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1. General

"H NMR (400 MHz) spectra were recorded on a Bruker Avance 400 spectrometer in
CDCl; [using CDCl; (for 'H, & = 7.26) or DMSO-d; (for 'H, & = 2.50) as the internal
standard]. *C NMR (100 MHz) spectra on a Bruker Avance 400 spectrometer in
CDCl; [using CDCl; (for °C, & = 77.0) or DMSO-ds (for °C, & = 39.5) as internal
standard]. The following abbreviations were used to explain the multiplicities: s =
singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublet, ddd = doublet of
doublet of doublet, dt = doublet of triplet, sep = septet, m = multiplet, s br = single
broad. IR spectra were recorded on a Shimazu IR Prestige-21 FT-IR Spectrometer.
High-resolution mass spectra were obtained with a Q-Tof Premier LC HR mass
spectrometer. X-ray crystallography analysis was performed on Bruker X8 APEX
X-ray diffractionmeter. Melting points were uncorrected and were recorded on a
Buchi B-54 melting point apparatus. IR spectra were recorded on a Shimadzu IR
Prestige-21 FT-IR Spectrometer. Flash column chromatography was performed using
Merck silica gel 60 with distilled solvents. DMSO (anhydrous), DMF (anhydrous),
K3POy4, K,CO3 and Cs,CO3 were purchased from Sigma-Aldrich Co., Inc.

2. Preparation of amidoximes 1

A typical procedure for synthesis of amidoxime 1a:'

_ PhCH,NH, (1.2 equiv) OH
.OH NCS (1 equiv) -OH Et;N (2 equiv) N”
N _ N 3 . )J\
> . PN
Ph)J\H DMF, rt, 4 h ph)k(n DMF, 0 °C-rt, 6 h Ph™ N™ "Ph
under N, (1 atm) under N, (1 atm)

To the solution of oxime (2.043 g, 16.88 mmol) in N,N-dimethylformamide (55.0 mL)
at room temperature was added N-chlorosuccinimide (2.254 g, 16.88 mmol) in five
portions. During each addition, the reaction mixture became yellow and then
gradually returned to near colorless. After the addition was complete, the reaction
mixture was stirred at room temperature for 4 h. The chlorooxime generated was used
in situ. Benzylamine (2.21 mL, 20.26 mmol) and triethylamine (4.71 mL, 33.76
mmol) was added dropwise at 0 °C to the reaction mixture. The reaction mixture
was stirred at 0 °C for 2 h and room temperature for 4 h. After that, the reaction
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mixture was diluted with H,O, and the aqueous layer was extracted three times with
EtOAc. The combined organic layers were washed with brine, dried over MgSO4
and concentrated. The crude material was purified by flash column chromatography
(silica gel; hexane: ethyl acetate = 75 : 25) to afford benzylamidoxime (3.015 g, 13.32
mmol, 79% yield) as a white solid.

(Z)-N-benzyl-N'-hydroxybenzimidamide (1a):

.OH
N

0

79% yield as a white solid from benzaldehyde oxime® and benzylamine.

mp: 117-118 °C; IR (NaCl) 3392, 3053, 2986, 1628, 1576, 1497, 1477, 1146 cm™; 'H
NMR (400 MHz, CDCL3) § 4.24 (2H, s), 5.70 (1H, s), 7.19-7.25 (3H, m), 7.30 (2H, dd,
J=1.2,7.6 Hz), 7.33-7.42 (3H, m), 7.46-7.48 (2H, m), 8.68 (1H, s br); '*C NMR (100
MHz, CDCls) & 47.4, 126.8, 127.2, 128.4, 128.5, 128.6, 129.6, 131.2, 139.5, 156.5;
ESIHRMS: Found: m/z 227.1183. Caled for C14sHsN,O: (M+H)' 227.1184.

(Z)-N-benzyl-N'-hydroxy-4-methoxybenzimidamide (1c):

_OH
N (0]
N
/@)J\H/\Q
MeO

98% yield as a white solid from 4-methoxybenzaldehyde oxime® and benzylamine.

mp: 139-140 °C; IR (NaCl) 3395, 3053, 2986, 1624, 1609, 1521, 1421, 1175 cm™; 'H
NMR (400 MHz, CDCL3) § 3.79 (3H, s), 4.24 (2H, s), 5.71 (1H, s), 6.86-6.88 (2H, m),
7.19-7.24 (3H, m), 7.27-7.31 (2H, m), 7.39 (2H, d, J = 8.8 Hz); '°C NMR (100 MHz,
CDCly) & 47.4, 55.2, 113.8, 123.5, 126.7, 127.1, 128.5, 129.8, 139.7, 156.3, 160.6;
ESIHRMS: Found: m/z 257.1285. Caled for CisH7NO: (MA+H)™ 257.1290.

(Z)-N-benzyl-4-bromo-N'-hydroxybenzimidamide (1d):
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Jeogas

85% yield as a white solid from 4-bromobenzaldehyde oxime* and benzylamine.

mp: 138-140 °C; IR (NaCl) 3394, 3053, 2986, 1631, 1494, 1421, 1150, 1070 cm™; 'H
NMR (400 MHz, CDCls) 6 4.21 (2H, d, J=5.2 Hz), 5.70 (1H, s), 7.18 (2H, d, J= 6.8
Hz), 7.23-7.26 (1H, m), 7.29-7.34 (4H, m), 7.49 (2H, d, J = 8.4 Hz), 8.75 (1H, s br);
C NMR (100 MHz, CDCls) & 47.4, 124.0, 126.7, 127.3, 128.7, 130.1 (overlapped),
131.7, 139.2, 155.7; ESIHRMS: Found: m/z 305.0293. Caled for C4H14sN>O"Br:
(M+H)" 305.0289.

(Z)-N-benzyl-2-bromo-N'-hydroxybenzimidamide (1e):

_OH
Br N

Sahs

82% yield as a white solid from 2-bromobenzaldehyde oxime, which was prepared by
condensation of 2-bromobenzaldehyde and hydroxylamine hydrochloride in the
presence of sodium acetate in ethanol.” The crude oxime was used directly without

further purification.

mp: 124-126 °C; IR (NaCl) 3404, 3053, 2985, 1636, 1483, 1451, 1208, 1153 cm™; 'H
NMR (400 MHz, CDCl3) & 4.06 (2H, s), 5.72 (1H, s), 7.16-7.33 (8H, m), 7.59 (1H, dd,
J =20, 7.2 Hz), 8.66 (1H, s br); >C NMR (100 MHz, CDCl;) & 46.9, 123.5, 127.2
(overlapped), 127.3, 128.5, 130.9, 131.7, 132.4, 132.9, 138.9, 154.3; ESIHRMS:
Found: m/z 305.0286. Calcd for C14H4N,O”’Br: (M+H)" 305.0289.

(Z)-N-benzyl-N'-hydroxy-3-(trifluoromethyl)benzimidamide (1f):

.OH
N

peape
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48% yield as a pale yellow solid from 3-(trifluoromethyl)benzaldehyde oxime, which
was prepared by condensation of 3-(trifluoromethyl)benzaldehyde and hydroxylamine
hydrochloride in the presence of sodium acetate in ethanol.” The crude oxime was

used directly without further purification.

mp: 107-109 °C; IR (NaCl) 3394, 3053, 2985, 1634, 1591, 1494, 1452, 1130 cm™; 'H
NMR (400 MHz, CDCL) § 4.19 (2H, d, J = 5.6 Hz), 5.76 (1H, s), 7.15 (2H, d, J = 7.2
Hz), 7.22-7.31 (3H, m), 7.47 (1H, dd, J = 7.6, 8.0 Hz), 7.64 (2H, t, J = 9.2 Hz), 7.72
(1H, s), 9.23 (1H, s br); *C NMR (100 MHz, CDCL) § 47.5, 123.7 (q, J = 270.7),
125.6 (q, J = 3.6 Hz), 126.3 (q, J = 3.4 Hz), 126.7, 127.4, 128.7, 128.9, 130.9 (q, J =
32.5 Hz), 131.82, 132.0, 139.1, 155.4; ESIHRMS: Found: m/z 295.1059. Calcd for
C1sH14N>OF;: (M+H)™ 295.1058.

(Z)-N-benzyl-N'-hydroxy-2-naphthimidamide (1g):

64% yield as a pale yellow solid from 2-naphthaldehyde oxime® and benzylamine.

mp: 105-107 °C; IR (NaCl) 3394, 3053, 2986, 1635, 1475, 1420, 1146 cm™; "H NMR
(400 MHz, CDCly) § 4.27 (2H, d, J = 3.2 Hz), 5.77 (1H, s), 7.19-7.31 (5H, m),
7.47-7.56 (3H, m), 7.81-7.85 (3H, m), 7.98 (1H, s); '*C NMR (100 MHz, CDCL) &
47.6, 125.6, 126.4, 126.77, 126.84, 127.2, 127.7, 128.1, 128.4, 128.59, 128.61, 132.9,
133.8, 139.5,156.7; ESTHRMS: Found: m/z 277.1338. Calcd for CsH;7N,0: (M+H)"
277.1341.

(Z)-N-benzyl-N'-hydroxy-1-methyl-1H-indole-3-carboximidamide (1h):

N’OH



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

42% vyield as a pale yellow solid from I-methyl-1H-indole-3-carbaldehyde oxime’

and benzylamine.

mp: decompose temperature: 195-198 °C; IR (NaCl) 3402, 3053, 2986, 1630, 1560,
1479, 1422, 1157 cm™; "TH NMR (400 MHz, DMSO-d¢) & 3.78 (3H, s), 4.27 (2H, d, J
= 6.8 Hz), 6.11 (1H, t, J= 6.8 Hz), 7.08 (1H, dd, J = 7.2, 8.0 Hz), 7.16-7.20 (4H, m),
7.26 (2H, dd, J = 7.2, 8.0 Hz), 7.44-7.45 (2H, m), 7.68 (1H, d, J = 8.0 Hz), 9.58 (1H,
s); *C NMR (100 MHz, DMSO-dg) & 32.5, 46.7, 106.1, 109.9, 119.7, 120.1, 121.5,
126.2, 126.5 (overlapped), 128.1, 129.7, 136.4, 141.2, 150.5; ESIHRMS: Found: m/z
280.1452. Calcd for C;7H;sN;0: (M+H)" 280.1450.

(Z)-N-benzyl-N'-hydroxycinnamimidamide (1j):

_OH
N

H
81% yield as a pale yellow solid from cinnamaldehyde oxime® and benzylamine.

IR (NaCl) 3385, 3053, 2986, 1653, 1494, 1450, 1419 cm™; '"H NMR (400 MHz,
CDCls) & 4.43 (2H, s), 5.63 (1H, s), 6.49 (1H, d, J = 16.0 Hz), 7.18 (1H, d, J = 16.0
Hz), 7.24-7.38 (10H, m); °C NMR (100 MHz, CDCL) & 46.7, 116.7, 126.7, 127.0,
127.2, 128.5 (overlapped), 128.6, 135.7, 135.9, 139.4, 153.8; ESIHRMS: Found: m/z
253.1345. Calcd for C1¢H7N,0: (M+H)" 253.1341.

(Z)-N-benzyl-N'-hydroxy-3-phenylpropanimidamide (1k):

OH
N

SREae

67% yield as a yellow solid from 3-phenylpropanal oxime’ and benzylamine.

mp: 81-83 °C; IR (NaCl) 3211, 3053, 2986, 2868, 2831, 1643, 1497, 1452, 1421,
1153 em™; "H NMR (400 MHz, CDCls) & 2.49-2.53 (2H, m), 2.86-2.90 (2H, m), 4.34
(2H, d, J = 6.0 Hz), 5.59 (1H, s), 7.15-7.21 (3H, m), 7.25-7.29 (5H, m), 7.33-7.36 (2H,
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m); BC NMR (100 MHz, CDCls) 6 30.6, 32.8, 46.0, 126.2, 126.8, 127.4, 128.3, 128.5,
128.7, 139.1, 141.0, 154.8; ESIHRMS: Found: m/z 255.1496. Calcd for CisH;9N,O:
(M+H)" 255.1497.

(Z)-N-benzyl-N'"-hydroxycyclohexanecarboximidamide (11):

_OH
N

SRR

67% yield as a white solid from cyclohexanecarbaldehyde oxime'® and benzylamine.

mp: 124-126 °C; IR (NaCl) 3315, 3053, 2983, 1636, 1494, 1450, 1420, 1340, 1140
em’; "H NMR (400 MHz, CDCL) & 1.16-1.26 (3H, m), 1.39 (2H, q, J = 12.0 Hz),
1.65-1.66 (1H, m), 1.75-1.76 (2H, m), 1.87 (2H, d, J = 13.2 Hz), 2.22-2.30 (1H, m),
434 (2H, d, J= 5.6 Hz), 5.50 (1H, s), 7.25-7.36 (5H, m); '*C NMR (100 MHz, CDCL)
5 26.0, 26.3, 30.6, 37.4, 45.8, 126.9, 127.3, 128.6, 139.4, 158.2; ESIHRMS: Found:
m/z 233.1653. Caled for C14HaN,O: (M+H)" 233.1654.

(Z)-N'-hydroxy-N-(2-methylbenzyl)benzimidamide (1m):

_OH
N Me

SaRe

81% yield as a white solid from benzaldehyde oxime and o-tolylmethanamine.

mp: 145-148 °C; IR (NaCl) 3053, 2985, 1629, 1575, 1419, 1344, 1153 cm™; '"H NMR
(400 MHz, CDCly) & 2.16 (3H, s), 4.18 (2H, s), 5.58 (1H, s), 7.09-7.11 (1H, m),
7.13-7.18 (2H, m), 7.24-7.27 (1H, m), 7.34-7.41 (3H, m), 7.46-7.48 (2H, m); °C
NMR (100 MHz, CDCls) & 18.8, 45.6, 126.2, 127.2, 127.3, 128.38, 128.44, 129.6,
130.2, 131.3, 135.5, 137.2, 156.5; ESIHRMS: Found: m/z 241.1337. Calcd for
CisH7N2O: (M+H)" 241.1341.

(Z)-N'-hydroxy-N-(4-methoxybenzyl)benzimidamide (1n):
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_OH
N

SaaW

88% yield as a pale yellow solid from benzaldehyde oxime and

(4-methoxyphenyl)methanamine.

mp: 75-77 °C; IR (NaCl) 3393, 3053, 2956, 1628, 1576, 1512, 1463, 1445, 1175 cm™';
'"H NMR (400 MHz, CDCLy) § 3.78 (3H, s), 4.15 (2H, s), 5.63 (1H, s), 6.81-6.84 (2H,
m), 7.10 (2H, d, J = 8.4 Hz), 7.34-7.40 (3H, m), 7.45-7.48 (2H, m); '°C NMR (100
MHz, CDCLy) § 46.9, 55.2, 113.9, 128.1, 128.4, 128.5, 129.5, 131.3, 131.6, 156.4,
158.7; ESTHRMS: Found: m/z 257.1283. Calcd for C;sH;7N,0,: (M+H)" 257.1290.

(Z)-N-(3-bromobenzyl)-N'-hydroxybenzimidamide (10):

N,OH
N Br
Y
84% yield as a pale yellow solid from benzaldehyde oxime and

(3-bromophenyl)methanamine.

mp: 106-108 °C; IR (NaCl) 3396, 3053, 2985, 1631, 1572, 1473, 1445, 1422, 1150
cm”; '"H NMR (400 MHz, CDCL) & 4.20 (2H, s), 5.72 (1H, s), 7.10-7.18 (2H, m),
7.32-7.44 (7TH, m); °C NMR (100 MHz, CDCl;) & 46.7, 122.7, 125.3, 128.4, 128.5,
129.7, 129.8, 130.1, 130.3, 130.8, 141.9, 156.2; ESIHRMS: Found: m/z 305.0289.
Calcd for C4H4N>O”Br: (M+H)™ 305.0289.

(Z)-N'"-hydroxy-N-((1-methyl-1H-indol-5-yl)methyl)benzimidamide (1p):

.OH
N

N
Me
72% yield as a yellow solid from benzaldehyde oxime and

(1-methyl-1H-indol-5-yl)methanamine, which was prepared by reduction of
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1-methylindole-5-carbonitrile'' with lithium aluminum hydride in tetrahydrofuran.'?

The crude amine was used directly without further purification.

mp: 172-175 °C; IR (NaCl) 3383, 3053, 2986, 1636, 1422, 1153 cm™; "H NMR (400
MHz, DMSO-d¢) 6 3.74 (3H, s), 4.22 (2H, d, J = 6.8 Hz), 6.12 (1H, t, J = 6.8 Hz),
6.34 (1H, d, J=2.8 Hz), 6.92 (1H, dd, J = 1.2, 8.4 Hz), 7.26-7.32 (3H, m), 7.37-7.41
(5H, m), 9.82 (1H, s); *C NMR (100 MHz, DMSO-d¢) & 32.4, 40.1, 47.0, 100.1,
109.4, 118.3, 120.4, 127.9, 128.10, 128.13, 128.9, 129.7, 131.2, 132.6, 135.5, 155.0;
ESIHRMS: Found: m/z 280.1449. Calcd for C;7H;sN5O: (MJrH)+ 280.1450.

(Z)-N'- hydroxy-N-(pyr1d1n-4-ylmethyl)ben11mldamlde (1q):

e

74% as a white solid from benzaldehyde oxime and pyridin-2-ylmethanamine.

mp: 166-168 °C; IR (NaCl) 3420, 3053, 2986, 1628, 1568, 1512, 1437, 1422, 1130
cm’; "H NMR (400 MHz, DMSO-ds) & 4.24 (2H, d, J = 6.4 Hz), 6.53 (1H, t, J = 6.4
Hz), 7.22 (1H, dd, J = 5.6, 7.2 Hz), 7.29 (1H, d, J = 8.0 Hz), 7.34-7.41 (5H, m), 7.75
(1H, dt, J = 2.0, 7.6 Hz), 8.44 (1H, d, J = 4.8 Hz), 9.88 (1H, s); °C NMR (100 MHz,
DMSO-d¢) & 48.1, 120.7, 121.9, 128.0, 128.2, 128.9, 132.4, 136.6, 148.7, 154.6,
159.3; ESTHRMS: Found: m/z 228.1137. Caled for C13H4N;0: (M+H)" 228.1137.

(Z)-N,N-dibenzyl-N'-hydroxybenzimidamide (1r):
N,OH

Ph)kN/\Ph
L

Ph

The preparation of 1r was slightly modified from the general procedure. In this
reaction, 2 equiv of oxime and 2 equiv of N-chlorosuccinimide were used in the first
step while 1 equiv of dibenzylamine and 2.5 equiv of triethylamine were employed in
the second step.

80% yield as a white solid from benzaldehyde oxime and dibenzylamine.
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mp: 144-146 °C; IR (NaCl) 3394, 3053, 2986, 2864, 1630, 1495, 1452, 1420, 1141
cm’; "H NMR (400 MHz, CDCL) & 4.20 (4H, s), 6.29 (1H, s br), 7.19 (4H, d, J=7.2
Hz), 7.23-7.27 (2H, m), 7.31 (4H, dd, J= 7.2, 7.6 Hz), 7.39-7.47 (3H, m), 7.51 (2H, d,
J =17.6 Hz); °C NMR (100 MHz, CDCL3) & 50.6, 127.1, 127.9, 128.4, 128.5, 128.9,
129.4, 131.1, 137.8, 160.9; ESTHRMS: Found: m/z 317.1655. Calcd for CyHy N,O:
(M+H)" 317.1654.

(Z)-N-benzhydryl-N'-hydroxybenzimidamide (1s):

N/Ol—‘Dh
PPN

Ph N Ph
H
58% yield as a white solid from benzaldehyde oxime and diphenylmethanamine.

mp: 161-163 °C; IR (NaCl) 3392, 3055, 2986, 1632, 1492, 1452, 1379, 1134 cm™; 'H
NMR (400 MHz, CDCls) 6 5.49 (1H, d, J = 9.6 Hz), 5.97 (1H, d, J = 9.6 Hz), 7.15
(4H, d, J = 7.6 Hz), 7.22-7.38 (11H, m), 7.84 (1H, s br); *C NMR (100 MHz, CDCls)
8 60.9, 127.2, 127.3, 128.3, 128.4, 128.5, 129.6, 131.4, 142.5, 156.1; ESIHRMS:
Found: m/z 303.1498. Calcd for C0H9N,O: (M+H)" 303.1497.

(Z)-N'-hydroxy-N-phenethylbenzimidamide (1t):
N .OH

h)LN/\/Ph

P

72% yield as a colourless oil from benzaldehyde oxime and 2-phenethylamine.

IR (NaCl) 3385, 3061, 2941, 1627, 1494, 1454, 1392, 1145 cm™; "H NMR (400 MHz,
CDCl) 8 2.69 (2H, d, J = 7.2 Hz), 3.25 (2H, d, J = 6.8 Hz), 5.39 (1H, s br), 7.05-7.07
(2H, m), 7.17-7.26 (3H, m), 7.34-7.42 (5H, m), 8.74 (1H, s br); *C NMR (100 MHz,
CDCl) & 37.9, 45.1, 126.4, 128.3, 128.5, 128.8, 129.4, 131.5, 138.5, 156.3;
ESIHRMS: Found: m/z 241.1336. Calcd for C,0H9N,O: (MJrH)+ 241.1341.

10
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(Z2)-N-benzyl-N'-methoxybenzimidamide (1u):

OMe

N
Ph)LH/\Ph

Procedure for synthesis of 1u:

ON
N\A7
MeO OMe
_OH OMe

NaH (1.2 equiv) (1.5 equiv) N~
N"Ph  DMF,r,025h  DMF,rt Ny 2h Ph)J\N/\Ph
1H under N, (1 atm) under N, (1 atm) 1
a u

Ph

To a suspension of NaH 60 % dispersion in mineral oil (148.7 mg, 3.719 mmol) in
DMF (5.0 mL) was added the solution of (Z)-N-benzyl-N'-hydroxybenzimidamide
(701.1 mg, 3.099 mmol) in DMF (6 mL) dropwise at room temperature. After the
addition was complete, the reaction mixture was stirred at room temperature for 15
min. Then dimethyl sulfate (381 pL, 4.028 mmol) was added dropwise to the
reaction mixture. The reaction mixture was stirred at room temperature for 4 h.
After that, the reaction mixture was diluted with H,O, and the aqueous layer was
extracted three times with EtOAc. The combined organic layers were washed with
brine, dried over MgSO,4 and concentrated. The crude material was purified by flash
column chromatography (silica gel; hexane: ethyl acetate = 7 : 3) to afford
(Z£)-N-benzyl-N'-methoxybenzimidamide (1u) (564.6 mg, 2.350 mmol, 76% yield) as

a colourless oil.

IR (NaCl) 3398, 1614, 1573, 1497, 1464, 1402, 1354, 1265, 1145 cm™; "H NMR (400
MHz, CDCl;) & 3.88 (3H, s), 4.21 (2H, d, J = 6.4 Hz), 5.59 (1H, s br), 7.20-7.27 (3H,
m), 7.30-7.40 (5H, m), 7.46-7.48 (2H, m); °C NMR (100 MHz, CDCls) & 47.4, 61.2,
126.7, 127.1, 128.3, 128.48, 128.49, 129.5, 131.0, 139.4, 156.0; ESIHRMS: Found:
m/z 241.1340. Caled for C;sHsN,O: (M+H) 241.1341.

11
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3. Synthesis of 1,2,4-oxadiazoles 3

A typical procedure for synthesis of 3a:

.OH

N KsPO, (3 equiv) N-O
M~ = el Ppn
Ph H Ph DMF, 60 °C, 5 h N
1a under O, (1 atm) 3a

To a solution of (Z)-N-benzyl-N'"-hydroxybenzimidamide (113.8 mg, 0.503 mmol) in
DMF (5 mL) was added K3PO4 (320.3 mg, 1.509 mmol). The reaction mixture was
then stirred for 5 h at 60 °C under an O, atmosphere. The resulting mixture was
diluted with water and extracted three times with EtOAc. The combined organic
extracts were washed with brine, dried over MgSO4 and concentrated. Purification
of the crude product by flash column chromatography (silica gel; hexane: ethyl
acetate = 75 : 25) afforded 3a (87.5 mg, 0.394 mmol, 78% yield) as a white solid.
3,5-diphenyl-1,2,4-oxadiazole (3a): 13

N-O
/
Ph/QN/)\Ph
Reaction time: 5 h.
Yield: 78%. 'H NMR (400 MHz, CDCls) & 7.50-7.63 (6H, m), 8.17-8.20 (2H, m),

8.21-8.24 (2H, m); °C NMR (100 MHz, CDCl3) & 124.3, 126.9, 127.5, 128.1, 128.8,
129.1,131.2, 132.7, 168.9, 175.7.

5-phenyl-3-(p-tolyl)-1,2,4-oxadiazole (3b):"*

N-O
|
N/)\Ph
Me

Reaction time: 5 h.

Yield: 81%. 'H NMR (400 MHz, CDCL) & 2.40 (3H, s), 7.29 (2H, d, J = 8.0 Hz),
7.49-7.57 (3H, m), 8.04-8.07 (2H, m), 8.18-8.20 (2H, m); °C NMR (100 MHz,
CDCl) & 21.5, 124.3, 124.7, 127.4, 128.1, 129.0, 129.5, 132.6, 141.4, 168.9, 175.4.

3-(4-methoxyphenyl)-5-phenyl-1,2,4-oxadiazole (3c):"’
12
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N-O
/
MeO

Reaction time: 10 h.

Yield: 83%. 'H NMR (400 MHz, CDCls) & 3.85 (3H, s), 7.00 (2H, d, J = 8.8 Hz),
7.50-7.57 (3H, m), 8.10 (2H, d, J = 8.8 Hz), 8.19 (2H, d, J = 7.6 Hz); °C NMR (100
MHz, CDCl3) 6 55.3, 114.2, 119.4, 124.3, 128.0, 128.96, 129.04, 132.5, 161.8, 168.6,
175.3.

3-(4-bromophenyl)-5-phenyl-1,2,4-oxadiazole (3d):'°

N—(;\

/
Z
N Ph
Br

Reaction time: 5 h.

Yield: 76%. 'H NMR (400 MHz, CDCl;) & 7.54-7.67 (5H, m), 8.06 (2H, dd, J = 1.6,
6.8 Hz), 8.21 (2H, dd, J = 1.6, 8.0 Hz); °C NMR (100 MHz, CDCl;) & 124.0, 125.7,
125.8, 128.1, 128.9, 129., 132.0, 132.8, 168.1, 175.8.

3-(2-bromophenyl)-5-phenyl-1,2,4-oxadiazole (3e):

Br

l;l—o
@AN)\Ph

Reaction time: 10 h.

Yield: 48%; Pale yellow solid, mp: 76-78 °C; IR (NaCl) 2985, 2829, 1610, 1558,
1489, 1464, 1421, 1361, 1141 cm™; "H NMR (400 MHz, CDCL) & 7.37 (1H, ddd, J =
1.6, 7.6, 8.0 Hz), 7.46 (1H, ddd, J = 1.2, 7.6, 8.0 Hz), 7.54-7.58 (2H, m), 7.61-7.64
(1H, m), 7.76 (1H, dd, J= 0.8, 8.0 Hz), 7.92 (1H, dd, J = 0.8, 7.6 Hz), 8.22-8.24 (2H,
m); °C NMR (100 MHz, CDCL) & 122.2, 124.0, 127.4, 128.2, 128.3, 129.1, 131.8,
131.9, 132.8, 134.1, 168.5, 175.3; ESIHRMS: Found: m/z 300.9969. Calcd for
C14H10”BrN,O: (M+H) " 300.9976.

13
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5-phenyl-3-(3-(trifluoromethyl)phenyl)-1,2,4-oxadiazole (3f):
FsC N-Q

\Q/QN/)\ Ph

Reaction time: 2 h.

Yield: 70%; White solid, mp: 90-92 °C; IR (NaCl) 3053, 2985, 1610, 1562, 1421,
1377, 1321, 1170 cm™; "H NMR (400 MHz, CDCl;) & 8.45 (1H, s), 8.34 (1H, d, J =
8.0 Hz), 8.19-8.21 (2H, m), 7.76 (1H, d, J = 8.0 Hz), 7.59-7.64 (2H, m), 7.52-7.56
(2H, m); >C NMR (100 MHz, CDCls) & 123.8 (q, J = 270.8 Hz), 124.0, 124.5 (q, J =
3.8 Hz), 127.7 (q, J = 3.6 Hz), 127.9, 128.2, 129.1, 129.4, 130.6, 131.4 (q, J = 32.7
Hz), 132.9, 167.9, 176.1; ESTHRMS: Found: m/z 291.0746. Caled for CsH oN,OFs:
(M+H)" 291.0745.

3-(naphthalen-2-yl)-5-phenyl-1,2,4-oxadiazole (3g):
N-O

Reaction time: 3 h.

Yield: 94%; White solid, mp: 121-123 °C; IR (NaCl) 3053, 2985, 1635, 1562, 1421,
1377, 1157 cm™; "H NMR (400 MHz, CDCL) & 7.49-7.59 (5H, m), 7.85 (1H, dd, J =
4.0, 5.2 Hz), 7.91 (1H, d, J = 8.4 Hz), 7.94 (1H, dd, J = 4.0, 5.2 Hz), 8.19-8.22 (3H,
m), 8.69 (1H, s); >C NMR (100 MHz, CDCL) & 123.9, 124.21, 124.23, 126.6, 127.4,
127.8, 128.0, 128.1, 128.6, 128.8, 129.0, 132.6, 133.0, 134.6, 168.9, 175.6;
ESIHRMS: Found: m/z 273.1028. Calcd for C;sH;3N,0O: (MJrH)+ 273.1028.

3-(1-methyl-1H-indol-3-yl)-5-phenyl-1,2,4-oxadiazole (3h):

N-O

/N/)\Ph

/N /
Me

Reaction time: 9 h.

14
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Yield: 62%; Pale yellow solid, mp: 133-135 °C; IR (NaCl) 3053, 2985, 1610, 1587,
1562, 1494, 1479, 1421, 1303, 1118 cm™; "H NMR (400 MHz, CDCL) & 3.78 (3H, s),
7.29-7.33 (3H, m), 7.48-7.57 (3H, m), 7.83 (1H, s), 8.18-8.21 (2H, m), 8.30-8.34 (1H,
m); °C NMR (100 MHz, CDCL) & 33.1, 102.9, 109.6, 121.2, 121.9, 122.8, 124.5,
125.4, 128.0, 128.9, 131.4, 132.3, 137.3, 165.7, 174.2; ESIHRMS: Found: m/z
276.1135. Caled for C17H14N;0: (M+H)" 276.1137.

5-phenyl-3-(pyridin-4-yl)-1,2,4-oxadiazole (3i):
N-O

/
o
N —

Reaction time: 2 h.

Yield: 72%; White solid, mp: 149-151 °C; IR (NaCl) 3053, 2985, 1635, 1421, 1370,
1155 em™; '"H NMR (400 MHz, CDCl) & 7.56 (2H, dd, J = 7.2, 7.6 Hz), 7.61-7.65
(1H, m), 8.03 (2H, dd, J = 1.6, 4.4 Hz), 8.20-8.22 (2H, m), 8.80 (2H, dd, J = 1.6, 4.4
Hz); *C NMR (100 MHz, CDCls) & 121.3, 123.8, 128.2, 129.1, 133.1, 134.3, 150.6,
167.4, 176.4; ESIHRMS: Found: m/z 224.0822. Calcd for C;3H;oN5O: (MJrH)+
224.0824.

(E)-5-phenyl-3-styryl-1,2,4-oxadiazole (3j):
N-O
Reaction temperature: 80 °C; reaction time: 4 h.

Yield: 65%; Pale yellow solid, mp: 101-103°C; IR (NaCl) 3053, 2985, 1645, 1610,
1564, 1504, 1447, 1421, 1378, 1157 cm™'; "H NMR (400 MHz, CDCl;)  7.11 (1H, d,
J =16.0 Hz), 7.33-7.42 (3H, m), 7.51-7.60 (5H, m), 7.81 (1H, d, J = 16.0 Hz), 8.18
(2H, dd, J = 1.6, 7.6 Hz); >C NMR (100 MHz, CDCL) & 112.9, 124.2, 127.4, 128.1,
128.8, 129.0, 129.4, 132.7, 135.3, 139.1, 168.4, 174.9; ESIHRMS: Found: m/z
249.1023. Calcd for C¢H;3N,0: (M+H)" 249.1028.

3-phenethyl-5-phenyl-1,2,4-oxadiazole (3k):
15
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N-O
Ph/\/4 /)\Ph
N
Reaction temperature: 80 °C; reaction time: 7 h.

Yield: 76%; White solid, mp: 36-38°C; IR (NaCl) 3053, 2985, 1636, 1610, 1562,
1481, 1450, 1421, 1373, 1159 cm™; "H NMR (400 MHz, CDCL;) & 3.10-3.16 (4H, m),
7.19-7.32 (5H, m), 7.51 (2H, dd, J = 7.2, 7.6 Hz), 7.56-7.59 (1H, m), 8.11-8.14 (2H,
m); °C NMR (100 MHz, CDCly) & 28.0, 33.1, 124.2, 126.3, 128.0, 128.3, 128.5,
129.0, 132.6, 140.3, 170.5, 175.4; ESIHRMS: Found: m/z 251.1184. Calcd for
Ci6HsN>O: (M+H)" 251.1184.

3-cyclohexyl-5-phenyl-1,2,4-oxadiazole (31):'
N-O

OA;/%%

Reaction time: 32 h.

Yield: 53%. 'H NMR (400 MHz, CDCl;) § 1.27-1.48 (3H, m), 1.60-1.78 (3H, m),
1.84-1.88 (2H, m), 2.07-2.11 (2H, m), 2.83-2.91 (1H, m), 7.50 (2H, dd, J = 7.2, 7.6
Hz), 7.57 (1H, t, J= 7.2 Hz), 8.12 (2H, d, J = 7.6 Hz); '>*C NMR (100 MHz, CDCl;) &
25.7,25.8,30.7, 36.0, 124.5, 128.0, 128.9, 132.4, 174.7, 175.1.

3-phenyl-5-(o-tolyl)-1,2,4-oxadiazole (3m):

N-O Me
/ ~
Reaction time: 10 h.

Yield: 65%; White solid, mp: 101-103°C; IR (NaCl) 3053, 2985, 1637, 1608, 1444,
1421, 1362, 1117 ecm™; "H NMR (400 MHz, CDCl3) & 2.79 (3H, s), 7.35-7.39 (2H, m),
7.45-7.53 (4H, m), 8.16-8.20 (3H, m); °C NMR (100 MHz, CDCL) & 21.9, 123.4,

16
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126.2, 127.1, 127.5, 128.8, 130.1, 131.1, 131.8, 132.1, 139.1, 168.5, 176.3;
ESIHRMS: Found: m/z 237.1023. Calcd for C;5sH;3N,O: (MJrH)+ 237.1028.

5-(4-methoxyphenyl)-3-phenyl-1,2,4-oxadiazole (3n):'’

N-O
/ Z
@AN )\Q\
OMe

Reaction time: 9 h.

Yield: 59%. '"H NMR (400 MHz, CDCl;) & 3.86 (3H, s), 7.01 (2H, dd, J = 2.0, 7.2
Hz), 7.49-7.50 (3H, m), 8.13-8.17 (4H, m); °*C NMR (100 MHz, CDCL) & 55.4,
114.4,116.8, 127.1, 127.4, 128.8, 130.0, 131.0, 163.1, 168.7, 175.5.

5-(3-bromophenyl)-3-phenyl-1,2,4-oxadiazole (30):
N-O Br

/ 7
O/(N)\g
Reaction time: 3 h.

Yield: 86%; White solid, mp: 110-112°C; IR (NaCl) 3053, 2985, 1638, 1556, 1444,
1421, 1361, 1072 cm™; '"H NMR (400 MHz, CDCL) & 7.39 (1H, t, J = 8.0 Hz),
7.47-7.52 (3H, m), 7.69-7.71 (1H, m), 8.10-8.16 (3H, m), 8.34 (1H, dd, J = 1.6, 1.6
Hz); >C NMR (100 MHz, CDCls) & 123.1, 126.0, 126.5, 126.6, 127.4, 128.8, 130.6,
130.9, 131.3, 135.6, 168.9, 174.2; ESIHRMS: Found: m/z 300.9979. Calcd for
C14H10”BrN,O: (M+H)" 300.9976.

5-(1-methyl-1H-indol-5-yl)-3-phenyl-1,2,4-oxadiazole (3p):
N-O
/
F’h/4 N)\@
N\
Me

Reaction time: 24 h.
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Yield: 54%; White solid, mp: 169-171°C; IR (NaCl) 3053, 2985, 1616, 1593, 1553,
1483, 1421, 1361, 1155 cm™; "H NMR (400 MHz, CDCL) & 3.81 (3H, s), 6.62 (1H, d,
J=3.2Hz), 7.12 (1H, d, J = 3.2 Hz), 7.41 (1H, d, J = 8.8 Hz), 7.50-7.52 (3H, m),
8.06 (1H, dd, J = 1.2, 8.8 Hz), 8.17-8.21 (2H, m), 8.52 (1H, d, J = 1.2 Hz); *C NMR
(100 MHz, CDCl;) & 33.0, 102.6, 109.7, 115.5, 121.4, 122.2, 127.4, 127.5, 128.4,
128.7, 130.6, 130.9, 138.8, 168.7, 177.1; ESIHRMS: Found: m/z 276.1142. Calcd for
C7H14N30: (M+H)™ 276.1137.

3-phenyl-5-(pyridin-2-yl)-1,2,4-oxadiazole (3q):
N-O
/ N
N/ h
v
Reaction time: 24 h.

Yield: 54%; White solid, mp: 112-114°C; IR (NaCl) 3053, 2984, 1595, 1564, 1444,
1427, 1363, 1138 cm™;'H NMR (400 MHz, CDCLy) & 7.48-7.54 (4H, m), 7.90-7.95
(1H, m), 8.21-8.24 (2H, m), 8.29 (1H, d, J = 8.0 Hz), 8.86 (1H, d, J = 4.8 Hz); "°C
NMR (100 MHz, CDCLs) & 124.1, 126.5, 126.6, 127.5, 128.7, 131.3, 137.2, 143.6,
150.6, 169.1, 174.3; ESTHRMS: Found: m/z 224.0826. Calcd for Ci3HoN;0: (M+H)"
224.0823.

3,5,5-triphenyl-4,5-dihydro-1,2,4-oxadiazole (2r):

" _ph

/

H Ph

Reaction time: 19 h.
Yield: 33%; White solid, mp: 179-181°C; IR (NaCl) 3053, 2985, 2684, 1635, 1448,
1421, 1157 em™; '"H NMR (400 MHz, CDCl3) & 4.99 (1H, s), 7.34-7.45 (9H, m),
7.54-7.56 (4H, m), 7.77 (2H, d, J = 6.8 Hz); >C NMR (100 MHz, CDCL;) & 100.5,

125.6, 126.4, 126.5, 128.3, 128.5, 128.7, 130.8, 142.4, 154.6; ESITHRMS: Found: m/z
301.1347. Caled for CooH7N,0O: (M+H)" 301.1341.

18



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

(Z)-N'-methoxybenzimidamide (1u’):'®

_OMe
N

M

Ph”” “NH,
Reaction time: 100 °C 24 h and 120 °C 4 h.

Yield: 40%. '"H NMR (400 MHz, CDCLy) & 3.92 (3H, s), 4.79 (1H, s br), 7.37-7.39
(3H, m), 7.62 (2H, dd, J = 1.6, 7.6 Hz); *C NMR (100 MHz, CDCl;) § 61.4, 125.8,
128.6, 129.9, 132.5, 151.8.

4. Synthesis of quinazolinones 5

A typical procedure for synthesis of 5a:

OH

)NL’ Cs,CO; (1 equiv) \ )'\ﬂ* JOK
> +
FE
Ph™ "N* "Ph  pMsO, 100°C, 2.5 h M PR N Ph
H . Ph™ "N” ~O
under air (1 atm) H
1a 6a
5a

To a solution of (Z)-N-benzyl-N'"-hydroxybenzimidamide (113.3 mg, 0.501 mmol) in
DMSO (5 mL) was added Cs,CO; (163.1 mg, 0.501 mmol). The reaction mixture
was then stirred for 2.5 h at 100 °C under a dry air atmosphere. The resulting
mixture was quenched with water and extracted four times with EtOAc. The
combined organic extracts were washed with brine, dried over MgSO4 and
concentrated. Pure quinazolinone 5a as a white solid was recrystallized from the
crude material using hexane/ethyl acetate (57.1 mg, 0.257 mmol, 51% yield). The
remaining residue was further purified by flash column chromatography (silica gel;
hexane : ethyl acetate : triethyl amine = 75 : 25 : 1) afforded quinazolinone 5a (15.0
mg, 0.067 mmol, 14% yield) as well as N-benzoly amidine 6a (19.6 mg, 0.087 mmol,
17% yield) as a white solid. The combined yield of 5a is 65% yield.

2-phenylquinazolin-4(3H)-one (5a):"

19
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N~ /I\
|
Ph)\N o)
H

Reaction time: 2.5 h.

Yield: 65%; 'H NMR (400 MHz, CDCly) 8 7.49-7.53 (1H, m), 7.57-7.60 (3H, m),
7.79-7.85 (2H, m), 8.15-8.17 (2H, m), 8.33 (1H, d, J = 7.6 Hz), 10.60 (1H, s); °C
NMR (100 MHz, CDCly) & 120.8, 126.4, 126.8, 127.3, 128.0, 129.1, 131.7, 132.8,
134.9, 149.5, 151.7, 163.7.

N-(imino(phenyl)methyl)benzamide (6a):

NH O

A

Ph N~ "Ph
H

Reaction time: 2.5 h.

Yield: 17%; White solid, mp: 99-101°C; IR (NaCl) 3053, 2985, 1597, 1421, 1319,
1150 cm™;'H NMR (400 MHz, CDCl;) & 6.67 (1H, s br), 7.44-7.53 (5H, m), 7.59 (1H,
t,J=7.6 Hz), 8.04 (2H, d, J= 7.6 Hz), 8.38 (2H, d, J = 7.6 Hz), 10.75 (1H, s br); °C
NMR (100 MHz, CDCls) & 127.4, 128.1, 128.8, 129.7, 132.0, 132.4, 135.1, 137.7,
166.7, 180.5; ESIHRMS: Found: m/z 225.1023. Caled for C;4H;;N,O: (M+H)"
225.1027.

2-(4-methoxyphenyl)quinazolin-4(3H)-one (5¢):*°

|
v
H
MeO

Reaction time: 2 h.
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Yield: 49%; 'H NMR (400 MHz, DMSO-dq) & 3.85 (3H, s), 7.09 (2H, d, J = 8.8 Hz),
7.48 (1H, dd, J = 7.2, 8.0 Hz), 7.70 (1H, d, J = 8.0 Hz), 7.79-7.83 (1H, m), 8.13 (1H,
d, J = 8.0 Hz), 8.19 (2H, d, J = 8.8 Hz), 12.24 (1h, s br); *C NMR (100 MHz,
DMSO-dg) & 55.4, 113.9, 120.6, 124.8, 125.8, 126.1, 127.1, 129.4, 134.5, 148.8,
151.9, 161.8, 162.3.

2-(3-(trifluoromethyl)phenyl)quinazolin-4(3 H)-one (5f):

I
F
H

Reaction time: 2 h.

Yield: 51%; White solid, mp: 179-181°C; IR (NaCl) 3053, 2985, 1637, 1421, 1338,
1107 cm™; "H NMR (400 MHz, DMSO-dg) & 7.53-7.57 (1H, m), 7.80 (2H, dd, J = 8.0,
8.4 Hz), 7.84-7.88 (1H, m), 7.96 (1H, d, J = 8.0 Hz), 8.17 (1H, dd, J = 1.2, 8.0 Hz),
8.49 (1H, d, J = 7.6 Hz), 8.54 (1H, s), 12.75 (1H, s br); °C NMR (100 MHz,
DMSO-de) & 121.1, 123.9 (q, J = 270.0 Hz), 124.4 (q, J= 3.9 Hz), 125.8, 126.9, 127.5,
127.7 (g, J= 3.3 Hz), 129.4 (q, J = 32.0 Hz), 129.8, 131.7, 133.7, 134.6, 148.4, 151.0,
162.2; ESTHRMS: Found: m/z 291.0750. Caled for C;5H oN,OF3: (M+H)" 291.0745.

2-(naphthalen-2-yl)quinazolin-4(3H)-one (5g):

N
|

I v
H

Reaction time: 2 h.

Yield: 53%; Pale yellow solid, mp: 285-287 °C; IR (NaCl) 3053, 2985, 1647, 1421,
1153 cm™; "H NMR (400 MHz, DMSO-de) & 7.55 (1H, dd, J = 7.2, 7.6 Hz), 7.61-7.67
(2H, m), 7.80 (1H, d, J = 8.0 Hz), 7.85-7.88 (1H, m), 8.01-8.09 (3H, m), 8.19 (1H, d,
J=17.6 Hz), 8.31 (1H, dd, J = 1.2, 8.4 Hz), 8.83 (1H, s), 12.67 (1H, s br); °C NMR
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(100 MHz, DMSO-de) 6 121.0, 124.4, 125.8, 126.6, 126.8, 127.5, 127.6, 127.8, 128.0,
128.1, 128.9, 129.9, 132.2, 134.1, 134.5, 148.7, 152.1, 162.1; ESIHRMS: Found: m/z
273.1022. Calcd for CigHi3N,O: (M+H)" 273.1028.

2-(1-methyl-1H-indol-3-yl)quinazolin-4(3H)-one (5h):

Reaction time: 2 h.

Yield: 44%; Pale yellow solid, mp: decompose, temperature: 290-295 °C; IR (NaCl)
3053, 2985, 1680, 1651, 1595, 1377, 1157 cm™; "H NMR (400 MHz, DMSO-ds) &
3.89 (3H, s), 7.25-7.33 (2H, m), 7.39-7.43 (1H, m), 7.57 (1H, d, J = 8.0 Hz), 7.72 (1H,
d, J=17.6 Hz), 7.76-7.81 (1H, m), 8.10 (1H, dd, J = 0.8, 8.0 Hz), 8.52 (1H, s), 8.71
(1H, d, J = 7.6 Hz), 12.1 (1H, s br); >C NMR (100 MHz, DMSO-d¢) & 33.3, 107.6,
110.5, 120.4, 121.2, 122.5, 122.7, 125.2, 125.8, 125.9, 126.9, 132.9, 134.4, 137.4,
149.7, 149.9, 162.1; ESIHRMS: Found: m/z 276.1131. Caled for C7H4N50: (MJrH)+
276.1137.

2-(pyridin-4-yl)quinazolin-4(3H)-one (5i):*'

| N
N__—

Reaction time: 3.5 h.

Yield: 49%; 'H NMR (400 MHz, DMSO-de) & 7.58 (1H, dd, J = 7.2, 7.6 Hz), 7.79
(1H, d, J=8.0 Hz), 7.88 (1H, dd, J = 7.2, 8.0 Hz), 8.11 (2H, d, J= 4.5 Hz), 8.18 (1H,
d, J = 8.0 Hz), 8.79 (2H, d, J = 4.5 Hz), 12.77 (1H, s br); °C NMR (100 MHz,
DMSO-d) & 121.46, 121.55, 125.9, 127.4, 127.7, 134.7, 139.9, 148.2, 150.2, 150.5,

162.0.
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7-methoxy-2-phenylquinazolin-4(3H)-one (5n):**

OMe

Reaction time: 2.5 h.

Yield: 58%; 'H NMR (400 MHz, DMSO-dg) & 3.89 (3H, s), 7.44 (1H, dd, J= 2.7, 7.5
Hz), 7.53-7.55 (4H, m), 7.70 (1H, d, J = 8.8 Hz), 8.16 (2H, d, J = 6.6 Hz), 12.51 (1H,
s br); *C NMR (100 MHz, DMSO-dg) & 55.6, 105.8, 121.8, 124.1, 127.5, 128.6,
129.2, 131.0, 132.8, 143.2, 150.1, 157.7, 162.1.
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"H NMR spectrum of 11 (CDCl;, 400 Hz):
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'H NMR spectrum of 1q(DMSO-ds, 400 Hz):
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BC NMR spectrum of 1s (CDCls, 100 Hz):

G¥6°09

€899/

0002, ——\
el —

)

\ve L)
¢0¢eLC)

9¥E'8C1
241}
6¥5'8C1

109°6¢l)
GGeLel
8¥a¢cyl

N\

060'9G1

c
. &
ID'_<
o zI
pd

Ph/lL

50

|
100

|
150

|
200

ppm (t1)



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

199°¢
G89'¢
€0.L°¢
LECE
£ T4
0L2°€
88¢°G

¥§0°L
L20°L
19171
8L1°L
981°L
e6l’.
¥02'L
Lec’.
Sve'.L
65¢’.
€9¢'L
LE€°L
LvE'L

€6e’L
09€'L
LLEL
| ZAWA
08€'L
¥8¢'L
68¢'L
96¢°L
01
60v°L
42
9lv'L
\ev'.
8€.L'8

o

_.OH
Ph/u\”/\/Ph

"H NMR spectrum of 1t (CDCls, 400 Hz):

T 2.00

3 2.01

T 0.94

|
10.0

\
15.0
ppm (t1)




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

3C NMR spectrum of 1t (CDCls, 100 Hz):

1C6'LE

€LLay

£€89'9/
00022 l

8Le L. ——

¢6€'9¢1
91€'8¢l
4 A4

€08'8¢1

vEV'6C1
Q' LEL

6€G'8€1

N

LPE€9G1

_OH
Ph
Ph)J\”/\/

|

50

|
100

|
150

|
200

ppm (t1)



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

- o
- O
-
- =~
- O
- O
- N
- N~
-38tLC S
-
C N
=N~
= - O
- O
™
=N
- O
- 0
-50( ™
o~
- O
- O
O
- N~
= - O
=
F1.8f 0 &
=
N
C ,\'E
* Q.
; o

0.0

_OMe

ZT

'H NMR spectrum of 1u (CDCls, 400 Hz):

IS

5.0

10.0

ppm (t1)



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

BC NMR spectrum of 1u (CDCly, 100 Hz):

0cyr'Ly

¢Sl'l9

¢89'9/

0002, —\
8Le L. ——

)

0¢L9¢l
vEL LC)

8v¢'8cl
6.v'8¢l

061821
991621

186°0€1
LO¥'6EL

N\

986'GG1

_OMe

Ph/lL

/\Ph

ZT

|
100

|
150

|
200

ppm (f1)



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

o
L0
~
6.24
o
S
o
} 2.00
} 2.03
£
Q.
— (o}

Ph/QN/)\Ph

"H NMR spectrum of 3a(CDCls, 400 Hz):

0.0

5.0

|
10.0

ppm (t1)



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

€899/
0002, — B
-

LLELL

G6C'vCl
L¥6'9¢C1
¥0G'LCL

9rL'8zk 1\

128'8¢l

gzoeng——g/fj
291°1E1 /

oLLeel

G¥6'891
G89'G/LL

N-O

Ph/QN/)\Ph

C NMR spectrum of 3a(CDCls, 100 Hz):

50

|
100

|
150

ppm (1)



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

}1.0¢ i
}1.5: B

7.50

1.0
ook

I
ppm (t1)

|} 312

vov'e ———— -

182/
10€'.
16Y'1
§16'2
8162
€es'/
€56/
156/
116, ——\
SY08 ——
5908
0848
81'8
6818
1028
02’8

O™\
Z =

'H NMR spectrum of 3b (CDCls, 400 Hz):
Me

=+ 2.07
—_———— I + 3.06

e———— 1 =388

5.0

|
10.0

|
15.0

ppm (t1)



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

3C NMR spectrum of 3b (CDCls, 100 Hz):

¢ca’le

690'vCl
96¢'vCl

c9e’Lel
¢s0'8¢l

¢Le'8el ——
0.v'6Cl
y§acel J

18 LYL ——

298'891
6Cv'GLl

AN B A

O™\
Z =

Me

50

|
100

|
150

|
200

ppm (t1)



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

F213 |3 i
N~
70
[—p)
}3.15 ~
7O
O
o
Fa1 -
J20 | =
£
= Q

(o} J

878°¢ — 321

> 213

315

+ 240

CID\
Z =

"H NMR spectrum of 3¢ (CDCls, 400 Hz):
MeO

0.0

5.0

10.0

ppm (1)



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

G829 ——— -

1212475
L9E€6L1

996'8¢C1

LEEVCL \
L¥0°8C1 \\
8€0'6C1 >
Gegeel

cv8lol
196891
0ce'allL

O™\
Z =

C NMR spectrum of 3¢ (CDCls, 100 Hz):
MeO

50

|
100

|
150

ppm (t1)



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

"H NMR spectrum of 3d (CDCls, 400 Hz):

=

7.50

8.00

ppm (t1)

00000

6v9’l

09¢’.
1420
295,
18971

1092
9292
799°2 &

O™\
2=~

Br

—

i

5.02

280

0.0

5.0

ppm (t1)



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

C NMR spectrum of 3d (CDCls, 100 Hz):

¢covel

099'6¢cl
6¢8'Gcl

¢80'8¢)

6¢6'8¢C1 }\
¢v0'62)

¢roeel ——

9.1°¢€l

8¢1'891

68.°GL1

O™\
Z =~

Br

50

|
100

|
150

|
200

ppm (f1)



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

- 1.0

} 1.0¢

- 2.0¢
100

Fo9e |

|
7.50

}1.0( i

|
8.00

ppm (t1)

"H NMR spectrum of 3e (CDCls, 400 Hz):

D o
2 o
0

| i

1

o
o
=i
= .
i0:98
5 4 1.00 |
= o 1.94
o
_ =

ppm (t1)



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

691°¢cl

LEO'VCL
¢8eLCl

591°8Z)
12€°82) K -
¥60'62) ——\ B _ 7

0SL° Vel —— =

¢06°L€L J
ce8Ccel

LrLveEL

16891 —— -

G6C'GLL ——— -

(ID\
Z =

Br

C NMR spectrum of 3e (CDCls, 100 Hz):

|
100

|
150

|
200

ppm (t1)



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

o
1 — 0
- 20t o~
- 2.0t ]
- 1.0;
o
- O
@
- 2.00 |
- 1.0
-09¢ L
_ [—o] =
0 Q
Q
0S¢,
s,
0vS'L
69G°L
185G,
009'2
909'2
029'L

6€9° L — — —

vsrL—
V.. L -

J

0618
¥61°8
¢les
y€€'8
¥G€'8
Svy'8

Z =

Fs;C

'H NMR spectrum of 3f (CDCls, 400 Hz):
o)
N/)\Ph

@ am

ey

5.0

|
10.0

\
15.0
ppm (t1)




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

80VVTL — | B
oY vzl
G8Y' vzl

€csvel

8l1'Gcl =9
¢€9'Le)

899°/¢1 —
G0.L'Lcl o

\vllel

698°LC)
69182l \

vil'6cl

Ge6'0€) ——

esz el ——

O8N aesie J/
000°2L —
8le L, —— 2\ onaicl /

102611
Olvect

896'€Cl
801’ vl
vl
a8y’ vl
€cavel
81162l
¢€9'L2)
899°/¢1
G0.L'Lcl
VWl L)

120.0

125.0

ppm (t1)

69821
G91°8¢l
vil'621
¢8€'6C!

0.G°0€)
GC6'0¢€l
€GCLEL
089°LEL
906°LEL
LC6¢CEL
v.8°/91 J

eoL9LL ——

o)
N//\ Ph

Z =~

Fs;C

C NMR spectrum of 3f (CDCls, 100 Hz):

\

50

|
100

|
150

ppm (t1)



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

'H NMR spectrum of 3g (CDCls, 400 Hz):

(€]
|
7.50

[
A

o

|
8.00

é 3.0 j

|
8.50

0L

I
ppm (t1)

L6v'L
v6v'L
clLg’.
916°,
129,
0€G°.
GG’
814,
096°2
99G6°,
v.G'.L
G8G'.L
v€8’L
Lv8'L
198, —
¢06°.L
€¢6’.
¥€6°.L
Yv6'L
1G6°.
G818
6818
102’8
902’8
01¢'8
cee’8
8898 Zx

LU L

0.0

|
10.0

ppm (t1)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

C NMR spectrum of 3g (CDCl;, 100 Hz):

¢98'€cl
clevel
ceCvel
€19'9¢1
Go¢'Lcl
G6.L°LCl
¢56°LC)
00L'8cl
019821
06.2'8¢l
¥00°6Z1

€v9'Cel
G86'¢El

V.G vEl

8€6'89L —
6¢9°GLL ——

oy A s A A AR

Z ~

50

|
100

|
150

|
200

ppm (t1)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

"H NMR spectrum of 3h (CDCls, 400 Hz):

18L°¢
91¢’L —
88C°L —
€6C°L —
c0€’L —
01€.
YA
(X4 %)
YXASWA
LEC'L
veeL

YNA
e8v'.
98y'L
66v°L
€0G°.
816G,
8¢G’.
45
9€G°.
€va'L
0692
86G°.
G9G'/,
896,
YA WA
4%
8/1'8
¢8l'8
1818
G618
6618
¢0¢'8
80C'8
9628
8628
€0€'8
90€'8
11€8
€1e8
L1€8
0ce8
Gee's ——
8¢E'8 ——

|
8.00

ppm (t1)

¢ee8 —
9€€'8 —

— = 3.00

5.0

|
10.0

|
15.0

ppm (t1)



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

6¢l'€e

€06'20}
65601 \
€811z}
558121
15222}
LSY'vT) \\
80'GZL — N
20082}

$06°8Z1 j
sselel J

6cecel J
6vELEL

9.9°691)

LV vl

50

|
100

|
150

|
200

3C NMR spectrum of 3h (CDCls, 100 Hz):

ppm (t1)



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

|
7.50

2.02
0.9¢ |

\_'_I
B
|
8.00

|
8.50

ppm (t1)

9/C'.
1420
94,
18G°L
vi9'.
9¢9'.
ce9’.
8¢9,
Ly9'L
0592

6618
€0¢'8
Lce8
L1618
0088
8088
c188

020’8 § — -
¥20'8 -

1€0'8 -

5€0'8 %

"H NMR spectrum of 3i (CDCls, 400 Hz):

o

e
N~ Do
2L B

3-2.00

5.0

|
10.0

\
15.0
ppm (t1)




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

289'9/
00072, ——\ B

8Ll ——

eaqc el
9/1°€C)
vG1'8C1

9rl'6cl

8G0°€El
Geevel

e

€c90S —— -

69€°/91

7091

3C NMR spectrum of 3i (CDCls, 100 Hz):

|
100

|
150

|
200

ppm (t1)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

'H NMR spectrum of 3j (CDCls, 400 Hz):

€60°2L
(A WA
el
0€e’L
8v€'L
GGe'.l
99¢'.L
08¢'L
86¢°L
Glv'L
0S92
Gea'.L
1420
89G°L
81G°L
98G°.
G6G°.L
18271
Le8'L
8918
¢LL'8
6818

N

}’I.O(

3.3

o

0

- 51 ™
10 ]

o

O

©

}2.0( <

£

- (o}

(o}
B T — —
I — — ——
- 3
—

0
Ph~\\ /N//\Ph

7 1.06
- 843
3 1.01
3 2.00

|
10.0

ppm (1)



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

C NMR spectrum of 3j (CDCl;, 100 Hz):

606'CL1
GlLvel

80v'LCl
€60'8¢C1

018'8¢l
2106l ——

z9e'62L ——

Z

G99'¢cel
6v¢'GEL J/

Gel'e6el

L1€°891
cE6'vLl

Ph—\\ /N/)\Ph

50

|
100

|
150

|
200

ppm (t1)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

'H NMR spectrum of 3k (CDCls, 400 Hz):

660°€
€LLe
6Cl'€
vEL'E
vol'€
€6l
L6171
0Lc’.
8cc’L
8€C'.
0§¢'.
99¢'.
e8¢,
00¢€'.
61€.
43
016’2
6¢G°.
99G°.,
899°.
AW
089,
¢65°.
€8
L11'8
GeL'8

s

=

- 5.0

- 20— 3
N~

- 1.0¢ |

|
8.00

} 2.00

ppm (t1)

Ph

1 4.16

0.0

5.0

10.0

15.0
ppm (t1)



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

116°L¢C
¢L0¢e

¢899/
000°LL ——
-

81€LL

80¢'v¢Cl

862°9¢C1
¢l6LC) \
€6C8¢L —

elreeL ——
866'8Z1 /
£1GZ¢E)

182 0%} J

0.¥°0L1
08€'G.1

50

|
100

|
150

|
200

/ N/)\Ph

C NMR spectrum of 3k (CDCls, 100 Hz):
Ph

ppm (t1)



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

"H NMR spectrum of 31 (CDCls, 400 Hz):

}fzm
}710

8.20 8.10 8.00 7.90 7.80 7.70 7.60 7.50

ppm (t1)

+1.01

- 489

3 2.00

5.0

|
10.0

ppm (t1)



3C NMR spectrum of 31 (CDCls, 100 Hz):

08V vZl \
186zl .
£v6'8Z1

loy'zer —

oLYLL

8G0°'G.L1

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

z
|
|

O™\
Z =

|
100

|
150

|
200

ppm (1)



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

206
|- 4.0¢

ppm (1)

c% 3001

)00000°0-

st ——— -

¢6le

69¢’.L
€g€’.
LLEL
06€°.L
a9l
Gov'.L
18¥°L
€09,
¢ls’.

L1971
Ges'.
0€5°.L
691°8 J
0818
6818
161°8
661°8
G0c'8

Me

O™
Z~

"H NMR spectrum of 3m (CDCLs, 400 Hz):

= 3.00

= 408

3 3.02

|
10.0

|
15.0

ppm (t1)



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

C NMR spectrum of 3m (CDCls, 100 Hz):

9¢6'L¢

ecrect
cleact

680°/2)
SIv'1Z) x
98,82 ——\
L71°0El j
290°1€) J
L178LEL

0z1'2E)

180°6€1

¥CG'891

¢LC9L)

iy

50

|
100

|
150

|
200

ppm (t1)



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

"H NMR spectrum of 3n (CDCls, 400 Hz):

¢98'¢
0002
G00'ZL
8102
€¢0'L
98y'L
06v°L
861°L
¥0G°.L
8¢l'8
€18
Lvl'8
1G1'8
GGl'8
8618
9918
LL1°8

2

OMe

O™\
2~

e

BN

= 3.00

= 2.00
= 3.00

- 3.98

|
10.0

|
15.0

ppm (t1)



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

C NMR spectrum of 3n (CDCly, 100 Hz):

14741 Ba—

L0792
Geo'L.
eve'LL

cEvvllL
€6.°911
¥60°LC1
Lyy'lc)

09821
100°0€L
0co'LEL

—

N\
N\

—\

—

180°€9L ——
6€L89L —

0¢G'GLL ——

OMe

O™\
Z~

50

|
100

|
150

|
200

ppm (1)



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

-1.00 L
-3.00 —

7.50

- 1.00 L

} 3.00 |
6V L i

€le'L } 1.0

£6€'. -
AR
Gop'L
0Lt'L
Sl¥.
6L1'L
88Y'/
L6V'L
€05/
9052
v1G.
LS.
689/
189/
069'.
269'.

ppm (t1)

L

0.0

5.0

G0.L'.L
L0L°L

012

TR

D o
oo odp
S O~

4V
8608
101'8
L1118
0cL'8
€€L'8
6€1'8
evl'8
9¥1'8
8vl'8
€418
LG1°8

LEE8
LvE'8
Gye'8
O™\

Z =

Br

ot

"H NMR spectrum of 30 (CDCls, 400 Hz):

Y

10.0

15.0

ppm (t1)



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

108'8Z1 j

655 0¢1 J .
6€6'0€1

8SZ'IEL

996'6€1

gle L, ——
090°€Z}
196°521
825921
96921 K -
ovy' Lzl ——\ _

6€6'891 ——— -
el vl —— -

Br

O™\
Z =

C NMR spectrum of 30 (CDCls, 100 Hz):

|
100

|
150

|
200

ppm (1)



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

"H NMR spectrum of 3p (CDCls, 400 Hz):

1.0

|
7.00

+1.00 -

L
wW =
oo
>3

I

|
7.50

|
8.00

1 1.0¢
F1.9¢ -

T 0.9¢

8.50
ppm (t1)

808°¢C

8199
9¢9'9
LLV'.
iAW)
LWL
L6€°L
6lv'.
G617,
y0G°.L
b6
0¢s'.
8v0'8
160’8

6908
€.0'8
IZA%
v818
€618
¢0¢'8
80¢'8
144K
12G'8

e JUMUUUL

‘Me

O™\
Z~

> 3.1

0.0

5.0

|
10.0

ppm (1)



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

C NMR spectrum of 3p (CDCls, 100 Hz):

000°¢ce

¢899/

000LL —
8Le L. —

)

609°¢01
¢v.'601

0¢a'GLl
96¢LCl

89l¢cl

69¢°LCl
89Y°LC)

L1v'8Cl j

121°8¢)

¢09°0¢€1
¥68°0€1
88.°8€1

-

N\

L12°891

Gel'LLL

O™\
Z =~

Me
|

|
100

|
150

|
200

ppm (t1)



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

o
% }4.19 — @
N~
= [ 105
o
— O
©
207 |
1.00
o
(TS
S
g 099 =
Q
(o}

68¢'L

18y
L6¥'.L
G6v'.L
y0G°.L
JAR A
LG’
yea'L
Gya'.L
¥06°'L
806

€¢6'L
L26'L
EV6'L
Ly6'L
G128
1ce'8
v€C'8
8€C'8
¥8¢'8
€0¢'8
998'8
1988

e\

'H NMR spectrum of 3q (CDCls, 400 Hz):
g

419

7+ 1.05

+ 2.86

3 0.99

0.0

|
10.0

ppm (t1)



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

C NMR spectrum of 3q (CDCls, 100 Hz):

501 vzl
687921 \
£96'97) R

¢eG'LCL — =

/€181 J
zARS)

vez L8 —
SyGerL ——

¥8G°0G1

L1169l
IALA N

WRIRLRR——

50

|
100

|
150

|
200

ppm (t1)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

"H NMR spectrum of 2r (CDCl;, 400 Hz):

I

- 9.2

- 3.91

780 7.70 7.60 7.50 7.40 7.30

ppm (t1)

o

| ZT

!
Ph/A

=
SR W S S K P
_J
e — 9.21
= 13
—— 52.00

0.0

|
10.0

ppm (t1)



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

3C NMR spectrum of 2r (CDCls, 100 Hz):

€1G°001

88G°GCl

0£7°9Z1
gLegel ——
ze5'821 j
689871 J
Z€8°0€1
Clad)

¥8G'vG 1

j

0
OPh
Ph

| ZT

!
Ph/<

|
100

|
150

|
200

ppm (t1)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013
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3C NMR spectrum of 5a (CDCls, 100 Hz):
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"H NMR spectrum of 6a (CDCly, 400 Hz):
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C NMR spectrum of 6a (CDCls, 100 Hz):
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'H NMR spectrum of 5¢ (DMSO-dg, 400 Hz):
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BC NMR spectrum of 5¢ (DMSO-d, 100 Hz):
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'H NMR spectrum of 5f (DMSO-dg, 400 Hz):
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BC NMR spectrum of 5f (DMSO-ds, 100 Hz):
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BC NMR spectrum of 5S¢ (DMSO-ds, 100 Hz):
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"H NMR spectrum of 5h (DMSO-dg, 400 Hz):
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'H NMR spectrum of 5n (DMSO-dg, 400 Hz):
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BC NMR spectrum of 5n (DMSO-d, 100 Hz):
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