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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. 'H (500 Hz) and "*C (125 Hz) NMR spectra were recorded at 25 °C on
a 500 MHz NMR spectrometer, and TMS as internal standard. IR spectra (KBr) were
recorded in the range of 400 ~ 4000 cm™.

I1. Synthesis and the analytical data of the substrates 4 and 2a-2g.

Precursors 2a-2g were synthesized by a two-step reaction starting from
pentane-2,4-dione in excellent yields according to the literature: (a) Wang, M.; Xu, X.;
Liu, Q.; Xiong, L.; Yang, B.; Gao, L. Synth. Comm. 2002, 32, 3437-3443. (b) Choi, E. B.;
K.Youn, I.; Pak, C. S. Synthesis 1991, 15-18.

1. K,CO3 O O
M 2.CS, )ij‘\ ArCHO
3. 4)_/ NaOH | | |

General description for the preparation of 4: To a solution of pentane-2,4-dione
(10.12 mL, 100 mmol) and anhydrous K,CO3 (30.1 g, 220 mmol) in DMF (150 mL) was
added CS, (6.7 mL, 110 mmol) at room temperature. After 30 min,
1,2,3-tribromopropane was added in one portion to the reaction mixture under ice bath
and stirred overnight at room temperature. A white solid was obtained after pouring the
reaction mixture into ice-water (800 mL). The only product was characterized as
3-(4-bromomethyl-[1,3]dithiolan-2-ylidene)-pentane-2,4-dione 4 with an excellent yield
of 91%.

General Procedure for the preparation of 2a-2g: (with 2a as an example): To a
solution of 4 (295 mg, 1.0 mmol) and benzaldehyde (222.6 mg, 1.0 mmol) in EtOH (10.0
mL) at 0 °C was added NaOH (200 mg, 5.0 mmol) in one portion. The reaction mixture
was stirred at 0 °C for 10 min, followed by stirring at 25 °C for 0.5 h. After the starting

material 4 was consumed as indicated by TLC, the resulting mixture was then poured
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onto ice-water (250 mL) under stirring. The precipitated solid was collected by filtration,

washed with water (3 x 30 mL), and dried in vacuo to afford the product 2a as a yellow

solid.

1: White solid. "H NMR (500 MHz, CDCls, 293 K, TMS): & = 2.43 (s, 3H, CH3), 2.46 (s,
O O 3H, CHj), 3.46-3.50 (m, 2H), 3.57-3.62 (m, 1H), 3.66-3.69 (m, 1H), 4.02

ppm (m, 1H); IR (KBr, cm™): v =2926, 1619, 1439, 1402, 1269, 1261, 885.

-

2a: Yellow solid, m.p. 198 °C. 'H NMR (500 MHz, CDCls, 293 K, TMS): § 2.49 (s, 3H),
6.96 (s, 1H), 7.33 (d, J = 8.0 Hz, 4H), 7.38 (d, J = 16.0 Hz, 1H), 7.52 (m, 5H), 7.77 (d, J

0O o = 16.0 Hz, 2H); IR (KBr, cm”) IR (KBr, cm™): v=
O AN | = O 1628, 1572, 1539, 1543, 1370, 1304, 1169. Anal. calcd
s” g for C,3H;30S,: C, 70.74; H, 4.65; Found: C, 70.78; H,

)ﬁ 4.62.

2b: Yellow solid, m.p. 192 °C. 'H NMR (600 MHz, CDCls, 293 K, TMS): 6 =2.49 (s,
3H), 6.96 (s, 1H), 7.29 (d, J = 8.0 Hz, 4H), 7.29

Q 9 P (d, J = 16.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 4H),
7.69 (d, J = 16.0 Hz, 2H); IR (KBr, cm™): v =
Cl (SN Cl

1740, 1628, 1560, 1491, 1455, 1370, 1224,

/ 1093.

2¢: Yellow solid, m.p. 186 °C. "H NMR (600 MHz, CDCls, 293 K, TMS): & =2.48 (s,
3H), 6.94 (s, 1H), 6.98 (m, 4H), 7.23 (d, J = 16.0

o 0 Hz, 2H), 7.50 (m, 4H), 7.68 (d, J = 16.0 Hz, 2H);
=
IR (KBr, cm™): v = 3068, 1629, 1576, 1544, 1508,
F S: 3 F 1451, 1418, 1230.

2d: Yellow solid, m.p. 190 °C. "H NMR (400 MHz, CDCls, 293 K, TMS): § = 2.35 (s, 6H,
2 x Me), 2.46 (s, 3H), 6.90 (s, 1H), 7.12 (d, J = 8.0 Hz, 4H), 7.29 (d, J = 16.0 Hz, 2H),

S3



O O
P 7.43 (d, J = 8.0 Hz, 4H), 7.75 (d, J = 16.0 Hz, 2H);
X
O | O IR (KBr, cm™): v = 3070, 1630, 1595, 1517, 1441,
S>_/S 1412,1341, 1224

2e: Yellow solid, m.p. 188 °C. 'H NMR (600 MHz, CDCls, 293 K, TMS): & = 2.46 (s,
3H), 3.82 (s, 6H, 2 x OMe), 6.84 (d, J = 8.0 Hz, 4H), 6.89 (s, 1H), 7.22 (d, J = 16.0 Hz,
o o 2H), 7.48-7.49 (d , J = 6.0 Hz, 4H), 7.73 (d,
M J=16.0 Hz, 2H); IR (KBr, cm™): v = 3058,
O | O 2928, 2837, 1624, 1604, 1567, 1511, 1449,

Hs;CO s s OCHjs

) / 1366, 1255. Anal. calcd for C;5H,,04S;: C,

66.64; H, 4.92; Found: C, 66.81; H, 4.88.
2f: Yellow solid, m.p. 183 °C. 'H NMR (600 MHz, CDCl;, 293 K, TMS): 6 =2.50 (s, 3H),
6.98 (s, 1H), 7.20 (m, 2H), 7.50 (m, 2H), 7.62 (m, 2H),

o 0 7.70 (d, J = 16.0 Hz, 2H), 7.70 (d, J = 16.0 Hz, 2H),
=
e Y 8.52 (m, 2H); IR (KBr, cm™): v = 3400, 3024, 1633,
N N~
7 s s 1575, 1538, 1462, 1364, 1293, 1227.

29: Yellow solid, m.p. 180 °C. 'H NMR (400 MHz, CDCls, 293 K, TMS): 6 =2.45 (s,
3H), 6.45 (m, 2H), 6.64 (m, 2H), 6.89 (s, 1H), 7.18 (d, J
= 16.0 Hz, 2H), 7.42 (m, 2H), 7.50 (d, J = 16.0 Hz, 2H);
\ | \ / IR (KBr, cm™): v =23399, 2170, 1678, 1628, 1549, 1448,

):/ 1364, 1289.

I11. Synthesis and the analytical data of products 3

3a: white soild. '"H NMR (500 MHz, CDCl;, 293 K, TMS): § = 1.72 (s, 1.5 H, Me), 1.73
(s, 1.5 H, Me), 2.33 (broad, NH, 1H), 2.64 (m, 1 H), 2.74 (m, 2 H), 3.07 (m, NCH,, 2 H),
3.26 (m, NCHa, 2 H), 3.40 (m, 1 H), 4.53 (m, 1 H), 4.85 (m, 1 H), 7.27 (m, 1 H), 7.36 (m,
7H), 7.58 (m, 2H); °C NMR (125 MHz, CDCls): § = 24.5, 24.8, 28.4, 28.6, 43.3, 43.0,
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46.8, 46.9, 47.0, 49.6, 55.6, 78.4, 78.5, 127.3, 127.7, 128.1, 128.6, 129.0, 129.3, 132.0,
132.1, 1354, 135.5, 137.9, 137.9, 139.2, 141.5, 151.9, 152.0, 190.3, 190.4. IR (KBr,
em™): v = 3433, 3030, 2927, 1659, 1453, 1401, 762, 698. MS (EI): calcd m/z 432.13,
found 433.1 [(M+1)]"; Anal. calcd for C,5sH24N,08S,: C, 69.41; H, 5.59; N, 6.48; Found:
C, 69.67; H, 5.39; N, 6.52.

3b: white solid. '"H NMR (500 MHz, CDCls, 293 K, TMS): 6 =1.70 (s, 1.5 H, Me), 1.72
(s, 1.5 H, Me), 2.32 (broad, NH, 1H), 2.54 (m, 1 H), 2.70 (m, 2 H), 3.02 (m, NCH,, 2 H),
3.24 (m, NCHy, 2 H), 3.38 (m, 1 H), 4.47 (m, 1 H), 4.81 (m, 1 H), 7.36 (m, 6H), 7.51 (m,
2H); *C NMR (125 MHz, CDCls): 8 = 24. 5,24.7, 28.4, 43.3, 43.9, 46.6, 48.7, 54.8, 78 4,
78.5, 128.7, 129.0, 129.5, 131.9, 132.0, 132.9, 134.8, 135.1, 135.2, 136.3, 136.4, 139.4,
140.1, 151.4, 189.9, 190.0. IR (KBr, cm™): v = 3294, 2967, 2885, 1648, 1490, 1431, 1401,
1090, 1013, 842. MS (EI): caled m/z 500.06, found 501.1 [(M+1)]"; Anal. calcd for
C2sH2CLLN2OS,: C, 59.87; H, 4.42; N, 5.59; Found: C, 60.03; H, 4.39; N, 5.65.

3c: light red solid. "H NMR (500 MHz, CDCls, 293 K, TMS): 8 = 1.71 (s, 1.5 H, Me),
1.73 (s, 1.5 H, Me), 2.33 (broad, NH, 1H, disappeared after D,O was added), 2.58 (m, 1
H), 2.70 (m, 1H), 2.76 (m, 1H), 3.04 (m, NCH,, 2H), 3.23 (m, NCH,, 2H), 3.40 (m, 1 H),
4.49 (m, 1 H), 4.85 (m, 1 H), 7.06 (m, 4H), 7.41 (m, 2H), 7.54 (m, 2H); °C NMR (125
MHz, CDCl;): & = 24.3, 28.1, 42.9, 43. 6, 46.6, 48.5, 54.6, 78.2, 114.9, 115.1, 115.9,
116.0, 128.9, 128.9, 129.1, 129.2, 131.6, 133.4, 134.9, 136.9, 139.0, 151.3, 160.8, 161.6,
162.8, 163.6, 189.9; IR (KBr, cm™): v = 3294, 2969, 2886, 1648, 1509, 1456, 1225, 1157,
835. MS (EI): calcd m/z 468.11, found 469.1 [(M+1)]+; Anal. caled for C,5sH2,FoN,OS»: C,
64.08; H, 4.73; N, 5.98; Found: C, 64.21; H, 4.71; N, 5.86.

3d: light red solid. '"H NMR (500 MHz, CDCls, 293 K, TMS): 8= 1.71 (s, 1.5H, Me),
1.74 (s, 1.5H, Me), 2.32 (broad, NH, 1H, disappeared after D,O was added), 2.36 (s, 2 %
ArMe, 6 H), 2.61 (m, 1 H), 2.74 (m, 2 H), 3.02 (m, NCH,, 2 H), 3.26 (m, NCH,, 2 H),
3.36 (m, 1 H), 4.50 (m, 1 H), 4.82 (m, 1 H), 7.20 (m, 4H), 7.32 (m, 2H), 7.46 (m, 2H);
BC NMR (125 MHz, CDCls): 8 =21.1,21.2,21.2, 24.4, 24.6, 28.2, 28.4, 43.1, 43.7, 46.7,
49.2,55.1,55.1,78.1, 78.3, 127.3, 127.7, 129.0, 129.7, 131.8, 131.9, 134.7, 134.7, 135.3,
135.4, 136.6, 136.6, 138.3, 138.6, 138.9, 151.8, 151.9, 190.3, 190.4; IR (KBr, cm™): v =
3440, 2970, 1658, 1453, 815. MS (EI): caled m/z 460.16, found 461.2 [(M+1)]"; Anal.
calcd for C,7H,3N,0S,: C, 70.40; H, 6.13; N, 6.08; Found: C, 70.66; H, 6.09; N, 6.21.

3e: yellow solid. '"H NMR (500 MHz, CDCls, 293 K, TMS): 8 = 1.70 (s, 1.5 H, Me), 1.73
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(s, 1.5 H, Me), 2.27 (broad, NH, 1H), 2.61 (m, 1 H), 2.74 (m, 2 H), 3.02 (m, NCH,, 2 H),
3.26 (m, NCHy, 2 H), 3.38 (m, 1 H), 3.82 (s, 2 x OMe, 6 H), 4.46 (m, 1 H), 4.80 (m, 1 H),
6.90 (m, 4H), 7.35 (m, 2H), 7.48 (m, 2H); BC NMR (125 MHz, CDCls): 6 = 24.4, 24.7,
28.2, 28.4, 43.0, 43.7, 46.8, 48.8, 48.8, 54.8, 54.8, 55.2, 55.3, 78.0, 78.2, 113.6, 114.3,
128.5, 128.6, 128.8, 129.6, 1229.6, 131.7, 131.8, 133.4, 135.2, 135.3, 138.8, 151.8, 151.9,
185.5, 159.7, 190.3, 190.4; IR (KBr, cm™): v = 3298, 2932, 2834, 1659, 1610, 1512,
1456, 1250, 1176, 1034, 830. MS (EI): calcd m/z 492.15, found 493.2 [(M+1)]"; Anal.
calcd for C,7H,5N,03S,: C, 65.83; H, 5.73; N, 5.69; Found: C, 66.02; H, 5.70; N, 5.79.

3f: red solid. '"H NMR (500 MHz, CDCl3, 293 K, TMS): 6 = 1.74 (s, Me), 1.77 (s, Me),
2.37 (broad, NH, 1H), 2.75 (m, 1H), 2.80 (m, 2H), 3.12 (m, 2H), 3.42 (m, 3H), 4.64 (m,
1H), 5.01 (m, 1 H), 7.23 (m, 1H), 7.28 (m, 1H), 7.40 (m, 1H), 7.52 (m, 1H), 7.72 (m, 2H),
8.64 (m, 2 H); 3C NMR (125 MHz, CDCl): 6 =24.1,24.3,28.1, 28.2, 43.2, 44.0, 45.2,
50.7, 57.9, 58.0, 78.6, 78.7, 122.0, 122.1, 122.5, 122.4, 122.5, 123.2, 131.8, 131.9, 135.3,
136.4, 137.1, 138.5, 138.6, 149.2, 149.6, 150.7, 150.9, 156.9, 160.2, 189.8, 189.9; IR
(KBr, cm'l): v =3431, 2924, 2854, 1659, 1589, 1456.

3g: red solid. '"H NMR (500 MHz, CDCls, 293 K, TMS): & = 1.68 (s, 1.5 H, Me), 1.70 (s,
1.5 H, Me), 2.34 (broad, NH, 1H, disappeared after D,O was added), 2.73 (m, 3 H), 3.12
(m, NCH,, 2 H), 3.26 (m, 3 H), 4.56 (m, 1 H), 4.88 (m, 1 H), 6.30 (m, 1 H), 6.37 (m, 3H),
7.41 (m, 2H); BC NMR (125 MHz, CDCls): 6 = 23.8, 24.0, 28.0, 28.2, 41.7, 42.9, 43.7,
44.4,50.6,77.8,77.8, 106.6, 108.2, 110.0, 110.6, 131.4, 131.5, 134.3, 138.7, 138.7, 142.1,
142.9, 150.2, 150.6, 150.7, 154.8, 189.7; IR (KBr, cm™): v = 3309, 2971, 2359, 1660,
1456, 1011, 738.

3h: light red solid. "H NMR (500 MHz, CDCl;, 293 K, TMS): 6 =1.48 (m, 1 H), 1.62 (m,

1 H), 1.71 (s, 1.5 H, Me), 1.74 (s, 1.5 H, Me), 1.84 (broad, NH, 1H), 2.36 (m, 1 H), 2.45
(m, 1 H), 2.61 (m, 1 H), 2.86 (m, 1 H), 3.05 (m, 1 H), 3.22 (m, 2 H), 3.36 (m, 1 H), 4.55
(m, 1 H), 4.86 (m, 1 H), 7.28 (m, 1 H), 7.38 (m, 5 H), 7.45 (m, 2H), 7.55 (m, 2 H); °C
NMR (125 MHz, CDCls): 6 = 27.5, 40.4, 40.9, 40.9, 46.6, 46.7, 49.4, 49.5, 58.1, 71.2,
71.3, 109.8, 127.0, 127.5, 127.9, 128.0, 128.2, 128.7, 129.0, 132.3, 132.4, 134.8, 134.9,
137.8, 138.9, 141.3, 151.0, 151.1, 190.1, 190.2; IR (KBr, cm™): v = 3324, 3029, 2930,
2826, 1656, 1451, 1199, 978, 896; MS (EI): calcd m/z 446.15, found 447.2 [(M+1)]";
Anal. calcd for Cy6Hy6N,0S;: C, 69.92; H, 5.87; N, 6.27; Found: C, 70.19; H, 5.75; N,
6.12.

3i: white solid. '"H NMR (500 MHz, CDCls, 293 K, TMS): 8 = 1.46 (m, 2 H), 1.69 (s, 1.5
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H, Me), 1.72 (s, 1.5 H, Me), 1.82 (broad, NH, 1H), 2.32 (m, 1 H), 2.40 (m, 1 H), 2.60 (m,
1 H), 2.86 (m, 1 H), 3.02 (m, 1 H), 3.20 (m, 2 H), 3.30 (m, 1 H), 4.51 (m, 1 H), 4.82 (m, 1
H), 7.33 (m, 6 H), 7.48 (m, 2 H); C NMR (125 MHz, CDCl3): § = 27.7, 40.5, 41.1, 46.6,
46.7, 48.8, 48.9, 57.5, 71.4, 71.5, 128.6, 129.1, 129.4, 132.4, 132.6, 132.9, 134.7, 134.7,
134.8, 136.4, 136.4, 139.2, 140.0, 150.8, 151.0, 190.0, 190.0; IR (KBr, cm™): v = 3333,
2927, 1659, 1488, 1454, 823. MS (EI): calecd m/z 514.07, found 515.1 [(M+1)]"; Anal.
calcd for CysHo4CILN,OS,: C, 60.58; H, 4.69; N, 5.43; Found: C, 60.85; H, 4.64; N, 5.62.

3j: red solid. 'H NMR (500 MHz, CDCl;, 293 K, TMS): & = 1.45 (m, 2H), 1.74 (m, 3H,
Me), 2.33 (broad, NH, 1H), 2.43 (s, 1H), 2.58 (m, 1H), 2.86 (m, 1H), 3.12 (m, 1H), 3.25
(m, 4H), 4.54 (m, 1H), 4.84 (m, 1H), 7.07 (m, 4H), 7.41 (m, 2H), 7.52 (s, 2H); °C NMR
(125 MHz, CDCl,): & = 27.5, 40.2, 40.9, 46.6, 46.7, 48.5, 48.7, 57.4, 71.3, 115.0, 115.1,
115.9, 116.1 129.2, 129.3, 129.5, 132.2, 132.3, 133.5, 134.6, 136.8, 151.0, 161.7, 163.7,
188.9, 189.9; IR (KBr, cm™): v = 3445, 2926, 1660, 1509, 1455, 1226, 835. MS (EI):
caled m/z 482.13, found 483.1 [(M+1)]"; Anal. caled for CosHo4F2N,OS,: C, 64.71; H,
5.01; N, 5.80; Found: C, 64.93; H, 4.97; N, 5.89.
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IV. Copies of *H and **C NMR spectra for compounds 4, 2a — 2g and 3a - 3j.
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STANDARD PROTON PARAMETERS

Sampie directory:
PROTON

File:
Pulse Saguence: s2pul

Archive directory: sexport/home/zhaoyl/
Solvent:

cpci3

25.0 C /7 298.1 K
“NENUSO0O"

Temp .
INOVA-500

g
2k
o =]
cwe =
= o e .
o -
rL N = 13
womL w0 «—
-] w x E
| L e
- -Q—naaae
- @ =X wn
@ DN WD
T EC=— UWBE
T O
> - ®w LA
jgaggss
] e
—_— T L W 3
22230855

AV,

ppm

11270
test

™po-o
bos-o
960
tnn't

4171

i

tos o

leso

Jsa-e

= roo't

S16



wdd 0 02 v 09 0g 0ot 02T T 0971 oer ooz 0zz

HEEEEE TS e R Sl P T PRSI S A W ST P A I ENETERTEPES AP O U i v L 0 o P T Rl A IS P S Bl 1 BN (T L e i o

o

{ _ :
=
. = s
N s B
« -
L
_“_ £
~n w
- a w
. asa
gea¥ 33812, A :
.. 8. T woa® \ 3 -
Nemnsa® 2 o =g
y mmm geead / N.Z °S
» . o L«
e m....._jJ @2 295095 ‘uw £1 4y 7 ewyy w104
3y S FRARELL ¥2 13330084 v1va
. @ ANBER ONISSI00¥d ViV
& 3 288ap el pejeINpOm 9T-2)1ym
.w ~ N@eSam,, Aeiep Bupanp jio
L4 u b Bu
oy 0}31}sjnbae bdnp uo

8P 8p Jamod
ZHW SO60508°66F “TH  31dN023a
ZHW ELEPSL9°SZT “ETD  IAMISED

=
=

~ -~k phbhh 5U011138d9) gggz
ZH 8 TZPIE YIpIm

e ...._HHWH 225 000°1 2mi3 *boy
saaiBop o' 5y 9singd

2B ..‘ﬂuu“ 285 000°T APLOP *xB|oy

n00SNNING  00S=WADNI

{8-pT-T :dasp

aanjeledwsl Jus jquy

£100D tjusalog

Lndzs :asusnbeg es|ng

NOGYYD a4

iA4032841p e|duws

v.—unxmth!::\mcw.*\mlo:\:on_xwx tf103094p FAYaIY

SHILINVEYD NODEYD ONYANYLS

S17



569°T,

S18

o - o or =eo e o [P
- & W o« u |~ 4
@ W@ o aN AR o & @
- Rragn il rog g
- 2 g 14 S 9 L 2 6 0T T
PRI W ST U VR VAN VAN AT SN TS URIE) (SN0 SN VRS SN0 YA A SO R S S (SN T T S [T TUMAT SN WA PN NS ST TN S A T VISR TRV [ B S FUMRY S i S A YOSt
. i
-
H - ()
@ . o
s 18 w® ahag?
o ZZ.S WP i o
. 3 = w ~
~ e - asN g -
ou¥sl[an3® 288 sk
Bw " NwLw, oS
on ~
ao
=)
~
- L
. o
~ T
3 az 2%

285 £2 ‘ujm @ swji LEIOL
96559 #Z|s 14
ONISE3004d Viva
ZHW PIESZ08°66F "TH Ad3IsE0
suoj3jiedad g
ZH B BZ0ZL UIPIA

205 ZER'T ewly “boy
sa9469p 0°Sp #s1nd

2988 000°T Aepep "xwled

898 L

w0DSNNING  DOS-WAONI
% 17862 / D 0°5Z "dusy
ELD0D i3uBALOS

1ndzs :esuanbag esind
NOLOWd :8L}d

1AJ03224)p aldueg
B1ep/ sAs wua/ | Rooyz/awoy/ 1 10dxa/ 1A10339010 SAjYIIY

SHILINVYEYD NDLOWd OEYANYLS



wdd [} 02 17

P WU it ol E AT IR W STITArS ATSPETA S A A AT ATEri S S

0e

[

021

FPE I I O P ATN AT AN S IS S AT AT A A i |

vt

09T

00z

022

TR S I AW N W S

1500

089°p2
99" 82

(3108 ] S —

/LB EP
st gp—'

L4 1

NN Dy

ZrETPS

ELETHL
BEb 8L

=\

[14

L6 9L
\ 622" 4L

89597821

LEDB2T
L L T4

£86° TET
bLE"ZET
T6L°PET
880° 58T
BYT SET
982° 98T

R

LPE" HET

=

L0bBET

0 OpT -

EEP TST

q:s

T0°08T

208 S5 ‘ujw BT

(]

4y z w3 w30l

PEES9 oZ)s L3
ONISS3I00¥d viva
BLNpOw 9T-2179A
wlap Bupanp jjo0
ynbaw Bupinp uo

gp 8k Jomod
§¢ 'TH  31dN0030
2T ‘€10 3A¥3S0
uoj3L3ades poov
H B TZPIE YIPIA
0go- T 3 "Bay

NN3Nw  DOS=WAONI

LE-PT-1 iJesn
viedusy Jus jqey
€100 'jusALoE

tesuenbeg esLnd
NORUVD OLEd
d033044p 9l dueg
039841P PALYIIY

NOGHYD OHVANYLS

S19



S20

w - e L L ".. “P>0_€7v
3 5 ShE sk g8 = 8228
0 SR, O -
wdd ¢ T 2 € b4 S 9 L 8 6 0T 1T
R A W ey Vo Meor oo N My ] (A St w0 e B ey iy I LR Fa YR i RS TR, LA S T T4 i D b AN T LI - TR ST TR Rvce RN B R ST . Wy ST 0o WO il o Ll [l o =il R
; ~
F-- =
) w W P & 2
< e L B2 =
5 2z Bewzs % 23
a .r-” Jssn X3 su
18
» g
~ -
@ o I
i ts ol
m Hﬂwwwww 28s g7 ‘ujw p aE}} R3Ol
weSg SES59 B8Z}5 L4
ONISS300dd vivd

ZHW TE8SZ08 66 ‘TH  3AN3SE0
suoj3jjedel g

\
220"\

wtmwwmmw«mwmssesm .,n. ZH 8-986L UIBIA
~ NN NS DO e a 085 ZEE'T awy3 "boy
ERgr RS- e i, _ & seadBep 0°sp @sind

388 000°T AwL@p “xwl9Y

w00SNNINy  005-YAONI
_H_ ainjeladusy Jus|jquy
ELD0D :juaalos

tndzs :eousnbag asing

NOLOHd :2Ll}d

1floyoea1p a|dues

wiep/sAsJuun/ued/awoy/y0dxa/ R103080) P BALYIIY

ZEASENDIS|E



wdd 0 nz oy 09 0e 00T 02t 0T 097 08T 0oz 02z

s ___.__.______,_____________.._____._____.__‘._.::_..___A.___.____..:.r S0 T O N O 0 0 A 0 Tl O T T U W T 0 B PO [ S0 M O RS S 0 i e e B

| ¥ _
L
o ;f f o F
) 2 | -
g 2528 g L 2588 5
i wiaina B S2 5 yay )
® ﬁ“ﬂw “r = NRNW =
. ~ - = w ~
= P @
ﬂ v.“ wuw .M 295 gg ‘upw § ‘Jy TT ew}3 |®I0L
B u) mag ' 96559 92|15 14
F
Lohanal] %22 ONISSID0¥d VLVD
® Moeao Puinm pejRLNpom 9T-217vA
. N AR mGem Aepap Bupdnp ji0
= N S T Sl uoj3isinbae Bujanp ue
~ ap gp Jamod
x® ZHW S060508°6EP 'TH 314n0030
j/_ E| ZHW __Zomhu.mmw:mww%w:“mwm__
=33 ZH 8°1ZVTE UIPIA
e B 235 000°T am}y “hoy
ol saadbep g5y esingd
o 285 00°T Amiep "xel8y

w00SNNING  DOS-WAONI

L8-pT-T :aesp

W 9082 / D G rdway

£1000 :3jusBALOS

Lndzs :@ouanbag esingd

NOBEVD ioLid

:A10328J)p apduesg

‘Bues/owoy/y10dxa/ 1K10102I P SA|YIIY

SHILINTEYd NOGHYD OHVONVLS

S21



T08°0
£00°0
(110 4

SEL°T

soLt
EZE° T

piE" L
BZE"L
web L

0w L

ses B ‘uim @ ®m3 LEIOL
96569 9Z)8 1d
ONISS3003d yivad
ZHW 1265208 66P *TH IAWISA0
suojiiedal 8
ZH 97 oBEL M
285 2§8°1 9913 °
seeibep 0-gp #SLNd
203 0001 AwLeR *xwLod

00 SN 33 oy,

sanjpJedme) jueiaw
£100D 1IUPALOS

Lndzs p@ouanbes asLnd
1 R1032004P o duws

\u»w‘.-.:?___n:u.—;lo..____ﬂonxu\ 1 K103200 4P aalyaay

SHILINVEV NOLDHA OWVONYLS

S22



-wmdd g 0z oF 09 0g 00T 021 (F'A1 09T 081 002 ©op22

N A ' I I I RS I Wi [T N I AT A ITIT AT W AP O R A I s P L e

| T S S A R A AR B A

e SRR

mi!. %
:

EbLTEP—
B
T9T°6b

w
o 8s Qa i
iuﬂﬂ ~ .n.ﬂ -,
Baka S ~ o 0“
-~y o
REESRER £ 2 2o
: [ .
..“mm ”m i mum 298 n.“ ‘ujm L om %30,
3 Wl =3 bE ‘d4y 5 om}3 (wjoL
AR ontEESho 43
N PRGE . ¥d ViVO
ENLoo8n® PajeLnpou 9T-217yA
Al e, Awiep Bujinp 3j0
_H_W nﬂﬂm uoj3psinbae Bupinp uo
« 2P ep Jamod

ZHW S060S08°6EF ‘TH  31dN0D30
ZHW BE9VSLH°SZT “E1D  3AWISEO
suoj3jiedes 9i5e

=
\

LUk SEERRRE

ZH 8 TZPIE UIPIA
Hu.“ ““111”“ 2835 000" 7 owj3 ‘boy
I CuEhama ssa1bBsp 0" sp asind
Y M) DD D LD 295 000°T Awlep ‘xv|ay

uwOOSNNING  00S-YAONI
L8-vTI-T :Jasq

3 9°082 / 0 57 "dusy
ELDOD :3juealos

Lndzs :esusnbeg asynd

NOGYYD 8144

1£103204 4P @|dues

wiwp/shsiwun/buey/awoy/ 1 0dxe/ :K10308d|p anjyzay

SHILINVEY NOGUYD OHVONYLS

S23



oo o - - e w =] ) L Ll
wn Mm@ w n n - )
-0 [N - -~ L =3 " & Lo
_.ﬂn Q .ﬂ — N e .ﬂ] —_— - Q . —— W m \..h P ﬂ ﬁ
oy T (AL S L N S S T (ST SO T RN (N TR SRt ] (A IO, (L S T LSO W L T TN R L
& M f : % A
1
|
1
-]
°
=]
=] L -
3
- -
-
i3 salale
S ]
cgazs”
=L
0 2EH
H 5
M = T
I EZ ‘UlE o swf§ (910,
._f. 98559 9Z|s L4
ONISSI00Nd VLW
j M iZ08°68P ‘TH  3AWISHO
.8 ade .
b e vos 2B ._,.:m.n..,.
PR R GO OGO L U 288 omp3 by
Je3tasgas o s03388p 0°5b osing
- 1S 000" T Awlep “xwloy
w00SANIN.  00S-YAONT
1°862 / D 075z -dwe)
£1000 :3uealos
Lndzs :eausnbeg esingd
EHa0

NOLDHd :@Lid
tAJo3oed|p a|dues
eyep/sAsimua/ | Kowyz/swoy/310dxe/ 1A103081 P BALYIIY

SYILINVEYD MOLOMd OHVONYLS

S24



wdd 0

02T ovT

002 pee

L .._.plﬂﬂﬂp...._..._.__.._._..,.._________..._..,._.._._____h.._._.._A_....ﬁ___..._‘__.....____________ PRl IFEPRTTOR EERTSErS BT ar i

R B AT R

BPL Er

SEE° IV
?99°EV
[3:708 1
LPL*PS

PED" 9L
TS 8L

-0
SE2°SS
682755

=

- aras

bRLT 9L
000" L4

UL

i

H
H

SZ P
[
=

£H a0

692°06T
ESE°0BT

-~ "

1y g awj3 |80l
TLOTET 925 Ld

£, Jluapvotq suq
0 J=H miss3o0ud viva
Lhpow 9T-217vM

|ep Bujdnp 440
i1bow Bupanp uo

3P 8F Jamod

b *IH  37dnD230

I *ETD. 3AN3SEO
Jp3p3eded 0945

B TZPIE YIPIA

“m‘- su3 ‘boy

P 0°Sp @3ind

I Awlep “xeiay

iINu 00S-YAONI

(100D ijuaaloes
teouenbss esind

13oesp a)dues
JI84LP BALYDIY

SUILINVEVA NOBUVD QUVONVLS

S25



1§ 2T £1

TR SRES T T N A T ST Y S AT T SR |

295 gp ‘Ule g Wi} |D3OL
ZLOTETL #Z)5 14

ONISS3004d Wivo

ZHW LTESZOR 6ED ‘TH IAH3IsdD
suopjiiedal g1

ZH B 9664 WIPIM

285 Q00" 2 swi) “bay

saaabap p gy asing

235 po0°1 Aviap "xelay

wOOSMANING  DDS-YADNL
BINIeIaduway Jus | qey
E1D00 juBALOS

indgs aouanbag aspng

NOLOHd talld
1A1033501p o dups

PIepsshsawuaued/auoy/ 1 100x0/ 1 AIDIIB AP FALYIIY

SHILINVHEYD NOLOWd OdWONVLS

S26



wdd

0 02 oy

s daaaa el v iaati ety

09 e

Tl U R

PR I ETI S B W e

00T

0zt

(-4 091 0er 00z 022

[ EPIUTEP I ATEVEN S BI OIS I I AR I R e lpavetas el

U

1
o
=
a

580 P2

T

4597057

906" 457
196" L5

BrLT9L T

E6S BL
aE9 8l

601221
w2z
EOp 22T
svb 221

SEETIZT
ooz EEl

| _

L

1
L0y -

!

vEL DSt

6L 051 /

T98° 957 /-_

a1z 081
£007681
58" 68T

2L0°LET
6257 9ET

TL5"RET
EREETT)

VERTIE
TrE-IE
T8E"9ET

ZET EPT

BIE'S

25 Jp ‘uiW B ‘Y 2T 9WL3 LBIOL
TLOTET 3215 14

zy 01 Buruapeosg sull
ONISS3IN0Ed VIVD

paje|npow aT-ZL19M

Relap Gupinp 340
wop3Lsinboe Bupinp uvo

4P gr Jamod

UM S060S0E GEP ‘TH 37400230
ZHW (E9V5L9°SEZT ‘E1D IAYISH0
suoi3i3adad 00002

ZH BT TZVIE UIPDIA

a@s QoE- 1 w3 bay

sagdfiap 0 Gk 85LNd

aas goo*1 Aelap xelad

LODSNHING  005-¥AONI
fa-11-T 143sn

g o8z / D 8¢ dwal
EL00D :IUBALOS

\ndzs :aousnbag 8sind

NORHYD BLL
:K1030801p @ dues
.Zw.t__»hm._i,__.(m:c__\uﬁuzxa..on_xw\ 1 AI03BILP BALYDIY

SuILIHTEVd HDEHWD OHYONYL s

S27



erature

INOVA-500 EﬂEHHSUG‘

Archive directory: /export/home/zhaoy)l/vnmrsys/data
PROTON

File:
Pulse Sequence: s2pul

Solvent: COCI3

STANDARD PROTON PARAMETERS
Ambient te
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PROTON
Pulse Sequence: s2pul
[+
“NENUS 00"

Archive directory: Jexport shome/fang /vomrsys /date

Sample directory:

File:
Relax. delay 1.000 sec

Ambient temperature

STANDARD PROTON PARAMETERS
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V. Copies of *H NMR spectra for compounds 3c, 3d and 3g by D,O exchange.
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VI. Copies of *H NMR spectra for compound 6
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