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The formation of exo-tricyclo(4.4.1. 12'5]dodeca-3,7,9-friene—l'l-one (), the first example of a
thermal (6+4) cycloaddition (1), has been reported by Cookson et al (2) and us (3) starting from tropone
and cyclopentadiene. However, upon the extention of the reaction to 2-chlorotropone, we have found
that the major course of the reaction is completely altered. The result is reported herein.

2-Chlorotropone (II) (4) was heated with cyclopentadiene (ILI) under nitrogen at 105" (sealed tube)
for 3 hrs to give a mixture of at least four products in 73% yield. Extensive 5iO, chromatography
separated the mixture into four 1: 1 adducts with the following physical properties (in the order of
elution) :

Adduct (IV) with the aB-unsaturated carbonyl group (5), m.p. 77-78.5°, Amax 237 (¢ 3470), 271 mp
(3010), v 1670 cmi', MS. m/e 208, 206 (M'), 141, 143 (base peak, C,H OCD), 66 C M), 11% yield.

Adduct (V) with saturated carbonyl group, m.p. 63.5-65°, hmax 252 (¢ 3070), 261 (4100), 270 my

(4040), v 1730, 1740 cni’, MS. m/e 208, 206 (M), 171 (base peak, M-Cl), 66 (CaHg)s 11% yield.

N
Adduct (V1) with aB-unsaturated carbonyl group, m.p. 82-83°, Amax 225 (e 4920), 255 mp (1280),
¥ 1670 cm', 2% yield.
Adduct (VI1) with aB-unsaturated carbonyl group, m.p. 116-117°, Amax 231 mu (¢ 3940), ) 1670 cm’
MS. m/ 208, 206 (M), 171 (base peak, M=CI), 66 (CHy) in 19% yield.
Structure of the major product VII, was- elucidated by, in addition tq the above spectroscopic

evidence, the extensive NMDR study on VII (NMR spectrum of VII is shown in FIGURE)and its trideuterio

compound, Vll-d3, m.p. 115-1 17°, obtained from 2-chlorotropone-3, 5, 7-d3 (6). NMR parameters obtained
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FIGURE. NMR Spectrum of VIl in CDClg
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are as follows: 82: 3.40, 63,84: 5.77, 5.92, 85[3: 2.66, 85(1: 2.04, 86: 3m, 87: 3.2-3.4, 88: 7.18,
89: 5.93, 8”: 6.05, 8]2: 6.39, J50,5B: 16.5, J50,6: 5.5, J5B’6: 9.1, qu'4: 1.7, JSB'4: 1.5,
J2'3: 1.5, J2,6: 9.1, J3'4: 6.0, J50'2: 3.5, J5ﬁ,2: 1.5, J5013: 1.7, J5B13: 1.5, J2I4: 1.5,
J6, 12° 1.0, J”,IZZ 9.0, J7' 12° 6.5, J7,8: 8.5, J8,9: 11.0, J6,7: 1.0-1.5, J7’9: 1.0, J7'”: 1.0.
The small magnitude of J6,7 reveals the endo configurations for VII.

Adduct IV has the same chromophore as VII. The position of the chlorine atom was easily deter-

mined by the doublet nature (J=9.5) of H8 which appears at lowest field (6 7.41). The position of the
double bond in the five-membered ring is assigned from the large chemicd! shift difference between H3
and H4 (7). In order to establish the carbon skeleton, IV was catalytically hydrogenated to give the
corresponding hexahydro derivative VIII, liq. v 1720 cm’, which was further reduced with zinc amalgam
in. acetic acid to give a dechlorinated ketone IX, lig. v/ 1700 cm’, 2, 4-dinitrophenylhydrazone, m.p.
130-131" . Since the same ketone IX was obtained from VIl by the same reaction sequence, both adducts
IV and VIl have a common carbon skeleton.

Adduct V has UV and IR properties reminiscent of | (presence of a conjugated diene, saturated
six-membered ketone). Its NMR spectrum is also almost identical with that of I, showing well defined
C]2 methylene signals (lec has }=12, 5, 5, 2, while the other Hle has J=12, 0.7, 0.7). For
establishment of the carbon skeleton, V was catalytically reduced to give a hexahydrochloroketone X,

lig. vV 1720 cni', which was further reduced with zinc-amalgam and acetic acid to give an oily dechloro-
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ketone X|, v 1709 cm’, which was also obtained by the catalytic reduction of I, thus proving identity
of the carbon skeleton in V and I.

Adduct VI was obtained in a very low yield and was rather unstable so that the structure was
assigned from NMR observation: The chemical shifts observed for the vinyl protons are 84 and &, ~5.7

5

(2H), 88: 6.95, 6,: 5.88, 6,,: 6.02, 8]2: 6.49. When these values are compared with those of VI,

9 n
it is found that H8 in VI is more shielded by 0.15 ppm (9). Considering the difference in the shield-
ing effect caused by the double bond in the five-membered ring, the cyclopentene was assigned an gxo~
orientation, although the exact location of the double bond was not determined.

When 1l and Il were allowed to react for 20 hrs at room temperature in the presence of p-toluene-
sulfonic acid, the mixture of adducts was obtained in more than 90% yield. However, fh; presence of
the adduct with a saturated carbonyl group (type V) was not detected in IR spectrum of the mixture,

The difference of the behavior of tropone and 2-chlorotropone toward cyclopentadiene is rather

remarkable. Although the exact reason for it is not yet clear, the presence of acid is one factor which

determine the ratio of the [6+4) adducts and the (4+2) adducts in the present reaction.
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