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Effective construction of polycyclic compounds has been
a major challenge in synthetic organic chemistry due to the
large appearance of biologically active natural products pos-
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sessing polycyclic rings."! For the past few years, palladium
catalyzed cyclization has emerged as an efficient methodology
which can provide various types of cyclic compounds in a
very easy one step process.? In connection of our interest
in palladium catalyzed enediyne cyclizations forming tricyclic
compounds, we have envisioned the feasibility of these regio-
and stereo-selective polycyclizations which require to form
neopentyl-type alkylpalladium intermediates.?

The neopentyl-type alkylpalladium intermediates (I) having
a conjugated diene unit were known to undergo three diffe-
rent types of cyclization to form the corresponding three
(A), five (B), and six membered ring (C) depending on reac-
tion conditions and substrates (Scheme 1).* Due to the comp-
lexity of these reactions, little attention has been devoted
to clarify which factors govern each of these cyclization path-
ways. In this paper we wish to report an important clue
to change those reaction pathways to form chemoselectively
either the five-membered ring B or the six-membered ring
C. We have prepared simple substrates 3 and 4 shown in
Scheme 2. 1,7-Octadiyne (1) was deprotonated with n-butylli-
thium and then condensed with 2,2,5-trimethyl-5-pentenal®
in THF to yield the corresponding alcohol 2. The alcohol
2 was protected with tert-butyldimethylsilyl chloride to give
the substrate 3. Deprotonation of the substrate 3 with z-but-
yllithium and treatment of ethyl chloroformate at —78 C
gave the substrate 4.

Enediyne 3 and 4 serve as our substrates shown in
Scheme 3. When a dimethylformamide solution of substrate
3, 5 mol% of n-allylpalladium chloride dimer,® 10 mol% of
triphenylphosphine, and 0-5 mol% of acetic and was stirred
for 4 h at 100 T, the reaction was sluggish to give the corre-
sponding cyclized product 3a in 10-20% yield along with a
dimerized product in 40-50% yidle.

We have tried to cyclize the substrate 3 using other pala-
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Table 1. Palladium Catalyzed Reactions of Enediynes 3 and
4 Under Various Conditions

SM Conditions Results Notes

3 5 mol% (n-C;Hs).Pd:Cl,, 5 mol% 3a, 10-20% ~1:1 mixture®
AcOH, 100 T, 4 h
5 mol% PdCl,, 5 moi% AcOH, 3a, trace no reaction
100 €, 4 h
5 mol% Pd(OAc);, 5 mol%
AcOH, 100 C, 4 h
4 mol% P(PPhy),, 5 mol% AcOH, 3a, trace dimer (67%)
100 C, 4 h
3 7 mol% (n-CsH,).Pd.Cl, 3b, 82% single isomer
200 mol% HCOOH, 60 C, 4 h
4 7 mol% (n-Cs3Hs).Pd,Cl,,
7 mol% CHsCOOH, 90 C, 6 h
4 7 mol% (n-C3Hs),Pd:Cls,
200 mol% HCOOH, 90 T, 6 h

3a, trace dimer (63%)

4a, 86% 1:2 mixture”

4b, 87% single isomer

¢: The isomeric ratios were determined by 'H NMR of the crude
reaction mixtures

dium catalysts such as palladium chloride, palladium acetate,
and tetrakis(triphenylphosphine)palladium in DMF shown in
Table 1. None of these could catalyze the enediyne 3 to
the corresponding tricyclic product 3a under the given con-
ditions. A major isolated product was a dimeric product for-
med by C-C coupling between the terminal acetylene groups.
However, substrate 4 under the similar condition underwent
to the corresponding cyclic product 4a in 86% yield. Note
that a neopentyl type alkylpalladium species has been succe-
ssfully cyclized to form 6-6-5 tricyclic compounds.**®

In contrast to these results, when a dimethylformamide
solution of substrate 3, 7 mol% of n-allylpalladium chloride
dimer, 20 mol% of triphenylphosphine, and 200 mol% of for-
mic acid was stirred for 2 h at 100 T, the corresponding
cyclic product 3b was isolated as a clean single product. After
optimizing the reaction conditions, we could isolate the cyclic
product in 82% yield at 60 T for 4 h. Structural determina-
tion for the cyclized product 3b has been made by analyzing
'H NMR, BC NMR, IR, and high resolution mass spectra.’
Likewise, the substrate 4 at 90 C for 6 h under the same
condition also cleanly underwent the cyclization to form the
corresponding product 4b in 87% yield. We believe that the
acyclic enediyne substrates like 3 or 4 with the palladium
catalyst exclusively form 6-5-5 tricyclic compounds for the
first time.

The formation of these 6-6-5- and 6-5-5 tricyclic compou-
nds could be understood as our proposed mechanism as
shown in Scheme 4. A neopenthyl type alkylpalladium inter-
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mediate Ib, a generally accepted intermediate, may equilib-
rate with a kinetically unstable intermediate Ic. In the prese-
nce of only a catalytic amount of acids, the intermediate
Ib can irreversibly cyclize to form the tricyclic product 4a;
in the presence of stoichiometric amount of formic acid, how-
ever, the kinetically unstable intermediate Ic may undergo
reductive cleavage to form the stable product 4b and palla-
dium (0) which can reform HPdX with formic acid.

In conclusion, present cyclizations via the neopentyl-type
alkylpalladium species offer an important clue to change the
cyclization pathways; (1) use of catalytic amount of acetic
acid as an initiator under these palladium reaction conditions
resulted in formation of 6-5-5 tricyclic compounds exclusi-
vely; (2) use of stoichiometric amount formic acid provided
the 6-5-5 tricyclic compounds by reductive cleavage of the
alkylpalladium species. This methodology might be widely
applicable to the n-6-5- or n-5-5-tricyclic compounds from
the corresponding substrates via [2+2+2] or [2+2+1]
cyclization, respectively.
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