Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Supporting Information

Regio- and stereoselective synthesis of 2-cyclopentenones via a

hydrogenolysis-terminated Heck cyclization of g-alkylthio dienones

* a,b

Bangyu Liu,” Gang Zheng,” Xiaocui Liu,” Cong Xu,” Jingxin Liu,” Mang Wang
“Faculty of Chemistry, Northeast Normal University, Changchun 130024, China

®State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012, P. R.

China

E-mail: wangm452@nenu.edu.cn

Table of contents

Lo GeNETAL ... e e e e S2
II. Synthetic procedures/analytical data of compounds 1............ccooeiviiiiii i S2
II1. Synthetic procedures/analytical data of compounds 2.............ccovviiiiiiiii i, S14
IV. Crystal data and ORTEP drawing of compound 28..............coovi it e S25
AV ) {5 (53 1 Lo PP S25
V1. Copies of '"H NMR and *C NMR spectra of compounds 1, Land 2..............................S27

S1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

l. 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. '"H NMR and"C
NMR spectra were recorded at 25°C on a Varian 500 MHz and 125 MHz, and using TMS as
internal standard. High-resolution mass spectra (HRMS) were obtained using a Bruker microTOF II
focus spectrometer (ESI). Melting points were uncorrected. The compound 2a with dimension 0.40
X 0.35 X 0.30 mm, was glued on a glass fiber. Data were collected at 293K using
graphite-monochromated Mo Ko radiation (A = 0.71073A) and Bruker APEX CCD area-detector in

the range 3.09° < @ < 25.00°. Substrates 1 were prepared following the known procedure.' 1'a,”

e 1, 1'9,° 1'h,' 11,° 1, 1'k.* 1a,% 1b,> 1e,” 19,2 1v,” 1w,’ 1x,* and 1y'" are known compounds.

I1. Synthetic procedures/analytical data of compounds 1

0 o)
0 1) base/DMF R R
R! 2)CS; R?CHO
ARt 2% 7 Reng ]
3)RX RS” SR R2RS” “SR
1 1

1'/R, R! 1/R, R, R?

1'a/Et, 4-MeOCe¢Hy  1a/Et, 4-MeOCgHs4, Ph
1b/Et, 4-MeOCeHy, 4-MeOC¢H4
1c/Et, 4-MeOCgHg4, 4-MeCcHy
1d/Et, 4-MeOCeHy, 2,3-CH,0,C¢H;
le/Et, 4-MeOCgHy, 4-CICgHy4
1f/Et, 4-MeOCgHy, 2-CICsHy
1g/Et, 4-MeOCH,, 2-furyl
1h/Et, 4-MeOC¢Hy, Bu
1'b/Et, 2-MeOCgHs  1i/Et, 2-MeOC¢Ha, Ph
1j/Et, 2-MeOC¢Hy, 2,3-CH,0,C¢H3
1k/Et, 2-MeOCg¢Hy, 4-C1CsH4
1'C/Et, 4-CICH4 1|/Et, 4-C1C6H4, Ph
1m/Et, 4-C1C¢H4, 2,3-CH,0,CcHj3
1n/Et, 4-C1C6H4, 4-CICgH4
10/Et, 4-CIC¢Hs, 2-furyl
1'd/Et, 4-FC¢Hy 1p/Et, 4-FCg¢H,4, Ph
1g/Et, 4-FC¢Ha, 2,3-CH,0,CcH3
1r/Et, 4-FCeHa, 4-CICgH4
15/Et, 4-FCgH, 2-furyl
1'e/Me, 4-CI1CsH,4 1t/Me, 4-CICgH,4, Ph
1u/Me, 4-C1C6H4, 4-ClCgH4

1'f/Me, Me 1v/Me, Me, Ph

1W/Me, Me, 2,3-CH,0,Cg¢H3
1'g/Me, nBu 1x/Me, nBu, Ph
1'h/Et, COPh 1y/Et, COPh, 4-CIC¢H4
1'i/Et, H 1z/Et, H, 4-CIC¢H,4
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General procedure for the synthesis of ketene dithioacetals of 1a-u and 1y (taking la as an
example): To a well-stirred suspension of 1-(4-methoxyphenyl)propan-2-one (15.4 mL, 100 mmol),
K,COs (34.5 g, 250 mmol) and DMF (50 mL) at room temperature was added CS, (6.6 mL, 110
mmol) at 0 °C. After the reaction mixture was stirred at 0 °C for 0.5 h, EtBr (16.4 mL, 220 mmol)
was added dropwise within 15 min. The mixture was allowed to warm to room temperature and
stirred for 24 h, and then poured into ice-water (100 mL) under stirring and extracted with CH,Cl,
(3 x 30 mL). The combined organic phase was washed with water (3 x 25 mL), dried over MgSO4
and concentrated in vacuo. The crude product was purified by flash chromatography (silica gel,
petroleum ether/ ethyl acetate 60/1, v/v) to give 4,4-bis(ethylthio)-3-(4-methoxyphenyl)
but-3-en-2-one 1a' (23.7 g, 80%) as a yellow liquid. Then, to a stirred solution of 1a' (296 mg, 1.0
mmol) and benzaldehyde (0.12 mL, 1.2 mmol) in EtOH (3 mL) was added NaOH (80 mg, 2.0
mmol) in one portion at room temperature. After 1a' was consumed as indicated by TLC, the
resulting mixture was quenched by ice-water (20 mL). The precipitate was collected by filtration,

washed with water (3 X 15 mL) and dried at ambience to give 1a (353 mg, 92%) as a yellow crystal.

General procedure for the synthesis of ketene dithioacetals 1v-x (taking 1v as an example): To a
well-stirred suspension of anhydrous t-BuOK (4.94 g, 44 mmol) and butan-2-one (1.79 mL, 20
mmol) in 40 mL of anhydrous DMF were added CS; (1.32 mL, 20 mmol) at 0 °C. After the reaction
mixture was stirred at 0 °C for 1.5 h, Mel ( 2.49 mL, 40 mmol) was added dropwise within 30 min.
The mixture was allowed to warm to room temperature and stirred for 5 h, and then poured into
saturated aqueous NH4CI (100 mL) under stirring. The resulting mixture was extracted with CH,Cl,
(3 x 30 mL). The combined organic phase was washed with water (3 x 15 mL), dried over
anhydrous MgSOQ,, filtered and concentrated in vacuo. The crude product was purified by flash
chromatography (silica gel, petroleum ether/ ethyl acetate: 80/1, v/v) to give
3-methyl-4,4-bis(methylthio)but-3-en-2-one 1'f (705 mg, 20%) as a lightyellow liquid. Then, to a
stirred solution of 1'f (176 mg, 1.0 mmol) and benzaldehyde (0.12 mL, 1.2 mmol) in EtOH (3 mL)
was added NaOH (80 mg, 2.0 mmol) in one portion at room temperature. After 1'f was consumed
as indicated by TLC, the resulting mixture was quenched by ice-water (20 mL) under stirring. The
precipitate was collected by filtration, washed with water (15 mL X 3) and dried at ambience to give

1v (198 mg, 75%) as a light yellow crystal.

Procedure for the synthesis of ketene dithioacetal 1z: To a well-stirred suspension of
pentane-2,4-dione (10.2 mL, 100 mmol), K,CO;3; (34.5 g, 250 mmol) and DMF (50 mL) at room
temperature was added CS, (6.6 mL, 110 mmol) at 0 °C. After the reaction mixture was stirred at 0

°C for 0.5 h, EtBr (16.4mL, 220 mmol) was added dropwise within 15 min. The mixture was
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allowed to warm to room temperature and stirred for 16.0 h, and then poured into ice-water (200
mL) under stirring and extracted with CH,Cl, (3 x 30 mL). The combined organic phase was
washed with water (3 x 25 mL), dried over MgSO, and concentrated in vacuo. The crude product
was purified by flash chromatography (silica gel, petroleum ether/ ethyl acetate 20/1, v/v) to give
3-(bis(ethylthio)methylene)pentane-2,4-dione (20.8g, 90%) as a yellow liquid. Then to a solution of
3-(bis(ethylthio)methylene)pentane-2,4-dione (1.16 g, 5.0 mmol) in 20 mL of CH,Cl, was added
concentrated H,SO4 (1.1 mL, 20 mmol) at 0 °C. The mixture was allowed to warm to room
temperature and stirred for 10 h, and then poured onto saturated NaCl ice-water (50 mL) under
stirring. The mixture was neutralized with aqueous Na,COs, and extracted with CH,Cl, (3 x 15 mL).
The combined organic phase was washed with water (3 x 10 mL), dried over MgSO4 and
concentrated in vacuo. The crude product was purified by flash chromatography (silica gel,
petroleum ether/ ethyl acetate 30/1, V/V) to give 4,4-bis(ethylthio)but-3-en-2-one 1'i (855 mg, 90%)
as a white solid. Then, to a stirred solution of 1'i (190 mg, 1.0 mmol) and 4-chlorobenzaldehyde
(154 mg, 1.1 mmol) in EtOH (3 mL) was added NaOH (80 mg, 2.0 mmol) in one portion at room
temperature. After 1'i was consumed as indicated by TLC, the resulting mixture was quenched by
ice-water (20 mL) under stirring. The precipitate was collected by filtration, washed with water (3 x

15 mL) and dried at ambience to give 1z (281 mg, 90%) as a yellow crystal.

1) K,CO4/DMF

0
0 OMe ) cs, | 4-CICgH,CHO_
—_—

3) BrCH,CH,Br s s NaOH/EtOH
— Cl

1'j 1aa

Procedure for the synthesis of ketene dithioacetal 1aa: The procedure for the synthesis of 1laa is

the same as that of 1a.

F
0 F 0
PhCOPh
T ——
| tBUOK/tBUOH  pp, | |
EtS~ "SEt Ph EtS SEt
1d 1ab

Procedure for the synthesis of ketene dithioacetal 1ab : To a stirred solution of 1'd (284 mg, 1.0
mmol) and benzophenone (182 mg, 1.0 mmol) in /BuOH (5.0 mL) was added rBuOK (448 mg, 4.0
mmol) in one portion at room temperature. The reaction mixture was stirred for 15 min at room

temperature and then heated to 50°C to stir for additional 7 h. After 1'd was consumed (monitored
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by TLC ), the reaction mixture was poured into ice water (30 mL), neutralized with diluted
hydrochloric acid, extracted with CH,Cl, (3 x 15 mL). The combined organic extracts were washed
with water (3 x 15 mL), dried over anhydrous MgSQy, filtered and concentrated under reduced
pressure to yield the crude product, which was purified by silica gel chromatography (eluent,

petroleum ether/ ethyl acetate: 20/1, v/v) to give 1ab (166 mg, 37%) as a yellow crystal.

O O
Ph\)J\/Ph 2)CS, | R2CHO | |
1’k 1ac-ae

R? = Ph, 2,3-CH,0,CgH3, 4-CICgH,4
General procedure for the synthesis of ketene dithioacetals lac—ae: General procedure for the

synthesis of 1ac—ae is the same as that of 1a.

4,4-Bis(ethylthio)-3-(2-methoxyphenyl)but-3-en-2-one(1'b)
0
| 6]
JU
Yellow liquid. *H NMR (500 MHz, CDCls) & 1.13 (t, J = 7.5 Hz, 3H), 1.29 (t, J = 7.5 Hz, 3H), 2.28
(s, 3H), 2.60 (q, J = 7.5 Hz, 2H), 291 (q, J = 7.5 Hz, 2H), 3.79 (s, 3H), 6.88-6.90 (m, 1H),
6.94-6.98 (m, 1H), 7.22-7.24 (m, 1H), 7.30-7.33 (m, 1H). *C NMR (125 MHz, CDCl;) & 200.7,

156.7, 143.9, 140.7, 131.1, 129.6, 127.6, 120.5, 110.7, 55.3, 30.0, 28.5 (2C), 14.6, 14.5. HRMS
(ESI-TOF) calced for CisH»;0,S," (IM+H]") 297.0977, found 297.0983.

3-(4-Chlorophenyl)-4,4-bis(ethylthio)but-3-en-2-one(1'c)

Cl
O

|
J U
White solid. mp 62-63 °C. *H NMR (500 MHz, CDCl3) § 1.15 (t, J = 7.0 Hz, 3H), 1.32 (t, J = 7.0
Hz, 3H), 2.29 (s, 3H), 2.68 (q, J = 7.5 Hz, 2H), 2.89 (q, J = 7.5 Hz, 2H), 7.23 (dd, J = 2.0, 6.5 Hz,
2H), 7.34 (dd, J = 2.0, 6.5 Hz, 2H). *C NMR (125 MHz, CDCl5) § 200.9, 147.9, 136.7, 134.8,

134.0, 130.4 (2C), 128.5 (2C), 30.4, 28.4, 28.2, 14.6, 14.5. HRMS (ESI-TOF) calcd for

C14H5ClOS;" ([M+H]") 301.0482, found 301.0484.
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4,4-Bis(ethylthio)-3-(4-fluorophenyl)but-3-en-2-one(1'd)

=
O

|
J U
Yellow solid. mp 40-41 °C. *H NMR (500 MHz, CDCl5) § 1.15 (t, J= 7.5 Hz, 3H), 1.32 (t, J= 7.5
Hz, 3H), 2.29 (s, 3H), 2.67 (q, J = 7.5 Hz, 2H), 2.88 (q, J = 7.5 Hz, 2H), 7.05 (t, J = 8.5 Hz, 2H),
7.26-7.29 (m, 2H). *C NMR (125 MHz, CDCls) § 201.2, 162.3 (d, J = 247 Hz, 1C), 148.2, 135.9,

132.2 (d, J = 3.4 Hz, 1C), 130.8 (d, J = 8.1 Hz, 2C), 115.3 (d, J = 21.4 Hz, 2C), 30.3, 28.3, 28.0,
14.6, 14.5. HRMS (ESI-TOF) caled for Ci4H,sFOS," ([M+H]") 285.0778, found 285.0778.

(E)-1,1-Bis(ethylthio)-2-(4-methoxyphenyl)-5-p-tolylpenta-1,4-dien-3-one (1c)

|
(JJ T

Yellow solid. mp 82-83 °C. 'H NMR (500 MHz, CDCly) § 1.22 (t, J = 7.5 Hz, 3H), 1.26 (t, J= 7.5
Hz, 3H), 2.36 (s, 3H), 2.73 (q, J = 7.5 Hz, 2H), 2.84 (q, J = 7.5 Hz, 2H), 3.80 (s, 3H), 6.77 (d, J =
16.5 Hz, 1H), 6.88 (d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.39 (d, J
= 8.0 Hz, 2H), 7.51 (d, J = 16.5 Hz, 1H). **C NMR (125 MHz, CDCls) § 194.7, 159.3, 147.8, 144.6,
140.9, 134.1, 131.9, 130.5 (2C), 129.6 (2C), 128.9, 128.3 (2C), 126.1, 113.7 (2C), 55.2, 28.6, 27.9,
21.5, 14.8, 14.6. HRMS (ESI-TOF) caled for Co3H70,S," ([M+H]") 399.1447, found 399.1454.

(E)-5-(Benzo[d][1,3]dioxol-5-yl)-1,1-bis(ethylthio)-2-(4-methoxyphenyl)penta-1,4-dien-3-one(1

Yellow solid. mp 60-61 °C. 'H NMR (500 MHz, CDCly) § 1.21 (t, J = 7.5 Hz, 3H), 1.27 (t, J= 7.5
Hz, 3H), 2.72 (q, J = 7.5 Hz, 2H), 2.84 (q, J = 7.5 Hz, 2H), 3.81 (s, 3H), 5.99 (s, 2H), 6.63 (d, J =
16.0 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.87-6.89 (m, 2H), 6.97-6.99 (m, 2H), 7.33-7.35 (m, 2H),
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7.44 (d, J = 16.0 Hz, 1H). **C NMR (125 MHz, CDCls) 5 194.4, 159.3, 149.8, 148.3, 147.8, 144.3,
134.2, 130.5 (2C), 129.1, 128.9, 125.1, 124.9, 113.7 (2C), 108.6, 106.6, 101.6, 55.2, 28.6, 27.9,
14.8, 14.6. HRMS (ESI-TOF) calcd for Co3Ha504S, " ([IM+H]") 429.1189, found 429.1187.

(E)-5-(2-Chlorophenyl)-1,1-bis(ethylthio)-2-(4-methoxyphenyl)penta-1,4-dien-3-one(1f)

Cl |
OB AS
Yellow solid. mp 65-66 °C. 'H NMR (500 MHz, CDCly) § 1.23 (t, J = 7.5 Hz, 3H), 1.26 (t, J= 7.5
Hz, 3H), 2.73 (q, J = 7.5 Hz, 2H), 2.85 (g, J = 7.5 Hz, 2H), 3.80 (s, 3H), 6.77 (d, J = 16.5 Hz, 1H),
6.89 (d, J = 9.0 Hz, 2H), 7.27-7.29 (m, 2H), 7.36-7.40 (m, 3H), 7.60-7.62 (m, 1H), 7.97 (d, /= 16.5
Hz, 1H). °C NMR (125 MHz, CDCly) § 194.8, 159.4, 147.3, 140.3, 135.2, 134.7, 132.8, 131.2,

130.5 (20), 130.2, 129.3, 128.8, 127.5, 127.1, 113.7 (2C), 55.2, 28.7, 27.9, 14.8, 14.5. HRMS
(ESI-TOF) caled for C5,H24C10,S," ([M+H]") 419.0901, found 419.0902.

(E)-1,1-Bis(ethylthio)-2-(4-methoxyphenyl)-6,6-dimethylhepta-1,4-dien-3-one(1h)

J U
Yellow solid. mp 57-58 °C. *H NMR (500 MHz, CDCls) & 1.05 (s, 9H), 1.19 (t, J = 7.0 Hz, 3H),
1.27 (t,J=17.5 Hz, 3H), 2.70 (q, J = 7.0 Hz, 2H), 2.81 (q, J = 7.5 Hz, 2H), 3.80 (s, 3H), 6.10 (d, J =
16.0 Hz, 1H), 6.80 (d, J = 16.0 Hz, 1H), 6.86 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H). °C
NMR (125 MHz, CDCl3) & 195.8, 159.8, 159.2, 148.0, 132.6, 130.2 (2C), 128.8, 126.0, 113.5 (2C),
55.1, 33.9, 28.5 (3C), 28.4, 27.6, 14.7, 14.5. HRMS (ESI-TOF) calcd for Cy0H290,S," ([M+H]")
365.1603, found 365.1605.

(E)-1,1-Bis(ethylthio)-2-(2-methoxyphenyl)-5-phenylpenta-1,4-dien-3-one(1i)

|
OSA Y
Yellow solid. mp 76-77 °C. *H NMR (500 MHz, CDCls) 6 1.18 (t, /= 7.5 Hz, 3H), 1.30 (t, J=7.5
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Hz, 3H), 2.65 (q, J = 7.5 Hz, 2H), 2.87 (q, J = 7.5 Hz, 2H), 3.79 (s, 3H), 6.88-6.92 (m, 2H),
6.96-6.98 (m, 1H), 7.29-7.36 (m, SH), 7.48-7.50 (m, 2H), 7.71 (d, J = 16.0 Hz, 1H). *C NMR (125
MHz, CDCls) § 193.5, 156.6, 143.8, 142.6, 139.6, 135.2, 130.8, 129.9, 129.6, 128.8 (2C), 128.1
(2C), 127.0, 126.9, 120.5, 110.9, 55.3, 28.7, 28.2, 14.8, 14.7. HRMS (ESI-TOF) calcd for
CaoHa50,S," ([M+H]") 385.1290, found 385.1289.

(E)-5-(Benzo[d][1,3]dioxol-5-yI)-1,1-bis(ethylthio)-2-(2-methoxyphenyl)penta-1,4-dien-3-one(1

Yellow solid. mp 128-129 °C. *H NMR (500 MHz, CDCl3) & 1.17 (t, J = 7.5 Hz, 3H), 1.29 (t, J =
7.5 Hz, 3H), 2.64 (q, J = 7.5 Hz, 2H), 2.86 (q, J = 7.5 Hz, 2H), 3.79 (s, 3H), 5.97 (s, 2H), 6.71 (d, J
=16.0 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 6.95-6.98 (m, 3H), 7.30-7.32 (m,
2H), 7.62 (d, J = 16.0 Hz, 1H). 3C NMR (125 MHz, CDCls) § 193.4, 156.5, 149.4, 148.2, 144.0,
142.8, 139.1, 130.7, 129.6, 129.5, 126.9, 125.1, 124.5, 120.5, 110.8, 108.5, 106.5, 101.4, 55.3, 28.6,
28.1, 14.8, 14.7. HRMS (ESI-TOF) calcd for C23H,504S," ([M+H]") 429.1189, found 429.1188.

(E)-5-(4-Chlorophenyl)-1,1-bis(ethylthio)-2-(2-methoxyphenyl)penta-1,4-dien-3-one(1Kk)

BAY
POBRT

Yellow solid. mp 118-119 °C. *H NMR (500 MHz, CDCl3) & 1.17 (t, J = 7.5 Hz, 3H), 1.30 (t, J =
7.5 Hz, 3H), 2.64 (q, J = 7.5 Hz, 2H), 2.88 (q, J = 7.5 Hz, 2H), 3.77 (s, 3H), 6.86-6.90 (m, 2H), 6.97
(t, J = 7.5 Hz, 1H), 7.29-7.34 (m, 4H), 7.42 (d, J = 8.5 Hz, 2H), 7.64 (d, J = 16.0 Hz, 1H). °C
NMR (125 MHz, CDCl3) & 193.1, 156.6, 143.5, 140.7, 140.3, 135.7, 133.7, 130.9, 129.7, 129.2
(2C), 129.1 (2C), 127.4, 127.0, 120.6, 110.9, 55.3, 28.8, 28.3, 14.8, 14.6. HRMS (ESI-TOF) calcd
for CoH,4Cl0,S," ([M+H]") 419.1158, found 419.1152.

(E)-2-(4-Chlorophenyl)-1,1-bis(ethylthio)-5-phenylpenta-1,4-dien-3-one(1l)
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Yellow solid. mp 138-139 °C. 'H NMR (500 MHz, CDCl3) & 1.22 (t, J = 7.5 Hz, 3H), 1.28 (t, J =
7.5 Hz, 3H), 2.73 (q, J = 7.5 Hz, 2H), 2.87 (q, J = 7.5 Hz, 2H), 6.84 (d, J = 16.0 Hz, 1H), 7.32-7.38
(m, 7H), 7.49-7.51 (m, 2H), 7.54 (d, J = 16.0 Hz, 1H). *C NMR (125 MHz, CDCL3) § 193.7, 146.2,
144.4, 137.2, 135.1, 134.4, 133.9, 130.5, 130.4 (2C), 128.9 (2C), 128.5 (2C), 128.3 (2C), 126.7,
28.6, 28.1, 14.7, 14.6. HRMS (ESI-TOF) caled for CpHyClOS,™ ([M+H]Y) 389.0795, found
389.0802.

(E)-5-(Benzo[d][1,3]dioxol-5-yl)-2-(4-chlorophenyl)-1,1-bis(ethylthio)penta-1,4-dien-3-one(1m)

Yellow solid. mp 149-150 °C. *H NMR (500 MHz, CDCls) & 1.21 (t, J = 7.5 Hz, 3H), 1.28 (t, J =
7.5 Hz, 3H), 2.72 (q, J = 7.5 Hz, 2H), 2.86 (q, J = 7.5 Hz, 2H), 5.99 (s, 2H), 6.65 (d, J = 16.0 Hz,
1H), 6.80 (d, J = 8.0 Hz, 1H), 6.99 (d, J = 8.5 Hz, 2H), 7.31-7.35 (m, 4H), 7.45 (d, J = 16.0 Hz, 1H).
3C NMR (125 MHz, CDCl3) & 193.7, 149.9, 148.4, 146.5, 144.4, 136.8, 135.2, 133.9, 130.5 (2C),
128.9, 128.5 (2C), 125.0, 124.8, 108.6, 106.6, 101.6, 28.6, 28.2, 14.8, 14.7. HRMS (ESI-TOF)
calcd for C2,H»,ClO5S," ([M+H]") 433.0693, found 433.0701.

(E)-2,5-Bis(4-chlorophenyl)-1,1-bis(ethylthio)penta-1,4-dien-3-one(1n)

Yellow solid. mp 120-121 °C. *H NMR (500 MHz, CDCl3) & 1.21 (t, J = 7.5 Hz, 3H), 1.28 (t, J =
7.0 Hz, 3H), 2.72 (q, J = 7.5 Hz, 2H), 2.87 (q, J = 7.0 Hz, 2H), 6.80 (d, J = 16.0 Hz, 1H), 7.33-7.35
(m, 6H), 7.42 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 16.0 Hz, 1H). **C NMR (125 MHz, CDCl;) & 193.2,
146.0, 142.6, 138.0, 136.4, 135.1, 134.0, 133.0, 130.6 (2C), 129.4 (2C), 129.2 (2C), 128.5 (2C),
127.1, 28.7, 28.3, 14.8, 14.7. HRMS (ESI-TOF) caled for CyH CLOS," ([M+H]") 423.0405,
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found 423.0409.

(E)-2-(4-Chlorophenyl)-1,1-bis(ethylthio)-5-(furan-2-yl)penta-1,4-dien-3-one(10)

~ S S
Yo oL
Yellow solid. mp 87-88 °C. 'H NMR (500 MHz, CDCls) ¢ 1.20 (t, J = 7.5 Hz, 3H), 1.30 (t, J= 7.5
Hz, 3H), 2.71 (q, J = 7.5 Hz, 2H), 2.88 (q, J = 7.5 Hz, 2H), 6.47 (dd, J = 2.0, 3.5 Hz, 1H), 6.64 (d, J
= 3.0 Hz, 1H), 6.73 (d, J = 15.5 Hz, 1H), 7.27-7.32 (m, 5H), 7.47 (d, J = 1.5 Hz, 1H). *C NMR
(125 MHz, CDCls) & 193.0, 151.2, 146.3, 145.1, 137.8, 135.3, 133.9, 130.6 (2C), 130.0, 128.5 (2C),
124.1, 115.9, 112.6, 28.7, 28.3, 14.7, 14.6. HRMS (ESI-TOF) calcd for C19H,0C10,S," (IM+H]")
379.0588, found 379.0587.

(E)-1,1-Bis(ethylthio)-2-(4-fluorophenyl)-5-phenylpenta-1,4-dien-3-one(1p)

|
(JJ T

Yellow solid. mp 125-126 °C. *H NMR (500 MHz, CDCl3) & 1.22 (t, J = 7.5 Hz, 3H), 1.28 (t, J =
7.5 Hz, 3H), 2.72 (q, J = 7.5 Hz, 2H), 2.86 (q, J = 7.5 Hz, 2H), 6.84 (d, J = 16.0 Hz, 1H), 7.03-7.06
(m, 2H), 7.37-7.40 (m, 5H), 7.49-7.51 (m, 2H), 7.55 (d, J = 16.0 Hz, 1H). *C NMR (125 MHz,
CDCl3) 8 193.9, 162.3 (d, J=247.0 Hz, 1C), 146.5, 144.4, 136.7, 134.5, 132.7, 131.0 (d, J= 8.1 Hz,
2C), 130.5, 128.9 (2C), 128.3 (2C), 126.8, 115.3 (d, J = 21.5 Hz, 2C), 28.7, 28.1, 14.8, 14.7.
HRMS (ESI-TOF) calcd for C;H2,FOS," (IM+H]") 373.1091, found 373.1086.

(E)-5-(Benzo[d][1,3]dioxol-5-yl)-1,1-bis(ethylthio)-2-(4-fluorophenyl)penta-1,4-dien-3-one(1q)

Yellow solid. mp 134-136 °C. *H NMR (500 MHz, CDCl3) & 1.21 (t, J = 7.5 Hz, 3H), 1.28 (t, J =
7.5 Hz, 3H), 2.72 (q, J = 7.5 Hz, 2H), 2.86 (q, J = 7.5 Hz, 2H), 6.00 (s, 2H), 6.65 (d, J = 16.0 Hz,
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1H), 6.80 (d, J = 8.0 Hz, 1H), 6.98-7.06 (m, 4H), 7.36-7.39 (m, 2H), 7.46 (d, J = 16.0 Hz, 1H). ©°C
NMR (125 MHz, CDCls) § 193.9, 162.3 (d, J = 247.0 Hz, 1C), 149.9, 148.4, 146.8, 144.4, 136.3,
132.7, 131.0 (d, J = 8.1 Hz, 2C), 129.0, 125.0 (d, J = 3.5 Hz, 2C), 115.3 (d, J = 21.4 Hz, 2C), 108.6,
106.6, 101.6, 28.6, 28.1, 14.8, 14.7. HRMS (ESI-TOF) calcd for C2»H»,FO3S," ((M+H]") 417.0989,
found 417.0983.

(E)-5-(4-Chlorophenyl)-1,1-bis(ethylthio)-2-(4-fluorophenyl)penta-1,4-dien-3-one(1r)

|
AT T

Yellow solid. mp 123-125 °C. *H NMR (500 MHz, CDCl;) & 1.21 (t, J= 7.5 Hz, 3H), 1.28 (t, J =
7.5 Hz, 3H), 2.72 (q, J = 7.5 Hz, 2H), 2.84 (q, J = 7.5 Hz, 2H), 6.80 (d, J = 16.0 Hz, 1H), 7.03-7.07
(m, 2H), 7.33-7.39 (m, 4H), 7.42 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 16.0 Hz, 1H). *C NMR (125
MHz, CDCls) § 193.5, 162.4 (d, J = 247.1 Hz, 1C), 146.3, 142.5, 137.5, 136.4, 133.1, 132.7, 131.0
(d, J=8.1 Hz, 2C), 129.4 (2C), 129.2 (2C), 127.1, 115.3 (d, J=21.4 Hz, 2C), 28.7, 28.2, 14.8, 14.7.
HRMS (ESI-TOF) caled for Cy;H, CIFOS," ([IM+H]") 407.0701, found 407.0698.

(E)-1,1-bis(ethylthio)-2-(4-fluorophenyl)-5-(furan-2-yl)penta-1,4-dien-3-one(1s)

X~ s7 s
Yo

Yellow solid. mp 59-60 °C. *H NMR (500 MHz, CDCls) § 1.20 (t, J = 7.5 Hz, 3H), 1.30 (t, J= 7.5
Hz, 3H), 2.71 (q, J = 7.5 Hz, 2H), 2.88 (q, J = 7.5 Hz, 2H), 6.46 (dd, J = 2.0 Hz, 1H), 6.64 (d, J =
3.5 Hz, 1H), 6.74 (d, J = 15.5 Hz, 1H), 7.02-7.06 (m, 2H), 7.31 (d, J = 15.5 Hz, 1H), 7.35-7.37 (m,
2H), 7.47 (d, J = 1.0 Hz, 1H). **C NMR (125 MHz, CDCl3) & 193.2, 162.3 (d, J = 247.1 Hz, 1C),
151.2, 146.6, 145.0, 137.2, 132.8 (d, J= 3.4 Hz, 1C), 131.0 (d, /= 8.1 Hz, 2C), 129.9, 124.1, 115.8,
1153 (d, J=21.4 Hz, 2C), 112.6, 28.7, 28.2, 14.7, 14.6. HRMS (ESI-TOF) calcd for C oH;0FO,S,"
(IM+H]") 363.0883, found 363.0883.

(E)-2-(4-Chlorophenyl)-1,1-bis(methylthio)-5-phenylpenta-1,4-dien-3-one(1t)
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Yellow solid. mp 134-135 °C. *H NMR (500 MHz, CDCls) & 2.26 (s, 3H), 2.37 (s, 3H), 6.82 (d, J =
16.5 Hz, 1H), 7.34-7.38 (m, 7H), 7.50-7.51 (m, 2H), 7.54 (d, J = 16.5 Hz, 1H). *C NMR (125
MHz, CDCly) § 193.1, 144.2, 143.7, 141.7, 135.2, 134.5, 134.1, 130.6 (3C), 128.9 (2C), 128.6 (2C),
128.4 (2C), 126.6, 18.1, 17.4. HRMS (ESI-TOF) calcd for CoH;5ClOS," ([M+H]") 361.0482,
found 361.0478.

(E)-2,5-Bis(4-chlorophenyl)-1,1-bis(methylthio)penta-1,4-dien-3-one(1u)
Cl

Yellow solid. mp 114-115 °C. *H NMR (500 MHz, CDCls) & 2.26 (s, 3H), 2.38 (s, 3H), 6.77 (d, J =
16.0 Hz, 1H), 7.32-7.36 (m, 6H), 7.42 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 16.0 Hz, 1H). **C NMR
(125 MHz, CDCl3) & 192.6, 143.4, 142.6, 142.3, 136.4, 135.1, 134.2, 133.0, 130.6 (2C), 129.5 (2C),
129.2 (2C), 128.7 (2C), 126.9, 18.2, 17.5. HRMS (ESI-TOF) calcd for CioH;7C1L,OS," (IM+H]")
395.0092, found 395.0085.

1,1-Bis(ethylthio)-2-(4-fluorophenyl)-5,5-diphenylpenta-1,4-dien-3-one (1ab)

F
o)

|

Ph Ph?\ SK

Yellow solid. mp 99-100 °C. *H NMR (500 MHz, CDCl3) 6 1.11 (t, /= 7.5 Hz, 3H), 1.31 (t,J=17.5
Hz, 3H), 2.61 (q, J = 7.5 Hz, 2H), 2.91 (q, J = 7.5 Hz, 2H), 6.72 (s, 1H), 6.97 (t, J = 8.0 Hz, 2H),
7.07-7.10 (m, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.28-7,36 (m, 6H). *C NMR
(125 MHz, CDCl3) 6 192.9, 162.2 (d, J = 246.5 Hz, 1C), 153.0, 147.8, 141.4, 138.8, 132.9 (d, J =
3.4 Hz, 1C), 131.3 (d, J= 8.1 Hz, 2C), 129.9 (2C), 129.2, 128.4 (2C), 128.3, 128.2 (3C) 127.9 (2C),
126.2, 114.8 (d, J = 21.5 Hz, 2C), 28.8, 28.3, 14.8, 14.7. HRMS (ESI-TOF) calcd for C,7H,sFOS, "
(IM+H]") 449.1404, found 449.1400.
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(E)-1,1-Bis(ethylthio)-2,4,5-triphenylpenta-1,4-dien-3-one(lac)

Yellow solid. mp 114-115 °C. *H NMR (500 MHz, CDCl;) & 1.21 (t, J = 7.0 Hz, 3H), 1.26 (t, J =
7.0 Hz, 3H), 2.73 (q, J = 7.0 Hz, 2H), 2.85 (q, J = 7.0 Hz, 2H), 7.01 (d, J = 7.0 Hz, 2H), 7.12-7.20
(m, 5H), 7.25-7.35 (m, 6H), 7.43 (d, J= 7.5 Hz, 2H), 7.67 (s, 1H). *C NMR (125 MHz, CDCls) &
196.0, 148.8, 142.2, 141.0, 136.2, 135.6, 134.6, 133.2, 130.7 (2C), 129.8 (2C), 129.3, 128.9 (2C),
128.5 (2C), 128.2 (2C), 128.1 (2C), 128.0, 127.8, 28.5, 27.7, 14.9, 14.6. HRMS (ESI-TOF) calcd
for C»7H»708," ([M+H]") 431.1498, found 431.1499.

(E)-5-(Benzo[d][1,3]dioxol-5-yl)-1,1-bis(ethylthio)-2,4-diphenylpenta-1,4-dien-3-one(lad)

Yellow solid. mp 86-87 °C. *H NMR (500 MHz, CDCls) ¢ 1.20 (t, J = 7.0 Hz, 3H), 1.26 (t, J=7.5
Hz, 3H), 2.72 (q, J = 7.0 Hz, 2H), 2.84 (q, J = 7.5 Hz, 2H), 5.88 (s, 2H), 6.31 (d, J = 1.5 Hz, 1H),
6.64-6.70 (m, 2H), 7.14-7.16 (m, 2H), 7.29-7.37 (m, 6H), 7.41 (t, J = 7.0 Hz, 2H), 7.59 (s, 1H). **C
NMR (125 MHz, CDCl3) & 195.9, 149.0, 148.8, 147.5, 142.2, 139.1, 136.3, 135.7, 132.8, 129.7
(20), 128.9 (20), 128.8, 128.7 (2C), 128.1 (2C), 128.0, 127.9, 127.1, 109.6, 108.2, 101.3, 28.4, 27.6,
14.9, 14.7. HRMS (ESI-TOF) calcd for CogH705S," ([M+H]") 475.1396, found 475.1400.

(E)-5-(4-Chlorophenyl)-1,1-bis(ethylthio)-2,4-diphenylpenta-1,4-dien-3-one(lae)

Yellow solid. mp 94-95 °C. *H NMR (500 MHz, CDCls) 6 1.19 (t,J=7.0 Hz, 3H), 1.25 (t, J="7.0
Hz, 3H), 2.72 (q, J = 7.0 Hz, 2H), 2.84 (q, J = 7.0 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H), 7.10-7.14 (m,
4H), 7.30-7.36 (m, 6H), 7.40 (d, J = 7.5 Hz, 2H), 7.60 (s, 1H). *C NMR (125 MHz, CDCls) &
195.8, 148.5, 141.4, 140.4, 136.1, 135.3, 135.2, 133.5, 133.1, 131.8 (2C), 129.7 (2C), 128.9 (2C),

128.6 (2C), 128.5 (2C), 128.2 (2C), 128.1, 128.0, 28.5, 27.7, 14.9, 14.6. HRMS (ESI-TOF) calcd
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for C,7Hp6ClOS," ([M+H]") 465.1114, found 465.1117.
I11. Synthetic procedures/analytical data of compounds 2

General procedure for the synthesis of cyclopentenones 2 (taking 2a as an example): To a
starting 1a (192 mg, 0.5 mmol) in a dried flask under N, were added triphenylsilane (262 mg, 1.0
mmol), Pd(PPh3),Cl; (35 mg, 0.05 mmol) and anhydrous DMF (5.0 mL) at room temperature. After
the reaction mixture was stirred for 0.5 h at room temperature, it was heated to 90°C and stirred for
10 h. After 1a was consumed (monitored by TLC ), the reaction mixture was poured into ice water
(30 mL), extracted with CH,Cl, (3 x 15 mL). The combined organic extracts were washed with
water (3 x 15 mL), dried over anhydrous MgSOy, filtered and concentrated under reduced pressure
to yield the crude product, which was purified by silica gel chromatography (eluent, petroleum

ether/ ethyl acetate: 15/1, v/v) to give 2a (148 mg, 92%) as a light yellow crystal.

3-(Ethylthio)-2-(4-methoxyphenyl)-4-phenylcyclopent-2-enone (2a)

Lo
O >3\

Light yellow solid. mp 159-160 °C. *H NMR (500 MHz, CDCls) § 1.08 (t, J = 7.5 Hz, 3H), 2.41
(dd, J = 2.0, 18.5 Hz, 1H), 2.47-2.51 (m, 1H), 2.78-2.81 (m, 1H), 3.12 (dd, J = 7.5, 18.5 Hz, 1H),
3.84 (s, 3H), 4.35 (t, J= 6.0 Hz, 1H), 6.98 (d, J= 8.5 Hz, 2H), 7.25 (d, J= 7.5 Hz, 2H), 7.30 (d, J =
7.5 Hz, 1H), 7.37 (t, J = 7.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H). **C NMR (125 MHz, CDCl;) &
201.8, 172.7, 158.9, 142.0, 137.2, 130.1 (2C), 128.9 (2C), 127.0, 126.5 (2C), 123.2, 113.3 (2C),
54.9, 46.5, 45.8, 24.6, 13.8. HRMS (ESI-TOF) calcd for Cy0H»,0,S" ([M+H]") 325.1257, found
325.1255.

3-(Ethylthio)-2,4-bis(4-methoxyphenyl)cyclopent-2-enone (2b)

W
S7
\

Yellow oil. H NMR (500 MHz, CDCls) & 1.08 (t, J = 8.0 Hz, 3H), 2.37 (d, J = 18.0 Hz, 1H),
2.48-2.53 (m, 1H), 2.75-2.80 (m, 1H), 3.09 (dd, J = 7.5, 18.0 Hz, 1H), 3.78 (s, 3H), 3.81 (s, 3H),
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430 (t, J= 7.0 Hz, 1H), 6.90 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.5 Hz, 2H),
7.50 (d, J = 8.5 Hz, 2H). *C NMR (125 MHz, CDCl5) § 202.3, 173.0, 159.2, 158.7, 137.4, 134.2,
130.3 (2C), 127.8 (2C), 123.5, 114.5 (2C), 113.6 (2C), 55.2, 55.1, 46.2, 46.1, 24.8, 14.1. HRMS
(ESI-TOF) caled for C,1H»305S" ([M+H]") 355.1362, found 355.1366.

3-(Ethylthio)-2-(4-methoxyphenyl)-4-p-tolylcyclopent-2-enone (2c)

Lo
O >3

Yellow solid. mp 91-92 °C. *H NMR (500 MHz, CDCl3) & 1.06 (t, J = 7.0 Hz, 3H), 2.33 (s, 3H),
2.37 (dd, J = 2.0, 18.5 Hz, 1H), 2.47-2.51 (m, 1H), 2.76-2.82 (m, 1H), 3.08 (dd, J = 7.5, 18.5 Hz,
1H), 3.81 (s, 3H), 4.29 (dd, J = 2.0, 7.5 Hz, 1H), 6.96-6.98 (m, 2H), 7.12-7.17 (m, 4H), 7.51 (dd, J
=2.0, 7.5 Hz, 1H). ®*C NMR (125 MHz, CDCl3) 6 202.1, 172.9, 159.1, 139.2, 137.4, 136.9, 130.3
(20), 129.8 (2C), 126.6 (2C), 123.5, 113.5 (2C), 55.1, 46.5, 46.1, 24.8, 20.9, 14.0. HRMS
(ESI-TOF) calcd for Cy Hy30,S™ ([M+H]") 339.1413, found 339.1417.

4-(Benzo[d][1,3]dioxol-5-yl)-3-(ethylthio)-2-(4-methoxyphenyl)cyclopent-2-enone (2d)

O
()<
() %
b A
White solid. mp 55-56 °C. 'H NMR (500 MHz, CDCl5) 6 1.20 (t, J = 7.0 Hz, 3H), 2.41 (dd, J = 1.5,
18.0 Hz, 1H), 2.55-2.58 (m, 1H), 2.81-2.85 (m, 1H), 3.09 (dd, J = 7.5, 18.0 Hz, 1H), 3.84 (s, 3H),
426 (t,J = 7.0 Hz, 1H), 5.98 (d, J = 2.5 Hz, 2H), 6.71-6.75 (m, 2H), 6.80 (d, J = 8.5 Hz, 1H), 6.98
(d, J = 8.5 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H). *C NMR (125 MHz, CDCl5) & 202.0, 172.7, 159.2,

148.3, 146.7, 137.6, 135.9, 130.3 (2C), 123.3, 120.1, 113.6 (2C), 108.7, 106.8, 101.1, 55.2, 46.6,
46.1,24.9, 14.1. HRMS (ESI-TOF) calcd for Co1H,04S™ ([M+H]") 369.1155, found 369.1157.

4-(4-Chlorophenyl)-3-(ethylthio)-2-(4-methoxyphenyl)cyclopent-2-enone (2e)

D Wal
S
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Yellow oil. *H NMR (500 MHz, CDCls3) § 1.76 (t, J = 7.0 Hz, 3H), 2.37 (dd, J = 0.5, 18.5 Hz, 1H),
2.45-2.49 (m, 1H), 2.74-2.78 (m, 1H), 3.10 (dd, J= 7.5, 18.5 Hz, 1H), 3.81 (s, 3H), 4.30 (d, J= 7.0
Hz, 1H), 6.97 (d, J = 8.5 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.50 (d, J= 8.0
Hz, 2H). *C NMR (125 MHz, CDCl3) & 201.7, 172.0, 159.3, 140.9, 137.9, 133.1, 130.4 (2C),
129.4 (2C), 128.3 (2C), 123.3, 113.7 (2C), 55.2, 46.3, 45.9, 25.0, 14.1. HRMS (ESI-TOF) calcd for
C0H,0Cl0,S™ ([M+H]") 359.0867, found 359.0863.

4-(2-Chlorophenyl)-3-(ethylthio)-2-(4-methoxyphenyl)cyclopent-2-enone (2f)

O >

White solid. mp 99-100 °C. *H NMR (500 MHz, CDCls) & 1.11 (t, J = 7.5 Hz, 3H), 2.30 (d, J =
18.5 Hz, 1H), 2.37-2.41 (m, 1H), 2.73-2.77 (m, 1H), 3.18 (dd, J = 7.5, 18.5 Hz, 1H), 3.84 (s, 3H),
4.85 (d, J=17.5 Hz, 1H), 6.98 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 1H),
7.42 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.5 Hz, 2H). *C NMR (125 MHz, CDCl;) & 201.5, 171.9,
159.3, 139.9, 137.9, 133.3, 130.3 (2C), 129.6, 128.6, 127.9, 127.7, 127.0, 123.4, 113.7 (2C), 55.2,
44.6, 42.9, 24.8, 14.1. HRMS (ESI-TOF) calcd for CaoHClO,S™ ([M+H]") 359.0867, found
359.0869.

3-(Ethylthio)-4-(furan-2-yl)-2-(4-methoxyphenyl)cyclopent-2-enone (29)

O
e

\\O S\\

Yellow solid. mp 69-70 °C. 'H NMR (500 MHz, CDCl;) & 1.16 (t, J = 7.5 Hz, 3H), 2.61 (dd, J =
2.0, 18.0 Hz, 1H), 2.66-2.70 (m, 1H), 2.84-2.88 (m, 1H), 3.01 (dd, J = 2.0, 18.0 Hz, 1H), 3.83 (s,
3H), 4.43 (dd, J = 2.0, 7.5 Hz, 1H), 6.24 (d, J = 3.5 Hz, 1H), 6.36 (dd, J = 1.5, 3.0 Hz, 1H),
6.95-6.98 (m, 2H), 7.38 (d, J = 1.0 Hz, 1H), 7.44-7.46 (m, 2H). *C NMR (125 MHz, CDCl;) &
201.7, 169.4, 159.3, 154.2, 142.0, 137.6, 130.4 (2C), 123.3, 113.6 (2C), 110.6, 106.2, 55.2, 42.8,
40.3,24.9, 14.3. HRMS (ESI-TOF) calcd for CsH;005S™ ([M+H]") 315.1049, found 315.1043.

4-Tert-butyl-3-(ethylthio)-2-(4-methoxyphenyl)cyclopent-2-enone (2h)
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Yellow oil. *H NMR (500 MHz, CDCls) & 1.05 (d, J = 10.5 Hz, 12H), 2.45-2.65 (m, 4H), 2.92 (d, J
= 12.0 Hz, 1H), 3.82 (s, 3H), 6.92 (d, J = 7.5 Hz, 2H), 7.34 (d, J = 7.5 Hz, 2H). °C NMR (125
MHz, CDCls) & 204.0, 172.0, 159.3, 139.4, 130.7 (2C), 124.1, 113.6 (2C), 55.2, 54.0, 40.8, 35.4,

27.9 (3C), 27.8, 14.0. HRMS (ESI-TOF) caled for CigH»50,S" ([M+H]") 305.1570, found
305.1578.

3-(Ethylthio)-2-(2-methoxyphenyl)-4-phenylcyclopent-2-enone (2i)

o &
O (S
Yellow oil. *tH NMR (500 MHz, CDCl3;) 6 1.01 (t, /= 7.5 Hz, 3H), 2.40-2.45 (m, 2H), 2.65-2.69 (m,
1H), 3.12 (dd, J = 7.5, 18.0 Hz, 1H), 3.84 (s, 3H), 4.33 (t, J= 6.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H),
7.01 (g, J = 8.0 Hz, 1H), 7.21-7.24 (m, 1H), 7.28-7.38 (m, 6H). *C NMR (125 MHz, CDCL3) &
201.8,174.9, 157.1, 142.3, 136.7, 130.7, 129.8, 129.0, 127.2 (2C), 126.9, 120.6, 120.4 (2C), 111.9,

55.5, 47.7, 45.9, 24.6, 14.1. HRMS (ESI-TOF) calcd for Cy0H»,0,S" ([M+H]") 325.1257, found
325.1251.

4-(Benzo[d][1,3]dioxol-5-yl)-3-(ethylthio)-2-(2-methoxyphenyl)cyclopent-2-enone (2f)
o
o

White solid. mp 127-128 °C. *H NMR (500 MHz, CDCls) & 1.05 (t, J = 7.5 Hz, 3H), 2.38 (dd, J =
1.5, 18.0 Hz, 1H), 2.45-2.52 (m, 1H), 2.67-2.73 (m, 1H), 3.09 (dd, J = 7.5, 18.5 Hz, 1H), 3.84 (s,
3H), 4.27 (t, J = 6.0 Hz, 1H), 5.96 (d, J = 4.5 Hz, 2H), 6.79 (s, 2H), 6.82 (s, 1H), 6.96 (d, J = 8.5 Hz,
1H), 7.01 (t, J = 7.5 Hz, 1H), 7.20 (q, J = 7.5 Hz, 1H), 7.34 (m, 1H). *C NMR (125 MHz, CDCl5)
5 201.8, 175.0, 157.1, 148.4, 146.7, 136.6, 136.1, 130.7, 129.8, 120.6, 120.5, 120.4, 111.0, 108.5,
107.0, 101.1, 55.5, 47.4, 46.0, 24.6, 14.1. HRMS (ESI-TOF) calcd for C»H»048" ([M+H])
369.1155, found 369.1159.
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4-(4-Chlorophenyl)-3-(ethylthio)-2-(2-methoxyphenyl)cyclopent-2-enone (2k)

O o

Yellow oil. *tH NMR (500 MHz, CDCl3;) 6 1.02 (t, /= 7.5 Hz, 3H), 2.35-2.44 (m, 2H), 2.62-2.69 (m,
1H), 3.11 (dd, J = 7.5, 18.0 Hz, 1H), 3.84 (s, 3H), 4.31 (d, J = 7.5 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H),
7.01 (t, J=7.5 Hz, 1H), 7.20-7.22 (m, 1H), 7.26 (d, J = 8.5 Hz, 2H), 7.34-7.37 (m, 3H). *C NMR
(125 MHz, CDCls) & 201.4, 174.3, 157.0, 140.9, 132.9, 130.6, 129.8, 129.5, 129.2 (2C), 128.3 (2C),
120.4, 120.3, 110.1, 55.5, 47.0, 45.7, 24.6, 14.0. HRMS (ESI-TOF) calcd for CaoHz0ClO,S"
([M+H]") 359.0867, found 359.0861.

2-(4-Chlorophenyl)-3-(ethylthio)-4-phenylcyclopent-2-enone (2I)

o]
o
O >\

Yellow solid. mp 151-152 °C. *H NMR (500 MHz, CDCls) & 1.08 (t, J = 7.5 Hz, 3H), 2.42 (dd, J =
2.0, 18.5 Hz, 1H), 2.47-2.53 (m, 1H), 2.77-2.82 (m, 1H), 3.13 (dd, J = 2.0, 18.5 Hz, 1H), 4.36 (dd, J
=2.0,7.5 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H), 7.31 (t, J= 7.5 Hz, 1H), 7.37-7.43 (m, 4H), 7.50 (dd, J
=2.0, 7.5 Hz, 2H). *C NMR (125 MHz, CDCl;) & 201.5, 174.4, 142.0, 136.8, 133.9, 130.5 (2C),

129.6, 129.3 (2C), 128.5 (2C), 127.5, 126.8 (2C), 47.2, 46.1, 25.1, 14.1. HRMS (ESI-TOF) calcd
for C1oHsClIOS"™ ([M+H]") 329.0761, found 329.0765.

4-(Benzo[d][1,3]dioxol-5-yl)-2-(4-chlorophenyl)-3-(ethylthio)cyclopent-2-enone (2m)

o)
(e

S

o A\
\_0

White solid. mp 142-143 °C. 'H NMR (500 MHz, CDCls) § 1.12 (t, J = 7.5 Hz, 3H), 2.40 (d, J =
18.5 Hz, 1H), 2.55-2.59 (m, 1H), 2.81-2.85 (m, 1H), 3.09 (dd, J= 2.5, 18.5 Hz, 1H), 4.28 (d, J= 7.5
Hz, 1H), 5.98 (s, 2H), 6.69 (s, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 7.40 (d, J =

8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H). *C NMR (125 MHz, CDCl;) & 201.4, 174.3, 148.4, 146.9,
136.7, 135.6, 133.8, 130.4 (2C), 129.6, 128.4 (2C), 120.2, 108.8, 106.8, 101.2, 46.8, 46.1, 25.0,
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14.1. HRMS (ESI-TOF) calcd for C,0H;3C10:S™ ([M+H]") 373.0660, found 373.0664

2,4-Bis(4-chlorophenyl)-3-(ethylthio)cyclopent-2-enone (2n)

O
e
s
o h
Yellow solid. mp 97-98 °C. *H NMR (500 MHz, CDCls) § 1.09 (t, J = 7.5 Hz, 3H), 2.42 (d, J =
18.5 Hz, 1H), 2.46-2.50 (m, 1H), 2.75-2.80 (m, 1H), 3.11 (dd, J = 7.5, 18.5 Hz, 1H), 4.33 (d, J= 7.0
Hz, 1H), 7.19 (d, J = 8.5 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.41 (d, J = 8.5 Hz, 2H), 7.50 (d, J = 8.5
Hz, 2H). *C NMR (125 MHz, CDCl3) & 201.1, 173.7, 140.4, 137.0, 133.9, 133.2, 130.4 (2C),

129.5, 129.4 (2C), 128.4 (2C), 128.1 (2C), 46.4, 45.8, 25.1, 14.0. HRMS (ESI-TOF) calcd for
C19H,CL0S" ([M+H]") 363.0372, found 363.0378.

2-(4-Chlorophenyl)-3-(ethylthio)-4-(furan-2-yl)cyclopent-2-enone (20)

Yellow solid. mp 70-71°C. *H NMR (500 MHz, CDCl3) & 1.17 (t,J = 7.5 Hz, 3H), 2.62 (dd, J = 2.0,
18.5 Hz, 1H), 2.67-2.71 (m, 1H), 2.85-2.89 (m, 1H), 3.01 (dd, J = 7.5, 18.5 Hz, 1H), 4.45 (dd, J =
2.0, 7.5 Hz, 1H), 6.24 (d, J = 3.0 Hz, 1H), 6.36-6.37 (m, 1H), 7.39 (q, J = 8.0 Hz, 3H), 7.46 (t, J =
8.0 Hz, 2H). °C NMR (125 MHz, CDCls) § 201.1, 171.1, 153.8, 142.1, 136.8, 133.9, 130.5 (2C),
129.5, 128.4 (2C), 110.7, 106.4, 42.8, 40.6, 25.1, 14.2. HRMS (ESI-TOF) calcd for C;7H;4C10,S"
(IM+H]") 319.0554, found 319.0556.
3-(Ethylthio)-2-(4-fluorophenyl)-4-phenylcyclopent-2-enone (2p)

O
() )
‘O <S
White solid. mp 145-146 °C. 'H NMR (500 MHz, CDCLy) § 1.08 (t, J = 7.5 Hz, 3H), 2.42 (dd, J =
2.0, 18.5 Hz, 1H), 2.47-2.51 (m, 1H), 2.78-2.82 (m, 1H), 3.13 (dd, J = 7.5, 18.5 Hz, 1H), 4.36 (dd, J

=2.0, 7.5 Hz, 1H), 7.12-7.16 (m, 2H), 7.25-7.29 (m, 2H), 7.29-7.32 (m, 1H), 7.37-7.39 (m, 2H),
7.39-7.56 (m, 2H). *C NMR (125 MHz, CDCl3) § 201.7, 174.0, 162.2 (d, J = 246.6 Hz, 1C), 142.0,
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137.0, 130.9 (d, J = 8.1 Hz, 2C), 129.3 (2C), 127.4, 127.1 (d, J = 3.4 Hz, 1C), 126.8 (2C), 115.2 (d,
J = 21.5 Hz, 2C), 47.1, 46.1, 24.9, 14.1. HRMS (ESI-TOF) calcd for C;oH;sFOS™ ([M+H]")
313.1057, found 313.1058.

4-(Benzo[d][1,3]dioxol-5-yl)-3-(ethylthio)-2-(4-fluorophenyl)cyclopent-2-enone (2Qq)

@]
eV
‘O <S
@)

-0
Yellow solid. mp 146-147 °C. *H NMR (500 MHz, CDCl3) § 1.12 (t, J = 7.5 Hz, 3H), 2.38 (dd, J =
1.5, 18.5 Hz, 1H), 2.55-2.58 (m, 1H), 2.79-2.84 (m, 1H), 3.08 (dd, J= 7.5, 18.0 Hz, 1H), 4.27 (t, J =
6.5 Hz, 1H), 5.97 (d, J = 1.5 Hz, 2H), 6.69-6.74 (m, 2H), 6.79 (d, J = 8.0 Hz, 1H), 7.13 (t, J= 8.0
Hz, 2H), 7.51-7.54 (m, 2H). *C NMR (125 MHz, CDCL3) & 201.6, 173.9, 162.2 (d, J = 246.1 Hz,
1C), 148.4, 146.9, 136.9, 135.7, 130.9 (d, J = 8.0 Hz, 2C), 127.1 (d, J=2.9 Hz, 1C), 120.1, 115.1 (d,
J = 21.5 Hz, 2C), 108.8, 106.8, 101.2, 46.8, 46.1, 24.9, 14.1. HRMS (ESI-TOF) calcd for
CyH sFO3S™ (IM+H]") 357.0955, found 357.0954.

4-(4-Chlorophenyl)-3-(ethylthio)-2-(4-fluorophenyl)cyclopent-2-enone (2r)

@]
()
‘O <S
Yellow solid. mp 136-137 °C. *H NMR (500 MHz, CDCls) & 1.10 (t, J = 7.5 Hz, 3H), 2.38 (dd, J =
1.5, 18.5 Hz, 1H), 2.46-2.50 (m, 1H), 2.76-2.80 (m, 1H), 3.11 (dd, J= 7.5, 18.5 Hz, 1H), 4.33 (dd, J
= 1.5, 7.5 Hz, 1H), 7.11-7.15 (m, 2H), 7.20 (t, J = 7.0 Hz, 2H), 7.36 (t, J = 7.0 Hz, 2H), 7.52-7.54
(m, 2H). *C NMR (125 MHz, CDCls) & 201.3, 173.2, 162.3 (d, J = 247.0 Hz, 1C), 140.5, 137.2,
133.2, 130.9 (d, J = 8.1 Hz, 2C), 129.5 (2C), 128.2 (2C), 126.9 (d, J = 3.4 Hz, 1C), 1152 (d, J =

21.5 Hz, 2C), 46.4, 45.8, 25.0, 14.0. HRMS (ESI-TOF) caled for CjoH;;CIFOS™ ([M+H]")
347.0667, found 367.0664.

Cl

3-(Ethylthio)-2-(4-fluorophenyl)-4-(furan-2-yl)cyclopent-2-enone (2s)
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Yellow solid. mp 99-100 °C. *H NMR (500 MHz, CDCl3) & 1.17 (t, J = 7.5 Hz, 3H), 2.64 (dd, J =
2.0, 18.0 Hz, 1H), 2.67-2.71 (m, 1H), 2.85-2.89 (m, 1H), 3.02 (dd, J = 7.5, 18.0 Hz, 1H), 3.45 (dd, J
=2.0, 7.5 Hz, 1H), 6.24 (d, J = 3.0 Hz, 1H), 6.36-6.37 (m, 1H), 7.12 (t, J= 9.0 Hz, 2H), 7.38 (d, J =
1.0 Hz, 1H), 7.47-7.50 (m, 2H). *C NMR (125 MHz, CDCl3) & 201.2, 170.7, 162.3 (d, J = 246.5
Hz, 1C), 153.9, 142.1, 136.9, 131.0 (d, J = 8.1 Hz, 2C), 127.0, 115.2 (d, J = 21.5 Hz, 2C), 110.6,
106.3, 42.8, 40.5, 24.9, 14.2. HRMS (ESI-TOF) calcd for C;7H sFO,S™ (IM+H]") 303.0850, found
303.0859.

2-(4-Chlorophenyl)-3-(methylthio)-4-phenylcyclopent-2-enone (2t)
0
e
J -

Yellow solid. mp 55-56°C. *H NMR (500 MHz, CDCls) 6 2.11 (s, 3H), 2.41 (dd, J = 1.5, 18.5 Hz,
1H), 3.13 (dd, J=17.5, 18.5 Hz, 1H), 4.37 (dd, J= 1.5, 7.5 Hz, 1H), 7.24 (d, J= 7.5 Hz, 2H), 7.30 (t,
J=17.5Hz, 1H), 7.35-7.41 (m, 4H), 7.51 (d, J = 7.5 Hz, 2H). *C NMR (125 MHz, CDCl3) & 201.5,
174.8, 141.6, 136.8, 133.8, 130.3 (2C), 129.5, 129.3 (2C), 128.4 (2C), 127.5, 126.7 (2C), 46.8, 46.1,
13.9. HRMS (ESI-TOF) calcd for CgHCIOS™ ([M+H]") 315.0605, found 315.0609.

2,4-Bis(4-chlorophenyl)-3-(methylthio)cyclopent-2-enone (2u)

O

e
(-

Cl

White solid. mp 152-153 °C. *H NMR (500 MHz, CDCl;) 6 2.11 (s, 3H), 2.36 (d, J = 18.5 Hz, 1H),

3.11 (dd, J= 2.5, 18.5 Hz, 1H), 4.34 (d, /= 7.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0

Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H). **C NMR (125 MHz, CDCl;) § 200.9,

173.9, 140.2, 137.1, 133.9, 133.3, 130.3 (2C), 129.5 (2C), 129.3, 128.4 (2C), 128.1 (2C), 46.1, 45.9,
13.9. HRMS (ESI-TOF) calcd for CgH;5CL,OS™ (IM+H]") 349.0215, found 349.0213.

2-Methyl-3-(methylthio)-4-phenylcyclopent-2-enone (2v)
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Light yellow solid. mp 79-80 °C *H NMR (500 MHz, CDCls) & 1.85 (s, 3H), 2.11 (s, 3H), 2.25 (dd,
J=2.0, 18.5 Hz, 1H), 2.98 (dd, J = 7.5, 18.5 Hz, 1H), 4.24-4.26 (m, 1H), 7.17 (q, J =7.0 Hz, 2H),
7.25-7.33 (m, 1H), 7.32-7.35 (m, 2H). *C NMR (125 MHz, CDCL3) § 203.3, 172.4, 142.0, 135.6,
129.1 (2C), 127.3, 126.8 (2C), 46.9, 45.8, 13.4, 8.7. HRMS (ESI-TOF) calcd for Cy3H;sOS"
(IM+H]") 219.0838, found 219.0837.

4-(Benzo[d][1,3]dioxol-5-yl)-2-methyl-3-(methylthio)cyclopent-2-enone (2w)

Light yellow solid. mp 111-112 °C 'H NMR (500 MHz, CDCls) & 1.83 (s, 3H), 2.17 (s, 3H), 2.24
(dd, J= 1.0, 18.0 Hz, 1H), 2.94 (dd, J = 7.0, 18.5 Hz, 1H), 4.17 (d, J= 7.0 Hz, 1H), 5.96 (d, J= 1.5
Hz, 2H), 6.60 (d, J=1.5 Hz, 1H), 6.65 (q, J = 8.0 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H). **C NMR (125
MHz, CDCl3) 8 203.1, 172.3, 148.4, 146.7, 135.8, 135.6, 120.1,108.6, 106.8, 101.1, 46.5, 45.8, 13.4,
8.6. HRMS (ESI-TOF) calcd for C14H;505S" ([M+H]") 263.0736, found 263.0731.

2-Butyl-3-(methylthio)-4-phenylcyclopent-2-enone (2x)
O

N

Light yellow oil. tH NMR (500 MHz, CDCls) § 0.95 (s, J = 7.0 Hz, 3H), 1.26-1.43 (m, 2H), 1.49 (q,
J=17.5Hz, 2H), 2.09 (s, 3H), 2.23-2.31 (m, 2H), 2.35-2.40 (m, 1H) 2.96 (dd, J = 7.0, 18.0 Hz, 1H),
424 (d,J=17.0 Hz, 1H), 7.16 (d, J= 7.5 Hz, 2H), 7.26 (t, J=7.5 Hz, 1H), 7.33 (t, J = 7.5 Hz, 2H).
3C NMR (125 MHz, CDCl3) & 203.1, 172.2, 142.1, 140.4, 129.2 (2C), 127.2, 126.7 (2C), 46.7,
45.9, 29.3, 23.6, 22.8, 13.9, 13.3. HRMS (ESI-TOF) calcd for Ci¢H, 08" ([M+H]") 261.1308,
found 261.1304.

2-Benzoyl-4-(4-chlorophenyl)-3-(ethylthio)cyclopent-2-enone (2y)
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Yellow solid. mp 142-143 °C. 'H NMR (500 MHz, CDCls) & 1.10 (t, J = 7.0 Hz, 3H), 2.45 (dd, J =
2.0, 18.5 Hz, 1H), 2.52-2.56 (m, 1H), 2.75-2.79 (m, 1H), 3.16 (dd, J = 8.0, 18.0 Hz, 1H), 4.39 (dd, J
=2.0, 8.0 Hz, 1H), 7.21 (dd, J = 7.0, 6.5 Hz, 2H), 7.36-7.39 (m, 2H), 7.49 (t, J = 7.5 Hz, 2H), 7.59
(dd, J = 2.0, 8.0 Hz, 1H), 7.85 (dd, J = 2.0, 8.0 Hz, 2H). *C NMR (125 MHz, CDCls) & 199.3,
192.0, 184.1, 139.7, 136.9, 136.6, 133.7, 133.6, 129.6 (2C), 129.5 (2C), 128.5 (2C), 128.4 (2C),
48.0, 46.2, 26.2, 13.5. HRMS (ESI-TOF) caled for CaoH;sCl0,S™ ([M+H]") 357.0711, found
357.0719.

4-(4-Chlorophenyl)-1-(1,3-dithiolan-2-ylidene)-1-(4-methoxyphenyl)butan-2-one(2aa’)

Yellowish liquid. *H NMR (500 MHz, CDCl3) & 2.49 (t, J = 7.5 Hz, 2H), 2.84 (t, J = 7.5 Hz, 2H),
3.21 (t, J= 7.0 Hz, 2H), 3.46 (t, J= 7.0 Hz, 2H), 3.84 (s, 3H), 6.92 (d, J = 8.5 Hz, 2H), 6.98 (d, J =
8.5 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H). *C NMR (125 MHz, CDCl;) &
194.7, 159.3, 143.4, 140.1, 132.1, 131.5, 130.9 (2C), 129.8 (2C), 128.3 (2C), 126.0, 114.4 (2C),
55.2,41.9, 39.8, 33.5, 29.8. HRMS (ESI-TOF) calcd for C2H20C10,S," (IM+H]") 391.0588, found
391.0585.

5-(Ethylthio)-4-(4-fluorophenyl)-1,1-diphenylpenta-1,4-dien-3-one (2'ab)

Light yellow solid. mp 128-129 °C. *H NMR (500 MHz, CDCLy) 6 1.32 (t, J = 7.5 Hz, 3H), 2.79 (q,
J =175 Hz, 2H), 6.66 (s, 1H), 7.05-7.13 (m, 4H), 7.20-7.22 (m, 2H), 7.29-7.31 (m, 2H), 7.35-7,40
(m, 6H), 7.78(s, 1H). *C NMR (125 MHz, CDCls) & 189.5, 162.1 (d, J = 246.0 Hz, 1C), 152.1,
148.5, 141.0, 139.1, 136.4, 134.9, 131.2 (d, J = 8.1 Hz, 2C), 129.6 (2C), 129.0, 128.4 (2C), 128.3
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(20), 128.2 (2C), 127.8, 124.8, 115.2 (d, J = 21.5 Hz, 2C), 29.0, 15.4. HRMS (ESI-TOF) calcd for
CysH,,FOS™ ([M+H]") 389.1370, found 389.1374.

3-(Ethylthio)-2,4,5-triphenylcyclopent-2-enone(2ac)

Lightyellow liquid. *H NMR (500 MHz, CDCls) & 1.06 (t, J = 7.5 Hz, 3H), 2.44-2.48 (m, 1H),
2.75-2.79 (m, 1H), 3.55 (d, J = 2.0 Hz, 1H), 4.31 (d, J = 2.0 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H),
7.24-7.39 (m, 9H), 7.4 (t, J = 7.5 Hz, 2H), 7.61 (d, J = 7.5 Hz, 2H). *C NMR (125 MHz, CDCl5)
8 201.1, 173.3, 141.4, 139.6, 137.6, 131.2, 129.4 (2C), 129.2 (2C), 129.0 (2C), 128.7, 128.2 (2C),
127.6, 127.5 (2C), 127.2, 126.9 (2C), 63.2, 57.4, 25.1, 14.1. HRMS (ESI-TOF) calcd for
CysH,30S™ ([M+H]") 371.1464, found 371.1460.

4-(Benzo[d][1,3]dioxol-5-yl)-3-(ethylthio)-2,5-diphenylcyclopent-2-enone(2ad)

Yellow solid. mp 149-150 °C. *H NMR (500 MHz, CDCls) 8 1.11 (t, J = 7.5 Hz, 3H), 2.53-2.57 (m,
1H), 2.79-2.83 (m, 1H), 3.52 (d, J= 2.0 Hz, 1H), 4.22 (d, J= 2.0 Hz, 1H), 5.98 (d, J = 2.0 Hz, 2H),
6.70 (t, J = 1.5 Hz, 2H), 6.80 (d, J = 8.0 Hz, 1H), 7.17 (d, J = 7.0 Hz, 2H), 7.24-7.37 (m, 4H), 7.45
(t, J = 8.0 Hz, 2H), 7.59 (t, J = 7.0 Hz, 2H). *C NMR (125 MHz, CDCls) & 201.1, 173.2, 148.5,
147.1, 139.6, 137.6, 135.2, 131.2, 129.2 (2C), 129.0 (2C), 128.2 (3C), 127.5 (2C), 127.2, 120.3,
108.9, 106.9, 101.2, 63.2, 57.2, 25.1, 14.2. HRMS (ESI-TOF) calcd for CaHy;05S™ (IM+H])
415.1362, found 415.1362.

4-(4-Chlorophenyl)-3-(ethylthio)-2,5-diphenylcyclopent-2-enone(2ae)
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Lightyellow liquid. *H NMR (500 MHz, CDCL3) § 1.09 (t, J = 7.5 Hz, 3H), 2.44-2.48 (m, 1H),
2.74-2.78 (m, 1H), 3.50 (d, J = 2.0 Hz, 1H), 4.28 (d, J = 2.0 Hz, 1H), 7.16 (d, J = 7.5 Hz, 2H), 7.19
(d, J= 8.0 Hz, 2H), 7.29 (t, J = 7.5 Hz, 1H), 7.34-7.38 (m, 5H), 7.45 (d, J = 7.5 Hz, 2H), 7.59 (d, J
= 7.5 Hz, 2H). *C NMR (125 MHz, CDCL3) § 200.8, 172.5, 139.9, 139.3, 137.9, 133.4, 131.0,
129.6 (2C), 129.2 (2C), 129.1 (2C), 128.3, 128.3 (2C), 128.2 (2C), 127.5 (2C), 127.4, 63.1, 56.8,
25.2, 14.1. HRMS (ESI-TOF) calcd for CosHxCIOS™ ([M+H]") 405.1074, found 405.1078.

IV. Crystal data and ORTEP drawing of compound 2a

Crystal data for 2a: CyH00,S, colorless, M = 324.42, monoclinic, space group P2l/c, a =
19.0155(8) A, b =8.2100(3) A, ¢ = 11.6450(5) A, V'=1735.83(12) A®, a.=90.00, p = 107.291(4), v
=90.00, Z =4, T=293(2) K, FO00 = 688, 6642 reflections collected, 3048 unique with R(int) =
0.0206, R, = 0.0427, wR, = 0.1047 (I > 2a(I)). CCDC 901005 (2a) contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.uk/data request/cif.

0y S
~0 \\ o=~"0

Fig. ORTEP diagram of 2a.
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V1. Copies of *H NMR and **C NMR spectra of compounds 1/, 1 and 2

STANDARD PROTON PARAMETERS

Archive directory: /export/home /ouyy/vAersys data
Sample directory:

Pulse Sequence: s2pul

Solvent: COC13

Ambient temperature

File: k2§

: a
INOVA-500 “MENUS0O®

Relax. delay 1.000 sec
Pulse degrees

cq. 1.852 sec
Vidth Hz

3 repetitions
OBSERVE N1, 493.8025801 WHZ
ssing

FT size 65536
Total time 0 min, 23 sec

S

—— .70

w
o
;
[R1ia
o
Li.]
-
wd
1.97{ 4
2.794 4
~
2.844
2.824
L
1
L
-]
=
a2

L]
=sa

3.00¢
1.974

STANDARD CARBON PARAMETERS

Archive directory: /export/home /ouyy/vnersys/data
Sample directery:

Pulse Sequence: s2pul
Solvent: cdcl3
Ambient temperatura
user: 1-14-87
File: k25§
INOVA-500 “NENUSOO™

Relax. delay 0.500 sec
Pulse 45.0 degrees

128 repet I3

OBSERVE C13, 125.6754685 WHz
DECOUPLE  H1, 4%9.8050905 MHz
Power 42

£
£
=
o
i
828
ga
8328
B
z
2
z
H
143

Line broadening 1.5 Hz -
FT size 131072 a
Total time 3 hr, 56 sec

129.613
14.601
14.567

1

77.256

000
76.748

—120.541
-55.289

—_— 110,698

__ —30.040

—_—156.685
143.985

—_——a127.837

—_ 200.684
—_—140.727
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STANDARD PROTON PARAMETERS

Archive directory: /export/home ouyy /vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13
Asbient temperature
File: k218 Cl
INOVA-S00 “NENUSOO™ [e]

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.852 sec |

Width 8440.6 Hz

8 repetitions 5
DBSERVE  H1, 499.8025845 HHz

DATA PROCESSING ,,J k\
FT size 85536

Total time 0 min, 23 sec 1c

—2.288

2.670
1.334
1.1349

—

o -
]
HEf

-

o -

o -

.

w-
2.14{
2.13{

ro

'

e

-]

]

E}

STANDARD CARBON PARAMETERS

Archive directory: Jexport/home/ouyy/voarsys /data =]
Sample directory:

<l

Fulse Sequence: sZpul ;

Solvent: cdcl3
Ambient t:- ;rltllrl

it 5%
[w;ﬁ-snn “NENUS00™ ) \

Relax. delay 0.500 sec
Pulze 45.0 degrees

o

-

@

=4

-

-

a
" 134.050
130,430
128,822

BSER! C13, 125.6754714 Mtz

DECOUPLE W1, 499.8050905 WHZ

Power 42 dB

cont insously on

WALTZ=16 modulated -

DATA PROCESSING -

Line broadening 1.5 Hz B
e
-
=

14.612
14.532

FT size 131072
Total time 2 hr, 3 min, 31 sec

77.256

134.775

136.668

76.744
———

200.955
147.872

| L

L B B B R R I I e | T

X T T
220 200 1a0 160 140 120 100 &0 60 a0 20 0 ppm

LI B i i B B R B R | T T
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vrersys/data E
Sample directory: o

Pulse Sequence: s2pul
Solvent: CDC13
bient temperature |
File: kS8
INOVA-500 “NENUSO0O™ 5 S

Relax. delay 1.000 sec ) \
e 45.0 gui
©

Total tiee 0 min, 23 sec

7.264
7.260
7.072
7.054
z.894
1.336
1,133

7.288
7.2717
7.270
7.08
2.908
—_—
\

4

1,954
1964, |
o
o
F=
w
2.104
z.08¢
]
i
=
=
-
E]

3.004
3.05{
3.05{

STANDARD CAREON PARAMETERS E

archive directory: /Jexport/home/ouyy/vnersys/data 0
Sample directory:

Pulse Sequence: s2pul ]

Solvent: cdeld -
Ambignt temperaturs
T

user:  1-14- s
File: k253 ) K
INOVA-500 "NENUSOO"

Relax. delay 0.500 sec
Pulse 45.0 esgr 5

Acq. time 1.300 sec

Width 31421.8 Hz

64 repetitions

OBSERVE C13, 125.6754718 WMz
DECOUPLE W1, 4998050905 MHz
Power 42 d@

cont inuous 1y on

WALTZ-16 modulated

DATA PROCESSING

130.832

130.827

115.383
115.212
28.347
-28.043

14.58%
14.502

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

77.256
000
76.7104

135.954
132.265
132.238

~ —30.285

201,222
~—163.33%
148.212

| I

T T T T T B e e T T L N I e | T

220 200 180 160 140 120 100 80 60 40 20 0 ppm

T T T T T T T
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STANDARD PROTOM PARAMETERS

Archive directory: /export/home ouyy/vimrsys/éata
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC1E
Ambient temperature
File: ki

INOVA=500 “NEWUS00™
Relax. delay 1.000 sec
Pulte 45.0 degrees
Acg. time l.B:Z sec
Width 8440.6 Hz

8 repetitions

OBSERVE W1, 499.8025337 WHz
DATA PROCESSING

FT size 6

5536
Total time 0 min, 23 sec

~3.801

2.864
2.850

=0.000

|

{
2,944
§:831

T
mEom mm
e

3.004
2.06
z.07

STANDARD CARBON PARAMETERS

Archive directory: /export/home /ouyy/viersys /data
Sample directory:

Pulse Sequence: s2pul

Solvent: cdcld
Ambient temperature
User: 1-14-87
File: K168

INOVA-500 "“NENUSO0O™

Relax. delay 0.500 sec
Pulse 45.0 degrees

132 repetitions

OBSERVE C13, 125.6754637 MHz
DECOUPLE Hi, 499.8050905 WHz
Power 42 dB

cont inususly on

WALTZ-16 modulated =
DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072

Total time 3 hr, 56 sec

113.674

exfd 2 T
i £ g = a5 s
JEETR 3 Tlr . U
LI b
" b i i
R i - —
zz0 z00 180 160 140 120 100 &0 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive dIrectorys Jesport/hms, ouyy Nmarsys/data
sample directory:

Pulse Seguence: sZpul

Solvent: CDC13
Ambient temperature

File: k185
INOVA-500 “MENUSOO™

Relax. delay 1.000 sec
Pulse 45.0 degrees
q. time 1.892 sec
Width 8440.6 Hz
8 repetitions
OBSERVE M1, 499.8025315 WHZ
DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

e ——3.B06
1.268

1.282

-0.000

w

[

i

i

1
1.92¢ 4

w

=
3.004
§-8f1

-

1

Y

e

=

=

]

STANDARD CAREOM PARANETERS

Archive directory: sexport shome /ouyy /vearsys data
Sanple difectory:

Pulse Sequence: s2pul

Fil 16
INOVA=500 “NEMUSOO®

Relax. delay 0.500 sec
Fulse 45.0 degrees

A 300 sec

width 8 Hz
192 repetitions
OBSERVE €13, 125.6754627 Mhz
DECOUPLE M1, 499_8050805 MHz

77,256
L 76.748

130.491
129.182
125.131

continuous 1y on
WALTZ-16 modulated
DATA PROCESST

Line broadening 1.5 Hz
FT size 131072

Total time 3 hr, 56 sec

113.686

147.792
124.925

184.412
15%.325
149. 814
57
144,267
134.184
~—108.585
28.598

b

14.788
—14.666

B —— W 3T
e 101 . §7 7
55,197
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STANDARD PROTON PARAMETERS
Archive directory: /expori/home ouyy/vrarsys /data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13
Ambient temperature

File: k169
INOVA-500 “NENUSO0O™

Relax. delay 1.000
Pulse 45.0 degrees
fcg. time 1.892 sec

Width 8440.6 HZ

B repetitions

OBSERVE H1, 499.8025530 MHz
DATA PROCESSING

FT size 65538

Total time 0 min, 23 sec

3.804

-0.000

o
g

- T

10 9

.86

2.85

R
~-]

2.00{

0.99{
o<
w
F

- 0.994
3.00¢

L}

o
3881 |

STANDARD CARBOM PARAMETERS

Archive directory: /export home jouyy/voarsys data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcld
Ambient temperature
User: 1-14-87

File: k170

INOVA-500 “MENUSOO™

Relax. delay 0.500 sec
Pulte 45.0 degrees

479
77.258
77.000
76.748

130

130.159
129.331
113.739

192 repetitions

OBSERVE C13, 125.6754632 WMz
DECOUPLE  H1, 499.8050905 WHz
Power 4% dB

<

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

140.303
135,206
134.672

132.761
131.170

127.530
127.082

128.774

-
2
k>

—28.594
-14.822
14.513

- 85.187

147.315
e

159,386

194.824

T T DL S B e T T L B T T NI e e A R EEEEEEEE RS

T
zzo z00 180 160 140 120 100 &0 60 a0 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: Jexport /home ouyy/vnarsys/data
sample director y e o ¥
Fulse Sequence: sZpul

smum cpC13

lnt tunruuu

1ma-s ﬂﬂ “HENUS 00"

Relax. delay 1.000 sec
Fulse 45.0 degrees

Acg. time 1.892 sec

Width 8440.6 Hz

B repetitions

OBSERVE  H1, 499, 8025878 Whz

DATA ing

FT size 65536

Total time O min, 23 sec e
zats
=27=
C e

3.798

6.111
3.801

L e 11 ]

1.894
b3
O.UI-L‘_
o

3.00{

k3

0

8800 |

STANDARD CARBON PARAMETERS

Archive directory: /export/home /ouyy /vrersys /data
Sample directory:

Pulse Sequence: s2pul

Solvent: cdcld
Ambient temperature

user: 1-14-87

File: k2

THovA-500. =nENUSDO®

Relax. delay 0.500 sec
Pulse 45.0 degrees
Ac L

t
BSERVE ll! 6754704 WHZ
DECGUH.E Hl. 4998050905 WHz

unt % mmuu
WALTZ-16 I!dll 'Ilt ed
DATA PROCES:

11%.495

.548
J—i! |1

Line omuninn 1.5 Hz
F'l size 131072
Total time 2 hr, 3 min, 31 sec

~—130.232

.023
.750
14.490

- 28.373
14

158.652
N _27.633

.188
--55.108

77.256
76.748

033

—e 28

33.878

——128.816

195,767
148
~—132.582
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STANDARD PROTOM PARAMETERS

Archive directory: /exportshome /ouyy/vnmrsys /data
Sample directory:

Pulse Sequence: sZpul
Solvent: CDCI3
Ambient temperaturs
File: k250

INOVA-S00  “NENUS00™

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time l,!gi sec
Width 8440.6 Hz

8 repetitions

OBSERVE Hi, 499.8025068 MHZz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

3.788

e

Seak

men

Bhwonld H g

38gs2s a e

Rk St - =
Sorel

2.896
2
2.626
0.000

0.941
2.024
1:81 ]
H&F}

3.00¢
2.07{
2.03{

-
-
B
oo

STANDARD CARBON PARAMETERS

Archive directory: /export/home ouyy/vnmrsys data
Sample directory:
Pulse Sequence: s2pul

Solvent: cdcld
Ambient temperature
H =14-87

: k251
INOVA-500 “NENUSOO™

Relax. delay 0.500 sec

Puls degrees

Acq. time 1.300 sec

Vidth 51421.8 Mz

128 repetitions

OBSERVE C13, 125.6754680 WHz
DECOUPLE  H1, 499.8050805 MHz
Fower 42

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, S6 sec

130.789
128,984
129.655
127.034
126.985
120.553
76,744

142.608
139.590
135,222
110.888
=77 .256
334
~28.717
28,100
—14.773
14,681

143847

———— 55
————e

193.531
156.582

i

T T T T T T T T T T T T T TR TR T T T T T T L B e e e

220 200 180 160 140 120 100 &0 60 40 20 0 ppm
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STANDARD PROTOM PARAMETERS

Archive directory: /export/home /ouyy vnmrsys /data
Sample directory:

Fulse Sequence: sipul
Solvent: COC13
Ambient temperature

File: k252

INOVA=500 “NENUSOO®

.6 M
Ttions
H1, 499.8025937 MMz
PROCESSING

FT size 65536
Total time 0 min, 23 sec

o
]
2
K]
”
ER.8
B3t
Suas
a4
- - s o
- i - -
™ =02800 - -
2 L4 5 - -
e LANEREE |
- . .
K o

=
—

0924
1.884
T
it
1,906
w
o
3.00¢
w -
2.024
1.88{ |
3.074
2.974
o
i
=
-
h-3
E

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vraersys/data
Sample directory:

Fulse Sequence: s2pul
Solvent: cdcld
Ambient temperature
User: 1-14-87

File: k253

INOVA-500 “MEWUSOD®

Relax. delay 0.500 sec
Pulse 45.0 degrees

Acqg. time 1.300 sec

Width 31421.8 Hz

128 repetitions

OBSERVE €13, 125.6754704 WHZ
DECOUFLE M1, £32.5050008 Niz

Total time 3 hr, 56 sec

108.516
.102

—_————— 106.487

130.663

-
1
-
2

101,443
77.256
-28
14,776
14.673

.00
~76.744

183.416
149.414
55.323

156.529
139.075

~110.847

LA m

220 Z0o 180 160 140 120 100 &o 60 40 20 [ ppm

L B i L e e e e T 1 '
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STAMDARD PROTOM PARANETERS

Archive directory: /OXport/nome ouyy/vimrsys/data
Sample directory:

Pulse Sequence: sZpul

Solvent: CDC13
Ambient temperature
Filer wiad
INOVA=500 “NENUSOO™

Relax. delay 1.000 sec

<

2

z

-

et

=
—3.774

2.902

2.619

-1.312

0.934
1.984
381
5.
H
3.004
2,044
2.014

STAMDARD CARBON PARAMETERS

Archive directory: /export/home ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcl3
Ambient température
User: 1-14-87

File: k63a

INOVA=S00  “NENUSOD™

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

width 31421.8 Hz

4095 repetitions

OBSERVE C13, 125.6754680 WHz

OECOUPLE W1, 493 8050905 MHz

Power 42 dB

cont inuous 1y on

WALTZ-16 modulated

DATA PROCESSING =
o

FT size 131072 -

Total time 2 hr, 3 min, 31 sec 2

77.256

000
~T6.744

143,531
110.901

193,066
158.571

2.884
2.804

§5.342

|

14.792
14,658

|

ppm

i

T T T YT TrrrTT T T T

2z0 200 180 160 140 120 100 1

40

T

20

ppm
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STANDARD PROTON PARAMETERS

Archive directory: sexport/home ouyy/vnersys /data

Sanple directory:

Pulse Sequence: s2pul

Solvent: COC13

Ampient temperature

File: k2zi

INOVA-500 “NEMUSOO®

Relax. delay 1.00

- 1.892
width B440.6 Hz
& repetition
BSERVE 1
DATA PROCESSING

0 sec
5

ec

i'ﬂ’!,lﬂ!b’ls MHZ

Total time 0 min, 23 sec

1.295

STANDARD CARBON PARANETERS

Archive directory: /export/home ouyy /vnmrsys data

Sample directory:

Fulse Sequence: sip
Solvent: cdcld
Ambient temperatur
User: 1-14-87
File: k223
00

INOVA=S SHENUSOQ

Relax. delay 0.500

128 repetitions
DBSERVE

€13, 125.6754680 WHz
DECOUPLE “;. 499.8050905 MHZ

Power 42 di
cont inuous Iy on
WALTZ-16 modulated

Total time 2 hr, 3

ul

sec

min, 31 sec

193.756

S
—r

144.477
137.286
135.145

134.504

133.993

146.270

|

126.714

w0
2.184
2.014

77.256
76.748

28 .682

o
=
-
=~

1

~—14.776

14666

ppm

L L i S B B B e e e e

140

120

100
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a0
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ppm
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STAMDARD PROTON PARAMETERS

Archive directory: /export/home ouyy/vrarsys data
Sample directory:

Pulse Sequence: $2pul
Solvent: COC13
Ambient temperature

File: k224
INOVA-500 "HENUSOO™

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.882 sec

Width 8449.6 Hz

B rapetitions

OBSERVE H1, 499.8025912 WHz
DATA PROCESSING

FT 51ze 65536

Total time 0 min, 23 sec

6.016
e —— 5,035

2.702

1.02
3.93
2,024 -
1029
1.00]

STANDARD CARBON PARAMETERS

Archive directory: /export/home ouyy/vomrsys data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcl3
Asbient temperature
User: 1-14-87

File: k228

INOVA=500 “NENUSOO™

Relax. delay 0.500 sec
Pulse 45.0 degrees

Acg. time 1.300 sec

Width 31421.8 Mz

4086 repetitions

OBSERVE C13, 125.6754680 WHz
DECOUPLE H1, 499.8050005 MH2
Power 42 d8

continuoutly en

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072

Total time 2 hr, 3 min, 31 sec

130.514
128,842
128.480

144,454

136.790
124.791

135.183
125,032

133.940

193.664

Z.1680
en
S

ppm

3:88¢ |

77.252
76.744

—~14.773

————_14.688

5
;
f

IJ]I‘J il .. ‘

3 T
2z0 200 180 160 140 120

L S B B B B e

60 40 20 0 ppm

100 1]
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STAMDARD PROTON PARAMETERS

Archive directory: /export/home ouyy vaersys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COCI3
Ambient temperature
File: k220
INOVA-500 “"RENUSO0O™

Relax. delay 1.000 sec
Pulse 45.0 rees

8 repetitions

OBSERVE  H1, 499.8025922 WHz
DATA PROCESSING

FT size 65538

Total time 0 min, 23 sec

Cl

348
344
7.334

i

-
"

9 L] w7 6 5 4

0.974
2.04{
2.05{

STANDARD CARBOM PARAMETERS

Archive directory: /export/hose/ouyy/Viersys/data
Sample directory:

Pulse Sequence: sZpul
Solvent: cdcl3
Ambient temperature
User: 1-14-87

File: ki21

INOVA-500 "NENUSO0"

Relax. delay 8.500 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 31421.8 Hz

64 repetitions

OBSERVE C13, 125.6754675 WHzZ
DECOUPLE H1, 493.8050905 WHz
Power 42 df

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072

Total time 2 hr, 3 min, 31 sec

130.571
128.427

190

128,553

129

77.256

000
76,744

o
2
g

|

14.754
—14.685

=
-
-
=
£
|
.

193.249
146.007
1 ..
133,043
e 127.076

N LU

2z0 200 1an 160 140 120 100 :1] 60 40 20 L] ppm
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STANDARD FROTON PARAMETERS

Archive directory: /export /home ouyy vomrsys data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13
Ambient temperature
File: w2do

INOVA-500 “NENUSO0O™

Relax, delay 1.000 sec
Fulse 45.0 degrees
Acq. time 1.582 sec
Width B440.6 Hz

D. repetitions

BSERVE  H1, 499.8025919 WMz L\!
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

6.747
6.716
6.648

7.322
7.296

/_6.642
€.474

=
S2em
REZR
o TN
Saa
= ]
~ ™ - J‘,
~
2k LR - =
= imE BT - .
2 Rt o
w_ .
r B o
Se

—7.282
6.470
‘E‘ 487
:2-.
ﬂ
2.687
=0.000

-
1
=

ppm

R

o
=@

a3 =
o o o

3.0

STANDARD CARBON PARANETERS

Archive directory: /fexport/home /ouyy/voarsys/data
sample directorys

Pulse Sequence: sZpul
Solvent: cdcl3
Ambient temperature
User: 1-14-87

File: k281

INOVA-5080  “NENUS00"

Relax. delay 0.500 sec
Pulse 45.0 degrees

ang, time 1.300 sec
S

ﬂ:s[l\'E’ €13, 125.8754666 WHZ
DECOUFLE  H1, 499.8050905 WHz
Power 42 dB

cont inuous 1y on

WALTZ=-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 121072

Total time 2 hr, 3 min, 31 sec

133

77.256
o0

115.872
112.610
@
== 5 278

76.748
-38.724

—1a.731

—_— a1

146.312

—————— 145,081

192.963
151.207
137835
~—185.321

E—— T ] )

T T T T Ty T T YT T T BAREE T R RS e R
TR T T

2zn 200 180 160 140 120 100 a0 1] 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /EXport/home /ouyy/vrarsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent: CDC13
bient temperature
File: k286
INOVA-500 “NENUSODOD™

Relax
Fulse

delay 1.000 sec
rees

Width -
8 resstnlom
CBSERVE  H1, 493.8025950 MMz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

1.201

2.888
2.704
1.297
/]

w
[=-]
1
1
1.9, |
0,984
-
w
=
e
3:981 |

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy /vnersys /data
Sample directory:

Pulse Seguence: s2pul

Solvent: cdcl3

Ambient tem :I'ature

=500 “MERUS00"

Relax. delay 0.500 sec
Pulse 45.0 degress

Acg. time 1.300 sec

Width 31421.8 Hz

64 repetitions

OBSER €13, 125.6754675 Mz
DECOUPLE  H1, 499.B050805 WHz
Power 42 db

o
i

128,911
128.305
=
-

g =

126.764

cont inuously on

WALTZ-16 modulated

DATA PROCI NG

Line broadening 1.5 Hz

FT size 131072

Total time 2 hr, 3 min, 31 sec

131.048

144,397
136.702
134,548
132.681
130.983
130.533
115.399
118,227
77.256
000
76.744
14.784
14,654

—128 656
28,108

162.312
161.336
146,545

133.370

o (-

)

BRI i i e e |

& " o

s -

S . S —
160 140 120 100 a0 60 a0 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export /homs ouyy /vnarsys dota
Sample directory:

Pulse Sequence: s2pul

Solvent: COC13
Ambient temperature

Flle: kiBa
INOVA=508 “NEMUSOD™

Rolax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.892 sec

Width 8440.6 Hz

8 repetitions

OBSERUE W1, 493.8025813 WHz
DATA PROCESSING

FT size 65536

Total time 0 ain, 23 sec

2. w5
H2e 28BERT -
S385e, Jlaed]e B
b 1 = = - s
-~ - . =
~ - -~ ®
T
B B e e B o o e o ML S b e s S S —r— —
9 8 o A & 5 3 2 — -0 ppm
10 e e Fp pes
= =cxd z 3z o
on  sw oo o oo L)
STANDARD CARBOM PARAMETERS
Archive directory: /Jexport/hone /o VARrEys /data
Sample ﬂlrector;‘: b el .
Pulse Sequence: s2pul
Solvent: cdcl3
Ambient tus:r«tuu
5 1=-14-87
File: k285
INOVA-500 “HENUSOO"
Relax. delay 0.500 sec ade
Pulse 45.0 degrees g
Acqg. time 1.300 sec et b
Vidth 31421.8 Hz ~e
256 repetitions ran
OBSERVE €13, 125.6754623 WHz Y
DECOUFLE M1, 499.8050005 WHz
Power 42 dB =
UALTZ 15 modutated 2 g
- modulate
DATA PROCESSING gz»- 13 gﬁ Eg o =
Line broadening 1.5 Hz “mz 2 T e 2 Lo 5
FT size 131072 22 A23% o owme e g 3= =g
Total time 2 hr, 3 min, 31 sec 41 am=s =5 |2 = o -4
ST Se8e @) L
== “ J -1
]
=3
S =@
wi - "e
8 an =3 =¥
= o -
: ‘
T R R | R R ; s o e e o e R L  LAREmE s
220 200 180 160 140 120 100 &0 60 a0 z0 @ ppm
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STANDARD PROTON PARAMETERS

Archive directory: sexpori/home/ouyy/¥narsys /data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: K288

INOVA-500 "NEMUSO0™

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.882 sec
Widin 8440.6 Hz
8 repetitions
€ Hi, 499.8025919 WHz
DATA PROCESSING
FT size 65536

Total time 0 min, 23 sec e
w
bt
T
® -
@ =
o owmn k] w
mTaTnT £
= z
288Gy - =t
e =
| [ J
- )
g 3 r
- 3 |

1.89%
—_—
—_——

=0.000

4

T
1 =0 ppm

o
i
. 4
1.884, |

0.944

STANDARD CARBON PARAMETERS
Archive directory: /export/home ouyy/vnnreys /data
Sample dirsctory:

Pulse Ssguence: s2pul
Solvent: cdcl3
Ambient tesperature
User: 1-1:
File: k289

INOVA-500 “HENUSO0"

Relax. delay 0.500 sec
Pulse 45.0 “ﬂ"“

77.256
77.000
76.748

129.430
115.463
115,292

740
28.224

131.033
127.141

129.209

Aca. tim BEC
Width 31421.8 Hz
128 repetitions
DBSERVE C13, 125.6754642 WHz
U(WUPLEZ H1, 499.8050905 WHZ

WAL
DATA PROCESSING

Line broadaning 1.5 Hz

FT size 131072

Tota

1 time 2 hr, 3 min, 31 sec ||

—28.

=

a
2
-
5
&
e
R
3
g
142.547
137.503
36.416
14.773
14.689

1

146.287

161.381

193.478

— 163,358

T  RARANBEEEEEEEEE) T TrT

T T T T T T T T T

Zéﬂ 200 18‘0 160 140 120 100 an 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy /vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13
Ambient temperature
File: k463

INOVA-500 “NEMNUSOO0=

Relax. delay 1.000 sec
Fulse 45.0 ﬂs!ruu
. time 1.89% sac
Width 9351.3 Mz
8 repetitions
E M1, 499.8025913 WHZ

DATA
FT size 65536
Total time 0 min, 23 sec

1.304
289

Fi

_/_:.su

STANDARD CARBON PARAMETERS

Archive directory: /export/home ouyy/vnsrsys/data
Sample directory:

Pulse Seguence: s2pul
Solvent: cdcld
Amblent temparature
user: 1=-14-87
File: kA76
INOVA=500 “NENUSED™

Relax. delay 0.500 sec
Pulse 45.0 ausruz

6000 repetitions

OBSERVE €13, 125.6754606 WHz
ol PLE W1, 493.B050905 WHz
Power 42 di

cont inuous 1y on

WALTZ-16 modulated

DATA PROCESSING

in
FT size 131072
Total time 3 hr, 56 sec

145.045
131.086

151.241
146,602

193,169
161.320

—~163.297

-
2.254
2.25{

3.254
3.194

o
o=
2=
5 =
-

=

(Enn

76.748

—14.723

——14.588

T

180

T
2z0 200 160

T

a0 60 40 20

T
0
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: k256

INOVA-500 “NEMUSOO"

- delay 1.000 sec
45.0 degrees

oid

Width B440.6 Hz
8 repetitions
OBSERV H1

DATA PROCESSE
FT size 65536
Total time 0 min, 23 sec

o

e

m &

oo

& ‘
-

. Ane |
28 n2n
1 s
- o
1 -

g1

10 9 ]

1.044
8«
3.00+

STAMDARD CARBON PARAMETERS

Archive directory: Jexport/home/ouyy/vimrsys/data
Sample directory:

Pulse Sequence: sZpul

Solvent: cdcld

Ambient temperature

U 1-14-87

File: k287
INOVA=500 “NENUSOD™

Relax. delay 0.500 sec owne -
Pulse 45.0 degrees pRon S
Acg. time 1.300 sec L
Width 31421.8 Hz SRR RER
256 repetitions R .
OBSERVE  C13, 125.6754642 WHz =
DECOUPLE H1, 498.8050805 KHz
Power 42 dB
cont | nuous 1y
ILTZ-16 modulated

DATA PROCESST
Line broadening 1.5 Hz -
FT size 131072 - - -
Total time 3 hr, S6 sec moende. =

TREDen H

foobze 8

=zZ-= 2§

-
2
-
2

-
]
-
~
-
£
]

A ,

¥ - " For i o

L B B B B B e e T T T T T T T T

T
2z0 zoo 180 160 140 120 100 &0 60 40 20
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STANDARD PROTOM PARAMETERS

Archive directory: sexport/home ouyy/vomrsys/data
ple directory:

Pulse Sequance: s2pul
Solvent: COC13
Ambient temperature

File: w282
INOVA-500 “MENUSOO™

Relax. delay 1.000 sec
Pulse 45.0 degrees

fons
OBSERVE M1, 499.8025825 MMz
A PROCESSENG

FT size 65536
Total time 0 min, 23 sec

—2.379
e 2, 258

§.760

-
=
=3
=

=
=
o

b

STANDARD CARBON PARAMETERS

Archive directory: fexport/home/ouyy/vnarsys /data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcl3

Anbient temperature
User: 1-14-87
File: m287
s00

INOVA- “NENUSOD™

Relax. delay 0.500 sec
Pulse 45.0 degraes
Acqg. time 1.300 sec

ions
€13, 125.6754723 MHz
DECOUPLE  H1, 489.B8050905 MHz
Power 4.
cont inuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 2.0 Wz
FT size 131072
Total time 3 hr, 56 sec

130.590
129.144
fe 128 .814

—_— 120,448
W 126.851

—142.299
132.97%

192.531
143.325

j-"__ua.:u

PEE— N T

—136.366
135,100
J—134.104

~—18.157

_——__17.58

Wl

T - - - - -
220 200 180 160 1a0 izo 100 &0 60 40 20 ] ppm
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STANDARD PROTOM PARAMETERS

Archive directory: /export/home /ouyy/vnarsys data
“Fample directory: ¥
Pulse Seguence: sipul

Solvent: COCI13
Anbient temperature
Filer gsz0
INOVA-500 “HENUSO00™

Relaw. delay 1.000 sec
Pulse 45.0 degress
Aoy time 1,882 sec
widt 7 Wz

e
H1, 499.8025307 WHZ
DATA ssing
FT size 65536
Total time 0 min, 23 sec

1ab
T
samm. o g4t -
B amato b - =3
Log3dzd, alile g
R R P {7 <
: 3 {
- - -
8 I
‘ ﬁ
l_l l
T — T R e e LI e e LR e e e e
8 R, P 6 5 4 . - 2 - =0 ppm
T Sae @ i = o =
oy = = s =
W S oo n oo
STANDARD CARBON PARAMETERS
Archive directory: {Ilw:}fhol!foll!’!’/\'l‘r‘ﬂfuﬂ‘ﬂ_
Sample directory:
Pulse Sequence: sZpul
Solvent: cdcld
Ambient temperature
User: 1-14-87
File: qb26
TNOVA-500 "NENUSDO"
d 1ab
Relax. delay 0.500 sec - Mmoo B
Pulss 45.0 degrees ERTRGw %3
Acq. time 1.300 sec e -
Width 31421.8 Wz LaRERT e
4086 repetitions bk
OBSERVE  C13, 125.6754858 WHZ

DECOUPLE H1, 433.8050805 MHz
Power 42 dB

cont i nuous 1y on
WALTZ=16 modulated
DATA PROCESS!

Line broadening 1.5 HzZ ,';g-;
FT size 131072 L1 -
Total time 2 hf, 3 min, 31 sec - p_: .
- £
- H
a7 is =%
2n5 U ==
o .T e
FEat i
222 I
a5 |
s

192.882

126.268 i
114,822
114.750
rs
76,744

e

T T A T
T T T EEEEEEEEEE T T T T T T T T T T T

220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: sexpori/home ouyy/vomrsys/data
Sample directory:
Pulse Sequence: sZpul

Solvent: COC13
Ambient temperature

o
File: j213
INOVA-500 “MENUSODO™

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.892 sec s s
Width 9351.3 Hz ) K
GFCB:!".IIIM
OBSER Hi, 498.8025950 WHz
DATA PROCESSENG
FT size 65538 1ae
Total time 0 min, 23 sec
P
=T B
£%% - & s
~e L3munzy Ao (7S
oRannsny ne :
o i 2 -
N a1 e | -
o -
2
e
0
———T T g —— T T T T T - r—r——
k] et e o 6 5 4 3 2 e 1 =0 ppm
- Eeni L a3
& A owa e e

STANDARD CARBON PARANETERS

Archive directory: /export/home /ouyy/vrersys/data
Sample directory:

Pulse Sequence: sZpul
Solvent: cdcld

1 o

Ambiant t erature

user: 1—1::? O O
File: kadi

INOVA-500  “NENUSOO"

Relax. delay 0. O

Hz
ons
125 6754656 WHZ

DBSERVE 1
DECOUPLE  H1, 499.8050905 MWz ac
Powsr 4z dB o
cont {nuous 1y on " X
WALTZ-16 modulated 4"
DATA PROCESS: res
Line broadening 1.5 Wz k2
FT size 131072 :
Total time 3 hr, 56 sec
43
Lo 58
- -
o b 2k
= HJ ==
2
H
s
2
s
=
| l”'L v - "y
AEARESESEAREaLas e s ' IBAERERASES R EL S S s EAREEREREE SRS o T T Basnsmasas) T T -
220 200 180 160 140 120 100 a0 60 40 20 ] ppm
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STANMDARD PROTON PARAMETERS

Archive directory: Jexport/home souyy/vomrsys /data
Sample directory: i A

Pulse Sequence: s2pul
Solvent: COC
Ambient temperature
File: k544

INOVA=500 “NENUSOO™

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.892 sec
Width 9351.3 Mz

on repetitions

BRa.ze
-Eﬁag.
1
5 |
EEPTEH
Pttt B
NSRRI =
o o i
r ——— — 7 T —r————
& v weew B o oy By 5 4 3 2 =
sz & & T3 =3 i ’ ppm
- i o ~ e ~ - -
STANDARD CARBON PARAMETERS
Archive directory: /Jexport/home/ouyy/vnarsys/data
Sample directory: o
Pulse Sequence: s2pul
Solvent: cdcl13
uMIm t:n:;rnuri | |
ser: 1=-14-
;‘(‘u:E 00" mewuson O $ sk
NOVA-308 ™ "
Relax. delay 0.500 sec o
Pulse 45.0 degrees ‘-0
Acq. time 1.300 sec
Width 31421.8 Hz 1ad
132 repetitions a8
OBSERVE €13, 12 ,,
ey =
it T
EL e g ¥
ek Fou
e~
~a
Total time 3 hr, 56 sec .
222 - .
" s
LR 5. BR -3
MNER P = ;e
ame v 4= o2 = =5 -
=, _ZOZRS e % e =z
Sre a2 27 4 ; ==
T = |
4.2 - LI
0."
=5 ‘j\‘ [
-
o
2
-
w
"
T T T A ma e T T T I rrr
2210 200 180 160 140 120 io0 80 60 40 20 0 ppm
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STANDARD PROTOM PARAMETERS

Archive directory: /expori/home /ouyy/vearsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13
Ambient tesperature
File: 1018

IROVA-S00 “NENUSOD™

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.892 sec
Width -3 Hz

8 repstitions
BSER) HL, 499.8025336 hnz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

2.701

=
e

8481 1
3.2
2.00{

Heo|

wan
i
o

STANDARD CARBON PARAMETERS

Archive dirsctory: /export/home ouyy/vnmreys /data
Sample directory:

Pulse Saguence: s2pul

Solvent: cdcld
Ambient temperature
User: 1-14-87
File: 1035
INOVA=S00 “NENUSOD™

Relax. delay 0.500 sec
Pulse 45.0 .

. tim
Width 31421.8 W

128 repetitions

OBSERVE C13, 125.6754656 MMz
DECOUPLE  H1, 499.8050905 WHz 1ae
Power 42 dB

cont inuous 1y on

WALTZ-16 modulated

e broadening 1.5 Hz P
FT size 131072 rERna ®
Total time 2 br, 3 min, 31 sec ,-'o_f;"_:g . =
BT el oo~
T raw
Ha3 -1
o =

140.429
136,088
135,256
135.191
e
1
o
128.068

133.493

195.767
148.521
—/ém.'m
28,522
——27.587
14,308
~14.6831

141.448

. A .

T T T T T YT TR

T T BN B R m e e e e LR B T B B B e

T
220 200 180 160 140 1z 100 &0 60 40 20 L} ppm
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STANDARD PROTOM PARAMETERS

Archive directory: sexport/home ouyy /vomrsys data
Sample directory:

Pulse Sequence: s2pul
Solvent: COCI3
Ambient temperature
File: beSE
]

o]
INOVA-50 “HENUS0O0"

Ralax. delay 1.000 sec Q s
Pulse 45.0 degrees Q
Acg. time 1.852 sec 5
Width 8064.5 Hz
8 repetitions \ll

0BSER M1, 499 8025818 WHz
SSING

2a
FT size 65536
Total time 0 min, 23 sec

o
=
=
-
!
|
|

———]

ppm

1.99¢
8
1988
1.084
S,lS-‘(h—
1.12{

@
1.10{
1:034

3,004, |

STANDARD CARBON PARANETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample girectory: o
Pulse Sequence: sipul

Solvent: cdeld
Ambient temperature
87

vser:  1-14- O I O o
File: eBad

INOVA-500 “MENUSDO" \lt

Relax. delay 0.500 sec

Pulse 45.0 degrees

130.071
931

128
113.323

itions
OBSERVE €13, 125.E7SS136 HHz
DECOUPLE H1, 499.8050905 WHz

127.050

N126.516

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 131072

Total time 2 hr, 3 min, 31 sec

:

_54.880
46,548
45850

—

788
158.875
77.286
000
76.744

142,009
— e 24 585

—18.007

201
172.668

137.160
' 123.174

.

T T

il

T ¢ e B B e e e L T A RS R

z2zo 200 llI!I] 160 140 120 100 a0 60 a0

[T T T TR T

20 [] ppm
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STANDARD PROTON PARAMETERS

Archive directory: sexport home/ouyy/vomrsys data
Sample directory:

Pulse Sequence: sZpul

Solvent: COCI3 0
Ambient temperature
file: h3oz =\,
INOVA-500 "MENUSO0" d
Relax. delay 1.000 sec
Fulse 45.0 degrees 5
Acq. time 1.B82 sec - '\
width 9177.5 Hz 0
8 repetitions 2b
ol RVE H1, 4985 8025948 WMz
TA PROCE:
FT size 65536
Total time 0 min, 23 sec
23
o
B
T T .
fn mOTOle —ga
G3 Inifeg . 2853 et
C Ehe . =" = TmSnn -
eSS sE S8%o58. 2,238%00 e
) - 28 eR AT RN
EE ToaitanRgn ta
= uj o
< u\‘
— T T — 77— T—T—T—7
8 - N 6 5 v B o - P — 2 .;\ ppm
-1 % 83 2 23 g 5 83 H
o o eoi - mm - - - - o

STANDARD CARBON PARAWETERS

Archive directory: sexport/home ou
Sample directory: SOUYY SUnArSYS sdata

Pulse Sequence: s2pul
Solvent: cdel
Ambient temperature
User: l-lﬂ—=¥

File: dl3a
INOVA-500  "HENUSOO"

Relax. delay 0.500 sec
Pulte 45.0 degrees

Acg. time 1.300 sec

Width 514218 Hz 4
128 repetitions ©
OBSERVE €13, 1256754738 WHz ™

DECOUPLE M1, 499 8050305 WHz o

Power 42 dB j
continuously on

WALTZ=16 modulated »
OATA PROCESSING

Line broadening 1.5 Hz

FT size 131072

Total time 2 br, 3 min, 31 sec

" 23

] 3

5% a3

2.; T - - - "
5 -4 L

= a =] “% a7

- ~ - -

s ~R~ he == - -
= - - 2 o | -] =
= - W @ -] e -
& a2 - = e - - ;
o . t = =
= - -~ -

s s w9 E]

i i -.i ~

| | | | | |
| |

! P! |

i
n [ i H |

I B R B e e e = S

z00 180 160 140 120 100 80 e84 20 ”i;;;;
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STANDARD PROTON PARAMETERS

Archive directory: /export/home /ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: i070

INOVA-500 “NENUS0O™

Relax. delay 1.000 sec
Pulse 45.0 deg

DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

10 L] 8 -0 ppm

1.884
3844
2.0z
0.98¢
3,004
otg,
1,084

29

41

n
2.7, |

STANDARD CARBON PARANETERS

Archive directory: /export/home/ouyy/vnarsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcld
fmbient temperature
User: 1=14-87

File: 1088

INOVA=500 “"MENUSOO"

Relax. delay 0.500 sec
Pulse 45.0 degrees

Acg. time 1.300 sec 5
Width 31421.8 Hz ‘wl
OBSERVE C13, 125.6754853 MMz 2c

DECOUPLE H1, 498.8050805 WHz
Power 42 dB

continuously on
WALTZ-16 modulated
DATA PROCESSING

130.273
129.766

——_126.588

113.541

Total time 3 hr, 56 sec

139,170
137.400
136.877

77.252
000
76,744
§5.078
46.514
48,132
24.772
20.942
14.029

202.122
172.903
159.108
—_—123.475

I N
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STANDARD PROTON PARAMETERS

Archive directory: /export/home /ouyy/vearsys data
Sample directory: o

Pulse Sequence: s2pul
Solvent: COCI3

ent temperature v
File: clas o
INOVA-S00 “NENUSOO™

Relax. del, 1.000 sec
Pulse as.0 Hegiees o
Acqg. time 1.892 sec
Width 8578.2 Hz
# repetitions
OBSERVE H1, 499.8025891 MMz

PROCESSING

DaTA
FT size 65536
Total time 0 min, 23 sec

3838

4.277
4.26%5
4.262
1.135
1.118
1.108

1.874
1.024

STANDARD CARBON PARAMETERS

Archive directory: sexport/home/ouyy/vrmrsys /data
Sample directory:

FPulse Sequence: s2pul
Solvent: cdcld
Anbient temperature
User: 1-14-87

File: caz2a

INOVA-500 “NENUSDO™

Relax. delay 0.500 sec

Fulse 45.0 degrees
Acg. time 1.300 sec
Width 31421.8 Hz 4
64 repetitions ol
OBSER! C13, 125.6754752 MHz
DECOUPLE M1, 459.8050505 MHz Q
Power 42 dB
continuously on
WALTZ-16 modulated
DATA PROCE: i
ine broadening 1.5 Hz
FT size 131072
Total time 2 hr, 3 min, 31 sec

130.212
113.617
77.256

~000
76.744

120.152
101.149
$5.174
46605
46.0%0
24.860
14.105

——159.180
— —137.579
—— 135,073
_  ~—108.676
————106..830

—202.058

B ~148 338

- 146.755

e 172 670
e 123 . 34 2

T L I B e e T TrTTTTTTTTTTT

ey .
160 140 120 100 80 60 a0 20 0 ppm
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STAMDARD PROTON PARAMETERS

Archive directory: /export/home /ouyy /Nrmrsys data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDCI3
Ambient temperature
File: c74a

INOVA-500 “NENUSOO™

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.892 sec
Width B578.2 Hz

& repetitions
BSE|

9.8025927 WHz

Total time 0 min, 23 sec

—3.814

=
s aeBeTan ~
cazaSt=s " ase
mEafNNTae - wen eae
o i Sa. oo et i
-~ - =s Arnelimee HILn - |-

] CENERIE DT 17

aa Rt L J

e bl PP el

Ll LR

0.851

e —r———r—r—T—T T—r——r—r— T T ————r—rr—TrT——T
10 9 8 NP 6 5 —_— 4 - e - .‘._.1 ppm
2228 =2 - 2 S & =22 2
P - o - & &4 o
STANDARD CARBON PARRMETERS
Archive directory: sexport/shome /ouyy/vnarsys /data
mple directory:
Pulse Sequence: s2pul
Solvent: cdcld
Ambient teaperature
user: 1-14-87
File: c756 o]
INOVA-500 “MENUSOO*
Relax. delay 0.500 sec 0
Patse 450 Heqr aes Q o
Acq. time 1,300 sec
Width 31421.5 Hz 5
128 repetitions cl ﬁ‘
OBSERVE  C13, 125.6759857 WHZ
DECOUFLE K1, 439.8050305 WHZ 2e
Power 42 dB
cont inuously on ~ -
WALTZ-16 modulated ]
DATA PROCESSING 1= =
Line broadening 1.5 Wz Sed "
FT size 131072 ey =
Total time 2 hr, 3 min, 31 sec 3 =
|
| .
48
s
. o - wn o -4
: iz § : E
- 2 g o8 E: LA
H s : g7 B N2
o H ; £n : .
- : - . -
s o E] a ]
|
e ! T T T T T T T e . R R mas s ma AR R
zzo zo0 180 160 140 1z0 100 80 60 a0 20 0 ppm
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STANDARD PROTOM PARAMETERS

Archive directory: /export/hone/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: sZpul
E‘Y&lﬂ.ltﬂmlﬂ o

BIS0E tamparature
File: 1834 ol
INOVA-500 “MENUSOO"

Relax. delay 1.000 sec ' ¥
Fulse 45, “ir‘“ Q
Acq. time 1.892 sec

Width 337

.1 Hz

@ repetitions (
OBSERVE ~ H1, 499.8025941 WHz

DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

3.836
M
=

E
& !
S ]
b4 it}
: - o -l <
5 - o ~ -3 ~ e~ . b5
= ne T - - -
=z NAEEnETITzERAY g 1
b L L e P P =
L 3.2 P |Moaei o™ =

1.658
0. 960
0.000

E

1.964
-
o -
-]
|
=
-]
o
2

1.874
1.014
3014
3.00¢
1.02
1.02{
1.02

0.!41
2.854

STANDARD CARBON PARAMETERS

Archive directory: sexport/home /ouyy/vnarsys/data
Sample directory:

Pulse Sequance: sZpul

i cocl3d
it temperature
87
INOVA-S00 “NENUSOO™

Relax. delay 0.500 sec
Pulse degrees

Acq. t 300 sec

Width 51421.8 Mz

128 repetitions

OBSERVE C13, 125.6754714 WHz 2t
DECOUPLE H1, 499.8050905 MMz

Power 4% di

cont inuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

1%20.308
129.652
128.587
127.927

113.683

77.256
76.744

143

133.257
tlz? <759
127.046

201.508
171.877
159,306
13%.885
123.395
—5%.103
24.787
e 14

= A4 656
— 42,912

| i m Il . H | .

T B e L T T L T B B B B R T T

T T T
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STANDARD FROTON PARAMETERS

archive di rcclory SEXPOTt home /ouyy /vABrsys /data

Sample directory

Pulse Sequence: s2pul

Solvent:

CoC13
Anbi cnt uncrn ture

File:
IND!

VA~ Sﬂﬂ "HENUSODO"

Relax. delay 1.000 sec

:n“t 45.0 degrees

time 1.882
vln:n B578.2 ll
8 rwnlti
OBSER
DATA PROC

FT size 6553

sec

VE ‘Hl 4!’ 8025909 MHz

i
Total time 0 min, 23 sec

3.830

=

—~0.072
—_— 0. 000

STANDARD CARBON PARAMETERS
.;:cmu dIreetnry Fexport/home ouyy /vnersys fdata

mple director:

Pulse Sequence: s2pul

Solvent: cdcl3

Amb i ent ‘lﬂg‘rlturl
-14-87

user:
File: d200

INOVA-S00 “NENUSOO™

Relax. delay U S!W SeC

DBSERVE Cls. l?s LB754670 MHz
DECOUPLE H1, 499.8050905 MMz

Power 42 dB
cont i nuous 1

T2-16 lcun lu ed

DATA PROCESSING

Line brolunhm 1.5 Hz

FT size 13107
Total time 2 m 3

ain,

201,668

31 sec

.84

169.450

z,ui‘*“l

159.298

=
-

154.224

141.982

137 640

|

130.434

123.311

1

1.084

113.647

110.611
106.181

I

3.00§

1,098y

1.08]

77.2568

-76.744

34

1

55.220

4z.802
40.353

.32

24

14.268

|
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STANDARD PROTON PARANETERS

Archive directory: (export/home ouyy/vrmriys/data
Sample directory:

Pulse Sequence:

Solvent: CDCI3
Ambiant temperature

File: d364
INOVA-S00 “NENUSDO™

s2pul

Relax. delay 1.000 sec

ong

v M1, 499 8025891 WHz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

6.935
6.918

J_..L ) N

o]
3\
2h
3
L]
i
1 -
1] ~
1 -
L

1.680

=0.000

—~—r T L Bt A
5

1.824

STANDARD CARBOM PARAMETERS

Archive directory:
Sample directory:

Jexport fhome fouyy /unmFsys /data

Pulze Sequence: s2pul
Solvent: cdcld
Ambient temperature
User: 1-14-87

File: d373
INOVA-500 “NENUSDO™

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

Width 31421.8 Hz

64 repetitions

OBSERVE C13, 125.8754675 WHz
DECOUPLE W1, 499.8050305 WHz
Power 42 d8

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 1310

Total time 2 hr, 3 min, 31 sec

130.762
113,813

204.007
171.999
158.260
139.418
124.139

| | | | i

T
4 — 2
83

0.9

3.00{

77.258

L0000
76.744

a0.829

35.427

L1

11634

U

p—p—— T T T T T

=0 ppm
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14.025
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T

180

160

140

T
2z0 z00 1z0

T™

100

T T T -

&0 60 a0

JrrTTTTTrTT

20 ]

S58



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

STANDARD PROTON PARAMETERS

Archive directory: /export/hone ouyy/vimrsys/data
Sample directory:

Pulse Sequance: s2pul

Solvent: CDC13
Ambient temperature
File: jas4
INOVA-500  “NEWUSOO"

Relax. del 1.000 sec

Pulse 4 eqrees

Acg. time 1.312 sec

Width 9351.3 HE

8 repetitions

OBSERVE H1, 439 8025987 MHz
PROCESSING

DATA
FT size 65536
Total time 0 min, 2% sec

— 3. 830

7.376

-
n
=
o

T —— T T T T T T T T T T—r—T———— T
9 ] 6 5 4 3 - 2

_— 5
&
88 &

1.014
3.004
1.08]
1.03]

e w
B -

STANDARD CARBON PARAMETERS

Archive directory: /export/home /ouyy/viersys/data
mple directory:

Pulse Sequence: s2pul
Solvent: cdcld
Asbient temperature
User: 1=-14-87

File: k053
INOVA-500 “RENUSO00™

Relax. delay 0.500 sec
Pulse 45.0 degrees
Acg. time 1.300 sec
Width 31421.8 Hz

128 repeti i3
125.6754762 WHz

DECOUPLE H1, 499.8050805 MH2
Power 42 db

cont inuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

755

129.041
127.214

N 126.958
77.256
77.000
76.744

120.621

129
120,427

45,957

55.533

47 .693

157.063
142 .302
136,683
130.674
111.088

201.817
174,944

) I S | S, S W U | U S

—p——r— T

—
1 -0 ppm
H

055

— 24.619

————— 14

20 [} ppm
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STANDARD PROTOM PARAMETERS O o

Archive directory: /export/home/ouyy /vrarsys/data
Sample directory: N O

Fulse Seqguence: s2pul
Solvent: COCIE o’ S
Ambient temperature
File: j391 [ o (
INOVA-500 “MENUSOO"

Relax. delay 1.000 sec 2

3.842

5.966
5.957

4.272
4.269
4,257

0.000

1.004

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnersys/data
Sample directory:

Pulse Sequence: sZpul

Solvent: cdcl3
Ambient temperature "
user: 1-1a-87 2j
File: j3s2

INOVA-500 “NENUSDO™

Relax. delay 0.500 sec
Pulse 45.0 degree

120.480

120.415
77.256
77.000
76.744

-~ 101.081

fens
WE €13, 125.6754634 WHz
DECOUFLE Hi, 433.8050505 WHz
r 4z db

~108.512
. 107 .040

c

cont inuous 1y on
WALTZ=-16 modulated
DATA PROCESSING

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

e 14 . 135

——129.804
=

—Aa7.433
—_— 24627

$5.510

—130.670
111.038

136.152

157.067
~—148.368
—_— 146747
136.628
—120.595

201.844
175.013

m«l—»' e " R RTINS IUL) SRR Sow spam o
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnarsys/data
Sample directory:

Pulse Sequance: s2pul Q
Solvent: CDC13

Ambient temperature cl

File: jase

IHOVA-500  “NEMUSOO® (

Relax. delay 1.000 sec

6
Total time 0 min, 23 sec

—1.027

-1.041

1,012

7.365

7.361
2.392
2.3%0

2.357

A

—

4.310
297

. —— e — T . . T —— —Tr—rT— !
10 9 8 et [ 5 - 4. wd - 2 i =0 ppm
jeiagipact s H 2 s = s
= - o - - o o
STANDARD CARBON PARAMETERS
Archive directory: Jexport/home/ouyy/vnmrsys/data
Sample directory:
Fulse Sequence: sipul
User:
File: k054
INOVA-500 “NENUSOD"
Relax. delay 0.500 see P =
Pulse 45.0 degrees RERT S
Acq. time 1.300 sec oS o
Width 31421.8 Hz e w0 -
128 repetitions apnas
OBSERVE C13, 125.6754790 WHz J)
DECOUPLE W1, 439.8050905 Whz s
Powsr 42 dB ]
cont inuously on - L] o -
WALTZ-16 modulated w 2 = =
e Sy g ¥ g4 i 3
ne broaden! B z ~ 3
FF Size 131072 " e L .l T
Total time 3 hr, 56 sec FH rek | L |
e =
e | |
a8 | |
g o | .
H o
- 7w
= e a2 =
i H T s
- s J s
3 < 3
- b3
2 -
“ -
=
| " T — P
" kaiahi ' sl Y
T IREAREREEEE frr T T T IRARES: T T T T T T T T T T T T ARAREEEEEE S
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STANDARD PROTON PARAMETERS

Archive directory: /export/htme/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13
Ambient temperature
File: d408

INOVA=500 “NENUSOO™

Relax. delay 1.000 sec
Pulse 45.0 degrees
cq. time 1.892 sec
Width 8578.2 Hz
B repetitions
OBSERVE H1, 489.8025817 MHz
DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

.
E
~
.
s
R | LAJ.I. L . o
10 9 8 e 7 6 5 — 4 B e 2 A -0 ppm
o= B 33 22 g
ity i SR i,

STANDARD CARBON PARAMETERS

Archive directory: jexport/home/ouyy/vaarsys/data
Sample directory:

o]
Pulse Sequence: £2pul Q Q
Solvent: edel3 cl
Ambient u-:;ratun -3
b

Use 1=14
Fi1 420
INOVA-500 “NEMUSO0™

Relax. delay 0.500 sec

wsw 21
Pulse 45.0 degrees RE¥
Acq. time 1.300 sec Kew
Width 31421.8 Hz ~
448 repetitions L1l
OBSERVE €13, 125.6754645 WHz ¥
DECOUPLE i, 433.8050905 Wz
Fw:: 42 rl‘
cant fnuously on -
WALTZ-16 modulated ::;:gﬁ
OATA PROCESSING SumIng
Line broadening 1.5 Hz -
FT size 13107 EEETE
otal time 2 hr, 3 min, 31 sec -ﬁ)
r EE
22= | L oz
J88 if g s

- =

el o 1|

= B !

2 - “

% 5

| L - ‘
A S S AR A mama s o R s o e MRS LA S AR AS SRS ALAREE AR RARAE RS MRS & v
a0 200 180 160 140 120 100 an 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive girectory: /export/home/ouyy vnmrsys/data o
Sample directory:

Pulse Sequence: sZpul Q
sou\lf-n:=‘cnc13 . O Cl
Ambien erature

File: ?45” e} S

INOVA-500 “HENUSOO" g r

Relax. delay 1.000 sec

Pulse 45.0 degrees 2m
Acg. time 1.892 sec
width 9201.7 Hz
& repstitions
£ W1, 499.8025301 WHz
DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec
=
- -
| .
= -
83 i
™ =5 | 2z
g5 |2 e =S
= P -
N \'-JE JEE A
1 a )
L[y 244 B i
e k ey s
SN i I 2
e
r l | 2
H o ’ - I !

T T T T T T —_ T T T T T T

s : 1 -0 ppm

83

STANDARD CARBON PARAMETERS

Archive directory: /Jexpoft/hose /ouyy /vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcll 0
Ambient temperature
User: 1-14-87
File: g754
THOVA-500 “NENUS00% C
Relax. delay 0.500 sec O cl
Pulse 45.0 degrees o
ons
13, 125.6754704 HWHz
DECOUPLE  H1, 439.8050905 HHz 2m

Power 42 d8
cont inuous Iy on

Total time 3 hr, 56 sec

129
128,427

|
~130.441
i

R e 3 .
b, sy —ii iz T
33 2B \ s 1 S U § g
o . s= 288 - ' s =
: : IVRUA B |
b z I | - o
, | ,l { P ~ o
I [
| " S
I
I
| “ i |
Lt [
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220 200 180 160 140 120 100 a0 60 40 z0 [] ppm

S63



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

STANDARD PROTON PARAMETERS

Archive SIreclory: /Jexport/home /ouyy/Vomrsys /data
ple directoryt

Pulse Sequence: sZpul

Solvent: COCI3
Ambient temperature o
File: di6:

INDVA-500 “NENUSOO™

Relax. delay 1.000 sec
Pulse 45.0 degrees Cl
L ime 1.892 sec S

Hz

cq. tim
Width 8578.2

8 repetitions cl (
OBSERVE Hi, 49%.8025922 WHZ

DATA PROCESSL

FT size 65536

Total time 0 min, 23 sec 2n

<938, 7883 -

Ehht I EEE] =3z

LR L Ry Bt}

s i en ]

L1 L1l

.=

S U N | S B
1 . - e S S T e U ———
9 8 iy s 7 6 5 - 4 B e e 2 -l =0 ppm

ge g £ [ 1] H

cleied & - B -

STANDARD CARBON PARAMETERS

Archive directory: export/home /ouyy /wnarsys /data
ple directory:

Pulse Sequence: s2pul Q
Solvent: cdcl3 Cl
Anbiont te al

erature s
user: 1= 7
File: d372 (
INOVA=500 “NENUSOO™

Relax. delay 0.500 sec 2n
Pulse 45.0 degrees

Acg. time 1.300 sec

Width 31421.8 Hz

64 repetitions

OBSERVE C13, 125.5754752 WH:

UPLE H1, 433.8050805 WHz - @
r 42 db T
cont i nuous 1y q_gw_“.
TZ-16 modulated FRpps
DATA PROCESSING aRgES
Line broadening 1.5 Wz -
FT size 131072
Total time 2 hr, 3 min, 31 sec
- 4
& 5 L]
tgs 2
258z 2 b gz
et ] L 3 H
sids H i s
2 - | |
z =
H -
2 @ ‘
i =
L
T T T B B s R e | I i B B e ) T LB BN e e R L e T T TrT
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STANDARD PROTOM PARAMETERS

Archive directory: Jexport/home/ouyy/vnersys/data
Sample directory:

Fulse Sequence: sZpul

Solvent: COC13

Ambient temperature

File: 1724 o]
INOVA-500 “HEWUSO00"

:::7:'.'5".3'}'.5;22? vee & O O cl

Acg. time 1.892 sec

Width 8372.1 Hz Q =
8 repetitions

OBSERVE M1, 499.8025920 WMz

DATA PROCESSING 20

FT size 65536
Total time 0 min, 23 sec

Bemmn
587
W SeetE
am 1
=g - .
~ 8 me BTl
2 GmgZmo o
4 MNnae® g
~ s L]

Tow =
=
=3
e

—T—— —TTTtTT T T T T L B e e T I e e e e e e LA B e s e
9 B8 - 7 we B 5 - 4 -, M- 2 vl it | Ppm
== wn w -5 aw &
== Exd 2 == 35 s
oo e - - - -
STANDARD CARBON PARAMWETERS
Archive directory: /export/home/ouyy/vaarsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent: cdcld
Ambient temperature
User: 1=-14-87 o]

File: 1744
INOVA-500 “NEMUSODO™

Relax. delay 0.500 sec \“‘ D cl

Pulge 45.0 degrees

Acqg. time 1.300 sec Q 5
Width 31421.8 Hz
128 repetitions
OBSERVE €13, 125.6754642 MHz 20

DECOUPLE H1, 499.8050905 MHz
Power 42 dB

continuoesly on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.5 Hz
FT size 13107
Total time 2 hr, 3 min, 31 sec

=
2 2
w =
CEL] P
win % e
o gm E
-
ass -
as
4=
= e
LI 2 gs
- en = o = - -
. T, 2 - g -
o = H e ER-] >
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= o @
b = o
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STANDARD PROTON FARAMETERS

Archive directory: Jexport/home /ouyy/veersys/data

Sample directory:

Pulse Sequence: sZpul

Solvent: COCI3
Ambient temperature
Flle: as04
INOVA-500 "NENUSOO“

Relax. dalay 1.000 sec
Pulse 45.0 degrees

8 repetitions

OBSERVE M1, 459.8025820 MHz
0aTA PROCESSING

FT size 65538

Total time 0 min, 23 sec

- ——TT

4

~—

10 8 8

i

STANDARD CARBON PARAMETERS

Archive directory: /sexport/shome /ouyy/vimrsys/data
Sample directory;

Pulse Sequence: sZpul
Solwent: cdcld
Ambient temperature
User: 1-1!-5?

File: sdB2

INOVA-500  “NENUSOO"

Relax. delay 0.500 sec
Pulse 45.0 degrees

192 repetitions
OBSERVE C13, 125.6754718 Mnz
DECOUPLE  H1, 499.8050905 WHZ
Power 42 dB

cont inucusly on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.5 Hz
FT size 131072
Total time 12 hr, 33 min, 54 sec

201.691
174.009
161,259

~163.232

L

N—

130,983
130.918

142.008
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i
\
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00
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STANDARD PROTON PARAHETERS

Archive directory: /export/home /ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: COCI3
Munt n-prratuu
File: !

INOVA-S00 “NENUSDO™

Relax, dolay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.882 sec
Width 8102.3 Hz

@ repetitions X -
OBSERVE , 499 8025307 WHz
DATA PROCESSING o
FT size 8%

6
Total time 0 min, 23 sec

seav
o‘—o qu

—— v T —— T T
9 5 i e S PENOETTE - e -0 ppm
=  m o ow =
S 2 8 88 H
4 I -
STANDARD CARBON PARANETERS
Archive directory: /export/home/ouyy/vnarsys /data
Sample directory:
Pulse Seguence: s2pul
Solvent: cdcl3 "
r
erature 0
TNGVA-500 "WEWUSOD" O
Relax. delay 0.500 sec O O F
Pulse 45.0 degrees
g. time 1.300 sec o s
gt et B Wz
o4 Fepetition o \/2::
£ 13 125 6754788 Wiz
M&UPI.E I|1 499 8050505 WHz
f.on!.lmully an
WALTZ-16 modulated
DATA PROCESSING
Line DI'MHDHIII' 1.5 Hz
FT size 13
Total l\-t 9 i|I'< 56 sec
nm 8
@
gsn pum 2 % -
PEEETEE 3= F=Rark- 6% £ =
2m w27 : - "o = = ]
e 23 ;4 ls 8 |2 Fgs J ER
=n - ‘o 5 - = = -
H - ek =2 5= N il 1 k]
w H 2z T T o |
5 6 a4 ” ‘
H = H 1
T ‘ l “ ‘ |
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STANDARD PROTON PARAMETERS

Archive diFEctory: /export/home ouyy/vimrsys/data
Sample directory:

Pulse Sequence: s2pul &
Solwent: COCI3

Aabiont temperature

File: h3sd Q

INOVA=500 “NEWUSOO® O Q F
cl

Relax. delay 1.000 sec s
e 13
1, 2r

Puls ﬂs!ra 5
Acg. time 1.892 sec
Width 5177.5 Hz
8 repetitions

ERVE M1, 499.8025912 WHx
DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

=
H
=
-
1
2 |a
Ly Te
- o .y -
2338a. " . ol L
& “mE
N EEE L PO 1 ﬁ/
L . EEEI T P L
b4 ISEEAE B
nEES LR Pt oo
5 B | S

p

—

3

—T— -re
fu— 2 ;J -0 ppm

1.974
1.914
8861 7
1.13{
1.05{

4

STANDARD CARBON PARAMETERS

Archive directory: /export/home /ouyy/vnarsys /data
Sample directory:

Pulse Sequence: sZpul

File: h37é
=500

INOVA "NENUS 00"

Relax. delay 0
Pulse 45.0 de.

Acg. time 1.a¥n sec

Width 31421.8 Wz

128 repetitions

OBSERVE C12, 125.6754718 MMz
DECOUPLE  Hi, 480.8050005 WHz
Power 42 dB

cont inuous 1y on

WALTZ=16 modulated

DATA PROCESS.

Line broadening 1.5 Hz

FT size 131072

Total time 2 hr, 2 min, 31 sec

129468
o
N
w

171

140.528
137.236
133.253
130.%68
130,903
126.947
126.920
115.345
115.173
77.256
W 76.744
46.396
45.839
25.031
-.14,02%

161.305

201.279
173.239

— 183,281

L Ll .

T T YT T T T Y T T T T T T T T T LBLEI B B i B e

220 200 180 160 140 120 100 80 60 a0 20 ] ppm
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STANDARD PROTON PARAMETERS

Archive directory: /sexport/home fouyy/vomrsys/data
Sample directory:

Pulce Soquence: s2pul o
Solvent: COC13

hacient tomperature

INOVA-500 “MENUSDO™ = \

)
!elnx delay 1.000 sec \"‘O S
Fulte 45.0 deoress rh
p 1 sec
yidin 01775 hz
B repetitio

OBSERVE I|l A495.802591F WHZ
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

—~=0.000

]
1

9 & -
n

3
9.
2.014
0.954
0.944
1.044
a.004

STANDARD CARBOM PARAMETERS

Archive nln:r.nry Fexport /home /ouyy svnarsys /data
Sample directory

Pulse Sequence: s2pul
Solvent: cdcl3
yhabient temesrature
ari 1~ 87 o]
FI'Ill hass
INOVA-500 “NENUSOD"

Relax. delay 0.500 sec \
Puhﬂ 45 0 dagrrn %
0 sec 18] 5
Widin 31421 8 Hz
lI: rapetnlcns (
€13, 125.6754625 WHz 25
n:c\wPLl 1, 433.0050805 Kz

continuauﬂy on
H'RI.TZ‘II modulated
DATA PROCESSING

Line broadening 1.5 Mz
FT size 131072
Total time 3 I|r 56 sec

14z.070
131.058
130.991
115,292
115.120
110.634
106.303
42.771
~— 40,463
870

163.304
161.332

201.203
—_—170.708
153,896
136.9%0
127.023
- —7 |
—14,.251

T L

B R e S — SN I e e ST S — R e R ——
200 180 160 140 120 100 80 60 40 20 ppm
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STANDARD FROTON PARAMETERS

Archive directory: /exporishome ouyy/vomrsys data
Sample directory:

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature

Flls:gss0 Q i
THOVA-500 "NENUSDO™
O L

Relax, delay 1.000 sec
Pulse 45.0 degrees -
Acq. time 1.892 sec 2

HL, 439.B025958 WMz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

2.108

1.287

=
C
[

k] 8 R | B 5 - 4 3 - ;.z 1 -0 ppm

bR B s T 5

o - - - .
STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/wnarsys data
Sample directory:
Pulse Sequance: sZpul
o

fFile zﬁil
INOVA-500 “HENUSDO"

Relax. delay 0.500 sec O O cl
5.0 de 3

Fulse &

widtn 31421,
128 repetitions 2t
OBSERVE C13, 125.6754780 MHz
COUPLE W1, 493.8050905 WHz
Power 42 di
continuous Iy on
WALTZ-16 modulated
DATA PROCE:

Line broadening 1.5 Hz
FT size 131072
Total time 2 hr, 3 min, 31 sec

2228
Asens
ThEsT we
283 g2 =8
s8d Rt U 2
g : \\H : F
] I | | u
zzo 200 180 160 140 1z0 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive 0irectory: /exportshome ouyy /vomrsys data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: e38.

INOVA-500 “MENUSO00®

Relax. delay 1.000 sec D cl
Pulse 45.0 degrees

Acq. time 1.B3Z sec :

Width 8107.8 Hz

8 repetitions
OB

W1, 493.8025930 WHz
S5ING

——2.111
o
N

553
Total time 0 min, 23 sec

Rt
CE LT
RS LR
H = o
N
"
38 seu% B8
== b e
o & 2
T
_ B ey
B e e e oy —— T R
9 8 rwighs i T 3 5 —_— 4 -3 i 1 -0 -1 ppm
- a z s =
i - " P

STANDARD CARBON PARAMETERS

Archive directory: sexport shome ouyy/vimrsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent: cdcld
Ambient Lemperature
ar: =14-87
File: o389
o

INOVA-50 "NENUSO0O™

Relax. delay 0.500 sec
Pulse 45.0 degrees

cq. time 1.300 sec O Cl
Width 31421.8 Mz
64 repetitions
OBSER!
DECO

cl S
VE C13, 125.6754762 WHZ cun
UPLE  H1, 499.5050805 WHz Spe3d 2u
Power 42 dB mgm=
continuously on -1
WALTZ-18 modulated EREEE
DATA PROCESST ]
Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 tec
22
-8
an §F te
- . . I
2258 Y J g
EEEE = -
- 28%. a
= H
] o
- =
| | le
T T T T B B e o o B e B B s s i I o i e e e s a e e
220 200 180 160 140 120 100 a0 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home ouyy /vomrsys/data

Sample directory:

Pulse Sequence: s2pul
Solvent: COC1S
Amblent tesparature
File: {160

TIM 00 “MENUSOO®

Relax. delay 1.000 sec
Pulse 15 0 degrees

Acg. time 1.852 sec

Width !9?2,1 Hz

8 repetitions

OBSERV! Hi, 4998025868 MHz
UATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

3.013
—-2.977
2.962

| =3

-2.288
2.na

—2.251

2.247
2.111

-

~1.852
~1.84%

o.000

STANDARD CARBON PARAMETERS

Archive directory: sexport/home ouyy /vnmrsys data

Sample directory:

Pulse 8u|um:n- s2pul
Snlu-

T €13
tusarntura

1611
-500  "NENUSQO®

Relax. delay 0.500 sec

Pulse 45.0 deg

fca. time 1. 500 sac
dth 31421.8 lIZ

a2 repetition:

OBSERVE C13, 125 JBTSAEEE WHZ

DECOUFLE M1, 433.8050805 Wiz
r

CONLINUOUS 1Y On
TZ=16 modulated

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

203,287

17z2.415

142.00%
135.584

128,159
127.263
126.771

1.024

1,088

77.256

000
.76.744

1.084
3.00«

B8

—13.361

B.661

1&0

160

1
140

M e

120

T

20

ppm
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STANDARD PROTOM PARAMETERS

Archive dIrulol’y FEXpOrt Shone fouyy /VNer sy sdata
Sample directo

Pulse Sﬂwem:p s2pul

aﬁhrl 1 COC13

Ambient temperature

File: 1686 (o]
INOVA=500 "HEWUSOO"

»
o
o
-
]
-
o
&
"
H
a
2.213
z.211
z.172

1832
—1.830
r
o}
4

Relax. delay 1.000 sec O
Pulse 45.0 degrees [O

FT size 65536
Total time 0 min, 23 sec

954

5.957
s

4.181
4.167
2.873
2.959
2,936
2.922
2.251
2.247

7.274

=
=
=
~

9 8 7 e

1.04{

2.0
o
&
1 o?{‘“'
[

LR B
2.954

STANDARD CARBON PARAMETERS

archive ﬂlrlctﬁl’l’ FEXPOT t /home fouyy /VImrsY S data
ple directory

Pulse Sequence: s2pul

Solvent: cd
Ambient t—:nmtu re
14

1“!
INOVA-500 =NENUSOO" o
Relax. delay 0.500 sec
Pulse 45.0 degrees

Acg. time 1. Sﬂﬂ EC

Width 314

lea rs-n.lll s
€13, 125.6754661 MHZ -

ERVE
D[COI.FPLE H1, 489.8050805 MHz
Power o 2w
continuously on

AMLEZ-18 maskalmbad

DATA PROCESSIM

Line hmden\ng 1.5 Hz

FT size 131072

Total time 3 hr, 56 sec

77.256
76.744
46.552
45846

—_— 108,041
e 1
e

101.138

135.782
135.557
13,365

120.095
~—108.650
8.634

203.145

172.273
~148_361
e 186, 739

| | T “

L B e e R R R R e e T T T T T T T L i L B e L B B

220 200 1a0 160 140 120 100 &0 60 a0 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: sexpori/home /ouyy/vomrsys /data
mple directory:
Pulse Sequence: sZpul

o]
Solwent: COC13
Ambient temperature

File: §19 Q
IHOVA-500 “NEWUSOD" O
Relax. delay 1.000 sec

Pulse 45.0 degrees

B
Acg. time 1.892 sec

Widin 9351.3 Hz 2x

& repetitions

OBSERVE

Hi, 499.8025881 WHz
ING

DATA
FT size B5536
Total tiee 0 min, 23 sec

1.527

4.250

STANDARD CARBON PARANETERS

Archive directory: /export/home /ouyy/vnarsys data
Sample directory:

Pulse Sequence: s2pul

Solvent: cdcid

fumbient tl-g.rnwrc o
User: 1-14-87

File: j132

INOVA-500 “NENUSOO®

Acg. time 1.500 sec
Width 31421.8 Hz
192 repetitions

OBSERVE C13, 125.6754675 MWHz N
DECOUPLE  H1, 493.8050905 WHz
Power 42 dB

Relax. delay 0.500 sec Q
Pulse 45.0 degrees

continuous ly on
WALTZ=16 modulated
DATA PROCESSING

Line broadening 1.5 HZ
FT size 131072
Total time 3 hr, 56 sec

128.15%
127.218
126.725

~77.252
76.744
a6.712
-45.965
13.880
_—_.-.:;—’__lslzn

———

—— - 29.348

203.103
17z.174
—142.
——— - 140.380

| | L

Ty ULLEAE R e T S REEREEARAE N T B RAREE

2zn zoe 180 160 140 1z0

80 60 a0 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home /ouyy/vnarsys/data
Sample directory:

Pulse Sequence: sZpul
Solvent: CDC13
Ambient temperature
File: gad?

THWI\-ERU “NENUSOO=

Relax. delay 1.000 sec
Pulse 45.0 degrees

wnown 2
fAcqg. time 1.892 sec -3 =
Width 3201.7 Hz nannn -
B repetitions a i

H1, 499.8025904 WHz |
DATA PROCESSING e
FT size §5536 e
Total time 0 min, 23 sec

L'

7.203

7.218
7.207

Y7220

0.006

~0.005
—=0.008

—r=r T T

1.76

0

0

1
2.004
1.014

STANDARD CARBON PARAMETERS

1
Archive diFectory: /export/home ouyy svamrsys data |
Sample directory: |

Pulse Sequence: sZpul {
Solvent: cdcld
Amy temperature
User: 1-14-87 ]
i gBas |
IIIIW’A'EOD “NENUSOO0® 3

129.480

128484
128.362

77.256
aoo.
76.744

129,652

itiont
OBSERVE C13, 125.6754627 WHz
DECOUPLE  HI, 499.B05090% MMz
ower 42 dB

continuousty on—
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

47.371
46.197

133 812

26.214

e peme 1.3 . Q7S

199318
192,013
104

184

E
-

L B e e T T T T T T T TrrrTTTT

T T L B B B T TTYTT

2z0 200 180 160 140 1z0 100 &0 60 a0 20 ] ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy /vomrsys data
Sample directory:

Pulse Sequence: sZpul
Solvent: CDC13
Ambient temperature
File: 167

INOVA-500 S“NENUSODO™

Relax. delay 1.000 sec

DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

“3.833

-

- n e

eRes wn®

E8=..2 Sas N

it T i ~| 23E8S8-mzce: z

e e S tgee 3| TEgningesnty o ™
N 2 nL"! raiaaad g 3

=0.000

3.15¢
2.084

STANDARD CARBON PARAMETERS

Archive dirsctory: /fexport/home ouyy/vynarsys data
Sample directory:
Pulse Sequence: s2pul

Solvent: cdcld
Ambient temparature
User: 1-14-87

File: 1788
INOVA-508 “NENUSOO™

Relax. delay 0.500 sec

77.256

238
76.748

ons
IVE C13, 125.6754651 MHz
DECOUPLE H1, 499.8050905 MMz
Power 42
cont inuous 1y on
WALTZ=16 modulated
DATA PROCESSII
Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

—130.914
- 128.332

S 128,766

—114.376

55.208
SE— T

——— 39787

—_— —A1.87%

132.143
131.483
126,027
——e——- 29,815

159.283

e 194679
e 143,416
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STANDARD PROTON PARAMETERS

Archive d‘ruetorw Sexport/home fouyy /vmrsys sdata
Sample directory

Pulse Sequence: sZpul
Solvent: CDC13
Ambient temperature
File: 7839

IIIW.I-SUH "MENUSO0O™

Relax. delay 1.000 sec
Pulse 45.0 degrees
q . me 1.892 sec

Iﬁl 1“ ~8025725 WHz
mcess
I'T size 6553
Total time O oln. 23 sec

s2 EEH
2k -
T T T . . . : - e - [
8 . Prre 2 6 5 4 3 - 2 — 1 0 ppm
g 8833 2 5 2

STANDARD CAREON PARAMETERS

Archive airn:wry SEXPOT L /HOME SOUYY /VIMTSYS Soata
Sample directory

Pulse Sequence: s2pul
Solvent: cdcl3

nlunt u- nrawrt
INWRASHQ “NENUSDO™

Relax. delay 0.500 sec
Pulse 45.0 degrees

77.252
77.000
76.744

Acq. time 1.300 sec w L]
Vidth 31421.8 Hz g5
ohdz rapetitions e 1]
SERVE CL3, 1856754718 Wz S, mE~ kl/
BEcouPLE HL, 495.5080808 WAz BErSne
Power 42 ) o
cnntlnnou: an % z:.& -
muz—ia -urlulnn T
DATA PROCESSING Lk
Line broadening 1.5 Hz
FT size 131072
Total time 2 hr, 3 min, 31 sec %2 5 o
5 11 -ha.,,
g S thew
e ~w
gonsuna EENE
e Pl ¢ i
22839 o 2
b ) =
- w
= ]
|

189.%544

~163.094

161.126
152.138

s ﬂIL

L B B B e e | T T T T T

2z0 200 1a0 160 Zl] 100 80 60 a0 20 L] ppm
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STANDARD PROTON PARAMETERS

Archive d!rumry: Jexport shome fouyy /vnmrsys /data
Sample directory

Fulse Sequence: s2pul
Solvent: COC13
Ambient temperature
Flll k113

WOVA-S00 =HEWUS0O0™

Acq. time sec

Width 3351.3 Hz

8 repetitions

BEER M1, 439.5026150 WHZ
DATA PROCESSING

FT size 65536
Total time 0 min, 23 sec

4.315
4.311
3.557

3.553

C

]
9

1.940
7
13
H

1.08¢
0.99
r.o7{
104

STANDARD CARBON PARANETERS

archive ﬂ‘rn:tury Jexport/home /ouyy /enersys /data
Sample directory

Pulss Sequence: sipul
Solvent: cdcld
Mbllln t‘l !I‘ﬁturl

INOVA-: Sﬂd "HENUSO00™

Relax. delay 0.500 sec
Pulse 45.0 rllzrl‘:

tion:
OBSERVE  C13, 13! 6754723 MHZ
DECOUPLE W1, 498 8050805 MWz \I\‘L‘ y/
Power 42 u!
cont inuo
WALTZ-16 meu]ullc
DATA PROCESSING
Line broadening 1.5 Wz
FT size 131072
Total time 3 hr, 56 sec

77.252
76.744

141,413
000
§3.178

139.617
137.837
—131.227
S— DT T |

—

201.111
173.311

] L] |

25.088

—14.102

- T T B R Ea e e a R T T

2z0 z00 1810 160 140 1z0 100 1] 1]
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/viersys/data
Sample directory:

Fulse Sequence: slpul
Solvent: COC13
Ambient tesperature
File: kasl

INOVA=S00 “NENUSOO"

Relax. delay 1.000 sec
Pulse 45.0 dcgrul
Acg. time 1.85% sec

DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

-
=8
=
iy = 114
] B
‘3 a5m, =
TeHta . n2BS
eEagRghinn ®
P L
e e o
H
-
T T T T - T T T [ T T r
10 3 8 e T e B 5 e | - . 2 -1 -0 ppm
2828 = H 2 2 - H
S @= M - - - A -

STAMDARD CARBON PARAMETERS

Archive dirsctory: sexport/home/ouyy/vimrsys/data
Sample directory:

Pulse Sequence: sZpul

Solvent: cdeld

Ambient temperature

User: 1-14-87

Filer kdtd [e]

INOVA-500 “NENUSOO™
Relax. delay 0.500 sec

Pulse 45.0 degrees P}
L L300 sec e
widih 31421.8 B
128 repetitions L3 (o]
OBSERVE C13, 125.6754670 WHz e L l/
DECOUPLE W1, 438.8050305 KHz N o
Power 42 di N 2ad
cont {nuous Iy on all &
T2-16 modulated I3 =
DATA PROCESS:
Line broadening 1.5 Hz 1 ) -
FT size 131072 % =
Total time 3 hr, S6 sec ~a s
= Sir ~a™
3% g 5
4 B, B
4 =2 M s s " =
S3ns 7z "z 2 =
2 B@E" - 28 “
AL asen f = =
it
= - g5 £ k |
H 8 il t
- =
H 2 \ I
T T T T T T T T T T T T T T T T T T
220 zoo 180 160 1a0 120 100 ao 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: Jfexport/hone /ouyy/vrmrsys/data
ple directory:

Pulse Sequence: s2pul

13
Ambient temperature
File: 1304

INOVA-500 “NENUSOO™

Relax. delay 1.000 sec

Pulse 45.0 degr

Acqg. time 1.892 sec

Width 9351.3 Hz

B repetitions

I'IB&[I l|l‘ ‘IS BO26001 MHZ
PROCESSI

" size IBSSG
Total time 0 min, 23 sec

4.282
4.279
3.502
3.498

-
]
C

—— — el T T———— T
3 B nissia? 6 5 . 4 & w2 =l -0 ppm
@ pis 2 = g s
5 g e A -

STANDARD CAREON PARAMETLRE

Archive directory: /export/home/ouyy/vnersys/data
Sample directory:

Fulse Sequence: sZpul
Solvent: cdcld
Ambient temperature
User: 1-14-87

File: 1324

IMOVA-500 “NENUSOO™

Relax. delay 0.500 sec nopeancse
Pnl“ 4. aldg ress FEEE

- . amaaan e
Sidin 31621 8wz LESSRAE

zsi repetiti

ons
BSERVE C13, 125.6754675 MHz )
IIENII!'&E. H1, 493.8050805 MHz
Power 42 dB
cont inuous Iy
WAL

-
TZ-16 nuuuun B = 3
DATA PROCESSTHG .L a5
broadening 1.5 Hz & e
rT Tize 131072 it - =
Total time 3 hr, 56 sec 3 = ”
5 = g s
LEHE 2z R
EEEEE | | Lo
: . I
; -
& L
S R R R Eamma e o I R e i B B R R e e S S
220 200 180 160 140 120 100 &n 60 40 20 0 ppm
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