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Diels-Alder reaction of troponoids has already been studied by several authors (1),
using dienophiles with symmetric structures. Although endo-cis configuration was found
in the products in most cases, both endo and exo isomers were obtained in 1:1 ratidé in
the reaction of tropolone and maleic anhydride (1). We have studied the reactiom of
the asymmetric dienophile, acrylonitrile, with four troponoids; tropone, 2-chloro-, 2-
methoxy~ and 2-hydroxytropone (tropolone). The result presented herein clearly indicates
that the reaction proceeds through a concerted one-step mechanism and that the nature of
the substituents at 2-position controls the orientation of two reactants.

Heating of tropome (I) with mcrylonitrile (II) at 130-140° for 20 hours yielded,
after repeated silica gel chromatography, four isomeric 1:1 adducts (2): III (m.p. 91-
92°, v 1665, 1630 cm*), IV (o0il, v 1670, 1633 cm*), V (m.p. 118-120°, v 1667, 1633 cm*)
and VI (oil, v 1667, 1632 cm®). For all adducts, the presence of gf-unsaturated carbonyl
group was exhibited by UV (2) and IR spectra and that of saturated cyano group by IR band
at 2260-2300 cm®, Their NMR spectra clearly showed the presence of four vinyl protons in
each adduct. The position and configuration of cyano group in these adducts were estab-
lished by the NMR analyses with the aid of NMDR. The analysed NMR parsmeters are listed
in TABLE I and II. Irradiation of H4 signal easily distinguished 35 from Hl and the same
procedure on either H, or Hy caused changes in multiplicities of the proton (HX) at a-
position to the cyano group. Position of cyano group was thus established unequivocally.
Orientation of cyano group was deduced from the magnitude of coupling constant between
H, and one (HY) of the bridge head protons. Hy showed coupling with B in additiog to
those with adjacent methylene protons. Consideration of the dihedral angles between
and HY clearly indicated that JXY should be smaller for the adducts with gsg-ﬂx (gggg-cn)
than for those with endo-H, (exo-CN).

2-Chlorotropone (VII) and II were heated at 140-150° for 14 hours and subsequent
silica gel chromatography afforded again four l:l adducts: VIII (m.p. 149-152°, v 1675,
1633 cm*), IX (m.p.-130-131.5°, v 1682, 1636 cn*), X (m.p. 126-128°, v 1691, 1634 cm*)
and XI (m.p. 127-128°, y 1681, 1640 cm*). The position of chlorine atom was deduced
from the number of vinyl protons in their NMR spectra; VIII, IX and XI showed only three,
revealing chlorine to be situated at the position 3, while X showed four, indicating the
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TABLE II. Chemical Shift {§) of Troponoid-Acrylonitrile Adducta (ppm in cncls)

34 Hg 37 E, iy Hy Hoqy Heg Hoy Hog
IIT  7.05 6.75 6.18 5.77 3.47 3.77 cx 3.22  2.00 2.48
v 7.07 6.57 6.15 5.97 3,68 3.52 2.50 2.12 3.00 CKN
v 6.98 6.65 6.32 5.80 3.65 3.60 2.22 2.38 CX 3.27
vI 7.20 6.65 6.10 5.88 3.55  3.77 3.23 CN 2.35  2.23
VIII 7.35 6.80 6.23 <l 3.53  4.03 cN 3.23 1,93 2,53
Ix 7.23 6.68 6.35 1 3.72 3.83 2.25 2.38 CN 3.27
b ¢ 7.22 6.67 6.07 6.05 3.52 ¢l 3.58 CN 2.43 2.27
X1 7.47 6.70 6.13 ¢l 3.57 4.02 3.23 ¢CN 2.35 2.23%
XIII 6.00 6.62 6.13 3.62(0Me) 3.70 3.67 2.43 2.10 2.93 ¢¥
XIv 7.15 6.70 6.23 5.87 3.45 3.67(0Me) CN 3.40 2.22 2.45
xv 5.95 6.72 6.32 3.55(0Me) 3.75 3.75 2.25 2.38 CN 3.22
XVI  7.18  6.70 6.15 5.99 3.52  3.63(OMe) 3.28 CN 2.33  2.22
XVIII 7.02 6.68 6.07 5.88 3.48 2.27(0Ac) CN 4.05 2.03 2.45
XIX 7.28 6.55 6.33 6.03 3.45 2.23(0Ac) 3.37 N 2.40 2.12

chlorine to be at the position 1 (TABLE I). The poasition and orientations of cyano
groups in VIII, IX and XI were deduced by the same method as in the case of the tropone
adducts., For the fourth isomer X, the position of the cyano group was determined from
the fact that the methylene protons showed a coupling with 35. The close similarity of
834. 8n6 and 837 in X with those in yI but not inIIIsuggests exo-orientation for the
cyano group.

2-Methoxytropone (XII) and II were heated at 140-150° for 21 hours and products
were separated in the way described above to afford again four 1l:l adductss XIII (m.p.
130-2°, v 1676, 1615 cm*), XIV (m.p. 112-113.5°, v 1673, 1634 cm*), XV (m.p. 169-170°,

v 1679, 1621 ca*) and xVI (oil, v 1678, 1636 ca*). In their NMR spectra, XIII and XV
showed three olefinic proton signals, while XIV and XVI exhibited four, revealing the
positions of the methoxy group. Position and configuration of cyano group in each adduct
were deduced by similar method as in VIII-XI. fThe He signal shows a long-range coupling
with n7 in XIV but not im XVI.

Heating of tropolone (XVII) with II at 120-130° for 25 hours, followed by the
acetylation and silica gel chromatography, afforded two isomeric adducts XVIII (m.p.
126-7°, v 1744, 1680, 1640 cm*) and XIX (m.p. 117-7.5°, v 1754, 1677, 1635 ocm*). fTheir
UV, IR and NMR spectra clearly shov. that the acetoxy group is at bridge head position (4).
Multiplicity of Hy established the structure (TABLE I).

The structures thus deduced from chemical shifts and coupling constants are supported
by the regular solvent shift of the hydrogen signals (ll1 to HT) on going from chlorofera
to benzene (5).

¥V, VIII, X and XIV have no tendency to isomerisze to the other adducts under the comdi-
tion in which they were formed, disclosing that none of them was the secondary products.
That each adduct was resulted from the different orientation of the reactants (one-step
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mechanism) and not from a common intermediate (two-step mechanism) was verified by the
reaction of acrylonitrile-f-cis-d and 2-nethoxytropone-},5,7153. The products, XIII-d,
XIV-d and XVI-d isolated showed a large J89 (9-11 Hz) revealing that cis relation of HB
and H9 was maintained for all products.

The yield of the adducts, shown in TABLE III, disclosed a few point in the general
pattern of the Diels-Alder reaction of tropomoids.

TABLE III. Yield of the Acrylonitrile Adducts (%)
Structure of Adducts

Proponoids Total Yield (7,4) (5,2) (4,7)
endo exo endo exo _endo exo
Propone (I) 91 64 8 11 8 * »
2-Chlorotropone (VII) 81 33 0 0 32 9 7
2-Methoxytropone (XII) 85 19 10 30 26 0 0
Propolone (XVII) 40 0 0 12 28 0 0

* Impossible to differenciate from (5,2) adducts.

First, a correlation was observed between the reacting site in tropone ring and the
electron releasing ability of the substituents at 2-position: g-Carbon of acrylonitrile
reacted either at 5 or T-positions and a~-carbon at 2 or 4-positions. The former type of
reaction, [5,2), is more prominent for XVII and XII, and the latter type, (7,4, was
found more predominantly for I, while both types and another type, (4,7]), were observed
equally in VII (6). The ratio (5,2)/(7,4) thus has a decreasing order from OH through
OMe and Cl to H.

Secondly, the adducts with the endo cyano group always predocinate in (7,4) reaction.
However, the gggg/ﬁgg ratio is close to 1 in (5,2) and (4,7) reactions and, in the extreme
case of VII, endo (5,2) product was not obiained.

Purther study is in progress in order to establish the factor controlling the geome-
try of the products in the Diels-Alder reaction of troponoids.
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