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I: General Information

Commercially available materials purchased from J&K or Aladdin were used as received. THF was distilled
over sodium. Unless otherwise specified, all reactions were carried out under an atmosphere of nitrogen in 10
mL dry Schlenk tube. Proton nuclear magnetic resonance (*H NMR) spectra were recorded on a Bruker (400
MHz) spectrometer. Chemical shifts were recorded in parts per million (ppm, d) relative to tetramethylsilane (&
0.00) or chloroform (8 = 7.26, singlet). *H NMR splitting patterns are designated as singlet (s), doublet (d), triplet
(t), quartet (q), dd (doublet of doublets); m (multiplets), and etc. All first-order splitting patterns were assigned
on the basis of the appearance of the multiplet. Splitting patterns that could not be easily interpreted are
designated as multiplet (m) or broad (br). Carbon nuclear magnetic resonance (**C NMR) spectra were
recorded on a Bruker (100 MHz) spectrometer. Fluorine (*°F) nuclear magnetic resonance (*°*F NMR) spectra
were recorded on a Bruker (376 MHz) spectrometer. IR spectra were recorded on a Shimadzu IR
Prestige-21FT-IR spectrometer as neat thin films between NaCl plates. High resolution mass spectral analysis
(HRMS) was performed on Finnigan MAT 95 XP mass spectrometer (Thermo Electron Corporation). Analytical
thin-layer chromatography (TLC) was carried out on Merck 60 F254 pre-coated silica gel plate (0.2 mm

thickness). Visualization was performed using a UV lamp.
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II: Preparation of substrates

Preparation of 2-[(trimethylsilyl)methyl]lbenzoic acid esters:

o] . o DCC o
n-BuLi DMAP
TMP X OH
deo'_u féif(j _— R—l 4-Nitrophenol RAL N OONOZ
Z | 780 ,THF & DCM =
_SiC _SiC

To a 100 mL flame dried two neck round bottom flask equipped with a magnetic stir bar, was added
2,2,6,6-tetramethylpiperidine (20mmol). The flask was sealed with septum, evacuated and refilled with
nitrogen. Dry THF (10 mL) was added, and the mixture was stirred at -78 ‘C. Then n-Butylithium (2.4 M, 20
mmol) was added dropwise via syringe under nitrogen atmosphere by 10 minutes. After 30 min., the
o-toluic acids (10 mmol) dissolved in anhydrous tetrahydrofuran (10 mL) was slowly added via syringe at
the same temperature. After stirring an additional 20 minutes, choromethylsilane (60 mmol) was added via
syringe. The reaction mixture was then warmed to room temperature and stirred for overnight. After
completion of the reaction, the reaction mixture was concentrated under reduced pressure. The residue
was dissolved in diethyl ether (30 mL), and washed with water (3x10 mL), brine (10 mL), dried over
sodium sulfate. The mixture was concentrated under reduced pressure and the residue was subjected to

column chromatography directly using hexane/EtOAc (10/1) as eluent to afford the desired acid product.

To a 100 mL round bottom flask equipped with a magnetic stir bar, was added the above acid (10 mmol),
DCM (30 mL), DCC (10 mmol) and DMAP (2 mmol). The reaction mixture was then stirred at room
temperature for 6 hours. After completion of the reaction, the reaction mixture was filtered and washed
with cool DCM, the combined CH,Cl, was concentrated under reduced pressure and the residue was
subjected to column chromatography directly using hexane/EtOAc (10/1) as eluent to afford the desired

ester product.
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III: Reaction Conditions Optimization

Table 1. Screening of different achiral carbene catalysts and bases @

(0]
le) 20 mol% NHC o)
OAr 200 mol% CsF
+ CFs o
y THF, 4A MS, 36h CFs
Si Ph
~ ‘ N
Ar=4-NO,CgH, oa 3a
la
&N OEN OEN
N o+ N " N |+
=Ny =N =N
_ Mes CsFs
BF, BF, "BF,
C1l C2 C3
N N N
S O™ P\ Mes S ‘N CoFs
(N (N (N
“BF, “BF, BF,
C4 C5 C6
entry NHC Base yield (%)°
1 — Cs2COs3 n.r.c
2 C1 Cs2C0s3 trace
3 c2 Cs2C0Os3 77
4 C3 Cs2COs3 84
5 C4 Cs2C0s3 trace
6 C5 Cs2COs3 62
7 C6 Cs2C0O3 88
8 C6 DMAP 67
9 C6 DABCO 76
10 C6 DBU 24
11 C6 DIEA 79
12 C6 KOAc 33
13 C6 K2COs3 94
14 C6 K2COs, no CsF n.r

2 Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), base (0.1 mmol), 4A MS (100 mg), THF (2 mL), rt, 36 h. ®

Isolated yield of 3a. © n.r. = no reaction. Mes

2,4,6-Trimethylphenyl. THF

Tetrahydrofuran. DMAP

4-Dimethylaminopyridine. DABCO = 1,4-Diazabicyclo[2.2.2]octane. DBU = 1,8-Dizabicyclo[5.4.0]Jundec-7-ene. DIEA =

Diisopropylethy.
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Table 2. Screening different achiral carben catalysts and bases 2

o}
o 20 mol% NHC fe)
OAr N 200 mol% CsF
CO,Me (0]
©)‘\ “ THF, 4A M, 36 ©é<002'\"e
Si Ph
~ ‘ ~
Ar=4-NO,CgH, 4a 5a
la
entry NHC Base yield (%)P
1 C1l Cs2C0Os3 53
2 Cc2 Cs2C0Os3 trace
3 C3 Cs2CO3 75
5 C4 Cs2COs3 58
6 C5 Cs2C0Os3 trace
7 C6 Cs2C0s3 68
9 C3 Na2COs3 32
10 C3 K2COs3 70
11 C3 DABCO 95
12 C3 DBU 20
13 C3 DIEA 90

2 Reaction conditions: 1a (0.12 mmol), 4a (0.1 mmol), base (0.1 mmol), 4A MS (100 mg), THF (2 mL), rt, 36 h. ®
Isolated yield of 5a. Mes = 2,4,6-Trimethylphenyl. THF = Tetrahydrofuran. DMAP = 4-Dimethylaminopyridine. DABCO
= 1,4-Diazabicyclo[2.2.2]octane. DBU = 1,8-Dizabicyclo[5.4.0]undec-7-ene. DIEA = Diisopropylethy.
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Table 3. Screening of different bases 2

(@]
(0] 20 mol% C6
OAr 200 mol% CsF
+ o
N THF, 4A MS, 36h
Si \
~ ‘ ~N
Ar=4-NO,CgH, 6a
la
entry Base yield (%6)°
1 DBU 20
2 DIEA 58
3 DABCO 60
4 DMAP trace
5 Na2COs3 n.r.¢
7 Cs2COs 90
8 t-BuONa n.r.
9 t-BuOK trace
10 KOAc trace
11 NaOAc n.r.

2 Reaction conditions: 1a (0.12 mmol), 6a (0.1 mmol), base (0.1 mmol), 4A MS (100 mg), THF (2 mL), rt, 36 h. ®
Isolated yield of 7a. © n.r. = no reaction. THF = Tetrahydrofuran. DMAP = 4-Dimethylaminopyridine. DABCO =
1,4-Diazabicyclo[2.2.2]octane. DBU = 1,8-Dizabicyclo[5.4.0]undec-7-ene. DIEA = Diisopropylethy.
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Table 4. Attempts on enantioselective [4+2] reactions!@

Different chiral NHC precursor (synthesis via known literature procedures) were tested for enantioselective
catalysis. For this, the reactions were performed on a 0.1 mmol scale.
er’s are determined via HPLC. [CHIRALPAK OD-H column; 0.4 mL/min; solvent system: i-PrOH/hexane =

5:90; retention times: 25.7 min (major), 28.6 min (minor)].

o}
o 20 mol% NHC (e}
OAr 200 mol% CsF
+ CF, —————» (0]
3
y THF, 4A MS, 36h CFs
S
~ ‘ ~N

Ar=4-NO,C¢H,

1a 2a 3a
(© o 0 o
=N \ =N \ \>§N <N
N | N ) ~uN | IN L@
_N@® _N@® ~N® \=
= ph = Mes & N Mes oppes
©BF, OBF, Ocl BF4
Al A2 A3 r A4
pﬁi}\ o O N
=N \ \>\N \ =N o - l\<lD Ph
N NS Et , -
\’N% Nt Nene "~ or
o es CeFs 4
4 OBF, OBF, n
Et
NO2p5 A6 A7 A8
N N
O/\Nf N—Mes O/\Nf N-C4Fs <N r/[>>N
© o Br” N _N® B B N @ B,
BF, BF, \=N G BF N s
" A9 " A0 A1l A12
=N =N =N
N L® @ N L® @ \(El\>\ e) )
_N® BF _N® BF _N
=Ny NN RS Ny BFa
A13 Al4 A15
Ph
F CF, CF3 CFs3
O 0 o F F
PN FaC N~ N CF
OO F NN CF, 3 N“ON 3
Ph
B1 B2 B3
entry NHC Additive Yield! / % er
1 Al — 58 55:45
2 A2 — 90 75:25 (see below for HPLC trace)
3 A3 — 67 73:27
4 A4 — 24 63:37
5 A5 — 36 69:31
6 A6 — trace —
7 A7 — 58 52:48
8 A8 — 47 53:47
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9 A9 — 39 55:45

10 A10 — trace —
11 All — 21 49:51
12 Al12 — 52 47:53
13 Al13 — trace —
14 Al4 — n.d.¢ —
15 A15 — trace —
16 A2 LiCl nr’ —
17 A2 Sc(0Tf)3 n.r —
18 A2 Mg (OTf)2 n.r —
19 A2 B1 trace —
20 A2 B2 34 66:34
21 A3 B3 34 65:35

2 Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), base (0.1 mmol), 4A MS (100 mg), THF (2 mL), rt,

36 h. Isolated yield of 3a. °n.d. = no desired product, ¢ n.r. = no reaction
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Pealc# Fet. Time Area Height Area % Height %
1 25712 14468148 329175 49935 52,458
2 28 660 14505688 298322 50.065 47 542
Total 28973837 627497 100.000 100.000
HPLC trace of enantioenriched compound after reaction with chiral catalyst A2.
m\V
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min
UV Detector Chl 254nm
Peak# Ret. Time Area Height Area %o Height %
1 25393 13679275 300780 74.951 76.512
2 28321 4571680 02337 25.049 23 488
Total 18250954 393117 100.000 100.000

S9




IV: General procedure for the catalytic reactions

1) General procedure for the catalytic synthesis of products 3:

o 20 mol% C6
0 200 mol% CsF (0]
S L 100 mol% K,COs5
1 + X (@]
= R CF3 R, CF
) THF, 4A MS, 36h L 3
Si R
-~ ‘ ~N

Ar=4-NO,C¢H,
1

To a 10 mL flame-dry Schlenk reaction tube equipped with a magnetic stir bar, was added chiral NHC
pre-catalyst C6 (0.02 mmol, 20 mol%, 7.6 mg), K2CO3 (0.1 mmol, 100 mol%, 14 mg), aryl carboxylic ester 1
(0.12 mmol) and 4 A molecular sieves (100 mg). The Schlenk tube was sealed with a septum, evacuated and
refilled with nitrogen (3 cycles). Freshly distilled anhydrous THF (2 mL) was added and trifluoromethyl ketone 2
(0.1 mmol) were then added via syringe. The reaction mixture was allowed to stir for 36 hours at rt. After
completion of the reaction, monitored by TLC plate, the reaction mixture was concentrated under reduced
pressure and the residue was subjected to column chromatography or TLC plate directly using hexane/EtOAc

as eluent to afford the desired product 3.

2) General procedure for the catalytic synthesis of products 5:

o 20 mol% C3 o
0,
OAr o) 200 m;)l 0% CsF
s L 100 mol% DABCO 0
R
CoMe “LC A ws. 36h Cco,Me

Si R
e ‘ ~N
la 4 5

To a 10 mL flame-dry Schlenk reaction tube equipped with a magnetic stir bar, was added chiral NHC
pre-catalyst C3 (0.02 mmol, 20 mol%, 7.6 mg), DABCO (0.1 mmol, 100 mol%, 12 mg), aryl carboxylic ester 1a
(0.12 mmol, 39.5 mg) and 4 A molecular sieves (100 mg). The Schlenk tube was sealed with a septum,
evacuated and refilled with nitrogen (3 cycles). Freshly distilled anhydrous THF (2 mL) was added and
phenylglyoxylate esters 4 (0.1 mmol) were then added via syringe. The reaction mixture was allowed to stir for
36 hours at rt. After completion of the reaction, monitored by TLC plate, the reaction mixture was concentrated
under reduced pressure and the residue was subjected to column chromatography or TLC plate directly using

hexane/EtOAc as eluent to afford the desired product 5.

3) General procedure for the catalytic synthesis of products 7:

o 20 mol% C6
N 0 200 mol% CsF
OAr N /\\;(& 100 mol% Cs,COs4
RA o)
_ Z >N THF, 4A MS, 36h
~ ‘I\ \
la 6

To a 10 mL flame-dry Schlenk reaction tube equipped with a magnetic stir bar, was added chiral NHC
pre-catalyst C6 (0.02 mmol, 20 mol%, 7.6 mg), Cs,CO3 (0.1 mmol, 100 mol%, 32.4 mg), aryl carboxylic ester

1a (0.12 mmol, 39.5 mg) N-shusituted isatin 6 (0.1 mmol) and 4 A molecular sieves (100 mg). The Schlenk tube
S10



was sealed with a septum, evacuated and refilled with nitrogen (3 cycles). Freshly distilled anhydrous THF (2
mL) was added. The reaction mixture was allowed to stir for 36 hours at rt. After completion of the reaction,
monitored by TLC plate, the reaction mixture was concentrated under reduced pressure and the residue was
subjected to column chromatography or TLC plate directly using hexane/EtOAc as eluent to afford the desired

product 7.

4) Procedure for synthesis of 3a with Immol scale:

20 mol% C6

200 mol% CsF (0]
Q)k cp, 100 moi% K,COs o
THF, 4A MsS, 36h 3
Ph
Ar=4-NO,CgH
1a2 64 2a 3a

To a 50 mL flame-dry Schlenk reaction tube equipped with a magnetic stir bar, was added chiral NHC
pre-catalyst C6 (0.2 mmol, 20 mol%, 76 mg), K.CO3 (1 mmol, 100 mol%, 140 mg), aryl carboxylic ester 1a (1.2
mmol, 395 mg) and 4 A molecular sieves (1 g). The Schlenk tube was sealed with a septum, evacuated and
refilled with nitrogen (3 cycles). Freshly distilled anhydrous THF (20 mL) was added and trifluoromethyl ketone
2a (1 mmol, 140 1) were then added via syringe. The reaction mixture was allowed to stir for 36 hours at rt.
After completion of the reaction, monitored by TLC plate, the reaction mixture was concentrated under reduced
pressure and the residue was subjected to column chromatography or TLC plate directly using hexane/EtOAc

as eluent to afford the desired product 3a (86% yield, 251 mg).
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V: In Vitro antibacterial bioassay
The target compounds were dissolved in 150 yL DMSO and diluted with sterile distilled water containing 0.1 %
Tween20 (4 mL) to prepare 1000 and 500 pg/mL stock solution. Their antibacterial activities against
Xanthomonas oryzae pv. oryzae was evaluated by the turbidimeter test. 1 mL of stock solution was added to
4mL nutrient broth liquid medium NB (3 g of beef extract, 5 g of peptone, 1 g of yeast powder, 10 g of glucose,
and 1000 mL of distilled water, pH 7.0-7.2) in tubes. Then, to the tube, 40 yL NB containing bacteria was added
and incubated with continuous shaking at 180 rpm for 24 h at 30+1°C. The test concentration was fixed at 200
and 100 yg/mL. The data of bacterial growthwas reportedby measuring the optical density at 600 nm (OD600)
with a spectrophotometer.
DMSO in sterile distilled water containing 0.1 % Tween20 served as the negative control, whereas
bismerthiazol served as positive control. The inhibitory rate of bacterial culture growth was calculated which
formula follows:

Inhibition rate (%) = (CK-T)/CKx100
“CK"” means the value of corrected optical density of bacterial growth on untreated NB (negative control), and “T”

means the value of corrected optical density of bacterial growth on treated NB.
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VI: Characterization of products:

a) Characterizations of substrates.

la: 88%
4-nitrophenyl 2-[(trimethylsilyl)-methyl] benzoate (1a): white solid, 88% vyield, 2.89 g;
1H NMR (400 MHz, CDCls) 8 8.33 (d, J = 9.1 Hz, 2H), 8.15 (dd, J = 8.0, 1.3 Hz, 1H), 7.49-7.45 (m, 1H), 7.38 (d,
J = 9.1 Hz, 2H), 7.24-7.20 (m, 1H), 7.15 (d, J = 7.8 Hz, 1H), 2.75 (s, 2H), -0.02 (s, 9H);
13C NMR (100 MHz, CDCl3) 8 165.2, 156.1, 146.0, 145.6, 133.3, 131.8, 131.3, 125.6, 125.5, 124.4, 123.1, 26.1,
-1.3;
IR Vimax (film, cm™): 1742, 1526, 1348, 1203, 852;
HRMS (ESI, m/z): calcd. for C17H:1sNO4SiH* 330.1156, found 330.1161.

NO
O/@Z
(0]

T™S

1b: 83%

4-nitrophenyl 3-fluoro-2-[(trimethylsilyl)-methyl] benzoate (1b): white solid, 83% yield, 2.88 g;

1H NMR (400 MHz, CDCl3) & 8.32 (d, J = 9.2 Hz, 2H), 7.94 (d, J = 7.8 Hz, 1H), 7.37 (d, J = 9.2 Hz, 2H),
7.29-7.24 (m, 1H), 7.20-7.16 (m, 1H), 2.75 (d, J = 3.2 Hz, 2H), -0.01 (s, 9H);

13C NMR (100 MHz, CDCl3) & 164.5 (d, J = 3.7 Hz), 160.8 (d, J = 241.8 Hz), 155.9, 146.7, 133.8 (d, J = 18.2 Hz),
127.8 (d, J = 4.9 Hz), 127.4 (d, J = 3.3 Hz), 125.6, 124.9 (d, J = 8.6 Hz), 123.0, 120.1 (d, J = 23.7 Hz), 17.2 (d, J
=4.2 Hz), -1.0;

19F NMR (376 MHz, CDCl3) & -113.1;

IR Vmax (film, cm™): 1742, 1525, 1348, 1256, 845;

HRMS (ESI, m/z): calcd. for C17H1sFNO4SiH* 348.1062, found 348.1068.

1c: 50%
4-nitrophenyl 4-fluoro-2-[(trimethylsilyl)-methyl] benzoate (1c): white solid, 50% yield, 1.73 g;
14 NMR (400 MHz, CDCl3) 8 8.33 (d, J = 9.1 Hz, 2H), 8.19 (dd, J = 6.0, 2.8 Hz, 1H), 7.36 (d, J = 9.1 Hz, 2H),
6.94-6.91 (m, 1H), 6.83 (dd, J = 10.0, 2.6 Hz, 1H), 2.77 (s, 2H), -0.01 (s, 9H);
13C NMR (100 MHz, CDCl3) 8 165.5 (d, J = 253.8 Hz); 164.3, 155.9, 150.1 (d, J = 9.3 Hz), 146.9, 134.7, 125.6,
123.1,121.8, 117.6 (d, J = 41.2 Hz), 111.9 (d, J = 21.6 Hz), 26.8, -1.4;
19F NMR (376 MHz, CDCl3) & -105.2;
IR Vmax (film, cm™): 1732, 1523, 1346, 1201, 848;
HRMS (ESI, m/z): calcd. for C17H1sFNO4SiH* 348.1062, found 348.1068.
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NO
O/@z
(o]

TMS

| 1d: 58%
4-nitrophenyl 3-chloro-2-[(trimethylsilyl)-methyl] benzoate (1d): white solid, 58% yield, 2.11g;
1H NMR (400 MHz, CDCl3) 8 8.34 (d, J = 9.2 Hz, 2H), 8.04 (dd, J = 7.9, 1.4 Hz, 1H), 7.71 (dd, J = 7.9, 1.4 Hz,
1H), 7.38 (d, J = 9.2 Hz, 2H), 7.16 (t, J = 7.9 Hz, 1H), 2.99 (s, 2H), 0.02 (s, 9H);
13C NMR (100 MHz, CDCl3) & 164.8, 155.8, 145.7, 143.9, 135.3, 134.6, 130.2, 128.0, 125.6, 124.8, 123.0, 22.1,
-0.4;
IR Vmax (film, cm™): 1743, 1525, 1346, 1199, 738;
HRMS (ESI, m/z): calcd. for C17H15CINO4SiH* 364.0766, found 364.0772.

° NO,
Jord
cl TMS
le: 61%

4-nitrophenyl 4-chloro-2-[(trimethylsilyl)-methyl] benzoate (1e): white solid, 61% yield, 2.22 g;

1H NMR (400 MHz, CDCls) & 8.33 (d, J = 9.1 Hz, 2H), 8.09 (d, J = 8.5 Hz, 1H), 7.36 (d, J = 9.1 Hz, 2H), 7.20 (dd,
J=8.5, 2.1 Hz, 1H), 7.14 (d, J = 2.1 Hz, 1H), 2.73 (s, 2H), 0.00 (s, 9H);

13C NMR (100 MHz, CDCl3) & 164.5, 155.9, 148.3, 145.7, 139.7, 133.2, 130.9, 125.6, 124.8, 124.0, 123.1, 27.7,
-1.4;

IR Vmax (film, cm™): 1741, 1526, 1348, 1029, 738;

HRMS (ESI, m/z): calcd. for C17H15CINO4SiH* 364.0766, found 364.0772.

1f: 83%

4-nitrophenyl 5-chloro-2-[(trimethylsilyl)-methyl] benzoate (1f): white solid, 83% vyield, 3.02 g;

1H NMR (400 MHz, CDCl3) 8 8.34 (d, J = 9.1 Hz, 2H), 8.12 (d, J = 2.4 Hz, 1H), 7.43 (dd, J = 8.4, 2.4 Hz, 1H),
7.37 (d, 3 =9.2 Hz, 2H), 7.09 (d, J = 8.4 Hz, 1H), 2.72 (s, 2H), -0.01 (s, 9H);

13C NMR (100 MHz, CDCl3) & 164.1, 155.8, 145.8, 144.6, 133.4, 132.4, 131.4, 130.1, 126.9, 125.6, 123.0, 25.8,
-1.4;

IR Vmax (film, cm™): 1743, 1523, 1346, 1033, 738;

HRMS (ESI, m/z): calcd. for C17H15CINO4SiH* 364.0766, found 364.0768.
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NO
L
0

™S
N 191 46%

4-nitrophenyl 3-methoxy-2-[(trimethylsilyl)-methyl] benzoate (1g): white solid, 46% vyield, 1.65 g;

1H NMR (400 MHz, CDCl3) 8 8.36 (d, J = 9.2 Hz, 2H), 7.75 (dd, J = 8.0, 1.1 Hz, 1H), 7.42(d, J = 9.2 Hz, 2H),
7.22 (t, J = 8.1 Hz, 1H), 7.09 (dd, J = 8.1, 0.8 Hz, 1H), 3.89 (s, 3H), 2.82 (s, 2H), 0.00 (s, 9H);

13C NMR (100 MHz, CDCl3) & 165.5, 157.3, 156.1, 145.6, 135.3, 127.0, 125.6, 124.5, 123.2, 123.1, 114.2, 55.6,
17.7,-0.8;

IR Vmax (film, cm™): 1739, 1525, 1348, 1035, 739;

HRMS (ESI, m/z): calcd. for C1gH21NOsSiH* 360.1262, found 360.1267.

NO.
T
@i"
~0 T™MS

1h: 36%

4-nitrophenyl 4-methoxy-2-[(trimethylsilyl)-methyl]-benzoate (1h): white solid, 36% yield, 1.26 g;

1H NMR (400 MHz, CDCl3) 8 8.30 (d, J = 7.7 Hz, 2H), 8.15 (dd, J = 8.8, 0.8 Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H),
6.73 (dd, J = 8.8, 1.1 Hz, 1H), 6.62 (s, 1H), 3.87 (s, 3H), 2.75 (s, 2H),-0.01 (s, 9H);

13C NMR (100 MHz, CDCl3) & 164.7, 163.4, 156.4, 149.1, 145.4, 134.2, 125.5, 123.1, 118.0, 115.8, 110.5, 55.6,
29.7, -1.36;

IR Vmax (film, cm™): 1734, 1525, 1348, 1018, 739;

HRMS (ESI, m/z): calcd. for C1gH21NOsSiH* 360.1262, found 360.1267.

1i: 38%

4-nitrophenyl 5-methoxy-2-[(trimethylsilyl)-methyl] benzoate (1i): white solid, 38% yield, 1.33 g;

1H NMR (400 MHz, CDCl3) 8 8.33 (d, J = 9.1 Hz, 2H), 7.64 (t, J = 1.6 Hz, 1H), 7.37 (d, J = 9.1 Hz, 2H), 7.06 (d,
J = 1.6 Hz, 2H), 3.89 (s, 3H), 2.65 (s, 2H), -0.03 (s, 9H);

13C NMR (100 MHz, CDCl3) & 165.1, 156.5, 156.1, 145.7, 137.9, 132.3, 126.1, 125.6, 123.1, 120.4, 115.8, 55.8,
24.9, -1.38;

IR Vmax (film, cm™): 1735, 1521, 1348, 1026, 744;

HRMS (ESI, m/z): calcd. for C1gH21NOsSiH* 360.1262, found 360.1259.
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b). Characterization of Products

3a: 94%

3-phenyl-3-(trifluoromethyl)isochroman-1-one (3a): white powder, 94% yield, 27.5 mg;

1H NMR (400 MHz, CDCls) & 7.85 — 7.72 (m, 1H), 7.52 (d, J = 5.7 Hz, 2H), 7.40 — 7.16 (m, 5H), 3.96 (d, J = 16.7
Hz, 1H), 3.61 (d, J = 16.7 Hz, 1H);

13C NMR (100 MHz, CDCl3) 5 162.6, 135.6, 134.9, 133.7, 130.6, 129.8, 129.0, 128.4, 128.2, 127.3, 124.6,
123.5 (d, J = 281.0 Hz), 83.4 (q, J=30.3 Hz), 31.3;

19F NMR (376 MHz, CDCl3) 5 -79.6;

IR Vmax (film, cm™): 1735, 1606, 1265, 1076, 738;

HRMS (ESI, m/z): calcd. for C16H11Fs02H* 293.0784, found 293.0795.

3b: 86%

3-(4-fluorophenyl)-3-(trifluoromethyl)isochroman-1-one (3b): white solid, 86% vyield, 26.7 mg;

14 NMR (400 MHz, CDCI3) & 7.97 (d, J = 7.7 Hz, 1H), 7.53 — 7.50 (m, 3H), 7.34 -7.27 (m, 2H), 7.00 (t, J = 8.6

Hz, 2H), 3.84 (d, J = 16.4 Hz, 1H), 3.65 (d, J = 16.4 Hz, 1H);

13C NMR (100 MHz, CDCI3) & 163.2 (d, J = 248.6 Hz), 162.4, 136.4, 135.0, 130.6, 129.6 (d, J = 3.3 Hz), 129.4
(d, J = 8.3 Hz), 128.5, 128.2, 124.5, 123.4 (d, J = 283.7 Hz), 116.1 (d, J = 21.8 Hz), 83.1 (q, J = 31.3 Hz), 31.3;
19F NMR (376 MHz, CDCl3) 5 -79.8, -111.4;

IR Vmax (film, cm™): 1741, 1512, 1172, 1074, 734;

HRMS (ESI, m/z): calcd. for C16H10F402H* 311.0690, found 311.0701.

3c: 80%

3-(4-chlorophenyl)-3-(trifluoromethyl)isochroman-1-one (3c): colorless oil, 80% yield, 26.2 mg;

1H NMR (400 MHz, CDCl3) & 7.97 (dd, J = 7.8, 0.9 Hz, 1H), 7.54-7.50 (m, 2H), 7.46 (d, J = 8.5 Hz, 1H),
7.35-7.26 (m, 4H), 3.84 (d, J = 16.4 Hz, 1H), 3.66 (d, J = 16.4 Hz, 1H);

13C NMR (100 MHz, CDCl3) & 162.3, 136.2, 135.2, 136.1, 132.4, 130.7, 129.3, 128.8, 128.6, 128.1, 124.5,
123.3 (d, J = 281.8 Hz), 83.1 (q, J = 30 Hz), 31.2;

IR Vmax (film, cm™): 1747, 1265, 1186, 1074, 734;

HRMS (ESI, m/z): calcd. for C16H10CIFsO2H* 327.0394, found 327.0403.
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3d: 87%

3-(4-bromophenyl)-3-(trifluoromethyl)isochroman-1-one (3d): colorless oil, 87% yield, 32.2 mg;

1H NMR (400 MHz, CDCl3) 8 7.99 (d, J = 7.7 Hz, 1H), 7.54 (t, J = 6.7 Hz, 1H), 7.45 (dd, J = 23.4, 8.4 Hz, 4H),
7.36 — 7.28 (m, 2H), 3.85 (d, J = 16.3 Hz, 1H), 3.66 (d, J = 16.3 Hz, 1H);

13C NMR (100 MHz, CDCl3) 8 162.3, 136.2, 136.1, 132.9, 132.3, 1307, 129.0, 128.6, 128.1, 124.5, 124.4, 123.2
(d, J = 281.9 Hz), 82.8 (g, J = 30.6 Hz), 31.2;

IR Vmax (film, cm™): 1743, 1265, 1188, 1076, 738;

HRMS (ESI, m/z): calcd. for C16H10BrFsO.H* 370.9889, found 370.9898.

3e: 70%

3-(p-tolyl)-3-(trifluoromethyl)isochroman-1-one (3e): white powder, 70% vyield, 21.4 mg

1H NMR (400 MHz, CDCl3) 8 7.96 (d, J = 7.8, 1H), 7.49 (m, 1H), 7.39 (d, J = 8.2 Hz, 2H), 7.32 — 7.26 (m, 2H),
7.11 (d, J = 8.0 Hz, 2H), 3.82 (d, J = 16.3 Hz, 1H), 3.67 (d, J = 16.3 Hz, 1H), 2.27 (s, 3H);

13C NMR (100 MHz, CDCl3) & 162.7, 139.9, 135.7, 134.8, 130.7, 130.6, 129.7, 128.3, 126.2, 127.2, 124.7,
123.5 (d, J = 251.7 Hz), 83.4 (q, J = 30.4 Hz), 31.3, 21.3;

IR Vmax (film, cm™1): 1739, 1288, 1234, 908, 732;

HRMS (ESI, m/z): calcd. for C17H13F30.H* 307.0940, found 307.0946.

o

O cr,
S

W

3f: 80%
3-(thiophen-2-yl)-3-(trifluoromethyl)isochroman-1-one (3f): white solid, 80% vyield, 24 mg
1H NMR (400 MHz, CDCl3) & 8.02 (d, J = 7.8, 1H), 7.57-7.53 (m, 1H), 7.37-7.28 (m, 3H), 7.20 (d, J = 3.6 Hz,
1H), 6.93 (dd, J = 5.1, 3.7 Hz, 1H), 3.85 (d, J = 16.4 Hz, 1H), 3.57 (d, J = 16.4 Hz, 1H);
13C NMR (101 MHz, CDCl3) & 162.0, 136.8, 135.5, 135.0, 130.8, 129.1, 128.5, 128.3, 128.0, 127.5, 124.3,
123.0 (d, J = 281.6 Hz), 82.2 (q, J = 31.8 Hz), 32.7;
IR Vmax (film, cm™): 1747, 1612, 1267, 1192, 704;
HRMS (ESI, m/z): calcd. for C14HgF30,SNa* 321.0168, found 321.0171.
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3g: 75% CHs
3-ethyl-3-(trifluoromethyl)isochroman-1-one (3g): colorless oil, 75% vyield, 18.4 mg;
1H NMR (400 MHz, CDCl3) & 8.11 (d, J = 7.8 Hz, 1H), 7.61-7.57 (m, 1H), 7.42 (t, J = 7.7 Hz, 1H), 7.27 (d, J =
8.4 Hz, 1H), 3.37 (d, J = 16.8 Hz, 1H), 3.19 (d, J = 16.8 Hz, 1H), 1.98 (q, J = 7.6 Hz, 2H), 1.04-1.00 (m, 3H);
13C NMR (100 MHz, CDCI3) & 162.6, 135.8, 134.8, 130.5, 128.3, 127.0, 124.9 (d, J = 283.6 Hz), 124.1, 82.6 (q,
J =26.4 Hz), 29.6, 27.2, 8.0;
IR Vmax (film, cm™): 1737, 1637, 1462, 1120, 740;
HRMS (ESI, m/z): calcd. for Ci2,H11F30.H* 245.0784, found 245.0789.

o)
F CeHs
3h: 91%

6-fluoro-3-phenyl-3-(trifluoromethyl)isochroman-1-one (3h): white powder, 91% yield, 24 mg

14 NMR (400 MHz, CDCls) & 8.02 - 7.98 (m, 1H), 7.52 — 7.50 (m, 2H), 7.36 -7.32 (m, 3H), 7.00 — 6.96 (m, 2H),

3.83(d, J = 16.4, 1H), 3.67 (d, J = 16.4 Hz, 1H);

13C NMR (100 MHz, CDCl3) 8 166.5 (d, J = 256.3 Hz), 161.7, 138.7 (d, J = 9.7 Hz), 133.8 (d, J = 10.0 Hz), 133.5,
130.0, 129.1, 127.2, 123.4 (d, J = 281.9 Hz) , 121.1 (d, J = 2.8 Hz), 116.1 (d, J = 22 Hz), 115.3 (d, J = 22.7 Hz),
83.4 (q, J = 30.7 Hz), 31.5;

1F NMR (376 MHz, CDCl3) & -79.7, -101.7;

IR vmax (film, cm): 1743, 1616, 1257, 1184, 721;

HRMS (ESI, m/z): calcd. for C16H10F4O-H* 311.0690, found 311.0704.

o)
cl CeHs
3i: 89%

6-chloro-3-phenyl-3-(trifluoromethyl)isochroman-1-one (3i): white powder, 89% yield, 29.2 mg

1H NMR (400 MHz, CDCl3) 8 7.91 (d, J = 8.8 Hz, 1H), 7.52 — 7.49 (m, 2H), 7.36 — 7.33 (m, 3H), 7.29 — 7.27(m,
2H), 3.81 (d, J = 16.4 Hz, 1H), 3.66 (d, J = 16.4 Hz, 1H);

13C NMR (100 MHz, CDCl3) & 161.8, 141.4, 137.3, 133.4, 132.2, 130.0, 129.2, 129.0, 128.2, 127.2, 123.4 (d, J
=281.9 Hz), 123.1, 83.4 (g, J = 30.6 Hz), 31.3;

IR Vmax (film, cm™): 1745, 1633, 1265, 1188, 736;

HRMS (ESI, m/z): calcd. for C16H10CIFs0,H* 327.0394, found 327.0408.
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o)
~o CeHs
3j: 80%

6-methoxy-3-phenyl-3-(trifluoromethyl)isochroman-1-one (3j): white powder, 80% yield, 25.6 mg
1H NMR (400 MHz, CDCls) 8 7.91 (d, J = 8.7 Hz, 1H), 7.54 — 7.52 (m, 2H), 7.35 — 7.30 (m, 3H), 6.77 (dd, J = 8.7,
2.4 Hz, 1H), 6.72 (s, 1H), 3.82 (s, 3H), 3.79 (d, J = 16.4 Hz, 1H), 3.62 (d, J = 16.4Hz, 1H).
13C NMR (101 MHz, CDCl3) & 164.7, 162.5, 137.9, 133.9, 133.1, 129.8, 129.0, 127.2, 123.6 (d, J = 281.9 Hz),
117.1, 113.9, 113.3, 83.2 (g, J = 30.1 Hz), 55.9, 31.6;
IR Vmax (film, cm™): 1734, 1610, 1265, 1074, 738;
HRMS (ESI, m/z): calcd. for C17H13F30sH* 323.0890, found 323.0894.
(0]
O cr,
CeHs

3k: 72%

5-fluoro-3-phenyl-3-(trifluoromethyl)isochroman-1-one (3k): white powder, 72% yield, 22 mg
1H NMR (400 MHz, CDCls) & 7.85 — 7.72 (m, 1H), 7.52 (d, J = 5.7Hz, 2H), 7.40 — 7.16(m, 5H), 3.96 (d, J = 16.7
Hz, 1H), 3.61 (d, J = 16.7 Hz, 1H);
13C NMR (100 MHz, CDCl3) & 161.4, 159.4 (d, J = 246.7 Hz), 133.7, 130.0, 129.3, 129.1, 127.1, 126.5 (d, J =
4.1 Hz), 126.3 (d, J = 3.1 HZ), 123.4 (d, J = 281.9 Hz), 123.0 (d, J = 18.5 Hz), 121.3 (d, J = 21.2 Hz), 83.5(q, J =
30.7 Hz), 24.6;
1F NMR (376 MHz, CDCl3) & -79.7, -119.4;
IR Vmax (film, cm™1): 1749, 1477, 1265, 1174, 738;
HRMS (ESI, m/z): calcd. for C16H10F4O-H* 311.0690, found 311.0692.
(0]
O cF,
CgHs

Cl
31: 81%

5-chloro-3-phenyl-3-(trifluoromethyl)isochroman-1-one (3l): white powder, 81% yield, 26.4 mg

1H NMR (400 MHz, CDCls) & 7.89 (d, J = 7.8 Hz, 1H), 7.57 — 7.50 (m, 3H), 7.36 — 7.32 (m, 3H), 7.27 — 7.23 (m,
1H), 4.10 (d, J = 16.8 Hz, 1H), 3.64 (d, J = 16.8 Hz, 1H);

13C NMR (100 MHz, CDCl3) 8161.8, 135.1, 133.9, 133.5, 133.4, 130.1, 129.2, 129.0, 127.2, 126.6, 123.4 (d, J =
281.8 Hz), 83.4 (q, J = 30.5 Hz), 28.5;

IR Vmax (film, cm1): 1743, 1635, 1265, 1188, 738;

HRMS (ESI, m/z): calcd. for C16H10CIFs0,H* 327.0394, found 327.0385.
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(6]
O cr,
CeHs

< 3miT2%

5-methoxy-3-phenyl-3-(trifluoromethyl)isochroman-1-one (3m): white powder, 72% vyield, 23.2 mg
1H NMR (400 MHz, CDCls) § 7.58 — 7.51 (m, 3H), 7.33 — 7.29 (m, 3H), 7.23 (d, J = 8.4 Hz, 1H), 7.03 (d, J = 9 Hz,
1H), 4.00 (d, J = 16.9 Hz, 1H), 3.90 (s, 3H), 3.47 (d, J = 16.9 Hz, 1H);
13C NMR (100 MHz, CDCl3) 8 162.6, 156.1, 134.3, 129.7, 128.9, 128.6, 127.2, 125.6, 124.6, 123.6 (d, J = 281.8
Hz), 122.1, 115.8, 83.5 (g, J = 30.3 Hz), 56.2, 24.8;
IR Vmax (film, cm™): 1741, 1645, 1265, 1174, 738;
HRMS (ESI, m/z): calcd. for C17H13F30sH* 323.0890, found 323.0900.
(0]
Clmca
CeHs
3n: 85%
7-chloro-3-phenyl-3-(trifluoromethyl)isochroman-1-one (3n): white powder, 85% yield, 27.8 mg
1H NMR (400 MHz, CDCls) 8 7.84 (d, J = 2.2 Hz, 1H), 7.51 — 7.45 (m, 3H), 7.35 — 7.33 (m, 3H), 7.23 (d, J = 8.2
Hz, 1H), 3.79 (d, J = 16.4 Hz, 1H), 3.68 (d, J = 16.4 Hz, 1H);
13C NMR (100 MHz, CDCl3) & 161.5, 134.9, 134.5, 133.9, 133.4, 130.5, 130.0, 129.6, 129.2, 127.2, 126.1,
123.4 (d, J = 281.6 Hz), 83.6 (g, J = 30.6 Hz); 30.9;
IR Vmax (film, cm™): 1747, 1635, 1265, 1186, 738;
HRMS (ESI, m/z): calcd. for C16H10CIFs0,H* 327.0394, found 327.0400.
(0]
/Omca
CeHs
30: 60%

7-methoxy-3-phenyl-3-(trifluoromethyl)isochroman-1-one (30): white powder,60% yield, 19.3 mg

1H NMR (400 MHz, CDCl3) & 7.53 — 7.51(m, 2H), 7.45 (d, J = 2.7 Hz, 1H), 7.34 — 7.31 (m, 3H), 7.16 (d, J = 8.4
Hz, 1H), 7.04 (dd, J = 8.4, 2.8 Hz, 1H), 3.77 (d, J = 15.7 Hz, 4H), 3.62 (d, J = 16.2 Hz, 1H);

13C NMR (100 MHz, CDCl3) & 162.8, 159.5, 133.9, 129.8, 129.3, 129.0, 127.7, 127.3, 125.5, 123.6 (d, J = 284.3
Hz), 122.7, 113.4, 83.7 (g, J = 30.6 Hz), 56.8, 30.5;

IR Vmax (film, cm™): 1735, 1502, 1265, 1066, 738;

HRMS (ESI, m/z): calcd. for C17H13F30sH* 323.0890, found 323.0896.

S20



O

©i:O<COZMe
CeHs
5a: 91%
Methyl 1-oxo-3-phenylisochromane-3-carboxylate (5a): white solid, 91% yield, 25.7 mg
1H NMR (400 MHz, CDCl3) 8 8.12 (dd, J = 7.8, 0.9 Hz, 1H), 7.72 — 7.69 (m, 2H), 7.58 — 7.55 (m, 1H), 7.45 —
7.32 (m, 1H), 3.92 (d, J = 16.1 Hz, 1H), 3.59 (s, 3H), 3.53 (d, J = 16.1 Hz, 1H);
13C NMR (100 MHz, CDCl3) 8 171.1, 164.1, 137.6, 137.0, 134.6, 130.6, 129.3, 129.1, 128.5, 128.1, 125.6,
125.0, 85.1, 53.6, 37.4;
IR Vmax (film, cm™): 1734, 1625, 1265, 1082, 736;
HRMS (ESI, m/z): calcd. for C17H1404H* 283.0965, found 283.0978.
(0]

©f:o<coza
CeHs

5b: 87%
Ethyl 1-ox0-3-phenylisochromane-3-carboxylate (5b): white solid, 87% yield, 25.9 mg
1H NMR (400 MHz, CDCl3) 8 8.12 (dd, J = 7.8, 1.0 Hz, 1H), 7.73 — 7.71 (m, 2H), 7.59 — 7.54 (m, 1H), 7.45 —
7.32 (m, 5H), 4.09 — 4.01 (m, 2H), 3.91 (d, J = 16.0 Hz, 1H), 3.52 (d, J = 16.0 Hz, 1H), 1.00 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, CDCl3) 8 170.5, 164.2, 137.6, 137.0, 134.5, 130.5, 129.2, 129.0, 128.5, 128.1, 125.6,
125.3, 85.0, 62.7, 37.2, 14.0;

IR Vmax (film, cm™): 1734, 1635, 1265, 1082, 738;
HRMS (ESI, m/z): calcd. for C1gH1604H* 297.1121, found 297.1133.

5¢: 83%
Ethyl 1-ox0-3-(p-tolyl)isochromane-3-carboxylate (5c): white solid, 83% yield, 25.9 mg

1H NMR (400 MHz, CDCl3) 8 8.11 (d, J = 6.8 Hz, 1H), 7.65 — 7.52 (m, 3H), 7.40 (t, = 7.6 Hz, 1H), 7.32 (d, J =
7.6 Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 4.03 (q, J = 7.0 Hz, 2H), 3.88 (d, J = 16.0 Hz, 1H), 3.51 (d, J = 16.0 Hz,
1H), 2.36 (s, 3H), 1.00 (t, J = 7.1 Hz, 3H);

13C NMR (100 MHz, CDCl3) 8 170.7, 164.3, 139.1, 137.1, 134.7, 134.4, 130.4, 129.7, 128.4, 128.1, 125.5,
125.3, 85.0, 62.6, 37.1, 21.4, 14.1;

IR Vmax (film, cm™): 1732, 1627, 1265, 1085, 738;

HRMS (ESI, m/z): calcd. for C19H1504H* 311.1278, found 311.1277.
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5d: 94%
Ethyl 3-(4-methoxyphenyl)-1-oxoisochromane-3-carboxylate (5d): white solid, 94% vyield, 30.8 mg

1H NMR (400 MHz, CDCls)  8.10 (dd, J = 7.7, 0.8 Hz, 1H), 7.62 (d, J = 9 Hz, 2H), 7.58 — 7.53 (m, 1H), 7.40 (t, J
=7.6 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 6.93 (d, J = 9 Hz, 2H), 4.02 (g, J = 7.1 Hz, 2H), 3.87 (d, J = 16.0 Hz, 1H),
3.81(d, J = 5.5 Hz, 3H), 3.51 (d, J = 16.0 Hz, 1H), 0.99 (t, J = 7.1 Hz, 3H);

13C NMR (100 MHz, CDCl3) 8 170.6, 164.2, 160.2, 137.0, 134.4, 130.3, 129.6, 128.4, 128.1, 126.9, 125.2,
114.2, 84.7, 62.5, 55.5, 36.9, 14.0;

IR Vmax (film, cm): 1732, 1514, 1251, 910, 732;

HRMS (ESI, m/z): calcd. for C19H150sH* 327.1227, found 327.1232.

5e: 88%
Ethyl 3-(4-fluorophenyl)-1-oxoisochromane-3-carboxylate (5e): yellow solid, 88% yield, 27.9 mg

1H NMR (400 MHz, CDCls) 5 8.11 (dd, J = 7.8, 0.9 Hz, 1H), 7.75 — 7.66 (m, 2H), 7.59 — 7.55 (m, 1H), 7.42 (t, J =
7.6 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.11 (t, J = 8.7 Hz, 2H), 4.10 — 3.97 (m, 2H), 3.88 (t, J = 16.0 Hz, 1H), 3.49
(d, J = 16.0 Hz, 1H), 1.00 (t, J = 7.1 Hz, 3H);

13C NMR (100 MHz, CDCl3) 8 170.4, 164.0, 163.3 (d, J = 244.6 Hz), 136.8, 134.6, 133.5 (d, J = 3.2 Hz), 130.5,
128.6, 128.1, 127.6 (d, J = 8.4 Hz), 125.2, 116.0 (d, J = 21.6 Hz), 84.6, 62.8, 37.3, 14.0;

1F NMR (376 MHz, CDCl3) 6 -112.7;

IR Vmax (film, cm™): 1734, 1629, 1508, 1265, 736;

HRMS (ESI, m/z): calcd. for C1gH1sFO4H* 315.1027, found 315.1027.

5f: 85%
Ethyl 3-(4-chlorophenyl)-1-oxoisochromane-3-carboxylate (5f): white solid, 85% yield, 28 mg

1H NMR (400 MHz, CDCls) 5 8.11 (dd, J = 7.8, 1.0 Hz, 1H), 7.67 (d, J = 8.8 Hz, 2H), 7.68 — 7.66 (m, 1H), 7.48 —
7.37 (m, 3H), 7.32 (d, J = 7.6 Hz, 1H), 4.06 — 4.01 (m, 2H), 3.87 (d, J = 16.0 Hz, 1H), 3.48 (d, J = 16.0 Hz, 1H),
1.00 (t, J = 7.1 Hz, 3H);

13C NMR (100 MHz, CDCl3) 8 170.2, 163.9, 136.7, 136.2, 135.4, 134.6, 130.5, 129.2, 128.6, 128.1, 127.1,
125.1, 84.5, 62.9, 37.2, 14.0;

IR Vmax (film, cm™):1732, 1492, 1265, 1195, 736;

HRMS (ESI, m/z): calcd. for C1gH15ClIO4H* 331.0732, found 331.0742.
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5g: 66% NMe,

Ethyl 3-(4-(dimethylamino)-phenyl)-1-oxoisochromane-3-carboxylate (5g): yellow powder, 66% yield, 22.4
mg;

1H NMR (400 MHz, CDCls) & 8.13 (dd, J = 7.8, 0.9 Hz, 1H), 7.62 — 7.52 (m, 3H), 7.42 (t, J = 7.6 Hz, 1H), 7.35 (d,
J=7.6Hz, 1H), 6.74 (d, J = 9.0 Hz, 2H), 4.05 (g, J = 7.1 Hz, 2H), 3.89 (d, J = 16.0 Hz, 1H), 3.56 (d, J = 16.0 Hz,
1H), 2.99 (s, 6H), 1.03 (t, J = 7.1 Hz, 3H);

13C NMR (100 MHz, CDCl3) 8 170.9, 164.7, 150.9, 137.3, 134.3, 130.4, 128.3, 128.1, 126.6, 125.4, 124.7,
112.3, 85.1, 62.4, 40.6, 36.7, 14.1;

IR vmax (film, cm™): 1734, 1635, 1521, 1265, 738;

HRMS (ESI, m/z): calcd. for CoH21NO4H* 340.1543, found 340.1544.

5h: 54%
Ethyl 3-(4-cyanophenyl)-1-oxoisochromane-3-carboxylate (5h): yellow needle solid, 54% vyield, 17.5 mg;
1H NMR (400 MHz, CDCl3) 8 8.11 (d, J = 7.2 Hz, 1H), 7.90 (d, J = 8.6 Hz, 2H), 7.74 (d, J = 8.6 Hz, 2H), 7.63 —
7.58 (m, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 4.08 — 4.02 (m, 2H), 3.92 (d, J = 16.0 Hz, 1H),
3.49 (d, J = 16.0 Hz, 1H), 1.00 (t, J = 7.1 Hz, 3H);

13C NMR (100 MHz, CDCl3) & 169.6, 163.4, 142.4, 136.1, 134.7, 132.7, 130.7, 128.8, 128.1, 126.4, 124.8,
118.4, 113.2, 84.3, 63.2, 37.2, 13.9;

IR Vmax (film, cm™): 2254, 1747, 1608, 1288, 912, 742;

HRMS (ESI, m/z): calcd. for C1gH1sNO4H* 322.1074, found 322.1080.

7a: 90%

1-methylspiro[indoline-3,3'-isochromane]-1',2-dione (7a): yellow solid, 90% vyield, 25.1 mg;

1H NMR (400 MHz, CDCl3) & 8.20 (dd, J = 7.7, 0.9 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.38
7.34m, 1H), 7.25 (d, J = 7.7 Hz, 1H), 7.01 — 6.82 (m, 3H), 3.56 (d, J = 16.6 Hz, 1H), 3.29 (d, J = 16.6 Hz, 1H),
3.21 (s, 3H);

13C NMR (100 MHz, CDCl3) 8 172.6, 163.9, 143.5, 136.1, 134.5, 131.3, 130.4, 128.5, 128.3, 127.5, 125.2,
124.3, 123.6, 109.2, 80.7, 34.4, 26.7;

IR Vmax (film, cm™): 1730, 1616, 1265, 1080, 736;

HRMS (ESI, m/z): calcd. for C17H13NOsH* 280.0968, found 280.0974.
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7b: 91%

1,5-dimethylspiro(indoline-3,3'-isochromane)-1',2-dione (7b): brown powder, 91% yield, 26.7 mg

1H NMR (400 MHz, CDCl3) & 8.20 (dd, J = 7.7, 1.1 Hz, 1H), 7.62 — 7.58 (dm, 1H), 7.49 (t, J = 7.3 Hz, 1H), 7.24
(s, 2H), 7.16 (dd, J = 7.5, 1.2 Hz, 1H), 6.75 (d, J = 8.0 Hz, 2H), 3.51 (d, J = 16.6 Hz, 1H), 3.32 (d, J = 16.7 Hz,
1H), 3.18 (s, 3H), 2.22 (s, 3H);

13C NMR (100 MHz, CDCl3) 8 172.7, 141.2, 136.2, 134.5, 133.3, 131.5, 130.4, 128.5, 128.2, 127.6, 125.2,
125.1, 116.0, 109.0, 80.9, 34.4, 26.7, 21.3;

IR Vmax (film, cm™): 1730, 1500, 1419, 1265, 738;

HRMS (ESI, m/z): calcd. for C1gH1sNOsH* 294.1125, found 294.1130.

MeO
7¢: 94%

5-methoxy-1-methylspiro[indoline-3,3'-isochromane]-1',2-dione (7c): pink powder, 94% yield, 29.3 mg

1H NMR (400 MHz, CDCl3) 8 8.19 (d, J = 7.7 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.25 (d, J =
7.8 Hz, 1H), 6.87 (dd, J = 8.6, 2.4 Hz, 1H), 6.77 (d, J = 8.5 Hz, 1H), 6.53 (d, J = 2.5 Hz, 1H), 3.67 (s, 3H), 3.54
(d, J = 16.6 Hz, 1H), 3.29 (d, J = 16.6 Hz, 1H), 3.18 (s, 3H);

13C NMR (100 MHz, CDCl3) & 172.4, 164.0, 156.6, 136.9, 136.1, 134.5, 130.4, 128.5, 128.3, 126.4, 125.2,
115.4, 111.9, 109.6, 81.0, 56.1, 34.5, 26.8;

IR Vmax (film, cm): 1732, 1500, 1265, 1118, 734;

HRMS (ESI, m/z): calcd. for C1gH1sNO4H* 310.1074, found 310.1073.

7d: 86%

5-fluoro-1-methylspiro[indoline-3,3'-isochromane]-1',2-dione (7d): yellow powder, 86% yield, 25.7 mg

1H NMR (400 MHz, CDCl3) 8 8.20 (d, J = 7.8 Hz, 1H), 7.64 — 7.60 (m, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.26 (t, J =
3.7 Hz, 1H), 7.10 — 7.05 (m, 1H), 6.80 (dd, J = 8.6, 4.0 Hz, 1H), 6.65 (dd, J = 7.6, 2.6 Hz, 1H), 3.57 (d, J = 16.6
Hz, 1H), 3.26 (d, J = 16.6 Hz, 1H), 3.20 (s, 3H);

13C NMR (100 MHz, CDCl3) 8 172.3, 163.5, 159.4 (d, J = 241.5 Hz), 139.5, 135.7, 134.7, 130.5, 128.9 (d, J =
7.9 Hz), 128.7, 128.3, 125.0, 117.6 (d, J = 25.3 Hz), 112.6 (d, J = 25.3 Hz), 109.9 (d, J = 7.9 Hz), 80.6, 34.3,
26.9;

1F NMR (376 MHz, CDCl3) & -118.7;

IR Vmax (film, cm™): 1732, 1633, 1506, 1265, 744;

HRMS (ESI, m/z): calcd. for C17H1,FNO3H* 298.0874, found 298.0878.

S24



Cl
7e: 84%

5-chloro-1-methylspiro[indoline-3,3'-isochromane]-1',2-dione (7e): brown powder, 86% yield, 26.4 mg

1H NMR (400 MHz, CDCls) & 8.20 (d, J = 7.8 Hz, 1H), 7.64 — 7.60 (m, 1H), 7.51 (t, J = 7.7 Hz, 1H), 7.35 (dd, J =
8.3, 2.1 Hz, 1H), 7.25 (d, J = 5.3 Hz, 1H), 6.91 (d, J = 2.0 Hz, 1H), 6.80 (d, J = 8.4 Hz, 1H), 3.53 (d, J = 16.7 Hz,
1H), 3.30 (d, J = 16.7 Hz, 1H), 3.19 (s, 3H);

13C NMR (100 MHz, CDCl3) 8 172.2, 163.5, 142.2, 135.7, 134.7, 134.5, 131.2, 130.6, 129.1, 128.9, 128.7,
128.3, 125.0, 110.2, 80.4, 34.2, 26.9;

IR Vmax (film, cm™1): 1743, 1419, 1265, 815, 738;

HRMS (ESI, m/z): calcd. for C;17H12,CINO3sH* 314.0578, found 314.0585.

Br
7f: 84%

5-bromo-1-methylspiro[indoline-3,3'-isochromane]-1',2-dione (7f): brown powder, 84% vyield, 30.2 mg

1H NMR (400 MHz, CDCl3) 8 8.20 (dd, J = 7.7, 1.0 Hz, 1H), 7.64 — 7.60 (m, 1H), 7.55 — 7.46 (m, 2H), 7.25 (s,
1H), 7.06 (d, J = 1.9 Hz, 1H), 6.76 (d, J = 8.3 Hz, 1H), 3.51 (d, J = 16.7 Hz, 1H), 3.31 (d, J = 16.7 Hz, 1H), 3.19
(s, 3H);

13C NMR (100 MHz, CDCl3) 8 172.1, 163.5, 142.6, 135.6, 134.7, 134.1, 130.6, 129.4, 128.7, 128.2, 127.7,
125.0, 116.1, 110.6, 80.3, 34.3, 26.8;

IR Vmax (film, cm™): 1635, 1419, 1265, 1101, 738;

HRMS (ESI, m/z): calcd. for C17H12,BrNOsH* 358.0073, found 358.0088.

7g: 80%

5-iodo-1-methylspiro[indoline-3,3'-isochromane]-1',2-dione (7g): orange powder, 80% yield, 32.5 mg

1H NMR (400 MHz, CDCl3) & 8.20 (dd, J = 7.8, 1.0 Hz, 1H), 7.69 (dd, J = 8.2, 1.7 Hz, 1H), 7.64 — 7.59 (m, 1H),
7.50 (t, J=7.1 Hz, 1H), 7.27 — 7.23 (m, 2H), 6.65 (d, J = 8.2 Hz, 1H), 3.47 (d, J = 16.7 Hz, 1H), 3.34 (d, J = 16.7
Hz, 1H), 3.17 (s, 3H);

13C NMR (100 MHz, CDCl3) 8 172.1, 163.6, 143.3, 140.1, 135.6, 134.7, 132.2, 130.5, 129.7, 128.7, 128.2,
125.0, 111.2, 85.8, 77.0, 34.3, 26.8;

IR Vmax (film, cm™1): 1734, 1635, 1265, 894, 748;

HRMS (ESI, m/z): calcd. for C17H12INOsH* 405.9935, found 405.9940.
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7h: 90%

7-fluoro-1-methylspiro[indoline-3,3'-isochromane]-1',2-dione (7h): faint yellow powder,90% vyield, 26.7 mg;
1H NMR (400 MHz, CDCl3) 8 8.19 (d, J = 7.0 Hz, 1H), 7.63 — 7.59 (m, 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.25 (d, J =
7.7 Hz, 1H), 7.12 — 7.07 (m, 1H), 6.97 — 6.83 (m, 1H), 6.76 (dd, J = 7.5, 0.8 Hz, 1H), 3.53 (d, J = 16.6 Hz, 1H),
3.41 (d, J = 2.8 Hz, 3H), 3.31 (d, J = 16.6 Hz, 1H);

13C NMR (100 MHz, CDCl3) 8 172.3, 163.6, 148.1 (d, J = 243.7 Hz), 135.7, 134.6, 130.4, 130.3, 128.6, 128.2,
125.0, 124.3 (d, J = 6.3 Hz), 120.1 (d, J = 3.4 Hz), 119.4, 119.2, 80.4, 34.5, 29.2 (d, J = 5.9 Hz);

19F NMR (376 MHz, CDCl3) 8 -135.1 (s);

IR Vmax (film, cm™): 1734, 1631, 1373, 910, 734;

HRMS (ESI, m/z): calcd. for C17H1,FNO3H* 298.0874, found 298.0882.

S26



IH, 13C, 1F NMR

Vil

0]

TMS

la

9000°0—

6£5.°2
81912

186C7 L
v86¢° L
€65€7L
1,987 L
Sele L
Sv8E"L
006€"L
8.6€7L
LTv6" L
¢196° L
8¢ce’8
LSYE"8

¢S9T" L
18LT7 L
€481 L
/86T L
150C° L
98T¢" L
90S¢" L
ovse L
16SC7 L
1127 L
ovlc L
owhN.hu\ﬁ

ppm

VoeT-—

981°9¢—

286'9L
oom.hhw
819°LL

moﬂ.mwa/
wwv.vm.ﬁ/
wnm.mNaV
€99'S¢T

0EETET\.
8TI8'TET .
me.mm.ﬁ\

T29'SPT~
650°9vT7

TLT9ST—

€2CeoT—

130

140

10

20

30

40

50

60

70

80

90

100

110

120

150

160

170

30

f1 (ppm)

S27



T™S

1b

9000°0—

6£5.°2
81912

156271
v86¢° L
€65€7L
1,987 L
Sele L
Sv8E"L
006€"L
8.6€7L
LTv6" L
¢196° L
8¢ce’8
LSYE"8

¢S9T" L
18LT7 L
€481 L
/86T L
150C° L
98T¢" L
90S¢" L
ovse L
16SC7 L
1127 L
ovlc L
owhN.hu\ﬁ

00T'T-—

ppm

8ET'LT
om._”.hav

286'9L
oom.hhw
L19°LL

€€6'6TT
0LT°02T
© TE0'€ZT
688'7CT
SL6'72T
029'S2T
€L€°LTT
wozﬁ/
YEL'LTT
~ - mmENHV

e G29°€eT
=017 no@mmﬂuy

0 260  pprepT—

098'GST~\-
06S'6ST~\
800'29T\_
o oﬁuéoav
L0S'v9T

130

140

10

20

30

40

50

60

70

80

90

100

110

120

150

160

170

30

f1 (ppm)

528



-113.096

T T T T T T T T T T T T T T T T T T T 1
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2
f1 (ppm)

S29



T™S

1c

¢v00 " 0-—

¢l9L c—

581879
152879
9Ev8™9
105879
206879
196879
207679
61T6°9
59T6°9
¥8T6°9
81679
£8€6°9
€092 L1
06vE"L
£vSeTL
¥99g" L
8T.LE"L
vsL1-8-
906T"8
9/6T°8
/212°8
T1T€°8
68TE"8
Zvee's
£9g€°8
9Tve"8

ppm

€8 T-— -

018'9¢—

286'9L

00€°L.
8T9°LL

998'TTT
Nwo.N:V
65V LTT

S@ZHV
218 12T~
160°€2T7_
609'52T~

SLSVET
vﬁw.vm._”v.

SL9°GYT~
6.0°0ST
Nhﬁ.om.nv.

086'SST—

08C' 9T
wom.vmaw
Y¥8'99T

40

80

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

30

f1 (ppm)

S30



-105.185

T T 1
-180 -190 -2

T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170

T T T T T T T T
-20 -30 -40 -50 -60 -70 -80 -90
1 (ppm)

T
-10

S31



T™S

1d

€2¢0°0—

S986°¢c—

Tl L
0T9T° 2L
808T "L
16S5¢°L
€65€7L
TL9€7L
9cle™L
ov8e" L
006€°L
8.6€7L
0T09° L
vv09°L
60297 L
cve9TL
8.20°8
T1€0°8
9.v0°8
60508
€€ce8
88¢E"8
80veE"8
core’8

— b=

ppm

®
3]
o

™
o
i

o
S
o

©
o]
=]

©
>
—

©
@
S}

LEVO—

ortee— -

286'9L\

00€’LLF =
hﬁw.hh\

ETOETT\_

P8 veT~ _

mmw.mﬁw
010821 _
ez oer”

T8SVET —

omm.mm._”\

T.8EVT~
TSLSYT—

v.8'SST—

ve8voT—

40

80

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

30

f1 (ppm)

S32



0

TMS

Cl

le

0200 0-—

g€eeL e—

9TVT "L
891" L
9G8T "L
606T "L
69027 L
ccle L
2¢6S¢7L
orve"L
vise™L
0,57 L
T69€°L
ev.E™L
28078
LEOT"8
S80€°8
09T€"8
STceE’8
9€ee "8
88EE"8

TR TRV

L

|

1

ppm

-\

0
]
~
o

|

™~ _/s0t

VLET-—

89—

286'9L

00€°L
LT9°LL

870'€CT

mwo.vNHV
LY8VeT T
Nﬁw.mwﬂ\
T26'0ET—
L2 eeT—

STL'6ET—

YL SyT—
eTE8YT—

v06'SST—

TSYvoT—

WA

130

140

10

20

30

40

50

60

70

80

90

100

110

120

150

160

170

30

f1 (ppm)

S33



0

Cl

TMS

1f

96T0°0-—

vil,. ¢—

971807 L
GcoT" L
S6S¢7L
LE9E"L
169€°L
cI8e" L
998€°L
18TV L
ovev~L
96Ev "L
SSvv L
6118
1/21°8
ovee™8
v62€°8
STvE™8
691€°8

TR TN

ppm

|

-7

|

9

66

:

33

|

eV T-—

Leg'se—

€86'9L

00€°L
819°LL

mNo.mw.ﬁ/
hmm.mua/
S06°'9¢T~\
Ly0'0ET\
mmv;_”mav
€85°CET

mvm.mma\

ECOVYT~
908'SYT~

88L'GST—

TeTvoT—

130

140

10

20

30

40

50

60

70

80

90

100

110

120

150

160

170

30

f1 (ppm)

S34



NO,

T™MS

19

00SEY0"0——

00STLL " ¢—

006.¥8"€—

00ceen” L
00€SE0" L
00S€S0° 2
00655072
00€8ST "L
00v8.T L
00S86T" L
00¢6Sc" L
002v9E" L
00469€" L
0041872
00c/8€" L
009€69° 2
0079697 L
00SETL" L
00€9T.L" L
00v0TE"8
006STE"8
006.2€°8
ooveee"8

e

.

ppm

66C

e

||

©
=)
(=]

|

™
o
i

|

192°0-—

089°LT—

€€9'95—

286'9L

00€°LZ
819°LL

69T VTIT—
960°€CT
et
vaéma“
wmm.mNH\
9.6'92T

GEE'GET—
985°GYT—
T6T 95T~
652°25T7

29v'S9T—

130

140

10

20

30

40

50

60

70

80

90

100

110

120

150

160

170

30

f1 (ppm)

S35



NO,

TMS

~0

1h

8.00°0-—

wsL ¢c—

2998°¢€
88986

o

ppm

©
@
S}

GSeT-—

189'9¢—

66595

286'9L
com.hhw
8T9'LL

€87°0TT
89L°STT~
TL6°LTT—
LET'ECT\.
6.¥'SeT~

STCVeET—

9y’ SYT—
T80°6VT—

9LE'9ST—

9/€'€9T~\
679 79T

-10

40

90

T
200

T
210

f1 (ppm)

S36



NO,

TMS

1i

Zren " 0-—

SoV9 ¢c—

988 €—

¢€90°L
¢/907 L
009¢"L
6€SE"L
LT9E€" L
0,9€°L
167 L
vv8E"L
ccee” L
8.€97L
€TV9™L
vSv9~L
LTTE™8
S6TE™8
8vce™8
0.€€°8
ccre™8

TEE TR\

ppm

o <18

6LET-—

Ly6've—

61865

€86'9L°\

00g’Lz
819°LL

608'STT—
T9E'02T\
ovT'eeT

mwm.mw.ﬁ”
180°92T—

Seeeer—

LT6°LET—

SY9'SYT—

L0T'95T~,
981957~

LS0°S9T—

T T T T T T
160 150 140 130 120 110 90
1 (ppm)

T
170

30

S37



Ocr,

0000°0—

92.9°¢
wmﬁm.muuw
EVI8 E—~
Hmmw.m\\\

66G¢C7 L
9¢8¢™ L
088¢"L
9967,
966¢ "L
950€" L
90TE" L
LE1A A
8697 "L
wmn#.huvv
188V L
LT6V "L
0€TS™ L
8YT1S™ L
€Tes" L
8G€57 L
¢r1S67 L
90.6° L

ppm

€IeTE
wwmqmv

®
o
i

— T 286'9L
oom.RW

N e
wmm.mmV
Hmm.mw\

968'€8

o
<
—

1ST'8ZT
06821
™~ ms.mNHN

© e1rect
[4 R 740
Te6'veT
mmNNNﬁWr

261621
885°0€T
9G/°€eT
S88'VET
9/5°6ET

©||©o
10k
(SRR

8

©
<]
=]

o €19C9T

T
50 10 30

70

90
1 (ppm)

110

140

S38



-79.629

)

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100
1 (ppm)

S39

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

-2



9ev9°€

SN
1028°€—
oteg-s-

89/67°9
866°9
66107 L
T99¢°L
vile L
6962 L
€LTE" L
v9€E” L
8.6V L
801G L
891G57L
S6TS™L
VEES™L
109672
G6.6°L

==\ =

ppm

o
@
—

/|

©
o
Y

-7\

[
o
o

e}

| |

)]
(=]

0Le1e—

286'9L
00€'2L"

10

20

30

40

50

60

70

L19'/2
08528
oam.NwV
GTees
0cs'es

6T0'9TT
sszort”
996 T2T\
88Y72T\
€6 72T~
09T'821~,
oes'8zTf
S9E'62T
8vv'62T
6,5'62T
21962t
959'0€T
980'GET
£9E°SET

€eeeat
vwm.m.ﬂnv

6027917

80

%0
f1 (ppm)
S40

100

110

120

130

140

150

160

170

30



-79.841
-111.395

T T T T T T T T T T T T T T T T 1
-40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2

T T T
-10 -20 -30
1 (ppm)

S41



O cr,

3c

Cl

000" 0-—

6029°€
87996
SLTI8°E—
«wmm.m\

€29¢7 L
vv8cT L
§68¢C7L
€10€° L
990€7 L
T€TE" L
S9¢e"L
9SveE" L
YISy L
A\

8¢Ly L
v86v L
LT0S" L
€L1G97 L
90¢S7 L
C9ES" L
§6€S7L
0€96° L
25967,
2867 L
Lv86°L

ppm

[so]( (=)
o<
o<

0
)]
(=]

6ve1E—

286'9L
00€°LL

819'LI"
809'Z8
os.me
T22°€8
925°€8

006°12T
697" vT
8TL¥CT
Sv1'82T
wam.mwaW
nmh.wmﬁ\
Lge'6eT
wvh.omﬁ\
TLECET
8L0°GET
SVC'GET
LIT'9ET

T62°29T—

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

30

542



O cr,

3d

Br

T000 0-—

1819°€
06596
118" —
oves-s-

GE9C" L
6¢8¢"L
0L0€°L
19¢e"L
cSveT L

or8e” .
Hoow.huu«

82vy L —7%
wvwv.mK\w
2T0S" L
0025°L

8957 L
18€S7L
8€96°L
T€86°L

ppm

LITTE—

286'9L
com.tk

819'LF

80,28
096'¢8
997'e8

L15°€8

6T8'TCT
e Vet
SSY'veT
8€9'vCT
wva.mu.ﬁ/
NN@.mNav
2062t
mmn.oma\
vwm.wmﬂ\
V16°CET
060°SET
CTC'SET

§92°29T—

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

)0

543



O cr,

3e

T000°0—

099¢"¢—

8/¥9°€
mmmo.mqu
1S6L°€—~
wmmm.m‘\\

6T0T L
6TCT L
VAT
€c9cL
09.¢°L
€Ll27L
T.6C7L
€91€7L
GE8E"L
o¢o<.NHVV
Ywiv:L
LLIVL
ce6BY L
996V "L
12187 L
1A
6€S6°L
€956 L
VELE™L
9667 L

ppm

~
o
o

_7

o
o
—

o
=]
i

!

€621

LSCTE—

286'9L
00€°LL

819°LL
086'28~\
v8z'e8T
885°€8

268'€8

LeT7CCT
nmm.vmﬁ/
vmm.vwﬁ/
ceelet
Nm._”.wNHW
mvm.wmﬁ\
€TL'62T
HH@.QMH\
699'0E€T
LESVET
wﬁh.mMﬁ\
VS8'6ET

GeLeor—

===

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

30

S44



O cr,

3f

10

20

30

40

50

60

70

=
(=5
o
TO00 0-— o
Fa 8TL'Ze—
= &N
= oM
065" €~ N £€86'9L
668G°€— —ot mmmmw
Hwa.mV _ 00T 61118\
0€/8°€ F< ¥20'28F
Nvm.ww\
89528
=
8GT6°9
162679
G826°9 C© 665121
Bz5e9 o
€192°L .

. LS L2T
96LC"L moo.mﬁ%
12827 L - eIl E
2627 L L~ 760 sysgeTyf
gaeeL <260 sonr
6TTE L—F 262 _ \m

. ~9° 100°6eT
z0S€ m\ T00T  espset \
¥69€°L 0T8'9€T
19252 [—

625" L -260

0SvS™L

85 L

8200°8

500" 8 ¥50'29T—
€220°8 o

620" 8

f
80

150 140 130 120 110 100 %0
f1 (ppm)
$45

160

170

30



CF3

Hs

39

vv00°0-—

286670
S000°T
T.T0°1T
S6T0°T
09€0°T
¥8€0°T

56567 T
wvnm.ﬁmww
v€66°T
vNHo.N\\\

¥99T"€

980776
LEVE E—
poge s

009¢° L
608¢"L
100V "L
16TV L
28eY L
129671
S0.S7L
09857 L
€6857L
8¥09°L
28097 L
8960°8
686078
€911°8
v8T1°8

SIS

L

.

ppm

08—

ocele—
19962

286'9L
83}

8197

0oTee8
vor'e8
8v.'28

£€9828

nwm.mwﬁ
amo.vNHV
€9€°92T~
woo.wmﬁw
mNm.wNH\
mmm.OMﬁ\
wmh.vmﬁ\
L11°SET

Sv9C9T—

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

30

546



O cr,

CeHs

3h

9000°0-—

€€99°¢€
vv69°€
1808°¢€
c018°€
16v8°¢€
€198°¢

N\

€856°9
66569
68.6°9
8086°9
8gce"L
Llee™L
Teee™ L
66€€"L
9SveE" L
8667 "L
2ec0S57 L
121571
1681572
0L1G7L
G¢es L
¢8L67L
2667 L
6966 L
€T00°8
¢ST0°8

NV

ppm

v0'T
00T

7

™
o
-

=
o
o

©
<
—

8
]
o
=]

819 1€ —

€86'9L
00ge’LL

819227
2€6:28~\
egzesf
ohm.mw\

v.8'€8

LET'STT
Y9€'STT
600°9TT
622'9TT
£50'T2T
180°T2T
1002217
oww.vmﬁw
Zve et
9eT'6e17

€00°0ET
GOS'EET
VZLEET
VZ8'EET
8S9'8ET
GGL'8ET

0S9'T9T~
99T~
128291~

J

il

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

30

547



-79.666
-101.662

T T T T T T T T T T T 1
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2

T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80
1 (ppm)

S48



O cr,

CeHs

Cl

3i

8G00°0-—

80€9°€
8T/9°€—
6v8L°€—~
mmmm.m\\\

LESC L
8T9¢"L
9€9¢° L
cloc L
T0L27 L
18l¢7 L
€08¢°L
clee L
@ﬁmm.hHV‘
L6EE"L

ppm

20T
90T

voC1E—

€86'9L
00€°LL

819°LL
G66'28~\
zoeesf
mom.mw\
216'e8

mmm.awﬁ/
LTT°€eT
mmh.vmﬁy
e et
8¥2'82T~—
€20'62T
TLT'62T
GEO'0ET
29T'CeT
VOV'EET
mmNNMH\
LOE'TYT

V6L 19T —

|
I

|
A

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

30

549



O cr,

CeHs

T000 0-—

CLTL79
T¢el 9
009279
199279
L18.79
6.8.°9
¢6S¢7L
186¢°L
¢enE "L
60TE€" L
0STE"L
vice L
8G¢e"L
00ee"L
v8ee"L
9cve™L
1¢se™ L
68157 L
8€eS"L
26eS™L
€T06° L
0€¢6°L

ppm

m|©olo
NS
ol

LE9TE

96865 —

286'9L
00€"LL

LT9°LL
15.°28
omo.mwv
LS€E°€8
099°€8

SOE'ETT~>
168117
9ETLIT
S9T'ZZT\_
¥86'72T\
82 22T\
286'82T~
6526217
860'€ET
goeeer”
626'LET

viy'29T—
VAZA )

J

i

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

30

S50



O cr,
CSHS

3k

€900°0—

15657 E~_
§/€9°€—
0576 €~
8986°€~

Sive L
815271
6v9¢" L
6,27 L
€€8C L
[AATAWA
2ce0eE" L
€ece L
Slce”L
v62e"L
€Gee7L
V6EE”L
eve" L
c6veT L
GESE™L
€19€° L
859¢€° L
G8T1G° L
S0¢S° L
0ces L
€057 L
1SEST L
oTvS~L
6T8L7 L
898.7L
886,71
0r08-~L

ppm

:

©
i
o

o
o
i

|

[
=]

|

TI9ve—

€86'9L
oom.RW
819'LL
cLoe8
0LE€8
L19°€8
286'€8

86T'TCT
OTY'1CT
9e02eT
9T6'2CT
T0T°€CT
§S8'vCT
«mw.wwﬂ/
STE'9CT
VS92t
S6v°9¢T
S8TLeT
YIT'6CT
662'6CT
€V0'0ET
899°€ET

12851~
819°09T~
8ev 19T

i

10

kb
20

30

Ay

40

il
50

60

70

Vo A

i
80

1 (ppm)
S51

90

100

il

110

120

140 130

50

| |
160

170

W

30



9LE'6TT-—

92L'6L-—

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

)

S52



O cFy

CeHs

3l

¥2¢00°0-—

€8T9° €~
S099° €~

9110 v~
86TT v~

€05¢7 L
19627,
989¢7 L
c0Le L
cece L
clee L
6EEE"L
v.IEE"L
LTVE" L
avse L
086v¥"L
28057 L
[4535=0w
v81G™ L
TLVS™ L
00SS° L
€957/
104571
6088 L
€887 L
006" L
82067 L

J

ppm

660

00T

9€5'82—

€86'9L
00€°LL>

81927
v92°28~
812'€8~f
£25€8

6v0'v8

9/6'12T
wm:ﬂ/
Bm.omﬁ/
:N.Rﬁ/
6T0'62T
oz.mmﬁV
690061~
£2V'EET
v@.mQN
998'EET
6TT'SET

6LLT9T—

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

30

S53



O cr,
CeHs

3m

60 50 40 30 20 10

70

-

=
Q.
o
S000°0-— o
68272
=
= &N
152°95—
aSvye Fo
69V "€ -
6.8V mw J _ £86'9L
£687°¢€ 00"22
ot =" B
v186°€7 Y =00T  geeay
8€C0"v 8@8\
£56'€8
28107 L L
1020° L ©
68€0° L
L0OV0~ L
(4 ) XAWA
6.TC L
€L€27L e LY8'STT—
YNASTANA STT'2CT
1882° 7 9gzeet
ze6z L o>
. ¥50'52T
cvee”L Nmm.mﬁ%
T00€" L Fr~ 560 T LTT
e g0 e
TITE L 2I6C o6zt \
orie L 26T zezper
€8TE"L —
z9ze° L F o
LOEE™ L
[STANYA
Iv1S”L 98T'95T—
191672
16257, o —
0oea-7 F o Gv9'Z9T
LVSSTL
G965 L
[4ZARWA
09,57

80

J
150 140 130 120 110 100 %0
f1 (ppm)
S54

160

170

30



Cl

r,

CeHs

3n

T000°0-—

9899°€
9669°€
269.°¢€
1TLL°€
1018°€
T218°¢€

v

1812 L1
G8€Z" L
¥652" L
952€" /A
£TEE" LA
618€7 1
96£€"L
8zZve"L
08ve" 2
6TSE"L
OLyy L~
9zSY L)
viovTL

0Ly L
TE8Y "2
0.8t 2]
1962
650527
82ZV6° L
£8Y6°L

ppm

816'0€—

286'9L
00€°LL

1T9°20
60T°€8\
Lyy'e8f
mmwmw\

LS0'v8

S0T'9ZT
95z'12T

¥ST'62T

Nmm.mﬁ/
LYO'0ST~F
£9r0eT”.
oeeesTf
688'€€T
925 V€T
YY6YET

186'TCT
hmh.ﬁmﬁ/

08¥'19T—

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

30

S55



10

20

30

40

50

60

70

=
Q.
o
000" 0-— re
9€5°06—
]
— &N
9T8'55—
- M
€€09°€
8EV9°€E V — £86'9.
00T
€8V "€ — = 00€'LL
e T -06'€ 8T9'LL
JAZ VA m\ L« 202°€8™\_
9L8L°€ mvm.mwN
1S8°€8
€5T'78
STeo- L o
9sv0° L
¥2S0° L
€281 L
CeELT L l o 8TV ETT—
68GC” L LyTeeT
€e8e L mmw.umﬁ/
G/82° 1 omm.vmﬁ/
. 297'STI\
986¢"L LTE 12T
I508-1 SN
soTE" L 260 %N.QN%
6vTE"/ % s8L'621
9T2e"/ % 88'EET
eveeL
182€°L F oo
€9€E7L
9ove"L
cLveE L
G16e° L 187°65T—
(0153747402 L o 2927291 —
861" L
790572
025" L
19¢5° L

80

150 140 130 120 110 100 %0
f1 (ppm)
S56

160

170

30



T000°0-—

IPIS°E
ovmm.muuw
v065° €~

CO,Me
CeHs

5a

ppm

8v0'LE—

Sv9eS—

286'9L

00€°LL
L1921

15098

686'7CT
vmm.mwa/
021'8¢T
omm.mN.ﬁV
690°6CT
th.mNH\
985°0ET
CEQVET
G96'9ET

985°LET

280 V9T —

6L0°TLT—

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

30

S57



CO,Et
CGHS

5b

000" 0-—

ppm

9E0 YT —
o
— 967C
erele—
N
6699
™
00T €86'9L
oom.hhw
—00T 819°LL
N T et
I 6T0'G8—

Sm.mﬁ
ﬁmm.mﬁ/
921821
18Y°82T~\:

800°62T
~ £02°62T \
GGV 0ET \

067  Z8YYET
=80 Zosmﬂx

G6'T 6T9'LET

S 09T ¥9T—

9150LT—

10

20

30

40

50

60

70

150 140 130 120 110 100 90 80
f1 (ppm)
S58

160

170

30



O co,Et

5c

T000°0-—

£286°0
oooo.HW
8/T0°T

€09€°¢c—

6987 €
womm.muM«
6T98°€

owom.muM«

ovie L
ovee L
065" L
8TTE" L
80€E"L
€e8e"L
ceovL
€Tevr L
6vES™L
€8E5°L
8€GS°L
TLSS7L
86157 L
€8S~ L
79657 L
L0097 L
5960°8
18608
65118
18118

Lo

ppm

| [s

o
Hi=]
i

4
(s
(<2}
—

ol
<%
il

| e

<
)]
(=]

LS0VT—

c6ETC—

TET'LE—

12929

286'9L

00€’LL
L19°LL

T00'S8—

gze'seT
S25'5eT
8TT'82T
omq.mﬁw
£89°6217
Ovv'0ET
Zev'veT
geL veTlf
60T'LET \
0ST'6€T

vIEYIT—

TS9'0LT—

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

30

S59



O co,Et

5d O OCHj

0000°0—

LT/670
gmm.ow
2.00°T

svey e
mvmm.m//,
mvow.m//‘
nwﬁw.muﬂr
8758 €~\
6T68°E—
196671
YPI0 Y

22€0° ¥

0050"

Lv16°9
002679
61€6°9
L8679
S9TE L
vSEE” L
9928
VS6E L |
pYTY L

6€ES .h/
TLES™L
12SS h/w

ppm

|
=3
2|2
ol

i

™
=]
o

|
Ofm|m)ed
oleele
Al

ol
S
—

696'€T—

258'9€—

€15 —

€0529—

286'9L
oom.hhw
8192,

L Y8

TECYIT—

99T'GCT
v6'9CT
mmo.wNHW
mmm,wwa\
655'6¢T
28C°0ET
€8EVET
hmm.wma\

€9T°09T—
LETYIT—

009°0LT—

N

n

|
m.‘Ll

|

Ny

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

30

S60



O co,Et

5e

S0LV™€
Y0TS"€
19687 €
€€98°¢
2€06°€
010"V
VIOV
88T0° v
18207V
veeo v
850"V
¢0S0°v
€650°v
GE90°V
0890°v
78807 L
6€60° L
9S0T "L
€0TT" L
LYTT L
88TT" L
G9¢1°L
0ceT" L
009¢° L
v.T1E" L
€9ee”L
9TOV "L
S0cv~L
96EV "L —
Y168S°L
8VSS™ L
€0.S°L
9€.S7L
16857 L
¥26S™L
17697 L
79697 L
6€0L°L
980L° L
9€TL™L
11¢L°L
S9¢L7L

T T

| B

|

€
(=5
o
£E0VT—
o
— 987
20e' 26—
N
12829—
o
_S60 €86'9.
008>
~ 00T 819'LL
< =
68'T pogPE—
wn
© 118°STT
go09TT”
89T'S2T
ommsﬁ/
ﬁmsﬁ/
TZT'82T~
~ mom.wﬁ“
~88T  209°0ET
960 Oﬁm.mﬁ\
360  CYSEET
g €LSVET
oS z9LgeT
~Z8T
2]
1610
280°29T\.
o 196'E9T~
925917
20v°0LT—

|

Al

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

30

S61



-112.747

f T

T T T T T T T T T T T T T T T T T T T 1
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2
f1 (ppm)

S62



O co,Et
cl

5f

0000°0—

19S¥°€
09%6v°€
vvS8° €
vv68°€
00T0" ¥
LYT0™V
1120V
G2e0"v
vSroTv
€050 v
2€90° v
18907 v

cvie" L
ceee L
928" L
€68€7L
vv6e” L
9¢ov L
6507 "L
cIiv L
clev™L
Yoy~ L
0¢SSs™ L
€59657 L
804571
i ZA v
96857 L
62657 L
60597 L
G597 L
129971
vv.9°L
G6/97L
29897 L
8T0T 8
¢vo1"8
cret 8

e

ppm

T

o

0E0 VT —

oveLe—

60629

286947\

10

20

30

40

50

60

70

00€’L
LT9°LL

9TS'v8—

0ET'S2T

HOHNNﬁ/
mw._”.mNH/
€9'82T\t
622621,
NNm.OMH\
019 #ma\

65€'SET
66T°9ET
€L99ET

V.8'€9T—

€2C0LT—

80

150 140 130 120 110 100 90
f1 (ppm)
S63

160

170

30



O co,Et

NMe,

59

¢000°0—

228670
mmmm.ow
LIT0°T

1v96°2—
6.05°€
m»vm.muy«
G9£8°€
99/8° 6\
0866 € —
8510 v~
SEE0" ¥

€T1S0°v

LEO0L™9
88079
112,79
29¢L™9
veret L
€Tee" L
T0LE7L
068€°L
0801~ L
0¢TS" L
€L1S7L
§9¢S°L
€6¢S7L
SYeS L
IvvS L
6.VS"L
GE9S™L
19957 L
298078
0880°8
95018
6.01°8

— =l

ppm

¥6°¢C

€80 VT —

6,998
8.5°0V—

00¥'29—

€86'9L

00€°LL
819°LL

6,058

v0ECTIT—

689'vCT
mnm.mN.ﬁV
209'92T~ -

[43%:144
mmm,mua\
€SE°0ET

TeeveT
mmmﬂma\

¥26'06T—

999 V9T —

856'0LT—

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

30

S64



0000°0—

¥586°0
Nmoo.ﬁw
0120 T

9gl¥€
GETS €
omom.mwﬂ«
omvm.m/r
ooqo.v)/(
8870 ¥
€850 ¥

9990 v
650"V

86v€"L
889€°L
G8¢v L
vivv©L
v99v "L
Y857 L
€.857L
€€09° L

[

Il

ppm

-\

1
~
S
I

|

CI6'eT—

veele—

29T’ E9—

286'9L
oom.hhw
8192,

v0EvY8—

L8TETT—

16£°8TT—
0z8vet
L1Ev92T
mmowuaum
162821~
omvomﬂ“m
LT
VL vET
8ET'9ET

Terert—

96€°€9T—

T.569T—

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

30

S65



Ta

0920°0—

1N

£
[=8
o
o
80L'92—
- vegvE—
N
o
162
—-660
00T £86'9L7\
oLy
819,
~ 26908
[Te)
YST'60T—
©
£95°€2T
Bw.vmﬁ/
£02'S2T\:
8521\
— s uzsary
~ _¥6C szt F
foe T GLEOET \
L gerter \
=860 oepper
~20T  1gT9eT
\0OT  ev5erT—
o)
860
=3 P6'E9T—
1852LT—

A

—

-

A}

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

30

S66



N—

b

T000°0-—

Y61 ¢c—

z081°€
mmmw.muuw
9/ee e —
068V €7
womm.mx\w

TEVL"9
T€92°9
T€/8°9
096879
LIVT L
ZIST L
T.9T"L
G69T L
08€Z° L
Hmmm.nuur
S0t L
08802\
0205 L~
88/5° L
€285° L
L165°L
TT09°L
G9T9" L
66T9" L
606T°8
Ge6T 8
2012"8
62T2°8

ppm

S6'C

-7

8 |

cﬁé
[SIN
o

i

FL
@
o

€0e'1C—

Sv.'92—

9EV'VE—

286'9L

00€°LL
LT19°LL
81808

€€6'80T—

296'STT—

660'GCT
me.mmﬁ/
L6S°L2T\]
mmw.wwﬁw
omv.wmﬁ\
GOV'0ET

00S'TET
EVE'EET
ELV'VET
D”N.omﬁ\
2T TVT

€TLeLT—

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

30

S67



N—

MeO

7c

0000°0—

008T°€
926T°€
T99¢ " €~—
9/0e° €
6025 €

v295°¢
@mﬁo.mk\\

YTES™9
9/.€S°9
¥19.°9
128,79
€658°9
759879
808879
698879
cive L
809¢° L
099" L
0881~ L
ov0S™L—¢
19/G7 L
66.S7L
GG6S°L
18657 L
EVT97L
S/19°L
LT0T°8
128178
9v81°8
Tcoe 8

=

Bl

ppm

o
«©
o

<
<
—

&

o
S
i

|

™
@
[S)

0
D
—

I

|
<)@
o0
Oll

|
| ©
@
o

T08'92—

9SGV vE—

25098 —

286'9L

00€'LL
Nam.hh“\
6.6°08

C¢€9'60T—
06'TTT
8rEGTT~

s0TSeTy
£6€'92T\
062821
ﬁmm.mmﬁw
L6€°0ET
YIS VET—
Nmo.omﬁw
058'9€T

8L59ST—

096'€9T—

Tevelt—

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

30

S68



7d

00T000"0——

00Z66T" €
oovIvz € V
006282°€~
002S¥S €—

0089855~

0062€9°9
00€6€9°9
006TS9°9
00€859°9
00488L°9
00.86.°9
00TO0T8"9
002¢0¢8°9
002¢sv0~ L
00.1S0° 2
002¢/90° L
009€20° 2L
00T680° L
009S60° 2
0066vC" L

WWW
00ST9C" NWNN
00S89¢° L
008.81"L
00990S° 2 \

00vses™ L
00¢.6S°L
00S009° 2
0009T9" 2
00€6T9" L
006¥€9" L
00T8€9" L
00v681°8
00880C°8

ppm

~
o
i

nrgﬁ a

)
<
i

|

cL8'9¢—

85CvE—

£€86'9L\

00€’LZ
879" NNW
885°08

€€8'60T
413 moaV
02s eIt 7
€LL N.:”\
eV LIT
L19° NHHW
JALON=TAY
Sog” wNH/
GT.'82T
wmm.wwﬁw
nmm.wmﬁ\
2S'0ET
amw.#ma\
OvL'GET
mvm.m«ﬁ\

LETBST—
259'09T—
8TG'€9T—

weeLT—

)

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

30

S69



-118.689

T T T T T T T T T T T T T T T T T T T 1
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2
f1 (ppm)

S70



N—

Te

Cl

ppm

T000°0-—

¢S8'9¢—

veTreE—

@
12
™

LT6T°€—
€505 €~
69vS €

<
—
i

|

©
o
i

286'94\

|

10

20

30

40

50

60

70

00€°LL™

16LL7°9
v16.°9
€2187°9
TL06°9
221679
vive L
809¢7 L
659¢° L
9cee" L
6.E€7L
GESE™L
18S€7L
0887°"L
€L0S57 L
925" L
18657 L
2c097 L
L2197 L
0T29" L
G9€9° /L
66€9° L
8T6T°8
c11e’8

hﬂo.hh

O mmm.ow\
LLTOTT—

L o T16'veT
96'v2T
cle8et

T12.°82T
026'82T
—€6°0 9.0'62T
ZTgo  TSS0ET
L~ rer >
T0Z TET
~/8ST  oepvET
o Ny
%60 TOLvED \
Z€0T  099'GET
~007T  0STZHT—
— 00
00T
L o £05'€9T—
vre LT

B

80

150 140 130 120 110 100 %0
f1 (ppm)
S71

160

170

30



N—

Br
7f

2000°0-—

€v8T €
Hmmm.muuw
gree e—
698V €7
omwm.m‘\\

ovvL 9
8¥9.°9
6650°L
L¥90°L
SSve L
v6S¢C”L
o8y~ L
cter L
TL0S7L
6TTS" L
2ses L
V1657 L
80097 L
€919°L
L6197 L
16€9°L
G897 L
606T°8
€E6T "8
€0TC"8
9¢1e 8

— =\

ppm

B

<
=]
i

|

860

828'92—

(AT A7

286'9L

00ge’LZ
Z”m.hh“
L7€°08

LE90TT—

82T 9TT—
296'veT

Nho.hwﬁ/
nmN.mmﬁ/
T2L'82T~t
Ser'6eT -
mmm.omaw
LET'VET

mmm.vmﬁ\
029'GET

T59°evT—

TIS'€9T—

9LT2LT—

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

30

S72



T000°0-—

90.T°€
mvﬁm.muuw
095€ "€ —
605" €

mmmv.mk\\

cEV99
8€99°9
80ve™L
€9G¢°L
€09¢°L
ceE8Y "L
8687 "L
G20S° L
9€05° L
v1es L
92¢eS L
oves L
EV6S L
L1657 L
TET97L
991972
6T€9° L
vG€9™L
c089°L
S¥89°L
800L°L
T1S0L°L
8G8T"8
788178
2¢s0c°8

———

ppm

s

=
o
i

o
<
—

|

¢9L9¢—

T6CVE—

€86'9L
oom.hhw
mao.ﬁﬁ\
€ST'08
96,68

LYTTIT—

296721
mNN.wNﬁ/
§89'82T~\
SeL'62T T
ﬁm.omH“
0€Z'€ET
859'VET \
209'SET
woa.o:*
LIEEYT

895°€9T—

290°CLT—

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

30

S73



L

7h

86T0°0—

ppm

6¢C6C
mww.va.

8LYvE—

286'9L
oom.NNW
mﬁm.hh\
0cy'08

wmﬁ.m.:n
mmm.m.ﬂ/
Nva.owﬁ
Hma.oNHV
62T
nmm.vNﬁW
6v0'SCT
9ve'8et
285'8¢T
0LC°0ET
LTY'0ET
06S'VET
9G/'GET

EV8OvT—
082'6vT—

209'€9T—

veeTLT —

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

30

S74



-135.114

T T T T T T T T T T T T T T T T T T T 1
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2
f1 (ppm)

S75



