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Palladium-catalyzed allylic substitution reaction is one of the
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Figure 1. Transition-metal catalyzed allylic alkylation with unsym-
metrical monosubstituted-allyl intermediate.

High regio- and enantioselectivity were realized in Pd-catalyzed
allylic alkylation and amination of monosubstituted allylic acetates
employing these chiral ligands. In this paper, we would like to
report the preliminary results of our studies.

Ligands8—11were synthesized as shown in Scheme 1. A new
chiral center was formed on the P atom during the reaction with

brightest focuses in asymmetric synthesis during the past decade®INOL, and all diastereoisomers were easily isolated as orange

because of its great potential in organic synthesfarious ligands

solids by column chromatography. The preparation of these

have been synthesized and used in this reaction, especially withligands is fairly easy even in gram quantity although the structure

1,3-symmetrically disubstituted substrates, and high ee is redlized.

is seemingly rather complex. They are very stable in air, and no

Despite this, little success was achieved with the unsymmetrical change in NMR spectra was observed after 2 months. The absolute

substrate such dsor 2, and achiral linear produétwas usually
given (Figure 1§

High regio- and enantioselectivity for certain substrates in
allylic alkylation reactions were, however, achieved by employing
other chiral metal complexes such as W, Mo, antiEven so,
the use of palladium aiming at the asymmetric reaction of the
monosubstituted substrates has never been abanéoaed,

configuration at the phosphorus atom was determined by X-ray
diffraction analysis? Although PfaltZ and HayasHKihave also
developed ligands by incorporating a binaphthyl skeleton on the
P-atom, ligand8—11 are entirely different from them. A cyclic
phosphite structure was found in that of Pfaltz, while in our
ligands, a new chiral center was introduced to the P-atom, and a
free OH functionality was retained, which is crucial in these

several specially designed ligands have been tested accordinglyreactions, particularly in the amination reaction (vide infra).

Hayashi found that 2-(diphenylphosphind)r2ethoxy-1,1-bi-
naphthyl ligand (MeO-MOP) gave good regio- and enantiose-
lectivity in palladium-catalyzed alkylation df, but a very low
regioselectivity for substratd.® Pfaltz developed phosphite-
oxazoline ligands and used them to control the regio- and
enantioselectivity in the palladium-catalyzed allylic alkylation of
1or 2.7 High regio- and enantioselectivity were achieved for 3-(1-
naphthyl)-3-allylic acetate. However, only moderate to low
regioselectivity was obtained for other aryl- and alkyl-substituted
substrates.For the regio- and enantioselective allylic amination
reactions’, pioneering work has been done by Hayashi and Ito
with butenyl acetate as the only substraféherefore, the regio-

and enantioselectivity of monosubstituted substrates in palladium-

catalyzed allylic substitution reaction remain to be solved.
On the basis of our previous restftand those of othef%s/11

For the allylic alkylation reaction ofa or 23, all ligands gave
branched producba in good regioselectivity, among which
(S,$nesR)-8d was the best. Under the optimized condition by
using ligand8d, wide ranges of substrates were investigated (eq
1). All results are summarized in Table 1.

All reactions provided the branched produstsith high regio-
and enantioselectivity, except the substragewith 2-thienyl
group, which gave a relatively lower regio- and enantioselectivity
(entry 8, Table 1). In the literature, the regioselectivity was
dramatically reduced or even reversed to the achiral linear product
for substrates with electron-withdrawing groups on aryl rings, and
it was claimed that it was controlled by electronic factbia.
our case, 94/6 regioselectivity in favor®{94% ee) was recorded
for lewith p-chlorophenyl group (entry 6, Table 1). Even with
a very strong electron-withdrawing group such as CN group in

we designed and synthesized a series of novel ferrocene ligandsif, the reaction still gave a 90/10 regioselectivity in favorsof
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(95% ee, entry 7, Table 1). Despite the fact that high regiose-
lectivity in Pd-catalyzed allylic substitution reactions @h
containing a methyl substituent has been reported witbMg3
nucleophile, no satisfactory results fin in the alkylation reaction
have ever been reported. However, with lig&uthe alkylation
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Scheme 1. Synthesis of Ligangs—ll
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Table 1. Pd-catalyzed Allylic Alkylation with Ligandd?
RN"oac 1 RN CHCOMe), 4
or See text
0Ac CH(COoMe); (Ea.1)
R = 2 N 5
entry substrate)R T°C timeh vyield% 54 ee%
1 1a, phenyl 0 2 98 95/5 95
2 1b, 1-naphthyl 0 1 95 >99/1 93
3 1b, 1-naphthyl —43 7 97 >99/1 97
4 1c, 4-Meo-Ph  —20 2 97 93/7 97
5 1d, 4-Me-Ph 0 9 91 98/2 92
6 1e 4-CI-Ph 0 1 97 94/6 94
7 1f, 4-CN—Ph 0 1 96 90/10 95
8 1g, 2-thienyl 0 1 95 80/20 87
9 1h, methyl 0 2 83 >97/3 94

aMolar ratio: [Pdg®-CsHs)Cl]/8d/KOAc/substrate/CR{COMe),/
BSA = 2/4/3/100/300/300. C}Tl, and toluene were the solvents.
blsolated yield Determined by 300 MHZH NMR of the crude
product after column chromatograptyDetermined by chiral HPLC.

of 1h gave>97/3 regioselectivity in favor dd with 94% ee (entry
11, Table 1). For substrat@a and2b an excellent regioselectivity
but a slightly lower enantioselectivity were achieved (the data
were not showed).

The above ferrocene-basd?lN-ligands were also applied

Communications to the Editor

Table 2. Pa-catalyzed Allylic Amination with Ligan@c®

OAc  [Pd(C3Hs)Cllz (2 mol%) NHEBn RS"NHen 13
= Ligand (4 mol%) )v + .
R RN (Eq. 2)
2 BANH, / CH,Cly 12 R/\/%NBn 14
entry substrateR timeh yield% 12/13/14° B/LY ee %
1 2a phenyl 7 94 95/3/2 94/6 98
2 2b, 1-naphthyl 8 87 94/6+ 96/4 97
3  2c¢ 4-Meo-Ph 8 86 87/13/ 85/15 94
4  2d, 4-Me-Ph 6 89 94/6f  90/10 95
5 2e 4-Cl-Ph 3 76 86/9/5 87/13 97
6  2g, 2-thienyl 8 85 90/9/1 90/10 98
7  2h, methyl 4 78  >97/3 >97/3 84

aProceeded at 8C in CH,Cl, with molar ratio: [Pd3-CsHs)Cl]o/
9c/substrate/BnNk = 2/4/100/300° Isolated yield. Determined by
GC of the crude product after column chromatograptiyetermined
by 300 MHz'H NMR of the crude product after column chromatog-
raphy,B/L represents ratio df2/(13+14 x 2). ¢ Determined by chiral
HPLC.

between these two sets of ligands in two reactions could possibly
be rationalized by the following considerations. In the amination
reaction, a hydrogen bond between the free OH group in the ligand
and the amine might be formed. Thus, the attack of the nucleophile
may probably happen in an intramolecular mode. The X-ray
structures of these ligands showed two types of disposition of
the OH group. FoB and10, the OH group is directed outwardly
from the metal center. Fd® and 11, the OH group is directed
inwardly to the reaction center. F8rand 10, the intramolecular
attack of a nucleophile may favor the formation of the linear
product, while branched products with different configuration will
be derived from9 and 11, which is consistent with the
experimental results. To verify the above notion, the free OH
group of 8a and 9a was converted to the Me-ether, and the
corresponding methylated ligandS,§,0sR)-15 and §,RnosR)-

16 were prepared froriaand R)-2-(2-hydroxy-1,1-binaphthyl)
methyl ether. We therefore expected that the regioselectivity by
using15would be higher than that &a, and regioselectivity by
using16 would be lower than that dda, accordingly. The results
are almost the same as we expected. The regioselectiviybby

successfully to Pd-catalyzed allylic amination reactions, a more is 50/43/7 for2a, which is higher than foBa (3/81/16) and that

challenging but very useful reaction to synthesize allylic amifes.
Benzylamine was chosen as the nucleophile. Flisor 2a was

by 16is 63/31/6, which is lower than f&a (89/8/3). The reaction
rate by15 and 16 was much slower (72 and 48 h, respectively)

used as the substrate, and the reaction was optimized by varyingas a result of intermolecular reaction instead of the original
the ligands, solvents, and temperature. It was surprising that allintramolecular ones. It is therefore clear that the hydroxyl group

the S,$nosR)-8 and S, Rnes9-10 ligands, which gave excellent
results in the alkylation reactions, provided the linear product with
high ratio. Fortunately, high regio- and enantioselectivity Zor
were given by utilizing §,RnosR)-9 and §,9n0s9-11 ligands;

in the ligands is crucial and important in the palladium-catalyzed
allylic amination reaction.

Highly regio- and enantioselective Pd-catalyzed allylic alky-
lation and amination of monosubstituted allylic acetates were

products with opposite absolute configuration were obtained from realized for a wide range of substrates for the first time. However,

9 and11l With (S,RnesR)-9cas ligand, CC in CHCI, was found

the difference of regio- and enantioselectivity between two types

to be the best reaction condition, and wide ranges of substratesof substratesl and 2 in these two reactions is a problem that
were investigated (eq 2). The results are summarized in Table 2.remains to be solved.

Substrate®a—e gave excellent ee values and branched regio-
selectivity. It differed from the results of the allylic alkylation,
and high regio- and enantioselectivity were achieved in the
amination of2g with a 2-thienyl group 12g13g14g 90/9/1, ee
of 12g 98%, entry 6, Table 2). High regio- and relatively lower
enantioselectivity foRh with methyl as substituent were obtained
(entry 7, Table 2). However, only moderate regioselectivity was
achieved for substrate

The favored ligands for these two reactions are entirely
different. Ligands8 (S,SnhesR) and10 (S,RnesS give better results
in alkylation reactions, while the ligand® (S,RnesR) and 11
(S,$hosS) are better in amination reactions. The contradiction

(14) Johannsen, M.; Jgrgensen, K.@hem. Re. 1998 98, 1689.
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