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ABSTRACT OF THE DISSERTATION
Stereochemical Requirements for

Bishomoaromaticity

To investigate the stereochemical requlirements for
bishomoaromaticity it was necessary to develop a synthetic
scheme that would give suitable precursors in which the
stereochemistry could be unambiguously assigned. Arguments
are presented in this thesis to suggest that, if bishomo-
aromaticity is to be detected when the two methylene bridges
are trans with respect to each other, the l,4-bishomotropyliun
syster is more favourably orientated for cycllic delocallization
than the 1,3-~-bishomotropylium System.

By reacting benzotropone ethylene ketal with phenyl
mercuric trichloromethane, followed by removal of the chlorines
and protecting group, it was possible to synthesize the trans-
4,5-venzo-2,3:6,7-bishomotropone. The gig-&,S—benzo-Z,B:é,?-
bishomotropone was synthesized by the action of dimethyloxo-
sulfonium methylide on benzotropone. The stereochemistry in
the cig and trans 1lsomers was unambiguously established by
exaninine the nmr spectra of the derived alcohols.

To determine'the effect of the benzene ring in these
homoaromatic systems it was necessary to synthesize U, 5-benzo-

2,3-homotropone. By reacting benzotropone with dimethyloxo-

1i1



sulfonium mefhylide it was possible to obtain a high yleld
of 4,5-benzo-2,3-homotropone.

The low temperature nmr spectra of protonated
L, 5-benzo~2,3-homotropone and the derived alcohol clearly
showed that the benzene ring did not decrease the homoaromatic
nature in these systems. The hydroxy substituent, however,
.had a marked effect on the homoaromatic nature.

The low temperature nmr spectra of the protonated

cis and trans-4,5-benzo-2,3:6,7-bishomotropones showed that

—

the trans hydroxy cation could be best interpreted as a cyclo-
propylcarbinyl delocalized system and the cis hydroxy
cation as a tishomoaromatic species.

The low temperature nmr spectrum of the §£§§§—4,5—benzo-
2,3:6,7-bicghomotropylium cation alsgo supported the cyclopropyl
carbinyl delocalization in this system. In contrast to the
hydroxy-substituted system, however, the unsubstituted system
was not equilibrating between the two possible equivalent
boat conformations. This was attributed to the hydroxy
substituent effect on the tranéition state of the boat-btoat
equilibtrium.

In conclusion, arguments are presented that would

svggest that the trans-Ll,3-bishomotropylium cation is not a

bishomoaromatic cation as previously revorted, but that it
can be best represented as a cyclopropylcarbinyl delocalized

system.
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A. INTRODUCTION AND GENERAL DISCUSSION



SECTION ONE

HISTORICAL EACKGROUND

For more than one decade , a preoccupation of
numerous chemists has been the study of homoaromaticity,
first postulated by w1nstein1 in 1959. In many respects
the concept of homoaromaticity closely resembles. the concept
of homoconjugationz, but the extrapolation to homoaromaticity
took more than a decade. |

The first homoaromatic species was proposed by
Winstein3 to explain the marked difference in rate of
solvolysis of the cis-and ggggg-bicyclo[?.l.é]hexyl-toluene-
sulfonates, 1 and g respectively. The kinetic data were
interpreted in terms of anchimerically assisted lonlzation
of l to give the non-classical cation 2. This cation was
considered to be homoaromatic and termed the "trishomocyclo-
propenyl cation"., On the other hand,.g was presumed to
lonize classically. The factors contributing to the
stability of 3 were not readily accepted and numerous

5

publications have appeared to disputel+ and support” the claim

of a symmetrical non-classical intermediate in the solvolysis

. H
—*ﬁ\
OAc

of 1.




- &~
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—> H _ Several products
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t

t

2 HOAc

Since this initial controversy, the concept of
homoaromaticity has found ample fulfillment in the many

. 6
homoaromatic systems which have been prepared and studied .

AROMATICITY

Although this thesis deals with the question of
homoaromaticity, it must be noted that controversy still
exists on the definlition and criteria of aromaticity7.
Originally the concept of aromaticity developed as a means
of characterizing certain types of organic molecules. Thus,
aromatic compounds undergo substitution reactions and not
addition reactions. It has been known for some time that
aromatic compounds possess typical physical properties, such
as the anisotropyof diamagnetic susceptibilityB. However,
the emphasis has been on chemical reactivity rather than
on the physical properties.

With the advent of quantum chemistry the experimental
findings were given theoretical grounding. The valence bond
method and molecular orbital methods9 were developed, thus

10
permitting the calculation of the resonance energy . There:

has thus been a continuous process of transforming the mean-

ing of aromaticity from the chemlical definition to the



physical viewpoint. ‘

The leading role in the theory of aromatic compounds
has been played by Hiickel's "4n + 2" rulell. Although the
theoretical foundations for the HMO method are weak, 1t has
had remarkable success in explaining the vast variefy of
observed facts and predicting new oneslz. For example,
‘when n = 0 the cyclic system contains 2 m-electrons and the
predicted stability has been confirmed by the preparation
of stable cyclopropenium salts by BreslowlB. The well known
aromatic sextet, n = 1, is found in 5-, 6-, and 7-membered

rings. Thus, the stability of the cyclopentadienide ion &,

14
benzene 5 and tropylium ion 6 are well documented .

9

]

|-&
o

A definition which is dependent on the electronic
structure of the molecule or ion in question, has recently
been formulated by Badger7a, "an unsaturated cyclic or
polycyclic molecule or ion (or part of a molecule or ion)
may be classified as aromatic if all the annular atoms
particlipate in a conjugated system such that, in the ground
state, all the 1m -electrons (which are derived from atomic
orbitals having axial orientation to the ring) are accommo-

dated in bonding molecular orbitals in a closed annular shell".



While a definition such as Badger's is easy to apply
it tells nothing of the "degree" of aromaticity or stability
of the system in question. One of the earliest quantitative
approaches was by the determlnation of the resonance energy
of a molecule. However, difficulties encountered with the
resonance energy criterion prompted the idea of defining
aromaticity by the ring current oonceptls. An aromatic
compound would be defined as a compound which will sustain
an induced ring current in a constant applied external
magnetic field. The magnitude of the ring current, which is
a function of the delocalization of the i -electrons around
the ring, is reflected'in the deshielding of the hydrogens
attached to the aromatic ring. The deshlelding of the
aromatic hydrogens is thus a quantitative measure of the
aromaticity of the compound.

This concept, however, has been criticlized by Musher
who argued that the chemical shift of aromatic hydrogens,
generally attributed to = -electron ring currents, can be
correctly represented as a sum of contributions from localized
electrons of both & and 7 character. Poplew, on the other
hénd, has demonstrated that the shift to lower field of the
ring protons, of an aromatic molecule, compared to the protons
of the respective ethylene is predominantly due to the ring
current, although local induced atomic currents also contribute
to the total effect. The controversy is still unsettled.
Moreover, it must be reallized that the aromatic ring current

ls not directly linked elther to the resonance energy or to



18
the reactivity of the molecule .

Dauben19 proposed diamagnetic susceptibility exalt-
ation as a criterion for aromaticity, since it unequivocally
reflects the presence of appreciable cyclic 77 -electron
.delocalization. The importance of this criterion lies in
the fact that it is related to a theoretically well-defined

quantity, the London diamagnetism.

HOMOAROMATICITY -~ GENERAL CONCEPT AND NOMENCLATURE

The non-classical bicycLo[?.l.é]hexyl cation'z is
related to the cyclopropenyl cation‘z by interposition of a
CH2 group between the CH groups on all three sides of the
molecule. It was because of this analogy that Winstein
referred to 3 as the "“trishomocyclopropenyl cation". There
are however, some baslic differences in the mode of electron

delocalization in 3 and 7. Thus, it can be seen that the

overlap in 3 is not 7 but intermediate between o and 77 .
Also, overlap and exchange integrals are 1,3 rather than 1,2.
While the two cations have the same pattern of molecular

20
orbital energy levels , the resulting delocalization energy



1s smaller for.z than for 7.

The ideas of homoaromaticity, developed with the
trishomocyclopropenium, were later generalized. For example,
the sigma backbone of an aromatic system may be interrupted
in one, two, three or more sides and so give mono-~, bis-,
tris- and polyhomoaromatic species. By having one interruption
in an aromatic system such as the tropylium ion, the monohomo-
tropylium ion would be obtained. Because of the presence of
only one homo-interaction, there exists only one principal

type, symbolized by structure 8.

| oo

With two homo-interactions, several bishomoaromatic
systems can be derived from the tropylium ion é. Depending
on the relative position of the two bridges in these bishomo-
tropylium ions, we can distingulsh three principal types,
symbolized with structures 9, 29 and {}. All three ions
have a sextet of electrons and are potentially aromatic
species. They are named 1,2-, 1,3~ and 1l,4-bishomotropylium

ions, respectivelye.



These generalitlies can be extended to include homo
counterparts of other aromatic systems. Thus, the pentahomo-
cyclopentadienide E?, hexahomobenzene E? and heptahomotropylium
E? can be considered as the homo counterparts of &4, 5 and é,

respectively.

It is important to note that the designations mono-,
bis~, tris~ and polyhomoaromatic refer to the number of sides
where the sigma backbone is removed and not on the number of
methylene groups inserted at a particular site.

¥More recently the concept of homoaromaticlty has been
treated using symmetry argumentsZL. Thus, the monohomo-
aromatic system can be envisaged as a single ribbor' in which
two termini are linked through a saturated centre. This array

*# A ribbon constitutes an intact conjugated polyene segment.



9

of ribbon(s) constitutes the pericyclic topology21b. Treated
in this manner, stabilizatlion of such ribbons can only occur
if the ribbon contains 4n + 2 7 electron821b. An important
quantitative difference, between the neutral-neﬁtral ribbon
interactions which stabilize molecules and the neutral-charged
ribbon interactions which stabilize ions, is that the lion-
stablilizing interaction operates over a smaller energy gap
than does elther of the two interactions which stabilize
neutral molecules. Since the magnitude of any interaction is
1nverse1y.related to the size of such an energy gap, it
follows that the stabilization of ions should exceed those of
neutral moleculeszz. Indeed, the stabilization of neutral,
incompletely conjugated polyenes has so far been experiment-
ally detected only in a uniquely favourable case, namely

the 1,3,5-cycloheptatriene £§23. The pseudo-aromatic structure
for }; suggested by Doering24 can be termed mornohomobenzene.
Where two or more interruptions are involved such as in the
bicyclo[y.2.!]nona-2,4,7-triene 16 and 1l,4,7-nonatriene 17

no stabilization has been detect;a, either by heats of B
hydrogenation measurementsz5, or by photoelectron spectros-
copy26. Clearly, 1f homoaromaticity is to be detected,
charged species would be the most favourable systems to

investigate.



10
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SECTION THO
MONOHOMOAROMATICITY

(a) Monohomotropylium Cation
27

Pettit and coworkers protonated cyclooctatetraene £§
in concentrated HzS0y and obtained a carbonium ion, that was
surprisingly stable. Similar results were later obtained

- 28 '
by Winstein upon protonation of 18 in HFSOB.

HFS03 CgHg PS04

Three possible structures were considered for this
C8H9+ carbonium ion, each having dlfferent electron con-
figurations.
1. The planar classical cyclooctatrienyl cation 19.
2. The bicyclic form 20, ﬁhich can be visualized
as a pentadienyl cation with "normal" cyclo-
propyl conjugation.

3. A fully six-electron delocalized structure 21,

which would be expected to exhibit homoaromaticity.



12

H H
H
H <l
19 20
/\ = 5.8 ppm

The plaﬁar classical cation %2'13 completely incon-
slstent with the observed nmr, since the hydrogené on Cg are
equivalent. While structures 20 and 21 differ only in the
mode of cyclopropyl delocaliza;;on, tg; nmr data would suggest
that the monohomoaromatic ion 21 better represents the
structure of the 08H9+ cation. Thus, the chemical shift of
the protons Hz"Hé in E} are very similar to the position of
the ring protons in the tfopylium ion 6. The most significant
feature however, is the large chemical shift difference,

/\ = 5.8 ppm, between the protons on Cg. Both research

groups concluded that under certain conditions the cyclo-

propane ringbehaves as a carbon-carbon double bond. Conse-

quently, the p-orbital component on Cq and C7 may interact



13
with the p-orbital on the adjacent carbon atoms Cz and Cge.
Under these conditions, the cyclopropane sigma bond is
delocalized, resulting in this case in a 4n + 2 Hiuckel
system.

Examination of models of E} clearly shows that Hgy
is in a position over the ring, while H80 is almost coplanar
with the ring. In a constant applied external magnetic
field, for example in an nmr experiment, the six-delocalized
electrons would sustaln an induced dlamagnetic ring current.
Thus, Hgjy would experience a shielding effect and Hg, a
deshielding effect.

Deno29 has examined a variety of cyclopropyl carbon-
ium ions and in all cases the chemical shift difference
between the four cyclopropyl hydrogens was ca 0.6 ppm. In
marked contrast, the four cyclopropyl hydrogens in the C8H9+
cation differ by 7.2 ppm. Despite this large difference,

30

Deno”~ concluded that the properties of the CgHg* cation
are in accord with "normal"% cyclopropyl conjugatlion and can be
best represented by the bicyclic form 19.

Using the cyclooctatetraene metal complex CgHgMo(CO)3

22, in which the olefin is bound to the metal by six

3L

17 ~electrons on six carbon atoms (67— 6C ), Winstein
elegantly confirmed the homoaromatic nature of %}. Pro-
tonation of %g in H,80, and examination of the resultant
cation %? by nmr, shows that the 08 hydrogens in E? differ
by 3.42 ppm. In contrast, the nmr spectrum of 08H8Fe(co)3
%? in HpSOy 25 shows that the Cg hydrogens differ by only



Ep-Hg
T3.51-3.95

co

Jigy = Jpgy = 10 HZ

T80 = Jngo = 7+5 HZ

14

Fe
co”’| ~~co
co
J180 = J780 = 8.0 Bz

J181 = J?Bi = 4‘5 Hz
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0.2 ppm32. The (4 7 -5C) preference of an Fe atom is consistent
with %; having an electron configuration in which there is
little or no delocalization of the internal cyclopropyl sigma
bond. Thus, %é would not be expected to sustain an induced
ring current. That this is indeed the case, is reflected in
the near identical chemical shift of the 08 hydrogens.

The 60 MHZ nmr spectrum of the homotropylium cation 21
obtained by Pettit and Winstein could not resolve the low
field multiplet assigned to the five ring protons. Warner33
has re-~examined the nmr of g} using a 251 MHz spectrometer,
Under higher resolution the olefinlic protons exhibit three
distinct triplets at 7 values, 1l.61, 1l.43 and 1.73 of relative
areas 2, 2, and 1, respectively. This permitted the complete
assignment of all the protons in 21.

Comparing the charge distribution in E} with the
cyclooctadienyl cation 26, it can be seen that the greaiest
amount of positive charge is located at the extremity of the

pentadienyl unit (Cq, 05) in 26 whilst in 21 most of the

positive charge is located at the 2 -carbon atom (03, 05).

H To.67

1207 H

1.2 H
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To compare the charge distribution in g} and §§ may not be
valid, since it can be argued that the cyclopropane ring
may have some influence on the charge distribution in E}'

3t and 2835 which have an

However, examining compounds g?
allyl moiety conjugated with a cyclopropane ring in a:
symmetrical or near symmetrical bisected fashion36 shows

that this is not so.‘ In these systems again, most of the charge
is located at a carbon atom adjacent to the cyclopropane ring.

This evidence strongly supports the homoaromatic nature of 21.

H T2.16
To3s H H Tl
H TL.15
T293 H
' 13.35 H
27 28

Coupling Constants in the Homotropylium Cation

Examination of the goupling constants in cyclopropyl
carbonium ions and other cyclopropyl derivatives revealed
that Jgem (4.5-5.0 Hz) is very small. In addition, the Jgig
(ca 8.0 Hz) is larger than Jipans (ca 4.5 Hz)29’37. This is
illustrated in Fig. I. ’

The protonated complex 08H8Fe(CO)3 Eé shows the
pattern expected for a normal cyclopropane ring and strongly

supports the previous conclusions. On the other hand, for

the homotropylium ion 21 the coupling constant pattern is
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L
3 Tp3 2 Ja = Jppans o8 4.5 Hz
Hy

Fig, L Typical Cyclopropyl Coupling Constants

quite different. Not only is the Jypgng larger than Jcis’

but J m has increased. The same pattern of coupling constants

ge
is exhibited in the protonated 08H8M0(00)3 complex 23. The in-

H |
81 Hg,, Jgem = Jgogt = 7-2 Hz
Jeis = J18o = J780 = 7.2 HZ
— ¥, Jtrans = J1gy = Jpsy = 98 Hz
Hy
21

n——

crease in the geminal coupling constant 1s attributed to a more
open cyclopropane ring in the homoaromatic structures 21 and 23,

than in the cation 25.

A further qualitative difference between a simple

cyclopropylcarbinyl ion 29 and the homotropylium ion 21 can

be obtained by examining the J13CH coupling constant of the

38 N

methylene group. The J13CH (CHpy) = 180 Hz in 29 s much
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larger than the average J13CH (CH,) = 159 Hz in 2l. Since

29 1s a degenerate system, the coupling constant measured

is the average of two desired types and one where the "CHp"
is the methylene group at a charge centre.‘ When a methylene
group is at a charge centre, as in various benzyl cations, a
value of ca 169 Hz would be expected for J13CH39' Thus the
J13CH = 180 Hz obtained for 29 represents a lower limit for
a cyclopropyl coupling constant. Although the factors con-
tributing to the J13CH are complex, gross changes can be
primarily attributed to the "S" character in the carbon-
hydrogen‘bonduo. The value of J130y = 159 Hz for 2l strongly
indicates that no significant hybridization change is occurr-
-ing at 08 due to increased lengthening of the C107 carbon-
carbon bond. In addition little charge is developed at C8’
since the wvalue for JlBCH is within Ziperimental error of the
value for a normal cyclopropane ring .

Further insight into the electronic structure of
the monohomotropylium ion 21 was provided by its ultraviolet

42
spectrum . Table I
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1
Compound Amax nm H2-¢ (7) B17 | Bond Order%
(log €) v ?
217.0 (4.61)
273.5 (3.63)| *° Po | 0:68
6
’ 232.5 (4.52) 3. = 0.
J 131320 (3ik8) | 12 04738, FL.7 = 0.56
21
ca 1+7043 | - P.7655, 0
H
19
Table I Ultraviolet Absor tion and Electron

Distribution Data for Various
Carbonium Ions
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It has been demonstrated that for a large number of
carbonium ions a reasonably good correlation exists between
the HMO excitation energy and the freéuency of the longwave
length absorptiongu. For the homotropylium ion 3} to fit
such a correlation the HMO excitation energy must be approx-
imately 1.45;9 compared to the value of 1.69/4 for the A
tropylium ion 6. This value results in a Sy, = 0.73
for 2l. With this /), the 1,7 bond order is 0.56 by HMO
treatment and compares favourably with a value of 0.64 for
the 7r bond order for the tropylium ion‘é.

Volume diamagnetic susceptibility data obtained by

4
6,45 provide more direct evidence for

Dauben and coworkers
the presence of an aromatic ring current in the monohomo-
tropylium ion 21. The cation 21 shows an exaltation compared
to the calculated non-aromatic value, almost as large as

that of the tropylium 1on.é. Comparison of the exaltation

per unit area of the ring would indicate that the hombtropylium

ion 21 is just as aromatic as 6, or indeed benzene itself.

Table II .
Benzene Tropylium Mono-homotropylium
\/  Obs 54,8 66.4 2,0 78 4
jxim Cale L.l L46.9 60.0
Exhaltation /\. - 13.7 19.5 18.0
_/\_/5 2,69 2.68 2.53

Table II Volume Diamagnetic Suscéptibilities
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Wwhen cyclooctatetraene 18 is dissolved in DyS0y at

-10o and the nmr observed rapidly, considerable tendency

~

Lz
towards stereospecificity in the protonation step is evident .

The initial nmr shows that 80% of the incoming deuterium
occupies the inside (Hsi) position., After a short period'
of.time,the intensities of Héi and H80 become equél thus
permitting the evaluation of a first-order rate constant for
the isomerization of 2la—»21b. This is 9.8 x 107% gec~!

—— ——

o : Lol © #*
at 37 and 6.1 x 10  sec at 32 and corresponds to a A F

T Ty

21a 21b

of 22.3 kecal mole'l. If the isomerization is visualized to

42
proceed by ring inversion through the planar cyclooctrienyl
cation 18, then the free energy of {§ must be 22.3 kcal mo'l.e-"l

higher than that of the homotropylium lon 21l.

(b) Substituted Homotropylium Cations

L-Methyl- and 1l-Phenylhomotropylium Cations

Protcnation of methyl and phenyl cyclooctatetraene
provided a more complete understanding of the protonation
process leading to the formation of the monohomotropylium
ion 3}46' Thus methylcyclooctatetraene 29 on protonation

could concelivably lead to six isomeric methyl-homotropylium

cations. However, both the methyl and phenylecyclooctatetraene
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show the formation of only one isomer. The formatlon of

JET (D),

4

(D)H _H

31 - CHj
30 - cHy -
Ho-6 —H T3
T4 CH3 T6.8
32 - CHB

the methylhomotropylium cation 23, can be rationalized by
considering the incoming proton to lnteract initially with
the opposite 77 -clouds of methylcyclooctatetraene. Sub-
sequent formation of the most stable classical carbonium ion
2}, followed by a low energy conformational change results

in the exclusive formation of 32.

Dissolution of 30 in D,80, and examination of the nmr
spectrum, showed that the gross pattern ils the same as in stou.
However, the signals at 7 4.7 and 7 9.7, previously of equal
intensity, now had a relative intensity of Q.75 to 0.25
respectively. Thus the endo preference, observed in the
protonation of cyclooctatetraene, is also observed for 29.
Protonation of phenylcyclooctatetraene shows a similar

stereospecificity.
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In this particular communication Pettit did not
indicate any equilibration of the deuterium. If indeed the
planar cation £§ is the intermediate for ring inversion, a
lower energy of activation would be expected based on the
positive charge stabilizing effect of the methyl substituent.

A detailed exémination of the nmr spectrum reveals
that the coupling pattern for 32 is similar to 2l. Thus,
Jgem (J80,81 = 8.0 Hz) is large and Jtrans (J7,81 = 10.0 Hz)

is larger than J ;g (J7,8o = 7.5 Hz).

L-Hydroxy- and l-Methoxthmotropylium Catlons

Winstein and c:oworkersu7 protonated cyclooctatrienone
22 at low temperature and obtained the l-~hydroxyhomotropylium
cation 2&. Examination of the nmr spectrum of 34 shows that
the chemical shift difference /\ ,between H8i and Hgo is
3.4 ppm. This decrease in A for 34 compared to 21, indicates
thé reduced homoaromatic nature of 2& due to the presence of

the hydroxy substituent. In contrast the low temperature

Tess H

81 HEO T15.60
0
FSOBH —H. .05
—2 7
OH
33 34

— —

o
(=737) nmr of 33 shows a chemical shift difference between

the methylene protons of only 0.42 ppnm.
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Examination of the coupling constants in 34 reveals
that Jgem (J80,81'= 10.8 Hz) is significantly larger than
for the homotropylium cation 21 (Jsem = 7.2 Hz). This

increase in'Jge can at least be partly attributed to a

m
widening in the CL'CS'C? bond angle. In terms of valence
bond theory it can be argued that the resonance structure
where the charge i1s localized on the carbon atom containing

the hydroxy function, contributes a greater fraction to the

Fig. 2 Resonance Structures for the l-Hydroxy homotropylium
Cation (34)

overall structure. (Fig 2.) The increased Cl-c8¥c7 bond angle
results in Cg approaching a "normal methylene" carbon.atom,
for which the Jgem 1S in the range from 12.0 - 14.0 Hz. For
2& a Jtrans (J7,81 = 9.2 Hz) larger than J,y¢ (J7,80 = 7.7 Hz)
is the same as 1is observed in the homotropylium cation Z21.

As in the homotropylium cation E} diamagnetic
susceptibilities confirm the homoaromatic character of 346.

Brookhart48 obtalned the l-methoxyhomotropylium cation
zé by protonation of methoxycyclooctatetraene 2;. The nmr
gspectrum of gé closely resembles that of 2&. Using DyS0y,
again resulted 1n the preferential formation of the endo-D

cation 36-D.
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The activation energy for the ring inversion process
in zé corresponds closely to Winstein's value obtained for
2&. However, for 2& and gé the energy barrier is signif-
icantly lower than the energy barrier for the unsubstitutgd
homotropylium cation E}. If the transition state for the
ring inversion process is considered.to be the planar non-
classical cation 2? the hybridization at Cl and C7 must

3

change from a value between sp” and sp2 to a hybridization

approximating spz. The electron donating methoxyl and
hydroxyl substituents would stabilize the transition state
relative to the ground state, thus lowering the energy

barrier to ring inversion.

D _H
D
J"‘B o
OCH3 OCHj

36 - D 37 36 - D

—— — —

2-Hydroxy- and 4~-Hydroxyhomotropylium Cations

Dissolving 2,3-homotropone 2§ in sulfuric acid and
examining the nmr spectrum of the resulting cation 39 fully
confirms the homoaromatic nature of 3949. Agaln, the »
chemical shift difference /\, is reduced due to the decrease
in ring current. No details of the coupling constants were

reported by the authors, so that any variation due to the
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T9.5 H81 Hgo T6-2
H2804
E—
OH

0

38 39

position of the substituent could not be determined.
Protonation of 4,5-homotropone 40 in sulfuric acid

results in the formation of the 4-hydroxyhomotropylium

- o5 Hgy Hgg Tw9
_______%> HO
40 ]
0 ———— —————
. 50
cation 417 ., No details of the nmr spectrum were reported.

It 1s significant however, that the chemical shift difference
between Hgy and Hg, is 4,6 ppm, which is considerably larger
than for the l-hydroxy and 2-hydroxyhomotropylium cations

34 and 39 respectively. NoO reason for this difference was
g;ven b;-the authors.

From Warner'333 data for the parent homotropylium
cation %} 1t can be seen that of the olefinic carbon atoms
(Co = Cg), Cy bears the least amount of posiﬁive charge.
Since the hydroxy substituent is a powerful electron donat-

ing substituent, it would be expected to assert its smallest
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influence at the least positive centre. Consequently, &}

would have a greater ring current than 2& resulting in a

larger chemical shift difference.

Application and Validity of the Johnson Bovey

Equation.

Johnson and Bovey51

deduced that in a constant
applied magnetic field, the chemical shift (§ ) of a
proton due to the presence of a ring current, is given by
the expression [ oC Ixf (X,Y¥,2) escesensf(l)
where I is the magnitude of the ring current and f(X,Y.Z)
is a function‘of the coordinates of the position of the

. proton relative to the plane of the ring.

Thus for a series of related structures, such as
the homotropyliums, in which the geometry of the carbon
skeleton remains fixed, it follows from equation 1 that for
differing values of the size of the ring current there should
exist a linear relationship between &, the chemlical shift
of one proton and & , the difference in the chemical shift
between the two protons.

Pettit? plotted the relevant data for a number of
substrates, whose structures are closely related to the monohomo-
tropylium cation g}. PThese data are shown in Fig. 3. The linear
plots obtained by Pettit strongly suPport the homoaromatic
nature of the various substituted moﬁphomotropylium lons.
w1nstein31 considered these linear plats as fortuiltous and

misleading, since ring currents are not the only factor
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Fig. 3 Plot of &6 vs o for Homotropylium Systems

causing variations in & . Variation of charge at CB is also
an important contributing factor. Clearly charge delocal-
ization at C8 would invalidate the conclusions of Pettit,
but the JLBCH data obtained subsequently by Warner33 suggest
that little charge is delocalized to Cg. Thus, Fettit's

conclusions must be considered valid.

8-Subst1tuted'Homotropylium Cations

Huisgen and coworkers53 have made a careful study
of 8-gsubstituted homotropylium cations in an attempt to
unravel the mechanistic details involved in the chlorination
of eyclooctatetraene. From the viewpoint of homoaromaticity,

several enlightening details have been disclosed by this
study.
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The §§9-8-chlorohomotropy11um ion &2, prepared by
reacting g}§-7,8,-dichlorocycloocta—l,B,5—triene &g with
Sb015, can be quenched with chloride ion to give trans-7,8-
dichlorocycloocta-1,3,5-triene 44, Alternatively, the endo-
8-chlorohomotropylium ion &é, prepared by reacting %? with
HFSOB, can be quenched with chloride ion, to give the cls-
7,8-dichlorocycloocta41,3,5-triene Eé.

These results indicate that both the 8-chlorohomo-
tropylium ions E? and &é suffer preferential endo attack by
Cl~ ion. This 1is illustrated for 43.

H Cl

V(//,,01'

—H

H
43

The high stereospecificity exhibited in the collapse
of these homotropylium ions was explained on the following
basis. Between C} and C, carbons of the homotropylium
system there is an asymmetrical electron distribution, each
carbon atom being somewhere between sp3 and Sp2 hybridized
with the greatest electron density being on the opposité side
of the "seven-membered ring" to the bridging group. The
attacking nucleophile approaches Cl (07) on the side of the
atom which has the least electron density.

The exo-8-hydroxyhomotropylium ion 48 can be
generated by treating 7,8-epoxzcycloocta—l,3,5-tr1ene iz

with HF803 at low temperature” . Hulsgen contends that some
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interesting conclusion can be reached by examining the nmr
data of the various 8-substituted homotropylium cations,
compared to the unsubstituted homotropylium cation g}. In
the various 8-substituted homotropylium cations the sub-
stituents shift the 8-hydrogen triplet to lower field. The
substituent effect corresponds qualitatively but not
guantitatively to the substituent effect observed for
simple CH3- X comppunds55. The low chemical shift of the
8-hydrogen resonance for Q§ suggested to the authors some con-
tribution from the hyperconjugated structure &?. The authors

H\C+
C—OH
.
49

et

also contend that this 1s supported by the observation by
6 |
Pettit5 that 47 is converted to the 7-formylcyclohepta~l,3, 5~

triene 51 under acid catalysed conditions.

T72.7 H OH
H
H HFSO013 —
H
—~—0 ; T3.17
H2-6 1
T1.0-2.5 Lg
, H
47 DN /
—_ Lyg c
€ ‘qCId §C
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Any contribution from the hyperconjugated structure
39 implies that not only the internal, but also the
external bond, of the cyclopropane ring is delocallized in
48, This results in an increased positlive charge at Cge

The change in resonancé frequency & 1é often difficult
to separate from the change due to altered bulk susceptibility,
yvet this distinction must be made if any valid conclusions
about polarity and charge development are to be made57.

In the compounds CHB-X, the change in chemical shift
of the methyl hydrogens when X = OH from X = H is 3.18 ppm
to lower field. This is attributed to the electronegativity
of the hydroxy function. For the_8-g§9—hydroxyhomotropy11um
lon the corresponding change is 2.99 ppm. Even neglecting
any medium effects (hydrogen bonding and other weak bonds
between groups capable of independent existence ), the
differenge between the two classes of compounds is small

(ca 0.2 ppm).

exo~H exo-1 exo=-Br exo=-Cl exo~0H

endO"B“'H 10.73 9. O 8.76 8.5]. 7.?4
AT (pom) 1.73 0.24 0.25 0.77
CHE—H CH3—I CHz-Br CHE-Cl CHE-OH
AT (UP”") 1097 0050 ) 0‘36 0'35
Table IIT Nmr Comparison Between 8-exo-substituted

Homotropylium Ions and the Compounds CHy-i
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It must thus be concluded that the predominant (if

not the only) effect exerted by the hydroxy function at Cg,

is inductive and not hyperconjugative as proposed by

Huisgen.

Thus the earllier evidence (vide supra) showing little

charge development at Cg in monohamoaromatic systems with no

substituents at C8 is strongly supported.

Benzo- and Dibenzohomotropylium Cations

58

Frotonation of benzocyclooctatetraene 52 and

59

4, 5-benzohomotropone é& have been reported to give the

corresponding cations 53 and 55 respectively.

9@

52

T w60 Ho H

—

53

————

T 8,50
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Nmr investigations of the cations é? and éé fully
confirm the cyclic delocalization. The chemical shift
difference /\ , between inside (Hg;) and outside (Hgo) protons
in 53 is 3.9 ppm. This decrease in A , from the value
observed for the parent homotropylium cation g}, is attributed
to a dampening of the homo-interaction by the presence of the
benzene ring. For éé N is 6n1y 2.20 ppm, reflecting again
thé attenuating effect of the hydroxy function.

The geminal coupling constant (Jgem = 10.4 Hz) in é;

" 1s larger than the value of a fully formed cyclopropane ring
(qg 5.0 Hz) and smaller than the value for normal nonstrained
methylene protons (ca 12 - L5 Hz). It is significant,
however, that Jgep in 53 is considerably larger than in the
unsubstituted homotropylium ion 21 (Jgem = 7.2 Hz), indicating

substantial increase in C1 - C» bond length.

| H g
FSO3H-SbF 5
50, =60
56 ‘

———— m—

MeOH

OCH3

58
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Olah and coworkerséo reported the formation of a
- dibenzohomotropylium catlion 57 by protonating the precursor
§§. The nmr spectrum is only consistent with a homoaromatic
structure. Coupiing constant data shows a:large geminal
(8.6 Hz) and the trans (ll.4 Hz) larger than the cis (8.6 Hz),
which resembles the parent homotropylium cation.

Childs and coworkers61 performed one of the more
detailed studies to determine the importance of homocon-
jugation in cyclic systems. The system chosen for the
investigation was the dibenzohomotropylium cation ég, the
homocounterpart of the dibenzotropylium ion 60.

Protonation of the precursor alcohol 61 resulted in
the formation of 62. The nmr spectrum showed a chemical shift
difference between inside and outside protons, A = 4.7 ppnm.
This value 1s coﬁsiderably larger than the value reported by
0Olah, &N = 3.2 ppm for cation 2?.

The chemical shift difference, however, is dependent
on the relative positions of the inside (H81) and outside
(H8O) hydrogens with respect to the "seven membered® ring
and the size of the induced ring current. Examination of
models of 57 and 62 showed that orientation of Hg, and Hg,
with respect to the "seven membered® ring 1s quite different.
Consequently, the difference in A, between 27 and ég may be
due to orientation and not due to any wvariation in the size of
the induced ring current. No definite conclusion can be

reached at this time.
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As expected the dibenzohydroxyhomotropylium cation
ég obtained by protonation of the appropriate ketone 2?
shows a significant decfease in /\ due to the attenuating

effect of the hydroxy function.

T 2.63

0 62

The greater the ability of the group or groups which
are attached to the carbonyl to stabllize the positive charge,'
the more the protonated carbonyl becomes a hydroxy cation,
and the position of the 0-H resonance reflects this changeéz.
At -90° a broad singlet was detected at 7 -2.63 for ég

which was attributed to the OH function. This value is lower

than the corresponding absorption for protonated dibenzotropone



37
63 and dibenzocycloheptadienone 64 which occur. at o -1.66

and 7 -2.03 respectively. The results indicate that there

(A 0

I
OH OH

T-1.66 . T-2,03
63 64

—

is less tendency to delocalize the charge into the dibenzo-
homotropyl system. However, as pointed out by the authors,
the choice of model compounds is questionable. Conform-
ational differences and the absence of a ring current in
é& could affect significantly the deshielding experienced
by the hydroxy proton.
Kinetic investigations by the authors show that :
(1) the cyclopropane in dibenzohomotropyl systen
is less rate enhancing than the olefinic group of
dibenzotropylium system or the spiro cyclopropane
group of é?, and

(i1) the cis-acetate 71-0OAc solvolyzed some 102

times faster than the trans-acetate 72-0Ac in the

dibenzohomotropyl system.
It is significant that the difference in rate between

cis-acetate 71 and the trans-acetate 72 is also reflected

in the products. Thus, the cis:trans methoxy ether ratio

(71-OMe:72-0Me) derived from either precursor is ca 102.
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This contrasts the thermodynamic equllibrium ratio of close
to 1.

The cation 62 was quenched in methanol-bicarbonate
to give products with a cis to trans ratio of 94.8 to 5.2.
This value 1s in agreement with the product ratio obtained
in the methanolysis of the acetates. Clearly, the cation
obtained during solvolysis of both the cis and trans acetates
is the dibenzohomotropylium cation ég and its selectivity in
collapse must arise from some intrinsic property.

The stereochemical control exhibited by a cyclopropyl
ring during formation and collapse of a carbonium ion is well
documented. Systems investigated include the formation of
allyl cations upon heterolyslis of sultable cyclopropyl
derivativeéB, cyclopropylcarbinyl systems, particularly when
the stereochemistry is kept rigidly fixedéu, and remote
cyclopropyl as, for example, the trishomocyclopropenium
cations5. The dibenzohomotropyl system 1s somewhat different
than these in that there is involvement and stereochemical
control by a remote cyclopropane which is acting through a
77 -system.

One view considered in the dibenzohomotropyl system
1s that the unsymmetrical electron distribution between C1
and C7 of the cation é? is reflected at Ch’ with the greater
electron density being maintained upon the side of the seven

membered ring away from the bridging group. Thls i1s analogous

to the high degree of stereospecificity reported in the collapse
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of the 8-chlorohomotropylium cations (vide supra).
Alternatively, steric interactions could result in
§§ adopting a shallow boat conformation giving rise to an
asymmetric 7~ -electron distribution at 04. As a result
greater electron density wlll be trans to the methylene
bridge. As such, the nucleophile would be expected to

attack Ch cis to the 08 bridge.
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SECTION THREE

BISHOMOARCMATICITY

(a) L,4-Rishomotropylium Cations

The 9-methyl-9-barbaralyl cation 75 was prepared by
65 "‘

protonation of 73 or 74 at -135°. As the temperature was

increased 75 underwent a rapid non-Cope degenerate rearrange-

ment and at higher temperatures rearranged to a new carbonium

6
ion 79.

H3C OH HyC  om
— < /
<___'___.
’3 ™ om
o F8O3H/S0501F FSO3H/S0,C1F
""1350 -13 50
CHy CHg 8
+
/
_— + —_ ‘/’f/
\ :

k =2,2x10 Jsec™t
A FE11.0kcal mole”
-116°

L
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T2.33
J 2,3 2,4 2,5 2,9 3, 3,5 3,6
Hz 8.9 0.1 0.0 small 60? !..'7 Small
J 4,5 4,6 556 557 6,7 748 849
Hz 747 small 4.9 small 2.0 4.0 4,0
79

—————

Examination of the nmr spectrum of Z? reveals that
the three spin system (H7 - H9) coupling constants are very
simllar to those of the cyclopentyl cation 80, indicating that
Cr = Cg is part of a five-membered ring. Similarly, the
four spin system (H2 - H5) coupling constants in Z? are close
to those of the appropriate molety in cyclohexadiene §} and
napthalene §§. (Scheme 1). From these data, the authors con-
cluded that the skeletal structure of 79 1s as indicated.
Comparison of the approprliate chemical shifts of Z? to
the chemical shifts in ?9, §} and §§ shows that (07-09) is
not an isolated allylic cation, but instead a considerable
amount of the positive charge has been donated from (C7 - Cg)

to the "butadiene" moiety (CZ - C5)‘ The total deshielding®

* The total deshielding refers to the difference in the
average chemical shift of the (Cp - 05) portion in 79 com-

pared toa model compound.
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of the "butadiene" portion of 79 relative to 81 is ca 5 ppm.
This deshielding is accompanied by a total shlelding of ca

7 ppm in the "allylic" portion of 79 relative to the same

resonances in 80.

79
AV.HL_Q AV.H) Av.HL_3
T#.22 T2.45 T-0,22
1.3 ¥ ;
/) [
sm €.5 i\
\, +2, 7/
[ Ly
9uz~ 8.3_»
82 S
Scheme I Coupling Constants (Hz) and Chemical Shifts (r)

for l-Methylbicyclol4.3.0Jnonatrienyl Cation ?g
and some Model Compounds

This transfer of charge in 79 indicated the presence of homo-

interactions between C, and C9 and C5 and C Thus, the

7.
electronic structure of 79 is best represented as a l,4-bis-
homotropylium cation.

By taking into account probable shielding
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of the protons bonded to Cyp, 05, C7 and 09 due to rehybrid-
ization, the authors concluded that ca 0.5 unit positive
charge has been delocalized into the "butadlene" part from
the "allylic" pert in 79.

The unsubstituted cation §2 has also been observed
at low temperature.67 The nmr spectrum is similar except the

dissymmetry due to the methyl group in 79 1s now removed.

H T2.62
H 7 ___Hote.3

~H t1.7

H Ta3.68

T2.48 H

J 2’3(495) 3,4(395) 2’“’ 3,4 7’8(8’9) L’B(“”é)
Hz 8ol 0.9 0.0 6.7 3.9 0.8

§2

A further more informative skeletal structure to
investigate l,4-bishomoaromaticity is the bicyclo [ 4.3.1 ]
deca-2,4,7-trienyl cation, independently synthesized by
Winstein34 and Schroder 8. In the previously reported
L,4-bishomotropylium cations, the evidence for cyclic delocal-
ization depended primarily on charge delocalization. The
bicyclo [4.3.1] skeleton, however, contains a methylene

gfoup which lies over the plane of the ring and thus offers

a probe to test for a ring current.
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Extraction of a solution of bicyclol:h.z.z.] deca~
2,4,7,9-tetraene 84 1n CD,Cl, into HFSO; - SOCLF at -128°

resulted in the formation of the cation 85, which was stable

+

J J
1,2 i 2,5 0.0
1,9 5.9 | 3.4 +9.4
1,10a 0.0 | 2,10b - 1
1,10b 4.5 | 7,10a small
2,3 +9.9 | |LOa, LOB| Lk.2
2,4 +1,2

&6 85

va———

to +20°. The cation §§ could be quenched in MeOH-NaH003 at
-78° to give exo-7-methoxybicyclo [4.3.1] deca-2,4,8-triene
§§. Using similar arguments, the authors concluded that the
"butadiene" moiety in 85 is deshielded by a total of ca 7 ppm
relative to the model compound 87. The "allylic" protons

are shielded ca 7.7 ppm relative to the cyclohexyl cation §§.
Thus, the authors estimate the ca 0.7 unit positive charge

has been donated to the "butadiene" moiety in 85 compared to
ca 0.5 in 83.
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H To.2%

Te.50 H

H To.07
H

Th.13

87 . 88

The chemical shifts of Hqpg and Hjop are at 7 10.00
and 7 8.96 respectively, with a geminal coupling constant of
14.2 Hz. Using lé as a model compound it 1s clear that the C,,
hydrogens are on the average shieldéd by ca 1.0 ppm due to
the induced ring current. Consistent with the ring current
model 1s the observation that the bridgehead protons H4 and
Hy resonances appear 1.3 ppm to lower field than those in 16.
From molecular models it is clearly shown that Hy and Hg
project outside the seven membered ring and would be in a
deshielding area.

It may be questionable to use 16 as a model compound
for detecting ring currents, since the possibility exists
that {é itself can support an induced ring current. However,
as pointed out earlier in this thesis ( Page 9 ) no stabilization
due to delocallization has been detected for 16.

| Schroder and coworker369 have synthesized a variety
of substituted bicyclo[4.3.1]deca-2,4,7-trienyl cations 89 and

utilized the average chemlical shift of the C10 hydrogens to
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Te8.08 H H 718,87

/

T6.92

16

probe the substituent effect on the cyclic delocalization.
The relevant nmr parameters are shown in Table IV. In this
case A 1s the change in chemical shift of the Ci0 protons

relative to a suitable model ketone 90.

Hb Ha

89
_____ R
B
Cation | Hipoa T Hiop A (ppm)
R'=Er, R"=H 8.2 9.4 0.8
R'=H, R"=Br 8.9 ,9'9 Lok
3'=COZCH3, R"=H a7 9.6 'L.O
R'=H, I:i":COZCH3 8.8 9.8 L.2
R'=CH5, R"=H 8.5 9.65 0.9
R'=0H, RY=E Te7 8.3 0.0
R'=H, R"=E 8.96 10.0 1.5

Table IV Nmr Chemical Shifts (7)) for Various Substituted

Bicyclo [4.3.1]deca-2,4,7~trienyl Cations
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18.3 Hb Ha T7.7

90
The most significant feature is that for the
7-hydroxybicyclo [4.3{l] decatrienyl cation 89-0H, A, is zero.

The authors interpreted this to indicate that 89-0H does

not support an induced ring current and can be best repres-

ented as a "non-interacting" carbonium ion 9l.

Kinetic Evidence

Although several precursors'gg-2§ were subjected
to kinetic investigation, no concluslive evidence to support
the intermediacy of a l,4-bishomoaromatic ion was found .
Solvolysis of both exo- and endo-7-bicyclo [4.3.1] deca-2,
L ,8-trienylp-nitrobenzoates gé however, showed a significant
rate difference between the twoisomers71. Table V lists the

kinetic data for 96 together with suitable model compounds.



-
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¥=Cl, R=Ph
%=0DNB, R=H



50

Compound k X'107sec"1 (100°) Kpel (100°)
OPNB
= 3.5 x 10° 1.2 x 10°
N\
exo ~ 96
= 6.6 2.3
TOPNB . .
X
endo :&6
OPNB
176 63
exo - 97
“OPNB 47 17
endo - 97
OENB
// 248 1
exXo = 9
/ “OPNB 2.7 1
endo -~ 98
CHB OPNB
37 13
99
Table V Solvolysis Rates for Various Allylic Systems

in 80% Agueous Acetone
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72
By taking the exo-97 as a standard for rate of
SOLvolysis of allylic systems in fused six-membered rings,
it 1s clear that the introduction of a second double-bondin

ex0-98, has a rate-retarding effect. The butadiene moiety

in exo-96, while it would be expected to be inductively

retarding, actually enhances the rate of solvolysis by a

factor of LOB. Furthermore, the rate ratio of exo-96 and

endo-96 indicates that exo-96 solvolyses with anchimeric

assistance, since backside participation would not be expect-
ed in endo-96. These results are only consistent with the
intervention of a bishomotropylium cation 85 in which there

is cyclic delocalization. The only product from solvolysis

OFNB OH

exo - 96 85 100

was the exo alcohol Egg. It is significant that the quench
of 85 in VNeOH gave only the exo-OMe 86.

The results strongly support .the unsymmetrical
electron distribution above and below the plane of the "seven
membered ring", with the incoming nucleophiie approaching the

lon or ion pair from the side of least electron density.



(b) 1,3-Bishomotropylium Cation
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Warner and Winstein 73 protonated cis-bicyclo [4.1.9]

nona-2,4,6-triene 10l using conventional methods and obtained

the carbonium ion 102.

HFS0+/S0,C1F
> 2 >
o ~
ca =135
101
J23
J180
J181
Jgo81

H

6.0%0.5 Hz
9.0:005 Hz
11.0%0.5 Hz

12.0%0.5 Hz

J12 9.0:‘:0.5 Hz
J780 9.01-0.5 HZ '
J781 small

102

———

Frotonation at C2’ 03 or 04 would result in either

a L,2-, 1,3- or 1l,4-bishomotropylium ion. ‘The authors con-

cluded that the nmr spectrum is only consistent with C3

protonation.

The cation 103 is not an adequate represent-

ation since Jgem (J8081) = 12.0 Hz is too large for a normal

cyclopropane ring.

103

104
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Examination of the charge distribution in 19? showed

that 1t is opposite to that which would be expected for a
normal pentadienyl cation 105. Thus, 102 1s not adequately
represented by structure 199. The upfield shift of Hl and H5
signals in 102 compared to those in 105 reflects the charge
delocalization from the "pentadienyl"™ portion to the "ethylene"
part. That this is indeed the case is shown by the correspond-
ing downfleld shifts of the Hg and H, resonances compared to a
sultable model compound, namely cyclohexene ( 7" 4.41).

On the premise that Ji,. . > Jo3g for homoaromatic
systems (vide supra) the authors identified the methylen=s
hydrogens Hg (H96) and Hg, (Hgy). Examination of models
clearly indicates that the repulsion between H81 and H91
forces the methylene carbons apart, whereby the proper
dihedral angle ( /781 = 120°)required for a small coupling
constant 1is achleved. This facﬁ accounts for the one small
trans coupling constant 0J781).

The chemical shift difference /\ , between inner and
outer methylene protons is 1.9 ppm. Howéver, the nmr spectrum
of 1,4,7-cyclononatriene }Z revealed that the inner proton reson-
ances are at lower field than the outer proton rescnances; For
{9? the situation is reversed. Thus a more reasonable measure
"for A\, in 102 would be 1.9 + 1.5 = 3.4 ppm. Thus 10l can be best
described as a l,3-bishomotropylium catlion sustaining an

induced ring current.
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= +
" Jgem = 12.5%0.5 Hz
— ' Jtrans = 90 Oi0.5 Hz
JCiS = 6.3:005 Hz

The concluslions made by the authors concerning the
existence of a ring current in lgg are not compelling for
two reasons. Firstly, the inner and outer protons were only
identified on the basis of their coupling constants. Secondly,
it is well possible that the two cyclopropane bridges could
be trans with respect to each other and this would negate

the chemical shift argument of the authors.7u’75
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(c) Comparative and Theoretical Treatment of the Tropylium,

Homotropylium and Bishomotropylium Cations.

Since the deshielding of the ring protons in aromatic
systems is a measure of the ring current,15 nmr data can be
used to obtain a quallitative comparison between various homo-
aromatic and bishomoaromatic systems. From the nmr data in
Table VI 1t can be seen that the average deshielding of the
ring protons is in the order é =21 >102>85 >83. Although
these dataAare-complicated>by shlelding effects which accompany
the rehybridization of the homo-interacting carbon atoms, thev
trend indicated still allows for a qualitative comparison.
Thus, it can be seen that tropylium'Q has a greater ring
current than monohomotropylium E} which in turn has a greater
ring current than the bishomotropylium cations. It is inter-
esting that these data indicate that the 1,3-bishomotropylium
cation %9? has a greater ring current than either of the

1l,4=bishomotropylium cations 83 and 85.

Average Chemical Shift
Ion for Seven Ring Protons (7)
Tropylium 6 0.76
Monohomotropylium 21 2.12
1,3-bishomotropylium 102 2.23
L 4-bishomotropylium 83 2.62
L,4-bishomotropylium 85 : 2.70
Table VI " Comparison of Various Homoaromatic

Cations
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The UV spectrum of an ion, in combination with the
HMO method has been used to calculate the charge distribution
in a variety of 1ons.75 Fig. 4.

Application of this method to the 1l,4-bishomotropylium
ion 85 results in an excitation energy of ca 1.50 4, , which
corresponds to ,929 V24 57 = 0. 70£ . Using this value
in a HMO calculation, with neglect of overlap, a charge
distribution as shown in Fig. 4 was obtained. In total 0.50
unit of the positive charge is delocalized away from the
gllylic" moiety to the "butadiene" part of the ion. This
value is to be compared to ca 0.7 unit positive charge estim-
ated from the total deshielding of the "butadiene" hydrogen
resonances in the nmr spectrum.

Since the UV spectrum could not be obtained for the
1,4%-bishomotropylium ion §§ and the 1l,3-bishomotropylium ion
102, a ;?/ = 0.70 Bo was used in the HMO calculations. Thus,
for 102 the HMO method indicates that 0.24 unit positive charge
has been transferred from the "ethylene" moiety to the
"pentadienyl" part of the ion, Fig. 4. This is in agreement
with ca 0.30 unit positive charge obtained from the nmr
data. |

The delocalization energles (DE) for the ions with no
homointeractions, 19?, ¥9§ and 107, vary considerably but in an
expected way. In contrast, the DE of the bishomotropylium ions
85, 102 and 103 is almost the same, when B'= 0.70 8 . The
difference in the DE between the heptatrienyl cation 104 and the
tropylium cation 6 is almost the same as the difference between

the cations 105 and §2. Thus, the estimated gain of DE through



homointeractions is larger in bishomotropylium ions than in

the monohomotropylium ion.

1.00
0,00
0.00
0.00
D.E 2.055 l.301 L.464 0.96¢&
LOL LO5 L06 107
B = 0.73B° A = 0.708°
0.12 9.2
0.17
0.11 0.13
0.20
0.12
0.16 / 0.08 :
0.11 0.12 0.20 0.13
Doz 2.662 2.268 2.286 2.235
21 85 102 103
D.E 2.9
Fig. 4 Charge Distribution and Delocalization Energies

for a Variety of Carbonium Ions
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SECTION ONE
STATEMENT OF THE PROBLEM

At the inception of this work, the general concept
of homoaromaticity had been verified for a number of sub-
stituted monohomoaromatic systems, however, only one bis-
homoaromatic species lgé had been proposed in the 11terature76.
The 1,3-bishomocyclopentadienide anion {2§ was proposed to
explain the enhanced kinetic aclidity of the precursor
bicyclo [3.2.i] octa-2,6-diene compared to sultable model
compounds. Subsequent nmr studies77 fully confirmed the
six~electron delocalization in {9§. During the course of
this study several bishomotropylium cations §§67, §234’68

73
and £9? were reported and thelr electronic structure

extensively discussed.

Th4.62

T6.33H

108

In a bishomoaromatic system an additional
parameter which must be considered, is the possibility

of having the two bridges in a different orientation
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with respect to each other. Thus, for the l,4-bishomotropylium
cations, the two methylene bridges can adopt two distinct
geometric arrangements, elther cis or trans with respect to

each other.

cis trans

By arbitrarily choosing the symmetry of the basis set
of atomic orbitals, 1t can be seen that the two isomers have
an even number of sign inversions (0,2,4....) and are therefore
Huckel type systems. Alternatively, extending the inter-
relationship of orbital symmetry and homoaromaticity78, the -
two isomers can be considered the "transition state" for the
cycloaddition of an allyl cation and a l,3-diene. Regarded
as such, the cis isomer can be viewed as the "transitipn state"

for a o 4s + o 2s cycloaddition and the trans isomer as the

"transition state" for a 7r 4a + 7r 2a cycloaddition.
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CHEVE
77'L+s+7728
() O + —_—
®) g O
0 8

o O 2
+
() s 3

It is clear that in the cis isomer, continuous overlap between

trans

adjacent L2 atomic orbitals, is only possible on the side
opposite the two bridges. 1In the trans lsomer however, the
overlap between adjacent L atomic orbitals is partly dist-
ributed above and below the plane of the "seveh membered ring".
Although this discussion has centred on the.l,4-bis-

homotropylium cations, the arguments presented are equally
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valid for the 1,3-bishomotropylium cations. In this system
however, the two isomers can be considered the "transition
state" for the cycloaddition of ethylene and a pentadienyl

cation,

00
Q0
(XD
(XD

A comparison of the trans-1l,4~-bishomotropylium cation
with the §£§£§—1,3-bishomotropy11ﬁm cation showed that in the
1,3~bishomotropylium cation, considerable twlisting of the
6,7-double bond is required to obtain good overlap of the
p atomic orbitals. From this point of view, if homoaro-
maticity is to be detected in the trans configuration, the
ly,4-bishormotropylium cation appears to be the more favourable
system to investigate.

It is proposed to examine the importance of the
relative geometry of the two methylene bridges by synthesizing
the cis and trans-1l,4~bishomotropylium cations from suitable

precursors in which the stereochemistry is rigorously defined.
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GENERAL SYNTHETIC CONSIDERATIONS

(a) Nature of Precursor

The addition of methylene to tropone %2? could con-
ceivably result in four possible bishomotropones, and their
gseparation and identification could pose considerable diff-
iculty. 1In addition to the bishomotropones, two monohomo-

tropones and several trishomotropones are possidle. Thus, 109

CH2

Monohomotropones

0 0 0 0 0 0
0

Bishomotropones Trishomotropones
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did not appear to be an attractive starting material for the
synthesis of the 1,4-bishomotropones. .
Alternatively, the addition of methylene to the two
double bonds of 4,5-benzotropone {lg can only result in the
formation of the cis and trans-4,5-benzo-2,3:6,7-bishomo-

tropones L1l and 1ll2 respectively. Although the presence of

—

L'LO
A Y /
CH2
0 0
cis trans
111 112

the benzene ring introduces a further perturbation, the fact
that the desired l,4-bishomotropones appear to be more readily
attainable, makes 110 the more attractive vprecursor.

S—

(b) Potential liethods for the Cyclopropylation of Eenzotronone

From a synthetic point of view, the question of whether
the seven membered ring in 110 is aromatic or not becomes

significant, since this factor will influence the chemical

reactivity of the carbon-carbon double bonds. To gain insight

into this question it is instructive to examine the electronic
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structure of tropone.

Tropone is generally considered to be a represent-
ative nonbenzenoid aromatic compound79. The aromatic
character of tropone is a consequence of significant ground-
state contribution of the cyclic delocalized resonance

structure 109b. The characterization stems primarily from

0

109a 109b

the empirical resonance energyao, planarityBL, diamagnetic
susceptibilitsz, and dipole moment83 of this molecule. The
ultraviolet spect{um, infrared84 spectrum V (c=o0) = 1638 cm-‘l
and high basicitybu further support the aromatic nature of £9?.

Berte11185 has recently challenged this view of the
aromatic nature of tropone and has suggested on the basis of dipole
moments in conjunction with CNDO/2 molecular orbital calcul-
ations, that it can be best represented as a conjugated dienone.
Analysis of the nmr coupling constants of tropone also support
a non~-delocalized structure85.

Buchanan86 has examined the properties and reactions

of 2,3-benzotropone 113 and concluded that there is little

evidence of aromatic character in the seven membered ring.
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The properties of 4,5-benzotropone 110 would be expected to

0
113

be similar to 113.

A search of the literature reveals that there are
several methods available for the cyclopropanation of olefinic
bonds8?. More directly related to this particular synthetic
problem, is the cyclopropanation of the carbon-carbon double

bond in an dB -unsaturated ketone.

R \ Y d R
CH2
—,

R' °
By’ —0

Addition of Methylene Using Diazo Compounds

Diazo compounds (BR'C = N2) constitute one of the
principal class of carbene precursors and the parent compound
diazomethane has been extensively employed to cyclopropanate
a variety of olefinic bonds88.

If the methylene 1s generated photochemically an
extremely reactive carbene results, which reacts to give not
only cyclopropanes,but in addition, C-H insertion products.
Wilth « g -unsaturated ketones formation of epoxides has been

reported87. Alternatively dlazomethane in ether reacts with
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A p ~unsaturated ketones at OOC, to give predominantly
cyclopropane productssg.

The catalytlic decomposition of diazb compounds with
copper or copper salts90 leads to carbene-copper complexes,
which are less energetic than the free carbene. These
complexes have been reported to add stereospecifically to
carbon-carbon double bonds.

Simmons~Smith Reagent

The Simmons=-Smith reaction91 is considered to be one
of the most versatile methods available for the formation of
cyclopropanes from olefins. The intermediate lodomethyl zinc
iodide complex reacts in a bimolecular process with the olefin
in the methylene transfer step. From the evidence, it is
clear that intermediate complex behaves as an electrophiie
towards the olefinic bond. Thus, vinyl acetate Ll4, methyl-
crotonate 115 and styrene 116 all react to give the corres-

ponding cyclopropane products.

Zn(cu)
HpC == CHO,CCH, >
L1 0COCHj
3 H
\__/ Zn(Cu) CHq

T
V

CHZIZ
‘COZCHB
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—_— Zn(Cu)

|4

CHoIp

116

92
Numerous publications have appeared that use

the basic Simmons-Smith procedure, but many involve a
variation in the preparation of the Zn(Cu) couple. The re-
producibility of Zn(Cu) couple is undoubtedly one of the
Limiting factors 1ln this synthetlc procedure.

One of the more useful synthetic applications of the
Simmons-Smith reagent is in the reaction with allylic and
homoallylic alcoholsgB. The hydroxyl group not only imparts
a rate-enhancing effect compared to simple olefins, but in
addition accounts for the stereospeciflclty of the addition
reaction.

Dimethyloxosulfonium ¥ethylide and Dimethylsulfonium

Methylide as Methylene Transfer Agents

Corey and coworkers94 have extensively investigated
the chemistry Qf dimethyloxosulfonium methylide ((CH3)2SOCH2)
117 and dimethylsulfonium methylide ((CH3)2SCH2) {l@ with
particular emphasis on their synthetic utility. Both ylids
are nucleophiles and both function to transfer methylene to
certain eiectrophilic unsaturatedllinkages, including C=(,
C=N, C=S and in certain cases C=C. Of particular interest is
the reaction of these ylids with ketones and «8 ~unsaturated
ketones. The oxosulfonium ylid Ll7 interacts with the

carbonyl function of aromatic ketones and nonconjugated

aldehydes and ketones to form oxiranes and with «g -unsaturated
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ketones, which are Michael receptors to form cyclopropyl

ketones. In contrast, the sulfonium ylid reacts with the
same sgubstrates,evends- unsaturated carbonyl systems to give

exclusively oxiranes.

R | ]
RL>—:¥—O + (CEB)ZSOCHZ —

117 7l -
R
RL>10 + (CHj),scH, —>

118

Suglmura95 has synteslized several 2,3,~homotropone
derivatives 1&9 by reacting sustituted tropones with the
ethoxycarbonyl ylid 119 in THF at low temperatures.

However, addition to only one carbon-carbon double bond was

THF ' H

+  (CH3),SCHCOC,H, 5
. 0° . .
COC»H
119 I B 25
o ——————
1109 120

achieved. Reacting 1&9 with p -bromophenacyl ylid
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121 in benzene at 80°¢ gave two isomers which were
reported to be'the cis-and trans-l1,3-bishomotropone derivatives

%E? and 123 respectively.

H
+ (CHB)SCHCOPh-Br
R COCZH5 121
O ——a—
120
o COPh-Br H COPh-Br
v
H H
+
COC,H COC,Hg
cis 122 trans 1273

Although this reaction shows considerable potential for

obtaining the cis- and trans-l,4-bishomobenzotropones 1lll and

El?’ there still exists the problem of removing the ethoxy-
carbonyl and phenylacyl substituents in 122 and 123 respect-
ively.

Generation and Addition of Dihalocarbenes to Olefinic

Bonds
Several routes are avallable for generating dihalo-

carbenes and it is apparent that their reactivity towards

olefinic substrates is at least partly dependent on the mode
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and medium of generation87. Among these methods, the
generation of dichlorocarbene by the action of agueous
alkali on chloroform in the presence of triethylbenzyl-
ammonium chloride has attracted considerable attentiongé.
This method has been found superior to other methods in the
synthesis of 1,l=dichlorocyclopropanes from less reactive
olefins. 1In fact, several cationic micellar agents catalyse
this reactiongéb. The generation of dihalooarbénes from
chloroform or bromoform however, is limited to substrates
which are not susceptlible to basic media.

CHX3 + thHgOK 3 CX3 + tC4H90H

The preparation of gem=-dihalocyclopropanes by the
thermal decomposition of alkali metal trihaloacetates97 avolids
the basic reaction conditions., With weakly nucleophilic
olefins however ,a reaction between the carbene and trihaloacetate
ion serves to intercept much of the carbene resulting in low
product yields.
A further route to gem-dichlorooycloﬁropanes is one
based on prior formation of trichloromethyllithium,LiCCLB,at
low temperature98. It has been claimed that this reagent

reacts directly and rapidly with olefins to give gem-dichloro~
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cyclopropanes, but allenes are frequently produced as
well, »

Over the last decade Seyferth99 has reported the
synthesis of a variety of phenyl(trihalomethyl)-mercury com-
pounds which have proven to be useful dihalocarbene transfer
agents. Their.utility lies in the fact that base-sensitive and
/or weakly nucleophilic olefins can be readily converted

to dihalocyclopropanes.

x X
: CH .
AN PhEgcxy  C6M6 K . PhHsCl
N\

The addition of dichloro and dibromo carbene to a

variety of olefinic Substrates has been reported to proceed

in high yield99. The subsequent removal of the halogens

100
by tri-n-butyl tin hydride or potassium/t-butanol/tetrahydro-

Lol

furan , K/tBuOH/THF is readily accomplished.

SYNTHHESTIS

(a) Preliminary Experiments

The direct methylation of 4,5-benzotropone 110 using
diazomethane in ether resulted in no cyclopropane products
being produced. The original ketone E}Q was recovered in
guantitative yield.

The reaction of phenyl (trichloromethyl) mercury with 110

in refluxing benzene resulted in extensive decomposition.
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The reaction mixture showed the presence of the original
ketone lig and small amounts of unidentified product. The
unidentified product dld not have a carbonyl function as was
indicated by its 1ir spectrum.

The Simmons-Smith reagent did not react with ketone
E}Q, even though a variety of methods were used to generate
the zZn(Cu) couple.

These preliminary investigations clearly suggest that
the olefinic bonds in 110 are not readily susceptible to
electronhilic attack by carbene or carbene-complex species.
This is undoubtedly due to the extensive delocalization of
the 7r electrons, and consequently 110 will have to be synthet-
ically modified to decrease the extent of delocalization.
Frotecting the carbonyl function is a plausible approach to
this problen.

Reduction of the ketone {lg by NaBH), and reactlion of
the resultant alcohol with the Simmons-Smith reagent did not
produce the expected cyclopropane product. Even the rate-

93

enhancing effect of the hydroxy function was not sufficient

to cause methylation of the olefinic bond(s).

Zn(Cu)
O > 0
R N <

L2k
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At thls point, the primary objective of this work

wag directed towards the synthesis of the ethylene ketal

of 4, 5-benzotropone 110

(b) Preparation of 4,5-Benzotropone Ethylene Ketal

As 1is evident in the literature pertalning to the
preparation of steroidal cyclic ketalsloz, A2 -unsaturated
ketones do not ketalize as readily as simple ketones. liore
often than not low yields are reported and double bond
isomerization occurs readily. Examination of the experimental
procedures revealed inexact instructions in specifying the
amount of L ~toluenesulfonic acid'monohydrate catalyst re-
quired to perform the reaction. The amount specified varies

LOB, "a, crystal"lou to "a few crystals"lOS,

from "a trace"
frequently resulting in non-reproducible reactions. A recent
article points out that 1% acid catalyst was required to obtain
unrearranged ketal from h-cholestene-B-oneloza.

The reaction of 4,5-benzotropone 110 with ethylene glycol
in refluxing benzene using a Dean~-Stark water take off method
resulted in approximately 10-15% of the ethylene ketal 125
in the final mixture. Even if the equilibrium concentration
of the hydroxy cation 126 is small one would predict the
collapse of this cation with ethylene glycol to be rapid,
resulting in the formation of the hemiketal 127. From the

equilibria in the reactlion sequence 110 —>125, one would

predict that removal of the water would drive the reactlion



75

H+

110 126

J[(CHZOH)2<
' 0 H20 oH
(I X] == O
0 H OCH,CH,,OH
125 : ‘

2
127

in favour of lgé. Any water present in the refluxing medium,
however, would drive the reaction back to the starting ketone
110. Under the reaction conditions it is probable that all
the water was not removed, consequently lgé was not formed
in significant amounts. A

Simmon5106 has reported the synthesis of tropone
ethylene ketal {E? by quenching the ethéxytropylium fluoroborate
salt 128 in ethylene glycol.

Et30 BF), (CFZOH)Z
CHZCl 16 hrs
A OEtBEu | l
109 128 129
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A solution of b4,5-benzotropone in CH,Cl, was reacted
with triethyloxonium fluoroborate resulting in the formation of
the corresponding l-ethoxy-4,5-benzotropylium fluoroborate
 ‘salt 130, which could be readily isolated. The salt was
quenched in sodium ethylene glycolate/ethylene glycol to give
the 4,5-benzotropone ethylene ketal lg; in quantitative yield.
The ketal was purified by coiumn chromatography using

basic alumina.

+
Et30 : .
BFLL_ 00—
0 —>» =0Et —>
CHzclz BFu- o0—
110 130 : 125

(¢) Dihalocarbene Addition to the Ethylene Ketal of

L, 5-Benzotropone

A two-fold excess of PhHgCBr3 in benzene, was .
heated in the presence of }Eé to gilve three dibromo
adducts. These were separated by column chromotography
using basic alumina. They were fully characterized

by examining thelr nmr spectra and shown to be the

mono-dibromo adduct Ez} and the two bis-dibromo adducts 132
and 12} respectively. Since the mono-dibromo adduct 131 was
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the predominant product in the reaction mixture, the PhHgCBr3
was increased to a four fold excess, but thls modification
did not increase the ylelds of 132 and 12} significantly.
Alternatively, pure lz} was reacted with two-fold excess of
PhHgCBp3iﬁ refluxing benzene, but again the yleld of {2? and
222 was small. In each case the reaction was accompanied by

extensive decomposition.

(X

11

onmem—

PhHgCBr3
80-85°
Np

Br r
BT sl Br BT
131 cis trans

132 133
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The use of the less reactive PhHgCC'L3 reagent as a
dichloro carbene precursor resulted in increased ylelds
of the bis dichloro adducts @2§ and Ezé as well as the mono
dichloro adduct 134, With a four-fold excess of PhHgCC13
and reacting this with 110 in benzene at 90-100° for
-several days gave predominantly the two bis-dichloro adducts
135 and 136. Removal of the halogens from the two bils
adducts 135 and %2? gave the corresponding ethylene
ketals 227 and ¥2§ respgctively. The ketals were fully char-
acterized by their spect}al and analytical data and will sub~
sequently be shown to have the stereochemistry indicated.

Acid hydrolysis of 137 and 138 gave the corresponding cis

and trans 4,5?benzo-2,3:6,7-bishomotropones 11T and 112
respectively. The relative stereochemistry of 111 and 112

was Unambiguously assigned by examining the nmr spectra of

the derived alcohols. (page 87)



- tBuOE/Na
THF 60°

Oxa
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—isiimsiitis

PhHgCClB
06H6

tBuOH/Na
THF 60°
H
i
0
0
112

trans
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(d) Reaction of Dimethyloxosulfonium Methylide with

4, 5-Benzotropone

Although the cis and trans isomers }l} and 112 could
be synthesized via dichloro carbene addition, yields of the
cis isomer El} were very low. This 1s not surprising, since
the addition of dichloro carbene to {gé to give the cis
isomer £2§ imposes severe steric interaction between the two
inside chlorine atoms. Consequently, an alternative method

to synthesize 111 was examined.

Sugimura59 reported that the reaction of 4,5-benzo-
tropone 110 and dimethyloxosulfonium methylide 117 in tetrahydro-
furan, THF at 0° gave the U4, 5-benzo-2,3-homotropone Eg&_in high

yield. ©No U4,5-benzo-2,3:6,7-bishomotropones were obtained by

thie procedure. However, the reaction of 2,7-diethoxycarbonyl-

A
SORTE N 6F
0

110 124

L4, 5-benzotropone 12? under analogous reaction conditions, re-
sulting in the formation of exclusively cis-2,7-diethoxy-4, 5~
benzo-2,3:6,7-bishomotropone. Clearly,the activating effect

of the carboathoxy groups was sufficient to cause cyclopropylation
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CO,EL | /\ FOE*
THF
0° N
CO,Et | COoEv
139 | ‘ JLIY
cis

of the second olefinic bond. Although potentially useful,
removal of the carboethoxy groups under conditions that will
not destroy the cyclopropane rings 1ls a difficult task.

To increase the reactivity of }l? it was prepared in
DMSO and subsequently reacted with 4, 5-benzotropone 110. At
room temperature for 24 hours this gave only the mono isomer
124. A two-fold excess of 117 in DMSO reacted with 110 at
50° gave the mono isomer }E&, and another product which was
subsequently identified to be the c¢is 4,5-benzo-2,3:6,7~
bishomotropone 1}}. Although E}} was produced in relatively
small ylelds 1t could be easily separated from 13& by column
chromatography using neutral alumina. Since this synthetic
procedure 1s more direct than the previous method discussed,
it represents the more practical pathway for obtaining El}.
However, the dichloro carbene pathway must still be used to

obtain the trans isomer 112.

e
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(2-fold excess)

110

Dimethylsulfoxide
(DVMS0)

50°

£\

r-d

124 11

|
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SECTION TWO

NMR SPECTRA OF CIS- AND TRANS-4,5-BENZ0-2,3:6,7-BISHOMOTROPONES

With respect to the seven membered ring, the two
ketqnes 1Ll and 112 appear to be conformationally mobile
structures, capable of interconversion between two boat con-
formations. In the cls isomer 111 the two boat conformations
are not equivalent since interconversion of these two con-
formers interchanges the spatial relationship of the two inside
methylene hydrogens. The boat conformation that places the two
cyclopropyl rings in a pseudo axial position Ellg will result
in a severe steric interaction between the inside methylene
hydrogens. Alternatively, the boat conformation which places
the two cyclopropyl rings in a pseudo equatorial position Eii?
Will result in no steric interaction between the two inside
methylene hydrogens.

In the trans kefone, the two boat conformations are
equivalent, with 6ne cyclopropyl ring in a pseudo axial position
and the other cyclopropyl ring in a pseudo equatorial position.
Consequently, no non-bonded interactlions between the inside
methylene hydrogens are present.

The nmr spectra of 11l and 112 (spectra 1 and 4
respectively) both exhibit highly symmetrical patterns for the
cyclopropyl resonances. In the case of the cis ketone LiL

this can be interpreted on the basis of either boat conform-

ation but it is clear the conformation llle will be preferréd.
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The symmetry exhibited by the trans ketone Elg can be inter-
preted on the basis of either a planar structure or a rapidly
inverting non-planar structure. Anetlo7 has shown that the
activation energy for the inversion process in 1,3, 5-cyclo~
heptatriene is 6.3 kecal mole-L. It is thus reasonable to
assume that the trans ketone L12 is also a rapidly intercon-
verting non-planar structure at room temperature.

The 100 MHz nmr spectrum of gi§-4,5;benzo—2,3:6,?-
bishomotropone 111 (spectrum 1) in CCl, exhibits multiplets
at 7" 2.86(4), 7.39(2), 7.83(2) and 8.90(4). By utilizing
deuterated dimethyloxosulfonium methylide and reacting this
with 110 in DKSO dg the ketone 111-d is obtained in which the

Cg and C9 methylene protons have been replaced by deuterium.

The 100 MEz spectrum of 111-d in Cclu showed no absorption at

7 8.93, and the absorptions previously at 7 7.39 and 7 7.85

now appear as part of an AB multiplet (J=10.05 Hz). Since the

seven membered ring in 11l adopts a shallow boat conformation, HB

and Hg wWwill be placed in the deshielding zone of the benzene

ring and thus are assigned as indicated.

Under higher resolution (220 MHz) (spectrum 3) the
resonance at 77 8.90 was resolved into two distinct resonances

from which the chemical shifts and coupling constants were

obtained. These data used in conjunction with a simulated
10¢

spectrum (spectrum 2) generated using a LAOCN III nmr program
resulted in the complete analysis of the nmr spectrum.
For normal cyclopropane rings it is well documented

2 .
that J.56> Jtpans? 9,37 and consequently Hgy (H9i) and
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Hgo (H9o) were unambilguously assigned as indicated.

.71
T.. .01 = 10.05 Hz
cis 111-d
8180 = Jo190 = Jgem = 5-0L Hz
J = J
281 381 1 s
= J = 6,01 Hz
J691 = 3791} .trans
J280 = J380
— =J = 706? Hz
J690 = J79O} cis

The 100 MHz spectrum of trans-4,5-benzo-2,3:6,7-bis-
homotropone Elg in CC14 (spectrum 4) exhibits multiplets at
72.86(4), 7.89(4), 8.41(2) and 8.73(2). As already discussed
the symmetry of the multiplets is accounted for on the basis
of a rapidly inverting non-planar structure (page84). By using
t-3u0l in place of t-BuCH in the appropriate synthetic step,
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it was shown that the methylene hydrogens resonated at
7 8.41 and 7 8.73. Coupling constants were obtained by gener-
ating a simulated spectrum (spectrum 5) using the LAOCN .
ITII nmr program. The "inside" and "outside" methylene proton
signals were differentiated on the basls that J ;> Jy uns

for normal cyclopropane rings.

J23 = J67 = 9.59 Hz

trans 112-d

8081 = J9091 = Jgem = 492 EZ
Jogs = J
281 381 = g7 = 5,96 Hz
J691 = Jo01 trans
J280 = J380
= Joys = 8-
J690 = J990 cis o7 Hz
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STEREQCHEMISTRY

The stereochemical assignment of the two isomeric
4, 5-benzo-2,3:6,7-bishomotropones 111 and 112 assumed in the
preceding synthetic sequence, was established by examination
of the nmr spectra of thelr derived alcohols.

Reduction of the cis ketone lll by NaBH; can in
principle give two isomeric alcohols, but the nmr spectrum of
the reaction mixture indicated that only one lsomer was pro-
duced (> 95%). The 100 MHz nmr spectrum of 111-OH in CDC1,
exhibits multiplets at 72.71(4), 5.5L(L), 7.98(2), 8.34(2),

8.93(2), 9.27(2) and 9.81(1) (spectrum 6). Adding D,0 to the

NaBH4

O
[
n
r—
e~
—
'——
—
—
!
O
as)

|
|

nmr solution resulted in the disappearance of the signal at
79.81 with no change in the rest of the spectrum. Thus, the

hydroxy proton could be positively assigned, and furthermore,

this observation showed that there was no coupling between the

hydroxy proton and & ~hydrogen in GDClB.
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The signal at 7 5.51 was shown to be due to the

A -hydrogen by using LiAlDu as the reducing agent. The

methylene hydrogens were assigned as indicated, by reducing

the ketone 111-D with NaBHj.

77.81 - 9.21

> T 2.57

- 2.87

trans 112 : 112-0H

In contrast to the symmetrical pattern exhibited by
{ll:gﬁ, the nmr spectrum of the product obtained by the
reduction of the trans ketone 112 was complex (spectrum 7).
The only signals which could be unambiguously assigned were
those due to the aromatic protons at 7 2.72(4#), the « -hydrogen
at 7 6.18(1) (by deuterium incorporation using LiAlDu) and the
hydroxy proton at 77 7.33(1) (by deuterium exchange using DZO)'
The remainder of the spectrum consisting of eight hydrogens was
a complex array of resonances ranging from 7 7.81 to 7 9.21.

It is clear from these data that one of the alcohols,

which has a very ordered nmr spectrum has a plane of symmetry



cis 111-0H

trans 112-0H

12 = J1, = 4.0 Bz

"

le = 6.5 Hz; J17 1.0 Hz

passing through the carbonyl carbon atom and bisecting the
4,5 carbon bond. Regardless which isomeric alcohol is obtalned

from the reduction of the cis ketone 1ll1, the alcohol 111-0H

with the stereochemistry indicated 1s the only one that can
account for the observed symmetry in the nmr spectrum. Thus,
it would appear that’the ketone 11l has the two cyclopropyl
rings cis with respect to each other and the ketone 112 has
the two cyclopropyl rings trans with respect to each other.
More direct evidence regarding the relative stereo-
chemistry of 111 and 112 was obtained by examining the mult-
iplicity of the o« -hydrogen signals in thelr derived alcohols

111~0H and 112-0H respectively. The signal attributed to the

o =hydrogen in 111-0H was a symmetrical triplet (J=4.0Hz)

while the corresponding signal in 112-0H appeared as a doublet
of doublets (J=6.5 and 1.0 Hz). Only when the two cyclopropanes

are cis with respect to each other are H2 and H, equivalent,

7
Thus, 111 must be the cis ketone and 112 the trans ketone.
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SECTION THREE

GENERATION AND OBSERVATION OF THE MONO- AND BIS-HOMOTROPYLIUN

CATIONS

The question whether or not cis and trans geometries
in suitable 6 7r -electron systems, such as %i} and E}g, can
exhibit bishomoaromaticity can be evaluated by examining the
nmr spectra of the derived cations. As was discussed earlier
in this thesis, (page 64) the benzene ring could impose a
pertu.:cba.tionﬁ8 which must be determined before any definite
conclusions can be reached. To determine the effect of the
benzene ring, if any, the 4,5~benzohomotropy11um cation was
generated and examined in detail.

(a) The 4,5-Benzo-2,3-Homotropylium Cation

Reduction of 4,5-benzo-2,3-homotropone 124 with NaBHu

gave the corresponding alcohol 124-0H. Although it is possible

to obtain two isomeric alcohols in the reduction, only one
isomer was present in the reaction mixture (>954:). The
chemical shifts and coupling constants as shown, were obtained
by sulitable deuterium incorporation. Thus, the methylene proton
signals were positively assigned by using deuterated trimethyl-
sulfoxonium methylide in the appropriate synthetic step and

the « -hydrogen signal was identified by carrying out the re-

duction using LiAlDu.



FSO4H/

SOzClF
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-1250
iz - o

J1p = 2.0 Hz
Jl? = 2.5 Hz

T3.75 H ATu.uo
12k - OH
JSem)J8180 = 4,8 Hz
J J281 not
trans JBPi rvailable
' because of
Iog overlapping
J 28o erl:
: multiplets
01s{J380 o

9L

WL-D
Ja3 = 3.00 Hz
le = J].? = 8.0 Hz
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H e,
T 80‘ 811 10.32
T3.09 He_ .
T1.50 [0 ,
T1.16 H H 12.8
141
Jgem,T8180 = OO HzZ
J J281 = 7.5 Hz
trans J - 11.5 1z
JZBO = 7.5 Hz
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Extraction of the 1-hydroxy-4,5-benzo-2,3-homotropone
124-0H from CD,Cl, into FS03-SO0,CLF (1:3v/v) at -80° gave the
corresponding cation l&}.‘The cation was stable below -20° and
Wwas quenched in MeOH-NaOCH3 at -—78O to give the methoxy ether
l&é in guantitative yield. The methylene hydrogens and

A ~hydrogen in 1&} were identified by protonating the appropriatel:

145 -« D

deuterated precursors. The complete assignment of the chemical
shifts and the evaluation of the coupling constants was made
by generating the simulated spectrum using a LAOCN III nmr
program (spectrum 10),

The nmr spectrum of the cation 1&} ( spectrum 9)
clearly indicates that the signals due to all the protons except
one experience a downfield shift. One signal actually experiences

a shielding of 2.75 ppm. These observations can only be inter-
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preted in terms of a cyclic delocallsed structure involving
6 7r -electrons. Thus, 141 can only be described as a mono-
homoaromatic system. The chemical shift difference A = 5.34
ppm between "inside" (H81) and "outside" (Hg,) signals is
comparable to the value obtained in the homohomotropylium
cation 2127528 (AN = 5.80 ppm). Clearly, in this case the
benzene ring is not significantly attenuating the homoaro-
maticity of £3}58.

Examination of the coupling constants in {E} and com~

paring these to the corresponding coupling constants in the

precursor alcohol 124-0H (spectrum 8 ) reveals several

features regarding the electronic structure of l&l.

Both J67 and J23 decrease significantly in value
from thelr respective values in 124-OH. The value of Jp3 = 3.0 Hz
ls comparable to the value of 1.0 Hz obtained for the homo-
tropylium cation E}BB.This decrease in J23 reflects the
increased delocalization of the Cp~C3 ¢ bond.

The geminal coupling constant (J8081) in %&} has

increased to 5.5 Hz from 4.8 Hz in 124-0H. It is interesting

that |J,.,| in L4l is smaller than the value obtained for the
T 27,28 |

monohomotronylium cation 21 (ngeml = 6.5 Hz)’7’ « The

value of |Jgem|is critically dependent on the dihedral angle

(Hao”C_HEi) and the amount of charge developed at Cp, but it
is often difficult to separate these two contributing bvut
oppoging factorsBB. However, from the chemical shift of Hﬁi
1t would anpear that no significant amount of charge is

delocalized at Cgs Thus, the smdll, but real increase in
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| Jgen| 1S consistent With C,C, bond lengthening in this
homotropylium cation.

'In an earlier section of this thesis (page 16) it
was shown that homotropylium cations exhibit a trans coupling
constant which is greater than the cis coupling constant. This

29,37

pattern is reversed in "normal" cyclopropane rings In

the cation L4l it is clear that J > J,ggqs Put the two

trans
trans coupling constants are not equivalent (J381 = 1ll.5 Hz;
J281 = 7.5 Hz). From the chemical shifts of H2 and HB it is
clear that C3 bears more posgitive charge than C2, which results
in a different hybridization at 02 and CB. This in turn will
effect the dihedral angles ( [281, [28o, [38i and [380)

in the cyclopropyl ring, While dihedral angles cannot be

109

precisely related to coupling constantsi it is clear that
the dihedral angle L§81 must increase gignificantly from the
“normal"® value of L44° 7 towards 1800, while the dihedral
angle [281 only increases by a small amount. The geometric
changes agsociated witn the hybridization changes at C2 and 33
wWill also be reflected in the cis coupling constants. Tor
normal cyclonronanes the dihedral angles  [28o0 and [3&0

are OOLO9 and any deviation from this value will decrease the
value of the cis counling constant. It is evident from the
Harplus equation109 that changes in dihedral angles in the
range 0-20° do not change the value of the coupling constant
by a significant value. Consequently, the cis coupling con-
stant J,g, and J380 in E&} only decrease by a small amount and

any small difference that there may be between Jogo &nd 3380 is

not readily observed.
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(b)) The l=-Hydroxy-4,5-Benzo-2,3-Homotropylium Cation

The nmr spectrum (spectrum Ll) of 4,5-benzo-2,3-

homotropone Eg? in CCl4 could be completely assigned by

suitable deuterium incorporation, and the coupling constants

determined by generating a simulated spectrum (spectrum L2)

using a ILAOCN III nmr program.

The chemical shifts and

coupling constants in 124 compare closely with the nmr

59

spectrum previously reported by Sugimura”’.

FSOBH
-78°
124 - D
J23 = not available
coincident
27 = 1.0 Hz

142 - D
J23 = 7,0 Hz
J27 = 2.5 Hz
. H
1643 80‘ -~ H81 18,84
1592 H<_
. --H Te.73
T 2,07 .
-2.35 O o= OI;
H 1318
Ti.es Y
Jgem - JBogi T hevd oz
3 {Jggi = 6,09 Hz
trans = GhU2 ¥
I381 ’ ne
Jac
Toia {JZOO} 6,52 Tz
= 380
L42
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Extraction of 124 from CD,Cl, into FSO3H at -60° gave
the corresponding hydroxy cation l&g. The cation was stable
below -20° and could be gquenched in EtZO-Hcog'at -78%° to give
the original ketone EE? in high yield. The protonated ketone
{E? shows analogous shifts of the "inside" and "outside"
protons, but the magnitude of the difference between these
two is now much less, A = 2.4 ppm, reflecting the decreased
homoaromaticity in 1&2 due to the presence of the hydroxy
function. (Spectrum 13 and L4)

The value of & in 142 is less than reported for the
2-hydroxyhomotropylium ion 29”9 (A= 3.1 ppm), L-hydroxyhomo-
tropylium ion 3547 (A= 3.4 ppm) and significantly less than

the value for the 4-hydroxyhomotropylium ion 3150

(A= 4.6
pom). It is evident that the position of the hydroxy sub-

stituent has a marked effect on the value of A . However,

the chemical shift difference, A\ , observed in lgg is comparable
to the value obtalned for the 2-hydroxyhomotropylium ion 2?
which is the only meaningful comparison.

SugimuraS9 has also reported the nmr spectrum of {2?
in D,80,. Comparing the data obtained with Sugimura's data
reveals that the chemical shifts obtained in this work are
uniformly shifted ca 0.6 ppm downfield. In addition, the
authors renort no coupling constants for the cation Ei?‘

The coupling constant pattern for the cation lﬁg
shows comparable trends to those in the cation g&}. Thus, the cis
coupling constants (J280’ 5380) decrease from thelr original
value in the ketone 124, but the changes exhibited by the trans
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counling constants (J28i’ J ) upon protonation are more

381
complex than in L41. Whereas in 141 both trans coupling
constants increase, although by different amounts, in E&?
J381 increases significantly (6.95 Hz to 9.42 Hz), while

Jogy decreases slightly (6.95 Hz to 6.09 Hz). The increase
in the value of J381 is consistent with the arguments advanced

for the cation L4l, but the small decrease in the value of J281

is difficult to rationalize. It is clear, however, that the
dihedral angle [28i does not increase and in fact could possibly
decrease due to the presence of the hydroxy substituent.

The most significant feature is the small increase
in the geminal coupling constant (4.37 Hz to 4.73 Hz) which

can be attributed to an increased length of the CZC bond.

3
This increase however, is signlificantly different from the
value reported for the l-hydroxyhomotropylium cation 29
(]J

geml = 10.8 Hz). A more meaningful comparison would be

to compare the geminal coupling constant in E&? with the wvalue
in the 2-hydroxyhomotropylium cation 2?, but Pettit'slL9
communication dealing with the nmr spectrum of 2? does not
include a detailed analysis. To determine if the position

of the hydroxy function has any effect‘on the geminal counling
constant in such systems, 2,3-homotropone was synthesized by

Lo
Fouk's procedure and subseguently vprotonated.

(c) 220 itHz Nmr Spectrum of the 2-Hydroxyhomotropylium Cation

Extraction of 38 from CD,Cl, into FSO4H at -78° gave

cleanly the 2-hydroxyhomotropylium cation 39. The cation
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was stable at the temperature of the nmr probe (+37°) and
was quenched in Etzo-Hcog to glve the original ketone 38.

A complete analysis of the nmr spectrum (Spectrum L5)
was not possible because of the complex pattern due to the
overlapping multiplets attributed to Hy, Hn and H8o‘ Decoup-
ling experiments however, indicated that the value of
|Jgem| is in the range of 5.0 - 6.0 Hz. This value is com-
parable to the value obtained for Eﬁ? and is significantly
less than the value for the l-hydroxyhomotropylium cation %&.
Clearly, the position of the hydroxy substituent has a marked

influence on the geminal coupling constant in homotropylium

systems,

O

)
C

lrt

Jgogy = 08 5.0 = 5.0 Iz
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(d) Erotonated Cis- and Trans-4,5-Benzo-2,3:6,7-Big-

Homotrgpones‘

2 into FSOBH

at —780 gave cleanly the corresponding hydroxy cations 143

Extraction of lll and Ll2 from CD,Cl

and L44 respectively. (Spectrum 16vand 18). The acid sol-
utions of E&? and %&& were stable below -20° and were
gquenched in EtZO-HCO§ at -78° to give recovered Ei} and ££§’
respectively, in high yield.

The methylene protons in E&} and E&& were ldentified

by protonating the deuterated compounds Lll-D and L12-D

respectively. In both systems the coupling constants were
evaluated by cbtaining simulated spectra (Spectrum 17 and 19
respectively) using a LAOCN III nmr program.

The deshielding of all the proton resonances of 112 upon
protonation is indicative of substantial charge delocalization
in the trans cation E&E. While the symmetry displayed by the
cyclopropyl resonances is compatible with a planar structure
there is virtually no difference in the chemical shifts of
the "inside" and "outslde" methylene protons (A = 0;1 Ppm) .
Using the difference in chemlical shift of these protons as
a criterion of homoaromaticity it must therefore be concluded
that 144 1s not bishomoaromatic.

Symmetrical cyclic deLocalizatioh,in {iﬁ can only
occur when the seven—membered ring is planar. In such a
conformation the internal cyclopropyl bonds are not in the

most favourable orientation for overlap with the electron
deficlent centre at C;. Deviation from a planar structure

results in the formation of one of two equivalent boat con-
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FSOBH
3) 9
-78
He, H
Te7s 60 81 T 8.1
T7.80 Ha_
--H 17.97
T2.71 0 FSOBH
- 3.01 g0

Jgem = Jgogy = 4.92 Hz

Jnos

Jtrans{ 281}= 5.96 Hz J { 2 &
J _ , 5 B

Tets {Jggg}" 8.57 He Jeis {Jggg}— 2.66 1z

TRANS SYSTEM
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formations in which one cyclopropyl adopts the highly pre-
ferred bisected conformation36 and the other is perﬁendicular
to the 7 system. It would seem that the spectrum of 144
can best be described in terms of a rapid interconversion of
these two boat conformations.

The cis cation 1&} also exhibits a nmr spectrum that
is symmetrical and which is indicative of substantial charge
delocalization. It differs from the nmr spectrum of 144 in that there
is a difference between the "inside* and "outside" methylene proton
signals of 0.7 ppm. In g&} the bisected conformation of the cyclo-
propyls with respect to Cqs the geometry demanded for effective
delocalization, is only realized when the seven membered ring
becomes a shallow boat with the cyclopropanes in pseudo-axial
positions. Such a geometry can only be attained at the expense
of a severe steric interaction between the two "inside'" protons,
and the gain in cyclic delocalization must be mitigated against
this increased steric compression. The close proximity of the
two *inside" protons (H81’ H9i) will result in each being
deshielded and for similar systems the magnitude of the van der
Waal's deshieldingLLL has been estimated at ca 1.5 ppm. Thus
a better estimate of the difference between the "inside" and
Youtside" protons would be 0.7 + 1.5 = 2.2 ppm which is com-
parable to that shown for 1&? and would strongly suggest a
bishomoaromatic type delocalization in 143.

The assignment of "inside" and '"outside" methylene proton

resonances in 143 and 144 is based on an analysis of the coupling

constant pattern, and comparing the pattern with that obtained for
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Joen = Jaons = 5.01 Hz Tgom = Jgogy = 634 Hz
gem Bo81 .
J = . Iy
J281] = 6.0 Tt pe 281 " v
Jtrans {Jggi‘} 6.01 Hz trans {J381 = 8.59 Hz
J = 8.31 Hz
J J2801 = 7.65 Hz Jots (ngo] 8.31
cis J380 380

CIS SYSTEM
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the 4, 5-benzo-2,3~homotropylium cation L&} and l-hydroxy-
4,5—benzo-2,3-homotr6pylium cation l42. For the cations 141

and 42 the following general trends were observed :

L. The geminal coupling constant only increases
by 0.7 to 1.0 Hz.

2. The two trans coupling constants do not change
to the same extent, thus J381 increases by
ca 4.0 Hz while Jyg; is almost invarient.

3. Both cis coupnling constants decrease by the same

amount but the decrease is small, ca 0.5 Hz.

These observations are primerily associated with the
increased delocalization of the 0203 carbon bond and resultant
hybridization change at C2 and C3. In both the cations ygj
and {3& the C203 and 0607 carbon bond lengths increase,
conseauently the coupling constant pattern exhitvited by EE}
and E&% should show these general trends. However, in the
cisg cation EEE the cis coupling constants increase from thelir
original value in Ell. ANlthough the reason for this increase
is not obvious, the general oonclusiohs regarding the assign-
ment of "ingide" and %“outside" methylene protons are valid.

Therefore, it ig not possible to reconcile the conclusions

obtained with a reversed assignment of the methylene hydrogens.
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(e) rrotoration of Cis- and Trans Alcohols Ll11-OH and

L12-OH .

Extraction of a solution of the trans alcohol 112-0H

in CDZCL2 into FSOBH—SOZCLF (L:3 v/v) at -125° resulted in
the formation of the carbonium ion l46. The nur spectrum
(spectrum 20) of l46 was recorded at -75°, since above this
temperature rapid decomposition was evident. Repeated
attempts to quench the acid solution in ¥eOH-NaOCE; at -78°
were unsuccessful.,

From the nmr data in Table VII it is clear that con=-
ciderable charze has been delocalized into the benzene ring.
rFurthermore, the nonsymmetrical pattern exhibited by the
cyclopropyl resonancesg clearly indicate that the seven-
menbered ring is non-planar and consequently the seven-
membered ring must adopt a shallow boat conformation.
llolecular models reveal that in a boat conformation, one
cyclopropyl ring is in a quasi-equatorial nosition and the
other cchopropyL ring in a quasi-axial position. Only the
cyclopropyl ring in the quasi-axial position ieg in the
tisected conformation with respect to the »7 -system and
therefore suitably allizned for deLocaLizationBé. The other
cyclopropyl ring is in the perpendicuLax~Conformétion with
respect to the 7 -gsystem and is thus inductively electron

36

withdrawing” .

Ihat this i=¢ indeed the case, is supported by exam-

ination of the coupling constants. +While a complete analysis
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46 146D
Chemical Multiplicity (JEz)
Proton(s) Shift (r) 146 © L46-D -
ATH 0.68, L.lLlL m o
H3 1.36 m broad s (quca Z B
HL 1.39 d (le = |10 Hz) d (JLZ = |G Hz)
(J23 = 2 HZ) (J17 = smaLL)
Hg 3.68 m d (J67 = 9 Hz)
H? 3.98 m T (J67 = 9 HZ)
(Jl? = small)
H H three H m -
81 80} 6.08-7.10
ot ot one K m -
91 “90 8,56

Table VII

Nmr Parameters for the Protonated

Trans Alcohols 146 and 146-D
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of the cyclopropyl coupling constants was not possible be-
causé of the overlapping multiplets and some viscosity
broadening the deuterated system 146-D clearly indicated that
J23=g§ 2.0 Hz, while J67 = 9,0 Hz. These values can

be compared to that obtained for the 4,5-benzo-2,3-homo-
tropylium cation L&l (J23 = 3.0 Hz) and a normal cis cyclo-

propyl coupling constant (Jé? ca 8-9 Hz) reSpeCtiVeLy29’37.

The low field resonances of H2 and H3 compared to

H6 and H7 further indicates that only the cycloprdpyl ring

containing C8 is conjugatively delocalized. Furthermore, it

is clear that in E&é the Hz and Hé signals have shifted downfield
significantly, while the H8i and H8o signals have not moved down-
field to the same extent compared to their value in the original

alcohol 112-0H. This is attribvuted to the extensive delocal-

ization of internal cyclopropyl bond 02C3 compared to the

external cyclopropyl bond C,Cg. Thus, there 1s a significant

contribution from the homoallylic delocalized structure 153

SR
<

In the carbonium ion E&é there is no equilibration
between the two possible boat conformations, contrasting the
;bservation for the hydroxy substituted cation E&E. This is
attributed to the strong electron donating influence of the

hydroxy substituent in L44,which would decrease the free

energy for interconversion of the two equivalent boat con-

formations.
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The observation that the chemical shift difference
between "inside" and '"outside" methylene proton signals of one
cyclopropyl ring in Eﬁé differ by ca 1.80 ppm is intriguing.
Examination of models, clearly showed that if the seven-
membered ring adopts a boat conformation, one cyclopropyl
ring (containing 08) is in a quasi-axial position while the
other cyclopropyl ring'(containing C9) is in a quasi-
equatorial position. Thus, the relative position of H8

i

and H9i and H80 and H9o will be markedly different. Indeed,

H8i will be "over" the seven-membered ring while H80’ H
and H91 Wwill be "outside" the seven-membered ring. For

35

LL2
similar systems 28 and E&] , Which can be considered

90

possible model systems for cyclopropyl rings adjacent to a
77 system, the direct field effectsLLB of the 97 system on
the exo and endo methylene hydrogens can result in a
difference of l.5 - 2.0 ppm. In the absence of specific
deuterium labelling, however, it is not possible to assign

which proton (H8O or H81) appears at lower fields.

Ts3®, T750 Teu7,Toug
H " ,

3

28 147

e o et

H
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Repeated attempts to protonate Elg—L-hydroxy-h,S-
benzo~-2,3:6,7-bishomotropone Elk:gﬂ in the range of tempera-
tures -78O to -1250 were unsuccessful. In the cis-alcohol
the two cyclopropyl rings are both in a quasi-equatorial
position, the geometry least favourable for interaction with
a o -orbital at Cj. To obtain the bisected conformation,
the cyclopropyl rings must adopt a quasi—axial'position,
resulting in severe steric interaction between the "inside"
methylene protons. This factor undoubtedly contributes to

the difficulty in obtalning a clean protonation.

(f) <Conclusions and General Discussion

Despite the fact that bishomotropylium ions have
already received considerable attention (vide supra), the
work in this theslis 1s the first reportedLLu systematic
approach to evaluate the gtereochemical requirements in such
systems. The results show that in a l,4-bishomotropylium
system when the two cyclopropyl rings are trans with respect
to each other, the cation is not bishomoaromatic. On the
other hand, when the two cyclopropyl rings are cis with
respect to each other, the cation is best revpresented as a
bilshomoaromatic system. It is interesting to extravolate the
results of this work to that pubiished in the literature.

3arner73 has reported the protonation of 93§ bicyclo
[F.L.O] nona-2,3,6~triene 10l and concluded that a L,3-bis-
howotropylium ion LO2 was formed, which has the two methylene

bridges cis with respect to each other, Paquette's74 work
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involving chlorosulfonyl isocyanate (CLSOZN=C=O) addition
to LOL clearly showed exo attack on LOL, followed by internal
collapse of the §£§E§-L,B—bishomotropylium intermediate L&f
to product. Consequenﬁly, some uncertainty was raised con-

cerning the assignment of “inside" (H8i, Eg.) and "outside"

1

(E Zun ) Drotons renorted by Warner. Paquetterm’LL5 has
9o

Bo?
also investigated the electrophilic addition to a number of
methylated derivatives 101—-CH3 but the results can readily
ve accommodated by the formation of a carbonium ion in which

most of the charge is on the pentadienyl unit; That is, a

non-interacting cation 148.

Fore recently Paquette and WarnerlL6 have conducted
a more intensive investigation of the protonation of 29} and
several methyl derivatives E&?, Eép and Eé}. Protonation of
the syn-methyl derivative E&? and the dimethyl derivative 151
gave only polymeric material. Protonation of the anti-methyl
derivate 229, on the other hand, gave a carbonium ion whose

nnr spectrum is only comsistent with either a cis-1,3-bls-



101, R=E
150, R=CH3

FSO4H-S0,C1F

-125°

L10

I | 9230934 J690
qz | 9.5 6.0 9.0 | L1.0 9.5 | 10.0
J 179691 | Jies | J67 | Yoer | Joo0s
Hz 0 LtL.o | 8.0 0 12.0
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homotropylium ion 152 or a trans-l,3-bishomotropylium ion L53.

The coupling constant pattern (more specifically Jtran;>'Joig)
indicates that the resultant carbonium ion has the two methylene
bridges cis with respect to each other, that is 1533. 1In
addition, the homoaromatic nature of 153 is supported by the

observation that charge ig transferred from the Qentadienyi
unit to the ethylene unit and the charge distribution in

the rentadienyl unit is not what would be expected for
cyclopropyl carbinyl delocalization (page l6). The remarkable
dichotomy in behaviour between the syn-methyl E&? and the anti-
rethyl &29 indicates that protonation in these systems at 33
must occur from the folded conformation, resulting in the
methyl group being placed outside the ring. Consequentiy the
initially formed cation must be the trans oriented syster
which subsequently undergoes a bridge flipvring (of the less

substituted side) to give the cis-l,3-bishomotropylium ion

L53. 1In conclusion the authors state that the trans-1,3-bis-

homotropylium ion is reasonably rigid, fairly strain free and
certainly less demanding than the comparable L,4-bilshomo-
tropylium systemLLé.

rolecular models clearly show that a slight twisting
of the CL—C5 7 system in the gzggg-L,B—bishomotropyLium system
places both cyclopropyls in the bisected conformation, so that
simultaneous overlap of the internal cyclopropyl bonds with

the p -orktital at Co and CQ is possible. However, it 1is

difficult to see how the p -component of the orbitals at C

o

and C, can be properly alligned for overlap. To obtain

i
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significant cyclic delocalization in the §£2§§-L,3—system
would thus require severe twisting of the C607 bond and con-
sequently it is difficult to rationalize the statement that

the trans-l,3-system is "fairly strain free and less demanding

that the trans-l,4-system".

Trans-1l,3~System

In view of this, it is unlikely that significant
cyclic delocalization will occur in the trans-1,3-system,
but no definite conclusions regarding the electronic
structure in such systems can be reached until suitable

precursors of known stereochemistry are synthesized.
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GENERAL PROCZDURES

Nuclear Magnetic Resonance Spectra (nmr)

Room temperature spectra were taken on a Varian EA-L100
or F3=-220 Spectrometer in standard thin walled nmr tubes.
Chemical shifts (7) are reported in parts per million (ppm)
downfield from tetramethylsilane (TMS 7°10.0) using internal
CH,Cl, as a secondary standard, set at 7 4.70.

Low temperature spectra were recorded on a Varian
HA-100 Spectrometer equipped with a variable-temperature vrobe.
Probe temperature was measured with a methanol sample utllizing
the temperature dependence of the hydroxyl proton chemical
shift. The separation between hydroxyl and methyl resonances
had been previously correlated with temperatureLl7. Reprod-
ucibility of temperature readings was 129 and spectra were
recorded in the temperature range -20° to -80°.

In all cases the nnr spectra were recorded several
times and the chemical shifts had a reproducibility of t0.07 Ez.

For each protonation a fresh vial was opened and the
acid transferred by means of a capillary dropper. Care was
taken to ensure that the acid 4id not come into contact with
the air for any extended period since it readily hydrolyzes
to HF and HZSOU' Lot

Simulated spectra (‘were obtained using a LAOCN III
nmr program. The program has the capability of generating

a table of frequencies and intensitles of the lines expected
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in the nmr spectrum from an arbitrarily chosen set of chemical
shifts and coupling constants. The program can also cause
the computor to perform an iterative calculation by means of
which the calculated frequencies of assigned lines are brought
as close as possible (by the least squares criterium ) to the
corresponding observed lines in the actual nmr spectrum. The
chemical shifts and coupling constants which yield the best
fit are then printed out together with the expected errors in
them. Tables of observed and calculated line frequencies,
calculated intensities and errors in fitting the frequencies
of observed lines are glso printed out.

The calculated line frequencies and intensities are
then used in conjunction with a plotting programl18 from which
the simulated spectra were obtained. In all cases the maximum
error in chemiéal shifts and coupling constants was *0.05 Hz.

Methylene Chloride

Fisher reagent grade methylene chloride (CH2012)
was dried over anhydrous potassium hydroxide (XOH) pellets
and used without further purification. Deuterated methylene
chloride (CD2012) was taken directly from the glass ampoules

as supplied in 1 ml quantities from Merck-Sharpe and Dohme.

Carbon Tetrachloride

‘Mallinckrodt\analytical reagent grade carbon tetra-
chloride (CClu) was distilled through a Vigreaux column and
the middle third taken and stored in glass stoppered bottles
over KOH pellets. This was used for the nmr spectfa without

further purification.
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Infrared Spectra

Infrared spectra were recorded on a Perkin-~Elmer
Model 521 grating spectrometer, normally as 10-15% solutions
in carbon tetrachloride (CCLQ) although some were recorded as

potassium bromide (KBr) discs.

Mags Spectra

Mass spectra were recorded on a CEC 21-1108 high

resolution mass spectrometer.

Melting Foints

Melting points were determined using a Kofler Hot-

stage thermopan and are uncorrected.

GENERATICN, OBSERVATION AND QUENCHING OF CATIONS

Fluorosulfuric acid (FSOBH) was obtained commercially
from Allied Chemical in 2 1b. glass bottles. The acid was
distilled from sodium fluoride (NaF) through an eight inch
Vigreaux column into a nitrogen filled round bottom
flask from which it was transferred to clean oven dried glass
ampoules in approximately 1 ml quantities. No grease was used
on the joints, since this is rapidly attacked by the FSOBH.
In a typical distillation 75 ml FSOBH wag distilled from 1.0 g«
of Na¥ discarding the first 15-20 ml. The next 30-35 ml were
collected in three flasks and transferred to the ampoules.
The residual 20-25 ml was discarded by quenching slowly in

water.
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Protonations

Lecause of their relatively high stability, protonated
ketones are more easily prepared than carbonium ions. 1In
general Method A was used to prepare the protonated ketones
and Method B for the preparation of carbonium ions.

Method A

A clean, dry, thin walled nmr tube is held in a one-
holed clamved rubber stopper and 1is flushed with nitrogen.
The nitrogen initially enters the nmr tube near the bottom
by placing the capillary tube near the base of the nmr tube.
After a few minutes the flow of nitrogen is reduced and the
capillary tube placed so that the lower extremity of the
capillary tube is approximately one-third from the top of the
nmr tube. Approximately 0.5 ml of FSOBH is then transferred
to the nmr tube by capillary dropper from a fresnly opened
amnpoule. Care is taken to ensure no acid.is left on the side
of the nmr tube, The nmr tube is now immersed into a small
Dewar of dry ice acetone (—780).

The precursor ketone (20-25 mg) is dissolved in ca
0.3 ml CZZCL2 (CDZCIZ) and the solution transferred to the
cooled nmr tube containing the acid via caplllary dropper.

Some cooling of the CH2C12 solution 1s obtained by allowing
the golution to run down the side of the nmr tube.

An homogeneous mixture of protonated ketone is obtained
layer and FSC

by mixing the CHZCI 3H layer using a thin pyrex

2
rod (L.5 mm). The pyrex rod is precooled by quickly

immersing it in liquid nitrozen before mixing. The nmr
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gsolution 1s allowed to settle at which time a pale yellow
acid layer is observed in the lower section of the nmr tube
with a colourless CH2012 Llayer above it. The nmr tube con-
taining the protonated ketone is then removed from the one-
holed rubber stopper, capped and placed in a Dewar containing
liquid nitrogen. Prior to being placed in the precooled nor
probe the nmr tube is dipped in a Dewar containing dry ice -
acetone and the acetone on the outside removed by using a
tissue. The nmr spectra are then recorded after slowly warming
the nmr probe to the desired temperature.

Method B

A clean dry thin walled nmr tube is held in a one-

hole clamped rubber stopper and is flushed with nitrogen. The
nitrogen initially enters the nmr tube near the bottom by
placing the capillary tube near the base of the nmr tube.
After a few minutes the flow of nitrogen is reduced and the
capillary tube placed so that the lower extremity of the
capillary tube is approximately one-third from the top of the
nmr tube. The nmr tube is then transferred to a Dewar con-
taining dry ice acetone and SO02ClF ( 0.6 ml )
slowly distilled intc the base of the cooled nmr tube directly
from a lecture bottle. The amount of SOZCIF is controlled
by allowing the level to reach a precalibrated mark on the
nmr tube, FSOBH (0.2 ml) 1is now placed inﬁo the nmr tube via
a capillary dropper and the SOZClF and FSOBH completely mixed

using a l.5 mm pyrex glass rod. The solution is allowed to

settle and the nmr tube then transferred to a petroleum ether



L19

nitrogen bath (ca -120°). Approximately 0.1 ml of CH,Cl,
(CD2012) is then placed on top of the SOZCLF—FSO3H layer.

The precursor alcohol is dissolved in CH2C12 (CDxCLy)
(ca 0.2 ml) and the solution slowly transferred to the
cooled nmr tube containing the acid solution. If the
alcohol—CH2012 solution freezes out on the side of the nmr
tube,the tube is raised and warmed by placing a finger on
the frozen section until solution occurs. The CH,Cl, (CD2012)
layer serves the purpose of ensuring the alcohol is cooled
to gome degree so that a clean protonation is obtained.

The acid solvent system is now mixed using a 1.5 mm
pyrex zlass rod which is precooled by dipping it in liquid
nitrogen. In most protonations an orange-red homogeneous
solution is obtained because the SO,CIF renders the CHyCL,
(CDZCIZ) soluble in the acid layer. No spectral differences
are apparent due to the presence of the CH2012 (CD2012) in
the acid solvent system. The nmr tube is now removed from

the one~holed rubber gstopped, capped and then placed in the

precooled nmr probe.

Quenchirg of Cations

Frotonated ketones are best quenched ih ether-sodium
bicarktonate (EtZO-HCOB") glurries at —780, while carboniun
iong are best cuenched in methanol sodium methoxide (MeOH-
1a0CH;) solutions at -78°.

The quench procedure used in this work involved
adding the acid solution via a cooled (—780) capillary dropper

to the stirring quench media. Typlically, NaH003 (5 g) was
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added to ether (15 ml) in a 50 ml Erlenmeyer flask. The
contents of the flask were cooled in a dry ice acetone bath
and the contents stirred rapidly by means of a magnetic stir
var. The contents of the nmr tube were taken up in a éapillary
tube which had the top reservoir cooled by Jjacketing the tube
with dry ice. The contents of the capillary tube were added
slowly to the cooled, stirring quench media. At the com-
pPletion of the quench the Erlenmeyer flask was removed from
the dry ice acetone bath and allowed to warm to room temp~
erature. The ether was then decanted into a separating funnel
containing water (25 ml). The NeHCO4 was washed three times
with L5 ml of ether and the combined ether extracts washed
with water until the water was neutral to litmus paper (ca
three 15 ml washes). The ether was then removed and dried over
anhydrous KZCOB. The ether was decanted from the K2003 layer
into a 100 ml round-bottom flask and the ether rémoved in
vacuo., The nmr spectra of the residue was identical to the
original ketones.

| For carbonium ions the cooled acid solution was added
slowly to a solution containing NaOCH3 (5 8) in 15 ml of
CHBOH at —780 using an identical procedure. The quench
golution was then poured into a separating funnel containing
water (20 ml). The aqueous methanol layer was extracted with
three lots of ether (25 ml) and the combined ether layers
Washed with water until neutral to litmus (ca three 15 ml
washes). The ether was removed and dried over anhydrous K2C03~

The dried ether layer was decanted from the K2003 into a 100 ml
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round—bottom flagsk and the ether removed in vacuo. The nmr
spectra of the residue indicated the formation of the methoxy

ether.

SYNTHESIS

2,7-Dicarbomethoxy-4, 5-Benzotropone

| o-Phthalaldehyde (40 g), dimethyl-3-oxoglutarate (52.4 g),
glacial acetic acid (1l ml) and piperidine (1 ml) were heated
in benzene (600 ml) in a 1 litre 3-neck flask fitted with a
stirrer and a Dean and Stark water take-off. The mixture was -
refluxed (80-85°) for 20 hr and then cooled in an ice bath.
The resulting crystals were filtered, washed with cold benzene
(two 50 ml portions) and dried in a dessicator under vacuum.
The resulting white crystalline product(36.7 g; 45%) with the
identical properties to that preViously reportedl;gzv

mp 183.5-184.5%; nmr (CDC1,) 7 1.82 (s,2,vinyl H), 2.14-2.36
(m,4,ArH), 6.05 (5,3,OCH3)-

The material was used directly in the next stage.

2,7-Dicarboethoxy=~4, 5-RBenzotropone

‘o-Phthalaldehyde (21.5 g), diethyl-3-oxoglutarate (32.5 g)
glécial acetic acid (0.75 ml) and piperidiné (0.75 ml) were
heated in benzene (500 ml) in a 1 litre 3-neck flask fitted
with a stirrer and a Dean and Stark water take-off. The iixture
‘was refluxed (80-850) for 15 hr and then cooled in an ice bath.
The resulting crystals were filtered, washed with cold benzene

(two 50 ml portions) and dried in a desicator under vacuum.
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The resulting white crystélline product (47.3 g; 595)_was
identical to that previously reported119: mp 94-950; nmr
(CDC13) 71.93 (s,2,vinyl H), 2.12-2.34 (m,4,ArH), 5.63
(a,2,CHy), 8.53 (t,3,CHs).

The material was used directly in the next stage.

2,7-Dicarboxylic Acid-4,5-Benzotropone

2,7-Dicarbomethoxy-4, 5-benzotropone (36 g) or
(2,7-dicarboethoxy-4, 5-benzotropone) was heated in 20%
sulfuric acid (400 ml) in a 1 litre 2-neck flask fitted with
a gstirrer and reflux condenser. The mixture was refluxed
(L00-110°) with stirring for 12 hr and then cooled to room
temperature. The resulting crystals were filtered off,
washed twice with water (two 50 ml portions) and dried. The
resulting pale yellow powder (36.7; 94%) was identical to
that previously reportedngz mp 210-2150.

This material was used directly in the next stage.

L, 5-Benzotropone (110)

2,7-Dicarboxylic acid-4,5-benzotropone (20.0 g) and

0.5% hydrochloric acid (300 ml) were heated in a Parr bomb at
200-210° for 5 hr « The bomb was cooled to room temperature
and the pressure released. The bomb contents were poured into
a 1l litre separating funnel and the dark brown oil separated
from the agueous layer. The aqueous layer was extracted with
ether (three 50 ml portions) and the combined ether extracts
and oi’l washed initially with 15% sodium bicarbonate (two 15 ml

portions), and then with a saturated sodium chloride solution
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(one 20 ml portion). The ether extract was dried over

potassium carbonate, and the ether was removed in wvacuo.

The pale brown solid was taken up in boiling heptane and
recrystallized to give pale yellow crystals (1l.2 g3 874%)
which were identical to that previously reportedllgz ,

mp. 66.5-67.0%; nmr. (CCLy,) 7 2.36-2.58 (m,4,ATE), 2.73
(dt,2,vinyl H J=12.5 Hz, l.2Hz) 3.40 (dt,2,vinyl H, J=12.5 Hz,

1.2 Hz); ir.(KBr) 3015 1620 1580 1410 1289 857 (broad) 764 cm-l.

Reaction of 4,5-Renzotronone (110) with Diazomethane in Zther

4, 5-Benzotropone (l.56 g3 0.01 mole) and ten fold excess
of diazomethane in ether (15 ml containing 38% CHzﬁz) were
reacted in a stoppered 50 ml round bottom flask at 0° for
eight days. The reaction mixture was then placed on a steam
bath to discharge the unreacted diazomethane and ether. The
pale yellow, 0ily residue was taken up in carpon tetrachloride
and the spectral analysis (ir and nmr) indicated the only

product present was the original 4, 5-benzotropone (110).

Reaction of 4,5-Benzotrovone (110) with Phenyl Mercuric

Trichloromethane

L, 5-Benzotropone (500 mg, 0.003 mole), phenyl meruric
trichloromethane99 (3.97 g, 0.01 mole) and benzene (20 ml)
were placed in a three-neck 50 ml round bottom flask fitted
with a condenser and nitrogen inlet. The mixture was heated
at 80-85° with stirring for 48 hr . The reaction was cooled

and the precipitate of phenyl mercuric chloride filtered off

and wWashed with benzene (5 ml portion). The filtrate and
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washings were evaporated to dryness in vacuo and the brown oily
residue examined by nmr. The nmr spectrum indicated the
presence of 4,5-benzotropone and some unreacted phenyl mercuric
trichloromethane. Thin layer chromotography (solvent, Ll:l::
ether:petroleum ether) indicated the presence of an unidentified
product. Infrared examination of this product»showed the

absence of a carbonyl function.

Reaction of 4,5-Benzotropone (110) with the Simmons-Smith

Reagent

The zinc-copper couple was prevared according to the
procedure of Simmons and Smith91. British Drug Houses' reagent
grade granular zinc (20 mesh) was used in the preparation of
the Zn/Cu couple. Nethylene iodide (Matheson, Coleman and Bell)
was distilled at 70-7100, 10 Torr pressure just prior to use.
zn/Cu couple (0.13 g) and anhydrous ether (20 ml) were placed
into a dried two-neck 50 ml round bottom flask, fitted with a
condenser and a calcium chloride drying tube. A serum cap was
fitted in the other neck. A small crystal of iodine was added
to the reaction mixture and the reaction stirred with a magnetic
stir bar until the colour had disappeared. A nixture of methyl-
ene iodide (0.53 g) and 4,5-benzotropone (0.30 g) in anhydrous
ether (5 ml) was added in one portion using a syringe. The
mixture was refluxed for 48 hrs and then cooled to room temp=-
erature. The reaction mixture was filtered and the filtrate
poured into aqueous ammonium hydroxide (10 ml). The agueous

layer was extracted with ether (three 25 ml portions) and the
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combined ether extracts were dried over potassium carbonate and
the ether removed Ep vacuo. The pale yellow oily residue was
examined by nmr and the nmr spectrum indicated only the

presence of the original 4, 5-benzotropone.

7-Hydroxy-3,4-Benzocycloheptatriene

4, 5-Benzotropone (0.5 g) and anhydrous ether (25.ml)
were placed in a one~neck 50 ml round bottom flask fitted with
a reflux condenser having a drying tube. Lithium aluminium
hydride (0.20 g) was added to the flask and the reaction
mixture stirred with a magnetic stir bar for 2 hr at OO. The
reaction mixtuie was then poured into an Erlenmeyer flask con-
taining 15 ml of a 10% solution of sodium potassium tartrate.
The ether layer was decanted from the aqueous layer and the
aqueous layer extracted with ether (three 20 ml lots). The
combined ether extracts were dried over potassium carbonate

LL9

and the ether removed in vacuo : nmr (CSZ) 3.04-3.26 (m,4,

ATYE), 3.95 (dd,2,vinyl H, J=10.0 Hz and 1.0 Hz) 4.58 (d4,2,
vinyl ¥, J=10.0 Ez and 2.0 Hz) 6.03 (m,l, «~H) 6.55 (d,1,0H,
J=2¢5 HZ).

This material was used directly in the next stage

without further »urification.

Reaction of 7-Hydroxy-3,4-Henzocycloheptatriene with the

Simmons-Smith Reagent

The procedure used was identical to that used for the
reaction of 4,5-benzotropone. 2Zn/Cu couple (0.13 g),

anhydrous ether (20 ml) were vplaced into a dried two-neck
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50 ml round bottom flask, fitted with a condenser and calcium
chloride drying tube. A serum cap was fitted in the other neck.
A small crystal of lodine was added to the reactlion mixture
and the reaction stirred with a magnetic stir bar until the
colour had disappeared. A mixture of methylene iodide (0.53 g)
and 7-hydroxy-3,4-benzocycloheptatriene (0.30 g) in anhydrous
ether (5 ml) was added in one portion using a syringe. The
mixture was refluxed for 48 hr and then cooled to room temperature.
The reaction mixture was poured into aqueous ammonium hydroxide
(10 ml1l) and extracted with ether (three 25 ml portions). The
combined ether extradts were dried over potassium carbonate
and the ether removed in vacuo. The nmr spectrum of the residue
indicated only the presence of the original alcohol.

The procedure was repeated using various methods to
prepare the Zn/Cu couple. 1In all cases only the starting

alcohol was found in the reaction mixture.

Reaction of 4,5-Benzotropone (110) with Ethylene Glycol

Into a two-neck 250 ml fiask fitted with a reflux
condenser having a partial take-off head was placed ethylene
glycol (50 ml), vreviously dried over molecular sieve,

4, 5-benzotronone (0.5 g) and p-toluenesulfonic acid (50 mg).
The reaction mixture was refluxed at 140-1450 and 85 torr
nregcure. The ethylene glycol was removed at the rate of 20 ml
per hr uvntil 35 ol of the ethylene glycol had been distilled

offs. The residue in the flask wag cooled to room temperature

and poured into a 54 sodium hydroxide in methanol solution (L0 ml)
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and the aqueous layer extracted with ether (four 25 ml lots).
The combined ether layers were dried over potassium carbonate

and the ether removed in vacuo. The nmr spectrum of the

reaction product showed the presence of 20% of the ethylene
ketal of 4,5-benzotropone 125: nmr (0014) 7 2.57-2.79 (m,4,
ArH), 3.38 (dt,2,vinyl H), 4.15 (dt,2,vinyl H), 6.15 (s,&,

ethylene ketal). The remalining 80% of the reaction product

was the original 4,5-benzotropone 110

1-Ethoxy-4, 5-Benzotropylium Fluoroborate Salt (130 )

I, 5-Benzotropone (1l0.5 g) was dissolved in methylene
chloride (10 ml) and the resulting solution added to a solution
of triethyloxonium fluoroborate (18.1 g)120 in methylene chloride
(40 ml). The solution was left standing at 50 for 30 hr at
which time pale yellow crystals were observed in the bottom of
the flask. The solution was filtered and the crystals washed
with cold methylene chloride (two 2 ml lots). The pale yellow
crystals (18.3g; 95%) were dried under vacuum and used in the
next stage without further purification: nmr ((CDB)ZCO)

rOo.4l (dt,2,vinyl H, J=12.0 Hz and 1.0 Hz), 1.06-1.46 (m,%4,
ArH), 1l.55 (dt,2,vinyl H, J=12.0 Hz and 1.0 Hz), 4.86 (q,2,
CH,, J=6.5 Hz), 1.78 (%,3,CHg, J=6.5 Hz). Anal: Calcd for
013H13OBF4: Cy 57.393 H, 4.82. Found: C, 57.1l5; H, 4.78.

L, 5-RBenzotropone Ethylene Ketal (125)

1-Ethoxy-4, 5-benzotropylium fluoroborate (18.3 g) from
the previous stage was added to a solution prepared by dissolv-

ing sodium (15.5 g) in ethylene glycol (150 ml) and the mixture
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stiried at 65O for 8 hr under nitrogen. The reaction mixture
was cooled to room temperature and poured into water (300 ml).
The aqueous layer was extracted with ether (four 75 ml portions)
and the combined ether extractswashed with water until neutral
to litmus (ca five 25 ml washes). The ether layer was dried

over potassium carbonate and removed in vacuo. The desired

ketal (8.10 g; 91%) was used without further purification in

the next stage. A pure sample was obtained by column chroma-
tography using basic alumina (Fisher, activity 2.5), eluting

with 10% ether in petroleum ether (bﬁ‘ £ 40°): nmr. (CCly)

7 2.57-2.79 (m,4,ArH), 3.38 (dt,2,vinyl H, J= 1l.5 Hz and 1.5 HEz),
b.hs (dt,2,vinyl H, J=1l.5 Hz and 1.5 Hz), 6.15 (s,4,ethylene

ketal). Anal: Caled for C 05: C, 77.98; H, 6.04,

13712
Found: C, 77.7l; H, 5.98.

Reaction of 4,5-RBenzotropone Ethylene Ketal (125) and Phenyl

Mercuric Tribromomethane

L, 5-Benzotropone ethylene ketal (0.51l3 g) and phenyl '
mercuric tribromomethane99 (6.05 g) were heated in benzene (7.0 ml)
under nitrogen to 65-70o with stirring for 14 hr . The
reaction was cooled and the precipitate of phenyl mercuric
bromide filtered off and washed with cold benzene (two 5 ml

portions). ‘The filtrate and washings were evaporated in vacuo

and the oily residue was chromatographed on basic alumina
(Fisher, activity 2-3). Eluting with 5% chloroform —
petroleum ether (bpx(hoo) gave initially some unreacted phenyl

mercuric tribromomethane and then the mono-dibromo adduct 131
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(267 mg) nmr (CDCIB) 7 2.40-2.90 (m,4,ArH), 3.70 (d,1,vinyl H
J=12.5 Hz), 4.73 (dd4,1l,vinyl H J=12.5 Hz and 2.0 Hz), 5.77-
6.20 (m,4, ethylene ketal), 6.75 (d,1, cyclopropyl H J=12.0 Hz),
7.17 (dd,1, cyclopropyl H J=12.0 Hz and 2.0 Hz) and a mixture
of 132 and 133 (120 mg). These could be partially separated

by repeated chrbmatography on basic alumina.

Cis bis dibromo adduct 132 : nmr.(CD013) v 2.40-2.60 (m,4,

ATE), 5.04 (t,2, ethylene ketal J=5.0 Hz), 6.24 (t,2, ethylene
ketal J=5.0 Hz), 7.02 (4,2, cyclopropyl H J=12.0 Hz) 7.32
(d,2, cyclopropyl H J=12.0 Hz).

Trans bis dibromo adduct 133 : nmr.(CDClB) 7 2.50 (s,4,ArH),

5.70 (s,4, ethylene ketal), 6.78 (4,2, cyclopropyl H J=12.0 Ez),
7.35 (4,2, cyclopropyl H J=12.0 Hz).

Reaction of 4,5-Renzotropone Ethylene Ketal (125) and Phenyl

Yercuric Trichloromethane

L, 5-Benzotropone ethylene ketal (2.0 g) and phenyl
mercuric trichlorométhane99 (7.9L g) were heated in benzene
(25 ml) under nitrogen to 90-920 with stirring for 96 hr .
The reaction was cooled and additional phenyl mercuric
trichloromethane (7.91 g) was added to the reaction mixture.
The reaction mixture was heated at 90-92O for a further 76
hr with stirring. The reaction was cooled and the preclipitate
of phenyl mercuric chloride filtered off and washed with cold
benzene (two 10 ml portions). The filtrate and washings were

evaporated in vacuo and the oily residue was chromatographed
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on basic alumina (Fisher, activity 2-3). Eluting with 5%
chloroform in petroleum ether (bp <& 40°) gave initially some
unreacted phenyl mercuric trichloromethane and then the cis-
bis-dichloro adduct 135 (240 mg). Further elution gave the
trans-bis-dichloro adduct 136 (1.25 g) followed by the mono
dichloro adduct %2& (450 mg). The chromatographed fractions
were recrystallized from methylene chloride to give pure
samples.

Yono dichloro adduct 134% : mp L13.5-114.5°; nmr (CDCLB)

rY2.55-2.95 (m,4,ArH), 3.72 (4,1, vinyl H J=12.5 Hz), 4.38

(dd, L, vinyl B J=12.5 Hz and 2.5 Hz), 5.73-6.42 (m,4, ethylene

ketal), 6.90 (d,1, cyclopropyl H J=12.0 Hz), 7.30 (44,1,
cyclopronyl H J=12.0 Hz and 2.5 Bz). Anal: Calcd for
)

\
Pi?},

Cig bis dichloro adduct 135 : mp L84-185°: nmr (CDCL

5
T 2.52-2.80 (m,4,ArHE), 6.00 (t,2, ethylene ketal J=6.0
6.39 (t,2, ethylene ketal J=6.0 Hz), 7.l5 (d,2, cyclonronyl E
J=12.0 Hz), 7.41 (4,2, cyclopropyl H J=12.0 Hz). Ahpnat: Calcd
for C15y1202014 : C, 49.22; H, 3.30. Found: C, 49.28;
Hy 3.27.
Trans bis dichloro adduct 136 : mp 136-L35O; nmr (CDCLB)
T 2.66 (=,4,ATH), 5.88 (s,4, ethylene ketal), 7.08 (4,2,

cyclopropyl B J=12.5 Bz), 7.44 (4,2, cyclopropyl H J=12.5 4z)

aral: Calcd for CLSHLzoZCLM : C, 49,223 F, 3.30. Found:

C, 49.023 H, 3.25.
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Trans=-4, 5~Benzo-2,3:6,7~-Bishomotropone Ethylene

Ketal (L38)

In a three neck 50 ml round bottom flask fitted with
a condenser having a drying tube, nitrogen inlet and serum
cap was placed anhydrous tetrahydrofuran (22 ml), sodium
chips (L.5 g) and t-butanol (3.3 ml). To the reflurinz cixture

was added a solution of trans bis dichloro adduct &gé' (0.880 g3

in tetrahydrofuran (5 ml) using a syringe. The reaction
mixture was refluxed with stirring for 7 hr usinzg a magnetic
stir bar and then cooled to room temperature. The cooled
reaction mixture was decanted from the sodium chips and poured
into ice water (20 ml). The aqueous layer was extracted with
ether (four 20 ml portions) and the combined ether extracts
washed with water until neutral to litnmus (gg five L5 ml
portions). The ether extracts were dried over anhydrous

notassium carbonate and the ether removed in vacuo to lLeave

a pale yellow olly residue (285 mg, 52%). The product was
used without further vurification in the next stage. An
analytical sample was obtained by column chromatography using
basic alumina (Fisher, activity 2-3) eluting with petroleum
ether (bp < 40%): nmr (CCly) 7 2.86-3.12 (m,4,ATH), 6.13-6.32
(m,4, ethylene ketal), 8.09-8.34 (m,2, cyclopropyl H), &.54-
9.14 (m,6, cyclopropyl H). Anal: Calecd for CLSHL602 : C,

76.92; H, 7.07. Found: C, 79.02, H, 7.L5.
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Cis-4,5-BRenzo-2,3:6,7-Bishomotropone Ethylene

Ketal (L137)

The identical procedure was used for the cis bis

dichloro adduct 135 as the trans bis dichloro adduct. Thus,

cis bis dichloro adduct (540 mg) gave a clear oily product

( 175 mg, 54%) which was used in the next stage without
further »urification. An analytical sample was obtained by
column chromatography using basic alumina (Fisher, activity
2=-3) eluting with petroleum ether (bp < uoo): mp 66-67°

nmr (CCLQ) 7 2.64-3,00 (m,4,ArH), 6.05-6.37 (m,4, ethylene
ketal), 7.91-8.29 (m,4, cyclopropyl E), 8.88-9.10 (m,2,
cyclopropyl H, 9.19-9.29 (m,2, cyclopropyl H). Anal: Calcd
for CI5HL602 : C, 78.923 H, 7.07. Found: C, 78.663; B, 7.06.

Trans-5,5,9,9-Tetradeutero-4, 5-RBenzo-2,3:6,7-Bishomotropone

Ethylene Ketal (138-D)

The same procedure as that used for the preparation
of Egggs-h,5-benzo-2,3:6,7—bishomotropone ethylene ketal was
uged except t-butanol-0D wasg usged instead of t-butanol. Thus,
bis dichloro adduct (760 mg) gave a pale yellow oily product
(325 mg, 72%). 'This product was used directly in the nsxt
stage without further purification : nmr (CCLu) 7 2.85=-3.10
(my4,A7H), €.15-6.35 (m,4, ethylene ketal); 8.15 (t,4,

cyclLopropyl H J=8.0 Hz).

Cis-8,8,9,9-Tetradeutero-4, 5-Benzo-2,3:6,7-Rishomotropone

Ethylene Ketal (137-D)

The game procedure as that used for the preparation of
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the glg-u,5—benzo—2,3:6,7-biéh0motropone ethylene ketal was
uged except t-butanol-0D was used instead of t-buﬁanol. Thus,
cis bis dichloro adduct (345 mg) gave a pale yellow oily
product (125 mg, 57#). This product was directly used. in the
next stage without further purification : nmr (CCly) 7 2.6k-
3.00 (m,4,ArHE), 6.09-6.40 (m,4, ethylene ketal), €.10 (t,4,

cyclopropyl ¥ J=3.0 Hz).

Trans-4, 5-Benzo-2,3:6,7-Bishomotropone (112)

Trans-4,5-benzo=2,3:6,7-bishomotropone ethylene ketal
(340 mz) was dissolved in 20% aqueous dioxane (7 ml). 0.5k
aqueous nhydrochloric acid (0.1 ml) was added to the reaction
mixture and the solution stirred with a magnetic stir bar at
room temperature for 5 hr . The agueous phase was extracted
with ether (three 15 ml portions) and the combined ether
~extracts washed with water (two 5 ml portions). The ether
layer was dried over potassium carbonate and the ether re-

moved in vacuo, to leave a pale yellow oil (245 mgj; 90%).

Chromatography using neutral alumina (Figsher, activity 2) and
ether-vnetroleum ether (l:L) gave a colourless solid. An

, . : . - . L, 0
analytical sample was obtained by sublimation : mp 90-91

nmr (CCL,) 7 2.7L=3.0L (m,4,ArE), 7.80 (m,2, cyclopropyl ¥),

)
L
7.97 (m,2, cyclopronpylL H), &.41 (m,2, cyclopropyl H), €.73

(r,2, cyclonronyl H). Coupling constants : Jgem = 4,92 uz;

= 3,57 g3 = 5,96 Hz., Mass spectrum (70 eV)

Jcis Jtrans
m/e 184. Infrared : V=0 1598 cm'L. Anal: Calcd for : CLBHLZO

¢, 84.75; H, 6.56. Found: C, 85.00; E, 6.65.
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Trans-8,8,9,9—Tetradeutero-4,5-Benzo-2,3:6,?3gishomotropone

(L12-D)

The procedure used was ildentical to that used for the

preparation of trans-4,5-benzo-2,3:6,7-bishomotropone. The

sample wWas purified by chromatography using neutral alumina
(Fisher, activity 2) and ether-petroleum ether (l:l). The
sample wWas used for protonation without further purification :
nmr (CCly) 7 2.71-3.01 (m,4,ArH), 7.80 (d,2, cyclopronyl H),
7.97 (4,2, cyclopropyl H. Coupling constant : J23 = J67 =
9.59 Hz. '

Cis-4,5-Benzo=2,3:6,7-Bishomotropone (Lll)

gl§-4,5-benzo-2,3:6,7-bishomotropone ethylene ketal
(150 mg) was dissolved in 20% aqueous acetone (4 ml). 0.5%
aqueous hydrochloric acid (0.l ml) was added to the reaction
mixture and the solution stirred for 5 hf « The aqueous
phase was extracted with ether (three 15 ml portions) and
the combined ether extracts washed with water (two 5 ml
nvortions). The ether layer was dried over potassium carbonate

and the ether removed in vacuo to give a pale yellow oil (70 mg,

60%). The nmr spectrum of this product was identical to that
obtained by the reaction of dimethyloxosulfonium methylide and

4, 5-benzotropone.

- & ,5-Benzo-2,3-Bomotropone (124)

The dimethyloxosulfonium methylide ylid was prempared

oL

using essentially Corey's procedure”’ . Sodium hydride,
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50% w/w dispersion in oil (0.616 g) was placed in a dry
three neck 50 ml round bottom flask fitted with a nitrogen
inlet, 60 ml dropping funnel and stopper. 15 ml of distilled
petroleum ether (bp £ uoo) was pipetted into the flask and
the mixture rapidly stirred with a magnetic stir bar. The

stirring was stopped after ca 5 min and the sodium hydricde

allowed to settle. The petroleum ethexr was then pipetted
from the flask. This procedure was repeated two more times.
After the last wash the remalning petroleum ether was removed

in vacuo using a water aspirator. The vacuum was then

removed and a stendy stream of nitrogen allowed to pass
througn the flask while trimethyloxosulfonium iodide

(2.55 g) was added to the remaining sodium hydride. The two
solids were intimately mixed using a magnetic stir bar. The
flask was then placed in an ice-bath and dimethylsulfoxide
(L0 ml) added dropwise to the stirring mixture. After all
the dimethylsulfoxide had been added the ice-bath was removed
and the mixture allowed to stir at room temperature for 1 nhr.
Fenzotropone (2.0 g) in dimethylsulfoxide (7 ml) was added,
with stirring, dropwise to the reaction miiture. After all
the benzotrecpone had been added the reaction was allowed to
stir at room temperature for 20 hr and then at 500 for 3 hr.
The reaction mixture was cooled and poured into water (25 ml).
'he agueous phase was extracted with ether (three 25 nl
nortions) angd the combined ether extracts washed with water

(ca three L5 ml portions) and dried over potassium carbonate.
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The ether was removed in vacuo to give a pale yellow golid

(L.94 g: 85%)., The crude product was purified by column
chromatogranhy using neutral alumina (Fisher, activity 2)
eluting with ether. This product had the same spectral

59 0
properties as previously reported : mp 50-81 nmr (CCL4)
72.56-2.84 (m,4,ArH), 3.27 (4, vinyl H,J=13.3 Hz), 4.13
(dd, L, vinyl H,J=L3.3 Hz and 1.0 Hz), 7.53 (m, 2, cyclovropyl
H), 8.20 (m,2, cyclopropyl H), 8.32 (m,2, cyclopropyl H).
cis = 6.95 Hz;
KBr) 1640 em” !, Mass spectrum

Coupling constants : J o = 4.37 Hzs3 J

ge Jtrans

$.92 Hz. Infrared : V=0 (

(70 ev) m/e L70.

8,B8-Dideutero=-4, 5-Renzo-2, 3-homotropone (124)

Dimethyloxosulfonium methylide-68 was prepared in
dimethylsulfoxide-d6 (8 ml) as previously described above from
sodium hydride, 50% w/w dispersion in oil (0.616 g) and
trimethyloxosuLfonium-d9 iodide (2.90 g). Benzotropone (2.00 g)
in dimethylsulfoxide-d6 (5 ml) was added to the stirring ylid
solution and the reaction left at room temperature for 20 hr
and then at 500 for 3 hr. The cooled reaction mixture was
poured in deuterium oxide (15 ml) and the aqueous layer
extracted with ether (three 25 ml portions). The combined
ether extracts were washed with deuterium oxide (three 7 ml
portions) and the ether dried over potassium carbonate. The
ether was removed {2 vacuo to leave a pale yellow solid
(Le75 g: 78%)s The crude product was purified by column

chromatography using neutral alumina (Fisher, activity 2) :
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nmr (CCL,) 7 2.57-2.84 (m,b,ArH), 3.27 (4,1, vinyl &,
J=13.3 Hz), 4.13 (44, 1, vinyl E,J=13.3 Hz and 1.0 Hz), 7.53
(bs,2, cyclopropyl H).

Cis~4,5-Benzo-2,3:6,7=-Bishomotropone (111)

Dimethyloxosulfonium methylide was prepared from
sodium hydride, 50% w/w dispersion in oil (2.46 g) and
trimethyloxosulfonium iodide (11.6 g) in dimethylsulfokide
(35 ml). To the stirring ylid solution was added a solution
of benzotropone (4.00 g) in dimethylsulfoxide (& ml) and the
reaction mixture heated at 550 for 6 hr. The cooled reaction
mixture was poured into water (50 ml) and the aqueous phase
extracted with ether (four 25 ml portions). The combined
ether extracts were washed with water (ca four 20 ml portions)
until neutral to litmus and dried over potassium carbonate.

‘’he ether was repoved in vacuo to leave a brown oily residue.

Chromatographic separation on neutral alumina (Fisher,

activity 2) eluting with a 10% petroleum ether - ether mixture
zave the cis-4,5-benzo-2,3:6,7-bishomotropone (0.615 g: L&)
L1l. Further elution with ether gave 4, 5-benzo-2,3-homotropone

124 (2.53 g3 52%).

Cis-4,5-fenzo-2,3:6,7-Bishomotronone (LLL) : mp 63.5-64,5°

nmr (CCly) 7 2.71-3.01 (m,4,ArH), 7.39 (m,2, cyclopropyl £)

P 'Y

7.3 (m,2, cyclopropyl H), 8.84 (m,2, cyclopropyl H), 8.96
(ny2, cyclopropyl H). Coupling Constants : Jgem = 5.0l Hzy

Jose = 7.67 Ez; Ttrans = 6.0l Ez. Infrared : Vie=o (KBT)
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L722 cm“L. Mass spectrum (70 ev) m/e L84, Anal: Caled for

CLBHLZO : C, 84.753 H, 6.56. Found: C, 84.77; H, 6.56.

Cis-B,849L9~Tetradeutego-4,5—Benzo—213:6,Z-Bishomotropone

(L11-D)

The same procedure was followed as in the preparation
of cis-4,5-benzo-2,3:6,7-bishomotropone except the dimethyl-
oxosulfonium methylide—d8 was prepared from sodium hydride,
50% w/w dispersion in oil (2.46 g)‘and trimethyloxosulfeonium

1odide—d9 (1l.7g) in dimethylsulfoxide-d, (20 mi). The crude

6
product was purified by column chromatography using neutral
alumina (Fisher, activity 2) :

Cis=8,8,9,9-Tetradeutero~4,5-Benzo-2,3:6,7-Bishomotropone (1l1l1-D)

nor (CCLQ) 7 2.71-3.01 (m,4,ArHE), 7.39 (4,2, cyclopropyl E
J=10.05 ¥z), 7.83 (4,2, cyclopropyl B J=10.05 ¥z).

Trans-?-Hydrogg-Z,3-Benzotricyclo[§.l.0.0u’?] nonane (1i2-0F)

Trans-4, 5-benzo-2,3:6,7-bishomotropone (l00 mg) was
disso'lved in methanol (7 ml) and water (0.35 ml) added to the
solution. 7To the stirring solution was added sodium boro-
hydride (50 mg) over a L hr period. The solution was then
voiled for 5 min and poured into water (15 ml). The agueous
layer was extracted with ether (two L0 miL portions) and the
combined>ether extracts washed with ether (two 7 ml nortions).
'he ether layer was dried over potassium carbonate and the
gther removed Eg vacuo to leave a clear oil ¢ nmr (CDCL.)

_ 3
T2.57=2407 (m,4,arH), 6.18 (dd,l, HH J=6.5 Hz and L.0 z),
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7.33 (bs,L,0E), 7.81L=-9.81 (m,8, cyclopropyl H).

Trans~5,5,2L2—Tetradeutero—7-Hydroxy—2,B—BenzotricycLo

E. L.0.0u’ﬂ nonane (112-0H(D))

The same procedure was followed as in the reduction

)
3
r2.57-2.87 (m,4,ATrH), 7.85-8.24 (m,4, cyclopropyl H), ©6.16

of trans-4,5-benzo-2,3:6,7-bishomotropone : nmr (CDCL

(dd, L, «8), 7.l3 (bs,l,0H).

46]
Trans—Z—Deutero-'?-Hydroxy-Z,j-EenzotricycLo[6.l.0.0 e

nonane (L12-0H(& D))

Trans-4, 5-benzo-2,3:6,7-bishomotropone (75 mg) and
lithium aluminum deuteride (35 mg) were refluxed in ether (L5 ml)
for L hr. The reaction mixture was cooled and the excess
LiALDu slowly reacted by adding water (99 10 mi). Ether
(L5 ml) was added to the aqueous phase and the reaction mixture
stirred for ca L5 min, at which time the ether was decanted
from the gelatinous precipitate. This was repeated twice more,
The combined ether extracts were washed with water (10 ml)
and the ether layer dried over potassium carbonate. The ether

was removed in vacuo to leave a clear oil : nmr (CDCL

)

(W)

7 2.57-2.87 (m,4,ArH), 7.33 (bs,l,0E), 7.25-9.2L (m,E&,
cyclopropyl H).

Cis-7-Hydroxy-2,3—BenzotricycLo[g.L.0.0u’é] nonane (LLL1=-0H)

Cis~4, 5-benzo-2,3:6,7-bishomotropone (65 mg) was

dissolved in methanol (5.5 ml) and water (0.30 mi) added to
the methanolic solution. Sodium borohydride (45 mg) was added

to the stirring solution over a period of L hr. The solution
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was ©Boiled for ca 5 min and poured into water (15 ml). Zther
extraction yielded a clear oil : nmr (CDCLB) 7 2.56=-2.56
(my4,ATYH), 5.51 (t,l, ol H J=4.0 Hz), 7.98 (m,2, cyclopropyl H),
8.34 (my2, cyclopropyl H), 8.93 (m,2, cyclopropyl H), 9.27

(mny2, cyclopropyl H), 9.8l (bs,l,0H).

Cis=-5,5,9,9=-Tetradeutero-7-Hydroxy~2,3-Benzotricyclo
[6.1.0.04’6] nonane

The same procedure was followed as in the reduction of

\ -
LB’ 7 2.56

2.86 (m,4,arH), 5.51 (t,1,«H), 7.98 (4,2, cyclopropyl H),

cis=-4, 5-benzo~2,3:6,7-bishomotropone : nmr (CDC

G.34 (bd,2, cyclopropyl H).

Cis—Z-Deutero—?-Hydroxy-@;B-Benzotricyclo[é.L.0.04’6] nonane
(L1lL-0H (¢D))

1

The same procedure was followed as in the reduction of
trans-4, 5-venzo-2,3:6,7-bishomotropone using lithium aluminum
deuteride : nmr (CDCLB) 7 2.56-2.86 (m,4,ATH), 7.98 (m,2,
cyclopronyl #), 8.34 (m,2, cyclopropyl H), 6.93 (m,2, cyclo=-

propyl ¥), 9.27 (m,2, cyclowropyl #), 9.8L (bs,Ll,0H).

6 -Hydroxy-2,3-Benzobicyclo[5.1.0 Joct-4 ~ ene (124-0H)

L, 5-Benzo-2,3~-homotropone (800 mg) was dissolved in
methanol {35 ml) and water (2.0 ml) added to the solution,.
To the stirring solution was added sodium borohydride (200 mg)
over a 2 hr period. The solution was then boiled for 10 min
and pcoured into water (25 ml). The agueous phase was extracted
with ether (three 20 ml vortions) and the combined ether

extracts washed with water (two 20 ml nortions). The ether
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layer was dried over potassium carbonate and the ether removed

in vacuo to leave a white solid (690 mg: 86%). The spectral
N | 59

properties were identical to those previously reported” " :

mp 110-111° nmr (CDCLy) 7 2.75-3.06 (m,4,ArH), 3.75 (4,1,

vinyl H, J=12.2 Hz), 4.40 (4t,1, vinyl H, J=12.2 Hz, 2.5 Hz and
L.8& Hz), 5.12 (dd,L, L H, J=2.5 Hz and 2.0 Hz), 7.91 (m,l, cyclo-
propyl H), 8.04 (m,l1, cycloprOpyL‘H), 8.17 (m,1, cyclopropyl H),

9.07 (m,l, cyclopropyl H).

§J8-Dideutero-6—Hydroxy-2,B-BenzobicycLo[5.[.0100t-”-ene

{112-0E(D))

The same procedure was followed in the reduction of
8,8—dideutero-4,5-benzo—2,3-homotr0pone as was used for
b, 5-benzo-2,3~homotropone : namr (CDCLB) 7’2.?5-3f06 (m,4,ATH),
3.75 (d,1, vinyl H, J=12.2 Hz), 4.40 (4t,l, vinyl #, J=12.2 Hz,
2.5 Hz and 1.8 Hz), 5.12 (dd,l,oL H, J=2.5 Hz and 2.5 4z), 7.91
(dy1, cyclopropyl H, J=6.0 Hz), 8.04 (bt,l, cyclopropyl H,
J=8.0 Hz, 2.0 Hz and 1.8 Ez).

6-Deuter0-6—Hydroxy-2,3—BenzobicycLo[5.1.dLOCt-4—ene
{124-0H(et D))

4, 5-Benzo-2,3-homotropone (250 mg) and lithium

aluminum deuteride (50 mg) were refluxed in ether (25 ml) for

1 hr. The reaction mixture was cooled and the excess LiALDa

slowly reacted by adding water (20 ml). Ether (25 ml) was

added to the aqueous phase and the reaction mixture stirred

for 15 min at which time the ether was decanted from the

gelatinous precipitate. This was repeated twice more. The

combined ether extracts were washed with water (L0 ml) and

the ether layer dried over potassium carbonate. The ether
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was removed 1in vacuo to leave a white solid : nmr (CDCLQ)
-

72.75-3.,06 (m,4,ArH), 3.75 (d,Ll, vinyl # J=12.2 ®z), 4.40
(dd,L, vinyl H J=12.2 Hz and L.8 Hz), 7.9L (m,L, cyclopronyl ),

&.04 (m,l, cyclopropyl H), 8.17 (m,l, cyclopropyl H), 9.07

(myl, cyclopropyl ¥).

2,3-Zomotropone (383)

Thig procedure is eggentially the same as that used

Ty EoukL‘ . Trovone (l.06 g) and diazomethane (from 2.3 g of
diazaLd) were allowed to react in ether at 50‘for 6 days. The
ether wag removed in vacuo to give a pale yellow oil. Colunn
chromatography on neutral alumina (Fisher, activity 2) eluting

with ether gave pure 2,3-homotropone (135 mg3 1l4). The

e}
‘ . : . : o
spectral properties were identical to those previously revorted”

nmr (CCLQ) 7 3.50 (dd,l, vinyl H), 3.79 (dd,il, vinyl H), 4.19
(d,l, vinyl %), 4.32 (dd,1l, vinyl ), 7.65 (m,Ll, cyclopronoyl H),

€.19 (m,2, cyclopropyl H), €.50 (m,1l, cyclepropyl H).
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