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A chiral phase-transfer catalyst has been applied to the asymmetric allyla
allylic acetates for the first time to give the allylated products in goo
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tion of the tert-butyl glycinate-benzophenone Schiff base with various
d yields and with comparable to higher enantioselectivity than for

asymmetric alkylation at the same temperature (91-96% ee) without any chiral ligands for coordinating to the palladium.

Chiral a-alkyl and o,a-dialkyl a-amino acids are an

iminoesters by a chiral phase-transfer catalyst (PTC) would

important class of nonproteogenic amino acids and havebe a versatile method in terms of operational simplicity and
attracted considerable attention in biological and pharma- high enantioselectivity However, the PTC-mediated reaction
cological studies because introduction of these amino acidsonly produces a single chiral center éralkylated amino

to peptides induces conformational constraints and enhancescids. On the other hand, the asymmetric allylation of the

metabolic stabilit. As a result, thus far, a number of
diastereoselective synthetic methodsosélkylated amino
acids using various chiral auxiliaries has been repotted.
Recently, the catalytic asymmetric synthesis has bee
intensively studied, and some efficient methods have bee
developed other than the asymmetric hydrogenation o
dehydroamino acids:® The asymmetric alkylation of glycine
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glycine iminoester through a chirat-allyl palladium(ll)
complex can construct two stereogenic centers on both the
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allylic substrate and the prochiral nucleophile, albeit stereo-
selectivity of the latter chiral center might be |6wn general,

the enantioselective nucleophilic attack of a prochiral nu-
cleophile to ar-allyl complex is not easily controlled by a
chiral ligand on the palladium atom located at the opposite
side of thes-allyl carbon structure from the approching
nucleophile’ To overcome the problems incurred in this
reaction, several ingenious ligands for constructing an
effective chiral environment around theallyl palladium-

(1) complex have been develop@dwith the aim of
establishing a different methodology, we examined the
possibility of using a chiral ligand for constructing an
effective chiral environment around a prochiral nucleophile
(eq 1). Herein, we wish to report a highly enantioselective
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allylation (up to 96% ee) of diphenylimino glycinatewith
several allylic aceate®da—g, catalyzed by the achiral metal
complex [Pd(z-allyl)CIH/(PhO}P in the presence of the
chiral O-methyl chinconidinium salBc.

The first attempt for asymmetric Pd-mediated allylation
of 1 with allyl acetate?a was carried out in toluene at room
temperature in the presence of the chinchonidium S8ats

Table 1. Asymmetric Allylation of 1 under PTC Conditioris

/\/OAC 2a

jj] [Pd(C3Hs)Cll2 Ph J\/\ @
Ph” SN"co0%Bu DPPE, PTC3ae_ o s A oo
1 base, toluene, 7 h 4a
= x
N~y 3a:R=H,X=Cl
NS ;+ O 3b:R=Bn, X=Br
o) 3c:R=Me, X=I
R
entry PTC ligand, mol % base yield, %P  ee, %°
1 3a DPPE (8) KOH 83 3
2 3b DPPE (8) KOH 91 9
3 3c DPPE (8) KOH 74 24
4 3c  n-BusP (16) KOH 69 4
5 3c PhsP (16) KOH 32 59
6 3c  (PhO)sP (16) KOH 19 82
7d 3c  (PhO)sP (16) 50% KOH 82 94

a All reactions were carried out in toluene at room temperature. The ratio
of 1:2:base:[Pd(s-allyl)CRPTC was 100:200:150:3.5:10 unless otherwise
noted.P Isolated yield £ Determined by HPLC analysis with Daicel Chiral
Pack OD-H columnd The reaction was carried out at°C. The ratio of
1:2:base:[Pd(sz-allyl)C} (PhO}P:PTC was 100:200:300:8.7:40:10.

with slightly improved enantioselectivity (entries 2 and 3).
We next examined the effect of Pd ligands other than DPPE
on the enantionselectivity. Whereas the additiom-&usP

in place of DPPE decreased the enantioselectivity?Rimd
(PhO}P gave the desired produéa in 59% and 82% ee’s

at the expense of the chemical yield, respectively (entries

and various achiral phosphine or phosphite ligands. These4—6). Furthermore, it was revealed that the best result (82%
representative results are shown in Table 1 (eq 2). TheVield, 94% ee) was obtained when the reaction was per-

reaction ofl in the presence @aand 1,2-bis(diphenylphos-
phino)ethane (DPPE) was completed 6 h to give the
corresponding allylation produdia in good yields but with
low enantioselectivity (3% ee, entry 1). Similar reactions with
O-alkylated PTCSb and3c afforded the same produda
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formed with 3 equiv of a 50% aqueous KOH solution in
place of solid KOH at ®C (entry 7).

Having established higher levels of enantioselectivity, the
allylation of 1 with some allylic substrateb—g was
examined using a combination of (Ph®)and3c, and the
representative results are summarized in Table 2 (eq 3).
Various optically active allylation productdb—g were
obtained with 91—-96% ee in moderate to good yields. The
allylation of 1 with y-substituted allylic substrat&b—g
provided selectively the corresponding produetb—g
without accompanying regio- and (Z)-geometrical isomers.
Noteworthy is that the enantioselectivity 4b—g was not
affected by thep-substituent of the aromatic ring 8b—qg,
while the reaction rate decreased with increasing electron-
donating ability of the substituent. In addition, the allylation
of 1 with the racemic acetat® afforded the same product
(S)-4bwith nearly identical enantioselectivity (47% vyield,
93% ee) (eq 4).The result suggests that the nucleophilic
attack of the enolate of may be slow as compared with
any possibler—g— isomerization of ther-allyl-palladium
complex initially generated. Furthermore, from the fact that
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Table 2. Allylation of 1 with Other Allylic Acetates2b—g? Scheme 1
X R~ OAc UAEN
Q/\z X 2 \S/\
~OAC OAc 5
2b-g S PA(O) Pd(0)
[Pd(CaHe)Clla, (PROJGP 1 -
N
1 PTC 3¢, 50% KOHaq  Ph” N~ ~COO'Bu N i L N e
toluene, 0 °C 4b-g Pd | ‘*p4 TOAd=| Pd.
RV RV RV RV RV RV L "OAc SN L L
{(b: X =H,e:X=Cl, d: X=F, e: X =NOy, f: X = Me, g: X = OMe) L
neutral complex (A) ion pair (B) cationic complex (C)
Pd,(dba)sCHClg (less reactive: L=(PhO)3P) (reactive: L=DPPE, n-BusP)
(PhO)sP, 3¢ ot 1~3a* racemic 1}/ \[1‘-3a+]
1+ @Y\ —_— ° ab ) 1[‘ 3a’l (17327 [
50% KOHaq chiral 4 chiral 4 racemic 4  chiral 4
5 OAc toluene, 0 °C
entry acetate (X) time, h yield, %P ee, %°
1 2b (X = H) 3 89 9% with C, resulting in poor enantioselectivity. In _contrast, when
5 2¢ (X = Cl) 7 85 93 the morez-accepting ligand such as (Ph®)is used, the
3 2d (X = F) 6 83 93 less reactive complexe& and B might be formed exclu-
4 2e (X = NOy) 5 47 91 sively, and complete suppression of the racemic reactions
5 2f (X = Me) 9 67d 91 with achiral enolates leads to the highly enantiomeric pure
6 2g (X = OMe) 23 39d 96 product!!
a All reactions were carried out in toluene af@. The ratio of1:2b— In conclusion, while the reasons for the high dependence

9:50% aq KOH:[Pdg-ally)CI] »:(PhO}P:PTC was 100:200:300:8.7:40:10. ~ of the enantioselectivity on the Pd ligands employed have
Isolated yield.c Determined by HPLC analysis with Daicel Chiral Pack . g .

OD-H column.d The starting material was not consumed completely. not been made clear, we have succeeded in the first highly

enantioselective allylation of the prochiral enolatelaby

using the chiral PT@c but not a chiral Pd ligand. By this

the reaction did not proceed without the palladium catalyst method, various optically active-allylic amino acidsta—g

and the same producB)-4a—gwas obtained similarly to could be prepared with comparable to higher enantioselec-

the asymmetric alkylation of with 3a—c, the chiral ion pair ~ tivity than that of the asymmetric alkylation afwith 3a or

of the enolate ofl and 3c, which seems to be the most 3bat 0°C to room temperature.

reactive nucleophiléwould react with ther-allyl complex
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