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1. General Information
Unless otherwise noted, all chemicals were purchased from commercial sources

and used without further purification. Yields refer to chromatographically pure
material. All solvents were used as purchased, without purification. MeCN were
used as after drying and distillation. Reactions were monitored by thin-layer
chromatography (TLC) performed on 0.25 mm Merck silica gel plates (60F-254)
using UV light. Merck silica gel (mesh size 100-200) was used for flash column


mailto:anands@iitk.ac.in

Supporting Information

chromatography. Reactions were performed using LED strip lights wrapped
around a 250 mL glass beaker (200 cm; 18 W).

NMR spectra were recorded on JEOL 500 (*H: 500 MHz, 3C: 125 MHz) or 400
(*H: 400 MHz, ®C: 100 MHz) spectrometer in CDClz having TMS 0.03% as
internal standard. Mass spectrometric data were obtained using WATERS-Q-TOF
Premier-ESI-MS and GC-MS. The following abbreviations were used to explain
the multiplicities: s = singlet, d = doublet, t = triplet, g = quartet, dd = doublet of
doublet, ddd = doublet of a doublet of doublet, m = multiplet. Glyoxylic oxime
ether and dimethyl aniline derivatives were prepared according to the literature

reports.

2. Additional Optimization Experiments
a) Survey of solvents and base

_OBn
bpy 3C|2 6H20 'Yle HN
H( ‘Me __ (2mol%) N\)\H/O\/Me
©/ base, N, rt ©/ o
solvent
Blue LED 3a

Entry Base Solvent | Time | Yield
(0.5 Equiv.) | (2mL) (h) 3a
(%)
1 KoHPO4 MeCN 24 52
2 LioCO3 MeCN 24 trace
3 DBU MeCN 24 trace
4 EtsN MeCN 24 43%
5 Cs2CO3 MeCN 24 47
6 NaOAc MeCN 24 90
7 NaOAc THF 24 trace
8 NaOAc Toluene | 24 trace
9 NaOAc DMF 15 81
10 NaOAc DMSO 15 85
11 NaOAc DCE 24 trace




b) Survey of photocatalysts

OB
N n

Me
| N,
S(OVMe ©/ “Me  NaOAc, Ny, rt
o]
1a 2a
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photocatalyst Me HN -

N\/H(O\/Me
0)

OBn

C) 3a
d)
S. No. Photocatalyst E12(PC*/PC) Yield 3a, (%)
Eosin Y +0.83 0
Ru(bpy)sCl..6H20 +0.77 90
4-CzIPN +1.35 Trace

3. General Procedure for the Synthesis of 3

Ru(bpy)sCly*6H,0

_OR? M
N e 2mol%)
| OR1 N\ .
Me NaOAc (0.5 equiv
5 R MeCN, N, rt
Blue LED
1 2

_OR?
I\I/Ie HN

- QNAOWOR

1

An oven dried vial equipped with a magnetic stir bar was charged with imine

derivatives (0.33 mmol), aniline (3.0 equiv.),

NaOAc (50 mol%),

and

Ru(bpy)sCl,-6H,0 (2 mol%), and then distilled dry MeCN (2 mL) was added. The

reaction mixture was then purged with nitrogen for 30 minutes and stirred under

nitrogen atmosphere (N2 balloon) at rt under blue light. After the completion of

reaction (confirmed by TLC), the reaction mixture was concentrated under

reduced pressure. The residue was purified by flash column chromatography on

silica gel (ethyl acetate/petroleum ether).




Supporting Information

4. Gram scale synthesis of 3a

(bpy)3C|2 6H20 /OBn
@mol %) Me HN
KH/OEt Me NaOAc (0.5 equiv) N\)\[(OEt
MeCN, N, rt 0
Blue LED

3

A dried 100 mL round bottom flask equipped with a magnetic stir bar was charged
with glyoxylic oxime 1a (1g, 4.83 mmol), N,N-dimethylaniline 2a (1.75 g, 14.48
mmol), NaOAc (198 mg, 2.41 mmol), Ru(bpy)sCl,-6H,0 (72.3 mg, 0.096 mmol)
and 30 ml acetonitrile. The mixture was spurged with nitrogen for 30 min and the
reaction mixture was stirred and irradiated with blue LED at room temperature.
After completion of reaction (confirmed by TLC), reaction mixture was
concentrated in vacuum. The residue was purified by column chromatography on
silica gel using 5% ethyl acetate in petroleum ether to afford 3a as a yellow liquid
(1.4 g, 88%).

5. Procedure for Experiment with TEMPO

\-OBn | Ru(bpy)sClp6H;0 (2 mol%) Me HN-OB"
. |
| N TEMPO (4 equiv.) N 0] Me
KH/O\/Me ©/ ~ NaOAc ( 0.5 equiv.) ©/ ~
o) CHaCN, Ny, rt 0
1a 2a Blue LED 3a (0 %)

An oven dried vial equipped with a magnetic stir bar was charged with imine
derivatives (70 mg, 0.33 mmol), aniline (123 mg, 1.01 mmol), NaOAc (14 mg,
0.165 mmol), TEMPO (211 mg, 1.35 mmol) and Ru(bpy)sCl,-6H.0 (5 mg, 6.6

umol), then distilled dry MeCN (2 mL) was added. After addition of solvent,
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reaction mixture was purged with nitrogen for 30 minutes and stirred under
nitrogen atmosphere (N, balloon) at rt under blue light. The reaction was observed

by TLC. No product formation was observed.

6. Fluorescence Quenching Experiments and Electrochemical
Characterization of 1a and 2a
a) Fluorescence spectra was recorded using Agilent photoluminescence

spectrophotometer. The Stern-Volmer fluorescence quenching studies
were run with freshly prepared Ru(bpy)sCl; (0.16 uM solution in
CH3CN) at room temperature. The solution was irradiated at 450 nm and
fluorescence was measured from 500 to 800 nm. Control experiments
showed that Ru(bpy)sCl, fluorescence was quenched by glyoxalic oxime
ether la.

—PFC
—PC+23
—PC+1a
——PC+2a+hase

Intensity (a.u.)

500 550 600 650 700 750 800
Wavelength (nm)

Figure S1. Fluorescence intensity of a Ru(bpy)sCl solution (0.16 uM solution in CH3CN)
containing glyoxalic oxime ether (1a), N,N-dimethylaniline (2a) or 2a + NaOAc in CH;CN
(excitation wavelength: 450 nm). Peak descriptors: Ru(bpy)sCl2 (0.16 uM) in CH3CN (black line),
Ru(bpy)sCl2 (0.16 uM) with 1a (0.72 Mm) in CH3CN (blue line), Ru(bpy)sCl2(0.16 pM) with 2a
(0.72 mM) in CH3CN (red line), Ru(bpy)sClz (0.16 uM) with 2a (0.72 Mm) and NaOAc (0.72
mM) in CH3CN (pink line).
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Figure S2. Fluorescence intensity of a Ru(bpy)sCl> solution (0.16 uM solution in

CHsCN) containing varying amounts of glyoxalic oxime ether (1a) (excitation
wavelength: 450 nm).

2.0

la

1.51 y=0.41x +1.31

lo/l

1.0+

0.54

02 04 06 08 10 12 14 16
103 M

Figure S3. Stern-Volmer plot for the fluorescence quenching studies of Ru(bpy)sCl. by
glyoxalic oxime ether (1a).
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b) Cyclic voltammetry was performed using DCM solution with 0.1 M
tetrabutylammonium tetrafluoroborate electrolyte solution. Platinum wire
and platinum were used as counter and working electrode, respectively
while Ag/AgCl was used as reference electrode. All the measurements
were recorded at scan rate of 50 mV/s. Figure S4 shows the typical CV
response of the 1a and 2a and the obtained values of Ex°™* and Eeq Were
referenced to Ag/AgCl which have been converted to SCE by subtracting
0.03 V. The results obtained for 2a are in agreement with previous report

and 1a shows no significant redox activity.
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Figure S4. Cyclic Voltammogram of glyoxalic oxime ether (1a) and N,N-dimethylaniline (2a).
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7. Analytical data of synthesized products

BNO. 4 e Ethyl 2-(benzyloxyamino)-3-
Etojﬁv’{‘\O (methyl(phenyl)amino)propanoate (3a): According to the

° general procedure 2, ethyl 2-(benzyloxyimino)acetate (70 mg,
0.337 mmol) and N,N-dimethyl aniline (3.0 equiv, 1.01 mmol) provided 3a after
flash column chromatography (5% ethyl acetate in petroleum ether) as yellow
liquid (100 mg, 90%). R = 0.2 (10% ethyl acetate in petroleum ether). IR (neat):
vmax/cm™: 2927, 2252, 1730, 1600, 1506, 1454, 1370, 904, 724, 696, 648. 'H NMR
(400 MHz, Chloroform-d) 6 7.28 — 7.33 (m, 5H), 7.24 (t, J = 7.9 Hz, 2H), 6.74 (t, J
= 9.0 Hz, 3H), 4.71 (s, 2H), 4.25 — 4.12 (m, 2H), 3.93 (dd, J = 7.3, 5.9 Hz, 1H),
3.62 (dd, J = 15.0, 5.8 Hz, 1H), 3.48 (dd, J = 15.1, 7.4 Hz, 1H), 2.92 (s, 3H), 1.26
(t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 172.7, 148.8, 137.6,
129.3, 128.6, 128.4, 128.0, 117.0, 112.5, 76.4, 62.6, 61.4, 52.5, 39.3, 14.3. HRMS:
exact mass calculated for C;9H25N203 [M+H]"™ 329.1860, found 329.1848.

BnOs\H Me Ethyl 2-(benzyloxyamino)-3-(methyl(p-
Eto%“@ tolyl)amino)propanoate (3b): According to the general
° Me procedure 2, ethyl 2-(benzyloxyimino)acetate (70 mag,
0.337 mmol) and N,N,4-trimethylaniline (3.0 equiv, 1.01 mmol) provided 3b after
flash column chromatography (5% Ethyl acetate in petroleum ether) as a yellow
liquid (95 mg, 82%). R; = 0.45 (20% ethyl acetate in petroleum ether). IR (neat):
vmax/CM™: 2918, 2851, 1732, 1618, 1521, 1454, 1368, 1265, 1192, 1024, 735, 699.
IH NMR (500 MHz, Chloroform-d) & 7.36 — 7.29 (m, 5H), 7.07 (d, J = 8.4 Hz,
2H), 6.68 (d, J = 8.6 Hz, 2H), 4.73 (s, 2H), 4.16 — 4. 26 (m, 2H), 3.96 (dd, J = 7.4,
5.8 Hz, 1H), 3.60 (dd, J = 15.0, 5.8 Hz, 1H), 3.47 (dd, J = 14.9, 7.5 Hz, 1H), 2.92
(s, 3H), 2.29 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). 3C NMR (125 MHz, Chloroform-d)
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0 172.8, 146.9, 137.8, 129.8, 128.5, 128.3, 127.1, 126.3, 112.1, 76.4, 62.7, 61.2,
52.1, 39.4, 20.3, 14.2. HRMS: exact mass calculated for CyHz7N,O3; [M+H]*
343.2016, found 343.2012.

BnO<\ 1\ e Ethyl 2-(benzyloxyamino)-3-((4-tert-
Mevom)v'h butylphenyl)(methyl)amino)propanoate (3c):
© O\gmz According to the general procedure 2, ethyl 2-
(benzyloxyimino)acetate (70 mg, 0.337 mmol) and
4-tert-butyl-N,N-dimethylaniline (3.0 equiv, 1.01 mmol) provided 3c after flash
column chromatography (5% ethyl acetate in petroleum ether) as a yellow liquid
(117 mg, 90%). R = 0.31 (20% ethyl acetate in petroleum ether). IR (neat):
vma/cm™: 1521, 1735, 2960, 2904, 2867, 3032, 3258. 'H NMR (500 MHz,
Chloroform-d) 6 7.38 — 7.34 (m, 5H), 7.33 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 8.8 Hz,
2H), 4.77 (s, 2H), 4.29 — 4.18 (m, 2H), 3.99 (dd, J = 7.3, 5.8 Hz, 1H), 3.66 (dd, J =
15.0, 5.7 Hz, 1H), 3.51 (dd, J = 15.0, 7.5 Hz, 1H), 2.97 (s, 3H), 1.37 (s, 9H), 1.31
(t, J = 7.1 Hz, 3H). 3C NMR (125 MHz, Chloroform-d) & 172.7, 146.7, 139.7,
137.7, 128.5, 128.3, 127.9, 126.0, 76.4, 62.8, 61.2, 52.8, 39.3, 33.9, 31.7, 14.2.

HRMS: exact mass calculated for C,3H33N,O3 [M+H]* 385.2486, found 385.2488.

Ethyl 2-(benzyloxyamino)-3-(methyl(m-

Me HN-CB" tolyl)amino)propanoate (3d): According to the general
'{'J}(OVM‘* procedure 2, ethyl 2-(benzyloxyimino)acetate (70 mg, 0.337
©/ ° mmol) and N,N,3-trimethylaniline (3.0 equiv, 1.01 mmol)
e provided 3d after flash column chromatography (5% ethyl
acetate in petroleum ether) as a yellow liquid (98 mg, 85%). R; = 0.45 (20% ethyl

acetate in petroleum ether). IR (neat): vmax/cm™ 1603, 1732, 2918, 2980, 3032,
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3259, 3423. *H NMR (500 MHz, Chloroform-d) & 7.37 (d, J = 4.4 Hz, 4H), 7.35 —
7.32 (m, 1H), 7.17 (t, J = 7.6 Hz, 1H), 6.65 — 6.56 (m, 3H), 4.76 (s, 2H), 4.23 (qq,
J =108, 7.2 Hz, 2H), 3.98 (dd, J = 7.4, 5.8 Hz, 1H), 3.65 (dd, J = 15.0, 5.7 Hz,
1H), 3.51 (dd, J = 15.1, 7.5 Hz, 1H), 2.95 (s, 3H), 2.36 (s, 3H), 1.31 (t, J = 7.1 Hz,
3H). 3C NMR (125 MHz, Chloroform-d) & 172.6, 148.2, 138.9, 137.7, 129.1,
128.5, 128.4, 127.9, 117.2, 113.3, 109.8, 76.4, 62.7, 61.3, 52.6, 39.3, 21.2, 14.2.
HRMS: exact mass calculated for C,oH»7N,O3 [M+H]* 343.2016, found 343.2019.

Ethyl 2-(benzyloxyamino)-3-((3-
methoxyphenyl)(methyl)amino)propanoate (3e):

Z‘e HN” oy According to the general procedure 2, ethyl 2-
e

S e (benzyloxyimino)acetate (70 mg, 0.337 mmol) and 3-

OMe methoxy-N,N-dimethylaniline (3.0 equiv, 1.01 mmol)

provided 3e after flash column chromatography (5% ethyl acetate in petroleum
ether) as a yellow liquid (56 mg, 46%). R; = 0.45 (20% ethyl acetate in petroleum
ether). IR (neat): vmax/cm™? 1611, 1732, 2918, 3031, 3259. 'H NMR (500 MHz,
Chloroform-d) 8 7.40 — 7.23 (m, 5H), 7.14 (t, J = 8.1 Hz, 1H), 6.37 — 6.26 (m, 3H),
4.70 (s, 2H), 4.19 (qq, J = 10.8, 7.1 Hz, 2H), 3.96 — 3.89 (m, 1H), 3.78 (s, 3H),
3.61 (dd, J = 15.1, 5.6 Hz, 1H), 3.46 (dd, J = 15.1, 7.5 Hz, 1H), 2.91 (s, 3H), 1.26
(t, J = 7.1 Hz, 3H). BC NMR (125 MHz, Chloroform-d) & 172.6, 160.9, 150.2,
137.7, 129.2, 128.6, 128.4, 127.2, 105.5, 102.0, 99.0, 76.5, 62.7, 61.4, 55.2, 52.6,
39.5, 14.2. HRMS: exact mass calculated for CyoH2;N,0O4 [M+H]" 359.1965, found
359.1975.

Ethyl 2-(benzyloxyamino)-3-(biphenyl-2-

PO Nk Me yl(methyl)amino)propanoate (3f): According to the general

EtO\H)\/N
Foe
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procedure 2, ethyl 2-(benzyloxyimino)acetate (70 mg, 0.337 mmol) and N,N-
dimethylbiphenyl-2-amine (3.0 equiv, 1.01) provided 3f after flash column
chromatography (5% ethyl acetate in petroleum ether) as a colorless liquid (127
mg, 93%). Rs = 0.65 (20% ethyl acetate in petroleum ether). IR (neat): vmad/cm™:
1737, 2923, 2853, 3060, 3030, 3261. *H NMR (500 MHz, Chloroform-d) & 7.48 (d,
J =7.2Hz, 2H), 7.39 — 7.34 (m, 4H), 7.33 — 7.27 (m, 5H), 7.24 (dd, J =75, 15
Hz, 1H), 7.14 — 7.08 (m, 2H), 4.68 — 4.62 (m, 2H), 4.19 — 4.07 (m, 2H), 3.74 (dd, J
= 8.4, 5.1 Hz, 1H), 3.11 (dd, J = 13.7, 5.1 Hz, 1H), 2.99 (dd, J = 13.7, 8.4 Hz, 1H),
2.62 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, Chloroform-d) § 172.7,
149.7, 141.3, 137.1, 136.2, 131.7, 129.0, 128.4, 128.3, 128.3, 128.2, 127.9, 126.9,
123.0, 120.4, 76.3, 62.5, 61.0, 54.0, 42.4, 14.2. HRMS: exact mass calculated for
C2sH29N203 [M+H]* 405.2173, found 405.2175.

Ethyl 2-(benzyloxyamino)-3-(diphenylamino)propanoate
o @ (39): According to the general procedure 2, ethyl 2-
“NH

B
Me._O W)VN (benzyloxyimino)acetate (70 mg, 0.337 mmol) and N-
o) methyl-N-phenylaniline (3.0 equiv, 1.01 mmol) provided 3g

n

after flash column chromatography (5% ethyl acetate in petroleum ether) as yellow
liquid (58 mg, 44%). R¢ = 0.30 (20% ethyl acetate in petroleum ether). IR (neat):
vma/cm™: 1590, 1732, 2919, 2851, 3034, 3063, 3259. 'H NMR (500 MHz,
Chloroform-d) 6 7.34 — 7.28 (m, 5H), 7.25 (dd, J = 8.5, 7.4 Hz, 4H), 7.02 — 6.94
(m, 6H), 4.68 (d, J = 2.5 Hz, 2H), 4.17 — 4.04 (m, 2H), 4.00 (dt, J = 11.7, 5.4 Hz,
2H), 3.92 (dd, J = 13.7, 6.3 Hz, 1H), 1.21 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz,
Chloroform-d) 6 172.5, 147.9, 137.7, 129.4, 128.7, 1284, 127.1, 121.1, 121.3,
76.4,62.7, 61.3, 51.8, 14.2. HRMS: exact mass calculated for C24H27N2O3; [M+H]*
391.2016, found 391.2030.
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BnO. . Me Ethyl 2-(benzyloxyamino)-3-((4-
Eto%“@ bromophenyl)(methyl)amino)propanoate (3h)

© Br According to the general procedure 2, ethyl 2-
(benzyloxyimino)acetate (70 mg, 0.337 mmol) and 4-bromo-N,N-dimethylaniline
(3.0 equiv, 1.01 mmol) provided 3h after flash column chromatography (5% ethyl
acetate in petroleum ether) as colorless liquid (128 mg, 93%). R = 0.3 (10% ethyl
acetate in petroleum ether). IR (neat): vmax/cm™: 2985, 1732, 1498, 1373, 1265,
1243, 1045, 847, 732, 702.'H NMR (400 MHz, Chloroform-d) & 7.32 — 7.27 (m,
7H), 6.56 (d, J = 9.1 Hz, 2H), 6.02 (s, 1H), 4.68 (s, 2H), 4.18 (qq, J = 10.7, 7.1 Hz,
2H), 3.88 — 3.83 (m, 1H), 3.57 (dd, J = 15.1, 5.7 Hz, 1H), 3.43 (dd, J = 15.1, 7.4
Hz, 1H), 2.87 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H). *C NMR (125MHz, Chloroform-d)
0 172.4, 147.7, 137.5, 131.9, 128.5, 128.3, 127.1, 114.0, 108.9, 76.4, 62.3, 61.4,
52.3, 39.3, 14.2. HRMS: exact mass calculated for CioH,4BrN,O; [M+H]*
407.0965, found 407.0962.

BnO. e Ethyl 2-(benzyloxyamino)-3-((4-
Etom)v"‘\@ chlorophenyl)(methyl)amino)propanoate (3i): According

© Cl to the general procedure 2, ethyl 2-(benzyloxyimino)acetate
(70 mg, 0.337 mmol) and 4-chloro-N,N-dimethylaniline (3.0 equiv, 1.01 mmol)
provided 3i after flash column chromatography (5% ethyl acetate in petroleum
ether) as colorless liquid (119 mg, 97%). R; = 0.29 (20% ethyl acetate in petroleum
ether). IR (neat): vma/cm™:1502, 1732, 2922, 2853, 3054, 3300. *H NMR (500
MHz, Chloroform-d) *H NMR (500 MHz, Chloroform-d) & 7.36 — 7.28 (m, 5H),
7.17 (d, 3 = 9.1 Hz, 2H), 6.62 (d, J = 9.1 Hz, 2H), 4.70 (s, 2H), 4.20 (qq, J = 10.8,
7.0 Hz, 2H), 3.88 (dd, J = 7.2, 6.0 Hz, 1H), 3.58 (dd, J = 15.2, 5.8 Hz, 1H), 3.45
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(dd, J = 15.1, 7.4 Hz, 1H), 2.90 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 3C NMR (125
MHz, Chloroform-d) & 172.7, 147.4, 137.7, 129.0, 128.7, 128.4, 128.0, 121.1,
113.7, 76.5, 62.5, 61.5, 52.6, 39.5, 14.3. HRMS: exact mass calculated for
C19H24CIN,O3 [M+H]* 363.1470, found 363.1453.

BnO- i Me Ethyl 2-(benzyloxyamino)-3-((4-
Etojw)v’i‘@ fluorophenyl)(methyl)amino)propanoate (3j): According
© F to the general procedure 2, ethyl 2-(benzyloxyimino)acetate
(70 mg, 0.337 mmol) and 4-fluoro-N,N-dimethylaniline (3.0 equiv, 1.01 mmol)
provided 3j after flash column chromatography (5% ethyl acetate in petroleum
ether) as yellow liquid (111 mg, 95%). R = 0.25 (20% ethyl acetate in petroleum
ether). IR (neat): vma/cm™: 1513, 1732, 2920, 2982, 3033, 3059, 3262. *H NMR
(500 MHz, Chloroform-d) 6 7.38 — 7.28 (m, 5H), 6.98 — 6.92 (m, 2H), 6.69 — 6.64
(m, 2H), 4.72 (s, 2H), 4.26 — 4.16 (m, 2H), 3.90 (dd, J = 7.2, 6.0 Hz, 1H), 3.56 (dd,
J=15.0,5.8 Hz, 1H), 3.44 (dd, J = 15.0, 7.4 Hz, 1H), 2.89 (s, 3H), 1.28 (t, J = 7.2
Hz, 3H). ®C NMR (125 MHz, Chloroform-d) & 172.7, 155.8 (d, J = 235.6 Hz),
1455, 137.7, 128.6, 128.3, 127.1, 1155 (d, J = 22.2 Hz), 113.8 (d, J = 7.2 Hz),
76.3, 62.5, 61.3, 53.1, 39.7, 14.2. HRMS: exact mass calculated for CigH24FN2O3
[M+H]* 347.1765, found 347.1771.

BnO.\ i Me Ethyl 2-(benzyloxyamino)-3-((3-chloro-4-
Etom)v’{‘\@m fluorophenyl)(methyl)amino)propanoate (3k)

© F According to the general procedure 2, ethyl 2-
(benzyloxyimino)acetate (70 mg, 0.337 mmol) and 3-chloro-4-fluoro-N,N-
dimethylaniline (3.0 equiv, 1.01 mmol) provided 3k after flash column
chromatography (5% ethyl acetate in petroleum ether) as yellow liquid (53 mg, 41
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%). R = 0.23 (20% ethyl acetate in petroleum ether). IR (neat): vma/cm™: 2927,
2253, 1731, 1612, 1454, 1508, 1242, 1198, 1022, 904, 724, 649. *H NMR (500
MHz, Chloroform-d) 6 7.33 — 7. (d, J = 5.1 Hz, 5H), 6.97 (t, J = 9.0 Hz, 1H), 6.69
(dd, J = 6.0, 3.1 Hz, 1H), 6.51 (dt, J = 9.1, 3.4 Hz, 1H), 4.68 (d, J = 2.4 Hz, 2H),
4.25 - 4.15 (m, 2H), 3.84 — 3.80 (m, 1H), 3.53 (dd, J = 15.3, 5.6 Hz, 1H), 3.40 (dd,
J=15.3, 7.4 Hz, 1H), 2.85 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H).*C NMR (125 MHz,
Chloroform-d) 6 172.4, 151.8, 146.0, 137.7, 128.7, 128.4, 128.0, 121.1 (d, J =18.1
Hz), 116.7 (d, J = 21.5 Hz), 114.0, 111.8 (d, J = 6.1 Hz), 76.5, 62.5, 61.5, 52.1,
39.7, 14.2. HRMS: exact mass calculated for Ci9H23CIFN,O3; [M+H]* 381.1376,
found 381.1377.

N 0 Ethyl 2-(benzyloxyamino)-2-(1-phenylpyrrolidin-2-
OW yl)acetate (31’): According to the general procedure 2, ethyl 2-

P (benzyloxyimino)acetate (70 mg, 0.337 mmol) and N,N-
@2 dimethyl aniline (3.0 equiv, 1.01 mmol) provided 3a after

flash column chromatography (5% Ethyl acetate in petroleum ether) as yellow
liquid (38 mg, 32 %). R = 0.5 (10% ethyl acetate in petroleum ether). IR (neat):
vmax/cm™*:1600, 1730, 2985, 3054. 'H NMR (500 MHz, Chloroform-d) § 7.27 (s,
4H), 7.18 (s, 1H), 7.13 (dd, J = 8.6, 7.4 Hz, 2H), 6.64 (t, J = 7.3 Hz, 1H), 6.51 (d, J
= 8.1 Hz, 2H), 4.67 — 4.56 (m, 2H), 4.08 (qd, J = 7.1, 1.7 Hz, 2H), 3.98 (t, J = 6.1
Hz, 1H), 3.78 (d, J = 5.3 Hz, 1H), 3.40 — 3.27 (m, 1H), 3.04 (g, J = 8.1 Hz, 1H),
1.84 (d, J = 11.0 Hz, 4H), 1.14 (t, J = 7.1 Hz, 3H). 'H NMR (125 MHz,
Chloroform-D) 6 172.8, 147.4, 137.7, 129.3, 128.9, 128.4, 128.0, 116.9, 112.8,
76.5, 65.7, 61.2, 58.6, 49.2, 28.1, 23.6, 14.2. Exact mass calculated for C;;H27N203
[M+H]": 355.2016; found: 355.2016.
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e - CBn Methyl 2-(benzyloxyamino)-3-
©/N\/H(O\Me (methyl(phenyl)amino)propanoate (3m): According to the
© general procedure 2, methyl 2-(benzyloxyimino)acetate (70
mg, 0.362 mmol) and N,N-dimethylaniline (3.0 equiv, 1.09 mmol) provided 3m
after flash column chromatography (5% ethyl acetate in petroleum ether) as yellow
liquid (70 mg, 61%). R; = 0.2 (20% ethyl acetate in petroleum ether). IR (neat):
vmax/cm™® 1599, 1737, 2918, 2951, 3030, 3062, 3259, 3463. H NMR (500 MHz,
Chloroform-d) 6 7.42 — 7.30 (m, 5H), 7.30 — 7.23 (m, 2H), 6.75 (dd, J = 10.5, 7.8
Hz, 3H), 6.04 (dd, J = 7.5, 5.7 Hz, 1H), 4.72 (s, 2H), 3.96 (dd, J = 7.4, 5.8 Hz, 1H),
3.74 (s, 3H), 3.64 (dd, J = 15.1, 5.8 Hz, 1H), 3.50 (dd, J = 15.0, 7.5 Hz, 1H), 2.93
(s, 3H). 3C NMR (126 MHz, Chloroform-d) & 173.2, 148.8, 137.7, 129.3, 128.7,
128.4, 128.0, 117.1, 112.5, 76.5, 62.5, 52.6, 52.3, 39.4. HRMS: exact mass
calculated for CysH23N,03 [M+H]* 315.1703, found 315.1700.

Me O8N Propyl 2-(benzyloxyamino)-3-
@NJYO\/\M(; (methyl(phenyl)amino)propanoate (3n): According to

© the general procedure 2, propyl 2-
(benzyloxyimino)acetate (70 mg, 0.316 mmol) and N,N-dimethylaniline (3.0 equiv,
0.949 mmol) provided 3n after flash column chromatography (5% ethyl acetate in
petroleum ether) as yellow liquid (101 mg, 93%). R; = 0.3 (20% ethyl acetate in
petroleum ether). IR (neat): vma/cm™ 1599, 1732, 2919, 2965, 3030, 3063, 3089,
3444.'"H NMR (500 MHz, Chloroform-d) & 7.34 (d, J = 4.4 Hz, 3H), 7.32 — 7.27
(m, 2H), 7.27 — 7.22 (m, 2H), 6.76 (dd, J = 11.5, 7.9 Hz, 3H), 6.07 (s, 1H), 4.73 (s,
2H), 4.19 — 4.04 (m, 2H), 3.96 (dd, J = 7.3, 5.9 Hz, 1H), 3.64 (dd, J = 15.1, 5.7 Hz,
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1H), 3.49 (dd, J = 15.1, 7.5 Hz, 1H), 2.94 (s, 3H), 1.68 (h, J = 7.1 Hz, 2H), 0.96 (t,
J =7.4 Hz, 3H).3C NMR (125 MHz, Chloroform-d) & 172.8, 148.8, 137.7, 129.3,
128.6, 128.4, 127.9, 117.0, 112.5, 76.4, 66.2, 62.7, 52.6, 39.4, 22.0, 10.4. HRMS:
exact mass calculated for CyH27N,O3 [M+H]" 343.2016, found 343.2017.

Me HN/OB”Q Benzyl 2-(benzyloxyamino)-3-
©/N O (methyl(phenyl)amino)propanoate (30): According to
© the general procedure 2, benzyl 2-

(benzyloxyimino)acetate (70 mg, 0.259 mmol) and N,N-dimethylaniline (3.0 equiv,
0.779 mmol) provided 30 after flash column chromatography (5% ethyl acetate in
petroleum ether) as yellow liquid (54 mg, 53%). R; = 0.45 (20% ethyl acetate in
petroleum ether). IR (neat): vmax/cm™ 1600, 1737, 2919, 3033, 3063, 3090, 3262,
3425. *H NMR (400 MHz, Chloroform-d) § 7.31 (dd, J = 6.9, 2.3 Hz, 5H), 7.28 (d,
J=24Hz 4H), 7.25 - 7.17 (m, 3H), 6.71 (dd, J = 17.5, 7.7 Hz, 3H), 5.22 — 5.09
(m, 2H), 4.68 (s, 2H), 4.01 — 3.94 (m, 1H), 3.58 (s, 1H), 3.48 (dd, J = 15.0, 7.4 Hz,
1H), 2.85 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 172.6, 148.7, 141.0,
137.5, 135.5, 129.3, 128.7, 128.6, 128.6, 128.4, 127.9, 117.0, 112.5, 76.4, 67.0,
62.7, 52.5, 39.3. HRMS: exact mass calculated for C,4sH2;N,O3 [M+H]* 391.2016,
found 391.20109.

Me OB e Isobutyl 2-(benzyloxyamino)-3-
@Nwoy\m (methyl(phenyl)amino)propanoate (3p): According to
© the general procedure 2, isobutyl 2-

(benzyloxyimino)acetate (70 mg, 0.297 mmol) and N,N-dimethylaniline (3.0 equiv,
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0.892 mmol) provided 3p after flash column chromatography (5% ethyl acetate in
petroleum ether) as yellow liquid (99 mg, 93%). R = 0.45 (20% ethyl acetate in
petroleum ether). IR (neat): vmax/cm™ 1600, 1733, 2960, 2918, 3030, 3063, 3258,
3450. *H NMR (500 MHz, Chloroform-d) & 7.35 — 7.28 (m, 5H), 7.27 — 7.21 (m,
2H), 6.77 — 6.72 (m, 3H), 6.05 (s, 1H), 4.71 (s, 2H), 4.00 — 3.86 (m, 3H), 3.64 (dd,
J =15.0, 5.6 Hz, 1H), 3.46 (dd, J = 15.1, 7.5 Hz, 1H), 2.93 (s, 3H), 1.95 (dp, J =
13.4, 6.7 Hz, 1H), 0.94 (d, J = 6.8 Hz, 6H). 3C NMR (125 MHz, Chloroform-d) &
172.8, 148.8, 137.8, 129.3, 128.7, 128.4, 127.1, 117.0, 112.5, 76.4, 71.4, 62.8,
52.6, 39.4, 27.8, 19.2. HRMS: exact mass calculated for C;;Hz9N,O3 [M+H]*
357.2173, found 357.2173.

Me yn-OBn Isopropyl 2-(benzyloxyamino)-3-

@NJYOYMS (methyl(phenyl)amino)propanoate (3q): According to
O Me .

the general procedure 2, isopropyl 2-

(benzyloxyimino)acetate (70 mg, 0.316 mmol) and N,N-dimethylaniline (3.0
equiv, 0.949 mmol) provided 3q after flash column chromatography (5% ethyl
acetate in petroleum ether) as a pale yellow liquid (102 mg, 94%). R = 0.3 (20%
ethyl acetate in petroleum ether). IR (neat): vma/cm™ 1600, 1730, 2918, 2980,
3030, 3063, 3260, 3442.'H NMR (500 MHz, Chloroform-d) § 7.35 — 7.27 (m, 5H),
7.27 - 7.22 (m, 2H), 6.74 (d, J = 8.2 Hz, 3H), 6.05 (s, 1H), 5.09 (hept, J = 6.3 Hz,
1H), 4.71 (s, 2H), 3.91 (dd, J = 7.2, 6.0 Hz, 1H), 3.61 (dd, J = 15.0, 5.8 Hz, 1H),
3.47 (dd, J = 15.1, 7.4 Hz, 1H), 2.93 (s, 3H), 1.29 (d, J = 6.2 Hz, 3H), 1.23 (d, J =
6.2 Hz, 3H). *C NMR (125 MHz, Chloroform-d) § 172.2, 148.9, 137.7, 129.3,
128.6, 128.4, 127.9, 117.0, 112.5, 76.4, 69.0, 62.8, 52.6, 39.4, 21.2. HRMS: exact
mass calculated for CyoH7N,O3 [M+H]* 343.2016, found 343.2014.
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Me HN-OP"

@H‘JYOV\ Allyl 2-(benzyloxyamino)-3-

© (methyl(phenyl)amino)propanoate (3r): According to
the general procedure 2, allyl 2-(benzyloxyimino)acetate (70 mg, 0.319 mmol) and
N,N-dimethylaniline (3.0 equiv, 0.957 mmol) provided 3r after flash column
chromatography (5% ethyl acetate in petroleum ether) as yellow liquid (100 mg, 92
%). Rf = 0.45 (20% ethyl acetate in petroleum ether). IR (neat): vmad/cm™ 1599,
1737, 2917, 3029, 3063, 3088, 3259, 3456. *H NMR (500 MHz, Chloroform-d) &
7.37 —7.31 (m, 4H), 7.31 — 7.22 (m, 3H), 6.76 (dd, J = 14.2, 7.8 Hz, 3H), 6.07 (s,
1H), 5.91 (ddt, J = 16.2, 10.7, 5.7 Hz, 1H), 5.26 (d, J = 10.5 Hz, 1H), 4.75 — 4.58
(m, 4H), 4.02 — 3.95 (m, 1H), 3.66 (dd, J = 15.0, 5.8 Hz, 1H), 3.51 (dd, J = 15.1,
7.5 Hz, 1H), 2.94 (s, 3H). 3C NMR (125 MHz, Chloroform-d) § 172.4, 148.8,
137.7, 131.8, 129.3, 128.7, 128.4, 127.2, 118.8, 117.1, 112.6, 76.5, 65.2, 62.7,
52.6, 39.4. HRMS: exact mass calculated for C,H2sN.03 [M+H]" 341.1860, found

341.1861.

Me yn-OMe Ethyl 2-(methoxyamino)-3-
@NJ\WO\/MG (methyl(phenyl)amino)propanoate (3s) : According to

© the general procedure 2, ethyl 2-(methoxyimino)acetate
(70 mg, 0.53 mmol) and N,N-dimethylaniline (3.0 equiv, 1.60 mmol) provided 3s
after flash column chromatography (5% ethyl acetate in petroleum ether) as yellow
liquid (127 mg, 94%). R; = 0.35 (20% ethyl acetate in petroleum ether). IR (neat):
vmax/cm™ 1599 ,1732, 2918, 3028, 3257, 3453. *H NMR (400 MHz, Chloroform-d)
8§ 7.31 — 7.22 (m, 2H), 6.76 (dd, J = 13.6, 7.7 Hz, 3H), 4.28 — 4.12 (m, 2H), 3.97
(dd, J = 7.3, 5.9 Hz, 1H), 3.67 (dd, J = 15.0, 5.8 Hz, 1H), 3.54 (s, 4H), 2.99 (s,
3H), 1.27 (t, J = 7.1 Hz, 3H).13C NMR (101 MHz, Chloroform-d) & 172.7, 148.9,
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129.3, 117.0, 1125, 62.3, 62.1, 61.4, 52,5, 39.4, 14.2. HRMS: exact mass
calculated for Cy3H21N2,03 [M+H]* 253.1547, found 253.1542.

Ethyl 2-(benzhydryloxyamino)-3-
| N-C (methyl(phenyl)amino)propanoate (3t): According to the
@NJ\WO\/ general procedure 2, ethyl 2-(benzhydryloxyimino)acetate

° (70 mg, 0.24 mmol) and N,N-dimethyl aniline (3.0 equiv,
1.01 mmol) provided 3t after flash column chromatography (5% Ethyl acetate in
petroleum ether) as yellow liquid (59 mg, 59 %). R; = 0.5 (10% ethyl acetate in
petroleum ether). IR (neat): vma/cm™:1601, 1732, 2927, 3054. *H NMR (500 MHz,
Chloroform-d) & 7.23 (d, J = 6.4 Hz, 5H), 7.19 — 7.10 (m, 7H), 6.62 (dd, J = 11.3,
8.1 Hz, 3H), 5.94 (s, 1H), 5.65 (s, 1H), 4.18 — 3.98 (m, 2H), 3.88 (t, J = 6.6 Hz,
1H), 3.53 (dd, J = 15.0, 5.9 Hz, 1H), 3.41 (dd, J = 15.0, 7.4 Hz, 1H), 2.79 (s, 3H),
1.16 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, Chloroform-D) & 172.65, 148.8,
141.4, 129.3, 128.6, 128.5, 128.4, 127.7, 127.5, 127.3, 126.6, 117.0, 112.5, 87.0,
62.5, 61.3, 52.5, 39.4, 14.3. Exact mass calculated for CxHxN,O3 [M+H]™:

405.2173; found: 405.2165.

O Ethyl 3-(methyl(phenyl)amino)-2-(naphthalen-1-
| HN-C O ylmethoxyamino)propanoate (3u): According to the
©/NJ\(OW general procedure 2, ethyl 2-(naphthalen-1-
© ylmethoxyimino)acetate (70 mg, 0.337 mmol) and N,N-

dimethyl aniline (3.0 equiv, 1.01 mmol) provided 3u after flash column
chromatography (5% Ethyl acetate in petroleum ether) as yellow liquid (100 mg,
90 %). Rf = 0.6 (10% ethyl acetate in petroleum ether). IR (neat): vmax/cm™:1600,
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1732, 2988, 3054.H NMR (500 MHz, Chloroform-d) & 8.15 — 8.09 (m, 1H), 7.89
—7.79 (m, 2H), 7.54 — 7.38 (m, 4H), 7.26 — 7.19 (m, 2H), 6.73 (dd, J = 21.5, 7.8
Hz, 3H), 5.23 - 5.13 (m, 2H), 4.15 (qq, J = 10.7, 7.2 Hz, 2H), 3.92 (dd, J = 7.4, 5.8
Hz, 1H), 3.61 (dd, J = 15.1, 5.7 Hz, 1H), 3.48 (dd, J = 15.0, 7.6 Hz, 1H), 2.89 (s,
3H), 1.22 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CHLOROFORM-D) § 172.64,
148.9, 133.8, 133.1, 132.1, 129.3, 129.0, 128.6, 127.7, 126.2, 125.8, 125.3, 124.3,
117.1, 1125, 74.8, 62.7, 61.3, 52.6, 39.3, 14.24. Exact mass calculated for
C23H26N203 [M+H]*: 379.2016; found: 379.2013.

References:

1) Wuy, Q.-L., et al. (2020). "Visible-light-promoted radical cross-coupling of para-quinone methides
with N-substituted anilines: an efficient approach to 2,2-diarylethylamines." Organic &
Biomolecular Chemistry 18(5): 860-864.

2) Chiranjeevi, B., et al. (2014). "Iron(lIl)-Catalyzed C—H Functionalization: ortho-Benzoyloxylation
of N,N-Dialkylanilines and Its Application to 1,4-Benzoxazepines." European Journal of Organic
Chemistry 2014(35): 7839-7849.

3) Godineau, E. and Y. Landais (2007). "Multicomponent Radical Processes: Synthesis of
Substituted Piperidinones." Journal of the American Chemical Society 129(42): 12662-12663.

4) Richaud, A. D. and S. P. Roche (2020). "Structure—Property Relationship Study of N-
(Hydroxy)Peptides for the Design of Self-Assembled Parallel B-Sheets." The Journal of Organic
Chemistry 85(19): 12329-12342.
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8. 1H and 13 C spectra of products

vTT
9zt W
87T

(73]
[2X] W
99

<
E.N/
9z~

6TL~F
o€
€L
€L
€€

/JH\Z.M

=$6'C

E80T
0T

=960

== [z

———— 8T

N

cria'—\N/

f1 (ppm)

9THT —

S£'6€ —

7578 —

LET9~
6579

Pr'oL /
Q-WHO40HOTHD +8'92 ~\
Q-WHO4OUOTHD ET°LL \
Q-WHO4ONOTHD 8b°LL

LT —

00°LTT —

¥6°LTT
5821~

19°'821 W
6T62T

§9'LET —

8L:8vT —

3a

wur—

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

00



Supporting Information

8T'T
67’1 W
€T

6T —

6T
St'e A8
9b'E
8v'e
6¥'€
85°€
65°€ /.
19—
79 7
¥6'E
S6'€ AN
96'€ N
L6°€
9T
8Ty
8Tt
354
44
ozy
Ty
wy
xa4
[x44
(244
sty
sty
lead
€LY

899~
699"
90,
80°L /
0€'L
0€’L
€L
1€°L
€L
€L
€L
€€
vEL
SEL
S€'¢L

=5z

=90'¢

0.5

1.0

1.5

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 (ppm)

9.5

.0

9THT —

1€°07 —

1b'6€ —

675 —

8719 ~
1979

£b'9L —

6T —

€€°92T
06'£2T #

6€'82T —
85'82T *
6L°6TT

TLLET—

88'9vT —

sLer—

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

190



0E'T
€T W
€€°T

Supporting Information

16T
6b'€ A8
0S'€
T5°€
€5°€

b9'E
S9°€ /
19€ —F
e/
86'¢
66'€ >
66°€ N“
00
8Tt
0Ty
Y
1Y
wy
x4
x4
(244
STy
9T
9TH
Pzad
8T
6Tt
&y

PO~
997"
e
€€
bE'L
S€L
9L
£
8E'L

— [LH\ZA

!/

Y6

=00'€

*=80°C

1T
8

0.5

1.0

1.5

2.5 2.0

3.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

9.5

.0

TP —

09'TE—
08'€€ —

LE°6€—

975 —

STT9~
079

oL \
Q-WYO40¥OTHD T6°9Z ~\
Q-WIOJOHOTHD 9T'£L \
Q-WHO40HOTHD TH'2L

2092~

Ji:yiat
se'8zt W
5581

§9'LET —

CH,

I
z
69°7LT — \
d \W”o 8
d
E

Wl

r T
o 0O
S9'6ET— £
o
79'9bT —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

00

f1 (ppm)



Supporting Information

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

120

!
s
<
Fe
. TrT—
AN ]
e =sbE
€61 n
[ 61—
N
e~
9gT— — =sg0¢ " bE6E—
re
s6'
areq- = =eee | p 8525 —
15°€
[
toe " o~
vm.m/ Fs11 e 1979
99'€ — ot
e’
16°€
Sot 0T -G ooy
86'€ N Q-WHOH0HOTHD T6'9L
66'C TN.N Q-WHO4OUOTHD 9T°2L W
8T Q-WHOHONOTHD Tr'2L
- n
61t L@
0Ty <
Y
s e £
wy og
€y rnws
244 bl
a4
sty "
T Lo
zy
wy
mw.v areor”
g ) TEETT
[ LS 8
© 66411~
859 0 8821
[ 9€'8TT
09'9 W — —— Fere w7
%.N Tr6CT
g =}
% MM r~ 89'LET~
o - : 18'8ET
Q-WHO4OUOTHD 92'L \§ — u 10T ©
£€L~ _ 60 [}
€€ — 9E | 1n
YEL FN o
T6'8vT
9 9L
° o | ¢
) ° o
\ [« B Om
T /N
I
n
5 .
O — S92 —
b )
¢} o =
[3)
v
o
2

180 170 160 150 140 130

190




Supporting Information

©
3]
o
Q
™M
b
o

- £
e

g

sT'T
9T'T W
87’1

154
bhe
Sk'e
e
8v'e
65°€
09°€
29°€
€9°€
8L€ k
T6°€
26°€
v6'€
&
STt
9Tt
oty
s
8T
6Tt
6T'%
0zt
TTh

Ty
wy
x4

YT
oLy —

$0'9 —
87’9
67°9
629
0€'9
€9
z€'9
€9
€€'9
€€'9
S€'9
s€'9
[a v
YL
STL

O Q-WYO40UOTHD §T°L

9T'L
paara
8T'L
6T°L
6TL
0€'L
€L
€L

18T

Root
B0
=987

960
Fost

68T

€0

Fs60

Feow

0.5

1.0

1.5

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 (ppm)

9.5

9THT —

196 —

1575 —
81'S§ —
LET9~

99

9b°9L
Q-WHO40UOTHD 68'9L

Q-WHO4OUOTHD ST£L
Q-WHO40¥OTHD 0v'LL

$0'66 "
£0°201 —
76°S0T ~

26°LTT

(748 V.

65°82T
86°6CT 7/

89'LET—
v zzost—
9} 68°09T —

9T —

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

00



Supporting Information

@t
YT W
ST

09'C
56T /

xvvvxllnnwnllmuullllnmwmmawN

\.

16T
86'C
00°€
80°€

60°€ A\

:Am\“
e
e
NN.mW.

€€
(733 7
90
80'% AN
80
60t
(U3
1351
354
334
STY
9T
9TY
8T
9%
€9
¥9'b
9%

0L
60°L
oL
(a9

we
€L
sTL
wL—
0€'L
€L
bE'L
SEL
el
9L
8b°L

=90°€

— —===F01
— —===E80T

T = Faee

0.5

1.0

1.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

7.5

9.5 9.0 8.5 8.0

2.0

STYT—

66T —

S0'b5 —

PO IO~
0929 —

€€°9L A
Q-WHO4OMOTHD T6'9Z ~\:
Q-WHO40UOTHD 9T 2L \
Q-WHO4O¥OTHD TH'LL

= m
O —
z
0\ o&
d
W

9v°0z1
80°€21
A
sget
vz'8et
g8zt
6£'821
05°821 \
et/
99°TET
ST9ET—
96'L€T~"
LETHT ~

99°66T —

92T —

40

50

T T
100 90
1 (ppm)

110

T
120

00



Supporting Information

0zt
ﬁ:w
[2a3

06°€
433
€6°€
b6'E
86'€
66°€
00t
10t
W0y
0
sov
20
20
80
60t
oT'b
o'y
b
[A%
€10
ETP

0.5

2.0

2.5

3.0

3.5

YTb
v
Elad
9T
89'v
mw.vv.

v6'9
969
969
269
669
w0
YOI~
szL
stL
e
6L
6TL
ocL
5L
(2
L
vEL

5.0 4.5
f1 (ppm)

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

TP —

081§ —

LET9~
1979

9L
Q-WHO40UOTHD T6°9L

e

40

50

60

70

Q-WHO40MOTHD 9T'LZ
Q-WHO4OUOTHD THLL

LETTI~
6121
s6'221

8Lt W
€821 7

w'6eT

89°LET—

08°LbT —

d 95241 —

100 90 80

1 (ppm)

110

120

180 170 160 150 140 130

190

00



Supporting Information

vTT
9TT W
87T

209 —

SS9
_um.m\

T L
0€'L —F
e’

F£TE

A

/

=90°¢

=111
S===TF%0T1

=T001

= ez

=66'T

= wvaa

F00'Z

F6b'9

0.5

1.0

1.5

5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

5.5

9.0 8.5 8.0 7.5 7.0 6.5

9.5

e —

8E'6E—

8ETE—

0 T9~
879~

oL \
Q-WYO40¥OTHD T6'9Z ~\
Q-WYO40HOTHD 9124 \
Q-WYO40UOTHD ZbLL

88°80T —

0PI —

€6'421
Le'8z1
L5821 N
S8°TET

o 95° 26T —
WH% %x&\
C‘

I} wur—

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

00



Supporting Information

9TT\

67T

199~
— 199
€997

9T
81°L
Q-WYO40HOTHD 9Z°L

=50°€

=60'€

20T
F90'T

=00'T

== TN.N

=0T

=01'C

=261
Foo0's

0.5

1.0

1.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

7.5

9.5 9.0 8.5 8.0

2.0

TP —

£b'6E —

0528 —

019~
29~

£v'oL \
Q-WYO40HOTHD T6'92
Q-WHO40¥OTHD 9T'2L W
Q-WYO40HOTHD Th'LL

[}
wé
CM
z
O\ o @
(e}
w

9S°ETT —

64121 —

b6'LTT
8€'8TT W
85°8TT
66'8CT \

8S°LET —

PELKT —

0§°2LT —

40

50

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

00



Supporting Information

LARN

N

=or'€

=10°€¢

80T

80T

00T

Fsrz

=0T

€T

10z

Fses

0.5

1.0

1.5

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

6.0

6.5

9.0 8.5 8.0 7.5

9.5

0TpT —

99'6€ —

LTEs —

TET9~
Ay

6£°9L /
Q-WYO4OUOTHD T6'92 ~\
Q-WYO4OUOTHD 9T°LL W
Q-WHO4OUOTHD TH 2L

uWa

CNA

z

0\ o &
d
©

YLETT —
€9'STT —

06221
S€'871 W
§5'821

29'Le1 —

L5°SPT —

LLYST—
$9°95T —

09'2LT —

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

190



Supporting Information

o w
g
CNA
z
O\ o
o
)

9zt
8T'T W
67’1

6v'9
05’9
05'9
15°9
759
59

89'9
89'9
69'9
0L9

S69\
L6997
mm.w\

Q-WHO40UOTHD 9Z'L ~5

3k

e
8L
6TL
€L
€L
473
€€°L

=0T'€

0.5

1.0

1.5

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 (ppm)

9.5

=

o
e
z

d

6TvT —

99°6€ —

1625 —

SST9~

1529

€5°9L

Q-WHO4OHOTHD T6'9L
Q-WHO4ONOTHD 9T°ZZ
Q-WHO4OHOTHD TH'LL

o

9L T1T
18111 >
POPIT —
$9'9TT
18°911 7
60°12T
3t 7
£0'821
Sb'8TT W
59'8CT

19261 —

£0°9pT —

LL7T5T —

prr—

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

00



Supporting Information

o/NH

3l

mﬁ.ﬁ/

YT
mﬁ.ﬁ\

€8T~
81"

Feot

g0

Z0°T
Wﬁm.ﬁ

Feet

Feet
Fso1

6'T

60
Rog'e

0.5

1.5 1.0

2.0

3.5

4.0

5.0 4.5

f1 (ppm)

T
5.5

9TPT —

€9°€T —

L0°8T —

9T'6y —

5585 —
91’19 —

5969 —

0S°9Z
Q-W3040U0THD S8°9Z

A

-

Q-WYO40HOTHD 0T ZZ
Q-WIOHOUOTHD 9€°LL

. —

26911 —

S6'221
ov'8eT V
98'821 -/
Eralas 7

TLLET —

9ELPT —

LU —

110

T T T T T T
180 170 160 150 140 130

T
190

00

f1 (ppm)



Supporting Information

g

CHy

\CH3

£6'7—
8b'e
6v'c
15°€
[AR
79°€
£9°€ AN
S9'€ \“
99°€ \
bLE
S6'€
96°€
L6'€
86'€

2wy —

€9
SL'9 W
SL'9
L9 x
8L'9

STL

Q-WHO40YOTHD 92°L

9T'L
8T'L
€L
€L
L
vEL
SEL

=00'€

=61

tad
9°b

0.5

1.0

1.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

7.5

9.0 8.5 8.0

9.5

CH,

6E°6€—

€675~
15257

b579—

€5°9L /
Q-WHO40MOTHD £6'94 ~\
Q-WHOOUOTHD £7LL \
Q-WHO40UOTHD 8v°£L

PSTIT—

T —

00'82T
Q148 W
69°87T
SE'671 7

99°LET—

8L86T —

6LELT—

40

50

T T
100 90
1 (ppm)

110

T
120

00



Supporting Information

(o}

%

CHy

=
o

+6°0
96°0 W
160

v9'T
99'T W
9T
69T
oLt
(784

v6'T
e AN
8v'E
05°€
15°€

79
€9°€ /
S9€ >
00/
PEE\
96'€
96°€ N
L6E
90t
L0
80y
60
ory
h354
[a%4
(384
184
ST
ST
JASY
Ly

209 —

bL'9
99 W
99 \
8.9
YTl
sL

Q-WYO40UOTHD 9T°L

(o}
c
%

O

9L
aara
6TL
0€'L
€L
143
€€
vEL
SE'L

/

f

l

f1 (ppm)

—_ —

Froz

F06'C

Foo1
Fso1

Fe660

Fore

=767

Faso

Fse

45T
MM@A
a3

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

N

CH,

86°0T —

v0'Ze —

TH'6E —

7978 —

2w —

9699 —

8b°9L /
Q-WHO40¥OTHD 96°9Z ~\
Q-WHO40MOTHD ZT'LL W
Q-WHO4ONOTHD Lb°LL

3
<
o

PSTIT—

S0°LTT—

s6'LTT
£4'87T W
$9'82T
ze'6TT 7

€LLET—

€8'8pT —

v8TLT—

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

00



Supporting Information

g

CH,

s8'7—

sv'e
e V
6b'E 7
05°€
85°€ \
96°€
86'€ W
66'€

89y —

s

PIS
ore—
el

899
(U] W
€9
sL'9 7

61°L
1L W
1L

YL
8T'L
6C'L
0€'L
0€'L
143
€L

F00°E

Ferr
Foot

0.5

1.0

1.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

7.5

9.5 9.0 8.5 8.0

2.0

bE'6E —

0526 —

8979 —

1029 —

6oL /
Q-WHO40YOTHD 0892 ~\.
Q-WYO4ONOTHD ZT°LL W
Q-WHOJOUOTHD bb'LL

€5°TIT —
L0°L11 —

[ead
'8zt
29'821
59'82T
69'821
TE'62T
05'SET —
SSLET T
T0°TPT ~

o SL8PT —

09°2LT —

Y

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

190



Supporting Information

0.5

$9°7§ — J

€60~ -
5607 tu 609 |

16'T e
L R —
z6'T % 9,29

1.0

1.5

¥6'T
S6'T ¢ ~ == Toor | 2
- 4 o~
96°T
86'T
66°T
in
Fa WL — _—

9L /
ez e L3 FE RO T————
vh'E ” Q-WYOHOHOTHD LT°LL \

m.\m% Q-WHO40UOTHD Eb°£L

e
8ve —
e
toeF — = Feot
mw.m\

wm.m T —= Fere |
68°c
06
T6°€
ve'e L
s6'€
96°€ \ —_— ¢ Eset

= Fror |

3.5

4.0

4.5

L6°€
86°€
e

5.0
1 (ppm)

T
5.5

6.0

€571 —

6.5

€9
vL'9
sL'9
9.9
€TL
vTL

— = FITe o

}

— = 16T
€0°LTT —

7.0
ChHy

1©°0-WHO40UOTHD 92°L
o 6T'L

7.5

8.0

- ocL
oe¢ o 62T\
- pE Y —————
€€ LS O m £9°821 W
Te'6TT
[¢]
°o &

O/m \W - - wier— I

CH,
9.0 8.5
CHy

9.5

2.0

6861 — ‘Lw

140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50
1 (ppm)

145

.50



Supporting Information

5 ro
1
e
<
Fe
<o
bz =00€
8T1 -7 Svee
67T 7 n
Fe 1677 —
° E:
e~
6€°6 —
n
re
€62
RO _J =0 | © .
ore Fa 6575 —
b€
6b'€
65°€ n
ow.m/ — Forr | 2 €879 — —_—
et — o1t
£9°€ 0069 — —_—
68'€
16 — - Eso1 o .

g F e oL \
16€ Q-WHOJ0UOTHD £6'9L
z6€ -WHOHOUOTHI 8T -

Q-WYO40¥OTHD vb'LL
v
<
e — =60 ~
50°S m.
5
80'S — = Freot =
60'S b
or's
s n
[ v
o sszIT
509 — ~ -( Feso [ © 10411 —
| v 262t
S TH8TT e
€09~ 95'821

SO _ . .
seo 7 F8re 0£°62T \
99 ° o
€L NG e — ]
& W S R SLLET
sTL —_ = T x

J-WYOJ0N¥OTHD 9T°L 6 o
% 8zt Lo
6cL < 16861 —
b 0€L o
S} 0EL o o ™
€L o /N
€L ) £
o L
(o} O ™ g7
\ @ 5
I o (S
voeLr —
G Ls
v
ro
2

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

190

00



Supporting Information

N

CH,

5
/

[¢]
o0&

O

v6°T
6b'€
o0s'€
[
€5°€
b9'E
s9°€
19€
89°€
16°€
66'€
00t
09t
19
€9
b9
S
994
89
69
A%
sz's

s W
€65 —
557

(8°S
88'S
68's
16 —¢
26's

£6'S
v6'S
S6'S
£0'9

o

w7

S o

vTL
Q-WYO40UOTHD 9Z°L /

L%
6TL
0€'L
€L
143
€€
bE'L
SEL

=00°E

Bt
Tt
Fsor

Tm.q

E560

Feeo

E250

Foze

9T
23

0.5

1.0

1.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

7.5

9.0 8.5 8.0

9.5

N

CH,

£0°6€ —

1575 —

8979 —
§6'59 —

15°9L \
Q-WHO40HOTHD 9694
Q-WHOHOUOTHD TZ'LL \
Q-WHOH0UOTHD 9v°2L

3
<
o

8§21~
[AVA NS
PEBIT ~

86221
preei\
19'821 W
vE6zT )
(230

1921 —

08'86T —

W —

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

00



Supporting Information

[SaEe) o

ST
@ W
6T'T

b9
st9 W
o)
£ 609 7
o vTL
9L W
Q-WYO40¥O0THD 9T°L \
8L
O

n
]

CH,

O

o
\
=
<
Fa
Ere
1
F e
N
e
5
e~
o
E06C | o
1
Feee o
Fert
g <
Feo 3
Fooe
v
<
<
[ wn
1
M wn
]
o
\n
e
ez
N
F
Eet
1
F N
=
[T o
n
[T o
=
o
1
o
<

f1 (ppm)

YTPT—

£b'6E —

0525 —

or'19
E.NWW
S€'79

Q-WHOA0UOTHD 68'9L
Q-WIOIOUOTHD TT'LL
Q-WYO40UOTHD €5°LL

bSTIT—

60°LTT —

£€°62T —

S8'8pT —

9T —

|

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

190



Supporting Information

NG

i<4
Q-WHO40HOTHD 92
] 8T

&

o
cH, N

O

L
L
L

e

Toot
ot

Fse0

WZ.N

/8T

Fove
oLy

T
5.0
f1 (ppm)

e ©

Chy

8THT —

SE'6E —

T8Cs —
PETI ~

(R ha

Q-WI040YOTHD €8°9L L
Q-WY040¥OTHD ST°ZL w
A-WYO40¥OTHD 9¥°LL

0048 —

;sar—

869TT —

9921
[Awxas
Lyt
§9°LTT

LE°8TT
SH'8CT
85'8¢T
8C'6CT

SETYT —

8L°8vT —

L

S9UT —

o

f1 (ppm)



Supporting Information

o
cH  HN

Q-WYO40¥O0THD ST°L

H%

LTV
mﬁw\
8T
6T°%
(384
Ty

ST'S
8T'S
61's
175~
09
[ y
€9
b9
9,9
17
2L
€L
vzl
YTl

ob'L
2
€02
9L
1rLA
ove
052
o524
15~
e
182

w®L—F
S8°L
98,
L8°L
18
4%}
€18

Fee

6T

Fsot
Frot

160

oz

Fozz

0.5

3.0 2.5 2.0 15 1.0

5.0 4.5 4.0 3.5

f1 (ppm)

5.5

YTy —

0€'6E —

w9 —

PETI ~
8979 —

8LYL /

A-WYO40™OTHD 16'9Z N

Q-WYO40HOTHD 9T°LL —F
A-WYO40™OTHD Tv'LL

¥STIT —

SOLIT —

8T'¥T
8T'szT /
8'sTT /
YT9TT =
69°L2T —
09'8zZ1 -
96'8CT
oeezt
L0°CET
PIEET
T8EET

L8'8VT —

3u

w b9'TLT —

130

190 180 170 160 150 140

00

f1 (ppm)



