Organocatalytic Asymmetric Michael Addition of
5H-Oxazol-4-Ones to Nitroolefins

Baokun Qiao,” Yonggiang An,* Qian Liu, * Wenguo Yang,* Hongjun Liu,* Juan Shen,®
Lin Yan," and Zhiyong Jiang* '+
" Institute of Chemical Biology, Henan University, Kaifeng, Henan, 475004, People’s Republic of
China
' Key Laboratory of Natural Medicine and Immuno-Engineering of Henan Province, Henan University,
Kaifeng, Henan, 475004, People’s Republic of China
Y Waksman Institute of Microbiology, Rutgers, the State University of New Jersey, Piscataway, NJ
08854, U.S.A

E-mail: chmjzy@henu.edu.cn

Supporting Information

Table of Contents
1. General Information
S2-3
2. General Procedure for The Asymmetric Addition of 5SH-Oxazol-4-ones 1 to Nitroolefins 2

Catalyzed by IV

S4
3. Characterization of Adducts
S5-520
4. Synthesis and Characterization of 5 and 6
S21-S23
5. Determination of the Absolute Configuration
S24-S24
6. Crude 'H NMR spectra to determine dr
S25-S35

7. Copies of NMR Spectra

S36-59



1. General Information

General Procedures and Methods

Experiments involving moisture and/or air sensitive components were performed under a
positive pressure of nitrogen in oven-dried glassware equipped with a rubber septum inlet.
Dried solvents and liquid reagents were transferred by oven-dried syringes or hypodermic
syringe cooled to ambient temperature in a desiccator. Reactions mixtures were stirred in 4
mL sample vial with Teflon-coated magnetic stirring bars unless otherwise stated. Moisture in
non-volatile reagents/compounds was removed in high vacuo by means of an oil pump and
subsequent purging with nitrogen. Solvents were removed in vacuo under ~30 mmHg and
heated with a water bath at 30-35 °C using rotary evaporator with aspirator. The condenser
was cooled with running ethanol at 0 °C.

All experiments were monitored by analytical thin layer chromatography (TLC). TLC was
performed on pre-coated plates, 60 F,ss. After elution, plate was visualized under UV
illumination at 254 nm for UV active material. Further visualization was achieved by staining
KMnO,, ceric molybdate, or anisaldehyde solution. For those using the aqueous stains, the
TLC plates were heated on a hot plate.

Columns for flash chromatography (FC) contained silica gel 200-300 mesh. Columns were
packed as slurry of silica gel in petroleum ether and equilibrated solution using the
appropriate solvent system. The elution was assisted by applying pressure of about 2 atm with
an air pump.

Instrumentations

Proton nuclear magnetic resonance (‘H NMR) and carbon NMR (*C NMR) spectra were
recorded in CDCl; otherwise stated. 'H (400 MHz) and "*C (100 MHz) were performed on a
Bruker AVANCE-III (400MHz) spectrometer. Chemical shifts are reported in parts per
million (ppm), using the residual solvent signal as an internal standard: CDCl; ("H NMR: ¢
7.26, singlet; *C NMR: 6 77.0, triplet). Multiplicities were given as: s (singlet), d (doublet), ¢
(triplet), g (quartet), quintet, m (multiplets), dd (doublet of doublets), d¢ (doublet of triplets),

and br (broad). Coupling constants (J) were recorded in Hertz (Hz). The number of proton



atoms (n) for a given resonance was indicated by »H. The number of carbon atoms () for a
given resonance was indicated by nC. HRMS were reported in units of mass of charge ratio
(m/z). Mass samples were dissolved in CH;CN (HPLC Grade) unless otherwise stated.

Optical rotations were recorded on a polarimeter with a sodium lamp of wavelength 589 nm
and reported as follows; [a]ﬁoc (c = g/100 mL, solvent). Melting points were determined on

a X-6 microscopic melting point apparatus.

Enantiomeric excesses were determined by chiral High Performance Liquid Chromatography
(HPLC) analysis on Agilent HPLC 1260 series, including 1260 quaternary pump with
degasser, 1260 thermostatted column compartment, 1260 series variable wavelength detector
with manual injection valve. HPLC samples were dissolved in HPLC grade isopropanol (IPA)
unless otherwise stated.

Materials

All commercial reagents were purchased from Sigma-Aldrich, J&K, Alfa-Aesar, TCI and
Aladdin of the highest purity grade. They were used without further purification unless
specified. All solvents used, mainly petroleum ether (PE) and ethyl acetate (EtOAc), were
distilled. Anhydrous CH,Cl, and MeCN were freshly distilled from CaH, and stored under N,
atmosphere. THF, Et,0, CPME, MTBE and toluene were freshly distilled from
sodium/benzophenone before use. Anhydrous methanol was distilled from Mg All
compounds synthesized were stored in a —20 °C freezer and light-sensitive compounds were

protected with aluminium foil.



2. General Procedure for The Asymmetric Addition of 5H-Oxazol-4-ones 1 to

Nitroolefins 2 Catalyzed by 1V

T—n

s
(@] R
X Q .
N N” N CF, ; NO,
| SR H o H (10 mol %) o R

+  RZTNO,

MTBE, 2 °C
1, R = alkyl, benzyl 2, R =aryland alkyl 3

5H-Oxazol-4-ones 1 (0.1 mmol, 1.0 equiv.) and IV (0.01 mmol, 0.1 equiv.) were dissolved in
MTBE (1.0 mL). The reaction mixture was stirred at 2 °C for 30 minutes, nitroolefin 2 (,0.11
mmol, 1.1 equiv.) was added in one portion to the above mixture. The reaction mixture was
stirred at 2 °C for 40 h and monitored by TLC. Upon complete consumption of
5H-oxazol-4-ones, the reaction mixture was concentrated under reduced pressure, The crude
material was analyzed by '"H NMR in order to determine diastereoselectivity. When the dr
value is determined more than 19:1 by '"H NMR, it is described in paper as >19:1 dr due to the
accuracy of the measurement. The recovered crude material was subsequently purified by
flash column chromatography on silica gel with PE/EtOAc mixture (20:1-5:1 ratio, the crude
material was completely dissolved in CH,Cl,/PE before loaded on silica gel). After removing

the solvent in vacuo, the major diasteromer of 3 could be obtained.



3. Characterization of Adducts
0 -NO, 3ea, White solid; Mp 139.1-139.9 °C; 94% ee; dr >19:1; 93% yield
’\;/og<.\© (major diastereomer); [a]y —96.5 (¢ 1.70, CHCl3); 'H NMR (400 MHz,
3ea CDCl;) 6 7.97-7.94 (m, 2H), 7.54-7.52 (m, 1H), 7.45-7.44 (m, 1H),
7.35-7.29 (m, 5H), 4.85 (dd, J = 13.2, 10.9 Hz, 1H), 4.68 (dd, /= 13.2, 4.5 Hz, 1H), 4.09 (dd,
J=10.9, 4.5 Hz, 1H), 2.44 (s, 3H), 1.51 (s, 3H); °*C NMR (100 MHz, CDCl;) § 192.3, 185.7,
139.1, 136.7, 133.1, 130.7, 129.0, 128.9, 128.8, 127.2, 124.7, 87.5, 74.8, 49.4, 21.6, 21.2;
HRMS (ESI) m/z 339.1339 (M+H"), calc. for C,oH;oN,0, 339.1345.
The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 10.2 min

(major) and 14.3 min (minor).

VWDL A, #£=254 nm (AYQ\AYQPH-RACMIC336.0)
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O _NO; 3eb, White solid; Mp 74-75 °C; 91% ee; dr >19:1; 91% yield (major

N
’§<\© diastercomer); [o]% —74.2 (¢ 1.70, CHCL); 'H NMR (400 MHz,
CN

3eb CDCly) § 7.93-7.90 (m, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.55 (br d, J =

7.6 Hz, 1H), 7.45 (dd, J = 14.6, 7.9 Hz, 3H), 4.91 (dd, J = 13.6, 11.1 Hz, 1H), 4.75 (dd, J =
13.6, 4.4 Hz, 1H), 4.18 (dd, J = 11.1, 4.4 Hz, 1H), 2.45 (s, 3H), 1.55 (s, 3H). *C NMR (101
MHz, CDCl3) & 191.6, 185.8, 139.3, 138.6, 137.1, 132.7, 130.7, 129.7, 129.1, 127.2, 124.4,
118.0, 113.0, 86.7, 74.1, 49.2, 21.6, 21.2; HRMS (ESI) m/z 364.1297 (M+H"), calc. for

Cy0H3N304 364.1297.



The ee was determined by HPLC analysis. CHIRALPAK TA (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 11.5 min

(minor) and 17.6 min (major).

VWD1 A, ;=254 nm (QBKIQBK11030-4.0)
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The 3eb was obtained with 78% yield in 92% ee and >99:1 dr when the reaction was stopped

after 18 hours.

VWDL A, 7% K=254 nm (QBK\QBK14033-B00131.D)
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0 _NO, 3ec, White solid; Mp 55-56 °C; 94% ee; dr >19:1; 89% yield (major

N :
/j§<\©\ diastereomer); [o]h —84.2 (¢ 2.83, CHCLy); 'H NMR (400 MHz,

3ec CDCLy) & 7.96-7.93 (m, 2H), 7.55-7.53 (m, 1H), 7.44 (t, J = 7.6 Hz,

1H), 7.33-7.27 (m, 4H), 4.82 (dd, J = 13.3, 11.1 Hz, 1H), 4.67 (dd, J = 13.3, 4.5 Hz, 1H),
4.08 (dd, J = 11.1, 4.5 Hz, 1H), 2.45 (s, 3H), 1.51 (s, 3H); °C NMR (100 MHz, CDCl;) &
192.0, 185.7, 139.2, 136.8, 134.9, 131.7, 130.7, 130.2, 129.2, 129.0, 127.2, 125.0, 87.1, 74.6,

48.8,21.6,21.2; HRMS (ESI) m/z 373.0947 (M+H"), calc. for C;oH;3CIN,04 373.0955.



The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 85/15; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 13.7 min

(major) and 23.4 min (minor).
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o _NO, 3ed, white solid; Mp 54-55 °C; 94% ee; dr >19:1; 85% yield (major

o ' diastereomer); [o]y —81.7 (¢ 2.80, CHCl;); 'H NMR (400 MHz,
3ed o CDCl;) 6 7.96-7.93 (m, 2H), 7.55-7.51 (m, 1H), 7.45 (dd, J = 16.5,
8.1 Hz, 3H), 7.21 (d, J = 8.4 Hz, 2H), 4.81 (dd, J=13.3, 11.0 Hz, 1H), 4.67 (dd, J=13.3, 4.4
Hz, 1H), 4.06 (dd, J = 11.0, 4.4 Hz, 1H), 2.45 (s, 3H), 1.51 (s, 3H); °C NMR (100 MHz,
CDCl;) 6 191.9, 185.8, 139.2, 136.8, 132.3, 132.2, 130.7, 130.5, 129.1, 127.2, 124.7, 123.1,
87.1, 74.6, 48.9, 21.6, 21.2; HRMS (ESI) m/z 417.0443 (M+H"), calc. for CoH;;BrN,O,
417.0450.
The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm id. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 11.4 min

(major) and 17.2 min (minor).

VWDLA, i %=254 nm (AYQIAYQ4027-8000116.D)
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VWDI A, 7% =254 nm (AYQAYQ4-BR3 D)
mAU ]
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o N0,  3ee, white solid; Mp 61-62 °C; 95% ee; dr >19:1; 79% yield (major

l o diastereomer); [a]y —78.9 (¢ 2.40, CHCl;); 'H NMR (400 MHz, CDCl;)
Q/k 3ee  CN 3 7.95-7.92 (m, 2H), 7.66 (m, 1H), 7.63-7.52 (m, 3H), 7.46 (dt, J =
11.2,7.7 Hz, 2H), 4.89 (dd, J = 13.6, 11.2 Hz, 1H), 4.73 (dd, J = 13.6, 4.4 Hz, 1H), 4.15 (dd,
J=11.1, 4.4 Hz, 1H), 2.45 (s, 3H), 1.54 (s, 3H); '">*C NMR (100 MHz, CDCl3) § 191.5, 185.8,
139.4, 137.1, 135.0, 132.7, 132.6, 130.0, 129.2, 127.3, 124.4, 118.0, 113.3, 86.7, 74.1, 49.0,
21.6,21.2; HRMS (ESI) m/z 364.1293 (M+H"), calc. for Cy0H;;N;0,4 364.1297.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm id. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 210 nm; retention time: 10.1 min

(minor) and 11.2 min (major).

VWD A, % =210 nm (AYQ\AYQ4028-6.D)
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VWDI A, 1% =210 nm (QBK\QBK11063-A.D)
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o _No,  3ef, white solid; Mp 55-56 °C; 93% ee; dr >19:1; 87% yield (major

diastereomer); [a]5 —84.2 (¢ 2.70, CHCLy); "H NMR (400 MHz, CDCl5)

/
O
sef  C  67.97-7.95 (m, 2H), 7.55 (d, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H),
7.34-7.28 (m, 3H), 7.25-7.21 (m, 1H), 4.82 (dd, J = 13.4, 11.0 Hz, 1H), 4.67 (dd, J = 13.4,




4.4 Hz, 1H), 4.07 (dd, J = 11.0, 4.4 Hz, 1H), 2.45 (s, 3H), 1.52 (s, 3H); °C NMR (100 MHz,
CDCl;) 6 191.9, 185.8, 139.2, 136.9, 135.2, 134.8, 130.7, 130.3, 129.3 129.2 129.1, 127.3,
126.8, 124.6, 87.0, 74.4, 49.0, 21.6, 21.2; HRMS (ESI) m/z 373.0944 (M+H"), calc. for
Ci9HsN,04Cl1 373.0955.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 10.3 min

(major) and 14.0 min (minor).

VWD A, % 1:=254 nm (QBKIQBK11030A.D)
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VWD1 A, =254 nm (QBK\DEF_LC 2012-12-08 11-27-39\074-0401.D)
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o No,  3eg, white solid; Mp 108-109 °C; 91% ee; dr >19:1; 91% yield (major

L diastereomer); [a]3 —152.3 (¢ 0.22, CHCLy); '"H NMR (400 MHz,
Q/Q 3eg Br CDCls) 8 7.97-7.94 (m, J = 9.3 Hz, 2H), 7.55 (d, /= 7.6 Hz, 1H), 7.50
(t,J=1.6 Hz, 1H), 7.44 (ddd, J= 6.6, 4.5, 4.0 Hz, 2H), 7.28 (m, 1H), 7.22 (t,J = 7.8 Hz, 1H),
4.82 (dd, J=13.4, 11.0 Hz, 1H), 4.67 (dd, J = 13.5, 4.4 Hz, 1H), 4.06 (dd, /= 11.0, 4.4 Hz,
1H), 2.45 (s, 3H), 1.52 (s, 3H); °C NMR (101 MHz, CDCl5) § 191.8, 185.7, 139.2, 136.8,
135.5, 132.3, 132.0, 130.6, 130.5, 129.1, 127.3, 127.1, 124.6, 122.9, 87.0, 74.4, 49.0, 21.6,
21.2; HRMS (ESI) m/z 417.0443 (M+H"), calc. for C,oH;sN,O,Br 417.0450.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 11.0 min

(major) and 14.3 min (minor).
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VWDI A, 7% =254 nm (QBKVDEF LC 2012-12-08 11-27-39\077-0701.D)
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0 _NO, 3eh, white form; 94% ee; dr >19:1; 87% yield (major diastereomer);
N B
/ G [a]y —103.5 (¢ 2.20, CHCl;); 'H NMR (400 MHz, CDCl3) § 7.98-7.96
3eh (m, Hz, 2H), 7.54 (d, J= 7.6 Hz, 1H), 7.44 (t,J=7.6 Hz, 1H), 7.22 (d,

J=28.1Hz, 2H), 7.14 (d, J = 7.9 Hz, 2H), 4.81 (dd, /= 13.0, 11.0 Hz, 1H), 4.64 (dd, J = 13.0,
4.5 Hz, 1H), 4.04 (dd, J = 11.0, 4.5 Hz, 1H), 2.45 (s, 3H), 2.30 (s, 3H), 1.49 (s, 3H); °C NMR
(100 MHz, CDCl;) 6 192.4, 185.7, 139.2, 138.7, 136.7, 130.7, 130.0, 129.7, 129.0, 128.7,
127.2, 124.9, 87.6, 74.9, 49.0, 21.6, 21.2, 21.1; HRMS (ESI) m/z 353.1497 (M+H"), calc. for
Cy0H,1N,04 353.1501.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 7.9 min

(major) and 11.3 min (minor).

VWD1 A, =254 nm (QBK\DEF _LC 2012-12-08 11-27-39\075-0501.D)
mAU 5
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VWDI A, 7% =254 nm (QBKVDEF LC 2012-12-08 11-27-39\071-0101.D)
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3ei, white solid; Mp 35-36 °C; 92% ee; dr >19:1; 99% yield; [(1]25

~122.9 (¢ 0.80, CHCL;); 1H NMR (400 MHz, CDCls) & 7.97-7.94

(m, 2H), 7.53 (d, /= 7.6 Hz, 1H), 7.44 (t, /= 7.6 Hz, 1H), 7.24 (d, J
= 8.3 Hz, 2H), 7.18 (d, J = 8.2 Hz, 2H), 4.81 (dd, J = 13.1, 11.0 Hz, 1H), 4.64 (dd, J = 13.1,
4.5 Hz, 1H), 4.06 (dd, J = 10.9, 4.5 Hz, 1H), 2.84 (dq, J = 13.9, 6.9 Hz, 1H), 2.45 (s, 3H),
1.50 (s, 3H), 1.17 (dd, J = 6.9, 2.9 Hz, 6H); C NMR (100 MHz, CDCl;) § 192.4, 185.8,
149.5, 139.1, 136.6, 130.7, 130.3, 129.0, 128.8, 127.2, 127.0, 124.9, 87.7, 74.8, 49.1, 33.7,
23.7,21.6,21.2. HRMS (ESI) m/z 381.1804 (M+H"), calc. for C;,H,sN,0,4 381.1814.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm id. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 7.2 min

(major) and 11.5 min (minor).

VWDI A, 7% =254 nm (QBKDEF LC 2012-12-08 11-27-391076-0601.D)
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VWD1 A, =254 nm (QBK\DEF _LC 2012-12-08 11-27-39\072-0201.D)
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o NO,  3ej, white solid; Mp 128-129 °C; 90% ee; dr >19:1; 99% yield; [a]n

N R
Q/&jg(j@ _114.9 (¢ 1.68, CHCly); '"H NMR (400 MHz, CDCls) & 7.98-7.96 (m,

3¢] Hz, 2H), 7.54 (d, J = 7.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.22 (d, J =




s12

8.1 Hz, 2H), 7.14 (d, J = 7.9 Hz, 2H), 4.81 (dd, J=13.0, 11.0 Hz, 1H), 4.64 (dd, J=13.0, 4.5
Hz, 1H), 4.04 (dd, J = 11.0, 4.5 Hz, 1H), 2.45 (s, 3H), 2.30 (s, 3H), 1.49 (s, 3H); °C NMR
(100 MHz, CDCl5) 6 192.4, 185.7, 139.2, 138.7, 136.7, 130.7, 130.0, 129.7, 129.0, 128.7,
127.2, 124.9, 87.6, 74.9, 49.0, 21.6, 21.2, 21.1; HRMS (ESI) m/z 353.1504 (M+H"), calc. for
CyH,1N,O4 353.1501.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 13.2 min

(major) and 20.7 min (minor).
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o _No,  3ek, white solid; Mp 133-135 °C; 94% ee; dr >19:1; 99% vyield; [a]2D6

' ~100.0 (¢ 2.50, CHCls); '"H NMR (400 MHz, CDCl;) § 7.95 (m, 2H),

| 7.52-7.40 (m, 2H), 7.27-7.23 (m, 2H), 6.91 (dd, J=37.4, 7.3 Hz, 2H),

4.76 (d, J = 49.4 Hz, 3H), 3.85 (s, 3H), 2.43 (s, 3H), 1.52 (s, 3H); °C

NMR (100 MHz, CDCl;) ¢ 192.4, 185.4, 157.9, 139.0, 136.4, 130.6, 129.9, 128.9, 127.1,

125.1, 121.7, 120.9, 111.2, 74.4, 55.6, 21.2; HRMS (ESI) m/z 369.1443 (M+H"), calc. for
Cy0H,1N,05 369.1450.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 8.6 min

(major) and 10.9 min (minor).
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VWD A, =254 nm (QBKIQBK11086-B.0)
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o NO 3el, white solid; Mp 32-33 °C; 96% ee; dr >19:1; 96% vyield (major
N <

Q)'\O diastereomer); [a]5 —87.7 (¢ 2.97, CHCl;); "H NMR (400 MHz, CDCl5)
o
3el

8 7.97-7.94 (m, 2H), 7.53-7.52 (m, 1H), 7.43 (t, J = 7.6 Hz, 1H),

7.25-7.22 (m, 2H), 6.85 (d, J = 8.7 Hz, 2H), 4.81 (dd, J = 12.9, 11.1 Hz, 1H), 4.65 (dd, J =
13.0, 4.5 Hz, 1H), 4.03 (dd, J = 11.0, 4.5 Hz, 1H), 3.75 (s, 3H), 2.44 (s, 3H), 1.50 (s, 3H); °C
NMR (100 MHz, CDCI;) & 192.4, 185.7, 159.7, 139.1, 136.6, 130.7, 130.0, 129.0, 127.2,
124.9, 124.9, 114.3, 87.7, 75.0, 55.2, 48.8, 21.6, 21.2; HRMS (ESI) m/z 369.1444 (M+H"),
calc. for C,oH,N,O5 369.1450.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 9.7 min

(major) and 13.4 min (minor).

VWDTL A, % :=254 nm (QBK\QBK11094-B1.D)
mAU
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500
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VWDI A, 7 (=254 nm (QBK\QBK11094-A.D)

13.391
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o NO: 3em, white solid; Mp 127-128 °C; 93% ee; dr > 19:1; 95% yield

i o : OO (major diastereomer); [a]y —101.2 (¢ 3.35, CHCLy); '"H NMR (400

3em MHz, CDCl;) 8 8.00-7.98 (m, 2H), 7.87-7.80 (m, 4H), 7.51-7.42 (m,

5H), 4.95 (dd, J=13.1, 11.0 Hz, 1H), 4.73 (dd, J=13.2, 4.3 Hz, 1H), 4.27 (dd, J=11.0, 4.4

Hz, 1H), 2.44 (s, 3H), 1.53 (s, 3H); *C NMR (100 MHz, CDCl3) § 192.3, 185.8, 139.2, 136.7,

133.2, 133.1, 130.7, 130.7, 129.0, 129.0 , 128.9, 128.0, 127.6, 127.2, 126.7, 126.6, 125.6,

124.8, 87.6, 75.0, 49.6, 21.8, 21.2; HRMS (ESI) m/z 389.1490 (M+H"), calc. for C53H,N,O,4
389.1501.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 14.5 min

(major) and 17.3 min (minor).

VWDLA, T =254 nm (AYQWAYQ4039-2000121.D)
mAU ]

250
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25
VWD1 A, %1:=254 nm (AYQIAYQ2087-2A.D)

17.256

° B.8.F
14546

o _No, 3en, white solid; Mp 122-123 °C; 92% ee; dr = 16:1; 84% yield (major
I o F B diastereomer); [a]y —76.5 (¢ 3.00, CHCL;); '"H NMR (400 MHz, CDCl;)

sen > 8 7.98-7.94 (m, 2H), 7.55-7.53 (m, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.30
(dd, J=5.0,2.9 Hz, 1H), 7.27-7.26 (m, 1H), 7.08-7.06 (m, 1H), 4.78 (dd,
J=13.0, 10.8 Hz, 1H), 4.67 (dd, J = 13.0, 4.6 Hz, 1H), 4.27 (dd, J = 10.8, 4.5 Hz, 1H), 2.45
(s, 3H), 1.55 (s, 3H); °C NMR (101 MHz, CDCl5) § 192.1, 185.7, 139.2, 136.7, 133.4, 130.6,

129.0, 127.2, 126.9, 125.0, 124.9, 87.3, 75.0, 44.9, 21.3, 21.2; HRMS (ESI) m/z 345.0905
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(M+H+), calc. for C17H17N204S 345.09009.
The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 75/25; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 11.1 min

(major) and 15.7 min (minor).

VWDL A, =254 nm (QBK\QBK11087-B.D)
mAU 2
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VWD A, K=254 nm (QBKIQBK11087.0)
mAU H
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o _No, 3eo, white solid; Mp 111-112 °C; 90% ee; dr = 10:1; 84% yield (major

G o/ ) diastereomer); [a] ~75.9 (c 1.43, CHCl;); "H NMR (400 MHz, CDCl;)
3e0 6 7.99-7.97 (m, 2H), 7.53 (br d, /= 7.6 Hz, 1H), 7.44 (t, J= 7.6 Hz, 1H),
7.37 (d, J = 1.1 Hz, 1H), 6.39-6.25 (m, 2H), 4.88 (dd, J = 13.4, 10.5 Hz, 1H), 4.65 (dd, J =
13.4, 4.4 Hz, 1H), 4.25 (dd, J = 10.5, 4.4 Hz, 1H), 2.45 (s, 3H), 1.58 (s, 3H); *C NMR (100
MHz, CDCls) ¢ 191.6, 185.8, 146.8, 143.4, 139.1, 136.7, 130.7, 129.0, 127.4, 124.9, 110.6,
110.5, 86.2, 73.0, 43.3, 21.2, 21.1; HRMS (ESI) m/z 329.1135 (M+H"), calc. for C;7H;7N,O5
329.1137.
The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 15.9 min

(major) and 21.2 min (minor).

VWDL A, % %=254 nm (AYQ\AYQ3041-182.D)
mAU ]
175

150

1259

T
25
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VWD A, T =254 m (AYQWYQ304T000091.D)

T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 2% mir|

3ep, yellow solid; Mp 117118 °C; 95% ee; dr >19:1; 89% yield (major

diastereomer); [a]y —77.9 (¢ 2.45, CHCl;); 'H NMR (400 MHz, CDCl;)

§ 8.02-8.00 (m, 2H), 7.53 (br d, J = 7.7 Hz, 1H), 7.45-7.42 (m, 1H),
7.34-7.25 (m, 5H), 6.66 (d, J = 15.7 Hz, 1H), 6.02 (dd, J = 15.7, 9.7 Hz, 1H), 4.52 (qd, J =
12.2, 7.5 Hz, 2H), 3.63 (td, J = 9.9, 4.7 Hz, 1H), 2.44 (s, 3H), 1.65 (s, 3H); C NMR (100
MHz, CDCls) ¢ 191.9, 185.9, 139.1, 138.3, 136.7, 135.5, 130.7, 129.0, 128.6, 128.5, 127.4,
126.7, 124.9, 120.0, 86.8, 74.9, 47.8, 21.2; HRMS (ESI) m/z 365.1496 (M+H"), calc. for
C21Hy0N,O4 365.1501.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 12.1 min

(major) and 12.9 min (minor).

VWDL A, % =254 nm (QBKQBKRGQ2000088.D)

mAU ]
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VWDL A, k=254 nm (QBK\QBKRGQO00087.D)
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0 _NO, 3eq, as a slightly sticky white solid; 78% ee; dr >19:1; 42% yield

N
I o (major diastereomer); [a]y —67.4 (¢ 0.35, CHCLy); 'H NMR (400

36q MHz, CDCl;) & 8.01-7.96 (m, 2H), 7.54 (d, J = 7.5 Hz, 1H), 7.45 (t,
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J=71.7Hz, 1H), 4.64 (dd, J = 14.2, 6.5 Hz, 1H), 4.48 (dd, J=14.2, 5.1 Hz, 1H), 2.45 (s, 3H),
1.88 (t, J = 11.8 Hz, 1H), 1.62 (m, 4H), 1.35-0.81 (m, 10H); *C NMR (101 MHz, CDCl;) &
192.9, 185.4, 139.2, 136.5, 130.8, 129.0, 127.3, 125.1, 87.1, 72.1, 48.1, 36.20, 32.2, 28.2, 26.6,
26.3,25.8,21.2; HRMS (ESI) m/z 345.1808 (M+H"), calc. for CoH,sN,04 345.1814.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 8.6 min

(minor), 9.2 min (major) and 10.7 min (minor).

VWD1 A, =254 nm (QBK\QBK14040000013.0)

mAU ]
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VWD1 A, JiK=254 nm (AYQAYQ3019-N000019.0)
mAl 1

250
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o . ~76.8 (¢ 1.93, CHCl;); '"H NMR (400 MHz, CDCl;) & 7.98-7.95 (m, 2H),
3ha 7.55-7.53 (br d, J= 7.7 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.30 (dt, J =
8.2,3.9 Hz, 5H), 4.85 (dd, /= 13.1, 11.2 Hz, 1H), 4.68 (dd, /= 13.1, 4.3 Hz, 1H), 4.11 (dd, J
=11.1, 4.3 Hz, 1H), 2.45 (s, 3H), 1.96 (dq, J = 14.7, 7.4 Hz, 1H), 1.82 (dq, J = 14.6, 7.3 Hz,
1H), 0.80 (t, J = 7.4 Hz, 3H); °C NMR (100 MHz, CDCl;) & 192.0, 186.3, 139.2, 136.7,
133.3, 130.7, 129.0, 128.9, 128.9, 128.8, 127.2, 124.6, 91.1, 74.9, 48.9, 28.3, 21.2, 6.9;
HRMS (ESI) m/z 375.1317 (M+Na"), calc. for C0H,0N,04Na 375.1321.
The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 11.4 min

(major) and 15.3 min (minor).
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VWDI A, T =254 m (AYQWAYQ3061-3.D)

15.354

VWDL A, 3 k=254 nm (AYQIAYQ3061.D)
mU ]
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3ia, white solid; Mp 134-135 °C; 98% ee; dr >19:1; 70% yield, [OL]ZD6

~54.1 (c 0.50, CHCL;); "H NMR (400 MHz, CDCL3) § 7.90-7.89 (m, 2H),

7.52-7.50 (m, 1H), 7.41 (t,J = 7.8 Hz, 1H), 7.34-7.32 (m, 2H), 7.29-7.27
(m, 1H), 7.25-7.20 (m, 2H), 5.01 (dd, /= 13.1, 11.6 Hz, 1H), 4.70 (dd, /= 13.1, 3.9 Hz, 1H),
4.29 (dd, J = 11.5, 3.9 Hz, 1H), 2.43 (s, 3H), 2.28-2.15 (m, 1H), 1.09 (d, J = 6.8 Hz, 3H),
1.00 (d, J = 6.8 Hz, 3H); °C NMR (100 MHz, CDCl3) § 191.9, 186.2, 139.1, 136.5, 133.0,
130.6, 128.9, 128.8, 128.8, 127.0, 124.7,92. 8, 74.8, 46.7, 32.1, 21.2, 16.1, 15.8; HRMS (ESI)
m/z 367.1656 (M+H"), calc. for C,;H,3N,0,4 367.1658.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 9.6 min

(major) and 13.9 min (minor).

VWDLA, 7K=254 nm (AYQIAYQ3050-9.D)
mAU ]
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VWDI A, % k=254 nm (AYQIAYQ3061-8.D)
mAU 2
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3ja, white solid; Mp 148.9-149.2 °C; 99% ee; dr >19:1; 99% yield,;

T T
4 16 18 mir

[0]% —77.3 (¢ 0.90, CHCL;); '"H NMR (400 MHz, CDCl;) § 7.97-7.94

(m, 2H), 7.54-7.53 (m, 1H), 7.44 (t, J= 7.7 Hz, 1H), 7.32-7.28 (m, 5H),
4.87 (dd, J=13.1, 11.1 Hz, 1H), 4.69 (dd, J = 13.1, 4.3 Hz, 1H), 4.10
(dd, J=17.6, 3.4 Hz, 1H), 2.45 (s, 3H), 1.95-1.86 (m, 1H), 1.83-1.72 (m, 1H), 1.24-1.11 (m,
4H), 0.78 (t, J = 7.1 Hz, 3H); °C NMR (100 MHz, CDCl;) & 192.1, 186.2, 139.2, 136.7,
133.2, 130.7, 129.0, 128.9, 128.8, 127.2, 124.7, 90.7, 74.9, 49.1, 34.7, 24.6, 22.3, 21.2, 13.7;
HRMS (EI) m/z 381.1806 (M+H"), calc. for C»;H,sN,04 381.1814.

The ee was determined by HPLC analysis. CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm; retention time: 8.9 min

(major) and 13.0 min (minor).

VWD A, =254 nm (AYQIAYQAQ02000118.)

mAU ]

T T T T
2 4 6 8
VWD1 A, %1=254 nm (QBK\QBKN-BU000151.D)

mAU
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o} 3ka, white solid; Mp 135-136 °C; 95% ee; dr >19:1; 85% yield; [(1]2])6
|
Q/ko N6 —70.0 (¢ 0.10, CHCl;); '"H NMR (400 MHz, CDCl3) § 7.81-7.79 (m, 2H),

ska 7.49-7.47 (m, 1H), 7.41-7.32 (m, 6H), 7.11-7.06 (m, 5H), 4.88 (dd, J =
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13.0, 11.3 Hz, 1H), 4.72 (dd, J=13.1, 4.2 Hz, 1H), 4.22 (dd, J=11.3, 4.2 Hz, 1H), 3.18 (d, J
= 14.0 Hz, 1H), 3.02 (d, J = 14.0 Hz, 1H), 2.40 (s, 3H); *C NMR (100 MHz, CDCl;) 5 191.4,
185.9, 139.0, 136.5, 133.3, 131.9, 130.5, 129.9, 129.1, 128.9, 128.9, 128.4, 127.7, 126.8,
124.6, 90.5, 75.0, 49.0, 41.1, 21.2; HRMS (ESI) m/z 415.1662 (M+H"), calc. for C,5H,3N,04
415.1658.

The ee was determined by HPLC analysis. CHIRALCEL ADH (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 85/15; flow rate 1.0 ml/min; 25 °C; 210 nm; retention time: 16.0 min

(major) and 16.9 min (minor).

VWD1 A, #%=210 nm (QBK\QBKBN-RAC400254.D)
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4. Synthesis and Characterization of 5 and 6

a) Synthesis and Characterization of 5

O Ph O Ph O Ph
NO, NO, ji
)Nigd\/ 20, m—Me—BzHN)gg\/ 2_i) Meo)gg\/NOZ
HO HO
Ar © o
4 5

Ar = 3-MePh

1) 0.5 mL NaOH aqueous solution (1.0 N, 5.0 equiv.) was added dropwise to a stirred solution
of 3ea (33.8 mg, 0.10 mmol, 1.0 equiv.) in THF (3mL) at —15 °C. After stirring at the same
temperature for 6 hours, 1.5 mL HCI aqueous solution (2.0 N) was added to the reaction
mixture. Then the mixture was extracted three times with EtOAc, and the combined organic
phase was washed with brine, dried (Na,SO,4) and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (PE/EtOAc = 2/1), affording product 4
(26.0 mg, 73% yield) as a white solid.
i1) To a solution of 4 (17.8 mg, 0.05 mmol) in MeOH (0.5 mL) was added Er(OTf); (30.7 mg,
0.05 mmol). The resulting mixture was stirred for 24 hours at 60 °C. The solvent was
removed under reduced pressure, and the residue was purified by flash chromatography on
silica gel (PE/EtOAc = 5/1) to afford compound 5 (9.0 mg) as a white solid in 71% yield and
94% ee.

o Ph White solid, Mp 148.2-148.7 °C; 94% ee; 52% yield (two steps); [a]y
MGOMOZ +150.0 (¢ 0.20, CHCL3); "H NMR (400 MHz, CDCl3) § 7.34 (m, 5H), 4.85

5 (dd, J=13.1,9.9 Hz, 1H), 4.60 (dd, J=13.2, 4.7 Hz, 1H), 3.90 (d, /= 4.8

Hz, 1H), 3.87 (s, 3H), 3.34 (s, 1H), 1.20 (s, 3H); *C NMR (100 MHz, DMSO) & 175.0, 135.8,
129.5, 128.1, 127.7, 76.8, 75.3, 52.3, 50.7, 24.0; HRMS (EI) m/z 254.1031 (M+H"), calc. for
C12H6NO5254.1028.
The ee was determined by HPLC analysis. CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 ml/min; 25 °C; 210 nm; retention time: 7.3 min

(major), 8.6 min (minor).
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VWD1 A, =210 nm (QBK\QBK12023-100039.D)
mAU 3
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ArAr= 3-MePh 3ea 6
To a solution of 3ea (33.8 mg, 0.1 mmol) in EtOH (0.5 mL) was added 0.5 mL NaOH
aqueous solution (2.0 N, 10 equiv.). The resulting mixture was stirred for 1 hours at 60 °C ,
then the reaction mixtures were directly loaded onto silica gel column, followed by gradient
elution with PE/EtOAc (20/1-2/1 ratio) and EtOAc/MeOH (100/1-10/1 ratio). Removing the
solvent in vacuo, afforded products 6 (20.5 mg) as a white solid in 86% yield and 94% ee.
G Ph White solid, Mp 183.5-184.5 °C; 94% ee; 86% yield; [o]; +18.9 (¢ 0.35,
HZN% , MeOH); 'H NMR (400 MHz, MeOD) & 7.18 (m, 2H), 7.11 (m, 3H), 4.77 (t,
6 J=12.3 Hz, 1H), 4.47 (dd, J = 12.9, 3.0 Hz, 1H), 3.67 (dd, J=11.6, 2.8
Hz, 1H), 0.92 (s, 3H); °C NMR (100 MHz, MeOD) & 181.1, 137.3, 130.8, 129.3, 128.9, 78.1,
77.3, 52.2, 25.5; HRMS(EI) m/z 239.1040 (M+H"), calc. for C;;H;5sN,04239.1032.
The ee was determined by HPLC analysis. CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 ml/min; 25 °C; 210 nm; retention time: 9.8 min

(major), 16.5 min (minor).
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VWDLA, §§:=210 nm (QBK\QBK13027C000204.D)
mAU
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5. Determination of the Absolute Configuration
a. From "H NMR of 3ea, chemical shifts and coupling constants of all peaks are same
as literature' reported, indicating that the obtained major diastereomer of 3ea has the
same relative configuration. We also isolated another diastereomer and checked with
'H NMR as well as °C NMR, and the results were different which confirmed our
proposed relative configuration.

A 7 THNMR (400 MHz, CDCL3) § = 7.93-7.90 (m, 2H), 7.53-7.51 (m,
Q/[O@/(@ 1H), 7.42 (t, J= 7.7, 1H), 7.24-7.17 (m, 5SH), 5.11 (dd, J = 13.4,

diastereomer

of 3ea 5.2, 1H), 5.00 (dd, J=13.4,10.2, 1H), 4.13 (dd, J = 10.2, 5.3, 1H),

2.43 (s, 3H), 1.65 (s, 3H). °C NMR (100 MHz, CDCls) & 191.4, 185.3, 139.1, 136.54,
132.6, 130.6, 129.0, 128.9, 128.8, 128.6, 127.2, 125.0, 87.0, 74.6, 48.4, 21.2, 20.2.
b. Under the same HPLC conditions, we found that 3ea has opposite absolute
configuration comparing with literature from the retention times.
The ee was determined by HPLC analysis. CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/Ethyl acetate = 88/12; flow rate 0.8 ml/min; 25 °C; 254 nm; retention time: 26.4 min

(major) and 43.7 min (minor).

VWOI A, 7 =254 nm (QBK\QBK12070-A.D)

VWDI A, % =254 nm (QBK\QBK.D)
00000

ooooo

T N A

'B. M. Trost, K. Hirano, Angew. Chem. Int. Ed. 2012, 51, 6480.
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6. Crude 'H NMR spectra to determine dr
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dr>19:1
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dr>19:1
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7. Copies of NMR Spectra

400
35
300

5
200

5
100
50

3ea

SVry e —

C16G "
850€
621¢ "
$60¢
¥0ve

V128
SovS

S\

6216
§2L6

I e e e e e e

N

0T
901

6T

=11

H0?

3.0

3.5

4.0

5.5 5.0
£1 (ppm)

6.0

7.5 7.0

8.0

=3 = =3 =3
S S S =3 =] =3 =] =] =3 o =] =3 S
S S S S S =3 S S =3 S S S S
N — S =3 S S S S =] =3 S S —
— — - > © = < e} <+ ™ N — =} |
L L L L I I L L L I I L I
8102 12~ _
§¥19°16 " B J
8
@ 3
L99¢ "6V — -—
*
166L VL — —
9887 L8 — -

10€L "68T —

0992 261 —

30

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60

200

£1 (ppm)



S37

500
r450

r400

r350
r300

r250

r200

r 150

r 100

r50

106G 'T —

19vV ¢ —

0L81 ¥
0891 ¥
9F8T ¥
9661 ¥
8GCL ¥
89€L ¥
66SL ¥
60LL "V
LLL8 Y
€606 ¥
LT16 Y
¥6£6 v

802V
66€T
L96¥
CLLY "
oovs”
219¢ "
1629 "
19v9 "

e e e e e
|

€106 "
9126 "
¥2€6 "

SIS
—J

802V °
66€T
295V
GLLY "

ovs -
2195 "

1929 °
19¥9 "

€106 "L ~
9166 "L ~
V2e6 L —

=

7.95 7.85 7.75 7.65 7.55 7.45

8. 05

£1 (ppm)

IS {URY

=0 ¢

1.0 0.5

1.5

2.0

2.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 40 3.5 3.0

8.0

f1 (ppm)

(=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 (=3 (=3 (=3 =3 (=3
(=3 n =1 [Te) =3 o) =3 o = [T =3 [Te] =3 [I2) = =3 w0
0 = e~ © © Tel w0 < <+ o o N N — — Ie} (=1 |
N L L I N I ! ) ! | | | | | | ! I |
—
3
9252 6% — -
6890 'L
818992 W -
L666°92 7
€LIE 1L - . -
(=3 =3 $=3
(=3 (=) =1
9699 98 — ] x - < -
S IS S —
€100 €11 — ] 3
i) =
3
€696 °L1T — — 3
€100 €11 — o —d
™
€296 °L11 — — -—3
189€ 761 — ——
L961°L21 — ——
189¢ 721 — —— ] e 1
8169 261 — — .
7260 °LET — 517121 — - —~ -——s
-~ L961 21 ] = — 3
=3
7 G921 621 ~_ _ o2
6659 671 — = ———— &
$80L 06T — — -z
1
8¥69 781 ——————————
([
jac} E
¥260 °LET — R
1809 ‘86T — -
9EVE "6ET — — <
7E5L 681 — -—
)
<
6956 161 — — -—

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

200



S38

(=3 =3 (=3 (=3 (=3 (=1 (=3 (=3 (=3 =3 (=3
0 =3 (=1 0 (=1 o (=3 0 (=] =1 (=3 [Ys
© © [Ia) < << 5] o N N — 0 (=] 1
. . . , , . . . , , . : .
2816 T — @ 1662
L8787 — —= 9677
(=3 (=1 (=1
(=3 [Te) (=] f=3
V x — = s} o
: N T T ) E10°T
W ‘L (2N}
4 L =
/ ‘L
°L —. .
. L - = E00°T
HN MW o HM £00°1
..h\
A <
o o
=z
rz -
<
9265 "L ~
916G L —
N
~ B
oz e
97 T
. o
117 ©
126 o
W o
9 \ o o~
L~ _
9Tce N
. 6096°L " -
5

3.0

3.5

4.0

7.5

8.0

£1 (ppm)

o o o o o o o
g g g g g g g 8
I v v v i n n T 7
1
5002 T2~ U
162912~
9708 87 — —
196¢ 'FL
1289 9L W e
6666 9L
8LIELL
€671 °L8 — g g _ —_—
1 L L
5189 V2T — -— s
891231 — — I
@
_ I
B —_—
VeEL el — -— L= —
1206761 — -— =
°
1618 '9ET — —= s
8877 661 — — I
2€£L 58T — < —
5876161 — —

141

130

140

150

160

0

1

180

190

£1 (ppm)



S39

- 1600
- 1400
1200
1000
800
600
=400
200
200

|

|

500

(=3 (=3 o (=2 o (=3 (=3 (=3
S S S S S S S S o g 2 2 g g g g g
(=3 (=3 (=] (=] (=) (=3 (=3 o (=] =2 2 B 8 B B 5 =
[T (=} [Tl o [Te) (=) [Te) (=] (=} 1 1 1 1 1 1 1 1
< <t [3r] [3e] N N — — o (=)
) ) | | | | | | | J
[fe)
[ o
192812~
S 125916~
[ —
3 “
20161 — IDJ BL6TE s
(=)
1 [ o 0218 8% —
687 7 — — =667
N
(=3 o (=}
(=3 (=3 (=] oS
2 S S 9976 VL
= = B o 0789 9L -
B T R I o 1666 HKW
o Fos €L1€°LL g g s
s 28
8202 "L — F o ! ! !
6622 'L — = - 212018 —
L= 0811 €21 —
- = B0 o
r Q.
&~ a
o~ 8289 V2T —
= - 6670 T
918 "L~ [ =~ MM 01
L0VF "L ~ - < 0811 €21
9197 "L — s .
azer T — o B 8289 V21 1662 "L2T —
: L 1662 "L2T
8V16 L — = o 6890 671
816E L — b 2197 "0ET
Gess L ©—~ 0012 °0€1 6890 631 —
L <78 760 21
~ 2 - 1992 €T
£ 08T —
[ © €258 1961 — M%M Amm#\
~ o L1352 661 —
[~
© V602 T~ _
r< 1992 21~
[oe}
Lo -
8202 "L [
R o
912y 'L — [~ w
A 9186 °L — - Fo
\ €096, — -
gece ) o €268 96T —
91862 — [ o e
0967 Mo
— 1162 681 —
r o 0 1252 651 —
r o 20€6 161 —

124 123

100
f1 (ppm)

125

126
110

127

128
120

|

130 129
|
1
‘ “‘
|
130

|
140

1 (ppm)

133
150

136 135 134

139 138 13

|




5S40

600

550

500
F450

400
350

300

250

200

F150

F100

b0
-0

BEVE T —

LIgF "&—

S WP

iy

e

7.4

7.5

7.6

7.7

7.8
£l (prm)

7.9

8.0

3.1

Fooe

a6z

Foot

ot
Faot

a6t
L6
001

Feat

0.5

20 1.5 1.0

2.5

40 3.5 30

4.5

5.5

8.0

6.5

7.5 7.0

2.0

1 (ppm)

21000
20000
[~ 19000

[~ 18000

= 17000

= 16000
I 15000

I 14000

- 13000
12000
[~ 11000

[~ 10000

9000

8000

7000

6000

5000

4000

I~ 3000
2000
1000
= -1000

= -2000

G817 12~
L£09°12

0€96 '8V —

8801 ¥L
0289 9L ”
L666 9L 7
VLIE LL

L6L9 798 —

G29L "981 —

€G0S 161 —

£ 10000

8000
6000

4000
2000

V61¢

8066

Jeisieig

9662

11€2
28E0

€629 "

6899
L8S0

8GET

18844

eI —

LT —

Ver—

LTl —
621 —
0eT —
e

.NfN.
GET —
LET —

68T —

115

125

130

135

140

145

1 (ppm)

100

110

120

130

140

150

160

70

180

190

f1 (ppm)



S41

(=3 [=3 (=3 [l (=1 (=l (=3 [=3 (=3 [=l (=1 f=1
(=3 Lo (=3 Lo =1 Lo (=3 Lo (=3 ol (=1 (=1 Lo
© Lo [Te) < < ™ [3e) [a\] N — — o} (=} I
| | | ) ) | | | | | | | | |
1616 T— hm 1962
£65Y ' — — Fio¢
2250 ¥
1€90 «V .
96101 F == [0
9060 ¥
6€79 7 o
6759 «/ L
VL9 = = 860
7889 % === Fro1
906L
J
4 -
2 -
s
o~
~'=
(=}
(=}
£
—
=

N N

7.6

7.8

8.0

£16°0
19672
2071
Bo01

0.5

1.0

1.5

8.0 75 7.0 65 6.0 55 50 45 40 3.5 30 2.5 2.0

8.5

f1 (ppm)

(= =3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
2 2 S 2 S 2 2 S 2 2
w0 < sl ™ ™ ™ — — [Te) I
: , , , , . . , ,
@)

206212~ 8 =

6VE9 12~ =

£966 '8F — -

G99 "¢8T —

2998 161 —

30 20 10

40

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

200



S42

2 8 2 8 8 8 8 8 8 8 8 ¢ 2 S EEE8EEEEE8E8cse2gzssees8¢8z¢8 g
g 8 8 =2 §§ & 8 & &§ 2 = 8 o 7T EE 882 I &858 32 22283888 8 o ¥
[le]
o rs
0422 16~
2 LS 601912
o —
Lo
01351 — 00 "EF <
n
(=)
— Mo 6676 '8) —
835F T — — 86 2| '
N
L < L8SE 7Ly
« 8089 9L - o
2000 "LL g
o €816 "LL ° <
« V21018 —
6607 o e
- S I 8788 261 — —
oa) 82 o — o 3R
€8L0°7 L T 2119 '¥e1 — —F |2
159 ¥ L -
1869 P N e 10071 T )
10897 “ . 888 221 LI~ et
L169 % L == HO'Il o Z119 21 886 °L21
8C6L 7 L L1231
€028 'V 1002 ° [ © %%gﬁ/ 8720 601 — ————— -
p928 b V612" ~ 8720 631 F0VE 081 F S
6258 ¥ 88€T o movmdﬂv GGLY 0l = TE————g
1880 r F 6819 °0ET —
981 * <« @Nmo‘mﬂ\ 9280 281 — — B
122y Fe<a L1612 281 165 217 £
€9y = | © 66LY "SE1 —
188V N © 79€8 "9¢1 e
. 1967 "6€T L3
MMWW [ <oz 66LY "CET — —
o~ [te)
1877 ° Lo "9 08T — o
e [ = 79€8 "9€ 1
1007 "2 2606 'L [ % .
:::W K oz —  ——t | o
8867 'L F=
LE80 "L — 9216 'L _ §
@mg‘mw wm@@.hw \N =
6187 L o
166V "L [ BEVL 98T —
9216 'L
1606 L 0628 161 — =

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

190




S43

r550

r500
r450
r400
r350
r300
r250
r200
r150
r 100
r50

F=50

i

1962
L3SV

2620
€VE0 ¥
L0S0 ¥
8190 7

6819 7
10€9 ¥
G169~
L399
08LL"
9508 ¥
€018 7
1868 ¥

€161 "
1161 "
250 "
€832 "
evey
vevy ",

v62¢
9956
9786

e

.
7—

WS

7.7 7.5

7.9
f1 (ppm)

8.1

8.3

Fioe

Foo-e
962

F00°1
Frot

1.0 0.5

1.5

2.0

2.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

8.0

8.5

(=3 (=} o o 0
(=3 (=} (=3 (=1 (=} (=3 (=1 (=} o o o o o =4
(=3 (=3 = (=1 (=3 =3 (=1 (=4 (=3 (=} S S S S
) [S] — S S S S 1= S S S S S S
— — — — [=2] (o] ~ © [Ye) =l o sl et T
Il Il Il Il Il Il Il Il Il 1 1 | L )
L1660 13
EN,QW
5099 13
VIS0 "6V —
V66 VL
1289 °9L
£000°22 ¥
8L1E LL
V6£9 °L8 —
(=1 (=] o
(=1 S S
8 ¥ & o
982 "L31
090 "
0200
L129°621 ¢ . \
V810 °0E1 =5 8288 131 — —— - _ =
8102061/ 5 ——
669 961 — S
1019 '8ET -7 9812 "L31 — _
8SVT 651
090L 831 — —
0200621~ _ =]
L1961 /7 —
V810 0817 -— s
810L 0T =
[=n
£
<«
@~
AR
V699 9T — _
— -
[3r]
682L "G8T — 1029 86T ~ \|A =
G161 — —
675 261 —

60 50 40 30 20 10

70

80

150 130 110 90
f1 (ppm)

170

190

142

210



S44

r300

r280

r260

r240

r220

r200

r180
r 160

r 140
r120
r 100
r80
60
r40
r20

r—20

9291 °

6691
86L1

1281
1967 *

£05¥
L16L "
2608 *
6928 *
LEV8 "
0198 "
28L8 "

5691 °L
.N/

L

X

L

L

6481
10€2

8057

181% "
TLEV "

£9%6
8996
11.6

—_

‘L
L
‘L

By

N

(=3
(=1
—

181%°
1.6V °
@

ves”
s

Gevs

€eV6 "
8996
11067

N

7.1

7.7

7.9

f1 (ppm)

8.1

0T
FS0 T

0.5

1.5 1.0

2.0

2.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

8.0

f1 (ppm)

AR . L A SO S S I S T

886212~

60912 -~

657L €2

0089 '¢€ —

zL01 6V —

1518 VL

9£89 9L

1100 "2

osre L E2 238888
T A A S o

VeEL 18— s
8616 731 — - [
1766921 E T
16€2 131~ 3 -

8616 121 ] L =

V66921 6108 '87T ~. - L

1662 121 086821~ —% 8

mwwm mm 6ZEE 08T ~ % rZ

azee “0€T 2819081 = =

1229061 .

8719 96T — o

SPTT 66T — ] 2%

268 671 — [ 2
8V19°961 — —F |
SPIT 65T — ¥ =

4 L=
1692 °98T — |

800¥ 261 —

143

100

110

120

130

140

150

160

180

190

f1 (ppm)



S45

I~ 3500
3000
2000
1500
1000

-500

o

|

60

80

f1 (ppm)
140 130 2 110 100 90
1 (ppm)

150

160

S o © o o o 9 o o o o o o g 8 & g g g8 g g g g 8
Q S 53} < < I =3 © © < Q S =3 = =) =3 N g 2 2 2 2 8 2 i 2 =z =2
G T U B U A O S PRI S
o
rs
5216 °61 —
NZN,EW ]
° 2LV 1
Fa
©
LG T — 6T F
1869 °€) —
=
Foi
6111 7~ e
10602~ > Mo
< (=3
— w0 (=]
S — <
Fo 616°7L
: - G
= Fos €289 2%
0000°LL =
8eeT - et g 8 g
9971 L~ o L v n T
091 = [es 0,86 L8 —
ze81 - _
2102 L °E 3992 121 — S
2102 o~ [ <&
mwmw W Sozz” b 8061 981 —  — el
TEIS b 29€2 0 0 992 121 gaLL el = _—
Trze ¥ 52he L = E66°0 |- Soot oot 9221 °L21
1799 % — = F66°0 wmx WM# (2L T S —
o _ . g 5000 601 — — —eee?
Sz18 ) - Foo'T 215 601 6£00 621
(=]
MMMM w% S Fo 6£00 621
o PN 8589 °0¢1 8689 06T~ _
€06 ¥ 2 6570 'TET 50 - —
) £698 TE1 GeVO7IEL—
. 2 A
e 8 © £698 16T — —3
Leve Fol Fus 8889 96T —
. L= mmf.wm_w
=~ 0671 661 {
o 3
- 2 © 1
Py =
AN ] 8889 961 —  ————————k
o1 soep Fo
& Lo
: 1607 L= €651 88T —
3 o~
: ° 06V1 681 — ——
2" [~
7963 . [=3
7 - L 7]
\ = =}
; H\ s81e” Fo 9899 ‘681 —
7 C
X 8LES 2 LET6 26T —
SN [ - 3
o7 o

170

180

190

200




S46

= (=1
= $=3 (=1 (=1 (=3 (=3 =1 (=3 (=3 < —
— {2} oo ~ © [Is] = [3e] N — (=} 1
| i | | | | | | | | ! |
N
o)
z
AV
O
2818 T — \I\M T.o N
826V G — To ¢
2 2 L .
5618 '€ — TR, Lo
~
r<
o]
r<
51697 — 96V879 ~— 67
6028 7 — 76989 — > — ’
r<
9VV6 9~
V1969 — -
M
Fea
[=3
=
~
Fre &
1660 "L~
5652 'L ~
€1g L i
M
96789
16989\ Tm;
T V968 "L~ L=
96 % 1617 "L — o~ Fez
16627, — o0vEyL— £99°0
V96E "L — o .
16142/ L106 "L~ e To ¢
\ 861G L —
L1082
© "o
09762 — Mo T@ '

3.5

4.0

4.5

£1 (ppm)

(=3 (=3 (=4 (=3 (=3 (=3 (=3 (=3 (=3 (=4 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
b S 2 8 2 S 2 S B g 8 B
w0 [Ie] < <+ ™ o~ N N — — w (=} |
| | | ) | | | | | | i |
12— —
cc— _—
L
EM -—
N (=3 (=3 (=3
(=3 (=3 (=3 (=3
(=] o S =3
N — — [Ts) <
3
=
Fe
968 021 — ‘L
29€L 181 — -— Ly
-~ I
F
0201 "¢Z1 — — [
| SS ] IE——,
08117281 — ———= [ —
L& —
1€16 '821 — ——— ~
6L68°601 — ——— | & _ z
628¢ 01 — ——— g
Z(D\.
| ]
M P
8688 "LCT — r= —4
©
| B
celpy '9e1 — — [
oo}
| ]
L020 '6£1 — —
o
r=
282Y "¢81 — —
N
61 261 — r= —
-
F=

40 30 20 10

60

0 80 70

190 180 170 160 150 140 130 120 100 9
£1 (ppm)

200



S47

60000

55000
50000
45000
40000
35000

30000

25000
20000
r 15000
10000
5000

-5000

eIl

[USa%

6.9

o S e
7.3

NP

7.5

7.7

7.9

£1 (ppm)

EI10°¢

FL0e

E66°

S oS

671

8T
o1
E20

2.5 2.0 1.5 1.0 0.5

3.0

r1 (pprA)

7.5

8.0

1400
1300

69LL 8% —

8491 '6¢ —

60€L 65T —

€L69 'S8T —

29LE 261 —

1200
1100
- 1000
900
800
700
600
400
300
200
100
f--100

~NO>

1 (ppm)

110

120

130

140

150

160

170

180

190

200



S48

(=1 (=1 =3 (=1 (=1 (=3 =3 (=1 (=3 =3 (=1 (=1 (=3 (=1 =3
(=1 (=3 =3 (=1 (=3 (=3 =3 (=3 (=3 =3 (=1 (=3 (=3 (=1 (=3 (=3 (=3 (=1 =3
(=3 (=] =3 (=3 (=3 (=3 =1 (=] (=3 =3 (=3 (=] =3 (=3 (=3 (=3 =3 (=3 =3
o N N (=3 0 o el N (=3 @0 o < ] (=) (=3 (=3 = (=) N
[ap] o o o N N N [a\] N — — — — — 0 © < N I
SRR SR SO S A U S M R R A .
£
[
o™
1626 T — =00 ¢
ViE T — 96
9672 %
v092 ¥ .
1112V F0 T
0882 ¥ S o
S S
290L 'V — = B o 00 T
. By .
A Ry 786V L HO'T
V8Y6 7 glav L _
. 9LV "L / -
0916 % M =
6187 "L —=
€16V "L =
L6V "L ©
7806 "L o
€115 "L
~
L81V "L 186L°L T2
88y L L808°L / w8
GLSy L eles LY =
9TLY "L 8268 7L 7 =
VeLY ”m 9e¥8 "L \ >
6.8V "L 8798 "L =
e167 "L
GL6V "L CLLG6 L — o
7806 "L & 8966 °L <" o
186L°L % o
1808 °L
€128 "L ™
8668 "L o

8966 "L

7500
7000

6500
6000
4000
3500
3000
2500
2000
1500

1000
500
ro

3.5

4.0
£1 (ppm)

4.5

5.0

9912 12
vres e

N

TL9G 6F —

1286 '¥L
0289 9. W
1666 9L N
mZm..\.h

6669 L8 —

GP6L "681 —

0LL2°261 —

125

127

129

131

£1 (ppm)

133

135

137

139

|

|

=500

0

20

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

190




S49

(=3 (=3 (=3 =3 (=3 (=3 (=3 =3
[Tl (=] [I) (=3 [Yel (=] [I=] =1 (=3
~~ = [ar] 5] N o™ — — (o)
) ) | | | | | | |
=
[
(3]
9LVG T — £00°¢
L9V T — =00°¢
W Te01
Fcey ] 01
119" N = o1
v "2
). [=
=
g
~
~
0
9790 "L =
6190 "L
1200°L
£080 "L B B0l
095G "L — = E
1692 .h\ CCP6 "L — _ Wwww
110€ "L S0L6°L — - - WQZ
SETE "L 2EL6°L \ < :
et .
mmmm,m 6VL6°L
G026 2\ £66°T
26L6°L W —
6716 °L %

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
£1 (ppm)

7.5

8.0

(=3 (=3 (=3 (=3 (=3 (=3 (=3 =3 (=3 (=3 =3 =3
(=3 (=3 (=3 (=3 (=1 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 ==} = < N (=3 © © < N (=3 (=3 (=3 (=3 (=3 N
>z N N [\ N ™ — — — — — oo} <© sl N < I
. ) , ) , , . . . . : , , , . ,
3
=
[
(3]
V81212~ ~
168¢ 12~
VeLs bh— - 2

€216 °FL
1289 9L\
8666 9L F
9LIE LL

V84T L8 —

1¢e8
e ¢
1968 *
0022 *
0600 *
VLYY
8651 *
¥LLY "
G89L

€EPL"C8T —

0¥zl 261 —

30 20 10

40

90 80 70 60

100

180 170 160 150 140 130 120

190

(ppm)

1

r



S50

400

300

200

100

50

LE8G "

1Lvv

acen”
1972
5197
Vel
6169°
9678
6228 "
1688 °
7606 "

2€63 "
2867 "
[
860€
L9€€
8¥FE -

G89€ °
116
LY
€9€Y
ciciay
0§26 °
3896 "
9166

T1—

7 —

14

hd

14
4

p—
V=
¥
i
i

VoSS e

3eo0

1

FL6 T

66 0

66 0
F0O T

k61

7000

6500

I~ 6000

5000

4500

4000

3500

3000

2000

1500

1000

00

[l

0.5

€690 °

8630

1.0

1.5

92c¢

2.0

8466
0289

4902

o
<

e
=3
=
P8

4.5
=
i)
=
s}

5.0

68468
L69¢€
9886
6LTL

5.5

10,9

6.0

126€
V6LL

7.0

LG18 "
818G "

1666

12
4~NHY

eV —

eL—
9L —~
.om\\

98 —

01T~
011

4!
ANNHHW
821

N

0e1 —
9e1 —

el —
vl —

G681 —
161 —

3eo

10

60

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

200



S51

[~ 14000
12000
10000
- 8000
6000
4000
2000
F=-2000

g 8 8 8 8 8 8 8 8 8 8 <o o o o S s g g g g s
S 53] ) F I S o = Q S S S S S ] g = 8 8 s =
G MR A SR A R A R A A R s M S e —
[Ie]
~ L2
O (=]
P4
N -
L< £081°12—
o =
w
F o
269 1 — &
67691 = =
(=]
- Foi
161817 —
667 T — — =y1e|
[a\]
(=]
e
o - <
L2 g g g
o« = S 2 =
—=€ 01 | 1 | I
(=]
r<_ 1620 021 — —
1=
[=)
=)
— e
— Feozr <z
h (=]
b 2268 V21 — -—
9819971 — ————————d
o
b 186721 — ——=
04077831 — —. -
. A —
6686 ° 1296 821
96009\ ™ _ o Leoosc1/
8720 9 -7 = == H01rs e
167097 2697061 — —
. o
1019 9~ = _ o] €
6199~ —_— 501
= (=]
96V2 'L ~'g Lo
mﬁ:/ =B o o~ 8161 "GET — —
0€1€ "L J
s1ee L X b Ta9p 1819961 — —
L2y L7 = LTl o
ey L : Y 7192 861 — —
::ms\ = ¢ )
be, . (=]
%mw ,wv © —— BT o
o 8298 'G81 —
© €876 161 —
F o

120

130 120 110
f1 (ppm)

130

135
£1 (ppm)
180 170 160 150 140

140

190

|




S52

180
170

r 160
5
r140
130
r120
110

100
90
r80
r70
60
50
40
r30
r20
r10
r-10

ro

B e e e e L

NP

r 16000
r 15000

0.0

14000
r 13000
r 12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
r 1000

ro
r—1000

0.5

1.0

L2881 —
3295 '92 ~

= 1101

5

L= 016126 —
9079 V802 98 —

|
[l
o
]
2.0

L060 8% —

1611 °2L —

O _NO,
3eq
60 50 40

70

o ol
[ 1000 "LL
GLIE LL

¥6L0 L8 —

4.0
f1 (ppm)

uuM Fool 2
=m 007

6880 "G 1 ~_
567 "L2T ~C
10£0 631 —
€691 081~
6125 981 —
6251 661 —

6.0

6.5

7.0

8.0

0€9€ 'S8T —

00€6 561 —

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

190




S53

=1 =1 (=3 (=3 (=3 (=] (=] (=3 (=3 (=3 =1 (=3 =3 (=) =4
5 =3 =3 =3 (=3 (=3 o (=3 (=3 (=3 (=3
sEERES§8EESI8 2225 o °F s g g 3 8§ gz § gz ¢t =
(3] l°e) o~ =) w0 S o N — (=] I
i i ! ) | ) } ) | i |
w0
= 69869 — ~ -
. © o
818L°0~ b4
3008 0 E80°€ \
181870 s | = =
s €962 16— o. s -
3 Z= o 2202 80— -
] F e
g1t == [T
1% P . o
; == 1
o ol s
1198 87 — -
1656 °T
8817 7 — Feoe|
[\
(=3 =1 (=3 (=] (=
(I} < [ar] N — (=} (=]
L i L88 VL
. £289 9L\
\ — 6666 9L
- = r< ot L1€"LL
T= = < B 6L1€°LL
47 S S S
r (=3 (=] =3
© S N (=)
- o 1660 16 — —_
= == F€01 4\W
o = <
o m o _, B W
Fas F <& L3L1°281 — — —
— Ho0°T
1999 7 FoTs £00°1 r
6999 7\ = - = | =
6880 -7 = Fo S o
26697/ = L o
=
e rT— - [ )
A B F
6998 ..q\ < S
=688y 1982 82
r ° 9248 = o
Fo 8616°801 . T L 552
6220 621 S E
© !
[~ L | =
V2LT L m S
1082 °L 2
6267 'L _ M
S10€ "L o= o FS
200€ "L P M =
zIge "L
6021 "L 67 L
6667 "L\ [ Wao 1L 1899 "0€1
066V L7 8VS6°L~— _ B2 [ B -
9928 s\ 816, — - LS =z
8GVG L % L
it
8756°L — =61l S
816, r S
[a\]
- ©
Fos

190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

200




S54

(=3 (=3 (=3 (=1 (=3
£ £ 8 £ 8 8 8 8 8 8 8 g8 8 g
= = = = 2 & £ @ ® 5 2 8 =T o 7 2288883888880 9o 909090909090 o g 2
L L L L L L L L L L L L L L — (=3 [=2} o« o~ © [Ie) < o o™ — (=] (=1 (=1 (=] (=1 (=3 =3 =3 =3 (=} — N
IS TS T T S SNV - - T R = T = T R - SHR-~ R R — S R
PR R R AR AR S A R s A P AP AR T A
©
rs
02560 V6L ST~
021 91 =
68001\ ~ por gL < b0 .
980 17 - k662 1162 12— -
90071 'T
[E)
Fo 6890 € — -
2291 ¢
V6L1 2
£96T °C | o
VEIZ 2 L o STVL 9V — -
1082 7 & [
0IT— 2 2 2 2 2 8 = H6°7 7
T 8 885 = o :
907
1018 | 8 e
122 = o _
0663 s s V178 VL
€12 H S S - e
— [ o3
GOV | 5
6592 ° R INAN r .
9082 7 \ ~ - s S6LL 76—
. 6180 r 9662 7 -7 = F< F<2
Soe -\ ause” _ weosr/ &
. L [ = HO0 'T -
9662 T = - =
60€ T [ L'
cc)op _ €168 5 i ) -
GGLOV — S0 —= 86 °0 0299 721
gapg i/ £V LT o sy Lz = a0 1ol
g\ y— L= eogopL - = e £16L 831
1800 °G N 80¥€ "L [ 001
a:o.mw 16%6°L 7 = €80L rroT <o i 0F18 '821
S ‘ e
= =200 ~ -
©” L= L 8620 '€€T —
.. [ D 0667 = ’ 611G 98T —
6.8¢ "L — %wm m ~ H.m L 6201 661
L K - B -
080¥ "L — ., oo s/ b <
€90 "L L LS [
101z, 6927 °L -
LVIZ L [ Lo
ee L
02€2 "L <
€LE3 "L P -
€1z "L L=
591z "L [ =
6592 "L % 1
MMMM.MN%@.N\ [ 2 W e
= [ 7612 98T —
. . T
evze ) 991671 — R
BhgEs L ] 9818 'T61
8906 "L~ - ne
3
s

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

200




S55

360

340
320
300
280
260
240
r220
200
r 180
r 160
r140
r120
r 100
r 80
r 60
r40

199L
CEBL
¥008

0811
LyS1

€6€2
89¢L
61LL
1218

2168 "

905V

¥880
1660
S601
0911
6L99
1819
2002
1)
2868
0998
60.8
8868

86L¢
668¢
GL6G
Gel1e
€Vee
€617
G8¢EY
LLSY
1625
8Vve

€116
6996

>

eSS
=l

I S

200
r 150
r 100
r50

7.4

7.5

S A S FF S
N e

7.6

1 (ppm)

7.7

7.8

e

8.0

e N N L

~I

=60

0T

y16°7
211
201

566 1

= 12000

= 11000

= 10000

9000

3.0

4.0
£1 (ppm)

4.5

5.0

7.5 7.0

8.0

9299 °
6z8g”

Geze
9675

8LEL”

2860 °

8798

3289
L666
cL1E

1889

L989 "
0161 °
L108"
L0326
i
6869 °
0852 °
969"
8881 "

921¢g "
E€ITT"

12~
g —

e

VL
92
9.
L

Vel

8¢1
8¢1
621
06T~
€61 —
96T —
66T —

981 —
261 —

o NO2

5000

1989 "

0161 *
L108 *
2036 *
Eizd/n
6869

9629 "

8881 °

I~ 8000
7000
6000
5000
[~ 4000
I~ 3000
2000
1000
=-1000

4000
3000
2000
1000
f1 (ppm)
140 130 2 110
1 (ppm)

150

160

180

190

200




S56

5000
4000
3000
2000
r 1000
1000

50

60

70

80

(=3 (=1 (=3 (=3 < (=3 (=3 (= (=3 (=} (=3 (=3 (=3 (=3 (=3
T EZ 2L 2 2 202 883232 2 838°2. 7T s 8 8 8 8 8 8 8 8
S Y Ry R R o 5T 5 9 = S g g & 2
— — — — — (3] o0 ~ =)
Fo | | | | | i i | )
~
o
2 © 9
7/ [ o b4
e = /
a z
= . 5 -
o L2 €912 12 —
O o
z= ] = IO <
™ L2 z S
(2]
o V10T 'Th —
~ [
L 02€0 ‘67 —
010V 72— —— 90| v
Foi
1200 °¢ = =
neoes S8 — FG0°T [ o5
8651 "€ — L L = 00T
8161 ¢~ =) 3
[ = | e €896 VL —
.h/ « =3 o =3 (=3
L= S S S S
L— - < R 5 = o
.M\ [ LS ) | | | ]
27 = 802506 —
- 90T 2
[=3
| o 02 6168971 —
& S
= E10°T ha
M/ Lo = F0T] o 820171 —
~ Mo
L
B i
..h“ <« [ta)
M$ [ M
7 =
L= o B o
L Mo [< fa
= 4 LG~ 2606 621 —
- 02£0 661 —
|- «© [ <o
o SI¥G 08T —
_ -
= = HIo o e
. - — Tertl 2 68L8 161 —
€68L°L — - >
T18°L— — [~
- = 207
(=]
o <]
M
12V€ €8T —
L 0206 "S81 —
=)
LS 1126 161 —
oo}

127
90
)

100
£1 (ppm

129 128
130 120 110

130

£1 (ppm)
140

133 132 131
170 160 150

180

134
190




S57

300
280

260
240
r220
200
r 180
r 160
r140
r120
r 100
r80

60

r40

r20

r—20

1202 1T —

6278 ¢ —

01ve "L —

13000

T
4.0
f1 (ppm)

4.5

5.0

5.5

6.0

6.5

880L
VL16"

G6EE "SL~
G9¥8 9L —

199 221
7880 521 -
6657 631 7

686L °SET —

15€0 "GLT —

12000
r 11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
r—1000

Ph
10

20

30

90 80 70 60 50 40

1 (ppm)

100

180 170 160 150 140 130 120

190




S58

500

€816 0 —

-0.5

4000

0.0

Ph

£1 (ppm)m

7.5 7.0

8.0

0016 'S2 —

0481 26 —

0568 "LL~
6180 °8L~"

8198 871
V198 671 -
6528 08T~

2863 °LET —

V€60 18T —

3500
3000
2500
2000
1500
r 1000
500

30

40

110 100 90 80 70 60
£1 (ppm)

120

180 170 160 150 140 130

190

200



S59

g B 8 s 2 g8 § § B8 & g . ¥ £ 8 8 8 8 8 8 8 8 = s
1 1 1 1 1 1 1 1 1 1 1 1 =4 o S Xzl =3 0 = o] = =3 w
v T T i i i i n T il i !
m [fe}
s 88 M
N 5
g° o 0161 "0z~ E }
s [~ €06z 12~ S 03 =
25
o 5
6879 T — — =80¢
LS
] o 618 '8 — -
over 7 — .y
4 N
=3 =3 (=3 (=3 |- ”
Lo (=3 [To} (=} (=1 .
A R A = 929 L — -
| | 2 8 8 o
- S = 2 g o
L= 60€0 L8 — A A A
6L0T T o -
1121 v o -2 [
. < =w— E] .
R - R 8VL6 731 — - L8
9971 ¥ - I
N I 4 G r
6116 T M . i
7266 7 - 8716 721 0281 "221 — -
(=4 . . @
£500 ' L —==d $90°TL S 0281 221 9229 '821 ]
80£0 ¢ f = = 0 9£29 81 0978 821 . 3
1280 °G 3 |s 0978 "821 .88 821
o« w0 . L —
8960 ' ge L= 2188 821 .
2911°G = 3 G296 .mN% PLYG 0ET — =
’ S8 VLYS 01 =
€621 ° . G .
Toer Co LsLe19 Nﬂ\ . LS
60N "L — = = < 918V 9€1 LEVY TET — L&
P 880 "6€T 5o
9161 "L - L a
8861 "L |3 L
G507 "L m:mum\ o i
Tele "L 608S 2 — B 2 - 918V 98T — 5
€612 "L - 6T 5
5207 'L s WMN q - L
6077 "L e g 980 66T — L
051 o I cooz g 9880 6EI .
. - . <
ce26°L e 0077 S 098¢ 161 — ‘
= [
o~ 1) -
L L2

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

200

210



