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Summary: Cyclization of allene-containing aryl and 
alkenyl halides under the influence of a catalytic amount 
of a Pd-phosphine complex, e.g., C12Pd(PPh&, proceeds 
via carbon-carbon bond formation at the central carbon 
atom of the allene moiety, providing a novel and facile 
route to seven- and eight-membered cycloalkene deriva- 
tives. 

In conjunction with our studies directed toward the 
development of cyclic carbopalladation1,2 we became 
interested in the use of allenes. The presence of two 
alkene moieties in an allene offers the possibility of two 
exo-mode3 cyclization paths shown in Scheme 1. In view 
of the known intermolecular carbopalladation of allenes4 
which has been shown to give allylpalladium derivatives, 
path ii may be predicted to be favored over path i. On 
the other hand, the Pd-catalyzed cyclization of aminoal- 
lenes5 has been shown to give alkenylpalladium species. 
The ring formed via path i is smaller than that via path 
ii by one atom, which could also be an important factor 
in determining the course of the reaction. Herein we 
report what appear to be the first examples of intramo- 
lecular cyclic carbopalladation of allenes. 

Treatment of la6 with 5 mol % of Cl~Pd(PPh3)2, K2- 
COS (5 equiv), and EtOH (10 equiv) a t  the concentration 
of 0.05 M in DMF at  100 "C for 5 h cleanly afforded a 
seven-membered ring 2' in 70-75% yield (-60% iso- 
lated). Although the putative allylpalladium intermedi- 
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ate 3 can, in principle, give two regioisomeric conjugated 
dienes 2 and 4, the extent of formation of 4 was (2%. 
The bromo analogue l b  reacted similarly to give 2 in 71% 
NMR yield. The most noteworthy feature of the reaction 
is the virtual absence (< 1-2%) of six-membered ethers, 
such as 5, that can be formed via 6. Since the formation 
of allenes via dehydropalladation of alkenylpalladium 
species is known to be unfavorable,lgPh it is possible that 
6 might be formed without producing six-membered 
ethers as final products. With the hope of trapping 6 by 
carbonylation the cyclization reaction of l a  was carried 
out in the presence of CO (1 atm) and MeOH (10 equiv) 
in place of EtOH under otherwise identical conditions. 
The product consisted of 2 obtained in 74% NMR yield 
and the premature esterification product 7 (20% NMR 
yield). The extent of formation of 8 was <2%. Although 
welfss and otherszd have demonstrated that cyclic carbo- 
palladation of alkenes and alkynes is a viable route to 
seven-membered rings, preferential formation of seven- 
membered rings over six-membered rings is unprec- 
edented. 

The results described above prompted us to examine 
competitions between seven- and eight-membered rings. 
The reaction of g6 under the conditions I a t  100 "C for 2 
h gave lo7 in 74% NMR yield (52% isolated) without 
producing detectable amounts of seven-membered ethers. 
Unlike the cases of seven-membered ring formation, 
cyclic carbopalladation of alkenes has not been readily 
applicable to the synthesis of eight-membered  ring^.^^^^ 
In accord with this generalization, the reaction of 116 
under the conditions I a t  100 "C for 21 h did not give the 
expected product 12 (<5%,  if any). 
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52% isolated (74% NMR) 

// 
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11 12 (<5%) 

As indicated by these results and those that follow, 
facile formation of seven- and eight-membered rings via 
carbopalladation of allenes appears to be quite general. 
Conversion of 13-166 into 17-207 in the yields shown 
in parentheses indicates the applicability of the reaction 
to the synthesis of carbocycles. Both aryl and alkenyl 
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halides participate in the reaction. Conversion of 13 into 
17 represents a novel route to hydrazulenes. 
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In the seven-membered ring formation, 1,6elimination 
is highly regioselective to give nearly exclusively alkenyl- 
substituted cycloheptadienes, ie., 2,19, and 22,' in cases 
where two regiochemical modes of elimination are pos- 
sible. On the other hand, the regioselectivity of elimina- 
tion in the eight-membered ring formation does not 
appear to be high, as suggested by the results shown 
below. It is also noteworthy that the formation of 22 and 
24' was >97% stereoselective, providing preferentially 
the E isomer. 
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The potential utility of the reaction described herein 
in the synthesis of seven- and eight-membered rings is 
evident. Conversion of 1 into 267 via cyclic carbopalla- 
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1. Me02CCCCO2Me 
(1.2 equiv.) 

90°C, Ar, 5 h 
2. DDQ (4 equiv.), 

22OC, 64 h 

C0,Me acOzMe 
26 (58% isolated) 

dation-Diels-Alder reaction-oxidation represents a 
novel route to fused tricyclic biaryls. Further develop- 

ment of this promising cyclization methodology is in 
progress. 
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