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o-Halo ethers are useful synthetic intermediates.?
Carbon—carbon bond formation between a-halo ethers
and organometallics leads to many useful products.®
However, a completely general protocol for reaction of
o-halo ethers with both alkyl- and alkenylorganometal-
lics has not been reported.2* Alkyl- and alkenylzir-
conocene chlorides, RZrCp;Cl, are readily available from
alkenes and alkynes.> As part of our program to develop
new reactions of zirconocene organometallics,® we became
interested in the reaction of alkyl- and alkenylzirconocene
chlorides with a-chloro ethers since this would represent
a new carbon—carbon bond-forming reaction. In this
paper, we report the results of the reaction of organozir-
conocene chlorides with a-chloro ethers to provide ethers
and ¢rans-allylic ethers.

When 1-octenylzirconocene chloride was reacted with
2-chlorotetrahydropyran (2-CI1-THP), the cross-coupled
product, 1, was isolated in 10—25% yield. This is
interesting because carbon—carbon bond formation oc-
curred without addition of another metal salt. Although
zirconium is an electropositive early transition element,
the carbon—zirconium bond is generally not reactive
toward carbon electrophiles. Very few electrophiles react
directly at the Zr—C bond.” This is possibly due to the
bulky nature of the cyclopentadienyl rings and the
occupied coordination sites around the metal, forming
high kinetic barriers to reaction.’ In our case, although
some product was formed by direct reaction of RZrCp.Cl
with 2-C1-THP, a complex mixture was obtained. Trans-
metalation is a way to increase reactivity.® Zine, nickel,
and copper and more recently silver have enjoyed con-
siderable success, and organozirconocenes in the presence
of these salts react with a variety of electrophiles.582
When our reaction was repeated in the presence of ZnCl,,
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Table 1. Ethers from o-Chloro Ethers and RZrCP;Cl

Entry Acetylene/Alkene a-Chloro ether Conditions Product Yieid,

%8

C.
1 1-0ctyne 2.C-THP Ab MMO 76
1
NN O
2 1-octyne CICH20CH3 Ab 2 Cra 63
3 1-octyne CICH20CHzPh Ab AN SNF O P 85
3
& 0.
4 s-chioro-1- 2-CI-THP AP C'M/\L) 62
pentyne

5 3,3-dimethyl-1- 2-CI-THP Ab

Z 0.
82
propyne

Me;Si 0.
6  irmethyisiy-  2-C-THP b \/\O 75
acetylens
8
=
7 S-phenyki- 2-CLTHP b Ph’W\[j &9
pentyne
7
8  Sphenykt-  CICHa0CHz  Ab PNy, 55
pentyne
8
Ph. 0.
9 phenyiacetylene  2-CI-THP Ab \/\O 7
9
o
10 3hexyne 2-CITHP AP \/=Q 4
10
cyclopentyi- 2-Cl-THP Ab o
11 acetylene 67
1
12 cyclopentyl-  CICH,OCH2Ph A A~ OPh 75
acetyiene 12

13 S-trimethyisilyl- 2-CI.THP Ab

L0 = 0.
/c' /\O 92
g
1,4-pentadiyne *°

14 1-octens 2-CI-THP B M/\/\@ 75
14
15 S-chioro-1- 2-CLTHP ge O'/W\© 83
pentene 15
Ph
16 4-phenyl1- 2-CHTHP Be \/\/\0 65
butene 16
Me;Si Q.
17 vinylimethyle  2.CLTHP Be * \/U 81
silane .

< Isolated after silica gel column chromatography (ether:hexane,
3:97). t Condition A: HZrCp;Cl (1.05 mmol), alkyne (1 mmol), THF
(1 mL), 25 °C, 1 h; ZnCl; (0.50 mL, 1 M in ether), a-chloro ether
(1 mmol), 5 min. ¢ Condition B: Same quantities as in A except
that hydrozirconation required 12 h, and CuCl (10 mol % was
used).

a mildly exothermic reaction ensued from which the trans
allylic ether, 1, was obtained in good yield (eq 1).

/\/\/\/\z'cpzc, + Q ZnCly
0" ¢ 76%

/\W\LOJ
1

M
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Whether this is due to transmetalation from zirconium
to zinc or to increased activity of the halo ether complexed
to the zinc to form an alkoxycarbenium salt' is at present
not clear.

Coupling of alkenylzirconocene chlorides with a-chloro
ethers under zinc catalysis is a general reaction, proceed-
ing in good to excellent yields. In all cases, the trans
geometry of the alkenylzirconocene was retained in the
products of the reaction, allylic ethers, that are useful
intermediates in their own right.!! Noteworthy is that
the reaction worked well for an internal alkenylzir-
conocene derived from 3-hexyne, but in lower yield (Table
1, entry 10, 45%), and for a hindered alkenylzirconocene
(Table 1, entry 5, 82%). Other a-chloro ethers may be
used. Chloromethyl methyl ether and benzylchloro-
methyl ether were all coupled successfully (Table 1).
Copper salts were not as effective as zinc salts in the
reaction of alkenylzirconocenes with a-chloro ethers.

To make the reaction truly general, we also sought to
develop a procedure for cross-coupling alkylzirconocenes
with a-chloro ethers. In the absence of additives, alkyl-
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zirconocene chlorides did not react at all with 2-C1-THP.
Surprisingly, zinc salts were completely ineffective. On
the other hand, of a series of copper salts, CuCl proved
to be a very reactive catalyst (eq 2).!? Results are
summarized in Table 1.

+ CuCl (10 mol %)
NV\/\ZGCzCI
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In summary, a new carbon—carbon bond-forming reac-
tion between organozirconocene chlorides and a-chloro
ethers has been developed. Zinc catalysis works best for
alkenylzirconocenes, while copper(l) is suitable for alkyl-
zirconocene-derived reagents. The reason(s) for this
selectivity is not obvious, and experiments are underway
to exploit the differentiation.
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