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1. General Information:

1,2-dimethoxyethane was dried by Sodium and stored under nitrogen. All 4-Hydroxyauinoline
substrate were purchased from commercial suppliers and used without additional purification. NMR
spectra were recorded on a Bruke Avance operating for 'H NMR at 400 MHz, *C NMR at 100 MHz,
and 'F NMR at 376 MHz, using TMS as internal standard. The peaks were internally referenced to
TMS (0.00 ppm) or residual undeuterated solvent signal (77.16 ppm for '*C NMR). The following
abbreviations (or combinations thereof) were used to explain multiplicities: s = singlet, d = doublet, t
= triplet, m = multiplet, b = broad. Mass spectroscopy data of the products were collected on an

HRMS-TOF instrument or a low-resolution MS instrument using EI ionization.

2. Experimental Section

2.1 General Procedure for the Preparation of tertiary propargylic alcohols
(GP1)

0 n-BuLi, DIPA OH
+ =——CO,R » R
R1)LR2 2 THF, 78°C 1/!%2\

A solution of n-butyllithium in hexanes (1.6 M, 33.0 mmol) was added dropwise to a solution of

COsR,

freshly distilled diisopropylamine (33.0 mmol) in dried THF (30 mL) at 0°C. The solution was
stirred for 1 h at 0 °C, then cooled to -78 °C. Propargyl ester (31.3 mmol) in dried THF (10 mL) was
then added dropwise to the reaction mixture. After 1 h at the same temperature, ketone (62.6 mmol)
was added, and the resulting mixture was stirred at -78 °C for 3 h. The reaction was quenched with
saturated NH4Cl solution, and the mixture was extracted four times with Et2O. The combined organic
layers were washed with brine, dried with anhydrous MgSQs4, and the solvents evaporated to dryness.
The oily residue was purified by flash silica gel column chromatography (hexanes/EtOAc) to get
propargylic alcohol.
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Compounds 2a, 2ab, 2h, 2k, 21;!'? 2m, 2n, 20z;!'® 2¢l'°! ;2d['Y ; 2h-2z ['*) were known compounds
was knows compound and were prepared accounding to literature. [!! 2ac, 2b, 2e, 2f, 2g were

prepared accounding to the GP1.
Tert-butyl 4-hydroxy-4-methylpent-2-ynoate (2ac)

"H NMR (400 MHz, CDCI3) & 1.55 (s, 6H), 1.49 (s, 9H). '3C NMR (101 MHz, CDCI3) & 152.8, 88.7,
83.7,75.6, 65.1, 30.7, 28.1; HRMS (EI) caled for CioHi603 (M ¥): 184.1099 ; found 184.1100.

Methyl 4-hydroxy-4-methylhex-2-ynoate (2b)



'H NMR (400 MHz, CDCl3) § 3.77 (s, 1H), 2.44 (s, 1H), 1.84 — 1.69 (m, 1H), 1.51 (s, 1H), 1.04 (t, J
= 7.5 Hz, 1H). ®C NMR (101 MHz, CDCl3) § 154.1, 90.9, 75.0, 68.7, 52.9, 36.0, 28.5, 8.8. HRMS
(E) calcd for CsH1203(M™): 156.0786; found 156.0783.

Ethyl 4-hydroxy-4-methylhept-2-ynoate (2e)

'H NMR (400 MHz, CDCl3) & 4.23 (q, J = 7.1Hz, 2H), 2.26 (s, 1H), 1.74 — 1.63 (m, 2H), 1.58 — 1.47
(m, 5H), 1.31 (t, J= 7.1 Hz, 3H), 0.96 (t, /= 7.3 Hz, 3H). 3C NMR (101 MHz, CDCls) 5 153.8, 90.7,
75.2, 68.1, 62.2,45.2,29.0, 17.9, 14.2, 14.1. HRMS (EI) calcd for C1oHi603 (M *): 184.1099; found
184.1096.

Methyl 4-hydroxy-4,5,5-trimethylhex-2-ynoate (2f)

'H NMR (400 MHz, CDCl3) & 3.77 (s, 3H), 2.13 (s, 1H), 1.48 (s, 3H), 1.05 (s, 9H). 13C NMR (101
MHz, CDCls) § 154.1,91.2, 75.9, 74. 1, 52.8, 38.4, 25.1, 24.3. HRMS (EI) calcd for C1oH1603(M *):
184.1099 ; found 184.1101.

Methyl 4-hydroxy-4,6-dimethylhept-2-ynoate (2g)

'H NMR (400 MHz, CDCls) & 3.77 (s, 3H), 2.14 (s, 1H), 1.98 — 1.87 (m, 1H), 1.64 (d, J = 6.3 Hz,
2H), 1.54 (s, 3H), 1.01 (dd, J = 6.6, 4.0 Hz, 6H). 3C NMR (101 MHz, CDCls) & 154.1, 91.4, 75.2,
68.0,52.9, 51.1,30.2, 25.1, 24.2, 24.1. HRMS (EI) calcd for C1oH1603 (M *) : 184.1099 ; found
184.1097 .

2.2 General Procedure for the Rh(III)-Catalyzed reaction (GP2)

A mixture of quinolin-4-ol 1 (0.2 mmol), [Cp*RhCl2]2 (0.005 mmol, 0.0025 equiv), AgSbFs (0.02
mmol, 0.1 equiv), alkyne 2 (0.4 mmol, 2.0 equiv), Cu(OAc)2 (0.4 mmol, 2.0 equiv), LiOTf (0.4
mmol, 2.0 equiv) in 2 mL DME in a 50-mL Schlenck tube (Purged with N2) was heated at 100 °C for
12 h. Then a ImL ammonium hydroxide was added and then the whole solution was stirred for 5 min.
The resulting mixture was filtered with celite. The organic layer was concentrated under reduced

pressure and separated on a silica gel column to provide the desired product.



8,8-dimethylfuro[3',4':5,6]pyrano[2,3,4-de]quinolin-10(8H)-one (3a)

The title compound 3a was prepared according to GP2 and was purified by chromatography
(petroleum ether / dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid
(32.9mg 65% yield) '"H NMR (400 MHz, CDCl3) § 8.69 (d, J= 5.1 Hz, 1H), 7.78 (d, J = 8.6 Hz, 1H),
7.73 (d, J = 6.9 Hz, 1H), 7.67 — 7.60 (m, 1H), 6.91 (d, J= 5.1 Hz, 1H), 1.67 (s, 6H). '*C NMR (101
MHz, CDCls) 6 175.5, 166.5, 158.8, 152.4, 150.3, 131.8, 127.0, 122.0, 118.0, 116.1, 105.3, 104.2,
81.1, 24.4; HRMS (EI) calcd for CisH11O3N (M ): 253.0739 ; found 253.0737.
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Bond precision: C-C=0.0027 A Wavelength=0.71073
Cell: a=7.2462(9) b=8.215(1) c=20.228(3)
a=90 £=93.583(10) =90
Temperature: 293 K
Calculated Reported
Volume 1201.8(3) 1201.7(3)
Space group P21/c P21/c
Hall group -P 2ybc -P 2ybc
Moiety formula CISHIINO3 CISHIINO3
Sum formula CISHI1 N O3 CI5SHI1NO3
Mr 253.25 253.25
Dx,g cm™ 1.400 1.400
z 4 4



Mu (mm™) 0.099 0.099

F000 528.0 528.0

F000’ 528.27

h.k,lmax 8,9,24 8,9,24

Nref 2194 2190
Tmin,Tmax 0.978, 0.984 0.968, 0.984
Tmin’ 0.968

Correction method= MULTI-SCAN

Data completeness= 0.998 Theta(max)=25.350
R(reflections)= 0.0423( 1421) wR2(reflections)= 0.1198( 2190)
S=1.031 Npar= Npar =175

8,8-dimethylfuro[3',4':5,6]pyrano[2,3,4-de]quinolin-10(8H)-one (3aa)

The title compound 3aa was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (27.0mg
51% yield) 'TH NMR (400 MHz, CDCl3) § 7.76 — 7.67 (m, 2H), 7.63 (dd, J = 8.3, 7.4 Hz, 1H), 6.83 (s,
1H), 2.66 (s, 3H), 1.68 (s, 6H). 3*C NMR (101 MHz, CDCI3) § 175.5, 166.7, 161.7, 159.0, 149.8,
131.9, 126.4, 121.9, 116.3, 115.5, 105.5, 104.1, 81.1 , 25.7, 24.4. HRMS (EI) calcd for CisHi303N
(M"): 267.0895; found 267.0895.

1,2-dimethoxy-8,8-dimethylfuro[3',4':5,6]pyrano|[2,3,4-de]quinolin-10(8H)-one (3ab)




The title compound 3ab was prepared according to GP2 and was purified by chromatography
(EtOAc) to give the product as a faint yellow solid(38.8mg, 76% yield) . '"H NMR (400 MHz, CDCl3)
0 8.54 (d, J=5.2 Hz, 1H), 7.20 (s, 1H), 6.76 (d, J = 5.2 Hz, 1H), 3.98 (s, 3H), 3.94 (s, 3H), 1.65 (s,
6H). *C NMR (101 MHz, CDCls) & 176.6, 164.5, 158.2, 157.8, 151.5, 149.3, 142.5, 113.9, 113.2,
107.0, 103.6, 103.3, 79.6, 62.6, 56.1, 24.6. HRMS (EI) calcd for C17H1s03N(M 7): 313.0950 ; found
313.0942.

3-fluoro-8,8-dimethylfuro[3',4':5,6]pyrano|2,3,4-de]quinolin-10(8H)-on (3ac)

The title compound 3ac was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid
(29.8mg, 62% yield) . '"H NMR (400 MHz, CDCI3) & 8.78 (d, J = 4.8 Hz, 1H), 7.72 (dd, J = 8.0, 4.3
Hz, 1H), 7.40 (dd, J = 10.9, 8.0 Hz, 1H), 7.04 (t, /= 10.1 Hz, 1H), 1.69 (s, 6H). 3*C NMR (101 MHz,
CDCl3) 6174.6(d, Jc.r=2.0 Hz), 166.3, 159.0(d, Jc-r=3.1 Hz), 156.3(d, Jc.r=256.8Hz), 152.9, 140.8
(d, Jer=14.6Hz), 119.8(d, Jc.r=3.8 Hz), 118.2 (d, Jcr=5.0 Hz), 116.0, 115.9 (d, Jcr=12.1 Hz),

106.4, 104.2, 81.3, 24.4. HRMS (EI) caled for C1sH100sNF(M *): 271.0654; found 271.0648.
2-chloro-8,8-dimethylfuro[3',4':5,6]pyrano|[2,3,4-de]quinolin-10(8H)-one (3ad)

0
oy ©
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The title compound 3ad was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (37mg,
64% yield) .'H NMR (400 MHz, CDCl3) & 8.73 (d, J= 5.1 Hz, 1H), 7.81 (d, J= 1.6 Hz, 1H), 7.76
(d, J= 1.7 Hz, 1H), 6.94 (d, J = 5.2 Hz, 1H), 1.68 (s, 6H). 3*C NMR (101 MHz, CDCls) § 176.3,
166.0, 158.9, 153.4, 150.9, 138.5, 126.0, 123.6, 117.2, 116.5, 105.6, 103.6, 81.4, 24.4. HRMS (EI)

calcd for C1sH100O3sNCI(M™): 287.0349; found 287.0356 .
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6-bromo-8,8-dimethylfuro[3',4':5,6]pyrano[2,3,4-de]|quinolin-10(8H)-one (3ae)

The title compound 3ae was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (47.1mg,
71% yield). '"H NMR (400 MHz, CDCls) § 8.78 (s, 1H), 7.87 — 7.78 (m, 2H), 7.70 (dd, J = 8.6, 7.2
Hz, 1H), 1.73 (s, 6H). *C NMR (101 MHz, CDCl3) § 175.0, 166.2, 155.1, 154.0, 148.7, 131.9, 127.3,
121.5, 118.9, 117.0, 104.8, 100.7, 81.4, 24.4. HRMS (EI) calcd for Ci1sH1003NBr (M"): 330.9844 ;
found 330.9841.

6-iodo-8,8-dimethylfuro([3',4':5,6]pyrano[2,3,4-de]quinolin-10(8H)-one (3af)

The title compound 3af was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid(56.1mg,
74% yield). "H NMR (400 MHz, CDCl3) § 8.91 (s, 1H), 7.88 — 7.78 (m, 2H), 7.75 — 7.67 (m, 1H),
1.73 (s, 6H). 3*C NMR (101 MHz, CDCl3) & 175.1, 166.1, 158.4, 158.0, 149.1, 132.0, 127.0, 121.3,
118.9, 116.7, 104.8, 81.3, 73.5, 24.3. HRMS (EI) calcd for CisHi0O3NI(M") 378.9705; found
378.9705.

8-ethyl-8-methylfuro[3',4':5,6]pyrano|2,3,4-de]quinolin-10(8H)-one (3b)




The title compound 3b was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (35.8mg,
67% yield). '"H NMR (400 MHz, CDCI3) & 8.73 (d, J = 5.0 Hz, 1H), 7.92 — 7.75 (m, 2H), 7.69 (dd, J
= 8.6, 7.2 Hz, 1H), 6.94 (d, /= 5.1 Hz, 1H), 2.11 — 2.01 (m, 1H), 2.01 — 1.92 (m, 1H), 1.67 (s, 3H),
0.98 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCl3) § 174.5, 166.9, 158.8, 152.4, 150.4, 131.8,
127.0, 122.0, 118.0, 116.1, 105.4, 105.3, 83.9, 30.2, 22.9, 7.8. HRMS (EI) calcd for CisH1303N(M™):
267.0895; found 267.0898.

8,8-diethylfuro[3',4':5,6]pyrano|2,3,4-de]quinolin-10(8H)-one (3¢)

The title compound 3¢ was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (33.7mg,
60% yield). "H NMR (400 MHz, CDCl3) § 8.73 (d, J = 4.9 Hz, 1H), 7.94 — 7.76 (m, 2H), 7.69 (dd, J
= 8.6, 7.2 Hz, 1H), 6.93 (d, /= 5.1 Hz, 1H), 2.07 (dq, J = 14.9, 7.4 Hz, 2H), 1.97 (dq, J = 14.7, 7.4
Hz,2H), 0.96 (t, J = 7.4 Hz,6H). 1*C NMR (101 MHz, CDCl3) § 173.3, 167.3, 158.8, 152.4, 150.4,
131.9, 127.0, 121.9, 116.0, 106.7, 105.3, 87.0, 77.2, 28.9, 7.6. HRMS (EI) calcd for C17H1503N (M")
281.1052; found 281.1051.

8-isopropyl-8-methylfuro[3',4':5,6]pyrano|2,3,4-de]quinolin-10(8H)-one (3d)

The title compound 3d was prepared according to GP2 and was purified by chromatography

(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (37.7mg,

67% yield). '"H NMR (400 MHz, CDCl3) § 8.71 (d, J = 5.0 Hz, 1H), 7.86 — 7.75 (m, 2H), 7.68 (dd, J

= 8.4, 7.4 Hz, 1H), 6.93 (d, J = 5.1 Hz, 1H), 2.24 — 2.14 (m, 1H), 1.67 (s, 3H), 1.12 (d, /= 6.8 Hz,

3H), 1.03 (d, J = 6.9 Hz, 3H). *C NMR (101 MHz, CDCl3) § 175.0, 167.1, 158.8, 152.4, 150.3,
9



131.9, 126.9, 122.0, 118.0, 116.0, 105.4, 105.3, 86.1, 34.6, 21.3, 17.2, 16.8. HRMS (EI) calcd for
Ci7H1503N(M™"): 281.1052; found 281.1052.

8-methyl-8-propylfuro[3',4':5,6]pyrano|2,3,4-de]quinolin-10(8H)-one (3e)

The title compound 3e was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (35.4mg,
63% yield). '"H NMR (400 MHz, CDCl3) 8 8.72 (s, 1H), 7.81 (d, J = 8.5 Hz, 1H), 7.77 (d, J = 7.1 Hz,
1H), 7.66 (t, /= 7.8 Hz, 1H), 6.93 (d, /J=4.7 Hz, 1H), 2.04 — 1.93 (m, 1H), 1.92 — 1.81 (m, 1H), 1.66
(s, 3H), 1.53 — 1.39 (m, 1H), 1.36 — 1.26 (m, 1H), 0.93 (t, J = 7.3 Hz, 3H). *C NMR (101 MHz,
CDCl) 6 174.8, 166.9, 158.8, 152.4, 150.5, 146.9, 131.8, 127.1, 122.1, 116.1, 105.4, 105.2, 83.7,
39.1, 23.3, 16.8, 14.0. HRMS (EI) calcd for C17H1sO3N(M"): 281.1052 ; found 281.1055.

8-(tert-butyl)-8-methylfuro[3',4':5,6]pyrano|2,3,4-de]quinolin-10(8H)-one (3f)

The title compound 3f was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (31.7mg,
54% yield). '"H NMR (400 MHz, CDCl3) & 8.71 (d, J = 5.1 Hz, 1H), 7.86 — 7.76 (m, 2H), 7.68 (t, J =
7.8 Hz, 1H), 6.93 (d, J = 5.1 Hz, 1H), 1.67 (s, 3H), 1.13 (s, 9H). *C NMR (101 MHz, CDCls) &
175.3, 167.2, 158.7, 152.4, 150.4, 131.9, 127.0, 122.1, 118.0, 116.1, 105.6, 105.3, 88.4, 37.5, 25.4,
19.3. HRMS (EI) calcd for C1sH1703N(M™): 295.1208; found 295.1211.

8-isobutyl-8-methylfuro[3',4':5,6]pyrano|2,3,4-de]quinolin-10(8H)-one (3g)
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The title compound 3g was prepared according to GP2 and was prepared according to GP2 and was
purified by chromatography (petroleum ether /dichloromethane /acetone 5:4:1) to give the product as
a faint yellow solid (41.3 mg, 70% yield). 'H NMR (400 MHz, CDCl3) § 8.72 (d, J = 4.8 Hz, 1H),
7.82 (d, J=8.7 Hz, 1H), 7.78 (d, J = 7.0 Hz, 1H), 7.67 (dd, J = 8.4, 7.4 Hz, 1H), 6.94 (d, J= 5.1 Hz,
1H), 1.99 (dd, J = 7.8 Hz, 1H), 1.82 — 1.73 (m, 2H), 1.66 (s, 3H), 0.97 (d, /= 6.3 Hz, 3H), 0.92 (d, J
= 6.1 Hz, 3H). >*C NMR (101 MHz, CDCl3) § 175.0, 166.9, 158.8, 152.5, 150.4, 131.9, 127.0, 122.1,
118.0, 116.2, 105.3, 105.2, 83.7, 45.4, 24.4, 24.1, 24.0, 23.6. HRMS (EI) calcd for CisHi7OsN(M™):
295.1208 ; found 295.1205.

8,8-diphenylfuro[3',4':5,6]pyrano[2,3,4-de]quinolin-10(8H)-one (3h)

The title compound 3h was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (38.5mg,
51% yield). 'H NMR (400 MHz, CDCls) & 8.73 (s, 1H), 7.89 — 7.81 (m, 2H), 7.74 — 7.66 (m, 1H),
7.53 — 7.46 (m, 4H), 7.43 — 7.39 (m, 6H), 6.98 (d, J = 4.9 Hz, 1H). *C NMR (101 MHz, CDCI3) §
172.4,166.5, 158.8, 152.5, 150.3, 137.3, 131.9, 129.5, 129.0, 127.5, 127.1, 121.9, 116.6, 105.8, 87.5.
HRMS (EI) caled for C2sHisO3N(M™): 377.1052 ; found 377.1056.

8-methyl-8-phenylfuro[3',4':5,6]pyrano[2,3,4-de]quinolin-10(8H)-one (3i)
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The title compound 3i was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (33.4mg,
53% yield). '"H NMR (400 MHz, CDCl3) 6 8.75 (d, J = 5.2 Hz, 1H), 7.88 (d, J = 8.5 Hz, 1H), 7.55 —
7.47 (m, 3H), 7.44 — 7.39 (m, 3H), 7.04 (d, J = 5.2 Hz, 1H), 6.78 (d, J = 6.7 Hz, 1H), 2.18 (s, 3H).
3C NMR (101 MHz, CDCl3) & 163.4, 159.3, 153.0, 150.6, 139.9, 138.8, 136.5, 131.0, 129.8, 129.6,
129.3, 126.3, 122.9, 119.7, 117.5, 105.8, 85.4, 23.9. HRMS (EI) calcd for C20H1303N(M"): 315.0895;
found 315.0895.

8-methyl-8-(p-tolyl)furo[3',4':5,6]pyrano[2,3,4-de]quinolin-10(8H)-one (3j)

The title compound 3j was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (30.3mg,
46% yield). 'H NMR (400 MHz, CDCls) § 8.73 (d, J = 5.2 Hz, 1H), 7.87 (d, J = 8.7 Hz, 1H), 7.52
(dd, J= 8.6, 7.3 Hz, 1H), 7.36 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 7.03 (d, J = 5.2 Hz, 1H),
6.77 (d, J = 7.1 Hz, 1H), 2.35 (s, 4H), 2.18 (s, 3H). *C NMR (101 MHz, CDCl3) § 163.5, 159.3,
153.0, 150.6, 139.9, 139.9, 138.7, 133.4, 131.0, 129.9, 129.6, 126.3, 122.9, 119.7, 117.5, 105.8, 85.4,
23.9, 21.3. HRMS (EI) calcd for C21H1503sN(M"): 329.1052 ; found 329.1051.

10'H-spiro[cyclopentane-1,8'-furo[3',4':5,6]pyrano|2,3,4-de]quinolin]-10'-one (3Kk)
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The title compound 3k was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (34.6
mg, 62% yield). '"H NMR (400 MHz, CDCl3) § 8.72 (s, 1H), 7.81 (d, J = 8.5 Hz, 1H), 7.76 (d, J= 7.1
Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H), 2.49 — 1.76 (m, 8H). 3*C NMR (101 MHz, CDCl3) § 173.1, 166.8,
159.0, 152.4, 150.5, 131.9, 127.0, 122.2, 116.0, 105.4, 105.3, 90.9, 36.5, 25.2. HRMS (EI) calcd for
C17H1303N(M") 279.0895; found 279.0899.

10'H-spiro[cyclohexane-1,8'-furo[3',4':5,6]pyrano|2,3,4-de]quinolin]-10'-one (31)

The title compound 31 was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (42.2
mg, 71% yield). '"H NMR (400 MHz, CDCl3) § 8.72 (d, J = 5.1 Hz, 1H), 7.81 (t, J = 8.2 Hz, 2H),
7.68 (dd, J= 8.4, 7.4 Hz, 1H), 6.93 (d, J = 5.1 Hz, 1H), 2.02 — 1.91 (m, 2H), 1.87 — 1.80 (m, 8H). 1*C
NMR (101 MHz, CDCls) & 175.9, 166.9, 158.9, 152.4, 150.3, 131.8, 126.9, 122.2, 118.1, 116.0,
105.3, 104.4, 82.9, 33.3, 24.4, 21.7. HRMS (ESI) calcd for CisHisOsN(M"): 293.1052; found
293.1057.

5,6-diphenylpyrano|2,3,4-de]quinoline (4a)
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The title compound 4a was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (60.4
mg, 94% yield). '"H NMR (400 MHz, CDCls) & 8.65 (s, 1H), 7.70 (d, J = 8.5 Hz, 1H), 7.48 (t, J= 7.9
Hz, 1H), 7.44 — 7.33 (m, 3H), 7.32 — 7.27 (m, 3H), 7.28 — 7.17 (m, 4H), 6.82 (d, J = 4.9 Hz, 1H),
6.65 (d, J = 7.3 Hz, 1H). 3C NMR (101 MHz, CDCl3) § 159.6, 152.3, 150.1, 149.2, 134.8, 133.4,
131.4, 130.7, 129.3, 129.1, 128.9, 128.1, 127.9, 125.2, 119.5,118.5 116.2, 103.2. HRMS (EI) calcd
for C23HisON(M™) 321.1154; found 321.1153.

5,6-di-p-tolylpyrano|2,3,4-de]quinoline (4b)

The title compound 4b was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (66.4mg
95% yield). '"H NMR (400 MHz, CDCl3) & 8.62 (d, J = 5.1 Hz, 1H), 7.68 (d, J = 8.5 Hz, 1H), 7.48 —
7.42 (m, 1H), 7.24 - 7.17 (m, 4H), 7.13 (d, J= 7.9 Hz, 2H), 7.01 (d, /= 8.0 Hz, 2H), 6.79 (d, /= 5.2
Hz, 1H), 6.64 (d, J = 7.3 Hz, 1H), 2.39 (s, 3H), 2.29 (s, 3H). 3*C NMR (101 MHz, CDCl3) & 159.6,
152.1, 150.0, 149.1, 138.8, 137.6, 131.8, 131.6, 131.3, 130.6, 130.5, 129.9, 128.8, 128.6, 124.7,
118.8, 118.3, 116.0, 103.0, 21.4, 21.3. HRMS (EI) caled for CasHioON(M ©): 349.1467; found
349.1470.

5,6-bis(4-(tert-butyl)phenyl)pyrano|2,3,4-de]quinoline (4c)
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The title compound 4¢ was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (81.5
mg, 94% yield). 'H NMR (400 MHz, CDCls) § 8.61 (d, J = 5.3 Hz, 1H), 7.69 (d, J = 8.5 Hz, 1H),
7.50 —7.43 (m, 1H), 7.41 (d, J = 8.3 Hz, 2H), 7.27 — 7.13 (m, 6H), 6.79 (d, J = 5.3 Hz, 1H), 6.66 (d,
J=17.3Hz, 1H), 1.35 (s, 9H), 1.26 (s, 9H). *C NMR (101 MHz, CDCls) § 159.8, 152.0, 151.1, 149.8,
149.0, 131.8, 131.7, 131.5, 130.5, 130.3, 128.6, 126.2, 124.8, 124.6, 119.0, 118.4, 116.3, 103.1, 34.8,
34.7,31.5,31.2. HRMS (EI) calcd for C31H310N(M"): 433.2400; found 433.2403.

5,6-bis(4-methoxyphenyl)pyrano|2,3,4-de]quinoline (4d)

OMe

The title compound 4d was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (70.2
mg, 92% yield). '"H NMR (400 MHz, CDCl3) § 8.65 (d, J = 5.2 Hz, 1H), 7.71 (d, J = 8.5 Hz, 1H),
7.56 —7.45 (m, 1H), 7.30 — 7.23 (m, 2H), 7.18 (d, J = 2.7 Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 6.82 (d,
J=15.2Hz, 1H), 6.79 — 6.73 (m, 2H), 6.68 (d, J = 7.3 Hz, 1H), 3.87 (s, 3H), 3.80 (s, 3H). '*C NMR
(101 MHz, CDCls) 6 159.9, 159.79, 159.3, 152.1, 150.0, 149.1, 132.0, 131.9, 131.5, 130.5, 127.1,
1259, 124.6, 118.3, 118.0, 1159, 114.8, 113.4, 103.1, 55.4, 55.3. HRMS (EI) calcd for
CasHi19ON3(M™): 381.1359; found 381.1356.

5,6-bis(2-fluorophenyl)pyrano|2,3,4-de]quinoline (4¢)

The title compound 4e was prepared according to GP2 and was purified by chromatography

(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (57.9
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mg, 81% yield). '"H NMR (400 MHz, CDCl3) § 8.55 (d, J = 4.7 Hz, 1H), 7.68 (d, J = 8.5 Hz, 1H),
7.42 (t,J=79 Hz, 1H), 7.27 — 7.14 (m, 3H), 7.09 (t, J = 6.9 Hz, 1H), 7.02 — 6.85 (m, 4H), 6.70 (d, J
= 5.1 Hz, 1H), 6.51 (d, J = 7.2 Hz, 1H). ’F NMR (376 MHz, CDCl3) 6 -111.8 (d, J = 2.3 Hz, 1F), -
112.9(d, J = 2.3Hz, 1F). 3C NMR (101 MHz, CDCl3) 160.6 (d, Jc.r =248.7 Hz), 160.0 (d, Jc.r
=252.6 Hz), 159.7, 152.1, 149.8, 146.7, 132.2 (d, Jc.r=3.0 Hz), 131.6 (d, Jc-r=8.3 Hz), 131.5, 131.2
(d, Jer=2.2 Hz), 130.4 (d, Jcr=8.1 Hz), 129.7, 125.5, 124.5 (d, Jcr=3.6 Hz), 123.9 (d, Jc.r=3.6
Hz), 121.6 (d, Jcr=16.3 Hz), 121.4 (d, Jc.r=14.9 Hz), 118.4, 116.6, 116.0, 115.9 (d, Jc-r=24.4 Hz),
115.9 (d, Jc-r=19.1 Hz), 103.4. HRMS (EI) caled for C23H130F2N (M™): 357.0960; found 357.0959.

5,6-bis(3-fluorophenyl)pyrano[2,3,4-de]quinoline (4f)

The title compound 4f was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (57.2
mg, 80% yield). 'H NMR (400 MHz, CDCls) & 8.65 (d, J = 5.1 Hz, 1H), 7.73 (d, J = 8.6 Hz, 1H),
749 (t,J=7.9 Hz, 1H), 7.40 (dd, J = 14.2, 7.6 Hz, 1H), 7.17 (dd, J = 14.2, 7.6 Hz, 1H), 7.09 (t, J =
9.0 Hz, 1H), 7.06 — 6.93 (m, 5H), 6.82 (d, J = 5.1 Hz, 1H), 6.63 (d, J = 7.3 Hz, 1H). '°F NMR (376
MHz, CDCl3) § -111.4, -112.5. *C NMR (101 MHz, CDCl3) 163.5 (d, Jc.~=248.7 Hz), 162.3 (d, Jc-
F=247.1 Hz), 159.2, 152.5, 150.0, 148.0 (d, Jc-r=2.7 Hz),136.6 (d, Jc-r=8.0 Hz), 135.1(d, Jc-r=8.2
Hz), 131.4, 131.2 (d, Jcr=8.5 Hz), 130.5, 129.6 (d, Jcr=8.2 Hz), 126.5 (d, Jcr=3.1 Hz), 125.8,
124.8 (d, Jc-7=3.1 Hz), 119.1 (d, Jc.r=2.0 Hz), 118.3, 117.6 (d, Jc.r=21.6 Hz), 116.5, 116.4, 116.1 (d,
Jor=21.2 Hz), 115.9 (d, Jcr=23.7 Hz), 115.5 (d, Jcr=21.0 Hz), 103.3. HRMS (EI) calcd for
C23H130F2N (M"): 357.0960; found 357.0956.

5,6-bis(4-fluorophenyl)pyrano|2,3,4-de]quinolone (4g)
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The title compound 4g was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (57.9
mg, 81% yield). '"H NMR (400 MHz, CDCl3) & 8.63 (d, J = 5.1 Hz, 1H), 7.72 (d, J = 8.6 Hz, 1H),
7.53 —7.42 (m, 1H), 7.29 — 7.23 (m, 2H), 7.22 — 7.16 (m, 2H), 7.10 (t, J = 8.6 Hz, 2H), 6.95 — 6.85
(m, 2H), 6.79 (d, J = 5.2 Hz, 1H), 6.61 (d, J = 7.3 Hz, 1H). ’F NMR (376 MHz, CDCl3) § -110.8, -
113.0 C NMR (101 MHz, CDCl3) 162.8 (d, Jc.r=251.5 Hz), 161.5 (d, Jc-r=249.0 Hz), 159.4, 152.2,
149.9, 148.6, 132.5 (d, Jcr=8.1 Hz), 131.4, 131.1, 131.0, 130.4 (d, Jc.r=3.6 Hz), 129.3 (d, Jc.Fr=3.5
Hz), 125.3, 118.5, 118.2, 116.6 (d, Jc-r=21.6 Hz), 116.2, 115.2 (d, Jc-r=21.8 Hz), 103.2. HRMS (EI)
calcd for C23H130F2N (M™): 357.0960; found 357.0961

5,6-bis(4-chlorophenyl)pyrano|2,3,4-de]quinoline (4h)

The title compound 4h was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (73.4
mg, 94% yield). 'H NMR (400 MHz, CDCls) § 8.66 (s, 1H), 7.72 (d, J = 8.5 Hz, 1H), 7.48 (t, J=17.9
Hz, 1H), 7.40 (d, J = 8.2 Hz, 2H), 7.23 — 7.15 (m, 6H), 6.81 (d, /= 4.6 Hz, 1H), 6.61 (d, J=7.3 Hz,
1H). 3C NMR (101 MHz, CDCl3) & 159.3, 152.5, 150.1, 148.4, 135.2, 134.3, 133.0, 132.1, 131.6,
131.4,130.7, 130.4, 129.9, 128.5, 125.7, 118.8, 116.3, 103.4. HRMS (EI) calcd for C23Hi1303NCl:(M
"): 389.0374; found 389.0378.
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5,6-bis(4-bromophenyl)pyrano[2,3,4-de]quinoline (4i)

The title compound 4i was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (43.1
mg, 41% yield). '"H NMR (400 MHz, CDCl3) § 8.65 (s, 1H), 7.72 (d, J = 8.5 Hz, 1H), 7.55 (d, J= 8.3
Hz, 2H), 7.48 (t, J = 8.0 Hz, 1H), 7.37 (d, J = 8.6 Hz, 2H), 7.19 — 7.07 (m, 4H), 6.80 (d, J= 5.1 Hz,
1H), 6.61 (d, J = 7.3 Hz, 1H). 3*C NMR (101 MHz, CDCl3) § 159.3, 152.4, 150.0, 148.4, 133.4,
133.2, 132.8, 132.4, 132.0, 131.4, 130.6, 129.0, 125.6, 123.6, 122.5, 118.9, 118.3, 116.3, 103.3.
HRMS (EI) calcd for C23H130Br2N (M"): 476.9358; found 476.9361

5,6-bis(4-(trifluoromethyl)phenyl)pyrano[2,3,4-de]quinoline (4j)

The title compound 4j was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (75.0
mg, 82% yield). '"H NMR (400 MHz, CDCls) § 8.66 (d, J = 5.2 Hz, 1H), 7.78 (d, J = 8.5 Hz, 1H),
7.70 (d, J = 8.1 Hz, 2H), 7.57 — 7.45 (m, 3H), 7.42 — 7.36 (m, 4H), 6.83 (d, /= 5.3 Hz, 1H), 6.59 (d,
J=17.3 Hz, 1H). YF NMR (376 MHz, CDCl3) § -62.7, -62.97. '3C NMR (101 MHz, CDCl3) 159.3,
152.3, 149.7, 148.2, 138.1, 136.3, 131.6, 131.2, 131.1 (q, Jc-r=33.6 Hz), 130.5 (q, Jc-+=33.0 Hz),
129.4, 126.6 (q, Jc-r=3.7 Hz), 125.9, 125.2 (q, Jc-r=3.8 Hz), 123.8 (q, Jc-F=273.4 Hz), 124.0 (q, Jc
F=273.5 Hz), 119.7, 118.3, 116.7, 103.3. HRMS (EI) calcd for C2sH130FsN (M"): 457.0896; found
457.0899.
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5,6-diethylpyrano[2,3,4-de]quinoline (4k)

The title compound 4k was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (41.0
mg, 91% yield). '"H NMR (400 MHz, CDCl3) & 8.55 (s, 1H), 7.68 (d, J = 8.5 Hz, 1H), 7.59 (t, J= 7.9
Hz, 1H), 6.97 (d, J= 7.3 Hz, 1H), 6.69 (d, J = 5.2 Hz, 1H), 2.62 — 2.40 (m, 4H), 1.26 (t, J= 7.5 Hz,
3H), 1.18 (t, J = 7.5 Hz, 3H). *C NMR (101 MHz, CDClz) § 160.0, 153.2, 151.3, 149.7, 131.8,
130.1, 123.5, 115.5, 113.1, 102.9, 23.9, 19.8, 12.9, 12.6. HRMS (EI) calcd for CisHisON (M"):
225.1148; found 225.1147.

5,6-dipropylpyrano[2,3,4-de]quinoline (41)

The title compound 41 was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (39.5
mg, 78% yield). 'H NMR (400 MHz, CDCls) § 8.55 (d, J = 5.0 Hz, 1H), 7.64 (d, J = 8.5 Hz, 1H),
7.56 (t,J=17.9 Hz, 1H), 6.92 (d, /= 7.2 Hz, 1H), 6.66 (d, J=5.2 Hz, 1H), 2.54 — 2.34 (m, 4H), 1.79
— 1.64 (m, 2H), 1.63 — 1.41 (m, 2H), 1.10 — 0.96 (m, 6H). '*C NMR (101 MHz, CDCl3) § 159.6,
152.2, 151.8, 150.3, 131.4, 130.3, 124.0, 118.7, 114.5, 113.1, 102.8, 32.5, 28.7,21.4, 21.2, 14.4, 14.0.
HRMS (EI) calcd for C17H19ON (M*):253.1461; found 253.1465.

5,6-dibutylpyrano[2,3,4-de]quinoline (4m)
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The title compound 4m was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (34.3
mg, 61% yield). "H NMR (400 MHz, CDCl3) & 8.56 (s, 1H), 7.63 (d, J = 8.5 Hz, 1H), 7.56 (t, J=7.8
Hz, 1H), 6.91 (d, /= 7.3 Hz, 1H), 6.66 (d, J= 3.1 Hz, 1H), 2.54 — 2.36 (m, 6H), 1.71 — 1.62 (m, 3H),
1.59 — 1.50 (m, 3H), 1.45 — 1.28 (m, 11H), 1.00 — 0.86 (m, 9H). 3C NMR (101 MHz, CDCls) &
159.5, 152.3, 151.7, 150.4, 131.4, 130.4, 129.3, 124.1, 114.5, 113.0, 102.9, 32.2, 31.6, 30.6, 27.9,
27.6,26.7,22.7,22.6, 14.2, 14.1. HRMS (EI) calcd for C21H270N (M"):309.2087; found 309.2086.

5,6-di(thiophen-2-yl)pyrano|2,3,4-de]quinoline (4n)

The title compound 4n was prepared according to GP2 and was purified by chromatography
(petroleum ether /dichloromethane /acetone 5:4:1) to give the product as a faint yellow solid (30.0
mg, 45% yield). '"H NMR (400 MHz, CDCls) & 8.66 (s, 1H), 7.70 (d, J= 8.5 Hz, 1H), 7.60 (d, J = 5.0
Hz, 1H), 7.50 (t, /= 7.9 Hz, 1H), 7.30 (d, /= 4.9 Hz, 1H), 7.27 — 7.23 (m, 1H), 7.19 (d, J = 3.5 Hz,
1H), 7.09 (d, J = 3.0 Hz, 1H), 6.96 (t, J = 4.4 Hz, 1H), 6.86 (d, /= 4.9 Hz, 1H), 6.63 (d, /= 7.3 Hz,
1H). 1*C NMR (101 MHz, CDCl3) § 158.8, 152.4, 149.7, 146.2, 135.0, 134.4, 131.9, 131.6, 129.9,
129.2, 128.7, 128.6, 128.5, 127.0, 125.2, 116.6, 110.4, 103.3. HRMS (EI) calcd for Ci9gHi1ONS:2
(M"):333.0277; found 333.0280.

20



3. References

[1] (a)L.Ye, W. He, L. Zhang, J. Am. Chem. Soc. 2010, 132, 8550;

(b) M. J. Mio, L. C. Kopel, J. B. Braun, T. L. Gadzikwa, K. L. Hull, R. G.
Brisbois, C. J. Markworth and Paul A. Grieco, Org. Lett. 2002, 4, 3199;

(c) R. M. Carlson, J. R. Peterson, B. J. Hoop, K. J. Jensen, Synthetic
Communications, 1982 , 12, 977;

(d) S. Yu, N. Keiichi, K. Tanaka, J. Am. Chem. Soc. 2010, 132, 7896;

(e) H.-T. zhu, L.-J. wang, K.-G. Ji, X.-Y. Liu and Y.-M. Liang, Chem. Asian J.
2012, 7, 1862 ;

21



4. NMR Spectra

2ac

—1.5499
~ 1.4859

9.184

= 800VY

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

0

r-5000

T T T T T T T T T T T T T T T T T T T T
56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 |1
f1 (ppm)

152.8156
\-88.7134
- 83.7427
S 75.5474
65.0849

57 6.009

—-30.7203
~-28.1037

T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

22

6000

5500

5000

4500

4000

3000

2000

1000

r-500



2b

3.7666

_CHy
o

\

HaC
H,C  OH

—2.4354

~

0.971

1.7535

1.7348
1.7289
13988

3

2.071

1.0382
1.0196

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

F-2000

T T T T
55

105 100 95 9.0 5.0
f1 (ppm)

154.11
90.85
—75.02

~CHy
o

\

HyC
HyC  OH

w |
o
[
n

52.91

o
=Y

—35.99

—28.51

=+ 3.00=

-0.5

4500

4000

3500

3000

2500

2000

1000

=500

T T T T
100 90 80
f1 (ppm)

T T T T T T T T
180 170 160 150 140

23



2e

HasC

4.2536
4.2357
4.2179
4.2001
2.2550

s

0.92=

L0.9587
L 0.9406

40000

2114
5,044
3.007

1 3.02y

38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

0

-2000

100 9.5 9.0 8.5 8.0 7.5 7.0

10.5

153.7

=y
n
I
o>
w
in

5.0
f1 (ppm)

90.7
—68.1
Y 62.2

452

\ 752

1d

HiC  OH

29.0

n
°
o
i
=
>

179
14.2
14.1

<

-0.5

T T T T T T T
180 170 160 150 140 130 120

110 100 90 80
f1 (ppm)

24

-10

16000

15000

r 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




2f

3.7674
2.1323
— 1.4817
— 1.0518

_CHy
Ha o

\

HyC
HiC  OH

3.001
0.92=

2000
F0

40000

38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

r 18000

16000

14000

12000

10000

8000

6000

4000

F-2000

154.1

T T T T T T T
4.5 4.0

o] 3.05%

w
o>
N
n
)
o>

91.2
_-75.9
741

528

384
251
243

_CHy
o

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

100

90 -10
f1 (ppm)

25



2g

e N N | 75000

3.8
2.0
9
9
9
9
9
7
6
5
.0
.0
.0
.0

70000
65000
60000

55000
CH.
_~CHs
(o}

\

50000
CH3HSC OH 45000
40000
35000
30000
25000
20000
15000
10000

| +5000

r-5000

3.00%
0.83=

201

T T T T T T T T T T T T T T T T T
105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55

57 0989
= 4 3.04=

n
IS
>
w
in
w
o
S
n
)

5.0 5
f1 (ppm)

5
91.4
—752
—68.0
529
30.2
25.1
242
24.1

/
£

9000

[o] 8000
- CHy
(o]

H! 7000

CHf:C  OH
6000

1i
5000
4000

3000

2000

1000

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

26



3a

7.7900
7.7685
7.7403
7.7229
7.6536
2538
1.6711

< >
— 00
o >
S o
o oo
N

- 6.9063

25000

!
X

20000

15000

10000

5000

1.00= =——-
e
T
=]

03
o4l
1.00=
6.221

T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
f1 (ppm)

175.4
—166.5
~ 1588
1524
21503
1053
1042

811

244

12000

11000

10000

9000

8000

7000

\

6000
5000
4000

3000

L] Hlu |

r-1000

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

27



3aa

7.7363
7.7341
7.7158
7.7130
7.7016
7.6482
7.6297
7.6274
7.6090

e

HyC

3b

—2.6607

1.6751

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0

175.5
—166.7
116.3
115.5

_~161.7
—159.0
149.8

/[

HaC

_~105.5
~104.1

0.0

T T T T T T T
180 170 160 150 140 130 120

T
110

100

T
90
1 (ppm)

80

28

-10

-0.5
F-7500

7000

6500

6000

5500

5000

2000

1500

F-500




3ab

< v
O o
<t N
35
e
v

—7.2003
6.7700
6.7571

<

39763
-3.9378

1.6478

80000

75000

70000

65000

60000

55000

50000

45000

40000

30000

25000

20000

15000

10000

5000

1.00=
1.03=
1.00=

r-5000

T
10.5

T
10.0

176.6

T T T T T T T T
55 50
f1 (ppm)

— 1645

795

— 626
—56.1
24.6

HaC
HaC

CHs

_CHy
o

3d

-0.5

= 3800

3600

3400

3000

2800

2600

2400

2200

2000

r 1800

1600

1400

1200

1000

800

600

400

200

F-200

T
190

T
180

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

70 60 50 40 30 20 10 0

29



3ac

35000

30000

25000

20000

15000

10000

5000

6891 —

Pr10°L
1L20°L
98LEL
986¢°L
8S0¥'L
8STY'L
LEOL'L
PrILL
9€TL'L
PreEL'L

61LL8~
868.'8

“oot
¥0'1

H\ooA I

6000

5500

5000

4000

3500

3000

2000

1000
500

r-500

-0.5

0.0

"
e

4.0

4.5

6.0 5.0
f1 (ppm)

6.5

7.0

15

8.0

10,0 9.5 9.0

10.5

¥vT—

€18 —

TYol ~
7901 —

'S
0911 W
0911
T8l
T8Il
8611
8611
LOvI~
8or1 7
6TS1
0°sS1 M
SLSI~
0°651
vest/
€991 —
9L
oo

3c

10

40

=
bl

100 90 80 70 60
f1 (ppm)

110

120

170 160

180

30



3ad

32000

87353
\8.7225
7.8100
7.8059
7.764
7.7599
- 6.9680
6.9550
1.6998

A
\

30000

28000

26000

24000

22000

20000

18000

16000

r 14000

12000

10000

8000

6000

4000

2000

1.04x =
00/

1.04=

6.10~

T T T T T T T
105 10.0 9.5 9.0 8.5 8.0 7.5

T T T T T T T T T T T T
4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -05

=
o
o
n
o
=Y

5.0
f1 (ppm)
-t

24.4

= (2200

176.3
—166.0
~158.9
1534
21509

138.5
1260

117.2
1165
_105.6
~103.6

2100

2000

HsC
HaC-

1200
1100
1000
900
800

=700

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

31



3ae

— O 00— — — \O O o
— e — N QN — —
= T AS NS O o
5 ReXxnoEOL <
PN UGN i L 30000
F25000
20000
F 15000
10000
5000
|
|
1
L J Lo
N 3 X
S S o (o]
—_ o — °
T T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
f1 (ppm)
=3 o —_ oS QN oo Ll ol .
e < ey PR < < < < 3000
0~ =l v o<t Nl Ol — — (=1 — <
= = a5 oagacco = = S
Y LN SN [ L2800
F2600
t2400
2200
+2000
1800
F 1600
F 1400
F 1200
F 1000
800
k600
F400
| ! | F200
b | |
N p | " "
b . L LM PN A WA gl Wi I
F-200
T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

32



3af

~ o wn o v o o
s 2SS R F 15000
5 R S ~
M PO RING =
=\ F 14000
F 13000
12000
F 11000
10000
19000
8000
17000
16000
39
F 5000
4000
13000
12000
|
| | 1000
J “ vj
o
s g :
= = o F--1000
. . . . . . . . . . . . . . . . . . . . . . .
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
— —_—< O — S S NN~ oo A,
G Gws & P S oo ] 3000
~ O N =+ Al Ol — — S — o <
— —_—— —_ e == — — o~ IS
[N NN SN [ L2800
12600
k2400
HaC k2200
HaC °
12000
o
o7 TN
F 1800
I
X
I 1600
Z
N F 1400
F 1200
I 1000
1800
k600
1400
F-200
ko
F-200

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -0
f1 (ppm)

33



17000
16000

15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

3b

L8560
vt.o.oW
6566°0
L9l
€€T6'1
8116°1
00961 -E
18L6°1
$966'1
0800°C
0S10°T
§920°C
1S¥0°C
1€90°C
¥180°C
001

11€6'9 7
0746'9 |
0097°L |
20L9'L 1
889L 1
9169°L |
9600L
LLSL'L
668L°L Y
$S08°L
8L08L|
T8 L+
gmw.@

LEVS'L
658°L

1TTL8 ~,
LysL's

FS0'E
911
40!

=101

0’1
(4

=00'1

1.0 0.5 0.0 -0.5

1.5

b]
]

35 3.0

4.0

4.5

5.0
f1 (ppm)

7.0

75

8.0

10.0

10.5

12000

8'L—

6'CC—

ToE—

6'¢8—

€601
'S01 >

1911 —
08117
ozel/
0Lz —
8IE~

1051 —
vest/
8851 ~
6991 —

SPLL—

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

10 -10

60 50 40 30
34

70

100 90 80
f1 (ppm)

110

120

CHs

HaC
160

170

180




3¢

[ 1400U
13000

12000

11000

10000
9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

11¥6°0
gmo.oW
£€8L6°0
95C6’1
1776°1
¥296'1
S086°1 —¢
0666°1
9L10°C
6920°C
S0°C
0r90°C
0280°C
001°C
1611°C

8769y
8557
8569'L
6€1LL

CH;

3i

H009

=E0'1

2501
Bs0T

=01

-0.5

0.0

1.0

1.5

4.0

100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

0.5

5
8000

7500

7000

6000

5000

4000

3000

2000

1000

9L—

6'8C—

TLL—

0'L8—

€601~
L9901

0911~
61Tl —
0°LTl ~
6lEl ~

v0s1 /7
vTsI

8851/
€191~
€ELT \

-10

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

190

35



3d

40000

35000

30000

25000

20000

15000

10000

5000

8910°1
17€0°1
w0117
€STI1 \
€L99°1 —
PE91T
SO81°C
9L61'C
8vITT

61€TT

66169 >
167
SLLY'L
0969°L
9ILL'L ~
6E6L'L
0808°L

nnon,w
10TL'8 >

/50°€
60°€

0’1

EC0'1

-0.5

0.0

1.0

1.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

0.5

f1 (ppm)

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000
1000

r-1000

891
L
1z

9ve —

198 —

m,mc_
m,ﬁ:v
0911 ~
0811~
0Tl
6921~
8¢l —

€081 7
Tl

8'8¢S1 /
I'L91 —
0'SLT \

-10

100 9 8 70 60 50 40
f1 (ppm)

110

120

180 170 160

190

36



3e

000
26000

&2
a

24000
22000
20000
18000
16000
- 14000
12000
10000

8000
6000
4000
2000
-2000

$ET60
T2€6°0 |
50560
L8LTT
$96T'1
601€'T |
ELTET
0K
0SHET
€85€°T
THEPT
9041
8ISt ]
189¢°1
€Tyl
st
80051 4
95591
Lt€8T ]
yL8'T
8€98°1 |
S0L8°T
16881 |
6868'1 4
81161

75661

LLY6'T

1961

91L6'1

99L6'1

0£86'1

£000'T

10T

w69
09€6'9 /
009T°L
6£V9°L /
6799°L

0€89°L
VLSL'L~

ISLL'L
¥008°L

81T8°L

e

PITL'8 —

- — =80°¢

Il
B0l
80°€

CHy

HsC

81°1
= W\m:

%LJ i o

-0.5

0.0

]
A

4.0

50 45
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

10.0

10.5

3800

0pl—
891
€60~

1'6¢€ —

L'¢8—

N.mc_
¥'501 >

19117
1221 —
LTI~
$IEI~

LopT —
$0ST —
ezs1/
8851 —
6991 —

LvLl —

3600
3400
3000
2800
2600
2400
2000
F 1800
F 1600
I 1400
k1200
F 1000
800

600

400

200

F-200

60 50 40

70

37

80

100 90

1 (ppm)

110

120

130

140

180 170 160

190




3f

"\ 8.7085
7.8314
7.8094
7.7914
7.6994
7.6794
7.6599
6.9359
6.9231

a
>
e

S

g
;

1.6681
1.1275

9.01= {
T
=]

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

T T T T
105 100 9.5 9.0

o ™ o o<t
oo B
0~ o wy N
N

HC oy

6.5 6.0

~131.9
1269

T T T T T T T
4.5 4.0

w
n
w
o

55 50
f1 (ppm)

M
%
%

1056
1053

—193

T T T
180 170 160

T T T T T T T
110 100 90 80 70 60 50
1 (ppm)

38

-0.5
12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000



3g

50000

45000

40000
35000
30000
25000
20000
15000
10000
5000

¥116°0
L9T6°0
6560
6¥L6°0
9959°1
0S€eL’l
SEPL'L
61SL1
€S9L°1
P8LLI
8SoL’1
€LS6'1
0LL6]
€100°C
8020°C

06269
0
84147
NEH\EW
SP69'L
1SLL'L
@NOEN
2018

S11L°8~
6£TL8

00°€
Nre

_ L00°€
= 21T
=== R

Q

o. \ /N

-—= =101

M
g2y

0.0 0.5

0.5

1.0

4.0

65 60 55 50 45
f1 (ppm)

7.0

7.5

8.0

8.5

9.0

10.0

10.5

6000

5500

5000

4000

3500

3000

2000

0f
1000
500

F-500

9'€T
0¥e
I'vC
¥

sy —

L'€8—

N.ﬁ:
m.ﬁ:v
Tl ~
0811~
reel
0'LTL
6'1€1—

01 7
§Csl

8'8C1 /
6991 —
0'SLT \

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60
f1 (ppm)

210

39



3h

S ©®m®n O\~
1 OOl — o —
o S QX XAl —~
LS e A e A i ] L 14000
I N L S N S SN VRN
|
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
| 1000
|
| v 1
L -0
: 228 g
= SCZ32 S F-1000
T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 0.0 -0.5
f1 (ppm)
] Lot It} RER A Rl xS
IS % ol S N RSN — 8 v ‘v
~ © "o N e AN — =} [y 17000
PE— pAgniints RASNATE IR A R Jh g =~ &
VAN NP
16000
15000
14000
o 13000
o F 12000
o
£ 11000
X
10000
=
N 9000
8000
7000
6000
5000
4000
3000
2000
|
1000
j‘ | ‘ I | |
.
Lok | 1 | L Lo
r-1000
T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 0
1 (ppm)

40



21000
20000

19000
r 18000
17000
16000
15000
r 14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

r-1000

3i

+00TT —

899L°9 1
0v8L'9 1
8620°L 1
8THO'L 1
LL6EL
SEovL 4
9TIvL |
SPIvL |
YETHL
199v°L
LbLYL Y
008¥'L
0ssrL |

¢

$00S°L
615°L
LTTS'L
60tS'L
8898°L
2068°L
0¢eL’s
omvw.w >

=L0'¢

Yol
Ao
00°€
Fooe

10°]
'

13000

1.0

1.5

7.0 6.5

7.5

8.0

10.0

2.5

6'€C—

8601 —
sLi
L611 /
P
€921
22%
9621\
8'6t1
1€l
cog1 /f
$'8€1
6°6€1
9051~
oest/

€651 ~
PE9l ~

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

-10

10

60
41

70

90 80

1 (ppm)

100

110

120

170 160

180




g § g & & g &8 s

E a 2 ke S ke = 2
1LLIT~ =£0°€
L1SET— =90°¢
1L5L9
8YLL9
Y9T0°L
Y6E0°L
8T61°L
6TITL 2001
00S€°L 201
90LE'L B20°T
€LOV L~ oT
LSIS'L Ap0']
6815°L 101
TLES'L
TE98'L
888'L
89TL'8 .
L6EL8 7 =001

0.0 -0.5

0.5

1.0

4.0

100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

2.5

12000
11000

10000

9000

8000

7000

6000

5000

4000

3000

2000
1000

-1000

€1T~
6'€C—

68 —

801 —

SLl
L'611 /
@.NN_/
£ot
o671\
6621

0'1EL 7
vect/
L'SEL 7
6°6€1 \
6°6€1

9051
651/
€651 ~
PE91 ~

-10

10

60

100 90 80 70
f1 (ppm)

110

120

170 160

180

42



3k

—8.7224

1.00

7.8207
7.7994
7.7733
7.7556
7.6834
7.6641
7.6443

o}

£ 6.9304
L 6.9184
22439
22248
22142
2.0765
2.0619
2.0459

\

1.9668
1.9598
1.9419

|
\

f-22000

21000

20000

19000

18000

17000

16000

15000

r 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

=-2000

T T T T
10.5  10.0 9.5 9.0

—173.1
—166.8
~159.0

152.4
£ 150.5

8.5

T T T T T T T T T T T T T
55 50
f1 (ppm)

\ 1319
- 127.0
—1222
1160
105.4
105.3
90.9
36.5

25.2

-0.5

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

~-1000

T T T T
180 170 160 150

T T T T T T T T T T T T
140 130 120 110 100 90 80
1 (ppm)

43

-10



3l

19000

87222
\-8.7096

2

o ) > 2

< e nkranininks - 18000
/

17000
+ 16000
15000
14000
13000

F 12000
> F 11000

\

10000
9000
8000
7000
6000
5000
4000
3000
2000

] 1000

r-1000

1.01= =—
211
1.09~
1.07=

4 210
8.001

T T T T T T T
1.0 105 100 95 9.0 8.5 8.0 715

~
IS
n
IS
o
w
b
w
o
N
n
o
°
n
o
o
b
o
o
&
b

.0 6.5 6.0 5

175.9
—166.9
~158.9
1524
21503
~131.8
1269
11811
21160
1052
N 104.4

82.9

333
244
~217

6000

5000

Q 4000

3000

\

2000

1000

F-500

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

44



4a

2 2828888888 s s3¢g¢g:s s 3ss8 s s s 2 2 2 o e = s o = o o
S § S8 5 S 5 8 &g8c¢eg¢eg¢eg¢8g s g § &8 g & g & g £ & g & ¢
I A S A G S G ! T A AR A U T S
2
<
<
1499
16599
9189
8878'9
€6L1°L
8I'L -
9007'L 2
961T'L
29cTL "
ISPTL _
08+T'L om
9867'L 1 Az
1797°L ]
$98T°L 1 o
9067°L |
0L0€'L 0] —
%@.L 3 m%
16S€°L csel
T09EL " 6Ll
e ] 901 [ 1821 - ]
018€°LA 201 6'8cl
S66E°L k.co,v 2 _.ON_
091+'L ~ yroe otl
SOz L - Ww_.m o h.om_ V
919y°L el rielo
618t'L 60 et \
z10s°L s Lrel
Yetes PN
S6v9'8 — =001 me Y
< 4
S 9esi—
O.

10.0

10.5

-10

10

20

30

40

60

45

70

100 90 80
f1 (ppm)

110

120

X
160 150 140

170

180




4b

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

8 8 8 8 o

2 = g g 2

ke K o E 2 -
0767~ #60°€
£66€T— — L0°€

Fad
o
3 /

1€£9'9 o A
£159'94 o
788L°9
71089 1
£600°L
£€T0°L
9€TI'L Y
ars | 10T
LO6L'LAF 200l
T961°L .

| 0T
onTL~g Mw,o.m
009TL — coh
01vtL-F Ao
203\ Ao
808F°L
1899°L
1689°L
89198 .
9679'8 =001

-0.5

0.0

1.0

1.5

"
e

55 5.0 4.5 4.0
f1 (ppm)

6.0

10.0

10.5

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000
1000

r-1000

€1T
v._NV

g59t -
L'yl
9871
881
6'6C1
S0l
901
crer-¥
8117
9LEl~
88¢17
61~
0051 —
rest/
9651 —

CHy

CHy

-10

10

100 90 80 70 60 50 40
f1 (ppm)

110

120

170 160 150 140

180

46



4c

65000

\8.6053
\7.4203
1\ 7.3996
L 7.2506
- 7.2322
L 7.2263
L 7.2101
L 7.2005
1 7.1838
L 7.1631
}6.7918
L 6.7787
L 6.6660
L6.6477
_-1.3544
~1.2582

|

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

900 L

r-5000

T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 9.0 8.5 8.0 715 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

xnna
_________ b s Gl F 17000
16000
F 15000
F 14000
13000

12000

11000

10000
9000
8000
7000
6000

5000

[
| |
k4000
3000
12000
! f F 1000
| | A » ’

|

r-1000

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

47



4d

NN— NS~ O \C 00 s vn o
T = DO XT V=~V Al —~ Ol en O
\ vy <t QSN0 O~ OOl — o~ O N
o) VL VNI ANNNN— =GO 06 Do e
o oo Ll o e el el o ol ol ol N NI =B == IN-IN RN - N« o o o)
[N R s i S
o
oY
X
FZ
N
1
J | Y u
& gl enr 2%
< Smnececeee i
— —— A= A= oo
T T T T T T T T T T T T T T T T T T T T T T T T
110 105 100 95 90 85 80 75 70 65 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
<t 0
i
W
N~
N
o
o
oY
AN
P
N
|
|
|
I |
|
H ”' |
| t‘?
T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

48

25000
24000
23000
22000
21000
20000
19000
18000
17000
16000
15000
r 14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

F-1000
-2000

5000

4500

4000

3000

2500

2000

1500




4e

DAV ANDSDLCULX—TIIT O —~AOC Nl OOl O~
O X OO TR = FTRXODNDIOXWM Al AN
N RO FTAS N AR DRV ANADS RO —O
NYYIILTITAANT T ZTOSORRARNRNRNR RO N
R e e e el ol e e L Y= RN IV N RN N BN RN B R ==
O et ) e e———
R
F
\
=
N
|
,J\ — A Ju
<
T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 95 90 85 80 75 70 65 6 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
0 e
:.—Sm
T
—
o7 N Y
F
X
Z
N
T T T T T T T T T T T T T T T T T T T T T T
0 -0 20 30 40 50 60 70 80 90  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

49

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

40000

35000

b

30000

25000

20000

15000

10000

5000




7000

5000
o7 N 4500

4000

3000
2500
2000

1500

1l 500

I

|
i 1000
|
|
|

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

50



4f

"\ 8.6469
7.7413
7.7199
7.5095
7.4900
7.4698

N 7.4234

\ 7.4045
L 7.3880
L 7.3691
L 7.2004
L 7.1808
L 7.1645
L 7.1459
L 7.1146
| 7.0936
L 7.0695
| 7.0507
70418
7.0224
6.9896
6.9677
6.9474
6.8223
6.8096
6.6387
6.6204

10000

ﬁ

9000

8000

7000

6000

5000

4000

3000

2000

1000

~-1000

1.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0

14000

-111.4
-112.4

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

T T T T T T T T T T T T T T T T T T T
1080 -1085 -109.0 -109.5 -110.0 -110.5 -111.0 1115  -1120 -1125 -113.0 -113.5 -1140 -1145 -1150 -1155 -1160 -1165 -117.0
f1 (ppm)

51



4500

1591
911
8Tl
8Tl
8'sCl
¥'9Cl
§9T1
9'6C1

L6l \
pIEl
0'8p1
0'8p1
0'0S1
szs1/
7651~
1191
o1 f
SE9l

L'¥91

4000
3000
2500
2000
1500
1000

-10

10

30

40

60
52

70

90 80
f1 (ppm)

100

110

120

170 160 150 140

180




4g

25000

20000

15000

10000

5000

r2E+05

r 1E+05

r 1E+05

r 1E+05

r 1E+05

r 1E+05

90000

80000

70000

60000

50000

40000

30000

20000

10000

-10000

£€665°9
9L199
88LL9
816L°9
$888°9
1€68°9
€016'9
0,769
81€6'9
88€6'9
0080°L
9101°L
1€Tl'L
€L8I°L
LT61°L |
800T°L |
L80T'L
€LITL A
YTTTLA
T0ETLA
18€T°L
TEPTL
SIST'LA
T09T°L
€89T°L
9€LTL -
6SSt'L -F
wﬁ:\
LS6V'L
v80L'L
86TL'L
1€29'8
85€9'8

10°T
10°1
WS,N
P6'l
0T
H/ 6l
A

01

Hot

0.0 -0.5

0.5

4.0

4.5

5.0
f1 (ppm)

7.0 6.5 6.0 55

7.5

8.0

10.0 9.5 9.0

10.5

0€l-~
8°011-—

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

-50

-40

-20

-10

f1 (ppm)

53



103.2
T
p
g

64.0
63.7
61.5
613
50.4

—1522

_~ 1499
— 148.6

F 5000
k4500
4000
N 3500

3000

2000
1500

1000

ll “ H I i LW::OO

T T T T T T T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 15 110 105 100 95 90 85 80 75
f1 (ppm)

54



4h

— oWV nuV AT Ol O —
NN NSO —~—wnonKe o
NN~ S RXLCORX—~O—D =D
eSSyt ol — — 00O
P A N N Sy Sgepepvpv | 40000
| =l
cl 35000
cl 30000
IS
F25000
X
=
N F20000
k15000
10000
5000
I
/o |}
1
Lo
S USY R I
'z LI LA
S oSS —co
= ZZde==
T T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 540 35 30 25 20 15 10 05 00 -05
f1 (ppm)
AN =t NS —\O T Oy o
] Wit n ol —— OO\ WV \On cc
222¥ coonnnaddde 3500
SN —SNe———"|
5000
cl
4500
cl
4000
X
0 3500
X
3000
%
N
2500
2000
\‘\
F 1500
1000
E 500
i
I
| Lo |
1 H[ N o , Lo
F-500
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

55



COoOUVM—=TFTARXDOCNLO T ——Owna
oS-ttt AR AR — 0
MN—=LCTORXRLO-MNWnnmoO —ado
eEmunS o e =YY
[ N e N O e o o o N - I-RV-IN-)
e o s
Br
Br
o7
X
=
N
e i
T T T T T T T T T T T T T T T T
10.0 9.5 9.0 55 5.0 4. 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
“Q
[=)
a
|
Br
Br
P
X
=
N
|
1 1l
| [ |
|
|
‘ H ) f ) l . .
T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 70 60 50 40 30 20 10 0 -10

90 80
f1 (ppm)

56

- 14uuu

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

6500

6000

5500

5000

4500

4000

3000

2500

2000

1000




8841
6.8273
6.6008
6.5826

17000

hy
L
\

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

1.0
2.0
3.11

o3
g
1.041
1.041

r-1000

1003 =——

4.07

T T T T T
10.5 100 95 9.0 8.5 8.0

T T T T T T T T T T T T
.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

=
in

7.

>
=y

.5 6.0

r 6E+05

627
L6209

r 6E+05

r 6E+05

r SE+05

r4E+05

r4E+05

4E+05

r 1E+05

50000

-50000

T T T T T T T T T T T T
10 0 -0 20 30 40 50 60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210
f1 (ppm)

57



)
S
“@
=N
)
/

152.3008
149.6894
— 148.1862

/
7

180

T
170

160

T
150

T T T T
140 130 120 110

100

90
f1 (ppm)

80

58

-10

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




4k

€ 8 8 8 8 2 2 g g 2 2 2 s = 8 e 2 2 2 2 g 2 2 2 =2 -
g £ & &8 2 g g8 g8 g8 g g & 88 g &g g g8 g g g g 8 g8 g8 g o9 2
T & 8 = & § 88 B 8 8 § 88 & & o = 2 2 % s &8 2 & & =z s 2 <5 =
53
_J s
= 2
2
0£91 9Tl 7 =
L181 W < pl
001 _ . 790°€ 861 — —_—
69€T'1 = oze [ 6'€C— —_—
9557’1 2
PHLT'T
<
1984°C “
mgm.w/ .
6LIST—F - Foov |- &
%S.N\
ShSST °
"
<
=
¥
g
2
2=
=
7
6701 — —
<
o
el ~ I
" SSI— B—
00899~ e 3
6769'9 — - 60 SeTl— -
8096'9 % = F66°0 2 TOET~
68L6'9 ger B —
Eﬁ/ .
0r6SL \ L 00T - 2
LS — R0l
61L9'L S
T€69'L Lot — -
" €181 ——
697’8 — / \i boeo = o/ /
\ 0091 — \ N\ —
o. z S o. z
&
<
E

-10

10

40

100 90 80 70 60
f1 (ppm)

110

120

170 160

180

59



41

8 g 8 ° ° ° ° ° ° < = < g s 2 = = = e e e o
s = & g 5 & & & & & &5 &= - = CHEE A S T g g
=3
-
r o

. L= 0tl~
s ©on

) Tl
wwmo,_\ Broy 2 vics
1e5¢t .

. L L8T—
200L _% FSIT cze—
68141~ Fooz
LIEYT \

SPSPT\ Fery |
IELY'T
8€6°T
£
g
L 22
8701 —
1€59°9 B
1999°9 > - Fo
vesgo ) LR
TEPSL
PE9S L\ — PO 2
LessLf = Ro
8979°L L
1859'L
PS8~ _ L2 €051
89558 Foo'l $ISI W —
- TSI
T ges1—

100 9.5

10.5

10

40

60
60

70

80

90
f1 (ppm)

100

110

120

170 160

180




4m

S 2 228 28 28 28 8 2 2 2 2 2 2 2 o o s s 2 2 2 =2 2 2 = = s - -
S § £ E§ £ 8 EE &€ 38888888 8 s g S g g g g g8 g g g8 s s o s
E 8323 3 8§88 32 g8 88§82 § & o = g § % & 7 8§ ¥ § & § s 2 <o 7
o
=
=]
La
879 | = Iyl
F= Tl
M . 9T
€8
- 17 ko At -
—= Lt L97—
- 9Lz _
e g
LTre oLe
e 90¢
i — 180 | 2 9Ig
86+ i
1997°C
L69V'T L2
L88FC
=Y
I =
L3
£
F28
=
Ls 6701 — -
1659°9 L2 0l ~ _
69999 - HU oot SpI— -
€106'9 - HOl | o
ro1697 e 0TI~ L
Y8ESTL - €6l
caee s\ = gHOIFE vuom_w =
wLsLf 16°0 vIEl
€629'L | =
Prro’L “
Lb95'8 — 4 Logo 2 POST~ i
LIS~ o
o e/
=
S6S1— —
Lz
<
=
ol D
" _
— e

-10

10

170 160 150 140 3 120 110 100 90 80 70 60 50 40
f1 (ppm)

180

61



4n

—8.6612

— e QN
O < X WO
SO N —
S8 enin
~Ne N
=\

\7.4972
\7.4770
L 7.3101
L 7.2979
L 7.2613
L 7.2572
L 72534
L 7.2408
| 7.1954
L 7.1868
L 7.0917

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

10.5

~-158.8

—103.3

-1.5

180

T
150

140

130

Al Ol O — QW
T RO N —~ N
0O WV O vyt ol
SaaaRx g
[ =R A - - -
T T T T T
50 45 4 35
f1 (ppm)
T T T T
90 80 70 60
f1 (ppm)

62

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




