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Despite the potential synthetic utility, very few enantioselective Table 1. Evaluation of Chiral Ligands

intermolecular olefin functionalization reactions have been reported 10 mol% Pd(MeCN),Cl,
using Pd(ll)-catalyzed oxidation reactions, especially those which H 12 mol% ligand H OMe
involve nucleopalladatioh? To achieve enantioselective nucleopal- S Xmol% CuCl,
ladation, not only must a suitable ligand be identified in order to MeOH, 3AMS, rt, 48h,0,
differentiate the enantiotopic faces of the coordinated olefin, but Pro,
also reversiblg3-hydride elimination must be inhibited to avoid o 0 [ N OO 7><(
erosion of the initial asymmetric induction. Recently, as part of [ — 1 o o <’
our program aimed at the development of Pd(ll)-catalyzed olefin ipp" N N™ Vip, Q l
functionalization reactions, we discovered a dialkoxylation reaction Pr-biox OO NTY, Ph-box Ph
of styrenes containing amphenol (eq 1¥.A key finding based on boxox
isotopic labeling experiments was thathydride elimination is
avoided in the dialkoxylation process, making the development of
an enantioselective variant possible. Additionally, an enantioselec-
tive dialkoxylation reaction would allow rapid generation of a quinox 2 Pr-pyrox
common structural motif found in a number of biologically active 'Pr
compounds.Herein, we present the discovery of an enantioselective ¢, ligand cuCl, (mol %) vield (%) ce (%)
dialkoxylation reaction where removal of copper from the reaction, -
S o . 1 (—)-sparteine 20 70 0
a standard additive in Pd(lIl)-catalyzed oxidation reactions, proved 2 (-)-sparteine 0 24 17
essential for effective asymmetric catalysis. 3 iPr-biox 0 11 5
4 boxox 0 3 0
OH 5mol% Pd(MeCN),Cl, OH OMe OH OMe 5 Ph-box 0 NR NR
PR oA NORT IR T R .
,  MeoH.sAMs. .0, 15O0Me 11OVe & Buquinox 0 10 83
9 Bn-quinox 0 85 84
Previous mechanistic studies suggested that the dialkoxylation *° Pr-quinox 0 67 82
reaction proceeded through a regioselective nucleopalladation of i _ With CuCh
A via methanol addition to thé-carbon of the styrenB, followed E imﬂ:ﬂgi 5'5 ?g ;é
by formation of a quinone methide intermedi@tevith concomitant 13 iPr-quinox 10 81 26
reduction of Pd(ll) (Scheme 2)Dialkoxylation is achieved by the 14 iPr-quinox 20 88 10

addition of a second equivalent of methanolGovhere modest ] _ _ _
diastereoselection is observed and attributed to the influence of the, *GC y_'e'cfjsgs'”g 5'”0’.‘3”039 ‘?‘ithe |hn_ter|nal s_tandard,:hma reaction.
chiral center ofC. We therefore proposed that the initial alcohol Determined by GC equipped with a chiral stationary phase.
addition to the coordinated olefin would set the absolute stereo- scheme 1. Proposed Mechanism

chemistry with identification of a suitable chiral ligand. To test PACl, OMe

this hypothesis, Pdff)-sparteine]Glwas used in the dialkoxylation =~ Pd(MeCN)Cl, N MeOH

reaction of 2-propenylphenol in MeOH using the previously 1
optimized conditions (Table 1, entry 1). To our surprise, a racemic

PdCI Nucleopalladation
O B

dialkoxylation product was observed. It was difficult to envision
why no enantioselective catalysis is observed usiggparteine )
even if it is not the optimal ligand. A plausible explanation for the B —— %* 1a+1b Quinone

absence of asymmetric induction is that copper could displace the HCI
chiral ligand from Pd, leading to the formation of a copplgand

complex. To test this possibility, copper was removed from the ligands were evaluated (entries-B0, Table 1). Gsymmetric
reaction and, indeed, a modest enantiomeric excess of 17% wasoxazolines were found to be poor ligands in this reaction; however,

observed albeit with a reduction in yield (entry 2, Table® 1. in the absence of copper, excellent asymmetric catalysis is observed
should be noted that in the initial optimization phase of this reaction, using quinoline derived oxazolines (entriesI0) ¢ These quinoline
copper was found to be crucial for catalyst turnover. oxazoline derivatives are readily synthesized in two steps from the

On the basis of the low enantiomeric excess found usif)g ( corresponding carboxylic acid and enantiopggramino alcohol
sparteine and that this ligand is very difficult to systematically making this ligand class highly modulatUse of the R)-benzyl
modify, oxidatively stable & and G-symmetric oxazoline based derivative leads to an 85% ee and an 84% GC yield of29-
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Table 2. Scope of Pd(Il)-Catalyzed Enantioselective
Dialkoxylation

OH OH OMe
SR’ 10 moi% Pd(MeCN),Cl, R

| A 12 mol% Quinox ligand | A N

I ROH, 3AMS, VW  OMe

R 1t, 24-72h, O, R a

ialdd b

entry ligand product y('%l? ?;0 ) @ b®
1 (R)-Bn-quinox 1a 63 8 5:1
29 (R)-Bn-quinox 2a 74 92 75:1
39 (R)-Bn-quinox 3a 70 91 8:1
4 (R)-Bn-quinox 4a 60 86 5:1
5 (S)-Pr-quinox 5a 68 83 9:1
6 (S)-Pr-quinox 56 63 7:1
7 (R)-Bn-quinox 69 84 5:1

OH QMe
8 (R)-Bn-quinox Y 8a 64 82 6:1
OMe
OH (:)Et

9 (R)-Bn-quinox 9a 58 83 3:1
10 (R)-Bn-quinox 10a 46 81 7:1

aYield is reported as a mixture &f andb and is an average of two
experiments? Determined by GC or HPLC equipped with chiral stationary
phase* Determined by'"H NMR and GC.4 The reaction was carried out
at 0°C.

1,2-dimethoxypropyl)phenol (entry 9Additionally, as the [copper]

is increased under these conditions, a significant reduction in the

Scheme 2. Evidence for -Nucleopalladation

H 10 mol% Pd(MeCN),Cl, H Me
N 12 mol% Bn-quinox
MeOH, 3AMS, rt, 48h, O, OMe
1 11a

34% yield, 0 % ee

o Niowme
@2 %

Achiral MeOH

p-nucleopalladation

the experiment, the produtfawas found to be racemic supporting
p-nucleopalladation as the enantio-determining step. Additionally,
the minor product diastereomer for all substrates in Table 2 has a
very similar enantiomeric excess as the major diastereomer which
is consistent with the absolute configuration set by initial nucleopal-
ladation.

In conclusion, we have successfully developed a diregt O
coupled Pd(ll)-catalyzed enantioselective dialkoxylation of 2-pro-
penylphenols by utilizing chiral quinoline oxazoline ligands. In this
process, evidence for enantioselecfiveucleopalladation has been
garnered. Of most significance, without removing the Cu salts, it
is unlikely that this enantioselective catalytic process would have
been discovered. Considering that copper is a standard cooxidant
in Pd(ll) oxidation chemistry, this finding should provide the
foundation for the development of other Pd(ll)-catalyzed asym-
metric oxidative transformations. Future efforts are directed toward
this goal.
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