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PALLADIUM DICHLORIDE-PROMOTED CYCLIZATIONS OF 1,5-DIENES. A NEW METHOD 

FOR FORMING CYCLOHEXENES. 
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Larry E. Overman* and Alfred F. Renaldo 
Department of Chemistry, University of California 

Irvine, California 92717 

Summary: 1,5-Hexadienes, which are substituted with electron-withdrawing 
groups at carbon-3, undergo regioselective rearrangement to cyclohexenes upon 
treatment with palladium dichloride. 

The formation of oxidized methyl cyclopentenes from the reaction of palla- 

dium(I1) salts with 1,5-dienes has been described by several investigators. 
2 

In this Letter, we report that certain acyclic 1,5-dienes cyclize with good 

regioselectivity to give cyclohexenes when treated under mild conditions with 

palladium dichloride. To our knowledge, 3,4 this molecular rearrangement is 

unprecedented, and provides a new method for preparing cyclohexenes, albeit in 

modest yields. 

Reaction of ethyl 2-ethenyl-4-methyl-4-pentenoate (L)5'6 with 0.2 equiv of 

bis(acetonitrile)palladium dichloride (25'C, THF), standard conditions previ- 

ously employed by us to effect the Cope rearrangement of acyclic 1,5- 

dienes, 117 did not yield Cope product 2. This treatment provided the cyclized 

products 1 and 4 in low yields and returned large amounts of the starting 

diene 1. When 1 equiv of bis(acetonitrile)palladium dichloride was employed - 

and the reaction was quenched after 1 hr with excess KCN, cyclohexenes 2 and 

4 were isolated in a 421 ratio and 40% yield. Cyclohexene 3 was identical - 
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with the minor Diels-Alder adduct formed from isoprene and ethyl acrylate, 
a 

while the structure of 4 was confirmed by its preparation' from 3-methylben- 

zoic acid. Treatment of Cope product 2 (prepared from 1 by thermal rearrange- 

ment at 195'C) under identical conditions did not afford 3 and 4 and returned - - 
2 unchanged. Similarly, cyclohexenes 2 and 4 were not produced when 1 was - 
treated with acid catalysts. 

10 

Since the rearrangement of 1 to cyclohexenes 2 and 4 should be catalytic - 
in palladium(II), we investigated a variety of reaction conditions, quenching 

agents, co-oxidants, and palladium(I1) salts in an attempt to optimize this 

transformation. Unfortunately, we have not yet succeeded in obtaining rea- 

sonable yields of cyclized products under catalytic conditions. 11 However, 

the regioselectivity of the cyclization could be improved by quenching 
12 

the 

reaction of 1 and bis(acetonitrile)palladium dichloride [or the more soluble - 
salt, bis(hexanenitrile)palladium dichloride] 

13 
with silica gel. Chormato- 

graphic purification then provided cyclohexene 2 in 53% yield. Capillary GC 

analysis of the crude cyclization product showed that less than 5% of 4 was - 
produced under these conditions. The similar cyclization of a variety of 

1,5-dienes, which contain electron-withdrawing substituents at C-3, is summar- 

ized in the Table. 12 The cyclohexenes produced in this way showed diagnostic 

AB quartets for an isolated allylic methylene group and a broad signal for one 

vinylic hydrogen in the 250 MHz 
1 
H NMR spectra. 

It is important to stress that the cyclization reactions reported here are 

limited in scope. If an electron-withdrawing group is not present, dienes 

related in structure to those shown in the Table undergo clean palladium di- 

chloride-catalyzed Cope rearrangement under similar conditions. 7 Even moving 

the electron-withdrawing group by one carbon directs the reaction totally down 

the catalyzed Cope rearrangement manifold. 
14 

Nonetheless, since the cyclohex- 

enes shown in the Table are not readily available by Diels-Alder construction, 

palladium(II)-promoted diene cyclizations may have applications in organic 

synthesis. 
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TABLE: CYCLOHEXENES FROM I, 5 - DIENES. ‘* 

Reaction 

‘2 - ‘9 R=!OEt 

R=CsN 

‘F - ‘fj R+ 

Me Me 

R=&h 
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&Me - @Me 
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Cond i tions 
Temp, Time 

25”C, Ih 

25’=+C, 2h 

66OC, 0.8h 

66OC, 0.8h 

66OC, 0.8h 

66OC, 0.8h 

66’C, 0.8h 

Yield 

53% 

30% 

30% 

44% 

35% 

22% 

21% 
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The reluctance of dienes such as 1 to undergo palladium(II)-catalyzed Cope 

rearrangements, 1,7 can be rationalized by the relative instability of palla- 

dium dichloride alkene complex 5. 15 We suggest that cyclohexenes 8 arise from - 
cyclization of 5 to 7. 

does not fragment' 
- Because of the electron-withdrawing substituent, 7 - 

to Cope product 5, but rather is transformed by a sequence 

whose mechanism is currently unclear to cyclohexene 2. 
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