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Abstract -Values of-AG® for the axiales equatorial conformational
equilibrivm of the chair form of S-substituted (2-8) and 4~substituted
(3-14) derivatives of benzocycloheptene were messured from their lH

and/or 13¢ mm spectra recorded under conditions of slow exchange
{T < 80°C). Strikingly differeat conforsational substituent effects are

noted in each series of compounds.

The results are compared with

equivalent energy parsseters published for analogous six-membered cyclic

derivatives and interpreted in

interactions.

Substituent effects

terms of steric and electrostatic
on 13¢ MR chemical shifts were

measured and are coampared to those reported for the cyclohexane ring.

As part of our continuing effort to
thoroughly define the conformational proper-
ties of seven membered ring systems and as a
sequel to a detafled study 1 reported some
time ago on the conformation of benzocyclo-
heptene (}]), we have prepared several 4- and
S-monosubstituted derivatives(2-14) snd stu-
died their conforwational features by n
and 13C dynamic NMR methods. 2

—
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X
10
11
2; X = 0CHy 3; X = OCH,
3 X-OCOCKJ 10 X-OCCC":,
4. X = OCOCF, 1 Xa=0TMs
5 X = QNS 12 x=0Q
§: x=0C1 13 x=04
75 X+ OM 14 x= CHy
§; X-CH3

Our interest in these compounds derived
in part from the fact that, contrary to the
vast amount of Information avsilable in the
literature on the conformational energy of
substituents on six-membered ring aylteu,3
very little attention had so far been given
to the determination of substituent energy
for seven-meabered cyclic compounds. Our
objective was therefore to measure the rela-
tive populations of equatorial and axial
chair conformers preseant at equilibrium for
these compounds and to cowpare them with
corresponding values already known for ana-
logous six-meabered cyclic molecules.
Compounds 2-8 are considered analogs of
cyclohexane derivatives while compounds 9-14
have features in common with 3-substituted
methylenecyclohexane derivatives (15) stu-
died by Lambert and coworkers 2.

CH,
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A second asspect of our work was
concerned with the determination of o, 8, v
and & substituent effects on 13C WMR
chemical shifts. Again, whereas such
effects have been extensively studied in the
cyclohexane system, 5 relatively little is
known for the seven-membered ring. wé
wanted to deteraine whether the
significantly greater puckering of the
seven—menbered chair would lead to

sppreciable differences.

It is pertinent to recall that earlier
studies i have shown that
benzocycloheptene exists exclusively in the
chair conformation and that its relatively
high activation energy for chair inversion
(10.9 kcal/mol) wmakes 1its conformational
features amenable to studies by dynamic NMR
wethods. Furthermore, it is well known that
of the varifous methods available to
determine -AG® values for substituents on
cyclic systems, NMR peak integration under
conditions of slow exchange is the wmost
reliable.3 Therefore signal integrations
from both !H and 13¢ low temperature
spectra of compounds 2 to 14 were used to
measure the relative :mOunt: of axial and
equatorial conformers.

RESULTS

gy wm spectra. With the exception of the
two methyl derivatives (8 and 14), all i
NMR analyses were perf;md ;;1 g, 8'
~-tetradeuterioc derivatives of each compound;
compounds 2-7 were deuterated at the & and 6
positions - ;hile compounds 9-13  were
deuterated at the 3 and 5 posiuo;s:‘ In all
cases, the methine proton gives a singlet st
room temperature for spectra recorded under
deuterius decoupling conditions. All
tetradeuterio derivatives are identified by
adding the suffix ~d, to the number of each
compound {e.g. 2-dy ). All ln NMR
anslyses were perf;md at 100 MHz in the (W
wode.

Room  tempereature 1g spectra of
compounds 2-4, to 7~d, present the same
overall ch:ncterist;:cc {Pigure 1). The
aromatic protons appear as singlets at ~ 7
ppa; the H-5 protons also appear as singlets
in the deuterium decoupled spectra, while
the wethylene protons on carbons 3 and 7
constitute an AA'BB' multiplet which
appears as a simple AB since 3y coupling
constants are small and make each side of
the molecule essentially independant from
the other. On lowering the tewmperature s
spectral change 18 observed, and below
-80°C the slow exchange apectrum recorded
consists of the superimposition of
characteristic features for the axial and
the equatorial conformers. The signal of
the H-5 proton has split into two singlets
the high field
singlet being due to the axial proton of the

of unequal {ntensity:

equatorial conformer while the low field
less intense singlet {8 due to the
equatorisl proton of the axial conformer.
This assignment is deduced from line-widths
of the methine protons in the absence of
deuterium decoupling whereby the axial
protons are broader than the equatorial
ones. The benzylic protons give rise to two
AB patterns; the wmore intense one {is
assigned to the H-3,7 protons of the
equatorfal conformer (16a) and Pigure 1
shows that it is effect;\vely an A; singlet
because of the saall chemical shift
difference between the axial and equatorial
benzylic protons while the less intense AB
quartet belongs to the axial conformer lfb
for which the chemical shift difference
between the benzylic protons ranges from 78
to 105 Hz and Jzg ranges from =-13.9 to
-15.0 Hz depending on the substitueat. No
14 spectral change was observed for

compound 8. The H parameters for

compounds 2-4&, to 7~d, are sumsmarized in
Table 1.
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The room temperature lg mw spectra of
compounds 9-4&, to 13-d, also present the
same oveul~1 charact:ruticu. The aromatic
protons again appear as a singlet at ~7 ppm,
the H-4 proton appears as a singlet in the
deuterium decoupled spectra with its
position ranging from 3.02 to 4.75 ppa
depending on the substituent and the
methylene protons on carbon 7 appear as a
more or less resolved multiplet between 2.63
and 2.77 ppm while the amethylene protons on
carbon 6 appear as a non symmetrical pair of
multiplets between 1.0 and 2.2 ppm.

On lowering the temperature a spectral
change occurs and below -80°C the H-4
singlet has split {into two components of
unequal intensity; line width arguments show
that the high field singlet belongs to the
axial proton of the equatorial conformer
while the low field singlet arises from the

equatorial proton of the axial conformer.

The room temperature !H NMR spectrua
of 14 shown partly in Figure 2 presents the
foll?wing features: the aromatic protons
appear as a singlet at 6.91 ppm while the
H-3 and H-7 protons appear as a multiplet
betwen 2.9 and 2.5 ppm. Protons on carbons
4, 5 and 6 give rise to a non-resolved
multiplet between 2.2 and 1.2 ppm. Finally,
the methyl group appears as a doublet at
0.93 ppm with a coupling constant to the
methine proton of 6.3 Hr. On lowering the
teaperature below -85°C, the methyl signal
splits into two doublets; the leas intense
one observed at 0.61 ppm is assigned to the
axial conformer. Its coupling constant {is
7.2 Hz while the more intense doublet for
the equatorial methyl group observed at 1.03
ppm shows a coupling constant of 5.4 Hz.

The pertinent lH NMR parameters for
compounds 9-d4, to 13-d, and 14 are
summarized in Table I.

13c NMR Spectra. All 13c mER spectra

were recorded at 22.63 MHz with broad band
13
[

proton decoupling. The room temperature

NMR spectrum of benzocycloheptene (1) has

already been assigned in the literature®.

On lowering the temperature, no spectral
change is observed in agreement with earlier
findings ! cthat benzocycloheptene exists
exclusively in the chair conformation.

The rooa temperature l3c Wm spectra
of compounds 2-8 share similar
characteristic fe:t“\'xres. Symnetry
considerations allow for only 6 signals to
be observed for the 11 carbons of the
benzocycloheptene system. The assignments
given in Table II were made from cheaical
shift consideratious and by comparaison with

the spectra of the tetradeutero derivatives.

The spectral assignment of compound 5
is used for {llustrative purposes. 'l'h:
aliphatic region, shown partially in Figure
1b, contains 4 signals. The lower field
signal (72.59 ppm) 1s assigned to the
substituent bearing carbon since
substitution with an oxygen group {s
expected to deshield the a carbon by ~50
ppm. 5 Substituent signals are easily
assigned from predictable chemical shift and
intensity arguments and, for 5, the
trimethylsilyl carbons appear at 0:'26 ppa.
Cowparaison of the spectra with those of the
deuterated derivatives allows the assignment
of the highest field signal (30.09 ppa for
2) to the benzylic carbons C-3,7 since its
intensity remains unchanged in the -d,
derivative spectrum while the lower field
signal (36.85 ppm for 35) has disappeared
owing to the fact that the CD,-4,6
quintuplet {s not observed under the
recording conditions used because of a long
T, and the absence of NOE for these non

protonated carbons. /

The aromatic region of S contains 3
signals. The low intensity of :he signal at
142.26 ppm indicates that it arises from the
C~1,2 quaternary carbons. By analogy with
benzocycloheptene, the signals at 128.81 and
126.08 ppm are assigned to the C-8,11 and
C-9,10 carbons respectively.
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'H and PC NMR studies of conformational effect 1049

On lowering the tempersture a spectral
change is observed and below =90°C the
ring carbon signals of most compounds have
split into two components. In the aliphatic
region signals of the less intense axial
conformer appear at higher field than the
signals of the equatorial coanformer. This
is consistent with the known a4, 8,
Ye» 8ud a,, Bg, Ya effects of

oxygen derivatives of cyclohexane.

In the aromatic region, however, the
less intense C-1,2 signal of the axial
conformer appears at lower field than that
of the corresponding signal of the
equatorial conformer. The C-9,10 line has
also split into two unequal coaponents with
the 1less 1intense signal of the axial
conformer appearing at higher field that the
more iIntense signal of the equatorial
conformer. The C-8,11 line has oot split as

seen in Figure lb.

The absence of symmetry in compounds
9-14 accounts for the observation of a 13¢
NMR signal for each of the 11 carbons on the
benzocycloheptene ring. The assignaents
reported in Table TII are based on
calculations of chemical shifts using
benzocycloheptene as the reference molecule
together with substituent effects determined
for compounds 2-8, and comparison with the
spectra of the tetradeuterated derivatives.
On lowering the temperature, splitting of
various signal occurs and the chemical shift
data are also reported in Table III. The
spectrum of the methoxy derivative 9 in CS,

will serve as an ifllustration.

At low teaperature, most of the ring
carbon signals of 9 split {into two
components. In the alfiphatic region, the
C-4 doublet has a 1low field intense
component at 79.16 ppm which is assigned to
the equatorial conformser and a less intense
higher field component at 74.93 ppm which is
assigned to the axial conformer. As was the
case for the S5-substituted derivatives, this
agsignment is wmade from the a., and o4
effects determined for the OCH; group in 2
and from the positive value of —AG;

derived from the 1y spectra  which
indicates a predominance of the equatorial
conformer. Carbons 3, 5 and 6 all show an
axial component at higher field than the
equatorisl component while C-7 shows only
one signal. This is easily explained by the
fact that this carbon 1is only slightly
influenced by the presence of a §
substituent.

In the aromatic region, only the
signals of C-1 and C-2 have split into two
components. The more intense, lower field
line of the equatorial conformer appears at
143.11 ppa while its axial counterpart
appears at 142.52 ppm. Carbon-2 which is
influenced by a y-effect from the
substituent has 1its equatorial component at
136.87 ppm and its axial component partially
superimposed at 137.19 ppa.

DISCUSSION

Values of -4G° were obtained from the
equation -4G° = RT 1ln K where X = [R]/[A];
{E] 1is the relative population of the
equatorial conformer and [A] is the relative
population of the axial conformser. These
populations were determined by integration
of 14 and/or 13¢ signals.

It 1s well known that FT 1l3c em
signal {integrations should not be used to
evaluate wolecular proportions unless
certain conditions are met. Having found
that the T, relaxation times of the carbous
of 2,4-dimethyl piperidine were in a 0.26 -
0.43 seconds range at =-679C, Booth and
Jozefowice 8 concluded that integrations
from 13C Pourter transfora spectra ,can be
used to wmeasure wmolecular proportions
provided that the temperature is lower than
-53°C, that comparisons are made between
carbons bearing the same number of protons
and that the repetition rate is longer than
2 seconds.

Values of -AG° reported in Table 1V
were determined using either or both W
and 13¢  mr spectra recorded below
-80°C, the latter using a pulse repetition
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Table IV. Values of — AG® determined for 5-substituted

o
[ . o Method A
b 4 Solvent T(C) Teq Zax 4 (keal /mol { keal/mol |
oci curel, -80 70 | 30 2.3 .32 13+ .55
2
< curcl, -80 1| 2 2.5 .35
cs, -80 81 | 59 0.7 -.13 13,
cs, -80 3% | 66 0.5 -.26 L
bcock CHFC1 -80 72 | 28 2.6 .37 L 1
s 2
2 cs, -83 713 | 27 2.7 .38 13¢
ocF THP-d -90 2% | 2 2.8 .37 Y .54
3 8
4
cD,0D -90 713 | 23 1.3 .43 Y
1, 2
jorus curcl, -80 88 | 12 7.7 .78 .74
§ cs, -80 66 | 34 1.9 .25 Betwy
cs, -80 se | 46 1.2 .06 L
c1 curcl, -80 68 | 32 2.1 .28 o .51
]
cs, -95 s2 | 48 1.1 033 L
on® 7| e -100 73] 2 2.7 .34 13 .97
~ ~ S 13 s
1 -85 100 | ~0 |>s0 > 1.5 c 1.7
*All 13C NMR solutions contaig 13% of CD,C1, for field locking purposes. Consequently the -a¢°

values in CS, determined by ""C NMR are less accurate because the CD2C1 changes the pola-
rity of the medium. This is particularly important for 2, 3, 5, and"l}" (vide infra).

1. The A values are taken from reference 3.
2, The A value for OTMS is taken from reference 11.
3. The A value for CH, is taken from reference 9.

3

4. The Ayvalues are taken from reference 4. Instead of (:S2 the nonpolar solvent used was
CF,C1,.
2772

5. These values are taken from reference 12,

6. Derivatives 7 and 13 are not socluble in common nonpolar solvents suitable for low
temperature studies such as CS2 or CP2C12.
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and 4-substituted derivatives of benzocycloheptene.

X Solvent T ]z -ac At
O n
ve ) eq Lax K (kcal/mol) Method k. ]": ")
cuFct, -~100 63 | 37 | 1.8 .18 13, 11
oca, cFcl, -100 68 | 32 | 21 .26 Yy
9
cs, -100 8 | 22 ] 35 .43 Y .80
0COCH, GiFcl1, -100 81 | 19 | 4.2 .49 13¢ .38
10 aarcl, -100 81 | 19 | 4.2 .49 N
cs, - 90 so | 20 | 4.0 .50 4 .61
13¢
oTHS carel, -90 Ja00 | o0 | 550} >1.5
1
curcl, -9 f-00 | ~0 | >s0 | »>1.5 Iy
eo,c1, - 9% 96 4 25 1.2 Iy
13
cs, -100 » | n 8 .72 c
cs, - 90 8o | 20 | 4.0 .50 Y4
c CHFCL, - 95 66 | 3 | 1.9 268 y
12 s )
cs, - 95 88 | 12 | 7.3 .70 1
] o -
o g | ™4 100 96 4 25 1.2 u 1.12
CHFCL -100 93 7 13 .88 13 .70
CH3 2
T
14 curcl, -100 93 7 13 .88 R
cs, -100 92 8 12 .85 13, .80
cs, ~100 93 7 13 .91 L
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rate of & seconds. The results derived from
13¢ measurements involved various
signals. For compounds 2-7, the only
signals with a chemical shift difference
large encugh for accurate integration were
those of C-5 while for compounds 9-13
calculations were carried out for the C-4
and C-6 signals. Finally, the C-5 and C-7
signals were used for 13 and C-6 was used
for 14. Determinations of -AG°® from !H
NMR measurements also involved several
signals. Por coapounds 2-d, -7-d, and 3-4,
to 13-4,, the methine proton signal on the
substituent bearing carbon was used to
deternine K while for 14, the methyl signal

was used.

For compounds 2, 3, %, 9, 10, 11 and
14, -4G° values were determined from both
IH and 13c WMR spectra. For CHFCl,
solutions, the two values obtained were
within experimental error of each other
while for CS; samples, important differences
were noted. These differences hovever, were
thought to arise from the difference in
polarity between the 5 and 3¢ W CS;y
solutions because the 13C samples also
contained 13X of (CD;Cl; for locking
purpose. This was confirmed by deteraining
-AG® values from lH spectra of saaples
prepared using CS; containing 13X CD;Cl;;
excellent agreement with the 13¢  wmr

values was then observed.

Values of -AG® are reported in Table
IV together with the corresponding values of
the cyclohexane (A values) and 3-substituted
exo-methylenecyclohexane (A,) systeas. 1t
was believed that the greater puckering of
the chair form of benzocycloheptene 1
relative to that of cyclohexane would modify
1,3-syn axial interactions and be reflected
on the conformational free energy of
substituents on the seven-membered ring. A
comparaison of the -A4G° values determined
for the polar 5-substituted derivatives of
benzocycloheptene with the corresponding A
values shows that the former parameters are
almost always smaller than the latter. Thie
suggests that the interactions responsible
for the equatorial preference i{n cyclohexane

are less ifaportant or that other factors
exert a strong conforsational effect in the
seven—-sembered ring. It can also de noted
that the trends for -AG° and A values are
not the same. The wmost important
differences are noted for the OCH; and OTMS
substituents.

The behavior of the -AG® wvalues for
the 4-gudstituted
significantly different. In this series,

derivatives is

structural characteristics suggest that the
«AG® values should not be coampared with A
values, but rather with A, values % as
will be discussed later.

Jensen and Bushweller 3 have
suggested that A values can be rationalized
in teras of steric interactions between
axial substituents and syn-axial protons and
are therefore influenced by parameters such
as the van der VWaals radius, the
polarisability and electronic density of
following
considerations constitute an attempt to

each substituent. The

demonstrate that, in the benzocycloheptene
system, steric interactions alone cannot
account for the results observed and that
-AG® is wmost strongly dependent on
electrostatic effects.

The values observed for the wmethyl
derivatives § and 14 are of special
faportance because the non-polar methyl
substituent ought aot to involve
significant electrostatic or dipolar
effects; these compounds should therefore
provide useful reference point. The sbesence
of a spectral change at low temperature for
compound § means that the population of the
axial conformer is less than 2%;
counsequently -AG® for this compound {s
greater than 1.5 Kcal/mole and 1is wmost
probably not smaller than the 1.7 Kcal/mole
observed for wmethyleyclohexane. 9 Thus,
1,3-syn-axial {nteractions are at least as
strong in the seven—membered ring of §. The
-AG°% value of 0.88 Xcal/mole determined
for l._t‘ (8% of axial conformer present st
equilibriva at -100°C) indicates that
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steric interaction are less -dmportant when
the substituent location is changed from the
5 to the &-position. Structural changes
whereby one of the 1,3-syn-axisl protou has
been replaced by the benzo group can sccount
for the reduction. The % electrons
therefore have less repulsive steric
character than a saturated CH, group as
Lambert and coworkers 4 noted for
3-methyl-exo-methylenecyclchexane.
Consequently, the axial methyl group is less
destabilized for both compounds.

Finally, the observation that the
-AG% values obtained for compound 1& are
independent of the nature of the solvent
confirms the hypothesis that the wmethyl
group does not give rise to a significant
electrostatic conformational effect 10 as
in the case for most polar substituents in
both seven-membered sgeries where solvent
changes are useful to {dentify the origio of
the conformational effects observed. The
underlying concepts suggest that in a
relatively nonpolar solvent such as CS,, the
intramolecular electrostatic intéractions
should achieve greatest faportance while in
the wmore polar CHFCl, solvent, the
electrostatic interactions should be
significantly reduced. The observation 13
that sclvent effects are small for certain
monosubstituted cyclohexanes suggests that
electrostatic forces are significant in the

seven-nembered ring coapounds.

17

The results for compounds 2 to 7 given
in Table IV do show large conformational
perturbations ou solvent change. For
example, the -4G° wvalues are reduced
significanlty for derivatives 2 (OCHy), S
(OTMS) and 6 (Cl) by decreasing the polarity
of the solvent from CHFCl; to CS;. PFor
reasons given earlier, the appropriate
-A4G® value for 5 in CS; is 0.06 and not
0.25 which represents a value obtained by
13¢c mR tn €S, containing CD,Cl;.

A detailed discussion of the behavior
observed 1is difficult to formulate quanti-
tatively because electrostatic calculations
are frought with uncertainties?t owing
to serious limitations arising froam the
absence of precise geometrical ianformation
for the varifous conformers. Consequently,
only a qualitative rationaligzation of the
results is stteapted here in terms of the
simple formalisa proposed by Kaloustian
10a to describe the conformational
consequence of dipolar intersctions and
solvation. Two terms describe the
electrostatic contribution, the first, Ep,
is the dipole-dipole interaction (maximum in
the vapor phase, it tends towards zero in
polar solvents) while the second Eg, fis
the solvation stabilization energy (zero in
the vapor phase, it becomes d{mportant in

polar solvents favoring that conformation

with the larger dipole t). B e
Ep and Eg can have opposite signs, their
sun may reinforce or offset steric effects
depending on the relative orientation of the

individual dipoles.

18
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The greatsr asmount of axial fors
observed for £ in CS; relative to
chlorocyclohexane could result from a
stabilizing electrostatic term favoring the
axial fore since steric repulsion of an
axial substituent should de larger in the
seven-membared ring, owing to greater
puckering of the chair conformation oY
alternatively, it could be due to s stronger
destabilizing interaction in the equatorial
form. An fncrease in solvent polarity, such
as for CHFCl;, displaces the equilibrium
towards the equatorial form (i.e. =-AG®
changes from 0.03 to 0.28) because, as is
shown below, the importance of the
electrostatic Ep tera is reduced as a
result of the insulation of one polar molety
from the other by the surrounding solvent
molecules.

In order to assess the relative
importance of the dipolar contribution to
electrostatic interactions, it is necessary
to assign the direction of the dipoles for
the relevant fragments within the
S-substituted-benzocycloheptene
derivatives. For the benzo group, the
negative end of the dipole should point away
froms the alkyl portion of benzocycloheptene
as alkyl groups are electron donating ({i.e.
o-dimethylbenzene 1“, u - 0.6 D3
benzocycloheptene 14b, 4 a 0.63 D). The
dipole orientation for the varfous
substituents is more difficult to describe
as it will be different for X = C1 or OCH3.
For the halogen its direction ought to be
along the C~X bond so that 17 and 18 provide
useful illustrations while for X = OCH3;, the
dipole should approximately bisect the CH-O-
CH; angle and varfous substituent rotamers
must be taken into account. &¢,10b

Although calculations of dipole~dipole
interactions are not expscted to be very
sccurate owing to the absence of adequate
geometrical information 4,100 N simple
calculations 13 suggest that 18 1s more
destablilized than 17 for X = C1 because
although both couformers are found to have a
positive Ep term, 18 has the larger one.

Table IV reveals thét compound 2 (OCH;)
exhibits the wmost striking conformational
behavior. Indeed in CS; the axial form
predominates vhereas in the wmore polar
CHFCl; the equatorial fors s wore
abundant. Here also the data 1s compatible
with a greater dipole-dipole destsbilization
of the equatorial form. The fact that the
methoxy group dipole should bisect the CH-O~
CH; angle and be affected by rotamer
populations 4¢  could account for some of
the difference between 2 and g_. It 1s
interesting to poiat out that a similar
solvent effect was observed for 4-methoxy-
exo-methylene cyclohexane 16 for which
~AG® values are 0.31 in CF,Cl, and 0.50 in
CHFCI, . In addition, work by Stolow and
coworkers 17 on 4-substituted cyclohexa-
nones has pointed to similar polar effects
involving a signiffcant destabilization of
the equatorial form. On the other hand, the
study of the conformational preference of
the methoxy group in S-substituted
1,3-dioxanes 105,18 for which a stronger
repulsive dipolar interaction exists in the
sxial form (instead of the equatorial one)
has shown a solvent effect which is opposite
to the above.

Thus it appears that the solvent
induced conformational effect favoring 17
relative to 18 in CS; arises mainly through
differences in the Ep term. The solvent
change to the more polar CHFCl; therefore
attenuates the destabilizing electrostatic
forces present and effectively shift the
equilibrium in favor of the eguatorisl
conformstion. But because the axisl
conformer (11) for X =Cl is expected to have
a larger dipole moment 19 ¢han 18, it
should be better solvated in CHFCl;, that is
17 should be stabilized by the Eg tera.
The observation that the -AG® values for 2
and § are smaller than the corresponding A
values 1is compatible with these two
contributions having opposite effects on
solvent change from CS, to CHFCl;. Thus, as
Ep becomes smaller in CHFCly, the expected
increase in the equatorial form does not
take place because the E, term favors the
more polar axial conformer. Unfortunately
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it not possibld to aseess quantitatively the
importance of each factor in CHFCl, with
respact to the increased steric interation
expected in the axial form as a result of
the larger puckering of the seven—membered
ring.

Compound 5 (OTM) also exhibits the same
trend although the -AG° values in the two
solvents reveal couformer populations
different from Cl and OCH3. Back bonding
to d orbitals of the S{ atom ought to change
the electronic density on the oxygen atom
and thereby modify the magnitude of the
dipole-dipole interactions.

Contrastingly compound 3 (OCOCH3) and &
(OCOCF3; ) show very 1little conformational
change on changing the solvent from CS; to
CHFCl;. Such a levelling off effect has
also been observed previously 4b gnd s
thought to be related to changes in
electronic density of the oxygen atom as a
result of delocalization of the oxygen lone
pairs with the carbonyl group. Marked
differences between OCOCH; and OCH; groups
have also been noted for S-substituted
1,3-dioxanes 10b and rationalized in terms
of a so-called charge attraction wmechanism
favoring the axial conformer. If such an
attraction existed in 3, it would wmost
probably be accompanied by modifications in
the dipolar interaction which could become
less 1important. Hence, the relative

insensitivity to solvent changes.

The results obtained for the series of
4-substituted derivatives reported in Table
IV show striking differences compared to
observations uade for analogous
S-substituted derivatives. It 1is seen that
in CS, all -AG® values are larger and that
the solvent change to the more polar CHFCIl,
reduces -AGO (1.e. accrued axial
preference instead of equatorial preference
noted for the S-substituted family of
compounds) for 9 (OCH3 ) and ];g (Cl) while
for 11 (OTMS) the trend is opposite. These
effec?c no doudbt arise from the proximity of
the w-electron centre which can influence
conformational preference through mechanisms
identified recently for 3-substituted

exo-methylene cyclohexanes. 4c

TET Vol. 39, No 7-D

For the 4-methyl derivative 14, the
equatorial conformer 1s preferred by only
0.88 kcal/mole and this -4G° value {s
virtually independent of solvent. The
difference between this value and the 1.7
kcal/mole preference for the equatorial
conformation 1n cyclohexane 9 (the A
value) 1s due to a reduction of the steric
ifoteraction arising from the replacement of
a syn-axial proton by w-electrons of the
aromatic ring. It i{s therefore clear that
for the polar substituents steric repulsion
also ought to be less in this family of
compounds. Furthermore, it is pertinent to
point out that the -AG° value of the
methyl group in 14 {is similar to that of
3-methyl-exo-methylenecyclohexane &b (15,
X = CH3;-AG® = 0.80 = A, 1in the Table
V). It is therefore reasonable to assume
at the outset that forces at work in the
six-membered ring should be relevant for the
seven-aembered ring. Thus dipole-dipole
interations ought to be considered first to
explain the observations for 12 (Cl) and 9
(OCH3) 1in a qualitative wmanner. Dipole
orientations shown in structures 19 and 20
indicate that when X = Cl repulsive dipole-
dipole interactions (larger Ep term) exist
fn the axial form 19 whereas for the
equatorial form {0 the interaction is either
less repulsive or weakly attractive %c,
Therefore, in a non-polar solvent such as
CS;, the axial form will be destabilized
vhereas in & more polar solvent such as
CHFCl;, dipolar repulsion will become
smaller so that the amount of the axial form
should increase. Furthermore, solvation in
CHFCl; should also stabilize the more polar
axial form so that both Ep and Eg terms
favor the axial form in the wmore polar

solvent.

The cagse of 9 is slightly more complex
owing to the possibility of substituent
rotation and a different substituent dipole
orientation which should bisect the CH-0-CHj
angle. Recently published results 4b,c
for Smthoxrgg-lethylenecycloheune (1~S,

X = OCH;) are pertinent because they

1055
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19

~r~

indicate that a repulsive dipole-dipole
interaction in the axial form is responsible
for a -AG° value of 0.80 in CF,;Cl, which
becomes 0.11 in CHFCl, as a consequence of
the attenuation of the dipolar interaction.
In the case of 2_, the average 4G9 value
of 0.22 in CHFCl, is quite close to 0.11 as
expected whereas the value of 0.43 in CS; is
smaller than the value of 0.80 for the
six-membered analog in CF,Cl,. Different
dipole orientation caused by differences in
ring geometry could account in large part
for the different values. Furthermore,
a quadrupolar comtribution could be wmore
significant for 2. Nevertheless, the trend
is the same for both ring sizes,

The acetate derivative 10 1is rather
insensitive to solvent change as is the case
for the analogous six-meabered compound. A
change in the nature of dominant mechanisa
to charge attraction could account for this

feature.

Surprisingly, 11 (OTMS) shows an
unexpected conformational change whereby an
increase 1in solvent polarity favor the
equatorial form relative to the axial fora.
The reason why Ll would show an apparently
sbnormal behavior, while ~S dit not in the 5-
substituted series, is not obvious. Vhy
does the increase in solvent polarity favor
the equatorial fora for 11 alone? One
possibility is that solvation overrides the
accrued axial stabilization when the dipolar

repulsion is rewoved.

X
20

e

Preferential solvation of the
equatorial foram could exist although it is
not clear why. Possibly hydrogen bonding of
the CHFCl, molecules could be stronger
because of a specific interaction with the
OTMS substituent and for steric reasons
would be stronger in the equatorial than in
the axial fora. The very strong equatorial
preference for 5 in CHFCl; may aleo be a
consequence of such a specific interaction
of the CHFCl; wmolecules with the equatorial
OTMS gubstituent. Back-bonding (p*d) in the
0-54 bond amight be responsible for this
specificity.

It is interesting to point out other
cases where the 0-Si(CH; )3 substituent shows
accrued equatorial
Trans-2,3-di(trimethylsiloxy)-1,4-dioxane
20 44 guch & case even though the cause
may be different from that of 11 although
fundamentally related.

preference.

13¢ wm paramseters. Substituent effects

determined from rooa temperature spectra are
not significant because they represent a
population dependent average of the effect
of the substituent in an axial and

equatorial position.

Observed a effects in both series of
seven—membered compounds are very similar to
those observed in the cyclohexane .y-tu.s
The a effect being mostly dependent on the
electronegativity of the substituent, the
order of increasing a effects is the same in
both series as in cyclohexane, i.e. OCH;>
OCOCH; > OH > CHjy.
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Purthermore, B effectes are also very
siailar to those observed for
monosubstituted cyclohexsne derivatives.
However, differences exist between the 8
effects determined for carbon 3 and carbon 5
in the 4~substituted series and wmost
probably reflect geometrical differences due
to the absence of symmetry with respect to

the C-X bond.

Important differences are noted for vy
effects between the two series and between
values reported for the cyclohexane systes.
It is noteworthy to point out that for the
4~geries only C-6 is actually considered
because the other y-carbon (C-1) is an ap2
carbon.

The Y, values for the S-series
reported in Table II are appreciably more
negative than those of corresponding
cyclohexane derivatives. In addition to the
upfield shift, throught the so-called
Yanti effect, exerted by polar
substituents, there appears to be another
contribution due to differences in ring
geoaetries 21 for the two ring size as is
most clearly seen for the v, of the CH;
group. Y, values are also wore negative
for the seven-uneabered compounds.
Constrastingly, the data for the
4-gubstituted series are closer to that for
Differences in dihedral

sngles are most probably the cause. 21

cyclohexanas.

Finally, observed § effects are small
(=1 to -2 ppm) and similar to those observed
for monosubstituted cyclohexane derivatives.

EXPERIMENTAL

Melting points are uncorrected and were
determined using a Buchi oelting point
apparatus. The vpc analyses and separations
were carried out on a Varian Aerograph model
920 instrument using helium as carrier gas.

The variable temperature lH spectra
were recorded with a JEOL model JNM-4-H-100
{nstrument operating in the CW mode at 100
MHz . Deuterium decoupling was performed
with a heteronuclear decoupling unit JEOL

wodel JNM-SC~-HC. e 3¢ spectra wers
recorded with brosd bsnd lH decoupling on
a Bruker WH~90 instrument operating at 22.63
MHz with a pulse angle between 30° and
659, SwW= 6000 Hz, data size =~ 8K, AQ =
0.679s. ¥or wmost spectra, the pulse
repetition time was approximately equal to
the acquisition time except for the spectra
used for integrations, for which it wae &

s8C.

All lu analyses were performed on
sasples of 20-30 mg of the compound in
0.5 al of solvent in standard 5 wm tubes.
All 13¢ analyses were perforsed on samples
of 100-300 mg of the compound in 2.5 ml of
solvent containing 13X (v/v) of CD,Cl; (for
locking purposes) in standard 10 mm tubes.
All samples were degassed and sealed.

The values of X reported from 1g
messurements are a mean of 5 integrations
using the electronic {iantegrator on the
fnstrusent. The precision is estimated from
the standard deviation. When measurements
of K are made from 13C spectra, wost
authors use a mean of the results obtained
for several opairs of «carbons 1n the

molecule.

When only one pair of signals could be
used to deteraine K, the value reported is a
mean of 5 to 10 integrations using the elec~
tronic integrator and the precision is esti-
mated from the standard deviation. If more
than one pair of signals was used the value
reported is a mean of the values determined
for each psir. Typically the precision on
“4G% values ranges from .01 to .06 Xcal/
mole while the uncertainty on relative

conformer populations does not exceed 4X.

SYNTHESIS OF COMPOUNDS

4,5-Benzocycloheptenone(21)
A solution of &.6 g (0.029 wmol) of
4,5-benzocycloheptatrienone 22 ¢n ethyl

acetate was hydrogenated using 800 =g of
palladium-on~charcoal {5%) at room
teapersture and a pressure of 1.7 ata during
18 hours. An oily substance (4.6 g; 98%)

was obtained after evaporation of the
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solvent at reduced pressure. The known
compound 14b 21 was 1dentified by its 18
WMR spectrum 1; CCL,: & 7.1 (4H, ), & 2.68
(8H, AA'BB', H-2,3,6,7).

4,5-Benzocycloheptenone-2,2,7,7~d, (21-d,).
A mixture of 1.6 g (0.10 mol) of 21, 4.6 g
of anydrous K,CO; and 47 ml of D0 was
stirred under reflux for 24 hours. After

cooling, the maixture was extracted with
ether and the organic fraction dried over
MgSo, . Evaporation of the solvent under
reduced pressure yielded 1.65 g of 21-d, as
an oil which was characterized by 1its 1g
MMR spectrum in CDClj; 7.2 ppm (4B, s, Ar),
2.8 ppm (4H, s, H-3,6).

Compounds 2-8 were prepared either from 21
or 21-d, by published methods. We report
below the procedures used to prepare the
deuterated derivatives of 2-7 and 8.
Analytical g mm spectral data 1is given
for each compound while the 13¢c MR data
is summarized in Table 1I.

S-Hydroxy-benzocycloheptene-4,4,6,6-d, (7-d, )
A solution of 0.47 g (.003 wmol) of 21-4, in
5 ml of anhydrous diethyl ether wa:.lovly
added to a slurry of 0.3 g (.008 mol) of
LiAlF, in 12 ml of anhydrous ether. The

mixture was stirred at room temperature

overnight. The flask was cooled in an ice-
bath and 10 ml of 10X HyS0, were cautiously
added. The aquous layer was extracted with
ether (2 x 40 ml) and the coabined organic
fractions were dried over MgSO,. Evapora-
tion of the solvent under reduced pressure
yielded 0.48 g (100%) of & white solid.
M.P.= 90°C. ln NMR, & (CDCl3): 7.1 ppa
(48, s, Ar), 4.0 ppa (1H, broad singlet,
H-5), 2.8 ppa (4H, AB quartet, H-3,7) 1.5
ppm (1H, broad singlet, hydroxyl proton).

5-Methoxy-d; benzocycloheptene-4,4,6,6-d,
2-4,)

A suspension of 0.5 g of NaH in 5Sul of

diglyme was slowly added to an ice-cooled
solution of 300 mg (.002 mol) of 7-dy and 2
g (.014 mol) of Cd3I in 5 =l o; diglyme.
The mixture was stirred at room temperature
for 4 hours. The flask was sgain cooled in

an 1ice bath an 10 ml of methanol wvere
cautiously added. Water and ether were

sepamted. The organic layer was washed with
vater to eliminate diglyme and dried over
MgSQ, . The solvent was evaporated to a
total volume of about 2 ml and 50 ul
fractions of this solution were purified by
gas chromatography on a SE-30 column (30X,
6m X 1 cm). A colorless liquid (100 mg;
30%) was obtained. lH MR, & (CDCl3):
7.1 ppm (4H, s, Ar), 3.4 ppm (1H, s, H-S),
2.7 ppa (4H, AB quartet, H-3,7).

5~-0-Acetyl — benzocycloheptene—4,4,6,6-d,
G-4)

A solution of 100 mg (.0006 mol) of 71-d,,
2.4 ml of distilled pyridine and 1.2 al of
acetic anhydride was stirred at room
temperature for 20 hours. HCl 3% (20 ml)
was added and the mixture was extracted with
ether (3 X 25 ml). The combined organic

fractions were washed with a saturated
solution of NaHCO; and dried over MgSO,.
The solvent was evaporated to a total volume
of about 2 ml and 50 ul fractions of this
solution were purified by gas chromatography
on a SE-30 column (30%, 6 m X1 cm) to
yield 55 mg (44%) of a white solid. M.P. =
86°%. H NMR, & (CDCl;): 7.1 ppm (4H, s,
Ar), 5.1 ppm (1H, s, H-5), 2.8 ppm (4H, AB
quarter, H-3,7), 2.0 ppm (3H, 8, OCOCH;3).

5-0-Trifluorcacetyl-benzocycloheptene~4,4,6,
64, (4-4,)

A solution of 300 mg (.002 mol) of 7-d, and
0.6 ml of trifluoro acetic anhydride was

stirred at 35°C for 20 minutes and at room
temperature overnight. The excess anhydride
was distilled and the ester was dissolved in
1 ml of CClL,. Practions of 50 ul of this
solution were purified by gas chromatography
on a SE-30, 30% column ( 6 = X 1 cm) to
yield 120 mg (28%) of a white solid. M.P. =
67-68°Cc. lH MMR, 6(CDCl;); 7.2 ppm (4H, s,
Ar), 5.3 ppm (1H, s, H-5), 2.8 ppm (4H, AB
quartet, H-3,7).

5-Chloro — benzocycloheptene~4,4,6,6-d, (6-d, )
A solution of 1.0 g (.006 mol) of 7-d, in
10 m1 of CCl, was stirred for 10 minutes and

2.0 g of dry triphenyl phosphine were
added. The solution was stirred under

reflux for 1 hour then cooled to room
temperature and left to stand overnight. A
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formed which
10 =l of
After filtration, the solvent was

precipitate became wore
abundant when
added.

evaporated and the remaining yellow oil was

n-pentane were

purified by gas chromatography. There was
asple formation of an aerosol and only a
small quantity of pure ﬁ""o wag obtained.
The wmelting point 1is close to rooms
temperature and the product exists in both
1iquid and solid state, lH MR, §(CDC13):
7.0 ppm (48, s, Ar), 4.2 ppa (1H, s, H-5),

2,6 ppm (4R, AB quartet, H-3,7).

S-Methyl-Benzocycloheptene (8)
0.61 g (.0039 wol) of
S5-exo-methylene benzocycloheptene (prepared
on adasptatfon of the method of Bertini and
coworkers 23,24) in 25 ml of methanol was
hydrogenated in 2 atas of H

A solution of

at room
temperature for 19 hours using 0.18 g of
palladiua (5X) over charcosl as catalyst.
Evaporation of the solvent under reduced
pressure yielded 0.58 g (94%) of 8 which was
purified by gas chromatography on a SE-30,
302 colum ( 6m X 1.0 cm).
formation of an aerosol accounts for the low
yield (0.12 g, 20%) of the purification.
The product was obtained as a colorless
liquid. 8 NMR, &(CS,): 7.1 ppm (4R, s,
Ar), 2.9 ppa (4H, multiplet, H-3,7), 2.0 ppm
(4H, multiplet, H-4,6), 1.1 ppm (4H, doublet
+ multiplet, CH; + "-5).

The ample

3,4-b

cyclohept (22). This compound

was prepared from benzosuberone by a

procedure already published 25, It was
identified by {ts lH NMR spectrum which
was identical to that reported 24,

Derivatives of 3,4-benzocycloheptenone

Compound 9-13, their tetradeutero analogs,
and 14 were prepared from 23 according to
the same procedure as that described for the
5-gubstituted

Their 4 and 13¢ R

corresponding derivatives.
spectra were
congistent with their structure (Tables 1

and 1II).

1.

a)

b)

c)

L
8)

b)

c)

9.

10.
a)

b)

11.

12,

a)

b)
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