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Palladium-Catalyzed Bisdiene Carbocyclizations: Cycloisomerizations of Bisdienes Bearing an Ester
Substituent

James M. Takacs,* Mohamad R. Jaber, Alexander V. Strakhov, and Rajan V. Athalye
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Summary: Bisdienes bearing a terminal ester substituent undergo facile diastereoselective palladium-catalyzed
cycloisomerization to afford cyclized enediene products bearing a B, y-unsaturated ester side chain.
© 1998 Eisevier Science Lid. Ali rights reserved.

Transition metal catalyzed cyclization reactions have defined a number of new strategies for
assembling structurally complex ring systems. Those cyclizations that proceed catalytic in metal are
particularly noteworthy and may contribute toward meeting the need for environmentally benign chemical

b

synthes:ls stratcgles for pharmaceutical and/or agrochemical products. Pallad1 m ca talybls is playmg a

We have been interested in the cyclization-trapping and cycloisomerization reactions of bisdiene
n . .
unsymmetric alkyi-substituted bisdienes to cyclized enedienes.!S For example, bisdiene ia (X = H) undergoes
palladium-catalyzed cyclization to afford enediene 2. This transformation is of particular interest to us, since
it defines a bond construction that is not readily accessible by classical methods. In addition, the regio- and
stereoselectivity of the reaction is quite remarkable, particularly in light of the large number of potential
cyclization pathways available to substrates in which the two 1,3-diene subunits are substituted differently.
We now report that related bisdienes bearing an ester substituent (e.g., 1b (X = CO;Et)) undergo facile
cycloisomerization via a complementary reaction pathway. In some cases, two alternative complementary

at hwavq have been observed d__.pgndi
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Risdiene 1b was nrenared via standard methods. Palladium-catalvzed cvclization (0.05 eguiv
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diastereomeric purity (>90 %).!7 As in the case of 2, the trisubstituted cyclohexane core within product 3
possesses predominantly the trans,trans relationship, and the butadiene side chain is formed with the E
geometry. The difference between 2 and 3 lies in the presence of the B,y-unsaturated ester moiety in 3, which
is formed selectively with the Z-double bond. Formation of the deconjugated ester is somewhat reminiscent of
the kinetic protonation of an extended enolate. Brun and co-workers reported that the palladium-catalyzed
reaction of methyl 2,4-pentadienoate affords the tail-to-tail dimer as a mixture of o,f3- and B,y-unsaturated
isomers.!8 The Z double bond geometry is assigned on the basis of an 11 Hz J,, j coupling constant and a 9.4

% nQOe observed between the cis hydrogens.!9 Formation of the Z double bond geometry is consistent with
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Having found the facile cyclization and good levels of stereoinduction with the benzyl-substituted

bisdiene 1b, we next examined the reaction of bisdienc 4. Bisdiene 4 bears a complementary substitution
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good diastereoselectivity (>90 % diastereomeric purity).
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We had previously found that alcohol and alcohol-THF solvent mixtures are particularly good reaction
media for carrying out the palladium-catalyzed cycloisomerizations of bisdienes analogous to 1a.!15 We were
therefore surprised to find that a rather severe mixture of diastereomers is formed when the cyclization of 4 is
carried out in a methanol-THF solvent mixture. Since methanol obviously dramatically changes the

diastereoselectivity, we decided to add a stronger protic acid, acetic acid, to the reaction mixture. Under

conditions otherwise identical to those that led to the formation of the (Z) B,y-unsa

urated ester 5, except for

the addition of 10 eanivalante of acetic acid (1 008 eaniv. [PA(QOAcY / 3 PPhal § eaniv. Fta 10 eaniv
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good selectivity (>90 % diastereomeric purity).20 The reason for the change in double geometry is not clear at
this point in our investigations. Furthermore, bisdiene 1c¢ (X = CO;Me) does not exhibit the corresponding
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reversal of double bond geometry in the presence of acetic acid. Nonetheless, the ability to selectively form
either 8 or K avtende t nntential ntilitv of thic velizatinn and mav nltimately affar incioht inta tha
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The achiral parent bisdiene 7a also undergoes facile palladium-catalyzed cyclization (0.05 equiv.
TPA(OACA /2 PPhal § ecniv FtaN THFE 65 °C 1?2 R7 %\ The nradnet concicte af a 8-1 mivinre af tranc
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and cis substituted cyclohexanes (i.e., 8a and 9a), and it seems likely that the cis substituted products may
account for the minor diastereomers found in the cyclizations discussed above. The trans:cis product ratio is
somewhat sensitive to the choice of ligand and catalyst precursor. For example, it can be improved to about
8:1 by substituting tri(o-tolyl)phosphine for triphenylphosphine. Palladium-catalyzed cyclization of bisdiene
7b proceeds smoothly (0.05 equiv. [Pd(OAc); / 2 PPhs], 5 equiv. EiaN, THF, 65 °C, 12 h, 93 %), but affords a
relatively complicated mixture of diastereomers. We are not able to unambiguously assign each of the
products, but hydrogenation affords a 64:13:3:2 mixture of products as discerned by capillary GC analysis.

This ratio suggests that cyclization proceeds with both incomplete simple diastereoselection and incomplete

stereoinduction; that is, 8b and 9b are each formed as a mixture of epimers at the methyl bearing stereocenter
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d 11a in 88 % yieid as a 4:1
mixture of diastereomers.2! In contrast, the corresponding aicohol 10b cyciizes only siowly in THF (27 %
yield after 14 h at reflux). Cyclization proceeds better in refluxing isopropanol, but still fails to go to
completion under the conditions employed (14 h at reflux). 11b is isolated in 67 % yield (4:1 mixture of

diastereomers?!), and 23 % of the starting bisdiene is recovered.

10a (R = SiEts); b (R =H) COEt 11

In summarv. bhisdienes bearing an ester substituent underoo facile nalladinm-catalvzed
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cycloisomerization via a pathway that complements that found for substrates without the ester substituent and
defines a new bond construction that is inaccessible
good-to-exceilent ievels of stereoinduction reiative to a resident asymmetric center in the bisdiene substrate.
In one case, either the E or the Z B,y-double bond geometry can be obtained selectively by the inclusion or

absence of acetic acid in the reaction milieu. Further studies are in progress.
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