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General methods

All reagents and solvents were obtained from commercial suppliers and used without further
purification. All reagents were weighed and handled in air at room temperature. Melting points
were recorded on a RY-1 microscopic melting apparatus and uncorrected. 'H NMR spectra were
recorded on 500 MHz and *C NMR spectra were recorded on 125 MHz by using a Bruker
Avance 500 spectrometer. Chemical shifts were reported in parts per million (9) relative to
tetramethylsilane (TMS). IR spectra were recorded on a Nicolet iS10 FT-IR spectrometer and only
major peaks are reported in cm™. Mass spectra were performed on an Ultima Global spectrometer
with an ESI source. The X-ray single-crystal diffraction was performed on Saturn 724+ instrument
(for 3g) and an Agilent Supernova CCD diffractometer(for 3j). The g-oxodithioesters 1 and D-A
cyclopropanes 22 were synthesized according to the literatures.

General procedure for the preparation of tetrahydrothiophene derivatives 3
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A solution of g-oxodithioesters 1 (0.2 mmol) and D-A cyclopropanes 2 (0.2 mmol) was stirred in
1,2-DCE (2 mL) with Yb(OTf)z (0.01 mmol) as the catalyst. The mixture was heated to reflux for
appropriate reaction time. After completion of the reaction as indicated by TLC (petroleum
ether/EtOAcC, 15:1, v/v), the solvent was removed under vacuum, and the residue was purified by
column chromatography (petroleum ether/EtOAc, 20:1, v/v) to afford products 3.
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(2)-diethyl
2-(2-(3-chlorophenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-dicarboxylate (3g)
(CCDC: 993221)
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Figure S1. X- Ray Structure of 3g

(2)-diethyl
2-(2-0x0-2-(thiophen-2-yl)ethylidene)-5-phenyldihydrothiophene-3,3(2H)-dicarboxylate (3j)
(CCDC: 1041149)
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Figure S2. X- Ray Structure of 3j
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(Z2)-diethyl 2-(2-ox0-2-phenylethylidene)-5-phenyldihydrothiophene-3,3(2H)-dicarboxylate
(3a)

Etooc_ S OO

s” 'Ph
@)

Pale yellow solid; yield 93 %; mp 92-93 <C; IR (KBr) vmax/cm™: 3061, 3030, 2981, 2937, 1733,
1636, 1579, 1541, 1231, 764, 699; *H NMR (CDCls, 500 MHz): 6 = 7.97 (d, J = 7.4 Hz, 2H, ArH),
7.54 (t, J = 7.4 Hz, 1H, ArH), 7.45-7.49 (m, 5H, ArH and C=CH), 7.36 (t, J = 7.4 Hz, 2H, ArH),
7.31(t, J=7.2 Hz, 1H, ArH),4.74 (dd, J = 5.0, 11.8 Hz, 1H, CH,), 4.26-4.37(m, 4H, OCH,CHj),
3.18(dd, J = 5.0, 13.1 Hz, 1H, CHy); 2.74 (t, J = 12.4, 1H, CH); 1.30-1.34 (m, 6H, OCH2CHj5);
13C NMR (CDCls, 125 MHz): 6 = 188.4, 168.1, 167.7, 162.2, 138.2, 138.0, 132.4, 128.8, 128.6,
128.2, 128.0, 114.8, 70.4, 62.8, 62.6, 52.1, 45.3, 14.0; HRMS (ESI-TOF*): m/z calcd for
CasH2505S [(M + H)*], 425.1423; found, 425.1423.

(Z2)-diethyl 2-(2-(4-fluorophenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3b)
Erooc. COOEt
F ~>s” "Ph
0

Pale yellow solid; yield 65 %; mp 78-79<T; IR (KBr) vma/cm: 3064, 2982, 2937, 1734, 1640,
1599, 1541, 1506, 1229, 855, 700; *H NMR (CDClIs, 500 MHz): § = 7.98-8.00 (m, 2H, ArH), 7.47
(d, J=7.4 Hz, 2H, ArH); 7.41 (s, 1H, C=CH), 7.36 (t, J = 7.4 Hz, 2H, ArH), 7.31 (t, J = 7.3 Hz,
1H, ArH),7.14 (t, J = 8.6 Hz, 2H, ArH),4.75 (dd, J = 5.1, 11.8 Hz, 1H, CHy), 4.26-4.37 (m, 4H,
OCH,CHa), 3.18 (dd, J = 5.1, 13.1 Hz, 1H, CHy); 2.73 (t, J = 12.4, 1H, CH); 1.30-1.34 (m, 6H,
OCH,CHj3); *C NMR (CDCls, 125 MHz): § = 186.9, 168.0, 167.6, 165.3 (d, J'cr = 253.8 Hz),
162.6, 137.9, 134.6, 130.5 (d, J%cr = 8.4 Hz) , 128.8, 128.2, 127.9, 115.6 (d, J%cF = 21.8 Hz), 114.5,
70.54, 62.9, 62.6, 52.2. 45.2, 14.0; HRMS (ESI-TOF*): m/z calcd for CasH240sSF [(M + H)*],
443.1328; found, 443.1332.

(2)-diethyl 2-(2-(4-chlorophenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3c)
Erooc. COOE
cl ~s” "Ph
o)

Yellow oil; yield 74 %; IR (KBr) vmad/cm™: 3062, 3030, 2981, 2937, 1734, 1637, 1590, 1570,
1539, 1238, 852, 763, 699; 'H NMR (CDCls, 500 MHz): 6 = 7.91 (d, J = 8.5 Hz, 2H, ArH),
7.43-7.47 (m, 4H, ArH), 7.41 (s, 1H, C=CH), 7.36 (t, J = 7.4 Hz, 2H, ArH), 7.31 (t, J = 7.2 Hz,
1H, ArH), 4.75 (dd, J = 5.1, 11.8 Hz, 1H, CH>), 4.26-4.36 (m, 4H, OCH,CH?3), 3.18(dd, J = 5.1,
13.1 Hz, 1H, CHyp), 2.73 (t, J = 12.5, 1H, CH); 1.30-1.33 (m, 6H, OCH>CHjs); **C NMR (CDCls,
125 MHz): § = 187.1, 168.0, 167.6, 163.0, 138.8, 137.8, 136.6, 129.4, 128.9, 128.8, 128.2, 128.0,
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114.4, 70.5, 62.9, 62.7, 52.3. 45.3, 14.0; HRMS (ESI-TOF*): m/z calcd for C24H240sSCI [(M +
H)*1, 459.1033; found, 459.1023.

(2)-diethyl 2-(2-(4-bromophenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3d)
Erooc. COOE
Br ~ s” Ph
o)

Pale yellow oil; yield 78 %; IR (KBr) vma/cm™: 3062, 3030, 2981, 2938, 1735, 1637, 1586, 1566,
1537, 1236, 813, 763, 699; 'H NMR (CDCls, 500 MHz): § = 7.83 (d, J = 8.4 Hz, 2H, ArH), 7.61
(d, J=8.4 Hz, 2H, ArH), 7.46 (d, J = 7.4 Hz, 2H, ArH), 7.39 (s, 1H, C=CH), 7.36 (t, J = 7.4 Hz,
2H, ArH), 7.31 (t, J = 7.2 Hz, 1H, ArH), 4.75 (dd, J = 5.0, 11.6 Hz, 1H, CHy), 4.25-4.37 (m, 4H,
OCH,CHgs), 3.18 (dd, J = 5.0, 13.1 Hz, 1H, CH>), 2.73 (t, J = 12.5, 1H, CH), 1.30-1.33 (m, 6H,
OCH,CHj3); 3C NMR (CDCls, 125 MHz): 6 = 171.1, 137.5, 137.4, 136.2, 132.7, 129.6, 128.8,
128.0, 126.6, 126.5, 125.2, 122.5, 119.6,60.4, 53.4, 34.1, 31.6, 22.7, 22.3, 14.1; HRMS
(ESI-TOF*): m/z calcd for C4H240sSBr [(M + H)*], 503.0528; found, 503.0534.

(2)-diethyl  2-(2-oxo-2-p-tolylethylidene)-5-phenyldihydrothiophene-3,3(2H)-dicarboxylate
(3e)

Et0OC COOEt

Me S
o)

Yellow oil; yield 87 %; IR (KBr) oma/cm™: 3062, 3030, 2981, 2938, 1733, 1637, 1607, 1570,
1541, 1243, 861, 763, 699; 'H NMR (CDCls, 500 MHz): 6 = 7.88 (d, J = 8.2 Hz, 2H, ArH), 7.47
(d, J = 7.4 Hz, 2H, ArH), 7.44 (s, 1H, C=CH), 7.35 (t, J = 7.4 Hz, 2H, ArH), 7.27-7.31 (m, 2H,
ArH), 4.73 (dd, J = 5.1, 11.8 Hz, 1H, CHy), 4.28-4.33 (m, 4H, OCHCHs), 3.17 (dd, J = 5.1, 13.0
Hz, 1H, CHy); 2.74 (t, J = 12.4, 1H, CH); 2.41 (s, 3H, CHs), 1.29-1.34 (m, 6H, OCH,CHs); 13C
NMR (CDCls, 125 MHz): 6 = 188.03, 168.0, 167.7, 161.5, 143.1, 138.0, 135.6, 129.2, 128.7,
128.0, 127.9, 114.8, 70.3, 62.7, 62.6, 52.0, 45.2, 21.6, 14.0; HRMS (ESI-TOF*): m/z calcd for
CasH2:05S [(M + H)*], 439.1579; found, 439.1568.

Ph

(2)-diethyl 2-(2-(4-methoxyphenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3f)

Et0OC COOEt

MeO S
(@]

Yellow solid; yield 95 %; mp 95-96 <C; IR (KBr) vmax/cm™: 3062, 3031, 2955, 2925, 1733, 1632,
1600, 1572, 1263, 1239, 856, 765, 697; 'H NMR (CDCls, 500 MHz): § = 7.97 (d, J = 8.8 Hz, 2H,
ArH), 7.47 (d, J = 7.6 Hz, 2H, ArH) , 7.42 (s, 1H, C=CH), 7.35 (t, J = 7.4 Hz, 2H, ArH),

Ph
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7.27-7.31 (m, 1H, ArH), 6.95 (d, J = 8.8 Hz, 2H, ArH), 4.72 (dd, J = 4.6, 12.3 Hz, 1H, CHo),
4.27-4.35 (m, 4H, OCH;CH3), 3.87 (s, 3H, OCHg), 3.16 (dd, J = 4.6, 13.1 Hz, 1H, CHy), 2.73 (t, J
= 12.6, 1H, CH), 1.30-1.34 (m, 6H, OCH,CHz); *C NMR (CDCls, 125 MHz): 6 = 187.1, 168.2,
167.8, 163.0, 161.0, 138.1, 131.2, 130.2, 128.7, 128.1, 128.0, 114.7, 113.8, 70.3, 62.7, 62.6, 55.4,
45.3, 29.7, 14.0; HRMS (ESI-TOF*): m/z calcd for CasHorOsS [(M + H)*], 455.1528; found,
455.1534.

(Z2)-diethyl 2-(2-(3-chlorophenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3g)
Erooc. COOE
~ >s” "ph
0

Pale yellow solid; yield 68 %; mp 99-101 <T; IR (KBr) vmax/cm™: 3062, 3027, 2980, 2936, 1755,
1731, 1639, 1594, 1568, 1541, 1278, 1234, 791,702; *H NMR (CDCls, 500 MHz): § = 7.93 (s, 1H,
ArH), 7.84 (d, J = 8.0 Hz, 1H, ArH), 7.51 (d, J = 7.9 Hz, 1H, ArH), 7.47 (d, J = 7.5 Hz, 2H, ArH),
7.41 (t, J = 7.7 Hz, 1H, ArH), 7.39 (s, 1H, C=CH), 7.35 (t, J = 7.3 Hz, 2H, ArH), 7.30-7.33 (m,
1H, ArH), 4.76 (dd, J = 5.0, 11.9 Hz, 1H, CH>), 4.28-4.37 (m, 4H, OCH,CH?3), 3.19(dd, J = 5.1,
13.1 Hz, 1H, CHp), 2.74 (t, J = 12.3, 1H, CH), 1.31-1.35 (m, 6H, OCH,CHs); **C NMR (CDCls,
125 MHz): § = 187.0, 168.0, 167.5, 163.5, 140.0, 137.8, 134.8, 132.3, 130.0, 128.8, 128.2, 128.1,
128.0, 126.0, 114.4, 70.5, 62.9, 62.7, 52.3, 45.3, 14.0; HRMS (ESI-TOF*): m/z calcd for
C24H240sSCI [(M + H)*], 459.1033; found, 459.1045.

(2)-diethyl 2-(2-(2-chlorophenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3h)
Et0OC COOEt
~ 87 "Ph
0]
Cl

Yellow oil; yield 68%; IR (KBr) vmax/cm™t: 3063, 3030, 2981, 2938, 1734, 1638, 1590, 1537, 1245,
1223, 765, 699; *H NMR (CDCls, 500 MHz): § = 7.59 (dd, J = 1.6, 7.9 Hz, 1H, ArH), 7.48 (d, J =
7.4 Hz, 2H, ArH), 7.30-7.42 (m, 6H, ArH), 7.22 (s, 1H, C=CH),4.76 (dd, J = 5.1, 11.8 Hz, 1H,
CHy), 4.21-4.35 (m, 4H, OCH,CH3), 3.18 (dd, J = 5.1, 13.1 Hz, 1H, CHy); 2.77 (t, J = 12.5, 1H,
CH); 1.26-1.32 (m, 6H, OCH2CHjs); *C NMR (CDCls, 125 MHz): § = 189.7, 167.8, 167.5, 161.9,
139.3, 137.7, 131.6, 131.2, 130.3, 130.2, 128.8, 128.2, 127.9, 127.0, 118.6, 70.4, 62.8, 62.7, 52.3,
45.2, 14.0; HRMS (ESI-TOF*): m/z calcd for C4H240sSCl [(M + H)*], 459.1033; found,
459.1042.

(2)-diethyl  2-(2-(2,4-dichlorophenyl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3i)
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EtOOC COOEt

cl S
o)

Ph

Cl
Yellow oil; yield 73%; IR (KBr) vmax/cm™: 3064, 3030, 2982, 2937, 1755, 1734, 1637, 1584, 1537,

1246, 1220, 763, 699; *H NMR (CDCls, 500 MHz): § = 7.55 (d, J = 8.3 Hz, 1H, ArH), 7.47 (d, J =
7.4 Hz, 2H, ArH), 7.43 (d, J = 1.8 Hz, 1H, ArH), 7.36 (t, J = 7.4 Hz, 2H, ArH), 7.30-7.33 (m, 2H,
ArH), 7.19 (s, 1H, C=CH), 4.76 (dd, J = 5.0, 11.9 Hz, 1H, CHy), 4.21-4.37 (m, 4H, OCH,CHj),
3.17(dd, J = 5.0, 13.1 Hz, 1H, CHy); 2.76 (t, J = 12.5, 1H, CH); 1.29 (g, J = 7.6, 6H, OCH,CHs);
13C NMR (CDCls, 125 MHz): 6 = 188.4, 167.8, 167.4, 162.8, 137.6, 137.2, 132.3, 131.3, 130.2,
128.8, 128.3, 127.9, 127.4, 118.2, 70.5, 62.9, 62.7, 52.5, 45.2, 14.0; HRMS (ESI-TOF*): m/z calcd
for CasH2405SClo [(M + H)*], 493.0643; found, 493.0652.

(2)-diethyl 2-(2-ox0-2-(thiophen-2-yl)ethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3j)
Erooc. COOE
| A\ 8”7 "Ph
S o0

Pale yellow solid; yield 85 %; mp 80-81 <C; IR (KBr) vmax/cm™: 3111, 3056, 2991, 2901, 1759,
1731, 1619, 1550, 1516, 1494, 1238, 741, 700; *H NMR (CDCls, 500 MHz): 6 = 7.73 (d, J = 3.7
Hz, 1H, ArH), 7.61 (d, J = 4.7Hz, 1H, ArH), 7.46 (d, J = 7.7 Hz, 2H, ArH), 7.35 (t, J = 7.4 Hz, 2H,
ArH), 7.30 (t, J = 7.1 Hz, 1H, ArH), 7.27 (s, 1H, C=CH), 7.14 (d, J = 4.5Hz, 1H, ArH), 4.72 (dd, J
= 5.3, 11.8 Hz, 1H, CH,), 4.26-4.38 (m, 4H, OCH,CH3), 3.16 (dd, J = 5.2, 12.9 Hz, 1H, CH,),
2.73 (t,J=12.4, 1H, CH), 1.31-1.35 (m, 6H, OCH>CHj3); *C NMR (CDCls, 125 MHz): 6 = 181.0,
167.9, 167.6, 161.6, 145.5, 137.9, 133.0, 130.6, 128.8, 128.1, 128.0, 115.0, 70.3, 62.8, 62.6, 52.2,
45.3, 14.0; HRMS (ESI-TOF*): m/z calcd for C22H230sS:2 [(M + H)*], 431.0987; found, 431.0980.

(Z2)-diethyl 2-(2-(furan-2-yl)-2-oxoethylidene)-5-phenyldihydrothiophene-3,3(2H)-
dicarboxylate (3k)
Erooc. COOEt
| A\ T s Ph

o} o

Pale yellow solid; yield 86 %; mp 82-83 <C;IR (KBr) vmax/cm: 3138, 3063, 2982, 2938, 1781,
1732, 1634, 1573, 1247, 761, 699; 'H NMR (CDCls, 500 MHz): § = 7.57 (s, 1H, ArH), 7.46 (d, J
= 7.7 Hz, 2H, ArH), 7.35 (t, J = 7.4 Hz, 2H, ArH), 7.29 —7.31 (m, 2H, ArH), 7.21 (d, J = 3.3 Hz,
1H, ArH), 6.54 (t, J = 7.7 Hz, 1H, ArH), 4.72 (dd, J = 5.0, 11.9 Hz, 1H, CH,), 4.26-4.38 (m, 4H,
OCH,CHj3), 3.15 (dd, J = 5.0, 13.1 Hz, 1H, CHy), 2.74 (t, J = 12.5, 1H, CH), 1.30-1.35 (m, 6H,
OCH2CHs); 3C NMR (CDCls, 125 MHz): 6 = 177.3, 167.9, 167.7, 161.8, 153.8, 145.7, 137.9,
128.8, 128.2, 128.0, 116.1, 114.5, 1125, 70.4, 62.8, 62.7, 52.3, 45.3, 14.0; HRMS (ESI-TOF*):
m/z calcd for C22H2306S [(M + H)*], 415.1215; found, 415.1228.
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(2)-diethyl 2-(2-oxopropylidene)-5-phenyldihydrothiophene-3,3(2H)-dicarboxylate (3I)
Er0oc. COOE
|\/|e~<=Z:XPh
0
Yellow oil; yield 56 %; IR (KBr) omad/cm™: 3445, 2987, 2930, 1747, 1720, 1670, 1557, 1495,
1456, 1271, 1256, 770, 709; *H NMR (CDCls, 500 MHz): § = 7.43 (d, J = 7.4 Hz, 2H, ArH), 7.34
(t, J=7.4Hz, 2H, ArH), 7.29 (t, J = 7.2 Hz, 1H, ArH), 6.65 (s, 1H, CH=C), 4.65 (dd, J = 5.0, 11.9
Hz, 1H, CHy), 4.25-4.33 (m, 4H, OCH,CHj3), 3.11 (dd, J = 5.0, 13.0 Hz, 1H, CH>); 2.69 (t, J =
12.4 Hz, 1H, CH); 2.28 (s, 3H, CH3), 1.29-1.34 (m, 6H, OCH,CHs); 3C NMR (CDCls, 125 MHz):
0=195.9, 168.0, 167.7, 159.6, 137.9, 128.8, 128.2, 127.9, 118.3, 70.1, 62.7, 62.6, 52.0, 45.2, 30.3,
14.0; HRMS (ESI-TOF*): m/z calcd for C19H230sS [(M + H)*], 363.1266; found, 363.1265.

(2)-dimethyl 2-(2-oxo-2-phenylethylidene)-5-phenyldihydrothiophene-3,3(2H)-dicarboxylate
(3m)

MeOOC COOMe

Ph S
el

Pale yellow solid; yield 91 %; mp 116-117 <C; IR (KBr) vmax/cm™: 3060, 2951, 1734, 1634, 1597,
1535, 1232, 874, 771, 703; *H NMR (CDCls, 500 MHz): 6 = 7.97 (d, J = 7.4 Hz, 2H, ArH), 7.54 (t,
J=7.3Hz, 1H, ArH), 7.46-7.49 (m, 4H, ArH), 7.41 (s, 1H, CH=C), 7.36 (t, J = 7.4 Hz, 2H, ArH),
7.31(t,J=7.2 Hz, 1H, ArH), 4.73 (dd, J = 5.0, 11.8 Hz, 1H, CHy), 3.85 (s, 6H, OCH3), 3.18 (dd,
J=5.1, 13.0 Hz, 1H, CH,); 2.76 (t, J = 12.4, 1H, CH); 3C NMR (CDCls, 125 MHz): § = 188.4,
168.6, 168.2, 161.9, 138.2, 137.8 132.4, 128.8, 128.6, 128.2, 128.0, 127.9, 114.9, 70.3, 53.7, 53.5,
52.2, 45.3; HRMS (ESI-TOF*): m/z calcd for C2,H20sS [(M + H)*], 397.1110; found, 397.1115.

(2)-dimethyl 5-(4-fluorophenyl)-2-(2-oxo-2-phenylethylidene)dihydrothiophene-3,3(2H)-
dicarboxylate (3n)

MeOOC COOMe

Ph S
o F

Pale yellow solid; yield 85%; mp 78-79 <C; IR (KBr) vmax/cm™: 3067, 2954, 1742, 1731, 1636,
1597, 1549, 1508, 1257, 1231, 865, 764, 706; ‘H NMR (CDCls, 500 MHz): 6 =7.97 (d,J=7.4
Hz, 2H, ArH), 7.55 (t, J = 7.3 Hz, 1H, ArH), 7.42-7.49 (m, 5H, ArH), 7.04 (d, J = 8.6 Hz, 2H,
ArH), 4.71 (dd, J = 5.0, 11.8 Hz, 1H, CHy>), 3.86 (s, OCHj3), 3.85 (s, OCHj3), 3.16 (dd, J = 5.0, 13.0
Hz, 1H, CH,), 2.74 (t, J = 12.4 Hz, 1H, CH); 13C NMR (CDCls, 125 MHz): § = 188.4, 168.5,
168.1, 161.5, 138.0, 133.6, 132.5, 129.5 (d, J°c¢ = 7.5 Hz), 128.6, 128.0, 115.7 (d, J°cr = 21.6 Hz),
115.0, 70.2, 53.8, 53.5, 51.3, 45.4; HRMS (ESI-TOF*): m/z calcd for C2H200sSF [(M + H)*],
415.1015; found, 415.1025.
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(2)-diethyl 5-(4-chlorophenyl)-2-(2-oxo-2-phenylethylidene)dihydrothiophene-3,3(2H)-
dicarboxylate (30)

Et0OC COOEt

Ph S
© Cl

Pale yellow solid; yield 67%; mp 120-121 <C; IR (KBr) vmax/cm™*:3060, 2986, 2926, 1754, 1728,
1634, 1579, 1541, 1231, 861, 773, 692; *H NMR (CDCl3, 500 MHz): 6 = 7.97 (d, J = 7.55 Hz, 1H,
ArH), 7.48-7.49 (m, 3H, ArH), 7.41 (d, J = 8.5 Hz, 2H, ArH), 7.33 (d, J = 8.5 Hz, 2H, ArH), 4.71
(dd, J = 5.1, 11.8 Hz, 1H, CHy), 4.25-4.37 (m, 4H, OCH,CH?3), 3.16 (dd, J = 5.0, 13.0 Hz, 1H,
CHy); 2.67 (t, J=12.4 Hz, 1H, CH), 1.29-1.34 (m, 6H, OCH,CHj3); *3C NMR (CDCls, 125 MHz):
0 =188.4, 167.9, 167.5, 161.7, 138.1, 133.6, 132.5, 129.3, 1289, 128.6, 128.0, 115.7, 115.0, 70.3,
62.8, 62.7, 51.4, 45.3, 14.0; HRMS (ESI-TOF*): m/z calcd for C24H2405SCI [(M + H )*], 459.1033;
found, 459.1035.

(Z2)-diethyl 5-(4-bromophenyl)-2-(2-oxo-2-phenylethylidene)dihydrothiophene-3,3(2H)-
dicarboxylate (3p)
Erooc. COOEt
ph— S
S Br

Yellow solid; yield 62 %; mp 112-113 <C; IR (KBr) vmax/cm™: 3062, 2983, 2935, 1753, 1728,
1634, 1596, 1579, 1542, 1489, 1250, 1232, 823, 772, 698; 'H NMR (CDCls, 500 MHz): § = 7.97
(d, J=7.3 Hz, 2H, ArH), 7.55 (t, J = 7.2 Hz, 1H, ArH), 7.48 (t, J = 8.7 Hz, 5H, ArH), 7.35 (d, J =
8.5 Hz, 2H, ArH), 4.69 (dd, J = 5.0, 11.8 Hz, 1H, CH>), 4.25-4.36 (m, 4H, OCH>CH3), 3.16 (dd, J
=5.0,12.9 Hz, 1H, CH,); 2.66 (t, J = 12.4 Hz, 1H, CH); 1.32 (q, J = 7.3 Hz, 6H, OCH>CHj3); 3C
NMR (CDCls, 125 MHz): ¢ = 188.5, 167.9, 167.5, 161.7, 138.1, 137.1, 132.5, 131.9, 129.7, 128.6,
128.0, 122.0, 115.1, 70.3, 62.9, 62.7, 51.4, 45.2, 14.0; HRMS (ESI-TOF*): m/z calcd for
C24H2405SBr [(M + H)*], 503.0528; found, 503.0516.

(2)-diethyl 2-(2-ox0-2-phenylethylidene)-5-p-tolyldihydrothiophene-3,3(2H)-dicarboxylate

(39)

E(OOC COOEt

Ph S
O Me
Yellow solid; yield 90 %; mp 91-92 <C; IR (KBr) vmax/cm™: 3083, 3052, 2984, 2925, 1752, 1728,
1635, 1596, 1541, 1365, 1269, 1230, 817, 776, 692; *H NMR (CDCls, 500 MHz): 6 =7.97 (d, J =
7.3 Hz, 2H, ArH), 7.54(t, J = 7.3 Hz, 1H, ArH), 7.47 (t, J = 7.6 Hz, 2H, ArH), 7.44 (s, 1H, CH=C),
7.36 (d, J =8.0 Hz, 2H, ArH), 7.16 (d, J = 7.9 Hz, 2H, ArH), 4.71 (dd, J = 5.0, 11.9 Hz, 1H, CH>),
4.27-4.37 (m, 4H, OCH,CHg), 3.14 (dd, J = 5.1, 13.1 Hz, 1H, CHy); 2.72 (t, J = 12.7 Hz, 1H, CH),
2.35 (s, 1H, CHs), 1.32 (g, J = 6.8 Hz, 6H, OCH2CHj3),; *3C NMR (CDCls, 125 MHz): § = 188.4,
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168.1, 167.7, 162.4, 160.8, 138.3, 138.0, 134.9, 132.4, 129.4, 128.6, 128.0, 127.8, 70.4, 62.8, 62.6,
60.0, 52.0, 45.4, 21.1, 14.0; HRMS (ESI-TOF*): m/z calcd for C2sH270sS [(M + H)*], 439.1579;
found, 439.1582.

(2)-diethyl 5-(4-methoxyphenyl)-2-(2-oxo-2-phenylethylidene)dihydrothiophene-3,3(2H)-
dicarboxylate (3r)

etooc._OOF!

Ph S
S OMe

Yellow solid; yield 90%; mp 87-88 <C; IR (KBr) vmax/cmt: 3083, 2980, 2835, 1740, 1726, 1634,
1539, 1240, 827, 779, 702; *H NMR (CDCls, 500 MHz): 6 = 7.97 (d, J = 7.5 Hz, 2H, ArH), 7.54 (t,
J=7.2Hz, 1H, ArH), 7.47 (t, J = 7.5 Hz, 2H, ArH), 7.43 (s, 1H, CH=C), 7.39 (d, J = 8.4 Hz, 2H,
ArH), 6.88 (d, J = 8.4 Hz, 2H, ArH), 4.71 (dd, J = 4.8, 11.8 Hz, 1H, CH,), 4.26-4.34 (m, 4H,
OCH2CH3), 3.81 (s, 1H, OCHj3), 3.13 (dd, J = 4.8, 13.0 Hz, 1H, CHy); 2.71 (t, J = 12.5 Hz, 1H,
CH), 1.32-1.34 (m, 6H, OCH,CHj3); *C NMR (CDCls, 125 MHz): § = 188.4, 168.1, 167.7, 162.3,
159.4, 138.3, 132.4, 129.7, 129.1, 128.6, 128.0, 114.7, 114.1, 70.4, 62.7, 62.6, 55.3, 51.7, 45.4,
14.0; HRMS (ESI-TOF*): m/z calcd for CasH2706S [(M + H)*], 455.1528; found, 455.1532.

(2)-diethyl 5-(4-nitrophenyl)-2-(2-oxo-2-phenylethylidene)dihydrothiophene-3,3(2H)-
dicarboxylate (3s)
Meooc. COOMe
ph—~ S
o NO,

Yellow solid; yield 87 %; mp 137-138 <C; IR (KBr) vma/cm™: 3056, 2957, 2857, 1746, 1730,
1693, 1635, 1519, 1347, 1263, 1230, 868, 773, 699; *H NMR (CDCls, 500 MHz): 6 = 8.22 (d, J =
8.7 Hz, 2H, ArH), 7.98 (d, J = 7.5 Hz, 2H, ArH), 7.65 (d, J = 8.7 Hz, 2H, ArH), 7.47-7.58 (m, 5H,
ArH), 4.81 (dd, J = 5.2, 11.7 Hz, 1H, CHy), 3.87 (s, OCHa), 3.86 (s, OCH3), 3.23 (dd, J = 5.2, 13.0
Hz, 1H, CHy); 2.71 (t, J = 12.4 Hz, 1H, CH); 3C NMR (CDCls;, 125 MHz): § = 188.5, 168.2,
167.9, 160.5, 147.7, 145.7, 137.8, 132.7, 129.0, 128.7, 128.1, 125.8, 124.3, 124.0, 115.5, 70.0,
54.0, 53.7, 51.2, 45.0; HRMS (ESI-TOF*): m/z calcd for CH2oNO7S [(M + H)*], 442.0960;
found, 442.0968.

(2)-diethyl 5-(2-chlorophenyl)-2-(2-oxo-2-phenylethylidene)dihydrothiophene-3,3(2H)-
dicarboxylate (3t)
COOEt
EtOOC al
ph— S
o]

Yellow oil; yield 94%; IR (KBF) vma/cmt: 3061, 2982, 2937, 1736, 1637, 1598, 1542, 1232, 759,
704; 'H NMR (CDCls, 500 MHz): 6 = 7.98 (d, J = 7.5 Hz, 2H, ArH), 7.71-7.73 (m, 1 H),
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7.45-7.55 (m, 4 H, ArH + CH=C), 7.39 (d, J = 7.9 Hz, 1 H, ArH), 7.21-7.29 (m, 2 H, ArH),5.27
(dd, J = 5.2, 11.2 Hz, 1H, CHy), 4.25-4.37 (m, 4H, OCH,CHs), 3.26 (dd, J = 5.2, 13.0 Hz, 1H,
CH3), 2.64-2.69 (m, 1H, CH), 1.27-1.34 (m, 6H, OCH,CH3); *C NMR (CDCls, 125 MHz): J =
188.2, 167.7, 167.4, 161.6, 138.0, 135.5, 133.9, 132.3, 129.6, 129.0, 128.5, 128.0, 127.8, 127.2,
115.0, 70.0, 62.7, 62.5, 48.1, 43.6, 13.8; HRMS (ESI-TOF*): m/z calcd for CasHz70sS [(M + H)*],
439.1579; found, 439.1582.

(Z2)-diethyl 2-(2-ox0-2-phenylethylidene)-5-vinyldihydrothiophene-3,3(2H)-dicarboxylate
@3v)
Etooc. COOEt

Ph S

0
Yellow oil; yield 12 %; IR (KBr) vmax/cmt: 3084, 2925, 1733, 1636, 1597, 1540, 1231, 773, 701;
IH NMR (CDCls, 500 MHz): 6 = 7.95 (d, J = 7.5 Hz, 2H, ArH), 7.53 (t, J = 7.3 Hz, 1H, ArH),
7.46 (t, J = 7.5 Hz, 2H, ArH), 7.38 (s, 1H, CH=C), 5.79-5.86 (m, 1H, CH=CH.), 5.35 (d, J = 16.9
Hz, 1H, CH=CH}), 5.20 (d, J = 10.1Hz 1H, CH=CH.,), 4.23-4.37 (m, 4H, OCH,CHs), 4.16-4.21
(M, 1H, CH), 2.99 (dd, J = 5.2, 13.0 Hz, 1H, CHy), 2.46-2.50 (m, 1H, CH,), 1.27-1.37 (m, 6H,
OCH:CHs); 3C NMR (CDCls, 125 MHz): & = 188.3, 168.1, 167.7, 162.3, 138.2, 135.6, 132.4,
128.6, 128.0, 118.7, 115.0, 70.3, 62.7, 62.6, 51.1, 42.9, 14.0; HRMS (ESI-TOF*): m/z calcd for

C20H230sS [(M + H)*], 375.1266; found, 375.1275.

(E)-diethyl 2-(5-benzoyl-6-(methylthio)-6-thioxohex-2-enyl)malonate (5)
O S

Ph SM
¢ CcooEt

COOEt

Yellow oil; yield 51%; IR (KBr) vmax/cm: 3086, 2981, 2935, 1735, 1732. 1690, 1690, 1597, 1447,
1369, 1267, 689, 659; 'H NMR (CDCls, 500 MHz): § = 8.02 (d, J = 7.7 Hz, 2H, ArH), 7.55 (t, J =
7.3 Hz, 1H, ArH), 7.44 (t, J = 7.7 Hz, 2H, ArH), 5.47-5.57 (m, 2H, CH=CH), 5.24 (t, J = 7.1 Hz,
1H, CH), 4.09-4.19 (m, 4H, OCH,CH3), 3.37 (t, J = 7.6 Hz, 1H, CH(COOEL),), 2.92-2.98 (m, 1H,
CHy), 2.692.99-2.74 (m, 1H, CHy), 2.59 (s, 3H, SCHa), 2.55 (t, J = 6.6 Hz, 1H, CH,), 1.23 (t, J =
7.1 Hz, 6H, OCH,CH3); 3C NMR (CDCls, 125 MHz): 6 = 231.7, 193.3, 168.8, 136.1, 133.2,
129.3, 128.8, 128.6, 68.0, 61.3, 52.0, 37.2, 31.6, 20.0, 14.0; HRMS (ESI-TOF*): m/z calcd for
Ca1H2705S; [(M + H)*], 423.1300; found, 423.1309.

References
1 (@) K. Riza, R. B. Nicholas, J. Org. Chem., 1981, 46, 197-201; (b) S. Mohammad, A. Zeinab, M.

Barahman, Synthesis, 2010, 392—-394.

2 (a) R. A. Novikov, V. P. Timofeev and Y. V. Tomilov, J. Org. Chem., 2012, 77, 5993-6006; (b)
A. F. G. Goldberg, N. R. O’Connor, R. A. Craig Il and B. M. Stoltz, Org. Lett., 2012, 14,
5314-5317; (c) J. Moran, A. G. Smith, R. M. Carris, J. S. Johnson and M. J. Krische, J. Am.
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S11



WSW-1405230 1H 1D 2014 06 05

<)

OOV AWVINOVNMOMDINMNOONITVOINOOOOAN OO ©ONNS
DTOTNIRENOLUNOST IO TONANATOODOVOROOTOITONAAO S
QAVUVILILITNNNNANONNNMMOANNATAANNOOMNOOMM®O S BRUKER
l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\ﬂ'ﬂ'w?QQ?QQMMMNNF\‘HHHHHH|
NAME WSW140530
EXPNO 1
PROCNO 1
Date_ 20140605
Time 15.33
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 16384
SOLVENT CDCI3
NS 16
I 1
R I B R E B B B N O R NN IO SWH s 10820&902"'2
FIDRE! .610352 Hz
8.3 8.2 8.1 8.0 7.9 7.8 7.7 7J)J6 7.5 7.4 7.3 PP AQ 0.8193000 sec
RG 44
DW 50.000 usec
EtOOC COOEt DE 8.00 usec
TE 6732 K
D1 1.00000000 sec
TDO 1
S Ph ======== CHANNEL f1 ========
NUC1 1H
(@) P1 13.00 usec
PL1 2.00 dB
SFO1 500.0338500 MHz
Sl 16384
SF 500.0300114 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
T T T T T T T T T T T T T T T T T T T T PC 2.00
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
o~ (W O] [~ N
Sla|®| o ©| |N|m Y]
Slo|o|a @S| |ole o
ail=lwles ol -l ©
WSW140530 13C 1D 201406 09
S @or NNdoN@TNS BRUKER
] WON MONONT O® MOWO o ©© =)
< QOd NOMNI O QO WY oOANO© <
o] O O QW WSS NoM~SY~O-aN < (_N
@ OO NOOANNNN NGO OO NNLW <
- A AAAAAAAA MM~ OOo,n S -
‘ \// \\W/ w / V / / NAME WSW140530
EXPNO 2
PROCNO 1
Date_ 20140609
Time 13.47
INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zgpg30

TD 65536

SOLVENT CDCI3

NS 721

DS 2

SWH 32679.738 Hz
Etooc. COOE FIDRES  0.498653 Hz

AQ 1.0027661 sec

RG 1820

DW 15.300 usec

DE 6.00 usec
s DI 200000000 sec
142 140 138 136 134 132 130 128 126 ppm O d11 0.03000000 sec
DELTA 1.89999998 sec
TDO 20

P1 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
======== CHANNEL {2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
Sl 32768
‘ | ‘ SF 125.7326481 MHz
v ¢ o sinied ot i . b WDW EM
SSB 0
LB 8.00 Hz
T T T T T T T T T T T T GB 0
220 200 180 160 140 120 100 80 60 40 20 0 ppm PC 1.00

S12



WSW-140512  1H 1D 2014 05 28

O AN —AOA—AN~NANNODAN AIT~N0OTOANODODNDITINANANOMNMOOONL M
S8885CIhEHHEESNERAHERERECCRRESRRTHES BRUKER
NAME  WSW-140512
EXPNO 1
PROCNO 1
Date, 20140528
EtOOC COOE: Time 16.00
INSTRUM spect
PROBHD 5mm PABBO BB-
— PULPROG 2930
S Ph D 16384
SOLVENT cDCI3
NS 8
o DS 1
SWH 10000.000 Hz
S AQ T 08193000 st
. sec
8.4 8.2 8.0 7.8 7.6 7.4 ppm RG 362
DW 50.000 usec
DE 8.00 usec
TE .
D1 1.00000000 sec
TDO 1
= CHANNEL f1
NUC1 1H
P1 13.00 usec
PL1 2,00 dB
SFO1  500.0338500 MHz
S 16384
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\ \ \ \ \ \ \ \ \ \ \ \ GB ) 08
220 200 180 160 140 120 100 80 60 40 20 0 ppm PC .

S13



1H

1D 2013 10 15

L M

8.1 8.

7.

9

Cl

7.8

7.

7

7.6

EtOOC

i

7.5
COOEt

7.4

7.3

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

ppm

o 4
a4

1.056

wsw-2-b

—187.126

Cl

2013 10 15

o
o
[t

167.979

~
e
—

N

0
se}
o

[ap
©
—

138.744

i
™
[ee

~
[ae
—

136.593
129.398
128.903
128.832
128.240

0.998

4.090

127.939
114.429

N

1.025
1.033
6.011

WSW-2-b
1

1

20131015

9.43

spect

5 mm PABBO BB-
zg30

16384

CDC13

8

1
10000.000
0.610352
0.8193000
161

50.000
8.00

297.5
1.00000000

Hz
Hz
sec

usec
usec

sec

CHANNEL fl ========
1H
13.00
2.00
500.0338500
16384
500.0300087
EM
0
0.30 Hz

0

4.00

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT

77.309
77.055
76.802
—70.462
62.847
62.700
—™52.246
——45.267
14.035

£
<

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02

SI

SF

WDW

SSB
LB
GB

200

180

160

140

120

PC

S14

WSW-2-b
2

1

20131015

20.48

spect

5 mm PABBO BB-
29pg30

65536

CDC13

13258

2

32679.738
0.498653
1.0027661
6500
15.300
6.00

298.7
2.00000000
0.03000000
1.89999998
20

CHANNEL f2
waltzlé
1H

80.
2.00

17.70
500.0355000
32768
125.7326443
EM

0
12.00
0

1.00



WSW140920-3

1H 1D 201501 08

B N N
795 790 785 780 775

|
770 7.65

N e N N T
760 755 750 745 740 735 7.30

ppm

COOEt
EtOOC
Ph
Br S
O M L.
i
T T T T T T T T T T T T T T T T T
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 ppm
N [0 [O]co]|0 [{=2Ts] (<23 1"e} ™
o |O|O|N|0 < (o | [{=}
RIRIRISIRIES] SN S(3 —
N[N (N[N < | w0
WSW140920-3 13C 1D 2015 01 10
~ AN —O L0 WwNM
< O A AT AN W0 o O < - N = M O
N T ON~O00O WS NN w0~ 0 o — OO N~
. . L L I N O~ ™m ™M —mn wOwm o
— M~ ANOY W WL AN O . . . . « e e .
~ MMM ANNNNNNN A ~ -~ o ™M <+ NN
— L B B B B e e B B B B B | -~~~ O N ™M M NN A
COOEt
EtOOC
Ph
Br S
o)
. S Sl [
T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S15

NAME 'WSW140920-3
EXPNO

PROCNO 1
Date_ 20150108
Time 16.10
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 29
SOLVENT CDCI3
NS

DS 1

SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
RG 161

bW 50.000 usec
DE 8.00 usec

TE 290.9 K

DL 1.00000000 sec
TDO 1

CHANNEL f1
NUC1 1H
P1 13.00 usec
PL1 .00 dB
SFO1 500.0338500 MHz
SI 84
SF 500.0300099 MHz
WDW EM
SsB 0
LB 0.30 Hz
GB 0
PC 2.00
BRUKER
NAME WSW140920-3
EXPNO 2
PROCNO 1
Date_ 20150110
Time 22.36
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 14017
DS 2
SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 5790
DW 15.300 usec
DE 6.00 usec
TE 673.2 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 20
== CHANNEL f1l ==
13C
12.20 usec
3.00 dB

125.7464750 MHz

CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
ST 32768

SF 125.7326433 MHz
WDW EM

SSB 0

LB 10.00 Hz
GB 0

PC 1.00



WSW-2-F 1H

™ o
o~~~

67
7 352

o <+ o
o © <

\\\

i

8.0 7.

—

—~
™
bl
~

K%

7 312
7.298
7.275
7.258

9 7.8

EtOOC
Me©_<—Z_XPh

1D 2013 12 13

O NONDNOIONMNOOL I TN O LD
TONAONANAOONDONADONDWOMNAOMAN OO
EEEEONOMOONNNAHAdAAS ST OMO00N
TSI T TTTTIL T OO OO NN NN o

TSN T N

7.7 7.6 7.5 7.4 7.3

COOEt

ppm

i

o -

a4

6 5 4 3 2 1 ppm
[=] [Tol{TelXe}{e)} ™ o~ — o~ N el
olo|Iocoo o (=] o o o —
NN Al s Al 4] e <
WsW-2-f 13C 2013 12 16
o o NOoOWwONN A
N ™M™ O~ N MNO MO A T MNOOT O o o
o o v un O OO N WO W nonowmso n
. D NO~-NWVWNO N wn o
@ 0~ oM~ w00~ S . e e e .
[ee) Releipte] LN NNNN A WO NNN N — ™M
— pur S T i e [ e R R I N o
COOEt
EtO0C
Ph
Me S
O
T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S16

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

TDO

NUC1
Pl
PL1
SFO1
ST
SF
WDW
SSB
LB
GB
PC

WSW-2-F
1

1

20131213
18.28
spect

5 mm PABBO BB-
zg30

16384
CDC13

16

1
10000.000
0.610352
0.8193000
80.6
50.000
8.00

294.1
1.00000000

2.00
500.0338500
16384
500.0300117
EM

0

0.30

0

2.00

BRUKER
C >0

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT

WSW-2-F
2

1

20131216

13.16

spect

5 mm PABBO BB-

zgpg30

65536

CDC13

800

2
32679.738 Hz
0.498653 Hz
1.0027661
1290
15.300
6.00
298.5 K
2.00000000
0.03000000
1.89999998
20

Hz

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
ST

SF
WDW
SSB
LB

GB

PC

3.0
125.7464750

CHANNEL f2 ==
waltzl6

500. 0355000
32768
125.7326559
EM
0
20.00 Hz

0

2.00
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74976
7.958
7./478
70463
7./418
70367
7.353

©
™
™
~

7.314
7 298
7.282
6 963
6.945
4.736
4.728
4.712
4.703
4.354
4.345
4.332
4.321
4.317
4.305
4.293
4.289
4.269
3.871
3.182
3.173
3.156
3.146
2.752
2.727
2.702
1.338
1.325
1.312
1.298

B Ow\w%/ %/

e

—0.000

EtOOC COOEt

MeO S Ph

EtOOC
| ! | ! | ! | ! | ! | |
8.4 8.2 8.0 7.8 7.6 7.4 7.0 ppm
T T T T T T T
9 8 7 6 5 4 1
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Sl=ea 3R ol lo] |~ a| |m =
slelels|ale sl el = I >
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

WSW-2-c
1

1
20131107
16.13
spect

5 mm PABBO BB-
zg30
16384
CDC13

8

1
10000.000
0.610352
0.8193000
16l

50.000
8.00

673.2
1.00000000
1

Hz
Hz
sec

usec
usec

sec

T T T T T T
220 200 180 160 140 120

S17

SFO1 500. 0338500 MHz
SI 16384
SF 500.0300087 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 4.00
BRUKER
NAME WSW-2-¢
EXPNO 2
PROCNO 1
Date_ 20131108
Time 6.04

INSTRUM spec
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

D 65536
SOLVENT CDCI3
NS 740

DS 2

SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 1620

DwW 15.300 usec
DE 6.00 usec
TE 673.2 K

D1 2.00000000 sec

di1 0.03000000 sec
DELTA 1.89999998 sec
20

TDO

NUC1 13C
P1 12.20 usec
PL1 3.00 dB

SFO1 125.7464750 MHz

SFO2 500.0355000 MHz
2768

SF 125.7326490 MHz
E

0

LB 12.00 Hz
0

PC 4.00
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o
E BRUKER
-
NAME WSW-2-e
EXPNO 1
PROCNO 1
Date_ 20131206
Time 15.34
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 16384
SOLVENT CDC13
NS 16
DS 1
SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
R e R L L RG 228
8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 ppm DW 50.000 usec
DE 8.00 usec
TE 294.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 13.00 usec
PL1 2.00 dB
SFO1 500.0338500 MHz
SI 16384
SF 500.0300102 MHz
1 L \“L WDW EM
SSB 0
T T T T T T T T T ég 0-33 Hz
8 7 6 5 4 3 2 1 m
P PC 2.00
fﬁ\l WO MM o < o o~ o
OO [N|M N[N O 1O — < < lse] o
ooo|Io|H|o|I0|0 o — o (=] —
iy Py Py P Py Py P P Al s [ I ©
WSW-2-e 13C 2013 12 06 BRUKER
NAME WSW-2-e
DSLTLTONODNONN AN OO0 EXPNO 2
LDANANOQOSITN~NENONONMOMNTOHONNTONMN~NO O PROCNO 1
OO OMNMNONOONTdTOOOTSTOAdLOWULSON~N O Date 20131206
ONNMONSYANSOOBNG S NONWO~NN © Time 16.59
VOWOWOMMMHMMHMANNNNNANNOooaANANW < INSTRUM spect
dddddddddddddddNNNNOOD S PROBHD 5 mm PABBO BB~
A S S SN N e FovPROG 290930
TD 65536
SOLVENT cDC13
NS 653
DS 2
SWH 32679.738 Hz
FIDRES 0.498653 Hz
Etooc COOEt AQ 1.0027661 sec
RG 1290
Cl DW 15.300 usec
DE 6.00 usec
pr— TE 294.3 K
S Ph D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
(@] TDO 20
======== CHANNEL fl =
NUC1 13C
Pl 12.20 usec
PL1 3.00 dB
SFOL 125.7464750 MHz
======== CHANNEL f2 =
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
SI 32768
J J l l SF 125.7326472 MHz
WDW EM
‘ [ I \ 1 i M
LB 12.00 Hz
GB 0
T T T T T T T T T T T T BC 1.00
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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——= 0 W BB O MOO0VTOMNMOITOHOIIU AN OMMMNEMNLO AN O N O -
OO VOVVOOOXDNOTNHNNANAOTATNANDODINNNOLTOOOHOINNO O DN~
CHUMNIITITINNNANNNNANOONNAANNAAATSROOH RN
TTTTTTT’L’LE““““““““%W%
“““““ IR B I N ] I
7.6 7.5 7.4 7.3 7.2 ppm
COOEt
EtOOC
S Ph
(e}
Cl
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
=IANES ~Is) (e “
oo | MO o|m | o~
I=it=111=] SN olo ~
—AIN|O|O < | ©
WSW-2-G 13C 1D 201403 28
TONNLLLNO N WO ©©O LW 0
OCNOHAPONNONNMAOONMITOOMIMOM 0
QAONMANOQOMMOANNTHOAANYTINIJOOYOH O
ONNAONTdTTdOO0®BON©E NN T~ OMA 2
DOOWOMNMMMOMONNNNANOGOSoANNNL o
AdddddddddAddddd~NN~NNR O OIS«
COOEt
EtOOC
S Ph
(e}
Cl
L e L R R
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME WSW-2-g
EXPNO 1
PROCNO 1
Date 20140327
Time 1551
INSTRUM spect
PROBHD 5 mm PABBO BB
PULPROG 29

163
SOLVENT CDCI3
NS 6
DS 1
SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
RG 203
bW 50.000 usec
DE 8.00 usec
T

E 296.3 K
D1 1.00000000 sec
TDO 1

=z======= CHANNEL f1 ========
NUC1 1H

P1 13.00 usec

PL1 2.00dB

SFO1 500.0338500 MHz
Sl 16384

SF 500.0300103 MHz
WDW EM

ssB

LB 0.30 Hz

GB

PC 2.00

BRUKER
C >

NAME WSW-2-g
EXPNO 2
PROCNO 1
Date_ 20140328
Time 17.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 5536
SOLVENT CDCI3
NS 142

DS 2

SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 2890

DW 15.300 usec
DE 6.00 usec
TE 673.2K

D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 20

P1 12.20 usec

PL1 3.00dB

SFO1 125.7464750 MHz
=== CHANNEL 2 ==:

CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 2.00dB

PL12 17.70 dB

PL13 17.70 dB

SFO2 500.0355000 MHz

Sl 32768

SF 125.7326539 MHz

WDW

SSB 0

LB 6.00 Hz

GB 0

PC 4.00
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OMMNODADONTOVWMNONOMNMANTM A=A NIN AMODOOAAD VIO NON O
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o
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EtOOC COOEt NAME wsw-2-d
EXPNO 1
PROCNO 1
- Date 20131128
Time 16.27
Cl S Ph INSTRUM spect
PROBHD 5 mm PABBO BB-
o PULPROG zg30
Cl TD 16384
SOLVENT cpcl3
NS 16
DS 1
SWH 10000.000 Hz
FIDRES 0.610352 Hz
e A AR AQ 0.8193000 sec
7.7 7.6 7.5 7.4 7.3 7.2 7.1 ppm RG 181
DW 50.000 usec
DE 8.00 usec
TE 293.4 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =
1H
Pl 13.00 usec
PL1 2.00 dB
SFO1 500.0338500 MHz
ST 16384
t SF 500.0300097 MHz
L I WDW EM
SSB 0
T T T T T T T T T T ég 0~38 Hz
9 8 7 6 5 4 3 2 1 0 m
PP PC 4.00
S [ [ |m) 0o o) o NS o
O|N|O |0 (1D o < o < fee]
oo |O[ov| (o o o o o o
] g By RS ) e 0
wsw-2-d 13C 201311 29
BRUKER
NONOINNOIMW O TN
NYTNOATONNOMDO O 0O ND0D o
ONTNOAMMAONOMN AL DT OO O o NAME wsw-2-d
ONNANNANTdSBON~N~NRMN OSSN [ EXPNO 2
DVWOWOWOMMMMMOMNNNNANOG OO N NN LY ]
AddddddAdAddAdAdAANNNNO OO < A gRtOCNO 20131159
ate
Time 20.01
| SN\ TENEEET N
INSTRUM spect
PROBHD 5 mm PABBO BB-
EtOOC COOEt PULPROG zgpg30
TD 36
SOLVENT CDCI3
— NS 16755
DS 2
Cl S Ph SWH 32679.738 Hz
FIDRES 0.498653 Hz
(e} AQ 1.0027661 sec
RG 1620
C DW 15.300 usec
DE 6.00 usec
TE 295.1 K
““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ Gl1 003000000 sec
11 . sec
139 138 137 136 135 134 133 132 131 13C 129 128 127 ppm DELTA 189999998 sec
TDO 20
======== CHANNEL ] ========
NUC1 13C
P1 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
======== CHANNEL f2 ========
CPDPRG2 waltz16
uc2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
S| 32768
: : : : : : : : : : : : SF 125.7326490 MHz
220 200 180 160 140 120 100 80 60 40 20 O ppm sen’ o
LB 12.00 Hz
GB 0
PC 4.00

S20
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ANNDO0ODDOMNMAOAMON~NMAONONTHOODDTOALDOIANLMNNSNEAANNANNSENOOMMNSNO
MOAN T OO OLOWUTAONNTNANANTNMAOMNMANODODONMNMNOLTHLNOOILMMAN A0 O
MO O IFFNMNOOONAAANRNNNNOOOANNNNAAAARNRDODOOOOOOS BRUKER
r&%v,\%vvwvvvvvwvvwmmwwcw«%—ij
COOEt NAME  WSW140412
EtOQC EXPNO 1
PROCNO 1
Date_ 20140415
— Time 16.54
| S Ph INSTRUM spec
PROBHD 5mm PABBO BB-
ad PULPROG 2930
D 16384
SOLVENT cDCI3
NS 16
DS 1
! ! ! ! ! ! ! ! SWH 10000.000 Hz
7.7 7.6 7.5 7.4 7.3 7.2 7.1  ppm FIDRES  0.610352 Hz
AQ 0.8193000 sec
RG 322
DW 50,000 usec
DE 8.00 usec
TE 295.6 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
H
13.00 usec
2,00 dB
SFO1  500.0338500 MHz
s 16384
SF 500.0300101 MHz
WDW EM
SSB 0
R 1 . 1 LB 0.30 Hz
GB 0
T T T T T T T T T T T T T T T T T T T T pC 4.00
95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 ppm
N mjoo|N i © — (2] ~N
O (N [a2} (2} < < —
O CD O o o o o -
—l < il | ©
WSW140412 13C 1D 201404 17
NOMOM A DO ©
OANAdAHdONNLNSAN S MOMN~NOLW 0o <t
DOOOYROMNH WOSF 0NN ©
OSNNAdWUN®MOoBd~Ns NOMNOMM~NONM @
DOOOTMMOANNNA NNOSoa N LW %)
A A A A A A AAAAAA NN O OoWn S - NAME WSW140412
VNN NTPY S,
PROCNO 1
Date_ 20140417
Time 13.01
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 29pg30
D 65536
SOLVENT cDCI3
NS 1579
DS 2
SWH 32679.738 Hz
FIDRES  0.498653 Hz
AQ 1.0027661 sec
RG 1820
COOEt DW 15,300 usec
EtOOC DE 6.00 usec
TE 297.1K
D1 2.00000000 sec
d11 0.03000000 sec
— DELTA  1.89999998 sec
| AN S Ph TDO 20
S O
P1 12.20 usec
PL1 3.00 dB
SFO1  125.7464750 MHz
======== CHANNEL f.
CPDPRG2  waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 .00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2  500.0355000 MHz
J J k l J si 32768
i} Jod, () ) L SF 125.7326480 MHz
WDW EM
SSB 0
T T T T T T T T T T T T '(—5% 12'30 Hz
220 200 180 160 140 120 100 80 60 40 20 0 ppm PC 2.00

S21
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7.6 7.5 7.4 7.3

] L

7.2

prm

JM\«_.

T T T T T T T T
9.0 85 80 75 70 65 6.0 55

T T T T T T T T T T
50 45 40 35 3.0 25 20 15 1.0 05

ppm
ﬁﬁw%m ) [ ™) (© ©
===} <| | ®| | e}
o2l Q| Q| e N
olailailail—ll= <l < <l = ©
WSW140520-2 13C 1D 2014 12 15
OO+ NTOHOOH WO
W NLWW — OO WN ™~ QO T O~ 00 < < A mn
NOWOE~I~ OO s oM~ NN O o
e NOM < ™©mnn o
S H M NS00SO N . e e e e e
COOVWOY FTONNNAAA S~ 0OoOoNNN W ™
R M B B B B B B B B B B B | o~ S0 VN —
COOEt
EtO0C
| A\ s” Ph
(e} O
i 1 o . Wit e A et hkls o
T 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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NAME WSW140520-2
EXPNO 1
PROCNO 1
Date, 20141215
Ph Time 13.47
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 16384
SOLVENT CDCI3
NS
DS 1
SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
RG 144
DW 50.000 usec
DE 8.00 usec
TE 2935 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
13.00 usec
PL1 2.00 dB
SFO1 500.0338500 MHz
Sl 16384
SF 500.0300079 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 2.00

BRUKER
(>0

NAME WSW140520-2
EXPNO 2
PROCNO 1
Date_ 20141215
Time 18.39
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT CDCI3
NS 63
DS 2
SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 287
DW 15.300 usec
DE 6.00 usec
TE 2943 K
D1 2.00000000 sec

di1 0.03000000 sec

DELTA 1.89999998 sec
TDO 20

=: = CHANNEL f1 ======
NUC1 13C

P1 12.20 usec

PL1 3.00dB

SFO1 125.7464750 MHz
CPDPRG2 waltz16
NUC2 1H

PCPD2 80.00 usec
PL2 2.00dB

PL12 17.70 dB

PL13 17.70 dB
SFO2 500.0355000 MHz
S| 32768

SF 125.7326472 MHz
WDW EM

SSB 0

LB 8.00 Hz

GB 0

PC 4.00
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WO AOWVWANONMNMONDIWONONAMMMIONNMOMMMODM®L D S
CMNOTMNOODHIO~OOWNATNRADOONAO O DD S
SYMONOANOCOQOQOOMANNNNNNNAATOONOONMMO®HANN S BRUKER
NNENNNNNNNOYSS SIS IISTSISTOmmaNNNNAAdA AT
NAME WSW-140915
EXPNO 1
EtOOC COOEt PROCNO 1
Date_ 20140917
Time 14.58
— INSTRUM spec
S Ph PROBHD 5mm PABBO BB-
Me PULPROG 2930
TD 16384
O SOLVENT cpci3
NS 16
DS 1
SWH 10000.000 Hz
T T T ] IR P FIDRES 0610352 Hz
AQ 0.8193000 sec
7.50 7.45 7.40 7.35 7.30 7.25 ppm RG 228
DW 50.000 usec
DE 8.00 usec
TE 6732 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
1H
P1 13 00 usec
PL1 2.00 dB
SFO1 500.0338500 MHz
Sl 16384
SF 500.0300096 MHz
WDW EM
J SSB 0
LB 0.30 Hz
GB 0
T T T T T T T T T T T PC 2.00
9 8 7 6 5 4 3 2 1 0 ppm
o(o)w] (™ ol (< o) () (o T
ST (o] (N (|0 Sl || | —
S| o o||lo S| |of |le —
il o — il [l o ©
WSW140915 13C 1D 201409 17
g gsg  ge33% BRUKER
3 838 g8 jgyggess 308
e N~ o I~ o5 00 I~ oo No~own & - ] o
3 ©© D RS RS RNRS NNooSain o v =} I
(AR IVIT T
NAME WSW-140915
EXPNO 2
PROCNO 1
Date_ 20140917
Time 22.07
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 15174
COOEt n ;
SWH 32679.738 Hz
EtOOC FIDRES  0.498653 Hz
AQ 1.0027661 sec
RG 287
bDw 15.300 usec
— DE 6.00 usec
Me s” Ph TE 6732 K
D1 2.00000000 sec
(@) dil 0.03000000 sec
DELTA  1.89999998 sec
D 20
P1 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
= CHANNEL f2 ==
CPDPRGZ waltz16
NUC2 H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70dB
PL13 17.70 dB
SFO2  500.0355000 MHz
J J 1 ) Sl 32768
SF 125.7326472 MHz
WDW EM
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm

S23
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HOOTOAOT O AN N 0000000 MO NNNN 8
VOUTNONULANLT A0 TONADOOON OO MDD o
SOUOHLIIIINAONNANANNNN QA o o~~~ D0 2
COOMe
NAME  WSW140926
MeOOC EXPNO 1
PROCNO 1
Date_ 20141013
— Time 1555
S INSTRUM spect
Ph PROBHD 5 mm PABBO BB-
PULPROG 2630
O ™D 16384
SOLVENT cDci3
NS 16
DS 1
SWH 10000.000 Hz
FIDRES  0.610352 Hz
AQ 0.8193000 sec
RG 64
DW 50.000 usec
. DE 8.00 usec
82 81 80 79 78 17 76 |75 74 13 72 ppm J I A
Tl 1
P1 13.00 usec
PLL 2.00 dB
SFO1  500.0338500 MHz
sl 4
SF 500.0300113 MHz
| I | s o™
A LB 0.30 Hz
GB 0
T T T T T T T T T T T PC 2.00
10 9 8 7 6 5 4 3 2 1 0 ppm
Fﬁﬁo AN~ [s2] [=2] ol (w0
oo~ oo o [=2] [se] N~ [0
S5|a|S||S > ~ o |2
N[ || o wn ol lo
WSW140926 13C 1D 20141014
=r=5"
NAME WSW140926
EXPNO 2
~ NO®D VOILTNMDOWLWO PROCNO 1
B 000 OYOOMKTOD QO SN~ ~TTLWO Dot 20141014
< ©QHO NROMNAOR® oy yexe ate_
] 000 00~ 0w W~ St NOPM~@ NS AN Time 18.00
@ COO MMMONNNNN N©O©GO oA INSTRUM spect
— — - E e e B I B B B | MNINNSNNS 10W LW < PROBHD 5 mm PABBO BB-
FOVT SRS YT )
TD 36
SOLVENT CDCI3
NS 22!
M DS
SWH 32679.738 Hz
MeOOC COOMe FIDRES  0.498653 Hz
AQ 1.0027661 sec
RG 575
DW 15.300 usec
- DE 6.00 usec
Ph S TE 673.2K
D1 2.00000000 sec
(@] di1 0.03000000 sec
DELTA  1.89999998 sec
P1 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
CPDPRG2 waltz16
NUC2 1H
l J PCPD2 80.00 usec
| . pL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
S| 2768
SF 125.7326472 MHz
WDW EM
T T T T T T T T T SSB 0
200 180 160 140 120 100 80 60 ppm I(_sl?3 8%0 Hz
PC 4.00
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AN MOLOdOTMHMM~NOOMWUWWWMOWOWLDO SO0 T D T~ 8
BRBYSSYISSJREZSRICEEEERESREEE g BRUKER
COOMe
MeOOC NAME WSW140606
EXPNO 1
PROCNO 1
— s Date_ 20140617
Time 10.21
Ph INSTRUM spec
e PROBHD 5mm PABBO BB-
F PULPROG 2930
TD 16384
SOLVENT CDCI3
NS 16
DS 1
SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
| ' | ' | ' | ' | ' | ' | ' | ' RG 322
8.2 8.0 7.8 7.6 7.4 7.2 7.0 ppm DW 50.000 usec
DE 8.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
P1 13.00 usec
PL1 2.00 dB
SFO1 500.0338500 MHz
Sl 384
SF 500.0300110 MHz
WDW EM
SsSB 0
LB 0.30 Hz
GB 0
T T T T T T T T T T PC 4.00
9 8 7 6 5 4 3 2 1 0 ppm
Q||| o (32} [} o
|| [N~ o wn < [Yel
o||o|dH|o o =] [SII=]
NIonil— - © i -
WSW140606 13C 1D 2014 06 19 B R u K E R
COMANDVODMLANLMNDD A
COMNMWLAMUNNTOIDOILTOILIDONDON~D
0 SNNONSOUSLLUONIOOOONI AN
BB AN eI NS S mmaw NAME WSW140606
A A AT A A A Ad A A A AAAANNNNLOO OO < EXPNO 2
RN R e
COOMe Time 18.33
MeOOC INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 1155
DS 2
SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 287
DW 15.300 usec
DE 6.00 usec
TE 673.2K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 20
======== CHANNEL f1 ===
NUC1 13C
T e e A B P1 12.20 usec
134 132 130 128 126 124 122 (120 118 116 114 ppm PL1 3.00 dB
SFO1 125.7464750 MHz
= CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
1 J l 1 I PL13 17.70 dB
| SFO2 500.0355000 MHz
Sl 32768
SF 125.7326539 MHz
—— T T T T T T T \évs%w OEM
220 200 180 160 140 120 100 80 60 40 20 0 ppm LB 8.00 Hz
GB 0
PC 4.00
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NAME WSW141011
EXPNO 1
EtOOC COOEt PROCNO 1
Date_ 20141013
Time 16.03
INSTRUM spect
— PROBHD 5 mm PABBO BB-
Ph S PULPROG 2930
D 16384
o) SOLVENT cbcl3
Cl NS 16
DS 1
SWH 10000.000 Hz

FIDRES 0.610352 Hz
AQ 0.8193000 sec
287

DW 50.000 usec
e A | DE 8.00 usec
8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 ppm TE 673.2 K
D1 1.00000000 sec
TDO 1
H
P1 13.00 usec
PL1 2.00dB
SFO1 500.0338500 MHz
Sl 16384
SF 500.0300101 MHz
wWDW EM
SSB 0
L W LB 0.30 Hz
GB 0
PC 2.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
=== ™~ (<t 0] (o o
©o|0 (S| ~| | o = o
=t tk=1t o e S| | S
AN ol i — — ©

WSW141011 13C 1D 2014 10 16

o NSO M OSSN~ 00 N N~
(] O ©W OCOMWO T O O OWNONMWOW n
< SN ACNIMN OGS ggwmgonl 5
S PR R R R R NN OO NN © NAME WSW141011
LV TP oo
Date_ 20141016
Time 10.57
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
™ 655!
SOLVENT cDCl3
NS 5151
DS 2
EtOOC COOEt SWH 32679.738 Hz
FIDRES  0.498653 Hz
AQ 1.0027661 sec
_ RG 575
S DW 15.300 usec
Ph DE 6.00 usec
TE 673.2 K
O al D1 2.00000000 sec
di1 0.03000000 sec
DELTA  1.89999998 sec
TDO 10
P1 12.20 usec
PL1 3.00 dB
SFO1  125.7464750 MHz
= CHANNEL 12 =
CPDPRG2 waltzle
NUC2
PCPD2 80 00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2  500.0355000 MHz
Sl 32768
: : : : : : : : : : : : SF 125.7326472 MHz
220 200 180 160 140 120 100 80 60 40 20 0 wow EM
ppm SsB 0
LB 8.00 Hz
GB 0
PC 4.00
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NOODD OO AOOANTOONOIAIANT~TONTHOMONWOWMODO
TOODOMN~NOTTNMAN ATODDOVONNMNOIOFTODOMSTANADO
OO ULSTITTNNO~NEOOOMMMMOMMOMMMOMNMANNNNAAAAOCOOMOHOMMAN O
E10OC COOEt
t NAME WSW-140430
EXPNO 1
PROCNO 1
Date_ 20140505
Time 15.52
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 16384
SOLVENT CDCI3
NS 16
DS 1
SWH 10000.000 Hz
Tt FT T T TP R T O TR EEUUETEPRURURRRR RPN [0 (R TPRTRURRRRPRERIINS FIDRES  0.610352 Hz
7.3 | p.2 7.1 ppnm Ry 08138000 sec
Dw 50.000 usec
DE 8.00 usec
TE 673.2 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
1H
P1 13.00 usec
PL1 2.00dB
SFO1 500.0338500 MHz
SI 16384
SF 500.0300095 MHz
WDW EM
N SSB 0
LB 0.30 Hz
GB 0
T T T T T T T T T T PC 2.00
9 8 7 6 5 4 3 2 1 ppm
oo < | (o [=2] < — ~
oo, o N < n N o
oo ;o ol | o o o —
SMESIEAIN —lI< —l I-l o ©
WSW-140430 13C 1D 2014 05 05
~N DM O —HONN MO
Al oM WM OO N < H OO MW N <
Al WNW OdATOWWOWoO OO no<r- AN A fee]
. NOM~ NN N I
3 Lol BmamadaNa oA a0 o
2 A A A — [ S CR-RTe R — NAME WSW-140430
EXPNO 2
PROCNO 1
N TSN\ N/
Date 20140505
Time 19.33
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
COOEt ™D 65536
EtOOC SOLVENT CDC13
NS 1342
DS 2
— SWH 32679.738 Hz
FIDRES 0.498653 Hz
Ph S A0 1.0027661 sec
RG 1820
O Br DW 15.300 usec
DE 6.00 usec
TE 673.2 K
D1 2.00000000 sec
dit 0.03000000 sec
DELTA 1.89999998 sec
TDO 40
CHANNEL f1
NUCl 13C
Pl 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
======== CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 10
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
{ 1 l Al ST 32768
1 ). | 1 SF 125.7326483 MHz
WDW EM
SSB 0
T T T T T T T T T T T T LB 12.00 Hz
220 200 180 160 140 120 100 80 60 40 20 0 ppm g}é 1 Og
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NAME WSW-140424
EXPNO
PROCNO 1
Date_ 20140505
Time 15.43
INSTRUM spect
PROBHD 5mm PABBO BB-
PULPROG 2930
TD 16384
SOLVENT CDCI3
| NS 6
DS 1
SWH 10000.000 Hz
L e e A AR AR FIDRES 0.610352 Hz
8.0 7.9 7. 7.7 7.6 7.5 7.4 7.3 7.2 pRm ,};\8 0-8122000590
DW 50.000 usec
DE 8.00 usec
T 6732 K
D1 1.00000000 sec
TD 1
P1 13.00 usec
PL1 2.00dB
SFO1 500.0338500 MHz
Sl 16384
SF 500.0300108 MHz
WDW EM
SsSB 0
e LB 0.30 Hz
GB 0
T T T T T T T T T T pC 2.00
8 7 6 5 4 3 2 1 0 ppm
F%m Mmoo w| | @ o —
e it=13=1t=} < [ 0| |Oo||lo ©
ceeeee | el elle <
aldlal— e il il [—lles ©
'SW-140424 13C 1D 2014 05 ©
BRUKER
n W ONNHOWLWOO™~O ™~ N
o™ OO WWWME-OWMWWo s T AMS NO A n -~
<l" —HO M NOWMS N O W~ NHOoOWnHMS T o o
. NO~<~WVWoO ™M — O
£ 2LUEEnANARRNT PP SRR B R NAME HSH-140424
o A A S~~~ 00N s N EXPNO 2
AN A N AT !
Date_ 20140505
Time 18.24
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1250
DS 2
SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
COOE RG 1820
t DW 15.300 usec
EtOOC DE 6.00 usec
TE 673.2 K
D1 2.00000000 sec
p— d1l 0.03000000 sec
S DELTA 1.89999998 sec
Ph TDO 40
o) Me CHANNEL f1
NUC1 13C
Pl 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
== CHANNEL f2 ===
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
ST 32768
SF 125.7326486 MHz
WDW EM
SSB 0
| 11 I | B 12.00 Hz
GB 0
T T T T T T T T T T T T PC 1.00
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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7.53
7.52
7.48
7.47
7.45)
7.43
7.396
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723
713
699
690
3.809
3.152
3.142
3.126
3.116
2.705
2.680
1.343
1.328

1.313
1.298
—-0.000

7.379
7.261
6.892
6.875
4.340
4.325
4313
4.300
4.287
4.265
2.730
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4
4
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NAME WSW141127
EXPNO 1

PROCNO 1

Date_ 20141127

Time 14.46

INSTRUM spect
PROBHD 5 mm PABBO BB-

PULPROG 2930
TD 16384
L SOLVENT CDCI3
16
1
e b Lo DS
8.0 7.9 7.8 7.7 7.5 7.4 7. ppm FIDRES 0.610352 Hz
COOE!

AQ 0.8193000 sec
EtOOC G 287
DW 50.000 usec
DE 8.00 usec
673.2K
1.00000000 sec
1

OMe

P1 13.00 usec
PL1 2.00 dB
SFO1 500.0338500 MHz

384
SF 500.0300099 MHz

U
o0
]
w0
N\ /
d9q

T T T
7

9 8
=INSALARIRA ) (| [ ©
S| |Sf|o |t ™
ceIe|Ie|e e el |12 S
I BRI <l <l len i

WSW141127 13C 1D 20141127
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3
2
1.034
0

NAME  WSW141127
EXPNO 2
PROCNO 1
Date_ 20141127
Time 16.47
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
™ 65536
SOLVENT cDCi3
NS 1237
DS
SWH 32679.738 Hz
FIDRES  0.498653 Hz
EtOOC COOEt AQ 1.0027661 sec
t RG 575
Dw 15.300 usec
DE 6.00 usec
— TE 673.2K
D1 2.00000000 sec
Ph S dil  0.03000000 sec
DELTA  1.89999998 sec
20

(e} OMe TDO

—188.418
168.104
167.693

— 162.320
138.256

.3
129.708
129.055
128.560
127.958
114.704
114.125
77.253
77.000
76.746

—70.394

62731
62.601

~55.310

\.51.676

N45.428
14.032

N\159.433

pd
/
X
X
y

P1 12.20 usec

PL1 3.00dB
SFO1 125.7464750 MHz

= CHANNEL f2 ==
CPDPRG2 waltz16
H

PCPD2 80.00 usec
PL2 2.00 dB

PL12 17.70dB
PL13 17.70 dB
SFO2 500.0355000 MHz

32768
SF 125.7326487 MHz
EM

L L

T T T T T T T T T T T T PC 4.00
220 200 180 160 140 120 100 80 60 40 20 0 ppm

SsSB 0
LB 10.00 Hz
0
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737
712
2.687
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COOMe
MeOOC
Ph S
o)
NO,
’ II U.]l ‘\
T T T T T T T T T T T T T T T T T
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0 ppm
geiesy @ BER
&|o|o|N|S | ||@|®
|| [ o wilolo
WSW140607 13C 1D 201406 19
O HOTOANNOMNMNAHOMST OO
LOOWOOWOWANMNMNOOWONOOOMOLU OO
<t HOS NMNOMMOOOONOSLOOS T ON A
PBONONLUNANDOOWISITHNDINOON AN
VO OOTTNMMHMANNNNNNATANOOOMNMMAS
WSS ="y =
COOMe
MeOOC
Ph S
o)
NO,
e .
T I T I T I T I T T I I T I T T I T
220 200 180 160 140 120 100 80 60 40 20

S30

NAME WSW140607
EXPNO 1
PROCNO 1
Date_ 20140617
Time 10.33
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 16384
SOLVENT CDCI3
NS 6

D 1

SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
RG 322

DW 50.000 usec
DE 8.00 usec

TE 300.0 K

D1 1.00000000 sec
TDO 1

P1 13.00 usec
PL1 2.00dB
SFO1

500.0338500 MHz
16384
500.0300093 MHz

SF

WDW EM

SsB 0

LB 0.30 Hz

GB 0

PC 4.00
BRUKER
NAME WSW140607
EXPNO
PROCNO 1
Date_ 20140619
Time 21.03
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

5536

SOLVENT CDCI3
NS 9
DS 2
SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 287
DW 15.300 usec
DE 6.00 usec
TE 299.8 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 20
======== CHANNEL fl ========
NUC1 13C
P1 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
= = CHANNEL f2 =
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
SFO2 500.0355000 MHz
S| 32768
SF 125.7326479 MHz
WDW EM
SSB 0
LB 6.00 Hz
GB 0
PC 4.00
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NAME WSW140609
EXPNO 1
PROCNO 1
Date_ 20140617
Time 11.17
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 16384
SOLVENT CDCI3
NS 8
DS 1
SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
R RN R RN RN R RN FE RN R NN R R RN RE RN RN RRRRRRRRRRRRRRE| FRRRRRRRERERRRRNRN gs\l SO%OOUSEC
8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 .3 ppm DE 8.00 usec
TE 300.0 K
COOEt DI 1.00000000 sec
EtOOC 700 1
Cl
1H
— P1 13.00 usec
Ph S PL1 2.00 dB
SFO1 500.0338500 MHz
O SI 16384
SF 500.0300054 MHz
WDW EM
i SsB 0
LB 0.30 Hz
GB 0
T T T T T T T T T T T T T T PC 4.00
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
NO W Y| ~ r~ o (oo} NI
<O~ |0Mm o~ N w| < ~
S|5|N|S|m Sl § o] ™
N[N - < | [ ©
WSW140609 13C 1D 2014 06 23
OO NITNONN DO O
ONTOTONAIOATMOOMONN - ©©N~®D <
NOMNMOMOMNOYNINNOWMOTNO© QLD V) NAME WSW140609
ONNANLONDIDONNNI NN DO S OO «© EXPNO 2
oo naRNANNNOrrdgddgy O PROCNO 1
NS TS — N Tme 520

INSTRUM spect
PROBHD 5 mm PABBO BB-

PULPROG zgpg30
TD 65
SOLVENT CDCI3
NS 624
DS
SWH 32679.738 Hz
FIDRES 0.498653 Hz
COOEt ég 1.0022877661 sec
EtOOC DW 15.300 usec
Cl DE 6.00 usec
TE 301.4 K
D1 2.00000000 sec
di1 0.03000000 sec
Ph S DELTA 189999998 sec
20
@]
P1 12.20 usec
PL1 3.00 dB
SFO1 125.7464750 MHz
======== CHANNEL 2 ==:
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
. w SFO2 500.0355000 MHz
Sl 32768
. : . : . : . : . : . : . : . : . : . : . : . : . | SF 125.7326682 MHz
WDW EM
220 200 180 160 140 120 100 80 60 40 20 0 ppm SSB 0
LB 6.00 Hz
GB 0
PC 4.00
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e L VRPN =
NAME WSW141202
EXPNO 1
PROCNO 1
Date_ 20141203
Time 11.13
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 16384
SOLVENT CDCI3
NS 16
Y . SWH 100100000H
A z
8.0 7.9 7.8 V.7 7.6 7.5 7.4 7.3 ppm FIDRES 0.610352 Lz
AQ 0.8193000 sec
COOEt B St
Dw 50.000 usec
EtOOC DE 8.00 usec
TE 673.2 K
D1 1.00000000 sec
—g _ TDO 1
Ph ======== CHANNEL fl ========
(@) NUC1 1H
P1 13.00 usec
PL1 2.00dB
SFO1 500.0338500 MHz
Sl 16384
SF 500.0300099 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
T T T T T T T T T T T T PC 2.00
1 10 9 8 7 6 5 4 3 2 1 ppm
~o N‘ﬁ w0 |[o0|— om0 n N [{=]
[slsl{e){e] [=211Ye31"e] ™|~ [Te) o o
S|9|5|15 SlSiSIGE S| = I
N[N e <l Ll Ll o
1SW121202 13C 1D 2014 12¢C BRUKER
NAME WSW141202
EXPNO 2
PROCNO 1
S 233 9FILBLY Tme  “lan
< o NLOWOWOM— 0O ©
™ CQOWM NOMLOOMN~NOD LW A dN I~ - INSTRUM spect
QU O~ BLUNGN®GS NeM~M~© @ Q PROBHD 5 mm PABBO BB-
S 933 3333300 KRKRRILBY 3 PULPROG __20pg30
N NN N SOLVeNT ~_ coeis
DS
SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 4600
DW 15.300 usec
DE 6.00 usec
COOEt TE 673.2K
EtOOC D1 2.00000000 sec
di1 0.03000000 sec
DELTA  1.89999998 sec
— TDO 20
Ph S ======== CHANNEL f1 ========
NUC1 13C
O P1 12.20 usec
PL1 3.00 dB
SFO1  125.7464750 MHz
======== CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 2.00 dB
PL12 17.70 dB
PL13 17.70 dB
H l L | l J l JL SFO2  500.0355000 MHz
L ol | sI 32768
SF 125.7326484 MHz
— T T T T T WDW EM
SSB 0
220 200 180 160 140 120 100 80 60 40 20 0 ppm B 10.00 Hz
GB 0
PC 1.00
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8.0 7.8 7.6 7.4 ppm
O S
Ph SMe
COOEt
COOEt
T T T T T T T T T T T T T T T T T
17 16 15 14 13 12 11 10 9 8 7 6 4 3 2 1 0 ppm
o~ N (O] [O[r~s N[N [o|Mmay
sal8  |BlB|lBBl2se|da
N NlH| [ /OldHHIMmIN[©
WSW121125 13C 1D 20141203
[{e] o0} [92] ONO MO
N~ o [ee] ~ O dALWn TOOWOANN O D
[{e} ™ M~ o MmN LW LOSTSTOoOOY LO OM
< ] ) © Mo W 0 NOMNOMOo N &0
™ ()] [{] MM ANNN MNMNOOAA NN O
T T 7T N\ TN
O S
Ph SMe
COOEt
COOEt
. ‘ ol Vot i
— T 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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NAME WSW141125
EXPNO 1
PROCNO 1
Date_ 20141201
Time 15.56
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG

TD 16384
SOLVENT
NS

DS 1

SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 0.8193000 sec
RG 144

DW 50.000 usec
DE 8.00 usec

T 6732 K

D1 1.00000000 sec
TDO 1

P1 13.00 usec

PL1 .00 dB

SFO1 500.0338500 MHz

SI 16384

SF 500.0300040 MHz

WD EM

SSB 0

LB 0.30 Hz

GB 0

PC 2.00
NAME WSW141125
EXPNO 2
PROCNO 1
Date_ 20141203
Time 18.10
INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 36
DS 2
SWH 32679.738 Hz
FIDRES 0.498653 Hz
AQ 1.0027661 sec
RG 1820
DW 15.300 usec
DE 6.00 usec
TE 673.2K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 20
== CHANNEL fl ========
13C
12.20 usec
3.00 dB

SFO1 125.7464750 MHz
CPDPRG2 waltz16
NUC2 H

PCPD2 80.00 usec
PL2 2.00 dB

PL12 17.70 dB

PL13 17.70 dB
SFO2 500.0355000 MHz
Sl 32768

SF 125.7326531 MHz
WDW EM

SSB 0

LB 10.00 Hz

GB 0

PC 4.00



