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1. Sialylation of H-Mbeta

To investigate the effect of hydrophilicity and hydrophobicity of the material on 

this reaction, 1, 2 the H-MBeta was treated with sialylation using a trimethylchlorosilane 

as a reagent. As a typical run, 0.2 g trimethylchlorosilane was dissolved in 20 mL 

ethanol, followed by 1 g H-MBeta was added into above solution and stirred at 80 ℃ 

for 4 h. After completion of silylanization. The mixture was centrifuged, washed with 

ethanol, dried at 100 ℃ overnight and calcined at 450 ℃ for 4 h. The resulting sample 

was denoted as Hy-H-MBeta.

To diagnose the hydrophobicity of dired Hy-H-MBeta, this sample and parent H-

MBeta were characterized by diffuse reflection infrared spectroscopy. Before 

measurement, the samples were pretreated for 2 hours in an in situ cell under a vacuum 

at 200 °C and then cooled to 50 °C. The infrared spectra were collected using KBr as 

background.

2 Recycle performance of the catalyst

To evaluate the recycle performance of the catalyst, considering that the catalyst would 

be inevitably lost during the recovery process, a series of parallel experiments of the H-

MBeta sample were performed. Firstly, sever 10 mL sealed Schlenk tubes, each charged 

into catalyst and reactants (40 mg catalyst, 0.2 mmol styrene, 0.7 mmol benzonitrile, 1 

mL of H2O), were placed in reaction tray at 100 °C for 12 h. When the reaction was 

finished, these catalysts were meticulously isolated from the reaction mixture through 

centrifugation, and then thoroughly mixed and washed with water. After that, the 

collected sample was dried at 100 °C for 12 h and calcined at 550 °C for 4 h in an air 

atmosphere before being used in the next cycle. Because the inevitable loss of the 

catalyst occurred during catalyst washing and transfer, the amount of the collected 

catalyst was reduced. The remaining catalysts were evaluated in the parallel 

experiments. After 5 runs for the catalyst, the catalyst was denoted as S-H-MBeta, 

which was characterized by XRD patterns, N2 adsorption-desorption isotherm, NH3-

TPD curves and Py-IR spectra. 
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Fig. S1. The diffuse reflection infrared spectra of H-MBeta and dried Hy-H-MBeta 

samples.

Discussion: 

In order to diagnose the hydrophobicity of dried Hy-H-MBeta, this sample and 

parent H-MBeta were characterized by infrared spectroscopy. As shown in Fig. S1, the 

infrared spectrum of the parent H-MBeta can distinguish two infrared absorption bands 

in the region of 2600 - 4000 cm-1. The absorption band at 3745 cm-1 was assigned to 

the end-terminal silanol, and the absorption peak at 3644 cm-1 corresponded to the 

acidic bridged hydroxyl group (Al(OH)Si) bonding to the framework.1, 3 Hy-H-MBeta 

had three infrared absorption bands in this region. The intensity of band at 3745 cm-1 

was significantly reduced, and new bands at 2908 and 2973 cm-1 associated with C-H 

bond stretching vibration from trimethylchlorosilane appeared, which proves that the 

reaction of trimethylchlorosilane with terminal silanol greatly reduces the silanols. 

While the band at 3644 cm-1 was slightly reduced, which indicated that the hydrolyzed 

trimethylchlorosilane was prior to react with the silanols.
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Fig. S2. XRD patterns of the series of mesoporous Beta zeolite samples.
Discussion:

The relative crystallinities of the samples were calculated by comparing the sums 

of the peak height at 2θ=7.9 and 22.4° the sample to that of Na-MBeta sample. 

Specifically, 

                             （1）

𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 (%) =

2

∑
𝑖 = 1

𝐼𝑖.𝑠𝑎𝑚𝑙𝑝𝑒

2

∑
𝑖 = 1

𝐼𝑖.𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

× 100%

In Equation 1, Ii, sample represents the peak height 2θ=7.9 and 22.4° for the series 

mesoporous Beta zeolite and Ii, reference represents the peak height 2θ=7.9 and 22.4° for 

the reference Na-MBeta zeolite. Figure 10 showed the XRD patterns of the series 

mesoporous Beta zeolite samples. The diffraction peak at 2θ=7.9 and 22.4° was marked 

with dotted line. The specific calculation process is as follows:

H-MBeta: C =123%
𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 (%) =

9775.76 + 12718.1
8147.28 + 10140.41

× 100%

H-MBeta-0.3: C =143%
𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 (%) =

14622.32 + 11567.13
8147.28 + 10140.41

× 100%

H-MBeta-1.0: C =123%
𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 (%) =

12716.34 + 9819.13
8147.28 + 10140.41

× 100%
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Fig. S3. (a) XRD patterns, (b) N2 adsorption-desorption isotherm and (c) Py-IR 

spectra of H-MBeta and Hy-H-MBeta.
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Fig. S4. (a) Py-IR spectra of sample adsorbed pyridine (The self-supporting wafer 

(approximate 20 mg) of the sample was pretreated in an in-situ cell at 400 °C for 2 h 

under a vacuum and then was cooled to 50 °C. Pyridine vapor was introduced into in 

situ cell in N2 stream until adsorption saturation at 50 °C. The spectrum was recorded 

at 50 °C in deduction of the sample backing spectrum after desorption of pyridine at 

350 °C under vacuum of 10-2 Pa.)
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Fig. S5. LCMS spectra of 3a-d and 3a-d2 (The Ritter reaction of styrene with 

benzonitrile was performed in deuterium water, a mixture of products 3a-d and 3a-d2 

were obtained, which was analyzed by LCMS, as shown in Fig.S5).
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Fig. S6. Diffuse reflection infrared spectrum of the N-(1-phenylethyl) benzamide 

product.
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Discussion: 

Many researchers developed various Brönsted or Lewis acid catalysts, and proposed 

widely accepted and unanimous reaction mechanism, as shown in Fig. S7. Alcohol was 

protonated by the protonic acid, releasing a water molecule to form a carbocation (Ⅰ). 

While the alkene was directly protonated to form a carbocation (Ⅰ). The lone electron 

pair of the nitrile group attacks this cation to form nitrilium ion (Ⅱ). Another lone 

electron pair of the oxygen atom in the water molecule attacks the nitrilium ion to form 

intermediate Ⅲ that was subsequently underwent proton elimination process and 

transformed into intermediate Ⅳ. This intermediate Ⅳ tautomerizes to generate more 

stable N-alkylated amides. 
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Fig. S8 (a) XRD patterns, (b) N2 adsorption-desorption isotherms, (c) NH3-TPD curves 

and (d) Py-IR spectra of H-MBeta and S-H-MBeta.



3. Tables
Table S1. Screening of different temperature for the amination of styrene with 
benzonitrile. a

Entry Temperature Conversion (%)b Product selectivity. (%)c

1 70 30 78

2 80 43 85

3 100 87 90

4 120 83 89

5 150 87 69

a Reaction conditions: 0.2 mmol 1a, 0.7 mmol 2a, 1 mL H2O, air, 40 mg zeolite catalyst, 
12 h. b,c the conversion of styrene and product selectivity were analyzed by GC.



Table S2. Screening of different time for the amination of styrene with benzonitrile. a

Entry Time Conversion (%)b Product selectivity (%)c

1 8 61 87

2 10 73 89

3 12 87 90

4 14 82 86

5 16 85 88

6 18 86 90

a Reaction conditions: 0.2 mmol 1a, 0.7 mmol 2a, 1 mL H2O, air, 40 mg zeolite catalyst 
and 100 ℃. b,c the conversion of styrene and product selectivity were analyzed by GC.



Table S3. Screening of different solvent for the amination of styrene with benzonitrile. 
a

Entry Solvent Conversion (%)b Product selectivity (%)c

1 THF - -

2 DCE - -

3 cyclohexane - -

4 1, 4-dioxane - -

5 DMSO - -

6 DMF - -

7 toluene - -

8 ethanol - -

9 H2O 87 90

a Reaction conditions: 0.2 mmol 1a, 0.7 mmol 2a, 1 mL solvent, air, 40 mg zeolite 
catalyst, 12 h and 100 ℃. b,c the conversion of styrene and product selectivity were 
analyzed by GC.



Table S4. Screening of different amounts of water for the amination of styrene with 
benzonitrile. a

Entry Amounts of water (mL) Conversion (%)b Product selectivity (%)c

1 0.5 63 61

2 0.8 65 93

3 1.0 89 90

4 1.2 84 81

a Reaction conditions: 0.2 mmol 1a, 0.7 mmol 2a, H2O, air, 40 mg zeolite catalyst, 12 
h and 100 ℃. b,c the conversion of styrene and product selectivity were analyzed by GC.



Table S5. Screening of the molar ratio of styrene to benzonitrile in the Ritter reaction.a

Entry Styrene: Benzonitrile Conversion (%)b Product selectivity (%)c

1 1:1 71 55

2 1:1.5 80 57

3 1:2 86 73

4 1:2.5 85 78

5 1:3 83 85

6 1:3.5 87 90

7 1:4 86 88

8 1:4.5 87 88

9 1:5 72 85

a Reaction conditions: 0.2 mmol 1a, 1 mL H2O, air, 40 mg zeolite catalyst, 12 h and 
100 ℃. b,c the conversion of styrene and product selectivity were analyzed by GC.



Table S6. Screening of different atmosphere for the amination of styrene with 
benzonitrile. a

Entry Atmosphere Conversion (%)b Product selectivity (%)c

1 Air 87 90

2 N2 81 91

3 O2 85 89

a Reaction conditions: 0.2 mmol 1a, 0.7 mmol 2a, 1 mL H2O, 40 mg zeolite catalyst, 
12 h and 100 ℃. b,c the conversion of styrene and product selectivity were analyzed by 
GC.

Table S7. Strong acid content and acid site distribution of catalyst.a

Amount (μmol·g-1) and distribution of acid sites
Samples

Bb Lb B+L B/L

Na-MBeta 54 30 84 1.8

H-MBeta 156 89 245 1.8

H-MBeta-0.3 106 66 172 1.6

H-MBeta-1.0 73 25 98 2.9

a Strong acid content and acid site distribution of catalyst treated at 350 ℃. 



3. Characterization of the products

N

O

H

N-(1-phenylethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.68 (dd, J = 7.0, 1.6 Hz, 2H), 7.39 (t, J = 7.4 Hz, 1H), 
7.34 – 7.24 (m, 6H), 7.21 – 7.16 (m, 1H), 6.41 (d, J = 7.7 Hz, 1H), 5.25 (p, J = 7.1 Hz, 
1H), 1.51 (d, J = 6.9 Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H

4-methyl-N-(1-phenylethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.2 Hz, 2H), 7.31 – 7.22 (m, 4H), 7.19 – 
7.15 (m, 1H), 7.10 (d, J = 7.9 Hz, 2H), 6.41 (d, J = 7.9 Hz, 1H), 5.23 (p, J = 7.1 Hz, 
1H), 2.28 (s, 3H), 1.49 (d, J = 6.9 Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H
Cl

4-chloro-N-(1-phenylethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 8.2 Hz, 2H), 7.29 (dd, J = 6.0, 2.9 Hz, 6H), 
7.26 – 7.19 (m, 1H), 6.34 (d, J = 7.7 Hz, 1H), 5.23 (p, J = 7.1 Hz, 1H), 1.52 (d, J = 6.9 
Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H

O

N-(1-phenylethyl)furan-2-carboxamide: white solid
1H NMR (400 MHz, DMSO) δ 8.74 (d, J = 8.3 Hz, 1H), 7.84 (dd, J = 1.8, 0.8 Hz, 1H), 
7.38 (d, J = 5.2 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 7.15 (d, J = 
2.6 Hz, 1H), 6.62 (dd, J = 3.4, 1.8 Hz, 1H), 5.13 (dt, J = 14.1, 7.2 Hz, 1H), 1.47 (d, J = 
7.1 Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H
F

4-fluoro-N-(1-phenylethyl)benzamide: white solid



1H NMR (400 MHz, CDCl3) δ 7.69 (dd, J = 8.6, 5.3 Hz, 2H), 7.31 – 7.15 (m, 5H), 6.99 
(t, J = 8.5 Hz, 2H), 6.36 (d, J = 7.7 Hz, 1H), 5.23 (p, J = 7.1 Hz, 1H), 1.51 (d, J = 6.9 
Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H
Br

4-bromo-N-(1-phenylethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H), 7.34 
– 7.15 (m, 5H), 6.34 (d, J = 7.8 Hz, 1H), 5.22 (p, J = 7.1 Hz, 1H), 1.52 (d, J = 7.0 Hz, 
3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H

Cl

3-chloro-N-(1-phenylethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.66 (t, J = 1.9 Hz, 1H), 7.54 (d, J = 7.7 Hz, 1H), 7.36 
(ddd, J = 8.0, 2.1, 1.1 Hz, 1H), 7.29 – 7.17 (m, 6H), 6.43 (d, J = 7.6 Hz, 1H), 5.22 (p, J 
= 7.1 Hz, 1H), 1.51 (d, J = 6.9 Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H

N-(1-phenylethyl)cinnamamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 15.6 Hz, 1H), 7.37 (dd, J = 6.6, 2.9 Hz, 2H), 
7.31 – 7.17 (m, 8H), 6.36 (d, J = 15.6 Hz, 1H), 6.13 (d, J = 8.1 Hz, 1H), 5.19 (p, J = 
7.1 Hz, 1H), 1.47 (d, J = 6.9 Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H

OCH3

3-methoxy-N-(1-phenylethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.30 – 7.16 (m, 8H), 6.93 (dt, J = 6.8, 2.6 Hz, 1H), 6.39 
(d, J = 7.6 Hz, 1H), 5.24 (p, J = 7.1 Hz, 1H), 3.73 (s, 3H), 1.51 (d, J = 6.9 Hz, 3H).
----------------------------------------------------------------------------------------------------------------------

N

O

H F

F F



N-(1-phenylethyl)-4-(trifluoromethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.29 
– 7.16 (m, 5H), 6.62 (d, J = 7.4 Hz, 1H), 5.22 (p, J = 7.1 Hz, 1H), 1.51 (d, J = 6.9 Hz, 
3H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

S

N-(1-phenylethyl)thiophene-2-carboxamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 4.0 Hz, 1H), 7.41 (d, J = 7.7 Hz, 1H), 7.36 
(d, J = 5.1 Hz, 1H), 7.34 – 7.29 (m, 2H), 7.23 (t, J = 7.6 Hz, 2H), 7.15 (t, J = 7.2 Hz, 
1H), 6.95 (t, J = 4.4 Hz, 1H), 5.20 (p, J = 7.1, 6.7 Hz, 1H), 1.48 (d, J = 7.0 Hz, 3H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

O

2-phenoxy-N-(1-phenylethyl)acetamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.30 – 7.15 (m, 7H), 6.94 (t, J = 7.4 Hz, 1H), 6.83 (dd, 
J = 8.8, 1.0 Hz, 2H), 6.74 (d, J = 8.1 Hz, 1H), 5.20 – 5.11 (m, 1H), 4.47 – 4.35 (m, 2H), 
1.45 (d, J = 6.9 Hz, 3H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

N-(1-phenylethyl)pentanamide: white solid
1H NMR (400 MHz, DMSO) δ 8.23 (s, 1H), 7.33 – 7.19 (m, 5H), 4.97 – 4.85 (m, 1H), 
2.07 (dt, J = 30.1, 7.5 Hz, 2H), 1.47 (p, J = 7.5 Hz, 2H), 1.32 (d, J = 7.1 Hz, 3H), 1.28 
– 1.21 (m, 2H), 0.86 (td, J = 7.3, 2.7 Hz, 3H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

2-phenyl-N-(1-phenylethyl)acetamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.26 – 7.08 (m, 10H), 5.83 (d, J = 9.1 Hz, 1H), 5.02 (p, 
J = 7.1 Hz, 1H), 3.46 (s, 2H), 1.30 (d, J = 7.0 Hz, 3H).
---------------------------------------------------------------------------------------------------------------------

N

O

H



3-methyl-N-(1-phenylethyl)benzamide: white solid
1H NMR (400 MHz, CDCl3) δ 7.50 (s, 1H), 7.46 (d, J = 4.9 Hz, 1H), 7.30 – 7.19 (m, 
4H), 7.16 (d, J = 5.2 Hz, 3H), 6.58 (s, 1H), 5.21 (p, J = 7.1 Hz, 1H), 2.24 (s, 3H), 1.47 
(d, J = 6.9 Hz, 3H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

D HH

3a-d: white solid
1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.0 Hz, 2H), 7.45 – 7.17 (m, 8H), 6.31 (d, J 
= 7.7 Hz, 1H), 5.42 – 5.12 (m, 1H), 1.52 (d, J = 6.9 Hz, 2H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

D HD

3a-d2: white solid
1H NMR (300 MHz, CDCl3) δ 7.70 (d, J = 7.4 Hz, 2H), 7.57 – 7.05 (m, 8H), 6.29 (s, 
1H), 5.25 (d, J = 7.8 Hz, 1H), 1.52 (d, J = 5.4 Hz, 1H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

N-(1-phenylethyl)benzamide: white solid
1H NMR (300 MHz, CDCl3) δ 7.69 (d, J = 6.6 Hz, 2H), 7.40 (t, J = 7.2 Hz, 1H), 7.29 
(p, J = 7.5 Hz, 6H), 7.18 (d, J = 4.2 Hz, 1H), 6.40 (s, 1H), 5.25 (p, J = 7.1 Hz, 1H), 1.51 
(d, J = 6.9 Hz, 3H).
---------------------------------------------------------------------------------------------------------------------

N

O

H

4-methyl-N-(1-phenylethyl)benzamide: white solid
1H NMR (300 MHz, CDCl3) δ 7.59 (d, J = 7.8 Hz, 2H), 7.42 – 7.18 (m, 5H), 7.14 (d, J 
= 7.9 Hz, 2H), 6.45 (s, 1H), 5.26 (p, J = 7.1 Hz, 1H), 2.31 (s, 3H), 1.52 (d, J = 6.9 Hz, 
3H).
---------------------------------------------------------------------------------------------------------------------



4. The NMR spectrums
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4-chloro-N-(1-phenylethyl)benzamide
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N-(1-phenylethyl)furan-2-carboxamide
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4-fluoro-N-(1-phenylethyl)benzamide
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4-bromo-N-(1-phenylethyl)benzamide
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3-chloro-N-(1-phenylethyl)benzamide
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3-methoxy-N-(1-phenylethyl)benzamide
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N-(1-phenylethyl)-4-(trifluoromethyl)benzamide
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N-(1-phenylethyl)thiophene-2-carboxamide
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2-phenoxy-N-(1-phenylethyl)acetamide
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N-(1-phenylethyl)pentanamide
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2-phenyl-N-(1-phenylethyl)acetamide
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3a-d
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4-methyl-N-(1-phenylethyl)benzamide
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