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Receied June 19, 2001  diene dimerizations has been demonstrétédnterestingly, the

Revised Manuscript Receéd July 23, 2001 presence of a remote double bond has been proposed to influence
the direction off-elimination of a palladacycle, whereas in the
presence of phosphines the opposite alkene isomer predomi-
nated*®

The results of the palladium-catalyzed reaction of malonate
anion with allylic acetate®—4 show a surprising change in
regioselectivity as the tether length between the alkene and allylic
acetate increases from one to three atoms. In the reactia®s of

Palladium-catalyzed allylations of soft nucleophiles are a
powerful synthetic transformatior?. While the stereo- and
regiochemical consequences of the allylation have been well-
studied, questions still remain. The major factors influencing
regioselectivity are nucleophile type, steric bulk of the groups at
the allylic termini, electronic nature of allyl substituents, stability
of the p?-alkene palladium(0) complex resulting from the nu-

cleophilic addition to ther-allyl moiety, and steric and electronic 1, (5 mol%)

effects from the other ligands on the metal center. Much attention WA LICH(COLED _ m . WHM\/L +M2
has recently been given to external ligand control over the e TEE%SE{W ETE ETE ETE
regiochemical outcome, in particular, as it pertains to asymmetric 2 = 2% Sa 15 b 46 S 39
catalysis of the transformaticif. We have demonstrated that 4 n= 71% 7a wmee Tb 50 76 41

allylic acetates possessing a thioether or dimethylamino substituent ) ) o )
in the homoallylic position directed the addition of malonate to and4 the major products arise from substitution at the unsubsti-
the allylic terminus proximal to the heteroatéme proposed  tuted terminus of the allylic acetate. However, the only isomer
that chelation of the heteroatom played an integral role in obtained from the reaction of allylic acete&svas dienes where
determining the regiochemical outcome. This internal (intramo- substitution had taken place on the more substituted allylic
lecular) ligand control represents an additional factor in the POSition proximal to the tethered alkene. In light of our results
regioselectivity-defining process (Scheme 1). We anticipated that With heteroatom-directed allylation, it is evident that alkene
other nonheteroatom Containing functional groups Capab|e of Cpordlnatlo_n_to the metal cente_r IS reSpOﬂSlble _fOI’ the observed
coordination to a metal would direct the regiochemistry of high selectivity. Support for the influential capacity of the alkene
allylation. Herein we describe the mel use of an alkene as a s derived from observation of the regioselectivity of reaction of
directing group in Pd-catalyzed allylations, the stereochemistry 3 in the presence of DPPE in which almost complete disruption

of the process, and mechanistic insight giced by a crystal of the remote alkene effect is observed, giving a 14:48:38 ratio

structure of the putatie alkene-bound Pe{2) intermediate. of 6a6b:6¢ in 90% vyield. The dichotomy of results when the
reaction is performed in the presence of 1 versus 2 or more equiv

Scheme 1 of phosphine per palladium atom strongly implicates coordination

of the alkene as the regiochemical determining factor. Reactions

[(na.al\ygsP%%llg/PPha)] 1 E=CO,Et B .
Lomor, o L of allylic benzoates8, 9, and 10 suggest the generality of the
OAc T THR. 75 G VEYE e directing effect. Substituents at the allylic terminus distal to the
+
L = NMe, 76% 95 5
L =SMe 87% 91 9 Ry R
Ry Re 1, (5 mol%) 2
) ) \.p, LICHCO:Me), N-R,
A number of examples of palladium-catalyzed reactions of A o Z e E-CONe
alkene bearing substrates exist. One example is very relevant to 8 RisH Ry, ReOH, 130 11 855  61%
the results described herein (eq 1). In the presence of a large 9. R=H R;=CHy Re=H  17h 12 >955  85%

excess of phosphine, Pd(0) catalyzes allylic alkylation at the less 10-F=Clle =il o=t 480 19 2065 G5%

substituted terminus of the allyl moiety despite the presence of gjracting alkene or at the central allylic carbon have no effect on
an alkene in a position to bind to the metal center (e The the regiochemical outcome. Tertiary allylic aceta@undergoes
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Table 1
PRs time (h) yield6a (%) PR time (h) yield6a (%)
P(GsFs)s 1 7R P(OPh) 3 91
PCys 16 44 PPh 17 6%

aSmall amounts of starting material remainéé&tarting material
and other unidentified compounds were present.

Figure 1. Thermal ellipsoids drawing of2,n?-allyl ene complex.8; H
atoms of the phenyl rings were removed for clarity. Drawing with part 1
of the disorder (C+C3). Selected bond lengths (A): PE&5 2.189, P&

C6 2.148, PetC7 2.177, Pe-C2 2.274, Pe-C1 2.316.

stituted alkenes are detrimental to the outcome of the highly
selective allylation. Reaction of the sodium salt of diethyl
methylmalonate witl8 gave rise to a 93:7 mixture of regioisomers
where substitution at the allylic terminus proximal to the directing
alkene predominated.

In an attempt to ascertain the role of the external ligand in
influencing the regiochemical outcome, phosphorus ligands of
different electronic nature were employed (Table 1, allylic acetate
3, [(7*-allyl)PdCIL, (2.5 mol %), PR (5 mol %), LICH(CQMe),,
THF, 75 °C). Evidently, a trans influence from the phosphine
ligand? is not responsible for the observed regioselectivity as

only one isomer was obtained regardless of the electronic nature

of the ligand.
The stereoselectivity of the alkene-directed substitution is high
and has been demonstrated to be retention of configuration,

suggesting a double inversion process as is normally observed in

Pd-catalyzed allylations (eq 2). Allylic acetaiR)-14 underwent
allylation to give §E)-15 which, after ring-closing metathesis
using Grubbs’ catalys€ provided the known cyclopenteng){
16.1

= [(nP-ally)PdCI],
(\/\A/ (2.5 mol%%) o
e OBz P(OPh); (5 mol%) A\ CH(COMe),

RCM 2
— = 5 ——>  CH(COMe),
(RE-14 LICH(CO,Me) 15 (92%) 9
(o2 133 THF reflus, 33 h M[:zsﬁ) e (?;];% 5_321/ i
(¢1.08, CHCly) 67%) (¢ 0.55, CHCl) (¢ 0.505, CH,Cly)

In an attempt to probe the mechanism and provide support for
alkene coordination, cationic complé8 was synthesized and
characterized byH NOE spectroscopy and X-ray diffraction
analysis (eq 3)>*6The'H NMR spectrum of allylic complet7
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R
[' oo CHg
Pd.
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hydrogens ¢ 4.67 and 4.26 ppm), were evideritd NOE
enhancements between; ldnd H, and between I} and H,
suggest the major conformer resides in a chairlike conformation
in solution. Not surprisingly, reaction of one equiv B8 with

one equiv of sodio dimethylmalonate at room temperature resulted
in a 65% vyield of dienel1 along with 5% of the regioisomeric
addition product. Thus, the results are identical when the reaction

C,/’l\\\/ H,
PFe
- --Pd" L

“PPhg

. 37, 2015

Scheme 2
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b) AgPF; (1.1 eq.)
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is performed under either catalytic or stoichiometric conditions.
X-ray diffraction analysis revealed disorder in the tethered alkene
part of the ligand. A thermal ellipsoid drawing of one of the two
allyl complexes is shown in Figure 1.

A number of factors are known to contribute to regioselectivity
in Pd-catalyzed allylations® However, in these cases an influ-
ential role of the alkene, presumably ligated, must be an integral
part of the explanation. With due consideration given to all aspects
of the mechanistic manifold, ring strain-induced selective activa-
tion of one of the allylic termini with concomitant influence in
the direction of rotation of the allyl ligand is the factor most likely
required in a rationalization of the regiochemical outcome.
Nucleophilic addition at C5 18, eq 3) associated with a
counterclockwise rotation of the allyl moiety out of the coordina-
tion plane during the change in hapticity, with simultaneous
shifting of thes-system to generate the elusive alkene complex,
relieves ring strain as the chelate ring is effectively enlarged
(Scheme 2, A). Reaction at C7 would require a clockwise rotation
of the allyl moiety during hapticity change with simultaneous shift
of thesr-system to the right, thus causing an increase in ring strain
as the effective ring size is decreased (Scheme 2, B).

In summary, a novel use of internal ring strain to drive reaction
selectivity has been described. Using a tethered alkene as a
nontraditional control element, regioselective additionrtallyl
Pd complexes is possible. The directing effect overcomes the
normal steric bias, and reaction can occur at the more substituted
terminus of a monofunctionalizedallyl moiety. X-ray diffraction
analysis of the alkene-bound intermediate sheds light on the
mechanism by providing structural evidence for alkene binding.
Further work in this area is currently underway.
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meric and oligomeric complexes. However, theNMR spectrum

of 18 revealed a distinct 4:1 mixture of two compounds where
conformational rigidity and binding of the alkene to the metal

center, as determined by an upfield shift of the terminal alkene
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