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Materials and Methods

1. General Information

1.1 Sample preparations

Unless otherwise indicated, all the regents and solvents were purchased from commercial
suppliers and used without any further purification.

Core modification of OPCs: Flash column chromatography was performed using basic aluminum
oxide (100-200 mesh). Analytical thin-layer chromatography (TLC) was performed on 0.2 mm
coated silica gel plates (HSGF 254) and visualized using a UV lamp (254 nm or 365 nm).

Polymerizations: Methyl methacrylate (MMA) and butyl acrylate (BA) were purchased from
Sigma-Aldrich and passed through a plug of basic alumina before use in order to remove the radical
inhibitor. All polymerizations were carried out under an argon atmosphere.

Light Source: Sunlight simulation lamps were bought from Osram (ULTRA-VITALUX UV-A,
300 W). Reactions were placed next to the sunlight simulation lamp under vigorous stirring while
cooling with flowing air (Fig. S1A). Fig. S1B shows the qualitative emission spectrum of the lamps
used in this work.
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Fig. S1 (A) Reaction set-up of the photoredox-mediated reaction. (B) Emission spectrum of the
lamps used in this work.

1.2 Sample measurements

Characterization of noncore-modified OPCs and core-modified OPCs: The noncore-modified
OPCs and core-modified OPCs synthesized were characterized by 'H NMR, 3C NMR, and ESI-
MS spectroscopy. 'H NMR and 3C NMR were recorded on magnet system 400’54 ascend
purchased from Bruker Biospin AG. 'H NMR spectra chemical shifts (3) were reported in parts
per million (ppm) referenced to hydrogen resonances in the NMR solvent (C¢Dg). '*C NMR spectra
chemical shifts (8) were reported in parts per million (ppm) referenced to carbon resonances in the
NMR solvent (C¢Dg). ESI-MS spectra were recorded on Agilent Q-TOF 6520.

Photophysical and electrochemical properties of OPCs measurements: Ultraviolet-visible
spectroscopy was performed on a UV-2400PC spectrophotometer using DMAc as the solvent.
Fluorescence spectroscopy was performed on an F-4700 Fluorescence Spectrophotometer using



DMACc as the solvent. Cyclic voltammetry was carried out on a CHI660E CH Instruments
electrochemical analyzer. Cyclic voltammograms of OPCs were performed in a 3-compartment
electrochemical cell with Ag/AgCl (submerged in 3 M KCI solution) as the reference electrode
and TBAPF¢ in DMAc (0.10 M) as the electrolyte solution under nitrogen at room temperature.
The working electrode was a steady glassy carbon disk electrode while the counter electrode was
a platinum wire. £ (V vs SCE) = E (V vs Ag/AgCl) - 0.019 V.

Characterization of synthesized polymers: Size exclusion chromatography (SEC) was
performed on Wyatt system equipped with a SSI 1500 pump, a Waters Styragel HR 2.5 pm, 300
mm x7.8 mm column, a Wyatt Optilab rEX differential refractive index (DRI) detector and a Wyatt
DAWN HELEOS-II multi-angle light scattering (MALS) detector (laser at A = 658 nm) (Wyatt
Technology Corporation, U.S.A.). THF was used as the eluent at 35 °C with a flow rate of 0.7
mL/min’! and a dn/dc value of 0.083. The polymer composition was determined using a '"H NMR
spectrometer (magnet system 400’54 ascend purchased from Bruker Biospin AG) with CDCI; as
the solvent. Matrix assisted laser desorption ionization time of fight mass spectra (MALDI TOF
MS) were recorded at 25 kV on the Bruker mass spectrometer (ultraextreme).

2. Core modification of OPCs

2.1 Synthesis of the noncore modified OPCs

N Q N328204 o HN

N EtOH / H,0 NH

5,10-dihydrophenazine

Synthesis of 5,10-dihydrophenazine!: An oven dried 500 mL round bottom flask equipped with
a stir bar was charged with phenazine (1.00 g, 5.55 mmol, 1.00 eq.), Na,S,0,4 (11.65 g, 55.50
mmol, 10.0 eq.), EtOH (25.00 mL) and H,O (100.00 mL). The mixture was sparged with N, for
60 minutes and then refluxed under N, for 12 h. After cooling to room temperature, the product
was isolated as precipitate via cannula filtration, washed with distilled H,O (3 x 100.00 mL), and
then dried under vacuum to yield a pale green powder (0.86 g, 4.72 mmol, 85 %). The product was
stored under nitrogen until further use.

5,10-di(4-methoxyphenyl)-5,10-dihydrophenazine (1a)



- Pd(OAc), _0
N P('Bu)s \©\
HN N NaOtBu . N
NH 1,4-dioxane N
Br \©\O/

Synthesis of 5,10-di(4-methoxyphenyl)-5,10-dihydrophenazine?: An oven-dried vacuum tube
equipped with a stir bar was charged with 5,10-dihydrophenazine (1.00 g, 5.50 mmol, 1.00 eq),
NaOBu (1.58 g, 16.50 mmol, 3.00 eq), Pd(OAc), (49 mg, 0.22 mmol, 0.04 eq), Tri-tert-
butylphosphine P(tBu); (33 mg, 0.165 mmol, 0.03 eq), 4-bromoanisole (2.06 g, 11.00 mmol, 2.00
eq) and 16.00 mL 1,4-dioxane. The vial was sealed under N, and and heated at 100 °C for 12 h.
After cooling to room temperature, the mixture was concentrated under reduced pressure and
purified by flash column chromatography on basic aluminum oxide (Eluent: CH,Cl,/hexane). The
product was obtained as a light yellow solid (1.06 g, 2.69 mmol, 49%).

TH NMR (C¢Dy, 400 MHz): § 7.11 — 7.07 (m, 4H), 6.77 — 6.73 (m, 4H), 6.37 — 6.33 (m, 4H), 5.93
—5.89 (m, 4H), 3.25 (s, 6H).

BC NMR (C¢Dg, 101 MHz): 6 159.12, 137.31, 132.25, 127.95-127.46 (could not be resolved from
NMR solvent peak), 121.03, 116.40, 112.66, 54.59.

HRMS (ESI-TOF): calc’d for M+ CysH»,N»0,, 394.1681; found 394.1677.

5,10-diphenyl-5,10-dihydrophenazine (1b)

Pd(OAc),

P(‘Bu)s ©\
HN . NaOBu N
NH 1,4-dioxane N
Br \©

Synthesis of 5,10-diphenyl-5,10-dihydrophenazine?: An oven-dried vacuum tube equipped with
a stir bar was charged with 5,10-dihydrophenazine (1.00 g, 5.50 mmol, 1.00 eq), NaO'Bu (1.58 g,
16.50 mmol, 3.00 eq), Pd(OAc), (49 mg, 0.22 mmol, 0.04 eq), P(tBu); (33 mg, 0.17 mmol, 0.03
eq), bromobenzene (1.71 g, 11.00 mmol, 2.00 eq) and 16.00 mL 1,4-dioxane. The vial was sealed
under N, and and heated at 100 °C for 12 h. After cooling to room temperature, the solvent was
removed under reduced pressure, then the reaction mixture was dissolved in 200 mL CH,Cl, and
extracted with 200 mL H,O for three times. The organic layer was evaporated dryness, and then
this crude was purified by washing with CH,Cl, (3 x 5.00 mL) and MeOH (3 x 2.00 mL) to afford
the desired product as a light yellow solid (1.13 g, 3.38 mmol, 61%).

TH NMR (C¢Dg, 400 MHz): & 7.19 (could not be resolved from NMR solvent peak) (m, 8H), 7.10
—7.05 (m, 2H), 6.33 — 6.28 (m, 4H), 5.87 — 5.83 (m, 4H).



13C NMR (CgDg, 101 MHz): 6 140.46, 136.81, 131.28, 131.09, 127.75, 121.09, 112.76.
HRMS (ESI-TOF): calc’d for M+ C,4HsN,, 334.1470; found 334.1460.

5,10-di(4-methylphenyl)-5,10-dihydrophenazine (1c)

Pd(OAc),

P(tBu)S \©\
HN N NaOtBU
NH 1,4-dioxane
Br \©\

Synthesis of 5,10-di(4-methylphenyl)-5,10-dihydrophenazine?: An oven-dried vacuum tube
equipped with a stir bar was charged with 5,10-dihydrophenazine (1.00 g, 5.50 mmol, 1.00 eq),
NaO'Bu (1.58 g, 16.50 mmol, 3.00 eq), Pd(OAc), (49 mg, 0.22 mmol, 0.04 eq), P(tBu); (33 mg,
0.17 mmol, 0.03 eq), 4-bromotoluene (1.88 g, 11.00 mmol, 2.00 eq) and 16.00 mL 1,4-dioxane.
The vial was sealed under N, and and heated at 100 °C for 12 h. After cooling to room temperature,
the solvent was removed under reduced pressure, then the reaction mixture was dissolved in 200
mL CH,Cl, and extracted with 200 mL H,O for three times. The organic layer was evaporated
dryness, and then this crude was purified by washing with CH,Cl, (3 x 5.00 mL) and MeOH (3 x
2.0 mL) to afford the desired product as a light yellow solid (1.43g, 3.95 mmol, 72%).

TH NMR (C¢Dg, 400 MHz): § 7.15 (d, J = 8.1 Hz, 4H), 7.03 (d, J = 8.0 Hz, 4H), 6.37 (dq, J= 7.4,
3.9 Hz, 4H), 5.95 (dd, J = 5.8, 3.5 Hz, 4H), 2.13 (s, 6H).

13C NMR (CgDg, 101 MHz): 6 137.74, 137.46, 137.07, 131.82, 131.00, 121.00, 112.71, 20.73.
HRMS (ESI-TOF): calc’d for M+ C,sH»,N», 362.1783; found 362.1780.

5,10-bis(4-(trifluoromethyl)phenyl)-5,10-dihydrophenazine (1d)

Pd(OAc),

FsC
F3 P(Bu)s \©\
NaOBu N
1,4-dioxane - ©/N\©\
CF

Synthesis of 5,10-bis(4-(trifluoromethyl)phenyl)-5,10-dihydrophenazine?*: An oven-dried
vacuum tube equipped with a stir bar was charged with 5,10-dihydrophenazine (1.00 g, 5.50 mmol,
1.00 eq), NaO'Bu (1.58 g, 16.50 mmol, 3.00 eq), Pd(OAc); (49 mg, 0.22 mmol, 0.04 eq), P(tBu);
(33 mg, 0.17 mmol, 0.03 eq), 4-bromobenzotrifluoride (2.48 g, 11.00 mmol, 2.00 eq) and 16.00
mL 1,4-dioxane. The vial was sealed under N, and and heated at 100 °C for 12 h. After cooling to




room temperature, the solvent was removed under reduced pressure, then the reaction mixture was
dissolved in 200 mL CH,Cl, and extracted with 200 mL H,O for three times. The organic layer
was evaporated dryness, and then this crude was purified by washing with CH,Cl, (3 x 5.00 mL)
and MeOH (3 x 2.0 mL) to afford the desired product as a light yellow solid (1.53g, 3.25 mmol,
59%).

TH NMR (C¢Ds, 400 MHz): § 7.30 (d, J = 8.3 Hz, 4H), 6.94 (d, J = 8.1 Hz, 4H), 6.34 — 6.30 (m,
4H), 5.67 — 5.63 (m, 4H).

BC NMR (C4Dg, 101 MHz): 6 135.98, 131.39, 128.28, 128.24, 128.20, 127.59, 121.71, 113.32.
19F NMR (C¢Dg, 376 MHz): 6 -62.17.
HRMS (ESI-TOF): calc’d for M+ C,¢H sF¢N», 470.1218; found 470.1207.

N-phenyl phenoxazine (4a)

Pd(OAC),

P('Bu); @\
HN . NaOtBU ‘ N
(0] 1,4-dioxane O
Br

Synthesis of N-phenyl phenoxazine?: An oven-dried vacuum tube equipped with a stir bar was
charged with phenoxazine (1.00 g, 5.46 mmol, 1.00 eq), NaO'Bu (787.1 mg, 8.19 mmol, 1.50 eq),
Pd(OAc), (49.4 mg, 0.22 mmol, 0.04 eq), P(tBu); (32.4 mg, 0.16 mmol, 0.03 eq), Bromobenzene
(857.3 mg, 5.46 mmol, 1.00 eq) and 16.00 mL 1,4-dioxane. The vial was sealed under N, and and
heated at 100 °C for 12 h. After cooling to room temperature, the mixture was concentrated under
reduced pressure and purified by flash column chromatography on basic aluminum oxide (Eluent:
Hexane/ethyl acetate). The product was obtained as a white solid (1.08 g, 4.17 mmol, 76%).

IH NMR (C¢Ds, 400 MHz): & 7.09 (t, J = 7.5 Hz, 2H), 7.01 (t, J = 7.4 Hz, 1H), 6.91 — 6.89 (m,
2H), 6.76 (dd, J = 7.8, 1.5 Hz, 2H), 6.48 (td, J = 7.6, 1.5 Hz, 2H), 6.41 (td, J= 7.7, 1.5 Hz, 2H),
5.90 (dd, J=17.9, 1.5 Hz, 2H).

I3C NMR (C¢Dg, 101 MHz): 6 144.25, 139.18, 134.60, 130.76, 130.73, 128.00, 123.30, 121.42,
115.55, 113.42.

N-phenyl phenothiazine (5a)



Pd(OAc)2

e
@Q o5 9

1,4-dioxane S

Synthesis of N-phenyl phenothiazine?: An oven-dried vacuum tube equipped with a stir bar was
charged with phenothiazine (1.00 g, 5.02 mmol, 1.00 eq), NaO'Bu (723.6 mg, 7.53 mmol, 1.50
eq), Pd(OAc), (449 mg, 0.20 mmol, 0.04 eq), P(tBu); (30.3 mg, 0.15 mmol, 0.03 eq),
Bromobenzene (788.2 mg, 5.02 mmol, 1.00 eq) and 16.00 mL 1,4-dioxane. The vial was sealed
under N, and and heated at 100 °C for 12 h. After cooling to room temperature, the mixture was
concentrated under reduced pressure and purified by flash column chromatography on basic
aluminum oxide (Eluent: Hexane/ethyl acetate). The product was obtained as a white solid (1.14
g,4.15 mmol, 83%).

TH NMR (C¢Dg, 400 MHz): § 7.10 — 7.06 (m, 2H), 7.02 — 6.93 (m, SH), 6.62 — 6.55 (m, 4H), 6.18
~6.16 (m, 2H).

I3C NMR (CgDg, 101 MHz): 6 144.50, 141.10, 130.87, 130.46, 127.58 (could not be resolved from
NMR solvent peak), 126.79, 126.71, 122.50, 120.46, 116.11.

HRMS (ESI-TOF): calc’d for M+ C;gH3NS, 275.0769; found 275.0758.

2.2 General Procedure for core modified OPCs

A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with noncore-modified
OPC, bromides and 1,4-Dioxane. The reaction mixture was degassed with three freeze-pump-thaw
cycles and the vial was then backfilled with argon. Then, the reaction was vigorously stirred in
front of sunlight simulation lamp at room temperature. After the reaction was complete, the solvent
was evaporated to dryness and the crude reaction mixture was directly purified by flash column
chromatography on basic aluminum oxide. Eluent: Hexane/ethyl acetate (contains 0.5%
triethylamine). The crude product was obtained as an umber deep solid and then purified by
washing with MeOH to afford the desired product.

2.3 Optimization Results

Table S1. Optimization Results?



Sun light

~ N
Base, Solvent O
Ny, 5h o

)
3a
Entry Solvent Base Yield (%)°
1 DMACc None )
2 1,4-Dioxane None 87
3 DCE None 0
4 THF None 26
5 PhMe None 44
6 MeCN None 38
7 1,4-Dioxane K;POy, 80
8 1,4-Dioxane Cs,CO;5 83
9 1,4-Dioxane NaHCO; 79
10 1,4-Dioxane NaO!Bu 61
11 1,4-Dioxane Na,CO;, 70
12 1,4-Dioxane K,CO; 76
13¢ 1,4-Dioxane None 0

a Reaction condition: 1a (0.25 mmol, 1.00 equiv.), 2a (10.00 equiv.), and base (4.00 equiv.) in

solvent (10 mL) at room temperature under N, and a 300 W simulative sunshine bulb for 5 h.

b Isolated yields.

¢ Reaction was carried out in the dark.

Flow experiments:

10
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flow-reactor

Continuous flow reactor details

First, continuous flow reactor was assembled and installed as shown in the figure above, internal
volume of the glass tube was 5 mL (6.4 m, 1.0 mm inner diameter, 3.0 mm outer diameter). Second,
in a 50 mL beaker 1a (0.5 g, 1.27 mmol, 1.0 eq), ethyl a-bromophenylacetate (3.1 g, 12.7 mmol,
10.0 eq) were dissolved in 25 mL 1,4-Dioxane. Then, the reaction mixture was pumped into the
flow cell via a syringe. The flow rate was 0.167 mL/min and residence time 30 minute. The outflow
of the reaction mixture was collected. The solvent was evaporated to dryness and the crude reaction
mixture was directly purified by flash column chromatography on basic aluminum oxide. Eluent:
Hexane/ethyl acetate (contains 0.5% triethylamine). The crude product was obtained as an umber
deep solid and then purified by washing with MeOH (2 x 0.5 mL) to afford the desired product as
a dark yellow solid (1.1 g, 1.06 mmol, 83%).

2.4 Gram-Scale Synthesis of 3a

0 OO

N Sun light N

N T B O~ > N
1,4-Dioxane
.0 Nz, 8h ~
O O
1a 2a o OO
5 mmol, 2.00 g Oj
3a

417 g, 80%

A 250 mL Schlenk tube equipped with a magnetic stir bar was charged with 1a (2.0 g, 5.0 mmol,
1.0 eq), ethyl a-bromophenylacetate (12.1 g, 50 mmol, 10.0 eq) and 1,4-Dioxane 100.0 mL. The
reaction mixture was degassed with three freeze-pump-thaw cycles and the vial was then backfilled
with argon. After that, the reaction was vigorously stirred in front of sunlight simulation lamp at

11



room temperature for 8 h. The solvent was evaporated to dryness and the crude reaction mixture
was directly purified by flash column chromatography on basic aluminum oxide. Eluent:
Hexane/ethyl acetate (contains 0.5% triethylamine). The crude product was obtained as an umber
deep solid and then purified by washing with MeOH (3 x 1.00 mL) to afford the desired product
as a dark yellow solid (4.17 g, 4.0 mmol, 80%).

2.5 Structure of 3a by X-Ray Crystallographic (CCDC 2043491)

%

e

Fig. S2 Structure of 3a by X-Ray Crystallographic. H atoms are omitted for clarity. Color code,
C: black, O: red, N: dark blue (CCDC 2043491).

2.6 Characterization of core modified OPCs

12



Tetraethyl 2,2'2".2"-(5,10-bis(4-methoxyphenyl)-5,10-dihydrophenazine-2,3,7,8-
tetrayl)tetrakis(2-phenylacetate) (3a)

Dark yellow solid. Yield: 227 mg, 87%.

TH NMR (C¢Ds, 400 MHz): § 7.27 — 7.24 (m, SH), 7.12 — 6.91 (m, 19H), 6.66 — 6.59 (m, 4H),
6.11 — 6.07 (m, 4H), 5.26 — 5.21 (m, 4H), 3.90 — 3.62 (m, 8H), 3.19 — 3.16 (m, 6H), 0.83 — 0.67
(m, 12H).

13C NMR (C¢Dg, 101 MHz): 8 171.68, 158.98, 138.95, 136.40, 131.82 — 131.56 (m), 129.74 —
129.61 (m), 128.85, 128.18 — 128.13 (m), 127.59 (could not be resolved from NMR solvent peak),
126.69 — 126.66 (m), 116.13, 113.82, 60.58 — 60.45 (m), 54.51, 52.64, 13.71 — 13.61 (m).

HRMS (ESI-TOF): calc’d for M+ C¢gHgoN,O1, 1042.4404; found 1042.4438

Tetraethyl 2,2',2".2"~(5,10-diphenyl-5,10-dihydrophenazine-2,3,7,8-tetrayl)tetrakis(2-
phenylacetate) (3b)

Yellow solid. Yield: 146 mg, 65%.

TH NMR (C¢Ds, 400 MHz): 8 7.24 — 7.21 (m, SH), 7.09 — 6.94 (m, 25H), 6.05 — 6.01 (m, 4H),
5.24 —5.19 (m, 4H), 3.90 — 3.59 (m, 8H), 0.83 — 0.67 (m, 12H).

I3C NMR (CgDg, 101 MHz): 8 171.57, 139.54 — 139.51 (m), 138.91 — 138.87 (m), 135.93 — 135.85
(m), 130.81, 130.57 — 130.54 (m), 129.88 — 129.75 (m), 128.77, 128.17 — 128.13 (m), 127.94 —
127.46 (could not be resolved from NMR solvent peak), 126.69 — 126.66 (m), 113.89 — 113.84
(m), 60.53 — 60.39 (m), 52.62 — 52.55 (m), 13.71 — 13.61 (m).

HRMS (ESI-TOF): calc’d for M+ Cg4HsgN,Og, 982.4193; found 982.4191.
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Tetraethyl 2,2'2".2"~(5,10-di-p-tolyl-5,10-dihydrophenazine-2,3,7,8-tetrayl)tetrakis(2-
phenylacetate) (3¢)

Yellow solid. Yield: 203 mg, 72%.

TH NMR (C¢Ds, 400 MHz): § 7.24 — 7.22 (m, 5H), 7.10 — 7.03 (m, 8H), 6.97 — 6.85 (m, 15H),
6.07 — 6.04 (m, 4H), 5.23 — 5.19 (m, 4H), 3.86 — 3.62 (m, 8H), 1.99 — 1.95 (m, 6H), 0.83 — 0.67
(m, 12H).

13C NMR (C¢Dg, 101 MHz): & 171.64, 138.94 — 138.90 (m), 137.34, 136.86 — 136.83 (m), 136.16
~136.09 (m), 131.51, 130.23, 129.68 — 129.57 (m), 128.81, 128.12 — 128.07 (m), 126.62 — 126.59
(m), 113.83, 60.53 — 60.38 (m), 52.65 — 52.60 (m), 20.63, 13.65 — 13.54 (m).

HRMS (ESI-TOF): calc’d for M+ C¢HgaN,Os, 1010.4506; found 1010.4484.

Tetraethyl 2,2'2".2"-(5,10-bis(4-(trifluoromethyl)phenyl)-5,10-dihydrophenazine-2,3,7,8-
tetrayl)tetrakis(2-phenylacetate) (3d)

14



Yellow solid. Yield: 158 mg, 66%.

TH NMR (C4Ds, 400 MHz): § 7.22 — 7.16 (m, 10H), 7.07 — 6.95 (m, 14H), 6.88 — 6.82 (m, 4H),
5.92 —5.80 (m, 4H), 5.23 (d, J = 15.1 Hz, 4H), 3.89 — 3.66 (m, 8H), 0.82 — 0.68 (m, 12H).

13C NMR (C¢Dg, 101 MHz): & 171.48 — 171.32 (m), 143.05 — 142.99 (m), 138.58 — 138.55 (m),
138.41 — 138.38 (m), 134.92 — 134.87 (m), 130.84 — 130.76 (m), 128.58, 128.27, 126.97 — 126.93
(m), 125.57, 122.86, 114.87 — 114.80 (m), 114.68 — 114.62 (m), 60.73 — 60.63 (m), 52.66 — 52.59
(m), 13.63 — 13.55 (m).

YF NMR (C¢Dg, 376 MHz): 8 -62.33.

HRMS (ESI-TOF): calc’d for M+ CggHs6FgN,Og, 1118.3941; found 1118.3919.

Tetramethyl 2,2'2".2"-(5,10-di-p-tolyl-5,10-dihydrophenazine-2,3,7,8-tetrayl)tetrakis(2-
phenylacetate) (3e)

Yellow solid. Yield: 204 mg, 76%.

TH NMR (C¢Ds, 400 MHz): § 7.20 — 7.18 (m, 4H), 7.08 — 7.02 (m, 8H), 6.97 — 6.93 (m, 12H),
6.88 — 6.82 (m, 4H), 6.06 — 6.02 (m, 4H), 5.18 (d, J = 19.3 Hz, 4H), 3.18 — 3.04 (m, 12H), 1.96 (t,
J= 6.8 Hz, 6H).

13C NMR (C4Ds, 101 MHz): 8 171.00 (d, J = 6.3 Hz), 137.64 — 137.53 (m), 136.29, 135.68 —
135.66 (m), 135.13 — 135.10 (m), 130.43, 129.09, 128.47 — 128.38 (m), 127.72, 127.11, 127.04,
125.61 (d, J = 5.6 Hz), 51.54, 50.12 (d, J = 17.0 Hz), 19.57.

HRMS (ESI-TOF): calc’d for M+ C¢,Hs54N,Og, 954.3880; found 954.3903
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Tetramethyl 2,2'2".2"-(5,10-bis(4-methoxyphenyl)-5,10-dihydrophenazine-2,3,7,8-
tetrayl)tetrakis(2-phenylacetate) (3f)

Yellow solid. Yield: 175 mg, 71%.

1H NMR (C¢Ds, 400 MHz): 5. 7.20 — 7.18 (m, 4H), 7.09 — 6.95 (m, 20H), 6.62 — 6.61 (m, 4H),
6.06 — 6.02 (m, 4H), 5.20 — 5.16 (m, 4H), 3.18 — 3.15 (m, 12H), 3.05 (s, 6H).

13C NMR (C¢Dg, 101 MHz): 6 172.12 — 172.07 (m), 158.98, 138.73 — 138.64 (m), 136.42, 131.51,
129.56, 128.81, 128.22, 128.16, 126.75 - 126.70 (m), 116.10, 113.93, 54.54, 52.64, 51.32 - 51.16.

HRMS (ESI-TOF) calc’d for M+ C62H54N201(), 9863778, found 986.3776.
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Tetramethyl 2,2'2" 2"-(5,10-di-p-tolyl-5,10-dihydrophenazine-2,3,7,8-tetrayl)tetrapropionate
3g)

Red solid. Yield: 120 mg, 61%.

TH NMR (C¢Dg, 400 MHz): 6 7.12 — 7.10 (could not be resolved from NMR solvent peak) (m,
4H), 7.03 — 7.01 (m, 4H), 5.98 (d, J= 8.6 Hz, 4H), 3.62 (dq, J= 37.5, 6.9 Hz, 4H), 3.25 — 3.18 (m,
12H), 1.98 — 1.94 (m, 6H), 1.22 (dd, /= 18.1, 6.9 Hz, 12H).
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13C NMR (C¢Dg, 101 MHz): § 173.39 (d, J = 5.5 Hz), 137.05, 136.42 — 136.35 (m), 135.43 —
135.35 (m), 130.89, 130.23 (d, J = 4.6 Hz), 129.65 (t, /= 3.9 Hz), 110.80 (d, J = 55.9 Hz), 50.12,
39.58 (d, J = 54.4 Hz), 19.87, 17.39 (d, J = 19.6 Hz).

HRMS (ESI-TOF): calc’d for M+ C4,Hy46N,Og, 706.3254; found 706.3292.
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Tetramethyl 2,2'2".2"-(5,10-bis(4-methoxyphenyl)-5,10-dihydrophenazine-2,3,7,8-
tetrayl)tetrapropionate (3h)

Red solid. Yield: 111 mg, 60%.

TH NMR (C¢Dg, 400 MHz): & 7.14 — 7.12 (could not be resolved from NMR solvent peak) (m,
4H), 6.81 (d, J=8.7 Hz, 4H), 6.00 (d, /= 8.6 Hz, 4H), 3.71 — 3.57 (m, 4H), 3.24 — 3.21 (m, 12H),
3.17-3.16 (m, 6H), 1.27 — 1.21 (m, 12H).

13C NMR (C¢Ds, 101 MHz): § 173.41 (d, J = 5.3 Hz), 158.41, 135.60 (d,J = 5.2 Hz), 131.35 (d, J
= 3.1 Hz), 130.99 (d, J = 3.2 Hz), 130.27 — 130.23 (m), 115.45, 110.77 (d, J = 55.1 Hz), 53.65,
50.16, 39.61 (d, ] = 54.3 Hz), 17.41 (d, J = 19.6 Hz).

HRMS (ESI-TOF): calc’d for M+ C4,H46N,01, 738.3152; found 738.3190.
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Tetramethyl 2,2'2".2"-(5,10-bis(4-methoxyphenyl)-5,10-dihydrophenazine-2,3,7,8-
tetrayl)tetrabutyrate (3i)

Yellow solid. Yield: 109 mg, 55%.

TH NMR (C¢Dg, 400 MHz): 8 7.19 — 7.17 (could not be resolved from NMR solvent peak) (m,
4H), 6.84 (d, J = 8.7 Hz, 4H), 6.14 (d, J = 10.4 Hz, 4H), 3.66 (dt, J = 44.0, 7.5 Hz, 4H), 3.29 —
3.23 (m, 12H), 3.16 (s, 6H), 2.00 — 1.89 (m, 4H), 1.69 — 1.57 (m, 4H), 0.80 (dt, J = 28.5, 7.2 Hz,
12H).

13C NMR (C¢Dg, 101 MHz): 5 172.94 — 172.87 (m), 158.41, 135.66 — 135.56 (m), 131.39, 130.99,
129.16 — 129.12 (m), 115.45, 111.23 — 110.59 (m), 53.60, 50.03 (d, J = 5.3 Hz), 46.88 (d, J=51.5
Hz), 25.55 (d, J=8.9 Hz), 11.19 — 11.12 (m).

HRMS (ESI-TOF): calc’d for M+ CyH354N,04, 794.3778; found 794.3671.

Tetramethyl 2,2'2".2"-(5,10-bis(4-methoxyphenyl)-5,10-dihydrophenazine-2,3,7,8-
tetrayl)tetrakis(3-methylbutanoate) (3j)

Yellow solid. Yield: 108 mg, 51%.

TH NMR (C4Ds, 400 MHz): § 7.27 — 7.24 (m, 4H), 6.88 (dd, J = 8.9, 2.6 Hz, 4H), 6.33 (d,J=12.2
Hz, 4H), 3.61 (dd, J = 34.8, 10.7 Hz, 4H), 3.30 — 3.24 (m, 12H), 3.12 (s, 6H), 2.24 — 2.13 (m, 4H),
0.92 — 0.76 (m, 24H).

13C NMR (C¢De, 101 MHz): 8 173.63 — 173.53 (m), 159.23, 136.39 — 136.31 (m), 131.80, 129.75,
129.61, 116.29, 111.77 (d, J = 74.2 Hz), 54.34, 53.50 — 53.16 (m), 50.73 — 50.58 (m), 31.45 —
31.19 (m), 21.29 — 19.56 (m).

HRMS (ESI-TOF): calc’d for M+ C5oHg,N>O1, 850.4404; found 850.4440.
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Tetraethyl 2,2',2",2"-(5,10-di-p-tolyl-5,10-dihydrophenazine-2,3,7,8-tetrayl)tetrapentanoate (3k)

Yellow solid. Yield: 140 mg, 57%.

TH NMR (C¢Ds, 400 MHz): & 7.19 — 7.17 (m, 4H), 7.08 — 7.06 (m, 4H), 6.18 — 6.15 (m, 4H), 3.93
—3.84 (m, 8H), 3.82 — 3.76 (m, 4H),1.97 (s, 6H), 1.67 — 1.22 (m, 16H), 0.93 — 0.74 (m, 24H).

13C NMR (C¢Dg, 101 MHz): 6 173.33 (d, J = 5.3 Hz), 137.34, 136.17, 136.04, 131.73, 130.54,
130.14, 111.34, 59.96 — 59.91 (m), 45.88 (d, J = 60.5 Hz), 35.54 (d, J = 6.9 Hz), 20.94, 20.82 —
20.71 (m), 13.83, 13.76 — 13.73(m).

HRMS (ESI-TOF): calc’d for M+ Cs4H7(N,Og, 874.5132; found 874.5137.

J

O

Q,
ﬁjﬁﬁo
rO

Tetraethyl 2,2',2",2"-(5,10-di-p-tolyl-5,10-dihydrophenazine-2,3,7,8-tetrayl)tetrahexanoate (31)

i
°\

Yellow solid. Yield: 125 mg, 48%.
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TH NMR (C¢Dg, 400 MHz): 8 7.19 (s, 4H), 7.08 (d, J= 8.1 Hz, 4H), 6.20 — 6.15 (m, 4H), 3.87 (q,
J=17.0 Hz, 12H), 1.99 (s, 6H), 1.71 — 1.67 (m, 4H), 1.33 — 1.20 (m, 20H), 0.84 (dt, J=25.8, 7.1
Hz, 24H).

I3C NMR (CgDg, 101 MHz): 6 172.52, 137.03, 136.55, 135.30, 130.89, 129.72, 129.41, 110.55,
59.10, 45.02, 32.30, 28.99, 21.78, 19.88, 12.97, 12.94.

HRMS (ESI-TOF): calc’d for M+ CsgH73sN,Og, 930.5758; found 930.5755.
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tetramethyl 2,2'2".2"-(5,10-bis(4-methoxyphenyl)-5,10-dihydrophenazine-2,3,7,8-

tetrayl)tetraacetate (3m)

Only trace amount of the corresponding tetrasubstituted product 3m was detected by TLC and
MS-ESI.

HRMS (ESI-TOF): calc’d for M+ C;33H35N,04¢, 682.2526; found 682.2576.
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Diethyl 2,2'-(5,10-diphenyl-5,10-dihydrophenazine-2,7-diyl)bis(2-methylpropanoate) (3n)
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Yellow solid. Yield: 98 mg, 76%.

TH NMR (C¢Dg, 400 MHz): 6 7.16 (could not be resolved from NMR solvent peak) (m, 8H), 7.05
—7.02 (m, 2H), 6.32 (d, J = 8.0 Hz, 2H), 5.96 (s, 2H), 5.74 (d, J = 8.2 Hz, 2H), 3.82 (q, /= 7.1
Hz, 4H), 1.34 (s, 12H), 0.82 (t, /= 7.1 Hz, 6H).

13C NMR (C¢Dg, 101 MHz): § 175.67, 140.35, 137.88, 136.57, 135.36, 131.13, 130.99, 127.58
(could not be resolved from NMR solvent peak), 117.83, 112.57, 110.64, 60.07, 45.45, 26.10,
13.79.

HRMS (ESI-TOF): calc’d for M+ C34H33N,04, 562.2832; found 562.2845.
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2,3,7,8-tetrakis(1-phenylethyl)-5,10-di-p-tolyl-5,10-dihydrophenazine (30)
Yellow solid. Yield: 120 mg, 55%.

IH NMR (C4Ds, 400 MHz): & 7.13 — 6.92 (m, 28H), 6.09 — 5.89 (m, 4H), 4.18 — 4.00 (m, 4H),
2.05 - 1.93 (m, 6H), 1.31 — 1.09 (m, 12H).

13C NMR (C¢Ds, 101 MHz): & 146.58 — 146.47 (m), 146.08 — 146.01 (m), 137.20, 134.52 — 134.47
(m), 130.60 — 130.54 (m), 129.78 — 129.66 (m), 127.34, 126.75, 124.75, 124.61, 111.62 — 111.47
(m), 38.58 — 38.31 (m), 21.23 — 21.01 (m), 19.86.

HRMS (ESI-TOF): calc’d for M+ CsgHs4N,, 778.4287; found 778.4258.
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2,3,7,8-tetrabenzhydryl-5,10-di-p-tolyl-5,10-dihydrophenazine (3p)
Yellow solid. Yield: 129 mg, 45%.

TH NMR (CsDs, 400 MHz): § 7.00 — 6.92 (m, 40H), 6.77 (d, J = 8.2 Hz, 4H), 6.65 (d, J = 8.1 Hz,
4H), 5.62 (s, 4H), 5.45 (s, 4H), 2.01 (s, 6H).

13C NMR (C4Dg, 101 MHz): & 143.29, 136.25, 135.48, 134.40, 133.57, 130.21, 128.86, 128.55,
126.75 (could not be resolved from NMR solvent peak), 124.99, 114.55, 51.26, 19.76.

HRMS (ESI-TOF): calc’d for M+ C73HeN,, 1026.4913; found 1026.4898.
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2,3,7,8-tetrabenzyl-5,10-di-p-tolyl-5,10-dihydrophenazine (3q)

Only trace amount of the corresponding tetrasubstituted product 3q was detected by TLC and MS-
ESIL.

HRMS (ESI-TOF): calc’d for M+ Cs4HygN,, 722.3661; found 722.3662.
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2,3,7,8-tetrakis(1-(2-fluorophenyl)ethyl)-5,10-diphenyl-5,10-dihydrophenazine (3r)

Yellow solid. Yield: 151 mg, 80%.

TH NMR (C¢Dg, 400 MHz): 6 7.11 — 7.07 (m, 8H), 7.02 — 6.98 (m, 4H), 6.91 — 6.87 (m 2H), 6.81
—6.68 (m, 12H), 5.95 — 5.89 (m, 4H), 4.64 (dt,J=41.0, 5.7 Hz, 4H), 1.21 (ddd, /=44.3,11.9, 6.8
Hz, 12H).

13C NMR (C4Ds, 101 MHz): § 161.90 — 159.31 (m), 140.60 — 140.54 (m), 135.14 — 135.04 (m),
134.50 — 134.42 (m), 133.98 — 133.21 (m), 130.72 — 130.62 (m), 128.56 — 128.52 (m), 128.22 —
128.18 (m), 127.05 — 126.97 (m), 123.71 — 123.68 (m), 123.36 — 123.33 (m), 115.11 — 114.67 (m),
112.25 — 112.19 (m), 32.59 — 32.28 (m), 21.06 — 20.26 (m).

19F NMR (C¢Dg, 376 MHz): 8 -117.19 — -117.66 (m).

HRMS (ESI-TOF): calc’d for M+ CsgHy6F4N,, 822.3597; found 822.3597.
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2,3,7,8-tetrakis(1-(4-fluorophenyl)ethyl)-5,10-diphenyl-5,10-dihydrophenazine (3s)
Yellow solid. Yield: 110 mg, 58%.
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IH NMR (C4Ds, 400 MHz): & 6.87 — 6.85 (m, 4H), 6.77 — 6.74 (m, 4H), 6.60 — 6.41 (m, 18H),
5.61 —5.49 (m, 4H), 3.73 — 3.68 (m, 4H), 0.93 — 0.76 (m, 12H).

13C NMR (C4Dg, 101 MHz): & 162.47 — 160.05 (m), 142.52 — 142.18 (m), 140.43 — 140.39 (m),
135.37, 135.08, 130.76, 130.66 — 130.60 (m), 128.84, 128.75 — 128.66 (m), 114.93 — 114.52 (m),
112.31 - 112.13 (m), 38.48 — 38.28, 21.91 — 21.81.

19F NMR (C4Ds, 376 MHz): & -117.40 — -117.59 (m).
HRMS (ESI-TOF): calc’d for M+ CsgHygF4N,, 822.3597; found 822.3562.
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Diethyl 2,2'-(10-phenyl-10H-phenoxazine-3,7-diyl)bis(2-phenylacetate) (6a) and Ethyl 2-phenyl-
2-(10-phenyl-10H-phenoxazin-3-yl)acetate (6b)

Disubstituted product 6a (white solid, 93 mg, 41%) and monosubstituted product 6b (white solid,
76 mg, 46%).

Characterization of 6a:

IH NMR (C¢Ds, 400 MHz): & 7.37 (d, J = 7.3 Hz, 4H), 7.13 — 7.00 (m, 9H), 6.97 (d, J = 1.9 Hz,
2H), 6.85 (d, J = 7.2 Hz, 2H), 6.54 (d, J = 10.1 Hz, 2H), 5.78 (d, J = 8.3 Hz, 2H), 4.81 (s, 2H),
3.94 —3.89 (m, 4H), 0.86 (t, J = 7.1 Hz, 6H).

13C NMR (C¢Dg, 101 MHz): 8 171.78, 144.07, 139.24, 138.96, 133.47, 132.57, 130.69, 130.54,
128.59, 128.46, 128.03, 127.03, 123.46, 116.02, 113.16, 60.60, 56.19, 13.75.

Characterization of 6b:

IH NMR (C¢Ds, 400 MHz): § 7.37 (d, J = 7.4 Hz, 2H), 7.09 (q, J = 7.5 Hz, 4H), 7.02 (t, J = 6.8
Hz, 3H), 6.87 (d, J = 7.3 Hz, 2H), 6.71 (d, J = 8.9 Hz, 1H), 6.56 (d, J = 8.2 Hz, 1H), 6.47 (t, J =
7.6 Hz, 1H), 6.40 (t, J = 7.7 Hz, 1H), 5.89 (d, J = 6.7 Hz, 1H), 5.79 (d, J = 8.3 Hz, 1H), 4.81 (s,
1H), 3.91 (q, J = 6.2, 5.4 Hz, 2H), 0.86 (t, J = 7.1 Hz, 3H).
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I3C NMR (CgDg, 101 MHz): 6 170.95, 143.35, 143.28, 138.40, 138.22, 133.56, 132.83, 131.71,
129.89, 129.80, 127.74, 127.62, 127.17, 126.18, 122.62, 122.47, 120.59, 115.14, 114.74, 112.50,
112.41, 59.76, 55.36, 12.90.
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Diethyl 2,2'-(10-phenyl-10H-phenothiazine-3,7-diyl)bis(2-phenylacetate) (7a) and ethyl 2-

phenyl-2-(10-phenyl-10H-phenothiazin-3-yl)acetate (7b)

Disubstituted product 7a (white solid, 80 mg, 37%) and monosubstituted product 7b (white solid,
0.16 mmol, 44%).

Characterization of 7a:

TH NMR (C¢Dg, 400 MHz): § 7.34 (d, J = 7.2 Hz, 4H), 7.14 (d, J = 2.1 Hz, 2H), 7.09 (q, J = 7.4
Hz, 6H), 7.03 — 7.01 (m, 3H), 6.92 (d, J= 7.0 Hz, 2H), 6.82 (dd, J = 8.6, 2.1 Hz, 2H), 6.05 (d, J =
8.5 Hz, 2H), 4.81 (s, 2H), 3.92 (q, J = 7.1 Hz, 4H), 0.87 (t, J = 7.1 Hz, 6H).

13C NMR (C¢Dg, 101 MHz): 5 170.88, 142.75, 140.04, 138.36, 132.77, 130.09, 129.58, 127.68,
127.65, 127.00, 126.75, 126.33, 126.19, 119.50, 115.11, 59.80, 55.23, 12.91.

Characterization of 7b:

TH NMR (C¢Dg, 400 MHz): § 7.34 (d, J = 7.3 Hz, 2H), 7.19 (d, J = 2.1 Hz, 1H), 7.10 (t, J = 7.8
Hz, 4H), 7.04 — 6.95 (m, 4H), 6.90 (dd, J = 6.7, 2.4 Hz, 1H), 6.82 (dd, J = 8.6, 2.1 Hz, 1H), 6.60
~6.56 (m, 2H), 6.15 (dd, J= 7.7, 1.7 Hz, 1H), 6.07 (d, J = 8.5 Hz, 1H), 4.82 (s, 1H), 3.92 (q, J =
7.1 Hz, 2H), 0.87 (t, J = 7.1 Hz, 3H).

13C NMR (CgDg, 101 MHz): 6 170.89, 143.58, 142.77, 140.15, 138.34, 132.76, 130.06, 129.61,
127.68, 127.66, 126.97, 126.33, 126.19, 126.12, 125.97, 125.87, 121.65, 119.75, 119.33, 115.26,
115.11, 59.81, 55.22, 12.91.

HRMS (ESI-TOF): calc’d for M+ C,sH,3NO,S, 437.1449; found 437.1472.
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2.7 Mechanistic Studies

QL
N Sun light

+ EE—

N Br O~
o} 1,4-Dioxane, N,, 5 h
O/ 5 eq TEMPO was added

1a 2a

Intermediate S-1
detected by MS (ESI)

Radical-trapping experiment: A 25 mL Schlenk tube equipped with a magnetic stir bar was
charged with 5,10-di(4-methoxyphenyl)-5,10-dihydrophenazine (100.00 mg, 0.25 mmol, 1.00 eq),
ethyl a-bromophenylacetate (437.54ul./607.75 mg, 2.50 mmol, 10.00 eq), Tempo (195.30 mg,
1.25 mmol, 5.00 eq) and 1,4-Dioxane 10 mL. The reaction mixture was degassed with three freeze-
pump-thaw cycles and the vial was then backfilled with argon. After that, the reaction was
vigorously stirred in front of simulative sunshine bulb at room temperature (Fig. S1) for 5 h. No
desired product 3a was detected by TLC or MS-ESI. And, the corresponding radical-trapping
intermediate S-1 was detected by MS-ESI. (Calcd for C9H3;(NO3; [M+H]*: 320.2220; found:
320.2224. Fig. S3).

Fig. S3 HR-MS (ESI) analysis of S-1.
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Cu, Meg-TREN,

1,4-Dioxane, In
the dark, r.t., 24 h

Control experiments: A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with
5,10-di(4-methoxyphenyl)-5,10-dihydrophenazine (100.00 mg, 0.25 mmol, 1.00 eq), ethyl a-
bromophenylacetate (437.54ul/607.75 mg, 2.50 mmol, 10.00 eq), Cu (1.6 mg, 0.025mmol, 0.1
eq), Mes-TREN (5.76 mg, 0.025mmol, 0.1 eq) and 1,4-Dioxane 10 mL. The reaction mixture was
degassed with three freeze-pump-thaw cycles and the vial was then backfilled with argon. After
that, the reaction was vigorously stirred in the dark at room temperature for 24 h. No desired
product 3a was detected by TLC or MS-ESI.

27



3. Applications of core-modified OPCs in O-ATRP

3.1 General Polymerization Procedure’

A 20 mL Schlenk tube equipped with a magnetic stir bar was charged with organic photoredox
catalyst (0.1 mol % relative to monomer) and transferred into a nitrogen-atmosphere glovebox.
DMACc (1.0 mL), methyl methacrylate (1.0 mL, 9.35 mmol), and ethyl a-bromophenylacetate (16.4
pL, 9.35umol) were then added sequentially via pipette. Then the vial was sealed and stirred in
front of sunlight simulation lamp at room temperature for a while (Fig. S1). For conversion data,
a 0.1 mL aliquot of the reaction media was removed via syringe and injected into a vial containing
0.7 mL CDCls. This aliquot was then analyzed by 'H NMR for conversion. Then, the reaction
mixture was poured into 100 mL of methanol. The mixture was allowed to stir for 1 h, and the
polymer was isolated by filtration and dried under vacuum to a constant weight, and then re-
dissolved in THF for GPC analysis.

3.2 Noncore-modified OPCs in O-ATRP

MMA (1.00 mL, 9.35 mmol, 1000 eq.), EBP (16.4 uL, 93.5 umol, 10 eq.), and noncore-modified
OPCs (4.4 mg, 9.35 umol, 1 eq.) were dissolved in 1.00 mL DMA and reacted according to the
above general polymerization procedure for 30 min. Then the reaction was poured into 50 mL
methanol. The corresponded core-modified OPCs were detected by HR-MS with noncore-
modified OPCs entirely consumed. The results were shown in Table S2 and Fig. S4.

Table S2. HR-MS (ESI) analysis of core modification of OPCs in O-ATRP
Core-modified
Noncore-modified OPCs detected

Entry OPCs in reaction at HR-MS (ESI) analysis
30 min
1 1a 3a calc’d for M+ C66H62N2010,
1042.4404; found 1042.4382
calc’d for M+ C64H58N208,
2 1b 3b 982.4193; found 982.4186
3 1c 3c calc’d for M+ C66H62N2083
1010.4506; found 1010.4458
4 3n S-2 calc’d for M+ C56H58N208,

886.4193; found 886.4188
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Fig. S4 HR-MS (ESI) analysis of S-2.

3.3 Analysis of PMMA by 'H NMR

! L % .
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Counts vs. Mass--Charge (miz)

MMA (0.5 mL, 4.67 mmol, 500 eq.), EBP (16.4 uL, 93.5 umol, 10 eq.), and 3a (9.7 mg, 9.35
umol, 1 eq.) were dissolved in 1.50 mL DMAc and reacted according to the above general
polymerization procedure for 6 hours. At this time, the reaction was removed from the glovebox,
poured into 100 mL methanol and stirred for 1 hour. The polymer was isolated by filtration and
washed with excess methanol. The polymer was then re-dissolved in a minimal amount of THF
and the process repeated twice. Then the product was dried under reduced pressure to reveal a
white powder (M, = 7.92 kDa, & =1.06) ("H NMR spectrum was given in Fig. S5).
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Fig. S5 'H NMR spectrum of PMMA (DMSO-dg).
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3.4 Analysis of PMMA by MALDI-TOF

MMA (1.00 mL, 9.35 mmol, 400 eq.), EBP (41 pL, 233.8 umol, 10 eq.), and 3a (24.3 mg, 23.4
umol, 1 eq.) were dissolved in 1.00 mL DMAc and reacted according to the above general
polymerization procedure for 8 hours. At this time, the reaction was removed from the glovebox,
poured into 100 mL methanol and stirred for 1 hour. The mixture was allowed to stir for 1 h, and
the polymer was isolated by filtration and washed with excess methanol. The polymer was then
re-dissolved in a minimal amount of THF and the process repeated a total of three times to afford
a white powder (My, = 3.30 kDa, D = 1.19) (MALDI-TOF mass spectrum of a PMMA sample was
given in Fig. S6).
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Fig. S6 MALDI-TOF mass spectrum of a PMMA sample. B. Plot of m/z vs number of MMA
repeat units revealing a slope equal to the mass of MMA and a yintercept equal to the mass of the
EBP chain-end group plus Na.
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Supplementary Tables

Table S3. Structure and detailed discussion of previously reported noncore-modified OPCs in O-
ATRP.

Dihydrophenazines
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D L0 oo
N N N
g X i
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O O
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<3 A
e o
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Lo 0 GO O
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Enty Catalyst Initiator system Reference
S1(1b),
1 S2(1a), S3, EBP, MBiB G. M. Miyake et. al. Science 2016, 1082
S4, S5, S6
2 S5 DBMM G. M. Miyake et. al. J. Am. Chem. Soc. 2017, 348
3 S3, S6 DBMM G. M. Miyake et. al. Macromolecules 2017, 2668
S1, S2, S3, S5, DBMM, M2BP, G. M. Miyake et. al. JOURNAL OF POLYMER
4 Se6, S7, S8, S9, EBP SCIENCE, PART A: POLYMER CHEMISTRY
S10 2017, 3017
5 S3 Endo-BIB J. R. Alaniz et. al. J. Am. Chem. Soc. 2018, 5009
6 S1(1b), S3 M2BP A. J. Orr-Ewing et. al. J. Am. Chem. Soc. 2018, 1285
7 S3, S6 DBMM G. M. Miyake et. al. J. Am. Chem. Soc. 2019, 13268
8 S11 EBP M. F. Cunningham et. al. Macromolecules 2019, 6725
9 S5 BaTlQ3 X. C. Pang et. al. Scientific Reports 2019, 1869
nanoparticles
Ph-PXZ, 4-
CF;Ph-PXZ, .
10 1-Nap-PXZ, DBMM G. M. Miyake et. al. J. Am. Chem. Soc. 2016, 11399
2-Nap-PXZ
11 4-CF3Ph-PXZ  DBMM, PEG-Br K. Son et. al. European Polymer Journal 2019, 347
12 Ph-PTZ EBP C. J. Hawker et. al. J. Am. Chem. Soc. 2014, 16096
Ph-PTZ, 4-
MeOPh-PTZ,
13 Cl-Ph-PTZ, EBP, EBiB, K. Matyjaszewski et. al. J. Am. Chem. Soc. 2016,
Py-PTZ, 1- ECIPA 2411
Nap-PTZ, Ph-
benzoPTZ
14 Ph-PTZ EBP C. H. Tang et. al. Macromolecules 2016, 7709
) K. Guo et. al. Macromol. Rapid Commun. 2017,
15 Ph-PTZ P(VDF-co-CTFE) 1700399
16 Ph-PTZ HAp-Br Y. Wei et. al. Applied Surface Science, 2017, 499
ATRP Initiator-
17 Ph-PTZ functionalized C. J. Hawker et. al. Angew. Chem. Int. Ed. 2018, 1
wafer
MIP
18 Ph-PTZ S T. Junkers et. al. Macromolecules 2019, 2304
Macroinitiator
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Table S4. Experimentally measured Photophysical and Electrochemical Properties of OPCs.

Ein o
a -1 b ESl,ex b (2PC.+/1PC)
OPC  Jpax® (nm) Smagm_(};A ’le(rggg P ‘ (2PC-/IPC*)d
(eV) (V vs SCE)
(V vs SCE)
1b 369 6100 466 2.66 0.35 231
Ie 371 5500 466 2.66 0.33 233
1d 367 4500 626 1.98 0.44 -1.54
3b 380 10200 487 2.55 0.38 2.17
3¢ 381 9800 489 2.54 0.36 2.18
3d 377 9300 588 2.11 0.48 -1.63
3e 381 9400 489 2.54 0.36 2.18
3g 376 6300 476 2.61 0.37 2.24
3k 379 7200 478 2.59 0.35 2.24
31 378 6300 478 2.59 0.37 222
3n 372 7700 476 2.61 0.35 226
30 382 6900 479 2.59 0.25 234
3p 383 7800 494 251 0.25 226
3r 380 7300 478 2.59 0.28 231
3s 381 7800 478 2.59 0.28 231
6b 329 10500 397 3.12 0.83 229
b 323 4600 450 2.76 0.83 -1.93

@ Jmax» Maximum absorption wavelength; &y, molar absorptivity at Apag ® Aemmax, Maximum
emission wavelength; Eg; .., lowest singlet excited state energy determined from Aemmax. ©
Measurements were performed in a three-compartment electrochemical cell with Ag/AgCl
(submerged in 3 M KClI solution) as the reference electrode and NBuyPF¢ in DMAc (0.10 M) as
the electrolyte solution. ¢ Singlet excited state reduction potentials were calculated as E%*
(2PC'+/1PC*) = E1/2 (2PC'+/1PC) - ESl,exp-
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Table S5. Computed photophysical properties of OPCs 1a-1c¢, 3a, 3h, 3i, 3j.

E° PPC* /'PC) E° (’PC** /3PC¥*)
OPC Triplet energy (eV)
(V vs SCE) (V vs SCE)
1a 2.39 0.02 -2.37
1b 2.41 0.07 -2.34
le 2.40 0.04 -2.36
3a 2.41 0.12 -2.29
3h 2.52 0.05 -2.47
3i 2.44 -0.04 -2.48
3j 2.67 0.06 -2.62
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Table S6. Results for the O-ATRP of MMA catalyzed by core-modified OPCs using sunlight ?

o Time  copyb Mo M, ¢ D My oo I
(h) (%) (kDa)  (kDa)  (My/M,) (kDa) (%)

3e 6 77.9 17.7 15.7 1.13 172 110
3 6 96.7 15.8 13.7 1.15 12.8 93
3K 6 84.3 13.3 11.4 1.16 12.2 107
3n 6 97.2 15.3 13.5 1.14 15.9 118
30 6 94.6 17.0 14.6 1.16 10.4 71
3p 6 81.6 15.0 13.1 1.15 10.9 83
3r 6 90.4 16.2 13.7 1.18 13.1 96
3s 6 86.2 16.4 14.7 111 14.8 101
5a 10 78.5 17.0 14.4 1.18 13.1 91
7a ¢ 10 71.4 18.7 15.6 1.20 12.7 81

2 All polymerizations were conducted using the initiator ethyl a-bromophenylacetate (EBP) in a
ratio of 1000:10:1 of [MMA]:[EBP]:[PC] with DMAc as a solvent. ® Calculated by 'H NMR
results. ¢ Detected by SEC. ¢ All calculated by M,,/M,,. ¢ M, sneo calculated by [MMA]/[EBP] x MW
of monomer x yield + MW of initiator. f I* = M, yeo/Mp exp- & The polymerizations were conducted
under a 40 W 365 nm LED.
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Table S7. The OPCs and the corresponding initiator efficiencies in O-ATRP.

Noncore-

modified

PCs and
I*(%)

The corresponding core-modified compounds and 7*(%)

1a, 84 3a,86 3f,100 3h,88  3i,86 3j, 93

1b, 87 3b,113 3n,118 3r,96 3s,101

e, 65 3c, 138 3e,110 3g,93 3k, 107 31,86 30,71 3p,83
1d, 81 3d, 84

4a, 96 6a, 98

5a, 91 7a, 81




Supplementary Figures

la 3a*

| TS1

M1 v 3a

Fig. S7 Optimized geometries of the structure in Fig. 4. Key bond distances are given in A. Some
hydrogen atoms are omitted for clarity (color code, C: black, O: red, H: white, N: blue, Br: dark
red).
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Fig. S8 Optimized geometries of the structure in Fig. 5. Key bond distances are given in A. Some
hydrogen atoms are omitted for clarity (color code, C: black, O: red, H: white, N: blue, S: yellow,
Br: dark red).
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Fig. S9 TD-DFT calculations of orbitals and UV-Vis spectra of 3h. (Top) TD-DFT calculations
and computationally predicted percentage contribution of orbitals involved in photoexcitation of
3h at its corresponding Amax, abs- (Bottom) UV-Vis spectra of 3h acquired in DMAc.
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3i at its corresponding Amax, abs- (Bottom) UV-Vis spectra of 3i acquired in DMAc.
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Fig. S12 UV-Vis spectra of OPCs 1a, 1b, 1¢, 1d at various concentrations in DMAc.
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3c

50x107

502107

Current (A)

ErALe

1a0t
10

15010*

10010*

S0’

00

5 0e107

Current (A)

-1ieA0®
-1se10°

20010°

2060*

100*

0o

L0ei0®

20010°

Current (A)

30x10°

410"

S0x10°

1

20010°

110"

00

-1.0410°

Current (A)

2.0x10°
-3.0w10°
-4.0610°

50x10%

3p

200°

20x10%

Current (A)

Aot

LA

20x10°
1.0

by
o 2%
s¥egol

08 08 04 02 00
Potential (V vs. Ag/AgCl)

08 [ 04 02 00
Potential (V vs. Ag/AgCI)

08 06 04 0z 0o
Potential {V vs. Ag/AQCI)

08 08 04 02 00
Potential (V vs. AglAgCl)

08 08 04 02 00
Potential (V vs. AgiAgCI)

47



1.0x10*
5.0:10°
< 00
=4
13
3
O sox0®
~
‘J‘N'Ey]
0xt0* | (i T°
15010
10 08 06 0.4 02 00

Potential (V vs. Ag/AQCI)

6b
0°
210° -

0

0%
“2x10®

Current (A)

it b

4x10” b

5107 -

10 0.8 06 04 02 0.0

ax1p® L

Potential (V vs. AQ/AGCT)

1a

6 7 8 9 10 " 12
Elution time {min)
7 B 9 10 1" 12

Elution time (min)

2x10*

w10*

x10°

Current (A)

2107
10*

4x10°

7a

40x10°
2m10*
00
20010*

“4m10°

Current (A)

60x10°
B10*

0"

1b

10

08

08 04 02
Potential (V vs. Ag/AgCI)

0.0

02

08

06 04 (3
Potential (¥ vs. AgiAgCI)

Fig. S20 Cyclic voltammogram of OPCs 4a, 5a, 6a, 6b, 7a, 7b.

Elution time (min)

210°

w10®

Current (A)

-1x10*

2x10°

3x10°

Current (A)

1c

-
o, 00
o
ot
PN

Y0

10 08 08 04 0z 00
Patential (V vs. Ag/AgCI)

[ 0.4
P
[ LJNLJT@
e S
| O
1.0 08 08 04 oz oo 02
Potential (V vs. Ag/AgCI)
6 T 8 L] 10 1"

Elution time (min)

Fig. S21 GPC traces of polymerizations mediated by OPCs 1a, 1b, 1¢, 1d.

48



3a

~

8 F]
Elution time (min)

8

1

M

3d

.

-

8 L] 10 1
Elutien time (min)

N

E 4

-
-

[ 9 10 11
Elutien time (min)

"

_
_

~

8 s 10 1
Elution time (min)

w

3n

_
-

~

] L] 10 1"
Elution time (min)

"

3r

_

~

8 ] 10 11
Elution time (min)

M

3b

w
m

w
=-

3k

30

3s

=

©
3
ab

Elution time (min)

-

& o 10 1
Elution time (min)

e

-
=

8 9
Elution time {min)

0 11

5

@

8 o 0 11
Elution time (min)

& 7 & 9 10 1 2
Elution time (min)
& 7 3 9 10 [ 2

Elution time (min)

3c

3f

31

3p

a8 9 0
Elution time {min)

s

& 9 0
Elution time (min)

k] L] 1o
Elution fime (min)

11

] ]
Elution tirne (min)

11

&

Fig. S22 GPC traces of polymerizations mediated by OPCs 3a — 3s.

7

& L] o
Elution time (min)



4a 5a

L n L L L L ' ‘ T f L L . s
6 7 8 9 10 11 12 6 7 8 9 10 " 1z

Elution time (min) Elution time (min)
7a
[ 7 & ] 10 1 12

Elution time (min)

6a

h . n n
& 7 1] L] 10 " 12
Elution time (min)

Fig. S23 GPC traces of polymerizations mediated by OPCs 4a, 5a, 6a, 7a.

50



'H NMR, 3C NMR and F NMR spectra

5,10-di(4-methoxyphenyl)-5,10-dihydrophenazine (1a)
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5,10-diphenyl-5,10-dihydrophenazine (1b)
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5,10-di(4-methylphenyl)-5,10-dihydrophenazine (1c)
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5,10-bis(4-(trifluoromethyl)phenyl)-5,10-dihydrophenazine (1d)
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N-phenyl phenoxazine (4a)
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N-phenyl phenothiazine (Sa)

L¥o—

91'9)
219
21791
8197
8197
G599
G591
95°91
1579
859
659
099
199~

£6'9
669
669
669"
9024

@88

—

804
siL

Fooz

Footy

oo
=00

1.0 0.5

1.5

45 40 35 3.0 25 2.0
1 (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

Lokl
9r'0zZL
os'zel
LL9ZL
6921
ar'icl
85'.¢cl
0l'lcl
6.2l
oq.om_.\
L8°0€EL
obivl—
0s'vpl—

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180

57



Product 3a

620
el
B.o/
wm.o/
69'0|
0407
140
2107
E.ﬂ
180

180
280
€80’
9L'€y
L'€Y
61°E
£9°E1
$9°€ 1
99°€1
19°€1
69°€1
L€

mh.m%
GLE

11°8Y
8LEY
E.ﬂw
08~
¥8'e
S8'E
98°€
88°E
LG
9Z'G1
2097
6097
_._..@4’.

6591
0991
1991
2991
£9'91
¥9'91
m@.i
£6'91

G6'91
9691
16'99
660
0021
Y024
902
80
zVL]
SV
veL
STl
171

=T

0.5

40 35 3.0 25 2.0 15 1.0
1 (ppm)

4.5

L9°EL
:.m_,v

925~
LSPS—
S¥'09

wm.owv

z8ELL
€19kl
99921
69921
7izL
66°/ZL
AN}
96421 f
£1'821

81821
G8'8Z1
19'6ZL

996CL
[ZN4%)
9G'LEL ﬁ
65LEL

BLLEL
Z8'LEL
or'9el
S6'8EL
86'85L—

89 LLL—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

58



Product 3b

450
190
890
690
040

I

040" 8
120 ﬁ

8.0/
E.ﬂ
080
0801
1801
2801
€80’

65°€1
09°€1
Z9°ET
£9°€
99°¢
19°¢
89t
0L
€176
v2€q
92°€
81°¢]
81°¢
61°€1
18
zg'e]
re'e
19°¢4
89°¢
06°¢’
6L5Y
i65
£0'9
50'9
50'9
¥6'9
669
16'9
16'9
86'9
£0°/
£0'2
o

0L~

J

5T
602
m_..n.\.
Tl
€L
vl

%DQNF

ﬁ 00’8

ﬁv 00'7
ﬁ 00'%

%om,mw

F oog

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.0

7.5

L9°EL
:.m_,v

19°¢S
29'¢s
6£°09
mm.oov.

GG'ZS
mm‘wmw

¥8'ELL
mm‘m_._‘v
99'9zl
69921

Qi Zl

0l'/z1
¥6'LC)
€lect
L1821
11821
Sl'6¢l
6/'6C1
S8'62C1
88621
¥S0ElL
L5°0€L
18°0€L
S8°5el
06'GEL
16'SEL
€6'GEL
18°8€L
68'8¢l
L6'8el
LG'6EL
PS6eL
15°1LL

e

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

59



Product 3¢

290
890
690
LLO~E
8L0°F
080
180

€80

S6°L
26'1
66'L

P

43
vo'e
89'€—
e

98¢

616~
€5

09
mo.mW
209
S8'9
69
S69
269
€02
mo.hW
204
oLz
SbL
4473
ve'l

7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.5

¥SEL
m@.m_‘N
€90C—

0925
m@‘wmv.
8€°09
mm.oov.

€8¢CH —
65°9¢1
29'9Z1
G221

ul/lcl
v6'.CL
2081
chect
18'8C1
L5°6¢C1
19621
89'6C1
£€C0EL
LGLEL
609¢L
aloel
€891
98'9¢€L
veLEL
068¢€L
re8elL
voLLL

o)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

60



Product 3d

80—
890
Eip
120~
erof
10
620
280

99°¢
ww.mW
0L'€

1E—
reef
18€

68'c

L2~
sTS

08's
18'6
z8's

£8'
5&
€68
889
569
169
1oL
S0t
00—
SkL
oLz
812
0z'L
L

= [z

7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.5

ss¢el
IG€EL
L9€l

€9'el

Nm‘v:
%,ﬂzw
08¥LL
189711

98ZZL,
16671~

e A M

TEUET
16921
Sticl
69°LCL
€6°421
1e8zl
85'8¢C1
9.0l
18°0€L
¥80€lL
18°vEL
zevel
8e'8el
L7'8EL
ggeel
858l
66¢rL
SoevL
e
8rLLL

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

61



-10

-20

-30

-40

-50

-60

-70

-80

-90 -100

-110

f1 (ppm)

-120

-130

-140

-150

-160

-170

-180

-190

-200 -210

-2z

62



Product 3e

00—

650—

S6°L
961
86')

-

v0'E
S0'e
gLes

e

-—== F 009

Fooz

_

7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.5

/561 — ==

vo.omu.
Fm.om\ ——
¥SLS

SeZLL— ———
85°6Z1

9621

07'9Z) _
Fo0cT ——
88'9Z1 E
Y0421 —=
LiZL
[Ax4}
86871
£7'8Z1
17'8Z1
60'6Z1
€7 0EL
0L'GEL
el'sel
99'6¢e1
89'GEL
6Z'9EL
£57/EL
Y9'LEL
16°041
YO'LLL

200 190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

63



Product 3f

820—

S0e—
8L'E—

9b'G~
0z's"

209
2
90’9

199~
7997
S69
B.@W
Z0'L
0L
102
60°L
yLL
8lL
0zL

F 009
[-oozs

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

1 (ppm)

4.5

oZm
Nm._mw
E.wa
AL

€6°CLL~
oL9LL—
0L'9¢Z1
SL9ZL

oTeTY
el
18'8C1
95’621
LGLEL
ZroEl
ro'8el
€L8€L

86851 —

L0¢LL
N_..w._._.v.

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

64



Product 3g

[A780
80— .
| = [=
£5°0— - o 62 4L
87/l
8617
o
6L'L L2
(kA" p— -
o HMJ oozl .
el 6 LE6E~
e 58687
: ZL05—
6L~ _ ) 5
a1 J E 009} S
8L'g )
6L'¢ PN
0ze
A
€€ Lo
sZe 2
1G°E -= = Foozi
mm.mW
v5e - ra
95E == % 00
85°€ z
09¢ [ox-% 5
roe FS& 250~
co T B0
Joe L9621
89°C ) mmumN_‘
< 69621
e Ul
A =
2 mw.om_\ —
GE'SEL
y LrGEL
£7GEL
e o F e 9el
6£°9¢k
Zr9El
16°G~, 2 00t © SO'LEL
666" =z o w ©
\O Q L8
Z
2 ) mq.mt
w0
ol @ Q
€0'L (@] - 007k S
i~ 4 =k
AW x R
Sl
wn
S
o

65

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210




Product 3h

820—

9E
1L1E
1€
IZE
[
>
£2°€
¥ZE
vZe
1S°E,
65E¢
19€
29°¢€
99
89°€
0LE
[

66'G~,
1097

089~
789"
TV,
vhiT
Sl

2.0 1.5 1.0 0.5

25

4.0 35

1 (ppm)

4.5

ceuU—

cell
—m..:.v.

YEBE~,
8865

91°06—
S9e5—

BY 0L~
PO LT
SPGH
£9°9z1
18921

5.0

5.5

&
~

Licl
€C°0EL
G20l
1Z°0EL
160l
LO'LEL
e€elel
9€’1EL
19°GEL
mm‘mm_ﬂ\
L78sk

6EELL
Sw.mm_‘v

66

40 30 20 10

50

100 90 80 70 60

110
1 (ppm)

200 190 180 170 160 150 140 130 120

210




Product 3i

620
S.0
420
840
z8'0
80
980
pag’
09}
o'l
o'l
99'L

S\ g—m——

69°L
681
16’1
€6'L
S6°L
96°L
861
00¢
9L'e
€T'e
ve'e

e
8c’E
6c¢e

65°€
19°¢
£9¢
0L'€
ZLe
vLE

€19~
S197

€89~
98'9~"
9’
t.hu.
8l
612

= 09

toozL

R 00

L F ooy

F ooy

F 00'¥

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.0

7.5

41"
mv.v—v

15'ST
mm.mmv

Nw‘mv
> _‘.t‘V
100G
wo.cmw\\.
09°€s

65041~
€T LY
SEGLLY
z9'921
98'921

[4 3141
al'ezlL

mm.om_‘K
6ELEL
95°6eL
99'GeL

78Sl —

18°¢LL
vm.m_.._,v.

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

67



Product 3j

6¢0—

9.0
L0
6.0

0807
80
98°0
88°0
1680
260

€le
Sk'e
0cc~

vee

cke
vw.m/
hN.mW
8C€
62'¢
0g'e
SSET

85'¢
o€
19¢

ZEo~
se'9”

189
189
689

069
eI VAN
YT i
Sl
et
9l
1Zl

Fisez

ﬂ F v

= 009
Foozi

F oov

F ooy

F 00t

= F 00'¥%

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.0

7.5

95’61
002
Le’le
6C’Le
6L'LE
m.v‘_.mv

8505
£1°05
91'€G~
om.mm%
PES

OF bhi~
AT
6291
S¥izL
69°/ZL

vb Zcl
vw.mw_(\

08'LEL
Fm‘wm_.%
6e9el

£C651—

€9ELL
.mw.m_.._.v.

0

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

68



Product 3k

620
¥0
9.0
9,0
840
1870~
28'07]
¥8°04
98°0
180
68°0
68°0
16071 w
1607
€60
zZ L
¥z L]
9z’ L]
Frag
ve'L]
95°11
29}
9L
GOl
191
161
9.°¢

E.mu
08°¢”]
z8°¢]
¥8°¢
S8'e
G8°e]
98°¢]
18°¢]
88°¢]
16
z6e ]
g6g!

SL9~
819"

90°2
mo.w/
al'L
h_.NW
8L°L
6L/

0091

= 109

W 00
00'8

L aov

F 00
= 00%

3.0 25 2.0 1.5 1.0 0.5

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

1 (ppm)

cLel
mh.m_.W.
£€8°€El
1202
Nm.omw
¥6°0C

15°GE
mm.mmv
856~
sLor”

1665
mm.mmv

vELLL—

mv.nmv
mm.hw—
£6'LC1

L UL~
¥S0ELT
£L1EL
FO'9EL
21961
¥ei€1

oc'esl
mm.mtv

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

69



Product 31

620
wq.o/
mm.o/
180
280
G80
1807
ea0’
0z 1~
el
vel
=T A
o'l
€e’L

191
69°L
LLL
66'L

g8'e
98¢
88'€
06'c

SL9
219

09

202

mo.wu.r
LT
m_..w.\.

—

Foozu

F ooy

¥ 107
= 00%

3.0 25

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

1 (ppm)

vzl

e
8961~
sz’
66'82~
0£ZE~

20Sh—

0L'65—

GG O —

mw.mm—
mm.wm_(
LL'.21

SATARN
zreeL
680}

oe'sel
§5°9€l
€02€L

zeell—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

70



Product 3n

080
Nm.ow
80

Vel —

08'€
18€
£8'€
S8

€16~
515/
965—

bE9~
€9

0L
€04
vo'L
S0°L
m_.‘ﬁu\.
9L’

I 009

EL02L

F ooy

F ooz
F ooz

F ooz

= 00¢
= 008

1.0 0.5

4.0 3.5 3.0 25 2.0 1.5

1 (ppm)

4.5

7.0 6.5 6.0 5.5 5.0

7.5

6L€L—

oL9c—

Srsr—

£0009—

P90LL—
1527
£8° Ll —
vzl
85°/Z)

0LLcL
v6'LCL
66°0€L
eliel
9g'sel
15°9€l
88°/€1
seovl

196/1—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

71



Product 30

0€0
60°L
oL'L
L
A
4
el
9z’
8z’
6¢'L
503

€6'L
S6° _.W
96°L

00'CF
c0e
s0e

So'¢

B

00y
oﬁv./
E&V

8Ly

68'G
E.L»
65

S0'9~,

909
809
609

269
004
Yo'l
60°L
(13
43
4%}
o)
9L

I zo9

ﬁ 00'%

3.0 25 2.0 1.5 1.0 0.5

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

1 (ppm)

wm.mF
vo.—m/.
o'le
£€TlT

1£'8¢€
£€'8¢E
8€'8¢E
85'8¢€

7L
6% LLL
vS L
6S°LHL
9L
Lovel
SLvel

512921
98921
oL’Lel
velel
99621
clect
8,621
¥S0EL
95°0€L
09°'0€L
LrpElL
0svel
Zsvel
0z’ /€L
Loovl
S09vL
80°9¥L
LrovlL
15°ov1L
¥Sovl
85°9F1

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

72



Product 3p

60—
S¥'0—

10—

SP'6—
96—

99
999
9.9

89
269~

v6'9-F
169
mm.m%
002

9l’L

l0'e—

SPe—

96—

99—
99°9—

9.9~
89—

o 0
(oo
Qo'
»

OQ

21 20 189
1 (ppm)

22

= TS
56 55 54
1 (ppm)

57

1 (ppm)

6.85 6.80 6.75 6.70 6.65 6.60 6.55

4.0 35 3.0 25 2.0 1.5 1.0 0.5

1 (ppm)

4.5

9.61—

9T LS—

SS¥LL—

66'vCl
£9'9¢Z1

CL a7

5.0

5.5

6.0

6.5

7.0

7.5

18'921
blel
§5'8¢Cl
98'8C1
LZ0EL
LGEEL
or'vel
8¥'SEl
SC9el
62°ErL

73

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

140 130

150

200 190 180 170 160

210




Product 3r

€Ll
'L
Sb'lL
AR
vTLF
ST’
L'
61

157
65’
L9y
89V
6ov
LLy—=
68°G
26'S
£6°G1
G6'G
8999
¢l 9
G191
E.i
6/°91

08°97
1591
1897
6801

869
00°2A

_.m.mJW
N

0L
202
804
0L’
19
9L

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.0

7.5

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

74



99 LI~
vO'LLL-
€9°LLL-
L' LLL-
6S°LLL-
LS LL-
veLLL-
€ELLL
STl
XA
6L LEL-

10 0 -10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
1 (ppm)

0

Product 3s

wh‘c
mh.cW
640
L6'0f
€60
€60

89°E
0L'e

€Le

67'G1
1561
16°G
85°G1
196
179
791
Y791
5791
9791
159
7591
75'91
£6°01
#5091
§5°91
16794
859~
mm.ﬁ
09'9

[ZH°%
5291
9,91
12797
589
98°9]
189
169

W

To_m_

00'%]
W 00'Y]

1.0 0.5

1.5

45 40 35 3.0 25 2.0
1 (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

75



3474
mw.vmw
L6'ke

8c'ee
1€°8€
or'ge
8y'8¢

€LZLL
ez
LeZH
[A=n 433
yS vl
€L VL

€671
99821

ST
va8ZL
09'0gH
99'0E}
9,051 ﬁ
80'5EL
1€5EL
6£°0%1
ororl
SY oVl
8Lzl
\zerk
6vzrl
ZsTrl
50091
17291

——

O
L O

ASUSR®

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

65 LLL-
FApAT
LG LLL-
v LLL-
v LLL-
4405
ov'LLL-

O
s¥epel

joSene

21

I

20 -30 -40 -50 -60 -70 -80 -90 100 -110 120 -130  -140  -150 -1
f1 (ppm)

-10

76



Product 6a

S8°0
ow.oW
mm.o

68°¢
06'c
16’

26'e
€6'EC
v6'e

v6'e

18—

LLS
6LS
€99

95'91
7891
5891
1697
1697

DO.L
2047
YL
80°L4
60°L

L2
mr.n“\

Sk
o€’
8e'L

=009

-oo¥

00¢C

=00¢C

=00
00T
~00T
heoe

=00%

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

1 (ppm)

4.5

7.0 6.5 6.0 5.5 5.0

7.5

Slel—

61°95—
09'09—

9L'ELL
Nod:./
mv.mw_./

€0°22L
€0'82Z1
9r'8clL

=tedd-Fd|

¥S°0El
69081}
1S°¢El
17Eel \
96'8E 1
¥Z'6EL \
0¥l

8LLLL—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

77



Product 6b

60—

80
om.oW
880

68°€
06°€
€6°€
18
81°GY
om.mr/
88°G1
68'G
8£'91
07’9
w9y
9791
179
6791
659
1599
0299
ZL91
mm.EW
88°91f
00° 24
0Ly
£0'47|
204~
80°L
oLl
zvL
SLL
9g'L
8¢'L

=00¢

Fooe

=00k

001
=00'}
“00')
5004
=00
£00°€
o0y

*00¢C

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

1 (ppm)

4.5

7.0 6.5 6.0 5.5 5.0

7.5

o6zl —

9€'65—
9/°66—

32438
052
vLYLL
PLGHL
6502t
LveeL
9zl
8L'9cl
29'9ct
98'9¢1L
oLl

ITRNL T

e

T9LEL
1 ZxAl
08'6Z1
68'6¢)
LLLEL
£8'CEl
95°eel
zTeel
or'ect
8cerl
SeEpL
S6°0LL—

|

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

78



Product 7a

60—

S8°0
mm.oW
680

69°€
16'€

S6'€

18—

09
1097
08'97
18'91
mm.i
£9'01

1691
£6'91
1049
2027
€02
907/
807/
0Ll
Zbi
vLLd
mv&
9Ll

mmi
Ge'l

=

.

—

=209

=00%

Fooz

Fooz

00z
ATS
=00¢
wwm,m

€0z
ooy

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

1 (ppm)

4.5

7.0 6.5 6.0 5.5 5.0

7.5

16Cl—

€C65—
08'66—

LEGLL
05611
6L9cL
€921
£9'921
S.°9zl
18'9C1
00221

LAV
S9/21L

1o, 1958 113

P s A, 13038 1507

AN £005

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

79



Product 7b

0€'0— =

98°0
B.DW o
68°0

68°€
161
£6°€1
S6'€1
z8'7]
90'9

60'9
vL'g
Gl'g
99
119
959
1591l

859 .H.L

859
8591
6591
09'9]
09'91

08'9{ -

1891
£8'91
£8'91
68°91
68'91
06'91
el KD

G6'91
B.i
1691
[N
oo‘i

209

£0°L7 <
Y0 Ly
80°LA
0L'L7
[AWE
oL
61727
614
mmi
ve'l

v p
n

Fooe

Fooz

Foot

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.0

7.5

16Cl—

¢ess—
18'65—

LEGLL
9C¢ G
€€ 6L
Sl'6LL
s9'LZL
1862l
L6'GCL
(414"
61921
€e'9zlt
299zl
98'9Z1
16921
ol'izlL
99,21
89°/¢Cl
19'621
90°0€1
9/°2€el
ve'8elL
Slovl
Lievl
8G'EvL
68°0LL—

0..0

NOR®

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

80



Computational Details

Mechanistic Study: For the mechanistic study, the geometries were optimized without symmetry
constraint within the DFT (density functional theory) framework using the BP86 functional* > in
combination with the Grimme Dispersion corrections with the Becke-Johnson damping function
D3(BJ)% 7 and the Ahlrichs def2-SVP basis function®, which included solvation effect of
experimentally used dimethylacetamide with the CPCM solvent model®> '0. Frequency
consequences were examined at the same level to confirm the stationary points as transition states
(only one imaginary frequency) or minima (no imaginary frequencies). The energetic results were
further improved by the single point calculations by using the larger basis set def2-TZVPP!!, which
denoted as BP86+D3(BJ)/def2-TZVPP(CPCM, SOL=DMAC)//BP86+D3(BJ)/def2-SVP(CPCM,
SOL=DMAC) level of theory. These calculations were performed using Gaussian 16 A03
software!?.

Photophysical Properties: Standard reduction potentials (E°) were calculated following
previously reported procedures'3-16. A value of -100.5 kcal/mol was assumed for the reduction free
energy of the standard hydrogen electrode (SHE) as described in Ref. 13. Thus, E° = (-100.5 -
AGiq)/23.06 (V vs. SHE); for E° (PC**/*PC*), AG,eq = G(CPC*) - G(PC"") while for E° (PC**/PC),
AGieq = G(PC) - G(PC™). The Gibbs free energies of *PC*, PC**, and PC were calculated at the
unrestricted M0616/6-31G**17 level of theory, the energetic results were further improved by the
single point calculations by using the larger basis set 6-311+G** in CPCM-H20 solvent, which
denoted as uM06/6-311+G**(CPCM, SOL= H20)//uM06/6-31G** level of theory. To reference
to the Saturated Calomel Electrode (SCE), E° (vs. SHE) is converted to £° (vs. SCE) using E° (vs.
SCE) = E° (vs. SHE) - 0.24 V. Triplet energies (in eV) of PCs were obtained by [G(*PC*) - G(PC),
in kcal/mol]/23.06.

All coordinates are reported as XYZ Cartesian coordinates.

Coordinates and energies (in hatree) of the calculated structures at the BP86+D3(BJ)/def2-
TZVPP(CPCM, SOL=DMAC)//BP86+D3(BJ)/def2-SVP(CPCM, SOL=DMAC) level of theory.

la
Free Energy =-1264.179733
Energy =-1264.529264

N 1.402613000 -0.000011000 -0.059230000
C 0.713518000  1.229119000 -0.030637000
C 1.398390000  2.458343000 -0.060789000
H 2.496124000  2.451648000 -0.108120000
C 0.698725000  3.683704000 -0.030599000
O 7.002549000 -0.000070000  -0.425289000

81



— O O O O @m 0 O Z O T @Zm & O @m 0 @ O o @ O - 0 o @D 0 0

-0.698667000
-1.398352000
-2.496086000
2.834089000
3.485038000
2.882308000
4.880991000
5.404717000
5.653102000
5.003122000
5.577632000
3.599149000
3.086507000
7.829717000
8.873837000
7.659482000
7.659613000
0.713500000
-1.402613000
-0.713518000
-1.398390000
-2.496124000
-0.698725000
-7.002549000
0.698667000
1.398352000
2.496086000

3.683716000
2.458367000
2.451691000
-0.000023000
-0.000105000
-0.000157000
-0.000117000
-0.000179000
-0.000044000
0.000040000
0.000095000
0.000049000
0.000111000
0.000097000
0.000139000
0.905648000
-0.905362000
-1.229131000
0.000011000
-1.229119000
-2.458343000
-2.451648000
-3.683704000
0.000070000
-3.683716000
-2.458367000
-2.451691000

0.030486000
0.060713000
0.108034000
-0.126563000
-1.378068000
-2.298826000
-1.446238000
-2.413954000
-0.258865000
0.996824000
1.932935000
1.051524000
2.025437000
0.736462000
0.373552000
1.359151000
1.359320000
-0.030608000
0.059230000
0.030637000
0.060789000
0.108120000
0.030598000
0.425289000
-0.030487000
-0.060713000
-0.108035000
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313*

-2.834089000
-3.485038000
-2.882309000
-4.880991000
-5.404717000
-5.653102000
-5.003122000
-5.577631000
-3.599149000
-3.086507000
-7.829717000
-8.873837000
-7.659482000
-7.659613000
-0.713500000
-1.262316000

1.262243000
-1.262243000

1.262316000

0.000023000
0.000105000
0.000157000
0.000117000
0.000179000
0.000044000
-0.000040000
-0.000095000
-0.000049000
-0.000111000
-0.000097000
-0.000139000
-0.905648000
0.905362000
1.229131000
-4.628970000
-4.628991000
4.628991000
4.628970000

Free Energy =-1264.108758

Energy =-1264.451265

N
C
C

1.390469000
0.717444000
1.425843000

-0.000004000
1.216778000
2.451963000

0.126564000
1.378068000
2.298826000
1.446239000
2.413954000
0.258865000
-0.996824000
-1.932935000
-1.051523000
-2.025436000
-0.736462000
-0.373552000
-1.359151000
-1.359320000
0.030608000
0.055339000
-0.055198000
0.055197000
-0.055340000

-0.070091000
-0.035322000
-0.062249000
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2.521962000
0.707768000
6.991550000
-0.707756000
-1.425835000
-2.521954000
2.833953000
3.470519000
2.865400000
4.875322000
5.402116000
5.639611000
4.993748000
5.568137000
3.580413000
3.062434000
7.815967000
8.861241000
7.644466000
7.644496000
0.717440000
-1.390469000
-0.717444000
-1.425843000
-2.521962000
-0.707768000
-6.991550000

2.441508000
3.658015000
-0.000023000
3.658019000
2.451971000
2.441521000
-0.000008000
-0.000069000
-0.000112000
-0.000072000
-0.000118000
-0.000014000
0.000048000
0.000092000
0.000050000
0.000097000
0.000055000
0.000051000
0.905179000
-0.905007000
-1.216782000
0.000004000
-1.216778000
-2.451963000
-2.441508000
-3.658015000
0.000023000

-0.105534000
-0.030050000
-0.424202000
0.029885000
0.062138000
0.105415000
-0.135619000
-1.389591000
-2.308281000
-1.454178000
-2.419609000
-0.259693000
0.996075000
1.931842000
1.053398000
2.023714000
0.738265000
0.378129000
1.361662000
1.361762000
-0.035273000
0.070091000
0.035322000
0.062249000
0.105534000
0.030050000
0.424202000
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2a

0.707756000

1.425835000

2.521954000
-2.833953000
-3.470519000
-2.865400000
-4.875322000
-5.402116000
-5.639611000
-4.993748000
-5.568137000
-3.580413000
-3.062434000
-7.815967000
-8.861241000
-7.644466000
-7.644496000
-0.717440000
-1.254922000

1.254907000
-1.254907000

1.254922000

-3.658019000
-2.451971000
-2.441521000
0.000008000
0.000069000
0.000112000
0.000072000
0.000118000
0.000014000
-0.000048000
-0.000092000
-0.000050000
-0.000097000
-0.000055000
-0.000051000
-0.905179000
0.905007000
1.216782000
-4.612873000
-4.612880000
4.612880000
4.612873000

Free Energy =-3112.693203

Energy =-3112.833354

-0.029885000
-0.062138000
-0.105415000
0.135619000
1.389591000
2.308281000
1.454178000
2.419609000
0.259693000
-0.996075000
-1.931842000
-1.053398000
-2.023714000
-0.738265000
-0.378129000
-1.361662000
-1.361762000
0.035273000
0.051979000
-0.051767000
0.051767000
-0.051979000
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-2.251035000
-1.002681000
-0.072584000
-0.362047000
-1.134916000
-3.379275000
-3.057378000
-3.635061000
-4.522509000
-5.399596000
-4.822234000
-4.242458000
1.338331000
2.101688000
1.652585000
3.423518000
4.008189000
3.995273000
5.032114000
3.240632000
3.687653000
1.921118000
1.329894000
-0.275131000

21a** Br

-0.753803000
-0.919305000

0.128302000

0.079283000
-0.574741000
-1.368264000
-2.359465000
-0.739096000
-1.473122000
-1.936134000
-0.472250000
-2.103059000
-0.328520000
-0.719203000
-0.672432000
-1.168482000
-1.472468000
-1.225590000
-1.574076000
-0.830921000
-0.870532000
-0.382794000
-0.072525000

2.092503000

-0.351219000
1.538904000
-0.471537000
-1.535052000
0.376472000
0.335978000
0.718245000
1.214380000
-0.653317000
-0.158374000
-1.024189000
-1.521596000
-0.258859000
-1.380297000
-2.385254000
-1.220508000
-2.102548000
0.062071000
0.189441000
1.184030000
2.189641000
1.028093000
1.900805000
-0.028564000

86



Free Energy =-3838.642461

Energy = -3838.989351

N
C
C
H
C
O
C
C
H
C
C
H
C
H
C
C
H
C
H
C
H
H
H
C
N

2.157825000
1.730831000
2.654679000
3.728744000
2.200961000
7.641536000
0.816245000
-0.112412000
-1.190029000
3.572181000
4.210149000
3.628899000
5.577801000
6.100200000
6.321908000
5.672077000
6.224411000
4.297258000
3.784151000
8.444402000
9.469585000
8.451414000
8.091969000
1.248453000
-0.581574000

0.214618000
1.540513000
2.610786000
2.387228000
3.931140000
-0.898182000
4.211633000
3.170945000
3.378778000
-0.071956000
-0.209069000
-0.097056000
-0.486461000
-0.598509000
-0.629883000
-0.490492000
-0.596679000
-0.211556000
-0.101523000
-1.054970000
-1.264069000
-0.128855000
-1.905362000
-0.841280000
0.772205000

-0.074913000
-0.072358000
-0.123232000
-0.156897000
-0.132525000
-0.375724000
-0.095797000
-0.042583000
-0.016613000
-0.127692000
-1.376015000
-2.303115000
-1.423505000
-2.384900000
-0.225836000
1.023221000
1.966183000
1.064938000
2.031779000
0.795156000
0.439624000
1.409863000
1.418246000
-0.031117000
0.036889000
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-0.156613000
-1.084285000
-2.172614000
-0.629072000
-6.111276000
0.753084000

1.684553000

2.760251000
-1.997031000
-2.588035000
-1.962199000
-3.970706000
-4.461834000
-4.774172000
-4.165923000
-4.767204000
-2.777583000
-2.298261000
-6.975130000
-8.006741000
-6.790603000
-6.848164000
0.325704000
-1.374549000

1.105623000

0.462481000

2.930662000

-0.556151000
-1.622207000
-1.438032000
-2.941247000
1.500738000
-3.226602000
-2.186957000
-2.399267000
1.045408000
1.315644000
1.364809000
1.492617000
1.682642000
1.380158000
1.146648000
1.066966000
0.979914000
0.771202000
1.182709000
1.264891000
0.145006000
1.893256000
1.825584000
-3.749846000
-4.268682000
5.252972000
4.753187000

0.032585000
0.096147000
0.148891000
0.080535000
0.468374000
0.008241000
-0.043731000
-0.094694000
0.110899000
1.359958000
2.263326000
1.441700000
2.407342000
0.281353000
-0.973260000
-1.887944000
-1.052484000
-2.020335000
-0.624498000
-0.236263000
-0.978048000
-1.470048000
-0.022226000
0.125042000
-0.003344000
-0.111080000
-0.172677000
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Br

I

-4.623371000

-2.484870000

Free Energy =-538.2190206

Energy = -538.3611156

O
O
C
H
C
C
H
H
C
H
H
H
C
C
H
C
H
C
H
C
H

2.437232000
1.213506000
0.131323000
0.399263000
1.257116000
3.640350000
3.631081000
3.630612000
4.830467000
5.771791000
4.825774000
4.826196000
-1.252194000
-2.221402000
-1.866863000
-3.589234000
-4.316052000
-4.042302000
-5.121726000
-3.106743000
-3.461375000

-0.443183000
1.479379000
-0.686838000
-1.754693000
0.246147000
0.358373000
1.020480000
1.021401000
-0.582939000
0.002657000
-1.230742000
-1.231707000
-0.343463000
-1.401869000
-2.444880000
-1.125501000
-1.952624000
0.211763000
0.428812000
1.269391000
2.312098000

-0.011904000

-0.000082000
-0.000191000
0.000037000
0.000117000
-0.000029000
-0.000170000
-0.893059000
0.892021000
0.000603000
0.000507000
0.900649000
-0.898750000
-0.000007000
0.000068000
0.000156000
0.000029000
0.000087000
-0.000085000
-0.000116000
-0.000159000
-0.000247000
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TS1

-1.735152000
-0.997993000

1.007855000
1.822122000

Free Energy = -4376.851638

Energy =-4377.366008

N
C
C
H
C
O
C
C
H
C
C
H
C
H
C
C
H
C
H
C

-1.821597000
-1.354722000
-2.252557000
-3.331728000
-1.770132000
-7.324934000
-0.383891000
0.519901000

1.601483000
-3.244258000
-3.832046000
-3.206976000
-5.204810000
-5.687612000
-6.005168000
-5.405950000
-6.001029000
-4.025933000
-3.556964000
-8.181614000

-1.595020000
-2.836980000
-3.860627000
-3.687394000
-5.082426000
-0.941056000
-5.284979000
-4.274944000
-4.430796000
-1.415369000
-1.796925000
-2.225563000
-1.624993000
-1.913117000
-1.069659000
-0.689120000
-0.255063000
-0.866229000
-0.567036000
-0.383390000

-0.000121000

-0.000177000

-0.490342000
-0.006521000
0.355534000
0.252243000
0.843548000
-1.337651000
0.974893000
0.617992000
0.723653000
-0.679554000
-1.901105000
-2.698280000
-2.089376000
-3.034670000
-1.059969000
0.163796000
0.977869000
0.347011000
1.295559000
-0.339930000
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-9.196763000
-8.185519000
-7.882796000
-0.966359000
0.928547000
0.462436000
1.323084000
2.407948000
0.810313000
6.459967000
-0.593702000
-1.465385000
-2.546980000
2.350778000
3.067057000
2.547396000
4.444989000
5.027126000
5.123694000
4.399668000
4.901189000
3.015655000
2.445131000
7.198706000
8.249804000
7.137681000
6.841999000

-0.373706000
-1.001842000

0.656114000
-0.566448000
-2.011342000
-0.759015000
0.300335000

0.162541000

1.587731000
-2.827283000

1.744262000

0.693989000

0.823896000
-2.228592000
-1.770458000
-1.210878000
-1.985781000
-1.633339000
-2.663066000
-3.113987000
-3.636637000
-2.888507000
-3.233802000
-3.494146000
-3.513483000
-2.949211000
-4.537053000

-0.776332000

0.583678000
-0.083406000
-0.785632000
-0.234373000
-0.644598000
-0.932646000
-0.844358000
-1.238368000

0.175749000
-1.443126000
-1.225313000
-1.351792000
-0.147949000
0.975884000

1.767580000

1.050938000

1.915282000
0.007607000
-1.120591000
-1.945831000
-1.192607000
-2.067812000
-0.847548000
-0.506589000
-1.814731000
-0.993384000
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0.051013000
1.526343000
-0.990955000
0.002794000
-2.480096000
3.702344000
-0.492583000
1.762147000
0.794257000
1.831530000
0.749486000
-0.592261000
0.261322000
-1.526629000
-0.641626000
-0.787755000
0.305335000
-1.482741000
-0.172027000
-1.497390000
-1.829858000
-2.364557000
-3.385146000
-1.944062000
-2.635425000
-0.637292000
-0.305573000

-3.040090000
2.364653000
2.725466000

-6.239562000

-5.874294000
3.738111000
1.034069000
1.048562000
2.756830000
3.035370000
1.560109000

-0.161765000

-0.827209000

-0.648213000
0.174894000

-0.755093000
0.646157000
0.861613000
3.833345000
3.762138000
2.840668000
4.851950000
4.786450000
6.029932000
6.881157000
6.114468000
7.033069000

0.120888000
-1.570582000
-1.740219000

1.362108000

1.123315000
-1.175708000

1.775376000
2.082615000
0.746598000

0.475586000

1.609644000

2.596387000

2.358276000

2.258452000
4.077769000

4.664022000
4.406191000

4.300853000

0.688667000

1.208919000

1.704255000

1.079098000

1.487660000
0.426951000

0.326670000
-0.093923000
-0.602832000
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TS1'

0.241341000
1.266175000

5.033711000
5.075252000

Free Energy = -1802.372798

Energy =-1802.888289

N
C
C
H
C
O
C
C
H
C
C
H
C
H
C
C
H
C
H
C

2.007347000
1.467785000
2.291888000
3.377693000
1.738887000
7.565497000
0.349775000
-0.484362000
-1.571829000
3.430571000
4.249105000
3.791401000
5.631312000
6.288113000
6.215698000
5.392101000
5.819010000
4.004117000
3.356021000
8.208797000

-1.439141000
-2.711143000
-3.805173000
-3.651770000
-5.072402000
-0.724051000
-5.255837000
-4.172662000
-4.313250000
-1.251453000
-1.525710000
-1.884791000
-1.340151000
-1.547741000
-0.874631000
-0.599205000
-0.237323000
-0.791235000
-0.579665000
-0.257186000

0.035881000
-0.373835000

0.279540000
0.016557000
-0.320095000
-0.384651000
-0.571622000
0.030129000
-0.484458000
-0.155392000
-0.089115000
0.193139000
1.307391000
2.241306000
1.220882000
2.078735000
0.017273000
-1.098815000
-2.043670000
-1.002089000
-1.865807000
-1.154805000
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9.288252000

8.048970000

7.851137000

1.200979000
-0.771197000
-0.233225000
-1.033720000
-2.118402000
-0.493649000
-6.310368000
0.955078000

1.759294000

2.853049000
-2.192097000
-2.759334000
-2.104625000
-4.137762000
-4.596521000
-4.980337000
-4.414373000
-5.043832000
-3.021989000
-2.575188000
-7.209032000
-8.223696000
-7.151603000
-7.008109000

-0.209323000
-0.953290000
0.756099000
-0.365792000
-1.795198000
-0.532535000
0.534679000
0.384394000
1.874000000
-2.296385000
1.960507000
0.888553000
0.992098000
-1.933148000
-1.895389000
-1.755221000
-2.040132000
-2.018904000
-2.196187000
-2.230901000
-2.356156000
-2.109428000
-2.145449000
-2.437942000
-2.491492000
-1.566404000
-3.368539000

-0.922166000
-2.007098000
-1.440850000
0.652742000
0.389486000
0.712574000
1.092104000
1.160993000
1.274113000
-0.352465000
1.372176000
1.017244000
1.035506000
0.239908000
-1.051377000
-1.924399000
-1.218282000
-2.217555000
-0.090725000
1.204013000
2.095104000
1.357987000
2.362877000
0.746356000
0.311340000
1.434564000
1.320861000
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0.052371000
-1.062145000

1.418713000
-0.097523000
2.401319000
-2.947289000
-3.160577000
-0.982508000
-0.593997000
-2.453164000
-4.342019000
-4.366077000
-4.838942000
-4.979473000
-5.018426000
-4.412791000
-6.014671000
-0.260011000
-0.710193000
-1.682355000
0.065107000
-0.305930000

1.309255000

1.914578000

1.771846000
2.743602000
0.999141000

-2.891070000
2.531764000
2.913031000

-6.243869000

-5.911286000
1.826183000
3.589973000
2.926652000
2.248862000
2.877479000
1.477545000
0.541900000
2.280578000
1.269946000
2.217544000
0.523032000
0.891557000
4.209676000
5.307232000
5.227642000
6.472463000
7.314563000
6.572737000
7.488231000
5.488767000
5.552419000
4.323898000

0.089489000
1.958111000
1.666399000
-0.672093000
-0.833223000
-0.942018000
0.497974000
-0.322368000
-1.100551000
-0.217806000
-0.769886000
-0.171339000
-0.190391000
-2.132266000
-2.707387000
-2.723782000
-2.008051000
-0.235697000
0.544074000
1.050212000
0.654636000
1.261198000
0.003087000
0.095549000
-0.767393000
-1.282927000
-0.882264000
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IM1

1.368462000

3.476441000

Free Energy =-4376.880394

Energy = -4377.391448

N
C
C
H
C
O
C
C
H
C
C
H
C
H
C
C
H
C
H
C
H

2.514418000
2.243670000
3.277166000
4.316087000
2.994095000
7.752467000
1.668299000
0.622346000
-0.422562000
3.859004000
4.333321000
3.660980000
5.640811000
6.028430000
6.498917000
6.023826000
6.667990000
4.705959000
4.328297000
8.660369000
9.604890000

-1.106485000
-2.472410000
-3.395831000
-3.038362000
-4.758260000

0.803867000
-5.205983000
-4.290192000
-4.630622000
-0.624141000
-0.191636000
-0.227845000
0.282041000

0.624047000
0.330264000
-0.101219000
-0.072828000
-0.574052000
-0.910948000
0.875142000

1.281749000

-1.482269000

-0.437990000
-0.207917000
0.034551000
0.043806000
0.264639000
0.177268000
0.256829000
0.018338000
0.014378000
-0.311504000
0.945107000
1.815748000
1.077057000
2.048387000
-0.049337000
-1.309111000
-2.198173000
-1.429789000
-2.406979000
-0.920591000
-0.515190000
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8.852661000
8.283918000
1.475234000
-0.146719000
0.125627000
-0.919195000
-1.946411000
-0.672933000
-5.566762000
0.655625000
1.712650000
2.750036000
-1.517283000
-2.194362000
-1.651062000
-3.547273000
-4.093265000
-4.248431000
-3.567394000
-4.086162000
-2.205832000
-1.673882000
-6.325594000
-7.355929000
-6.339098000
-5.929451000
0.892585000

-0.129299000
1.552133000
-0.182762000
-2.006277000
-0.645756000
0.290228000
-0.091880000
1.681193000
-3.436011000
2.118235000
1.193472000
1.554882000
-2.424816000
-2.867124000
-2.928144000
-3.211865000
-3.556416000
-3.109066000
-2.674258000
-2.587669000
-2.339763000
-1.981592000
-3.334201000
-3.639903000
-2.291363000
-4.009467000
-2.930826000

-1.357410000
-1.718471000
-0.631134000
-0.458309000
-0.641281000
-0.776907000
-0.809006000
-0.931165000
-0.275993000
-0.939362000
-0.794117000
-0.784947000
-0.378382000
-1.532965000
-2.487761000
-1.464189000
-2.354881000
-0.238304000
0.922191000
1.886214000
0.843464000
1.737908000
0.928561000
0.671050000
1.313761000
1.717873000
-0.215984000
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-0.642902000
0.888352000
1.430161000
3.823109000

-0.322915000

-3.823164000

-3.314751000

-1.851702000

-2.128476000

-3.070521000

-4.917782000

-4.488689000

-5.592411000

-5.614035000

-6.423626000

-6.057267000

-4.903408000

-1.539149000

-1.686619000

-2.022948000

-1.405153000

-1.521298000

-0.975327000

-0.752883000

-0.826063000

-0.486371000

-1.103710000

0.558404000
3.187739000
6.265460000

5.458128000

0.659831000
1.334068000
2.192935000
2.654612000
2.704663000
2.069794000
0.578500000
-0.105417000
1.286744000
-0.177809000
-0.803891000
0.516126000
-0.851089000
4.057539000
5.159723000
4.993174000
6.464239000
7.315388000
6.677587000
7.697282000
5.580434000
5.740649000
4.279242000

1.185274000
-1.040821000
0.436059000
0.450219000
2.625541000
-1.188405000
0.847470000
-1.073593000
-2.148552000
-0.340996000
-0.592631000
0.170599000
-0.068794000
-1.705430000
-1.281474000
-2.447880000
-2.224943000
-0.584117000
-1.448382000
-2.484775000
-1.002399000
-1.691696000
0.318375000
0.670369000
1.188361000
2.223942000
0.741153000
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v

-0.977855000

3.422086000

Free Energy =-1801.829968

Energy = -1802.338402
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-0.179206000
0.863285000
0.603653000

-0.439267000
1.655503000

-5.588861000
2.979154000
3.253194000
4.290654000

-1.546188000

-2.197540000

-1.634644000

-3.548492000

-4.072990000

-4.275352000

-3.622709000

-4.161803000

-2.263089000

-1.751543000

-6.370740000

-7.392392000

-1.922540000
-2.858729000
-4.237706000
-4.582844000
-5.167585000
-3.408356000
-4.716505000
-3.335410000
-2.975280000
-2.353456000
-2.726787000
-2.723350000
-3.086045000
-3.377788000
-3.068642000
-2.701330000
-2.682425000
-2.350120000
-2.051891000
-3.396068000
-3.695440000

1.419374000

-0.127828000
0.017898000
0.118067000
0.083456000
0.259758000
-0.151286000
0.302978000
0.208592000
0.246576000
-0.105411000
-1.299230000
-2.244705000
-1.281235000
-2.203307000
-0.066198000
1.133027000
2.089664000
1.102869000
2.030473000
1.042199000
0.745357000
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-5.980890000
-6.404758000
0.086532000
2.476912000
1.433060000
-3.891706000
1.669290000
2.704078000
-3.326455000
0.608440000
7.762919000
-0.715100000
-0.954022000
-1.978101000
-1.902048000
-2.178039000
-3.110553000
-4.979596000
-5.634403000
-4.541364000
-5.710035000
-6.524845000
-5.021764000
-6.153216000
-1.609989000
-1.682654000
-1.954583000

-4.118110000
-2.381781000
-0.543390000
-1.013296000
-0.078204000
1.449812000
1.306644000
1.671704000
2.251645000
2.230124000
0.829618000
1.778342000
0.384802000
0.001500000
2.740089000
2.748946000
2.156521000
0.688156000
1.386135000
-0.025835000
-0.024118000
-0.645988000
-0.695065000
0.699093000
4.166323000
5.214906000
4.987485000

1.792402000
1.496585000
-0.218238000
-0.017728000
-0.148925000
-0.693433000
-0.211814000
-0.154121000
1.351178000
-0.335341000
0.368441000
-0.416677000
-0.369299000
-0.454866000
-0.594221000
-1.670194000
0.153949000
-0.095453000
0.466202000
0.634382000
-1.215813000
-0.795716000
-1.767512000
-1.929881000
-0.163876000
-1.102176000
-2.145907000
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-1.408991000
-1.467669000
-1.061351000
-0.846002000
-0.986381000
-0.712390000
-1.255650000
-1.195596000
3.829745000
4.408852000
3.812106000
5.727104000
6.194594000
6.491498000
5.912787000
6.483106000
4.586765000
4.129709000
8.578383000
9.555893000
8.142890000
8.727042000
2.214228000
3.813131000
0.833167000
1.422818000

6.541265000
7.348431000
6.832943000
7.870139000
5.791245000
6.012588000
4.467708000
3.653894000
-0.546101000
-0.243564000
-0.372210000
0.214557000
0.454952000
0.379536000
0.078057000
0.197454000

0.382479000
0.619429000

1.014376000
1.378394000
1.769128000
0.060443000
-2.396387000
-5.426668000
3.305942000
-6.240837000

-0.721328000
-1.468437000
0.608731000
0.910382000
1.552913000
2.596687000
1.169769000
1.906493000
0.055101000
1.305431000
2.221095000
1.378571000
2.345232000
0.197609000
-1.056729000
-1.987753000
-1.116663000
-2.089390000
-0.787021000
-0.421167000
-1.477968000
-1.338992000
0.068874000
0.411938000
-0.366434000
0.335011000

101



3a

Free Energy = -3414.796045

Energy =-3415.777184
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-0.034079000
1.185794000
4.351846000
2.416208000
2.385263000
4.618410000
3.656645000
4.618008000
4.960768000
5.556017000
4.351490000
0.170118000
4.651982000
3.800212000
4.571381000
2.946455000
3.364202000
2.879821000
2.624609000
4.225664000
5.800900000
5.193749000
4.095430000

-1.385080000
-0.692470000

3.549751000
-1.339826000
-2.398719000

3.495397000
-0.684664000
-3.495433000
-1.455455000
-1.398616000
-3.550475000
-6.974272000
-2.939354000
-4.893362000
-5.562992000
-4.864924000
-5.329932000
-6.324868000
-4.618087000
-5.400032000
-0.900381000
-0.407526000
-0.405800000

0.282875000
0.157576000
0.533088000
0.335509000
0.618785000
-1.718451000
0.176603000
1.718499000
0.401130000
-0.535043000
-0.533024000
-0.137084000
0.632662000
-0.427739000
0.007084000
0.283462000
-1.811470000
-1.747934000
-2.228758000
-2.505956000
1.541320000
2.713882000
2.792373000

102



O &©T o & O 0 @& & T O @m & 60 60 @m 0@ 6060 @ 0@ @D a0 T a

5.978595000
5.492550000
7.381791000
7.996827000
7.994656000
9.092072000
7.206480000
7.685100000
3.656702000
2.416319000
2.385459000
4.960888000
5.556164000
4.652316000
3.800831000
4.571986000
2.946801000
3.365448000
2.881259000
2.625859000
4.227197000
5.800947000
7.206539000
7.685196000
7.994678000
9.092104000
7.381770000

0.094379000
0.482497000
0.105916000
0.506485000
-0.394730000
-0.389059000
-0.897127000
-1.282664000
0.684271000
1.339505000
2.398419000
1.454965000
1.397778000
2.938966000
4.892783000
5.562311000
4.864653000
5.329185000
6.324239000
4.617418000
5.398939000
0.900077000
0.896971000
1.282467000
0.394787000
0.389237000
-0.105804000

3.765052000
4.674090000
3.656605000
4.477703000
2.494052000
2.400767000
1.444145000
0.529929000
-0.177335000
-0.336353000
-0.619578000
-0.401724000
0.534410000
-0.632781000
0.428236000
-0.006766000
-0.282650000
1.812214000
1.749086000
2.229643000
2.506378000
-1.542066000
-1.445004000
-0.530790000
-2.495036000
-2.401854000
-3.657591000
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7.996792000
5.978567000
5.492472000
5.193752000
4.095426000
-0.027161000
-0.146299000
-0.273078000
-0.095243000
-0.181223000
0.092189000
0.196966000
0.334262000
0.129235000
0.215721000
0.386759000
0.428240000
1.346726000
-0.443859000
-1.252089000
-0.033960000
-1.252034000
-4.452410000
-2.480891000
-2.453031000
-4.704598000
-3.718287000

-0.506199000
-0.094442000
-0.482527000
0.407252000

0.405396000
-2.818835000
-3.459498000
-2.849436000
-4.851369000
-5.365556000
-5.631175000
-4.993513000
-5.575174000
-3.590753000
-3.088100000
-7.808994000
-8.845619000
-7.565462000
-7.721682000
-0.694736000

1.384992000

0.694736000
-3.389766000

1.349856000

2.413958000
-3.680717000

0.689341000

-4.478784000
-3.765907000
-4.674933000
-2.714608000
-2.792993000
0.226436000
-1.026062000
-1.933100000
-1.113476000
-2.081687000
0.053836000
1.311051000
2.232265000
1.387898000
2.362855000
0.999874000
0.618951000
1.505132000
1.733679000
0.150860000
-0.283754000
-0.151535000
-0.924869000
-0.312400000
-0.582245000
1.311419000
-0.153095000
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-4.704244000
-5.028313000
-5.647033000
-4.451873000

0.170694000
-4.737751000
-3.936064000
-4.718005000
-3.067838000
-3.541114000
-3.126789000
-2.763597000
-4.413903000
-5.825576000
-5.177582000
-4.077953000
-5.923898000
-5.406249000
-7.328416000
-7.912843000
-7.982148000
-9.080890000
-7.232943000
-7.743596000
-3.718337000
-2.481018000
-2.453292000

3.680853000
1.460611000
1.267910000
3.390550000
6.973908000
2.964890000
4.744763000
5456351000
4.850436000
4.962497000
5.983183000
4.235185000
4.856638000
1.043573000
0.717930000
0.750463000
0.339262000
0.083218000
0.281944000
-0.022370000
0.611753000
0.567516000
0.992793000
1.246519000
-0.689024000
-1.349714000
-2.413819000

-1.312356000
-0.318252000
0.583912000
0.923973000
0.139888000
0.324484000

1.043619000
0.705041000
0.357951000
2.490294000
2.613350000
2.798928000
3.165898000
-1.544350000
-2.752723000
-2.800468000
-3.880923000
-4.818850000
-3.813149000
-4.695614000
-2.612345000
-2.550277000
-1.485656000
-0.542780000
0.152676000
0.311823000
0.581681000
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-5.028417000
-5.647324000
-4.738126000
-3.937050000
-4.719465000
-3.069242000
-3.541431000
-3.127768000
-2.763284000
-4.413785000
-5.825343000
-7.232727000
-7.743655000
-7.981645000
-9.080407000
-7.327596000
-7.911786000
-5.923055000
-5.405136000
-5.177026000
-4.077382000
-0.026897000
-0.145510000
-0.272018000
-0.094278000
-0.179825000

0.092678000

-1.460133000
-1.267109000
-2.964446000
-4.744106000
-5.455579000
-4.850537000
-4.961124000
-5.982016000
-4.234103000
-4.854217000
-1.043254000
-0.992601000
-1.246300000
-0.611737000
-0.567613000
-0.281969000

0.022212000
-0.339147000
-0.083131000
-0.717643000
-0.750079000
2.818722000
3.458554000

2.847902000
4.850358000

5.363929000
5.630929000

0.317990000
-0.583975000
0.323758000
-1.045023000
-0.707296000
-0.358950000
-2.491625000
-2.615187000
-2.799355000
-3.167633000
1.544373000
1.486089000
0.543354000
2.613033000
2.551269000
3.813673000
4.696343000
3.881030000
4.818816000
2.752580000
2.800016000
0.226315000

1.026663000
1.933341000
1.114969000
2.083547000
-0.051907000
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0.196940000
0.333874000
0.129138000
0.215216000
0.386800000
0.428476000
-0.444169000
1.346524000
1.185857000

4.994109000
5.576374000
3.591393000
3.089370000
7.809386000
8.845755000
7.722563000
7.566186000
0.692241000

Free Energy = -823.8766361

Energy = -824.0865421

O & 0 0 Z o =@m 0 o o - a 0

-1.970257000
-2.709901000
-3.807927000
-2.052246000
-0.650747000
0.095780000
1.194434000
-1.970257000
0.155566000
-0.550096000
0.095780000
1.194434000
-0.650747000

-1.190368000
-2.376593000
-2.303410000
-3.624167000
-3.663494000
-2.468736000
-2.501211000
1.190368000
0.000000000
1.215759000
2.468736000
2.501211000
3.663494000

-1.309585000
-2.230468000
-1.387317000
-2.362634000
-0.996621000
-0.615026000
-1.730087000
-1.502499000
-0.158451000

0.000073000
0.000810000
0.001626000
0.000543000
-0.000456000
-0.001198000
-0.001975000
0.000076000
-0.001783000
-0.000945000
-0.001186000
-0.001960000
-0.000441000
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TS2

-2.052246000
-2.709901000
-3.807927000
1.589663000
2.287478000
1.720082000
3.692481000
4.240545000
4.395751000
3.694483000
4.244165000
2.289467000
1.723652000
-0.550096000
-0.120079000
-2.642127000
-0.120079000
-2.642127000
5.496764000
-2.676139000

3.624167000
2.376593000
2.303410000
-0.000000000
-0.000024000
-0.000043000
-0.000025000
-0.000044000
0.000000000
0.000025000
0.000044000
0.000024000
0.000043000
-1.215759000
4.627870000
4.552974000
-4.627870000
-4.552974000
0.000000000
0.000000000

Free Energy =-3936.543601

Energy = -3936.920408

C
C

1.907749000
2.260919000

2.428642000
3.735127000

0.000555000
0.000816000
0.001631000
-0.000649000
1.221783000
2.164657000
1.220154000
2.175018000
0.001671000
-1.217950000
-2.171883000
-1.221913000
-2.165732000
-0.000949000
-0.000651000
0.001143000
-0.000672000
0.001129000
0.002575000
0.000351000

-0.114271000

0.241668000
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1.471817000
3.602017000
4.582045000
4.227599000
4.991492000
0.176933000
2.466846000
1.138747000
0.672417000
1.403538000
-0.685046000
-1.631305000
-1.169730000
-1.893831000
3.464481000
3.734905000
3.187751000
4.701958000
4.915980000
5.395078000
5.122572000
5.664257000
4.152886000
3.927418000
2.883265000
-2.701754000
5.634718000

4.499702000
4.034570000
3.028039000
1.718836000
0.932731000
0.895876000
0.094933000
-0.182394000
-1.501283000
-2.313901000
-1.737743000
-0.682017000
0.654186000
1.480376000
-0.896870000
-1.121409000
-0.551780000
-2.074023000
-2.257883000
-2.785001000
-2.543469000
-3.096307000
-1.596551000
-1.394953000
1.404842000
-0.812246000
3.260403000

0.281721000
0.531230000
0.453340000
0.095055000
0.030486000
-0.621086000
-0.527364000
-0.701180000
-0.984383000
-1.080564000
-1.126017000
-0.947876000
-0.815034000
-0.799569000
-0.870476000
-2.232513000
-2.998253000
-2.589913000
-3.653597000
-1.593471000
-0.235519000
0.546617000
0.133156000
1.187397000
-0.181349000
-1.197009000
0.671016000
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3.880262000
-4.702542000
-4.184429000
-3.038282000
-1.872288000
-2.122311000
-3.056723000
-5.435619000
-5.552846000
-5.356033000
-6.550484000
-6.582990000
-7.525075000
-6.417608000
-0.580803000
-0.142929000
-0.852315000

1.149297000

1.471039000

2.034145000

3.044892000

1.625638000

2.316137000

0.348009000

0.032415000
-1.040689000

0.589857000

5.060739000
0.690987000
-1.073532000
0.828017000
-1.252273000
-2.309625000
-0.365241000
-0.334489000
0.023965000
0.538348000
-1.267097000
-2.181538000
-0.746789000
-1.557232000
-0.972801000
0.347978000
1.177211000
0.565320000
1.586317000
-0.515470000
-0.336829000
-1.825205000
-2.671123000
-2.049054000
-3.067649000
-2.760026000
2.184697000

0.813340000
-2.073528000
1.255098000
1.754981000
1.307427000
1.133649000
1.467015000
1.343947000
2.389062000
0.662548000
0.917492000
1.544368000
1.012735000
-0.144256000
1.860190000
2.193839000
2.078229000
2.687361000
2.941685000
2.856502000
3.255301000
2.525269000
2.660028000
2.011490000
1.738832000
-1.321778000
-0.420181000
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6.153202000

-3.530612000

Free Energy =-1362.065939

Energy = -1362.439763

N
C
C
H
C
C
C
H
C
C
H
C
H
C
C
H
C
H
C
C
C

2.488586000
3.224582000
4.549771000
5.028879000
5.248667000
4.633956000
3.309375000
2.794432000
3.094071000
3.888145000
4.035771000
4.478753000
5.101479000
4.271144000
3.473455000
3.311250000
2.883163000
2.258113000
1.169967000
0.573479000
-0.735368000

-0.249355000
0.940937000
0.963000000
0.017047000
2.177337000
3.386036000
3.377596000
4.304945000

-1.508240000

-2.177952000

-1.730667000

-3.406689000

-3.935262000

-3.960314000

-3.285198000

-3.717691000

-2.054030000

-1.509618000

-0.208838000
1.059426000
1.151094000

-1.877487000

-0.227352000
-0.091993000
0.392046000
0.680507000
0.501468000
0.133442000
-0.342722000
-0.634908000
0.113952000
-0.834268000
-1.828578000
-0.494817000
-1.232777000
0.781645000
1.723507000
2.722707000
1.393040000
2.116570000
-0.671855000
-0.986348000
-1.407258000
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-1.132536000
-1.603147000
-0.926902000

0.395234000

0.869046000
2.610898000
-2.476532000
-1.501710000

5.177287000

6.282217000
-2.432732000
-4.196540000
-2.711763000
-1.905256000
-3.237636000
-2.732865000
-1.760660000
-3.082084000
-3.769479000
-4.743656000
-3.439986000
-3.919109000
-3.622595000
-4.830442000
-5.135160000
-5.624751000
-6.561726000

2.142626000
-0.016471000
-1.300160000
-1.382310000
-2.362562000

2.169837000

0.026531000
-2.223035000

4.339149000

2.171129000

2.308227000

1.839039000

0.074588000
-0.015537000

1.452937000

3.721263000

4.226200000

3.934629000

4.152552000

3.661389000

3.896120000

5.250665000
-1.084088000
-1.093553000
-0.174120000
-2.249166000
-2.233997000

-1.667878000
-1.397842000
-1.291574000
-0.880700000
-0.729465000
-0.453822000
-2.073200000
-1.456175000
0.216637000
0.879242000
0.863820000
-0.504926000
0.247551000
0.994036000
0.164996000
0.756306000
0.921212000
-0.274779000
1.784859000
1.590267000
2.812356000
1.733359000
0.205305000
-0.540847000
-1.060198000
-0.599840000
-1.179656000
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-5.233465000
-5.859221000
-4.032892000
-3.714757000
-3.237779000
-2.298175000

1.314857000
4.733845000

-3.424239000
-4.329060000
-3.432017000
-4.344773000
-2.278346000
-2.289374000
2.224606000
-4.924174000

Free Energy =-1361.526921

Energy =-1361.892215

N
C
C
H
C
C
C
H
C
C
C
H
C
O

2.700921000
3.253316000
4.642021000
5.323723000
5.152673000
4.284401000
2.892867000
2.178670000
1.307415000
0.479559000
-0.910867000
-1.503277000
-1.532077000
-3.950854000

-0.057197000
0.974569000
1.121005000
0.402550000
2.170353000
3.087577000
2.950992000
3.649645000
0.146694000

0.809759000
0.758218000
1.528557000
-0.251946000
1.691276000

0.069958000
0.018128000
0.805364000
1.334006000
0.869953000
1.445672000
-0.918485000
1.044062000

0.062196000
-0.716957000
-0.908386000
-0.431733000
-1.697396000
-2.306272000
-2.122631000
-2.583871000

0.208943000
-0.434441000
-0.314497000
-0.829462000

0.455412000
-0.413720000
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-3.052837000
-3.285231000
-3.882420000
-3.687906000
-4.407526000
-5.387771000
-3.719778000
-4.523019000
-4.920102000
-3.533785000
-5.212588000
-3.649703000
-3.358130000
-2.673251000
-3.929849000
-3.692991000
-4.797820000
-5.241565000
-5.090867000
-5.765764000
-4.520652000
-4.752211000
-0.716689000

0.683400000

1.306844000

2.385274000

6.241582000

-0.372412000
-0.842718000
1.439839000
1.021031000
2.787473000
2.847724000
3.495496000
3.063169000
4.085768000
2.994392000
2.344274000
-1.240255000
-1.005668000
-0.191212000
-1.809796000
-1.615667000
-2.862575000
-3.494946000
-3.104736000
-3.928269000
-2.295674000
-2.486348000
-1.197933000
-1.148671000
-1.895433000
1.910031000
2.261127000

0.554659000
1.529566000
1.839894000
0.573863000
2.002641000
1.484781000
1.494041000
3.488908000
3.648434000
3.984993000
3.975852000
-0.548602000
-1.908806000
-2.186535000
-2.908298000
-3.966421000
-2.562516000
-3.347491000
-1.209270000
-0.927270000
-0.210197000
0.850418000
1.099652000
0.978607000
1.489972000
-1.340116000
-1.830079000
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4.676059000
-1.175911000
3.555022000
4.045648000
3.895206000
4.881563000
3.766541000
4.730640000
3.500204000
5.223748000
5.266936000
4.998011000
5.878532000
1.009750000

3.909647000
-1.994433000
-1.015017000
-0.758622000
-2.205132000
-1.699210000
0.178254000
-3.142718000
-2.384769000
-2.890320000
-1.501202000
-4.074574000
-3.626286000

1.831136000

Free Energy = -1146.882291

Energy =-1147.08992

C
C
H
C
C
C
H
C

1.821333000
2.472706000
3.565371000
1.739526000
0.346642000
-0.306104000
-1.395291000
1.821333000

1.361582000
2.587842000
2.639276000
3.736975000
3.639319000
2.407723000
2.349318000
-1.361582000

-2.923838000
1.705440000
0.702639000
1.996738000
0.032565000
2.621729000
2.502011000
0.662608000
-0.978684000
1.955808000
3.633849000
0.140825000
2.447573000
-1.200684000

0.128250000
-0.090932000
0.037816000
-0.436218000
-0.576903000
-0.398020000
-0.524444000
0.128250000
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-0.239837000
0.415968000
-0.306104000
-1.395291000
0.346642000
1.739525000
2.472706000
3.565371000
-1.680618000
-2.346397000
-1.752479000
-3.751615000
-4.273578000
-4.486984000
-3.817111000
-4.391041000
-2.413233000
-1.876319000
0.415968000
-0.250180000
2.256823000
-0.250180000
2.256823000
-5.587583000
2.768832000

0.000000000
-1.242508000
-2.407723000
-2.349318000
-3.639319000
-3.736975000
-2.587842000
-2.639276000
0.000000000
-0.000001000
-0.000001000
-0.000001000
-0.000001000
-0.000000000
0.000001000
0.000001000
0.000001000
0.000001000
1.242508000
-4.526708000
-4.696591000
4.526708000
4.696591000
-0.000000000
-0.000000000

0.129774000
-0.047080000
-0.398021000
-0.524445000
-0.576904000
-0.436219000
-0.090932000

0.037816000
0.145634000

1.383612000

2.309853000

1.419374000

2.388749000

0.220737000
-1.016939000
-1.956447000
-1.057653000
-2.018401000
-0.047080000
-0.838464000
-0.585777000
-0.838463000
-0.585777000

0.250078000
0.776358000
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Free Energy = -4259.541887

Energy = -4259.912824

N
C
C
H
C
C
C
H
C
C
H
C
H
C
C
H
C
H
C
C
C
H
C
C

-2.381336000
-3.387626000
-4.632384000
-4.803474000
-5.645542000
-5.437974000
-4.207229000
-4.025153000
-2.717414000
-3.317845000
-3.532674000
-3.630049000
-4.099789000
-3.340605000
-2.738492000
-2.510467000
-2.424499000
-1.948891000
-1.078947000
-0.599513000

0.760721000

1.118682000

1.695051000

1.197844000

0.123652000
-0.769781000
-0.256967000

0.826586000
-1.112208000
-2.502198000
-3.025983000
-4.111414000

1.534977000

2.090036000

1.451060000

3.460188000

3.907109000

4.255997000

3.685434000

4.306915000

2.317338000

1.853998000
-0.219789000
-1.578382000
-1.849221000
-2.884914000
-0.805061000

0.506278000

-0.787107000
-0.337156000
0.100060000
0.085502000
0.549992000
0.582062000
0.164351000
0.193669000
-0.804503000
-1.945201000
-2.814293000
-1.950978000
-2.840179000
-0.827939000
0.308558000
1.187563000
0.325608000
1.202243000
-1.081074000
-1.006921000
-1.142096000
-1.041615000
-1.359015000
-1.592193000
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-0.146152000
-0.499388000
-3.183584000
2.759017000
1.899883000
-6.228437000
-6.602798000
5.227164000
0.235118000
1.645587000
2.469099000
3.347267000
1.432267000
-0.823589000
-0.765076000
-1.758716000
-0.729740000
-1.588307000
0.203941000
-0.761516000
2.682541000
1.725013000
0.764677000
2.009376000
1.265410000
3.241341000
3.454976000

0.799927000
1.829262000
-2.174304000
-1.051516000
1.315229000
-3.180078000
-0.683144000
-1.580632000
-0.324004000
-2.083818000
-0.174216000
-0.787641000
-0.953206000
-1.060470000
-2.122023000
-0.619281000
-0.910789000
-1.428179000
-1.364765000
0.156872000
1.245896000
2.188302000
1.825564000
3.555390000
4.275722000
4.017553000
5.097555000

-1.444018000
-1.574671000
-0.294300000
-1.551125000
-1.840747000
0.936426000
0.880770000
-0.992601000
1.645140000
1.960821000
0.821644000
0.533787000
1.536220000
2.323496000
2.009621000
1.929050000
3.833009000
4.307482000
4.218665000
4.129449000
0.879832000
1.365293000
1.751831000
1.333872000
1.707119000
0.823497000
0.801037000
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4.199380000
5.159818000
3.929140000
4.652494000
-1.690427000
-3.585233000

3.099794000
3.463729000
1.729752000
0.989951000
-2.952641000
5.329064000

Free Energy =-1685.072431

Energy = -1685.44394

T QO O =-m O @D O o @m O a o @m o a z

-2.220547000
-3.076017000
-4.188942000
-4.386308000
-5.040670000
-4.794956000
-3.692124000
-3.482113000
-2.635883000
-3.422837000
-3.705694000
-3.834010000
-4.450452000
-3.456494000
-2.667091000
-2.371514000

0.577947000
-0.465796000
-0.187164000

0.849115000
-1.212038000
-2.546852000
-2.841858000
-3.880449000

1.930837000

2.618959000

2.117187000

3.934417000

4.478117000

4.553549000

3.857650000

4.340896000

0.344405000
-0.051992000
0.371270000
-0.016658000
-0.823002000
-0.838458000

-0.375323000
0.047265000
0.878404000
1.182756000
1.315785000
0.951888000
0.134132000

-0.166002000

-0.089273000

-1.027750000

-1.965063000

-0.752219000

-1.484459000
0.452843000
1.387151000
2.331009000
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-2.254911000
-1.638837000
-0.915791000
-0.433766000
0.898218000
1.234442000
1.875316000
1.312973000
-0.017495000
-0.396403000
-2.847659000
2.807658000
1.976570000
-5.454091000
-5.899195000
1.927682000
3.921046000
2.755678000
1.905117000
2.985964000
1.879317000
2.210942000
2.606243000
0.455238000
0.137828000
-0.245944000
0.382107000

2.542154000

1.982218000

0.382705000
-0.917427000
-1.119910000
-2.121837000
-0.052398000

1.286719000

1.482929000

2.503764000
-1.817341000
-0.174671000

2.156271000
-3.356437000
-0.957995000
-2.366330000
-2.360645000
-0.281887000

0.007550000
-1.743721000
-3.810186000
-4.120629000
-4.234238000
-4.243221000
-3.908090000
-3.820873000
-5.349088000

1.119442000
1.839014000
-0.841936000
-1.220098000
-1.531701000
-1.839058000
-1.392787000
-1.325513000
-0.993909000
-0.850580000
-0.331851000
-1.971807000
-1.441567000
1.299364000
1.955963000
0.988470000
-0.112749000
0.369272000
1.008253000
0.397699000
0.903245000
-0.110000000
1.629944000
1.200685000
2.209141000
0.451254000
1.165002000
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3.880643000
5.145967000
5.315416000
6.161663000
7.139243000
5.940712000
6.740492000
4.687141000
4.501705000
3.670428000
2.690787000
-3.778808000
-1.581804000

0.669382000
0.388159000
-0.606710000
1.356338000
1.116693000
2.628455000
3.385583000
2.924451000
3.915886000
1.958241000
2.193242000
5.584442000
-2.248791000

Free Energy =-1684.533234

Energy = -1684.895823

N
C
C
H
C
C
C
H
C

2.651350000
3.312240000
4.636327000
5.162041000
5.291613000
4.635328000
3.317738000
2.783802000
1.242926000

-0.054998000
0.963434000
0.784989000

-0.154038000
1.792891000
2.995205000
3.187149000
4.125955000

-0.171931000

0.397265000
-0.182338000
-0.617755000
-0.182991000
-0.631466000

0.379005000

0.373108000
0.947448000

1.390554000
0.954677000

1.401327000

0.665758000
-1.499140000

0.257210000
-0.471877000
-0.937573000
-0.719408000
-1.665194000
-1.970154000
-1.518223000
-1.734205000
0.301798000
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0.401710000
-0.996305000
-1.612820000
-1.610552000
-4.069719000
-3.127116000
-3.379413000
-4.087589000
-3.820971000
-4.677147000
-5.629474000
-3.992922000
-4.883874000
-5.330846000
-3.920902000
-5.568485000
-3.644947000
-3.265705000
-2.561924000
-3.772090000
-3.466818000
-4.661344000
-5.053819000
-5.041065000
-5.732790000
-4.536165000
-4.835578000

0.951917000
0.819424000
1.712657000
-0.420987000
1.652726000
-0.604507000
-1.422056000
0.544384000
0.657138000
1.709309000
1.951838000
2.572051000
1.374552000
2.244642000
1.132315000
0.510522000
-0.984978000
-0.262886000
0.577611000
-0.616639000
-0.044581000
-1.699894000
-1.978957000
-2.426887000
-3.279205000
-2.068464000
-2.638955000

0.088429000
0.088789000
-0.095819000
0.356247000
0.182656000
0.323391000
1.026068000
2.162346000
0.846521000
2.805971000
2.289472000
2.662812000
4.270000000
4.791519000
4.763363000
4.389034000
-1.060160000
-2.210805000
-2.119630000
-3.472221000
-4.362666000
-3.601455000
-4.591935000
-2.459745000
-2.550529000
-1.197136000
-0.302843000

122



o - T©T O T O & O O O O & v o @m =m O - O 0O

-0.780121000
0.617051000
1.235082000
2.670238000
6.326037000
5.139833000
1.089886000

-1.228985000
3.430196000
3.944432000
3.672403000
4.705064000
3.741545000
4.432585000
3.262261000
4.949111000
5.108190000
4.622716000
5.544726000

-1.527503000
-1.411641000
-2.298306000
2.198831000
1.622304000
3.783579000
2.588958000
-2.508502000
-1.193192000
-1.222805000
-2.260888000
-2.326040000
-0.376907000
-3.361145000
-2.221229000
-3.394569000
-2.350288000
-4.196678000
-4.258256000

0.611723000
0.572428000
0.765862000
-0.756681000
-2.001131000
-2.548681000

0.033602000
0.832883000
0.674786000
1.982574000
-0.211607000
2.407082000
2.656323000
0.217348000
-1.232155000
1.526001000
3.431273000
-0.473869000
1.859855000
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Coordinates and energies (in hatree) of the calculated structures at the uM06/6-311+G**(CPCM,
SOL=H,0)//uM06/6-31G** level of theory.

1a

Ground state

Free Energy =-1262.988967

Energy = -1263.34924

QO @&m & T T =&m =D =T O 0 0o @m a0 0 0 0o o o o o 0

-0.691044000
-1.383858000
-0.705126000
0.705142000
1.383892000
0.691095000
0.705126000
-0.705142000
-1.383891000
-2.470297000
-0.691093000
0.691047000
1.383860000
-1.247789000
-2.470264000
2.470297000
1.247853000
-1.247850000
1.247792000
2.470266000
-2.811261000

3.638835000
2.431619000
1.222945000
1.222935000
2.431600000
3.638825000
-1.222985000
-1.222974000
-2.431639000
-2.429354000
-3.638867000
-3.638877000
-2.431660000
4.569213000
2.429350000
2.429316000
4.569195000
-4.569237000
-4.569256000
-2.429390000
-0.000005000

-0.432337000
-0.331435000
-0.223161000
-0.223153000
-0.331427000
-0.432335000
-0.223121000
-0.223134000
-0.331403000
-0.325594000
-0.432280000
-0.432262000
-0.331370000
-0.508555000
-0.325606000
-0.325594000
-0.508553000
-0.508493000
-0.508458000
-0.325532000
-0.031843000
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-3.570743000
-3.456419000
-4.952161000
-3.056501000
-4.847065000
-2.855173000
-5.597901000
-5.564226000
-5.328292000
2.811259000
3.570737000
3.456422000
4.952155000
3.056492000
4.847069000
2.855179000
5.597900000
5.564217000
5.328299000
-1.388146000
1.388144000
-6.951954000
-7.650518000
-7.423584000
-8.713032000
-7.424057000
6.951952000

0.000061000
-0.000091000

0.000055000

0.000128000
-0.000110000
-0.000154000
-0.000031000

0.000114000
-0.000199000
-0.000038000
-0.000044000
-0.000043000
-0.000046000
-0.000038000
-0.000051000
-0.000044000
-0.000047000
-0.000043000
-0.000070000
-0.000008000
-0.000027000
-0.000068000

0.000273000

0.894355000

0.000512000
-0.893770000
-0.000075000

-1.205097000
1.197027000
-1.143123000
-2.164432000
1.274049000
2.103526000
0.098405000
-2.041125000
2.247204000
-0.031827000
-1.205083000
1.197041000
-1.143114000
-2.164417000
1.274058000
2.103543000
0.098412000
-2.041119000
2.247212000
-0.086713000
-0.086691000
0.053043000
1.273896000
1.871910000
1.023678000
1.872151000
0.053044000
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C 7.650522000
H 8.713034000
H 7.423620000
H 7.424032000
Triplet excited state

0.000290000
0.000484000
0.894403000
-0.893722000

Free Energy =-1262.90124

Energy =-1263.25392

C
C
C
C
C
C
C
C
C
H
C
C
C
H
H
H
H
H

0.698198000
1.417061000
0.708520000
-0.708526000
-1.417074000
-0.698217000
-0.708520000
0.708526000
1.417075000
2.500815000
0.698217000
-0.698198000
-1.417062000
1.236497000
2.500801000
-2.500814000
-1.236521000
1.236520000

-3.626038000
-2.435117000
-1.212113000
-1.212109000
-2.435110000
-3.626034000
1.212117000
1.212113000
2.435114000
2.429337000
3.626038000
3.626041000
2.435121000
-4.570511000
-2.429346000
-2.429333000
-4.570505000
4.570509000

1.273895000
1.023673000
1.871875000
1.872185000

-0.148593000
-0.150147000
-0.159071000
-0.159076000
-0.150170000
-0.148607000
-0.159026000
-0.159034000
-0.150089000
-0.150581000
-0.148483000
-0.148468000
-0.150063000
-0.144937000
-0.150604000
-0.150653000
-0.144964000
-0.144811000
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-1.236496000
-2.500803000
2.811426000
3.533362000
3.454335000
4.923707000
3.001578000
4.853311000
2.862965000
5.581034000
5.524355000
5.350443000
-2.811426000
-3.533363000
-3.454334000
-4.923708000
-3.001580000
-4.853310000
-2.862962000
-5.581034000
-5.524358000
-5.350441000
1.374101000
-1.374101000
6.934890000
7.651011000
7.432651000

4.570515000
2.429350000
-0.000005000
-0.000054000
0.000042000
-0.000056000
-0.000091000
0.000042000
0.000082000
-0.000008000
-0.000094000
0.000083000
0.000009000
0.000062000
-0.000039000
0.000066000
0.000099000
-0.000035000
-0.000079000
0.000017000
0.000105000
-0.000070000
-0.000002000
0.000006000
-0.000009000
-0.000003000
-0.893849000

-0.144781000
-0.150526000
-0.121307000
-1.310515000
1.107259000
-1.265609000
-2.259209000
1.160719000
2.019946000
-0.029364000
-2.170403000
2.125179000
-0.121304000
-1.310511000
1.107263000
-1.265603000
-2.259205000
1.160724000
2.019949000
-0.029357000
-2.170396000
2.125185000
-0.160109000
-0.160107000
-0.093364000
1.116729000
1.718355000
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8.709947000

7.432704000
-6.934891000
-7.651010000
-8.709946000
-7.432655000
-7.432696000

Cation Radical

-0.000039000
0.893884000
0.000028000

-0.000059000

-0.000067000

-0.893956000
0.893778000

Free Energy =-1262.819185

Energy = -1263.181398

oD oD O O o @m o o 0 0o o o o o 0o

-0.701082000
-1.398919000
-0.709892000
0.709598000
1.398344000
0.700230000
0.709893000
-0.709597000
-1.398340000
-2.483359000
-0.700222000
0.701090000
1.398923000
-1.245273000
-2.483936000

-3.618002000
-2.429135000
-1.207044000
-1.207223000
-2.429471000
-3.618176000
1.206948000
1.207129000
2.429381000
2.425407000
3.618084000
3.617905000
2.429036000
-4.557536000
-2.424943000

0.851257000
1.718315000
-0.093356000
1.116738000
0.851267000
1.718291000
1.718396000

0.190023000
0.177575000
0.167230000
0.167207000
0.177461000
0.189949000
0.167216000
0.167173000
0.177398000
0.176964000
0.189880000
0.189972000
0.177549000
0.200337000
0.177249000
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2.483364000
1.244195000
-1.244183000
1.245285000
2.483941000
-2.829964000
-3.559802000
-3.472933000
-4.940091000
-3.038786000
-4.861966000
-2.885216000
-5.602227000
-5.541882000
-5.354772000
2.829962000
3.559806000
3.472926000
4.940102000
3.038806000
4.861951000
2.885193000
5.602226000
5.541880000
5.354775000
-1.388706000
1.388706000

-2.425493000
-4.557841000
4.557752000
4.557437000
2.424844000
0.000245000
0.000234000
0.000180000
0.000179000
0.000274000
0.000100000
0.000131000
0.000115000
0.000177000
-0.000062000
-0.000334000
-0.000020000
-0.000572000
0.000076000
0.000149000
-0.000475000
-0.000818000
-0.000118000
0.000319000
-0.000692000
0.000127000
-0.000222000

0.177044000
0.200183000
0.200093000
0.200282000
0.177234000
0.107965000
1.296778000
1.121329000

1.245092000
2.251958000
-1.178963000
-2.037130000
0.008187000
2.149242000
-2.145651000
0.107985000
1.296784000
-1.121321000
1.245096000
2.251974000
-1.178957000
-2.037111000
0.008196000
2.149254000
-2.145635000
0.152588000
0.152606000
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O  -6.941321000
C  -7.675760000
H  -7.463203000
H  -8.728593000
H  -7.462379000
O 6.941327000
C 7.675743000
H 8.728579000
H 7.463179000
H 7.462346000
1b

Ground state

-0.000026000
0.000328000
-0.896226000
0.000812000
0.896700000
0.000082000
0.000371000
0.000891000
-0.896227000
0.896701000

Free Energy =-1034.056502

Energy =-1034.358639

O @=m o a0 0 0 o o o o 0

-0.690974000
-1.383329000
-0.705031000
0.705048000
1.383364000
0.691027000
0.705035000
-0.705045000
-1.383356000
-2.469797000
-0.691014000

-3.646094000
-2.436538000
-1.224748000
-1.224740000
-2.436523000
-3.646087000
1.224745000
1.224736000
2.436519000
2.434800000
3.646083000

0.070096000
-1.139321000
-1.735989000
-0.856448000
-1.735968000

0.070081000
-1.139349000
-0.856494000
-1.735953000
-1.736059000

0.081743000
0.013477000
-0.058947000
-0.059009000
0.013365000
0.081690000
-0.059024000
-0.058951000
0.013491000
0.011315000
0.081742000
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0.690987000
1.383337000
-1.248021000
-2.469771000
2.469805000
1.248089000
-1.248071000
1.248037000
2.469778000
-2.815457000
-3.442477000
-3.574193000
-4.829992000
-2.826544000
-4.963169000
-3.060289000
-5.590573000
-5.319966000
-5.556651000
2.815454000
3.442395000
3.574263000
4.829905000
2.826408000
4.963235000
3.060417000
5.590560000

3.646093000
2.436538000
-4.577870000
-2.434830000
-2.434805000
-4.577857000
4.577852000
4.577870000
2.434833000
-0.000016000
-0.000007000
-0.000019000
0.000002000
-0.000006000
-0.000007000
-0.000024000
0.000004000
0.000010000
-0.000007000
0.000011000
0.000037000
-0.000016000
0.000037000
0.000057000
-0.000017000
-0.000038000
0.000010000

0.081658000
0.013326000
0.133231000
0.011278000
0.011074000
0.133136000
0.133245000
0.133086000
0.011017000
-0.072227000
1.172331000
-1.238725000
1.247814000
2.069665000
-1.160073000
-2.197400000
0.081561000
2.218466000
-2.071069000
-0.072278000
1.172320000
-1.238728000
1.247889000
2.069617000
-1.159990000
-2.197433000
0.081683000
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5.319817000
5.556774000
-1.392067000
1.392067000
6.676221000
-6.676238000

Triplet excited state

0.000057000
-0.000038000
-0.000011000

0.000005000

0.000010000

0.000013000

Free Energy =-1033.96799

Energy =-1034.26247

C
C
C
C
C
C
C
C
C
H
C
C
C
H
H

0.697070000
1.418664000
0.707636000
-0.707637000
-1.418665000
-0.697071000
-0.707636000
0.707636000
1.418664000
2.502234000
0.697071000
-0.697070000
-1.418664000
1.234822000
2.502233000

3.627950000
2.436488000
1.213729000
1.213729000
2.436488000
3.627950000
-1.213731000
-1.213731000
-2.436489000
-2.432114000
-3.627951000
-3.627952000
-2.436489000
4.572780000
2432113000

2.218572000

-2.070948000
-0.152555000
-0.152709000
0.141676000

0.141483000

-0.034385000
-0.036022000
-0.041509000
-0.041500000
-0.036003000
-0.034375000
-0.041511000
-0.041516000
-0.036036000
-0.036094000
-0.034409000
-0.034406000
-0.036028000
-0.031681000
-0.036086000
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-2.502234000
-1.234823000
1.234823000
-1.234821000
-2.502233000
2.808703000
3.445713000
3.519613000
4.842786000
2.848140000
4.916922000
2.979040000
5.567918000
5.358135000
5.489974000
-2.808703000
-3.445701000
-3.519625000
-4.842774000
-2.848120000
-4.916933000
-2.979061000
-5.567918000
-5.358114000
-5.489994000
1.370501000
-1.370501000

2.432113000
4.572779000
-4.572780000
-4.572781000
-2.432115000
0.000000000
0.000003000
-0.000001000
0.000004000
0.000005000
-0.000001000
-0.000004000
0.000002000
0.000006000
-0.000002000
-0.000001000
-0.000019000
0.000018000
-0.000018000
-0.000034000
0.000020000
0.000032000
0.000002000
-0.000031000
0.000035000
-0.000000000
-0.000001000

-0.036051000
-0.031664000
-0.031710000
-0.031705000
-0.036083000
-0.001563000
1.232657000
-1.194004000
1.271373000
2.141248000
-1.146478000
-2.137649000
0.083773000
2.228113000
-2.069761000
-0.001536000
1.232690000
-1.193970000
1.271419000
2.141276000
-1.146431000
-2.137620000
0.083826000
2.228165000
-2.069708000
-0.039404000
-0.039390000
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H -6.655108000
H 6.655109000
Cation Radical

0.000003000
0.000002000

Free Energy = -1033.885125

Energy =-1034.189592

C
C
C
C
C
C
C
C
C
H
C
C
C
H
H
H
H
H
H
H

-0.700737000
-1.398976000
-0.709719000
0.709665000
1.398879000
0.700597000
0.709719000
-0.709665000
-1.398880000
-2.483948000
-0.700597000
0.700737000
1.398976000
-1.244732000
-2.484045000
2.483948000
1.244558000
-1.244558000
1.244732000
2.484045000

-3.618775000
-2.430001000
-1.208152000
-1.208182000
-2.430055000
-3.618804000
1.208159000
1.208188000
2.430062000
2.427981000
3.618811000
3.618782000
2.430008000
-4.558406000
-2.427889000
-2.427974000
-4.558454000
4.558461000
4.558413000
2.427897000

0.117144000
0.117080000

-0.061816000
-0.055780000
-0.051191000
-0.051183000
-0.055765000
-0.061811000
-0.051155000
-0.051150000
-0.055712000
-0.054760000
-0.061733000
-0.061736000
-0.055722000
-0.066441000
-0.054831000
-0.054805000
-0.066425000
-0.066334000
-0.066345000
-0.054778000
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1c

-2.829440000
-3.458083000
-3.551562000
-4.847441000
-2.860322000
-4.940979000
-3.026162000
-5.585353000
-5.353806000
-5.520287000
2.829440000
3.458084000
3.551561000
4.847443000
2.860324000
4.940978000
3.026160000
5.585354000
5.353808000
5.520285000
-1.386380000
1.386380000
6.670963000
-6.670963000

0.000046000
-0.000062000
0.000140000
-0.000076000
-0.000124000
0.000110000
0.000230000
0.000003000
-0.000158000
0.000184000
-0.000044000
-0.000090000
0.000008000
-0.000084000
-0.000141000
0.000026000
0.000035000
-0.000019000
-0.000122000
0.000064000
0.000033000
-0.000027000
0.000007000
-0.000030000

0.006787000
1.246524000
-1.180851000
1.294301000
2.155492000
-1.119838000
-2.133469000
0.113925000
2.255332000
-2.038739000
0.006788000
1.246525000
-1.180850000
1.294300000
2.155493000
-1.119839000
-2.133469000
0.113923000
2.255331000
-2.038741000
-0.041850000
-0.041848000
0.155852000
0.155855000
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Ground state

Free Energy =-1112.59819

Energy =-1112.94846

o 0o o Q & &m @&m & & =T =m OO a0 o & 0 o o o o o o a0

-0.692695000
-1.384374000
-0.705692000
0.704566000
1.382149000
0.689307000
0.705688000
-0.704570000
-1.382159000
-2.468600000
-0.689323000
0.692679000
1.384365000
-1.250219000
-2.470795000
2.468590000
1.245982000
-1.246002000
1.250199000
2.470785000
-2.815943000
-3.448781000
-3.578569000
-4.834740000

-3.645744000
-2.435720000
-1.224049000
-1.224714000
-2.436986000
-3.646368000
1.224040000
1.224705000
2.436979000
2.435127000
3.646361000
3.645734000
2.435709000
-4.577344000
-2.432761000
-2.435132000
-4.578454000
4.578447000
4.577334000
2.432748000
0.001226000
0.001411000
0.007551000
0.006720000

0.065002000
-0.002478000
-0.073763000
-0.073638000
-0.001891000

0.065351000
-0.073693000
-0.073725000
-0.002064000
-0.004083000

0.065253000
0.065064000
-0.002330000

0.115610000
-0.004969000
-0.003782000

0.116312000

0.116144000

0.115736000
-0.004689000
-0.086905000

1.154678000
-1.249784000

1.226325000
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-2.838009000
-4.966575000
-3.069673000
-5.614890000
-5.326433000
-5.560469000
2.815946000
3.448850000
3.578509000
4.834815000
2.838125000
4.966519000
3.069564000
5.614901000
5.326559000
5.560364000
-1.392682000
1.392682000
7.111634000
7.485519000
7.474068000
7.573592000
-7.111618000
-7.485493000
-7.474002000
-7.573632000

0.001821000
0.012864000
0.012722000
0.009316000
0.010958000
0.021608000
-0.001233000
-0.001378000
-0.007586000
-0.006679000
-0.001765000
-0.012889000
-0.012787000
-0.009302000
-0.010887000
-0.021656000
0.000627000
-0.000637000
0.014827000
1.038860000
-0.566982000
-0.389987000
-0.014797000
-1.038802000
0.567204000
0.389812000

2.055677000
-1.168855000
-2.211247000
0.066761000
2.198391000
-2.081805000
-0.086815000
1.154732000
-1.249738000
1.226306000
2.055762000
-1.168881000
-2.211174000
0.066701000
2.198346000
-2.081862000
-0.165794000
-0.165621000
0.152862000
0.279226000
1.007344000
-0.753535000
0.153015000
0.279637000
1.007388000
-0.753445000
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Triplet excited state

Free Energy =-1112.51007

Energy =-1112.85267

C
C
C
C
C
C
C
C
C
H
C
C
C
H
H
H
H
H
H
H
C
C
C

0.697945000
1.418391000
0.708053000
-0.707746000
-1.417715000
-0.696925000
-0.708067000
0.707731000
1.417720000
2.501341000
0.696933000
-0.697936000
-1.418393000
1.236068000
2.502007000
-2.501337000
-1.234796000
1.234805000
-1.236056000
-2.502009000
2.809956000
3.462374000
3.516054000

3.627090000
2.435721000
1.212898000
1.213102000
2.436085000
3.627282000
-1.212890000
-1.213082000
-2.436071000
-2.430986000
-3.627263000
-3.627080000
-2.435709000
4.571705000
2.430316000
2.431014000
4.572035000
-4.572017000
-4.571699000
-2.430321000
-0.000388000
-0.003353000
0.002001000

-0.056840000
-0.050785000
-0.042993000
-0.043280000
-0.052128000
-0.057640000
-0.042910000
-0.043342000
-0.052292000
-0.053274000
-0.057705000
-0.056711000
-0.050578000
-0.062756000
-0.050313000
-0.052931000
-0.064332000
-0.064472000
-0.062536000
-0.049930000
-0.001849000
1.223710000
-1.197455000
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4.856158000
2.875692000
4.913905000
2.974719000
5.593770000
5.380402000
5.480785000
-2.809960000
-3.462162000
-3.516275000
-4.855939000
-2.875320000
-4.914114000
-2.975106000
-5.593764000
-5.380014000
-5.481157000
1.371782000
-1.371799000
-7.092326000
-7.471521000
-7.473162000
-7.529919000
7.092339000
7.471585000
7.473303000
7.529766000

-0.003826000
-0.005603000
0.001576000
0.003913000
-0.000978000
-0.006505000
0.003189000
0.000400000
0.003362000

0.002032000
0.003786000
0.005620000
-0.001655000
-0.003967000
0.000914000
0.006440000
-0.003321000
-0.000179000
0.000193000
-0.001416000
-0.895340000
0.865308000
0.022409000
0.001479000
0.896319000
-0.864255000
-0.024042000

1.250860000
2.139749000
-1.155138000
-2.140593000
0.060433000
2.205112000
-2.084462000
-0.001483000
1.224197000
-1.196951000
1.251589000
2.140133000
-1.154394000
-2.140186000
0.061305000
2.205936000
-2.083619000
-0.029787000
-0.029664000
0.109836000
0.620077000
0.663605000
-0.893049000
0.108707000
0.617297000
0.663925000
-0.894211000
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Cation Radical

Free Energy =-1112.42764

Energy =-1112.780431

C
C
C
C
C
C
C
C
C
H
C
C
C
H
H
H
H
H
H
H
C
C

-0.699337000
-1.397924000
-0.709242000
0.710155000
1.399740000
0.701970000
0.709242000
-0.710155000
-1.399740000
-2.484800000
-0.701970000
0.699337000
1.397924000
-1.242979000
-2.482964000
2.484800000
1.246316000
-1.246316000
1.242979000
2.482964000
-2.829755000
-3.464372000

-3.618591000
-2.430066000
-1.207842000
-1.207312000
-2.429062000
-3.618075000
1.207845000
1.207315000
2.429065000
2.425527000
3.618077000
3.618594000
2.430068000
-4.558462000
-2.427058000
-2.425524000
-4.557534000
4.557537000
4.558465000
2.427061000
-0.000890000
0.005168000

-0.077069000
-0.070747000
-0.066451000
-0.066676000
-0.071665000
-0.077636000
-0.066453000
-0.066669000
-0.071651000
-0.071024000
-0.077623000
-0.077063000
-0.070747000
-0.081492000
-0.069364000
-0.071047000
-0.082597000
-0.082578000
-0.081486000
-0.069368000
-0.008600000
1.227929000
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-3.557653000
-4.851866000
-2.871691000
-4.945220000
-3.037821000
-5.612810000
-5.357647000
-5.524094000
2.829756000
3.464375000
3.557650000
4.851865000
2.871694000
4.945221000
3.037819000
5.612810000
5.357650000
5.524092000
-1.387278000
1.387278000
7.108630000
7.481568000
7.483559000
7.553767000
-7.108631000
-7.481600000
-7.483568000

-0.000399000
0.011279000
0.009564000
0.005545000

-0.000345000
0.008612000
0.020320000
0.009997000
0.000891000

-0.005184000
0.000417000

-0.011297000

-0.009591000

-0.005527000
0.000378000

-0.008614000

-0.020352000

-0.009963000

-0.000549000
0.000551000

0.012970000
1.043336000

-0.508510000

-0.451443000

-0.012984000

-1.043388000
0.507637000

-1.192312000
1.272669000
2.140418000

-1.128304000

-2.148184000
0.099724000
2.236111000

-2.049655000

-0.008612000
1.227920000
-1.192321000
1.272658000
2.140409000

-1.128315000

-2.148193000
0.099708000
2.236098000

-2.049668000

-0.057154000

-0.057162000

0.159038000
0.207766000
1.044984000

-0.725978000
0.159014000
0.206699000
1.045457000
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H -7.553731000
3a
Ground state

0.452308000

Free Energy =-3411.684767

Energy =-3412.705503

N
C
O
C
H
O
C
O
C
H
O
O
C
C
H
H
C
H
H
H

0.000032000
1.212252000
4.369084000
2.430565000
2.404478000
4.520588000
3.659040000
4.520317000
4.952308000
5.566085000
4.369441000
-0.000355000
4.622382000
3.793960000
4.502896000
2.895396000
3.460155000
2.966666000
2.778537000
4.360331000

-1.360392000
-0.672364000

3.450240000
-1.303769000
-2.332441000

3.543591000
-0.670737000
-3.544171000
-1.446994000
-1.330071000
-3.449879000
-6.878469000
-2.926679000
-4.764397000
-5.464725000
-4.750851000
-5.123209000
-6.100775000
-4.380102000
-5.162974000

-0.725562000

0.394073000
0.197871000
0.677204000
0.406700000
0.758011000
-1.563954000
0.202336000
1.564344000
0.417390000
-0.488925000
-0.676819000
-0.365089000
0.532423000
-0.666502000
-0.208184000
-0.030577000
-2.088589000
-2.123221000
-2.516524000
-2.710128000
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5.758387000
5.136320000
4.052110000
5.890178000
5.393456000
7.275952000
7.864265000
7.904923000
8.987646000
7.147988000
7.637296000
3.659069000
2.430631000
2.404623000
4.952370000
5.565767000
4.622366000
3.793455000
4.502535000
2.895209000
3.458889000
2.964793000
2.777506000
4.358761000
5.759008000
7.148607000
7.637512000

-0.986956000
-0.665972000
-0.733178000
-0.263289000
-0.014727000
-0.178094000
0.141706000
-0.503231000
-0.441342000
-0.907894000
-1.160131000
0.670614000
1.303625000
2.332283000
1.446912000
1.330278000
2.926530000
4.764691000
5.464923000
4.750813000
5.124043000
6.101335000
4.380770000
5.164656000
0.986691000
0.908141000
1.160882000

1.611521000
2.817260000
2.889368000
3.912392000
4.847440000
3.816028000
4.672936000
2.619461000
2.536319000
1.524804000
0.583682000
-0.201358000
-0.405997000
-0.757337000
-0.416069000
0.490547000
-0.531747000
0.666117000
0.207877000
0.029757000
2.087884000
2.121763000
2.515912000
2.709805000
-1.609760000
-1.522538000
-0.581343000
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7.906053000
8.988768000
7.277599000
7.866310000
5.891831000
5.395515000
5.137463000
4.053255000
-0.000004000
0.000082000
0.000227000
-0.000019000
0.000044000
-0.000230000
-0.000271000
-0.000381000
-0.000159000
-0.000199000
-0.001076000
-0.001426000
0.893271000
-0.895659000
-1.212164000
0.000079000
-1.212147000
-4.369549000
-2.430478000

0.503351000
0.441861000
0.177572000
-0.142336000
0.262274000
0.013214000
0.665101000
0.731939000
-2.781683000
-3.336428000
-2.671528000
-4.708331000
-5.163721000
-5.551915000
-5.005030000
-5.638651000
-3.618912000
-3.177150000
-7.771792000
-8.777487000
-7.646253000
-7.645395000
-0.672322000
1.360065000
0.672204000
-3.449780000
1.303711000

-2.616794000
-2.533263000
-3.813461000
-4.670054000
-3.910332000
-4.845463000
-2.815603000
-2.888098000
0.239960000
-1.043564000
-1.905811000
-1.211195000
-2.199062000
-0.092725000
1.191319000
2.072409000
1.345923000
2.339883000
0.724533000
0.300641000
1.350710000
1.350199000
0.197865000
-0.394229000
-0.197533000
-0.676793000
-0.405980000
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-2.404436000
-4.520330000
-3.658937000
-4.520342000
-4.952222000
-5.565628000
-4.368903000

0.000048000
-4.622203000
-3.793231000
-4.502323000
-2.895020000
-3.458587000
-2.964432000
-2.777220000
-4.358429000
-5.758851000
-5.137282000
-4.053066000
-5.891634000
-5.395299000
-7.277412000
-7.866112000
-7.905889000
-8.988612000
-7.148459000
-7.637385000

2.332368000
-3.543986000
0.670744000
3.543768000
1.447076000
1.330445000
3.450365000
6.878895000
2.926694000
4.764793000
5.465071000
4.750932000
5.124050000
6.101310000
4.380718000
5.164666000
0.986870000
0.665200000
0.731960000
0.262392000
0.013274000
0.177783000
-0.142113000
0.503633000
0.442213000
0.908407000
1.161205000

-0.757317000
1.564381000
-0.201343000
-1.563901000
-0.416063000
0.490550000
0.677254000
0.359367000
-0.531710000
0.666206000
0.208052000
0.029792000
2.087982000
2.121907000
2.515934000
2.709944000
-1.609761000
-2.815572000
-2.888028000
-3.910318000
-4.845423000
-3.813497000
-4.670102000
-2.616863000
-2.533368000
-1.522590000
-0.581421000
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-3.658952000
-2.430500000
-2.404449000
-4.952251000
-5.566018000
-4.622389000
-3.794242000
-4.503298000
-2.895706000
-3.460440000
-2.967291000
-2.778532000
-4.360582000
-5.758337000
-7.147940000
-7.637240000
-7.904888000
-8.987613000
-7.275926000
-7.864246000
-5.890149000
-5.393436000
-5.136279000
-4.052067000
0.000101000
0.000335000

0.000530000

-0.670614000
-1.303691000
-2.332376000
-1.446822000
-1.329886000
-2.926516000
-4.764372000
-5.464607000
-4.750971000
-5.123211000
-6.100949000
-4.380316000
-5.162631000
-0.986754000
-0.907735000
-1.160024000
-0.503049000
-0.441194000
-0.177842000
0.141979000
-0.262992000
-0.014373000
-0.665701000
-0.732875000
2.781499000
3.337558000
2.673555000

0.202337000
0.406683000
0.757966000
0.417380000
-0.488940000
0.532445000
-0.666471000
-0.208194000
-0.030506000
-2.088550000
-2.123205000
-2.516391000
-2.710159000
1.611496000
1.524771000
0.583659000
2.619412000
2.536266000
3.815965000
4.672860000
3.912333000
4.847371000
2.817220000
2.889326000
-0.241477000
1.041479000
1.904420000
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0.000321000
0.000490000
0.000061000
-0.000168000
-0.000357000
-0.000136000
-0.000315000
-0.000482000
-0.000568000
-0.895116000
0.893817000
1.212280000

Triplet excited state

4.709638000
5.166035000
5.552069000
5.003856000
5.636552000
3.617584000
3.174795000
7.771130000
8.777246000
7.644336000
7.644735000
0.672162000

Free Energy =-3411.59628

Energy =-3412.61326

Z 0O O O O m O O O Z

-0.003815000
1.203603000
4.397554000
2.427471000
2.400903000
4.569496000
3.641702000
4.561441000
4.943503000
5.572043000

1.371395000
0.702862000
-3.255105000
1.393158000
2.459608000
-3.748408000
0.706413000
3.753193000
1.487218000
1.215757000

1.207681000
2.195085000
0.088345000
-1.195135000
-2.076886000
-1.348299000
-2.341799000
-0.731153000
-0.308265000
-1.356664000
-1.357222000
-0.197535000

-0.117614000
-0.052035000
-1.209169000
-0.164228000
-0.358581000

0.977933000
-0.071934000
-0.974239000
-0.187127000
0.675291000
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4.395580000
-0.001749000
4.643321000
3.823224000
4.567170000
2.977611000
3.380882000
2.918965000
2.645647000
4.226511000
5.712388000
5.055861000
3.972391000
5.775700000
5.252946000
7.161260000
7.722551000
7.824040000
8.906541000
7.101368000
7.617565000
3.643571000
2.431528000
2.409348000
4.947079000
5.572740000
4.648284000

3.291563000
6.930876000
2.972305000
4.591041000
5.357166000
4.719696000
4.657313000
5.627379000
3.871319000
4.520053000
1.209460000
1.101073000
1.204868000
0.866224000
0.783057000
0.738485000
0.550387000
0.852407000
0.756474000
1.088946000
1.178935000
-0.691458000
-1.380744000
-2.447915000
-1.470818000
-1.188497000
-2.954251000

1.220059000
-0.197295000
-0.058123000

1.427905000

1.177091000

0.735707000

2.864138000

3.074191000

3.069111000

3.545501000
-1.459553000
-2.684763000
-2.716350000
-3.849339000
-4.799408000
-3.803546000
-4.715773000
-2.587029000
-2.542770000
-1.422014000
-0.465995000

0.119064000

0.221155000

0.412596000

0.221179000
-0.639559000

0.072969000
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3.826813000
4.568138000
2.975027000
3.396739000
2.937101000
2.662787000
4.248316000
5.718741000
7.106914000
7.619927000
7.832718000
8.914521000
7.173987000
7.737725000
5.789270000
5.269661000
5.066276000
3.983491000
-0.005250000
-0.013749000
-0.021341000
-0.012401000
-0.017843000
-0.002539000
0.005758000
0.013598000
0.004472000

-4.552077000
-5.321119000
-4.687044000
-4.604008000
-5.572129000
-3.816531000
-4.459735000
-1.205118000
-1.076301000
-1.151365000
-0.851162000
-0.748855000
-0.756836000
-0.577867000
-0.892353000
-0.824329000
-1.115710000
-1.225362000
2.808129000
3.530145000
2.996130000
4.919612000
5.517860000
5.580068000
4.850950000
5.348439000
3.452409000

-1.435115000
-1.185532000
-0.751781000
-2.875640000
-3.099208000
-3.079255000
-3.548107000
1.494357000
1.453256000
0.494243000
2.618575000
2.571575000
3.838948000
4.751507000
3.888181000
4.841179000
2.723309000
2.757675000
0.175424000

1.015537000
1.963794000
0.974958000
1.882372000
-0.262946000
-1.451742000
-2.415522000
-1.402221000
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0.011674000

0.009397000

0.008780000

0.908725000
-0.880694000
-1.209346000
-0.000354000
-1.207650000
-4.416627000
-2.431673000
-2.405593000
-4.573993000
-3.645737000
-4.579751000
-4.947471000
-5.568634000
-4.376627000

0.007794000
-4.645602000
-3.802636000
-4.558431000
-2.981838000
-3.310016000
-2.853630000
-2.555728000
-4.128257000
-5.727258000

2.865216000
7.649742000
8.707684000
7.429681000

7.432457000
0.699520000
-1.365108000
-0.695584000

3.290256000
-1.385049000
-2.450406000

3.731341000
-0.700849000
-3.746122000
-1.482609000
-1.217349000
-3.291578000
-6.923111000
-2.968268000
-4.592219000
-5.356240000
-4.728857000
-4.651355000
-5.625791000
-3.874291000
-4.495477000
-1.196798000

-2.317279000
-1.408864000
-1.140571000
-2.000570000
-2.015407000
-0.054543000
0.187724000
0.123789000
1.183668000
0.228991000
0.430434000
-1.015553000
0.121194000
1.031350000
0.229572000
-0.640044000
-1.161457000
0.014682000
0.111422000
-1.357271000
-1.137176000
-0.637396000
-2.777267000
-2.979515000
-2.945366000
-3.487444000
1.493499000
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-5.081061000
-3.998026000
-5.810361000
-5.295554000
-7.195316000
-7.764142000
-7.847866000
-8.929840000
-7.115686000
-7.623846000
-3.647265000
-2.434958000
-2.410774000
-4.950830000
-5.582691000
-4.656825000
-3.854227000
-4.601551000
-3.004868000
-3.422081000
-2.969249000
-2.681951000
-4.271215000
-5.712181000
-7.100884000
-7.622315000
-7.816616000

-1.082735000
-1.187452000
-0.841305000
-0.754042000
-0.712283000
-0.519113000
-0.831516000
-0.734623000
-1.074831000
-1.169295000
0.695434000
1.384697000
2.450248000
1.471170000
1.205765000
2.958484000
4.595408000
5.354109000
4.723185000
4.678325000
5.653921000
3.900270000
4.540657000
1.178267000
1.053042000
1.150510000
0.802300000

2.723717000
2.765275000
3.880985000
4.835010000
3.822773000
4.729252000
2.601230000
2.547333000
1.443561000
0.483687000
0.081144000

0.173510000

-0.373766000
0.209370000

0.652431000
0.092772000

1.383133000
1.120091000
0.695533000
2.821573000
3.025650000
3.038854000
3.498475000
-1.482976000
-1.451414000
-0.498990000
-2.617743000
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-8.898976000
-7.147126000
-7.702984000
-5.761848000
-5.233845000
-5.048957000
-3.965736000
0.000949000
-0.019528000
-0.037205000
-0.016951000
-0.033234000
0.007154000
0.027969000
0.046964000
0.024226000
0.040698000
0.030860000
0.027246000
-0.853076000
0.936086000
1.205527000

Cation Radical

0.702855000
0.678701000
0.479493000
0.811164000
0.720549000
1.060268000
1.167822000
-2.803379000
-3.469248000
-2.890987000
-4.858422000
-5.412487000
-5.576814000
-4.904531000
-5.447594000
-3.504680000
-2.961892000
-7.697780000
-8.742052000
-7.509146000
-7.505462000
-0.692902000

Free Energy =-3411.511442

Energy = -3412.530455

-2.578132000
-3.829647000
-4.742835000
-3.869591000
-4.816065000
-2.703707000
-2.730958000
0.188293000
-1.035166000
-1.957102000
-1.061125000
-1.996087000
0.143887000
1.365611000
2.304404000
1.382951000
2.324864000
1.191205000
0.873883000
1.816077000
1.783568000
0.122190000
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-0.005069000
1.198740000
4.446027000
2.419066000
2.387057000
4.446940000
3.634910000
4.428947000
4.924993000
5.531806000
4.385831000

-0.041540000
4.588986000
3.844952000
4.565079000
2.935335000
3.555562000
3.128937000
2.838992000
4.467488000
5.725007000
5.098327000
4.013594000
5.850844000
5.352999000
7.237702000
7.825338000

-1.373601000
-0.694222000
3.393698000
-1.363078000
-2.429488000
3.640477000
-0.710094000
-3.682871000
-1.502738000
-1.284458000
-3.395004000
-6.924224000
-2.987652000
-4.721816000
-5.443037000
-4.792437000
-4.940597000
-5.936783000
-4.197410000
-4.860847000
-1.158453000
-0.943751000
-1.010712000
-0.654575000
-0.488587000
-0.583126000
-0.355587000

0.203959000
0.129334000
1.037215000
0.247758000
0.449899000
-1.198554000
0.138568000
1.207793000
0.268000000
-0.624072000
-1.022879000
-0.049570000
0.235436000
-1.160081000
-0.756923000
-0.543159000
-2.619200000
-2.773044000
-2.985812000
-3.218391000
1.505728000
2.732440000
2.800911000
3.864223000
4.816296000
3.781905000
4.667524000
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7.870573000
8.954454000
7.116514000
7.609968000
3.641462000
2.431583000
2.409247000
4.940165000
5.545920000
4.619783000
3.924861000
4.641264000
2.998967000
3.681949000
3.268144000
2.972296000
4.611554000
5.735723000
7.122006000
7.614487000
7.871409000
8.951339000
7.238908000
7.822725000
5.857448000
5.360610000
5.109565000

-0.808398000
-0.761994000
-1.095867000
-1.273466000
0.694887000
1.360692000
2.427427000
1.472825000
1.260798000
2.961423000
4.729998000
5.432906000
4.797732000
4.985592000
5.988633000
4.257731000
4.912839000
1.101085000
0.973933000
1.125503000
0.652661000
0.555630000
0.458802000
0.205352000
0.594568000
0.452854000
0.916367000

2.564117000
2.494915000
1.431879000
0.476574000
0.089544000

0.189420000

-0.390365000
0.229052000

0.664881000

0.216799000
1.160206000
0.719788000
0.567876000
2.621826000

2.764794000

3.029794000

3.194133000
-1.461465000
-1.375831000
-0.415519000
-2.502278000
-2.424155000
-3.725569000
-4.606675000
-3.819381000
-4.775898000
-2.693530000
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4.029712000
-0.011344000
-0.003487000

0.010231000
-0.014630000
-0.011606000
-0.032120000
-0.038769000
-0.052471000
-0.028496000
-0.034887000
-0.058325000
-0.062913000

0.833917000
-0.958986000
-1.203412000

0.006289000
-1.197834000
-4.438819000
-2.418872000
-2.386622000
-4.443009000
-3.634517000
-4.430003000
-4.926807000
-5.527448000
-4.395857000

1.033051000
-2.815207000
-3.466662000
-2.882254000
-4.848010000
-5.387386000
-5.590828000
-4.929788000
-5.485004000
-3.539299000
-3.015953000
-7.732278000
-8.765712000
-7.562602000
-7.549094000
-0.684263000

1.391343000

0.713134000
-3.348011000

1.380561000

2.446270000
-3.649758000

0.725959000

3.669176000

1.515075000

1.318665000

3.443480000

-2.770377000
0.186127000
-1.048188000
-1.966365000
-1.091356000
-2.035092000
0.099827000
1.332437000
2.264288000
1.368874000
2.322459000
1.112879000
0.765460000
1.729204000
1.712858000
0.129964000
-0.147505000
-0.068427000
-1.031083000
-0.192694000
-0.397817000
1.198283000
-0.088910000
-1.223941000
-0.226635000
0.674361000
1.013796000
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0.028715000
-4.592941000
-3.861198000
-4.586796000
-2.954463000
-3.568260000
-3.148570000
-2.845470000
-4.477599000
-5.736576000
-5.122882000
-4.043131000
-5.883012000
-5.395952000
-7.264285000
-7.857724000
-7.884331000
-8.964018000
-7.122632000
-7.605104000
-3.639593000
-2.429420000
-2.407361000
-4.935881000
-5.550559000
-4.614594000
-3.915050000

6.947263000
3.000876000
4.776203000
5.483292000
4.836455000
5.032403000
6.035079000
4.303346000
4.960888000
1.138371000
0.938474000
1.048328000
0.610151000
0.456436000
0.483172000
0.224482000
0.692491000
0.602365000
1.020246000
1.183211000
-0.678508000
-1.342439000
-2.409114000
-1.459353000
-1.229782000
-2.946954000
-4.679520000

-0.198536000
-0.233366000
1.116144000
0.698009000
0.494013000
2.568476000
2.696807000
2.950890000
3.172609000
-1.448069000
-2.684012000
-2.771733000
-3.799684000
-4.759359000
-3.691691000
-4.564807000
-2.464554000
-2.375522000
-1.348235000
-0.384676000
0.142558000
0.249130000
0.451183000
0.280312000
-0.603201000
0.233181000
-1.187011000
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-4.628864000
-2.987772000
-3.674240000
-3.258279000
-2.967527000
-4.605251000
-5.718574000
-7.110331000
-7.615655000
-7.849617000
-8.933790000
-7.201675000
-7.777708000
-5.814598000
-5.305003000
-5.076806000
-3.991944000
0.011859000
-0.004676000
-0.022868000

0.002232000
-0.010012000

0.024680000

0.040755000

0.058452000

0.034074000

0.046968000

-5.394713000
-4.759105000
-4.899492000
-5.897832000
-4.160000000
-4.815484000
-1.114875000
-1.040718000
-1.208773000
-0.754590000
-0.699303000
-0.542073000
-0.315764000
-0.624648000
-0.468455000
-0.912392000
-0.988007000
2.831566000
3.551709000

3.020688000
4.933734000

5.526130000
5.607696000
4.877355000
5.377784000
3.487686000
2.910508000

-0.762434000
-0.598380000
-2.654790000
-2.822629000
-3.046922000
-3.223325000
1.529104000
1.471124000
0.520301000
2.613360000
2.556403000
3.825488000
4.719007000
3.891937000
4.839450000
2.750066000
2.806240000
-0.199312000
0.996141000
1.946080000
0.959583000
1.870893000
-0.271805000
-1.464731000
-2.426949000
-1.420975000
-2.342960000
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0.049830000
0.049050000
-0.838212000
0.954652000
1.204914000

Ground state

7.688417000
8.739794000
7.481018000
7.474793000
0.703344000

Free Energy = -2488.271661

Energy = -2488.992767

N
C
O
C
H
O
C
O
C
H
O
O
C
C
H
H

-1.383957000
-0.612729000

3.033320000
-1.182340000
-2.254561000

4.214607000
-0.425170000
-3.542067000
-1.130970000
-0.534804000
-2.241972000
-6.931272000
-2.446785000
-3.418567000
-4.122785000
-3.916635000

0.096372000
1.266326000
4.547457000
2.524598000
2.598937000
4.348574000
3.700943000
4.925048000
5.029702000
5.821818000
5.089846000
0.471801000
5.016957000
4.982558000
5.786520000
4.023902000

-1.404737000
-1.116159000
-2.015557000
-1.988136000
-0.067944000

-0.181905000
-0.097446000
-1.787471000
-0.222289000
-0.397927000
0.116325000
-0.132499000
-0.085114000
-0.326945000
0.144831000
1.743150000
-0.344348000
0.415763000
2.536857000
2.301841000
2.358006000
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0.947405000
1.524273000
2.595896000
1.838947000
1.391753000
3.168401000
4.205751000
5.031568000
4.514904000
-2.803913000
-3.560552000
-3.047104000
-4.938662000
-5.550878000
-5.582218000
-4.831943000
-5.311752000
-3.445105000
-2.845199000
-7.628986000
-8.688794000
-7.342933000
-7.462438000
-0.786533000
1.372037000
0.602771000
-3.060686000

3.604025000
2.333363000
2.254807000
4.823039000
5.660033000
4.559195000
4.172636000
4.857419000
3.159028000
0.195631000
0.253291000
0.223748000
0.345732000
0.393426000
0.381408000
0.324270000
0.350305000
0.231713000
0.185162000
0.511959000
0.584253000
1.386478000
-0.399160000
-1.170072000
-0.097751000
-1.267783000
-4.600021000

0.069908000
0.201624000
0.379499000
0.217978000
-0.335208000
-0.449582000
-2.502137000
-2.286741000
-2.224240000
-0.255424000
0.917115000
1.876360000
0.853476000
1.750264000
-0.388758000
-1.563712000
-2.536911000
-1.486001000
-2.392611000
-1.566145000
-1.315230000
-2.167208000
-2.157756000
-0.081606000
0.237923000
0.135315000
1.721389000
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1.174441000
2.245193000
-4.209958000
0.421904000
3.546087000
1.129358000
0.553286000
2.304639000
6.918648000
2.467554000
3.502305000
4.221729000
3.965754000
-0.948469000
-1.528845000
-2.599025000
-1.830162000
-1.387183000
-3.172556000
-4.247415000
-5.065269000
-4.557889000
2.792658000
3.534703000
3.009756000
4.912650000
5.513677000

-2.525958000
-2.599210000
-4.368449000
-3.702805000
-4.914774000
-5.032955000
-5.814447000
-4.992366000
-0.507096000
-4.986238000
-4.812262000
-5.608236000
-3.850838000
-3.606680000
-2.335981000
-2.257800000
-4.827359000
-5.672880000
-4.585007000
-4.246300000
-4.931298000
-3.229129000
-0.200414000
-0.293711000
-0.286362000
-0.396018000
-0.471373000

0.249705000
0.434958000
-0.198283000
0.135564000
0.153873000
0.314505000
-0.198775000
-1.720277000
0.342286000
-0.385226000
-2.467952000
-2.253044000
-2.220821000
-0.080803000
-0.195393000
-0.381986000
-0.267765000
0.275705000
0.381384000
2.423047000
2.179784000
2.160023000
0.295826000
-0.884060000
-1.837627000
-0.834515000
-1.737034000
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5.571069000
4.835531000
5.326738000
3.448330000
2.859689000
7.630961000
8.686942000
7.344805000
7.479439000
0.777581000
-4.003275000
3.211808000
3.943648000
-3.092957000
-1.329735000
-1.955994000
-1.820303000
-0.359799000
2.019917000
1.043121000
2.504236000
2.644868000
-1.981897000
-2.464863000
-0.995008000
-2.595659000
1.285054000

-0.404593000
-0.310773000
-0.315344000
-0.210330000
-0.136713000
-0.522038000
-0.610142000
-1.378267000
0.405428000
1.168257000
-4.305953000
-4.834899000
4.212669000
5.053327000
5.338349000
4.570123000
6.306178000
5.346917000
5.199754000
5.385478000
4.379819000
6.091833000
-5.174560000
-4.347871000
-5.340527000
-6.070082000
-5.382313000

0.400661000
1.582387000
2.550208000
1.518874000
2.430963000
1.556256000
1.294521000
2.183017000
2.126091000
0.114220000
3.484289000
-3.518896000
-3.560018000
3.575286000
-1.804818000
-2.270067000
-1.952956000
-2.315591000
1.682479000
2.143860000
2.223014000
1.796064000
-1.742937000
-2.274324000
-2.190607000
-1.886628000
1.788425000
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H 1.776136000
H 1.893816000
H 0.300940000

Triplet excited state

-6.351665000
-4.624428000
-5.408824000

Free Energy = -2488.17885

Energy = -2488.89590
-1.361491000
-0.608105000

3.065704000
-1.206683000
-2.276879000

4.231684000
-0.411811000
-3.512656000
-1.097265000

N

C

O

C

H

O

C

O

C

H  -0.501370000
O  -2.235323000
O  -6.895745000
C  -2.423819000
C  -3.418740000
H  -4.147555000
H  -3.877941000
C 0.971084000
C 1.575078000
H

2.643967000

-0.106410000
-1.264433000
-4.465232000
-2.538286000
-2.617632000
-4.327717000
-3.691818000
-4.959494000
-5.031951000
-5.813145000
-5.010106000
-0.530025000
-5.009110000
-4.819880000
-5.611205000
-3.855186000
-3.585862000
-2.325904000
-2.239682000

1.924175000
2.292362000
2.270579000

0.148702000
0.088144000
1.779123000
0.201115000
0.366551000
-0.139966000
0.120385000
0.097114000
0.301716000
-0.188333000
-1.754121000
0.418296000
-0.422720000
-2.521752000
-2.322401000
-2.277500000
-0.062821000
-0.178131000
-0.348869000

162



cC T 0 O Oz O T Dn T O @D O @D 0 0o T o@D 0 o =D @D 0 0o T 0

1.856714000
1.418119000
3.191960000
4.222002000
5.085871000
4.461777000
-2.789953000
-3.550058000
-3.049472000
-4.929403000
-5.557186000
-5.547649000
-4.781968000
-5.246559000
-3.393360000
-2.776644000
-7.572979000
-8.635861000
-7.267404000
-7.406361000
-0.793701000
1.353552000
0.601156000
-3.005919000
1.204778000
2.276756000
-4.232568000

-4.808963000
-5.641933000
-4.524563000
-3.993787000
-4.634884000
-2.974523000
-0.215985000
-0.306676000
-0.294090000
-0.411353000
-0.484253000
-0.425061000
-0.334108000
-0.343055000
-0.229226000
-0.155927000
-0.550273000
-0.639212000
-1.408181000
0.375495000
1.152310000
0.100234000
1.258206000
4.556686000
2.531913000
2.609890000
4.346141000

-0.206290000
0.359476000
0.442005000
2.462410000
2.263463000
2.136571000
0.253109000

-0.910447000
-1.876354000

-0.819278000
-1.702872000
0.437154000
1.599796000
2.580179000
1.499706000
2.392543000
1.652165000
1.420381000
2.267284000
2.220429000
0.068205000

-0.167827000

-0.101172000

-1.824499000

-0.196480000

-0.349591000
0.049699000
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0.411557000
3.516737000
1.104841000
0.506742000
2.211047000
6.890308000
2.420290000
3.380629000
4.121268000
3.832236000
-0.973750000
-1.583317000
-2.654475000
-1.856791000
-1.395073000
-3.172821000
-4.154576000
-4.999761000
-4.445504000
2.782552000
3.542846000
3.042039000
4.923089000
5.551117000
5.541646000
4.775667000
5.240371000

3.686011000
4.937903000
5.026262000
5.801148000
4.957350000
0.501923000
4.982442000
4.739550000
5.525931000
3.774065000
3.581125000
2.321126000
2.236598000
4.804578000
5.651289000
4.555424000
4.163392000
4.828076000
3.140577000
0.207463000
0.247759000
0.199426000
0.347168000
0.382669000
0.406108000
0.365585000
0.410195000

-0.106993000
-0.015511000
-0.254605000
0.242568000
1.816778000
-0.420943000
0.488562000
2.598105000
2.424464000
2.342674000
0.058453000
0.154087000
0.309681000
0.209798000
-0.315293000
-0.490313000
-2.567225000
-2.364814000
-2.301870000
-0.268112000
0.898389000
1.863137000
0.811191000
1.696970000
-0.443905000
-1.609195000
-2.588531000
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3.386241000
2.769236000
7.567854000
8.631221000
7.267550000
7.395615000
0.785650000
-3.870892000
3.057037000
3.974782000
-3.110498000
-1.277243000
-1.898830000
-1.765813000
-0.302345000
2.022977000
1.043347000
2.495145000
2.653995000
-2.066227000
-2.560920000
-1.098801000
-2.693518000
1.306591000
1.802854000
1.929828000
0.338327000

0.265310000
0.231421000
0.566631000
0.639842000
1.449953000
-0.335025000
-1.157914000
4.216460000
4.743719000
-4.004727000
-4.839909000
-5.359763000
-4.597002000
-6.329599000
-5.374236000
-5.194581000
-5.391177000
-4.373511000
-6.082232000
5.147693000
4.314897000
5.322725000
6.037087000
5.381270000
6.350514000
4.623833000
5.411341000

-1.513059000
-2.408047000
-1.653141000
-1.418122000
-2.233920000
-2.257362000
-0.088446000
-3.618947000
3.639584000
3.524567000
-3.567670000
1.778725000
2.258467000
1.918510000
2.279765000
1.671003000

-2.121889000
-2.220022000
-1.783966000
1.679584000
2.189652000
2.164576000
1.799684000
-1.722351000
-1.837041000
-2.208386000
-2.235441000
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Cation Radical

Free Energy = -2488.100703

Energy = -2488.82015
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-0.806356000
0.567628000
5.611096000
1.159784000
0.523051000
5.905969000
2.532456000
1.343463000
3.105649000
4.084221000
2.499500000

-4.051490000
2.218452000
1.672941000
1.770528000
0.622961000
3.361651000
2.781475000
3.414038000
4.865069000
5.199111000
5.534251000

1.108588000
1.268661000
0.704456000
2.530117000
3.399112000

-0.492557000
2.697733000

5.737133000
4.090488000
4.137583000
5.091196000
5.604587000
5.081566000
5.948728000
6.986527000
5.651958000
1.562533000
0.309415000
-0.562606000
1.690435000
2.581090000
0.509144000

-0.150665000
-0.093241000
-1.814404000
-0.203372000
-0.353218000
0.069749000
-0.125629000
-0.079806000
-0.293074000
0.198532000
1.741144000
-0.433161000
0.432528000
2.532256000
2.202533000
2.446442000
0.042376000
0.153970000
0.304464000
0.179689000
-0.365544000
-0.492594000
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6.174355000

7.194316000

5.573772000
-1.650564000
-2.055061000
-1.732093000
-2.860356000
-3.194912000
-3.269913000
-2.860353000
-3.167088000
-2.047847000
-1.721958000
-4.501446000
-5.110819000
-3.659669000
-5.115731000
-1.381607000

0.820992000
-0.552816000
-5.634592000
-1.145117000
-0.508386000
-5.874787000
-2.518897000
-1.323833000
-3.088901000

-0.380353000
-0.585954000
-1.285766000
2.271326000
2.928503000
2.555918000
4.045805000
4.584501000
4.514843000
3.849862000
4.197160000
2.726512000
2.200022000
6.131318000
7.001784000
6.446278000
5.402695000
-0.146789000
-1.122230000
-1.282783000
-0.627946000
-2.545075000
-3.417142000
0.490777000
-2.710295000
-5.713578000
-4.106339000

-2.556004000
-2.220349000
-2.423794000
-0.259130000
0.903020000
1.873153000
0.806586000
1.688498000
-0.450241000
-1.610041000
-2.591013000
-1.507264000
-2.401975000
-1.666340000
-1.422003000
-2.296619000
-2.211144000
-0.051727000
0.178197000
0.116903000
1.809168000
0.217289000
0.349008000
-0.129297000
0.149133000
-0.097157000
0.305047000
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-4.099372000
-2.677734000
4.115509000
-2.260333000
-1.932944000
-1.981303000
-0.884003000
-3.349174000
-2.767590000
-3.398133000
-4.853720000
-5.185068000
-5.525348000
-6.208197000
-7.215973000
-5.595213000
1.668743000
2.112584000
1.809363000
2.932511000
3.297149000
3.316517000
2.866060000
3.152322000
2.040164000
1.684396000
4.543314000

-4.132852000
-5.093237000
-5.580899000
-5.075550000
-5.946803000
-6.982922000
-5.637817000
-1.572686000
-0.320297000

0.553887000
-1.703526000
-2.565624000
-0.489733000

0.490125000

0.691300000

1.384415000
-2.281983000
-2.915657000
-2.533164000
-4.021695000
-4.542292000
-4.503726000
-3.863530000
-4.221519000
-2.750293000
-2.241513000
-6.118745000

-0.117189000
-1.785695000
0.478123000
-0.514378000
-2.658676000
-2.313146000
-2.692472000
-0.002768000
-0.114338000
-0.259466000
-0.126410000
0.465275000
0.483015000
2.490911000
2.117889000
2.341355000
0.291428000
-0.869350000
-1.841963000
-0.768665000
-1.649409000
0.491174000
1.649821000
2.633167000
1.542678000
2.436273000
1.714175000
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5.173281000
3.691618000
5.131444000
1.396155000
-6.238333000
-2.393799000
6.171529000
2.020533000
3.241251000
2.255130000
3.698750000
3.859619000
5.257044000
4.739042000
4.985118000
6.335864000
-5.250951000
-4.981685000
-4.734476000
-6.330166000
-3.125443000
-3.575378000
-2.110886000
-3.708820000

-6.975187000
-6.457268000
-5.388535000
0.133526000
0.217812000
-5.849958000
-0.066754000
5.840256000
4.438288000
4.459486000
5.423265000
3.692130000
1.791950000
2.632031000
0.870781000
1.936092000
-1.876865000
-0.980096000
-2.737340000
-2.026467000
-4.511506000
-5.501186000
-4.550554000
-3.787432000

1.472479000
2.318443000
2.285140000
0.082059000
3.545581000
-3.641260000
-3.599568000
3.559288000
-1.771986000
-2.246545000
-1.904056000
-2.284194000
1.650667000
2.127812000
2.175711000
1.761579000
-1.590040000
-2.157007000
-2.030353000
-1.689695000
1.775429000
1.898722000
2.184059000
2.355227000
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Ground state

Free Energy =-2645.328136

Energy = -2646.156654
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-0.000759000
1.218741000
4.879801000
2.434019000
2.428261000
4.607171000
3.659597000
4.588808000
4.945322000
5.742025000
4.756749000

-0.002236000
4.763117000
4.408485000
5.104844000
3.396952000
3.660035000
2.434961000
2.431127000
4.945505000
5.759894000
4.806102000
4.614795000
5.325910000

1.376341000
0.689462000
-2.755158000
1.348976000
2.418839000
-3.865916000
0.685933000
3.871281000
1.470825000
0.994932000
2.793112000
6.928692000
2.850134000
4.012800000
4.812469000
4.320099000
-0.686212000
-1.354839000
-2.424810000
-1.462458000
-0.967525000
-2.833096000
-3.974780000
-4.751933000

-0.257527000
-0.132277000
-1.626346000
-0.248475000
-0.451923000
0.309381000
-0.114462000
-0.325972000
-0.292823000
0.298497000
1.639905000
0.102877000
0.297003000
2.286609000
2.017117000
1.997543000
0.122036000
0.234679000
0.437261000
0.334571000
-0.215136000
-0.286413000
-2.311440000
-2.015481000
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3.602351000
-0.001006000
-0.007237000
-0.011944000
-0.007684000
-0.012499000
-0.001527000

0.004710000

0.009453000

0.004746000

0.009537000

0.003674000

0.002103000

0.901497000
-0.888058000
-1.220633000
-0.001272000
-1.220764000
-4.777691000
-2.436500000
-2.431714000
-4.596271000
-3.661636000
-4.602423000
-4.947424000
-5.754165000
-4.806122000

-4.326852000
2.801681000
3.446026000
2.843019000
4.826988000
5.353026000
5.586716000
4.949286000
5.520157000
3.557687000
3.044829000
7.739163000
8.773247000
7.568669000
7.568986000
0.689945000

-1.386714000

-0.697567000
2.794874000

-1.352883000

-2.421816000
3.866395000

-0.685915000

-3.865241000

-1.463113000

-0.984795000

-2.792473000

-2.086114000
-0.201500000
1.038201000
1.944495000
1.106699000
2.058031000
-0.069461000
-1.309932000
-2.232995000
-1.365076000
-2.324548000
-1.048232000
-0.698886000
-1.658687000
-1.667645000
-0.134638000
0.211529000
0.103510000
1.612635000
0.239841000
0.448462000
-0.355708000
0.121071000
0.362723000
0.328951000
-0.246583000
-1.602747000
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-0.037816000
-4.784748000
-4.477326000
-5.173736000
-3.462763000
-3.661416000
-2.436032000
-2.430588000
-4.947485000
-5.748501000
-4.773557000
-4.436182000
-5.131805000
-3.423010000
-0.005385000
-0.042081000
-0.064090000
-0.052882000
-0.080749000
-0.025483000
0.011816000

0.033202000
0.020334000

0.047758000
-0.014102000
-0.029804000
-0.891904000

-6.940610000
-2.845232000
-4.016008000
-4.810511000
-4.329012000
0.684567000
1.348376000
2.417348000
1.465253000
0.989417000
2.847138000
4.017346000
4.814949000
4.325237000
-2.812096000
-3.463061000
-2.864950000
-4.844278000
-5.375299000
-5.597654000
-4.953737000
-5.519804000
-3.561988000
-3.044124000
-7.744717000
-8.780690000
-7.564944000

-0.117703000
-0.259791000
-2.252373000
-1.968095000
-1.980595000
-0.124090000
-0.256636000
-0.464932000
-0.316642000
0.268849000
0.269515000
2.257712000
1.980316000
1.975021000
0.163751000
-1.071777000
-1.980953000
-1.132615000
-2.080722000
0.047081000
1.283746000
2.209549000
1.331274000
2.287739000
1.037546000
0.694169000
1.673945000
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0.897029000
1.218984000
-4.488311000
-4.539983000
4.712302000
4.453013000
5.367976000
4.629286000
5.300509000
5.311142000
5.222459000
4.555406000
-5.356647000
-4.614847000
-5.282245000
-5.338873000
-4.591987000
-5.257349000
-6.735079000
-6.814101000
-6.997705000
-7.486849000
-6.754289000
-7.500927000
-6.826736000
-7.029779000
6.765828000

-7.577200000
-0.698901000
3.821187000
-3.818783000
-3.753947000
3.813039000
1.527850000
2.132071000
0.508854000
-1.540005000
-0.526824000
-2.155126000
1.515006000
2.119109000
0.494361000
-1.512108000
-2.117836000
-0.491646000
-2.063828000
-3.095078000
-2.063136000
-1.460713000
2.069789000
1.468338000
3.101232000
2.069580000
2.087593000

1.628838000
0.102505000
3.329199000
-3.323096000
-3.374907000
3.357775000
-1.760568000
-2.304198000
-2.168399000
1.816774000
2.235266000
2.323401000
-1.788479000
-2.327957000
-2.191168000
1.805637000
2.336187000
2.207444000
2.033548000
1.672426000
3.096380000
1.506795000
-1.999554000
-1.463670000
-1.637618000
-3.059123000
-1.956705000
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7.050876000
6.832065000
7.509351000
6.703288000
6.788735000
7.464079000
6.947404000

Triplet excited state

2.092193000
3.117856000
1.486236000
-2.095842000
-3.120866000
-1.484076000
-2.113325000

Free Energy =-2645.23843

Energy =-2646.06120

N
C
O
C
H
O
C
O
C
H
O
O
C
C
H

-0.000272000
-1.212180000
-4.799252000
-2.436293000
-2.430817000
-4.623297000
-3.646043000
-4.611138000
-4.937655000
-5.738229000
-4.767792000

0.052049000
-4.770863000
-4.426610000
-5.127991000

-1.362494000
-0.699395000

2.571804000
-1.402360000
-2.482486000

3.874705000
-0.698744000
-3.878373000
-1.485208000
-0.941303000
-2.576291000
-6.918770000
-2.789796000
-3.714243000
-4.535693000

-3.013736000
-1.590274000
-1.416419000
2.059124000
1.682060000
1.555944000
3.126222000

-0.129721000
-0.075161000
-1.908965000
-0.131885000
-0.240740000
-0.084452000
-0.059523000
0.084596000
-0.161335000
0.361534000
1.911547000
-0.230567000
0.584368000
2.696025000
2.522197000
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-3.417274000
-3.647212000
-2.438161000
-2.435294000
-4.939450000
-5.744931000
-4.785888000
-4.476064000
-5.182922000
-3.467517000
0.004836000
0.075919000
0.122460000
0.090370000
0.144918000
0.033131000
-0.038199000
-0.082771000
-0.050753000
-0.104971000
-0.002533000
0.023008000
-0.929428000
0.857667000
1.210668000
-0.001757000
1.210474000

-4.058771000
0.697428000
1.404138000
2.483922000
1.480572000
0.934343000
2.785473000
3.711861000
4.527248000
4.065952000

-2.797981000

-3.526481000

-2.997334000

-4.912635000

-5.517129000

-5.567681000

-4.833271000

-5.326326000

-3.437930000

-2.844692000

-7.632809000

-8.691775000

-7.422960000

-7.402913000

-0.696707000
1.369978000
0.705965000

2.443140000
0.049094000
0.111789000
0.224153000
0.166143000
-0.346626000
-0.581836000
-2.697887000
-2.517655000
-2.455531000
-0.188356000
0.996849000
1.946472000
0.946441000
1.847481000
-0.289888000
-1.473970000
-2.439286000
-1.414999000
-2.324901000
-1.442275000
-1.178926000
-1.994187000
-2.086486000
-0.082602000
0.093937000
0.046405000
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4.719004000
2.435218000
2.431529000
4.597636000
3.644513000
4.624287000
4.935899000
5.746942000
4.828397000
0.003932000
4.793614000
4.526846000
5.238380000
3.518333000
3.644427000
2.435110000
2.430543000
4.935957000
5.731376000
4.751814000
4.331368000
5.019318000
3.322349000
-0.001950000
0.020662000
0.037972000
0.022002000

-2.612601000
1.406609000
2.484456000

-3.877806000
0.699706000
3.877213000
1.480236000
0.938264000
2.593588000
6.925331000
2.793040000
3.743991000
4.551069000
4.105462000

-0.694652000

-1.398421000

-2.475496000

-1.481314000

-0.951350000

-2.800153000

-3.758488000

-4.591882000

-4.074370000
2.804892000
3.543543000
3.022568000
4.929062000

1.873391000
0.125160000
0.253873000
0.018103000
0.060940000
-0.029705000
0.200561000
-0.307793000
-1.864839000

0.237992000
-0.535839000
-2.647145000
-2.448573000
-2.416444000
-0.069146000
-0.155439000
-0.290413000
-0.173288000

0.371615000
0.542611000
2.623773000
2.453344000
2.333027000
0.163056000

-1.017471000
-1.972490000
-0.956167000
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0.039604000
0.000739000
-0.021797000
-0.038201000
-0.022830000
-0.040238000
-0.016606000
-0.010477000
0.867135000
-0.922154000
-1.213105000
4.348547000
4.588631000
-4.525130000
-4.467901000
-5.342145000
-4.602121000
-5.261160000
-5.326715000
-5.236327000
-4.583150000
5.358285000
4.622092000
5.287109000
5.305928000
4.557431000
5.208911000

5.541135000
5.573661000
4.829118000
5.314174000
3.434559000
2.833494000
7.629188000
8.690397000
7.402991000
7.405664000
0.704559000
-3.457245000
3.428807000
3.387028000
-3.390739000
-1.705592000
-2.372855000
-0.739535000
1.700382000
0.734753000
2.370118000
-1.673250000
-2.328504000
-0.696906000
1.684221000
2.349366000
0.712855000

-1.853501000
0.286678000
1.466385000
2.436659000
1.396379000
2.302608000
1.456672000
1.201318000
2.069577000
2.037896000
0.044211000
3.671784000
-3.689335000
-3.737777000
3.736668000
-1.619564000
-2.080755000
-2.138943000
1.629195000
2.147830000
2.080999000
-1.630364000
-2.114328000
-2.131402000
1.670407000
2.120797000
2.177030000
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6.704777000
6.800405000
6.951775000
7.457399000
6.759031000
7.499481000
6.830333000
7.043944000
-6.742957000
-7.014915000
-6.823631000
-7.487127000
-6.727345000
-6.817003000
-7.475027000
-6.986687000

Cation Radical

2.244107000
3.229943000
2.354548000
1.580884000
-2.242029000
-1.588409000
-3.232614000
-2.344927000
-2.272503000
-2.395298000
-3.253540000
-1.607093000
2.262988000
3.243650000
1.595145000
2.385198000

Free Energy =-2645.160758

Energy = -2645.98627

O - o o O =z

0.010585000
1.209875000
5.148344000
2.437030000
2.442448000
4.383913000

1.385367000
0.695686000
-2.617195000
1.363869000
2.446275000
-3.859091000

1.858815000
1.390921000
2.919660000
1.411511000
-1.772634000
-1.292065000
-1.310472000
-2.824696000
-1.768269000
-2.821612000
-1.287607000
-1.310179000
1.794978000
1.315160000
1.346240000
2.851568000

-0.115468000
-0.054843000
-1.885861000
-0.107645000
-0.211138000
-0.171477000
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3.639123000
4.448373000
4.935174000
5.724770000
5.006980000
0.122971000
4.781236000
4.822700000
5.508389000
3.796722000
3.629401000
2.417463000
2.408516000
4.915438000
5.731943000
4.791106000
5.025950000
5.658808000
3.989122000
0.026981000
0.080467000
0.099459000
0.112201000
0.153700000
0.089106000
0.033828000
0.015232000

0.681179000
3.820478000
1.457728000
0.905690000
2.615640000
6.933447000
2.775648000
3.789095000
4.579303000
4.157968000
-0.732687000
-1.400969000
-2.484588000
-1.522491000
-0.955690000
-2.809617000
-3.762872000
-4.576820000
-4.110866000
2.823956000
3.572293000
3.064060000
4.950662000
5.567162000
5.592879000
4.835501000
5.313913000

-0.029523000
0.105041000
-0.119540000
0.407642000
1.921821000
-0.296766000
0.612602000
2.717330000
2.399853000
2.622012000
0.065498000
0.124173000
0.217338000
0.178868000
-0.286801000
-0.611137000
-2.732746000
-2.368876000
-2.758928000
-0.194329000
0.981646000
1.943739000
0.908926000
1.802204000
-0.337491000
-1.511386000
-2.484935000
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0.004224000
-0.035854000
0.103072000

0.136576000

0.975612000
-0.816254000
-1.199835000
-0.010602000
-1.209896000
-5.148722000
-2.437066000
-2.442501000
-4.383596000
-3.639152000
-4.448605000
-4.935201000
-5.724853000
-5.007023000
-0.122923000
-4.781351000
-4.822850000
-5.508626000
-3.796914000
-3.629414000
-2.417468000
-2.408515000
-4.915453000

3.447926000
2.846375000
7.645931000
8.703542000
7.401032000
7.444322000
0.715161000
-1.385429000
-0.695745000
2.617305000
-1.363903000
-2.446304000
3.858982000
-0.681193000
-3.820510000
-1.457742000
-0.905649000
-2.615328000
-6.933512000
-2.775570000
-3.788675000
-4.578864000
-4.157674000
0.732665000
1.400921000
2.484535000
1.522474000

-1.432413000
-2.338187000
-1.517960000
-1.254868000
-2.137568000
-2.083131000
-0.064951000
0.115443000
0.054836000
1.885785000
0.107700000
0.211231000
0.171542000
0.029592000
-0.105224000
0.119692000
-0.407345000
-1.921838000
0.296736000
-0.612628000
-2.717528000
-2.400188000
-2.622249000
-0.065499000
-0.124249000
-0.217485000
-0.178834000
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-5.731947000
-4.791105000
-5.026314000
-5.658996000
-3.989442000
-0.026989000
-0.080995000
-0.100430000
-0.112708000
-0.154609000
-0.089056000
-0.033270000
-0.014259000
-0.003700000

0.036777000
-0.102449000
-0.136027000
-0.974721000

0.817122000

1.199820000
-5.349130000
-5.031168000

5.348548000

5.031072000

5.343466000

4.601970000

5.274203000

0.955680000
2.809605000
3.762989000
4.577017000
4.110841000
-2.824017000
-3.572345000
-3.064106000
-4.950713000
-5.567205000
-5.592945000
-4.835579000
-5.313999000
-3.448002000
-2.846460000
-7.646014000
-8.703622000
-7.401160000
-7.444373000
-0.715221000
3.442314000
-3.492663000
-3.442125000
3.493263000
1.662970000
2.323359000
0.693036000

0.286851000
0.611146000
2.732659000
2.368659000
2.759009000
0.194300000
-0.981659000
-1.943740000
-0.908937000
-1.802202000
0.337462000
1.511341000
2.484877000
1.432368000
2.338131000
1.517910000
1.254818000
2.137913000
2.082673000
0.064914000
3.722755000
-3.745328000
-3.722889000
3.745171000
-1.581658000
-2.050813000
-2.095832000
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5.256940000
5.180809000
4.486096000
-5.256995000
-4.486089000
-5.180995000
-5.343332000
-4.601779000
-5.274029000
-6.740612000
-6.811443000
-7.016729000
-7.487341000
-6.637585000
-7.413844000
-6.711026000
-6.868680000
6.740773000
7.017013000
6.811585000
7.487432000
6.637600000
6.711191000
7.413795000
6.868662000

-1.789327000
-0.836917000
-2.453352000
1.789288000
2.453200000
0.836836000
-1.663091000
-2.323487000
-0.693176000
-2.239412000
-3.227262000
-2.354024000
-1.586091000
2.394840000
1.740947000
3.368473000
2.548317000
2.239258000
2.353833000
3.227127000
1.585936000
-2.394716000
-3.368298000
-1.740685000
-2.548251000

1.648545000
2.193825000
2.061974000
-1.648509000
-2.062004000
-2.193738000
1.581832000
2.050892000
2.096041000
1.722580000
1.254205000
2.774797000
1.253691000
-1.826275000
-1.409295000
-1.329108000
-2.884376000
-1.722276000
-2.774465000
-1.253933000
-1.253278000
1.826346000
1.329102000
1.409460000
2.884445000
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Ground state

Free Energy =-2802.391984

Energy =-2803.323825

O o & o @nZ 0 o @&m & 0 0O o0 Oo@m o o o o T o o a Zz

-0.007238000
-1.227757000
-4.810630000
-2.443745000
-2.439912000
-4.661041000
-3.672559000
-4.660567000
-4.952053000
-5.755656000
-4.817811000
-0.154366000
-4.806946000
-4.538823000
-5.276846000
-3.545016000
-3.672982000
-2.444569000
-2.441410000
-4.953330000
-5.754458000
-4.805337000
-4.528346000

-1.397783000
-0.704736000
2.432193000
-1.371224000
-2.459122000
3.888174000
-0.697398000
-3.891458000
-1.507525000
-0.937833000
-2.435758000
-6.958740000
-2.757401000
-3.515791000
-4.315658000
-3.929327000
0.694837000
1.369354000
2.457255000
1.504191000
0.933881000
2.754007000
3.512209000

-0.040901000
-0.011426000
-2.055511000
-0.018180000
-0.040760000
-0.354508000
-0.011662000
0.349300000
-0.097303000
0.392797000
2.049848000
-0.061005000
0.743016000
2.933982000
2.821038000
2.729745000
0.011273000
0.023146000
0.045438000
0.091234000
-0.402208000
-0.748690000
-2.938634000
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-5.267079000
-3.535506000
-0.017799000
0.180349000
0.375163000
0.138158000
0.297465000
-0.119376000
-0.320251000
-0.522722000
-0.259491000
-0.421961000
-0.425903000
-0.416822000
-1.412304000
0.339313000
1.211910000
-0.008050000
1.211503000
5.355232000
2.426552000
2.425083000
4.377224000
3.660335000
4.365539000
4.908453000
5.798673000

4.311849000
3.926059000
-2.822818000
-3.558338000
-3.027459000
-4.939868000
-5.535007000
-5.608051000
-4.879433000
-5.378238000
-3.489649000
-2.906877000
-7.678642000
-8.735337000
-7.423736000
-7.502025000
-0.704349000
1.397169000
0.704461000
-2.013209000
1.367523000
2.453844000
-3.660558000
0.697003000
3.661132000
1.560632000
0.940128000

-2.828813000
-2.730398000
-0.078294000
1.092049000
2.021778000
1.062748000
1.957720000
-0.139019000
-1.312239000
-2.254825000
-1.272480000
-2.177375000
-1.238915000
-0.965384000
-1.651359000
-2.008079000
-0.027489000
0.057733000
0.038679000
2.140315000
0.085537000
0.137394000
0.967551000
0.046897000
-0.971255000
0.124090000
-0.047203000
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5.348313000
-0.158949000
4.843383000
5.231964000
5.808977000
4.186284000
3.660710000
2.427274000
2.426456000
4.909327000
5.799592000
4.850442000
5.244737000
5.825166000
4.200541000
-0.019365000
0.186757000
0.389156000
0.143637000
0.309387000
-0.123456000
-0.332459000
-0.542276000
-0.270123000
-0.438718000
-0.439885000
-0.429595000

2.017635000
6.958178000
2.551604000
2.830222000
3.753543000
3.095748000
-0.695100000
-1.366642000
-2.453043000
-1.557456000
-0.936061000
-2.549042000
-2.826675000
-3.747655000
-3.096405000
2.822295000
3.555709000
3.023276000
4.937230000
5.530629000
5.607663000
4.881261000
5.381806000
3.491424000
2.910440000
7.680208000
8.736364000

-2.145435000
0.065156000
-1.019445000
-3.308075000
-3.196696000
-3.491264000
-0.045157000
-0.078627000
-0.129940000
-0.128174000
0.039714000
1.015146000
3.302921000
3.189892000
3.488376000
0.091899000
-1.078506000
-2.005737000
-1.052262000
-1.947216000
0.146185000
1.319310000
2.259368000
1.282888000
2.187793000
1.239545000
0.963978000
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0.319675000
-1.429140000
-1.228179000

5.636228000

5.623923000
-4.562725000
-4.577480000
-5.398759000
-5.508355000
-5.406551000
-5.517573000

5.074711000

4.235430000
5.078912000

4.239066000
6.378047000

6.407759000

6.505399000

7.240552000
6.374987000
7.237047000
6.409750000
6.498451000
-6.760647000
-7.134738000
-6.697160000
-7.504116000

7.505761000
7.425315000
0.703567000
-2.229509000
2.234315000
3.097397000
-3.101130000
-1.761488000
-0.752880000
1.758252000
0.749709000
-2.273603000
-2.977442000
2.277783000
2.980389000
3.073243000
3.835043000
3.583468000
2.404367000
-3.067013000
-2.396781000
-3.829071000
-3.576591000
-2.443524000
-2.502052000
-3.465951000
-1.895938000

2.014790000
1.645101000
0.022090000
4.127833000
-4.133673000
-3.946615000
3.941868000
-1.553212000
-1.988746000
1.545070000
1.980396000
-1.479694000
-1.585126000
1.474457000
1.583427000
1.496527000
0.710418000
2.458289000
1.363506000
-1.508368000
-1.379325000
-0.722739000
-2.470984000
-1.593963000
-2.622621000
-1.203904000
-0.999838000
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-6.768957000
-6.704274000
-7.509523000
-7.147592000
-4.381705000
-4.759428000
-3.424523000
-4.198918000
-4.393617000
-3.436622000
-4.209190000
-4.776132000
5.051669000
4.109360000
5.861121000
5.187306000
5.040700000
4.097349000
5.849472000
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5.172780000

Triplet excited state

2.439622000
3.461948000
1.891465000
2.498275000
-2.510727000
-2.609347000
-1.979193000
-3.515206000
2.508247000
1.976855000
3.512516000
2.607491000
1.283049000
0.725591000
0.546360000
1.800974000
-1.278319000
-0.722296000
-0.540449000
-1.795549000

Free Energy =-2802.29367

Energy =-2803.22136
N  -0.018573000
C 1.192237000

1.377666000
0.703984000

1.579628000
1.189508000
0.982410000
2.606611000
-2.406369000
-3.431201000
-2.453913000
-2.009599000
2.402474000
2.454874000
2.005876000
3.425469000
2.625249000
2.667241000
2.523254000
3.582125000
-2.629840000
-2.667327000
-2.531130000
-3.587594000

-0.037782000

-0.002882000
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4.768141000
2.422515000
2.421361000
4.639556000
3.633902000
4.639745000
4.924662000
5.718749000
4.768378000
0.241123000
4.775008000
4.432940000
5.140507000
3.426728000
3.633874000
2.422436000
2.421274000
4.924597000
5.718689000
4.774863000
4.432598000
5.140122000
3.426375000
-0.002713000
-0.308494000
-0.609556000
-0.227551000

-2.367570000
1.421610000
2.504170000

-3.869326000
0.701289000
3.869135000
1.494405000
0.907816000
2.367382000
6.928906000
2.723937000
3.414360000
4.245237000
3.791757000

-0.701429000

-1.421711000

-2.504270000

-1.494605000

-0.908058000

-2.724133000

-3.414528000

-4.245445000

-3.791866000
2.812262000
3.555052000
3.040154000
4.936796000

-2.115046000
0.009723000
0.027320000
-0.451933000
0.002527000
0.451896000
-0.052715000
0.432552000
2.115011000
-0.106230000
0.816427000
3.017150000
2.938075000
2.800351000
-0.002509000
-0.009659000
-0.027169000
0.052670000
-0.432640000
-0.816466000
-3.017166000
-2.938125000
-2.800317000
-0.095080000
1.042539000
1.952452000
1.002778000
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-0.460475000
0.177136000
0.481153000
0.798740000
0.384595000
0.632676000
0.678212000
0.675344000
1.696440000
0.004443000

-1.225957000

-0.018642000

-1.225987000

-5.361238000

-2.451139000

-2.449864000

-4.369823000

-3.669739000

-4.369851000

-4.922804000

-5.811161000

-5.361426000
0.240643000

-4.853545000

-5.248608000

-5.825850000

-4.203465000

5.547163000
5.579303000
4.834225000
5.316334000
3.442823000
2.843194000
7.625810000
8.685069000
7.330079000
7.468065000
0.702913000
-1.377674000
-0.702851000
2.064816000
-1.379242000
-2.461913000
3.676159000
-0.697919000
-3.675880000
-1.552814000
-0.935400000
-2.064609000
-6.928943000
-2.570967000
-2.905661000
-3.825257000
-3.175780000

1.870186000
-0.174900000
-1.313570000
-2.232384000
-1.270048000
-2.142531000
-1.247908000
-0.984351000
-1.536746000
-2.102053000
-0.036749000

0.037970000

0.036893000

2.103874000

0.110895000

0.193181000

0.891825000

0.061240000
-0.891844000

0.153708000
-0.034345000
-2.103854000

0.106134000
-0.967797000
-3.247872000
-3.111626000
-3.426875000
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-3.669715000
-2.451064000
-2.449711000
-4.922726000
-5.811131000
-4.853459000
-5.248369000
-5.825582000
-4.203212000
-0.002868000
-0.308802000
-0.609897000
-0.227970000
-0.461032000
0.176768000
0.480945000
0.798574000
0.384490000
0.632694000
0.677744000
0.674756000
0.004046000
1.696020000
1.192215000
-5.642536000
-5.642778000
4.466427000

0.698105000
1.379371000
2.462042000
1.553073000
0.935716000
2.571223000
2.905847000
3.825467000
3.175928000
-2.812270000
-3.554995000
-3.040036000
-4.936744000
-5.547049000
-5.579340000
-4.834333000
-5.316507000
-3.442927000
-2.843363000
-7.625934000
-8.685182000
-7.468157000
-7.330313000
-0.704066000
2.329684000
-2.329499000
-2.978656000

-0.061184000
-0.110796000
-0.193085000
-0.153718000
0.034307000
0.967791000
3.247902000
3.111687000
3.426885000
0.095193000
-1.042433000
-1.952299000
-1.002740000
-1.870155000
0.174869000
1.313546000
2.232311000
1.270094000
2.142587000
1.247756000
0.984157000
2.101951000
1.536536000
0.003052000
4.086109000
-4.086079000
-4.016417000
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4.466796000
5.394421000
5.494236000
5.394415000
5.494402000
-5.096070000
-4.257007000
-5.096258000
-4.257213000
-6.396297000
-6.424018000
-6.526416000
-7.257896000
-6.396097000
-7.257713000
-6.423881000
-6.526122000
6.768229000
7.154332000
6.717360000
7.495958000
6.768126000
6.717084000
7.495895000
7.154286000
4.404097000
4.790215000

2.978485000
1.780209000
0.782076000
-1.780427000
-0.782293000
2.239612000
2.940026000
-2.239369000
-2.939797000
-3.032548000
-3.812314000
-3.520606000
-2.366364000
3.032803000
2.366624000
3.812579000
3.520845000
2.439724000
2.529550000
3.448222000
1.858157000
-2.440142000
-3.448651000
-1.858700000
-2.529979000
2.568148000
2.666866000

4.016399000
-1.496526000
-1.957312000

1.496463000

1.957206000
-1.520062000
-1.645772000

1.520034000

1.645784000

1.555007000

0.786751000

2.527607000

1.404409000
-1.555161000
-1.404634000
-0.786919000
-2.527781000
-1.498081000
-2.520188000
-1.071299000
-0.916731000

1.497952000

1.071214000

0.916527000

2.520036000
-2.345636000
-3.367841000
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3.431413000
4.249369000
4.404021000
3.431432000
4.249084000
4.790204000
-5.071364000
-4.129534000
-5.881912000
-5.206967000
-5.071104000
-4.129294000
-5.881690000
-5.206603000

Cation Radical

2.066635000
3.572513000
-2.568187000
-2.066496000
-3.572529000
-2.666966000
-1.219616000
-0.660410000
-0.486698000
-1.717382000
1.219843000
0.660599000
0.486955000
1.717599000

Free Energy = -2802.220865

Energy =-2803.154149

N
C
O
C
H
O
C
O

0.016174000
-1.184579000
-5.870955000
-2.408884000
-2.416730000
-4.110481000
-3.617739000
-4.120542000

-1.392054000
-0.701102000

2.838354000
-1.374474000
-2.459093000

3.722492000
-0.698793000
-3.682700000

-2.395013000
-1.936948000
2.345660000
2.395113000
1.936994000
3.367834000
2.648723000
2.682108000
2.531013000
3.615960000
-2.648737000
-2.682032000
-2.531090000
-3.615994000

-0.070541000
-0.025097000
-1.664825000
0.010240000
0.042816000
-0.591401000
0.010606000
0.650093000

192



T O & OO 0 &m o o @m O 0 @ o &=m 0 0 o@D 60O o o @&Dm & 0 60 O o o =moOo

-4.913421000
-5.709690000
-5.849782000
-0.132093000
-4.877026000
-5.972480000
-6.193181000
-5.045847000
-3.614673000
-2.402510000
-2.406349000
-4.910462000
-5.702437000
-4.877957000
-6.001809000
-6.199041000
-5.086875000
0.000866000
0.341478000

0.653437000
0.293742000

0.559293000
-0.108204000
-0.447354000
-0.756478000
-0.384620000
-0.649656000

-1.478992000
-0.870904000
-2.741080000
-6.943043000
-2.749974000
-3.940063000
-4.789552000
-4.145877000
0.722622000
1.392996000
2.477823000
1.501419000
0.905913000
2.802341000
4.069184000
4.892444000
4.290220000
-2.829957000
-3.584850000
-3.085280000
-4.962773000
-5.579928000
-5.600398000
-4.839558000
-5.313420000
-3.453231000
-2.849938000

-0.016046000
0.426722000
1.726240000

-0.219514000
0.808475000
2.495709000
1.842277000
3.038228000

-0.035758000

-0.043269000

-0.070548000

0.006402000

-0.461560000

-0.769830000

-2.380604000

-1.687247000

-2.936804000

-0.140613000

0.982056000
1.896537000

0.916440000
1.769406000

-0.264751000

-1.387709000

-2.313605000

-1.319648000

-2.185894000
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-0.538024000
-0.491192000
-1.566962000
0.133748000
1.222190000
0.024908000
1.226651000
5.938723000
2.451001000
2.458468000
4.067755000
3.662185000
4.118954000
4.931557000
5.801888000
5.969903000
-0.035130000
4.925594000
6.109556000
6.232554000
5.227842000
3.657365000
2.442303000
2.444347000
4.918717000
5.795363000
4.891860000

-7.647253000
-8.706579000
-7.390454000
-7.451382000
-0.709393000
1.396580000
0.705107000
-2.485556000
1.373292000
2.457479000
-3.495871000
0.697970000
3.507618000
1.518412000
0.888667000
2.481192000
6.950164000
2.608664000
3.523123000
4.490045000
3.569634000
-0.719114000
-1.385878000
-2.470165000
-1.553070000
-0.928646000
-2.615200000

-1.374568000
-1.119751000
-1.659401000
-2.220964000
-0.056052000
0.022878000
0.016435000
1.836828000
0.074840000
0.119979000
1.110012000
0.028925000
-1.046008000
0.081176000
-0.132476000
-1.799869000
0.146827000
-0.974848000
-2.769380000
-2.272057000
-3.414283000
-0.043211000
-0.102997000
-0.143870000
-0.069308000
0.133117000
1.015031000
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6.059849000
6.165038000
5.177736000
0.023571000
0.388961000
0.701259000
0.365643000
0.650818000
-0.035854000
-0.399468000
-0.708954000
-0.361055000
-0.644504000
-0.438762000
-0.370046000
0.221431000
-1.474864000
-1.180832000
6.952540000
6.997593000
-6.841937000
-6.794552000
-5.374652000
-5.522438000
-5.376627000
-5.504465000
5.153583000

-3.504860000
-4.486089000
-3.518834000
2.834903000
3.579230000
3.070377000
4.957956000
5.566758000
5.607507000
4.857443000
5.340610000
3.469972000
2.875311000
7.666198000
8.723487000
7.461324000
7.429493000
0.713581000
-3.260105000
3.276820000
3.933519000
-3.769022000
-1.806615000
-0.826285000
1.777056000
0.780658000
-2.234489000

2.832649000
2.359893000
3.478513000
0.085089000
-1.037032000
-1.946277000
-0.977356000
-1.829990000
0.197501000
1.319947000
2.240877000
1.258087000
2.124522000
1.295431000
1.037117000
2.148764000
1.571569000
-0.016222000
3.407355000
-3.350620000
-3.060971000
3.190037000
-1.469922000
-1.952870000
1.470402000
1.925664000
-1.440124000

195



Z T - O @Zm & £ O F & ¥ O T m T O & T T O - T T O =T O =T

4.272060000
5.164323000
4.297582000
6.422895000
6.347500000
6.613155000
7.299107000
6.386577000
7.274404000
6.274112000
6.582741000
-6.713851000
-7.117140000
-6.603954000
-7.456033000
-6.728619000
-6.639925000
-7.464569000
-7.127575000
-4.352776000
-4.760078000
-3.420608000
-4.108696000
-4.366112000
-3.416184000
-4.156843000
-4.765697000

-2.861162000
2.164222000
2.812202000
3.021367000
3.860474000
3.441452000
2.421307000

-3.126912000

-2.548347000

-3.954042000

-3.565482000

-2.532934000
-2.631482000
-3.548627000

-2.005496000
2.479173000
3.507091000
1.954776000
2.543270000

-2.582388000

-2.787968000

-2.021667000

-3.541115000
2.547930000
2.010256000
3.531330000
2.702240000

-1.648221000
1.469821000
1.675161000
1.456342000
0.754426000
2.449663000
1.175493000

-1.391883000

-1.102555000

-0.680776000

-2.376039000

-1.443520000
-2.456746000
-1.038790000
-0.832788000
1.469842000
1.091754000
0.849080000
2.487568000

-2.289000000

-3.285198000

-2.422244000

-1.815851000
2.307830000
2.406701000
1.870325000
3.316290000
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5.255780000
4.341977000
6.094532000
5.425075000
5.294031000
4.408480000
6.161708000
5.447746000

1.091571000
0.488613000
0.408576000
1.545956000
-1.183945000
-0.541584000
-0.536946000
-1.659050000

2.545317000
2.610312000
2.348808000
3.527535000
-2.531821000
-2.608925000
-2.340039000
-3.506714000
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