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Brief Communications

13C NMR spectra of polycyclic compounds.
Bicyclo][2.2.1]heptadiene tetramers
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Comparison of experimental and calculated chemical shifts of carbon atoms in 13C NMR spec-
tra of two isomeric dodecacycio[14.9.1.1413,17.10 0215 03,14 05,12 g6.11 17.25 9i8.24 19,21 (320,24

octacos-8-enes, bicyclo[2.2.1}heptadiene tetramers, confirmed their exo-trans-exo-trans-exo-endo-

and exo-irans-exo-frans-exo-exo-configuratians.
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Previously we have studied the structures of bicyc-
lo[2.2.1}heptadiene dimers and trimers and determined
the stereochemistry of the obtained stereoisomers using
1D- and 2D 'H and 13C NMR spectroscopy.!™ In this
work, the analysis of !3C NMR spectra of two bi-
cyclo[2.2.1}heptadiene tetramers® was used to confirm
their structures.

Catalytic co-dimerization of norbornadiene (1) and
quadricyclane (2) (Scheme 1) can result in the general
case, in the formation of four stereosomers of nor-
bornadiene tetramers (3—6).5 Each of them belong to
the point group symmetry C_. This must lead to the
pairwise coincidence, in the 3C NMR spectra, of sig-
nals for the carbon atoms, which are located out of the
symmetry plane. The condensation gave two isomers
that differed in their spectral characteristics. Chemical
shifts (CS) in the 13C NMR spectra were calculated by

an additive scheme using a program we had developed.?
CS for the dimers and trimers were used as the database
for the CS increments.3* The calculated CS values are
presented in Table 1, along with the closest experimen-
tal values.

Comparison of these data shows that the compounds
obtained cormrespond to stereoisomers 3 and 4. In this
case, the mean difference between the calculated and
experimental CS is 0.1—0.3 ppm, and the maximum
deviation reaches 1.7 ppm for C-17 (C-25) in the case of
isomer 3 and 0.6 ppm for C-1 (C-16) in isomer 4. It
should be noted that the intensities of the signals are
consistent with the symmetry of the molecules. For the
supposed structure 6, deviations of the calculated values
from the experimental ones are one order greater than
those in previous cases: A8 is 11 ppm for C-26; in addi-
tion, several deviations of 3—4 ppm are observed. The
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calculated CS for structure § also have significant devia-
tions from the experimental values: 5.5 ppm for C-26,
2—4 ppm for C-18, C-21, and C-24. Thus, stercoisomers
5 and 6 were excluded from the possible structures.

Thus, comparison of calculated and experimental CS
of the carbon atoms in the '3C NMR spectra has con-
firmed the stereochemistry of two bicyclo]2.2.1]hepta-
diene tetramers, viz., exo-trans-exo-trans-exo-endo- (3)
and  exo-irans-exo-trans-exo-exo-  dodecacyclo-
[14.9.1.1413 1710 0215 03,14 (5,12 06,11 017,25 1824 1921 (20.24].
octacos-8-ene (4).

Table I. Calculated and experimental 13C NMR chemical
shifts of norbomadienc tetramers 3—6 (Cy Dy, 8)

Atom 3 4 5 6
Calc. Exp. Cale. Exp. Calc.
1,16 402 40.55 441 4350 430 43.9
2,15 47.2 47.05 47.0 46.47 40.9 424
3,14 425 4333 425 42,72 432 42.5
4, 13 42.0 41.88 42.0 41.80 42.0 42.0
5, 12 41.8 41.55 41.8 41.36 41.8 41.8
6,11 409 40.70 409 40.70 409 40.9
7,10 444 44.21 44 4 4421 44.4 44 4
8,9 1354 13526 1354 13531 1354 135.4
17, 25 49.1 47.32 50.8 50.95 49.4 47.8
18,24 473 4732 463 46.07 427 46.0
19,20 12.7 1292 167 16.81 18.5 12.7
21 17.0 1735 116 1.5 13.4 13.8
22 28.1 2790 335 33.57 337 274
23 437 4359 393 39.20 386 50.0
26 289 2920 305 30.24 357 40.2
27 29.1 29.03  29.1 29.03  29.1 29.1
28 41.8 41.67 41.8 41.67 41.8 41.8
Experimental

13C NMR spectra were recorded on a Bruker AM-300
(75 MHz) spectrometer in C¢Dg (SiMey). Resolution was
0.6 Hz. Time of delay between 45°-pulses was 3 s.

Synthesis of bicyclo[2.2.1]}heptadiene tetramers was re-
ported earlier.’
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