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Abstract:  Upon treatment with catalytic Pd(dppe) in the presence of
KH, the malonate derivative 3 underwent a Wacker-type cyclization
leading exclusively to compound 4 having the trans-hydrindane system.
However, the course of the cyclization is dramatically dependent on the
reaction conditions, mainly on the nature of the base. In the presence of
a carbonate, a quaternary ammonium salt and the catalytic system
(Pd(OAc)2 + PPh3) the cyclization of the same substrate 3 led only to
compounds resulting from an initial Heck reaction of the vinyl bromide
on the neighbouring olefin.

The hydrindane framework is found in many biologically active natural
products and therefore numerous strategies for the construction of this
skeleton have been reported.1

In light of the excellent stereocontrol inherent in the cyclization2 of the
malonate derivative 1 using the “Wacker-type” reaction developed in our
group, it was of interest to determine whether a trans-hydrindane system
might be prepared from 3 in a stereocontrolled fashion using this
methodology (Scheme 1).

Scheme 1

However, in earlier papers,3 we reported that this palladium-catalyzed
cascade cyclization could compete with the classical intramolecular
Heck reaction by slightly changing the nature of the nucleophile. 4

Therefore, we reasoned that, from the same substrate 3, it would also be
possible to obtain another bicyclic compound by favoring the competing
Heck reaction. Indeed we hoped that, since 5-exo cyclizations are
usually preferred to 6-endo in intramolecular Heck reactions,5 the
palladium mediated addition of the vinyl bromide to the double bond via
an exo mode would first occur followed by a palladium migration to
form a π-allylpalladium intermediate. An intramolecular displacement
of palladium by the carbon nucleophile would lead to bicyclic
compound 5 (Scheme 2).

The requisite vinyl bromide 3 was prepared from pent-4-yn-1-ol as
illustrated in Scheme 3. Oxidation under Swern conditions followed by
in situ Wittig condensation6 afforded the ester 6 which was reduced with
diisobutylaluminium hydride to provide the allyl alcohol 7. Then the
ester obtained by thermal Claisen-Johnson rearrangement7 was reduced
with lithium aluminium hydride. The resulting alcohol 8 was then
acylated with acetic anhydride in the presence of triethylamine.
Bromoboration of the carbon-carbon triple bond of this acetate with
commercial B-Br-9-BBN followed by protonolysis with acetic acid8 and
subsequent treatment with potassium carbonate in methanol gave the

vinyl bromide 9. Mesylation of this alcohol followed by reaction with
the sodium enolate of dimethyl malonate gave the vinyl bromide 3.9

With cyclization precursor 3 in hand, we first focused our attention on
the construction of the hydrindane system.

Therefore, taking advantage of our previous experience, the same
reaction conditions1 as used for 1 (1.1 equivalent of KH, 5 mol%
Pd(dppe), THF, 55°C) were applied to substrate 3. These conditions
provided the bicyclic compound 4 as a single isomer and no traces of
any other product could be detected by GC or NMR. 

The structure of 4 was established by NMR experiments10 in
deuterobenzene at 300 MHz and confirmed by an X-ray crystallographic
analysis.11

In agreement with the results obtained in the palladium-promoted
cyclization of compound 1, the annelation of the vinyl bromide 3 was
highly diastereoselective and afforded only the trans-hydrindane 4 in
70% yield (Scheme 5).

Having established that the efficient synthesis of the trans-hydrindane
skeleton could be effected under these conditions, we next turned our
attention to the synthesis of the biquinane 5 by favoring the Heck
reaction. We considered altering the reaction conditions for the
cyclization of compound 3 in order to determine whether the
intramolecular version of Weinreb’s4 three component reaction would

Scheme 2

Scheme 3
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work on this compound. Then, using the reaction conditions developed
by that group4b (5% Pd(OAc)2, 10% P(o-tol)3, 1.5 equiv. NaH, 2 equiv
n-Bu4Cl in DMF at 50°C) the attempted cyclization of substrate 3
failed; the NMR and GC/MS spectra of the crude reaction product
revealed the presence of a major product identified as 4 along with three
minor untractable products. In order to enhance the formation of
compounds resulting from the Heck reaction i.e. to favour the alkene
insertion of the organopalladium halide over the nucleophilic attack of
the malonate, the substrate 3 was subjected to reaction conditions
developed by Jeffery12 and slightly modified by Larock13 in which
weaker bases than sodium hydride are used. So, by only changing the
nature of the base (KHCO3 instead of NaH) the cyclization of the
dimethyl malonate derivative 3 gave a 50/20/30 mixture14 of bicyclic
compounds 5 and 10 along with the diene 11 in 78 % combined yield. In
this case, compound 4 was not formed (Scheme 4). Our efforts to
exclusively obtain compound 5, resulting from the Heck reaction were
only partially successful due to two competitive reactions. Indeed, the
formation of the bridged compound resulted from an initial 6-endo ring
closure followed by a palladium migration to form a π-allylpalladium
intermediate whereas that of the diene was due to the slow nucleophilic
attack of the π-allyl intermediate leading to a competing β-hydride
elimination.

Scheme 4

Numerous attempts were realized in order to improve the
chemoselectivity in favor of product 5 and to prevent or reduce the
formation of diene 11. Along this line, different bases (K2CO3, KHCO3,
Na2CO3, NaHCO3), solvents (THF, DMSO, NMP, DMF, CH3CN),
palladium catalysts (Pd(OAc)2, Pd(dba)2, Pd(PPh3)4) with or without
added phosphine ligand (PPh3, P(o-tol)3) in the presence or absence of
quaternary ammonium salts were screened. Best results were obtained
by using 5% Pd(OAc)2 as the palladium source with 10% PPh3 as ligand
in the presence of 2 equiv. of a quaternary ammonium salt
(benzyltriethylammonium chloride or TEBA) and 2 equiv. of carbonate
bases (K2CO3 or KHCO3) in DMF at 60°C. These conditions gave an
inseparable 70/15/15 mixture of the three compounds 5, 10 and 11 in
85% combined yield. Fortunately, as intermolecular Diels-Alder
reactions of bis-exocyclic 1,3-dienes are well known15 the treatment of
the mixture with dimethyl acetylenedicarboxylate (DMAD) in toluene
allowed to separate 11 from the two bicyclic products. This produced16

a 4:1 mixture of the fused and the bridged bicyclic compounds 5 and 10
in a combined yield of 55 %. 

In conclusion, we have shown that the palladium tandem catalyzed
biscyclization (Wacker-type reaction) can be performed on the dimethyl
malonate derivative 3 providing a new route to the trans-hydrindane
system. By changing the reaction conditions, it was possible, from the
same substrate 3 to obtain selectively compounds resulting from an
initial Heck reaction.

Moreover, we observed that there is often a misunderstanding17

concerning the mechanism of the new reaction that we have been
developing in our group. As far as we are concerned, we explained the
result of the cyclization by an activation of the olefinic double bond by
complexation of the electrophilic palladium species which initiates the

nucleophilic attack of the malonate. Then, a reductive elimination of the
palladacycloheptane derivative lead to the cyclic product 418 (Scheme
6). An alternative pathway has been considered by some authors.19 They
suggested that it might be a two-step reaction with insertion of the
alkene (Heck reaction) giving an alkylpalladium derivative which would
then be attacked by the malonate without undergoing elimination of β-
hydrogen. According to this mechanism, the cyclization of compound 3
would lead to another bicyclic compound 12. Thus, the alternative
hypothesis on the reaction path can undoubtedly be excluded.

 

Scheme 6

In addition to its synthetic interest, this study has then clarified the
mechanism of the biscyclization reaction in ruling out this alternative
mechanism.
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