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Laboratoire

The best results have been obtained with
derivatives simultaneously bearing electron-
attracting and electron-withdrawing groups.®
We have synthesized various 2,3-di-
carboxymethyl-7-oxabicyclo[2.2.1]hepta-2,5-
diene derivatives (oxanorbornadienes) to
establish whether they can be used in the
same way, and describe here the 'H and '3C
spectra of 20 oxanorbornadienes with various
substituents on carbon 1, 4 or 6 (Fig. 1). To
our knowledge only a few NMR spectra of
such compounds have been reported pre-
viously, and no complete assignment of the
carbon chemical shifts has been made*~".
We used two-dimensional NMR techniques
to determine such assignments.

EXPERIMENTAL

Oxanorbornadienes 1-20 were prepared by
Diels—Alder reactions between equimolecular
amounts of the furan derivative and
dimethylacetylenedicarboxylate (DMAD).
The temperature and reaction time were
adjusted to obtain complete disappearance of
the diene and DMAD.

All spectra were recorded on a Bruker WP
200 SY spectrometer operating at 200.132
MHz for 'H and 50.323 MHz for '3C, in
deuteriated chloroform (one-dimensional
NMR) or hexadeuteriated benzene (two-
dimensional NMR), with all shifts referenced
to tetramethylsilane (TMS).

Carbon-13 NMR and 'H NMR spectra
were recorded with the following parameters,
respectively: pulse angle (PW) 3.2 ps (flip
angle 45°) and 2 ps (flip angle 25°); acquisi-
tion time 1.3 and 2.3 s for a 32 and 16K data
table with spectral widths (SW) of 230 and 13

ppm. Carbon-13 spectra were recorded with
broadband decoupling.

The following parameters were used for
spin-echo experiments (JMODXH): PW (90°)
6.4 ps; relaxation delay 4 s; 1/J(CH)
delay = 7.0 ms; SW 12500 Hz.

The two-dimensional NMR spectra were
recorded using the standard Bruker micro-
programs XHCORR® and INADEQUATE.?
The proton-carbon chemical shift correlation
utilized the XHCORR sequence with delays
optimized for J(C,H) values of 140 Hz. The
spectra were acquired with 2K x 256 data
points and a data acquisition of 64 x 256
increments in ¢, and zero filling in the F,
dimension. The correlation experiments were
applied using various F, spectral widths
ranging from 3 to 7 kHz. The proton F,
spectral width was 1500 Hz. The fixed delays
were a 4.0 s relaxation delay, 3.5 ms polariza-
tion transfer delay and 1.75 ms refocusing
delay. The carbon—carbon correlated two-
dimensional  spectra  (INAD2D)  were
acquired with a spectral width of 6500 Hz in
the F, domain and a 32-step phase cycling
and data acquisition of 128 x 256 increments
of t, to provide, after zero filling in the F,
dimension, a matrix of 2048 x 512. Data files
were processed using an unshifted sine-bell
function in both dimensions before Fourier
transformation. The delay for the creation of
double quantum coherence was 6.5 ms and
the relaxation delay was 10 s.

RESULTS AND DISCUSSION
The '*C and ‘H NMR data are presented in

Tables 1-3. The chemical shift assignment of
protons and carbons is straightforward for

3C and 'H NMR spectral assignments 1 R,=R,=Rg=H
have been obtained for  23-di- 2 R,=CH;,
carboxymethyl - 7 - oxabicyclo[2.2.1]hepta - 3 R, i CH,CH,
2,5-diene and 19 of its derivatives. The use g :‘ ; Eg:z)BCHB
of a combination of one-dimensional and 6 R1 - (CH2§4CH3
two-dimensional NMR techniques allowed 7 R =CH.OH R, (47)
the unambiguous assignments of all *3C 8 R. =CH.SCH GO
¢ ' 1 2 3 4 COOCH
resonances of the bicyclic framework. 9 R,=CH,NCS 5/, \3/ *
10 R, =CH(OCH,CH
kevworos 'H NMR '3C NMR 1R - CHNN(CHY .
3 3
XHCORR INADEQUATE 12 R, =0CH, (6,)R/ \\l/ ™ cooc
oxanorbornadiene derivatives 13 Ry=CH, ¢ (5,) :
14 R,=CH,OH ,L (11
15 R,=R,=CH, '
INTRODUCTION 16 R, =R,=CH,0OH
17 R,=CH,0H, R,=CH,
Norbornadienes, which can be photo- :}g :‘ i 2:3625 ; Cr{é?_{H
chemically transformed into quadricyclanes. 1T pan e s
, 20 R,=R,=R,=CH,

are useful compounds with which to realize

the storage and release of solar emergy.'= Figure 1. Structure of oxanorbornadienes.

© 1992 by John Wiley & Sons, Ltd.
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Table 1. Carbon-13 chemical shifts

Compound c-1 c-2 c-3 c-4 c-6 c-6 c-1 c-2/C-3 ca  ce Methyls Others
1 851 153.1 1531 85.1 1433 1433 163.3 523
2 940 1566 15614 835 1447 1461 162 162.9/165.0 52.3/62.3
3 984 156.3 1515 833 1447 1448 220 162.8/165.3 52.2/82.3 9.0
4 979 1565 1515 834 1445 1452 286 162.8/165.3 52.2/562.2 27.0 229 139
5 979 1565 1615 834 1446 1453 289 162.8/165.3 52.0/62.1 320 246
224 139
6 979 1565 1614 834 1445 1452 289 162.8/165.3 52.2/62.2 31.7 297 290
248 226 144
7 984 1537 1527 8441 1450 14286 60.0 163.0/164.8 52.4/52.5
8 99.0 1544 15621 839 1447 1444 33.0 162.7/164.7 52.3/52.4 17.2
9 955 1544 1508 843 1458 1419 443 162.6/163.6 52.5/52.6 136.1
10 988 1565 1493 838 1442 1426 984 162.4/165.3 52.2/62.2 63.8 152
11 966 156.6 1499 835 1444 1440 1229 162.7/165.3 52.1/52.2 423
12 1185 1533 15615 785 1465 1409 162.2/164.3 52.4/52.4 556.0
13 884 1525 1538 858 1341 1554 163.4/163.6 142 52.3/524
14 8568 15626 1531 855 1352 1589 163.2/163.9 591 52.4/525
15 921 1544 1544 921 1473 1473 15.4 164.4 15.4 52.0
16 973 1535 1635 973 1442 1442 69.9 164.3 59.9 52.6
17 964 1505 1581 929 1475 1441 60.2 164.6/164.6 151 52.3/52.3
18 944 1565 1615 826 1379 1589 13.7 162.7/165.7 5684 52.2/525
19 980 153.9 1527 832 1364 1538 59.2 163.0/164.8 131 523/524
20 93.3 1556 1546 911 1385 1575 13.8 164.4/1647 156 128 52.1/521
Table 2. Assignment of proton NMR spectra. Chemical shifts (ppm)
H—C-1 H—C-4 H—C-5 H—C-6 H—C-1" H—C-4 H—C-6 Esters QOthers
1 5.69 5.69 7.22 7.22 3.82
2 5.60 717 6.98 1.70 3.75; 3.80
3 5.65 7.18 7.00 2.21 3.78; 3.85 1.01
4 5.63 717 6.99 2.16 3.77;3.84 1.39; 0.9
5 5.62 7.16 6.97 214 3.77:3.82 1.34; 088
6 5.64 717 6.98 214 3.77; 384 1.27,0.87
7 5.67 7.24 7.05 4.24; 432 3.80; 384 2.50
8 5.67 7.19 7.02 3.24;3.35 3.79; 3.89 2.20
9 5.70 7.29 7.02 4.30; 4.40 3.82; 386
10 5.71 7.18 7.18 517 3.75; 3.84 3.70;1.24
1 5.66 7.25 7.27 6.63 3.81;383 2.89
12 5.65 7.23 7.01 3.78; 3.87 3.58
13 5.36 5.60 6.60 2.02 3.82;3.83
14 5.57 5.66 6.85 4.43 3.80; 3.82 3.25
15 6.82 6.82 1.64 1.64 3.68
16 7.08 7.08 4.23; 4.31 4.23;4.31 3.81
17 7.00 7.06 4.27 1.78 3.79; 3.83
18 5.57 6.91 1.75 4.40 3.80; 384
19 5.68 6.66 417; 4.3 1.96 3.80; 3.84 3.00
20 6.41 1.75 1.70 1.89 3.80

compounds 1, 15 and 16, which are sym-
metrical molecules, and for 17 by analogy.
For derivatives 2-14 and 18-20 only a few
carbons could be assigned on the basis of
their chemical shift values and spin-echo
experiments.

For the monosubstituted derivatives 2-12,
the proton—carbon chemical shift correlation
(XHCORR) allowed the unambiguous
assignments of the resonances of C-5 and C-6

in all products as well as the carbon C-1' of
the side-chain in §, 6 and 7. Carbons C-2 and
C-3 are identified from the B substituent
effect, the deshielding of C-2 being confirmed
by carbon—carbon correlation for 2,3 and 7.
The differentiation of the closely lying
signals of the quaternary carbons in 13, 18
and 20 could be solved only by INADE-
QUATE experiments. These assignments
were then extended to 14 and 19, except for

C-1 and C-4 of the former which were differ-
entiated by selective irradiation of the
H—C-1, H—C-4 and H—C-5 hydrogens, fol-
lowed by proton—carbon correlation experi-
ments.

The introduction of substituents onto the
bicyclic framework of the oxanorbornadiene
derivatives led to the expected electronic and
steric effects on the chemical shifts of neigh-
bouring carbons. The B substituent effect is
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Table 3. 'H-"H coupling constants (Hz)

Pair of protons 4.5 5.6 1.4 1.1
1 11
2 2.0 5.2
3 1.9 5.2
4 2.0 5.2
5 2.0 5.2
6 2.0 5.2
7 1.9 53 12.8
8 1.8 5.2 135
9 1.8 5.2 16.3
10 1.6
1 1.8 5.2
12 20 5.4
13 1.9 1.6
14 1.7 1.6
16 129
17 5.2
18 1.8
19 1.6 12.0
20

56"

20
1.9

observable on C-2 for 2-12 and, although
small (0.2 < Ad < 3.5 ppm), the deshielding is
larger than on C-6. The chemical shift of C-6,
compared with 1, at lower field for most
compounds, but is at slightly higher field for
7,9, 10 and 12 due to the heteroatom steric y
effect. The substituent chain is therefore
oriented on the left side of the molecule. In
some compounds the rotation around the
C-1/C-1’ bond is restricted, as shown by the
multiplicity of H—C-1' (two doublets). In
compound 12, bearing a methoxy group, an
important shielding (—6.6 ppm) is observed
for C-4, in agreement with the y antiperi-
planar effect of the oxygen atom.

Acknowledgements

We are indebted to the Assemblée de Corse
for financial support.

References

1. G. Jones ll, in Photochromism, Mol-
ecules and Systems, edited by H. Dirr
and H. Bouas-Laurent, p. 514, Elsevier,
Amsterdam (1990).

2. J. Casanova and G. Pourcelly, Rev. Int.
Héliotech., 37 (1985).

3. Z. I. Yoshida, J. Photochem. 29, 27
(1985).

4. M. C. Lasne and J. M. Ripoll, Buil. Soc.
Chim. Fr. 766 (1986).

5. U. Vagt, M. Haase, J. Konusch and W.
Tochtermann, Chem. Ber. 120, 769
(1987).

6. H. Glombik, C. Wolff and W. Tochter-
mann, Chem. Ber. 120, 775 (1987).

7. A. Kover and H. M. R. Hoffman, Tetsa-
hedron 44, 6831 (1988).

8. A. Bax and G. Morris, J. Magn. Res. 44,
501 (1981).

9. T. H. Mareci and R. Freeman, J. Magn.
Res. 48, 158 (1982).

Received 4 May 1992; accepted 28 June
1992

News and Events

March 14-18, 1993

THE 34tH ENC (EXPERIMENTAL NMR CONFERENCE)

St. Louis Missouri (USA)

Contact: ENC
815 Don Gaspar
Santa Fe, NM 87501, USA

Phone: (505) 989-4573
Fax: (505) 989-1073



