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Method

The UB3LYP density functional theory (DFT) method implemented in Gaussian 16 software was
used with the 6-31+G* basis set to optimize the geometries of transition states (TSs) for the
reactions between 3- and 4-t-butylcyclohexyl radicals to isoquinoline [1-3].
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A. Pople, “Self-Consistent Molecular Orbital Methods. XII. Further Extensions of Gaussian-Type
Basis Sets for Use in Molecular Orbital Studies of Organic Molecules,” J. Chem. Phys., 56 (1972)
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Table S1 Transition state energies of axial or equatorial addition of 3- and 4-t-butylcyclohexyl
radicals to isoquinoline (the energy of transitions states refers to the sum of electronic energy

and zero-point energy)

Energy Free ener elsreere
TS structure Energy (hartrees) difference 9y . 9y
(hartrees) difference
(kcal/mol)
(kcal/mol)
b
t'B“\m, a -793.997243 1.11 -794.045369 1.58
1Q
b
tBu—/ 710 -793.999010 0.00 -794.047884 0.00
a
1Q
i b -793.997279 1.09 -794.045698 1.37
t-Bu\%a
b
==
t-Bu\%a Q' 793.908357 0.41 -794.047056 0.52
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XYZ coordinates of TS structures

b
tBu—/—-/
: a
ia
-4.51598100 -0.59106200
-3.16013500 -0.50194500
-2.53829700 0.75611000
-3.31363800 1.94351900
-4.70278300 1.82755400
-5.29206500 0.58275300
-0.50223900 0.02343400
-4.98421300 -1.56424700
-2.56064900 -1.40525400
-1.13176900 0.90776800
-2.62413400 3.18853800
-5.29525800 2.73244300
-6.35573900 0.50458200
-1.24201700 3.19354600
-3.16875700 4.12180900
-0.69606400 4.13514200
-0.48503000 2.09072300
-0.59025800 -1.71884500
0.76042100 -1.32640900
1.31181400 -0.01715900
0.27282100 1.11218000
-1.12449400 0.74595500
-1.63824700 -0.60880100
0.62831100 -1.20474900
1.47116100 -2.14923000
-0.44953000 -1.92883800
-0.95671100 -2.64997400
0.22362800 1.37527400
0.57835000 2.01907400
-1.84808600 1.55884300
-1.91683600 -0.55815300
-2.56786400 -0.84969600
1.40016900 -0.17526500
2.75962900 0.35715900
3.19139500 1.70345000
2.63483500 2.55001600
4.25579400 1.88655300
3.04188600 1.70734300
2.86352100 0.46793000
2.66422400 -0.48912000
3.87569800 0.78003100
2.16660700 1.21075000
3.75673200 -0.71943600
3.71756500 -0.83161600
4.78284700 -0.43734800
3.56395000 -1.70084400

b

tBu—/—~7/-1Q

a

-2.39711700 -0.49146900
-3.26865700 -0.69725000
-3.33625700 0.22582000
-2.50774500 1.38678100
-1.61687200 1.57244400
-1.56175200 0.64919200
-5.01522400 -0.69044400
-2.35433700 -1.20453400
-3.91367200 -1.57382000
-4.21598800 0.04363400
-2.65486800 2.31844000
-0.98221800 2.45581500
-0.87802400 0.80220600
-3.60934400 2.08450900
-2.05200300 3.22281600
-3.76670200 2.81482100
-4.41546000 1.00371400
-3.50716000 -2.95028100

ITITOIITIIOIIITOOIIIIIIIIIIOOOOOOZIIOIIOOIIIOOOOOO

OZITOIIOOIIITOOOOOO0

-0.15614200
0.12018000
0.27316900
0.11144800

-0.15428300

-0.28191500
0.50905900

-0.27873400
0.20987900
0.58951200
0.17418100

-0.27062300

-0.49240900
0.30179200
0.05459900
0.25892200
0.45290500
3.04076200
3.66014900
3.05405400
3.25133300
2.81655500
3.21803200
4.74557100
3.52251400
1.97034200
3.49252500
4.32490900
2.72369700
2.89110500
4.28861300
2.68774500
1.96712400
3.53404500
2.91027900
3.32664600
3.10478200
1.82324100
5.07007500
5.56602900
5.35766400
5.47657700
3.04858300
1.95711500
3.31613100
3.49574900

-2.37079900
-1.31416900
-0.24751200
-0.27080500
-1.36041100
-2.38800700
0.79629900
-3.18998200
-1.29869000
0.88883000
0.79684400
-1.37863100
-3.21924600
1.77436200
0.82104600
2.56691700
1.81524500
4.10827400

-2.21622800
-1.20130500
-1.89605400
-3.16740800
-4.17417600
-2.47432600
-1.77410300
-3.27498700
-4.21412600
-2.13148200
-1.22281300
-3.05158800
-4.53307700
-5.04931600
-0.97622400
0.18409100
1.14152400
0.82105700
2.14882900
1.21980400
0.05816500
-0.58060500
1.04638900
-0.35228000
0.82894300
0.88811400
1.85054600
0.27524900

IQ

t-BU\% °

a

0.01853600
1.38217700
1.94170700
1.09266800
-0.30225600
-0.82820800
4.02641500
-0.40198700
2.03563100
3.35479000
1.71441400
-0.95060000
-1.89727600
3.09932500
1.11209500
3.58817900
3.92477200
4.93268100
5.94322600
5.50599100
4.11123600
3.06704100
3.51442400
6.06120500
6.91970900
4.96324900
5.22779700
4.18249200
3.74829400
2.10673900
2.86506900
2.78069400
5.38195400
6.57079100
6.06953900
5.19889800
6.85710200
5.79428800
6.86941600
7.26729600
7.61973500
5.97611600

ITIOIITITIOIITOOIIIIIIIIIIOOOOO

ITITOIITITOOIIIIIIIIIITIOOOOOOZIITIOIIOOIIIOOOOOO

-2.35474900
-1.96360700
-0.97550900
-1.56544400
-1.98409200
-1.46811900
-3.08132500
-3.90059400
-3.18552900
-0.04660400
-0.71744100
-2.23114900
-1.09522100
-2.46100900
-2.88115400
-1.45453400
-1.19497800
-0.34939700
-0.96409000
-2.07712300
-0.15809900
-0.29373300
0.15693800

0.66814400
-2.54566700
-3.50560100
-2.25589000
-2.70783200

-0.46343100
-0.29226800
1.00201100
2.13989800
1.94040800
0.66219100
0.38786100
-1.46392900
-1.15832200
1.23956200
3.42134400
2.80760400
0.51978400
3.50485400
4.31949900
4.47239900
2.44981600
1.54397800
0.40084700
-0.90334500
-1.30222000
-0.18882600
1.15881300
0.22170500
0.73482700
1.85258200
2.42237300
-1.53490900
-2.21149000
-0.47189600
-0.09791100
1.95997800
-0.66355000
-2.05666700
-3.26652300
-3.74966900
-4.02653500
-2.96855100
-2.52640000
-1.71596000
-3.32734900
-2.92525200

4.69388400
3.59597200
2.60541900
2.06705600
3.09932600
5.29099600
5.38484700
3.60536800
4.91574900
3.14345200
1.78286600
1.20939000
3.63753100
2.63953500
3.02668900
4.13288800
2.94790600
2.33032900
3.31673600
2.29858200
4.96027200
5.84065700
5.31934100
4.36861400
5.01807700
4.48798000
5.29445100
5.94902000

-0.63053100
-0.44801000
-0.37772000
-0.52446300
-0.69334600
-0.74191600
-0.25299300
-0.69001600
-0.36827700
-0.16156900
-0.54544300
-0.79817800
-0.87842200
-0.50858000
-0.65701400
-0.61477700
-0.37434300
2.38816600
2.18124100
2.88465400
2.35278700
2.56051100
2.06729900
1.10395600
2.54771400
3.45113500
1.80415200
1.28098100
2.84403700
2.11157500
3.64554600
2.16370700
3.95558100
2.83843700
3.65944600
3.20303700
3.73718400
4.68002000
1.39889000
0.77734500
1.41061800
0.90394000
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7.88997600
7.71721600
8.59627600
8.38367500

b

ITTO

-1.57652600
-1.17937400
-2.41151500
-0.79657000

t—BU\%\\lQ

a

-0.91857200
0.13604600
1.40272300
1.58838300
0.49492700

-0.73292600
2.34958300

-1.89154000

-0.00410800
2.54078800
2.86640200
0.63539100

-1.56472300
3.84670700
3.05624000
4.81060500
3.69583800
4.15544000
4.83699900
5.46956500
4.38421800
3.70529500
3.15790700
4.08959900
5.59159200
4.92563000
3.68440400
3.61526500
4.80919400
2.92121500
4.46119200
2.15316800
6.20821700
6.28372300
6.96398800
6.23994300
7.63535400
7.56551400
5.39719200
4.91933900
6.00454600
4.60864600
7.40343900
8.02803100
8.05723800
7.00833800

ITITOIIITOIIITOOIIIIIIIIIITOOOOOOZIIOIIOOIIIOOOOOOO

1.31358000
0.50118500
1.05531100
2.46672900
3.27829800
2.71115200
-0.78103200
0.87975900
-0.57479200
0.24571000
2.98407500
4.35457000
3.34181000
2.11584200
4.05352400
2.50517900
0.77973300
-1.74013700
-2.33668500
-1.24106300
-0.20597400
0.40035900
-0.68688200
-2.89825500
-3.06014900
-1.28906800
-2.54494300
-0.68048800
0.61474300
1.10389700
0.97348100
-1.03662700
-0.71307900
-1.79337600
-0.62290300
0.03478400
-1.00661100
-0.01044500
-2.56593900
-3.43700300
-2.93390600
-1.93301200
-2.73538800
-2.24544200
-3.02256000
-3.65983100

3.48488800
4.49407800
3.57352400
2.89568700

0.22503800
-0.15711600
-0.44507800
-0.35395000

0.04740700

0.33360500
-1.13786600

0.44063500
-0.24245500
-0.82887000
-0.71180000

0.12042100

0.63731600
-1.16586200
-0.66609200
-1.49061900
-1.27531700

0.74210200

2.00203200

2.89001900

3.26310700

2.00518600

1.12979300

2.58019300

1.67299500

0.10029900

0.16299400

3.88869800

3.85206600

2.30851800

1.44839600

1.37467500

2.26265900

4.11531600

4.86122200

5.35397400

5.63968600

4.17642600

5.11496900

4.65169400

5.95187700

5.53840000

3.61767900

2.85894500

4.45077000

3.18304300
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