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Summary: Zirconacyclopentadienes reacted with 1,2-bis-
(bromomethyl)benzene and 1,8-bis(bromomethyl)naph-
thalene in the presence of a catalytic amount of CuCl
(10 mol %) to afford highly substituted eight-membered
and nine-membered ring compounds in high vyields,
respectively.

The formation of eight- and nine-membered ring
compounds has been attracting considerable attention.t
However, metal-catalyzed direct intermolecular cou-
pling of two four-carbon units®?2 or a coupling of a four-
carbon unit with a five-carbon unitld3 has been very
rare (eq 1), to the best of our knowledge.
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Recently, we have investigated the reactions of zir-
conacyclopentadienes, which have two Zr-sp? carbon
bonds, with bis-functionalized substrates, and we have
reported the formation of five- to seven-membered ring
compounds.*~® During the course of our study, we tried
the formation of middle-sized compounds such as eight-
membered or nine-membered ring derivatives, since the

9-membered ring
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direct intermolecular [4+4] or [4+5] coupling reactions
are very rare. In this paper we would like to report a
copper-catalyzed intermolecular [4+4] and [4+5] cou-
pling reaction of zirconacyclopentadienes with bis-
(halomethyl)arenes.
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Typically, zirconacyclopentadiene 1a (1 mmol), pre-
pared from 3-hexyne and zirconocene according to
literature,” reacted with 1,2-bis(oromomethyl)benzene
2a in the presence of a catalytic amount of CuCl (10
mol %) to afford highly substituted benzocyclooctene
derivative 3a in 72% yield at 50 °C in 6 h (eq 2). Use of
a stoichiometric amount of CuCl (2 mmol) afforded the
same product, 3a, only in 62% yield. Addition of
dimethylpropyleneurea (DMPU, 2.5 mmol) to the reac-
tion mixture increased the yield of 3a to 93%.5 On the
other hand, the presence of DMPU showed a retardation
effect on the catalytic reaction, resulting in the forma-
tion of a complex reaction mixture containing only 30%
of 3a. Some representative examples of the catalytic
and stoichiometric reactions are given in Table 1.
Reactions of monocyclic zirconacyclopentadienes la,b
and bicyclic zirconacyclopentadiene 1c with various bis-
(bromomethyl)arenes afforded the expected bicyclic or
tricyclic derivatives 3a—f in good yields.

Further effort was directed to the extension of this
reaction to the formation of compounds with a nine-
membered ring using 1,8-bis(bromomethyl)naphthalene
2e (eq 3). As expected, the CuCl-catalyzed reaction of
la with 2e afforded the nine-membered ring compound
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Table 1. Reaction of Zirconacyclopentadienes 1 with 1,2-Bis(halomethyl)arenes 2a—d

Zirconacyclopentadiene  Benzyl halide CuCiDMPU T/°C  t/h Product Yield®
(eq) (eq) %
Et Et
B Br 01 - 50 6 Et 72
ZrCp, 1a 2a 3a
et Br 20 25 5 1 £t 93 (67)
Et Et
Pr Pr.
Pr & 0.1 50 6 Pr 0
ZGCg ib 2a 3b
Pr Br 20 25 50 1 Pr 92 (80)
Pr Pr
Et Et
Br 0.1 50 3 73
ZGC2 1c 2a 3c
Br 20 25 50 1 88 (67)
E Et
Et Et Et Et
Bt Br Et 0.1 50 12 Et Et 67
ZGC2 1a 2b 3d
Et Br Et 20 25 50 1 Et Et 95 (50)
Et Et Et Et
Et Et Et Et
Bt Br E 0.4 50 3 Et Et 38
ZGCz 1a B 2c 3e
Et r 20 25 50 3 £t 54 (35)
Et Et
Et Et
& Br 0.1 50 3 Et 73
ZGC2 1a OO 2d 3f
et Br 20 25 50 1 Et 89 (72)
Et Et
2 GCyield. Isolated yields are given in parentheses
R R Br R R
A, O o 0y
~ Cpy + (3)
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R Br
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Figure 1. Perspective view of 4c.

4a in 69% vyield. Its stoichiometric reaction with 2.5
equiv of DMPU gave very high yield (92%) of 4a. The
results are summarized in Table 2. The results of the
catalytic and stoichiometric reactions are similar to the
results obtained with bis(bromomethyl)benzenes. The
stoichiometric reaction gave relatively higher yields
compared with the catalytic reaction. Single-crystal
X-ray analysis of 4c verified the presence of a nine-
membered ring in the compound as shown in Figure 1.

Reaction of zirconacyclopentadiene 1b with 2 equiv
of benzyl bromide in the presence of a catalytic amount

of CuCl (10 mol %) at 50 °C afforded doubly benzylated
product 5 in 70% yield. The same effect of DMPU in
catalytic and stoichiometric reactions was observed as
in the previous cases. Thus, the reaction of 1b with
benzyl bromide in the presence of 2 equiv of CuCl and
2.5 equiv of DMPU afforded 5 in 91% yield. The absence
of DMPU led to the formation of a complex reaction
mixture.

Pr

Pr. Pr. Pr
= — Ph
ZiCp,  + PR Br )—§=(7 4
oS 50°C Ph (4)

Pr Pr Pr

1b 2f 5

70% : CuCl (0.1 eq.), 24h
91% : CuCl (2 eq.), DMPU (2.5 q.), 1h

The successful formation of eight- and nine-membered
ring derivatives can be attributed to the structure of
the reactants used here. They have structural rigidity
due to the presence of conjugated double bonds (a diene
moiety) and the aromatic ring moieties (bis(halomethyl)-
benzenes). These structural features restrict the num-
ber of conformations of both reactants and allow the
smooth ring closure to eight- and nine-membered carbo-
cycles.

A plausible catalytic reaction mechanism is shown in
Scheme 1. In the first step, zirconacyclopentadiene is
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Table 2. Reaction of Zirconacyclopentadienes 1 with 1,8-Bis(bromomethyl)naphthalene 2e
Zirconacyclopentadiene  Benzyl halide CuCIDMPU T/'C t/h Product Yield®
(eq) (eq) 1%
Et Br Et
B A O 01 - 50 3 Et O 69
ZrCp, 1a 2e 4a
S O 20 25 50 1 £t O 92 (74)
Et Br Et
Pr Br Pr
P O 01 - 5 3 Pr. O 67
~,2Cp2 1b 2e O 4b
o O 20 25 50 1 o O o1 (72)
Pr Br Pr
Et Br Et
= O 0.1 - 50 3 O 70
ZrCp, 1c 2e ‘« 4c
= O 20 25 50 1 O 84 (64)
Et Br Et
2 GC yields. Isolated yields are given in parentheses
transmetalated with CuCI®~12 to mono(cupra)dienyl- Scheme 1
zirconocene intermediate 6, in which the C—Cu bond
reacts intermolecularly with one of the bromomethyl R
groups forming intermediate 7. Then the second trans- & ZGC2
metalation from zirconium to copper occurs to give 8. x-Cu
The intramolecular coupling of the second C—Cu bond
in 8 with the remaining bromomethyl group affords the R R X
cyclic compound 3. However, bisorganocopper species = Zl'sz
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should also be considered as an intermediate in this
reaction. It cannot be ruled out.
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