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Abstract

Palladium-catalyzed reaction between l-alkenyltin trichlorides and norbornene resulted in stereoselective formation of 3-
alkylidenepentacyclo[9.2.1.%81.1:110.21%0*%|pentadecane instead of an expected simple alkenylstannylation product. Generation of
trichlorostannane and its decomposition product, tin(II) chloride, was confirmed by trapping it with methyl propiolate and
norbornene and analysis of the reaction by ''°Sn NMR, respectively.
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We have recently developed carbostannylation reac-
tions of norbornene using aryltin trichlorides and a
combination of allylic halides and tin(II) chloride [1-3].
The reaction of the former reagent afforded a mixture of
the product with one norbornene moiety (1) and that
with two norbornene moieties (2), while that of the latter
gave the adduct with one norbornene, exclusively. The
product ratio between 1 and 2 showed a certain level of
dependence on electronic character of the aromatic
substituent. Namely, the more the aromatic substituent
possesses electron-releasing character, the higher the
proportion of the product 2 was. That result suggests
that sp” carbon attached directly to the norbornene ring
carbon adjacent to that the tin moiety is attached to
played an important role in the production of the adduct
2 [4]. Thus we next examined the reaction between 1-

* Corresponding author. Tel.: +81-277-30-1280; fax: +81-277-30-
1285.
E-mail address: kosugi@chem.gunma-u.ac.jp (M. Kosugi).

0022-328X/03/$ - see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/j.jorganchem.2003.09.029

alkenyltin trichloride and norbornene (Eq. (1)).

1) cat. PACI(PhCN),
benzene
—_—
SnCly 2) MeMgl in Et,0

rt, 1h

SnMe; Me;Snt

(1)

To our surprise, the sole product obtained by the
reaction did not contain tin atom, at all. The structure of
the product obtained by the reaction of in situ generated
2-phenylethenyltin trichloride was exactly the same as
that obtained by Catellani’s Mizoroki—Heck reaction
between 2-phenylethenyl bromide and norbornene (Eq.

) [3]-
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1) 1 equiv SnCly
Ph = toluene, rt, 2 h
SnBuy

2) 4 mol equiv norbornene
5 mol % PdCl(PhCN),
toluene, 55 °C, 3 h

Our representative results are summarized in Table 1.
A typical experiment was performed as follows: to a
toluene solution (2.5 cm?) of norbornene (1.5 mmol) and
dichlorobis(benzonitrile)palladium (2.5 x 10 =2 mmol)
was added I-propenyltin trichloride (0.5 mmol). The
resulting brown colored solution was stirred at 55 °C for
2 h. Then, the reaction became a dark gray suspension.
It was poured into water and the crude product was
extracted by ether. The organic layer was dried over
anhydrous sodium sulfate and concentrated in vacuo
(Table 1, run 1). The product was purified by silica gel
column chromatography using hexane as an eluent.

All the reactions were perfectly stereoselective, giving
exo-exo-cis-trans-cis isomers, exclusively. No other
isomers were detected, at all, in any case.

The reaction pathway could be interpreted as depicted
in Scheme 1. The reaction proceeds via oxidative
addition of alkenyltin reagent to a catalytic palladium(0)
species [6,7]. Subsequent norbornene insertion step
appears to conform to carbopalladation, instead of
stannylpalladation, to generate the key-intermediate A,
stereoselectively. In the case of allylstannylation, reduc-
tive elimination took place from A to give the carbo-
stannylation product, probably because the intermediate
that corresponds to complex A is so labile owing to
inefficient coordination by m-bond of the allylic moiety
and B-hydride-elimination is not accessible [1,3]. The
above mentioned product ratio of the arylstannylation
would indicate that its m-system plays an important role
in making the insertion of the second norbornene [2—4].
In the present reaction, however, none of the corre-
sponding alkenylstannylation products were detected, at
all, probably because efficient coordination of the

B
]

IH=SnCly

-— AN

Q PdSnCly
A

Scheme 1. A plausible reaction pathway.

alkene m-bond strongly supports the complex A (as
well as B). The second norbornene insertion undergoes
regio- as well as stercoselectively to give B, being
suffered from the minimum steric hindrance. Now the
geometrical arrangement of palladium and carbon—
carbon double bond is suitable for intramolecular
carbopalladation to generate C, which is furnished
with a five-membered ring, from which B-hydride-
elimination affords the product and hydridopalladium
trichlorostannate D. Finally, reductive elimination re-
generates the catalytic palladium(0) species. We em-
ployed a palladium(IT) species instead of palladium(0)
complexes as a catalyst precursor, because readily
available palladium(0) complexes like its phosphine
complex and dba complex did not give good results,
due to their ligands that disturb the reaction.

This process should discharge trichlorostannane.
Thus, we attempted to detect it. After the reaction
described as run 3 in Table 1 was completed, the
reaction mixture was taken ''°Sn NMR to detect an
only singlet at 6 — 205.0 ppm. The signal was assigned
to that of tin(Il) chloride. THF solution of tin(II)
chloride showed a singlet at —209.0 ppm. The deviation
was attributed to the existence of a small amount of
hydrogen chloride in the reaction mixture. Trichloro-
stannane has been reported to exist in equilibrium with

Table 1

Palladium-catalyzed reaction between 1-alkenyltin trichloride and norbornene

Run  I-Alkenyltin reagent Norbornene/mol. equiv. Solvent Temperature (°C) Time (h) Yield * (%)
1 MeCH=CH-SnCl; 3 Toluene 55 2 73
2 CH,=CH-SnCl; 3 Benzene 55 2 58
3 6 THF 55 5.5 42
4 6 THF 55 22 52
5 6 Et,0 r.t. 16.5 66
6 6 Hexane r.t. 18.5 Trace

7°  PhCH=CH-SnCl, 4 Benzene 55 10 50

8°  MeOCOCH=CH-SnCl; 6 Et,0 r.t. 225 -

9° 6 Benzene r.t. 17 27

& Isolated yields.

® The reagent was generated in situ from the corresponding tributyltin reagent by the treatment with 1 mol equiv. of tin(IV) chloride at r.t. for 2 h

and used, directly.
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Table 2

90 NMR of SnCl, in the presence of HCI

Run HCI (mol. equiv.) o (ppm)
1 0.0 —209

2 0.03 —207

3 0.3 —201

4 2.0 —15

tin(IT) chloride and hydrogen chloride [8]. As shown in
Table 2, the ''?Sn NMR chemical shift depends highly
on the coexistence of hydrogen chloride, probably due
to the equilibrium. According to Table 2, only a small
amount of hydrogen chloride remained in the above
reaction. Although hydrogen chloride should be evolved
in an equimolar amount to tin(II) chloride, most of it
would have been released from the solution during the
course of the reaction.

We next tried to detect trichlorostannane by genera-
tion of an alkenylstannane. Trichlorostannane adds to
the carbon—carbon triple bond of methyl propiolate to
give the corresponding alkenyltin trichloride 3 (Eq. (3))
[8]. We therefore employed the present reaction to detect
the adduct by formation of 5 (Eq. (4)). The expected
product 5 was obtained in 25% yield, based on the yield
of 4. The low yield would presumably be because the
reaction of methyl 3-trichlorostannylacrylate is some-
what inherently inefficient (Table 1, runs 8 and 9). Thus,
the result would still support our hypothesis, suffi-
ciently.

1) FICI

SnCl, ——— > Cl;Sn-CH=CH-CO,Me (3)
2) =—CO,Me 3

5.4 mol equiv norbornene
CO,Me 5 mol % PdCl,(PhCN),

benzene, rt, 18 h

™ SnBu //

1.2 mol equiv

4 (63 %) 5 (25 % based on 4)

(4)

The reaction can be classified as a metallo-Mizoroki—
Heck-type reaction [9—16]. This type of reaction usually
requires an oxidant to achieve a catalytic system.
Oxidant-free system as the present system is quite
unusual in this protocol [17-20]. The reaction proceeds
faster and at lower temperature than Catellani’s
Mizoroki—Heck reaction [5]. This would suggest that
trichlorostannyl group may be a better leaving group
than bromide, which is an ordinary leaving group in the

Mizoroki—Heck reaction. Furthermore, the combina-
tion of Egs. (3) and (4) suggests the possibility of a
catalytic use of SnCl, for the present reaction, provided
that regenerated trichlorostannane can be effectively
recycled. Utility of organotin trichloride toward the
Mizoroki—Heck reaction is under investigation.
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