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1. General methods and materials:

All of the reactions dealing with air and/or moisture-sensitive reactions were carried out under an
atmosphere of nitrogen using oven/flame-dried glassware and standard syringe/ Schlenk tube. Unless
otherwise noted, all commercial reagents and solvents were obtained from the commercial provider and
used without further purification. "H NMR and '3C NMR spectra were recorded on Bruker Advance III
HD 400 or 101 MHz spectrometers. Chemical shifts were reported relative to internal tetramethylsilane
(8 0.00 ppm) or CDCl; (8 7.26 ppm) for 'H NMR and CDCl; (8 77.0 ppm) for *C NMR. Flash column
chromatography was performed on 230-430 mesh silica gel. Analytical thin layer chromatography was
performed with precoated glass baked plates (250p) and visualized by fluorescence. HRMS were
recorded on LTQ-FTUHRA spectrometer. The crystal structures were characterized with powder X-ray
diffraction (XRD) on a Bruker D8 Advance X-ray diffractometer. TEM was recorded on a transmission
electron microscope (JEM—-2100, JEOL, Japan), operating at 200 kV. SEM image and EDS spectra was
performed on a HITACHI S-4800 field-emission scanning electron microscope. XPS data were
recorded with electron energy analyzer (ESCALAB 250Xi, Thermo Fisher Co, USA).

2. Synthesis of catalysts

The polyvinylpyrrolidone (1.400 g), azoisobutyronitrile (0.100 g), and isopropanol (80 mL) were
separately weighed into a 250 ml Schlenk bottle, fully dissolved, and heated to 70 °C under nitrogen.
fully dissolved, and heated to 70 °C under nitrogen. After completion of the reaction, 2,4-
dichlorostyrene (10.0 g) was added, and polymerization was carried out for 24 hours while stirring at
room temperature. The modified poly 2,4-dichlorostyrene microspheres (PDCS) were collected by
centrifugation, washed three times with water and ethanol, sonicated, and finally freeze-dried for 12
hours.

The modified poly 2.4-dichlorostyrene microspheres (0.100 g), KMnO, (0.005 g), 20 mL of
deionized water were added to a 100 mL round bottom flask and magnetically stirred for 10 minutes at
room temperature to form a homogeneous solution. The solution was then transferred to a 40 mL teflon
reactor and crystallized for 10 hours in an electrothermally heated constant temperature blast drying
oven at 120 °C. After cooling to room temperature, remove the kettle, collected by centrifugation, and
the impurities were removed by washing with deionized water for 3 to 4 times. Vacuum freeze-drying

gave the product a-MnO,@PDCS nanocatalyst.

S2


javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB4209342&postData3=CN&SYMBOL_Type=A');

The synthesis of other MnO, catalysts.

(0-MnQO,-PS) The polystyrene microspheres (0.100 g), KMnO, (0.005 g), 20 mL of deionized water
were added to a 100 mL round bottom flask and magnetically stirred for 10 minutes at room
temperature to form a homogeneous solution. The solution was then transferred to a 40 mL teflon
reactor and crystallized for 10 hours in an electrothermally heated constant temperature blast drying
oven at 120 °C. After cooling to room temperature, remove the kettle, collected by centrifugation, and
the impurities were removed by washing with deionized water for 3 to 4 times. Vacuum freeze-drying
gave the product a-MnO,@PCS nanocatalyst.

(0-MnQO,-PCS) The poly 4-cyanostyrene microspheres (0.100 g), KMnO, (0.005 g), 20 mL of
deionized water were added to a 100 mL round bottom flask and magnetically stirred for 10 minutes at
room temperature to form a homogeneous solution. The solution was then transferred to a 40 mL teflon
reactor and crystallized for 10 hours in an electrothermally heated constant temperature blast drying
oven at 120 °C. After cooling to room temperature, remove the kettle, collected by centrifugation, and
the impurities were removed by washing with deionized water for 3 to 4 times. Vacuum freeze-drying
gave the product a-MnO,@PCS nanocatalyst.

(0-MnQO,-PBS) The poly 4-bromostyrene microspheres (0.100 g), KMnO, (0.005 g), 20 mL of
deionized water were added to a 100 mL round bottom flask and magnetically stirred for 10 minutes at
room temperature to form a homogeneous solution. The solution was then transferred to a 40 mL teflon
reactor and crystallized for 10 hours in an electrothermally heated constant temperature blast drying
oven at 120 °C. After cooling to room temperature, remove the kettle, collected by centrifugation, and
the impurities were removed by washing with deionized water for 3 to 4 times. Vacuum freeze-drying
gave the product a-MnO,@PCS nanocatalyst.

(0-MnQO,-PNS) The poly 4-nitrostyrene microspheres (0.100 g), KMnO, (0.005 g), 20 mL of
deionized water were added to a 100 mL round bottom flask and magnetically stirred for 10 minutes at
room temperature to form a homogeneous solution. The solution was then transferred to a 40 mL teflon
reactor and crystallized for 10 hours in an electrothermally heated constant temperature blast drying
oven at 120 °C. After cooling to room temperature, remove the kettle, collected by centrifugation, and
the impurities were removed by washing with deionized water for 3 to 4 times. Vacuum freeze-drying

gave the product a-MnO,@PCS nanocatalyst.
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3. General procedure for the alkylation of acetophenone with alcohol

0]

(0]
. OH MnO,@PDCS, 120 °C
NaOH, Toluene

To 20 mL Schlenk tube was added a-MnO,@PDCS (15 mg), alcohol (1.2 mmol), acetophenone
(1.0 mmol), NaOH (1.0 mmol) and toluene (2.5 mL). The mixture was heated under 120 °C for 12 h
and TLC method was used to track and detect the reaction mixture. After the reaction, the solvent was
removed by rotating evaporation, and the reaction mixture was separated by column chromatography
with gradient elution method. The corresponding eluents were collected and combined with spin-dry
solvents. (Petroleum ether /ethyl acetate (v/v = 40:1))
3.1 General procedure for cross-coupling of secondary and primary alcohols

OH (0]

OH MnO,@PDCS, 120 °C O O
* NaOH, Toluene
To 20 mL Schlenk tube was added a-MnO,@PDCS (15 mg), primary alcohol (1.2 mmol),
Secondary alcohol (2.0 mmol), NaOH (1.0 mmol) and toluene (2.5 mL). The mixture was heated under

120 °C for 18 h and then cooled to room temperature. and TLC method was used to track and detect the
reaction mixture. After the reaction, the solvent was removed by rotating evaporation, and the reaction
mixture was separated by column chromatography with gradient elution method The corresponding
eluents were collected and combined with spin-dry solvents. (Petroleum ether /ethyl acetate (v/v =

40:1)).

3.2 Representative procedure for the preparation of 6a

NH
@[ 2, ©/\ OH Mn0,@PDCS, BUOK N
NH, Toluene, 110°C d

To 20 mL Schlenk tube was added a-MnO,@PDCS (15 mg), alcohol (1.10 mmol), amine (0.50

mmol) and potassium fert-butoxide (0.75 mmol) and toluene (3.0 mL). The mixture was heated under

110°C for 24 h and then cooled to room temperature. and TLC method was used to track and detect the
reaction mixture. After the reaction, the solvent was removed by rotating evaporation, and the reaction
mixture was separated by column chromatography with gradient elution method. The corresponding
eluents were collected and combined with spin-dry solvents. (Petroleum ether /ethyl acetate (v/iv =
60:1)).

4. Other characterizations of catalysts.
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Fig.S2. SEM images of (a), (b) a-MnO,-PS; (c), (d) a-MnO,-PCS; (e), (f) a-MnO,-PBS; (g), (h) a-
MnO,-PNS;

5. Hammett plot and mechanism studies.
o) o

OH
©)J\ . /©/\ MnO,@PDCS, 120 °C
R NaOH, Toluene R

1a 2 3

Experimental procedure: To 20 mL Schlenk tube was added a-MnO,@PDCS (15 mg), alcohol (1.2
mmol), acetophenone (1.0 mmol), NaOH (1.0 mmol) and toluene (2.5 mL). The mixture was heated
under 120 °C for 1 h. After centrifugation and recovery the catalyst, the water mixture was
diluted by water (5.0 mL) and extracted with EtOAc (3 x 10 mL). Next, the yield of product 3
was determined by GC.

R H Me OMe F CF;

Yield 12 % 19% 16% 7% 5%

6. Analytical data of the obtained compounds
(1) 1,3-diphenylpropan-1-one (3a)

0]

'H NMR (400 MHz, CDCl;) & 8.00 — 7.94 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H),
7.35 — 7.33 (m, 4H), 7.31 (t, J = 7.7 Hz, 1H), 3.41 (t, J = 7.7 Hz, 2H), 3.20 — 3.08 (m, 2H). *C NMR
(101 MHz, CDCl;) 6 199.16, 141.42, 137.03, 132.99, 128.73, 128.54, 128.58, 128.07, 126.19, 40.53,
30.18.

(2) 1-phenyl-3-(p-tolyl)propan-1-one (3b)

0]

TH NMR (400 MHz, CDCL;) & 8.03 (d, J = 7.1 Hz, 2H), 7.59 — 7.52 (m, 1H), 7.48 (t, J = 7.6 Hz, 2H),
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7.21(q, J = 8.1 Hz, 4H), 3.29- 3.16 (m, 2H), 3.11 — 3.04 (m, 2H), 2.41 (s, 3H). *C NMR (101 MHz,
CDCls) § 199.43, 138.26, 136.89, 135.70, 133.11, 129.17, 128.58, 128.35, 127.99, 40.68, 29.81, 21.09.

(3) 3-(2-bromophenyl)-1-phenylpropan-1-one (3c)

J

'H NMR (400 MHz, CDCl;) & 8.10 — 7.89 (m, 2H), 7.62 (t, J = 7.4 Hz, 2H), 7.51 (t, J = 7.6 Hz, 2H),
7.41 (dd, J=17.6, 1.7 Hz, 1H), 7.31 (td, J= 7.5, 1.1 Hz, 1H), 7.08 (td, J= 7.7, 1.7 Hz, 1H), 3.41 — 3.33
(m, 2H), 3.30 — 3.05 (m, 2H). 3C NMR (101 MHz, CDCl;) 4 199.01, 140.68, 136.76, 133.09, 132.95,
130.87, 128.59, 128.07, 127.96, 127.72, 124.39, 38.56, 30.78.

(4) 3-phenyl-1-(m-tolyl)propan-1-one (3d)

:o

'H NMR (400 MHz, CDCl;) 6 7.83 (d, J= 8.9 Hz, 2H), 7.45 — 7.30 (m, 2H), 7.28 (m, 4H), 7.09 (t, J =
5.3 Hz, 1H), 3.28 (m, 2H), 3.16 — 2.99(m, 2H), 2.38 (s, 3H). *C NMR (101 MHz, CDCl;) 4 199.52,
141.43,138.38, 136.87, 133.79, 128.99, 128.87, 128.49, 128.51, 126.08, 125.31, 40.49, 30.28, 21.43.
(5) 1-phenyl-3-(o-tolyl)propan-1-one (3e¢)

i

'H NMR (400 MHz, CDCl3) & 7.96 (dd, J = 8.3, 1.3 Hz, 2H), 7.71 — 7.50 (m, 1H), 7.47 (t, J = 7.6 Hz,
2H), 7.31 — 7.09 (m, 4H), 3.28 (dd, J = 9.0, 6.4 Hz, 2H), 3.06 (dd, J = 9.0, 6.7 Hz, 2H), 2.34 (s, 3H).
BC NMR (101 MHz, CDCl;) 8 199.41, 139.37, 136.89, 135.97, 132.99, 130.41, 128.6, 128.56, 128.12,
126.26, 126.18, 39.06, 27.61, 19.42.

(6) 1-phenyl-3-(m-tolyl)propan-1-one (3f)

zo

'H NMR (400 MHz, CDCl;) 8 7.99 — 7.94 (m, 2H), 7.64 — 7.52 (m, 1H), 7.48 (t, J = 7.6 Hz, 2H), 7.30
(t, J=17.5 Hz, 1H), 7.03 (dd, J = 14.2, 9.4 Hz, 3H), 3.41 — 3.31 (m, 2H), 3.09 — 2.99 (m, 2H), 2.41 (s,
3H). 3C NMR (101 MHz, CDCl;) & 199.40, 141.31, 138.08, 136.87, 133.00, 129.32, 128.69, 128.53,
128.11, 127.08, 125.56, 40.63, 29.98, 21.54.

(7) 3-(4-chlorophenyl)-1-phenylpropan-1-one (3g)
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'"H NMR (400 MHz, CDCI3) & 8.03 — 7.90 (m, 2H), 7.64 — 7.54 (m, 1H), 7.49 — 7.38 (m, 2H), 7.33 -
7.21(m, 2H), 7.25 — 7.09 (m, 2H), 3.29 (t, J = 7.5 Hz, 2H), 3.11 (t, J = 7.5 Hz, 2H). 3C NMR (101
MHz, CDCI3) 6 198.87, 139.80, 136.84, 133.21, 131.93, 130.41, 129.95, 128.73, 127.98, 40.21, 29.39.

(8) 3-(4-methoxyphenyl)-1-phenylpropan-1-one (3h)

0
o/

'H NMR (400 MHz, CDCl5) 8 8.03 (d, J = 7.5 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.53 (t, J = 7.6 Hz,
2H), 7.25 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H), 3.38 (t, J = 7.7 Hz, 2H), 3.11 (t,J
= 7.6 Hz, 2H). 3*C NMR (101 MHz, CDCI;) & 199.50, 159.98, 137.00, 133.45, 133.11, 129.43, 128.70,
127.99, 114.01, 55.27, 40.84, 29.28.

(9) 1-(4-chlorophenyl)-3-(4-methoxyphenyl)propan-1-one (3i)

O
CI/‘)J\/\‘HO/

'H NMR (400 MHz, CDCLy) & 7.98 — 7.80 (m, 2H), 7.53 — 7.37 (m, 2H), 7.21 — 7.18 (m, 2H), 6.93

6.79 (m, 2H), 3.76 (s, 3H), 3.31 (t, J = 7.6 Hz, 2H), 2.97 (t, J = 7.6 Hz, 2H). 3C NMR (101 MHz,

CDCl;) 6 198.04, 158.13, 139.52, 135.31, 133.11, 129.52, 129.41, 128.87, 114.05, 55.35, 40.73, 29.18.
(10) 3-(4-methoxyphenyl)-1-(m-tolyl)propan-1-one (3j)

@)
O/

'H NMR (400 MHz, CDCl;) 6 7.81 (d, J=10.2 Hz, 2H), 7.39— 7.29 (m, 2H), 7.17 (d, J= 8.6 Hz, 2H),
6.93(d, J = 8.6 Hz, 2H), 3.87 (s, 3H), 3.34 (t,J = 7.7 Hz, 2H), 3.11 (t, J = 7.6 Hz, 2H), 2.50 (s, 3H). 3C
NMR (101 MHz, CDCl;) 6 199.64, 158.11, 138.43, 137.08, 133.79, 133.38, 129.39, 128.59, 128.47,
125.27, 114.02, 55.31, 40.82, 29.44, 21 .41.

(11) 3-(4-chlorophenyl)-1-(3-methoxyphenyl)propan-1-one (3k)

0
/O
Cl

'H NMR (400 MHz, CDCl3) § 7.61 — 7.43 (m, 2H), 7.41 (t, /= 7.9 Hz, 1H), 7.33 (dd, /= 8.1, 2.7 Hz,
2H), 7.16 (s, 2H), 7.09 (dd, J = 8.2, 2.6 Hz, 1H), 3.01 (s, 3H), 3.34 (t, /= 7.5 Hz, 2H), 2.99 (t, J= 7.5
Hz, 2H). 3C NMR (101 MHz, CDCl;) & 198.73, 159.88, 139.78, 138.21, 131.89, 129.79, 129.71,
128.65, 120.58, 119.70, 112.40, 55.50, 40.27, 29.50.

(12) 3-(4-bromophenyl)-1-(3-methoxyphenyl)propan-1-one (31)
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(0]
/O
Br

'H NMR (400 MHz, CDCl;) 8 7.61- 7.50 (m, 2H), 7.48 — 7.38 (m, 2H), 7.41 — 7.28 (m, 1H), 7.20 —
7.13 (m, 3H), 3.90 (s, 3H), 3.28 — 3.15 (m, 2H), 3.11 (dd, J = 9.5, 5.5 Hz, 2H). 3C NMR (101 MHz,
CDCl;) 6 198.63, 159.98, 140.31, 138.25, 131.64, 130.31, 129.73, 120.70, 119.98, 119.59, 112.41,
55.50, 40.21, 29.48.

(13) 3-(4-methoxyphenyl)-1-(o-tolyl)propan-1-one (3m)

0
o/

'H NMR (400 MHz, CDCl) 6 7.58 (d, J = 7.0 Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 7.31 — 7.18 (m, 2H),
7.15 (d, J=8.6 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 3.74 (s, 3H), 3.28 (t, /= 7.6 Hz, 2H), 2.99 (t, /= 7.6
Hz, 2H), 2.52 (s, 3H). 3C NMR (101 MHz, CDCl;) 4 203.57, 157.99, 138.03, 138.06, 133.34, 131.87,
131.23,129.40, 128.37, 125.71, 114.00, 55.34, 43.47, 29.54, 21.19.

(14) 3-phenyl-1-(o-tolyl)propan-1-one (3n)

0
'H NMR (400 MHz, CDCl3) & 7.63 (d, J = 7.5 Hz, 1H), 7.41 (t, J = 7.4 Hz, 1H), 7.33 (t, J = 7.4 Hz,
2H), 7.18 (dd, J = 17.6, 6.7 Hz, SH), 3.17 (t, J = 7.6 Hz, 2H), 2.99 (t, J = 7.6 Hz, 2H), 2.51 (s, 3H). 1°C
NMR (101 MHz, CDCl3) & 203.38, 141.31, 138.29, 137.98, 131.98, 131.31, 128.60, 128.52, 128.38,

126.09, 125.68, 43.31, 30.40, 21.33.
(15) 3-(4-methoxyphenyl)-1-(p-tolyl)propan-1-one (30)

O
O/

'H NMR (400 MHz, CDCl;) 8 7.94 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.18 (d, /= 8.6 Hz,
2H), 6.93 (d, J = 8.6 Hz, 2H), 3.86 (s, 3H), 3.33 (t, J = 7.7 Hz, 2H), 2.98 (t, J = 7.7 Hz, 2H), 2.53 (s,
3H). 3C NMR (101 MHz, CDCl;) & 198.98, 158.13, 143.87, 134.45, 133.50, 129.37, 129.29, 128.27,
114.00, 55.31, 40.56, 29.38, 21.70.

(16) 1-(4-methoxyphenyl)-3-(p-tolyl)propan-1-one (3p)

0]
\o

'H NMR (400 MHz, CDCls) 6 7.99 — 7.87 (m, 2H), 7.23 (q, J = 8.1 Hz, 4H), 7.05 — 6.87 (m, 2H), 3.91
(s, 3H), 3.30 (dd, /= 8.7, 6.8 Hz, 2H), 3.11 — 3.04 (m, 2H), 2.35 (s, 3H). 3*C NMR (101 MHz, CDCl;)
8 198.03, 163.53, 138.30, 135.51, 130.40, 129.98, 129.29, 128.47, 113.83, 55.53, 40.29, 30.01, 21.10.
(17) 3-phenyl-1-(p-tolyl)propan-1-one (3q)
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'H NMR (400 MHz, CDCl) 6 7.94 (d, J = 8.2 Hz, 2H), 7.41 — 7.29 (m, 2H), 7.27 — 7.19 (m, 4H), 7.21
(d, J= 7.0 Hz, 1H), 3.43 — 3.31 (m, 2H), 3.21 — 3.11 (m, 2H), 2.47 (s, 3H). ’C NMR (101 MHz,
CDCl;) 6 198.89, 143.92, 141.47, 134.50, 129.37, 128.48, 128.477, 128.25, 126.18, 40.41, 30.33, 21.71.
(18) 1-(4-methoxyphenyl)-3-phenylpropan-1-one (3r)

\o‘

'H NMR (400 MHz, CDCls) & 8.03 (d, J= 8.9 Hz, 2H), 7.40 (dt, /= 14.6, 7.2 Hz, 4H), 7.21 (d, J=7.2
Hz, 1H), 7.00 (d, J = 8.9 Hz, 2H), 3.94 (s, 3H), 3.40 (m, 2H), 3.15 (m, 2H). *C NMR (101 MHz,
CDCl;) 6 197.79, 163.52, 141.56, 130.40, 128.98, 128.61, 128.51, 126.09, 113.83, 55.51, 40.09, 30.41.
(19) 3-(4-methoxyphenyl)-1-phenylpropan-1-one (3s)

OO/

'H NMR (400 MHz, CDCl5) 8 8.03 (d, J= 7.5 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.6 Hz,
2H), 7.19 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H), 3.28 (t, J = 7.7 Hz, 2H), 3.01 (t,J
= 7.6 Hz, 2H). 3*C NMR (101 MHz, CDCl;) & 199.37, 157.98, 136.97, 133.29, 132.97, 129.34, 128.59,
127.98, 114.02, 55.27, 40.63, 29.27.

(20) 1-(4-methoxyphenyl)-3-(m-tolyl)propan-1-one (3t)

20

?

o

'H NMR (400 MHz, CDCl5) 6 7.98 (d, J = 8.9 Hz, 2H), 7.31 (t, J = 7.5 Hz, 1H), 7.14 — 7.02 (m, 3H),
7.00(d, J = 8.9 Hz, 2H), 3.93 (s, 3H), 3.41 — 3.27 (m, 2H), 3.20 — 3.01 (m, 2H), 2.43 (s, 3H). ’*C NMR
(101 MHz, CDCl;) 6 197.79, 163.54, 141.40, 138.14, 130.42, 130.14, 129.34, 128.53, 126.92, 125.53,
113.82, 55.51, 40.23, 30.40, 21.53.

(21) 1-(3-methoxyphenyl)-3-phenylpropan-1-one (3u)

“C

'H NMR (400 MHz, CDCl;) 8 7.58 — 7.47 (m, 2H), 7.40 — 7.20 (m, 6H), 7.13 (dd, J= 8.2, 2.6 Hz, 1H),
3.93 (s, 3H), 3.41 (t, J= 7.7 Hz, 2H), 3.09 (t, J = 7.7 Hz, 2H). 3C NMR (101 MHz, CDCl;) § 199.11,
159.97, 141.28, 138.37, 129.57, 128.61, 128.54, 126.21, 120.75, 119.63, 112.41, 55.50, 40.61, 30.32.
(22) 1-(4-methoxyphenyl)-3-(m-tolyl)propan-1-one (3v)

:o

20
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MeO II !I

'H NMR (400 MHz, CDCls) & 8.03 — 7.89 (m, 2H), 7.18 (t, J= 7.5 Hz, 1H), 7.03 (dd, /= 14.1, 9.3 Hz,
3H), 6.97 — 6.87 (m, 2H), 3.91 (s, 3H), 3.31 (dd, J = 8.8, 6.8 Hz, 2H), 3.05 — 2.97 (m, 2H), 2.35 (s, 3H).
BC NMR (101 MHz, CDCl3) 8 197.91, 163.50, 141.47, 138.11, 130.40, 130.11, 129.31, 128.36, 126.91,
125.47, 113.81, 55.51, 40.27, 30.28, 21.45.

(23) 3-(3-bromophenyl)-1-(4-methoxyphenyl)propan-1-one (3w)

O
BI’
o

'H NMR (400 MHz, CDCly) § 7.97 (d, J = 8.9 Hz, 1H), 7.50 (s, 1H), 7.41 (d, J = 7.3 Hz, 1H), 7.30 —
7.17 (m, 1H), 6.90 (d, J = 8.9 Hz, 1H), 3.84 (s, 2H), 3.31 (t, J = 7.7 Hz, 1H), 3.13 (t, J = 7.6 Hz, 1H).
BC NMR (101 MHz, CDCl3) 8 197.21, 163.63, 143.89, 131.98, 131.63, 130.27, 130.15, 129.25, 127.27,
122.56, 113.84, 55.52, 39.71, 29.91.
(24) 3-(3,5-dimethoxyphenyl)-1-phenylpropan-1-one (3x)
0]

O\
_0O

'H NMR (400 MHz, CDCl;) 6 8.03 — 7.87 (m, 2H), 7.64 — 7.52 (m, 1H), 7.43 (dd, J = 10.5, 4.7 Hz,
2H), 6.48 (d, J=2.3 Hz, 2H), 6.33 (t,J = 2.2 Hz, 1H), 3.85 (s, 6H), 3.40 (dd, J = 8.5, 6.9 Hz, 2H), 3.11
—3.05 (m, 2H). 3C NMR (101 MHz, CDCls) § 199.23, 161.08, 143.83, 136.91, 133.17, 128.72, 128.15,
106.58, 98.16, 55.31, 4033, 30.52.

(25) 3-(3-bromophenyl)-1-(3-methoxyphenyl)propan-1-one (3y)

0]
/O Br
'"H NMR (400 MHz, CDCl;) 8 7.63 — 7.52(m, 2H), 7.43 (dd, J = 14.3, 6.5 Hz, 2H), 7.26 (t, J = 8.1 Hz,
2H), 7.15 (ddd, /= 19.9, 11.8, 6.7 Hz, 2H), 3.91 (s, 3H), 3.28 (t, J = 7.6 Hz, 2H), 3.11 (t, J = 7.6 Hz,
2H). 3C NMR (101 MHz, CDCls) & 198.53, 159.97, 143.73, 138.21, 131.57, 130.13, 129.73, 129.31,

127.27,122.61, 120.71, 119.73, 112.40, 55.51, 40.17, 29.83.
(26) 3-(4-chlorophenyl)-1-(4-methoxyphenyl)propan-1-one (3z)

O

'H NMR (400 MHz, CDCL;) 8 8.03 (d, J = 8.9 Hz, 2H), 7.34 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.4 Hz,
2H), 7.03 (d, J = 8.9 Hz, 2H), 3.93 (s, 3H), 3.33 (t, J = 7.6 Hz, 2H), 2.98 (t, J = 7.6 Hz, 2H). 3C NMR

S11



(101 MHz, CDCl;) 6 197.55, 163.61, 140.00, 131.93, 130.42, 130.27, 129.93, 128.42, 113.81, 55.53,
39.84, 29.62
(27) 1-(4-bromophenyl)-3-(4-methoxyphenyl)propan-1-one (3aa)

O
PORAOE

'H NMR (400 MHz, CDCl;) 6 8.03 (dd, J = 20.0, 7.7 Hz, 2H), 7.49 — 7.29 (m, 2H), 7.20 — 7.11 (m,
2H), 6.93 (t, J = 6.2 Hz, 2H), 3.87 (s, 3H), 3.41 — 3.28 (m, 2H), 3.11 — 3.08 (m, 2H). 13C NMR (101
MHz, CDCls3) 6 199.43, 158.11, 137.01, 133.43, 133.12, 129.42, 128.67, 128.11, 114.02, 55.31, 40.63,
29.40.

(28) 1-(3-methoxyphenyl)-3-phenylpropan-1-one (3ab)

“C

'H NMR (400 MHz, CDCl3) 8 7.63 — 7.47 (m, 2H), 7.40 — 7.17 (m, 6H), 7.12 (dd, J= 8.2, 2.6 Hz, 1H),
3.93 (s, 3H), 3.40 (t, J = 7.7 Hz, 2H), 2.97 (t, J = 7.7 Hz, 2H). 3C NMR (101 MHz, CDCl;) § 199.11,
159.97, 141.38, 138.27, 129.59, 128.61, 128.53, 126.22, 120.75, 119.63, 112.41, 55.52, 40.63, 30.27.
(29) 1-(3-methoxyphenyl)-3-(p-tolyl)propan-1-one (3ac)

;

zo

_0

:o

'H NMR (400 MHz, CDCls3) 8 7.63 (dd, J=13.4, 5.1 Hz, 2H), 7.42 (t,J = 7.9 Hz, 1H), 7.31 — 7.15 (m,
5H), 3.93 (s, 3H), 3.41 (t, J = 7.7 Hz, 2H), 3.09 — 3.11 (m, 2H), 2.39 (s, 3H). 3C NMR (101 MHz,
CDCl;) 6 199.17, 159.94, 138.41, 138.30, 135.58, 129.56, 129.33, 128.40, 120.68, 119.62, 112.41,
55.50, 40.78, 29.88, 21.08.

(30) 3-phenyl-1-(m-tolyl)propan-1-one (3ad)

:o

'H NMR (400 MHz, CDCl;) 6 7.81 (d, J= 8.9 Hz, 2H), 7.45 — 7.32 (m, 2H), 7.28 (m, 4H), 7.20 (t, J =
5.3 Hz, 1H), 3.35 (m, 2H), 3.13 — 3.04 (m, 2H), 2.38 (s, 3H). *C NMR (101 MHz, CDCl;) & 199.53,
141.42,138.38, 137.00, 133.90, 129.11, 128.59, 128.59, 128.53, 126.18, 125.31, 40.69, 30.27, 21.43.
(31) 1-(4-methoxyphenyl)-3-(thiophen-2-yl)propan-1-one (3ae)
O
S
| 4

~o

'H NMR (400 MHz, CDCls) § 8.03 — 7.92 (m, 2H), 7.15 (dd, J = 5.1, 1.2 Hz, 1H), 6.99 — 6.92 (m, 3H),
6.88 (dd, J=3.3, 0.7 Hz, 1H), 3.88 (s, 3H), 3.32 (dt, J = 5.6, 2.7 Hz, 4H). *C NMR (101 MHz, CDCl)
§197.09, 163.63, 144.17, 130.38, 129.95, 126.92, 124.70, 123.41, 113.83, 55.52, 40.24, 24.50.
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(32) 1-phenyl-3-(thiophen-2-yl)propan-1-one (3af)

O
S
|

'H NMR (400 MHz, CDCl;) 8 8.00 — 7.94 (m, 2H), 7.71 — 7.60 (m, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.21
(dd, J=5.1, 1.2 Hz, 1H), 7.02 (dd, /= 5.1, 3.4 Hz, 1H), 6.95 (dd, J= 3.4, 0.9 Hz, 1H), 3.38 — 3.35 (m,
2H), 3.33 — 3.26 (m, 2H). 3C NMR (101 MHz, CDCl;) & 198.51, 143.89, 136.81, 133.23, 128.70,
128.11, 126.92, 124.74, 123.36, 40.60, 24.27.

(33) 3-(4-methoxyphenyl)-1-phenylpropan-1-one (3ag)

:o

O/

'H NMR (400 MHz, CDCl5) 8 8.02 (d, J = 7.5 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.6 Hz,
2H), 7.27 (d, J = 8.5 Hz, 2H), 6.93 (d, J = 8.6 Hz, 2H), 3.87 (s, 3H), 3.35 (t, J = 7.7 Hz, 2H), 3.11 (t,J
= 7.6 Hz, 2H). 3*C NMR (101 MHz, CDCl;) & 199.46, 158.10, 136.97, 133.42, 133.13, 129.43, 128.58,
128.11, 114.02, 55.28, 40.79, 29.28.

(34) 1-phenyl-3-(p-tolyl)propan-1-one (3ah)

:o

'H NMR (400 MHz, CDCl;) 8 8.03 — 7.94 (m, 2H), 7.69 — 7.61 (m, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.18
(9, /= 8.1 Hz, 4H), 3.43 — 3.20(m, 2H), 3.17 — 3.04(m, 2H), 2.41 (s, 3H). *C NMR (101 MHz, CDCl;)
5199.42, 138.27, 136.95, 135.68, 133.12, 129.28, 128.59, 128.33, 128.13, 40.71, 29.75, 21.19.

(35) 3-([1,1'-biphenyl]-4-yl)-1-phenylpropan-1-one (3ai)

o)
'H NMR (400 MHz, CDCl3) § 8.01 (d, J = 7.3 Hz, 2H), 7.72 — 7.54 (m, 5H), 7.53 (dd, J = 17.5, 7.9 Hz,
4H), 7.45 — 7.30 (m, 3H), 3.43 (t, J = 7.6 Hz, 2H), 3.21 (t, J = 7.6 Hz, 2H). *C NMR (101 MHz,
CDCly) & 199.19, 141.17, 140.52, 139.21, 136.97, 133.20, 128.98, 128.84, 128.71, 128.18, 127.37,

127.21, 127.18, 40.47, 29.82.
(36) 1-(4-chlorophenyl)-3-phenylpropan-1-one (3aj)

3

cl
'H NMR (400 MHz, CDCl3) & 8.00 — 7.93 (m, 2H), 7.52 — 7.46 (m, 2H), 7.40 — 7.37 (m, 2H), 7.31 —
7.19 (m, 3H), 3.27 (t, J = 7.7 Hz, 2H), 3.11 (t, J = 7.6 Hz, 2H). 13C NMR (101 MHz, CDCl;) 5 198.08,
141.21, 139.48, 135.17, 129.52, 129.01, 128.63, 128.38, 126.31, 40.47, 30.11.
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(37) 1-(naphthalen-2-yl)-3-phenylpropan-1-one (3ak)
O

'H NMR (400 MHz, CDCl;) & 8.48 (s, 1H), 8.15 (d, /= 8.6 Hz, 1H), 8.00 — 7.93 (m, 2H), 7.74— 7.59
(m, 1H), 7.42 (dd, J=4.7, 2.5 Hz, 2H), 7.38 — 7.27 (m, 4H), 3.52 (t, /= 7.8 Hz, 2H), 3.35 (t,J = 7.6 Hz,
2H). 3C NMR (101 MHz, CDCl;) 8 199.21, 141.53, 135.71, 134.33, 132.59, 129.83, 129.71, 129.23,
128.70, 128.61, 128.51, 127.93, 126.91, 126.33, 124.01, 40.63, 30.42.

(38) 1-(4-chlorophenyl)-3-(4-methoxyphenyl)propan-1-one (3al)

O
CI/‘)J\/\‘HO/

'H NMR (400 MHz, CDCl3) 6 7.97 — 7.84 (m, 2H), 7.52 — 7.45 (m, 2H), 7.27 — 7.09 (m, 2H), 6.92 —
6.83 (m, 2H), 3.87 (s, 3H), 3.33 (t, J = 7.6 Hz, 2H), 3.28 (t, J = 7.6 Hz, 2H). 3C NMR (101 MHz,
CDCl;) 6 198.21, 158.11, 139.53, 135.30, 133.15, 129.52, 129.41, 128.97, 114.08, 55.31, 40.73, 29.34.
(39) 1-(4-chlorophenyl)-3-(m-tolyl)propan-1-one (3am)

Neane

'H NMR (400 MHz, CDCl3) § 8.02 — 7.90 (m, 2H), 7.48 — 7.39 (m, 2H), 7.23 (t, J = 7.5 Hz, 1H), 7.09
(dd, J = 13.6, 5.8 Hz, 3H), 3.41 — 3.31 (m, 2H), 3.08 — 3.02 (m, 2H), 2.47 (s, 3H). 3C NMR (101 MHz,
CDCls) & 198.05, 141.12, 139.53, 138.23, 13531, 129.60, 129.33, 128.99, 128.65, 127.12, 125.53,
40.60, 30.17, 21.54.

(40) 1-(4-methoxyphenyl)-3-(o-tolyl)propan-1-one (3an)

O
\o

"H NMR (400 MHz, CDCl;) & 8.00 — 7.96 (m, 2H), 7.31 — 7.20 (m, 4H), 7.09 — 6.97 (m, 2H), 3.94 (s,
3H), 3.40 — 3.23 (m, 2H), 3.09 — 2.98 (m, 2H), 2.47 (s, 3H). 3C NMR (101 MHz, CDCl;) § 198.01,
163.57, 139.63, 135.98, 130.41, 130.40, 139.98, 128.84, 126.28, 126.25, 113.81, 55.51, 38.87, 27.82,
19.43.

(41) 1-benzyl-2-phenyl-1H-benzo[d]imidazole (6a).
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L0

v

'H NMR (400 MHz, CDCls) 6 7.91 (d, J = 8.0 Hz, 1H), 7.75 — 7.70 (m, 2H), 7.53 — 7.45 (m, 3H), 7.38
—7.31 (m, 4H), 7.24 (td, J= 7.8, 1.3 Hz, 2H), 7.17 — 7.10 (m, 2H), 5.48 (s, 2H). 3C NMR (101 MHz,
CDCl;): 6 =154.21, 143.26, 136.50, 136.21, 130.22, 130.02, 129.43, 129.19, 128.82, 127.79, 126.09,
123.11, 122.68, 120.11, 110.65, 48.49.

(42) 1-(4-methylbenzyl)-2-(p-tolyl)-1H-benzo[d]imidazole (6b)

eV

H

Q.

'H NMR (400 MHz, CDCl;): & = 8.01 (d, J= 8.0 Hz, 1H), 7.71 (d, J = 8.1 Hz, 2H), 7.40 — 7.32 (m,
3H), 7.29— 7.22 (m, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 5.51 (s, 2H), 2.51 (s, 3H),
2.42 (s, 3H). C NMR (101 MHz, CDCl;): 6 = 154.43, 143.32, 140.15, 137.56, 136.23, 133.41, 129.68,
129.51,129.19, 127.17, 125.88, 122.81, 122.63, 119.90, 110.60, 48.32, 21.50, 21.20.

(43) 1-(2-methylbenzyl)-2-(o-tolyl)-1H-benzo[d]imidazole (6¢).

Cr
s

'H NMR (400 MHz, CDCly): 8 = 8.01 (d, J = 8.0 Hz, 1H), 7.50— 7.47 (m, 4H), 7.39— 7.20 (m, 5H),
7.16 (td, J = 8.0, 2.5 Hz, 1H), 6.80 (d, J = 7.7 Hz, 1H), 5.29 (s, 2H), 2.38 (s, 3H), 2.28 (s, 3H). 13C
NMR (101 MHz, CDCl;): 8 = 154.01, 143.32, 138.46, 135.25, 135.02, 134.09, 131.02, 130.73, 130.49,
129.98, 129.93, 127.67, 126.46, 126.21, 125.73, 122.97, 122.49, 120.16, 110.74, 45.92, 19.89, 19.13.
(44) 2-(thiophen-2-yl)-1-(thiophen-2-ylmethyl)-1H-benzo[d]imidazole (6d).

NS
'H NMR (400 MHz, DMSO): & = 7.88 (d, J = 5.1 Hz, 1H), 7.80 — 7.72 (m, 3H), 7.45 (d, J = 5.0 Hz,
1H), 7.33 (ddd, J = 13.1, 7.6, 5.6 Hz, 3H), 7.08 (d, J = 3.3 Hz, 1H), 7.10 — 6.98 (m, 1H), 5.97 (s, 2H).
3C NMR (101 MHz, DMSO): & = 147.23, 143.93, 139.90, 136.40, 132.48, 130.18, 128.90, 128.41,
127.59, 126.60, 126.48, 123.40, 123.11, 119.53, 111.33, 43.62.
(45) 1-(3-chlorobenzyl)-2-(3-chlorophenyl)-1H-benzo[d]imidazole (6e).
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3

'H NMR (400 MHz, CDCl3): 6 = 7.91 (d, J= 8.0 Hz, 1H), 7.81 (t, /= 1.8 Hz, 1H), 7.60 — 7.53 (m,
2H), 7.50 — 7.42 (m, 2H), 7.39 — 7.32 (m, 3H), 7.31 — 7.30 (m, 1H), 7.22 (s, 1H), 7.01 (d, J = 7.1 Hz,
1H), 5.50 (s, 2H). 13C NMR (101 MHz, CDCls): 8= 152.58, 143.20, 138.27, 136.00, 135.31, 135.08,
131.76, 130.52, 130.21, 130.11, 129.58, 128.39, 127.14, 126.31, 124.19, 123.73, 123.20, 120.43,
110.38, 48.00.

(46) 1-(4-chlorobenzyl)-2-(4-chlorophenyl)-1H-benzo[d]imidazole (6f).

e

Cl

'H NMR (400 MHz, DMSO): &= 7.81 — 7.75 (m, 3H), 7.59 (d, J = 8.4 Hz, 2H), 7.58 — 7.43 (m, 1H),
7.43 (d, J = 8.4 Hz, 2H), 7.35 — 7.28 (m, 2H), 7.08 (d, J = 8.4 Hz, 2H), 5.69 (s, 2H). *C NMR (101
MHz, DMSO): 6 = 152.58, 143.17, 138.30, 136.41, 136.32, 135.31, 132.68, 131.63, 131.31, 130.28,
129.49,129.27, 128.51, 123.50, 122.96, 120.01, 111.61, 47.40.

(47) 1-(2,5-difluorobenzyl)-2-(2,5-difluorophenyl)-1H-benzo[d]imidazole (6g).

F
N
\
L,
F
F\d
F
'H NMR (400 MHz, CDCLy): 8 = 7.91 (d, J = 7.2 Hz, 1H), 7.45 — 7.33 (m, 4H), 7.30 — 7.21 (m, 2H),
7.10 (td, J = 9.9, 4.4 Hz, 1H), 7.08 — 6.93 (m, 1H), 6.57 — 6.51 (m, 1H), 5.42 (s, 2H). 3C NMR (101
MHz, CDCLy): 3 = 158.80, 156.13, 148.02, 14331, 135.20, 124.60, 123.91, 123.17, 120.55, 119.95,

117.49,116.78, 116.21, 115.14, 114.90, 110.42, 42.24.
(48) 1-(2-chlorobenzyl)-2-(2-chlorophenyl)-1H-benzo[d]imidazole (6h).

'H NMR (400 MHz, CDCl;): § = 7.95 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 8.1 Hz, 1H), 7.53 — 7.41 (m,
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2H), 7.38 — 7.29 (m, 4H), 7.26 — 7.08 (m, 2H), 7.07 (t,J = 7.2 Hz, 1H), 6.70 (d, /= 7.6 Hz, 1H), 5.52 (s,
2H). BC NMR (101 MHz, CDCl;): § = 151.58, 143.16, 134.86, 134.48, 133.41, 132.45, 132.20, 131.49,
1300.00, 129.79,129.68, 129.10, 127.89, 127.21, 127.01, 123.47, 122.79, 120.46, 110.58, 45.77.

(49) 1-(4-fluorobenzyl)-2-(4-fluorophenyl)-5-methyl-1H-benzo[d]imidazole (6i).

aVa

N
\
N

F
'H NMR (400 MHz, CDCl;): § = 7.82— 7.58 (m, 3H), 7.28 — 7.11(m, 3H), 7.09 (s, 1H), 7.10 — 7.00 (m,
4H), 5.40 (s, 2H), 2.58 (d, J = 20.0 Hz, 3H). 3C NMR (101 MHz, CDCL): & = 163.76 163.58, 161.11,
153.07, 152.67, 143.50, 141.27, 136.19, 134.11, 133.4,2 132.68, 132.09, 131.19, 127.58, 126.43,124.80,

124.58,119.90, 119.63, 116.10, 110.21, 109.94, 47.59, 21.90, 21.62.
(50) 1-(4-(tert-butyl)benzyl)-2-(4-(tert-butyl)phenyl)-1H-benzo[d]imidazole (6j).

'"H NMR (400 MHz, CDCl;) 6 = 7.92 (d, J = 8.0 Hz, 1H), 7.78 (dt, J = 8.4, 2.0 Hz 2H), 7.58 (dt, J =
8.8, 2.0 Hz, 2H), 7.43 — 7.20 (m, 3H), 7.28 — 7.17 (m, 2H), 7.14 (d, J = 8.4 Hz, 2H), 5.56 (s, 2H), 1.43
(s, 9H), 1.41 (s, 9H). ’*C NMR (101 MHz, CDCl;) & = 154.37, 153.15, 150.71, 143.36, 136.20, 133.53,
129.10, 127.30, 126.00, 125.74, 122.82, 122.57, 119.90, 110.65, 48.20, 34.91, 34.60, 31.40,31.39.

(51) 1-(3,4-difluorobenzyl)-2-(3,4-difluorophenyl)-1H-benzo[d]imidazole (6Kk).

ok

'H NMR (400 MHz, CDCl3): 6 = 7.93 (d, J = 8.0 Hz, 1H), 7.65 — 7.48 (m, 1H), 7.43 — 7.30 (m, 4H),
7.28— 7.01 (m, 2H), 6.98 — 6.90 (m, 1H), 6.89 — 6.84 (m, 1H), 5.47 (s, 2H). 1*C NMR (101 MHz,
CDCl;): 6 = 152.11, 150.48, 149.25, 142.70, 135.70, 133.15 — 132.57 (m), 126.69, 125.58, 124.01,
123.53, 121.95, 120.30, 119.26, 118.71, 118.05, 117.23, 115.92 — 115.17 (m), 115.30, 115.11, 110.27,
47.45.

(52) 1-(3,5-difluorobenzyl)-2-(3,5-difluorophenyl)-1H-benzo[d]imidazole (61).
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\
N
F
F
F

'H NMR (400 MHz, CDCLy): & = 7.91 (d, J = 7.8 Hz, 1H), 7.43 — 7.34 (m, 2H), 7.27 — 7.10 (m, 3H),
7.00 (tt, J = 8.7, 2.3 Hz, 1H), 6.83 (tt, J = 8.7, 2.2 Hz, 1H), 6.71 — 6.53 (m, 2H), 5.40 (s, 2H). *C NMR
(101 MHz, CDCLy): & = 163.41, 151.37, 143.03, 140.01, 135.98, 132.79, 124.09, 123.57, 120.56,

112.28,110. 17, 109.05, 105.70, 104.13, 103.86, 103.60, 47.78
(53) 1-(4-chlorobenzyl)-2-(4-chlorophenyl)-5-methyl-1H-benzo[d]imidazole(6m)

O

Cl
'H NMR (400 MHz, CDCl;): & = 7.80— 7.57 (m, 3H), 7.46 (d, J = 8.3 Hz, 2H), 7.33 — 7.19 (m, 2H),
7.20 — 6.95 (m, 4H), 5.40 (d, J = 6.8 Hz, 2H), 2.51 (dd, J = 21.1, 9.6 Hz, 3H). 1*C NMR (101 MHz,
CDCl;): 6 = 152.80, 152.41, 143.50, 141.30, 136.33, 136.20, 136.07, 134.90, 134.87, 134.12, 133.80,
133.68, 132.80, 132.76, 130.42, 130.29, 129.43, 129.38, 129.11, 128.60, 127.33, 127.29, 125.03,
124.72,119.96, 119.71, 110.20, 109.78, 47.83, 47.59, 21.93, 21.63.
(54) 1-(4-ethylbenzyl)-2-(4-ethylphenyl)-5-methyl-1H-benzo[d]imidazole (6n)

'"H NMR (400 MHz, CDCl3) 6 = 7.87 — 7.65 (m, 3H), 7.38 (dd, J = 8.2, 4.2 Hz, 2H), 7.30 — 7.18 (m,
3H), 7.15- 7.05(m, 3H), 5.47 (s, 2H), 2.80 — 2.57 (m, 4H), 2.48 (d, J = 27.4 Hz, 3H), 1.35 — 1.19 (m,
6H). BCNMR (101MHz, CDCls): & = 154.27, 153.93, 146.19, 146.15, 143.75, 143.73, 143.66, 141.49,
136.58, 134.39, 134.03, 133.97, 132.89, 132.25, 129.31, 129.29, 128.56, 128.58, 128.32, 128.31,
127.67, 126.11, 126.02, 124.38, 124.23, 119.70, 119.42, 110.41, 110.18, 48.27, 48.13,28.81, 28.57,
21.93,21.73, 15.52, 15.43.

(55) 5-methyl-1-(4-methylbenzyl)-2-(p-tolyl)-1H-benzo[d]imidazole (60)

'H NMR (400 MHz, CDCLy): & = 7.88 — 7.76 (m, 1H), 7.71 — 7.67 (m, 2H), 7.30 (dd, J = 7.9, 3.8 Hz,
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2H), 7.20- 7.00 (m, 6H), 5.41 (s, 2H), 2.52 (d, J = 31.6 Hz, 3H), 2.49 (s, 3H), 2.41 (d, J = 4.7 Hz, 3H).
13C NMR (101 MHz, CDCL): § = 154.30, 153.90, 143.71, 141.50, 139.90, 139.87, 137.28, 137.38,
136.53, 134.38, 133.77, 133.78, 132.85, 132.19, 129.73,129.71, 129.53, 129.54, 129.24, 129.18, 127.52,

125.94, 125.81, 124.35, 124.27, 119.60, 119.45, 110.38, 110.17, 48.18, 48.09, 21.86, 21.69, 21.48,
21.13.

S19



ELE

e
|
]
[l
/

7. NMR spectra of obtained compounds

B
= =002

u\.oo._.
ooy
002
_00°}
‘002

i

3a

1.5 1.0 10.5 10.0

12.0

ZTOE—

Loy —

NNdNr
N—..wN—.)
(4314
197821
uﬂ.wN—.%
_._..Mn_.\ﬁ
86°9EL-|
nn._‘_v_L

0Z°661—

3a

-10

=
I

100

T T
140 130

T
150

170

T
200

T
210

S20



GEZ—

FOE
ane
A0E
80°E

GTE
oe'e
LEE
lee
ze'e-
EE'E

£hin
T
ivi
BLZ
v’
s
s
054
952
952
9g'L
e
854
094
092
i
26 fv‘.
664

3b

=00t

=60'2
~60'2

FELY
+9L'Z
“goL
~60°Z

0.0 9.5 9.0

10.5

b h—

SN

LR —

O

3b

-10

80

T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100

T
210

S21



Br

3c

rS6°0
L0k
2660
e
.,Tm._. -
‘6671

120

25 20

30

o0 106 100 85 80 B85 80 75 70 65 60 55 &0 45 40
1 (ppm)

BB

E£80E—

or'vz
Loszh|
10828 |
or'gzi
w8zl

exoet /|
26T %N
viees
—udﬁi

o9'ovk

15861 —

Br

3c

10

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S22



EFe—
aoe
ore
Ele
LEE
EEE \
qm.m.

Te'iq

{TAFA
FEL
TS
a9z 4
BE 4
BEL
oed
A48
FEL
LEL
BEL
BEL
[
Bid
ogd

3d

=00°¢

+€0°C
=Z0°Z

1
11
_Fho.N
A 31

=L

0.0

0.5

1.5

L=

0E'0E—

ireal—

3d

-10

80

T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100

T
210

S23



ovrz—
60°E
.u-..ﬂuy

n-..ﬂ/__
e

3e

1L

=00°E

+86°}
~66'}

=0L'P
=50

LZ0k
=16°}

05 00

1.0

25 20

3.0

10 105 100 85 90 B85 80 75 TFO 65 60 55 50 45 40
1 (ppm)

15

8E6E —

9SG LT —

vi'eE—

—Num—
uﬁdnL_
80821 Jr
ooazi-
LG
8E0EL \
1% > 1
20°9ct
169l
Zrect

8E'66L —

3e

10

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S24



3f

ok

=00°€

=p6°L
=867}

SEVE
=82}
TELe
Lo
-66'L

00 -05

05

70 65 60 455 50 45 40 35 30 25 20
1 (ppm)

75

10 105 100 85 80 85

15

wiz—

LOE—

950V —

cvsz
ze0zL
80’321
svaz -t
eosz1 |
8T6ZL \
S0°EEL R\“
£6°9E)
S.uni
i

ZE66) —

3f

L

10

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S25



8

=p0'Z|
=502

0.0

85 80 75 70 65 60 465 60 45 40 35 30 25 20 15 140
1 (ppm)

9.0

95

115 110 105

12.0

Bk —

B —

b —

Cl

-10

T T T T
180 180 17 180

T
200

T
210

1 (ppm)

S26



E0E
SOE
are
L0'E

ag’e
6Z'E
0ge
45

re—

3h

i

Az
g0z
00'E

=£0°Z
=£0°2
«P0°Z
Jr -
60°}
=90°2

10.5

1.0

1

12.0

&6 —

ELOF—

0E 55—

LEEL—

aoezt
z9821 -
ezl
s0eEl
recel
peaci

EDBSL—

ZreE —

3h

S27



We
ED m%
S0E
¥eE
aze
aze
BEE

lag—

Cl

3i

=80°C
=90°Z

=00°E

“60'Z
i
“p0°Z
902

L5 1L0 10.5 10.0

12.0

£2°6e—

B9°0F—

6255 —

00wk —

YA
9EETL
Brazl
aueel
vz el
waet”

eoasl—

GlLeal—

Cl

3i

200 190 180 170 160 150 140 130 120 110 100 90 80 70 50

210

S28



2.054
2;13_27,

20 IL5 10 165 100 85 %0 &5 &0 7

2.03=
12,03~
3.07"
2.05
2.06

=
i

5

10 &5 RO 55 A0 45 40 &5 20 25 20 L5 L0 0.5 00 05

S29



FOE
an'e
BIE—

ite
i mw
IEE

LBE—

zhiy

054
054

3k

IR

=20
8671

=00°E

4670
M@—..N
B A
wﬁrmm.c

S6°}

1.0

0.5

0.0

G —

EZ0F—

GreE—

FETH—

29~
£0°0ZL~"
Lo'BEL
EQGEL
mm.mwﬁw
061E}
LVBEL~
ELBELT

VEEE—

Goegl—

Cl

3k

=10

80

T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100

T
210

S30



3l

bl A4
=502

=00°E

86°2
mfa.—
66°1
86°0
10°1

[t

115 1.0 10.5 10.0

12.0

1562 —

GLor—

GF95—

sz —
z9 6l

Eg:W
£0°0z1

BOAZLA
9z0el—=
05 1gL

argel—
Bzorl—

VEBG L —

65’86 —

Br

3l

10

20

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

210

S31



GFZ—
GEE
S.m./.uwu
EDE
oze
44 mﬂ
EZE

e

580
50°9q
98°01
2891
814
814
VT LA
9z
FE
CTATR
92
9E'L4
8]
BE°L
p's ]
[
LR
29
gl

e ¥ o

3m

“00'E
90z
902

=LE

661
msno.m
Z66°)
107
\zo%

-L0

—0.5

0.0

11.5

0

0Zk—

05'62—

ES B —

8g'es—

FEEL—

5052}
mm.mﬁﬁ
SEBEI
BEHEL~
€6 LELF
YT EE
Z0gel
a0'BE}

ZOEsl—

09Ene—

3m

S32



arg—
ene
qn.mw
ane
oge
44 mwﬂ
FE'E

Gld
il
EZL
gz’ s
BEL
0e'd

09

3n

=00°g

+40°2
=102

0z's
%N_..N
m_”w_.._.
vo'L

1L0 10.5 10.0

11.5

b 1E—

i oE—

o L —

3n

|

200 180 180 17 160 150 140 130 120 110 100 50

210

S33



Prz—
eoe
roe-
s0e—
s2E—F
iz
A
lge—

i
GE'G
6e'a
0z
g
T
6274
GE°L
1S

VR S

O-

30

=00°g

“ob'z
gz
SLE

~S0°Z
s¥0Z
102

=902

3

1L§ 1L0 10.5 10,0 85 8.0

12.0

58—

e —

09°0k—

&85—

g6 EL—

[a:ras
wmmwfw

OF'GEL
areel-7
—m.wmf\r

ogeErl—

FORSL—

ED'GEL—

O-

30

-10

T T T T I T T T T T
200 180 180 7o 160 150 140 130 120 110 100

T
210

S34



e
b0
ane

Fie
GE'E
az’e
:TAS

BEE—

Fa'a
o]
Ebd
mv.hV
i
Ghd

964
mm.mv

3p

=00°E

=02
~£0°C

€02
0L

e

1.0 10.5 10.0

1L

12.0

E0IE—

566 —

1 0F—

BF G —

FLEN—

AR
176215
£00EL
£ETEL
B9'GEL7
seaes”

SrEgl—

0646} —

3p

10

80

B0

T
160

1

T
180

S35



EpE—

BOE
are
Zhes
IEE
LEE
EEE
EEE

FEE

449
€74
A
vZ'L
524
624
A
8z'L
8z'4"
0E'L ]
ZEL]
vE'L]
582
584
LE'i
=18 .Tw
674
[l
Bt
051

3q

=86°2

=Z0'
=002

otg

=20

1L0 10.5

1.5

.0

e~

0z'0E—

LFonl—

3q

Le
i

T T T T T T
140 130 120 10 100 80

T
150

T T T
180 17 160

T
180

T
200

S36



80'c
OL°E:
LVE:
ZLE:

AZT'E
8z’
62
EE:

68'E—

S6°9
468
Fiars
6L
6Z°L

[0 5
QN.LN
o9e°L
64
008

3r

- =02

= 202

=00°E

J

96"}
=ZL'}
1

=z

5 1.0 10.5 10.0

1L,

12.0

Lt BE—

LR —

Bl

o K|

48] —

BRI

3r

T T
0 120 1o

T
3

T
0 140 1

T
5

T
160 I

T T
180 170

T
180

T
200

S37



L9
689
.uNhJ,

avL
m‘hk

[ 1}:3

3s

“goZ
‘z0
00°E

=G0'Z
+80'Z
A
g0
=£0'Z

05 00 -05

10

20

£Lov—

55 B0 &R A0 3B 30 25
1 (ppm)
|

6.0

L6ELL—

645

90°8Z1
29'8Z1
8E'6ZE -
SOEEL
> \.
169E1

80 75 70

8.5

9.0

ZVE6E —

3s

-0

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S38



orz—
a0°E
80 mw.
e
aze
B2E
82E
nee

BE'E—

969
aga
869
BED
A0d
604
Okd
s
(8

g2
Ge .‘.N
FrAYA

66
66
e
Lo

3t

=00°E

=0
~£0°C

=£0°E

Jo0Z
feoe
g0tk

g0

T

12.0 1L5

5

0.5 100 8.5 50

11.0

Wik—
EE 05—

GLOF—

Ges—

BLELL—

oy mwf/
TS
.\.w.mwf#
GZBEL~=
e0nel
GEOEL
ilrgel—
arirl—

05'E8L—

EB4BL—

3t

=10

T T T T T T T T T T
200 180 180 7o 160 150 140 130 120 110 100

T
210

S39



[ ||
I

3u

Azo'z
g0z
00°E

z0'l
z0'L
90°z
6Lz
16°0
£0Z

=

1L5 1.0 105 10.0

12.0

£7oE—

95°0v—

k65—

9EZL—
167611
cu.cN—V
1191
mv.nN—./.
96'8Z 1
—m.mﬂ—\
LEBEL—
ZEWwL—

L6651 —

Yo'e6L—

3u

-10

T T T T I T T T T T
200 180 180 170 160 150 140 130 120 110 100

T
210

S40



=

3v

MeO

-1.0

@
r=
=
s
o
=
L=
= oriz—
L9
- LEOE—
L=
= ozov—
=90°E| .
o
- e —
w0Z[ - sy
~E0'Z
@
e
=00€| o
-t
| w
-
=
HE
3
wi
Fos
Lo
w

SHELL

e 180z1
z0Z £vez
o/ b

E Lo sTezh
Heog| ¢ zZEoel—

LE0b|
b2 s0'8E1 —
ErIvE—

L0022

Lo

P
Lo oveor—

b

g

-

=

L

@

L
= 6161 —

=

| @

=

10

30 20 10

40

60

70

100 90 80

1 (ppm)

S41

10

MeO
3v
200 190 180 170 160 150 140 130 120

210




ene
¥0 m#
ape-
EEE
mw.mw
iTE

iBe—

Br

3w

=0T
=102

=00°E

1.0

2.0 1L5

¥a'62—

¥o'6E—

ah'ss—

DEELL—
B5ZEL
Nw.hmﬁ/.
Ziael
L0 amf./.
oeoek

_m._E\.
ND.NE\.

l&erl—

G5Eal—

LViBhb=—

Br

3w

[ o
I}

T T T T T T T T
0 160 150 140 130 120 10 100 20

I

S42



ZoE
roe
ane
Oee
ZEE
ZEE
FEE

ogE—

GE'D
9e'e
geg

§k?
oy
052
e
854

BE L
1
BE'L
ooe

3x

L

“poz
‘g0z
_00°9

SE0°)
602

=P0°Z
MNO.F
=602

0.0 -0.5

5

1.5 1L0 10.5 100

12.0

o oE—

W Bl—

R —

e —

LT —

O

3x

-10

80

T T T T
180 180 17 180

T
200

T
210

1 (ppm)

S43



—

RS RS R ]
=

=¥0°2
4

=00°€

€02
W%wm._.
=86"}
66°0
86°0

0.5

0.0

0.5

1.5 1L0

12.0

glgE—

ok —

9k '56—

EEZH—
99641
L EP
55281~
0z4zl
BZAEL
va mwa
BOOEL
5 IEL
eleel—

LOERL—

VEBGE—

ApBEL—

|

T T
200 180

T
210

S44



EDE
¥0 m./
ane
ZEE—F
rie
9ze

ie—

EGQ
EGD
GG'9
G689
ald
G4
0z s
XA
g9z 4
gz s
LB
T4

FE'L
PEL
aE"s
0874

Cl

3z

=00°2
=002

=00°¢

002
002
002

=002

0.5

0.0

856 —

8L76E—

6RGE—

BLEM—

acpzl
mm.mme
LE'OEL
Jul:] vmf\v

96'GEL—

loeal—

WiGl—

Cl

3z

=
iw

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

T
210

S45



Br

3aa

‘o0z
zoz
20

voz
oLe
18°)
s

[t

8.0

)

1L 1L0 10.5 10.0

12.0

26—

Wob—

6255 —

LEEH—

50824
deazi\
9e°624~
Z0eEl
PEEEL
06'0EL

EDBSL—

GE'BEL—

Br

3aa

=10

T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100

T
210

S46



BE'Z—

Ae
GOE
oLe
LLE
Oe'e
gee
aeE
FEE-

GR'E—

LA
Gl

Bld
[TAFA
ETL
BEL
O s
ird
GG4
9gd
EEFA
BEL
0ad
0ed

=

=Z}E

=0LZ
=90°2

=00°€

128
A
€02

PO IE—

EB'BE—

£L'0b—

ree—

9eTh—

95 AH~
TR AL
GEBEL
ww.mwfw
LOGZL
FOSEL~

¥z BEl
mmmmfuv‘

VEEEL—

EVEEL—

3ac

]

T
140

=10

T T T
120 110 100

T
130

T T T T T
200 180 180 170 160 150

T
210

S47



3ae

=00°p

=£0°¢g

/86°0
fagz
1670

~Z0'g-

05 00 05

1.0

60 &5 50 45 40 35 30 25 20
1 (ppm)

6.5

Th

8.0

115 110 105 100 85 9.0

120

wyz—
80V —

sres—

6LELL —
1EEZ) \
1ozl
88'9Z) —

EC0EL

ZhrrE —

95E9L —

EVLEL—

3ae

10

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S48



3af

SE0Z
“roz

mmo:o
“g6°0
660
is0'C
LE0°L
‘00z

00 -05 10 15

05

90 &5 80 75 70 65 60 455 K0 45 40 35 30 25 20
1 (ppm)

95

LVvE—

Srov—

OVEZE
oLvEE-=
88921
90°'8Z1 gﬁ
goazLf

n-.nnf\
6L9E1

—mﬁ!—L\

65861 —

3af

10

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S49



e0'e

90°E

e

8T
./

i~
e

]

55 &0 45 40 35 30 25 20
1 (ppm)

6.0

15 110 105 100 95 80 B85

10

ez —

£Lov—

L6ELL—

90°8Z1
29'8Z1
8E'6ZE -
SOEEL
> \.
169E1

ZVE6E —

-——

-0

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S50



s€T—
we
A

80¢
e

Iee
ece!

3ah

=00'e |

+=86°L
=Z0'T

+96'E
+90'Z
g0t
*50'Z

o

00 -05 10 -5

05

15

B0 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

85

wiz—

vLez—

90V —

19321
ezt M
weck
rosel %
169E1
ozseLd

20824
Oﬂ.ﬁu—w

LEGBL —

3ah

-0

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S51



BEL
BEL
04
a4
Btr'd
152
EGY
B
BG4
09d
(L)
EQY
ks
eoe
wn.mv

al

=00°2
=~90°Z

T
0.5

5

ILE 1L0 10.5 10.0

12.0

Fed

1

BLEE—

Wor—

andiel
LbdEl
TELTL

PUREL~E

BUBE)
oggzl
EG mwf\.

VZREL

al

L
0

T T T T T T T T T T T
00 180 180 170 160 150 140 130 120 110 100 80

T
Z10

S52



-10 5

T
-0.5

10

10

20

e

e
8cE
[1:5% 3
(11524
ZELT

P

d

85 80 75 70 65 60 55 &0 45 40 35 30 25 20 15
1 (ppm)

9.0

L00E—

EVov—

v&ozZik
NE.MN-./.
BS'8Z)
6821

LY'6Z)
ozTsel

LO'L PR

30

40

60

70

100 90 8‘0
1 (pprm)
S53

1o

120

150 140 130

160

170

95

00°'861 —

145

3aj
180 180

200

210

Cl



nze
az'e
zze
£ZE
vze
e
e
b
b
15
IGE
184
[
284
e
£ i
1874
B84
CEE
£F i
i
oL
G
502
00'L
[
264
v i
Ve i
ke
:.&
e
z1aq
e
eiad
758

o e——

3ak

- G6°}
=002

90y
vz'z
~80°}
UTN.N
160°}
lags

ki

Lo

60—

B5°0F—

FLEEL—

3ak

=14

T T T T T T T T T T
200 150 180 170 160 150 140 130 120 110 100

T
210

S54



Loe

¥Z'E
aze
aze
BZe

lee—

ag'a
989
e
agg
Lbd
PR
0zd
04

EP L
Frd
Gl
Gl
064
064
VEL
a6l

3al

Cl

L

“e0Z
90z
400°E

g0e
" 4
S k4
202

5

1.0 105 1.0 8.5 90

12.0 1L5§

ECBE—

B9 0F—

6255—

00 F kb=

EEBEL~
AR
aY'GZl
mo.mm,.*
FZsEL
LVBELT

aoesl—

GLBEL—

3al

Cl

T T T T T T T T T
180 17 160 50 140 130 120 1o 100 80

T
190

T
200

S55



ovrz—
90
s.ﬂW
[1] %4

e

SvrL
av'L
VL

£6'L
£6'L
WL

3am

Cl

=00°E

L6}
=867}

=50°€
60°L

\ELE
=86°)

00 -05

05

80 75 70 65 60 55 50 45 40 35 30 25 20 15
1 (ppm)

65

110 105 100 95

ns

Lo

Lviz—

woE—

50V —

66'L6L —

3am

Cl

10

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

S56



3an

~00°g

= =g

~10Z

- =Lk

=#0"Z

=GR

-£0°2

05

0.0

7Th5 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

6.0

s M0 105 100 95 90

120

€61 —

OLLE—

O8BE—

sres—

L6'L6L —

3an

10

30 20 10

40

200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

210

S57



ar'5—
zh'
P
Pl
7z 1
£2 /1
LT
524
97 |
Er
8z 2
zg'24
[
88/

(G
(G
el

g/
98
182
214
Can
621
s
A
7o
£
£
E.&
084

264

7

6a

BN N |, (TS (S

=00'2

-0.5

0.5

1.5

arar—

25

4.5 3.5

5(ppm)

el

LOET L
1] mw_‘/.

6.5

08"k
LL8Z1
LOBZ L
0E'6Z

018El,
eFoEl

7.5

ETErI—

8.5

8Lr5l—

10.5 9.5

1.5

7

6a

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 8O0 TO 60
5(ppm)

200

S58



987%~
EVZ

Zre—
10'47
€0/
514
1147
Eraly
1T
BZ L
1€
1€ L]
el
eedd
el
PE L]
e
794
oL
064
el

e

8888888
TANTONNNN

i

6b

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 1.0
5(ppm)

13.0

60°LT
mv.vmv.

ozer—

S50k —
EBGLL

5 NS/
B.Nm}
PECTH
vz RPV
06T}
mvmﬂw.
ZLETH
Dm.mm_\
plogh
pilE} %
POOF ) .\
\Zerh
PETSI—

110 100 9 80 70 60 50 40 30 20 10
5(ppm)

120

6b
190 130 170 160 150 140 130

200




8l g~ - E—

oge—

Bhd =
049
91
1l
0z
ezl
&l
26
o]
9€

scig | —————
8e'Z ==

pa'L
mm.hv

6¢c

=00'C

Z0°}
ﬁg._.
E6L
%ﬁ.n
Yy

Feou

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

1.5

-0.5

10.5

5(ppm)

606 I~ =
86T

85— =

BEZZ )
BIGT
:..mm_‘W
OF9Zk
mm.mmv\
LE'BTL |k
ZEBT L i

FrOEL ==
G9'0EL

bLREL

06'FE L

A
S.NS%

GEEGI— I ——

50

6¢c

190 180 170 160 150 140 130 120 410 100 90 80 70O 60 50 40 30 20 10
5(ppm)

200

S60



g8'5—

§Z'L

=00'¢

/660
160
FLE
1160
ok
\zoL

15 10 05 00

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

10.5

1.5

5(ppm)

YeEr—

8T I—
S¥6LE
LOETL
OFET L
FF8T L
mm.mm_.v
EGLTL
SE'BT L
8881
GLOEL
857ZEL
EEBEL
CHEEL
[Leiadd
STl

210 200

100

5(ppm)

150 140 130 120

-10

80 70 60 50 40 30 20 10

90

110

190 180 170 160

Sé61



EE5T

Fliy
€249

6e

Cl

=00'¢

A

© 10 WD M~ T M~
cornaroo

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

OO =D

10.5

5(ppm)

1.5

Le'Lr—

{vas
ZLEEh
99z}
INTAS
Pz 9zh
20 RD.,
0E'BT I
ESETH
20708}
91 0E}
050E
86 7E
ZZREL

1SEG L —

7

6e

Cl

190 480 170 160 150 140 130 120 410 100 90 80 70O 60 50 40 30 20 10
5(ppm)

200

S62



N A |
N Cl [ | !
0
N
6f
Cl
by
1
i
|
i L I g |
iy T
85588 8
NN ™™ o™
115 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
5(ppm)
w0
w e
o ©
W) P~
i =
| |
N
N Cl
N
6f
Cl
al
‘\
1
1 1
1
N I [ I" |l
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

5(ppm)

S63



8d
8’
B
059
159

Nm.mw

682
14 hv

[T
ETL
8C'L
gesd —

+66°0
¥k

20T
~50p

=20’k

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0

-0.5

5(ppm)

10.5

1.5

LZEFI—

g6 pl—
[avi=l
[yl
PELGL
LEAGL
¥
06251
G551
L5151
L6685 |
EG'BS )
LB'BG L
G665 1

L

170

150 140 130 420 110 100 9 8 70 60 50 40 30 20 10
5(ppm)

160

190 180

200

S64



Cl
6h
Cl

J

o002

-L0

0.0

0.5

1 (ppm)

-2

=

=18k —

Cl

6h

Cl

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

190

S65



ShE~ L S
05z |

19d
E9L
£9°L
L)

894
[PV
9Ld

i
107
202
pOL
504
802
el
[
[ ——
Sk —_——

6i

Fue

=007

J6bY

0°)

lee
[yog

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0

-0.5

55°1T
mm._‘mv

5(ppm)

PLTE b

092 -3
LEEEL]
SOYEL \
EZ9EL
vz ::\
8525k
86251
[GHED
NZEW
5729l
BYED)
VEPIL
[GRED

10.5

1.5

z7 "z

6i

ad

210 200

100

5(ppm)

150 140 130 120

-10

80 70 60 50 40 30 20 10

90

110

190 180 170 160

S66



PE b~
Be' "

bl

80°2
A
7L
T L
vz i
vz Lo
9z 1y
[
s
ze
g4
£e
pE L]
5e'
58/
g/
e/
g/
e
v
5t/
0521
0521
1524
6921
04
[
[
68°L1
1527

£ LI

tBu

N

i

AL

tBu

i
00 =t W 0 M~ W0
mdoo0o0o0o
oo Mmoo

0.5 -0.5 1.5

1.5

3.5 25

45
5(ppm)

SZlE
YE —mV
551E
hm.wmﬂ

ih8r—

b0k —

98641
152CH
LLCTL
ELGTL
vm.mm_‘w
rayra
EQ0'BT L
BFEEL
L ,..m.m_‘.\
IEEFL—

8905 I~
E1ES I~
0E'PS 1"

10

20

30

60 50 40

70

20 80

100

tBu
190 180 170 160 150 140 130 120 110
5(ppm)

200

tBu




g5y
£6'91
£z /1
sz 1
s
s
8z's
sz
82 14

LE )
£5'/4]
£e 2
529
58741
98/
281
184
B/
8e/
841
8¢
I
or' 4
o'/
2521
£5'/1

55 @
55/
s/}
5
5 &
062
ee

6k

7z

S0k
g0

~G6'L |

Y
A
~gg'l

95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

-0.5

5(ppm)

10.5

1.5

it

ST
LEGH
YO 4L
ZT L
96 4L
ekl
918l
PEBLL
LGBL
9281
276k
9Z 021
baIZ M
aglzH
VG 1E L
b5 Izh
ar'Ezh
SBEZ 1
6152 1
£5'52H
9552 1
09'6Z 14
1592}
5502}
8592}
Z9'9z}
razel
cazei
1961 —

S9Zrl—
£lork

58 miu.
£l mikm
Eralady
£5 67 b
9967 |4
P05 H
9 05 H
12151
£515 H
9151
G415k
£0Z5}
9175k
9875}
8675

6k

190 180 170 160 150 140 430 420 110 100 90 80 70 60 50 40 30 20 10
5(ppm)

200

S68



7.1
<7 89

F
N | f ‘
N I |
| )
(ol
N “ .‘|‘ I] |
F J 1 i
F
6l
F
1
| 1
JL  E4 Ju_. i |
T Al oy
5 8538% 8
S aoivee o
1.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00 05
5(ppm)
=81
55G
b O NS ) At e e e 37
F
N
\
N
F
F
6l
F
I "
& |
[ 1
il ‘i
L
200 190 180 170 160 150 140 130 420 410 100 90 80 70 60 50 40 30 20 10 0
5(ppm)

S69



EFC
SPT

B¥'T
0s mmw

EE'G
GE'S
669
Lo
E0L
502
L0
0ve
[
ELd

L
vz i
8z 4
8z 4
g4
ze1
oF 4
zv 1]
85214
85 /1
£9 1
9911
(s
(2%
g2

S

7

6m

Cl

|
-
\Mw_fan

15 1.0 05 0.0

95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

10.5

1.5

5(ppm)

8512
nm.vmv.

vm.mq
wh.hvv

5860k,
B8t
mm.vm_/
PTEL
bz LzL
6z z)
95 BT I~:
10621
Ieez
S
SE0EH
ovogk
SBPEL

SEZG I
[2k~1ta

Cl

7

6m

Cl

190 180 170 160 150 140 130 120 410 100 90 80 70O 60 50 40 30 20 10
5(ppm)

200

S70



A
STk
8z’
LT}
BZ'L

621
LE'L
LEL

LA
EST
59T
49T

69T
04e
0L¢
04T
LT
LT
E4'T
vLe
SLT
94T

-

6n

rse'9

< o

|

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

=06}

-1.0

15 1.0 0.5 00

5(ppm)

10.5

9E'G|
ar m_‘v-
£9'12
mwm._‘m.lV

BF BT
nm.mmv

wo.wv
fm.mvv

mn_c,._‘v.

gE8ll
99611
LVPTh
£6/5TL
00S
ZTOTH
2Ozl
B ozl
5 aeh
Iz 6z
o9z6Th
26651
6z

6n

|
“
150 140 130 120

210 200

100

5(ppm)

-10

80 70 60 50 40 30 20 10

90

110

190 180 170 160

S71



EET
FET
6ET
EFT

7
522 m\

pes—
1697
5691
5691
101
20/
P02
oV
90"/
A ]
Wl
gl
£ w

]
51
IR
9141
EZ /-
vz /]
sz
5z /1
19/
2949
29
£9 .1
e
24
08’21
za s

2

60

r bee . -

: o

QMW
oo od
i B -

|
UJ
Bl L o

95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0

10.5

-0.5

1.5

5(ppm)

anie
OF'LE
EQ'LT
581T

ok
S..mvv

GO0k,
8Ll
19 m:/.
619zl
8 mﬂ/
pEST
8zl
Li'6e )
gLEzl
!
Ty ezl

BABT L
ELBTL

98'EG I~
£S5

60

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

200

S72



