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Palladium Catalyzed Cyclization of 1,5-Bismethylenecyclooctane

Application to One Carbon Ring Enlargement
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Summary : 1,5-Bismethylene cyclooctane 1 is transformed in a one pot multi
step sequence to bridgehead substituted bicyclo[4.3.ﬂ decane derivatives by a
catalytical PdII mediated oxidation reaction. A regioselective Wagner Meer-
wein rearrangement leading to ring enlargement is involved. The major product

5 can be fragmentated to a nine membered ring.

The intermediary formation of a carbon-palladium o-bond and ulterior
reactions with unsaturated substrates represent a powerful method of C-C bond
formation 1). Both reaction steps together with a demetallation reaction can
be operative when - in the presence of nucleophiles, palladium-II salts and
copper-II-chloride - non conjugated dienes are oxidized to cyclized and di-
functionalized substrates 2). In the case of o,a' substituted ethylene (exo-
methylene) derivatives, this unequivocal palladation - cyclization sequence

was surprising since such olefines are known to form Pd-w-allyl complexes 3)

4}

and mainly allylic acetates as organic reaction products ; additionally

under catalytic conditions analogous to the Wacker process - ring expansion
reactions of methylenecyclobutanes and related systems have been described 5).
As both reaction types are synthetically important, we started a study on the
palladium catalysed oxidation of non conjugated bisexomethylene cycloalkanes.
The possibility of chelate assisted formation of an organopalladated interme-
diate and subsequent insertion reactions or/and rearrangements made these kind
of olefins particularly interesting. We report now preliminary results rela-
tive to the reactivity of 1,5-bismethylene cyclooctane 1 in the presence of

the PdXZ/HOAc/CuX2 system.

It is known that 1 can be transformed easily into bridgehead subs-
tituted bicyclo[3.3.l]octane derivatives by the action of electrophiles such
6)7)

as HCl,BrZ,HZSO4 e

CuCl, in buffered acetic acid (entry 1). However the product composition

. A similar result is obtained when 1 is treated with

changes completely when catalytic amounts of a palladium-II-salt (Pdclz,

Pd(OAc)z, Pd(acac)z) are added to the reaction mixture. The compounds 2 and

3,derived from "Lewis Acid catalyzed'cyclization,become minor products and
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disubstituted bicyclo[4.3.l]decane derivatives 4 and 5 are formed instead

(entry 2). Their structures have been confirmed by transformation into §8)

and by spectroscopical datag). The yields of 4 and 5 can be significantly
improved by lowering the temperature and by using Pd(OAc)2 and Cu(OAc)2

(entries 4,5 and 6).

CuCiy \@/ \@/
OAC NaOAc
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- 25°c
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Table
entry catalysta) temp. time reaction productsb'c)
Iz 3 % 5 & =&t
1 - CuCl, 70° 15h 20 75 5
2 PdClZ-CuClZ(ZmM) 70° 20h 3 18 26 26 10 17
3 PdClz-CuClz, LiCl (2mM) 70° 16h 6 56 13 14 10 1
4 PdClz—CuClz, LiC1l(2mM) 25° 48h 4 11 34 41 10
5 Pd(OAc) CuClz,L:LCl(Zm.M) 25° 48h 2 6 34 49 3
6 Pd(OAc)Z-Cu (oAc) ,xH 20
Aczo,mél( 2xM) 25° 20h 3 23 56 18
PdClz—CuClz,LiCl(lmM) 25° 48h 25 12 15 29 19
PdClZ—CuClz,LiCl(SmM) 25° 24h 10 31 31 16 7

al) reaction conditions : olefin Jmmole,PdII—saZt 0,026-0,028 mmole, Pd:Cu=1:10
(exception entry 2), NaOAc-HOAc (32g/1) 2,5ml ; most of the reactions (en-
tries 3-8) have been carried out under a pure oxygen atmosphere

b) chemical yield 70-80% ; g.l.c. analysis : OVI or CW 20M glasscapillary
column (50m,80-150°).

e) all new compounds have been isolated by column chromatography (silicagel)
and gave satisfactory elementary analysis and mass spectra.

But when both palladium (oxidant) and copper salts (reoxidant) are
used in catalytic quantities (entries 3-8) the addition of LiCl becomes neces-

10)

sary in order to form the chlorinated nroducts 4 and 5 An appropriate

amount of LiCl is required to obtain good yields of these compounds. In the
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case 0f lower LiCl concentration (1 eguivalent LiCl, entry 7) we can immedia-
tely observe a lower concentration of 4 and 5 and an increased formation of 2
and 3 due to the non oxidative CuCl2 catalyzed cyclization reactions. Like-
wise in the case of a very high LiCl concentration (entry 8) the palladation-
oxidation is considerably slowed down. We also observed that phosphines -
added to the reaction mixture in view of a potentiel asymmetric induction -
block the palladation of 1 completely.

The cyclization of 1 into 2 and 3 in the presence of CuCl can be
rationalized on the basis of previous work 11). The formation of g and 5 can

be explained by the following sequence :

- PdCly /HOAC
. > AN
\

70 Nu= 8 [3 3. 2]

1=

}_3 Nu= OAc
CuCly-Lict ¢
Nu Nu -/
{ Pd__
—pa® PdCI of}
45+ 5 €— e »
- - N
10a Nu=Ct 9a Nu= Ci
b Nu= CAc b Ne OAc

After coordination olefin 1 reacts with PACl, to a (stabilised)
complex 7 which after the insertion reaction leads to the o-complex 9. The
insertion of an alkene into a metal o-bond is known to be a cis processlz).
As a consequence complex 8, which is another possible cis insertion product
from 7 and, having the palladium located inside of the bicyclo[3.3.2] decane
skeleton, should he disfavoured. Compound 9 undergoes a Wagner Meerwein
rearrangement to form 10 which after reductive elimination leads to 4 and 5.
The rearrangement of (l-bicyclo[3.3.1] nonyl)-methyl ions having a structure
similar to 9 has been descrihed and gives derivatives of bicyclo[4.3.l]decane

3)

and bicyclo[3.3.2]decanel . Comparable to other palladium catalysed rearran-
gements of olefins which proceed with high regio- and stereoselectivityl4).
the transformation of 1 shows the very specific character of a C-Pd bond in
carbenium ion like transpositions, compared to classical ionic rearrangements.
Apparently no intermediate is formed, thich could lead (as observed in ionic
reactions) to a bicyclo[3.3.2]decane svstem.

Due to their rigid structure compounds like 4 arnd 5 may be valuable

15)

for further transformations. For example 5 can be fragmentated in the
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presence of bases to a functionalized nine membhered ring compound 11.

i
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This regiocontrolled synthesis of 11 by a 2 step palladation frag-

16)

mentation process and including a one carbon ring enlarcement might by a

new and interesting entry into the cyclononane ring system. In contrast to

cyclooctanes which are now easily accessible - in an industrial scale - by
nickel catalysed cycloaddition reactionsl7), the chemistry and synthesis of
higher homologues, more precisely the nine, ten and eleven membered rings are
still much less developped. The elahoration of our oxidative-palladium cataly-
sed cyclization to other (higher) bismethylene cycloalkanes is in progress.
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