Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

Supporting information

Tandem [4 + 1 + 1] annulation and metal-free aerobic oxidative
aromatization: straightforward synthesis of highly substituted

phenols from one aldehyde and two ketones

Mang Wang,* Zhenqian Fu, Hui Feng, Ying Dong, Jun Liu, Qun Liu*

Department of Chemistry, Northeast Normal University, Changchun, 130024, China

Table of contents
1. GENETal. .. oo, S2

IIL. Synthesis of phenols 5 from ketene dithioacetals 1, aldehydes 2 and methyl

K OMES 3. e S2
III.  Analytical data of phenols 5.......cccoouiii i S3
IV. R IENICES. . ottt S12

V. Copies of NMR spectra for new compounds S.............cooeveiiiinnenen. S13



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

I. General

All reagents were purchased from commercial sources and used without
treatment, unless otherwise indicated. The products were purified by column
chromatography over silica gel (300-400 mesh). All reactions were monitored by
TLC, which was performed on precoated aluminum sheets of silica gel 60 (F2s4).
Melting points were uncorrected. 'H NMR and *C NMR spectra were determined at
ambient temperature on a Varian 500 MHz and 125 MHz, respectively, using TMS as
internal standard. All shifts were given in ppm. IR spectra (KBr) were recorded on a
Magna-560 FTIR spectrophotometer in the range of 400-4000 cm™. Mass spectra
were measured on an Agilient 1100 LCMsD spectrometer. Elemental analyses were
obtained on a VarioEL analyzer. Starting materials 1 are known compounds and

prepared according to the literatures.’

I1. Synthesis of phenols 5 from ketene dithioacetals 1, aldehydes 2 and methyl
ketones 3

Typical procedure for one-pot synthesis of phenols 5 (5a as example): To a
well-stirred mixture of benzaldehyde 2a (0.11 mL, 1.1 mmol) with acetophenone 3a
(0.128 mL, 1.1 mmol) was added ~BuOK (56 mg, 0.5 mmol) at room temperature.
After the reaction mixture was stirred at room temperature for 0.5 h, a mixture of
2-(bis(ethylthio)methylene)-1-phenylbutane-1,3-dione la (294 mg, 1.0 mmol) and
t-BuOK (392 mg, 3.5 equiv) in dry DMF (10 mL) was added and the resulting
reaction mixture was stirred at room temperature for additional 2.5 h. After
completion of the reaction as indicated by TLC, the reaction was quenched by
saturated sodium chloride aqueous (20 mL), neutralized with dilute HCl aq., and

extracted with dichloromethane (3 x 20 mL). The combined organic phase was
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washed with water (3 x 20 mL), dried over MgSO,4 and concentrated in vacuo. The
crude product was purified by flash chromatography (silica gel, petroleum ether :
diethyl ether = 3:1) to give (3-(ethylthio)-5-hydroxybiphenyl-2,4-diyl)

bis(phenylmethanone) 5a (293 mg, 67%) as a yellow oil.

I11. Analytical data of phenols 5

(3-(Ethylthio)-5-hydroxybiphenyl-2,4-diyl)bis(phenylmethanone) (5a): Yellow
oil; TH NMR (CDCls, 500 MHz) 6 = 0.75 (t, J = 7.5 Hz, 3H), 2.44-2.49 (m, 2H),
7.06 (s, 1H), 7.16=7.18 (m, 3H), 7.24—7.26 (m, 2H), 7.28-7.32 (m, 2H), 7.41-7.45 (m,
3H), 7.56-7.59 (m, 1H), 7.61-7.63 (m, 2H), 7.83-7.85 (m, 2H), 8.04 (s, 1H); "*C
NMR (CDCls, 125 MHz) 0 = 197.9, 196.8, 156.2, 144.4, 138.5, 138.2, 137.9, 137.3,
133.4, 133.1, 132.4, 129.5 (2C), 129.3 (2C), 128.9 (3C), 128.5 (2C), 128.3 (2C),
128.2 (2C), 127.9, 118.5, 33.1, 13.9; IR (KBr) v = 3294, 3060, 2971, 2870, 1666,
1586, 1397, 1230, 1176; ES-MS: calcd m/z 438.1, found 439.1 [(M + 1)]"; Anal.

Calcd for C,gH»,05S: C, 76.69; H, 5.06. Found: C, 76.60; H, 5.10.

(4’-Chloro-3-(ethylthio)-5-hydroxybiphenyl-2,4-diyl)bis(phenylmethanone)
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(5b): yellow oil; *H NMR (CDCls, 500 MHz) ¢ = 0.77 (t, J = 7.5 Hz, 3H),
2.43-2.49 (m, 2H), 7.11 (s, 1H), 7.26=7.32 (m, 6H), 7.42—7.49 (m, 3H), 7.58-7.63 (m,
3H), 7.84 (d, J = 7.5 Hz, 2H), 7.94 (s, 1H); °C NMR (CDCls, 125 MHz) 6 = 197.8,
196.6, 156.1, 142.9, 138.1, 137.8, 137.2, 136.9, 134.2, 133.6, 133.4, 132.5, 130.3 (20C),
129.5 (2C), 129.3 (2C), 128.7 (2C), 128.5 (2C), 128.4 (3C), 118.4, 33.1, 14.0; IR
(KBr) v=13377, 2967, 2869, 1665, 1585, 1448, 1314, 1229; ES-MS: calcd m/z 472.1,
found 473.1 [M + 1)]+; Anal. Calcd for C,gH,1C105S: C, 71.10; H, 4.48. Found: C,

71.19; H, 4.39.

O,N :

(3-(Ethylthio)-5-hydroxy-4’-nitrobiphenyl-2,4-diyl)bis(phenylmethanone)  (5c):
yellow solid. Mp 218-220 °C; TH NMR (CDCl;, 500 MHz) 6 = 0.75 (t, J = 7.5 Hz,
3H), 2.41 (q, J = 7.5 Hz 2H), 7.15-7.18 (m, 1H), 7.33 (s, 1H), 7.37-7.41 (m, 6H),
7.51-7.54 (m, 2H), 7.73-7.76 (m, 3H), 8.06-8.07 (m, 2H), 10.55 (s, 1H); °C NMR
(CDCls, 125 MHz) 0 =198.1, 195.8, 154.9, 154.1, 145.4, 138.0, 137.9, 137.2, 135.2,
133.8, 133.6, 132.8, 131.9, 129.9 (2C), 129.7, 129.4 (2C), 128.6 (2C), 128.5 (2C),
126.9, 125.2, 121.3, 120.4, 32.8, 14.1; IR (KBr) v = 3459, 3250, 2960, 2862, 1670,
1584, 1442, 1219; ES-MS: calcd m/z 483.1, found 484.1 [(M + 1)]+; Anal. Calcd for

CosHo1NOsS: C, 69.55; H, 4.38; N, 2.90. Found: C, 69.46; H, 4.30; N, 2.79.
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H3C O

(3-(Ethylthio)-5-hydroxy-4’-methylbiphenyl-2,4-diyl)bis(phenylmethanone) (5d):
yellow solid. Mp 95-97 °C; *H NMR (CDCls, 500 MHz) d =0.75 (t, J = 7.5 Hz, 3H),
2.26 (s, 3H), 2.41-2.48 (m, 2H), 7.02 (d, J = 7.5 Hz, 2H), 7.09 (s, 1H), 7.18 (d, J =
7.5 Hz, 2H), 7.29-7.38 (m, 2H), 7.43-7.46 (m, 3H), 7.58 (t, J= 7.5 Hz, 1H), 7.64 (d,
J=1.5Hz, 2H), 7.83 (d, J= 7.5 Hz, 2H) 7.99 (s, 1H); °C NMR (CDCls, 125 MHz) ¢
= 198.1, 196.7, 156.3, 144.6, 138.4, 138.0, 137.9, 137.4, 135.6, 133.4, 133.0, 132.5,
129.4 (2C), 129.3 (2C), 128.9 (2C), 128.8 (2C), 128.5 (2C), 128.3 (2C), 127.7, 118.5,
33.1, 21.1, 14.0; IR (KBr) v = 3266, 3058, 2963, 2866, 1666, 1584, 1447, 1227,
ES—-MS: calcd m/z 452.1, found 453.2 [M + 1)]+; Anal. Calcd for CyoH»405S: C,

76.96; H, 5.35. Found: C, 76.85; H, 5.46.

(4-(Benzo[d][1,3]dioxol-5-yl)-2-(ethylthio)-6-hydroxy-1,3-phenylene)bis(phenyl
methanone) (5e): yellow solid. Mp 61-63 °C; *H NMR (CDCl3, 500 MHz) 6 = 0.76
(t, J= 7.5 Hz, 3H), 2.44 (s, 2H), 5.90 (s, 2H), 6.65 (d, J = 8.0 Hz, 1H), 6.77 (d, J = 8.5
Hz, 1H), 7.06 (s, 1H), 7.20-7.26 (m, 2H), 7.31-7.34 (m, 2H), 7.37-7.47 (m, 2H),
7.58 (t, J = 7.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 2H), 7.82 (d, J = 8.0 Hz, 2H), 7.98 (s,
1H); *C NMR (CDCL, 125 MHz) J = 197.8, 196.8, 156.0, 147.4, 143.7, 138.1,

5
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137.8, 137.1, 133.4, 133.1, 132.3, 129.4 (2C), 129.3 (2C), 128.4 (2C), 128.3 (2C),
128.0, 127.2,125.3, 123.0, 118.3, 109.3, 108.0, 101.1, 33.0, 13.9; IR (KBr) v= 3386,
3061, 2965, 2779, 1664, 1585, 1495, 1240; ES—-MS: calcd m/z 482.1, found 483.1 [(M

+ 1)]+; Anal. Calcd for Co0H»,05S: C, 72.18; H, 4.60. Found: C, 72.27; H, 4.49.

MeO I

(3-(Ethylthio)-5-hydroxy-4’-methoxybiphenyl-2,4-diyl)bis(phenylmethanone)
(5): Yellow oil; TH NMR (CDCl;, 500 MHz) ¢ = 0.75 (t, J = 7.5 Hz, 3H),
2.41-2.47 (m, 2H), 3.74 (s, 3H), 6.76(d, J = 9.0 Hz, 2H), 7.08 (s, 1H), 7.24 (t, J = 8.0
Hz, 2H), 7.31 (t, J = 8.0 Hz, 2H), 7.43-7.49 (m, 3H), 7.58 -7.63 (m, 3H), 7.83 (d, J =
7.0 Hz, 2H), 8.05 (s, 1H); *C NMR (CDClLs, 125 MHz) J = 198.2, 196.9, 159.4,
156.4, 144.2, 138.4, 137.9, 137.3, 133.4, 133.1, 132.6, 130.9 (2C), 130.2 (2C), 129.5
(2C), 129.3 (2C), 128.5 (2C), 128.3 (2C), 127.4, 118.4, 113.7, 55.1, 33.1, 14.0; IR
(KBr) v= 13383, 3060, 2963, 1664, 1583, 1514, 1393, 1297, 1249; ES-MS: calcd m/z
468.1, found 469.1 [M + 1)]+; Anal. Calcd for CyoH,404S: C, 74.34; H, 5.16. Found:

C, 74.45; H, 5.07.

(2-(Ethylthio)-4-(furan-2-yl)-6-hydroxy-1,3-phenylene)bis(phenylmethanone)
(59): yellow solid. Mp 99-101 °C; *H NMR (CDCls, 500 MHz) 6 = 0.74 (t, J = 7.5
Hz, 3H), 2.36-2.47 (m, 2H), 6.27-6.28 (m, 1H), 6.47 (d, J = 3.5 Hz, 1H), 7.34 (s, 1H),

6
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7.39-7.46 (m, 4H), 7.49 (s,1H), 7.52-7.58 (m, 2H), 7.77-7.80 (m, 4H), 8.12 (s, 1H);
3C NMR (CDCls, 125 MHz) 0 = 197.8, 196.8, 156.5, 149.6, 143.3, 138.3, 137.6,
134.2, 133.3, 132.8, 132.0, 129.4 (2C), 129.2 (2C), 128.5 (2C), 128.4 (2C), 128.3,
128.0, 114.2, 112.0, 110.9, 33.1, 13.9; IR (KBr) v = 3253, 3061, 2959, 2866, 1665,
1587,1448, 1312, 1231; ES-MS: caled m/z 428.1, found 429.1 [(M + 1)]"; Anal.

Calcd for Co6H»004S: C, 72.88; H, 4.70. Found: C, 72.80; H, 4.79.

Cl

ava
O
OH

(4-Benzoyl-4’-chloro-3-(ethylthio)-5-hydroxybiphenyl-2-yl)(4-chlorophenyl)meth

anone (5h): yellow solid. Mp 96-98 °C; 1H NMR (CDCl;, 500 MHz) 6 =0.78 (t, J =
7.5 Hz, 3H), 2.45 (s, 2H), 7.06 (s, 1H), 7.22 (s, 4H), 7.30 (d, J = 8.5 Hz, 2H),
7.45-7.49 (m, 2H), 7.55 (d, J = 8.5 Hz, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.82 (d, J = 7.5
Hz, 2H), 7.94 (s, 1H); "“C NMR (CDCls, 125 MHz) 6 = 197.7, 195.4, 156.0, 142.7,
139.8, 137.8, 136.7, 136.6, 136.0, 134.4, 133.7, 132.2, 130.5 (2C), 130.2 (2C), 129.4
(20), 128.9, 128.8 (2C), 128.6 (2C), 128.5 (2C), 118.4, 33.1, 14.0; IR (KBr) v= 13303,
2928, 2870, 1666, 1585, 1229, 1092; ES-MS: calcd m/z 506.1, found 507.1 [(M +

D]"; Anal. Caled for CogH»C1,05S: C, 66.28; H, 3.97. Found: C, 66.19; H, 4.08.
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(4-Benzoyl-4’-chloro-3-(ethylthio)-5-hydroxybiphenyl-2-yl)(p-tolyl)methanone

(5i): yellow solid. Mp 93-95 °C; TH NMR (CDCl;, 500 MHz) 6 = 0.75 (t, J= 7.5 Hz,
3H), 2.32 (s, 3H), 2.42-2.52 (m, 2H), 7.00 (s, 1H), 7.10-7.18 (m, 6H), 7.24—7.26 (m,
1H), 7.44 (t, J = 7.5 Hz, 2H), 7.52 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.0 Hz, 1H),
7.83(d, J = 7.5 Hz, 2H); °C NMR (CDCl;, 125 MHz) § = 197.0, 196.9, 155.0,
144.5,141.8, 137.4, 137.0, 136.7, 135.2, 133.8, 133.6, 131.0, 130.5, 130.1 (2C), 129.5
(2C), 129.4 (2C), 129.1 (2C), 128.5 (2C), 128.2 (2C), 118.1, 33.0, 21.6, 13.8; IR (KBr)
v=13388, 3059, 2964, 1662, 1578, 1445, 1312, 1228; ES-MS: calcd m/z 486.1, found
487.1 [M + 1)]"; Anal. Calcd for C2oH»3C103S: C, 71.52; H, 4.76. Found: C, 71.63; H,

4.82.

(4-Benzoyl-4’-chloro-3-(ethylthio)-5-hydroxybiphenyl-2-yl)(furan-2-yl)methan
one (5j): yellow solid. Mp 97-99 °C; *H NMR (CDCls, 500 MHz) 6 = 0.85 (t, J =
7.5 Hz, 3H), 2.48-2.55 (m, 2H), 6.38 (d, J = 3.0 Hz, 1H), 6.79 (s, 1H), 7.06 (s, 1H),
7.26-7.32 (m, 4H), 7.45-7.48 (m, 3H), 7.60 (t, J = 7.5 Hz, 1H), 7.83 (d, J=7.5 Hz,
2H), 7.97 (s, 1H); *C NMR (CDCls, 125 MHz) 6 = 197.9, 183.7, 156.5, 153.4, 146.8,
144.6, 138.3, 138.2, 136.3, 133.3, 133.1, 129.3, 128.7 (2C), 128.5, 128.4 (2C), 128.2
(20), 128.0, 127.7, 119.3, 118.4, 112.2, 33.0, 14.0; IR (KBr) v= 3312, 3061, 2864,
1662, 1584, 1453, 1314, 1227; ES-MS: caled m/z 462.1, found 463.1 [M + D]’;

Anal. Calcd for Co6H19Cl104S: C, 67.45; H, 4.14. Found: C, 67.54; H, 4.06.
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Ethyl 2-benzoyl-4’-chloro-3-(ethylthio)-5-hydroxybiphenyl-4-carboxylate (5k):
yellow oil; ZH NMR (CDCls, 500 MHz) 6 = 1.02 (t, J = 7.5 Hz, 3H), 1.15 (t, J = 7.0
Hz, 3H), 2.75 (s, 2H), 4.50 (q, J = 7.0 Hz, 2H), 7.01 (s, 1H), 7.16 (s, 4H), 7.31 (t, J =
7.0 Hz, 2H), 7.44 (t, J = 7.0 Hz, 1H), 7.59 (d, J = 8.0 Hz, 2H), 10.46 (s, 1H); °C
NMR (CDCls, 125 MHz) 6 =195.5, 169.7, 160.7, 144.2, 138.4, 138.0, 136.6, 134.3,
133.7, 133.0, 130.2 (2C), 129.1 (2C), 128.4 (2C), 128.3 (2C), 119.5, 117.5, 62.4, 33.1,
14.0, 13.9; IR (KBr) v = 3385, 3060, 2964, 2865, 1664, 1589, 1446, 1241; ES-MS:
calcd m/z 440.1, found 441.1 [(M + 1)]+; Anal. Calcd for C,4H,1ClO4S: C, 65.37; H,

4.80. Found: C, 65.28; H, 4.89.

2-Benzoyl-4’-chloro-3-(ethylthio)-5-hydroxybiphenyl-4-carbonitrile (50):
yellow oil; TH NMR (CDCls, 500 MHz) ¢ = 1.14 (t, J = 7.5 Hz, 3H), 2.91 (s, 2H),
7.00 (s, 1H), 7.13=7.19 (m, 4H), 7.34-7.39 (m, 3H), 7.47-7.52 (m, 1H), 7.59 (d, J =
8.0 Hz, 2H); >C NMR (CDCls, 125 MHz) ¢ = 195.3, 159.4, 145.1, 137.9, 137.3,
136.8, 136.2, 134.8, 133.7, 130.0 (2C), 129.5 (2C), 129.3 (2C), 128.6 (2C), 117.9,
114.6, 106.1, 32.0, 14.5; IR (KBr) v = 3422, 2958, 2859, 1653, 1578, 1489, 1393,

1260; ES-MS: caled m/z 393.1, found 394.1 [M + 1)]"; Anal. Caled for
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Cx»Hi6CINO,S: C, 67.08; H, 4.09; N, 3.56. Found: C, 67.20; H, 4.00; N, 3.61.

1-(2-Benzoyl-4’-chloro-3-(ethylthio)-5-hydroxybiphenyl-4-yl)ethanone (5m):
Yellow oil; 1H NMR (CDCls, 500 MHz) 6 = 0.99 (t, J = 7.5 Hz, 3H), 2.64-2.66 (m,
2H), 2.95 (s, 3H), 7.02 (s, 1H), 7.16-7.19 (m, 4H), 7.33 (t, J = 7.5 Hz, 2H),
7.44-7.49 (m, 2H), 7.61 (d, J = 7.5 Hz, 2H); *C NMR (CDCl;, 125 MHz) § = 206.5,
195.9, 160.0, 144.5, 137.7, 136.6, 134.5, 133.7, 133.3, 130.2 (2C), 129.1 (2C), 129.0
(2C), 128.5 (3C), 125.3,119.7, 33.9, 32.7, 14.2; IR (KBr) v= 13251, 3064, 2970, 2870,
1669, 1581, 1494, 1316, 1216; ES—-MS: calcd m/z 410.1, found 411.1 [(M + 1)]"; Anal.

Calcd for C53H19ClO5S: C, 67.23; H, 4.66. Found: C, 67.40; H, 4.55.

4-Methoxyl-2’-ethylthio-3’-benzoyl-6’-hydroxy-4-chloro  p-terphenyl (5n):
yellow oil; TH NMR (CDCls, 500 MHz) 0 = 0.74 (t, J = 7.5 Hz, 3H), 2.20 (m, 2H),
3.87 (s, 3H), 5.31 (s, 1H), 7.01 (s, 1H), 7.06 (d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.0 Hz,
2H), 7.22 (d, J = 8.0 Hz, 2H), 7.30-7.33 (m, 2H) , 7.34-7.38 (m, 2H) , 7.39-7.46 (m,
1H), 7.67 (d, J = 8.5 Hz, 2H); °C NMR (CDCl;, 125 MHz) & = 196.8, 159.6, 153.7,
139.7, 138.2, 137.6, 137.0, 133.6, 132.9, 132.0, 131.8, 131.7 (2C), 130.3 (2C), 129.3

(2C), 128.3 (2C), 128.2 (2C), 125.4, 117.0, 114.6 (2C), 55.2, 30.4, 14.0; IR (KBr) v=
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3415, 3060, 2835, 1651, 1591, 1444, 1245, 1173; ES-MS: calcd m/z 474.1, found
475.2 [(M + 1)]+; Anal. Calcd for C,sH»3CIO5S: C, 70.80; H, 4.88. Found: C, 70.91; H,

4.80.

(3-(Ethylthio)-5-hydroxybiphenyl-2-yl)(phenyl)methanone (50): yellow oil; 1H
NMR (CDCls, 500 MHz) 6 = 1.56 (t, J = 7.5 Hz, 3H), 2.80 (q, J = 7.5 Hz, 2H), 6.72
(d, J = 2.0 Hz, 1H), 6.95 (d, J = 2.0 Hz, 1H), 7.09-7.17 (m, 5H), 7.23-7.26 (m, 3H),
7.38 (t, J = 7.5 Hz, 1H), 7.60 (d, J = 7.5 Hz, 2H); °C NMR (CDCls, 125 MHz) ¢ =
199.5, 156.6, 142.6, 139.4, 137.8, 136.5, 133.1, 129.5 (2C), 128.9 (2C), 128.2 (2C),
128.0 (2C), 127.5 (2C), 115.2, 114.9, 28.5, 13.9; IR (KBr) v= 3395, 3055, 2978,
1627, 1589, 1267, 1218, 1068; ES-MS: calcd m/z 334.1, found 335.1 [M + 1)];

Anal. Calcd for C,1H50,S: C, 75.42; H, 5.43. Found: C, 75.32; H, 5.40.

(4’-Chloro-3-(ethylthio)-5-hydroxybiphenyl-2-y1)(phenyl)methanone (5p):
yellow oil; TH NMR (CDCls, 500 MHz) 6 = 1.22 (t, J = 7.5 Hz, 3H), 2.86 (q, J= 7.5
Hz, 2H), 5.99 (s, 1H), 6.69 (s, 1H), 6.98 (s, 1H), 7.14 (s, 4H), 7.14-7.33 (m, 2H),
7.45-7.48 (m, 1H), 7.62-7.64 (m, 2H); *C NMR (CDCl;, 125 MHz) & = 198.1,

156.3, 141.3, 137.8, 137.7, 136.7, 133.7, 133.3, 132.6, 130.2 (2C), 129.5 (2C), 128.3

11
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(20), 128.2 (2C), 115.6, 114.8, 28.7, 13.9; IR (KBr) v = 3386, 3060, 2869, 1645,
1588, 1309, 1169; ES-MS: calcd m/z 368.1, found 369.1 [(M + 1)]"; Anal. Calcd for

C,1H;7ClO,S: C, 68.38; H, 4.65. Found: C, 68.26; H, 4.72.

IV. References

1 (@) H. Yu, D. Dong, Y. Ouyang, Q. Liu, Y. Wang, Lett. Org. Chem., 2005, 2,
755-759; (b) Z. Fu, M. Wang, Y. Ma, Q. Liu, J. Liu, J. Org. Chem., 2008, 73,
7625-7630; (¢) Z. Fu, M. Wang, Y. Dong, J. Liu, Q. Liu, J. Org. Chem., 2009, 74,

6105-6110.
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V. Copies of NMR spectra for new compounds 5

5a

STANDARD PROTON PARANETERS
Archive directory: sexport home;iuy/vomrsys /data
Zasple directory:

Pulse Sequence: sZpul

INOVA-500  “MEMUSOO™

et ition
OBSERVE W1, 499.8025902 ANZ
DATA PROCESSING

FT aize §5530
Total timem,

b.043

SEt O

OH

.

- —0.772

0.757

0.743

STANDARD CARBON PARANLTURS
Archive directory: Jexport /mome/)iuy /vnarsys data
Sample directory:

Pulse Sequence: s2pul

718
INOVA-580  “NEMUSOD"

Relax. delay 0.380 sec
Pulse grees

2.684

SEt O

-~ 13,983

OH

a0

Y T
100 an
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STANDARD PROTON PARAMETERS

Archive directory: sexport/home/1iuy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COCI3
Ambient temperature
File: k397
INOVA-500 "NENUS00"
Relax. delay 1.000 sec
Pulse 45.0 degrees @
cq. time 1.892 sec Ed
~

SEt O

Acq
Width 7996.8 Hz

.BO25897 WHz

1.589

DATA PROCESSING
FT size 65536
otal time 0 min,

16 sec

OH
Cl

—2.485
—2.437

TR

0.765

779

———1.748

2 D D W S

T 4 T T T T T T T T T T

10 9 By o [] S 4 3 2 1 o =0 ppm
33 3% B

Ad aw "

STAMDARD CARBON PARANETIRS

Aremive
Sample

ectory1 /export mome/) iy vosrsys data
ctory:

Palse Sequences sipul
Solvent: CBCI3

ent temparature
1-14-87

file Jia
INOVA=300  “NEMUSO8®

77,267
7,015
76,760

Pu -

Acq. time 1308 sec
Width 314718 Hz
384 repetitions
OBSERVE i3
DECOUPLE
Power

BTSAE51 Wiz

—c

Line broadening 1.% Hz
FT size
Total time 1 hr, 43 min, 51 s#c

Cl

118408

33.11%

e 156,090

|l{| 1 ;

SEt O

OH

13,983

IARRES| T T y T T T T T T T T T

T
160 148 120 100 -1 ED 40

T
180

s
=
=4

14
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Supplementary Material (ESI) for Chemical Communications
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STANDARD PROTON PARARETERS

Brehive directorys /export mome ] iuy vemriys date
Eample dlrectory:

Pulse Sequence: spul

O SEtO
Amblent temperature

File: j785
INOVA-500  “NINUSBO"

Relax. delay 1.080 voc O
Pulse degraes
din W
& repetitions
OBSERVE W1, 4998026319 Wz O H

DATA PROCESSING
FT size #5538
Total time 0 min, &3 sec

10,545

0,008

| —
P

11 10 3

6,734

1974, |

3.514

2 331
~
-
o]

167

STANDARD CARBOM PARAMETERS

Archive directory: sexport/bomes)luy vearsys data
Sample directory:

Pulte Sequen:
Solvent:

COCI3
Bl e, SEt O
user: 1-14-87
18

File jiss
IROVA=308  “MEMUSDO®

; Fee
width B Mz O
128 repetitions
OBSERVE  C13, 12%.67546H5 WHI
DECOUPLE K1, 499.8050905 WHz
Power 48 db
cont fnucus 1y an
WALTZ-16 modulated
UATA

szpul

77,267
76.758

Line broadening 1.5 Hz
FT size 131072
Total time 1 hr, 49 min, 51 sec

O,N

126.890

125,234
120,392

198,128
195,797
121,285
—32.753
——ta.

1L | JIJIIJ Ha ‘ }

T T T T T T T T T T T T T T T T

220 200 180 160 140 120 100 &0 (1] 40 20

ppm
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STANOARD PROTON PARAETERS

Arehive diFACLOTY: /ENpOTY/hOmE OuYY FYRTTYE fdata
Sample directoryt

Pulse Sequence: s2pul

Solvent: COC13
Aabient Lesserature
File: k754

THOVA-500  "NERUSO0=

Relax. deloy 1.0
Puize o
Aca. t

wWidth

8 repetitions

OBSERVE Hi, 499 8025912 WHZ
ssing

FT size #5538
Total time 0 min, 33 sec

0.7386
=B, 000

2,475
2.422

1.802

T T T T T T T T T
11 10 ] B vl L] 5 a 3 — 1 - =0 ppm
S S menE; L) H
S o i Y -

STANDARD CARBON PARARETERS

Archive directory: sexport/momes]iuy vrarsys/date
Sample directory:

ret sexutncs st SEt O
Solvent: €BC1I
bient i
-87

Fila: 4716
INVA=300  “NENUSDR®

Relax. delay 0.300 sec
Pulse 45.0 dusro"

. tise 1.300 cec
Width 31421.8 Wz
384 rapetitions
DBSEN

RVE C13, 183.6754668 MHZ L],J OH
DECOUPLE W1, 493.8050905 Wiz alk
Power 40 db ~225
cont i muoas ly on e B,
WALTZ-16 modulated To_ man
DATA PROCESSING TemnaT
Line broadening 1.5 WX man C
EE]

FT size 13107
Total time 1 hr, 49 min, 51 sec

77,282
76,986
T6.741

127,684
118,533

33.077
13.97%

—_— 1,084

198,124
——— 186,705

T =
220 200 180 160 140 1z0 100 8 60

16
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STANDARD PROTON PARRMETERS

Archiv

AEtory: /ewport shomesiuy veersys data
Etory:

Pulse Sequence: slpul SEt O

Salvantr COC13
Aabient temperature
:

File:
THOVA:

08 “NENUS00* O

delay 1.000 sec
.8 degreas
Ttims 1,882 nec
Widih 7996.8 Hx
16 repatitions
BSERVE W1, 4
DATA PROCESS NG
FT size 65538

Tota) tise 0 min, 45 sec

38, 8025907 Wiz

OH

"

g 3

2s% 2

s |= i

3 H
r T T ¥ T T T T T T e T T T ML B o
13 12 11 10 9 6. 5 4 R 1. -0 -1 ppa
s 8 2

STANDARD CARBOM PARANETERS

Archive directory: fewport/home;)ivy vrarsys data
Sample directory:

Pulse Sequence: sZpul
Solvent: COC13
Aabient tesperature
User: i-14-87

File: ki

INCVA-580 “NENUSOO®

Relax. delay 0.308 sec
s

—
Pulse 45.0 degree: aRE
Acq: tiep 1.300 sec res
Widih 314218 HE EEE
256 repetitions

OBSERVE C13, 125 6754733 MMz

DECOUPLE  H1, 493.8050305 MHz
Fower a0 o8

continuously on
WALTZ-16 modulated
DATA PROCESS

Total time 1 hr, 49 min, 51 sec

g
g 3
. ]
E3 i
s H
“,( - I
]
- J . —
T e e T s e s B e R AR s Jeere
220 H L 180 160 140 120 100 an 60 an 20 [] ppm
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Supplementary Material (ESI) for Chemical Communications
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STANDARD FROTON PARANETERS
Archive directory: /evpart/home/11uy /vnarsys /data
Sample directory:

Pulse Sequence: sipul
Solvent: COCI3
Ambient temparature
Filer k3ns

INCVA-500 “NENUSOO"

Relax 1.000 sec

Pulis 45 s -
Aty tims 1:802 see BREE
Vidin 7388 6 Hz i
18 repetitions 577
OBSERVE K1, 4938825834 WHZ w
DATA FROCESSTNG

FT 5ize §553

7.252

)

7.238

\
.768
6.750

$.307
Jﬂ 783
R KT

—3.701

MeO

7.003
1.5%0

L |

" \
L T T T T T e T T T T T
10 9 By wremyl x B 5 4 3 — B 1 . -0 ppm
33 anmm8 2 3 5 2
i R - « -

STANDARD CARBOM PARANETERS

Archive directory: /export /hose;|iuy /vnarsys data
Sample directory:

Pulse Sequance: sZpul
Solvent: COC
fmbiant temperature
User:  1-14-87

File: i7a7
INOVA-508  “NEMUS08™

SEt O

delay 0.308 sec mme
45.0 degrees nan
Aca. tiee 1,300 sec e
Width 31481.8 Hz RRER
320 repetitions
OBSERVE ' C1d, 1356754651 Wz J
DECOUPLE 1, 483.8050905 Wiz
Fower 40 dB O H
cont | ruous 1y on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.5 Hz
FT size 131072
Total time 1 hr, 49 min, 51 tec M O
H 2 2
u “ b -
53 o, i 1
N 73
N I
Wi -
T T T T T T T T T T T T T T T T T T T T T
220 zon 180 160 140 120 100 a0 60 40 0 L] ppm
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STANDARD PROTON PARANETERS
Irectory! /axport/moms ouyy vrereys /data SEt O
rectory:

Pulse Sequence: sZpul

Solvent: COCI3
fabient tesperature O
File: k71l
INOVA-308 ~NENUSOE®
. delay 1.000 wec
: = OH

Arcmiv
Sample

degrans
#32 sec
1 \
i
OBSER M1, 4388025503 Whz 0
DATA PROCESSING
FT size 5538
Total tise 0 min, 23 sec -
s
: \
H ]3
s |a

| R T T T T T T T T T T
10 9 [ Jpe—— vy B 5 4 3 R 1 =1 ppm
HEE T =5 3 )

B s s - -

STANDARD CARBON PARAETERS
Archive dirsctory: sexpart/hose;1iuy vnarsys data

Sample directory:
Cmirissisngd N SEt O

Solvent: COCIS

Aabient Lemperature

User: 1-14-87

File: k31

INOVA-508  “NEMUSDO™ O

Relaw. delay 0.300 sec
rees

[
F56 re|

titions

OBSERVE® CL3, 135.6754733 Wiz

DECOUPLE N1, 4338030905 M ~ OH

Power 4

cont inucus 1y an

WALTZ-16 modulated

DATA PROCESSING \

Ling broagening 1.5 Hz

FT size 131072
Total time 1 hr, 4% sin, $1 sec

77,256

o0
76.74

33,119
13.830

197,453
187247

T T T T T T T T T T T T T Ipansssad

r T
Zz0 200 180 160 140 120 0 a0 (1] a0 20 o ppm
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STANDARD PROTON PARAMETERS
Archive directory: fewport/hose;]luy vrmrsys data
Sample difectory:

Pulse Sequence: sZpul

Solvent: COCI3
blent tesseraturs

File: ke

INCVA-580  “NENUSOO"

Relax. delay 1.000 sec
Palse degrees

Acq_ time 1 843 sec

SEtO

0.778

Widih 8615.1 W
B repetitions
OBSERVE W1, 435 8025913 Wz

e o 0
OHNZ %
J
Cl I
h
5 |
10 H 6 5 a 3 ;_":_ 2 1 : N bim
STANARD CARBON PARAMETERS Cl

Archive directory: sexport/home;1iuy /veersys data
Sample directoryl

Pulse Sequence: s2pul

Solvent: COC13
Aatignt Lesperature
User: 1-14-87
File:

K783
INOVA-500  “NENUS®0"

Relax. delay 9.300 et
Pulcs 45.0 dagrees

0 tec
iz

77.282
77.000
76,744

330 repet 3

OBSERVL  CL3, 115 8754704 WHz

DICOUPLE  H1, 433 20503085 WHz
an &b

Line broadening 1.5 Mz
FT size 131072
Total tise 1 hr, 43 min, 51 6ec

Cl

118,387

195,385

— 3t
— 13,987

I—

¥ i .l | jl . l

SEtO

5
1
—

0

o

I

T T T T T T T T LARAALAASAS] T T TTTTTyYYT

v T
220 Z;II 180 160 148 120 100 an 60 40 20

20
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STANDARD PROTON PARAMETLRS
Archive directary: /export home 1 1uy voersys data
Sample d1reciory: o * s
Pulse Sequence: sZpul
Solvent: COCI
Ambient tesperature
File:
INOVA-500  “NENUS80®
Relax. delay 1.080 sec
.

2 sec

oA
FT size 65538
Total time 0 min, 23 sec

o
{)o

2.518
2.418
2.480

0.080

2,234
L

STANDARD CARBON PARANETERS

Archive directory: sewpart mome;1luy vnmrsys /data
Sasple directory:

Pulse Sequence: s2pul

File: kiSe
INOVA-500  “NEWUSO8®

Welax, delay 0,300 sec
Pulse 45.0 degrees

- time 1380 sec
Width 31421 8 Hr

128 repetitions
GBSERVE €13, 1256754853 MHz
DECOUPLE M1, 484 8050985 mHz

77.252
76.740

cont i neous Ty on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Mz

FT size 131072

Total time 2 hr, 4% sin, 5§ sec

Cl

495
118,054

196
196,800
32982

3.00{

——— 13,804

——E1.E0

T T T T
2z LU 180 160 140 1z0 100 80 L1} 40



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

STANDARD PROTON PARAMETERS O o

Archive directory! /export/home;]uy/vnersys /data

Sample directory; SEtO

Pults Sequence: sfpul

Solvent: CDC13 O

Ambient temperature

Flle: ki70

INOVA=580 “NENUSOO0™

e O OH

Pulse

P LB92 sec
Width 3 Wz
B repetitions
OBSERVE Hi, 499 8025912 MHZ C
DATA PROCESSING
FT size 65538
1 time & min, 23 sec
g
R 3
" i l
H -
- /
i3 2. = 8 |
o 22 o HE
+383 =15
= <= —_—
= 3 &
“n.-‘el
g
T ¥ T ™ T T T T T T T T T
10 ] By ww il w - 1] 5 a 3 — 2z 1. =0 -1 ppm
e BE2mE = 2 2
Bm mmeme o - - -

STANDARD CARBOM PARANETERS

APChive directory: Jewpart/home, 11y /vnarsys data
Sample directory: /
Pulse Sequence: sZpul
Solvent: COC13
fabient Lemperature
user: 1-14-87

File: w247

INOVA-508 “MENUSO8®

oy 0.308 sec

N 76,607

Fower 40 08
cont inucus Ty o

o
n
WALTZ=18 modulated
DATA 54

Line Broadening 1.5 Wz
FT size 131072
Total time 3 hr, 7 min, 45 sec

Cl

.99

e 13,808

— 97872
183749

T T T T T

T T T T
zz0 200 180 160 140 120 100 8“ 60 40 20 (] ppm

22
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STANDARD PROTOM PARANETLRS
Archive directory: fexport/momes!iuy /vearsys data
Sampie @irectory: S Et O

Fulse Sequence: s2pul
Solvant: COCI3
Asbient temperature
File: k389

INOVA-580  “NENUSBO"

Belax, delay 1.000 sec O OEt
Pulse 45.0 degrees

Aca: tims 1.893 sec

Widih 3584.3 Hz

B repetitl

ons
OBSERVE Wi, 497.8025809 WHZ n
OATA PROCESSING anSns
FT gize 65538 ER R
Total time 0 min, 23 sec R an
FJ

7.601
7.588
7.458
7,444
7.008
1.451

—
/o
4,529

e 10458
2.752

T T T T LI T T T T T x T - T ol

b S O 1] 9 8 vyl & 5 - 4 3 2 - 3 =0 ppm
2 R H 2 EI
s P cpc ] “ -

STANDARD CARBON PARANETERS

Archive directory: sexport homesiuy viersys data
Sample directory: v

e seasecer 125 SEt O

File: k280
INOVA-500  “NEWUS0O0=

Belax, delay 0,300 sec O OEt

Acq. time
Width 14218 W
132 repetitions

QBSERVE  C13, 135,
sgsior e i e OH
Power 40 dB 3
cont | nsout Iy on ap2t3
WALTZ-18 modulated 2587a =
TEiRe eakaentng 1.5 EEEL g3
T aize itanz T 102 =237 et
Total time 1 hr, 43 min, 51 see =87 Cl
: 5
- e g zs
” 8 3% 3 3 j
2 - : -]
H g Z 3 3 H i
= . 8
i : [ ﬁ
. | |
T : T ey Aaans T T T T T ARaas T : : e - —
220 200 180 160 140 120 100 &0 60 a0 20 0 ppm
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STANDARD PROTON PARANETERS

AFchive diFectory: /axporishoas ouyy/vearsys data
Sample directory:

Pulse Sequence: spul

Solvents COCII

Asbient Lemperature

File: k578

INDVA-S80  “NENUS0O®

Belax. delay 1.008 sec
Fuls.

5538
Total time 0 min, 23 fec

SEt
CN

OH

g
J»UUL A L
T T T T T T T T T T T T
10 ] ! R 6 5 a 3 2 L1 -8 ppm
=2s3 H] s
— - o -
STANDARD CARBON PARANLTERS o
Archive directory: sexport/home /ouyy /vYeriys /data
s directory:
Pulse Sequence: sipul
2 SEt
Total time 3 hr, 50 min, 56 sec
i H] H
§ i t 8
3 i : [ s
I ‘
| L ] J_l L | [ |
220 200 180 160 140 120 100 80 (1] a0 20 L] ppm
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sm

STANDMRD PROTON PARAMETERS

Archive directory: sasport hone;|iuy vnarsys sdata

Sample directory:

Pulse Sequencer sEpul

Solvent: COC1S

Ambiant temperature
.

File:
IND¥A

PHENUS 00"

Bolas. delay 1.000 sec
Pulza 45.0 degraee
Acq. time 1.897 tec
vidth 8313.2 Wz
& ropetition

OBSERVE WL,

DATA FROCESS]

FT size 65536

Total tise b min, 23 sec

3
490 B0ZER06E WMz
L

0

2,949

2.680

a4.004
105 ey —

STANDARD CARBON FARANLTERS

Archive directory: /EMport home ouyy vrarsys data
mple directory:
Pulse Seguence: s2pul
Salven
b ey
user:

File
INOVA-508

ENENUE0

Relax. delay 0,500 gee

Pulse 25.0 degress

Ay, tiws 1,300 sec

Width 31421.8 Hz

4095 repet itians
DBSERVE €13, 135, 6754655 Mz
H1, 498,8050005 MNz

cont i neows 1y an
WALTZ-16 modulated
DATA PROCESSING

Tatal time  hr, 3 min, 31 sec

154,933

206 . 483
195,851

P -

Fe=
=hlLt
e
7408
".il1

i1}
133,287

130178

129,148

129.007
——128.473

125.264
119.694

oy

.

1.083

SEt

_=0.080

7267

P

206+

.l
TE.TED

HO

Z.TE

SEt

3% .B52

— 32285

(=

— 14248

Cl

2on

140

i60

140

1z0

B o e e o T

100

0 ppm
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STANDARD PROTON PARANETERS

Archive directory: sewpart/home;11uy/wnarsys /data
Sample directory:

Pulse Sequemce: sZpul
Solvent:
Anbient
File: k17
INOVA-500  “MEMUSDO®

COC1s
temperature
i

elay 1.000 sec

OBSERVE WL, 499.80%
naTA PROCESSING
T size #5538

Total time 0 min, 23 sec

—3. 074

— 12T
=

110 9 | R — [} - 5 - 3 .2 1 -0 ppm
e 2 E E 2

STANDASD CARBON PARANETERS

Archive directlony: /export/home/11uy /voersys data
Sample girectory:

Pulse Sequance: s2pul

2'\‘ll|ll COC13 OMe
Bient temperature

oLy E

File: kifl

THOVA-500 “MENUSDO0*

Relax. delay 9.300 sec

Pulse 45.0 dagraes O

Acg. time §.390 wec

Width 31421.8 Hz

1

ans.
OBSERVE C13, 1350754757 MMz
DECOUPLE Wil 4998050905 Wz
Fower 40 dB
cont i neous ly on
WALTZ-16 modulated
DATA PROCESSING
tne broadening 1.5 Mz ( :I

L
FT size 131072
Total time 1 Ar, 49 min, 51 sec

117035
114,801
144

77.252
1
55,212
30,433
14,001

195,780

ST
—— 153,708

| L thl“_ll‘ | ] L

T T T T T T T T T T T T T T T T T T

T T T
zz0 200 180 160 140 - 2o 100 an 1] 40 20 o
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STANDARD PROTON PARAMETERS

Archive directory: jexport/home;liuy vearsys data
Sample directory:

Pulse Sequence: s2pul
Solve

coc1s
Aabient temperature
File: 1715
MOVA=500  “NENUSBO"

ont
1, 4998025938 WHz
ing

E:
FT size 65538
Total time 0 min, 23 sec

2.7

—1.172
1.143

2.773

1.884

STANDARD CARBON PARAMETERS

Archive directory: fexport/home;liuy/vearsys data
Sample directory:

Pulse Seguence: s2pul
Solvents
Anty

coc1a

128,011

ns
5 754670 WHZ

OBSERVI 1
DECOUPLE W1, 433.B0S0305 WMz

Power a0 &b
cont inuous Ty on

WALTZ-16 modulated

DATA FROCESSING

Line broadening 1.5 Wz

FT size 131072

Tatal time 2 hr, 40 min, 36 sec

114,899

\_ 127,450
158

115,

2134

[

ppm

2.00{

SEt

OH

o]

28,480
S——N L
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STANDARD PROTON PARARETERS

Archive directory: Jesport/hose/)iuy/vearsys /data
Sample directory!

Pulse Sequence: s2pul

T .
Width B164.1 Hx
& repetitions
DESERVE W1, 4998825776 Wz ))
DATA PROCESSING
Tota

time § min, 13 sec

Cl

—1.218
1.208

SEt

e
OH

33 EEH S g
LT "“;u e - - E
L ANk L :
o | = = |
:i | i
Sl | )
T T T T AL T T T T T T
10 ] 8 v L B 5 4 | - 2 -;1 -0 ppm
=%& 8 2 & [ =
"o - . - - "

STANDARD CARBON PARAMETERS
Archive directory: /export/mome;]idy/viarsys data
Sample directory:

Pulte Sequence: sipul

Solvent: COCIZ

Asbient temperature
=14-87

B
=500 “NENUSDO®

Relax. delay 0.300 sec
%

eswe
» 45.0 degree -
heg. tise .3!0 sec Py

th 31421.8 mEE

i "
517 repetitions

GRSERVE C13, 125.6754623 WHZ
DECOUPLE W1, 435.8050305 Wz

51y an

WALTZ-16 modulated

DATA PROCESSING
broadening 1.5 Mz

Line
FT size 131072
Total time 1 hr, 4% min, 51 tac

114.78%

.141.318
115,585

———
28.671

156,323

13,975

SEt
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