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I. General information and experimental procedures

Solvents were dried by the standard procedures. 'H and C NMR spectra were
determined in CDCl; or DMSO-ds on a Varian-Inova 400MHz spectrometer and chemical
shifts were reported in ppm from internal TMS (). High resolution mass spectra were
recorded on a MicroMass TOF mass spectrometer (EI). Column chromatography was
performed with 200-300 mesh silica gel using flash column techniques. All of the reagents
were used directly as obtained commercially unless otherwise noted.

Phenylenediamine (1 mmol) and 1,3-dichloroacetone (2 mmol) were conducted into a
mortar and ground at 20 °C until the end of the completion (monitored by TLC). For some
o-phenylenediamines with electron-withdrawing groups, the reactants need to be put into a
tube and heated at 60 °C in an oil bath. After diluted with a bit of acetone, the residue was

purified directly by column chromatography to afford the desired compounds 3.
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I1. Compound analytical data

2,2-Bis(chloromethyl)-2,3-dihydro-1H-benzo[d]imidazole (3a)

N

Pwe:
N Cl
H

3a
Colorless oil; '"H NMR (400 MHz, CDCLs): d 3.79 (s, 4H, 2CH,), 4.38 (s, br s, 2H, NH),
6.56-6.70 (m, 4H, ArH); °C NMR (100 MHz, CDCls): § 46.9, 82.1, 110.1, 121.2, 138.3;
HRMS: caled for CoH;¢C1oN,, 216.0221 [M '], found 216.0093.

2,2-Bis(chloromethyl)-5-methyl-2,3-dihydro-1H-benzo|d]imidazole (3b)
H
fous:
N Cl
H

3b
Colorless oil; "H NMR (400 MHz, CDCls): 6 2.22 (s, 3H, CH3), 3.80 (s, 4H, 2CH,), 4.30 (s,
2H, 2NH), 6.44 (s, 1H, ArH), 6.50 (s, 2H, ArH); *C NMR (100 MHz, CDCl5): 6 21.6, 46.9,
82.2, 110.2, 111.2, 121.2, 131.1, 135.9, 138.7; HRMS: calcd for C;oH2CI,N,, 230.0378
[M'], found 230.0378.

2,2-Bis(chloromethyl)-5-nitro-2,3-dihydro-1H-benzo[d]imidazole (3c¢)

H

/@:N cl

O N cl
3c

Colorless solid, m.p. 136-138 °C; 'H NMR (400 MHz, CDCls): 0 3.81 (s, 4H, 2CH,),
4.69-5.09 (br s, 2H, 2NH), 6.46 (d, 1H, J = 8.4 Hz, ArH), 7.33 (d, 1H, J = 2.4 Hz, ArH),
7.70-7.73 (m, 1H, ArH); BC NMR (100 MHz, CDCls): 0 46.78, 83.53, 103.9, 106.1, 120.0,
138.3, 141.5, 144.6; HRMS: caled for CoHoCloN30,, 261.0072 [M'], found 261.0064;
Elemental analysis (%) calcd for CoHoCILbN3O,: C, 41.24; H, 3.46; N, 16.03; found: C,
41.06; H, 3.48; N, 15.85.

2,2-Bis(chloromethyl)-5-phenyl-2,3-dihydro-1H-benzo|[d]imidazole (3d)
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Ph
|Boe:
N Cl

3d

Colorless solid, m.p. 105-107 °C; "H NMR (400 MHz, CDCl;): 8 3.76 (s, 4H, 2CHb), 4.39
(s, 2H, 2NH), 6.56 (d, 1H, J = 10.4 Hz, ArH), 6.74 (s, 1H, ArH), 6.90 (d, 1H, J=10.0 Hz,
ArH), 7.17-7.47 (m, 5H, ArH); °C NMR (100 MHz, CDCls): § 44.4, 80.0, 106.3, 107.4,
117.6, 124.4, 124.5, 126.6, 132.1, 135.3, 136.4, 139.3; HRMS: calcd for C;sH4CI2No,
292.0534 [M"], found 292.0523.

5-Bromo-2,2-bis(chloromethyl)-2,3-dihydro-1H-benzo|d]imidazole (3e)
H

Br
N Cl

H
3e

Colorless solid, m.p. 107-109 °C; '"H NMR (400 MHz, CDCls): 6 3.78 (s, 4H, 2CH.), 4.46
(s, 2H, 2NH), 6.41 (d, 1H, J = 8.4 Hz, ArH), 6.66-6.79 (m, 2H, ArH); °C NMR (100 MHz,
CDClL): o 46.8, 82.7, 110.8, 112.8, 113.6, 123.4, 137.5, 139.9; HRMS: calcd for
CoHoBrCl1,N», 293.9326 [M '], found 293.9283.

6-Bromo-2,2-bis(chloromethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine (3f)

H
Br
(8
~
N
Nl
3f

Colorless solid, m.p. 90-92 °C; '"H NMR (400 MHz, CDCls): 6 4.72 (s, 4H, 2CH,), 6.42 (s,
1H, NH), 7.49-7.66 (m, 2H, ArH); *C NMR (100 MHz, CDCl3): § 39.7, 106.6, 109.1,
112.5, 115.9, 136.4, 138.3, 142.0; HRMS: calcd for CgHgBrCI,Ns, 294.9279 [M'],
260.9491 [M"-Cl+1], found 260.9489 [M"-Cl1+1].

2,2-Bis(chloromethyl)-2,3-dihydro-1H-benzo|d]imidazole-5-carboxylic acid (3g)
H
HOOC
s
N Cl
H

39

Colorless solid, m.p. 142-144 °C; "H NMR (400 MHz, DMSO-dp): 0 3.76 (s, 4H, 2CH,),
6.32-7.18 (m, 3H, ArH); BC NMR (100 MHz, DMSO-dy): 0 48.2, 82.6, 104.4, 106.3, 119.7,
122.7, 139.2, 144.1, 167.9; HRMS: calcd for C;oH;(CLN,O,, 260.0119 [M'], found
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260.0115.

1-Benzyl-2,2-bis(chloromethyl)-2,3-dihydro-1H-benzo[d]imidazole (3h)
oy
Cl
N" \—cl
H

3h
Colorless solid, m.p. 96-98 °C; '"H NMR (400 MHz, CDCls): 6 3.80-3.84 (AB coupling, J;
= 11.7 Hz, J, = 8.0 Hz, 4H, 2CH,), 4.47 (s, H, NH), 4.52 (s, 2H, CH), 6.09-6.11 (m, 1H,
ArH), 6.58-6.59 (m, 1H, ArH), 7.23-7.38 (m, 5H, ArH); °C NMR (100 MHz, CDCls): ¢
46.7, 48.1, 84.7, 105.5, 108.2, 118.7, 120.3, 126.6, 127.3, 128.7, 136.6, 138.3, 140.7;
HRMS: caled for C16H;6C1oN>, 306.0661 [M '], found 306.0677.

2,2-Bis(chloromethyl)- 5-chloro-2,3-dihydro-1H-benzo|d]imidazole (3i)

:
Jpwe:
N
Cl H

3i

Colorless solid, m.p. 50-52 °C; "H NMR (400 MHz, CDCls): 6 3.78 (s, 4H, 2CH,), 4.42 (br
s, 2H, 2NH), 6.44-6.64 (m, 3H, ArH); °C NMR (100 MHz, CDCls): J 46.7, 82.8, 110.0,
110.2, 120.3, 125.8, 136.69, 139.6; HRMS: calcd for CoHoCI3N,, 249.9831 [M ], found
249.98.

(2,2-Bis(chloromethyl)-5-benzoyl-2,3-dihydro-1H-benzo|d]imidazole (3j)

O
N
(" CLCE
NCI
H

3
Colorless solid, m.p. 156-158 °C; 'H NMR (400 MHz, CDCls): 0 3.83 (s, 4H, 2CH,),
4.55-5.00 (br s, 2H, 2NH), 6.51(d, 1H, J = 7.6 Hz, ArH), 7.21(d, 1H, J = 10.4 Hz, ArH)
7.13 (s, 1H, ArH), 7.43-7.73 (m, 5SH, ArH); BC NMR (100 MHz, DMSO-dy): 0 48.2, 82.5,
103.5, 103.9, 105.5, 125.6, 126.6, 127.9, 128.6, 130.7, 139.3, 139.5, 144.8, 193.8; HRMS:
calcd for C1cH;4C1;N,0, 320.0483, found 320.0468.

2,2-Bis(chloromethyl)-2,3-dihydro-1H-perimidine(3k)
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(s
Cl
Cl

W

3k

Colorless solid, m.p. 126-128 °C; '"H NMR (400 MHz, CDClL): J 3.79(s, 4H, 2CH,),
4.73(br s, 2H, 2NH), 6.55(d, 2H, J,= 7.1Hz, ArH), 7.28-7.29(m, 4H, ArH); *C NMR (100
MHz, CDCls): 6 107.1, 112.8, 118.7, 127.7, 134.8, 137.7. HRMS: calcd for C;3H;2C1LN;
266.0378[M ], found 266.0367.

2,2-Bis(chloromethyl)-2,3-dihydrobenzo[d]thiazole(31)

Crics
N Cl
H
K]

Colorless oil; 'H NMR (400 MHz, CDCls): 0 4.03 (br s, 1H, NH), 4.34(s, 4H, 2CH,),
7.35-6.64(m, 4H, ArH); BC NMR (100 MHz, CDCls): 46.1, 79.3, 110.5, 120.9, 122.2,
123.8, 126.0, 144.8. HRMS: calcd for CoHoCL,NS 232.9833 [M ], found 232.9836.

2,2-Bis(hydroxymethyl)-2,3-dihydro-1H-benzo[d]imidazole (4a)

H

©i or
N OH
H

4a

Colorless solid, m.p. 73-75 °C; "H NMR (400 MHz, DMSO-dp): ¢ 3.40 (d, 4H, J = 5.1Hz,
2CH,), 4.56 (t, 2H, J = 5.2Hz, 20H), 5.28 (br s, 2H, 2NH), 6.28-6.37 (m, 4H, ArH); B
NMR (100 MHz, DMSO-ds): o 63.6, 82.9, 107.1, 117.8, 140.7;, HRMS: calcd for
CoH»N,0,, 180.0899 [M '], found 180.0891.

2,2-Bis(hydroxymethyl)-5-methyl-2,3-dihydro-1H-benzo|d]imidazole (4b)

OH
N OH
H

4b

Colorless solid, m.p. 74-76 °C; "H NMR (400 MHz, DMSO-dy): 0 2.07 (s, 3H, CH3), 3.39
(s, 4H, 2CH,), 4.60 (s, 2H, 20H), 5.24 (br s, 2H, 2NH) 6.14-6.18 (m, 3H, ArH); BC NMR
(100 MHz, DMSO-dp): ¢ 20.8, 63.6, 83.0, 107.3, 108.5, 117.7, 126.6, 138.3, 141.2; HRMS:
caled for CioH4N,0> 194.1055 [M ], found 194.1055.

2,2-Bis(hydroxymethyl)-5-nitro-2,3-dihydro-1H-benzo|d]imidazole (4¢)
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4c
Colorless solid, m.p. 132-133 °C; "H NMR (400 MHz, DMSO-dy): 0 3.43 (d, J = 4.0 Hz,
4H, 2CH,), 4.91 (br s, 2H, 20H), 6.29 (s, 1H, NH), 6.85 (s, 1H, NH), 6.15-7.53 (m, 3H,
ArH); BC NMR (100 MHz, DMSO-dy): 0 64.1, 85.3, 98.6, 101.8, 119.0, 137.4, 141.2,
148.9; HRMS: calcd for CoH1N304 225.0750 [M ], found 223.3504[M "-2].

2,2-Bis(hydroxymethyl)-5-phenyl-2,3-dihydro-1H-benzo|[d]imidazole (4d)

H
O N><:OH
O N OH
H
4d

Colorless solid, m.p. 123-126 °C; "H NMR (400 MHz, DMSO-dp) o: 3.42 (s, 4H, 2CH,),
4.74 (br, 2H, 20H), 5.56-5.63 (br s, 2H, 2NH), 6.33 (d, 1H, J; = 8.0Hz, ArH), 6.56 (d, 1H,
ArH), 6.67 (dd, 1H, J; = 8.0 Hz, J, = 1.6 Hz, ArH), 7.17-7.46 (m, SH, ArH); BC NMR (100
MHz, DMSO-dy): 6 63.9, 83.3, 105.3, 106.8, 116.7, 125.5, 125.6, 128.4, 130.1, 140.8,
141.6, 141.6; HRMS: calcd for Ci5sH; sN,O», 256.1212 [M '], found 256.1212.

2,2-Bis(hydroxymethyl)-5-bromo-2,3-dihydro-1H-benzo|d]imidazole (4e)
H

JoNe::
Br N

H
4e

Colorless solid, m.p. 108-110 °C; '"H NMR (400 MHz, DMSO-d5): d 3.40 (s, 4H, 2CH,),
4.46 (br s, 2H, 20H), 5.56 (s, 1H, NH), 5.74 (s, 1H, NH), 6.12-6.44 (m, 3H, ArH); °C
NMR (100 MHz, DMSO-dy): 6 63.8, 83.8, 107.4, 108.4, 108.8, 119.2, 140.3, 143.0; HRMS:
caled for CoH;;BrN,O, 258.0004 [M'], found 257.9987.

2,2-Bis(hydroxymethyl)-2,3-dihydro-1H-benzo[d]imidazole-5-carboxylic acid(4g)
H
HOOC
C[N OH
N OH
H
49
Colorless solid, m.p. 161-163 °C; "H NMR (400 MHz, DMSO-dp): 0 3.42 (s, 4H, 2CH,),

4.68 (br, 2H, 20H), 5.60 (br s, 1H, NH), 6.29 (br s, 1H, NH), 6.21-7.13 (m, 3H, ArH),
11.76 (br, 1H, COOH); '>C NMR (100 MHz, DMSO-dy): J 63.9, 83.8, 104.1, 106.5, 118.9,

S-6



Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

122.5, 140.4, 145.8, 167.8.

1-Benzyl-2,2-bis(hydroxymethyl)-2,3-dihydro-1H-benzo|d]imidazole (4h)
e
OH
N OH
H

4h

Colorless solid, m.p. 118-120 °C; 'H NMR (400 MHz, CDCls): ¢ 3.30 (br s, 3H, 20H, NH),
3.61-3.70 (AB coupling, J; = 11.4 Hz, J, = 14.9 Hz, 4H, 2CH,), 4.34 (s, 2H, CH,),
6.16-6.65 (m, 4H, ArH), 7.27-7.37 (m, 5H, ArH); BC NMR (100 MHz, CDCl3): 6 47.9,
63.3, 86.5, 106.0, 110.6, 118.7, 121.6, 127.2, 127.8, 129.2, 138.1, 139.3, 143.0; HRMS:
caled for Ci6H;sN>O», 270.1368 [M '], found 270.138]1.

2,2-Bis(hydroxymethyl)- 5-chloro-2,3-dihydro-1H-benzo[d]imidazole (4i)
H

/@EN OH
y o

H

4i
Colorless solid, m.p. 72-74 °C; 'H NMR (400 MHz, DMSO-dy): 0 3.38 (s, 4H, 2CH,), 4.75
(br s, 2H, 20H), 5.60-5.61 (br s, 2H, 2NH), 6.16-6.30 (m, 3H, ArH); BC NMR (100 MHz,
DMSO-dy): 6 63.7, 79.2, 84.1, 106.1, 106.7, 116.3, 121.1, 140.0, 142.8; HRMS: calcd for
CoH;;CIN,0, 214.0509 [M ], found 214.0808.

2,2-Bis(hydroxymethyl)-5-benzoyl-2,3-dihydro-1H-benzo|d]imidazole (4))
O

H
N OH
OH

N

H

4j
Colorless solid, m.p. 132-135 °C; 'H NMR (400 MHz, DMSO-d): § 3.45 (d, 4H, J = 5.3
Hz, 2CHy), 4.75 (br s, 2H, 20H), 5.82 (s, 1H, NH), 6.22-6.87 (m, 3H, ArH), 6.74 (s, 1H,
NH), 7.45-7.57 (m, 5H, ArH); '"H NMR (400 MHz, DMSO-ds, D,O exchange): § 3.43 (s,
4H, 2CH,), 6.21-6.86 (m, 3H, ArH), 7.46-7.55 (m, 5H, ArH); “C NMR (100 MHz,
DMSO-dy): 6 64.0, 79.1, 84.0, 103.1, 105.5, 125.8, 125.9, 127.9, 128.5, 130.5, 139.7, 140.8,
146.7, 193.5; HRMS: calcd for C;¢HsN,O3, 284.1161, found 249.1003 [M"-20H-1H]

2,2-Bis(hydroxymethyl)-2,3-dihydro-1H-perimidine(4k)

g8
OH
OH
ol
4k

Colorless solid, m.p. 156-158 °C; 'H NMR (400 MHz, CDCls): 0 3.46 (d, 4H, J = 5.3Hz,
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2CH,), 4.78 (br s, 2H, , 2NH), 6.08 (br s, 2H, 20H), 6.48 (d, 2H, J = 7.3Hz, ArH), 6.89 (d,
2H, J = 8.0Hz, ArH), 7.10 (t, 2H, J = 7.7Hz, ArH); *C NMR (100 MHz, CDCls): § 62.3,
68.1,104.2, 111.4, 114.4, 126.9, 134.0, 140.7. HRMS: calcd for C;3H;4N,0, 230.1055[M ],
found 230.1060.

2,2-Bis(hydroxymethyl)-2,3-dihydrobenzo[d]thiazole(41)

@[S OH
N OH
H 41

Colorless solid, m.p. 108-110 °C; "H NMR (400 MHz, CDCls): 0 3.68 (dd, 2H, J; = 5.4Hz,
J> =10.7Hz, CH,), 3.59 (dd, 2H, J; = 5.9Hz, J,= 10.7Hz, CH;) , 5.05 (t, 2H, J = 5.4Hz,
20H), 6.15(s, 1H, NH), 6.52-6.50(m, 2H, ArH), 6.79 (t, 1H, J = 7.6Hz, ArH), 6.92 (d, 1H,
J=7.7THz, ArH); BC NMR (100 MHz, CDCls): 40.1, 64.2, 82.2, 109.0, 118.0, 121.1, 124.7,
124.8, 147.3. HRMS: calcd for CoH;;NO,S 197.0511[M '], found 197.0526.

2,2-Bis(methoxymethyl)-2,3-dihydro-1H-benzo|d]imidazole (5a)

H
/
PRe:
N O\
H

5a

Colorless solid, m.p. 78-80 °C; '"H NMR (400 MHz, CDCls): 6 3.40 (s, 6H, 2CHj3), 3.49 (s,
4H, 2CH,) 4.19 (br s, 2H, 2NH), 6.56-6.67 (m, 4H, ArH); °C NMR (100 MHz, CDCl3): ¢
59.8, 75.0, 80.9, 110.8, 120.9, 140.3; HRMS: calcd for C;;HsN,O, 208.1212 [M'], found
208.1221.

2,2-Bis(methoxymethyl)-5-methyl-2,3-dihydro-1H-benzo|d]imidazole (Sb)

H
/
Jone:
N O\
H

5b

Yellow oil; "H NMR (400 MHz, CDCls): & 2.12 (s, 3H, CHj), 3.39 (s, 6H, 2CH), 3.47 (s,
2H, 2CH,), 5.24 (br s, 2H, 2NH), 6.43-6.51 (m, 3H, ArH); '*C NMR (100 MHz, CDCLy): &
21.5, 59.7, 75.0, 81.0, 110.8, 111.6, 120.8, 130.6, 137.8, 140.8; HRMS: calcd for
C1,HsN,0, 222.1368 [M], found 222.1400.

2,2-Bis(methoxymethyl)-5-nitro-2,3-dihydro-1H-benzo[d]imidazole (5c¢)

H
/
jPRe:
(@)
O,N N N

5¢c
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Colorless solid, m.p. 128-130 °C; '"H NMR (400 MHz, CDCls): 6 3.58 (s, 6H, 2CHj3), 4.85
(s, 2H, 2CH,), 8.19-9.02 (m, 3H, ArH), 9.15 (br s, 2H, 2NH); °C NMR (100 MHz, CDCl;):
5 30.0, 59.9, 74.5, 123.5, 124.1, 12.3, 131.2, 144.6, 146.9; HRMS: calcd for C;;H;5sN30y4
253.1063 [M'], found 189.0535 (M'-20CH3-2H) .

2,2-Bis(methoxymethyl)-5-phenyl-2,3-dihydro-1H-benzo|d]imidazole (5d)

N
s
@)
N AN

Ph H

5d

Yellow oil; 'H NMR (400 MHz, CDCls): 6 3.42 (s, 6H, 2CHz), 3.52 (s, 4H, 2CH,), 4.28 (br
s, 2H, 2NH), 6.22-6.91 (m, 3H, ArH), 7.24-7.51 (m, 5H, ArH); *C NMR (100 MHz,
CDCLy): 6 59.9, 75.1, 81.3, 109.6, 110.6, 113.1, 120.0, 126.7, 127.1, 129.0, 134.4; HRMS:
caled for C sH 6N2O5 284.1525 [M], found 284.0046.

2,2-Bis(methoxymethyl)-2,3-dihydro-1H-benzo[d]imidazol-5-carboxylic acid (5g)

H

HOOC
N O\
H

59
Colorless solid, m.p. 116-119 °C; '"H NMR (400 MHz, DMSO-ds): 6 3.29 (s, 6H, 2CH3),
3.34 (s, 4H, 2CH,), 5.96 (br s, 1H, NH), 6.61 (br s, 1H, NH), 6.20-7.13 (m, 3H, ArH),
11.79 (br s, 1H, COOH); 'H NMR (400 MHz, DMSO-ds+ D,0): 6 3.27 (s, 6H, 2CH3),
3.33 (s, 4H, 2CH,), 6.20-7.13 (m, 3H, ArH); >C NMR (100 MHz, DMSO-dj): 6 58.9, 75.2,
82.0, 104.1, 106.3, 119.0, 122.5, 140.1, 145.3, 167.9; HRMS: calcd for C;3H;¢N2O4
252.1110 [M ], found 252.1117.

1-Benzyl-2,2-bis(methoxymethyl)-2,3-dihydro-1H-benzo[d]imidazole (Sh)

od

5h

Colorless oil; '"H NMR (400 MHz, CDCls): 6 3.33 (s, 6H, 2CH3), 3.54-3.68 (AB coupling,
J1=9.4 Hz, J, =21.0 Hz, 4H, 2CH,), 4.33 (br s, H, NH), 4.46 (s, 2H, CH>), 5.99-6.52 (m,
3H, ArH), 7.23-7.38 (m, 5H, ArH); >C NMR (100 MHz, CDCls): § 48.6, 59.7, 74.4, 105.3,

109.1, 113.1, 118.1, 120.5, 127.0 , 127.1, 128.8, 138.5; HRMS: calcd for: C;sH,,O,N,
298.1681 [M'], found 298.1696.
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2,2-Bis(methoxymethyl)-5-benzoyl-2,3-dihydro-1H-benzo|[d]imidazole (5j))

(@)
N
() L XS
NO\
H

9

Red oil; "H NMR (400 MHz, CDCL3): § 3.36 (s, 6H, 2CHz), 3.47 (s, 4H, 2CH,), 4.54 (br s,
1H, NH), 4.82 (br s, 1H, NH), 6.39-7.14 (m, 3H, ArH), 7.38-7.69 (m, SH, ArH); *C NMR
(100 MHz, CDCls): § 59.8, 75.0, 81.7, 106.7, 110.3, 127.4, 128.3, 129.4, 129.8, 131.5,
139.6, 140.0, 145.4, 195.9; HRMS: caled for C15HyoN,05 312.1474 [M], found 312.1469.

2,2-Bis(methoxymethyl)-2,3-dihydro-1H-perimidine(5k)

Tyt
5k

Colorless solid, m.p. 114-116 °C; "H NMR (400 MHz, CDCl3): ¢ 3.40(s, 6H, 2CH3), 3.51(s,
4H, 2CH,), 4.78(br s, 2H, 2NH), 6.52 (d, 2H, J = 7.3Hz, ArH), 7.16-7.28 (m, 4H, ArH);
BC NMR (100 MHz, CDCls3): 59.8, 67.6, 73.5, 106.3, 113.0, 117.6, 127.5, 134.9, 139.4.
HRMS: calcd for C;sH;sN>O, 258.1368 [M'], found 258.1371.

2,2-Bis(methoxymethyl)-2,3-dihydrobenzo[d]thiazole(51)
LS

N O\

H 51

Colorless solid, m.p. 74-76 °C; '"H NMR (400 MHz, CDCls): ¢ 3.41(s, 6H, 2CHs),
3.74-3.62(m, 4H, 2CH,), 4.51(br s, 1H, NH), 6.61 (d, 1H, J=7.8Hz, ArH), 6.71 (t, 1H, J =
7.5Hz, ArH), 6.89 (t, 1H, J = 8.2Hz, ArH), 7.01 (d, 1H, J = 7.6Hz, ArH); BC NMR (100
MHz, CDCl;): 59.9, 75.4, 78.5, 111.4, 121.0, 122.5, 125.8, 126.6, 146.3. HRMS: calcd for
C15sH17NO,S 225.0823[M '], found 225.0819.
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I11. 'H, ®C NMR and HRMS spectra
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13C DBSERVE

Archive dirsctory: sexport/home/zfp/vimrsys fdata
Samp e directory:
Fita: CARBON

Pulse Bequencer sZpwl
Bolvent: COCIZ

Ambient temparature
INOYA-80F “sudaddor

- = = pann -
& | = S#ER= s
Pt et Ta haprane g R skse :
Skttt R i L‘kU
B4 Tapetitions
CBSERVE C13, 100,S72EBd4 MHZ
DECORPLE H1, 399.8776663 MHZ ‘
Power 92 dB
cont inuously on
WALTZ=18 mogulsted
BHTA PROCESSING
Line broadenfng 3.0 Wiz !
ET 5ize 65538 |
Total time 11 hr, A% min, 22 sec
3a
. i
i
WN“MWWW*“‘ . ‘J e ) i MW
¥ AR e e iy ¥
T T T T T T T e e o S B 7 T T R o e ks o T = =
228 20D 180 160 148 120 i1ea an 1] a0 2B [} ppm
‘EQOOGM 14 GCT CA014 14-Jan-200613:21:12
AN-2 94 (1.551) Cm (56:94-(134:164+543:577)) TOF MS Ei+
100+ 167.9358
167.0014 H
Cl
Cl
N
H
216.0093 3a
Chemical Formula: CgH4CIoN,
1roa1a T8 Exact Mass: 216.0221
169.0168
144.0509
%1 77.0276
218.0110
104.0407
102.0279
145.0686 160.8214
160.8757
179.0324
215.0155
220.0237
1»65'0273 180.1155
T et et AL TP ™ Z
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
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[El+20080428 GCT CAD14 28-Apr-200610:24:31
an-427 67 (1.101) Cm (67:71-(15:50+324:355)) TOF MS El+
100+ 820447 2.68e4
N
<
Cl
N
84.9421 H
3b

©l¥®Mical Formula: Cq1oH12CIoN2
Exact Mass: 230.0378

156,0840
1484753 193.0520
86,9393
89.0381 150.0896 1950526 2300313
46.9607 818381 || (191 0509 116.0482 180.051 28.0218 ’
359776 | 2340283
g 1L, d, o 4 LY f uls 4 miz
e Laat L P perer e

20 40 80 80 100 120 140 160 | 180 200 ' 20 240 | 260
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T.731
T.7E5
T.7om
7.4
F.aad
7.328
7.007
i.4TE
LI L

ZT

Cl
N—CI
OoN

Irz

3c

5.00L
4.888
— 4. 084
3.0a3
i1
1. 168
E.264
L.252
B.a08

T

S W P )

18 L] 8 7

136 OBSERVE

Archive directory: Jexport /ROne/zip vrmrsys/data
Sampia directory:
Fils: CARBON

Pulse Saquence: sipul
Solvent: DHSO

Temg. 0.0 C 7 305.1 K
INOVA-300  “sadadpe”
Relax. delday 4000 sec
Fulse d45.0 gegrees

ch. thee 1139 sec
width 251414 Hz

G4 repatitions
OBSERVE C13, 100.573F618 MHz
DECOUPLE M1, 399.9795862 MHz
Power 02 df

cont inuous 1y on

WALTZ-16 modulated
DATA PROCESS]

Line broadening L.0 Hz
ET size GO536
Total tise 11 hr, 91 sin, 23 sec

%
JPRE:
Cl
O2N

144.572
161821
138.262

83.527
77.820
77508

. ?7.187

.an 787

[

e 115,985
e 1DE.ATF

———— 103 . 518

T T SIS i 1 B O 2 R e e e e

228 260 189 160

144 120 1ae :1] 2] a0 ze ppm
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N
. Cl
Multiple Mass Analysis: 21 mass(es) processed Cl

Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0 O:N N
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% 3c

Monoisotopic Mass, Odd and Even Electron lons Chemical Formu I-a: CgHgCloN30,
796 formula(e) evaiuated with 30 results withix limits (up to 50 closest results for each mda¥pct Mass: 261.0072

E£1-200605023 :
ait-s 145 (3.250) Cm {195:208-(15:41+283:326)) TOF MS El+
100- 2120217 : 2 88ed
% 166.0338 ;
cias.ssos 830245 75poimoi a2 1160548 1seores. | 1990683 (ZROZE, o 9610046 2040228
T ¥ t T T T 1 y d T T LR R SRR LR
0 80 €0 w00 120 140 1 186 200 | 220 240 200 280 300
Minimum: 5. 00 =3 B
Ml mum: 100.00 .0 5.0 s0.0
Maas Ra Cale. Mass wha PPM DBE Beore Pormula
75.021%8 5,80 T5.0215 -1.7 -22.3 5.5 1 Ce H3
75,0155 2.3 31.3 1.8 2 & H3I N» 02
91.0421 5.86 91,0422 =0.1 -1.1 5.0 1 08 H5 N
. ai.0382 2.0 43 .1 1.¢ 2 o HS5 N3 02
1146 0546 5.83 ils . DSE& -4.0 -34.3 z2.0 2 T4 HE N2 02
L1le.0500 4.6 35.4 6.5 1 8 HE N
I17.0823 E.63" 117.0838 -1.5 -13.0 2.9 1 23 HY N3 Q2
130.0654 T.13 130,0657 -0.3 -2.1 6.5 2 €9 HB N
130.0617 2.7 8.8 2.5 1 ¢4 He NI Q2
142. 0558 F.35 142.0531 2.7 19.0 B.O 1 C9 HEe N2
143.0613 9,55 14%.0808 1.0 5.8 1.5 1 o9 MY W2
144.0712 10.14 144 . 06B7 2.5 17.0 T 1 % HB N2
152.0755 14.57 15%.0796 =0,1 -0.5 7.0 1 3 HS N3
i56.0338 46.00 166.0323 1.8 8.0 2.0 3 ©5 H® N2 02 37CL
166.0298 4.0 24.2 6.0 3 8 MY Nz 3asC1
166.0383 4.5 ~27.3 1.5 1 €4 H® NI O3 3I5C1
167.029% 6,05 167.0276 1.9 11.8 2.4 3 4 HE N2 0C2 37CL
167.0316 -2.1 -12.4 6.0 2 c HE N 37C1
167 . 0364 3.1 1E6.8 5.5 1 . L9 He Q 35C1
167 . 0250 4.5 26.8 6.0 4 7T HE N3 3501
I68.0300 14,36 168.0329 ~2.9 -17.0 5.5 3 7 H7 N3 3501
165, 0264 3.2 18.% 6.0 2 CE H7 N2 3i7Cl
168 .0342 -4 .2 -25.0 5.0 1 ¢o He O 35C1
173.0612 15.54 LT3 .05E8 2.2 12.& B.O 1 C5 HT HNI O
YT 0431 T7.43 R
182, 08583 21.1% i89.05838 1.8 7.8 B.0 1 ¢y H7 N3 o2 .
212 .4217 igg.00 212.,0227 -1.0 -4.8 B.5 1 B HT N3 02 3s5C1
213.0238 12.15 2L3.,0245 -2.7 -12.86 6.5 1 €9 He N2 o2 37l
223.0187 6.46 223,.014% 3.8 17.2 B.0 1 o5 He N3 02 3501
224 .0256 10.03 224 ,0227 2.9 13.0 7.5 1 £ HY N3 Oz 35C1
225.0266 5.43 225.0305 -3.9 ~17.4 7.0 1 T3 H& Wi 02 3501
261.0046 T.68 -
Eager 200 Sdimmarize Results
Method Name : Test Eager 200 {Channel B)
Method Filename : CHNO511 .MTH
Company nhame : SuzhouUniversity
Operator ID : WB
Group No : 1 Element %
Sample Name Nitrogen Carbon Hydrogen
an5-15 15.84960079 41.05747604 3.478757858
1 Sample(s) in Group No : 1 H
Component Name Average Btd. Dev. N
e e e e e e o e e e SE— Cl
Nitrogen 15 .8496 0.0000000 N Cl
Carbon 41.05748 0.0000000 H
Hydrogen 3.478758 0.0000000 3
c
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vvvvv

nooe w esoew 4 o £
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1.2582

R
z H H
T 8 Ph N
j3%5I | Cl
R E N
< H
L{M¥__ ;
7.6 7.3 7.0 6.7 ppm
1.90 1.19 0.93
1. 0.%4 9.99
,\) L | I W Iy
T T LN L L B R | L R | T T
10 9 8 7 s 5 ] 3 z -8 ppm
L L b [S— Ju—
1.50t.18 0.98 . 1.7
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H
Ph N
ﬁ X &l
Cl
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H
3d
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an1110 113 (1.899) G (96:1121130-145+204:213)) ‘ TOF MS B+
100 53e4

H
Pf1\\[:::::1::pq cl
N Cl

H

% 3d
Chemical Formula: C;5H14CIoN5
Exact Mass: 292.0534

292.0623
204.0520
291. 206.0543 -
e P e Mz
280 300 :
..L.r: .-Fj-jj -\ mt - <
Br H
L
N Cl
H
3e
M 7 M 5 i 3 2 1 ? ppe
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15 aBsEhve L 5§ 38% ¥88s H
o% S E=a B R
22:{!‘.‘.’::253?;‘,“ /oXpOri /home svnar 1 /vnarsys /data E E E EEE :’,:.':L.': 4
File: CARBON J|
Pulte Sasgquence: €2pul
Solvent: CD3CD
Ambisat tesporature
INOVA-400  “sudaded”
Relax. delay 3.000 sec
Pulss 45.0 degrees
. 1ime 1.199 sec
ViAth 25141.4 Mz
520 rapstitions
RVE  C13, 100.5736786 Wiz
DECOUPLE N1, 399.3780141 Mz
Power 40 db
cont imious 1y on
WALTZ-1€ modulated
DATA PROCESSING
ne broadentag 3.¢ #z
FT size $5!
Total time 1 hr, 18 min, 8 sec
Br N
3e
T T T T T T T T T T T T T T T T T T TR TR TR T T T T T T T T T
228 260 189 - 168 149 128 100 1] 1] 40 29 ppm
zh05905 64 (1.066) Cm (52:64-27:34) TOF MS El+
100+ 246.9483 5.01e4|
H 2449496
Br N
8I 258.9479
3e
i 223.9794
Chemical Formula: CgHgBrCIoN,
% .
Exact Mass: 293.9326 221.9822
209.9762
196.9690
260.9461
182.9567 295.9301
293.928
75.0194 131.0239 155.9503 181, 225.9604 .
76.0228 297.9280
100.0008 117.0280 | 143.0338 291.9202
. 167.9625 E 299.9081
“ 288.874!
0 i L ! miz
80 100 120 140 160 180 200 220 240 260 280 300
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AN-1124 61 (1.033) Cm (55:61-(34:42+178:186)) TOF MS El+
100 260.9489 1.95e3
H
223.9830 Br\(ﬁ: N Cl
] — Cl
N~ N
] H
ol 3f
Chemical Formula: CgHgBrCIoN4
1 Exact Mass: 294.9279
] 149.0313
2629466
145.0649
1 144 D454 223.0624
i _,]“,, (B, Q239N 3149643 404 04514262820 4o a0 B13.6001  680.9435
0 B B o e R e E  AMRAAEEE R EEEE R aE s as nan s a1 14
100 150 200 250 300 350 400 500 600
[ ] o o o :
) -
_—50
HOOC H C
Cl o
7 \Cl C e
H L
40
__30
20
| L
i —10
LN S | N _ﬂ_.,rL H Y R | S
By o o B
2 & 8 8 -
—-10
| T T T T | T T T | T T T T | T T T T | T T T T | T T T T | T | T T T T | T "
80 7.0 6.0 5.0 4.0 30 20 1.0 0.0
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E+20080115
ZGL-6 50 (1.483) Cm (36:80-(30:25+140:147)) TOF M3 S+
211.0235 15225
100+
%] 39
Chemical Formula: C4gH41gCIoNSO5
Exact Mass: 260.0119
1820568
—
181.0462 213.0263
2600115
. | .-2620081
103.0197 N 2230208
121.0250 o7 .02 2, 7 . 0as2
- Y T T [ JE;53-U'452“"C“3§3“4'936 250 8238 40882 mi7ia0  ao7cen
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EI+20080115

ZGL-8 53 (0.883) Cm (51:53-(16:19+86:88)) TOF MS El+
100 257.0741 1.42e5
. N :
Cl
i N Cl
H
3h
%] .
Chemical Formula: C1gH4gCIoN5
] Exact Mass: 306.0691
91.0510
7 207.0924 259.0817
| 1449877 158 0479
117.0562 306.0693
1 0312 31983 || o0 0o, | 208.0677
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IV. X-Ray crystal structures

N
cl
Cl
O,N

CL1

CCDC 793232
Formula: CoHyCI,N3Oy; Unit cell parameters: a = 5.6284(2), b = 12.5878(4), ¢ = 15.9350(4)
A; a=90.00°, B =98.913(2)°, y = 90.00° ; space group P21/c.
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CCDC 793231

Formula: C;oH;oC1;N,0,; Unit cell parameters: a = 5.88980(10), b = 18.9022(4), ¢ = 10.1073(2) A; a =
90.00°, #=105.3930(10)°, y = 90.00° ; space group P21/c.
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CCDC 793230

Formula: Cl() H14 Clz Nz 01
Unit cell parameters: a 9.8379(6) b 12.4803(7) ¢ 13.9555(8)alpha 108.764(2) beta 92.805(2)
gamma 106.932(2); space group P-1
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