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Summary: Zirconacyclopentadienes reacted with 2 equiv
of allyl chloride in the presence of either a catalytic or a
stoichiometric amount of CuCl and LiCl salts (2 equiv)
to give stereodefined 1,4,6,9-decatetraenes in 66—96%
yields. Reaction of 1,4,6,9-decatetraenes obtained here
such as 4,5,6,7-tetraethyldeca-1,4,6,9-tetraene with 1
equiv of Negishi reagent (CpsZrCla + 2 n-BuLi) in THF
at room temperature for 8 h and subsequent carbonyla-
tion at 0 °C gave eight-membered—five-membered fused-
ring ketones such as 3,4,5,6-tetraethylbicyclo[6.3.0]-
undeca-3,5-dien-10-one in 76% yield.

The eight-membered —five-membered (8—5) fused-ring
system is an attractive synthetic target,? since some
natural products such as cyclooctanoid terpenes contain
this system.? One of the most exciting approaches for
the fused-ring system is the intramolecular direct
bicyclization of dienes, enynes, or diynes using transi-
tion metals followed by carbonylation or related reac-
tions.* However, this type of direct cyclization reaction
has a critical limitation for the ring size.®5 In this
paper we report the novel copper-catalyzed diallylation
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reaction of zirconacyclopentadienes to give the tetraenes
and novel 8—5 fused-ring formation from the tetraenes
using zirconium.

Zirconacyclopentadienes can be readily prepared in
high yields by the reaction of two alkynes or diynes with
reduced zirconium species.5>87 Although many reac-
tions with electrophiles have been reported,” the further
C—C bond formation reaction of zirconacyclopentadiene
is very rare.? Recently we have reported the Cu-
catalyzed allylation reaction of (trisubstituted alkenyl)-
zirconocenes.? This reaction could be applied for zir-
conacyclopentadienes. Zirconacyclopentadienes 1 reacted
with 2 equiv of allyl chloride in the presence of either a
catalytic or a stoichiometric amount of CuCl and LiCl
(or Mg) salts to give diallylation products 2 in high
yields. Results of the diallylation of zirconacyclopenta-
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dienes are shown in Table 1. The diallylation reaction
proceeded for various substituents such as alkyl, aryl,
and trimethylsilyl groups. Yields were high in all cases.
Simple distillation gave pure products. The zirconain-
dene compound 1g!? could be used for diallylation.!!
A convenient zirconium-mediated preparation of 5—5
or 6—5 fused-ring compounds from nonconjugated dienes
and enynes has been reported.!? However, 1,2-bis(3-
butenyl)cyclohexane (6) did not give eight-membered-
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Table 1. Diallylation of Zirconacyclopentadienes and
Formation of 8—5 Fused-Ring Compounds
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aDjallylation was carried out using 10 mol % of CuCl as a catalyst and 2 eq of allyl chloride unless
otherwise stated. BGC yield. Isolated yields were given in parentheses. Cyclization was carried out at 0°C
for 6h. Major isomer is shown. Combined yields of cis and trans isomers. ¢2 equiv CuCl was used.

ring compounds when it was treated with Negishi
reagent (CpoZrCly/2 n-BuLi).12d

We found, surprisingly, that the reaction of tetraenes
(2a) obtained here with 1 equiv of Negishi reagent in
THF at room temperature for 3 h gave 2,4,5,7-tetra-
methylbicyclo[6.4.0]ldodeca-1,7-diene (4a)!3 in 82% yield
after hydrolysis. Carbonylation of the zirconium-con-
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taining compound at 0 °C instead of hydrolysis gave the
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Figure 1. Perspective view of 5a.

6—8—5 fused-ring ketone 5alt in 85% yield. The
structure of 5a was determined by X-ray analysis!® and
is shown in Figure 1. Only the trans isomer was
obtained in both cases for 4a and 5a, as judged by a
combination of !H and !3C NMR, GLC, and X-ray
analysis.

Eight-membered-ring formation of 1,9-dienes® or 1,9-
diynes5® was not favorable. Probably, the side reaction

(10) Buchwald, S. L.; Watson, B. T. JJ. Am. Chem. Soc. 1986, 108,
7411-74138.

(11) The Zr—Ph bond was also reactive for the copper-catalyzed
allylation reaction, For example, diphenylzirconocene (CpyZrPhy)
reacted with allyl chloride in the presence of 10 mol % of CuCl and 2
equiv of LiCl to afford allylbenzene in 97% yield.

(12) (a) Reference 4a—e. (b) Negishi, E.; Holmes, S. J.; Tour, J. M,;
Miller, J. A. J. Am. Chem. Soc. 1985, 107, 2568—2569. (c) Negishi, E.
Acc. Chem. Res. 1987, 20, 65—72. (d) Negishi, E.; Swanson, D. R.;
Cederbaum, F. E.; Takahashi, T. Tetrahedron Lett. 1988, 27, 2829—
2832. (e) Negishi, E.; Swanson, D. R.; Cederbaum, F. E.; Takahashi,
T. Tetrahedron Lett. 1987, 28, 917—920. (f) Negishi, E.; Holmes, S.
dJ.; Miller, J. A,; Cederbaum, F. E.; Swanson, D. R.; Takahashi, T. J.
Am. Chem. Soc. 1989, 111, 3336—3346. For zirconium-mediated or
-catalyzed cyclization of dienes, see also: (g) Rousset, C. J.; Swanson,
D. R.; Lamaty, F.; Negishi, E. Tetrahedron Lett. 1989, 30, 5105—5108.
(h) Rajan Babu, T. V.; Nugent, W. A,; Taber, D. F.; Fagan, P. J. J.
Am. Chem. Soc. 1988, 110, 7128—7135. (i) Nugent, W. A.; Taber, D.
F. J. Am. Chem. Soc. 1989, 111, 6435—-6437. (j) Knight, K. S;
Waymouth, R. M. J. Am. Chem. Soc. 1991, 113, 6268-6270. (k)
Wischmeyer, U.; Knight, K. S.; Waymouth, R. M. Tetrahedron Lett.
1992, 33, 7735—7738. (1) Knight, K. S.; Wang, D.; Waymouth, R. M.;
Ziller, J. J. Am. Chem. Soc. 1994, 116, 1845—1854.

(13) 4a: 85% GC yield (69% isolated); 'H NMR (CDCl3, MesSi) 6
0.90-0.92 (m, 2H), 0.94 (s, 6H), 1.38—1.46 (m, 2H), 1.57 (d, J = 13
Hz, 2H), 1.69 (s, 6H), 1.72—1.80 (m, 4H), 2.09—2.17 (m, 2H), 2.53—
2.59 (m, 2H); 13C NMR (CDCl;, Me,Si) 6 18.01, 23.45, 27.44, 30.04,
36.23, 43.70, 127.69, 133.65; IR (Nujol) 1235 (m), 1136 (m), 1111 (m),
1034 (m), 943 (m), 905 (m) cm~1; HRMS calcd for CieHys 218.2034,
found 218.2043.

(14) 5a: 85% yield (49% isolated); 'H NMR (CDCls, Me,Si) 6 1.42—
1.54 (m, 4H), 1.75 (s, 6H), 1.77—1.81 (m, 4H), 1.88-1.94 (m, 4H), 2.18
(dd, J = 12, 9 Hz, 2H), 2.35 (dd, J = 16, 6 Hz, 2H), 2.60—2.66 (m, 2H);
13C NMR (CDCls, Me,Si) 6 18.94, 28.00, 31.36, 38.08, 42,73, 47.35,
125.60, 134.98, 217.66; IR (Nujol) 1749 (w), 1738 (w) cm~1; HRMS caled
for 017H240 244.1827, found 244.1820.

(15) Crystallographlc data: space group Ce, Z = 4; a = 9.792(1) 4,
B =115.02(1)°, V = 1411(4) A%, Diffraction data were collected (6— ~26
gcans) using g'raphlte monochromated Cu Ko radiation (A = 1.5418
A) for the range 2 < 26 < 140° on an Enraf-Nonius CAD-4 diffracto-
meter. Lattice parameters were determined from 25 reflections (30°
< 26). Three standard reflections were measured every 2 h, and there
was no significant decrease in intensities. The intensities were
corrected for Lorentz and polarization effects. A total of 2951 reflec-
tions were measured, of which 1276 reflections with |F,| > 30({F,|) were
used in the calculations, The structures were solved by direct methods
using SHELXS86 and Fourier methods. All non-hydrogen atoms were
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Communications

proceeds before two double or triple bonds coordinate
to zirconium to make a new C—C bond.52 On the other
hand, in the case of tetraenes 2, six carbons associated
with the conjugated diene system are fairly fixed. Two
double bonds, therefore, come closer to each other, and
when 2 is treated with Negishi reagent, those two
terminal double bonds easily coordinate to zirconocene.
Sequential cyclization results in the formation of the
desired eight-membered ring. Results on the formation
of 8—5 fused ketones from several tetraenes are shown
in Table 1. The products were isolated in good yields
(47—74%) with high purities after column separation.
The trans configuration was favorable. The cis:trans
ratio was dependent on the substituents, although the
factor determining the cis:trans ratio has not yet been
elucidated. When the substituents were alkyl groups,
only trans isomers were formed. Tetraenes with two
terminal double bonds gave eight-membered-ring com-
pounds., Tetraene 7 without two terminal double bonds
afforded only the olefin positional isomerization product
8 in 64% yield. No eight-membered-ring compounds
were obtained.

A combination of the formation of zirconacyclopenta-
dienes, tetraene formation by diallylation of zirconacy-
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clopentadienes, direct eight-membered-ring formation,
and its carbonylation led to a convenient one-pot reac-
tion from alkynes to 8—5 fused-ring compounds such as
5c (65% yield).
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