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I. General remarks

NMR spectra were obtained on a Bruker AMX-400. The *H NMR (400 MHz)
chemical shifts were measured relative to CDCl; as the internal reference (CDCls: 6 =
7.26 ppm). The *C NMR (100 MHz) chemical shifts were given using CDCl; as the
internal standard (CDCls: 6 = 77.16 ppm). High-resolution mass spectra (HR-MS)
were obtained with a Waters-Q-TOF-Premier (ESI). Melting points were determined
with XRC-1 and are uncorrected.

Unless otherwise noted, all reagents were obtained from commercial suppliers and
used without further purification. CuBr (99.0 %) was purchased from Shanghai Xin
Bao Fine Chemical Engineering Reagent (China) CO., Ltd., TBHP (65 wt% in water)
was purchased from Sinopharm Chemical Reagent (China) Co., Ltd.,
N, N-dimethylformamide was purchased from Chengdu Ke Long Chemical Engineering
Reagent (China) CO., Ltd., N,N-diethylformamide was purchased from Chendu
Best-reagent (China) CO., Ltd., and 4-formylmorpholine was purchased from Accela
ChemBio (China) Co. Ltd.. N-Substituted-2-picolinamides®, N-(pyridin-2-yl)amides?,
N-phenyl-3-picolinamide®, N-(pyridin-3-yl)benzamide?, 1-formylpiperidine®, and

1-formylpyrrolidine® were prepared according to the literature procedures.

Il. Optimization of the oxidative C-H/N-H cross-coupling of
N,N-dimethylformamide with N-phenyl-2-picolinamide

Table S1: Optimization of reaction conditions®

AN N o N
| H Q / catalyst, oxidant |
AN >_N A
N * H \ Temp., ime N
© (0]
la 2a 3a

Entry Catalyst Oxidant Temp. Time Solvent Yield
(°C) (h) (%)”

1 CuBr, TBHP 80 12 none 76

2 CuBr TBHP 80 12 none 85

3 CuCl,-2H,0 TBHP 80 12 none 79

4 CuCl TBHP 80 12 none 79

5 Cul TBHP 80 12 none 46

6 Cu(OAc), TBHP 80 12 none 72
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7 Cu(0Th), TBHP 80 12 none 79
8 CuS0O, TBHP 80 12 none 54
9 CoCl,-6H,0 TBHP 80 12 none 59
10 Pd(OAc), TBHP 80 12 none N.D.C
11 FeCl; TBHP 80 12 none N.D.
12 NiCl, TBHP 80 12 none N.D.
13 none TBHP 80 12 none N.D.
14 CuBr DTBP 80 12 none <5
15 CuBr TBPB 80 12 none <5
16 CuBr DDQ 80 12 none N.D.
17 CuBr H»0, 80 12 none N.D.
18 CuBr K5»S,0g 80 12 none N.D.
19 CuBr (NH,)2S,0g 80 12 none N.D.
20 CuBr TBHP 60 12 none 83
21 CuBr TBHP 40 12 none 80
22 CuBr TBHP r.t. 12 none 57
23 CuBr TBHP 120 12 none 67
24 CuBr TBHP 80 1 none 75
25 CuBr TBHP 80 3 none 80
26 CuBr TBHP 80 6 none 84
27 CuBr TBHP 80 24 none 78
28¢ CuBr TBHP 80 12 DMSO* <5
29 CuBr TBHP 80 12 Toluene’ <5
307 CuBr TBHP 80 12 CH3CN¢ <5
314 CuBr TBHP 80 12 DCE® <5
32¢ CuBr TBHP 80 12 none <5
33 CuBr TBHP 80 12 none N.D.

“ Reaction contidions: N-phenyl-2-picolinamide (1a, 0.5 mmol, 1.0 equiv), N,N-dimethylformamide (2a, 1 mL),
catalyst (5 mol%), oxidant (1.5 equiv). ° Isolated yield. ¢ Not Detected. ¢ 3.0 equiv DMF. °1 mL. /1.0 equiv
TEMPO (2,2,6,6-tetramethylpiperidine N-oxide). TBHP = tert-butyl hydroperoxide. DTBP = di-fert-butyl peroxide.

TBPB = tert-butyl perbenzoate. DDQ = 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.

I11. General procedure for the oxidative C-H/N-H cross-coupling of formamides
with amides

TBHP (65 wt% in water, 1.5 equiv) was added to a mixture of amide (1 or 4, 0.5
mmol, 1.0 equiv), CuBr (5 mol%) and formamide (2, 1 mL) in a Schlenk tube under
N, atmosphere. Then the reaction temperature was increased to 80 °C and the reaction
mixture was stirred for 12 hours. After cooling to room temperature, the reaction
mixture was extracted with ethyl acetate (20 mL), washed with water followed by
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brine, and dried over anhydrous Na,SO,. Removal of the solvent under vacuum
afforded the crude product, which was purified by column chromatography on silica
gel (petroleum ether/ethyl acetate = 2/1 ~ 1/2, v/v) to afford the required product (3 or
5).

IV. Procedure for the removal of the 2-pyridoyl group

The mixture of 3a (0.4 mmol, 1.0 equiv) and NaOH (3.0 equiv) in MeOH (2 mL)
was stirred at 50 °C for 12 hours. TLC (petroleum ether/ethyl acetate/dichloromethane
= 1/2/1, viviIv) indicated that 3a was disappeared and the product was generated. After
cooling to room temperature, the reaction mixture was extracted with ethyl acetate (20
mL), washed with water followed by brine, and dried over anhydrous Na,SO.,.
Removal of the solvent under vacuum afforded the crude product, which was purified
by column chromatography on silica gel (petroleum ether/ethyl acetate = 1/1, v/v) to

afford the required product 6a.

V. Procedure for the removal of the benzoyl group

The mixture of 5a (0.4 mmol, 1.0 equiv) and NaOH (3.0 equiv) in MeOH (2 mL)
was stirred at 50 °C for 12 hours. TLC (petroleum ether/ethyl acetate/dichloromethane
= 1/3/1, viviv) indicated that 5a was disappeared and the product was generated. After
cooling to room temperature, the reaction mixture was extracted with ethyl acetate (20
mL), washed with water followed by brine, and dried over anhydrous Na,SO.,.
Removal of the solvent under vacuum afforded the crude product, which was purified
by column chromatography on silica gel (petroleum ether/ethyl acetate = 1/3, v/v) to

afford the required product 7a.
V1. Experimental data for the described substances
|
O N
() T
N N
O
N-(Dimethylcarbamoyl)-N-phenylpicolinamide (3a)
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, v/v) afforded 3a as a white solid (115 mg, 85% vyield). M.p.: 97-99 °C.'H NMR
(400 MHz, CDCls): § = 2.99 (s, 6H), 7.29-7.33 (m, 1H), 7.36 (d, J = 8.0 Hz, 2H),
7.40-7.46 (m, 3H), 7.84 (t, J = 7.6 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 8.57 (d, J = 3.2
Hz, 1H) ppm. **C NMR (100 MHz, CDCl5): 6 = 37.1, 38.5, 119.8, 124.5, 125.6, 126.2,
127.0, 129.2, 129.4, 137.1, 138.5, 148.3, 152.2, 157.9, 168.3 ppm. HRMS (ESI"):
calcd for Ci1sH1sN3NaO, [M+Na]* 292.1062, found 292.1064.

N-(Dimethylcarbamoyl)-N-(o-tolyl)picolinamide (3b)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 3b as a white solid (120 mg, 85% vyield). M.p.: 125-126 °C.'H
NMR (400 MHz, CDCls): 6 = 2.27 (s, 3H), 2.89 (s, 3H), 2.93 (s, 3H), 7.21-7.24 (m,
3H), 7.28-7.30 (m, 1H), 7.38 (t, J = 6.2 Hz, 1H), 7.81 (t, J = 7.8 Hz, 1H), 7.97 (d, J =
7.6 Hz, 1H), 8.54 (d, J = 4.4 Hz, 1H) ppm. **C NMR (100 MHz, CDCls): § = 18.4,
37.2,37.7,124.2,125.7, 126.0, 126.9, 127.7, 131.3, 135.2, 136.9, 137.4, 148.3, 152.3,
158.3, 168.7 ppm. HRMS (ESI"): calcd for CyHi7N3NaO, [M+Na]" 306.1218, found
306.1215.

|
X OYN\
L,
T L
O
OMe

N-(Dimethylcarbamoyl)-N-(4-methoxyphenyl)picolinamide (3c)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 3c as a white solid (114 mg, 76% yield). M.p.: 170-172 °C.H
NMR (400 MHz, CDCls): 6 = 2.89 (s, 3H), 2.91 (s, 3H), 3.75 (s, 3H), 6.85-6.89 (m,
2H), 7.18-7.22 (m, 2H), 7.31 (dd, J = 7.6 Hz, 4.8Hz, 1H), 7.73 (td, J = 7.6 Hz, 1.6Hz,
1H), 7.90 (d, J = 7.6 Hz, 1H), 8.46 (d, J = 4.8 Hz, 1H) ppm. **C NMR (100 MHz,
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CDClg): 0 = 37.1, 38.5, 55.6, 114.7, 121.3, 122.4, 124.4, 126.1, 127.1, 131.2, 137.0,
148.2, 152.3, 158.0, 158.4, 168.4 ppm. HRMS (ESI"): calcd for CisH17N3NaOs3
[M+Na]* 322.1168, found 322.1164.

I

o N~

Y
T
(6]
F

N-(Dimethylcarbamoyl)-N-(2-fluorophenyl)picolinamide (3d)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 3d as a white solid (126 mg, 87% vyield). M.p.: 139-141 °C. *H
NMR (400 MHz, CDCls): § = 2.97 (s, 6H), 7.16-7.21 (m, 2H), 7.30-7.36 (m, 2H),
7.39 (dd, J = 7.4 Hz, 5.0 Hz, 1H), 7.82 (t, J = 7.6 Hz, 1H), 8.02 (d, J = 7.6 Hz, 1H),
8.54 (d, J = 4.4Hz, 1H) ppm. *C NMR (100 MHz, CDCls): § = 37.1, 38.1, 116.6,
116.8, 124.6, 124.9, 125.0, 126.4, 127.3, 129.2, 129.3, 137.1, 148.4, 151.3, 155.9,

157.2, 158.5, 167.4 ppm. HRMS (ESI™): calcd for C1sH14FN3sNaO; [M+Na]* 310.0968,
found 310. 0968.

|
X OYN\
L,
T 0
O
cl

N-(2-Chlorophenyl)-N-(dimethylcarbamoyl)picolinamide (3e)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, vIv) afforded 3e as a white solid (121 mg, 80% yield). M.p.: 99-100 °C.*H NMR
(400 MHz, CDCly): § = 2.97 (s, 6H), 7.27-7.40 (m, 4H), 7.49 (d, J = 7.2 Hz, 1H), 7.80
(t,J = 7.6 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 8.54 (d, J = 2.8 Hz, 1H) ppm. °C NMR
(100 MHz, CDCl3): ¢ = 37.2, 38.1, 120.4, 124.6, 126.3, 128.0, 128.9, 130.7, 131.9,
136.5, 137.0, 142.1, 1485, 151.6, 168.1 ppm. HRMS (ESI"): calcd for
C15H14CIN3NaO, [M+Na]* 326.0672, found 326.0675.
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N-(3-Bromophenyl)-N-(dimethylcarbamoyl)picolinamide (3f)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 3f as a white solid (133 mg, 76% yield). M.p.: 107-109 °C.'H
NMR (400 MHz, CDCls): § = 2.96 (s, 6H), 7.24-7.28 (m, 2H), 7.38-7.42 (m, 2H),
7.50 (s, 1H), 7.81 (t, J = 7.6 Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 8.52 (d, J = 4.4 Hz, 1H)
ppm. *C NMR (100 MHz, CDCls): § = 37.1, 38.5, 122.7, 124.2, 124.6, 126.4, 128.6,
130.1, 130.6, 137.2, 139.8, 148.3, 151.7, 157.3, 168.0 ppm. HRMS (ESI™): calcd for
Ci15H14BrN3NaO, [M+Na]" 370.0167, found 370.0167.

N-(Dimethylcarbamoyl)-N-(4-iodophenyl)picolinamide (3g)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 3g as a white solid (159 mg, 80% vyield). M.p.: 130-132 °C.'H
NMR (400 MHz, CDCls): 6 = 2.96 (s, 6H), 7.09 (d, J = 8.4 Hz, 2H), 7.40 (t, J = 6.2
Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.82 (t, J = 7.6 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H),
8.53 (d, J = 4.4 Hz, 1H) ppm. *C NMR (100 MHz, CDCl,): 6 = 37.1, 38.5, 121.7,
122.6, 124.6, 126.4, 127.4, 137.2, 138.1, 138.3, 138.5, 148.3, 151.8, 157.1, 168.0 ppm.
HRMS (ESI™): calcd for Cy5H14IN3NaO, [M+Na]" 418.0028, found 418.0030.

N-Benzyl-N-(dimethylcarbamoyl)picolinamide (3h)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

1/1, v/v) afforded 3h as pale yellow oil (82 mg, 58% yield). Increasing the loading of
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TBHP to 2.5 equiv, 3h was afforded in 81% yield (115 mg). *H NMR (400 MHz,
CDCly): 6 = 2.47 (s, 3H), 2.79 (s, 3H), 4.96 (s, 2H), 7.26-7.34 (m, 3H), 7.36-7.39 (m,
1H), 7.48 (d, J = 6.8 Hz, 2H), 7.80 (td, J = 7.8 Hz, 1.2 Hz, 1H), 7.99 (d, J = 7.6 Hz, 1
H), 8.54 (d, J = 4.8 Hz, 1H) ppm. *C NMR (100 MHz, CDCls): 6 = 36.6, 37.9, 50.3,
124.3, 126.0, 127.8, 128.6, 129.1, 136.7, 137.0, 148.1, 151.7, 158.1, 166.9 ppm.
HRMS (ESI™): calcd for C16H17N3NaO, [M+Na]* 306.1218, found 306.1220.

|
| X OYN\
NG NN

o
N-(Dimethylcarbamoyl)-N-propylpicolinamide (3i)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 3i as pale yellow oil (70 mg, 59% vyield). Increasing the loading of
TBHP to 2.5 equiv, 3i was afforded in 78% yield (92 mg). 'H NMR (400 MHz,
CDCls): 6 = 0.96 (t, J = 7.4 Hz, 3H), 1.70-1.79 (m, 2H), 2.85 (s, 6H), 3.65 (s, 2H),
7.33-7.37 (m, 1H), 7.78 (td, J = 7.6 Hz, 1.6Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H),
8.50-8.51 (m, 1H) ppm. *C NMR (100 MHz, CDCls): = 11.5, 21.6, 36.6, 38.2, 48.5,
124.2, 126.7, 137.0, 148.1, 151.9, 158.6, 167.1 ppm. HRMS (ESI"): calcd for
C1oH17N30, [M+Na]* 258.1218, found 258.1216.

N-(Diethylcarbamoyl)-N-phenylpicolinamide (3j)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, vIv) afforded 3j as a white solid (116 mg, 78% vyield), M.p.: 74-77 °C. *H NMR
(400 MHz, CDCls): § = 0.61 (t, J = 6.8 Hz, 3H), 1.09 (t, J = 6.8 Hz, 3H), 3.25 (s, 2H),
3.38 (s, 2H), 7.19-7.23 (m, 1H), 7.26-7.36 (m, 5H), 7.73 (t, J = 7.8 Hz, 1H), 7.89 (d, J
= 8.0 Hz, 1H), 8.42 (d, J = 4.4 Hz, 1H) ppm. *C NMR (100 MHz, CDCl3): 6 = 11.3,
12.1, 40.7, 42.9, 119.8, 124.4, 125.7, 126.1, 126.9, 128.8, 129.3, 137.0, 139.0, 147.8,
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152.5, 156.8, 168.7 ppm. HRMS (ESI"): calcd for C17H19N3sNaO; [M+Na]" 320.1375,
found 320.1374.

SN N
l/ T\/\

(0]

N

N-(Diethylcarbamoyl)-N-propylpicolinamide (3k)

Employing the general procedure except that the loading of TBHP was 2.5 equiv, and
purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, viv) afforded 3k as pale yellow oil (94 mg, 71% yield). 'H NMR (400 MHz,
CDCls): 6 = 0.96 (t, J = 7.4 Hz, 3H), 1.10 (t, J = 7.2 Hz, 6H), 1.71-1.80 (m, 2H),
3.30-3.36 (m, 6H), 7.33 (dd, J = 7.6 Hz, 4.8Hz, 1H), 7.76 (t, J = 7.8 Hz, 1H), 7.92 (d,
J=17.6 Hz, 1H), 8.46 (d, J = 4.4 Hz, 1H) ppm. *C NMR (100 MHz, CDCls): 6 = 11.3,
11.6, 13.2,21.4,40.1, 42.7, 48.8, 124.1, 125.8, 136.9, 147.7, 151.9, 157.6, 167.4 ppm.
HRMS (ESI™): calcd for C14H2:N3NaO, [M+Na]* 286.1531, found 286.1532.

TO
0

N-Phenyl-N-(piperidine-1-carbonyl)picolinamide (3I)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, viv) afforded 3l as a white solid (81 mg, 52% yield), M.p.: 96-99 °C. 'H NMR
(400 MHz, CDCls): 6 = 1.39 (s, 2H), 1.56 (s, 4H), 3.46 (s, 4H), 7.26-7.30 (m, 1H),
7.33 (d, J = 8.0 Hz, 2H), 7.38-7.43 (m, 3H), 7.81 (t, J = 7.8 Hz, 1H), 7.97 (d, /= 7.6
Hz, 1H), 8.54 (d, J = 4.8 Hz, 1H) ppm. *C NMR (100 MHz, CDCl5): 6 = 24.3, 25.1,
45.1, 48.0, 119.8, 124.4, 125.6, 126.2, 126.9, 128.8, 129.3, 137.0, 139.0, 148.0, 152.3,
156.3, 168.7 ppm. HRMS (ESI"): calcd for Cy1gH19N3NaO, [M+Na]* 332.1375, found
332.1379.
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N-(2-Chlorophenyl)-N-picolinoylmorpholine-4-carboxamide (3m)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, vIv) afforded 3m as a white solid (101 mg, 58 % vyield), M.p.: 120-123 °C. 'H
NMR (400 MHz, CDCls): ¢ = 3.51-3.77 (m, 8H), 7.30-7.35 (m, 3H), 7.43-7.44 (m,
1H), 7.50 (d, J = 7.2 Hz, 1H), 7.84 (t, J = 7.6 Hz, 1H), 8.03 (d, J = 7.6 Hz, 1H), 8.57
(s, 1H) ppm. *C NMR (100 MHz, CDCls): 6 = 44.4, 66.2, 121.0, 124.7, 126.6, 128.1,
129.1, 130.8, 131.5, 136.5, 137.2, 143.5, 148.1, 151.2, 168.2 ppm. HRMS (ESI"):
calcd for C17H16CIN3NaO; [M+Na]* 368.0778, found 368.0775.

TD

e

N-Benzyl-N-(pyrrolidine-1-carbonyl)picolinamide (3n)

Employing the general procedure except that the loading of TBHP was 2.5 equiv, and
purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, viv) afforded 3n as a white solid (99 mg, 64 % yield), M.p.: 82-83 °C. *H NMR
(400 MHz, CDCls): § = 1.48 (s, 2H), 1.63 (s, 2H), 2.80 (s, 2H), 3.33 (s, 2H), 4.98 (s,
2H), 7.26-7.33 (m, 3H), 7.38 (dd, J = 7.4 Hz, 5.0 Hz, 1H), 7.49 (d, J = 7.2Hz, 2H),
7.80 (td, J = 7.6 Hz, 1.6 Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 8.54 (d, J = 4.8 Hz, 1H)
ppm. *C NMR (100 MHz, CDCls): 6 = 24.4, 25.4, 46.5, 47.5, 49.8, 124.1, 125.9,
127.7, 128.5, 129.0, 136.8, 136.9, 147.9, 151.8, 155.8, 166.4 ppm. HRMS (ESI"):
calcd for C1gH19N3NaO, [M+Na]* 332.1375, found 332.1371.
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N-(Dimethylcarbamoyl)-N-(pyridin-2-yl)benzamide (5a)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 5a as a white solid (108 mg, 80% yield). M.p.: 121-122 °C.'H
NMR (400 MHz, CDCls): 6 = 2.96 (s, 6H), 7.15 (dd, J = 7.2 Hz, 5.2Hz, 1H), 7.38 (t, J
= 7.6 Hz, 3H), 7.48 (t, J = 7.0 Hz, 1H), 7.67-7.71 (m, 3H), 8.44 (d, J = 4.4 Hz, 1H)
ppm. *C NMR (100 MHz, CDCls): 6 = 36.8, 37.7, 121.0, 121.7, 128.45, 128.54,

132.1, 134.9, 138.2, 148.8, 152.8, 156.3, 169.5 ppm. HRMS (ES|+): calcd for
C15H15N3N8.02 [I\/|'*'N<'51.]Jr 2921062, found 292.1061.

|\N o) F
. k@
N
A
r\ln o

N-(Dimethylcarbamoyl)-2-fluoro-N-(pyridin-2-yl)benzamide (5b)

Employing the general procedure except that the reaction was carried out at room
temperature, purification by column chromatography on silica gel (petroleum
ether/ethyl acetate = 1/1, v/v) afforded 5b as pale yellow oil (58 mg, 40% yield). *H
NMR (400 MHz, CDCl3): § = 3.00 (s, 6H), 6.99 (t, J = 9.2 Hz, 1H), 7.14-7.21 (m, 2H),
7.38-7.43 (m, 2H), 7.62-7.71 (m, 2H), 8.40 (d, J = 4.4 Hz, 1H) ppm. *C NMR (100
MHz, CDCls): 6 = 36.9, 37.9, 115.7, 115.9, 119.9, 121.7, 123.7, 123.9, 124.4, 124.5,
130.31, 130.34, 132.75, 132.84, 137.9, 148.8, 152.0, 155.2, 157.7, 160.1, 165.5 ppm.
HRMS (ESI): calcd for C15H14FN3NaO, [M+Na]" 310.0968, found 310. 0969.

0L
N
\ll\l/go [¢]]
4-Chloro-N-(dimethylcarbamoyl)-N-(pyridin-2-yl)benzamide (5c¢)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

1/1, viv) afforded 5c as a white solid (95 mg, 63% yield). M.p.: 132-133 °C.*H NMR
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(400 MHz, CDCl3): 6 = 2.97 (s, 6H), 7.18 (dd, J = 7.2 Hz, 5.2 Hz, 1H), 7.34-7.38 (m,
3H), 7.64 (d, J = 8.4 Hz, 2H), 7.73 (td, J = 7.8 Hz, 1.6 Hz, 1H), 8.45 (s, 1H) ppm. *C
NMR (100 MHz, CDCls): ¢ = 36.3, 37.6, 120.8, 121.8, 128.8, 129.8, 133.1, 138.2,
138.5, 148.6, 152.3, 155.9, 168.4 ppm. HRMS (ESI®): calcd for Ci5H14CIN3NaO;
[M+Na]* 326.0672, found 326.0668.

@ 0
N
\Tﬁj@&

4-Bromo-N-(dimethylcarbamoyl)-N-(pyridin-2-yl)benzamide (5d)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 5d as a white solid (123 mg, 71% vyield). M.p.: 141-143 °C. 'H
NMR (400 MHz, CDCly): 6 = 2.97 (s, 6H), 7.18 (t, J = 6.0 Hz, 1H), 7.36 (d, J = 8.0
Hz, 1H), 7.50-7.57 (m, 4H), 7.73 (t, J = 7.8 Hz, 1H), 8.44 (d, J = 4.8 Hz, 1H) ppm.
3C NMR (100 MHz, CDCls): 6 = 36.8, 37.7, 120.9, 122.0, 126.9, 130.0, 131.9, 133.7,

138.6, 148.7, 152.4, 156.0, 168.6 ppm. HRMS (ESI*): calcd for CisH1BrN;NaO,
[M+Na]* 370.0167, found 370.0169.

Xe

N-(Dimethylcarbamoyl)-2-iodo-N-(pyridin-2-yl)benzamide (5€)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, v/v) afforded 5e as a white solid (150 mg, 76% vyield). M.p.: 136-138 °C.'H
NMR (400 MHz, CDClg): 6 = 2.99 (s, 6H), 7.05 (t, J = 7.6 Hz, 1H), 7.14 (t, J = 5.6
Hz, 1H), 7.28 (t, J = 7.2Hz, 1H), 7.40 (d, J = 6.0 Hz, 1H), 7.58 (s, 1H), 7.70 (t, J = 7.0
Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 8.39 (s, 1H) ppm. *C NMR (100 MHz, CDCls): 6
=37.0, 38.5,93.4,120.4, 121.9, 127.6, 128.7, 131.3, 138.4, 140.1, 148.6, 151.6, 154.7,
168.6 ppm. HRMS (ESI"): calcd for CisHi4IN3NaO, [M+Na]® 418.0028, found
418.0029.
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N-(Dimethylcarbamoyl)-3-methyl-N-(pyridin-2-yl)benzamide (5f)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 5f as a white solid (97 mg, 69%). M.p.: 97-99°C. *H NMR (400
MHz, CDCls): § = 2.34 (s, 3H), 2.96 (s, 6H), 7.13 (dd, J = 7.2 Hz, 4.8 Hz, 1H),
7.21-7.28 (m, 2H), 7.33 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.53 (s, 1H),
7.67 (td, J = 7.8 Hz, 2.0 Hz, 1H), 8.42-8.44 (m, 1H) ppm. *C NMR (100 MHz,
CDCls): 0 =21.2, 37.3, 120.8, 121.5, 125.3, 128.2, 129.0, 132.7, 134.7, 137.9, 138.3,

148.8, 152.9, 156.2, 169.6 ppm. HRMS (ESI*): calcd for CigHi7NsNaO, [M+Na]*
306.1218, found 306.1222.

2N

\I
N o
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N-(Dimethylcarbamoyl)-N-(3-methylpyridin-2-yl)benzamide (5g)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, viv) afforded 5g as a white solid (89 mg, 63%). M.p.: 144-147°C.*"H NMR (400
MHz, CDClg): § = 2.27 (s, 3H), 2.99 (s, 6H), 7.17 (dd, J = 7.4 Hz, 5.0 Hz, 1H), 7.34 (t,
J=7.2Hz, 2H), 7.45 (t, J = 7.2 Hz, 1H), 7.57 (d, J = 6.8 Hz, 1H), 7.71 (d, J = 7.2 Hz,
2H), 8.33 (d, J = 3.6 Hz, 1H) ppm. **C NMR (100 MHz, CDCls): 6 = 17.6, 36.9, 38.1,
123.3, 128.4, 128.5, 132.1, 134.6, 140.7, 146.4, 151.8, 156.3, 167.3, 169.4 ppm.
HRMS (ESI™): calcd for C1H17N3NaO, [M+Na]* 306.1218, found 306.1224.
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N-(Diethylcarbamoyl)-N-(pyridin-2-yl)benzamide (5i)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, vIv) afforded 5i as pale yellow oil (111 mg, 75%). *H NMR (400 MHz, CDCls): ¢
=0.97 (t, J= 7.2 Hz, 6H), 3.37 (s, 2H), 3.38 (5, 2H), 7.12 (dd, J = 7.4 Hz, 5.0 Hz, 1H),
7.36 (t, J = 7.6 Hz, 2H), 7.40-7.47 (m, 2H), 7.67 (d, J = 7.2 Hz, 3H), 8.41 (d, J = 4.4
Hz, 1H) ppm. *C NMR (100 MHz, CDCls): § = 11.4, 13.0, 40.9, 42.9, 120.3, 121.5,
128.3, 128.4, 131.7, 135.1, 138.0, 148.8, 152.9, 155.3, 170.0 ppm. HRMS (ESI"):
calcd for C17H1gN3NaO, [M+Na]* 320.1375, found 320.1373.

4-Bromo-N-(diethylcarbamoyl)-N-(pyridin-2-yl)benzamide (5j)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, viv) afforded 5j as pale yellow oil (120 mg, 64 %). *H NMR (400 MHz, CDCls):
d=1.00 (s, 6H), 3.38 (s, 2H), 3.39 (s, 2H), 7.17 (dd, J = 7.2 Hz, 5.2 Hz, 1H), 7.40 (d,
J = 8.0 Hz, 1H), 7.49-7.55 (m, 4H), 7.73 (t, J = 7.8 Hz, 1H), 8.42 (d, J = 4.8 Hz, 1H)
ppm. *C NMR (100 MHz, CDCl,): ¢ = 11.5, 13.0, 40.9, 42.5, 120.3, 121.8, 126.5,
130.0, 131.7, 134.0, 138.2, 149.0, 152.7, 155.1, 169.1 ppm. HRMS (ESI*): calcd for
C17H1sBrNsNaO, [M+Na]* 398.0480, found 398.0477.

N-Benzoyl-N-(pyridin-2-yl)pyrrolidine-1-carboxamide (5k)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/2, vIv) afforded 5k as a white solid (74 mg, 50 %). M.p.: 120-123 °C. *H NMR (400
MHz, CDCls): 6 = 1.82 (s, 4H), 3.40 (s, 2H), 3.46 (s, 2H), 7.13-7.14 (m, 1H),
7.35-7.38 (m, 3H), 7.46 (t, J = 7.4 Hz, 1H), 7.68-7.72 (m, 3H), 8.43 (s, 1H) ppm. °C
NMR (100 MHz, CDCls): 6 = 24.6, 25.6, 47.0, 47.5, 120.8, 121.5, 128.4, 128.5, 131.9,
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135.1, 138.0, 148.9, 152.8, 154.2, 169.4 ppm. HRMS (ESI*): calcd for C17H17N3NaO;
[M+Na]* 318.1218, found 318.1220.

= )b
N

~ A
o
N-Benzoyl-N-(pyridin-2-yl)morpholine-4-carboxamide (5I)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/2, viv) afforded 51 as a white solid (99 mg, 64 %). M.p.: 126-128 °C. *H NMR (400
MHz, CDCls): 6 = 3.49 (s, 4H), 3.57-3.58 (m, 4H), 7.18 (t, J = 6.2 Hz, 1H), 7.37-7.42
(m, 3H), 7.50 (t, J = 7.4 Hz, 1H), 7.69-7.74 (m, 3H), 8.44 (d, J = 4.4 Hz, 1H) ppm.
3C NMR (100 MHz, CDCls): 6 = 45.9, 66.2, 120.7, 121.8, 128.4, 128.6, 132.2, 134.7,

138.1, 149.0, 152.8, 155.2, 169.5 ppm. HRMS (ESI"): calcd for Ci7H17N3NaOs
[M+Na]* 334.1168, found 334.1167.

N-(3-Methylbenzoyl)-N-(pyridin-2-yl)piperidine-1-carboxamide (5m)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
2/1, vIv) afforded 5m as pale yellow oil (116 mg, 72 %). *H NMR (400 MHz, CDCls):
5 = 1.45 (s, 4H), 1.51 (s, 2H), 2.35 (s, 3H), 3.42 (s, 4H), 7.12 (t, J = 6.0 Hz, 1H),
7.22-7.29 (m, 2H), 7.41 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.54 (s, 1H),
7.69 (t, J = 7.8 Hz, 1H), 8.42 (d, J = 4.0 Hz, 1H) ppm. **C NMR (100 MHz, CDCly):
0 =214, 24.1, 25.3, 46.6, 120.5, 121.5, 125.4, 128.2, 129.0, 132.7, 135.0, 138.0,
138.3, 148.9, 153.0, 155.0, 170.0 ppm. HRMS (ESI"): calcd for CigH»1N3NaO;
[M+Na]* 346.1531, found 346.1528.
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1,1-Dimethyl-3-phenylurea (6a)*

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/1, vIv) afforded 6a as a white solid (63 mg, 96 %). *H NMR (400 MHz, CDCls): § =
3.00 (s, 6H), 6.34 (s, 1H), 7.00 (t, J = 7.2 Hz, 1H), 7.26 (t, J = 7.2 Hz, 2H), 7.36 (d, J
= 8.0 Hz, 2H) ppm. *C NMR (100 MHz, CDCl5): ¢ = 36.5, 120.0, 123.0, 128.9,
139.3, 155.9 ppm. HRMS (ESI"): calcd for CoH12N2NaO [M+Na]* 187.0847, found
187.0850.

1,1-Dimethyl-3-(pyridin-2-yl)urea (7a)°

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
1/3, vIv) afforded 7a as pale yellow oil (45 mg, 68 %). *H NMR (400 MHz, CDCls): ¢
=3.03 (s, 6H), 6.91 (dd, J = 6.2 Hz, 5.8 Hz, 1H), 7.23 (s, 1H), 7.62 (t, J = 7.8 Hz, 1H),
8.04 (d, J = 8.4 Hz, 1H), 8.17 (d, J = 4.4 Hz, 1H) ppm. *C NMR (100 MHz, CDCl5):
§ = 36.5, 113.2, 118.4, 138.2, 147.5, 152.9, 155.0 ppm. HRMS (ESI*): calcd for
CgH1:N3NaO [M+Na]" 188.0800, found 188.0802.
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VI1I1. Copies of *H and *C NMR spectra

TR Y :
i |

{11}
T .
= b
¥ aas
=T AT
T AQn
=7 .A%0
F.A%8
.1
ran
T .2
£

.-\ .—’.-:

2o

zy

[ =

r

' £ P
Vi 11 Q EH_.;:’.-]
A n :' i |':'. .-J'. f
r I'.\ J | ¥ o /'. |
40 B33 803 793 7835 730 1435 749 735 LM 733
f1 (ppm) f1 (ppm) f1 (ppm)
T MY Y T
= B2 Ec 8 e
& = s Moo= <
13.0 128 1.8 10.8 #.0 80 1.0 &0 50 40 3.0 0 1.8 8.0
f1 (ppm)
OB 3F 3Pifn: i3
! RPN BRREEEZ £
[ I W N i
ok
e 5 e
: s =e B3 B | T
: = 2 A i =3 9 L |
s X 3 d3 3 NT J
| ] ¥ R Q ’

L
(—

(L] 135 132 129 124

f1(ppm)

Al 190 ira 150 134 1] Ta &0 L] 40 3 1] i a =10

"'?i tppﬂl;u

S18



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

i BE ERIEFURE iF
L am S350 088 o
EE BE pEEOnbLE e
—5] —— L%
[ I
[ || [
L |
| o |
iz £d 322 5111 (2 131
ok e EUR el it Ei <ot
Sy e e P (] i1 | I
|'-I\' i
A
A,
A - A AN
8.4 8.3 [ -N-] 7.8 T.490 735 T.30 7.1% 7.9
f1 (ppm) f1 (ppm)
§
. |
Wy, "
I e _,||.,
¥y e .
- . -
3 23 ZE3 23
130 1208 118 10l LN i ¥ r.e &0 50 4.0 3.0
fi1 (ppm)
§ = 2
:o: 3
] | '
i b £ 8% B
LT g EEIEE
11 [ | [ [
] 1 1
"
j
el by o —
| B B B B BN B B B B B BN B R B S |
139 137 135 133 131 139 137 115
f1 (ppm)
i i
i
218 193 iTd 150 136 1.1? L] B o (1] E2i] 40
1 (ppm)

S19

—xam

¥
2
=
2.0 1.0 L]
oW
()T
N |
Q0
@ X 1% & -id



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3§ Bz s EEpEg? ] 23
. - - - 1 = o
—3 T [ v
]
| QL
[ || g L
NinE 0
' Okl
B2 kit
T Wi
C | '.I
Il . '! II
|||| \’Illh |
J U I A 5"'|'k LN
T.75 7.0 7.8F T.80 T.T3 7.7 .3 .2 T T.a &7
f1 (ppm) fi (ppm)
———— _____.L_,Ij._lfl—l___ ___________ ] I-|-_! ] -
[ LT ' -
g gz o T g3
- =« 4 P =
13.8 120 11.8 6.8 o0 8.0 ra K] 5.0 4.0 N 1.8 1.0 [N ]
f1 (ppm)
¥ 2§ k% 3R} R & =41 E 2
IR 35 SENE B |
] g (| | I % | e | Y
i g 3¢ 2 K2
B z Rd A #3
| 11 11

=
n:-;;__:o
Ig:} lrz_
:

138 134 1380 124 123 118 114
f1 (ppm)

Eal] 190 ira 150 130 f:1-] Ta & 54 40 3 1] 10 -] =10

S20



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

3 - .
RIS :
B s s [
|
Q.
QT
I' l' e, B
[ I U,--*xf]
12 2y fEEzg@8=: |
" o, innaaagaaaan
|| N LT e
H |:| |:I 14 |I|
hl P T A
JUL AW MAWAT L )
B.00 7.7 T.80 7.49 T.30 T.10
fi (ppm) fi (ppm]
[
. LA M \ |
. v
L iy
2 B3 22 -]
g &2 44 <&
130 118 11.8 10.6 .0 LK) Td &0 5.0 4.0 3.0 1.8 1.0 L]
f1 (ppm)
- . -
§g 2123 B i3 2% i
a2 28:3% = 23 =z ==
| =101 1/ | =y S LY |
(\% Q. N‘-\.
M
Ny 'S
L :
= " 2 a 2R H 22
1 L3 =! s 2 ] = = E B E E-’r
3 EER = 1 B Et|r 2223 £z
[ R [ I ol A ¥
....J_ s I ] ,..-'u-J......._J
iFe 185 1403 155 150 145 138 134 134 133 139 188 1ia& 134 112 129 118 11é
f1ippm) fi fppm)

56

S21

=10



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

II
| |
g | Q. N
.lI .I l, .II ) |
(';j\’er
o,
e = - L]
11 3f 883 1y 1819 %%
T S Sl [N 00 0
. ! -"I-\-'.
I 1 il i y
I f ,ﬁ M AT
P _F'Ix_h__,' I I A N e
B B4 B2 [N 7.8 T.50 l'i'.l-ll- 7.3 .28
f1 (ppm) 1 (ppm)
Nl M
S U J’JI‘H-‘_ i
¥y e e
& 28322 r
8 <= £ <
i1 3.0 120 1186 10.8 .0 8.0 T4 &.0 540 4.8 30 1.8 1.0 =N ]
fi1 (ppm)
L] By 3 ;ER: =53 ez
i 28 ¢ £Anks g5 s -
I Y et N
- E & g} N 5 |
LE : & Fs & 4 8 [
| | | [ | | | 0. N

128 125 122
(ppm)

I:III' I;-I I I 'I;*I

Ta &0 L] 40 3 -] 10 a =10

S22



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

: g S
BE FERIQRRIRLY i
$5_en meercerny :
VST TAE
| .
I 2o
[ I|| ||| | = "\‘:r' "
I L 5 M B
1]
Yy
- E-3 - 4 - -
i Be 282 § 3 533
o VORI | R TAA P T
i A Ll oy
.-IUI-. JIIII,. '-ll'-'.. A " LM
8.5 8.3 B.1 T.e 7.50 T.45% T48 T.3% 7T.3@0 T.2% T.10
f1 (ppm) 1 (ppm)
—— S — e ——— L — N ), — S S
Py e 1
- g owm oo -
E 23o3ax |
s 22203 3
e et T T TP 1Tt 17 e .. ——
128 110 16.8 b a0 1.8 &0 £ 4.8 ia 2.0 1.0 [- K]
f1 (ppm)
£ 18 23
2 LR S
] S Wt
. =y
e K EX & § i %
£ & &2 B 2 33 8
[ [ R I Y |
. . . [ﬁ O N
' | N B
" |
i o :

e e B S S S S B
142 140 138 13& 134 13X 130 128 1:& 134 13 130

f1 (ppm)

1] Ta &0 L] 40 3 1] 10 a =10

S23



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistr

1.4
—=1.m%
—1 AN
—iam

—=iiwe

130 12.0

1.0

—A&T. 90

~133.485

1388
fi (ppm)

Al

y 2013

- _ -
IR
e I
| |
I
- & -
- 15 8 g3
11 MY | 11
1l 1§
i n
JI W '.. N N r'v‘x-\ -'.__ ) "-..' '.__ -
e i T S v
r.Ta T.40 7.30 1.2 T7.18
1 [ppm)
Ul_ |
S 10 1 S .
y ww oy w
L3 -9 = W
g 23532
- =
e g M
(N ] aab ra K] LN 4.0
f1 (ppm)
m o omomom o om e ow o
R —
O o P M e MM o o B = W
HrdEgd g .- -
e B R b Lo R e 2
I e e W o
- -~ - -
s = 2 a -
- - - A
= - - = prflie~
T l 1 1 11
Y
1
|
l } ‘ |
Wiz TSP W . e b
D Uy g e e ;
1378 130 127 124 121
i1 (ppmy
|
150 136 ".? ] E-1-] o &d H1-]
1 [ppm)

S24

18480
TR L]

2.0



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

8% REY Riffad 3 £
- ] 1
[ f
| |I II o rh
-
| | | Y
[l | [ | N o
[l | || o
| _|.I | | I
= - E -§ E2 = t 323
g2 g gatees i 2 B3 maa 4aha
Tr 7 RLLILT ] T TT & I 717
i || A/ er ASAA
1 A M SV _AMA A VWA
88 s N 5.3 8o 1.8 g = 7.50 .45 140 7.35 130 1.25
1 (ppm f1 (ppm)
i
.'I| M
IV L | o e - p. —
L L by ke
T E-oexw g 2 =
= o oo - ]
1306 12.0 i1.8 (L 0 [ 8] 18 A0 5.8 &0 ia 2.0 1.8 .0
fi (ppm)
B E &R BEERER - -
E X2 1i% 2 55 g g3
i 3 23 =izmazd SEd i i
| (| e Wi -y gt | W
§ 1 it gEg sl
] : 9 L LEEES.
| | I S =m0 |
i lx Ot:r'N'\
_ . " N.g,
! [a]
— |
w H v :
[ s
: " I-I: o L .I: ;: n I.

S25



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

A= & " - —_—
EEERERL Uz ARngaRAnd: i I Z2BRR:gell
BEEBEES hr LLrLEmEE e - 2 EddiLgeg
el e b e — | | )t ""I"’
| i
0. M [
=,
D |
M "\n:' o | I
o - |' |
|
] Il /S ! | |
2= a - Bl x b -] E
HHEELL i  JE -8 $% %1583 gzmaa Etd
sSE s s =88 mm mmEmme== - - P I 8 5 8
S (] iy, “TOfT 07 gl b
|
1] A1 [} i I 1
o s e I, _.:"_l |7 . -"J\-z'lvl"‘u\ .—"!"\_ ..-%\ I -
o o
e ' ' ' ' ' ' e ' ' R T ey
B.52 .50 7.0 T.80 T7.3% .35 1.7 l 1.1
f1 (ppm) f1 ppm) f1 (ppm) fijppm)
J | I|I
— - U AL o - e e — - -
¥y ry ¥ —_—— ¥ ¥
- L = - - - -
= 22 2 z a 2 £
£ 24 & - & b =
130 12.8 iid 10.6 2.0 B.O T8 &8 50 4.0 3.0 1.8 148 [ X
f1 (ppm)
] 5 %8 f§ &= T T &
4 9 5 =
s 2 % f 2% FI L
| [ [ LY} T [ |

Al 190 ira 150 130 Ta &0 L] 40 3 1] 10 a =10

S26



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

" =
% 2% Sqazaisngs £ EE!EE)E
- e e e e e e R LR se= B
B A T = ¥ =] B
|
| |I |r
f
i ||' IIIIr | |
[ ] ] ! I
5% E: 8RB 993 8 88 r5E s |/
- R EEL B e R E R E BB R O Mo~
W oS O [ |\“ ‘:\'1"
- M
]
IO
i [ H o i
i L) A ]
J‘II._ _,ljll__ j.lllul'-\h IWAYATY '-"rl'\.__,)\/ A, _,.-'I'l,k -
&8.5 B3 (-9 | e r.T7 T.3% I'.i-ﬁ T.25 T30 F.i5
f1 (ppm) 1 (ppm)
!
Ll } |
LA J l._.Jl\ .-||-.
¥ ory sy L
o PR - il -
an =2 =B " R
=l ek et 44 =
3.0 128 11.8 6.0 .0 8.0 .0 K] 50 4.0 3.0 2.0 1.8 [N -]
f1 (ppm)
T
2 &322 32 2 FEruspe 255 25 £
= dee w2 www oW .- - + = - -
- - as w - - e I e -] Hg Ll
. R i e mE2 5 e
| L | | [ [ [ o
- - Lo - s-ﬂ - -
[ o - o [ ] o [
s g mm k0w M 5
- o o m wowmow W -
[ad "~ "o Moo -~ -
| [ B ] |
iy |
i UJ g
|
140 138 136 134 132 130 138 126 124 1ZZ 120 118
f1 (ppm)
y
| I| | | i
Y
- | ) |
. B —— ——————————1 e ey
it 193 irg 1506 136 "1? To 1] H1-] 40 3a b1} 18 -] =1d
1 [ppm)

S27



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

§% 33 335:3 BB E3IRE SELEE
3% pp o gpaan i3 2222224333
—5] = ¥ Al e
¢ / |
/
|-H"" QH N .~ |
)
| |
N.-‘ N,.H_\__,-"‘x_\_h | || ||
& / '
| I S || I
BS33IRR s 2R
33323237 sty g€
13 §§ B3 13333 ey ST
9 wORS TILTT
ii / | |
(' | ' Wil
JU ) V| il MU
8.5 8.3 a1 Ty .y T3 T3 1.9 .7 1.% 1.3 1.1 L%
f1 (ppm) 1 (ppm) i
L |
&
I M %
¥ ¥y ¥ L L ¥,
- - = - = - e
2 &2 B 3 d 4=
120 118 16.8 R -] [N ] T A0 50 4.8 N 1.8 1.8
fi1 (ppm)
t 333 & 88 chi'e 3 e
& i 8 =3 =y o
5 s5:zs % &3 fed 3 3% z 22
| I 1 a4 o L 114 R
If
Oy M.
-
] T
H! N ™
[
! ]
M‘MW
31} o [.14] £a 40 30 ] 180

S28

i)

=10



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

13 3% 33RRAERD i L3
VN it ! Vi
f f
. || |
||| | i
L | |'
| .I:I |||I| ] I
- - W - -
i Pz it T3iz 12 %5% O
T~ (PN PTTTT 77 7T 0. N
Y
e H
“T O
" il | LA A |
1 LV L .
_,'le J'JI'L ;'!"L__ AN L'J'k AN
8.4 f! B0 7B 7.4% T40 738 T30 T7.2% T.I0
1 [ppm) fiippm)
I “ J A
e QL e 8 -y 2
3 58 458 3 33
130 1.8 11.0 18,6 0.0 B0 T8 A0 56 4.9 3.6 1.8 1.8 8.0
fi1 (ppm)
-y 29§ E9EE3E =gy = H
i dzs foiais g3 LA |
| [ AT | e Vi St
- T E g :
i & 3 g = H
] 1 I 11 I O
' | o.M
(W
. Ny
1 J_ i o]
- . . i -
140 155 150 145 40 135 130 115 120
1 [ppm]
[
| l ‘ | i Ll —
it 196 17 1506 136 I'Il? o B e &0 58 40 k1] b1} L] -] =1l
1 [ppm)

S29



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

B2 =2 gt 2szzgsgs
BE RS aeiqnane Eazatlis:
- imret el fie Tt 0 aRRziann
[ e 5
[ o O
II | = ""T"
| N
[ o
|
|
II | [=]
| {
) | ) ¥
= = =g kA " & 4
: i8 Ii ay 33 % 3 a
T oA INERY) T [
1 |1
I .
|'| | IulL IJ.‘_.'I'lI 1 .)“" )\"-._ ||
_,-'I'-«._ I — [ hail N
T T T T T T T T 1 T T T T T T T
W a0 7.8 1.58 145 .38 .18
f1 (ppm)

.
I U
|
1
'||L \
]
A - )I'L .J |_._,I e e — — A _l_
s e s
- Lo B e . | L
2 gsmae =
s IEZ pe
3.0 1.8 1.0 10.0 [ K] f-N ) T.a &.0 LN A0 34 20 1.0 [N
fi1 (ppm)
g Eq% 2 %4 £83 8 g
1 9% 2 R2sf FEE 3 i
| | | fF11 e ]
: 1 i T i §z % §
-] L] - E! =F 22 2 |
| ! 51 1l |

(——— —iMJI

;:'__
i
.
_S
ot

L e e e N L % O

150 T4 142 138 134 130 128 2z H
f1 (ppm) N D
DC‘ =

Ta &0 L] 40 3 1] 10 a =10

S30



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

- - -
E E i3
- e =
I [ Vi
: ) ;
| | ([
Rl [ (|
| ||| [l | ) [
e creize R 3 Egzt 8 '
T RS ES TY RERT T
S e & i GHTD
%
(N
i N Bn
| |hl| [1A fl '”. M AR =
N " o _JV Vi B _.' v ARV -.-'u"','_____
8O0 T.70 r.eQ T3 T.45 A0 7.3% T.30 7T.1%
f1 (ppm) 1 (ppm)
i
‘ [
| |H I||I|
L A, A\ LN T L
L . o oo e
[ e B . ) - -
g g2zt - g )
= derAen - A P
S B
138 138 1.8 16.8 LX) LK) T8 &0 5.0 4.8 3.0 2.0 1.4 [- K]
f1 (ppm)
i s T 13
1 g:zs £ad 53
I 11 S b LY
g ge @ 3 5
= 3 5 ] =
11 TR O
W I ] 0. M
D
| y M Bn
_L L LJW 0
ol e -
. e e
13 133 130 123 124
f1 (ppm)
\
i
{
218 193 iTd 150 136 L] B o (1] E2i] 40 3a i L] L] g

S31



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

SN o
| Qs
2535 134 182 & 3:3:2 SN
S NN | e |
]
'Iul'l ||1'| :
- _,'I L'.. L W
IR T R PR 4 73 T3 M 14
1 [ppm)
[y )
2 Rcone 4
13.0 136 1.0 100 [N &0 1.0 &.0 5.8 a0 3.0 1.8 1.8 [N )
f1 (ppm)
] Ete REf3g 8} =41 £
§ fg% Rimas 3z SES 83
I 1T =i - e W
S O TR Y
i & i34 s 3z
T o1 Vi

S32



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

oy T“““‘N o F
[ | L
| i 1] ] l""\.p""“""'N
o
I
sagw s
153448 1R 33
A N7/ V17
i 1 | |
m oo
M .._-'\-"._III_r.‘_ - o |, ) I‘l.-'ml_ M
r.T 1.8 T.5 T.4 1.3 T2 7.1 I.0
f1 (ppm)
— _ Lo | .
¥ o i
L4 e = e = -
2 SZRE L
- AdAF 4
R — e A .
130 120 11.8 108 .0 aub ra K] 50 4.0 3.0 240 1.8 [-K: ]
f1 (ppm)
B
P % £
L s
] I S

L] R a RS AERZ & i 48

- - - o L T L

" Bg &8 ad55 5 ¢ ge

| S et e I | | W'

[ E""N o F
: Ay B
| | MN"L"D &
|l I

P v
140 138 1346 134 131 130 118 136 134 122 120 118 116 114
1 [ppm)

v r v 1. [ N T L T T S
FA1-] 196 ire 156 136 1.1; 0 86 To &0 50 40 ¥ W 10 [ S [ ]
1 [ppm)

S33



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

i )
. = I
IS 31 =
e | Vil
~u o
]
' |
1) f
_.!\.-'t'_n!\__"l"'ll'u_ A l‘_ gLy
TG T.&0 T.50 T.40 T30 .10 T
f1 (ppm)
|
|
1
A, ‘l]ll. LN i
L L i
- el B - =
= =238 =
g S<d2 2
————t T ———————
130 136 1.6 10 LR b r.a &0 50 4.0 3.0 20 i.0 =K.
f1 (ppm)
§  B3: 3% 8% g% T e
1 EE® 2R ER EZ =53 53
| | | | | 1~ S S
T - 14
11 i Ed : i
W 11 ]
n [,-‘xxN o
= S
ij N/L:D =
o | 41 |
140 13% 130 125 130
f1 (ppm
218 190 ire 150 130 1.1; Ll B o & 50 A4h 30 Fiid 1% L] =1
1 (ppm)

S34



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

I l“"N o]
| Il | '
I
Sy
NS0 Br
I
ing ZEHE re 0§ pEG
Lk LR L o omoe
Wi/ SR W [V
1
A 1
i fl |||" { | 1
HI J "l Tl |I'.-I| Il |r‘ll'rl'.
—d — —_ - — 4 -
.7 Tl I..I Tl .43 7.2
1 (ppm)
| l |
| Lu ! . o
¥ mmas o
L4 il - B . BN ] =
2 s==233 =
= 4
130 12.6 110 ib.d ®.0 &0 .o f &0 0 4.0 3.0 2.0 1.8 .0
1 (ppm)
- FEE] 31z g2 288 58
1 s = z3zf ed =3
| 11 P et by
" . -
E B H E3t 3 g1
B & ¥ ! EE5 1A 58
] ] Frro (] |“N o
. NJ\]@\
“N’L“o Br
. [
| ‘ | |L
dd | |

155 150 145 1;10 IPP'::‘JI 130 115 129 1%

D T T T S R S S L T T T T T e T T T T T T Y
o 190 ira 150 134 I'Il? "o f:1-] Ta & L] 40 kL] 1] i a =10
1 [ppm)

S35



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

I /

%
£: zB§ 3 IE EZ | '
- aqa A e R | -
VEORTA Ry l [
"'\-\.h-‘ -\.\_0 i
i | f b
] i A Lyl
S A S\ r'u"“'-
1.7 7.8 nr . .5 Tl 7.3 .2 ra .9
f1 (ppm)
| 'llf“ I
Ut J A s
L Lt — o
2 Zs=22E8:2 =
s fedeses &
130 12.6 11.0 h[-X-] (N ] 8.0 e K] 540 4.0 3.0 1.8 18 -]
f1 (ppm)
B LY 2 - n
A : 3 2]
[ S [ | T
g o I BB gz 0z
L £ sk
I i i E ey
R | | Il
I ) . (‘-}H o |
1 \ { '\-\_'T-‘F-"N lm’]
] l e P ‘-..H.-L:-\\o s
158 150 145 148 Lk 30 15 128
f1 (ppm)

- . . ] I T T TR T T S S
214 190 1T 150 130 1.1; L] 8o Ta &0 50 40 3 0 10 L] =10
1 [ppm)

S36



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

230% B%4KzuiineaAn: i 1
TAAR si9x3R8a8535+ : -
g e i ——————— | [
B
| .
4]
[y || W0
|
XE B B ] | 22 gEiEm R2R 2
=33 §931333 3% 3% ER3R% 288
o I | iy, by | 1 L A L
P |
| ||'
|I Il.-' i .
| \ I'II 1 by |||' )
I a 1
A . AR J\ M LA MR
848 8,43 T.TG T.60 T.50 T.40 T.30 F.10 T.i0
f1 (ppm) f1 (ppm)
.
) UL J) ,
T v
322333 -
130 120 11.0 g w0 &0 N ) &.8 20 4.0 30 2.0 i.0 [- K]
fi1 (ppm)
3 233 greasis g 1
§ 3§y aimAB:g : E
| 11 Sy 8T L | |
53 = % I i
£z % 3 £8 % s 4
A ] | (I | 11 o o
|
1 ] 1 N
. “N’L*o
| - |
143 138 134 134 13 130 128 124 124 122 120
1 [ppm)
218 190 176 150 130 1.1; L] 31} o (1] k] 40 30 Fiid 180 il
1 (ppm)

S37



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

R £ 3
- |

B - ST
i i3 g4%F 11z 3
W] [ W] Vil Y
i
I"I‘_I"'I ' I|III i
L | ] ]
[ AR WA | "'I,I‘ | 'I'.rhl.l
r L . VY e M F i
¥ ]
r.T5 T.85 T.55 T.45 T.35 T.15 T.i5
Fi ppm)
0
|
I| liln i I\
N, S e L S Y
T o
AR i e 3 L o
gsa3cs2 = r
= Moo= Mo & L]
— R— R el e — ———— ;
130 120 118 i [-N-] (N ] aab ra K] LN 4.0 3.0 24 1.8 =N ]
f1 (ppm)
. A -
1 Elsz gy §1: §2 z
$s 253§ BB 23 =
LY [ ] | LTS
. . . s & s
i O S -5
L 2 8 3 i 28 5% &
i I i i 11 W
-
=
1 | i I | J ‘ I
et
170 145 140 155 'I.!; 145 140 131% 138 11% 128
1 [ppm)
[
218 193 iTd 1506 136 1.1; L] B o & E2i] 40 3a i 18 L] =g
1 [ppm)

S38



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

§%Y Agizraxe L fid
’ ‘

L | | ~n o
i1 iRygeae: 3 il Ay
T EERITTRS OO0 o
I e
I il |

__J‘l_ _.___,U'ﬂ“'dﬂll""ﬂL__Jl._ M
7 14 IS T4 L3 1a 7.4
f1 (ppm)

L I A _._,..L'\

L 1Y 24 ;

g §z88 23 3

14 i5 i4 i3 i2 11 it L] & T & 5 & 3 2 i ] =1 -3 -3
f1 (ppm)
i FZF F2EIY k2 =gz z 5
- HR R 353 ¥ 1
I PR T R g ¥, ¥
] E LR L
g g = EE = B
| | | | |
1 [l ' 1 1
L || .
| H O
139 136 133 130 12 124 121 H
f1 (ppm)
PP _,-‘a.[;l-\-n
[ .'
g 19 iTe 150 130 ".? wb 806 To &0 S0 40 3 10 10 -1l
1 (ppm]

S39



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

13 2024804048538 5 :
N W I
’
I. |
f fllf A J
128 iy 1212
"1/ AR LY R |“‘N
Pl = ] | =
| P K
\ i|||" I TY “
__ W MUV W M
7.8 nr 7.8 ;.5 7.4 7.3 e 7.1
i [ppm) i
| L l Il [
A i L | aahd N
¥ - -
2 E2X23E% a3 =
= L= A s )
T — S A S — e
130 120 1.0 10,06 LN 8.0 T8 &0 5.0 4.8 3.0 2.0 1.8 [ X
f1 (ppm)
E§E SEEE 29 =53 i =z
t  gz3 fEEiif 1:3 4 21
| S0 [ T e N4 LY
E 3§ @ P %% i 19
EE ¥ . 2 & A Tk
| | | | | I |1
| L LA
|| | l ,hN l’a_
. . . v . . y . «""“‘N"k‘ﬂ o
140 15% 150 143 140 135 130 125 120
f1 (ppm) l\
e s e ‘ 4 e s e W et .
FAL 193 irg 150 136 I'I? ] o &d H1-] 40 3a -] L] =1d
1 [ppm)

S40




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

B REggijssnias LR i
! S8)pimpsares U 7
{f
.3 I
[
i |
o | : |
| Il Il J
neg §1% 3% 3 3£
tFF ekF R T %7 SN o
L

=

|!|.|r| | ||| , |

| \
\ ¥ 1 !

_.II I\\. Ma_l LA rd Il\_

E T T T T

e N7 T4 RS, T4 73 T3 R 70
f1 (ppm)

|
| 1
lJ' A ‘
L JUNL AN L
w e oy .
g =323 cs &
= Z=q= F <
130 130 11.8 18.8 .0 8.0 T.0 K] 50 4.0 3.0 240 1.8 [-K: ]
f1 (ppm)
R IIRIIIINY $13 SR T
i ios sgz28 o8 £:1 - i3
R R R e T et R N
i 4]
5 £ Ex
I | I 1
l"‘N o]
=

D T T T T T T T T S S T S B B T T T L T L T T L L S

0] 190 1ire 150 130 T & 54 40 3 bl 10 -] =10

S41



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

H ]
EEE
s
|Ir
| CN o
-"-"L‘N'J'Lx/""ﬁ::,\
123y 144 3388 § s 23 3 !
IR Elede o o] £ Titie == 3 N o
R LRT AT Y P -
hLs 0'\_/']
| M
Y Y, i A
ML MY AN I B W
.y T4 .8 7.4 3 12 55 | 345
1 (ppm) ‘h[p I
.I
. a N .
LY e
g 22382 22
= Asds 44
e e A — S e ——
130 130 11.8 Gl LX) [ K] r.o &0 50 4.8 3.0 2.0 1.8
fi1 (ppm)
=
§ e ' 8
1 £8 1 ]
I I~ ] ]

- - & P

- LS o [

= 5 — 2

- - o < &

- - - L]

| | 1 lND
-

I

L B e e e e e e e B LN R
146 138 134 134 1?2 130 128 124 124 132
1 (ppm)

—
Q

S42



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

i3 PEIRRRRAGACEY 3 §E
S | p————t | | ET4
f '
ol | ||
| ||J.||I ] If
A R N0
188 1 81 a5 LEEE LS St
VIS | L ] R S
| . O,&G
A
,- I
' |”| AR I|||.'I il
LT W | T i
WA J I'u__z I._.-'I‘"_ ..-'J-I W _)r a'\._
T.18 T.46% T.5% T.45 T7.35 T.25 T.15
f1ippm)
| FJ " |
o -I At b L S
[T T ™ ¥ -,
- B O L - -~
- B i Bl 3 3 g
SR — e B A S — ,
136 110 16.0 LX) B0 (1] A0 LN ] &8 36 2.0 1.0 [- K]
fi1 (ppm)
] $23 g3% %31 g3 ] In:
§ Egy nis B:d 3: 8 3 813
| “1 1 %00 1 e | LY
Pl H g 't & ? &
g & ¥ EE 2 E & & ik
| | AT | 1 | Vi

D}_ Z;=D

 —— -} T B

T
S—
b

130 115 120

D T T T S S R T L T T T T T T T T T T S

o 190 ira 150 130 T &0 L] 40 3 bl 10 a =10

"'?i I:FIH'I'I]"

S43



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

FEEAE ]
e E.-E E
e
&
[] u"JJ"Hf
I | H |
¥9 Z3:  :§j =
e e EE.- H
RV P2 I
-
n
e AW S LY A N
Tl T4 Tud 1. &8 i [ ] [ ]
f1 (ppm)
|
|
i
.'n.lJ .-l' n | |
FY, W, ¥ ¥
] - -
2R2E 2 k4
P -
3.0 138 1186 180 o0 a0 ] &0 540 4.0 30 1.8 1.0 [N ]
fi1 (ppm)
§ 1 8 TF 5
E £ o8 oa: fed :
I | | - e I
a
A
Y N

Al 190

S44




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

1338 § 5 Eigs
tigy o7 pif

t E

- N -
28 18 138 a8 EZCE
iz 3 e s a0 3333
LY WTF i1 S
" il 1l
'
l\l ||’ If ' ii'..
l
M i i i
B A W W N B R e |
8.2 81 82 77 TB OT.T L’ 7.5 74 7.3 T.2 T1OTA O &F 48
1 (pRM)
o
f
B N _Il.__‘_f-_t.._______ - N, . o
TN ¥
- ™ - - - =
e 2 22 =
g8 = & & 4
— . e e ——
3.0 138 1.0 180 "o B0 ra &.0 540 4.8 3.0 2.0 1.8 [ N-]
fi1 (ppm)
igy = EE =53 z
I8 s 8 = =5 il i
] T e I
i
N
H I
e — e _—
N— Y — y
FAL 193 irg 150 136 ? ] B o &d E2i] 40 3a -] L] -] =1d
1 [ppm)

S45



