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Palladium-catalyzed asymmetric allylic substitution is a versatile,
widely used process in organic synthesis for the enantioselective OO
formation of C-C and C-heteroatom bonds. The past decade has | O NH H O P /
seen a huge advance in enantiocontrol in the Pd-catalyzed allylic PhyP NJ b R
substitution reactionsHowever, the catalytic systems developed R PPh, Ph,P
to date generally have two important drawbacks (Figure 1). First, PHOX ligands Trost's ligand PfaltZ'S ligand
they show a high substrate specificity (i.e., high ee’s are obtained 1 100% Yield (1 h 9% Yield (24 h
in disubstituted linear hindered substrates and low ee’s are obtained® o o (1) P ad 24h) <60% ee
in cyclic and unhindered linear substrates, or vice versa). Second,

; ; s2 - 86% Yield (6 h) -
theI Eeacltlk:))nl)rates are usually low (i.e., usually TOEs100 0% ee 96% e <70% ee
mol-(mol-h)~1).

In 2001, we reported the first diphosphite ligands used for the s3 - - 82% Yield (18 h)
Pd-catalyzed asymmetric alkylation of 1,3-diphenyl-3-acetoxyprop- 66% regio, 88% ee
l-ene 1) with dimethyl malonate. In addition to the high OAc OAc OAc
enantiomeric excesses, the reaction rates were extremely fast $1= & sz=© 83 = P
(usually 100% conversion after5 min)?2 Ph Ph Ph

Herein, we describe the new family of phosphitexazoline Figure 1. Summary of the best results with the model substr&tesS3

. . . . - with three of the most representative ligands developed for the Pd-catalyzed
ligands 1 and 2 for the highly versatile Pd-allylic substitution allylic substitution reactions (reactions usually carried out withtd2mol

reactions of several substrates with different steric properties o, of pq).

(Scheme 1). These ligands maintain the basic framework of the

PHOX but have a bulky biphenyl phosphite moiety instead of a Scheme 1. Synthesis of Phosphite—Oxazoline Ligands 1 and 2
phosphine moiety. This provided a larger chelate ring when
coordinated to Pd. The benefits of incorporating a phosphite moiety
into the ligand are: (1) the reaction rates increase because of the
larger r-acceptor ability of the phosphite moiétand (2) enan-
tioselectivity increases because the chiral pocket (the chiral cavity
where the allyl is embedded) created is smaller than that for the
PHOX ligands yet flexible enoughto allow the perfect coordina-

tion of hindered and unhindered substrates (which decreases the
substrate specificity).

The synthesis of ligandsand?2 is straightforward (Scheme 1).
They are easily prepared by attaching several amino alcohols and
phosphorochloridites to the 2-hydroxyphenyl cyanide scaffold. The HO
highly modular construction of these ligands enables us to easily Q*cw j-.

OH N
study the effects of both the phosphite and the oxazoline moieties
on catalytic performance (activity and enantioselectivity).
0-

We first tested the new ligands in the Pd-catalyzed asymmetric :OH
B P : ; + PCly —

R='Bu R=R"='Bu
R=Ph R=R'=Bu
R="Pr R=R"='Bu
R=Et R=R"='Bu
R=Et R=R'z=H

R=Et R'= 'Bu; R"= OMe
R="Pr R'= rBu R"= OMe

allylic substitution of S1 with (a) dimethyl malonate and (b)
benzylamine as model reactions (eq 1). In general, excellent
activities (TOF’s up to>2400 mot(mol-h)~1) and enantioselec-

tivities (ee’s up to>99%) were obtained. The effect_of the o_xg_zollne substituent was studieql with ligands
la—d. EnantioselectivitiesX99% ee) were excellent in all cases
OAc Nu-H (Table 1, entries 44). This indicates that varying the oxazoline
/\)\ EEE—— /\)\ ™) substituents does not affect enantioselectivity. This behavior
Ph Ph Pd(n-C-H-\Cl . . .
[L (- < 15) ;2 contrasts with the oxazoline-substituent effect observed for related
'gands Tor a Nu-H= H-CH(COOMe), PHOX ligands (ee’s usually range from 85 to 99%). Our results
b Nu-H= H-NHCH,Ph, also indicate that activity is affected by the type of oxazoline

substituents: activities are higher when less sterically demanding

The effects of the oxazoline and the phosphite moieties were substituents are present (i.e., PhEt > 'Pr > 'Bu).
first studied using dimethyl malonate as nucleophile (eq 1a, Table The effect of the phosphite moieties was studied with ligands
1). 1c—g. We observed that these moieties affect enantioselectivity.
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Table 1. Pd-Catalyzed Allylic Alkylation of S1 with Ligands 1 and Scheme 2. Pd-Catalyzed Allylic Alkylation of Unhindered
22 Substrates S2 and S4—S6 with Ligands 1 and 2
; ! b (mi c Ohc CH,(COOMe), / BSA CH(COOMe)
entry ligand Nu-H % conv® (min) % ee /\)\ o e), « TOFz's 010200 mol(maty”
1 1a CH,(COOMe), 71 (5) >99 (9 ® iy [Pd(x-CoHg)Cll, / 1 . SR
2 1b CH,(COOMe) 100 (5) >99 (9 plo =S
3 1ic CHx(COOMe) 84 (5) >99 (9 e CH(COOMe),
4 1d CH,(COOMe) 95 (5) >99 (9 CH,(COOMe), / BSA L mee) %ee (00
5 le CH,(COOMe) 100 (30) 429 ® ST no_L el %eel0%0)
[Pd(-CaHs)Cll, s5 0 2 90 97
6 1f CH,(COOMe) 100 (30) 959 "o e " Sl 1. oa o
7 1g CH,(COOMe), 100 (30) 929§ TOF's up to >200 mol*(mol*h) s 2 1 93 8
8 2 CH,(COOMe) 100 (5) 99 R)
od 1b CHy(COOMe) 100 (25) 999 Scheme 3. Pd-Catalyzed Allylic Alkylation of S3 and S7 Using
Ligand la
20.5 mol % [Pdfr-CsHs)Cl]2, 1.1 mol % ligand, CELCI, as solvent, BSA/ Ohc CH,(COOMe), / BSA
KOAc as base, room temperatubeMeasured byH NMR. Reaction time > CoHs /273K CH(COOMe), PPN
in minutes shown in bracketgDetermined by HPLCY S¥Pd = 1000. R PA(-CaHCIL / - RO + R CH(COOMe),
3115, 2
. . . . _ S3 R=phenyl  100%Yield 2h) 68 (86% (S) ee) 32
Bulky substituents in the ortho positions of the biphenyl phosphite s7 R= 1-naphthyi >99 (92% (S) ee) <1

moiety are needed for high enantioselectivity (entries 4 and 6 versus

5). Moreover, the substituents in thara positions of the biphenyl developed to date favor the formation of the achiral linear product
phosphite moiety have a slight but important effect on both activity rather than the desired branched isofdihe catalytic system
and enantioselectivity. Activities and enantioselectitivies are there- containing ligandla produced under unoptimized conditions the

fore highest whertert-butyl groups are present at both tbeho desired branched isomers as the major products. Note the excellent
andpara positions of the biphenyl phosphite moiety. regio- and enantioselectivity obtained with substr& These

The use of ligan@, whose configuration of the oxazoline moiety  results are among the best reported so far.
is opposite to that of ligands, produced the same high enantio- In short, we have designed and synthesized a new family of

selectivity, though in théR product (entry 8). This new family of  readily available phosphiteoxazoline ligands that shows excellent
ligands therefore offers excellent enantioselectivities in both enan- reaction rates (TOF's up t82400 mot(mol-h)~1) and enantiose-
tiomers of the product. lectivities (ee’s up to>99%) and, at the same time, shows a broad

We also performed the reaction at low catalyst concentration scope for different substrate types. The reason for this is that the
using ligandlb (entry 9). The excellent enantioselectivity (99% presence ofr-acceptor flexible bulky biphenyl phosphite moieties
(S ee) and activity (100% conversion after 25 min at room allows the creation of a smaller and, at the same time, more flexible
temperature, TOF 2400 mot(mol-h)~1) were maintained. chiral pocket.

We then tested ligand4é and 2 in the Pd-catalyzed allylic
amination ofS1 with benzylamine (eq 1b). We observed that the
catalytic performance follows the same trend as that for the allylic
alkylation of S1L Both enantiomers of the product can also be
obtained with high enantioselectivity (ee’s up to 99%). Although,
as expected, the activities are lower than that in the alkylation  Supporting Information Available: Experimental procedures for
reaction, they are much higher than when PHOX ligands were usedthe preparation of ligand4 and 2 and for the allylic substitution
(reaction time usually 96 1). reactions, the catalytic alkylation results 82, S4-S6, and the

The enantioselectivity in unhindered linear and cyclic substrates amination ofS1using ligandsl and2. This material is available free
is usually more difficult to control. For high ee’s to be achieved, it 0f charge via the Internet at http:/pubs.acs.org.
is crucial that ligands create a small chiral pocket around the metal
center, mainly because of the presence of less sterically synReferences
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