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SUMMARY : Treatment of alkenyl and aryl iodides and bromides containing an appropriate
o, B-unsaturated carbonyl group with a catalytic amount (3-5 mol %) of either a Pd(0) or a
Pd(I1) complex, e.g., Pd(PPh3)4, and a base, e.g., NEt3, can induce highly regioselective
cyclization via intramolecular carbopalladation; formation of exocyclic alkenes can also be
highly stereoselective.

Over the past few years the Pd-catalyzed cyclization of alkenyl and aryl halides via
intramolecular carbometallation? has emerged as a potentially attractive method for the
synthesis of carbocycles.3 Unfortunately, however, the lack of complete regio-control has
been a difficulty encountered in virtually all of the reported cases. This difficulty, in
fact, aborted our attempts to apply the methodology to the development of stereodefined
exocyclic alkenes (eq 1), although the results do represent a rare case of essentially 100%
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regioselectivity.

To avoid the regiochemical complications in the intramolecular carbopalladation, we
turned our attention to the reaction of a,pg-unsaturated carbonyl compounds and have found
that the use of q,g-unsaturated carbonyl compounds can indeed lead to clean formation of
single regio- and/or stereoisomers.5 The experimental results are shown in the equations
2-8. The following procedure for converting 19 into 21 is representative. A mixture of 19
(0.48 g, 1 mmol), PA(PPh3)4 (57 mg, 0.05 mmol), and NEt3 (0.20 g, 0.28 mL, 2 mmol) in 5 mL
of MeCN was refluxed under nitrogen for 90 min, quenched with 3 M HCl, extracted with
ether, washed with NaHCO3 and brine, dried over MgSO4, concentrated, filtered through a
plug of silica gel with a 10:1 pentane-ether mixture, and evaporated to give 0.32 g (91%)
of 21: IR (neat) 1740 (s), 1725 (s), 1610 (s), 1250 (s), 1230 (s), 1170 (s), 1060 (s),
1015 (s), 870 (m) cm~l; 1H NMR (CDCl3, MesSi) 6 0.89 (t, J = 7 Hz, 3 H), 1.21 (t, J = 7 Hz,
6 H), 1.1-1.3 (m, 4 H), 2.18 (t, J = 7 Hz, 2 H), 2.78 (4, J = 3 Hz, 2 H), 3.52 (s, 2 H),
3.72 (s, 3 H), 4.0-4.2 (m, 4 H), 5.89 (s, 1 H), 5.96 (bs, 1 H); 13c NMR (CDCl3) s 13.52,
13.59, 22.11, 30.26, 31.05, 31.77, 32.00, 50.64, 53.48, 61.13, 112.89, 130.33, 136.62,

149.18, 166.82, 170.27.
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In all cases we have so far examined (egs 2-8), single cyclization products of >98%
isomeric purity were cbtained. All of these compounds yielded satisfactory spectral and
analytical data. All q,g-unsaturated carbonyl compounds reacted with essentially complete
retention of regiochemistry. The reaction of 3 and 46 with the lithium salt of dimethyl
(E) -2-pentendioate’ directly gave 5 and 6, respectively, in good yields. Although 5 was
essentially homogeneous, 6 was a ca. 9:1 mixture of the E and Z isomers. No detectable
amounts of the other two possible regioisomers were present. Treatment of 5 and 6 with
Pd(PPh3)4 (5%) and NEt3 (1.5 equiv) in MeCN at 100°C for 16 h produced 7 and 8 in 65 and
67% yields, respectively, as the only cyclization products. Unlike 5, 9 was produced as
a B,y-unsaturated species. Its treatment with Pd(PPh3)4 under the same conditions as above
gave 10 in 50% yield. The regiocontrolling effect of the ester group is apparent, if one
compares the results shown in eq 4 with those of the corresponding reaction of o-(3-
butenyl) iodobenzene reported earlier by us.3b

Cyclization of 11 using PA(OAC);(PPh3), (5%) and NaHCO3 (2 equiv) in DMF8 at 80°C for 36
h gave 12 in 68% yield (76% by GIC) along with a 10% yield of the debrominated but
uncyclized product and the starting compound (15%). The use of NEt3 as a base under
otherwise the same conditions did not induce cyclization.

As part of a long-range project,4 we examined the feasibility of developing a
stereoselective method for synthesizing exocyclic alkenes via intramolecular
carbopalladation. The preparation of 13 was achieved in modest yield by the reaction of 3
with 1,3-dilithiopropyne. Hydroalumination of 13 followed by treatment with ClcooMe? gave
14 in 81% yield. Its cyclization using 5% of Pd(PPhj)4 and 1.5 equiv of NEt3 in MeCN-
benzene at 60°C for 24 h afforded 15 in 71% yield. Similarly, 16 and 17 were converted
into 18 and 19 in high yields by the reaction of their sodium salts with esters of y-
bromocrotonic acid, and the latters were subjected to the standard cyclization conditions
using 5% of Pd(PPh3)4 and 1~1.5 equiv of NEt3 to give 20 and 21 in 82 and 91% yields,
respectively. All three exocyclic alkenes are isomerically >98% pure by 13¢ NMR and GIC.
The 2D-NCESY lH NMR data for 20 and 21 support the assigned E geometry. The E isomers are
the predicted products on the basis of both the presumed syn addition-syn elimination
mechanism?2 and the known tendency for B8 -aryl or B-alkenyl «, B-unsaturated carbonyl
compounds to favor the E geometry. At this time, however, it remains to be clarified
whether or not the formation of exocyclic alkenes via cyclic carbopalladation is
stereospecific and capable of selectively producing the Z isomers as well.
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