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1. Chemicals and Materials

Copper trifluoroacetate (Cu(OTf);), benzylamine, 4-methoxybenzylamine, 4-fluorobenzylamine, 2-
chlorobenzylamine, 3-chlorobenzylamine, 4-chlorobenzylamine, tetrahydroisoquinoline, dibenzylamine,
tris(2,2'-bipyridyl)ruthenium(ll) chloride (Ru(bpy)sClz), dichloromethane (DCM), tetrahydrofuran (THF),
methanol (MeOH), acetonitrile (MeCN), ethyl acetate (EtOAc), 1,4-diazabicyclo[2.2.2]octane (DABCO),
benzoquinone (BQ), 1,3-diphenylbenzofuran (DPBF) and deuterated chloroform (CDCls) were purchased
from Sigma-Aldrich. All of the above-mentioned chemicals were used as received without further
purification.

2. Characterizations

'H NMR spectra were measured on a Bruker 500 MHz spectrometer. UV-Vis spectra of BDP and
Ru(bpy)sCl; were recorded on an Agilent Cary-5 spectrophotometer. Steady-state fluorescence spectra of

BDP and Ru(bpy)sCl, were measured on a HITACHI F-7000 spectrometer. For the photooxidation, LEDs
from Mightex Company were used as the excitation light source (455 nm and 720 nm) with power
intensity of 20 mW/cm?.

3. Supplementary Tables and Figures

Table S1. Optimization of reaction conditions for photooxidative benzylamine coupling.
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Entry Solvent Reaction time (h) Conversion (%) TOF (min?)
1 DCM 1 26 2.27x10? 3.8
2 DCM 2 100 8.59x102 7.2
3 THF 1 32 2.71x102 4.5
4 THF 2 74 6.32x10? 5.3
5 CHsCN 2 100 8.59x10? 7.2
6 EtOAc 2 97 8.34 x10? 7.0
7 MeOH 2 100 8.59x10? 7.2
8° DCM 2 0 0 0
9° DCM 2 0 0 0
10¢ DCM 2 0 0 0

9 Benzylamine (0.275 mmol), photocatalyst (BDP) (1.6x10* mmol), solvent (1 mL), light (720 nm, 20 mW/cm?), in air.
bUnder argon atmosphere. ¢ In dark. ¢ No photocatalyst.



Table S2. Mechanistic study on BDP-catalyzed benzylamine oxidation under NIR irradiation.?
Entry Additive Reaction time (h) Conversion (%)° TON TOF (min™)
1€ 0.5 31 264 8.8
2 0.5 17 143 4.8
3 DABCO 2.0 0 0 0
4¢ BQ 2.0 84 718 6.0
5 2.0 100 859 7.2

9Reaction condition: benzylamine (0.275 mmol), BDP (1.6x10* mmol), DCM (1 mL), 720 nm LED (20 mW/cm?), in air,
room temperature. ” Conversion determined by *H NMR. ¢Solvent changed to CDCls.  The concentration of DABCO
is 0.18 mmol/mL. ¢ The concentration of BQ is 0.18 mmol/mL.

Table S3. Mechanistic study on BDP-catalyzed arylboronic acid oxidation under NIR irradiation.?

Entry Additive Reaction time (h) Yield (%)°
1 4 90

2¢ 4 0

34 4 0

4¢ 4 0

5/ 4 0

69 BQ 4 8

@ Reaction condition: 4-methoxyphenylboronic acid (0.2 mmol), BDP (1.6x10* mmol), DCM/methanol (2 mL; 1/1,
v/v), 720 nm LED (20 mW/cm?), in air, room temperature. ? Isolated yield. ¢ Under argon atmosphere; ¢In dark. ¢In

the absence of BDP. fIn the absence of TEA. 9 The concentration of BQ is 0.18 mmol/mL.

Figure S1 . UV-vis absorption spectra of Ru(bpy)sCl, and BDP, in DCM, 10 uM.
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Figure S2. The absorbance change of BDP at 709 nhm with 720 nm LED (20 mW/cm?) illumination
(DCM as solvent, in air).
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Figure S3. Visible light-irradiated benzylamine coupling by using Ru(bpy)sCl, as photocatalyst, with DCM
and MeCN as the solvent, respectively. Reaction conditions: Ru(bpy)sCl, (1.6x10* mmol), benzylamine
(0.275 mmol), 455 nm LED (20 mW/cm?), solvent (1 mL).
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Figure S4. (a) The absorption changes of DPBF in the presence of BDP (10 uM) along with 720 nm
LED irradiation. (b) The quantitative analysis of DPBF absorbance variation at 414 nm in the presence of

light and BDP with DCM as the solvent.

3[BDPY
ISC

'IBDPY
NH,

H,0, ©/\ N
+ T (0
720 nm 0 ©ANH
BDP ke

Figure S5. Proposed mechanism for the photocatalytic oxidation of benzylamine using BDP
as photocatalyst under NIR irradiation.



4. NMR Data and Spectra of the Products

(E)-N-benzylidene-1-phenylmethanamine (2a) [1]

H NMR (500 MHz, CDCl3) & 8.38 (s, 1H), 7.78-7.76 (m, 2H), 7.41-7.39 (dd, J = 5.1, 2.0 Hz, 3H), 7.33 (d, J = 4.4 Hz,
4H),7.27-7.23 (m, 1H),4.81 (s, 2H).

—4.812

0
Q
N

T T T T T T T T T
2.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

T T T T T
2.0 1.5 1.0 0.5 0.0
1 (ppm)

Figure S6. H NMR spectrum of the reaction mixture of Table 1, entry 1, showing the generation of N-
benzyl-1-phenylmethanimine (2a).



(E)-N-(4-methoxybenzyl)-1-(4-methoxyphenyl)methanimine (2b) [2]

1H NMR (500 MHz, CDCl3) & 8.28 (s, 1H), 7.71-7.70 (d, J = 8.8 Hz, 2H), 7.25-7.23 (d, J = 8.4 Hz, 2H), 6.92-6.86 (dd, J =
21.0, 8.7 Hz, 4H), 4.72 (s, 2H), 3.82 (s, 3H), 3.78 (s, 3H).
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Figure S7. H NMR spectrum of the reaction mixture of Table 1, entry 2, showing the generation of
N-(4-methoxybenzyl)-1-(4-methoxyphenyl)methanimine (2b).



(E)-N-(4-chlorobenzyl)-1-(4-chlorophenyl)methanimine (2c) [2]

1H NMR (500 MHz, CDCl3) & 8.32 (s, 1H), 7.71-7.69 (d, J = 8.4 Hz, 2H), 7.39-7.37 (d, J = 8.4 Hz, 2H), 7.31-7.24 (dd, J =

27.2, 8.4 Hz, 4H), 4.76 (s, 2H).
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Figure S8. 'H NMR spectrum of the reaction mixture of Table 1, entry 3, showing the generation of N-(4-

chlorobenzyl)-1-(4-chlorophenyl)methanimine (2c).



(E)-N-(2-chlorobenzyl)-1-(2-chlorophenyl)methanimine (2d) [3]

IH NMR (500 MHz, CDCl3) & 8.87 (s, 1H), 8.12-8.10 (dd, J = 7.7, 1.7 Hz, 1H), 7.43-7.19 (m, 7H), 4.94 (s, 2H).
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Figure S9. 'H NMR spectrum of the reaction mixture of Table 1, entry 4, showing the generation of N-(2-
chlorobenzyl)-1-(2-chlorophenyl)methanimine (2d).



(E)-N-(3-chlorobenzyl)-1-(3-chlorophenyl)methanimine (2e) [3]

1H NMR (500 MHz, CDCl3) 6 8.32 (s, 1H), 7.80 (t, J = 1.7 Hz, 1H), 7.62-7.61 (d, J = 7.6 Hz, 1H), 7.41-7.20 (m, 6H), 4.77
(s, 2H).
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Figure $10. *H NMR spectrum of the reaction mixture of Table 1, entry 5, showing the generation of N-(3-
chlorobenzyl)-1-(3-chlorophenyl)methanimine (2e).



(E)-N-(4-fluorobenzyl)-1-(4-fluorophenyl)methanimine (2f) [2]

IH NMR (500 MHz, CDCls) & 8.33 (s, 1H), 7.78-7.75 (dd, J = 8.8, 5.5 Hz, 2H), 7.30-7.27 (dd, J = 8.7, 5.5 Hz, 2H), 7.09 {(t,

J=8.7 Hz, 2H), 7.02 (t, J = 8.7 Hz, 2H), 4.76 (s, 2H).
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Figure S11. 'H NMR spectrum of the reaction mixture of Table 1, entry 6, showing the generation of N-(4-

fluorobenzyl)-1-(4-fluorophenyl)methanimine (2f).



(E)-N-(4-(trifluoromethyl)benzyl)-1-(4-(trifluoromethyl)phenyl)methanimine (2g) [4]

H NMR (500 MHz, CDCls) & 8.46 (s, 1H), 7.91-7.89 (d, J = 8.1 Hz, 2H), 7.69-7.68 (d, J = 8.2 Hz, 2H), 7.62-7.60 (d, J =
8.1 Hz, 2H), 7.48-7.46 (d, J = 8.0 Hz, 2H), 4.89 (s, 2H).
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Figure S12. 'H NMR spectrum of the reaction mixture of Table 1, entry 7, showing the generation of
N-(4-(trifluoromethyl)benzyl)-1-(4-(trifluoromethyl)phenyl)methanimine (2g).



(Z)-Methyl 2-((2-methoxy-2-oxo-1-phenylethyl)imino)-2-phenylacetate (2h) [5]

IH NMR (500 MHz, CD30D) & 7.53 (br s, 5H), 7.45 (brs, 5H), 5.05 (s, 1H), 3.71 (s, 3H), 3.17 (s, 3H).
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Figure S13. H NMR spectrum of the reaction mixture of Table 1, entry 8, showing the generation of N-(4- methyl 2-
((2-methoxy-2-oxo-1-phenylethyl)imino)-2-phenylacetate (2h).



3,4-Dihydroisoquinoline (2i) [6]

IH NMR of product 3,4-dihydroisoquinoline (500 MHz, CDCl3) & 8.33 (s, 1H), 7.29-7.26 (t, J = 7.6 Hz, 2H), 7.12-7.11
(m, 2H), 3.76 (t, J = 6.8 Hz, 2H), 2.77-2.74 (t, J =7.5 Hz, 2H). The product 3,4-dihydroisoquinoline and the substrate
1,2,3,4-tetrahydroisoquinoline were not separable by flash chromatography, and the isolated yield was calculated
based upon the ratio of substrate and product within *H NMR spectrum. H NMR of substrate 1,2,3,4-
tetrahydroisoquinoline (500 MHz, CDCls) 6 7.38-7.35 (t, J = 6.6 Hz, 1H), 7.16-7.14 (d, J =7.2 Hz, 1H), 7.05 (m, 1H),
6.99-6.97 (m, 1H), 4.02 (s, 2H), 3.16-3.14 (t, J = 6.0 Hz, 2H), 2.82-2.80 (t, J =6.0 Hz, 2H) [7].
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Figure S14. 'H NMR spectrum of the reaction mixture of Table 1, entry 9, showing the generation of
3,4-dihydroisoquinoline (2i).



(E)-N-benzylidene-1-phenylmethanamine (2j) [1]
IH NMR (500 MHz, CDCl3) 6 8.38 (s, 1H), 7.78-7.76 (m, 2H), 7.41-7.40 (dd, J = 5.2, 2.0 Hz, 3H), 7.33 (d, J = 4.4 Hz,

4H),7.27-7.24 (m, 1H),4.82 (s, 2H). The NMR data were the same as compound 2a, and also match those previously
reported in the literature.
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Figure S15. H NMR spectrum of the reaction mixture of Table 1, entry 10, showing the generation of N-
benzyl-1-phenylmethanimine (2j).



N-Benzyl-3-(4-(tert-butyl)phenyl)-1-phenylprop-2-yn-1-amine (10a) [8]

'H NMR (500 MHz, CDCl3) § 8.36 (s, 1H), 7.78-7.76 (dd, J = 6.4, 2.8 Hz, 2H), 7.43-7.39 (m, 5H), 7.31 (m, 5H), 7.26-7.23
(dd, J=8.6, 4.4 Hz, 1H),4.81 (s, 2H), 3.00 (s, 1H), 1.29 (s, 9H).
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Figure $16. H NMR spectrum of N-benzyl-3-(4-(tert-butyl)phenyl)-1-phenylprop-2-yn-1-amine, the alkyne-
substituted secondary amine synthesized via the tandem catalysis of BDP and copper salt.



2-(6-Methoxynaphthalen-2-yl)propanoic acid (8a) [9]
1H NMR (600 MHz, c) 6 7.69 (dd, J = 8.6, 2.7 Hz, 2H), 7.67 (d, J = 1.9 Hz, 1H), 7.40 (dd, J = 8.5, 1.9 Hz, 1H), 7.13 (dd, J
=8.9, 2.5 Hz, 1H), 7.10(d, J = 2.5 Hz, 1H), 3.90 (s, 3H), 3.86 (g, J = 7.1 Hz, 1H), 1.58 (d, J = 7.2 Hz, 3H).
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Figure S17. 'H NMR spectrum of 2-(6-methoxynaphthalen-2-yl)propanoic acid, the isolated product for the
BDP-catalyzed photooxidation of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl 2-(6-
methoxynaphthalen-2-yl)propanoate (7a), in DCM/MeOH, 720 nm LED, 20 mW/cm?, in air.



2-(1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetic acid (8b) [10]

'H NMR (600 MHz, CDCl3) 6 7.66-7.65 (d, J = 8.4 Hz, 2H), 7.47-7.46 (d, J = 8.4 Hz, 2H), 6.95-6.94 (d, J = 2.5 Hz, 1H),
6.86-6.84 (d, J = 9.0 Hz, 1H), 6.68-6.66 (dd, J = 9.0, 2.5 Hz, 1H), 3.82 (s, 3H), 3.69 (s, 2H), 2.38 (s, 3H).

238

T y—cl

0 il
L|~

~

E:
w
L
|
[

201 =
102 A
102 =

6.5 h.yll 8.8 f\‘lﬂ I_IS” o ‘)'(! 3.5 ]1,'“ 2.5 '."l) | ) l,‘(l ll"fv U.'U
Figure S18. H NMR spectrum of 2-(6-Methoxynaphthalen-2-yl)propanoic acid, the isolated product for the
BDP-catalyzed photooxidation of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl 2-(1-(4-
chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate (7b), in DCM/MeOH, 720 nm LED, 20 mW/cm?, in air.
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