:3:11-
non-3-ene--carboxylic acid (19) by re-oxidation to the
keto-acid (23). Formula (19) carries no stereochemical
implications, but the same epimer is obtained by borohydride
reduction of the keto-acid (23).

Treatment of the corresponding methyl ester (22) with
sodium methoxide under the same conditions as were used for
the ethyl ester gave the same hydroxy acid (19). A more
surprising case of reduction was found with the bicyclic
ester (6), for, when treated with potassium hydroxide in
ethanol under normal hydrolysis conditions (4-12 hours reflux)
the corresponding keto-acid (23) was obtained in good yield.
Much longer refluxes, however, (3-5 days), resulted once
more in high yields of the hydroxy acid (19). An even more
surprising example has been found by another worker in this
department5, who found that treatment of the bicyclic ester
(G) with potassiunm t-butoxide in t-butanol resulted in both
reduction of the carbonyl group and alcoholysis of the
side ch11n to give the hydroxy t-butyl ester (24)

" In order to avoid reduction of the 9-keto group it was
decided to carry out the reaction in a non-reducing medium,
and so we employed the Haller-Bauer modificationg,'which
involves cleavage of non-enolisable B-keto ester or B~diketone
Systems with sodamide in an inert solvent. Prolonged reflux=s

Were again ne cessary, and when either the bicyclic ethyl
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ester (6) or methyl ester (22) was treated with sodamide in
xylene the product was again the hydroxy acid (19), the
alkoxide ion liberated in the ammonolysis acting as a
reducing agent.

It is obvious from the above results that not only must
the reaction be carried out in a non-reducing medium, but
that the Cl carbalkoxy residue must not contain any potential
reducing agent., These conditions immediately limited the
number of usable compounds to two, namely the keto-acid (23)
and the t-butyl ester (25). Accordingly the t-butyl ester
(25) was treated with potassium t-~butoxide in tbutanol and
did in fact undergo a reverse acétoacetic ester.condensation
to give a poor yield of the cyclooctene di-t-butyl ester (26)
which, on hydrolysis, gave the dicarboxylic acid (15).

Of the two issues which arise here, namely the
reduction of the 9-~keto function and the hydrolysis of the
ester side-chain, the former is the more unexpected.
Hydrolysis of esters under Meerwein - Ponndorf - Verley
reduction conditions has been widely observed 6, and in this
case is also probably due to the difficulty of maintaining
completely anhydrous conditions during fhe long periods
of reflux necessary tc achieve completeness of reaction
(3 -6 aays ).

The Meerwein -~ Ponndorf - Verley type of reduction of the
carbonyl group in the weak reducing media described above is

Surprising, and at first sight it appears that a bicyelic
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system carrying a methyl group at the bridgehead (e.g. (6) )
is sterically unfavourable to attack by alkoxide ion. An
examination of models shows that approach of reagents to the
9-keto function is effectively hindered from all directions,
which corresponds with the experimental observations that

the keto-ester (6) does not form a semicarbazone or 2:4-di-
nitrophenylhydrazone, and raacts sluggishly with sodium
borohydride or under Clemmensen conditions, several treatments
being necessary to achieve complete reduction., The ncr-methyl
ester (2) used by Cope, on the other hand, allows fairly free
access of reagents to the carbonyl group and reacts normally
under the above conditions., However the successful ring-
opeping by - t-butoxide invalidates this argument,

It seems more likely that base treatmént produces a
monocyclic diester (14) which, because of the peculiar
éeometry of this cyclooctene, can readily recyclise to the
bicyclic keto-ester (6). Consequently there will exist an
equilibrium (6) —= (14) which will be disturbed only when

some reduction such as (6) — (19) takeS'place, and this
will lead in time to total reduction of the 9-keto function,
By comparison, Cope’s nor-methyl ester (2) gives the
Cyélooctene diester (3), whose geometry does not encourage
recyclisation., 1In short, the presence of the bridgehead
methyl group prevents the movement of the double bond, which
1s vital from the point of view of the stability of the

product,

35.
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The reduction of non-enolisable B~keto ester and
p-diketone systems under similar conditions to those

described above has been reported 7

, and benzil is known to
be reduced to benzoin on treatment with ethoxide or
isopropoxide 8. A further example which closely parallels
that discussed above is the reduction of the bicyclo ester
(20) to the hydroxy ester (21) on treatment with magnesium
methoxide, although in this case the reaction is fairly
rapid ( 16 hours ),

The acid (15) , 18 expected, underwent decarboxylation
smoothly in gquinoline to give the required cyclooctene
carboxylic acid (18), which was characterised as its amide
(qg.v.). It is interesting to note that when purely thermal
decarboxylation of the di-acid (15) was attempted ( heating
in a sealed tube ) the main product was the bicyclic acid
(23). Treatment of the t-butyl ester with sodamide in
xylene followed by hydrolysis also gave a poor yield of the
required di-acid (15), but neither of these processes were
of synthetic use, since the overall yield from bicyclic
3-butyl ester to cyclooctene mononcarboxylic acid was only
of the order of 3 - 8%,

The structure (18) of the monocarboxylic acid is
consistent with titration and hydrogenation data, and with
its infra-red spectrum ( 832 cm.—l, cis trisubstituted
double bond ), but a more precise proof will be deseribed

lator ( see page 47 )
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The only remaining compound which could b ussd in tiis
type of resction, i.e. the ksto-acid (23), was in fact
treated with sodamide in xylene, ‘th2 experimantal
gifficulties here vproved vary sra2-t, the sodium salt of the
acid precivitating out of solution, thus causing
incompleteness of reaction -nd complicating the ieclation of
the ¢asired product. Swmall asmounts of the mounocyclic di-acid
(15) were obtained in this way, but , as ia the c~se of the
t-butyl sster, the nzthod had no synthetic value. Thase
shrrtcomnings proved serious objections to the projected
synthetic route, and the following obsarvations in thz
synthesis of the bicyeclo-{4:3:1])-system ruled out complately
th2 possibility of using the abovz scheme {to obtain th:
reruired 08 and 09 carbocycles,

The bicyclo-[4:3:1]-system vas synthesised ia the sane
m-nusr as the bicyclo-{ 3:3:1]-systen, 2-nathylcycloheptanone
(27) veing prepared by ring sxpinsion of cyclchexanons with
diazosthane T0¢11912:13 " o3 c1ahovatsd to the substitutea
propionaldshyde (30) us before. During the coursz of one
previration of 2-methyl-T-ethoxycarbonylcycloheptanone (29),
howevar, a mizture of products was obtained, namzly the
liouid glyox~late zster (23), and a nautral crystalline
solid. The solid product ( which was unstobls, angd rapidly

dscomposad to = paasty solid and then to an oil ) was soluble
iw

'
»

bass but could be repracipitated with ncid,showing it +o
h

[0

lactonie, The infra-red spectrum showed bands at 3300 c:m,"1
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appears quite possible. In the presence of agueous base,
hydrolysis occurs, and the hydroxy acid formed on
acidification rapidly lactonises. As a check on the
possibility of this mcchanism, 2-methylcyclohexanone was
condensed with diethyl oxalate using ordinary commefcial
"gbsolute" alcohol as solvent, this gave a high yield (60%)
of the cyclohexane lactone ( 31 B ) and a low yield of the
glyoxalate ester (9), the properties of the lactone ( 31 B )
and its enol- acetate ( 31 C ) being in full agreement with
the published data. Many unsucczsssful attempts were made
t0 reconvert the lactone ( 31 A ) to the glyoxala%e egter
(28), but the only useful product which could be obtained
from it ( in low yield ) was 2-methylcycloheptanone.

When the substituted propionaldehyde (30) was treated
with concentrated sulphuric acid the neutral fraction of
the product consisted of a complex mixture of oils which
could not be separated, and which showed no evidence of
containing any bicyclo-[4:3:1]-material. Many attempts were
made to prepare the bicyclo-[4:3:1]-compounds by this
method, but all proved unsuccessful. It was at first
assumed that the bicyclo-[4:3:1]-olefins were unstable
compounds, but the preparation of a number of these compounds
by another route showed this assumption to be invalid, the
bicyclo-[4:3:1]-series proving to be as stable as the
bicyclo-[3:3:1]-series. Investigation of the acidic product

from the above reaction, however, yielded a crystalline

39.
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aromatic acid which, by analogy with tie bicyclo-[3:3:1]-
ser&es, was assumed to be 5-methyltetralin-8-carboxylic
acid (32). The proef of the structure of this compound
is discussed later ( see p. 42 ).

One interessting fact concerning the acidic by-product
in the above reaction wns the yield - 15-20%, as cbmpar@d
to the bicyclo-[3:3:1]-series, vh re the yiz2ld of 4-methyl
-indan-T-carboxylic acid (12) was only 3-5%. The high yield
of tetralin carboxylic acid (32) indicated that, although
the bicycle-[4:3:1]-series was stable in itself, the compounds
in it were not stable to concentrated sulphuric acid. As
a check on this possibility, a genuine sample of the
bicyclo-[4:3:1]-ester (33), whose adventitious preparation
will be described later ( see p.58 ), was treated with
concentrated sulphuric acid. The usual work-up in this
reaction gave 25-30% of a crystalline aromatic acid which
proved to be 5-methyltetralin-8-carboxylic acid (32), while
ths neutral product was a highly coloured complex mixture
of oils from which neither starting material (33) nor any
other bicyclo-[4:3:1]-material could be separated. This
rasult appears to confirm the postulation that the
bicyclo-{4:3:1]-compounds ars unstable to concentrated
sulphuric acid, although a reasovable explanation for this
instability is difficult to advance.

The only bicyclo-{4:3:1]-compound which could in fact
be prepar-=d frem the substituted propionaldshyde (30) was
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the alcohol (34), obtained as a mixture of epimers by
cyclising the aldehyde with hydrochloric acid in dioxan,
and some attempts wefeﬁmade to convert this alcohol into
the desired olefin (33 A). Dechydration by means of cold:
concentrated sulphufic acid gave the same product (32) as
was obtained direct from the aldehyde (30). Since it had

been shown by other workers 17

that the corresponding
alcohol (35) in the bicyclo-{3:3:1]~series could not be
transformed into the ester (6) by phosphorus oxychloride
or by pyrolysis of the carbonate ester, these routes were
not investigated.

However an examination of models shows that these
bicyclo systems are reasonably mobile, and cis elimination
of, e.g. an acetate residue, should be guite feasible,
especially since the olefinic product is quite stable.
Accordingly, ths acetates of both the biéycloé[3:3:1]-‘
and bicyclo-[4:3:1]-alcohols, i,e. (36) and (37), were
prepared and pyrolyscd under a variety of standard
conditions, but in no instance was any olefinic product
obtained, the acetates being recovered unchanged.

The decomposition of toluene-p-sulphonylhydrazones
with alkali has been shown to proceed smoothly in many
cases with the produqtion of the corresponding olefin in
high yield, e.g. (38) ---> (39) 18. Accordingly, the
toluene-p-sulphonylhydrazones (42) and (43) were prepared
in both the bicyclo-[3:3:1]- and bicyclo-[4:3:1]-series

4-1.
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from the corresponding diketones (46) and (41) respectively,
the latter being obtained by chromium trioxide oxidation of
the alcohols (34) and (35)., Treatment with base, however,
gave no olefinic product, the tosyl hydrazones being
recovered larg:ly unchanged. It is difficult to cxplain

the uniform lack of success of the above‘operations, sinée
in no case is there any major obstacle to the known
mechanisms of the various reactions,

As mentioned earlier, 5-methyltetralin-8-carboxylic
acid (32) was obtained as a by-product in treatment of the
aldehyde (30) with sulphuric acid. Analysis and spectral
neasurements confirmed the postulated structure, the infra-
red spectrum showing absorption at 3300-2300 cm. -1 ( acidic
hydroxyl group ), 1600 cm, -1 ( aromatic ¢ — C stretch ),
and 1700 cm, ™+ ( aromatic carboxyl group ), while the
ultra~-violet spectrum showed absorption of }\ max = 242 m. .
(log € =392 )ana A, =284 mu. ( log& = 3.12 ). This
aromatic acid has not been reported, and direct proof wé,s
obtained in the following manner. Dehydrogenation with
selenium gave a good yield of l-methyl-4-naphthoic acid (45),
which was identical with a sample synthesised by two
independent routes as shown in (46) -—=> (47) 19,20 and
(48) ——us (47) 21. However, aromatisations under such
conditions have been known to induce methyl migration, and
Huch more compelling proof was obtained by treatment of

’~Bethyltetralin-8-carboxylic acid (32) with hydrazoic acig

42,
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under Schmidt reaction conditions 22, which gave 5-methyl-
8-aninotetralin (49) in high yield, The anine was
converted via the dia~onium salt to 4-methyl-5,6,7,8,-
tetrahydronaphthol (50), whick was identical with a
genuine sample supplied by Profcoeorr M, S, Newman 23.

Final proof of the structure of the rearrangement
product was obtained by synthresis, althou~h this proved to
be more difficult than expected. In‘the first attempt at
synthésis, p-bromotoluene was treated with succinic
anhydride uhder Priedel and Crafts conditions, but the
product, a crystalline carboxylic acid, contained no
halogen and analyscé for 011H1204. Both the migration of
24 and the replacement of a

halogen atoms in halobenzenes
halogen by a hydroxyl group 25 are known to be catalysed

by aluminium chloride, the former process occurring during
the reaction and the Jatter taking nlace during the work-up
of the reaction miviure., The product from the attempted
succinoylation of p-bromo+olicre is isomeric with the
cresotoyl propio~i~ scids, tnt its properties are

coincident with none of *hem, and, to date, this compound

has not been ideﬂ%ified. A rumoe of variations in the
reaction conAitiors and Jgonlation procrure were attempted
with boih p-bromotolusne and p-chlorotoluene, bu’ the only
product which was obtained ( 70% ) was the above unidentifie-

acic,

As an alternctive approach, »oth 5:8-4imethyltetralin
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(52) and 5-methyl-8-isopropyltetralin (54) were synthesised
in a straightforward manner as shown in (51) === (52) 26 and
(53) —==» (54) 27. Both p-xylene and p-cymene have been
oxidised in high yield, by a variety of methods, to p-toluic
acid and it was hoped that the tetralins might also be
oxidised to the required tetralin carboxylic acid (32). Many
attempts at oxidation were made, using chromyl chloride 28,
nitric acid, potassium permanganate, chromium trioxide in

29, and potassium ferricyanide 30, but all

acetic anhydride
proved unsuccessful, no recognisable acidic product béing
obtained., It is quite possible that oxidation did not in
fact take place at the methyl or isopropyl side chain, but
occurred at the reactive benzylic carbon atoms of the
saturated ring.

A further synthetic approach was based on the fact that
a-naphthylamine (55) can be reduced with sodium in amyl
alcohol to give l-aminotetralin (56), whereas B-naphthylamine
(57) under the same conditions gives 6-aminotetralin (58) 31.
The nitration of l-methylnaphthalene (59), however, is a
very vigorous reaction 32, and with technical l-methyl-
naphthalene was impossible to control, The yield of crude
80lid material was very 1dw‘( 15 - 20 % ) and the mixture
was impossible to separate., With very pure l-methyl-
naphthalene ( purified via the sulphonic acid ) the reaction
Wwas contrcllable, but once again the yield of solid material

was low ( 30% ) and the mixture of mono-, di-, and trinitro-
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isomers proved very difficult to separate . No further

progress was made with this synthesis,
S—Methyitetralin—8—carboxylic acid (32) was finally
synthesised as follows, Treatment of pure p-bromotolue:e
with formaldehyde and hydrogen chloride under Blanc reaction

33

conditions gave a mixture of monochloromethyl derivatives
(60) and (61) in th: ratio 8:1 = (60):(61), together with

5 = 10% of the dic! loromethyl derivative (62). Condensation
of the mixture of mronochloromethyl derivatives with diethyl
malonate gave the corresponding mixture of substituted
malonic esters (63), hydrolysis of which with barium
hydroxide gave the mixture of acids (64). These could be
separated by fractional crystallisation, but it was
convenient to decarboxylate tie mixture to give the mixed
propionic acids (£€5). Treatment of the mixture of acid
chlorides with diazomethane under Arndt - Eistert condition<
followed by hycrolrsis of the esters so formed gave the
substituted butyric acids (66), Cyclisation with

aluminiunm chloride under Friedzl - Crafts conditions

yielded a mixture of the tetrzlones (67) and (68) which
could also be separated by frectional crystallisation, but
the bulk of which was rc?uced under mcdified Clémmensen
conditicns 33 to give iz required 5-methyl-8-bromot>treiir
k(69). Carbonation of the Grignsrd complex of (69), follow-~-
by hydrclysis, gave 5-methyvltetralin-S-carboxylic acid (32).
which wes identical with that obtained as a by-product in

the bicyclo-[4:2:1]-series.
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The structure of the aromatic acid having been
confirmed, it still remained to find some method by which
eight and ni: . ﬁembe?ed rings could be usynthesised via
bicyclo=-[3:3:1]-nonane and bic: clo-[4:3:1]-decane systems;
Reverse acetoacetic ester reactions being impossible in the
bicyclo-[4:3:1]-system, the only remaining possibility lay
in utilising the bicyclo-[4:3:1]-alcohol (34). Working once
again with the more readily available bicyclo-[3:3:1]-
alcohol (35), treatment with p-toluenesulphonyl chloride
in pyridine gave the corresponding tosylate ester (70) as
a mixture of epimers, When this mixture was treated with
ethoxide a very rcpid reaction ( 2-4 mins, ) ensued, sodium
p-toluenesulphonate was precipitated, and the product
consisted of two neutral products. These were easily
separable and one of them was identified as unchanged
tosylate (70), presumably the axial epimer., - The other
proved to be l:l-diethoxycarbonyl-5-methylcyclooct-4-ene
(71), and the mechanism of this fragmentation reaction
would seem to involve a simple B-elimination of the tosyloxy
group, with formation of a trisubstituted double bond. The
alcohol (35) is almost certainly a mixture of axial and
equatorial epimers, An examination of models reveals that
the equatorial tosylate is suitebly aligned to undergo the
elimination reaction shown, while the axial tosylate can
only undergo an ionic dehydrotosylation to give the olefin,

In fact, both of these processes have been demonstrated by
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J. Martin 3% in the 1:5-dimethylbicyclo-[3:3:1]-nonane
okohels
series, where the epimeriq(can be easily separated and

treated independently, i.e. (72) ---» (73) and (74) === (75)

Martin also notcl that the equatorial tosylate reacted
much more rapidly than its axial cpimer, and it may be
assumed that this holds equally for the tosylate‘mixture
(70). Conseciuently7 it is easy to adjust the experimental
conditions to give only one olefinic product, i.e. (71).

The by-product must be the unreacted axial tosylate, An
unsuccessful attempt was made to convert the crude axial
tosylate (44) to the olefin ( 33A ) by the prolonged action
of ethoxide, but the compound was returned unchanged.

Hydrolysis and decarboxylation of the cyclooctene
diester (71) proceeded fairly smoothly to give the
cyclooctene carboxylic acid (18), identical with the product
previously describ~d ( see page 36). The lactone (76)

(Voo = 1735 cm. ™ ) and the bieyelo acid (23) (U ., =

1740 cm."l and 1795 cm._1 ) occurred as by-products at this
stage, The formation of the lactone (76) is almost
certainly a thermel effect, the amount of lactone increasing
if a slow fractional distillation of the product is
attempted. Rase catalysed rearrangement of the cyclooctene
diester (71) during hyérolysis is responsible for the
Production of the bicyclo acid (23), but this and other
related rearrangements will be discusced later. The lactone

(76) Proved almost impossible to separate at this stage,
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but its removal was easily effected later in the reaction
sequence. The above series of transformations is easily
carried out experimentally and the overall yield from the
alcohol (35) to the acid (18) is reasonable (30-50%), so
that it was possible to investigate fully a number of
processes by which the carboxyl group in the acid (18) might
be elaborated to an exomethylene group.

Treatment of the acid (18) with diazomethane gave the
corresponding methyl ester (77), which, on reduction with
lithium aluminium hydride furnished the alcohol (78). The
dehydration of alcohols with boric acid is a well known
preparative method for olefins, 35 and when the alcohol (78)
was distilled from boric acid, dehydration took place in
high yield (70-80%) to give the expected mixture of
bis-olefins, viz. (8) and (79). Infra-red and nuclear
magnetic resonance investigation of the mixture indicated
that this method resulted in formation of an exocyclic
double bond (DC=C= 1643 em, "t and 884 cm."l, N.M.R. showed
a doublet at 5.37 ), but it was clear ffom quantitative
infra-red measurements that the exomethylene product was
the minor constituent ( 5884 = 43 ) whilst the endo-
cyclic isomer was the major constituent ( £814 = 38 ).
Analysis of the mixture by gas-liquid chromatography
indicated»that the exocyclic form (8) was being formed in
yields of 25-40%, while the endocyclic form accounted for

60-75% of the mixture. The gas phase chromatogram of this
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product indicated that it would be feasible, if necessary,
to separate the components by this technique, but this was
not undertaken, pure samples of the desired olefin (8)
being available in other ways.

The pyrolysis of acetate, carbonate, benzoate, hydrogen
phthalate and xanthate esters of alcohols is another widely
used technique for the preparation of olefins 36, and
although cyclic secondary alcohols invariably lead to
nixtures of isomers, many instances are known in which
pyrolysis of the ester of a side chain primary alcohol gives
the exocyclic double bond exclusively 37. Accordingly the
acetate (80) of the alcohol (78) was pyrolysed to give a
high yield of pyrolysate ( 80% ), the infra-red and nuclear
magnetic resonance spectra of which showed clearly the
presence of a terminal double bond grouping ;c =cH, . The
respective absorptions corresponding to the trisubstituted
double bond, however, were absent in both spectra, and the
spectra of the product from acetate pyrolysis differed
substantially from those of the product from boric acid
pyrolysis, The product from pyrolysis of the acetate (80)
has not been identified, but is possibly acyclic, the
Pyrolysis having proceeded with ring cleavage. Such
behaviour is now recognised to be general in medium sized
rings 30 , the pyrolysis of cyclononyl acetate (81), for
€xample, giving ring cleavage via l:4-transannular

elimination, the product being 1:8-nonadiene (82) 38.
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Another route to the bis-olefin (8}) envisaged making
use of the retro-Prins reaction. The Pfins reaction is the
acid catalysed condensa;t'ion of aldehydes with olefins to
give 1:3-diols, 39 e.g (83) ---» (84), and many cases of
a retro-Prins reaction aré known, 40 e;:g. the alkaline
cleavage of cyclohexane-1l:3-diol moi’_losulphona‘bes, (85) =—=>
(86), in the steroid field, 41 1t was considered a
possibility that if the cyclooctene diester (71) could be
reduced to the diol (87), then the monotosylate ester of
this diol might undergo a retro-Prins reaction on treatment
with base to furnish the required olefin (8)., With this
object in mind a series of simple 1l:3-diols was assembled,
namely 2:2-dimethylpropane-1l:3-diol, (88), 2-ethyl-2-
butylyropane-1:3~diol, (89), l:l-dihydroxymethylcyclo-
hexane, (90), 2-benzylpropane-l:3-diol, (91), and
2-piperonylpropane-l:3-diol, (92), The first two of these
diols were commercially available, and the others were
' synthesised as shown., The monotosylate esters of these
diols were prepared with difficulty and treated under a
variety of conditions, but no successful retro-Prins
reaction was achieved,) the products from most of the
reactions consisting almost entirely of unreacted ester,
8d in some cases some polymeric, tarry material,

Concurrently with the above model investigations,

Attenpts were made to reduce the diester (71) to the

1:3-di0l (87) with lithium aluminium hydride. This proved

50.
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difficult in that it took 30-40 hours reflux with excess
lithium aluminium hydride to achieve complete reduction,
and the product was in fact a crystalline diol. It was not,
however, the expected monocyclic diol, and -was easily shown
to be the bicyclo-[3:3:1]-diol (93) , being identical with
a genuine sample of this compound., This rearrangement will
be discussed later ( see page 58 ). The above model
experiments on the retro-Prins reaction were discontinued
at this stage as a direct reéult of the lack of success in
preparing the required monocyclic diol (87).

By far the most successful method of preparation of the
exocyclic double bond was by pyrolysis of the amine oxide,
known as the Cope reaction, Treatment of the cycloocﬁene
carboxylic acid (18) with oxalyl chloride followed by
ammonia, methylamine, or dimethylamine gave the corresponding
amide (94), N-methylamide (95), or N:N-dimethylamide (96)
in acceptable yields ( 60 - 80% ), The lactonic impurity
(76) which was present with the acia (18) was easily
Separated from the 30lid primary and secondary am?des, but
could not be removed from-the tertiary amide at this stage.
Reduction of the amides with lithium aluminium hydride
Proceeded in high yield to give corresponding amines (97),
(98) ang (99), all of which could be obtained in a pure
State, The primary and secondary amines were methylated by

the Eschweiler-Clarke technique 4! to give the tertiary

amine (99), and = comparison of overall yields from acid to
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tertiary amine by the three routes showed that, contrary to

recent findings 48

y there was no appreciable advantage in
synthesis of the tertiary amine via the primary or secondary
amide.

The tertiary amine was smoothly oxidised to the oxide
(100) with the hydrogen peroxide-methanol system 49 ang
pyrolysed at 160° to give the required bis-olefin (8) in
60% yield °°. The infra-red spectrum of the bis-olefin (8)
showed the expected absorptions for the exocyclic double
bond, viz, 3064 cm.”™' ( C-H stretching vibration ), 1639 cm, ™%
( C=C stretching vibration ) and 890 cm. -1 ( out of plane
deformation, & = 186 and ADY = 7 cm.”1 ). The trisubstituted
double bond showed the expected absorptions at 3032 cm, ™t
( C-H stretching vibration ), 1668 cm. * ( C=C stretching
vibration ) and 822 cm. -1 ( C-H out of plane deformation,
£ =70 and ADL = 11 cm. 1),

The proton magnetic resonance spectrum showed the single
vinyl proton as a multiplet centred at 4.65 I and the two
Protons of the exocyclic double bond as a doublet at 5,28
8nd 5,317, fThe eight allylic protons ( excluding the methyl
group ) showed clearly as a multiplet at 7.84 - 8,1 %, while
the methyl group was a doublet at 8.31 and 8,347 . Only
WO protons are of the cyclohexane type ( at Coy ) and these
appeared as a broad, unresolved multiplet at 8.25 - 8.60 ™

Quantitative estimation of the infra-red and proton

Dagnetic resonance spectra of the bis olefin and comparison

52.
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with the data available for known compounds indicated that
the olefin (8) comprised 90-95% of the pyrolysate,
isomerisation to the olefin (79) almost certainly accounting
for the slight discrepancy.

Having successfully synthesised l-methyl-5-methylene-
cyclooctene-1 and determined the most conservative and direct
approach to the analogous C9 compound, it was thought prudent
to obtain more concrete evidence that the bridge-~fission
reaction (70) ---2 (71) had indeed given. rise to an eight-
membered carbocycle,
| The obvious approach to this problem seemed to involve
oxidation of the trisubstituted double bond of l-methyl-
cyclooct-l-ene-5-carboxylic acid (18) to give the acyclic
keto~-diacid (101), which could be compared with a genuine
sample, Attempts were therefore made to oxidise the
trisubstituted double bond of (18) under the conditions
described by Rudloff 51, but without success., Ozonolysis
of (18) with an oxidative work-up ( H50, ) 52, however,
gave a high yield of the desired di-acid (101) as a low
melting solid, This compound was identical with a genuine
sample of 7-ketooctane-1:3-dicarboxylic acid (101),
Synthesised as follows.

Base-catalysed condensation of diethyl malonate with
ethyl B-chloropropionate yielded 1l:1:3-triethoxycarbonyl-
propane (102) 3. It was hoped that condensation of this

substituted malonic ester with 5-bromopentan-2-one (103)
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would give the keto-triester (104), from which the desired
acid (101) could be obtained by hydrolysis and decarboxylation.
a-Acetobutyrolactone (105), synthesised from the readily

available Y-butyrolactone (106) by treatment with sodium

and ethyl acetate 54, was converted to 5~bromopentan-2-one

(103) en treatment with hydrobromic acid 55.

When 5-bromopentan-2-one was added to a solution of the
sodium salt of the tri-ester (102), sodium bromide was
precipitated immediately and two neutral products were
isolated from the reaction mixture, These consisted of a
volatile ketone and unchanged tri-ester (102)., The ketonic
product was identified as cyclopropylmethyl ketone (107),

and was identical ( infra-red spectra, 2:4-dinitrophenyl-
bydrazone, m.pt. and mixed m,pt. ) with a genuine sample of
cyclopropylmethyl ketone ( Aldrich Chemicals ). The
cyelopropylmethyl ketone is formed by base-catalysed
¢yelisation of the S5-bromopentan-2-one ( (103) =--> (107) ),
and this indeed is a well known method for fhe preparation
of 0Y010propy1 compounds from halogenoketones 56. So
mstable is 5-bromopentan~2-one that pure samples, on
Standing at room temperature for 48 hours in soda-glass
test-tubes, go black, hydrogen bromide is evolved, and
Welopropylmethyl ketone is formed.

5-Chloropentan-2-one (109), which is somewhat more

able than the bromo compound ( but which, on standing,

deteriorates in a similar manner ) was synthesised as shown

\
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(108) ---» (109) 57’58.' Condensations of this compound with
the tri-ester (102) were also attempted under a variety of
conditions, but in no instance was any of the desired
tri-ester (104) obtained, cyclisation of the halogenoketone
to cyclopropylmethyl ketone being the preferred reaction,
To circumvent this awkward cyclisation it was obvious that
the activating carbonyl group had to be removed as such,
and the simple alternative lay in working with a terminal
acetylenic group which could, when required, be easily
hydrated to give a methyl ketone grouping,
Tetrahydrofurfuryl chloride (110) 59 was added to
sodamide in liquid ammonia to give pent-4-yn-l-ol (111)
in high yield °°, Distillation of the tosylate ester (112)
of this alcohol from a solution of calcium bromide in

2-(2-ethoxyethoxy)-ethanol 0%

furnished. 5-bromopent-l-yne
(113), which, on condensation with the tri-ester (102),
gave the acetylenic tri~ester (114), Hydration of the
acetylene was easily accomplished by a variety of methods 62,63
to give the requifed keto-triester (104), which, on

hydrolysis and decarboxylation, gave the keto-diacid (101)
ldentical with the product obtained from ozonolysis of the
cyclooctene carboxylic acid (18). One further interesting
reaction was encountered during attempts to prepare a
derivative of the keto-diacid (101). When this compound

¥as treated with p-bromophenacyl bromide under very slightly

basic conditions, a crystalline di-ester was obtained, the
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analysis for which, however, did not correspond with that
required for the bis-p-bromophenacyl ester of the acia (101),
This experiment was repeated with the same result, the same
compound being obtained. This by-product, bearing in mind the
cyelisations of the 5-haloketones to cyclopropylmethyl ketone,
fitted the data for the bis-p-bromophenacyl ester of glutaric
acid (115) and, in fact, was this derivative, beihg identical
wvith a sample prepared in the normal manner from glutaric
acld, The relative stability of the a-carbanion of glutaric
acid (116) makes the glutaric acid residue a fair leaving
group, and according to the most plausible mechanism,
cyclopropylmethyl ketone is formed by cyclisation of the
side chain. The process was repeated exactly as above, but
omitting the p-bromophenacyl bromide, i,e. (101) ---% (107),
and the neutral product of reaction gave a 2:4-dinitropheny1;
bydrazone identical with that of cyclopropylmethyl ketone,

This reaction in fact might be regarded as a novel type of
retro-Michael reaction,

Having firmly established the nature of the critical
fragmentation reaction discussed above, the synthesis of the
09 analogue of isocaryophyllene was now undertaken. Treatment
of the bicyclo-[4:3:1]-tosylate (116) with sodium ethoxide
In ethanol proceeded exactly as in the previous series, the
fude reaction mixture being composed of unchanged axial
Wsylate ang 1:1-diethoxycarbonyl-5-methylcyclonon-4-ene (117),

Difficulty was immediately encountered, however, in the
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jgolation of the required di-ester (117). Attempted

distillation of the reaction mixture gave ~20% of the
required di-ester in a fairly pure state, but thereafter

the tosylate 1n the distilling flask became black in colour,
decomposition set in, and the mixture set to a black, tarry
mass, The low yleld available by distillation techniques

was undesirable, and in later experiments the unchanged
tosylate was separated by chromatography on Woelm grade 1
"neutral" alumina, This too had its disadvantages, since the
infra-red specira of the product showed cis-double bond
absorption at 720 cm, -1 and took on some of the characteristics
of & bicyclo-[4:3:1]-spectrum * ., Thin plate chromatography
revealed that the product from column chromatography

consisted in fact of two compounds, but no method of

separation was established, Frqm the infra-red spectrum, this
mixture appeared to consist of the required di-ester (117)

and the bicyclo-[4:3:1]-ester (118). That these were in fact

the components of the mixture was demonstrated as follows :

x The bicyclo-[3:3:1]-nonane and bicyclo-[4:3:1]-decane
compounds have very characteristic infra-red spectra, the
whole region from 4000-650 cm.,” T being highly resolved and
the individual peaks sharply delineated. The cyclooctene and
Cyclononene compounds, however, have diffuse, poorly resolved
Infra-red spectra with few, if any, of the absorptions

sharply outlined,
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(i) treatment of a sample of chromatograghed material with
hydrazine hydrate gave the crystalline pyrazolone (119), ang
(11) treatment of some of the same sample with urea and
godium ethoxide gave the crystalline barbituric acigd
derivative (120).

The bicyclo-[4:3:1]-ester (118) must be formed by
rearrangement of the cyclononene di-ester (117) during
chromatography, the alwmina being sufficiently basic to
catalyse the reaction., This postulation is confirmed by
the fact that when hydrolysis of fhe above mixture was
effected by refluxing with methanolic potassium hydroxide,
only one product was obtained, namely the bicyclo-[4:3:1]-
acid (121), This procedure was in fact used in a
preparative sense to synthesise a number of bicyclo-[4:3:1]-
compounds for comparison with those obtained by other more
ambiguous methods. The above rearrangement, while occurring
to a much greater extent and taking place much more readily

than any in the bicyclo-{3:3:1]-field, provided the answer

58.

t0 a number of hitherto unexplained experimental observations.

One probable mechanism is outlined in the scheme shown
in (117 A ) —-—-» (118). In the case of the cyclooctene
di-ester (71), hydrolysis can be effected in the normal
manner to give the required di-acid (122), but in every
case the bicyclo-[3:3:1]-acid (23) is formed as a by-product
( 3-5% ). When the cyclooctene di-ester (71) was treated

With lithium aluminium hydride the product was the bicyclo-
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[3:3:1]-diol (93), and once again the above mechanism
probably accounts for the rearrangement.

Transannular rearrangements are of course well known
in the case of eight, nine and ten-membered carbocycles64,
the ease with which they occur being a direct result of the
unique stereochemistry of these compounds64’65. One direct
geometric consequence of the highly strained, compact, medium
gized ring systems is that grouﬁs placed on opposite sides
of the ring are forced into close proximity, Consequently,
many medium sized carbocycles undergo cyclisation to an
energetically more favourable bicyclic system with
remarkable ease and under very mild conditions. In the case
of the cyclononene di-ester (117), one of the ester groups
must lie at least partially "inside" the ring. In this
situation the field effect of the m-electrons of the double
bond is a stabilising factor which assists the polarisation
of the carbonyl group, the overall consequence being the
very facile removal of the allylic proton at 03.

Many attempts were made to avoid this cyclisation, but
with no success. Rapid chromatography of the mixture of
tosylate and di-ester ( (116) + (117) ) obtained from the
fragmentation process gave a mixture of monocyclic and
bicyclic esters. Hydrolysis of this mixture was attempted

using barium hydroxide 66, methanolic potassium bicarbonate67,

68

boiling water in a sealed tube °°, lithium iodide in

byridine ( halolytic fission ) 69, and under acid conditions,
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but in no case was the yield of bicyclo acid below 60-70%
except in the attempted halolytic fission, which proved
unsuccessful, It became apparent that an indrease in the
amount of bicyclo material was inevitable at this stage, and
the best conditions found for the hydrolysis were simply to
treat the ester mixture with methanolic potassium hydroxide
at room temperature. This produced a mixture of acids which
( on the basis of later work ) was rich in cyclononene di-
acid (123).

Decarboxylation of the di-acid (123) to the cyclononene
monocarboxylic acid (124) also proved somewhat more
troublesome than in the previous series, Simply heating the
mixture resulted in even more of the bicyclo-[4:3:1]-acid
(121) being formed, and the most conservative method was
found to be refluxing the mixture of acids in pyridine with
some glass powder to assist the evolution of carbon dioxide.
Treatment of this mixture of mono~ and bicyclic acids with
oxalyl chloride and then ammonia gave only one product,
namely the bicyclo-[4:3:1]-amide (125). The cyclononene
acid appears to undergo some other side reaction (which has
not yet been elucidated ) under these conditions, and, despite
‘many attempts and careful examination of the products of
reaction, no monocyclic amide could be isolated.

Failure to prepare any of the amides in this series
Proved a serious liability at this stage, since the

alternative routes investigated in the previous series were
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by no means as efficient as that via the amides., Having,
however, no alternative, the mixture of acids (121) and (124)
was treated with diazomethane to give a mixture of corresponding
esters (126) and (127) which could not be separated.
Reduction of the mixture of methyl esters gave an easily
separated mixture of monocyclic alcohol (128) and bicyclivc
diol (129) in approximately equal amounts, It appears likely
that the bridge-fission reaction (‘116) --=>» (117) goes in
high yield, but that in each subsequent step some cyclisation
t0 bicyclo material takes place.

Although the pyrolysis of acetates of cyclononane
alcohols is known to involve ring cleavage, this is true
only when the temperature of pyrolysis is above 400°, Other
esters, including carbonates and carbamates, are known to
pyrolyse at lower temperatures without degradation or
rearrangement 36’70. Attempts were made to obtain the
carbamate ester of the alcohol (128) with phenyl isocyanate,
ut the two compounds did not react, even under forcing
conditions, and the alcohol was recovered unchanged. The
carbonate ester (130) formed readily, however, and was
Wrolysed by refluxing it in diethyl phthalate., The product
from this reaction showed absorption at 1640 cm. 1 ana
80 cm, ™1 in the infra-rea spectrum characteristic of an
txocyclic double bond, but it was obviously con‘taminated'by
S0me by-product., Attempts were made to obtain this olefin

In 2 pure state, but without success, and the purest sample
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obtained contained approximately 25-30% of the required bis-
olefin ( based on infra-red spectral data ).

The solvolysis of arylsulphonate esters of alcohols in
dimethylsulphoxide is known to give high yields of the
corresponding olefins 71. Accordingly, the p-toluene-
sulphonate ester (131) of the alcohol (128) was prepared in
the normal manner and refluxed in dimethylsulphoxide
containing a little potassium bicarbonate. The mixture went
black, and the only product which could be isolated was a
black gum, whose infra-red spectrum showed no evidence of
any exocyclic double bond.

Solvolytic replacement of a tosyloxy group by an amine
is a well established preparative method 72, and treatment of
the tosylate (131) with ethanolic dimethylamine gave an
acceptable yield (60%) of the corresponding tertiary amine
(132). The N-oxide of this compound, prepared in the usual
way, was pyrolysed in high yield (70%) to give the required
bis-olefin (1).

The infra-red spectrum showed absorption due to the
exocyclic double bond at 3068 cm."1 ( C-H stretching
o

vibration ), 1637 cm, ¢=C stretching vibration ) and at

886 cm, ™' ( out of plane deformation. & = 160 andi= 7 em, ~1),

. -1
The trisubstituted double bond showed absorption at 3040 cm,
( C-H stretching vibration ), 1664 cm. b ( C=C stretching
Vibration ) andg 832 cm.—l ( c-H out of plane deformation.

=45 ang Aﬂ%,: 9 cm.'1 ). The proton magnetic resonance
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gspectrum was similar to that of the 08 compound, the single
vinyl proton showing as a triplet at 4.55% ( J = 7.7 c.p.s. )
and the other two olefinic protons as a doublet at 5,1 and
5,27 T( J =1 c.p.s. ), with further unresolved splitting.
The methyl group showed as a singlet at 8,36 © , the eight
allylic protons as a multiplet centered at 7,88 and the four
cyclohexane like protons as an unresolved multiplet at ~ 8,457 .
Both the proton magnetic resonance spectrum and the
infra-red absorption spéctrum were similar to those of a
pure sample of caryophyllene with regard to the absorptions
of the double bonds, and from these spectra the product was
estimated to be 90-95% pure. Gas-phase chromatography of
the product revealed the presence of minor traces of
impurities, but confirmed the other gquantitative
estimations, indicating 90-95% purity.
After the various difficulties in the above synthesis
had been overcome, the process was relatively simple to
carry out and, despite working with mixtures for a number of
stages, at no time was the yield so low that it proved a
practical objection to the scheme. Consequently, and
concurrently with the above investigations, a synthesis of
isocaryophyllene was undertaken, Apart from the stereo-
chemistry of the endocyclic double bond, the major difficulty
in the synthesis is the trans-fused bicyclo-[7:2:0]-system
of the caryophyllenes. With this in mind it was obvious

that, in order to utilise the experience gained in the
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synthesis of the above bis-olefins, the starting material
for a synthesis of isocaryophyllene was the bicyclo;[B:Z:O]—
nonane derivative (134). The scheme which was devised for
the synthesis of this compound entailed the synthesis of
the benzsuberone (135), from which, by reduction of the
aromatic ring, methylation and stepwise ring contraction, it
was hoped to synthesise the required starting material (134).
Condensation of gfmethoxybenzaldehyde with acetone73
gave a moderate yield ( 40-50% ) of m-methoxybenzylidene
acetone (136), catalytic reduction of which gave the
saturated ketone (137). Condensation of this ketone with
ethyl cyanomcetate '* to the ester (138) followed by
reduction and hydrolysis and decarboxylation 75 gave
3-methyl-5-m-anisylpentanoic acid (139). Cyclisation of

this acid with polyphosphoric acid 6

gave 5-methyl-l:2-
5'-methoxybenzocyclohept—l—ene—3-one (140), and it was
intended to"shift" the carbonyl group from the 3- to the
4-position by the standard procedure - i,e. reduction of
the ketone to the alcohol, dehydration to the olefin,
epoxidation and rearrangement of the epoxide 77.
Accordingly, the benzsuberone (140) was reduced to the
alcohol (141) with sodium borohydride and dehydrated to the
benzsuberene (142). Treatment of this compound with
Perbenzoic acid in the normal manner gave a neutral compound
the infra-red spectrum of which showed bands at 3300 cm, 1

(hydroXyl)’ 1705 Cm,'l (conjugated ester) and at 710 and
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760 cm.-l ( phenyl group ). This compound was obviously

not the required epoxide and would not distil. When heated
to 180-200°, however, the compound rapidly decomposed to give
a liquid which distilled and a s0lid which sublimed. The
golid was easily identified as benzoic acid and the ligquid,
isomeric with the benzsuberone (140), showed carbonyl
absorption in the infra-red spectrum at 1700 cm.'l, but was
otherwise similar to the infra-red spectrum of the benz-
suberone (140). The ultra-violet, infra-red and proton
magnetic resonance spectra of this liquid indicated that

it was in fact the required isomeric benzsuberone (143),

This being the case, the final pyrolysis step must
involve a cis elimination of benzoic acid, viz, (144) --->
(145), and consequently, the neutral intermediate product
must be the glycol monobenzoate (146)., The isomeric glycol
monobenzoate must be excluded here, for, guite apart from
mechanistic considerations, pyrolysis of this ester would
lead to the conjugated benzsuberone (140) which would have
been easily identifiable ( light absorption characteristics
and 2:4-dinitrophenylhydrazone ).

The issue of greatest interest arising from the above
Observations is the facile ring opening of the intermediate
epoxide under the relatively mild acidic conditioms. ( There
Seems little reason to go against modern opinion that the
action of perbenzoic acid on olefins leads, as 2 first step

. . 78
Myway, to formation of the corresponding epoxide ).
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Ring opening of epoxides under the more acidic conditions

of aqueous formic acid ( and to a lesser extent acetic acid )
is of courseva well known phenomenon, 78 but with perbenzoic
acid only a few special instances of such behaviour have

79

been reported, and it is of importance to note that

benzsuberene oxide (147) is inert to the actioﬁfdf benzoic

acid, T
Two possible mechanisms suggest themselves in

explanation of the above ring opening. (i) The conjugative

effect of the benzene ring is greatly enhanced by that of

the alkoxy group ( these two effects have been recognised

as influencing greatly the stereochemistry and mechanism of

epoxide ring opening ) 80

and, in the formal mechanistic
sense, the ring opening may be imagined as following the
course outlined in (142) ---> (143). Were this mechanism
operative in this case, then being of the SNl type, it
should lead to a mixture of cis- and trans-glycol
monobenzoates, (ii) Formation of the epoxide being
assumed, the next step might simply involve the normal
mode of acid-catalysed ring opening of fhe epoxide to give
the trans-glycol monobenzoate, The main objection to this
mechanism lies in the fact that,benzsubefene oxide itself
is completely stable under these conditions, and shows no
tendency to undergo ring opening, |

Each of these mechanisms appears to be inadequate im
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one respect; the first because it does not lead exclusively
to the trans-glycol monobenzoate which is considered
to be necessary for the cis elimination mechanism (144) -~->
(145), and the second because it does not explain the
difference in behaviour between the simple epoxide (147)
and its methoxy derivative (148). However an examination
of models reveals that both the cis- and trans-glycol mono-
benzoates can be suitably aligned to undergo a cis
elimination of benzoic acid and in this sense the stereo-
chemistry of the intermediate ester is not of prime
importance. The stereochemistry of the cycloheptane ring
is known to be substantially different from that of the
cyclohexane ring, 81 especially with respect to the 1l:2-
disubstituted compounds. Thus both the cis and trans forms
of ecycloheptane-1:2-diol will form boric acid complexes
and cyclic isopropylidene ethers with ace‘cone?.’2 In short,
the stereochemistry of the glycol monobenzoate in the above
reaction is virtually unimportant, cis elimination of
benzoic acid being equally feasible with either form. For
this reason it appears that mechanism (1) adequaﬁely
explains the abnormal reaction of the benzsuberene (142)
with perbenzoic acid.

Having thus achieved the rearrangement of the 3-keto
function to the 4-position, it remained to carbethoxylate
the 3-position to give the required ester (135).

Unfortunately, the presence of the methoxyl group which
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had proved so valuable in effecting opening of the epoxide
was now a distinct disadvantage, Two main methods are
available for the direct carbethoxylation of activated
methylene;groupé, namely condensation with diethyl oxalate
and condensation with diethyl carbonate, 83 and both of
these processes require the formation or participation of
a carbanion a to the keto group, e.g. (150) --=3 (151).

In this case, however, the subsfituted benzene ring can
enter into conjugation with the 03 carbanion and so
delocalise the charge, effectively prohibiting attack by
the electrophile., Several attempts were made to carbethox-
ylate the benzsuberone (143) using the powerful medium of
diethyl carbonate and sodium hydride, but with no success,

and the synthesis was abandoned at this stage.

APPRAISAL.

Apart from any intrinsic merit, the work
described above illustrates the potential value of bicyclic
systems as a source of particularly substituted medium
sized rings which are otherwise inaccessible., In
particular, this work demonstrates the feasibility of a
fotal synthesis of isocaryophyllene (152) from the bicyclic
keto-ester (134).




EXPERIMENTAL

A1l melting points were determined on a Kofler
block., Routine infra?red spebtra of liquid films and
nujol mulls were determined on a Perkin-Elmer Infracord
spectrophotometer. Quantitative infra-red absorption
spectra were determined on a Unicam S,P, 100 double bean
spectrophotoneter equipped with an 3,P. 130 sodium-
}chloride prism grating double monochronator operated
under vacuum conditions. Ultra-violet absorption spectra,
. measured on a Perkin-Elmer model 137 U.V, spectrophoto-
meter and a Unican S,P. 500 spectrophotometer refer to
solutions in ethanol unless otherwise stated.

Nuclear magnetic resonance spectra were determined
‘on an A,E,I, R.S. 2 high resolution magnetic spectro-
neter, and gas-liquid chromatography was carried out on
a Perkin-Elmer Fractometer 451 using a Golay (capillary)

colunn ( 50 metres, polypropylene glycol ).

1-Ethoxycarbonyl-5-nethylbicyclo~[ 3:3:1]-non-3-ene-9-one (6)

This compound was synthesised as described by Murray,
Parker, Raphael and Jhaveri 3 as a colourless oil b. p.
110°/0, 45mm, , = 1,4907, The infra-red spectrum showed
absorption at 1735, 1260 cm.-l (carbethoxyl), 1705 cm.'l

(ketone), and 710 om ~t (cis disubstituted double bond),
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5-Methylbicyclo-[3:3:1]-non-3-ene-9-one-l-carboxylic
acid  (23)

Hydrolysis 3 or (6) with methanolic potassium hydroxide
gave a T3% yield of the requiréd carboxylic acid as
colourless needles m,p.141-143° from benzene-light
petroleun (b,p, 60-80°),

5-Methylbicyclo-[3:3:1]-non-3-ene-9-ol-l-carboxylic

acid  (19)

A solution of the acid (23) (5 g.) in agqueous methanol

was treated at room temperature with excess of an aqueous
solution of sodium borohydride. After standing for 3
hours, the mixture was acidified (6N HESO4), saturated
with ammonium sulphate and extracted with ether (3 x 30 ml, ).
The combined extracts were washed (satd. (NH4)QSO4), dried
(MgSO4), and the solvent removed to leave a colourless
solid which crystallised from benzene as needles, m,p.
171-1730 (5.2 g., 95%). The infra-red spectrum showed .
absorption at 3500 cm.'l (hydroxyl), 340072700 cm.’l
(acidic hydroxyl), and 1735, 1250 c:m._1 (carboxyl). 84
1-Methoxycarbonyl-5-methylbicyclo-[ 3:3:1]-non-3-ene-

d-one (22)

A solution of the acid (23) (1.75 &.) in anhydrous ether

(20 ml, ) was treated with excess of a dry ethereal

85:

solution of diazomethane and the nixture allowed to

stand at room temperature for 12 hours, After addition

T0.
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of a little aceticrécid, the miifure was treated with
dilute sodium bicarbonate solution, water and dried
(MgSO4). Reroval of the sglvent left a colourless oil
which rapidly solidified (1.83 &., 95%). Crystallisation
from light petroleun (b, p. 60—805) gave the methyl

ester (22) as needles m,p. 81-830 3 showing absorption

in the infra—redwgﬁectrum at 1730, 1260 en, ~1 (carbvo-
methoxyl) and 1705 cm._l (ketone). |
;1—t-Butoxycarbonyl—5—methylbicyclo—L;LB:1]-non-3—ene—
9-one (25)

A 500 nl, Pyrex, heavy walled, narrow mouthed pressure

bottle was charged with 10 ml. of ether, 0,5 ml, of
concentrated sulphuric acid and 6 g, of the acid (23).
The bottle was cooled to 0°, 8 ml, of isobutylene was
added, and the bottle, stoppered and securely wired, was

86 The bottle was then

left in the dark for 3 days.
cooled (-10°) and opened, and the contents poured into
a separating funnel containing 25 nl, of water, 7T g. of
sodium hydroxide and 25 g. of ice. The ethereal layer
was separated, the\aqueous layer extracted with ether
(2x10 ml. ) and the combined extracts dried (E;CO3).
Removal of the solvent left a colourless oil
showing absorption in the infra-red spectrum at 1730,
1265 cm._l (t-butoxyl), 1705 cm.'l (ketone) and at
1385, 1365 cm. T (t-butyl). Distillation gave 6,22 g.

of the t-butyl ester (25) (81%), b.p. 86°/0,005 mm, and
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n,= 1.4779. (Found, C, 71, éo% s Hy, 8.74%. Cy5Hp,04
requires C, 71.97%, H, 8.86%)., The distilled material
solidified on standing and crystallised (methanol) as
needles m.p. 47-499°,

Attempted reverse acetoacetic ester condensations.

A, The ethyl ester (6) with sodiun ethoxide. Treatment

of the ethyl ester (6) under the conditions described by
8

Jhaveri gave a nixture of 1—éthoxycarbonyl—B—methyl—

bicyclo-[3:3:1]-non-3-ene-9-ol , b.p. 80°/0,05 nm,
(Found C, 69.4% , H, 8.8%. Cl3H2003 requires C, 69, 6%
H, 8,9%) and 5-methylbicyclo-{3:3:1]-non-3-ene-9-0l-1-~
carboxylic acid (19), m.p. 172° (Found C, 67.3% , H,
7. 9%. Cy,Hy 05 requires C, 67.3% , H, 8.2%).

B, The methyl ester (22) with sodiun methoxide.

A solution of the ester (22) (1 g.) in sodium ethoxide
(from 0.5 g. of sodium in 30 ml. of methanol) was refluxed
for 20 hours. The solvent was distilled off under reduced
pressure, the residual yellow o0il diluted with water,
acidified (6N HC1l), and extracted with ether (2 x 30 ml.).
The extracts were dried (MgSO4) and the solvent removed

to leave a yellow oil which partly solidified. Trituration
with ethyl acetate gave a small amount of crystalline
naterial whose infra-red spectrum indicated that it was

1 (hydroxyl) and 3400-

the hydroxy acid (19) (3500 cm.
2700 cn, ~1 (acidic hydroxyl) ). The oil showed absorption

- -1
at 3500 cm, 1 ( hydroxyl ) and 1730, 1260 cm. ( carbo-

[
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nethoxyl ) and was unhydrolysed hydroxy-methyl ester.
Hydrolysis was completed by refluxing in methanolic
potassium hydroxide, when, after the normal work-up, a
crystalline acid was obtained showing absorption in the
infra-red spectrum at 3500 cm.—l (hydroxyl), 3400-2700 cm.—l
(acidic hydroxyl) and 1730, 1270 cm.~% (carboxyl). The
product fromn hydrolysis of the o0il was identical with the
crystalline product obtained abbve and nelted in the range
145-168°, Crystallisation from benzene gave 0,60 g. of
hydroxy acid (19), n.p. 168-171°, nixed m.p. 167-170°,

C. The ethyl ester with ethanolic potassium hydroxide.

A mixture of the ethyl ester (6) (1 g.) and potassiunm
hydroxide (2 g.) in ethanol (50 nl.) was refluxed for 30
hours and then evaporated to dryness. The residue was
dissolved in water, extracted with ether, and the extracts
discarded., The alkaline solution was acidified (6N H2804),
saturated with ammonium sulphate, and extracted with

ether (3 x 20 nl.). The extracts were washed_with
saturated armonium sulphate solution, dried (MgSO4), and
the solvent removed to leave a brown seni-solid. Cryst-
allisation from ethyl acetate gave needles, m,p. 166-169°,
which had an infra-red spectrum identical with that of the
hydroxy acid (19) ( mixed m.p. 166-170°),

D. The ethyl ester with sodamide in xylene.

A nixture of the ester (6) (5 g.) and freshly prepared
S0danide 81 (3.9 g.) in xylene (150 nml,) was refluxed for

-~
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5 days, after which the solvent was removed by distill-
ation under reduced pressure, Water was added, the
ﬁiXture acidified (6N HCl) and the solution extracted
with ether (3 x 50 ml,). The combined extracts were
washed with water and dried (MgSO4). Renoval of the
solvent left a viscous yellow oil showing absorption in
the infra-red spectrum at 3500 er, "1 (hydroxyl), 3400-
2700 cm."1 (acidic hydroxyl), 1735, 1270 cm._l (carboxyl)
and 1705 om, "1 (ketone). When the gun was dissolved in
benzene and left to crystallise slowly an acid was
obtained, m,p. 160-167°, (3.1 g.) whose infra-red spectrun
was identical with that of the hydroxy acid (19).

E. The nethyl ester (22) with sodamide in xylene.

Following the same procedure as was used for the ethyl
ester in D above, a nmixture of the hydroxy acid (19) and
unchanged nethyl ester was obtained.

F. The acid (23) with sodanide in xylene,

The keto-acid (23) (2 g,) and freshly prepared sodanide
(1.56 g.) were refluxed in xylene (50 nl.,) for 3 days. The
solvent was then distilled off under reduced pressure to
leave a brown solid which was dissolved in water. After
washing with ether, the alkaline solution was acidified

(6N HC1) and extracted with ether (3 x 30 ml.), the
extracts dried (MgSO4), and the solvent removed, The
resiqual yellow paste would not crystallise, but careful

washing with ether removed coloured material and unchanged
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bicyclic acid (23). Crystallisation from benzene-light
petroleun (b,p. 60-80°) then gave a colourless powder,

o, p. 143-144° whose infra-red spectrum showed absorption

at 3500-2500 e, ~t ( acidic hydroxyl ) and 1740-1710-01:1._1
(carboxyl), but was otherwise diffuse and showed none

of the fine structure associated with the bicyclo-[3:3:1]-
.nonane conpounds. This compound was in fact l-methyl-
cyclooct-2-ene-1:5-dicarboxylic acid (15) (Found C, 62,81% |,
H, 8.28%, C1,Hy40, requires ©C, 62.25% , H, 7.60% ). A
mixed m,p. with the acid (23) showed softening from 116°

and nelted in the range 124-142°,

Titration against standard base gave an equivalent
weight of 98 ( calculated for (15) : 106 ). The double
bond was not located in the infra-red spectrum but was
confirmed by nicrohydrogenation in ethyl acetate with
10% palladium on charcoal as catalyst ( 11.1 mgms. of
acid (15) absorbed 1,01 ml. of hydrogen); calculated uptake
is 1,17 m1, ).

G. The t-butyl ester (25) with sodamide in xylene,

A nixture of the ester (25) (2.5 g.) and freshly prepared
sodamide (2 g.) was refluxed in xylene (100 ml,) for 3
days. The sane work-up as used in F above gave a viscous
yellow o0il which would not crystallise, An attempt was
bade to purify this product by conversion to the nethyl
ester., Treatnent of the acid with diazonethane in the

usual manner gave the ester as a colourless oil, b.p.




93-96°/0,09 rm. , ﬁf= 1.4798, The ester was then hydrolysed
with methanolic potassiun hydroxide to give the acid (15)
as g colourless 0il which would not crystallise, but

whose infra-red spectrum was identical with that of the

product described in F above,

H. The t-butyl ester (25) with potassiun t-butoxide in

t-butanol,
Freshly cut potassium (1.5 g.)lwas dissolved in dry t-
butanol (100 ml. ), the ester (25) (3 g.) added, and the
nixture refluxed for 30 hours, The dark red reaction
nixture was poured into water, acidified (6N HCl) and
extracted with ether (4 x 50 nl.). The combined ethereal
extracts were then extracted with dilute sodiun bicarbonate
solution, this alkaline solution acidified (6N HC1),
extracted with ether, and the extracts dried (MgSO4).
Removal of the solvent left a viscous 0il whose infra-red
spectrun showed absorption at 3400-2700 cm.'l ( acidic
hydroxyl), 1735, 1260 cm. T (t-butoxy), 1705 cm, T
(ketone ) and 1385,1365 cm._l (t-butyl). The oil was a
nixture of the acid (23) and the half E—bﬁfyl ester of
the di-acid (15).

The above mixture was then hydrolysed with methanolic
potassium hydroxide to give a nixture of the acids (15)
and (23), Treatment of this mixture with diazomethane
gave a nixture of methyl esters, crystallisation of which

8ave the solid bicyclo-ester (22), m.p. 80° (light

|
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petroleum, b, p. 60-80°). The residual o0il was hydrolysed
with methanolic potassiumvhydroxide to give a viscous
0il which would not crystallise, but whose infra-red
spectrum was identical with that of the acid (15).

1-Methylcyclooct-l-ene-5-carboxylic acid (18).

This compound was obtained by decarboxylation of the di-acid

(15), the procedures used being as follows.

A, Heating with copper powder.  The di-acid (15) (1.3 g&.)

was mixed with copper powder (1 g.) and heated at 270°

for 22 hours in a sealed Carius tube, The tube was

cooled (~70°), opened, and the black o0il dissolved in
ether., The ethereal solution was extracted with 1N sodiun
hydroxide (3 x10 ml, ), the alkaline extracts acidified

(6N HC1l), this solution extracted with ether (3 x 10 nml.)
and the extracts dried (MgSO4). Removal of the solvent

left 5 yellow oil which, on distillation, gave 0,84 g.

of a colourless oil, b,p. 90-92°/0,08 mm. (Found C,71.04%,
H, 8.52%, C1oHy¢0, requires C, 71.39% , H, 9.59%. The
discrepancy is due to traces of the acid (23) ).

Molecular weight determination by mass spectrometry gave
the value 170 ¥ 3 ( calculated value 168 ). The amide (94)
was prepared in the usual way ( oxalyl chloride followed

by ammonia ) n,p., 174°, and was identical with a sample
Prepared by another route ( see p. 10%). This acid showed

-1
absorption in the infra-red spectrum at 3300-2800 cn.

- -1
(acidic hyaroxyl), 1720, 1260 cm ~+ (carboxyl) and 820 cn.
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(cis trisubstituted double bond).

B. Thermal decarboxylation, The above procedure and

work-up was repeated exactly, except that no copper powder
. was added. The product which was isolated was a
crystalline acid, m.p. 138-140°, whose infra-red spectrun
was identical with that of the bicyclo acid (23). A nixed
n.p. showed no depression , 136-1400°,

C. Heating with copper powder in gquinoline. A nixture

of the di-acid (15) (0.5 g.), copper powder (0,043 g.),

and quinoline (0,85 ml,) was heated to 250° in a netal

bath and the gas evolved was measured ( 46 nl. Theoretical
evolution : 53 ml,.,). The nmixture was cooled, extracted
with ether and the ethereal extracts washed with 2N sodiunm
hydroxide, The alkaline extracts were acidified (6N HC1),
extracted with ether (4 x 10 ml.), and dried (MgSO,).
Removal of the solvent and distillation gave 0,33g. of a
colourless oil whose infra-red spectrum was identical

with that of the product from A above.

2-Methylcycloheptanone (27)

N-Nitroso-N-ethylurethane (180 g.) was added dropwise

over an hour to a stirred solution of cyclohexanone

(120 g.) in alcoholic potassium hydroxide (480 ml., 1,25%),
the temperatufe being held at 10-15°, Addition conpleted,
the mixture was stirred at room temperature for a

further hour, after which the solvent was distilled off

Under reduced pressure. The residue was diluted with




water, extracted with ether (3 x 300 nl.) and the extracts
dried (MgSO4). Fractional distillation then gave 99 g. of
a colourless oil, b,p. 172-186°, which, on refractionation,
gave 77 g. (50%) of 2-methylcycloheptanone, b,p. 178-184°
and ny= 1,4469, (‘Dczo = 1700 cm.~1). 2:4—Dinitfophenyl—
hydrazone, yellow needles (ethanol) n,p. 111° 88, and seni-

carbazone, colourless needles (agueous methanol) m,p., 124-
1270 89, Gas-liquid chrouatography with celite 545 acting
as a support for a 10% polyethylene glycol stationary phase
indicated a purity of greater than. 95%,

2-Ethoxycarbonyl-7-methylcycloheptanone (29),

A nixture of 2-methylcycloheptanone (75 g.) and diethyl
oxalate (103 g.) was cooled to -10° and added dropwise to

a stirred solution of sodium (13.8 g.) in anhydrous ethanol
(220 nml, ) cooled to -10°, The resultant orange solution was
stirred overnight at 0° and then at roon temperature for 72
hours., The reaction nixture was then poured on to crushed
ice, acidified ( conc, HCl) and the precipitated yellow

011l separated. The aqueous layer was extracted with ether
(3 x 250 nl, ), the combined extracts added to the oil and
the whole washed with water, saturated sodium bicarbonate
solution,water and dried (MgSO4). Removal of the solvent
left a clear red 0il which was heated on the stearm bath
tnder vacuun for 2 hours, Decarbonylation was effected by
adding powdered glass to the oil and heating at 200-220°

for six hours.
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Fractional distillafion of the resultant black oil
furnished 2-ethoxycarbonyl-T7-methylcycloheptanone (42 g.,
36%) as a colourless mobile 0il, b,p. 80-84°/0.05 nn., and
niz 1.4609, The corresponding pyrazolone was prepared
by refluxing the ester (2 g.) and 100% hydrazine hydrate
(1 g.) in methanol (10 ml,) for 1.5 hours. Removal of
the solvent left a colourless solid which crystallised
as needles from agqueous ethanol, m,p., 222-224° (Found
C, 65.24% , H, 8.49% , N, 16, 96%, 09H140N2 requires
C, 65.03% , H, 8.49% , N, 16.85%. )

The lactone (31 A)

The condensation of 2-methylcycloheptanone and diethyl
oxalate was carried out as described above, but using

anhydrous ethanol which had been lying about for some

time., When the glyoxalate ester was isolated, a solid
precipitated from the oil, This solid was filtered off
and washed with a little othanol. The residual oil was
in fact the required glyoxalate ester (28).

The solid by-product (50% yield) crystallised as
long needles fron agqueous ethanol, n.p. 175-177°,
(Found ¢, 66,19% , H, 6.67%. 010H1203 requires C,
66.65% , H, 6,71%.). The infra-red absorption spectrun
showed absorption at 3300 em. "1 (bonded hydroxyl),
1720 cn. "t (conjugated lactone) and 1660, 1640 et

(double bonds), while the ultra-violet spectrun showed

absorption of }‘mex = 295 n,u. ( & = 18,400 ).
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The corresponding enol-acetate (31 D) was prepared
by refluxing the lactone (2.5 g.) in acetic anhydride
(5 ml, ) for 1.25 hours. The solvent was removed by
distillation under reduced pressure and the solid residue
crystallised from ethyl acetate as colourless needles,
n,p. 118° ( 1,25 g.). (Pound C, 6:,73% , H, 6.,09%,
012H14O4 requires C, 64.85% , H, 6.35%. ). The infra-
red spectrum showed unresolved carbonyl absorption at
1750-1720 cm. "% (acetate and lactone) and at 1680, 1630 cm, -

(double bonds), while the ultra-violet spectrum showed

absorption of A = 289 m.u. ( & = 18,000 ).

max,

Both the lactone and the enol-acetate described
above were unstable compounds and deconposed to an oily
paste in a few days.

The lactone (31 B)

Condensation of 2-methylcyclohexanone with diethyl oxalate
in the usual way, but using conmercial alcohol instead of
anhydrous ethanol, gave a 40% yield of the lactone (31 B).
The isolation of this product followed the same pattern

as for the lactone (31 A). The lactone crystallised from
aqueous ethanol as large prisms, .p. 137-140° (Found

Cy 59.39% , H, 6.57%. 09H1003 requires C, 65.05% ,

H, 6.07%). The infra-red spectrum was practically
identical with that of the lactone (31 A) and the ultra-

violet spectrum showed absorption of %_

nax. 230 m’“f

(& =19,300 ).
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The enol acetate (31 C) was prepared in the same
nanner as the enol-acetate (31 D), and crystallised fron
aqueous ethanol as colourless needles, m,p. 79° (Found
C, 63.49% , H, 5.59%. CqqH 120, Tequires C, 63.45% ,
H, 5.81%). The ultra-violet spectrun showed absorption
of l.max. = 285 m.u, ( & = 20,200 ),

The properties of both the lactone (31 B) and its
enol-acetate (31 C) were in agreement with the published

14,15,16

data , but both of these conpounds were very

unstable and rapidly deconposed,
B-(1-Ethoxycarbonyl-2-keto~3- methylcycloheptyl )-propion-
aldehyde (30)

This aldehyde was synthesised in exactly the same nanner
as is described for the synthesis of g-(l-ethoxycarbonyl-
2~-keto-3-nethylcyclohexyl )-propionaldehyde 3 and in65%
yield, as a colourless viscous oil, b,p., 130-132°/0,1 nmm.,
= 1,4790. (Found C, 65.97% , H, 8.96%. Cp,H,50,
requires €, 66,11% , H, 8.72%). The infra-red spectrun
showed the carbonyl region as a broad, poorly resolved

band at 1745-1700 cm.—l, and characteristic absorption

at 2720 ci. "t (aldehyde C-H stretch).

Oxidation of this aldehyde with silver oxide in the
usual manmner " furnished B-(1l-ethoxycarbonyl-2-keto-3-
methyleycloheptyl )-propionic acid as a viscou oil, b.p.
161°/0,7 mm, , n®= 1.4772 ( m.p. 30-32°), (Found C, 62.09% ,

D>

1, 8.07%, C1 H2205 requires C, 62,20% , H, 8.20%).




83.
1-Ethoxycarbonyl-6-nethyl-7-hydroxybicyclo-[4:3:1]-decan-

10-one (34)

A, Cyclisation with hydrochloric acid and dioxan.

A mixture of the aldehyde (30) (3 g.), dioxan (20 nl.) and
conc., hydrochloric acid (20 ml. ) was heated on the: stean
bath for 3 hours and then held at room tenperature for

2 hours. The nixture was poured into saturated sodiun
chloride solution (100 nl, ) and extracted with ether (2 x
50 ml, ). The combined extracts were washed with

saturated sodium chloride soluticn, dried (MgSO4), and the
solvent removed to leave a dark brown oil (2,6 g. ).
Fractional distillation gave 2,37 g (79%) of the required
alcohol as a colourless viscous oil, b,p. 131°/0,07 om,,
ny= 1.4970. (Found C, 65.89% , H, 8.74%. C14H,50,
requires C, 66.11% , H, 8.72%). The infra-red spectrun
showed hydroxyl absorption at 3400 e, "L,

B, Cyclisation with hydrochloric acid and acetic acid.

A nixture of the aldehyde (30) (3 g.), acetic acid (12 ml, ),
conc, hydrochloric acid (3 ml.) and water (6 nl,) was

heated on the steam bath for 1 hour and held at roonm
tenperature for 5 hours. The reaction nixture was
neutralised with saturated sodium bicarbonate solution

and the precipitated oil extracted with ether (3 x 30 ml, ).
The combined extracts were washed with water, dried

(Mg804) and the solvent removed, Distillation gave 2.1 g,
(68%) of the required alcohol, b.p. 134°/1 mn, , n;= 1.4969,




1-Ethoxycarbonyl-4-hydroxy-5-nethylbicyclo~[3:3:1]-nonan~
-9-one (35) : o

Cyclisation of the aldehyde (11) with hydrochloric acid
and acetic acid as described by Murray et al. 3 gave an
80% yield of the alcohol (35) as a colourless oil, b,p.
130°/0,05 nm, and ny= 1.4934.

Treatment of the aldehyde (30) with concentrated sulphuric

acid. The aldehyde (30) (5 g.) was added dropwise with
stirring to conc. sulphuric acid (15 ml. ) held at 0°., The
dark red mixture was stirred overnight, poured on to ice
and thoroughly extracted with ether (5 x 50 ml, )., The
combined extracts were washed with dilute sodium bicarbon-
ate (2 x 15 nml, ), dried (MgSO4), and the solvent removed
Thin plate chromatography of the resulting red oil showed
it to be a complex nmixture, and both distillation and
column chromatography proved umnsuccessful in separating
the conponents,

Acigification of the alkaline extracts, however, gave
a precipitate of a colourless solid which was extracted
with ether and purified by crystallisation from ethyl
acetate as needles, m,p., 190-192°, The infra-red spectrun
showed absorption at 3100-2800 em, "t (acidic hydroxyl),
1695 cn, ~T (conjugated carboxyl) and 1600,1500 cm, 7t
(aromatic skeletal vibration). The ultra-violet spectrum
showed absorption of A = 242 m,p, ( log.& = 3,95 ) and

nax.
284 n,u. ( log.& = 3.10 ). This evidence, and by analogy
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with the resulté of Murray et al. 3 y suggests that this
compound is 5-methyltetralin-8-carboxylic acid (32).

(Found C, 75.56% , H, 7.44%. 012H14O2 (32) requires
C, 75.76% , H, T.42%).

When the alcohol (34) was treated with conc, sulphuric
acid, the same result was obtained, the aromatic acid (32)
being produced in 5% yield, and the residue consisting
of a complex nixture of oils which could not be separated.

Treatment of 1-ethoxycarbonyl—6—methy1bicyclo-£4:3:1]—

dec-T-ene-10-one (33) with concentrated sulphuric acid.

Addition of the ester (33) (100 mg.) to conec. sulpuric
acid (5 ml.) gave a deep purple solution. After standing
for 30 hours the nixture was worked up as described above
and gave 20 mg of 5-methyltetralin-8-carboxylic acid (32),
n,p. 186-190° (sublimed at 150°/0.5 mm. ). The neutral
fraction of the reaction mixture consisted of the same
nixture of oils as is described above,

1-Ethoxycarbonyl-4-acetoxy-5-methylbicyclo-[3:3:1]-

nonan-9-one (36)

A nixture of the alcohol (35) (10 g.) and acetic anhydride
(25 ml,) in pyridine (30 ml.) was refluxed for 1 hour.

The cooled reaction mixture was then poured into ice water
(50 ml.) and extracted with ether (3 x 30 ml.). The
combined extracts were washed with saturated sodium
bicarbonate solution, water, 6N hydrochloric acid and

dried (MgSO,). Removal of the solvent and distillation




gave the acetyl derivative (36) (9.05 g.) as a colourless
0il, b.p. 132°/0.45 mm., n,= 1,4820. (Found C, 64,05% ,
H, 7.91%. C15H2205 requires C, 63.81% , H, 7.85%).

The infra-red spectrum showed a broad unresolved carbonyl
band at 1750-1700 cm.—l, but was transparent in the

hydroxyl region.

1-Ethoxycarbonyl-6-nethyl-T-acetoxybicyclo-[4:3:1]~

decan-10-one (37)

Following exactly the procedure used for the acetoxy
derivative (36) above, the compound (37) was synthesised
in 80% yield as a colourless oil, b,p. 121°/0,08 nm,,

n = 1,4890. (Found C, 65.10% , H, 8.23%. C16Hp405
requires C, 64,84% , H, 8,16%).

Attenpted pyrolysis of the acetates (36) and (37).

The acetate (36) (0.5 g, ) was passed through a 1 metre tube
packed with glass helices and held at 520°, using nitrogen
as a carrier and under vacuum conditions, The product was
collected in a liquid air trap and was identified by its
infra-red spectrum as unchanged acetate. The process was
repeated three times with the same sanple, but in each
case the acetate was recovered unchanged.

Sinilarly the acetate (37) was pyrolysed at 550° and
at 1 am, and 20 nm, pressure. Once again the acetate was

recovered unchanged.

1-Ethoxycarbonyl-5-riethylbicyclo-[3:3:1]-nonan-4:9~dione (40)

A standard solution of chromium trioxide in sulphuric
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acid 91 was added dropwise to a stirred solution of the
alcohol(35) (5.8 g.) in acetone (200 ml.) held at 0°.

until a permanent orange colour was obtained (4.4 ml. of
oxidising solution)., The nmixture was diluted with water
(500 ml.), extracted with ether (3 x 100 rl, ), the ethereal
extracts washed with water and dried (MgSO4). Removal of
‘the solvent and distillation gave 4,77 g. of the

diketone (40) as a colourless oil, b,p, 127°/0,18 rm,,

my= 1,.4860. (Found C, 65.25% , H, 8.05%. Cy 38180,
requires C, 65.53% , H, 7.61%). The corresponding nono-
2:4-dinitrophenylhydrazone crystallised as yellow needles
fron acetic acid, n.p, 195-196° (Found C, 54,59% , H,
5.14% , N, 13, 21%. 019H22N4O7 requires C, 54.54% , H,
5,30% , N, 13,39%).
l-Ethoxycarbonyl—6—methylbicyclo—[4:3:1]—decan-7:10—

dione (41)

Using exactly the same procedure as for the diketone (40)
above, 4,8 g, of the alcohol (34) gave 4.17 g. (88%) of
the diketone (41) as a colourless oil, b,p. 122°/0.5 mnm,,
n,= 1.4940. (Found C, 66,68% , H, 8.20%. Cp,H,q0,
requires ¢, 66.64% , H, 7.99%). The corresponding mono-
2:4-dinitrophenylhydrazone crystallised as yellow needle
clusters fron acetic acid, m.p. 130-131°. ( Found C,
55.38% , H, 5.82% , N, 12,74%. 020H24N4O7 requires C,
55.55% , H, 5.59% , N, 12.96%).

Ihe p-toluenesulphonylhydrazone (42)
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A nmixture of the dione (40) (2 g.) and p-toluenesulphonyl-
hydrazine (1,56 g.) in ethanol (15 ml.) was refluxed for 15
min,. Water (10 nl.) was then added to the hot solution,
which, on cooling, deposited the required derivative
as a pale-yellow solid. Crystallisation from aqueous
ethanol gave 2,15 g. (64%) of glistening plates, m.p., 138-
140°, (Found C, 59.30% , H, 6.55% , N, 6.93%.
020H26N205S requires €, 59.11% , H, 6.44% , N, 6,89%),
The p-toluenesulphonylhydrazone (43)

In exactly the same nanner as for the derivative (42), 0,89
g. of the diketone (41) gave 1,18 g. (80%) of the required
derivative (43) as glistening plates, n.,p. 130-132°,

(Found ¢, 60,12% , H, 6.65% , N, 6.81%, 021H28N2058
requires C, 60,01% , H, 6,67% , N, 6,.67%),

Attenpted decomposition of the p-toluenesulphonylhydrazone

(42) with base,

A solution of (42) (1 g. ) in a 1.3N solution of sodiun

in ethylene glycol (0.3 g. of sodium in 10 ml. of glycol)
was refluxed for 1.5 hours. The reaction nixture was
diluted with water (50 ml, ) and extracted with ether (3 x
25 nl, ), the conbined extracts washed with dilute sodiun
carbonate and dried (MgSO4). Removal of the solvent left
8 pale~yellow solid which rapidly solidified. Crystallis-
ation fronm aqueoué ethanol gave 0,7 g. of unchanged
tosylhydrazone (42), m,p. 136-138°, undepressed on

adnixture with a genuine sanple,
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1-Methyl-4-naphthoic acid (45)

A nixture of seleniun powder (250 ng,) and 5-methyl-
tetralin-8-carboxylic acid (250 mg. ) was heated for 20
hours in a metal bath held at 300°, The black residue
was extracted with ether (5 x 5 ml.) and the extracts
washed with 4N sodium hydroxide. Acidification of the
alkaline extracts (6N HCl) gave a colourlesgs solid which
was extracted with ether. Removal of the solvent and
crystallisation from dilute acetic acid gave needles

(83 mg. ) m.p. 173-175°, undepressed on admixture with a
genuine sanple of l-methyl-4-naphthoic acid.

1-Methyl-4-bromonaphthalene (47)

A, Direct bromination, Pure l-nethylnaphthalene

(12 g, ) was treated with bromine (13.5 g.) in carbon
tetrachloride (25 ml.,) according to the literature
procedure.19 This gave 7.1 g. (38%) of pure l-nethyl-
4-brononaphthalene as a colourless oil, b,p. 169-172°/15 mn,

B. Via the sulphonic acid. Treatnent of pure l-methyl-

naphthalene with sulphuric acid gave l-methylnaphthalene-

21 Treatnent

4-sulphonic acid (48) as a colourless solid.
of the potassiwu salt of this acid with bromine gave
l-nethyl-4-bromonaphthalene as a yellow oil (25%), b.p.
100-102°/0,15 mm, , ny= 1,6501.

1-Methyl-4-naphthoic acid (45)

Formation of the Grignard complex of l-methyl-4-broio-

naphthalene 20 _nd carbonation with dry-ice gave a 52%



yield of l-nmethyl-4-naphthoic acid, m,p. 174-175°,
The best method of purification was found to be
sublimation, the acid subliming as needle clusters
at 140°/0,2 nn..

5-Methyl-8-aminotetralin (49)

Treatment of 5-methyltetralin-8-carboxylic acid (1 g. )
with hydrazoic acid (4.5 moles) in the normal ma.nne:r-‘?2
gave 0,55 g, of 5-methyl-8-aminotetralin as a colourless
0il, b.p., 102°/0,8 mm, , ny= 1.5841. (Found C, 81.71% ,
H, 9,10% sy N, 8.73%. CllHlSN requires C, 81,93% ,

H, 9.38% , N, 8,69%). The corresponding benzoate
(Schotten-Baumann conditions) crystallised fron methanol
as colourless needles, nm.p, 207°, (Found C, 81,38% ,
H, 7.23% , N, 5,10%., 018H19NO requires C, 81.47% ,

H, 7.22% , N, 5.28%).
4-Methyl-5,6,7,8,-tetrahydronaphthol (50)

5-Methyl-8-aminotetralin (0.1 g.) was added to a hot,
stirred solution of conc. sulphuric acid (0.1 ml,) in
water (1 ml.). A further 1 ml. of water was added, the
nixture cooled to 0° and a solution of sodium nitrite
(0.1 g.) in water (1 ml.) added dropwise to the stirred
suspension of amine sulphate, The nixture was stirred
at 0° for 30 nins., to ensure complete diazotisation
(positive starch iodide) and then stirred and heated

in a water bath at 50° for 20 mins. The resulting

black 0il was steam distilled and the distillate was
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exiracted with ether (3 x 10 ml, ), and the combined
extracts dried (MgSO4). Removal of the solvent left

a pale-yellow o0il whose infra-red spectrum showed
absorption at 3300 cm.-l (hydroxyl), and which rapidly
solicified. Crystaliisation from petroleun ether

(b.p. €0-80°) gave 4-methyl-5,6,7,8,-tetrahydronaphthol
(48 mg,) a3 a colourless solid (ncedles), m.p. 83-84°,
undepressed cn adnixture with a genuine sﬁ).mple.z3

Attenpted succinoylation of p-bromotoluene.

Succinic anhydride (33 g.) and dry, powdered aluminium
chloride (88 g.) werc added in turn to a stirred
solution of p-bvronctoluene (60 g.) in carbon disulphide
(200 11, ) ana the fiznal mixture stirred and refluxed
for 24 hours. The colourless carbon disulphide layer
was then decanted off and the residue decompoced with
icé and hydrochioric acid (cone., 160 nl, ). The
resultant darkx brown solid was filtered off, washed
well with ice-cold water and dissolved in sodiun
carbonate oolution., Treatment with charcoal and then
acidification gave 46 g. of a2 fawn coloured solid which
crystallised from n~quecous ethanol as pale-yellow plates,

n,p, 103-109°, Repeated crystallisation from carbon

plates, r,p. 318-121°, (Pound C, 63.04% , H, 5.77%.
11810, requires C, 63.44% , H, 5.81%).
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5:8-Dinethyltetralin (52)

Condensation of pxylene with succinic anhydride under
Friedel-Crafts conditions 26 gave B-2:5-dinethylbenzoyl-
propionic acid (51 A) in 52% yield as a colourless solid,
m, p. 68° Clemnensen reduction to Y-2:5-dimethylphenyl-
butyric acid proceeded in 87% yield and ring closure with-
sulphuric acid gave a 43% yield of 5:8-dinethyltetralone-1
(51 C) as a colourless oil, b,p., 99-102°/0,05 mmn,
Clermensen reduction of the tetralone furnished a 60%
yield of 5:8~dimethyltetralin (52) as a colourless oil,
b.p. 76-78°/0.3 rm.,, np= 1,5461.
5-Methyl-S-isorropyltetralin (54)

Succinoylation of p-cymene under the conditions described
by Dev and Guha °! ghve a 55% yield of B-2-uethyl-5-
isopropylbenzoylpropionic acid (53 A) as a colourless
solid, m.p. 74-75°, Clennensen reduction proceeded in
high yield (88%) to give Y-2-nethyl-5-isopropylphenyl-
butyric acid (53 B) as a colourless oil b.p. 158°/0,15 mm.,
ﬂ:= 1,5174, Treatnment of +this acid with phosphorus
pentachloride and aluninium chloride gave a 61% yield of
5-nethyl-8-isopropyltetralore-1 (53 C) as a colourless
0il, b,p. 110-112°/0,15 umn,, ng= 1.5537. Clennensen
reduction of this ketone then furnished 5-methyl-8-iso-
propyltetralin (54) as a colourless, mobile o0il, b.p.

140-1469/14 ma. , ny= 1.5385.

92,




Attenpted oxidations of 5:8-dimethyltetralin and of

5-nethyl-8-isopropyltetralin,

All attenpted oxidations were carried out under standard
conditions, using chromyl chloride, 28 nitric acid,
potassiun pernanganate, chromiun trioxide in acetic
anhydride,29 and potassium ferricyanide,3o but in no
instance was any recognisable product obtained, the

- products of reaction consisting of intractable guns which
defied purification,

1-Methyl-4-nitronaphthalene (594)

Treatment of technical l-nethylnaphthalene with nitric
acid resulted in an uncontrollable reaction and the
production of a black gumnny solid which was difficult

to purify. Crystallisation from ethanol gave 15-20%

of crude l-methyl-4-nitronaphthalene, m,p. 60-70°,

When pure l-nmethylnaphthalene was used, a nixture of
mono-, di- and tri-nitro isomers was obtained from which
a 30% yield of l-nethyl-4-nitronaphthalene could be

be obtained, m.p. 68-71°, by repeated fractional crystall-
isation from ethanol.

Synthesis of 5-methyltetralin~8-carboxylic acid (32)

(i) 2- and 3-Chloromethyl-4-bromotoluene (60) and (61)

Ireatment of p-bromotoluene with hydrogen chloride and

& .
zinc chloride exactly as described by Fieser and Sellgman33
gave 2 43% yield of a mixture of the chloromethyl

derivatives (60) and (61) as a colourless lachrynatory
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0il b.p. 124-5°/15 mm,, ny= 1,5814 , and 5% of the
dichloronethyl derivative (62) as colourless needles

from benzene, nm,p. 122-124°,

94.

(ii) Diethyl 2 (5)-bromo-5 (2)-methylbenzylnalonate (63)

- Following the literature procedure exactly, 33 this

nixture of esters was obtained in 95% yield as a

colourless, viscous o0il b.p. 142-144°/0,2 nn., q¥= 1.5119,

(iii) 2(5)-Bromo-5(2)-methylbenzylmalonic acid (64)

Hydrolysis of the above nixture of esters (63) with hot

ethanolic barium hydroxide 33

gave a quantitative yield
of the mixture of malonic acids (64), m.,p. 144-148°, as
a colourless crystalline solid which was not purified.

(iv) B-2(5)-Brono-5(2)-nethylphenylpropionic acid (65)

The above nixture of malonic acids was decarboxylated
in 95% yield 33 40 the mixture of propionic acids (65).
Distillntionigave this nixture as a viscous, colourless
0il b,p. 164-166°/1,8 nn., n;= 1.5505, which slowly

set solid, m.p. 38-429°,

(v) v-2(5)-Bromo-5(2)-methylphenylbutyric acid (66)

Oxalyl chloride (30 nl,) and dimethylformamide (1 ml,)
were ndded to a solution of the mixed acids (65) (35 g.)
in anhydrous benzene (250 nl, ), and the nixture allowed
to stand overnight. Removal of the solvent left a
colourless o0il showing absorption in the infra-red
spectrun at 1820 cm.'l (acid chloride). This o0il was

not purified further but was dissolved in anhydrous
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ether and treated with excess of an ethereal solution
of diazomethane, Removal of the solvent left a yellow
0oil showing absorption in the infra-red spectrum at
2200 cm.—l (diazoketone)., This dinzoketone was
dissolved in anhydrous nethanol, stirred and a solution
of silver benzoate in triethylamine added dropwise. When
evolution of nitrogen had ceased, the solution was
filtered free of silver salts and the solvent removed.
ther was then added to the sludge and the last of the
silver salts filtered off., The ethereal solution was
washed with acid (6N HCl), and base (satd. NaHCOB) and
dried (MgSO4). Renoval of the solvent and distillation
gave 33 g. (85%) of the required nixture of methyl
esters as a colourless oil, b,p. 106°/0,04 nn, ng=
1.5331. (Found C, 52.94 , H, 5.52%. 012H15023r
requires C, 53.18% , H, 5.58%).

Hydrolysis of the mixture of nethyl esters was
effected in the usual nanner with nethanolic potassiun
hydroxide, and gave 27.5 g. (85%) of the nmixture of
butyric acids (66) as a viscous, colourless oil, b,p.
166-168°/0,05 mn, , n¥= 1,5550. (Found C, 51.70% ,

H, 4.84%, C11H13023r requires C, 51.40% , H, 5.09%).
Again this o0il slowly set solid. (m.p. 48-60°).
(vi) 5(8)-Bromo-8(5)-methyltetralone-1  (67) and (68)

Following exactly the procedure developed by Fieser and




Seligman,33

cyclisation of the butyric acids (66) under
Friedel-Crafts conditions gave an 87% yield of a mixture
of the tetralones (67) and (68) as a fawn coloured solid,
Fractional crystallisation from ether gave the tetralone
(68) as long pale-pink needles (ether) m.p. 105°,

(Pound C, 55.11% , H, 4,70%. C,,H,,Br0 requires

Cy 55.25% , H, 4.64%). The other isomer (67) crystall-
ised from ether-petroleun ether (b.p. 60-80°) as long
colourless needles m,p, 98-100°, The infra-red spectrunm
showed absorption at 1690 cm.-l (conjugated carbonyl),
and the ultra-violet spectrum showed absorption at % nax.
219 mp. (log.& = 4.39), 255 m.u. (log.E = 3.83) and

309 mou. (log.& = 3.37),

5-Methyl-8-bromotetralin (69)

Modified Clemmensen reduction of the mixture of tetralones
(67) and (68) gave 5-methyl-8-bromotetralin (69) as a
colourless, nobile oil b,p, 84-86°/0,2 mnm., ni: 1.58009.
(90% yield) (Found €, 59.07% , H, 6.13%. Cy HyBr
requires G, 58.68% , H, 5.82%). 35

(viii) 5-Methyltetralin-8-carboxylic acid (32)

Clean, dry nmagnesium turnings (0.21 g.) were placed in a
flask and the flask baked in a free flame while sweeping
continuously with dry nitrogen. Anhydrous ether (1 ml.),
S5-methyl-8-bronotetralin (0.1 nl, ) and ethyl bronmide
(0.05 ml, ) were added and the reaction started by the
application of a hot water bath. A solution of 5-methyl-
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8-bromotetralin (1 g, ) in anhydrous ether (10 nl, ) was
then added over 2 hours, the reaction being kept at a
steady reflux. After refluxing for a further hour the
mixture was cooled, a further 5 ml, of ether was added
and s0lid carbon dioxide was added until reaction was
completed.

The cold reaction mixture was hydrolysed with 6N
sulphuric acid and the ethereal layer separated and
dried (MgSO4). Removal of the solvent and crystall-
isation from ethyl acetate gave 0.66 gn, of 5-methyl-
tetralin-8-carboxylic acid as colourless needles m,p,
188-190°, (Found €, 75.86% , H, 7.15%. 012H14O2
requires C, 75.76% , H, 7.42%). The infra-red spectrun
of this product was identical with that of the product
obtained as a rearrangement product in the bicyclo-
[4:3:1]-series and the ultra-violet spectrum showed
absorption at A‘max = 242 m,p., (log.& = 3.92), 284 m.y.
(log.& = 3.12).
1-Ethoxycarbonyl-4-tosyloxy-5-nethylbicyclo-[3:3:1]~

nonan-9-one (70)

A solution of the alcohol (35) (2.1 g.) and recrystallised

p-toluenesulphonyl chloride (2.10 g.) in dry pyridine
(10 ml.) was allowed to stand at roon temperature for
5 days. The reaction mixture was then poured on to ice
(10 g.) and the mixture allowed to stand at roon

tenperature for = further 2 days. The product was
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extracted with ether (3 x 10 nml.), the combined extracts
washed with acid (6N HC1l), base (sntd. NaHCO3), water,
and dried (MgSO4). Renoval of the solvent left a
yellow, viscous o0il which would not crystallise, and
which was not purified further (2,05 g., 60%). The
infra-red spectrum was transparent in the hydroxyl
region nnd showed absorption at 1605, 1500 cm, 1
(aromatic skeletal vibration) and at 1360, 1180 cwm, ~1
(sulphonate).

1:1-Diethoxycarbonyl-5-nethylcyclooct-4-ene (71)

To a solution of sodium ethoxide in ethanol (from 0,64 g.
of sodium and 11,2 ml., of anhydrous ethanol, 0,52

nolar solution) was added 2 g, of the crude tosylate
(70). the nmixture was stirred at roonm temperature for

5 nins, and sodiun p-toluenesulphonate was precipitated,
to ensure conmpletion of reaction the reaction mixture

was stirred and refluxed for a further 2 hours., The
cooled reaction mixture was poured into water (75 nl,)
and acidified to congo red (6N HC1l), The mixture was
extracted with ether and the extracts washed with
saturated sodiw:z bicarbonate solution and dried (MgSOi).
Removal of the solvent left a yellow cil showing
absorption in the infra-red spectrun at 1605, 1500 er. %
(aronatic skeletal vibration), 1360, 1185 cu, ™t
(sulphonate) and 825 cm._l (cis trisubstituted double

bond). This mixture of unchanged (axial) tosylate

94.
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and product could be scparated in either of two ways.
Distillation gave the required cyclooctene diester
(71) (0.84 g., 62%) as a colourless 0il b,p. 120-122°/
0.2 mm,, ny= 1.4722. (Found C, 67.57% , H, 8.73%.
C1585,0, requires C, 67.2% , H, 9.0%), If this
rnethod is used, the tosylate remains as an involatile
residue which sets to a black gum., The other procedure
is rapid chromatography on Woeln grade 1 neutral alumina,
when the ester (71) is eluted with benzene, the tosylate
(70) being eluted with 50% benzene in chloroforn,

The ester (71) showed absorption in the infra-red
spectrun at 1725, 1260 cm.”l (carbethoxyl) , 1485 cm.-l
(skeletal vibration) and 830 cm._l (double bond).

l1-Methylcyclooct-l-ene-5-carboxylic acid (18)

A solution of potassiun hydroxide (20 g.) in water (50 ml. )
was added to a solution of the diester (71) (12.9 g.)

in methanol (400 nl, ) and the wnixture refluxed for 16
hours. The methanol was then distilled off under

reduced pressure, water added to the residue and the
nixture extracted with ether ( the extracts discarded ).
The alkaline solution was then acidified (6N HC1l),
extracted with ether (3 x 50 nl.), and the extracts

dried (Mg SO Renoval of the solvent and distillation

4)0
gave 5,25 g. (65%) of a colourless oil from which a
small amount of crystalline naterial separated. Recryst-

allisation of these crystals from benzene gave 0,35 g.




of colourless needles n.p. 137-140°, the infra-red

spectrum of which was superimposable on that of the

bicyclo acid (23) (m.p. 141-143°, mixed m.p. 136-140°).
This inpurity was 2lways encountered at this hydrolysis

but was seldon separated at this stage, the yield being

only 2-5%.,

The infra-red spectrum of the residual o0il showed

absorption at 3500-2700 cm. % (aeidic hydroxyl), 1745 cm,

(lactone), 1725, 1270 cm._l (carboxyl) and 830 cm.-l

(double bond). The lactone (76) was not separated at

this stage, and, in fact, slow distillation of the acid

~lactone nixture gave 2 product rich in lactone, the

1745 cn, "t

lactone absorption increasing in intensity
and the 1725 cm. T band decreasing in intensity. The
acid (18) did not give an accurate analysis due to the
small amounts of bicyclo acid (23) present.

1-Methyl-5-nethoxycarbonylcyclooct-l-ene (77).

Excess of a dry ethereal solution of diazomethane was
added dropwise to a solution of the acid (18) ( plus
lactone) in ether and the nixture allowed to stand at
roonm temperature for 16 hours. Renoval of the solvent
left a yellow oil transparent in the hydroxyl region
of the infra-red spectrun and showing absorption at
1745 cm.—l (lactone), 1725, 1260 cm.—l (carbonethoxyl)
and 825 cm, ~1 (double bond). Distillation gave 3.6 g.

(70%) of the ester (77) as a colourless, pleasant

100,
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smelling oil b,p. 69°/0,1 nm,, nf; 1.4750. (Found

C, 72,28% , H, 9,85%, C11H18O2 requires C, 72.49% ,
H, 9.96%).

1-Methyl-5-hydroxymethylcyclooct-l-ene (78)

A solution of the ester (77) (3.25 g.) in anhydrous
ether (20 nl.) was added dropwise to a stirred solution
of lithiun aluminiun hydride (2.1 g, ) in ether (50 ml. ).
The nixture was stirred and refluxed for 2 hours and
then stirred at roon temperature for a further 18 hours.
Excess lithiun aluniniun hydride was decomposed with
ethyl acetate and then saturated sodiun sulphate
golution. Sulphuric acid (6N) was added to dissolve the
slurry of salts, the ethereal layer separated and the
aqueous layer extracted with ether (2 x 30 ml.), The
extracts were dried (MgSO4) and the solvent removed

and distillation gave 2,16 g. (79%) of the alcohol (78)
as a colourless oil b,p. 104-106°/12 nn, , ng= 1,4938.
(Founa ¢, 77.67% , H, 11,39%. CioH180 requires

C, 77.86% , H, 11.76%). The infra-red spectrun showed
absorption at 3500 cm._1 (hydroxyl) and 830 cm.'l (cis
trisubstituted double bond).

Dehydration of the alcohol (78) with boric acid.

A nmixture of the alcohol (78) (0.38 g.) and boric acid
(0.14 g.) was heated slowly to 300° and held at that
tenperature for 40 nins., The cooled reaction nixture

was extracted with ether to give 0.18 g. of a yellow
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0il which was distilled to give a mixture of the olefins
(8) ana (79) as a colourless mobile 0il b,p. 175-185°,
(Found C, 88.24% , H, 11,07%. CioH1g Tequires

C, 88.16% , H, 11.84%). The infra-red spectrun showed
absorption at 3063, 1665, 814 cm.~l (exocyclic double
bond , £=43) and 3008, 1633 and 884 cm. 1 (cis tri-
substituted double bond , £=38). The isomer (8) of this
nixture is obviously the minor component. The proton
nagnetic resonance spectrum showed the protons of the
exocyclic double bond as a doublet at 5.2 and 5.3 .
Gas-liquid chronatography showed that these two conpon-
ents accounted for some 95% of the product, and indicated
60-75% of (79) and 25-40% of (8).
1-Methyl-5-acetoxynethylcyclooct-l-ene (80)

A nixture of the alcohol (78) (0.5 g.) and acetic
anhydride (2 nl.) in pyridine (5 ml.) was refluxed for
15 mins, The reaction mixture was poured on to ice,
extracted with ether (3 x 10 ml. ), the combined extracts
washed with acid (6N HCl), base (satd. NaHCO3) and

dried (MgSO4). Distillation then furnished 0.57 g&.
(90%) of the acetate (80) b.p. 135°/19 mm., ny= 1,4730.

| (Founa ¢, 73.35% , H, 10, 30%. C1oH,00, Tequires C,
73.43% , H, 10,27%)., The infra-red spectrun showed
ébsorption at 1740, 1270 cm.’l (acetoxy) and 832 cm.—l

(double bond).
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Pyrolysis of the acetate (80)

Pyrolysis at 480°/11 mn, proved totally unsuccessful,
the acetate being returned unchanged. Accordingly, the
acetate (80) (0.5 g.) was pyrolysed at 500-550° at
atnospheric pressure and in a slow stream of nitrogen
by passage through a 1 metre column packed with glass
helices, The product was collected in a ligquid air trap,
dissolved in ether, washed with saturated sodium bicarb-
onate solution and dried (MgSO4). Renmoval of the ether
and distillation gave 0.2 g, of a colourless oil, b,p.
136-1399, ny= 1,4700. The infra-red spectrum showed
absorption at 3060, 1660 and 890 cm._l (exocyelic double
bond), but there was also nultiple absorption in the
region 1200-900 cm.‘l which was not assigned. The
proton magnetic resonance spectrun was extremely complex
and was not assigned. Chromatography on grade 1 neutral
alumina was unsuccessful in purifying the conipounds of
this nixture.

1:1-Dihydroxymethylcyclohexane (90)

Condensation of l:5-dibromopentane with diethyl malonate
after the method described by Dox and Yoder 42 gave a
56% yield of 1l:l-diethoxycarbonylcyclohexane as A
colourless, mobile 0il, b.p. 124-128°/14 mm., ny= 1,4461,
Reduction of this ester in the same manner as was
described for the alcohol (78) gave an 84% yield of the

2
diol (90) as colourless needles (benzene) m.p. 95°. 9
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2-Benzylpropane-1l:3-diol (91)

Base catalysed condensation of diethyl malonate with
benzyl chloride J° gave a 58% yield of diethyl benzyl-
malonate as a colourless oil b.,p., 150- 153°/5 mm,.
Reduction of this ester with lithium aluminium hydride
( see preparation of the diol (90) ) gave a 75% yield
of 2-benzylpropane-l:3-diol (91) as colourless plates
m.p. 64° from carbon tetrachloride. (Found €, 71,90% ,
H, 8.57%. CioH149, Tequires C, 72.26% , H, 8.49%).

2-Piperonylpropane-1l:3-diol (92)

Crossed Cannizzaro reaction of piperonal with form-
aldehyde 44 gave an 87% yield of piperonyl alcohol as
colourless needles m.p. 58° (light petroleum b,p, 60-80°),
Treatment of this alcohol with hydrobromic acid?’ gave

a 95% yield of piperonyl bromide as long colourless
needles m,p. 49° (light petroleum b.p. 60-80°)., Cond-
ensation of this bromide with diethyl malonate 46 gave
diethyl 2-(3:4-methylenedioxy)-benzylmalonate as a
colourless o0il b.p. 130°/0.15 mm, (Found C, 61.45% ,

H, 6.07%. 31806 requires C, 61.21% , H, 6.174%).

C15
Reduction with lithium aluminium hydride then gave
2-piperonylpropane-1:3-diol (92) as colourless plates
m.p. 91-92° from carbon tetrachloride (67% yield).
(Pound ¢, 62,6% , H, 6.5%. Cq;H;,0, requires C,

62.842 , H, 6.71%. ).
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Attempted retro-Prins reactions.

The monotosylate esters of the diols (88), (89), (90), (91)
and (92) were prepared and treated under a variety of

conditions, but with no success.94

Treatment of l:l-diethoxycarbonyl-5-methylcyclooct-4-ene

(71) with lithium aluminium hydride.

A solution of the ester (71) (5 g.) in anhydrous ether
.(25-ml.) was added dropwlse over an hour to a stirred
golution of lithium aluminium hydride in ether (250 ml, ).
The mixture was refluxed for 16 hours and then worked up
in the usual manner to give an 0il which showed absorption
in the infra-red spectrum at 3400 c.m."1 (hydroxyl) and
at 1725 cm."l (ester). This oil was therefore retreated
with fresh lithium aluminium hydride for a further 24
hours, and the product in this case was a solid which
crystallised from benzene-light petroleum (b.p. 60-80°)
as large colourless plates, m.p., 134-136°, The infra-red

spectrum showed absorption at 3400, 1050 cm.'l

(hydroxyl)

and at 710 cm. ™t (cis disubstituted double bond). The
infra-red spectrum showed the characteristic fine

structure associated with the bicyclo-[ 3:3:1]-nonane
compounds, and was in fact superimposable on the spectrum

of the bicyclo diol (93). (Found C, 72.83% , H, 9.45%. (93)
C4Hyg0, requires C, 72.49% , H, 9.96%). The diol (93)

was prepared by reduction of the ester (6) with lithium

aluminium hydride in the usual wayl34 and crystallised




from ethyl acetate-petroleum ether (b,p. 60-80°) as
colourless needles m,p. over the range 110-140°,

1-Methylcyclooct-l-ene-5-carboxylic acid chloride (18 A)

A mixture of the acid (18) (4.7 g.) and oxalyl chlorigde
(4.8 ml, ) in anhydrous benzene (50 ml,) was allowed to
stand at room temperature overnight, Removal of the
solvent left a pale-yellow 0il whose infra-red spectrum
showed absorption at 1815 cm.—l ( acid chloride) and
1745 cm, Tt (lactone). This mixture of acid chloride
and lactone was not purified. |

1-Methyleyclooct-l-ene-5-carboxamide (94)

The acid chloride (18 A) (4.5 g.) was added dropwise over
15 mins, to 0.880 ammonia (25 ml.) held at 0°. The
mixture was stirred during the addition and for a
further 15 mins, after addition was complete. The
tacky so0lid was then filtered off, washed well with
water and then with petroleum ether (b.p. 60-80°) to
remove the lactone (76). The solid amide then cryst-
allised ag needle clusters from ethyl acetate, m.p.
174-175°, (Found c, 71.60% , H, 10.32% , N, 8.;8%.
C,oH17N0 requires ¢, 71.81% , H, 10.25% , N, 8,38%).
The infra-red spectrum showed absorption at 3300, 3150
em, ™t (N-H stretch), 1660 Qm.—l (amide carbonyl) and
820 cm.™1 (cis trisubstituted double bond).

The petroleum ether washings were dried (MgSO4)

and the solvent removed., Distillation then gave the

106.
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lactone (76) as a colourless mobile oil, b.p. 66°/0.5 mm,
and n,= 1,4770. (Found C, 71.53% , H, 8:99%. C10H; g0
requires C, 71.39% , H, 9.59%). The infra-red spectrum
showed absorption at 1745 cm.'l (lactone).

The yield of amide in the above preparation was 3.73 g.
(80%) and of lactone was 0,45 g. (10%, yields based on
the acid (18) ).

1-Methylcyclooct-l-ene-5-N-methylcarboxamide (95)

The acid chloride (18 A) (4.4 g.) was added to a stirred,
ice-cold, aqueous solution of methylamine (25% methylamine,
15 ml. ). After stirring the mixture for 15 mins. the
product was extracted with ether (3 x 15 ml, ) and the
extracts dried (MgSO4). Removal of the solvent left a
brown 0il which would not crystallise and whose infra-

red spectrum showed absorption at 3300 em, % (N-H stretch)

1 (lactone) 1650 cm,_l(amide carbonyl) and

(1745 cm.”
825 cm, ~1 (double bond). Distillation gave 0.41 g, of
the lactone (76) b.p. 76-78°/1 mm, and 3.03 g. of the
N-methylamide (95) as a colourless oil b.p. 138-140°/1 mm,
which rapidly solidified. Crystallisation from

petroleum ether (b,p. 100-120°) gave the amide as
colourless needle clusters, m,p. 85-86°, (Found C,
72.81% , H, 10.65%, N, T.45%. C11H19NO rgquires c,
72.88% , H, 10. 57% , N, 7.73%).
1-Methylecyclooct-l-ene-5-N:N-dimethylcarboxamide (96)

The same procedure was used here as was used for the amide
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(95), the acid chloride (18 A) (7 g.) being added to a
33% aqueous solution of dimethylamine (25 ml.). The

same work up gave a yellow 0il whose infra-red spectrum

showed lactone absorption at 1745 cm, ~4

absorption at 1650 cm. ~l. Fractional distillation proved

and amide

unsuccessful as a method of separation, the two compounds
co-distilling over the range 70-90°/0,15 mm, Attempts

to separate the components by chromatography on grade 1
Woelm neutral alumina also proved unsuccessful, a

mixture of lactone and amide being eluted even with
petroleum ether (b.p. 40-60°). No further attempts were
made to separate these two compounds, and the lactone

Was easily separated at a later stage.

1-Methyl-5-aminomethylcyclooct-l-ene (97)

The amide (94) (2 g.) was suspended in anhydrous efher
(90 ml.) and lithium aluminium hydride (1 g.) was added
in small amounts over 30 mins., at such a rate as to
maintain a steady reflux. Addition completed, the
mixture was stirred and refluxed gently for a further
30 mins.. The flask was then cooled in an ice-bath and
excess reagent decomposed by the dropwise addition of

1 ml, of water, 1 ml. of 15% sodium hydroxide solution,
and 3 ml, of water in turn 95. After vigorous stirring
fbr 20 mins,, the granular precipitate was filtered off,
washed with warm ether and the ethereal solution dried

(MgSO4). Distillation then gave 1.36 g. (75%) of the
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amine (97) as a colourless oil b, p. 114-116°/22 mm, ,
ny= 1.4978. (Found C, 78,11% , H, 12.67% , N, 8.8%.
CioH1gN Tequires C, 78.35% , H, 12,50% , N, 9.14%).
The corresponding picrate derivative crystallised from
ethanol as yellow plates m,p. 189-190°. (Found C, 50.03% ,
H, 5.67% , N, 14, 42%, Cl6H22N4O7 requires C, 50, 26% ,
H, 5.80% , N, 14.65%).

The amine showed absorption in the infra-red spectrum
at 3400,3300 cm."1 (N-H stretch) and 823 cm.-l (cis tri-
substituted double bond).

1-Methyl-5-N-methylaminomethylcyclooct~l-ene (98)

Reduction of the secondary amide (95) in exactly the same
way as described .above for the amide (94) furnished the
secondary amine (98) in 56% yield as a colourless oil,
b.p. 96-99°/15 mm., (Found C, 79.27% , H, 12.44% , N,
8.12%, C{1H,qN requires C, 78.97% , H, 12.65% , N,
8.37%). The infra-red spectrum showed absorption at

3250 cm.'l (N-H stretch) and 820 cm.-l (double bond),

1-Methyl-5-N:N-dimethylaminomethylcyclooct-l-ene (99)

(1) By reduction of the tertiary amide (96). A solution

of 4.6 g. of the amide-lactone mixture (from preparation
of (96)) in 35 ml., of ether was added dropwise over 1
hour to a stirred suspension of lithium aluminium hydride
(1 g,) in ether (35 ml.). The mixture was then stirred
at room temperature for 24 hours and excess reagent

decomposed with ethyl acetate followed by saturated sodium




sulphate solution, The inorganic salts were filtered off
and the ethereal solution extracted with 6N sulphuric
acid (2 x 10 ml.). The inorganic salts were dissolved
in 6N sulphuric aeid (15 ml.) and the combined acigd
extracts made strongly basic with conc., sodium hydroxide
solution. The resulting gelatinous mixture was extracted
with ether ( 3 x 15 ml., ) and the extracts dried (KZCOB)'
Distillation then gave 3.5 g. of the tertiary amine (99)
as a colourless 0il b.p, 108-109°/14 mm,, n = 1.4760.
(Found C, 79.30% , H, 12.60% , N, 7.45%. CqpHy3N  reg-
uires C, 79.49% , H, 12.79% , N, 7.72%), The corres-
ponding picrate crystallised from ethanol as yellow
needles m,p. 123-124°, (Found C, 52.41% , H, 6,38% , N,
13.53%. C18H26N4O7 requires C, 52.67% , H, 6.39% , N,
13,65%).

The infra-red spectrum showed strong absorption at
2720 cm. "t (N-methyl groups) and 820 em, "t (double bond).,

(ii) By methylation of the primary amine (97) Technical

98% formic acid (2.714 g.) was added dropwise to the amine
(97) (1.772 g.) held at 0°, Formaldehyde (2.774 g. of

37% aqueous solution) was added and the mixture heated on

the steam bath for 16 hours, Conc, hydrochloric acid was

added to the cooled reaction mixture and water and excess

formic acid removed by distillation under reduced pressure,

The viscous residue was made strongly alkaline with 10%

sodium hydroxide sclution and the product isolated by

110.
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steam distillation and ether extraction of the distill-
ate. Distillation then gave 1.56 g. (75%) of the

tertiary amine as a colourless oil b, p. 102-105°/15 mm, ,
1
).

20

my= 1.4762. (U ye = 2720 cm.”

(1ii) By methylation of the secondary amine (98). The

procedure here was exactly as for the primary amine (97)
in (ii) above, and gave an 80% yield of the tertiary
amine (99) as a colourless oil b.p. 100-103°/14 mm.,

ﬁ:: 1.4769., (n.b, only 1 mole of formaldehyde used).

The N-oxide (100)

A solution of the amine (99) (1 g.) in methanol (2 ml, )
was cooled to 0° and 2 g. of 3%% hydrogen peroxide
added over 20 mins, The solution was then allowed to
stand at room tempcroture for 48 hours., Adams’ catalyst
(PtOz) was added and the mixture stirred at room temp-
erature for 24 hours. The solution was filtered free

of platinum oxides and the solvents removed by distill-
ation under reduced pressure from a water bath held at
350, The resicual yellow oil was not purified further,
The picrate derivative of the aminec oxide crystallised
from etheanol as brillisnt yellow nsedles m,p. 115-116°,
( Found ¢, 50.66% , H, 6.18% , N, 13, 22%, Cl8H26N408
roquires €, 50.70% , H, 6.15% , N, 13.14%).

The yield in 1he azove preparation was 0.94 g. , and
this prccoduré wes found to be superior to the other

general method (agueous solution) 48 in which 1 g. of
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amine gave 0.77 g. of the amine oxide.

1-Methyl-5-methylenecyclooct-l-ene (8)

The amine oxide (100) (0,9 g.) was placed in a 10 ml.
flask, 1 ml, of water added and the flask packed with
glass wool. This was connected to two traps in series,
each cooled to -5,-10° and the system evacuated (15 mm, ).
The flask was immersed in an oil bath which was heated
slowly to 100° and then to 160° over a further 30 mins.
Pyrolysis proceeded rapidly at 120-160° and, when complete,
the traps were washed out with ether. The ethereal
sélution was washed with 2N sulphuric acid (10 ml.) and
dried (MgSO4). Distillation then gave 0.435 g. (58%) of
the bis-olefin (8) as a colourless, volatile oil, b,p.
138-140°, ny= 1.4822,

The infra-red spectrum showed absorption at 3064,
1639 and 890 cm.'l (exocyclic double bond, 5890 = 186,
Aﬂi==7 cm.—l) and at 3032, 1668 and 822 cm._1 (cis tri-
substituted double bond, Egop = 70, A% = 11 om. ™). The
proton magnetic resonance spectrum showed the single
vinyl proton as a multiplet centered at 4.65 7 and the
two pfotons of the exocyclic double bond as a doublet at
5;28 and 5.31 1. The eight allylic protons (excluding
the methyl group) showed as a multiplet at 7.84-8.1 v,
while the methyl group group was a doublet at 8.31 and
8.34 . Only two protons are of the cyclohexanone type

N
and these appeared as a broad unresolved band at 8.25-8.6 I,
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7-Ketooctane-l:3-dicarboxylic acid (101)

Atvteroted oxidation of the acid (18) under the condit-
iciis described by Rudoff 51 proved unsuccessful, and

the acld was recovered unchenged, The acid (18) (0.552
g.) was therefore dissolved in chloroform, the solution
cooled to -70° and ozone passed through until a starch-
iodide test for excess ozone proved positive. The
mixture was allowed to come to room temperature, 3 ml,

of 30% hydrogen peroxide in 4 ml, of acetic acid was
added, and the mixture stirred on the steam bath for 1
hour., The mixture was diluted with water, excess peroxide
destroy~? with furrc-s sulphate, and the product extracted
with ether (4 x 40 ml, ). Removal of the solvent and
distillation gave T-ketooctane-l:3-dicarboxylic acid (101)
(0,437 g.) as a viscous colourless oil b,p. 138-140°/0.3
mm, , n,= 1,4432, (Found C, 55.42% , H, 7.22%.

c requires C, 55.54% , H, 7.46%). The infra-

101675
red spectrum was very diffuse and showed the acidic

hydroxyl as a broad band at 3400--2700 cm."l

On standing
this acid went partly solid, but melted above 159,

1:1:3-Triethorveartonylpronane (102)

Condensation of diethyl malonate with cthyl B-chloro-
propionate as described by Ruzicka et al, 53 gave a 70%
yield of the triester (102) as a colourless oil b, p.
163-164°/16 ma, , nzz 1. 4350.

a~Acetobutyrolactone (105) Treatment of Y-butyro-
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lactone after the method of Reppe 24 with ethyl acetate
gave a 15% yield of a-acetobutyrolactone (105) as a
colourless oil b,p., 131-132°/15 mm, , n = 1,4565.
5-Bromopentan-2-one (103)

Treatment of a-acetobutyrolactone with hydrobromic acid
according to the literature procedure 25 gave o 36% yield
of 5-bromopentan-2-one (103) as a coloufless oil b.p.
80-82°/21 mm., n = 1,4560., This compound decomposed
rapldly to a black o0il which smelled strongly of

hydrogen bromide.

Attempted preparation of 1l:3:3-triethoxycarbonyl-7-
ketooctane, (104) |

5-bromopentan-2-one (1 g, ) was added dropwise to a
solution of 'sodio ¢ .1t of (102) . (from 0,138 g, of
godium dissolved in 2,1 ml. of anhydrous ether, followed
by 3.12 g. of (102) ) held at 60°, The mixture was
refluxed for 2 hours, then diluted with water and
extracted with ether (3 x 10 ml,). Distillation gave
0.509 g. of a volatile liquid b.p. 101-107?, n = 1,4077
and 1,4 g of a colourless oil b,p. 160-162°/15 mm, ,

n = 1,.4354. The higher boiling fraction was identified
(infra-red spectra) as unchanged triester (102), and the
lower boiling fraction as cyclopropylmethyl ketone (107),
(infra-red absorption at 1700 cm. "1 (ketone) and 1015 em, L

(cyclopropyl group) ). A sample of genuine cyclopropyl-




methylketone showed identical absorption in the infra-
red spectrum and the two spectra were superimposable.

The 2:4-dinitrophenylhydrazone of the by-product was
prepared in the usual way and crystallised from methanol-
ethyl acetéte as dark red needles mp. 148-151°, A

sample of genuine 2:4-dinitrophenylhydrazone was

prepared and had m.p. 148-150°, mixed m.p. with the

above derivative 148-150°,

5-Chloropentan~2-one (109)

Treatment of acetoacetic ester with ethylene oxide 57
gave a 64% yield of a-acetobutyrolactone (10%5), b.p.
129-130°/15 mm., ry= 1.4560. Distillation of this
compound from hydrochloric acid gave a 65% yield of
5-chloropentan-2-one as a colourless oil b,p. 63-64°/
15 mm, , ﬁ§= 1.4383. 58 On standing for a few weeks,
this compound decomposes to a brown oil and smells of
hydrogen chloride,

A number of attempts were made to condense this
chloroketone with the triester (102), but in each case
the products of reaction were cyclopropylmethylketone
and the unchanged ester (102),

Pent-4-yn-1-o1 (111)

Treatment of tetrahydrofurfuryl chloride with sodamide
according to the literature procedure gave an483% yield
of pent-4-yn-l-ol as a colourless mobile oil b.p. 60°/

-1
15 mm, , my= 1.4447.%0 (0 ., = 2090 om.TO).

115
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5-Bromopent-l-yne (113)

Treatmeqf.%f pent-4-yn-l1-ol with p-toluenesulphonyl

chloride in pyridine gave a 67% yield of the‘corresp—

ohdihg tosylate (112) ester61; Distillation of this

. ester from 2-(2-ethoxyethoxy)-ethanol containiﬁg

calcium bromide gave a 52% yield of 5-bromopent-l-yne
(113) as a colourless 0il b,p., 130-131° ., n:= 1.464.1.61

(D, _gy= 3250 cm. 1),

1:3:3-Triethoxycarbonyloct-7-yne (114)

The triesterv(102) (6.92 g.) was added to a solution

of sodium (0.62 g.) in ethanol (25 ml.) and the mixture
heated to 40°, 5-Bromopent-l-yne (3.9 g.) was added
dropwise over 20 mins, to the stirred mixture and the
whole refluxed for 2 hours. -The mixture was diluted
with water, extracted with ether (3 x 30 ml.,) and the
extracts dried (MgS0O,). Distillation gave 5.5 g. (65%)
of the ester (114) as a colorless oil b,p. 154-155°/
0.9 mm, , no= 1.4530. (Found C, 62.24% , H, 7.92%.
017H2606 requires C, 62.56% , H, 8.03%). The infra-
red spectrum showed absorption at 3250 cm, 7t (acetylenic
hydrogen) and 1730 cm.-1 (ester),
1:3:3-Triethoxycarbonyl-T-ketooctane (104)

A solution of the ester (114) (3.6 g.) in methanol (10 ml,)
was added slowly to a catalyst mixture prepared by
warming together red mercuric oxide (0.5 g.), boron

trifluoride etherate complex (0.2 ml,), trichloro-



















































