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1. General information

The glassware was oven dried at 100 °C for 3 hours and cooled down under vacuum. Sulfinic acids were
prepared according to reported procedures.! All of the reaction solvents of CH3CN (99.9%, Extra Dry
with molecular sieves, Water<50 ppm) and others were purchased from Innochem. Unless otherwise
noted, materials were obtained from commercial suppliers and used without further purification. X-ray
diffraction (XRD) patterns were recorded on a Rigaku smartlab system at 45 kV and 200 mA with Cu-
Ka radiation. Fourier transform infrared (FT-IR) were measured using Bruker VERTEX 70
spectrophotometers. The spherical aberration corrected Transmission Electron Microscope (ACTEM)
was carried out on a FEI Themis G2 microscope at 100 kV. The scanning electron microscope (SEM)
was carried out on a ZEISS Merlin. The elemental composition was characterized with an energy
dispersive X-ray spectroscope (EDX, EMAX-5770, HORIBA). UV-vis absorbance spectra were
obtained on a Scan UV-vis spectrophotometer (PerkinElmer, Lambda 750S) at the range of 200 — 800
nm. Inductively coupled plasma mass spectrometry (ICP-MS) result was obtained on a GSE200plus. X-
ray photoelectron spectroscopy (XPS) data were collected using the AXIS Nova spectrometer (Kratos
Analytical) equipped with a monochromatic Al Ka X-ray source. The Al anode was powered at 10 mA
and 15 kV. Gas chromatography (Shimazu: Nexis GC-2030). Thin layer chromatography (TLC)
employed glass 0.25 mm silica gel plates. Flash chromatography columns were packed with 200-300
mesh silica gel in petroleum (bp. 60 - 90 °C). 'H, 3C and 'F NMR data were recorded with Bruker
Advance III (500 MHz) spectrometers with tetramethylsilane as an internal standard. All chemical shifts
(8) are reported in ppm and coupling constants (J) in Hz. All chemical shifts are reported relative to

tetramethylsilane and d-solvent peaks (77.00 ppm, chloroform), respectively.
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2. Preparation of photocatalysts

Synthesis of Ni/TiO,: Typically, NiCl,*6H,0 (35.7 mg) and TiO, (P25: 500 mg) were added into

formamide (15.0 mL) under sonication for 10 min. Then the mixture was transferred into a 20 mL Teflon-

lined autoclave and heated at 180 °C for 12 h. The resulted black product was washed with deionized

water and ethanol 3 times and dried at 60 °C overnight.

3. Characterization of the photocatalysts
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Figure S1. XPS results of Ni/TiO,. (a) Ni2p; (b) N 1s; (c) Ti2p; (d) Ols; (e) Cls.
Table S1. ICP-MS results of Ni/TiO,.
Sampling Constant Constant Swot Content
Sample Element
Quality/g | Volume/mL Volume mg/mL mg/kg
Ni/TiO, 0.0464 25 1 Ni 0.4017 10821.8
Recycle-1 0.7814 10 1 Ni 0. 1471 0.0115
Recycle-2 0. 7798 10 1 Ni 0. 1521 0.0118
Recycle-3 0. 7835 10 1 Ni 0.7325 0. 0574
Recycle-4 0.7784 10 1 Ni 0.4016 0.0313
Recycle-5 0. 7801 10 1 Ni 0. 3067 0. 0239

Recycle 1-5: This is the content of Ni in the reaction solution.
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4. General procedure for single-atom-nickel photocatalytic site-selective sulfonation of

enamides access to amidosulfones.
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A schlenk tube equipped with a stir bar was loaded with 1.25 mg (0.625 mg/mL) of Ni/TiO,, enamides
1 or 1’ (0.5 mmol), Sulfonic acid 2 (1.0 mmol) and 4 AMS (40.0 mg) in 2.0 mL CH;CN under air
atmosphere. The solution was then stirred at room temperature under the irradiation of blue LED lamp
(460 nm) for 3.5 h. After the completion of reaction, the reaction mixture was washed with saturated
potassium carbonate solution and extracted with CH,Cl, (10 mL x 3). The organic layers were combined,
dried over Na,SO,, and concentrated. Then, the pure product was obtained by flash column

chromatography on silica gel (petroleum: ethyl ether = 5:1 - 1:1) to afford corresponding products 3 or

3.
5. Table S2. Optimization of the reaction conditions [7!
I @ Ni/TiO; (1.25 mg/mL \ I O
O e
Me  Blue LED (460 nm), air, 3.5 h 0 \©\
1a 2b 3ab Me
Entry Solvent (mL) Yield of 3ab (%) [
1 CH;0H 33
2 EtOH 37
3 Toluene 62
4 DCE 57
5 DMF 48
6 DMSO 82
7 THF 49
8 1,4-dioxane 39
9 CH;CN 97
10 CH;CN 61°
11 CH;CN 854
12 CH;CN 82f

lal Standard Conditions: 1a (0.5 mmol), 2b (1.0 mmol), Ni/TiO, (2.5 mg), 4 AMS (40.0 mg),
anhydrous solvent (2.0 mL), air, blue LED (460 nm), r. t., 3.5 h. [?1 GC yield, 2-phenylphenol as
internal standard. [/ 1 h. [¥12 h. W 1a:2b=1:1.
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6. Gram-scale experiments

o q o Me
. HO/S Ni/TiO; (1.25 mg) - /})
NN \©\ CHiCN, 4 AMS - NP
Me  Blue LED (460 nm), air, 48 h o
M
1a (5 mmol) 2b 3ab, 1.2 g, 90%
TON: 18963
i i j\/\ 2
Ni/TiO, (1.25 mg)
— ~S 2 > N /7
\NJ\/ *+ HO \©\ CH,CN, 4 AMS - T 3
| Me  Blue LED (460 nm), air, 48 h o
M
1 (5 mmol) 2b 3fa, 0.814 g, 64%

TON: 13469

A round-bottom flask (50.0 mL) equipped with a stir bar was loaded with 1.25 mg of Ni/TiO,, 1a, 1 (5.0
mmol), p-methylbenzenesulfinic acid 2b (20.0 mmol) and 4 AMS (400.0 mg) in 20.0 mL CH;CN under
air atmosphere. The solution was then stirred at room temperature under the irradiation of blue LED lamp
(460 nm) for 48 h. After the completion of reaction, the reaction mixture was washed with saturated
potassium carbonate solution and extracted with CH,Cl, (10 mL x 3). The organic layers were combined,
dried over Na,SOy, and concentrated. The pure product was obtained in 90% (3ab, 1.2 g, TON: 18963)
and 64% (3fa, 0.814 g, TON: 13469) yields by flash column chromatography on silica gel.

7.  Preliminary mechanistic studies

(1) Active species trapping experiments

lo) Me
o]
+ T Standard conditions o, )\ /,0
NN PN AO (3 equiv) N N
N HO”  “CgHg-p-Me q 4/ SCeHg-p-Me

BQ (3 equiv) o
. 3ab
NaN3 (3
1a 2b 3 (3 equiv) AO: 45%
BQ: trace
NaNj: n. d.

A schlenk tube equipped with a stir bar was loaded with 1.25 mg of Ni/TiO,, 1a (0.50 mmol), 4-
methylbenzenesulfinic acid 2b (1.0 mmol), 4 AMS (40.0 mg) and three equivalent of ammonium oxalate
(AO: hole scavenger), or benzoquinone (BQ: superoxide scavenger) or sodium azide (NaNj: singlet
oxygen scavenger) in 2.0 mL CH;CN under air atmosphere. The mixture was then stirred at room
temperature under the irradiation of blue LED lamp (460 nm) for 3.5 h. After the completion of reaction,
it was washed with saturated potassium carbonate solution and then extracted with CH,Cl, (10 mL x 3).
The organic layers were combined, dried over Na,SOy, and concentrated. Subsequently, the pure product
was obtained by flash column chromatography on silica gel (petroleum: ethyl ether = 1 : 1) to afford

products 3ab in yield of 45%, trace and n.d., respectively.

S5



(2) The reaction of 1a and 2b with TEMPO or BHT under the standard conditions.
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NN\ -S< TEMPO (B equv) > ¢ ) 75~
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S
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1l Standard conditions )\ /,0
NN oS BHT Bequiv) > ¢ N7 8
/% HO” “CgHg-p-Me (3 equiv) & SCeHg-p-Me
1a 2b 3ab, 30%

In an oven-dried schlenk tube equipped with a stir bar, Ni/TiO, (1.25 mg), 1a (0.5 mmol), 4-
methylbenzenesulfinic acid 2b (1.0 mmol), 4 AMS (40.0 mg), TEMPO or BHT (1.5 mmol) and CH;CN
(2.0 mL) were separately added. The mixture was then stirred at room temperature under the irradiation
of blue LED lamp (460 nm) for 3.5 h. When the reaction was completed, the product 3ab can be obtained
with a yield of 30% when BHT was added in the reaction system.

(3) The 'H NMR results of 3fa before and after irradiation
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Figure S2. '"H NMR results of 3ea. (a) before; (b) irradiation 2 min in CDCls.
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9. Detail descriptions for products.

1-(1-(phenylsulfonyl)ethyl)pyrrolidin-2-one (3aa):?> white solid was obtained with 99% isolated yield
(125.3 mg). "H NMR (500 MHz, CDCl;) 6 7.84 (d, J= 7.6 Hz, 2H), 7.62 (t, J= 7.4 Hz, 1H), 7.51 (t,J=
7.7 Hz, 2H), 5.36 (q, J = 7.1 Hz, 1H), 3.75 (dd, J = 14.7, 8.3 Hz, 1H), 3.41 (dd, J = 16.2, 7.8 Hz, 1H),
2.17(dt,J=16.4, 8.4 Hz, 1H), 2.08 — 1.85 (m, 3H), 1.61 (d, J=7.1 Hz, 3H"*C NMR (126 MHz, CDCl;)

5 174.7, 136.6, 134.3, 129.1, 128.8, 66.9, 42.8, 30.2, 18.3, 10.1. HRMS (EI) calcd for C,,H;sNO;SNa
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[M+Na]*: 276.0665; found: 276.0664.

Me
1-(1-tosylethyl)pyrrolidin-2-one (3ab): white solid was obtained with 97% isolated yield (129.5 mg).

'H NMR (500 MHz, CDCl3) & 7.70 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 5.33 (g, J = 7.1 Hz,
1H), 3.76 — 3.71 (m, 1H), 3.43 — 3.34 (m, 1H), 2.38 (s, 3H), 2.22 — 2.12 (m, 1H), 2.07 — 1.98 (m, 1H),
1.96 — 1.87 (m, 2H), 1.58 (d, J= 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl3) § 173.8, 144.3, 132.5, 128.7,
127.8,65.9,41.8,29.2,20.7, 17.3,9.1. HRMS (EI) calcd for C;3H;;NO3;SNa [M+Na]*: 290.0821; found:

290.0816.
@) Me
A2
N /s//
o/

OMe
1-(1-((4-methoxyphenyl)sulfonyl)ethyl)pyrrolidin-2-one (3ac): white oil was obtained with 99%
isolated yield (140.1 mg). '"H NMR (500 MHz, CDCl3) & 7.79 (d, J = 8.9 Hz, 2H), 7.00 (d, J = 8.9 Hz,
2H), 5.36 (q, J=7.1 Hz, 1H), 3.87 (s, 3H), 3.82 — 3.77 (m, 1H), 3.49 — 3.41 (m, 1H), 2.23 (dt, J = 16.8,
8.1 Hz, 1H), 2.15 — 2.06 (m, 1H), 2.03 — 1.94 (m, 2H), 1.64 (d, J= 7.1 Hz, 3H). *C NMR (126 MHz,
CDCly) 6 174.8, 164.2, 130.9, 127.7, 114.4, 67.0, 55.6, 42.8, 30.3, 18.3, 10.2. HRMS (EI) calcd for

Cy3H;7sNO4SNa [M+Na]*: 306.0770; found: 306.0766.

Bu
1-(1-((4-(tert-butyl)phenyl)sulfonyl)ethyl)pyrrolidin-2-one (3ad): white oil was obtained with 92%

isolated yield (142.1 mg). "H NMR (500 MHz, CDCl3) § 7.78 (d, J = 7.8 Hz, 2H), 7.53 (d, /= 8.2 Hz,
2H), 5.39 (q, J = 6.9 Hz, 1H), 3.76 (dd, J = 14.9, 7.5 Hz, 1H), 3.43 (dd, J = 15.9, 7.9 Hz, 1H), 2.21 (dt,
J=16.2, 8.0 Hz, 1H), 2.00 (m, 3H), 1.60 (d, J= 7.1 Hz, 3H), 1.32 (s, 9H). 3C NMR (126 MHz, CDCls)
5 1747, 158.2, 133.5, 128.6, 126.0, 67.0, 42.8, 35.2, 31.0, 30.2, 18.2, 10.3. HRMS (EI) calcd for

C16H23NO;3;SNa [M+Na]*: 332.1291; found: 332.1286.
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Ph
1-(1-([1,1'-biphenyl]-4-ylsulfonyl)ethyl)pyrrolidin-2-one (3ae): white solid was obtained with 79%

isolated yield (130.0 mg). '"H NMR (500 MHz, DMSO) 6 7.95 (d, J = 8.5 Hz, 2H), 7.89 (d, J = 8.5 Hz,
2H), 7.77 (d, J=7.2 Hz, 2H), 7.54 (t, /= 7.5 Hz, 2H), 7.47 (t, J= 7.3 Hz, 1H), 5.30 (g, /= 7.1 Hz, 1H),
3.59 (dt,J=09.1, 6.6 Hz, 1H), 3.48 — 3.42 (m, 1H), 2.14 (dt, J=15.3, 7.5 Hz, 1H), 2.02 — 1.88 (m, 3H),
1.56 (d,J=7.1 Hz, 3H). 3C NMR (126 MHz, DMSO) 6 174.6, 146.0, 138.6, 135.5, 129.8, 129.7, 129.3,
127.8, 127.6, 67.4, 42.8, 30.2, 18.3, 10.3. HRMS (EI) calcd for C;sH;yNO;SNa [M+Na]*:352.0978;

found: 352.0974.

Cl
1-(1-((4-chlorophenyl)sulfonyl)ethyl)pyrrolidin-2-one (3af): white oil was obtained with 92% isolated

yield (132.0 mg). 'H NMR (500 MHz, CDCls) & 7.78 (d, J = 8.5 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H), 5.37
(q,J=7.1Hz, 1H), 3.74 (td, J = 8.8, 5.3 Hz, 1H), 3.41 (dd, J = 16.4, 7.8 Hz, 1H), 2.26 — 2.15 (m, 1H),
2.09 - 1.87 (m, 3H), 1.62 (d, J= 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl;) § 174.8, 141.0, 135.2, 130.3,
129.4, 67.1, 42.8, 30.2, 18.3, 10.0. HRMS (EI) calcd for C;;H;;NO;CISNa [M+Nal]*: 310.0275;

found:310.0271.

Br
1-(1-((4-bromophenyl)sulfonyl)ethyl)pyrrolidin-2-one (3ag): white oil was obtained with 82%

isolated yield (135.7 mg). 'H NMR (500 MHz, CDCls) & 7.72 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.6 Hz,
2H), 5.40 (q, J="7.1 Hz, 1H), 3.81 —3.69 (m, 1H), 3.48 — 3.38 (m, 1H), 2.28 — 2.16 (m, 1H), 2.14 — 1.88
(m, 3H), 1.64 (d, /= 7.1 Hz, 3H). *C NMR (126 MHz, CDCl;) & 174.8, 135.8, 132.4, 130.3, 129.7, 67.1,

42.8,30.2, 18.4, 10.0. HRMS (EI) caled for C1,H;4NO;BrSNa [M+Na]*: 353.9770; found: 353.9765.
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1-(1-((4-(trifluoromethyl)phenyl)sulfonyl)ethyl)pyrrolidin-2-one (3ah): white oil was obtained with
83% isolated yield (133.2 mg). 'H NMR (500 MHz, CDCl;) 8 8.01 (d, /= 8.2 Hz, 2H), 7.80 (d, /= 8.3
Hz, 2H), 5.44 (q, J = 7.1 Hz, 1H), 3.86 — 3.70 (m, 1H), 3.45 (dd, J = 16.5, 7.6 Hz, 1H), 2.27 — 2.15 (m,
1H), 2.08 — 1.90 (m, 3H), 1.66 (d, J = 7.2 Hz, 3H). 13C NMR (126 MHz, CDCl;)  174.8, 140.6, 135.8
(q,J=33.2 Hz), 129.5, 126.2 (q, J = 3.6 Hz), 124.6 (q, J=273.7 Hz), 67.1, 42.8, 30.1, 18.3, 9.9. HRMS

(EI) calcd for C3H4NO;F;SNa [M+Na]*: 344.0539; found: 344.0535.

ccl,

1-(1-((4-(trichloromethyl)phenyl)sulfonyl)ethyl)pyrrolidin-2-one (3ai): white oil was obtained with
86% isolated yield (158.7 mg). '"H NMR (500 MHz, CDCl;) 6 8.00 (d, /= 8.1 Hz, 2H), 7.79 (d, /= 8.2
Hz, 2H), 5.43 (q, J = 7.1 Hz, 1H), 3.76 (td, J= 8.9, 5.1 Hz, 1H), 3.44 (dd, /= 16.5, 7.5 Hz, 1H), 2.26 —
2.14 (m, 1H), 2.08 — 1.89 (m, 3H), 1.65 (d, /= 7.1 Hz, 3H). ¥*C NMR (126 MHz, CDCI13) § 174.8, 146.9,
135.2, 130.2, 129.4, 97.5, 67.0, 42.8, 30.2, 18.3, 10.0. HRMS (EI) caled for C;3H,sNO;Cl; [M+H]":

369.9833; found: 369.9830.

NHCOCH,

N-(4-((1-(2-oxopyrrolidin-1-yl)ethyl)sulfonyl)phenyl)acetamide (3aj): white oil was obtained with
90% isolated yield (139.5 mg). 'H NMR (500 MHz, CDCl;) 6 8.31 (s, 1H), 7.78 (d, J= 8.8 Hz, 2H), 7.72
(d, J=8.8 Hz, 2H), 5.36 (q, J="7.1 Hz, 1H), 3.84 (dt, /=9.7, 6.8 Hz, 1H), 3.48 (dt,/=9.7, 7.3 Hz, 1H),
2.29-2.22 (m, 1H), 2.17 (s, 3H), 2.15 - 2.09 (m, 1H), 2.06 — 1.99 (m, 2H), 1.67 (d, J= 7.1 Hz, 3H). 13C
NMR (126 MHz, DMSO) $ 170.4, 164.3, 139.1, 125.7, 125.3, 114.3, 62.4, 38.3, 25.7, 19.9, 13.5, 5.4.

HRMS (EI) caled for C14HsN,O4SNa [M+Na]*: 333.0879; found: 333.0878.
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N S Cl

1-(1-((3-chlorophenyl)sulfonyl)ethyl)pyrrolidin-2-one (3ak): white oil was obtained with 71%
isolated yield (101.9 mg). "H NMR (500 MHz, CDCl;) 6 7.84 (s, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.63 (dd,
J=28.0,0.9 Hz, 1H), 7.51 (t,J = 7.9 Hz, 1H), 5.39 (q, J= 7.1 Hz, 1H), 3.88 —3.76 (m, 1H), 3.54 — 3.40
(m, 1H), 2.29 —2.20 (m, 1H), 2.17 — 2.07 (m, 1H), 2.06 — 1.99 (m, 2H), 1.67 (d, J = 7.1 Hz, 3H). 13C
NMR (126 MHz, CDCl;) ¢ 174.8, 138.4, 135.2, 134.4, 130.5, 128.9, 127.1, 67.3, 4, 30.2, 18.1, 9.9.

HRMS (EI) caled for C,H14NO;CISNa [M+Na]*: 310.0275; found:310.0271.

N S Br

1-(1-((3-bromophenyl)sulfonyl)ethyl)pyrrolidin-2-one (3al): white oil was obtained with 64%
isolated yield (105.9 mg). 'H NMR (500 MHz, CDCl;) 8 7.94 (s, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.74 (d,
J=28.0 Hz, 1H), 7.41 (t,J=7.9 Hz, 1H), 5.33 (q, J=7.1 Hz, 1H), 3.76 (dd, J = 14.4, 8.4 Hz, 1H), 3.42
(dd, J=16.8, 7.5 Hz, 1H), 2.21 (dt, /= 16.8, 8.4 Hz, 1H), 2.12 — 1.88 (m, 3H), 1.62 (d, /= 7.1 Hz, 3H).
13C NMR (126 MHz, CDCls) 6 174.7, 138.4, 137.3, 131.7, 130.8, 127.5, 122.9, 67.3, 42.8, 30.2, 18.3,

9.9. HRMS (EI) caled for C;,H;4NO;BrSNa [M+Na]*: 353.9770; found: 353.9765.

Me
) )\ o
l
N //S
(0]

1-(1-(o-tolylsulfonyl)ethyl)pyrrolidin-2-one (3am): white oil was obtained with 76% isolated yield
(101.5 mg). '"H NMR (500 MHz, CDCl;) § 7.91 (d, J= 7.8 Hz, 1H), 7.51 (t, J= 7.2 Hz, 1H), 7.39 — 7.28
(m, 2H), 5.52 (q, J="7.1 Hz, 1H), 3.83 —3.70 (m, 1H), 3.43 (dd, J=15.7, 7.8 Hz, 1H), 2.78 (s, 3H), 2.23
—2.14 (m, 1H), 2.02 — 1.86 (m, 3H), 1.65 (d, J = 7.1 Hz, 3H). *C NMR (126 MHz, CDCl;) & 175.0,
140.1, 134.5, 134.2, 133.1, 130.5, 125.8, 65.9, 42.9, 30.2, 20.4, 18.3, 9.9. HRMS (EI) calcd for

Cy3H7NO;SNa [M+Na]*: 290.0821; found: 290.0816.
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1-(1-((2-bromophenyl)sulfonyl)ethyl)pyrrolidin-2-one (3an): white oil was obtained with 77%
isolated yield (127.4 mg). '"H NMR (500 MHz, CDCl3) 4 8.06 — 7.96 (m, 1H), 7.80 — 7.71 (m, 1H), 7.49
—7.41 (m, 2H), 5.92 (q, J=7.2 Hz, 1H), 3.86 — 3.77 (m, 1H), 3.41 (dt, J=9.3, 7.7 Hz, 1H), 2.23 - 2.14
(m, 1H), 2.04 — 1.86 (m, 3H), 1.67 (d, J = 7.2 Hz, 3H). 3*C NMR (126 MHz, CDCl;) 6 175.4, 136.2,
135.9, 135.2, 132.4, 127.4, 122.6, 65.4, 43.1, 30.3, 18.4, 9.7. HRMS (EI) calcd for C;,H4NO;BrSNa

[M+Na]*: 353.9770; found: 353.9765.

1-(1-(naphthalen-2-ylsulfonyl)ethyl)pyrrolidin-2-one (3ao): white solid was obtained with 88%
isolated yield (133.3 mg) 'H NMR (500 MHz, DMSO) & 7.94 (d, J = 8.6 Hz, 2H), 7.89 (d, J = 8.6 Hz,
2H), 7.80 — 7.75 (m, 2H), 7.53 (t, J = 7.5 Hz, 2H), 7.49 — 7.44 (m, 1H), 5.30 (q, J = 7.1 Hz, 1H), 3.59
(dt, J=9.1, 6.6 Hz, 1H), 3.45 (dt, J=9.2, 7.2 Hz, 1H), 2.16 — 2.07 (m, 1H), 2.03 — 1.85 (m, 3H), 1.56
(d, J= 7.1 Hz, 3H). 13C NMR (126 MHz, DMSO) & 174.6, 146.0, 138.6, 135.5, 129.8, 129.7, 129.3,
127.8, 127.6, 67.4, 42.8, 30.2, 18.3, 10.3. HRMS (EI) calcd for C;sH;7NO;SNa [M + Na]*: 326.0821;

found: 326.0820

1-(1-(thiophen-2-ylsulfonyl)ethyl)pyrrolidin-2-one (3ap): white oil was obtained with 60% isolated
yield (77.7 mg). '"H NMR (500 MHz, CDCl;) 6 7.75 (dd, J= 5.0, 1.3 Hz, 1H), 7.71 (dd, J=3.8, 1.3 Hz,
1H), 7.18 (dd, /= 4.9, 3.8 Hz, 1H), 5.47 (q, J= 7.1 Hz, 1H), 3.91 — 3.83 (m, 1H), 3.50 — 3.42 (m, 1H),
2.34-2.17 (m, 2H), 2.13 — 1.95 (m, 3H), 1.69 (d, /= 7.1 Hz, 3H *C NMR (126 MHz, CDCl;) § 174.9,
137.0,135.5, 135.2, 128.3, 68.3, 42.8, 30.3, 18.4, 10.2. HRMS (EI) calcd for C,,H;3NO3;SNa [M + Na]*:

282.0229; found: 282.0226.
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Me
1-(1-tosylethyl)azepan-2-one (3ba): white solid was obtained with 99% isolated yield (146.0 mg). 'H

NMR (500 MHz, CDCls) & 7.68 (d, J = 8.3 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 5.94 (q, J = 7.1 Hz, 1H),
3.61 (dd, J=15.5, 7.2 Hz, 1H), 3.32 (dd, J = 15.6, 9.7 Hz, 1H), 2.35 (s, 3H), 2.23 (dd, J = 7.3, 4.1 Hz,
2H), 1.89 — 1.77 (m, 1H), 1.73 — 1.65 (m, 1H), 1.56 — 1.47 (m, 5H), 1.43 — 1.33 (m, 2H). *C NMR (126
MHz, CDCl3) § 175.8, 144.9, 134.1, 129.5, 128.8, 67.6, 43.8, 36.6, 29.6, 29.1, 23.1, 21.6, 10.7. HRMS

(EI) calcd for CsHNO;SNa [M+Na] *: 318.1134; found: 318.1131.

QL
N,

9-(1-tosylethyl)-9H-carbazole (3ca): white solid was obtained with 67% isolated yield (116.9 mg). 'H
NMR (500 MHz, CDCl;) 8 8.17 (s, 1H), 7.95 (d, J=7.7 Hz, 1H), 7.82 (s, 1H), 7.46 — 7.42 (m, 2H), 7.41
(d, J=3.6 Hz, 2H), 7.25 - 7.19 (m, 2H), 7.16 (d, J = 8.4 Hz, 1H), 7.13 (d, J= 8.0 Hz, 2H), 4.40 (q, J =
7.1 Hz, 1H), 2.35 (s, 3H), 1.85 (d, /= 7.2 Hz, 3H). 13C NMR (126 MHz, CDCl;) 6 144.3, 139.8, 139.6,
134.1,129.3,129.3,127.2,126.1, 124.5,123.3, 123.0, 121.3, 120.4, 119.6, 110.7, 110.4, 66.4, 21.6, 14.7.

HRMS (EI) caled for C;H;9NO,SNa [M+Na]*: 372.1029; found: 372.1028.

Me
N-methyl-N-(1-tosylethyl)acetamide (3da): white oil was obtained with 95% isolated yield (121.1 mg).

'H NMR (500 MHz, CDCl3) & 7.73 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.00 (q, J = 7.1 Hz,
1H), 3.07 (s, 3H), 2.42 (s, 3H), 1.87 (s, 3H), 1.59 (d, J = 7.1 Hz, 3H). *C NMR (126 MHz, DMSO) &
166.3, 140.3, 129.3, 124.9, 124.1, 62.5, 26.1, 16.9, 16.8, 5.4. HRMS (EI) calcd for C;,H;NO;SNa

[M+Na] *: 278.0821; found: 278.2820.
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O Me
)]\)\//O
Mem N 7
(0]

Me
N-(1-tosylethyl)acetamide (3ea): white oil was obtained with 92% isolated yield (110.8 mg). 'H NMR

(500 MHz, CDCls) & 7.78 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 6.72 (d, J = 10.2 Hz, 1H), 5.42
—5.33 (m, 1H), 2.44 (s, 3H), 1.85 (s, 3H), 1.60 (d, J= 7.0 Hz, 3H). 3C NMR (126 MHz, DMSO) § 164.4,
140.6, 128.6, 125.1, 124.3, 60.3, 17.9, 16.9, 8.4. HRMS (EI) calcd for C;;H,50;SNa [M+Na]*: 264.0665;

found: 264.0663.

(o)
(0]
Me( Jj\/\ G
N
| v
Me o

Me

N,N-dimethyl-3-tosylpropanamide (3fa): white oil was obtained with 76% isolated yield (96.9 mg).
"HNMR (500 MHz, CDCl;) 6 7.78 (d, J= 8.2 Hz, 2H), 7.34 (d, J= 8.0 Hz, 2H), 3.43 (t, /= 7.8 Hz, 2H),
2.98 (s, 3H), 2.88 (s, 3H), 2.78 (t, J = 8.1 Hz, 2H), 2.43 (s, 3H). 3*C NMR (126 MHz, CDCl;) 3 168.7,
144.8, 136.2, 129.9, 127.9, 52.2, 37.1, 35.6, 26.3, 21.6. HRMS (EI) calcd for C,H;sNO5S [M+H]":

256.1002 ; found: 256.1000.

(o]
(o]
Me\ Jk/\ //
\ 7"
Me o

OMe
3-((4-methoxyphenyl)sulfonyl)-N,N-dimethylpropanamide (3fb): white oil was obtained with 64%

isolated yield (86.7 mg). '"H NMR (500 MHz, CDCl;) & 7.84 (d, J = 8.9 Hz, 2H), 7.02 (d, J = 8.9 Hz,
2H), 3.89 (s, 3H), 3.44 (t, J = 7.9 Hz, 2H), 3.01 (s, 3H), 2.91 (s, 3H), 2.81 (t, /= 8.1 Hz, 2H). 3C NMR
(126 MHz, CDCl;) 6 168.8, 163.8, 130.7, 130.2, 114.5, 55.7, 52.4, 37.1, 35.6, 26.3. HRMS (EI) calcd

for C;,HgNO4S [M+H]": 272.0951 ; found: 272.0952.

(o]
o
Me( J]\/\ G
N
| v
Me o

Ph
3-([1,1'-biphenyl]-4-ylsulfonyl)-N,N-dimethylpropanamide (3fd): white oil was obtained with 58%
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isolated yield (91.9 mg). '"H NMR (500 MHz, CDCls) & 7.98 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.4 Hz,
2H), 7.62 (d, J= 7.2 Hz, 2H), 7.50 (d, J= 7.1 Hz, 2H), 7.44 (t, J= 7.3 Hz, 1H), 3.52 (t, J= 7.8 Hz, 2H),
3.02 (s, 3H), 2.92 (s, 3H), 2.85 (t, J = 8.0 Hz, 2H). 13C NMR (126 MHz, CDCl;) & 168.7, 146.8, 139.1,
137.6, 132.1, 129.1, 128.5, 127.9, 127.4, 52.2, 37.1, 35.6, 26.2, 21.1. HRMS (EI) caled for C,;HyNO;S

[M+H]*: 318.1158 ; found: 318.1158.

(o)
(0]
/
\NJI\/\ISI
I o’

Br

3-((4-bromophenyl)sulfonyl)-N,N-dimethylpropanamide (3ff): white oil was obtained with 76%
isolated yield (121.2 mg). '"H NMR (500 MHz, CDCl;) 6 7.77 (d, J = 8.5 Hz, 2H), 7.71 (d, J = 8.6 Hz,
2H), 3.46 (t, J= 7.7 Hz, 2H), 3.00 (s, 3H), 2.90 (s, 3H), 2.80 (t, /= 7.9 Hz, 2H). 3C NMR (126 MHz,
CDCly) 6 168.5, 138.2, 132.7, 129.5, 129.3, 52.1, 37.1, 35.7, 26.1. HRMS (EI) calcd for C;1H;sBrNO;S

[M+H]": 319.9951 ; found: 319.9949.

(o]
(o]
Me\ Jv //
\ ”
Me o

CF;

N,N-dimethyl-3-((4-(trifluoromethyl)phenyl)sulfonyl)propanamide (3fh): white oil was obtained
with 79% isolated yield (122.0 mg). '"H NMR (500 MHz, CDCl;) 6 8.06 (d, /= 8.1 Hz, 2H), 7.84 (d, J=
8.1 Hz, 2H), 3.51 (t, J= 7.6 Hz, 2H), 3.01 (s, 3H), 2.89 (s, 3H), 2.83 (t, J= 7.8 Hz, 2H). 3C NMR (126
MHz, CDCl;) 6 168.3, 142.7, 135.6 (q, J = 33.2 Hz), 128.6 (d, /= 15.8 Hz), 126.5 (q, /= 3.6 Hz), 125.9

(q,J=273.4Hz), 52.0, 37.1, 35.6, 25.9. HRMS (EI) calcd for C1,H;sNO;F5S [M+H]*: 310.0719 ; found:

310.0716.
(o)
(0]
Me Jl\/\ /,
\N S/
[ {
Me o

NHCOCH,

3-((4-acetamidophenyl)sulfonyl)-N,N-dimethylpropanamide (3fi): white oil was obtained with 71%
isolated yield (105.8 mg). 'H NMR (500 MHz, CDCl;) 8 7.98 (s, 1H), 7.81 (d, J = 8.5 Hz, 2H), 7.71 (d,
J=8.3 Hz, 2H), 3.44 (t,J=17.7 Hz, 2H), 3.01 (s, 3H), 2.91 (s, 3H), 2.80 (t, /= 8.0 Hz, 2H), 2.21 (s, 3H).
3C NMR (126 MHz, CDCl3) 8 169.1, 168.8, 143.4, 133.2, 129.2, 119.4, 52.2, 37.2, 35.7, 26.3. HRMS
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(EI) caled for Cj3H 19N,O4S [M+H] *: 299.1060; found: 299.1058.

(o)
(o]
N |
| 7w ¢
Me o

Cl
3-((3,5-dichlorophenyl)sulfonyl)-N,N-dimethylpropanamide (3fj): white oil was obtained with 68%

isolated yield (105.1 mg). '"H NMR (500 MHz, DMSO) & 8.06 (t, J = 1.8 Hz, 1H), 7.94 (s, 1H), 7.93 (s,
1H), 3.66 (t, J = 7.3 Hz, 2H), 2.93 (s, 3H), 2.75 (s, 3H), 2.69 (t, J = 7.3 Hz, 2H). *C NMR (126 MHz,
DMSO) § 168.6, 142.4, 135.6, 133.9, 127.0, 51.3, 37.0, 35.5, 26.3. HRMS (EI) caled for

C11H3C1LbNNaO;sS [M+Na]*: 331.9985 ; found: 331.9882.

N,N-dimethyl-3-(naphthalen-2-ylsulfonyl)propanamide (3fn): white oil was obtained with 66%
isolated yield (96.0 mg). '"H NMR (500 MHz, DMSO) 8 8.60 (s, 1H), 8.22 (d, J= 8.1 Hz, 1H), 8.18 (d, J
=8.7 Hz, 1H), 8.08 (d, /= 8.1 Hz, 1H), 7.92 (dd, J = 8.6, 1.6 Hz, 1H), 7.75 (t, J= 7.3 Hz, 1H), 7.70 (t,
J=17.4Hz, 1H), 3.60 (t, J = 7.4 Hz, 2H), 2.89 (s, 3H), 2.69 (t, J = 7.8 Hz, 2H), 2.66 (s, 3H). 3°C NMR
(126 MHz, DMSO) 6 168.7, 136.3, 135.3, 132.2, 130.0, 129.9, 129.8, 129.8, 128.4, 128.2, 123.2, 51.6,

36.9, 35.4,26.4. HRMS (EI) calcd for C;sHsNO;S [M+H]*:292.1002; found: 292.1000.

o
o)
\ "
Et o

Me
N,N-diethyl-3-tosylpropanamide (3ga): white oil was obtained with 80% isolated yield (113.2 mg). 'H

NMR (500 MHz, CDCl3) § 7.80 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 3.47 (t, J = 7.7 Hz, 2H),
3.31(dq, J=11.8, 7.1 Hz, 4H), 2.81 (t, J = 7.9 Hz, 2H), 2.45 (s, 3H), 1.18 (t, J = 7.2 Hz, 3H), 1.06 (t, J
=7.1 Hz, 3H). *C NMR (126 MHz, CDCLy) 5 167.8, 144.8, 136.2, 129.9, 127.9, 52.2, 41.9, 40.5, 25.9,

21.6, 14.2, 12.9. HRMS (EI) calcd for C;,H,,NO;S [M+H]*: 284.1315 ; found: 284.1311.
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Me
3-tosylpropanamide (3ha): white oil was obtained with 71% isolated yield (80.5 mg). '"H NMR (500

MHz, DMSO) § 7.77 (d, J = 8.2 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 3.44 (t, J = 7.6 Hz, 2H), 2.42 (s, 3H),
2.37 (t, J = 7.8 Hz, 2H). *C NMR (126 MHz, DMSO) § 170.7, 144.9, 136.3, 130.4, 128.2, 51.4, 28.6,

21.5. HRMS (EI) calcd for C;oH;3NO3;SNa [M+Na]*: 250.0508 ; found: 250.0506.

o Ph
P P
Ph //S
o

Me
1,3-diphenyl-3-tosylpropan-1-one (3ia): white solid was obtained with 71% isolated yield (80.5 mg).

'H NMR (500 MHz, DMSO) § 7.96 (d, J = 7.6 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.52 (m, 4H), 7.33 (d,
J=28.1 Hz, 2H), 7.26 (m, 5H), 5.04 (dd, /= 9.1, 4.3 Hz, 1H), 4.03 (dd, J = 18.0, 9.2 Hz, 1H), 3.89 (dd,
J=18.0, 4.3 Hz, 1H), 2.36 (s, 3H). 3C NMR (126 MHz, DMSO) & 195.7, 145.0, 136.3, 134.3, 134.1,
132.9,130.4, 130.0, 129.2, 129.0, 128.5, 65.9, 37.2, 21.5. HRMS (EI) calcd for C2,H,0NO3;SNa [M+Na]*:

387.1025 ; found: 387.1024.

Me
3-tosylcyclohexan-1-one (3ja): white solid was obtained with 86% isolated yield (108.3 mg). 'H NMR
(500 MHz, CDCls) & 7.66 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 3.21 (m, 1H), 2.49 (td, J = 14.0,
8.4 Hz, 2H), 2.37 (s, 3H), 2.31 (dd, J = 13.5, 1.4 Hz, 1H), 2.17 (m, 3H), 1.80 (m, 1H), 1.56 (m, 1H). 13C
NMR (126 MHz, CDCl;) 6 206.5, 145.3, 133.5, 130.0, 128.9, 62.2, 40.4, 40.3, 23.7, 23.3, 21.6. HRMS

(EI) caled for C3H603SNa [M+Na]*: 275.0712 ; found: 275.0708.

Me
EtOOC /,o
s
/
etooc ©

Me
diethyl 2-(1-tosylethyl)malonate (3ka): white solid was obtained with 98% isolated yield (167.5 mg).

S17



'H NMR (500 MHz, DMSO) & 7.76 (d, J = 8.3 Hz, 2H), 7.50 (d, J = 8.1 Hz, 2H), 4.14 (t, J = 7.1 Hz,
2H), 4.08 (t, /= 7.1 Hz, 2H), 3.90 (dd, J = 14.1, 7.0 Hz, 1H), 3.74 (d, J = 6.9 Hz, 1H), 2.43 (s, 3H), 1.27
(d,J=7.1Hz, 3H), 1.17 (t, J = 7.5 Hz, 6H). 3C NMR (126 MHz, DMSO) § 166.5, 166.2, 145.7, 133.8,
130.5, 129.3, 62.3, 62.1, 58.5, 51.0, 21.5, 14.2, 14.1, 11.4. HRMS (EI) caled for CH,,NOzSNa

[M+Na]*: 365.1029 ; found: 365.1027.

Ph

1 o]

/P\/\ /
Ph /S

O/

Me
diphenyl(2-tosylethyl)phosphane (3la): ): white solid was obtained with 51% isolated yield (93.8 mg).

'H NMR (500 MHz, CDCls) § 7.74 (d, J = 8.1 Hz, 2H), 7.34 (m, 12H), 3.08 (m, 2H), 2.45 (s, 3H), 2.40
(m, 2H). 3C NMR (126 MHz, DMSO) & 140.1, 131.6, 130.9, 127.9, 125.2, 124.5, 124.0, 123.4, 48.4,

16.9, 15.8. HRMS (EI) calcd for C,;H,,PO,S [M+H]": 369.1073 ; found: 369.1071.

S18



Copy NMR Spectra of products

10.

3aa

'H NMR

9665 I
LE1T)
Z06g |
o081
1226}
B5E6 |
£5P5 |
5156}
5196 |
[
2986 |
50002
12102
£610Z
plEDZ
WELT
z054'T
89912
828l
100z 2
£Z8E €
Z8EEE
051 E
POEFES
8924 €
VER S mw
195
BZLLE

hmwmm
mhwm.mv
DN.\.m.mg
L9BE'S

09T L
06 4
£T4E L
24250
809 I~
sele 2
preg )
aves /-
0058 2

=

W

F

MI
_I

H!

6L'E

EE'E
3

200

90t

ook

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

VEF00L—

o828l —

SE91L°0e—

EELRTYr—

ZFEE' 99—

8168°9.
48v1°LL
vloviL

8ezE Bzl

0680 mNFW
ZESTPEL—
LEBG BEL

PIGLpLL—

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)

10

S19



3ab

parL z-E
z99L e

ZeRl'T
momm.m.\
0EBEE
Z48EE

LoFe
SZOrE

PSLLE
99ZLE
OlELE
SPELE
ECrLE
09rie
00sLe
8184E

E0LEG
SPIES
LEEEG
0esE' s’

pO9Z I~y
BLT Iy
LPET L

SERS I~
L9047

'H NMR

Me

Fere
F60Z
Rgzy

Eggy
FB0E

Feot

Feot

F88'0

o6

ooz

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

Zr0L6—

BO6Z' 2L —
BECL 00—

PAT#A: T

6618 —

PECEGe—

CETHGL
28419
LEEY'BL

POLE LT~
zipi Bzl
GG ZEL—

Loz el —

PRLLEL —

Me

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 % 80 70
1 (ppm)
S20

10



3ac

s00 b
BEPD |
2196 1
Pras |
1696 |
5.6 |
846 |
1646 1
£986 |1
9E66 11
820071
£19071
PELOZ
756071
slovzd
VELL T
o8zl z
[EA
arizet
916z
1¥TT
SBPT

BLEY €9
0Zri ey
6151 Ey
BS5YE

EL51 E~

\ZLLE
PEBLE
1I81E
ZIBLE
€819
B198E"

96EE'G
mmwm.mw
089€'5

Zzees’

896 0~
290027

8844 4~
29641

'H NMR

.

/
S

(0] Me
(5“*/
0/

OMe

1N

U |

B0

zil
wﬂwo.m

Foot

Fioz

Fooe

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

ELLV0b—

Z6lE8l—

2048°0e—

QLERTYF—

28Y9°65—

00 29—

58890
QovliL
9reEE’LL

LEZEEFIL—

95rL L2l —
9res 0El—

P8V POL—

BaBL P —

OMe

/
S

\

g

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)
S21

10



3ad

'H NMR

09E L
6965 PV

et
8676 1
8856 |
Pt
09965 1
EYE0T
POS0C
P8Iz
0zizT

FOOrE
GIZVE
BLEVE
BEGY £
GEELE
GarLE
LEBLE
E8LLE

N e e

QA

BL9E'G

8625 4~
LOPG 4
S5LL L

Vioe i

Bu

626

Fooe

Frze

660

Fool

Fsol

®ooC

EFos'lL

10 04 00

15

90 85 80 5 70 65 60 55 50 445 40 35 30 25 20

94

1 {ppm)

13C NMR

999E°0Lb—
sesc8l—
902 0~

1070'1E
9lizee—

BZ98'ZF—

8.66°99—

5068°9L
ErliL
866E°LL

9880 921~
£449821
LGPTEEL~

E661 851 —

lsipil—

Bu

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)
S22

10



3ae

'H NMR

GTLGE
5585 €
LOBEE
9865 £
BE0TE
eilge’

EIBT G
PSET 5
960E' S
BEZE'S

855t
ZOLY L
BYEY L
5125 L
586 L
5155 L
1994 L
L1842
2689 2
2006 £
S9E6 L
9856 2

Ph

=3
1

F

-8
B

¥
£

el
ook

0ot

66°0
4N
Ze'l
EE'L
e

95 9.0 85 8.0 75 7.0 65 6.0 55 5.0 45 40 i5 30 25 20
1 {ppm)

10.0

13C NMR

ZhZe—

ZrZeal—

09EZ 0E—
ZlBk'6E
GBE9'6E
E528 6E-

P86 68
£6510F
96PZ 0F
09ZE OF
SEB OF
£Leaze

EZPP L8—

158 42
apre izt
ELE 6T
621962
Z£98 6Z)f
9095 mmi\
1909 8¢
eE0 9r)—

colgpil—

Ph

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 30 70
1 (ppm

10

S23



3af

'H NMR

e
EVEY )
BOLE |
SZEE |
BOFE |
£096 |
606 1
996 1
0286 14
120021
P5L0 7
857074
pre0
Z6P0 71
01907
2090 ¢
mmB.NJw

£951°C
EEBL'Z
6661

ST &_
BEETZ

SBOE €Y

LS0TE
TTLY En
BLEVE

EELLE
98TLE
L0ELE
Plis e
£8P E-
0654 €

bLPE Gy
El10E'5
GSLES

968E' 5

665T L~
9ELy L

So8v 1>
8494 I~
Byes 1~

A

A

Fioe
Feze

Feot

Fao
Feot

Foou

TFas
Fioe

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

GEs66—

EPZE8L—

V641 0E—

EELRTYr—

19407 18—

5588°9L
vovliL
BYEE"LL

PBEY 21T
5562 0EL

L8ETSELY
9EED b b~

aleivil—

13C NMR

Cl

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)
S24

10



3ag

seew b
LIPS}

906 |

9EVE |

6956 |

1696 |

LEL6 |
9586 |1
9166 |1
£566 |
zz007
£r0Z]
185071
£18071
0E6O 2
001 24
s |
EEINA
SHzo g
SELTE

sgzz e
oarz !

GHPEy
ELTE
90EY E
ZIPrE
EFPy e
29ry e
LOBY E
GEELE
ZaPLE
L5508
0994°E
LBaLE
ShLLE
BraL e

LOLEG
E06E'S
arot mw
BalrE

P09z i—
1099 1+
8115 1L
E
BlEL L

'H NMR

Br

Wi |

L

|

515

=

f

E

=
I

=

¥

(443

GE'E
oL

Q00

P

0ok

Fl'e
ro'e

00

05

P00k

sevesl—

10

15

9E6L0E—

20

BEERTY—

245

30

£290°289—

6028°9L
2540 ._Rv
PETE'LL

445 40 s

1 {ppm)

50

60

6.5
0
i
3 e,
@®
o
7

irzasel””

80 &) 70

85

BZ0E Pl —

9.5 9.0
13C NMR

100

Br

(0}
/,
S/

&

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 % 80 70
1 (ppm)
S25

10



3ah

e b
8999 |
LBEE |
£VG6 |
PB36 |
8096 |
826 |
Pras ||
1686 |1
040071
£20071
ooz
852021
£0P0Z
31507
B0 2
S040°2A
ETeTeA ]
0E0Z
BT L
TET T
ZBET T

gEzyE
BeEY e
995p'E
BlipE
zepsE
0854 €
959/€
1544
€84 €
BB €

ZETY &
GLEVS

L1575
099t &

509Z 41—

E48L4
6E08 Nﬂ\r
GE00B
vowo.muw

'H NMR

L

e s

Fi0e

Frie
Frow

Feo
Feot

Fooy

Fioz
Fest

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

Flese—

chzesl—

5601L°0e—

9TyaTr—

6l L9—

0izaal
2540 ._Rv
96CE°LL

LPZE 6L
9966 121
CECINAR
EOH) SE I
PBEL ST
mmf.mﬁw\
zi61V 92,
SIPEGELY)
5025621
556E°5EL
8659 SE1 r
EEZESEL

mwm _..mm_‘u‘
[Aist=gu ]

oziaril—

CF3

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 % 80 70
1 (ppm)
S26

10



3ai

'H NMR

ZEPT |
54591

806}

9016 |

BIEE |

ZOv6 11
£756 |
8796 |
3186 |

5766 1
5866 ||
80021
PLOT
0ZE0
ZEPD 2o
01502
zZzanz

EEIF G
PLIV G
LIvYG

6551 5

b0z L—

z0es s
mmmm.mw
LO6G L
FZLo mw.

1

cCl,

Fooe

Fere

Feou

Fiow

Foot

Fooy

Feoz

Feoz

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

G866 6—

ErZEBL—

V641 0E—

EElgTr—

1907 29—

IZ8 16—

PBEY BZL a\
SG6Z 08}
LBET SE—

CI56'av L=

aleLril—

ccl,

30 20 10

40

130 120 110 100 90 80 70 60
1 (ppm)
S27

140

190 180 170 160

0



3aj

'H NMR

£659 b~y
BESR Y
16L0T
£0e0 e
LBFOE
9IG1E
THVE
oeez e
£017°Ey

thm,
mwmq.m
mmmw.m
EVOZE

£818°E
GIERE
S.ERE
ESPEE
TISEE
LP9EE

mwmm.m
Dmvm.m
ZEDE'G
GLEE!

PEOT L—

AL
LETL L
E0LL L
Oggi s

BEIEB—

Foire
F6E'T

ril
wm?m

- #@3

——m 70|

NL FroL

——— 001

©
I
Q
[}
Q
z |
- -E0T
Ko
o -L Feoy
>
/S//
(1} [¢]
=

10 05 00

14

95 9.0 85 8.0 75 F0  B5 B0 55 50 45 4D 35 30 25 20
1 {ppm)

100

(b)

EBLP'S—

BSGG'EL—

GPBE'6L—
6088'5Z—

BiZEE—

SZOPCo—

EPEQTL

GBBEZT:
QZPSTL

LEST PLL—

BEPEGTL
ftlsle] mmﬁv

6ZE06EL—

LGBZ FOL—

£60F 04—

NHCOCH,

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 30 70
1 (ppm

10

S28



3ak

'H NMR

Lipg _.V
Brige
Loloe
LBI0T

880z
PS0ZT
0ZzT T
LBz e
992 €

PipyEy
PSPFE
E09F E

LGIFES
88.LE
L0BLE
EVBLE
LI8L€
2508 €
£608°€
DEIEE
ayzae

rsES
889€E m/
LEBE mw
mhmm.m

6652
088y 1y
6867 £

Ly
0909 £
6409 1
1229
6629 £
€494 1
0g84 £
8928 £

A iy

Cl

0o

05

FlE66—

VPEE'BL—

10

14

[ATVAN Sy

20

BAYRETY—

25

T Z5¥T 18—

Ar08°9L
0650 ._Rv
CELELL

50 45 40
1 {ppm)

55

60

£601 224,
986 821~
PSS 0EL—
PPIEPEL—
VPET mmvw
POrE BEl

6.5

70

i3k

80

8.4

PE0E P —

9
13C NMR

100

10

20

30

40

50

70

80

90

S29

1 {ppm)

Cl
180 170 160 150 140 130 120 o 100

190

10



3al

'H NMR

LEIEG

L08z L
956E L
FHY I~
[OFFA S
TTEL L
Lari s
L¥BL L
£008 2
PLEG L

LRy B

Fuve
%mmm

Feot

Frou

Faou

oot

Fzow

ol
a5
g0

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

(b)

FPOIEE—

86Z'8l—
5981 0e—

LTTREY—

264729 —

:.cmmh
wmmf.hhv
0¥l

0L dil—
ELPE L2
bSO 0EL~_
6524 LEL—
005z el

GZEY mm_‘w

0oL vil—

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)

10



3am

'H NMR

LOrY |y
2099 1y
2868 |
5206 1
6806 |
z816 |
Zre6 |
Z5p6 1
29561
5996 |1
1846 H
LBE6 |
8966 1
£800°21
8551 g
9L1'e

0681’2

52022

6802 2

20T e

g8 Z—

6601 E
LITVE
LEPYE

B9 E
Za9LE
EBLLE
Z4BLE
695L€E
SZ08E
SELFE

LOGY G

B89T 1
086z 4
LELE S
LBTE I
ZEEE L
PPSE L
LG6Y L
vofm.mw
Ej A=
9468 4
Nmfm.mv

N

|

=00E

Foaoy

Fuou

=FE0

Fioz
=01

-as0

05 00

10

20

25

45 4.0 35

1 {ppm)

50

90 84 80 e 70 64 60

95

POCEE—

825E°8L~—
EB5F 0T

0lveoE—

EFpETr—

BEIEGI—

FoBL9L
900 ._Rv
areg’ Ll

LA A b
LG5 0EL

6¥0 _..mm_‘.ﬂ
05V vEL-F
BEZE wmv.\
E9ELOPL—

ZzT0Ell—

13C NMR

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)
S31

10



3an

'H NMR

ova b
6L}
8206 |
PELE |
0826}
BSEE |
LBEE 1
B5PE 1
2256 1
8v56 1
9796 1
906 1
2646 1
7686 11
9£00Z+
Z510TY
scz0 )
gee0 -
ey
PELLE
Y
LE0T T

ZEBEE
L0V E
GELVE
B9 E
EEVE

R

FLGLE
EL08E
LPiEE
BEZHE
E9ZHE
9ZERE
Oerge

e e

£006'5
916G
5865
EEVPES
009Z 41
z9zY /
LER £
LSS
EE
SEEY S
05ky .
SPSE S
LEPL A
Bibi s
125840
1554 2
p1as 2
9586/
5266 1
0666/
zI008
09008
9108

potidatndrLisr

LRI

A

Jhum

Thm.m

roL

Eoot

Esol

koo

——— T2

Faso
Fiol

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

855, 6—

Vel —

092 0E—

Plyler—

EGLPGa—

B258°9L
m.\.of.hhv
0Z9e°LL

189524~
629E JZ)
ps 251"
9561 GE b
9oe6 mEW
oL oEl

PLEVGLL—

13C NMR

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)
S32

10



3ao0

'H NMR

D00S'E
zelged

ST G
906Z &
6Y0ES

06lES

PZal L
529k 2
VELY
0L
218
5815 L
PYES L
58PS/
BE9L L
184 L
5084 L
06.8 4
1968 £
LEEE L
z0g6 2!

Fooe |

Esie

Fego

Fooy

0ot
wmccw

ZVE
8651
80T

00

05

i5

55 50 45 40 3a 30 25 20

60

90 85 80 [ (]

95

1 {ppm)

13C NMR

LZE0b—

LETEBL—

CEECOE—
ZTER 6E

Z659'6E
0ozgec

6266 66
86507
6372 07 |
mmmﬂ%

Lopri9—

pZ59 221
0sha L2l
BFLE B2l
1819621
z7z98 621y
mmmmmmi\
5909 8E |
BlEO Bkl —

E809'pLl—

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)

10



3ap

'H NMR

68.9 1,
Beg
08r0
08612
ss0zzf
09rC
€19zZ
L08zZ T
V257 €Y

EFSIE
LISV E
089r'e
GUVE

ECrEE
ZESHE
658E
FlOgE
0608 E
ETIHE
ELLBE
zegg e’

FLry S
hmmw.mw
6691 5
rers

EETL Ly

OLVs
TELV L
60al L

vowm.m.\
B66Y £
LA
P04 L
001 & 47
ZEPL L
85ri L
LEGA L
LG54 )

o N
o
v
~No

E

Mv
w:

=

E

i

=

£

GL'E

BT
vE'C

oL

Fo'l

ook

860

LE0
G680

05 0o

10

20

25

9.0 85 8.0 5 7D 65 6.0 55 50 45 40 a5
1 {ppm)

95

13C NMR

0192°0b—

GRE'BL—

906270

29482 —

09E"BI—
94490

felif=rar s

9cac ezl —

mmwm. mmF.V
Dmmv.mmv.\
FTro el

SPOEpLl—

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)
S34

10



3ba

sove
PISE 1
B89E |
2405 1
Zrag 1
Z06E 1
8107 1
8zLY 1
0567 14
0205 1
9015 1
VTS b
0ZkG Iy
9£89 1
1069 b
5069}

980}

L6lze
E9CT T

szez e

mem&__
porE
28 €7
0elEE
16ZEE
oerE e
6985 €~
PlOSE
18lge
veeoe!

PELES
9ZEE S

896 G
11966/

9SET 4~y
18T L7
1845 I
z069 L7

'H NMR

Me

LM_JMULL

Feow

Feow

Foot

Fove

Loz

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

0690l —

029" kT~
Z0S0°ET"
24980°6T~
200962~

Z619°0E—

EPTREr—

¥619°L9—

S9E6'9.
SL6LLL
9oy Ll

0198 671>
sargezl’
122V vl —

6ZPE brl—

S9ZE G —

Me

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)

10



3ca

'H NMR

9LpE L
6108 _‘v

GSPEC—

Z61E b
PEGE b
0%t
\zzry

g5zl
Y
Thsh L
Ohib s
64612
00z £
BEIT L
2VTT L
BOET
TEET
BY0Y 1
0Zi
BEEY
B9EY
105t
1928 I~
TEPE L
185647
0018

Me

=E0'E

=00€

el

10z

S0}
i
®P0T
Loz
=101
o =20
004

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

189 rl—

£045° 12—

Shivea—

£108°9L
550 ._Rv
S60E°2L

Lrr oLl
sperou”
eI
858€ EJK
LETEVTh—=
LL00EZ)
£98Z €24
B89 bZh
Szv L ezh
essl sz
5852 621
L18T 621
LELV el
0165 6EH]
BE9E BEL
BYRE phL

)

hl“

Me

o
/
s/
7

Me
N/k
/,

o

40 30 20 10

50

00 %0 80 70
1 (ppm)
S36

o

120

190 180 170 160 150 140

10



3da

'H NMR

E585 |-~
eleicie) _‘\‘
Ghigl—

96l —

EELDE—

0EBE &

865Z L
BEOE NW
mm,.mh

19244
BTrsL L

Me

o

O

Me)LIEJ

(o]
/,
S/
/

Me

Me

= =ZlE

S

FEQE

=0l'E

)

Eaoe

=—m 00

FGle

- FEET

10 05 00

15

50 45 40 35 30 25 20
1 {ppm)

55

90 85 80 Th 70 65

95

13C NMR

LELFG—

GEYE'OL
womm.mvv

L2 9T—

ECEGTO—

¥ev0eL
2E0ETL
2.56°CL

5850 bEl—
15306 bz}
€9z 52—

LEFEOPL—

B0ZE' 88—

|

/,
S
/

X
/,
(o}

Me

180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

10



3ea

'H NMR

LBBG L5
LE0Y _‘.\‘
6068 1

GEPY Z—

GLEE'S
B15E G
PEGE G
G59E' G
PTLES
BELES
PORES
€001 &

88045~
£62497

BZPE L~y
065 £

05444
GIBL mv

Me

0

Me)LN)\

(o}
/,
s/

il

H

Me

A

-

|

Foie
Fe0e

Fae

Foob

Feso

661

Fezoe

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

e09ra—

ELBE'OL~
FEE L)

8652°09—

6020
mmmm.mm\
e85z

ZOZE T~
569062
BRIGBEL-"

G909 0Pk—

85Iy rel—

Me

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)

10



3fa

'H NMR

SEgre
LYBLE

mvmm.w%
GlBE I~

LOLFE
,.wwv.mg./ﬂ
LIPVE

209T 4
S9EE I~
szee s’

£89. /~
19807

Me

FE0E
w681
=252
-4

Fzoz

00T

Feg) |

10

15

9.0 84 8.0 758 70 65 60 55 50 45 40 35 30 25 20
1 {ppm)

95

£8Y9°IT—
B6YZ'9C—

BECO GE~

ore0 e

S041°E85—

BrCa9l
£6.£0 ._RV
9QEEE"LL

WLB LT~
9656 621
L5V EEL—

Leigrrl—

044881 —

13C NMR

doe

Me

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 90 80 70
1 {ppm)

10



3fb

'H NMR

BOGLZ
£908 WW
beeg e
PELEZ
i
oS
LBEY E~
BYGY S

SOEEE—

B5L0 4~
GEED h\\
999Z L~

ESER I~y
0£58 4

I

30

OMe

w861
=paT
g8z
a6l

=IET

FG0T

®o0C

00 05

05

20

25

40 35

45
1 {ppm)

90 85 60 T 0 65 60 55 50

95

13C NMR

261860 —

SLP9'GE~
€460~

POBETG—
2814765 —

4844794
wwmo.hhv
[l=rAris

SETE P —

LES L OEL~,
2904 0EL

6FORESl—
E558 891 —

OMe

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

190

5S40



3fd

'H NMR

P98 r—

S1612
priE L]
S62Y 1
zsry i
945 £
8245 ¢
pi8G
SEl .
S0E9 2
P9 L
£969 /-
riss |
szl s

Ph

[e]

HI

¥

k

iy

ooz

ri'e
T
GE'L
EE'L
90¢

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

5290 ke—
L60Z'9C—

9299°GE~
Lok ie-"

8000°C5—

668.4°9.
owwo.hhv
862744

9617 L
£696 121 -%
851582

sizkeekyf
ve90cel’
985 JE|

rorvest’

eL/gerl—

GZEL B3l —

Ph

20

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 {ppm)

190

S41



3ff

'H NMR

gz8se
L8627
vl
068777
6662
BibpE
E@q.mw
Osiv'E

65T 41—

£869°
PSLLL
GP9L L
GleL s

i

Br

> 00T
0T

00

05

70 65 60 55 50 445 40 35 30 25 20

75

945 90 85

100

1 {ppm)

13C NMR

EOV0°9C—
ELB9GE~

94607287

V6ZhZe—

Sp0a'a.
hmmo.hhv
BZIELL

695T mwvmm
PEPG mwv\
9eRy ZEl

FISLBEL—

9005881 —

Br

180 170 160 180 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 {ppm)

190

S42



3th

'H NMR

918
19282
ezrazy
zeeg ey
5900°E
SO6K €
Dmom.mw.
E£1Z5€

209z i

LPER L
£0z8 .T/\.
LPS0'8
m_u.\._u.mV

Fooz
Feoe

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

BOEE'GZ—

£699°GE~
5890726~

PLEDEG—

mnmhmh
w,.mc .RW
4508744

0900°Z2h
S84 VL
are 8l
LGFSZL
Loer ott
LB0S 821
895821
=i mw_‘.v-

BesR 8!
0824 S
5266 GEH

reElLLErl—

FO0E' B8l —

190 180 170 160 150 140 130 120 M0 100 90 80 70 60 50 40 30 20 10
1 {ppm)

00

S43



3fi

'H NMR

oolze—

9984 2y
A
.D:.m.mw
ZTIET
LZiLo m.\
80T E
vwmw.mw
m,.mw.m

PO0L L
QEZL 4
6964 LT
obia 2
LGLE L

NHCOCH,

LA

=00€E

9Lz
mem
Barg

Ezg'l

00z
gEl
Farn

00

05

i5

20

25

95 90 85 80 75 70 65 60 55 50 45 40
1 {ppm)

100

(b)

S062°92—

004°GE~
Pl i

CGETEG—

6BEL'8L

‘
CL6T AL

COEP'GLL—

EQZTBEL—
PO EEL—

09z Erl—

Z9igesl
mmwcmmvv

NHCOCH;

100 90 80 70 60 50 40 30 20 10
1 {ppm)

110

190 180 170 160 150 140 130

200

S44



3fj

'H NMR

L
LB0S 2
9llg NV.

LZiee
£989°2
FlOLT
L£0G 4 w.\
BYEG T
LOLFE

L_JL, UL_.M__,__A____

hmvm.m
mwmm.mw
0EL9E

06EG &
LTPE L
LZ50°8
29508
86508

il

|

Cl

Cl

0T
Bpog
Egoe

00T

5650
L
Rego

10

20

245

[&:] 70 65 60 546 50 45 40 3a

80

95 90

100

1 {ppm)

13C NMR

THEREET

0gzoie
SAB56E
EFGL mmk

12666
80 0F
[EEAva

0Z6E 15—

9610421 —

BEBEEEL~
ogra el

PEBY ERL—

BEGS B3l —

Cl

Cl

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 {ppm)
S45

200



3fn

'H NMR

za05g
6¥99 w/
El8ec
Z969°T
mwmw.m.\

GIEVE

L

&
0L09°E~
PSIOE

8989 £1
8002 41
pals i
Ligd o
9152 21
1994 1
SO0I6 21
BEIE /1
B.Z6 17
0LE6 27
8908
0E60'84|
PELL B
2061°8~%
9ziz e

1828

L009'8—

i

Eloy
0Lz
Fpaz

®00C

r00)
mhvo._.
ol
el
o'l
66'0
=EGD

-05

9985 °6E
8EGL6E
momm.mmw

5 e
- momm.mmy
V

2.0

6.80°0r
arss oy

24

0BYS' 15—

56 50 45 40 35 30
1 {ppm)

60

ecel'Ezt
,.mm_..mm_‘?
E89E'BZ)
E6PEEZ)
hwwm.mm_‘v
9Z00 el
8 ﬁm_..mm_.\
vfmm.mm:
0siesel

65

70

5

60

85

€204 83—

95 90

100
13C NMR

22—

Me
Me

190 180 170 160 150 140 130 120 M0 100 90 80 70 60 50 40 30 20 10
1 {ppm)
S46

00



3ga

'H NMR

papo by
9090 |
6740 |
e
g5l 1
mmmi

L)
LOBLT
2508 WW
ElTA: kA
LELTE
FERZE
LE6TE
LEDEE
LTIEE
BLIEE
0LZEE
ZIPEE
LOGY E
0991 €
slared

80T
RIS
zies’

0164 4,
520847

Me

|

F80e

Feoe

Fier

Foiz

Fooe

Fag'l

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

COPETh~
2501 pL-"

0BES' IZ—
B986'GT—

BZLS 0P~
8458 1"

GOEZES—

mw_.m.mm
momo.hhv
BYZELL

VLG LT~
TLEFEZLT
98T eEl—

FiER PRI —

0864481 —

Me

180 170 160 150 140 130 120 110 100 30 80 70 60 50 40 30 20
1 {ppm)

190

S47



3ha

'H NMR

LIBEE
90Cr i—

ologe
PrOS 2
64052

Z0s5ET
m@wm.NM

0ISEE
TANS
sirr e
TLSVE

1297 I,
BaLy L7
Sr9L L
0less

Me

H,N

e
66'C

Fesoe

FE0T

00T

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

PEYS T —

BhdyeE
1959'6E
LETABE
9066 65
SL5)0F
sreeor?

OPER 15—

68T 8L,
szovoEL
ZIIE GBI~

GasE PPl —

SbLL 04—

Me

40 30 20 10

50

190 180 170 160 150 140 130 120 10 100 % 80 70
1 (ppm)
S48

10



3ia

'H NMR

829 Z—
0805 Z—

\ W

|
\

80EZ L
EVET L
L9vT L
LBST L
L5024
SELT L
ZHLT L
PIET L
ZECE .C
GBEE /L
P25 &
08154
SlEg /L
6ZEY L
BipS 4
G99/
8arE L
0F56 L

i

Me

Ph

=00€E

EGol
Fgoy

Feol

TE0S
0T
=67y
gy

Fzze

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45
1 {ppm)

95

13C NMR

05 He—

hmmm.mmJ_
BLLYEE
6FBE56E
L25.BE
LB LEEE

I
i

1980 0t
4541°0F
0ESZ'0F
£02F 0F-

BEBG GO —

BZES BZL
69z0EZH
gerz et
GSEOCEL
PECY OEL
LETHZEL—
9LrLrEL
LB9E qm;\w
eoogoel!
ELr0GPL—

SELLGEL—

Ph

—_—

Me

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

200

549



3ja

'H NMR

™
[Ts}
[re}
= M
o
_

B6LLE
LBBLE
EL6VE
ZEOTE
LELTE
L0ZT E
PIZTE
GO9ETE
ZrrT e

96ET L
FOST NW
G90E" L
E6FY L
£599 hv

Me

Frou
Fool

SLE
all
Kot

880

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

BP9 1T
75E T
gass ez’

SEEEOF
ﬂwmm.owv.

EB52C9—

Siqmmh
mmmﬁ.mmw
BEGP L

9606 824~
ZErO0EL"
9YEG EEL

L00EGPL—

2065 80C—

13C NMR

Me

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 {ppm)

210



3ka

'H NMR

9EGL L
08511

ElEV T
L5052
9805 ww.
wm,.mw

|

L

et
9824 €
STrLE-L
z5.8¢€
£688°€
EE0B E
£L1BE
pIERE
400
PZEO b
9960
[IEANY
ESEL b
56k L b

096+ £~
zzIs
PEGL L

vzis il

Me

/,

EtOOC

(4

Etooc ©

Me

509
BpTe

FG0E

=00}
980

E0C
wMNﬁ.N

FG0T
e

05 00

10

20

25

9.0 85 8.0 75 70 6.5 60 55 50 45 40 35
1 {ppm)

95

13C NMR

678 L,
811 bl
Etite

ZEOS'IT—

E0ZVEE
}L85'6E
HEGL6E
202668
4480°0%
£841°01
BrSZ°0Y
mwvm.av.m
FATA N
o0 ks—

9Z/5°85~
EL4)C8
98ce wwv.

SI0EBZL~
$805 0EL~"
598 EEL—

8C0LGrL—

ZFOT 88b~,
zhi5eal"

Me

Me
o
/,
/s.'
Etooc ©
|

EtOOC

10

20

30

40

50

60

70

=
8

.WJ —
S8 s}
= 72}
=

180 170 160 150 140 130 120 110 100

90



3la

'H NMR

ETBE T
E06BE'T
068E'Z
880F T
ralre
EQrF T
m@wo.m./
6FO0E
OeiDE
gi80¢€
00s0°E
LBEOE

FOSZ &
LLTE L /.
BEEE NW
mmwm.m

LSEL L
0254 hv

00 -05

05

15

20

245

7
S
U
Me
- L—J Moo e o oo e~
45 40 35 30
1 (ppm)

50

Ph
60 55

Ph” P

65

70

L

85 80 75

90

13C NMR

PG~
06E6'GL~"

05Er'8r—

Me

P
mmww.mm_‘ /h
raLovel o
LPOS quw\w

mhwm.mmv\‘

LBL6 L2

BLPE0EL

azey lEl

S0V opk—

40 30 20 10

50

80 70

90

S52

1 {ppm)

o 100

120

180 170 160 150 140 130

190

10



