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Herein a new series of chiral phase transfer catalysts derived from the cinchona alkaloids were
synthesized and applied in the asymmetric alkylation of glycine derivatives with high yields and
moderate to excellent ee values (39.5–99.7%).
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The development of the chiral phase transfer catalysts derived
from the structure of cinchona alkaloids is becoming an area of
growing importance.1 From the points of economical and environ-
mental views, catalytic use of these kinds of catalysts is very prom-
ising.2–4 Until recently, there have been three main generations of
these catalysts derived from cinchona alkaloids (Fig. 1). The first
generation: R = H, Ar = Phenyl; the second generation: R = Allyl,
Ar = Phenyl; and the third generation: R = Alkyl, Ar = Anthracyl.
The first generation of catalysts were developed by Dolling’s group
in 1984,5,6 which were successfully applied in the asymmetric
alkylation of glycine Schiff base by O’Donnell’s group with good
enantioselectivity.7,8 Deng and co-workers reported that the sec-
ond generation of the catalysts could catalyze the asymmetric Dar-
zens reaction with high yields and excellent enantioselectivity.9

The third generation of catalysts were developed by Corey’s
group.10 Recently Waser and co-workers reviewed the catalyzed
asymmetric reactions catalyzed by the bifunctional ammonium
catalysts,11 and Hashimoto and Maruoka also reviewed the asym-
metric phase transfer catalysis with chiral ammonium catalysts
derived from cinchona alkaloids and chiral C2-type ammonium
catalysts.12

According to the theory stated by Corey, the chiral phase trans-
fer catalyst should be structured so as to provide steric screening
which prevents close approach of the counter-ion to three of the
faces of this tetrahedron, while the fourth face should be sufficiently
open to allow close contact between the substrate counter-ion
and N+ (Fig. 2).13 There should also be a nearby binding surface
for attractive van der Waal’s interaction.10 In continuation of our
research on the asymmetric phase transfer catalysis,14 herein we
wish to report a series of novel chiral phase transfer catalysts
derived from cinchona alkaloids.

The natural chiral carbon atoms of cinchona alkaloids are essen-
tial for their enantioselectivity. The hydroxyl group and bridgehead
nitrogen are two key groups of cinchona alkaloid parent nucleus.
Till now a method of modification of the two groups at the same
time has not been reported yet. Herein we wish to report the first
modification on both groups at the same time with an easy reac-
tion. Through the reaction, a circular structure containing oxygen
and nitrogen can be brought into the new catalysts to bring the
better screen to the bridgehead nitrogen. Firstly, we designed a
series of catalysts with a six-member cycle as 3a (Fig. 3) derived
from cinchona alkaloids and 1,2-dibromoethane. But when the
experiment was processed, we found it was unsuccessful and no
desired product was achieved. The potential reason was that this
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Figure 2. Model of the theory stated by Corey.
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Figure 3. Some catalyst we tried to synthesize but did not achieve.
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Figure 4. Structure of catalysts 4a–4d.
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Figure 6. Asymmetric benzylation of glycine derivative reaction under different
conditions.
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six-member cycle has an exaggerated steric hindrance to prevent
the generation of the circular structure. According to this potential
reason, the new structure with eight-member cycle was designed
as 3b. We tried to synthesize this compound with cinchona alka-
loids and 1,4-dibromobutane, but it was also not successful and
no desired product was achieved probably due to the low reactivity
of 1,4-dibromobutane.
Concerning the better activity of 1,4-dibromobut-2-ene, it was
considered to replace 1,4-dibromobutane. So herein we designed
and synthesized a series of chiral catalysts as 4a–4d (Fig. 4). As
shown in Figure 4, the structure of eight-member cycle can play
an important role in these catalysts. It could provide satisfying ste-
ric screening with the structure of the endo-cycle which can pre-
vent close approach of the counter-ion to three of the faces of
this tetrahedron. With the potential advantage of the circular
structure, especially the great flexibility of the eight-member cyclic
structure, the catalysts should have a better enantioselectivity.

The catalysts 4a–4d were synthesized by the reaction of (E)-1,4-
dibromobut-2-ene and cinchona alkaloids with sodium hydride as
base, the reactions were all carried out at 80 �C, with THF as the
solvent, with the yield between 60% and 70% (Fig. 5).16

With the catalysts from 4a to 4d in hand, we applied them in
the asymmetric alkylation of glycine derivatives. The asymmetric
benzylation was chosen as a model reaction (Fig. 6), several



Table 1
Asymmetric benzylation of glycine derivative under different reaction conditionsa

Entry Catalyst Temperature (�C) Base Solvent Yieldb (%) eec (%) Configurationd

1 4a 10 50% KOH Toluene 87 99.7 S
2 4b 10 50% KOH Toluene 75 80.1 S
3 4c 10 50% KOH Toluene 77 17.8 R
4 4d 10 50% KOH Toluene 80 60.7 R
5 4a 4 50% KOH Toluene 60 88.4 S
6 4a 20 50% KOH Toluene 71 90.1 S
7 4a 10 50% NaOH Toluene 70 90.3 S
8 4a 10 50% CsOH Toluene 74 91.2 S
9 4a 10 KOH(s) Toluene 85 85.6 S
10 4a 10 50% KOH CH2Cl2 76 45.6 S
11 4a 10 KOH(s) THF 90 39.3 S
12 4a 10 50% KOH Cyclohexane 78 83.7 S

a The reaction was carried out with 1.1 equiv of benzyl bromide and 20.0 equiv of 50% alkaline solution in the presence of 10 mol % 1–3 in different organic agents under
the given conditions.

b Isolated yields.
c Enantiopurity was determined by HPLC analysis of benzylated imine using a chiral column (DAICEl Chiralcel OD-H) with hexanes/i-PrOH (volume ratio = 99.5:0.5) as an

eluent.
d The absolute configuration was determined by comparison of the optical rotation with Refs. 10,15.
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Figure 7. Asymmetric alkylation reactions of glycine derivative under optimal
reaction condition.
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different reaction conditions were investigated and the results are
listed in Table 1.17

As shown in Table 1, of all the catalysts we investigated, 4a gave
the best enantioselectivity (entry 1) while catalysts 4b, 4c, and 4d
gave poor to moderate enantioselectivity and catalyst 4c gave an
amazing low enantioselectivity (entry 3), while there was no cred-
ible explanation till now and further research will be continued in
this field in the future. Of all the solvents we investigated, toluene
gave the best enantioselectivity while more dipolar THF and
CH2Cl2 gave poor enantioselectivity. Different kinds of bases were
also investigated, 50% of aqueous KOH was found to be the best
base, which gave the best ee value, while the bases of 50% NaOH
and 50% CsOH gave the relatively low enantioselectivity. Decrease
of the temperature did not give the better enantioselectivity but
lowered the yield (entry 5) as more of the starting material was
Table 2
Asymmetric alkylation of glycine derivative under optimal reaction conditio

Entry RX

1 Benzyl bromide
2 4-Trifluoromethylbenzyl bromide
3 4-Fluorobenzyl bromide
4 Iodomethane
5 Iodoethane
6 3-Bromoprop-1-yne
7 (Bromomethyl)cyclopropane
8 3-Bromoprop-1-ene
9 Benzyl bromide
10 4-Trifluoromethylbenzyl bromide
11 4-Fluorobenzyl bromide

a Isolated yield.
b The enantiomeric excess was determined by HPLC analysis with a c

ratio = 99.5:0.5) as eluent.
observed to be decomposed under lower temperature. So the opti-
mal condition was with 4a as the catalyst, with 50% KOH as the
base and toluene as the solvent at 10 �C (entry 1). Under the opti-
mal reaction condition, several other alkylation reagents were also
applied in the asymmetric alkylation of the glycine derivative
(Fig. 7) and the results are listed in Table 2.17

As shown in Table 2, the asymmetric alkylation reactions of gly-
cine derivative were smooth at 10 �C with high yields and moder-
ate to excellent ee value. Relatively high enantioselectivity was
achieved with the aromatic alkylation reagents and relatively low
enantioselectivity was achieved with aliphatic alkylation reagents,
and for the aromatic alkylation reagents, a lower enantioselectivity
was achieved with the electron-withdrawing group on the aro-
matic ring, and of all the alkylation reagents, the highest ee value
achieved was 99.7% with benzyl bromide as the alkylation reagent
(entry 1).

The possible work model is listed in Scheme 1, the catalysts
could transfer between the organic phase and the aqueous phase.
In the aqueous phase, the catalysts Q+X� could exchange the anion
with the base MOH and the new organic base Q+OH�was obtained.
The organic base Q+OH� was then transferred to the organic phase
and the active a-H of the glycine Schiff base was deprived. The
Schiff Base thus formed the chiral ion-pair together with Q+ and
the ion-pair could shield one face of the enolate of the Schiff base
effectively, then the asymmetric induction was realized and the
asymmetric alkylation was also realized with desired product
n

Cat. Yielda (%) eeb (%)

4a 87 99.7
4a 82 63
4a 86 80
4a 77 71
4a 69 67
4a 75 87
4a 65 57
4a 76 53
4b 75 80.1
4b 68 40.3
4b 65 54.5

hiral column (DAICEl Chiralcel OD-H) with hexanes/i-PrOH (volume
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Scheme 1. Possible mechanism of asymmetric alkylation of glycine Schiff base.
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formed and the catalysts Q+X�were reformed and re-transferred to
the aqueous layer to form the catalytic cycle.

We successfully designed and synthesized a series of new chiral
phase-transfer catalysts with the structure of 8-atom cycle derived
from cinchona alkaloids. These new catalysts were applied in the
asymmetric alkylation of glycine derivatives with high yields and
moderate to excellent enantioselectivity. Further work is
under way to understand the mechanism and improve the
enantioselectivity.
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17. Typical procedure of the asymmetric alkylation of glycine derivative:
To a mixture of tert-butyl 2-((diphenylmethylene)amino)acetate (0.148 g,
5 mmol) and catalyst 4a (10% mol, 20 mg) in 5 ml toluene were added
benzyl bromide (1.1 equiv) and KOH (20 equiv, 50% aqueous) at 10 �C. The
reaction mixture was stirred vigorously at the same temperature for 18 h. Then
water (5 ml) was added, the organic layer was separated and the aqueous layer
was further extracted with CH2Cl2 twice. The organic layer was combined,
washed with brine, dried over Na2SO4. Evaporation of the solvent gave the
crude product, which was purified with preparative TLC (PE/EA = 50:1) to give
the product (0.168 g) as oil.
1H NMR (500 MHz, CDCl3): 7.82–7.81 (m, 2H), 7.38–7.28 (m, 6H), 7.25–7.14
(m, 3H), 7.08–7.06 (m, 2H), 6.64–6.62 (m, 2H), 4.15–4.11 (m, 1H), 3.27–3.15
(m, 2H), 1.45 (s, 9H). [a]D

22 �210� (c = 0.2, CH2Cl2). HPLC analysis retention
time: 10.72 min, 13.41 min (major) (Daicel Chiralcel OD-H, hexane/
i-PrOH = 99.5:0.5, flow rate = 0.5 ml/min).
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