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bstract

Novel N-acetophenone cinchona ammonium salts have been successfully synthesized and used as chiral phase transfer catalysts for the asymmetric

lkylation of tert-butyl benzophenone Schiff base derivatives in aqueous media at room temperature with the highest ee and yield up to 96 and
8%, respectively. We have also studied the influence of substituted acetophenone groups in quaternary ammonium salts derived from the cinchona
lkaloids.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Chiral phase transfer catalysis (CPTC) is a very useful
pproach that typically involves simple experimental opera-
ions, mild reaction conditions, inexpensive and environmentally
enign reagents and large-scale reaction [1–3]. The CPTC
ethodology has been applied to Michael addition [4,5], Darzen

eaction [6–11], cyclopropanation [12], aldol condensation
13–15], fluorination [16–18], epoxidation [19–21], alkylation,
tc.

Among these, asymmetric alkylation of tert-butyl benzophe-
one Schiff base derivatives 1 has received much attention and
een successfully applied to the enantioselective synthesis of
atural and unnatural amino acids (Scheme 1) [22–25]. In 1989,
’Donnell reported [26] that N-benzyl derivatives of the cin-

hona alkaloids could catalyze the process (Fig. 1). Later the
ame group [27] demonstrated that N-benzyl-O-alkyl cinchona
lkaloids derivatives generated in the reactions could lead to
emarkably higher enantiomeric excess [28–31]. Finally, the

hird generation of catalysts was reported in 1997 indepen-
ently by Lygo et al. and Corey et al., who used the bulky
-methylanthracenyl group instead of the benzyl group, attain-
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ng substantially impoved ee. Recently, dimeric [32] and trimeric
33] cinchona alkaloid derivatives, guanidinium salts [34],
2-symmetic ammonium salts derived from BINOL [35–37],
hosphonium salts [38,39], TADDOL [40,41], tartaric deriva-
ives [42], and other metal catalysts [43–47] have emerged as
owerful variants.

Recently, polymer supported CPTCs have been widely used
or asymmetric alkylation [48–54]. Our group was one of the pio-
eers of this research field. We anchored cinchona alkaloids to
ross-linked polystyrene for the asymmetric alkylation of tert-
utyl benzophenone Schiff base derivatives [55,56], although
he enatioselectivity was not satisfactory. Subsequently, we
uccessfully synthesized the dimeric cinchonine, which was
-anchored to a long linear PEG chain, and investigated asym-
etric epoxidation of chalcones [57] and alkylation of tert-butyl

enzophenone Schiff base derivatives catalyzed by this novel
olymer supported-PTC in aqueous media.

Due to environmentally desirable media such as chlori-
ated solvents and moderate temperatures were often needed
o achieve high reactivity and enantioselectivity, the asymmet-
ic alkylation of tert-butyl benzophenone Schiff base derivatives
ould proceed in aqueous media catalyzed by the N-alkyl cin-

honine prepared by the Corey’s method was reported [58].
nfortunately, the enantioselectivities were not satisfactorily

atalyzed by the other CPTCs they used. It also indicated that
he new methodology was not applicable to all kinds of CPTCs.

mailto:wangxinadv@yahoo.com.cn
dx.doi.org/10.1016/j.molcata.2007.05.011
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Scheme 1. Alkylation of tert-butyl benzophenone Schiff base derivative.

Fig. 1. Different types of CPTCs synthesized from cinchona alkaloids.
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Fig. 2. Different CPTCs synthesized from cinchona alkaloids.

ince we have employed the new methodology where the alkyla-
ion could be carried out in water with PEG-supported cinchona
lkaloids to afford high chemical yields and enatioselectivi-
ies, we desiderated a non-supported catalyst that can be used
or the reaction in water with high catalytic efficiency. More-
ver, the stringent basic reaction condition, which was reported
or asymmetric alkylation previously, was not environmentally
cceptable and could also affect the stability of the catalyst.
herefore, we laid a strong emphasis on the research of high effi-
ient catalyst and mild reaction condition in the enantioselective
ynthesis of �-amino acid precursors. Finally, we successfully
ynthesized a novel N-acetophenone cinchona ammonium salt,
hich can be easily prepared by one step from cinchona alka-

oids with the corresponding �-bromoacetophenone derivatives
Fig. 2). Further, we attempted the alkylation reaction catalyzed
y our newly synthesized CPTCs in aqueous media.

. Experimental
.1. Materials

Commercial reagents were used as received, unless other-
ise stated. 1H NMR and 13C NMR were recorded on in CDCl3

1
5
f
C

sis A: Chemical 276 (2007) 102–109 103

ither a Bruker-DPX 300 or AV-400 spectrometer using TMS as
nternal standard. Mass spectra were obtained using an electro-
pray ionization (ESI) mass spectrometer. Melting points were
etermined using an electrothermal apparatus and uncorrected.
ptical rotations were measured with a Perkin-Elmer 341 dig-

tal polarimeter at 20 ◦C. HPLC analysis was performed on a
himadzu CTO-10AS chromatograph using Chiral OD-H pur-
hased from Daicel Chemical Industries, Ltd.

.2. Synthesis of quinium-N-acetophenone bromide
CPTC-5)

A mixture of quinine (1.62 g, 5 mmol) with 2-bromo-1-
henyl-ethanone (1.00 g, 5 mmol) in acetone (20 mL) was
efluxed for 6 h. After cooling the reaction mixture to room
emperature, the resulting supension was diluted with methanol
10 mL) and ether (30 mL) and stirred for 1 h. The solids were
ltered, washed with ether. The crude solid was recrystallized
rom methanol-ether to afford 2.09 g (80% yield) of desired
roduct as a light red solid. mp 176–178 ◦C; [α]D

20 = −103
c = 0.1, ethanol); IR (KBr): ν = 3445.1, 2953.3, 2983.2, 1620.4,
559.3, 1450.4, 1024.1, 917.3, 832.6 cm−1; 1H NMR (300 MHz,
MSO-d6): δ: 8.91 (d, J = 4.5 Hz, 1H), 8.04–8.00 (m, 2H), 7.89

d, J = 15.6 Hz, 2H), 7.54–7.46 (m, 5H), 7.20 (s, 1H), 6.38 (d,
= 7.5 Hz, 1H), 5.91–5.80 (m, 1H), 5.35 (d, J = 17.4 Hz, 1H),
.17 (d, J = 10.5 Hz, 1H), 4.60–4.58 (m, 1H), 4.43–4.38 (m, 1H),
.27–4.23 (m, 1H), 3.98 (s, 3H), 3.83–3.71 (m, 2H), 2.86–2.79
m, 2H), 2.01–1.99 (m, 2H), 1.80–1.78 (m, 1H), 1.59–1.56
m, 1H), 1.21–0.96 (m, 2H). 13C NMR (100 MHz, DMSO-d6):
94.1, 158.5, 148.1, 144.4, 144.0, 139.0, 135.8, 134.8, 132.3,
29.7, 129.3, 126.0, 125.6, 121.1, 116.3, 101.5, 66.0, 63.6, 60.8,
7.8, 56.7, 37.3, 26.0, 25.5, 22.1. MS (ESI): Calc. 523.5, found
44.1 [C28H31N2O3]+; C28H31N2O3Br: Calc. Value-C 64.25,
5.97, N 5.35; found-C 64.17, H 5.85, N 5.46.

.3. Synthesis of 4-Br-quinium-N-acetophenone bromide
CPTC-6)

A procedure similar to that for the synthesis of 5 was
erformed as described above. Yield: 70%; mp 180–182 ◦C;
α]D

20 = −85 (c = 0.1, ethanol); IR (KBr) ν = 3414.2, 3147.5,
939.3, 2360.4, 1687.4, 1619.1,1586.2, 1507.1, 1469.6, 1397.4,
239.3, 1024.7, 997.9, 860.5, 837.7 cm−1; 1H NMR (400 MHz,
MSO-d6): δ: 8.76 (d, J = 4 Hz, 1H), 8.10 (d, J = 8.4 Hz, 2H),
.96–7.87 (m, 3H), 7.71 (d, J = 4.0 Hz, 1H), 7.42 (d, J = 9.2 Hz,
H), 7.11 (s, 1H), 5.81–5.67 (m, 3H), 5.14–5.36 (dd, J1 = 17.6,
2 = 10 Hz, 1H), 5.50–5.41 (dd, J1 = 10.0, J2 = 10.4 Hz, 1H), 4.59
d, J = 10.0 Hz, 2H), 4.21–4.18 (m, 1H), 4.07 (s, 3H), 3.85–3.72
m, 2H), 3.32 (d, J = 8.8 Hz, 2H), 2.87 (s, 1H), 2.11–1.92 (m,
H), 1.18–0.96 (m, 1H); 13C NMR (75 MHz, DMSO-d6): δ:
93.4, 158.4, 148.1, 144.3, 141.1, 139.0, 133.9, 132.8, 131.3,

30.1, 129.1, 126.0, 122.7, 121.1, 116.2, 101.6, 65.9, 63.5, 60.7,
7.6, 56.8, 37.3, 31.4, 26.0, 25.5, 22.1; MS (ESI): Calc. 602.4,
ound 521.5 [C28H30N2O3Br]+; C28H30N2O3Br2: Calc. Value-

55.83, H 5.02, N 4.65; found-C 55.76, H 5.41, N 5.70.
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.4. Synthesis of 4-Cl-quinium-N-acetophenone bromide
CPTC-7)

A procedure similar to that for the synthesis of 5 was
erformed as described above. Yield: 72%; mp 174–176 ◦C;
α]D

20 = 82 (c = 0.1, ethanol); IR (KBr) ν = 3414.0, 3125.8,
360.1, 1638.9, 1400.1, 1262.1, 1084.3, 871.9, 800.2 cm−1;
H NMR (400 MHz, DMSO-d6): δ: 8.76 (d, J = 4.4 Hz, 1H),
.19 (d, J = 8.4 Hz, 2H), 7.95 (d, J = 9.2 Hz, 1H), 7.75–7.71 (m,
H), 7.44–7.41 (m, 1H), 7.12 (s, 1H), 5.81–5.64 (m, 3H), 5.21
d, J = 17.2 Hz, 1H), 5.01 (d, J = 10.4 Hz, 1H), 4.63–4.58 (m,
H), 4.22–4.19 (m, 1H), 4.07 (s, 3H), 3.85–3.74 (m, 2H), 3.11
s, 2H), 2.87 (s, 1H), 2.12–2.05 (m, 4H), 1.08–1.06 (m, 1H);
3C NMR (75 MHz, DMSO-d6): δ: 193.2, 158.4, 148.1, 144.4,
44.1, 140.8, 139.0, 133.6, 131.3, 129.8, 126.0, 122.7, 121.1,
16.2, 101.6, 65.9, 63.5, 60.7, 57.8, 56.8, 37.3, 31.4, 26.0, 26.5,
2.1; MS (ESI): Calc. 557.9, found: 477.5 [C28H30ClN2O3]+;
28H30N2O3BrCl: Calc. Value-C 60.28, H 5.42, N 5.02; found-
60.41, H 5.41, N 5.50.

.5. Synthesis of 3-NO2-quinium-N-acetophenone bromide
CPTC-8)

A procedure similar to that for the synthesis of 5 was
erformed as described above. Yield: 70%; mp 225–227 ◦C;
α]D

20 = −83 (c = 0.1, ethanol); IR (KBr): 3447.8, 3373.6,
970.6, 2360.5, 1642.8, 1589.6, 1508.9, 1487.7, 1437.2, 1243.2,
094.4, 936.5, 893.4, 840.7 cm−1; 1H NMR (300 MHz, DMSO-
6): δ: 8.94 (d, J = 4.5 Hz, 1H), 8.90–8.79 (m, 1H), 8.58–8.65
t, J = 8.4 Hz, 1H), 8.41–8.32 (dd, 1H, J1 = 7.8, J2 = 8.7 Hz),
.05–7.97 (m, 1H), 7.88–7.74 (m, 2H), 7.50–7.47 (m, 1H),
.24–7.16 (m, 1H), 6.43 (d, J = 7.5 Hz, 1H), 5.95–5.58 (m, 2H),
.40–5.04 (m, 3H), 4.60–4.01 (m, 2H), 4.12 (s, 1H), 4.00 (s, 3H),
.35 (m, 2H), 2.88–2.82 (m, 2H), 2.16–2.14 (m, 1H), 2.01–2.02
m, 1H), 1.47–1.24 (m, 1H), 1.00–1.25 (m, 1H), 0.96–0.98 (m,
H); 13C NMR (75 MHz, DMSO-d6): δ: 192.7, 159.6, 148.6,
45.5, 144.1, 140.9, 138.9, 136.2, 135.5, 133.4, 132.3, 131.5,
30.9, 129.6, 126.3, 124.3, 119.7, 116.8, 101.4, 65.7, 62.8, 61.0,
7.4, 56.6, 53.8, 37.6, 26.2, 24.9, 22.4; MS (ESI): Calc. 568.5,
ound: 488.4 [C28H30N3O5]+; C28H30N3O5Br: Calc. Value-C
9.16, H 5.32, N 7.39; found-C 58.90, H 5.74, N 7.54.

.6. Synthesis of 4-NO2-quinium-N-acetophenone bromide
CPTC-9)

A procedure similar to that for the synthesis of 5 was
erformed as described above. Yield 87%; mp 199–201 ◦C;
α]D

20 = −69 (c = 0.1, DMSO). IR (KBr): 3345, 3171, 2953,
883, 1705, 1620, 1509, 1451, 1042, 1228, 1085, 1024, 917,
32 cm−1. 1H H NMR (300 MHz, DMSO-d6): δ: 8.93 (d,
= 4.8 Hz, 1H), 8.37 (d, J = 8.7 Hz, 2H), 8.19 (d, J = 8.7 Hz,
H), 8.06–8.02 (m, 2H), 7.51–7.47 (dd, J1 = 2.4, J2 = 1.2 Hz,
H), 7.23 (d, J = 2.1 Hz, 1H), 6.42 (d, J = 7.5 Hz, 1H), 5.93–5.57

m, 1H), 5.18 (d, J = 10.8 Hz, 1H), 4.69–4.65 (m, 1H),
.56 (d, J = 13.5 Hz, 1H), 4.36 (d, J = 13.5 Hz, 1H), 4.00
s, 3H), 3.84–3.81 (m, 2H), 3.35 (s, 4H), 2.88–2.82 (m,
H), 1.83 (br, 1H), 1.60–1.57 (m, 1H), 1.23–1.19 (m, 1H),

1
5
[
N

sis A: Chemical 276 (2007) 102–109

.00–0.97 (m, 1H); 13C NMR (75 MHz, DMSO-d6): δ: 192.7,
59.0, 150.2, 148.4, 144.1, 140.9, 138.8, 132.3, 128.5, 126.3,
24.2, 123.0, 119.9, 116.8, 101.4, 65.7, 62.8, 61.0, 57.3,
7.5, 26.1, 24.9, 22.3; MS (ESI): Calc. 568.5, found: 488.5
C28H30N3O5]+; C28H30N3O5Br: Calc. Value-C 59.16, H 5.32,

7.39; found-C 58.79, H 5.69, N 7.48. Calc. 568.5, found: 488.5
C28H30N3O5]+; C28H30N3O5Br: Calc. Value-C 59.16, H 5.32,

7.39; found-C 58.79, H 5.69, N 7.48.

.7. Synthesis of 4-NO2-cinchonidium-N-acetophenone
romide (CPTC-10)

A mixture of cinchonidine (1.47 g, 5 mmol) with 2-bromo-
′-NO2-1-phenyl-ethanone (1.21 g, 5 mmol) in ethanol (20 mL)
as refluxed for 6 h. After cooling the reaction mixture to

oom temperature, the resulting supension was diluted with
ethanol (10 mL) and ether (30 mL) and stirred for 1 h. The

olids were filtered, and washed with ether. The crude solid
as recrystallized from methanol-ether to afford 2.09 g (80%
ield) of desired product as a light yellow solid. mp 186–188 ◦C;
α]D

20 = −36 (c = 0.1, ethanol). IR (KBr): 3442.0, 3148.6,
360.4, 1703.8, 1600.8, 1523.8, 1463.7, 1348.9, 1219.4, 1037.3,
30.3, 856.1, 775.9, 759.4 cm−1; 1H NMR (300 MHz, DMSO):
: 8.97 (d, J = 4.5 Hz, 1H), 8.38 (d, J = 8.7 Hz, 2H), 8.20
d, J = 8.7 Hz, 2H), 8.14–8.12 (m, 2H), 7.73 (d, J = 4.5 Hz,
H), 7.42 (d, J = 4.4 Hz, 1H), 7.23–7.20 (m, 1H), 6.56 (d,
= 7.2 Hz, 1H), 6.02–5.91 (m, 1H), 5.28 (d, J = 7.5 Hz, 1H),
.61–4.58 (m, 2H), 4.60–4.47 (m, 3H), 3.77–3.55 (m, 2H),
.46–3.41 (m, 1H), 2.21–2.17 (m, 2H), 2.12–1.86 (m, 3H),
.16–1.04 (m, 2H); 13C NMR (75 MHz, DMSO-d6): δ: 192.7,
51.1, 150.1, 148.2, 145.7, 142.0, 138.8, 130.9, 130.7, 130.5,
28.5, 124.2, 123.7, 119.8, 117.2, 95.1, 65.6, 63.2, 61.2,
6.9, 53.7, 37.9, 26.4, 25.0, 22.3, 19.2; MS (ESI): Calc.
38.4, found: 458.5 [C27H28N3O4]+; C27H28N3O4Br: Calc.
alue-C 60.23, H 5.24, N 7.80; found-C 59.89, H 5.39,
7.68.

.8. Synthesis of 4-NO2-cinchoninium-N-acetophenone
romide (CPTC-11)

A procedure similar to that for the synthesis of 11 was per-
ormed to synthesize compound 10 from cinchonine (1.47 g,
mmol). Yield 71%; mp 210–212 ◦C(dec.); [α]D

20 = +63
c = 0.1, ethanol); IR (KBr): 3441.8, 3349.3, 2360.7, 1653.1,
600.7, 1530.7, 1496.7, 1455.6, 1027.8, 759.4 cm−1; 1H NMR
300 MHz, DMSO): δ: 8.95 (d, J = 4.5 Hz, 1H), 8.38 (d,
= 8.4 Hz, 2H), 8.22 (d, J = 8.4 Hz, 2H), 7.82–7.56 (m, 3H), 7.29

d, J = 7.2 Hz, 2H), 6.54 (d, J = 7.2 Hz, 1H), 6.02–5.91 (m, 1H),
.28 (d, J = 7.5 Hz, 1H), 5.27–5.21 (dd, J1 = 17 Hz, J2 = 10 Hz,
H), 4.81–4.72 (m, 2H), 4.60–4.43 (m, 3H), 3.77–3.51 (m,
H), 3.46–3.41 (m, 1H), 2.82–2.80 (m, 1H), 2.12–1.86 (m, 3H),
.07–1.05 (m, 1H); 13C NMR (75 MHz, DMSO-d6): δ: 191.9,
50.4, 147.6, 141.2, 138.9, 136.1, 130.0, 129.8, 126.7, 124.5,

24.0, 123.6, 123.2, 118.7, 116.7, 94.3, 64.9, 62.9, 61.0, 58.5,
6.8, 36.5, 26.6, 22.6, 20.8; MS (ESI): Calc. 538.4, found: 458.4
C27H28N3O4]+; C27H28N3O4Br: Calc. Value-C 60.23, H 5.24,

7.80; found-C 60.68, H 5.17, N 7.61.



ataly

2
t
C

a
0
h
a
w
T
t
o
o
p
u
a
o

2
3

T
e
P
7
4

1
(
1
a
h
(

2
2

T
e
P
6
C
C
1
a
h
(

2
2

T
A

E

p

X. Wang et al. / Journal of Molecular C

.9. General procedure for asymmetric alkylation of
ert-butyl benzophenone Schiff base derivative 1 under
PTC conditions

N-acetophenone cinchona ammonium salt (0.01 mmol)
nd N-(diphenylmethylene)glycine tert-butyl ester (59 mg,
.2 mmol) dissolved in two milliliter 1 M aqueous potassium
ydroxide solution at room temperature. After the dropwise
ddition of benzyl bromide (1.0 mmol), the reaction mixture
as further stirred for 6 h at room temperature (determined by
LC). Then 10 mL water was added, and the resulting mix-

ure was extracted by CH2Cl2 (10 mL × 3 mL). The combined
rganic phase was washed with water (10 mL × 2 mL), dried
ver anhydrous sodium sulfate and concentrated under reduced
ressure to give the crude product 2. Further purification by col-
mn chromatography on silica gel (petroleum/ethyl acetate 30:1
s the eluent, neutralized with 1% Et3N) afforded 2 as a colorless
il.

.9.1. tert-Butyl
-phenyl-2-(diphenylmethyleneamino)propanoate (2a, S)

Synthesized according to the reaction conditions listed in
able 1, entry 3. Yield 99%. [α]D

20 = −12.9 (c = 0.2, CHCl3).

e = 83%. 1H NMR (300 MHz, CDCl3): 7.56–7.58 (m, 2H,
h-H), 7.26–7.38 (m, 6H, Ph-H), 7.13–7.21 (m, 3H, Ph-H),
.04–7.06 (m, 2H, Ph-H), 6.60 (br, d, 2H, J = 6.0 Hz, Ph-H),
.10 (dd, 1H, J = 4.4, 9.6 Hz, CHC = O), 3.23 (dd, 1H, J = 4.4,

T
e
P

able 1
symmetric alkylation of 1 with catalyst 9 in aqueous media

ntry Base (aq. M) Solvent (mL) Catalyst 9 (equiv.)

1 1 M KOH 2 0.05
2 1 M KOH 2 0.05
3 1 M KOH 2 0.05
4 1 M KOH 2 0.05
5 1 M KOH 5 0.05
6 1 M KOH 5 0.05
7 1 M KOH 5 0.1
8 1 M KOH 1 0.05
9 1 M KOH 1 0.05

10 0.5 M KOH 2 0.05
11 10 M KOH 2 0.05
12 1 M KOH 2 0.01
13 1 M KOH 2 0.1
14d 1 M KOH 2 0.05
15e 1 M KOH 2 0.05
16 1 M NaOH 2 0.05
17 1 M LiOH 2 0.05
18 1 M K2CO3 2 0.05

a The isolated yield.
b Enantiomeric excess was determined by HPLC analysis using a chiral column (D
c The absolute configuration was confirmed by comparison of the HPLC retention
rocedures [29].
d The reaction was performed at 10 ◦C.
e The reaction was perfomed at 0 ◦C.
sis A: Chemical 276 (2007) 102–109 105

3.6 Hz, PhCH2), 3.15 (dd, 1H, J = 9.6, 13.6 Hz, PhCH2), 1.44
s, 9H, t-Bu) ppm. IR (KBr): 2978, 1732, 1624, 1576, 1495,
447, 1367, 1286, 1150, 1082, 1030, 849, 756, 696 cm−1. HPLC
nalysis: DAICEL Chiralcel OD-H, hexane/isopropyl alco-
ol = 99.5:0.5, flow rate = 0.5 mL/min, retention time: 16.9 min
R) and 24.1 min (S).

.9.2. tert-Butyl 3-(2-methylphenyl)-
-(diphenylmethyleneamino)propanoate (2b, S)

Synthesized according to the reaction conditions listed in
able 1, entry 3. Yield 90%. [α]D

20 = −14.6 (c = 0.2, CHCl3).
e = 85%. 1H NMR (300 MHz, CDCl3) δ: 7.69–7.71 (m, 3H,
h-H), 7.50–7.59 (m, 3H, Ph-H), 7.29–7.32 (m, 4H, Ph-H),
.63–7.08 (m, 4H, Ph-H), 3.19–4.08 (dd, 1H, J = 9.2, 4.4 Hz,
HC O), 3.17 (dd, 2H, J = 13.6, 9.2 Hz, PhCH2), 2.26 (s, 3H,
H3), 1.44 (s, 9H, t-Bu) ppm. IR (neat) 2972, 2927, 1732,
621, 1511, 1444, 1367, 1286, 1151, 894, 840, 762 cm−1. HPLC
nalysis: DAICEL Chiralcel OD-H, hexane/isopropyl alco-
ol = 99.5:0.5, flow rate = 0.5 mL/min, retention time: 20.7 min
R) and 29.6 min (S).

.9.3. tert-Butyl 3-(3-methylphenyl)-
-(diphenylmethyleneamino)propanoate (2c, S)
Synthesized according to the reaction conditions listed in
able 1, entry 3. Yield 87%. [α]D

20 = −13.8 (c = 0.2, CHCl3).
e = 90%. 1H NMR (300 MHz, CDCl3) δ: 7.68−7.73 (m, 3H,
h-H), 7.50–7.58 (m, 5H, Ph-H), 7.26–7.30 (m, 2H, Ph-H),

BnBr (equiv.) Yield (%)a ee (%)b (Configuration)c

1.2 43 63(S)
2.5 72 79(S)
5.0 99 86(S)

10.0 98 85(S)
5.0 90 79(S)

10.0 91 83(S)
10.0 93 81(S)
10.0 88 78(S)

5.0 86 76(S)
5.0 76 76(S)
5.0 97 79(S)
5.0 94 82(S)
5.0 96 81(S)
5.0 65 74(S)
5.0 48 68(S)
5.0 89 78(S)
5.0 81 68(S)
5.0 88 65(S)

AICEL Chiralcel OD-H) with hexane-isopropanol (99.5:0.5) as an eluent.
time of an authentic sample, which was synthesized independently by reported
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.03–7.06 (m, 2H, Ph-H), 6.56–6.61 (m, 2H, Ph-H), 4.09–4.24
dd, 1H, J = 9.2, 4.4 Hz, CHC O), 3.13–3.18 (dd, 2H, J = 13.6,
.2 Hz, PhCH2), 2.28 (s, 3H, CH3), 1.44 (s, 9H, t-Bu) ppm; IR
neat) 2972, 2927, 1732, 1621, 1511, 1444, 1367, 1286, 1151,
94, 840, 762 cm−1; HPLC analysis: DAICEL Chiralcel OD-
, hexane/isopropyl alcohol = 99.5:0.5, flow rate = 0.5 mL/min,

etention time: 20.6 min (R) and 24.5 min (S).

.9.4. tert-Butyl 3-(4-methylphenyl)-
-(diphenylmethyleneamino)propanoate (2d, S)

Synthesized according to the reaction conditions listed in
able 1, entry 3. Yield 92%. [α]D

20 = −15.3 (c = 0.2, CHCl3).
e = 87%. 1H NMR (300 MHz, CDCl3) δ: 7.69–7.72 (m, 1H,
h-H), 7.50–7.60 (m, 3H, Ph-H), 7.29–7.32 (m, 4H, Ph-H),
.03–7.05 (m, 4H, Ph-H), 6.62–6.64 (m, 2H, Ph-H), 4.07–4.13
m, 1H, CHC O), 3.18–3.19 (m, 2H, PhCH2), 2.26 (s, 3H,
H3),1.44 (s, 9H, t-Bu) ppm; IR (neat) 2978, 2928, 1735, 1624,
516, 1447, 1367, 1286, 1151, 910, 845, 779, 696 cm−1; HPLC
nalysis: DAICEL Chiralcel OD-H, hexane/isopropyl alco-
ol = 99.5:0.5, flow rate = 0.5 mL/min, retention time: 12.8 min
S) and 21.2 min (R).

.9.5. tert-Butyl 3-(2-chlorophenyl)-
-(diphenylmethyleneamino)propanoate (2f, S)

Synthesized according to the reaction conditions listed in
able 1, entry 3. Yield 93%. [α]D

20 = −15.9 (c = 0.2, CHCl3).
e = 91%. 1H NMR (300 MHz, CDCl3) δ: 7.61–7.62 (m, 2H,
h-H), 7.39–7.41 (m, 2H, Ph-H), 7.27–7.38 (m, 6H, Ph-H),
.12–7.17 (t, 1H, J = 7.2 Hz, Ph-H), 7.04–7.06 (m, 3H, Ph-H),
.38–4.39 (m, 1H, CHC O), 3.47–3.48 (m, 2H, PhCH2), 1.47
s, 9H, t-Bu) ppm; IR (neat) 2978, 2928, 1728, 1626, 1508,
447, 1369, 1285, 1221, 1148, 841, 781, 698 cm−1; HPLC
nalysis: DAICEL Chiralcel OD-H, hexane/isopropyl alco-
ol = 99.5:0.5, flow rate = 0.5 mL/min, retention time: 15.6 min
R) and 17.8 min (S).

.9.6. (S)-tert-Butyl 3-(3-chlorophenyl)-
-(diphenylmethyleneamino)propanoate (2g, S)

Synthesized according to the reaction conditions listed in
able 1, entry 3. Yield 89%. [α]D

20 = −16.3 (c = 0.2, CHCl3).
e = 91%. 1H NMR (300 MHz, CDCl3) δ: 7.57–7.60 (m, 2H,
h-H), 7.36–7.56 (m, 6H, Ph-H), 7.12–7.14 (m, 2H, Ph-H),
.91–7.07 (m, 2H, Ph-H), 6.66–6.68 (m, 2H, Ph-H), 4.11–4.13
m, 1H, CHC O), 3.19–3.21 (m, 2H, PhCH2), 1.46 (s, 9H,
-Bu) ppm; IR (neat) 2974, 2921, 1726, 1624, 1506, 1447,
369, 1286, 1148, 865, 787, 742 cm−1; HPLC analysis: DAI-
EL Chiralcel OD-H, hexane/isopropyl alcohol = 99.5:0.5, flow

ate = 0.5 mL/min, retention time: 14.8 min (S) and 21.8 min (R).

.9.7. tert-Butyl 3-(4-chlorophenyl)-
-(diphenylmethyleneamino)propanoate (2h, S)

Synthesized according to the reaction conditions listed in
able 1, entry 3. Yield 98%. [α]D

20 = −16.2 (c = 0.2, CHCl3).

e = 96%. 1H NMR (300 MHz, CDCl3) δ: 7.60–7.62 (m, 2H,
h-H), 7.25–7.36 (m, 6H, Ph-H), 7.16 (d, 2H, J = 8.0 Hz, Ph-H),
.04 (d, 1H, J = 8.0 Hz, Ph-H), 6.63 (m, 3H, Ph-H), 4.48 (m, 1H,
HC O), 3.48–3.69 (m, 2H, PhCH2), 1.45 (s, 9H, t-Bu) ppm; IR

g
C
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neat) 2978, 1732, 1661, 1622, 1560, 1437, 1369, 1286, 1148,
41, 787, 698 cm−1; HPLC analysis: DAICEL Chiralcel OD-
, hexane/isopropyl alcohol = 99.5:0.5, flow rate = 0.5 mL/min,

etention time: 12.1 min (S) and 21.1 min (R).

.9.8. tert-Butyl
-(2-allyl)-2-diphenylmethyleneamino)propanoate (2j, S)

Synthesized as Section 2.9 according to the reaction con-
itions listed in Table 1, entry 3. Yield 79%. [α]D

20 = −11.3
c = 0.2, CHCl3). ee = 83%. 1H NMR (300 MHz, CDCl3)
: 7.62–7.65 (2H, m, Ph-H), 7.29–7.47 (6H, m, Ph-H),
.16–7.20 (2H, m, Ph-H), 5.60–5.62 (m, 1H, CH CH2), 5.03
dd, 1H, J = 17.2, 1.5 Hz, CH CH2), 5.01 (dd, 1H, J = 10.2,
.5 Hz, CH CH2), 4.00 (dd, 1H, J = 7.6, 5.6 Hz, CHC O),
.57–2.69 (m, 2H, CH2–CH CH2), 1.44 (s, 9H, t-Bu) ppm.
R (neat) 2978, 1735, 1624, 1447, 1367, 1286, 1151, 916,
47, 781, 696 cm−1; HPLC analysis: DAICEL Chiralcel OD-
, hexane/isopropyl alcohol = 99.5:0.5, flow rate = 0.5 mL/min,

etention time: 9.3 min (S) and 10.9 min (R).

.9.9. tert-Butyl
-ethyl-2-(diphenylmethyleneamino)propanoate (2k, S)

Synthesized as Section 2.9 according to the reaction con-
itions listed in Table 1, entry 3. Yield 81%. [α]D

20 = −11.9
c = 0.2, CHCl3). ee = 82%. 1H NMR (300 MHz, CDCl3) δ:
.62–7.65 (m, 2H, Ph-H), 7.30–7.50 (m, 6H, Ph-H), 7.17–7.20
m, 2H, Ph-H), 3.85 (dd, 1H, J = 5.7, 3.9 Hz, CHC O),
.86–1.95 (m, 2H, CH2CH3), 1.44 (s, 9H, t-Bu), 0.87 (t, 3H,
= 5.4 Hz, CH3) ppm. IR (neat) 2978, 1735, 1624, 1447, 1367,
279, 1153, 696 cm−1. HPLC analysis: DAICEL Chiralcel OD-
, hexane/isopropyl alcohol = 99.5:0.5, flow rate = 0.5 mL/min,

etention time: 11.6 min (S) and 13.3 min (R).

.9.10. tert-Butyl
-methyl-2-(diphenylmethyleneamino)propanoate (2l, S)

Synthesized as Section 2.9 according to the reaction con-
itions listed in Table 1, entry 3. Yield 82%. [α]D

20 = −10.6
c = 0.2, CHCl3). ee = 80%. 1H NMR (300 MHz, CDCl3) δ:
.62–7.65 (m, 2H, Ph-H), 7.30–7.51 (m, 6H, Ph-H), 7.17–7.20
m, 2H, Ph-H), 4.03 (q, 1H, J = 6.8 Hz, CHC O), 1.46 (d, 3H,
= 6.8 Hz, CH3), 1.44 (s, 9H, t-Bu) ppm. IR (neat) 2978, 1735,
624, 1447, 1367, 1286, 1153, 1030, 849, 781, 696 cm−1; HPLC
nalysis: DAICEL Chiralcel OD-H, hexane/isopropyl alco-
ol = 99.5:0.5, flow rate = 0.5 mL/min, retention time: 10.7 min
S) and 12.0 min (R).

. Results and discussion

The catalytic efficiency of the CPTCs was evaluated by enan-
ioselective phase transfer alkylation of tert-butyl benzophenone
chiff base derivative 1 (Scheme 1) with different electrophiles.
arious factors affecting the reaction were examined, such as

emperature, solvent, the species and concentration of the inor-

anic bases, the amounts of the benzyl bromide and the type of
PTC.

Firstly, we attempted to study the influence of various
norganic bases, reaction temperature and amounts of benzyl
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romide and catalyst in the presence of catalyst 9. Eventually,
he best reaction condition was obtained when the reaction pro-
eeded with benzyl bromide (5.0 equiv.), and CPTC (5 mol%) in
M aqueous solution of KOH (10 equiv., 2 mL) at room temper-
ture. The highest ee and yield were 86% and 99%, respectively
Table 1, entry 3) with benzyl bromide as the electrophiles. We
lso performed the reaction at lower temperature (Table 1, entries
4 and 5). But the results were unsatisfactory, as the solubility of
he substrate and catalyst was low when the temperature is low.
he optimum temperature for alkylation is room temperature,

mplying that higher temperature was beneficial to the solubility
f the reactant so that good chemical yield as well as enantios-
lective could be achieved. The good solubility of the substrate
s the precondition of the asymmetric alkylation. As shown in
able 1, the moderate concentration of KOH aqueous solution
fforded the best result. It implied neither a decrease nor an
ncrease in the concentration of base is beneficial to the chemi-
al yield and enantioselectivity. Further, the high concentration
f CPTC showed little influence on the result owing to its lower
olubility in the aqueous solution. The excess CPTC could not
issolve in the reaction system to participate in the phase trans-
er catalytic procedure. After optimizing the reaction condition,
e considered whether the catalyst could be decomposed or not
uring the reaction procedure. So we reclaimed the catalyst and
nvestigated its structure. The catalyst could be separated from
he reaction mixture when we added diethyl ether to the reac-
ion residue, because of the reaction product could dissolve in

iethyl ether and the catalyst was insoluble in it. We found that
he catalyst was not decomposed under the present condition
xamined by 1H NMR. It indicated that the catalyst is stable
nder the reaction condition.

r
q
p
w

able 2
symmetric alkylation of 1 with different catalysts

ntry PTC Solvent

1 4a 1 M KOH
2 4b 1 M KOH
3d 9 Toluene/CHCl3 7:3
4 9 1 M KOH
5 5 1 M KOH
6 6 1 M KOH
7 7 1 M KOH
8d 7 Toluene/CHCl3 7:3
9 8 1 M KOH

10 10 1 M KOH
11d 10 Toluene/CHCl3 7:3
12 11 1 M KOH
13d 11 Toluene/CHCl3 7:3

a Isolated yield.
b Enantiomeric excess was determined by HPLC analysis using a chiral column (D
c The absolute configuration was confirmed by comparison of the HPLC retention
rocedures [29].
d The reaction was performed with Toluene/CHCl3 7:3 (2 mL), 10M KOH (0.25

emperature.
sis A: Chemical 276 (2007) 102–109 107

Secondly, we completed the optimization of the reaction con-
itions with CPTC 9. In Table 2, we found the chemical yield was
igher when the solvent was water than when classical organic
olvents were used. Unfortunately, the lower ee was obtained
han the conventional reaction condition. The similar observa-
ion was notified by Li et al. [59]. We speculate it should be due
o the less solubility of the electrophiles in water. The amount
f benzophenone 3 is also decreased in aqueous media. It indi-
ated that it was the best way to prevent the decomposition of
when water is used as the solvent and the new methodology
as suitable for alkylation.
As we know, most of the cinchona alkaloids derivatives were

eported with the excellent enantioselectivities since the steric
ffect plays an important role in the asymmetric alkylation of
ert-butyl benzophenone Schiff base derivatives [28,29]. But
e cannot ignore that electronic effect may be another sig-
ificant factor [31,60,61]. Hence, we synthesized a series of
-acetophenone cinchona ammonium salts and catalyzed the
symmetric alkylation in water. The different catalytic efficien-
ies were found due to the acetophenones substituted at the
rtho-, meta- or para-position with various functional groups
uch as nitro and halides. In Table 2, we show the catalytic
fficiencies of CPTCs such as 4a, 4b prepared by O’Donnell
Fig. 1) and other N-acetophenone cinchona ammonium salts
e synthesized. Other variable parameters such as base, temper-

ture and solvent were kept constant. It is clear that the CPTC
-NO2-quinium-N-acetophenone bromide 9 afforded the best

esult. It indicated the electron-withdrawing N-acetophenone
uinine group caused by the overall electron deficiency of the
ositive charge helped to enhance the degree of the ion pairing
ith enolate. The more tight ion pairing was formed the better

Yield (%)a ee (%)b (Configuration)c

81 61(S)
85 68(S)
83 96(S)
99 86(S)
89 73(S)
96 80(S)
92 84(S)
77 88(S)
92 79(S)
89 78(S)
75 91(S)
91 76(R)
79 94(R)

AICEL Chiralcel OD-H) with hexane-isopropanol (99.5:0.5) as an eluent.
time of an authentic sample, which was synthesized independently by reported

mL, 12.5 equiv.), benzyl bromide (5.0 equiv.) and CPTC (5 mol%) at room
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Table 3
Asymmetric alkylation with various electrophiles using catalyst 9 in aqueous
media

Entry R’X Yield (%)a ee.(%)b (Configuration)c

2a PhCH2Br 99 86(S)
2b o-CH3 PhCH2Br 90 85(S)
2c m-CH3 PhCH2Br 87 90(S)
2dd p-CH3 PhCH2Br 92 87(S)
2e p-CH3 PhCH2Br 51 63(S)
2f o-Cl PhCH2Br 93 91(S)
2g m-Cl PhCH2Br 89 91(S)
2hd p-Cl PhCH2Br 98 96(S)
2i p-Cl PhCH2Br 48 58(S)
2j CH2 CHCH2Br 79 83(S)
2k C2H5I 81 82(S)
2l CH3I 82 80(S)

a Isolated yield.
b Enantiomeric excess was determined by HPLC analysis using a chiral

column (DAICEL Chiralcel OD-H) with hexane-isopropanol (99.5:0.5) as an
eluent.

c The absolute configuration was confirmed by comparison of the HPLC
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etention time of an authentic sample, which was synthesized independently
y reported procedures [22,28,29,32,35].
d 1% mol PhCH3 was added.

nantioselective was obtained [29]. Moreover, we found the sol-
bility of catalyst 9 in the reaction mixture was better than other
atalysts like 4a and 4b. The arylcarbonylmethylene moiety of
atalyst 9 could improve the solubility in the reaction mixture.
e speculated that the solubility is a factor in improving the

nantioselectivity.
Encouraged by these preliminary results, different benzyl

romides were employed as electrophiles (Table 3). The equally
atisfactory ee and yields were obtained under the above alkyla-
ion condition with substituted benzyl bromide, allylic bromide
nd alkyl iodide. The best result (ee up to 96%) was obtained
ith p-Cl benzyl bromide. We can see from the Table 3 (entries
d, 2e, 8, 9), the solid state of p-CH3 benzyl bromide and p-
l benzyl bromide affect the yields and ee. It suggests that the

olid or liquid state and the amounts of the electrophiles showed
ignificant influence on the enantioselectivity and yield, which
grees with what has been reported [58,59]. As the solid halides
issolved into the added 1% toluene and the replaced liquid
alide as the organic phase, the organic phase came into being,
nd the phase transfer process well proceeded. Since the liquid
alides acted as the organic phase in the reaction system, the
oderate excess of liquid halides was helpful to the chemical

ield and enantioselectivity.

. Conclusion

In summary, we have successfully synthesized the novel

PTC, and completed the asymmetric alkylation of tert-butyl
enzophenone Schiff base derivatives with high chemical yields
nd enantioselectivities in aqueous media. It demonstrated that
he new methodology may be widely used. We also studied

[

[
[

sis A: Chemical 276 (2007) 102–109

he influence of substituted N-acetophenone cinchona ammo-
ium group on the enantioselectivity of the reaction. The
lectron-withdrawing group was shown to enhance the catalytic
fficiency. In addition, further research on the application of the
ovel CPTCs is under investigation in our lab.

cknowledgements

The authors thank National Natural Science Foundation of
hina (20472032) and the State Key Laboratory of Elemento-
rganic Chemistry for financial support.

eferences

[1] E.V. Dehmlow, S.S. Dehmlow, Phase Transfer Catalysis, third ed., VCH,
Weinheim, 1993.

[2] C.M. Starks, C.L. Liotta, M. Halpern, Phase Transfer
Catalysis—Fundamentals, Applications and Industrial Perspectives,
Chapman and Hall, New York, 1994.

[3] M. Halpern (Ed.), Phase Transfer Catalysis Symposium Series, vol. 659,
American Chemical Society, ACS, Washington, DC, 1995.

[4] D. Ma, K. Cheng, Tetrahedron: Asymmetry 10 (1999) 713.
[5] T. Ishikawa, Y. Araki, T. Kumamoto, H. Seki, K. Fukuda, T. Isobe, Chem.

Commun. (2001) 245.
[6] S. Arai, T. Shioiri, Tetrahedron Lett. 39 (1998) 2145.
[7] S. Arai, Y. Shirai, T. Ishida, T. Shioiri, Tetrahedron 55 (1999) 6375.
[8] S. Arai, Y. Shirai, T. Ishida, T. Shioiri, Chem. Commun. (1999) 49.
[9] S. Arai, T. Ishida, T. Shioiri, Tetrahedron Lett. 39 (1998) 8299.
10] S. Arai, T. Shioiri, Tetrahedron 58 (2002) 1407.
11] S. Arai, K. Tokumaru, T. Aoyama, Tetrahedron Lett. 45 (2004) 1845.
12] S. Arai, K. Nakayama, T. Ishida, T. Shioiri, Tetrahedron Lett. 40 (1999)

4215.
13] M. Horikawa, J. Buch-Petersen, E.J. Corey, Tetrahedron Lett. 40 (1999)

3843.
14] T. Ooi, K. Doda, K. Maruoka, Org. Lett. 3 (2001) 1273.
15] E.J. Corey, F.-Y. Zhang, Angew. Chem. Int. Ed. 38 (1999) 1931.
16] D.Y. Kim, E.J. Park, Org. Lett. 4 (2002) 545.
17] N. Shibata, E. Suzuki, Y. Takeuchi, J. Am. Chem. Soc. 122 (2000) 10728.
18] B. Mohar, J. Baudoux, J.-C. Plaquevent, D. Cahard, Angew. Chem. Int. Ed.

40 (2001) 4214–4216.
19] R.C.D. Brown, J.F. Keily, Angew. Chem. Int. Ed. 40 (2001) 4496.
20] S. Arai, H. Tsuge, M. Oku, M. Miura, T. Shioiri, Tetrahedron 58 (2002)

1623.
21] B. Lygo, C.M. To, Tetrahedron Lett. 42 (2001) 1343.
22] E.J. Corey, M.C. Noe, F. Xu, Tetrahedron Lett. 39 (1998) 5347.
23] B. Lygo, Tetrahedron Lett. 40 (1999) 1389.
24] B. Lygo, B.I. Andrews, D. Slack, Tetrahedron Lett. 44 (2003) 9039.
25] T. Ooi, E. Tayama, K. Maruoka, Angew. Chem. Int. Ed. 42 (2003) 579.
26] M.J. O’Donnell, W.D. Bennett, S. Wu, J. Am. Chem. Soc. 111 (1989) 2353.
27] M.J. O’Donnell, S. Wu, C. Hoffman, Tetrahedron 50 (1994) 4507–4518.
28] B. Lygo, P.G. Wainwright, Tetrahedron Lett. 38 (1997) 8595.
29] E.J. Corey, F. Xu, M.C. Noe, J. Am. Chem. Soc. 119 (1997) 12414.
30] H.G. Park, B.S. Jeong, M.S. Yoo, J.H. Lee, M.K. Park, Y.J. Lee, M.J. Kim,

S.S. Jew, Angew. Chem. Int. Ed. 41 (2002) 3036.
31] S.S. Jew, M.S. Yoo, B.S. Jeong, I.Y. Park, H.G. Park, Org. Lett. 4 (2002)

4245.
32] S.S. Jew, B.S. Jeong, M.S. Yoo, H. Huh, H.G. Park, Chem. Commun. 14

(2001) 1244–1245.
33] H.G. Park, B.S. Jeong, M.S. Yoo, M.K. Park, H. Huh, S.S. Jew, Tetrahedron

Lett. 42 (2001) 4645–4648.

34] T. Kita, A. Georgieva, Y. Hashimoto, T. Nakata, K. Nagasawa, Angew.

Chem. Int. Ed. 41 (2002) 2832–2834.
35] T. Ooi, M. Kameda, K. Maruoka, J. Am. Chem. Soc. 121 (1999) 6519.
36] T. Ooi, Y. Uematsu, M. Kameda, K. Maruoka, Angew. Chem. Int. Ed. 41

(2002) 1551.



ataly

[
[
[
[

[

[
[

[

[

[
[

[

[

[

[

[

[

[
[

[

[

[

[

X. Wang et al. / Journal of Molecular C

37] T. Ooi, M. Kameda, K. Maruoka, J. Am. Chem. Soc. 125 (2003) 5139.
38] K. Manabe, Tetrahedron Lett. 39 (1998) 5807.
39] K. Manabe, Tetrahedron 54 (1998) 14456.
40] Y.N. Belokon, K.A. Kotchetkov, T.D. Churkina, N.S. Ikonnikov, A.A.

Chesnokov, A.V. Larionov, V.S. Parmar, R. Kumar, H.B. Kagan, Tetra-
hedron: Asymmetry 9 (1998) 851.

41] Y.N. Belokon, K.A. Kotchetkov, T.D. Churkina, N.S. Ikonnikov, A.A.
Chesnokov, A.V. Larionov, I. Singh, V.S. Parmar, S. Vyskocil, H.B. Kagan,
J. Org. Chem. 65 (2000) 7041.

42] S. Arai, R. Tsuji, A. Nishida, Tetrahedron Lett. 43 (2002) 9535.
43] Y.N. Belokon, R.G. Davies, M. North, Tetrahedron Lett. 41 (2000)

7245–7248.
44] Y.N. Belokon, K.A. Kochetkov, T.D.N.S. Churkina, S. Ikonnikov, H.B.

Vyskocil, Kagan, Tetrahedron: Asymmetry 10 (1999) 1723–1728.
45] Y.N. Belokon, M. North, T.D. Churkina, N.S. Ikonnikov, V.I. Maleev,

Tetrahedron 57 (2001) 2491–2498.
46] D. Tzalis, P. Knochel, Tetrahedron Lett. 40 (1999) 3685–3688.
47] Y.N. Belokon, D. Bhave, D. D’Addario, E. Groaz, V. Maleev, M. North, A.
Pertrosyan, Tetrahedron Lett. 44 (2003) 2045–2048.
48] R. Chichilla, P. Mazon, C. Najera, Tetrahedron: Asymmetry 11 (2000)

3277.
49] T. Baptiste, P. Thierry, A. Christophe, P. Jean-Christophe, C. Dominique,

Synthesis 11 (2001) 2808.

[

[

sis A: Chemical 276 (2007) 102–109 109

50] T. Baptiste, P. Jean-Christophe, C. Dominique, Tetrahedron: Asymmetry
12 (2001) 983–986.

51] B. Thierry, J.C. Plaquevent, D. Cahard, Tetrahedron: Asymmetry 14 (2003)
1671.

52] T. Danelli, R. Annunziata, M. Benaglia, M. Cinquini, Tetrahedron: Asym-
metry 14 (2003) 461.

53] C. Rafael, M. Patricia, N. Carmen, Adv. Synth. Catal. 346 (2004)
1186–1194.

54] C. Rafael, M. Patricia, N. Carmen, Molecules 9 (2004) 349–364.
55] Y. Wang, Z. Zhang, W. Zhen, J.B. Meng, P. Hodge, Chin. J. Polym. Sci. 16

(1998) 356–361.
56] Z.P. Zhang, Y.M. Wang, W. Zhen, P. Hodge, React. Funct. Polym. 41 (1999)

37.
57] J. Lv, X. Wang, J.Y. Liu, L.P. Zhang, Y.M. Wang, Tetrahedron: Asymmetry

17 (2006) 330–335.
58] M. Nobuyuki, O. Takahiro, M. Hironao, N. Fumito, Y. Hidemi, T. Kunihiko,

Tetrahedron Lett. 46 (2005) 3213.
59] L. Li, Z.P. Zhang, X.X. Zhu, A. Popa, S.W. Wei, Synlett 12 (2005)
1873.
60] H.G. Park, B.S. Jeong, M.S. Yoo, J.H. Lee, B.S. Park, M.G. Kim, S.S. Jew,

Tetrahdron Lett. 44 (2003) 3497.
61] S.S. Jew, M.S. Yoo, B.S. Jeong, I.Y. Park, H.G. Park, Org. Lett. 7 (2005)

1129.


	A novel N-acetophenone cinchona ammonium salts as chiral phase transfer catalysts for the alkylation of Schiff base in water
	Introduction
	Experimental
	Materials
	Synthesis of quinium-N-acetophenone bromide (CPTC-5)
	Synthesis of 4-Br-quinium-N-acetophenone bromide (CPTC-6)
	Synthesis of 4-Cl-quinium-N-acetophenone bromide (CPTC-7)
	Synthesis of 3-NO2-quinium-N-acetophenone bromide (CPTC-8)
	Synthesis of 4-NO2-quinium-N-acetophenone bromide (CPTC-9)
	Synthesis of 4-NO2-cinchonidium-N-acetophenone bromide (CPTC-10)
	Synthesis of 4-NO2-cinchoninium-N-acetophenone bromide (CPTC-11)
	General procedure for asymmetric alkylation of tert-butyl benzophenone Schiff base derivative 1 under CPTC conditions
	tert-Butyl 3-phenyl-2-(diphenylmethyleneamino)propanoate (2a, S)
	tert-Butyl 3-(2-methylphenyl)-2-(diphenylmethyleneamino)propanoate (2b, S)
	tert-Butyl 3-(3-methylphenyl)-2-(diphenylmethyleneamino)propanoate (2c, S)
	tert-Butyl 3-(4-methylphenyl)-2-(diphenylmethyleneamino)propanoate (2d, S)
	tert-Butyl 3-(2-chlorophenyl)-2-(diphenylmethyleneamino)propanoate (2f, S)
	(S)-tert-Butyl 3-(3-chlorophenyl)-2-(diphenylmethyleneamino)propanoate (2g, S)
	tert-Butyl 3-(4-chlorophenyl)-2-(diphenylmethyleneamino)propanoate (2h, S)
	tert-Butyl 3-(2-allyl)-2
	tert-Butyl 3-ethyl-2-(diphenylmethyleneamino)propanoate (2k, S)
	tert-Butyl 3-methyl-2-(diphenylmethyleneamino)propanoate (2l, S)


	Results and discussion
	Conclusion
	Acknowledgements
	References


