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Part | Experimental part

General information

Unless otherwise indicated, all glassware was oven dried by a heat gun before use and all
reactions were performed under an atmosphere of Argon. All solvents were distilled from
appropriate drying agents prior to use. All reagents were used as received from
commercial suppliers unless otherwise stated. All the ylides were prepared according to
the procedures reported by our group.' Reaction progress was monitored by thin layer
chromatography (TLC) performed on plastic plates coated with kieselgel Fos4 with 0.2
mm thickness or GC-MS. Visualization was achieved by ultraviolet light (254 nm). Flash
column chromatography was performed using silica gel 60 (230-400 mesh, Merck and
co.). Neat infra-red spectra were recorded using a Perkin-Elmer Spectrum 100 FT-IR
spectrometer. Wavelengths (v) are reported in cm™. Mass spectra were obtained using a
Finnigan MAT 8200 or (70 eV) or an Agilent 5973 (70 eV) spectrometer, using
electrospray ionization (ESI). Melting points were recorded using a BUCHI Melting
Point thermometer (B-540). All 'H NMR, “C NMR spectra were recorded on Bruker
AV-500, AV-400 or AV-300 in CDCl;. Chemical shifts were given in parts per million
(ppm, 0), referenced to the peak of tetramethylsilane, defined at 6 = 0.00 (lH NMR), or
the solvent peak of CDCls, defined at & = 77.0 (*C NMR). Coupling constants were
quoted in Hz (J). '"H NMR Spectroscopy splitting patterns were designated as singlet (s),

doublet (d), triplet (t), quartet (q), pentet (p), sextet (se), septet (sep), octet (0). Splitting

! Huang, X.; Goddard, R.; Maulide, N. Angew. Chem. Int. Ed. 2010, 49, 8979.
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patterns that could not be interpreted or easily visualized were designated as multiplet (m)

or broad (br).

1.1 Preparation and characterisation of the sulfonium ylides

0O O

o o CF; Ph CFs
. DCM, 0.1 M AKHK )
R1MXR2 + Ph O_§_O Ph R | XR

CF, Ph CF, t, 2h o Spn

0.5 mmol 0.5 mmol
Typical procedure: A dry Schlenk tube was charged with Martin’s sulfurane (0.5 mmol,
337mg), then dry dichloromethane (5 mL, 0.1 M) was added. To this solution was added
the appropriate dicarbonyl compound (0.5 mmol). After stirring at room temperature for
2h, the solvent was evaporated, and the residue was purified by column chromatograph
on silica gel, typically iso-hexane/ethyl acetate = Y, affording the desired ylide.
Allyl methyl 2-(diphenylsulfuranylidene) malonate

o o White solid, R¢= 0.37 (iso-hexane/ethyl acetate = 1/2); 'H NMR

G
Meowo/\/ (500 MHz, CDCl3) § 7.62 (d, J = 7.4 Hz, 4H), 7.54-7.47 (m, 6H),

/S\
PhPh 5.93-5.86 (m, 1H), 5.32 (d, J = 17.2 Hz, 1H), 5.14 (d, J = 10.5

Hz, 1H), 4.59 (s, 2H), 3.68 (s, 3H); °C NMR (125 MHz, CDCl3) & 166.7, 165.6, 133.2,
131.2, 130.3, 129.4, 129.2, 116.7, 64.2, 60.0, 51.0; IR (neat) v 1682, 1641, 1306, 1063,
738; EIMS m/z (%): 342 (1), 311 (4), 285 (10), 186 (100); HRMS-(ESIpos) (m/z):
[M+Na]" caled for C19H;304SNa, 365.0818; found 365.0822.
Allyl ethyl 2-(diphenylsulfuranylidene) malonate

O O White solid, R¢ = 0.35 (iso-hexane/ethyl acetate = 1/2); "H NMR

Eto)H/U\O/\/
SI (500 MHz, CDCl5) 6 7.55 (d, J = 7.4 Hz, 4H), 7.45-7.38 (m, 6H),
Ph” ™ "Ph
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5.87-5.79 (m, 1H), 5.25 (dd, J = 15.5 Hz, J = 1.6 Hz ,1H), 5.06 (dd, J=9.1 Hz, J = 1.2
Hz, 1H), 4.52 (d, J = 5.5 Hz, 2H), 4.04 (q, J = 7.1 Hz, 2H), 1.12 (t, J = 7.1 Hz, 3H); °C
NMR (125 MHz, CDCls) 6 166.1, 165.8, 133.2, 131.2, 130.4, 129.3, 129.2, 116.7, 64.3,
60.1, 59.5, 14.5; IR (neat) v 1715, 1682, 1621, 1272, 1055, 723; EIMS m/z (%): 356 (1),
311 (7), 299 (10), 186 (100); HRMS-(ESIpos) (m/z): [M+Na]" caled for CaoH2004SNa,
375.0975; found 379.0973.

Allyl benzyl 2-(diphenylsulfuranylidene) malonate

White solid, Rf = 0.24 (pentane/ethyl acetate = 1/1); 'H NMR

0] O
Bno)ﬂ)ko/\/ (500 MHz, CDCLy) & 7.54-7.34 (m, 10H), 7.22-7.17 (m, SH),
P~ ph 5.86-5.80 (m, 1H), 5.23-5.20 (m, 1H), 5.05 (br, 3H), 4.53 (t, J =

1.9 Hz, 2H); >C NMR (125 MHz, CDCls) & 165.9, 165.7, 137.1, 133.2, 131.2, 130.2,
129.4, 129.2, 128.20, 128.17, 127.72, 127.67, 127.4, 117.0, 65.3, 64.5, 60.4; IR (neat) v
1719, 1683, 1630, 1273, 1049, 740; EIMS m/z (%): 418(1), 361 (3), 311 (4), 186 (100);
HRMS-(ESIpos) (m/z): [M+Na]" calcd for C;sH»04SNa, 441.1131; found 441.1132.

Allyl 2-(diphenylsulfuranylidene) 3-oxo-3-phenylpropanoate

O O White solid, R¢ = 0.25 (iso- hexane/ethyl acetate = 1/1); '"H NMR
=
Phk#ow (500 MHz, CDCls) 6 7.74 (d, J = 4.6 Hz, 4H), 7.53 (d, J=8.1 Hz,
S
Ph”~ “Ph

8H), 7.35 (t, J = 8.1 Hz, 3H), 5.52-5.57 (m, 1H), 4.99 (d, J=10.4
Hz, 1H), 4.93 (d, J = 17.2 Hz, 1H), 4.42 (br, 2H); °C NMR (125 MHz, CDCl;) & 189.6,
165.9, 142.8, 132.7, 131.4, 129.8, 129.64, 129.57, 129.5, 127.7, 127.4, 116.7, 75.4, 64.3;
IR (neat) v 1674, 1561, 1039, 751; EIMS m/z (%): 388 (23), 331 (2), 285 (1), 283 (6),
186 (95), 105 (100); HRMS-(ESIpos) (m/z): [M+Na]" calcd for C24H,003SNa, 411.1025;

found 411.1022.

S4



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

Allyl 2-(diphenylsulfuranylidene) 3-(4-chlorophenyl)-3-oxo-propanoate

White solid, Ry = 0.26 (iso-hexane/ethyl acetate = 1/1); 'H
O O

MO ~~~ NMR (500 MHz, CDCls) 8 7.74-7.71 (m, 4H), 7.57-7.48
al Ph~ > ph (m, 8H), 7.32-7.28 (m, 2H), 5.69-5.61 (m, 1H), 5.05-4.96
(m, 2H), 4.44 (dt, J = 5.5 Hz, J = 1.4 Hz, 2H); BC NMR (125 MHz, CDCls) one carbon
overlapped 6 188.2, 165.7, 141.1, 1354, 132.6, 131.5, 129.62, 129.55, 129.2, 127.6,
117.0, 75.5, 64.4; IR (neat) v 1671, 1574, 1562, 1040, 741; EIMS m/z (%): 423 (4), 422
(4), 365 (5), 283 (10), 186 (100), 139 (81); HRMS-(ESIpos) (m/z): [M+Na]" caled for
C,4H1903CISNa, 445.0636; found 445.0636.
Allyl 2-(diphenylsulfuranylidene) 3-(3-chlorophenyl)-3-oxo-propanoate
o o White solid, Ry = 0.38 (iso-hexane/ethyl acetate = 1/1); 'H
C'Wo/\/ NMR (500 MHz, CDCl;) & 7.64-7.62 (m, 4H), 7.48-7.41
Ph™>ph (m, 7H), 7.32 (d, J = 7.4 Hz, 1H), 7.24 (dd, J = 6.9 Hz, J =
1.6 Hz, 1H), 7.18 (d, J = 7.8 Hz, 1H), 5.57-5.49 (m, 1H), 4.95-4.88 (m, 2H), 4.34 (d, J =
5.6 Hz, 2H); °C NMR (125 MHz, CDCls) one carbon overlapped & 187.7, 165.6. 144.5,
133.2, 132.5, 131.6, 129.6, 129.4, 129.2, 128.7, 127.8, 125.7, 117.1, 75.9, 64.4; IR (neat)
v 1676, 1584, 1573, 1561, 1329, 1041, 746; EIMS m/z (%): 423 (5), 422 (15), 365 (5),
283 (10), 186 (100), 139 (66); HRMS-(ESIpos) (m/z): [M+Na]" calcd for C24H;905CISNa,
445.0636; found 445.0637.
Allyl 2-(diphenylsulfuranylidene) 3-(2-chlorophenyl)-3-oxo-propanoate
o o o Colorless oil, R = 0.24 (pentane/ethyl acetate = 1/1); 'H NMR

WO/\/ (500 MHz, CDCls) & 7.67 (d, J = 7.4 Hz, 4H), 7.49-7.42 (m,
Ph~>ph

6H), 7.24-7.22 (m, 1H), 7.15-7.14 (m, 3H), 5.44 (d, J = 5.5 Hz,
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1H), 4.91-4.88 (m, 2H), 4.29 (d, J = 4.7 Hz, 2H); °*C NMR (125 MHz, CDCl;) one
carbon overlapped 6 186.0, 165.1, 142.9, 132.5, 131.4, 129.9, 129.6, 129.5, 128.8, 128.7,
127.3, 126.2, 116.8, 77.4, 64.4; IR (neat) v 1682, 1661, 1563, 1060, 741; EIMS m/z (%):
423 (6), 422 (23), 387 (100), 283 (5), 186 (87), 139 (75); HRMS-(ESIpos) (m/z):
[M+Na]+ calced for Co4H;9O3CISNa, 445.0636; found 445.0636.

Allyl 2-(diphenylsulfuranylidene)-3-(4-fluorophenyl)-3-oxopropanoate
o o Off-white foam, Rs = 0.28 (n-pentane : EtOAc 1:1) 'H (500
N MHz, CDCl;) 6 = 7.75 — 7.68 (m, 4H), 7.61 — 7.45 (m, 8H),
Fm 7.00 (tt, J = 8.8, 2.1 Hz, 2H), 5.71 — 5.57 (m, 1H), 5.05 —
4.93 (m, 2H), 4.43 (dt, J = 5.5, 1.5 Hz, 2H); °C (100 MHz,
CDCl;) & = 188.1, 165.6, 163.5 (d, Jcr = 248.2 Hz), 138.7 (d, Jcr = 3.22 Hz), 132.6,
131.4, 129.9 (d, J.r = 8.4 Hz), 129.7, 129.5, 129.5, 116.8, 114.1 (d, Jc.r = 21.6 Hz), 75.3,
64.2; IR (neat): v = 3064, 2937, 1659, 1645, 1599, 1562, 1504, 1475, 1443, 1404, 1360,
1320, 1267, 1246, 1220, 1153, 1093, 1048, 998, 920, 843, 760, 741, 683; MS-(EIl) m/z
(%): 406(14), 228(13), 186(80), 123(100), 95(23), 77(14), 41(59); HRMS-(ESIpos) (m/z):
[MJrNa]+ calcd for Cp4H9FO3SNa, 429.0931 ; found 429.0938 .
Allyl 2-(diphenylsulfuranylidene)-3-(4-cyanophenyl)-3-oxopropanoate
o o Orange solid (36%), R¢ = 0.3 (n-pentane : EtOAc 1:1). 'H

MOM (300 MHz, CDCls) 8 = 7.66 — 7.60 (m, 4H), 7.54 — 7.39
NE PP (m, 10H), 5.58 — 5.43 (m, 1H), 4.97 — 4.84 (m, 2H), 4.30
(dt, J = 5.6, 1.4 Hz, 2H); "°C (100 MHz, CDCls) & = 187.4, 165.3, 147.3, 132.4, 1317,
131.4, 129.7, 129.6, 129.2, 127.9, 118.8, 127.9, 118.8, 117.3, 112.4, 76.3, 64.5; IR (neat):
v = 3065, 2940, 2227, 1669, 1574, 1475, 1443, 1401, 1361, 1326, 1269, 1250, 1178,
1142, 1124, 1051, 1019, 998, 917, 838, 743, 683, 664; MS-(EI) m/z (%): 413(48),

283(12), 235(17), 219(16), 199(12), 186(100), 130(71), 121(19), 102(25), 77(15), 51(10),
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41(37); HRMS-(ESIpos) (m/z): [M+Na]" caled for CpsH;oNO3;SNa, 436.0977 ; found
436.0976.
Allyl 2-(diphenylsulfuranylidene) 3-oxo-3-p-tolylpropanoate
o o Colorless oil, R = 0.28 (iso-hexane/ethyl acetate = 1/1);

MO/\/ 'H NMR (500 MHz, CDCl3) & 7.75-7.72 (m, 4H), 7.55-
Me Ph™>ph 7.48 (m, 8H), 7.15 (d, J = 8.3 Hz, 2H), 5.69-5.61 (m, 1H),
5.02-4.94 (m, 2H), 4.44 (dt, J = 5.4 Hz, J = 1.4 Hz, 2H), 2.37 (s, 3H); °C NMR (125
MHz, CDCl;) 6 189.4, 165.9, 139.8, 139.6, 132.8, 131.3, 129.9, 129.6, 129.5, 128.0,
127.9, 116.6, 74.8, 64.2, 21.4; IR (neat) v 1672, 1561, 1325, 1039, 740; EIMS m/z (%):
402 (10), 345 (4), 365 (5), 283 (2), 186 (74), 119 (100); HRMS-(ESIpos) (m/z): [M+Na]"
caled for CpsH,,03SNa, 425.1182; found 425.1182.
Allyl 2-(diphenylsulfuranylidene)-3-(4-methoxyphenyl)-3-oxopropanoate

Colorless oil, Ry = 0.30 (pentane/ethyl acetate = 1/2); 'H
@] (@]

MOM NMR (500 MHz, CDCl3) § 7.74-7.71 (m, 4H), 7.61-7.58
MeO Ph~>ph (m, 2H), 7.55-7.48 (m, 6H), 6.87-6.84 (m, 2H), 5.71-5.64
(m, 1H), 5.03-4.96 (m, 2H), 4.45 (dt, J = 5.4 Hz, J = 1.4 Hz, 2H), 3.83 (s, 3H); °C NMR
(125 MHz, CDCl3) & 188.6, 165.9, 161.0, 134.9, 132.9, 131.3, 130.1, 130.0, 129.6, 129.5,
116.7, 112.6, 74.6, 64.2, 55.2; IR (neat) v 1671, 1606, 1581, 1246, 1040, 743; EIMS m/z
(%): 418 (12), 361 (3), 186 (52), 135(100); HRMS-(ESIpos) (m/z): [M+Na]" caled for
C,5H2,04SNa, 441.1131; found 441.1135.

Allyl 2-(diphenylsulfuranylidene)-3-([1,1'-biphenyl]-4-yl)-3-oxopropanoate
Colorless solid, Rf = 0.40 (pentane/ethyl acetate = 1/1).

0" 'H NMR (500 MHz, CDCl3)  7.74 (d, J = 7.53 Hz,
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2H), 7.63 (d, J = 8.22 Hz, 2H), 7.59 (d, J = 8.22 Hz, 2H), 7.56 — 7.49 (m, 8H), 7.43 (t, J =
7.53 Hz, 2H), 7.34 (t, J = 6.85 Hz, 1H), 5.64 — 5.59 (m, 1H), 4.97 (d, J = 10.50 Hz, 1H),
4.92 (d, J = 17.30 Hz, 1H), 4.43 (d, J = 5.25 Hz, 2H) ; °C NMR (125 MHz, CDCl;) &
189.3, 166.1, 142.5, 141.7, 141.1, 132.8, 131.6, 129.9, 129.8, 129.7, 128.8, 128.5, 127.5,
127.3, 126.4, 116.9, 75.5, 64.5; IR (neat) v =3044, 2929, 1894, 1737, 1669, 1554, 1475,
1443, 1362, 1326, 1251, 1125, 1039, 924, 836, 739, 717, 696, 681; MS-(EI) m/z (%): 464
(100), 354 (17), 337 (21), 314 (27), 286 (81), 270 (35), 252 (10), 241 (24), 186 (28), 181
(90), 165 (19), 152 (25), 77 (11), 41 (57); HRMS-(ESIpos) (m/z): [M+Na]" calcd for
C30H2403SNa, 487.1338; found 487.1338.

Allyl 2-(diphenylsulfuranylidene)-3-(naphtalen-1-yl)-3-oxopropanoate
Yellowish foam, R¢ = 0.39 (n-pentane : EtOAc 1:1). 'H (500

o™ MHz, CDCl3) § = 7.92 (d, J = 7.8 Hz, 1H), 7.82 — 7.37 (m,
Pr”>ph 6H), 7.58 — 7.50 (m, 7H), 7.43 — 7.36 (m, 4H), 5.21 (s, br,
1H), 4.79 (d, br, J = 10.5 Hz, 1H), 4.72 (d, br, J = 14.8 Hz, 1H), 4.17 (s, br, 1H) ; °C
(100 MHz, CDCl3) 0 = 189.4, 165.6, 141.8, 133.6, 132.5, 131.7, 130.6, 129.8, 129.8,
128.3, 128.2, 126.1, 125.6, 125.3, 125.0, 123.6, 116.8, 78.7, 64.5; IR (neat): v = 3058,
2932, 1680, 1644, 1558, 1474, 1442, 1359, 1313, 1269, 1209, 1150, 1099, 1051, 998, 924,
779, 741, 682; MS-(ED) m/z (%): 438 (15), 194(13), 186(100), 155 (17), 127 (20);
HRMS-(ESIpos) (m/z): [M+Na]" caled for C,35H,,03SNa, 461.1181 ; found 461.1183 .
Allyl -(diphenylsulfuranylidene)-3-(furan-2-yl)-3-oxopropanoate

Colourless solid, Ry = 0.23 (iso-hexane/ethyl acetate = 1/1). 'H

o O

® | 0™ NMR (500 MHz, CDCL) § 7.71 — 7.65, (m, 4H), 7.5 — 7-41 (m,
(0] S.

PhPh 7H), 7.08 (dd, J = 3.5 Hz, J = 0.7 Hz, 1H), 6.40 (dd, J = 3.5 Hz,

J=1.7 Hz, 1H), 5.82 — 5.70 (m, 1H), 5.15 — 5.04 (m, 2H), 4.52 (dt, J = 5.5 Hz, J = 1.4
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Hz, 2H); *C NMR(125 MHz, CDCl;) & 175.9, 165.5, 153.5, 143.3, 132.9, 131.3, 129.7,
129.6, 129.5, 116.9, 114.6, 110.9, 74.38, 64.4; IR (neat) v 3062, 2933, 1659, 1644, 1571,
1553, 1473, 1443, 1387, 1319, 1266, 1178, 1050, 998, 927, 884, 814, 742, 684; MS-(EI)
m/z (%): 378 (3), 186 (100), 95 (36) 41 (10); HRMS-(ESIpos) (m/z): [M+Na]" calcd for
C2H304SNa, 401.0818; found 401.0819.
Ethyl 2-(diphenylsulfuranylidene)-2-vinylphenyl malonate
Colorless oil, R¢ = 0.36 (n-pentane/ethyl acetate = 2/1); '"H NMR

Etoj\)oko (500 MHz, CDCl3) & 7.60-7.58 (m, 4H), 7.45-7.38 (m, 6H), 7.11-

Ph/sl\Ph Z 7.08 (m, 1H), 7.02 (t, J = 7.3 Hz, 1H), 6.90 (d, J = 7.9 Hz, 1H),
6.69 (dd, J=17.7 Hz, J = 11.1 Hz, 1H), 5.61 (dd, J=17.7 Hz, J = 0.9 Hz, 1H), 5.18 (s,
1H), 5.08 (dd, J=11.1 Hz, J=0.9 Hz, 1H), 4.10 (q, J = 7.1 Hz, 2H), 1.16 (t, J = 7.1 Hz,
3H); BC NMR (125 MHz, CDCIl;) & 166.1, 164.0, 148.7, 131.4, 131.1, 130.5, 130.3,
129.5,129.3, 128.1, 125.7, 125.0, 123.3, 115.0, 60.6, 59.8, 14.4.
Methyl 2-(diphenylsulfuranylidene)-2-methylallyl malonate

Colorless oil, Ry = 0.37 (iso-hexane/ethyl acetate = 1/2); 'H

O O
MeOMOY NMR (500 MHz, CDCl3) § 7.55-7.53 (m, 4H), 7.45-7.37 (m, 6H),
Ph”""Ph 4.92 (s, 1H), 4.77 (s, 1H), 4.42 (s, 2H), 3.59 (s, 3H), 1.62 (s, 3H);

13C NMR (125 MHz, CDCl3) 8 166.6, 165.5, 140.8, 131.2, 130.2, 129.3, 129.2, 111.5,
66.7, 60.0, 50.9, 19.4; IR (neat) v 1681, 1639, 1223, 1065, 738; EIMS m/z (%): 356 (1),
325 (2), 285 (10), 186 (100); HRMS-(ESIpos) (m/z): [M+Na]" caled for CaHa004SNa,

379.0975; found 379.0973.
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Ethyl 2-(diphenylsulfuranylidene)-(2-methylenedecyl) malonate
Colourless oil (316 mg, 0.67 mmol. 67%) R; = 028 (n-

M WCsHﬂ pentane/ethyl acetate 1/1). 'H (300 MHz, CDCl3) & = 7.58
ph S —17.51 (m, 4H), 7.47 — 7.35 (m, 6H), 5.00 (s, 1H), 4.78 (s,
1H), 4.46 (s, 2H), 4.04 (q, J = 7.1 Hz, 2H), 1.98 — 1.89 (m, 2H), 1.41, - 1.29 (m, 2H),
1.25 — 1.09 (m, 13H), 0.80 (t, J = 6.7 Hz, 3H); '*C (75 MHz, CDCL3) & = 166.2, 165.9,
144.9, 131.2, 130.5, 129.4, 129.3, 110.6, 66.0, 59.6, 33.3, 31.8, 29.4, 29.4, 29.2, 27.5,
22.6, 14.6, 14.1; IR (neat): v = 3064, 2925, 2854, 1720, 1687, 1630, 1475, 1443, 1387,
1365, 1275, 1221, 1179, 1065, 1023, 999, 901, 768, 742, 684; MS-(EI) m/z (%): 468(1),
186(100), 55(10); HRMS-(ESIpos) (m/z): [M+Na]" caled for C28H3504SNa, 491.2226;
found 491.2228.
But-3-en-2-yl 2-(diphenylsulfuranylidene) methyl malonate
Colorless oil, R¢= 0.18 (iso- hexane/ethyl acetate = 1/1); 'H
M )\/ NMR (500 MHz, CDCl3) & 7.54-7.52 (m, 4H), 7.46-7.39 (m,
P> ph 6H), 5.70-5.64 (m, 1H), 5.32-5.27 (m, 1H), 5.11 (d, J = 17.1
Hz, 1H), 4.94 (d, J = 10.6 Hz, 1H), 3.61 (s, 3H), 1.12 (d, J = 6.6 Hz, 3H); >C NMR (125
MHz, CDCls) ¢ 167.0, 165.0, 138.6, 131.22, 131.19, 130.5, 130.4, 129.40, 129.38, 129.3,
129.2,114.7, 69.8, 60.0, 51.1, 20.1; IR (neat) v 1717, 1683, 1628, 1294, 1051, 741; EIMS
M/z (%): 356 (3), 325 (4), 285 (19), 186 (100); HRMS-(ESIpos) (m/z): [M+Na]" caled for
C0H2004SNa, 379.0975; found 379.0973.
Ethyl 1-phenylbut-3-en-2-yl 2-(diphenylsulfuranylidene) malonate
Colorless oil, Ry = 0.33 (iso- hexane/ethyl acetate = 1/1); 'H

u )\/ NMR (500 MHz, CDCls) & 7.50-7.49 (m, 2H), 7.43-7.34 (m, 8H),

Ph/ “Ph
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7.12-7.06 (m, 6H), 5.72-5.65 (m, 1H), 5.48 (q, J = 6.4 Hz, 1H), 5.13-5.5.09 (m, 1H),
4.98-4.95 (m, 1H), 4.03 (q, J = 7.1 Hz, 2H), 2.89 (dd, J = 13.7 Hz, J = 7.1 Hz, 1H), 2.74
(dd, J=13.7 Hz, J = 6.5 Hz, 1H), 1.11 (t, J = 7.1 Hz, 3H); °C NMR (125 MHz, CDCl;)
§166.2,165.0, 137.5, 136.7, 131.2, 131.0, 130.44, 130.39, 129.6, 129.30, 129.27, 129.16,
129.1, 127.9, 126.0, 115.8, 73.8, 59.8, 59.5, 41.0, 14.5; IR (neat) v 1683, 1627, 1276,
1049, 742; EIMS m/z (%): 446 (1), 401 (2), 299 (20), 186 (100); HRMS-(ESIpos) (m/z):
[M+Na]" caled for C,7H2604SNa, 469.1444; found 469.1443.

1-Cyclohexylallyl ethyl-2-(diphenylsulfuranylidene) malonate

Colorless oil, Ry = 0.34 (iso- hexane/ethyl acetate = 1/1); '

Cy

M )\/ NMR (300 MHz, CDCls) § 7.65-7.61 (m, 4H), 7.55-7.44 (m, 6H),

Ph™Ph 5.78-5.67 (m, 1H), 5.23-5.07 (m, 3H), 4.17-4.09 (m, 2H), 1.70-

1.48 (m, 6H), 1.27-0.98 (m, 9H); BC NMR (75 MHz, CDCl;) 6 166.5, 165.5, 136.1,
131.14, 131.09, 130.7, 129.4, 129.3, 129.2, 116.3, 77.7, 60.3, 59.6, 41.8, 28.6, 28.4, 26 .4,
26.1, 14.5; IR (neat) v 1685, 1628, 1274, 1063, 742.
Ethyl 3-methylbut-3-en-2-yI2-(diphenylsulfuranylidene) malonate
o0 o Colorless oil, Ry = 0.26 (iso- hexane/ethyl acetate = 2/1); 'H
Etok#oj\[/ NMR (500 MHz, CDCls) & 7.55-7.52 (m, 4H), 7.45-7.37 (m,
Ph”> Ph 6H), 5.24 (q, J = 6.5 Hz, 1H), 4.88 (s, 1H), 4.69 (s, 1H), 4.06-
4.01 (m, 2H), 1.61 (s, 3H), 1.17 (d, J = 6.5 Hz, 3H), 1.13 (t, J = 7.1 Hz, 3H); °C NMR
(125 MHz, CDCl3) ¢ 166.4, 165.4, 145.6, 131.2, 131.1, 130.6, 130.5, 129.33, 129.28,
129.2, 128.3, 110.6, 72.4, 60.4, 59.6, 19.4, 18.6, 14.5; IR (neat) v 1683, 1628, 1274, 1056,
743; EIMS m/z (%): 384 (1), 339 (1), 299 (6), 186 (100); HRMS-(ESIpos) (m/z):

[M+Na]+ calced for C»,H»404SNa, 407.1288; found 407.1286.
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1-Phenyl-2-(diphenylsulfuranylidene)hept-6-ene-1,3-dione

o o Colorless oil, R = 0.50 (iso-hexane/ethyl acetate = 1/2); '"H NMR
S
Ph)\(u\/\/ (500 MHz, CDCl;) § 7.53-7.52 (m, 4H), 7.45-7.27 (m, 11H), 5.69-
S
Ph” 7 Ph

5.61 (m, 1H), 4.84-4.76 (m, 2H), 2.68 (t, J = 7.6 Hz, 2H), 2.21 (q,
J=7.1 Hz, 2H); BC NMR (125 MHz, CDCls) 6 192.8, 189.9, 143.0, 138.2, 131.4, 129.8,
129.6, 129.51, 129.47, 128.2, 127.3, 114.3, 90.1, 40.8, 29.5; IR (neat) v 1605, 1585, 1567,
1322; EIMS m/z (%): 386 (1), 331 (5), 186 (100), 105 (35); HRMS-(ESIpos) (m/2):
[M+Na]" caled for CosH,,0,SNa, 409.1233; found 409.1230.
Ethyl 2-(diphenylsulfuranylidene)-3-oxohept-6-enoate

o o Colorless oil, R¢= 0.43 (iso-hexane/ethyl acetate = 1/1); '"H NMR

EtOW (500 MHz, CDCls) 8 7.51-7.50 (m, 4H), 7.43-7.35 (m, 6H), 5.82-

/S\
Ph™Ph 5.74 (m, 1H), 4.95-4.82 (m, 2H), 4.02 (g, J = 7.1 Hz, 2H), 2.94-

2.91 (m, 2H), 2.31-2.27 (m, 2H), 1.09 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl;) &
192.8, 166.2, 138.6, 131.1, 129.9, 129.3, 124.7, 114.1, 75.6, 59.3, 39.9, 29.8, 14.4; IR
(neat) v 1660, 1596, 1050, 740; EIMS m/z (%): 354 (2), 309 (3), 299 (8), 186 (100);
HRMS-(ESIpos) (m/z2): [MJrNa]+ calced for C,1H,,03SNa, 377.1182; found 377.1181.
Ethyl 2-(diphenylsulfuranylidene)-3-oxo-3-(2-vinylphenyl)propanoate

Colorless oil, R¢ = 0.28 (pentane/ethyl acetate = 1/1); "H NMR (500

ogt MHz, CDCL) § 7.62 (d, J = 7.3 Hz, 4H), 7.44-7.38 (m, 7H), 7.18-
ph” > ph 7.09 (m, 3H), 6.71 (dd, J = 17.5 Hz, J = 11.0 Hz, 1H), 5.53 (d, J =
17.4 Hz, 1H), 5.05 (d, J = 11.1 Hz, 1H), 3.72 (d, J = 6.3 Hz, 2H), 0.66 (bs, 3H); *C
NMR (125 MHz, CDCI;) one carbon overlapped 6 189.3, 165.5, 142.9, 134.5, 134.0,

131.3, 129.5, 129.4, 127.6, 126.8, 126.0, 124.5, 114.5, 78.3, 59.2, 13.5; IR (neat) v 1679,

S12



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

1654, 1561, 1273, 1061, 743; EIMS m/z (%): 402 (1), 357 (1), 186 (100); HRMS-(ESIpos)
(M/z): [M+Na]" caled for C,5H,03SNa, 425.1182; found 425.1181.
Ethyl 3-(allyl(benzyl)amino)-2-(diphenylsulfuranylidene)-3-oxopropanoate

Colorless oil, R¢ = 0.27 (pentane/ethyl acetate = 1/1); '"H NMR

o O

£ E,/\/ (500 MHz, CDCls) § 7.64-7.57 (m, 4H), 7.45-7.36 (m, 6H), 7.14-
n

~

Ph™™"Ph 7.08 (m, 3H), 6.95 (d, J = 6.4 Hz, 2H), 5.69-5.61 (m, 1H), 5.00-
4.94 (m, 2H), 4.54 (s, 2H), 3.99 (q, J = 7.1 Hz, 2H), 3.85 (d, J = 5.5 Hz, 2H), 1.04 (t, J =
7.1 Hz, 3H); °C NMR (125 MHz, CDCl;) ylide cabon missing & 168.7, 165.5, 138.2,
134.6, 131.6, 130.9, 129.6, 129.3, 128.3, 128.2, 127.6, 126.6, 116.8, 59.5, 59.0, 14.7; IR
(neat) v 1642, 1589, 1575, 1063, 684; EIMS m/z (%): 444 (1), 400 (1), 299 (3), 186 (100);
HRMS-(ESIpos) (m/z2): [MJrNa]+ calced for C»7H,7NO3;SNa, 468.1604; found 468.1606.
Methyl 3-(allyl(4-methoxyphenyl)amino)- 2-(diphenylsulfuranylidene)-3-
oxopropanoate
Colorless oil, Ry = 0.30 (iso-Hexane/ethyl acetate = 1/4);
u Q/ 'H NMR (500 MHz, CDCl3) & 7.52 (d, J = 7.4 Hz, 4H),
op S H 7.42-7.35 (m, 6H), 6.88 (d, J = 8.7 Hz, 2H), 6.63 (d, J =
| 8.7 Hz, 2H), 5.79-5.72 (m, 1H), 5.00-4.91 (m, 2H), 4.25 (d,
J =5.6 Hz, 2H), 3.67 (s, 3H), 3.20 (s, 3H); °C NMR (125 MHz, CDCl3)  168.5, 165.4,
156.9, 138.3, 134.5, 131.4, 130.9, 129.5, 129.2, 128.1, 116.2, 113.2, 60.2, 55.2, 53.7, 50.1;
IR (neat) v 1640, 1592, 1574, 1509, 1077, 742; EIMS m/z (%): 447 (3), 416 (2), 285
(100), 186 (77); HRMS-(ESIpos) (m/z): [M+Na]" caled for CpsHysNO4SNa, 470.1397;

found 470.1395.
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N-Allyl-N,4-dimethyl 2-(diphenylsulfuranylidene)-3-oxopentanamide

White solid. Ry = 0.16 (ethyl acetate) as a mixture of rotamers. 'H

0] O
NTV (300 MHz, CDCl3) & 7.67 (d, br, J = 5.9 Hz, 4H), 7.51 — 7.40 (m,
Ph™ " "Ph 6H), 5.47 — 5.30 (m, br, 1H), 5.05 — 4.59 (m, 2H), 3.91 and 3.80

(2s, br, 2H), 2.87 (br, 3H), 2.82 — 2.68 (m 1H), 1.17 — 1.00 (m, br, 6H); '*C (75 MHz,
CDCls) 6 191.8, 168.1, 133.0 131.1, 130.9, 130.6, 129.8, 129.3, 117.1, 72.9, 52.0, 35.5,
35.0, 19.8; IR (neat) v 3078, 3061, 3018, 2981, 2956, 2926, 2865, 2295, 1979, 1737,
1646, 1569, 1474, 1442, 1421, 1385, 1303, 1385, 1268, 1224, 1124, 1088, 1021, 948, 920,
911, 820, 757, 743, 688, 660; MS-(EI) m/z (%): 367 (1), 206 (25), 186 (100), 138 (12),
110 (11), 70 (18), 43 (20); HRMS-(ESIpos) (m/z): [M+Na]" caled for C2,H,5NO,SNa,
390.1498; found 390.1500.

N,N-diallyl-2-(diphenylsulfuranylidene)-4-methyl-3-oxopentanamide
O O Colourless solid (247 mg, 0.63 mmol, 63%). Ry = 0.22 (i-

ANF _ X

Hexan/ethyl acetate 1/1) as a mixture of rotamers. H (500 MHz,
Ph k/

CDCl3) 6 =7.74 — 7.65 (m, 4H), 7.53 — 7.41 (m, 6H), 5.28 — 5.39
(m, 2H), 5.09 — 4.72 (m, 4H), 4.00 — 3.72 (m, 4H), 3.35 — 2.87 (m, 1H), 1.17 — 1.03 (m,
6H); "°C (125 MHz, CDCl3) & =191.8, 168.1, 165.9, 133.3, 131.9, 131.1, 130.9, 130.5,
129.9, 129.6, 129.4, 129.1, 127.1, 117.6, 72.7, 71.2, 49.4, 46.6, 34.9, 33.7, 20.2, 19.8; IR
(neat): v = 3062, 2962, 2927, 2868, 2300, 1737, 1640, 1590, 1569, 1475, 1442, 1399,
1381, 1355, 1261, 1231, 1180, 1081, 1064, 1023, 998, 921, 829, 745, 687, 663; MS-(EI)
m/z (%): 393(1), 232(29), 186(100), 96(11), 41(23); HRMS-(ESIpos) (m/z): [M+Na]"

calcd for C4H,7NO,SNa, 416.1654; found 416.1651.
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N-Allyl-N-methyl 2-(diphenylsulfuranylidene)-3-oxo-3-phenylpropanamide

Colourless oil, Rf = 0.16 (ethyl acetate) as a mixture of rotamers.

(@] O
phMN/\/ '"H NMR (500 MHz, CDCly) § 7.75 (s, br, 4H), 7.58 (s, br, 2H),
| |
ph > ph1e 7.51 - 7.42 (m, 6H), 7.36 — 7.27 (m, 3H). 5.20 (s, br, 1H), 4.86 (d,

J=10.1 Hz, 1H), 4.72 (d, J = 17.0 Hz. 1H), 3.59 (br, 2H), 2.44 (br, 3H); °C (125 MHz,
CDCls) 6 183.7 (br), 168.2 (br), 141.8, 133.0 (br), 131.3, 130.9, 129.9, 129.6, 129.4,
127.7, 127.5, 116.7 (br), 75.2, 51.3 (br), 35.0 (br); IR (neat) v 3083, 3055, 3019, 2981,
2921, 1586, 1540, 1474, 1440, 1426, 1393, 1363, 1349, 1265, 1243, 1122, 1065, 1020,
999, 959, 918, 909, 833, 777, 757, 744, 698, 689; MS-(EI) m/z (%): 401 (33), 331 (13),
308 (26), 292 (16), 278 (17), 223 (21), 215 (11), 194 (52), 186 (100), 165 (27), 129 (10),
105 (53), 77 (35), 51 (10), 41(35); HRMS-(ESIpos) (m/z): [M+Na]" calcd for
C1sH23NO,SNa, 424.1341; found 424.1338.

N,N-diallyl-2-(diphenylsulfuranylidene)-3-oxo-3-phenylpropanamide
O O Yellowish solid (341 mg, 0.79 mmol, 80%). Ry = 0,41 (ethyl

| N acetate) as a mixture of roatmers. 'H (500 MHz, CDCls) & =
Ph~>>Ph v
7.77 (d, J = 6.3 Hz, 4H, br), 7.61 (d, J = 5.9 Hz, 2H, br), 7.54 —
7.41 (m, 6H), 7.41 — 7.27 (m, 3H), 5.25 — 4.72 (m, 5H, br), 3.68 (s, 4H, br) ;°C (125
MHz, CDCls) 6 = 183.99 (br), 141.7, 133.4, 131.3, 129.9, 1294, 127.8, 127.7, 117.1,
74.9, 49.3; IR (neat): v = 3060, 2233, 1959, 1639, 1584, 1535, 1474, 1442, 1399, 1327,
1246, 1178, 1134, 1067, 1024, 998, 957, 919, 785, 728, 685, 659.
(E)-But-2-enyl methyl 2-(diphenylsulfuranylidene) malonate
o o Colorless oil,R¢ = 0.37 (iso- hexane/ethyl acetate = 1/1); 'H

Meo%l)ko/\/\ NMR (500 MHz, CDCl3) § 7.53 (d, J = 7.4 Hz, 4H), 7.45-

S.
Ph” " Ph
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7.37 (m, 6H), 5.67-5.60 (m, 1H), 5.49-5.44 (m, 1H), 4.42 (d, J = 6.1 Hz, 2H), 3.59 (s,
3H), 1.58 (d, J = 6.3 Hz, 3H); >C NMR (125 MHz, CDCl;) § 166.6, 165.7, 131.1, 130.3,
129.4, 129.3, 129.2, 126.1, 64.2, 59.8, 50.9, 17.7; IR (neat) v 1682, 1629, 1274, 1048,
742; EIMS m/z (%): 356 (0.3), 325 (2), 285 (9), 186 (100); HRMS-(ESIpos) (m/z):
[M+Na]+ calced for CyoH,004SNa, 379.0974; found 379.0975.

(E)-methyl pent-2-enyl 2-(diphenylsulfuranylidene) malonate

Colorless oil,R; = 0.20 (iso- hexane/ethyl acetate = 1/1); 'H

(@] (@]
MeOMO/\/\EI NMR (500 MHz, CDCly) 8 7.54-7.42 (m, 4H), 7.45-7.38 (m,
/S\
ph”> ph 6H), 5.70-5.64 (m, 1H), 5.46-5.40 (m, 1H), 443 (dd, J = 6.1

Hz, J = 0.9 Hz, 2H), 3.60 (s, 3H), 1.97-1.92 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H); '°C NMR
(125 MHz, CDCl;) 6 166.7, 165.7, 136.2, 131.2, 130.4, 129.3, 129.2, 123.8, 64.3, 59.9,
51.0,25.2, 13.1; IR (neat) v 1684, 1630, 1273, 1050, 742; EIMS m/z (%): 370 (0.2), 339
(1), 285 (9), 186 (100); HRMS-(ESIpos) (m/z): [M+Na]" caled for C,H,,04SNa,
393.1131; found 393.1134.

(Z2)-methyl pent-2-enyl 2-(diphenylsulfuranylidene) malonate

Colorless 0il,R¢ = 0.20 (iso- hexane/ethyl acetate = 1/1); 'H

O (@]
MeOMO/\/\Et NMR (500 MHz, CDCl3) § 7.54-7.51 (m, 4H), 7.45-7.37 (m,
/S\
Ph”> Ph 6H), 5.46-5.42 (m, 1H), 5.38-5.33 (m, 1H), 4.53 (d, J = 6.7

Hz, 2H), 3.59 (s, 3H), 2.01-1.96 (m, 2H), 0.85 (t, J = 7.4 Hz, 3H); °C NMR (125 MHz,
CDCl3) & 166.7, 165.7, 135.5, 131.2, 130.3, 129.3, 129.2, 123.9, 59.8, 59.4, 51.0, 20.7,
14.0; EIMS m/z (%): 370 (0.2), 339 (1), 285 (8), 186 (100); HRMS-(ESIpos) (m/z):

[M+Na]+ calced for C,1H,,04SNa, 393.1131; found 393.1133.
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1.2 Optimization of the gold-catalyzed cyclopropanation

O O

o)
o)

MeOMO/\/ DCE, 02M MeO

SI + CatB — .

PN 100 °C,1 h
5 mol% 4b

R +

N | SbFg t

P—AP—NCMe AN Bu

R/ | BUSE_au—ci

= u—
! <o, N P,
R2

CI—A:u—O

A:R='Bu,R'=R?=R%®=H cl
B:R="Bu, R*=R?=R3="pr D E
C: IPrAuCIl/AgSbFg

As illustrated in Table S1, the structure of the gold pre-catalyst employed played a crucial
role. Compared to the catalysts bearing bulky electron-rich ligand (entries 1 and 5), a
gold complex of triphenylphosphine led to lower conversions (entry 2). The strong o-
donation provided by an NHC ligand also resulted in lower catalytic activity (entry 3),
and the use of PicAu(Ill) dichloride afforded only sluggish conversion under similar
conditions (entry 4). Control experiments revealed that the use of either gold(I) chloride

complex E or AgSbFs alone was ineffective for this cyclopropanation reaction (entries 5

and 6).
Entry Conditions Conversion
(%)
1 as described 99 91)
2 Ph;PAuCl/AgSbFs instead of B 56
3 C instead of B 56
4 D instead of B 17
5 A instead of B 99
6 E instead of B >
7 AgSbF; instead of B 3

2 Determined by 'H NMR; numbers between brackets refer to isolated yields of pure product. b Full recovery of ylide 5

was observed.
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In contrast to the ylides derived from malonates, in the reaction of ylides derived from
ketoesters catalysts and A and B showed different activities. Employing ligand A, the
reaction was complete in 8 hours and cyclopropane 4f was isolated in 89% yield. When
ligand B is considered, a longer reaction time was required but cyclopropane 4f was

isolated in quantitative yield.

0 0 o
0
Ph)J\HJ\O/\/ +  ca _DCE.02M Ph
e
Ph/S\Ph 100 °C time 0
1f 5 mol% 4f
Cat. A 8h, 89% yield
Cat. B 24h, 99% yield
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1.3 Gold (1) catalyzed cyclopropanation of sulfonium ylides

tBu *
0O 0 R® ‘Bua: o
)\% ~p—Au—NCMe R! O
i
1 Pr,, SbFs DCE, 0.2 M
R )J\kk 6 ) X
Ph S ph 100 °C, time Rad
R
0.2 mmol B, 0.01 mmol

Take the procedure of preparation of 4a as typical procedure: A dry Schlenk tube
was charged with sulfonium ylide (0.2 mmol, 73.6 mg) and catalyst B (0.01 mmol, 9.0
mg). The tube was evacuated and back filled with argon, and this was repeated three
times. The mixture was dissolved by dry dichloroethane (1 mL, 0.2 M). The tube was
placed on a preheated bath (100 °C), and stirred for 1h. The mixture was cooled to room
temperature, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography on silica gel, pentane/ethyl acetate from 2/1 to 1/1,
providing 4a as colorless oil, 35.0 mg, 96% yield.

Allyl 2-oxo0-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4a) *

o Compound 4a was obtained as colorless oil, 35.0 mg, in 96% yield.

o (@]
7~ ﬁd 'H NMR (500 MHz, CDCL3) & 5.91-5.83 (m, 1H), 5.33 (dd, J = 17.2
O
Hz, J= 1.3 Hz, 1H), 5.21 (dd, J = 10.3 Hz, J = 0.6 Hz, 1H), 4.63 (d, J

= 5.7 Hz, 2H), 431 (q, J = 4.7 Hz, 1H), 4.13 (d, J = 9.5 Hz, 1H), 2.72-2.68 (m, 1H), 2.03
(dd, J=8.1 Hz, J = 4.8 Hz, 1H), 1.34 (t, J = 5.1 Hz, 1H); *C NMR (125 MHz, CDCl;) &

170.3,166.4, 131.2, 119.0, 67.0, 66.4, 29.3, 28.0, 20.8.

2 a) Kitaori, K.; Mikami, M.; Furukawa, Y.; Yoshimoto, H.; Otera, J. Synlett 1998, 499-500. b) Oumar-
Mahamat, H.; Moustrou, C.; Surzur, J.-M.; Bertrand, M. P. J. Org. Chem. 1989, 54, 5684-5688.
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Methyl 2-oxo-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4b) **
o Compound 4b was obtained as colorless oil, 28.5 mg, in 86% yield. 'H
Meoé;«() NMR (500 MHz, CDCls) ¢ 4.31 (q, J = 4.8 Hz, 1H), 4.13 (d, J = 9.5 Hz,
1H), 3.75 (s, 3H), 2.71-2.68 (m, 1H), 2.03 (dd, J = 8.0 Hz, J = 4.7 Hz,
1H), 1.34 (t, J = 5.2 Hz, 1H); °C NMR (125 MHz, CDCl3) § 170.5, 167.2, 67.0, 52.9,
29.2,28.0, 20.9.
Ethyl 2-oxo-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4c) **
o 4 Compound 4¢ was obtained as colorless oil, 33.4 mg, in 98% yield. 'H
Etoﬁi/fo NMR (500 MHz, CDCls) 6 4.30 (q, J = 4.7 Hz, 1H), 4.23-4.16 (m, 2H),
4.13 (d, J=9.5 Hz, 1H), 2.70-2.66 (m, 1H), 2.02 (dd, J=8.1 Hz, J =4.8
Hz, 1H), 1.32 (t,J =52 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl;)
8 170.5, 166.6, 66.9, 61.9,29.3,27.9, 20.7, 14.0.
Benzyl 2-oxo-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4d) %
o Compound 4d was obtained as white solid, 41.0 mg, in 88% yield. 'H
Bnoﬁ(‘fo NMR (500 MHz, CDCls) 6 7.40-7.35 (m, SH), 5.28-5.22 (m, 2H), 4.36 (t,
J=49 Hz, 1H), 4.19 (d, J=9.2 Hz, 1H), 2.77 (d, J=4.0 Hz, 1H), 2.11 (t,
J=4.0 Hz, 1H), 1.42 (d, J = 3.1 Hz, 1H); >C NMR (125 MHz, CDCl3) § 170.3, 166.5,
135.1, 128.6, 128.3, 128.0, 67.3, 66.9, 29.3, 28.0, 20.8.
1-Acetyl-3-oxabicyclo[3.1.0]hexan-2-one (4e) *
Compound 4e was obtained as a white solid, 20.0 mg, in 71% yield, and

O

M O
eﬁd 15.0 mg sulfonium ylide was recovered. 'H NMR (500 MHz, CDCl;) &
6]

3 a) Tong, X.; Beller, M.; Tse, M. K. J. Am. Chem. Soc. 2007, 129, 4906-4907. b) Welbes, L. L.; Lyons, T.
W.; K. A. Cychosz, K. A.; Sanford, M. S. J. Am. Chem. Soc. 2007, 129, 5836-5837. c¢) Tsujihara, T.;
Takenaka, K.; Onitsuka, K.; Hatanaka, M.; Sasai, H. J. Am. Chem. Soc. 2009, 131, 3452-3453.
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428 (q, J = 4.8 Hz, 1H), 4.13 (d, J = 9.5 Hz, 1H), 2.76-2.72 (m, 1H), 2.52 (s, 3H), 2.00
(dd, J = 8.0 Hz, J = 4.1 Hz, 1H), 1.36 (dd, J = 5.5 Hz, J = 4.3 Hz, 1H); °C NMR (125
MHz, CDCl3) 6 200.5, 172.8, 67.2, 36.5, 29.8, 29.3, 24.2.
1-Benzoyl-3-oxabicyclo[3.1.0]hexan-2-one (4f) >

o Compound 4f was obtained as a white solid, 42.0 mg, in 99% yield. 'H

Ph o
NMR (500 MHz, CDCls) & 7.82 (d, J = 7.4 Hz, 2H), 7.53 (t, J = 7.4 Hz,

o)
1H), 7.42 (t,J = 7.7 Hz, 2H), 4.51 (q, J = 4.8 Hz, 1H), 4.29 (d, J=9.7 Hz,
1H), 2.79-2.75 (m, 1H), 2.06 (dd, J = 7.9 Hz, J = 4.8 Hz, 1H), 1.38 (t, J = 5.0 Hz, 1H);
BC NMR (125 MHz, CDCl3) 8 192.1, 172.7, 135.5, 133.7, 129.2, 128.5, 67.9, 35.8, 27.1,
19.2.
1-(4-Chlorobenzoyl)-3-oxabicyclo[3.1.0]hexan-2-one (49)
o Compound 4g was obtained as a white solid, 36.0 mg, in 76%

Cl O
yield. Ry = 0.32 (pentane/ethyl acetate = 2/1); 'H NMR (500 MHz,

0

CDCls) & 7.78-7.75 (m, 2H), 7.39-7.36 (m, 2H), 4.47 (dd, J = 9.7
Hz, J = 4.8 Hz, 1H), 2.79 (dt, J = 8.0 Hz, J = 4.9 Hz, 1H), 2.00 (dt, J = 8.0 Hz, J = 4.8 Hz,
1H), 1.40 (t, J = 5.0 Hz, 1H); *C NMR (125 MHz, CDCl5) & 190.9, 172.4, 140.1, 133.8,
130.6, 128.8, 67.9, 35.8, 26.8, 19.8; IR (neat) v 1760, 1675, 1088, 993; EIMS m/z (%):
236 (39), 178 (11), 139 (100); HRMS-(ESIpos) (m/z): [M+Na]" caled for C;,HoO3CINa,
259.0132; found 259.0132.
1-(3-Chlorobenzoyl)-3-oxabicyclo[3.1.0]hexan-2-one (4h)

o Compound 4h was obtained as white solid, 38.5 mg, in 81% yield.

O]
R¢ = 0.50 (pentane/ethyl acetate = 3/2); "H NMR (500 MHz, CDCl;)
Cl O

§7.78 (t, = 1.9 Hz, 1H), 7.68 (dt, J = 7.8 Hz, J = 1.3 Hz, 1H), 7.49

S21



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

(ddd, J=8.0 Hz,J=2.1 Hz, J=1.0 Hz, 1H), 7.35 (t, J=7.9 Hz, 1H), 4.49 (dd, J =9.7
Hz, J=4.8 Hz, 1H), 4.27 (d, J = 9.7 Hz, 1H), 2.81 (dt, J = 8.0 Hz, J = 4.8 Hz, 1H), 2.02
(dt, J=8.0 Hz, J = 4.8 Hz, 1H), 1.42 (t, J = 5.0 Hz, 1H); °C NMR (125 MHz, CDCl;) &
191.1, 172.3, 137.1, 134.8, 133.5, 129.7, 129.0, 127.3, 67.9, 35.8, 27.1, 19.8; IR (neat) v
1760, 1675, 1089, 995, 729; EIMS m/z (%): 236 (31), 178 (10), 139 (100), 111 (44);
HRMS-(ESIpos) (m/z2): [MJrNa]+ calcd for C1,H9O3CINa, 259.0132; found 259.0133.
1-(2-Chlorobenzoyl)-3-oxabicyclo[3.1.0]hexan-2-one (4i)
o The reaction was run in toluene (1.0M). Compound 4i was obtained
as yellow solid, 36.0 mg, in 76% yield. R = 0.27 (pentane/ethyl
“ g acetate = 2/1); 'H NMR (500 MHz, CDCl3) & 7.42-7.36 (m, 4H),
4.48 (dd, J=9.5 Hz, J=4.6 Hz, 1H), 4.29 (d, J = 9.5 Hz, J = 4.0 Hz, 1H), 2.97 (dt, J =
8.0 Hz, J = 5.2 Hz, 1H), 2.46 (dt, J = 8.0 Hz, J = 4.2 Hz, 1H), 1.55 (dd, J=5.6 Hz, J =
4.6 Hz, 1H); >C NMR (125 MHz, CDCl3) & 195.4, 172.1, 138.0, 132.2, 130.3, 129.7,
129.4, 127.2, 67.5, 37.6, 32.5, 22.3; IR (neat) v 1768, 1676, 1073, 996, 734; EIMS m/z
(%): 201 (100), 139 (47), 111 (27); HRMS-(ESIpos) (m/z): [M+Na]" calcd for
C12Hy0O5CINa, 259.0132; found 259.0132.
1-(4-Fluorobenzoyl)-3-oxabicyclo[3.1.0]hexan-2-one (4j)
o O The reaction was run in toluene (0.2M). Compound 4j was
/@Jﬁ obtained as colourless solid, 43.7 mg, in 99% yield, Rt = 0.36 (n-
" pentane/ethyl acetate = 1/1) '"H NMR (300 MHz, CDCl3) & = 8.05 —
7.92 (m, 2H), 7.22 — 7.12 (m, 2H), 4.57 (dd, J=9.6, 4.6 Hz, 1H), 4.36 (d, J = 9.6 Hz, 1H),
2.92 — 2.84 (m, 1H), 2.08 (dd, J = 7.9, 4.7 Hz, 1H), 1.49 (t, J = 5.0 Hz, 1H) ; >C NMR

(75 MHz, CDCL3) § = 190.4, 172.5, 166.0 (d, Jc.r 257.0 Hz), 132.0 (d, Jer 9.5 Hz), 131.9
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(d, Jcr 3.17 Hz), 115.7 (d, Jcr 22.1 Hz), 67.9, 35.77, 26.6, 19.7; IR (neat): v = 3513,
3078, 2976, 2912, 2371, 2326, 2299, 2000, 1961, 1763, 1671, 1597, 1506, 1443, 1409,
1379, 1294, 1266, 1229, 1156, 1112, 1089, 1046, 995, 966, 902, 877, 845, 803, 767, 746,
705, 653; MS-(EI) m/z (%): 220(20), 123(100), 95(34); HRMS-(ESIpos) (m/z): [M+Na]"
caled for C1,HgFO;Na, 243.0427; found 243.0424.
1-(4-Cyanobenzoyl)-3-oxabicyclo[3.1.0]hexan-2-one (4Kk)
o O The reaction was run in toluene (0.2M). Compound 4k was
/@Jﬁ obtained as yellow solid, 43 mg, in 95% yield, Rt = 0.32 (n-
ne pentane/ethyl acetate = 1/1) "H NMR (300 MHz, CDCl;) & = 7.99
(d, J = 8.7 Hz, 2h); 7.79 (d, J = 8.7 Hz, 2H), 4.57 (dd, J =9.7, 4.8 Hz, 1H), 437 (d, J =
9.6 Hz, 1H), 3.02 — 2.94 (m, 1H), 2.15 (dd, J = 8.1, 4.8 Hz, 1H), 1.58 (t, J = 5.1 Hz, 1H);
BC NMR (75 MHz, CDCl3) & = 191.6, 171.9, 138.8, 132.2, 129.6, 117.8, 116.7, 67.8,
36.0, 27.4, 20.9; IR (neat): v = 3094, 2974, 2912, 2231, 1762, 1679, 1606, 1477, 1443,
1405, 1379, 1365, 1311, 1288, 1267, 1210, 1175, 1113, 1092, 1048, 994, 968, 994, 909,
875, 845, 824, 767, 731, 706, 686; MS-(EI) m/z (%): 227(26), 169(12), 130(100),
102(44); HRMS-(ESIpos) (m/z): [M+Na]" calcd for C;3sHoNO;3Na, 250.0474; found
250.0472.
1-(4-Methylbenzoyl)-3-oxabicyclo[3.1.0]hexan-2-one (4l)
Compound 4| was obtained as a white solid, 38.0 mg, in 87%

Me
yield. Rr= 0.53 (pentane/ethyl acetate = 2/1); 'H NMR (500 MHz,

O
CDCL3) § 7.71 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H), 4.48
(dd, J=9.6 Hz, J = 4.7 Hz, 1H), 425 (d, J = 9.6 Hz, 1H), 2.72 (dt, J= 8.1 Hz, J = 4.8

Hz, 1H), 2.34 (s, 3H), 2.01 (dd, J = 8.0 Hz, J = 4.8 Hz, 1H), 1.33 (t, J = 5.0 Hz, 1H); ’C
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NMR (125 MHz, CDCl;) 8 191.4, 172.9, 144.7, 132.9, 129.3, 129.2, 67.9, 35.7, 26.8,
21.7, 18.9; IR (neat) v 1761, 1672, 1091, 994; EIMS m/z (%): 216 (29), 119 (100), 91
(32); HRMS-(ESIpos) (m/z): [M+Na]" caled for C13H;,03Na, 239.0679; found 239.0678.
1-(4-Methoxybenzoyl)-3-oxabicyclo[3.1.0]hexan-2-one (4m)

o Compound 4m was obtained as a white solid, 40.0 mg, in 86%
MeO O

5 yield. Ry = 0.43 (pentane/ethyl acetate = 1/1); 'H NMR (500

MHz, CDCl3) 6 7.83 (d, J = 8.9 Hz, 2H), 6.88 (d, J = 8.9 Hz,

2H), 4.47 (dd, J=9.6 Hz, J=4.7 Hz, 1H), 4.25 (d, J=9.6 Hz, 1H), 3.79 (s, 3H), 2.71 (dt,

J=8.0Hz,J=4.8 Hz, 1H), 1.96 (dd, J=7.9 Hz, J=4.8 Hz, 1H), 1.33 (t, J=4.9 Hz, 1H);

C NMR (125 MHz, CDCl3) § 189.9, 173.0, 164.0, 131.7, 128.3, 113.7, 68.0, 55.5, 35.5,

26.2, 18.9; IR (neat) v 1760, 1663, 1597, 1255, 1091, 843; EIMS m/z (%): 216 (29), 119

(100), 91 (32); HRMS-(ESIpos) (m/z): [M+Na]" calcd for C;3H,04Na, 255.0628; found

255.0628.

1-([1,1'-Biphenyl]-4-carbonyl)-3-oxabicyclo[3.1.0]hexan-2-one (4n)

o O The reaction was run in toluene (0.2M). Compound 4n was

O AN ? obtained as colorless solid, 55.0 mg, in 99% yield, R; = 0.44

O (n-pentane/ethyl acetate 1/1) "H (500 MHz, CDCls) & 7.98 (d,

J =8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 7.0 Hz, 2H), 7.47 (t, J = 7.3 Hz,

2H), 7.41 (t, J =7.0 Hz, 1H), 4.61 (dd, J =9.4 Hz, J =4.7 Hz, 1H), 438 (d, J =9.7 Hz,

1H), 2.88 — 2.85 (m, 1H), 2.16 — 2.13 (m, 1H), 1.48 (t, J = 4.9 Hz, 1H); °C (125 MHz,

CDCl3) 6 191.5, 172.8, 146.5, 139.8, 134.2, 129.9, 128.9, 128.4, 127.3, 127.2, 68.0, 35.9,

26.9, 19.3; IR (neat) v 3059, 2983, 2917, 1760, 1669, 1602, 1559, 1486, 1448, 1404,

1383, 1313, 1290, 1266, 1220, 1182, 1109, 1100, 998, 963, 899, 842, 775, 737, 695; MS-
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(ED) m/z (%): 278 (85), 181 (100), 152 (32); HRMS-(ESIpos) (m/z): [M+Na]" calcd for
Ci3H1403Na, 301.0835; found 301.0834.
1-(1-Naphthoyl)-3-oxabicyclo[3.1.0]hexan-2-one (40)
O o O Compound 40 was obtained as a colourless solid, 47.0 mg, in 93%
O X O yield, R = 0.42 (n-pentane : EtOAc 1:1) 'H (500 MHz, CDCls) & =
8.35(d, J=8.1 Hz, 1H), 8.02 (d, J = 8.2 Hz, 1H), 7.89 (d, ] = 8.1 Hz,
1H), 7.81 (d, J = 6.5 Hz, 1H), 7.60 — 7.57 (m, 1H), 7.55 - 7.51 (m, 2H), 4.58 (dd, J = 9.8,
4.7 Hz, 1H), 4.35 (d, J = 9.6 Hz, 1H), 3.04 —2.99 (m, 1H), 2.35 (dd, J = 8.1, 4.5 Hz, 1H),
1.56 (t, ] = 4.6 Hz, 1H) ; °C (100 MHz, CDCl3) & = 195.5, 172.2, 133.9, 133.1, 130.2,
128.6, 128.3, 127.9, 126.6, 125.1, 124.1, 67.4, 37.3, 29.5, 21.3; IR (neat): v = 3060,
2964, 2909, 1767, 1671, 1508, 1376, 1295, 1255, 1209, 1113, 1094, 1046, 993, 908, 792,
781, 734; MS-(EI) m/z (%): 252(59), 155(100), 127(67); HRMS-(ESIpos) (m/z):
[MJrNa]+ calcd for C16H1,05Na, 275.0678; found 275.0677.
1-(Furan-2-carbonyl)-3-oxabicyclo[3.1.0]hexan-2-one (4p)
Compound 4p was obtained as a reddish solid, 38.2 mg, in 99% yield, R¢
¢} =0.31 (i-hexane/ethyl acetate = 1/1) '"H NMR (300 MHz, CDCls) § 7.62
(dd, J=1.6 Hz, J = 0.6 Hz, 1H), 7.45 (dd, J = 3.7 Hz, J = 0.6 Hz, 1H),
6.58 (dd, J=3.6 Hz, J = 16.0 Hz, 1H), 4.52 (dd, J =9.5 Hz, J =4.6 Hz, 1H), 431 (d, J =
9.5 Hz, 1H), 2.77 — 2.70 (m, 1H), 2.21 (dd, J = 7.9 Hz, J = 4.9 Hz, 1H), 1.36 (t, J =4.9
Hz, 1H); °C NMR (75 MHz, CDCl;) & 178.8, 172.4, 151.4, 147.2, 119.9, 112.7, 68.0,
35.6,28.1, 18.2; IR (neat) v 3517, 3136, 2974, 2911, 1762, 1659, 1566, 1463, 1396, 1380,

1298, 1276, 1228, 1208, 1157, 1113, 1096, 1048, 1018, 998, 974, 925, 884, 874, 797, 766,

S25



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

703; MS-(EI) m/z (%): 192 (41), 162 (15), 134 (20), 95 (100), 39 (26); HRMS-(ESIpos)
(m/z): [M+Na]" calcd for C;oHgO4Na, 215.0314; found 215.0315.
Ethyl 2-ox0-1,1a,2,7b-tetrahydrocyclopropa[c]chromene-1a-carboxylate (4q)*

The reaction was run in 0.1 mmol scale, use toluene (0.2M) as
@icoza solvent. Compound 4q was obtained colorless oil, 16.0 mg, in 69%
yield. 1I?I Nl\(/)IR (500 MHz, CDCls) 6 7.29 (dd, J = 7.5, J = 1.0 Hz, 1H), 7.25-7.17 (m,
1H), 7.06 (t, J = 7.5 Hz, 1H), 6.96 (d, J = 8.2 Hz, 1H), 4.21 (q, J=7.1 Hz, 2H), 2.82 (dd,
J=9.0,J=6.5Hz, 1H), 2.39 (dd, J=9.0,J =5.0 Hz, 1H), 1.31-1.28 (m, J = 1H), 1.25 (t,
J=17.1 Hz, 3H); "C NMR (125 MHz, CDCl3) § 167.4, 162.4, 149.4, 128.5, 127.7, 124.6,
120.1, 117.2, 62.4, 28.9, 28.7, 21.0, 14.0.
Methyl 5-methyl-2-0x0-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4r) °

o Compound 4r was obtained as colorless oil, 29.5 mg, in 87% yield. 'H

MeO O
NMR (500 MHz, CDCl3) & 4.17 (d, J = 9.3 Hz, 1H), 4.04 (d, J = 9.3 Hz,
O

Me 1H), 3.76 (s, 3H), 1.93 (d, J = 4.8 Hz, 1H), 1.39 (d, J=4.8 Hz, 1H), 1.38
(s, 3H); *C NMR (125 MHz, CDCl;) § 171.4, 166.3, 71.9, 52.8, 35.7, 34.1, 25.3, 14.0.
Ethyl 5-octyl-2-oxo0-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4s)

The reaction was run in 0.13mmol scale and used toluene (0.2M) as

EtO o
solvent, Compound 4s was obtained as colorless oil, 36.4 mg, in 99%

O
ot yield. '"H NMR (500 MHz, CDCls) § 4.23-4.18 (m, 2H), 4.13 (s, 2H), 1.93

(d, J = 4.8 Hz, 1H), 1.68-1.87 (m, 2H), 1.39-1.34 (m, 2H), 1.26-1.19 (m, 14H), 0.81 (t, J
= 6.8 Hz, 3H); '°C NMR (125 MHz, CDCl5) 8 171.6, 165.9, 70.7, 61.9, 39.8, 34.1, 31.7,

29.4,29.3, 29.1, 28.7, 26.8, 24.7, 22.6, 14.1, 14.0; MS-(EI) m/z (%): 282 (1), 237 (6),

* Yamashita, M.; Okuyama, K.; Kawajiri, T.; Takada, A.; Inagaki, Y.; Nakano, H.; Tomiyama, M.; Ohnaka,
A.; Terayama, I.; Kawasaki, I.; Ohta, S. Tetrahedron 2002, 58, 1497.
5 Ando, W.; Imai, 1. Migita, T. J. Org. Chem. 1972, 37, 3596-3600.
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183 (4), 99 (20), 29 (100). HRMS-(ESIpos) (m/z): [M+Na]" caled for C;cHO4Na,
305.1723; found 305.1721.
Methyl 4-methyl-2-oxo-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4t) °
0 Compound 4t was obtained as a mixture of diastereo-isomers, white
MeO\({ O
41:(/0 solid, 30.0 mg, in 88% yield, dr >12/1. "H NMR (500 MHz, CDCl;) &
e 438(q,J=64Hz 1H),3.75 (s, 3H), 2.46 (dd, J = 8.0 Hz, J = 5.6 Hz,
1H), 1.98 (dd, J = 8.1 Hz, J = 4.7 Hz, 1H), 1.38 (d, J = 6.4 Hz, 3H), 1.34 (t, J = 5.1 Hz,
1H); *C NMR (125 MHz, CDCls) 8 169.9, 167.4, 75.2, 52.9, 33.9, 29.7, 22.0, 21.2.
Ethyl 4-benzyl-2-oxo-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4u)
o The reaction was run in toluene (0.2M). Compound 4u was obtained as
Eto~/
<”~E/fo colorless oil, 42.0 mg, in 81% yield. '"H NMR (300 MHz, CDCl) & 7.36-
%, 721 (m, 5H), 4.58 (t, J = 5.3 Hz, 1H), 4.18-4.04 (m, 2H), 3.05 (d, J = 5.3
Hz, 2H), 2.54 (dd, J = 8.1 Hz, J = 5.5 Hz, 1H), 1.96 (dd, J = 8.1 Hz, J = 4.7 Hz, 1H),
1.37-1.32 (m, 1H), 1.24 (t, J = 7.1 Hz, 3H); C NMR (75 MHz, CDCls) & 169.7, 166.5,
134.1, 129.8,128.7, 127.1, 78.1, 61.8, 41.4, 31.8, 29.8, 20.7, 13.9; IR (neat) v 1776, 1719,
1088, 1044, 726, 700; EIMS m/z (%): 260 (23), 215 (5), 169 (100), 91 (40); HRMS-
(ESIpos) (m/z): [M+Na]+ calced for Ci5sH;¢04Na, 283.0941; found 283.0940.
Ethyl 4-cyclohexyl-2-oxo0-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4v)
o The reaction was run in toluene (0.2M). Compound 4v was obtained as
Eto—~
<’:E/§ colorless oil, 34.0 mg, in 67% yield. R = 0.59 (pentane/ethyl acetate =
:CO 1/1). "H NMR (500 MHz, CDCls) & 4.26-4.14 (m, 2H), 4.04 (d, J = 5.1 Hz,
1H), 2.46 (c)ild, J=8.2Hz,J=5.5Hz 1H), 1.96 (dd, J = 8.1 Hz, J = 4.7 Hz, 1H), 1.73-

1.62 (m, 5H), 1.58-1.51 (m, 1H), 1.28-0.97 (m, 9H); °C NMR (125 MHz, CDCL) &

6 Romo, D.; Romine, J. L.; Midura, W.; Meyers, A. I. Tetradedron 1990, 46, 4951.
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170.4, 166.8, 82.7, 61.9, 42.5, 30.5, 29.8, 27.5, 26.7, 26.0, 25.6, 25.5, 20.5, 14.1; IR (neat)
v 1775, 1723, 1191, 1088, 1042, 729; EIMS m/z (%): 260 (23), 215 (5), 169 (100), 91
(40); HRMS-(ESIpos) (m/z): [M+Na]" calcd for C14H2004Na, 275.1254; found 275.1254.
Ethyl 4,5-dimethyl-2-ox0-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4w)
o The reaction was run in toluene (0.2M). Compound 4w was obtained as
El0—
5{% colorless oil, 30.0 mg, in 76% yield. R = 0.51 (iso-Hexane/ethyl acetate
O

mé o =1/1). "H NMR (500 MHz, CDCls) & 4.42 (q, J = 6.4 Hz, 1H), 4.21 (q,
J=7.1 Hz, 2H), 1.84 (d, J = 4.7 Hz, 1H), 1.35 (d, J = 4.7 Hz, 1H), 1.33 (d, J = 6.5 Hz,
3H), 1.30 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H); °*C NMR (125 MHz, CDCl;) & 171.0, 166.0,
78.7, 61.9, 38.7, 34.7, 26.0, 19.3, 14.2, 12.3; IR (neat) v 1773, 1722, 1037, 674; EIMS
m/z (%): 260 (23), 215 (5), 169 (100), 91 (40); HRMS-(ESIpos) (m/z): [M+Na]" calcd for
CioH1404Na, 221.0784; found 221.0784.
Methyl 4-ethyl-2-0x0-3-oxabicyclo[3.1.0]hexane-1-carboxylate (4x)
Compound 4w was obtained as colorless oil. From (E)-8b, 4x obtained as
Meo~{{o O a mixture of isomers (dr >17:1), 35.2 mg in 96% yield, and from (Z)-8b,
<]5</ 4w obtained as a mixture of isomers (dr >17:1), 32.3 mg in 87% yield, Ry
= 0.49 (Pentane/ethyl acetate = 1/1). "H NMR (500 MHz, CDCls) & 4.21
(t, J=6.0 Hz, 1H), 3.75 (s, 3H), 2.47 (dd, J = 8.1 Hz, J = 5.5 Hz, 1H), 1.98 (dd, J = 8.1
Hz, J=4.8 Hz, 1H), 1.69 (p, J=7.1 Hz, 1H), 1.33 (t, J = 5.1 Hz, 1H), 0.94 (t, J = 7.5 Hz,
3H); °C NMR (125 MHz, CDCls) & 170.1, 167.3, 79.8, 52.9, 32.2, 29.6, 28.8, 20.9, 8.2;
EIMS m/z (%): 260 (23), 215 (5), 169 (100), 91 (40); HRMS-(EI) (m/z): [M]" calcd for

CoH 204, 184.0736; found 184.0734.
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1-Benzoylbicyclo[3.1.0]hexan-2-one (6a) ’
o . Compound 6a was obtained pale yellow oil, 31.0 mg, in 78% yield. 'H
Ph\é/é NMR (500 MHz, CDCl3) & 7.72-7.70 (m, 2H), 7.47 (tt, J = 3.7 Hz, J = 1.4
Hz, 1H), 7.37 (t, J = 7.7 Hz, 2H), 2.59 (dt, J = 8.0 Hz, J = 5.1 Hz, 1H),
2.37-2.27 (m, 3H), 2.12-2.08 (m, 1H), 2.00 (dd, J=7.9 Hz, J = 5.0 Hz, 1H), 1.43 (t, J =
5.1 Hz, 1H); °C NMR (125 MHz, CDCls) & 209.7, 195.1, 136.3, 133.1, 129.0, 128.3,
45.1,33.1,31.7, 21.6, 19.8.
Ethyl 2-oxobicyclo[3.1.0]hexane-1-carboxylate (6b) ®
Compound 6b was obtained colorless oil, 26.0 mg, in 80% yield. "H NMR
Eto% (500 MHz, CDCls) & 4.17-4.10 (m, 2H), 2.53 (dt, J = 8.1 Hz, J = 5.3 Hz,
1H), 2.23-2.10 (m, 3H), 1.99-1.92 (m, 2H), 2.00 (dd, J=7.9 Hz, J = 5.0 Hz,
1H), 1.32 (t, J = 5.2 Hz, 1H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCl;) &
207.0, 168.2, 61.1, 37.6, 33.6, 32.9, 22.0, 20.8, 14.1.
Ethyl 6-Oxo-1a,6-dihydro-1H-cyclopropa[a]indene-6a-carboxylate (6c) °
o Compound 6¢ was obtained colorless oil, 37.4 mg, in 87% yield. 'H
@:‘XLOB NMR (500 MHz, CDCl3) 6 7.63 (d, J = 7.7 Hz, 1H), 7.43 (tt, J = 3.7
Hz, J= 1.0 Hz, 1H), 7.37 (d, J = 7.6 Hz, 1H), 7.26 (tt, J = 7.5 Hz, J = 0.8 Hz, 1H), 4.22
(qd, J=7.1 Hz, J = 1.9 Hz, 2H), 3.29 (dd, J = 7.5 Hz, J = 4.6 Hz, 1H), 2.31 (dd, J = 7.5
Hz, J = 4.2 Hz, 1H), 1.67 (t, J = 4.4 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H); >C NMR (125
MHz, CDCls) § 195.5, 168.5, 151.4, 134.10, 134.09, 127.6, 125.3, 124.4, 61.6, 39.8, 38.6,

32.1, 14.1.

7 Qian, D.; Zhang, J. Chem. Commun. 2011, 47, 11152.
¥ Hamaker, C. G.; Djukic, J.-P.; Smith, D. A.; Woo, L. K. Organometallics, 2001, 20, 5189.
° Bonnaud, B.; Funes, P.; Jubault, N.; Vacher, B. Eur. J. Org. Chem. 2005, 3360.
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Ethyl 3-benzyl-2-oxo-3-azabicyclo[3.1.0]hexane-1-carboxylate (6d) '°

o The reaction was run in 0.1 mmol scale, compound 6d was obtained
Etoﬁ;« colorless oil, 20.3 mg, in 78% yield. "H NMR (500 MHz, CDCl3) 6

7.26-7.19 (m, 3H), 7.12 (d, J = 7.6 Hz, 2H), 4.43 (d , J = 14.7 Hz, 1H),

4.18 (q,J=7.2 Hz, 3H), 3.37 (dd, J = 10.5 Hz, J = 5.9 Hz, 1H), 3.03 (d, J = 10.5 Hz,
1H), 2.23 (q, J = 6.4 Hz, 1H), 1.84 (dd, J = 8.0 Hz, J = 4.6 Hz, 1H), 1.25 (t, J = 7.1 Hz,
3H), 0.98 (t, J = 4.9 Hz, 1H); *C NMR (125 MHz, CDCl3) & 169.2, 168.7, 136.3, 128.7,
128.2,127.7,61.5, 46.43, 46.37, 31.6, 22.7, 20.7, 14.2.
Methyl 3-(4-methoxyphenyl)-2-oxo-3-azabicyclo[3.1.0]hexane-1-carboxylate (6e)

o Compound 6e was obtained as a white solid, 42.0 mg, in

MeO O . . 1
80% yield. R¢ = 0.45 (iso-hexane/ethyl acetate = 1/2); H
N—< >—0Me

NMR (500 MHz, CDCl3) 6 7.37-7.34 (m, 2H), 6.82-6.79
(m, 2H), 3.95 (dd, J=10.3 Hz, J=5.9 Hz, 1H), 3.74 (s, 3H), 3.71 (s, 3H), 3.61 (d, J=
10.3 Hz, 1H), 2.39 (dt,J=7.9 Hz, J= 5.6 Hz, 1H), 1.95 (dd, J=8.3 Hz, J=4.6 Hz, 1H),
1.22 (t, J = 5.0 Hz, 1H); °C NMR (125 MHz, CDCl5) § 169.0, 168.0, 156.7, 131.9, 122.0,
114.0, 55.4, 52.6, 48.8, 32.5, 22.3, 21.0; IR (neat) v 1748, 1710, 1686, 1512, 1092, 1075,
832; EIMS m/z (%): 261 (100), 202 (3), 59 (5); HRMS-(ESIpos) (m/z): [M+Na]" calcd
for C14HsNO4Na, 284.0893; found 284.0895.
1-1sobutyryl-3-methyl-3-azabicyclo[3.1.0]hexan-2-one (6f)
Compound 6f was obtained as colorless oil, 30.0 mg, in 83% yield, Rs
ipré:/? = 0.21 (iso-hexane/ethyl acetate = 1/1). "H (300 MHz, CDCl3) & 3.71
(sep, J=6.7 Hz, 1H), 3.54 (dd, J = 10.4 Hz, J=5.8 Hz, 1H), 3.22 (d, J

=10.0 Hz, 1H), 2.79 (s, 3H), 2.32 — 2.26 (m, 1H), 1.88 (dd, J = 8.0 Hz, J = 3.8 Hz, 1H),

19 Baldovini, N.; Bertrand, M.-P.; Carriére, A.: Nouguier, R. Plancher, J.-M. J. Org. Chem. 1996, 61, 3205.
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1.14 (d, J = 6.28 Hz, 3H), 1.07 — 1.00 (m, 4H); °C (75 MHz, CDCl3) § 209.2, 171.1, 49.2,
38.3, 37.6, 29.6, 24.5, 23.5, 18.3, 17.9; IR (neat) v 3506, 2970, 2932, 2874, 1677, 1496,
1464, 1444, 1402, 1385, 1316, 1284, 1224, 1089, 1064, 1044, 983, 967, 881, 816, 757,
655; MS-(EI) m/z (%): 181 (100), 166 (31), 138 (61), 110 (44), 95 (20), 70 (32), 53 (29),
42 (32), 27 (22).

3-Allyl-1-isobutyryl-3-azabicyclo[3.1.0]hexan-2-one (6g)

o 0 Compound 6g was obtained as colourless oil, 41 mg, in 99% yield,
%\'/\/ R¢ = 0.51 (n-pentane/ethyl acetate = 1/1) '"H NMR (300 MHz,
CDCl3) 6 =5.79 - 5.61 (m, 1H), 5.25 - 5.21 (m, 2H), 3.84 (dd, J=6.2, 1.2 Hz, 2H), 3.74
(sep, J = 6.9 Hz, 1H), 3.53 (dd, J = 10.4, 5.7 Hz, 1H), 3.23 (d, J = 10.4 Hz, 1H), 3.27 —
3.28 (m, 1H), 1.92 (dd, J = 7.8, 4.0 Hz, 1H), 1.17 (d, J = 6.7 Hz, 3H), 1.10 — 1.05 (m,
4H) ;°C NMR (75 MHz, CDCl3) & = 209.1, 170.9, 132.2, 118.3, 46.7, 45.1, 38.3, 37.7,
24.6, 23.4, 18.3, 17.8; IR (neat): v = 3687, 3083, 2971, 2932, 2874, 1679, 1645, 1486,
1444, 1415, 1385, 1362, 1346, 1302, 1250, 1218, 1115, 1095, 1076, 1023, 986, 930, 880,
817, 759, 695; MS-(EI) m/z (%): 207(100), 192(24), 164(50), 136(10), 95(11), 53(12),
41(28); HRMS-(ESIpos) (m/z): [M+Na]+ caled for C,H;7NO,Na, 230.1151; found
230.1150.
1-Benzoyl-3-methyl-3-azabicyclo[3.1.0]hexan-2-one (6h)

o 0 Compound 6h was obtained as colourless oil, 20.0 mg, in 46% yield,
@%/ R¢ = 0.13 (i-hexane/ethyl acetate = 1/1) "H NMR (300 MHz, CDCls)
0=791-"7.84 (m, 2H), 7.55 (tt, J=7.4,2.0 Hz, 1H), 7.48 — 7.41 (m,

2H), 3.78 (dd, J=10.8, 5.8 Hz, 1H), 3.41 (d, J = 10.9 Hz, 1H), 2.84 and 2.82 (5:1, s, 3H),

2.46 —2.39 (m, 1H), 1.99 (dd, J = 7.9, 4.6 Hz, 1H), 1.14 (t, J = 4.8 Hz, 1H); °C NMR
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(75 MHz, CDCl3) 8 = 194.7, 171.5, 136.6, 133.1, 129.1, 128.3, 49.9, 38.5, 29.7, 22.1,
19.4; IR (neat): v = 3060, 2922, 2876, 1671, 1897, 1579, 1493, 1448, 1402, 1370, 1319,
1264, 1229, 1208, 1039, 965, 902, 782, 715, 661; MS-(EI) m/z (%): 215(48), 136(14),
110(12), 105(100), 77(72), 57(26), 51(19), 42(16); HRMS-(ESIpos) (m/z): [M+Na]"
caled for C13H3NO,Na, 238.0838; found 238.0839.
1-Benzoyl-3-benzyl-3-azabicyclo[3.1.0]hexan-2-one (6i)

Compound 61 was obtained as colorless oil, 46.6 mg, in 80% yield, Rs =

O
Ph o
ﬁd 0,36 (iso-hexane/ethyl acetate = 1/1) '"H NMR (300 MHz, CDCls) &

N—Bn

7.88 —7.83 (m, 2H), 7.56 (tt, J = 7.3, 1.5 Hz, 1H), 7.49 — 7.31 (m, 5H),
7.28 —7.22 (m, 2H), 4.24 (d, J = 14.2 Hz,, 1H), 4.27 (d, J = 14.2 Hz, 1H), 3.64 (dd, J =
10.8 Hz, J=5.7 Hz, 1H), 3.29 (d, J=10.5 Hz, 1H), 2.39 — 2.33 (m, 1H), 2.01 (dd, J=8.1
Hz, J=4.5 Hz, 1H), 1.13 (t, J = 4.7 Hz, 1H); C NMR (75 MHz, CDCl3) § 194.7, 171.3,
136.6, 136.4, 133.1, 129.1, 128.8, 128.4, 128.3, 127.9, 47.2, 16.6, 38.6, 22.3, 18.8; IR
(neat) v 3062, 3030, 2919, 1671, 1597, 1448, 1422, 1371, 1297, 1270, 1223, 1208, 1177,
1061, 1026, 998, 901, 781, 749, 710, 701, 664; MS-(EI) m/z (%): 291 (77), 158 (18), 118
(28), 109 (13), 105 (100), 91 (95), 77 (78), 65 (20), 51 (17).
3-Allyl-1-benzoyl-3-azabicyclo[3.1.0]hexan-2-one (6))

o O Compound 6j was obtained as colourless solid, 47 mg, in 97%
w ~F yield, Rf = 0.43 (n-pentane/ethyl acetate = 1/1) 'H NMR (500
MHz, CDCl3) 6 = 7.92 — 7.89 (m, 2H), 7.57 (tt, ] = 7.4, 1.7 Hz, 1H), 7.47 (t, ] = 7.92 Hz,
2H), 5.77 — 5.69 (m, 1H), 5.28 — 5.21 (m, 2H), 3.93 — 3.83 (m, 2H), 3.76 (dd, J = 10.6,
5.7 Hz, 1H), 3.40 (d, J = 10.8 Hz, 1H), 2.49 — 2.43 (m, 1H), 2.03 (dd, J = 7.8, 4.4 Hz, 1H),

1.17 (t, J = 4.7 Hz, 1H);>C NMR (75 MHz, CDCl3) § = 194.7, 171.2, 136.6, 133.1, 132.2,
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129.1, 128.3, 118.6, 47.3,45.2, 38.7, 22.1, 19.3; IR (neat): v = 3062, 2917, 1669, 1597,
1579, 1485, 1448, 1415, 1371, 1321, 1271, 1210, 1175, 1118, 1060, 1024, 999, 967, 932,
901, 782, 713, 687; MS-(EI) m/z (%): 241(35), 105(100), 77(80), 68(12), 51(20), 41(28);

HRMS-(ESIpos) (m/z2): [M+Na]+ calcd for C;5sHsNO,;Na, 264.0995; found 265.0997.
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1.4 X-ray crystal structure of cyclopropane 4t

The crystal was prepared by slow diffusion of pentane to the solution of 4t in diethyl

ether, and was suitable for X-ray crystallographic analysis. CCDC 885364.

O
Meo\{/ 9

Figure S1. Solid state structure of 4t.
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Part Il Computational details

All calculations were performed using the GAUSSIAN 03 software package,' and the

PBEO functional, without symmetry constraints. That functional uses a hybrid
generalized gradient approximation (GGA), including 25 % mixture of Hartree-Fock”
exchange with DFT® exchange-correlation, given by Perdew, Burke and Ernzerhof
functional (PBE).* The optimized geometries were obtained with the relativistic Stuttgart
Effective Core Potentials and associated basis set’ augmented with a f-polarization
function® for Au, and a standard 6-31G(d,p)’ for the remaining elements (basis bl).
Transition state optimizations were performed with the Synchronous Transit-Guided
Quasi-Newton Method (STQN) developed by Schlegel et al® following extensive
searches of the Potential Energy Surface. Frequency calculations were performed to
confirm the nature of the stationary points, yielding one imaginary frequency for the
transition states and none for the minima. Each transition state was further confirmed by
following its vibrational mode downhill on both sides and obtaining the minima
presented on the energy profile. The electronic energies (Ep;) obtained at the PBEO/bl
level of theory were converted to free energy at 298.15 K and 1 atm (Gy;) by using zero
point energy and thermal energy corrections based on structural and vibration frequency
data calculated at the same level.
Single point energy calculations were performed using a improved basis set (basis b2)
and the geometries optimized at the PBEO/b1 level. Basis b2 consisted of the same bases
(bl) for Au atoms and a standard 6-311++G(d,p)’ for the remaining elements. Solvent
effects (dichloroethane) were considered in the PBEO/b2//PBEO/bl energy calculations
using the Polarizable Continuum Model (PCM) initially devised by Tomasi and
coworkers' as implemented on Gaussian 03."' The molecular cavity was based on the
united atom topological model applied on UAHF radii, optimized for the HF/6-31G(d)
level.

oIy were derived from the

The free energy values presented along the text (G
electronic energy values obtained at the PBEO/b2//PBEO/bl level, including solvent
effects (Ep,™™), according to the following expression:

soln __ soln
G " =Ew + Gp — Ep
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Conformation change of the C-C bond and Contf. change: Cyclopropanation
CH,0COC(SPh,)COMe arm lactone ring formation C-C rotation and SPh; loss

C--C=3.04A

" .
< sph,

-17.3

(separated)

)J\e/U\ /\,/c‘ Me_é{" i o
L=PPh Me o e —~% <
¢ SN L = P P o g *SPM
Ph”"@Ph Me AuL
, LAU—
AIA c
BB’

Figure S2. Free energy profile (PBEO) for the formation of lactone 4e from sulfonium ylide 1e. The
minima and the transition states were optimised and the structures obtained are presented with the more
relevant bond distances, in each step. Free energy values (kcal/mol) are referred to the initial intermediate

(A)..
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Atomic Coordinates for all the optimized molecules (PBE0/b1)

1g
C -2.939929 3.578477 -1.773293
S -1.037864 0.008170 -1.975397
0 -2.920764 1.656423 -3.171626
H -3.490489 3.554575 -0.829093
C -2.481798 2.190528 -2.154094
H -3.578897 3.948300 -2.576391
0 -1.464310 2.985681 0.567864
C -1.521255 1.512845 -1.289200
0 -0.379738 1.000260 0.678598
H -2.093659 4.249159 -1.607311
C -1.154648 1.932250 0.039127
H -0.392390 2.275293 2.287500
H 1.167993 1.488505 1.936794
C 0.084059 1.335154 1.989191
C 0.641484 -0.418969 3.673614
C -0.253896 0.228803 2.931929
C 0.744753 -0.157638 -1.842411
H 1.702596 -0.187895 3.611379
C 1.527238 0.989727 -1.761158
H 1.050679 1.960337 -1.668369
C 2.912580 0.870017 -1.803099
H 3.526559 1.762950 -1.734564
C 3.508310 -0.381611 -1.930433
C 2.713754 -1.520534 -2.026448
H 4.590076 -0.469304 -1.960422
H 3.171372 -2.499331 -2.133815
C 1.326771 -1.415105 -1.992121
C -1.681600 -1.385516 -1.040670
H 0.709612 -2.304245 -2.073398
H -1.288869 -3.350048 1.681607
C -1.728748 -2.950767 0.772488
H -0.196920 -1.453086 0.520930
C -1.105681 -1.889448 0.124236
H -3.293929 -1.500074 -2.461955
C -2.862999 -1.918506 -1.556656
H -4.399347 -3.393622 -1.285079
C -3.478925 -2.973843 -0.891147
H -3.389899 -4.318390 0.784973
C -2.910666 -3.491413 0.269319
H 0.348858 -1.190100 4.379829
H -1.311874 -0.020311 3.005474
49
H -1.556319 -0.926399 0.555852
H -0.341352 0.353445 -2.881008
H 0.913986 1.592363 -3.131815
0 2.273343 0.513199 -1.328698
H -0.468422 1.902870 -2.046408
0 1.801367 -1.743463 0.637230
0 0.643847 -0.581751 2.168679
H -1.742873 0.264050 -0.819874
C 0.341422 0.082783 -0.054132
C 1.065282 0.569745 -1.272808
C 0.241250 1.146448 -2.399164
H -0.945249 0.477671 2.905621
C 1.047425 -0.852415 0.892300
H 0.558099 1.410383 2.688879
C -0.085095 0.640206 2.248771
C -0.478888 1.000747 0.833358
C -1.167910 -0.049019 0.045124
H -0.609312 2.046938 0.576193
SPh,
S -0.378120 2.178890 1.826410
C 1.072381 1.961829 0.820239
C 2.285096 2.456587 1.305425
H 2.327913 2.889540 2.300502
C 3.431457 2.385014 0.518780

S38



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

OITIOIOIOIOIITOOIITOOI

>
OOIIIOOIOOIIOOIIOOOIOOIOOOIIOIIOOIIOOOIOOIIOOI'UO(I)OC>

|
PRPNRANWD

[l
OFr OO

-369697
-381280
.172788
.278572
.124403
.017977
.252931
.074686
.841717
.348701
-465235
.609842
-132096
.637144
.449186
.372617
.304907
.731624

.510505
.222916
-379945
.196239
.244424
.613237
-484068
.576914
.624691
-203569
.633738
.290436
.345116
.795361
.476383
.752825
.918172
.336181
.795674
.574650
-901873
.670748
-910546
-561710
.632017
.669062
.760027
.844586
.691523
.564988
.046611
-046167
.582760
.499896
-948563
.623754
.405324
.699001
-000300
.164763
.499823
-460864
.674993
.535725
.287693
-018344
.711152
.478975
-800446
.191861
.234945

.774333
-801101
.298650
. 735805
-845160
.387901
.643887
-009034
-725681
. 766896
.633997
-594640
.657487
.694316
.436768
-485204
.636831
.717616

.495780
.709258
-894536
.888643
.707872
.615557
.341487
.365325
-036379
-916574
.068095
.546363
.376839
.785208
.165730
.044100
-329693
.378815
.138899
.345232
.141328
.726071
-125329
-587696
.569379
.500140
.367776
.225445
.322717
.102604
-495055
- 755503
.521541
.996511
-802976
.296884
.015963
.364601
-099866
.402665
.332038
-230084
.098625
.975350
-806941
- 729653
.108534
-402356
-586964
.362511
.518366

0.903537
-0.742921
-1.221761
-1.350950
-2.207754
-0.453415

1.620141
-0.834315

1.585733
-2.382190
-4.114719
-4.140754

2.537661
-2.357443

4.300398
-3.221980

4.650862
-2.811926

5.097835
-1.013531

7.075145
-2.916336

6.459186
-1.661811

8.089697
-1.345146

7.027830
-1.812954

6.678795
-1.126946

6.236434
-0.681851

4.258434
-0.738516

4.873943

0.057074
-3.378567
1.158039
-2.173331
1.954631
-1.657367
1.008764
-1.667707
4.128632
-0.732111
2.075465
-2.364589
4.411948
-3.581418
3.296609
-1.968166
1.610473
-4.135539
3.457422
-4.103712

S39



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

ITIIITIOIOOITOOOIIOIOIOOIIIOOI

>
OOIIOOIIOOOIOIOIOIOIIOOIOOOIOIIOOOO'UOOIU)OIICP.

NOFRPNRFPOOOFRORFRPNNONRFPRERPRFRPEFEPWNNNE

[cNeN

JOA~ARPPAOWRAOPMOORLELNO

.620119
-036939
.817376
.700614
-167588
.347624
.719319
-431993
.572078
.923325
.149574
.202872
-426163
.163497
.230442
.082689
.333706
.362617
.128088
-319248
.455256
.491862
-990057
.282253
.265884

.275142
.797618
.344917
.816664
.084438
-140442
-759840
.641452
.382914
-502622
.600509
.525121
.184148
-086419
.099256
.952873
-848728
.628355
.916173
.606703
.221734
.267992
.965686
.694467
.179451
.681621
.999846
-541960
.141072
.185882
.209852
-524965
.111947
.032026
.638655
.035404
.202437
.377075
-022408
.895520
-412928
-897376
.715524
.747449

.848031
-407298
.349406
.296265
-507667
.905361
.368515
-494685
-318205
.054613
.675337
-932487
. 775325
.079487
.268227
.462428
.286792
.715648
-980850
-020456
.201856
.537395
.737247
.740138
.700939

.845522
-006071
.685330
.568383
.318170
.545248
-567758
.566753
.566194
-487951
.096455
.386210
.868704
-169699
.578126
-190524
-926041
.423881
.369492
.434181
-569119
.087018
.471960
.478461
-138362
.408559
.319028
-070803
.934391
.418801
. 774869
-051149
.824296
.122225
-401932
-160939
.252608
.834027
-554779
.315393
.630103
-337389
.356287
.455249

0.502468
-4.602547
1.700940
-5.059317
-0.043386
-4.117817
1.380891
-4.533004

-3.261611
-4.049463
1.634225
-6.062072
0.449750
-5.627650
0.770090
-6.884596
1.390070
-6.088149
-5.915746
-5.544294
1.885608
0.161842
1.365678

-0.329072
-2.343279
-2.776186
-0.542306
1.876464
-2.116673
1.655521
-0.575391
-1.898836
0.460901
-3.470402
-0.694276
-2.071880
-2.483436
-0.024137
0.605428
-1.381488
-3.436911
-0.383167
0.572546
-4.595065
-4.623718
1.387409
0.582723
-6.773578
-5.847291
-6.836076
-5.883529
-4.731096
-4.698556
0.731389
-1.301010
1.570665
2.822161
0.050423
4.213121
0.025526
4.751502
0.522879
4.910253
-2.364974
5.995665
-0.346507
4.225430

S40



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

ITIITOITIOOIOOOIIOIOIOOIIIOOIOOIIIOOI

TSas

>
c

TOOOIOIOIOIOIITIOOIOOOIOIIOOOOTOOITWNOITT

| |
o U o

RPORPORMOOUORPRUNWORMAODOWOODMWRFRUDMOONOD

|
o

PNRPNOOWOOONNOWWRORPRFRPONOWMNONORNERE

.316139
-746730
.834834
.418522
.715274
.421142
.216318
.893976
-047390
. 729609
-094719
.894414
. 745449
.825410
.454803
.159862
.108536
.769070
.048847
-884691
.782510
.205413
.721514
.542053
.365190
-330086
-057235
.487226
.178491
.358287
.530642
.112275

.178310
.664195
.682141
.284131
.303289
.880659
-908556
.834679
.837411
-594011
.907124
.432592
.695339

198932

.892473
.842391
-111905
.288457
.730052
.257941
-188898
.292715
.957156
.045652
-929903
.921262
.034463
-542153
.024440
.536527
.647105
.788024
.826746
.277910
.247629
.734352
.205563

| R R B B |
WHAWWNRPOORFRPROORFPFPWNORAMDIMNWNNWAWAMAOLR

[
ww

.585161
.442857
.007501
.802663
.170011
. 784806
.857235
.280189
.757618
. 786565
.043568
.283455
-975374
.643767
.385620
.345048
.593995
.715061
-800990
-863805
.993464
.855523
.713589
.161887
.375036
.692349
-038294
.624426
.081113
-718009
.981517
.413320

.025270
-399029
- 769055
.079032
.970510
-405591
.234727
.489655
-960808
. 753157
.614194
.117258
.677673
.765039
.246572
.199512
.027144
-455763
.677992
.842225
-293025
.190024
.771263
.381586
-857429
.070594
.902203
.218741
.391641
.496374
-292569
-690229
-4.
.313145
.722914
.904451
.310286

335011

-3.218083
2.832152
-1.689108
4.775288
-2.301073
2.292216
-2.171399
2.121941
-2.872731
2.946678
-2.273616
1.036118
-3.168524
4.843149
-2.432460
4.348738
-2.888873
-2.753568
3.427129
3.567766
-2.307626
2.575449
-2.919654
3.083326
-2.762145
3.979383
-2.434590
3.865834
5.110076
4.498016
2.165284
1.527239

-0.917598
-1.787655
-1.270308
0.449441
2.517130
-2.044906
0.966595
-0.816126
-2.178724
0.824267
-3.959182
0.015713
-1.369104
-3.762990
-1.581052
0.381599
-1.956356
-4._447765
-1.160763
0.003836
-6.188601
-5.811850
0.433154
0.602984
-7.755897
-6.691323
-6.892653
-6.207784
-4.469247
-4.843224
0.291968
-1.829445
0.813851
3.199574
-0.506384
4.341508
-1.003048

S41



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

TITIOITOOIOOOIIOIOIOOIIIOOITIOOIIIOOIOOIIOO

>
OIOIOIIOOIOOOIOIIOOOO'UOOIU)OIICw

CQOWWNWRFRARPRDMNOWARNOALARPRUUOBDMBANNNDIMRPOOUONORAWNWWNERE

NNNWNNNORENNRFRPWOWWFROORRERPNOWMNONOORO

.802614
472179
.396307
.397802
-983263
.245675
.572857
.217810
-092418
.793517
.083137
-709364
-008361
.565458
.450252
-466320
.858558
.091980
.857018
.835387
.566143
.746119
-524984
.450163
. 736805
-970063
-200423
.703898
.805087
-066548
.845952
.413682
-407658
-430296
.187681
.791821
.526657
. 724405
.186530

.701188
-406765
-300192
.465694
.899732
.595816
.168324
.514850
.452483
-407187
-291253

096387

.668784
-539521
. 724147

474217

.081397
-135064
.585558
.198023
.602130
.732630
.860698
-993452
.972022
.501027
.265662
.666346
.194036
.062271

PRPPRPORPRPRPPWONORMWNWNWAANWO WO

.537339
-310483
977773
.247095
-444333
.858516
.462100
.210863
.872738
.823015
.306732
.882418
-253983
.241077
.789042
.568371
.523357
.222523
-304604
-871286
.882238
.572741
-098213
.475980
.521009
-946842
-261631
.780034
.908333
-128506
.660362
.783031
.168138
-829480
.500679
.679215
.219561
-294600
.399760

.798299
.464832
-154183
.928279
.893968
.027585
.704094
.063128
.844500
-135001
-856116
.944159
.691607
-892202
.241861
.744240
-108061
- 737503
.965210
.707319
.841544
.708520
.023569
.082183
.763207
. 788696
- 739960
-898082
.805790
-936700

4.762641
-0.211901
4.927068
-3.346084
5.815855
-1.234019
4.360255
-3.881718
3.210107
-2.550159
4.813128
-1.797866
2.769196
-2.853294
2.616607
-1.371221
3.410572
-1.819303
1.736372
-1.149241
4.595850
-1.704544
4.376828
-1.353484
-1.463062
3.349985
3.684235
-1.772529
3.646311
-1.339058
3.836475
-1.453167
4.878011
-1.687667
4.526342
5.341388
4.792650
1.382790
-0.010484

-0.725147
-0.677778
-0.247188

1.821259

2.490001
-1.302789

0.021407
-1.338671
-1.862832

0.723744
-3.483659

0.789508
-0.435734
-3.975400
-1.963187
-0.197010
-1.804472
-4.313365
-1.346743

0.107789
-6.208893
-5.568085

0.290700

0.536777
-6.977879
-5.999755
-5.509792
-5.176160
-3.283408
-3.921169

S42



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

ITIITOITOOITIOOOIIOIOIOOIIIOOITOOIIIOOIOOIIOOIIOOOZOI

OOITOOOIOIITOOOOTOOITWMWOIIT

.978140
.287486
.352095
-930554
-264513
.413231
.009893
.008228
-598699
.413354
.287353
.016121
-967032
-904968
.912986
.397944
.000444
.895716
.364278
.769292
.662766
.418937
-645801
.574877
.126295
.789284
.702753
.822114
.539461
.947647
. 746954
.108064
.577022
.687388
.729280
.828522

262754

-704694
.849668
.087874
.281244
-974216
.081591
.091127
.678274
.043564

.657855
.586546
.173359
-442982
.374739
.585719
-613990
.675124
.034013
. 754555
-118936
.456966
.388104
.882797
.313443
.110619
.506511
.245554
.848866
-903639
.317651
.427552
.370116

ONPFPRPRPNOWORNWWWNNARMAWWNO

.324537
.254104
.909587
.441288
.877586
.343821
.146689
-405527
-204239
.475391
.802251
-413298
-898185
.681943
.230398
.764530
.266664
.565232
.691230
-709762
.947507
.642723
-590327
.281039
.273095
-700906
-256492
.119315
.540800
-503459
.010365
.609231
.149815
-089841
.098053
.309227
-420890
.914223
.159372
.714575
.087000
-344902
.694053
.138429
.825714
.668481

.885004
. 798755
-106046
-894865
.313364
.610055
-456486
.228521
.973331
.187032
-148567
.325840
.682338
.271088
.715941
.407845
.380270
-127977
.142869
.744704
.424834
.214482
.966044

-0.396461
-2.217824
-0.782537
3.377111
-1.288116
4.670580
-2.830356
5.036616
-1.506804
5.478547
-4.489669
6.486453
-2.657342
4.987863
-4.107163
3.687220
-3.589668
5.618906
-1.602906
3.303966
-3.373705
2.864304
-0.384550
2.431343
-0.951282
1.846389
0.959639
2.020552
-1.019561
2.204339
1.090397
-0.331348
2.000115
2.193513
-0.115768
2.912732
0.423491
2.696760
0.497083
2.901274
-0.181780

1.353931
-0.058061

-0.606759
-3.345916
-3.491994
-1.102627

0.852439
-2.738738
-1.568526
-1.505591
-1.626841
-0.569274
-3.196851
-1.513362
-2.864556
-3.941513
-1.896338
-1.260593
-0.624176
-4.149207
-1.043936
-0.000207
-6.099432
-5.361959

0.330586

S43



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

ITIITOITIOOITOOOIIOIOIOOIIIOOIOOIIIOOIOOIIOOIIOOOZOIOIOZOII

zw
OITOOO0OOTOOIWOIIC &

[ N e

RPOARABRNONOFROORNNO

NFRPRPRRPROORRPRWWNOORNO

.516278
.773618
.243507
-010896
.377364
.801235
.696415
-484082
. 780585
.875900
.016877
- 769496
-022639
.526613
.553859
-112896
.374806
.781359
.178860
477194
.708852
.390157
.311270
.497790
.991873
.014547
.820727
.151337
.689768
.229225
.882771
.525075
-474960
-693910
.961348
.166223
-095073
-830094
. 725309
.987069
.987027
-039989
.981146
.354478
-863520
.993548
.982594
.552808
.985420
.968152
-096946
-403158
.263504

.814615
.875278
-501052
-044192
.475752
.180170
-647027
.027991
.146991
.292083
-520732
-992209
.937764
-165850
.805505
.787493

.858078
.377763
.313157
.183315
-325894
.045242
.249177
.168485
-266488
.592594
-982622
. 754624
-567257
.908624
.002370
-991321
.883879
.804464
.350256
-729863
.589797
.392290
-982620
.233178
.615086
.761462
.531212
.004541
.670172
.644888
.372528
.384091
.188711
-342681
.744892
.625364
-143806
.141918
.684858
.749515
-151909
.245271
.034676
.514123
-608953
.279126
.018694
.214845
.607693
.378039
.373442
.768076
.563475

-928099
.572075
-513499
-555820
.806291
.410863
.873161
.526287
.072248
-191459
.217156
.279911
.152240
.214510
.141864
.271506

0.906182
-6.575421
-5.629945
-4.892124
-4.685676
-2.740834
-3.471934
-0.335599
-2.055110
-0.816284

0.329510
-1.206233

1.056595
-2.816277

1.816280
-1.477973

0.782011
-4.333175

1.341974
-2.601730
-0.216247
-3.855931
-0.945129
-3.454300
-0.433419
-1.331600
-1.731111
-3.184624
-0.679599

0.061479

1.805183
-0.591788
-1.251494

-0.667032
2.296344
1.744116
0.120424
0.553503

1.407309
0.112776

-0.800909
-3.122905
-3.480761
-3.160624
-1.660848
-1.830655
-1.487434

0.179299
-1.718581
-1.246576
-3.426994
-2.460809
-2.735791
-3.924358

0.336824
-0.896275

S44



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

ITIITOITOOITOO0OOIIOIOIOOIIIOOIOOIIIOOIOOIIOOIIOOOIOIOOIOIOIIOOZOOOI

.863051
.695128
.827667
.665417
.407187
.263073
.673948
-589586
-696498
.355898
.025750
-540596
-250612
-102805
.347360
-914405
.746742
.938228
.752863
.127316
.678372
.126405
.101470
.111570
.203428
.706883
.623671
.390528
.803201
-436820
.796200
.571993
.887989
-430506
.443652
.224448
.721375
-123853
.352642
.032338
-466389
-757064
.925863
774718
-484964
.269390
.065189
-390911
.313345
. 754829
.958718
.238422
.531804
.033690
.876502
.644217
.220926
-908929
-044332
.398077

.731081
.205176
.114761
-700023
.646771
.081768
-419316
.178917
.166747

NFRPOOMNRERERLRO

.929278
-125295
.901266
.700650
.354274
.201847
.985645
.606546
.417841
.360661
.345705
.443347
.223625
.376139
.513693
-509109
.120477
.377162
-100482
-937128
.435318
.954049
-439303
.463566
.147340
-905071
.177104
.408961
.554594
-826986
.577343
.814961
.893918
. 776835
.246633
.305402
.685839
-981617
.421069
.844335
.236195
.944773
.693465
.488148
-979450
.701396
.287240
.558267
.175226
.893741
.448162
.331471
.181356
.537726
-169638
.258983
.563712
.834383
-906941
.619089

.554598
.336819
.636277
.681313
.173239
-197890
.711283
.483880
.750809

1.759024
-4.288653
0.668922
0.084922
-6.272377
-5.608829
0.029938
0.711120
-7.104777
-6.075172
-5.580101
-5.220091
-3.236072
-3.899184
0.054598
-1.811343
0.032097
-3.286078
-0.766554
-3.994338
-1.854912
-3.570142
-0.780903
-5.258920
-3.716860
-5.818158
-1.841289
-5.806103
-3.697235
-5.093263
-2.887137
-6.796444
-1.149402
-5.527274
-2.875500
-3.820953
0.089969
-0.485040
-0.783638
-3.263044
1.167948
0.306471
-0.686629
0.371713
1.010544
0.014478
-1.390113
-0.587223
-0.217400
0.582478
0.619819
0.539420
0.531055
2.293899
-0.162258
1.493701
2.149741
1.408607
1.060507
-0.499965

-1.293076
-3.301341
-4.704064
-3.271886
-1.471475
-3.674795
-0.928273

0.775760
-1.973020

S45



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

TIITOITOOITOOOIIOIOIOOIIIOOIOOIIIOOIOOIIOOIIOOOIOIOIOIOIITOOIOOOZIOIIOOON

TZQ

WWWWNENNRPNORPNNRPWWORMRWWORPW

.612352
-892283
.784851
.185035
-591355
.575171
.441850
-575005
. 773688
.954271
.669397
-298625
-609266
.604694
.102166
-426468
.557825
.145161
.324634
-850785
-159950
.864854
-538867
.687640
.644563
.174793
-968243
.406757
.090147
-199200
.669269
.292752
-149996
.602144
.030844
.462398
.695947
.977735
.576825
.452298
. 759366
-945555
.008889
.592521
-757890
.304178
.535980
.500271
.201118
.384018
.482971
-355298
.534870
.763542
.681048
.323726
.898463
.605617
.621223
.526353
.331045
-378469
-429090
.987407
.359565
-107606
-292079

.827968
.944649

.007186
-820689
.015569
.261554
-544676
.917193
.294917
.321948
-119590
.352429
-445865
-620930
-161159
.276359
.428104
.916478
.889701
.145456
-579664
-091027
.550537
.051879
-895364
.620232
.239686
.808054
.623190
.341539
.863447
-690343
.699424
.493279
.003241
-656885
.408436
.936146
.037320
. 742427
.480247
.496480
.820144
-866353
.943642
-446895
-400908
.471720
.667617
-970104
-954050
.846855
.699677
-530025
.380727
.484534
.435437
.567063
.347375
-550201
-607832
.181677
.792658
.637895
-854564
.097647
-903057
.929744
-510357

.239048
.426458

-1.326241
-3.772846
-2.826710
-3.682621
-4.177510

1.750943
-0.524349

1.303052
-4.607712

0.965870
-0.386020
-6.629258
-5.987430
-0.652660
-0.585196
-7.619801
-6.542242
-6.147111
-5.716335
-3.692890
-4.333218

0.340399
-1.622837

0.912179
-2.942742
-0.377671
-4.107429
-0.724256
-4.074808
-0.054932
-5.305891
-2.934185
-6.209442
-0.974891
-5.342591
-3.513467
-4.175772
-2.215932
-6.278103
-1.174281
-4.199810
-2.543185
-2.970467
-0.164233
-0.097337
-1.184028
-2.064607

0.411533

1.749236
-0.932788

1.422641
-0.025556
-0.361305
-0.199165

0.316734
-1.028689

0.266254
-0.038575

0.597345
-0.284379

2.239426
-0.852104

1.702331

2.977138

2.113116

0.257232
-1.467444

-1.258545
-3.752028

S46



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

TOOITOOOIIOIOIOOIIIOOIOOIIIOOIOOIIOOIIOOOIOIOOIOIOOIDIOONIOOOIOIIIOOONUUOOInNOIT

| | |
P NN

1
[EEN

ONORFRFPNOWOOOWMAOROIN

.516614
.709845
.234175
.766970
.138121
.532448
.433622
.362338
.212949
.503021
.207824
-120959
-038611
. 753990
.375730
-009254
.895801
.443319
.267390
-651599
.316348
.111323
-992314
.495100
.567471
.695694
.422577
.052382
.401173
.615163
-958309
. 776533
.316745
.241194
.051389
.641051
-190993
-468878
.582759
.828311
-367002
-240683
.029230
. 784774
.666713
.202748
.074050
-390322
.793303
.552570
.887765
-004610
.010284
.198635
.076316
.498816
.119251

259990

-305241
.986541
.326101
-296094
-360265
.570288
.215147
-331968
-345475
.388576
-247956
.357741
.869972

Lo 1
PAWANNWORFEPNNNWORRPRPFPWORPRWFROOMRE

11
w b

-4

.885021
-419045
.918587
.726335
-325736
.005786
.292026
.073984
.123972
.369598
.622245
.217004
-952340
.490487
.029216
.003235
.097787
.073475
.020454
-890259
.822395
.004806
-790662
.884881
.765110
-994653
-981995
.119383
.780112
-122074
.951618
.222599
.217011
-532498
.945480
.360238
.876561
.763015
. 772005
.780793
.435586
-692102
.608851
.386748
-338383
.875811
.188280
-550664
.683484
.147989
.652914
-223600
.373414
.130445
.674621
.081202
.757112
.783284
-219887
.580195
.748241
.592747
-742509
.801056
.028882
.061726
-651125
.128775
.818445
.252415
.768209

-4.644037
-2.446747
-3.109198
-4.164156
-2.277327
-0.515673
-2.039527
-1.373924
-3.668920
-2.584440
-3.873265
-3.194294

1.238300
-1.481778
-0.145599
-3.937626

0.164723
-0.260825
-5.372158
-5.165602

0.033374
-0.329180
-7.089869
-6.129203
-6.621241
-5.867252
-4.442289
-4.639410

0.816892
-0.941187

2.336821
-2.275567

0.424818
-2.124244

1.449926
-2.489373

1.279102
-1.511406
-0.965356
-1.393421

0.778750
-1.064708
-2.498948
-1.228477
-0.576367
-0.595947
-1.749060
-0.891545
-1.441777
-1.832139
-2.092305
-1.860729
-2.207250
-1.972860
-2.725530

1.386218
-2.036445

0.368995
-3.012930
-2.226968
-0.238551
-0.544529
-2.672678
-3.278572
-2.582566
-2.250435
-2.746111
-1.648970
-2.557012
-1.330022

0.701213

S47



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

C -1.068064 5.609433 -0.012945
H 0.144714 0.126372 0.734542
H -1.396772 0.948040 0.077572
C
Au 1.272677 0.829522 0.201154
H 3.136038 1.939580 -1.903882
H 4.904696 1.851070 -2.035892
0 4.868348 0.501686 0.096981
H 4.122626 3.275860 -1.298686
0 3.052251 0.024815 2.470474
0 3.375632 2.026204 3.424545
P -0.130780 -0.773474 -0.624395
C 3.355275 2.008614 1.081305
C 0.533688 -1.442644 -2.173105
c 4.163853 1.464860 -0.084756
C 4.081329 2.187181 -1.405117
H 0.545094 0.490603 -3.148876
H 3.103763 4.049786 3.596897
c 3.263835 1.201279 2.369227
H 4.784790 3.524146 3.313524
C 0.770614 -0.569346 -3.244658
C 3.738830 3.354118 3.042967
c 3.549532 3.430094 1.540458
H 1.457840 -0.387939 -5.270238
C 1.280754 -1.062746 -4.438398
C 2.209882 3.111541 0.994273
H 4.191520 4.091760 0.967681
H 1.972035 -2.804403 -5.498109
C 1.567256 -2.422436 -4.565894
H 1.561622 -4.346017 -3.600679
c 1.337653 -3.288490 -3.501917
H 0.640717 -3.483347 -1.474500
C 0.818945 -2.804620 -2.302842
H -1.830143 1.055994 0.845223
C -1.787927 -0.123831 -0.966259
H -4.131718 1.876430 0.468696
c -2.379827 0.744654 -0.040102
H -5.388532 1.170620 -1.550496
C -3.673811 1.204288 -0.250314
H -4.341694 -0.364053 -3.192055
c -4.379338 0.805920 -1.385244
H -2.042008 -1.192747 -2.828198
C -3.792504 -0.054861 -2.308140
H -2.247527 -2.721833 -0.123050
C -2.497209 -0.523952 -2.103801
H -2.410349 -4.623403 1.447305
C -0.286229 -2.123246 0.570331
H -0.561915 -5.091026 3.032434
c -1.431212 -2.930543 0.562656
H 1.457776 -3.648289 3.051104
C -1.522772 -3.998327 1.448525
H 1.637278 -1.742931 1.497391
c -0.482724 -4.259298 2.338898
C 0.652590 -3.452387 2.350129
c 0.756254 -2.380140 1.469679
H 1.382721 3.049329 1.700626
H 1.971203 3.521878 0.016820

S48



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

Part 111 NMR spectra

qd9d NONNWO®OSO NAME HUG-HC-283B-S
3809389 BERBECRRAARE  § ;
NNNNNNNN 00000000000 ) EROCNO 2012051é
ate
A \ e 8708
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
a0 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 80.6
bw 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1

CHANNEL f1

26.62599564 W
500.3530899 MHz

3276
500.3500000 MHz
EM

0
0.30 Hz
0
1.00
|
|1
i
f
a A a HUG-HC-283B-S
© <
2 §j B B8 B g
) (s} o I o3
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 [¢] ppm
22 goony o Tow  on  w NAWE  HUG-HC-2838-S
Gn SNON N g2y I3 9§ EXPNO 12
Qo NAO DD © ' . ' PROCNO 1
S8 aaaad o KRR 38 ° Date_ 20120519
Time 9.40
\ N Vool ISTe spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT coci3
NS 512
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
6.78 usec
0 dB

83.14344025 W
125.8275761 MHz

CHANNEL 2 ==
waltz16
1H

.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz

125.8131196 MHz
EM

0
1.00 Hz
0

1.40

I
! ' J ‘
1) . J HUG-HC-283B-S

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0  ppm

S49



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

—_
| S—

o o
EtO)K(U\O/\/
A NAME HUG-HC-139
-~ «© n - O —| —
888 & 398 EXPNO 10
J49 a4 dadd PROCNO 1
Date_ 20120106
‘ \‘/ Time 1. 1
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™ 65536
SOLVENT coCl3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 64
oW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO
CHANNEL f1 ==
1H
11.05 usec
00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500390 MHz
EM
0
0.30 Hz
0
1.00

o

HUG-HC-139
=N (=3 8 |=] N = [
~ I~ s} @ | o |~ N
(S]] (s} olo = o =
<tlo S il Nl oo
T T T T T T T T T T 1
9 8 6 5 4 3 2 1 0 ppm
N NHD OO @ NAVME HUG-HC-139
SR NBHS 8 38Y 388 8 EXPNO 11
g docgs ¢ g8%  RER s PROCNO 1
g8 5Raly o Ree 383 S Date_ 20120100
Time 12.09
v NV VALY
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
1D 65536
SOLVENT CcDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
PL1 .00 dB
PLIW 83.14344025 W
SFO1 125.8275761 MHz
CHANNEL 2 =:
“ waltz16
1H
80.00 usec
0.00 dB
17.23 dB
| .23 dB
| 26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
125.8131217 MHz
EM
0
| o 1.00 Hz
! 0
1.40
I I
J HUG-HC-139
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S50



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

o o
>
PN
Ph Ph
LOIVOADNNATONNNONINIITONT A AND —HC-
WOBIITIITONOINNNAAARDODOONNNO IO O EXPNO 10
O T S e O N e T NTe R T N ToRTo R N To R T RO TR Y PROCNO

S Date_

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT cDCI3
NS 16
DS 2
WH 10330.578 Hz

S|
FIDRES 0.157632 Hz

AQ 3.1719923 sec
RG 71.8
bW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
1H
11.05 usec

26.62599564
500.3530899 MHz

32768
500.3500501 MHz

EM
! 0
| 0.30 Hz
{1 0
1.00
[
il
|
[
i A
n HUG-HC-292
N |0 Lo o sl i (=]
16|00 IS} o[ ®
N (S o [N N i~
koo S ) N
T T T T T T T T T T 1
9 8 6 5 4 3 2 1 0 ppm
28 BIIBRISEARIR cod onw® NAME HUG-HC-292
@~ SNNNMANNANO©MO Do < N® LW EXPNO 11
" NO~ ®<g®
88 58588 EERANG Nes wxg Pare 5
] Addd A A Ao NN~ 000 Date_ 20120520
Time 12.39
Vo SN VAR
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1

125.8275761 MHz

CHANNEL 2 =:
waltz16
1H

.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
125.8131206 MHz
EM

0
1.00 Hz
0

u

o " ) HUG-HC-292

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S51



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

o O
PhMO/\/
Ph/S\Ph
13835883 828828238Y 2 e HUG-HC-0545
~NNWOOOON COONNWOOO® I © EXPNO 10
NNNNNNNN LOBBLSSES ¢ - PROCNO 1
Date_ 20111103
N NS Tine 1352
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
DwW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =:
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500000 MHz
EM
0
0.30 Hz
0
1.00
I
J\A I
A HUG-HC-054S
ol O)krw <t © (=3
o|dS (3 4 s}
cIN < ° N
<t lleo o S} e N
T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
B 3 SRIRIBANRG ~Nmoo o NAME HUG-HC-054S
[t} © WOINOITOMO LOYN O EXPNO 11
o 0 NN BBIINN S RN PROCNO 1
g g SRERREEERE RRge 3 pate_ 20111103
Time 13.42
\ \\\V/ / \\// ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CcDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =:
1
f 6.78 usec
[ 0.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.23 dB
PL13 17.23 dB
PL2W 26.62599564 W
PL12W 0.50385541 W
PL13W 0.50385541 W
SF02 500.3520014 MHz
S1 32768
SF 125.8131143 MHz
oy wow EM
SSB 0
LB 1.00 Hz
| | GB 0
| PC 1.40
[ [ ‘ ‘ ’ |
) NI - Jw h ' ' HUG-HC-054S
T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm

S52



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

NAME HUG-HC-176
EXPNO 20
PROCNO 1
Date_ 20120130
Time 15.53
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
DW 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
‘ 11.05
.00 dB
| 26.62599564 W
500.3530899 MHz
[ 32768
1 500.3500000 MHz
[ EM
0
0.30 Hz
] 0
1.00
I
\\\
I
d UL i HUG-HC-176
ol | @ o = o
0|00 | (™ (=3 © N
o | [~ (s} (s} —
<t lloo | | — N N
T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 ppm
8 re RSE%QE%% % N OO N Q NAME HUG-HC-176
= © oMmOLOBALL & wosYo | EXPNO 21
! . NO~D ™
o<} [ie} dONAOD DN © NG . PROCNO 1
3 S 38833888 ININE Date 20120130
Time 16.00
\\\\\// ‘ \\// ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
13C
6.78 usec
.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL 2 =:
waltz16
1H
! 80.00 usec
[ 0.00 dB
17.23 dB
.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
125.8131143 MHz
I EM
| 0
1.00 Hz
0
| | | 1.40
‘ [ (. ‘ ‘ \
' Lo J HUG-HC-176
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S53



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

NAME HUG-HC-191-02
EXPNO 10
PROCNO 1
Date_ 20120215
Time 7.26
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
Swi 10330.578 Hz

H
FIDRES 0.157632 Hz
A

Q 3.1719923 sec
RG 161
pw 48.400 usec
DE 6.50 usec
TE 296.6
D1 1.00000000 sec
[ TDO 1
| CHANNEL f1 =:
11.05
-0 B
26.62599564 W
500.3530899 MHz
32768
500.3500477 MHz
EM
0
0.30 Hz
0
I 1.00
[
]
|
| [
i
|
[
|
M
. s . i HUG-HC-191-02
IR o (o3 o
NS S (W0 (= [© N
—[m|o[S|— (s} s] —
SIS e N rm
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
2 g IRgasnensen Nown o NAVE | HUG-HC-191-02
© © WANLOLOINONNA LSO I EXPNO 11
. Y . NoO~N® S PROCNO 1
& @ IBERRAAERET Noow o
— — B R R R R R R R R R R NNNN O © Date_ 20120215
Time 7.34
\ ‘\\\'\\///// \\// ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 297.6 K
D1 2.00000000 sec
D11 0.03000000 sec
1

PL1W 83.14344025
SFO1 125.8275761 MHz

CHANNEL f2 =
waltz16

.23 dB
26.62599564 W
0.50385541
0.50385541
500.3520014 MHz

32768
125.8131153 MHz
EM

0
1.00 Hz
0

1.40

“‘ ‘ j ; HUG-HC-191-02

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S54



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

cl o0 O

Wo/\/
P S pn

DOITOWONNNANOQOONNDITOTONNOTMO DO o NAME HUG-HC-179A
NOOONNOOOULITNANNMMOANNEHODSTOITO FD- o 0 N
COIIIIITITIIITITITINANNNAAAITODO NN [t} EXPNO 20
[ N N N N N N N N N N N N N N N N N N N T R = PROCNO 1
Date_ 20120131
e el VAVARY. Tine 12.18
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
bw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
i TDO 1
CHANNEL f1 =:
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500462 MHz
EM
0
0.30 Hz
0
1.00
|
| |
U LMA I
J . J HUG-HC-179A
=[O f[oN oy (o2} © (=]
<20 IN D s}
D|[Ofo [ (o} (=] (=}
mllo ﬁ: N S B N
T T T T T T T T 1
9 8 6 5 4 3 0 ppm
~ 0 DOANNONO DO D NAME HUG-HC-179A
8 8 BhYOBIBEHIS 03Y 8 EXPNO 11
3 @ PP D e adoN @ PROCNO 1
=] © SOooNNNNNNN NN Date 20120130
— — A A A A A A A A A N~~~ © Tim37
‘ \\\\‘ l/// / \% ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CcDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13!
6.78 usec
0.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL 2 ==;
| waltz16
! 1H
80.00 usec
| 0.00 dB
17.23 dB
17.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
I 32768
125.8131280 MHz
EM
0
! 1.00 Hz
0
\ | 1.40
|
‘ |
) " . HUG-HC-179A
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME kli-kb-042-02
TOAOONINNONMNMOALTNOMONINUODOONNNMO N © N M EXPNO 10
ARNODUINNAHTOONMNATDONNDTONANNTOONAHO DO PROCNO 1
TIIITIIITSICILITIODNOVOOIIIITITODOODDOMM MO NN
NN N O B O O O O Date_ 20120912
Time 21.34
N/% N% 1//%%% INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 32
DS 2
SWH 6009.615 Hz
FIDRES 0.091699 Hz
AQ 5.4526453 sec
| RG 189.29
DW 83.200 usec
DE 6.50 usec
! TE 303.0 K
D1 2.00000000 sec
TDO 1
|
CHANNEL f1 =
| 300.131852ﬁ MHz

10.70

65536
300.1300299
EM

0

0.30 Hz

0
1.00

l A kli-kb-042-02
T T T T T T T T T T T T T T T T 1
80 75 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
© ([ (=] [Te) N~
© ||y s} < <
— (< o o o
<|o — o o
=
9 2 @ sopenaonor to0a © NAME - kli-kb-042-02
< ™ N NN ONOONT NONO® © EXPNO 11
N 8 N dddoggroNy RPN PROCNO 1
g g S SBHINNNAqS rRee Date_ 20120012
Time 22.07
SN NV s ru Shoct
PROBHD 5 mm PABBO BB-
| PULPROG zgdc30
TD 65536
SOLVENT CcDCI3
NS 1200
DS 4
SWH 21306.818 Hz
FIDRES 0.325116 Hz
AQ 1.5379615 sec
RG
DW 23.467 usec
DE 6.50 usec
TE 303.0 K
D1 0.03000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL f1 ========
SFO1 75.4775598 MHz
NUC1 13C
| P1 10.00 usec
il Si 65536
SF 75.4677518 MHz
WwDw EM
i SSB 0
LB 0.80 Hz
GB 0
PC 1.40
|
|
[ ‘ 0o
| | ‘ ’ ‘
’ ‘ ' ‘ kli-kb-042-02
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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S57

NAME mnu-mb-010-02
EXPNO 10
PROCNO 1
Date 20120912
Time 22.58
INSTRUM spect
PROBHD 5 mm PABBO BB-
! PULPROG 2930
TD 65536
SOLVENT CcDCI3
NS 32
DS 2
SWH 6009.615
FIDRES 0.091699
AQ 5.4526453
RG 76
DW 83.200
DE 6.50
TE 303.0
D1 2.00000000
TDO 1
| ======== CHANNEL f1 ==
| SFO1 300.1318534
NUC1 1H
P1 10.70
Si 65536
SF 300.1300000
WDwW EM
SSB 0
LB 0.30
m | GB 0
| PC 1.00
|
. J\J LJlkﬂj n mnu-mb-010-02
T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
= jwr 0 (=3 [Te} (=
Q| |0 N (=] = =
| | (=} (= o o
<1 loo n — N N
~ AL THOYLTONNODNID® NAME mnu-mb-010-02
8 333 832838 nBRE» 3Rz & EXPNO 1
% 610 B N PROCNO 1
© © © © NONOOMONNNN A ~NNOWw oS Date_ 20120912
— e A A A A A A A A A A A M~~~ © Time 21.26
\/ / *\zg;:>§§L44Z/J /%// \\xz// ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPRO! zgdc30
! 65536
SOLVENT CcDCI3
NS 1200
DS 4
SWH 21306.818 Hz
FIDRES 0.325116 Hz
AQ 1.5379615 sec
RG
DW 23.467 usec
DE 6.50 usec
TE 303.0 K
D1 0.03000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ==
SFO1 75.4775598 MHz
NUC1 13C
P1 10.00 usec
Si 65536
SF 75.4677587 MHz
WDW EM
SSB 0
LB 0.80 Hz
GB 0
PC 1.40
I
| i !
|| | ‘ mnu-mb-010-02
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAVME HUG-HC-182-02
EXPNO 10
PROCNO 1
Date_ 20120210
Time 9.39
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
65536
SOLVENT CcDCI3
16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 80.6
Dw 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1

PL1 - B
PL1W 26.62599564 W
SFO1 500.3530899 MHz
Sl 32768

SF 500.3500000 MHz
WDW EM
SSB 0

LB 0.30 Hz
GB 0

PC 1.00

|

HUG-HC-182-02

wle| foy o | o o
00| |~ =3 © = N~
=M [ (= o = e~
<tlool ey el N e o
T T T T T T T T T T 1
11 10 9 8 7 5 4 2 1 0 ppm
Q 3 3538385338 NOIWw  © © NAME HUG-HC-182-02
h @ RERGEBIa8n 2838 o 3 EXPNO 1
=) n DONAD D DI~ © . T . PROCNO 1
a & 888303338 S [N N b bate_ 20120210
Time 9.46
\ \\\/// / “// ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =:
13C
6.78 usec
0.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2 =:
waltz16
1H
80.00 usec
0.00 dB
| 17.23 dB
17.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
| | 500.3520014 MHz
32768
125.8131196 MHz
EM
0
11 1.00 Hz
0
| 1.40
[ ! |
HUG-HC-182-02
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME HUG-HC-179B
EXPNO 10
PROCNO 1
Date_ 20120130
Time 12.49
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™ 65536
SOLVENT coci3
NS 16
DS 2
WH 10330.578 Hz

S
FIDRES 0.157632 Hz

AQ 3.1719923 sec
RG 161
DW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
PL1 0.0 B
PLIW 26.62599564 W
SFO1 500.3530899 MHz
Si 32768
SF 500.3500000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
|
\‘\
‘il‘
A o HUG-HC-1798
] l=} (o] (=] [ (fe) o
<[t N '] e} = =
oM = o (=] i~ o
<lnilo] i N o>
T T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 0 ppm
5 83 SBGRAI N S Yovo ® o NAME HUG-HC-179B
© @© o OONOOWT © 10 LOSWL N N EXPNO 11
3 o NON~NW +H N
@ 0 o YTNHoOOO® © N N . . PROCNO 1
g 8g S8ERANN g NN Date_ 20120130
Time 12.57
T N/
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL 1 =:
1
6.78
.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2 =:
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.23 dB
PL13 17.23 dB
PL2W 26.62599564 W
PL12W 0.50385541 W
PL13W 0.50385541 W
SF02 500.3520014 MHz
s1 32768
SF 125.8131174 MHz
L WOW EM
SSB 0
LB 1.00 Hz
| ‘ GB )
| PC 1.40
| ‘ | | HUG-HC-1798

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o O
Mo/\/

Ph Ph”~ Ph .
OCHAOMNHOMNNTONONMNDOOOUMNAHAONTON NAME kli-kb-023-02
FOINOOOSNORINIUTNOTIONGIOINIIOY EXPNO 10
NNNNENENNNEN NN NN Bnwnon s <SS Date 20120514
‘\‘\%\M%/ \\% \//% Time 11.03

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT [eb]e] kc}
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
bW 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1
CHANNEL f1
[
1 11.05
-0
26.62599564 W
500.3530899 MHz
! 32768
| 500.3500112 MHz
EM
0
0.30 Hz
I v 0
| 1.00
|
|
1
b
|
| |
L A kli-kb-023-02
FENN (=} @lo) [0
N[O 0~ (=3 NN N
o] [w|-lo (s} ool |=
< Il foo i = SIS
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
@ o TONOALAONDHAO NN O NAME kb-023-02
© @ OITNAOTANILTN AN MO Q MmN OO I\ EXPNO 15
N < SRR QoeNenNea® IE808 2 PROCNO 1
<HoOWL %
e & SYYOEARRERRES NNow o Date_ 20120515
=1 ~ B R e R R R R R R R R R R NSNS © Time 23.19
‘ \\\\\x}/// \\// ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
| 65536
| SOLVENT CDCI3
1 NS 2048
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
6.78 usec
0.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2
waltz16
1H
80.00 usec
0.00 dB
17.23 dB
.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
1 125.8130941 MHz
EM
|l 0
1.00 Hz
0
| 1.40
[
| | Iy ‘ \
Hl " ‘ kli-kb-023-02
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
N:

T
ppm

kli-kb-022-02
11

1

20120531
14.29

dpx300

5 mm QNP 1H/
zg30

32768

CDCI3

32

0
6172.839
0.188380

2.6542580
362
81.000
4.50

300.2
2.00000000

= CHANNEL f1 ====

-6.00
300.1318534
32768
300.1300077
EM

0
0.30
0
18.00

KLI-KB-022-02

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
(o3 ndce] To) < N ©
S| K| < < N
O [Nf— (o] (=} (o2}
Lallle] It o = =
NAME kli-kb-022-02
o o IO S 000NN O N )M EXPNO 31
@ I3 ONOCONAN AONN OO IO®QQ ©uUdN  ©
~ ™ OITMOINOOACH I H®X T © wwoY ¥ PROCNO 1
. . ODNON ™ Date_ 20120517
o 0 HNAHOD D DO WO T MO RN . Time 3.27
2 g 333953 IININAINT BERE 3 STy spict
PROBHD 5 mm PABBO BB-
‘ k\iif§§3§§§§§$$ /%%gég%f%ffﬁﬁ’) \\x%// ‘ PULPRO 2gpg30
65536
SOLVENT coci3
NS 2048
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0-03000000 sec
TDO 1
= CHANNEL f1
1
PLL 0.00 dB
PL1W 83.14344025 W
SFO1 125.8275761 MHz
== = CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.23 dB
PL13 17.23 dB
PL2W 26.62599564 W
PLI2W 0.50385541 W
PL13W 0.50385541 W
SF02 500.3520014 MHz
S1 32768
SF 125.8131124 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
kli-kb-022-02
T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 50 40 30 20 10 ppm
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NAME kli-kb-041-02
EXPNO 10
PROCNO 1
Date_ 20120529
Time 9.24
INSTRUM dpx300
PROBHD 5 mm QNP 1H/
| PULPROG 2930
TD 32768
SOLVENT CDCI3
NS 32
DS 0
SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG -
bW 81.000 usec
DE 4.50 usec
TE 299.2 K
D1 2.00000000 sec
== CHANNEL f1 ==
NUC1 1H
P1 7.30 usec
PL1 -6.00 dB
| SFO1 300.1318534 MHz
1 Sl 32768
SF 300.1300060 MHz
wow EM
SSB 0
LB 0.30 Hz
GB
PC 18.00
|
KLI-KB-041-02
©llo| o (=3 o o ()
o= & =} =3 (25} D
N < °’. < <
SalIE o (=) ] o
T T T T T T T T T T 1
9 8 6 5 4 3 2 1 0 ppm
NAME kli-kb-041-02
S 3 > 2 3L5QK 213 doY®  © EXPNO 12
CEE ¥ 8 amgey oo Jess g PROCNO 1
€ £ 8 ¢ §9%’] gig Neey 3 bate_ 20120529
= — - IR RERE R RE RS pR RS} NNNN O ime R
INSTRUM dpx300
TN T N/ FROED’ 5 Qi i/
PULPROG zgdc30
| D 65536
SOLVENT CDCI3
NS 1200
DS 2
SWH 21231.422 Hz
FIDRES 0.323966 Hz
AQ 1.5434228 sec
RG 18390.4
DwW 23.550 usec
DE 4.50 usec
TE 301.2 K
D1 0.03000000 sec
D11 0.03000000 sec
CHANNEL f1 ==
13C
6.60 usec

-6.00 di
75.4760670 MHz
CHANNEL f2 ==;
waltz16
1H

16. 21
300.1312005 MHz
32768
75.4677553 MHz
EM

0
1.00 Hz
0

1.40

|
|
|
| |

" v A el KL 1 -KB-041-02

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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7.115

L

STHOAN©
DONNOO
O0000®

~o©

ot
=00 Wm
~NOO®

©o

I
o
©

[t}

6.890
6.694
5.625
5.590

~s~ ©

5.180

o O
colo o

|
S.

N

O

phpn
SRRCRIES s NAME HUG-HC-357
88558388 BES %
LOLWLS S o PROCNO 1
Date 20121013
\‘/ Time 2.48
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT cpCi3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 57
bW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1

CHANNEL f1

11.05
0.00
26.62599564 W
500.3530899
32768
500.3500536 MHz
EM

0
0.30
0

1.00

HUG-HC-357
|| ([0l o| flo © )
N = [N|e [0 o NS o =
eR|Eepe S| PR > e
m o] [Hl-lolo =l ol | o
T T T T T T T T T T 1
8 7 6 5 4 3 2 1 0 ppm
39 Q RANVONIRNAN . o~ © NAME HUG-HC-357
o N BI58EAINEES 333 o5 2 I EXPNO 31
S $ ddcdogseeay Rbx e @ s PROCNO 1
© © S 00O NNNNNA N oo ® < Date, 20121013
— — A A A A A A A A A N~~~ ©oumn o - Time 3.16
T = N
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
| TD 65536
SOLVENT CDCI3
NS 512
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
| CHANNEL f1
!
6.78 usec
| .00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2 ==
waltz16
1H
80.00 usec
0.00 dB
17.23 dB
7.23 dB
26.62599564 W
0.50385541 W
! 0.50385541 W
I 500.3520014 MHz
| 32768
125.8131270 MHz
EM
0
1.00 Hz
| 0
‘ | | 1.40
|
J \ ’ HUG-HC-357
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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s,
SONTOMNMANAOWONNIMN o~ (39 (2} o
EREARRAARA RN on ¥ 9 <9
N N A N N NS <+ o ™ =
[se](ee] o = (=3 o
(2](e>} oo (=3 (=3 (=}
[sp}(Te] e |t (V] [s2] (s}
T T T T T T T T T 1
9 8 7 6 5 4 3 2 0 ppm
- © < ~oOSm n
o< © o< 0 ~ o< — n fee] o
©oun ~ A < no< [ < < o
0 . IR . NO N~ ~ ()] ()] <
©ouwm o —HO OO — o . . . g
O < MmMANN - ~ OO 0 o o ()]
e — o — N~~~ ©0 n n —
]
|
|
I |
Il ‘ I
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME HUG-HC-127
EXPNO 10
PROCNO 1
Date_ 20111219
Time 16.33
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 50.8
Dw 48.400
DE 6.50
TE 296.0
D1 1.00000000
TDO 1
CHANNEL f1 =:

1H
11.05
.00
26.62599564
500.3530899
32768
500.3500376
EM
0
0.30
0
1.00

HUG-HC-127
NAME HUG-HC-127
EXPNO 11
PROCNO 1
Date, 20111219
Time 16.40
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
AQ 0.9437684
RG 32800
DwW 14.400
DE 10.00
TE 296.0
D1 2.00000000

D11

0.03000000
1

Hz
Hz
sec

usec
usec

Hz
Hz
sec

usec
usec

=

sec
sec

83.14344025
1258275761

CHANNEL f2
waltz16
1H

.23
26.62599564
0.50385541
0.50385541
500.3520014
32768
125.8131259
EM

0

1.00

0

1.40

HUG-HC-127

w
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O O
/\OMO CSH17
|
S.
Ph” " "Ph
08489588 5RTaY 25 o EB9S OB CREIEOOONANE  KIi-kn-002-02
AR A A R IR V] S K~ ¥ oooo 000 HON - EXPNO 10
N A N N N N N 0 ITST A HHHHHHOOOBRQCNO 20120723
ate
TN=—" A N/ SN e 2313
INSTRUM dpx300
| PROBHD 5 mm QNP 1H/
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 32
DS 0
SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG
DW 81.000 usec
DE 4.50 usec
TE 299.2 K
D1 2.00000000 sec
== CHANNEL f1 ==
NUC1 1H
P1 7.30 usec
PL1 -6.00 dB
SFO1 300.1318534 MHz
Si 32768
| SF 300.1300258 MHz
‘ | wDwW no
SSB 0
LB 0.00 Hz
GB 0
PC 18.00
I
|
| I
|
|
|
J J Q KL1-KB-092-03
T T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
< [ ol (o] |m N o | lo o
[y NSO o I} <t |l S
2 el =< < e e
<[ o| lo| |+ o~ o ) o
=
NAME kli-kb-092-02
~~ ® oo o EXPNO 11
SN @ S M ~ ~NOO W o NONT DO NN
~ ] Qwomm 1) NO® It ™ oOMNWMNNN© PROCNO 1
Vo . PR g tow O © MOTONOOWNWOS Date_ 20120720
© < Hoo o o G e v v Tim 23.51
©© < nOHANN = ~NNO O O eI ININE A
— = A — NN~ O D MONNNNN —  INSTRUM dpx300
PROBHD 5 mm QNP 1H/
Voo T W VT PV R -
65536
SOLVENT cDCi3
| NS 1200
DS 2
SWH 21231.422 Hz
FIDRES 0.323966 Hz
AQ 1.5434228 sec
RG 183904
bw 23.550 usec
DE 4.50 usec
TE 299.2
D1 0.03000000 sec
D11 0.03000000 sec
== CHANNEL f1 ========
I 13C
P1 6.60 usec
PLL -6.00 dB
I SFOL 75.4760670 MHz
= == CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -6.00 dB
PL12 16.20 dB
SFO2 300.1312005 MHz
S1 32768
SF 75.4677514 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.40
|
|
ot
|
|
KL1-KB-092-03
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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_S.
movcnqaooommtowNcntoamwovmmowwr\rxﬁmﬁor\ow$b\1—<Eh ™o NAME HUG-HC-146
STIONANOUUNITIONAORROONXRVIMNAODNPDRODAWIWO M Rl
ODOLODOLLIIIIITIITICITIONMAROCOOVOOOMMANNNHO DO © o EXPNO 10
NNNNNNNNNNNNNNNNNNN B0 000 000000000nw s <o - PROCNO 1

Date_ 20120109
S WP S Y
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
bw 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==

1H
11.05 usec
0.00 d
26.62599564 W
500.3530899 MHz
32768
500.3500414 MHz
EM

0
0.30 Hz
I 0
1.00
|
|
|
| [
J 0 ‘
L_A%— HUG-HC-146
(N o Islelx o (=}
I [ (=3 o | [s 00 00
N S| lolole = =
<o (] v—i\L ) )
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 0 ppm
9% gNgITEeRe X enm oy 8 9 s NAVE HUG-HC-146
oo ONHAOT MW OMN— © nos ® ~ @ < EXPNO 11
g R 2 2 < PROCNO 1
~ s VHAAO OO <
83 BEEE3IARY 5 K-S g Date_ 20120109
Time 17.40
\] {2 | NABRE e s
PROBHD 5 mm PABBO BB-
PULPROG 2g9pg30
1D 65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
| D11 0.03000000 sec
TDO 1
! CHANNEL f1 =
13C
6.78 usec
0 dB

83.14344025 W
125.8275761 MHz

CHANNEL 2 =:
waltz16
1H

26.62599564 W
0.50385541 W
0.50385541 W

500.3520014 MHz

32768
125.8131164 MHz
EM

0
1.00 Hz

0
1.40

§ HUG-HC-146

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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INSTRUM
PROBHD
PULPROG

T
SOLVENT
NS

HUG-HC-315
10

1

20120709
18.49

spect

5 mm PABBO BB-
2930

65536

cbci3

16

2
10330.578
0.157632
3.1719923
50.8
48.400
6.50

296.2
1.00000000
1

Hz
Hz
sec

usec
usec

=

sec

P1 11.05 usec
PL1 0.00 dB
PL1W 26.62599564 W
SFO1 500.3530899 MHz
Si 32768
SF 500.3500517 MHz
Wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
|
|
|
|
I
|
il
|
ML | | |
" HUG-HC-315
N mjuo o o] (@lm © I~ e
olNole ol o I~ <IN ©
(S]] ol o (=] (=)= (=}
Iales I o il ol N il o>
T T T T T T T T T T T T 1
11 10 9 8 6 5 4 3 2 1 0 ppm
o~ OYLANODANOADNT O M NAME HUG-HC-315
g8 B2BBERE]RASIEE 2898 83 2 2 EXPIO 1
I NO N~ ~ o =3 < PROCNO 1
o< NOAHOODDDDDN~OW . ] J :
©Q© OOMMOONNNNNNN ~O©O©Mm @0 Q < Date, 20120709
— A A A A A AAAAAAA N~~~ nw < - = -
Time 18.56
\ / \N%// \\// \/ ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT cbci3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
DwW 14.400 usec
DE 10.00 usec
TE 297.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
13C
6.78 usec
0.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL 2 =:
waltz16
1H
80.00 usec
0.00 dB
! 17.23 dB
1 17.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
125.8131259 MHz
EM
1K 0
| 1.00 Hz
0
I 1.40
I
}‘ . [ HUG-HC-315
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o o ¢y
EO™ Y o
P S ph
TOONONOONNNOONNYNONTNONDNADYIOINONTONOTOTONNDROTTONN 00 ©® T o am~ oNAME HUG-HC-318
DITOANTAATTONAOO DN DDITOOITNORONNANNOTAAODRNOOTMAANONNAADN O TN O N MO 10 = DEXPNO 10
COBCOOOOMHNNNYITIIIINNNNROONNNATATAAAOOOHATATHORCNNIINNNNAAAO D 1
NN N LOVLOVLOVLOLOVLOVLOOS ST ST 20120711
= 15.28
dpx300
PROBHD 5 mm QNP 1H/
PULPROG 2930
T 32768
SOLVENT CDCI3
NS 32
DS 0
SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 203.2
bW 81.000 usec
DE 4.50 usec
TE 299.2 K
D1 2.00000000 sec
PL1 -6.00 dB
SFO1 300.1318534 MHz
S1 32768
SF 300.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 18.00
|
| [
|
|
[
!
I
| |
|
y \ iy
I
b M
J HUG-HC-318
<t o =) ) o o o
o= IS} © N AN
©le '] '] '] ST
[r'gd S o N o o
T T T T T T T T 1
11 10 8 6 5 4 2 1 ppm
N REENBIN B oT o~ N < NN @ NAME HUG-HC-318
<0 OdONMMAN ® oo~ O~ Q QAT 2] EXPNO 11
© 10 Cddonoe © RN N @ eaNe - PROCNO 1
88 §9R8]]% g NN §  88sg 3 Date_ 20120711
Time 18.18
\/ N2 N2 N
PROBHD 5 mm QNP 1H/
PULPROG zgdc30
TD 65536
SOLVENT CcDCI3
NS 1200
DS 2
SWH 21231.422 Hz
FIDRES 0.323966 Hz
1.5434228 sec
RG 16384
bw 23.550 usec
DE 4.50 usec
TE 299.2 K
D1 0.03000000 sec
D11 0.03000000 sec
CHANNEL f1 ==
13C
6.60 usec
-6.00 dB
75.4760670 MHz
CHANNEL 2 =:
waltz16
1H
80.00 usec
-6.00 dB
| 16.20 dB
‘\ 300.1312005 MHz
32768
75.4677527 MHz
EM
0
1.00 Hz
0
1.40
|
[
| | I ! I
|
I ‘ \
J' ! N HUG-HC-318
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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£
-

1.614
1.192
1.181
1.168
1.145
1.131
1.117

Z
X

HUG-HC-311B
10

1

20120707
16.04

spect

5 mm PABBO BB-
zg30

65536
cbci3

16

2
10330.578
0.157632
3.1719923
71.8
48.400
6.50

296.0
1.00000000
1

CHANNEL f1 ==
1H
11.05

2662599564
5003530899

32768
500.3500416
EM

0

0.30

0

1.00

Hz
Hz
sec

usec
usec

K
sec

Hz
Hz
sec

usec
usec
K
sec
sec

HUG-HC-311B
ONj <t D ||© 10 < I~
(==} © 10 ([0 N N (c](=]
< S I e N MM
<o (=] ollo o o (Sol{e)
T T T T T T T T T T 1
9 7 6 5 4 3 2 1 0 ppm
48 5 HoRIBNIRB & W~ o< 0o N NAME HUG-HC-311B
<< O AAOLONAN © oI N © NO ® EXPNO 11
10 } dHd00000® ) RN an Nes PROCNO 1
©oun 0 HHO OO OO O o
gg I 883888888 o KReN  ga ggy Date_ 20120707
Time 16.31
VTN N V1 e
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT CcDCI3
NS 512
DS 4
SWH 34722.223
FIDRES 0.529819
AQ 0.9437684
RG 32800
Dw 14.400
DE 10.00
TE 296.0
D1 2.00000000
D11 0.03000000
TDO 1
PL1 -
PLIW 83.14344025
SFO1 125.8275761
CHANNEL f2 =
waltz16
1H
\ 80.00
I 0.00
17.23
.23
26.62599564
0.50385541
0.50385541
500.3520014
32768
125.8131185
EM
0
o 1.00
| | 0
| 1.40
[ l ‘.\ I
I IJ s | J HUG-HC-3118
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME HUG-HC-132

EXPNO 10

PROCNO 1

Date_ 20120103

Time 18.41

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

TD 65536

SOLVENT CDCI3

NS 16

DS 2

SWH 10330.578

FIDRES 0.157632

AQ 3.1719923
RG 71.

bw 48.400

DE 6.50

TE 296.0

D1 1.00000000

TDO 1
CHANNEL f1 =

1H

11.05

.00

26.62599564

500.3530899

32768

500.3500391

EM

0

0.30

0

1.00

Hz
Hz
sec

usec
usec

sec
sec

| o b HUG-HC-132
o © [© ~ |00 (= (3
N (e © [0 N~ © (= <
= [0 (o]} (o] = (= (o}
<k clo i o N N
T T T T T T T T T T 1
11 10 9 8 7 6 5 4 2 1 ppm
N mORONT NAME HUG-HC-132
N@ I58BI B9 38 8 3 g EXPNO 11
< ©CAO DM R a2 e = = PROCNO 1
9 338389 N3 3B B & 3 Date_ 20120103
Time 18.49
\/ W) VAR ]
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
AQ 0.9437684
RG 32800
DW 14.400
DE 10.00
TE 297.1
D1 2.00000000
D11 0.03000000
TDO 1
PL1 .
PLIW 83.14344025
SFO1 125.8275761
CHANNEL f2 =
| waltz16
b 1H
80.00
0.00
17.23
.23
26.62599564
0.50385541
0.50385541
500.3520014
32768
125.8131196
EM
0
Co 1.00
0
1.40
I} |
Il ) HUG-HC-132
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME HUG-HC-133
EXPNO 10
PROCNO 1
Date_ 20120103
Time 18.53
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
T 65536
SOLVENT cbcli3
NS 16
DS 2
WH 10330.578 Hz

S\
FIDRES 0.157632 Hz
A

Q 3.1719923 sec
RG 57
DW 48.400 usec
DE 6.50 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==:
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500371 MHz
EM
0
0.30 Hz
0
1.00
I
|
|
J
|
N . . . HUG-HC-133
[ oy o0 o (523 [o2] [0
© [ o [© [} (e} (=] (<
o P ° c @ @
™o izl=} i~ (o] o o
T T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 0 ppm
33 8393iLg o o % 0 o NAWE HUG-HC-133
~© <THMM A0 o< oM [fe) o [ EXPNO 11
T P e o~ @ < =} [N ]
o NAO OO M . . . ' PROCNO 1
EE 88388y NS 23 B R 9 Date_ 20120103
Time 19.01
\/ WY/ VooV |
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
i) 65536
SOLVENT coci3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
DW 14.400 usec
DE 10.00 usec
TE 297.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
13C
6.78 usec
.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2 =
waltz16
1H
80.00 usec
0.00 dB
17.23 dB
.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
| 32768
125.8131238 MHz
EM
0
1.00 Hz
0
Eo by ! 1.40
I i ||
I \ | . HUG-HC-133

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o O
Ph W
Ph/S\Ph 8 NAME HUG-HC-160
8333883 3338238 & ExPNO 10
© 00 00000 NN~ OCOONNN—A
] 3 BRI i o PROCNO 1
\\ / \\ / Time 15.16
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
DwW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500471 MHz
EM
0
0.30 Hz
0
1.00

HUG-HC-160
ffe] ) ﬁ o o Lo o
O |0 (& (=3 i (=] =
Som (s} (s} S —
<t loolen — N N N
T T T T T T T T T T 1
9 8 7 5 4 3 2 1 0 ppm
o MAODN T O 0 NAVME HUG-HC-160
35 SERRBBRTNR & 2 38% 5 2 EXPNO 11
Ng B e qen 5 PROCNO 1
38 SORUNRRAN 3 § Rrg g g Date_ 20120120
Time 15.24
| W2 Y |
PROBHD 5 mm PABBO BB-
PULPROG 2g9pg30
65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
| CHANNEL f1 =:
1 13C
6.78 usec
0.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL 2
waltzl
1
80.00
0.00
17.23
17.23
26.62599564 W
0.50385541 W
0.50385541 W
| 500.3520014 MHz
| 32768
| 125.8131164 MHz
EM
0
1.00 Hz
| 0
| 1.40
|
¥ ‘
| . e ! ‘ HUG-HC-160
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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HUG-HC-143
10

1

20120109

12.38

spect

5 mm PABBO BB-

PULPROG 2930

TD 65536

SOLVENT CcDCI3

NS 16

DS 2

SWH 10330.578

FIDRES 0.157632

AQ 3.1719923

RG 57

Dw 48.400

DE 6.50

TE 296.0

D1 1.00000000

TDO 1
CHANNEL f1 =

1H

11.05

-00

26.62599564

500.3530899

32768

500.3500419

EM

0

0.30

0

1.00

il ‘
J ! ol
il 1 .y HUG-HC-143
~|o o N o I~ o (=}
0| o (el (o] (o] (o] (2}
N < < < < < -
I<rI~ e N o N o o
T T T T T T T T 1
9 8 7 5 4 3 2 1 ppm
§ S % S 8 g rc\) % N MM ~ ) © ] NAVE HUG-HC-143
-] « N OoMmo S noYo © < © o EXPNO 11
. v Vo ' NON~O N ) ~ <
N © ©® doos < I ' . ' ' PROCNO 1
2 3 g 8888 o N 3 8 R 3 Date_ 20120109
Time 12.46
W Y2 I S R N PR =
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
T 65536
SOLVENT cDCi3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
0.9437684
RG 32800
DwW 14.400
DE 10.00
TE 296.0
D1 2.00000000
D11 0.03000000
TDO 1
CHANNEL f1 ==;
13C
6.78
0.0
83.14344025
125.8275761
CHANNEL f2 ==
waltz16
1H
80.00
0.00
17.23
.23
26.62599564
0.50385541
0.50385541
500.3520014
| 32768
125.8131217
EM
0
1.00
[ [ 0
| | | 1.40
| |
L L [
. L | . HUG-HC-143
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 80 70 60 50 40 30 20 10 0 ppm
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N o o
| OEt
Ph/S\Ph
Qe RNERRER e ERIEESHAS8328S 83 ] NAME HUG-HC-290
COIIITMNMNAAAAAAAAAAONN R OO O S ~~ © EXPNO 10
NNNNNNNNNNNNNNNNNNNN o owwinn ®m c PROCNO 1
Date_ 20120517
Time 17.34
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
1D 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 36
bw 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1
CHANNEL f1 =:

11.05
0.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500527 MHz
EM
0
0.30 Hz
0
1.00
|
!
I I
|
| L
—J L HUG-HC-290
<{(w] W] |o () = I3} <
IR (= Y (o] (o] <
=== e S (=} (s} 's)
sl lenl It el el N oo
T T T T T T T T T T 1
9 8 5 4 3 2 1 0 ppm
@ & BHEAIBL5885Y w00 < © NAVE HUG-HC-290
3 < PVOVOMITMODO LW PO T < — EXPNO 11
. : A ] AN~ 8 o
[ [t} NYYTHOON~©OT S . . PROCNO 1
a3 g R RS R R R R NI B a Date_ 20120517
Time 17.41
| NNy NV B
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT cbcl3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
13C
6.78 usec

0.0
83.14344025
125.8275761 MHz

CHANNEL f2 =
waltz16
1H

26.62599564 W
0.50385541
0.50385541

500.3520014 MHz

32768
125.8131365 MHz
EM

0
1.00 Hz
0

1.40

|
|
1
‘ | | ’ | |
) ‘ 1 . J HUG-HC-290

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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4.007
3.993
3.979
3.965
3.853
3.842

N

HUG-HC-185
10

1

20120301

19.34

spect

5 mm PABBO BB-

PULPROG 2930

1D 65536

SOLVENT cDCI3

NS 16

DS 2

SWH 10330.578

FIDRES 0.157632

AQ 3.1719923

RG 161

bw 48.400

DE 6.50
TE 296.

D1 1.00000000

TDO 1
CHANNEL f1 =:

1H

11.05

.00

26.62599564

500.3530899

32768

500.3500470

EM

0

0.30

0

1.00

3.5 pm
|
|
|
| ‘
N L I\ . HUG-HC-185
oM (=] m| S o< [so]
O [ |1 o IN~| | N[O ©
M| O [0 (=} o |© oo (=}
< :fxi = ] I 1 B N N [\.
T T T T T T T T T T T T T T 1
14 13 12 11 10 9 8 7 6 5 4 2 1 0  ppm
83 gaoueesLany oo oo 0 NANE HUG-HC-185
©< NOWOONM—OON nos S 5 o EXPNO 11
@3 FIdOBRBD NG aen L ~ PROCNO 1
S8 838383838 NN 33 M Date_ 20120301
Time 21.31
T SN\ N2
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
D 65536
SOLVENT cpci3
NS 512
DS 4
SWH 34722.223
| FIDRES 0.529819
! AQ 0.9437684
RG 32800
DW 14.400
DE 10.00
TE 296.0
D1 2.00000000
D11 0.03000000
TDO 1
CHANNEL f1 =
13C
6.78
0.00
83.14344025
125.8275761
CHANNEL 2 =
| waltz16
1H
80.00
| 0.00
17.23
7.23
26.62599564
0.50385541
0.50385541
i 500.3520014
32768
125.8131143
EM
| 0
1.00
I 0
| 1.40
[ ! ‘ ! !
|
ool A ‘ HUG-HC-185
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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DL ANOANDMONOONITONONDOONNDNTNM AN OO o 8 NAVE HUG-HC-297-1
NANHAOOORNONORVOTNIONOINNAONOVOMM A T OO < ] EXPNO 10
DRI NSNOOOOTIRREERRERERENCoqaaaNeN ~ S PROCNO 1
N N e e e e e A R R N T N N NI N NI NI N R Y] - T Date 20120529
VR ==y 7
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT cbci3
16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 71.8
bw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
1H
11.05 usec
0.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500426 MHz
EM
0
0.30 Hz
0
1.00
I
1
fh ‘ I
A A m A HUG-HC-297-1
Lo [~ o & (=] 10 [Ted © I~
o< S| o s} © o N 0
O o] & (=} (=} o (=} o
<lol  Inil |4 i o n NN
T T T T T T T T T 1
9 7 6 5 4 3 2 1 0 ppm
gg 8 %38%%5‘8 28 <o © o oM NAVE HUG-HC-297-1
S =5} AW®ON—HO N oS O NM® EXPNO 11
q v NO~ N N~
0 mn © VTHOO DO ©M NG v PROCNO 1
g8 4 8833888 oo NN 3 838 Date_ 20120529
Time 17.53
I INIZa Voo TN shect
PROBHD 5 mm PABBO BB-
PULPROG 2g9pg30
65536
SOLVENT CcDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
| CHANNEL f1 =:
| 13C
| 6.78 usec
0.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL 2 =:
waltz16
1H
80.00 usec
0.00 dB
17.23 dB
17.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
125.8131185 MHz
| EM
| 0
| 1.00 Hz
I | 0
| | 1.40
el ‘
A l " ] " s HUG-HC-297-1
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Hz
Hz
sec

usec
usec

usec
d
W
MHz

MHz

o O
’PrMN/\/
ph S pne .
RERbY8S 9383I3HERRL o3 2R33 3B NAME kli-kb-035-02
oot TITN ITIMO OO D0 DO o0 WO~ O —“0 0 EXPNO 10
NN NN LLBLOIIIIIE  ©m NN A PROCNO 1
Date_ 20120529
N\ NN N W e 1119
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
T 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 161
DwW 48.400
DE 6.50
TE 296.0
D1 1.00000000
TDO 1
‘ CHANNEL f1 ==
| 1H
11.05
0.0
26.62599564
1ol 500.3530899
32768
| 500.3500114
EM
0
0.30
0
1.00
] I |
i !
I
L |
W
Q| © N~ (o] (] N o
ol I~ < I~ Yo} —|© N
(3. = (= O. (=} I\I (=] (ﬂ.
<t o (=} o o N ©
T T T T T T T T 1
8 7 6 5 4 3 2 ppm
NAME kli-kb-035-02
3 ] 882888 3 A~ oo 0 oo © EXPNO 12
* = cQowem = I35 by 38 3 PROCNO 1
o @ [AQaa N NP § o : Date 20120601
o © MMMMANN ~OoOoN o n w0 (2] = —
— — B R R R R R B NN 0 ™o — Time 15.31
INSTRUM dpx300
PROBHD 5 mm QNP 1H/
PULPRO zgdc30
, 65536
I SOLVENT CDCI3
NS 1200
DS 2
SWH 21231.422
FIDRES 0.323966
1.5434228
P1 6.60
PL1 -6.00
SFO1 75.4760670
CHANNEL f2
waltz16
1H
80.00
-6.00
16.20
300.1312005
32768
75.4677552
EM
0
1.00
0
1.40
I
kli-kb-035-02
T T T T T T T T T T T T T T 1
190 170 160 150 140 120 110 100 90 80 70 50 20 10 ppm
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o O
| N/\/
S. =
Ph”>>Ph \~
WO MOLOMON ONNODDOOON®M ©©m oo doYd NANME kli-kb-119-02
NHAQOONOS® QUNOITONOTIOOOQ 0o [N < N @~ EXPNO 10
NOORRNNRN SNNSNNNGGO9o8 9o AN99 =99 PROCNO 1
N A N LOLLLWLOLOWLO S S S mmm mmNN R Rkl Date_ 20120817
ANV V= VI NN NSNE oot
INSTRUM spect
PROBHD 5 mm PABBO BB-
! PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
| AQ 3.1719923 sec
| RG 80.
DW 48.400 usec
DE 6.50 usec
| TE 296.0 K
D1 1.00000000 sec
| TDO 1
======== CHANNEL fl ========
f \ NUC1 1H
P1 11.05 usec
| PL1 0.00 dB
PLIW 26.62599564 W
SFO1 500.3530899 MHz
Sl 32768
SF 500.3500000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
lj *)J kli-kb-119-02
T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 1.0 0.5 ppm
ol I~ It I~ oy o I
S| [© (o] o o D I~
2l i M - < o
<] lo I < It — o
o N OLONTH0DAND gﬁgﬁo k"’kb’ng’ﬁ
0 ~ NONO©MOAOMN QMDD OO ~o W ®mo
~ oo MOADID DO M © DOY OO o~ ~o 4 PROCNO 1
N o NN NON® - <0 o~ N @ Date 20120817
o @ Lo MAHOOD DO~ N o o g Fre 5026
o ©© NOMOOONNNNN ~NN~ONd o0 <o oo
— — A A A A AAAAAA NSNS~ < < 0o N INSTRUM spect
PROBHD 5 mm PABBO BB-
\/ = % R VA
by 65536
SOLVENT [einie] k<
NS 512
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
PL1 .00 dB
PL1W 83.14344025 W
SFO1 125.8275761 MHz
== CHANNEL f2 =
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.23 dB
PL13 17.23 dB
PL2W 26.62599564 W
PL12W 0.50385541 W
PL13W 0.50385541 W
SF02 500.3520014 MHz
Si 32768
SF 125.8131143 MHz
wWow EM
SsB 0
| LB 1.00 Hz
GB 0
PC 1.40
|
|
kli-kb-119-02
T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 40 30 20 10 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

4.874

< <
INE=)
N®
<

N

=—4.752

4.718
——3.615
——2.466

e

T
SOLVENT
NS

3.792
2.089
5.979

3.413
0.954
1.000
0.973
1.956
2.919

-
0
~
o
o
IN
w
N
-
<}

133.019
131.252
130.921
129.852
129.604
129.414
127.702
127.524
——116.748
77.246
76.992
76.737
75.194

INSTRUM
PROBHD
PULPROG

——183.651
——168.205

_-141.823
——51.328
——35.034

o

Pl

o

(e}

=z

o

L
X
£
~N

T
SOLVENT
NS

183.651
168.205

! PLL2W

T T T T 1 SF
190 180 170

o
I
N
%
=

ppm

T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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kli-kb-033-02
30

1

20120522
13.39

spect

5 mm PABBO BB-
2930

65536

CcDCI3

16

2

10330.578
0.157632
3.1719923
80.6

48.400

6.50

296.0
1.00000000
1

CHANNEL f1
1H

11.05

.00
26.62599564
500.3530899
32768
500.3500022
EM

0

0.30

0

1.00

kli-kb-033-02

kli-kb-033-02
32

1

20120523

23.36

spect

5 mm PABBO BB-
zgpg30

65536

CDCI3
2048
4

34722.223
0.529819
0.9437684

0.
83.14344025
125.8275761

7.2
26.62599564
0.50385541
0.50385541
500.3520014

32768
125.8131204
EM

0

1.00

0

1.40

kli-kb-033-02

Hz
Hz
sec

usec
usec

Hz
Hz
sec

usec
usec
K
sec
sec

usec

0 dB

=

MHz
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o O
| N/\/
Ph/s\th
OOUONUNAYTONCdINONOO©O onMmmo ~ NAME kli-kb-121-02
VOOLTMNRROOITITMNAO DO D 0L N © © EXPNO 10
ARRRARNRRARAARRRK QERXRN < PROCNO 1
Ll el e el Al el e Al el el e e el el e D [TeRS S [} Date 20120820
— N Time 21.43
INSTRUM dpx300
PROBHD 5 mm QNP 1H/
‘ PULPROG 2930
TD 32768
SOLVENT CDCI3
NS 32
DS 0
SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 181
DW 81.000 usec
DE 4.50 usec
TE 301.2 K
D1 2.00000000 sec
======== CHANNEL f1
NUC1
P1 7.30 usec
| PL1 -6.00
[ SFO1 300.1318534 MHz
Sl 32768
SF 300.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
! | PC 18.00
I
|
|
I
\
[
[

l*~44Jk kli-kb-121-02

00 |0 | oy <t <
0|l s o <
©|lo|~ (o < e}
o]l 1o leo o (]
) AP ANOY o Kli-kpb-121-02
o NOOSTOMm®Mm M o ™
[} O MONOSFON g g PROCNO 1
g JEHR]NN 5 $ g Tine o
‘—4 AdAdAdAAAd o ~ < INSTRUM dpx300
PROBHD 5 mm QNP 1H/
‘ \\§\\//Z/) ‘ PULPROG 2gdc30
T 65536
SOLVENT coci3
| NS 1200
DS 2
SWH 21231.422 Hz
FIDRES 0.323966 Hz
AQ 1.5434228 sec
RG 18390.4
bW 23.550 usec
DE 4.50 usec
TE 301.2 K
D1 0.03000000 sec
D11 0.03000000 sec
==== CHANNEL f1 =
NUC1 13C
P1 6.60 usec
PL1 -6.00 dB
SFO1 75.4760670 MHz
CHANNEL f2
waltzl6
1H
80.00 usec
! -6.00 dB

Io

16.20 d
300.1312005 MHz
32768

75.4677546 MHz
EM

0
1.00 Hz
0

1.40

|
WMWMMMMW Kli-kb-121-02

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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0’ o
7 °da
o ONNOMOANN—TOUTANNNTONO A NN LOLONDVOOMT OMMM NAME HUG-HC-113-2
o COONOUYTMNMIITAATNNOOMNNANLAO D T N OO0 ONU T MN QLM
N OO OMMMHMANNNNOOMM®NN NNOOOOWOOOOWLMMM EXPNO 20
N LLLBBBBBLLLLLLBOIIIIIIIT NNNNNNNNNN Ao Ao PROCNO 1
Date_ 20111209
Time 18.37
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT coci3
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 161
DW 48.400
DE 6.50
TE 296.0
D1 1.00000000
TDO 1
CHANNEL f1 =
1H
11.05
.00
26.62599564
500.3530899
32768
500.3500399
EM
0
0.30
0
1.00
L ML HUG-HC-113-2
(= (sl N N[O (o] (v (<
(= (sod(s2] = [e](=2] < |00 [~
o oo = oo o (= [~
o 1 | o ,—J |
T T T T T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 30 25 20 15 1.0 0.5 0.0 -0.5 ppm
0~ © © NAME HUG-HC-113-2
8 23 > B8¢ 38 28 9 EXPNO 21
S g o ) R 99 2 PROCNO 1
58 3 a KRk 88 Q& R '%?;gf 201151;222
[ [ NZRY o
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
AQ 0.9437684
RG 32800
DW 14.400
DE 10.00
TE 296.0
D1 2.00000000
D11 0.03000000
1
PL1 .
PL1W 83.14344025
| SFO1 125.8275761
| CHANNEL 2 =
waltz16
1H
80.00
0.00
17.23
.23
26.62599564
0.50385541
0.50385541
500.3520014
32768
125.8131143
I EM
| 0
1.00
0
1.40
L ‘
I HUG-HC-113-2
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 ppm
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Hz
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Hz
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K
sec
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5 QOSSINT 983S83RIINTRLR NAME HUG-HC-116
N OOONAAN ~RRKOOOOOOOMM®M EXPNO 20
N IELTLLM NNNNNNNNNN A o o PROCNO 1
Date_ 20121008
W) PPy
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT coCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
oW 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1
CHANNEL
. B
26.62599564 W
500.3530899 MHz
32768
500.3500323 MHz
EM
0
0.30 Hz
0
1.00
|
]
f i
| l L]
| HUG-HC-116
=10} (=] |©o I~ ©
0| N (=3 N~ (s} ©
oo (=] (e2] (= o
el o o = -
T T T T T T 1
7 6 4 3 2 1 0 ppm
<10 NAME HUG-HC-116
23 83 2 e N g EXPNO 21
. N~ (=) © NO «© PROCNO 1
R5 Noo o o oo o Date_ 20121008
— N~~~ © n NN N Time 9.13
‘ ‘ \V ‘ ‘ \/ ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
| D 65536
| SOLVENT cocli3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
oW 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
6.78 usec
.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2 ==
waltz16
1H
80.00 usec
0.00 dB
17.23 dB
.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
! 125.8131185 MHz
EM
0
1.00 Hz
0
1.40
S ————y ST
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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EtO

MmO (=] o o
(O~ (=] Ted D |©
oo (=} o oo
e N e Lol Lol Lalleo]
T T T T T T T T T T T
5.5 5.0 4.5 4. 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
@ o
o M Mmoo O © o N o -
< © n o< [ ~ W ©o ~
PN NeN o 9 N© 99
~ © ~© o © o D~ o <
- - N~~~ © © NN N —
!
|
I
I
P I
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

S8&3

NAME HUG-HC-140
EXPNO 10
PROCNO 1
Date_ 20120106
Time 16.51
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 90.5
Dw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500320 MHz
EM
0
0.30 Hz
0
1.00

HUG-HC-140

NAVME HUG-HC-140
EXPNO 11
PROCNO 1
Date_ 20120106
Time 16.59
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819

0.9437684
RG 32800
Dw 14.400
DE 10.00
TE 296.0
D1 2.00000000
D11

0.03000000
1

Hz
Hz
sec

usec
usec

sec
sec

125.8275761

CHANNEL f2 =:
waltz16
1H

0.50385541
0.50385541
500.3520014
32768
125.8131185
EM

0

1.00

0

1.40

HUG-HC-140
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o
BnO o
o}
4d
S3ehe IBIN BB 8 {38 89 NAVE HUG-HC-293
SHEAAS QEIN Ba8as RE 995 S¥ EXPNO 10
NSNS~ LOWW SIS NN NNN A PROCNO 1
W NN A
Time 15.59
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™ 65536
SOLVENT coCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 5
oW 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
D0 1

CHANNEL f1 =
1H
11.05 usec
0 d

26.62599564 W
500.3530899 MHz

32768
500.3500000 MHz
EM
0
0.30 Hz
0
1.00
|
[
|
f |
[
|
M 1 M HUG-HC-293
I~ o =) =} I~ o
© o oJire} s} < e}
=} (s} oo s} (s} (s}
< n é\rri = ot —
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
S @ N @ON©O NAVME HUG-HC-293
NS B838 885 28X a3 EXPNO 11
4 L) NOo™~ Mo m o ~ PROCNO 1
R & RN KNG N o o D
i CgRA R NN~ 0O ISR ate_ 20120520
Time 16.26
N |\ VoV \ STy réct
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 512
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1

125.8275761 MHz

CHANNEL 2 =:
waltz16

17.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz

32768
125.8131196 MHz
| EM
! 0
1.00 Hz

0

1.40

|
’ ‘ . L . N HUG-HC-293

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o]
Me o
°4e
OTOMOUNONODOADNONNOOTNONDINODDON
COONTTALCOITTTNMMNMANNNOOAHOONHOWOLO M
OANNNAANNNNSNNSNNNMNNMNNMNNMNNNNDNDOOODODOMM MM
LTI TANNNNNNNNNNNNNNNNA A A A A A A

TN

i o

-

1.000
0.981
0.970
2.894

——0.000

NAME H

PROBHD 5

CHANI

3
3

200.531

172.763

N 1.039
1.032

77.420
76.996
76.572
—67.171
——36.536

__-29.839

T—29.269
—24.167

s
~

NAME H

PROBHD 5

CHANI

CHANI

CPDPRG2
NUC2
PCPD2

SF02 3

HUG-HC-118B

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

S8&5

T
10

T
0 ppm

UG-HC-118B
10

1

20120705
12.32
dpx300

mm QNP 1H/
zg30

32768
CDCI3

32

0

6172.839

0.188380
2.6542580

301.2
2.00000000
INEL 1 =:

-6.00
00.1318534

32768
00.1300215

EM

0
0.30
0
18.00

_4;;;A444l4¥l_L44¥¥4444444¥L444444447 HUG-HC-118B

UG-HC-118B
11

1

20120705
13.45
dpx300

mm QNP 1H/
zgdc30
65536

cbci3
1200

2
21231.422
0.323966
1.5434228
14596.5
23.550
4.50

301.2
0.03000000
0.03000000

NEL f1 =:
1

6.60

-6.00
75.4760670
NEL 2 =:

waltz16
1H

16.20
00.1312005
32768
75.4677520
EM

0

1.00

0

1.40
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(o]
Ph o
o]
4f
OWOM®OMNN I~ 00D O NONOVoOoOWOaoOST I T 8 NAME HUG-HC-117
AT NANHO O NHO DO~ O~OCOONOUVUOND DN o EXPNO 10
AN AR NNRRRRQecowean o PROCNO 1
IS IS SIS S S NSNS TS NNNNNNNNNN o T Date 20111213
W22 Wy PP
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 161
bw 48.400
DE 6.50
TE 296.0
D1 1.00000000
TDO 1
CHANNEL f1 ==
26.62599564
500.3530899
32768
500.3500459
EM
0
0.30
0
1.00
1“ HUG-HC-117

©| B[ S|lo Lo o s,

0| [ ol (= (=} (=}

ol Hllo o i i

T T T T T T T T
9 8 7 6 5 3 2 1 ppm

~ © (LR INDN NAME HUG-HC-117
8 g Bags Nes o g 5 Dace 20111213
= - e NN~ © ™ [N Time 1357
Y V] T B e
PROBHD 5 mm PABBO BB-
PULPROG 2g9pg30
65536
SOLVENT CcDCI3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
0.9437684
RG 32800
Dw 14.400
DE 10.00
TE 296.0
D1 2.00000000
D11 0.03000000
TDO 1

PL1W 83.14344025
SFO1 125.8275761

CHANNEL f2 =
waltz16
1H

17.23
26.62599564
0.50385541
0.50385541
500.3520014

32768
125.8131143
EM

0

1.00

0

1.40

HUG-HC-117

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100

90

80 70 60 50 40 30

S86

T
0 ppm
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Cl o o)
o]
49
HONMTHONM D L0 © © I~ I~ © DOMOTIMMNONNN 8 NAME HUG-HC-178
ONNOLNDRN OO O~ ©OWoTF COPOONHO DX HO D S EXPNO 10
SNRNReafee® SEESaA RENNRNGCAONNN I PROCNO 1
N N N ST TS NNNNNNNN A A T Date 20120130
= N NNV I
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
T 65536
SOLVENT cbci3
NS 16
DS 2
WH 10330.578 Hz

S|
FIDRES 0.157632 Hz

AQ 3.1719923 sec
RG 161
bW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500443 MHz
EM
0
0.30 Hz
0
1.00
|
|
|
[ | i
uL " 1 A HUG-HC-178
o| o ©|o o o )
N~ 0 << =} [s2] (2]
o| | S[S [S] (S} (S}
T T T T T T T T T T 1
9 8 6 5 4 3 2 1 0 ppm
I g 3 858 nod~ o o w o NAME HUG-HC-178
o < - oo~ woY N frol o © EXPNO 11
8 R § ggg I R bate 20120130
] ~ < MO NN n © o ate
= - R RRERERS NN © ® N o Time 1458
] 1] v T
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
T 65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1
13

6.78 usec

0.0
83.14344025
125.8275761 MHz

CHANNEL 2 ==
waltz16
1H

26.62599564 W
0.50385541 W
0.50385541 W

500.3520014 MHz

32768
125.8131196 MHz
EM

0
1.00 Hz
0

1.40

|
’ ‘ ‘ ’ HUG-HC-178

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Hz
Hz
sec

usec
usec

Hz
Hz
sec

usec
usec
K
sec
sec

P )
Cl O‘1r]
NOWWNOONITHANWOWLNAD OO Y 00T IO ITIRVRARRANM DD D 8 NAME HUG-HC-192
OENODAINNNODODRVOONOWMDH OQONND NHOOOODNNNAN O <] EXPNO 10
RRNE8800eaIYIIIIInna BIIINN =@@BERRRCO08YSS S PROCNO 1
IS SIS IS S SIS S S S S S S S S S S R A A NANNNNNNNNNN T Date 20120216
e V= VY SN Tine 1a.01
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 161
bw 48.400
DE 6.50
TE 296.0
D1 1.00000000
TDO 1
CHANNEL f1
11.05
0.00
26.62599564
500.3530899
32768
500.3500442
EM
0
0.30
0
1.00
|
|
[
I Iﬂ |
I
J 1 HUG-HC-192
N k) o~ (3 (] o
o [0 |5 [ is](=) re} (=3 o
®[o|o[o s]its] (<] © s}
o :Ji‘ﬁ rj?{ o - o
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
8 g gnggg Mmow ™ N ® W NAVE HUG-HC-192
- « ON~NIKOM wos ~ N © @ EXPNO 11
. R NN~ © o ~
= o~ NSYOOON~ LN g ' . PROCNO 1
2 S 8aaaay NS 8 R 2 Date_ 20120216
Time 14.09
[ NI V] T
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
1D 65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
AQ 0.9437684
RG 32800
Dw 14.400
DE 10.00
TE 296.0
D1 2.00000000
D11 0.03000000
1
PL1 0.00
PL1W 83.14344025
SFO1 125.8275761
CHANNEL 2 =:
waltz16
1H
80.00
0.00
i 17.23
| .23
26.62599564
0.50385541
0.50385541
500.3520014
32768
[ 125.8131185
| EM
0
1.00
| 0
| Y 1.40
| ‘
l i A HUG-HC-192
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME HUG-HC-295
EXPNO 10
PROCNO 1
Date_ 20120525
Time 14.12
INSTRUM dpx300
PROBHD 5 mm QNP 1H/
PULPROG zg30
32768
SOLVENT CDCI3
NS 32
DS 0
SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 87.
Dw 81.000 usec
DE 4.50 usec
TE 300.2 K
D1 2.00000000 sec

CHANNEL f1 =:
1H
7.30 usec
-6.00 dB
300.1318534 MHz
32768
300.1300000 MHz
EM
0
0.30 Hz
0
18.00
|
I |
I
[
[
|
‘J m HUG-HC-295
o (| =} o )
I 0| |0 =} o =
(S} ollo (S} © =}
< —irri e i
T T T T T T T T 1
9 8 7 5 4 3 1 ppm
S < BSIRRIe wo® o w0 ¥ [} NANE HUG-HC-295
< -~ ONNOIN NON o Mo~ < EXPNO 11
0 o NNO Do ARG ey 9 PROCNO 1
g 5 RAREEY RRE B 58 o Date_ 20120525
Time 15.44
N V] ]
PROBHD 5 mm QNP 1H/
PULPROG zgdc30
T 65536
SOLVENT CcDCI3
NS 1200
DS 2
SWH 21231.422 Hz
FIDRES 0.323966 Hz
AQ 1.5434228 sec
RG 18390.4
Dw 23.550 usec
DE 4.50 usec
TE 300.2 K
D1 0.03000000 sec
D11 0.03000000 sec
PL1 -6.00 dB
SFO1 75.4760670 MHz
CHANNEL f2 =:
waltz16
1H
80.00 usec
-6.00 dB
16.20 dB
300.1312005 MHz
32768
75.4677540 MHz
EM
Il 0
‘ 1.00 Hz
0
| 1.40
!
| | |
’ J HUG-HC-295
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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H4O0©0o ©ON~® ~ AW O
~ows oONY 0O M
000D o 0001
NSNS SIS~ TS

-
\

4.378
4.346

N

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
(=] © | [0
=] =] | o
o =] ol e
(N oy ]

o <+ qNo <~ oW o~
< N oS N® O © S~
< o Nm & &0 @ 0
o NS Nl 0w
® ~ ©© MMM -
~ ~ A R -

77.422
76.998
76.575
——67.904

-
~

1.012

N
o
i
(&

1.064
1.099

—35.772
——26.591
—19.744

T T T T T T T
190 180 170 160 150 140 130

T T T
120 110 100

S90

T 1
10 ppm

kli-kb-104-02
10

1
20120809
21.11

dpx300

5 mm QNP 1H/
2930

32768

CDCI3

32

0
6172.839
0.188380

2.6542580
512
81.000
4.50

361.2 K
2.00000000

CHANNEL f1

-6.00
300.1318534
32768

27
300.1300000 MHz
EM

0
0.30
18.00

UU&.4<JL4<AA_A_AA.-KLI—KB—104—02

kli-kb-104-02
11

1
20120809

21231.422
0.323966
1.5434228
16384
23.550
4.50

362.2 K
0.03000000
0.03000000

CHANNEL f1

-6.00 dB
75.4760670
CHANNEL f2 ========
waltz16
1H
80.00
-6.00 dB

16.20
300.1312005
32768
75.4677511
EM

0

1.00

0

1.40

KL1-KB-104-02
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o O
@% 4k
NC
200 AROTR Y o¥mony  ooNe FRO
2393 yEe3n Y S3I2R5EY 289§ 3Ine
S8R PR g325ge 883N 33%
QO N~~~ ST TS MmN N NN N e

NAME kli-kb-105-02
EXPNO 15
PROCNO 1
Date_ 20120811
Time 2.32
INSTRUM dpx300
PROBHD 5 mm QNP 1H/
PULPROG zg30
™D 32768
SOLVENT [einie] K<}
NS 32
DS 0
SWH 6172.839
FIDRES 0.188380
AQ 2.6542580
RG .7
ow 81.000
DE 4.5

TE 357.2
D1 2.00000000

P1 7.30 usec
PL1 -6.00 dB
SFO1 300.1318534 MHz
S1 32768

SF 300.1300000 MHz
wow EM

SSB 0

LB 0.30 Hz
GB 0

PC 18.00

KL1-KB-105-02

o
N
@
N
S}
N

3.

NN 9| o jﬂr o o

o (o] S| o I~ 3 @

o || ol & = =3 s}

I el e lo o Sl
© ~ N M o~
(& @ M O 0N MO O W (o) ©
n o 0 AN N~ NON o 2] © .
R H Q v Ed <TOWw © o ™
P — 0 NO ~© v g g . g
<)) ~ ™ ON - ~NN~© o © INDR=}
— - - — N~~~ © ™ NN

.5 1.0

0.5 ppm

NAME kli-kb-105-02
EXPNO 16
PROCNO 1
Date_ 20120811
Time 3.05
INSTRUM dpx300
PROBHD 5 mm QNP 1H/
PULPROG zgdc30
TD 65536
SOLVENT CDCI3
NS 1200
DS 2
SWH 21231.422
FIDRES 0.323966
AQ 1.5434228
RG 18390.4
DW 23.550
DE 4.50
TE 363.2
D1 0.03000000
D11 0.03000000

T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

S91

PL1 -6.00
SFO1 75.4760670
== == CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00
PL2 -6.00
PL12 16.20
SF02 300.1312005
S1 32768
SF 75.4677514
WwDwW EM
SSB 0
LB 1.00
GB 0
PC 1.40
KL1-KB-105-02
T 1
10 ppm
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Me: o [0}
o)
4
J8 88 SBRERS ERREREE R EEER R NAME HUG-HC-186
R SEESaN NRERRRROCceonN? EXPNO 10
NSNS~ TS TS NNNNNNNNNN A PROCNO 1
Date_ 20120210
Y N ~Y N Thne e
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 71.
Dw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500473 MHz
EM
0
0.30 Hz
0
1.00
|
|
|
I
|
|
| | I
l N HUG-HC-186
] <t Q| [ |0 It <t (o]
o = S| @ © Wl (@ 0
|0 (=} o| & (=] (= (= (=3
i i SIS ol Il o =
T T T T T T T T T 1
8 7 6 5 4 3 2 1 0 ppm
@ [} n N9 NAME HUG-HC-186
g & 8 8&S 38¢ ® ax3 EXPNO 11
o N < N ae~ @ e *®ee PROCNO 1
= = = Ao NNN © M NN Tine 11.32
] LY VA Al
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL 2
waltz16
1H
80.00 usec
0.00 dB
! 17.23 dB
7.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
| 32768
! 125.8131217 MHz
! EM
0
1.00 Hz
0
! | 1.40
l ‘ HUG-HC-186
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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MeO P [o]
o)
am
&3 28 SRGBEE 8 HAS88RE33 8 NANE HUG-HC-181
<& 9@ SESSAN R NRRRNREG6Ge dno EXPNO 10
~~ ©o© TS ™ NNNNNNAAAA o PROCNO 1
Date_ 20120131
Time 12.05
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
1D 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 71.8
bw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
768
500.3500436 MHz
EM
0
0.30 Hz
0
1.00
/ |
| !
|
I
. | HUG-HC-181
ji\ o of oy oo © o ()
[=2] <t Q| @ (el (Ted <t =
© = o |® © © (s} (S}
| ot il lo N o ot el
T T T T T T T 1
8 7 5 3 2 1 0 ppm
< [} [ © ® o NAME HUG-HC-181
g g g g R 8835 @ g 83 EXPNO 1
3 8 o oo © R S R B PROCNO 1
E: 5§ 88 3 LIS 5 8§ 3 Date_ 20120131
Time 12.13
T ] VAR
PROBHD 5 mm PABBO BB-
PULPROG 2g9pg30
1D 65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.8275761 MHz
CHANNEL 2 =:
waltz16
1H
80.00 usec
0.00 dB
17.23 dB
I .23 dB
| 26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
125.8131217 MHz
EM
0
1.00 Hz
| 0
| 1.40
’ HUG-HC-181
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Ph )
o)
4n
COMONNNOMIN OO WO N DQONDMMO TN DD NAME kli-kb-028-02
DRAINMNORONHD D NHo o~ BN OOOYTMOON EXPNO 10
OOIRRRRARNNN Q9ennn RORRRLRAATIINTY, PROCNO 1
MNISISISS S NSSNSSSSN SIS NNNNNNNNNNA A Date 20120516
S\ A7\ a4 Ssck
INSTRUM spect
PROBHD 5 mm PABBO BB-
| PULPROG 2930
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 322
DW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =
NUC1 1H
P1 11.05 usec
PL1 .00 dB
PL1W 26.62599564 W
SFO1 500.3530899 MHz
S1 32768
SF 500.3500117 MHz
(I Wow EM
SSB 0
LB 0.30 Hz
| GB 0
! PC 1.00
[
|
|
|
|
|
|
I
[
L_J L L L kli-kb-028-02
<[] oﬁ ~~ e} A
B ireyisgive] el S|l o © =
|0 (O[O [ (s]|te] o o (=}
il il <llo S S i
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
NAME kli-kb-028-02
8 2 S ERIERAY wao W © o o EXPNO 20
S, i N Naeeaed Q8N 8 g S & PROCNO 1
o o S Y@@ : : . Date 20120518
o ~ I OONNNNN NINSCIE] v © o 4Le_
~ - R R e e ] NN~ O ] N o Time 3.24
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
| TD 65536
| SOLVENT cocl3
NS 2048
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
ow 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1

6.78 usec

83.14344025
125.8275761 MHz

= CHANNEL f2 =
waltz16
1H

w
0.50385541 W
0.50385541 W
500.3520014 MHz

32768
125.8131111 MHz
EM

0
1.00 Hz

0
1.40

| I ‘
I
d J l ‘ k1i-kb-028-02

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NOSANSND OO ANNMO ©©© NAME kli-kb-029-02
MONNOORXONWT ONAOD I~ Qo ® EXPNO 40
BRHHRBIITIY nwwBNN R PROCNO 1
[ N N N A A A N ST AnRnisl Date 20120526
IS NV \V Time 9.10
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 10330.578 Hz
om oY WO N
2N 23 [Fee FIDRES 0.157632 Hz
1] o ) AQ 3.1719923 sec
© © N A RG 256
\/ \/ \/ \/ oW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1
P1 11.05 usec
PL1 0.00 dB
PL1IW 26.62599564 W
SFO1 500.3530899 MHz
Sl 32768
SF 500.3500474 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
{ | "
k l
L kli-kb-029-02
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 2.5 2.0 1.5 1.0 ppm
o] [@lelvinie o ] ﬂ
S| [®®dwo I~ ] <
Cl CRRRR < 2 ~
il il e e
NAME Kkli-kb-029-02
o CONWLMMN T EXPNO 32
g 5EEREEES 289 8 3 8§ oo :
H Ty i NSO~ I ® ¥ o Date_ 20120523
N P08{NQLY ~NOo© I~ ~ o o Time 21.49
INSTRUM ct
e A A A A A A A NN~ O © N N 0BHD 5 mm PABBSDEB-
NN N I
65536
SOLVENT coci3
NS 2048
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL 1
NUC1 13C
P1 6.78 usec
PL1 .00 dB
PLIW 83.14344025 W
SFO1 125.8275761 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.23 dB
PL13 17.23 dB
PL2W 26.62599564 W
PL12W 0.50385541 W
PL13W 0.50385541 W
SF02 500.3520014 MHz
sl 32768
SF 125.8131122 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
kli-kb-029-02
T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 ppm
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LODNVOOTOM®O A ©OYTONO RANOIT DT PR NI XD NAME kli-kb-044-02
MONNDOTTON DO SOAOND CLIOVNOMNAOD VO T EXPNO 10
ORI Lwasas NRENRRRANNT 0 PROCNO 1
NSNS0 O0 OO ST TS NNNNNNNNNN o Date_ 20120530
W W WPV
INSTRUM dpx300

PROBHD 5 mm QNP 1H/

| PULPROG 2930

e 32768

SOLVENT [eb]o] c}

NS 32

0
H 6172.839 Hz
FIDRES 0.188380 Hz
Al

Q 2.6542580 sec
RG -7
DW 81.000 usec
DE 4.50 usec
TE 299.2
D1 2.00000000 sec

P1 7.30 usec
PL1 -6.00 dB
I ‘ SFO1 300.1318534 MHz
| Si 32768
] SF 300.1300060 MHz
1 WDW EM
1 SSB 0
| LB 0.30 Hz
GB 0
| PC 18.00

o J L,J\J KL1-KB-044-02

(@(ce] (=3 |[o (s} (so] (To)
[=][=} (52 oo o (=] (32
oo (=3 [l o = =
(i - A [l = — —
T T T T T T T T T T 1
9 8 7 6 5 4 2 1 0 ppm
© o - © ° ~ NAME kli-kb-044-02
g g g% g 8 g2 = 5 509 ERotNo H
g 35 g o N i & o Date_ 20120550
o o - P NN~ © [N — Time 13.25
INSTRUM dpx300
‘ ‘ ‘ ‘ ‘ ‘ \‘/ ‘ ‘ ‘ ‘ PROBHD 5 mm QNP 1H/
PULPROG zgdc30
I TD 65536
| SOLVENT CDCI3
NS 1200
DS 2
SWH 21231.422 Hz
FIDRES 0.323966 Hz
AQ 1.5434228 sec
RG 18390.4
Dw 23.550 usec
DE 4._.50 usec
TE 300.2 K
D1 0.03000000 sec
D11 0.03000000 sec

= = CHANNEL 2 =
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -6.00 dB
PL12 16.20 dB
SF02 300.1312005 MHz
Sl 32768

SF 75.4677524 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

KL1-KB-044-02

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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ORINOMWOLNNNN N
QOOVOVOODONNNOSN~W
ANNNNNA—AA—AOO O DO
NSNS SIS NSNS SIS~ O ©

S\

oge] 4q
8833 SARDEYER GERIER® NAME HUG-HC-359
N QRREXI MM noNNNN EXPNO 10
N% \V \j/ \\\% Date_ 20121011
Time 11.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 65536
SOLVENT coci3
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 161
DW 48.400
DE 6.50
TE 296.0
D1 1.00000000
TDO 1

, l HUG-HC-359

CHANNEL f1 =:

0.00

26.62599564
500.3530899

32768
500.3500434
EM

0
0.30
0
1.00

mf\ It oy o ) N (o<
D |© (0 [ (=] 0 N N~ |
eree < el R i
ol-Hlolo o o il LalSo}
T T T T T T T T 1
8 7 6 4 3 2 1 0 ppm
o~ @ Soo o NAME HUG-HC-359
S 3 28B4 B3¢ N 52 B 8 EXPNO 11
N > NS O~ R “ 29 @ 9 PROCNO 1
’(B s g % R E g : ~NoO o N @ © o <
o - Ao N~~~ © AN N o Date_ 20121011
Time 11.28
T VI Vo Vol
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
) 65536
SOLVENT cnci3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
AQ 0.9437684
RG 32800
DW 14.400
DE 10.00
| TE 296.0
| D1 2.00000000
| D11 0.03000000
TDO 1
CHANNEL f1 =
1
6.78
0.0
83.14344025
125.8275761
CHANNEL f2 =:
waltz16
1H
80.00
0.00
17.23
7.23
26.62599564
0.50385541
0.50385541
500.3520014
32768
125.8131143
I EM
| | 0
1.00
‘ | 0
| ! ‘ 1.40
. ‘ — e
o > - ’ " , HUG-HC-359
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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0
MeO o
o]
Me 4r
3828 B 28§ 3 NAVE HUG-HC-128
“oee K oo 9 on EXPNO 10
TS ™ o o e PROCNO 1
\’ V ‘ \/ ‘ \/ Date_ 20111220
Time 15.45
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 65536
SOLVENT coci3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
DW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
11.05 usec
.00 dB
26.62599564 W
5003530899 MHz
32768
500.3500359 MHz
EM
0
0.30 Hz
0
1.00
L JLUL HUG-HC-128
| [ o I8 (o2}
0| [N (= N o
ol o (= (= (=
1 i L
T T T T T T T T T T T 1
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
o o NAME HUG-HC-128
I8 8328 3 g2 2 R EXPNO 12
g SRed g 53 8§ o bate 20111220
- - NI~ n @M N — Time 15.57
‘ ‘ \\/ / ‘ \/ ‘ ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT cnCi3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
DW 14.400 usec
DE 10.00 usec
TE 296.0 K
| D1 2.00000000 sec
D11 0.03000000 sec
|
PL1 .00 dB
PLIW 83.14344025 W
SFO1 125.8275761 MHz
CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.23 dB
PL13 17.23 dB
PL2W 26.62599564 W
PL12W 0.50385541 W
PL13W 0.50385541 W
SF02 500.3520014 MHz
si 32768
SF 125.8131153 MHz
WDW EM
| SsB 0
LB 1.00 Hz
[ ! GB 0
PC 1.40
. p w HUG-HC-128
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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EtO o

N
w

CgHy7

1.931
1.922
1.682
1.674
1.653
1.626
1.616
1.609
1.599
1.588
1.379
1.367
1.347
1.338
1.258
1.244
1.230
1.192
0.825
0.812
0.797

T—1.569
—1.389

Z
§

NAME HUG-HC-344
EXPNO 10
PROCNO 1
Date_ 20120906
Time 15.50
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
65536
SOLVENT CDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 57
Dw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500371 MHz
EM
0
0.30 Hz
0
1.00

HUG-HC-344
oo 0 I~ ool | (=}
S| I} o o @ e}
oo (=3 (o] ™| [ o
N AN || o
=
T T T T T T T T T T T T 1
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
IS Yow©m o HNONODR MWD © NANE HUG-HC-344
n © nos o =] QNHODOOWOL N EXPNO 11
- No~© & QONINOONONHO PROCNO 1
5 8 N EEE EREEER R Date_ 20120906
Time 15.58
] VI T NRAT e, e
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
T 65536
SOLVENT CcDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==:
13C
6.78 usec
.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL f2
waltz16
1 IH
80.00 usec
0.00 dB
17.23 dB
.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz
32768
| 125.8131153 MHz
. e
L 0
1.00 Hz
| | 0
| ! 1.40
| ‘ HUG-HC-344
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 0 ppm
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A
—+

\\p;

1.389 =
1.377

4.400
4.387
2.462
2.451
1.353
1.343
1.333

A
AN

4.374
4.362
—3.753
2.478
2.467

<
N

~

NAVME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT
NS

HUG-HC-124
10

1
20111216
16.07

spect

5 mm PABBO BB-
2930

65536

CcDCI3

16

2
10330.578
0.157632
3.1719923
161
48.400
6.50

296.0
1.00000000
1

Hz
Hz
sec

usec
usec

K
sec

3.228™—
1.074 —

1.000
3.307
0.993

o 1-084

1.0

W
o
N
@
N
P
@

77.259
77.004

——169.866
——167.354
76.749
75.217
52.922
——33.883
——29.658

£
X

__—22.012
T—21.236
o
o)
(=4
@

T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60

S100

0.0
26.62599564
500.3530899

32768
500.3500357
EM

0

0.30

0

1.00

HUG-HC-124

HUG-HC-124
12

1
20111216

spect
5 mm PABBO BB-
2gpg30

65536

cDCI3

128

4
34722.223

0.529819
0.9437684

296.0
2.00000000
0.03000000

1

CHANNEL f1 ==
13C
6.78

0.0
83.14344025
125.8275761

17.23
26.62599564
0.50385541
0.50385541
500.3520014

32768
125.8131153
EM

0

1.00

0

1.40

HUG-HC-124

Hz
Hz
sec

usec
usec
K
sec
sec
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Et0—/

B
AYTDOANNRNPVHANDNVONINODN AN ONONDVNODNO T NOLO®D
CUINNNTOOPVONOVINNAIORONOLINANNADION O F DM
MOOMOOOOONNNNNNNNNNOONAATdA"dAd+405000000
N N N N N N N N N N N N N N N N N N N b b R R

\

N
c

2.558
2.540
2.531
2.513
1.980
1.964
1.953
1.937
1.375
1.359
1.342
1.324
1.289
1.282
1.265
1.258

P e

338 NAME HUG—HC—316
NN EXPNO
B PROCNO

Date 20120710

Time 13.11

INSTRUM dpx300

PROBHD 5 mm QNP 1H/

PULPROG 2930

32768

SOLVENT cnci3

NS 32

DS 0

SWH 6172.839

FIDRES 0.188380

AQ 2.6542580

RG .

DW 81.000

DE 4.50

TE 299.2

D1 2.00000000

CHANNEL f1 ==

1H

7.30

-6.00
300.1318534
32768
300.1300000
EM

0
0.30

0
18.00

HUG-HC-316
N~ o (=] (o] o <t (sedyy
=} S| |» © = N <o
= =] il (=} (= (=} (=19
o SN Nl o i e
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
o MM NAME HUG-HC-316
ow© SO ©owoN 0 @ ~o © @ EXPNO 21
N~ <t ~ 00 O DN O N ~ N oo n s}
o o© <t o o0~ Syawn ~ ~ @ © PROCNO 1
&g 338y grge 3 i od8 8 ¢ Date_ 20120710
Time 13.58
i I/ NN A
PROBHD 5 mm QNP 1H/
PULPROG zgdc30
65536
SOLVENT CcDCI3
NS 1200
DS 2
SWH 21231.422 Hz
FIDRES 0.323966 Hz
AQ 1.5434228 sec
RG 16384
Dw 23.550 usec
DE 4.50 usec
TE 300.2 K
D1 0.03000000 sec
D11 0.03000000 sec
CHANNEL f1 ==
13C
6.60 usec
-6.00 dB
75.4760670 MHz
CHANNEL f2 ==
waltz16
1H
80.00 usec
-6.00 dB
16.20 dB
300.1312005 MHz
32768
M 75.4677546 MHz
! EM
0
1.00 Hz
0
1.40
|
| ‘
J " HUG-HC-316
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o)
Et0—4 0
Qi(/o
evdv
DEAYITNMNMODANONOVNVNNOOMNMTITONOCODOMINOOVAOANNOITOINNOODHADNONDNONOTODMNOLO
IYONSIOO N RO TNODDIROVTINATIRNTINANITONOUINNCOOANNONINOCOCIOINNOTIINTAO S  NAME HUG-HC-320
AN QYN IN RN eeeRu AN N NNNTITII I 1791922222222 %%  EXPNO 10
- oA 1
20120711
spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT cDbci3
NS 16

2
S| 10330.578 Hz
FIDRES 0.157632 Hz

AQ 3.1719923 sec
RG 71.8
DwW 48.400 usec
DE 6.50 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500354 MHz
EM
| 0
0.30 Hz
0
| 1.00
[
I
I
(]
HUG-HC-320
o (e o | |of« ©
Q|| 0 =3 I~ (© I~
s]fie o S| |m|o o
T T T T T T T T T T T T T T 1
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
o8 S~ o ~N ONOMHMAON NAME HUG-HC-320
™~ NOO S @ N ANOOMMMm®MN EXPNO 12
S eaan « N lneeNoenng PROCNO 1
= ® N~~~ © ¥ ONNNNNNN Time 18.31
N N2 S22 RSrun et
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
! D 65536
SOLVENT cbCi3
I NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 297.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

PLIW 83.14344025 W
SFO1 125.8275761 MHz

CHANNEL 2 =:
waltz16
1H

.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz

32768
125.8131164 MHz
EM
0
1.00 Hz
0
1.40

HUG-HC-320

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0  ppm
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Hz
Hz
sec

usec
usec

Hz
Hz
sec

usec
usec
K
sec
sec

g CREL R R RERAT NAVE HUG-HC-312
I STITONNNA 0OMMMMANNNN EXPNO 20
~ SIS SS S Addddddddd PROCNO 1
Date_ 20120711
N2 N\
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 161
Dw 48.400
DE 6.50
TE 295.8
D1 1.00000000
TDO 1
PL1 -
PLIW 26.62599564
SFO1 500.3530899
S1 32768
SF 500.3500405
| wbw EM
SSB 0
I LB 0.30
GB 0
PC 1.00
[
I
| [
At | HUG-HC-312
(=3 I~ (o [N
I} S| oM~
< R
o = MM
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4. 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
N oo @ <t o o N Yo NAME HUG-HC-312
5 8 gRgs & 28 8 SRR EXPNO 22
g8 gNes o 8% 8 o sq FRocno i
S S RRRR 3 838 & 238 Date_ 20120711
Time 15.29
|| N N ST spict
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223
FIDRES 0.529819
AQ 0.9437684
RG 32800
| oW 14.400
DE 10.00
! TE 296.9
D1 2.00000000
D11 0.03000000
TDO 1
PL1 -
PLIW 83.14344025
SFO1 125.8275761
CHANNEL 2
waltz1l6
1H
80.00
0.00
17.23
.23
26.62599564
0.50385541
0.50385541
500.3520014
32768
125.8131080
| EM
| 0
! 1.00
| 0
- | 1.40
IR e ‘ u e
i Y j " ' " HUG-HC-312
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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(o)
Me0—4 9
<do
adX
%88 % 5RBI8S2RR8823E88203R N HUG-HC-134
NN ~ IIITODDONROOOOMMMD DD EXPNO 20
Y @ NaNNdddddddddddd4000 PROCNO 1
Date_ 20120110
N2 N TN\ Tine 1129
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 80.
bw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
PL1 .00 dB
PLIW 26.62599564 W
SFO1 500.3530899 MHz
S1 32768
SF 500.3500319 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
I
|
| |
|
i
| ] uu !
Il
HUG-HC-134
=} v I~ o |e I~ o
(=3 (] (o] < 00 = N
< ~ 2 N ~ “
= oo S e — )
T T T T T T T T T T T T 1
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
’Lg 2 b oo - NAME HUG-HC-134
om 88392 ] BR8 B ® EXPNO 21
ar 2IEN 3 Her ® @ PROCNO 1
~© O~ ©© N NO© O . Date_ 20120110
— N~~~ ') MmANN N o<} Time 11.36
\ ' \\// \ \/ ‘ ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g9pg30
1D 65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
PL1 .00 dB
PL1W 83.14344025 W
SFO1 125.8275761 MHz
CHANNEL 2 =:
waltz16
1H
80.00 usec
0.00 dB
17.23 dB
.23 dB
26.62599564 W
I 0.50385541 W
| 0.50385541 W
500.3520014 MHz
32768
125.8131174 MHz
| EM
| 0
1.00 Hz
0
| | 1.40
|
‘ ‘ o . HUG-HC-134
T T T T T T T T T T T T T T T T T
170 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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HUG-HC-162
10

7.720
7.717
7.707
7.703
7.700
7.498
7.495
7.493
7.484
7.481
7.477
7.468
7.466
7.463
7.388
7.385
7.372
7.360
7.357
7.190

1
20120120
18.41

\W%

spect
5 mm PABBO BB-

PULPROG 2930

1D 65536
SOLVENT cDCI3

NS 16

DS 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161

bw 48.400 usec
DE 6.50 usec
TE 296.0

D1 1.00000000 sec
TDO 1

CHANNEL f1 =

1H
11.05 usec
0 di

26.62599564 W
500.3530899 MHz

32768
500.3500462 MHz
EM

CHANNEL f1
1

125.8275761

CHANNEL 2
waltz16
1H

17.23
26.62599564
0.50385541
0.50385541
500.3520014

32768
125.8131174
EM

0
1.00
0

1.40

n HUG-HC-162

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

T T T T
30 20 10 0 ppm

|
0
| 0.30 Hz
0
| 1.00
|
[
M HUG-HC-162
N|[own N~ | st ey I~
|| 0| (D[ [ o
o) o|olole =}
il ol oo |l —
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
o Q 0O ©LW NAME HUG-HC-162
~ e} ©HNN 0N Iy ~o N® EXPNO 11
© o NOOom nos wn M m o<
P - ©now NO~ S o~ o PROCNO 1
o o MM NN ~N~© 5] Mo o Date_ 20120120
I 3 Addd ~S~ < (RN Time 18.49
. 18% \V IERVANY. T Pect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
bw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

w
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NAME HUG-HC-145
EXPNO 40
PROCNO 1
Date_ 20120116
Time 16.42
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 16
DS 2
Swi 10330.578 Hz

H
FIDRES 0.157632 Hz

AQ 3.1719923 sec
RG 71.
bW 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
32768
500.3500306 MHz
EM
0
0.30 Hz
0
I 1.00
|
[ 1]
HUG-HC-145
|=3 e} It (=] N~ (o
(=3 [=3 © o (@ N
(=3 (=3 = = o
N - «sr N e
T T T T T T T T T T T T 1
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
=l ] NAME HUG-HC-145
= g Ned o Neo do FRocno 20120118
ate
N — N~~~ © mmm NN Time 16.50
Vo RVARVE INSTRUM Spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
DW 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==

.00 dB
83.14344025 W
125.8275761 MHz
CHANNEL 2 =
| CPDPRG2 waltz16
| NUC2 1H
PCPD2 80.00 usec
PL2 0-00 dB
PL12 17.23 dB
PL13 17.23 dB
| PL2W 26.62599564 W
Lo PL12W 0-50385541 W
| PL13W 0.50385541 W
\ SFO2 500.3520014 MHz
S1 32768
SF 125.8131185 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
! PC 1.40
b HUG-HC-145

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 ppm
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NMVOVOITHANNNOTHNNOTY JOQUVANHONDONWANOOATNNOTONOND NAME HUG-HC-291
MOEADTOONTOONNOMLYTIO OTFTNNOANNTODDOONODNON—HOONOLOLOM
CEYITIITRANNNNNNNN ANNNNANNR G TRNNNONRR0CONNN EXPNO 10
NI NSNSNSSS ST ITITITITOMOONNNNA A A A A PROCNO 1
Date_ 20120518
Time 4.59
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT cDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 80.6
Dw 48.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =:
1H
11.05 usec
.00 dB
26.62599564 W
500.3530899 MHz
500.3500394 MHz
EM
0
0.30 Hz
0
1.00
| |
\
)
| I
|
‘ HUG-HC-291
[N |© [0 |o L o = © [y
0[S || © =} I~ vl o
5 el it < < < <l Q
ol et o — — e
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
~ o o M0N0 ® NAME HUG-HC-291
< 2 Q 2838&Y 58 3 38 3 3 EXPNO 11
8 o = RGN R Bl - PROCNO L
g g 8 33§99 reg g g8 ¢ 3 Date_ 20120518
Time 5.07
RV V2 R
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

83.14344025 W
125.8275761 MHz

CHANNEL f2 =
waltz16
1H

.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz

125.8131185 MHz
EM

0
1.00 Hz
0

1.40

I
[
| |
I
‘ ’ ‘ . HUG-HC-291

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 ppm
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TOUNONO NN QONANNTAOQQRONQXONDOM T NN AN~ NAME HUG-HC-239-P
OUOUMEHO MO N THOOONOONOTMHALM AT ONNOTO®ON O
NNNNNAA A TINAAANMONOONNNNDDNDOONNNO® O D EXPNO 10
NNNNNNNNN TITIITOMOOBONNNNAAddddd 4000 PROCNO 1
Date_ 20120403
= N WV SN N Tine L
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 161
bw 48.400 usec
DE 6.50 usec
TE 296.0
D1 1.00000000 sec
TDO 1

CHANNEL f1 ==
1H
11.05 usec
.00 di
26.62599564 W

500.3530899 MHz
32768
500.3500424 MHz
EM
0
0.30 Hz
0
1.00
I
I
|
Il
! |
| I
J o
|
HUG-HC-239-P
(e2](e2} o] [~ [eo] (s\] (o] © (| [0
(el il o [© =y (=3 I~ =3 ~| ©
[~ o o| & (=] (=] (o2} (= o |
oo |t | I ol |- N
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
23 S NR3 ~ oo ® ©w© ~ o< o NAME HUG-HC-239-P
a~ N ~Nd© Lo ~ N© @© oSN © EXPNO 11
. : NP NO™~ < <M n N~~~ -
@ ® © o~ LN . o . I . PROCNO 1
g9 9 99y NI 3 £ 5 88 I Date_ 20120403
Time 18.54
\/ V% NVl INSTRUN spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
™ 65536
SOLVENT cDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
oW 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0-03000000 sec
1

0.00
| PLIW 83.14344025 W
! SFO1 125.8275761 MHz

CHANNEL f2 =:
waltz16
1H

w
0.50385541 W
0.50385541 W
500.3520014 MHz

32768
125.8131143 MHz
EM

0
1.00 Hz
0

1.40

ww HUG-HC-239-P

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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(o]
Meoéi?
-
QNI OOWNLY ITNONONOONHOOWITROANY Y I NAME HUG-HC-298
QOINATO DD QUINIIANHIODRRNE OO T ON
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N PPy fe med

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT cbci3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 80.6
bW 48.400 usec
DE 6.50 usec
Il TE 296.0
D1 1.00000000 sec
TDO 1
PL1 .00 dB
PL1W 26.62599564 W
SFO1 500.3530899 MHz
S1 32768
SF 500.3500397 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
! |
| |
\‘ |
I I
A i HUG-HC-298
=} < SIFISAY ~| [0 N
s} D N [0 0709 o I~ ©
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IR N 3 & S @ o NO O o o< NAME HUG-HC-298
oo ~ @ =] S] 0o ~No o =} ©oq EXPNO 11
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28 8 5 N NNo© N o NEN Date 20120528
o — — - o ~~ w5 ® NN Time 18.42
Vo T N N Y
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 128
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437684 sec
RG 32800
Dw 14.400 usec
DE 10.00 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
6.78 usec

0.0
83.14344025
125.8275761 MHz

CHANNEL 2 ==
waltz16
1H

17.23 dB
26.62599564 W
0.50385541 W
0.50385541 W
500.3520014 MHz

32768

125.8131185 MHz
EM

0
1.00 Hz
0

1.40

i i I ’ " HUG-HC-298

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S109



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

7.259
3.573
3.553
3.538
3.519
3.240
3.205
2.794
2.330

TN

285
905
878
865

2.303

2
1
1
1

-

1.135
1.061
1.046
1.038
1.030
1.023

\

32 r%

kli-

INSTRUM
PROBHD
PULPROG
TD

5 m

SOLVENT

kb-045-02
10

1
20120531
10.27
dpx300

m QNP 1H/
2930
32768

CcDCI3
32

0
6172.839
0.188380

2.6542580

Hz
Hz
sec

usec
usec

30
30

kli-kb-045-02

-6.00
0.1318534
32768

0.1300061
EM

0
0.30
0
18.00

ol W (2} N~ (=] I~
Q©| (™ [ < 0 o
oo © © (=] (=] oo
I I Y O S oI
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
< o NAME kli-kb-045-02
] g g3 I 8% 23838 EXENO u
) : <tOoWw 3] NO LT N®O PROCNO 1
2 I NN 2 QN oTma~ Date_ 20120531
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PROBHD 5 mm QNP 1H/
PULPROG zgdc30
[ D 65536
SOLVENT cbecl3
NS 1200
DS 2
SWH 21231.422
FIDRES 0.323966
AQ 1.5434228
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DW 23.550
DE 4.50
TE 300.2
D1 0.03000000
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CHANNEL f1 ==
13C
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-6.00
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0
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PROBHD 5 mm QNP 1H/
PULPROG zg30
TD 32768
SOLVENT cbci3
NS 32
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SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 812.7
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DE 4.50 usec
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CHANNEL f1
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EM
0
0.30 Hz
0
18.00
|
|
i h |
| oh
§
KLI-KB-037-02
~| oo o] (¢ @] [m| (o I~
| NS (=3 Q0 o = N s2]
ol loj& o o ol o |o ©
| Il <l e o =l = =
T T T T T T T T T 1
9 8 7 6 5 3 2 1 0 ppm
NAME kli-kb-037-02
8 2 RINB Mmoo © © o NO EXPNO 12
~ ) woodn o@W I ¥ o 920 PROCNO 1
. . P Tow o 0 ~ oM
3 g 9% Née 3 9 g do Date_ 20120529
— — Hed o ~NN~ < ® N No Time 15.17
INSTRUM dpx300
PROBHD 5 mm QNP 1H/
PULPROG zgdc30
™D 65536
f SOLVENT CDCI3
NS 1200
DS 2
SWH 21231.422 Hz
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AQ 3.1719923 sec
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DW 48.400 usec
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TDO 1
======== CHANNEL f1 ========
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