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Computational Details

Gaussian 16' was used for all calculations in this work. Geometric structural optimization and frequency
calculation were conducted by B3LYP? functional in gas phase at T=298.15 K and 1 atm. The all-electron
basis set 6-31G** was used in describing the atoms (B, C, H, O, N, F).3 There is no imaginary frequency
for all the intermediates, while only-one imaginary frequency is in the structure of transition states. In
addition, the intrinsic reaction coordinate (IRC) calculation* which correctly bridges the intermediates,
further demonstrates the credibility of transition state structures. Based on the gas-phase optimized
geometries, solvation effect of benzene was incorporated with the SMD?> model at the level of B3LYP-
D3¢ while 6-311++G** basis set for all main group atoms.> All 3D molecular structures were generated
by using the CYLview (Version) program.’” Geometric structural optimization and frequency calculation
in benzene as the solvent were conducted for a series of species shown in Figure 1 by using B3LYP
functional and 3-21G (optl), 6-31G (opt2) for all atoms in these calculations. The results were listed in

Table S2.
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Figure S1. Energy profile for enamine (I) formation by intermediate K as a hydrogen acceptor.
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Figure S2. Energy profile for enamine (I) formation by intermediate J as a hydrogen acceptor.
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Figure S3. The formation of A’ from B + PhMeSiH, + H via TS’,.
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Table S1. Calculated relative energies of A’ and TSy by different DFT methods.

DFT Methods Species AEgys AGgys AEgg AGgq
B3LYP A’ -0.93 30.58 -34.09 -2.58
TS, 30.54 61.95 0.57 31.98
WB97XD A -33.89 -1.07 -34.12 -1.0
TS, 28.85 29.08 -0.67 33.46
MO062X A’ -32.01 -1.63 -34.47 -4.09
TS, -4.41 27.62 -1.11 30.92
BP86 A’ -1.16 29.08 -34.23 -4.14
TS, 26.58 58.52 0.84 32.78
Table S2. The AEg;, AGg,s and AE calculated for species in the Fig. 1.
SpeCies Ac;gas AEgas AEsol A(;sol-optl A(;sol-optz
A 0 0 0 0 0
TS, 26.26 12.96 -3.45 12.4 27.5
TS5 62.00 34.55 6.22
B 24.29 12.32 -6.01 11.2 20.8
TS, 42.13 16.64 -6.14 14.2 42.0
C 24 .92 10.56 -8.08 7.3 234
TS; 44 45 30.94 18.22
D 7.25 -3.67 -6.21 -2.5 8.3
TSy 61.95 30.54 0.57 37.0 339
A’ 30.58 -0.93 -34.09 2.0 21.0
A 10.39 26.62 25.16
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Table S3. The AEg,, AGg,s and AE calculated for species in the Fig. 2.

Species AGgys AE,, AE,
A 0 0 0
D 7.62 -3.93 -7.28

TS¢ 50.49 20.32 -3.30
E 18.82 -10.79 -34.83
TS, 27.84 -1.81 -24.94
F 11.57 -17.19 -31.99
TSs 41.26 5.27 -27.31
G 33.70 -2.12 -29.98
TSe 53.97 22.80 -17.70
A 5.49 -1.46 -7.83
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Table S4. The AE,s, AGg,s and AE calculated for species in the Fig. 3.

Species AGgss AE,, AE,
A 0 0 0
TSg 40.00 19.61 -8.36
TS’ 45.82 26.99 5.44
TS 47.06 27.56 0.44
TS’ 35.69 15.47 -11.75

G 32.43 12.22 -11.03
G1 43.22 23.33 -0.50
G2 43.06 24.60 0.63
G3 22.61 2.95 -18.2
TSy 52.70 37.13 1.25
TSy 44.28 30.72 10.51

TSy 55.79 41.41 18.88
TS’ 40.28 24.16 3.26

J 4.22 12.88 11.12
J1 2.01 11.60 9.35
J2 9.08 18.70 16.74

J3 -2.84 6.85 6.09
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Table S5. The AEg,, AGg,s and AE, calculated for species in the Fig. 4.

Species AGgss AE,, AEq
A 0 0 0
TSq1o 2991 12.17 -10.24
M 18.16 3.02 -13.24
TS1 26.01 13.71 -1.70

A -11.09 -0.15 2.68
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Table S6. The AEg,s, AGg,s and AE calculated for species in the Fig. S.

Species AGgys AE,, AEq
A 0 0 0
TS12 16.98 1.19 -8.81
O 10.27 -6.36 -20.44
TS5 29.02 -4.68 -25.03
P 10.33 -8.25 -11.21
TS14 0.20 -32.36 -2.40
R -10.39 -9.58 -5.16
B -61.18 -74.48 -35.16
TS5 -57.20 -71.86 -30.44
A -85.47 -86.80 -29.15
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Table S7. The AEg,, AGg,s and AE calculated for species in the Fig. S1.

Species AGagas AE gy AEqq
A 0 0 0
TS, 26.26 12.96 -3.45
B 24.29 12.32 -6.01
TS’2 39.72 12.94 -10.75
C1 22.47 8.14 -9.51
TS’3 24.35 19.51 15.57

A 10.39 26.62 25.16
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Table S8. The AE,, AGg,s and AE calculated for species in the Fig. S2.

Species AGyys AEqga AEq
A 0 0 0

TS 26.26 12.96 -3.45

B 24.29 12.32 -6.01
TS, 36.58 13.26 -8.80
C2 19.24 4.88 -12.20
TS, 24.90 21.96 17.30
A 10.39 26.62 25.16
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Figure S4. The energy, and (C4¢Fs);B—H (hydride) and (C¢F5);B—HSi(R)MePh distances along the
IRC of TS;.
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Cartesian coordinates and structures of all the compounds optimized in this study

F -2.35976900  -0.95577600  -1. 43628900
F 1.20568100 -2.24314000 1. 43674400
1.34 F 0.28034200 -4.75645700  1.43376100
F -1.94796700  -5.39823500 0. 00058000
F 3.25275300  -3.48079600 1. 43433600

A
Gyas = -2208.113272 a.u.

Ega = -2208.20630331 a.u.

B 0.00045200  0.00022800 0. 00002800
c ~1.01179600  1.19903000 0. 00007600 Gyas = -3292.285791 a.u.

c -2.22317500  1.15822600 0. 70865400 Egas = -3292.76589819 a.u.

¢ 076932400 2.38663500 0. 70840800 si 3.26549300  0.82234200 2. 15002900
¢ -3.12750900  2.21391100 0. 72882100 I 3.91549500  1.85627100 2. 98627100
¢ 165922600  3.45451800 0. 72844400 c 449675600  -0.54011400  1.85773900
¢ 2.84392300  3.36740200  0.00015700 c 5.85664000  -0.32040500 2. 15347600
¢ 1.54491700  0.27702600 0. 00003600 c 410259500 1.82123400  1.41951700
¢ 2.45180200  -0.52757900 0. 70809100 c 6.79786900  -1.33889900  2.00079100
¢ 211586500 1.34650900 0. 70813600 I 6.18450200  0.64999200 2. 51994600
¢ 3.82170000  -0.29164800 0. 72815500 c 5.04414700  -2.83860800  1.27195800
¢ 3.48242500  1.60108300  0.72820000 I 3.06241100  -2.03229500 1. 18928300
¢ 433916600  0.77788600  0.00001700 c 6.39052100  -2.59844900  1.55815000
¢ 0.53213700  ~1.47567300 0. 00004900 I 7.84205200 -1.15310700 2. 23476300
¢ 168222100 ~1.85847100 0. 70845100 I 4.72513300  -3.82078500  0.93643300
¢ 0.10811300  -2.50487700 0. 70839900 I 711997000  -3.39513600  1.44347300
¢ 2.16301000 3. 16274800 0. 72879500 B 1.55957200  -0.13309200 0. 07043000
¢ 0.35489200  -3.81558200 0. 72826800 c 1.54364900  ~1.76584600 0. 10350900
¢ -1.49590500 4. 14577900 0. 00041200 c 0.46247000  ~2.56455300 0. 25888600
F 0.35074000  2.52290900 1. 43675300 c 2.65049000 2. 48309200 0. 56749400
F 1.39077400  4.55747300 1. 43406100 c 0.44958400  -3.95607400 0. 18288900
F -3.70328700  4.38449900  0.00020000 c 2.69306900 3. 87133000 0. 66235300
F ~4.25070700  2.13338300  1.43459600 c 157975600  ~4.61746100 0. 28143000
F 254427700 0.07672400  1.43726100 c 152691200 0.72914400 1. 32960400
F 1.34020100 2. 16645600  1.43590200 c 1.48001300  2.12536900 1. 26513900
F 3.97934500  2.62203400  1.43331700 c 1.45185800  0.22684000 2. 62991700
F 5.64978800  1.01295300  -0.00013100 c 138794400 2.96661600 2. 36871300
F 464225000  -1.07639300 1. 43336800 c 1.36254700  1.02608900 3. 77135700
F 2.00934800  -1.56567100 1. 43624800 c 1.33930700  2.40941400 3. 64347600
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F -3
F -0,
F 1
H -0.
C 1
H 1
H 0.
H 0.
C 5
H 5.
H 5
C 6.
H 6.
H 6.
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Ggas = -3253.003190 a.u.
Egas = -3253.45676743 a.u.
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C -2
C -2
C -1
H -1
H -2
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N -1
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C 1. 74751300 1. 25139900  -0. 03004500 C —2.49304200  -1.15058800 0. 29844400
H 1. 89754500 1. 66675800 0. 98217600 C -1.10446700  -1.16826100  -0. 37344400
H 1. 17020400 1.99376900  -0. 59092600 H -0. 50158900 2. 04820800 0. 53566000
C 3.10265500 1.04861700  -0. 71731300 H —2. 95498500 2.07785100 0.60178200
H 3.62412900 2.00998900  —0. 77788700 H -3.04386300  -2.06099000 0. 52426100
H 2.91222400 0.73018900 1. 74897800 H -0. 59898300  -2.08001900 0. 67553300
C 3.97273200  -0.00242500 0. 00543800 N 1.05867000  -0. 03925100  —0. 18148800
H 4. 62859800 0. 48389100 0. 73636300 C 3.09310200 1. 28146600  -0. 29105900
H 4.63104700  -0.48991100  -0. 72250100 H 3. 54836500 2.21820700  -0. 59545800
C 3.09748300  -1.05193800 0. 72415400 C 3. 96350100 0. 16946300 0. 23592900
H 2.90337800  —0. 73351800 1. 75513900 H 4. 21273200 0. 32510100 1. 29674100
H 3.61668000  -2.01442800 0. 78650000 H 4. 92386500 0.15327500  -0. 29512000
C 1. 74481400  -1.25150200 0.03111800 C 3.24625700  -1. 17755700 0. 05375000
H 1. 89824300  -1.66643800  —0.98079200 H 3.75500000  -1.97554300 0. 60555200
H 1. 16345600  —1. 99302000 0. 58895100 H 3.25706800  -1.45496400  -1.00674700
C 4. 77105500  —0. 00590000 0. 01946500 C 1.79247800  -1. 09680000 0. 52781300
H -5. 18115300  -0.72726500  —0. 69500900 H 1.29029800  -2. 05254800 0. 36341700
H -5.15926200  —0. 27798800 1. 01009900 H 1.76567200  -0.89911700 1. 61184800
H -5. 18240500 0.97826500  —0. 22750900 C 1. 76964600 1. 12545600  -0. 47154700

H 1. 17158200 1.91183900  -0. 91910200

C —4. 70696600 0. 03033200 0. 08256800

H -5. 13741900 0.06726800  -0. 92634500

H -5.10553400  -0. 86676700 0. 56842300

H -5. 08135900 0.90131800 0. 62855900

-+

J
Gyas = -1081.836238 a.u.

I Eg. =-1082.16254552 a.u.
Ggas = -520.856956 a.u. c 180118300  0.09741800 0. 68783600
Egas = -521.060895856a.u. c 0.80436900  0.66135600 0. 15049000
¢ -0.35292500  -0.01280400 0. 09167500 c 0.97664500  1.99130800 0. 58245400
¢ -1.05078000  1.15168800  0.26786800 c 2.08926000  2.76723400 025316000
¢ -2.44491300  1.16004500  0.31818900 c 3.07668400  2.16784300  -0.54496100
¢ -3.19714700  0.01449800  0.04022000 c 2.93445400  0.86887100 -1.01305700
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Gyas = -1065.801046 a.u.
Egss = -1066.13769825 a.u.
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2.07312900 0.
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6. 08378000 0
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6. 21335900 1
6. 49322900 0.
4. 86105800 0
3. 66554400 2
2. 94339800 2.
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1. 70189500 3.
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1. 03722300 2
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2.12010800 5
1. 24673400 4
3. 38984600 4.
4. 22244800 4
3.42173500 5
3.63425200 2.
2. 86448200 2
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