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The transition-metal catalyzed cycloaddition reaction between

unsaturated hydrocarbons is a powerful synthetic method, and 7

many reactions have been reported in the literatiRecently,
we discovered palladium-catalyzed{2] homebenzannulation
of conjugated enynés(eq 1) and this reaction was further
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extended to the [#2] crossbenzannulation of conjugated enynes
with diynes? which alleviated significantly the inherent problem
associated with the [22+2] approach. In contiunation of our
interest in understanding the reactivity profile of thet{]
approach, we undertook an investigation of the reaction of
conjugated enynes with electron-withdrawing groups. Quite
interestingly, certain enyndshaving electron-withdrawing groups

underwent an unprecedented annulation reaction, which we call

“zipper annulation”, in the presence of nickel catalysts (eq 2).
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2-Perfluorohexyl-1-butene-3-ynd d) dimerized in a highly
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Table 1. Nickel(0)-Catalyzed Zipper Annulation of Conjugated
Enynes
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R2 cat. Ni(0) or Pd(0) R R R! R!
Ri\y)\ — " R R R¢
R! N R* toluene, . t. R' g R! R
1a-e 2a-e R' 3a-e
enyne () yield (%)
entry R R? R* catalyst tme 2 3
1 H nCsFiz(1a) H Ni(PPh)s< 20min 89 0
2 H nCeFi3(1a) H Ni(PPh), 2 h 79 0
3 H nCeFiz(1a) H Pd(PPb); 5.5h 33 30
4 H PhCR(1lb) H Ni(PPh), 20min 55 @
H n-CeHisCR (10 H Ni(PPh); 50 mirt 52 @
F nCoHp(ld) H Ni(PPR); 20h 27 0
H CN(@1¢ n-CeHis Pd(PPB)sS 16 h 29 39

aTo a mixture of Ni(cody (27.5 mg, 0.1 mmol) and PRI105 mg,
0.4 mmol) in dry toluene (0.5 mL) was added a solutioda&{1 mmol)
in toluene (0.5 mL) at room temperature. For details, see Supporting
Information.? The reaction was carried out in the presence of 10 mol
% of the catalyst, unless otherwise noté@he reaction was carried
out in the presence of 5 mol % of the catalysthe catalyst was
prepared by the reaction of Ni§PPh), and PPhin the presence of
Zn dust. See ref 5% A solution of enyne was added dropwise to a
solution of the catalyst for 30 min and stirred for 20 min at room
temperaturef The reaction was carried out in the presence of 2 mol %
of the catalyst? Other products were not isolatétdA mixture of
oligomerized compounds was isolated as a byproduct.

Figure 1. ORTEP drawing ofb.

produced. To make clear whether the formation of this unexpected
product is due either to the substrate or to the Ni catalyst, the

regiospecific manner in the presence of a catalytic amount of reaction oflawas carried out in the presence of Pd(pPentry

Ni(PPh)4 (5 mol %), which was prepared in situ from Ni(cgd)
and PP to give the strained bicyclo[4.2.0]octa-1,3,7-trie@a)(
in 89% vyield (Table 1, entry 1). When Ni(PEhwas generated
in situ from (PPR),NiBr,, PPh, and Zn dust, a longer reaction
time was required and the yield @& decreased slightly. In entries
1 and 2, none of the usual{£] benzannulation produ®a was
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3). The Pd-catalyzed reaction was slower than the Ni-catalyzed
reaction and a nearly 1:1 mixture @& and 3a was obtained in

a lower yield (63% combined yield). Furthermore, the reaction
of 2-hexyl-1-butene-3-yne in the presence of Ni(BPH10

mol %) gave neither the corresponding zipper annulation product
nor the [4+2] benzannulation adduct. Accordingly, it is clear that
both the fluorinated substituent at C-2 and Ni(0) catalyst are
essential in obtaining the zipper annulation product in high yield.
Other catalysts such as CpCo(GB®xnd RhCI(PP¥)s,* which

are effective catalysts for the cyclotrimerization of alkynes, were
tested, but products such 2er 3 were not obtained. The reaction
of a,a-difluorobenzyl- and 1,1-difluoroheptylenyneandic)
proceeded smoothly to give the corresponding bicyclic products
2b and2c, respectively, in fair yields (entries 4 and 5). Therefore,
the zipper annulation takes place in general for enynes bearing
perfluorinated or partially fluorinated C-2 substituents. Even a

(4) Neeson, S. J.; Steverson, PTétrahedron1989 45, 6239-6348 and
references therein.
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1,1-difluoroenyneld having an n-nonyl substituent at C-2
underwent zipper annulation to gigsl although the yield was
low (entry 6). 2-Cyanoenynée reacted in the presence of a
Pd(0) catalyst to give a mixture @e and3ein 68% combined
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The two rings (four- and six-membered rings) were coplanar, and
the distances of the carbewarbon atoms are within the values
expected for the structure @b.”

Currently we assume the mechanism of this reaction as shown
in Scheme 1. The Ni(0) species would coordinate with the alkyne
moiety of the enyneg and the nickelacyclopentadiedeor bis
st-allylnickel 5 would be formed. The reductive elimination of
the Ni(0) species from these complexes might proceed through
the nickel cyclobutadiene compl&aor directly give the unstable
cyclobutadiene intermediaté. The existence of an electron-
withdrawing group may be essential for facilitating the reductive
elimination to6 or 7. A pericyclic reaction of7 (or 6) in either
the presence or the absence of Ni(0) catalyst would give the
bicyclo[4.2.0]triene2.

Itis not yet clear why an electron-withdrawing group, especially
a perfluoroalkyl group, is essential and why the Ni(0) catalyst is
more efficient than the Pd(0) catalyst for this unprecedented zipper
annulation reaction. Although it is premature to settle the
mechanism, the strained bicyclo[4.2.0]trienes are formed from
enynes in one step: especially the fluorinated trienes may be
useful as a monomer for the synthesis of fluorinated polymers.
We are currently investigating such a possibility in addition to
the detailed mechanistic study of the zipper reaction.
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(6) Crystalographic data fo2b: MF = CyHigFs, MW = 356.36,
orthoronbic;a = 10.123(3) Ab = 30.654(4) Ac=5.709(3) AV = 1771-
(6) A3, space groupP2:2:2;, Z = 4, D, = 1.336 g/cr. Data collection was

yield (entry 7), although the nickel-catalyzed reaction afforded a done ‘using Mo Kt radiation ¢ = 1.06 cnti) with a rotating anode

complex mixture of the products.

The structures of the bicyclic produ@s—e were determined

diffractometer (50 kV, 120 mA). A total of 2316 reflections was collected, of
which 1383 reflections with, > 10(l,) were used in the refinement. The
final R factor was 0.065R,, = 0.059). The final difference peaks wesgax

unambiguously by spectroscopic methods. Furthermore, the= 0.20 andom, = —0.20 e/&. For details, see Supporting Information.

structure of2b was confirmed by an X-ray crystallographic
analysis, and an ORTEP structure2if is shown in Figure £.
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