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Sunmary

The reaction of cycloheptatriene with acyl halides in the presence
of a Lewis-acid catalyst has been studied. In particular reaction of
benzoyl fluoride and boron trifluoride in methylene chloride, benzoyl-
fluoride and borontrifluoride in liquid - 502 and a series of acyl chlorides
and aluninium chloride in methylene chloride, with cycloheptatriene gave
tropylium salts in up to 30% yield, without the simultaneous formation of
an aldehyde. Thus a process other than direct hydride-ion transfer to the
electrophilic acyliun species was responsible for the formation of the
tropylium salts. A mechanism nas been proposed for these reactions.

Additional products have been isolated from the above reactions and
by slight variations in the reaction conditions either 1-acylcyloheptatrienes
or substituted deoxybenzoins have been prepared. This method is more
convenient than any other preparations of acylcycloheptatrienes, and the
reaction also provides the first example of the introduction of an
electrophilic species into the cycloheptatriene w-electron systen.

Normally in such reactions only extensive polymerisation and low yields
of tropylium salts are recorded.

The preparation of substi tuted deoxybenzoins is also of
synthetic importance, isowmerically pure products being conveniently
obtained. The normal synthesis, i.e. by Friedel-Crafts acylation of the
subgtituted benzene with phenyl acetyl chleoride, leads to mixed products,
depending upon the orientating effects of the substituent on the benzene
ring.

The identification of a chloro-ketone intermediate allowed a
coherent mechanism for the formation of both series of compounds to be

postulated. The evidence supporting this mechanisn is discussed in detail.



The ready synthesis of 1-benzoylcycloheptatriene by these
reactions made possible an investigation of the properties of this compound.
Thermolysis of 1-benzoylcycloheptatriene gave deoxybenzoin. Photolysis,
provided a convenient synthesis of 2-benzoylcycloheptatriene by a highly
specific 1,7 hydrogen shift and hydride-ion transfer to trityl fluoroborate
gave the novel benzoyltropylium fluoroborate. The characterisation of

this compound by spectroscopic and chemical techniques, is described.
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I Introduction

Tropilidene,1 prepared initially by a degradation of the
‘alkaloid atropin92’3 was subjected to a thorough investigation by
Willstatter. He synthesised tropilidene by an unambiguous route from

cyﬂnheptanone,4

leading him to propose cycloheptatriene I as the correct
structure. However this synthesis does not exclude the valence

tautomeric bicycloheptadienes II & III.

. A 5
2 5 o # [f’ﬁéi\____
2
: g X | |
H,
(1) (11) (111)

Evidence for the existence of the bicyclo E§.1£ﬂ hepta~2, 4-
diene (norcaradiene) structure IT had already been described by Buchner.
Analysing the products formed from the thermal decomposition of diazo-
acetic ester in benzene, he found a mixture of esters ("Buchner esters")
that appeared to contain the ester IV a norcaradiene derivative, as well

as the esters of three isomeric cycloheptatriene carboxylic acids, V- VII.

’COOEt

i cooet /
COOEt \ /
COOEt
i, H, i,

(1v) (v) (vI) (vi1)

Thus early views were that both the norcaradiene and the
cycloheptatriene ring systems existed and that neither appeared to show

any tendency to change spontaneously to the other.



This view was accepted until 1950 when Doering'6 showed that the
photolysis of diazomethane in benzene gave only cycloheptatriene I
whereas norcaradiene II was the expected product. Doering also
repeated Buchner's experiments and found that all Buchner's esters were

isomeric cycloheptatriene esters.T

Thus the existence of the
norcaradiene ring system was discredited.
Chemical reactions of tropilidene proved confusing.

Hydrogenation: gave cycloheptane,8 but many reactions involved the

bicyclic form. Thus Diels-Alder reactions gave tricyclic adducta.9
Nuclear magnetic resonance (n.m.r.) examinations of tropilidene
showed that it existed mainly as the monocyclic cycloheptatriene, and

the separation of the methylene protons at -140° 910

was interpreted as
evidence for a non-planar "boat" conformation which undergoes rapid ring

inversion at normal temperatures :-

No direct evidence has so far been found for the existence of
& small amount of norcaradiene in equilibrium with the cycloheptatriene.
A similar situation existed for cyclooctatetraene VIII and
'bicycflo [__4,2,0] octa-2,4,7 triene IX. Diels-Alder reactions of
cyclooctatetraene gave adducts derived from the bicyclic tautomer IX.
Kinetic measurements (with a dilatometer) on such reactions with
dienophiles of widely differing activity, e.g. maleic anhydride and

tetracyanoethylene, can only be interpreted by postulating the prior



formation of a small amount of the bicyclic tautomer IX in equilibrium

1
with the cyclooctatetraene : VIII :=-

F e S —. )
T

0 E 81

(vIiI) (1x)

This verifies the existence of the valence tautomeric
equilibrium shown. However attempts to apply this methed to
tropilidene have failed to demonstrate the existence of the
norcaradiene tautomer.

Norcaradienc derivatives have been prepared using special
expedients, such as the inclusion of one of the two double bonds of the
norcaradiene in an aromatic ring system or by bridging of carbon atoms
{1 and 6 with an additionel ring. For example decomposition of

13 4

1
diazoacetic ester in naphthalene “ gave X, and Vogel ° synthesised the

hydrocarbon XI.

COOR

g (x) (xx)

7,7-Dicyano norcaradiene XII was the first simple norecaradiene

15,16

to be synthesised, whereas the similar 7,7-bis (trifluoromethyl)

coﬁpound XIII existed entirely in the cycloheptatriens form.



CN CF

(x1I1) (X111)

It was not surprising therefore when a temperature dependence

1
n.m.r. study of the T-cyano-7-trifluoromethyl 7 conpound showed the

existence of a valence tautomeric equilibrium between T-cyano-T7-

trifluoronethylcycloheptatriene XIV and the T-cyano=7-trifluoronethyl

norcaradiene XV.

CN
—-_—

3 CF

(X1V) (xv)

Other simple norcaradiene systems have recently been prepared.

1
They include the 2,5,7~triphenyl norcaradiene 3 XVI and the 7,7-
spironorcaradienes XVII19 and XV11120

n
Ph . = CHy
i N s
Ph
(xvI) (XVII) (XVIII)

The factors affecting stability of the norcaradiene ring
systen are, as yet, not fully understood. Ciganek16 has advanced two
possible explanations :-

i)

Stabilisation of the norcaradiene via formation of an intra-

molecular charge-transfer or g-conplex between one cyano group and the



planar diene system.16 Unfortunately u.v. spectra give no indication
of a charge-transfer band although the large dipole moment16 nay well
be evidence for a charge-transfer complex.

(ii) A large external angle at Co (L CN-C-CN in XII), and hence a
small "contra" angle favours the cyclopropane ring. This explains the
stability of the norcaradiene system in 7,7-dicyanonorcaradiene XII,
the spironorcaradienes XVII, and XVIII, and the stability of the

cycloheptatriene ring system in the spirononatriene XIX.21

(X1X)

However it does not explain the stability of the triphenyl
norcaradiene XVI.

A third explanation which has not been considered to date, is
the stapilisation of the cyelepropane ring by the formation of a charge-
transfer complex between the p-orbitals of the ring and correctly
orientated p-orbitals of a m-electron system at the T-position.
A sinmilar explanation has been advanced to account for the ability

22,23 This

of a cyclopropropyl group to stabilise carbmium ions.
hypothesis accounts for the stability of the known norcaradienes
including the 2,5,7-triphenyl norcaradiene XVI. The role of the 2 and
> phenyl groups is presumably to give the 7-phenyl group the correct
orientation for overlap with the cyclopropyl ring. As with (i) there
is no conclusive evidence for the existence of any charge-transfer
conplex.

Possibly the synthesis of T-phenyl cycloheptatrienes with
bulky g:.;oups, R, at the 2 and 5 positions may help to distinguish between

the above explanations.



H Ph

By analogy with the T7-cyano-T-trifluoro methyl compound it is
now accepted that tropilidene exists in such a valence-tautoneric

equilibrium, with the equilibrium concentration of norcaradiene being,

——————
H, — Hp

(1) (11)

as yet, undetectable,

This is the only reasonable explanation of the diversity of
the chemical reactions of the compound. "Tropilidene" will therefore
be replaced by the name "cycloheptatriene" in the remainder of the
dissertation.

The najor topic of this study is the reaction of cycloheptatriene
with acyl halides in the presence of Lewis-acid catalysts. Reactions
of cycloheptatriene with a wide range of electrophilic reagents have
been described in the literature, tropylium salts usually being
isolated in yields varying from 20% to 100%. %

Cycloheptatriene is an efficient hydride-ion donor and such a
transfer to the potential carbonium ion centre in these reagents is
generally accepted as accounting for the tropylium ion formation.

This hypothesis has been tested for the following systems :-

a) benzoyl fluoride with boron trifluoride in nethylene chloride.

b) benzoyl fluoride with boron-trifluoride in liquid S0,.

* Por a nore detailed discussion, with references, see Chapter II.



c) benzoyl chloride with aluminiunm chloride in pethylene chloride

d) mnesitoyl chloride with aluniniun chloride in methylene chloride.

In each case the appropriate tropyliun salt was isolated in
about 30% yield, so if it had been formed by direcct hydride-ion
transfer the corresponding aldehyde XX nust also have been formed :-

CHg + reot —"“—')C.?H.;' + RCHO

(xx)

This is conveniently checked by obtaining an n.m.r. spectrun
of the reaction solution, any aldehydic signal showingat ¢ O

The experinents perforued with these systems clearly show the
" absence of any aldehyde signals. Thus it was concluded that the
tropyliun ion is formed by a route other than direct hydride-ion
transfer. A possible alternative is discussed in sorne detail.

The synthetic possibilities of the reaction were also explored
and by variation of the reaction conditions it was possible to obtain
either substituted deoxybenzoins or l-acylcycloheptatrienes in up
b 42% yield.

A range of acyleycloheptatrienes and substituted deoxybénzoins
prepared by this nethod cre described. The characterisation of these
compounds, by i.r., n.n.r, and n.s. is discussed in detail.

Isolation of an internediate chloro-ketone in the synthesis
.of 1-=benzoylcycloheptatriene allowed a reasonable mechonisn to be
postulated., Consideration of the stereochenistry of this conpound,
by analysis of the n.n.r. spectrum allowed & reascnable explanation to
be given for the formation of both series of compounds.

The ready availability of 1-benzoylcycloheptatriene from
this reaction made possible the study of typical reactions of this

'compound.



II Hydride-ion-transfer Reactions

. Introduction

The hydride-ion transfer reaction24'

e3 involves the transfer
of a hydrogen atom with its pair of electrons from one carbon atom to
ano ther. The carbon accepting this hydride-ion must have an actual
or potential open sextet of electrons. For example, the triphenyl

nmethyl (trityl) carboniun ion, PhC * or a carbonyl group in acid

solution.
%0 e B e 0o R

Hydride-ion transfers involve polar transition states and
are promoted by polar solvents,
Cycloheptatriene is an efficient hydride-ion donor and in the

presence of acceptors is readily converted to the tropylium ion.26

Thus trityl fluorohorate?7

in polar solvents, converts cyclo-
heptatriene I to tropyliun fluoroborate, XXI in almost quantitative
yield.
+ - + -
CTHB + PhBC BF4_ —— CTHT BF4 + Ph3CH

(1) (Xx1)

The isolation of an equivalent amount of triphenyl nethane
shows that direct hydride-ion transfer has taken place.
Boron bromid928 XXII also gives tropylium salts with

cycloheptatriene, (See Figs. I and II).



Figure 1. Reaction of Cycloheptatriene and Boron Bromide.

C.Hg + BBT5 L ‘
a
BBr..~
Hy

3
(1) (Xx11) (XX1II)
Cqollg
}47
gyt el e
BBr4“ + e BBr3- + Coll,
I, 2 H,
(ZX1)

Figure II. Reaction of Cycloheptatriene with Boron Bromide.

+ -
C'?HB + B]:‘ir3 e C'TH'? BBr3H
(1) (xx11)
- - + -
C..‘,H7 BBrsH - BBr.j ety C.?H,7 BBr4 -+ BBrZH.

(xx1)



As HBBré readily dissociates it was nore difficult in this instance

29

to show that hydride-ion-transfer had teken place. Kursanov -~ studied
this.éystem end found that by adding water to the reaction mixture
nolecular hydrogen was obtained in yields up to 40%. The evolution

of hydrogen indicated direct hydride-ion-nbstraction (see Fig. II).

The HBBr, , formed by disproportionation of the BBr5ll ~ anion, was

deconiposed by water :=

BBr I + 31{20 —> [

> BO3 + 20Br + Hz.

3

Harmon et. al, considered both hydride-ion-transfer and
addition to the triene system, pcinting out that fornation of the
cycloheptadiCnyl carboniun ion XXIII would cause extensive
polymerisation. In view of the high yield and clean nature of the
product, these workers concluded that the direct hydride-ion-transfer
was the rnore likely mechanism.,In later work the recaction was extended
to the synthesis tropyliun chloro-30 and iodoborates.31

The fornmation of tropyliun salts from cycloheptatriene and

t-butyl chloride in the presence of Lewis-acid catalysts (‘-112016, BC1
32,33

3!

Fe2016, SnCls) has been described, A halide-hydride exchange

nechanisn was postulated H

CHy + Hly——> c7n7+ BHCl3-
(1)

+ - + -
C7H7 BHCl3 - tBuCl-—-—;'-C?H7 BCI4 + t-Bull.

The detection of t-butane was not reported, although this

would provide a ready test of the above hypothesis. .
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s Reaction of Cycloheptatriene with the Benzoyl Flunoride -

Boron Trifluoride Conplex in Methylene Chloride. (expt. 3).

34

Seel,” " in 1943, reported the isolation of the first stable,

well-identified, oxocerboniun salt, a 1:1 addition-complex of acetyl

01&}135’ 36

fluoride and boron triflucride. has since nade a wide

range of such compounds, and has used infra-red (i.r.) and nuclear magnetic
resonance (n.n.r.) techniques to deternine the precise structure of

the products. He used two methods to synthesise these_conpounds,

nenely the"Silver Salt Method" and the "Fluoride Method". Attenpts

using the "silver salt method" were limited by'difficulties encountered

in the synthesis of anhydrous silver tetrafluoroborate. Hydration of
the silver tetrafluoroborate decreased solubility and reactions using

this nethod to produce the oxocarboniun salt gave poor yields of

tropyliun fluoroborate.

N L
+ - REOCY. =—#=r=F AgCl  + RCO EBF

AgHP 4

4

(xx1IV) (xxVv) (xxvr) (XxviI)

Thus the "fluoride nethod" was enployed, despite having to use
the less convenient acyl fluorides.

The ecyl fluoride-boron trifluoride corplex exists either as
a highly polar, covalent donor-acceptor conplex XXXIIA or as a

carboniun ion XXVII B :=-

+ -
R - €0 —— BFy RCO™  BF,
F
(XxvII 4) (xxvII B)

The precise naturc of the adduct varies with the conditions under

which it is studied.
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The coupounds deccrpose a2t roon tenperature and are highly
reactive even at low tenperatures. It was hoped they would be
efficient hydride-ion acceptors at low teoperaturcs and to test this
efficiency, benzoyl oxocarboniun flucrcborate was treated with
cycloheptatriene,

Benzoyl oxocarboniun fluoroborate XXIX was prepared by the
addition of boron fluoride XXVIII to 2 solution of benzoyl fluoride XXX
in nethylene chloride at -60°.

Conparison of the position and shape of the aromatic ring

protons, with those of sinilar conmplexes described by Olah35

clearly
showed the conplex to exist as the donor-acceptor complex XXVII. Addition o
cycloheptatriene I to the sclution gave tropyliun fluoroborate XVI in 30

yield. If this is formed by direct hydride-ion traonsfer, an equivalent

enount of benzaldehyde XXXI nust be formed :-

CEHsCOF  +  BFy ——-'-530-9, Cgll5COBF, .
(xxx) (xxvii) (xx1x)
-60° e =
CgHsCOBF,. + Cqlly ————= C/l, BF, + CgHCIo
(xx1x) (1) (xv1) (xxx1)

The aldehydic proton resonance occurs at about ¢ 0.0 naking n.m.r,
spectroscopy a sensitive nethod of detecting benzaldehyde. Exanination
of the reaction filtrate revezled no aldehydic resonance, however, there
was an acidic resonance at low fieald (presumably benzoic acid from
hydrolysis of the benzoyl fluoride). Further, benzaldehyde added to
the reaction nixture rapidly deconpesed to benzoic ocid, hence it could
not be concluded that benzaldehyde was fornecd.

Exanination of the n.m.r. spectrun of the rcaction filtrate at

0 : i =
-60", revealed no aldehydic and no acidic resonance. Presunably at this
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tenperature benzoyl fluoride is not hydrolysed to benzoic acid,
However a signal at Tt 0.8 shows that tropyliun fluoroborate is

formed so it is reasonable to assume that the tropylium fluoroborate

had not been produced by a direct hydride-ion transfer.
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4 Reaction of Cvclohentatriene with Benzoyl Fluoride - Boren

Trifluoride Complax in Licuid S02 (expt. 4)e

Exanination of the n.m.r. spectrum of a solution of the benzoyl
fluoride-boron trifluoride complex at -60° in 1iquid S02,revealed that
it was present as the oxocarbonium ion XXVII B, . Hydride-ion transfer
reactions are promoted by ionic reactants so it was decided to try to
detect benzaldehyde in the reaction of this complex with cycloheptatriene,
The n.m.r. spectrum of the reaction filtrate at -50° showed
no evidence for benzaldehyde although working-up the residue obtained
after evaporating off the 502, gave tropylium fluorcborate in 307 yield.
So again it must be concluded that the tropylium fluoroborate is not

formed by & direct hydride-ion-trensier.
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4. Reaction of Cycloheptatriene with Acyl Chlorides in the

Presence of fluniniun Chloride (expts. 6, 7, 22).

The reactions of cycloheptatriene and the benzoyl fluoride-bcron
trifluoride conplex, show that uttack of the electrophilic species on the
tricne systen28 (Fig. 1) is preferre& to the expected hydride~-ion-transfer.
The transition state for hydride—iop—transfer is less crowded than the
addition traonsition state, thus it is possible that in reactions with
sterically hindered acyl halides, hydride-icn-transfer may predoninate.

It was proposed to study a series of 2,4,6 tri-substituted benzoyl hzlides,
nanely the 2,4,6-tricethyl (nesitoyl) XxXIII and 2,4,6-triphenyl XXXIV -

conpounds :=

CH

3 Ph
CH COX Ph COX
B | Ph
(xxx1I1I) (xxxIv)

These acyl chlorides are more readily available than the
corresponding acyl fluorides, and since prelinminary experinments showed
that the benzoyl chlorido/AlCl3 systen gave the same results as the benzoyl
fluoridq/EF3 systen it was decided to use the chloride derivatives.
This had other advantages, the greater stability of the acyl chloride to
hydrolysis allowed the n.n.r. spectra to be run at nornal probe
tenperatures without interference from benzoic acid formation.

Unfortunately attenpts to prepere the 2,4,6-triphenyl benzoyl chloride

from the acid gave only diphenylfluorenone as previously recordedj?.

Despite this, the failure to detect any aldehydic signal with the
reaction of either benzoyl or nesitoyl chlorides with cycloheptatriene
(expts. 6 & 7) shows that direct hydride-ion-transfer does not take

place in the systens studied.
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5. The Formation of the Tropylium Ion.

Fig. III sunnarises the possible reactions of an electrophilic

species with cy010heptatriene.38

The evidence presented in this
chapter conclusively rules out a direct hydride-ion~transfer, and
electrophilic attack at the triene systen is the nost reasonable
alternative.

The preceding discussion has considered the formation of the
tropyliun ion only, however other products have been isolated from these
reactions, nanely desoxybenzoin and an uncharacterised polymeric
naterial.

The synthetic possibilities of the reaction, and a detailed
nechanistic study of the formation of these other products are considered
in later chapters of this dissertation, meanwhile any overall reaction
schene nust consider the formation of these other products.

In Fig. ITI the attacking species is assumed, for sinplicity to
be an acyliun ion, as its nature does not appear to affect the course of
the reaction. The addition of the acyliun ion XXXV to cycloheptatriene
I gives a cycloheptadienyl carbonium ion XXXVI, which nay react in two
ways. Firstly, addition of further molecules of cycloheptatriene gives
a polymeric carbonium ion R+, which in the chain ternination step accepts
@ hydride-ion fron cycloheptatriene to give a neutral polymer RH and the
tropyliun ion XVI. Or secondly, XXXVI nay réarrange to deoxybenzoin,

the details of which are discussed in Chapter V.
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Figure III _Formation of the Tropylium Ion.

Collg + Prneo’t
(1) (xxxV)
Phﬁ +
0 Hy
-H and J/ :
nC-,H
rearrangement z/// (XxxvI) 8
*® ot
PhCOCH,Ph R
(XXXVII) C.H

(XXXVIII) (xv1)

* R+ represents a polymeric carbonium ion, formed from

n cycloheptatriene molecules.
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Clearly, dilution of the reaction solution will favour the
fornation of deoxybenzoin at the expense of the polyrerisation and
formation of tropyliun fluoroborate. To test the proposed schene the
reaction was repeated at varying dilutions and the yields of the products
noted. The results, sunnarised in Table I, clearly support the

proposed schene.

Table I.

Product yields, frorn the Reaction of Cycloheptatriene and

Benzoyl Fluoride-Boron Trifluoride at Varying Dilutions.

Reactants 0.1 nole Products, yields g.
Benzoyl fluoride ! Cycloheptatriene
in x nol. CECL, | in x ml. CH,CL, 07117”133 4 | Deoxybenzoin| Polymer
100 - 4.0 1 01 4.0
250 100 1.5 2.9 5:5
50 250 0.7 5al 145
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I1T Synthesis of Deoxybenzoin Derivatives

The reaction of cycloheptatriene with acyl halides in the presence
of Lewis-acid catalysts to give tropylium fluoroborate, was described in
Chapter II. Removal of solvent from the reaction filtrate followed by
. vacuun distillation gave deoxybenzoin in low yield (identified by
pnixed-nelting point, infra-red and nuclear magnetic resonance spectra
identical with the spectra of an authentic sanple). The yield of
deoxybenzoin was inproved considerably by using the benzoyl chloride-
aluniniun chloride systen and adding the cycloheptatriene at 00.

Using this reaction a wide range of deoxybenzoin derivatives
were prepared. These conpounds together with their properties are
sunnarised in Table II. They were identified mainly by their
characteristic nagnetic resonance (n.n.r.) spectra. Two singlets
doninate the spectra, t 2.8 ¥ 0.05 p.p.o. (Ph CH2) and 6.0 £ 0.3 p.p.o
(CO—QEE—Ph), naking identification of these conpounds straightforward.
(For further details of the n.nm.r. spectra see /ppendix I No, 1 and
Table IX Chapter VII).

These compounds would usually be prepared by Friedel-Crafts

acylation of the substituted benzene with phenyl acetyl chloride39 e

AlClz
+ PhCH20001 "'COCHZEB

Thus the product will depend upon the directing effects of the
substituent X. Inevitably nmixtures of the isonmeric deoxybenzoins will

be forred. The nethod described above gives one product only and
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hence is inportent despite the relatively low yields invelved.

Far nore interesting than these synthetic possibiliities, is the
addition of the acyliun species to the triene ring systen, which
subsequently rearranges. & large anount of the study consists of
investigating the mechanisn of this addition and the reactions of the
internediate so for:ed.40

Sinilar reactions have been reported in the literature but no-one

has reported the isoclation of substituted products. Presunably such

products have been formed in low yields and have not been detected.

Table II

Properties of Deoxybenzoin Derivatives.

Conpound n.pt. c/n | Experirent
| -

No.

neasured theoretical

Ch HE| b B

deoxybenzoin 54-55° B&.1 '6.1] B5.8 6.2 6
benzyl mesityl ketone b.p. 167-180°/ * 7
6 n.o.

benzyl 1-naphthyl ketone |64.5—66° 88.2 5.9 879 5.9 8
benzyl 2-naphthyl ketone i BT« 5.61, BY.9 » 5.7 9
benzyl p-bromophenyl
ketone 112-114° 61,5 4.2| 61.2 4.0 1o
benzyl cinnemyl ketone 65-67° 86.5 6.4] 86,5 6.4] 11

benzyl p-methoxyphenyl

ketone 75-76° 9.1 61l .7 "6.2)1 12
benzyl methyl ketone b.p. 91-95/ * 13
10 ﬁ.m.

* Peak natching of parent ion only, see experinental section,
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IV  Synthesis of l-icvlcycloheptatrienes.

1. Alternative Routes to ldcylcycloheptatrienes.

Substituted cycloheptatrienes are readily prepared by the action
of nucleophiles (X~) upon tropylium salts, the T-substituted

cycloheptatriene XXXIX being formed :-

+ -
C7H7 FX ey <::;;:ij7
H X

(xxx1x)

7-methyl,43 7—phepyl,42 7~methoxy42 and 7~cyanocyclgéeptatrienes
have been prepared by this method.

Thérmolysis of XXXIX will give a mixture of the isomeric 1, 2 and
3-substituted cycloheptatrienes. Separation, usually by distillation or
preparative gas-liquid chromotography (g.l.c.), will give the individual
isomers.

The other method widely used in cycloheptatriene chemistry is the
addition of a carbene to an aromatic compound. For example (1), addition
of diazomethane XL tomono alkyl benzene derivatives gives a mixture of

44,45

isomeric 1,2 and 3-alkylcyclcheptatrienes il -

DR
R E
+ CH ——
2N2 CuBr + Hz
(x1)
B,

(xu1)



(2) addition of substituted diazocompounds XLII to benzene gives

T-substituted cycloheptatrienes XLIII.

s CuBr
+ RCR N2 > - N2

(XLII) R Rl

(XLIII)

The 1-acylcycloheptatrienes made in this study would be difficult
to separate from the isomeric cycloheptatrienes because of their high
boiling points, and the ease with which they isomerise to deoxybenzoin
derivatives (see Chapter VI). For this reason it is better to prepare a
substituted cycloheptatriene which can be readily separated from its
isomers and convert this to the acylcycloheptatriene. There are

several possibilties :-

a) Convert the appropriate cyanocycloheptatriene XLIV to the ketone

XLV with a Grignard41 reagent
PhMgBr
C.TH7CN e C.?HTCOPh
(xLIVv) (xLV)

b) Convert the cycloheptatriene ester, Cqll,COOMe, to the ketone,
again with a Grignard reagent.48 One problem with this method is the

gseparation of the ketone from the alcohol also formed.
c) Convert the cycloheptatriene acid chloride,46
47

ketone with an organo cadmium derivative.

CTHTCOCI, to the

In theory, any of these methods may be used to prepare acyl
cycloheptatrienes, although (b) has the disadvantage of giving the

alcohol in comparable yield.
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2 Synthesis of 1-icyleycloheptatrienes.

The reaction conditions were varied as part of an investigation
inte the mechanism of addition of benzoyl chloride to cycloheptatriene.
It was observed that by decomposing the aluminium chloride-complex at 00,
instead of at room temperature, an unstable product was obtained. The
nuclear magnetic resonance (n.m,r.) spectrum of the crude material showed
that it was neither a deoxybenzoin nor a cycloheptatriene derivative.
Attempts to purify the compound caused decomposition, 1-benzoyl-
eéycloheptatriene being the product.

Identification of this product was mainly from its n.m.r. spectrum.

T 2.3 - 2,7 (m, 5H) was assigned to the aromatic protons of the benzoyl
group, v 3.3 - 4.5 (m, 5H) consisted of three well defined multiplets,
typical of the vinylic protons of the cycloheptatriene ring, and t 7.3
(d, 21) was assigned to the methylene protons. The doublet splitting,

t 7.3 is consistent only with a l-substituted cycloheptatriene, all other
isomers giving a triplet splitting. (For further discussion see
Chapter VII).

The n.m.r. spectrum also indicated the presence of small amounts
of deoxybenzoin and the isomeric 2 and 3-benzoylcycloheptatrienes. These
are formed by thermolysis of the 1-isomer (see Chapter VI for details),
during decomposition of the intermediate and distillation of the crude
product.

Decomposing the intermediate in methylene chloride by passing
HC1 gas, followed by careful distillation, gave 1-benzoylcycloheptatriene,
about 95% pure (estimated from the n.m.r. spectrum).

Chromatography of the crude material on a silica gel column,
eluting with chloroform, provides an alternative method of isolating the
product. This gave 1-benzoylecycloheptatriene, free from isomerie

impurities, (estimated from the n.m.r. spectrum),
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The acylcyeloheptatrienes made by this method are summarised,
together with their properties, in Table III. The addition of mesitoyl
chloride differs from the other acyl chlorides in that no intermediate
could be isolated, instead 1-mesitoylcycloheptatriene was obtained
directly (expt. 15).

Lttempts were made to synthesise 1-benzoylcycloheptatriene without
having to decompose the intermediate. Using benzoic anhydride instead of
benzoyl chloride to provide thelelectrophilic species, still gave the
intermediate and then 1-benzoylcycloheptatriene (expt. 20). Changing
the solvent to carbon disulphide (expt. 21) retarded the reaction, so it
was therefore necessary to add the cycloheptatriene to the refluxing

mixture, and at these temperatures only deoxybenzoin is formed.

Table ITT

Properties of Cyeloheptatriene Derivatives.

Compound m.pt./b.p. ! Mt ExPeri;ent
measured theoreticai No.
1-benzoylcycloheptatriene 45-47° 196.0894 196.0888 14
{-mesitoylcycloheptatricne 30-34° 238.1359 238.1358 15
41-(1-naphthoyl)cycloheptat- | 155-170°/ | 246.1022 246.1045 | 16

riene 0.3 m.m.
4-( p-me thoxybenzoyl) - 157-163°/ | 226.0883 226.0994 17
cycloheptatriene 0.7 m.m, .
l-acetylecycloheptatriene 106-1100/ 134,0718 134.0732 18
. 15 m.m,
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Fa Reaction of Cyclcheptatriene with Cinnamoyl Chloride.

Cinnamoyl chloride adds to cycloheptatriene (expt. 13) to give the
_intermediate as with the other acyl chlorides, however, decomposition
of this compound with HC1l gas did not give the expected cycloheptatriene

derivative. The most likely product XLVI is shown below :-

Ph

(xLv1)

Jimilar ring closures have been observed in other Friedel-Crafts

reactions. These are discussed in Chapter V.
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4, Summary.

The method described, provides a convenient synthesis of
1-acylcycloheptatrienes from readily available materials. It is
superior to the alternative methods discussed in Section 1, where at
some stage in the synthesis the separation of isomeric cycloheptatrienes
has to be performed. Further photolysis of this material causes a
highly specific 1,7-hydrogen shift, giving 2-benzoylcycloheptatriene as
the only product. This extends the range of the reaction to the
preparation of two out of the four possible isomers.,

The reaction also provides a means of introducing substituents
directly into the cycloheptatriene ring. Radical attack is the only

other example of this.49
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V___Mechanism for the reaction of acyl chlorides with

cycloheptatriene in the presence of aluminium chloride.

s Friedel-Crafts Jcylation of Olefinic Comgounds.so’s1

Soon after Friedel and Crafts established the alkylation and
acylation of aromatic compounds, Kondakov52 extended the reaction to the
acylation of olefins. [Ie investigated the reaction of isobutylene with
acetic anhydride or acetyl chloride in the presence of zinc chloride and
found the main products were unsaturated ketones and B-chloroketones,
respectively.

Llthough the volume of work done on these reactions is small
compared to that done on aromatic compounds the scheme outlined, Fig. IV,
is well-established. Extensive evidence has been produced concerning
the nature of the electrophilic species in acylation reactions,53 but
this does not affect the mechanism of the reaction and will not be
described here. It is sufficient to point out that the acylating agent
may exist as an ion pair XLVII or a polarised donor-acceptor complex
XLVIII depending upon the medium. The role of the catalyst in the
reaction is

RCOT  MnXm+! R ¢— O—nXn
(xLviI) X (XLvIII)
to make the acylating species, whatever its form, a more effective
electrophile.

The reaction consists of :-

a) the formation of a sufficiently active acylating species

(represented RCO+) from the catalyst and the acyl compound.
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Figure 1V. fcylation of C

finiec Compounds.

; :
- - o
R CH,CH,CH = CH, + RCO
(x11X) (L)
: g R CH CHzchChchR
R CH,CH(CH,),COR D WV ////4 cl
\“*~\\N\\ (L1)
" {// c1”
H nmigration |, - HC1
R CH,CH, rrcn COR
g U8
N v
l
R CH2?H(CH2) COR R CH,CIL,CH=CHCOR
c1 (111)
(Lv)

1

(L1v)

R'CH203=CHCH2CGR

(LIII)
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b) the attack of this species on the olefinic substrate and the
subsequent behaviour of the intermediate so formed,(gee Fig. IVﬁ)
Route A is the most frequent route toe ,8-unsaturated ketones,
via the intermediate haloketone LI, whereas the importance of B, which
corresponds to direct substitution is uncertain., Route C to give the
«, g=unsaturated ketone LIII is also very common, and is thought to be
due to the formation of a six-membered cyclic transition state. Hydride
migration, D, often accounts for the formation of halogenated side
products, the haloketone LV not readily losing HX. Route E is often
observed in hydrocarbon solvents e.g. the acylation of cyclohexene in
cyclohexane, to form a saturated ketone.50
Additional complications can be caused by polymerisation of

unstable alkenes. The relative importance of each route varies with

the particular system.
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2. Internediate isolated in the Synthesis of 1-Benzovlcycloheptatriena.

_Chapter IV described the synthesis of 1-benzoylcyclcheptatriene by
deconposition of the intermediate isclated from the reaction of
cycloheptatriene and benzoyl chloride at e

Attenpts to purify this intertediate failed, rearrangement to
f-benzoylcycloheptatriene occurring too rapidly. Hence physical data had
to be obtained with a crude sanple prepared by evaporating off the solvent
fron the reaction mixture. Infra-red (i.r.) and mass spectra (z.s) showed the
benzoyl group (-, €=0, 1690 cm.-1,m/e 105), 013%&557 isotope ratics in the
n,s. indicated one chlorine aton, and the nuclear nmagnetic resonance &u&r)
spectrun at T 4.0 was sinilar to repcrted spectra of conjugated eyclic
dienes.1554’sirhese data coupled with the formation of the compound from,
end its ready conversion to, a cycloheptatriene ring, suggested a cyclo-
heptadiene. Peak matching the parent ion in the n.s. as c‘l:ﬁBO confirned a

benzoylchlorocycloheptadiene.

The possible conjugated dienes were the l-benzoyle é-chlorocyclo-~

hepta-2,4-diene LVI and the two 1,-2 isomers LVII and LVIII,

9
/ \ Cl Ph- C
Ph - c,; c1 Ph-(": 01 °
(wvr) (LviI) (Lviiz)

Spin decoupling experinents using the n.n.r, spectroreterin a field
sweep node, showed that the signals at t 5.15 (GIC1) end T 5.50 (CHCO) were
both céupled to the axial proton of the methyleme group T 7.85 (see
chapter VII). Clearly this could only happen for LVI, the 1=benzoyl.
6—chlorocyclohapta:2-4-diene.

* The nucbering used for the cycloheptadiene derivatives is bosed upon that
of the cycloheptatriene ring systen. This nethod was thought to be less
confusing than the conventicnal nethod, where nunmbering is froo one of the

double bonds.
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3. Structure of 1-benzoyl-6-chlorocyclohepta-2-4-diene.

Electron diffraction56 studies on the cycloheptadiene ring systen
have shown the molecule to be planar, with one carbon aton (CT) tilted at
an angle of 700. In the following discussion it was assumed that LVI has
a similar conformation, with only slight distortions to accommodate
subs tituents,

LVI nay have either a cis or trans configuration, both isoners
having two conformations. These structures are shown in Fig. V.

inalysis of the nuclear magnetic resonance (n.n.r.) spectrum
(Appendix I, No. 7), in particular the region r 7-8, assigned to the
methylene protons, enables the isomers to be distinguished. By analogy
with the cycloheptatriene system H; (the quasi-axial methylene proton) is

3T, and willl be'to high field of Hyp (the

shielded by the double bond system
quasi~-equatorial methylene proton). Hy ¢ 7.8 appears as an eight line
nultiplet due to coupling with Hp, Hy and H6 (the protons attached to

carbon atons 1 and 6 respectively.

Lpplying the concepts of the Karplus equation qualitatively to
the cis isomer it follows that Ji;, = Jg (the coupling constants betweenIj

and I

N

and Ilg and 7§, respectively) and sinilarly Jgg = Jgg. This is so

because the appropriate dihedral angles in the cis isomer are identical.
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Figure V. Structures of 1-benzoyl —6=-chlorocyclohepta-2-4-diene,

Cis isonmers

Trans isoners
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Figure VI. Predicted N.M.,R. Spectrum of the Axial Methylenic Protons

in the Isomeric 1-Benzoyl~- 6~chlorocyclohepta-2~4-diene.
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Hence, a doublet of triplets is expected for I, as shown in Fig. VIA.
The observed eight line nultiplet indicates that J11'3é Jg, as shown in
Fig. VIB.

Evidently the intermediate is not a cis isomer. O0f the two
trans isoners, that with the bulky benzoyl group equatorial should
predoninate, Further, since the n.nm.r. spectrun shows only one isoner,
it nust be LVI C.

To verify this it is necess.ary to calculate the appropriate

coupling constants fron the Karplus58

equation. These data, together
with the observed constants, are surmarised in Table IV, The subscripts
used denote the configuration of a particular hydrogen (axial or

equatorial), uppercase subscripts referring to the methylene protons and

lower case subscripts to the protons H{ & K.

Table IV

Coupling Constants in the Cycloheptadiene Ring.

Coupling Constant estinated value, Hz. neasured value, [z.
Ire 0 3
Jra 10 10.
I1n 12 15
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The agreement is reasonable, the largest discrepancies being in the
prediction of the small coupling constants.

These deviations are due partly to the approximations inherent in
applying the Karplus equation to a seven-rembered ring system, partly due
to ignoring the electronegativity of the substituents, and partly due to
distortion of the ring to accommodate bulky substituents.58

The width of the signal at t 5.50 is 18 Hz, and so it must include
the large coupling Jia, making this proton axial. From its position, to
high field of the other nethine proton, t 5.10, this proton must be
adjacent to the benzoyl group, which deshields an =-proton less than a
chlorine group.59 Hence the benzoyl group must be equatorial and the
chlorine axial, i.e. LVIC, as predicted.

N.m.r. studies at 0° of the solution obtained from the addition of
cycloheptatriene to a mixture of benzoyl chloride and aluninium chloride
in methylene chloride showed the presence of a benzoylchlorocycloheptadiene
intermediate. Warming this solution (still in the n.n.r. tube) to room
temperature gave deoxybenzoin.

The n.n.r. spectrun was difficult to interpret because of the poor
quality of the spectrum, which was caused by :-

a) the reaction solution being dilute (compared to solutions normally
used in n,n.r. work) and low intensity lines were possibly lost in the
background noise.

b) spinning side-bands from the protons of the methylene chloride
solvent obscuring part of the spectrun.

¢) the variable temperature probe (V.T.P.) used "icing up" at the
temperature used causing spinning to be irregular which in turn decreases
resolution.

However, it could be said with certainty that the isomer was not

a trans isomer. Hence it seens reasonable to assume the cis diequatorial
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conformer LVIa was obtained, since steric interaction would be prohibitive
in the cis diaxial conformer. The n.m.r. spectrun in fact resembles that
expected for the diequatorial conformer nore closely than any of the

other possibilities, however, in view of the poor quality of this spectrum

any positive identification is impossible.
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4. Reaction Schene for the formation of Deoxybenzoin and

1-Benzoyleycloheptatriene.

The reaction of an electrophilic reagent with cycloheptatriene was
expected to give tropylium salts by hydride-ion exchange. Sinilar
reactions reported in the 1iterature* support this view. However, the
experinents described in Chapter II sﬂow that although tropyliun salts wer:
formed, rn initial hydride-ion transfer from cycloheptatriene to the
electrophilic species had not occugred. The only reasonable alternative

was attack at the double bond systen.

The introduction to this present chapter describes the attack of
Friedel-Crafts reagents on an isolated doﬁble bond, to give an internediat
halo-ketone. The isolation of = chloro-ketone intermediate in the
synthesis of 1-benzoylcycloheptatriene indicates that the reaction is
entirely analogous to this nore familiar olefinic acylation.

Purther since a 1,6-adduct has been isolated (i.e. 1-benzoyl-6-
chlorocyclohepta-2-4.-diene) 1,6 addition nust have occurred. The only
other 1,6 additions to cycloheptatriene that have been reported, i.e.

55,61 60

addition of nitrosobenzene and chlorosulphonyl isocyanate, are

cycloadditions. Concerted cycloadditions are governed by the Woodward-

63 rules which allow only 1,4 addition to cycloheptatriene e.g.

65

Hoffrmann

the nore familier Diels-\lder ~ reactions, hence the 1,6 cycloadditions

nust be stepwise.61'62
The chloro-ketone LVI is an internmediate in the formation of

both products. A 1-3 elimination of HC1l would give 1-benzoylcyclo-

¥ For exanples and references see Chapter II.
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heptatrienc, while a 1-2 elimination of IC1 would give T-benzoylcycl -

heptatriene.

-HCl " S,

2 REmpea—
(1 -3 elmimtlon)
PhC C Ph Ph%
-1c1 : 8 Hp
(LxIII1)
(1-2 elimination)

The acid catalysed rearrangement of T-substituted cycloheptatrienes

which are capable of giving rise to ions of the type LIX has been discussed

by Ganellin and Pettit.4* Valence tautonerism to the norcaradiene LX
H
|
———— i
=y Toemats s ?'i' ol
]
q S ?-l- L r R
Rl
(LIX) (1x)
"
/R
CH =C
Ny
R
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and bond cleavage giveg the aromatic compound LXI. A T-keto
cycloheptatriene in acid solution would form LIX by protonation (Rl =
alkyl or aryl, g e o), rearranging to LXI which is the enol form of a
benzyl ketone. Ganellin and Pettit38 synthesised T-acetylcyclo-
heptatriene which in acid solution LIX (Rl = CHs, B 0H) rearranges to
benzyl nethyl ketone Even more relevant to the
present study is the work of Doering41 who added phenyl magnesium bronide
to T-cyanocycloheptatriene in an attempt to prepare T7-benzyoylcyclo-
heptatriene and obtained deoxybenzoin. Thus it seems reasonably certain
- that T-benzoylcycloheptatriene, if formed, would rearrange, in the
conditions used, to deoxybenzoin. These schemes are outlined in Fig. VII.

The problen renains, however, to explain why the intermediate
chloro-ketone LVI should eliminate HC1l by two different paths.
Considering first the general theories of elimination reactions., Due
largely to the work of Ilughes and Ingold three principal mechanisns of
elinination have been recognised, namely E1 (unicolecular elininatica),
E2 (binolecular elinination) and Elcb (carbanion elinination), the

nomenclature being that used by these workers.
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Figure VII. The Formation of Deoxybenzoin and 1-Benzoylcycloheptatriene.
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The E2 mechanisn will be operating in the elimination of HIC1l from tr=
chloro-ketone intermediate, and so only this mechanism will be discussed.
Initially it appeared that Ep eliminations proceeded most rapidly when the
leaving groups were arranged trans to one another. The evidence for this
mode of elimination is well covered in a number of standard texts.66’67
It was not until the work of DePuyss’sget al in 1962 that this idea was
challenged. These workers studied elimination from a series of cis and
trans B-aryl cyclopentyl and g-aryl cyclohexyl tosylates, showing that cis
eliminations occurred preferentially in the cyclopentyl tosylates, and at
rates comparable to the trans elimination in the cyclohexyl tosylates.
They concluded that coplanarity of the groups to be eliminated, was of
greatest importance in determining the mode of elimination.

Returning to the elimination from LVI, one must conclude that
different configurations of the 1,6-chloro-ketone are involved.

Evidence has already been presented, (section 3) for the existence
of two isomeric chloro-ketone intermediates. Analysis of the n.m..-.
gpectrum revealed that the compound isolated in the synthesis of 1-benzov?
cycloheptatriene was LVIc, whereas the compound in solution at OO, which
gave deoxybenzoin on warming, was probably LVIa. The proton eliminated
may be either a methylene proton, H?’ forming the cycloheptatriene ring,
or the proton adjacent to the benzoyl group, Iy, forming a bond between
Cy and 06 to give the norcaradiene, which will rapidly tautomerise to the
cycloheptatriene. The appropriate dihedral angles between these hydrogen

atoms and the chlorine atom are summarised in Table V.



42

Table V.

Dihedral Angles (*) between the chlorine atom

and the adjacent hydrogen atoms.

i
PhC Cl
H | B
Hg
gl atom angle® (=) for LVIa angld (=) for 1LVIc
HA 80 160
IE 40 90
4 | 100 | 0 |

These results clearly show that in LVIc II1 the cis proton is
coplanar with the chlorine atom and will be eliminated preferentially to
give 1-benzoylcycloheptatriene LXIII, whereas in LVIa trans-elimine*ion of
the equatorial methylene proton is preferred to give T-benzoylcyclo-
heptatriene LXI which rearranges spontaneously to deoxybenzoin LXIV.

The system studied was particularly suited to rearrangements.

For example epimerisation, due to enolisation of the carbonyl group,
rapidly interconverts diastereomers, while the large benzoyl group, will
always attain an equatorial conformation. Thus while n.m.r. evidence can
prove the presence of a species in solution, this species need not
necessarily be formed directly from the reactants. Transient inter-
mediates may precede this compound. For these reasons it is difficult fo
prove any mechanism conclusively, analogies must be made to simpler system

The stereochemistry of addition reactions has recently been
studied by Dewar et al and, as with elimination reactions, the impnoved
techniques have revealed that the accepted trans-addition is no longer

satisfactory.
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Studying the polar addition of DBr to a variety of olefins'm'71

cis addition was shown to be preferred in the examples studied. A
classical carbonium ion intermediate was postulated with Br attacking
from the same side as the electrophile, to give cis addition except when
bulky groups were involved, then rotation occurred in the ion pair to
give trans addition. It would appear, therefore, that both cis and trans
addition of benzoyl chloride to cycloheptatriene are possible, although
trans addition should be preferred in view of the crowding in the diaxial
trangition state.

Firstly considering trans addition, the least hindered position of
attack will probably be on the underside of the cycloheptatriene ring,
although the subsequent argument is still valid if this is not so. This
leads to axial substitution, see Fig. VIII. Trans-addition then gives
the chlorine atom in the equatorial position LXVA. Inversion of LXVA
gives LXVIA which is isolated LXVI (LVIC) on adding the reaction mixtuwo
to 1C1/ice at 0°. 1-3 HCl elimination then gives 1-benzoylcyclohcpt-
atriene LXIII as described above.

Varming the reaction mixture to room temperature, as in the
synthesis of deoxybenzoin, causes epimerisation of the ketone function,
to the more stable diequatorial conformer LXVIIA (LvIa) which undergoes a
1,2 elimination of HC1l, to give 7-benzoylcycloheptatriene LXIIA and henco
deoxybenzoin LXIV. The complete scheme for the formation of both
deoxybenzoin and 1-benzoylcycloheptatriene by an initial trans-addition

of the benzoyl chloride is summarised in Fig. VIII.
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Figure VIII.

Renction of Benzoyl Chloride with

gxcloheptatrieneL Initial trans-addition.

AlC1
C,Hg + PHCOC1 i AR
00

(1)
0
I
PhC J H
g | o
g
(1xvI)
l-HCl
1,3 elimination
PhC
gt
(LXIII)
0
L s HC1/ie
(1x1v)

G
i B s

|
PhC H

l epimerisation
.ﬂ;ltl:13
9
PhC ¢l
w18
By
(LxvIIA)
250 =HC1
1,2 elimination
K M
cPh o
9 g~ cph
AIC1, g
|
AlC

(1x114)
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The alternative cis-addition of the benzoyl chloride, outlined in
Fig. IX, gives initially the diaxial chloro-ketone LXVIII which inverts to
the more stable diequatorial conformer LXVI. 1,2 OC1 elimination
followed by rearrangement of the 7-benzoylcycloheptatriene gives
deoxybenzoin as with trans-addition. To form 1-benzoylcycloheptatriene
the diequatorial chloro-ketone must isomerise to the axial-equatorial
configuration LXVI and it is difficult to see what driving force there is
for this conversion.

Hence trans-addition explains the formation of deoxybenzoin and
1-benzoylcycloheptatriene far better than the alternative cis addition,
and in view of the crowding in the cis transition state, is the most

likely mode of addition.
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Figure IX. Reaction of Benzoyl Chloride with

Cycloheptatriene, Initial Cis Addition.

A1C14
C.Hg + PhCOCL  ——=>
0 H H
(1) : ;
h.t. | €1
§ He
ﬂlCl3
(LXVIIIA)
]l inversion
HC1/ice
(o]
Ph.ﬁ 0
0
(LXVIIA)
25°| HC1/ice
1-Benzoylcycloheptatriene. Deoxybenzoin.

(LXIII) (LxIV)
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5. Related Acylations of Cycloheptatriene.

a) Acid chlorides in the presence of aluminium chloride.

The acid chlorides used are summarised in Table III, Chapter IV.
In general the appropriate haloketone intermediate was detected, by its
characteristic n.m.r. spectrum, This intermediate decomposed readily to
the 1-acylcycloheptatriene, presunably 2o in the benzoyl chloride reaction
discussed at length in section 4. Thus it is reasonable to suppose that
in these cases the same reaction scheme is operating.

Mesitoyl chloride is the only acyl halide for which the chloro-
ketone adduct could not be detected, 1-mesitoyl cycloheptatriene being
obtained directly by decomposing the aluminium chloride-complex at 07y
It is most likely that the chloro-ketone complex is in fact formed in the
normal way, but that steric crowding favours the elimination of HC1,
which now occurs spontaneously at room temperature.

Cirmamoyl chloride adds normally to cycloheptatriene and the
intermediate chloro-ketone is observed. However, passage of IICl g1s
does not give the expected 1-cinnamoylcycloheptatriene.

The acylation of alkenes by unsaturated acyl halides has been
studied, cyclisation frequently occurring. For example, divinyl ketones
were prepared by the addition of unsaturated acyl halides LXXII to

T2

cyclohexene LXXI in the presence of aluminium chloride, Treatment with

phosphoric and formic acids then causes cyclisation.

jHR —HC1 \I CHR
+ )
CcoC1 A1C13
I
(Lxx1) (Lxx1) (ILXXII)
phosphoric &
l formic acids

R

(Lxx1I1) ©
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The analogous reaction with cinnamoyl chloride is outlined in
‘Fige Xo giving the bicyelic product LXXVI,

1-Cinnamoylcycloheptatriene would be expected to cyclise more
readily than 7-cinnamoylcycloheptatrienc. Loss of the adjacent proton
is stabilised by the resonance structures LXXVII a and LXXVII b,., in
{-cinnamoylcycloheptatriene, whereas in the 7-suﬁstitutea compound proton
loss is not stabilised to the same extent, see Fig. XI,

Thus the proposed scheme explains the formation of benzyl .
cinnamyl ketone, while attempts to prepare 1-cinnamoylcycloheptatriene

lead only to the bicyelic product LXXVI,



49

Figure X. Reaction of Cycloheptatriene and Cinnamoyl Chloride.

AIC1,
CHg + PhCH = CHCOCl —mm>
(1) (LXXIV) 2 c1
H
2
Ph
(LXXVII)
1""3, HCl
elimination
+
-H
It ;
0 0
>
| ¥
~ 1
Ph \
(LXXVIII) Ph
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Figure XI. Resonance Structures Stabilising Proton Loss

from Acylecycloheptatrienes.

A. 1 -cinnamoylcycloheptatriene.
—H+
R —
0 0
Ph

B. :Z—cinnﬂmoylcycloheptatriene.

s
——
0 ~n 0 ~ G
o L————
P
Ph Ph
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The physical data obtained for the product are in agreement with
' LXXVI. Peak matching the parent ion in the mass spectrum gives C16H150’
while the infra-red (i.r.) spectrum shows the presence of carbonyl and

arcmatic groups. The n.m.r. spectrum can be assigned as follows :-

T 2.5 - 3.0 (m, Ph,~ 50), 3.6 - 4.6 (m, vinylic, 40), 6.0

(m, Ph ci, 1H), 7.0 - 7.8 (m, CO - CI,, 20 and m, methylenic, 11).

b) Acid Anhydrides in the Presence of /Aluminium Chloride.

Benzoic anhydride was treated with cycloheptatriene in the
presence of aluminium chloride (expt. 20) in an attempt to prepare
1-benzoylcycloheptatriene without isolating the intermediate chloro-
ketone. ‘

This seemed reasonable since acylation of alkenes with acid
anhydrides is well-established, and in general the unsaturated ketone is
obtained directly. It is assumed that addition across the double bond
takes place to give LXXIX which is unstable, decomposing spontaneously tc
the unsaturated ketone LXXX.

—

1 n 1
R CH = Cﬂé + RCO-0-COR—>|R CI — CHZCOR

n

OCOR
(1Xx1X)

1" '
R.002H + R CII = CHCOR

(Lxxx)
Under special conditions the intermediate LXXIX can be isolated,

7 1xx1x (where R =

for example, with acetic-trifluorcacetic anhydride,
"
Clly and R = CF3).
lowever, arhydride acylation of cycloheptatriene unexpectedly

1] -
gives the intermediate LXXIX (R = R = Ph), (according to n.m.r. evidence),

contrasting with the normal acylationby acid anhydrides.
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T4

VI Reactions of 1-Benzoyleycloheptatriene

’

1. Hydridec-ion Transfer (expt. 23).

The use of cyclohecptatricne as a hydride-ion donor has been
discussed in chapter 1. 1-Benzoylcycloheptatricne would be expected to
recact in a similar way to give benzoyltropylium fluoroborate LXXXI.

Normally the carbon atom of a carbonyl function will be electron
deficient, so LXXXI has potentially two adjacent positive charges. The
effects of this feature on the stability of the compound could be
interesting.

1-Benzoylcycloheptatriene was treated with trityl fluoroborate to

give a pale yellow precipitate

+ Ph3c ——~%> BF + PhBCH
COPn
Ph~-C

(LXXXT)

Filtration at thec pump, followed by thorough washing with methylene
chloride was necessary to remove cxcess triphenylmethane, detected by
m/e 244 in the mass spectrum of the product.

Working up the rcaction filtrate gave triphenylmethane, (Infra-red
and nuclear magnetic resonance spectra are identical with authentic
material) confirming a hydride-ion transfer. Benzoyltropylium
fluoroborate LXXXI is the only reasonable product and the spectral data
obtained support this claim.

The nuclear magnetic resonance (n.m.r.) spectrum in trifluoro-
acetic acid (Me4Si external reference) shows t 0.9 (s, C,Tg~CO, 61),
2.7 (m, PhCO, 5H). 4 singlet for the tropylium ring protons was
unexpected. A carbonyl function normally deshields  the «-protons,

which would lead to a complox multiplet for the tropylium ring protons.
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This occurs with phenyl tropylium fluoroborate. As the signal
is not split this possibly indicates that there is no electron transfer
between the ring and the cartonyl group, the polarising effects of the two
groups cancelling so that the resultant transfer is zero.

The infra-red (i.r.) spectrum shows the cartonyl v 1655 and the
fluoroborate Vv 1050 cm.m1 (broad), vibrations while the mass spectrum (m.s.)
shows the parent ion at m/e 195, and the P + 1 ion is Cy 4540+

Reaction with sodium methoxide in methanol (expt. 26) produced an
0oily residue which was investigated by n.m.r. and i.r. spectroscopy.

The n.m.r. spectrum T 3.2 - 4.6 is typical of the vinylic proton of a
cycloheptatriene ring, while its complexity, together with the peaks at

T 7.0 - 8,0, indicates that several isomeric cycloheptatrienes have been
formed. Signals at 1 2.2 - 2.9 (m) and 6.7 (s) are assigned to the
benzoyl and methoxy groups respectively. The i.r. spectrum confirms this
data. The proposed reaction is summarised in Fig. XII.

Reaction with sodium borohydrid976 gave an oily residue that was
also analysed by n.m.r. and i.r. spectroscopy. The n.m.r. spectrum
showed the characteristic signals of the cycloheptatriene ring protons,

t 3.2 - 4.6 with overlapping multiplets in the region ¢ 7.0 - 8.0,
indicating a mixture of isomeric cyclcheptatrienes. The similarity of
the i.r. spectrum with that of benzoylcycloheptatriene prepared in this
study confirmed this. The i.r, spectrum also shows that only a small
amount of the compound is reduced to the alcohol when the sodium
borohydride is not present in a large excess. Presumably hydride-ion
transfer to the tropylium ion takes place rapidly, and the resulting
compounds, being insoluble in water, are removed from the reaction site.

The product was unstable, being observed to decompose slowly at

room temperature.
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Figure XII. Reactions of Benzoyltropylium Fluoroborate

with Nucleophiles.

0
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2. Thermolysis. (expt. 24):

The thermal rearrangements of cycloheptatriene and its derivatives
have been extensively studied over the temperature range —1500 to above
400°.

The most facile change is the conformational ring inversion of the

d9,10

two boat forms of the parent compoun: (page 2). At a slightly highex

energy of activation is the much-discussed cycloheptatrienenorcaradiene

*
interconversion.

Lt temperatures of 130° upwards randomisation of the label in

T-deuterocycloheptatriene takes place by a series of 1-5 sigmatropic

77,78

hydrogen shifts, The precise nature of these rearrangements was

confirmed by n.m.r, spectroscopy, randomisation occurring as shown :-

: H2
e o e
H
2
D m b b b

The 1-5 sigmatropic hydrogen shifts are now well established and

have been observed for a large number of T-substituted cycloheptatriene

79,80

derivatives, and reaction parameters have been obtained for the

individual reactions.

At much higher tenperatures (= 400°C) isomerisation of cyclo-

81,82

heptatriene to toluene takes place. Woods postulated cleavage of

the 1,7 bond in the valénce tautomeric norcaradiene to form a diradical

81

intermediate LXXXII. A hydrogen shift then gives toluene.

H
il \Hz e
H
i

* for discussion see chapter I and r« 5 therein,



If step 2-3 is reversible it is possible that bond formation may

, take place between C7 and C5 as well as between 07 and Cy- Thus in a
substituted cycloheptatriene isomerisation might teke place. Berson and
Willcott83'84 investigated these possibilities. 4 suitable molecule must
be disubstituted at the 7-positions (to prevent the facile 1,5 sigmatropic
hydrogen migrations) and one more position to provide asymmetry. 3,7,7-
trimethyleycloheptatriene LXXXIII was chosen, being readily available,85
and its thermolysis studied. The results are complex, several competing
reactions occurring, but 2,7,7-trinethyl cycloheptatrienes can be isolated

LXXXIV showing the anticipated isomerisation. The postulated mechanisn is

shown below :-
CH

3
CH
CHZ >cCH
3 3 CHy CH,
L (LXXXIII) (LXXXIV)
CH,
i o cH
e 3
CHZ ~CH =
3 3 c 3 CH3

This reaction illustrates 1-5 sigmatropic rearrangement of a
carbon atom and raises the possibilities of studying the stereochemistry
of these sigmatropic rearrangements. The consequences of this have been
outlined in two recent reviews of the subject.86'87

As part of an investigation of the properties of 1-benzoylcyclo-
heptatriene, thermolysis was performed to observe the 1-5 sigmatropic

hydrogen shifts. Ileating (1840, 24 hrs.), gave deoxybenzoin as the

only isolable-  product., (i.r. n.m.r. identical with authentic material),
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Sanples taken at intecrmediatc times, and examined by n.n.r, spectroscopy
,showed the formation of isomeric 2 and 3 benzoquycloheptatrieneé.
Unfortunately the spectra of these compounds at ¢ 7.8 overlap and as they
are formed in only small amounts it was impossible to say in which order
they were formed. Ilowever, since 1,5 sigmatropic hydrogen shifts are so
well established it is possible to rationalise the formation of
deoxybenzoin. (See Fig. 111). ‘T—benzoylcycloheptatriene LXII formed by
a series of 1=5 hydrogen shifts, isomerises to deoxybenzoin LXIV. This
reaction parallels the isomerisation of cyclocheptatriene to toluene
described by Vords®' (see above). The irreversibility of this process
accounts for deoxybenzoin being the only product. The drop in temperature
of about 240° for this isomerisation illustrates the lower activation
energy for the conversion of T-benzoylcycloheptatriene to the norcaradiene

valence—-tautomer,compared to the parent molecule.
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Figure XIIT, Thermolysis of 1-Benzoylcycloheptatriene.
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3. Photolysis (expt. 25).

The photolysis of cycloheptatriene and its derivatives has been

56,83 and/or valence

shown to give 1,7 sigmatropic hydrogen nigrations
tautomerism to bicycloheptadiene derivatives.go These possihilities are
outlined in Fig. XIV. In addition to these reactions Jones et al
observed a 1,7 methyl nigration on photolysis of 3,7, T-trinethylcyclo-
91 92,93

heptatriene” and related compounds.

These photolytic reactions are often characterised by a high

%4 et al showed that photolysis of

degree of specificity, e.g. Chapman
1-methoxycycloheptatriene gave 1-uethoxybicyclo}§.2.dj hepta-3,6-diene
(valence tautomerism) and T-methoxycycloheptatriene (1,7 hydrogen shift)
(see Fig. XIV. X = OMe), but no 2-methoxycycloheptatriene.

Similarly the 1,7 nethyl shifts observed by Jones et al for
3,7,7-trimethylcycloheptatrieneg1 were also highly specific only one of
the two possible isomers being formed.

Photolysis of 1-benzoylcycloheptatriene in benzene (30 hrs.) using
a Hanovia 125-W medium pressure nercury lamp, gave 2-benzoylcyclo-
heptatriene as the product. I.r. n.n.r. and n.s. data were consistent
with a benzoylcycloheptatriene, and the position of substitution was
obtained from the n.m.r. spectrum. (For discussion sce chapter VII).

No valence tautomerism was observed and the direction of the
1-7 hydrogen shift was highly specific. _1-Cyanoqyclohepfatriene
behaves similar1y95 the specificity of its reactions being attributed to

the electron-withdrawing capacity of the substituent.
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Figure XIV. Photolysis of 1-Benzoyl Cycloheptatriene.
X
5
(LXXXII) (1XXXIV)
/ :
X
s
(1) \
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N
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4, Rationalisation of the Cvecloheptatriene Rearrangements.

2 The thermal and photolytic rearrangements described above for
cycloheptatriene involve two main classes of reaction, namely sigmatropic
and electrocyclic reactions. Yoodward and Hoffmann have introduced a most
useful theoretical approach to the qualitative description of these and

63,64 in the form of a set of rules based on orbital

other reactions,
synnetry considerations. The application of the Woodward-Hoffmann rules
to both classes of rcaction will be outlined for the cycloheptatrienyl

systen.

(i) sigmatropic Reactions.

Sigmatropic rearrangements involve the migration of a ¢-bonded aton

or group (R) in a polyenylic (n = 2,3 ... ) chain :-

-,

R-C-(c=c), —> (c = c)n -C =R

For the purpose of this discussion only hydrogen migration, i.e.
R = H, will be considered, when the orbital concerned is always th.
conpletely symmectrical 1s orbital.If the migrating hydrogen atom is
assumed to remain bonded to both ends of the unsaturated system throughcen®
(i.e. a concerted reaction), then the orbital symmetry constraints are
derived from the fornm of the highest occupied molecular orbital (M.O.) of
the hydrocarbon radicel corresponding to the polyenylic chain. For the
cycloheptatriene systen molecular orbitals of the linear heptatrienyl

94

radical provide a satisfactory approximation (used by both Chapman”’ et al
and Jonesg1-93 et al.).

The energy levels of this systen are shown in Fig. XV and if the
seven electrons of the radical are placed in the lowest energy levels it
can be seen that ?4 is the highest oc-uried M.0, in the ground state.
Exciting this electron the ?5 become: nighest occupied M.0. in the

first excited state with w4 eripty. n of v4 and w5 is included in

the energy lcvel diagrenm (Fig. XV).
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In practice only suprafecial sigmatropic rearrangements (i.e.
where group Ris always bonded to one face of the m-electron system) are
possible for small ring systems, antarafacial mnigrations (i.e. where
group R bonds to both sides of the m-electron system) being geonmetrically
improbable.

Considering thermal migrations, ¥ 4 is the appropriate M.0., and
of the possible migrations (i.e. 1-3, 1-5, 1-7) only the 1-5 migration
has the correct arbital symmetry requirements. Similarly '1'5 is the

appropriate orbital for the photolytic migrations, and inspection shows .

*
that only 1,7 migrations have the correct symmetry requirements.

*
See ref. 91 footnote 9.
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Figure XV, Molecular QOrbital Energies of the Linear

heptatrienyl Radical.
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These predictions were in agreement with the rearrangements known at the
’time of the puhlication,96 and have explained the consistency of the
rearrangenents observed in later years.
| Extending these argunents a qualitative explanation of the stereo-
specificity of the photolytic rearrangements can be proposed. Jones et
' a191_93 have outlined such a method to explain the specific 1,7-methyl
migrations in trimethylcyclohept&trienes.* Similar argunents can be used
to explain the rearrangements of 1-benzoylcycloheptatriene observed by
the author.
There are two possible products from a 1,7 hydrogen nigration in

1-benzoylcycloheptatriene, namely 2-benzoyl- and T-benzoylcycloheptatriene.

Only the 2-isomer was isglated from the photolysis in benzene :=-
¢ Ph
4%;7#551 . ey H
:
Hor g e

~
H ? Ph
The transition states are showvm below :=

0

- Y

A, for the formation of T-benzoylcycloheptatriene and B for
2-benzoylcycloheptatriene. The benzoyl substituent, an electron-

withdrawing group, will stabilise a high electron density at the "1"

97,91,92

position. Charge density calculations show that C, and hence Cj

7

* For an alternative explanation see A, P. ter Borg & H. Kloosterziel,

Rec. Trav. Chim., 1969, 88, 266.
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are slightly positive, whereas 06 and 02 have a large charge density (i.e.
relatively negative), hence transition state B, where the negative charge
coincides with the benzoyl group is stabilised, explaining why 2-benzoyl-
cycloheptatriene is the preferred product.

It follows from the above argument that an electron donating
substituent at the same position should produce the opposite migration.

94 et 2l have shown that photolysis of 1-methoxycycloheptatriene

Chapman
gives only T-methoxycycloheptatriene in agreement with the theoretical

predictions.

(ii) Electrocyclic Reactions.

The conversion of cycloheptatriene, and its derivatives, to the

valence tautomeric bicycloheptadienes are electrocyclic reactions :-

hv Ho
€719 a s
32

Typically these reactions involve the conversion of a linear

polyene to the cyclic-ene containing two less g-electrons.

This cyclisation may involve a "conrotatory" or "disrotatory" ring

closure :-

IlDia“

“C onll




For valence-tautoneric changes where B and C form part of a ring
gysten only the disrotatory reaction is possible. Woodward and Hoffmann

have sumnarised the rules governing these reactions. (see table VI).

Table VI. Rules for Electrocyclic Reactions.

A hv

' LN
| l ~ con dis
T TR o

AT i !
S A l dis con
=

Thus it can be predicted that conversion to norcaradiene, involving

the cyclohexadiene ring, should be thermally allowed, and conversion to
bicyclo [3.2.0} heptadiene, involving the cyclobutene ring should be
photolytically allowed.

These predictions compare fairly well with experimental
observations.

82

Thermolysis of cycloheptatriene gives toluene81 via cleavage of

the norcaradiene species, and no bicyclo [3.2.6] heptadiene while photolysis

90

of cycloheptatriene in solution”" gives bicyclo [3.2.@] heptadiene and no

98

tcluene. Srinivasan has photolysed cycloheptatriene in the gas phase
to give mainly toluene, an apparent contradiction of the above principles,
but reported that this probably involved a vibrationally excited ground
state so that the reaction resembles a thermochemical rather than a photo-
chenical change.

4 further anomaly is the thermolysis of bicyclo [3.2.@] heptadienes
at temperatures above 200°. Willcott et 8199 discuss this in terms of the
Woodward-Hoffmann rules pointing out that symmetry rules do not indicate
the difference in sctivation energy between preferred and forbidden ring

openings. Hence if sufficient thermel energy is supplied unfavourable

reactions may take place.
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Vil Discussion of the Physical Data Compiled for

the Dcoxybenzoin and Cycloheptatriene Derivatives.

1. Infra-Red Spoctra.100’101

a) Substituted Deoxybenzoins.

The infra-red (i.r.) spectra of deoxybenzoin derivatives are
straightforward, being dominated by vibration of the two aromatic nuclei,
and the carbonyl stretching band. In Table VII the main vibrations are

100,103 Vibrations in the region 1400-1000 are

assigned for deoxybenzoin,
painly the C-II "inplane bends". They have been omitted because of the
difficulties in distinguishing thecse vibrations from the C-II "inplane
vibrations" of the cyclcoheptatriene ring in such compounds as

f-benzoylcycloheptatricne,

b) Acyl-substituted Cyclcheptatriencs.

Table VIII sumnarises the main bands, with assignments, for
1=benzoylcycloheptatriene. These bands have been assigned mainly by

reference to the work of Evans and Lord on cycloheptatriene102

itself,

and by reference to the spectra of & limited number of cycloheptatriene
derivatives prepared by the author, The most obvious distinction between
the spectra of the isomeric compounds is the position of the carbonyl
stretch. This has approximately 50 cm._1 lower energy for l1-benzoyl-
cycloheptatriene because of the «-f8 double bond.

Other vibrations unique to the cycloheptatriene spectrun are the
ring stretching bands, 1580 and 1525 cm._1, the bending nodes associated
with the methylene group, 1450, 1275 and 975 cm._1, and the out-of-plane
bending vibrations of the hydrogens associated with the triene systen,
800, 780 and 750 cm.” .

However, the differences in the i.r. spectra of the two series
of conpouﬁds are snall compared to those of the nuclear magnetic resonance

(n.n.r.) spectra, and so i.r. spectroscopy is rarely used to distinguish

the isoners.
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Iable VII.

Lssignment of the Major Vibrational Frequencies in Deoxybenzoin,

Observed frequency (cm.-1)

3080
-
3020 3
2900
1690
1600
i
1500
1450
1450
750
730
700

690

Description of Vibration.

Co  stretching phenyl

Cll, stretching

2

C=0 stretching

C-C stretching of

phenyl nuclei

CH2 scissor

C-I out of plane bends for

two mono substituted

aromatic ring.
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Table VIII

Assignment of the Major Vibrational Frequencies
Assignm

in 1-BenzoylCycloheptatriene.

Observed Frequency !cm."1) Description of vibration
3080
3050 CH stretching, aromatic and olefini-
3020
2880 E
CH2 stretching, symmetric & anti-
2840
symmetric.

1640 C=0 stretching

1660 C~C stretching of phenyl nucleus
1580 )

g C=C stretching of cycloheptatriene ring

1520

1450 C~C stretching of phenyl nucleus
1450 CH2 bending

1275 CH, wagging

970 CH, twisting

950

930 i C~C ring (cycloheptatriene) stretch

0o 3

870

800 C-H out of plane bend (cycloheptatrien-
780

750

740 )

3 g C-II out of plane bend (aromatic).
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2. Nuclear Magnetic Resonance Spectra.

a. Substituted Deoxvbenzoins,

The main features of the nuclear magnetic resonance (n.m,r.) spectra
of these compounds are summarised in Table IX, and the spectrum of
benzyl p~bromophenyl ketone is reproduced in Appendix I Noe. 1

It can rcadily be seen that this spectrum is dominated by two
singlets, one at T 2.8 (chnz) and the other at 1 5.85 (PhCHzCO), which are
characteristic of all compounds in this series. The rem;;;;er of the

spectrum is due to the aryl group and naturally depends upon the particular

compound,
Table IX
N.M.R, Spectra of substituted deoxybenzoins.
Compound &0112 PhCH200 5

deoxybenzoin I 2.80 (s) 5.90 (s)
benzyl mesityl ketone 2.80 (s) 6.05 (s)
benzyl 1-naphthyl ketone 2.70 (s) 5.73 (s)
benzyl 2-naphthyl ketone 2.70 (s) 5.70 (s)
benzyl p-bromophenyl ketone 2.70 (s) 5.85 (s)
benzyl cinnamyl ketone 2.70 (s) 6.18 (s)
benzyl p-methoxyphenyl ketone 2.75 (s) 5.90 (s)
benzyl methyl ketone 2.80 (m) 6.45 (s)

ba Acyl substituted Cycloheptatrienes.

The n.m.r. spectra of cycloheptatriene and several substituted
cycloheptatrienes are reproduced in Appendix I Nos. 2-6. For cyclo-
heptatriene the assignment of the various absorption bands to individual

protons is well-established being represented diagramatically below :=—

Ay Low field

27 ) 5 Medium field
1 vﬁ High field




The triplet coupling of the methylene protons, T 7.8 (equivalent

due to rapid oscillation between the two possible boat forms) is due to

’

thé Hy and e protons (J17 = J67 = 7.0 Hz.) .
The vinylic protons show second order effects and must strictly be
analysed by AA' BB' XX! mathematics.w3 However, far more useful to the

organic chemist is the restricted first order analysis, employed by Egger

104

and Moser to describe the spectra of the isomeric methylcycloheptrienes.

H1 and HG are chemically equivalent and will have superimposable
spectra. Thus 4 couples with the two H7 protons to give a triplet
(J17 = 7.0 Hz), which is split further by the I, proton (J12 = 9,0 IHz)
giving the observed doublet of triplets. By similar considerations one
would predict that H2 and H5 would be a quartet, H2 coupling to H1

and II

(J12 = 9.0 Lz.) and i (J23 = 6.5 Hz.), while & 1, would be a doublet,

3

H, coupling only to H2'

3

However, the observed spectrum shows a doublet of triplets for

104

Iy, H5 and a triplet for Hj’ II Egger and Moser

105

4° suggested that this

system would illustrate "virtual coupling". This is not a physical
phenomenon but merely a convenient term for a well-understood spectral
effect.

For an ABX spectrum where J;x = O and protons LA & B are very
strongly coupled, e.g. when they have the same chemical shift, one
observes X appearing to couple equally to both A and B, i.e. a triplet
coupling for X.

With cycloheptatriene, H2, H3, H4 and H provide two

3 H4, H5’
virtually coupled systems. H3 & H4 have the same chemical shift while
J24 and J35 are zero., Thus the spectrum will appear as though H2 and H5
couple equally to both H3 and H4 to give superimposable triplets, and
further coupling to the H1 or HG proton gives the observed doublet of

triplets. H3 and H4 simul taneously participate in both virtually coupled



systems giving superimposable spectra, H3 coupling equally to H2 and H5 te
glve a triplet as is observed.

The other spectra presented in the Appendix show the same basic
form as the cycloheptatriene spectrum. They all consist of a complex
vinylic region T 3-5 with the methylene protons to high field.
T-cyanocycloheptatriene (No. 6) is included as an example of a mono-
substituted cycloheptatriene that can be analysed using the "virtual
coupling" approximetion described abové. It differs from cycloheptatrienc
in that the 1,6 protons now only couple to one methylene proton and so
appear as a quartet and not a doublet of triplets.

1-Benzoyleycloheptatriene (No. 3) is typical of the spectra of the
1-aroylcycloheptatrienes prepared. (see Table X for details of these
spectra).  The high field doublet, T 7.3, assigned to the methylene
protons, characterises 1-subgtituted cycloheptatrienes, which can only
couple with the lone H6 proton. The H6 proton is a doublet of triplets,
T 4.4 as in cycloheptatriene, while the HS proton is now a quartet T 3.7.
Clearly, "virtual coupling" is not operating in this system since H5 would
show a triplet pattern, and the H3 and H4 protons would not appear so
complex. resumably the benzoyl substituent deshields the I-I3 proton with
respect to the H4 proton so that the conditions for "virtual coupling” no
longer apply. In fact there is no simple explanation of the observed
spectrum and a second order analysis must be employed to derive any furthe:
information,

1-Acetylsycloheptatriene (No. 5) differs from the 1-aroylcyclo-
heptatrienes in that the H, proton is now clear of other signals appearing
att 2,9 as a doublet. This is simpler than 1-benzoylecycloheptatriene
when it was difficult to decide the exact position of this proton. It
could have been either with the aromatic or with the H3 and H4 protons.,
However, the H3_and H4 protons in 1-acetylcycloheptatriene still show a

second order pattern,
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2-benzoylcycloheptatriene (No. 4) illustrates an example of an
,entirely first order spectrum. Presunably the H3 proton is now deshielded
to such an extent by theodjacent benzoyl group that'ﬁ(H4 - H3) is sufficient
for the coupling to be first order. Thus H3 is a doublet, coupling only
with H4, and H4 is & quartet coupling to H3 and HE’ H5 and HG are a
quartet, and doublet of triplets respectively, as in 1-benzoylcyclo-
heptatriene, while H, is a triplét,coupling only to the methylene protons.

These compounds conveniently illustrate different approaches to
the analysis of the spectra of substituted cycloheptatrienes.  Although
at first sight the vinylic region is complex, analysis or even partial
analysis of the region, provides an unambiguous assignment of the

substitution pattern, which is virtually impossible to make by auy other

method .
Table X
N.M.R. Spectra of 1-Acyleycloheptatricnes.
PROTONS
Compound Hey Ilg Hg H4,H3,H2
1-benzoyl-

cycloheptatriene | 7.30 (d) 4.40 (m) 3.70 (m) 3.1 - 3,5 (n)
1-meaitoyl-
cycloheptatriene | 7.25 (d) 4.40 (m) 3.75 (m) 3.3 = 3.6 (m)
1-(1-napthoyl) -
cycloheptatriene | 7.15 (a) 4.30 (m) 3.70 (m) 3.1 = 3,6 (m)
1-@-—me thoxybenzoyl}-
cycloheptatriene | 7.30 (a) 4,40 (n) 3.70 (m) 3.1 = 3,4 (m)
1-ocetyl-

cycloheptatriene | 7.4 (d) 4,50 3.70 (m) 2.9 = 3.4 (m)




3. Mass Spectra.

a.Substituted Deoxybenzoins

1) Fragmentation of the Parent Ionm.

Ionisation of a ketone LXXXVI by electron loss leads to ion
pXXkVIa. with the positive charge localised on the oxygen atom. This
molecular or "parent" ion is a radical species. Such an ion, either
parent or fragment, with an unpaired électron, is called an "odd-electron
ion", and is designated by the symbol-f. On the same system an "even-

elestron ion" is designated 4+, 107,108

The major fragmentation process of
this ion is =-cleavage, resulting in the formation of an acylium ion

LXXXVII and a neutral radical, R2.

R —e R —~R
1*\ s ) 5 2 +
C=0 el c=0" —> R -CE0
el /
2 R,
(LxxxVI) (LXXXVIa) (LXXXVII)

The positive charge is usually retained by the electronegative hetero-ztom,
as shown,
Substituted deoxybenzoins may undergo «-cleavage to give 4

different ions (LXXXVIII - XCI) :-

2 1 "R. . - +
(a) Cells 0112-%2-3 ————> CgHLCHL =0
0+ LXXXVIII
> -C H.CH,CO-
; 652 =
(v) CgllsCH,- cI P —— R
0% LXXXIX
% H CH -
. G55 +
(e) ClsCH, -gﬁ— R —_——s RCO
% XC
(a) CelsChy~ '—-R ———>  CglCH,
ot

XCI
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‘The acylium (RCO) and tropylium (CTHT) fragments produced by
cleavage of the 1,2 bond are.clearly more stable than the benzoylium
(csnscnzco) and alkyl, or aryl (R) fragments produced by the alternative
®~cleavage. Thus one would predict the acylium ion XC to be the most
abundant ion, charge localisation normally being at the hetero atom.
Competition of the tropylium and acylium ions for this positive charge

is reflected by an increese in the abundance of the tropylium ion whenever
there is a decrease in the ability of the acylium ion to stabilise the
positive charge.

Fig. XVI shows the fragmentation of the parent ion for typical
deoxybenzoins, illustrating the principles outlined above. Thus in both
examples the acylium ion is the most abundant ion, and the relative
abundance of m/e 91, the tropylium ion, is far higher for benzylmethyl
ketone XCII ("acetyl deoxybenzoin") wherc the methyl group is less
capable of stabilising the positive charge. m/e 127 inbenzyl 1=naphthyl
ketone . XCIII has an abundance of 53%. This dces not indicate the

alternative «-clecavage is more favoured, because m/e 127 is formed from

n/e 155 by loss of CO, and not from the parent ion.

c
0 ¥ ;

104

n/e 155
The abundance of m/e 119 gives a more accurate picture of the

probabilities of the two alternative «-cleavages.



Figure XVI. Fragmentation of the Parent Ton for the

Deoxybenzoins.

L. Benzyl Methyl Ketone.
119 (67)

|

: 91 (51%)

|

C ‘—.—"'CH2 Ph

15 not measured

43 (1007%)

- - = =

B. Benzyl 1-Nephthyl Ketone

127 (53%)

155 (100%)



Table XI __ Metastables showing the origins of the most abundant

ions in the spectra of substituted deoxybenzoins.

| *

Compound | M obs. M* calc.
A 196 (P) M o-91 105 56.2 56.25
deoxybenzoin 105 (RCO) M - 28 7 56.5 56.47
77 (R) M- 26 51 33.8 33.78
91 (07n7) M - 26 65 46.4 46.43%
B 238 (P) =91 147 895 90.79
benzyl mesityl ketone 147 (rCo) Wi~ 20 919 96.0 96.33
» 119 (C7H?CO) M - 28 91 69.5 69.59
91 (C7H7) M - 26 65 46.4 46.43
C 246 (P) M-91 155 97.8 97.66
bensyl 1~nephthyl . . 155 (RCO) M - 28 127 104.0 104.06
_ i 127 (R) M-26 101 80.2 80.32
ROVORS | {of (1) M-26 75 55.7 55,69
D 91 (CTHT) M - 26 65 46.4 46.43
= 1
E 274 (P) M-91 183 £ -
benzyl p-bromophenyl | 183 (RCO) M - 28 155 131,2 131.28
fokane 155 (R) M - 80 76 = -
F 222 (P) M-91 13 -
s S i 5 131 (Rrco) M -28 103 81.0 80.98
enz C
4 - 103 (R) H-26 TT SIS 57.56
ketone T1 (Cgll;) M -26 51 33.8 33,78
91 (c7ﬁ7) M -26) 65 46.5 46.43
65 (CcB;) M-26 39 23.5 23.40
¢ 226 (p) B9 135 80.8 80.64
benzyl p-methoxy- 135 (RCO) M - 28 107 85.0 84.81
phenyl ketone 107 (R) M- 15 92 L -
92 (RwCH3) M - 28 64 44.5 44.52
91 (CH,) M -26 65 46.4 46.43
I 134 (R) M -15 119 1058  105.68
benzylmethyl ketane 119 (CTH?CO) M-28 9 69.6 69.59
| 91 (07H7) M - 26 65 46.4 46.43
* for Br79 only, similar fragmentation was observed for ions with Br81



ii) Fragmentation of the acylium ion.

The fragmentation patterns of the compounds synthesised
are summarised in Appendix II Table I. The origins of the major fragment
ions in each spectrum, with metastable peaks to verify these origins, are
tabulated in Table XI. From this data it is possible to construct the
fragmentation patterns for the individual deoxybenzéins.

The fragmentation of debxybenzoin TPig., XVIII will suffice to
illustrate the basic fragmentation processes of these compounds. Super-
imposed upon this is any fragmentation induced by substituents on the
aryl ring. The fragmentation ofbenzyl p-methoxyphenyl ketone Fig. XVII.
shows how the methoxy group alters the course of the fragmentation process.

Firstly deoxybenzoin, the acylium ion m/e 105 is the moet
abundant ion. This fragments by loss of CO to give m/e 77 followed by
loss of successive molecules of acetylene (M-26) giving m/e 51,

Metastable peaks are included in Fig. XVIIL.

The fragmentation of benzyl p-methoxyphenyl ketone is summerised
in Fig. XVII. Loss of CO from the acylium ion, m/e 135 to give m/e 107
is identical to deoxybenzoin. Then instead of loss of acetylene,
typical of unsubstituted aromatic compounds, a methyl radical is lost
from the other linkage giving m/e 92. This loses another CO molecule

as shown. Again all metastables observed are included in Fig. XVII.



Figure XVII. Fragmentation of Benzyl p-Methoxyphenyl Ketone.

*

80.8
-t
CH0 C CH, A ——> CH50 =0
n/e 226 _ n/e 135
¥*
85
0"
* + +
44.5
0534 R ol < CH,O
- CO = 0}13‘ 3
n/e 64 n/e 92 n/e 107
Figure XVIII. FPragmentation of Deoxybenzoin.
Ph ﬁ CH, Ph P pno=o*
-+ s
ot PhCH,
nfe 196 . mnfe 105
: *
56.4
~CO"
* 33.8
Cils e pht
+ oo

n/e 51 n/e 77



(iii) Further Fragmentation Processes.

; Every compound studied shows m/e 91 £ n/e 65 [t - 26], i.e.
loss of acetylene. Iowever no metastables have been detected showing
the formation of the tropylium ion, m/e 91. The most likely process is
directly from the parent ion as discussed in section 1.

Metastable ions also suggest the process, m/e 77~—t$ n/e 51
[ﬁ - 26]. although there are no metastables connecting m/e 77 to any
other ion. From a knowledge of fragmentation processes in ketonic
compounds,107 n/e 77 is most likely to arise from the parént ion by

B-cleavage,

bs 1-fLcyleyecloheptatrienes.

These spectra are summarised in Lppendix II, Table II. They
show only quantitative differences from the isomeric deoxybenzoins, and
metastable ions indicate that the same fragmentation processes are
operating in both series of compounds. Thus a table of the origins of
the most abundant ions for the cycloheptatrienes would be identical to
Table XI and so is not duplicated.

These results are not surprising since the 1-acyl cycloheptatriene
could isomerise thermally to the deoxybenzoin (seec Chapter VI) with the
sanpling conditions used, Also spectra of the CTHB isomers, cyclo-

heptatriene and toluene, are known to be identical.m6
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Experimental.
The Melting points were determined with a Kofler block apparatus

and are uncorrected. Infra-red (i.r.) spectra were recorded on a Perkin-
Elwer 257 or 457 spectrometer, nuclear magnetic resonance spectra (n.m.r.)
on a Varian L-60 or Perkin-Elmer R14 spectrawvtcy mass spectra (m.s.) on an
A.E.I. MSO and Ultra-Violet (u.v.) spectra on a Unicam S.P. T00.

59

Mathieson™~ was used to assign the n.m.r. spectra and

and Bellamy1oo the i.r, spectra.

Anhydrous sodium sulphate was used for drying and a rotary
evaporator for removing solvents,

The cycloheptatriene, kindly supplied by Shell, was distilled
prior to using,(and still contained about &% of toluene). A4.R. solvents
were used in the Friedel-Crafts reactions, further purification being
unnecessary. The acid chlorides used were either bought as the acid
chloride or as the acids. The acids were converted to the acid chloride

by reaction with thionyl chloride.109
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1. Synthesis of Silver Fluoride. ggg.11°

40% HF (47 g.) was added in small portions, with stirring to
silver carbonate (11.0 g.) contained in a platinum dish. When the
initial evolution of 002 was finished the dish was hested on a steam bath
(30 mins.) to complete the reaction, The /gF solution was separated from
excess silver carbonate by filtration and the solution evaporated from a
platinum dish until 115 g. were left. The remaining water was removed by
washing with 100 ml. of anhydrous methanol and decanting supernatant
liquid (3 times), followed by 100 ml. anhydrous diethyl ether (3 times).
Traces of ether can be removed with a water punp.

The ether used for washing, together with an additional 300 ml. is
added to the methanol, The yellow precipitate is treated with 25 nl, of
nmethanol (2 times) and 50 ml., of ether (3 times) and the moist LgF dried
as before.

The combined yield was 55 g. 55%. This material was used in the
synthesis of silver tetrafluoroborate.

2. Synthesis of Silver Tetrafluoroborate.“1

Manipulations that involved exposing the materials to the
atnosphere were performed in a dry-box. Silver fluoride (34 g.) was
suspended in dry nitromethane (40 g.) and boron trifluoride was passed
into the stirred suspension (30 min.), keeping the system at 60°C by
immersing the reaction flask in water. Dry nitrogen was passed through
this solution (1 hr.) to remove excess BF3 and the solution filtered under
reduced pressure (50 mm.) into an evacuated flask held at 70°, which
removed the nitro-methane leaving the solid silver tetrafluoroborate
behind.

The AgBF 4 ocbtained from this reaction was to be used to prepare
the benzoyl oxocarbonium fluoroborate in methylene chloride. However

low solubility of the LgBF4 in the solvent (due to the presence of the
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hydrated compound, AgBF4.H20) reduced yields, measured by the AgCl
precipitated, drastically.
For this reason the method was abandoned in favour of the more

straightforward "Fluoride method", (expt. 3).

3+« Reaction of Jenzoyl Oxocarbonium Fluoroborate (generated in situ

from PhCOF + BF326) with Cycloheptatriene in Methylene Chloride,

Cycloheptatriene (9.2 g.) was slowly added, with stirring, to a
solution prepared by bubbling BF, gas through benzoyl fluoride (12.4 g.)
in methylene chloride (100 ml1.) at -60°. Samples of the solution were
examined at -60o by n.nm,r. spectroscopy, and the remainder allowed to
warn to room temperature,

Filtration gave tropylium fluoroborate, yield 4.0 g, 22%,
recrystallised from methyl cyanide/ethyl acetate, n.p. 210 - 236o (with

decompoaition)aT'xmax. (conc. H,80,). 273.5 (4330), 1050 cm,™"
274 Vmax,

(broad, BFy ) 1 (MeCN), 0.8 (s).

The filtrate was poured onto 2 HC1/ice mixture, washed with sodiwm
bicarbonate and water then dried. Addition of ether (50 ml.)
precipitated an uncharacterised polymeric material, yield 4.0 g.

Evaporating off the solvent followed by vacuun distillation gave
deoxybenzoin, 1.1 g., 6% recrystallised from petrether 40/60°,

m.p, 54 - 550. mixed n.p. 54 - 560, i.r, and n.n.r. identical with an

‘authentic sample.

4. Reaction of Benzoyl Oxocarbonium Fluoroborate (generated in situ

from PhCOF + BF; ! with Cycloheptatriene in L%ggid 302.

" Cycloheptatriene (9.2 g.) was slowly added, with stirring, to a
solution prepared by bubbling EF3 gas through benzoyl fluoride (12.4 g.)

in liquid S0, (100 ml.) at B0 ‘Samples of the solution were examined



at ~60° by n.n.r. spectroscopy. Cold methylene chloride was added to
the solution which was allowed to warm to room temperature, the S0,
boiling off.

Filtration gave tropylium fluoroborate, yield m.p. i.r. u.v. and
n.n.r. identical with material in expt. 3.

The filtrate was poured onto a HCl/ice mixture, washed with sodium
bicarbonate and water, then dried. Addition of ether (50 ml.)
precipitated an uncharacterised polymeric material.

Evaporating off the solvent followed by vacuum distillation gave
deoxybenzoin, recrystallised from petrether, 40/60°, m.p. 54 - 55°, mixed

n.p. 54 - 560, i,r. and n.n.r, identical with an authentic sample.

5. Reaction of Benzoyl Chloride with Cycloheptatriene in the presence

of Aluninium Chloride in Methylene Chloride.
| Cycloheptatriene (9.2 g.) was slowly added, with stirring, to a
solution of benzoyl chloride (14.1 g.) and aluminiun chloride (13.4 g.)
in methylene chloride (100 ml.) at ~60°. The solution allowed to warm to
roon temperature and sanples examined by n.n.r. spectroscopy.
Filtration of the remaining solution gave tropylium chloro-
alumipate.33
The filtrate was poured onto a HC1l/ice mixture, washed with
sodiun bicarbonate and water, then dried, Addition of ether (50 ml.)
precipitated an uncharacterised polymeric material,

Evaporating off the solvent followed by vacuum distillation gave
0

deoxybenzoin, 5% yield recrystallised from peteecther, 40/500, n.p. 54 - 55,

nixed m,p. 54 - 560, i.r, and n.n.r. identical with an authentic sample.



6. Synthesis of Deoxybenzoin.

Cycloheptatriene (9.2 g.) was slowly added with stirring to a
solution of benzoyl chloride (14.1 g.) and aluminium chloride (13.4 g.) in
methyiene chloride (100 ml.) at 0°.  The gsolution was allowed to warm to
room temperature, then poured into Hci—ice mixture. The organic phase was
washed with water, dried and the methylene chloride evaporated off.

Vacuum distillation of the residue gave deoxybenzoin 8.4 g., 4%k,
recrystallised from 40/60° pet.-ether, m.p. 54-55°, mixed m.p. 54 - 56°,

i.r. and n.m,r, identical with authentic sample.

7. Synthesis ofBenzyl Mesityl Ketone.

Prepared in & similar menner to deoxybenzoin. This gave benzyl
mesityl ketone 3.0 ., 1%, b,p. 167 - 180°(6 mm ) nt 238.1350, CyqHy g0
requires 238.1358. Vv 1700 an.”! (v 0=0), * 2.0 (s, PheH,, 5H),

3.20 (s, Axco, 2H), 6.05 (s, PhCH,CO, 2H), 7.75 (s, ArCHs, 3H), 7.0

(s, AxCH., 6H).

3

8. Synthesis of Benzyl 1-Naphthyl Ketone.,

Prepared in a similar manner to deoxybenzoin. This gave benzyl
1-naphthyl ketone 5.5 g. 2% recrystallised from 40/60 pet.-ether,
- m.p. 64.5 - 66.0° Found 008425 U, 5.7, C18H140 requires C, 87.9;

+ -1
Hy 5.7, M', 246.0980  Cygdll,,0, 246.1046, v 1690 cu.” (v C=0),
T 1.30 - 2.60 (m, 4rCO, 7H) 2.70 (s, PhCH,, 5H) 5.75 (s, PhCH,CO, 2H).

9. Synthesis of Benzyl 2-Naphthyl Ketone.
Prepared in & similar manner to deoxybenzoin., This gave
benzyl 2-naphthyl ketone, 3.6 g., 15% recrystallised from 40/60 pet.-

ether, m.p. 97 - 99°, Found C, 87.2; H, 5.7, C18H140 requires

+ -1
C, 87.9; K, 5.7, H', 246.0968, CqgH, 0, 246.1046, v __ 1685 cm.

(v €=0), T 1.50 - 2.50 (m, 4zcO, TH), 2.70 (s, PhCH,, 5H), 5.70
(s, PncH,CO, 2R).
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10. Synthesis of Benzyl p=-Bromophenyl Ketone,

.

Prepared in a similar manner to deoxybenzoin. This gave
benzyl p~bromophenyl ketone, 1.2 g., 4%, recrystallised from 40/ 60°pet.-ether,
mn.p. 112 -~ 114°  Found Cy 61.5; H, 4.2, 014H110Br requires C, 61,2;

H, 4.0 W', 275.97% ¢, 8, 0Br, 273,999, v 169 em.”' (v ¢=0). T

Ke
2.07 = 2.42 (LB multiplet, ArCO, 4H), 2.10 (s, PhCH,, 5H), 5.85 (s, PhCH,,CO,

2f).

11. Synthesis of Benzyl Cinnamyl Ketone.

Prepared in a similar manner to deoxybenzoin., This gave benzyl
cinnemyl ketone 2.6 g., 12%, recrystallised from 40/600 pet.~ether m.p. 65 - 68"

FPound, €, Bo.5;: Hy 6.4, C16H 0 requires C, 86.5, H, 6.4, M+, 222.0981,

14
- i .
Cy6Hy40s 222.1045, v 1660 cn. (v ©=0),t2.40 = 2.70 (m, Ar~CH, 5H)

2.4 and 3.3 (4B multiplet CH=CH, 2H), 2.70,(s, PhCH,, 5H), 6.18 (s, PhCH,,CO,

2H).

12, Synthesis of Benzyl p-llethoxyphenyl Ketone

. Prepared in a similar manner to deoxyhenzoin. This gave benzyl
p-methoxyphenyl ketone 4.4 g., 20%, recrystallised from 40 / 60° pet.~ether,
m.p. 75 = 76°, Found C, 79.1; H, 6.1, 015131402 requires €, 79.7; H, 6.2,
+ -1
W 226.0851, CygHy,0,, 226.0994, v 1680 cn. (v ¢=0),t 2.05 and 3.15

(AB multiplet, ArcO, 41), 2.75 (s, PhCH,, 5H), 5.90 (s, PhCH,,CO, 2H), 6.20
(s, ArOCH,, 3H).

13. Synthesis of Benzyl Methyl Ketone

Cycloheptatriene (9.2 g.) was slowly added with stirring to a

solution of acetyl chloride 7.8 g.) and aluminium chloride (13.4 g.) in

nethylene chloride (100 ml.) at -20°. The remainder of the reaction is

identical to expt. 6. This gave benzyl methyl ketone, 2.9 g., 22%
bep. 91 - 95° (10 mn.) M© 134.0712, Colly 0 134.0732, v, 1710 ca.”

1

(v c=0), v2.80 (m, PhCH,, 5H) 6.45 (s, PhCH,CO, 2H) 8.00 (s, CHCO, 3H).
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14. Synthesis of 1-Benzoylcycloheptatriene.

Cycloheptatriene (9.2 g.) was slowly added, with stirring, to a
aolutian of benzoyl chloride (14.1 g.) and aluminium chloride (13.4 g.) in
methylene chloride (100 ml.) at 0°.

The solution was poured into HCl-ice mixture, the organic phase
washed with water and dried. Evaporating off ihe methylene chloride gave
the crude intermediate chloro-ketone LVI. Identification was made on this
crude product, nt 232.0656, C14H13010, 232.0655, Yiax, 1690 r:.l:n."'1 (v c=0),

1 2.3 (n, aromatic), 4.0 (m, vinylic), 5.05 (m, CHC1), 5.5 (m, CHCO), 7.8

(mn CH. )
Bubbling HC1 gas through the methylene chloride solution of LVI

(10 min.) and evaporating off the methylene chloride gave crude 1-benzoyl-
cycloheptatriene, This was purified :-

(1) Chromatography on a silica gel column, eluting with chloroform, and
recrystallisation from hexane giving pure 1-benzoylcycloheptatriene
(estimated from the n.m.r. spectrunm).

(ii) Vacuun distillation, product 8.3 g., 42%, m.p. 45 - 47°,
Found C, 85.4, H, 6,1  C,H,,0 requires C, 85.8, H, 6.2, M' 196.0894,
C14H;20, 196.0888, v 1640 em.”', (v C=0) T 2.30 ~ 2.77 (m, PheO, 5H),
3.10 - 3.50 (n, H,, Hy, H,, 30) 3.70 (n, H, 1H), 4.40 (m, H,, 1H) 7.30
(a, Hy, 2H).

15. Synthesis of Mesitoyleycloheptatriene.

Cycloheptatriene (9.2 g.) wgs slowly added, with stirring to a
solution of mesitojd chloride (18.0 g.) and aluminium chloride (13.4 g.) in
methylene chloride (100 ml.) at 0°C. The solution was poured into HCl-ice
mixture, the organic phase washed with water and dried. Evaporating off
the methylene chloride followed by vacuum distillation gave 1-mesitoyl-
cycloheptatriene, 9.0 g., 38%, recrystallisation from, n.p. 30 - 340, nt

238,1359 Cyqll;50, 238.1358, v, 1650 cn.™' (v , C=0), 1 3.20 (s, 4ICO, 2m)



3.10 - 3.50 (m, H, By Hy, 31), 3.70 (m, He, 1H), 4.40 (m, He, 10),

7.25 (4, Ho» 21n), 7.80 and 8.0 (s, LrCHS, 9).

16. Synthesis of 1.(1-Naphthoyleycloheptatriene.

Prepared in a similar manner to 1-benzoylcycloheptatriene and
isolated by chromatography. 16.0 g. 655, M' 246.1022, Cyglly 105 246.1045,
Voo, 1640 o, (v, 0=0), v 1.90 - 2.70 (m, AxcO, TH), 3.1 - 3.6
(n, H,, Hy H4) 3.70 (m, Hs, 1), 4.30 (m, Hg, 1H) T7.15 (4, Ho» 2H).

(Impurities in the sample largely from the column, prevented

recrystallisation of the sample.)

17. Synthesis of 1-b-Methoxybenzoyl) cycloheptatriene,

Prepared in a similar manner to 1-benzoylcycloheptatriene and
isolated by vacuum distillation. 8.6 g.385& M+ 226.0983, C15H1402,
226.099%, Qmax_ 1640 e (v, €=0), ¢ 2.35 and 3.15 (LB multiplet,
ArCO, 4H) 3.10 - 3.40 (m, H,, Hyy Hy, 3H), 3.70 (m, Hg, 1), 4.40 (m,

He, 18), 7.30 (4, Hos 2H).

18. Synthesis of 1-fcetylcycloheptatriene.

Reaction performed at -20°, cf. expt. 13, otherwise prepared in a
similar manner to 1-benzoylcycloheptatriene. Isolated by vacuum
distillation, 2.0 g., 15%, b.p. 100 - 110° at 15 m.m., M' 134,0718,

-1
CoHy 0 134.0732, v . 1660 cn.” (Vv €=0), t 2.9 (4, H,, 1H), 3.05 -

aX.
3.4 (n, By, Hy, 20), 3.70 (n, H, 1K), 4.50 (m, Hg, 1H), 7.40 (4, Hy, 2H)

7.73 (s, CH5C0, 7H).

19, Reaction of Cinnamoyl Chloride with Cycloheptatriene.

The reaction was performed in a similar manner to 1-benzoyl cyclo-
heptatriene. However vacuum distillation did not give the expected

cycloheptatriene. It is suggested that the physical data is in accordwith



’

LXXVI. (Chapter 5, section 5), 7.8 g., 35%, b.p. 164 - 168°,

(0.7 m.nJ), M* 222,1035, CigHy40s 222.1045, ¥ 1690 en.”™' (v, C=0)

max,
T 2,50 - 3.0 (n, PhCH, 5H), 3.60 - 4.60 (m, vinylic, 5H), 6.00

(m, PhcH, 1H), 7.0C - 7,80 (m, COCH,, 2F and m, methine, 1H).

20. Reaction of Benzoic /[nhydride with Cyclcheptatriene.

Cycloheptatriene 4.6 g. was slowly added, with stirring, to
a solution of benzoic anhydride (11.3 g.) and aluniniun chloride
(13.4 g.) in methylene chloride (100 ml.) at 10°C.” The solution was
stirred at this temperature (5 hrs.) then poured into HCl-ice mixture.
The organic phase was washed with water and dried. Evaporating of?f
the solvent gave a crude material and examination of the n.m.r.
spectrun showed it to be a mixture of deoxybenzoin and the chloro-
ketone intermediate. Passing HCl gas through this mixture converted
the intermediate chloro-ketone to 1-benzoylcycloheptatriene,
(identified by conparison of n.m.r. spectrum with that of an authentic

specimen).

21, Acylation of Cycloheptatriene with Benzoyl Chloride in

Carbon Disulphide.

Cycloheptatriene (9.2 g.) was slowly added with stirring, to
a solution of benzoyl chloride (14.1 g.) and aluminium chloride
(13.4 g.) in carbon disulphide at 40°.  The solution was poured into
HCl-ice mixture, the organic phase washed with water, dried and the
carbon disulphide evaporated off. Vacuum distillation of the
residue gave deoxybenzoin identical to material prepared in previous

reactions,
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22, Synthesis of 2,4,6-triphenyl benzoyl chlo;ide.37

The synthesis of 2,4,6-triphenyl benzoic acid was performed by the

37

method of Kohler” et al. The acid was isolated in 81% yield. Attempts

to convert this to the acid chloride gave a yellow solid m.p. 185 - 1870.

1,3-Diphcnyl fluorenone m.p. 1830. 3T

255 1-Benzoylcycloheptatriene; Hydride-exchange.27

1-benzoyleycloheptatriene (1.2 g.) in methylene chloride (5 ml.)
was added to a solution of trityl fluoroborate (2.0 g.) in methylene
chloride (10 ml.). The heavy precipitate (20 mins.) was filtered and
washed giving a pale yellow product, 0.75 g., 48%, m.p. 150o (decomposition)
(m + 1)* 196.0862, ¢, 5,0, 196,088, , 1655 (c=0), 1050 cn.”' (EF,),
T (trifluoracetic acid, Me4Si external reference) 0.9 (s, C?EGCO 6H),

2'7 (mj EE_CO SH)O

24. 1-Benzoylcycloheptatriene; Thermolysis.

1-benzoyl cycloheptatriene was heated (24 hrs.) in aniline vapour
(1840), Samples were taken at 6 hr. intervals for analysis by n.nm.r.
spectroscopy. Vacuum distillation of the residue gave deoxybenzoin

(identical with samples prepared previously) as the only isolateable produet.

25. 1-Benzoylcycloheptatriene; Photolysis.

Photolysis of 1-benzoyl cycloheptatriene in benzene (30 hrs.)
using a Henovia 125-W medium pressure mercury lamp, gave 2~benzoyl
cycloheptatriene as sole product (from the n.m.r. spectrum). Evaporating
off the solvent gave a sample of the crude material which could not be
recrystallised from any of the normal solvents. ut 196,0878, 0‘4H120
196.0888, v__ (1680 en.”' (v c=0),  1.90(d, Hy, 1H) 2.50 (m, PhCO, 5H),
3.30 (o, H,, 1H), 3.80 (n, H5, 1H), 4.15 (t, Hy, 1H) 4.55 (m, H,, 1H),
7.75 (¢, Hy, 2H).
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26. Reaction of Benzoyl Tropyliun Fluoroborate with Sodiun Borohydride,

76

The method used was that described by Conrow ', and the

product isolated by separation of the orgenic layer, washing with water
drying and evaporating off the pet.-ether. The residue was analysed by
n.p.r. (in c014) and i.r, (thin-filn) spectroscepy. A discussion of
these results is included in the text, and although the spectra appear
conplex, due to the presence of several products, it can be concluded with

certaiﬁty that these are isomeric benzoyl cycloheptatrienes.

27. Reaction of Benzoyl Tropylium Fluoroborate with sodium methoxide

in methanol,

The method is described by Daubenf12 4L solution of NaoMe (1 g.
in MeOH (10 ml,) was slowly added to the benzoyl tropylium fluoroborate
(1 g.) in nethanol (10 nml.)

The solution was diluted with carbon tetrachloride (20 nl.) and
washed several tines with water, The carbon tetrachloride layer was
retained, dried and concentrated to obtain an n.m.r. spectrum. The
renainder of the carbon tetrachloride was evaporated off and the residue
analysed by i.r. spectroscopy.

By similar considerations to expt. 26 it was concluded that the

product was a nixture of isomeric benzoyl, methoxy cycloheptatrienes.
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Mass spectra of substituted deoxybenzoins, relative abundance

as a percentage of the base peak.

n/e £ B C D E F ] H
39 5 3 3 5 1 6 2 10
43 - 41 50 14 - 100
51 3 3 f 10 9 1 5
63 2 6 - 3 5
64 - - 5
65 6 4 3 18 6 3 1
75 4 15 -

76 18 -

T7 39 5 6 7 13 25 14 4
= 6 13 3 4 23 8 4 51

92 101 “ 10 20

103 3 37

104 3

105 | 100 2

106 8

107 6

115 2

17 2

118 2

119 22

126 6 7

127 53 60

128 7 8

131 100

132 10
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Mass spectra of substituted deoxybenzoins, relative abundance

as a percentage of the base peak. (Cont'd.)

n/e

L

134
135
136
147
148

100
1

A

16

155
156
157
183

185

100

12

|

100

12

21

19
100

95

196
222
226
238

246

.(1'5)

-t

(0.4)

(0.5) j

(o.s)i

274
276

(3)

(3)

(4)

(5)

(1)

(5)
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Mass spectra of 1-acyl cycloheptatrienes, relative abundance

as a percentage of the base peak.

A B c G H
39 15 64 5 7 17
41 41
43 100
51 23 33 ¢ 4 7
63 26 9 7 8
64 8
65 15 57 8 26
75
76
77 53 47 21 25 Vi
91 52 9 71 9 11 66
92 26 100 8 19 11

103

104 20

105 100 20

106 10 10

107

15 21

19 48 10

126 12 :

127 74

128 14

131

132 133

134 22
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Mass spectra of 1-acyl cycloheptatrienes, relative abundance

as a percentage of the base peak. (Cont'd.)

A

135
136
147
148
155

63

100

152

100

10

156
157
183
185

196

195

13
29

22

195

222

226

238
246
274

0.3

225

2217

19
64
11

(10)

(5)

(4)

(7

*

See table XI. p.77




