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Abstract

Palladium-catalyzed asymmetric allylic alkylation of 1,3-diphenyl-2-propenyl acetate (4) with a dimethyl malonate–BSA–LiOAc

system has been successfully carried out in the presence of chiral phosphine–hydrazone ligands such as 3a in good yields with good

enantioselectivities (up to 84% ee).

� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Synthesis of chiral ferrocene derivatives has attracted

much interest in various research fields [1]. Chiral P,N-
ligands with ferrocene skeleton have shown efficiency

as catalysts for asymmetric synthesis. Palladium-cata-

lyzed allylic substitution is a versatile and widely used

process in organic synthesis [2], and the development

of efficient enantioselective catalysis for this reaction is

an important goal of current research in this area

[3]. Chiral ferrocene ligands with planar chirality are

beginning to be used in palladium-catalyzed allylic
substitution [4].

We previously described palladium-catalyzed asym-

metric allylic substitution using 2-diphenylphosphino-
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benzaldehyde SAMP hydrazone (DPPB-SAMP) (1) as

a chiral ligand [5]. More recently, Enders and we de-

scribed the synthesis of planar chiral ferrocenyl SAMP

hydrazone 2 [6]. We here report on the synthesis of
phosphine–chiral hydrazone ligands 3 with ferrocene

skeleton without planar chirality in which the phosphine

and hydrazone groups are attached to different Cp rings

of ferrocene and its application to the palladium-cata-

lyzed asymmetric allylic alkylation. Ligand 3 was

formed in a seven-membered heterometallocyclic ring

by chelate coordination with such metals as palladium;

therefore the P–Pd–N bite angle is different between it
and ligands 1 and 2
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2. Results and discussion
2.1. Synthesis of the chiral hydrazone ligands

Phosphine–hydrazone ligands 3 were easily prepared

from 1 0-(diphenylphosphino)-1-ferrocenecarboxalde-

hyde [7] with SAMP ((S)-1-amino-2-(methoxymethyl)-
pyrrolidine), SADP ((S)-amino-2-(1 0-methoxy-1 0-meth-

ylethyl)pyrrolidine), and SAEP ((S)-amino-2-(1 0-

methoxy-1 0-ethylpropyl)pyrrolidine) in good yields

(Scheme 1).

2.2. Palladium-catalyzed asymmetric allylic alkylation

These ligands were examined in the palladium-cata-
lyzed asymmetric allylic alkylation of racemic 1,3-diphe-

nyl-2-propenyl acetate (4) [8] with dimethyl malonate in

the presence of N,O-bis(trimethylsilyl)acetamide (BSA)

[9] at room temperature (Scheme 2 in Table 1).
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Table 1

Asymmetric allylic alkylation catalyzed by palladium complexes with chiral

Entry Base Solvent Te

1 LiOAc MeCN r.t

2 LiOAc THF r.t

3 LiOAc Ether r.t

4 LiOAc CPMEd r.t

5 LiOAc PhMe r.t

6 LiOAc PhCF3 r.t

7 NaOAc THF r.t

8 KOAc THF r.t

9 LiOAc THF 50

10 LiOAc THF 0

a Molar ratio : [Pd(g3-C3H5)Cl]2 (0.02 eq.), ligand 3a (0.04 equiv.), dimet
b Isolated yields.
c The ee values were determined by HPLC analysis using a chiral column
d Cyclopentyl methyl ether.
Using 4 mol% of SAMP hydrazone (S)-3a and lithi-

um acetate in acetonitrile (Entry 1), the product 5a

was obtained in 92% yield and 73% ee. When THF

was used instead of acetonitrile, the enantioselectivity

of 5a increased to 84% ee (Entry 2). Changing the sol-

vent to other ether type solvents, toluene and a,a,a-tri-
fluorotoluene decrease the enantioselectivities in

comparison with THF (Entries 3–6). Sodium acetate

or potassium acetate was used instead of lithium acetate

in THF, the yield and enantioselectivity of 5a were de-

creased (Entries 7 and 8 versus Entry 2 in Table 1).

Thus, an optimized result was realized when the reaction

was carried out in the presence of lithium acetate in

THF. We next investigated the effect of temperature
on this reaction (Entries 9 and 10 versus Entry 2 in Ta-

ble 1). The enantioselectivity and yield were dependent

on the reaction temperature; the best result was ob-

tained at room temperature (Entry 2 in Table 1).

Under such conditions, SADP hydrazone ((S)-3b)

and SAEP hydrazone ((S)-3c) were used instead of

(S)-3a, and the enantioselectivity of 5a decreased (En-

tries 2 and 3 versus Entry 1 in Table 2). Similar tendency
appeared to the case of using ligand 1 [5] and 2 (R=H)

[a,b]. Product 5b was formed with the (R)-(+)-enantio-

mer predominating, as determined from the sign of the

optical rotation [10]. We next investigated the palladi-

um-catalyzed asymmetric allylic alkylation of similar ac-

tive methylene compounds using 3a as a ligand (Scheme

2, Table 2). The reaction with diethyl malonate (5b) in-

stead of 5b resulted in the corresponding product in
good yield with good enantioselectivity (Entry 4). But

when using diethyl methylmalonate, the reaction result-

ed in corresponding product 5c in moderate enantiose-

lectivity (Entry 5). The enantioselectivities obtained

with ligands 3 for the same palladium-catalyzed asym-

metric allylic alkylation with 1,3-diphenyl-2-propenyl

acetate were not better than those obtained with ligand

1 or 2.
hydrazone ligand 3aa

mperature (�C) Yieldb (%) eec (%)

. 92 73

. 82 84

. 65 67

. 99 67

. 78 66

. 96 62

. 78 79

. 81 78

93 68

41 82

hyl malonate (3.0 equiv.), BSA (3.0 equiv.), MOAc (0.02 equiv.).

(chiralcel OD (hexane:i-PrOH=99:1)).



Table 2

Palladium-catalyzed asymmetric allylic alkylation using (S)-3a

Ph Ph

OAc
+

R1O OR1

OO
Chiral ligand 3

[Pd(η3-C3H5)Cl]2

BSA,LiOAc, THF, 
r.t., 24 h

Ph Ph

OR1

O

R1O

O

4 5R2

R2

a : R1 = Me, R2 = H
b : R1 = Et, R2 = H
c : R1 = Et, R2 = Me

Entry Ligand R1 R2 Yieldb (%) eec (%)

1 3a Me H 82(5a) 84

2 3b Me H 74(5a) 83

3 3c Me H 62(5a) 73

4 3a Et H 75(5b) 83

5 3a Et Me 69(5c) 55

a Molar ratio: [Pd(g3-C3H5)Cl]2 (0.02 equiv.), ligand 3 (0.04 equiv.),

malonate (3.0 equiv.), BSA (3.0 equiv.), MOAc (0.02 equiv.).
b Isolated yields.
c The ee values were determined by HPLC analysis using a chiral

column (chiralcel OD (hexane:i-PrOH=99:1)).
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3. Conclusion

We have prepared new phosphine–chiral hydrazone

ligands with ferrocene skeleton without planar chirality

easily from 1 0-(diphenylphosphino)-1-ferrocenecarbox-

aldehyde and chiral hydrazines such as SAMP. These

ligands such as (S)-3a can be used in palladium-cata-

lyzed asymmetric allylic alkylation with good enantio-
meric excess.
4. Experimental

4.1. General methods

All the experiments were carried out under an argon
atmosphere. IR spectra were taken on a Hitachi 260-10

spectrometer or a JASCO FT/IR-230 spectrometer.

NMR spectra were recorded on a JEOL A-400 spec-

trometer or a Bruker DPX-300 spectrometer. Chemical

shifts are reported in d ppm referenced to an internal

SiMe4 standard for 1H and 13C NMR. 31P NMR spectra

were obtained using 85% H3PO4 as an external refer-

ence. Mass spectra were recorded on a JEOL JMS-
HX110 or a JMS-700 or a Shimadzu GCMS-QP2000A

or a Hitachi M-80B. Optical rotations were measured

on a JASCO DIP-370 or a HORIBA SEPA-200. Chiral

HPLC analyses were performed on a Shimadzu LC-6A

system using a Chiralcel OD column (25 cm·0.46 cm)

by Daicel Chemical Ind., Ltd.

4.2. Typical procedure for the preparation of 3

A mixture of 1 0-(diphenylphosphino)-1-ferrocene-

carboxaldehyde (0.5 mmol), chiral hydrazine (1.0
mmol), and CH2Cl2 (5 mL) was stirred at room tem-

perature for 6 h under an argon atmosphere. The re-

action mixture was diluted with ether and water. The

organic layer was washed with brine and dried over

MgSO4. The filtrate was concentrated with a rotary

evaporator and the residue was purified by column
chromatography.

1 0-(Diphenylphosphino)-1-ferrocenecarboxaldehyde

SAMP hydrazone ((S)-3a): 96%; ½a�20D ¼ þ227:0� (c,

1.0, CHCl3);
1H NMR (300 Mz, CDCl3) d 1.76–2.05

(m, 4H), 2.79 (dd, 7.9 and 16.4 Hz, 1H), 3.28–3.34

(m, 1H), 3.39 (s, 3H), 3.42–3.47 (m, 2H), 3.55–3.62

(m, 1H), 4.00–4.05 (m, 2H), 4.11 (t, 1.8 Hz, 2H),

4.33 (t, 1.7 Hz, 2H), 4.38–4.42 (m, 2H), 6.86 (s,
1H), 7.28–7.40 (m, 10H); 13C NMR (75 Mz, CDCl3)

d 22.1, 26.6, 49.8, 59.3, 63.2, 67.2 (d, 9.7 Hz), 69.8,

72.1 (dd, 1.9 Hz), 73.6 (d, 11.0 Hz), 73.7 (d, 11 Hz),

74.6, 76.2 (d, 6.1 Hz), 84.4, 128.0, 128.1, 128.4,

132.5, 133.3 (d, 2.7 Hz), 133.6 (d, 2.7 Hz), 139.1 (d,

2.2 Hz), 139.3 (d, 2.2 Hz); 31P NMR (121 Mz, CDCl3)

d �16.64; FAB-MS m/z 510 (M+, 12); HRMS (FAB)
Anal. Calc. for C29H31N2OPFe(M+) 510.1523, found
510.1499.

1 0-(Diphenylphosphino)-1-ferrocenecarboxaldehyde

SADP hydrazone ((S)-3b): 63%; ½a�20D ¼ þ194:0� (c,

1.0, CHCl3);
1H NMR (300 Mz, CDCl3) d 1.15 (s,

3H), 1.24 (s, 3H), 1.76–2.04 (m, 4H), 2.75 (dd, 8.4

and 15.8 Hz, 1H), 3.25 (s, 3H), 3.37–3.49 (m, 2H),

3.99–4.04 (m, 2H), 4.08–4.10 (m, 2H), 4.30–4.34 (m,

3H), 4.43 (d, 1.3 Hz, 1H), 6.82 (s, 1H), 7.29–7.39
(m, 10H); 13C NMR (75 Mz, CDCl3) d 21.0, 23.3,

23.7, 24.7, 49.6, 51.0, 66.5, 67.5, 69.7, 69.8, 71.1,

72.1 (d, 2.2 Hz), 72.2 (d, 2.2 Hz), 73.5, 73.6 (d, 3.6

Hz), 73.8, 76.1 (d, 6.3 Hz), 77.7, 84.8, 128.0, 128.1,

128.4, 130.8, 133.4, 133.6, 139.1 (d, 2.2 Hz), 139.3

(d, 2.2 Hz); 31P NMR (121 Mz, CDCl3) d �16.55;

FAB-MS m/z 538 (M+, 40); HRMS (FAB) Anal.

Calc. for C31H35N2OPFe(M+) 538.1836, found
538.1837.

1 0-(Diphenylphosphino)-1-ferrocenecarboxaldehyde

SAEP hydrazone ((S)-3c): 67%; ½a�20D ¼ þ252� (c, 1.0,

CHCl3);
1H NMR (300 Mz, CDCl3) d 0.90 (t, 7.4 Hz,

3H), 0.93 (t, 7.4 Hz, 3H), 1.51–2.04 (m, 8H), 2.69–2.78

(m, 1H), 3.25 (s, 3H), 3.28–3.34 (m, 1H), 3.62 (dd, 3.0

and 8.9 Hz, 1H), 3.99–4.01 (m, 2H), 4.08–4.11 (m,

2H), 4.29–4.34 (m, 3H), 4.47 (dd, 1.5 and 3.3 Hz, 1H),
6.69 (s, 1H), 7.29–7.38 (m, 10H); 13C NMR (75 Mz,

CDCl3) d 7.77, 8.70, 23.5, 23.6, 24.4, 26.3, 50.36, 50.4

(d, 4.4 Hz), 66.2, 67.6, 68.4, 69.5, 69.7, 72.1 (d, 4.1

Hz), 72.2 (d, 3.9 Hz), 73.5, 73.7 (d, 1.5 Hz), 73.9, 76.1

(d, 6.5 Hz), 80.4, 84.9, 128.0, 128.1, 127.4 (d, 5.1 Hz),

129.5, 133.3 (d, 14.1 Hz), 133.6 (d, 14.5 Hz), 139.1 (d,

8.8 Hz), 139.2 (d, 9.8 Hz); 31P NMR (121 Mz, CDCl3)

d �16.58; FAB-MS m/z 566 (M+, 15); HRMS (FAB)
Anal. Calc. for C33H39N2OPFe(M+) 566.2150, found

566.2113.
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4.3. General procedure for the palladium-catalyzed allylic

alkylation

To mixture of [Pd(g3-C3H5)Cl]2 (0.01 mmol), chiral

hydrazone 3 (0.02 mmol), and metal acetate (0.01 mmol)

in a solvent (1 mL) was added BSA (1.5 mmol), racemic
1,3-diphenyl-2-propenyl acetate (4) (0.5 mmol), and vari-

ous malonate (1.5 mmol) at room temperature under an

argon atmosphere. After being stirred for 24 h, the reac-

tionmixture was diluted with ether andwater. The organ-

ic layerwaswashedwith brine anddried overMgSO4.The

filtrate was concentrated with a rotary evaporator and the

residue was purified by column chromatography.
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