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The development of efficient approaches to the generation of
highly substituted or functionalized cyclopentadienyl ligands is
of continuing importance.! One of the strategies to synthesize
cyclopentadienylmetal compounds is to use cyclopentenone as a
starting material.? The Pauson-Khand reaction is one of the
most effective methods in the syntheses of cyclopentenones.?
Herein we report a powerful new method for the preparation of
1,2-disubstituted or 1,2,3-trisubstituted cyclopentadienyl ligands
via the retro-Diels—Alder reaction of the intermolecular Pauson-
Khand reaction products. Stille reported the use of the retro-
Diels-Alder reaction to generate cyclopentadienyl anions and to
prepare a polymer containing cyclopentadiene units, However,
to the best of our knowledge, this is the first example of the
general method of preparation 1,2-disubstituted and 1,2,3-
trisubstituted cyclopentadienyl ligands (Scheme 1).

The substrates 2 for the retro-Diels-Alder reaction could be
efficiently prepared in two steps. The Pauson-Khand products
1, obtained in high yields by using DMSO as a promoter,’ were
transformed into compounds 2 in high yields (Table 1).

The retro-Diels—Alder reaction commonly requires high tem-
peratures for convenient reaction.5 However, a number of retro-
Diels-Alder reactions involving anionic intermediates take place
at more moderate temperatures.” Grutzner® reported the retro-
Diels-Alder reaction of 7-phenyl-7-methoxynorbornene at room
temperature using excess sodium-potassium alloy. Karpf® and
Ichihara!® groups demonstrated the generation of multiply
substituted cyclohexenes by treatment with potassium hydride at
room temperature. Instead of using sodium-potassium alloy or
potassium hydride, we used potassium and n-BuLi.!! The retro-
Diels-Alder reaction of 2 with potassium and n-Buli was
straightforward at room temperature within 2-3 h. The scope
of the retro-Diels—Alder reaction was examined with a number
of substrates (Table 1). We have observed an apparent require-
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Table 1.
yield (%)4
entry RL RS R’ 1 2 3 4
1 Ph Ph Ph 84 718 90 80
2 Ph Me Me 97 87 63 54
3 Ph Ph Bu 84 79 86 58
4 Ph Ph Me 84 80 76 64
5 Bu H Ph 86 92 91 51
6 (CH,);0Me H Ph 90 90 68 75
7 (CH;),OMe H Ph 72 85 95 63
8 (CH,),CH=CH, H Ph 80 75 65 47
9 H Ph 75 87 62 62

a

@The reaction condition was not optimized. Isclated yields.  The
monodealkylated product was obtained in ca. 10% yield.

ment for the presence of one phenyl group. Workup furnished
an isomeric mixture of cyclopentadienes in 61-95%. Even with
a methoxyalkyl substituent (entries 6 and 7), the reaction
proceeded to give a high yield of cyclopentadienes. Furthermore,
the reaction of substrates with an alkenyl substituent (entries 8
and 9) gave reasonable yields of cyclopentadienes. Compounds
3 are moderately air-stable and can be stored in hexane solution
for 4-5 days. The isomeric mixture was reacted further.

Metalation of 3 was carried out by treatment with Mny(CO),o
in refluxing xylene for 0.5-2 days. After reaction, compounds
4 were obtained in reasonable to high yields.!? However, for
entries 2 and 5, the reaction proceeded to give two kinds of
products; one was 4 and the other was monodealkylated. Due
to the dealkylation, the yields of 4 for entries 2 and 5 were rather
low. Dealkylations via competitive activation of the carbon-
carbon bond of the diene have been reported for other metal
complexes.!?

In summary, we have demonstrated that theretro-Diels—Alder
reaction of the Pauson—-Khand reaction product generates high
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yields of cyclopentadienes which are used to prepare 1,2-
disubstituted- and/or 1,2,3-trisubstituted cyclopentadienyl man-
ganese compounds. The synthetic potential of this retro-Diels—
Alder reaction is apparent from the generation of high yields of
cyclopentadienyl precursors.

We expect that functionally substituted cyclopentadienyl
transition-metal compounds produced by the above sequences
can lead to a wide variety of new products of potential importance
to organic, inorganic, and polymer chemistry. Further investi-
gations along these lines are in progress in our laboratory.
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