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Abstract

Palladium-catalyzed asymmetric allylic alkylation of 1,3-diphenyl-2-propenyl acetate (3) with a dimethyl malonate—BSA—LiOAc
system has been successfully carried out in the presence of planar chiral phosphine-hydrazone ligands such as 2a in good yields with

good enantioselectivities (up to 96% ee).
© 2002 Elsevier Science 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]. Planar chiral
ferrocenes have shown efficiency as catalysts for asym-
metric synthesis. Palladium-catalyzed allylic substitution
is a versatile and widely used process in organic
synthesis [2], and the development of efficient enantio-
selective catalysis for this reaction is an important goal
of current research in this area [3]. So chiral ferrocene
ligands with planar chirality began to be used in
palladium-catalyzed allylic substitution [4].

We previously described the palladium-catalyzed
asymmetric allylic substitution of using 2-diphenylpho-
sphinobenzaldehyde SAMP hydrazone (DPPB-SAMP)
(1) as a chiral ligand [5]. On the other hand, Enders
recently described the synthesis of planar chiral ferro-
cenyl ketone hydrazone [6]. We here report the synthesis
of phosphine-hydrazone ligands 2 with planar chirality
and palladium catalyzed asymmetric allylic alkylation
[7] and amination using ligands 2.
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2. Results and discussion

2.1. Synthesis of the planar chiral hydrazone ligands

Phosphine-hydrazone ligands 2 were easily prepared
from (S)-o-(diphenylphosphino)ferrocenecarboxalde-
hyde [4c] with (S)-1-amino-2-(methoxymethyl)pyrroli-
dine (SAMP), (S)-amino-2-(1’-methoxy-1"-methylethyl)-
pyrrolidine (SADP), (S)-amino-2-(1’-methoxy-1"-ethyl-
propyl)pyrrolidine (SAEP), and (R)-1-amino-2-(meth-
oxymethyl)pyrrolidine (RAMP) 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-
diphenyl-2-propenyl acetate (3) [8] with dimethyl mal-
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Scheme 1.

onate in the presence of N,O-bis(trimethylsilyl)aceta-
mide (BSA) [9] at room temperature (Scheme 2 in Table
1). Using 1 mol% of SAMP hydrazone, (S,Sp)-2a, and
lithium acetate in CH,Cl, (Entry 1), the product 4 was
obtained in 86% yield and 92% ee. When toluene was
used instead of CH,Cl,, the enantioselectivity of 4 was
increased to 96% ee (Entry 4). Sodium acetate or
potassium acetate was used instead of lithium acetate
in toluene, the yield and/or enantioselectivity of 4 was
decreased (Entries 6 and 7 vs. 4 in Table 1). Thus, the
optimized result was realized when the reaction was
carried out in the presence of lithium acetate in toluene.

In this condition, SADP hydrazone ((S,Sp)-2b) and
SAEP hydrazone ((S,Sp)-2c) were used instead of
(S,Sp)-2a, and the enantioselectivity of 4 decreased
(Entries 8 and 9 vs. 4 in Table 1). Product 4 was formed
with the (R)-(+)-enantiomer predominating, as deter-
mined from the sign of the optical rotation [10]. We next
investigated the asymmetric allylic alkylation using the
diastereomer of (S,Sp)-2a as ligand. The enantioselec-
tivity of 4 decreased and the configuration of 4 was
inverted using (R,Sp)-2a which was prepared from
(Sp)-a-(diphenylphosphino)ferrocenecarboxaldehyde
and RAMP (Entry 4 vs. 10 in Table 1).

This observation indicates that the central chirality in
the hydrazone unit is more influential factor determin-
ing the stereochemical outcome in the allylic alkylation
than the planar chirality. We next investigated the effect

Table 1

Table 2
Effect of reaction temperature on asymmetric allylic alkylation using
(S,Sp)-2a in PhMe *

Entry Temperature Time (h) Yield of 4 (%) ®  Ee of 4 (%) ©
1 50 °C 3 89 89
2 r.t. 20 93 96
3 4°C 48 95 95
4 —20 °C 198 78 95

& Molar ratio: [Pd(n3-C3H5)Cl]2 (0.005 equivalent), ligand (0.01
equivalent), dimethyl malonate (3.0 equivalent), BSA (3.0 equivalent),
MOACc (0.01 equivalent).

® Isolated yields.

¢ The ee values were determined by HPLC analysis using a chiral
column (Chiralcel OD (hexane:i-PrOH = 99:1)).

of temperature on this reaction (Table 2). The enantios-
electivity and yield were dependent on the reaction
temperature, the best result was obtained at room
temperature (Entry 2 in Table 2).

We next investigated the effect of amount of Pd
catalyst on this reaction (Table 3). When only 0.5 mol%
of Pd was used (Entry 3 in Table 3), the product 4 was
obtained in 90% yield and 94% ee. The palladium
complex of hydrazone ligand 2a is highly reactive in
this reaction.

2.3. Palladium-catalyzed asymmetric allylic amination

We next investigated the palladium-catalyzed asym-
metric allylic amination of racemic acetate 3 with
benzylamine using 2 (Scheme 2, Table 4). The reaction
proceeded slowly to give the product 5 with 88% ee at
room temperature by using (S,Sp)-2a as ligand (Entry
1). When the reaction was carried out at 50 °C, the
product 5 was obtained in 99% yield and 88% ee. Using
hydrazone (S,Sp)-2b instead of (S,Sp)-2a, the product 5
was obtained in 79% yield and 93% ee at 50 °C (Entry
3). The ee value of 5 was decreased if (R,Sp)-2a was

Asymmetric allylic alkylation catalyzed by palladium complexes with chiral hydrazone ligands 2 #

Entry Ligand Solvent M Yield of 4 (%) ® Ee of 4 (%) © Configuration of 4
1 (S,Sp)-2a DCM Li 86 92 R
2 (S,Sp)-2a THF Li 88 92 R
3 (S,Sp)-2a MeCN Li 90 90 R
4 (S,Sp)-2a PhMe Li 93 96 R
5 (S,Sp)-2a Ether Li 90 92 R
6 (S,Sp)-2a PhMe Na 87 95 R
7 (S,Sp)-2a PhMe K 82 89 R
8 (S,Sp)-2b PhMe Li 90 90 R
9 (S,Sp)-2¢ PhMe Li 88 74 R
10 (R,Sp)-2a PhMe Li 94 46 N

3 Molar ratio: [Pd(n*-C3Hs)Cl], (0.005 equivalent), ligand (0.01 equivalent), dimethyl malonate (3.0 equivalent), BSA (3.0 equivalent), MOAc

(0.01 equivalent).
® Isolated yields.

¢ The ee values were determined by HPLC analysis using a chiral column (Chiralcel OD (hexane:i-PrOH = 99:1)).
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Table 3

Effect of amount of palladium complexes on asymmetric allylic alkylation using (S,Sp)-2a in PhMe #

Entry [Pd(n3-C3H5)Cl], (equivalent)

(S.,Sp)-2a (equivalent)

Yield of 4 (%) ® Ee of 4 (%) ©

1 0.02 0.04

2 0.005 0.01

3 0.0025 0.005
4 0.00125 0.0025

98 96
93 96
90 94
34 82

2 Molar ratio: [Pd(n>-C3Hs)Cl], (0.005 equivalent), ligand (0.01 equivalent), dimethyl malonate (3.0 equivalent), BSA (3.0 equivalent), MOAc

(0.01 equivalent).
® Isolated yields.

¢ The ee values were determined by HPLC analysis using a chiral column (Chiralcel OD (hexane:i-PrOH = 99:1)).

used (Entry 2 vs. 5 in Table 4). The product 5 was
formed with the (S)-(+)-enantiomer predominating, as
determined from the sign of the optical rotation [11].
This observation indicates that the planar chirality is
more influential factor determining the stereochemical
outcome in the allylic amination than the central
chirality in the hydrazone unit (Scheme 3).

3. Conclusion

We have prepared new chiral planar phosphine-
hydrazone ligands easily from (S)-a-(diphenylphosphi-
no)ferrocenecarboxaldehyde and chiral hydrazines such
as SAMP. These ligands such as (S,Sp)-2a can be used
in palladium-catalyzed asymmetric allylic substitution
with high enantiomeric 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 FTIR-230 spectrometer.
NMR spectra were recorded on a JEOL A-400 spectro-
meter or a Bruker DPX-300 spectrometer. Chemical
shifts are reported in 6 ppm referenced to an internal
SiMe, standard for 'H- and "“C-NMR. 3'P-NMR
spectra were obtained using 85% H3;PO, as an external
reference. 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

OAc o O

.
PNPh MeO/”\/”\OMe

3

system using a Chiralcel OD column (25 x 0.46 cm) by
Daicel Chemical Ind., Ltd.

4.2. Typical procedure for the preparation of 2

A mixture of (S)-a-(diphenylphosphino)-ferrocene-
carboxaldehyde (0.38 mmol), chiral hydrazine (0.46
mmol), and benzene (10 ml) was heated at 100 °C for
6 h under an argon atmosphere, and then cooled to
room temperature (r.t.). The reaction mixture was
diluted with ether and water. The organic layer was
washed with brine and dried over MgSQ,. The filtrate
was concentrated with a rotary evaporator and the
residue was purified by column chromatography.

4.2.1. (S)-a-(Diphenylphosphino)ferrocene-
carboxaldehyde SAMP hydrazone ((S,Sp)-2a)

(S)-a-(Diphenylphosphino)ferrocenecarboxaldehyde
SAMP hydrazone ((S,Sp)-2a): 99%; [a]>s = +138.0° (¢
0.50, CHCI3); '"H-NMR (300 Mz, CDCl3) 6 1.72-1.99
(m, 4H), 2.73 (dd, 8.0 and 16.8 Hz, 1H), 3.14-3.30 (m,
2H), 3.25 (s, 3H), 3.31-3.39 (m, 1H), 3.39-3.45 (m, 1H),
3.65-3.71 (m, 1H), 4.07 (s, SH), 4.31 (t, 2.4 Hz, 1H),
4.75-4.86 (m, 1H), 7.13-7.25 (m, 6H), 7.32-7.43 (m,
3H), 7.48-7.48 (m, 2H); *C-NMR (75 Mz, CDCl;) ¢
21.98, 26.41,49.41, 59.06, 63.01, 68.41 (d, 3.1 Hz), 69.79,
70.12, 72.05 (d, 3.8 Hz), 74.08, 74.36 (d, 10.0 Hz), 88.73
(d, 17.7 Hz), 127.50, 127.96 (d, 6.0 Hz), 128.08 (d, 7.7
Hz), 129.01, 131.50 (d, 7.0 Hz), 132.16 (d, 17.8 Hz),
135.26 (d, 21.1 Hz), 137.92 (d, 10.2 Hz), 140.33 (d, 11.1
Hz); *'P-NMR (121 Mz, CDCl3) 6 —19.80; FABMS m/
z 510 [M ™, 30]; HRMS (FAB) Calc. for C5oH;;N,OPFe
[M*]: 510.1523. Found: 510.1499.

. o o
Chiral ligand 2
[Pd(n*-C3Hs)ClL, Meo)kE/U\OMe
BSA, MOAC, rt,20h  p”Spp,
M = Li, Na, K 4

Scheme 2.
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Table 4

Asymmetric allylic amination catalyzed by palladium complexes with chiral hydrazone ligands 2 #

Entry Ligand Temperature Yield of 5 (%) ° Ee of 5 (%) © Configuration of 5
1 (S,Sp)-2a r.t. 21 88 S
2 (S,Sp)-2a 50 °C 99 88 N
3 (S,Sp)-2b 50 °C 79 93 N
4 (S,Sp)-2¢ 50 °C 71 74 S
5 (R,Sp)-2a 50 °C 99 51 S

% Molar ratio: Pdy(dba); (0.02 equivalent), ligand (0.04 equivalent), benzylamine (3.0 equivalent), BSA (3.0 equivalent).

® Isolated yields.

¢ The ee values were determined by HPLC analysis using a chiral column (Chiralcel OD (hexane:i-PrOH = 199:1)).

4.2.2. (S )-a-(Diphenylphosphino )ferrocene-
carboxaldehyde SADP hydrazone ((S,Sp)-2b)

(S)-a-(Diphenylphosphino)ferrocenecarboxaldehyde
SADP hydrazone ((S,Sp)-2b): 89%; [o]5 = +576.0° (¢
0.50, CHCl5); "H-NMR (400 Mz, CDCl5) ¢ 1.11 (s, 3H),
1.17 (s, 3H), 1.77-1.98 (m, 4H), 2.63 (dd, 8.5 and 15.9
Hz, 1H), 3.22 (s, 3H), 3.40-3.49 (m, 2H), 3.71-3.72 (m,
1H), 4.04 (s, SH), 4.33 (t, 2.4 Hz, 1H), 4.89-4.91 (m,
1H), 7.12-7.23 (m, 5H), 7.25 (s, 1H), 7.36—7.39 (m, 3H),
7.50—7.58 (m, 2H); '*C-NMR (75 Mz, CDCls) 6 21.03,
23.07, 23.69, 24.64, 49.59, 51.12, 67.71 (d, 3.5 Hz), 69.96,
70.06, 71.17, 71.76 (d, 3.5 Hz), 74.31 (d, 9.4 Hz), 77.69,
89.09 (d, 18.5 Hz), 127.62, 128.06, 127.07 (d, 13.4 Hz),
129.08, 130.22 (d, 9.7 Hz), 132.16 (d, 17.7 Hz), 135.16 (d,
21.0 Hz), 137.53 (d, 9.4 Hz), 140.00 (d, 10.5 Hz); *'P-
NMR (121 Mz, CDCl3) 6 —20.84; FABMS m/z 538
[M*, 38; HRMS (FAB) Calc. for C3H3sN,OPFe
[M *]: 538.1836. Found: 538.1852.

4.2.3. (S )-o-(Diphenylphosphino )ferrocene-
carboxaldehyde SAEP hydrazone ((S,Sp)-2c)
(S)-a-(Diphenylphosphino)ferrocenecarboxaldehyde

SAEP hydrazone ((S,Sp)-2¢c): 84%; [a]ss = +526.0° (¢
0.50, CHCl;); "H-NMR (400 Mz, CDCls) J 0.88 (t, 7.5
Hz, 3H), 0.90 (t, 7.1 Hz, 3H), 1.42-2.05 (m, 8H), 2.64
(dd, 9.5 and 17.5 Hz, 1H), 3.26 (s, 3H), 3.33-3.42 (m,
1H), 3.64 (dd, 2.5 and 8.5 Hz, 1H), 3.71 (dt, 1.2 and 2.3
Hz, 1H), 4.03 (s, SH), 4.33 (t, 2.5 Hz, 1H), 4.94 (dt, 1.2
and 2.3 Hz, 1H), 7.13-7.24 (m, 5H), 7.25 (s, 1H), 7.36—
7.40 (m, 3H), 7.51-7.58 (m, 2H); *C-NMR (75 Mz,
CDCl,) ¢ 7.89, 8.62, 23.55, 23.69, 24.38, 26.25, 50.36,
50.66, 67.50 (d, 3.5 Hz), 69.97, 70.09, 70.34, 71.75 (d, 3.6
Hz), 74.19 (d, 9.2 Hz), 80.40, 89.22 (d, 18.6 Hz), 127.68,
128.09, 127.10 (d, 12.8 Hz), 129.05 (d, 9.9 Hz), 129.12,
132.15 (d, 17.6 Hz), 135.15 (d, 20.9 Hz), 137.44 (d, 9.2
Hz), 139.93 (d, 10.3 Hz); *'P-NMR (121 Mz, CDCl;) ¢
—20.99; FABMS m/z 566 [M™*, 22]; HRMS (FAB)

Chiral ligand 2

Calc. for C33H3oN,OPFe [M™]: 566.2150. Found:
566.2157.

4.2.4. (S )-a-( Diphenylphosphino )ferrocene-
carboxaldehyde RAMP hydrazone ((R,Sp)-2a)

(S)-a-(Diphenylphosphino)ferrocenecarboxaldehyde
RAMP hydrazone ((R,Sp)-2a): 93%; [o]5 = +282.0° (¢
0.50, CHCI5); '"H-NMR (400 Mz, CDCl3) 6 1.71-2.05
(m, 4H), 2.84 (dd, 8.1 and 16.6 Hz, 1H), 3.21-3.41 (m,
3H), 3.33 (s, 3H), 3.54 (dd, 5.6 and 9.2 Hz, 1H), 3.71 (t,
1.1 Hz, 1H), 4.04 (s, 5H), 4.33 (t, 2.4 Hz, 1H), 4.87 (1, 1.0
Hz, 1H), 7.11-7.24 (m, 5H), 7.29 (s, 1H), 7.36—7.40 (m,
3H), 7.50-7.59 (m, 2H); "*C-NMR (75 Mz, CDCl;) 6
22.01, 26.58, 49.73, 59.15, 63.23, 68.76 (d, 3.2 Hz), 70.03,
70.24, 72.00 (d, 4.0 Hz), 74.36, 74.49, 88.60 (d, 18.3 Hz),
127.56, 127.92 (d, 5.8 Hz), 128.08 (d, 7.6 Hz), 129.04,
132.12 (d, 9.9 Hz), 132.17 (d, 17.6 Hz), 135.26 (d, 21.1
Hz), 137.81 (d, 9.9 Hz), 139.99 (d, 10.5 Hz); *'P-NMR
(121 Mz, CDCl3) 6 —20.99; FABMS m/z 510 [M ", 61];
HRMS (FAB) Calc. for C,oH3;N,OPFe [M™]:
510.1523. Found: 510.1542.

4.3. General procedure for the palladium-catalyzed allylic
alkylation

To mixture of [Pd(n’-C;Hs)Cl], (2.5 umol, 0.9 mg),
chiral hydrazone 2 (5.0 umol), and metal acetate (10
umol) in a solvent (1 ml) was added BSA (1.5 mmol,
0.37 ml), racemic 1,3-diphenyl-2-propenyl acetate (3)
(0.5 mmol, 0.126 g), and dimethyl malonate (1.5 mmol,
0.17 ml) at r.t. under an argon atmosphere. After being
stirred for 20 h, the reaction mixture was diluted with
ether and water. The organic layer was washed with
brine and dried over MgSQ,. The filtrate was concen-
trated with a rotary evaporator and the residue was
purified by column chromatography.

N

Ac
N ANpy | HNTPh

3

Pd,(dba)s HL™ Ph
. i
THF, 24 h P ph
5

Scheme 3.
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43.1. (R)4

Yield 93% (Table 1, Entry 4); 96% ee; [a]f = 18.8° (¢
1.01, EtOH); "TH-NMR (400 Mz, CDCl3) § 3.51 (s, 3H),
3.70 (s, 3H), 3.95 (d, 11.0 Hz, 1H), 4.27 (dd, 8.5 and 11.0
Hz, 1H), 6.44 (dd, 8.5 and 15.8 Hz, 1H), 6.71 (d, 15.8
Hz, 1H), 7.19-7.33 (m, 10H); *C-NMR (100 Mz,
CDCly) § 49.20, 52.45, 52.63, 57.66, 126.40, 127.18,
127.58, 127.86, 128.48, 128.73, 129.12, 131.85, 136.83,
140.18, 167.79, 168.21; MS (EI) m/z 324 [M*, 30].

4.4. General procedure for the palladium-catalyzed allylic
amination

To mixture of Pdy(dba); (0.01 mmol, 0.01 g), chiral
hydrazone 2 (0.02 mmol), in a solvent (1 ml) was added
racemic 1,3-diphenyl-2-propenyl acetate (3) (0.5 mmol,
0.126 g), and benzylamine (1.5 mmol, 0.26 g) at r.t.
under an argon atmosphere. After being stirred for 24 h
at 50 °C, the reaction mixture was diluted with ether and
sat. NaHCOs;. The organic layer was washed with brine
and dried over MgSQ,. The filtrate was concentrated
with a rotary evaporator and the residue was purified by
column chromatography.

44.1. (S)-5

Yield 99% (Table 4, Entry 2); 88% ee; [o]f = 20.0° (¢
1.0, CHCl;); '"H-NMR (400 Mz, CDCl5) ¢ 1.81 (br-s, 1H),
3.78(d, 13.3Hz, 1H), 3.82(d, 13.3 Hz, 1H),4.39(d, 7.4 Hz,
1H), 6.31 (dd, 7.9 and 15.9 Hz, 1H), 6.58 (d, 15.9 Hz, 1H),
7.20—7.44 (m, 15H); "*C-NMR (100 Mz, CDCls) § 15.27,
51.36,64.57,65.86, 126.40, 126.93, 127.29, 127.36, 127.44,
128.17, 128.41, 128.50, 128.61, 130.35, 132.56, 136.90,
140.36, 142.84; MS (EI) m/z 299 [M ", 11].
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