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Preface

Part I

The structure of benzene was established in the
latter half of the nineteenth century. Long standing
interest in other fully unsaturated carbocycles developed
since it was thought they might have'properties related to
those of benzene. The application of quantum physics to
the motion of electrons, which led to the development of
molecular orbital theor?, gave renewed impetus to the
study of such systems, Molecular orbital calculations
have been applied to a remarkable variety of unsaturated
cyclic molecules including many with exocyclic double
bonds. There has been great interest in the comparison
of calculated and measured properties of such molecules
and as a result their synthesis has been of great impor-
tance., 1In the series of unsaturated carbocycles which con-
tain an even membered ring and two adjacent exocyclic
‘double bonds those with four and six carbons in the ring
are known. It was of interest to synthesize the thixrd

member l,2-dimethylenecyclogctatriene.

Part II

Bicyclic compounds which contain a cyclobutane
ring have been known since the turn of the century and
those in which the second ring contains four, five or six

carbons are now readily accessible. Those with a larger
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second ring are relatively rare. The addition of ketene to

giE,trans-l,3-cyc105ctadiene proved to be a feasible entry

into such a system,
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Abstract

Part 1

- 2=-Butynoic acid, which was synthesized by the
reaction of carbon dioxide with lithio methylacetylide, was
converted to the methyl ester with diazomethane, This
ester, when photolysed in benzene, gave 2-carbomethoxy=1l-
methylcyclo%ctatetraene. Hydrogenation of 2-carbomethoxy-
l-methylcyclo%ctatetraene confirmed the presence of four
double bonds and gave a‘single product, cis-2-carbomethoxy=-
l-methylcyclogctane. 2-Carbomethoxy-l-methylcycloSCta-
tetraene was converted to the alcohol by metal hydride in
ether. It was found that aluminum hydride gave better
yields than lithium aluminum hydride., , The reaction of
phosphorus tribromide with this alcohol gave the bromo com-
pound which, when treated with trimethylamine in methanol-
hexane, gave l-methyl—2-N,N,N-trimethylaminomethylcyclo-

®ctatetraene bromide, This quaternary bromide on treat-

ment with an aqueous slurry of silver oxide gave the

quaternary hydroxide, which was readily converted to
l,2-dimethylenecyclo%ctatriene by pyrolysis at reduced
pressure,

The mass spectra of 2-carbomethoxy-l-methylcyclo-
octatetraene, 2—hydroxymethyl-l-methylcycloSCtatetraene,
and 1,2-dimethylenecycloGctatriene were obtained and break-

down patterns were proposed.
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l,2-Dimethylenecyclogctatriene was sﬁown to be
monocyclic by the n.m.r. spectrum, although the possibility
that the monocyclic form is in equilibrium with a small
amount of a bicyclic form is not excluded. An attempt to
obtain a bicyclic form by photolysis was unsuccessful,

l,2-Dimethylenecyclogctatriene was shown to be
fairly stable thermally but extremely sensitive to oxygen.
The infrared spectrum indicated that the molecule is not
highly strained. Molecular orbital calculations were per-
formed on planar l,2—dimethylenecyclogctatriene. The
total MM enerqgy, the delocalization energy, the bond orders
and the free valences were calculated. Despite a high
calculated delocalization energy for the planar form, the
molecule apparently prefers a less strained non-planar
shape as is shown by the ultraviolet spectrum,

The reactions of a variety of 1 systems with
dienophiles were compared with the reaction of 1,2-di-

methylenecyc103ctatriene with tetracyanoethylene.

Part II

The addition of ketene to g;g,ggggg-l,3-cycloocté-
diene gave trans-bicyclo[6.2.0]dec-2-en-9-one. Arguments
were presented supporting the assignment of the position of
the double bond as Y§ to the carbonyl group and.the.fusion
of the rings as trans. The reduced product, bicyclo[6.2.0]
dec-9-one was prepared. The reduction confirmed that the

original product had only one double bond. cis=-Bicyclo
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[6.2.0]dec-2-en-9-one was obtained by passing a dilute
solution of ggggg-bicyclo[6.2.0]dec-2—en-9-one in pentane
through an alumina column. Wolff-Kishner reduction gave
bicyclo[6.2.0]dec-2-ene which was used for dehydrogenation
studies. Dehydrogenation by rhodium on alumina gave a
small amount of azulene but none of the desired bicyclo

[6.2.0]decapentaene,
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SYNTHESIS OF l,2—DIMETHYLENECYCLOECTATRIENE
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INTRODUCTION

A, General

Kekulé's proposal (1) for the structure of benzene
encouraged specﬁlation about the stability and reactivity
of the higher and lower analogues cyclooctatetraene and
cyclobutadiene, Early attempts to synthesize cyclobutadiene
failed while cyclogctatetraene, which was synthesized by
Willstatter (2) in 1911 from the alkaloid pseudo-pelletierine,
was found to be typically olefinic in behaviour. It was
thus seen that a simple correspondence between structure and
benzene=like behaviour did not exist. »

Aromaticity, a term which is.derived from the
odorous character of many natural product derivatives of
the benzene series, began to mean a stability and reactivity
associated with a benzene type structure. It was soon
realized that pyridine fitted this classification and also
that five membered heterocycles with two double bonds could
be designated as aromatic. A logical development of these
observations was the concept of the aromatic sextet (3)
which became a useful guide to aromatic character, The
application of electronic theory to the concept of
aromaticity led to the formulation by Ingold of the theory
of mesomerism (resonance) (4) which dealt with the distinct
chemical reactivity of benzene-type molecules, The theories

of mesomerism and the aromatic sexfet were shown to be




compatible with the quantum physics of electrons by
Hickel (5) and others, Two quantitative descriptions of
aromatic systems developed, the valence bond (vB) and
molecular orbital (MO) methods, which permitted the cal-
culation of the thermochemical resonance energy, which can
be measured experimentally.

Benzene is thermochemically more stable and much
less reactive than molecules with alternate double and
single bonds are expected to be. The resonance energy of
benzene, the difference in energy between the benzene
structure as it exists and the energy if its v bonds were
of the cyclohexene type, ambunts to 36 kcal per mole.
Since the development of quantum method§ it is the possession
of a large resonance energy, rather than the tendency towards
particular types of reactivity, that has become diagnostic

of the aromatic compound.

B. Classification of Conjugated Systems

Hickel (%) in his TTelectron theory of aromaticity
suggested that there is a fundamental difference between
molecules with 4n and 4n + 2 Tfelectrons. This is because
the bonding molecular orbitals, which can be calculated,
are filled in the case of molecules with 4n + 2 Tfelectrons,
with no electrons in non-bonding or antibondiné orbitals,
whereas for molecules having 4n Tl electrons this is not the
case. His arguments referred to molecules with 7T electrons

arranged on a circle, Stabilizing delocalization of electrons
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occurs only in molecules having 4n + 2 17 electrons and

hence completed molecular orbital configurations.
Conjugated 11 electron systems can also be classie

fied as to their alternant or non-alternant character (6).

An alternant molecule can have its 1Y centeré divided into

two sets such that each center is next to a center of the

" other set and never to a member of its own set, In a non-

alternant molecule the electronic charge in the ground state
is displaced from a distribution of one 1T electron per
carbon, Among non-alternant molecules which are known

there are maﬁy with substantial resonance energies so that
the alternant character of a molecule is not closely con-
nected with its aromaticity.

A classification, aimed at'predicting the condi-
tions for appreciable resonance energy, was proposed by
Craig (7) and has become known as Craig's rules. To apply
this criterion a molecule must have one or more twofold
axes passing through at least two1TT centers., The molecule
is labelled with the symbols « and 8 placing different sym-
bols at the ends of all the double bonds of one Kekulé
structure and applying them alternately as far as possible,

The following expression is then evaluated:
- p+q
X=(-1)
where p is the number of interchanges of 7r electron centexrs

affected by rotation about the twofold axis and q is the

number of interchanges of spin symbols required to restore
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the original labelling scheme. T{ electron systems with
totally symmetrical ground states give X positive and those
with unsymmetrical ground states give X nega*;ive. ATl gys=-
tem with an unsymmetrical ground stafe apparently does not
have a type of 17 electron interaction which leads to large
_resonance energies and for such molecules the name pseudo-
aromatic has been suggested. It should be noted that mono-

cyclic molecules with 4n T electrons are all pseudoaromatics.,

C. Bond Strain

A major assumption of 1T electron theories of aromati-
city is that the 6 and 17 electrons do not interact so that
study can be confined to the behaviour of the 1T electron sys-
tem. This simplification must become' less valid when the
o bonding in the molecule under study differs from that in
the reference molecule used to determine standard values of
bond heats of formation. Cyclobutane has interior angles of
900 while the normal C-C-C bond angle for sp3 hybridized
carbon is 109.5°, This angle strain renders cyclobutane
thermochemically less stable than if it were constructed of
normal C-C and C-H bonds. The greater energy of the cyclo-
butane molecule, reflected in the increased heat of combus-
tion relative to a normal system, is called the strain energy
and amounts to 27 kcal per mole (8). If angle strain occurs
in a 77 electron molecule, then the observed resonance energy
will be less than that: predicted for the system by the amount

of the strain energy. Cyclobutadiene, like cyclobutane, has




interior angles of 90° but since the normal C-C-C bond
angle for sp2 hybridized carbon is 1200 cyclobutadiene

must have substantially more strain than cyclobutane, The
resonance energy of biphenylene is 22 kcal per mole (9)
while that of biphenyl is 81 kcal per mole, Assuming équal
1T energies for the two molecules one gets a strain energy of
59 kcal per mole for cyclobutadiene (10), However, since
biphenylene is a distorted 4n 17 electron syétem it is
probable that its resonance energy would be less than that
of biphenyl even if it were strain free.' Consequently the
actual value is probably lower than the 59 kcal per mole
obtained by the above method, It is generally true that
calculated values of strain energy are higher than observed
values because it has not been possibie to evaluate the
reduction in strain brought about by electronic adjustments
such as 6-17 interactions (11).

In contrast to cyclobutane the strain energy in
five and seven membered rings amounts to ohly about 5 kcal
per mole, We thus have a variety of situations depending
on the magnitude of strain and resonance energies.

Cyclobutadiene is a pseudoaromatic and hence would
have no resonance stabilization but it should have substan-
tial strain, It is, in fact, an extremely unstable molecule,
which apparently has only a short lifetime, Cycloscta-
tetraene, though also a pseudoaromatic, can attain a strain
free configuration., It is relatively stable and polyolefinic

in behaviour.




Biphenylene has substantial resonance energy but
because of severe strain the observed resonance energy is
only 1.9 kcal per mole per 1M electron, compared to 6.7 kcal
per mole per 1T electron for biphenyl,

Finally we have a situation such as that in
tropolone where resonance is substantial, though less than
in benzenoid systems, and strain is not extensive giving an

observed resonance energy of 3 kcal per mole per T electron.

D, Monocyclic Pseudoaromatics

a, Cyclobutadiene

; The high strain energy and lack of resonance
stabilization (see Section C.) predicted for cyclobutadiene
suggest that it is incapable of existence or has a very

short life., The first recorded attempt at the synthesis of

a cyclobutadiene derivative was that of Perkin (12) who tried
to prepare cyclobutadiene-1l,2-~dicarboxylic acid by the action
of alkali on l,2-dibromobutane-l,2-dicarboxylic acid. He ob-
tained l-bromo-2-carboxycyclobutene~l instead.

The first derivative to be prepared was biphenylene
which was synthesized by Lothrup (13) by the action of
cuprous oxide on 2,2'-dibromobiphenyl, Better yields (15%)
were obtained using biphenyleneiodonium iodide in place of

2,2'~dibromobiphenyl. Wheland supports the view that bi-

phenylene is essentially two benzene rings linked by single
bonds (14). The ultraviolet spectrum (15) and orientation

; effects in Friedel-Crafts acylation (16) which gives a single




product, 2,6-diacetylbiphenylene, show that some inter-
action between the benzene rings must exist, However the
calculated 1T bond order for the bonds joining fhe two rings
is only 6.263 and a recent X-ray study by Mark and Trotter
(17) gives the length of this bond as 1.52R. Thus the inter-
action between the rings must be small and biphenylene
displays little cyclobutadienoid character,

Another successful approach to cyclobutadiene

compounds. A share in two electrons with a metal having
suitably orientated orbitals would give cyclobutadiene a
closed shell and so would enhance its stability. The first
of such compounds, synthesized by Criegee and Schrgder, was

a nickel chloride - 1,2,3,4~tetramethylcyclobutadiene complex
prepared by the action of Ni(CO), on 3,4-dichloro-1,2,3,4-
tetramethylcyclobutene (18). The iron carbonyl complex of
unsubstituted cyclobutadiene was synthesized by Pettit and
co-workers by the reaction of Fe2(CO)9 with 3,4-dichloro-

cyclobutene (19). Decomposition of this complex with ceric

the cyclobutadiene as 2-carbomethoxybicyclo[2.2.0]-2,5-hexa-
diene (20) which readily converts to methyl benzoate.

Pettit also was able to distill the 6yclobutadiene, as it

was formed, into a trap cooled in liquid nitrogen, and then
add methyl propynoate in ether to get methyl benzoate, thus

providing strong evidence for the formation of free cyclo-

butadiene,

synthesis has been the preparation of metal complex stabilized '

ammonium sulfate in the presence of methyl propynoate trapped

= i e
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b. Cyclooctatetraene

Cyclooctatetraene (COT) has 4n I electrons and so
is a pseudoaromatic which would be expected io have little
resonance stabilization. One might expect the same syn-
thetic difficulties as are found with cyclobutadiene,
However, in contrast to cyclobutadiene, cyclogctatetraene
can attain a non-planar, essentially strain free configura-
tion, A wide variety of cyclogctatetraenes have been pre-
pared and their chemical and physical properties have been
extensively studied. Interestingly, pentalene which can be
considered a'cross-linked COT but which is restricted from
attaining a strain free configuration, has not itself been
synthesized although the pentalene dianion (21) and the |
hexaphenyl derivative (22) have been recently prepared.

The first synthesis of COT was accomplished by
Willstatter (2) who in 1911 converted pseudopelletierine (I)

into COT(II) by a thirteen step sequence.

0

6%
13 steps

I II

Another synthesis which also uses the pyrolysis of

quaternary hydroxides to introduce the final double bonds is

that of Cope (23). 2-Chloro-l,3-butadiene was dimerized to
yield a cyclobutane which on heating gave 1l,6-dichloro-1,5-
cyclogctadiene. The two vinyl chlorine groups were removed

using sodium in liquid ammonia'and'5,8-dibromo,l,3-cyclo-
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octadiene was formed on treatment with N-bromosuccinimide,
The bromine atoms were replaced with dimethylamine and the
dimethylamino compound thus formed was quaternized, con-
verted to the hydroxide and pyrolyzed to give COT in low .
vield.

The first synthesis of COT to provide substantial
quantities for detailed study was that of Reppe (24). He
was able to convert acetylene into COT using a suitable
nickel catalyst.

| NiX,,THF
4C,H, T70%

809-120°
15 ATM.

X=CN ", CH3C=CHCCH3

By using mono and disubstituted acetylenes with
acetylene Cope (25,26) was able to make a variety of sub=-

stituted cyclogctatetraenes of the following type:

R

A more recent synthesis of COI is the photolysis

of a solution of a substituted acetylene in benzene (27,28).

ol Elle:-gE®s

R | R

=Qw

0
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At least one of the R groups must be an ester or
phenyl group. An alkyl substituted acetylene can be used
if benzene is replaced by benzonitrile (29).

' Substituted cyclogctatetraenes can be prepared by
direct substitution using organo lithium compounds (30,31).
R R |

+ RLY ——= — + Gather
COT . products

Li 20%

R = ¢, p-dimethylaminophenyl,
n-C4H9, C2H5

Unfortunately yields are low and mixtures of cyclo-
octatrienes are obtained which complicate purification.

A wide variety of cyclogctatetraenes have been
obtained by reactions of the side chain (32,33).

Cyc103ctatetraene is a yellow liquid with b,p. 141°C/
760 mm pressure, The structure was shown to be monocyclic

(1I,) rather than bicyclic (IIg) by Willstitter (2).

gn

IIA IIB

However in many of its reactions COT behaves as
though it were in the bicyclic form as for example in the

Diels-Alder addition to maleic anhydride (24) (III) and the
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addition of bromine (1IV).

0

III

It is possible that there
between the monocyclic and bicyclic
small concentration of the bicyclic
other hand bridging to the bicyclic
or subsequent to the reaction, The

fact been prepared by the treatment

Br

/' \

'Br
Iv

is an equilibrium mixture |
forms with only a very |
form present. On the
form could occur during
bicyclic form has in
of 7,8~dibromobicyclo

[4.2.0]~2,4-0ctadiene (IV) with 9,10-disodiophenanthrene (34).

0°c

Br |
~ n
™ ™

Br

Iv -78°C

Y

It is stable at =78°C but passes quickly and smoothly into

the monocyclic form at 0°%., 1Its half life at 0°C is four-

teen minutes. Since the tub form of COT does not provide

the necessary planar 1,3-diene system needed for Diels-Alder

reaction it is reasonable to assume that a small concentra-

tion of the bicyclic form is present and undergoes the reac-
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tion, Huisgen and Mietzsch (35) by rate studies of Diels-

Alderxr addition using a variety of dienophiles have shown

that this is in fact the case. They estimated that at 100°C

in dioxan the concentration of the bicyclic form was 0.01%.
In the case of halogenation, however, there is no require-
ment for coplanarity. Also the reaction occurs rapidly at
09C whereas the Diels=-Alder addition of maleic anhydride
requires several hours refluxing in benzene to go to com-
pletion. For these reasons it is likely that halogen reacts
with the monocyclic form (36).

Although the monocyélic form of COT was established
by Willstatter the conformation of the ring.as the tub form
was not accepted until quite recently. -Three possible con=-

formations were proposed: '

TUB TRANS CROWN

The trans conformation is unlikely because of the
very high strain energy associated with two trans double
bonds in an eight membered ring, The crown conformation
would have substantial strain associated with twisting of
the double bonds.

Arguing from all available physical data and con-
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sideration of angle strain Person, Pimentel and Pitzer (37)
concluded that COT has the tub conformation. A later X-ray
diffraction study (38) gave the following values:

cor NORMAL (39)
c=C 1.334 £ o0.001 R 1.35 R
c-C 1.462 * 0,001 & ~ 1.48 R
(sp2-sp?)
C-H 1.090 * 0.005 R 1,086 &
<< c=C-C 126.46° t 0,23° 120°

< C=C-H ©118.3° * 5.9° 120°

This clearly establishes the tub conformation and
the alternate double bond-single bond nature of COT.
Although there are four double bonds alternating with four
single bonds in COT 1T overlap betweeﬂ neighbouring double
bonds is sterically inhibited. The C=C stretching vibration
in the infrared lies at 1635 cm'l, a typical value for a
non-conjugated aliphatic carbon-carbon double bond (40).

The ultraviolet spectrum (41) has two broad inflec=-
tions with tailing into the visible region. This is in
marked contrast to both the fine structure of benzene and
the intense distinct absorptions of a conjugated polyolefin,
1,3,5-Hexatriene, for example, has three intense absorptions
at 248 mu , 258 mp and 268 m g (42).

The n.m.r. spectrum (43) has a single absorption at
4,32 T (60 Mc/secJ; TMS internal standard, showing that all

protons are equivalent and that no delocalization of elec-




trons occurs.

An interesting consecquence of the tub shape of
cyclooctatetraene is that monosubstitution results in an
asymmetric molecule which should thus be optically active.
An attempt to separate carboxycyclodctatetraene into its
optically active components using cuinine hydrate failed

(44). I

)

et

i@s recenily been shown by Anet (45,46) that
two riate processes, bond shift and ring inversion, both
of which result in racemization, take place in cyclodcta-

tr

]
[U]
¢

T znes, These processes occur at a fast enough rate %o

’

S|
H

recluda the separation of monosubstituted cyclobdcta-

o
»
o}
@

ir

o

<

$ L...o0 their optically active forms.

£, Exomethylene Compounds

a. General

A simple resonance picture does not predict sub-
stantial delocalization energy for unsaturated compounds
with exocyclic methylene groups because no unexcited
structural alternatives can be written. MO theory, however,
coes not suffer from this restriction and in fact predicts
substential delocalization energies for these molecules.

For the first three members of this series,

methylenecyclopropene, fulvene and heptafulvene, the calcu-

0]

iatec delocalization energies are 0.96B, l.47ﬁ and 1.9%5re—
spectively (47). This is a delocalization energy of about
O.24ﬂ per 7 electron in all three cases, Craig's rules

give X positive for the three molecules, again suggesting
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substantial delocalization., However the free valence of
the exocyclic methylene group is 0.97 which would make

these molecules very reactive in free radical reactions.
These compounds are all non-alternant and so have a dis-
pnlacement of charge from one T electron per carbon. The

charge density of the methylene carbon of fulvene is 0.622

so that fulvene should have a cipole moment with the ring

<

at the negative end. Methylenecyclopropene and heptaful-
vene, on the cther hand, have charge densities on the
methylene carbon of 1.488 and 1.311 respectively. They
would be expected to have the ring at the positive end of
the dipole,

A study of the chemistry of these molecules (see
below) shows fair agreement with MO predictions, which
however, do not explain the much greater stability of
fulvene relative to the other two. Methylenecyclopropene
would, of course, have a very high strain energy, but the
strain in heptafulvene should be of the same order as that

~a Tulvene,

©. Methylenecyclopropene

The parent hydrocarbon, which is a cross conjugated
.nalogue of cyclobutadiene, has never been prepared. The
high charge density of 1.49 predicted for the terminal exo-
methylene carbon atom suggests that a dipolar resonance form
should make a substantial contribution., Thus electro-

negative groups on the methylene carbon should stabilize




! the molecule.

CHp™

£\

>

soov

Several such substituted compounds have recently been
synthasized of which the two prepared by Battiste (V)
(45) and Kende and Izzo (VI) (49) offer an interesting

COfr

3

parison.

H COOE+ NC CN

\ VI

The ester (V) reacted immediately with tetra-
cyanoethylene in acetonitrile at 25°C and slowlylpoly-
merized at room temperature., The methylenecyclopropene
\WI) wes inert to tetracvyanoethvlene in acetonitrils at

OC and did not react with bromine in methylene chloride.

rnis very strong stabilization of the dipolar form be-

cause of two electron donating groups which stabilize the
i positively charged ring and two electron withdrawing
groups which stabilize the negatively charged exocyclic

1 carbon so that its inertness to olefinic reagents
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is not surprising.

c. Fulvene
~In sharp contrast to methylenecyclopropene

fulvene derivatives are known to occur in nature (50) and
the first derivative, dibenzofulvene was prepared by

De La Harpe and van Dorp (51) eighty years ago. Thiele
(52) prepared a variety of fulvenes by the condensation
of aldehydes and ketones with cyclopentadiene in the
presence of base, These included dimethylfulvene and
fulvene which however he was unable to isolate. Unsub-
stituted fulvene (VII) was prepared in 1956 by the con=:
densation of formaldehyde with cyclopentadiene (53).

0 aqueous
il alcohol
+ HCH -
KOH

-10°C

ViI

A recent synthesis giving fulvene in good yield
is the treatment of 6-N,N-dimethyl-aminofulvene with
lithium aluminum hydride (54).

Since fulvene has a cross'conjugated structure
of the same number of 17 electrons as benzene.it might be
expected to show some aromatic properties, As predicted
by MO calculations fulvene has a dipole moment, although
the experimental value-of 1.2D (55) (extrapolated from the




value for 6,6-dimethylfulvene) is much less than the 4.7D
calculated from MO theory. The DE calculated using/3 = -18
kcal is 23 kcal per mole., With a predicted strain of 10
kcal per mole this gives & RE of 13 kcal per mole which com=-
pares favourably with the experimental value of 1l kcal per
mole (58). This resonance energy of about 2 kcal per mole

per 7 «lactron suggests that fulvene should show both ole-

Hh

inic and aromatic properties, The olefinic character of

1

Hy

ulvene seems to predominate. It polymerizes within a few

.

nours at room temperature, although it can be stored under
iner: atimosphere at -78°C for several days, Fulvenes add
bromine readily, are prone to autoxidation and undergo Diels-
Alder addition demonstrating their olefinic nature. However
they also react with nucleophilic and electrophilic resagents.
For example, 6,6~diphenylfulvene (VIII) can be readily for-

mylated with Vilsmeir's complex (57).

¢ o _ ¢ 0

\( //N(CH3)2 - "
\ + | H-C c1- . CH=N(CH3)2
\ cL-
0POC1o
VIII - -
Ho0

CHO
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d. Heptafulvene

Heptafulvene might be expected to have a stability

. of the same order as fulvene since they have the same

delocalization energy per 17 electron and the strain energy
in five and seven membered rings is considered to be about
the same., In fact heptafulvene is substantially less
stable than fulvene. |

The parent hydrocarbon (IX) was first prepared by
Doering (58) from 7-carbomethoxycycloheptatriene (x).
Treatment of the ester with aqueous ammonia gave the amide
which was reduced to 7-aminomethylcycloheptatriene by
1ithium aluminum hydride. Exhaustive methylation followed
by treatment with silver oxide gave'the'quaternary‘hydroxide

which was pyrolyzed to yield heptafulvene.

0

N OCH3

4+
C CHZN(CH3)3
“OH

Attempts to isolate pure heptafulvene from a
propane solution by removing solvent at =60°C were unsuc-
cessful. A dilute solution (0.1%) has a half lifé of four
days if the solution contains trimethylamine. A washed

hexane solution (0.3%) decomposes.in 30-40 min. at -60°C,
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Heptafulvene is typically olefinic in character readily

adding bromine and undergoing 1,3 addition with dimethyl-

acetylene to give, after oxidation, a disubstituted azulene,
The dipole moment of 8,8-dicyanoheptafulvene is

7.49D (59) with the ring positive. From the value for the

dicyano derivative, heptafulvene was estimated to have a
dipole moment of 3.07D which compares favourably with the
value of 2.35D obtained by MO calculations (60). This
dipole moment is the highest observed, so far,'for'any

hydrocarbon.

F. Di-exomethylene Compounds

Discussion will be limited to those compounds
having the exomethylene groups on adjaceht carbonss The
first members of this series are 1,2-aimethylenecycld-
putene (XI), 1,2-dimethylenecyclohexadiene (XII), and
l,2-dimethylenecyclogctatriene (XIII). -

L

XI XII XIII

These are alternant hydrocarbons so there will be

no displaéement of charge from one Tf electron per carbon
and consequently these molecules will display no dipole

moment. Unfortunately these TT systems lack sufficient
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;ymmetry to permit the application of Craig's rules,

The delocalization energies of XI and XII are l.2lﬂ and

: l.95ﬂ respectively giving a delocalization energy per 17

| electron 6f_0.20ﬁ for XI and 0.24/3 for XII, The free

Eé valence of the exomethylene groups is 0.96 for XII which

is very close to the value for monoexomethylene compounds.,

The calculated free valence for XI is lower at 0,86 (61).
Thus molecules in this series would be expected

to be highly reactive and rather unstable, 1,2-Dimethylene~

cyclobutene should be more stable than 1,2~dimethylenecyclo~

hexadiene. 1,2-Dimethylenecyclobutene (62) has been pre-

pared from l,2-dibromo-3,4-dicarboxycyclobﬁtane. Treatment

of l,2-dibromo-3,4-dicarboxycyclobutane'with phosphorus

pentachloride followed by dimethylamine gave a diamide

which on reduction with lithium aluminum hydride gave a mix=-

ture of two amines l,2-N,N-dimethylaminomethylcyclobutene

and 1,2-dibromo-3,4-N,N-dimethylaminomethylcyclobutane.

The latter amine was converted to the former in good yield

by reaction with zinc in methanol. Quaternizatibn of the

two amino groups with methyl iodide followed by treatment

with silver oxide gave a diquaternary hydroxide Which could

be pyrolyzed to 1,2-dimethylenecyclobutene (XI) in about 1%

overall yield. 3,4-Diphenyl-l,2-dimethylenecjclobutene was

similarly prepared by the pyrolysis of the corresponding
bis-quaternary hydroxide (63). 3,4-Dimethyl-l,2-dimethylene-
cyclobutene was synthesized independently by two groups of

workers. In both cases the product was obtained by dehydro-
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halogenation of 3,4-dichloro-l,2,3,4-tetramethylcyclobutene.
Criegee and co-workers used quinoline (64) and Griffin and
Peterson used potassium t-butoxide in t-butyl alcohol (65)
to perform the dehydrochlorination.

1,2-Dimethylenecyclohexadiene has not been
jsolated and studied in the pure state but excellent evi-
dence for its formation has been obtained.

Pyrolysis of 1,3-dihydroisothianaphthene-2,2-
dioxide (XIV) (66) at 280-300°C gave 1,2,5,6-dibenzocyclo-
Yctadiene (XV), a dimer of 1,2-dimethylenecyclohexadiene.
If the pyroiysis is done in the presence of N-phenyl=-
maleimide then a Diels-Alder adduct (XVI) can be obtained.

- QO

- XIV XV XVI

Pyrolysis in the gas phase above 4600C gave
benzcyclobutene (XVII) the valence bond isomer of

1,2-dimethylenecyclohexadiene.

Qs C_

XVII | XVIII XIX
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Apparently the high strain associated with the
cyclobutene ring is compensated for by the formation of
the benzene ring. This isomerization to benzcyclobuténe
demonstrafes the extreme reluctance of the molecule to
retain the dimethylene structure.

At low temperature a different dimer, spiro-di-
o-xylylene (XVIII) is obtained (67). More recently XVIII
was obtained in 25% yield by the treatment of g;§-4-octehe-
1,7-diyne (XIX) with potassium t-butoxide in t-butanol at
65°C (68). This compound polymerizes readily at room |
temperature to give a poly-o=-xylylene,

Since the third member of this series (XIII) is
a subject of this research, further discussion oflfhese

compounds will be reserved for a latér part of the thesis.

G. Fully Cross Conjugated Systems

a. General
Molecular orbital calculations predict a delocal-
ization energy of 1,308 or 0.22@ per 17 electron for tri-
methylenecyclopropane (XX) the first member of the series
and 1.66p or O.2lﬁ per T electron for tetramethylenecyclo-
putane (XXI).

N\ 7

XX ’ . XX1
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The free valence for the methylene groups is
similar being 0.90 for XX and 0.88 for XXI. Since these
molecules would have very high strain associated with the
C-C-C angle deformation and they have high values for the

free valence of the methylene groups they would be expected

o be unstavle and reactive.

rimethylenecyclopropane

Several interesting approaches to the synthesis of

trimethylenecyclopropane have been reported. Waitkus, Peter-
son ar~d Griffin obtained the compound by the Hofmann pyroly-

pe

sis of s=N,N,N=-trimethylaminomethylcyclopropane hydroxide

znd py cdehydrohalogenation of 1,2,3-trisiodomethylcyclopro-
sene (69). Dorko obtained trimethylenecyclopropane by de-
aydronalogenation of 2,3-dibromomethylmethylenecyclopropane
using potassium hydroxide at 150°C (70). Blomquist was
actually the first to prepare trimethylenecyclopropane but
~e was unable to fully characterize it (see reference 69).

The n.m.r. spectrum exhibits & single absorption at

.857T (in carbon disulfide) which is in the olefinic region

I

ndicates no delocalization. The absorption slowly di-

o

and
minishes and disappears atfter 45 minutes if the sample 1s not
kept cool and free of oxygen {69). Trimethylenecyclopropane
15 stable for several days at -78°C in the absence of oxygen
put warming to room temperature results in polymerization to
a viscous oil which slowly converts to a yellow solid. A

yellow nolymer also precipitates from a carbon tetrachloride

solution kept at 0°C (70).
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tJe thus see a range of properties for the three
conjugated isomers benzene, fulvene, and trimethylene-
cyclopropane. Benzene is very stable, undergoes substitu-
tion reactions, and has a high resonance energy, all
properties typical of aromatic character, Fulvene, the
intermediate member of the series, is only moderately
2, undergoes mainly olefinic type reactions but does
undergo sor substitution reactions and has a moderate
eccnance energy. Trimethylenecyclopropane because of .
very high strain energy is very unstable and behaves in

general as a very reactive olefin,

c. Tetramethylenecyclobutane

Despite high delocalization energy calculated
for tetramethylenecyclobutane,the high strain energy
expected, coupled with & free valence of 0.88 obtained
from MO theory suggest an unstable species capable at
best of only precarious existence. This is found to be

the case,

Tetramethylenecyclobutane was prepared.by
Grif<in and Peterson by three routes (65). Ultraviolet
Irradiation of fumaronitrile in the crystalline state
gave & tetracyanocyclobutane (XXII) of configuration cis,

trans, c¢is, This was readily converted to cis, trans, cis-

1,2,3,4-tetra-{N,N-dimethylaminomethyl)-cyclobutane tetra-
oxide {XXIII) which gave tetramethylenecyclobutane in 1-2%

vield on pyrolysis at 250°C in a nitrogen atmosphere at
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reduced pressure., Yields of 50% were subsequently obtained

" by treatment of trans,trans,trans-l,2,3,4-tetrabromomethyl-

cyclobutane (XXIV) with sodium ethoxide in ethanol.

R R
" N N
R 8 > N
R R
R=CN XXII XXIV XXV
R=CH2§(CH3)2 XXII1I R=CH2BI
0]

Tetramethylenecyclobutane is stable in dilute
solution at =78°C, but dimerizes readily on warming to
room temperature. It is characteriéed by extreme sensi-
tivity to oxygen, yielding, on even brief exposure to air,
an insoluble polymer containing up to 40% oxygen. Treat-
ment with tetracyanoethylene at 250C gave the Diels-Alder
adduct 3,3,4,4-tetracyano-7,8-dimethylenebicyclo[4.2.0]
octa-1{6)=-ene (XXV). |

The n.m.r., spectrum of tetramethylenecyclobutane'
has a single peak at 4,.81T which is in the olefinic
region but since l,2-dimethylene-3,4-dimethyl-3-cyclo-
butene has its exomethylene absorption at 5.451fthé shift
of 0.64 p.p.m. might be attributed to some delocalization
of the 77 electrons. Despite the possibility of slight

electron delocalization, however, it appears that it

N N s

IBerms s TR G
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behaves as a very reactive polyolefin as expected from
the high value of the free valence of the exocyclic

methylene groups.
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Experimental

Analytical Instruments

1)

2)

3)

4)

5)

7)

Melting points were determined on a Thomas=-Hoover
Capillary Melting Point Apparatus model 6406-K
manufactured by A, H, Thomas Co,, Philadelphia,
Infrared spectra were measured as films or nujol
mulls on a Beckman IR=-8 Infrared Spectrbphoto-
meter manufactured by Beckman, Fullerton,
California,

Ultraviolet spectra were obtained on a Model 202
Ultraviolet-Visible Spectrophotometer supplied

by Perkin-Elmer, Norwalk, Conn..

Nuclear magnetic resonance spectra were obtained

as 20% solutions in a solvent as noted. The

instrument, a Varian V-4302 high resolution
spectrometer operating at 60 Mc/s, was modified
to HA-60/DA-60 specifications. The manufacturer
was Varian Associates, Palo Alto, California,
Refractive indices were measured on an Abbé
refractometer manufactured by Carl-Zeiss,
Germany.

Mass spectra were determined on a model RMV-6D
Mass Spectrometer manufactured by Hitachi,
Tokyo, Japan,

Analyses were obtained from two sources:

a) Mr. Hector Seguin, National Research Council,

B e T
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Ottawa, Canada. b) Midwest Microlab Inc.,
Indianapolis, Indiana,.

8) Vapour Phase Chromatography was performed using
a variety of columns as noted. Two instruments
were used a) Vapour Fractometer model 154,
Perkin-Elmer Corporation, Norwalk, Conn.

b) Aerograph-Autoprep model A-700, manufactured
by Wilkins Instrument and Research Inc., Walnut

Creek, Calif.

B. Preparative Instruments

1) The photolyses were performed on a Rayonet
Photochemical reactor supplied by the Southern
N.E. Ultraviolet Co., Middleton, Connecticut,

2) For the high pressure reaction a Magne-Dash,
floor model autoclave manufactured by Autoclave

Engineers, Erie, Pennsylvania, was used.

C. Synthetic Procedures

2-Butynoic Acid

The method of preparation used was a modification

of the synthesis of Kauer and Brown (71). Anhydrous tetra-

hydrofuran (200 ml.) and anhydrous ethyl ether (100 ml.)

were placed in a glass liner of the correct size to fit

a one liter autoclave. The glass liner was sealed with a
rubber stopper which contained holes to accommodate a ?

calcium chloride drying tube and a gas inlet tube which
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extended to fhe bottom of the vessel. Methylacetylene
(13.4 g., 0.335 moles) was condensed in the tetrahydro-
furan-ethyl ether solution which was cooled to -80°C in a
dry ice-acetone bath during the addition. The glass liner
% was then fitted with a magnetic stirrer, a dry ice con-
denser and a dropping funnel containing a hexane solution
(210 ml.) of butyl lithium (21.4 g., 0.335 moles). The
i butyl lithium-hexane solution was added dropwise to the
stirred solution of methylacetylene in tetrahydrofuran-
ethyl ether over a period of 45 minutes. On completion
of the addition the glass liner was placed in a one liter
bomb; the bomb was sealed and the stirrer started. Carbon
dioxide was introduced cautiously at such a rate that the
reaction temperature did not rise above 55°C. Finally
full cylinder pressure (850 p.s.i.) was used and the
reaction stirred for six hours. The liner was taken from
 the autoclave and the combined solvents were removed on a
flash evaporator. Water (200 ml.) was added to dissolve
the lithium 2-butynoate, the solution was filtered to
remove remaining solids and the filtrate was extracted
with two portions of ethyl ether (100 ml, each) which were

discarded. The filtrate was acidified with 5N sulphuric

acid (100 ml,) and continuously extracted with_ethyl ether
(500 ml.) for 24 hours. The ether extracts were dried over
magnesium sulfate and the ether was removed on a flash
evaporator to give a syrup, which was dried in a vacuum

desiccator over sulfuric acid, It was then dissolved in
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benzene, treated with activated charcoal, and finally
| recrystallized from benzene. The yield was 13.5 g. (48%),
| m.p. 75-77°C. Literature m.p. 77-78°C. |

Methyl 2-butynoate

A solution of diazomethane in ethyl ether (72)
i was slowly added to a shaken solution of 2-butynoic acid
(11.0 g., 0.131 moles) in ethyl ether (150 ml.) until
diazomethane was in excess (this was determined by placing
a rod, dipped in acetic acid, into the solution; an excess
of diazomethane was indicated by bubbles formed around the
rod). The ether solution was dried over magnesium sulfate,
filtered, and the ether removed by distillation. The pro-
duct was purified by distillation at reduced pressure
through a Podbielniak column (0.5 x 20 cm.). The yield
was 9,11 g. (71%), b.p. 44°C at 15 m.m. pressure. An
analytical sample was purified by vapour phase chroma-
tography giving ng® = 1.4348. (See Table I).

Calculated for CgHgOp: C, 61.21 H, 6.17

Found : C, 61,22 H, 6.08

2-Carbomethoxy-l—methylcycloactatetraene

a. Methyl 2-butynoate (0.98 g., 0.010 moles) was

dissolved in dry benzene (130 ml.) and the solution was
vlaced iﬁ a photochemical cell (2.2 x 37 cm.) made from
Vycor #7910 glass. The cell was installed in a Rayonet
photochemical reactor and a slow stream of oxygen-free

' nitrogen was bubbled through the solution during the

F

L
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period of irradiation. On completion of irradiation

(12 hours) the benzene and remaining methyl-2-butynoate
were removed on the flash evaporator (bath temperature
500C). The cell was cleaned with chlorosulfonic acid in
preparation for the next photolysis. The crude products
from 15 such photolyses were combined and distilled at
reduced pressure through a short Vigreux column (1 x 5 cm.)

to give the yellow, liquid product (13.78 g., 52%) b.p. 38°C

at 0.010 m.m. pressure., A redistilled analytical sample

gave n%5 = 1,5308.

Calculated for CllHl202 : C,74.97 5,6.86
Found : C,74.83 H,6.89
b. Methyl-2-butynoate (0.98 g., 0.010 moles) dissolved

in dry benzene_(l30 ml.) was photolyzed as in procedure (a.)
for 36 hours. The cell was cleaned at 12 hour intervals

with chlorosulfonic acid. The yield of ester.obtained was
1.04 g., (59%).

c. Methyl-2-butynoate (4.90 g., 0.050 moles) dissolved
in dry benzene (130 ml.) was photolyzed as in procedure (b.)
for 36 hours. The yield of ester obtained was 3.48 qg., (39%).
d. 2-Carbomethoxy-l—methylcyclo3ctatetraene (2.16 g.,
0.012 moles) dissolved in dry benzene (130 ml.) was photo-
lyzed as in procedure (a.) for 12 hours. The photolyzed

solution was analyzed for the presence of methyl-é-butynoate
by infrared spectroscopy and vapour phase chromatography.
The solution was placed in a 0.201 m.,m. infrared cell and
the spectrum examined for the characteristic C= C

stretching frequency at 2245 c.m. L,

-
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The vapour phase chromatography was accomplished
using a Carbowax 1500 (on teflon) column at lO4°C, and a
flow rate of 60 ml./min. The retention time of methyl-2-
-butynoate under those conditions was 4.4 minutes. The
size of the sample injected was 0.20 ml, Solutions of
known concentration of methyl-2-butynoate in benzene were
prepared and analyzed by both methods. It was possible to
detect methyl-2-butynoate in a solution of 9.0 mg. of the
ester in 10 ml. of benzene by infrared spectroscdpy and in
a solution of 15.0 mg. of the ester in 10 ml. of benzene
by vapour phase chromatography.

Both analytical methods showed that no methyl-2-
-butynoate was formed in the photolysis of 2~-carbomethoxy=-1-

-methylcyclogctatetraene in benzene,

2-Carbomethoxy-1-methylcyclobctane

2-Carbomethoxy-l-methylcyclogctatetréene (0.469 g.,
2.66 millimoles), dissolved in glacial acetic acid (15 ml.),
was hydrogenated in the presence of prereduced platinum
oxide (0.25 g.). The hydrogenation was complete after
6 hours when 99.4% of four molar equivalents of hydrogen
had been absorbed. The solution was filtered and chloroform
(40 ml.) was added. The acetic acid was removed by extrac-
tion with water (3 x 10 ml.), 1O0¥% sodium bicarbonéte
(3 x 10 ml.), and again water (3 x 10 ml,). The chloro-
form solution was dried over anhydrous magnesium sulfate,

filtered, and the chloroform removed on the flash

[ Sy ]
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evaporator., Purification by evaporative distillation at
| 40°C and 0.025 m.m. pressure gave the product (0.360 g.,
73%), b.p. 251°C at 761 m.m., and n%5 = 1.4641.

117202

Calculated for C..H.. 0. : C,71.69  H,10.94
: Found : C,71.97  H,10.82

2-Hydroxymethyl-l-methylcyclo%ctatetraene

Method A.

A solution of 2-carbomethoxy-l-methylcyclo-
-dctatetraene (8.94 g., 0.0508 moles) in ethyl ether
(500 ml.) was placed in a one liter three-necked flask
equipped with a calcium chloride drying tube, a dropping
funnel, and a paddle stirrer with a ground glass seal. A
solution of lithium aluminum hydride (1.93 g., 0.0508 moles)
in anhydrous ethyl ether (150 ml.) was added dropwise over
a period of one hour to the cooled (0°C),. stirred solution.
On completion of addition the reaction was stirred for one
hour at 0°C. Water (10 ml.) was added dropwise, the ether
solution was decanted and the remaining solids were ex-
tracted in a Soxhlet extractor for 6 hours. The ether
solutions were combined, dried over magnesium sulfate,
filtered, and the ether was removed on the flash evaporator.

Evaporative distillation at 55°C, 0.020 m.m., gave a yellow

viscous liquid, (4.0l g., 53%) b.p. 252°C at 756 m.m., and
25 -
ng 1.5503.
Calculated for clOleo : C,81.04 H,8.16
Found : C,80.20 H,8.08
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Method B, -

To a solution of lithium aluminum hydride (79 milli-
moles) in ether (150 ml.) was added anhydrous aluminum
chloride (3.52 g., 26.3 millimoles). After stirring for
one hour the suspension was cooled to -75°C and a solution
of 2-carbomethoxy-l-methylcyclogctatetraene (5.56 g., 31.6
millimoles) in ether (150 ml,) was added over a period of
15 minutes., The reaction was stirred for two hours at room
temperature and then a saturated solution of aqueous
ammonium chloride (150 ml.) was added over a period of 15
minutes. The ether layer was separated, combined with
ether extractions of the aqueous layer (2 x 100 ml,) and
dried over anhydrous magnesium sulfate., - The ether was
removed on the flash evaporator and the crude alcohbl
purified by evaporative distillation at 55°C,'0.02O m.m,
to give the product (3.36 g., 72%).

Vapour phase chromatography was successfully used
for analytical purposes (see Table I). Purification on a
preparative scale was unsuccessful, however, because partial
decomposition occurred at temperatures needed to give a
reasonable retention time even when very short columns
were used.

Thin layer chromatography using silica gel and a
variety of solvents (benzene, chloroform, carbon tetra-
chloride) did not remove the major impurity (see Table I).

Purification through the silver nitrate complex

was attempted as follows. A solution of the alcohol

P ——
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(0.148 g., 1.00 millimoles) in hexane (30 ml.).was shaken
with 50% aqueous silver nitrate solution (30 ml.). The
hexane was discarded. The aqueous solution was extracted
with ether (2 x 50 ml.), and then slowly added to con-
centrated aqueous ammonia (25 ml.,) containing crushed ice.
. The alcohol was extracted with hexane (2 x 25 ml.); the
hexane solution was dried over anhydrous magnesium sulfate,
filtered, and the hexane removed on the flash evaporator
to give the alcohol (0.118 g., 80%). V.P.C. showed that

the major impurity had not been removed (see Table I).

2—Bromomethyl-l-methylcyclogctatetraene

2-Hydroxymethyl-1l-methylcyclobctatetraene (1.74 g.,

0.0118 moles), pyridine (0.35 g.) and hexane (13.0 ml.)

were placed in a three-necked flask (50 ml, capacity)
equipped with a magnetic stirrer, a nitrogen iﬁlet, a

water cooled condenser and a dropping funnel. Phosphorus
tribromide (1.23 g., 0.0045 moles) in hexane (20.0 ml.)

was added dropwise to the cooled (OOC), stirred solution
which was kept under a slow stream of nitrogen. On com-
pletion of addition the reaction mixture was stirred for

4 hours at room temperature and then filtered through

glass wool. The filtrate was extracted with two portions

of water (15 ml.), dried for one-half hour over anhydrous
magnesium sulfate, filtered, and the solvent removed on
the flash evaporator. Spectral data only were obtained

for this compound.
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. " . b\
l-Methyl-2~N,N,N~trimethylammoniomethylcyclooctate~-

traene bromide

- - - ) !
2-Bromomethyl-i~methylcyclooctatetraene was pre-
nared as outlined above using 2-hydroxymethyl-l-methyl-

wo, ., o s
cyclooctatetraene (4.0l g., 0.0271 moles), pyridine

~—~

0.84 ¢.) and hexane (80 ml.) to which was added phosohorus

tribromide (2.84 g., 0.0104 moles) in hexane (60 ml.) over
& periocd of one half hour., After completion of the 4 hour
reaction period the mixture was filtered through glass wool

into a one necked flask; it was cooled to 0°C and tri-
methylamine (16 g., 0.27 moles) in methanol (120 ml.), also

at 0°C, wes added. The air in the ¥

s
p—

ask was displaced with

1o

3
ct

Hg

rogen, the flask was sealed and kept refrigerated (2°C)

i,y

or three days. Pale vyellow plate-like crystals, which

(@]

ryscellized from the reaction, were

AA’

D
t+h

iltered off to give

the product (3.09 g., m.p. 219-221°C)., Recrystallization
from ethanol gave greenish-yellow, needle-like crystals
(2.80 g., 38%) m.p. 225-225°C,

Calculated for Cyghpg3cN : C,57.78 H,7.46 N,5.18

Found

e

C,57.64 H,7.27 N,5.38

. + - " . .
1,2-Dimethylenecyclcoctatriene

1-Methyl=-2~N,N,N-trimethylammoniomethylicyclodcta-~
tetraene bromide (0.20 g., 0.74 millimoles) was stirred
with & slurry of silver oxide (0.50 g.) in water (15
for one n.ur. The solids were filtered off and the filtrate

concentrated to 2 ml. T

jo

(&)

is quaternary hydroxide solution

RerSERTERI
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was pyrolyzed at:-25 m.m. pressure under a stream of argon
using a free flame (micro burner) and the product was
collected in hexane at -80°C. Purification was by vapour
phase chromatography using a column, 30 cm. in length, of
20% Silicon Gum Rubber SE 30, on 30/60 mesh Chromosorb, a
flow rate of 100 ml/min and a column temperature of 50°C.
For a sample size of 0,20 ml. (about 25% 1,2-dimethylene-
-cyclogctatriene in hexane) the retention time of the pro-
duct collected was 9-16 min.; collection was in an oxygen
free atmosphere at -80°C. The yield obtained was 35 mg.
(36%) .

Calculated for ClOHlO : C,92.26 H,7.74

Found : C,91.31 . H,8.04

The extreme sensitivity to oxygen of
1,2-dimethylenecycloOctatriene, particularly when neat,
necessitated careful manipulation when obtaining physical
data,.

The infrared plates were prepared in a dry box
swept with Argon. The weight of the sample used to get
the ultraviolet spectrum was obtained as follows. The
product was weighed in the V,P.C. tube in which it had
been collected, it was taken up in hexane which was
diluted to a known volume, and the V.P.C, tube. which
contained a white polymer, was dried and weighed.

The analytical sample remained in the V.P.C.

collection tube at -80°C until just prior'to weighing.
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Sensitivity of l,2-Dimethylenecyclogctatriene to Oxygen

l,2-Dimethylenecyclogctatriene placed on infrared

salt plates was exposed to air for intervals of 13 sec, and

5 minutes.- An infrared spectrum was taken after each
exposure. The colourless, mobile 1,2-dimethylene-~
cyclogctatfiene on exposure to air changes to a heavy oil
after a few minutes, and then rapidly converts (less than

10 minutes) to an insoluble white solid polymer.

Thermal Stability of 1,2-Dimethylenecyclooctatriene

A 3-neck flask (250 ml.) was equipped with a gas
inlet tube, a rubber septum and a water cooled condenser
sealed at the top with a mercury bubbler, A hexane
solution of l,2-dimethylenecyclogctat;iene of the proper
concentration to give an on-scale reading on the ultra-
violet spectrometer at 272 Tf‘ was placed in fhé flask.
The system was flushed with argon until the hexane

(b.p. 68°C) began to reflux. After steady reflux was

attained the argon flow was stopped. Aliquots were removed

at suitable intervals for a period of eight hours and the
absorbances of the solutions at 272 T}L were measured,
The initial absorbance, AO = 0,96, represented a'coh-
centration of 0.0ll millimoles per liter (see Table III).

The absorbance after 8 hours reflux remained at 0,96.

Photolysis of l,2—Dimethylenecyclogctatriene

A solution of l,2-dimethylenecyclogctatriene

(40 mg) in carbon tetrachloride (1.0 ml.) was placed in a

| S
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quartz ultraviolet cell (0.5 x 15 cm.) and photolysed for
one half hour. The cell wall was coated with a yellow
insoluble éolymer.

The n.m.r. spectrum of the carbon tetrachloride

solution showed only unchanged starting material,

The Reaction of l,2-Dimethylenecyclogctatriene with

Tetracyanoethylene

A, l,2-Dimethylenecyclogctatriene prepared from
0.203 g. (0.752 millimoles) of l-methyl-2-N,N,N-tri-
methylaminomethylcyclogctatetraene bromide and collected
in hexane {1 ml.) at =-80°C was placed in a flask equipped
with a gas inlet tube and a reflux condenser. A solution
of tetracyanoethylene (0.096 g., 0.75 millimoles) in
benzene (4 ml.) was added and the reaction was refluxed
for 15 minutes during which the system was swept with
argon. A dark coloured precipitate formed immediately on
addition of the tetracyanoethylene. During the reflux
veriod the reaction mixture lightened in colour until at

the end of 15 minutes the solution was a clear, pale

yellow and some dark coloured material adhered to the sides

of the vessel, The clear solution was decanted and the
benzene removed on the flash evaporator to give the crude
product (0.143 g., 74%). The n.m.r. spectrum of tﬁe
crude product was obtained., Attempted purification by
thin layer chromatography using several coatings (silica

gel, neutral alumina and magnesium silicate) and a
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variety of solvents (ethanol, chloroform, benzene) led
to decomposition.

B. The above reaction was repeated using 0.150 g,
(0.56 millimoles) of the quaternary bromide and 0,036 g.
(0.28 millimoles) of tetracyanoethylene. The n.m.r. of
the crude sample was taken.

Purification by sublimation for 24 hours at room
temperature and 0.0l10 m.m. pressure, onto a surface cooled
to 3°C gave 2 mg. of a white crystalline product m.p,
145-146°C.

C. An attempt was made to monitor the reaction of
l,2-dimethylenecyclogctatriene with tetracyanoethylene by
letting the reaction take place in an n.m.r, tube. This
would have permitted n.m.r. spectra to be taken at suitaBle
intervals. This was not possible, however, because the

reaction was extremely fast even at o°c.

R———————
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Physical Data
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Table V
Mass Spectral Data

2-Carbomethoxy-l-methylcyclogctatetraene

. The mass spectrum was obtained at an ionization

potential of 50 volts. The table contains all peaks with

a % 2:39 (the contribution to the spectrum of each peak as

a percentage of the total ionization between m/e 39 and

the molecular ion) 1% and larger.

m/e % £ a9 m/e % £ a9 m/e % S 39

17.6 6.4 117 17.5 78 2.4
161 1.3 116 8.8 77 2.0
148 1.0 115 12,6 65 2,7
145 2,2 105 1.9 63 2.0
144 1.7 102 1.9 59 1.0
133 1.9 91 6.1 51 2,5
118 2.5 89 1.9 39 3.9
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Table V (continued)

Mass Spectral Data

2-Hydroxymethyl-l-methylcyclogctatetraene

The .mass spectrum was obtained at an ionization
potential of 10 volts. The table contains all peaks with a
% 2279 greater than 1%.

m/e % 279 m/e %279 m/e % 279
148 37.8 131 3.8 118 2.7
147 1.9 130 17.1 117 2.5
146 1.6 129 1.4 106 1.4
134 1.9 120 1.6 105 1.4
133 13.1 119 3.3 | 91 - 1.6

Mass Spectral Data

l,2-Dimethylenecycloactatriene

The mass spectrum was obtained at an ionization
potential of 20 volts. The table contains all peaks with
a % s 5o greater than 0.5%.

m/e % S 52 m/e % 2 50 m/e % S 50

130 28.65 117 0.53 103 .} ° o.98
129 23,53 116 5.55 91 1.53
| 128 8.56 115 13.68 78 4,50

127 2.56 105 0.53 52 7.56

!
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Table V (continued)

Mass Spectral

Data

l,2-Dimethylenecyclogctatriene-Tetracyanoethylene Derivative

The mass spectrum was obtained at an ionization

potential of 50 volts,

a %2 5o greater than 0.36%.

The table contains all peaks with

m/e % £ 50 m/e %50 m/e %% 50
258 0.36 114 0.51 76 2.57
155 0.40 113 0.40 75 1.77
153 0.54 104 1.48 74 0.69
152 0.40 103 1.12 66 0.47
141 1.05 102 2.03 65 2.97
140 0.51 101 0.72 64 2.64
131 1.0% 100 .0.54 63 3.98
130 9.48 91 1,27 62 0.80
129 8.90 90 0.54 57 0.47
128 2,28 89 2,32 55 0.43
127 1.16 88 0.80 53 0.80
126 0.58 87 0.51 52 4.20
125 0.40 79 0.54 51 5.65
116 2.14 78 3.51 50 2.24
115 12,78 77 3.66
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Fig. 1 The infrared spectrum of methyl 2-butynoate.
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Fig. 2 The infrared spectrum of 2-carbomethoxy-l-
methylcyclodctatetraene,
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Fig. 3 The infrared spectrum of 2-carbomethoxy-1-
methylcyclooctane.
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Fig. 4 Thne infrared spectrum of 2~hydroxymethyl-l-
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Fig. 7 The infrared spectrum of 1,2-dimethylene-
cyclobctatrienea,
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Fig. 8 The infrared spectrum of 1,2-dimethylene-
cyclodctatriene after exposure to air on the
infrared salt plates for 15 seconds.
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Fig. 9 The infrared spectrum oi 1,2-dimethylene-

cyclooctatriene after exposure to air on the
infrared salt plates for 5 minutes.
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Fig. 10 The uliraviolet spectrum of methyl
2-buiynoate.
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Fig. 11 The ultraviolet spectrum of 2-carbo-
methoxy=-l-methylcyclodéctatetraene.
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Fig. 15 The ultraviolet spectrum of a
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Fig. 16 The n.m.r. spectrum of methyl 2-butynoate.
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Fig. 17 The n.m.r. spectrum of 2-carbomethoxy-1-
methylcyclodctatetraene,
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Fig. 18 The n.m.r. ::ec:rum of 2-carbomethoxy-1-
methylcyclioociaaa,

_J : S
{ 1 | L | ! ' | | ; i | ] ! | i
2.0 3.0 4.0 5.0 6.0 7.0 8.0 8.0 10
PPM (T)

Fig. 19 The n.m.r. spectrum of 2-nydroxymethyl-l-
wr-ihylcycloodctatetraene.,




| —— o —
1 !
i |
! }
: '
;% | ..
| . {
L gy ;?
i ¥ I
- | 1
| z f
i . I
X S £ l
v p i Ly
, ;
“/\JJ L__.;_M/ _ ‘\)v\_,\_‘J -
- . : ! —_ ‘ ! ! ‘ ! '
2.0 3.0 4.0 - 2.0 7.0 3.0 9.0 10
2P Ty
Fic. 20 The n.m.r. 50 7wn o7 L-mathyl-2-N,N,N-
trimeth‘la.HOﬁloﬂebP/lcyuLooctateuroc.
bromide.

| | ! e
: : v ]
| | b i
i ’"\|E . “ i
: It It j
! LY Dol n H
i v ) I 1 il
! R i - |
L”WWW’V\‘-\J - \«/ Y e JMJWVAM—)WW [N
; ' ! i ! i . ! ! !
2.0 3.0 4.0 5.0 5.0 7.0 8.0 9.0 10
PPM (T}
Fig. 21 The n.m.x. specTrum of 1,2=-cimethylene-
cvielodctatriena

[




- 66 =

o s

| z
| |
]
; | |
Z \ | ]
| i ﬁL
| |
L L i ] — L : ! I i J ] |

20 3.0 4.0 o 6.0 7.0 8.0 9.0 10

bpMm (1)

Fig. 22 The n.m.z. +« ~2.7um of & ',2-dimethylenecyclo-
octatrisne- . LyeanosLny .ene derivative
{preparacio.. ... .

!
!
|
|
M—u—'-w\./v
| J 1 ] . ! ] | L i L i ] | 1 |
20 3.0 4.0 5.0 6.0 7.0 8.0 5.0 10
PPM (T)

Fig. 23 The n.m.r. spectrum of a 1,2-dimethylenecyclo~

octatriene-tetiracyanoethylene derivative

{ pTeparation B.).

| T —




- 67 -

Molecular Crbital Calculations

Simple Huckel molecular orbital calculations
were performed on l,2-dimethylenecyclogctatriene. The
calculations were carried out as outlined by
Streitweiser (%6) and the format is similar to that in

"Dictionary of Tl -Electron Calculations" (47).

- - " ’ .
1,2-Dimetavlenecyclooctatriene

Energy E

2.17009
1.61796
1.48119
0.61802

o H WD

0.31111

The total T energy Ey = 12.39674 B
The delocalization energy D.E. = 2.39674 /3

The delocalization energy per 1Ir electron is 0.23967/3
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CCOEFFICIENTS

2.17009
-6.21877
-0.47474
-0.33672
-0.25597
-0.21876

1
1.0003
0.8166
0.0000

-0.3640
0.0004
0.2850

-0,0004

-0.3056
0.0005

-0.1612

VALENCES

0.915
0.113
0.521
0.443
0.469

1.61796
0.19582
0.31618
0.00001
-0.31617
-0.51158

CHARGE=-BOND ORDER MATRIX

V]

.81

6

[0))

o O

.C5ag

(@]

4527
0.0001

-0.0779
0.0001"

-0.0198
0.0000
0.3493
0.0000
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1,48119
-0.16899
-0.25032
-0.45210
-4.,41932
-0.16900

C.7383
0.0000
-0.3056
-0.0000
0.1824
0.0000
-0.3056

0.61802
0.51169
0.31621
0.00001
-0.31621
~-0,19543

-0.3640
0.0001
0.7583
0.9999
0.5306

-0.0001

-0.1034
0.0000

-0.0261

-0.0000

0.31111
-0.35154
-0,10937

0.42685

0.24217
-0.35154

5
-0.0004
-0.0779
0.0000
0.5306
0.9998
0.7328
-0.0001
-0.3056

- 0.0001

0.2858
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Discussion
The development of quantum mechanical treatments

of 17 electron systems has led to a strong interest in the syn-
thesis and oroperties of such systems. One series of 77 elec-
tron molecules is that in which there is a ring containing

an even number of carbon atoms with two exocyclic methylene
groups on adjacent carpbons. Of the first three members of
this series 1,2-dimethylenecyclobutene has been prepared and
its properties studied (62) and 1,2-dimethylenecyclohexadiene
has been prepared but not isolatad (6 6). It was of interest

to prepare the third member of this series, 1l,2-dimethylene-

A, 1,2-Disubstituted Cycl ooctatetraenes

The proposed synthetic sequence, which proved
successful, is given in Figure 24. Of the availadle cyclo-
octatetraene syntheses there are two which are suitable for
the pgreparation of 1,2-disubstituted- cycloo tatetraenes: the
co-zolymerization of disubstituted acetylenes with acetylene
under oressure (25,26) and the irradiation of sﬁitable Gi-

D)

cubstituted acetylenes in benzene (27,28). he photochemical

ot

and opressure reactions were examined concurrently.

As a trial run an attempt was made to polymerize
- R € 0. s emn . I | - 2 2
acetylene to cyclooctatetraene using nickel cyanide as a

catalyst, tetrahydrofuran as solventi, a pressure of

|-

150 p.s.i. acetylene, and sufficient nitrogen to give a

tetal pressure of 850 p.s. The reaction was performed in

=

the Magne-Dash autoclave &t a temperature of 80°C., Several
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ChHg
COOC .
CHy
CH,OH
CHjy
o
CHzN(gHs)s
Br

Tigure 24, PReaction seqguence showing tbo conversion of
2-carbometnoxy-l- metn/;cvclooctatetraene to
1,2-dimethylenecycloodctatriene,




explosions soon resulted in a loss of interest in this

approach. It is possible that the Megne-Dash autoclave is

]
e
e

yot suited for this type of reaction since the stirring
system involves the use of a solenoid which may have
resulted in loczl overheating.

The photochemical reaction proved successful and
so 1t was used to prepare the reguired cyclogctatetraene.
The stearting material for the photochemical reaction,
Z-butynoic acid, has been prepared by the treatment of sodio

metnhvylacetylide with carbon cdioxide (71). Since butyl

cerivative, which can easily be formed from butyl lithium
and methylacetylene, was preferred. The reaction ¢f carbon
c¢ioxide, under pressure, with lithio methylacetylide pro-
ceeced smoothly to give a 48% yield of 2-butynoic acid,
compzred to the 60% yield obtained using the sodio deriva=-
<ive. The somewhat lower vield obtained using lithio
methylacetylide probably resulted from its lower solubility

in the solvent system used.

Conversion to methyl 2-butynoate was accomplished

using diazomethane. The low yield obtained (71%) compared
20 the almost quantitative yield usually obtained in this
reaction resulted from the use of unpurified starting
material, It was found to be more convenient to use the
2-butynoic acid in crude form and to puriiy at the ester

stage.
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The infrared spectrum of methyl 2-butyvnoate had
¥ Y

abscrptions at 2245 cm~l and 1710 cm~l which were assigned

cl

o the C=C and the C=0 stretching vibrations respectively,

)

1.
Y
ad

~
o

-

®

O absorption was lowered from its usual position at
-1

-t

75C-

o)

73

w
(1]

cm (73) by conjugation with the triple bond.
The ultraviolet spectrum showed a single absorption at
220 mp with low intensity (log € = 1.88) as would be
expecited for this compound. The n.m.r. spectrum had two
pzaks of egual intensity, The peak at 6,347 was assigned
to the vrotons of the methoxyl group (6.237 in methyl
formate (74) and the peak at 8,027 to the proton on the

carbon having the triple bond (8.207 in methyl acetylene

Methyl 2-butynoate was irradiated in benzene to

Q
[
<
®
[¢]

vellow viscous product. Microanalysis of the photo-

sroduct gave the empirical formula CyiH;50p, and mass spec-

tra> analysis gave the molecular weight as 176, These corre-
J

spond to the values expected for 2-carbomethoxy-l-methylcyclo-

Il 3 — 3 Lalihd
octztetraene. The mass spectrum confirmed the presence of a

+h

methyl group by a peak at m/e = 161 (m-15) and the presence
of a carbomethoxy group by a peak at m/e = 117 (m-59). The
intense molecular ion (% 2139 = 6.,4%) is consistent with a
structure having all vinyl bonds {(7%a2). The ultravioclet

spectrum had the two absorptions indicative of cyclo-

octatetraenes at 224 e {log € = 3.94) and 292 @/b {log € =
2.64). Unsubstituted cyclogctatetraene has absorptions at

about 200 mze (log € = 3.08) and 274 mue (log € = 2.55),
/,. /Uv




|

- 73 =

The infrared spectrum had ktands at 1712 cm’l, 1650 cm™% and
1245 cm~! which could be assigned to the C=0, C=C, and C-0-C
stretching vibrations,respectively. The ester band is
lowered from its usual position by conjugation with the
cyclobctatetraene ring (73). In the n.m.r. spectrum the
peak at 8.197 (relative intensity 2.8) can be assigned to
the methyl group attachad to the ring and the peak at 6.337
(relative intensity 3.0) can be assigned to the methoxyl
methyl. The bulk of the ring protons occurred as a multiplet
centered at 4,237 (relative intensity 5.3) which is close
to the value of 4.37 f{for unsubstituted cyclogctatetraene
(74). The peak at 3.087 (relative intensity 1.0) can be
assigned to the proton which is on the carbon adjacent to
the carbon bearing the carbomethoxy gfoup.

Bryce-Smith and Lodge (28) obtained an 8% yield
of carbomethoxycyclodctatetraene when they photolyzed a
0.06 molar solution of methyl propynoate in benzene in a
quartz cell for 20 hours. Initial experiments carried out
under similar conditions using a 0.05 molar solution of
methyl 2-butynoate in benzene and a 24 hour photolysis
period gave a 16% yield of 2-carbomethoxy=-l-methylcyclo-
6ctatetraene. It was possible, however, to obtain a marked
improvement in the yileld from this reaction. Cleanliness
of the photolysis cell was found to be of great importance
since during the reaction a tough polymeric film coats the

cell wall and thus decreases the ultraviolet transmission.
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Chlorosulfeonic acid was suitable for removing this coa

ck
Hie
«Q

n

)
which was found to be impervious to organic solvents, nitric
acid and chromate-sulfuric acid.

The use of 2 cell made from Vycor #7910 (Corning
Glass) rather than guartz increased the yield <o 34% (for
& 24 hour photolysis period). This glass has 7Cf% trans-
mission at 250 mp and zero transmission below 220 m e (76).
Since nmethyl 2-butvnoate has a maximum absorption at 220 Q/b

with tailing towards longer wavelengths the region needed

[y

for activeation of the molecule is still available
Apoarently, however, the removal of the higher ensrgy radia-

tion which can pass through quartz (220-180 = results

e
o)
13
Q,
D
O

rease in the rate of volymerization of the

A further increase in yield resulted when more
dilute solutions were used., Irradiating & 0.0l molar solu-
tion of methyl 2-butynoate in benzene, using a Vycor #7910

er 12 hours irradiation, a 52% vyield.

| Althoucgh further dilution would probably have resulted in

urther improvement in percentage vield, since a2 batch pro-
cess was used,;the 0,01 molar solution was considered the
minimum suitable for preparative purposes.

Increasin

Q

the irradiation time to 3& hours (with
cleaning of the cell evexy 12 hours) gave a 59% vield which

is only 7% greater than that obtained with a 12 hour

e
l,.h

irradiacion period. This sharp decrease in the apgaren

ct

3

D

r& T

F

of formation of the product could be due to several

factors.

T



a. An equilibrium exists between methyl 2-butynoate
and 2-carbomethoxy—l-methylcyclogctatetraene.

b. A high concentration of 2-carbomethoxy-l-methyl-
cyclodctatetraene effectively filters the incident
ultraviolet light and so prevents activation of
the methyl 2-butynoate,.

c. OCnce a certain relative ratio of product to
starting material i1s obtained the loss of
product through polymer formation is about
equal to its rate of formation,

To determine whether an equilibrium exists between

o

the cyclodctatetraene and the acetylenic esters, pure 2-carbo-
methoxy-l-methylcyclogctatetraene in benzene was photolyzed
under the same conditions as its formation. The photolyzed
solution was then analyzed for the presence of mesthyl
Z-butynoate by infrared and vapour phase chromatographic
methods., Standard solutions of methyl 2-butynoate in benzene
were run to determine the sensitivity of the analytical
nethods. The infrared method (the C=C peak was used) was
capable of detecting 9 mg. of methyl 2-butynoate in 10 milli?
liters of benzene which corresponded to 3% conversion of
2-carbomethoxy-l—methylcyclogctatetraene into methyl

2-butynoate. The vapour phase chromatographic methcd was

[43)

capéble of detecting 15 mg. of methyl 2~butynoate in 10

&

1liliters of benzene which corresponded to 5% conversion

1y

O

1" . 5 . . .
the cyclooctatetraene ester into the acetylenic ester

.

e
o
(o]

methyl 2-butynoate wzs detected by either method so




that an eaquilibrium mixture, if it exists, contains less

than 3% metnyl 2-butynoate.

[$)]

The irradiation of a 0.05 molar solution of methyl

Z-butynoate for 36 hours gave a 39% vyield. The concentration

<

cf 2-carbomethoxy- l-meLHVIcvbloocLauptra@no in the solution

f'l\
ct
o)
D

at the end 0] photolysis was 0.015 molar, In the

Hh
cl
o)
®
(e}
’_I
I-
o
e

photolysis o solution (C.0l molar) the con-
tration of the cyclooctatetraene ester at the end of the
photoivsis was 0.0045 molar. If the filtering action of the
product were the important factcr in the apparent decrease
in its rate of formation then this decrease should occur
when solutions have the same concentration of product,
regardless of the amount cof methyl 2-butynoate present,

Since this is not the case,vossibility (b) is not the main
factor involved.

It would appear then that possibility (c) is the
most important factor i..volved. This was confirmed by the
observation that the rate of disazppearance of methyl

2-butynoate, as determined by noting the disappearance of

o))

the C= C stretching vibration in the infrared, remzined

1o

[0}

airlv constant until th

i}

end of the photolysis period

vinen about E0% had been consumed.
2-Carbomethoxy-l-methvicyclooctatetraene absorbed

four moles of hydrogen to give 2~carbomethoxy=-l-methyl-

cvclobctane. The infrared spectrumn showed four absorptions

in the C-H stretch region (2960, 2920, 2880 and 286C cm™l)

consistent with a compound having both CHy and CHy groups.
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double

he C=0 siretch absorption occurred at 1730 cm™

e 2 L 6o -1
than that for the cyclooctatetraene ester (1712 cm™~)

ause the carhonyl group is no longer conjugated with a

bonc. In the n.m.r. spectrum the absorption, which

was a doublat, centerad at 9.197T (relative intensity 3.0),

was assigned to the methyl group attached

nethvl

carhon

' 1

o the ring. The

ck

group couples with the hydrogen on the same ring

which bears the methvl group with a coupling constant

of € ¢c.p.s. This is a reasonable value for vicinyl

counling (77). The ring protons are centered at 8.45
{(relative intensity 12.2) and at 7.407 (relative intensity

1.8) and the methoxyl protons are at 6.44 T (relative

intensity 3.0).
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somethoxy-l-methyleyclooctane was carefully stud

he vapour phase chromatographic behaviour of

e
M
ol

on

T

threa columns as noted in Tebls I, These data suggest that

& single nvdrogenation procduct wes formed

. If the double

> [

- . o e it . '
sonds in 2-carbomethoxy-i-methylcyclooctatetraene were

raduced in a completely random facsnion then one would expect
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s and trans cyclodctane. It appears

nowaver, that the two substituents are very sifective in
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The 2-carbomethoxy-l-methylcyclogctatetraene
obtained photochemically was reduced by metal hydride to the
alcohol. The ultraviolet spectrum had the expected cyclo-
cctatetraene absorptions at 223 mp (Loge = 3.36) and 269 mpe
rarod showed bands at 3350 cm~l (oH),
3005 cm™l (C=C-H), 1645, 1623 cm~l (C=C), and 1008 cm™
(C-0-C). Completeness of reduction was indicated by the

lack of 2 band at 1712 cm~t (C=0). 1In the n.m.r. Spectrum
the peek at 8,247 (relative intensity 3.0) was assigned to
the mazthyl group, the peak at 6.047 (relative intensity 2.0)
‘o the methylene groug and the broad singlet at 4.33T (rela-
tive intensity 5.6) to the ring protons. The peak at 7.31C

(relztive intensity 1.1) was assigned to the OH proton on

<
i

cl
5
(]
O
[$}]
w
(WS
n
O

deuterium exchange. Peaks at 8.337 and 4.477
are Gue to impurity. The mass spectrum gave a molecular
weight of 148, as required for 2-hydroxymethyl-l-methyl-
cycloéctatetraene, ané alsc confiirmed the presence of 2

methyl group by

[¢}]
(o]
{
[s}]
hy
[O)
¢t
[
2
N
[{)]
I

o}
133 (m~19) and a hydroxy-
(

zmethyl group by & peak at m/fe = 117 (m-31). The molecular
ion was particularly intense (% Z 79 = 37.8) as would be
expected for this compound.

The major impurity which is evident in both the

-

r.m.r. and the v.p.c. analyses was not starting material
25 shown by infrared and v.p.c., and was not & siyrene which
would have been removed in the silver nitrate treatment

since it does not form 2 complex.

R——
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b

he reduction using inverse addition of lithium

]

aluminum hydride in ether at 0°C gave a reasonable yield

{33%) of the alcohol. Usirng aluminum hydride, which is con-

sidered more suitable for compounds containing double
bonds (78), the yield was raised to 72%. This is far be-

low tThat reported by Le Goff and La Count who obtained a
0495 vield in the conversion of 1,2-dicarbomethoxycyclo-

octeatetiraene to the diol {79). They published a.m.r. data

only, &

Q

wever, so the puriiy of their product was not

2-Hydroxymethyl~l—methylcyclogctatetraene was
converted to the bromide by phosphorus tribromide in hexane.
ed spectrum of the procduct showed bands &t
(C=C-H) and 123 cm~! (C=C). The absence of
bands at 3350 cm™t (OH) and 1008 cm~! (C-0-C) was noted.
Sheking with aqueous silver nitrate produced an immediate
nrecivitate. Concentration of the hexane solution resulted
apid darkening. Because of its instebility the bromide
vias not further characterized but was used directly in the
next preparation. Since the bromo group is allylic and
strong steric interaction occurs with the nearby methyl
group the instability of tais compound 1s not surprising.
Conversion of 2-bromomethyl-l-methylcyclo-
octatetraene to the quaternary bromide was accomplished
using trimethylamine. Since the reaction involves the forma-
tion of a charged product and presumably has a charged transi-

tion state, the use of a polar solvent was deemed desirable.




emtastirres

3ince the bromo compound is rather unstiable, however, it
appeared best to leave it in the hexane solution and to
incrrzse the polarity of the solvent system by adding

~athancl. A 50% methancl-hexanas solution gave suitable

The guaternary bromide is a stable, high melting

solid {m.p. 225-2269C) which crvstallizes as green-yello

t

neecles from ethanol. In the infrared spectrum there was a

vibration and in the ultraviolet there are apsorptions at
203 e (log € = 4.32) and at 279 e (log € = 2.49). 1In
<he ~.m.r. spectrum the peak a2t 8.177Z (relative intensity
.0) was assicned to the maethyl group attached to the ring
snd the peak at .93 T (relative intensity 8.7) to the

he ring protons occurred as

& multiplet centered at 4.097 (relative intensity 5.8)

)

he methylene protons were centered at 6.C67 (relative

intensity 2.0). They occurrad as an AB quartet with a
cousgling constant of 13.5 c.p.s., & reasongble value for

1—

geminal coupling \80) né a relative chemi shift

(calculated) of 18.6 c.p.s. (77). It is possible for the

methylene protons to have diff-rent chemical shifts because

o .y ~ 1] " s . -
of the asymmetry of the cyclooctatetraene ring. In a
partvicular conformation one of the protons of the methylene

group will lie closer to the 77 svstem of the ring &nd so

[l
o]

will be shifted to lower field. The environments of the two




N,N,N-trimethyl group on the methylene and the nearby
sethyl group prevent this,

The infrared absorptions of cyclogctatetraene in
the lower region of the spectrum (below 1500 cm~1) have
zssigned by the calculation of energles of possible
vibretions {40). It has been fTound that these peaks can
2lso b2 zssigned in monosubstituted cyclogctatetraenes (81).

The origins of the infrared bands in the disubstituted

with Tthese cases.
The ultiraviolet spectra of the compounds prepared
L} - Y . . - i \
21l had the two peaks expected for cyclooctatetraenes

Table III). The lower fransition {about 200 me in

/~\

- 1 . 5 o 3 . , ‘ -~ RN
cyc;obccatetraene) which is a2 77 —— 7™ transition shows

.—

\L)
D

& shift to 224 m g for < 2ster prenared and 223 %/b

tne alcohol. Only the queaternary bromide had its &bsorptiion
2t &bout the same position as cyclogctatetraene 1203 @/b )
oresumably because the non-bonding electrons on tnhe nitrogen

are not available for interaction with the ring. The longer

cuatarnary bromide (279 n A, log & = 2,49). Both the

clcchol and the ester showed substantial shifts althouch in

]

opcsite directions. The alcoh

(o]
[

absorption was shifted to

cnorter wavelength (269 ﬁ/ul) and the ester to longer wave-

langth (292 m el
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The mass spectra of 2-carbomethoxy~l-methyl-
cyclo%ctatetraene and 2-hydroxymethyl-l-methylcyclo-
bctatetraene as well as providing direct evidence of the
nature of the groups attached to the cyclo%ctatetraene
ring also show the wealth of breakdown pathways available
for these molecules, The breakdown sequences shown on
the following pages only intend to show that the major
peaks can be accounted for in a reasonable manner. There
are, of course, in some cases alternate ways of fqrmulating

the breakdown sequences and the structures of the products.
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B. l,2—DimethylenecycloSctatriene

Pyrolysis of the quaternary hydroxide obtained
from l-methyl-Z-N,N,N—trimethylaminomethylcyclogctatetraene
bromide gave, after purification, a colourless, oxygén
sensitive compound. Microanalysis and the molecular weight
obtained from the mass spectrum showed it to be a CypH;q
hydrocarbon. Even if it is assumed that the reaction pro-
ceeds without rearrangement of atoms (an assumption later
shown to be correct) it is still possible for the product
to exist in several forms, of which three of the more

likely ones are shown below,

XIII XXVI XXVII

These structures are valence bond téutomers which
result from the rearrangemenf of double bonds. The product
could have any one of these structures or it could exist as
an equilibrium mixture of two or more of them.

The structure of the product as XIII was con-
vincingly proved by the n.m.r. spectrum., It showed only two
very small peaks in the aliphatic region at 7.987 and
9.02 7. Each of these peaks had an integrated intensity

of less than 0.2 protons. The peak at 7.987 was due to a




L

small amount of trimethylamine which was not removed by the
v.p.c. purification. Since the rest of the spectrum con-
sisted of peaks in the olefinic region only, the product

must have the monocyclic dimethylene structure,.

Hqg Ha
: H
) He, 2
| Hy
| Hg, !
H
2
Hy, Hs

The peaks at 5,027 (relative intensity 2.0) and
5.27 T (relative intensity 2.0) were assigned to the
methylene protons Hy and Hy respectively. The inner protons
Hy are shifted downfield relative to the outer protons H,
because of the influence of the other nearby exocyclic
double bond. The coupling constant J;, 1is about 1 ¢/s.
The protons Hy are shifted downfield relative to H, and Hg
by the influence of the exocyclic double bondé. Although
Hy and Hg are not appreciably chemically shifted they can
be distinguished by virtue of the coupling of H, with Hj.
Coupling of this type has been observed to be 11.8 ¢/s in

cyclogctatetraene (45). The coupling constant of Hy with Hg

would be small (O - 1 ¢/s) because the dihedral angle would
be in the region of 90°., . The peaks at 3.707 and 3.907
can thus be assigned to Hj and those at 4.18 T and 4.397

to Hy. They form an AB system with a coupling of 12 c/s
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and a relative chemical shift (calculated)(77) of 31,7 ¢/s.
The remaining peaks (4.307 , 4,337 and 4.377 ) were
assigned to H5.

' The n.m.r. spectrum shows unequivocally that the
product exists mainly as structure XIII., It does not, how-
ever, preclude the possibility that it is in equilibrium
with one or more other structures which are present in sﬁall
f amount only, as in the case of cyclogctatetraene which has
i been shown to be in equilibrium with its bicyclo form (35).

The ultraviolet spectrum of 1,2~dimethylenecyclo=-
dctatriene is reminiscent of cyclo3ctatetraene though some-
what more intense with absorptions at 228Q/L(log € = 4,23)
and 272@/0(109 € = 3.96) compared to cyclogctatetraene which
has absorptions at about 200@/& and 280@fo(log € = 2,64) (41),.
These spectra are in sharp contrast to those of linear
polyenes which can easily assume the planar configuration
necessary for good 1 overlap. Octatetraene, for example,
has four peaks at 268@/@, 278T/L’ 29ln7u and 304@/4.(82).
This suggests that l,2-dimethylenecyclogctatriene, like
cyclogctatetraene, has limitéd overlap of its W bonds and
so is not planar. It is probable that it is tub shaped

like cyclogctatetraene.

The infrared spectrum of 1,2-dimethylenecyclo-

dctatriene had bands at 3075cm~i (C=CH, stretch), 3000cm™+
(C=C-H stretch), 880cm~1 (C=CH, bend), 710cm™! and 640cm™!
(C=C~-H bend) which compare favourably with assignments for

1,2-dimethylenecyclobutene of 3040cm™1 (C=CHy stretch),

|
|
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2950cm™t (C=C-H stretch) and 870cm-! (C=CHo bend) (62).

The bands at 710cm~} and 640c¢cm=1 were assigned on the basis
of comparison with disubstituted cyclo%ctatetraenes. Since
there 5re many other peaks in the region 800-600cm'l, this
i assignment cannot be considered a firm one,

| It has been noted that strain in a molecule can
affect the position of infrared bands. In the C=C stretch
region, if the double bond is exocyclic to a ring, the fre-
.i quency of absorption increases as the size of the ring
decreases, that is, as strain in the ring increases, Thus
the C=C stretch absorption band of methylenecyclohexane is
at l65lcm’l, that of methylenecyclopentane is at 1657cm™t
and that of methylenecyclobutene is at 1678cm™L, On the
other hand, if the double bond is in fhe ring, the position
of the C=C absorption band decreases with increasing ring
strain, Thus the C=C stretch absorption band of cyclo-
hexene is at 1646cm'1, that of cyclopentene is at 1611cm~t
and that of cyclobutene is at 1566cm™t. A complicating
factor which must be considered is conjugatioﬁ which lowers
the infrared frequency. It has been found that 1,2-di~
methylene compounds can achieve sufficient coplanarity to

conjugate. For example, the C=C stretch band of 1,2~

dimethylenecyclopentane is at 1626cm‘l, a drop of 3lem—1t

from methylenecyclopentane, and that of 1,2-dimethylenecyclo-
butane is at l650cm'l, a drop of 28cm~! from methylenecyclo-
butane (83). This complication can be ignored, however, as

long as all the compounds compared have two adjacent ‘

-




: - 93 -

exocyclic double bonds which can conjugate. The double
bonds in the ring are restricted from strong interaction by
molecular geometry so that conjugation effects need not be

% considéred for them,

Ei An examination first of the C=C stretch band of

| the methylene groups o7 l,2—dimethylenecyclogctatriene

which occurs at 1630cm™t suggests a completely different

degree of strain compared to such molecules as trimethylene-

cyclopropane which absorbs at 1750cm~! (70) and tetra-

methylenecyclobutane which has bands at 1760cm™t and
1710cm™} (65). The infrared suggests very severe strain in
these two molecules. In fact the infrared band of the
methylene groups in l,2-dimethylenecyclogctatriene is very
close to that of 1,2-dimethylenecyclopentane (1626cm™1) in
which strain should not be extensive.

The infrared bands of the double bonds in the ring,
which occur at 1585cm~! and l560cm'l,are substantially
shifted from those of cyclogctatetraene which has its bands
at 1635cm~t and 1609cm-1 (40) and cyclogctatriene which has
its bands at 1638cm™! and 1610cm™! (84). Apparently some
strain has been introduced into these bonds presumably be-
cause of a change in ring geometry resulting from the

presence of the two exocyclic double bonds. Of course the

lowering of the infrared frequency could be due to conjuga-
tion but the ultraviolet spectrum seems to exclude this
possibility. It appears then that the above correlation

of the infrared evidence suggests that in 1,2-dimethylene~

L




i

i g - - .
cyclobctatrlene the exocyclic methylene groups are probably
close to coplanar, that the ring geometry is slightly changed

- ' . .
rom that in cyclobctatetraene and that the ring possesses

Ph

only moderate strain.
| A molecule very close in structure to 1,2-di-
methylenecyclooctatriene, cyclodctalc]furan (XXVIII) (79)

has C=C stretch absorptions at 1645 cm~1 for the exocyclic

o’
o]
o
0.
"
)

nd 1533 cm™! for the interior bonds which suggests
that it has a somewhat higher strain energy than
1,2~dimethylenecyclodctatriene.

The mass spectrum of l,Q-dimethylenecycloéctatriene
crovaed unigque in the extreme ease with wnich one and two

orotons were lost, The intensity of the species m/e = 129

0]

. - = < , - . -

is 23.5 per cent Z 5o compared to 28.6 for the molecular

ion suggesting that there must be excellent stabilization of
cnis species., Loss of & proton from 1,2-dimethylenecyclo-~

octatriesne does not lead to a stabilized ion, 1if the structure

is retained, so thet it seems neces

m

ary to postulate that
brezkdeown can occur through other structures. The most likely
ones are 1(8),2,4,6-bicyciol6,2.0]decatetraene (XXVI) and
7,8-dimethylene-2,4~bicyclo[4.2.0]octadiene {XXVII) which

were mentioned previously (p. 89).
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Loss of water from 2-hydroxymethyl-l-methylcyclo-
octatetraene gave a species of m/e 130 which could have been
formulated as XIII or XXVI. A comparison of the mass
spectfum of l,2-dimethylenecyclogctatriene with that of
2~hydroxymethyl-1l-methylcyclooctatetraene below m/e 130
shows little in common. The peak at m/e 129 is very small
in the alcohol and peaks at m/e 128, 127, 116, 115 and 103
all present in l,2—dimethylenecycloactatriene were absent
in the alcohol, It seems reasonable then to postulate that
the species of m/e 130 in the mass spectrum of 2-hydroxy-
methyl-l-methylcyclodctatetraene has the structure XXVI
and that the breakdown of l,2—dimethylenecyclogctatriene
involves only the structures XIII and XXVII, It should be
noted that XXVII need not be present in equilibrium with
XIII under ordinary conditions but could be formed in the
mass spectrometer only. Although for convenience almost
all of the breakdown patterns are shown starting from
structure XXVII,the change to this structure could also
occur during the initial breakdown.

It has been shown that 1,3,5-cyclobctatriene when
heated to 100°C forms an equilibrium mixture containing 30%
of the bicyclo form, 2,4-bicyclof4.2.0]Joctadiene (84,85).

In l,2-dimethylenecyclo%ctatriene, however, the exocyclic
methylene groups would tend to destabilize the bicyclo form.

Loss of a hydrogen from structure XXVII gives an
allylically stabilized ion and loss of a second proton gives

a benzene ring thus accounting satisfactorily for the high
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intensity of the peaks at m/e 129 and m/e 128,

An additional piece of evidence regarding the
breakdown pattern is a metastable peak (75b) at about
m/e 162.6 which shows that the ion of m/e 129 loses CH, to
give the ion of m/e 115, This does not exclude the forma-
tion of the ion of m/e 115 in other ways, however, and a
second pathway, starting with the molecular ion is shown,

Molecular orbital calculations on 1,2-dimethylene-
cyclogctatriene gave the delocalization energy, bond orders
and free valences and these are compared with calculations
on 1,2-dimethylenecyclobutene and 1,2-dimethylenecyclo-
hexadiene in Fig. 28. These molecules all have substantial
delocalization energies which suggests that stabilization
through T electron delocalization can occur in the planar
form of these structures. On the other hand the high values
for the free valences of the exocyclic methylene groups
indicates a very high reactivity for these positions. An
examination of corresponding bond orders and free valences
places l,2-dimethylenecyclogctatriene in an intermediate
position betﬁeen 1,2~-dimethylenecyclobutene and 1,2-dimethylene-
cyclohexadiene.

1,2=-Dimethylenecyclobutene has the lowest cal-
culated value for the free valence of the exocyclic methylene
groups (0.86) so that these positions should be less reactive
than the methylene positions in the other two molecules.
However,the large angle deformation associated with changing

the normal trigonal bond angles of 120° to form a four
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G.39 0.87
D.E.=l.2lﬂ 0.79 0.30 Roberts(61l)
vl / 0.86
0.5% o7 N
Coulson
D.E.=1.954 and
ﬂ Streitwieser(47)
0.
0.531
D.E.=2.397ﬁ 0.733

e
0.469

/

0.443

The numbers opposite bonds are 77 bond orders.

The arrows designate free valences.

Figure 28. Data from molecular orbital

1,2-dimethylenecyclobutene,

.

octatriene,

calculations on
1,2-dimethylene~-

cyclohexadiene and 1,2-dimethylenecyclo=-
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membered ring which has interior angles of 90° would result
in a high strain energy. A high degree of thermal stability
would thus not be expected. 1,2-Dimethylenecyclobutene was
preparéd by Blomquist and Maitlis (62) and proved to be
sufficiently stable to be isolated in a pure state. However
it reacted with air to give a solid oxygen containing polymer
and at room temperature it darkened and polymerized rapidly
even when kept under nitrogen. In contrast to this béhaviour
1,2-dimethylenecyclobutane formed a polymer only after
standing several months at room temperature (86).

1,2-Dimethylenecyclohexadiene has an extremely
high value for the free valence of the exocyclic methylene
groups (0,957) indicating extreme reactivity for this
molecule. This is borne out by the fact that although there
is good evidence for its formation in several reactions it
has never been isolated (66).

Planar l,2-dimethylenecyclogctatriene has a value
of 0.915 for the free valence of the exocyclic methylene
groups, a value which is intermediate between-l,2-dimethylene-
cyclohexadiene (0.957) and 1,2-dimethylenecyclobutene (0.86).
In contrast to l,2-dimethylenecyclobutene, however, which is
very strained l,2-dimethylenecyclogctatriene should be able
to attain a structure of much lower strain by buckling of
of the ring.

In extremely dilute solution 1,2-dimethylenecyclo-
octatriene shows no detectable decomposition even after

refluxing for eight hours in hexane (b.p. 68°C) provided
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that oxygen is vigorously excluded. In the absence of sol-
vent, however, polymerization occurs slowly at -15°C and

very rapidly at room temperature to give a glassy insoluble
polymef. The reaction with oxygen (air) is very fast giving
first a heavy oil and then a white solid polymer. The infra-
red spectrum of a sample on salt plates,which was exposed to
air for 15 seconds,contained a major peak at 1725cm=Lt (Cc=0).
Exposure to air for 5 minutes resulted in the complete dis-
appearance of all olefinic peaks in the infrared spectrum,

The T system of l,2-dimethylenecyclogctatriene
offers a wide range of possibilities for attack by a
dienophile such as tetracyanoethylene. A variety of pro-
ducts resulting from 1,2 addition, 1,4 addition and 1,6
addition can be formulated,

It is of interest to compare 1,2-dimethylenecyclo-
¢ctatriene with other M systems in their behaviour toward
dienophiles. The products obtained from the reaction of a
number of unsaturated systems with a variety of dienophiles
is shown in Fig. 29.

1,2-Dimethylenecyclobutane reacts readily with
N-phenylmaleimide and maleic anhydride to give the normal
Diels-Alder products XXIX and XXX respectively (86).
1,2-Dimethylenecyclobutene could give the Diels-Alder adduct
in the same way but the product would then be a highly
strained cyclobutadiene. With the very reactive tetracyanoe-
thylene a product is obtained, with some difficulty. This

producf results from 1,2 addition across one of the exocyclic
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double bonds and gives the spiro structure XXXI with
3,4-diphenyl-1,2~-dimethylenecyclobutene (63) and XXXII with
3,4-dimethyl-1l,2-dimethylenecyclobutene (€5,87).

- Tetramethylenecyclobutane possesses a very attrac-
tive structure for 1,4 addition and in fact gives a normal
Diels-Alder product XXXIII which is a dimethylenecyclo=-
butene (65). This product could not, however, be induced
to add another molecule of tetracyanoethylene.

In contrast to 1,2-dimethylenecyclobutene, the
1,2-dimethylenecyclohexadiene structure is particularly
favourable for 1,4 addition across the exocyclic methylene
groups because the resulting product would have a benzene
ring. The reaction of N-phenylmaleimide with 1,2-dimethylene-
cyclohexadiene gives XXXIV (66).

A rather surprising adduct is the one obtained
from the reaction of tetracyanoethylene with cyclogcta[c]-
furan (XXXV) (79). The ultraviolet spectrum of cyclobectalc]-
furan indicates a lack of conjugation which is probably a
result of buckling of the ring in a manner similar to cyclo~-
Octatetraene. This structure does not offer the coplanarity
of two double bonds usually considered necessary for Diels~
Alder addition to occur. It is possible that some loose
associationAor T complex of tetracyanoethyleng with
cyclogcta[c]furan results in a geometry change in the latter.

The reaction of tetracyanoethylene with
l,2-dimethylenecyclogctatriene gave a brown solid material

in good yield (74%). Unfortunately decomposition occurred
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on attempted purification using thin layer chromatography .
so that some data, prihcipally the n.m.r., spectrum was
obtained on the unpurified material only. The structural
evidenée obtained seems to be best explained by the formation
of two products XXXVI and XXXVII. The product,from a pre-
paration in which l,2-dimethylenecyclogctatriene was in
excess, was sublimed to give a small amount of a white
crystalline material with m.p. 145°C. The ultraviolet
spectrum had a single absorption at 209W/b . This suggests
that neither a cyclogctatriene nor a cycloSCtatetraené
structure is present although conversion to a bicyclo form
might have occurred during sublimation. The mass spectrum
gave a very weak peak at m/e 258 consistent with a 1:1
adduct and the bulk of the spe&trum consisted of peaks below
m/e 130. This is expected for any adduct which has two
allylic bonds. These bonds should rupture easily giving
the original reactants. The spectrum below m/e 130 con-
tained all of the peaks present in the mass spectrum of
l,2-dimethylenecyclogctatriene and with about-the same
relative intensities. Thus the nature of the product as-an
adduct of tetracyanoethylene and l,2-dimethylenecyclo-
octatriene is confirmed.

Tﬁe infrared spectrum obtained on unpurified pro-
duct had bands at 2260cm™}, 2205cm™1 (C=N stretch),
3010cm™L (C=CH stretch), 1630cm™%, 1580cm™' (C=C stretch)
and 860cm~1 (C=C-H bend). The C=C stretch region is

similar to that in cyclogctatriene and cyclogctatetraene.




PURL N3-S0

- 105 -

The n.m.r. specirum taken on unpurified product
showed that the exocyclic m2thylene groups were no longer
present. This does not require that reaction occur only at
these ﬁoSitions, however, since a change in the geometry of
the ring could destabilize -he dimethylene form resulting in
formation of a four membered ring. An attempt to determine
if the addition of tetracyanoethylene occurred at the same
rate as the disappearance of the exocyclic methylene groups
was unsuccessful because the reaction was extremely fast,
even at 0°C.

In the n.m.r. spectrum the olefinic region con-
sisted of a multiplet centered at 4.097 (relative intensity
4.1). There were two peaks, both singlets, which can be
assigned to allylic protons, at 6.907 (relative intensity
1.0) and at 7.017 (relative intensity 1.8). The intensity
of the olefinic region relative to the sum of the intensities
of the two peaks in the allylic region is 6.0 to 4.1.

It appears difficult to accommodate all of the data
in one structure and so it was concluded that the two pro-
ducts XXXVI and XXXVII were formed.

Compound XXXVII results from the 1,4 addition of
tetracyanoethylene to the two exocyclic double bonds of
l,2-dimethylenecyclogctatriene. This is the most favourable
mode of reaction since the two exocyclic double bonds form a
planar or almost planar system necessary for reaction with a
dienophile and the product formed has a cyclogctatetraene

ring which should be fairly strainless. The fusion of a six




1 ) . .
membered Ting to cyclooctatetraene should result in little

ct

additional strain. For these reasons this sitructure wvas
assigned to the major component which consisted of about 60%

of the meterial isolated, as shown by the n.m.r. integration

The methylene groups have the highest calculated

free valences and so these positions are the most reactive

N/

and XXXVII would again be the expected product. However the

¥0 calculations were performed on planar 1,2-dimethylene-
- u

cyclooctatriene and spectral data show that it is not planar.

It is not known whether a valid analogy can be drawn in such

—da

a case.
The second product obtained, XXXVI, results from
the 1,2 addition of tetracyanoethylene to the carbons bezaring

the dimethylene groups. 3uch & product could arise in various

ways. One possibility is <hat

’1
o]
H
D

is a mobile equilibrium
. C 0. .
between the 1,2-dimethylenecyclooctatriene structure and a

small amount of the bicyclo stiructure (8), 2,4,6-bicyclo
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[6.2.00cecatetraene XXVI. XXXVI is a likely product from the
~saction of tetracyanoethylene with compound XXVI., Attempis
to wrepare XXVI by the irradiationof 1.2-dimethylenecyclo-

Scta-riene were unsuccesstful. This could be because struc-
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hat it is not formed on
shotolysis or if it is formed it quickly polymerizes. On the
other hand it could be because when formed it rapidly reverts
to the l,2—dime;nylenocyc ooctatriene structure thus

t

he mobile uilibrium idea.
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Part 11

The Synthesis of Some

Bicyclol6.2,0]decanes




introduction

A wide variety of synthetic methods is avail-

able for the preparation of cyclobutanes. Kany of these
methods can be applied to the synthesis of bicyclic com-
pounds containing a four membered ring. Bicyclic compouncs
in which a four membered ring is fused to & four, five or
six membered ring are, in fact, readily accessible, Iow-
ever, those compounds which have & cyclobutane ring fusad
<o a ring containing seven or more carbons are uncommon.
Since the various general methods of synthesis
have had wide application only a few examples will be used

to illustrate each method.

A, Rirg Closure
Cvcloalkanes with two suitable groups on
adjzcent carbon atoms can be cyclized to give bicyclic

193]
rl

ctures naving a fused cyclobutane ring. Either the
cyclobutane ring or the other ring can be formed by the
=ing closure,

Allinger and co-workers prepared bicyclo(3.2.0]
nonane (XXXVIII) with both cis and trans ring fusions,
using a ring closure method (88).

The trans compound was prepared by the treat-
ment of 1,2-bis(3-methylpropanoate) cyclobutane (XXXIX)
with sodium hydride to give 3-carbomethoxy-4-keto-bicyclo

[5.2.0lnonane. This was hydrolyzed to the keto acid,
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Gecarboxylated, and the keto group removed by the Wolff-
Kishner reaction to give the parent hydrocarbon. The cis
;ompoupd was obtained by cyclization of 1,2-bis(2-cyano-
ethyl )) cyclobutane (XL). Treatment with lithium methyl-
chenylamide gave the imino nitrile which could be hydrolyzed
to the keto acid and then converted to cis-bicyclo[5.2.0]

rnonane by the same sequence used for the trans compound.

COOCHZ CN

COOCHg CN

XXAVIII XXXIX XL

Z. DPhotochemical Reactions

Many cyclic olefins isomerize to bicyclic forms
when irradiated with ultraviolet light. For example
. 4-cicarbomethoxy-1,2~hexadiene in the presence of diazo-
i :trhene is readily converted into l,4-dicarbohethoxy-
nicyzlo[2.2.0]hex=2-ene (XLI) (89). Bicyclo[3.2.0ept-
¢-ene (XLII) can be obtained in 42% yield by the irradia-
tion of 1,2-cycloheptadiene (90) and bicyclo[4.2.0]oct-

7-ene {XLIII) can be obtained in 9% yield from 1,3-cyclo-

Sctadiene (91).

The photolysis of some cyclic ketones also results

in the formation of bicyclic compounds.
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COOCHg
COOCHy4
XLI XLII XLIII

Some bicyclic ketones lose carbon monoxide on
irradiation. Bicyclo[3.2.0]pentan-3-one (XLIV) loses carbon
monoxide to give bicyclo[2.2.0lhexane (92) and bicyclo[5.2.1]
decan-10-one (XLV) gives bicyclo[5.2.0]nonane (93).

4

XLIV XLV XLVI

Photolysis of 1,2-decanedione gives a 74% yield of
1-hydroxybicyclo[6.2.0]decan-10-one (XLVI) (94). The high
yield in this reaction makes it an excellent entry into the
bicyclofl6.2.0]decane system.

Many unsaturated cyclic ketones can be sufficiently
activated by ultraviolet radiation so that simple unsaturated

compounds will add to them. Cyclopenten-3-one on ultraviolet

BB e o e vt e e
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irradiation will add 2-butyne to give 6,7-dimethylbicyclo
[3.2.0)hept-6-en-2-one (XLVII) along with some of the
rearranged product 1,7-dimethylbicyclo[3.2.0]hept-6-en-2-one
(XLVIII) (95).

CHqg

CH
ChHg CHy 3

XLVII XLVIII XLIX

Allene also adds to cyclopenten-3-one under photo
excitation to give 6—methylenebicyclo[3.2.0]hebtan-2-one
(XLIX) as well as a small amount of the isomeric 7-methylene-
bicyclo[3.2.0]heptan-2-one (95).

Another reaction of this type is the one used by
Corey, Mitra and Uda in the synthesis of caryophyllene (96).
This involved the addition of isobutylene to cyclohexen=-3-one
at -40°C under ultraviolet radiation to give 7,7-dimethyl=-
bicyclo(4.2.0]octan=2-one (Lj. None of the isomeric o

g,8-dimethylbicyclo(4.2.0]octan-2-one (LI) was obtained.

CHg
| CHn
I™ cH
CHy  °
0 C
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Later ring expansion gave the bicyclo[7.2,0]undecane

structure possessed by caryophyllene and isocaryophyllene.

C. Thermal Cycloadditions

; A new and quite versatile thermal cycloaddition
reaction is that between unsaturated compounds and enamines.
Enamines can be easily prepared by the reaction of

secondary amines with ketones under suitable conditions,
usually acid catalysis with some provision for removing
water as it is formed (97). Methyl propenoate readily adds
to the dimethylamine enamines of cyclopentanone and cyclo-
hexanone to give 1-N,N-dimethylamino-7-carbomethoxybicyclo
[3.2.0lheptane (LII) and 1-N,N-dimethylamino-8-carbomethoxy-
bicyclo[4.2.0]oqtane (LIII) respectively (98). ‘

’

R
R R B R CHoCHoR
LII LIII LIV

R = COOCHy R = N(CHg)p

The reaction is readily revoersible, but the products can be
converted to stable alcohols with lithium aluminum hydride.
Some of the Stork alkylation product, for exampie LIV, 1is
“so formed, but after reduction with lithium aluminum
rsdride it can be hydrolyzed in aqueous acid to the keto

alcohol which can than be easily separated.




Piperidine enamines prepared from various cvclic

ketones were found to add diethyl meleate rapidly in

acetonitrile to give cyclobutane adducts. Ketones with
ring sizes up to eight were used to get adducts of the

- y - . . . . [y -
type LV shown for the product ontained from cycloocta-

Fleming and Harley-Mason were able to add ac-

.

O
(¥R

wylonitrile to the pyrrol

C

dine enamines prepsred from

(0]

cyclopentanone, cyclohexanone and cycloheptanone To

products of the type LVI shown for cycloheptanone

In the case of the biCVCLo[5.2.O]nohane and the
bicvrclol4.2.0)octane derivatives they were able to remove
e amine with a Hofmann pyrolysis reaction and so get an
unseturated nitrile of the type LVII obtained from LVI.

Although fliuorirated unsaturated compounds have
been used in the synthesis of large numbers of cyciobutanes
(100) +there has been little application to the synthesis of

bicycirc compounds beczusa many of the products are not

useful Tor further synthetic work. A reaction wnich is of
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importance is the addition of tetrafluoroethylene to
cyclopentadiene to give 6,6,7;7-tetrafluorobicyclo[3.2.0]
hept-2fene. This product is of particular interest because
of its easy conversion to tropolone (101).

Historically the most important of the thermal
cycloaddition reactions is the addition of ketenes to cyclic
olefins. 1In fact, until the recent development of photo-
chemical methods, this could be considered the most important
synthesis of bicyclic compounds confaining cyclobutane rings.

Staudinger and Suter obtained 7,7-diphenylbicyclo |
[3.2.0]hept=-2-en-6-one (LVIII) by the addition of diphenyl-
ketene to cyclopentadiene (102) although the complete struc-
ture was not established until later (103). Diphenylketene
also adds to 1,3-cyclohexadiene to giQe the corresponding
adduct 8,8-diphenylbicyclo(4.2.0]oct-2-en-7-one (LIX).
Reaction with cyclopentene (103) and cyclohexene (102) occurs
to give products which are the reduced forms of LVIII and
LIX respectively.

Unsubstituted ketene is less reacti&e to addition
reactions and has a greater tendency to dimerize than the
diphenyl derivative. Ketene does react at elevated tempera-
ture (100°C) in toluene to give cyclobutanones with cyclo-
sentadiene (LX) (104) and cyclohexadiene (105). The yield
from the reaction of ketene with cyclohexadiene is very
low {2%), however, so that this is not a good method for

the preparation of this bicyclic system,
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LXVIII LIX

LX




|

- 117 -

Experimental

A. Analytical Instruments

1) Melting points were determined on a Gallenkamp
Capillary Melting Point apparatus model MF-370, manu-
factured by A.C. Gallenkamp and Company Ltd., London,
England.

2) 1Infrared spectra were measured as liquid films on the

Infracord Spectrometer Model 137, manufactured. by Perkin-

Elmer, Norwalk, Connecticut.
3) Nuclear magnetic resonance spectra were obtained in
solution as noted, using tetiramethylsilane as an internal
standard. The instrument was a Varian V-4302 high
resolution spectrometer operating at 60 Mc/s. The manu-
facturer was Varian Associates, Palo Alto, California.
4) Analyses were performed by Midwest Microlab Inc.,
Indianapolis, Indiana.
5) The Vapour Phase Chroma:ograph Instruments used were
the following:
a) Vapor Fractometer Model 154, Perkin-Elmer Corporation,
Norwalk, Connectizut.
b) Pye-Argon Chromatograph, N.G. Pye and Company Limited,
Cambridge, England.

3, Preparative Instrum=ant

Ketene was prepared by the pyrolysis of acetone

vanour »y a hot wire., The apparatus was patterned after
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that shown in a ketene review article by Hanford and
Sauer (106). An important modification was the use of quartz

rods in the center of the wire coils to keep them in place.

~

C. Synthetic Procedures

3-Bromocyclobctene

Anhydrous hydrogen bromide was bubbled slowly
through 1,3-cyclodctadiene (278.8 g., 2.58 moles) until
202.8 g. (2.50 moles) was absorbed. The product, purified
by distillation through a Vigreux column (2.5 cm. x 35 cm. ),
amounted to 378.0 g. (80%) with b.p. 84-87°C at 9 mm.
pressure.

The boiling point reported in the literature
was 79° at 5 mm. (107).

The product gave an immediate precipitate when

shaken with aqueous silver nitrate solution,

3-Dimethylaminocyclooctene

To 3-bromocyclodctene (378 g., 2.00 moles) in
toluene {600 ml.), cooled to -78°C, was added dimethylamine
(270 g., 6.0 moles). The soiution was permitted to warm.to
room temperature and it was left at this temperature for
48 hours. The toluene solution was extracted with 3N
hydrochloric acid (3 x 300 ml.), the combined extracts
were warmed for five minutes and then extracted with ether
(3 x 200 ml.) which was discarded. The aqueous solution

was made basic with 6N sodium hydroxide solution and then
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extracted with ether (2 x 300 ml.). The combined ether
extracts were dried over scdium hydroxide, filtered, and the
ether removed on the flash evaporator. The product was
purified by distillation through a Vigreux column (2.5 cm. x
35 cm.) to give the amine (233 g., 76%) b.p. 70.5-71.5°C
at 5 mm,

The picrate, recrystallized from methanol-acetone
had m,p. 211-212°C. The melting point reported in the
literature was 208.6-209°C d.(107).

3-N,N,N-trimethylaminocycloactene iodide

| To 3-dimethylaminocyclobcétene (230 g., 1.50 moles)
in cyclohexane (1.0 1.) was added, with rapid stirring,
methyl iodide (213 g., 1.50 moles). After one hour the
product was collected on a Buchner funnel énd washed with
cyclohexane (2 x 250 ml.). To the combined cyclohexane
solution and washings was added additional methyl iodide
(71 g., 0.50 moles) and the solution was refluxed for

three hours. The product which separated was filtered off
and combined with the first portion to give a total yield
of 407 g. (92%) m.p. 190-192°C. The reported melting point
was 184.2-185°C (107).

cis,trans-1,3-Cyclobctadiene

A solution of 3-N,N,N-trimethylaminocycloactene
jodide (35 g., 0.12 moles) in water (200 ml.) was stirred
one hour with silver oxide (32.4 g., 0.1l2 moles). The mixe-

ture was filtered and the filtrate was concentrated to 50 ml.
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on the flash evaporator using a bath temperature of 45°C.
The quaternary base was decomposed under nitrogen at 35 mm,
pressure using a free flame and the distillate was collected
in a trép cooled in dry ice-acetone. Pentane (100 ml.) was
added to the distillate; the pentane layer was isolated and
washed with 10% hydrochloric acid (75 ml.), 5% sodium bicar-
bonate (75 ml.) and water (75 ml.). The pentane solution
was then shaken for 5 minutes with 100 g. of 20% aqueous
silver nitrate solution. The aqueous layer was separated
and kept at 0°C overnight. A few crystals of the complex
formed; these were separated and the melting point was found
to be 127-129°C (sealed tube). The melting point reported
in the literature was 126-127,5°C (108).

To the cooled silver nitrate solution was added
concentrated ammonium hydroxide (25 ml.) and the product
was extracted with pentane (2 x 25 ml.). The pentane
extracts were dried over magnesium sulfate for one hour,
filtered, and the pentane removed by distillation. The
residue was distilled to give the product (0.92 g., 7%),
b.p. 32°C at 4 mm. pressure. .

When cis,trans-l,3-cyclodctadiene was prepared
for use in the reaction with ketene it was not separated
from the cis,cis-1,3-cyclooctadiene. The amount of c¢is,
tranc-l,3-cyclooctadiene in the mixture was roughly
estimated from the infrared spectrum of the mixture. c¢cis,
trans-1,3-Cyclobctadiene has a distinctive peak at 955 cm-l

and cis,cis-1,3-cyclodctadiene has a distinctive peak at

915 cm-1,
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trans-Bicyclo[6.2.0]dec-2-en-9-one

3-N,N,N-trimethylaminocyclodctene iodide (40.0 g.,
0.136 mples) was converted to the quaternary hydroxide
using silver oxide (36.7 g., 0.136 moles) and the quater-
nary hydroxide was then pyrolyzed to cis,trans-1,3-cyclo-
octadiene following the procedure previously described. 1In
a typical reaction the yield of combined dienes was 11.3 g.
(77%). The amount of 1,3-cyclooctadiene in this mixture
was about 4.6 g. (40% of the mixture) as estimated from the
infrared spectrum. The yield of gi§,§£§g§-l,3-cycloacta-
diene, based on the iodide, was about 30%. The mixed
1,3~cyclodctadienes dissolved in nitromethane (80 ml.)
were placed in a glass pressure bottle (soda bottle)
equipped with a drying tube and cooled to -78°C in dry ice-
acetone. To the cooled pressure bottle twice distilled
ketene ( 2.5 ml.) dissolved in ether (20 ml.), also at
-78°C, was added. The bottle was sealed, allowed to warm
to room temperature, shaken well, and then allowed to stand
overnight. The yield from five reactions was §Ombined, the
ether was removed on the flash evaporator, and the residue
was extracted with pentane (500 ml.) in a continuous extrac-
tor for 48 hours. The pentane solution was extracted with
water (3 x 200 ml.), dried over anhydrous magnesium sulfate,
and the ventane removed by distillation through a glass
~21ix nacked column (1.3 x 6.0 cm.) to give the product
(14.90 g., 23% based on cis,trans-1,3-cyclooctadiene or

7% based on the iodide), b.p. 74-76°C at 0.5 mm. pressure,
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np = 1.5023200 and specific gravity 1.0127.

Calculated for CygHy40: G, 79.95; H, 9.39.

Found: C, 80.13; H, 9.04.

The analytical sample was obtained by decomposition df the
semicarbazone derivative and was actually a mixture of cis
and trans fused ketones. The semicarbazone derivative was
prepared by a standard procedure and purified by recrystal-
lization from ethanol, giving m.p. 212-213°C (dec).

Calculated for CyjiH17ON3: C, 63.74; H, 8.27,

Found: C, 63.94; H, 8.36,

cis-Bicyclol6.2.0]dec~2~en-9-one

trans-Bicyclo[6.2.0]}dec-2-en-9-one (2.08 g.,
0.138 moles) dissolved in pentane (400 ml.) was passed
through a water cooled (5°C) column (2 x 26 cm.) packed with
pasic alumina (Merck, pH 10.0-10.%). This was followed by
pure pentane (400 ml.,). The pentane was removed from the
combined eluate by distillation through a column (2.5 x

15 cm.) packed with glass helices. Evaporative distilla-

tion of the residue at 100°C and 8 mm. pressure gave the’
product (1.%4 g., 74%), np = 1.502829° and specific gravity
1.0137. The semicarbazone, purified by recrystallization
from ethanol, had m.p. 200-201°C,
Calculated for Cj Hj7ONg: C, 63.74; H, 8.27.
Found: C, 63.87; H, 8.40.
The mixed melting point of the semicarbazone of the cis and

trans ketones was 178-182°C,
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Bicyclo[6.2.0]dec-9-one

A solution of trans-bicyclo[6.2.0]dec-2-en-9-one
(3.70 g., 0.0246 moles) in ethanol (20 ml.) was added to
prereduced platinum oxide {0.125 g.) in ethanol (10 ml.).
Hydrogen was introduced and the mixture was shaken until
uptake of hydrogen stopped. 102% of one molar eqguivalent
of hydrogen was absorbed. The catalyst was filtered off,
+he ethanol was removec on the flash evaporator, and the
~asidue was distillad ‘o ~ive the product (2.96 g., 80%)
b.p. 70-72°C at 0.9 mm. srassure.

Calculated for C;-+s.C: C, 78.89; H, 10.59,

Found: C, 78.82; H, 10,30.

Bicyclol6.2.0]dec-2-ene

trans-Bicyclol6.2.0]dec-2-en-9-one (2.28 g.,
0.0152 moles), potassium hydroxide (2.53 g.) and 85%
nydrazine hydrate (2.03 ml.) were dissolved in bis(2-
nydroxyethyl) ether (20 ml.). This solution was refluxed
for % hour and then material was distilled off until the
internal temperature rose to 230°C. The distillate was
extracted with pentane (10 ml.) and the extracts were
retained. The reaction was refluxed for 1% hours after
which water (50 ml.) was added and the product was
axtracted with pentane (2 x 25 ml.). These pentane ex-
tracts were combined with the extract from the distillate
and passed through a column (1.0 x 10 cm.) packed with

neutral alumine (Fluks) which was further eluted with pen-

tane (25 ml.).




- 124 -

The pentane solution was dried over anhydrous
magnesium sulfate, filtered, the pentane removed by distil-
lation and the product obtained by evaporative distillation
at 45°C at 10 mm. pressure into a cooled (0°C) receiver,
The yield was 1.14 g. (55%).

Calculated for CygHyg: G, 88.16; H, 11.84.

Found: C, 88.06; H, 11.77.

Sehydrogenation of EZicyclol4.2.Cldec-2-ene

The dehydrogenation apparatus operated at reduced
pressure (20 mm.) with the reactant swept through by
nitrogen and the product collected in a receiver cooled
in dry ice-acetone. The catalyst bed was 1.5 x 5.0 cm,
and consisted of rhodium (0.5%) on alumina pellets.
Bicyclo(6.2.0]dec-2-ene (0.10 g., 0.74 millimoles) was
swept through the catalyst, which was heated to 400°cC,
and the product was collected in the cooled (-78°C)
receiver. The product consisted mainly of unchanged:

starting material and a small amount of an intense blue

substance,
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Figure 30. The infrared spectrum of trans-bicyclo[6.2.0]
dec-2-en-9-one. )
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Tigure 31. The infrared spectrum of cis-bicyclo[6.2.0]
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Discussion

At the time this work was started only one syn-
thesis of a fused eight and four membered ring system had
" been achieved. Ziegler and co-workers treated cis,trans-
1 5-cyclodctadiene with diphenylketene at -40°C to get

10,10-diphenylbicyclol6.2.01dec-4~en-9-one (LXI) (109).

__A0 | 0
| _1C¢ \ .
¢ But
LXI LXII

More recently it has been found that butylethyl=-
ketene adds, at elevated temperatures (150-180°C), to cyclo-
octene and to cis,cis-1,5-cyclodctadiene to give adducts of
the type (LXII) shown for cis,cis-1,5-cyclooctadiene (110).
Under the same conditions g;g,g;§-1,5—cyclogctadiene also
gave some product in which addition took place to both

double bonds. Only the di-adduct was obtained when c¢cis,cis-

1,3-cyclooctadiene was treated with butylethylketene at 150°cC.

The addition of unsubstituted ketene to an unsatu-
rated eight membered ring might appear to be a suitable means
of synthesizing an unsubstituted bicyclo[6.2.0]decane ring
system., Unfortunately ketene readily dimerizes -and is much
less reactive in addition reactions than its dialkyl and di-
phenyl analogues. The attempted addition of ketene to cis,

gig-l,3-cyclogctadiene at 100°C in toluene failed. This is




not surprising since addition to 1,3-cyclohexadiene under
the same conditions gave only a 3% yield (105). Apparently
cimerization of the ketene proceeds at a faster rate than
~addition. An attempt to induce addition by photo-excitation
also was unsuccessful. The reaction was performed by
bubbling ketene through an ethyl ether solution of cis,cis-
l,3-cyclo$ctadiene as it was being irradiated by ultraviolet
light. One difficulty may have been the possibility that
the concentration of ketene present in the solution at a
given time was very low.

Tt seemed that a very reactive olefin would be
necessary, $o0 gi§,§£32§-l,3—cyclogctadiene was synthesized
and in fact was found to react with ketene. The product,
as will be subsequently shown, can be best formulated as

trans-bicyclo[6.2.0]dec-2-en-9-one (LXIII),

0

LXII1

The gig,t;gg§-l,3-cyclogctadiene used in the
reaction was prepared from é-bromocyclogctene by the same
procedure used by Cope and co-workers (107;108): 3-Bromo-
cyclo%ctene was converted to 3-N,N-dimethylaminocycloactene,
which was subjected to Hofmann degradation to give the cis,
trans diene., The 3-bromocyclooctene was prepared by the

addition of hydrogen bromide to g;g,gi§-l,3-cyclogctadiene,




using a procedure patterned after the preparation of 3-chloro-
pentene from cyclopentadiene (111). Vapour phase chromato-
graphy indicated that a single product had been formed.

 When the product was shaken with aqueous silver nitrate a
precipitate formed immediately. This indicated that brominé
had entered at the allylic 3-position.

For the reaction with ketene the cis,trans-1,3-
cyclo%ctadiene was not separated from the cis,cis-1,3-cyclo-
Yctadiene also formed in the Hofmann degradation but the
amount was roughly estimated from the infrared spectrum of
the mixture. The reaction was performed by adding ketene
in ether at -80°C to a cooled nitromethane solution of the
two dienes. Nitromethane was chosen as a solvent because
it had been shown that in the reaction of tetracyanoethylene
with 4-methyl-1l,3-pentadiene the formation of a cyclobutane
structure was favoured by polar solvents. In fact in nitro-
methane the reaction gave only cyclobutane formation and no
product resulting from 1,4 addition (112). It was more con-
venient, however, to add the ketene (b.p. -56°C) in ether
solution since nitromethane freezes at -299C, The product
was first isolated through the semicarbazone derivative
which was decomposed in aquéous solution with phthalic acid.
However, vapour phase chromatography showed that two com-
ponents were present in the product and it was suspected
that isomerization might have occurred during isolation.
Consequently the product was instead isolated by continuous

extraction with pentane. The product obtained in this manner
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showed only one of the two components previously observed
by vapour phase chromatography.

Microanalysis showed that one molecule of ketene
added to the 1,3-cyclooctadiene. Attempts to add ketene to
gig,gig—l,3-cyclo&ctadiene under identical conditions and
under more vigorous conditions (100° in toluene) faiied, SO
it seems likely that addition took place to the trans double
bond in cis,trans-1,3-cyclobctadiene.

The infrared spectrum showed peaks at 3005 cm-1
for C=C-H stretch and 1630 cm~1 for C=C stretch. The pres-
ence of a cyclobutanone moiety was confirmed by the carbonyl
frequency at 1770 cm~1 which compares favourably with that
of cyclobutanone which occurs at 1775 em=1 (67).. Hydrogena-
tion using platinum oxide as a catalys% resulted in the
absorption of one molar equivalent of hydrogen. The infra-
red spectrum of the reduced product retained the cyclo-
butanone absorption at 1770 cm~! but lost the characteristic
double bond absorptions at 3005 cm~l and 1650 cm~l so the
molecule has only one double bond.

Two other features of the structure which remain to
be established are the position of the double bond and the
ring fusion. That the ring fusion must be trans will be
evident from the following argument. When the product,
obtained from the reaction of ketene with cis,trans-1,3-
cycloéctadiene, was passed through a column containing basic
alumina a new substance was formed. Microanalysis showed

that this compound, which was a colourless liquid, had the
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same empirical formula as the original product. That the
compound had a double bond was shown by the infrared spec-
trum in_which peaks at 3005 cm=} and 1650 cm™l were assigned
to the C=C-H and C=C stretching vibrations respectively.
A peak at 1775 cm~l showed that the cyclobutanone moiety
was still intact. That a new substance was indeed formed
was shown by the infrared spectra of the two compounds
which showed many differences in the region 1200 em~1 to
650 cm~L (See Table VI). Also the semicarbazone deriva-
tive of the original product had a melting point of 211-212°C
whereas the semicarbazone derivative of the compound derived
from it had a melting point of 200-201°C. A mixture of the
two semicarbazones showed melting point depression, Ketones
are known to exchange protons in the & positions under basic
conditions. If a keto group is adjacent to a ring junction
then such exchange can result in isomerization at this center,
depending on the relative stability of the cis and trans
fused ring systems. It is reasonable to propose, then, that
the two compounds obtained differ only in theii ring junction.
As was pointed out previously, (page 132) it is
likely that the ketene adds to the trans double bond. Since
ketene adds in a cis manner we have cis addition to a trans
double bond which should result in a product with trans
fused rings. Isomerization might occur during the reaction,
however, so we have the following possibilities.
i€ the trans fused ring system is more stable than

the cis fused system no isomerization would occur during the
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reaction and no subsequent isomerization under acidic or
vasic conditions would be possible. If the cis fused sys-
tem is more stable than the trans fused system,then the
additioﬁ could give either the cis or trans fused product
depending on whether or not isomerization occurs during the
reaction. If isomerization to give the cis ring fusion

does occur during the reaction,then no subsequent isomeri-
zation is possible. If there is no isomerization during

the reaction,then subsequent isomerization with acid or

base can occur. Since this is the case,the product obtained
from the reaction of ketene and gi§,Eggg§-l,3-cyclogctadiene
must have its ring system fused in a trans manner and the
substance derived from it by passage through basic alumina
must have a cis fused ring system. '

It has been reported that dimethylketene adds to
cis and trans butenylethyl ethers in a stereospecific manner.
Addition to the trans ether gives a trans adduct and addi-
tion to the cis ether gives a ¢is adduct (113). It should
be pointed out that vapour phase chromatbgraphy showed that
isomerization of the pure trans compound to the cis compound
was virtually complete,so that the situation arising from
partial isomerization did not have to be considered. Such
a situation would arise if the relative étabili?ies of the
two isomers were close. Since the chromatograph which was
used did not have a heated injection port, peaks obtained
were quite broad. It is estimated that 3-4% of the trans

compound could still be present after isomerization, but

this does not affect the overall argument.




Unfortunately the position of the double bond

was not rigorously established, but the position as shown

(LXIII) seems to be the most suitable. If ketene were to

~add in the opposite direction,the product would have the

e 2

double bond in a position (¥ +to the carbonyl group.
Normally such bonds isomerize to the«aﬂ position fairly
readily and this isomerization can be detected by a lowering
of the carbonyl frequency. Since isomerization of the ring
junction involves proton exchange in & position which would
pe allylic to a double bond in the,ﬁ? position, one might
have expected that migration of the double bond to the 0¢3
position would have occurred. Since the carbonyl frequency
for the cis compound is 1775 cm’% no such migration of the
double bond occurred and it can be concluded that ketene
probably added in the opposite direction to give a structure
naving the double bond in a position Y& to the carbonyl
group.

It has been established that diphenylketene adds to
cyclopentadiene and to 1,3-cyclohexadiene to give products
having the double bond in a position'Té to the carbonyl
group (103). #Mechanistically, addition in this direction
is favoured because of greafer stabilization of the inter-
mediate formed. Assuming for the momenf that the mechanism
is ionic and involves complete separation of charge, then
addition which results in a ¥ 6 double bond in the product
has stabilization of the positive charge by the double bond

and of the negative charge by the carbonyl group.
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If addition were to occur in the opposite direc-
tion,only the negative charge would be stabilized. It
should be pointed out that complete separation of charge
could not in fact take place since this would permit free
rotation and the reaction would no longer be stereospecific,
It has been suggested that the two bonds form simultaneously
but that one bond forms faster than the other. If the
reaction proceeds through a free radical mechanism,then a
similar argument can be applied and the same orientation
is favoured. A critical discussion of the mechanism of

four center addition reactions can be found in Breslow

»and in references contained therein (114).

Wolff-Kishner reduction of §;§g§-bicy§lo[6.2.0]dec-
2-en-9-one gave two products. These products were separated
on a small scale by preparative vapour phase chromatography.
The product with shorter retention time (25.9 min) present
as 27% of the mixture was probably the aicohol,_as shown by
a peak in the infrared spectrum at 3450 cm~! which can be
zssigned to the ~OH stretch frequency. The major product
(retention time 29.2 min) which consisted of 73% of the mix-

ture was the desired bicyclo[6.2.0]dec-2-ene. The alcohol
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could be easily removed from the mixture by passing the pro-
duct through an alumina column, This product probably has
Sif ring fusion since the reaction involves the use of
strong bése. It would be of interest to confirm this by
preparation of the trans hydrocarbon. If the two hydrocar-
bons were available,they would also be useful for equilibra-
tion studies. Cyclobutanes with two adjacent alkyl substi-
tuents are more stable when these substituents are trans to
each other rather than cis. However,if the cyclobutane is
fused to a small ring,the cis form will be more stable than

the trans form because of ring strain produced by fusion in

a trans manner. If the second ring is large enough, however,
the irans compound will be more stable. Thus we will have a
ring size at which the "“crossover" point lies (88).
Allinger prepared the cis and trans bicyclo[5.2.0]nonanes
but was unable to equilibrate them. The cis and trans
bicyclo[6.2.0]dec-2-enes should equilibrate easily since
the ring fusion is allylic to a double bond.
Unfortunately,attempts to prepare trans-bicyclo
[6.2.0]dec-2-ene were unsuccessful. Treatment of 9-tosyl-.
bicyclo[6.2.0]dec-2-ene with lithium aluminum hydride under
a variety of conditions gave only the alcohol back. The re-
action of tosylhydrazones with sodium boiohydrige showed
some promise {115) but extremely poor yields were obtained in
his case. Vapour phase chromatography showed that this
-eaction gave a single product which differed from the pro-

cuct obtained by the Wolff-Kishner reaction. Unfortunately
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the small amount of material available did not permit
further investigation.

An attempt was made to dehydrogenate bicyclo[6.2.0]
dec-2-ené in the vapour phase using rhodium on alumina
support as the catalyst. Preliminary experiments indicated
that some azulene was formed although it was identified
only by its deep blue colour. The bulk of the material was
recovered unchanged. Although studies were not continued
because of lack of time and material,it would be fruitful
to find conditions under which most of the starting material
reacted. This could involve the use of a higher temperature,
a longer catalyst bed and an improved catalyst. A catalyst
such as 10% platinum or palladium on asbestos fibre would
be suitable. It is best to avoid carbon support for the
catalyst since materials are very strongly adsorbed on
carbon and so are likely to rearrange. Under such condi-
tions it may be possible to obtain, along with the

azulene, some of the desired bicyclo[6.2,0]decapentaene.
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The following new compounds were synthesized:
a., lethyl 2~butynoate
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cyclooctatetraene from the dhetolysis of & substituted

olished by cleaning the photolysis cell with chloro-

sulfonic acid, by usirg dilute solutions, and by
erforming the photolysis in a cell made from Vycor #7910,

vapour phase chromatographic study of the recduction
sroduct from 2-carbometnoxy~l-meinylcyc clodctatetraene

cnowed that only ons product was formed. It 1s pro-

vzss spectral breakdown paiterns are proposed Ior

Z-carbonethoxy-1l-ms 'vch\“ooc;au@traeno, 2-hydroxy-
N - 1 . . , .

metnyl-l-methylcyclooctatetraane and 1,2~dimethylene-

It is proposed that 1,2-dimet vlene”VCWOOCLatrlpnp is
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monocyclic and not in equilibrium with an appreciable
amount of a bicyclic form. It is further proposed that
it is not planar and that it is not highly strained.
The'photolytic behaviour of l,2-dimethylenecyclo%cta-
triene was studied with a view to preparing a bicyclic
form,

The thermal stability and oxygen sensitivity of
l,2-dimethylenecyclo%ctatriene were determined.

The reaction of l,2-dimethylenecyclo%ctatriene with
tetracyanoethylene was studied.

Molecular orbital calculations were performed on planar
1,2-dimethylenecyclodctatriene. The total T energy,

delocalization energy, free valences, and bond orders

were calculated,

II

Part

The following new compounds were synthesized:

a. trans-Bicyclo[6.2.0]dec-2-en-9-one

b. +trans-Bicyclo[6.2.0]dec-2~en-9-one semicarbazone

c. cis-Bicyclo[6.2.0]dec-2-en-9~-one

d. cis-Bicyclo[6.2.0]dec-2~-en-9~one semicarbazone

e. Bicyclo[6.2.0]dec-9-one

f, Bicyclo[6.2.0]dec-2-ene
The product of addition of ketene to cis,trans-1,3-
cycloSctadiene (10a.) was shown to have trans ring fusion,
Dehydrogenation studies were carried out on bicyclo

[6.2.0)dec~2-ene. Azulene was obtained in low yield.




