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General Information

All manipulations were carried out under air atmosphere. Column chromatography
was generally performed on silica gel (300-400 mesh) and reactions were monitored
by thin layer chromatography (TLC) using UV light to visualize the course of the
reactions. The *H NMR (400MHz) and **C NMR (100MHz) data were recorded using
CDCls as solvent at room temperature unless specified otherwise. F NMR (376
MHz) data was recorded using CDClIs as solvent at room temperature  The chemical
shifts (8) are reported in ppm and coupling constants (J) in Hz. *H NMR spectra was
recorded with tetramethylsilane (8= 0.00 ppm) as internal reference; 3C NMR spectra
was recorded with CDCl3 (6 = 77.00 ppm) as internal reference. IR, MS, HRMS, and
GC-MS were performed by the State-authorized Analytical Center in Soochow

University.

General procedures for reactions

(a) The procedure for the synthesis of N-arylpyrrolidone!

A flame-dried resealable Schlenk tube was charged with Pd(OAc). (8.8 mg, 0.04
mmol, 1 mol%), Xantphos (34.8 mg, 0.06 mmol, 1.5 mol%), the solid reactant(s) (4.0
mmol of the aryl halide/triflate and 4.8 mmol of the amide), and Cs.CO3 (1824 mg,
5.6 mmol). The Schlenk tube was capped with a rubber septum, evacuated and
backfilled with argon; this evacuation/backfill sequence was repeated one additional
time. The liquid reactant(s) and 1,4-dioxane (4 mL) were added through the septum.
The septum was replaced with a teflon screwcap. The Schlenk tube was sealed, and
the mixture was stirred at the indicated temperature (45-110 °C) for 24h. The reaction

mixture was then cooled to room temperature, diluted with dichloromethane (20 mL),
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filtered, and concentrated in vacuo. The crude material was purified by flash
chromatography on silica gel to give corresponding the desired N-arylpyrrolidone.

(b) The procedure for the synthesis of benzamide derivatives?

Aryl acyl chloride (20 mmol) was added dropwise to a solution of amine (22 mmol),
EtsN (25 mmol) and dichloromethane (100mL) at room temperature. The reaction
mixture was stirred for 12 h at room temperature and then was diluted with
dichloromethane. The solution was transferred to a separation funnel and was washed
with 1N HCI. The organic layer was dried with NaxSOs, filtered and concentrated in
vacuo. The crude material was purified by flash chromatography on silica gel to give
corresponding the desired benzamide derivatives.

(c) The procedure for the synthesis of alkyl amide derivatives®

To a solution of amine (20 mmol) in dichloromethane (100 mL) was added EtsN (25
mmol). Acyl chloride (22 mmol) was then added dropwise to the mixture at room
temperature. The reaction mixture was stirred for 12 h at room temperature and then
was diluted with dichloromethane. The solution was transferred to a separation funnel
and was washed with 1N HCI. The organic layer was dried with Na,SQg, filtered and
concentrated in vacuo. The crude material was purified by flash chromatography on

silica gel to give corresponding the desired benzamide derivatives.
(d) The procedure for the synthesis of (E)-N-Sulfonyl Amidines

Zn(OTf)2 (0.02 mmol), amides (0.2 mmol), and sulfamides (0.2 mmol) were added to
a 20 mL test tube with a stirring bar. Cyclohexane (1.0 mL), diazo compounds (0.4
mmol) were added via syringe. The reaction mixture was heated in an oil bath at
reflux (Tips: severe reflux, recommendation temperature: 90 °C) for 12 h under air
(Tips: even if solvent volatilization, still no problem). After, the solvent was removed
under reduced pressure and the residue was purified by silica gel column
chromatography using petroleum ether/ ethylacetate to give the desired products.

(Tips: In many cases, (E)-N-Sulfonyl Amidines slightly soluble in ethyl acetate,

soluble in dichloromethane)
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Table S1. Optimization of the Reaction Conditions?

Q N, catalyst (10 mol%), solvent (1 mL) N/Ts
Ph—Né + TsNH, + 1)]\ , ) 3\3
R" 'R air, reflux, 12 h Ph—N
1a 2a 3 4a
Entry Catalyst Diazo (equiv) Solvent Yield (%)?
1 Cu(OAc), 3a (0.5) CgHi2 trace
2 Cu(OAc), 3a (1.0) CgHi2 9
3 Cu(OAc), 3a (2.0) CeHi2 18
4 Cul 3a (2.0) CeHiz 19
5 Co(BF,),6H,0 3a (2.0) CeH12 56
6 Rh,(OAC), 3a (2.0) CeHi2 25
7 Pd(OAc), 3a (2.0) CgHi2 <5
8 Ag,CO; 3a (2.0) CeH1z 24
9 Zn(OTf), 3a (2.0) CgHi2 98
10¢ Zn(QOTf), 3a (2.0) EA 60
11¢ Zn(0Tf), 3a (2.0) DCE 66
120 Zn(OTf), 3a (2.0) ProH <5
13¢ Zn(OTf), 3a (2.0) DME <5
14¢ Zn(OTf), 3a (2.0) PhH 79
15°¢ Zn(OTf), 3a (2.0) DMSO <5
16 — 3a (2.0) CeH1z <5
17 Zn(OTf), — CeH1z <5
18 Zn(OTf), 3b (2.0) CgHi2 98
19 Zn(OTf), 3¢ (2.0) CgHi2 93
20 Zn(OTf), 3d (2.0) CeHi2 30
21 Zn(OT), 3e (2.0) CeH12 <35
22 Zn(OTf), 3f (2.0) CeH1z 1
N, N, N2 N2
H)J\COOR3 Ph)J\C02Et MeO,C~ ~CO,Me H)J\TMS
3a, R, = Et 3d 3e 3f
3b, Ry ='Pr
3¢, R3 = Ph

aConditions: 1a (0.2 mmol), 2a (0.2 mmol), 3 (2.0 equiv), catalyst (10 mol%) in

CeH12 was stirred at reflux for 12 h under air. PIsolated yields. ¢80 °C.
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Table S2. Screening of the Reaction Catalysts ?

Q o] catalyst (10 mol%), solvent (1 mL) N/Ts
B é +  TsNH, + NzQL 3\3
Ph—N OEt air, reflux, 12 h Ph—N
1a 2a 3a 4a
entry catalyst diazo (equiv) solvent yield (%)®!
1 Cu(OAc), 3a (2.0) CeHi2 18
2 cul 3a (2.0) CeH1z 19
3 cuo 3a (2.0) CeHiz <5
4 Co(acac), 3a (2.0) CeH12 <35
5 Co(BF,),6H,0 3a (2.0) CeHi2 56
6 Rh,(OAG), 3a (2.0) CeHiz 25
7 Pd(OAc), 3a (2.0) CeH1z <5
8 Ag,CO; 3a (2.0) CeHiz 24
9 Zn(OTH), 3a (2.0) CeHiz 98
10 Cu(OT), 3a (2.0) CoH1z <5
1 AgOTf 3a (2.0) CeHiz 42
12 Ni(OTf), 3a (2.0) CeHio 39
13 Bi(OT), 3a (2.0) CeHiz 62
14 In(OTf), 3a (2.0) CeHiz 34
15 Sc(OTf); 3a (2.0) CeHiz 31
16 Mg(OT), 3a (2.0) CeHi2 60
17 ZnCl, 3a (2.0) CeH12 30
18 Zn(OAc);2H,0 3a (2.0) CeHi2 26
19 Znl, 3a (2.0) CeHry 26
20 ZnF, 3a (2.0) CeHry 28
21 Zno 3a (2.0) CeH1z <5

&Conditions: 1a (0.2 mmol), 2a (0.2 mmol), 3a (0.4 mmol), catalyst (10 mol%) in

CesHa12 was stirred at reflux for 12 h under air.
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©7N\>\:| TsNH,

1a 2a Zn(OTf), (10 mol%)
+
o /@/\ C6H12, reﬂux, 12 h
N
2*)\0& +Bu
3a
O 0
OFt Zn(OTf), (10 mol%)
. TsHN/}(
N o]
CgH 1o, reflux, 12 h
1a 11
(e) . .
H,0 (2.0 equiv.), EDA (4.0 equiv.)
@*N%j Zn(OTf), (10 mol%), CgHy, 75 °C, 12 h

1a

H,"80 (10.0 equiv.), EDA (4.0 equiv.)

o
@*N\»:' Zn(OTf), (10 mol%), CgH12, 75 °C, 12 h
1a

Scheme S1. Mechanistic probes.
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N N_
~ Ts
Ph o Zn(OTf), (10 mol%) 4a
N 0] + TsNH, + NZQJ\ + (a)
g OEt CeH12 (1 mL), reflux, 12 h o o
(@]
1a 2a 3a EtO)K/ \)koa
14
o o Zn(OTf), (10 mol%) o o)
+ b)
OH Na (@) (
EtOJ\/ \)J\OEt CeHiz (1 mL), reflux, 12 h Eto)K/ \)kOEt
13 3a 14

"H NMR of b
*
*
10.0 9.5 9.0 8.5 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 0.5 0.0
fl (ppm)

Figure S1. The Outcome of EDA.

Mechanistic Probes

(a) Cyclopropanation experiment (carbene traps experiment):

o
1a

2 t-Bu
a Zn(OTf), (10 mol%) 0
+
o /@/\ CgHiy, reflux, 12 h OFEt
N

2§)J\oa tBu 10, detected by GC-MS

3a 2 equiv
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(b) Control reaction:

Zn(OTf), (10 mol%)

Ts
Q OEt N
. TsHN/\n/ \
@7'“& ° CgHyy, reflux, 12 h @—N
1a

11
0.2 mmol 0.2 mmol

no 4a detected

(c) High-resolution mass spectrometry (HRMS) analysis:

OEt
0 . . o
H,0 (2.0 equiv.), EDA (4.0 equiv.)
o OH
N Zn(OTf), (10 mol%), CgH4o, 75 °C, 12 h
O
1a
12, detected by HRMS
Intenss_ +MS, 2.5-3.3min #147-200)
10
X -
o o 213.0749
o
1.04 b EtO)K/ OJLOEt | OEt
©/N P + N Oé[w
Exact Mass: 213.0733 OH
0.8 Exact Mass: 162.0913 (0] + H+
. O
\ Eto)k/o\)LOEt
0.6 L +H Exact Mass: 266.1387
162.0932 Exact Mass: 191.0914
\
0.41 ‘i O, 1J i
| b 191.0918 ' 1+
i NS i i 265.1386
0.21 | E ey 71
’ | | |Exact Mass: 184.0733 i 208.1222 : E271,:JSO4
[ | i i i !
! | \ w iJTBB 5 ! E \i 229.0473 24915985 | | s i
0.0 i l‘l i ‘ b b . (NTRTIN. RN A I ‘ l-.,lL!-:
160 180 200 220 240 260 miz
18,
R H,"80 (10.0 equiv.), EDA (4.0 equiv.) 2
@7”& Zn(OTf), (10 mol%), CgH4a, 75 °C, 12 h @7“&
1a ['®0]-1a, detected by HRMS
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Intenss_ +MS, 2.2-3.5min #129-209
x10;
180 (o] [e] 1+
1.0 EtOJ\/O\)LOEt 213'P731
N + + Na i
+ . | 1+
Na Exact Mass: 213.0733 | 215.0776
0.84 I
R0 K. ‘
180
Exact Mass: 186.0775 £o .o
0.6 T Na
o o Exact Mass: 215.0776
5 Eto)k/o\)kOEt
N .
+  Na Exact Mass: 191.0914
©/ 1+ |
L 208.1299 |
0.21 |Exact Mass: 184.0733 1 '
+ 191.0904 !
~_ 184.0722 1 . 2
| 186.0761 : 2110604 | |
0.0k e P T — S I IO NI O . O O W
180 185 190 195 200 205 210 215 miz
(d) Trapping of intermediate:
OEt
(o]
% ) Zn(OTf), (10 mol%) o, NHTs
+  TsNH, + NZQJ\
N OEt CgHi2, 75°C, 12 h QN
1a 2a 3a
E, detected by HRMS
Intens. +MS, 2.5-2.5min #148-152]
2500
OEt 441.1434
2000+ o
NHTs +
o * Na
15001 @N 1 \
Exact Mass: 441.1455
1000
422.5898 47 1342
| s
5001, i i ‘ 470.1481
\ | H : I
! ! i . |
416.1430{] ! ! P i 1387 466.6557 |
] | El i \ E H i !5’ t \ ! : ! :" i ! :'
0 '-".l‘ h‘ui'r!u“l‘.(.d lﬁ-ﬂ.ldi'luut!.i‘h\ i !’xli -'\uinc‘.\,a IlJl\l."};l. -I;JA."!i ! k”!.).ﬂlkiinl
410 420 430 440 450 460 470 miz

(e) Identify the outcome of EDA:
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3a,1eq

Zn(OTH), (10 mol%)

o]
TsNH, N QJ\O J\

2a

CeH1a, 75°C, 12 h

(0] (0]
/\OJVO\)J\O/\

14aa, detected by HRMS

+

/\Ojvo\j\oj\

14ab, detected by HRMS

+

Ao AL

14bb, detected by HRMS

Intenss_ +MS, 2.7-2.8min #163-169
x10
)\ (@] (@]
(0] J\ 241.1059
Ao A,
+
+ —_—>r
104 Na
Exact Mass: 241.1046
0.84
(o] (0] 1+
[e) J\ 227.0917
/\O)K/ \)ko
0.6 +
+
Na —_— |
Exact Mass: 227.0890
0.4+
(0] (0]
oo~
+
0.2+ +
Na
Exact Mass: 213.0733
246.0558
213 iu 219.1215 236.1510
: 222.1328
Yy I I EU —_—
210 215 220 225 230 235 240 245 250 m/z
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(f) NMR study on the model reaction to identify the outcome of EDA:

Ph
\

Ph‘ ] Zn(OTf), (10 mol%) 4a

N O 4+  TsNH, + NzyL .
OEt CgH1o (1 mL), reflux, 12 h o o
O
1a 2a 3a Eto)K/ \)kOEt
14

(a)

o o} Zn(OTf), (10 mol%)

0 0
EtO)K/ o\)koa (b)

CgH1z (1 mL), reflux, 12 h

"H NMR of b
10.0 9.5 9.0 8.5 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 0.5 0.0
fl (ppm)
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Compound Characterizations

(E)-4-Methyl-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4a). Petroleum
ether/ ethylacetate = 3:1, white solid, 61.4 mg, 98% yield, mp: 124.5-125.7 °C. *H NMR (400 MHz,
CDCls) § 7.80-7.78 (m, 2H), 7.48-7.46 (m, 2H), 7.36-7.32 (M, 2H), 7.24-7.18 (m, 3H), 3.88 (t, J =
7.2 Hz, 2H), 3.30 (t, J = 8.0 Hz, 2H), 2.37 (s, 3H), 2.20-2.12 (m, 2H). 3C NMR (100 MHz, CDCls)
0 168.5, 142.1, 140.1, 138.5, 129.1, 128.7, 126.30, 126.27, 122.9, 52.0, 31.9, 21.3, 19.4. HRMS
(ESI-TOF): Anal. Calcd. For C17H1sN20,S+H*: 315.1162, Found: 315.1169; IR (neat, cm-1): v

2917, 2849, 1743, 1536, 1300, 1146, 824, 651.

(E)-N-(1-Phenylpyrrolidin-2-ylidene)benzenesulfonamide (4b). Petroleum ether/
ethylacetate = 3:1, white solid, 57.4 mg, 96% yield, mp: 137.3-139.7 °C. *H NMR (400 MHz,
CDCls) § 7.92-7.90 (m, 2H), 7.50-7.41 (m, 5H), 7.36-7.32 (m, 2H), 7.22-7.19 (m, 1H), 3.89 (t, J =
7.2 Hz, 2H), 3.32 (t, J = 8.0 Hz, 2H), 2.22-2.14 (m, 2H). 3C NMR (100 MHz, CDCl3) & 168.7,
142.9, 138.5, 131.6, 128.7, 128.5, 126.4, 126.3, 123.0, 52.1, 32.0, 19.4. HRMS (ESI-TOF): Anal.
Calcd. For C16H16N202S+H*: 301.1005, Found: 301.1011; IR (neat, cm-1): v 2924, 2852, 1742,

1536, 1300, 1146, 855, 690.

(E)-4-Chloro-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4c). Petroleum
ether/ ethylacetate = 3:1, white solid, 65.5 mg, 98% yield, mp: 136.3—137.7 °C. *H NMR (400 MHz,
CDCls) 6 7.84-7.82 (m, 2H), 7.45-7.33 (m, 6H), 7.24-7.20 (m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.33 (%,

J = 8.0 Hz, 2H), 2.25-2.17 (m, 2H). 3C NMR (100 MHz, CDCls) § 168.7, 1415, 138.3, 137.8,
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128.8, 128.7, 127.8, 126.6, 123.0, 52.2, 32.1, 19.4. HRMS (ESI-TOF): Anal. Calcd. For
Ci16H15%°CIN202S+Na*: 357.0435, CisH153"CIN20.S+Na*: 359.0405, Found: 357.0438, 359.0396;

IR (neat, cm-1): v 2919, 2849, 1745, 1530, 1298, 1147, 752, 619.

(E)-N-(1-phenylpyrrolidin-2-ylidene)-4-(trifluoromethyl)benzenesulfonamide

(4d). Petroleum ether/ ethylacetate = 3:1, white solid, 67.3 mg, 92% yield, mp: 149.8-151.3°C. 'H
NMR (400 MHz, CDCls) § 8.03-8.01 (m, 2H), 7.70-7.68 (m, 2H), 7.44-7.42 (m, 2H), 7.38-7.34 (m,
2H), 7.27-7.22 (m, 1H), 3.94 (t, J = 7.2 Hz, 2H), 3.36 (t, J = 8.0 Hz, 2H), 2.27 — 2.20 (m, 2H). 1*C
NMR (100 MHz, CDCls) & 168.9, 146.4, 138.2, 133.24 (q, J = 32 Hz), 128.8, 126.84, 126.81, 125.7
(@, J = 4 Hz), 123.4 (q, J = 271 Hz), 123.2, 52.4, 32.3, 19.5. HRMS (ESI-TOF): Anal. Calcd. For
C17H15F3N20,S+H*: 369.0879, Found: 369.0884; IR (neat, cm-1): v 2919, 2849, 1748, 1547, 1304,

1103, 689.

(E)-4-Bromo-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4e). Petroleum
ether/ ethylacetate = 3:1, white solid, 70.8 mg, 94% yield, mp: 141.1-142.8 °C. *H NMR (400 MHz,
CDCl3) 8 7.77-7.74 (m, 2H), 7.57-7.55 (m, 2H), 7.44-7.42 (m, 2H), 7.37-7.33 (m, 2H), 7.24-7.20
(m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.32 (t, J = 8.0 Hz, 2H), 2.24-2.16 (m, 2H). 13C NMR (100 MHz,
CDCls) 6 168.7, 142.1, 138.3, 131.7, 128.8, 128.0, 126.6, 126.3, 123.1, 52.2, 32.1, 19.4. HRMS
(ESI-TOF): Anal. Calcd. For C16H15"°BrN20,S+Na*: 400.9930, C16H152'BrN2O,S+Na*: 402.9909,

Found: 400.9941, 402.9943; IR (neat, cm-1): v 2920, 2850, 1737, 1533, 1147, 742, 608.
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(E)-4-Fluoro-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4f). Petroleum
ether/ ethylacetate = 3:1, white solid, 62.1 mg, 98% yield, mp: 108.4-109.9 °C.'H NMR (400
MHz, CDCls) & 7.92-7.89 (m, 2H), 7.46-7.44 (m, 2H), 7.37-7.33 (m, 2H), 7.23-7.20 (m, 1H),
7.13-7.08 (m, 2H), 3.91 (t, J = 7.2 Hz, 2H), 3.33 (t, J = 8.0 Hz, 2H), 2.25-2.16 (m, 2H). 1*C NMR
(100 MHz, CDCls) & 168.6, 164.4 (d, J = 251 Hz), 139.14 (d, J = 3 Hz), 138.4, 128.9 (d, J = 9 Hz),
128.8, 126.5, 123.0, 115.6 (d, J = 23 Hz), 52.2, 32.1, 19.4. HRMS (ESI-TOF): Anal. Calcd. For
C16H1sFN202S+Na*: 341.0730, Found: 341.0740; IR (neat, cm-1): v 2918, 2849, 1748, 1536,

1305, 1148, 844, 671.

(E)-4-Methoxy-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (49).
Petroleum ether/ ethylacetate = 2:1, white solid, 58.3 mg, 88% yield, mp: 68.2-69.6 °C. *H NMR
(400 MHz, CDCls) § 7.84-7.82 (m, 2H), 7.48-7.46 (m, 2H), 7.36-7.32 (m, 2H), 7.21-7.17 (m, 1H),
6.92-6.90 (m, 2H), 3.88 (t, J = 7.2 Hz, 2H), 3.81 (s, 3H), 3.29 (t, J = 8.0 Hz, 2H), 2.20-2.13 (m, 2H).
13C NMR (100 MHz, CDCls) 6 168.4, 162.0, 138.5, 135.0, 128.7, 128.3, 126.2, 122.9, 113.6, 55.4,
52.0, 31.9, 19.4. HRMS (ESI-TOF): Anal. Calcd. For Ci7H1sN20sS+H*: 331.1111, Found:

331.1109; IR (neat, cm-1): v 2923, 2849, 1748, 1546, 1142, 672.

(E)-4-(tert-butyl)-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4h).
Petroleum ether/ ethylacetate = 3:1, white solid, 66.4 mg, 94% yield, mp: 113.9-115.6 °C. 'H NMR
(400 MHz, CDCl3) & 7.84-7.82 (m, 2H), 7.50-7.49 (m, 2H), 7.46-7.44 (m, 2H), 7.37-7.33 (m, 2H),
7.22-7.18 (m, 1H), 3.89 (t, J = 7.2 Hz, 2H), 3.32 (t, J = 8.0 Hz, 2H), 2.21-2.14 (m, 2H), 1.31 (s, 9H).
13C NMR (100 MHz, CDCls) 5 168.6, 155.1, 140.0, 138.6, 128.7, 126.3, 126.1, 125.5, 122.9, 52.0,
34.9, 32.0, 31.0, 19.4. HRMS (ESI-TOF): Anal. Calcd. For CaH24N20.S+Na*: 379.1451, Found:

379.1464; IR (neat, cm-1): v 2961, 2923, 1749, 1551, 1150, 760, 628.
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(E)-4-lodo-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4i). Petroleum
ether/ ethylacetate = 3:1, white solid, 81.5 mg, 96% yield, mp: 132.7-133.6 °C. *H NMR (400 MHz,
CDCl3) 8 7.78-7.76 (m, 2H), 7.62—7.60 (m, 2H), 7.44-7.42 (m, 2H), 7.37-7.33 (m, 2H), 7.23-7.20
(m, 1H), 3.90 (t, J = 7.2 Hz, 2H), 3.31 (t, J = 8.0 Hz, 2H), 2.23-2.16 (m, 2H). 13C NMR (100 MHz,
CDCl3) 6 168.7, 142.7, 138.3, 137.6, 128.8, 127.9, 126.6, 123.0, 98.6, 52.2, 32.1, 19.4. HRMS
(ESI-TOF): Anal. Calcd. For C16H15IN2O2S+Na*: 448.9791, Found: 448.9798; IR (neat, cm-1): v

3043, 2941, 1736, 1532, 1298, 1148, 737.

(E)-2-Methyl-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4j). Petroleum
ether/ ethylacetate = 3:1, white solid, 61.4 mg, 98% yield, mp: 118.7-119.7 °C.*H NMR (400 MHz,
CDCl3)  8.02-8.01 (m, 1H), 7.45-7.44 (m, 2H), 7.38-7.32 (m, 3H), 7.26-7.19 (m, 3H), 3.87 (t, J =
7.2 Hz, 2H), 3.30 (t, J = 8.0 Hz, 2H), 2.61 (s, 3H), 2.21-2.13 (m, 2H). 3C NMR (100 MHz, CDCls)
6 168.8, 140.8, 138.5, 137.4, 132.0, 131.7, 128.7, 127.5, 126.5, 125.4, 123.2, 52.1, 32.0, 20.3, 19.5.
HRMS (ESI-TOF): Anal. Calcd. For Ci7H1sN20O2S+H*: 315.1162, Found: 315.1168; IR (neat,

cm-1): v 2923, 2852, 1745, 1558, 1273, 1115, 692.
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Methyl (E)-2-(N-(1-phenylpyrrolidin-2-ylidene)sulfamoyl)benzoate (4k). Petroleum
ether/ ethylacetate = 2:1, white solid, 41.7 mg, 59% yield, mp: 117.4-118.3 °C. *H NMR (400 MHz,
CDCls) & 8.09-8.06 (m, 1H), 7.54-7.51 (m, 3H), 7.47-7.45 (m, 2H), 7.35-7.31 (m, 2H), 7.22-7.18
(m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.74 (s, 3H), 3.28 (t, J = 8.0 Hz, 2H), 2.23-2.16 (m, 2H). *C NMR
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(100 MHz, CDCl3) & 169.0, 168.1, 140.7, 138.4, 131.6, 131.4, 130.3, 128.7, 128.7, 128.3, 126.5,
123.3, 52.6, 52.3, 32.3, 19.5. HRMS (ESI-TOF): Anal. Calcd. For CigH1sN204S+H*: 359.1060,

Found: 359.1063; IR (neat, cm-1): v 2920, 2850, 1732, 1542, 1289, 1152, 759.

(E)-2-nitro-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (41). Petroleum
ether/ ethylacetate = 3:1, light yellow solid, 68.1 mg, 99% yield, mp: 104.5-107.2 °C. *H NMR (400
MHz, CDCls) & 8.17— 8.13 (m, 1H), 7.65-7.55 (m, 3H), 7.39-7.37 (m, 2H), 7.34-7.30 (m, 2H),
7.22-7.18 (m, 1H), 3.93 (t, J = 7.2 Hz, 2H), 3.37 (t, J = 8.0 Hz, 2H), 2.28-2.20 (m, 2H). 3C NMR
(100 MHz, CDCls) 6 169.2, 147.5, 138.1, 135.7, 132.5, 131.9, 129.6, 128.8, 126.9, 124.1, 123.6,
52.7, 32.9, 19.5. HRMS (ESI-TOF): Anal. Calcd. For CisHi1sN304S+H*: 346.0856, Found:

346.0864; IR (neat, cm-1): v 2923, 2852, 1745, 1531, 1300, 1149, 733.

(E)-2-bromo-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4m).
Petroleum ether/ ethylacetate = 3:1, white solid, 66.9 mg, 89% yield, mp: 107.1-108.6 °C. 'H NMR
(400 MHz, CDCls) & 8.17-8.15 (m, 1H), 7.68-7.66 (m, 1H), 7.50-7.48 (m, 2H), 7.37-7.27 (m, 4H),
7.20-7.16 (m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.38 (t, J = 8.0 Hz, 2H), 2.24-2.16 (m, 2H). 13C NMR
(100 MHz, CDCl3) 6 169.1, 141.5, 138.3, 134.9, 132.7, 129.7, 128.7, 127.2, 126.5, 123.3, 120.3,
52.3, 32.7, 19.5. HRMS (ESI-TOF): Anal. Calcd. For CigHi5°BrN2O,S+Na*: 400.9930,
C16H152'BrN20O2S+Na*: 402.9909, Found: 400.9941, 402.9945; IR (neat, cm-1): v 2921, 2850,

1736, 1532, 1300, 1146, 740.
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(E)-3-Nitro-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (4n). Petroleum
ether/ ethylacetate = 3:1, white solid, 68.5 mg, 99% yield, mp: 132.7-133.8 °C. *H NMR (400 MHz,
CDCls) 6 8.74-8.73 (m, 1H), 8.33-8.30 (m, 1H), 8.22-8.20 (m, 1H), 7.66-7.62 (m, 1H), 7.44-7.36
(M, 4H), 7.27-7.23 (m, 1H), 3.97 (t, J = 7.2 Hz, 2H), 3.39 (t, J = 8.0 Hz, 2H), 2.31-2.23 (m, 2H). 3C
NMR (100 MHz, CDCls) 6 169.0, 147.8, 145.1, 138.0, 131.9, 129.9, 128.9, 127.0, 126.0, 123.3,
121.7,52.5, 32.4, 19.5. HRMS (ESI-TOF): Anal. Calcd. For C16H15N302S+H*: 346.0856, Found:

346.0859; IR (neat, cm-1): v 2920, 2850, 1749, 1528, 1306, 1154, 661.

(E)-3-Bromo-N-(1-phenylpyrrolidin-2-ylidene)benzenesulfonamide (40). Petroleum
ether/ ethylacetate = 20:1, white solid, 74.7 mg, 99% yield, mp: 109.2-110.2 °C. 'H NMR (400
MHz, CDCls) § 8.05 (s, 1H), 7.83-7.81 (m, 1H), 7.61-7.59 (m, 1H), 7.45-7.43 (m, 2H), 7.39-7.35
(m, 2H), 7.33-7.29 (m, 1H), 7.25-7.21 (m, 1H), 3.92 (t, J = 7.2 Hz, 2H), 3.32 (t, J = 8.0 Hz, 2H),
2.25-2.17 (m, 2H).3C NMR (100 MHz, CDCls3) 4 168.8, 144.8, 138.2, 134.6, 130.1, 129.4, 128.8,
126.7, 124.8, 123.1, 122.3, 52.3, 32.2, 19.4. HRMS (ESI-TOF): Anal. Calcd. For
C16H15"°BrN202S+H*: 379.0110, CiH152BrN2O,S+H*: 381.0090, Found: 371.0109, 381.0100;

IR (neat, cm-1): v 2920, 2850, 1747, 1546, 1305, 1149, 654.

(E)-N-(1-phenylpyrrolidin-2-ylidene)naphthalene-2-sulfonamide (4p). Petroleum
ether/ ethylacetate = 2:1, white solid, 62.6 mg, 90% yield, mp: 180.9-182.3 °C. *H NMR (400 MHz,
CDCls) & 8.46 (s, 1H), 7.91-7.84 (m, 4H), 7.59 — 7.52 (m, 2H), 7.47-7.45 (m, 2H), 7.35-7.31 (m
2H), 7.21-7.17 (m, 1H), 3.87 (t, J = 7.2 Hz, 2H), 3.35 (t, J = 8.0 Hz, 2H), 2.20-2.13 (m, 2H). 1*C
NMR (100 MHz, CDCls) 6 168.6, 139.9, 138.4, 134.3, 132.0, 129.1, 128.8, 128.7, 128.1, 127.7,

127.0, 126.7, 126.4, 123.0, 122.6, 52.1, 32.1, 19.4. HRMS (ESI-TOF): Anal. Calcd. For
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C20H18N202S+H*: 351.1162, Found: 351.1163; IR (neat, cm-1): v 2920, 2849, 1733, 1560, 1267,

1139, 671.

(E)-N-(1-phenylpyrrolidin-2-ylidene)quinoline-8-sulfonamide (4q). Petroleum ether/
ethylacetate = 1:2, light yellow solid, 50.7 mg, 72% yield, mp: 173.5-175.8 °C. *H NMR (400 MHz,
CDCl3) § 9.08-9.07 (m, 1H), 8.55-8.53 (m, 1H), 8.22-8.20 (m, 1H), 7.98-7.96 (m, 1H), 7.60-7.56
(m, 1H), 7.50-7.47 (m, 1H), 7.38-7.37 (m, 2H), 7.17-7.13 (m, 2H), 7.08-7.04 (m, 1H), 3.93 (t,J =
7.2 Hz, 2H), 3.70 (t, J = 7.9 Hz, 2H), 2.32-2.25 (m, 2H). 13C NMR (100 MHz, CDCls) & 169.6,
150.7, 147.5,144.0, 138.7, 136.4, 132.7, 130.3, 128.9, 128.5, 126.0, 125.4, 122.9, 121.5, 52.1, 32.8,
19.9. HRMS (ESI-TOF): Anal. Calcd. For Ci9H17N3O2S+Na*: 374.0934, Found: 374.0932; IR

(neat, cm-1): v 2959, 2921, 2852, 1733, 1544, 1277, 1138, 609.

(E)-N-(1-Phenylpyrrolidin-2-ylidene)thiophene-2-sulfonamide  (4r). Petroleum
ether/ ethylacetate = 20:1, white solid, 60.7 mg, 99% yield, mp: 112.3-113.5 °C. 'H NMR (400
MHz, CDCls) & 7.59-7.58 (m, 1H), 7.50-7.46 (m, 3H), 7.39-7.35 (m, 2H), 7.25-7.21 (m, 1H), 7.0—
6.98 (m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.32 (t, J = 8.0 Hz, 2H), 2.23-2.15 (m, 2H). *C NMR (100
MHz, CDCIs) 6 168.8, 144.5, 138.2, 130.4, 130.1, 128.8, 126.7, 126.6, 123.1, 52.3, 32.0, 19.4.
HRMS (ESI-TOF): Anal. Calcd. For Ci4H14N202S2+Na*: 329.0389, Found: 329.0398; IR (neat,

cm-1): v 3094, 2901, 1539, 1292, 1138, 722.

(E)-N-(1-Phenylpyrrolidin-2-ylidene)cyclopropanesulfonamide  (4s).  Petroleum

ether/ ethylacetate = 2:1, white solid, 52.2 mg, 99% yield, mp: 69.4-70.7 °C. *H NMR (400 MHz,
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CDCls) 8 7.55-7.53 (m, 2H), 7.41-7.37 (m, 2H), 7.28-7.21 (m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.32 (1,
J=8.0Hz, 2H), 2.57-2.49 (m, 1H), 2.24-2.16 (m, 2H), 1.16— 1.12 (m, 2H), 0.94-0.89 (m, 2H). 13C
NMR (100 MHz, CDCls) 6 168.2, 138.7, 128.7, 126.1, 122.8, 51.9, 32.2, 31.8, 19.5, 5.1. HRMS
(ESI-TOF): Anal. Calcd. For Ci3H16N2O2S+H*: 265.1005, Found: 265.1018; IR (neat, cm-1): v

2923, 2851, 1750, 1549, 1272, 1136, 733.

(E)-N-(1-Phenylpyrrolidin-2-ylidene)methanesulfonamide (4t) Petroleum ether/
ethylacetate = 2:1, white solid, 41.2 mg, 87% yield, mp: 103.0-103.9 °C. *H NMR (400 MHz,
CDCl3) § 7.51-7.49 (m, 2H), 7.41-7.38 (m, 2H), 7.28-7.22 (m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.33 (t,
J=8.0Hz, 2H), 2.98 (s, 3H), 2.25-2.18 (M, 2H). 3C NMR (100 MHz, CDCls) 5 168.3, 138.6, 128.7,
126.3, 123.0, 52.0, 42.6, 32.0, 19.6. HRMS (ESI-TOF): Anal. Calcd. For Ci1H1sN2O>S+Na*:

261.0668, Found: 261.0679; IR (neat, cm-1): v 2920, 2850, 1746, 1555, 1270, 1131, 759.

(E)-N-(1-Phenylpyrrolidin-2-ylidene)butane-1-sulfonamide (4u). Petroleum ether/
ethylacetate = 3:1, white solid, 51.8 mg, 93% yield, mp: 68.0-69.1 °C.'H NMR (400 MHz, CDCl3)
§7.51-7.49 (m, 2H), 7.41-7.37 (m, 2H), 7.25-7.22 (m, 1H), 3.91 (t, J = 7.2 Hz, 2H), 3.34 (t, J = 8.0
Hz, 2H), 3.02 (t, J = 8.0 Hz, 2H), 2.25-2.17 (m, 2H), 1.85-1.77 (m, 2H), 1.47-1.37 (m, 2H), 0.91 (t,
J =7.4 Hz, 3H).3C NMR (100 MHz, CDCls) 5 168.4, 138.6, 128.6, 126.2, 122.9, 54.2, 51.8, 32.1,
25.6, 21.4, 19.6, 13.5. HRMS (ESI-TOF): Anal. Calcd. For C14H20N20,S+H*: 281.1318, Found:

281.1319; IR (neat, cm-1): v 2955, 2918, 1749, 1562, 1263, 1129, 860, 695.
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(E)-1-Phenyl-N-(1-phenylpyrrolidin-2-ylidene)methanesulfonamide (4v).
Petroleum ether/ ethylacetate = 2:1, white solid, 55.7 mg, 89% yield, mp: 128.7-129.9 °C.'H NMR
(400 MHz, CDCl3) & 7.41 —7.25 (m, 10H), 4.21 (s, 2H), 3.80 (t, J = 7.2 Hz, 2H), 3.06 (t, J = 7.9 Hz,
2H), 2.08-2.01 (m, 2H). *3C NMR (100 MHz, CDCls) & 169.2, 138.4, 131.0, 130.3, 128.6, 128.1,
128.0,126.4,123.3, 60.2, 52.0, 32.0, 19.5. HRMS (ESI-TOF): Anal. Calcd. For C17H1sN20>S+Na*:

337.0981, Found: 337.0993; IR (neat, cm-1): v 2920, 2849, 1735, 1566, 1099, 690.

p-Tolyl  (E)-(1-phenylpyrrolidin-2-ylidene)sulfamate  (4w).  Petroleum ether/
ethylacetate = 4:1, white solid, 53.9 mg, 82% yield, mp: 75.7-76.7 °C. *H NMR (400 MHz, CDCls)
§7.37-7.34 (m, 4H), 7.30-7.25 (m, 1H), 7.16-7.09 (m, 4H), 3.93 (t, J = 7.2 Hz, 2H), 3.25 (t, J = 8.0
Hz, 2H), 2.32 (s, 3H), 2.22-2.15 (m, 2H). 3C NMR (100 MHz, CDCl3) § 170.7, 148.6, 138.0, 136.0,
129.7, 128.8, 127.0, 123.5, 122.0, 52.9, 32.2, 20.8, 19.4. HRMS (ESI-TOF): Anal. Calcd. For
C17H18N203S+Na*: 353.0930, Found: 353.0937; IR (neat, cm-1): v 2917, 2848, 1700, 1557, 1146,

826.

N,N-Dimethyl (E)-(1-phenylpyrrolidin-2-ylidene)sulfamate (4x). Petroleum ether/
ethylacetate = 4:1, colourless liquid, 33.4 mg, 63% yield. *H NMR (400 MHz, CDCls3) 6 7.56-7.54
(m, 2H), 7.41-7.37 (m, 2H), 7.24-7.21 (m, 1H), 3.93 (t, J = 7.1 Hz, 2H), 3.30 (t, J = 8.0 Hz, 2H),
2.72 (s, 6H), 2.25-2.17 (m, 2H). *C NMR (100 MHz, CDCls)  169.5, 138.9, 128.6, 126.0, 122.8,
52.0, 38.9, 32.0, 19.6. HRMS (ESI-TOF): Anal. Calcd. For Ci2H17NsO2S+Na*: 290.0934, Found:

290.0924; IR (neat, cm-1): v 2961, 2878, 1749, 1563, 1302, 1138, 712.
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(E)-1-(Benzo[d]isoxazol-3-yl)-N-(1-phenylpyrrolidin-2-ylidene)methanesulfonami
de (5a). Petroleum ether/ ethylacetate = 2:1, white solid, 46.6 mg, 66% yield, mp: 126.9-128.0 °C.
IH NMR (400 MHz, CDCl3) § 7.80-7.78 (m, 1H), 7.58-7.50 (m, 2H), 7.38-7.32 (m, 4H), 7.26-7.19
(m, 2H), 4.71 (s, 2H), 3.83 (t, J = 7.2 Hz, 2H), 3.15 (t, J = 8.0 Hz, 2H), 2.13-2.05 (m, 2H). 3C NMR
(100 MHz, CDCls) 6 169.1, 163.5, 150.3, 138.1, 129.9, 128.8, 126.8, 123.8, 123.3, 122.9, 121.0,
109.6, 52.3, 51.3, 32.3, 19.4. HRMS (ESI-TOF): Anal. Calcd. For C1sH17N3O3S+Na*: 378.0883,

Found: 378.0871; IR (neat, cm-1): v 2921, 2850, 1748, 1557, 1294, 860, 749.

(E)-N-(1-Phenylpyrrolidin-2-ylidene)-4-(5-(p-tolyl)-3-(trifluoromethyl)-1H-pyraz
ol-1-yl)benzenesulfonamide (5b). Petroleum ether/ ethylacetate = 3:1, white solid, 95.8 mg,
90% yield, mp: 171.7-172.7 °C. *H NMR (400 MHz, CDCls) & 7.90-7.88 (m, 2H), 7.43-7.38 (m,
4H), 7.36-7.32 (m, 2H), 7.26-7.21 (m, 1H), 7.16-7.14 (m, 2H), 7.10-7.08 (m, 2H), 6.72 (s, 1H),
3.92 (t, J = 7.2 Hz, 2H), 3.32 (t, J = 7.9 Hz, 2H), 2.36 (s, 3H), 2.25-2.17 (m, 2H). 3C NMR (100
MHz, CDCls) 6 168.7, 145.0, 142.6, 141.5, 139.5, 138.2, 129.6, 128.8, 128.6, 127.4, 126.6, 125.6,
125.1, 123.1, 105.9, 52.3, 32.1, 21.2, 19.4. °F NMR (376 MHz, CDCls) 6 -62.35. HRMS
(ESI-TOF): Anal. Calcd. For Ca7H23F3N4O2S+Na*: 547.1386, Found: 347.1398; IR (neat, cm-1): v

3141, 2922, 2852, 1741, 1550, 1147, 968,636.
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((3aS,5aR,8aR,8bS)-2,2,7,7-Tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4"

,5'-d]pyran-3a-yl)methyl  ((E)-1-phenylpyrrolidin-2-ylidene)sulfamate  (5c).
Petroleum ether/ ethylacetate = 3:1, colorless sticky liquid, 94.1 mg, 98% yield. *H NMR (400 MHz,
CDCl3)  7.51-7.49 (m, 2H), 7.40-7.36 (M, 2H), 7.26-7.23 (m, 1H), 4.55 (dd, J = 7.8, 2.2 Hz, 1H),
4.38 (d, J=1.7 Hz, 1H), 4.22 (d, J = 8.2 Hz, 1H), 4.17 (d, J = 4.7 Hz, 2H), 3.96 (t, J = 7.2 Hz, 2H),
3.89 (d, J=12.9 Hz, 1H), 3.73 (d, J = 13.0 Hz, 1H), 3.31 (t, J = 7.9 Hz, 2H), 2.26-2.19 (m, 2H), 1.52
(s, 3H), 1.40 (s, 3H), 1.39 (s, 3H), 1.32 (s, 3H). 3C NMR (100 MHz, CDCls) § 170.4, 138.1, 128.8,
126.7, 123.2, 108.9, 108.8, 101.0, 70.6, 69.9, 69.4, 61.1, 52.8, 32.0, 26.4, 25.7, 25.1, 23.9, 19.3.
HRMS (ESI-TOF): Anal. Calcd. For CxH3oN20sS+Na*: 505.1615, Found: 505.1616; IR (neat,

cm-1): v 2988, 2934, 1557, 1156, 862, 606.
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(E)-N-(1-(4-fluorophenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide (6a).

N N\

Petroleum ether/ ethylacetate = 3:1, light yellow solid, 65.9 mg, 99% yield, mp: 128.2-129.8 °C. 'H
NMR (400 MHz, CDCl3) § 7.78-7.76 (m, 2H), 7.46-7.41 (m, 2H), 7.27-7.23 (m, 2H), 7.06-7.00 (m,
2H), 3.86 (t, J = 7.2 Hz, 2H), 3.29 (t, J = 8.0 Hz, 2H), 2.38 (s, 3H), 2.22-2.14 (m, 2H). 13C NMR
(100 MHz, CDCls) & 168.7, 160.4 (d, J = 245 Hz), 142.2, 134.0, 134.54 (d, J = 4 Hz), 129.1, 126.3,
124.9 (d, J=8 Hz), 115.6 (d, J =22 Hz), 52.2, 31.8, 21.4, 19.4. HRMS (ESI-TOF): Anal. Calcd. For
C17H17FN20,S+H*: 333.1068, Found: 333.1058; IR (neat, cm-1): v 2920, 2850, 1738, 1503, 1146,

824, 656.
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(E)-N-(1-(4-chlorophenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide

(6b). Petroleum ether/ ethylacetate = 3:1, white solid, 65.8 mg, 95% yield, mp: 142.5-143.8 °C. 'H
NMR (400 MHz, CDCls) § 7.79-7.77 (m, 2H), 7.46-7.42 (m, 2H), 7.3-7.27 (m, 2H), 7.26-7.24 (m,
2H), 3.86 (t, J = 7.2 Hz, 2H), 3.30 (t, J = 8.0 Hz, 2H), 2.39 (s, 3H), 2.22-2.14 (m, 2H). 3C NMR
(100 MHz, CDCls) 6 168.6, 142.3, 139.8, 137.1, 131.5, 129.2, 128.8, 126.3, 124.0, 51.8, 31.9, 21.4,
19.4. HRMS (ESI-TOF): Anal. Calcd. For C17H17%CIN202S+H*: 349.0772, C17H17°"CIN2O,S+H*:

351.0743, Found: 349.0767, 351.0762; IR (neat, cm-1): v 2920, 2850, 1721, 1545, 1145, 831, 658.
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(E)-N-(1-(4-bromophenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide

(6C). Petroleum ether/ ethylacetate = 3:1, white solid, 78.1 mg, 99% yield, mp: 147.1-148.2 °C. 'H
NMR (400 MHz, CDCls) & 7.79-7.78 (m, 2H), 7.45-7.43 (m, 2H), 7.39-7.37 (m, 2H), 7.26-7.24 (m,
2H), 3.85 (t, J = 7.2 Hz, 2H), 3.30 (t, J = 8.0 Hz, 2H), 2.39 (s, 3H), 2.21-2.14 (m, 2H). 3C NMR
(100 MHz, CDCls) 6 168.5, 142.4, 139.8, 137.6, 131.7, 129.2, 126.3, 124.3, 119.3,51.7, 31.9, 21.4,
19.4. HRMS (ESI-TOF): Anal. Calcd. For C17H17°BrN202S+H*: 393.0267, C17H178BrN,0O,S+H*:

395.0246, Found: 393.0256, 395.0251; IR (neat, cm-1): v 2918, 2849, 1716, 1297, 1144, 827.
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(E)-4-methyl-N-(1-(p-tolyl)pyrrolidin-2-ylidene)benzenesulfonamide (6d).

Petroleum ether/ ethylacetate = 3:1, white solid, 65.0 mg, 99% yield, mp: 75.8-76.7 °C.'"H NMR
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(400 MHz, CDCl3) § 7.79-7.77 (m, 2H), 7.35-7.33 (m, 2H), 7.24-7.21 (m, 2H), 7.15-7.13 (m, 2H),
3.85 (t, J = 7.2 Hz, 2H), 3.28 (t, J = 8.0 Hz, 2H), 2.37 (s, 3H), 2.31 (s, 3H), 2.19-2.11 (m, 2H). *C
NMR (100 MHz, CDCls) 5 168.4, 142.0, 140.2, 136.2, 136.0, 129.2, 129.1, 126.3, 122.8, 52.1, 31.9,
21.3, 20.9, 19.4. HRMS (ESI-TOF): Anal. Calcd. For CisHaoN;0,S+H*: 329.1318, Found:

329.1319; IR (neat, cm-1): v 2921, 2853, 1708, 1540, 1147, 815, 665.
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(E)-N-(1-(4-methoxyphenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide

(6€). Petroleum ether/ ethylacetate = 2:1, white solid, 67.9 mg, 99% yield, mp: 111.2-112.9 °C. 'H
NMR (400 MHz, CDCl3) § 7.79-7.77 (m, 2H), 7.38-7.35 (m, 2H), 7.24-7.22 (m, 2H), 6.88-6.84 (m,
2H), 3.84 (t, J = 7.2 Hz, 2H), 3.78 (s, 3H), 3.28 (t, J = 8.0 Hz, 2H), 2.38 (s, 3H), 2.20-2.13 (m, 2H).
13C NMR (100 MHz, CDCls) 6 168.5, 157.7, 142.0, 140.3, 131.5, 129.1, 126.3, 124.5, 113.9, 55.4,
524, 31.8, 21.4, 19.4. HRMS (ESI-TOF): Anal. Calcd. For CigH20N203S+H*: 345.1267, Found:

345.1279; IR (neat, cm-1): v 2924, 2851, 1707, 1146, 834, 666.
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(E)-N-(1-(4-cyanophenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide (6f).
Petroleum ether/ ethylacetate = 2:1, white solid, 67.3 mg, 99% yield, mp: 161.4-162.7 °C.'H NMR
(400 MHz, CDCls) & 7.80-7.78 (m, 2H), 7.71-7.68 (m, 2H), 7.62-7.59 (m, 2H), 7.28-7.26 (m, 2H),
3.93 (t, J = 7.2 Hz, 2H), 3.35 (t, J = 8.0 Hz, 2H), 2.41 (s, 3H), 2.26-2.18 (m, 2H). 3C NMR (100
MHz, CDCls) 5 168.8, 142.8,142.4,139.4, 132.6, 129.3, 126.4, 122.4, 118.2, 108.8, 51.3, 32.1, 21.4,
19.3. HRMS (ESI-TOF): Anal. Calcd. For C1sH17N30,S+H*: 340.1114, Found: 340.1132; IR (neat,

cm-1): v 2921, 2852, 2222, 1299, 1149, 836, 665.
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(E)-N-(1-(4-(tert-butyl)phenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide
(69). Petroleum ether/ ethylacetate = 3:1, white solid, 56.8 mg, 77% yield, mp: 138.3—-140.6 °C. *H
NMR (400 MHz, CDCl3) & 7.81-8.79 (m, 2H), 7.42—7.40 (m, 2H), 7.36-7.34 (m, 2H), 7.25-7.23 (m,
2H), 3.87 (t, J = 7.2 Hz, 2H), 3.28 (t, J = 8.0 Hz, 2H), 2.38 (s, 3H), 2.19-2.11 (m, 2H), 1.30 (s, 9H).
13C NMR (100 MHz, CDCls) 6 168.5, 149.2, 142.1, 140.2, 135.9, 129.1, 126.4, 125.6, 122.4, 52.1,
34.4, 31.9, 31.2, 21.4, 19.4. HRMS (ESI-TOF): Anal. Calcd. For Cy1H2sN202S+H*: 371.1788,

Found: 371.1783; IR (neat, cm-1): v 2947, 2862, 1709, 1539, 1301, 1150, 656.
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(E)-4-methyl-N-(1-(4-(trifluoromethoxy)phenyl)pyrrolidin-2-ylidene)benzenesulf
onamide (6h). Petroleum ether/ ethylacetate = 3:1, white solid, 43.6 mg, 55% yield, mp:
131.2-132.6 °C.'H NMR (400 MHz, CDCls) 8 7.79-7.77 (m, 2H), 7.55-7.52 (m, 2H), 7.27-7.24
(m, 2H), 7.20-7.18 (m, 2H), 3.89 (t, J = 7.2 Hz, 2H), 3.32 (t, J = 8.0 Hz, 2H), 2.40 (s, 3H), 2.24-2.16
(m, 2H). 3C NMR (100 MHz, CDCls) 5 168.8, 142.5, 139.8,137.1, 129.2, 126.4, 124.2,121.2, 52.0,
31.9, 21.4, 19.4. F NMR (376 MHz, CDCls) § -57.96. HRMS (ESI-TOF): Anal. Calcd. For
Ci1gH17F3N20sS+Na*: 421.0804, Found: 421.0800; IR (neat, cm-1): v 2924, 2853, 1713, 1551,

1147, 674.
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Methyl  (E)-4-(2-(tosylimino)pyrrolidin-1-yl)benzoate  (6i). Petroleum ether/
ethylacetate = 3:1, white solid, 39.2 mg, 53% yield, mp: 122.6-123.6 °C. 'H NMR (400 MHz,
CDCls) 6 8.01-7.99 (m, 2H), 7.81-7.79 (m, 2H), 7.63-7.61 (m, 2H), 7.27-7.25 m, 2H), 3.94 (t, J =
7.2 Hz, 2H), 3.90 (s, 3H), 3.36 (t, J = 7.9 Hz, 2H), 2.40 (s, 3H), 2.25-2.18 (m, 2H). 13C NMR (100
MHz, CDCIs) 6 168.6, 166.2, 142.5, 142.5,139.7, 130.1, 129.2, 127.2, 126.4, 121.9,52.1, 51.6, 32.2,
21.4,19.4. HRMS (ESI-TOF): Anal. Calcd. For C1gH20N204S+H™*: 373.1217, Found: 373.1223; IR

(neat, cm-1): v 2922, 2852, 1710, 1278, 1148, 664.
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(E)-4-methyl-N-(1-(4-(methylsulfonyl)phenyl)pyrrolidin-2-ylidene)benzenesulfon
amide (6j). Petroleum ether/ ethylacetate = 1:1, white solid, 63.0 mg, 81% yield, mp:
181.0-182.8 °C. *H NMR (400 MHz, CDCls) § 7.89-7.87 (m, 2H), 7.81-7.79 (m, 2H), 7.76-7.74
(m, 2H), 7.29-7.27 (m, 2H), 3.95 (t, J = 7.1 Hz, 2H), 3.36 (t, J = 7.9 Hz, 2H), 3.03 (s, 3H), 2.41 (s,
3H), 2.27-2.19 (m, 2H). 13C NMR (100 MHz, CDCls3) § 169.0, 143.2, 142.8, 139.4, 136.9, 129.3,
128.0, 126.3, 122.6, 515, 44.4, 32.0, 21.4, 19.3. HRMS (ESI-TOF): Anal. Calcd. For
C18H20N204S,+H*: 393.0937, Found: 393.0942; IR (neat, cm-1): v 2922, 2852, 1709, 1548, 1144,
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(E)-4-methyl-N-(1-(m-tolyl)pyrrolidin-2-ylidene)benzenesulfonamide (6K).
Petroleum ether/ ethylacetate = 3:1, white solid, 65.0 mg, 99% yield, mp: 95.0-96.4 °C. *H NMR
(400 MHz, CDCl3)  7.80-7.78 (m, 2H), 7.27-7.20 (m, 5H), 7.02-7.01 (m, 1H), 3.86 (t, J = 7.2 Hz,
2H), 3.29 (t, J = 8.0 Hz, 2H), 2.37 (s, 3H), 2.31 (s, 3H), 2.20-2.12 (m, 2H). *C NMR (100 MHz,

CDCl3) 6 168.4, 142.0, 140.2, 138.5, 138.4, 129.0, 128.5, 127.1, 126.2, 123.7, 120.0, 52.1, 31.9,
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21.3,19.4. HRMS (ESI-TOF): Anal. Calcd. For C1gH20N20,S+H*: 329.1318, Found: 329.1306; IR

(neat, cm-1): v 2921, 2853, 1752, 1546, 1144, 669.
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(E)-4-methyl-N-(1-(3-(trifluoromethyl)phenyl)pyrrolidin-2-ylidene)benzenesulfo
namide (61). Petroleum ether/ ethylacetate = 3:1, colorless sticky liquid, 61.3 mg, 80% yield. *H
NMR (400 MHz, CDCls) 6 7.87 (s, 1H), 7.80 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 7.6 Hz, 1H), 7.49-7.42
(m, 2H), 7.26-7.24 (m, 2H), 3.92 (t, = 7.2 Hz, 2H), 3.37 (t, J = 8.0 Hz, 2H), 2.39 (s, 3H), 2.26-2.18
(m, 2H). C NMR (100 MHz, CDCls) § 168.5, 142.5, 139.8, 139.1, 131.0 (g, J = 32 Hz), 129.3,
129.2,127.65 (q, J = 271 Hz), 126.2, 125.4, 122.5 (9, J = 4 Hz), 119.7 (q, J = 4 Hz), 51.5, 32.0, 21.4,
19.4. HRMS (ESI-TOF): Anal. Calcd. For CigH17F3sN20,S+H*: 383.1036, Found: 383.1044; IR

(neat, cm-1): v 2922, 2851, 1558, 1327, 1146, 691.
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(E)-4-methyl-N-(1-(2-nitrophenyl)pyrrolidin-2-ylidene)benzenesulfonamide (6m).
Petroleum ether/ ethylacetate = 1:1, yellow solid, 69.9 mg, 98% yield, mp: 187.5-189.4 °C. 'H
NMR (400 MHz, CDCls) & 7.96-7.94 (m, 1H), 7.66-7.64 (m, 3H), 7.47-7.44 (m, 1H), 7.34-7.32 (m,
1H), 7.24-7.22 (m, 2H), 3.89 (t, J = 7.1 Hz, 2H), 3.18 (t, J = 7.9 Hz, 2H), 2.39 (s, 3H), 2.32-2.24 (m,
2H). 3C NMR (100 MHz, CDCl3) 6 171.1, 145.4, 142.4, 139.2, 134.3, 131.8, 129.0, 128.5, 126.4,
125.6, 125.4, 52.8, 30.9, 21.4, 20.4. HRMS (ESI-TOF): Anal. Calcd. For Ci7H17N304S+H*:

360.1013, Found: 360.1001; IR (neat, cm-1): v 2922, 2852, 1698, 1527, 1144, 666.
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(E)-N-(1-(2-methoxyphenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide

(6n). Petroleum ether/ ethylacetate = 2:1, white solid, 55.3 mg, 81% yield, mp: 150.0-151.5 °C. *H
NMR (400 MHz, CDCl3) § 7.72—7.70 (m, 2H), 7.30-7.25 (m, 1H), 7.20-7.15 (m, 3H), 6.96-6.91 (m,
2H), 3.76-3.72 (m, 5H), 3.20 (t, J = 8.0 Hz, 2H), 2.36 (s, 3H), 2.22-2.15 (m, 2H). 3C NMR (100
MHz, CDCl3) 6 170.7, 154.1, 141.7, 140.5, 129.4, 128.9, 128.2, 126.6, 126.2, 120.6, 112.0, 55.4,
52.0, 30.9, 21.3, 20.0. HRMS (ESI-TOF): Anal. Calcd. For CigH20N203S+H*: 345.1267, Found:

345.1264; IR (neat, cm-1): v 2918, 2848, 1749, 1557, 1145, 751, 668.
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(E)-4-methyl-N-(1-(o-tolyl)pyrrolidin-2-ylidene)benzenesulfonamide (60).
Petroleum ether/ ethylacetate = 2:1, white solid, 49.7 mg, 76% yield, mp: 125.1-126.8 °C. 'H NMR
(400 MHz, CDCls3) 6 7.69-7.67 (m, 2H), 7.22-7.17 (m, 5H), 7.07-7.05 (m, 1H), 3.71 (t, J = 7.2 Hz,
2H), 3.25 (t, J = 8.0 Hz, 2H), 2.35 (s, 3H), 2.26-2.19 (m, 2H), 2.11 (s, 3H). **C NMR (100 MHz,
CDCls) 6 169.9, 141.9, 140.3, 137.0, 134.9, 131.1, 129.0, 128.4, 126.8, 126.3, 126.2, 52.9, 30.9,
21.3, 20.2, 17.7. HRMS (ESI-TOF): Anal. Calcd. For CigH2N20,S+H*: 329.1318, Found:

329.1307; IR (neat, cm-1): v 2920, 2850, 1751, 1283, 1149, 668.
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(E)-N-(1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)pyrrolidin-2-ylidene)-4-methylben
zenesulfonamide (6p). Petroleum ether/ ethylacetate = 2:1, white solid, 73.5 mg, 99% vyield,
mp: 153.2-155.7 °C. *H NMR (400 MHz, CDCls) § 7.80-7.78 (m, 2H), 7.25-7.22 (m, 2H), 6.99—
6.97 (M, 1H), 6.94-6.91 (m, 1H), 6.82-6.79 (M, 1H), 4.22 (s, 4H), 3.81 (t, J = 7.2 Hz, 2H), 3.25 (t, J
= 8.0 Hz, 2H), 2.38 (s, 3H), 2.18-2.10 (m, 2H). 3C NMR (100 MHz, CDCls) & 168.5, 143.2, 142.0,
142.0, 140.2, 131.9, 129.1, 126.3, 117.0, 116.5, 112.6, 64.2, 52.4, 31.8, 21.3, 19.3. HRMS
(ESI-TOF): Anal. Calcd. For CigH20N204S+H*: 373.1217, Found: 373.1214; IR (neat, cm-1): v

2919, 2850, 1749, 1506, 1273, 1145, 662.
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(E)-N-(1-(3,5-dimethylphenyl)pyrrolidin-2-ylidene)-4-methylbenzenesulfonamide
(6q). Petroleum ether/ ethylacetate = 3:1, white solid, 67.6 mg, 99% yield, mp: 59.1-60.2 °C. *H
NMR (400 MHz, CDCls) § 7.81-7.79 (m, 2H), 7.24-7.22 (m, 2H), 7.06 (s, 2H), 6.85 (s, 1H), 3.85 (t,
J=7.2Hz, 2H), 3.28 (t, J = 8.0 Hz, 2H), 2.38 (s, 3H), 2.27 (s, 6H), 2.19-2.12 (m, 2H). 3C NMR
(100 MHz, CDCls) 6 168.4, 142.0, 140.4, 138.3, 138.3, 129.0, 128.1, 126.2, 120.9, 52.2, 31.9, 21.3,
21.2,19.4. HRMS (ESI-TOF): Anal. Calcd. For C1gH22N20,S+H*: 343.1475, Found: 343.1473; IR

(neat, cm-1): v 2917, 2849, 1748, 1549, 1144, 668.
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(E)-4-methyl-N-(1-(3,4,5-trimethoxyphenyl)pyrrolidin-2-ylidene)benzenesulfona
mide (6r). Petroleum ether/ ethylacetate = 1:1, white solid, 67.2 mg, 84% yield, mp: 151.6-152.7
°C. 'H NMR (400 MHz, CDCl3) & 7.82-7.80 (m, 2H), 7.25-7.23 (m, 2H), 6.73 (s, 2H), 3.90 (t, J =

7.2 Hz, 2H), 3.81 (s, 3H), 3.70 (s, 6H), 3.35 (t, J = 8.0 Hz, 2H), 2.39 (s, 3H), 2.24-2.16 (m, 2H). 13C

NMR (100 MHz, CDClz) 6 168.1, 152.8, 142.2, 140.2, 136.1, 134.3, 129.0, 126.3, 100.7, 60.8, 55.9,
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52.2,32.1, 21.3,19.3. HRMS (ESI-TOF): Anal. Calcd. For CoH24N205S+H*: 405.1479, Found:

405.1480; IR (neat, cm-1): v 2919, 2848, 1558, 1120, 665.
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(E)-4-methyl-N-(1-(naphthalen-2-yl)pyrrolidin-2-ylidene)benzenesulfonamide

(6s). Petroleum ether/ ethylacetate = 2:1, white solid, 72.0 mg, 99% yield, mp: 116.5-117.9 °C.*H
NMR (400 MHz, CDCls) § 7.82-8.77 (m, 5H), 7.75-7.72 (m, 1H), 7.69-7.66 (m, 1H), 7.48-7.42 (m,
2H), 7.22-7.20 (m, 2H), 3.94 (t, J = 7.2 Hz, 2H), 3.34 (t, J = 8.0 Hz, 2H), 2.35 (s, 3H), 2.21-2.14 (m,
2H).3C NMR (100 MHz, CDCls) 6 168.6, 142.1, 140.1, 136.1, 133.0, 131.4, 129.1, 128. 4, 127.7,
127.5, 126.5, 126.3, 126.1, 121.7, 120.8, 52.2, 32.0, 21.3, 19.5. HRMS (ESI-TOF): Anal. Calcd.
For Ca1HooN202S+H*: 365.1318, Found: 365.1314; IR (neat, cm-1): v 2919, 2849, 1714, 1549,

1146, 706.
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(E)-4-methyl-N-(1-(thiophen-3-yl)pyrrolidin-2-ylidene)benzenesulfonamide  (6t).
Petroleum ether/ ethylacetate = 3:1, white solid, 61.9 mg, 97% yield, mp: 136.2-137.2 °C.'H NMR
(400 MHz, CDCls) & 7.85-7.83 (m, 2H), 7.53-7.52 (m, 1H), 7.38-7.36 (m, 1H), 7.28-7.23 (m, 3H),
3.91 (t, J = 7.3 Hz, 2H), 3.29 (t, J = 8.0 Hz, 2H), 2.40 (s, 3H), 2.22-2.14 (m, 2H). 3C NMR (100
MHz, CDCls) § 166.9, 142.3, 140.0, 136.8, 129.2, 126.4, 124.6, 121.3, 113.2,51.6, 31.7, 21.4, 19.2.
HRMS (ESI-TOF): Anal. Calcd. For CisH1sN202S+H*: 321.0726, Found: 321.0736; IR (neat,

cm-1): v 2919, 2850, 1736, 1521, 1279, 666.
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(E)-4-methyl-N-(1-(thiophen-2-yl)pyrrolidin-2-ylidene)benzenesulfonamide (6u).

N AN

Petroleum ether/ ethylacetate = 3:1, white solid, 57.3 mg, 90% yield, mp: 136.3—137.6 °C.'H NMR
(400 MHz, CDCls) 4 7.85-7.83 (m, 2H), 7.53-7.52 (m, 1H), 7.38-7.36 (m, 1H), 7.28-7.23 (m, 3H),
3.91 (t, J = 7.4 Hz, 2H), 3.29 (t, J = 8.0 Hz, 2H), 2.40 (s, 3H), 2.22-2.14 (m, 2H). 3C NMR (100
MHz, CDCls) 6 166.9, 142.3, 140.0, 136.8, 129.2, 126.4, 124.6, 121.3, 113.2,51.6, 31.7, 21.4, 19.1.
HRMS (ESI-TOF): Anal. Calcd. For CisH1sN202S+H*: 321.0726, Found: 321.0727; IR (neat,

cm-1): v 2921, 2852, 1736, 1520, 1279, 666.
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Ethyl (R,E)-1-phenyl-5-(tosylimino)pyrrolidine-2-carboxylate (7a). Petroleum ether/
ethylacetate = 3:1, white solid, 74.7 mg, 97% yield, mp: 120.6-121.5 °C. 'H NMR (400 MHz,
CDCl) § 7.76-7.74 (m, 2H), 7.34-7.33 (m, 4H), 7.23-7.21 (m, 3H), 4.74-4.70 (m, 1H), 4.17-4.05
(m, 2H), 3.47-3.39 (m, 1H), 3.31-3.22 (m, 1H), 2.59-2.49 (m, 1H), 2.37 (s, 3H), 2.27-2.19 (m, 1H),
1.13 (t, J = 7.1 Hz, 3H). **C NMR (100 MHz, CDCls) 6 170.4, 169.7, 142.2, 139.8, 137.3, 129.1,
128.8,127.2, 126.2, 124.7, 64.5, 61.8, 30.3, 24.9, 21.3, 13.8. HRMS (ESI-TOF): Anal. Calcd. For
Ca0H22N204S+Na*: 409.1192, Found: 409.1196; IR (neat, cm-1): v 2965, 2922, 2852, 1728, 1560,

1082, 699.
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(E)-4-methyl-N-(2-phenyl-2-azaspiro[4.5]decan-3-ylidene)benzenesulfonamide

(7b). Petroleum ether/ ethylacetate = 5:1, white solid, 58.6 mg, 77% yield, mp: 148.3-149.9 °C. 'H
NMR (400 MHz, CDCls) § 7.80-7.78 (m, 2H), 7.48-7.47 (m, 2H), 7.36-7.32 (m, 2H), 7.24-7.17 (m,
3H), 3.65 (s, 2H), 3.16 (s, 2H), 2.38 (s, 3H), 1.55-1.45 (m, 10H). 3C NMR (100 MHz, CDCls) &
167.8,142.1,140.2,138.8, 129.1, 128.7, 126.3, 126.2, 122.8, 62.6, 44.2, 38.0, 36.0, 25.4, 22.8, 21.4.
HRMS (ESI-TOF): Anal. Calcd. For CaHosN202S+H*: 383.1788, Found: 383.1772; IR (neat,

cm-1): v 2919, 2850, 1747, 1558, 1150, 681.
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(E)-4-methyl-N-(1-phenylazetidin-2-ylidene)benzenesulfonamide (7c). Petroleum

S\\o

ether/ ethylacetate = 3:1, light yellow solid, 35.5 mg, 60% yield, mp: 105.9-107.9 °C. *H NMR (400
MHz, CDCls) & 7.86-7.84 (m, 2H), 7.44-7.42 (m, 2H), 7.35-7.31 (m, 2H), 7.29-7.27 (m, 2H),
7.15-7.11 (m, 1H), 3.98 (t, J = 4.1 Hz, 2H), 3.50 (t, J = 4.1 Hz, 2H), 2.41 (s, 3H). *C NMR (100
MHz, CDCIs) 6 164.5, 142.8, 139.5, 137.8, 129.3, 129.1, 126.6, 125.1, 117.3, 45.0, 32.3, 21.5.
HRMS (ESI-TOF): Anal. Calcd. For Ci6H16N202S+Na*: 323.0825, Found: 323.0830; IR (neat,

cm-1): v 2923, 2853, 1734, 1610, 1147, 895, 681.
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(E)-N-(1-phenylazetidin-2-ylidene)thiophene-2-sulfonamide (7d). Petroleum ether/
ethylacetate = 1:3, white solid, 50.2 mg, 86% yield, mp: 128.8-129.7 °C. *H NMR (400 MHz,
CDCly) & 7.68-7.67 (m, 1H), 7.55-7.53 (m, 1H), 7.48-7.45 (m, 2H), 7.38-7.34 (m, 2H), 7.18-7.15
(m, 1H), 7.07-7.05 (m, 1H), 4.02 (t, J = 4.1 Hz, 2H), 3.53 (t, J = 4.1 Hz, 2H). 13C NMR (100 MHz,

CDCls) 6 164.8, 143.7, 137.7, 131.1, 131.0, 129.2, 127.0, 125.4, 117.5, 45.2, 32.2. HRMS
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(ESI-TOF): Anal. Calcd. For C13H12N202S,+H*: 293.0413, Found: 293.0417; IR (neat, cm-1): v

2920. 1735, 1307, 1138, 1015, 891, 681.
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(E)-3-nitro-N-(1-phenylazetidin-2-ylidene)benzenesulfonamide (7).  Petroleum

2

ether/ ethylacetate = 1:3, white solid, 43.8 mg, 66% yield, mp: 160.6—-161.8 °C. 'H NMR (400 MHz,
CDCls) & 8.805-8.796 (m, 1H), 8.40-8.38 (m, 1H), 8.32-8.30 (m, 1H), 7.74-7.70 (m, 1H), 7.44—
7.42 (m, 2H), 7.38-7.34 (m, 2H), 7.19-7.16 (m, 1H), 4.08 (t, J = 4.1 Hz, 2H), 3.58 (t, J = 4.1 Hz,
2H). 3C NMR (100 MHz, CDCls) & 165.0, 148.1, 144.4, 137.5, 132.3, 130.2, 129.2, 126.6, 125.7,
121.9,117.5, 45.3, 32.6. HRMS (ESI-TOF): Anal. Calcd. For C1sH13N304S+H*: 332.0700, Found:

332.0697; IR (neat, cm-1): v 2919, 1576, 1347, 1013, 895, 762, 677.
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(E)-4-methyl-N-(1-methylpyrrolidin-2-ylidene)benzenesulfonamide (7f). Petroleum
ether/ ethylacetate = 1:1, white solid, 46.8 mg, 93% yield, mp: 157.8—-159.4 °C.'H NMR (400 MHz,
CDCl3) 6 7.82-7.80 (m, 2H), 7.26-7.24 (m, 2H), 3.45 (t, J = 7.3 Hz, 2H), 3.03 (t, J = 8.0 Hz, 2H),
2.96 (s, 3H), 2.39 (s, 3H), 2.08-2.00 (m, 2H). 3C NMR (100 MHz, CDCls)  169.8, 141.9, 140.5,
129.1, 126.4, 51.6, 31.9, 30.6, 21.4, 18.9. HRMS (ESI-TOF): Anal. Calcd. For C12H16N202S+Na*:

275.0825, Found: 375.0834; IR (neat, cm-1): v 2922, 2852, 1733, 1596, 1278, 668.

S35



(E)-N-(1-ethylpyrrolidin-2-ylidene)-4-methylbenzenesulfonamide (7g). Petroleum
ether/ ethylacetate = 1:1, white solid, 38.5 mg, 73% yield, mp: 106.0—107.0 °C. *H NMR (400 MHz,
CDCl3) § 7.82-7.80 (m, 2H), 7.26-7.24 (m, 2H), 3.49-3.43 (m, 4H), 3.03 (t, J = 8.0 Hz, 2H), 2.40 (s,
3H), 2.07-2.00 (m, 2H), 1.13 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) § 169.3, 141.9, 140.6,
129.1, 126.4, 48.8, 39.6, 31.0, 21.4, 19.0, 11.7. HRMS (ESI-TOF): Anal. Calcd. For
C13H1sN202S+Na*: 289.0981, Found: 289.0989; IR (neat, cm-1): v 2922, 2852, 1729, 1579, 1280,

1142, 666.
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(E)-4-methyl-N-(1-octylpyrrolidin-2-ylidene)benzenesulfonamide (7h). Petroleum
ether/ ethylacetate = 3:1, white solid, 53.0 mg, 76% yield, mp: 81.2-82.1 °C. *H NMR (400 MHz,
CDCls) 6 7.81-7.79 (m, 2H), 7.25-7.23 (m, 2H), 3.45-3.38 (m, 4H), 3.04 (t, J = 8.0 Hz, 2H), 2.39 (s,
3H), 2.07-1.99 (m, 2H), 1.56-1.50 (m, 2H), 1.34-1.22 (m, 10H), 0.88 (t, J = 6.9 Hz, 3H). 3C NMR
(100 MHz, CDCls) 6 169.6, 141.8, 140.7, 129.0, 126.3, 49.4, 44.8, 31.7, 31.0, 29.1, 29.0, 26.6, 26.5,
22.5,21.4,19.1, 14.0. HRMS (ESI-TOF): Anal. Calcd. For C19H3N202S+Na*: 373.1920, Found:

373.1921; IR (neat, cm-1): v 2925, 2852, 1732, 1580, 1303, 1143, 672.
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(E)-N-(1-cyclohexylpyrrolidin-2-ylidene)-4-methylbenzenesulfonamide (71).
Petroleum ether/ ethylacetate = 4:1, white solid, 37.4 mg, 59% yield, mp: 188.6—-190.5 °C.'H NMR
(400 MHz, CDCl3)  7.81-7.79 (m, 2H), 7.26-7.24 (m, 2H), 4.20-4.13 (m, 1H), 3.40 (t, J = 7.3 Hz,
2H), 3.01 (t, J = 8.0 Hz, 2H), 2.40 (s, 3H), 2.02-1.95 (m, 2H), 1.80-1.66 (m, 5H), 1.43-1.30 (m, 5H).

13C NMR (100 MHz, CDCls) 6 169.1, 141.8, 140.8, 129.1, 126.4, 52.8, 45.0, 31.3, 29.6, 25.3, 25.1,
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21.4,19.1. HRMS (ESI-TOF): Anal. Calcd. For C17H24N202S+Na*: 343.1451, Found: 343.1461;

IR (neat, cm-1): v 2921, 2849, 1733, 1556, 1137, 666.
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(E)-N-(1-benzylpyrrolidin-2-ylidene)-4-methylbenzenesulfonamide (7j). Petroleum

N\ 7/
4

ether/ ethylacetate = 3:1, white solid, 56.4 mg, 86% yield, mp: 137.7-139.6 °C. 'H NMR (400 MHz,
CDCls) & 7.84-7.82 (m, 2H), 7.31-7.25 (m, 5H), 7.21-7.18 (m, 2H), 4.58 (s, 2H), 3.34 (t, J = 7.3 Hz,
2H), 3.10 (t, J = 8.0 Hz, 2H), 2.40 (s, 3H), 2.04-1.97 (m, 2H). 3C NMR (100 MHz, CDCls) § 169.8,
142.0, 140.4, 134.9, 129.1, 128.7, 128.3, 127.9, 126.4, 48.8, 48.6, 30.9, 21.4, 18.9. HRMS
(ESI-TOF): Anal. Calcd. For CigH20N202S+Na*: 351.1138, Found: 351.1147; IR (neat, cm-1): v

2923, 2854, 1749, 1571, 1140, 667.
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(E)-N-methyl-N-phenyl-N'-tosylacetimidamide (8a). Petroleum ether/ ethylacetate = 5:1,
white solid, 59.2 mg, 98% yield, mp: 78.5-79.4 °C. 'H NMR (400 MHz, CDCl3) & 7.91-7.89 (m,
2H), 7.46-7.42 (m, 2H), 7.40-7.36 (m, 1H), 7.30-7.28 (m, 2H), 7.16-7.14 (m, 2H), 3.34 (s, 3H),
2.41 (s, 3H), 2.29 (s, 3H). 3C NMR (100 MHz, CDCls) § 166.0, 143.1, 142.0, 140.8, 130.0, 129.1,
128.5, 126.7, 126.3, 40.3, 21.4, 19.4. HRMS (ESI-TOF): Anal. Calcd. For CisH1sN20,S+H*:

303.1162, Found: 303.1170; IR (neat, cm-1): v 2921, 2869, 1745, 1537, 1270, 1083, 770, 681.
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(E)-N,N-diphenyl-N"-tosylacetimidamide (8b). Petroleum ether/ ethylacetate = 4:1, light
yellow solid, 71.5 mg, 99% yield, mp: 147.9-148.9 °C. *H NMR (400 MHz, CDCl3)  7.62-7.60 (m,
2H), 7.35-7.21 (m, 10H), 7.15-7.13 (m, 2H), 2.53 (s, 3H), 2.34 (s, 3H). 3C NMR (100 MHz, CDCls)
0166.3,141.8, 140.4, 129.6, 129.4,128.8, 127.1, 126.3, 126.0, 21.3, 20.3. HRMS (ESI-TOF): Anal.
Calcd. For C21H20N20,S+H*: 365.1318, Found: 365.1315; IR (neat, cm-1): v 2917, 2849, 1743,

1489, 1271, 1088, 684.
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(E)-N-methyl-N-phenyl-N'-tosylbenzimidamide (8c). Petroleum ether/ ethylacetate =
4:1, white solid, 40.7 mg, 56% yield, mp: 104.7-106.1 °C. *H NMR (400 MHz, CDCls) 6 7.62-7.60
(m, 2H), 7.19-7.05 (m, 10H), 6.95-6.93 (m, 2H), 3.52 (s, 3H), 2.36 (5, 3H). 1*C NMR (100 MHz,
CDCls) & 166.6, 143.3, 141.7, 140.7, 132.3, 129.4, 129.1, 128.8, 128.7, 127.4, 127.3, 127.3, 126.5,
40.8, 21.4. HRMS (ESI-TOF): Anal. Calcd. For C21H20N20O,S+Na*: 387.1138, Found: 387.1139;

IR (neat, cm-1): v 3355, 3260, 2921, 2851, 1741, 1522, 1147, 679.

(E)-N-(1-(indolin-1-yl)ethylidene)-4-methylbenzenesulfonamide (8d). Petroleum

ether/ ethylacetate = 2:1, white solid, 58.1 mg, 93% yield, mp: 177.5-178.6 °C. *H NMR (400 MHz,
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CDCls) 5 8.20-8.18 (m, 1H), 7.87-8.86 (m, 2H), 7.28-7.26 (m, 2H), 7.17-7.15 (m, 1H), 7.10-7.01
(m, 2H), 4.03 (t, J = 8.2 Hz, 2H), 3.15 (t, J = 8.1 Hz, 2H), 2.63 (s, 3H), 2.40 (s, 3H). *C NMR (100
MHz, CDCls) § 162.2, 142.1, 141.7, 140.6, 132.7, 129.2, 127.4, 126.3, 125.0, 124.6, 119.3, 49.7,
27.1, 21.4, 20.6. HRMS (ESI-TOF): Anal. Calcd. For Ci7HisN20,S+H*: 315.1162, Found:

315.1169; IR (neat, cm-1): v 2918, 2849, 1734, 1132, 754, 660.

(E)-N-(1-(3,4-dihydroquinolin-1(2H)-yl)ethylidene)-4-methylbenzenesulfonamide

(8e). Petroleum ether/ ethylacetate = 5:1, white solid, 63.6 mg, 97% yield, mp: 104.5-107.1 °C. *H
NMR (400 MHz, CDCl3)  7.90-7.88 (m, 2H), 7.29-7.27 (m, 2H), 7.22—7.18 (m, 3H), 7.03-7.02 (m,
1H), 3.87 (t, J = 6.9 Hz, 2H), 2.67 (t, J = 6.5 Hz, 2H), 2.63 (s, 3H), 2.41 (s, 3H), 1.97-1.90 (m, 2H).
13C NMR (100 MHz, CDCl3) 6 165.0, 142.0, 140.6, 137.5, 129.0, 128.3, 127.0, 126.4, 126.2, 126.1,
124.8, 45.8, 26.4, 23.7, 21.3, 20.1. HRMS (ESI-TOF): Anal. Calcd. For CigH20N20,S+H*:

329.1318, Found: 329.1326; IR (neat, cm-1): v 2922, 2851, 1749, 1492, 1082, 753.
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(E)-N-(2-(4-chlorophenoxy)-1-(pyrrolidin-1-yl)ethylidene)-4-methylbenzenesulfo

namide (8f). Petroleum ether/ ethylacetate = 3:1, white solid, 53.2 mg, 68% yield, mp:
118.8-120.3 °C. *H NMR (400 MHz, CDCls) & 7.82-7.80 (m, 2H), 7.23—7.21 (m, 4H), 6.89-6.87
(m, 2H), 5.26 (s, 2H), 3.62 (t, J = 6.7 Hz, 2H), 3.53 (t, J = 7.0 Hz, 2H), 2.38 (s, 3H), 1.98-1.91 (m,
2H), 1.88-1.82 (m, 2H). 13C NMR (100 MHz, CDClIs) & 160.0, 155.7, 142.0, 140.8, 129.4, 129.0,
126.8, 126.2, 115.8, 64.2, 49.4, 48.7, 26.0, 23.5, 21.3. HRMS (ESI-TOF): Anal. Calcd. For
C19H21%CIN,03S+H*: 393.1034, C19H213’CIN,03S+H*: 395.1005, Found: 393.1024, 395.0978; IR

(neat, cm-1): v 2921, 2851, 1541, 1082, 837, 696.
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(E)-4-methyl-N-(3-phenyl-1-(pyrrolidin-1-yl)propylidene)benzenesulfonamide

(89). Petroleum ether/ ethylacetate = 4:1, white solid, 39.5 mg, 56% yield, mp: 126.6-128.5 °C. *H
NMR (400 MHz, CDCls) & 7.89-7.87 (m, 2H), 7.31-7.19 (m, 7H), 3.49 (t, J = 6.5 Hz, 2H), 3.30 (t,
J=6.2 Hz, 2H), 3.15-3.11 (m, 2H), 3.08-3.04 (m, 2H), 2.39 (s, 3H), 1.86-1.80 (m, 4H). 3C NMR
(100 MHz, CDCl3) 6 165.6, 141.7, 141.6, 140.1, 129.0, 128.5, 128.5, 126.5, 126.1, 48.6, 47.5, 34.8,
32.8,25.7, 24.1, 21.4. HRMS (ESI-TOF): Anal. Calcd. For CzoH24N20,S+H*: 357.1631, Found:

357.1624; IR (neat, cm-1): v 2919, 2850, 1747, 1541, 1252, 697.

(E)-N-(cyclohexyl(morpholino)methylene)-4-methylbenzenesulfonamide (8h).
Petroleum ether/ ethylacetate = 2:1, white solid, 31.5 mg, 45% yield, mp: 133.9-135.0 °C.'H NMR
(400 MHz, CDCl3) & 7.81-7.79 (m, 2H), 7.26-7.24 (m, 2H), 3.72-3.62 (m, 9H), 2.40 (s, 3H), 1.87—
1.70 (m, 6H), 1.61-1.52 (m, 2H), 1.19-1.13 (m, 2H). 23C NMR (100 MHz, CDCls) § 170.0, 141.7,
141.6, 129.0, 126.1, 66.6, 47.6, 43.4, 40.2, 29.6, 29.2, 28.3, 26.0, 25.7, 25.4, 21.4. HRMS
(ESI-TOF): Anal. Calcd. For CigH2sN203S+H*: 351.1737, Found: 351.1725; IR (neat, cm-1): v

2922, 2850, 1740, 1534, 1138, 870, 667.
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(E)-4-methyl-N-(1-morpholinoethylidene)benzenesulfonamide (8i). Petroleum ether/
ethylacetate = 1:1, white solid, 49.2 mg, 88% yield, mp: 116.7-117.6 °C. *H NMR (400 MHz,
CDCls) § 7.81-7.79 (m, 2H), 7.27-7.25 (m, 2H), 3.75-3.73 (m, 2H), 3.72-3.69 (m, 2H), 3.67-3.65
(m, 2H), 3.53-3.50 (m, 2H), 2.52 (s, 3H), 2.40 (s, 3H). 13C NMR (100 MHz, CDCls) & 164.5, 142.0,
140.7, 129.1, 126.2, 66.2, 66.2, 46.5, 44.5, 21.4, 17.5. HRMS (ESI-TOF): Anal. Calcd. For
Ci13H18N203S+Na*: 305.0930, Found: 309.0940; IR (neat, cm-1): v 2921, 2856, 1730, 1535, 1260,

675.

Methyl (E)-(1-(tosylimino)ethyl)-L-prolinate (8j). Petroleum ether/ ethylacetate = 1:1,
colorless sticky liquid, 42.0 mg, 65% yield. 'H NMR (400 MHz, CDCls) 6 7.75-7.73 (m, 2H), 7.24—
7.22 (m, 2H), 4.53-4.50 (m, 1H), 3.71-3.66 (m, 1H), 3.59-3.55 (m, 1H), 3.53 (s, 3H), 2.51 (s, 3H),
2.39 (s, 3H), 2.25-2.10 (m, 2H), 2.04-2.00 (m, 2H). 3C NMR (100 MHz, CDCls) § 171.7, 164.0,
141.8,140.7, 128.9, 126.1, 60.7, 52.0, 48.4, 29.2, 24.3, 21.4, 18.8. HRMS (ESI-TOF): Anal. Calcd.
For CisHooN204S+H*: 325.1217, Found: 325.1203; IR (neat, cm-1): v 2923, 2852, 1741, 1538,

114, 704.

(E)-N,N-dimethyl-N*-tosylacetimidamide (8k). Petroleum ether/ ethylacetate = 1:1, white
solid, 32.2 mg, 68% yield, mp: 105.6-107.4 °C. *H NMR (400 MHz, CDCls) § 7.83-7.81 (m, 2H),
7.26-7.24 (m, 2H), 3.09 (s, 3H), 3.07 (s, 3H), 2.49 (s, 3H), 2.40 (s, 3H). 3C NMR (100 MHz, CDCls)

0 165.8, 141.8, 141.1, 129.1, 126.2, 38.8, 38.8, 21.4, 18.0. HRMS (ESI-TOF): Anal. Calcd. For
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C11H1sN202S+Na*: 263.0825, Found: 263.0831; IR (neat, cm-1): v 2921, 2851, 1729, 1572, 1251,

683.

(E)-2-chloro-N,N-diethyl-N*-tosylacetimidamide (8I). Petroleum ether/ ethylacetate =
3:1, yellow solid, 24.7 mg, 40% yield, mp: 68.5—69.5 °C.*H NMR (400 MHz, CDCl3) § 7.84-7.82
(m, 2H), 7.27-7.24 (m, 2H), 4.71 (s, 2H), 3.51-3.44 (m, 4H), 2.40 (s, 3H), 1.28 (t, J = 8.0 Hz, 3H),
1.09 (t, J=7.1 Hz, 3H).3C NMR (100 MHz, CDCls) 6 159.8, 142.1, 140.5, 129.0, 126.2, 43.6, 43.5,
34.4, 21.4, 14.1, 11.6. HRMS (ESI-TOF): Anal. Calcd. For Ci3H19*°CIN,O,S+H*: 325.0748,
Ci13H16°"CIN,0,S+H": 327.0718, Found: 325.0758, 327.0714; IR (neat, cm-1): v 2978, 2874, 1733,

1556, 1143, 669.

(E)-N,N-dimethyl-N'-tosylformimidamide (9a). Petroleum ether/ ethylacetate = 1:1,
white solid, 44.4 mg, 98% vield, mp: 124.3-125.3 °C. 'H NMR (400 MHz, CDCls) 5 8.13 (s, 1H),
7.78-7.76 (m, 2H), 7.26-7.24 (m, 2H), 3.12 (s, 3H), 3.00 (s, 3H), 2.39 (s, 3H). 23C NMR (100 MHz,
CDCls) 4 159.0, 142.3, 139.5, 129.2, 126.4, 41.4, 35.4, 21.4. HRMS (ESI-TOF): Anal. Calcd. For
C10H14N20,S+Na*: 249.0668, Found: 249.0676; IR (neat, cm-1): v 2922, 2852, 1619, 1278, 1143,

910, 667.
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(E)-N-methyl-N-phenyl-N'-tosylformimidamide (9b). Petroleum ether/ ethylacetate =
5:1, white solid, 56.9 mg, 99% yield, mp: 94.7-96.0 °C. *H NMR (400 MHz, CDCl3) & 8.57 (s, 1H),
7.84-7.82 (m, 2H), 7.45-7.41 (m, 2H), 7.34-7.28 (M, 3H), 7.20-7.19 (m, 2H), 3.44 (s, 3H), 2.41 (s,

3H). 3C NMR (100 MHz, CDCls) 5 158.3, 143.1, 142.8, 138.8, 129.8, 129.3, 127.2, 126.6, 122.0,
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35.9, 21.4. HRMS (ESI-TOF): Anal. Calcd. For C1sH1sN20O>S+H*: 289.1005, Found: 289.1016; IR

(neat, cm-1): v 2921, 2851, 1743, 1566, 1143, 763, 672.
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(E)-N,N-diethyl-N'-tosylformimidamide (9c). Petroleum ether/ ethylacetate = 2:1, white
solid, 50.2 mg, 99% yield, mp: 54.5-55.4 °C. 'H NMR (400 MHz, CDCl3) § 8.14 (s, 1H), 7.77-7.75
(m, 2H), 7.26-7.24 (m, 2H), 3.47 (q, J = 7.2 Hz, 2H), 3.38 (q, J = 7.2 Hz, 2H), 2.39 (s, 3H), 1.25 (t,
J=7.2Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCls) 5 158.0, 142.1, 139.7, 129.2,
126.2, 46.9, 40.8, 21.3, 14.4, 12.0. HRMS (ESI-TOF): Anal. Calcd. For Ci2H1sN20.S+Na*:

277.0981, Found: 277.0976; IR (neat, cm-1): v 2984, 2875, 1748, 1607, 1280, 1142, 670.
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(E)-N,N-diisopropyl-N*-tosylformimidamide (9d). Petroleum ether/ ethylacetate = 5:1,
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white solid, 55.0 mg, 98% yield, mp: 103.6—-104.8 °C. *H NMR (400 MHz, CDCls) & 8.25 (s, 1H),
7.76-7.74 (m, 2H), 7.26-7.24 (m, 2H), 4.52 (dt, J =13.6, 6.8 Hz, 1H), 3.69 (dt, J = 13.6, 6.8 Hz, 1H),
2.39 (s, 3H), 1.31(d, J=6.8 Hz, 6H), 1.21 (d, J = 6.8 Hz, 6H). *3C NMR (100 MHz, CDCls) 6 156.2,
142.0, 139.8, 129.1, 126.1, 48.4, 47.8, 23.5, 21.3, 19.5. HRMS (ESI-TOF): Anal. Calcd. For
C14H2:2N20,S+H*: 283.1475, Found: 283.1478; IR (neat, cm-1): v 2925, 2854, 1747, 1595, 1146,

669.
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(E)-4-methyl-N-(piperidin-1-ylmethylene)benzenesulfonamide  (9e).  Petroleum
ether/ ethylacetate = 3:1, white solid, 52.7 mg, 99% yield, mp: 150.3—151.4 °C. *H NMR (400 MHz,
CDCl3) 6 8.12 (s, 1H), 7.77-7.75 (m, 2H), 7.26-7.24 (m, 2H), 3.58 (t, J = 5.0 Hz, 2H), 3.41 (t, J =
5.0 Hz, 2H), 2.39 (s, 3H), 1.70-1.66 (m, 4H), 1.59-1.55 (m, 2H). *C NMR (100 MHz, CDCls) &
157.2,142.2,139.6,129.2, 126.3,51.8, 44.5, 26.3, 24.7, 23.8, 21.3. HRMS (ESI-TOF): Anal. Calcd.
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For Ci3H1gN20,S+H*: 267.1162, Found: 267.1170; IR (neat, cm-1): v 2924, 2856, 1732, 1603,

1145, 670.
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(E)-4-methyl-N-(morpholinomethylene)benzenesulfonamide (9f). Petroleum ether/
ethylacetate = 1:1, white solid, 52.9 mg, 99% yield, mp: 164.1-165.6 °C. *H NMR (400 MHz,
CDCl3) & 8.22 (s, 1H), 7.77-7.75 (m, 2H), 7.28-7.26 (m, 2H), 3.75-3.72 (m, 2H), 3.66 (s, 4H),
3.51-3.49 (m, 2H), 2.40 (s, 3H). 13C NMR (100 MHz, CDCls) & 157.6, 142.5, 139.1, 129.3, 126 .4,
66.7, 65.8, 50.2, 44.1, 21.4. HRMS (ESI-TOF): Anal. Calcd. For Ci12H16N203S+H*: 269.0954,

Found: 269.0961; IR (neat, cm-1): v 2922, 2851, 1735, 1605, 853, 668.
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Spectroscopic data for products

8500

8000

7500

7000
6500
6000
5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

Y
r-500

000—

9T1—

44
i&/
91T

wﬁNN
ONAN\

LET

8T'¢
OM.MW
Nm.m

98'¢
wwﬁ\
68°¢

8I'L
61°L
1L
wL
vTL
9T'L
L
veL

'L

8L'L
08°L /

CHj

0T

=10'¢

=00

0.0

0.5

20 15 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

7.5

9.0 85 80

9.5

10.0

f1 (ppm)

230
220
210
200
190

180
170
160
150
r 140
130

120
110
100
90
r80
70

el ~
ye1c—

Y6'1€—

00CS —

89°9L
oo.EW
Nm.k

ow.mﬁ
LT9T1 /
0€9Cl1

89°8C1 -1
60'6T1 \
€681 M
crovt

eyl \

PS891 —

CH3

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S45



7500

7000

6500

6000
5500
5000
4500

4000

3500

3000

2500

2000

r 1500

1000

000—

9T —

144
ENW
81T

0TT w\
e

0¢'e
Nm.mW
ee

L8'E
ow.m“\
16°¢

61°L
wL
L
9¢’L
WL
€L
'L
LY'L
8SY'L

06'L
OQ&N
'L

60 55 50 45 40 35 30 25 20 15 1.0 05 00

6.5

7.0

75

90 85 80

9.5

f1 (ppm)

280
260

240

220

200
180
r 160

r140

120

wel —

€0Te—
80°Cs —

89°9L
oo.EW
Nm.k

$6°CC1
9T9T1
6£9C1
6¥'8C1
1L78C1

65 1€l —

9P 8El —
€6'Trl —

99891 —

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S46



=3 =3 =3 =3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
el =1 vy (=3 v (=3 vy =3 vy (=3 wy (=3 wvy =1
AR R P AU L G AP N LA AN S AR
000 —
(=3
(=3 =3
(=] =3
ol — T ° <
(=3
L1'T 0T'L— U
Q.N/ TL—
17T .
vt \ vTL m
STT 17—
(=3
1€°¢ @
mm.mW €€L ) e
se€
TS e
o
06'€ = seL— =&
;.m\ LeL—
€6°¢ oo — s
L — =
SrL—
SvL— 3
St'L
0T'L
wL
vTL
LTL
€L
vEL
SEL B
LEL o 00T
. - ko9
WL - 00T
v/

0.0

0.5

20 15 1.0

2.5

40 35 3.0

4.5

60 55 50

6.5

7.0

7.5

9.0 85 80

9.5

f1 (ppm)

= = o = o = o o = =3
(=3 (=3 =3 (=3 (=3 =3 (=3 [=3 =1 —
(=} 0 o~ =) w < o o — (=] '
. , . , , , , , . , .
(=3 (=3 (=3 (=3 =3 E
grel— @& T R K = o -
, . , . . , «
[re
vo€Cl — - —
€ree— | -
=
- o
65921 — -
ws— sul— - ——————— L& -
L8el - —————
sz | 2
E
g
o0t =
< —
! re
=
-
08°LET ~ — L&
1€°8€T — — -
=
-
€5 TPl — — | g
v0'€T1 -
%@N_W
18°LT1~\ _ -
1L8C1
LLSTI
08'LET -—F
1esel /; _ ]
it 5]
o
89'891 — = [3) [
<

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S47



4000

3500

3000

2500

2000

1500

1000

500

000—

9T 1 —

0T'C
NN.N/

X%
mN.NW\
LTT

vm.m/

9e'e -
mm.m\
wE—=

96'¢

wL
vTL
STL
LTL
vEL
9¢'L
8¢€L
wiL
'L
89°'L—
108 —+=

£0'8 /

10'1

10T
Yooz
=0T
00T

0.0

0.5

20 15 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

=3 (=3 (=3 =3 (=3 (=3 (=3 (=3 f=3 (=3 o
vy (=3 w =1 w (=3 wy (=3 wy =1 (=3 w
vy vy <t <t o o o o — — w) (=] I
, , , . , , . , . . , , .
=3 (=3 (=3 (=3
w) (=3 sl S (=3
(o] o — — wvy (=]
AR R
Lrel— zeelr — -3 [ -
(=3
g
0£7€ — r
N
€0el — - Fo
S1Ect r
3
or'zs — : [ - -
YLYTT — =
09571 — - o
W FSE
&
e
. 1892+ o=
899L~  prLTl— - o
00°LL i e
it ST =
(=3
Fe
Te611 o
E R
f0eely  gzer ;L
81°€C1 cor \ -3
Lol LOEET ~ 3t
oveel - - <
09°5T1 zree1 /- > [ 3
v9'5T1 E -
89°5T1 = m
vsoz1 /- - -
SLTEl— -=
€7'8€T — w -
w
0ror] — w -
_0
16891 — M -

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S48



7000
6500

6000

5500

5000
4500

4000

3500

3000

2500

2000

r 1500

1000

9T —

91T
wﬁ.NW
0TC

NN.NW\
¥Te

om.m/

(423
e /

68°¢ =
;.mw\
[{x3

0TL
wL
vTL
LTL
€L
A
LELT
WL
vrL
ssL
LS'L
YL
L

e

SO0
200T
E0pd
10T
Mot

H/co.m

40 35 30 25 20 15 1.0 05 0.0

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

9.5

o =) = =3 =3 o =3 o o = =
e} ¥ Q S ) & 5 Q S o Q F
e, e ey T T T T 0% R K
. o

vwel— = 8 8 f & o
. . : . LS -
¥ o
PITE— coer— :
S0°€Tl O -
3 L e
1 Q
LT9TI I
YTIS— 19921 — - 1
: ®©
9L — ————————F L a
8L8I—
3 <
L en
89°9L i -
00°LL . ~E
Nm.E\ 69'1€1 1 FEE
3 =
= Lo
e
Fa

S0€Tl £ -

LTIT1 0€'8ET — -—3 re

19921

omﬁ_y/z . LS

8L°8TI -t ]

ot 3 «

oIt SOTHT — — Y

0£'8€1 — e

S0TH1 —

@

69891 —

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

S49



9000
8000
7000

6000

5000

4000

3000

2000

1000

9T —

LT
oﬁ.m/

0T
NN.NW\
e

1ee
mmAmW
se'e

68°¢€ —=
;dw\
£6'¢

80°L

or'L

oL

€L

0zL

wL

€L

LTL w
€CL-E

seLy

68°L

8L

06'L

06'L =

162 o= \
6L =
6L

——===== 1507

10C
Zoo
07T

H/oo,m

0T

1.0 05 00

1.5

2.0

25

40 35 30

50 45
f1 (ppm)

60 55

6.5

7.0

75

8.0

8.5

9.0

9.5

(=3 (=3 (=3 (=3 (=3 (=3 [=3 o
=3 vy (=3 ' (=1 sl = (=3 iy
< [ag] o o o — — wvy (=] 0
B ! ! | | | ! | i |
Pr61— -
=3 (=3 =3 .
i=3 vy = (=3
A — —_— wy <
| ! ! f - _
00TE— cpory— —_— = -
soci1/ 3
- 3
LITS — £ u - 3
10°€Tl
3 e
89°9L 3 S
e/ €s9TI— e W
S8l
&=
G8'8T1 Wd‘ 3
v6'8TI a
3
E H
SPSIT a
wo,m:V - i
10°€71 — mm.wﬁ/ 3
£5°9T1 — TI6El _ B 1
SL'8Tl /" ST6El — A
8€'8€1
Tr6gl AN —
SI6E1
w
01°€91 ~ ]
1991 — o —
. = Y _—
09891 -~ o= < 3

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S50



(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 =3 =3 =3 =3 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 S
el =3 sl (=3 v =3 vy (=3 ' i=3 sl = (=3 iy
o ) wy wvy A < [ag] o o o — — wv 1
i i f f i i ! X | | ! ! f |
000-—
9T —
€1C
mﬁ.m/
LT 0T
E.NW
07T
LTE
ON.MW =0T
1€°¢
18°€ — 10°¢
98°c 00T
88°€
68°¢
=3 (=3 =3 (=3
=3 (=3 =3 (=3 =3
vy (=3 vy (=] =3
(o] (] — — vy
AR
069~ 2
69
=
o~
LUL
069~ QEV
w9~ 1TL—
L1'L—9O_o LTL—
L—
8y'L< veL 7
WL+ 9¢'L
vsr/ obL —
_0
o=? o

0.0

0.5

20 15 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

75

90 85 80

9.5

10.0

f1 (ppm)

S o 9 © 9 © © © © © o o o
S O ® - O n ¥+ 0 a4 —- O o O O <o o <o o o O —_
A = = = = e e = = = = & ® R D B T A= o TG
A A AN AN NI S
el — -
88°1€ — -
X o o o
se1s— 8 B 8 g -
@w.mﬁw‘L
<
3
89°9L -
00°LL e -
ST £
[ o ) 2
sToet — [ 3
a
6T8TT ~ -
89871 3
(=3
@
€OETT —
68Tl m
mm.oﬁﬁ
89°8T1 -
L6vET— -
pREI— -
I
-0
00791 — -
17891 — o = O o -
<

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S51



=3 = o =3 =
(=3 =3 (=3 (=3 (=3 =3 (=3 (=3 =3 (= (=3 (=3 =3 S
(=3 i=3 (=1 (=3 (=3 (=3 (=3 (=3 i=3 (=3 (=3 (=3 i=3 S
(3] (3] — =1 (=3 [=3 (=4 (=3 =3 =3 (=3 (=3 = —
— — — — (=) o0 o~ =) wy <t o o — (=] 1
, : , . . : , : , ; , . . , ,
000-— -
€1 — =106
v1°T
E.N/
Lt g S s —=== 07T
Q.mw ks = b o
ﬁNN L L L L w
=~
oc'e 8IL— 5
e 0T'L— ~ ——s =0T
peel wL—
&
L8°€—+ . N — 00T
Pt 9T'L
16'€ &
“E
€L — oS
SeL— o=
LEL—
(=
I
8I'L =
0TL .
oL — “
L 9L — N
9L
€€'L £ o FLi— 2
SEL £O 5 osL— ~ .
LEL 5 01
vrL ot
9L - H\NO.N
i o7
WL - 20T
par/
_o

0.0

0.5

20 15 1.0

25

40 35 3.0

4.5

60 55 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

170
r 160

150

r 140

130

120
110
100

90

80

r70

60

r50

L40

r30

F20

r10

r-10

r-20

Sv'6l —

€0'1€

66'1€
687E~

0TS —

89°9L
00°LL
TELL /

yedl

85Tl M
019zl -
6C9T1f
sl

95'8€T —
86°6€1 7

crsst —

£9°891 —

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

8§52



4000

3500
3000

2500

2000

1500

1000

500

0T'L
wL
€L
LTL

€eL -
SEL V

LeLf
WL
L

09°L
9L \
9L'L o=
8LL

00T
#10T
Noo.m

10T
oz

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

S O o O O O Q o o o o o <9 o o
N~ O & 0 > © »n 3+ 0N~ O O O O O O O o o O —_ a
AN AN A - = - = e = = = = = &0 KO T A= o Tb
A AR AR AR AP U A S A A AR S
cr6l — -
€1ee— 2 2 2 . -
R IS SN S S —
SOCTH————
o)
L &
€2TE— 19971 — @ ——— - -
L8LE s
8L'8TT -
Fe
rE
89°9L <&
00°LL F o
! =
soLer~ 3 [ =
6781 — - -
£9'86 — [ -
g
69°TH1 — -—
S0°€TT
E.CSM -
L8LTT— - =
818z
S9LET —
69°TH1 — -
0,891 — o —© _

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S53



6000

5500

5000
4500

4000
3500

3000

2500

2000

1500

1000

500

0

r-500

000-—

9T —

€1
m_.NW
e

617/
197 —

8T'¢
Om.mww
e
S8'€—F
L8'E
68'¢

61'L
7L
wL
YL
9L
9L
[
veL
9€°L
8L/

o8
08

pel'e
0'¢

0T

00’1

0.0

0.5

20 15 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

75

90 85 80

9.5

10.0

f1 (ppm)

500

450

400
350
300

250

200

r 150
100
r50

r-50

TS61~
€T

£0CE—

60°CS —

89°9L
00°LL
NWB»K\

81°€Tl
et
8v9z1
8p'LT1
sl
bLIEL W
86°1€1
65°LEl—
8P'8€T \
080p1

9L'891 —

4

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S54



5000

4500

4000
3500

3000

2500

2000

r 1500

1000

500

000 —

9T 1 —

91T
M:.N/

0TT
ﬁN.NW\
€T

9Tt
wN,mW
0€'¢
vLE—

06'¢ -F
;,m\
£6'¢

8I'L
0z'L
wL
(L
€L
€€L
SE'L
St'L
L¥'L
5.7
90’8
£6'
L0'8
80'8
80'8
60'8
60'8

=0T

=10'¢
=00'C

JE0T
210T
0T

H/oo.m

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

350

300
250
200

150

=-50

el —

€eTeE—

8TTS .
v9Ts

89°9L
oo.EW
NM,E

9Tetl
15921
9T'8C1
99'8C1
1L°8C1
reoel
1el
owlel V

EV8El —
YL OV~

LO89T ~_
96'891 "

16921 —

9T'8C1
99°8C1 W
1L°8C1
Peoel —

IIel —
9'1¢el /

f1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S55



8000

7500
7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

9T —

0TcT
e /

YTT—¢
cN.NW\
8TT

se'e
n@mW
6¢'¢

16°¢€ —=
mmdw\
S6'¢

8I'L
wL
0L
veL
LEL
6¢°L
SS°L
LS'L
8S°L
6S°L

€9°8
18
18
SI'8
918
91'8
L1'8

H\S._
10C

10C
o€

=101

30 25 20 15 1.0 05 0.0

35

4.0

4.5

60 55 50

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

400

350

300

250

200

150

r 100

50

F-50

YS61 —

98CE —
LTS —

899L
oo.EW
Nm.k

LS'ETT
01vCl
68°9C1
8'8C1 /

so'6tl V
88°1€1~
TS TEl w
€LgEl
90'8€1
1611 —

81691 —

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S56



=3 (=3 (=3 =3 (=3 =3 (=3 (=3 =3 (=3 (=3 (=3 (=3 o
[=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3 S
(=3 v =3 vy (=3 al =3 vy =3 e (=3 vy =1 (=3 iy
[ =) o vy wvy <t < o o o o - - wy (=) i
: , : , , : ; , , ) . . . , , ,
000-—
=3 (=3 =3
(=3 (=3 =3 (=3
=3 wvy =1 (=3
N — — wy (=}
N , . . , :
o1z oL~ ¥ r
M:,N/ 8UL— =" g
o - L &
ozt 0z'L o
NN.N\ L i
vT sz% _
STL— ~ = S
6TL _ M
98\ ;sw = Loh
s €eL - F
ov'e m:\ — oF
SeL Fog
68°€ = Lol =&
S.m\ | =
£€6'¢ -
05t — - 107 3
(=3
L e
N
91'L 99°L
8T'L co.»V - T
0z'L 89 -7 _ 01} o
LTL 89°L \ L ”H
8TL
8TL
6T'L
€L 2001
€L €0
mmsw =0T
seL . 2001
S1'8 J @
St'8 =001
L18 =0 £
<

L1°8 o= /NWD

00 -0.5

0.5

20 15 1.0

25

40 35 30

50 45
f1 (ppm)

60 55

6.5

7.0

7.5

9.0 85 80

9.5

r 140

130

120

110
r 100
90
80

r70

60

50

40

r30

8r'61 —

0Lce—
0€Cs —

89°9L
oo.EW
Nm.E

zeoe
oreel /
peozl A
e\
oL'8T1—
Loty
L9TE

06€1 %
LTRET \

€S IvL

80691 —

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S57



150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

160

S58

g 8 8 8 8 8 8 8 8 g8 g8 g8 g g8 ccoco oo oo oooo oo
el (=] v (=3 Nal =3 v =] 2l (=3 vy (=] wy (=) Nl = O N0 >~ 0 n Tt N A= O
c. e e L2 Yy T LYY T T " Y YT T T T T T T T YT
r e
. (=}
0070-— L2
L2 961 —
(=3 (=3
(=3 (=3 (=3
] S 2 2
. . , FE
J— s wTe—
= | ©
€TL~ "
vTT STL~ z. -
mN.N/ LTL~ = ra
1T LeLs o €57 —
: @ “
6T N\ = L&
1£C "
« o
L€ e - [
om.mW seL— g - 899,
~ o= L .
1€ oy — g o 00°LL
Mwwi . E !
$6'€ == I
g.m\
66°€ 2 "
2 L
g
e .-
= L 2=
- el
N Lo 8TETl
) 9L — S09T1
MMM v9'L— 3 S vo'LTl
: 99'L — I Fe £6'8T1 1
LTL 88°6T1 L
LTL | v L8TET—
9€°L ©
8L - Y0 8ET —
oL L2 )
L 90's1 —
hllys [ 18°LY1
9L~ =
i .
088 |
gt — O ) _o
o= c “ 86'891 — _ 0= c
€L8 \ < o o= \ <
mhww = =,
L8 P&
!
=)
S
i~

180 170

190

200



5000

4500

4000
3500

3000

2500

2000

1500

1000

500

000-—

9T —

L1'T
mﬁ.m/
1ce

€T N
sTT

0g'e
e
ee /

06°¢€ ¢
N@.m“\
¥6°¢

1L
€L
STL
LTL
6CT’L
€L
€L
SEL
LEL~

L=

S0'8 —

1000

Br

77 76 715 74 713 12

7.8

f1 (ppm)

10°1
0l
0C
=£0'C

=€£0'1
=20'1
=00l

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

10.0

f1 (ppm)

S o o o o o o o o o
o~ =) wy < o o — (=] (=3 (=3 (=4 =3 =3 (=3 (=3 (=3 (=1 — Il
— =1 — — — — — — (=) 0 o~ o wy < (22] o — < " I
PR AR AR R M R e LU M LA PR S

(=] (=3
— vy (=1
. , T
PETTI 3+
o1°€Ct %
TWOT— ooy B ] = -
0971 — - s |
o
81CE— e | &
18'8CT — ; 2
amuoﬁw _ = - &
TIogl [z
9TTS — F L -
95 pET — - .
o
Fe
YT8ET — —F r

89°9L 3
00°LL -

!

vETTl

01°€zl

v8HTI

0,91

_w.mﬁ/ - —

@QN_%

TI0g1 = - =

9SPEl —

08 b1 — _ -

m

9,891 — O o

<

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S59



=3 =3 =3 =3 = = =3 =3 =3 =3 =3 = =3 =3 =3 =
=3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 S
=3 g <3 Nal =3 Ral =3 al =3 al =3 vy =3 sl =1 =3 sy
o ~ ~ o o wy el < < Ll el o o — — el v
R A S Y SR AU S S R S e .
000-—
=3 =3 =3
=3 =3 1= =3
=3 v = =3
Q —_ - el =}
, , , , ,
LUL~
6L~
9T1—
€17
E,NW
oIz 0T
M:.N\
0Te
€€
mm.mw 00T
LE€
=00C

s8¢
bw.mw
68°¢

LT'L
6l°L
1L
STL
eL
€L
SE'L

SY'L
LY'L /

sor/
P8 —

_o.n\

9%'8 —

H\OO,_
0°C
Floc
0T

ixdihd

0.0

0.5

20 15 1.0

2.5

40 35 3.0

4.5

60 55 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

(=3 (=3 (=3 (=3 (=3 (=3 [=1 (=3 o
g 8§ § 2 & = § ¢ § & o §
=3 (=3 (=3
N bt 2 3 =
N
s
woel— 097zl — - - -
L6TCl— - Fa
L0TE— L& -
“
o
- &
80°CS 59T ) Fa
PLITI ~ \ -
10221 — - Fa
69°'LT1 — - ®E
‘8T — _ F s
9oL 60°8C1 £
oo.kw wsel o - = Q%
TELL Leseiy - r=
L0'6T1
3
L&
09°7C1
L6TTl . o
15971 66'1€1 — - F @
vL9TI -
10,21 L&
69°LT1
60°8C1 3 B
TLsel et 5 = =
g PEPET -
PP8El — =
06°6€1 7 Q
_0
$9'891 — o0=%" m. -

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S60



=3 =3 (=3 £=3 =3 =3 =3 =3 (=3 =3 =3 =3 (=3 o
=3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 S
=3 v =3 vy =3 vy =3 Al =3 ) (=3 sl = =3 e
o~ =l =l vy wy < < o [ag] (o] N - - wy 0
PP A (DU U S SRR RS AR ,
000-—
(=3
(=3 (=3 (=3 =3 (=3
=1 (=3 =3 < =3
— 0 o <t (S} (=1
. , j ; ,
91—
POL~
90°L —
sTT 80°L— S
FN.NW =
6TT €rL~ 00T
om.mw\ SI'L—
€T LrL— -
§
~
89°
S.m/ LoL—
et e =00
16 =g =107
Q.mw t
&=
s6'¢ LEL—
8cL— 2
N
LrL
SrL -
. 6v°L n
Yo'L 57 =
0L 0s'L
80°L 95—
€rL 85L— o
SI'L 09'L~ &
e
LTL .
L£L _ S0
ge hk - 00T
T — 00T
— -= 101
20T
96L— / — 0l
0Ts— e =H0'T
o= (=2
MQN /NNAU < — =0T
s¢'8
=001

L0'6
L0'6
80°6
806

30 25 20 15 1.0 05 00 -05

35

4.0

50 45
f1 (ppm)

60 55

6.5

7.0

7.5

9.0 85 80

9.5

r 140

130

120

110
100
90

r80

r70

60

50

40

r30

F20

r-10

F-20

L8661 —

LLTE—

L0TS —

899L
oo.EW
Nm.k

veITl
v6zTl
8€'STI
10921
15821
98'81 /
PEOET
TTen M
8E9ET ~
€L'8€T —

SOYP1 —
1S°Ly1 —
€L0ST

5691 —

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S61



(=3 =3 (=3 (= (=3 (=3 =3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3
wv =1 a2l (=3 el (=3 wy =1 (=3
< <t [ag] o o o — — vy
; ; , . . . . . ,
000-— o =3
=3 =3 =3
2 8 g o
S T NS H— —
f=3
LS
91— 7L — - =
€TL— - 01
. "
N N/ sTL— - P
LT .
aed LTL
ieef K
2
0£'E 0
e SeL— — rZ
pe'€ .
LEL— \Annnuuuuumuuxoo.m _
06'€ = ser— =] | <&
S.m\ =2
€6'€ . =
oL
ci/ u
Lv'L - M
Lyl —
8L — F00'e o
05°L — F e
"
L wn
i
869 MNM
669 ~ = .
oosw 6oL = ho | g
00'L 65'L = 001
7L =00'1
€TL 00T
sTL _= H/ 0°€
LTL n 101
seL =~
i
o= -
9L
o] b 5
Ly'L]
1L
8L
os'. ]
85°L ]
ggL ]

0.0

0.5

20 15 1.0

25

40 35 3.0

45

60 55 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

400

350
300

250

200

150

r 100
0

F-50

or'6l —

66'1€ —
8TTS —

89°9L
ooswww
Nmsw

(a4l
7991 /
L9921 /
LLSTI~
60°0€T -7
£P0€1

STRET—

8Yvrl —

9L891 —

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S62



4500

4000

3500

3000

2500

2000

r 1500

1000

500

000—

680
160
160
€60
€60
60
91T
8t

0T

0SCT—
Nmzmw\
§S°T
0g'e
(433
vee /

68'¢
Sﬁw
£6'¢

1TL
€TL
STL
8TL\

LEL—F
mm.w\
L
€S°L
SS°L

1.00 095 090 0.85

f1 (ppm)

1.10  1.05

1.15

23 22 2.1

2.4
f1 (ppm)

25

2.6

90T
=00C

0T
0’1

00T
=00'C
0T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

10.0

f1 (ppm)

150
r 140

130

120
110
r 100
90

r80

70

60

50

v1I's—
€561 —
S8'I¢E

Z.va

98'1S —

89°9L
oo.EW
NM.E

08°CCI ~
19T ~
99'8C1

0L8ET —

L1891 —

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S63



9000

8000

7000
6000

5000

4000

3000

2000

1000

F0

000-—

9T —

81T
oﬁ.NW
1ce
mN.NW\
§TT
86'C—
ee—-
€ee /
68°¢
16°¢ AN

€6’ /

wL
VL
9T'L
8TL
8EL~E
ov'L
'L
6v'L
5L
15,

2000
r 1500

1000

500

Y

€6~
fre— -
see/

68°€~
166~ -
e/

4t

0]

0°C

39 38 37 36 35 34 33
fl (ppm)

=00'¢

00T

»C0'l
00T
00T

0.0

0.5

20 LS5 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

F550
500
F450
1400
350
300
F250
1200
F150
100

50

r-50

9661 — -

10C¢ — _
S9TY — -

66'1S — -

89°9L \

oo.E\
TeLL /

66°CCI ~ _

PE9TI ~ -

YL8TI -

96°8¢l —

1€891 — /S“O

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S64



(=3 =3 (=3 =3 (=3 (=3 (=3 (=3
(=3 [=3 (=3 i=3 (=3 (=3 (=3 (=3 (=3
v =1 vy =3 vy (=3 wvy =1 (=3
< < Lag] o (o] o — — vy (=)
} } | | | | | | f i
000 — -
68°0
a,o/
€60 -
S
9T — =
Tare ol
LLT— 61 % 2
171 \
L1T (3l \ "
mﬁmw SP1 -
bgEy Lyl
Sa/ °
$0°€
e -
1Z¥3 / LL'T —
68°€\  6L'1 /
16°¢ W 181 % <&
g6c/ 181 — -
(431 \ =
€8'1 \ EN
S8l -
S
(o]
I~
L1T
61°C M &
17— o “
wL T/ cee~ roen
voiy ozt veE— - 0
e/
STL 9¢'¢
8T'L #00°T
LEL—F 00T
65L 00T
1v'L
6v'L
1SL o

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

70 65 60 55 5.0

7.5

90 85 80

9.5

10.0

f1 (ppm)

r 140
130

120
100

90

r80

70

60

PSEl —
6561 —
§SST—
LOTE—

8IS~
1Tys—

89°9L
oo.EW
NM.E

6T~
17921 —
9°8C1

98¢l —

SP'891 —

6561 —
Iic— -

S¢St — —

L0TE— E—

15

20

25

30

f1 (ppm)

CHs

4u

20 10

30

50 40

60

70

80

90

100
f1 (ppm)

110

20

0 1

13

40

190 180 170 160 150 1

200

S65



6000

5500
5000
4500

4000
3500

3000

2500

2000

r 1500

1000

000-—

9T —

10C
NO.NW
0T

co.mw\
80°C

¥0'¢€
oo.mW
80°¢
8L'E
08¢

1Ty —

STLY
STLA
9T'L A
9T'L A
8TL
0€°L A
1€
TELA
€€L
€€,
ve'L
seL]
9¢°L ]
9¢°L
LeL
6¢°L
L

r 1500
1000

500

YOE- ~
90°€ — = 007
80¢/

8LE~ B
08°€ —— - 007
e’

€

38 37 36 35 34 33 32 31 30

39

f1 (ppm)

F €0T

= 00T

00T

= 00T

Feror

25 20 15 1.0 05 0.0

3.0

35

85 80 75 70 65 60 55 50 45 40
f1 (ppm)

9.0

9.5

150
r 140
130
120
110

100

90

r80

150
100
50

€561 —

ﬁm.mﬁJ
€0Te—

2

1eect
rr9Cl
£0'8C1
€1'8C1

127 126 125 124 123
f1 (ppm)

' 128

131 130 129

132

§9°8C1 -
6T°0¢l A\

86°0¢1 —

1781 —

L1691 — O

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S66



6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

000-—

9T —

SI'C
E.NW
61°C
0TC
NN.N\
(44
£€Te
mN.mW
LT¢E
16°¢
£€6'¢
¥6°¢ /

60Ly
1Ly
p1°L
91°L A
STLA
9TLAL
LTL

8TL
6L
0€'L]
veL
@mi
LEL

2000

1500

1000

500

735 730 725 720 715 710 7.5
f1 (ppm)

7.40

¥L0'T
=00'¢

450

400
350
300

250

200

150

100

r-50

0.0

0F'6l~
80T

0.5

1.0

0Tce—

1.5

2.0

68°CS —

25

3.0

89°9L
00°LL
TELL /

35

4.0

50 45
f1 (ppm)

55

86'1CI

05°€Cl /
co'Lel /
88C1 %
1L°6T1 —

6.0

6.5

T09€1 —
96°LE1

7.0

°9'8¥1 —

75

8.0

69°0L1 —

8.5

9.0

9.5

CH,

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S67



(=3 (=3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 =3 =3 =3 =3 =3 (=3 (=3 S
(=1 (=1 (=3 (=3 (=3 (=3 (=3 (=3 [=3 i=3 (=3 (=3 S
o — =1 (=4 (=3 (=4 (=3 (=3 =3 =3 (=3 =] —
— — —_— (=) o0 o~ 3= vy <t o o - (=] 1
! | ! i i | i f ; X | ! i !
000-— -
9T — _
LT
m_.NW
1T _ .
s == 07
we— =109
8T
0€°E > —= =0T
el
16°¢
mo.mw m m S m - - =00'C
s6'€ T
) 4
N
SE
R
=
Vel
o
(o]
1TL
L 2
vTL o
LTL~ e 2001
LEL—F == =0T
@msx £ = ~10T
L £ 0O
PS'L O_x
9L o
o“/s\
— X
~ ¥

0.0

0.5

20 15 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

75

90 85 80

9.5

f1 (ppm)

F 1400
r 1300

1200

1100
1000
900
800
700
600
500
400
300

200

100

r-100

0961 —

w0TE—

688¢ —

00TS —

89°9L
oo.EW
TELL

8LTTI ~
96'ST1 —
95°8C1

6878E1 —

8¥°691 —

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S68



7500

7000

6500

6000

5500

5000
4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

000-—

9T —

S0
ho.m/
60T —¢
:.Nw\
€1e
€re
f.mW
LT'e
18°¢
mw.m/

mm.mW

ILy—

1500

1000

=
=3
)

5a

7.60 7.50 7.40 730 7.20
f1 (ppm)

7.70

7.80

0T
=0y
=0T
=00l

40 35 30 25 20 15 1.0 05 00

50 45
f1 (ppm)

60 55

6.5

7.0

75

90 85 80

9.5

240

220

200

180
160

120

r 100

r80

60

6€61 —

6TCE—

LTIS~
LTS

89°9L
oo.EW
NM.E

§S°601 —

96°0C1
68°TT1 /
LTETI~
et/

6L°8C1 \
60°8€1 —

PE0ST —

8¥°€91 —
80691 —

123 122 121

124

125

126
1 (ppm)

27

1

28

1

29

130

31

1

5a

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S69



(=3 =3 (=3 (=3 (=3 =3 (=3 (=3 =3 (=3 (=3 (=3 =3 (=3 (=3 =3 o
(=3 =3 (=3 =] (=3 i=3 (=3 =3 =3 (=3 (=3 (=3 =3 =] (=1 (=3 (=3 (=3 (=3 =3 S
=3 o =3 < o =3 0 o < N (=1 oo o < o = (=3 (=3 =3 i=3 a
<t o [aa] [ag] o o o o o o o — — — — — == ) <t o (=] 1
e e T s ® e T Y T
=3
=3 (=3
2 2 o
000" — _
w
LS
=
Y ~
wo. od =
01'L— Fo
971 — .
vrL—- 107 2
91'L— - ~
L1T
m_NH% S
17T~ 1TL— - Mo - 0T
£€TT WL — - =10'¢
sTT . Aéog -
ot vTL— - | Q%
oTL— - =g
0£E oE
wey Fo —= 00T
vee
06°€ o =0T
No.mw
v6°€
w9— =001
80°L— 00T
1T = 2ot
\ 0'1
mmuw/ 0'E
=0T

06'L"

40 35 30 25 20 15 1.0 05 0.0

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

9.5

240
220

200

180

r 160

r 140

120

r 100

r80

r 60

40

20

8€°61 ~
Clatae

€ree—
9TTS —

89°9L
00°LL
TELL /

L8'SO1 —

90°€T1
90°sT1 /
09521 /
$9971 ~=
9e'LT1 /T
€TSE vm
BEBEL A\
€5TPI —
95°THl w
So'SHl

YL89T —

128 127 126 125 124 123 122
fl (ppm)

129

130

CHs
5b

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S70



13000

-62.35

- 12000
N - 11000
AN ° 10000
9000
8000

CHj
7000

5b 6000
5000
4000
3000
2000

r 1000

1=
<
-

T T T T T T T T T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200 -220 240
f1 (ppm)

S71



250
200
r 150
r 100
50

r-50

(=3 (=3 (=3 (=3 =3 =3 (=3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 v =3 ) =3 ' (=3 ) =1 (=3 sl (=3 v =3 vy (=3
vy <+ <t o o o o — - w < vy vy < < o o
, ; ; . . . , . . , , , , ; ; , .
g8gg¢g8sg
o o o <o
oo.o\mwmmmwos _ = $sg¢g¢c
€T — - 10° " 0£'61 — —]
re 0£'61 — .
6€T ~ - 0f <~ 15T V6T |
op'1— - o — & L2 wwmw/ ——
231 & 10€ | . 7 —
Y0'TE— -
6€'1 = - ¢ [ L£9T
Qi e 0°¢ [ —
w1/ - - 0 o M/oqm Y07E — —
61C F [ N
17T .
o 6TE~ |« oy 8LTS —
YT e~ q e
9T €'t 19—
< (=] .
6T°€ b L2 17°69
T3 16'69 -\
=007 [
Lo 01 e 89°9L —+
e u\oo._ oo,E\
vL'€ Zooz LS TeLL e ]
88°¢ Lo oz | 8LTS
1€ 10'1
v6'€ - oot <7
96¢ 1L~ e 10°1 & L6001 —
86¢ pLE— L 2= 19— -—
91Y w0 SE801~
AR re —~ - 06’801
0Ty . Fa .
cor B NP 1669
oy g | 2 61°€TT ~ RIS J—
6€Y o6 e ™ Wp © €L9T1 ~
> 86'€ FS™ “ 18'821 s
€L re
L _ 80°8€T —
9T'L 7 o F< L2
6T'L \_o -SRI ) 0T
9¢'L — o 0= LT'p= ~ — =0T | »n
8L \ 0Ty — re " 20T [T
oL el
6L | @ F s
1SL -
SEV~, - L2 PrOLT—
6cy F <
H E =) 0 P
O o
PSR X
PSH -\ . "
(@] - r o O
96
£ T ocp L2 T T

10

30 25 20
40 30 20

35
50

40
60

45
f1 (ppm)
70

50
80

55
90

S72

70 65 60
120 110 100
f1 (ppm)

180 170 160 150 140 130

190

200



7500
7000

6500
6000
5500
5000
4500

4000
3500
3000
2500
2000
1500

1000
500
r-500

0

00°0-—

9T —

1494
S.N/
8I'T—
0TC
NN.N\
8¢T
LT¢
om.mW
Iee
8¢ —+
98°¢
88'¢

00°L
10°L
Y0'L
SO'L
€L
LTL
wiL
'L
YL
SY'L

CHs

IL'L—F

8L'L /

——==== FI0C

740 735 730 725 720 715 710  7.05  7.00
f1 (ppm)

7.45

=10'¢

=0T
=00'C
=00C
=00'C

1.5 1.0 05 0.0

2.0

25

40 35 3.0

4.5

60 55 5.0

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

200
190

180

170

r 160
150
r 140

130
120
110
r 100
90
r80
70
60
r50
r40
r30
20
r10

6l ~
91T

IL1E—

1TCs —

89°9L
00°LL
TELL /

E\m:
99°GI1 V

8 HT —
0g9z1 7
SpEl —

66661 —
STl

61°65T ~
Y9191 —

69891 —

60

CHs

40

20

/

0
129 128 127 126 125
I
Wl%“«»w

135

134 133 132 131 130
f1 (ppm)
]
I
I I
I

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S73



(=3 =3 =3 = =3 =3 (=3 =3 =3 =3 £=3 =3 =3 =3 =3 = o
=3 =3 =3 =3 =3 1= =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 = S
wy (=3 wy =3 Al =3 Nal =3 v =3 Al (=3 vy =3 el =3 =3 iy
oo e o~ o~ o =l wy wy <t < Lag] Lag] o (8] - — wy (=1 1
PR R S S S SN U R S SO M R S
000— °
=3 =3
=1 =3
= bt
o
s
971 — ~
vI'T ©
91 N/ P
81T 00T
oNAN\ =00¢
we \ <
6£C N
8T€
0 +E =0T
e NG
8¢ & =00C
uw‘mw -
88°¢ &
N
a
<
~
vTL 2
9TL =~
LTL
8TL
8T'L 2
0€'L =
0€'L .
leL 0'C
10'C
s =00C
LLL—F =10C

mw.nk\

r 180
170

00 -0.5

0.5

20 15 1.0

2.5

40 35 30

50 45
f1 (ppm)

5.5

6.0

6.5

7.0

90 85 80 75

9.5

LE6I ~
LETT

88'1¢—
€816 —

89°9L
ooswww
Nmsw

€0°bTI
1€9z1 /
sL8Tl /
L6z

8r1El—

LOLET —
S86E1
veTrl

LS891 —

r 160
150
140
130
r120

110
r 100
r90
r80
r70
60
rso

10

20

30

50 40

60

70

100 90 80
f1 (ppm)
S74

110

120

130

140

CH,
170 160 150

180

190

200



6000

5500

5000

4500
4000

3500

3000

2500

2000

r 1500

1000

500

0

r-500

000-—

9Tl —

14%4
o_.NW
L1'T
mﬁ.N\
ﬁN.N\
6€°C

8T'¢
om.mW
[4%3
¥8'¢ —=

L8'E

YL
9T'L
LTL
LEL
LEL
6€°L
€L
SY'L—
LL'L—F

6L°L /

CH,

r 1500

1000

500

6¢c

735 730 725 720
fl (ppm)

7.40

7.45

0T
=0t

u\_o.m
0T
00T
=00'C

0.0

0.5

20 LS5 1.0

25

40 35 30

45

60 55 5.0

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

S O 9 9 0 9 o o o o oS 9o o o o
A = S & ® KB & ¥ a6 a3 oo o0 9o 9o 9o o o o = Q &
(o I o BN oM | —_— — — —_— e —_— = N 0 >~ C v Tt N AN - O ] D v
A AN AP P L AP S A
SE61 ~
LETT— -
06'1€ — -
(=3 (=3
wy (=] <
— — vy (=]
R U N S S— —
PL1S — = -
8THCI — - -
wy
g
o)
g
89°9L 0€9C ————=;
00°LL L& =
TELL e
| 8&
&=
(=2}
:.om_\\i F=
(=3
e
Lz
69'1€1 —- o
€661 — P -
8THTI —
LT6TI~ _ W
8SLEL — _
£8°6€1 © -
I
sezvt/ 5
o
o Q
= ©
75891 — z -

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S75



w (=3 (=3 (=3 =3 (=3 (=3 (=3 =3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3
= (=4 (=3 S =3 (=3 =3 (=3 i=3 (=1
— (=) == o~ 3= wy < [22] o —
. : . . : , ; . . .
000~ —
(=3 (=3 (=3
(=3 (=3 (=3
(=3 (=3 =1
(2} (o] — (=)
wvy
I
971 —
e ey
m_.NW m m
SI'T = 60T
e - L£0°€
61T - 2¢o€
0
LT o
97€ 00T
seel
€8
mw.mw S S o =0T
L8°€ 2 =2 8 o
97— - .
- 07
mm.m\ - e
0g'c <
M en
0
L2z
oo
=
L3
~
F e
€L
1L €8°€ - e
1L o gE— ——= 0°Z
vTL 5 e/ Fa 20T
9TL~t Zloc
€€LT Aoe
Se'L
Lk ° =10
6LL o g ]
z ©

0.0

0.5

20 LS5 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

(=1 (=3 (=3 f=3 = f=3 (=3 o
o (=3 o0 o < o = (=3 (=3 (=3 (=1 I
AN S ra A A, S AR AR M ;
861
08707 S - =
Rat2d = R o
a
06'1€ — . r= -
6L°TE
-
L
. L&
s — 679¢ — _
&
0621
YT6CT | g
89'9L -
oo.tw B
L : [ 2
<
e
LESET ~ =z L&
919¢1 s [~
£ 0
-
(=3
6L7TT1 17opl — — 3
3@# 3
. o
WWAMM \ 10T — —3 t= - =
L6'SET—
120p1 — o
10cr1 7/ O
o
4 T
& Nz ©
€5'891 —

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S76



(=3 =3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 f=)
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 =
wy (=3 vy (=] 2l (=3 el (=3 v =3 el (=3 wy (=3 wy =1 (=3 iy
o0 oo o~ o~ o o wy w < <t [ag) on o o - — wy v
(PR R G U LA S SRR AR (U G AR A .
000-—

3
9T1— <
€T
S.N/ i
91T <© 00T
M:.NN =00°€
07T \
8T o
9TE =
sTE ) 00T
0g°€ B
8Lc— ne L0E
s = 90T
8¢
98°¢

"

N

~

)

g

~
89
89
1879 £
889 o - =10C
wL— = =00C

= ~MoT
o

LLL— 4 o - =0T
ored o\\ /N\G ©

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

55 50

6.0

6.5

7.0

90 85 80 75

9.5

f1 (ppm)

130

120

110

r 100

90

80
70

60

50

40

061~
9¢1T

6L'1¢€—

6€7TS ~
LESS —

89°9L
oosnw
Nmsn

16€IT —

SPPTL A
€921 —
80621 —
sy1er

STOPT —
0w/

TLLST —

9¥'891 —

CHs

H;C

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S77



(=3 (=3 (=3 =3 (=3 (=3 (=3 =3 (=3 (=3 (=3 =3 (=3 (=3 (=3 =3 o
(=3 (=3 (=3 [=3 (=3 (=3 (=3 i=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 [=3 (=3 S
vy (=] wv =] 2l (=] 2l =3 v =3 al =3 wy (=3 wy = (=3 w
oo o« o~ o~ o ) wy wy < < o o o o — — vy (=] "
PR SR U A LA SR S S G R L S
000— -
=3 (=3 (=3
awi— S 2 S g -
Q —_ - el =}
| ! ! f i -
81'C o
om.N/
Tt ===’ 0T
vTT & =10¢
97T \ ol
1T
€€'¢ &
mmmw 2 - — 20T
LE€ _
of
16°¢ Qs - =0T
mmmw =
S6'€
il
o
o
<
5
(o]
vy
<t
(o]
o
I
o
9TL
szV =0T
65'L—= o =10
Y
i f o \G © »mo,m
89°L S Nz > 20T
L
8LL
08°L

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

10.0

f1 (ppm)

=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 o
3 Q & £ = I a =1 2 S < & = N
| ) | ! ! | ! ! i i ; ! i |
€661~ _
8€17~ S - -
— wy <
R T S S SU——
N
S0TE— & -
6¢ e ———3 -
1 <
Q
&
6TIS—  SE9EF——————— = _
E Ly
st —— | o
]
89°9L oz
00°LL 6STE——— ~a
! 4
it
=
@
oo
@
Se6El — -
srsor—  SUOH! g -
ol
PTRIT—  8ETHI~ _ X -
6£TTl—  SLTHLS B < -
SE9T1 — =
65TE1 -
£
SE6E1— S _
8ETY1 -7 =
SLTHL 7
o
L) B
7 N\ =
Nz -
$8'891 — -

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S78



F180
F160
F 140
F120
F 100
)
k60
F40
F20
k20

(=3 (=3 (=3 (=3 (=3 =3 =3 o
(=3 (=3 (=3 (=3 (=3 =3 =3 =3 =3 =3 (=3 (=3 (=3 (=3 (=3 (=3 S
=3 =3 = =3 =3 = =3 =3 =3 =3 1= 1= 1= 1= =3 =3 S = =3 =3 =3
=l ) < o (] — = =3 =3 =3 =3 =3 =4 =3 (=3 = — o < N =3
— — — — — — — N o0 ~ = wy < Lag] N — (=1 ] N (o] o N
LT TS PR A M U LA S U A S , , , ,
000" — - =
"
FS 6561 ~
91T
<
r= 9TTE~
0g'T— =L0'6 vo'1E
L e/ 2T
e
€17 L=
Sl ,NW 0z | © 68°5€1 —
:.N\ —10¢ | 60TS —
61T \ Mo
8€T
| =
9T’€ “
8TE =oz[ 89°0L 81°0pT —
0€'e Lo S\
00°LL
$8'€ 2007 | o Ll 90°TH1 —
%.m\ r
63°€
"
L%z
o
&
=
n
v
) €Tl
gL | < %wﬁ# ST6rl—
sTL © SE9TI L
WM.M - 60621 —
o F 5 o
seL 5 © 68'sE1 — 5
9¢'L o 81°0PT —
ov'L M\S.N F =
L - 10T .
L o ——= 207 | w STePT —
) 8 -
6LLT =N, © - 00T [
18°L o
- 16891 —
o
o
=)
LS Lo
QI o
I

10

20

30

40

146 143 140 137
f1 (ppm)
100 90 8 70 60 50
f1 (ppm)
S79

110

149
120

180 170 160 150 140 130

HsC
190

200



(=3 =3 (=3 (=3 (=3 (=3 (=3 (=3 =3 (=3 =3 (=3 (=3 (=3 (=3 f=)
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 b=y
(=] vy (=] v (=3 2l (=3 ) =1 2l =3 wy (=] wy (=] (=3 by
o0 o~ o~ o =) w wy <+ <t [ag] o o o - — wy (=] v
AN A G A L S A L I R A
000 — -
91— -
91T
wQW
0T = 1107
we s R —£0°€
wm.mg\ S = -
or'c : , ;
oc's
NM,MW - — =00
ve's 3
18— — =00C
%‘m\
16°¢ ﬂMm
=8
=
“
b
~
o0
2
~
8IL g
0z'L ©
YL 10
LT 2507
. O ..
L P \G % =007
LLL— S =107
et S Nz 2
M W w
JAF
'y

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

95 90 85 80 75 70 65 60 55 50

10.0

f1 (ppm)

F200
190
180

170

r 160

150

r 140

130
120

110
100
90

€6l ~
or'1c—

06'1¢€—

86'1S —

89°9L
oosnww
TELL

€T1TI~.
617TI ~
8€°9TI —
steel

90°LET —
8L6E1 -
oszy1

08891 —

CH,

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

200

S80



-57.96

CHy
Q
AN
N ©
\
N
Tl
F F
6h
B
S
o
T T T T T T T T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 2210 230
f1 (ppm)

S81

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

r 15000

10000

5000




=3 (=3 (=3 =3 (=3 =3 (=3 (=3 =3 (=3 =3 f=)
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 b=y
(=3 vy (=3 v =3 sl (=3 e i=3 vy = (=3 by
3= vy w <t < o o o o - — wy (=] v
: , , ; ; . . s . . . , , .
000~ —
971 —
81T
ON.NW
e - 0T
€T =00°¢
sTT \
ov'e
X3
@M.MW 00T
8€'E
06'€ —= - 0
Zo¢ .J 20T
v6'€
s6'€
[se]
I
o
STL
ETAY &\o €07
192 F == =00'T
A z — =10T
@s\ © =10T
18L
66'L
108

H,C—Q

30 25 20 15 10 05 00

35

4.0

4.5

60 55 5.0

6.5

7.0

90 85 80 75

9.5

f1 (ppm)

320
300

280

260

240

220

200
180

r 160

r 140

120

100

r-20

F-40

6l ~
Ivic-

SIce—

[ISIEEN
1es

899L
oo.RW
Nm.nw

L8'1TI
9€9C1 ”
LULTI~
Yot -7
v10€l
0L6E1 —
Tl
125441

12991 ~
79891

CH,

H;C—Q

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O -10
f1 (ppm)

210 200

S82



8500
8000

7500

7000

6500

6000

5500

5000
4500

4000
3500
3000

2500

2000

1500

1000

9T1—

61T
1T
€T
sTT
rad
e
£€0'€ —
PEE—
oce/
£6'
s6'€
e/

LTL~
6TLY

VYLL—=
oL’L
6L°L
18°L
LS'L
68°L

CHs

€6e
st - )
LoE— = 0g

3.6 34
f1 (ppm)

3.8

4.0

0T
=00°¢
=00'¢
=00'C

=0T
0°C

0°C
H/mo.m

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

190
180

PE6l~
8¢'1T

£€0TeE—

vy —

LY1S —

899L
oo.EW
Nm.ww

LSTTI~
YE9TI~
20871 —
€671/
169€1 —
LE6ET
LTy T
TTErl \

86891 —

CHs

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S83



=3 (=3 (=3 =3 (=3 (=3 =3 (=3 (=3 =3 (=3 (=3 (=3 (=3 =3 (=3 o
(=3 (=3 (=3 [=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 i=3 (=3 (=3 S
vy (=] el =] wv (=3 vy (=] V) =1 v (=3 ) (=) wy (=] (=3 w
oo o« o~ o~ o =) vy v < <+ o (a2] o o — — vy < I
AN S U (S L A S A G U L S
000 — -
97T — -
T
E.NW
917 _ /50T
1T 10€
0zt \ s g < Mot
1£T 2 S 2 o
, , , ;

LTe
6T°€ R 00T
o/
€€ "
v e - 00T
98°¢
88°¢

qE

NE :

&=

el

(as}

o
10°L 2
0L o
0z'L
L — oot
vel £ - 0'S
LTl 5
(Tl
8LL— - 00T

08'L /

HsC

30 25 20 15 1.0 05 00 -05

35

4.0

50 45
f1 (ppm)

60 55

6.5

7.0

7.5

9.0 85 80

9.5

r130
120

110
100
90

80
r70
60

50

el ~
[Aatee

€6'1e—
01'es —

899L
oo.RW
Nm.E

0°0C1

99°¢Cl /
vToCl #
CILTI ~:
88T -1
c0'6Cl \
0r'8El

16°8¢€1 W
vt \

YOTrl

£V'891 —

CH3

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S84



(=3 (=3 (=3 (=3 (=3 (=3 (=3

(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3

=3 vy (=3 'd (=3 vy (=1 (=3

< Lag] [ag] o o — — vy <

} | | | | | | f i
000 —
9T — -
81°C
om‘mw
T —~ 20T
¥TT =10°€
97T \
6€T
se'e
R.MW =0T
6€°€
06°€ - 00T
Nm‘mw
¥6°€
YTL
9T'L
WL
L £
S¥L o =0T
LY'L—F 0T
SNN =00'1
€9°L o = 220
i [\
8L gz,
L8'L

w
w

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

(=3 (=3 (=3 (=3 (=3 (=3 (=3

(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3

=3 vy (=3 e (=3 vy (=] (=3

< Lag] [ag] o o — — vy <

} | | | | | | f i
000 —
9T — -
81°C
om‘mw
T —~ 20T
¥TT =10°€
97T \
6€T
see
R.MW 10T
6€°€
06°€ - 00T
Nm‘mw
¥6°€
YL
9T'L
WL
YL £
S¥L o =0T
LY'L—F 0T
o =00'1
Ss\ 1) —_ 20T
S9°L e \G © 0°1
o o 2N,
L8'L

w

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

S85



{7000
6500

6000

5500

5000

4500
4000

3500

3000

2500

2000

r 1500

r 1000

r-500

9Tl —

¥Te
9T
8CT

0€C
Nm.m\
6£°C

Ir'e
M:.m\

L8'E
mw.mW
_o.m

wL
YL
LTL
wL
yeL
YL
SY'L
Ly'L
Yo°L
99°L V
Y6'L —+
om.w /

600

500
400

300
200

CHs

3.9 38 37 36 35 34 33 32 3.1
f1 (ppm)

6m

+C0'T
200°€

0T
201
=201
£0°€
=101

00 -0.5

0.5

20 15 1.0

25

40 35 30

50 45
f1 (ppm)

60 55

6.5

7.0

75

90 85 80

9.5

r 100

90

r80

70

60
50

F40

30

r10

r-10

6€0C~
Wit

£€6'0€ —
876 —

89°9L
00°LL
TELL /

9€'sTl
955zl

17921

68Tl

S0'6Z1 %
I8TEI~
LTYEL—
vT6E1 —
9ETHI —
Stspl

EUILT—

CH,

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 8 70 60
f1 (ppm)

200

S86



=3 (=3 (=3 =3 (=3 (=3 =3 (=3 (=3 =3 (=3 (=3 o
=3 =3 =3 =3 =3 1= =3 =3 =3 =3 =3 1= =3 S
v (=3 sl (=3 v =3 ) (=3 e i=3 vy (=1 =3 iy
=] =) w vy < <t o (22] o o — — wy (=) i
. . , , ) ) , , , , , , ! . s
000~ —
9T1—
S1T
E.N/
8TT~+ = 60T
07T =00°¢
T \
9£C
81°¢
om.mw = =00'C
we
[7X3 =10
E.MW
9L'¢
(=]
)
o
16'9 8
69 o~
€69
769 2
o SE
~
9L =
8I°L =00C
ocL S =10
o = No0'1
07135 o0t
wLs
= o
o
© o
o
o
Q\ /N\

O—CH,

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

170
160

r150

r 140

130
r120

110
100

90

r80

70

60

50

40

00°0T~
€1

€60 —

0TS —
er'ss —

ww.ow
oo.RW
TELL

66111 —

§9°0T1 —
§T9T1 —~

29921 N
FEBEI

(UNI4Ed

EIPST—

89°0L1 —

CH,

T
128

: : :
129 127 126
f1 (ppm)

T
130

O—CH,

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S87



6000

5500

5000

4500

4000
3500

3000

2500

2000
1500
1000
500
ro

r-500

SO'L
LO'L
LT'L
61°L
0T'L
wL
wL
€L
LTL \
LYL—F

69°L /

CHy

800
600
400

69
e —
we’/

CH3

35 34 33 32

3.6

f1 (ppm)

s10°€
=0T
200°€

=10'C

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

60 55 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

250

200

150

r 100

89°LI~
L10T~
e/

£€6°0€ —

8876 —

89°9L
00°LL
TELL /

f1 (ppm)

91'921
9T°9z1
S8°9T1
Ph8TT
96'8C1 V
LOTET —
88°VEl —
10°LET w
9T 0v1
88°1¥1 7

06691 —

CH,

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S88



m =3 (=3 (=3 (=3 (=3 =3 =3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 i=3 (=3 (=3
(=1 (=3 (=3 S =3 (=3 =3 =3 (=3 =1
— N ==l o~ o w <t o o — (=]
. . . , : , ; : . . ;
000— -
(=3 (=3
(=3 (=3 (=3
vy (=] (=3
—_ — by o
S S S S I ——
€T e L
91— TE—  —= 0T . -
we/ o
01z [ =
NQW “
v1'T [ wE = 1007
91°C "8 -
et =00°€
81T [ o= ]
8€T “
~
€CE 6L€ [~
scioy _x.m% - % — 00T
e/ e~ T 0°g
6L°€— —— 00T
wr— = =00t
6L°9
89
169
69
69
769 01
169 - 4101
869 % - 00'1
wLr — =007
STL
SLL~ .
> o - 20T
S
2y
o NN,

0.0

0.5

20 15 1.0

2.5

40 35 3.0

4.5

60 55 50

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

r150
r 140

130

120

110

100

90
r80

r70

60

50

r40

r30

F20

r10

r-10

F-20

€61 ~
ye1c—

6L'1€—

wes —
0TY9 —

wo.ww
oo.EW
TELL

95Tl —
9r911 —
seor1/
0£'921 —
80621
6871€1

610Vl —
66'171
Tyl

6lerl

€5891 —

CHj

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S89



(=1 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 (=3 (=3 =
— =] (=4 =3 (=4 (=3 (=3 =3 (=3 (=3 (=] —
_— — (=) o0 ~ 3= wvy <t (22] o - (=] '
000— -
91—
[+
v1'C
91T H\m_.m
L1'T — =109
61T \ “z0€
LTT
9T'¢ /
8T'¢ W S S S - 0T
0€'E =] S =
€8°C€—= - =00'C
mw.m\
L8€ v
o
QE
RS
=

$8'9—
90°L —
wLT
YTL

6LL~,
18°L7

CH,

H;C

H;C

2.35

=00'1
=10'C
=£0'C

0.0

0.5

20 15 1.0

2.5

40 35 3.0

4.5

60 55 5.0

6.5

7.0

75

90 85 80

9.5

f1 (ppm)

S O o Qo O S Q9 o o o o <o
822 223Xz dc
AR AN
pr61 s -
a.a/ n @ °
Te1T w S
€6'1€ — 98°0C1
K
<
e
61°7s — SIS
TN ———5 [ &
< o0
11821 — — 9
86'8C1
8991 LR
oo.RW £
TELL et
3 <
P
Nl
o
1£8¢1 - L&
TEBEL
=
. L <
980Tl —  SEOPI — - —
mN.@N_M 86171 — - S
868C1
1€'8€1
Nm.wﬂ\
mm.oi\ £
86'TH1 o
o (=3
9€'891 — 24 \G ©
7 N\
o Sz
% w SO
% 2
I I

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

200

S90



(=3 =3 (=3 (=3 (=3 (=3 =3 (=3 (=3 (=3 (=3 =3 (=3 (=3 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 S
el =3 el (=3 2l (=] bl (=) w (=3 vy i=3 wy (=1 (=3 iy
o~ o~ o o wy wy <t < o o o o - - wy (=] v
| | i i f f ; i ! X ) | ! ! f i |
000— -
<
9T1— @ -
91T w\m
81'C £
07T = —== 90T
we =00°¢
vTT \ o
6£T «
€€°¢
se€ ‘d“ =0T
0Le— w,wo.@
18°€7F —= 0°¢
88°€ # H/g.m
06'¢
6'€
€19 — z - =00'C
@)
€TL
mSW — =107
8T'L o
08'L—~ 4 = =00'T
s v N — - -
8L Nz > ]
o©
I
)
/ O\

HyC—Q

H;C

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.0

9.5

f1 (ppm)

r 140

130

120

110

I 100
+90
180
L70

60

50

F-20

€61 ~
€ee—-

60CE —

61CS—
6°SS —
8L°09 —

89°9L
co.EW
NM.R

99001 —

1€921 ~
Y0'6T1 —

EEVEL —

STOY1 —
st

°8Tsl —

01'891 —

CHs

CH,

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S91



13000

12000

11000

10000

9000
8000

7000

6000

5000

4000

3000

2000

1000

r-1000

9T —

144
oﬁ.N/
81T~
0T'C
~N.N\
SET

Nm.m/

e
9¢°¢ /

't —F
vo.m“\
96°¢

0TL A
LA
STLA
LA
LA
vhL o
P
srLL
oL,
9L ]

KL KW
8p'L

99°L
1911
89°L 4
69'L ]
]
€LL
vLL
R
L

CH,

= =3
=3 S
s =

7.65 7.55 7.45 7.35 7.25
f1 (ppm)

7.75

7.85

=0

=l

%

0°C
0C
0°1
01
0°S

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0

9.5

S O 9O 9 9O O 9 9O 9O O 9O O 9O o o o
QA = S &8 T R v F & Q0 -3 00 00 0 0 o o O 28 K
A AN A = = = = e = = = R D W AN = o 79
AR InInTEnIEnTnTnIEnIEnIERIL TR R R AR AT S
(=3
= (=3
— v =]
S S S S— —
SP6I~  809TI~.  _ s
vEIT- 8792
15971
~
S
66TE— =
9yLTT ~
= - %
&
SE'8TI —
LT gee - &
=3
Fa
)
89°9L —&
00°LL Fres
i/ oriel—
o
b
S6TE— La
<
Fe
6L°0TT
Pzl L&
80'9CT —
35\ -
80°6C1 Z19cT — Fe
€rovl — o
€1'Tp1 5
o
LD
7 N =
z
$6'89T — S z

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S92



4000

3500

3000
2500
2000
1500
1000
500

000-—

9Tl —

144
E.N/
8I'C—
cm.m\
NN.N\
0r'c
LT¢
mm.mW
Iee
68°¢
ﬁo.mW
£€6'¢

€L
YTL
YL
STL
9T'L
LTL
8T'L
9¢'L
9¢'L

e/
€8°L—
gt/

-—= = =0T
=00'¢

=0T

0°¢
Woo._
=00'1
=00'C

CH,

65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

7.0

90 85 80 75

9.5

f1 (ppm)

180
170

r 160

150

r 140

130
120

110
100

9161 ~
or'1c—

wie—

1916 —

89°9L
oo.EW
NM.E

1Tel—

0€°1TT~
8S VT~
86971 —
€6t

$8'9ET —
POOKT —
veTr1 /.

£€6'991 —

CHs

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S93



=3 (=3 (=3 (=3 =3 (=3 (=3 (=3 =3 (=3 (=3 (= =3 (=3 f=3
(=3 (=3 (=1 (=3 i=3 (=3 =] (=3 [=3 (=3 (=3 =3 i=3 (=3 (=3 (=3 =3 (=3 S
S 3T 428 &I g9 8 223 2228383 8 0 9
A A A AN R SR S
000— -
9T1— -
1284
Sa/
81'C —— 20T
ONNN =10'¢
we \
(a4
LTE
QN,MW = =0T
£33 2
68°€
;,MW - =0T
€6°€ a8
€TL
vTL
YL~ a
STL ~
9T'L
LT L=
€TL sct 2
2
YTL
YTL
STL . 0
oL 9FL <
(7L 9€L~
. LEL—
8T'L
hodys ser/ o
9¢°L N J10€
200°1
=00'1
YA = -
mﬁw o © <+ =00
8L =
o 2
4 H
A 7
z =7 €L
€L -
_ Smﬁ 2

90 &5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

200
190
180

170

160

150

r 140

130
120

110
r 100

90

r80

70

60

r50

F40

30

20

F10

F-10

r-20

P61~
61T

e —

0918 —

89°9L
oo.EW
Nm.E

1Tell —

0€°1TI~
LSHTI~
LE9T1—
et

¥89€1 —
€0°0¥1 —
veTr

£6'991 —

CHs

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S94



=3 (=3 (=3 =3 (= (=3 (=3 =3
(=3 (=3 (=3 i=3 (=3 (=3 (=3 [=3 (=3 =3 (=3 (=3 =3 (=3 (=3 (=1 (=3
ke g @ 2 & 5 ke = b o S 8§ |&§ & & ¥ & = g
: ; , . . . . . , , s . . . . . . . .
000~ o
- - <
6L €1 —
| v
< €17 —
1§ | =
M_._ 7 =10°¢ - 8T0¢ —
Il -
9’1 7 | @
Mm/ F g 8
YT+ . w0l Q - =)
il =20¢ | n
o Rgop [ O ) 6L°E1 — —3
F,N 0819 — L=
[543 |2 PSP —
@N.m%
- .
ge— & L 89'9L o=
ov'e “ o oo.EW 1€1e "
. : — —— 5
MMN i« - TELL =
e « e[ ¥ 887 — —1 |x
6Lk v
Iy 3 Y& E
. “__ =001 ) =)
€Ly g ox 8T0E — —3 °
YLy & o
et
wy
o
2 PLYTT
- | = vT9T1 1
he 1TLTI~E ~ —
- - z8'8cl
1oL b Fo LO6T1
wL veLEl — -
€TL - | o LL6E1 7, _
Lein & \ _ “k_ wooe | T www/
€e'L - 2OV |
beL nHw w P nHw
Ly - -—= =00'T
9L'L 5 L2
o 99691 ~_ _
o m © o se0L1 -
F Nz=A A , ~
> ﬁ -
(=
0
o

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)
S95

190




(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 S
el (=] wv (=] wy (=] v (=) w (=] wy (=3 wy =1 (=3 w
o~ o~ o =) wvy vy < < [ag] (22] o o - - vy I
PR U A LU A AU AU P A O M ,
000 — -
97T~ _
w..ﬁ = - = Feoor
8€T— = = 10°€
m
JEFUR S S S— —
2
91¢— : - 0T
LU~ = -
61'L~ o
§9€— 1T~ 2 - =00¢
wL—
vTL— &Q
9TL— =
S
~ e
L— &
YEL— aw
9¢'L — =
LIL -
61°L 3
1L
wL “
©
vTL :
o7 LyL— =
el St'L— g
veL =
9€'L 400
Lr'L 10T
X o
8L~ T = 10T
[}
8LL— = 00T
o5/
o o}
of N~
Q\ /N\

0.0

0.5

20 15 1.0

25

40 35 30

4.5

60 55 5.0

6.5

7.0

75

90 85 80

9.5

f1 (ppm)

190
180

170

160

150

r 140

130
120

110
100
90
r80

LETT~
9LTT—
9¢5T

€09~
L6LE—

Sl'vy —

LST9—

89°9L
oo.EW
NM.E

SWANNM
0C9Cl1 /
8T9C1

0L8CL-T
LO'6T1 \
9L8ET M
£Torl

woANi \

6L°L9T —

CH3

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S96



(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 (=3 S (=3 (=3 =3 (=3 (=1 =1
(=) == o~ =) wvy < o (] — (=]
: . . : , ; , . . ,
000~ —
=3 (=3
=3 (=3
k] 2
S S S S S— —
971 — -
2
ne— =
€rL—
. o
SIL— =
e — -90°€
=3
S
~
6v'c a_
0s'€ . 'E - =00'C
7 LTL~ =g
et LTL— M\.
L6'€ . o - =00'T
67L—
w@.m\ =
66
€L —
oy a
se'L 4
_ ]
N
X ~
L wL—
€L Yy'L— w
SI'L =
LTL
LTL
6TL
€L o'l
€L %o.u
Se'L = ot
e/ £ oz
P8~ ~ .
031 =00'C
o (8]
~

o

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

70 65 60 55 5.0

7.5

90 85 80

9.5

10.0

f1 (ppm)

280

260

240

220

200
r 180

160

r 140

120

100

r80

60

F40

r-20

F-40

WIT—

£eTeE—

00°Sy —

89°9L
oo.EW
Nm.k

1€L1T —
ey
7
vw”hﬂ M
Y

€SYI1 —

CHj

(o]
of
g Nz

7c

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S97



180
r 160
r 140
120
100
r80
60

=3 (=3 (=3 (=3 (=3 =3 (=3 =3 (=3 (=3 (=3 (=3 f=)
(=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 b=y (=3 (=3 f=3 [=3
a) (=3 a (=3 al =3 vy (=3 'd (=3 vy =1 (=3 by =l < o i=3
N=} =) wvy wy <+ <t [ag] o o o - — wy (=] v o o o o
: , , , : , . . . . . . , ; . . . . .
(=3 (=3
:E g . .
000— - - FS s 2
S ] =
= v
<
% .
N - LE'STI —
071 — 2 _ 817e— )
" 66921 —
- Fo
= o STy —
S [l 91°671 —
- e
&4 o S60ET ~
= - 80°1€1
= roen
i <
s MW _ - 89'9L
£€5°¢ 0E - =0T [ 00°LL
€ ~ g !
107 g~ - =107 ¥
S.ww ~
£€0% 0 L2z
= £
7 5=
o
0 | =
: = ” LI —
0Ly .
90°L g | o LSt
901 N ° 66'9T1 -
. 91'6T1 —
LOL 0 "
SI'LA 2 Fé
91°LA 89'LET —
81°L A [ 01| o .
LTLA =~ o1 [ = €LEPT —
PEL~ 10T -
9€°L 30T
seLlr A\ 0°1 Z N
St'L 01| o _
ﬁi o « Y8BT — _o
8¥'L 0 T “ _w
€5°L o7 /Né N~ b o o7\
vS'LA
SS'L =
ssL e
L1924 -
L9 ot
89°L |
897, ]

100
26
20 10

1

30

130 128
f1 (ppm)
50 40

60

132
70

100 90 80
S98

f1 (ppm)

110

120

180 170 160 150 140 130

190




(=3 (=3 =3 (=3 (=3 =3 (=3 (=3 (=
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 2} =3 vy (=3 e (=3 vy (=1 (=3
T T i T ° < < in T T
0070-—
(=]
S
9T1— o~
(=3
2
N
(=)
A =
=E
f=9
LS°€ &
wm.mw = =10C
65°€ e
LOY = =0T
wo.vw
60t
2
~
(=)
=
9L =
LUL
61'L
LTL
vEL
9L .
8€L Q q 0T
L Zz=0 o 20T
vy~ 00T
0L'L— ) . @ €01
) ~ 088~ 0’1 *®
0€°S / €8 —
8¢'8 o wE :
A L 8€'8 Y m %m."
z
O . wm.w% _ =
088 or'8~, _ 0l 2 =001
ow.ww ovw\ - %
088 or's
<
o0

0.0

0.5

20 LS5 1.0

25

40 35 3.0

4.5

60 55 5.0

6.5

7.0

75

90 85 80

9.5

f1 (ppm)

(=3 (=3 =3 (=3 (=3 f=3 (=3 o
S ) S el S Il S b4
T T T 9 9 n in :
(=3 (=3 (=3 =3
(=) (=3 (=] <
< o o — =1
R S S S S I S— —
0L'sTT— — 3
8ece— 19921 — —
o0
(PN
PESH— 1 )
o
YT6T1 \\d oz
LT0ET — - =
ol
o
STTEl — ‘|LM -
89°9L
00°LL —
!
0SLIT — -
06’121 —
0L'sTI—
YT6Tl — -
Or'LET —
. ©
PrbpT— v
80°8P1 — Z=0
(]
~
86791 —
w? °©

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S99



(=3 (=3 (=3 =3 (=3 (=3 (=3 (=3 =3 (=3 o
(=3 (=3 (=3 [=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 S
a2l (=] Val =1 sl (=3 vy (=3 vy =] (=3 iy
vy w <t <t [ag] (22] o o — - vy v
f f ; ; ! ! | | ! ! f |
000—
9T1—
00T
Sd/
P07~ = 50T
6£T— =00'¢
96T
8@% _ _00°€
- AMoT
£rE—+ - =00'T
mw,m o . o o
el g = S S S
T 9 T < n T <

vTL
ONNW
6T’L
08°L—~
Nw,n /

CHj

90 &5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

r140
130

120

110

r 100

r90

80
r70

60

r50

r-10

F-20

T6'81 ~
91T —

£9°0€~
¥6'1€"

09°1S —

89°9L
oo,EW
TELL

09T ~
LO6T1 —

1S0VT ~
€6 1Y

8691 —

CHs

A

\
HsC— N

/

7f

AR W -

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90
f1 (ppm)

190

S$100



11000

10000

9000

8000

7000
6000

5000

4000

3000

2000

1000

~-1000

[
10°¢
£0°¢

€r'e
sy'e
sy'e
Ly'e
6v'¢

vTL
@N.BW
8TL

6L'L
WL /

CHs

=3
=3
=

23 2.2 2.1 2.0

2.4

26 25
fl (ppm)

2.7

29 2.8

3.0

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

70 65 60 55 5.0

7.5

90 85 80

9.5

10.0

f1 (ppm)

220
210

200
190
180
170
160

150
r 140
130
120
110
100

90
r80
70
60
r50
40

r30
20
r10
r-10
r-20
--30

I —

8681 —
8€'1T

66'0¢ —
LS6E—

1887 —

89°9L
oo.EW
NM.E

LEITI ~
LO'6T1 —

[SAUARNS
98Il

691 —

CH,

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S101



(=3 =3 (=3 (=3 =3 (=3 (=3 =3 (=3 (=3 =3 (=3 (=3 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 i=3 (=3 (=3 i=3 S
(=4 v (=3 sl =3 v =3 ) (=3 e i=3 sl (=1 i=3 by
o~ =] =) w wy < <t o (22] o o - — wy (=] 0
. : : , , , ; . . . . . . , , ,
000 — -
980
ww.cw
060 =20°¢
vol— F£0°01
11/ 007
w1/
66'1
€07\ 207
65T — ——=——= = 10°¢
=3 (=3 =3
20°¢ S & = o
v0'€
007
3t = “ F 00
ov's -
a3
a3
St'e %)
B
o
S
S
o
o
I
C —
I
€L
mSW 2 = 10T
8TL :
e/ _
6L o0’ B =007
8L
LOE
@
=
Foea
€€
0F'€ - |«
o we— == 00 @
2 vre -
Sh'e ke

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

60 55 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S © 9o o o o 9o o 9 o o
0 o~ =l sl < (2} o — = = (=3 =3 =3 =3 = = — a
— — — — — — — —_— — (=) o« o~ 3= wy < o (=) 1 "
PR R a AR M U G M Tl
(=3 (=3
vy (=] (=3
—_— — wvy (=1
R S S I T— —
00p1— 9¢1T— -—% \2
6061 — €577 — _— o -
€597 Fa
@.ONW ~
1062 \ r
[ g8
€59¢
st g > —= [ &
9Lty — } = -
.
6€°6F — ra
$0'6C - oL
0162 -
e
L670E — — |
L91E— — [
89°9L
oo.EW =
TELL
T€9Tl ~
w06t — I < =
9]
N~
1L0bT ~
N P
LLTPL °
LD
7 N\ =
g 2N
09691 —

HsC

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

§102



=3 =3 £=3 =3 =3 (=3 (=3 =3 =3 =3 =3 = = o
=3 =3 1= =3 =3 = (=3 =3 =3 =3 = =3 =3 =3 = = =3 S
< o =3 o o < N =3 0 o < N =3 =3 = =4 =3 Il
S A B AR A A L A
000—
9Tl
0€'T
€1
9¢'l
o1 10’
WMH# - FLO'S
~ =0T
orT— =10€
66 -
¥ (=3 =3
10 =8 - =0T
S A R I T E—
8LC— 01— - =00C
e/ o
€ry 3 AR 3
PIv o v 0 v 1 L v o 98T -
STy o 6ET— =101
CIRS 1P
MY ICXAN S wi—
RS iredhs g @
L ot < ey < =
817 coe/ = J
61 =
(a4 “2
0Tt a8 0 1
“
Lag]
ey . g
ov'E— « 99T — —&
wes =
)
i wi—
s et 5 =0T
wi! e Lwi— -
[ - 08—
6LLr ~ = =00'C
18°L ]
o
()
2 Y AN 8
L6~ =
86’1 —
00T~
0T g
o

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

60 55 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

r210
200
190

180

r170

r 160
150
r 140
130

120
110
100

90

80

70

0161
:EN%
80°5T
8T'ST
7967 —
1e1e/

LOVY —

s —

89°9L
00°LL

TELL

8€°9T1 ~
60°6C1 —

SLOVI~
8LIY1

11691 —

CH3

40 30 20 10

50

60

70

80

90

190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200

S§103



10000

9000

8000

7000
6000

5000

4000

3000

2000

1000

0

000-—

9T —

L6'1
66'1 /

00C—
or'c—

80°¢
ore

e+
Pee
Se'e

8y —

81°L
61°L
0T'L
1TL
STL
LTL
8T'L
6T'L
0€'L
8L~
v8LS

CH3

e~
vee—
see

2.00 1.96
f1 (ppm)

2.04

3.2 3.1
f1 (ppm)

33

34

HI'T

=10'¢

=0T
=10'C

=70'C

/10T
RE0'S

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.5

f1 (ppm)

150
r140

130

120

110
100

90
80

70

60

50

1681 ~
8¢1T—

06'0€ —

wm.ww
Nw.wwv

899L
oo.RW
Nm.E

9¢9C1
16°LC1
8T8TI
0L8C1
60°6C1 =

88¥El —

PrOpT —
661517

8691 —

CHy

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S104



(=3 =3 (=3 =3 (=3 (=3 (=3 o
(=3 =3 (=3 =3 (=3 (=3 (=3 (=3 =3 (=3 =3 (=3 (=3 (=3 (=3 =3 p=)
(=3 (=3 =3 (=3 (=3 (=] (=3 (=3 (=3 (=3 i=3 (=3 (=3 (=3 (=3 (=3 =
=) vy < o (] — (=1 (=3 =3 (=4 =3 (=3 =3 (=3 (=3 = —
=1 — — — — — — (=) oo o~ =) w < o o — (=] '
AU A A S L S LA S
(=3
(=] (=]
00°0- — = & - _
a
~
2
=
(=1
6TT~ 2 - =00'¢
17— ~00°€
<
S
~
pEE— =00°€
o0
[ PN
=]
o
R
=
o
(a2}
~
o
(as}
~
I 2
SIL N
9I'L
8TL -
0€'L 3
N
9€°L
8€L )
ov'L % H kumm
WL ~ - mwo._
bbL = ;
ovs \eoz
68 £ - 00T
16°L o -
5 ©
le) o
o
N\ z”

90 &85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

9.5

f1 (ppm)

340
320

300

280
260
240
220
200
r 180
160
r 140
120

r-20

F-40

LE6T ~
Clatee

6T0Y —

89°9L
oo.EW
Nm.k

6T9C1
69921
058C1 ~
90671 \
00051
SLOVT —
00Zh1 \
Er'epl

96591 —

CH,

CHs
8a

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

§105



10

20

30

150 140 130 120 110 100 90 8 70 60 50 40
f1 (ppm)

160

S106

= =3 o o =
=4 =3 £=3 =3 =3 =3 (=3 (=3 (=3 =3 (=3 =3 =3 p=)
=3 =3 = 1= 1= =3 =3 =3 =3 =3 =3 =3 =3 = = =3 = =3 =3
2 2 zZ =2 8 8 R 8 &8 8 R &8 = o 0~ R & S 2 =t
I I I I ! I I I L I I L I I b L L L I I
r e
000— _ | 2
F3 PE0T~L
6C17
L2
9T1— -
wy
S
e
peT— =10¢ o,
€5T— = 00°€[ o
2
[ e
89°9L
e oo.RW
L
o
[ =
[P
F<E
f=5
S
oz
e
“
[ 86'ST1
8T9TI
€L L2 €rLTly
SIL S8'8TI~
7L “ 6€6C1
oL R 85°6C1
scL - LEOVT —
MMM S0 = 81p1 7
seL— Footf
0L =007
9L ° - o
o s 5
) pE991 — i Q2
o © 2 0 o © ©
Q% \\H/ ® L Q% \\H/
y 27 >z )~z
d = 4
“
o

180 170

190

200



500
400
300
200
F100
F-100

=3 =3 =3 =3 =3 $=3 $=3 =3 =3 =3 =3 o =3
=3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 S =3 =3 =3 =3 =3
=3 ) =3 v =3 ) = v =3 v = =3 ey = 1= =3 <3 =3
=} wy vy < < Lag] Lag] (o] N - - wy (=1 v - = =) o~ =l
, , , , , , , , , , , , , ; , , , , ,
000~ — _ =
L2
g c ere— 8 8 g 8
(S} < Lag] o — (=1
L o S S [ S E—
91— -
wy
(=3 ro—
S 80r—
L=
69— o or9TI— -
9T — ) 8 - = 00|
$6'9— ) Fai .
Lot
- 8TLII = T
> v
s e 6€LTI
= 899,
wy
wse— z - = 10°€f o oo.EW
. g8 - it 69°8T1
coL— =2 I 78871 — -
LOL— L0621 — -
8oL/ = L2g 17621 —
" ~ 1 £
erE= oz
. £rL— [ 9p9T1
€69 Pl — o LeLet
MN.W srL/ =~ L 8T'LTI
6€LT
LoL 8IL— S 698C1
80°L 61'L/ S e 83T1
60'L = Lot
ors L2 17621
cre €€Tel .
ere - Lopl —  E€TEL—
vl re ohﬁwﬁ“m
ste £€Erl
wy
0917 [ =
[ o
T L2 T
o % o
° o 65991 —
wy
4 5§ ® - i
o 4
d SNz - )~ =7
= d
0
(=

20 10

127.5 126.5 125.5
70 60 50 40 30

128.5
80

130.5 129.5
f1 (ppm)
110 100 90
f1 (ppm)
S107

131.5
120

130

132.5
140

180 170 160 150

190




11000

10000
7000
6000
5000
4000
3000

2000
1000

~-1000

000-—

9T —

or'c—
£€9T—

€re
w_.mW
LI'E

00t
mo.vW
SOy

10°L
€0'L
0L
LO'L
60°L
(U3
SI'L
LI'L V
9T'L
8T'L
S8°L—

8I'8
0’8 /

800
700
600
500
400
300
200
100
Y

7.15 7.05

7.25

7.55 7.45 7.35
f1 (ppm)

7.65

7.75

7.85

CH,

8d

=<0'¢
FIO'E

/£0°T
=701
0T
=10T
Hoo'1

450

400
350
300

0.0

0.5

20 15 1.0

25

40 35 30

50 45
f1 (ppm)

60 55

6.5

90 &85 80 75 70

9.5

90T
wmANV
crLe—

8967 —

89°9L
00°LL
TELL /

€€611 —
LSYCL —=

o1/
)
4|

E.NE\

e

61791 —

€E611 — -

LSYTI~
05T —

1Lcel — -

SSOPL — —

0L 1P — —
PITrl

CH,

250
200
150
k100
50

k50

10

120 118
40 30 20

122

50

124
60

36 134 132 130 128 126
f1 (ppm)
o
110 100 90 80 70
f1 (ppm)
S108

38
120

40
130

42
140

1

8d
180 170 160 150

190




(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 S
(=1 (=3 (=] (=3 (=3 =3 (=3 (=1 (=1 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 S
(=N o0 ~ =) Wy < (3] o — =1 (=4 (=3 (=4 (=3 (=3 =3 (=3 (=3 =1 —
= —_— — — — — — — — — N o0 o~ ) sl < o o — (=] 1

. . T .. . ... e YR T. R
000-—
06'1
w6
€61 )
61 60T
161

vz — -20°€
€97 0°€
59T 0T
19T
89T
s8¢
a.mw == 00T
68°¢
'L
€0°L
8I'L
61'L
0T'L )
1TL - 00’1
LY — +C0'¢
LTL - 0T
6TL
88'L— T - 00T
o6/ © © ]

o © ©
d /N\ﬁN
X

0.0

0.5

20 15 1.0

2.5

40 35 3.0

4.5

55 50

6.0

6.5

90 &85 80 75 70

9.5

f1 (ppm)

400

r350

300
250
200
150
r 100
50

0T
61T~
99'€7
197/

€8°Sh —

89°9L
oo.EW
TELL

18Tl
croct
ot
rr9Cl
SO'LTI~E
€€8CI -7
c0'6Cl
0S'LET —
8S°0¥1 7
00°Cr1 s

Y0°SOT —

CHj

Oy
S
N
8e

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S$109



4000
3500
3000
2500
2000
1500
1000
500

9Tl —
w1

mw._uw
8817
c61)

8€T—

Is¢
mm.m%
ss'e

09°¢
¢
9°¢

9T —

L89 \

689~
1TL—+
el
08°L~.
WL

1.85 1.80
fl (ppm)

1.90

1.95

2.00

8f

Hy
Cl

00T
00T

=00'C

=10y

=10T

340
r320

40 35 30 25 20 15 1.0 05 00

50 45
f1 (ppm)

90 &5 80 75 70 65 60 55

9.5

€E1T~
8Y'€C—
96'sT

69°8% ~_
9€6r

LTY9 —

899L
oo.RW
Nm.E

6L SIT—
91°9T1

89C1 V
v0'6C1 -7
SY'6C1 \

8LOYI —
eyl /

YLGST —
10091 —

300
280
F260
1240
1220
1200
180
I 160
I 140
k120
100
180
F-20
F-40

60 50 40 30 20 10

70

100 90 80
S110

f1 (ppm)

110

120

180 170 160 150 140 130

Hg
Cl
190




4500

4000

3500

3000

2500

2000

1500

1000

500

00°0-—

9T —

08’1
[t
€8l
81

6£T—
v0'€

S0°€

90°€ kw
LoeE
80
e
Tre]
€1°¢
SI°¢
sre
8T'¢
0g°¢
I3

mw;L

61°L
1TL
wL
€L
STL
9TL
LTL
6T'L
1L

L8'L
68'L /

Hs

3.35 3.25 3.15 3.05
f1 (ppm)

3.45

3.55

=o'y

=10'¢

0°C
#00C
=00C
0T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

9.5

f1 (ppm)

210
200

r30
20
r10

LE1T
83#
0L'sT—
SLTE—
sLve

€LY~
19'8y

89°9L
oo.EW
NM.E

1°9C1
6¥'9C1 /
6¥'8C1
05'8T1 W
wecl

60071 —
£9°Iv1
99°1¥1

19°691 —

Hs

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S111



(=3 (=3 (=3 =3 =3 =3 =3 (=3 (=3 (=3 o
=3 =3 = =3 =3 =3 =3 = =3 =3 =3 (=3 (=3 =3 S
0 o < o i=3 3 o < o = =3 =3 =3 (=3 a
o N (o] (o] (] — — — — — =3 =l < N (=1 D
, , , , , , , , , , . . ) , . ,
000 — -
€l
91'1 /
61T~ _ .
oz ¥ = 00T
wi— === FIT
851 = .
= 09
oL \ = b
9.1
o'z — =00°€
(=3
v
79°€ a
S9°€ V - _ )
oL's - €06
[IX3 8
wv
<
RE
-&
=
0
=
(=3
2
"
=
vTL -
cﬁw =00C
8T'L S
6LL— =00C
152/
o©
I
o
<
o o]

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

9.5

f1 (ppm)

360
340

320

300

280

260

240

220

200

180

r 160

r 140

120

100

L40

S (A
YrSTt—
oo.cm*
YT6T

9T°0r ~
8¢'er —
SOLY —

8599 —
89°9L
oo.EW
NM.E

90°9C1 ~
06Tl —

09111
0L'1v1

€0°0LT —

CH3

29 28 27 26 25 24 23 22 21
fl (ppm)

30

8h

80 70 60 50 40 30 20 10

90

190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200

S$112



5000

4500

4000

3500

3000

2500

2000

r 1500

1000

500
~-500

000—

9T —

0T~
wT—

05°€
E,m%
£5°¢
$9°¢
99°¢
L9'¢
69°¢
1Le
e
€L'E
vL'E
sLe

STL
LTL A
8TL

6L°L
18°L /

CH,

~10°¢

8i

370 365 360 355 350 345
f1 (ppm)

3.75

~0°¢

10C
M\\oo.m
0°C

10C

0.0

0.5

20 15 1.0

2.5

40 35 30

4.5

60 55 5.0

6.5

7.0

75

90 85 80

9.5

f1 (ppm)

180
r170

160

150

r 140

130
120

110

r 100

90

r80

70

60

50

F40

20
r10

r-10

F-20

€S°LT —
8¢’ 1T —

€SP~
LYOr—

f.ao
Y799 V
89°9L
oo.EW
NM.E

0T9C1 ~
01'6Tl —

1L0vT~C
SOTH1

1SY91 —

CH,

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S$113



(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 o
(=3 (=3 =3 =3 (=1 (=3 (=3 =3 =3 (=3 (=3 (=3 (=3 (=3 (=3 S
(=3 0 o < o (=3 0 =l < o (=1 (=3 =3 =3 (=3 a
e .9 e .2 T 2L
000 — e o o -
(=3 (=3 (=3
(=3 (=] (=3
) <+ o (=]
—_
6€7— =0 o
L=
97’1 — o -
00T 0=
<
SAN/ ‘z.mpy
p0Tx = — 50T
aef Wﬂ =2 Tt
S1C . & — -20°¢
31T 1§7— = 0°¢| A00°€
07T -
b
M
1T
10°€
€5 — = .
ey ~ 0’1
s/ 8 22 s o a0
N S IS S S S E—
(1% -
ISt L2 )
Nﬁw e =01
©$y
Nal
bt
SF
&
=
wv
<
o
L
vﬁw =10
8TL e
miw “ 00T
SL'L
o©
I
o

0.0

0.5

20 15 1.0

25

40 35 3.0

45

55 50

6.0

6.5

90 85 80 75 70

9.5

f1 (ppm)

450

400

350

300

r250
200

150

100

r-50

€8'81
SEIT~
8THT—
91’67 —

178y —
0TS —

L9°09 —
899L V

oo.ww
TELL /

P19C1 ~
88'8C1 —

TLOYI ~
Wiyl

96°€91 —

89°1LT —

CHj

50 40 30 20 10

60

180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

190

S114



o = ~ \O <+ [ =] o 8
©x aaq Ss =3 a 2
I e en IS — T
N NN |
CH,
Ox
N
N
HC—N
CHs
8k
‘\
i
I
L_J LLJA&—J;
. J
L & > &
< < e 2 <
o (o] o oen o
. . . . . . . .
9.5 9.0 8.5 .0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 35 3.0
f1 (ppm)
vy — QN O <
b x2 >3 488 3% EEN
3 = A& == S 6 o o
— —— —— ~~ o~ R o —
e Vol ~ N I
CH,
Ox
SN
>*CH3 ,
H3C— N\
CHj
8k
I
. . . . . . . . . . . . .
190 180 170 160 150 140 130 120 110 100 90 80 70

f1 (ppm)

S115

8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

r 1500

1000

500

r-500

400

350

300

250

200

150

100

50

r-50



r 12000

11000

10000

9000

8000
7000

6000

5000

4000

3000

2000

1000

r-1000

80°1
@o.ﬁ/
1T ~+

9T1-F
8T'1 \
0€’l

or'c—

1243
sy'e
Ly'e
8y'e
6v'¢
6v'¢
1s°¢

ILYy—

vTL \

LTL
8TL /

Nw,w\
8L /

CHj

=0'¢
=€I'¢

=10'C

0.0

0.5

20 15 1.0

2.5

40 35 3.0

50 45
f1 (ppm)

55

6.0

6.5

7.0

7.5

90 85 80

9.5

260
240
220
200
180

160

r 140

120

100

r-20

L_40

0911~
vl —

LETT—

erye—

E\?
mm.ﬂuv

89°9L
oo.EW
NM.E

S1°9T1 ~
S0°6C1 —

€S0V~
90°Tr1

8651 —

CH,

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S116



—8.13

P
Hs m
o

9a

S—N

—7.76
7.28
7.26
7.24

L
7

CHj
Ny
\

CHs

2000

21726
724

o0

a

o
<

1500

1000

500

78 77 76 15 14 13 72
fl (ppm)

2.00=

2.02=

312
~3.00

2.39

—-0.00!

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

F-500

T
10.0 95

P
T

Ha i

9a

7.5

77.32
77.00

159.02
—142.33
~139.47
—129.21
~126.36

76.68

L
\

N CH,

y

CH,

A O

—41.36
—35.37

21.35

-0.5

210
1200
I 190
I 180
170
k160
F150
I 140
F130
k120
F110
F100
+90
180
L70
F60
F50
40
F30
k20

T T
200 190 180 170

150

T T
110 100
f1 (ppm)

T T T T
160 140 130 120

S117



r 10000

150
100
r50

(=3 =3 =3 (=3 (=3 (=3 (=3 =3 =3
(=3 [=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3
(=3 =3 (=3 (=3 (=3 =3 (=3 i=3 = e (=3
(=) oo o~ o wvy < o o — (=] o o
i i | i f i X | ! i | !
5 o =3 =3
000— — S s S 2 -
JERUR EIR S T— —Y
v
| < wi—
s6'1¢Cl
L2
L v v6'SE—
LS €991
€TLTL— —
wT— =10°¢ | M
pE6Cl~
.
- TN e ———
e
- I I 89°9L
e o0t 3 oo.RW
TELL
(=]
F<
=4 v
&
=
. Fa .
61'L— - 08'8€1 — -—
(3]
0TL— N e
“
or'L - o S61TI—
0T'L 4 re cooz1 — SLTPI~ 3
8T'L =~ czrzr/r TTERT S 3
0¢'L L
®L 8TL— < . \
My - B6°6El —
L o 0gL— - N PR 8LTHl -
. 5 : g +00C vt/ 5
€L »-° L— ) I80°¢ o
Y ~ . " z
StL L bl — . o7 k2 L
Nwsw =7 N =€0C [ o LT8ST — -7
8L l, e 3
Oo=0n=0 O o= vm o
o L v
LS8 — g I R
WwL— =
=
€L — BN
ShL— m e
£ < P

10

130 128 126 124 122
70 60 50 40 30 20

132
f1 (ppm)

142 140 138 136 134
120 110 100 90 80
f1 (ppm)

S118

130

144
180 170 160 150 140

190




< vy O SO O 0w = (=3
= o daq TIIIFTAmq @ 3
oo o~ Ll NN en N oen NN oen o (=)
| [~ e |
P
H3&©7S;N CH3 ~ N O <
] / [
5 \ ; = aad 11200
CH, S Fiooo
800
9c 600
1400
1200
< e o
\N T T T T T ol
78 77 716 15 714 73 72
f1 (ppm)
i | I
il
M
et
L L5 & A
S = S S3
— (o] (o] oo
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30
f1 (ppm)
el <t > Uelel
(=) — O — A o O o < =) < D~
o IS E=N [ =] RN S & Qa9
wvy <t o0 (o o} o~ 0~ O o (=) — <+ —
— —— —— ~ S~ <+ < [} ——
N \ ol ~ [ | |7
P
H S—N CH
3 r N\ / 3
o) N
CH,
9c
I
I
200 190 180 170 160 150 140 130 120 110 100 90 80 70

f1 (ppm)

S$119

r 11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

+-1000

r 160

150

r 140

130

120

110

100

90

r80

70

60

r50

r40

r30

20

r10




wy O OO T SOt AN — AN Ao (=) aNo o [=3
a4 55 aaq nRnnInIISE OO @ aaad S
o L e T Tttt nenen (o] — (=]
[N R e ey ~ [
ﬁ HsC
H, FN CHs
NN
CHs
gd H3C
oA H a2y 800
<t < <+ < <+ < <
L 600 3.75 3.70 3.65
f1 (ppm)
a3 N o
ki 8| 10000
[ [
5000
T T T T T T T T [ [
458 454 450 446
f1 (ppm)
S S 0
T O\ T O\ T
135 130 125 120 115
f1 (ppm)
|
'] I
| ‘\ I
d & & & & 4 A&
S = 2 2 2 =3 S 2
— o ol — — [ag) o O
T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
o — <t on
(o] S 0 —— o O o == oS0y
< da KX wS e I R R
vy <t 0 [ Mo ~ 0~ O o0 >~ N — O\
— —— —— ~ o~ < < oo =
4 Vol ~— N NI
ﬁ HsC
Hy H&N CHs
PN N
)— CHg
HsC
9d
I
I
. 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
f1 (ppm)

S§120

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

r 1500

1000

500

r-500

220
210
200
190
180
170
r 160
r150
r 140
130
120
110
100
90
r80
70
60
50
40
r30
20
r10




o v N\O oS- a — O (=) o ~-wn o 8
~ 5 oaaqa ST T T m S nn A 2
[ I S A enenenenen ] —_—— = T
| [~ — = | |
R A& [2000
o~ o~ o~~~
Y4 N2 L
? ‘ 1500
Hy HS*N F 1000
TNy
F500
3 FO
9e P
78 77 76 75 74 73 72
f1 (ppm)
S oo QD= O
SRR hn G
N P N\ L [2000
Iyl
: +1000
I
! |
! T T
= < ro
T ﬂ“ T o T
1.70 1.65 1.60 1.55
‘ f1 (ppm)
i “
[l
|
A I
L L & Lg 4 21
S S S S3 S 22
— o o (o Nl o <
. . . . . . . . . . . . . . . . . .
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
vy N o —
—_— — O —n oo 0 el (=3 v Al <+
o~ o o o Y] RN 5 w9 N o
vy <t on (o o} ~~ O — < O < 0 —
— —_—— —— 0~~~ w < [ o N o o}
N \ ~ | | N
P
Hy f*N
[ N
9e
I
I
. . . . . . . . . . . . . . . . . .
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

S121

13000

12000

r 11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

170
160
150
140
130
120
F110
100
90
80
70
k60
50
k40
30

20




NN
a5 Aadd
I N

/
/7
{7

2.0

T AL = O =3 )
SR onn Y = N
N enenoenoenoenoen o —
/) &=

2000

1500

1000

500

.
3.65  3.60
f1 (ppm)

355 350

—-0.00'

L% L
cee <
[ I o] Lag]
T T T T T T T T T T T T T T T T T T T T
95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
f1 (ppm)
=) < O —
vy w o o < NS X O~ o~ o o
[ ISE=N o ] ey - < “
w <t on oA S~ O Qo wv (=3 < —
- - —— N~~~ 00 o I
[ \ ~— N [
P
H S—N
° rN\_/
o) N o
P
Iy
i o i
|
‘ “ ' . . ‘
L 1
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

f1 (ppm)

S§122

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

500

450

400

350

300

250

200

150

r 100

50

r-50




XRD data of the compound 4a
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Figure S2. ORTEP structural drawing of 4a. (CCDC: 1565960)

Table S3. Crystallography data for 4a.

complex 4a

Empirical formula C17H18N202S
Formula weight(g mol-t) 314.39
Temperature 120 (2) K
Wavelength 0.71073 A
Crystal system Monoclinic
space group P2 (1) /n

a=12.3640 (7) A
b=7.4331(4)A

) ) ) c=16.5987 (9) A
Unit cell dimensions

0=90°
B=105.575(2) ©
vy=90 °

Volume (A3) 1469.45 (14)

z 4

p(g cm3) 1.421
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F(000)

Crystal size(mm?)

Theta range for data collection

Limiting indices

Reflections collected / unique

Data / restraints / parameters

GOF

R1,wWR2[l > 26(I)]

R1,wR2(all data)

Largest diff. peak and hole(e A)

664
0.20x0.15x 0.10
1.84 <10 25.50 ©
-14<=h<=14
-9<=k<=9
-20<=1<=20
19816 /2716
2716/0/200
1.188
R1=0.0328
wR2 = 0.0940
R1=0.0395
wR2 = 0.1085
0.368 and -0.516

Table S4. Bond lengths [A] and angles [ for 4a.

S(1)-0(2) 1.4397(13)
N(1)-C(1) 1.308(2)
C(1)-C(2) 1.503(2)
C(5)-C(10) 1.400(2)
C(9)-C(10) 1.385(3)
C(13)-C(14) 1.380(3)
0(2)-S(1)-0(1) 117.05(8)
0(1)-S(1)-C(15) 107.00(8)
C(1)-N(2)-C(4) 112.40(14)
N(2)-C(1)-C(2) 109.03(15)
C(6)-C(5)-C(10) 119.17(16)

C(6)-C(7)-C(8) 120.02(17)

S(1)-0(1) 1.4400(13)
N(2)-C(1) 1.353(2)
C(2)-C(3) 1.526(2)
C(6)-C(7) 1.386(3)
C(11)-C(12) 1.507(3)
C(14)-C(15) 1.391(2)
0(2)-S(1)-N(1) 113.00(8)
N(1)-S(1)-C(15) 106.47(8)
C(5)-N(2)-C(4) 119.87(14)
C(1)-C(2)-C(3) 104.94(15)
C(6)-C(5)-N(2) 118.42(16)

C(7)-C(8)-C(9) 119.48(17)

S(1)-N(1) 1.6226(15)
N(2)-C(5) 1.424(2)
C(3)-C(4) 1.522(3)
C(7)-C(8) 1.387(3)
C(12)-C(17) 1.390(3)
C(15)-C(16) 1.389(2)
0(1)-S(1)-N(1) 105.37(7)
C(1)-N(1)-S(1) 120.16(12)
N(1)-C(1)-N(2) 121.58(16)
C(4)-C(3)-C(2) 104.48(14)
C(10)-C(5)-N(2) 122.40(15)

C(10)-C(9)-C(8) 120.98(17)

S(1)-C(15) 1.7707(18)
N(2)-C(4) 1.481(2)
C(5)-C(6) 1.395(2)
C(8)-C(9) 1.389(3)
C(12)-C(13) 1.400(3)
C(16)-C(17) 1.392(3)
0(2)-5(1)-C(15) 107.35(8)
C(1)-N(2)-C(5) 127.01(14)
N(1)-C(1)-C(2) 129.36(16)
N(2)-C(4)-C(3) 103.79(14)
C(7)-C(6)-C(5) 120.71(17)

C(9)-C(10)-C(5) 119.61(16)

C(17)-C(12)-C(13) 118.49(17)  C(17)-C(12)-C(11) 120.50(16)  C(13)-C(12)-C(11) 121.01(17)  C(14)-C(13)-C(12) 121.19(17)

C(13)-C(14)-C(15) 119.33(16)  C(16)-C(15)-C(14) 120.72(17)  C(16)-C(15)-S(1) 119.06(14)  C(14)-C(15)-S(1) 120.07(13)

C(15)-C(16)-C(17) 119.16(17)  C(12)-C(17)-C(16) 121.07(16)

XRD data of the compound 8d
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Figure S3. ORTEP structural drawing of 8d. (CCDC: 1565961)

Table S5. Crystallography data for 8d.

complex 8d

Empirical formula C17H18N202S
Formula weight(g mol-t) 314.39
Temperature 120 (2) K
Wavelength 0.71073 A
Crystal system Triclinic
space group P-1

a=74252(7) A
b=9.8673 (10) A
c=11.2350 (11) A
a=77.187(3) ©

B =79.103(3) ©
y=169.194(3) ©

Unit cell dimensions

Volume (A3) 744.80 (13)

Z 2

p(g cm®) 1.402

F(000) 332

Crystal size(mm3) 0.22x0.20x0.18
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Theta range for data collection

Limiting indices

Reflections collected / unique

Data / restraints / parameters

GOF

R1LWR2[l > 26(I)]

R1,wR2(all data)

Largest diff. peak and hole(e A)

1.87 ©t0 27.55 ©
-9<=h<=9
-12<=k<=12
-14<=I<=14
15180/ 3404
3404 /0 /201
1.096
R1=0.0418
wR2 =0.1133
R1 =0.0558
wR2 =0.1321
0.428 and -0.489

Table S6. Bond lengths [A] and angles [ for 8d.

S(1)-0(2) 1.4378(14)
N(1)-C(8) 1.346(2)

C(1)-C(2) 1.508(3)

C(4)-C(5) 1.393(2)
C(10)-C(11) 1.526(3)
C(13)-C(14) 1.392(3)
0(2)-5(1)-0(1) 116.39(8)
0(1)-S(1)-C(5) 107.82(8)
C(17)-N(1)-C(10) 109.63(14)
C(3)-C(2)-C(1) 120.57(18)
C(6)-C(5)-S(1) 120.12(14)
N(2)-C(8)-N(1) 117.25(16)
C(12)-C(11)-C(10) 104.22(15)
C(12)-C(13)-C(14) 119.42(18)

C(16)-C(17)-C(12) 121.13(17)

S(1)-0(1) 1.4426(14)
N(1)-C(17) 1.422(2)
C(2)-C(7) 1.388(3)

C(5)-C(6) 1.387(2)
C(11)-C(12) 1.500(3)
C(14)-C(15) 1.386(3)
0(2)-S(1)-N(2) 105.08(8)
N(2)-S(1)-C(5) 104.89(9)
C(8)-N(2)-S(1) 124.18(14)
C(4)-C(3)-C(2) 121.43(17)
C(4)-C(5)-S(1) 119.31(13)
N(2)-C(8)-C(9) 126.62(17)
C(13)-C(12)-C(17) 120.31(17)
C(15)-C(14)-C(13) 119.99(18)

C(16)-C(17)-N(1) 129.42(16)

S(1)-N(2) 1.6123(16)
N(1)-C(10) 1.487(2)
C(2)-C(3) 1.398(3)

C(6)-C(7) 1.387(3)
C(12)-C(13) 1.377(3)
C(15)-C(16) 1.396(3)
0(1)-S(1)-N(2) 114.52(8)
C(8)-N(1)-C(17) 128.34(15)
C(7)-C(2)-C(3) 118.37(17)
C(3)-C(4)-C(5) 118.95(17)
C(7)-C(6)-C(5) 119.65(18)
N(1)-C(8)-C(9) 116.14(17)
C(13)-C(12)-C(11) 128.89(17)
C(14)-C(15)-C(16) 121.54(18)

C(12)-C(17)-N(1) 109.44(16)

S(1)-C(5) 1.7663(19)
N(2)-C(8) 1.316(2)
C(3)-C(4) 1.386(3)
C(8)-C(9) 1.500(3)
C(12)-C(17) 1.398(3)
C(16)-C(17) 1.392(3)
0(2)-S(1)-C(5) 107.37(8)
C(8)-N(1)-C(10) 122.03(15)
C(7)-C(2)-C(1) 121.05(17)
C(6)-C(5)-C(4) 120.51(17)
C(6)-C(7)-C(2) 121.05(17)
N(1)-C(10)-C(11) 105.90(15)
C(17)-C(12)-C(11) 110.80(16)

C(17)-C(16)-C(15) 117.60(17)
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