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Abstract: 12-Substituted 2-bromo-l.ll-dicn-G-ynes were found to undergo a palladiumcatalymd biscyclization 
followed by a diastcreospecific 6;r-clecrrocyclic rearrangement or :I Dicb-hldcr ruaction to giw 
substituted angularly bisanellated cyclohexadienes or polycyclic bicyclu[4.1.0]hept-2-cne derivatwcb 
containing a three-membered ring, depending on the type and paucrn 01’ subalitucntr. 

Although originally only designed to couple unsaturated substituents onto alkenrs, the Heck rraction2 

nowadays also serves as a versatile method for the construction of polycycles3 including compounds in which 

stereogenic centres of the precursors are preserved. 4 But only little has yet been reported about 21 strategy 

combining a palladium-mediated polycyclization with the creation of new stereogenic centres.j Recently, we 

reported 21 new methodology for the construction of carbocyclic angularly bisanelloted cyclohexadiene 

derivatives by a domino type process. 6’ When 2-bromo-dodeca-l,l I-diend-vnes are subjected to Heck 

reaction conditions, they cleanly undergo palladium-catalyzed biscyclizations followed by an rlectrocyclic 

rearrangement to form tricyclic cyclohexadienes. Our approach to utilize this sequence with concomitant 

diastereoselective creation of new stereogenic centres relies on two possibilities, the 6n-electrocyclic 

rearrangement of triene 2 to give bisanellated cyclohexadiene 3 or an intramolecular Diels-Alder reaction of 

the isomeric triene 4 to form the strained tetracycle 5 (Scheme 1). 
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To begin with, the cyclization of dienynes 6a,b with one and two methyl substituents at C-12, 
respectively, was studied. When 6a,b were treated with 3-5 mol% Pd(OAc), 12-20 mol% PPh, and 2 equiv. of 
potassium carbonate in acetonitrile for 8 h at SOY, mixtures of the diastereomeric trienes 8a,b8 were obtained 

in 70 and 65% isolated yields. In these model systems, apparently P-hydride elimination in the alkylpalladium 
bromide intermediate 7 preferably takes place from the methyl groups, and 6n-electrocyclization cannot occur. 
All attempts to force trienes 8a,b to undergo an intramolecular Diels-Alder reaction failed so far (Scheme 2). 

When one methyl group in 6 is replaced by a methoxycarbonyl as in 6c, treatment with 3 mol% 

Pd(OAc)z, 12 mol% PPh3 and 2 equiv. of silver carbonate at SO’C for 8 h also resulted in the formation of a 
diastereomeric mixture of trienes ci.s/fruns-9. But at elevated temperature (130°C) and with potassium 

carbonate as a base, trans-9 underwent the anticipated intramolecular Diels-Alder reaction to give the tetracycle 

10 in 47% isolated yield, cis-9 was left unchanged (31% reisolated). 
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In order to establish a 6n-electrocyclization as the second step in the domino sequence, the substituent at 

C-12 may not possess any accessible p-hydrogens. For instance, when dienyne lla with a methoxycarbonyl 

group at C-12 was treated with 10 mol% Pd(OAc)z, 20 mol% PPh, and 2 equiv. of silver carbonate, 

cyclohexadiene 12a was obtained in 55% isolated yield. g Unfortunately though, under the basic conditions 

employed, epimerisation at the newly formed stereogenic centre took place, and no stereoselectivity was 

observed. Changes in reaction conditions like rising the temperature from 60 to 12o’C and substituting silver by 
potassium carbonate led to the formation of benzene derivative 13 in 51% yield besides 24% of the isomerized 
cyclohexadiene. Apparently, compound 12a undergoes 1,4-elimination of methanol probably initiated by 
deprotonation a to the methoxycarbonyl group with excess base, and the resulting methylenecyclohexadiene 
subsequently isomerizes to the aromatic product 13 (Scheme 3). 
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With a phenyl substituent at C-12 as in dienyne llb, cyclization under standard conditions (10 mol% 
Pd(OAc),, 20 mol% PPh3, 3 equiv. K2C03, MeCN, 6O’C, 3 d) gave only a single diastereomer, namely the 
fruns-disubstituted tricycle truns-12b without epimerisation, in 83% yield. This apparent rotaselectivity in the 
electrocyclization step is caused by the methoxy substituent, which favours one of the two possible disrotatory 
movements,10 bringing the phenyl and the methoxy substituent into the lrans-configuration. lsomerisation of 
the diene unit was only observed at elevated reaction temperature (130°C) in the presence of 3 equiv. of 

potassium carbonate. The enantiomerically pure dienyne 16,” accordingly yielded enantiopure bisanellated 

cyclohexadiene 17 (67% isolated) with high diastereoselectivity (d. e. >95%). 12 With an alkyl substituent (Z)- 

at C-l oriented as in dienyne llc, disrotatory 6rc-electrocyclization of the intermediate 1,3,Shexatriene 14e 
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does not take place. Rather than a cyclohexadiene, an isomeric hexatriene 15 is formed upon treatment of IIc 
with Pd(OAc), (10 mol% Pd(OAc),, 20 mol% PPh,, 2 equiv. K&O,, MeCN, 80°C 2 d) in 73% yield (based 
on 50% converted starting material), apparently by an antarafacial 1,7-hydrogen shift in the intermediate 14~. 

Further studies are presently under way to apply this methodology to the synthesis of complex natural 
products. 
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