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1a: R=Ph
1b: R = ferrocenyl
1c: R =tert-Bu
1d: R = n-CgHq7 PPhy

PPh,

2m: Nu = G(NHAc){COOEt),
2n: Nu = CMe(COOMe), (R)-binap

Allenes are an important class of compounds as useful synthonscatalyst? In the course of the investigations, we found an

in synthetic organic chemist®yand with proper substitution, they
possess axial chirality. Despite these facts, application of optically
active chiral allenes as chiral synthons has been limited sb far,
which may be attributed to lack of efficient methods for supplying
enantiomerically enriched allengd/ost of the reported proce-

interesting role of dibenzalacetone (DBA), which was released
from the catalyst precursor Pd(dbadn the high enantioselec-
tivity.

In our original report of the allene synthe8is, Pd-dpbff
complex was employed as a catalyst precursor. The dpbp ligand

dures require a stoichiometric amount of enantiomerically enriched possesses a backbone similar to that of binap, thus binap was a

chiral compounds either as substramseagent$.Representative
examples include chirality transfer from optically active chiral
propargyl compoundsand resolution of racemic allené$.To

logical choice as a chiral ligand for asymmetric extension of the
reactiont! However, some initial trials of the asymmetric synthesis
were disappointing. Treatment of 2-bromo-1-phenyl-1,3-butadiene

the best of our knowledge, only three examples are reported on(1a) with HCMe(COOMe) (2n) and NaH (1 equiv t@n) in THF

asymmetric synthesis of axially chiral allenes using a substo-
ichiometric amount of chiral transition metal catalysts, and none
of them showed satisfactory enantioselectivity.

We have recently reported a novel synthetic method for
preparing a variety of functionalized allerfe§he reaction is
catalyzed by a palladiumbisphosphine complex and the sub-
strates arachiral conjugate dienes. An asymmetric modification

in the presence of PdRj-binap}*? (10 mol %) at 20°C gave the
chiral allene 8an) in 91% yield with very low enantioselectivity
(11% ee). It was found that an analogous reaction with a catalyst
generated in situ from Pd(dbadnd R)-binap gave3anin 87%
yield with 68% enantiomeric excess. The difference of the two
reactions is the employed Pd-precursors, and the difference in
enantioselectivity between the two is attributed to the absence or

of the catalyst could be easily achieved by using an appropriate presence of DBA ,which is released from Pd(dbaj the

chiral phosphine ligand, and thus the reaction would be an
excellent prototype to catalytic asymmetric synthesis of chiral

complexation with R)-binap in the latter reaction. This hypothesis
was confirmed by the following experiment. Addition of DBA

allenes. We report herein results of our studies to this goal. The (2 equiv to Pd) to the reaction dfa with the sodium salt on

enantioselectivity of the system is sufficiently high, up to 89%

catalyzed by PdR)-binap} led to 3an with 67% ee. Some other

ee, which is one of the highest ee values reported to date forelectron-deficient olefins showed a similar effect on enantio-

asymmetric synthesis of allenes with a chiral transition metal
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Scheme 2.Catalytic Cycle of the Enantioselective Synthesis  Table 1. Isomerization Rates between the Two Diasterecisomers
Reaction of Allenes of [(Benzylidenes-allyl)Pd(binap)]BAF, (5) in CDClg2

+
R/%f — A= | BAf, ki /:/I\\—|+BArF4‘
157 ~ mr Pd__ Ph —— P Pa

R pd R.EF e RS

Pd°(binap)

tempfC [DBA] kst k.%st kik-; [major]/[minor]d

20 0 0.19 0.086 2.2 1.9
2 equiv 2.4 1.3 1.9 1.9

40 0 049 0.25 2.0 1.9
2equiv >12 5.4 >2.2 1.9

2 The absolute configurations of the major and the minor isomers
have not been determinetiThe rate constants from the minor isomer
to the major.t The rate constants from the major isomer to the minor.
dThe relative concentration of both isomers determinedtbNMR.
¢ Due to the slowness of the exchange, the value contains some degree
of uncertainty! Due to the quickness of the exchange, the value contains
some degree of uncertainty.

The intermediary benzylidene-allylpalladium species was
isolated as a BA;~ (ArF = CgHs-3,5-(CR),) salt 6) and it existed
as an equilibrium mixture of the two diasterecisomers in a 34:66 Tapje 2. Palladium-Catalyzed Asymmetric Synthesis of Alleres
molar ratio in CDC} between 0 and 68C. The isolated complex  from Bromodienel and Nucleophile2?

5 was applied to a stoichiometric reaction with the sodium salt
of 2nin THF at 20°C and gave3an in good yield (76%). The
enantioselectivity in the stoichiometric reactions was similar to
that in the catalytic reactions: 13% ee without DBAand 64% ee 1~ 1a 2m  NaH CHCl 59 Gam) 52(R)

with DBA (2 equiv to 5). All these observations suggest the ia gm éoo%u gHZg:Z ?g (gam) ;g ® 141 (0.66
alkylidenesr-allylpalladium species as a key intermediate of the 12 zm C:OBS 1|'_:2-|F2 77%2% co ((g (0.66)
catalytic asymmetric synthesis of the allene. The solution behavior la 2m CsOBu toluene 613am) 41 ([R)

of 5 was monitored byH NMR spectroscopy in CDglwith or la 2n NaH THF 88@an) 68(R) —87(0.50)
without DBA. The added DBA showed no influence on the 1b 2m CsOBu CH,Cl, 34 3bm) 80 (R) —314 (0.64)
relative abundance between the two diastereocisomefs O 1c 2m CsOBu CH.Cl, 74 @cm) 75@R) —29(0.50)

the other hand, slight broadening of th¢ NMR signals was 1d 2m CsOBu CHCl, 73 3dm) 54 (R) —33(1.00)
observed in the presence of DBA. It was found that coexisting —; - - - -

DBA accelerates the equilibrium between the two diastereoiso- , (Oghf rrrfr?]%tll)o na;vgsbgirge(g'ggt:nvg?ogrci)rzn ggsg'ggl\%rn? I()é_%ur}:i) at
mers of5. The exchange rate constants of the equilibrium were 20 for 24 h'in the presence of 10 mol % of the catalyst generated
determined by a spin-saturation transfer technique using thefrom Pd(dbayand ®)-binap or Pd[R)-binap} and dba? Isolated yield
Forsa-Hoffman methot and the results are summarized in Table by silica gel or alumina chromatograptyDetermined by HPLC

1. Although the mechanism of the acceleration is not clear, the analysis with chiral stationary phase columns: Daicel Chiralcel OJ
results clearly display the coexistent DBA accelerates the epimer-(32m), AD (3an, 3cm, 3dm), and OD-H gbm).

ization in 5 ca. 12-25 times faster, which is probably a main All the optically active allenes obtained by the FR)tpinap
factor of the unique positive effect of DBA on the enantioselec- ¢a¢a1yst are levorotatory, from which the absolute configurations

t""_% of the lg)resfetr;[ asymmetr;c_ react{?]n. s of al of the major enantiomers of the allenes are deduced t&ply(
e results of the asymmetric synthesis of allenes are sum-g " 0 J 0 e

marized in Table 2. The choice of the nucleophiles, including )

the countercations, is important for high enantioselectivity of the N conclusion, we have developed the novel route to the
reaction. Wherla was treated with acetamidomalon&i@ and enantiomerically enriched axially chiral allenes using the pal-
CsOBuU in CH,Cl, at 20°C, the highest enantioselectivity (89% Igdlum-blnap species as a chiral catalyst. Our methoq has enabled
ee) was achieved iBam (entry 3). Analogous reactions with NaH d|re_ct access to these important compounds starting from the
or KOBu as base showed the lower enantioselectivity (entries 1 achiral substrates.

and 2). The solvent effect on the enantioselectivity is more
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