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1. General Considerations

1.1 Solvents and Reagents

Tetrahydrofuran (THF) and triethylamine (EtsN) were sparged with argon and dried by passing
through alumina columns using argon in a Glass Contour solvent purification system.
Dichloromethane (CHCl,) was freshly distilled over calcium hydride under a N, atmosphere
prior to each use. DMF was purchased in Aldrich Sure/Seal™ bottles. N-Boc-piperidine (1a.a)
was obtained from Aldrich and used as received. Reagents were purchased from commercial
vendors as follows: Riboflavin (RTA, 98%) was purchased from Alfa Aesar. Silver nitrate
(AgNOs, 299%) was purchased from Sigma-Aldrich. Ammonium persulfate ((NH4)2S:0s, ACS
Reagent) was purchased from J. T. Baker Chemicals, potassium persulfate (K;S.0s, ACS
Reagent) was purchased from Fisher Scientific, and sodium persulfate (Na;S;0s, 98+%) was
purchased from Acros Organics. Acetonitrile (HPLC), acetone (HPLC) and water (HPLC) were
purchased from Fisher Scientific.

1.2 Experimental Procedures

Unless otherwise noted in the experimental procedures, reactions were carried out in flame
or oven-dried glassware under a positive pressure of N; in anhydrous solvents using standard
Schlenk techniques. Reaction temperatures above room temperature (22—-23 °C) were
controlled by an IKA® temperature modulator and monitored using liquid-in-glass
thermometers. Reaction progress was monitored using a combination of LC/MS analysis
(using a Shimadzu LCMS-2020 (UFLC) equipped with the LC-20AD solvent delivery system, a
SPD-20AV prominence UV/Vis detector (SPD-M20A Photo Diode Array), and a Thermo
Scientific Hypersil GOLD HPLC column (5 um particle size, 4.6 x 50 mm)), and thin-layer
chromatography (TLC) on Macherey-Nagel (MN) silica gel plates (glass backed, 60 A, 0.25 mm
thickness, UV254 manganese-activated zinc silicate fluorescence indicator). Visualization of
the developed plates was performed under UV-light (254 nm) irradiation, and then gently
heated with p-anisaldehyde or cerium ammonium molybdate (CAM) stain. Flash column
chromatography was performed with either glass columns using Silicycle silica gel (40—-63 um
particle size) or using a Yamazen Smart Flash EPCLC W-Prep 2XY (dual channel) automated
flash chromatography system on prefilled, premium, universal columns using ACS grade
solvents. Preparative thin layer chromatography was performed on SiliCycle Siliaplates (glass
backed, extra hard layer, 60 A, 250 pm thickness, F254 indicator).

1.3 Analytical Instrumentation

H NMR and 3C NMR data were recorded on Bruker AVQ-400, AVB-400, AV-600 and AV-700
spectrometers using CDCls as solvent, typically at 20—23 °C. Chemical shifts (8) are reported
in ppm relative to the residual solvent signal (6 7.26 for *H NMR, & 77.16 for 3*C NMR in CDCl3).
1F NMR spectra were acquired on an AVQ-400 spectrometer and internally referenced to
CFCl3 (6 0.00). Data for *H and *3C spectroscopy are reported as follows; chemical shift (5 ppm),
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, hept = heptet, m
= multiplet, br = broad), coupling constant (Hz), integration. Melting points were determined
using a MEL-TEMP™ apparatus and are uncorrected. High-resolution mass spectra (HRMS)
were analyzed as MeOH solutions (30-50 uM) using a Finnigan LTQ FT mass spectrometer
(Thermo). Solutions were injected directly into the ion source via syringe pump with 5 uL/min
flow rate. Xcalibur software (version 2.0.7, Thermo) was used for both spectra acquisition and
data analysis.
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2. Experimental Procedures

2.1 Preparation of N-Protected Cyclic Amines

R PivCI (1 equiv) R
r/\]\/\/ EtsN (2.3 equiv) R /-
; ﬂ - ﬂ
"\/ N )n CH,Cl, "\/ N )n
N 0°Cto 23 °C .
12 h Piv

A 25 mL round-bottomed flask was charged with a solution of the cyclic amine (500 mg, 1.0
equiv) and Et3N (2.3 equiv) in CH2Cl; (20 mL) and cooled to 0 °C. Pivaloyl chloride (1.1 equiv)
was added dropwise. The resulting mixture was allowed to warm to room temperature and
stirred for 12 h, after which the reaction mixture was quenched with HCl (1M, 5 mL). The
phases were separated, and the aqueous phase was extracted with CH,Cl, (3 x 5-10 mL). The
combined organic layers were washed with brine (5-10 mL), dried over Na,SOs, filtered, and

concentrated under reduced pressure.

N
I

Piv
1i

2,2-Dimethyl-1-(3-methylpiperidin-1-yl)propan-1-one (1i): The title compound was prepared
according to the general procedure using 3-methylpiperidine to give 1i (644mg, 81%) as a
colorless to slight yellowish liquid.

1H NMR (400 MHz, CDCls): 6 4.28 (dd, J = 30.5, 13.2 Hz, 2H), 2.72 (t, J = 12.1 Hz, 1H), 2.41 (t,J
=12.0 Hz, 1H), 1.9-1.74 (m, 1H), 1.73-1.61 (m, 1H), 1.61 - 1.37 (m, 2H), 1.27 (s, 9H), 1.13 -
1.05 (m, 1H), 0.89 (d, J = 6.6 Hz, 3H);

13C NMR (126 MHz, CDCl5) § 176.2, 38.9, 38.5, 33.44, 31.7, 28.6, 27.2, 25.8, 19.2;

HRMS (ESI): Calc’d for C11H22NO [M+H]*: 184.1696, found: 186.1695.

C L

I}I Et

Piv
1h

1-(2-ethylpiperidin-1-yl)-2,2-dimethylpropan-1-one (1h): The title compound was prepared
according to the general procedure using 2-ethylpiperidine to give 1h (854 mg, 98%) as a slight
yellowish liquid.

14 NMR (400 MHz, CDCl3): & 4.67 (s, 1H), 4.01 (s, 1H), 2.98 (s, 1H), 1.70 — 1.51 (m, 6H), 1.49 —
1.31 (m, 2H), 1.25 (s, 9H), 0.83 (t, J = 7.3 Hz, 3H);

13C NMR (126 MHz, CDCl5) 6 176.6, 39.0, 28.7, 27.3, 26.3, 22.5, 19.2, 10.7
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(Two 13C signals are missing due to peak broadening);
HRMS (ESI): Calc’d for C12H24NO [M+H]*: 198.1852, found: 198.1852.

N
|

Piv
1j

2,2-dimethyl-1-(3-phenylpiperidin-1-yl)propan-1-one (1j): The title compound was prepared
according to the general procedure using 3-phenylpiperidine (250 mg, 1.55 mmol, 1 equiv) to
give 1j (378 mg, 99%) as a slight yellowish liquid.
14 NMR (400 MHz, CDCls): & 7.37 — 7.29 (m, 2H), 7.27 — 7.20 (m, 3H), 4.52 (t, J = 15.3 Hz, 2H),
2.85-2.62 (m, 3H), 2.11-2.00 (m, 1H), 1.88 —1.77 (m, 1H), 1.76 — 1.67 (m, 1H), 1.66 — 1.53
(m, 1H), 1.30 (s, 9H);
13C NMR (126 MHz, CDCl3) 6 176.4, 143.4, 128.8, 127.2, 126.9, 43.4, 39.00, 32.1, 28.6, 26.1
(Two 13C signals are missing due to peak broadening);
HRMS (ESI): Calc’d for C16H24NO [M+H]*: 246.1852, found: 246.1852.

Cl

Piv
1b

1-(4-(4-chlorophenyl)piperidin-1-yl)-2,2-dimethylpropan-1-one (1b): The title compound
was prepared according to the general procedure using 4-(4-chlorophenyl)piperidine (250
mg, 1.28 mmol, 1 equiv) to give 1b (300 mg, 84%) as a slight brownish-yellowish liquid.

1H NMR (400 MHz, CDCls):  7.32 — 7.24 (m, 3H), 7.17 = 7.09 (m, 2H), 4.57 (d, J = 13.3 Hz, 2H),
2.86 (t,J=13.0 Hz, 2H), 2.74 (tt,J = 12.1, 3.8 Hz, 1H), 1.87 (d, J = 13.5 Hz, 2H), 1.66 - 1.51 (m,
2H), 1.31 (s, 9H);

13C NMR (126 MHz, CDCls) 6 176.5, 149.6, 129.2, 125.5, 117.8, 49.7, 45.0, 28.5. (Three 13C
signals are missing due to peak broadening);

HRMS (ESI): Calc’d for C16H23NOCI [M+H]*: 280.1463, found: 280.1461.
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MeO

MeO ~Piv
1l

1-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-2,2-dimethylpropan-1-one (1l): The title
compound was prepared according to the general procedure using 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline (250 mg, 1.55 mmol, 1 equiv) to give 1l (378 mg, 99%) as a slight
yellowish liquid.

14 NMR (500 MHz, CDCls) 6 6.61 (s, 1H), 6.59 (s, 1H), 4.67 (s, 1H), 4.09 — 3.68 (m, 8H), 2.80 (t,
J=6.1Hz, 2H), 1.31 (s, 9H).

13C NMR (126 MHz, CDCl3) 6 176.8, 147.9, 147.8, 126.3, 125.5, 111.5, 109.2, 56.1, 56.1, 47.2,
43.6, 38.9, 28.6, 28.5.

HRMS (ESI): Calc’d for CiH24NO3 [M+H]*: 278.1751, found: 278.1750.

()

N
|

Piv

1a

2,2-dimethyl-1-(piperidin-1-yl)propan-1-one (1b) was prepared according to a published
procedure.! Spectral data were in full agreement with the reported literature values.

Ph

Piv

1c

2,2-dimethyl-1-(4-phenylpiperidin-1-yl)propan-1-one (le) was prepared according to a
published procedure.? Spectral data were in full agreement with the reported literature
values.
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COzMe

Piv
1f

Methyl 2-(1-pivaloylpiperidin-4-yl)acetate (1f) was prepared according to a published
procedure. Spectral data were in full agreement with the reported literature values.?

N
~Piv
1k

1-(3,4-dihydroisoquinolin-2(1H)-yl)-2,2-dimethylpropan-1-one (1k) was prepared according
to a published procedure.* Spectral data were in full agreement with the reported literature
values.

Me

Piv
1d
2,2-dimethyl-1-(4-methylpiperidin-1-yl)propan-1-one (1d) was prepared according to a

published procedure.? Spectral data were in full agreement with the reported literature
values.

) OEt

Piv
le

Ethyl 1-pivaloylpiperidine-4-carboxylate (le) was prepared according to a published
procedure.? Spectral data were in full agreement with the reported literature values.
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(L

l}l Me

Piv
1g

2,2-dimethyl-1-(2-methylpiperidin-1-yl)propan-1-one (1g) was prepared according to a
published procedure.? Spectral data were in full agreement with the reported literature

values.

N
I

Piv
Im

2,2-dimethyl-1-(pyrrolidin-1-yl)propan-1-one (1m) was prepared according to a published
procedure.” Spectral data were in full agreement with the reported literature values.

1-(azepan-1-yl)-2,2-dimethylpropan-1-one (1n) was prepared according to a published
procedure.3 Spectral data were in full agreement with the reported literature values.

Piv
1o

1-(azocan-1-yl)-2,2-dimethylpropan-1-one (1o0) was prepared according to a published
procedure.? Spectral data were in full agreement with the reported literature values.
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2,2-dimethyl-1-((4aR,8aS)-octahydroquinolin-1(2H)-yl)propan-1-one (1p) was prepared
according to a published procedure.3 Spectral data were in full agreement with the reported
literature values.

1la-d1o

2,2-dimethyl-1-(piperidin-1-yl-dio)propan-1-one (1a-dio): The title compound was prepared
according to the general procedure using piperidine-di1 to give 1a-dio (881 mg, 95%) as a
colorless liquid.

1H NMR (500 MHz, CDCls) 6 1.24 (s, 9H);

13C NMR (126 MHz, CDCl5) 6§ 176.2, 45.8 — 45.0 (m), 38.7, 28.5, 25.7 — 24.7 (m), 23.8 — 23.2
(m).

HRMS (ESI): Calc’d for CiH24NO; [M+H]*: 180.2168, found: 180.2167.

O
OBu

5a

Methyl O-(tert-butyl)-N-(pivaloyl-L-prolyl)-L-threoninate (5a) was prepared according to a
published procedure.? Spectral data were in full agreement with the reported literature

values.
% \)]\OMG
Piv

5b

Methyl pivaloyl-L-prolyl-L-valinate (5b) was prepared according to a published procedure.?
Spectral data were in full agreement with the reported literature values.
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2.2 Preparation of Photocatalyst 2a (Riboflavin Tetraacetate, RFTA)

HO

AcO
. OH j\
HO® ACO™ /OAc

Ac,0 (47 equiv) N

OH - OAc
Me N N 0 Pyridine
Z NH
Me N Me N//\[rNH
O o)
S1 2a

(2R,3S,4S5)-5-(7,8-dimethyl-2,4-dioxo-3,4-dihydrobenzo[g]pteridin-10(2H)-yl)pentane-
1,2,3,4-tetrayl tetraacetate (2a): (—)-Riboflavin (S1 (10.0 g, 26.6 mmol, 1 equiv) was dissolved
in pyridine (120 mL) and acetic anhydride (118 mL, 47 equiv) was added. The resulting
reaction mixture was stirred at reflux (120 °C) over night (12 h) and then cooled to room
temperature, diluted with CH,Cl; (200 mL) and poured into ice cold HCl (ag., 1M, 200 mL).
The aqueous and organic layer were separated, the aqueous phase extracted with CH,Cl; (3 x
100 mL) and the combined organic layers washed with HCl (aq., 1 M, 100 mL) and water (100
mL), dried over Na,SOs and concentrated in vacuo. Purification of the crude product via
column chromatography (10% MeOH/CH,Cl,) afforded the title compound (2a) as yellow-
brown solid (5.30 g, 37%).

Spectral data were in full agreement with the reported literature values.®
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2.3 Experimental Setup of Photoreactor

Photochemical reactions were performed either in an air-cooled photobox lined with
aluminum foil using a blue Kessil brand A160WE Tuna Blue LED 40 W lamp (Figure S1), or the
commercially marketed Penn PhD Photoreactor M2 (450 nm).

Light Source
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2.4 Photochemical Method Optimization

Representative Procedure for Photocatalyst Screening

photocatalyst (2a, $2-S12) (5 mol%) O
K5>S,0g (3 equiv)
O blue LEDs H
y
l}l acetonitrile/H,0O (1:1) NH
|
Piv 1h Piv
1a 3a

To a 2-dram vial was added sequentially piperidine 1a (50.7 mg, 0.30 mmol, 1 equiv),
potassium persulfate (243 mg, 0.60 mmol, 3 equiv), photocatalyst (2a, S1 —S11) (5 mol%) and
15 ml of a 1:1 acetonitrile:H,0 solution. The resulting mixture was sparged with nitrogen for
10 min and subsequently transferred to the photoreactor, exposed to a blue Kessil brand
A160WE Tuna Blue LED 40 W lamp and cooled with an airstream. After 1 h, the reaction
mixture was partitioned with DCM (5 ml) and the phases were separated. The aqueous phase
was extracted with DCM (4 X 5 ml) and the combined organic layers dried over Na,SO4 and
concentrated under nitrogen. (CsHs)sCH (0.1 mmol, 24.4 mg) was added as NMR standard to
the crude reaction product and the yield and conversion determined using *H-NMR (pg. S69—
S70).

Table S1. Results of photocatalyst screening.

entry catalyst yield [%)*  conv. [%]*
1 2a 70 (4) 79
2 2 9 (0) 28
3 s3 10 (1) 86
4 sa4 7 (0) 23
5 S5 30 (9) 93
6 S6 5 (0) 48
7 7 36 (9) 74
8 S8 10 (2) 35
9 s9 34 (17) 69
10 10 29 (11) 91
11 S11 25 (3) 37
12 $12 38 (10) 71

#Yield and conversion by 'H integration using PhsCH as internal standard. Yield of
carboxylic acid shown in parentheses.
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Figure S2. Photocatalysts used for optimization studies.
Photochemical Method — Optimization of Reaction Time
photocatalyst (2a or S9) (5 mol%) o)
K>S,04 (3 equiv)
[in] blue LEDs H
y
N acetonitrile/H,0 (1:1) NH
Biy 60-220 min .
1a 3a

To a 2-dram vial was added, sequentially, piperidine 1a (50.7 mg, 0.30 mmol, 1 equiv),
potassium persulfate (243 mg, 0.60 mmol, 3 equiv), photocatalyst 2a or S9 (5 mol%) and 15
ml of a 1:1 acetonitrile/H20 solution. The resulting mixture was sparged with nitrogen for 10
min, placed in a photoreactor, and irradiated with a blue Kessil brand A160WE Tuna Blue LED
40 W lamp cooled with an airstream. After the set duration (see Table S2 below), the reaction
mixture was partitioned with DCM (5 ml) and the phases were separated. The aqueous phase
was extracted with DCM (4 X 5 ml) and the combined organic layers dried over Na,SO4 and
concentrated under nitrogen. (CsHs)sCH (0.1 mmol, 24.4 mg) was added as NMR standard to
the crude reaction product and the yield and conversion determined via *H-NMR (pg. S71).

Table S2. Optimization of reaction time for photochemical method.

entry catalyst time [min]  vyield [%]* conv. [%]*
1 S9 60 34 (17) 69
2 s9 120 11 (51) >99
3 2a 60 70 (4) 79
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4 2a 120 83 (13) 99
5 2a 220 59 (33) >99

#Yield and conversion by H integration using PhsCH as internal standard. Yield of
carboxylic acid shown in parentheses.

Photochemical Method — Optimization of Catalyst Loading

photocatalyst 2a (1-5 mol%) O
K28208 (3 GQUiV)
[jAj] blue LEDs H
o
I}l acetonitrile/H,0 (1:1) NH
I
Piv 2h Piv
1a 3a

To a 2-dram vial was added, sequentially, piperidine 1a (50.7 mg, 0.30 mmol, 1 equiv),
potassium persulfate (243 mg, 0.60 mmol, 3 equiv), photocatalyst 2a (1, 2.5, or 5 mol%) and
15 ml of a 1:1 acetonitrile:H,0 solution. The resulting mixture was sparged with nitrogen for
10 min and placed in a photoreactor, irradiated with a blue Kessil brand A160WE Tuna Blue
LED 40 W lamp and cooled with an airstream. After 2 h, the reaction mixture was partitioned
with DCM (5 ml) and the phases were separated. The aqueous phase was extracted with DCM
(4 X 5 ml) and the combined organic layers dried over Na,SOs and concentrated under
nitrogen. (CeHs)3CH (0.1 mmol, 24.4 mg) was added as NMR standard to the crude reaction
product and the yield as well as conversion determined by *H-NMR (pg. $72).

Table S3. Optimization of catalyst loading for RTA (A).

cat. loading
entry [mol%] yield [%])*  conv. [%]*
1 1 37 (9) 97
2 2.5 63 (24) 96
3 5 83 (13) 99

#Yield and conversion by 'H integration using PhsCH as internal standard. Yield of
carboxylic acid shown in parentheses.

Photochemical Method — Optimization of Oxidant and Solvent

photocatalyst 2a (5 mol%) O
Oxidant
blue LEDs H
>
l}l Solvent NH
[
Piv 2h Piv
1a 3a
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To a 2-dram vial was added, sequentially, piperidine 1a (50.7 mg, 0.30 mmol, 1 equiv), oxidant
(0.60 mmol, 3 equiv; or 1.20 mmol, 6 equiv), photocatalyst 2a (5 mol%) and 15 ml of a 1:1
solvent solution. The resulting mixture was sparged with nitrogen for 10 min and placed in a
photoreactor, exposed to a blue Kessil brand A160WE Tuna Blue LED 40 W lamp and cooled
with an airstream. After 2 h, the reaction mixture was partitioned with DCM (5 ml) and the
phases were separated. The aqueous phase was extracted with DCM (4 X 5 ml) and the
combined organic layers dried over Na;SOs and concentrated under nitrogen. (CeHs)3CH (0.1
mmol, 24.4 mg) was added as NMR standard to the crude reaction product and the yield and
conversion determined using *H-NMR (pg. S72-573).

Table S4. Optimization of oxidant for photochemical method.

entry oxidant equiv. yield [%]*  conv. [%)*
1 K2S:0s 3 83 (13) 99
2 (NH4)2S20s 3 18 (1) 98
3 Na,S,0s 3 70 (24) >99
4 Oxone 3 47 (31) 87
5 H.0, (30%) 3 0 35
6 TBHP 3 0 20

#Yield and conversion by 'H integration using PhsCH as internal standard. Yield of
carboxylic acid shown in parentheses.

Table S5. Optimization of solvent for photochemical method.

entry solvent M [mol/L] vyield [%]*¥ conv. [%])
1 MeCN/H-0 (1:1) 0.02 83 (13) 99
2 Acetone/H,0 (1:1) 0.02 67 (18) 96
3 DCE/H,0 (1:1) 0.02 3(0) 44

#Yield and conversion by 'H integration using PhsCH as internal standard. Yield of
carboxylic acid shown in parentheses.

Photochemical Method — Variation of Reaction Parameters

Any variation to the reaction conditions is listed as a change to the standard reaction
parameters listed below.

photocatalyst 2a (5 mol%) o)
K5>S,04 (3 equiv)
O blue LEDs H
>
l}l acetonitrile/H,O (1:1) NH
I
Piv 2h Piv
1a 3a

To a 2-dram vial was added, sequentially, piperidine 1a (50.7 mg, 0.30 mmol, 1 equiv),
potassium persulfate (243 mg, 0.60 mmol, 3 equiv), photocatalyst 2a (8.1 mg, 5 mol%) and 15
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ml of a 1:1 acetonitrile:H,0 solution. The resulting mixture was sparged with nitrogen for 10
min and placed in a photoreactor, exposed to a blue Kessil brand A160WE Tuna Blue LED 40
W lamp and cooled with an an airstream. After 2 h, the reaction mixture was partitioned with
DCM (5 ml) and the phases were separated. The aqueous phase was extracted with DCM (4 X
5 ml) and the combined organic layers dried over Na,SO4 and concentrated under nitrogen.
(CeHs)3CH (0.1 mmol, 24.4 mg) was added as an NMR standard to the crude reaction product
and the yield and conversion determined using *H NMR (pg. S74).

Table S6. Variation of the reaction parameters with respect to the standard conditions.

entry variation from the standard conditions yield [%]
1 no sparging, open to air 73 (19)*
2 no riboflavin tetraacetate 29 (12)*
3 riboflavin (S1) (without acetate groups) 31 (4)*
4 no oxidant 0#
6 no light source o#
7 450 nm 45 (34)*

#Yield and conversion by 'H integration using PhsCH as internal standard. Yield of
carboxylic acid shown in parentheses.

Photochemical Method — N-Protecting Group Screening

photocatalyst 2a (5 mol%) O
K28208 (3 GQUiV)
O blue LEDs H
o
N acetonitrile/H,0 (1:1) NH
: 2 :
1a 3a

Piperidine derivatives bearing different substituents on nitrogen were subjected to the
standard reaction conditions according to the representative procedure. The result obtained
for N-Boc piperidine is representative of the observations made under the standard
conditions.

For the quantification of the reaction outcome, (C¢Hs)sCH (0.1 mmol, 24.4 mg) was added as
NMR standard to the crude reaction product and the yield and conversion determined using
'H NMR integration (pg. S75).
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R yield” conv.”
1a: Piv 96% 99%
1a.a: Boc 18% 86%
1a.b: Bz 41% 54%

# Yield by 'H integration using Ph3CH as internal standard.

Figure S3. Results for N-protecting group screening.
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2.5 Experiments to Probe Triplet Energy Transfer Mechanism

Some recent reports’ of photochemical transformations have implicated excited-state triplet
energy transfer from the photocatalyst to the substrate or oxidant as a key process in the
reaction mechanism. In order to determine the viability of such a reaction pathway in our
photoinitiated riboflavin tetraacetate oxidation method, photocatalysts of varying triplet
energies were explored in place of riboflavin tetraacetate (2a), and the conversion of
substrate 1a was assessed for a correlation between the photocatalyst triplet energy and
substrate conversion (see Table S7 below). The excited state triplet energy of the
photocatalyst does not appear to have an effect on substrate conversion, so it is unlikely that
triplet energy transfer is an operable pathway for oxidation.

O O
photocatalyst (5 mol%) |
K,S,04 (3 equiv) OH
N MeCN/H,O (1:1) NH NH
Piv [0.02 M] Piv Piv
light source, 2 h
1a 3a 4a
Table S7. Results of triplet energy transfer mechanistic experiments.
triplet 3a 4a
A energy conv. yield yield
catalyst [nm]  [kcal/mol] [%]* [%])* [%])*
400 61 22 0
Ir[dF(CF dtb PF 61
(Ir[dF(CF3)ppyl2(dtbpy))PFs 450 63 51 0
9-fluorenone 400 53 34 2 0
450 51 0 0
400 99 0 46
Ru(bpy)sCl - H,0 47
450 98 0 54

#Yield and conversion by 'H integration using PhsCH as internal standard.
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2.6 Kinetics Experiments

2a (5 mol%) ? 5 O P O
K5>S,04 (3 equiv)
O ﬁ blue LEDs D
> or D D D
MeCN/H,O (1:1) ';IH D ';IH
Piv Piv
1a 1a-d10 3a 3a'dg

Kinetic Isotope Effect

Absolute rates: 1a (169 mg, 1.00 mmol, 1 equiv) or 1la-die (179 mg, 1.00 mmol, 1 equiv),
potassium persulfate (811 mg, 3.00 mmol, 3 equiv), and 2a (27.2 mg, 50.0 umol, 0.05 equiv)
were combined in a 30 mL vial with a magnetic stir bar, dissolved in 20 mL of 1:1 MeCN/H,0,
and the mixture was sparged with N,. The mixture was allowed to stir under irradiation from
a Kessil brand A160WE Tuna Blue LED 40 W lamp. Every 5 minutes, the lamp was quickly
turned off, a 0.25 mL aliquot was taken from the mixture, the reaction vessel was placed back
into the photobox, and irradiation was resumed. The aliquot was diluted with DI H,0O and
extracted with 3 x 1 mL DCM. The combined organic layers were dried over Na;SO, filtered,
and concentrated. The resulting crude samples were analyzed by 'H NMR using PhsCH as a
standard to assess yield of 3a or 3a-ds. ku/kp = 1.1 (average of three trials).

14
12

10

% yield
[ |
[ ]

0 300 600 900 1200
time (s)

Figure S4. Initial rates for 1a (black, 9.6 x 1072 M/s) and 1a-dho (red, 8.2 x 1073 M/s), ku/ko = 1.1.

Intermolecular competition: 1a (8.5 mg, 50.0 umol, 1 equiv) and 1a-dio (8.9 mg, 50.0 umol, 1
equiv), potassium persulfate (81.1 mg, 0.300 mmol, 6 equiv), and 2a (2.7 mg, 5.0 umol, 0.1
equiv) were combined in a 2 dram vial with a magnetic stir bar, dissolved in 5 mL of 1:1
MeCN/H,0, and the mixture was sparged with N,. The mixture was allowed to stir under
irradiation from a Kessil brand A160WE Tuna Blue LED 40 W lamp for 15 minutes. The mixture
was extracted with 3 x 3 mL DCM. The combined organic layers were dried over Na;SOs,
filtered, and concentrated. The aldehyde products were isolated by preparative thin-layer
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chromatography (1:1 hexanes/EtOAc). The resulting mixture of 3a and 3a-dy was analyzed by
'H NMR using PhsCH as a standard to assess yields. [Pu]/[Po] = 1.0 (average of three trials)

Light On/Off Experiment

1a (169 mg, 1.00 mmol, 1 equiv), potassium persulfate (811 mg, 3.00 mmol, 3 equiv), and 2a
(27.2 mg, 50.0 umol, 0.05 equiv) were combined in 30 mL vial with a magnetic stir bar,
dissolved in 20 mL of 1:1 MeCN/H,0, and the mixture was sparged with N,. The reaction
mixture was irradiated with a Kessil brand A160WE Tuna Blue LED 40 W lamp and kept in the
dark for alternating 20 min periods. At the start/end of each period, a 0.25 mL aliquot was
taken from the mixture. The aliquot was diluted with DI H,0 and extracted with 3 x 1 mL DCM.
The combined organic layers were dried over Na;SO., filtered, and concentrated. The

resulting crude samples were analyzed by *H NMR using PhsCH as a standard to assess yield
of 3a.

50
45
40
35
30
25
20
15
10

% yield

0 20 40 60 80 100 120
time (min)

Figure S5. Light on/off experiment.
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2.7 Procedure for Riboflavin Tetraacetate-mediated Ring Opening

Blue LEDs (400 - 450nm) ? O
Riboflavin tetraacetate (5 mol%) OH
O K5,S,0g (3 equiv) - +
N acetonitrile/H,0 (1:1) NH NH
I!" [0.02M] I |
\% 2h Piv Piv
1a 3a 4a

To a 2-dram vial was added, sequentially, piperidine 1a (50.7 mg, 0.30 mmol, 1 equiv),
potassium persulfate (243 mg, 0.60 mmol, 3 equiv), photocatalyst riboflavin tetraacetate (8.1
mg, 5 mol%) and 15 ml of a 1:1 acetonitrile:H,0 solution. The resulting mixture was sparged
with nitrogen for 10 min and placed in a photoreactor, exposed to a blue Kessil brand A160WE
Tuna Blue LED 40 W lamp and cooled with an airstream. After 2 h, the reaction mixture
was partitioned with DCM (5 ml) and the phases were separated. The aqueous phase was
extracted with DCM (4 X 5 ml) and the combined organic layers dried over Na,SO4 and
concentrated under nitrogen to afford a mixture of N-(5-oxopentyl)pivalamide (3a) and 5-
pivalamidopentanoic acid (4a). The mixture was subjected to an acid-base extraction using
sodium bicarbonate (sat. solution) and HCI (5N) to give the major aldehyde product (3a) (47.6
mg, 86%) as a dark yellow brownish oil and the minor acid product (4a) (1.9 mg, 3%) as a
yellowish oil.

Aldehyde (3a):

14 NMR (500 MHz, CDCl3): & 9.73 (t, J = 1.5 Hz, 1H), 5.83 (s, 1H), 3.20 (td, J = 7.0, 5.8 Hz, 2H),
2.46 (td, J = 7.0, 1.4 Hz, 2H), 1.65 — 1.55 (m, 2H), 1.54 — 1.45 (m, 2H), 1.15 (s, 9H);

13C NMR (126 MHz, CDCls): § 202.4, 178.6, 43.4, 39.0, 38.7, 29.1, 27.7, 19.1;

HRMS (ESI): Calc’d for C1oH20NO; [M+H]*: 186.1489, found: 186.1488.

Acid (4a):

14 NMR (500 MHz, CDCl3): § 5.76 (s, 1H), 3.26 (qd, J = 7.1, 5.8 Hz, 2H), 2.40 (t, J = 7.1 Hz, 2H),
1.70 — 1.49 (m, 4H), 1.20 (d, J = 1.8 Hz, 9H);

13C NMR (126 MHz, CDCls): 6 178.9, 177.0, 39.0, 38.8, 33.2, 29.1, 27.7, 21.9.

Cl

o _Piv

Ir=

3b

N-(3-(4-chlorophenyl)-5-oxopentyl)pivalamide (3b): The title compound was prepared
according to the representative procedure using 1-(4-(4-chlorophenyl)piperidin-1-yl)-2,2-
dimethylpropan-1-one to give 3b (9.1 mg, 62%) as a colorless oil.
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1H NMR (500 MHz, CDCl): § 9.67 (t, J = 1.5 Hz, 1H), 7.31 — 7.24 (m, 2H), 7.17 = 7.11 (m, 2H),
5.63 (s, 1H), 3.26 —3.13 (m, 2H), 3.05 (ddt, J = 11.6, 7.5, 5.9 Hz, 1H), 2.84 — 2.69 (m, 2H), 1.92
—1.73 (m, 2H), 1.14 (s, 9H);

13C NMR (101 MHz, CDCls): § 200.9, 178.6, 141.8, 132.8, 129.2, 128.9, 50.6, 38.7, 37.9, 37.1,
36.2,27.6;

HRMS (ESI): Calc’d for C1H23sNO,Cl [M+H]*: 296.1412, found: 296.1411.

HN Ph
Piv

3c

N-(5-Oxo-3-phenylpentyl)pivalamide (3c): The title compound was prepared according to the
representative  procedure using 2,2-dimethyl-1-(4-phenylpiperidin-1-yl)propan-1-one.
Purification by preparative thin-layer chromatography (50% EtOAc/hexanes) provided (3c)
(11.24 mg, 43%, 75% BRSM) as a colorless oil.

14 NMR (600 MHz, CDCl3) & 9.68 (t, J = 1.7 Hz, 1H), 7.34 — 7.28 (m, 2H), 7.24 — 7.18 (m, 3H),
5.58 (s, 1H), 3.28 —3.19 (m, 2H), 3.11 = 3.01 (m, 1H), 1.99 — 1.86 (m, 2H), 1.86 — 1.74 (m, 2H),
1.11 (s, 9H);

13C NMR (151 MHz, CDCl3) 6 201.4, 178.6, 143.3, 129.1, 127.5, 50.7, 38.7, 38.0, 36.2, 28.5,
27.6;

HRMS (ESI): Calc’d for CiH24NO; [M+H]*: 262.1802, found: 262.1802.

)
/

HN Me
Piv

3d

N-(3-Methyl-5-oxopentyl)pivalamide (3e): The title compound was prepared according to
the representative procedure using 2,2-dimethyl-1-(4-methylpiperidin-1-yl)propan-1-one.
Purification by preparative thin-layer chromatography (50% EtOAc/hexanes) provided (3d)
(15.1 mg, 76%) as a colorless oil.
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1H NMR (400 MHz, CDCls): & 9.75 (t, J = 1.7 Hz, 1H), 5.83 (s, 1H), 3.34 — 3.13 (m, 2H), 2.56 —
2.24 (m, 2H), 2.10 (dq, J = 13.5, 6.7 Hz, 1H), 1.55 — 1.38 (m, 2H), 1.19 (s, 9H), 0.99 (d, J = 6.8
Hz, 3H);

13C NMR (101 MHz, CDCl3): & 202.6, 178.7, 51.1, 38.8, 37.5, 36.6, 27.7, 25.5, 20.2;

HRMS (ESI): Calc’d for C11H2:NO2Na [M+Nal*: 222.1465, found: 222.1466.

/\Oioi\
_Piv
oxd N

H
3e

Ethyl 4-oxo0-2-(2-pivalamidoethyl)butanoate (3e): The title compound was prepared
according to the representative procedure using ethyl 1-pivaloylpiperidine-4-carboxylate.
Purification by preparative thin-layer chromatography (50% EtOAc/hexanes) provided (3e)
(34.7 mg, 45%) as a colorless oil.

14 NMR (500 MHz, CDCls): & 9.74 (d, J = 1.0 Hz, 1H), 6.03 — 5.97 (m, 1H), 4.14 (q, J = 7.1 Hz,
2H), 3.37 = 3.15 (m, 2H), 2.96 — 2.84 (m, 2H), 2.70 — 2.60 (m, 1H), 1.90 — 1.66 (m, 2H), 1.24 (t,
J=7.1Hz, 3H), 1.17 (s, 9H);

13C NMR (126 MHz, CDCl5): 6 200.0, 178.8, 174.5, 61.2, 45.4, 38.8, 37.3, 36.7, 31.4, 31.3, 27.6,
14.3;

HRMS (ESI): Calc’d for C13H24NO4 [M+H]*: 258.1700, found: 257.1699.

COgMe

_Piv

H
3f

Methyl 5-oxo-3-(2-pivalamidoethyl)pentanoate (3f): The title compound was prepared
according to the representative procedure using methyl 2-(1-pivaloylpiperidin-4-yl)acetate.
However, the catalyst loading was increased to 10 mol%. Purification by preparative thin-
layer chromatography (70% EtOAc/hexanes) provided (3f) (9.62 mg, 75%) as a colorless oil.
1H NMR (500 MHz, CDCls): 6 9.76 (d, J = 1.3 Hz, 1H), 6.04 (s, 1H), 3.67 (s, 3H), 3.25 (tdd, J =
6.8,5.5, 1.6 Hz, 2H), 2.57 (dd, /= 6.3, 1.3 Hz, 2H), 2.52 -2.43 (m, 1H), 2.42 - 2.31 (m, 2H), 1.55
(m, 2H), 1.20 (s, 9H);

13C NMR (126 MHz, CDCl5): § 201.4, 178.8,172.9,51.7,48.2, 38.2, 36.9, 34.0, 28.3, 27.6, 26.7;
HRMS (ESI): Calc’d for C13H23NO4Na [M+Na]*: 280.1519, found: 280.1519.

Me

/\/\)\ Piv
7 N~
© H

3g
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N-(6-oxohexan-2-yl)pivalamide (3g): The title compound was prepared according to the
representative procedure on a 300 umol scale using 2,2-dimethyl-1-(2-methylpiperidin-1-
yl)propan-1-one. Purification by preparative thin-layer chromatography (50%
EtOAc/hexanes) provided (3g) (43.3 mg, 72%) as a colorless oil.

1H NMR (500 MHz, CDCl5): 6 9.76 (t, J = 1.4 Hz, 1H), 5.41 (s, 1H), 4.04 — 3.92 (m, 1H), 2.56 —
2.40 (m, 2H), 1.62 - 1.38 (m, 4H), 1.19 (d, J = 3.6 Hz, 9H), 1.12 (d, J = 6.6 Hz, 3H);

13C NMR (126 MHz, CDCl5): § 202.42, 178.1, 44.7, 43.6, 38.8, 36.4, 27.7, 21.1, 18.5;

HRMS (ESI): Calc’d for C11H2,NO> [M+H]*: 200.1645, found: 200.1646.

Et

_Piv

H
3h

N-(7-oxoheptan-3-yl)pivalamide (3h): The title compound was prepared according to the
representative procedure on a 300 pmol scale using 1-(2-ethylpiperidin-1-yl)-2,2-
dimethylpropan-1-one. Purification by preparative thin-layer chromatography (50%
EtOAc/hexanes) provided (3h) (33.4 mg, 52%) as a colorless oil.

14 NMR (500 MHz, CDCls) § 9.72 (t, J = 1.5 Hz, 1H), 5.35 (d, J = 9.0 Hz, 1H), 3.82 (dtd, J = 12.3,
8.7,4.5 Hz, 1H), 2.54 — 2.34 (m, 2H), 1.68 — 1.41 (m, 4H), 1.34 (m, 2H), 1.17 (s, 9H), 0.85 (t, J =
7.5 Hz, 3H);

13C NMR (126 MHz, CDCl5) § 202.4, 178.3, 49.9, 43.6, 34.3, 28.2, 27.8, 18.4, 10.3;

HRMS (ESI): Calc’d for C12H24NO; [M+H]*: 214.1802, found: 214.1800.

+
0% o

Hl}l I}IH
Piv Piv
3i.a 3i.b

N-(2-methyl-5-oxopentyl)pivalamide (3i.a) and N-(4-methyl-5-oxopentyl)pivalamide (3i.b):
The title compound was prepared according to the representative procedure using 2,2-
dimethyl-1-(3-methylpiperidin-1-yl)propan-1-one. Purification by preparative thin-layer
chromatography (50% EtOAc/hexanes) provided a mixture of 3i.a and 3i.b (14.4 mg, 72%;
ratio 3i.a:3i.b 1:0.78) as a colorless oil.

1H NMR (400 MHz, CDCl5): 6§ 9.76 (t, J = 1.3 Hz, 1H), 9.59 (d, J = 1.7 Hz, 1H), 5.89 (s, 1H), 5.78
(s, 1H), 3.29 - 3.00 (m, 4H), 2.60 — 2.42 (m, 2H), 2.36 (hd, J =7.0, 1.7 Hz, 1H), 1.77 — 1.28 (m,
6H), 1.18 (d, /= 6.0 Hz, 18H), 1.09 (d, /= 7.1 Hz, 2H), 0.88 (d, J = 6.5 Hz, 3H);

13C NMR (126 MHz, CDCls): 6 204.9, 202.5, 178.7, 178.6, 46.0, 44.7, 41.5, 39.4, 38.9, 38.8,
33.1,27.7,27.7,27.5, 27.2, 25.9, 17.6, 13.5;

HRMS (ESI): Calc’d for C11H22NO; [M+H]*: 200.1645, found: 200.1644.
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J/j/Ph (\EPh
+
0% No

Hl}l I}IH
Piv Piv
3j.a 3j.b

N-(5-Oxo-2-phenylpentyl)pivalamide (3j.a) and N-(5-Oxo-4-phenylpentyl)pivalamide (3j.b):
The title compounds were prepared according to the representative procedure using 2,2-
dimethyl-1-(3-phenylpiperidin-1-yl)propan-1-one. Purification by preparative thin-layer
chromatography (50% EtOAc/hexanes) provided a mixture of 3j.a and 3j.b (52.40 mg, 67%;
ratio 3j.a:3j.b 1:0.5) as colorless oils.

14 NMR (500 MHz, CDCls): 6 9.67 (t, J = 1.3 Hz, 1H), 9.66 (d, J = 1.6 Hz, 1H), 7.39 — 7.22 (m,
7H), 7.18 — 7.11 (m, 4H), 5.73 (s, 1H), 5.54 (s, 1H), 3.73 —3.60 (m, 2H), 3.54 (ddd, J = 8.1, 6.4,
1.6 Hz, 1H), 3.28 —3.16 (m, 3H), 2.86 — 2.76 (m, 2H), 2.44 — 2.27 (m, 3H), 2.14 — 1.98 (m, 3H),
1.91-1.79 (m, 2H), 1.76 — 1.66 (m, 1H), 1.53 — 1.39 (m, 1H), 1.17 (s, 6H), 1.06 (s, 14H);

13C NMR (126 MHz, CDCls): 6 201.9, 200.6, 178.6, 178.5, 141.6, 136.1, 129.3, 129.0, 128.9,
127.9,127.8,127.3,58.7,45.1,44.9, 41.8, 39.1, 38.7, 38.7, 27.7, 27.5, 27.3, 26.8, 25.5;
HRMS (ESI): Calc’d for C16H2aNO2 [M+H]*: 262.1802, found: 262.1801.

HN
| Piv

O
3k

N-(2-Formylphenethyl)pivalamide (3k):The title compound was prepared according to the
representative procedure using 1-(3,4-dihydroisoquinolin-2(1H)-yl)-2,2-dimethylpropan-1-
one. Purification by preparative thin-layer chromatography (50% EtOAc/hexanes) provided
the title compound (3k) (12.13 mg, 52%) as a yellow-brownish oil.

14 NMR (500 MHz, CDCl3) 6 10.17 (s, 1H), 7.80 (dd, J = 7.6, 1.6 Hz, 1H), 7.53 (td, J = 7.5, 1.5
Hz, 1H), 7.43 (td, J = 7.5, 1.2 Hz, 1H), 7.31 (dd, J = 7.7, 1.2 Hz, 1H), 5.99 (s, 1H), 3.51 (td, J = 6.9,
5.6 Hz, 2H), 3.25 (t, J = 6.9 Hz, 2H), 1.12 (s, 9H).

13C NMR (126 MHz, CDCl3) 6 193.8, 178.8, 141.7, 134.4, 134.1, 134.0, 132.1, 127.3, 41.2, 38.8,
32.4,27.7;

HRMS (ESI): Calc’d for C1aH20NO2 [M+H]*: 234.1489, found: 234.1489.

S26



MeO

HN_
MeO | Piv

O
3l

N-(2-Formyl-4,5-dimethoxyphenethyl)pivalamide (3l): The title compound was prepared
according to the representative procedure using 1-(6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yl)-2,2-dimethylpropan-1-one. Purification by preparative thin-layer chromatography
(50% EtOAc/hexanes) provided the title compound (3l) (27.9 mg, 95%) as a yellow-brownish
oil.

1H NMR (500 MHz, CDCl3) § 10.08 (s, 1H), 7.30 (s, 1H), 6.75 (s, 1H), 5.98 (t, ] = 5.9 Hz, 1H), 3.93
(d,J=9.4Hz, 6H),3.49 (td, ) = 7.0, 5.8 Hz, 2H), 3.19 (t, ] = 7.0 Hz, 2H), 1.13 (s, 9H).

13C NMR (126 MHz, CDCl5) § 191.0, 178.9, 153.9, 148.0, 137.0, 127.3, 113.8, 113.6, 56.3, 56.2,
41.7,38.8,31.7, 27.7;

HRMS (ESI): Calc’d for C16H24NO4 [M+H]*: 294.1700, found: 294.1700.

_0 0

NH I}IH
|

Piv Piv

3m am

N-(4-oxobutyl)pivalamide (3m) and 4-pivalamidobutanoic acid (4m): The title compounds
were prepared according to the representative procedure using N-(4-oxobutyl)pivalamide--
2,2-dimethyl-1-(pyrrolidin-1-yl)propan-1-one. Evaporation of the organic solvent afforded a
mixture of the products (3m) and (4m). The mixture was subjected to an acid-base extraction
using sodium bicarbonate (sat. solution) and HCI (5N) to give the major aldehyde product (3m)
(30.9 mg, 60%) as a dark yellow brownish oil and the minor acid product (4m) (1.4 mg, 2.5%)
as a yellowish oil.

Aldehyde (3m):

14 NMR (500 MHz, CDCls): § 9.77 (t, J = 1.2 Hz, 1H), 5.89 (s, 1H), 3.25 (td, J = 6.8, 5.6 Hz, 2H),
2.51 (td, J = 6.9, 1.2 Hz, 2H), 1.83 (p, J = 6.9 Hz, 2H), 1.16 (s, 9H);

13C NMR (126 MHz, CDCls): 6 202.2, 178.8, 41.7, 39.1, 38.7, 27.6, 22.0;

HRMS (ESI): Calc’d for CaH1gsNO; [M+H]*: 172.1332, found: 172.1334.

Acid (4m):

1H NMR (700 MHz, CDCl3) § 6.05 (s, 1H), 3.35—3.29 (m, 2H), 2.39 (t, J = 6.9 Hz, 2H), 1.85 (p, J
=6.8 Hz, 2H), 1.19 (s, 9H);

13C NMR (176 MHz, CDCl5) 6 179.6, 177.5, 81.5, 39.2, 38.9, 31.7, 27.7, 24.8;

HRMS (ESI): Calc’d for CoH1sNO3 [M+H]*: 188.1281, found: 188.1282.
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Piv O Piv O
3n 4n

N-(6-oxohexyl)pivalamide (3n) and 6-pivalamidohexanoic acid (4n): The title compounds
were prepared according to the representative procedure using 1-(azepan-1-yl)-2,2-
dimethylpropan-1-one. Evaporation of the organic solvent afforded a mixture of the products
(3n) and (4n). The mixture was treated with an acid-base extraction using sodium bicarbonate
(sat. solution) and HCI (5N) to give the major aldehyde product (3n) (16.8 mg, 84%) as a
colorless oil and the minor acid product (4n) (2.8 mg, 13%) as a yellowish oil.

Aldehyde (3n):

4 NMR (500 MHz, CDCls) § 9.75 (t, J = 1.7 Hz, 1H), 5.68 (s, 1H), 3.23 (td, J = 7.2, 5.8 Hz, 2H),
2.44 (td, J = 7.2, 1.7 Hz, 2H), 1.64 (p, J = 7.3 Hz, 2H), 1.51 (ddd, J = 14.8, 7.8, 6.6 Hz, 2H), 1.38
—1.30 (m, 2H), 1.18 (s, 9H);

13C NMR (101 MHz, CDCl5) 6 202.6, 178.7, 43.8, 39.3, 38.8, 29.5, 27.7, 26.4, 21.7;

HRMS (ESI): Calc’d for C11H22NO; [M+H]*: 200.1645, found: 200.1646.

Acid (4n):

'H NMR (500 MHz, CDCls) & 5.67 (s, 1H), 3.25 (td, J = 7.2, 5.8 Hz, 2H), 2.36 (t, J = 7.4 Hz, 2H),
1.66 (p, J = 7.4 Hz, 2H), 1.57 — 1.47 (m, 2H), 1.42 — 1.32 (m, 2H), 1.19 (s, 9H);

13C NMR (126 MHz, CDCl3) 6 178.7, 177.7, 39.4, 38.8, 33.7, 29.4, 27.7, 26.3, 24.4;

HRMS (ESI): Calc’d for C11H2:NO3 [M+H]*: 216.1594, found: 216.1595.

\
@
NH

/
Piv

30

N-(7-oxoheptyl)pivalamide (30): The title compound was prepared according to the
representative procedure using 1-(azocan-1-yl)-2,2-dimethylpropan-1-one. Purification by
preparative thin-layer chromatography (50% EtOAc/hexanes) provided (30) (19.4 mg, 91%) as
a colorless oil.

14 NMR (500 MHz, CDCls): § 9.75 (t, J = 1.7 Hz, 1H), 5.64 (s, 1H), 3.21 (td, J = 7.3, 5.7 Hz, 2H),
2.42 (td, J = 7.3, 1.8 Hz, 2H), 1.62 (p, J = 7.2 Hz, 2H), 1.49 (p, J = 7.2 Hz, 2H), 1.32 (qd, / = 6.8,
5.8, 3.6 Hz, 4H), 1.18 (s, 9H);

13C NMR (126 MHz, CDCl3): 6 202.8, 178.5, 43.9, 39.5, 38.8, 29.6, 28.9, 27.7, 26.7, 22.0;
HRMS (ESI): Calc’d for C12H24NO; [M+H]*: 214.1802, found: 214.1803.
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N-((1S,2R)-2-(3-oxopropyl)cyclohexyl)pivalamide (3p): The title compound was prepared
according to the representative procedure using 2,2-dimethyl-1-((4aR,8aS)-
octahydroquinolin-1(2H)-yl)propan-1-one.  Purification by  preparative  thin-layer
chromatography (80% EtOAc/hexanes) provided (3p) (15.5 mg, 65%) as a colorless oil.
14 NMR (500 MHz, CDCls) & 9.75 (d, J = 1.4 Hz, 1H), 5.62 (d, J = 8.7 Hz, 1H), 3.56 (tdd, J = 11.0,
8.8, 4.1 Hz, 1H), 2.60 — 2.50 (m, 1H), 2.49 — 2.39 (m, 1H), 2.04 — 1.93 (m, 1H), 1.89 - 1.83 (m,
1H), 1.83 — 1.75 (m, 1H), 1.74 — 1.64 (m, 2H), 1.38 — 1.27 (m, 3H), 1.21 (s, 9H), 1.15 - 0.95 (m,
3H);
13C NMR (126 MHz, CDCl3): 6 202.9, 178.1, 51.9, 42.7, 41.0, 38.9, 33.9, 31.1, 27.8, 25.8, 25.3,
24.4;
HRMS (ESI): Calc’d for C14H2602N [M+H]*: 240.1958, found: 240.1958;

Calc’d for C14H26NO2Na [M+Na]*: 262.1778, found: 262.1778.
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2.8 Procedure for Copper-Mediated Ring Opening

O
Cu(MeCN)4BF,4 (0.25 equiv)
Na,S,0g (4 equiv) OH
o
N acetone/H,0 (1:9) NH
| |
: 0.2M] ,

Piv [

40°C, 24 h Piv
1a 4a

A 1-dram vial was charged with piperidine 1a (16.9 mg, 0.10 mmol) and 0.50 mL of a 1:9
acetone:H;O0  solution.  Sodium persulfate (95 mg, 0.40 mmol) and
tetrakis(acetonitrile)copper(l) tetrafluoroborate (7.9 mg, 0.025 mmol) were added to the
solution, and the resulting mixture was allowed to stir at 40 °C for 24 h. The reaction mixture
was basified with sat. sodium bicarbonate to approx. pH 9, extracted with EtOAc (3 x 3 mL),
subsequently acidified to ~pH 4 with 5N HCI and extracted with CH,Cl; (3 x 3 mL). The
combined CH-Cl; extracts were dried over Na,SO,, filtered, and concentrated under reduced
pressure to provide 5-pivalamidopentanoic acid 4a (10.9 mg, 54%) as a colorless liquid.

'H NMR and '3C NMR spectral data were in full agreement with those for 4a reported above.
HRMS (ESI): Calc’d for C1oH19NO3 [M+H]*: 202.1438, found: 202.1439.

NOTE: Substrates typically show full conversion after a 24 h reaction period. Some over-
oxidation can be observed, leading to reduced yields of the desired carboxylic acid.

PiV\N/\/\n/OH
H 0]

4m

4-Pivalamidobutanoic acid (4m): The title compound was prepared according to the
representative procedure on a 200 umol scale using 2,2-dimethyl-1-(pyrrolidin-1-yl)propan-
1-one. Purification by acid-base extraction provided the title compound (4m) (22.1 mg, 59%)
as a colorless oil.

1H NMR (700 MHz, CDCls) § 6.05 (broad s, 1H), 3.32 (td, J = 6.7, 5.8 Hz, 2H), 2.39 (t, ] = 6.9 Hz,
2H), 1.85 (apparent p, J = 6.9 Hz, 2H), 1.19 (s, 9H).

13C NMR (176 MHz, CDCl5) 6§ 179.6, 177.5, 39.2, 38.8, 31.7, 27.6, 24.8.

HRMS (ESI): Calc’d for CoH1sNO3 [M+H]*: 188.1281, found: 188.1282.

OH
(Y

NH
|

Piv
4n
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6-Pivalamidohexanoic acid (4n): The title compound was prepared according to the
representative procedure on a 200 umol scale using 1-(azepan-1-yl)-2,2-dimethylpropan-1-
one. Purification via acid-base extraction provided the title compound (4n) (26.3 mg, 61%) as
a colorless oil.

1H NMR (700 MHz, CDCls) § 5.74 (broad s, 1H), 3.23 (td, J = 7.2, 5.7 Hz, 2H), 2.34 (t, ] = 7.4 Hz,
2H), 1.64 (apparent p, J = 7.4 Hz, 2H), 1.51 (apparent p, J = 7.6 Hz, 2H), 1.44 — 1.33 (m, 2H),
1.18 (s, 9H).

13C NMR (176 MHz, CDCl5) § 178.9, 178.4, 39.4, 38.8, 33.9, 29.3, 27.7, 26.3, 24.4.

HRMS (ESI): Calc’d for C11H2:NO3 [M+H]*: 216.1594, found: 216.1595.

O
OH

NH
Piv
40

7-Pivalamidoheptanoic acid (40): The title compound was prepared according to the
representative procedure on a 200 umol scale using 1-(azocan-1-yl)-2,2-dimethylpropan-1-
one. Purification using acid-base extraction provided the title compound (40) (24.3 mg, 53%)
as a colorless oil.

1H NMR (500 MHz, CDCl3) 6 5.68 (s, 1H), 3.22 (td, ) = 7.2, 5.7 Hz, 2H), 2.34 (t, J = 7.4 Hz, 2H),
1.63 (p,J =7.4 Hz, 2H), 1.50 (p, J = 7.3 Hz, 2H), 1.35 (qtd, ) = 16.2, 5.8, 2.8 Hz, 4H), 1.18 (s, 9H);
13C NMR (126 MHz, CDCl5) 6 178.9, 178.8, 39.6, 38.8, 34.0, 29.5, 28.7, 27.7, 26.6, 24.7;
HRMS (ESI): Calc’d for C12H2aNO3 [M+H]*: 230.1751, found: 230.1752.

)
OH

Me I}IH

Piv
4g

5-Pivalamidohexanoic acid (4g): The title compound was prepared according to the
representative procedure on a 200 umol scale using 2,2-dimethyl-1-(2-methylpiperidin-1-
yl)propan-1-one. Purification using acid-base extraction provided the title compound (4g)
(26.7 mg, 62%) as a colorless oil.

14 NMR (500 MHz, CDCl3) 8 5.52 (d, J = 8.3 Hz, 1H), 3.97 (ddd, J = 14.2, 7.9, 6.1 Hz, 1H), 2.43
—2.28(m, 2H), 1.69 — 1.54 (m, 2H), 1.54 — 1.39 (m, 2H), 1.17 (s, 9H), 1.11 (d, 3H);

13C NMR (126 MHz, CDCl5) 6 178.4, 178.3, 44.9, 38.7, 38.6, 36.2, 33.7, 27.7, 21.2, 21.0;
HRMS (ESI): Calc’d for C11H22NO3 [M+H]*: 216.1594, found: 216.1595.
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5-Pivalamidoheptanoic acid (4d): The title compound was prepared according to the
representative  procedure using 1-(2-ethylpiperidin-1-yl)-2,2-dimethylpropan-1-one.
Purification using acid-base extraction provided the title compound (4d) (25.0 mg, 59%) as a
yellow oil.

14 NMR (500 MHz, CDCl3) § 5.95 (d, J = 5.3 Hz, 1H), 3.27 (td, J = 7.0, 5.4 Hz, 2H), 2.34 (dd, J =
15.6, 7.2 Hz, 1H), 2.23 (dd, J = 15.6, 6.6 Hz, 1H), 1.99 (dq, J = 13.8, 7.0 Hz, 1H), 1.65 - 1.50 (m,
1H), 1.43 (dq, J = 14.2, 7.1 Hz, 1H), 1.17 (s, 9H), 0.99 (d, J = 6.9 Hz, 3H);

13C NMR (126 MHz, CDCl3) & 179.2, 177.8, 41.3, 38.8, 37.6, 36.2, 27.8, 27.6, 20.1;

HRMS (ESI): Calc’d for C11H22NO3 [M+H]*: 216.1594, found: 216.1595.

Ph O
OH

NH
Piv
4c

3-phenyl-5-pivalamidopentanoic acid (4c): The title compound was prepared according to
the representative procedure on a 200 umol scale using 2,2-dimethyl-1-(4-phenylpiperidin-1-
yl)propan-1-one and 1:1 acetone/H,O solvent. Purification using acid-base extraction
provided the title compound (4c) (30.2 mg, 54%) as a yellowish oil.

14 NMR (500 MHz, CDCls) & 7.33 — 7.27 (m, 2H), 7.24 — 7.16 (m, 3H), 5.64 (t, J = 5.6 Hz, 1H),
3.27-3.17 (m, 1H), 3.16 — 2.98 (m, 2H), 2.73 — 2.58 (m, 2H), 2.00 — 1.88 (m, 1H), 1.85 - 1.72
(m, 1H), 1.08 (s, 9H);

13C NMR (126 MHz, CDCl3) 6 178.9, 176.7, 143.3, 129.0, 127.5, 127.1, 41.4, 40.1, 38.7, 38.2,
35.7,27.5;

HRMS (ESI): Calc’d for C11H24NO3 [M+H]*: 278.1751, found: 278.1751.

EtO @)
O

OH

NH
Piv

4e
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3-(Ethoxycarbonyl)-5-pivalamidopentanoic acid (4e): The title compound was prepared
according to the representative procedure on a 200 pmol scale using ethyl 1-
pivaloylpiperidine-4-carboxylate. Purification using acid-base extraction provided the title
compound (4e) (24.9 mg, 46%) as a yellow-orange oil.

1H NMR (500 MHz, CDCl3) 6 6.2 (t, ) = 5.8 Hz, 1H), 4.2 (q, ) = 7.1 Hz, 2H), 3.5 -3.1 (m, 2H), 2.9
—2.8(m, 2H), 2.5(dd, J=16.5, 5.6 Hz, 1H), 1.9-1.8 (m, 1H), 1.8 (dtd, ) = 14.2, 7.1, 5.3 Hz, 1H),
1.3 (t,J=7.1Hz, 3H), 1.2 (s, 9H);

13C NMR (126 MHz, CDCl3) § 179.4, 175.8, 174.7, 61.2, 39.0, 38.8, 37.6, 35.8, 31.2, 27.6, 14.2;
HRMS (ESI): Calc’d for C13H2aNOs [M+H]*: 274.1649, found: 274.1649.

MeO,C

OH

NH
|

Piv
4f

5-methoxy-5-0x0-3-(2-pivalamidoethyl)pentanoic acid (4f): The title compound were
prepared according to the representative procedure on a 200 umol using methyl 2-(1-
pivaloylpiperidin-4-yl)acetate. Purification via acid-base extraction provided the title
compound (4f) (31.2 mg, 57%) as a colorless oil.

14 NMR (500 MHz, CDCls) & 6.17 (s, 1H), 3.68 (s, 3H), 3.39 — 3.28 (m, 1H), 3.23 (ddd, J = 14.0,
6.9, 5.5 Hz, 1H), 2.53 — 2.28 (m, 5H), 1.59 (pd, J = 5.8, 2.6 Hz, 2H), 1.20 (s, 9H);

13CNMR (126 MHz,CDCl3) 6§ 179.6,176.3,173.2,51.9, 38.9, 38.4,37.2,33.9, 29.2, 27.63, 27.61;
HRMS (ESI): Calc’d for C13H24NOs [M+H]*: 274.1649, found: 274.1649.

O

Me
OH

Me
HN
Piv
4q

2,4-Dimethyl-5-pivalamidopentanoic acid (4q): The title compound was prepared according
to the representative procedure on a 200 umol scale using 1-(3,5-dimethylpiperidin-1-yl)-2,2-
dimethylpropan-1-one. Purification using acid-base extraction provided the title compound
(49) (18.8 mg, 41%, mixture of diastereomers 1.0:0.5) as a slight yellowish oil.

1H NMR See 'H NMR spectrum (pg. $101).

13C NMR (126 MHz, CDCl5) § 182.1, 181.8, 179.3, 179.0, 45.2, 45.1, 38.9 (corresponding peak
for minor diastereomer overlapping), 38.3, 38.2, 37.5, 36.9, 32.0, 31.3, 27.70, 27.68, 18.3,
18.0,17.9, 17.3;
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HRMS (ESI): Calc’d for C12H22NO3 [M+H]*: 230.1751, found: 230.1751.

OH

- “NH

H 1
Piv
4p

3-(2-Pivalamidocyclohexyl)propanoic acid (4p): The title compound was prepared according
to the representative procedure on a 200 wpmol scale using 2,2-dimethyl-1-
(octahydroquinolin-1(2H)-yl)propan-1-one and one equivalent of
tetrakis(acetonitrile)copper(l) tetrafluoroborate (63.0 mg, 0.20 mmol). Purification using
acid-base extraction provided the title compound (4p) (26.5 mg, 52%) as a light orange
amorphous solid.

14 NMR (500 MHz, CDCl3) & 9.74 (br s, 1H), 6.32 (d, J = 7.8 Hz, 1H), 4.59 (td, J = 7.5, 5.0 Hz,
1H), 3.74 (s, 3H), 2.44 — 2.25 (m, 2H), 1.92 — 1.86 (m, 1H), 1.75 — 1.55 (m, 3H), 1.21 (s, 9H);
13C NMR (126 MHz, CDCl3) 6 178.8, 178.6,51.99, 51.98, 42.6, 38.9, 33.8, 31.0, 27.7, 27.2, 25.7,
25.3;

HRMS (ESI): Calc’d for C14aH26NO3 [M+H]*: 256.1907, found: 256.1907.

@)
OH

MeO,C*™ NH
Piv
ar

3-(2-Pivalamidocyclohexyl)propanoic acid (4r): The title compound was prepared according
to the representative procedure using 2,2-dimethyl-1-(octahydroquinolin-1(2H)-yl)propan-1-
one. Purification using acid-base extraction provided the title compound (4r) (32.0 mg, 62%)
as a yellow oil.

1H NMR (500 MHz, CDCl3) § 9.73 (br s, 2H), 6.32 (d, J = 7.6 Hz, 1H), 4.59 (apparent td, J = 7.5,
5.1Hz, 1H), 3.74 (s, 3H), 2.70-2.23 (m, 2H), 1.91 (apparent ddt, J=12.3,9.5, 5.1 Hz, 1H), 1.78
—1.52 (m, 3H), 1.21 (s, 9H);

13C NMR (126 MHz, CDCl5) 6 178.8, 178.0, 173.2, 52.6, 51.8, 38.9, 33.3, 31.8, 27.5, 20.5;
HRMS (ESI): Calc’d for C12H22NOs [M+H]*: 260.1492, found: 260.1493.

(_:OQMe
PN\N/&\//\“/OH
H

O
4s
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(5)-5-Methoxy-5-ox0-4-pivalamidopentanoic acid (4s): The title compound was prepared
according to the representative procedure using methyl pivaloyl-L-prolinate. Purification
using acid-base extraction provided the title compound (4s) (29.3 mg, 60%) as a slight
yellowish oil.

14 NMR (700 MHz, CDCls) § 6.46 (d, J = 7.5 Hz, 1H), 4.62 (td, J = 8.2, 5.1 Hz, 1H), 3.76 (s, 3H),
2.48 -2.38 (m, 2H), 2.31 - 2.15 (m, 1H), 1.98 (apparent ddt, J = 13.8, 8.5, 6.9 Hz, 1H);
13CNMR (176 MHz, CDCl3) § 179.2, 176.9, 172.7, 52.8, 51.8, 38.9, 30.3, 27.5, 27.5;

HRMS (ESI): Calc’d for C11H20NOs [M+H]*: 246.1336, found: 246.1337.

O O

Ph OH
=+

NH (@) Ph
Piv
a4t 4t.a

N-(5-Oxo-5-phenylpentyl)pivalamide (4t) and 5-oxo-5-phenylpentanoic acid (4t.a): The title
compounds were prepared according to the representative procedure using (S)-2,2-dimethyl-
1-(2-phenylpiperidin-1-yl)propan-1-one. Purification using acid-base extraction provided the
title compounds 4t (8.9 mg, 17%, 41% brsm) as a colorless oil and 4t.a (3.5 mg, 9%, 17% brsm)
as a white amorphous solid.

4t:

1H NMR (500 MHz, CDCl3) 6 8.14 — 7.86 (m, 2H), 7.64 — 7.51 (m, 1H), 7.46 (dd, J = 8.3, 7.1 Hz,
2H), 5.85 (s, 1H), 3.27 (td, J = 6.9, 5.6 Hz, 2H), 3.02 (t, ) = 7.0 Hz, 2H), 1.92 - 1.73 (m, 2H), 1.65
—1.53 (m, 2H), 1.20 (s, 9H);

13C NMR (126 MHz, CDCl5) 6 200.3, 178.7, 137.0, 133.2, 128.2, 39.2, 38.8, 38.0, 29.2, 27.8;
HRMS (ESI): Calc’d for C16H23NO2Na [M+Na]*: 284.1621, found: 284.1623.

4t.a:

1H NMR (500 MHz, CDCl3) 6 8.16 — 7.88 (m, 2H), 7.75 — 7.52 (m, 1H), 7.46 (apparent t, ) = 7.7
Hz, 2H), 3.09 (t, J = 7.1 Hz, 2H), 2.51 (t, J = 7.1 Hz, 2H), 2.09 (apparent p, J = 7.1 Hz, 2H).

13C NMR (126 MHz, CDCl3) 6 199.5, 178.1, 136.9, 133.3, 128.8, 128.2, 37.4, 33.0, 19.2;

HRMS (ESI): Calc’d for C11H120sNa [M+Na]*: 216.0679, found: 216.0677

O
OH

NH
Piv
4u
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2-(1-(2-pivalamidoethyl)cyclopropyl)acetic acid (4u): The title compound was prepared
according to the representative procedure on a 200 umol scale using 2,2-dimethyl-1-(6-
azaspiro[2.5]octan-6-yl)propan-1-one. Purification using acid-base extraction provided the
title compound (4u) (25.0 mg, 55%) as a yellowish oil.

1H NMR (500 MHz, CDCls) 6 6.30 (brs, 1H), 3.34 (td, ) = 6.8, 5.5 Hz, 2H), 2.31 (s, 2H), 1.57 (t, J
= 6.8 Hz, 2H), 1.18 (s, 9H), 0.51 — 0.46 (m, 2H), 0.46 — 0.41 (m, 2H).

13C NMR (126 MHz, CDCls) 6 179.0, 177.1, 41.0, 38.7, 37.7, 36.3, 27.6, 15.2, 12.3.

HRMS (ESI): Calc’d for C12H22NO3 [M+H]*: 228.1595, found: 228.1595.
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2.9 Procedures for Peptide Diversification

HO @)

6a

(5)-5-(((2S,3R)-3-(tert-Butoxy)-1-methoxy-1-oxobutan-2-yl)amino)-5-oxo-4-pivalamido-
pentanoic acid (6a): The title compound was prepared according to the representative
procedure using methyl (3R)-3-(tert-butoxy)-2-((S)-1-pivaloylpyrrolidine-2-
carboxamido)butanoate (5a) with 1:1 acetone/H20 as solvent. Purification using acid-base
extraction provided the title compound 6a (22.5 mg, 56%, mixture of rotamers 1:0.8) as a
slightly yellow oil.

1H NMR (500 MHz, CDCls) § 7.06 (t, J = 9.3 Hz), 6.92 (d, J = 7.3 Hz), 6.77 (d, J = 7.7 Hz), 4.68 —
4.58 (m), 4.45 (ddd, J = 9.2, 4.4, 1.8 Hz), 4.23 (dtd, J = 12.6, 6.2, 1.8 Hz), 3.70 (d, J = 5.0 Hz),
2.60 - 2.41 (m), 2.26 — 2.14 (m), 2.09 — 1.95 (m), 1.21 (d, J = 9.0 Hz), 1.16 (dd, J = 6.3, 4.9 Hz),
1.10 (d, J = 7.3 Ha);

13C NMR 13C NMR (126 MHz, CDCl3) § 179.5, 179.3, 176.9, 176.6, 172.24, 172.20,171.3, 171.1,
74.5,74.4,67.4,67.3,58.3,58.1, 52.9, 52.5, 52.3, 39.0, 38.9, 30.5, 30.2, 28.4, 28.2, 27.6, 27.5,
21.09, 21.08;

HRMS (ESI): Calc’d for C1sH2sNsO; [M+H]*: 403.2439, found: 403.2439.

HO O
(@)
H
SN
FTI}&( - OMe
Piv O :
Me/\Me

i
6b
(5)-5-(((S)-1-Methoxy-3-methyl-1-oxobutan-2-yl)amino)-5-oxo0-4-pivalamidopentanoic acid
(6b): The title compound was prepared according to the representative procedure using

methyl pivaloyl-L-prolyl-L-valinate (5b). Purification using acid-base extraction provided the
title compound 6b (25.5 mg, 74%, mixture of rotamers 1:0.5) as a slightly yellow oil.
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14 NMR (500 MHz, CDCls) 6 7.50 (t, J = 8.2 Hz), 6.84 (d, J = 8.0 Hz), 4.74 — 4.65 (m), 4.45 (dd, J
=8.7,5.1 Hz), 4.42 (dd, ) = 8.3, 5.2 Hz), 3.72 (s), 3.70 (s), 2.48 (qd, J = 5.7, 2.3 Hz), 2.24 — 2.05
(m), 2.01 - 1.88 (m), 1.29 - 1.22 (m), 1.19 (s), 1.18 (s), 0.95 — 0.88 (m);
13C NMR (126 MHz, CDCl3) 6 179.8, 179.7, 176.3, 176.2, 172.2, 172.1, 172.0, 57.9, 57.7, 52.29,
52.28,52.2,52.1,38.94,38.91, 38.6,31.0, 30.7, 30.3, 30.1, 27.4,27.2, 19.2,19.1, 17.84, 17.83;
HRMS (ESI): Calc’d for C1sH23NsO [M+H]*: 345.2020, found: 345.2019.

Procedures for Peptide Diversification from Dipeptide 6b

o)
% _0_ _0
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Me” M
7a

1,3-dioxoisoindolin-2-yl  (S)-5-(((S)-1-methoxy-3-methyl-1-oxobutan-2-yl)amino)-5-oxo-4-
pivalamidopentanoate (7a): A 2-dram vial was charged with carboxylic acid 5b (207 mg, 0.6
mmol), N-hydroxyphthalimide (NHPI; 97.9 mg, 0.6 mmol), N,N’-dicyclohexylcarbodiimide
(DCC; 123.8 mg, 0.6 mmol), and dry CH,Cl, (3.0 mL), and the reaction mixture was allowed to
stir at room temperature overnight. The mixture was concentrated under reduced pressure,
and the resulting crude material was purified by column chromatography (1:2 Hexanes/EtOAc)
to provide the title compound 7a (237 mg, 80%, mixture of rotamers 1:1) as an off-white solid.
1H NMR (500 MHz, CDCl3) 6 7.88 (ddd, J = 5.5, 2.5, 0.9 Hz), 7.79 (ddd, J = 5.5, 3.1, 0.9 Hz), 6.97
(s),6.44 (d,) =8.3 Hz),4.78 —4.57 (m), 4.47 (ddd, ) =8.5, 4.9, 1.4 Hz), 3.73 (d, ) = 0.9 Hz), 3.72
(d,J=1.1Hz),3.04 -2.83 (m), 2.82 - 2.60 (m), 2.48 — 2.25 (m), 2.18 (dqd, J = 15.0, 6.7, 3.6
Hz), 1.23 (d,J=0.8 Hz), 1.21 (d, ) = 0.7 Hz), 0.94 (dd, J = 10.4, 7.0 Hz), 0.91 (dd, J = 6.9, 1.5 Hz);
13C NMR (126 MHz, CDCl5) 6 179.5, 179.1, 171.9, 171.2, 171.1, 169.69, 169.67, 169.6, 162.0,
161.9, 135.0, 129.0, 124.2,57.7,57.6, 52.34, 52.30, 52.2, 52.1, 39.01, 38.95, 31.1, 30.9, 27.8,
27.7,27.57,27.55,27.3,27.1,19.2,19.1, 17.8;

HRMS (ESI): Calc’'d for C24H32NOg [M+H]*: 490.2184, found: 490.2184.
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Dimethyl 2,2'-(((S)-2-pivalamidopentanedioyl)bis(azanediyl))(2S,2'S)-bis(3-
methylbutanoate) (7b): A 1-dram vial was charged with carboxylic acid 5b (34.4 mg, 0.1
mmol), L-valine methyl ester hydrochloride (18.4 mg, 0.11 mmol), hydroxybenzotriazole
(HOBt; 13.5 mg, 0.1 mmol), and dry CH,Cl, (1.5 mL) and cooled to 0 °C in an ice bath. iPr,Net
(23 pL, 0.13 mmol) was added to the mixture dropwise over 5 min, and the resulting mixture
was stirred at 0 °C for 10 min. To this mixture was added 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC; 21.1 mg, 0.11 mmol), and the mixture was allowed to
stir and warm to room temperature over 16 h. The reaction mixture was cooled to 0 °C and
qguenched with 1 M HCI (1 mL). The phases were separated, and the aqueous phase was
extracted with CH,Cl; (3 mL x 3). The combined organic layers were washed with brine (1 mL),
dried over Na,SO,, filtered, and concentrated under reduced pressure. The resulting crude
material was purified by column chromatography (1:2 Hexanes/EtOAc) to provide the title
compound 7b (22.9 mg, 50%, mixture of rotamers) as a white amorphous solid.

1H NMR (500 MHz, CDCl3) 6 8.06 (d, J = 8.3 Hz), 7.81 (d, J = 8.8 Hz), 7.30 (d, ) = 8.5 Hz), 7.11 (d,
J=9.0 Hz), 6.86 (d, J = 6.8 Hz), 6.46 (d, J = 7.1 Hz), 4.82 (dddd, ) = 8.1, 6.9, 2.5, 1.3 Hz), 4.55
(dddd, ) =8.8,6.4,5.3,1.1 Hz), 4.48 - 4.40 (m), 4.28 (ddd, J =9.3, 7.1, 5.6 Hz), 3.74 (d, J = 0.9
Hz), 3.73 (d, J = 0.8 Hz), 3.73 (d, J = 0.8 Hz), 3.71 (d, ) = 0.9 Hz), 2.46 (dd, ) = 6.1, 4.3 Hz), 2.43
(dd,J=6.0,4.3 Hz),2.40-1.87 (m), 1.18 (d, J = 0.9 Hz), 1.15 (d, J = 0.9 Hz), 1.07 — 0.86 (m);
13C NMR (126 MHz, CDCls) & 179.6, 178.3, 174.7, 173.9, 173.8, 173.3, 173.0, 172.4, 172.1,
58.6, 57.7, 57.63, 57.58, 52.7, 52.6, 52.42, 52.41, 52.24, 52.22, 38.8, 38.7, 32.6, 32.4, 30.8,
30.5, 30.4, 29.7, 28.9, 27.53, 27.52, 19.5, 19.3, 19.2, 19.1, 18.1, 18.0, 17.93, 17.90.

HRMS (ESI): Calc’d for C24H32NOg [M+H]*: 458.2861, found: 458.2864.
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2.10 Procedure for Deconstructive Minisci Reaction

CF;
CF,4 N
TFA (3 equiv) | P
R AgBF, (2 equiv) N
| _ K5S,0g4 (3 equiv)
N, -y
Piv (3 equiv) 1:9 Ac:(’;o;ge/?ﬁ (viv) Piy
la 8a 9a

A 1-dram vial was charged with 1a (33.9 mg, 0.20 mmol), 8a (88.3 mg, 0.60 mmol), and 2.0
mL of a 1:9 acetone:H,0 solution by volume. Trifluoroacetic acid (46 pL, 0.60 mmol) was
added to the mixture, and the contents were allowed to stir for 5 min. Potassium persulfate
(162 mg, 0.60 mmol) and silver tetrafluoroborate (78 mg, 0.40 mmol) were added and the
mixture was allowed to stir at 40 °C. After 1 h, CH,Cl, (2.0 mL) was added and the phases
were separated. The aqueous layer was extracted with CH;Cl; (2.0 mL x 3). The combined
organic layers were dried over Na;SOy, filtered, and concentrated under reduced pressure.
The resulting crude mixture was purified by preparative thin-layer chromatography (50%
EtOAc/hexanes) to provide N-(4-(4-(trifluoromethyl)pyridin-2-yl)butyl)pivalamide (9a) (29
mg, 48%) as a yellow oil.

14 NMR (700 MHz, CDCls) § 8.71 (d, J = 5.2 Hz, 1H), 7.40 (s, 1H), 7.37 (d, J = 5.2 Hz, 1H), 5.84
(s, 1H), 3.28 (td, J = 7.0, 5.7 Hz, 2H), 2.92 (t, J = 7.7 Hz, 2H), 1.84 — 1.75 (m, 2H), 1.57 (p, J =
7.2 Hz, 2H), 1.17 (s, 9H).

13C NMR (176 MHz, CDCl3) § 178.7, 163.4, 149.8, 139.3 (q, J = 34.2 Hz), 122.9 (q, J = 273.3
Hz), 118.9 (q,/=3.7 Hz), 117.2 (q, / = 3.4 Hz), 39.3, 38.8, 37.4, 29.2, 27.7, 26.9.

19 NMR (376 MHz, CDCls) & -64.07 (s, 3F).

HRMS (ESI): Calc’d for CisH22F3N20 [M+H]*: 303.1679, found: 303.1687.

OMe
| AN
~
N
I}JH
Piv
9%b

N-(4-(4-Methoxypyridin-2-yl)butyl)pivalamide (9b): The title compound was prepared
according to the representative procedure using 1a and 8b. Purification by preparative thin-
layer chromatography (8% MeOH/CH,Cl,) provided the title compound (35.7 mg, 67%) as a
yellow oil.
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1H NMR (700 MHz, CDCl3) 6 8.4 (d, J = 5.6 Hz, 1H), 6.7 (dt, J = 8.1, 2.4 Hz, 2H), 5.9 (s, 1H), 3.9
(s, 3H), 3.3 (td, J = 6.9, 5.5 Hz, 2H), 2.8 (t, J = 7.6 Hz, 2H), 1.8 — 1.8 (m, 2H), 1.6 (p, J = 7.2 Hz,
2H), 1.2 (s, 9H);

13C NMR (126 MHz, CDCl3) 6 178.6, 166.3, 163.5, 150.3, 108.9, 107.7, 55.2, 39.5, 38.8, 37.8,
29.0,27.8, 27.1;

HRMS (ESI): Calc’d for C1sH2sN20; [M+H]*: 265.1911, found: 265.1910.

CN
| AN
~Z
N
I}IH
Piv
9¢c

N-(4-(4-cyanopyridin-2-yl)butyl)pivalamide (9c): The title compound was prepared
according to the representative procedure using 1a and 8c. Purification by preparative thin-
layer chromatography (5% MeOH/CH,Cl,) provided the title compound (26.7 mg, 51%) as a
colorless oil.

14 NMR (400 MHz, CDCls) 6 8.73 (dd, J = 5.1, 0.9 Hz, 1H), 7.43 (s, 1H), 7.39 (dd, J = 5.0, 1.5
Hz, 1H), 5.88 (s, 1H), 3.30 (td, J = 6.9, 5.6 Hz, 2H), 2.91 (t, J = 7.6 Hz, 2H), 1.79 (tt, J = 8.9, 6.9
Hz, 2H), 1.64 — 1.39 (m, 2H), 1.21 (s, 9H).

13C NMR (101 MHz, CDCl5) 6 178.8, 163.6, 150.1, 124.7, 122.7, 121.0, 116.7, 39.2, 38.7, 37.5,
29.1, 27.7, 26.7.

HRMS (ESI): Calc’d for CisH22N30 [M+H]*: 260.1758, found: 260.1758.

9d

N-(3-(4-(trifluoromethyl)pyridin-2-yl)propyl)pivalamide (9d): The title compound was
prepared according to the representative procedure using 1m and 8a. Purification by
preparative thin-layer chromatography (50% EtOAc/hexanes) provided the title compound
(35.8 mg, 62%) as a yellow oil.

14 NMR (500 MHz, CDCl3): & 8.69 (d, J = 5.2 Hz, 1H), 7.37 (s, 1H), 7.34 (d, J = 5.2 Hz, 1H), 6.11
(s, 1H), 3.31 (q, J = 6.6 Hz, 2H), 2.92 (t, J = 7.4 Hz, 2H), 1.99 (p, J = 7.1 Hz, 2H), 1.17 (s, 9H);

13¢ NMR (126 MHz, CDCls) 6 178.7, 163.1, 150.3, 138.9 (q, J = 33.9 Hz), 122.9 (g, J = 273.1 Hz),
118.7 (q,/=3.6 Hz), 117.0 (g, / = 3.5 Hz), 39.2, 38.8, 35.7, 28.9, 27.7.
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19F NMR (470 MHz, CDCls) & -64.85 (s, 3F);
HRMS (ESI): Calc’d for C1aH20F3N>O [M+H]*: 289.1522, found: 289.1531.

CF;

\

/4

NH
\

Piv
9e

N-(5-(4-(Trifluoromethyl)pyridin-2-yl)pentyl)pivalamide (9e): The title compound was
prepared according to the representative procedure using 1n and 8a. Purification by
preparative thin-layer chromatography (50% EtOAc/hexanes) provided the title compound
(32.8 mg, 52%) as a yellow oil.

1H NMR (500 MHz, CDCl3) 6 8.68 (d, J = 5.1 Hz, 1H), 7.34 (s, 1H), 7.32 (dd, J = 5.1, 1.6 Hz, 1H),
5.62 (s, 1H), 3.23 (td, J = 7.2, 5.7 Hz, 2H), 2.92 — 2.79 (m, 2H), 1.85 - 1.73 (m, 2H), 1.54 (p, J =
7.3 Hz, 2H), 1.43 —1.33 (m, 2H), 1.16 (s, 9H).

13C NMR (126 MHz, CDCl;) 6 178.5, 163.8, 150.3, 138.7 (q, J = 33.7 Hz), 123.0 (q, J = 273.1 Hz),
118.4 (q,/=3.6 Hz), 116.8 (q, J = 3.6 Hz), 39.4, 38.8, 38.3, 29.6, 29.3, 27.7, 26.6.

15F NMR (470 MHz, CDCl3) 6 -64.82 (s, 3F).

HRMS (ESI): Calc’d for C16H24F3N20 [M+H]*: 317.1836, found: 317.1835.

CF3

\

/

H
N
N\
Piv
of

N-(6-(4-(Trifluoromethyl)pyridin-2-yl)hexyl)pivalamide (9f): The title compound was
prepared according to the representative procedure using lo and 8a. Purification by
preparative thin-layer chromatography (50% EtOAc/hexanes) provided the title compound
(26.1 mg, 39%) as a yellow oil.

14 NMR (500 MHz, CDCls) 6 8.71 (d, J = 5.2 Hz, 1H), 7.37 (s, 1H), 7.34 (d, J = 4.9 Hz, 1H), 5.62
(s, 1H), 3.22 (td, J = 7.3, 5.7 Hz, 2H), 2.90 — 2.84 (m, 2H), 1.76 (p, J = 7.3 Hz, 2H), 1.51 (p, J =
7.3 Hz, 2H), 1.38 (qd, J = 9.8, 9.3, 4.1 Hz, 4H), 1.19 (s, 9H).

13C NMR (151 MHz, CDCl3) 6 178.5, 164.0, 150.2, 138.8, 126.2 — 119.8 (m), 118.5 (q, J = 4.0,
3.5 Hz), 116.9 (q, / = 3.4 Hz), 39.6, 38.8, 38.3, 31.1, 29.6, 29.0, 27.8, 26.7.

19 NMR (376 MHz, CDCls) & -64.01 (s, 3F).
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HRMS (ESI): Calc’d for C17H26F3N20 [M+H]*: 331.1992, found: 331.1991.

CF3
a
NN
N
Me I}IH
Piv
og

N-(5-(4-(Trifluoromethyl)pyridin-2-yl)pentan-2-yl)pivalamide (9g): The title compound was
prepared according to the representative procedure using 1g and 8a. Purification by
preparative thin-layer chromatography (50% EtOAc/hexanes) provided the title compound
(31.8 mg, 50%) as a yellow oil.

1H NMR (500 MHz, CDCl3) 6 8.61 (d, J = 5.2 Hz, 1H), 7.27 (s, 1H), 7.24 (dd, J = 5.2, 1.6 Hz, 1H),
5.42 — 5.32 (m, 1H), 3.95 (dq, J = 8.4, 6.6 Hz, 2H), 2.80 (qdd, J = 13.9, 8.7, 6.6 Hz, 2H), 1.68
(dddt, J=18.3,13.9, 8.9, 6.6 Hz, 2H), 1.47 — 1.35 (m, 2H), 1.09 (s, 9H), 1.03 (d, J = 6.6 Hz, 3H).
13C NMR (126 MHz, CDCls) 6§ 177.9, 163.6, 150.2, 138.8 (q, J = 33.6 Hz), 123.0 (q, J = 273.1 Hz),
118.6 (q,J=3.5Hz), 116.9 (q, J = 3.5 Hz), 44.8, 38.7, 38.0, 36.6, 27.7, 26.2, 21.1.

19F NMR (470 MHz, CDCl3) 6 -64.84 (s, 3F).

HRMS (ESI): Calc’d for Ci6H24F3N20 [M+H]*: 317.1835, found: 317.1836.
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2.11 Procedure for Autocyclization Reaction

AgNO3; (4 equiv)
{ S Cu(BF,), (4 equiv) NO@
N (NH4)2S,04 (4 equiv) . 0 3
Me acetone/H,0 (1:9) < Me
@) o N
Me 40°C, 2 h . Me
Me H Me
Im 10m

2-(tert-Butyl)-5,6-dihydro-4H-1,3-oxazine (10m): To a 1-dram vial was added, sequentially,
cyclic amine 1m (31.1 mg, 0.20 mmol, 1 equiv), silver nitrate (136 mg, 0.80 mmol, 4 equiv),
copper(ll) tetrafluoroborate (190 mg, 0.80 mmol, 4 equiv), ammonium persulfate (183 mg,
0.80 mmol, 4 equiv) and 1 ml of a 1:1 acetone:H,0 solution. The resulting mixture was then
stirred at 40 °C for 2 h. The reaction mixture was diluted with water (0.5 mL) and extracted
with 3 x 3 mL of diethylether and the organic layers were discarded. The aqueous layer was
then extracted with DCM (3 x 3 mL) and the combined DCM layers were dried over Na;SOg,
filtered, and concentrated under reduced pressure, affording the title compound as a white
solid (26.5 mg, 65%).

1H NMR (500 MHz, CDCl3) 6 10.1 (s, 1H), 4.7 (t, J = 5.5 Hz, 2H), 3.7 (d, J = 5.9 Hz, 2H), 2.2 (p, J
=5.7 Hz, 2H), 1.3 (d, J = 1.3 Hz, 9H).

13C NMR (126 MHz, CDCl3) & 182.0, 70.0, 39.4, 39.1, 26.3, 18.7.

HRMS (ESI): Calc’d for CsH16NO [M+H]*: 142.1226, found: 142.1227.

Q
o NO;
N/
@)
H
10v

2-phenyl-5,6-dihydro-4H-1,3-oxazine (10v): The title compound was prepared according to
the representative procedure using phenyl(piperidin-1-yl)methanone. Preparative TLC (1:1
Et,0/DCM) afforded the title compound 10v (18.0 mg, 40%) as a white solid.

'H NMR (500 MHz, CDCls) § 11.54 (s, 1H), 8.01 — 7.93 (m, 2H), 7.67 (td, J = 7.4, 1.2 Hz, 1H),
7.51 (t, ) = 8.0 Hz, 2H), 4.81 (t, J = 5.4 Hz, 2H), 3.83 (t, J = 6.0 Hz, 2H), 2.30 (p, J = 5.8 Hz, 2H).
13C NMR (126 MHz, CDCl3) 6 168.9, 135.7, 129.5, 128.5, 125.4, 70.2, 39.6, 19.1.

HRMS (ESI): Calc’d for C1oH12NO [M+H]*: 162.0913, found: 162.0914.
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2.12 Counterion Effect for Autocyclization Reaction

The autocyclization reaction was conducted according to the representative procedure above
but instead using copper salts with different counter-anions to determine whether other
products, such as the expected olefin or ligand-transfer products®, might be formed. The only
materials observed were the open chain aldehyde, carboxylic acid, cyclization product, and
unreacted substrate.

AgNO; (4 equiv)
[ ) [Cu] (4 equiv) COH e
N7 (NH9S;05 (4 equiv) /\“ (‘ (\ 3
Meh/go acetone/H,0 (1:9) )\|<Me
40°C,2h
Me . .
Me Plv P|v H
Im 3m 4m 10m

Table S8. Results of autocyclization reaction with various copper salts.

recovered Im 3myield 4myield 10m yield

[Cu] [%]* [%]* [%]* [%]*
cuCl, 33 3 5 —
CuBr, 69 3 3 —

Cu(OAc), - H,0 16 9 15 3
CuSO4 - 5H,0 — — 13 12
Cu(MeCN)4BF4 — — 46 6

#Yield and conversion by 'H integration using PhsCH as internal standard.
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3. Computational Details
3.1 General Computational Considerations for Photo- and Copper-Mediated Reactions

Optimization of all reported structures and frequency calculations for the reactions of (a) the
riboflavin tetraacetate (2a), potassium persulfate, and N-Piv-piperidine (1a), as well as the
reaction of (b) CuBF4, sodium-persulfate, and N-Piv-piperidine (1a) were performed using the
Gaussian-16 suite of programs® at the B3LYP-D3(BJ)/[6-31G(d,p) + Lanl2dz (Cu)] level of
theory with the corresponding Hay-Wadt effective core potential’®*? for Cu. Therefore, in the
calculations described here, we used the B3LYP density functional®** with Grimme’s
empirical dispersion-correction (D3)!® and Becke-Johnson (BJ) damping-correction.’’-%°
Frequency analyses were used to characterize each minimum and transition state (TS) with
zero and one imaginary frequency, respectively. Intrinsic reaction coordinate (IRC)
calculations were performed for all TSs to ensure their true nature. Bulk solvent effects were
incorporated for all calculations (including geometry optimizations and frequency calculations)
using the self-consistent reaction field polarizable continuum model (IEF-PCM).2%2! Water
was chosen as solvent. The reported thermodynamic data were computed at a temperature
of 298.15 K and at 1 atm of pressure. Various spin states (including the open-shell singlet
states, where that is appropriate) were considered for all key species. All UV-Vis calculations
were performed at the TD-DFT [14] level of theory.?? Previously, we?*?* and others?>2® have
demonstrated that the B3LYP-D3(BJ) and B3LYP are a reasonable choice for geometry
optimization, frequency calculations, as well as for calculation of the relative energies. The
role of intersystem crossing (ISC) was examined by locating low energy points on the singlet-
triplet crossing surfaces, or seams. These points, which we call minima on the seam of crossing
(MSX), were searched using the MECPRO optimize [see: Hamill LA, Snyder JD, Ess DH (2016)
MECPro Version 1.0.3: Minimum Energy Crossing Program] by starting from each of the triplet
and singlet minima along the reaction pathway. We used the xTB’s Conformer-Rotamer
Ensemble Sampling Tool (CREST) software to identify possible stable conformers of {(2.A.m)-
[K2S205]} and {(2.A.m)—[K2S520s]}—(1a). In these calculations, conformers were sampled using
the MF-MD-GC workflow. Later, we utilized the outcomes of these conformational analyses
in our DFT calculations, and always have validated the related potential conformers. However,
in this Article, we discussed only lowest energy structures.
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3.2 Critical Interactions in {(2.A.m)—[K2S5.0s]} and {(2.A.m)-[K2S,0s]}-(1a)

We wish to emphasize that our initial conformational analyses of {(2.A.m) - [K2520s]} and
{(2.A.m)-[K2S,05]}—(1a), performed using the xTB’s Conformer-Rotamer Ensemble Sampling
Tool (CREST) software, have enabled us to identify several critically important interactions
both between (2.A.m) and K,S,0s as well as between the {(2.A.m)- [K2520s]} unit and
substrate 1a (See Figure S6). Over the course of this study, we always have utilized these
interactions for design of our DFT calculations. Thus, we always validated the related
potential conformers, and we discuss only the lowest energy structures in this Article.

R
R R A M N__N._0
1 e
Me N N0 Me N _N__0 Me N zNS=0 U =¥
¥z A _NH Me N
2K NH 2K NH Me ", !
Me N 7 Me 7 . M [o) ' (o]
. o K 9 :
q 0\ k K Y O:S:O\K'
. K. -\ Va®) o L o--K
0 ok _.K Q.07 6 & 0.9 /8 %
o?S .G RN S~g-o © 0-5=0
Rl P '_
0,50 0=0"% 0
'
0
{(2.A.m)—[K3S,04]}
R R
1
Me N ZN20 Me NON< 20,
/\@// NH :@// NH
Me N i Me s
0 K
R__O-=-nmn- K o
0 ,—kK --0% R ¥ 2N
897 Y S,

{(2.A.m)-[K2S,05]}—(1a)

Figure S6. The validated conformers of the {(2.A.m)-[K,S,0s]} and {(2.A.m)-[K,S,0s]}—(1a) structures.
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3.3 Verification of Photocatalyst Model

S1
D(S-T4) =
™ 47.7 kcal/mol
422.6 nm
or 598.9 nm
2.93eV or
2.07 eV
SO —
2.A.t
S1
D(So-T4) =
™ 47.7 kcal/mol
422.9 nm
or 599.0 nm
2.93eV or
2.07 eV
L) T ———
2.A.th
S1
D(Sg—T4) =
™ 47.7 kcal/mol
422.9 nm
or 599.1 nm
2.93eV or
2.07 eV
SO0 - 2.Af

Figure S7. Validation for the use of the isoalloxazine monoacetate as a model for isoalloxazine

tetraacetate.
1 D(Se-T4) =
SN 47.7 kcallmol
422.8
nm 599.1 nm
or or
2.93 eV 2.07 eV
SO =—m——————-
2.A.m
S (N)=0.72
1.366
{‘\ 1.471 {\ Ay
140 5/139.2 -10.0/-11.0
$(0)=0.14 )
(1a)” Q(C)=0.25
1A Q(0) =-0.71
Na K
2.25?".“ ‘.‘.‘2.250 .

[ N

1.463 IF

2.323 %, £2.355

K
Na,S,0g Na K2S203

Figure S8. The calculated geometry parameters and relative energies of isoalloxazine monoacetate,
(2.A.m), substrate 1a, iminium ion 1.A, Na,S5,0s, and K,S,0s.
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Figure S9. The calculated UV-vis spectra of isoalloxazine monoacetate, (2.A.m, isoalloxazine -

persulfate (2.A.m)-[K;S,0s], and {(2.A.m)-[K,S,05]—(1a)} systems.
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Table S9. Excitation energies (in eV and nm), oscillator strengths (f) for the isoalloxazine monoacetate-
persulfate adduct, {(2.A.m)-[K;S,0s]—(1a)}, and associated frontier molecular orbitals.

Excited State 1: Singlet-A  2.7723 eV 447.23 nm f=0.0032 (dark)
HOMO -> LUMO 0.70640

Excited State 2: Singlet-A 2.9117 eV 425.81 nm f=0.2049 (bright)
HOMO-3 -> LUMO 0.13122
HOMO-1 -> LUMO 0.68961

Excited State 3: Singlet-A  3.1542 eV 393.08 nm f=0.0002 (dark)
HOMO-2 -> LUMO 0.70468

Excited State 4: Singlet-A  3.3778 eV 367.06 nm f=0.0065 (dark)
HOMO-8 -> LUMO 0.45939
HOMO-6 -> LUMO -0.23666
HOMO-5 -> LUMO 0.45320

Excited State 5: Singlet-A 3.5251 eV 351.72 nm f=0.2539 (bright)
HOMO-3 -> LUMO 0.66806
HOMO-1 -> LUMO -0.11662
HOMO-1 -> LUMO -0.12354

MOs
LUMO+1 energy =-0.045754 a.u.

HOMO-1-0.235775 au.u
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To validate that K,S,0s is not the photocatalyst under blue light irradiation, we have
calculated the several lower-lying excited states of K;S,0s at the TD-DFT level. These
calculations (see Figure S10) show that the first feasible excited transition of its UV-Vis
spectra is the So/S4 transition at 201.1 nm with a transition dipole of f = 0.0102. This is the
HOMO-3 — LUMO transition, where the LUMO is the antibonding orbital of the peroxy 0—-0

bond. Indeed, at 450 nm irradiation, flavin catalysis should lead to substrate oxidation
rather than the persulfate homolysis.
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Figure S10. The calculated UV-Vis spectrum of the K;S,0s oxidant and associated frontier
molecular orbitals with their energies (in a.u.). Here, we also show the character of the first
four transitions as well as their energies and dipole moments (f).

3.4 Computed Reaction Mechanism for Photo-Mediated Reaction
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Figure S11. Computed reaction mechanism for the photocatalytic transformation of N-Piv-piperidine (1a) to iminium ion
1.A by the reaction of riboflavin monoacetate (2.A.m), 1a, and K;S5,0g. All energies are listed in kcal/mol, and energy
differences are shown in parentheses. Here, the energies given for the reaction T; — [(S)-3] are Gibbs free energies
(calculated relative to the T; state), except the energy of the MSX-2 which is an electronic energy (E) calculated relative
to that of the (T)-1 intermediate. The presented energies for the So—T; are electronic energies, calculated relative to
the Sp state.

The processes leading to the formation of iminium ion and (S)-2 intermediate were
presented in main text. From the byproduct (S)-2 (i.e.,{(2.F.m)-[K;S,0s]}), the reaction
undergoes SET, HAT, and O—0 homolysis to form the singlet state complex {(2.A.m)—[K2S04]—
[HOSOs7], (S)-3. This process may proceed in a stepwise or concerted fashion. The conversion
(S)-2 — (S)-3 is calculated to be highly exergonic (by 77.4 kcal/mol). Because of the multi-
component nature of this reaction, we failed to locate the associated transition state(s).
However, we have established that the first step of this multi-step process is a SET from the
fully reduced isoalloxazine-acetate, (2.F.m), to the potassium-persulfate.

3.5 Optimized Structure Energy Components for Photo-Mediated Reaction

Table S10. Calculated total electronic (Etot), Etot With zero-point energy corrections (Etwt + ZPEC), enthalpy (H),
and Gibbs free energies (in Hartrees; all values are negative) of all reported structures for the reaction of the
isoalloxazine-acetate, potassium persulfate, and N-Piv-piperidine (1a)

Str —Etot —Etot + ZPEC -H -G
(2.A.m)_sing 1139.423323 1139.110825 1139.088549 1139.16196
(2.A.m)_trip 1139.351508 1139.042038 1139.019378 1139.094658
(2.A.m)_1Imin 1139.540237 1139.230171 1139.20776 1139.281876
(2.A.m)_1plus 1139.200118 1138.88866 1138.866161 1138.940735
K25,0s 2598.037921 2598.003612 2597.988744 2598.048963
K2S04 1899.058273 1899.041357 1899.032089 1899.078054
(2.A.t), sing 1406.636299 1406.253586 1406.225075 1406.31546
(2.A.th), sing 1673.850366 1673.396492 1673.362321 1673.465634
(2.A.f), sing 1941.066384 1940.541517 1940.501644 1940.618886
1a, singlet 522.575576 522.29325 522.279314 522.331989
1a, triplet 522.4478571 522.169834 522.155278 522.211105
1a_1plus 522.3498876 522.069779 522.055457 522.110236
la_1minus 522.5861193 522.309523 522.295276 522.349493
1A 521.7908303 521.52002 521.506158 521.558656
(2.A.m)_ K5S,05S¢' 3737.498766 3737.150155 3737.112509 3737.2236
(2.B*.m)_ K5S,0s, T1' 3737.426034 3737.080619 3737.042464 3737.156538
(2.A.m)_K>S,05_1a, Ty 4260.038301 4259.408437 4259.355687 4259.49964

sing 4260.100542 4259.467873 4259.415338 4259.558948
[2.C.m]_K5S,05_1min, doub 3737.618466 3737.272547 3737.234512 3737.348769
quartet 3737.489247 3737.148696 3737.109624 3737.224997
(T)-1 4260.055298 4259.42552 4259.372532 4259.517803
(S)-1 4260.060305 4259.428837  4259.376186  4259.518369
[Z.F.m]_ KzSzOs_lmin

Singlet 3738.225214 3737.867193 3737.828621 3737.943193

Triplet 3738.150189 3737.795498 3737.756296 3737.873933

[2.A.m]_HOSOs_K;S04_1min

3738.352924

3737.993242
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3.6 Optimized Structures and Energy Components for Copper-Mediated Reaction
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Figure $12. Computed relevant intermediates along with their geometry parameters (in A) and relative
energies (in kcal/mol) for the reaction of CuBF,4, N-Piv-piperidine (1a or LH) and sodium persulfate (Na,S,0s).

Table S11. Calculated total electronic (Etot), Etot With zero-point energy corrections (Eiwt + ZPEC), enthalpy (H),
and Gibbs free energies (in Hartrees; all values are negative) of all reported structures for the reaction of
CuBF,, sodium-persulfate, and N-Piv-piperidine 1a.

Str —Etot —(Etot + ZPEC) -H -G
SOs_min 699.1222694 699.108177 699.102801 699.13656
HOSO3, 1min 699.7899769 699.76346 699.757571 699.791896
H.0 76.4257436 76.40442 76.400641 76.422735
H2504 700.228991 700.190672 700.184452 700.219072
Na,S04 1023.859253 1023.84169 1023.832966 1023.875261
LH, chair 522.575576 522.29325 522.279314 522.331989
CuBF4 620.6138319 620.598672 620.591333 620.630662
Na»S,0s 1722.821866 1722.786712 1722.772502 1722.828513
LH_CuBF,4 1143.251625 1142.951678 1142.92987 1143.004439
NazS,0s_CuBF4 2343.502843 2343.451628 2343.429223 2343.505589

[(LH)—(NaSO4)]-[NaSO4—CuBFs]
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2866.165074
singlet 2866.134761
TS(H-transf) 2866.152814
[L—OSO3Na]-[NaHSO4—CuBF,]
singlet 2866.259207
[(LOH)—CU BF4]—Na HSO4]2

2942.705094
[(LNHCO)—-CuBF4]-[NaHSOu];
singlet 2942.703819
LNHCO 597.8048282
[(Na HSO4)2—CU BF4]

triplet

2344.846166

2865.829466
2865.798742
2865.823397
2865.920586
2942.340241

2942.342931
597.521264

2344.771362

2865.792933
2865.761898
2865.787345
2865.884829
2942.302495

2942.303953
597.50508

2344.748954

2865.899653
2865.871906
2865.893068
2865.988907
2942.411233

2942.415055
597.563274

2344.824479

3.7 General Computational Considerations for Computations in Figure 13

All calculations were conducted using DFT?” implemented in the Gaussian 09 suite?® of ab
initio quantum chemistry programs with Becke’s three-parameter exchange functional B3LYP
including Grimme’s D3 dispersion correction with Becke-Johnson damping levels of
theory.13141629-32 Geometry optimizations were conducted using Pople’s 6-31G(d,p) basis set
for main group elements.3338 Copper was modeled using the Los Alamos ECP plus DZ basis
(LANL2DZ) that includes relativistic effective core potentials.'? The energies of the optimized
structures were reevaluated by additional single-point calculations on each optimized
geometry using the same functional and Pople’s 6-311++G(d,p) basis set.3**? Copper was
remodeled for single-point calculations using Stuttgart group effective core potential SDD.*3
Solvation effects were adopted at the same level of single-point calculations and at the self-
consistent reaction field polarizable continuum model (IEF-PCM) with a dielectric constant of
78.3553 for water.** The Gibbs free energies were computed with the following equations.

G(sol) = g(sol) + G(corr) (2)
G(corr) = H(corr) — TS(tot) (2)
H(corr) = E(tot) + kgT (3)
E(tot) = E(t)+E(r)+E(v)+E(e) (4)
S(tot) = S(t)+S(r)+S(v)+S(e) (5)
AE(SCF) = ZE(SCF) for products — ZE(SCF) for reactants (6)
AG(sol) = 2G(sol) for products — 2G(sol) for reactants (7)

E(sol) is the electronic energy in solution phase computed from the SCF (self-consisted field)
procedure with the IEF-PCM calculations; G(sol) is the free energy in solution phase; G(corr)
is the thermal correction to the free energy; T is the temperature (298.15 K); S(tot) is the
entropy; E(tot) is the total internal thermal energy; E(t), E(r), E(v), and E(e) are the internal
thermal energies from translation, rotation, vibration, and electronic motions, respectively;
S(t), S(r), S(v), and S(e) are the entropies from translation, rotation, vibration, and electronic
motions, respectively; The entropy we refer to is specifically of the solute(s), and the entropy
of the solvent is implicitly comprised in the continuum solvation model.
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3.8 Reaction Rate Comparison Between 11-TS and 11-TS'.
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Figure S13. Electronic energy surface plot for the cyclization of 11 toward dihydro-oxazine (10m) with respect
to the O1-C6 distance.

To investigate the reaction rate for the cyclization of 11 toward the cyclized
product, dihydro-oxazine (10m), we have conducted a potential energy surface scan from 11
to 10m with respect to the 01-C6 bond length as shown in Figure S13. However, despite
our efforts with various methods, the transition state calculations for the cyclization did not
converge. Instead, we assumed that the transition might require free energy of about 0.5
kcal/mol, which is the electronic energy difference between two points at r(01-C6) = 2.68 A
(11) and at r(01-C6) = 2.48 A (11-TS in Figure S13). Because of this uncertainty, we denoted
the AG(sol) for 11-TS as ~—0.8 in Figure S13.

More significant is the relative reaction rate for the cyclization as compared to the rate of
deprotonation. On the basis of transition state theory, the equilibrium constant for the
quasi-equilibrium, K*, can be written as,

K* = exp(—AG*/RT)
The ratio [11-TS]/[11] is then estimated to be exp(—(0.5x4182 J)/(8.3145 J-K*x298.15
K))=0.43. Whereas, for the deprotonation, the ratio [11-TS’]/[11] is calculated to be
[H20]xexp(—(9.73x4182 J)/(8.3145 J-K*x298.15 K))=4.13x107°, where [H20] = 55.6. The rate
constant k* for the bimolecular reaction is known to be generally much lower than that of
the unimolecular reaction, we posit that the cyclization of 11 is at least 10° times faster than
the deprotonation.
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3.9 Energy Components for Optimized Structures in Figure 13

Table $12. Computed energy components for optimized structures.

E(sol)(SCF)/(Hartree) Thermal Correction to G/(Hartree)
B3LYP-D3 B3LYP-D3
/6-311++G(d,p)/SDD /6-31G(d,p)/LANL2DZ
Cu'(H,0), -350.17225 0.01968
H:0 -76.26704 0.00371
H;0* -76.85586 0.01528
Cco -113.35032 -0.01411
11 -794.62020 0.23612
11-T8' -871.08488 0.25297
12 -794.25191 0.22776
olefin -444.04010 0.18358
10m -444.48969 0.20236
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4, X-ray Crystallographic Data
4.1 X-ray Analysis of 10m

A colorless block 0.12 x 0.08 x 0.05 mm in size was mounted on a Cryoloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(2) K using omega scans. Crystal-to-
detector distance was 30.23 mm and exposure time was 0.50 seconds per frame at low and
2.00 seconds at high angles, using a scan width of 0.5°. Data collection was 100% complete
to 74.000° in 6. A total of 61459 reflections were collected covering the indices -21<=h<=21,
-21<=k<=21, -8<=I<=8. 1204 reflections were found to be symmetry independent, with an
Rint of 0.0652. Indexing and unit cell refinement indicated a primitive, tetragonal lattice. The
space group was found to be P 42/m b c (No. 135). The data were integrated using the
CrysAlisP™ 1.171.40.68a software program and scaled using the SCALE3 ABSPACK scaling
algorithm. Solution by intrinsic phasing (SHELXT-2015) produced a heavy-atom phasing
model consistent with the proposed structure. All non-hydrogen atoms were refined
anisotropically by full-matrix least-squares (SHELXL-2014). All hydrogen atoms were placed
using a riding model. Their positions were constrained relative to their parent atom using
the appropriate HFIX command in SHELXL-2014.

10m

This crystal structure has been deposited at the Cambridge Crystallographic Data Center
under CCDC 2128702.

Table S13. Crystal data and structure refinement for JRoque_David.

Identification code JRoque_David

Empirical formula C8 H16 N2 04

Formula weight 204.23

Temperature 150(2) K

Wavelength 1.54184 A

Crystal system Tetragonal

Space group P42/mbc

Unit cell dimensions a=17.20020(10) A a=90°.
b = 17.20020(10) A b=90°.
€ =6.94210(10) A g =90°.

Volume 2053.80(4) A3

z 8

Density (calculated) 1.321 Mg/m3

Absorption coefficient 0.893 mm

F(000) 880

Crystal size 0.120 x 0.080 x 0.050 mm3

Theta range for data collection
Index ranges
Reflections collected

3.634 to 79.180°.
-21<=h<=21, -21<=k<=21, -8<=I<=8
61459
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Independent reflections
Completeness to theta = 74.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1204 [R(int) = 0.0652]

99.8 %

Semi-empirical from equivalents
1.00000 and 0.55325
Full-matrix least-squares on F2
1204/0/99

1.175

R1=0.0598, wR2 =0.1451
R1=0.0608, wR2 = 0.1457
n/a

0.278 and -0.359 e.A3

Table S14. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)
for jroque_david. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
0(1) 7080(1) 5330(1) 5000 34(1)
N(1) 8120(1) 4507(1) 5000 33(1)
N(2) 8130(2) 4606(1) 0 43(1)
0(4) 8791(1) 4837(1) 0 73(1)
0(2) 8016(1) 3891(1) 0 87(1)
C(4) 7382(1) 4630(1) 5000 28(1)
0(3) 7588(2) 5080(1) 0 83(1)
c(7) 8711(2) 5137(2) 5000 41(1)
c(2) 6768(1) 3996(2) 5000 34(1)
c(1) 7127(2) 3191(2) 5000 47(1)
c(3) 6268(2) 4101(1) 3207(5) 67(1)
c(6) 8324(2) 5882(2) 4215(6) 37(1)
C(5) 7600(2) 5995(2) 5361(10) 36(2)

Table $15. Bond lengths [A] and angles [°] for jroque_david.

0(1)-C(4) 1.310(3)
0(1)-C(5) 1.474(4)
N(1)-C(4) 1.286(3)
N(1)-C(7) 1.485(3)
N(1)-H(1) 0.88(4)
N(2)-0(4) 1.205(3)
N(2)-0(3) 1.239(3)
N(2)-0(2) 1.246(3)
C(4)-C(2) 1.518(3)
C(7)-C(6) 1.544(4)
C(7)-H(7A) 0.9900
C(7)-H(7B) 0.9900
C(2)-C(1) 1.517(4)
C(2)-C(3) 1.523(3)
C(2)-C(3)#1 1.523(3)
C(1)-H(1A) 0.99(3)
C(1)-H(1B) 1.02(3)
C(3)-H(3A) 0.9800
C(3)-H(3B) 0.9800
C(3)-H(30) 0.9800
C(6)-C(5) 1.490(6)
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C(6)-H(6A) 0.9900

C(6)-H(6B) 0.9900
C(5)-H(5A) 0.9900
C(5)-H(5B) 0.9900
C(4)-0(1)-C(5) 118.2(2)
C(4)-N(1)-C(7) 123.7(2)
C(4)-N(1)-H(1) 124(2)
C(7)-N(1)-H(1) 112(2)
0(4)-N(2)-0(3) 119.6(3)
0(4)-N(2)-0(2) 118.3(3)
0(3)-N(2)-0(2) 122.1(3)
N(1)-C(4)-0(1) 122.8(2)
N(1)-C(4)-C(2) 124.6(2)
0(1)-C(4)-C(2) 112.5(2)
N(1)-C(7)-C(6) 108.1(2)
N(1)-C(7)-H(7A) 110.1
C(6)-C(7)-H(7A) 110.1
N(1)-C(7)-H(7B) 110.1
C(6)-C(7)-H(7B) 110.1
H(7A)-C(7)-H(7B) 108.4
C(1)-C(2)-C(4) 111.9(2)
C(1)-C(2)-C(3) 109.71(16)
C(4)-C(2)-C(3) 107.95(15)
C(1)-C(2)-C(3)#1 109.71(16)
C(4)-C(2)-C(3)#1 107.95(15)
C(3)-C(2)-C(3)#1 109.6(3)
C(2)-C(1)-H(1A) 107.1(19)
C(2)-C(1)-H(1B) 110.9(13)
H(1A)-C(1)-H(1B) 109.4(16)
C(2)-C(3)-H(3A) 109.5
C(2)-C(3)-H(3B) 109.5
H(3A)-C(3)-H(3B) 109.5
C(2)-C(3)-H(3C) 109.5
H(3A)-C(3)-H(3C) 109.5
H(3B)-C(3)-H(3C) 109.5
C(5)-C(6)-C(7) 106.3(3)
C(5)-C(6)-H(6A) 110.5
C(7)-C(6)-H(6A) 110.5
C(5)-C(6)-H(6B) 110.5
C(7)-C(6)-H(6B) 110.5
H(6A)-C(6)-H(6B) 108.7
0(1)-C(5)-C(6) 108.3(3)
0(1)-C(5)-H(5A) 110.0
C(6)-C(5)-H(5A) 110.0
0(1)-C(5)-H(5B) 110.0
C(6)-C(5)-H(5B) 110.0
H(5A)-C(5)-H(5B) 108.4

Symmetry transformations used to generate equivalent atoms:
#1 x,y,-z+1
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Table S16. Anisotropic displacement parameters (A2x 103)for jroque_david. The anisotropic
displacement factor exponent takes the form: -2p2[ h2a*2Ul + ...+ 2 h k a* b* U12]

Ull U22 U33 U23 U13 U12
0(1) 26(1) 21(1) 56(1) 0 0 -2(1)
N(1) 25(1) 23(1) 51(1) 0 0 -1(1)
N(2) 41(1) 26(1) 61(2) 0 0 6(1)
0(4) 39(1) 39(1) 143(3) 0 0 -3(1)
0(2) 44(1) 26(1) 191(4) 0 0 4(1)
C(4) 26(1) 22(1) 37(1) 0 0 -2(1)
0(3) 51(2) 36(1) 162(3) 0 0 18(1)
c(7) 24(1) 28(1) 71(2) 0 0 -6(1)
c(2) 23(1) 23(1) 54(2) 0 0 -4(1)
c(1) 31(1) 23(1) 87(3) 0 0 -3(1)
c(3) 62(2) 42(1) 96(2) 11(1) -41(2) -18(1)
c(6) 35(2) 26(2) 49(2) 3(2) -2(2) -6(1)
c(5) 35(2) 21(1) 53(6) -3(2) 0(2) -7(1)

Table S17. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 103)
for jroque_david.

X y z U(eq)
H(7A) 9157 4989 4176 49
H(78B) 8904 5226 6325 49
H(3A) 6001 4604 3268 100
H(3B) 5883 3682 3142 100
H(3C) 6599 4084 2059 100
H(6A) 8675 6334 4370 44
H(6B) 8198 5822 2831 44
H(5A) 7727 6027 6749 44
H(5B) 7341 6485 4975 44
H(1A) 6692(19) 2813(19) 5000 40(9)
H(1B) 7459(15) 3108(13) 3810(40) 58(8)
H(1) 8330(20) 4050(20) 5000 48(10)

Table $18. Torsion angles [°] for jroque_david.

C(7)-N(1)-C(4)-0(1) 0.0
C(7)-N(1)-C(4)-C(2) 180.0
C(5)-0(1)-C(4)-N(1) -11.1(3)
C(5)-0(1)-C(4)-C(2) 168.9(3)
C(4)-N(1)-C(7)-C(6) -21.79(18)
N(1)-C(4)-C(2)-C(1) 0.0
0(1)-C(4)-C(2)-C(1) 180.0
N(1)-C(4)-C(2)-C(3) -120.80(18)
0(1)-C(4)-C(2)-C(3) 59.20(18)
N(1)-C(4)-C(2)-C(3)#1 120.80(18)
0(1)-C(4)-C(2)-C(3)#1 -59.20(18)
N(1)-C(7)-C(6)-C(5) 51.9(3)
C(4)-0(1)-C(5)-C(6) 44.2(5)
C(7)-C(6)-C(5)-0(1) -63.1(4)
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Symmetry transformations used to generate equivalent atoms:
#1 x,y,-z+1
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NMR Spectral Data
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1-(2-ethylpiperidin-1-yl)-2,2-dimethylpropan-1-one
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2,2-dimethyl-1-(3-phenylpiperidin-1-yl)propan-1-one
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1-(4-(4-chlorophenyl)piperidin-1-yl)-2,2-dimethylpropan-1-one
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1-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-2,2-dimethylpropan-1-one
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2,2-dimethyl-1-(piperidin-1-yl-dio)propan-1-one
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NMR Spectra — Photocatalyst Screening
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Photocatalyst: S8 m
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NMR Spectra — Reaction Optimization

Optimization of Reaction Time
For spectra of catalyst S9 and 2a for 60 min reaction time, see pg. S69.
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Optimization of Catalyst Loading

For spectrum of catalyst 2a for 5 mol% catalyst loading, see pg. S71.

Photocatalyst: 2a, 1 mol%
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Optimization of Oxidant and Solvent
For spectrum of catalyst 2a and 3 equiv. K,5,0s, see pg. S71.
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Photocatalyst: 2a, H,0; (30%) (3 equiv)
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For spectrum of catalyst 2a in 1:1 acetonitrile/water, see pg. S71.

Photocatalyst: 2a, DCE/H,0 (1:1)

PV

g £} LR}

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 2

f1 (ppm

(ppm)
Photocatalyst: 2a, Acetone/H,0 (1:1) t
.

N
o

g

4 005

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23
1 (ppm)

S73



NMR Spectra — Variation of Reaction Parameters

Photocatalyst: 2a, no sparging, open to air
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NMR Spectra — N-Protecting Groups

For spectrum of N-Piv piperidine, see pg. S71.
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NMR Spectra — Aldehyde Products

N-(5-oxopentyl)pivalamide
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5-pivalamidopentanoic acid
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4-pivalamidobutanoic acid
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6-pivalamidohexanoic acid
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N-(3-(4-chlorophenyl)-5-oxopentyl)pivalamide
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N-(5-ox0-3-phenylpentyl)pivalamide
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N-(3-methyl-5-oxopentyl)pivalamide
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Methyl 5-ox0-3-(2-pivalamidoethyl)pentanoate
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Ethyl 4-ox0-2-(2-pivalamidoethyl)butanoate
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N-(7-oxoheptan-3-yl)pivalamide
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N-(6-oxohexan-2-yl)pivalamide
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N-(2-methyl-5-oxopentyl)pivalamide (3i.a) and N-(4-methyl-5-oxopentyl)pivalamide (3i.b)
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N-(5-ox0-2-phenylpentyl)pivalamide and N-(5-oxo-4-phenylpentyl)pivalamide
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N-(2-formylphenethyl)pivalamide
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N-(2-formyl-4,5-dimethoxyphenethyl)pivalamide
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NMR Spectra — Acid Products
7-pivalamidoheptanoic acid
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5-pivalamidohexanoic acid
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3-phenyl-5-pivalamidopentanoic acid
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3-methyl-5-pivalamidopentanoic acid
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3-(ethoxycarbonyl)-5-pivalamidopentanoic acid
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5-methoxy-5-ox0-3-(2-pivalamidoethyl)pentanoic acid
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2,4-dimethyl-5-pivalamidopentanoic acid
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3-(2-pivalamidocyclohexyl)propanoic acid

107
107
€01
v0'T
v0'T
v0'T
S0'T
90T
90T
201
£0°T
£0°T
PT°T |
61°T 1
Eas
Eas
82T |
62T 7
0£°T
0£°T
TET
TE'TA

16T
€T
€T
€67
ee'1 4
pET
vE'T |
S€'T
mm.ﬁ
9T
9e'1
89'7
601
697 1
oLt
7T
Wt
[ 784
181
8T
w81
¥8'T
¥8'T
s8'1
S8'T
98T
81
87
88T
88'T
68'T
68T
06T
06'T
96'T
16T
16T
16T
86T
66T
66T
007
007
44
0z
€T
£€°7
€T
se'z
%4
vz
sv'z
9T
9T
e
8v'z
6T
€5°€
bS'E
ss'E
95°E
95°E

69°S
s

CO,H

NH

gL

Piv

ap

01T
oy
=007
/0T
o't
=007

60"

e

f1 (ppm)

8TST~ =

89°LT .
201E \

6L°€€

sgge 3
95z -

€L
E.R% _ i

86'TS
66°1S v

CO,H

€9°8LT
IR
6L'8LT v

I}JH
Piv
ap

-10

T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

f1 (ppm)

S102



(5)-6-methoxy-6-oxo0-5-pivalamidohexanoic acid

IH NMR (500 MHz, CDg'6 9.73 (s, 1H), 6.32 (d;= 7.6 Hz, [H), 4.59 (1= 7.5, 5.1 Hz, 1H), 3.74
(s, 3H), 2.70 - 2.23¢m, 2H), 1.91 (ddt; 12.3,9.5, 5.1 Hz, 1H), 1.78 — 1.526m, 3H), 1.21 (s, 9H).
R A

\ 3 &l
_— O a s

OH
MeO,C*™ NH
Piv
4r

3.74

| A
I T T T T g
< o = 2 S e 9o —
3 3 S 2 ST -
T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.C
f1 (ppm)
88% - 2 meos e
© @B 0 ©® ® NN; o f
ERR i 8 ®mR 8
I \/ [ P B
.
‘\
MeO,C" ~NH
Piv
4r
|
|
|
] A )
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

S103



(5)-5-methoxy-5-ox0-4-pivalamidopentanoic acid
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N-(5-oxo0-5-phenylpentyl)pivalamide
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5-oxo-5-phenylpentanoic acid
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5-oxo-5-phenylpentanoic acid
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(4S)-5-(((3R)-3-(tert-butoxy)-1-methoxy-1-oxobutan-2-yl)amino)-5-oxo-4-pivalamidopent-
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(5)-5-(((S)-1-methoxy-3-methyl-1-oxobutan-2-yl)amino)-5-oxo-4-pivalamidopentanoic acid
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indolin-2-yl (S)-5-(((S)-1-methoxy-3-methyl-1-oxobutan-2-yl)Jamino)-5-oxo-4-

ioxoiso
lamidopentanoate
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Dimethyl 2,2'-(((S)-2-pivalamidopentanedioyl)bis(azanediyl))(2S5,2'S)-bis(3-

methylbutanoate)
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N-(3-(4-(trifluoromethyl)pyridin-2-yl)propyl)pivalamide

66T
00T
10

06'C
wT W
€6'C
6T°€
0€°E >
TE€E
€€ \

99—

vEL
SEL W
LEL

CF3

698~
g

U

Feor

0T
6°0

€L1T~
06'8C —

69'5€ —
8L'8€
81'6€ —

00711
€0°L1T
SO°LIT
80°LTT
89°8TT
TL8TT
bL8TT
LL8TT
L9'6TT
S8°1ZT
20T
61°92T

vS'8ET
18'8ET W
80'6ET
SE'6ET \

e

T€°08T —

ET°€9T —

69°84T —

h

110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

f1 (ppm)

S116



-64.85

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-2

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T T
-100 -110

f1 (ppm)

S117

T
-120

T
-130

T
-140



ETs
9€'T
9€'T
LET
8E'T
6ET
6ET
or'T
T
ST
€S°T
vS'T
98T
YT
9UT
9UT
9UT
LT
8LT
64T
64T
64T
T

S8'C
98¢ W
88'C
1Te /

we
we
€Te
vTE

sTe

96—

NN
ISRSRS]
NINEN

€L V
vEL

N-(5-(4-(trifluoromethyl)pyridin-2-yl)pentyl)pivalamide

I

I

Piv

9e

ﬁ

Jwv.m
Feve
H\hm.m

Tree

TFevz

TMAN

Feer

5.5

f1 (ppm)

09'92
Wiz~
SE'6C =
19'62

TEBE
S8 —
Sb'6E /

€L°9TT
9L9TT
8L°9TT
18911

9€°8TT
6E°8TT

fad-ing
vb'8TT
LL6TT
¥6 1T \

A8 24y
62°9¢T

678ET
9G°8€T W
€8'8ET
0T'6€T \

€€°0ST —

78°€9T —

LY'8LT —

110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

f1 (ppm)

S118



-64.82

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-2

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T T
-100 -110

f1 (ppm)

S119

T
-120

T
-130

T
-140



61T
vET
SET
9€'T
LET
8ET
6ET

or'T
T

8v'T g
6v°'T
ST
s

€S°T
€T
YT
9UT
LT
6LT

/1

98'C
87T W
68°C
oT’e N

we
we
€Te
€Te
vTe

[

29's — S~

vEL
SEL W =
LEL

N-(6-(4-(trifluoromethyl)pyridin-2-yl)hexyl)pivalamide
\PIV
of

Aape
0w
pere

Fast

TFeer

0T
60

F580

€8°9TT
98°9TT
88°9TT
06°9TT

15811
bS'8TT

95°8TT N—
85°8TT
€2°02T
e \

€6°€CT
bLSTT

LLBET —

TT0ST —

00'¥9T —

bS'8LT —

110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

f1 (ppm)

S120



-64.01

T
-60

T
-70

T
-80

T
-90

T
-100

T
-110

T
0 -10
f1 (ppm)

S121

T
-20

T
-30

T
-40

T
-50



N-(5-(4-(trifluoromethyl)pyridin-2-yl)pentan-2-yl)pivalamide
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NMR Spectra — Autocyclization Products

2-(tert-butyl)-5,6-dihydro-4H-1,3-oxazine

a o0 oo PR ENE] mme

S 88 g RRRR NN m@n

B o @ e m IARARNRARN B
N 2 -

NO;

H Me

10m
|
l L Ll
) Py ) g g
1‘1 0 16.5 16.0 9‘ 5 9‘0 8‘5 8‘0 7‘ 5 7‘.0 6‘5 6‘0 5‘ 5 5‘.0 4.5 4‘0 3‘ 5 3‘0 2‘.5 2‘.0 1‘.5 1‘.0 (;.5 d.D -6.5 1‘.0
1 (ppm)
| o Vo0
o NO;3
N/ Me
® I Me
H Me
10m
|
T T T T T T T T T T T T
20 10 -10

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

S124



-Ooxazine

2-phenyl-5,6-dihydro-4H-1,3
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6. Computational Coordinates and Vibrational Frequencies

Table $19. Cartesian coordinates (in A) of all calculated structures for the riboflavin and copper(l) oxidation

reactions.

Nast4

0 -0.83724700 -2.60478100 -1.19689300
Na -4.09655100 -4.68065400 -0.44750400
$-2.02264500 -3.30178700 -1.84032300
0 -2.02830200 -4.77595300 -1.47741600
0 -3.32385800 -2.69881300 -1.34213100
0 -1.90034800 -3.12796100 -3.34366900
Na 0.06257000 -1.92300200 -3.21157100

HSO4_1min

0 -1.56928000 -2.19594600 -0.93216000
$-2.09534900 -3.24272600 -2.12780700
0 -2.09854800 -4.58211600 -1.49366100
0 -3.43360800 -2.69149400 -2.42267400
0-1.10820900 -3.10375100 -3.22448000
H -0.68275500 -2.49111700 -0.66877800

SO4_minus

0-1.67668000 -2.32464200 -0.91454800
$-2.02818900 -3.28715100 -2.06255000
0-2.20590400 -4.67250300 -1.57908200
0-3.37715400 -2.61451100 -2.37014800
0 -1.08387400 -3.15906300 -3.19227200

NaHSO,

0-0.84364300 -2.71477400 -1.16892100
$-1.93361200 -3.45523600 -1.86965300
0-2.07257200 -4.86392000 -1.46080900
0 -3.34513700 -2.70345500 -1.44001300
0-1.89945700 -3.20572300 -3.33515400
Na -0.03018500 -1.71982800 -3.16793500
H -3.52334700 -2.91757700 -0.50889600

1a

N -1.48973100 1.18530800 0.57649100

C-0.50213800 1.37469200 -0.50409900
C-0.42329800 2.84673300 -0.93089900
C-1.82708600 3.45952300 -0.95637200
C-2.42978800 3.47251000 0.46687200

C-1.77629300 2.39468800 1.34908000

H 0.47962400 0.99882600 -0.18708000

H 0.21996300 3.41698200 -0.25056400

H -1.80591100 4.47012400 -1.37486400
H -2.27317800 4.44497900 0.94634000

H -2.39994600 2.16309800 2.20372100

H -3.51114000 3.30834800 0.41857500

H -0.82709100 2.76720400 1.75332600

H -2.45830300 2.85608400 -1.61956500
H 0.04794500 2.89425600 -1.91746500

H -0.82178200 0.75634200 -1.34577200
C-1.95376700 -0.08535900 0.76395100
0 -1.49696500 -1.00064400 0.06410400
C-3.04754500 -0.40437800 1.81883600

S126

C-4.31900700 0.44757100 1.61257100
H -5.11084200 0.07763400 2.27190100
H -4.18403000 1.50658100 1.83274500
H -4.67571400 0.36217800 0.58118100
C-3.44869800 -1.87991800 1.63016100
H -2.59087300 -2.54288600 1.75684200
H -4.20983300 -2.14429500 2.37101300
H -3.86050800 -2.05305500 0.63275000
C-2.48566500 -0.25634800 3.25057000
H -1.60178100 -0.88904900 3.37993700
H -2.20378000 0.76591500 3.50835300
H -3.24105000 -0.58240400 3.97294300

1A

N -1.68274700 1.30592400 0.51590600

C-1.29523400 1.41346600 -0.71435500
C-1.10977000 2.69185200 -1.43211000
C-1.16029700 3.92986800 -0.53429800
C-2.22823400 3.73919000 0.54275100

C-1.93726100 2.49881000 1.37731500

H -0.17319800 2.60954300 -1.99667600
H -0.18289100 4.08017800 -0.06483100
H -2.26292800 4.59497400 1.22112300

H -2.77056900 2.26244300 2.03018800

H -3.21835900 3.64381400 0.08392100

H -1.04347800 2.61971500 1.99584200

H -1.37040700 4.81354700 -1.13982300
H -1.89728900 2.70733900 -2.20212800
H -1.10984100 0.48012000 -1.23902600
C-1.75415900 -0.10105200 1.06809200
0 -0.84080000 -0.81771100 0.76562500
C-2.98320400 -0.50919500 1.87242300
C-4.27047200 0.09378800 1.27429800

H -5.12491200 -0.30871600 1.82412900
H-4.32177600 1.18115100 1.34739000

H -4.38350000 -0.18500800 0.22307200
C-3.06290000 -2.04783000 1.79226000
H -2.16960500 -2.51333300 2.21223200
H -3.93301000 -2.38325000 2.36166700
H -3.17479800 -2.38379800 0.75819700
C-2.79842300-0.11179300 3.35964100
H -1.87121700 -0.52984500 3.75979700
H -2.79116400 0.96567800 3.52835200

H -3.63539000 -0.52958000 3.92533500

la_OH

N -1.43566600 1.18260000 0.61171800
C-0.44309000 1.38299000 -0.43627200
C-0.48712000 2.82941900 -0.95774700
C-1.92201500 3.36421200 -0.93393200
C-2.42296000 3.44867200 0.52266500

C-1.71673300 2.39061800 1.39206200

H 0.15920500 3.45176200 -0.32765800



H -1.98172600 4.34085800 -1.42234700
H -2.21300000 4.43672700 0.94640300
H -2.29544400 2.15354700 2.27627000
H -3.50733000 3.30575800 0.55727500
H -0.75467800 2.77528600 1.74668700
H -2.56229900 2.68410700 -1.50774400
H -0.06703600 2.85112400 -1.96808900
H -0.69153400 0.68408700 -1.23933200
C-1.97553200 -0.07657400 0.73729900
0 -1.58566300 -0.98149900 -0.00709100
00.83368300 1.05735700 0.11607400
H 1.49422300 1.22650200 -0.57068700
C-3.06505400 -0.38230100 1.79918500
C-4.30131800 0.53151000 1.65089900
H -5.10474300 0.15118500 2.28957200
H -4.12402000 1.56714300 1.93946100
H -4.66475000 0.52594600 0.61836900
C-2.46706900 -0.30933000 3.22202600
H -2.12506300 0.68781900 3.50378500
H -3.22524300 -0.61661800 3.94942800
H -1.61669600 -0.99236000 3.31344100
C-3.53521900 -1.83106200 1.56700800
H -2.70531800 -2.53529500 1.64832000
H -4.28943400 -2.08867100 2.31698600
H -3.97852200 -1.94869300 0.57502400

Na25208

$1.62960000 2.08771400 -5.89558900

0 0.70032800 3.10867100 -5.35698100
0 0.99701800 1.19925700 -6.89813400
0 2.98644100 2.54504200 -6.21053600

$ 0.74807400 -0.96887500 -3.54144200
0 0.92503700 -1.68173200 -4.82869500
0 -0.60581200 -1.02156300 -2.97171900
0 1.87546000-1.11171200 -2.61362200
Na 0.99865200 -1.05055800 -6.98683900
Na -0.53182400 2.63685500 -3.44496800
0 0.71857600 0.70894400 -3.95828500
0 1.99911100 1.09863500 -4.54952800

K25208

$1.64186700 2.07693400 -5.78680500
0 1.48475300 3.36651800 -5.09729700
00.35345100 1.45584300 -6.19332100
0 2.72063300 1.96051700 -6.78334300
$0.78866500 -0.81056400 -3.45713200
00.75815500 -1.33886600 -4.83427100
0-0.53809100 -0.54550700 -2.85607300
01.78575100 -1.43231100 -2.57526600
K 1.30854200 -0.87143400 -7.37190400
K'-1.42993200 1.83622800 -4.10374900
0 1.27506600 0.85089300 -3.58518500
0 2.29180000 1.00242800 -4.61199200

(2.A.m), SINGLET

C -10.49493900 -0.18817900 -0.06030800
C -9.84257500 -0.75029700 1.01751500

C -8.71001000 -0.14349700 1.60353200

S127

C-8.21474500 1.07891900 1.06822100
C-8.88376900 1.65262100 -0.02571700
C-10.00036800 1.04334200 -0.58563600
N -8.13298200 -0.74466000 2.68157400
N -7.10245100 1.65099800 1.66874700
C-6.52211900 1.08036100 2.77675400
C-7.10175100 -0.16840600 3.23345200
C-6.47482900 -0.81446600 4.42076800
0 -6.85001400 -1.87087300 4.91094400
N -5.41454000 -0.09456600 4.92288900
C-4.90299300 1.12765600 4.43558000

N -5.50368200 1.69430600 3.33913400

H -10.18548400 -1.68105100 1.45700100
H -8.56250700 2.60045900 -0.43258600
H -4.94211900 -0.47904800 5.73317900
0 -3.94593500 1.63285500 5.01240800
C-10.69498500 1.69711400 -1.74820300
H -10.20465300 2.63001600 -2.03172500
H -10.70662400 1.03446000 -2.62065700
H -11.74065900 1.91707500 -1.50596400
C-11.70438000 -0.84945500 -0.66486700
H -12.58184600 -0.19518500 -0.61576100
H -11.54253100 -1.08470600 -1.72265300
H -11.94276300 -1.77795900 -0.14232100
C-6.57600600 2.95405400 1.22762400

H -5.49959700 2.94150700 1.39285400

H -6.76442200 3.06663200 0.16309300
C-7.17870200 4.10004000 2.03320700

H -6.95878900 3.97674500 3.09305000

H -6.77302800 5.04642100 1.67268000

0 -8.60525700 4.17908500 1.83667900
C-9.39331700 3.53926400 2.73580100

0 -8.96363400 2.92890800 3.69461200
C-10.84315300 3.65912900 2.35484100
H -11.04351900 2.96495200 1.53212100
H-11.46948200 3.39361100 3.20570800
H -11.07344500 4.66720600 2.00537900

(2.A.m), TRIPLET

C -10.50250400 -0.13931500 -0.05930700
C -9.86745100 -0.71114800 1.04071600
C -8.72554000 -0.15434700 1.63562800
C -8.20453900 1.06928500 1.05326100

C -8.85741900 1.64427700 -0.05827500
C -9.98540300 1.07257900 -0.62122500
N -8.18764100 -0.77193700 2.72077700
N -7.08997600 1.63959600 1.63231600
C -6.52812100 1.03479200 2.77780400

C -7.10995000 -0.15880800 3.26847000
C -6.49052800 -0.75868400 4.45064700
0 -6.86617900 -1.79154100 5.00265700
N -5.39646600 -0.04619200 4.94233200
C -4.87414700 1.12733400 4.42512200

N -5.47907900 1.65374500 3.28991400
H -10.25503300 -1.62294500 1.48163300
H -8.49470000 2.57161300 -0.47757000
H -4.94458200 -0.42296800 5.76738400
0 -3.90915700 1.68171000 4.94813000



C-10.65982100 1.71919400 -1.79890200
H -10.14196600 2.63412900 -2.09290200
H -10.68196500 1.04671200 -2.66394600
H -11.70056700 1.97508300 -1.57015300
C-11.72197300 -0.78274500 -0.64554100
H -12.57798200 -0.09855200 -0.61138200
H -11.56433700 -1.02920300 -1.70205800
H -11.98636600 -1.69636600 -0.11118100
C-6.57509000 2.94964300 1.21621900

H -5.50232300 2.95895000 1.39811700

H -6.74244500 3.06908600 0.14885300
C-7.20805100 4.08920600 2.01479500

H -6.97244700 3.98526600 3.07389700

H -6.83379000 5.04199700 1.63729600

0 -8.63635700 4.12336400 1.83605900
C-9.39122800 3.46673800 2.75286700
0-8.92625100 2.88153800 3.71069700
C-10.84893500 3.53644200 2.39193900
H -11.03208100 2.86068300 1.55025000
H -11.45299400 3.22255600 3.24226400
H-11.12322300 4.54462100 2.07535100

(2.A.m)_1plus

C-10.48532200 -0.16990300 -0.07289600
C-9.85009100 -0.72774600 1.03532200

C -8.72488500 -0.13787200 1.60776600
C-8.19537600 1.08423400 1.02907600
C-8.85292900 1.65134100 -0.09292800
C-9.96696500 1.05543400 -0.64036100

N -8.17695300 -0.71864700 2.71281200
N -7.10708800 1.64765900 1.61005700
C-6.53764800 1.07079800 2.74506600
C-7.14462300 -0.14433100 3.25198700
C-6.53323900 -0.75787400 4.47382200
0-6.94809800 -1.77518100 4.99420400
N -5.44974900 -0.04899300 4.95451700
C-4.91133900 1.12061800 4.42228200

N -5.50504200 1.66277900 3.27079900

H -10.22411500 -1.63779300 1.48910500
H -8.49936700 2.57572600 -0.52337700
H -4.99376900 -0.41335600 5.78500100
0-3.95109900 1.66308800 4.93689800
C-10.64878400 1.67668900 -1.82066900
H -10.14937400 2.59602700 -2.12727000
H -10.65827900 0.98448700 -2.66936200
H-11.69328200 1.90772300 -1.58621200
C-11.69091100 -0.82175700 -0.66126400
H -12.55046400 -0.14177500 -0.62604800
H -11.52593900 -1.05669600 -1.71924700
H -11.94675300 -1.73936200 -0.13176900
C-6.57734000 2.96084900 1.18111900

H -5.50339200 2.95121500 1.35371900

H -6.75961600 3.07771600 0.11798100
C-7.20431500 4.08915300 2.00301500

H -6.94495600 3.98268500 3.05630300

H -6.83246300 5.03887100 1.61762700

0 -8.63304900 4.12838900 1.85176500
C-9.36914500 3.43614100 2.76156600

S128

0 -8.87052400 2.73753700 3.62271700

C-10.83886600 3.62195600 2.52018900
H-11.11666100 3.10588500 1.59581400
H-11.40111900 3.19946700 3.35146300
H -11.07567400 4.68020500 2.39236500

(2.A.m)_1minus

C-10.50883600 -0.17275400 -0.06763700
C-9.84799600 -0.75458200 1.00631100
C-8.71103500 -0.17647100 1.61912400
C -8.23062400 1.05928500 1.08748100

C -8.89915100 1.64485500 0.00830300
C-10.02688000 1.05559800 -0.57638700
N -8.14185600 -0.80945500 2.68138500
N -7.09605100 1.63434600 1.68861100
C-6.51917400 1.03930100 2.80545200
C-7.07120200 -0.18953300 3.25357300
C-6.44583800 -0.80662100 4.40973100
0 -6.78235300 -1.87286600 4.94808200
N -5.36933800 -0.07992700 4.91652100
C-4.86959800 1.13718300 4.43616600

N -5.48580900 1.68553400 3.35338000

H -10.20006900 -1.69393100 1.42353600
H -8.57631300 2.60268200 -0.37720100
H -4.90408000 -0.47200500 5.72536200
0 -3.90058300 1.65521800 5.01324700
C-10.71775900 1.73961900 -1.72856800
H -10.21979900 2.67782200 -1.98602600
H -10.73090300 1.10893200 -2.62607000
H -11.76460800 1.96875400 -1.49419300
C-11.72195200 -0.83403600 -0.67253700
H -12.60553400 -0.18717500 -0.61322900
H-11.57109700 -1.05949500 -1.73511100
H -11.95553100 -1.77029600 -0.15960400
C-6.57699900 2.92902600 1.25339000

H -5.50113200 2.93044800 1.42705600

H -6.75372000 3.04369700 0.18457800
C-7.17626400 4.09194400 2.03776800

H -6.97287800 3.97138900 3.10119600

H -6.76379900 5.03765700 1.67980600

0 -8.60230200 4.17676100 1.82304300
C-9.40901000 3.58806000 2.73547000
0-9.01560900 3.08789200 3.77092800
C-10.84160200 3.61388400 2.27435400
H -10.97400500 2.81824600 1.53350900
H-11.50527100 3.43284300 3.11950100
H -11.08204300 4.56355900 1.79265000

(2.A.t), with two acetates
C-10.88276600 -0.48173900 -0.00614700
C -9.88349300 -0.96896800 0.81092200
C-8.68674500-0.25326900 1.03385800
C-8.49372500 1.00365600 0.39458000
C-9.51389300 1.50051600 -0.43288900
C-10.68751500 0.78410000 -0.63583600
N -7.75522200 -0.78593500 1.87394500
N -7.30787700 1.68303000 0.63719000
C-6.36737700 1.18205900 1.50650300



C-6.66281700 -0.10989500 2.09585600
C-5.64773700 -0.68035800 3.02546600
0-5.75727100-1.76132300 3.58770100
N -4.55666000 0.14166500 3.19460300
C-4.33322300 1.40065600 2.59677200

N -5.28836400 1.89562400 1.74325900
H -9.98878900 -1.92249800 1.31754600
H -9.42013400 2.46924200 -0.90167200
H -3.82703100 -0.18670500 3.81703900
0 -3.29803600 2.00050400 2.86515500
C-11.76063400 1.35727200 -1.51966800
H-11.46829100 2.32857800 -1.92239500
H -11.97629100 0.68664800 -2.35888200
H -12.69832600 1.48133100 -0.96667000
C-12.15331900 -1.25873700 -0.22396700
H -13.02958100 -0.68785900 0.10270900
H-12.30196200 -1.48939200 -1.28467100
H -12.13457400 -2.19956500 0.32958700
C-7.05629800 3.01695000 0.07386300

H -5.98570600 3.10461300 -0.09827300
H -7.57481000 3.10702100 -0.87800800
C-7.48298900 4.11654700 1.04760600

H -6.95272800 3.98848100 1.99177700
0 -8.90353400 4.04483100 1.28517900
C-9.32416300 3.36980700 2.38816700
0 -8.56998200 2.83182300 3.17217700
C-10.82503600 3.35481900 2.45979000
H -11.20090800 2.63976400 1.72079600
H-11.14142200 3.04200300 3.45402300
H -11.23567700 4.33596700 2.21427600
C-7.23604300 5.50423700 0.47647600

H -7.58377700 6.26832200 1.17598500

H -7.75427700 5.64277700 -0.47665700
0 -5.81581600 5.61152300 0.28632600
C-5.38108900 6.75565800 -0.29192700
0 -6.13070900 7.65087300 -0.62367500
C-3.88508000 6.74278200 -0.45229200
H -3.55683800 7.67647500 -0.90673800
H -3.40725600 6.61337000 0.52274900

H -3.58661500 5.89780900 -1.07921300

(2.A.th), with three acetates
C-10.78353500 -0.43055800 -0.54791100
C-9.94942500 -0.82210900 0.47874800
C-8.82364700 -0.05825600 0.85789700
C-8.52954000 1.14780700 0.16126900
C-9.38035600 1.54547300 -0.88280200
C-10.48679900 0.78325200 -1.23795100
N -8.06110900 -0.49471100 1.89982100
N -7.42143900 1.88030900 0.56653600
C-6.65241200 1.47422700 1.63299000
C-7.03769000 0.22638000 2.26349700
C-6.21097700 -0.23590800 3.41376900
0-6.41015900 -1.27065000 4.03503700
N -5.18545500 0.63073600 3.71748400
C-4.86862000 1.84268200 3.06754700

N -5.64783300 2.23560900 2.00700600
H -10.13694200 -1.73328700 1.03691100

S129

H -9.21018700 2.47291000 -1.41003300
H -4.58540000 0.37637500 4.49391500
0-3.91383700 2.49448200 3.47539000
C-11.38068900 1.25113000 -2.35286800
H -11.02756300 2.19193200 -2.77854700
H -11.42919300 0.50601900 -3.15467300
H -12.40635900 1.39736600 -1.99642200
C-11.98340600 -1.25538000 -0.92909000
H -12.91036700 -0.68072100 -0.82423900
H -11.92751000 -1.58001000 -1.97404600
H-12.06103100 -2.14418500 -0.29987300
C-7.09069300 3.18121800 -0.03490700
H -6.00906000 3.28191500 -0.02841900
H -7.44012900 3.20439800 -1.06361400
C-7.70542700 4.30527200 0.80308400

H -7.31031300 4.24447200 1.81724200
0-9.13830200 4.12411200 0.84190400
C-9.68483300 3.55440900 1.94383400

0 -9.03646100 3.20225700 2.90955000
C-11.17236200 3.42048400 1.78479000
H-11.38427200 2.73274800 0.96073100
H -11.60719900 3.03787800 2.70679900
H-11.61073200 4.38858500 1.53012300
C-7.48897900 5.69500500 0.19250400

H -8.26469200 5.87725000 -0.55365000
0 -6.20279500 5.69443200 -0.45641500
C-6.06414700 6.49118500 -1.55127000
0-6.94928100 7.21061400 -1.96211200
C-4.69205300 6.33744600 -2.14483700
H -4.58199400 7.01043000 -2.99381600
H -3.93314600 6.55749300 -1.38934100
H -4.54515400 5.30259200 -2.46717200
C-7.45967500 6.81216300 1.23832700

H -6.55225700 6.72565300 1.83696100

H -7.49257600 7.78386500 0.74374100
0-8.61412300 6.73258700 2.09214100

C -8.40983500 6.37097500 3.38551900
0-7.31780300 6.11292600 3.84946200
C-9.70515100 6.31380600 4.14909400

H -10.53775800 6.70706000 3.56678700
H -9.90055600 5.26951300 4.40775000

H -9.59682900 6.87444700 5.08019700

(2.A.f), with four acetates
C-10.66493300 -0.19968400 -0.70290900
C-9.92297400 -0.66203900 0.36436200
C -8.80622100 0.04676600 0.85939400
C-8.42338900 1.26927500 0.23905600
C-9.18135500 1.74040600 -0.84488000
C-10.28131000 1.03219100 -1.31371600
N -8.13913900 -0.45625600 1.93625200
N -7.32412200 1.94372900 0.75359300
C-6.65267400 1.47139200 1.85784700
C-7.12515900 0.21503200 2.40646400

C -6.40489800 -0.31805800 3.59696700
0 -6.68388900 -1.36760100 4.15987200
N -5.37914800 0.50104200 4.01229200
C-4.97463200 1.72459500 3.43729600



N -5.65569700 2.18257300 2.33592700
H -10.17994700 -1.58877100 0.86642600
H -8.94383000 2.68345400 -1.31534800
H -4.84992500 0.19765200 4.82192500
0 -4.03558200 2.32867800 3.94339200
C-11.07488800 1.57810600 -2.46840700
H -10.66200900 2.52385000 -2.82378700
H -11.08641700 0.87064600 -3.30494800
H-12.11927600 1.74383300 -2.18167100
C-11.85667500 -0.96750200 -1.20855200
H -12.77186500 -0.36844200 -1.14515200
H-11.73255000 -1.24746700 -2.26050400
H -12.00692700 -1.88037000 -0.62885900
C-6.90391300 3.25030000 0.22884100

H -5.82271600 3.30701300 0.32359400

H -7.17387700 3.32303200 -0.82172700
C-7.53764500 4.36966900 1.05939800

H -7.21090400 4.26468400 2.09321500
0-8.97351600 4.24589700 0.99080800
C-9.61482900 3.66137700 2.03132000
0-9.04278300 3.23203800 3.01439100
C-11.09485300 3.61843300 1.78328600
H-11.29446200 3.02442000 0.88675200
H -11.59837500 3.17697800 2.64181000
H -11.46986900 4.62913800 1.60232400
C-7.22661700 5.75913000 0.49557000

H -7.87273000 5.93082800 -0.36742800
0 -5.85441600 5.78536300 0.05981800
C-5.60934000 5.99229800 -1.26163600
0 -6.48027600 6.04821700 -2.10477400
C-4.13600600 6.15389200 -1.50104600
H -3.93338700 6.14775400 -2.57097700
H -3.81174500 7.10665400 -1.07098900
H -3.57820700 5.35869500 -1.00108300
C-7.35500900 6.89609400 1.52985700

H -6.39948200 6.97981100 2.04968200
0 -8.38718900 6.62147900 2.49516700
C-7.99359600 6.25953300 3.74940900

0 -6.83520400 6.06654700 4.05312300
C-9.17585600 6.10320300 4.66365900

H -10.00828400 6.73306400 4.349502400
H -9.49473700 5.05719000 4.63021700

H -8.87495800 6.34126700 5.68433200
C-7.76408200 8.21948400 0.89516700

H -8.75583900 8.14000900 0.44545500

H -7.77947600 9.01305900 1.64699800
0-6.79171800 8.53394700 -0.11564300
C-7.22060800 9.28419900 -1.16113800
0 -8.34694000 9.72861500 -1.24135500
C-6.13292200 9.44947100 -2.18658400
H -6.04752100 8.51680500 -2.75286000
H -6.38891700 10.26231900 -2.86518500
H -5.17139700 9.64117500 -1.70597200

(2.A.m)-[K2S204], SINGLET
$-0.08250500 -0.95435300 -4.71253200
0 -0.60439500 -1.62436400 -5.91212700
0 0.37494200 -1.86710200 -3.64568600

0 0.76060200 0.23392500 -4.93787600
$-2.96104000 -0.61743800 -2.06519700
0 -1.76556600 -0.73168600 -1.18729400
0-3.98117700 -1.65218100 -1.85916600
0 -3.44209100 0.76787200 -2.23199200
K-0.27682600 -3.01647300 -1.34865600
K-2.42355500 2.47062100 -4.11380600
0 -2.44044900 -1.09078500 -3.62312900
0-1.43811400-0.11473100 -4.04814700
C 5.38628900 0.58780300 -3.19281400
N 4.26202200 1.50620500 -3.44311200
H 6.06648900 0.62647000 -4.03960400
€ 6.09265200 0.91951400 -1.88243800
C4.42844000 2.67032200 -4.18096600
C 3.07157000 1.22994000 -2.81988700
H 5.39766700 0.84423200 -1.04682900
H 6.92881000 0.23357300 -1.73947700
06.66621100 2.24215400 -1.92229300
C 3.31653200 3.55084700 -4.30223900
C 5.64055100 3.03050700 -4.79293900
C 2.00024800 2.18306700 -3.02443000
N 2.98135000 0.14354200 -2.08027600
€ 5.91966900 3.25912000 -1.42499000
C3.45647800 4.74822600 -5.03735700
N 2.11537400 3.28052500 -3.71725000
C5.76019500 4.21508800 -5.50939300
H 6.51690500 2.40751800 -4.68863900
€ 0.69070200 1.86133000 -2.40193300
C 1.78406000 -0.16066400 -1.49483600
04.81730700 3.10948600 -0.93594800
€ 6.62357200 4.57585600 -1.60392600
C4.64656300 5.09807600 -5.64137700
H 2.58468700 5.39079300 -5.10375900
C7.07919300 4.56891500 -6.13923200
0-0.31252800 2.56351200 -2.52541900
N 0.69213900 0.70602200 -1.67296800
0 1.62149500 -1.17009400 -0.80279600
H 6.51523000 4.88680800 -2.64823800
H 6.16678600 5.32648400 -0.95992200
H 7.69002000 4.48178000 -1.39162100
C4.77405900 6.38333900 -6.41427300
H 7.82973500 3.79952500 -5.94990500
H 6.97593700 4.69041600 -7.22321100
H 7.45612000 5.52114400 -5.74972200
H -0.21648700 0.35945400 -1.34909700
H 5.54820900 7.02975200 -5.98614800
H 5.05759100 6.19542000 -7.45575000
H 3.83154300 6.93436700 -6.41229500
H 4.97433100-0.41779100 -3.12185800

(Z.B*.m)-[KZSZO,;], TRIPLET, T
$-0.27200200 -1.02571700 -4.75667500
0-0.87859100 -1.75342900 -5.88082700
00.28618500 -1.88861200 -3.69492200
00.52695900 0.16492600 -5.09436200
$-2.97544500 -0.61432700 -1.92989000
0 -1.73206600 -0.72647700 -1.11940300
0-3.99783300 -1.62411500 -1.63257400



0-3.44110400 0.77392900 -2.11116400
K'-0.32986500 -3.05919000 -1.39646800
K'-2.43164300 2.44439100 -4.04321700
0 -2.55020800 -1.14494600 -3.49791100
0-1.58334100-0.17879100 -4.01789000
C5.43331300 0.60940700 -3.19118500
N 4.31099700 1.50360600 -3.49950300
H 6.13856300 0.63263900 -4.01787300
€ 6.10480500 0.97917400 -1.86841000
C4.47307500 2.67110600 -4.21433400
C 3.06355500 1.24197300 -2.89177100
H 5.39761400 0.88076000 -1.04484900
H 6.96374000 0.32593600 -1.70777700
0 6.62553500 2.32101100 -1.90362400
C 3.33626900 3.56796700 -4.32638800
C5.70255300 3.02769700 -4.81059100
C 2.01529800 2.17722900 -3.06370400
N 2.98455100 0.11574800 -2.20811200
C5.82587200 3.30860300 -1.42725800
C3.52783700 4.75798600 -5.04111700
N 2.11838500 3.32791100 -3.76849200
C5.86174700 4.21176000 -5.50880000
H 6.56104300 2.38016500 -4.70615800
€ 0.73594000 1.83962500 -2.45054200
C1.78216200 -0.21505700 -1.60140600
04.72053100 3.11209800 -0.96254300
C6.47992800 4.65167900 -1.59477100
C 4.74463900 5.09994900 -5.62999300
H 2.67849800 5.42801100 -5.11779200
C 7.18875600 4.56155700 -6.12232300
0-0.28225900 2.53939300 -2.52745600
N 0.71788000 0.64932200 -1.74408200
0 1.67366500 -1.25970600 -0.94862400
H 6.43915500 4.92953000 -2.65296300
H 5.94493400 5.39640900 -1.00690200
H 7.53077600 4.61123000 -1.30149800
C 4.88373300 6.39051800 -6.37728100
H 7.92507500 3.77768300 -5.93532700
H 7.10297600 4.69740600 -7.20631300
H 7.57983800 5.50071800 -5.71487800
H -0.19476600 0.32001700 -1.41201400
H 5.66730700 7.01544600 -5.93286600
H 5.18402800 6.20980800 -7.41609100
H 3.94926000 6.95330300 -6.37849900
H 5.03969000 -0.40136800 -3.10536200

(2.A.m)—(1a)_1plus,

C-10.53619500 -1.38696200 2.30897800
C-9.24832400 -1.06709300 2.70508200
C-8.42437500 -0.23383800 1.93381000
C -8.93684500 0.33189500 0.71065200
C-10.26264900 0.03375600 0.33136000
C-11.05094500 -0.81108400 1.09109900
N -7.16190300 0.02195800 2.37813500
N -8.11044900 1.13849300 -0.02528700
C -6.80754600 1.38430800 0.39513000
C-6.38783200 0.75039600 1.63419500
C-4.97598200 0.97277200 2.06905000

0 -4.48968800 0.46841200 3.06680800
N -4.27277600 1.79848600 1.22164200
C-4.74768300 2.40930100 0.05434300

N -6.06556800 2.16746000 -0.32972900
H -8.83387700 -1.46528700 3.62331200
H -10.69095000 0.47038400 -0.55821200
H -3.30463500 1.98604200 1.46022000
0-4.01398700 3.12775900 -0.60246100
C-12.44578600 -1.13109600 0.64620100
H-12.69413300 -0.61641000 -0.28239800
H-12.56177100 -2.20897900 0.48913400
H -13.17295800 -0.84202100 1.41238900
C-11.38743100 -2.29965000 3.13605300
H -12.29340400 -1.78453800 3.47487500
H-11.71657000 -3.16473800 2.55047700
H -10.84369000 -2.65809700 4.01065700
C-8.60565300 1.92781700 -1.17383400
H -7.78151400 2.03424100 -1.87638400
H -9.40922700 1.38177500 -1.65790300
C-9.05701900 3.31451500 -0.71899100
H -8.22461300 3.86370400 -0.27963500
H -9.44852000 3.85387600 -1.58210900
0-10.14073500 3.22958800 0.22395000
C-9.81644600 3.21915200 1.54259600
0-8.67015400 3.22448500 1.94767300
C-11.05102100 3.16151700 2.39609800
H-11.55128900 2.20118500 2.23746200
H -10.77596300 3.26056300 3.44493700
H -11.75045000 3.94937600 2.10736500
0 -5.58028400 -1.30457900 -0.00643300
C-6.20850200 -2.29906300 0.37311500
N -7.42810600 -2.53946800 -0.25055800
C-7.65081100 -1.84595900 -1.53517100
C-8.46801300 -3.46802500 0.17190200
C-8.96518900 -2.26249600 -2.18089000
H -7.59363600 -0.76736200 -1.37542500
H -6.80564900 -2.09339900 -2.18791000
C-8.82979700 -4.47645500 -0.93237300
H -8.16807000 -3.97022200 1.08264800
H -9.35683400 -2.87190800 0.42235000
C-9.05034000 -3.78985800 -2.30249100
H -9.81217100 -1.87690200 -1.60378600
H -9.01845200 -1.78952500 -3.16512300
H -9.73007700 -4.99983800 -0.59922000
H -8.03034500 -5.21901900 -1.00092600
H -10.01792900 -4.07332100 -2.72406200
H -8.28454200 -4.12462300 -3.00966600
C-5.60991500 -3.26319600 1.42130100
C-6.33133600 -3.17953600 2.78518400
H -7.37680100 -3.49110700 2.75187500
H -5.81684500 -3.84132200 3.48801900
H -6.28899500 -2.16185900 3.17864600
C-5.59611100 -4.71143300 0.88086400
H -4.99493700 -5.32805700 1.55479500
H -6.58398900 -5.16900600 0.82243300
H -5.13913900 -4.75554300 -0.11230200
C-4.14819900 -2.82571100 1.64466800
H -4.09369700 -1.81589800 2.05322200



H -3.68212800 -3.51368800 2.35565100
H -3.57819800 -2.85258600 0.71280200

(2.A.m)—(1a), singlet

C-10.78948900 -1.29715400 2.36253700
C-9.47990800 -1.06581100 2.73505900
C -8.62058300 -0.25145500 1.96798500
C-9.10841500 0.36170400 0.78238800
C-10.44430700 0.13732900 0.41195800
C-11.27539300 -0.67745000 1.17379100
N -7.33217900 -0.08844300 2.38534500
N -8.23379300 1.15592400 0.05087200
C-6.92583700 1.31677000 0.44122900

C -6.52903500 0.62496800 1.65308200
C-5.10525900 0.74757400 2.06901700
0-4.62351000 0.19436900 3.04971200
N -4.37045400 1.55502600 1.23535900
C-4.81957400 2.20774100 0.06851300

N -6.13967700 2.07643300 -0.28684500
H -9.06362500 -1.51653200 3.62958400
H -10.86163100 0.61359400 -0.46328400
H -3.38743900 1.66825100 1.45472800
0 -4.01504400 2.87002600 -0.57790300
C-12.69575100 -0.90207300 0.73428300
H -12.91828300 -0.35815100 -0.18532600
H -12.88594100 -1.96681500 0.55917900
H -13.40182500 -0.57799400 1.50667900
C-11.68242500 -2.18579600 3.18578400
H -12.56775700 -1.64533400 3.53838900
H -12.04274300 -3.03821400 2.59926200
H -11.15012400 -2.57304100 4.05677600
C-8.68967600 1.92187400 -1.12085200
H -7.85013800 1.99088700 -1.81113500
H -9.49641800 1.37892800 -1.60632700
C-9.11493400 3.33083100 -0.72221100
H -8.28119800 3.86636600 -0.26892300
H -9.47090400 3.86622100 -1.60348400
0-10.22593100 3.29128500 0.19623800
C-9.93926600 3.32980100 1.52127400
0-8.81216600 3.42652800 1.96479200
C-11.19196800 3.19285600 2.34192700
H -11.49380300 2.14017800 2.33918600
H -10.99524300 3.50431700 3.36713400
H -12.00793000 3.77562000 1.91079000
0-5.25243200 -1.43846400 -0.19360300
C-5.94270000 -2.37707400 0.23578700
N -7.16534600 -2.59904900 -0.33070300
C-7.47841300 -1.79986400 -1.53361700
C-8.26453500 -3.42282900 0.17728400
C -8.78930100 -2.25434400 -2.17809700
H -7.50731000 -0.73801700 -1.28569600
H -6.65109800 -1.92994000 -2.23907800
C-8.75788600 -4.42574400 -0.87480100
H -7.95789500 -3.93409700 1.08170100
H -9.08313700 -2.75460200 0.46776900
C -8.82680100 -3.78205600 -2.28140100
H -9.64742000 -1.89067100 -1.60140800
H -8.86049700 -1.79110100 -3.16709800

S132

H -9.74509900 -4.78003700 -0.55943000
H -8.09604300 -5.29746900 -0.89229300
H -9.72402200 -4.11227400 -2.81314400
H -7.96836300 -4.10840600 -2.88026400
C-5.36682400 -3.32346500 1.32415800
C-6.05266800 -3.13339400 2.69523300
H -7.11477300 -3.38578700 2.69377700
H -5.56206200 -3.78330300 3.42792500
H -5.95567400 -2.09900200 3.03016500
C-5.43498200 -4.79528900 0.86097400
H -4.88146100 -5.42051300 1.56889900
H -6.44977600 -5.19052200 0.80416000
H -4.97247700 -4.91388500 -0.12419600
C-3.87991800 -2.95883900 1.50437900
H -3.76659400 -1.93084500 1.85073500
H -3.43635700 -3.62911400 2.24787900
H -3.32815300 -3.06868600 0.56732500

(2.B*.m)—(1a)_triplet
C-10.54261300-1.32573900 2.32149500
C-9.25602200 -1.00021100 2.72514300
C-8.39972900 -0.18345500 1.96090200
C-8.92823800 0.35950100 0.72424000
C-10.24299000 0.04311200 0.33461200
C-11.05135000 -0.79098200 1.09147000
N -7.14927100 0.05826500 2.41977600
N -8.10793500 1.18293600 -0.02605200
C-6.78242900 1.40363600 0.40093900
C-6.35611800 0.80359600 1.61136400
C-4.95840100 0.98997400 1.98630100
0-4.42053700 0.51333400 2.98687400
N -4.23388900 1.78207700 1.09925700
C-4.71367400 2.37805300 -0.05662400
N -6.04094600 2.15159500 -0.39245700
H -8.86016900 -1.39021200 3.65558200
H -10.65467700 0.46051400 -0.57302800
H -3.25962900 1.94269300 1.32608100
0 -3.98407500 3.07649200 -0.75897300
C-12.43958200-1.12962100 0.62648500
H-12.66746500 -0.63447100 -0.31932700
H -12.55571400 -2.20991200 0.48215500
H -13.19296700 -0.82578600 1.36200000
C-11.39559600 -2.22873000 3.16187100
H-12.31966100 -1.72440700 3.46716500
H-11.69695300 -3.11802500 2.59657000
H -10.86491200 -2.55256500 4.05853500
C-8.61852700 1.98307000 -1.14564000
H -7.80036700 2.13336100 -1.84711000
H -9.40445600 1.42733100 -1.65072800
C-9.11538000 3.34956700 -0.67683200
H -8.29929000 3.91912600 -0.23182100
H -9.53419000 3.89318800 -1.52508700
0-10.18591100 3.21012000 0.27661000
C-9.85095200 3.22128400 1.59092900

0 -8.71596300 3.37940000 1.99495100
C-11.05969300 2.97439600 2.45046400
H-11.33482200 1.91770200 2.37070600
H -10.82651700 3.20817700 3.48842200



H -11.90958700 3.56589300 2.10414700
0-5.45428400 -1.44510900 -0.11420300
C-6.16784400 -2.36057600 0.32153200
N -7.38480200 -2.56493800 -0.27731900
C-7.61998600 -1.81598100 -1.52888700
C-8.46316300 -3.45819600 0.14470300
C-8.92436600 -2.24133300 -2.19843200
H -7.60454400 -0.74357700 -1.32693300
H -6.77466100 -2.01311800 -2.19784000
C-8.84509100 -4.45661500 -0.95681900
H -8.17594400 -3.97941300 1.04919600
H -9.33225600 -2.84362700 0.40670400
C-8.98459100 -3.76645800 -2.33792100
H -9.78350200 -1.87581300 -1.62574800
H -8.97525200 -1.75805100 -3.17898500
H -9.78491500 -4.93239400 -0.65856000
H -8.08874900 -5.24618400 -1.00440000
H -9.91590400 -4.06604700 -2.82722300
H -8.16765100 -4.08580100 -2.99495000
C-5.63052300 -3.29507600 1.43861300
C-6.40794800 -3.16739000 2.76656200
H -7.44466200 -3.50216000 2.70489700
H -5.91160900 -3.78223600 3.52482000
H-6.41114800 -2.12805300 3.10132500
C-5.60650000 -4.75806800 0.94127700
H -5.07950000 -5.37673500 1.67454900
H -6.59897600 -5.18983600 0.80543900
H -5.07130600 -4.83671200 -0.01055600
C-4.17586100 -2.87101900 1.72214400
H -4.12882900 -1.84577900 2.09279000
H -3.75364900 -3.53770100 2.48100800
H -3.56038000 -2.93782300 0.82173000

(2.A.m)-[K,S,05]—(1a), Singlet, So

S 2.06451200 -0.68474600 -5.86102100
0 0.97567600 -1.33129000 -6.60835200
0 2.31413900-1.26774100 -4.52214900
0 3.27854900-0.35611100 -6.63045500
$0.15733800 1.80695100 -3.57989000
0 1.14613500 1.22174300 -2.64539700
0-1.25416600 1.58013400 -3.23444600
0 0.50475700 3.17375500 -4.02445500
K 1.75973100 -1.30308600 -1.96109500
K 0.90805500 5.46078600 -2.68090400
0 0.19989800 0.85093700 -4.98925200
0 1.53356400 0.92643400 -5.58566100
C 5.22355900 0.14133500 -4.18954600
N 4.54378300 1.42823200 -3.94445200
H 5.13375800 -0.10076900 -5.24271000
C 6.66853500 0.19939800 -3.71226300
C 4.50165600 2.41861500 -4.91486100
C4.05468600 1.65701500 -2.68875100
H 6.71785700 0.41671900 -2.64530800
H 7.15615500 -0.75374700 -3.92225100
0 7.41414000 1.19563500 -4.44451700
C 3.95129800 3.68446500 -4.56179600
C4.99478700 2.24274500 -6.21801600
C 3.56060200 2.98566500 -2.41805200

S133

N 4.05763500 0.66962000 -1.80838500
C7.50204100 2.43313600 -3.90073600
C 3.88920800 4.71274900 -5.52857400
N 3.50413600 3.94265900 -3.30367200
C4.92613600 3.26398300 -7.15513500
H 5.43276600 1.30289400 -6.51472100
C 3.07943200 3.27100800 -1.04271700
C 3.51980000 0.88343300 -0.57348600
0 7.02067700 2.73427800 -2.82549600
C 8.22758500 3.37237600 -4.82435500
C4.35782100 4.53000600 -6.81196900
H 3.46463200 5.66181300 -5.21787100
C5.45721200 3.03063400 -8.54248000
0 2.65079400 4.36504500 -0.68315200
N 3.14769600 2.18922600 -0.20404800
0 3.31929100 -0.03216600 0.23155500
H 7.54172400 3.66616200 -5.62597600
H 8.53715400 4.26131100 -4.27591300
H 9.08807500 2.88261400 -5.28371900
C 4.28235400 5.63694600 -7.82855700
H 5.86100200 2.02226300 -8.64830200
H 4.66908000 3.16650000 -9.29144700
H 6.24983700 3.74699900 -8.78536600
H 2.76775200 2.30350000 0.72879300
H 5.27811900 5.90793500 -8.19640200
H 3.69254400 5.33526500 -8.70114400
H 3.82311200 6.52975100 -7.39930000
H 4.68472800 -0.62019600 -3.63181700
0 -0.45661700 4.64002400 -0.59977500
C-0.36774200 4.39887400 0.61918700
N -0.59617900 3.12980700 1.04645600
€ 0.02019100 5.53947000 1.59621200
C-0.87306500 2.13365800 -0.011819500
C-0.76293900 2.64872300 2.42021300
C-1.18090600 5.92904900 2.48757800
C 1.26968700 5.17286100 2.42824400
€ 0.38935100 6.77594600 0.75330900
C-1.05744300 0.73205500 0.56791200
H -1.74949600 2.44281300 -0.58907200
C0.13706800 1.43846600 2.69672100
H -0.55036800 3.44238000 3.12506300
H -1.81546200 2.37568300 2.56594900
H -1.50809800 5.13238800 3.15726200
H -0.90772800 6.78969200 3.10647200
H -2.03681500 6.21805500 1.86895800
H 1.59140000 6.05120200 2.99741300
H 1.10774500 4.36622300 3.14408800
H 2.08291900 4.87915300 1.75969900
H -0.43177900 7.07409600 0.09814500
H 0.61924200 7.61004200 1.42360700
H 1.27256800 6.57987300 0.14098200
C 0.06646000 0.39215900 1.55305300
H -2.03214800 0.64338500 1.06176500
H -1.07036600 0.02624300 -0.26849800
H -0.17469400 1.00096100 3.65078900
H 1.16748500 1.78588200 2.83248600
H -0.08221600 -0.61238500 1.96166400
H 1.01961700 0.36822800 1.01630900



H -0.02819100 2.13329100 -0.70263500

(2.B*.m)-[K,S,05]—(1a), triplet, T,
$-2.21606500 -1.27804600 -4.75422700
0 -3.06938700 -2.38223000 -5.21780400
0-0.96339000 -1.70689900 -4.09402000
0-2.09496100 -0.11335900 -5.64889000
$-2.77282400 -0.75817900 -1.01782800
0-1.29949300 -0.83681100 -1.19074700
0-3.32967000 -1.71816600 -0.05602300
0 -3.29516600 0.62042500 -0.96053700
K-0.31768000 -3.24115800 -1.98956100
K -2.61071900 2.31034700 -3.03762100
0 -3.43242000 -1.41781300 -2.45325700
0-3.14145100 -0.48121800 -3.53164900
C 5.83442000 0.78609900 -3.08366000
N 4.70764500 1.52576600 -3.66618200
H 6.69807700 0.89082500 -3.73569600
C6.14611300 1.24393100 -1.65897200
C4.87927400 2.70726700 -4.35395300

C 3.39591400 1.09374600 -3.36567900
H 5.28298200 1.08746500 -1.01198600
H 7.00390400 0.68300100 -1.28541200
0 6.53508300 2.63154800 -1.62273800
C 3.69589300 3.43102100 -4.77925100
C 6.15853700 3.23615000 -4.63845100
C 2.30578800 1.88324900 -3.80661800
N 3.30213200 -0.04196700 -2.69737600
C 5.56249500 3.53832400 -1.36531800
C 3.89092300 4.63805400 -5.45751500
N 2.42096300 3.01649900 -4.53352400
C 6.32212900 4.43447900 -5.31067800
H 7.04382500 2.71619400 -4.30255800
C 0.97361900 1.42349600 -3.43094900

C 2.04195800 -0.52452000 -2.37673300
0 4.40414900 3.23084100 -1.15967300
C 6.09250000 4.94262600 -1.41794700

C 5.15955500 5.15537500 -5.73267700
H 3.00390200 5.18052700 -5.76501100
C 7.69878900 4.97315600 -5.58315000
0-0.07392600 2.01753100 -3.70649100
N 0.94539100 0.24414400 -2.70235500
0 1.90775400 -1.61524100 -1.80665200
H 6.11811100 5.26011700 -2.46561100
H 5.42504600 5.60436900 -0.86676400
H 7.10807600 4.99739200 -1.02344000
C 5.29924800 6.45775600 -6.45710900
H 8.46577900 4.30405700 -5.18883100
H 7.87238400 5.09583600 -6.65811700
H 7.83734700 5.95858100 -5.12444700
H 0.02721200-0.11929000 -2.43444100
H 5.84437200 7.18597500 -5.84481800
H 5.88077000 6.33147100 -7.37787900
H 4.32628500 6.87845100 -6.71422300
H 5.55634900 -0.26530400 -3.04972700
0-1.31550400 4.12515100 -1.55446600
C-0.21283500 4.28699100 -0.99384500
N 0.24252400 3.31759800 -0.15741000

S134

C0.57738300 5.59685100 -1.24917500
C-0.66927600 2.17500800 0.05873600
C 1.55464400 3.22859500 0.50079700
€ 0.95966000 6.30643100 0.06751500
C 1.81730500 5.32312600 -2.12949100
C-0.34606600 6.54785300 -2.03553600
C-0.22648000 1.32139800 1.24017000
C2.11197400 1.80723500 0.38207600
H 2.25141000 3.91101000 0.03020600
H 1.46150200 3.51650500 1.55590000
H 1.69850400 5.76498800 0.65776400
H 1.38339400 7.28859000 -0.16566100
H 0.07565700 6.46432200 0.69433700
H 2.28144800 6.27840800 -2.39892100
H 2.58136300 4.71318000 -1.64645900
H 1.53023800 4.81318600 -3.05276500
H-1.25214600 6.78262700 -1.47070200
H 0.18919900 7.48147000 -2.23519600
H -0.64731300 6.10809000 -2.98827500
C1.18121100 0.74901200 1.01803000
H -0.25421600 1.92384600 2.15583900
H -0.95348500 0.51498300 1.36966400
H 3.10731600 1.78979400 0.83365100
H 2.25979400 1.60643800 -0.68076200
H 1.59027100 0.39976400 1.97194600
H 1.11595400 -0.12445800 0.36182300
H -1.67786700 2.56292600 0.20906700
H -0.69917300 1.55736900 -0.84163100

(2.€.m)-[K;S,05]_1min, doublet
$-0.83257000 -1.26260000 -4.88232000
0-1.43624800 -2.22308300 -5.81903300
0 -0.04499700 -1.87658300 -3.79572100
0-0.26175000 -0.03766300 -5.47513700
S -3.09195000 -0.64078600 -1.75320400
0-1.74939300 -0.68733500 -1.11861200
0-4.08012600 -1.55893500 -1.17258300
0 -3.55496900 0.72471300 -2.06872600
K -0.29058000 -2.97482300 -1.40560300
K -2.38641200 2.22512700 -4.10571300
0-2.91113700 -1.40697800 -3.27835300
0-2.16744700 -0.48099800 -4.12215700
C 5.52440600 0.66571000 -3.17233900
N 4.39483300 1.54008500 -3.48410700
H 6.25131700 0.71972200 -3.98133200
C 6.16562000 1.00588400 -1.83038800
C 4.57003000 2.73522800 -4.20671200
C 3.15982400 1.23913400 -2.92837800
H 5.43323900 0.91212000 -1.02923300
H 7.01544700 0.34628000 -1.64324300
0 6.70065800 2.34724700 -1.84264900
C 3.43146500 3.57835600 -4.38930400
€ 5.80197000 3.12726400 -4.73907500
C 2.09087200 2.14222900 -3.16653900
N 3.08097100 0.11069600 -2.21356000
€ 5.91908500 3.33629800 -1.35075600
C 3.61260600 4.77641700 -5.11953400
N 2.19820200 3.29343000 -3.88735000



C 5.95677800 4.32100500 -5.45287000
H 6.68414900 2.52392900 -4.57277200
€ 0.81179800 1.79637500 -2.58976300
C1.88477100-0.23714700 -1.67851100
0 4.84674800 3.15111400 -0.80942300
€ 6.54574600 4.68229400 -1.59687000
C 4.83622900 5.16209000 -5.64955200
H 2.73684700 5.40673600 -5.24668900
C7.31162000 4.70119000 -5.99298100
0-0.23899400 2.46648900 -2.69748100
N 0.79971300 0.61599300 -1.86833200
01.71319400 -1.28583200 -1.01812500
H 6.36433200 4.95562900 -2.64177000
H 6.08889400 5.42697400 -0.94558000
H 7.62586900 4.64664400 -1.44276700
C4.96939100 6.45641400 -6.41182000
H 8.06097000 3.94485000 -5.74680400
H 7.29466600 4.81560900 -7.08374400
H 7.65454600 5.65965000 -5.58457200
H-0.11116900 0.29052300 -1.54400900
H 5.69611000 7.12854900 -5.94011400
H 5.32045600 6.28625700 -7.43663700
H 4.01196500 6.98025900 -6.46617200
H 5.14994600 -0.35585800 -3.11575600

MSX-1

MSX (T1)/So (E = -4260.04863529 a.u.)

-3.503613
-4.702348
-2.999836
-2.471323

-4.606331
-3.481823
-5.862060
-4.216712
-4.115921
-2.282209
-5.085853
-4.025175
3.369324

2.716026
4.321551
3.559072
3.436448
1.369710
2.605880
4.012734
4.486145
2.760577
4.792314
0.866298
0.663258
3.959172
3.481324
1.498287
5.483836
5.335127
-0.122376
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-2.164740
-2.916057
-2.489400
-1.962057
0.816891

0.216266
0.928147
1.972651

-2.335740
1.646245
-0.388079
-0.514631

-3.196634
-2.578460
-3.609873

-2.296331

-1.888241

-2.307151
-1.887631
-2.885786
-1.213180

-1.555563

-1.602848

-1.766159
-2.356837

-0.033146

-0.889789
-2.085584

-0.931405
-1.869873
-0.702420

-1.883975
-2.285555
-0.531766
-2.914119
0.307742
1.075295
1.059812
-0.519837
1.892365
-2.438642
-0.810382
-1.803437
1.736088
0.577618
1.400860
2.954783
-0.436280
0.608321
3.283952
3.753276
2.712237
-1.669656
-0.329800
-0.638063
1.701332
2.318445
-2.689811
-1.862546
-1.347467
0.566272
-0.503164

S135

-0.600156
2.767489
5.022303
4.812503
2.941255
6.937673
-0.418530
-0.831994
-1.448253
5.203683
4.660255
5.955332
5.542300
7.299290
7.549006
7.110125

-1.746420
5.923833
6.404754
4.881841
2.742691
-0.624267
0.274817
-0.084241
1.757217

-1.535911
0.788838
2.573794
2.393837
1.773375

-1.818398
0.224966
1.769099
0.910688
2.763295
3.546161
2.066588
3.422466
2.421347
1.836476
1.339468
2.809535
1.211058

-1.237213

-1.405081

-2.902891
0.889793
0.304041

-1.300751

-1.849793

-1.935381

-2.036369
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-1.761425 1.662614
0.143514 2.151718
1.000451 2.074557
-0.555868 -2.549123
-0.642233 -3.597343
-0.608937 -1.157591
0.109285 -1.378790
-0.796471 0.687152
-2.003907 2.518149
1.050958 0.996476
1.977549 2.397359
0.749067 2.578257
0.178604 -3.640314
-0.963547 -0.191079
-1.065468 -1.944246
0.471968 -1.215656
-0.330862 0.717590
1.140125 -3.279078
-0.391354 -4.001613
0.373591 -4.487298
-4.034573 2.050659
3.375501 -1.278119
3.237848 -0.423536
3.066882 0.874445
3.287397 -0.878715
3.144697 1.152927
2.824087 2.031566
4.336003 -0.092693
1.883715 -0.795924
3.707293 -2.361744
3.198568 2.649424
1.717483 2.928302
2.512404 1.692905
3.755370 2.599224
4.058564 0.943737
4.466323 -0.577633
5.306372 -0.095949
1.926909 -1.168887
1.464694 0.210271
1.191794 -1.429640
4.700562 -2.503585
3.728123 -2.713659
3.001898 -2.976573
1.974231 3.366228
4.121761 3.072623
3.249452 2.789714
1.623527 3.791815
0.778924 2.379535
2.115690 4.450063
1.099978 3.122538
4.025807 0.643853
2.277886 0.716332

(2.E.m)-[K,S,05]—(1a’), triplet, (T)-1

$-1.50451100 -1.06447400 -4.83061000
0-2.48311500 -1.84530900 -5.60347800
0-0.61987200 -1.87438800 -3.96784500
0 -0.85794600 0.05734100 -5.53060600



$-2.88769200 -0.54723000 -1.27011400
0-1.41841300-0.67263400 -1.10175800
0 -3.68330700 -1.56622500 -0.57306900
0 -3.38023800 0.84349000 -1.18281500
K'-0.26331100 -3.05094700 -1.61805300
K'-2.64140200 2.66021900 -3.07031700
0 -3.20868500 -1.02233900 -2.87786900
0-2.46779700 -0.11387200 -3.74867900
C5.73544500 0.75983200 -3.44956100
N 4.57818400 1.56675000 -3.85471200
H 6.52746300 0.88353300 -4.18484300
C6.21166100 1.11272200 -2.04295900
C4.74243800 2.79390900 -4.52458500
C 3.33407000 1.16910800 -3.39942200
H 5.41982400 0.92835300 -1.31769100
H 7.09433900 0.52060100 -1.79592600
06.62472100 2.49371600 -1.96902500
C 3.60529700 3.58850400 -4.81477300
C5.99339100 3.28841100 -4.91530500
€ 2.22793200 1.99008900 -3.69636000
N 3.23414500 0.04151600 -2.70624000
C 5.70898800 3.39261800 -1.53505000
C3.74151000 4.81797800 -5.47107300
N 2.37024100 3.13549300 -4.41554500
C6.13340700 4.51320000 -5.56728300
H 6.89089400 2.73544100 -4.67971900
€ 0.92929700 1.66175800 -3.17077700
C 2.00940600 -0.34237400 -2.24200000
0 4.59292900 3.09086700 -1.16000000
€ 6.24353700 4.79522800 -1.62425700
C 4.98679600 5.29615000 -5.85389300
H 2.84674800 5.40003800 -5.66982800
€ 7.50499700 5.00196000 -5.94995200
0 -0.05847300 2.39309900 -3.34941900
N 0.90473200 0.49966400 -2.44208800
0 1.83818700 -1.40494300 -1.62262200
H 6.11262400 5.14587600 -2.65349100
H 5.67977400 5.44527300 -0.95563300
H 7.30873300 4.82851400 -1.39037900
C5.11374000 6.62428500 -6.55041700
H 8.27602200 4.28678700 -5.65652200
H 7.58184900 5.16218900 -7.03131900
H 7.73070900 5.96193700 -5.47193400
H 0.00841200 0.18901800 -2.05551400
H 5.74461800 7.31346100 -5.97799100
H 5.58031400 6.51258500 -7.53559000
H 4.13672700 7.09209700 -6.68780800
H 5.42414000 -0.28423200 -3.45345600
0 -1.53630900 4.02842400 -1.06721500
C-0.36600000 4.14135000 -0.65374100
N 0.11258000 3.18318800 0.21953400
€ 0.49725000 5.34291700 -1.11127600
C-0.67457000 2.07913800 0.51587200
C1.39533100 3.22167500 0.94554200
C0.54413100 6.39109400 0.02405200

C 1.93208200 4.95828200 -1.56196700
C-0.22177800 5.96798600 -2.32370600
C-0.15424300 1.07321400 1.48036600

S136

C 2.15420600 1.90648800 0.74667700
H 1.98935900 4.05883500 0.60715400
H1.17521100 3.38142800 2.00750600
H 1.03698400 6.00815400 0.92167300
H 1.09828600 7.27383700 -0.31169100
H -0.46643700 6.70839500 0.30028500
H 2.22918600 5.57789400 -2.41332000
H 2.68606100 5.11221000 -0.78891300
H 2.00074100 3.91665500 -1.87253300
H -1.24404900 6.25923000 -2.07807000
H 0.33091200 6.85407600 -2.65060900
H -0.26107700 5.25584200 -3.15300100
C1.31420800 0.68021800 1.18171700
H -0.20907000 1.45907100 2.51279400
H -0.79757500 0.19116100 1.44366900
H 3.09152600 1.96636500 1.30767500
H 2.43348400 1.83480300 -0.30718000
H 1.74643600 0.21508800 2.07416600
H 1.32521400 -0.07267100 0.39109700
H -1.60750900 1.98467600 -0.01229200
H 1.53136000 3.68792700 -4.56337100

(2.F.m)-[K;S,05]-(1.A), singlet, (S)-1
$-1.45083900 -1.07829900 -4.80801700
0 -2.44883400 -1.86417500 -5.54930600
0 -0.61900500 -1.86582000 -3.87605300
0 -0.74429000 -0.02862700 -5.56063700
$-2.96935900 -0.32171200 -1.35239900
0-1.57133800 -0.73007900 -1.05580400
0-4.00825400 -1.11217400 -0.68453400
0-3.14841400 1.14847700 -1.34200700
K -0.28013500 -3.03634900 -1.52528000
K -2.59174500 2.74271700 -3.50040000
0 -3.26776000 -0.79627600 -2.95803500
0-2.38901200 -0.01032100 -3.81662600
C 5.59469800 0.62523300 -3.58524900
N 4.42492900 1.42726600 -3.93201100
H 6.36620900 0.78477400 -4.33904500
€ 6.13662100 0.88407600 -2.17995600
C 4.57804200 2.73673600 -4.48030900
C 3.20144200 1.06967800 -3.36574000
H 5.35930000 0.69720100 -1.44108400
H 6.99901900 0.24046200 -1.99245700
0 6.62380800 2.23848400 -2.03557000
C 3.42655100 3.51114800 -4.74681600
C 5.82368400 3.29293800 -4.77497100
€ 2.09122400 1.87150900 -3.62155100
N 3.16871600 -0.03498900 -2.59984000
C 5.78942600 3.14932700 -1.49142800
C 3.56845400 4.80582400 -5.24535400
N 2.16470500 2.94365600 -4.54635600
€ 5.96771800 4.58670800 -5.29981700
H 6.72550300 2.73851500 -4.55554400
€ 0.90069500 1.62455500 -2.92535600
€ 1.99754200 -0.38769500 -2.02102300
0 4.69199700 2.88294600 -1.03927400
C 6.37823100 4.53254900 -1.55003100
C4.82117100 5.36166400 -5.53173600



H 2.66868900 5.38953600 -5.42492800
C7.34612000 5.13199800 -5.58117900
0-0.11767700 2.37841100 -2.94719600
N 0.90913800 0.47847600 -2.13893300
0 1.84831400 -1.44093700 -1.35247000
H 6.11639000 4.96653300 -2.52073900
H 5.94866400 5.14840800 -0.75971100
H 7.46611200 4.50672400 -1.47249500
C4.92474100 6.76553100 -6.07189800
H 8.11735500 4.39625400 -5.33929900
H 7.46639700 5.40966800 -6.63539400
H 7.55097900 6.03594700 -4.99452900
H 0.00721500 0.13660300 -1.80728000
H 5.52032400 7.40752700 -5.41178900
H 5.41544800 6.78545200 -7.05245400
H 3.93715200 7.22069100 -6.18113000
H 5.30184500 -0.42479500 -3.62528300
0-1.49587000 4.26225400 -1.04095400
C-0.30839700 4.28218800 -0.83340000
N 0.20115600 3.23398900 0.09823600
€ 0.65240100 5.31464200 -1.42251000
C-0.43259200 2.09782500 0.12169600
C 1.34109000 3.40528100 1.03596700
C0.67784500 6.53256000 -0.46244500
C 2.07867600 4.78250000 -1.67731600
C0.02847300 5.75844400 -2.76298300
C-0.04829700 1.04688600 1.08272300
C2.25118400 2.17964200 0.93486200
H 1.85868800 4.32491200 0.79796000
H 0.90973300 3.50833000 2.03664300
H 1.08461100 6.28620100 0.52147000
H 1.31442100 7.30373500 -0.90491300
H -0.32549800 6.94503800 -0.32797900
H 2.53583100 5.37440700 -2.47406800
H 2.73808000 4.86141100 -0.81387500
H 2.08126600 3.74370000 -2.00266200
H -0.97471200 6.16434600 -2.62184600
H 0.66095700 6.52858700 -3.21071300
H -0.03573000 4.90767400 -3.44449700
C1.48516200 0.88988800 1.27740100
H -0.50404400 1.36948500 2.03398600
H -0.53410800 0.11488700 0.79934000
H 3.09719300 2.32616100 1.61022400
H 2.65994000 2.13921300 -0.07606100
H 1.66250400 0.59875800 2.31488900
H 1.82119100 0.07006400 0.63992900
H -1.27908000 1.97837800 -0.54917100
H 1.39942800 3.59825200 -4.44289900

MSX-2

MSX (T)-1/So (E = -4260.09988392 a.u.)
S -3.440243 -2.529157 -1.760539
(0] -4.565622 -3.252686 -2.372140
(0] -3.233890 -2.816719 -0.326570
(0] -2.215750 -2.411485 -2.568632
S -4.897781 0.500650 0.087166
(0] -3.840705 -0.038648 0.978904
(0] -6.247067 0.533591 0.663923

S137
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-4.471686 1.705454
-3.965764 -2.426381
-2.632404 1.546451
-5.156168 -0.689169
-3.906848 -0.859300
3.337024 -2.742865
2.876492 -2.007677
4.178774 -3.372157
3.694831 -1.818511
3.788327 -1.572111
1.552214 -1.593727
2.820661 -1.248601
4.081122 -2.405360
4.754660 -0.910574
3.313451 -0.804783
5.154735 -1.862373
1.118412 -0.821967
0.754993 -1.958311
4.396386 0.321804
4.204933 -0.354879
1.971019 -0.510828
6.046329 -1.422448
5.560455 -2.411245
-0.219620 -0.337543
-0.547215 -1.566831
3.252712 0.733191
5.588385 1.084896
5.564705 -0.650107
3.812448 0.240151
7.508617 -1.767550
-0.659396 0.388102
-0.985979 -0.721094
-1.363952 -1.913866
5.806429 0.742593
5.359081 2.149650
6.469458 0.892268
6.497590 -0.144615
7.706762 -2.366274
7.852001 -2.336260
8.131060 -0.866702
-1.975350 -0.467158
7.286493 0.486236
6.999485 -0.971331
5.959597 0.443782
2.522008 -3.389605
-1.301217 3.327247
-0.346142 3.277453
-0.618126 2.891337
1.077771 3.627020
-1.847871 2.421733
0.311243 3.013806
1.413150 5.068957
2.164490 2.628754
1.041205 3.590066
-2.208197 2.144558
0.304025 1.714257
1.304309 3.238381
-0.028135 3.857406

-0.658152
2.186491
-2.660527
-1.106934
-1.840435
1.776735
0.597826
1.492939
2.938225
-0.392834
0.569709
3.250821
3.773544
2.564710
-1.486002
-0.346810
-0.517950
1.575692
2.133505
-2.465217
-1.555528
-1.330666
0.490580
-0.551330
1.556215
2.131842
1.627435
-2.408562
-3.284542
-1.222194
-1.470115
0.530814
2.433790
0.610502
1.604446
2.241397
-3.476953
-0.330555
-2.094315
-1.171151
0.527643
-3.051857
-3.992576
-4.223317
2.101206
-1.085654
-0.311374
1.028039
-0.784683
1.325223
2.174015
-0.335335
-0.306572
-2.325997
2.733034
2.980903
1.812967
2.785237
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(2.F.m)-[K;S,0s]_1min, singlet, (S)-2

S 0.70859200 -1.38917000 -4.78163700
00.27261700-2.35334700 -5.80296700
0 1.44212600-1.98182200 -3.64768200
0 1.23909800 -0.10258500 -5.28294400
$-1.71427700 -0.92455600 -1.76857400
0-0.42751100 -1.01699200 -1.03923200
0-2.77346500 -1.81904600 -1.27886100
0 -2.11548000 0.45575800 -2.10616600
K 1.32274200 -3.04648000 -1.25030800
K-0.38605100 1.97637200 -3.83769800
0-1.44903100 -1.68227700 -3.29616500
0-0.73756300 -0.72550200 -4.12752200
C 5.77264600 0.63839900 -4.35628900
N 4.66384000 1.55011400 -4.10064500
H 6.08827500 0.74799800 -5.39441900
€ 6.95264700 0.81717200 -3.40394000
C 4.59481500 2.82400200 -4.72891900
C 3.80609600 1.26255400 -3.03927000
H 6.62264200 0.69085000 -2.37397300
H 7.73562700 0.09323800 -3.64116500
0 7.56475600 2.11774500 -3.55873500
€ 3.50006100 3.67510600 -4.46112600
C 5.57520300 3.27893300 -5.61524600
C 2.75354300 2.13200000 -2.77315400
N 4.04076200 0.13180800 -2.35131900
C 7.17871000 3.09700100 -2.71095600
C 3.44254300 4.92991900 -5.06520200
N 2.45595900 3.24120500 -3.62160500
C5.51187600 4.53690200 -6.23190700
H 6.44660200 2.66865500 -5.80847600
C 1.84937700 1.82457300 -1.74129200
C3.17760100 -0.22416500 -1.37168500
06.41717700 2.93129800 -1.77801900
C 7.79442200 4.41455800 -3.10051600
C4.42770800 5.38264400 -5.94982700
H 2.59257800 5.56929500 -4.83742800
C 6.61205000 4.96878600 -7.16974900
0 0.82388800 2.50648100 -1.46023400

1.440762 5.173684 0.751975
2.397353 5.348412 -0.724031
0.678787 5.778217 -0.727816
2.918074 2.511691 -1.090160
2.692460 2.956779 0.589202
1.753996 1.642079 -0.097746
0.297250 4.279937 -2.726924
2.025681 3.868022 -2.712237
0.797226 2.583630 -2.676766
-1.104774 1.370421 3.503880
-2.378457 3.110553 3.238945
-3.155675 1.605940 2.751224
1.018466 1.817852 3.801469
0.687891 0.921012 2.336903
-1.194139 1.612738 4.566832
-1.286522 0.299527 3.393623
-2.545674 2.316507 0.508464
1.606033 0.096829 -2.277883

S138

N 2.14301300 0.65348100 -1.04973300
0 3.25955900 -1.30383600 -0.73657800
H 7.20010200 4.83780100 -3.91710900
H 7.77279100 5.09758500 -2.25151200
H 8.81563600 4.28108600 -3.46187800
C 4.32055600 6.74974400 -6.57664000
H 7.37602100 4.19297400 -7.26459700
H 6.22733100 5.18536100 -8.17377300
H 7.10545400 5.88382900 -6.82014700
H 1.41261900 0.30217600 -0.44165800
H 5.18178100 7.37881200 -6.32101500
H 4.29145300 6.69059800 -7.67133400
H 3.41703800 7.26702000 -6.24407600
H 5.40425600 -0.37985500 -4.22385300
H 2.01096100 3.99246400 -3.10345600

(2.F.m)-[K;S,0s]_1min, triplet, (S)-2 (t)
$-1.03893400 -1.58330500 -4.39262600
0-1.81078500 -2.63327000 -5.07422100
00.21126700 -2.04352500 -3.76013400
0 -0.95987800 -0.27720600 -5.08119200
$-1.64597800 -1.24921800 -0.59634200
0-0.16613000-1.18764200 -0.68371800
0-2.16979600 -2.23346200 0.35991900
0-2.29634100 0.07612700 -0.61605500
K1.13121100 -3.37085000 -1.67207500
K-1.79917100 1.68980400 -2.84684900
0 -2.16650300 -2.01670500 -2.04704800
0 -2.05538700 -1.03287100 -3.11103300
C 6.40840400 0.84628000 -4.37197800
N 5.17794900 1.63569700 -4.38020200
H 6.97567600 1.05036200 -5.27842100
C 7.24847000 1.11012900 -3.12433500
C5.13322900 2.88818300 -4.97299500
C4.11313600 1.14454700 -3.62714900
H 6.67686600 0.86898700 -2.22849600
H 8.16476600 0.51701700 -3.15818900
0 7.66615800 2.48905300 -3.07907800
C 3.93018000 3.68054200 -4.85695500
C 6.20069200 3.46718500 -5.70060800
C 2.92553000 1.95011700 -3.52990500
N 4.19215000 -0.09672500 -3.06743000
C 6.89134400 3.35060900 -2.37408700
C 3.85084900 4.94194600 -5.45806600
N 2.87227700 3.16457600 -4.13612500
C 6.11509700 4.72094300 -6.28486100
H 7.14144800 2.93825900 -5.77911900
C 1.81652700 1.49823000 -2.77146700
C 3.16380300 -0.55389000 -2.35415200
0 5.97804100 3.00681700 -1.64786800
C 7.31936300 4.77052700 -2.62499300
C 4.90543500 5.48949500 -6.17573600
H 2.92534800 5.50349300 -5.34637300
C 7.29672900 5.28011200 -7.03485500
0 0.74040800 2.14850700 -2.64103800
N 2.01193100 0.27298300 -2.15793200
0 3.12535100 -1.69014600 -1.80289600
H 7.00486500 5.05170600 -3.63626800



H 6.85124800 5.43278000 -1.89729600
H 8.40711800 4.86137000 -2.57846100
C4.79271000 6.85302300 -6.80353900
H 8.13989200 4.58458500 -7.01993000
H 7.04983500 5.48706300 -8.08407300
H 7.63710700 6.23050500 -6.60497900
H 1.20844000 -0.15687800 -1.70669700
H 5.54229400 7.55316100 -6.41042600
H 4.94168200 6.82289400 -7.89118800
H 3.80643300 7.28746800 -6.61748100
H 6.12413600 -0.20625100 -4.36826700
H 2.01528300 3.69353000 -4.01692500

(2.A.m)-[KSO,_KHOSOs]_1min, singl, (S)-3

$0.79040800 -0.14383300 -5.48741200
0 1.28892800 -0.68484800 -6.79388200
0 1.74241700 -0.52184400 -4.35831100
00.64354400 1.36142300 -5.54249800
$-1.50377000 -0.39589900 -0.49535300
0 -1.17770400 1.15474400 -0.13195700
0 -2.57707500 -0.76816400 0.43629900
0 -1.88697900 -0.41244500 -1.93922800
K'0.10921800 -2.17637600 -2.96121100
K'-1.42627900 1.53213700 -3.82115200
0-0.21629400-1.14104100 -0.28370800
0-0.57574600 -0.74117900 -5.14290600
C 6.10849800 0.52438500 -4.17531400
N 4.88045700 1.32669500 -4.05202900
H 6.52069700 0.66127900 -5.17164300
C7.11811800 0.88631100 -3.09132700
C4.72770800 2.52844200 -4.73341600
C 3.93683200 0.90096300 -3.15360100
H 6.69417800 0.71033400 -2.10320800
H 8.02236900 0.29057000 -3.22418700
0 7.52932200 2.26406000 -3.20694100
C 3.56149700 3.30091500 -4.47565700
C5.67746800 3.02787000 -5.63985900
C 2.77428400 1.75137000 -2.99256800
N 4.15001600 -0.21796400 -2.49432000
€ 6.86062900 3.17809100 -2.46164800
C 3.38807500 4.53577100 -5.13619600
N 2.60379800 2.89132900 -3.59550200
C5.48892700 4.24598300 -6.28232900
H 6.59304300 2.48743500 -5.83202000
C 1.73900700 1.27813500 -2.05164300
C3.17619500 -0.68287100 -1.65877100
0 5.96679300 2.89503200 -1.68853100
C7.34886100 4.56918300 -2.75858500
C4.31909800 5.02229900 -6.03177800
H 2.48565100 5.09396000 -4.90895300
€ 6.53466500 4.74849700 -7.23977400
0 0.66408700 1.88306200 -1.87525700
N 2.05571200 0.14199500 -1.38466500
03.21297800 -1.78690800 -1.11770600
H 6.90950300 4.89378800 -3.70760000
H 7.02923600 5.24707400 -1.96789500
H 8.43457900 4.58821800 -2.86846500
C4.11227500 6.34341700 -6.72312000

S139

H 7.36891000 4.04935900 -7.32088000
H 6.11196200 4.89777400 -8.23960400
H 6.92868800 5.71845800 -6.91654700
H 1.32102100 -0.28540600 -0.80221800
H 4.92261100 7.04425900 -6.49335400
H 4.09481800 6.22467700 -7.81221500
H 3.16969900 6.80082200 -6.41562500
H 5.82662500 -0.52059000 -4.05362400
H -0.44400100 1.46107300 -0.74285900

[K2S04]

$0.91129800 1.02441100 -2.92941400

0 2.25782500 0.32963700 -2.85716800
0 0.20460500 0.92835000 -1.59049700
0 1.10117800 2.49117200 -3.26718700
K 1.86317900 -1.46929600 -4.77790800
K -0.05154700 3.53475000 -1.10768500
0 0.08008900 0.34887800 -4.00380400

CUBF4

Cu 0.33323200 1.23640300 -4.27284500
B -1.35375900 1.16291400 -2.18718400
F-2.62346200 1.68166900 -2.23302700
F-0.38601600 2.18894700 -2.53212700
F-1.03069200 0.60025400 -0.97807100
F-1.17735400 0.18924300 -3.25036900

(LH)- CuBF,4

N -1.41176200 1.43913400 0.39947200
€ -0.50534400 1.81399000 -0.71681700
€ -0.57992900 3.31496900 -1.01029000
C -2.03966300 3.78014000 -0.98710400
C -2.64707200 3.58381800 0.42213700
C -1.83802000 2.56732400 1.23974800
H 0.51308000 1.49291700 -0.46914100
H 0.01276400 3.88646000 -0.28763600
H -2.11796800 4.82580700 -1.29672200
H -2.65225800 4.52511900 0.98073900
H -2.39912900 2.21365000 2.09468300
H -3.68620100 3.24983900 0.34407400
H -0.92770100 3.03142100 1.63206900
H -2.60415400 3.19051500 -1.71872200
H -0.12695000 3.48678500 -1.99097700
H -0.82101900 1.24593700 -1.59330700
C -1.69042900 0.14211200 0.55427500
0 -1.15946500 -0.66050200 -0.28104500
Cu 0.02979300 -2.04849700 0.17018000
B 1.30860700 -3.68091000 2.05056500
F 0.87390800 -4.96455200 2.28240300
F 2.58812100 -3.44624600 2.49508100
F 1.29456600 -3.46012300 0.57830400
F 0.39957900 -2.72572800 2.55393400
C -2.64107000 -0.40472800 1.64280700
C-2.01758600 -0.22111000 3.04655000
H -1.85359000 0.82084100 3.32401600
H -2.68935800 -0.66066500 3.79000200
H -1.06085500 -0.74733700 3.10417100
C -2.83623300 -1.91964400 1.42653400



H -3.58309700 -2.27811800 2.14036200
H -3.18652200 -2.14390600 0.41688600
H-1.91512100 -2.47805800 1.61474400
C-4.03931300 0.24735000 1.52899600
H -4.05231100 1.31624100 1.73785900
H -4.45159900 0.09508700 0.52695800
H -4.71057800 -0.23327700 2.24605700

(Na25204)— CUBF4

Cu 0.71627900 2.20603500 -3.60792300
B 0.82203700 2.78723200 -6.35935300

F 0.79545400 3.94031700 -7.08833100

F 0.41124300 1.66666200 -7.09514400

F 2.04745800 2.55581900 -5.72873900
F-0.16416800 2.90130100 -5.24738900
$0.83999900 -0.08619900 -1.81495400
0 -0.14270900 -0.06186600 -3.22685000
0 1.43255900 1.29239400 -2.05668100
0 -0.07307000 -0.15309200 -0.67494200
0 1.81720300 -1.16643200 -1.95942200
0-1.09876100 -1.16593200 -3.19083900
Na -1.54781300 0.94527600 -6.06771200
$-0.85423400 -2.14692000 -4.58948800
0 -2.04013400 -2.99853100 -4.42555600
0 -0.90489300 -1.19002900 -5.72427500
0 0.45355900 -2.79982000 -4.42315800
Na 2.74651300 -0.67144500 -5.31849900

[(LH)—(NaS0.)]-[NaSOs—CuBF,], trip

Cu 1.56805400 1.88684300 -4.03361100
B -0.75175900 1.62220900 -2.44245600
F -1.91794500 2.32075600 -2.15707800
F 0.39502300 2.46610000 -2.32523300

F -0.61397000 0.47797500 -1.67975700
F -0.79171800 1.24241800 -3.83587600
S 2.67922500 -0.45099900 -4.39463900
0 2.60066300 0.78768600 -5.34662500
0 4.06609100 -0.84438700 -4.11993100
0 1.99672600 0.21933700 -3.14027400
0 1.79194400 -1.54653800 -4.86135200
0 -2.21904000 -1.27760900 -4.52571700
Na -3.15007800 1.70963400 -4.11608600
$-2.45850100 -0.87705500 -5.93427400
0 -3.30818500 -1.90510700 -6.68517000
0 -3.02156500 0.49309600 -6.04755000
0 -1.21420100 -1.05393800 -6.80598600
Na -0.14655900 -1.17649800 -3.48283200
0 1.21940600 3.51453000 -4.95948100
€ 0.12066200 4.01058000 -5.38317600
C -0.31743700 5.34929200 -4.74653600
C 0.73828500 5.74542400 -3.69372500
H 0.81977400 4.98595500 -2.91418600
H 1.72307000 5.88470100 -4.14456600
H 0.43193300 6.68793200 -3.23149700
C-1.66210700 5.19349900 -3.99635600
H -2.50479400 4.93146500 -4.63684400
H -1.58152400 4.43055500 -3.21948800
H -1.90056900 6.14513500 -3.51234500

S140

C-0.36854700 6.47464300 -5.80502400
H -0.54251300 7.42642000 -5.29512300
H 0.58530800 6.54688600 -6.33616400
H -1.15887500 6.35152000 -6.54542900
N -0.55947500 3.39189700 -6.34778900
C-0.05074600 2.14975700 -6.97079900
C-1.81445300 3.83821800 -6.98352200
€ 0.21828800 2.37389000 -8.46154700
H -0.81756100 1.38548500 -6.83134200
H 0.85410000 1.82758700 -6.46884800
C-1.59069500 4.11947000 -8.47233200
H -2.53467900 3.02206800 -6.86490300
C-1.03374000 2.88184300 -9.18290200
H 0.56148700 1.42759600 -8.89216900
H 1.03553700 3.09747800 -8.56975300
H -2.54471500 4.42889400 -8.91106300
H -0.89393500 4.95984300 -8.57594200
H -0.80871200 3.11023500 -10.22936400
H -1.79650600 2.09215900 -9.18225700
H -2.21039600 4.70704100 -6.47606800

[(LH)—(NaSO,)]-[NaSO,—CuBF,], sing

Cu -0.59056000 2.04520600 -2.02829500
B 2.49659100 2.45591300 -2.46560600
F 3.19257000 3.56783500 -2.03045400
F 3.29934100 1.64069500 -3.29872200
F 1.98159900 1.71365400 -1.39674300
F 1.38265800 2.87121400 -3.29136700
$-1.16277100 -0.27047300 -3.89583200
0 0.26280500 0.20171400 -4.72337800
0-0.71358200 0.18793500 -2.52872900
0-2.24121400 0.52806500 -4.48343100
0 -1.25688000 -1.72456000 -3.99792000
0 0.15846500 -0.27881800 -6.10025800
Na 1.98782500 1.90235600 -5.26115100
S 1.63039700 -1.12209600 -6.44312300
0 1.35310300 -1.42464700 -7.85309400
0 2.66941700 -0.08788400 -6.19799900
0 1.68903400 -2.26532500 -5.51899800
Na 2.26297400 -1.52110700 -2.39852500
0 -0.80878800 3.79419200 -1.30232100
C-0.13342000 4.82912500 -1.59829500
C-0.55093400 5.64043900 -2.85032700
C-1.61539700 4.82516600 -3.61274500
H -1.19958000 3.88651600 -3.99134000
H -2.47373900 4.58978000 -2.98150500
H -1.96096500 5.41182600 -4.46856000
€ 0.61376600 5.89289200 -3.83799700
H 0.19153200 6.23860700 -4.78625900
H 1.32024100 6.65497500 -3.50992100
H 1.16459700 4.96983000 -4.01957800
C-1.20586300 6.96701300 -2.39832500
H -2.05916500 6.77241600 -1.74145100
H -0.51670900 7.62778800 -1.86926400
H -1.57140100 7.50360900 -3.27893200
N 0.85866500 5.19800000 -0.78044700
C1.22131600 4.35155700 0.37447600

C 1.68669000 6.40891500 -0.85848900



C1.03629700 5.12234700 1.68206500
H 2.26897700 4.06727700 0.23514400
H 0.61559600 3.45190900 0.34482800
C 1.54350800 7.24017500 0.42172100
H 2.72314700 6.08030900 -0.99717400
H 1.41015300 7.00132600 -1.71988100
C 1.86283400 6.41315900 1.67132600
H 1.32990300 4.47728500 2.51692600
H -0.02770400 5.35769800 1.80998400
H 2.20568100 8.10892600 0.34661700
H 0.51509500 7.61816400 0.47883700
H 1.67460300 7.00102200 2.57550100
H 2.93057000 6.15648600 1.67191400

TS(H-transf), trip

Cu 1.41768100 1.62681600 -3.93997500
B -0.62969000 1.65544800 -1.58385200
F -1.75075400 2.44930000 -1.87655300
F 0.52357700 2.27373800 -2.23400600
F -0.38905900 1.54198100 -0.24595000
F -0.82571000 0.39466900 -2.20038700
$2.65621500 -0.61332700 -4.49368800
0 2.44087000 0.68484100 -5.34734100
0 4.08000200 -0.90047500 -4.28614900
0 1.96036100 -0.08365800 -3.17756200
0 1.84751400 -1.74136600 -5.01671600
0-1.70512100-0.61117800 -4.82234700
Na -2.79071100 1.14116700 -3.52355300
$-2.42467100 -0.24937400 -6.09060400
0-3.16820500 -1.38426300 -6.68727200
0 -3.23977400 0.98036900 -5.85320700
0 -1.34473400 0.07252000 -7.21295900
Na -0.07614100 -1.49513400 -3.48314300
0 0.96135800 3.29269600 -4.84532100
€ 0.01674700 3.90562100 -5.40594300
C-0.42197300 5.25288800 -4.78061900
€ 0.57332000 5.59052100 -3.64706600
H 0.57956000 4.81694300 -2.87776600
H 1.59134000 5.70663700 -4.02822800
H 0.26892700 6.53597800 -3.18939800
C-1.824922005.11474700 -4.13016000
H -2.62720600 4.90695100 -4.83984100
H -1.81923800 4.32324000 -3.37622900
H -2.06503100 6.05822400 -3.63031800
C-0.36327400 6.41189700 -5.80670700
H -0.56138800 7.34929200 -5.27881100
H 0.63326100 6.48420200 -6.25308800
H -1.09042700 6.33788700 -6.61543900
N -0.51713600 3.39943300 -6.55885800
C 0.08674400 2.25728100 -7.18191200
C-1.77624400 3.85092500 -7.20973600
€ 0.23780500 2.36806400 -8.70109300
H -0.63796300 1.29682800 -7.03360300
H 1.00994100 1.97715300 -6.68261100
C-1.57965200 4.09602600 -8.70805500
H -2.50552100 3.05045200 -7.04363300
C-1.03972600 2.83987700 -9.39785200
H 0.56527800 1.39520500 -9.07912000
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H 1.05702000 3.07750900 -8.88913300
H -2.54603700 4.39051900 -9.12977000
H -0.89122100 4.93719300 -8.85433000
H -0.83959900 3.03577900 -10.45590100
H -1.79237400 2.04359100 -9.35314100
H -2.14394500 4.74028600 -6.71604100

[L-OSO3Na]-[NaHSO;—CuBF,], singlet

Cu 1.45386500 1.78398500 -4.29552300
B -1.29284700 1.80989600 -2.13612300
F -2.66943000 2.06298500 -2.25657600
F -0.61543700 2.83687000 -1.52273700
F -1.07480700 0.57268000 -1.50094900
F -0.81018500 1.66077700 -3.49883200
$2.80591500 -0.77457000 -3.74333100
0 3.69988400 -0.17265000 -4.74486300
0 3.39994200 -1.61579500 -2.70458300
0 1.86032100 0.27597500 -3.13895400
0 1.77196300 -1.76781500 -4.53281200
0-1.51046300 -0.65265800 -5.17912400
Na -2.81848800 1.34117800 -4.58762500
$-0.84103000 -0.26040700 -6.45171200
0-1.33036900 -0.94753400 -7.65092800
0-1.32601000 1.32440300 -6.55277400
0 0.65044300 -0.19952100 -6.34230700
Na -0.29391700 -0.84829400 -3.14304100
0 1.12250700 3.23541300 -5.49117600
€ 0.08520800 3.92142000 -5.68820800
C-0.14580500 5.16774800 -4.80790500
€ 0.91657700 5.16310400 -3.68885100
H 0.77927000 4.30931400 -3.02093100
H 1.92964400 5.13733500 -4.09332000
H 0.80091100 6.07598400 -3.09795800
C-1.52682100 5.15046600 -4.11092900
H -2.37330600 5.27857100 -4.78292400
H -1.66452900 4.22289000 -3.55301000
H -1.55462000 5.97591900 -3.39377600
€ 0.06579000 6.44726000 -5.65274900
H -0.03729000 7.31932600 -5.00094500
H 1.07287000 6.45948300 -6.07994900
H -0.64665800 6.55968400 -6.47143800
N -0.74427600 3.55770300 -6.70294700
C-0.49437000 2.26194400 -7.31909800
C-2.01643300 4.22374200 -7.06394700
C-0.82455200 2.20439100 -8.80158000
H 0.54155400 1.99643800 -7.14059400
C-2.25646100 4.21719400 -8.57197400
H -2.84151500 3.71171800 -6.55820800
C-2.19357000 2.79582600 -9.12742700
H -0.74363300 1.16148800 -9.11760200
H -0.04193000 2.76682700 -9.32428400
H -3.23335600 4.67515400 -8.75429800
H -1.50242400 4.84456900 -9.06225100
H -2.35735600 2.79046100 -10.20861500
H -2.98265500 2.18280100 -8.67526700
H -1.99059700 5.24402800 -6.70508600
H 1.39588200 -1.26221800 -5.31031400



[(LOH)—CuBF;]-[NaHS0Q,],, singlet

Cu 0.91141300 1.31715900 -4.50014300
B -1.91163000 1.58561100 -1.92620300
F -3.23166900 1.87584400 -2.31381200
F -1.30905000 2.65150100 -1.29888500
F -1.86744900 0.41889400 -1.14289600
F-1.19578300 1.27914100 -3.15425100
$2.48810100 -1.08332800 -3.96937300
0 2.88266000 -0.52383900 -5.27807200
0 3.57555200 -1.46579800 -3.06335500
0 1.46200000 -0.16404100 -3.29234500
0 1.66871900 -2.45792700 -4.23043100
0-2.83768400 -0.51795200 -5.21549400
Na -2.98265500 1.67419200 -4.64634600
$-1.57326000 -1.15090400 -5.67023100
0-1.68472700 -1.92898600 -6.90939300
0-0.52686500 0.07647700 -5.96271400
0 -0.87864600 -1.87499600 -4.55232700
Na -0.56111200 -0.95157400 -2.45262100
0 0.88683200 2.90953200 -5.60133900
C 0.00630000 3.79815200 -5.74244000
C-0.07419200 4.93991600 -4.70474800
€ 1.09327700 4.76518900 -3.71283600
H 1.02150600 3.81726600 -3.17423000
H 2.06070100 4.80130800 -4.21870100
H 1.05302000 5.57627100 -2.98038800
C-1.37865700 4.89981000 -3.87448300
H -2.29257500 4.88317400 -4.46907800
H -1.38029100 4.02909700 -3.21842400
H -1.41331300 5.79076700 -3.24015800
€ 0.11629800 6.30242100 -5.41339200
H 0.21101800 7.08185200 -4.65220000
H 1.03209500 6.30170800 -6.01206200
H -0.71182500 6.58108400 -6.06518900
N -0.75703600 3.77797300 -6.86442700
C-0.44663200 2.78966100 -7.89519800
C-1.99585000 4.54504100 -7.10779400
C-0.45250900 3.41596700 -9.28724200
H 0.53404300 2.37955700 -7.66617400
C-1.97337200 5.22548000 -8.47520300
H -2.82907600 3.83533300 -7.05545800
C-1.73483200 4.19713600 -9.58290200
H -0.27786700 2.62395000 -10.02390500
H 0.41331700 4.08586000 -9.33560400
H -2.92622000 5.74407800 -8.61857000
H -1.18020700 5.98282600 -8.48886400
H -1.65540100 4.68516100 -10.55835500
H -2.58869900 3.51118700 -9.63620800
H -2.13533000 5.27074700 -6.31842100
H 0.73755300 -2.24128600 -4.52365500
0-1.43184200 1.73677200 -7.77267300
H -1.54626400 1.30500000 -8.63227400
H -0.89398900 0.65898600 -6.69775000

[(LNHCO)-CuBF4]-[NaHSO,],, singlet

Cu 0.79563400 1.46916000 -4.51065500
B -1.49587000 0.48813000 -1.23160300

F -2.83600800 0.86651900 -1.44588000
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F -0.95606200 1.11834900 -0.13534100
F-1.39189100 -0.91540300 -1.13496600
F-0.77057300 0.86416700 -2.42638300
$ 2.17451500 -0.90822500 -5.54809000
0 1.96137000 0.02830900 -6.67264700
0 3.52912900 -1.44418700 -5.39204400
0 1.63231900 -0.30227300 -4.24706100
01.24151100 -2.20926900 -5.79111300
0 -3.25998600 -0.33528300 -4.58269700
Na -2.68938800 1.80843000 -3.56497000
$-2.00621000 -0.47369200 -5.35390300
0-2.35952900 -0.82663800 -6.86852500
0 -1.24303600 0.81797500 -5.38664000
0-1.17057200 -1.62576600 -4.87832500
Na 0.07139700 -1.38515500 -2.85899600
0 0.46425000 3.36546600 -4.44368300
C-0.26561300 4.13849800 -5.12314200
C-0.39361900 5.59370400 -4.64124500
C€0.61864700 5.82266500 -3.50373800
H 0.45369200 5.13016600 -2.67653500
H 1.64577100 5.69439000 -3.85553400
H 0.50691200 6.84493500 -3.13153500
C-1.82073000 5.76873400 -4.06808700
H -2.59928300 5.64455700 -4.82356700
H -2.00406000 5.04430400 -3.26793400
H -1.91846200 6.77356200 -3.64694200
C-0.10871300 6.63301500 -5.74527400
H -0.07092800 7.62481000 -5.28576700
H 0.85986600 6.44852200 -6.21967100
H -0.87279300 6.66632100 -6.52073800
N -0.95944300 3.64030100 -6.15891400
C-0.47267700 1.29522500 -8.35299600
C-1.77868300 4.29132500 -7.18555400
€ 0.22358600 2.46237700 -8.96932800
H 0.17157900 0.51462300 -7.92036400
C-0.99504800 4.70012000 -8.44620700
H -2.56702900 3.58083800 -7.44620300
C-0.68388800 3.59462400 -9.46581500
H 0.81672600 2.03341300 -9.79171900
H 0.97767900 2.80714900 -8.24770500
H -1.58845300 5.46664900 -8.95779600
H -0.06209300 5.18421800 -8.13947100
H -0.19814100 4.06907500 -10.32362100
H -1.61837600 3.16087200 -9.83689400
H -2.26901800 5.16312100 -6.75733300
H 0.29175100 -1.97320000 -5.58864100
0-1.69909400 1.18650300 -8.30654500
H -0.93673900 2.62528800 -6.19581600
H -2.15504900 -0.02105100 -7.46561300

LNHCO

0 -0.40862400 6.47387600 -6.50172600
C-0.90856100 5.35570700 -6.33939000
C-0.98632900 4.72595700 -4.93380300
€ 0.46656900 4.44847300 -4.49276300
H 0.92915800 3.69318300 -5.13446900
H 1.06016400 5.36510000 -4.54130300
H 0.47877400 4.07970900 -3.46171200



C-1.80216400 3.42461300 -4.87420800
H -2.83665000 3.57900000 -5.20119400
H -1.34808100 2.63033400 -5.47334900
H -1.83984900 3.06938500 -3.83972400
C-1.62164800 5.77372000 -4.00039800
H -1.61202100 5.40856700 -2.96862500
H -1.06840700 6.71384100 -4.04658400
H -2.66172200 5.97266400 -4.28080500
N -1.37668600 4.63191600 -7.39144000
€ 0.38910300 2.40153100 -7.96593000
C-1.47045200 5.20857000 -8.73369200
C 1.29959100 3.37545300 -8.66792300
0 0.57604100 1.96641700 -6.84392900
[(NaHSO4)2—CUBF4]

Cu 2.27429600 0.98275300 -3.78130100
B 0.98186700 1.82372100 -1.39640100
F 1.13831200 2.43666600 -0.18972900

F 2.13449500 2.14780800 -2.25080700

F 0.96644500 0.41883600 -1.28543800

F -0.16069200 2.26000000 -2.08159100
$0.81917100 -0.74203300 -5.69786900
0 -0.16441300 0.58448900 -5.68391300
0 0.84536100 -1.27398300 -7.05413300
0 2.17108400 -0.22391100 -5.25642600
0 0.18435700 -1.59178800 -4.65996200
0 -1.96076800 -0.61545400 -2.47650100
Na -1.47862200 1.41674300 -3.72671600
$-3.01970200 -1.06402300 -3.44768000
0 -4.24048700 -1.58207100 -2.82101800
0 -3.21803000 -0.01417700 -4.48651600
0 -2.39371000 -2.36723400 -4.21164900
Na 0.14459200 -1.43931300 -2.28681700
H -1.50937400-2.11396100 -4.56936600
H 0.09422000 1.18832400 -6.40265200
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C-0.12473100 5.41544400 -9.43765500
H -2.10660100 4.54239100 -9.32316500
€ 0.65453400 4.15186800 -9.82673400
H 2.11532400 2.75339400 -9.06713100
H 1.75416000 4.03779700 -7.92372100
H -0.33679300 5.98068000 -10.35336600
H 0.49875800 6.05815300 -8.80935900
H 1.45179200 4.45201100 -10.51427900
H 0.00546700 3.47407900 -10.39878700
H -1.97789700 6.17745200 -8.66203100
H -0.46732400 2.03355100 -8.57244500
H -1.90879800 3.79838100 -7.19822700



Table S20. Cartesian coordinates of the optimized geometries for the autocyclization process. The cartesian
coordinates of optimized geometries are given below in the standard XYZ format, and units are in A.

H 1.175808 -0.882576 2.158696
Cu'(H,0), O -3.174503 -0.569526 0.922679
Cu -1.455840 -0.366317 -0.046435
Cu -0.000001 -0.015904 -0.000001 O -1.520679 -2.324635 -0.822258
-1.916053 -0.041990 0.045146 H -1.869974 -3.162916 -0.487339
-2.466433 -0.497143 -0.607432 H -0.963454 -2.535235 -1.585888

H

H

0]
H
H -2.459021 0.619412 0.496257 2.446529 1.920672 0.280592
O 1916053 -0.041999 -0.045135 -3.227755 -0.781899  1.868409
H 2.459003 0.619319 -0.496388
H 2.466446 -0.497008 0.607532

11-TS'

2.211283 -0.831218 0.428157
2.350518 0.487886  0.004497
0.483978 3.976199 0.408292
0.165381 -2.077492 -0.115260
1.557296 -1.877891 -0.486647
-3.071010 -1.284074 -1.187728
-2.226441 -1.464650 0.096619

H20

O 0.000000 0.000000 0.119237
0.000000 0.759322 -0.476819
H 0.000000 -0.759322 -0.476819

T

H30* -0.785180 -1.150368 -0.276482
-2.401565 -2.891425 0.642945

O -0.000003 0.000000 -0.070534 -2.666525 -0.438515 1.165127
H -0.479665 -0.817077 0.187333 -0.468801 -0.034211 -0.788835
H -0.467790 0.823925 0.187333 2.049384 -0.987997  1.498865
H 0947428 -0.006848 0.187344 3.479207 -1.116543 0.335396

2.433203 0.707005 -1.059764
2.655517 1.269926 0.697336
1.618033 -1.552656 -1.529320
2.065544 -2.838362 -0.395598
-2.785254 -2.006155 -1.957733
-4.124074 -1.447259 -0.946401
-2.958704 -0.278007 -1.596854
-3.455133 -3.056338 0.878352
-2.125222 -3.653774 -0.093724
-1.843383 -3.056633 1.571780
-3.706482 -0.629786  1.439742
-2.600419 0.580318 0.777023
-2.061853 -0.518516 2.075225
1.139631 3.334334 0.084389
0.156281 1.637844 -0.196014
-1.527462  2.971804 0.507495
-1.963245 2.872683 1.367039
-2.230851  3.214381 -0.113828
-0.110200 -2.974256 0.264988
1.662124 3.778281 -0.600528
4.663016 -1.846890 0.280270
5.124345 -2.002471 1.120927
5.329462 -1.607226 -0.384639

co

C 0.000000 0.000000 -0.650254
O 0.000000 0.000000 0.487690

[y
[

-0.643701 2.688618 0.315671
-1.731084 1.806837 -0.110986
-3.916441 -1.014316 0.481151
1.556332 1.664027 -0.133181
0.638462 2.718980 -0.543607
2.561999 -1.604793 -0.978134
2.227635 -0.696826  0.230147
1.274533 0.377327 -0.255007
3.518959 -0.104202 0.818534
1.477039 -1.511548 1.313316
0.167627 0.062695 -0.839786
-0.429938 2.611425 1.387534
-1.126373  3.687038 0.198105
-1.942717 1.729989 -1.179628

IIOIIIIOQOIIIIIIIIIIIIIIIOOOOOOOZIOO

I I I I T T I I IIIITITITO0OOHOOOOOHZTIT0OO0O

-2.576872 1.676123 0.562794 12

0.391375  2.599735 -1.602309

1.151854 3.671224 -0.413376 C -1.281993 1.785136 0.681301
3.092530 -1.053594 -1.759043 C -2.608470 1.753735 0.328333
3.207509 -2.418326 -0.639712 H -2.697062 -2.320667 -0.704102
1.659031 -2.039289 -1.412205 N 1.091111 1.602308 -0.057207
4.172877 -0.919528  1.134983 C -0.192546 2.283750 -0.248026
4.081257 0.476324 0.079128 C 3.049685 -0.989119 -1.370055
3.330995 0.510282 1.706290 C 2.708777 -0.278654 -0.038647
2.143154 -2.284849 1.703191 C 1.282794 0.277317 -0.175507
0.599575 -2.016477 0.897537 C 3.758999 0.807004 0.260289

S144



C 2.684429 -1.308049 1.117832
O 0.333945 -0.515367 -0.400809
H -0.998648 1.666544 1.725898
H -2.942685 2.053520 -0.659692
H -3.376164 1.600921 1.077290
H -0.515543 2.198858 -1.294582
H -0.009041 3.340843 -0.044024
H 3.085139 -0.274344 -2.207931
H 4.031290 -1.459453 -1.291861
H 2.303496 -1.759739 -1.601166
H 4.745522 0.341879 0.350133
H 3.833256 1.545950 -0.548629
H 3.567821 1.329513 1.209077
H 3.679515 -1.745482 1.237775
H 1.990796 -2.130379 0.897641
H 2.403710 -0.845626 2.071282
O -2.874882 -1.455946 -1.118237
Cu -1.697373 -0.151969 -0.025519
O -1.354717 -2.087545 1.090559
H -1.476459 -2.278975 2.029229
H -0.401951 -2.121285 0.913105
H 1.902608 2.177832 0.095796
H -2.766378 -1.572837 -2.073976
olefin
C 2946537 0.009109 -0.502506
C 4116289 0.584329 -0.222507
N 0.707200 0.103518 0.479392
C 2.008584 -0.550683 0.535695
C -2.789904 -0.414465 0.861194
C -1.726189 0.271425 -0.024536
C -0.429307 -0.557392 0.097167
C -1.575630 1.744428 0.389585
C -2.160057 0.190793 -1.509472
O -0.432459 -1.763622 -0.143479
H 2.607965 -0.074213 -1.538700
H 4.470387 0.682687 0.807213
H 4.768835 0.970782 -1.002447
H 1.805193 -1.616405 0.350055
H 2.441413 -0.449790 1.540356
H -2.518134 -0.342799 1.922135
H -3.761933 0.063827 0.724903
H -2.868396 -1.471832 0.597862
H -2.543039 2.254677 0.297297
H -1.255499 1.842338 1.434312
H -0.866034 2.281561 -0.249299
H -3.122197 0.687055 -1.648305
H -2.252153 -0.857133 -1.815722
H -1.424548 0.674692 -2.163712
H 0.679484 1.103636 0.602416
10m
C -2.699482 -0.055645 0.421723
C -2.008492 -1.238029 -0.228435
N -0.655543 1.149285 -0.138839
C -2.129494 1.237346 -0.151444
C 2.072951 -0.790560 -1.188204
C 1543031 0.006776 0.027662
C 0.032262 0.034120 -0.067526
C 2134264 1.425327 0.027381
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1.910454
-0.550683
-2.553213
-3.773768
-2.195542
-2.256336
-2.459824
-2.413313

1.817945

3.161715

1.675862

3.221071

1.915941

1.800939

2.998829

1.513509

1.536293
-0.120983

-0.721244
-1.130651
-0.087610
-0.109228
-1.296473
-2.190931
1.407246
2.104756
-0.298938
-0.847335
-1.806979
1.351808
1.967583
2.015757
-0.775047
-1.737597
-0.180712
2.009325

1.343505
-0.070758
1.505671
0.229696
-1.303844
0.235797
-1.180832
0.447351
-2.131681
-1.120476
-1.201352
0.098354
-0.899500
0.887990
1.419421
1.360130
2.217915
-0.147260



Vibrational Frequencies of the Optimized Geometries
Table S21. Vibrational Frequencies (in cm™) of the Optimized Geometries for the autocyclization reaction.

Cu'(H20)2

114.12 114.21 132.46 183.89 185.02 378.55
509.56 618.25 619.05 1648.19 1649.56 3799.01
3802.21 3894.29 3894.30

1665.28 3799.59 3912.80

H;0"

783.27 1668.62 1668.78 3583.76 3702.64 3702.85

co

2208.63

18.13 29.01 55.98

65.38 71.43 101.43 116.88 147.15 163.26
174.39 202.14 209.89 226.45 256.30 259.21
264.10 295.26 303.91 317.65 324.01 329.69
352.86 367.67 377.43 388.66 402.64 437.66
476.54 522.46 535.21 579.93 630.16 686.56
717.96 745.76 790.16 793.10 853.82 907.26
940.62 951.46 975.18 978.01 999.07 1041.18
1047.37 1068.37 1112.31 1157.49 1203.71 1222.35
1236.56 1248.52 1297.61 1333.98 1380.28 1383.68
1409.76 1411.19 1414.43 1451.52 1480.15 1490.11
1493.11 1493.66 1498.51 1515.59 1523.78 1532.91
1542.64 1614.65 1647.59 1652.46 2897.29 3044.02
3047.55 3069.33 3090.21 3101.65 3113.24 3116.47
3118.06 3144.47 3148.34 3148.97 3156.41 3173.35
3228.90 3589.29 3752.80 3785.31 3844.54 3882.39

11-T8'

-385.93 19.72 26.83

48.44 58.52 66.12 75.67 86.56 100.66

116.18 117.63 124.22 155.24 183.79 207.77
219.26 241.19 250.99 276.97 286.93 298.89
317.04 325.03 329.88 336.14 373.59 382.70
398.99 417.99 426.88 438.53 444.48 456.86
508.94 535.22 557.06 585.71 647.52 651.80
689.97 726.93 784.28 794.71 867.42 909.04
944.17 948.76 954.09 978.67 1000.67 1028.99
1047.90 1056.79 1069.55 1124.49 1150.66 1228.43
1241.22 1258.20 1284.30 1301.74 1333.50 1391.03
1394.63 1410.16 1414.96 1444.13 1450.81 1487.41
1493.01 1500.36 1502.15 1515.77 1525.31 1537.83
1573.46 1593.19 1611.88 1640.01 1651.03 1657.67
3042.81 3054.25 3067.40 3089.78 3112.47 3115.47
3131.14 3134.33 3143.47 3146.19 3151.94 3157.25
3159.92 3241.20 3616.55 3735.20 3738.19 3775.42
3846.29 3847.08 3869.92

12

42.43 50.49 62.40 77.49 82.56 98.25
115.27 154.10 159.29 204.27 233.34 245.74
267.06 274.49 290.77 301.04 311.06 320.50
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331.48 338.27 348.67 363.04 370.95 385.27
401.00 408.53 470.12 519.46 532.62 541.43
544.73 609.00 642.61 670.00 776.79 800.04
861.50 899.74 943.80 947.61 953.87 985.23
1000.31 1022.36 1044.21 1051.13 1078.33 1149.13
1231.76 1242.58 1257.77 1282.81 1292.96 1322.66
1363.15 1411.70 1418.33 1448.79 1450.75 1487.18
1495.02 1503.59 1508.93 1517.94 1527.19 1540.45
1576.54 1600.22 1612.37 1641.13 1664.75 3011.05
3016.04 3031.40 3042.44 3080.77 3088.81 3100.37
3117.58 3121.89 3129.08 3148.04 3172.07 3177.46
3273.95 3680.40 3709.25 3765.64 3845.85 3893.26

47.26 65.69 71.56 140.68 222.72 231.00
266.03 282.90 301.80 311.65 337.97 366.71
371.12 392.10 443.49 510.83 520.93 579.90
689.28 771.00 792.14 871.36 934.72 938.41
951.82 964.24 973.17 1014.14 1044.65 1049.53
1050.62 1084.69 1167.89 1215.66 1233.08 1260.38
1278.60 1305.71 1323.90 1378.48 1400.77 1406.54
1438.62 1468.14 1490.65 1500.43 1509.40 1510.63
1513.89 1524.40 1542.62 1547.12 1727.08 1747.89
3015.95 3022.68 3036.66 3040.68 3063.36 3087.88
3099.57 3106.90 3108.41 3117.10 3124.06 3139.57
3150.67 3206.54 3658.62

10m

31.59 103.02 168.25

210.50 216.41 263.41 269.85 311.59 313.90
332.52 339.11 387.92 468.20 503.70 516.07
603.90 700.19 755.17 793.35 841.03 878.75
899.97 920.17 942.21 956.11 974.55 979.70
1047.43 1050.63 1074.49 1093.94 1145.74 1224.14
1227.351238.21 1250.33 1263.27 1306.28 1326.15
1358.07 1401.90 1410.84 1415.09 1419.19 1454.40
1492.08 1493.12 1499.23 1502.44 1505.32 1516.05
1522.11 1524.91 1538.94 1570.20 1680.90 3041.73
3063.01 3065.20 3080.64 3085.79 3100.84 3111.28
3138.803140.50 3141.46 3146.29 3148.03 3158.76
3162.39 3182.76 3609.13
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