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A novel type of silica gel-supported cinchona alkaloid-based quaternary ammonium salt was prepared by 

available one-pot synthesis for the first time through the free radical addition of sulfydryl group of 3-

mercaptopropyltrimethoxysilane to endocyclic carbon-carbon double bond in N-(2-cyanobenzyl)-O(9)-

allyl-cinchonidinium bromide, and subsequent hydrolysis of trimethoxysilane. In the α‒alkylation of N-

(diphenylmethylene)glycine tert-butyl ester with alkyl halides, it was found that the various substituted 10 

benzyl bromides, both with the electron-withdrawing (-CF3 and -F) and electron-donating (-CH3) 

substituents, afforded the corresponding α-alkylation products with the moderate to excellent 

enantioselectivities (76.0–96.9 %ee) in high 80–96% yields. However, allyl bromides  gave the poor 

yields (10‒50%) and enantioselectivities (52.0 ‒67.1 %ee). After the completion of α‒alkylation reaction, 

silica gel-supported chiral phase-transfer catalyst could be readily recovered in quantitative yield by 15 

filtration, and reused for five consecutive runs without significant loss in catalytic performances. 

Introduction 

Due to simple experimental procedures, mild reaction conditions, 

inexpensive and environmentally benign reagents and solvents, 

phase-transfer catalysis (PTC) has long been recognized as a ver-20 

satile method to achieve a wide variety of transformations in the 

field of organic synthesis.1 Various structurally well-defined non-

natural and natural phase-transfer catalysts (PTCs) such as cinch-

ona alkaloid-derived quarternary ammonium salts and N-spiro 

ammonium salts,2 had been developed, particularly in the last 20 25 

years. Among them, some privileged chiral PTCs have success-

fully and widely used in the various asymmetric syntheses such 

as alkylation,3 conjugate addition,4 Mannich reaction5 and Aldol 

reaction.6 However, some practical limitations of PTC method are 

the difficult recovery of homogeneous PTCs and easy formation 30 

of stable emulsion. From the point of green chemistry, many end-

eavors have been devoted to solve these problems. One of them is 

the immobilization of PTCs on various polymer supports such as 

Merrifield resin,7 poly(ethylene glycol)8 and polystyrene.9 It is 

worthwhile to note that these polymer supports have low specific 35 

surface areas and obvious shrinkage characteristic in aqueous/ 

organic system, which result in a decline in catalytic performance, 

compared to the corresponding homogeneous analogues owing to 

diffusional retardation. 

 It is well-known that inorganic material is also proved to be an 40 

excellent support for the heterogenization of stereoselective orga-

nocatalysts due to its excellent thermal and chemical stability, lar-

ge specific surface area, well-defined tunable pore and adjustable 

hydrophobic or hydrophilic character.10 Silica gel is one of these 

outstanding representatives. 11 However, there has seldom report 45 

on the immobilization of homogeneous chiral PTCs into a supp-

ort with inorganic backbone such as silica gel.12 Particularly, in 

the enantioselective α-alkylation of N-(diph-enylmethylene)gly-

cine tert-butyl ester, the strong bases such as concentrated KOH, 

NaOH or CsOH solution should be required, and could result in a 50 

serious corrosion to the inorganic backbone of catalyst support. 

This may be the reason why there is no report on the inorganic 

material-supported chiral PTCs used in strong basic medium.  

 In this paper, we developed a novel type of recoverable silica 

gel-supported cinchona alkaloid-based quaternary ammonium salt, 55 

N-(2-cyanobenzyl)-O(9)-allyl-cinchonidinium bromide, through  

available one-pot synthesis for the first time, in which the inorga-

nic backbone of silica was meticulously wrapped by alkyl organic 

moieties and protected itself from alkali corrosion (Scheme 1). In 

the enantioselective α-alkylation of N-(diphenylmethylene)glyc-60 

ine tert-butyl ester with various o, m, p-substituted benzyl bromi-

des, the moderate to excellent yields (80‒96%), enantioselectivit-

ies (76.0‒96.9%ee) of α-alkylation products and satisfactory tole-

rance of supported PTCs were achieved under optimal conditions. 

 65 

Scheme 1 One-pot synthesis of silica gel-supported cinchona alkaloid-

derived PTC catalyst 
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Experimental 

General methods 

All chemicals were purchased without further purification. N-(2-

cyanobenzyl)-O(9)-allyl-cinchonidinium bromide (CDPTC) was 

synthesized using cinchonidine (CD) as a starting material accor-5 

ding to the reference and ascertained by 1H NMR. 13 

 The reaction monitoring was accomplished by TLC on silica 

gel PolyGram SILG/UV254 plates. FT-IR spectroscopy was reco-

rded on a Perkin-Elmer Model GX Spectrometer using KBr pellet 

method with polystyrene as a standard. Thermogravimetry-differ-10 

ential thermal analysis (TG-DSC) was measured on a SBTQ600 

thermal analyzer with a heating rate of 20 °C min-1 from 40 °C to 

900 °C in air using N2 as protective gas (100 mL min-1). Elemen-

tal analysis of C, H, N, O and S in catalyst was detected from an 

Vario Micro cube elemental analyzer instrument. The surface mo-15 

rphologies of the samples were determined by a Tecnai G2 F20 

transmission electron microscope operated at 200 kV. X-ray pow-

der diffractions were analyzed using a XRD-7000 S/L instrument: 

Cu-Kα radiation, X-ray tube settings of 40 kV/30 mA and a step 

size of 2 º min-1 in the 10–100 º (2θ) range. N2 adsorption-desor-20 

ption analysis was carried out at 77 K on an Autosorb-1 apparatus 

(Quantachrome), in which the sample was degassed at 120°C for 

12 h before measurement. The specific surface area and pore dia-

meter were calculated by the BET method and BJH model, respe-

ctively. The enantiomeric excesses (%ee) of α‒alkylation produ-25 

cts were determined on an Agilent LC-1200 HPLC using Pheno-

menex Lux 5u Amylose-2 and Daicel Chiralpak OD‒H 4.6 mm × 

25 cm columns (n-hexane/2-propanol = 95/5) under 20 °C, 254 

nm and 0.5 mL min−1 conditions. 

One-pot preparation of silica gel-supported PTC catalyst 30 

To a sealed round-bottomed flask (100 mL) was charged with N-

(2-cyanobenzyl)-O(9)-allyl-cinchonidinium bromide (265.3 mg, 

0.5 mmol), (3-mercaptopropyl)trimethoxysilane (3-MPTS, 392.7 

mg, 2.0 mmol) and AIBN (16.4 mg, 0.1 mmol), flushed three 

times with Ar atmosphere. Then CHCl3 (30 mL) was added by a 35 

syringe, and the reaction mixture was refluxed for 72 h at 80°C 

with the monitoring of TLC. During the catalytic reaction, AIBN 

(16.4 mg, 0.1 mmol) was added once per 24 hours. The reaction 

mixture was concentrated under reduced pressure, added ethanol-

water solution (0.4 mL, v/v = 1/1) containing 0.25 mol L-1 hydro-40 

chloric acid, and then stirred at room temperature for 36 h and at 

90 °C for 5 h. The formed pale yellow solid was filtered, washed 

with CHCl3 (2 mL×3 ), water (2 mL×3 ) and ethanol (2 mL×3), 

and dried overnight in vacuo to afford silica gel-supported PTC 

catalyst SiO2@CDPTC (550.0 mg). Anal. Found: C, 48.72; H, 45 

6.18; N, 3.65; O, 1.39; S, 9.87. 

General enantioselective α-alkylation reaction 

To a mixture of SiO2@CDPTC (0.11 g, 18.8 mol %), N-(diphen-

ylmethylene)glycine tert-butyl ester (0.15 g, 0.51 mmol), 50 %wt 

KOH aqueous solution (1.0 mL, 13.4 mmol) and toluene (4.0 mL) 50 

was added o, m or p-substituted benzyl bromide (2.5 mmol) at -

40 °C and vigorously stirred for 72 h. After the complete consum-

ption of N-(diphenylmethylene)glycine tert-butyl ester, the react-

ion mixture was diluted with water (5 mL) and extracted with 

ether (5 mL×3). The catalyst SiO2@CDPTC was recovered by 55 

filtration and reused directly. The combined organic layers were 

dried over anhydrous Na2SO4 and concentrated under reduced 

pressure to afford the crude product, which was purified by gra-

dient chromatography on alumina gel using petroleum ether/ethyl 

acetate (v/v = 60/1→40/1) as the elu-ents to afford the pure α-60 

alkylation product.  

Results and discussion 

Chemical composition of the catalyst SiO2@CD/PTC 

As shown in Scheme 1, silica gel-supported N-(2-cyanobenzyl)-

O(9)-allyl-cinchonidinium salt SiO2@CDPTC was prepared con-65 

veniently by one-pot method through the free radical addition of 

sulfydryl in 3-MPTS to endocyclic carbon-carbon double bond in 

CDPTC and subsequent hydrolysis of trimethoxysilane. The free 

radical addition of endocyclic carbon-carbon double bond was 

verified by 1H NMR spectra of an analogue of CDPTC, which 70 

was prepared instead of 3-MPTS with mercaptan (see ESI†). The 

covalent attachment of homogeneous CDPTC to the inorganic 

backbone of silica gel was clearly corroborated by FT-IR spectro-

scopy (Fig.1). The C-H stretching vibrations of =CH, CH, CH2 

and C=C characteristic vibration bands of quinoline ring were 75 

confirmed, respectively at 3056, 2925, 2866 cm−1 and 1600-1456 

cm−1 ranges. In particular, the stretching vibrations of the ʋOH and 

ʋSi–OH bands with the high relative intensities are very informative. 

The very strong ʋOH stretching vibrations in the 3600–3200 cm
−1 

region were attributed to the hydrogen-bonded silanol groups and 80 

adsorbed water on the internal and external surfaces, which elu-

cidated that the catalyst was hydrophilic. The peaks positioned at 

1253 and 692 cm-1 indicated the stretching vibrations of C-S-C 

and C-Si bonds, respectively. Furthermore, the characteristic asy-

mmetric stretching (ʋas), symmetric stretching (ʋs) and bending 85 

modes of Si-O-Si,14 located at 1029, 766 and 466 cm-1 respec-

tively, showed the formation of the inorganic backbone of silica. 

Therefore, it was concluded that the homogeneous CDPTC was 

successfully anchored into the backbone of silica.  

 90 

 
Fig.1 The comparative FT-IR spectroscopy of homogeneous CDPTC and 

supported catalyst SiO2@CDPTC 

 The loading capacity of homogeneous CDPTC in the back-

bone of silica could be evaluated from the content of nitrogen in 95 

SiO2@CDPTC determined by elemental analysis. Based on the 

content of nitrogen (3.65%), the loading capacity of CDPTC was 

calculated to be 0.87 mmol per gram of SiO2@CDPTC, which 
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elucidated that 95.7 % of CDPTC had been immobilized into the 

backbone of silica through the one-pot method. Furthermore, ac-

cording to the contents of nitrogen (3.65 %) and sulfur (9.87 %), 

the molar ratio of free to CDPTC-attached 3-mercaptopropyl or-

ganic moieties  on the surface of silica was calculated to be 3.54.  5 

 Thermogravimetric analysis (TGA) was performed in order to 

further offer insight, not only into the chemical composition, but 

also the thermal stability of CDPTC attached to SiO2 @CDPTC. 

From the TGA curve (Fig. 2), it was found that the thermal deco-

mposition of SiO2@CDPTC occurred in three main steps: the 10 

first one with 2.4 % weight loss between 25°C and 100°C corres-

ponded to the surface-bound or intercalated water absorbed in the 

pores; the second one with the sharp weight loss of 37.4 % betw-

een 100°C and 400°C, accompanied by an endothermic peak in 

the DSC curve, was related to the initial decomposition of grafted 15 

organic moieties; the third one with the similar sharp weight loss 

(39.7 %) in the temperature range of 400-730 °C was attributed to 

the further decomposition of organic fragments. Moreover, the 

total thermal weight loss (77.1 %) in the 100‒730 °C range was 

in perfect accord with the total mass (76.8 %) of C, H, N, O, S 20 

and Br elements in SiO2@CDPTC by means of elemental analy-

sis and precipitation method using AgNO3 as a precipitant. 

 

Fig. 2 Thermogravimetric curves of supported catalyst SiO2@CDPTC 

Surface morphology 25 

Taking into account the compact relationship between the surface 

property of supported catalyst and its catalytic performances, it 

was necessary that SiO2@CDPTC should be well elucidated by 

SEM and TEM to understand its surface morphology, particle 

size and pore structure. After being well-dispersed in ethanol (2‒ 30 

3 mg sample in 5 mL of ethanol) under ultrasonic radiation for 10 

min, sputtered over copper wire and dried under infrared radiat-

ion, the TEM images were observed under an accelerating rate 

voltage of 200 keV. Fig. 3 presented the typical scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM) 35 

of SiO2@CDPTC. From the SEM image, SiO2@CDPTC had 

the micrometer-sized honeycomb-like shape (Fig. 3a). The TEM 

image further showed that SiO2@CDPTC possessed the spheri-

cal particles with a uniform diameter of approximate 0.3‒0.5 um 

(Fig. 3b), whereas an HRTEM image clearly showed the more 40 

delicate surface morphology with the irregular ribbings at the 0.5 

‒1.5 nm distances (Fig. 3c). Furthermore, the electron diffraction 

pattern (inset of Fig. 3c) exhibited an amorphous structure feature 

of SiO2@CDPTC, which also supported by X-ray diffraction 

measurements (see ESI†). 45 

Fig. 3 The surface morphologies of supported catalyst SiO2@CDPTC (a) 

SEM, (b) TEM and (c) HRTEM images   

Porous structure 

 Nitrogen adsorption–desorption isotherms of SiO2@CDPTC 

corresponded to the classic definition of Type II isotherm, which 50 

matched well with the normal form obtained with a non-porous or 

macroporous adsorbent (Fig. 4). The pore size distribution using 

the BJH algorithm on the desorption isotherm showed the uneven 

microporous (<2 nm) and mesoporous (2-30 nm) structures. The 

BJH curve clearly displayed four peaks with the micropores cen-55 

tered at about 0.9, 1.2, 1.4 and 1.8 nm, and three peaks with the 

mesopores centered at about 3.6, 4.8 and 7.1  nm (inset of Fig.4). 

Regrettably, from the BET analysis, the low surface area and pore 

volume of SiO2@CDPTC were calculated to be 0.56 m2 g-1 and 

2.72 × 10-3 cc g-1, respectively. 60 

 

 
Fig. 4 N2 adsorption–desorption isotherms of SiO2@CDPTC and pore 

size distributions from BJH analysis based on desorption isotherm 

Catalytic performance 65 

The catalytic efficiency of SiO2@CDPTC was evaluated by the 

model enantioselective phase-transfer α-alkylation of N-(diphen-

ylmethylene)glycine tert-butyl ester, which could produce a large 

number of natural and non-natural optically active α-amino acids. 
15 70 

 In order to screen out the optimal reaction conditions, an initial 

attempt was made by the three-variable screening experiment. As 

can be seen in Fig. 5, the used amount of SiO2@CDPTC, reac-

tion time and temperature had an influence at different degrees on 

the enantioselectivity, among which the reaction temperature was 75 

a key factor that affected the enantioselectivity. The enantiosele-

ctivity increased sharply when the reaction temperature decreased 

Page 3 of 7 Catalysis Science & Technology

C
at

al
ys

is
S

ci
en

ce
&

Te
ch

no
lo

gy
A

cc
ep

te
d

M
an

us
cr

ip
t



 

4  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

from 10 °C to -40 °C. SiO2@CDPTC (18.8 mol%) gave the 87.1 

‒90.1 %ee, 93.0‒94.1 %ee and 94.1‒ 96.0 %ee values, respecti-

vely at 0°C, -20°C  and -40°C. However, no remarkable differe-

nce in enantioselectivity was observed at the different amounts of 

SiO2@CDPTC in the whole reaction. Furthermore, it was found 5 

that the reaction temperature had a significant effect on the yields 

of the product (Table 1). At 0 °C, all enantioselective α‒alkyla-

tions gave the excellent yields (>98%) at the different amounts of 

catalyst used. However, with the decrease of reaction temperature, 

the yields sharply decreased. At -20 and -40 °C, only α-alkylation 10 

reaction catalyzed by 18.8 mol% of SiO2@CDPTC produced α‒ 

alkylation product in an excellent yield (>98%). Therefore, consi-

dering two factors of the enantioselectivity and yield, the experi-

mental parameters at -40 °C for 72 h with the 18.8 mol% used 

amount of SiO2@CDPTC were chosen as the optimized reaction 15 

conditions applied in the following catalytic experiments. 

 

 
Fig. 5 The enantioselectivities of α‒alkylation products in the 

three‒variable screening experiments 20 

 Encouraged by the remarkable catalytic results of α-alkylation 

of N-(diphenylmethylene)glycine tert-butyl ester with benzyl bro-

mide, the substrate scope was extended to various o, m, p-substi-

tuted benzyl bromides under the optimal catalytic conditions and 

the results are summarized in Table 2. It was found that the vari-25 

ous substituted benzyl bromides, both with electron-withdrawing 

(-CF3 and -F) and electron-donating (-CH3) substituents, could 

produce the corresponding alkylation products with the high ena-

ntioselectivities (92.8–96.9 %ee) in good to excellent yields (82–

96%) (entries 1-10). Moreover, when the benzyl bromides bear-30 

ing o-CF3, o-F and o-CH3 substituents were employed as electro-

philes, the slightly lower yields and higher enantioselectivities 

were observed, which was probably due to the sterically hindered 

and confined interaction between the o-substituents of electro-

philes and glycine tert-butyl ester controlled by the catalyst SiO2 35 

@CDPTC (entries 3, 6 and 9).15 Unfortunately, the enantiosele-

ctive α‒alkylation of glycine tert-butyl ester with benzyl bromide 

bearing strong electron-withdrawing NO2 group (entries 14-16) 

afforded the moderate to good enantioselectivities (76.0‒85.6 %) 

in high yields (90‒95%). It was rather disappointing that the allyl 40 

bromides  gave the poor yields (10‒50 %) and unsatisfactory ena-

ntioselectivities (52.0 ‒67.1 %ee) (entries 11-13).   

Table 1 The yields of enantioselective α-alkylation of N-(diphenyl-

methylene)glycine tert-butyl ester under different conditions  

 45 

 

 

Entry Used Cat. 

(mg/mol%) 

Temp. 

 (°C) 

Isolated yield 

(%) 

1 50/8.5 0 94 
2 70/11.9 0 >98 

3 90/15.4 0 >98 

4 110/18.8 0 >98 
5 50/8.5 -20 52 

6 70/11.9 -20 65 

7 90/15.4 -20 91 
8 110/18.8 -20 >98 

9 50/8.5 -40 50 

10 70/11.9 -40 65 

11 90/15.4 -40 81 

12 110/18.8 -40 >98 

Reaction conditions: 72 h, N-(diphenylmethylene)glycine tert-butyl ester 

(0.15 g, 0.51 mmol), BnBr (0.44 g, 2.55 mmol), 50% aq KOH (1.0 mL, 

13.4 mmol), toluene (4.0 mL).  50 

 Compared with the catalytic efficiency of homogeneous organ-

ocatalyst CDPTC, SiO2@CDPTC afforded the same excellent 

enantioselectivities for various benzyl bromides bearing -CF3, -F 

and -CH3 substituents at o, m, p-positions, whereas the poorer 

enantioselectivities were obtained in heterogeneous catalysis for 55 

the allyl bromides (Table 2). Moreover, in order to achieve the 

similar yields as that in homogeneous catalysis, the reaction time 

in heterogeneous catalysis was prolonged from 7 h to 72 h, which 

implied the catalytic rates for all the electrophiles dereased dra-

matically owing to mass transfer of reactants and embedded effe-60 

ct of active sites resulted from the immobilization of CDPTC 

into silical.  

The recovery and reuse of catalyst 

After the completion of α-alkylation reaction, the catalyst SiO2@ 

CDPTC was readily and quantitatively recovered from the react-65 

ion mixture by filtration, and directly reused five times without 

the appreciable drop in the yield and enantioselectivity. Although 

SiO2@CDPTC was exposed a long time in strong alkali environ-

ment during the reaction, it is exciting that the high enantiosele-

ctivity (91.6%ee) were retained in the sixth run (Fig. 6). However, 70 

the yield of α‒alkylation product significantly decreased to 80% 

yield in the sixth run. In order to find out the reasons why the 

catalytic activity of SiO2@CDPTC decreased, several methods 

such as elemental analysis, SEM, HRTEM, TGA and nitrogen ad-

sorption-desorption isotherm were used to monitor the change of 75 

chemical composition, pore structure and surface morphology of 

the recovered SiO2@CDPTC in the sixth run (Fig. 6).  

 Compared with the fresh catalyst SiO2@CDPTC, the recover-

ed SiO2@CDPTC lost its original micrometer-sized honeycomb-

like shape observed from the SEM image, and the TEM image 80 

also showed that the fresh regular and spherical particles with a 

0.3‒0.5 um uniform diameter turned into the irregular particles 

with about 0.1‒0.2 um diameter. The porous structure and surface 

area of recovered SiO2@CDPTC was further monitored by N2 

adsorption–desorption isotherm. Its surface area and pore volume 85 

increased from 0.56 m2 g-1 and 2.72×10-3 cc g-1 to 4.54 m2 g-1 and 

1.47×10-2 cc g-1 respectively, whereas the average pore diameter 
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decreased from 9.7 nm to 6.5 nm. From the BJH curve, the pore 

size distribution showed that the micropores altered little and re-

mained the similar micropores centered at about 0.6, 1.0, 1.2 and 

1.9 nm. However, the mesoporous structure had a great change, 

including the disappeared mesopores at 4.8 nm and 7.1 nm and 5 

only one remained mesopore centered at 3.3 nm (inset of Fig. 7). 

Furthermore, the nonuniform microporous structure was obtained 

after the deep hydrolysis of recovered SiO2@CDPTC in ethanol-

water solution containing 0.25 mol L-1 hydrochloric acid (see ESI

†). Unfortunately, the unsatisfactory enantioselectivity (82.2 %ee) 10 

was found. Based on the results described above, it could be con-

cluded that the backbone of amorphous silica collapsed to some 

extent, and the regularity of porous structure and disappeared me-

sopores resulted in the decrease in enantioselectivity due to their 

steric confined effects. In the other hand, the active catalytic site 15 

played dominent role in catalytic activity. Superficially, the incre-

ased surface area and pore volume of recovered SiO2@CDPTC 

were better to improve its catalytic activity. However, the weight 

loss of organic moieties in the temperature range of 150‒900 °C 

decreased from 77.1% to 72.7% from the TG curve, which 20 

indicated the loss of CDPTC in the catalytic process. Therefore, 

it was conjectured that the loss of organocatalyst CDPTC under 

strong alkali medium was responsible for the decrease in catalytic 

activity.    

 25 

Fig. 6 Reusability of SiO2@CDPTC under optimized reaction conditions 

 
Fig. 7 The SEM, TEM images, TGA and nitrogen adsorption-desorption 

isotherm of recovered SiO2@CDPTC in the sixth run 

Table 2 The enantioselectiveα-alkylation of N-(diphenylmethylene) 30 

glycine tert-butyl ester using different electrophiles 

Entry Product Time 

(h) 

Yield (%)a %eeb 

1 

 
 

 

 

72 
10 

 

 

80 
95 

 

 

93.0 (S) 
95.3 (S) d 

2 

 
 

 

 
72 

10 

 

 
82 

94 

 

 
93.7 (S) c 

96.2 (S) d 

3 

 
 

 

 

72 

10 

 

 

85 

95 

 

 

95.2 (S) 

97.0 (S) d 

4 

 
 

 
 

72 

10 

 
 

95 

95 

 
 

93.1 (S) 

95.6 (S) d 

5 

 
 

 
 

72 

10 

 
 

91 

95 

 
 

93.3 (S) 

95.9 (S) d 

6 

 
 

 
 

72 

10 

 
 

95 

96 

 
 

95.0 (S) 

96.7 (S) d 

7 

 
 

 

 
72 

7 

 

 
90 

96 

 

 
95.7 (S) 

96.3 (S) d 

8 

 
 

 
 

72 

7 

 
 

85 

95 

 
 

92.8 (S) 

96.3 (S) d 

9 

 
 

 

 
72 

7 

 

 
82 

96 

 

 
96.9 (S) 

97.0 (S) d 

10 

 
 

 

 

72 
10 

 

 

96 
96 

 

 

93.6 (S) 
95.2 (S) d 
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11 

 
 

 

 

72 

7 

 

 

10 

93 

 

 

57.8 (S) 

96 (S) e 

12 

 
 

 

 

72 
7  

 

 

16 
95 

 

 

52.0 (S) 
97 (S) e 

13 

 
 

 

 

72 
7  

 

 

50 
92 

 

 

67.1 (S) 
98 (S) e 

14 

 

 
 

48 

7  

 
 

90 

93 

 
 

76.0 (S) 

98 (S) e 

15 

 

 

 
48 

5 

 

 
95 

95 

 

 
85.6 (S) 

94.9 (S) d 

16 

 

 

 
48 

5 
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Reaction conditions: 20 mol% SiO2@CDPTC,  -40 °C, substituted 

benzyl bromide ( 2.5 mmol), N-(diphenylmethylene)glycine tert-butyl 

ester (0.15 g, 0.51 mmol), 50% aq KOH (1.0 mL, 13.4 mmol), 4.0 mL 

toluene. a Isolated yield. b Determined by chiral HPLC with Phenomenex 

Lux 5u Amylose-2 chiral column. c Daicel Chiralpak OD-Hcolumn. d 5 

Homogeneous catalysis by CDPTC. e The cited %ee from ref. 13 

catalyzed by CDPTC at -20 °C. 

Conclusions 

A novel type of amorphous silica gel-supported PTC catalyst, N-

(2-cyanobenzyl)-O(9)-allyl-cinchonidinium bromide, was prepar-10 

ed through a simple and available one-pot synthesis. The effec-

tive immobilization of N-(2-cyanobenzyl)-O(9)-allyl-cinchonidi-

nium bromide was confirmed by means of elemental analysis and 

TGA. The catalyst was the first example of inorganic backbone-

supported PTC catalyst applied in the enantioselective α-alkylat-15 

ion of N-(diphenylmethylene)glycine tert-butyl ester with a varie-

ty of substituted benzyl bromides, leading to the corresponding α-

alkylation products in good to high yields as well as excellent en-

antioselectivities. The catalyst could tolerate the serious corrosion 

of strong base, and easily recovered by filtration and reused sixth 20 

times with the slight decrease in enantioselectivity. 
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