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Carbon-13 shieldings and one-bond “*C-H coupling constants of bicydo[2.1.1]hexane, bicyclo[2.1.1]hex-
2-ene, tricydo[3.1.1.0**Jheptane and benzvalene are presented and compared to the data of related
compounds. If a bicyclo{3.1.0]Jhexane system is part of a rigid skeleton, the cyclopropane ring exerts specific
+ substituent effects of two kinds. In the case of the bicyclohexane boat form an upfield shift of the C-3 signal
is observed and in the case of the chair form a downfield shift of 15-20 ppm. Compared to the corresponding
cyclopentanes the double bond in strained cyclopentenes causes downfield shifts of the C-4 absorption. This
effect increases with increasing strain, reaching a 45.9 ppm maximum in benzvalene. Hence it is the only
known bicyclo[1.1.0]butane having a reversed order of carbon shieldings. The downfield shifts are explained

by means of simple orbital interaction schemes.

The *C NMR spectra of the tricyclooctene isomers 1
and 2 reveal the remarkable anomaly that the shield-
ings of the two C-8 carbons differ by 26.3 ppm®-? (Fig.
1). (For *C NMR data of tricyclo[3.2.1.0**Joctane
derivatives showing the same phenomenon see Ref. 2.)
In tetracyclo[4.1.0.0%*.0°*Theptane (4) this phenome-
non is observed intramolecularly, C-3 absorbing
26.1 ppm downfield from the C-4 resonance.? By com-
parison with the hydrocarbons devoid of the cyclo-
propane ring, 3 and 5 respectively, these differences
may be expressed as substituent effects as shown in
Table 1.

The upfield shifts can be viewed as normal vy
effects*® (for the most recent critical study see Ref. 5)
of the cyclopropane methylene group on C-3 in a
bicyclo[3.1.0]Jhexane boat form A, which is fixed in 1
and 4. Downfield shifts are observed if the bicyclo-
[3.1.0}hexane moiety is present in the chair conforma-
tion as in 2 and also in 4. Formula B demonstrates
that in this case the unoccupied cyclopropane Walsh
orbital (a,") and the highest occupied orbital of the C-
2—C-3 and C-3—C-4 bonds mix, causing an electron
deficiency at C-3 and hence a downfield shift of its
NMR signal. These considerations, which are sup-
ported by charge density calculations, allow the deter-
mination of the conformation of bicyclo[3.1.0]Jhexane
itself by means of the '*C NMR spectrum.?

We have now synthesized tricyclo[3.1.1.0>*Jheptane
(7), whose carbon skeleton is closely related to that of
4. In 7 the shieldings of C-6 and C-7 show a difference
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Figure 1. Carbon-13 shieldings {in ppm downfield from internal
TMS) and one-bond 3C-H coupling constants (in Hz, in
parentheses) of some bicyclo[3.1.0]lhexane, cyclopentene and
cyclopentane derivatives.

° Ref, 1. ® Ref. 3.

© This work, solvent CDCl,.

9 Slightly different data have been reported recently by E.
Della, P. T. Hine and H. K. Patney, J. Org. Chem. 42, 2
(1977).
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9Ref. 4, p. 84.
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UNUSUAL CARBON SHIELDING EFFECTS OF CYCLOPROPANES AND DOUBLE BONDS IN STRAINED SYSTEMS

Table 1. Cydopropane effects (in ppm) in bicydo[3.1.0]-
hexanes, calculated by subtracting the shieldings of
the appropriate carbons in the corresponding cyc-

lopentanes
Compound syn A anti AS
1 c-8 -1.1 —_
2 — Cc8 15.2
4 c4 -6.4 C-3 18.7
7 c-7 -14.2 c-6 17.1
Bicyclo[3.1.0]- C-3 —-6.3 —_

hexane

of 31.3 ppm, which by comparison with bicyclo[2.1.1]-
hexane (8) can be split into 14.2 ppm upfield shift and
a 17.1 ppm downfield shift of the C-7 and C-6 signals,
respectively. As a consequence of the enhanced in-
teraction depicted in A, the upfield shift in 7 is much
larger than in 4. The occupied o orbitals, involved in
interaction B, are a, of bicyclo[1.1.0]butane® in 4 and
b, of cyclobutane® in 7. For steric reasons, only the half
of each, which is arranged anti relative to the fused
cyclopropane, mixes with the empty a, of cyclo-
propane. The much larger energy separation between
by, and a,’ compared to the a,~a,’ distance® results in
a weaker mixing and consequently in a less efficient
charge transfer in 7. It therefore shows a smaller
cyclopropane anti effect than 4. As seen in Table 1,
this trend is continued in 2, because cyclopentene o
electrons are still less prone to delocalization.

An acceptor orbital of proper symmetry analogous
to a,’ of cyclopropane is present in w* of the olefinic
double bond. C and D show that now four CC bonds
of cyclobutane and bicyclobutane, respectively, are
involved in the interaction. This should be stronger
compared to the cyclopropane case discussed above,
because 7* is much lower in energy than a,’.° Indeed
the introduction of the double bond on going from 8
to 9 causes a downfield shift of the C-5,6 signal by
28.7 ppm (Table 2). In benzvalene (6) the downfield
shift of the C-1,6 signal is even larger (45.9 ppm). The
enhancement of the effect in going from 9 to 6 paral-
lels the decreasing energy separation between donor
and acceptor orbitals in these molecules.

The downfield shift of the C-7 signal in norbornene
(3) compared to norbornane (11) (Table 2) can be
explained in the same way, the decreased magnitude
being a consequence of the stability of the relevant o
orbital. In norbornadiene (10), however, the interac-
tion of the two double bonds leads to a low-lying 7*
orbital.® Formula E denotes the electron withdrawal

Table 2. Double bond effects (in
ppm) in cydopentenes,
calculated by subtracting
the shieldings of the cor-

responding cyclopentanes

Compound AS
6 C-1.6 45.9
9 C-5,6 28.7
10 c-7 26.9°
3 Cc-7 9.8
12 c4 -34

® Relative to norbornene.
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from C-7, which resonates at extremely low field
(75.4 ppm). For steric reasons the orbital interactions
discussed are not possible in cyclopentene (12). Ac-
cordingly, no downfield shift of the C-4 signal is
observed and this appears 3.4ppm upfield of the
cyclopentane (13) resonance.

The large energy separations between donor and
acceptor orbitals (at least 0.65 atomic units®) make
their mixings and therefore the charge transfers com-
paratively small. As estimated from calculations carried
out with 4 and 5, 20 millielectrons at the most are
withdrawn from the carbons concerned. That this is
sufficient to account for the observed effects has re-
cently been shown by Fliszar and coworkers.” Obvi-
ously the influence of o electron density on carbon
shielding is larger by a substantial magnitude com-
pared to 7 electron density, in which case the in-
fluence is about 160 ppm per electron.*®

The spectrum of benzvalene (6) deserves some
further comment. As a consequence of the low-field
resonance of C-1,6 (parallel to the low-field absorp-
tion of H-1,6 at 83.72 ppm), 6 is the only known
bicyclo[1.1.0] butane having a reversed order of reso-
nances. Usually the signals of bicyclobutane
bridgehead carbons appear close to zero ppm,’ in
sharp contrast to C-1,6 of 6. Nevertheless, the assign-
ment is unambiguous on the basis of the one-bond
13C-H coupling constants (Fig. 1). Remarkably this
C-1,6 parameter is somewhat smaller than in 5. Simi-
larly C-3 and C-4 in 4 have different coupling con-
stants. Long range coupling in 6 results in a 4.4Hz
doublet for C-1,6 [3J(C-1, H-6)], a 5.6 Hz quartet for
C-3,4 and a quartet (12.2 Hz) of triplets (3.5 Hz) for
C-2,5.

It should be noted that the described effect of the
double bond and the cyclopropane ring is completely
lost if the symmetry is lowered by the introduction of
one methylene group. Thus the relevant carbon shield-
ings in tricyclo[4.1.0.0>7Thept-3-ene (homobenzval-
ene)*® and tetracyclo[5.1.0.0%*.0>Joctane® deviate
by less than 2.5 ppm from the reference resonance in
tricyclo[4.1.0.0>"]heptane.?

EXPERIMENTAL

The synthesis of tricyclo[3.1.1.0**Theptane ((7) was
accomplished by the application of a procedure de-
veloped by Szeimies and coworkers® to transform
bicyclo[1.1.0]butanes to cyclobutanes. Thus we added
thiophenol to 4'° and desulphurized the reaction pro-
duct with lithium in ethylamine to obtain 7 in 71%
overall yield. Details will be reported elsewhere.
Bicyclo[2.1.1]hexane (8) was prepared by Wolff~
Kishner reduction of bicyclo[2.1.1]hexan-2-one, which
is easily accessible.! Its tosylhydrazone is the starting
material for the synthesis of bicyclo[2.1.1]hex-2-ene
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(9).'? A modified procedure!® proved to be the most
useful for our purposes.

Benzvalene (6) in deuteriochloroforn was obtained
by a modification of the published procedure,'* which
furnishes an ether solution of 6. The second portion of
methyllithium in ether was replaced by butyllithium in
decalin, In the final distillation only benzvalene, ac-
companied by some benzene, methylene chloride and
residual ether (from the first portion of methyllithium
in ether), evaporated and this was condensed in a flask
containing deuteriochloroform. Its quantity was ar-
ranged so as to provide a benzvalene concentration
suitable for spectral accumulation. Because of the
thermal instability of 6, the measurements were car-
ried out at 253 K.

The pulse Fourier transform spectra were ob-
tained on a Bruker WH-90 instrument at 22.64 MHz,

using internal TMS as reference. The carbon shield-
ings are reproducible to 0.1 ppm, and in the coupling
constants the last digit of each value given in Fig. 1 is
uncertain,
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Note added in proof: Because benzene rings also have a true 7*
orbital they cause downfield effects similar to those associated with
double bonds. Accordingly, in 3,4-benzobenzvalene (naphthvalene)
the C-1,6 signal appears at 42.4 ppm, corresponding to a 40.0 ppm
downfield shift relative to the C-1,6 signal in 5.
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