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1. Computational Details

All calculations were performed using the Gaussian 16, Revision B.01 package.! The (U)M06-2X
functional? together with Grimme’s dispersion correction® (denoted (U)M06-2X-D3) and the def2-SVP
basis set* were applied for the optimization of all stationary points in acetonitrile, in which the solvent
effects (¢ = 35.688) were evaluated by SMD solvation model.> Analytical frequency calculations were
carried out at the same level of theory in order to confirm each stationary point as either an intermediate
(no imaginary frequencies) or a transition state (only one imaginary frequency). Key transition-state
structures were confirmed to connect corresponding reactants and products by intrinsic reaction
coordinate (IRC) calculations.® To improve the calculation accuracy, single point energy calculations
using larger def2-TZVPP basis set* at the (U)M06-2X-D3 level with SMD solvation model were
performed based on the optimized geometries of all species. Standard state concentrations of 1.0 mol/L
were used for all species in calculations. The given Gibbs free energies in Table S2 were calculated
according to the formula: Gso = TCG + Esal (kcal/mol). The CYL View software was employed to show
the 3D structures of the studied species.” Vertical excitations energies were calculated at the TD-MO6-
2X-D3 level with the def2-TZVPP basis set. The searching for minimal energy crossing points (MECPS)
was conducted using a modified version of Harvey’s code® (SOOMECP software)® interfaced with
Gaussian 16.
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2. Computed Reaction Pathways

(U)M06-2X-D3/def2-TZVPP(acetonitrile)//(U)M06-2X-D3/def2-SVP(acetonitrile)
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Figure S1. Computational photochemical properties of EDA and DEAD.

(U)M06-2X-D3/def2-TZVPP(acetonitrile)//(U)M06-2X-D3/def2-SVP(acetonitrile)
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Figure S2. Relative free-energy profile for the reaction from triplet state of DEAD.
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(U)M06-2X-D3/def2-TZVPP(acetonitrile)//(U)M06-2X-D3/def2-SVP (acetonitrile)
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Figure S3. Relative free-energy profile for the reaction from free carbene.

Table S1. Single point energies (E) of MECP

Name E(a.u.) AE(kcal/mol)
INT3-T -950.383085 -
MECP-1 -950.382585 0.3
INT4-T -305.998752 -
MECP-2 -305.981362 10.9
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3. Computed Energy of all Stationary Points

Table S2. Calculated energies of all stationary points.

Thermal correction to Gibbs free energies (TCG, in Hartree), thermal correction to enthalpies (TCH, in
Hartree), sum of electronic and thermal free energies (G, in Hartree), single point energies in acetonitrile
computed at the (U)M06-2X-D3/def2-TZVPP level (E, in Hartree), and the total spin-squared operator

of open-shell species S°.

Name TCGla.u. TCH/a.u. Gla.u. E/a.u. s2
%9a 0.129908 0.187141 -644.145194 -645.033374 -
9a-T 0.127903 0.186466 -644.103860 -644.984285 2.0099
MeCN 0.022521 0.050010 -132.577474 -132.758347 -
TS1 0.170183 0.236502 -776.641453 -777.716925 2.0305
INT1 0.173640 0.239004 -776.661115 -777.738132 2.0200
10a 0.072134 0.115368 -415.389919 -415.950171 -
TS2 0.224629 0.302828 -1059.477540 -1060.937424 2.0250
INT2 0.227981 0.305559 -1059.522360 -1060.983032 2.0112
TS3 0.223129 0.302848 -1059.518698 -1060.976784 2.0178
N2 -0.012541 0.009192 -109.409372 -109.530558 -
INT3-T 0.218294 0.292687 -950.164791 -951.488859 2.0129
INT3-S 0.222059 0.294539 -950.205915 -951.535835 -
TS4 0.266896 0.345978 -1082.749822 -1084.275836 -
1lla 0.272057 0.349832 -1082.838061 -1084.362809 -
10a-T 0.068716 0.113258 -415.330948 -415.886663 2.0322
TS5 0.063461 0.110383 -415.309322 -415.863686 2.0268
INT4-T 0.061858 0.101093 -305.936894 -306.358756 2.0118
INT4-S 0.061492 0.100870 -305.921696 -306.347578 -
TS6 0.215144 0.289151 -950.073755 -951.399764 2.0545
TS7 0.100828 0.151695 -438.489337 -439.105513 2.0310
INTS 0.106319 0.154691 -438.543666 -439.161288 2.0503
TS8 0.097916 0.151465 -438.480740 -439.094251 2.0303
INT6 0.104061 0.154628 -438.526100 -439.141405 2.0301
INT7 0.107005 0.156076 -438.583535 -439.201929 -
TS9 0.265098 0.344297 -1082.721511 -1084.245982 -
TS10 0.213249 0.289153 -950.064130 -951.391077 -
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4. 3D Structures and Coordinates of all Stationary Points
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1.20381900 0.46510000 0.02239700
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-1.28222600
-2.57134700
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-3.18792700
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-2.36028200
-3.33028900
-1.83625800
-1.76341700
0.48802200
1.16683100
2.40859200
-0.75911500
-1.04492200
2.66814600
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4.99341100
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6.22859800
4.69454000
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-2.76189300
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-3.27511500
-1.48973800
-3.54412800
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-4.50257700
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0.24938100 -0.73362800
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-0.85180200
-0.34494400
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-0.53260600
-0.36748500
-0.08022600
0.45607600
-1.67420600
-1.57749000
-2.48167400
-1.94329000
-2.06026800
-2.68306700
-1.14748300
-1.69038400
-2.80118600
-2.15298800
-3.12837300

-0.91632400
-1.96213200
0.36032100
-0.03527100
0.54013000
1.59398100
0.01409500
0.38796000
0.82030700
0.91241700
-0.67247500
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-0.21981900
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-1.05533300
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-2.66299800
1.71501000
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-0.14996500
-0.67053400
-0.83786700
-2.26738100
-2.57628900
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1.18838800
2.15956500
-0.06848900

-0.09496100
-0.11037900
-0.00721000

-0.23792600 0.07747100
0.29877500 0.96492200
0.22199500 -0.80701700
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-1.71654900 0.15815500

-1.87893900 0.23258100
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-2.15747900 1.04310600

-1.11308000
-0.46223200
-1.25527900
-2.08145000
-0.48528000
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0.91574300
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2.18273400

-0.05027400
0.06150300
0.63158400
0.63328500
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-2.83958500 -1.33383500
-3.93675200 -1.28142700
-2.51817300 -1.88641300
-2.51811000 -1.88814100
1.43224200 -1.69110700
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-1.81750300
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H 2.23505500

C
N

2.04392400
3.32968200

TS8

-2.43837000 0.00079200
-0.30648000 -0.00008600
-0.20693200

-0.00049100

-0.80326500 0.94777200
0.63281200 1.01241000

-0.22111900
-0.05088200

1.24314100 2.04443300 0.15078600

1.23027900 -0.18235800 -0.12617100
2.64727900 -0.19453900 0.06094100
3.11545900 0.45448800 -0.69477100
2.88239600 0.22933000 1.04914900
-1.42787800 1.83776100 -0.31724400
3.11793300 -1.62299700 -0.06059800

ZOIIIOIIIOIIIOOO0OOO

4.20632800
2.64025800
2.87815300
-4.23054300
-4.79675000
-4.63921800
-4.33794400
-2.82483000
-1.64921200

INT6

-1.66922400 0.08087000

-2.25540500 0.70095200

-2.02796300 -1.05387600
-0.41119900 -0.08720100
-0.51396300 0.84785400
-1.11757400 -0.82173600
0.61619200 -0.46897400
-0.70986000 0.15365400
-0.65425200 0.24458400

&)

-0.99748900 0.59835400 0.00003400

I T ITOIIITOOCOOO

0.44274400
0.88603000
1.20466500
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-1.65597500 1.47445300

3.29411100
4.38470400
3.01262500
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0.87597800
2.00395900
-0.21719200
-0.00107900
0.59029700
0.59157800

-1.35028700
-1.21879900
-1.92503100
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0.18537400
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2.70458700
2.62303400
2.62367600
-0.39533400
4.00384900
4.85431800
4.07686000
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-4.35421600
-5.00359500
-4.56089200
-4.56055000
-2.98009700
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0.07825200
1.28284800
-0.44013200
0.50123200
1.15120500
1.15095700
-2.01298200
-0.26909400
0.42662300
-0.90771200
-0.90743400
0.30260900
-0.58432400
0.89494300
0.89585000
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1.43398700
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2.80915100
0.50538400
-0.27758800
0.38669000
-0.13638000
-0.73302600
1.50094100
-0.48283000
-0.01137800
0.27875500
0.88557400
-1.12467900
-0.79424500
-2.01494800
-1.39432000
-0.42371300
-1.51369900
-0.01158300
0.11643100
-0.03660300
1.05616000
-0.43534300
-0.45057900
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