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Materials and General Methods
Melting Points were measured on SGW X-4B Melting Point Apparatus. 1H NMR spectra were recorded on a Bruker Avance 300 (300 MHz) spectrometer and 400 (400 MHz). Chemical shifts were reported in ppm from tetramethylsilane with the solvent resonance resulting from incomplete deuterium incorporation as the internal standard (CDCl3: δ 7.26 ppm). 13C NMR spectra were recorded on a Bruker Avance 300 (75 MHz) and 400 (100 MHz) spectrometer with complete proton decoupling. Chemical shifts were reported in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCl3: δ 77.16 ppm). High-resolution mass spectrometry was performed on Thermo Orbitrap Elite. Optical rotations were measured on an Autopol IV (d = 589 nm, Hg lamp, 50 mm cell). The enantiomeric excess was determined by Agilent 1260 infinity series HPLC (Chiral Technologies Chiralpak AD-H column (4.6 mm x 250 mm) and Chiral Technologies Chiralpak OD-H column (4.6 mm x 250 mm)). Chemicals and solvents were purchase Linfeng and Annaiji from commercial suppliers. Silica gel plates (Qingdao Haiyang) were used for thin-layer chromatography (TLC). Purification spectrums of the product was carried out by flash column chromatography using silica gel (Yantai Jiangyou, particle size 0.100-0.075 mm). 

The phase transfer catalysts 1a-1q were prepared according to the literature procedures, and the structures were confirmed by their spectral properties.

Methyl (R)-1,3-Dibenzyl-4-oxopiperidine-3-carboxylate (3c)

To a 10 mL reaction tube was added methyl 1-benzyl-4-oxopiperidine- 3-carboxylate 2c (49.5 mg, 0.2 mmol), 50% aq. KOH (112 mg, 1 mmol, 5 eq) and phase transfer catalyst 1k (12.1 mg, 0.02 mmol, 10 mol%) followed by p-xylene (1 mL). After the mixture was stirred at rt for 30 min, BnBr (71.3 uL, 0.6 mmol, 3 eq) was added, and the stirring was continued at rt for additional 12 h (monitored by TLC analysis). The crude product was purified by column flash chromatography (eluting with 20:1 hexane/EtOAc) to afford 3c (256 mg, 76% yield) as colorless transparent liquid.  -17.2º (c = 0.5, CH2Cl2); 73% ee; 1H NMR (300 MHz, CDCl3): δ 7.33-7.27 (m, 5H), 7.25-7.13 (m, 5H), 3.61 (s, 3H), 3.57 (s, 2H), 3.39 (dd, J = 11.4, 2.4 Hz, 1H), 3.21 (d, J = 13.5 Hz ,1H), 2.97-2.90 (m, 2H), 2.85-2.74 (m, 1H), 2.49-2.37 (m, 2H), 2.31 (d, J = 11.4 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 205.6, 171.2, 137.8, 136.2, 130.5, 128.9, 128.3, 128.1, 127.4, 126.8, 62.8, 61.8, 60.7, 53.1, 52.1, 40.5, 37.5; HRMS (ESI, positive): calcd for C21H23NO3 [M+H]+ 338.1751, found: 338.1749.
The enantiomeric excess of 3c was determined by chiral HPLC analysis (column, Chiralpak OD-H, 4.6×250 mm, n-hexane/i-PrOH = 99:1; flow rate: 1 mL/min, λ = 230 nm). 









Table S1. Optimization of the reaction conditions for 3ca
	Entry
	cat
	BnBr
	50% aq. KOH
	Temp/℃
	Yield (%)b
	ee (%)c

	1
	10 mol%
	 0.6 mmol (3eq)
	0.2 mmol (1 eq)
	rt.
	69
	70

	2
	10 mol%
	1.0 mmol (5 eq)
	0.2 mmol (1 eq)
	rt.
	70
	65

	3
	10 mol%
	0.6 mmol (3 eq)
	0.6 mmol (3 eq)
	rt.
	72
	70

	4
	10 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	rt.
	76
	73

	5
	10 mol%
	0.6 mmol (3 eq)
	1.2 mmol (6 eq)
	rt.
	75
	70

	6
	20 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	rt.
	78
	68

	7
	5 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	rt.
	70
	69

	8
	10 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	0
	64
	70

	9
	10 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	-10
	61
	71

	10
	10 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	-30
	58
	70

	11d
	10 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	rt.
	74
	71

	12e
	10 mol%
	0.6 mmol (3 eq)
	1.0 mmol (5 eq)
	rt.
	70
	69


Reaction conditions: a 2c (0.2 mmol) in p-xylene (1 mL) b Yield of isolated product; c Determined by chiral HPLC; d the reaction was added p-xylene (2 mL); e the reaction was added p-xylene (0.5 mL).

Methyl (R)-1-benzyl-3-(3-fluorobenzyl)-4-oxopiperidine-3-carboxylate (3d):


Colorless liquid; Yield 65%; [α]22 D -24.8o (c = 0.5, CH2Cl2); 60% ee; 1H NMR (300 MHz, CDCl3): δ 7.36-7.25 (m, 5H), 7.20-7.13 (m, 1H), 6.94-6.85 (m, 3H), 3.61 (s, 3H), 3.58 (s, 2H), 3.40 (dd, J = 11.7, 2.7 Hz, 1H), 3.20 (d, J = 13.5 Hz, 1H), 2.98-2.77 (m, 3H), 2.48-2.37 (m, 2H), 2.28 (d, J = 11.7 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 205.5, 171.2, 164.4, 160.9, 138.9, 138.7, 137.7, 129.0, 128.4, 117.6, 117.3, 113.9, 113.6, 62.9, 61.8, 60.9, 53.3, 52.3, 40.6, 37.2; HRMS (ESI, positive): Calcd for C21H23FNO3 [M+H]+ 416.0856, found: 416.0859.

Methyl (R)-1-benzyl-3-(3-chlorobenzyl)-4-oxopiperidine-3-carboxylate (3e):


Colorless liquid; Yield 68%; [α]22 D -19.2º (c = 0.5, CH2Cl2); 67% ee; 1H NMR (300 MHz, CDCl3): δ 7.36-7.25 (m, 5H), 7.19-7.11 (m, 3H), 7.06-7.03 (m, 1H), 3.61 (s, 3H), 3.58 (s, 2H), 3.39 (dd, J = 11.4, 2.4 Hz, 1H), 3.18 (d, J = 13.5 Hz, 1H), 2.99-2.77 (m, 3H), 2.48-2.37 (m, 2H), 2.27 (d, J = 11.7 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 205.5, 171.1, 138.4, 137.7, 133.8, 130.6, 129.3, 129.0, 128.8, 128.4, 127.5, 127.0, 62.8, 61.8, 60.9, 53.2, 52.3, 40.5, 37.1; HRMS (ESI, positive): Calcd for C21H23ClNO3 [M+H]+ 372.1361, found: 372.1358.

Methyl (R)-1-benzyl-3-(3-bromobenzyl)-4-oxopiperidine-3-carboxylate (3f):


Colorless liquid; Yield 70%; [α]22 D -23.6º (c = 0.5, CH2Cl2); 66% ee; 1H NMR (300 MHz, CDCl3): δ 7.36-7.25 (m, 5H), 7.12-7.05 (m, 2H), 3.61 (s, 3H), 3.57 (d, J = 2.7 Hz, 2H), 3.39 (dd, J = 11.4, 9.0 Hz, 1H), 3.18 (d, J = 13.8 Hz, 1H), 2.99-2.92 (m, 1H), 2.87-2.76 (m, 2H), 2.48-2.37 (m, 2H), 2.27 (d, J = 11.7 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 205.5, 171.1, 138.7, 137.7, 133.5, 129.9, 129.6, 129.2, 129.0, 128.4, 127.5, 122.1, 62.8, 61.8, 60.9, 53.2, 52.2, 40.5, 37.1; HRMS (ESI, positive): Calcd for C21H23BrNO3 [M+H]+ 356.1656, found: 356.1653.




Methyl (R)-1-benzyl-3-(3-methylbenzyl)-4-oxopiperidine-3-carboxylate (3g):


Colorless liquid; Yield 70%; [α]22 D -31.2º (c = 0.5, CH2Cl2); 67% ee; 1H NMR (300 MHz, CDCl3): δ 7.34-7.24 (m, 5H), 7.13-7.08 (m, 1H), 7.00-6.92 (m, 3H), 3.61 (s, 3H), 3.57 (s, 2H), 3.39 (dd, J = 11.7, 9.0 Hz, 1H), 3.17 (d, J = 13.5 Hz, 1H), 2.93-2.88 (m, 2H), 2.83-2.75 (m, 1H), 2.47-2.37 (m, 2H), 2.32 (s, 1H), 2.28 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 205.6, 171.3, 137.8, 137.5, 136.1, 131.3, 129.0, 128.3, 128.0, 127.5, 127.4, 62.8, 61.8, 60.8, 53.1, 52.1, 40.5, 37.4, 21.5; HRMS (ESI, positive): Calcd for C22H26NO3  [M+H]+ 352.1910, found: 352.1907.
The enantiomeric excess of 3d-3g was determined by chiral HPLC analysis (column, Chiralpak IB, 4.6×250 mm, n-hexane/i-PrOH = 98:2; flow rate: 1 mL/min, λ = 254 nm).

Ethyl (R)-1,3-Dibenzyl-4-oxopiperidine-3-carboxylate (3h)

To an oven-dried 100 mL round-bottom flask was sequentially added 1-benzyl-3-ethoxycarbonyl-4-piperidone hydrochloride (1.2 g, 4 mmol), 50% aq. KOH (2.7 g, 24 mmol, 6 eq), O-allyl-N-9-anthracenemethylcindexnine bromide (1k) (242 mg, 0.4 mmol, 10 mol%) and p-xylene (20 mL). After the mixture was stirred at rt for 30 min, BnBr (1.4 mL, 12 mmol, 3 eq) was introduced, and the stirring was continued at rt for additional 12 h. The solvent was evaporated under reduced pressure and the crude product was purified by flash column chromatography (eluting with 20:1 hexane/EtOAc) to give 3h (983 mg, 70% yield) as colorless liquid.  -43.6º (c = 0.5, CH2Cl2); 76% ee; 1H NMR (400 MHz, CDCl3) δ 7.34-7.27 (m, 5H), 7.22-7.16 (m, 5H), 4.14-4.00 (m, 2H), 3.60 (d, J = 13.2 Hz, 1H), 3.54 (d, J = 13.2 Hz, 1H), 3.42 (dd, J = 11.6, 2.4 Hz, 1H), 3.22 (d, J = 13.6 Hz, 1H), 2.98-2.91 (m, 2H), 2.86-2.78 (m, 1H), 2.47-2.35 (m, 2H), 2.30 (d, J = 11.6 Hz, 1H), 1.11 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 205.9, 170.9, 138.0, 136.4, 130.7, 129.0, 128.4, 128.1, 127.4, 126.6, 62.8, 61.9, 61.3, 61.2, 53.2, 40.7, 37.6, 14.0; HRMS (ESI, positive): calcd. for C23H25NO5 [M+H]+ 352.1907, found: 352.1906.
The enantiomeric excess of 3h was determined by chiral HPLC analysis (column, Chiralpak AD-H, 4.6×250 mm, n-hexane/i-PrOH=99:1; flow rate: 1 mL/min, λ = 230 nm). 

Ethyl (R)-3-benzyl-4-oxopiperidine-3-carboxylate (4)

    To a 50 mL round-bottom flask were sequentially added 3h (351mg, 1 mmol), 10% Pd/C (70 mg) and EtOH (10 mL), and the mixture was stirred at rt and under hydrogen atmosphere for 12 h. The reaction mixture was filtered through a celite pad, the filtrate was concentrated under reduced pressure, and the crude product was purified by flash column chromatography (eluting with DCM/MeOH, 50:1 to 20:1) to afford 4 (225mg, 86% yield) as light yellow oil.  -150.8º (c = 0.5, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.27-7.20 (m, 3H), 7.10-7.06 (m, 2H), 4.18-4.08 (m, 2H), 3.70-3.67 (m, 1H), 3.41-3.36 (m, 2H), 2.93-2.86 (m, 1H), 2.82 (d, J = 14.0 Hz, 1H), 2.63 (d, J = 13.6 Hz, 1H), 2.48-2.42 (m, 2H), 1.87 (s, 1H), 1.20 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 204.6, 170.6, 136.0, 130.1, 128.2, 126.8, 64.4, 61.6, 55.3, 48.0, 43.5, 37.5, 14.0; HRMS (ESI, positive): calcd for C15H19NO3 [M+H]+ 262.1438, found: 262.1438.

Ethyl (R)-3-benzyl-1-(tert-butyl)-4-oxopiperidine-1,3-dicarboxylate (5)


4 (120 mg, 0.46 mmol) was dissolved in anhydrous CH2Cl2 (5 mL), triethylamine (0.13 mL, 0.92 mmol, 2 eq), 4-dimethylaminopyridine (6 mg, 0.046 mmol, 0.1 eq) and di-(tert-butyl) pyrocarbonate (0.11 mL, 0.46 mmol, 1 eq) were added successively at 0 ℃，and the reaction mixture was stirred at rt for 15 min. After completion of the reaction monitored by TLC, the reaction was quenched by the addition of saturated aqueous NaHCO3 (3 mL), and the resulting mixture was extracted with DCM (25 mL×3). The combined organic phases were washed with brine (30 mL), dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The residue was purified by flash column chromatography (eluting with 20:1 hexane/EtOAc) to afford 5 (122 mg, 87% yield) as white solid. mp 89-91℃;  -53.5º (c = 3, CH2Cl2) [Lit.[6] -45.8º (c = 3, CH2Cl2)]; 66% ee; 1H NMR (300 MHz, CDCl3): δ 7.28-7.15 (m, 5H), 4.62 (s, 1H), 4.17 (bs, 1H), 4.11-4.06 (m, 2H), 3.26 (d, J = 13.8 Hz, 1H), 3.19-3.11 (m, 1H), 3.01 (d, J = 13.5 Hz, 2H), 2.75-2.65 (m, 1H), 2.44 (d, J = 14.4 Hz, 1H), 1.45 (s, 9H), 1.15 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 204.6, 169.8, 154.3, 135.7, 130.5, 128.3, 127.0, 80.5, 62.3, 61.8, 50.4, 43.2, 40.1, 37.4, 28.3, 14.0; HRMS (ESI, positive): calcd. for C20H27NNaO5 [M+Na]+ 384.1781, found: 384.1781.
The enantiomeric excess of 5 was determined by chiral HPLC analysis (column, Chiralpak OD-H, 4.6×250 mm, n-hexane/i-PrOH = 99:1; flow rate: 1 mL/min, λ = 230 nm). 

3αR-Benzyl-1-(tert-butyl)oxycarbonyl-2-methyl-4,5,6,7-tetrahydro-2H-pyrazolo- [4,3-c]pyridine-3(3αH)-one (6)

A solution of 5 (940 mg, 2.6 mmol), methylhydrazinium sulphate (750 mg, 5.2 mmol, 2 eq) and sodium acetate (854 mg, 10.4 mmol, 4 eq) in EtOH (35 mL) was heated at 80 ℃ under nitrogen atmosphere for 12 h. After the reaction is complete, the reaction mixture was cooled to rt, and concentrated in vacuo. The crude residue was diluted with DCM (100 mL), and was washed with saturated aqueous NaHCO3 (30 mL) and brine (30 mL), and dried (anhydrous Na2SO4). The crude product was purified by flash column chromatography (eluting with hexane/EtOAc, 5:1 to 3:1) to give 6 (620mg, 70% yield) as white solid. mp 123-125℃;  44.8o (c = 1, CH2Cl2); 69 % ee; 1H NMR (300 MHz, CDCl3): δ 7.18-7.09 (m, 3H), 7.02-6.97 (m, 2H), 4.60 (bs, 1H), 4.39 (d, J = 12.6 Hz, 1H), 3.17 (d, J = 13.2 Hz, 1H), 3.00 (s, 3H), 2.95 (d, J = 13.5 Hz, 1H), 2.64 (bs, 3H), 2.49 (d, J = 9.6 Hz, 1H), 1.47 (s, 9H); 13C NMR (75 MHz, CDCl3): δ 174.5, 162.0, 154.6, 134.7, 128.6, 128.3, 127.2, 81.0, 60.3, 56.7, 50.8, 45.5, 37.9, 30.7, 28.3; HRMS (ESI, positive): calcd. for C19H25N3NaO3 [M+Na]+ 366.1788, found: 366.1791.
The enantiomeric excess of 6 was determined by chiral HPLC analysis (column, Chiralpak AD-H, 4.6 × 250 mm, n-hexane/i-PrOH = 99:1; flow rate: 1 mL/min, λ = 254 nm).
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Fig 1: 1H NMR and 13C NMR spectra of 3c
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[bookmark: _GoBack]Fig 2: HPLC chromatogram of 3c comparing to the racemic mixture
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Fig 3: 1H NMR and 13C NMR spectra of 3d
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Fig 4: HPLC chromatogram of 3d comparing to the racemic mixture
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Fig 5: 1H NMR and 13C NMR spectra of 3e
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Fig 6: HPLC chromatogram of 3e comparing to the racemic mixture
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Fig 7: 1H NMR and 13C NMR spectra of 3f
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Fig 8: HPLC chromatogram of 3f comparing to the racemic mixture
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Fig 9: 1H NMR and 13C NMR spectra of 3g
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Fig 10: HPLC chromatogram of 3g comparing to the racemic mixture
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Fig 11: 1H NMR and 13C NMR spectra of 3h
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Fig 12: HPLC chromatogram of 3h comparing to the racemic mixture
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Fig 13: 1H NMR and 13C NMR spectra of 4
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Fig 14: 1H NMR and 13C NMR spectra of 5 
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Fig 15: HPLC chromatogram of 5 comparing to the racemic mixture.
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Fig.16. 1H NMR and 13C NMR spectra of 6
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Fig 17: HPLC chromatogram of 6 comparing to the racemic mixture.
S16
S2

image2.emf
N

CO

2

Me

Bn

O

N

CO

2

Me

Bn

O

Ph

+

Br

cat. 1k

base, solvent

R

2c                                                                           3c



image3.emf
N

CO

2

Me

Bn

O

F



image4.emf
N

CO

2

Me

Bn

O

Cl



image5.emf
N

CO

2

Me

Bn

O

Br



image6.emf
N

CO

2

Me

Bn

O

Me



oleObject7.bin

oleObject8.bin

oleObject9.bin

image7.wmf
D

]

[

α


oleObject10.bin

oleObject11.bin

image8.png
J0¢ ¢
YeET:
18€°Z
Yov'T
9¥T:
Lzre
Wr'e
yore
SLYT
18YT
6ELT:
€9LT
LLLT
88LCT
66.LC
018
SY8°C:
016C
0Z6°C
126T
GE6T:
SY6T
956°C:
S96°C
681 €
yeTe:
69€°€:
8LE°€
80 '€
9lye:
SLS°€
609°€:
621L°L
veEL'L
ovL'L
SvlL
€51°L
09L°L
081°L
26LL
661 "L
902 "L
zieL
8lTL
vez'L
\sz'L
892'L
8LTL
€82°L
662 L
L0€°L:
ezl
STE'L
LeeL

ma

Fors
Fovg

00 05

05

80 75 7.0 &5 60 55 50 45 a5 30 25 20 L5 L0
1 (ppm)

85




image9.png
EE )

10

60

i

200 19 180 170 160 150 10 130 120 110 100 9

210

1 (ppm)




image10.png
VIWD1 A, Wavelength=230 nm (EADATAWYMIWYM171208BNXX.D)

20785

15

Py





image11.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

-
1 18.693 BB 0.6732 4061.28662  88.85114 48.6921
2 20.785 BB 0.7841 4279.46338  78.93149 51.3079




image12.png
o w & u & § & 3 B L





image13.png
W REFETE] SR I U TR [ U THI R
# min] [min] [mAU*s] [mAU] %

E B | === === |==m=mmmme |==m=mmmme [ I
1 18.954 BV 0.6545 1980.53259  45.27552 13.6508
2 20.475 VB 0.8254 1.25280e4  217.32607 86.3492





image14.png
v ¢
Wy'Z
6LYT
£er'e
vrr'e
09v°Z-
Wy'e
8Y'T
0LLT
S6LT
028°C
1€8°Z
W8z
28T
L16°T
GEBT:
96°C
196°Z
0L6°C
186°Z
SLLE
0zz'e
9LE°¢
V8E'E
YIv'E
£Tr'e
8LG°€
19°E
£68°0;
9589
¥88°0;
£68'9:
106°9
0169
126°9
§€6'9
[31A
0SL°L
L81V°L
LLVL
€81°L
0T L
0SZ°L
0L2°L
9.Z°L
T8ZL
86Z°L
60€°L
G2
€EEL
8GEL

Foe
0%
ws

320 25 20 L5 L0 05 0.0

35

95 90 85 80 15 10 65 60

10.0




image15.png
Tle~
90r—

x4°)
m,mmV
609
m,—ww
629
L9L
N.RW
9LL

3exif 3988 WN20180417-a

Bexim
S

S

I

% 70 6 50 40 30 2 10

90

200 19 180 170 160 150 140 130 120 110

210




image16.png
180

40

120

100

=)

18307

25

75

0

5





image17.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

|
1 15.993 BB 0.4139 4714.86328 174.75333 50.3472
2 18.337 B 0.4809 4649.83398 148.90359 49.6528




image18.png
00

300

200

100

54 nm (EADATAW MRV YMISOS 175 D)

18,604

25

75

15





image19.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

|
1 15.986 BB 0.4500 1.46450e4  490.96350 80.1826
2 18.694 BB 0.5133 3619.55884 109.25755 19.8174




image20.png
§6Z°T
v6Z'C
v8E'Z-
90t'C
6LY'Z
Shv'e
9S¥'Z-
09v°Z
8LY'Z
89L°C
v6L'Z
L08°C
818'Z
1€8°C
6£8°Z
9/8°C
§26°C
vE6°C
EV6'Z-
656°C
896°Z
086°C
066°Z-

09}°€
ch.mV
89€°€E
Rm.mV.
nov.m\

SLy'e
LIS°E
vL9°E
L20°L
S€0°L
6£0°L
6¥0°L
950°L
290°L
LOV'L
zelL
ogl’L
8yl L
8G1°L
2ok’L
6LL°L
98 L
6¥Z L
Vel
SlT'L
28ZL
86Z°L
ne's
62€°L
veeL
9G€e"L

Fo
60t
Fors

L0 05 00 05 -LO

15

70 &5 60 55 50 45

7.5

5.0

8.5




image21.png
Ve~
Sor—

€TG
N.an
6°09-
m._oW
8Ty

L'9L
N.RW_
9LL

02k
§'leh
v'8zl
8'8z}
0621
€'6zh
c.gr\
8'€El
LLEL
v'8el

136 cdeld

=1
S
|

cxin U990 WM20180417-b

cxin )

0 60 50 40 30 20 10

50

200 19 10 170 160 15 140 130

210




image22.png
300

20

200

150

100

VIVT A, OSSN

viIapERRInE TR TRy

18.457

25

75

0

&





image23.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

| 1-===1 | | |
1 15.553 BB 0.4637 9744.35547 315.57184 50.3347
2 18.457 BB 0.5874 9614.78418 242.01489 49.6653





image24.png
00

350

300

20

200

150

100

54 nm (EDATAW MRV YMISOST7-2D)

18740

>5

0

15





image25.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

1 15.430 BB 0.5003 1.44796e4  430.46307 83.6065
2 18.749 BB 0.5288 2839.15430  82.70792 16.393!




image26.png
Ubc ¢
GBET
L0v'T
(344
or'e
£SY'Z
Yor'e
SLY'T
YoL'T
16L°C:
£08°C
S18C
§28'C
9€8'C
£88°C
0982
698°Z
26T
1€6°Z
6E6C
9S6°Z
G962
9.6°C
186
€S1°E
661°€
29€°¢
LLEE
Lov'e
60v°€
€L5°¢
4:
I9°E

JALUPA
2L0°L
€L0°L
980°L
$60°L
bLL
A
vZLL
(A
95Z'L
el
182°L
96Z°L
OLeL
See'L
CEE'L
6YE°L
95€°L
29€°L

//// //

Fsor
Ferz

Feoz
Feo
e0'h

0
H\.—u.—

807
Feve

0.0

L5 L0 05

2.0

3.0 25

3.5

5.5

6.0

7.0

7.5

5.0





image27.png
Vie—
Sor—

44
N,mmV
609
m,—ww
829

L°9L

9'LL

[ X443
m.nw_/
v'8Zh

06z
z'6ch
9621
6621
GEEL
L'LEV
L8}

CHa

VL=

o—/

§°602—

0 20 10

10

60

0

M0 130 120 110 100 90
£1 (o)

50

190 180 170 160

200

10




image28.png
1000

800

600

00

200

VWL A, Tiaveieng®h:

=% hm (ERATATV TV YMORSSADY

18313

25

10

5

2





image29.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

1 15.583 BB 0.6604 4.68153e4 1034.89185 46.6743
2 18.313 BB 0.9740 5.34867e4  707.34088 53.3257




image30.png
250

150

100

VWL A, Tavelengih=25% nm (EIDATATT YRV YRIDRAT=0-

mtd

10634





image31.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

1 16.205 BB 0.4639 9608.18359 312.26425 83.0398
2 19.638 BB 0.5186 1962.39209  58.65017 16.9602




image32.png
182°C
SLET
G9ET:
88€'Z
002
[4344
9ZY'T:
8¥v'T:
09¥°2-
WY'T
VSL'T
S9L°T
9LLT
18L°T
86LC
€€8°C
£€88°C
868°C
806°C
826C
8vL €
€61 €
€9€°¢:
LLEE
Lor'e
Olye:
895°¢:
019°¢:
L1689
£v6°9
€960
€00,
LL0°L
20L'L
9zL'L
9€T'L
EVTL
962 'L
cLeL
082'L
¥8T'L
€62°L
662°L
SleL
BLEL
ezeL
yreL

ma

Fue
601
Fels

EX

-0.5

20 15 L0

2.5

6.5

7.0

9.0

95




image33.png
§le—

VLE~
Sor—

125
rees
809

res
829’/

L9L
N.RW
9LL

vl
S'LZh
Sk
08zl
£'82h
0'6Zh
£lel
L'oel
S'LEL
8LEL

€L

9°602—

60 50 40 30 20 10

70

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

210





image34.png
20

20

150

100

702

0

15

2





image35.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

| 1-===1 | | |
1 22.764 BB 0.7879 1.38932e4  253.58385 50.2063
2 27.921 BB 1.0418 1.37790e4  191.22755 49.7937





image36.png
20

200

150

100

MWDTA, Tanesengn=5t im (SR AT T TRRisha T

ntd

718

28,803

o

2 30mi





image37.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

|
1 22,718 BB 0.8811 1.75729e4  295.19553 83.4567
2 28.803 BEA  0.8487 3483.41162  61.92861 16.5433




image38.png
¥60°}
(415
%kt
W6’z
LY6'T
€02°€
LETE
pive
0zy'e
EvP e
6¥YE:
625°¢
295°€
£85°¢
919°¢

LLOY
1601
001t
8L'Y

651 "L
6LLL
(L1
z'L
olzL
LTl
962'L:
L9T°L
¥8T'L
18T
00€°L:
90€ "L
0Z€'L:
€2€°L
We'L

\

7
SLOY
¥20't
€E0°Y-
[4404
950°¥-
090t
€L0Y

I

F00°¢.

860
907

oL
0z
700
1L
WS.«

To.«

o8y
s

25 20 L5 L0

2.0

1.0
£1 (ppm)

1.5

5.0

7.0

7.5

80





image39.png
0 3 220 10

50

180 170 160 150 110 130 120 110 100 9 80 70
1 (ppm)

190

210




image40.png




image41.png
e PREFIT) KA ey UEE TS Ve UEETHIAL
#  [min] [min]  [mAU*s] [mAU] %

1 10.466 BB 0.2704 1.32570e4 755.06519 46.7949
2 13.913 BB 0.4173 1.50731e4 596.46790 53.2051




image42.png
¥ 8 8 ] [}

-





image43.png
W REFETE] SR I U TR [ U THI R
# min] [min] [mAU*s] [mAU] %

1 10.570 BB 0.3214 4159.76318 197.56889 12.2478
2 14.142 BB 0.4006 2.98036e4 1136.70898 87.7522




image44.png
8l
oz
1z

o

e
vz
v
8vT
192
597~
0827
vaz/
9€'E
ove
19%
19€
ore”
80
60
oLy
oLy
W
zL
£
(e
SLY
EINe
1L
8Ly

90°L
80°L
(WA
oL'L
0TL
Ll
\T'L
eTL
€TL
GTL
9L
121

M

00'¢

LeL

e
F00'L
80'L
1w
oz

8vL

20T

Fest
Fore





image45.png
ovL—

w.wN—V
z'8eh

—.om—\
0981 —

90LL—

9Y0T—

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

200

210




image46.png
/

StLL
0S1°L
6912
OLV'L
0T L
81Z°L
9zT'L
el
2sTL
We'L
082

s s

—
A
N

S

Fooe

Fe68.

20 25 20 L5 L0 05 00 05

1 (ppm)

1.0

75 7.0 65 60 55

8.0




image47.png
ovL—

€82—
vie—~
Lor—
zer—

05—

0zel~
€'82)

m.om—\.
1681

€PSL—

8691 —

9v0z—

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

210

1 (o)




image48.png
250

150

100

VIVT T, TESSNEE

et REUATATY TR TRINEULENE 1ALy

753

16154

U

o

T

P




image49.png
W REFETE] SR I U TR [ U THI R
# min] [min] [mAU*s] [mAU] %

E B | === === |==m=mmmme |==m=mmmme [ I
1 13.753 BB 0.5926 1.29312e4  321.90936 50.1160
2 16.154 BB 0.6574 1.28713e4  291.00092 49.8840





image50.png




image51.png
e PREFIT) KA ey UEE TS Ve UEETHIAL
# [min] [min] [mAU*s] [mAU] %
R R [=mmmmmme [==mmmmmme e —— I
1 14.030 BB 0.5164 2087.89746 62.30085 17.7388
2 16.081 BB 0.6142 9682.30762 233.16284 82.2612




image52.png
LT~
I
/657

216'9
36'9
y66'9
£00°L
£20'L
760°L
GLL'L
TAWA
0EL'L
BY1L°L
5G1°L
yoL°L
LV L
BLL°L

A1,

\
N

006

EVE

08z
Nm_‘._‘

68'C
66'0

[~68'0
80}





image53.png
6'Le~

LT
£'821
9°82L
LyEL

10

20

20

10

10 160 15 10 130 120 10 100 % 8 70 60

150

£1 (ppm)




image54.png
20

200

150

100

VWOTA, Wenngh=2t ma (EOATAW e i-ao-aecio

32700





image55.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

1 25.503 BB 0.8334 1.65213e4  302.09775 50.5835
2 32.700 BB 0.9425 1.61402e4  247.65953 49.4165




image56.png
1400

1200

1000

800

600

400

200

VIVT T, WESSE

Jrmeat I EAATATY TRWT Ti-RUL-mE Tasa iy

2576

H 10

15

2

25





image57.png
i GRE AR R B L WA
#  [min) [min]  (mAU*s] [mAU] N

1 24.831 BB 0.9173 1.0158%5 1550.76868 84.5588
2 32.576 BB 1.0048 1.85512e4  275.31235 15.4412




image1.wmf
24

D

]

[

α


oleObject1.bin

