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Abstract—Vinyl halides can react as both substrate and reagent in the Heck reaction. In the case of bicyclic vinyl halides, the
reaction leads to cyclotrimers through an anti-selective process. © 2001 Elsevier Science Ltd. All rights reserved.

The addition reaction between a bromoalkene or bro-
moarene and an olefin in the presence of a palladium
catalyst is referred to as the Heck reaction.! Since its
discovery, the Heck reaction has been extensively
exploited because of its synthetic potential and recent
studies have shown that besides the traditional reagents,
it is also possible with a large variety of haloalkenes or
triflates and that the addition occurs even on unactivated
olefins.? For the sake of discussion in this work, it is
important to point out three features of the mechanism
of Scheme 1: (i) the syn-addition to the olefin [step (B)],

base x HX

(i1) the syn-coplanar B-hydride elimination from the
palladium c-complex 2 [step (C)], and (iii) the need of
the base to regenerate the active Pd(0) catalyst [step (D)].

Under these circumstances, one may expect that a
bromoalkene may also react with itself, i.e. a bro-
moalkene may act both as the addend and the receiving
olefin, as shown in Scheme 1. If this is indeed the case,
at the stage of the palladium complex 2 the reaction may
bias either towards B-hydride elimination or ‘standard’
base-induced E, elimination of HBr.

X

PdL, “/

base % (A)

L"u., o

Pd
xS

syn-coplanar f3-
hydride elimination

.

Pd
S

| ©) (B)
| L
1 X L . X

E» anti-coplanar ]
base induced

HX elimination ~ XL2Pd

Scheme 1.

Pq-
x d\L syn-addition

2

Keywords: aromaticity; cross-coupling; cyclotrimerization; Heck reaction; palladium.
* Corresponding authors. Tel.: 39 041-2578647; fax: 39 041-2578517 (S.C.); tel.: 39 041-2578546; fax: 39 041-2578517 (O.D.L.); e-mail:

cossu@unive.it; delucchi@unive.it

0040-4039/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.

PII: S0040-4039(01)00495-6



3516 S. Cossu et al. / Tetrahedron Letters 42 (2001) 3515-3518

In both cases, the coupling products may continue to
react with another molecule of the haloalkene in a
chain process that can eventually lead to polyalkenes.
We were interested in the possibility of accomplishing a
dehydrobrominative cyclotrimerization reaction under
Heck reaction conditions for the preparation of cup-
shaped polycyclic trisannelated benzenes® that are
promising ‘host’ molecules in supramolecular recogni-
tion.* Under the adopted reaction conditions, 5-bromo-
2,3-benzonorbornadiene 3a furnishes, stereoselectively,
the anti-4a cyclotrimer in 95% yield (Scheme 2).°

Similarly, the bromonorbornene derivatives 3b-d
afforded the respective trimers anti-4b—d in 90-95%
yields (Fig. 1).° Despite the fact that palladium-cata-
lyzed dimerization, including the homo-coupling of
bromoalkenes is known, it should be noted that surpris-
ingly no formation of dimers was observed in the
presented cases, even in reactions stopped at an early
stage.

Tetraalkylammonium salts efficiently enhance the rate
of the Heck reactions.?>’” While the above reactions
carried out without added ammonium salts proceed
very slowly (7 days, 80°C, 70% conversion), the reac-
tions carried out in the presence of n-Bu,NHSO,, as
well as n-Bu,NCl, or n-Bu,NBr, reach completion
within 48 h. Furthermore, replacing the bromine with
an iodine atom does not significantly effect the compo-

Pd(OAc)z2 (5% mol. eq.), PPhg (10% mol.eq.),
EtsN (2.5 eq.), n-BugNBr (1 eq.)

sition of the product mixture. 2-lodobenzonorbornadi-
ene affords, under similar reaction conditions, only the
anti-trimer 4a in comparable yields.

As shown in Scheme 3, the formation of complex 6
accounts for the hypothesis of base-induced E, elimina-
tion of HBr at the stage of the o-complex 5 (as previ-
ously proposed in Scheme 1) because it cannot undergo
a syn-coplanar B-hydride elimination. Complex 6 then
may carbopalladate another molecule of bromoalkene
to afford the cyclic trimer 7 which undergoes 6n elec-
trocyclization to the cyclic trimer 8 and subsequently
elimination as in the standard Heck reaction.

The almost exclusive formation of the anti-trimer also
calls for an explanation, because the reaction of a
racemic mixture of bromoalkene should afford a statis-
tical 3:1 mixture of anti-plus syn-trimers.® In fact, the
reaction of the (R) enantiomer of the bromoalkene with
a homochiral counterpart would lead to a syn-dimer 6
(path A in Scheme 4) while that with the heterochiral
bromoalkene would lead to the anti isomer (path B in
Scheme 4).3¢ While the latter can exclusively lead to the
anti-trimer, the syn-dimer 6 may react with the
homochiral bromoalkene to afford the syn-trimer while
with the heterochiral enantiomer it would again afford
the anti-trimer, thus establishing the 3:1 statistical
mixture.
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The origin of the stereoselectivity must be attributed to
the steric overcrowding in the neutral complex (R,R)-9
(or S,5-9) which is also eventually repeated in the
second addition to the dimer 6 and for these reasons
none of either the expected syn-dimer 6 or the syn-
trimer 4 was observed. In order to assess the fact that
the syn-trimer 4 does not form due to a higher energy
path, the reaction was performed with the enantiopure
5-bromo-2,3-benzononorbornadiene 3a.® The transfor-
mation of this proceeded much more slowly than that
carried out with the racemate, affording a mixture of
syn- and anti-trimers 4 in ca. 3:1 ratio together with
substantial amounts of unidentified products, and not
the pure syn-trimer as expected along path A of
Scheme 4. Thus, the transformation of a single enan-
tiomer requires a higher activation energy and probably
proceeds via a symmetric metal complex, the corre-
sponding strained bicyclic acetylene,” in which the chi-
ral information is lost.

Acknowledgements

This work was co-funded by MURST (Rome) within
the national project ‘Stereoselezione in Sintesi Organ-
ica. Metodologie ¢ Applicazioni’.

References

1. (a) Beletskaya, 1. P.; Cheprakov, A. V. Chem. Rev. 2000,
100, 3009-3066; (b) de Meijere, A.; Brise, S. In Transition
Metal Catalyzed Reactions; Davies, S. G.; Murahashi,
S.-1., Eds.; Blackwell Science: Oxford, 1999; (c) de Meijere,
A.; Brise, S. In Seminars in Organic Synthesis; Societa
Chimica Italiana: Camerino, 1999; (d) de Meijere, A.;
Bréase, S. In Metal-Catalyzed Cross-coupling Reactions;
Diederich, F.; Stang, P. J., Eds.; Wiley-VCH: New York,
1998; (e) Voigt, K.; von Zezchewitz, P.; Rosauer, K.;
Lansky, A.; Adams, A.; Reiser, O.; de Meijere, A. Eur. J.
Org. Chem. 1998, 1521-1534; (f) Heck, R. F. In Compre-
hensive Organic Synthesis; Trost, B. M.; Fleming, 1., Eds.;
Pergamon Press: Oxford, 1991; Vol. 4, pp. 833-863; (g)
Heck, R. F. In Palladium Reagents in Organic Syntheses;
Academic Press: London, 1985; (h) Heck, R. F. Org.
React. 1982, 27, 345-390.

2. (a) Crisp, G. T. Chem. Soc. Rev. 1998, 27, 427-436 and
references cited therein; (b) de Meijere, A.; Meyer, F. E.
Angew. Chem., Int. Ed. Engl. 1994, 33, 2379-2411.

3. (a) Paulon, A.; Cossu, S.; De Lucchi, O.; Zonta, C. Chem.
Commun. 2000, 1837-1838; (b) Zonta, C.; Cossu, S.; De
Lucchi, O. Eur. J. Org. Chem. 2000, 1965-1971; (c) Zonta,
C.; Cossu, S.; Peluso, P.; De Lucchi, O. Tetrahedron Lett.

1999, 40, 8185-8188; (d) Rathore, R.; Lindeman, S. V.;
Kumar, A. S.; Kochi, J. K. J. Am. Chem. Soc. 1998, 120,
6012-6018; (e) Durr, R.; De Lucchi, O.; Cossu, S.; Luc-
chini, V. J. Chem. Soc., Chem. Commun. 1996, 2447-2448;
(f) Cardullo, F.; Giuffrida, D.; Kohnke, F. H.; Raymo, F.
M.; Stoddart, J. F.; Williams, D. J. Angew. Chem., Int. Ed.
Engl. 1996, 35, 339-341; (g) Franck, N. L.; Baldridge, K.
K.; Siegel, J. S. J. Am. Chem. Soc. 1995, 117, 2102-2103;
(h) Komatsu, K.; Aonuma, S.; Jinbu, Y.; Tsuji, R.;
Hirosawa, C.; Takeuchi, K. J. Org. Chem. 1991, 56,
195-203; (i) Singh, S. B.; Hart, H. J. Org. Chem. 1990, 53,
3412-3415; (j) Gassman, P. G.; Gennick, 1. J. Am. Chem.
Soc. 1980, 102, 6863-6864.

. (a) Ma, J. C.; Dougherty, D. A. Chem. Rev. 1997, 97,

1303-1324; (b) Rathore, R.; Lindeman, S. V.; Kochi, J. K.
J. Am. Chem. Soc. 1997, 119, 9393-9404; (c) General
reviews on supramolecular chemistry: Hunter, C. A. Chem.
Soc. Rev. 1994, 101-109; (d) Lehn, J.-M. Supramolecular
Chemistry; VCH: Weinheim, 1995; (e) Diderich, F.
Cyclophanes; The Royal Society of Chemistry: Cambridge,
1994; (f) Vogtle, F. Supramolekulare Chemie; Teubner:
Stuttgart, 1989.

. Typical experimental procedure: A suspension of Et;N

(0.35 g, 3.5 mmol) n-Bu,NBr (0.451 g, 1.4 mmol), pow-
dered 4 A molecular sieves (0.6 g) and freshly dried DMF
(1.5 mL) was stirred at room temperature under argon.
After 15 minutes the appropriate vinyl bromide 3 (1.4
mmol) and PPh; (0.14 mol, 10% mol equiv.) were added
in that order and the resulting suspension was stirred for
an additional 15 minutes, Pd(OAc), (0.07 mmol, 5% mol
equiv.) was then added and the mixture was stirred at
80°C reaching completion after 48 h (monitoring by
NMR). After cooling to room temperature, diethyl ether
(60 mL) was added and the organic phase was washed
with water (3x30 mL) and brine (3x30 mL), dried
(MgSO,) and concentrated at reduced pressure. The
residue was purified by flash chromatography (eluant:
n-hexane—ethyl acetate in a 98:2 ratio).

. For anti-4a: see Ref. 3c. For anti-4b: see Ref. 3j. For

anti-4c—e: see Ref. 3b.

. (a) Jeffery, T. Tetrahedron 1996, 30, 10113-10130; (b)

Jeffrey, T. In Advances in Metal-Organic Chemistry;
Liebeskind, L. S., Ed.; JAI Press: Greenwich, 1996; Vol. 5,
pp. 149-256 and references cited therein; (¢) Grigg, R. J.
Heterocyclic Chem. 1994, 31, 631-639.

. Enantiopure reagent 3a is obtained by resolution of the

racemate by HPLC chiral separation on Chiralcel OT(+),
eluant methanol.

. (a) Bennett, M. A.; Schwemlein, H. P. Angew. Chem., Int.

Ed. Engl. 1989, 28, 1296-1320; (b) Albrecht, K.; Hockless,
D. C. R.; Konig, B.; Neumann, H.; Bennett, M. A.; de
Meijere, A. Chem. Commun. 1996, 543-544; (¢c) Komatsu,
K.; Kamo, H.; Tsuji, R.; Masuda, H.; Takeuchi, K. J.
Chem. Soc., Chem. Commun. 1991, 71-72.



