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1. Computation details

All calculations were carried out with the Gaussian 09 programs.! The geometries
of all the species were fully optimized by using density functional theory (DFT) of the
6-2X method 2 with the 6-311 G (d, p) basis set for all atoms. Frequency analysis was
used to determine the minimum point of the optimized conformation and obtain its
energy at the same level of theory. Finally, it should note that this method has been
widely applied successfully in a variety of chemical conversion process of theoretical
research.® The convergence criteria are used as default and the vibrational analysis has
also been carried out at standard conditions (1 atm, 298.15 K). The solvent effects are
represented by the implicit solvent model using the SMD-CH3sOH model.* Analysis of
interaction region indicator (IR1) was performed with the Multiwfn program.® The 3D
structure of molecules is drawn by CYL-View® and VMD.” The obtained molecular
structure is directly used for single point time-dependent density functional (TD-DFT)

calculation at the level of CAM-B3LYP /6-311++G (d, p).

2. The substituted benzyl bromide molecules selected
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Fig. S1 The substituted benzyl bromide molecules selected in this study.
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Fig. S2 The formation energy of the selected EDA complex (electron-withdrawing
group).
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Fig. S3 The formation energy of the selected EDA complex (electron-donating
group).



3. The substituted 1H-indoles molecules selected
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Fig. S4 The substituted 1H-indoles molecules selected in this study.
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Fig. S5 The formation energy of the selected EDA complex (electron-withdrawing
group).



4. The other mothed, evaluate dispersion effects and basis set superposition
error (BSSE) for calculating the binding energy

Table S1 The other mothed for calculating the binding energy. 2

EDA MO062X/6-  B3LYP/6-  MO6L/6-  M062X/6-  MOB2X/6-
Complexes  311G**  311G**  311G** 31G 31G**
3b-1c -14.70 -113.35 -13.19 -14.09 -13.46
13a-1c -6.92 58.64 -6.26 -6.34 -6.21
6a-1c -9.90 -111.13 -9.08 -8.85 -9.20
3b-10c -15.73 -3.13 -14.16 -14.83 -14.74
13a-10c -10.57 -1.24 -9.61 -9.75 -9.51
6a-10c -15.22 -2.74 -13.95 -13.96 -13.72
30 -9.61 -1.16 -9.14 -9.90 -9.50

methylpyrrole

a All units are in kcal /mol and without BSSE correction.

Besides M06-2X/6-311-G**, we also tried the B3LYP and MO6-L functional, 6-
31G and 6-31G** basis set (in without dispersion effect correction and BSSE correction
of, as shown in table S1). We found that the B3LYP functional does not provide a proper
description of the binding of the EDA complex (the binding energy was grossly
overestimated). Relative to M06-2X, although M06-L can also be the result of the
binding energy gives a reasonable, but M06-2X more common in the field of organic

system® and MO06-L is often used in the system containing metal.®

Table S2 The basis set superposition error (BSSE) for the binding energy. ?

EDA Before Value of After
Complexes correction correction correction
3b-1c -14.70 4.40 -10.30
13a-1c -6.92 1.66 -5.26
6a-1c -9.90 2.66 -1.24
3b-10c -15.73 5.53 -10.2
13a-10c -10.57 3.19 -7.38
6a-10c -15.22 513 -10.09

3b-

-9.61 3.07 -6.54
methylpyrrole

& All units are in kcal /mol.




Table S3 The evaluate dispersion effects for the binding energy. *

EDA Before DFT-D3(0) Percentage
Complexes correction correction error
3b-1c -14.70 -16.06 -9.25%
13a-1c -6.92 -6.38 7.83%
6a-1c -9.90 -11.38 -15.04%
3b-10c -15.73 -17.45 -10.94%
13a-10c -10.57 -11.91 -12.70%
6a-10c -15.22 -17.02 -11.84%
3b- -9.61 -10.57 -10.00%

methylpyrrole
& All units are in kcal /mol.

As shown in table 3, D3 (0) correction for M06-2 x's influence on the calculation of
the binding energy of EDA complex is acceptable, the maximum is 15%. It is because

of M06-2X is more accurate for attractive noncovalent interactions.



5. Distance measurement of two molecules in EDA complexes
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Fig. S6 The distance of two molecules in EDA complexes.

6. The FMO analyses of selected substrates

Fig. S7 The FMO analyses of substrates.



Table S4 The Enomo, ELumo and Eq of selected substrates.

Selected Exomo/leV ELumoleV EgleV

substrates
3b -9.13 -2.08 -7.06
13a -8.23 -0.14 -8.10
6a -7.36 0.06 -71.42
1c -6.87 0.44 -7.31
10c -7.60 -1.80 -5.80
Pyr -7.14 2.21 -9.35
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Fig. S8 Structure of EDA complex in excited triplet state.



7. General information and synthesis of compound 3b

7.1 General information
Unless otherwise noted, all reagents were purchased from commercial sources and

used as received without further purification. Benzyl bromide, 3-methylpyrrole, 3-
methylindole, and 2, 4-dinitrobenzaldehyde were purchased from Bide Pharmaceutical.
Unless otherwise indicated, all experiments were carried out under air atmosphere. The
silica gel (200-300 meshes) was used for column chromatography and TLC inspections
were taken on silica gel GF254 plates. Liquid *H and **C NMR spectra were recorded

on a Bruker Avance 111 400 MHz spectrometer.

7.2 Synthesis of compound 3b

O, H OH Br
NO2 H:N-BH NO  p.o,, KBr NO,
_ R
Ha0, 1t CH4CN, 50 °C
NO2 N02 NOZ

Compound 3b

2,4-dinitrobenzaldehyde (5 mmol) and ammonia-borane (5 mmol) were dissolved in

20 mL H20O, the resulting solution was then stirred at room temperature. After

completion of the reaction as monitored by TLC, the reaction mixture was extracted

with EA. The combined organic layers were then washed with brine, dried over Na>SOs,

the solvent was removed under vacuo, the crude product was obtained and proceeded
directly to the next step without any purification.

(2,4-dinitrophenyl)methanol (2 mmol), potassium bromide (3 mmol) and
phosphorus pentoxide (4 mmol) were added to a 100 mL double-necked round-bottom
flask with a magneton and a spherical condensing tube. After replacing the air
atmosphere in the system three times with argon, inject 15 ml of dry acetonitrile into it.
The resulting solution was then stirred at 50 °C. After completion of the reaction as
monitored by TLC, the mixture was allowed to cool to room temperature before being
extracted with EA. The combined organic layers were then washed with brine, dried
over Na>SO4 and filtered. Concentration of the solution under reduced pressure gave

the crude product. Purification of the crude product by silica gel column
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chromatography (16:1 to 4:1 PE/EA), The H and 3C NMR data of the product were
consistent with those reported in the literature.’® *H NMR (400 MHz, CDCl3) & = 8.9
(d, J=2.4, 1H), 8.5 (dd, J=2.4, 8.5, 1H), 7.8 (d, J=8.5, 1H), 4.9 (s, 2H). 13C NMR (101
MHz, CDCl3) 6 = 148.1, 147.8, 139.4, 134.1, 127.9, 121.1, 27.1.
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Experimental UV-Vis spectra of 3b-methylpyrrole
The UV/Vis absorption spectra were recorded in 1 cm path quartz cuvettes by using a

Varian Cary 300 Conc UV/Vis spectrometer, respectively. Sample preparation method:
3b (0.125 mmol) and 3-methylpyrrole (0.125 mmol) was dissolved in 10 mL MeOH.
The same amount of 3b and 3-methylpyrrole of the substance was dissolved in 20 ml
of methanol and stirred for 10min before testing.
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Fig. S9 UV-Vis spectra of 3b, 3-methylpyrrole and 3b-methylpyrrole.

12



8.

1.

© N o O

References

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuiji,

M. Caricato, X. Li, H. P. Hratchian, A. F. 1zmaylov, J. Bloino, G. Zheng, J. L.
Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T.
Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. J. A. Montgomery, J. E.
Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N.
Staroverov, T. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C.
Burant, S. S. lyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E.
Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann,
0. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K.
Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S.
Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski and
D. J. Fox, Gaussian 09, Revision D.01, Gaussian, Inc., Wallingford, CT, 2013.

Y. Zhao and D. G. Truhlar, Theor. Chem. Acc., 2008, 120, 215-241.

a) R. Fang, L. Zhou, P.-C. Tu, A. M. Kirillov and L. Yang, Organometallics, 2018,
37,1927-1936. b) M. Citroni, F. Datchi, R. Bini, M. Di Vaira, P. Pruzan, B. Canny
and V. Schettino, J. Phys. Chem. B, 2008, 112, 1095-1103. ¢) Y. Zhao and D. G.
Truhlar, J. Chem. Theory. Comput., 2008, 4, 1849-1868. d) Y. Zhao and D. G.
Truhlar, Acc Chem. Res., 2008, 41, 157-167. e) D. Jacquemin, E. A. Perpete, I.
Ciofini, C. Adamo, R. Valero, Y. Zhao and D. G. Truhlar, J. Chem. Theory Comput.,
2010, 6, 2071-2085. f) P.-C. Tu, L. Zhou, A. M. Kirillov, R. Fang and L. Yang, Org.
Chem. Front., 2018, 5, 1356-1365.

A. V. Marenich, C. J. Cramer and D. G. Truhlar, J. Phys. Chem. B, 2009, 113, 6378-
6396.

T. Luand F. Chen, J. Comput. Chem., 2012, 33, 580-592.

C.Y. Legault, Cylview, 1.0 b, Universite de Sherbrooke, Sherbrooke, Canada, 2009.
Humphrey W, Dalke A, Schulten K, J. Molec. Graphics., 1996, 14, 33-38.

a) T. Baiand J. Ling, J. Phys. Chem. A, 2017, 121, 4588-4593. b) P. C. Tu, L. Zhou,

13



10.

A. M. Kirillov, R. Fang and L. Z. Yang, Org. Chem. Front., 2018, 5, 1356-1365. c)
L. Zhou, L. Yang, S. S. Dai, Y. Y. Gao, R. Fang, A. M. Kirillov and L. Z. Yang,
Catal. Sci. Technol., 2020, 10, 240-251.

a) D. J. Xiao, E. D. Bloch, J. A. Mason, W. L. Queen, M. R. Hudson, N. Planas, J.
Borycz, A. L. Dzubak, P. Verma, K. Lee, F. Bonino, V. Crocella, J. Yano, S. Bordiga,
D. G. Truhlar, L. Gagliardi, C. M. Brown and J. R. Long, Nat. Chem., 2014, 6, 590-
595. b) P. Verma, K. D. Vogiatzis, N. Planas, J. Borycz, D. J. Xiao, J. R. Long, L.
Gagliardi and D. G. Truhlar, J. Am. Chem. Soc., 2015, 137, 5770-5781. ¢) S. Ketrat,
T. Maihom, S. Wannakao, M. Probst, S. Nokbin and J. Limtrakul, Inorg. Chem.,
2017, 56, 14005-14012.

E. B. McLean, V. Gauchot, S. Brunen, D. J. Burns and A. L. Lee, Chem. Commun.,
2019, 55, 4238-4241.

14



9. Cartesian coordinates
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2.29708300 3.15744500 -0.39330800
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