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Recently, it has been disclosed that chiral rhodium complexes Table 1. Rhodium-Catalyzed Asymmetric Hydroarylation of 1:

efficiently catalyze the asymmetric addition of arylboronic acids Selvent Effect
y caiay Y y [RROH)(R)-binap)l, ol Tol

to activated alkenes offering one of the best ways to construct a (5 mol % Rh) .

new C-C bond enantioselectiveh? In this context, we next >:'=+TolB(OH)2 Soven ©4mL) R
focused on the asymmetric arylation of allenes. It has been known PRy, 1h PhoPso  PhaPrg
that arylmetal species add to allenes to genera@lylmetal 1 Tol=pMeCgHy 2a 3a
species. As shown in Scheme 1, it would be possible to create a (0.2 mmol) (0.4 mmol)

stereogenic carbon center if the chirahllylrhodium intermediate temp yield (2a+3a) ee (%)
(), formed by the reaction of a 1,1-disubstituted allene and an entry solvent (°C) (%)* 2a/3a" of 2a°
arylrhodium species, undergoes the protonation regioselectively as 1 dioxane 100 92 75/25 89
well as enantioselectivelyThis asymmetric transformation leading 2 dioxane 60 92 71/29 90
to chiral alkenesl() is difficult due to the competitive formation id 'ITEE gg gg gg//j g;

of internal achiral onesll({ ), and to the best of our knowledge,

there have been no reports on the catalytic asymmetric hydroary- 2|solated yield? Determined byH NMR. ¢ Determined by HPLC

lation of allenes. Here we report that it is realized by rhodium-  analysis with Choifal stationary phase column: OChiralcel O3-Rh(O-

catalyzed addition of arylboronic acids to allenes bearing phosphine "gi(fo‘j)]z (5 mol % of Rh) andig)-binap (5.5 mol %) were used instead of
e . ) ) . . [Rh(OH)((R)-binap)p.

oxide® which produces chiral allylic phosphine oxides of high

enantiomeric purity. Table 2. Rhodium-Catalyzed Asymmetric Hydroarylation of
Diphenylphosphinylallenes: Scope of Arylboronic Acids and
Scheme 1 Allenes
[Rh(OH)((R)-binap)] Ar
R! Rh" | Ar H Ar Ar R (5 mol % Rh) > R
Ye==e=+ ArB(OH), — R%\ — R%q. R% J===+ AB(OH), THE e
H2 \ Pth\\ . ! Pth\\
R2 '[Rh]* R2 H R2 H 0 2 equiv 0
1 I m
time yield ee
Phosphinylallenes are stable compounds and readily available enty R Ar (h) (%) (%)
from chlorophosphines and propargylic alcohols in one $tepr 1 1 Me p-MeCgH4 1 2a 85 97 9
initial studies were focused on the asymmetric hydroarylation of ~2° 1 Me  p-MeCeH, 6 2a 88 970
3 (diphenylphosphinyl)-3 methyl-1 2 botadiers f the presen § LiMe pMeOGH, 1  2b:89 %9
-( iphenylphosphi yl)-3-me nyl-1,2-buta ierig if e presence 4 1 Me CeHe 1 2¢ 90 9% 6
of chiral rhodium complexes directed toward the catalytic synthesis 5 1. Me 2-naphthyl 1 2d 94 98 0
of chiral allylic phosphine oxid@a, which is a useful intermediate ? i me p-glchﬁ 13 22? gé gg ©
for chiral tertiary allylphosphines or chiral alkenes (Table). 8 7 Ete B:MEOE‘eIfu 1 5 04 978
Treatment of allenel with p-tolylboronic acid (2 equiv) in the 9 6. Bu p-MeOGsH., 1 7. 88 96 O
presence of [Rh(OH)R)-binap)}p° (5 mol % of Rh) in 1,4-dioxane 10 8 Ph p-MeOGsH, 1 9: 40,10: 45 699
11 11 t-Bu p-MeOGsH4 1 122 91

at 100°C for 1 h gave the hydroarylation produza with 89% ee
together with a considerable amountaa‘(total yield _92%’23/36‘ a|solated yields after removal of a small amount of internal alkenes by
= 75/25, entry 1). The reaction temperature did not have a column chromatography on silica gélDetermined by HPLC. Absolute
significant influence on the selectivity (entry 2), but the change of configuration of2ewas determined by X-ray crystallographic analysis. For
the solvent to THF markedly improved the regioselectivity as well others, they were assigned by consideration of the stereochemical pathway.
. L g . . ¢1 mol % of Rh was used.

as the enantioselectivity, givirga with 97% ee (total yield 97%,
2al3a= 96/4, entry 3). [Rh(OH)(cod)]as a catalyst precursor can Ph  Ar  tBu Ar
be used as \{vell in combination with)(—bipap (enFry 4). phpl Phpl Ar = p-MeOCgH,

As shown in Table 2, aryl groups substituted with either electron- 2% 20
donating or -withdrawing groups were introduced onto altength 10 12
high enantioselectivity to give the corresponding allylic phosphine _ _
oxides2a—2f with 96—98% ee (entries17). A high yield of2a and butyl, respectively (entries 8 and 9). On the other hand, allene
was obtained without loss of the enantioselectivity even in the 8 bearing a phenyl group gave in a low yield with lower
presence of a reduced amount of the catalyst (1 mol %) (entry 2). enantiomeric excess (40% yield, 69% ee), internal alkeheeing
The configuration of2e was determined to be& by X-ray accompanied in 45% yield (entry 10). A bulkier substitugatt{
crystallographic analysis.High enantio- and regioselectivities were  butyl) on11 completely changed the regioselectivity to giv&in
also observed for allenesand6, which are substituted with ethyl ~ 91% vyield (entry 11).
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ized.
rhodium intermediate to establish the catalytic cycle of the reaction.

Supporting Information Available:
spectroscopic and analytical data for the substrates and products (PDF)
and X-ray data files (CIF). This material is available free of charge via
the Internet at http://pubs.acs.org.

We succeeded in the structural determination oftadlyl-
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Experimental procedures and

Figure 1. ORTEP illustration ofz3-allylrhodium(l) complex 14 with @)

thermal ellipsoids drawn at 50% probability (hydrogens are omitted).
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NMR studies on a sequence of stoichiometric reactions starting
from phenylrhodium complex [RhPh(PRE(R)-binap)f® (13)
(Scheme 2) provided us with a significant insight into the catalytic
cycle of the present reaction. Treatment.8fwith 1 (1.0 equiv) in
THF-dg at 60°C for 30 min brought about selective formation of
a new rhodium compleX!P NMR of the reaction mixture consisted
of two dd’s, 34.9 §p-p = 13, Jrn-p = 3 Hz), 46.9 {rnp = 198
Hz, Jo—p = 35 Hz), and one ddd 38.4¢,-p = 197 Hz,Jp_p = 35,

13 Hz) as well as a peak of free PPlwhich is consistent with
formation ofsr-allylrhodium complexi4. The structure ofi4 was
successfully determined by X-ray crystallographic analisis
shown in Figure 1, two phosphorus atoms (P(2), P(3)Rpfinap
ands-allyl carbons (C(1), C(3)) constitute square planar orientation
around the Rh center. The diphenylphosphinyl substituent on the
mr-allyl is located anti with respect to the phenyl group on the central
carbon C(2). This orientation is probably due to the steric effect
by one of the phenyl rings of the binap ligand. The absolute
configuration of ther-allyl moiety in 14 is 2R,3R. Addition of
phenylboronic acid (2.0 equiv) to the THig-solution containing

14 and PPk gave, after heating at 60C for 30 min, hydrophe-
nylation product2c and phenylrhodium complek3. The isolated

2¢ (93% yield) was arSisomer of 96% ee, which is the same as
that obtained in the catalytic reaction.

Thus, we succeeded in establishing the catalytic cycle which
involves the addition of an arylrhodium species to allene, forming
as-allylrhodium species, and protonolySisf the z-allylrhodium,
giving hydroarylation product, followed by transmetalation, regen-
erating the arylrhodium intermediate. The same stereochemical
outcome (96% eeS) observed in the catalytic reaction and the
stoichiometric reaction imply that the protonation in the catalytic
system occurs after the equilibration into a thermodynamically stable
mr-allylrhodium intermediate (such d4}), and theR configuration
at C(3) of ther-allyl complex14indicates that the-allyl undergoes
protonation from the same side as rhodium, although the detailed 14
mechanism of the protonation remains to be clariffed.

In summary, highly enantioselective hydroarylation (up to 98%
ee) of diphenylphosphinylallenes with arylboronic acids was real-
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The arylation ofl with p-tolylboroxine in the presence of,D gave (2-
deuterio-3p-tolylbut-3-en-2-yl)diphenylphosphine oxi®&(D) (82% D)

in 91% yield.

A diphenylphosphinyl group may play an important role in the hydroary-
lation of allenes to obtain the desired adduct selectively. For example,
the reaction of 1-methyl-1-(trimethylsilyl)allene wifhtolylboronic acid

did not give the desired product at all under the same reaction conditions.
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