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1. General information

Materials. All reagents and solvents were used as received without further purification. Reagents and solvents were
bought from Sigma Aldrich, TCI and Fluorochem. Technical solvents were bought from VWR International and
used as received. N-butane gas with 3.5purity was purchased from Praxair, propane gas with 2.5purity was
purchased from Benegas, ethane gas with 3.5purity was purchased from Gerling and Holz and Co and methane gas
with 4.5purity was purchased from Nippon gases. Disposable syringes were purchased from Laboratory Glass
Specialist. Syringe pumps were purchased from Chemix Inc. model Fusion 200 Touch. All capillary tubing,
microfluidic fittings and Back Pressure Regulator (BPR) were purchased from IDEX Health & Science. Product
isolation was performed automatically, by a Biotage® Isolation Four, with Biotage® SNAP KP-Sil 4 or 10 g flash
chromatography cartridges, or manually, using silica (P60, SILICYCLE). TLC analysis was performed using Silica
on aluminum foils TLC plates (F254, SILICYCLE) with visualization under ultraviolet light (254 nm and 365 nm)
or appropriate TLC staining (potassium permanganate). Organic solutions were concentrated under reduced
pressure on a Biichi rotary evaporator (in vacuo at 40 °C, ~5 mbar). The TBADT catalyst!!! and nickel catalysts[!
were prepared according to reported procedures. The majority of the substrates are commercially available. The
synthesis of starting materials 4-b1r0rno-1-tosyl—1H-pyrr010[2,3—b]pyridine[3 ! and (1R,2S,5R)-2-isopropyl-5-
methylcyclohexyl 4-bromobenzoatel® were prepared in accordance with literature procedures.

NMR spectroscopy. 'H (400 and 300 MHz), 1*C (101 and 128 MHz), '°F (282 and 376 MHz) spectra were recorded
at ambient temperature using Bruker AV 300-1, AV 400 and AV 500-NEO. '"H NMR spectra are reported in parts
per million (ppm) downfield relative to CDCl; (7.26 ppm) and all 13C NMR spectra are reported in ppm relative to
CDCIl; (77.16 ppm) unless stated otherwise. The multiplicities of signals are designated by the following
abbreviations: s (singlet), d (doublet), t (triplet), q (quartet), p (pentet), sext (sextet), m (multiplet), dd (doublet of
doublets), dt (doublet of triplets), td (triplet of doublets), ddd (doublet of doublet of doublets). Coupling constants
(J) are reported in hertz (Hz). NMR data was processed using the MestReNova 14 software package. Known
products were characterized by comparing to the corresponding 'NMR, '3C NMR, '°F NMR with those available in
the literature.

Mass spectrometry. High resolution mass spectra (HRMS) were collected on an AccuTOF GC v 4g, IMS-
T100GCV Mass spectrometer (JEOL, Japan).

Determination of Regioisomeric and Diastereomeric Ratio. The regioisomeric and diastereomeric ratios were
determined by 'H NMR analysis of the crude reaction mixture through integration of diagnostic signals. For cases
where the integration of diagnostic signals is not possible, the ratio was determined by GC-FID analysis.



2. Reactor Design
2.1 Flow Equipment

Syringe pump
(Chemyx Fusion 200)

Gastight syringe (SGE
Luer Lock 5)

HPLC pump
(Shimadzu LC-20AD)

Mass Flow Controller
(Bronkhorst EL-)

FLOW - Shut-Off

Valve (IDEX P-783) T-
mixer (IDEX P-712)

BPR holder (IDEX P-
789)

BPR cartridge

(IDEX P-789)

Figure S1: Flow equipment used for the photocatalytic reactions.



2.2 Vapourtec Setup

Preliminary experiments were carried out with a Vapourtec UV-150 photochemical reactor setup, equipped with a
a 60 W 365 nm LED lamp (Figure S2).

Figure S2: Overview of the Vapourtec Setup and details of the LEDs and PFA reactor coil (1.3 mm ID, 1.6 mm
OD, 10 mL).



2.3 Eagle Reactor

A Signify photochemical reactor is used, consisting of a base assembly with six 365 nm UV-A chip-on-board light
modules.®! Each of these light source modules contain a fan and a heat sink to efficiently dissipate heat generated
through the high power LEDs. Also the head cap assembly contains blowers to cool the interior of the reactor
system, to reduce undesired thermal side-reactions. The LED modules and chamber cooling blowers are connected
to a driver box, allowing to set the current of each of the LED modules individually, as well as the rotation speed of
the cooling blowers. The six LED modules (365 nm, max. 144 W combined optical output power) are positioned in
an hexagonal form around an aluminum cylinder support (80 mm height, 75 mm diameter), which has the reactor
coil wrapped around (FEP capillary tubing: 1.6 mm OD, 0.8 mm ID, 11 mL volume or 0.5 mm ID, 2.5 mL volume).

Chip-on-board LEDs
(24 W optical power/unit)

Figure S3 Signify Eagle Reactor with (A) six chip-on-board LED modules, (B) head assembly with reactor coil,
and (C) complete assembly with fans, heat sinks and LED modules. (D) and (E) slurry decanter unit.
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Figure S4: Overview of the Setup used with Signify Eagle Reactor (Loop A contains the reaction mixtures; Loop
B contains the photocatalyst used in the recirculation step).



3. General Procedure for the Optimization of gas-liquid Reactions in
Flow

An elaborate description of the procedure for optimizing gas-liquid and gas-gas-liquid reactions in flow is described
in the supporting information of our previous work on photocatalytic carbonylation of light and heavy hydrocarbons.
[ The relevant descriptions and calculations for this work are repeated here. For reactions above the maximum
pressure of the liquid stream (syringe pump) or above the maximum pressure of the gas stream (pressure of the gas
cylinder or reducer), a loop filling method is applied (Figure S5 A). With this method, the gas and liquid stream are
first combined in a filling loop, then pressurized with a HPLC pump and finally injected into the reactor coil under
the desired flow rate with the HPLC pump. (Figure S5 B)

A Perform Loop filling

_——— e = —— -

(i

Taylor flow

Filling loop A
0.5mm ID, 10 mL :

B Perform reaction
Connect loop to HPLC pump and solvent filled Eagle
Pressurize system
Perform reaction at correct flow rate

1
1
1
: Filling loop A : Signify Eagle reactor
| 0.5mm ID, 10 mL | 0.5mmID, 2.5 mL
e \ 365nm, 144 W

C Perform reaction with recirculation
Connect loops to HPLC pump and solvent filled Eagle
Pressurize system
Perform reaction at correct flow rate
Connect the TBADT filling loop B

M_TE é_.

HPLC Filling loop A
S—=
H;: ‘Signify Eagle reactor
0.5mmID, 2.5+25mL
Filling loop B 365 nm, 144 W

Figure S5: Schematic representation of gas-liquid reactions performed with a loop filling method. (A) Loop filling
of gas-liquid mixture, (B) Pressurizing the system and run the reaction using the correct flow rate. BPR: Back-
Pressure Regulator. (C) System with recirculation.

The flow over the BPR only starts when the system has reached the design pressure of the BPR. The reaction is then
performed through irradiation of the solution inside the reactor and the reaction mixture is collected at the outlet. In
the case of the recirculation setup the TBADT loop filling (loop filling B) is connected to the outlet of the first coil
through a T mixer which let the resulting mixture enter to the second coil wrapped into the first (Figure S5 C).



4. Reaction Optimization
4.1 Photoreactor Evaluation

Ni Complex | (5 mol%) tBu Bu
i Br TBADT (1 mol%) — —
1. QL e L @L Yo¥
Me I\;Ig CO,Me 2, 6 Lutidine (1.1 equiv.), CO,Me COzMe CO,Me ,Ni,/
Residence Time (x min) Br Br
propane 1 32 bar Pressure 2b Ni Complex |
35°C, CDsCN [0.1 M],
GiL (viv) Flow Photoreactor ( x )
20:1
Table S1 . Evaluation of the photoreactor and residence time
. . Yield of Yield of . . Yield of .
Residence Time Ia 2a:2b Selectivity 22 +2b Yield of 3
150 W Vapourtec 15 min 95% - - 0%
150 W Vapourtec 30 min 84% 7:4 1,8 11% -
150 W Vapourtec 60 min 61% 13:8 1,75 21% -
150 W Vapourtec 120 min 50% 15:8 1,9 23% 10
150 W Vapourtec 240 min 48% 15:7 2,0 22% 14
144 W Eagle 15 min 40% 18 :15 1,2 33% 21%
144 W Eagle 30 min 41% 18 : 15 1,2 33% 23%



4.2 Catalysts loading Screening

Ni Complex I (x mol%) tBu tBu
H Br. TBADT (x mol%) - -
+ \SZ, \ /
*'H N N

Me” N0 CO,Me 26 Lutidine (1.1 equiv.), CO.Me COzMe CO,Me SNi?
Residence Time (15 min) B Br~ “Br

propane 1 32 bar Pressure Ni Complex | ——

35 °C, CD5CN [0.1 M],
G:L-O(‘;’V) 365 nm (144 W)

Table S2. Influence of the catalyst loading on the photocatalytic alkylation of 1 with propane.

Catalysts Loading Yieldof 1a  Yieldof2a:2b  Yieldof2a+2b  Yield of 3
TBADT (1 mol%), NiI (2 mol%) 52 12:8 20 15
TBADT (1 mol%), Ni I (5 mol%) 40 18:15 33 22
TBADT (1 mol%), NiI (10 mol%) 41 17:13 30 23
TBADT (2.5 mol%), Ni I (5§ mol%) 48 20:13 33 21

TBADT (5 mol%), Ni I (5 mol%) clogging

10



4.3 Ligand Screening

H

weVH

Me
propane

G:L (viv)
20:1

Table S3 Influence of the ligand on the photocatalytic alkylation of 1 with propane.

Br:
+

Ligand Source (5%mol)
NiBry(dme) (5 mol%)

LS

TBADT (1 mol%)
—

CO;Me 2,6 Lutidine (1.1 equiv.),

Residence Time (15 min)
1 32 bar Pressure
35 °C, CD;CN [0.1 M],
365 nm (144 W)

Me

2a

2b

Me
o 0, O
CO,M
CO,Me O,Me CO,Me

3

Ligand Source Yield of 1 | Yield of2a:2b | Yield of2a+2b | Yield of 3
tBu tBu
\_/ \_/ 40 18:15 33 22
>80% n.d. <20% n.d.
>80% n.d. <20% n.d.
N\ / MeMe
NE\ NH 2 Not soluble
4 \ >80% n.d. <20% n.d.
= \=
Me, Me
7\ N\ >80% n.d. <20% n.d.
_ =
MeQ, OMe
7 N\ \ >80% n.d. <20% n.d.
C >80% n.d. <20% n.d.
Me e

11




4.4 Gas to Liquid Ratio Screening

H
Me*";l'(;I

propane

G:L (viv)
x:1

Table S4.

Ni Complex I (5 mol%) Bu tBu
Br TBADT (1 mol%) = =
o k=
N N
CO,Me 26 Lutldlne (1.1 equiv.), CO,Me COZMe CO,Me NiT
Residence Time (15 min) Br” "Br
32 bar Pressure 2b 3 Ni Complex | ——
35 °C, CD3CN [0.1 M],
365 nm (144 W)
Influence of the Gas-to-Liquid ratio on the photocatalytic alkylation of 1 with propane.
Gas : Liquid Ratio  Yield of 1a  Yield of2a:2b  Yieldof2a+2b  Yield of 3
20: 40 18:15 33 22
40 : 46 29:11 40 10
60 : 48 29:10 39
80 : 58 20:8 28

12



4.5 Additive Screening

Ni Complex | (5 mol%) tBu tBu
- Br TBADT (2 5 mol%) — —
1. L A S\ @L oY
me” S H CO,Me 26 Lutidine (1.1 equiv.), Coule cozMe COzMe NiZ
Residence Time (15 min) ? Br” 'Br
propane 1 32 bar Pressure 2b Ni Complex | ——
35°C, CD3CN [0.1 M],
GL (V) 365 nm (144 W)
40:1 o
additive (x)
Table SS Influence of the additives on the photocatalytic alkylation of 1 with propane.
Solvent Additive Yield of 1 Yield of 2a : 2b Yield of 2a +2b Yield of 3
CDsCN no 46 29:11 40 10
CDsCN +2.5 mol% TBADT 38 34:12 46 6
CDs;CN +2.5 mol% TBADT clogging
+2.5 mol% TBADT, _
CD:CN LiCl 1.5 equiv. ) 33:8 H 2
+ o,
CDsCN 25 mol% TBADT, ) 30: 14 44 10
LiBr 1.5 equiv.
b 3C(I;_:;})3UOH +2.5mol% TBADT 20 29:19 48 10
CD3CN:tBuOH +2.5 mol% TBADT, 16 54 12
@3:1) LiBr 1.5 equiv. 36:18

13



4.6 Recirculation

Ni Complex I (5 mol%) tBu tBu
. Br TBADT (2 5 mol%) — =
* . \©\ \/\© ©\ \ 7 \ /
1
Me M'; COMe 2, 6 Lutidine (1.1 equiv.), COMe COzMe CO,Me N\Ni/N
LiBr (1.5 equiv.) 2 Br” 'Br
propane 1 Residence Time (x min) L Ni Complex | —
32 bar Pressure
Giko(_‘qf") Amb. Temp.,CD;CN:tBUOH [0.1 M],
: 365 nm (144 W)

Table S6. Recirculation of the reaction mixture to extend the reaction time.

Residence time  Yield of 1  Yield of2a:2b  Yield of 2a+2b  Yield of 3

15 min 16 36:18 54 12
30 min 14 39:17 56 8
30 min + 20 min 15 37:18 55 6
30 min + 20 min* - 41:19 60 7

Implementing a recirculation system with the introduction of a fresh solution of TBADT before the recirculation
step allow to reach full conversion (Figure S6).

without fresh addition of TBADT,
Residual Starting Material

] -

B

full conversion

L N

T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

Figure S6: 'H NMR of the reaction mixture without (up) and with (down) fresh addition of
TBADT.

14



4.7 Optimization for Ethane

Ni Complex I (5 mol%) Bu tBu
" Br\© TBADT (2 2.5 mol%) — —
+ N\ 7\ /
Me*'_’lH CO,Et 2, 6 Lutidine (1.1 equiv.), /\©\CO - * ©C02Et N\N,,N
LiBr (1.5 equiv.) 2 Br”Br
propane 4 Residence Time ((30 + 20) min) Ni Complex | ——
52 bar Pressure
GiL-O(‘;’V) Amb. Temp., CD3CN:{BuOH [0.1 M],
’ 365 nm (144 W)
Table S7. Reaction optimization for ethane.
Deviation from standard Conditions  Yield of 4  Yield of 20a  Yield of 5
None 30 17 16
30 min + 30 min 14 19 15
FeCls (10 mol%) insted of TBADT 24 15 17
Ni (5 mol%) in reciculation loop 25 29 23

15



5. General Procedures (GP)

Ni Complex | (5 mol%) e}

TBADT (2 x 2.5 mol%) e _\%
, 2,6 Lutidine (1.1 equiv.), " /O o'| o d|c70\
LiBr (1.5 equiv.) AN | AW
L. - S R -
R Br CDsCN:tBUOH=3:1 [01M] H | /dQOJV/
144 W LED ( = 365 nm) 3 5
gaseous alkane  (Hetero)Aryl 35+ =50 min, p = 17-52 bar TBADT

——— Ni Complex |

[NBu4N]4[W10Os,]

5.1 (GP1) n-Butane

To a nitrogen-purged, screw-capped vial, fitted with a rubber septum and charged with nickel complex I (7.3 mg,
15 umol, 5 mol%), TBADT (25 mg, 7.5 pumol, 2.5 mol%), LiBr (39 mg, 0.45 mmol, 1.5 equiv.), 2,6-
dimethylpyridine (38 pL, 0.33 mmol, 1.1 equiv.), the aryl bromide (0.3 mmol, 1 equiv.) solubilized in 2.25 mL
CDsCN + 0.75 mL #-BuOH (3:1 volume ratio 0.1 M).

The stock solution is charged in a gastight syringe, positioned in a syringe pump and combined with a stream of
butane gas (120 mL, 5.14 mmol, 17 equiv.) through a T-mixer into filling loop A, with a liquid flow rate of 0.1
mL-min! and a butane gas flow rate of 4 mL-min! (40 : 1 = gas : liquid).

No back pressure regulator was used for the loop filling step.

The TBADT stock solution used for the recirculation is prepared solubilizing (25 mg, 2.5 mol%) in 1.5 mL of
CDsCN. This solution is added into a dedicated TBADT loop (filling loop B) (Figure S5).

Next, the filling loop and the TBADT loop are connected to the reactor, to the start and to the of the first coil
respectively. The system is pressurized to 34 bar using an HPLC pump and the reaction mixture is pumped over the
Signify Eagle reactor (365 nm, 144 W output power, FEP capillary: 0.5 mm ID, 2.5 mL) at a flow rate of 0.083
mL/min, resulting in a residence time of 30 min.

After around 29 min the TBADT stock solution is pumped over through a T mixer connected at the end of the first
coil at a flow rate of 0.041 mL-min™' (the total volume of TBADT stock solution used is 1.5 mL, 7.5 pmol, 2.5
mol%). The sum of the two flow rates (recirculation) is 0,125 mL/min and in the second coil (FEP capillary: 0.5
mm ID, 2.5 mL) this results in a residence time of 20 min.

The obtained reaction mixture is collected into vial, submitted to GC-FID analysis, and evaporated in vacuo. The
residue is purified by column chromatography.

5.2 (GP2) Propane

To a nitrogen-purged, screw-capped vial, fitted with a rubber septum and charged with nickel complex I (7.3 mg,
15 umol, 5 mol%), TBADT (25 mg, 7.5 pumol, 2.5 mol%), LiBr (39 mg, 0.45 mmol, 1.5 equiv.), 2,6-
dimethylpyridine (38 pL, 0.33 mmol, 1.1 equiv.), the aryl bromide (0.3 mmol, 1 equiv.) solubilized in 2.25 mL
CD3CN + 0.75 mL -BuOH (3:1 volume ratio 0.1 M).

The stock solution is charged in a gastight syringe, positioned in a syringe pump and combined with a stream of
propane gas (120 mL, 4.89 mmol, 16 equiv.) through a T-mixer into filling loop A, with a liquid flow rate of 0.1
mL-min! and a butane gas flow rate of 4 mL-min! (40 : 1 = gas : liquid).

A BPR of 2.8 bar was used during the loop filling step.

The TBADT stock solution used for the recirculation is prepared solubilizing TBADT (25 mg, 2.5 mol%) in 1.5
mL of CD3;CN. This solution is added into a dedicated TBADT loop (filling loop B) (Figure S5).

Next, the filling loop and the TBADT loop are connected to the reactor, to the start and to the of the first coil
respectively. The system is pressurized to 34 bar using an HPLC pump and the reaction mixture is pumped over the
Signify Eagle reactor (365 nm, 144 W output power, FEP capillary: 0.5 mm ID, 2.5 mL) at a flow rate of 0.083
mL/min, resulting in a residence time of 30 min.

After around 29 min the TBADT stock solution is pumped over through a T mixer connected at the end of the first
coil at a flow rate of 0.041 mL-min™' (the total volume of TBADT stock solution used is 1.5 mL, 7.5 pmol, 2.5
mol%). The sum of the two flow rates (recirculation) is 0,125 mL/min and in the second coil (FEP capillary: 0.5
mm ID, 2.5 mL) this results in a residence time of 20 min.

The obtained reaction mixture is collected into vial, submitted to GC-FID analysis, and evaporated in vacuo. The
residue is purified by column chromatography.
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5.3 (GP3) Ethane

To a nitrogen-purged, screw-capped vial, fitted with a rubber septum and charged with nickel complex I (7.3 mg,
15 umol, 5 mol%), TBADT (25 mg, 7.5 pumol, 2.5 mol%), LiBr (39 mg, 0.45 mmol, 1.5 equiv.), 2,6-
dimethylpyridine (38 pL, 0.33 mmol, 1.1 equiv.), the aryl bromide (0.3 mmol, 1 equiv.) solubilized in 2.25 mL
CD3CN + 0.75 mL -BuOH (3:1 volume ratio 0.1 M).

The stock solution is charged in a gastight syringe, positioned in a syringe pump and combined with a stream of
ethane gas (120 mL, 5.10 mmol, 17 equiv.) through a T-mixer into filling loop A, with a liquid flow rate of 0.1
mL-min! and a butane gas flow rate of 4 mL-min"! (40 : 1 = gas : liquid). A BPR of 2.8 was used during the loop
filling step.

The TBADT stock solution used for the recirculation is prepared solubilizing TBADT (25 mg, 2.5 mol%) and nickel
complex I ( 7.3 mg, 15 pmol, 5 mol%) in 1.5 mL of CD3CN. This solution is added into a dedicated TBADT loop
(filling loop B) (Figure S5).

Next, the filling loop and the TBADT loop are connected to the reactor, to the start and to the of the first coil
respectively. The system is pressurized to 52 bar using an HPLC pump and the reaction mixture is pumped over the
Signify Eagle reactor (365 nm, 144 W output power, FEP capillary: 0.5 mm ID, 2.5 mL) at a flow rate of 0.083
mL/min, resulting in a residence time of 30 min.

After around 29 min the TBADT stock solution is pumped over through a T mixer connected at the end of the first
coil at a flow rate of 0.041 mL-min! (the total volume of TBADT stock solution used is 1.5 mL, 7.5 pmol, 2.5
mol%). The sum of the two flow rates (recirculation) is 0,125 mL/min and in the second coil (FEP capillary: 0.5
mm ID, 2.5 mL) this results in a residence time of 20 min.

The obtained reaction mixture is collected into vial, submitted to GC-FID analysis, and evaporated in vacuo. The
residue is purified by column chromatography.

5.4 (GP4) Methane

To a nitrogen-purged, screw-capped vial, fitted with a rubber septum and charged with nickel complex I (7.3 mg,
15 pumol, 5 mol%), TBADT (25 mg, 7.5 pumol, 2.5 mol%), LiBr (39 mg, 0.45 mmol, 1.5 equiv.), 2,6-
dimethylpyridine (38 pL, 0.33 mmol, 1.1 equiv.), the aryl bromide (0.3 mmol, 1 equiv.) solubilized in 2.25 mL
CD3CN + 0.75 mL +-BuOH (3:1 volume ratio 0.1 M).

The stock solution is charged in a gastight syringe, positioned in a syringe pump and combined with a stream of
propane gas (120 mL, 5.36 mmol, 18 equiv.) through a T-mixer into filling loop A, with a liquid flow rate of 0.1
mL-min"' and a butane gas flow rate of 4 mL-min-' (40 : 1 = gas : liquid A BPR of 2.8 was used during the loop
filling step.

The TBADT stock solution used for the recirculation is prepared solubilizing TBADT (35 mg, 3.5 mol%) and
nickel complex I( 10.3 mg, 15 umol, 5 mol%) in 1.5 mL of CD3CN. This solution is added into a dedicated TBADT
loop (filling loop B) (Figure S5).

Next, the filling loop and the TBADT loop are connected to the reactor, to the start and to the of the first coil
respectively. The system is pressurized to 52 bar using an HPLC pump and the reaction mixture is pumped over the
Signify Eagle reactor (365 nm, 144 W output power, FEP capillary: 0.5 mm ID, 2.5 mL) at a flow rate of 0.083
mL/min, resulting in a residence time of 30 min.

After around 29 min the TBADT stock solution is pumped over through a T mixer connected at the end of the first
coil at a flow rate of 0.041 mL-min™' (the total volume of TBADT stock solution used is 1.5 mL, 7.5 pmol, 2.5
mol%). The sum of the two flow rates (recirculation) is 0,125 mL/min and in the second coil (FEP capillary: 0.5
mm ID, 2.5 mL) this results in a residence time of 20 min.

The obtained reaction mixture is collected into vial, submitted to GC-FID analysis, and evaporated in vacuo. The
yield was determined by calibrated GC-FID using dodecane as internal standard.

5.5 Scale-up

To a nitrogen-purged, screw-capped vial, fitted with a rubber septum and charged with nickel complex I (24 mg,
50 pmol, 5 mol%), TBADT (83 mg, 25 umol, 2.5 mol%), LiBr (130 mg, 1.5 mmol, 1.5 equiv.), 2,6-
dimethylpyridine (127 pL, 1.1 mmol, 1.1 equiv.), methyl 4-bromobenzoate (I mmol, 215 mg, 1 equiv.) and
solubilized in 7.5 mL CD3CN + 2.5 mL #BuOH (3:1 volume ratio 0.1 M).

The stock solution is charged in a gastight syringe, positioned in a syringe pump and combined with a stream of
propane gas (400 mL, 16.32 mmol, 16 equiv.) through a T-mixer into a filling loop, with a liquid flow rate of 0.1
mL-min’! and a propane gas flow rate of 4 mL-min™! (40 : 1 = gas : liquid).
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The system is pressurized to 34 bar using an HPLC pump and the reaction mixture is pumped over the Signify Eagle
reactor (365 nm, 144 W output power, FEP capillary: 0.8 mm ID, 11 mL) at a flow rate of 0.314 mL/min, resulting
in a residence time of 35 min.

The obtained reaction mixture is collected into vial, submitted to GC-FID analysis and evaporated in vacuo. The
residue is purified by column chromatography (from Pentane to Pentane:Ethyl Acetate 30:1) to afford the product
as a colorless oil (98 mg, 55% yield).
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6. Characterization data of synthesized compound

The regioisomeric ratio was assessed by GC-FID analysis of the reaction crude. In the case of propane and butane,
due to overlapping signals, the reported peaks are for both linear and branched regioisomers.

n-Butane:
CO,Me
CO,Me
Me ' Me\/\/©
Me
3a 3b

methyl 4-(sec-butyl)benzoate (3a, major) and methyl 4-butylbenzoate (3b, minor). Prepared according to GP1
from methyl 4-bromobenzoate (64.5 mg, 0.3 mmol, 1.0 equiv.) and butane. The regioisomeric ratio (r.r) was
determined by GC-FID of the crude reaction mixture to be 4:1. Purified via flash column chromatography on silica
gel (from Pentane to Pentane:Ethyl acetate 50:1) to afford the product as a colorless oil (42 mg, 72% yield).

'H NMR (400 MHz, CDCl3) & 8.00 — 7.87 (regioisomeric multiplet, 2H 3a+3b), 7.27 — 7.21 (regioisomeric
multiplet, 2H 3a+3b), 3.91 (s, 0.2H 3b), 3.90 (s, 2.8H 3a), 2.69 — 2.63 (m, 1H), 1.60 (q, /= 7.5 Hz, 3H), 1.40 — 1.32
(m, 1H), 0.99 — 0.75 (m, 4H).

13C NMR (101 MHz, CDCl3) 5 167.4, 153.4, 148.6, 129.8, 129.8, 128.6, 127.9, 127.2, 52.1, 41.9, 35.8, 33.4, 31.1,
29.8,22.4,21.7,14.0, 12.3.

HRMS (ESI+) (m/z): [M+H]* caled. for C12H1602, 192.1150; found: 192.1153.

CN CN
+ Me\/\/@
Me/Y©

Me

4a 4b

4-(sec-butyl)benzonitrile (4a, major) and 4-butylbenzonitrile (4b, minor). Prepared according to GP1 from 4-
bromobenzonitrile (55 mg, 0.3 mmol, 1.0 equiv.) and butane. The regioisomeric ratio (r.r) was determined by GC-
FID of the crude reaction mixture to be 4:1. Purified via flash column chromatography on silica gel (from Pentane
to Pentane:Ethyl acetate 50:1) to afford the product as a colorless oil (33 mg, 69% yield).

'H NMR (400 MHz, CDCl) & 7.57 — 7.52 (regioisomeric multiplet, 2H 4a+db), 7.27 — 7.22 (regioisomeric
multiplet, 2H 4a+4b), 2.99 — 2.27 (m, 1H), 1.95 — 1.40 (m, 2H), 1.40 — 1.23 (m, 0.5H 4b), 1.19 (d, /= 6.9 Hz, 2.2H
4a), 0.88 (t, /= 7.3 Hz, 0.8H 4b), 0.77 (t, /= 7.4 Hz, 2H 4a).

13C NMR (101 MHz, CDCl3) & 153.4 (4a), 148.7 (4b), 132.2, 129.8, 129.3, 128.0, 119.3, 109.8, 42.1 (4a), 35.9
(4b), 33.2 (4b), 30.9 (4a), 22.4 (4b), 21.5 (4a), 14.0 (4b), 12.2 (4a).

HRMS (ESI+) (m/z): [M+H]" caled. for CiiHisN, 159.1048; found: 159.1043.

CF3 CF3
Me\/\/@
Me CFs CF3
Me
5a 5b

1-(sec-butyl)-3,5-bis(trifluoromethyl)benzene (5a, major) and 1-butyl-3,5-bis(trifluoromethyl)benzene (4b,
minor). Prepared according to GP1 from 1-bromo-3,5-bis(trifluoromethyl)benzene (88 mg, 0.3 mmol, 1.0 equiv.)
and butane. The regioisomeric ratio (r.r) was determined by GC-FID of the crude reaction mixture to be 4:1. Purified
via flash column chromatography on silica gel (from Pentane to Pentane:Ethyl acetate 50:1) to afford the product
as a colorless oil (53 mg, 65% yield).
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'H NMR (400 MHz, CDCl3) & 7.71 (regioisomeric singlet , 1H), 7.62 (regioisomeric singlet, 2H), 2.78-2.72 (m, J
=10.7, 7.5 Hz, 1H), 1.72 — 1.59 (m, 2H 5a), 1.38 (m, J = 7.4 Hz, 0.8H 5b), 1.29 (d, /= 7.0 Hz, 2.2H 5a), 0.96 (t, J
=7.3 Hz, 1H 5b), 0.90 — 0.85 (m, 2.6H 5a).

13C NMR (101 MHz, CDCl3) § 150.2 (5a), 145.3 (5b), 131.0 (q, J = 32.9 Hz (5a+5b), 128.7 (5b), 127.4 (5a),
125.0(5a), 125.0 (5b), 122.3 (5a), 122.2 (5b), 120.0 (q, J = 4.1 Hz 5a), 119.9 (q, /= 4.1 Hz 5b), 35.5, 33.3, 31.1,
29.9,22.4 (5b), 21.6 (5a), 14.0 (5b), 12.2 (5a).

YF NMR (282 MHz, CDCl;) 8 -62.8 (5a), -62.9 (5b).

HRMS (ESI+) (m/z): [M+H]* caled. for CoH12Fs, 247.0843; found: 247.20850.

o] o]
Me/\(©:«\ + Me\/\/©:«\
(e} (e}

Me
6a 6b

6-(sec-butyl)isobenzofuran-1(3H)-one (6a, major) and 6-butylisobenzofuran-1(3H)-one (6b, minor). Prepared
according to GP1 from methyl 6-bromoisobenzofuran-1(3H)-one (64 mg, 0.3 mmol, 1.0 equiv.) and butane. The
regioisomeric ratio (r.r) was determined by GC-FID of the crude reaction mixture to be 3:1. Purified via flash column
chromatography on silica gel (from Pentane to Pentane:Ethyl Acetate 50:1) to afford the product as a colorless oil
(35 mg, 60% yield).

H NMR (400 MHz, CDCls) § 7.84 (regioisomeric doublet, J= 7.8 Hz, 1H 6a+6b), 7.35 (regioisomeric doublet, J
= 8.0 Hz, 1H 6a+6b), 7.28 (regioisomeric singlet, IH 6a+6b), 5.29 (regioisomeric singlet, 2H 6a+6b), 2.79-2.69
(m, 1H 6a), 1.66-1.62 (m, 2H 6a), 1.36 (m, 0.3H 6b), 1.28 (d, /= 6.9 Hz, 2.7H 6a), 0.96 — 0.91 (m, 0.5H 6b), 0.83
(t, J=7.4 Hz, 2.5H 6a).

13C NMR (101 MHz, CDCl5) & 171.3 (6a), 155.2 (6a), 147.2 (6a), 128.5 (6a), 125.8 (6a), 123.8 (6b), 120.5 (6a),
69.9 (6a), 42.3 (6a), 31.2 (6a), 21.9 (6a), 12.3 (6a).

HRMS (ESI+) (m/z): [M+H]* caled. for C12H140,, 286.0944; found: 286.0949.

Low concentration avoids the unambiguous >*C NMR characterization of the minor regioisomer.
N _CN
N )
Me Me N
Me

CN

7a 7b

5-(sec-butyl)picolinonitrile (7a, major) and 5-butylpicolinonitrile (7b, minor). Prepared according to GP1 from
methyl 5-bromopicolinonitrile (55 mg, 0.3 mmol, 1.0 equiv.) and butane. The regioisomeric ratio (r.r) was
determined by GC-FID of the crude reaction mixture to be 3:1. Purified via flash column chromatography on silica
gel (from Pentane to Pentane:Ethyl Acetate 10:1) to afford the product as a colorless oil (33 mg, 68% yield).

'H NMR (400 MHz, CDCl;) & 8.56 — 8.52 (regioisomeric multiplet, 1H Ta+7b), 7.64 — 7.59 (regioisomeric
multiplet, 2H Ta+7b), 2.93 — 2.56 (m, 1.3H), 1.86 — 1.47 (m, 2,34H), 1.40-1.33 (m, 0.6H), 1.28 (d, J = 7.0 Hz,
2.4H),0.94 (t, J= 7.3 Hz, 0.7H), 0.84 (t, /= 7.4 Hz, 2.3H).

13C NMR (101 MHz, CDCl3) 6 151.6 (7b), 150.9 (7a), 147.1, 142.6, 136.6 (7b), 135.2 (7a), 131.6 (7a), 131.4 (7b),
128.4 (7a), 128.3 (7b), 117.6, 39.5, 33.0 (7a), 32.9, 30.8 (7a), 22.3 (7b), 21.2 (7a), 13.9 (7b), 12.1 (7a).

HRMS (ESI+) (m/z): [M+H]* caled. for C1oH12N2, 161.1000; found: 161.1004.

N _CF3
“r N._CF
| 3
SN + a1
Me Me N
Me
8a 8b

5-(sec-butyl)-2-(trifluoromethyl)pyrimidine (8a, major) and 5-butyl-2-(trifluoromethyl)pyrimidine (8b, minor).
Prepared according to GP1 from methyl 5-bromopicolinonitrile (68 mg, 0.3 mmol, 1.0 equiv.) and butane. The
regioisomeric ratio (r.r) was determined by GC-FID of the crude reaction mixture to be 3:1. Purified via flash column
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chromatography on silica gel (from Pentane to Pentane:Ethyl 10:1) to afford the product as a colorless oil (26 mg,
42% yield).

'H NMR (400 MHz, CDCls) § 8.74 — 8.63 (regioisomeric multiplet, 1H 8a+8b), 2.80-2.65 (m, 1H), 1.83 — 1.61
(m, 2H) (8b), 1.34 (d, /= 7.0, 3H) (8a), 1.04 — 0.94 (m, 1H) (8b), 0.89 (t, J = 7.4, 2H) (8a).

13C NMR (101 MHz, CDCl3) § 156.9, 142.5, 119.85 (q, J = 274.7 Hz), 37.3, 30.6, 20.9, 12.0

19F NMR (282 MHz, CDCl;3) § -70.14 (8a+8b).

HRMS (ESI+) (m/z): [M+H]" caled. for CoH 1F3N2, 204.0874; found: 204.0871.

Low concentration avoids the unambiguous >*C NMR characterization of the minor regioisomer.

N._CN
Cd
hi /NYCN
N + |
Me Me N
Me

9a 9b

5-(sec-butyl)pyrimidine-2-carbonitrile (9a, major) and 5-butylpyrimidine-2-carbonitrile (9b, minor). Prepared
according to GP1 from 5-bromopyrimidine-2-carbonitrile (55 mg, 0.3 mmol, 1.0 equiv.) and butane. The
regioisomeric ratio (r.r) was determined by GC-FID of the crude reaction mixture to be 5:1. Purified via flash column
chromatography on silica gel (from Pentane to Pentane:Ethyl Acetate10:1) to afford the product as a colorless oil
(33 mg, 67% yield).

TH NMR (400 MHz, CDCI3) & 8.67 — 8.65 (regioisomeric multiplet, 1H 9a+9b), 2.74 (m, 1H), 1.69 (m, 2H), 1.33
(d, J=7.0 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCl3) 8 157.0 (9a), 143.3 (9a), 143.2 (9a), 115.9 (9a), 37.5 (9a), 30.5 (9a), 20.8 (9a), 12.0
(9a).

HRMS (ESI+) (m/z): [M+H]* caled. for CoH N3, 161.0953; found: 161.0958.

Low concentration avoids the unambiguous '3C NMR characterization of the minor regioisomer.

oY oY
Me/\/L\N + Me\/\/L\N
Me

10a 10b

2-(sec-butyl) benzold|thiazole (10a, major) and 2-butylbenzo[d]thiazole (10b, minor). Prepared according to GP1
from 2-bromobenzo[d]thiazole (64 mg, 0.3 mmol, 1.0 equiv.) and butane. The regioisomeric ratio (r.r) was
determined by GC-FID of the crude reaction mixture and '"H NMR of the crude mixture to be 4:1. Purified via flash
column chromatography on silica gel (from Pentane to Pentane:Ethyl Acetate 10:1) to afford the product as a
colorless oil (26 mg, 47% yield).

Low concentration avoids the unambiguous 13C NMR characterization of the minor regioisomer.

'H NMR (400 MHz, CDCls) & 7.98 (regioisomeric doublet, J = 8.1, 1H 10a+10b), 7.85 (regioisomeric doublet, J
= 8.0, 1H 10a+10b), 7.47 — 7.41 (regioisomeric multiplet, 1|H 10a+10b), 7.37 — 7.30 (regioisomeric multiplet, |H
10a+10b), 3.21 (h, /= 6.9 Hz, 0.9H 10a), 3.12 (t, 0.1H 10b), 1.97 — 1.86 (m, 1H 10a), 1.77 (m, 1H 10a), 1.45 (d, J
=7.0 Hz, 3H 10a), 1.00-1.96 (t, 3H 10a).

13C NMR (101 MHz, CDCl5) § 178.1, 153.2, 134.8, 125.9, 124.7, 122.7, 121.7, 41.2, 30.8, 20.9, 12.0.

HRMS (ESI+) (m/z): [M+H]" caled. for CiiHi3NS, 191.0769; found: 191.0773.

Low concentration avoids the unambiguous '3C NMR characterization of the minor regioisomer.
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1a 11b

4-isopropyl-1-tosyl-1H-pyrrolo[2,3-b]pyridine (11a, major) and 4-propyl-1-tosyl-1H-pyrrolo[2,3-b]pyridine (11D,
minor). Prepared according to GP1 from 4-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (105 mg, 0.3 mmol, 1.0
equiv.) and propane. The regioisomeric ratio (r.r) was determined by GC-FID of the crude reaction mixture and 'H
NMR of the crude mixture to be 4:1. Purified via flash column chromatography on silica gel (from Pentane to
Pentane:Ethyl Acetate 40:1 to 20:1) to afford the product as a colorless oil (47 mg, 48% yield).

'H NMR (400 MHz, CDCl;) '"H NMR (400 MHz, CDCl;) & 8.34 (d, J = 5.1 Hz, 0.7H 11a), 8.31 (d, /= 5.0 Hz,
0.3H 11b), 8.11 — 8.07 (m, 2H, regioisomeric multiplet 11a+11b), 7.69 — 7.66 (d, J = 4.1 Hz, 1H, regioisomeric
multiplet 11a+11b), 7.28-7.24 (regioisomeric multiplet, 2H 11a+11b), 7.00-6.95 (regioisomeric multiplet, 1H
11a+11b), 6.64 (d, J = 4.1 Hz, 0.7H 11a), 6.61 (d, J=4.1 Hz, 0.3H 11b), 2.95 (q, J = 7.0 Hz, 0.7H 11a), 2.81 —
2.77 (m, 0.5H 11b), 2.36 (regioisomeric singlet, 3H 11a+11b), 1.78 — 1.58 (m, 2H), 1.39-1.30 (m, 0.7H), 1.28 (d,
J=17.0Hz, 2.3H), 0.92 (t, /= 7.4 Hz, 0.7H), 0.81 (t, /= 7.4 Hz, 2.3H).

13C NMR (101 MHz, CDCl3) § 150.4, 147.4, 145.6, 145.3, 145.1, 135.7, 135.7, 129.7, 128.2, 128.2, 125.6, 125.5,
122.1,118.7,116.2, 103.8, 103.8, 38.6, 32.4, 32.1, 30.1, 22.6, 21.8, 20.6, 15.4, 14.0, 13.0.

HRMS (ESI+) (m/z): [M+H]" caled. for CisH20N20:S, 328.1245; found: 328.1241.
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Propane:

COQMG
COZMe
e : N@
Me'

Me

2a 2b

methyl 4-isopropylbenzoate (2a, major) and methyl 4-propylbenzoate (2b, minor). Prepared according to GP2
from methyl 4-bromobenzoate (64 mg, 0.3 mmol, 1.0 equiv.) and propane. The regioisomeric ratio (r.r) was
determined by GC-FID of the crude reaction mixture and "H NMR of the crude mixture to be 2:1. Purified via flash
column chromatography on silica gel (from Pentane to Pentane:Ethyl Acetate 20:1) to afford the product as a
colorless oil (30 mg, 56% yield).

"H NMR (400 MHz, CDCl3) & 7.98 — 7.92 (regioisomeric multiplet, 1H 2a+2b), 7.29 (J= 8.2 Hz, 1H 2a), 7.24 (J
= 8.2 Hz, 1H 2b), 3.90 (regioisomeric singlet, 3H 2a+2b), 2.96 (hept, J= 6.9 Hz, 0.5H 2a), 2.67 — 2.60 (m, 1H 2b
benzylic methylene), 1.66 (h,J=7.3 Hz, 1H 2b), 1.27 (d,J= 7.0 Hz, 3H 2a), 0.94 (t, /= 7.4 Hz, 1.5H 2b).

13C NMR (101 MHz, CDCls) 6 167.4 (2a), 167.3 (2b), 154.5, 148.4,129.9, 129.7, 128.6, 127.9, 127.8, 126.6, 52.1,
38.2 (2b), 34.4 (2a), 24.4 (2b), 23.8 (2a), 13.9(2b).

HRMS (ESI+) (m/z): [M+H]" calcd. for C1;H140,, 178.0994; found: 178.0998.

M
Me CO,Me

Me

12a 12b

methyl 3-isopropylbenzoate (12a, major) and methyl 3-propylbenzoate (12b, minor). Prepared according to GP2
from methyl 3-bromobenzoate (64 mg, 0.3 mmol, 1.0 equiv.) and propane. The regioisomeric ratio (r.r) was
determined by GC-FID of the crude reaction mixture and "H NMR of the crude mixture to be 1:1. Purified via
preparative TLC (Pentane: Toluene 7:3) to afford the product as a colorless oil (27 mg, 50% yield).

'H NMR (400 MHz, CDCl3) & 7.92 — 7.83 (regioisomeric multiplet, 2H 12a+12b), 7.44 — 7.31 (regioisomeric
multiplet, 2H 12a+12b), 3.91 (regioisomeric singlet, 3H 12a+12b), 2.97 (hept, 0.5H 12a), 2.68 — 2.59 (m, 1H 12b
benzylic methylene), 1.66 (dt, J=14.8, 7.5 Hz, 1H 12b), 1.27 (d, J= 6.9 Hz, 3H 12a), 0.94 (t, 1.5H 12b).

13C NMR (101 MHz, CDCl3) § 167.5 (12a), 167.5 (12b), 149.3, 143.1, 133.3, 131.4, 130.3, 130.2, 129.7, 128.5,
128.4,127.7,127.3,127.1,52.2, 37.9 (12b), 34.2 (12a), 24.6 (12b), 24.0 (12a), 13.9 (12b).

HRMS (ESI+) (m/z): [M+H]* caled. for C11H1402, 178.0994; found: 178.0997.

CN
CN
e : /\/©/
Me'

Me

13a 13b

4-isopropylbenzonitrile (13a, major) and 4-propylbenzonitrile (13b, minor). Prepared according to GP2 from 4-
bromobenzonitrile (55 mg, 0.3 mmol, 1.0 equiv.) and propane. The regioisomeric ratio (r.r) was determined by GC-
FID of the crude reaction mixture and '"H NMR of the crude mixture to be 2:1. Purified via flash column
chromatography on silica gel (from Pentane:Ethyl Acetate 40:1 to 20:1) to afford the product as a colorless oil (21
mg, 48% yield).

'H NMR (400 MHz, CDCl3) 8 7.61 — 7.54 (regioisomeric multiplet, 2H 13a+13b), 7.34 — 7.27 (regioisomeric
multiplet, 2H 13a+13b), 2.96 (hept, J= 6.9 Hz, 0.6H 13a), 2.67 — 2.61 (m, 0.6H 13b benzylic methylene), 1.65 (h,
J=7.4Hz, 0.7H 13b), 1.26 (d, /= 6.8 Hz, 4.3H 13a), 0.94 (t, /= 7.3 Hz, 1H 13b).

I3C NMR (101 MHz, CDCl3) § 154.5, 148.5, 132.4,132.2, 129.4,127.4,119.3,109.8, 109.7, 38.3 (13b), 34.5 (13a),
24.2 (13b), 23.7 (13a), 13.8(13b).

HRMS (ESI+) (m/z): [M+H]" caled. for CioH1iN, 145.0891; found: 145.0886.
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N CF
\L\Ir /\L\"/ 3
Me N + Me N

14a 14b

5-isopropyl-2-(trifluoromethyl)pyrimidine (14a, major) and 5-propyl-2-(trifluoromethyl)pyrimidine (14b,
minor). Prepared according to GP2 from 5-bromo-2-(trifluoromethyl)pyrimidine (68 mg, 0.3 mmol, 1.0 equiv.) and
propane. The regioisomeric ratio (r.r) was determined by GC-FID of the crude reaction mixture and '"H NMR of the
crude mixture. Purified via flash column chromatography on silica gel (from Pentane to Pentane:Ethyl Acetate 50:1)
to afford the product as a colorless oil (30 mg, 53% yield).

'H NMR (300 MHz, Chloroform-d) & 8.76 (s, 1.5H 14a), 8.72 (s, 0.5H 14b), 3.06 (hept, J = 7.0 Hz, 0.7H 14a),
2.69 (t,J=17.7 Hz, 0.5H 14b benzylic methylene), 1.79 — 1.64 (m, 0.5H 14b), 1.36 (d, J= 7.0 Hz, 4.5H 14a), 1.00
(t,J=7.3 Hz, 1H 14b).

13C NMR (101 MHz, CDCl3) 8 157.7 (13b), 156.4 (13a), 154.9 (q, J = 36.7 Hz 13a), 143.4 (13a), 137.8 (13b),
119.8 (q, J=275.0 Hz 13a), 32.4 (13b), 30.1 (13a), 23.9 (13b), 23.2 (13a), 13.7 (13b).

1F NMR (282 MHz, CDCls) § -70.2.

HRMS (ESI+) (m/z): [M+H]" caled. for CgHoF3N», 190.0718; found: 190.0723.

Me Me
0O 0O
o™ o™
M +
© Me Me Me Me Me
Me
5

15a 15b

(1R,2S8,5R)-2-isopropyl-5-methylcyclohexyl 4-isopropylbenzoate (15a, major) and (1R,2S,5R)-2-propyl-5-
methylcyclohexyl 4-isopropylbenzoate (15b, minor). Prepared according to GP2 from (1R,2S,5R)-2-isopropyl-5-
methylcyclohexyl 4-bromobenzoate (102 mg, 0.3 mmol, 1.0 equiv.) and propane. The regioisomeric ratio (r.r) was
determined by "H NMR of the crude mixture to be 2:1. Purified via flash column chromatography on silica gel (from
Pentane:Ethyl Acetate 30:1 to 10:1) to afford the product as a colorless oil (45 mg, 50% yield).

TH NMR (400 MHz, CDCl3) 6 7.99 — 7.92 (regioisomeric multiplet, 2H 15a+15b), 7.29 (d, J= 8.2 Hz, 1.3H 15a),
7.24 (d,J = 8.0 Hz, 0.6H 15b), 4.92 (regioisomeric td, 15a+15b, 1H J=10.9, 4.4 Hz), 2.96 (hept, /= 6.9 Hz, 0.6H
15a), 2.67 — 2.60 (m, 0.5H 15b benzylic methylene), 2.16 —2.07 (m, 1H), 2.02 — 1.88 (m, 1H), 1.76 — 1.68 (m, 2H),
1.57 (s, 4H), 1.27 (regioisomeric doublet, SH 15a+15b, J= 7.0 Hz), 1.17 — 1.04 (m, 2H), 0.95 — 0.89 (m, 6H), 0.79
(d, J=17.0 Hz, 2.5H).

I3C NMR (101 MHz, CDCl3) 6 166.3, 154.2, 129.9, 128.6, 126.5, 74.7,47.5,41.2,34.5, 31.6, 26.6,23.9,23.8,22.2,
20.9, 16.7.

HRMS (ESI+) (m/z): [M+H]* caled. for C20H3002, 302.2246; found: 302.2251.

N CN N CN
1 |
Me NS NS
+ Me
Me
16a 16b

5-isopropylpicolinonitrile (16a, major) and 5-propylpicolinonitrile (16b, minor). Prepared according to GP2 from
S-bromopicolinonitrile (55 mg, 0.3 mmol, 1.0 equiv.) and propane. The regioisomeric ratio (r.r) was determined by
GC-FID of the crude reaction mixture to be 4:1. Purified via flash column chromatography on silica gel (from
Pentane:Ethyl Acetate 20:1 to 5:1) to afford the product as a colorless oil (21 mg, 48% yield).

'H NMR (400 MHz, CDCls) & 8.62 — 8.51 (regioisomeric multiplet, 1H 16a-+16b), 7.69 — 7.59 (regioisomeric

multiplet, 2H 16a+16b), 3.02 (hept, /= 7.0 Hz, 0.7H 16a), 2.67 (dd, J = 8.5, 6.8 Hz, 0.4H 16b benzylic methylene),
1.72 — 1.64 (m, 1H 16b), 1.30 (d, J= 6.9 Hz, 4.5H 16a), 0.96 (t, /= 7.3 Hz, 0.5H 16b).
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13C NMR (101 MHz, CDCLs) § 151.9, 151.6, 150.4, 148.1, 136.7, 134.6, 131.5, 131.4, 128.4, 128.3, 117.6, 114.1,
35.2 (16b), 32.2 (16a), 24.0 (16b), 23.4 (16a), 13.7 (16b).
HRMS (ESI+) (m/z): [M+H]" caled. for CoH oN2, 146.0844; found: 146.0849.

N CN N CN
3 3
Me N N
+ Me
Me

17a 17b

5-isopropylpyrimidine-2-carbonitrile (17a, major) and 5-propylpyrimidine-2-carbonitrile (17b, minor). Prepared
according to GP2 from 5-bromopyrimidine-2-carbonitrile (55 mg, 0.3 mmol, 1.0 equiv.) and propane. The
regioisomeric ratio (r.r) was determined by GC-FID of the crude reaction mixture to be 3:1. Purified via flash column
chromatography on silica gel (from Pentane:Ethyl Acetate 40:1 to 20:1) to afford the product as a colorless oil (16
mg, 36% yield).

TH NMR (300 MHz, CDCL3) & 8.70 (s, 1.6H 17a), 8.66 (s, 0.4H 17b), 3.04 (hept, J = 7.0 Hz, 0.8H 17a), 2.68 (t, J
= 7.7 Hz, 0.4H 17b benzylic methylene), 1.77 — 1.65 (m, 0.5H 17b), 1.35 (d, J= 7.0 Hz, 5H 17a), 1.00 (t, 0.5H 17b).
13C NMR (101 MHz, CDCLy) 5 157.9, 156.6, 144.1, 143.2, 138.6, 115.9, 115.0, 32.6 (17b), 30.3 (17a), 23.7 (17b),
23.1 (17a), 13.7(17h).

HRMS (ESI+) (m/z): [M+H]" caled. for CsHoNs, 147.0796; found: 147.0792.

1S YA o ¥

18a 18b

2-isopropylbenzo[d|thiazole (18a, major) and 2-propylbenzo[d]thiazole (18b, minor). Prepared according to GP2
from 2-bromobenzo[d]thiazole (64 mg, 0.3 mmol, 1.0 equiv.) and propane. The regioisomeric ratio (r.r) was
determined by GC-FID of the crude reaction mixture to be 3:1. Purified via flash column chromatography on silica
gel (from Pentane:Ethyl Acetate 40:1 to 10:1) to afford the product as a colorless oil (16 mg, 30% yield).

'H NMR (400 MHz, CDCl3) & 8.00 — 7.95 (regioisomeric multiplet, |H 18a+18b), 7.88 — 7.81 (regioisomeric
multiplet, 1H 18a+18b), 7.49 — 7.42 (regioisomeric multiplet, 1H 18a+18b), 7.38 — 7.30 (regioisomeric multiplet,
1H 18a+18b), 3.43 (hept, /= 6.9 Hz, 0.8H 18a), 3.10 (t, /= 7.6 Hz, 0.4H 18b benzylic methylene), 1.92 (q,J=17.5
Hz, 0.4H 18b), 1.49 (d, J= 6.9 Hz, 4.7H 18a), 1.06 (t, J= 7.4 Hz, 0.6H 18b).

13C NMR (101 MHz, CDCls) § 178.8 (18a and 18b), 153.4, 153.3, 135.3, 134.8, 126.0, 125.9, 124.8, 124.7, 122.7,
122.6, 121.7, 121.6, 36.4 (18b), 34.2 (18a), 23.2 (18b), 23.1 (18a), 13.9 (18b).

HRMS (ESI+) (m/z): [M+H]* caled. for Ci1oH11NS,177.0612; found:177.0617.

NTs NTs
/ /
/’IN /’IN
M N \
€ + Me

19a 19b

4-isopropyl-1-tosyl-1H-pyrrolo[2,3-b]pyridine (19a, major) and 4-propyl-1-tosyl-1H-pyrrolo[2,3-b]pyridine
(19b, minor). Prepared according to GP2 from 4-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (105 mg, 0.3 mmol, 1.0
equiv.) and propane. The regioisomeric ratio (r.r) was determined by "H NMR of the crude mixture to be 3:1. Purified
via flash column chromatography on silica gel (from Pentane:Ethyl Acetate 20:1 to 5:1) to afford the product as a
white solid (43 mg, 46% yield).

'H NMR (400 MHz, CDCls) & 8.27 (d, J = 5.1 Hz, 0.8H 19a), 8.24 (d, J = 5.0 Hz, 0.2H 19b), 8.03 — 7.95
(regioisomeric multiplet 2H 19a+19b), 7.63 — 7.58 (regioisomeric multiplet 1H 19a+19b), 7.20 — 7.14
(regioisomeric doublet, J= 8.1 Hz, 2H 19a+19b), 6.94 (d, /= 5.1 Hz, 0.8H 19a), 6.89 (d, J = 5.0 Hz, 0.2H 19b),
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6.57 (d, J=4.1 Hz, 0.8H 19a), 6.54 (d, J = 4.0 Hz, 0.2H 19b), 3.15 (hept, J = 6.9 Hz, 0.8H 19a), 2.71 — 2.65 (m,
0.4H 19b), 2.27 (regioisomeric singlet, 3H 19a+19b), 1.62 (td, /= 13.2, 5.7 Hz, 0.4H 19b), 1.22 (d, /= 7.0 Hz, SH
19a), 0.86 (t,J= 7.3 Hz, 0.6H 19b).

13C NMR (101 MHz, CDCl3) 8 151.3, 147.4, 145.4, 145.3, 145.1, 145.1, 135.7, 129.7, 128.2, 128.1, 125.6, 125.5,
122.6,121.6,118.7, 115.4, 103.8, 103.7, 34.7 (19b), 31.2 (19a), 23.2 (19b), 22.6, 21.7 (19a), 14.0 (19b).

HRMS (ESI+) (m/z): [M+H]" caled. for C17H1sN20,S, 314.1089; found: 314.1095.
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Ethane:

CO,Et
Me\/©

20

ethyl 4-ethylbenzoate (20). Prepared according to GP3 from ethyl 4-bromobenzoate (69 mg, 0.3 mmol, 1.0 equiv.)
and ethane. Purified via preparative TLC (Pentane:Toluene 1:1) to afford the product as a colorless oil (13 mg, 25%
yield).

Characterization data are in accordance with literature.[”!

IH NMR (300 MHz, CDCl3) § 7.96 (d, J = 8.2 Hz, 2H), 7.28 — 7.19 (m, 2H), 4.36 (¢, J = 7.1 Hz, 2H), 2.69 (g, J =
7.6 Hz, 2H), 1.38 (t, J = 7.1 Hz, 3H), 1.24 (¢, J = 7.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 166.7, 149.6, 129.7, 127.8, 60.7, 29.0, 15.3, 14.4.

HRMS (ESI) m/z caled for C11H 1402+ : [M]+ 178.0994; found: 178.0991.

CN
Me\/©/

21

4-ethylbenzonitrile (21). Prepared according to GP3 from 4-bromobenzonitrile (55 mg, 0.3 mmol, 1.0 equiv.) and
ethane. Purified via flash column chromatography on silica gel (from Pentane to Pentane:Ethyl acetate 100:1) to
afford the product as a colorless oil (11 mg, 29% yield).

Characterization data are in accordance with literature.!®!

"H NMR (400 MHz, CDCl3) § 7.54 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H), 2.69 (q, J = 7.6 Hz, 2H), 1.23 (t,
J=17.6 Hz, 3H).

I3C NMR (101 MHz, CDCl5) & 149.9, 132.3, 128.8, 119.3, 109.6, 29.2, 15.1.

HRMS (ESI) m/z caled for CoHoN + : [M]+ 131.0735; found: 131.0731.

O
Me\/©:‘</o

22

5-ethylisobenzofuran-1(3H)-one (22). Prepared according to GP3 from methyl 6-bromoisobenzofuran-1(3H)-one
(64 mg, 0.3 mmol, 1.0 equiv.) and ethane. Purified via preparative TLC ( Pentane:Toluene 1:1) to afford the product
as a colorless oil (12 mg, 25% yield).

H NMR (400 MHz, CDCL) & 7.83 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 7.9 Hz, 1H), 7.30 (s, 1H), 5.28 (s, 2H), 2.79
(q,J=7.6 Hz, 2H), 1.29 (t, J = 7.6 Hz, 3H).

I3C NMR (101 MHz, CDCl3) § 171.3, 151.6, 147.3, 129.3, 125.8, 123.6, 121.3, 69.6, 29.5, 15.5.
HRMS (ESI) n/z caled for CioH1002 + : [M]+ 162.0681; found: 162.0676.

N
\I/\”/
Me N

23

CF3

5-ethyl-2-(trifluoromethyl)pyrimidine (23). Prepared according to GP3 from methyl 4-bromobenzoate (64.5 mg,
0.3 mmol, 1.0 equiv.) and ethane. Purified via flash column chromatography on silica gel from Pentane to
Pentane:Ethyl Acetate 30:1) to afford the product as a colorless oil (19 mg, 36% yield).
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TH NMR (400 MHz, CDCL3) § 8.72 (s, 2H), 2.75 (q, J = 7.7 Hz, 2H), 1.32 (dd, J= 8.2, 7.1 Hz, 3H).
13C NMR (101 MHz, CDCls) § 157.4, 154.9 (q, J = 36.7 Hz), 139.2, 119.8 (q, J = 275.0 Hz), 23.7, 14.7.
1F NMR (282 MHz, CDCLs) § -70.2.

24

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 4-ethylbenzoate (24). Prepared according to GP3 from (1R,2S,5R)-2-
isopropyl-5-methylcyclohexyl 4-bromobenzoate (102 mg, 0.3 mmol, 1.0 equiv.) and ecthane. Purified via
Preparative TLC (Pentane:Toluene 1:1) to afford the product as a colorless oil (28 mg, 32% yield).

TH NMR (400 MHz, CDCls) § 7.96 (d, J = 8.2 Hz, 2H), 7.28 — 7.24 (m, 2H), 4.92 (td, J = 10.9, 4.3 Hz, 1H), 2.12
(d, J=12.0 Hz, 1H), 2.00 — 1.91 (m, 1H), 1.73 (d, J = 12.3 Hz, 2H), 1.56 (s, 6H), 1.28 — 1.24 (m, 3H), 1.15 - 1.05
(m, 2H), 0.94 — 0.89 (m, 5H), 0.79 (d, J = 7.0 Hz, 3H).

13C NMR (101 MHz, CDCL3) § 166.2, 149.5, 129.7, 128.4, 127.8, 74.6,47.3, 41.0, 34.4, 31.5, 29.7, 29.0, 26.5, 23.7,
22.1,20.8, 16.5, 15.3.

HRMS (ESI) m/z caled for C1sHasO; + : [M]+ 288.2089; found: 288.2093.

N CN
|
Me N
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5-ethylpicolinonitrile (25). Prepared according to GP3 from 5-bromopicolinonitrile (55 mg, 0.3 mmol, 1.0 equiv.)
and ethane. Purified via flash column chromatography on silica gel (from Pentane to Pentane:Ethyl Acetate 50:1)
to afford the product as a pale yellow oil (16 mg, 41% yield).

'H NMR (400 MHz, CDCl3) & 8.57 (s, 1H), 7.67 — 7.59 (m, 2H), 2.75 (q, J = 7.6 Hz, 2H), 1.29 (t, J= 7.6 Hz, 3H).
13C NMR (101 MHz, CDCl3) § 151.3, 143.7, 136.1, 131.5, 128.4, 117.6, 26.4, 14.9.
HRMS (ESI) m/z calcd for CsHgN, + : [M]+ 132.0687; found: 132.0681.

N _CN
>
Me N
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5-ethylpyrimidine-2-carbonitrile (26). Prepared according to GP3 from 5-bromopyrimidine-2-carbonitrile (55 mg,
0.3 mmol, 1.0 equiv.) and ethane. Purified via flash column chromatography on silica gel (from Pentane to
Pentane:Ethyl Acetate 20:1) to afford the product as a colorless oil (9 mg, 22% yield).

H NMR (400 MHz, CDCL) & 8.69 (s, 2H), 2.76 (q, J = 7.6 Hz, 2H), 1.33 (t, J = 7.6 Hz, 3H).

13C NMR (101 MHz, CDCls) § 157.5, 143.1, 139.9, 115.9, 24.0, 14.5.
HRMS (ESI) m/z caled for C7H7N5 + : [M]+ 133.0640; found: 133.0649.
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2-ethylbenzold[thiazole (27). Prepared according to GP3 from 2-bromobenzo[d]thiazole (64 mg, 0.3 mmol, 1.0
equiv.) and ethane. Purified via flash column chromatography on silica gel (from Pentane to Pentane:Ethyl Acetate
20:1) to afford the product as a colorless oil (6 mg, 12% yield).

Characterization data are in accordance with literature.l!

'H NMR (300 MHz, CDCl3) § 8.03 — 7.92 (m, 1H), 7.84 (ddd, J=7.9, 1.4, 0.7 Hz, 1H), 7.45 (ddd, J= 8.2, 7.2, 1.3
Hz, 1H), 7.38 — 7.30 (m, 1H), 3.16 (q, J = 7.6 Hz, 2H), 1.48 (t, J = 7.6 Hz, 3H).

I3C NMR (101 MHz, CDCl5) 8 173.7, 153.5, 135.2, 126.0, 124.7, 122.7, 121.6, 27.9, 13.9.

HRMS (ESI) m/z caled for CoHoNS + : [M]+ 163.0456; found: 163.0459.

NTs
!
Z "N
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4-ethyl-1-tosyl-1H-pyrrolo[2,3-b]pyridine (28). Prepared according to GP3 from 4-bromo-1-tosyl-1H-pyrrolo[2,3-
b]pyridine (105 mg, 0.3 mmol, 1.0 equiv.) and ethane. Purified via flash column chromatography on silica gel (from
Pentane to Pentane:Ethyl Acetate 20:1) to afford the product as a light yellow solid (12 mg, 13% yield).

H NMR (400 MHz, CDCls) § 8.33 (d, J = 5.0 Hz, 1H), 8.07 (d, J = 8.3 Hz, 2H), 7.69 (d, J = 4.0 Hz, 1H), 7.31 —
7.24 (m, 2H), 7.00 (d, J = 4.9 Hz, 1H), 6.62 (d, J= 4.1 Hz, 1H), 2.83 (q, J = 7.6 Hz, 2H), 2.36 (s, 3H), 1.28 (1, J =
7.6 Hz, 3H).

13C NMR (101 MHz, CDCl5) § 147.3, 146.8, 145.3, 145.1, 135.7, 129.7, 128.2, 125.7, 122.2, 117.9, 103.7, 25.7,
21.8, 14.1.

HRMS (ESI) m/z caled for C16H7N20,8 + : [M+H]+ 301.1005; found: 301.1008.
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7. Mechanistic experimental studies

7.1 Evaluation of the KIE

Ni Complex | (5 mol%)
TBADT (2 x 2.5 mol%)

2,6 Lutidine (1.1 equiv.), CO,Et
/©/C02Et O LiBr (1.5 equiv.) O
+ —_—
Br CD3CN : +-BuOH =3:1 [0.1 M] 0

144 W LED (% = 365 nm) 20
1 35°C

Ni Complex | (5 mol%)
TBADT (2 x 2.5 mol%)

2,6 Lutidine (1.1 equiv.), CO,Et
/©/C02Ft LiBr (1.5 equiv.) O
+
Br CD,;CN : +BuOH =3 :1 [0.1 M] a

144 W LED ( = 365 nm
1 0 ) 30d
35°C

KIE: Ky: Kp=1:1

To a nitrogen-purged, screw-capped vial, fitted with a rubber septum and charged with nickel complex I (7.3 mg,
15 umol, 5 mol%), TBADT (25 mg, 7.5 pumol, 2.5 mol%), LiBr (39 mg, 0.45 mmol, 1.5 equiv.), 2,6-
dimethylpyridine (38 pL, 0.33 mmol, 1.1 equiv.), methyl 4-bromobenzoate (64.5 mg, 0.3 mmol, 1 equiv.) and
cyclohexane (1.5 mmol, 165 pL, 5 equiv.) or cyclohexane-di», solubilized in 2.25 mL di CD3;CN +0.75 mL +-BuOH
(3:1 volume ratio 0.1 M).

The reaction mixture is pumped over the Signify Eagle reactor (365 nm, 144 W output power, FEP capillary: 0.5
mm ID, 2.5 mL) with appropriate flow rate to reach residence time of 30, 60, 90 and 120 seconds, and collected at
the end of the reactor, and evaporated in vacuo. Trichloroethylene (28 pL, 0.3 mmol) was added as the internal
standard and an aliquot of the resulting solution was taken to be directly analyzed by 'H NMR.

The magnitude of the kinetic isotope effect, calculated plotting the kinetic profile of the two reactions (with
cyclohexane and cyclohexane-d;,, respectively), was determined to be 1.

Kinetic profile
35
s e ) B R— °
25 y=02386x+0,595 .
— R2=0,9972 IR S -9
20 e
g .
L5 et e
=0 e | R y=0,2233x-3,615
0 e e R?=0,98
L PS
5 e
0
0 20 40 60 80 100 120 140
Residence time (sec)
@® cyclohexane ® cyclohexane d12

Figure S 7 Kinetic Isotope Experiment to evaluate the rate of the reaction when using cyclohexane or cyclohexane-
diz
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7.2 Evaluation of the selectivity: Arylation of n-butane

Ni Complex | (5 mol%)
Me ~ e Br. TBADT (2 5 mol%) \/\’
GL W) l 2, 6 Lutidine (1.1 equiv.), M€
40(\/1 LiBr (1.5 equiv.)
Residence Time (x min) branched linear
17 bar Pressure

Amb. Temp., CD3CN:tBuOH [0.1 M],
365 nm (144 W)

Electron-Poor Electron-Rich

CF3 CO,Me /\(@\ F O Me
/\(gj /\(@ Me’ CO,Me Me\/\@/ \©\/\,Me
Me Me 2 Me O
Me Me Me

0=0.54 == (41) 6=045 (31 0=0.37 (2:1) o= 0.06 (1:2) o=-0.1 (1:2) (1:3) 6=-0.17

Reported herein, the evaluation of the electronic properties of the aryl bromide (substituent) on the selectivity
(branched vs linear) of the reaction. Hammett values were taken from the literature. ']

To a nitrogen-purged, screw-capped vial, fitted with a rubber septum and charged with nickel complex I (7.3 mg,
15 pmol, 5 mol%), TBADT (25 mg, 7.5 pumol, 2.5 mol%), LiBr (39 mg, 0.45 mmol, 1.5 equiv.), 2,6-
dimethylpyridine (38 pL, 0.33 mmol, 1.1 equiv.), the aryl bromide (0.3 mmol, 1 equiv.) in 2.25 mL CD3CN + 0.75
mL #~BuOH (3:1 volume ratio 0.1 M). The stock solution is charged in a gastight syringe, positioned in a syringe
pump and combined with a stream of butane gas (120 mL, 5.14 mmol, 17 equiv.) through a T-mixer into a filling
loop, with a liquid flow rate of 0.1 mL-min"! and a butane gas flow rate of 4 mL-min! (40 : 1 = gas : liquid). No
back pressure regulator was used for the loop filling step.

The system is pressurized to 34 bar using an HPLC pump and the reaction mixture is pumped over the Signify Eagle
reactor (365 nm, 144 W output power, FEP capillary: 0.5 mm ID, 2.5 mL) at a flow rate of 0.083 mL/min, resulting
in a residence time of 30 min.

After 29 min the TBADT stock solution is pumped over through a T mixer connected at the end of the first coil at
a flow rate of 0.041 mL-min’! (the total volume of TBADT stock solution used is 1.5 mL, 7.5 pmol, 2.5 mol%).
The sum of the two flows rate (recirculation) is 0,125 mL/min and in the second coil (FEP capillary: 0.5 mm ID,
2.5 mL) this results in a residence time of 20 min.

The obtained reaction mixture is collected into vial and submitted to GC-Ms analysis to determine the branched to
linear ration.

The ratio value was determined, analyzing the reaction at < 50% conversion of the aryl bromide. For electron poor
substrate (4-CF3, 4-CO2Me, 3-CO,Me) the recirculation was omitted and a total residence time of 5 min was used
in order to have comparable conversions among all tested substrates (n.b. for electron rich substrates the
recirculation step was performed).

Table S8. Influence of the aryl substituent on the branched/linear ratio

Substituent o value  Ratio branched/ linear

4-CF; 0.54 4:1

4-COMe 0.45 3:1

3-CO-Me 0.37 2:1

4-F 0.06 1:2
4-Ph -0.1 1:2
4-Me -0.17 1:3
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These findings, supported by DFT calculation (See Figure S10), suggest that the oxidative addition significantly
impacts the selectivity of the reaction (branched vs linear). Electron-deficient aryl bromides tend to undergo easy
oxidative addition prior to radical isomerization (via [-hydride elimination and migratory insertion), leading to
predominance of branched selectivity in the reaction. Conversely, electron-rich aryl bromides exhibit lower
reactivity due to heightened energy barrier at the rate-determining step (RDS), making such isomerization pathway
more facile and resulting in linear selectivity.
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8. Computational Studies

8.1 Computational Methods

All geometry optimizations and frequency calculations for reported structures were performed using the B3LYP
functionall!’-'?] with the def2-SVP basis set!!>!“l using the Gaussian 16 (G16) program.['*] Dispersion interactions
were included using Grimme’s DFT-D3 correction.['®] The CPCM solvent effects were incorporated into all
calculations with acetonitrile as the solvent.!'7-2!1 This level is referred to as CPCM(MeCN)/B3LYP-D3/def2-SVP.
Through vibrational analysis, all stationary points have been verified to be minima (zero imaginary frequencies) or
transition structures (one imaginary frequency). The character of the normal mode associated with the imaginary
frequency has been analyzed to ensure it resembles the reaction under consideration. Potential energies were refined
by means of single point calculations using the B3LYP functional!'’'?l and Grimme’s DFT-D3 correction!!®) with
the def2-TZVPP  basis set. [13  This level is denoted CPCM(MeCN)/B3LYP-D3/def2-
TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP. The reported Gibbs free energies in solution are calculated by
adding thermal corrections computed at T =298.15 K and P = 1 atm from vibrational frequencies obtained through
numerical differentiation of the analytical gradient at CPCM(MeCN)/B3LYP-D3/def2-SVP and a standard
concentration (1 mol L) to the total electronic energy at CPCM(MeCN)/B3LYP-D3/def2-TZVPP. Optimized
structures were illustrated using CYLview20. [%?]

Quantitative analyses of the activation barriers associated with the transition states of the oxidative addition
were obtained by means of the activation strain model (ASM), which involves the decomposition of the electronic
energy AE into the strain energy AFumin associated with the structural deformation of the Ni(I)—alkyl complex and
the aryl halide from their equilibrium geometry and the interaction energy AEi, between these deformed reactants
[Eq. 1].33%3¢] The AEain is determined by the rigidity of the reactants and by the extent to which they must deform
to achieve the geometry of the transition structure. The AEjy is usually stabilizing and is related to the electronic
structure of the reactants and how they are mutually oriented over the course of the reaction.

AE = AEstrain TAEint (1)

The interaction energy between the deformed reactants can be further analyzed in terms of quantitative Kohn-
Sham molecular orbital theory (KS-MO) together with a canonical energy decomposition analysis (EDA). [27-301 The
EDA computations were performed using the B3LYP functionall''> 2 with the TZ2P basis setl*! using the
Amsterdam Density Functional (ADF) software. 32-34 Dispersion interactions were included using Grimme’s DFT-
D3 correction. [19] The zeroth-order regular approximation (ZORA) was used to account for scalar relativistic
effects.’>-37]. The EDA decomposes the interaction energy (AEin) into the following four chemically meaningful
energy terms: classical electrostatic interaction (AVeisiar), destabilizing steric Pauli repulsion interactions (AEpauli),
stabilizing orbital interactions that account, among others, for HOMO-LUMO interactions (AE,i), and the
dispersion interaction (AEgisp) between the deformed Ni(I)—alkyl complex and aryl halide [Eq. 2].

AEint = AVeistat + AEpauti + AEoi + AEdisp (2)
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8.2 Computational Results
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Figure S8: Complete potential energy surface (AG [kcal mol™']) of the C(sp?)—C(sp?) cross-coupling of gaseous
alkanes and aryl bromides computed at CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LY P-D3/def2-
SVP level of theory. Energies (kcal mol™") are provided in the insert.
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Figure S9: Possible catalyst decomposition pathway [*®] through radical coordination (AG [kcal mol~']) computed

at CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP level of theory. Energies (kcal
mol™!) are provided in the insert.
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Figure S10: Alkyl radical scrambling mechanism with a propyl radical (AG [kcal mol™']) computed at

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP level of theory. Energies (kcal
mol™) are provided in the insert.
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Figure S11: Complete overview of the alkyl radical scrambling mechanism with a propyl radical (AG [kcal mol™'])

computed at CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP level of theory.
Energies (kcal mol™) are provided in the insert.
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8.3 Computational Details

Table S9. Cartesian coordinates (in A), energies (in kcal mol™), and number of imaginary frequencies of all
stationary points, computed at CPCM(MeCN)/B3LY P-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP.

Intl
CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

E =-5352.603760
G =-5352.153894

zz::mmoooooooooO§

= =

TZTOIDTITTZTOCIIDIZIOQOZIZIQODIODEZIOZIZI D OO0 WZ

=0

2.24911000 -3.02358200 -0.74066900

3.30479200
3.02429000
1.75757900
1.00327800
1.37401300
2.22746000
1.78393800
0.45150400
-0.35206000
2.36923700
0.17089400
0.01450400
-1.39352500
0.08847400
0.75533400
-0.92820700
-5.02443400
4.70447400
2.73917800
2.06304200
2.78230000
1.19983000
1.72062200
3.95503800
4.51036000
4.65178800
3.63720400
3.21756800
3.75457900
2.36618500
3.90465000
5.73577600
6.74782400
5.74560400
5.51813200
5.03262600
5.02925700
6.03427600
4.30366800
4.80209100
4.60097600
4.10066900

-2.11037500
-0.77678700
-0.40739700
-2.59074500
0.97308400
2.07371600
3.35219600
3.44531300
2.30584400
-4.07843200
-3.28781000
4.39166800
2.35761700
1.09532800
-1.31595100
-0.54824600
1.43513800
-2.49941100
4.55094700
5.85338300
6.68409300
6.11215700
5.78919200
4.27547800
3.37764500
5.12801700
4.13515600
4.73239800
3.84640800
4.92224800
5.59098100
-2.17170900
-2.44521800
-1.09990900
-2.73502700
-1.68723600
-0.60308100
-1.95815100
-1.89675400
-3.99754000
-4.62709800
-4.28453000

-0.87721500
-0.52930600
-0.08006900
-0.28450800
0.30673700
0.25011800
0.63268300
1.06136900
1.09214000
-0.98230600
-0.15461000
1.37561100
1.41525300
0.72927600
0.03841600
0.66005600
-1.89546000
-1.37089400
0.56620000
1.02690500
0.96344000
0.39410700
2.07149900
1.48093500
1.16981500
1.44570500
2.52617300
-0.89290400
-1.26416800
-1.56544200
-0.95819900
-0.26648100
-0.60490600
-0.01666600
0.65468200
-2.64502700
-2.45572600
-3.01491300
-3.44373200
-1.70529000
-0.82458700
-2.50414200
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Ar-Br (1)

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

5.81900200

3.80223700

3.25000800
-4.00011500
-3.69606800
-3.59629300
-2.98530900
-4.05205600
-3.88837700
-2.50719600
-2.78543000
-2.77270300
-2.01405700
-2.83385600
-1.92943000
-1.66975700
-1.31511600
-1.85737000
-1.34087900
-0.27154900

E=-3033.912713
G =-3033.817106

=0

TITooOoTaOIIWFIOOaaafz

Me radical

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-0.57383100

0.81769000
1.41894900
0.65171400
-0.74012300
-1.36224600
1.42917900
3.32305500
1.13564400
-1.34840800
-2.84715000
-1.06638000
-3.48971200
-3.42019000
-4.92062800
-5.26133900
-5.29123900
-5.29140900

E =-39.86032105

G =-39.849840

Nimag =0

C

H 0.00000000
H

-4.23134100
-0.01872300
1.93500800
0.19462700
-1.08892900
0.53806900
-1.99919100
-1.33356300
1.50022700
-1.70381000
-2.99567800
-0.35723600
-2.81364700
-0.22950100
-2.51823100
-3.91125400
-3.50135800
-4.45855900
-3.10345800
-3.67890400

1.36038700
1.27474200
0.01068800
-1.15954800
-1.05984300
0.19902800
2.17819700
-0.11949400
-2.13727800
-1.96480100
0.35537300
2.33434400
-0.82078700
1.42545600
-0.77270400
-1.81466100
-0.24886000
-0.25073800

1.09142800

-2.05561400
-0.60962200
-0.09828200
-0.83553900
-1.40936500
0.42434200
-0.67460800
-2.41163700
0.85257000
0.66023200
-1.07584400
1.21101000
1.47529200
2.29945200
2.80023400
1.04589900
3.62905300
3.58358400
4.65151300
3.32277800

0.00004800
0.00005500
0.00002100
0.00000500
0.00001000
0.00000900
0.00010000

-0.00001800
0.00000600
-0.00000800

-0.00001800
0.00005900
0.00008900

-0.00007500

-0.00004300
-0.00112400

-0.89402800
0.89498800

0.00000000 0.00000000 -0.00000200

0.00000500

0.94520400 -0.54571400 0.00000500
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H

Et radical

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-0.94520400 -0.54571400 0.00000500

E =-79.19587414

G
=0

mmmom:O§

i-Pr radical

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

=-79.161379

-0.79494400
-1.35710600
-1.35720600
0.69335800
1.09281500
1.11550400
1.11551000

E =-118.5326834
G =-118.472694

=0

:mmmmmom00§

n-Pr radica

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

0.00000200
-0.93545700
0.93539500
0.00001700
-0.00074600
0.89439900
-0.89370900

-0.02417500
0.05230400
0.05232500

-0.00201300
1.03564100

-0.49095700
-0.49218200

0.00001900 0.53519900 -0.05543900

1.29771500
-0.00010300
-1.29768700
-2.15274900
-1.50373600
-1.29956400

1.29961100

1.50356500

2.15269300

1

E =-118.5268744
G =-118.466065

=0

::ommmmm00§

Ar-Me (29)

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP
-499.6670653

E

-0.19758700
1.61666600
-0.19762500
0.44319300
-0.59449300
-1.07691900
-1.07676700
-0.59490000
0.44330000

0.00293200
0.12225800
0.00291300
-0.26620100
1.02161200
-0.66772600
-0.66789500
1.02152900
-0.26601300

1.22941100 -0.24103500 -0.03437000

-1.30587600
-2.27966500
-1.28516800
-0.10659500
-0.08905600
1.30751600
-0.08048800
1.28914400
2.10553900

G =-499.534942

Nimag =0
C

-0.57674200

-0.29532500
0.14898300
-1.33923700
1.32353900
1.13124400
-0.78161600
0.55043400
-0.98817600
0.42082000

1.29969200

-0.03318700
-0.25888400
0.29659900
-0.74492500
0.99638100
-0.99195400
0.04649200
0.77483900
0.05433600

-0.00417600
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Ar-Et (20)

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-1.96329300
-2.55840200
-1.71586200
-0.32846800
0.25529600
-2.59816300
-4.05681200
-2.15785800
0.31033700
1.73097200
-0.11870300
2.41705000
2.27292100
3.84396600
4.22346300
4.19445500
4.19967700
-4.38045100
-4.56970600
-4.40674700

E =-538.998536
G =-538.838201

=0

mmmommmmmooomommom000000§

Ar-Pr (2)

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-0.11185300
-1.49480200
-2.11208800
-1.29757100

0.08728800
0.69331100
-2.11033700
-3.61581100
-1.75853900
0.70620200
2.16720700
0.36551300
2.82706700
2.72854800
4.24991600
4.60726900
4.53089500
4.69317600
-3.87893800
-4.02405600

-4.27430100
-3.90475300
-5.36880700
-4.05032700

1.15505600
-0.11873700
-1.24528900
-1.10943200
0.16905800
2.04515600
-0.27964600
-2.24544400
-1.99349600
0.37551800
2.29067600
-0.77907700

1.46296800

-0.67865000
-1.70733200
-0.14221200
-0.14308900
-1.13405000

0.62446100

-0.47122200

1.33970100
1.22897700
-0.02911500
-1.17476600
-1.07322200
0.18914500
2.13275300
-0.14914800
-2.16231500
-1.97126100
0.35959800
2.31769000
-0.81002900
1.43267700
-0.74355700
-1.78010300
-0.25329200
-0.17972600
-1.03319100
0.72931800
-0.26428700
-1.15144500
-0.35021500
0.62063700

-0.00921700
-0.01036400
-0.01125200
-0.00621400
-0.00201100
-0.01396000
0.01595800
-0.01774300
-0.00823800
0.00129100
-0.00439000
0.00146600
0.00393900
0.00564800
0.00717000
0.90050300
-0.88769900
-0.59833500
-0.34388800
1.04536700

-0.10581800

-0.23659000
-0.35317000
-0.33218500
-0.20139100
-0.08648200
-0.25211600
-0.44140000
-0.42311300
-0.19032500
0.05331000
-0.01911600
0.06329900
0.15009800
0.19575400
0.18538300
1.14028100
-0.63912100
-1.04538100
-0.96781600
0.94292200
1.48201000
0.85227000
1.56016600
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E =-578.3304668
G =-578.143551
=0

0.17863500 1.24070800 -0.00034100

:mmmmmoommmmooomommomoooooO§

Int2-Me

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-1.20064200
-1.75369200
-0.87349000
0.51052800
1.04981300
-1.85862200
-3.25976700
-1.28077800
1.17801400
2.51772000
0.60294500
3.24353900
3.02125800
4.66619500
5.08128500
5.00040300
5.00021800
-3.43481100
-3.91055600
-3.91113600
-3.46550600
-4.99163600
-3.78832500
-3.46443700
-3.78771500
-4.99105700

E =-2358.600097
G =-2358.238083

Nimag =0
Ni

(SN ONoNONQN - asicsiasiiasiiasiiasijasiiasiiasijas

1.04956700
-0.24504800
-1.33960300
-1.15779800

0.13815100

1.92197400
-0.45539100
-2.35434100
-2.02043300

0.39536500

2.24660900
-0.73452200

1.50101800
-0.58432000
-1.59917900
-0.03651200
-0.03616400
-1.54462700

0.11828400

0.12069900
-0.31173100
-0.09525300

1.21503800
-0.31587600

1.21252400
-0.09768900

-0.00020600
0.00032500
0.00073200
0.00059000
0.00004900

-0.00053200
0.00033300
0.00118300
0.00091500

-0.00009400

-0.00074000
0.00011500

-0.00039300

-0.00001600

-0.00023800
0.89421000

-0.89409200
0.00128200

-1.27002300
1.26924400
2.17887000

1.28016600
1.31942100

-2.17857200

-1.32216800
-1.28103000

-0.06289400 3.00463400 0.00005200

5.57679000
5.44560700
-2.22523200
4.25185000
-5.23783500
-5.27526400
3.98642300
2.61513000
2.61518000
4.25177100
1.24493100
2.99693400
2.58362400
0.75847300
1.60643600
3.47408000

-2.61513800
-0.84195900
-3.57447400
-1.82900300
-3.13060000
-1.35302100
-4.02827900
-3.33697000
-3.33716900
-1.82929800
1.55609400
-0.67559500
1.71600200
0.28584600
-0.82946300
0.65309700

-1.27775200
-1.29648900
-0.89346100
-2.17756700
1.27881200
1.29614300
-0.00027300
-0.89286900
0.89252900
2.17747500
0.00015200
0.00002900
0.00008700
0.00018000
0.00010400
0.00002400
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Int2-Et

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-1.32649800
-2.85286400
-2.66507800
-0.71711400
-1.45349100
-3.45640700

2.93778700

1.16223300

4.54336800
-3.10615500
-0.92101200
-4.54141400
-0.94178600
-3.99315300

5.44557800
-3.71643000
-2.86630300
-4.60754100
-4.60765800

3.97550100

4.86354000

3.24770700

4.86357900
-5.23799900
-3.99335500
-5.27534000
-3.52692500
-2.22510500

5.57672800
-1.59703200
-0.23506500
-1.59676500

E =-2397.921976
G =-2397.533674

Nimag =0
Ni

OQOQOZIZIIDIITITIZ T T I DT

-0.06562100
5.58375700
5.44867000

-2.21246800
4.25705300
-5.22576600
-5.26890600
3.99635900
2.62355000
2.62366100
4.25713200
1.24333700
2.99968900
2.58199600
0.75893000

1.41487200
-0.95784000
1.45909500
0.20816700
-0.98566700
0.31688900
2.74973000
-1.82195600
0.86936400
2.45960900
-1.93367300
0.42919900
4.78539300
-2.22184300
-0.84216100
-2.22647100
-3.50848100
-2.22711700
-2.22639300
-1.85703800
-1.77560300
-3.21225900
-1.77541400
-3.12983500
-2.22064800
-1.35224300
-4.38887500
-3.57493700
-2.61534900
4.94816400
5.64226100
4.94971000

2.74851600
-2.85866400
-1.08577900
-3.83606300
-2.07554600
-3.40220700
-1.62473600
-4.27502100
-3.58673300
-3.58668500
-2.07535000
1.30376100
-0.92440500
1.46646900
0.03238200

0.00067300
0.00012800
0.00080000
0.00029100
0.00000100
0.00055800
0.00006800
0.00013700
-0.00002400
0.00110800
-0.00036400
0.00066300
-0.00101100
2.17754600
1.29657100
-0.00019500
-0.00059400
1.26324500
-1.26354700
-0.00005300
1.26295200
-0.00017400
-1.26301000
-1.27955000
-2.17790300
-1.29590900
-0.00077600
0.89214800
1.27761100
-0.88360000
-0.00185800
0.88147900

0.00003600
-1.27760700
-1.29659100
-0.89401200
-2.17747400
1.27943400
1.29681600
0.00009900
-0.89252600
0.89284700
2.17752600
-0.00009200
-0.00001300
-0.00020700
0.00006700
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Int2-Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

1.60962700
3.47438400
-1.32942000
-2.84826600
-2.66837800
-0.71615700
-1.44903400
-3.45597700
2.93397700
1.16764500
4.54326500
-3.11347500
-0.91352000
-4.54134900
-1.00938400
-3.98366800
5.44866200
-3.70774800
-2.85351200
-4.59838800
-4.59952700
3.98077200
4.86873300
3.25591300
4.86868900
-5.22687600
-3.98564400
-5.27014800
-3.51126700
-2.21181400
5.58384400
-1.69494200
-0.10163400
-1.69507900
0.56486900
-0.64683000
0.56489400

E =-2437.250353
G =-2436.834965

Nimag =0

olile olie sl rille wile sl sl il =l

0.67315900
-6.28800800
-5.68716500
0.94530600
-4.81809100
4.06397700
4.57901300
-5.10948600
-3.62200200
-3.58510600

-1.08108700
0.40548300
1.15666100
-1.22159700
1.19610200
-0.04848100
-1.24477200
0.05134900
2.50096500
-2.07457800
0.62378200
2.19486300
-2.19106600
0.16013900
4.49933800
-2.48944500
-1.08559600
-2.49301900
-3.77230100
-2.49668700
-2.49588900
-2.10376900
-2.02036000
-3.46056200
-2.02050700
-3.40142700
-2.48803700
-1.62397900
-4.65484600
-3.83680900
-2.85848000
4.56804600
5.74486000
4.56825100
5.76249500
6.71353100
5.76230900

-2.47299500

1.50735000
-0.15962700
4.49283000

1.17164500
4.74433500
3.04646900
3.20052400
2.96819600
2.84076700

0.00011800
-0.00017900
0.00040200
-0.00002300
0.00042600
0.00015500
-0.00006200
0.00021900
-0.00033500
0.00028600
-0.00028300
0.00063000
-0.00029600
0.00025500
-0.00012400
2.17769500
1.29651000
-0.00014300
-0.00095800
1.26362700
-1.26309000
0.00003400
1.26296200
0.00011800
-1.26293600
-1.27890800
-2.17771700
-1.29513700
-0.00105200
0.89156900
1.27767600
-0.87459000
-0.00022700
0.87421100
0.88125600
-0.00033200
-0.88169200

-0.19986400
-1.11681600
-1.26582500
-0.73411100
-2.07063400

1.31634200
1.19876000
0.26452000
-0.67791700
1.10248200
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Int2-"Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-4.73540700
-0.97646300
-3.25970700
-2.22301900
-0.84624200
-1.96139500
-3.36485100
1.46515500
2.29479200
2.76462300
0.55410000
0.94151200
3.21795000
-2.28739400
-1.79899800
-4.33736500
3.45965000
0.17385100
4.29161500
2.06645500
3.15288400
-5.63902400
2.78410300
1.62097300
3.69996000
3.58269100
-4.51821000
-5.32800000
-4.17954700
-5.37586800
3.94353500
2.95126600
4.45987000
2.01908000
1.02738500
-6.23907600
2.82086100
1.52294100
2.81522300
0.75417800
2.30616600
1.04273100
3.25820800
3.64074000
2.13659900

E = -2437.254383
G =-2436.841576

Nimag =0
Ni
H

-2.09073400

5.67131600

0.86130300
-1.42977400
0.24468800
-1.94294100
-0.07850100
0.76565600
-1.16025300
-0.60216500
2.09310000
-0.27905500
0.39246900
1.73891800
1.03307100
-3.03167300
1.83871800
-1.65447700
-1.11816100
2.50432300
1.22032000
-3.88981600
3.47512300
-0.34362600
3.54590900
4.54553000
3.70659400
3.87067100
1.11756600
0.71144000
2.61478200
0.89095800
4.91107200
3.75618700
3.21626000
5.57053700
4.37620600
1.32636100
-3.71865200
-5.31289000
-3.79521400
-5.55893700
-6.10214100
-5.44099100
-2.79659200
-4.53814300
-3.97417700

-1.28940300
-3.05282700

2.27259600
-0.15051400
0.01606700
-0.15516800
-0.06739300
0.01959700
-0.07756800
-0.18425100
-0.05660100
-0.23105200
-0.08474000
-0.01501200
-0.17183400
-0.22335400
0.08749800
-0.08950200
-0.31863400
0.06945300
-0.21556400
-0.09183100
2.17762000
1.32023400
0.01470600
0.13379200
1.24993500
-1.26867200
0.10327900
1.35613500
0.20346900
-1.16310600
-1.23427800
-2.16401300
-1.38414100
0.18256100
1.04564300
1.43246800
-0.89337500
-0.28961600
1.24562300
0.46689800
-0.20365200
-1.27575000
1.40505200
1.34468000
2.10026200

-0.00032400
1.27868600
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4.10203800
2.31774800
4.29881300
0.33676400
-1.18747600
6.01658100
4.69973200
4.69971000
4.29942800
-0.16782900
2.65381300
0.41164300
0.64526400
2.04125000
1.78577300
-1.42415600
-0.23049500
-2.17507600
-0.07805200
0.53894500
-1.63069800
-0.27322000
2.64361300
2.17452300
-3.25678700
1.62480800
-2.30409700
-4.07162800
0.23065000
4.10264800
0.38257300
1.92039100
-0.09197600
-0.09232500
4.17527000
4.58091300
4.93213400
4.58048800
0.33635200
0.23010500
-1.18783900
2.31376300
2.31800500
5.67176400
-4.50918500
-4.62588200
-4.50981800
-4.23242800
-4.23322200
-6.15701600
-6.58441500
-6.51208400
-6.58519800

-3.88874900
4.05049300
-2.35206300
6.36365200
5.44824200
-0.95386600
-0.16342700
-0.16416000
-2.35416800
-1.61996000
-1.90853600
-2.83725700
-0.52966600
-0.65082200
-3.02209700
0.63018800
3.18747100
1.73951600
0.75875500
2.01848800
3.01806100
-3.68876700
0.25449800
-4.04144500
1.57987900
2.07325200
3.87614100
-1.45529200
4.82625000
-3.89004600
4.59443100
4.55800700
5.34888600
5.34876500
-2.10450900
-2.89941900
-0.76529300
-2.89823500
6.36355400
4.82608300
5.44805900
5.58599800
4.05060700
-3.05388300
-0.92218100
-2.89191200
-0.92180200
-3.44280200
-3.44244900
-2.99874600
-2.50042600
-4.04538600
-2.50015800

1.29747100
0.89314900
2.17781100
-1.27884900
-1.29565300
-0.00029300
0.89201900
-0.89328200
-2.17724200
-0.00029100
-0.00010400
-0.00030200
-0.00018400
-0.00009100
-0.00021300
-0.00029300
-0.00003200
-0.00031500
-0.00016800
-0.00002400
-0.00020300
-0.00036300
-0.00000800
-0.00019900
-0.00041000
0.00010000
-0.00023000
0.00020000
-2.17761000
-1.29548500
0.00013200
0.00034600
-1.26317500
1.26337000
0.00014400
-1.26239900
-0.00038600
1.26357500
1.27922600
2.17784800
1.29560600
0.00046400
-0.89240800
-1.27705400
0.87591500
0.00012400
-0.87496100
0.87632500
-0.87665900
0.00077200
0.88905000
0.00077000
-0.88697800
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TS1-Me
CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP
E =-5392.514677

G =-5392.032335

Nimag = 1, 76.6 i Cl’Il_1

EEEEEEEOOOOOOOOOOQEEEEEIOOOOOZOOOOOZEEEEOOOOOOZ

0.67536400
-0.40617000
-2.79137300
-1.66739800
-0.37573000
-1.54518200
-2.82724000
-1.70497100
0.58204800
-1.50207500
-3.79399200
-0.33088300
-1.76767700
-1.59986800
0.26174000
-0.42576600
-2.34728700
2.03084100
3.80193100
3.25785300
1.65123200
2.51275400
4.16168000
-2.03051300
0.08176000
-3.38726600
3.50835800
2.16829400
5.14375100
1.15909700
0.04464600
-4.05558000
4.79156200
4.19945000
6.05842500
5.16966300
-2.60718400
-3.19499100
-1.78166900
-3.75161400
0.65425600
4.94259900
3.93287400
3.30264100
0.10512600
-4.76679900
-5.59985100

-1.88799400
-2.44003600
-1.16868500
-2.95646100
-1.40948400
-0.75977400
-2.29791200
-3.81256700
-1.08006700

0.08426800
-2.63570100
-0.07765600
2.31042000
0.01999300
0.98868100
2.19372600
1.18193600
-0.54491900
1.47517100

-0.84961400
0.75006800

1.77217300

0.11471500
-0.88048200
3.02330400

1.18521600
-1.91301000
2.80195100
-0.20704500
-3.88828500

-3.09216700
-0.48021000
2.55057100

3.96674400
2.48090700
2.27626200
3.56713500
4.07934100
4.69616100
3.18237800
-2.95646500
4.70116800
4.22750800
4.08105800
-4.16609800
2.04441300
1.66683600

1.30551300
-0.33957000
-1.15754700
0.06396900
-1.31949600
-1.68132700
-0.30629800
0.73668300
-1.72190000
-2.37147300
0.07347100
1.53075700
1.16605200
1.93286200
0.96163100
0.77657300
1.77187200
0.46656000
-0.38634900
0.02539500
0.49126400
0.07539100
-0.40605600
2.37542500
0.29095300
2.09959000
0.00832200
0.12562400
-0.75426800
-0.60641100
2.78778900
-1.47351700
-0.85237200
-0.75248300
0.03122800
-2.32628400
0.90681100
2.24044600
0.26708200
-0.05993600
3.70654700
-1.09817300
0.28359500
-1.38108600
2.52616500
-3.39975800
-1.84937300
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TS1-Et

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-5.77905500
-1.00494900
-5.14767900
-3.89726700
-5.08548700
-2.42233900
-1.37780400
-0.94251200
-2.39349600
-3.83617400
-3.81021300
-4.36357900
-4.41550400
-3.34835100

6.78198400

6.55496000

5.81148500

5.88161000

4.27964300

5.64499700

E =-5431.840763
G =-5431.332229
Nimag = 1, 59.2 icm™!

alic i e NoNo o No Ne W Ao Re No Ro Ne WAlle=li=sl-N--NoNo No Ne Ro No B2

0.56226900
-0.54828400
-2.91202700
-1.82572300
-0.50527600
-1.66073200
-2.96849300
-1.88220000
0.45518100
-1.60139300
-3.94141400
-0.36359000
-1.65672300
-1.63428400
0.29924500
-0.31649700
-2.31227200
1.99301800
3.87487700
3.20617000
1.68062600
2.59916300
4.16263600
-2.12328700
0.24659700
-3.35680400
3.40060800

0.56189200
-2.90018300
-0.78131000

0.55182100

1.24150500

5.57720200

4.40310100

5.00395200

4.35124500

3.32794400

4.97482400

4.06785300

2.41935800

2.77739800

3.24650900

1.50129100
2.66561100

3.03961900
2.31260500

1.29198900

-1.83306400
-2.45623000
-1.07108600
-2.97671900
-1.36396600
-0.65980800
-2.26680700
-3.88136100
-1.03723200

0.22856900
-2.61093300
0.00648000
2.49127900
0.15077100
1.07011200
2.32122600
1.36123600
-0.52922600
1.43447500
-0.87589700
0.78176500
1.77586700
0.05916900
-0.74876900
3.14991900
1.40381700
-1.94919800

-3.24290900
3.08453900
-1.02247200
-2.33418100
-2.72393200
0.11044300
-0.71441800
0.91041000
2.94549500
2.72513700
2.05887200
-0.29419300
0.37445400
-0.99995400
-0.29081500
-0.03761400
1.08865000
-2.67813300
-2.97417100
-2.45331500

1.05702400
-0.51452800
-1.22499700
-0.15270000
-1.43302100
-1.73251500
-0.46445500
0.45273400
-1.83056600
-2.36339600
-0.10641600
1.32970900
1.09281300
1.71339500
0.83598700
0.71643900
1.61235100
0.28417600
-0.45695700
-0.16609100
0.36961800
0.01080300
-0.54406400
2.09257200
0.29487600
1.92278800
-0.23400600
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TS1-Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

2.30870500
5.12902800
0.95576600
-0.13152400
-4.15753500
4.92353300
4.40958200
6.18217400
5.29063100
-2.41216900
-2.95759800
-1.51509400
-3.58544500
0.61006000
0.27069800
1.69658300
0.49219100
0.00374100
-4.80402200
-5.66569400
-5.83790100
-1.22042200
-5.26259900
-3.97056700
-5.14264500
-2.09755800
-1.13035000
-0.65820500
-2.13588200
-3.64286300
-3.51422300
-4.13420300
-4.29948100
-3.21809100
6.94738400
6.62480000
5.94271400
6.04520700
4.40612800
5.71060600
5.19368800
4.15204800
3.52382400

E=-5471.171284
G = -5470.634664
Nimag =1, 89.3 i cm™!

nanZz

0.45529300

-0.76482700
-3.08115400
-2.05393200

2.81877900
-0.29611200
-3.91035100
-3.00735200
-0.32773700
2.47781300
3.91679800
2.29128800
2.26335400
3.81443800
4.27636500
4.92514900
3.57393600
-2.66019800
-3.23345500
-2.84059300
-1.59042800
-4.07780500
2.43722300
1.87187500
0.96264800
-2.85965300
-0.66175900
0.80493600
1.55675700
5.85359800
4.66720700
5.13902700
4.44923800
3.53723800
5.21973900
4.51367300
2.83437000
3.20267200
3.03251500
1.29125100
2.43162700
3.00365500
2.38421100
1.26225900
4.62719200
4.13397000
4.11514300

-2.35473400
-0.83768400
-2.82792400

0.10819800
-0.90344900
-0.90686200

2.51031900
-1.46722400
-0.86312100
-0.68627400
0.01518100
-2.34971300

0.91779800

2.28773800
0.34572200
-0.06007500
3.80519000

4.69385200

3.71255700

4.05770400

2.25949100
-3.05888800
-1.58406400
-3.11280400

2.64623200
-1.07155500
-2.18708000
-2.49931600

0.24583600
-0.65322700

1.00355700

3.00069300

2.72919800

2.17082100
-0.23092000

0.33191300
-1.02847200
-0.26495500
-0.10681400

1.08110100
-2.65957700
-2.99491500
-2.52958000
-0.98901500
0.36211100
-1.30957900

-1.78355600 0.82985300

-0.63306300
-1.22166700
-0.24727400
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-0.69921200
-1.82989900
-3.17089600
-2.13598700
0.26212200
-1.74908900
-4.14681900
-0.35273100
-1.43892900
-1.62122600
0.40375900
-0.10731000
-2.19677000
1.97258100
4.02940400
3.16286300
1.76867700
2.77691800
4.20241200
-2.20008100
0.53281300
-3.24417400
3.26785000
2.57502800
5.14344800
0.66201900
-0.03684600
-4.29212400
5.17239500
4.77874000
6.38903600
5.55573500
-2.07638800
-2.58365800
-1.08341100
-3.26447700
1.26446800
1.17852600
2.09961500
1.57243400
-0.26398200
-4.83300500
-5.67762800
-5.95043100
-1.20121200
-1.01868400
-2.14256300
-1.38540100
-1.58371900
-0.71348800
-0.21702400
-1.75196000
-3.33111300

-1.23364700
-0.46891900
-2.05641900
-3.74891300
-0.93986900
0.43702900
-2.36533900
0.11869300
2.71491100
0.35756700
1.14768500
2.44785200
1.62170700
-0.54402800
1.29652300
-0.96277900
0.77864300
1.71331800
-0.08949300
-0.50567100
3.24130200
1.73397500
-2.04220700
2.76798200
-0.50013800
-3.86851900
-3.10235700
-0.01976200
2.27080800
3.73339800
1.91641600
2.12797900
4.10351400
4.55841700
5.15183400
4.00544100
-3.23478000
-3.94186800
-3.58929900
-2.26406000
-4.07262600
2.87456800
2.25595300
1.46586600
-2.69725100
-1.71837500
-2.61624500
-3.42095300
6.12948400
4.89427100
5.27055200
4.63153500
3.86393500

-1.51841800
-1.75883300
-0.50081800
0.33029900
-1.93965300
-2.36171200
-0.11943800
1.18908900
1.01496900
1.53892200
0.75333400
0.66687100
1.46761100
0.12588200
-0.44018800
-0.32585000
0.29799300
0.02850500
-0.62069600
1.86511100
0.29001100
1.74963800
-0.46228500
0.19754800
-0.98819700
-1.17816200
2.24732000
-1.38146500
-0.75252600
-0.48433300
0.13331200
-2.24365200
0.88493400
2.27214500
0.35534000
-0.09937700
3.04285100
3.89752400
2.41397900
3.47582400
1.76691300
-2.76936200
-1.30611200
-2.88517700
3.13725200
3.61597800
2.56752100
3.96004300
0.28343200
-0.64936400
1.02460800
2.99070200
2.68445400

49



QOOOCIENITIZIZTZTZIITTITT T T

TS1-"Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-3.05621500
-3.72820500
-4.04147700
-2.93089600
7.22074100
6.74864900
6.13624800
6.37753200
4.70044100
5.89359100
5.62742900
4.51641000
3.92790600
-5.40057400
-4.06609200
-5.20269000

E=-5471.173132
G =-5470.637245
Nimag = 1, 62.1icm™!

Ni

OFITITITITITZIOOOOOZOOO00QZIZIZIZIOOOQOQOQO

0.58042100
-0.53197700
-2.90797700
-1.80209900
-0.49905600
-1.66180100
-2.95239700
-1.84795300
0.45840200
-1.61216600
-3.92141000
-0.35898600
-1.67931800
-1.62824100
0.28985800
-0.33982200
-2.31936100
1.99999000
3.85702500
3.21658600
1.67265500
2.57852100
4.16130900
-2.10460600
0.21172500
-3.36211800
3.42403200
2.27603900
5.13110700
0.99540900
-0.09952000

5.55032200
4.99586600
3.31719000
3.64320900
2.60672000
0.89293700
2.00263300
2.81999700
2.36861800
1.10916200
4.39223800
3.89994000
4.04985400
-0.31776700
1.14293600
1.97708800

-1.83758500
-2.26594700
-0.83318000
-2.83599200
-1.07712500
-0.35501200
-2.10619800
-3.80264400
-0.69767400

0.59975900
-2.49665200
-0.05131400
2.42922200
0.03369900
1.06873600
2.31845600
1.24014300
-0.43876200
1.61849900

-0.71789700
0.85046300

1.88957100
0.26518400
-0.90894300
3.19619200
1.23554400
-1.77421900
2.91132700
-0.03603700
-3.64890300
-3.16693200

2.19233900
-0.23136100
0.26396500
-1.08368900
-0.07921600
-0.05125100
1.20191300
-2.48697900
-2.89465600
-2.48603600
-0.72279500
0.57206700
-1.10758300
-0.96668200
-2.03962800
-2.25878800

0.70953200
-0.92346300
-1.47092400
-0.61927700
-1.71154700
-1.92988800
-0.84848500
-0.11786500
-2.06744100
-2.45588500
-0.52971400
1.19888600
1.25443000
1.60391300
0.82711000
0.85394700
1.64576700
0.09403000
-0.42276800
-0.39208300
0.32749500
0.08205300
-0.66285700
1.88056700
0.52679500
1.96471900
-0.58041100
0.29661700
-1.06039800
-1.46027500
2.03316300
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-4.16107100
4.89113800
4.36007400
6.15539800
5.25481900

-2.45110900

-2.99719400

-1.56958000

-3.62505500
0.62415900
0.16416800
1.71464800
0.49882200
0.05004200

-4.83868800

-5.67741800

-5.86862300

-1.19187400

-5.26007000

-3.98768200

-5.16668000

-2.16306700

-1.18652300

-0.71213300

-2.17506700

-3.67228900

-3.56526800

-4.18508700

-4.32931100

-3.25697200
6.90988300
6.61073900
5.91803400
5.99877100
436617100
5.68637100
5.13410100
4.10430500
3.46947200

-0.91255400
0.31368000
0.70997000
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Int3-Me

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

E =-5392.569240
G =-5392.084509

Nimag =0

H -0.31798700
C 1.61184600
N 0.26291300
Ni -0.58192600
C 3.23468500

-0.07823600
2.71380100
4.11767200
2.44740100
2.67021100
3.75433400
4.04955200
4.93418000
3.61230300
-2.95511900
-3.87583500
-3.08532600
-1.90238600
-4.20809900
2.83077400
2.11788500
1.36394500
-3.05211100
-0.46067300
1.12392500
1.89757300
5.86095900
4.79781500
5.08071700
4.14934900
3.25653500
4.99331300
4.55883800
2.82478300
3.35719300
3.22530900
1.47322200
2.46511500
3.44995700
2.85049800
1.70069800
4.86718600
4.21399800
4.37259200
-3.73952500
-4.93627500
-3.68627900

4.27528700
0.96835700
0.97006200
-0.94449100
-2.92018800

-1.62580300
-0.71280800
-0.37631500

0.13632100
-2.21504100

1.23424900

2.64924800

0.79111400

0.23786000

3.36688000

4.50698300

3.22398900
3.68720500
1.68141900

-2.91939400
-1.49618600
-3.10510700

2.18473800

-1.25873600
-2.22553100
-2.44549100

0.80093900
-0.23216600
1.46641800
3.37558200
3.00444500
2.64248200
0.17546200

0.54528000
-0.76717500
-0.06127300
-0.09719200

1.21176900
-2.44300900
-2.84038900
-2.50614900
-0.60056300

0.69036200
-0.97153300

4.70919700

4.23909600

5.44852000

0.20089700
0.15967700
0.24461000
0.43876400
0.44180300
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4.15399400
3.62418400
2.24694600
1.39944600
1.88013400
-0.37693700
3.56075600
5.65055400
4.27655000
2.33302800
1.14532100
1.67696600
0.28070000
5.31546200
-1.46222500
3.41887300
2.48574200
3.46785300
1.58250800
3.27814500
4.17757900
2.92507800
4.05381400
1.01193300
0.87091600
2.20232000
3.86453900
2.59807900
3.98045500
6.15301900
6.47926300
5.85006400
7.22752500
5.62874300
6.01164900
7.54260100
6.38981600
6.18145300
6.92032500
5.49161100
-4.75006100
-3.36302400
-2.50274700
-3.09308500
-4.47675500
-5.32344200
-2.95218000
-0.62342900
-2.46294900
-4.90848800
-6.80431600
-5.40800500
-7.22811500

-1.88230900
-0.59048200
-0.37107800
-1.39084600
-2.63461700
2.13963500
-3.95610000
-2.18610600
0.25715300
2.15920400
-3.42450200
3.40162900
3.36652300
-4.10324300
2.09530000
2.12000400
4.69988800
4.78625800
5.94466700
4.67957400
3.94528100
4.78944100
5.71661500
6.02433500
5.94427000
6.84969800
5.60663800
4.60920400
3.83360600
-2.85172600
-0.91543300
-3.15276700
-3.07784700
-3.79629300
-2.18322600
-1.18301700
-0.19555500
-0.41123300
-3.38505100
-2.70066000
-1.34435300
-1.48684300
-0.72210200
0.18981500
0.35711900
-0.41250500
-2.20937100
-1.68610700
0.75813200
1.07551300
-0.28509300
-1.94869000
0.64306100

0.19735900
0.09372800
0.22837000
0.45152500
0.55487900
0.26976300
0.53958400
0.05377200
-0.09739500
0.05703000
0.72697300
0.05539500
0.17557400
-0.98912200
0.37380400
-0.00890100
-0.05930800
1.13189700
-0.04351600
-1.38685900
1.14397400
2.09026000
1.06618100
0.89485600
-0.88380500
-0.13289100
-1.48633300
-2.25035000
-1.43537300
1.35560100
-0.20027600
-1.13644900
1.26888300
1.56476100
2.21948700
-0.29377000
0.62813000
-1.13277000
-1.25424300
-2.07467400
1.22489800
1.30080600
0.49262500
-0.40376300
-0.47258600
0.34492400
2.00990800
-1.93894900
-1.09032200
-1.17164900
0.31032300
1.85369100
-0.56698200
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Int3-Et

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-7.57123400
-8.64136300
-8.79292500
-9.06559600
-9.13827600
-0.60181300

0.39471700
-0.76656600
-1.37922200

E =-5431.893581
G =-5431.383150

Nimag =0

—_

TN I SIS SIS SOOI IOQOIQAIQAOIQNQNZONQNQZZAOT

-0.37233500
1.63756700
0.28983400

-0.60566900
3.49434200
4.34279500
3.72074100
2.32726400
1.54629300
2.11982200

-0.37857600
3.88908000
5.86256600
4.31986100
2.33230900
1.43393500
1.64754300
0.24879800
5.72101800

-1.46751500
3.42012600
2.43089300
3.34842300
1.49926500
3.29055400
4.07478200
2.75711800
3.91649700
0.87903800
0.83228300
2.10149200
3.85784500
2.65761900
4.01559200
6.36076800
6.60122200
6.18440300
7.45176400

-0.93816300
0.83108800
1.61373800
1.14634200

-0.09952700

-0.86567200

-0.52081900

-1.90380800

-0.21071000

4.40905700
1.14638800
1.11791700

-1.00836600

-2.66235300

-1.54721800

-0.29322300

-0.17583300

-1.26934900

-2.47956800
2.26906900

-3.67877500

-1.72790000
0.60708000
2.36036800

-3.32704200
3.58643100
3.51614000

-3.58515300
2.19442500
2.35678600
4.90574300
4.94144700
6.12894300
4.98195100
4.11463200
4.87808100
5.88498400
6.14111700
6.16407000
7.05016200
5.92601700
4.94807900
4.15626100

-2.44734000
-0.38464600
-2.58876500
-2.58968900

0.99150300
-0.66960700
-1.42271500

0.29603400
-0.98402500

2.40258800

2.71558200

2.73694000

2.81524100

0.08490100
-0.05589500
-0.02211500
0.26872800
-0.05550500
-0.16909100
-0.18291900
-0.07420700
0.03048800
0.03391800
0.03571700
-0.03834200
-0.26871600
-0.28011800
-0.05208000
0.09310900
-0.00887200
0.03995300
-1.45447600
0.08418700
-0.07341300
-0.00634100
1.23772500
0.03429800
-1.28922000
1.23882900
2.16481700
1.25671500
0.94402700
-0.84117500
0.03079400
-1.30378700
-2.19000600
-1.35019200
1.00612800
-0.39580400
-1.51190100
0.95317200
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Int3-Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

5.89898500

6.13549300

7.68462000

6.42715100

6.30039500

7.27342000

5.82946100
-4.77555600
-3.42300000
-2.48124500
-2.94591300
-4.29674200
-5.22801500
-3.10946200
-1.13836600
-2.24896500
-4.63385200
-6.67915400
-5.50213200
-6.98372100
-7.51782200
-8.35980400
-8.41276800
-8.72525200
-8.98162400
-0.42748200

0.53573900
-0.39231200
-1.22167700
-0.25999100

0.43796700
-1.32357600

E =-5471.233643
G =-5470.695722

Nimag =0

—_

Arxazxaoacazaoaoacoazzax

0.39564200
1.84140400
0.50475500

-0.61942900
2.89680500
3.96653100
3.62713800
2.28417000
1.28984600
1.58763100
0.03825800
3.07026000
5.41683300
4.40455800
2.72343700

-3.43888900
-1.85403300
-0.56596900
0.26333300
0.16447700
-2.73057000
-2.09891600
-0.68618500
-1.00225400
-0.57742700
0.17610800
0.50128400
0.07155800
-1.59600500
-3.14805300
0.50831900
1.08584400
0.38309700
-1.02317400
1.10836100
0.02959400
1.45194600
2.03041300
2.05628700
0.54709300
-0.87977500
-0.35756500
-2.29750200
-0.26929700
-2.30340700
-2.87577800
-2.84266500

4.47587000
0.94803600
1.13087700
-0.64225600

-3.14035100

-2.22549800

-0.86695400

-0.46773100

-1.37244900

-2.67583000
2.37243600

-4.21670100

-2.72466700

-0.10797300
2.03014800

1.12611800
1.90639100
-0.46262500
0.47731800
-1.30164100
-1.59676900
-2.43234800
1.23071500
1.36445300
0.41377300
-0.68259500
-0.82263500
0.13750300
2.22589500
-1.04782100
-1.45797900
-1.68021700
0.03953600
1.97355100
-1.05152500
0.84549500
-1.23081700
-2.16096400
-0.38644400
-1.31027500
2.24220000
2.35145400
2.77317500
2.68991100
3.87189900
2.33967000
2.55204200

-0.30481300
0.05310100
-0.03646500
0.11748000
0.14920000
0.15941800
0.13792100
0.11877000
0.12575700
0.12944700
-0.17035300
0.15441800
0.18492000
0.12825000
0.04614700
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0.74030300
2.24981900
0.86161500
5.00417800
-1.04237700
3.79268300
3.23410900
4.01600700
2.51571200
4.21818200
4.59169700
3.33295200
4.72752100
1.81446800
1.95841500
3.25736400
4.93075700
3.68120200
4.80089800
5.62892900
6.42933700
5.66823700
6.66621000
4.96204500
5.44661100
7.45188300
6.30908600
6.34122900
6.70682200
5.51177400
-4.68537700
-3.29325400
-2.52993800
-3.22887400
-4.62400300
-5.36964500
-2.78795700
-0.70295700
-2.68962700
-5.14113500
-6.85379200
-5.26430300
-7.38892600
-7.53650500
-8.81455700
-9.06270700
-9.27192500
-9.19528700
-0.62329000
0.46587200
-1.07655100
-1.29615700
-0.84916600

-3.36500200
3.34749700
3.49847800

-4.47129400
2.47474000
1.84497600
4.52384500
4.51603600
5.87636000
4.35987500
3.58792100
4.62286300
5.35661100
6.05569500
5.94645600
6.68942700
5.19968400
4.35144200
3.42925300

-3.57420700

-1.56678200

-3.59446100

-3.94312600

-4.44910800

-2.97598700

-1.97289100

-0.92247000

-0.94016200

-3.96142300

-3.01150900

-1.52479200

-1.55948100

-0.38482800
0.82710300
0.87922500

-0.30009600

-2.52420400
-1.05119400
1.76109300
1.83633300

-0.30771800

-2.44267700
0.92328700

-1.30558000
1.00837100
2.07184600
0.43224900
0.61928200

-0.62709600

-0.52786800

-1.98934900
0.53179100

-2.10499400

0.10612400
-0.07109800
-0.19317300
-1.10169300
-0.27227400

0.13032600
-0.06711200

1.26689200
-0.20866900
-1.24834000

1.40257400

2.12428500

1.28797000

0.62113500
-1.15572200
-0.19863300
-1.26034100
-2.20990900
-1.17435400

1.45931300

0.19139500
-1.06848000

1.49447200

1.48706700

2.36600700

0.21354700

1.07617500
-0.70974000
-1.06675300
-1.98983000
-0.01178500

0.03517500

0.20063800

0.31521600

0.25507100

0.09234300
-0.07062400
-2.35957000

0.48203600

0.34243300

0.02887300
-0.13732000

0.13385600
-0.10384500

0.08142100

0.18263500

0.90044500
-0.87546200

2.13090000

2.26303300

2.62464600
2.84050700

3.70202400
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Int3-"Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-0.57165800
-2.16218200
-2.39199700
-1.03426300
-0.96340800

E =-5471.225852
G =-5470.689321

Nimag =0

—_
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-0.35822900
1.64621200
0.29794500
-0.60123800
3.49789300
4.34664600
3.72581000
2.33344300
1.55162200
2.12404900

-0.36852800
3.89165700
5.86536900
4.32442500
2.34388900
1.43765700
1.66142500
0.26169900
5.71251200

-1.45846800
3.43187600
2.44777900
3.33130100
1.51836700
3.34224400
4.05588200
2.71500000
3.90041500
0.87362600
0.87545300
2.12250400
3.91253700
2.73396600
4.06616300
6.37348700
6.60409800
6.17623500
7.46391500
5.91189600
6.15592100
7.68667300
6.43861800

-2.81510600
-2.12224800
0.44280200
1.49965400
0.56471000

4.46708800
1.21017500
1.18443800

-0.94913200

-2.59685000

-1.47892200

-0.22485900

-0.11086900

-1.20689300

-2.41678800
2.33335000

-3.61351500

-1.65668900
0.67832200
2.41893400

-3.26534600
3.64315200
3.57576500

-3.47039500
2.26049800
2.41146300
4.95657900
4.91265900
6.17878100
5.10702300
4.08480800
4.79460200
5.85123200
6.13790800
6.26968800
7.09616800
6.04757800
5.13124800
4.28319000

-2.42113600
-0.31016500
-2.47283300
-2.56203900
-3.41607700

-1.86000800

-0.48967400
0.30635400

2.09778800
2.49840700
2.84119100
2.38591800
3.89575000

0.14449400
-0.13337800
-0.13133500
0.09817300
-0.29946300
-0.37761800
-0.33810700
-0.21299200
-0.14799900
-0.19452300
-0.02489200
-0.32350200
-0.49685500
-0.40854600
-0.04033100
-0.16328000
0.05720600
0.06458700
-1.74708500
-0.00500400
-0.02978400
0.16072300
1.42896500
0.25070300
-1.09140300
1.39886500
2.33416500
1.52115700
1.14235600
-0.63862300
0.31952400
-1.03284800
-2.00932100
-1.18328000
0.74755100
-0.58247200
-1.77252000
0.68072300
0.83610300
1.67007000
-0.66563200
0.31475000
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Int4

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

6.29558700

7.26439600

5.81417100
-4.76810400
-3.41675100
-2.47440500
-2.93630300
-4.28614800
-5.21834200
-3.10440800
-1.14755400
-2.23851900
-4.62162200
-6.66840500
-5.49552300
-6.97088000
-7.50788200
-8.34584000
-8.39677900
-8.70970600
-8.97039300
-0.42495300

0.54058600
-0.39528900
-1.21660600
-0.24312000

0.43298200
-1.31600400

0.68544200
-1.08577700
-0.21220200

E =-5352.670995
G =-5352.220650

Nimag =0

nonAazZmzraooaonannZ

-0.34426600
-2.20146200
-4.97513400
-2.90193600
-2.93100000
-4.29318900
-4.26247400
-2.37025100
-2.42150500
-4.83770600
-4.79597600

0.10214000

1.00719000
-0.76201400

1.42814500

1.89547100

0.27115800
-2.61208600
-1.95012300
-0.63515600
-0.95940700
-0.51454200

0.26766100

0.60091700

0.15097700
-1.57575600
-3.07088900

0.61694300

1.20776600

0.47014200
-0.98787300

1.22360500

0.09959500

1.57631900

2.18053700

2.15797900

0.67592500
-0.87942500
-0.36510600
-2.31176900
-0.28160800
-2.39740600
-2.85708700
-2.83609700
-1.90578700
-1.90088300
-3.44630300

-1.15745200
-0.84838200
-0.23592700
-0.72654400
-0.67313600
-0.36828800
-0.42117700
-0.86707700
-0.76897500
-0.22974500
-0.32129400
0.74251400
3.43079300

1.77330800
1.03183600
2.34976000

-1.46537100
-1.87138900
-2.67188600
1.07184300
1.19700400
0.25623100
-0.82094800
-0.95199700
-0.00212500
2.04291900
-1.24048000
-1.58812800
-1.79459600
-0.09141600
1.80648300
-1.16374500
0.70598800
-1.33366900
-2.24741100
-0.47285000
-1.43842900
2.07124900
2.20482500
2.57126900
2.54239000
4.09714000
2.08909000
2.26314200
4.43152000
4.60605400
4.43511500

0.05980600
0.09307200
0.13874800
1.30978000

-1.09933400

-1.08488100
1.33726200
2.25564600

-2.06293300

-2.02076300
2.28555400
0.05969000

0.04501600
0.09573800

0.01906300

0.00958400
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Int5-Me

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-0.35810100
1.67399000
4.49627100
2.40507300
2.31992100
3.71604700
3.79452300

-1.81831100
2.96754700

-1.12853100
1.83653000
4.18802000
4.31808600

-0.81488300
6.25271100

-6.42112700
6.02866300
6.58885500
6.57925900
6.49529200
1.46375200
0.95469000
2.99542500
0.86155300
7.59550600
6.10661000
6.16363100
7.68813100
6.30548300

-8.66743500

-8.57452500

-8.97337300
6.24570300

-7.04880200

-6.99133600

-8.38401200
3.27432000
3.41215700
3.47819900
1.36493200

-0.14319100
1.27180400
1.17688100

-0.23859000
1.20515500
7.68055700
6.24790400

E =-5392.572059
G =-5392.088310

Nimag =0

3.10184500
-1.33211000
-1.22923200
-2.45536700
-0.14606600
-0.06637600
-2.44724300

1.51400000

2.52166100

3.87296700
-3.38714700

0.91199500
-3.40375500
-3.47358100
-1.43150200

0.09287600
-1.20814300

0.22422400
-1.93452700
-1.94319500

4.89368900

5.58129900

5.02291100

5.59666600
-1.93902200
-1.44739800
-2.99228600

0.18859800

0.79011800

0.64734900

1.51359700
-0.22833600

0.78375900

0.21914500

0.24364400

0.56279100

6.08740300

4.56667700

4.55797700

5.09074200

5.56104000

6.63607100

6.65182200

5.57634000

5.11769700
-1.93199200
-2.98282600

0.09062800
0.01042700
-0.08150100
-0.01229300
-0.01090500
-0.05618000
-0.05738700
0.12961100
-0.02525500
0.12235900
0.00618600
-0.07176300
-0.07396700
0.06768600
2.04018900
0.21771500
-0.13268000
-0.15643500
1.11632500
-1.41047600
0.03683600
1.32480500
-0.01901900
-1.20171200
-1.46330100
-2.31397100
-1.42672200
-0.19302200
0.74464300
-2.06576800
-0.48842800
-0.52101100
-1.04055500
1.25223700
-0.99317300
-1.00965000
-0.02395400
-0.93046300
0.85461400
2.22154400
1.39588000
1.33518000
-1.22215000
-1.19261600
-2.13208900
1.09512200
1.16257000
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-0.85762700
-1.86048600
-0.09620600
-7.13779400
-7.79150300

5.89944700
6.35520900
1.92171100
3.05737800
3.71358400
3.16896400
2.03426400
1.18530800
1.54162600
0.79611400
-0.30334000
-0.60085300
3.42532200
3.61629700
1.59576500
2.40476000
-0.93843900
-1.44033800
1.41927700
0.12567200
-1.00036800
-0.36981300
-1.70631800
-1.42248600
-2.99460600
-2.40110700
-0.42842200
-3.97830900
-3.22569700
-2.18337000
-4.97615500
-3.68754200
-4.69347200
4.95992200
6.12615900
5.38133200
4.65655700
1.13330900
1.42468900
-0.07911000
2.36216700
-6.60476500
7.03060800
-0.76847800
-4.48657900
-5.88197400
-6.90998800
2.28163900

-2.94798700

-3.05693500
-3.24469700
-1.13724500
0.19491500
-3.24628600
-1.56911300
-0.30711300
-0.37171900
-1.59017600
-2.71581600
-2.58209300
0.95156400
2.19480100
3.34195100
3.16664400
1.90515700
0.53873000
-3.70432900
-3.44755800
2.25793800
4.00516100
1.73733600
-1.40891700
0.82352800
-0.44463200
-1.08131500
-1.18306100
-1.51211600
-0.73867800
-1.37589400
-1.87285200
-0.60020400
-0.49398600
-1.62210200
-0.24739900
-0.91605600
-0.78561400
-1.72240300
-2.25962500
-0.37706200
-2.71629800
4.72816700
5.68683800
5.24712300
4.69680900
0.54480300
-2.36468800
-3.55811600
-1.05160900
-0.33401100
-0.17619900
5.33164300

-1.90903800
-2.34221700
-2.65234900

3.81428200
2.79178300
0.61743800
0.22164700

-0.00616700

0.80994200
1.02655100
0.38255300

-0.40963700

-0.28495700
0.25225000

-0.04801500
-0.90846000
-1.40942500

1.27454900
0.49081200
-0.90939300
0.90895700
-1.19607900
-2.08690700
-0.60093400

-1.10686000
-3.99006000
-1.64811100
-0.28795200

1.04535500
-0.62250200
2.03083800
1.32090300
0.35930700
-1.66328400
3.07255300
0.09315800
1.69863000
2.78651500
1.91013800
1.04861900
2.52540600
3.05507300
0.51484200
-0.66269800
1.32197000
1.43955200
4.10205400
1.66843600
-0.99895000
3.95476900
2.34741100
3.32824100
-1.25654700
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Int5-Et

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

1.66648300
0.56016000
-0.98094600
0.14535600
-0.31096600
2.20307400
2.56213000
3.26577700
5.63413800
6.27583600
4.59330500
4.39700300
3.82033200
5.54238100

E =-5431.902354
G =-5431.390911

N NoNoNeNeR Al

zzmmmmmmoooooooooommmmo:0§

=

=0

-1.04645200
-2.11759500
-0.19117900
-6.96354000
-7.61556000
-0.50065400

6.25983600
1.93815200
3.07961800
3.64039300
2.99206400
1.86390800
1.28483600
1.75939000
1.07701100
-0.08927600
-0.50049600
3.52354000
3.35217000
1.35288900
2.66470300
-0.68808800
-1.39282300
1.34350200
0.17258700
-1.44865900
-0.46915900

-1.75506200
-1.42198200
-3.03883300
-2.34104200
-0.43386500
-3.96402300

6.68993100
5.78637200
5.33900000
6.24348100
4.57251700
4.04195700
5.71023600
4.35741100
0.36601600
-0.52313000
0.04419200
-3.71598100
-2.35808300
-2.82315700

-2.96272200
-3.01425900
-3.58054800
-0.47493200

0.81885900
-3.22136000
-1.89982100

-0.31613400
-0.36764600
-1.59469400
-2.74525200
-2.62176400
0.95839100
2.21826700
3.38409500

3.20824000
1.93038800
0.56195800

-3.74552500
-3.51109700
2.28094900

4.05932900
1.76268300

-1.43945300
0.82984300
-0.48681200
-1.09206900
-1.01031000
-1.27292300
-0.52392200
-1.03401300
-1.66499500
-0.28289400

-0.27715600
-1.33605700
0.69826600
1.73440800
2.16122800
2.31041400
1.81908900
0.90968100
1.75316400
3.14948500
3.16889800
2.67556000
3.67604900
3.70086000

-1.61783000
-1.85769000
-2.71793700

4.27122000
3.19953100
-3.70834400
0.37251800

0.00447500

0.81535500

1.18864200

0.70648000

-0.09547700
-0.38806900
0.00035200

-0.36809700
-1.13434800
-1.49325900

1.15950700
0.94866600

-0.46489700
0.59711500
-1.46017100
-2.09884800
-0.44943200
-1.13654400
-3.76765400
-1.50694600
-0.08489300

1.25288700

-0.37877100

2.27576100
1.50547300
0.63944500
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Int5-Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-3.31162100
-2.08064300
-4.95754500
-3.62106600
-4.56349900
4.88583100
5.98948900
5.42522700
4.52178200
1.54752400
1.81764600
0.43500700
2.83508000
-6.35026600
-0.27972500
-0.88579000
-4.30873600
-5.75389900
-6.72300300
2.60311900
2.15458900
0.91535200
-0.50067700
0.75680000
0.21786200
2.69443000
3.13239700
3.67177700
5.72396300
6.31541000
4.68463600
4.17458600
3.72855200
5.40676300
5.67551200
6.89286600
0.88234400

E =-5471.230583
G =-5470.693499

=0

ooommmmo:0§

-0.98877000

-1.97448500
0.00489100
-6.98135100
-7.76061300
-0.02541700
1.04581500
2.01589900
3.20297700
3.88824700

-0.32854900
-1.23095700
0.10069000
-0.53391200
-0.29347100
-1.71179200
-2.45328600
-0.33643800
-2.51745500
4.78891200
5.60447800
5.47375900
4.75465000
1.19712800
-4.68357100
-3.44694200
-0.49681500
0.18254800
0.44385700
5.13012100
6.61924900
5.70287300
5.57343500
6.48534100
4.90277300
4.20271000
5.78208300
4.29607400
0.27454800
-0.47174700
0.22961200
-3.53315000
-2.01207700
-2.61231200
-3.46605100
-2.55023300
-3.35022200

-3.32628100

-3.33642900
-4.12093100
0.64688400
1.36144100
-3.81861400
-4.02784300

-0.15308000

0.08016500
-0.96814600

-1.41923800
3.31824100
0.40059600
1.98016900
3.10505100
2.07501700
1.28559900
2.50309500
3.34350600
0.02829300
-1.25724600
0.85531000
0.86919800
4.42564600
-2.70248200
-0.64203300
4.27656800
2.69689200
3.71467200
-1.86652800
-0.99259200
-1.87940500
0.28483900
1.14937700
1.77183800
1.81156900
1.12808600
0.31952400
1.63713200
3.13572500
3.08926100
3.10144600
3.91667300
3.99233900
0.99115600
1.90829700
-2.61127800

-0.79914300
-1.28765100
-1.64410000

4.17009800

2.71076600

-2.69889700
-1.29887800
0.07734000

0.78431800

1.40859400
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3.31344000
2.13375700
1.25354700
1.61414300
0.83495000
-0.30514200
-0.60140000
3.59003300
3.77123700
1.68763600
2.50350600
-0.97448400
-1.47492300
1.48711900
0.16255300
-1.28270400
-0.38031500
-1.70636600
-1.35814400
-3.02630000
-2.30687000
-0.33687700
-3.98299400
-3.30330500
-2.03881300
-5.00814700
-3.63019900
-4.60446500
5.19004900
6.30448800
5.63315200
4.97341700
1.17215000
1.35785400
0.00224800
2.46049100
-6.55657000
-0.24448400
-1.11314600
-0.23820500
-1.99251400
-1.21200600
2.18230600
1.59780600
0.44770100
-0.94121800
0.22532400
-0.15405800
2.37590400
2.66165800
3.33384900
5.82655800
6.56758500

-2.24378900
-2.40332700
0.93712500
2.28898700
3.27779000
2.83245500
1.47627600
1.09316400
-3.12477100
-3.39160400
2.56424700
3.53239800
1.09997200
-1.39161500
0.54690700
-1.43649200
-1.45014000
-0.96774800
-0.65963600
-0.75290100
-0.14326700
-0.82782900
-0.23795900
-0.98700100
0.10022200
-0.07381800
0.07256000
0.62320700
-0.76894000
-1.61009700
0.70382200
-1.24605200
4.77210300
5.31222300
5.51325700
5.03987400
2.30706600
-5.19877500
-3.83946900
-3.59590200
-3.42204900
-4.94149200
4.79191800
6.38679800
5.19106000
5.39719400
6.59027800
5.13752700
4.69860600
6.12162200
4.54864900
1.09151900
0.79600800

1.27915000
0.56206500
-0.58154800
-0.49356400
-1.10553700
-1.79859300
-1.85182400
0.84174600
1.73001500
0.46341600
0.06555000
-2.29993200
-2.38634200
-0.03237800
-1.26453600
-3.51904900
-1.10954700
0.18445500
1.50832300
-0.23782700
2.39071500
1.85931700
0.64079600
-1.26927100
3.42137600
0.30404200
1.96617000
2.94510000
2.19306000
1.52876000
2.21864800
3.64774000
-1.03399700
-2.47066100
-0.34623400
-0.23749900
3.66133000
-1.59269700
0.62804700
1.25021900
1.13623700
0.62850300
-2.98328900
-2.43819800
-3.07706600
-0.90057300
-0.28621800
0.67729100
0.80595700
-0.21659500
-0.69409400
1.20637000
2.79247700
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Int5-"Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

4.88264000
4.70071000
4.17565900
5.90068900
6.06236800
7.24855600
6.47064400
-4.34089000
-5.83557900
-6.83743900

E =-5471.234593
G =-5470.697373

a@DmTmozZaoaoacazw

zzmmmmmmoooooooooommmmo:0§

=

=0

-1.03428800
-2.10462900
-0.17597200
-7.01906000
-7.63700600
-0.50157700

6.27507600
1.94623800
3.10014700
3.66951800
3.01645400
1.87639500
1.28391800
1.74825500
1.05804600
-0.10433300
-0.50522700
3.54855900
3.38261000
1.36208300
2.65112800
-0.70831800
-1.39433100
1.34885400
0.17406800
-1.37215300
-0.45997900
-1.75951400
-1.44541900
-3.03421100
-2.37499100
-0.46427200

-3.96948700
-3.29225400
-2.13060000
-4.95591300
-3.64578900

1.34936600
-2.31098300
-0.66573000
-1.11134300
-2.68348500
-1.48221100
-1.29125600

0.90800800

0.78136700

1.30582400

-3.12378700

-3.24731600
-4.02307900
0.79007900
1.78940000
-3.91402700
-1.61948000
-0.14495000
0.01202100
-1.07907800
-2.31405200
-2.39938300
0.98512600
2.30575600
3.33621500
2.96425500
1.63411800
0.99756700
-3.21894300
-3.35298800
2.52350000
3.70128300
1.31253900
-1.34654100
0.66424400
-1.29471900
-1.28918900
-0.84932500
-0.77371800
-0.44345400
-0.28180000
-1.09779300
0.05017700
-0.51235900
-0.21537200
0.36917800
0.13810000

2.70087200
3.69628300
4.13760000
4.22669300
1.52316700
2.08159800
0.48766800
4.09757900
2.42572700
3.30009300

-0.76013000
-0.98057700
-1.64750100
4.21225300
2.84601400
-2.69205400
0.83754500
0.12985900
0.90877900

1.57590000
1.41653600
0.62644700

-0.56999100

-0.51076700

-1.16073100
-1.86002600
-1.88610900
0.99383500

1.90229100
0.50443200
0.05233800

-2.39032900
-2.43124700
-0.01123400

-1.26228000
-3.49643000
-1.13255500
0.20718200

1.57267700
-0.21817500
2.49016600
1.92805300
0.69431200
-1.27840600
3.55283900
0.35312000
2.06019700
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TS2-Me

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-4.59944400
4.92828500
6.01600200
5.48265400
4.57768400
1.51538000
1.77695100
0.39629000
2.80359400

-6.38228500

-0.25118100

-0.87793200

-4.36152600

-5.77881900

-6.75710000
2.56730900
2.10332100
0.87368900

-0.54068800
0.70756900
0.18567800
2.66894200
3.09103300
3.64436600
5.76877200
6.38342300
4.75633800
4.21886900
3.79709000
5.47173400
5.69337700
6.92829100
0.88257700

-1.29185300
0.12738600
0.34543600

E =-5392.566447
G =-5392.082170
Nimag =1,327.0i cm!

nazaonaonzza<T

1.10580600
0.03712300
-0.37143400
3.35127900
3.85524100
3.11405100
1.93453200
1.47211800
2.17144700
-0.76601200

0.65746000
-0.96578600
-1.90288000

0.46863700
-1.39628800

4.79969000

5.27319000

5.65756600

4.98772300

2.44177100
-5.49630500
-3.33873200

0.74839300

1.02783800

1.54174500

4.67035800

6.32523000

5.20509400

5.60258000

6.71368900

5.33024000

4.68660300

6.04999100

4.41460400

0.82200300

0.49877400

1.17880700
-2.43558400
-0.74626000
-1.32295100
-2.95490100
-1.83550600
-3.70523200
-5.86032900
-5.63674600
-6.13744300

-1.25056300 3.31222200

0.83024200

0.38870800

-1.60933100
-2.32798100
-1.03030400
0.01948800
-0.23638100
-1.49233600
-2.50979000

1.27562100

3.07615600
2.44384800
1.86988300
2.47877400
3.88699400
-1.12750700
-2.57598700
-0.49320500
-0.30819900
3.96300000
-1.22055400
0.30976300
4.26517300
2.54508300
3.45187600
-3.05050700
-2.57243000
-3.20072500
-1.06755600
-0.46098500
0.53719000
0.74234800
-0.31394100
-0.72906700
1.47585700
3.11017500
2.90376600
3.93143300
4.31277300
4.52614400
1.86499900
2.48338000
-1.63521800
-1.24121000
-0.19381200
-1.89056300

-2.37849300
-0.65545400
-1.35308100
-1.19056700
1.02868900
1.23243800
0.67532600
-0.03484100
-0.20111400
0.31635800
-1.94239600
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3.86533400
5.14822700
3.44950900
1.38089500
1.76277400
0.54853400
-0.54978100
6.11161700
-1.60723000
2.24806000
0.86014700
0.82235100
-0.15621200
2.26993700
1.56596400
-0.17185100
1.04197500
-1.17870100
-0.15983400
0.10659000
2.50624900
2.32407900
3.05063300
4.95384700
5.52256500
6.30153700
5.87381200
4.72996300
4.13017700
6.45255300
4.74380300
5.69599900
7.23853000
6.45214300
-2.13998600
-1.26100700
-1.65197100
-2.97138900
-3.85280800
-3.44578700
-0.25290800
-1.35790000
-3.28987200
-4.86493600
-4.34151000
-1.82769100
-5.56203000
-4.02927700
-6.49041200
-7.41575300
-6.10694900
-6.67961800
-0.97389100

-3.20545100
-0.81087300
1.04678200
2.19418900
-3.51007200
3.14847100
2.65172400
-2.64653200
0.85322400
2.51929000
4.64392700
5.02049800
5.51906900
4.92200500
4.45845600
4.82240000
6.09296700
5.38187600
5.30415300
6.58026000
5.99385000
4.64972300
4.36119500
-1.36981000
0.67764200
-1.56424800
-1.22216800
-2.44716700
-0.85206600
0.78391000
1.26231500
1.12485000
-1.41860800
-1.18730300
-0.70210900
-1.31389900
-1.58467700
-1.27566500
-0.66322800
-0.36364800
-1.57293800
-1.89748600
-1.50357900
-0.41154500
0.29175300
-0.47354000
0.56061200
0.56770500
1.19423500
1.32920000
2.16957100
0.56730500
-3.41300800

1.42222300
2.02752000
0.78758700
-0.54359100
0.15727300
-1.15377600
-1.87082900
1.26725700
-2.49735900
0.02847300
-1.01098200
0.48837600
-1.76385800
-1.58156300
1.07353000
0.91902500
0.61069500
-1.37908200
-2.84382000
-1.63681900
-1.48874300
-2.64742400
-1.04567700
3.45611800
2.12857000
1.32567500
4.04358500
3.45008800
3.97255900
2.70723900
2.64254200
1.13738400
1.88613900
0.30177400
2.43167900
1.54311900
0.21617200
-0.17179100
0.71700400
2.03036400
1.87340800
-3.49691500
-1.19153800
0.39610300
3.01618300
3.45299200
2.51602000
4.15913700
3.39877000
2.82584300
3.73578900
4.28364200
-0.49513900
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TS2-Et

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-0.69650100 -3.76079400 0.50629400

-0.23126900
-1.96142700

E =-5431.890166
G =-5431.378191
Nimag =1,288.21i cm!

—_
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1.01545600
-0.03839500
-0.26442000

3.64139900
4.05314300

3.18296300

1.97681700

1.61024400
2.43209600
-0.96248900

4.25213100
5.38627200

3.43845000

1.15564200

2.10767600
0.19607000
-0.88626500

6.43055200
-1.78806100
2.01366700
0.36121300
0.38487800
-0.78729800

1.69408300

1.22044500
-0.55224300

0.49924000
-1.76249800
-0.84017200
-0.62755900

1.82664200

1.70374700
2.56154600
5.36745800
5.63901900
6.53302500
6.31951200
5.23801700
4.55100200
6.60276000
4.85969900
5.68736900
7.50028100

-3.78273100
-3.78637300

-1.68168100 2.74242100

0.81849500
0.16678000
-1.80106000
-1.73051300
-0.39366100
0.44831400
-0.03817300
-1.32857200
-2.14622800
0.86394100
-2.46015000
0.08193100
1.49302600
2.20127400
-3.18197100
2.95688100
2.24594800
-1.81332600
0.27825600
2.69893300
4.47670100
5.10029500
5.11505400
4.77781600
4.71762300
4.88900400
6.19336000
4.95301100
4.71975900
6.20177900
5.86648100
4.33413100
4.38704000
-0.15163000
1.57559700
-0.73609000
0.18367400
-1.21472800
0.41504300
1.86982400
2.20953100
1.79764300
-0.40918900

-1.23026700
-0.78507300

-2.69089100
-0.76775100
-1.30194900
-0.73871500
1.34188400
1.19781000
0.49531800
-0.02579800
0.12610000
0.79804100
-1.96505300
1.87448500
1.78752900
0.34177000
-0.90413600
0.90892900
-1.59903900
-2.13763400
1.34980300
-2.37611700
-0.45603000
-1.72908200
-0.31430000
-2.52842100
-2.45248800
0.29118100
0.22457200
-0.38864000
-2.04351800
-3.55478600
-2.59828400
-2.55545300
-3.46057300
-1.89923400
3.31583600
1.52118100
1.14994200
3.75677200
3.56866300
3.79067900
1.96351800
1.97205700
0.44374200
1.56326600
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TS2-Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

6.55988200
-2.05317100
-1.15153900
-1.53536200
-2.87773200
-3.77930100
-3.37769200
-0.12648500
-1.34518200
-3.19314400
-4.80630300
-4.29491400
-1.74283300
-5.52954000
-3.98982200
-6.47853900
-7.41190900
-6.13458700
-6.63703700
-0.70582900
-0.15878200

0.01064700
-1.69666100

0.18377700

0.99633700
-0.59599900

E =-5471.220443
G =-5470.681448
Nimag=1,271.1 i cm™!

—_

CTmITZoaoQmaomDQaImacaazaonnaazZza L

1.13759500
-0.00665400
-0.52049000

3.34539800
3.92363900
3.19429400

1.95833100

1.42989500
2.11884300
-0.81442400

3.83735600
5.27496900

3.58231600

1.48997600

1.66690100
0.65842400
-0.52462900
6.09929300
-1.72403200
2.41726500

-0.59172500
-0.09412900
-0.91032500
-1.59586300
-1.48920900
-0.67272500
0.04327600
-1.00036600
-2.51156000
-2.03638400
-0.58219400
0.93482500
0.45716000
0.98700200
1.56551500
1.82722600
1.74279500
2.87298000
1.49933400
-3.41663900
-3.31605700
-4.41848600
-3.82311600
-5.34894600
-4.08354200
-4.65786100

-1.23598000 3.07316000

0.75495100
0.27336500
-1.64420800
-2.14777600
-0.86940000
0.08577000
-0.23595600
-1.47321200
-2.39924800
1.10755300
-2.95760200
-0.57083900
1.09375700
2.09950300
-3.38942200
2.99436000
2.46012400
-2.57463500
0.65835200
2.45896600

0.05834100
2.50584100
1.83061900
0.65801400
0.22999900
0.90596500
2.05095300
2.19627000
-2.93012600
-0.66041200
0.54832900
2.80104000
3.39622100
2.26479500
3.79614400
2.92439400
2.35474400
2.93618700
3.96330100
0.55586100
1.50252200
-0.37035800
0.78513100
0.20209300
-0.73224400
-1.25155600

-2.80657200

-0.89137100
-1.42117000
-0.88220400
1.24083600
1.14707200
0.43028100
-0.14729100
-0.04293600
0.63854300
-2.07967600
1.78044500
1.80733300
0.31575100
-1.03174800
0.71206400
-1.72561800
-2.25577900
1.38314000
-2.48463600
-0.58969500
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1.05905000
1.17800100
0.02505600
2.42304800
1.94118900
0.21815200
1.46360200
-0.96356100
-0.08930900
0.35370400
2.72367000
2.36417100
3.21875600
5.15131300
5.72255900
6.34296500
6.11415700
4.87912000
4.38812000
6.69318200
5.00725000
5.84877800
7.32101200
6.44238000
-1.68806700
-1.04035200
-1.61043800
-2.89218800
-3.53951900
-2.94363700
-0.06562600
-1.94200400
-3.36392700
-4.51609000
-3.58529000
-1.22764900
-4.77732600
-3.10702000
-5.46518200
-6.39905400
-4.86318600
-5.68424800
-1.20474000
-0.64970200
-0.46978200
-2.61782400
-0.24505700
0.49310000
-1.10129300
-3.13633500
-2.58322300
-3.21360900

4.46885800
5.08860400
5.27429500
4.55474600
4.58173800
5.03064000
6.14954800
5.27126600
4.88505600
6.32189400
5.60888300
4.10961700
4.03663100
-0.82050800
0.88340600
-1.51565400
-0.61181000
-1.86263300
-0.16338300
1.04959500
1.60339400
1.11198000
-1.31664300
-1.36052200
0.06340200
-0.87612900
-1.32200000
-0.83607100
0.10791700
0.57755800
-1.25623800
-2.09369700
-1.18719700
0.49176900
1.58840100
0.41868100
2.00558200
2.01520800
2.98534700
3.20185400
3.90187700
2.60098200
-3.29021400
-3.33109600
-4.18752700
-3.82678700
-5.14800900
-3.80715300
-4.38951800
-3.37136200
-4.91891300
-3.64380400

-1.86356300
-0.45192200
-2.66852000
-2.58633500
0.15786900
0.08523600
-0.53122400
-2.18371700
-3.69221000
-2.74565200
-2.69468000
-3.59211000
-2.02996500
3.32827500
1.58186600
1.20981100
3.82091700
3.55368100
3.77430300
2.07308300
2.00901500
0.51211200
1.67578000
0.12387800
2.65510400
1.86017200
0.64709100
0.30326100
1.09524500
2.28139200
2.17204600
-2.96467500
-0.61553400
0.79548300
3.15580400
3.57961300
2.68667000
4.19041600
3.46662300
2.93382300
3.56461800
4.47474900
0.34169600
1.28730300
-0.68397400
0.52733700
-0.18350500
-1.06334600
-1.55725300
1.38211200
0.68911700
-0.38032900
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TS1-"Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

E =-5471.222791
G =-5470.685018
Nimag =1,275.8 icm™!

—_
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0.96416200
-0.05641800
-0.20418800
3.70988000
4.06378600
3.15409500
1.96547700
1.65421300
2.51480600
-1.01142600
4.35498000
5.37965500
3.36508700
1.03650100
2.23486700
0.04155900
-1.00239900
6.49915900
-1.80704100
1.86748300
0.12932300
0.12176800
-1.05061000
1.44484500
0.97624100
-0.80294100
0.17985600
-2.01605900
-1.08328100
-0.94700400
1.52201900
1.47658700
2.33118200
5.37811400
5.56953600
6.55586500
6.31783800
5.29350000
4.54151300
6.52336600
4.76806100
5.60159100
7.51083800
6.57140400
-2.04591200
-1.11484800
-1.47679000

-1.81979400 2.85612300

1.01862900
0.33001400
-1.65113700
-1.45693600
-0.10119100
0.71723200
0.19066400
-1.11641500
-1.91251000
0.99729300
-2.17047100
0.41856900
1.77422500
2.40961000
-2.96294400
3.13463600
2.38528000
-1.42448000
0.38223700
2.93731200
4.66389000
5.24744200
5.26543700
5.05272900
4.89114500
4.97306600
6.34659700
5.03924300
4.89821800
6.36052300
6.14922000
4.63909100
4.69066900
0.15874600
1.92571000
-0.34064200
0.52540500
-0.91286700
0.68335100
2.25149700
2.51948100
2.16804100
0.01886700
-0.17677100
-0.02111900
-0.79703800
-1.49406000

-2.65607600
-0.77251600
-1.32495200
-0.77904700
1.27107400
1.15123600
0.47115400
-0.05102100
0.07896000
0.72772500
-1.97458200
1.78449400
1.74252300
0.33504000
-0.87299200
0.81983400
-1.55077300
-2.11251300
1.26789300
-2.40167000
-0.40837200
-1.63782000
-0.20588200
-2.41976000
-2.35097500
0.38921800
0.32593800
-0.24902300
-1.94104000
-3.45733000
-2.45762900
-2.42258900
-3.37130700
-1.80821600
3.26674800
1.50067100
1.08612600
3.70919800
3.50202100
3.75469000
1.94239400
1.96714800
0.42698400
1.50090500
-0.00294100
2.47895800
1.79618600
0.62357600
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Int6

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-2.82421700
-3.75523300
-3.37757100
-0.08509200
-1.26597700
-3.12100600
-4.78704300
-4.32761600
-1.75404000
-5.56745100
-4.04330600
-6.54821200
-7.48139400
-6.25211200
-6.68321400
-0.57502300
-0.02098900
0.16894400
-1.54584000
0.50677600

1.10519000
-0.45723600

1.18084200
-0.40459100

1.00358500

E =-4892.953292
G =-4892.623957

Nimag =0

aNacazZzanocQQAZITOITIIITI ST Z

1.36935100
-6.51226100
-5.33394000
-0.88868100
-4.98169600
1.77537200
2.88431000
-6.10561600
-4.59661000
-4.59648900
-4.98153700
-0.54612600
-3.28632500
-1.50829200
-0.92490200
-2.27411400
-2.86216200
1.42177600
1.19811200
2.51551500
0.20475600
0.06727900

-1.44105500
-0.66532100
0.06219500
-0.84650600
-2.39373000
-1.99778400
-0.61624900
0.91041800
0.53938700
0.90859200
1.55147300
1.70363900
1.57785900
2.76393200
1.36700500
-3.27966300
-3.15823800
-4.27452600
-3.72572900
-5.55875300
-3.85682000
-4.50724300
-5.35490800
-6.02874600
-6.29188700

-1.87428600
-0.87851600
-2.20990800
4.61468800
-0.70155300
6.08947200
4.69981100
1.20832000
1.49101500
1.49103200
-0.70155100
-1.56711000
-0.85772400
-2.50782000
-0.26288800
0.10994600
-2.20197700
0.10599500
2.91594600
0.88033500
0.69521100
2.08904600

0.20206200
0.88596000
2.03187400
2.15635000
-2.96467400
-0.68879700
0.53414300
2.79130800
3.36981200
2.26463900
3.78595200
2.93371000
2.37142200
2.94489000
3.97313800
0.51204700
1.45349100
-0.40716500
0.75671200
0.36322600
-0.81683800
-1.27826000
1.21229800
0.76835100
-0.29314200

-0.00004400
-1.27832000
-1.29659800
-0.89284800
-2.17774400

1.27924700
1.29633300
0.00009600
-0.89282700
0.89280500
2.17779900
-0.00004300
-0.00001900
-0.00006300
-0.00001300
0.00000200
-0.00005000

-0.00000900
0.00000800
-0.00000200

-0.00000200
0.00001800

70



—

erliasiicsiicsiicsics o NONONONONON@N@NerNasiice Nasiiasiasiiaiasiia i@}

TS3

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

2.44995400
-1.16149700
-2.52410600
-3.58143900

3.47012900
-0.93099900

3.38082200

3.42883200

1.33799800

-5.33385200

1.11484500
-0.33898700

1.82301400

1.82294900
-4.78063000
-5.43617800
-5.02336400
-5.43626600

1.77534200
1.33786500

2.88423300
-0.34826700
-0.88863100
-6.51217100

E=-2437.226164
G =-2436.809981
Nimag = 1, 532 icm’!

afnNaNAZaoNQANAQZIITIITITI SIS T Z

0.53459900
-6.20776900
-5.67534800
1.10023800
-4.75048700
4.18902400
4.63458900
-4.95344400
-3.47337500
-3.44892500
-4.69368700
-1.05089900
-3.23824200
-2.33100500
-0.82782900
-1.93167500
-3.42756500
1.45316100
2.34900600
2.76415900
0.54551500
1.00411600
3.25656300

2.26826400
-3.54378800
1.16810100
-3.02204000
0.34724000
2.51951900
2.83674800
-2.99801800
4.61170700
-2.20990300
4.44828200
4.95100200
4.98894500
4.98892200
-0.51094500
-1.11467800
1.00804000
-1.11468300
6.08945000
4.61169700
4.69975200
6.05158500
4.61471800
-0.87850400

-2.55632200

1.69059600
-0.00237500
4.33336900

1.27716700
4.54368400
2.82230000

3.35872900

3.03765700
2.94481700

1.05163100
-1.50439900
0.31438100
-1.94092500
-0.13471500
0.76337300
-1.10501400
-0.80275400
1.91227000
-0.48281600
0.25003100
1.59809100
0.80669300

-0.00000700
-0.00008500
0.00003300
-0.00006600
0.00000200
0.00004200
-0.00002500
0.00004100
2.17785200
1.29667500
-0.00000100
0.00003200
1.26360900
-1.26365400
0.00002000
1.26346700
0.00002200
-1.26337800
-1.27928800
-2.17786600
-1.29644900
0.00001700
0.89295600
1.27848900

-0.11977700
-1.14427700
-1.26270200
-0.82964800
-2.08734300
1.27647100
1.22900600
0.20335700
-0.72682700
1.05455600
2.25935500
-0.08108600
0.02244900
-0.08969800
-0.03870500
0.02359400
-0.04515800
-0.12744300
-0.05053400
-0.14561100
-0.06667000
-0.03150800
-0.10937300
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TS4

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-2.46066200
-1.71625400
-4.42403500
3.46670300
0.25605400
4.33647500
2.29590200
3.20720100
-5.64242300
2.88708000
1.75977500
3.78315600
3.72566700
-4.45443700
-5.28866600
-4.05130500
-5.32139100
4.13093200
3.10801100
4.57529600
2.19087800
1.14044600
-6.17410200
2.92251600
1.30858600
2.84104500
1.13973900
-0.34574400
0.92734400
3.07699500
3.77260300
2.11588300

E =-2437.226721
G =-2436.809909
Nimag =1,46.21i cm!

nonZsZsomsmsno s Z

-0.08537100
5.62785800
5.46230000

-2.11470800
4.29490100
-5.19975600
-5.25410200
4.04615300
2.66956600
2.65751900
4.26178000
1.24707100
3.00460900
2.58913900
0.74178800

-3.02329900
1.82857800
-1.54687600
-1.31544400
2.38665400
0.95508800
-3.61065100
3.34298700
-0.13617400
3.34750800
4.39204900
3.51963500
3.60864700
1.24628800
0.90589500
2.72893900
1.03609800
4.63365700
3.49642100
2.91379400
5.40495800
4.26958800
1.55975800
-3.07759300
-4.44018500
-3.74785900
-4.50955700
-3.68190600
-5.28287100
-2.76538900
-4.34174500
-4.24750800

2.56102300
-3.02246900
-1.26068000
-4.06935100
-2.34661800
-3.42267700
-1.65544200
-4.34340000
-3.75318200
-3.59608000
-1.96248000
1.20787400
-1.01677700
1.36974500
-0.07772300

-0.13638600
0.07001500
-0.06134700
-0.19117900
0.01232300
-0.12752500
-0.14639800
2.15861800
1.33110800
-0.01234700
0.05031800
1.23604400
-1.28495500
0.08677700
1.34347800
0.15828400
-1.17629900
-1.27158900
-2.19047200
-1.36562000
0.07675900
0.95263600
1.40250200
-0.86866700
-0.65632100
1.25149600
-1.73622900
0.09069200
-0.07366400
1.68878600
1.25564500
1.91192500

-0.38072100
-1.11157500
-1.29245800
-0.55240600
-2.08652100

1.46807000
1.27197900
0.27333700
-0.68385800
1.09311800
2.24930200

-0.26336700
-0.02863900
-0.26527600
-0.12196400
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Int7

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

1.63271400
3.48643500
-1.33933500
-2.80794800
-2.68788200
-0.68296800
-1.42644400
-3.45042200
2.93974100
1.19865300
4.55321000
-3.18010300
-0.87099900
-4.53602700
-1.53166800
-3.98865300
5.44218100
-3.65005100
-2.78211900
-4.57771500
-4.50928400
3.99945000
4.87915400
3.29546100
4.89838600
-5.13070600
-3.87060100
-5.18390400
-3.42672000
-2.16277800
5.60885500
-2.00474700
-0.32807600
-2.19452400
0.12053200
0.98111000
0.15166600
-0.10994800
1.24445700
-0.30964500

E =-2437.242678
G =-2436.827131

Nimag =0

mmo T mm Z

0.50289600
4.33438900
4.72032200

-3.26787000
3.25887900

-6.00242100

-5.59767800

-1.18358400
0.32819800
1.05873300
-1.37682500
1.03827500
-0.15882900
-1.36626800
-0.10856200
2.39822800
-2.17721500
0.55294600
2.00351200
-2.29362300
-0.02228000
3.98180400
-2.39643200
-1.03080400
-2.65148400
-3.90871300
-2.51912800
-2.82785900
-2.17874700
-1.97546700
-3.54142700
-2.19863600
-3.73462200
-2.92941900
-1.97343400
-4.79670300
-3.85059300
-2.79652900
4.17158300
4.59646100
3.64025900
5.28541700
3.44583900
4.76121300
5.77056700
4.65511500
4.02168100

2.72757800
-4.52190700
-2.80377100
-3.26324600
-3.50092600
-1.68647300
0.01544700

-0.02028400
-0.14792800
-0.23141900
-0.00373600
-0.27716700
-0.09606300
0.03065500
-0.17656900
-0.36628900
0.06849400
-0.15040900
-0.40541000
0.15399500
-0.22851000
-0.21553100
2.28296300
1.29467400
0.12988400
0.30869600
1.35990800
-1.14349200
0.08137800
1.33676800
0.19714200
-1.17659600
-1.06204300
-2.03557900
-1.30481900
0.40088200
1.21743400
1.42847900
-1.18554700
0.11401200
0.58553400
-0.60824800
-0.79808700
1.53271000
1.89716200
1.59859100
2.20400300

-0.56594600
-1.09473600
-1.34211700
-0.40942200
-2.08654700

1.59817300
1.28051600
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Int8-Me

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

2.45833200
1.31150800
1.37728500
3.42960800
1.44185700
247707100
2.76187600
0.61033200
1.10166200
3.31575500
-1.12346000
-3.19753900
-2.40936000
-0.83645000
-1.85028000
-3.46108100
3.39675000
0.39546600
4.40121200
-2.59311200
-1.57413100
-4.48204900
0.51893600
-4.54189100
4.82282400
-4.34854500
-3.84319800
-5.16878900
-5.25331900
3.07214300
3.99419600
1.98548000
3.89551500
-6.08872000
-4.68803600
-5.68323900
-4.70118500
-3.20995100
4.43293700
-0.50195100
1.37551900
0.92407800
0.98345600
0.80828300
2.88052900
3.27539500
3.36064400
3.20828600

E =-2398.534036
G =-2398.132596

-5.24279200
-4.30328000
-4.07735900
-2.95925100
0.83841000
-1.77461000
0.61062100
-0.21368400
-1.52079900
-0.65578700
1.41393700
-0.45512000
1.79144300
0.11685100
-0.83037800
0.90713500
1.48748600
-2.33882900
-0.75915100
2.85277200
-1.86406700
1.28955000
3.30081200
-0.96698200
-2.48398300
-1.44444400
-2.87532100
-0.98808000
-1.45469700
-3.18060300
-3.20239300
-4.25483000
-3.51572800
-2.15813100
-1.77234100
-0.46262000
-3.54713900
-2.93367200
-4.20521900
3.61823300
4.14532700
2.48955900
5.12114300
3.26124000
4.06606600
4.79714000
4.28206100
3.06720900

0.36251700
-0.61503900
1.15506000
2.23198800
-0.35878100
-0.07517600
-0.38375300
-0.20712700
-0.06398400
-0.24359000
-0.45428600
-0.03207600
-0.47905800
-0.21991200
-0.00743700
-0.27733000
-0.52804900
0.04955800
-0.27157300
-0.66850000
0.18302200
-0.31276500
1.43682500
2.32755700
1.22735400
0.19361600
0.44560600
1.42203900
-1.05993300
0.07719000
1.31792900
0.25441300
-1.18774100
-0.91500300
-1.95041400
-1.26481400
0.60026000
1.34458300
1.44233400
1.68173300
0.72344300
2.05346900
0.40518800
-2.14289200
0.81158400
1.54202200
-0.15640800
1.13773800
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=0

-0.00014700 2.83380300 0.00000900

1.32119400
5.36028900
-2.35950300
4.12023500
-5.38533800
-5.36090100
3.70028300
2.38482700
2.36016600
4.06829400
1.29223100
2.91258200
2.63314800
0.73811700
1.51545800
3.46260800
-1.29221800
-2.91249600
-2.63315700
-0.73809000
-1.51538200
-3.46255700
3.05360300
1.01439200
4.54187000
-3.05368700
-1.01426700
-4.54181900
-1.32150200
-4.12129300
5.33068000
-3.81788200
-3.01064400
-4.72391900
-4.69236300
3.81802900
4.69320700
3.01085300
4.72337300
-5.35233300
-4.06694800
-5.32981900
-3.70002100
-2.38507100
5.35320100
5.38483600
1.97013300
0.92720200
1.98706800
-1.97046500
-0.92754500

4.20156900
-1.25006300
-3.68727200
-2.11355500
-3.02618100
-1.24990900
-4.41036400
-3.59341000
-3.68687200
-2.34732600
1.31725600
-1.00983800
1.39603700
0.08403400
-1.07981200
0.28261400
1.31721200
-1.00999300
1.39586500
0.08400200
-1.07986200
0.28240500
2.39939600
-2.04153000
0.43898600
2.39916200
-2.04151900
0.43871200
4.20165100
-2.11292400
-1.39091300
-2.24642200
-3.55329600
-2.14692700
-2.28439300
-2.24623000
-2.28362800
-3.55320300
-2.14714800
-3.16613200
-2.34844300
-1.39173700
-4.41050000
-3.59307500
-3.16534900
-3.02636700
3.87715500
5.19686200
4.35812200
3.87797400
5.19720000

0.36870100
-1.28665500
-0.73567800
-2.23162100
1.36494000
1.28546100
-0.17683400
-1.04618200
0.73704900
2.11769000
0.10195800
-0.00477800
0.12244300
0.02028400
-0.03115200
0.07277400
-0.10211300
0.00477600
-0.12309100
-0.01998100
0.03163800
-0.07342800
0.18454600
-0.10203800
0.09488800
-0.18554600
0.10303500
-0.09603000
-0.36829500
2.23144200
1.30031200
0.06120900
0.14217000
1.31001900
-1.21326500
-0.06116900
1.21283700
-0.14118300
-1.31051700
-1.18940900
-2.11774700
-1.30146500
0.17782100
1.04750200
1.18898800
-1.36546200
1.20849400
0.63978800
-0.50673500
-1.20834800
-0.63850700
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H

Int8-Et

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

-1.98750500 4.35754800 0.50718600

E =-2477.189037
G =-2476.732235

Nimag =0
Ni

TI@DOD DD DIOD I DT EIZIO0O000ZO0000ZOd I DT T DI T SO

-0.00021600 2.49534500 0.00005900

1.31652400
5.38907600
-2.31623900
4.17217100
-5.40485300
-5.38877500
3.67807800
2.39308600
2.31681100
3.99168100
1.29529300
2.90663700
2.63534900
0.73779200
1.51060900
3.46087600
-1.29541900
-2.90642100
-2.63549700
-0.73774300
-1.51038500
-3.46085100
3.06206300
1.00717800
4.53961200
-3.06237000
-1.00680100
-4.53961200
-1.31710700
-4.17169800
5.28256300
-3.80534800
-2.99263600
-4.74739400
-4.64277600
3.80575000
4.64313200
2.99323400
4.74783300
-5.29824400
-3.99134800
-5.28234200
-3.67735200
-2.39243600
5.29873500

3.89378600
-1.63559200
-4.05141700
-2.49320500
-3.41320000
-1.63662300
-4.78418100
-3.96025100
-4.05122800
-2.72045600

0.95986200
-1.37862700

1.02787400
-0.27136500
-1.43963200
-0.08934400

0.95969800
-1.37905000

1.02751400
-0.27146600
-1.43985200
-0.08983000

2.02723900
-2.39919300

0.06206100

2.02682300
-2.39934600

0.06142500

3.89356700
-2.49423700
-1.77186900
-2.62111400
-3.92319100
-2.52991500
-2.66169000
-2.62055400
-2.66126500
-3.92273100
-2.52897300
-3.54711000
-2.72060600
-1.77236600
-4.78474500
-3.96080700
-3.54658600

0.27141000
-1.13465600
-0.80478900
-2.11435000
1.21009600
1.13479900
-0.06990800
-0.97752900
0.80431700
2.23180100
0.12299200
0.07440900
0.18815000
0.03546900
0.00915000
0.16683800
-0.12253000
-0.07431400
-0.18764500
-0.03521200
-0.00907900
-0.16650800
0.26544700
-0.07119800
0.22325400
-0.26475200
0.07110300
-0.22286600
-0.27173500
2.11427200
1.45073900
-0.04666200
0.05464200
1.17584800
-1.34564800
0.04654600
1.34555600
-0.05505300
-1.17590900
-1.34222700
-2.23192800
-1.45062700
0.06936300
0.97708000
1.34198400
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Int8-"Pr

CPCM(MeCN)/B3LYP-D3/def2-TZVPP//CPCM(MeCN)/B3LYP-D3/def2-SVP

5.40542700
2.07660200
0.88916300
1.99983000
-2.07711300
-0.88979900
-2.00046900
2.46082900
2.80054500
1.26943700
-2.46132600
-2.80131800
-1.27012900

E =-2555.838652
G =-2555.330175

Nimag =0

NOTCTTIOCN TN IT IO ZAONOCNQZIN I NI ST TOZ

0.00008400
1.01682200
5.33838900

-2.36371500
4.08395300

-5.35942300

-5.33776500
3.69100400
2.36556600
2.36315800
4.09398100
1.28685700
2.90830200
2.62916900
0.73689700
1.51128900
3.45865600

-1.28678100

-2.90838300

-2.62910500

-0.73690600

-1.51137800

-3.45866000
3.05475200
1.00458800
4.53794300

-3.05458600

-1.00474500

-4.53794100

-1.01660200

-4.08309000
5.34453300

-3.81261700

-3.00346500

-3.41215200
3.54223900
4.80873600
4.26179100
3.54161000
4.80836500
4.26210100
3.38246200
5.02200600
4.66578100
3.38295600
5.02212400
4.66658100

2.23675000
3.64479700
-1.77821300
-4.36927000
-2.56180500
-3.54194200
-1.77781800
-5.01841000
-4.13412900
-4.36954100
-3.14698700
0.67192400
-1.64330900
0.74333900
-0.55183200
-1.70917000
-0.36004800
0.67198100
-1.64314500
0.74346800
-0.55178900
-1.70908100
-0.35986500
1.73432500
-2.65852500
-0.20341800
1.73448300
-2.65845700
-0.20320400
3.64481100
-2.56192100
-2.12640700
-2.86987400
-4.16652600

-1.21029700
1.00136100
0.72271400

-1.04916500

-1.00155700

-0.72339500
1.04866300

-1.53354400

-0.94152200

-1.77118000
1.53351100
0.94063800
1.77045400

-0.00003300
0.91146500
-1.45098400
-0.41099600
-2.44531100

1.67525100
1.45185700
-0.57549000
-1.35987800
0.41017600
1.87087800
0.20332900
-0.11891000
0.20918400
0.02196600
-0.13391600
0.05526600
-0.20334800
0.11881500
-0.20935800
-0.02188700
0.13398000
-0.05549800
0.34981500
-0.28851300
0.07535100
-0.35012600
0.28866200
-0.07570900
-0.91156100
2.44548600
1.11541200
0.28881700
0.46204200
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-4.69970200
-4.70662600
3.81244000
4.70586200
3.00315800
4.70012300
-5.36632900
-4.09518400
-5.34526900
-3.69139800
-2.36564300
5.36549600
5.35969400
1.43955200
0.29872300
2.18175600
-1.43963300
-0.29847600
-2.18131100
2.97792200
2.67591900
1.84242800
-2.97737200
-2.67566500
-1.84171900
0.57246600
1.91377000
2.16423600
-2.16430300
-0.57266300
-1.91391100

-2.67017600
-3.00933700
-2.87012000
-3.00991900
-4.16661000
-2.67038000
-3.88543900
-3.14634800
-2.12573500
-5.01826500
-4.13442400
-3.88609500
-3.54227700
3.13470300
4.46517000
4.26886400
3.13483000
4.46513200
4.26885100
3.54679700
5.08342500
4.70239600
3.54674300
5.08344500
4.70232800
2.76531000
3.93444700
2.30658200
2.30671000
2.76544900
3.93464800

1.53914200
-0.96483500
-0.28881900

0.96523100
-0.46263400
-1.53870200
-0.86040200
-1.87078900
-1.11460300

0.57483100

1.35913500

0.86096300
-1.67468700
2.29548100

1.09691800
0.14107100
-2.29552200
-1.09715000
-0.14082100
-0.10815400
0.71212900
-0.81454300

0.10860500
-0.71167600

0.81472300
2.86974200
2.90336400
2.25118300
-2.25116500
-2.86996700
-2.90325900
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CO,Me

Me

Me

9. NMR Spectra of Compounds

'H NMR (400 MHz, CDCL) of 3
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19F NMR (282 MHz, CDCL) of 14

-70.16

T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)

T
-110

95

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-2z



'"H NMR (400 MHz, CDCl;) of 15

[0}
¥ /\/@JL
e Me
15b

—==186'0

8T

f1 (ppm)

TLvL~

13C NMR (101 MHz, CDCls) of 15

S5°92T .
59821 ~
86717

STHST —

62°99T —

f1 (ppm)

96



'"H NMR (400 MHz, CDCl;) of 16

=9'0

16b

09y

M Mo
12 740)]

Lwﬁod

f1 (ppm)

13C NMR (101 MHz, CDCls) of 16

69'€T —
6€'€T
00'+2 7

ST'ce—
SCseE—

J\

ETHPIT —
6S°LTT —

9z'8et
z'8et
T IET
64 TET W
29'bET
8991
T1°8bT
05T M
€9°IST 7
corer/

50

70

T
190

T
200

f1 (ppm)

97



'"H NMR (400 MHz, CDCl3) of 17

N__CN * N__CN
> : >
Me N N
+ Me
Me

17a | 17b
I .,"/ s /
_J L L w MJA—A-
L a & -
© 0 Q@ ©0 inav
o e o S )
T T T T T T T T T T T T T T T T T T T T T
)5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -C
f1 (ppm)
13C NMR (101 MHz, CDCL;) of 17
@K O oo [sa Y]
@ O o -0 oo MmO N o
N O pos o < VAN ©
n n < ™M — - NO MM ™
— - o - MmN NN -
N/ N\ N AN
|
l “ | | | |
| . \ . |
T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 Q -
f1 (ppm)

98



'"H NMR (400 MHz, CDCl;) of 18

>

(]
=

|

18b

18a

=290
=SL'Y

Fov'o

Hov0
Fezo

#10'T
Reo't
¥66'0
00’1

f1 (ppm)

13C NMR (101 MHz, CDCls) of 18

98'€ET —

so€g~
seee”

YTPeE~
6£9€

29121
69'1CT
§9'2Z1
€L2et
0L%TT
SLbTT /
96'SCT
66'SCT 7
SSHET
oc'ser

TEEST
TH'EST v.

SL'8LT —

20

50

T
200

T
210

f1 (ppm)

99



'"H NMR (400 MHz, CDCl;) of 19

NTs

NTs

=>9'0

6L

=v'o

+

H0T'€

=00

Focso

"

TZ°0
L0
~TT0
0

Ree'e
*£6'0

700°C

s

f1 (ppm)

13C NMR (101 MHz, CDCls) of 19

+ObT —
(4 Y4 \
+9°CC M
81°€C

8T'TE —
L9PE —

€Le0T
8L°€0T V

TH'STT
€£°811 /
(51T /
65721 /
15521
19°s21
zuszt
o1'gel \
69'621
orser”/
90°5t1
0T'SHT
PE'SHT
[
9€'LbT

TETST

50

f1 (ppm)

100



'"H NMR (400 MHz, CDCl;) of 20

CO,Et
Me\/©

20 L

2.00=
2.181
2117

2117

T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

f1 (ppm)

13C NMR (101 MHz, CDCls) of 20

166.73
— 149.63
_-129.68
~ 127.84

60.75

28.96
15.26
1437

T T T T T
130 120 110 100 20 80

T T T T T T T T
20 200 190 180 170 160 150 140
f1 (ppm)

101



'H NMR (400 MHz, CDCl3) of 21

CN
Me\/©

[
2 |
| | |
| |
{ |
| /
T i { .
Td ¥ 3
a o o ]
- - ~ [y]
T T T T T T T T T T T T T T T T T T T T T
1.5 10.0 9.5 9.0 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 2.0 1.5 1.0 0.5 0.0 -C
f1 (ppm)
13C NMR (101 MHz, CDCl;) of 21
o O O ~ (-]
(<)) NN o~ n n -
o K] o o - -
< MmN — o D n
- - - - N -
| (|
i ‘ . . .
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0] -

f1 (ppm)

102



'H NMR (400 MHz, CDCls) of 22

Me

22

1.95]

| BZG{E

T T T T
)35 100 95 9.0 85 80 75 70 65 60 5.5 50 45 40
f1 (ppm)

13C NMR (101 MHz, CDCls) of 22

171.32
—151.64
—147.32
- 129.34
125.80
123,56
12130

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

—69.64
—29.48
—15.54

T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

103



'"H NMR (400 MHz, CDCl;) of 23

N _CF3
i
Me N

5 |
|

2.003

3.004‘r

T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -C
f1 (ppm)
3C NMR (101 MHz, CDCI3) of 23
nomoo o T+ AN T
nm88ea | SN RN 503
N ) 0 = Ly © ©
L5 10 0 1 n &« NN o <
B I B B I ) — o ~N -
A NV I I
Ji |
i ! I | I
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 Q -10

f1 (ppm)

104



%F NMR (282 MHz, CDCls) of 23
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