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1. Chemicals and Reagents

All chemicals were of analytical grade and used as purchased without further
purification. Most of chemicals were purchased from J&K Chemicals.
(NHa)2[Ce(NO3)s], Ce(NOs3)3-6H,0, benzylamine and other various amines were
purchased from Aladdin Chemicals.
2. Catalyst Preparation

The Ce0; samples were prepared by a precipitation method. Generally, 5.0 g of
Ce(NO3)3-6H,0 was dissolved in 100 mL of Millipore purified water (18 mQ-cm?), and
the solution was adjusted to pH=11.0 by NH4OH (3.4 M) under stirring at room
temperature. The resulting gel mixture was then washed with water, dried in an oven
at 115 ° Cfor 12 h, then calcined at 500 °C in air for 4 h. Some other catalysts were
also obtained for comparison. The MoO3 sample was prepared according to the
reference. 1 Nb,Os was prepared by the calcination of NH4[Nb(C204)2(H20)]-6(H20),
(provided by CBMM, Brazil) at 500 °C for 3 h. The oxides (TiO2, WOs3, V20s, ZrO3, Y203,
Eu,03, MOy, Al,03, Mg0), zeolites (ZSM-22, H-ZSM-5, Y, HY, H-Beta, H-MOR,
SAPO-11), and homogeneous acids [Sc(CF3S03)s3, Yb(CF3S03)3], H3PO4oW12:xH20 and
Ha[Si(W3010)4] were all commercially available (Aladdin and J&K).
3. Catalyst Characterization

The DMF/n-butylamine-adsorption IR method was conducted on a Tensor 27
(Bruker) IR spectrometer. The sample was pressed into a self-supporting disk (13 mm
diameter, 25- 27.7 mg) and placed in a homemade IR cell attached to a closed

glass-circulation system. Prior to adsorption, the sample disk was pretreated by
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heating at 200 ° C for 1 h in vacuum (pressure <5.4x107'Pa) and then cooled to 30 °C.
After a spectrum was collected, the sample disk was exposed to DMF or
n-butylamine vapor. IR spectra of the chemisorbed DMF or n-butylamine were
recorded after evacuation at 100 °C, 150 °C, 200 °C for 0.5 h to eliminate physically
adsorbed DMF or n-butylamine. Spectra were collected after cooling to 30 °C. The
surface area and of the samples were measured at -196 °C by using nitrogen
adsorption according to the Brunauer-Emmett—Teller method (BET) by using a
Quantachrome QUADRASORB-SI apparatus. The acidity or alkali of the samples was
characterized by performing temperature-programmed desorption of ammonia or
carbon dioxide (NH3-TPD, CO,-TPD) with an automated catalyst characterization
system (Autochem 2920, Micromeritics) with a TCD detector. We used a calibration
curve to calculate the ammonia or carbon dioxide amount by converting the peak
area to concentration.
4. Catalytic Tests

The catalytic reactions were conducted in a glass batch reactor. Typically,
benzylamine (1.5 mmol), N, N-dimethylformamide (DMF, 2 mL), catalyst (100 mg)
and a stirring bar were placed in a glass pressure reactor (heavy wall, max: 0.6 MPa,
Synthware Glass) with a Teflon bushing. The reactor was then immersed in an oil
bath preheated at the desired reaction temperature. After the reaction was
completed in 0.5 h-12 h, the catalyst was filtered out, washed with acetone for three
times, dried at 115 °C and then calcined at 500 °C for 4 h prior to further use in

recycling experiment. Products were confirmed by a GC-MS (Agilent 7890A-5975C).
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The conversion and selectivity were determined by normalizing Gas Chromatography
(GC, Agilent 7890A) integration area. Product yields were calculated by multiplying

conversion by selectivity.
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Table S1. Catalyst screening in the formylation of benzyl amine to benzyl amide.!

No. Catalyst A-BP!  Sger(m2gl) Conv (%) Select (%)

1 -~ - - 0 0
Zeolites
2 NaY MA 17 6 17
3 H-MOR SA 80 15 80
4  HZSM-5 SA 79 19 79
5 HY SA 59 22 59
6 ZSM-22 SA 77 22 77
7 SAPO-11  SA 65 23 65
8 H-B SA 91 43 91
Metal oxides

9  Eu0; WB 23 5 40
10  MgO SB 32 8 25
11 W03 MA 8 8 50
12 Y503 WB 8 9 33
13 NbyOs MA 21 14 93
14  V,0s MA 13 82 32
15 a-MnO;  MA 49 95 5

16  ZrO,  MA+MB 9 23 52
17  o-Al,O3 SA+WB 74 23 65
18  Ti0d  MA+MB 73 25 96
19 CeO,  MA+SB 67 80 >99
20 CeO)l¥  MA+SB 67 95 >99
21 CeO;l¥!  MA+SB 67 67 98

[a] Reaction conditions: catalyst 100 mg, BAn 1.5 mmol, DMF 2 mL, 100 °C, 4 h.
[b] Classification of metal oxides was from literature.?! Symbols: Weak (W), Medium
(M) and Strong (S); Acid (A) and Base (B). [c] Anatase. [d] 180 °C, 8h. [e] 100 °C, 4 h,
1.9 mL DMF, 0.1 mL H;0.
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Figure S3 The relationship of the specific surface of zeolites and metal oxides against
the yield of BAd. No clear dependence of surface area was observed. The data were

from Table S1.
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Figure S4 Catalyst hot filtration test. Reaction condition: catalyst 100 mg, benzyl
amine 1.5 mmol, DMF 2 mL. The catalyst was filtered out in 30 min and the filtrate

was further reacted under the same reaction condition at 100 °C.
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Figure S5 Reusability of ceria in the transformylation of benzyl amine to benzyl amide.
Reaction conditions: Catalyst 100 mg, benzy amine 1.5 mmol, DMF 2mL, 160 °C, 5h.
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Figure S6 TEM of (a) nano-rod, (b) nano-octahedral, and (c) nano-cube and HETEM of

(e) nano-rod, (f) nano-octahedral, and (g) nano-cube.
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Figure S8. Tentative reaction mechanism.
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Figure S9 In situ FT-IR of n-butylamine absorbed on CeO, and desorption at (a) 100 °C

and (b) 150 °C (c) FT-IR of liquid n-butylamine
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Figure S10 In situ absorbing FT-IR of DMF absorbed on CeO; pretreated at 500 °C.
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