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General Information. Cu(OAc), (98%), Cu(OAc),*H,0 (98%), CuO (99.9%), Cul (99.9%),
CuCl; (99.9%), CuSO4 (98%) and Cs,CO3 (99.9%) were purchased from Aldrich and used as
received. The solvents were purchased from commercial sources and dried according to standard
procedure. Naphthylamides were prepared according to literature.! Purification of the reaction
products was carried out on column chromatography using Merck silica gel (60-120 mesh).
Analytical TLC was performed on Merck silica gel G/GF 254 plate. NMR spectra were recorded
on Bruker Avance III 600 MHz and Varian 400 MHz using CDCl; as solvent and Me,Si as an
internal standard. Chemical shifts () were reported in ppm and spin-spin coupling constants (J)
were given in Hz. Melting points were determined using Buchi B-540 melting point apparatus
and are uncorrected. FT-IR spectra were recorded using Thermo Fisher Scientific spectrometer.
Mass spectra were recorded on a Q-TOF ESI-MS instrument (model HAB 273). Single crystal
X-ray data were collected on a Bruker SMART APEX equipped with a CCD area detector using
Mo/Ka radiation and the structure was solved by direct method using SHELXL-14 (Gottingen,

Germany).

Procedure for the Synthesis of Naphthylamides.! To a stirred solution of picolinic acid (1
mmol) in 5 mL dichloromethane at 0 °C under nitrogen atmosphere, was added oxalyl chloride
(1.1 mmol, 0.1 mL), followed by catalytic amount of N,N-dimethylformamide (10 zL). The
resultant mixture was stirred at 0 °C for 0.5 h and then at room temperature for 1 h. The reaction
mixture was then cooled to 0 °C and triethylamine (2 mmol, 0.28 mL) was added. Then, (i.e. 0
°C), naphthylamine (1.1 mmol) was added portion wise and the resultant mixture was allowed to
warm up to room temperature and the stirring was continued for 24 h. Progress of the reaction
was monitored by TLC using ethyl acetate and hexane as an eluent. After completion, the

reaction mixture was diluted with dichloromethane (45 mL), and washed with brine (3 x 5 mL)
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and water (1 x 5 mL). Drying (Na,SO,4) and evaporation of the solvent gave a residue that was

purified on silica gel column chromatography using n-hexane and ethyl acetate as an eluent.
Screening of Directing Groups

DG O’Ph

Cu(OAc), (1.5 equiv)
+ Ph-B(OH),
Cs,CO3 (2.5 equiv)
DMSO, 130 °C, air

Reaction conditions: substrates A-E (0.1 mmol), boronic acid (0.2

mmol), Cu(OAc), (0.15 mmol), Cs,CO3 (0.25 mmol), DMSO (1.0

mL), 130 °C, air, 10 h. nr = no reaction.
General Procedure for Copper-Mediated Etherification. N-Naphthalenyl picolinamide 1 (0.2
mmol), boronic acid 2 (0.4 mmol), Cs,CO; (0.5 mmol, 163 mg), Cu(OAc), (0.3 mmol, 55 mg)
and DMSO (1.5 mL) were stirred in a preheated oil bath at 130 °C under air for an appropriate
time. The progress of the reaction was monitored by TLC using ethyl acetate and hexane as an

eluent. After completion, the reaction mixture was cooled to room temperature, diluted with

ethyl acetate (45 mL). The mixture was washed with 3 mL of aqueous ammonia, brine (5 mL)

S3



and water (5 mL). Drying (Na,SO,) and evaporation of the solvent gave a residue that was

purified on silica gel column chromatography using n-hexane and ethyl acetate as an eluent.

Crystal Data and Structure Refinement for 3k

Figure S1. ORTEP diagram of [ N-(1-(4-fluorophenoxy)naphthalen-8-yl)picolinamide] 3k with
50% ellipsoid. H-Atoms are omitted for clarity (CCDC 1528745).

Identification code

3k

Empirical formula

CnHisFN,O,

Formula weight

358.36

Crystal habit, color

block , yellow

Crystal size, mm?

0.35x0.28x0.21

Temperature, 7/K 296(2)
Wavelength, 2/A 0.71073
Crystal system Triclinic
Space group ‘P -1

Unit cell dimensions

a=9.1885(7)A
b=9.6792(9) A
c=11.0350(9)A
o= 64.897(5)

B =178.682(5)

» = 89.685(5)

Volume, V/A3

868.09(13)
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Z 2

Calculated density, Mg-m™ 1.371

Absorption coefficient, 4/mm-! 0.096

F(000) 372

@ range for data collection 2.09 to 28.69°

Limiting indices —-10<h<11,-8<k<11,-12<[<12
Reflection collected / unique 2872/ 2157

Completeness to 6 96.40 % (6= 24.75°)

Max. and min. transmission 0.968 and 0.967
Refinement method ‘SHELXL-2014/7°

Data / restraints / parameters 2872/0/ 244
Goodness—of—fit on F? 1.030

Final R indices [/>2sigma(/)] R1=10.0443, wR2 =0.1325
R indices (all data) R1=0.0588, wR2 =0.1470

Characterization Data

s

3a

N-(1-Phenoxynaphthalen-8-yl)picolinamide 3a. Brown solid; yield 82% (55.8 mg); analytical
TLC on silica gel Ry 0.35 in 15% ethyl acetate/hexane; mp 110-114 °C; 'H NMR (600 MHz,
CDCly): 6 13.0 (s, 1H), 9.02 (d, J=7.8 Hz, 1H), 8.25 (d, J=7.2 Hz, 2H), 7.84-7.81 (m, 1H), 7.65-
7.55 (m, 3H), 7.39 (t, J/=7.8 Hz, 2H), 7.35-7.32 (m, 2H), 7.22 (d, J=7.8 Hz, 2H), 7.18-7.16 (m,
1H), 6.96 (d, J=7.8 Hz, 1H); 13C NMR (150 MHz, CDCls): 3 162.8, 156.8, 154.4, 150.7, 148,
137.5, 136.8, 134.7, 129.9, 127.1, 126.2, 125.8, 124.4, 124.2, 124.1, 122.4, 120.3, 118.1, 117.3,
114.2; IR (KBr): 3436, 2924, 1682, 1534, 1359, 1490, 1228, 1037, 748 cm™!. HRMS (ESI): calcd

for [M+H]" C»H;6N,0,, 341.1285; found 341.1301.
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N-(1-(o-Tolyloxy)naphthalen-8-yl)picolinamide 3b. Yellow solid; yield 71% (50.3 mg);
analytical TLC on silica gel Ry 0.4 in 15% ethyl acetate/hexane; mp 135-138 °C; 'H NMR (400
MHz, CDCl;): & 13.26 (s, 1H), 9.08-9.06 (m, 1H), 8.3 (d, /=8 Hz, 1H), 8.09-8.08 (m, 1H), 7.86-
7.82 (m, 1H), 7.64-7.54 (m, 3H), 7.38 (d, J=7.2 Hz, 1H), 7.33-7.28 (m, 3H), 7.22-7.18 (m, 1H),
7.14 (d, J=8 Hz, 1H), 6.72-6.7 (m, 1H), 2.36 (s, 3H); 3C NMR (150 MHz, CDCl;): 8 162.9,
155.2, 153.9, 150.8, 147.8, 137.6, 137, 135.1, 131.7, 130.9, 127.6, 127.1, 126.2, 125.8, 125.2,
124, 123.5, 122.3, 121.5, 117.3, 117, 111.2, 16.87; IR (KBr): 3437, 2925, 1683, 1539, 1496,

1231, 1116, 1032, 746 cm’'. HRMS (ESI): calcd for [M+H]" Cp3H sN,O,, 355.1441; found

355.1458.

N-(1-(3-Chlorophenoxy)naphthalen-8-yl)picolinamide 3¢. Yellow solid; yield 65% (48.7 mg);
analytical TLC on silica gel R, 0.37 in 15% ethyl acetate/hexane; mp 130-132 °C; 'H NMR
(600 MHz, CDCl;): 8 12.7 (s, 1H), 8.98 (d, J/=7.2 Hz, 1H), 8.36-8.35 (m, 1H), 8.25 (d, J=7.8 Hz,

1H), 7.86-7.83 (m, 1H), 7.66 (d, /=7.8 Hz, 2H), 7.57 (t, J=7.8 Hz, 1H), 7.41-7.36 (m, 2H), 7.27-
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7.24 (m, 2H), 7.11 (d, J=8.4 Hz, 1H), 7.03-7.01(m, 2H); '*C NMR (150 MHz, CDCls): & 162.8,
157.9, 153.1, 150.6, 147.89, 137.71, 136.98, 135.22, 134.23, 130.65, 127.18, 126.40, 125.87,
125.41, 124.32, 124.14, 122.5, 120.5, 118.2, 117.8, 117.5, 115.3; IR (KBr): 3274, 2925, 1675,
1544, 1496, 1286, 1040, 821 cm'. HRMS (ESI): caled for [M+H]* Cy,H;sCIN,0,, 375.0895;

found 375.0902.

‘ o)
o)
© 3d
MeO

N-(1-(3-Methoxyphenoxy)naphthalen-8-yl)picolinamide 3d. Brown solid; yield 70% (51.9

mg); analytical TLC on silica gel Ry 0.36 in 25% ethyl acetate/hexane, mp 112-115 °C ; 'H
NMR (400 MHz, CDCl;): 12.94 (s, 1H), 9.0 (d, /=8 Hz, 1H), 8.32-8.25 (m, 2H), 7.86-7.83 (m,
1H), 7.65-7.54 (m, 3H), 7.38-7.27 (m, 3H), 6.99 (d, /=8 Hz, 1H), 6.79-6.70 (m, 3H), 3.77 (s,
3H); 3C NMR (150 MHz, CDCl;): 8 162.9, 161.1, 157.9, 154.0, 150.7, 148.1, 137.5, 136.8,
134.6, 130.2, 127.0, 126.2, 125.9, 124.6, 124.1, 122.3, 118.1, 117.3, 114.4, 112.3, 109.9, 106.6,
55.6; IR (KBr): 3274, 2925, 1675, 1544, 1496, 1286, 1040, 821 cm''. HRMS (ESI): caled for

[1\/I‘i‘H]Jr C23H13N203, 3711390, found 371.1390.

Me
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N-(1-(m-Tolyloxy)naphthalen-8-yl)picolinamide 3e. Yellow solid; yield 73% (51.7 mg);
analytical TLC on silica gel Ry 0.33 in 15% ethyl acetate/hexane; mp 99-103°C; 'H NMR (400
MHz, CDCL) : 6 12.99 (s, 1H), 8.98 (d, /=7.6 Hz, 1H), 8.25-8.21 (m, 2H), 7.82-7.78 (m, 1H),
7.62-7.51 (m, 3H), 7.34-7.29 (m, 2H), 7.24-7.22 (m, 1H), 7.0-6.92 (m, 4H), 2.32 (s, 3H); 1°C
NMR (150 MHz, CDCl;): 6 162.9, 156.8, 154.4, 150.8, 148, 140.1, 137.5, 136.8, 134.7, 129.6,
127.1, 126.2, 125.8, 125, 124.3, 124.1, 122.4, 121.2, 120.8, 118.1, 117.2, 114.2, 21.6; IR (KBr):
3437, 2924, 1684, 1536, 1431, 1341, 1229, 1032, 817 cm!. HRMS (ESI): calcd for [M+H]*

Cy3HsN2O,, 355.1441; found 355.1458.

i 3f
NO,

N-(1-(3-Nitrophenoxy)naphthalen-8-yl)picolinamide 3f. Yellow solid; yield 51% (39.3 mg);

analytical TLC on silica gel Ry 0.32 in 20% ethyl acetate/hexane; mp 151-153 °C; 'H NMR (600
MHz, CDCls): 8 12.43 (s, 1H), 8.95 (d, /=7.2 Hz, 1H), 8.47-8.46 (m, 1H), 8.24 (d, /=7.8 Hz,
1H), 8.15-8.14 (m, 1H), 7.94-7.93 (m, 1H), 7.86-7.83 (m, 1H), 7.75 (d, /=8.4 Hz, 1H), 7.7 (d,
J=8.4 Hz, 1H), 7.6 (t, J=7.8 Hz, 1H), 7.46-7.41(m, 3H), 7.34-7.32 (m, 1H), 7.08 (d, J=7.2 Hz,
1H); 3C NMR (150 MHz, CDCl;): 8 162.8, 158.5, 151.9, 150.3, 149.3, 148.1, 137.7, 137.1,
134.0, 130.4, 127.5, 126.7, 126.4, 125.9, 124.6, 124.2, 122.6, 118.6, 118.5, 118.4, 116.5, 114.8;
(KBr): 3429, 2924, 1673, 1524, 1498, 1351, 1240, 1032, 803 cm''. HRMS (ESI): calcd for

[M+Na]* Cy,H5N304, 408.0955; found 408.0971.
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F3C

N-(1-(3-(Trifluoromethyl)phenoxy)naphthalen-8-yl)picolinamide 3g. Yellow solid; yield
72% (58.8 mg); analytical TLC on silica gel Ry 0.35 in 15% ethyl acetate/hexane; mp 127-130
°C; 'H NMR (CDCl;, 400 MHz): 6 12.56 (s, 1H), 8.87 (d, J/=7.6 Hz, 1H), 8.23-8.22 (m, 1H),
8.15 (d, J=7.6 Hz, 1H), 7.74 (t, J=7.6 Hz, 1H), 7.58 (d, J=9.2 Hz, 2H), 7.5-7.45 (m, 2H), 7.35-
7.27 (m, 4H), 7.16-7.12 (m, 1H), 6.91 (d, J=7.6 Hz, 1H); 3C NMR (CDCl;, 150 MHz): § 162.8,
157.5, 152.9, 150.6, 147.9, 137.6, 137, 134.2, 132.3 (Jc¢=32.5 Hz ), 130.5, 127.3, 126.4, 125.8,
125.6, 124.4, 123.8 (Jc¢=270.9 Hz ), 122.5, 122.2, 120.5 (Jc¢=3.7 Hz ), 118.4, 118, 117.07 (Jc.
F=3.7 Hz ), 115.5; IR (KBr): 3293, 3071, 1673, 1547, 1327, 1169, 1287, 1093, 798 cm'!. HRMS

(ESI): caled for [M+H]" Cy3H;5F3N,0,, 409.1158; found 409.1174.

Br

N-(1-(4-Bromophenoxy)naphthalen-8-yl)picolinamide 3h. Yellow solid; yield 63% (52.8 mg);
analytical TLC on silica gel R 0.35 in 15% ethyl acetate/hexane; mp 110-112 °C; 'H NMR (400
MHz, CDCly): 6 13.01 (s, 1H), 9.01 (d, J/=7.6 Hz, 1H), 8.25 (d, J=7.2 Hz, 2H), 7.85-7.8 (m, 1H),
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7.65-7.54 (m, 3H), 7.41-7.31(m, 3H), 7.23-7.15 (m, 3H), 6.96 (d, J=7.6 Hz, 1H); '*C NMR (150
MHz, CDCls): § 163, 156.8, 154.5, 150.8, 148.1, 137.4, 136.7, 134.7, 130.1, 127.1, 126.2, 125.8,
124.4,124.2, 124.1, 122.4,120.3, 118.1, 117.3, 114.2; ; IR (KBr): 3443, 2924, 1682, 1536, 1431,
1341, 1230, 1029, 818 cm!. HRMS (ESI): caled for [M+H]* CoH;sBrN,0,, 419.0390; found

419.0363.

Cl

N-(1-(4-Chlorophenoxy)naphthalen-8-yl)picolinamide 3i. Pale yellow solid; yield 70% (52.5
mg); analytical TLC on silica gel Ry 0.34 in 15% ethyl acetate/hexane; mp 142-143 ° C; 'H
NMR (600 MHz, CDCls): & 12.81(s, 1H), 8.99 (d, J = 8.4 Hz, 1H), 8.29-8.25 (m, 2H), 7.86-7.83
(m, 1H), 7.66-7.62 (m, 2H), 7.58-7.56 (m, 1H), 7.39-7.33 (m, 4H), 7.15-7.27 (m, 2H), 6.95-6.94
(m, 1H); 3C NMR (150 MHz, CDCl;): 6 162.9, 155.5, 153.9, 150.7, 147.9, 137.5, 136.9, 134.5,
130, 129.3, 127.3, 126.3, 125.8, 125, 124.2, 122.5, 121.3, 118.1, 117.6, 114.6; IR (KBr): 3285,
2924, 1669, 1541, 1487, 1228, 1091, 848 cm!. HRMS (ESI): calcd for [M+H]* C5,H;5sCIN,O,,

375.0895; found 375.0901.

S10



Me

N-(1-(4-Ethylphenoxy)naphthalen-8-yl)picolinamide 3j. Yellow solid; yield 77% (56.7 mg);
analytical TLC on silica gel Ry 0.35 in 15% ethyl acetate/hexane; mp 99-104 °C; 'H NMR (400
MHz, CDCls): 6 13.0 (s, 1H), 8.92 (d, J=7.6 Hz, 1H), 8.16 (d, J/=7.2 Hz, 2H), 7.75-7.71 (m, 1H),
7.54-7.43 (m, 3H), 7.22 (t, J/=8 Hz, 2H), 7.16-7.11 (m, 2H), 7.05 (d, J=8.4 Hz, 2H), 6.85 (d,
J=7.6 Hz, 1H), 2.57 (q, J=7.6 Hz, 2H), 1.16 (t, J=7.6 Hz, 3H); '3C NMR (150 MHz, CDCl;): &
162.9, 154.8, 154.5, 150.8, 148.0, 140.2, 137.5, 136.8, 134.8, 129.2, 127.1, 126.2, 125.8, 124.1,
122.3, 120.2, 117.9, 117.1, 113.7, 28.4, 15.9; IR (KBr): v 3274, 2925, 1677, 1542, 1498, 1230,

1030, 820 cm!. HRMS (ESI): calced for [M+H]* C,4H,0N,0,, 369.1598; found 369.1603.

2
SERS
H
o N~
3k

F

N-(1-(4-Fluorophenoxy)naphthalen-8-yl)picolinamide 3k. Pale yellow solid; yield 78% (55.9
mg); analytical TLC on silica gel Ry 0.37 in 15% ethyl acetate/hexane; mp 120-123 °C; 'H NMR
(400 MHz, CDCl;): 6 13.0 (s, 1H), 9.02-8.99 (m, 1H), 8.27-8.23 (m, 2H), 7.86-7.81 (m, 1H),
7.64-7.54 (m, 3H), 7.36-7.31 (m, 2H), 7.21-7.17 (m, 2H), 7.11-7.07 (m, 2H), 6.9 (d, J=7.2 Hz,
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1H); 3C NMR (150 MHz, CDCly): & 162.7 (\Jer=221 Hz), 158.6, 154.6, 152.3, 150.8, 148.1,
137.6, 136.7, 134.6, 127.2, 126.2, 125.8, 124.5, 124.1, 122.4, 121.7 (CJcs=8 Hz), 117.8, 117.4,
116.6 (3Jcs=23 Hz), 113.5; IR (KBr): v 3438, 2924, 1671, 1540, 1432, 1223, 1032, 852 cm"".

HRMS (ESI): caled for [M+H]" C,H,5FN,0,, 359.1190; found 359.1204.

oW:
SARS
H
o N~
3l

Me

N-(1-(p-Tolyloxy)naphthalen-8-yl)picolinamide 3l. Yellow solid; yield 71% (50.3 mg);
analytical TLC on silica gel Ry 0.32 in 10% ethyl acetate/hexane; mp 157-160 °C; 'H NMR (600
MHz, CDCL): 6 13.11 (s, 1H), 9.05-9.03 (m, 1H), 8.29-8.27 (m, 2H), 7.87-7.84 (m, 1H), 7.66-
7.64 (m, 1H), 7.6-7.57 (m, 2H), 7.38-7.37 (m, 1H), 7.35-7.32 (m, 1H), 7.22 (d, J/=8.4 Hz, 2H),
7.15-7.14 (m, 2H), 6.96-6.94 (m, 1H), 2.39 (s, 3H); '3*C NMR (150 MHz, CDCl;): & 162.9,
154.8, 154.3, 150.8, 148, 137.5, 136.8, 134.8, 133.8, 130.4, 127.1, 126.2, 125.8, 124.1, 122.4,
120.3, 117.9, 117.1, 113.5, 21; IR (KBr):3538, 2925, 1682, 1537, 1430, 1378, 1031, 750 cm.

HRMS (ESI): calcd for [M+H]* Cp3H;gN,O,, 355.1441; found 355.1457.

@

SRRS
o N~
3m

OMe
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N-(1-(4-Methoxyphenoxy)naphthalen-8-yl)picolinamide 3m. Yellow solid; yield 82% (60.7
mg); analytical TLC on silica gel Ry 0.35 in 25% ethyl acetate/hexane; mp 115-118 °C; 'H
NMR (600 MHz, CDCls): & 13.16 (s, 1H), 9.033-9.02 (m, 1H), 8.27-8.24 (m, 2H), 7.85-7.82 (m,
1H), 7.62 (d, J/=7.8 Hz, 1H), 7.57-7.54 (m, 2H), 7.35-7.34 (m, 1H), 7.3 (t, /=7.8 Hz, 1H), 7.19-
7.17 (m, 2H), 6.96-6.94 (m, 2H), 6.88 (d, J=7.8 Hz, 1H), 3.84(s, 3H); 3C NMR (150 MHz,
CDCly): 6 163, 156.6, 155.5, 150.8, 149.8, 148.0, 137.5, 136.8, 134.9, 127.2, 126.2, 125.8, 124.0,
123.8, 122.4, 121.8, 117.6, 117.0, 115.0, 112.6, 56.3; IR (KBr): 3265, 3054, 1686, 1540, 1429,

1343, 1285, 1033, 850 cm'!. HRMS (ESI): calcd for [M+H]"Cy3H;sN,O3, 371.1390; found

371.1405.

N-(1-(4-Vinylphenoxy)naphthalen-8-yl)picolinamide 3n. Yellow solid; yield 79 % (57.9
mg); analytical TLC on silica gel Ry 0.32 in 10% ethyl acetate/hexane; mp 128-131°C; '"H NMR
(600 MHz, CDCly): 6 12.95 (s, 1H), 9.02-9.00 (m, 1H), 8.29-8.25 (m, 2H), 7.85-7.82 (m, 1H),
7.65-7.55 (m, 3H), 7.44 (d, /=8.4 Hz, 2H), 7.37-7.32 (m, 2H), 7.18-7.17 (m, 2H), 6.98-6.96 (m,
1H), 6.74-6.69 (m, 1H), 5.70 (d, J=17.4 Hz, 1H), 5.23 (d, J/=10.8 Hz, 1H); '3C NMR (150 MHz,
CDCl;) 8 163, 156.5, 154.3, 150.7, 148.0, 137.5, 136.8, 136.1, 134.7, 133.8, 127.7, 127.2, 126.2,

125.8, 124.6, 124.2, 122.4, 120.3, 118.1, 117.3, 114.3, 113.5; IR (KBr): 3432, 2924, 1677, 1543,
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1429, 1287, 1114, 853 cm’'. HRMS (ESI): calcd for [M+H]*C,4HsN,O,, 367.1441; found

367.1438.
QW
SRRS
o N~
Me
3o
Me

N-(1-(2,4-Dimethylphenoxy)naphthalen-8-yl)picolinamide 3o. Thick oil, yield 55% (40.5
mg); analytical TLC on silica gel Ry 0.4 in 10% ethyl acetate/hexane; 'H NMR (600 MHz,
CDCly): 6 13.3 (s, 1H), 9.05 (d, J/=7.8 Hz, 1H), 8.29-8.28 (m, 1H), 8.12-8.11 (m, 1H), 7.85-7.82
(m, 1H), 7.62 (m, 1H), 7.58-7.55 (m, 1H), 7.33-7.31 (m, 1H), 7.27-7.25 (m, 1H), 7.17 (s, 1H),
7.07-7.06 (m, 1H), 7.02-7.01 (m, 1H), 6.68-6.66 (m, 1H), 2.39 (s, 3H), 2.29 (s, 3H); 13C NMR
(150 MHz, CDCl;): 6 162.9, 155.4, 151.5, 150.9, 147.9, 137.4, 136.8, 135.2, 134.6, 132.4, 130.6,
128.2, 127.1, 126.2, 125.9, 123.9, 123.2, 122.4, 121.5, 117.2, 116.8, 110.8, 21.1, 16.5; IR (KBr,
cm!): v 3283, 2923, 1684, 1538, 1497,1342, 1205, 1032, 816 cm!. HRMS (ESI): caled for

[M+H]" C,4H,0N,0,, 369.1598; found 369.1606.
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N-(1-(Pyridin-3-yloxy)naphthalen-8-yl)picolinamide 3p. Colorless solid, yield 59% (40.3
mg); analytical TLC on silica gel Ry 0.34 in 35% ethyl acetate/hexane; mp 108-110 °C; 'H
NMR (400 MHz, CDCl;): 6 12.65 (s, 1H), 8.92 (d, J/=7.6 Hz, 1H), 8.65 (s, 1H), 8.35 (s, 1H), 8.3-
8.29 (m, 1H), 8.18 (d, /=7.2 Hz, 1H), 7.77-7.75 (m, 1H), 7.61-7.59 (m, 2H), 7.53-7.5 (m, 1H),
7.2-7.19 (m, 4H), 6.92 (d, J=7.2 Hz, 1H); 3C NMR (150 MHz, CDCl): & 162.8, 153.1, 150.5,
148.0, 144.9, 142.4, 137.7, 136.9, 134.3, 127.4, 126.5, 126.1, 125.8, 125.6, 124.4, 122.5, 118.3,
117.9, 115; IR (KBr): 3269, 2915, 1667, 1535, 1486, 1238, 1036, 829 cm'. HRMS (ESI): calcd

for [M+H]" C,;H6N30,, 342.1237; found 342.1244.

YW
DRES

H
ON

3s

N-(1-Phenoxynaphthalen-8-yl)quinoline-2-carboxamide 3s. Yellow solid; yield 61% (47.63
mg); analytical TLC on silica gel Ry 0.32 in 10% ethyl acetate/hexane; mp 140-142 °C, 'H NMR
(600 MHz, CDCl3): 6 13.21 (s, 1H), 9.11-9.10 (m, 1H), 8.4 (d, J/=8.4 Hz, 1H), 8.29 (d, /=9 Hz,
1H), 7.82 (d, /=8.4 Hz, 1H), 7.66-7.65 (m, 1H), 7.61-7.56 (m, 2H), 7.53-7.5 (m, 4H), 7.35-7.31
(m, 4H), 7.01 (d, J=8.4 Hz, 1H), 6.82-6.81 (m, 1H); 3C NMR (150 MHz, CDCl;): § 163.1,
155.9, 150.7, 146.7, 137.7, 136.8, 135, 130.5, 129.9, 129.8, 129.4, 127.9, 127.7, 127.2, 125.8,
125.3, 124.2, 123.8, 122.2, 119.0, 117.4, 117.3, 112.2; IR (KBr):3232, 2925, 1674, 1538, 1493,

1228, 1142, 816 cm™'. HRMS (ESI): calcd for [M+H]* CsH sN,O,391.1441, found 391.1451.
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N-(1-Phenoxynaphthalen-8-yl)isoquinoline-1-carboxamide 3t. Yellow solid; yield 67% (52.3
mg); analytical TLC on silica gel Ry 0.36 in 15% ethyl acetate/hexane; mp 145-148 °C; 'H NMR
(400 MHz, CDCl): 6 13.17 (s, 1H), 9.73 (d, J=10 Hz, 1H), 9.05 (d, J=6.8 Hz, 1H), 8.11 (d,
J=5.6 Hz, 1H), 7.84-7.81 (m, 1H), 7.71-7.6 (m, 6H), 7.4-7.34 (m, 3H), 7.22-7.16 (m, 3H), 6.95
(d, /=8 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 164.5, 157.6, 156.8, 154.5, 148.5, 141.4, 140.1,
137.7, 136.9, 134.9, 130.5, 130.0, 128.8, 128, 127.4, 127.1, 127.1, 125.8, 124.6, 124.5, 124.3,
124.1, 120.3, 118.3, 117.2, 114.2; IR (KBr): 3436, 2924, 1669, 1533, 1434, 1233, 1140, 1033,

815 cm’!. HRMS (ESI): calcd for [M+H]* C,6H sN,0,, 391.1441; found 391.1450.

QW
NJ\ﬁN
H

A A

5.

N-(1-Phenoxynaphthalen-8-yl)pyrazine-2-carboxamide 3u. Yellow solid, yield 71% (48.5

mg); analytical TLC on silica gel Ry 0.36 in 25% ethyl acetate/hexane; mp 149-152 °C ; 'H
NMR (600 MHz, CDCl;): 6 12.79 (s, 1H), 9.5 (s, 1H), 8.97 (d, J=7.8 Hz, 1H), 8.66-8.65 (m,
1H), 8.22 (s, 1H), 7.66 (d, J=7.8 Hz, 1H), 7.61(d, J=8.4 Hz, 1H), 7.58-7.56 (m, 1H), 7.41-7.38
(m, 2H), 7.35-7.33 (m, 1H), 7.2-7.17 (m, 3H), 6.95 (d, J=7.8 Hz, 1H); *C NMR (150 MHz,
CDCly): 6 161.3, 156.6, 154.2, 147.2, 145.4, 144.6, 142.4, 136.8, 134.2, 130.0, 127.1, 126, 124.7,
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124.6, 124.4, 120.1, 117.9, 117.5, 114.4; IR (KBr): 3467, 2900, 1641, 1541, 1491, 1342, 1031,

822 cm!. HRMS (ESI): calcd for [M+H]* C,;H 5N30,, 342.1237; found 342.1243.

0]
X N X
NP N
(@)
3v

N-(4-Phenoxyisoquinolin-5-yl)picolinamide 3v. Thick liquid, yield 65% (44.4 mg); analytical

TLC on silica gel Ry 0.35 in 35% ethyl acetate/hexane; 'H NMR (600 MHz, CDCl3): 6 12.86 (s,
1H), 9.24-9.22 (m, 1H), 9.0 (s, 1H), 8.31-8.27 (m, 2H), 8.14 (s, 1H), 7.88-7.86 (m, 1H), 7.79 (d,
J=7.8 Hz, 1H), 7.75-7.72 (m, 1H), 7.46-7.43 (m, 2H), 7.41-7.39 (m, 1H), 7.29-7.28 (m, 2H),
7.25-7.22 (m, 1H); *C NMR (150 MHz, CDCl;): 8 163.1, 156.4, 150.2, 149.6, 148.3, 148.1,
137.6, 134.1, 132.3, 131.1, 130.1, 128.9, 126.5, 124.8, 123.0, 122.5, 120.7, 120.6, 119.8; IR

(KBr): 3433, 2925, 1634, 1534, 1463, 1284, 1014, 745 cm’'. HRMS (ESI): calcd for [M+H]*

C21H15N302, 3421237, found 342.1252.

® Nk@
H
o N~

3w

N-(1-Cyano-5-phenoxynaphthalen-4-yl)picolinamide 3w. Yellow oil; yield 65% (47.5 mg);
analytical TLC on silica gel Ry 0.35 in 30% ethyl acetate/hexane; 'H NMR (600 MHz, CDCl;): 8

13.44 (s, 1H), 9.16 (d, J=8.4 Hz, 1H), 8.28 (d, J=7.8 Hz, 1H), 8.21 (m, 1H), 8.05-8.1 (m, 2H),
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7.9-7.87 (m, 1H), 7.57-7.54 (m, 1H), 7.54-7.48 (m, 2H), 7.41-7.39 (m, 1H), 7.29-7.28 (m, 3H),
7.07-7.06 (m, 1H); 3C NMR (150 MHz, CDCl): & 163.5, 155.8, 155.5, 150.0, 148.1, 139.9,
137.8, 135.9, 134.7, 130.3, 128.6, 126.8, 125.1, 122.7, 121.2, 120.7, 118.6, 117.2, 115.3, 114.6,
104.9; IR (KBr): 3435, 2924, 1745, 1636, 1526, 1460, 1241, 1050, 740. HRMS (ESI): calcd for

[M+H]" C3H;5N30,, 366.1237; found 366.1249.

® NKO
H
o N~

3x

N-(1-Nitro-5-phenoxynaphthalen-4-yl)picolinamide 3x. Yellow solid; yield 68% (52.4 mg);
analytical TLC on silica gel Ry 0.35 in 35% ethyl acetate/hexane; mp 218-220 °C; 'H NMR (600
MHz, CDCl;): 8 13.57 (s, 1H), 9.18 (d, /=9 Hz, 1H), 8.41-8.45 (m, 2H), 8.28 (d, /=7.8 Hz, 1H),
8.21-8.19 (m, 2H), 7.59-7.56 (m, 1H), 7.51-7.48 (m, 2H), 7.42-7.4 (m, 1H), 7.3-7.28 (m, 3H),
7.09-7.04 (m, 1H); 3C NMR (100 MHz, CDCl3): & 163.5, 155.8, 155.4, 150, 148.1, 142.2,
140.9, 137.8, 130.3, 129.2, 128.9, 126.8, 126.7, 125.2, 122.7, 120.8, 118.8, 117.9, 114.7, 114.2;
IR (KBr): 3447, 2924, 2854, 1636, 1537, 1499, 1499, 1117, 742 cm’'. HRMS (ESI): calcd for

[M+H]" C5,H 5N304, 386.1135; found 386.1148.
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N-(4-Phenoxypyren-3-yl)picolinamide 3y. Yellow solid; yield 70% (58.1 mg); analytical TLC
on silica gel R;0.39 in 15% ethyl acetate/hexane; mp 174-177 °C; 'H NMR (600 MHz, CDCl,):
0 13.2 (s, 1H), 9.45 (d, /=8.4 Hz, 1H), 8.16-8.12 (m, 3H), 7.89-7.86 (m, 2H), 7.81(d, /=9 Hz,
1H), 7.74-7.68 (m, 3H), 7.32-7.21(m, 6H), 7.12-7.1(m, 1H); 13C NMR (150 MHz, CDCls):
162.8, 156.3, 154.0, 150. 8, 148, 137.6, 133.8, 131.9, 131.5, 130.1, 128.0, 127.8, 127.5, 127.4,
126.6, 126.37, 126.3, 124.6, 124.1, 123.4, 122.7, 122.4, 120.8, 119.2, 114.8, 112.33; IR (KBr):
3430, 2924, 1689, 1522, 1490, 1327, 1257, 1045, 847 cm!. HRMS (ESI): calcd for [M+H]*

Cy3HsN,O,, 415.1441; found 415.1456.

s

3z

N-(8-Phenoxy-1,2,3,4-tetrahydronaphthalen-1-yl)picolinamide 3z. Yellow solid; yield 50%
(34.5 mg) analytical TLC on silica gel Ry 0.3 in 25% ethyl acetate/hexane; mp 139-141 °C; 'H
NMR (400 MHz, CDCls): 6 8.36 (s, 1H), 7.7 (d, /=7.8 Hz, 1H), 7.53 (t, J/=7.2 Hz, 1H), 7.37 (d,
J=7.2 Hz, 1H), 7.29-7.27 (m, 1H), 7.20-7.18 (m, 1H), 7.09-7.01 (m, 4H), 6.81 (d, /=6.6 Hz, 2H),
6.33-6.31 (m, 1H), 2.68-2.64 (m, 2H), 2.09-2.08 (m, 1H), 1.76-1.71 (m, 3H), 1.29-1.25 (m, 1H);
3C NMR (150 MHz, CDCl;): 6 169.7, 155.2, 148.87, 140.8, 138.3, 136.4, 136.1, 129.5, 129.4,
128.6, 128.1, 127.2, 127.0, 126.5, 123.7, 54.98, 29.63, 28.20, 22.04; IR (KBr): 3437, 3062, 2925,
2859, 1650, 1595, 1494, 1386, 1340, 1146, 1112, 913, 744 cm™!. HRMS (ESI): calcd for [M+H]*

C22H20N202, 3451598, found 345.1601.
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8-Phenoxynaphthalen-1-amine 4a. Thick oil, yield 91% (21.4 mg); analytical TLC on silica gel

R/ 0.43 in 3% ethyl acetate/hexane; 'H NMR (400 MHz, CDCl;): 8 7.49 (d, J = 8 Hz, 1H), 7.38
(t, J=28.0 Hz, 2H), 7.29-7.14 (m, 4H), 7.09 (d, J = 7.6 Hz, 2H), 6.69 (d, J = 7.6 Hz, 1H), 6.64 (d,
J=6.8 Hz, 1H), 5.19 (s, 2H); 3C NMR (150 MHz, CDCl;): § 157.1, 155.4, 144.1, 137.6, 130.2,
127.5, 125.7, 124.2, 124.1, 119.8, 117.4, 116.5, 113, 110.2; IR (KBr): 3399, 2924, 2854, 1592,

1487, 1393, 1229, 1029, 819, 756 cm!. HRMS (ESI): caled for [M+H]* C;¢H;;NO, 236.1070;

found 236.1074.

seW
(@]

O

4b

3-Phenoxypyren-4-amine 4b. Thick liquid; yield 87% (26.9 mg); analytical TLC on silica gel
R/ 0.46 in 5% ethyl acetate/hexane; 'H NMR (400 MHz, CDCls): 8 7.98-7.68 (m, 6H), 7.46-7.24
(m, 2H), 7.25-7.23 (m, 4H), 7.08 (s, 1H); '*C NMR (150 MHz, CDCl3): 8 155.6, 154.9, 132.2,

132.1, 130.2, 130.1, 128.0, 127.5, 127.5, 126.4, 125.1, 124.6, 124.4, 122.9, 122.3, 120.0, 117.1,
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112.2,112.2, 110.3; IR (KBr): 3443, 2924, 2850, 1638, 1460, 1382, 1111, 760, 622 cm*'. HRMS

(ESI): calcd for [M+H]" C,,HsNO, 310.1226; found 310.1234.

Me\n/O 0

LY}

5-Phenoxy-4-(picolinamido)naphthalen-1-yl acetate Sa. Thick liquid; yield 60% (23.9 mg);
analytical TLC on silica gel Ry 0.34 in 35% ethyl acetate/hexane; 'H NMR (600 MHz, CDCl;): &
13.04 (s, 1H), 9.03 (d, /=6 Hz, 1H), 8.25-8.21 (m, 2H), 7.84-7.82 (m, 1H), 7.64-7.55 (m, 2H),
7.44-7.39 (m, 2H), 7.38-7.33 (m, 2H), 7.24-7.13 (m, 3H), 7.04-6.98 (m, 1H), 2.48 (s, 3H); 1°C
NMR (150 MHz, CDCls): 6 169.9, 162.8, 156.4, 154.8, 150.6, 148, 142.4, 137.6, 136.4, 133.1,
130.0, 126.5, 126.3, 124.5, 122.4, 120.8, 120.5, 119.5, 118.9, 117.7, 117.1, 116.5, 114.53, 21.18;
IR (KBr): 3453, 2921, 1730, 1638, 1384, 1263, 1189, 1115, 620 cm!. HRMS (ESI): calcd for

[M+H]" C4H sN,04 399.1339; found 399.1355.

0 0
ISPpeN:
MR

0 N~

5 @

N-(1-Phenoxy-5-tosylnaphthalen-8-yl)picolinamide 5b. Colorless solid; yield 61% (30.2 mg);

analytical TLC on silica gel R, 0.37 in 35% ethyl acetate/hexane; mp 201-203 °C; 'H NMR
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(400 MHz, CDCLy): & 13.44 (s, 1H), 9.2 (d, /=8.8 Hz, 1H), 8.61 (d, J=8.4 Hz, 1H), 8.42 (d, J=8.4
Hz, 1H), 8.26 (d, J=8 Hz, 1H), 8.17-8.16 (m, 1H), 7.85 (d, /=8.4 Hz, 3H), 7.44-7.35 (m, 4H),
7.28-7.24 (m, 2H), 7.22-7.19 (m, 3H), 6.97 (d, J=8 Hz, 1H), 2.37 (s, 3H); *C NMR (150 MHz,
CDCLy): § 163.5, 155.9, 155.4, 150.0, 148.0, 144. 140., 139.2 137.8, 137.4, 132.3, 132.0, 130.2,
129.9, 128.2, 127.6, 125, 122.7, 120.7, 120.2, 118.2, 114.5, 114.5, 21.83; IR (KBr): 3451, 2924,
2854, 1639, 1382, 1114, 767, 620 cm'. HRMS (ESI): calcd for [M+H]* Ca9H2N,04S, 495.1373;

found 495.1379.

J

N

(R
oHN/

5¢c

N-(7-Morpholino-1-phenoxynaphthalen-8-yl)picolinamide 5c. Yellow oil; yield 43% (18.3
mg); analytical TLC on silica gel Ry 0.3 in 35% ethyl acetate/hexane; 'H NMR (400 MHz,
CDCl;): 6 10.13 (s, 1H), 8.51-8.5 (m, 1H), 8.13 (d, J=7.6 Hz, 1H), 7.84-7.80 (m, 2H), 7.64 (d,
J=8 Hz, 1H), 7.44-7.40 (m, 2H), 7.32 (t, /=8 Hz, 1H), 7.06-7.02 (m, 3H), 6.88-6.84 (m, 1H),
6.58 (d, J=8 Hz, 2H), 3.73-3.71 (m, 4H), 3.04-3.02 (m, 4H); '3C NMR (150 MHz, CDCl;): §
163.3, 158.8, 151.6, 150.6, 148.1, 146.4, 137.4, 133.7, 129.4, 128.5, 126.2, 125.2, 125.1, 124.9,
124.1, 122.6, 122.2, 120.5, 118.6, 117.4, 67.74, 51.97; IR (KBr):3449, 2964, 2923, 2852, 1637,
1464, 1384, 1220, 1111, 772 cm’'. HRMS (ESI): calcd for [M+H]"C»,H;sNO, 426.1812; found

426.1818.
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Preparation of N-(Naphthalen-1-yl-8-d)picolinamide 1a-d (Scheme S1).2

O 0 10 mol% Pd(OAC), O 0
N | A 40 equiv D20 O N | 2
O H N_J  m-xylene, 130°C, 12 h H/B N

1a

1a-d
‘90% deuterium incorporation’

Compound 1a (0.25 mmol, 62 mg), D,O (10 mmol, 200 mg), Pd(OAc), (15 mol %, 0.0375
mmol, 9 mg) and m-xylene (5 mL) were stirred at 130 °C for 12 h. The reaction mixture was
cooled to room temperature, diluted with ethyl acetate (20 mL), washed with brine (2 x 5 mL)
and water (1 x 5 mL). Drying (Na,SO,4) and evaporation of the solvent gave a residue that was
purified on silica gel column chromatography using n-hexane and ethyl acetate (96/4 v/v) as an

eluent. The deuterium incorporation was determined using 400 MHz 'H NMR as 90%.

Intermolecular Kinetic Isotope Study.?® N-(Naphthalen-1-yl)picolinamide 1a (0.2 mmol, 49.6
mg), N-(naphthalen-1-yl-8-d)picolinamide 1a-d (0.2 mmol, 49.8 mg), phenylboronic acid 2a (0.4
mmol, 48.8 mg), Cs,CO; (0.5 mmol, 163 mg), Cu(OAc), (0.3 mmol, 55 mg) and DMSO (1.5
mL) were stirred at 130 °C under air for 2 h. The reaction mixture was cooled to room
temperature, diluted with ethyl acetate (45 mL) and washed with 3 ml of aqueous ammonia,
brine (5 mL) and water (5SmL). Drying (Na,SO,4) and evaporation of the solvent gave a residue
that was purified on silica gel column chromatography using n-hexane and ethyl acetate as an
eluent to give 3a and a mixture of unreacted 1a and 1a-d. The intermolecular ky/kp was found to

be 1.94, based on 600 MHz '"H NMR analysis of the recovered substrates 1a and 1a-d.

S23



H,0!'8 Labeling Experiment.? Compound 1a (0.1 mmol, 25 mg) was mixed with 2a (0.2 mmol,

24.5 mg), Cs,CO; (0.25 mmol, 81.5 mg), Cu(OAc), (0.15 mmol, 49 mg), DMSO (1 mL) and

H,0!8 (0.1 mmol, 2 mg) were stirred at 130 °C for 3 h. The reaction mixture was then cooled to

room temperature and diluted with ethyl acetate (45 mL). The solution was washed with aqueous

ammonia (3 mL), brine (2 x 5 ml) and water (5 mL). Drying (Na,SO,) and evaporation of the

solvent gave a residue that was purified on silica gel column chromatography using ethyl acetate

and hexane as an eluent to provide a 1:2 mixtures of ethers O'® (3a) and O3 (3a) as determined

by ESI-MS analysis.
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Figure S3. ESI-MS analysis of labelling experiment (3a and 3a’) after 3 h.

Removal of Directing Group.* To a stirred solution of NaOH (0.7 mmol, 28 mg) in EtOH (1.5

mL), compound 3a or 3y (0.1 mmol) was added. The reaction mixture was then stirred at room

temperature for 2 min and heated at 80 °C for 3 h. The progress of the reaction was monitored by
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TLC using ethyl acetate and hexane as an eluent. After completion, the reaction mixture was
allowed to cool to room temperature, diluted with ethyl acetate (40 mL). The solution was
washed with 0.5 N HCI (4 x 5 mL), brine (5 mL) and water (5 mL). Drying (Na,SO,) and
evaporation of the solvent gave a residue that was purified on silica gel column chromatography
using n-hexane and ethyl acetate (96/4 v/v) as an eluent.

Procedure for C-4 Tosylation of 3a.°*Compound 3a (0.1 mmol, 34.1 mg), K,CO; (28 mg, 0.2
mmol), Cu(OAc),*H,0 (4.0 mg, 0.02 mmol) and TsCl (0.3 mmol, 58 mg) were stirred in 1,2-
dichloroethane (I mL) at 80 °C under air for 16 h. Progress of the reaction was monitored by
TLC using ethyl acetate and hexane. After completion, the reaction mixture was cooled to room
temperature, diluted with ethyl acetate (50 mL). The organic solution was washed with brine (10
mL) and water (5 mL). Drying (Na,SO,) and evaporation of the solvent gave a residue that was

purified on silica gel column chromatography using ethyl acetate/hexane as an eluent.

Procedure for C-4 Acetoxylation of 3a.°* Compound 3a (0.1 mmol, 34.1 mg), Cu(OAc),*H,O
(0.02 mmol, 4.0 mg) and PhI(OAc), (0.2 mmol, 64.4 mg) were stirred in AcOH (1 mL) at 80 °C
under air for 6 h. Progress of the reaction was monitored by TLC using ethyl acetate and hexane.
After completion, the reaction mixture was cooled to room temperature, diluted with ethyl
acetate (50 mL), washed with saturated Na,S,03 (2 x 10 mL), brine (10 mL) and water (5 mL).
Drying (Na,SO,) and evaporation of the solvent gave a residue that was purified on silica gel

column chromatography using ethyl acetate/hexane as eluent.

Procedure for C-2 Amination of 3a.°® Compound 3a (0.1 mmol, 34.1 mg), morpholine (0.2
mmol, 175 mg), Cu(OAc),*H,0 (0.01 mmol, 2.0 mg), PhI(OAc), (64.4 mg, 0.2 mmol) and

MgCl, (20 mol %, 0.02 mmol, 2 mg) were stirred in 2 mL 1,4-dioxane at room temperature
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under nitrogen atmosphere for 8 h. Progress of the reaction was monitored by TLC using ethyl
acetate and hexane. After completion, the reaction mixture was cooled to room temperature,
diluted with ethyl acetate (45 mL), washed with saturated Na,S,0; (2 x 10 mL), brine (2 x 10
mL) and water (1 x 5 mL). Drying (Na,SO,) and evaporation of the solvent gave a residue that

was purified on silica gel column chromatography using ethyl acetate/hexane as eluent.

References

1. (a) R. Odani, K. Hirano, T. Satoh and M. Miura, J. Org. Chem., 2013, 78, 11045; (b) R.
Shang, L. Ilies and E. Nakamura, J. Am. Chem. Soc., 2015, 137, 7660. c) A. M. Martinez,

N. Rodriguez, R. G. Arrays and J. C. Carretero, Chem. Commun., 2014, 50, 2801.

2. a) L. Huang, Q. Li, C. Wang and C. Qi, J. Org. Chem., 2013, 78, 3030; (b) S. Pradhan

and P. B. De, T. Punniyamurthy, J. Org. Chem., 2017, 82, 4883.

3. J. Zhang, H. Chen, B. Wang, Z. Liu and Y. Zhang, Org. Lett., 2015, 17, 2768.

4. E. T. Nadres, G. L. F. Santos, D. Shabashov and O. Daugulis, J. Org. Chem., 2013, 78,

9689.

5. (a) J-M. Li, Y.-H. Wang, Y. Yu, R.-B. Wu, J. Weng and G. Lu, ACS Catal., 2017, 7,
2661; (b) Q. Li, S.-Y. Zhang, G. He, Z. Ai, W. A. Nack and G. Chen, Org. Lett. 2014, 16,

1764.

S26



NMR ('H and 3C) Spectra

—Z
[3°]
O ™
ZT
S
P69~
o 1969
1969
0ars
Ny
SBIL
8171
TETL
097
TCEL
oEEL
L
T
i 2
. 58T f
el stzL—
1 .
055 ez
€05 0L~
%SL
565
609 226
2 e
THEL
8L } Py
929 96—
6E8L e~
BT~ ove"
6578
1106
¥206-"
055~
05L—
95L—"
GRS~
609"
S0 —
6v9L—
T8~
978 —
6681~
==
-
q00ET—
?‘;
o
=z
=
b
-4
wvy

S27

790 785 780 775 770 765 7.60 7.55 750 745 740 735 730 725 720 715 710 7.05 7.00 6.95 6.90 6.85

f1 (ppm)

= 86'0
HT
=pRT
B-26'T
26T
_-60°E
Begor

86T

=001

Fort

40 35 30 25 20 15 10

4.5

55 50

6.0

6.5

7.5
f1 (ppm)

9.0 8.0

120 115 11.0 105 10.0 95

13.0 125

13.5

14.0



£00a2 610°%L
£Das MZZZ}
EDaD Zrt'LL

SR-24-PB-PA-1H

eI HIT
S9TLIT
90181t
BT 0eT
LLETTT
[1848
174 748
WtreT
6¢8°SZT
00Z"921
[y s
STE6ZT
LELPET
EEQOET
9TSLET
LS6PT—
¥SL0ST—
9EPST—
918951 —

SRS\

5487791 —

S28

-10

40 30 20 10

50

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

220



E9ET—

1699
6699
9129
a7
6azL i
GOEYL
SPSL~
T65¢
orox
oY
£voL
o8z'e

€906
990'6}
2806
5806

EO0°ET —

SR-74-1H

BZ1°L
8b1'L
661°L
0L
LITL
697°L
[4:14'4
68T°L

6OE'L
ZTE'{&
STEL

6TEL -
TLEL
BEEI/

S¥SL
S95°L
995°L
0454

16574
019°L
oL
V9L

0z8'¢L
bZ‘é“{\
6ER'L~E
£WR'LF
858/ f
2994

808~
7608~

988~
90e'8—

S29

7.0

71

74 73 72

7.5

7.6

78 77
f1 (ppm)

8.0

84 83 82 81

8.5

—

=T0'€

00T

Feso

f1 (ppm)

14 13 12 11 10

15



698'9T—

10%LL
QETLL }
il

EAEaH
azz'ﬂr\
ZISTeT
%E'ZZT\
£0b'ETT
Wbz —
£9T'SZT-F
zae'sel
851921
vr1Let
0294Z1
6EGDET
0SL°TET /
0669ET
QLLIPT—
SPBOST—~

OBYEST-_
PLTSST—

E16'29T—

SR-74A-13C

A

S30

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

190



1047
0E0L
TEQLA
a0TL

0zv
brTL
8574
79744
0Lz
94T
29
BLEY
0651
166
665
L0¥'
855

5%

95,

£59°¢L

599

TERL
ibs"i}
65874
'8
TBZ'E}
88e'8
598

868
056'E>

00£€T—

SR-81-1H

E£T0Y

0£0% \
Teoz—=
0L —

e
EEEé\

T
€9TL
[MZ'{?
aLeL

L ¥A-YS
YA
2597
S99L—=

Tens

BL—
658% s

g8~
1374 el

gse'8
SBE'E>

S31

72 7.0 6.8

74

7.6

8.2 80 7.8
f1 (ppm)

8.4

00T

1.0 05

1:5

3.0 25

3.5

4.0

4.5

5.0

55

75 70 65 6.0
f1 (ppm)

8.0

9.0 85

125 115 10.5 9.5

135



BI0°LL N

0€2°LL
il 23

Tov'ZZT
T
ZTEVIT
60¢'STT-F
SLESeT
666927
LTLTT

TSESTT
Z65LTT
SPRUTT
FITBIT
£8Y0C1 '\

SETHET
LITSET
SLE9ET
0TLLET

68 LbT
£09:05T~"
orTEsT~"
TBRST~_

£1gE9r—

SR-81-13C

3c
Cl

S32

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

190



#00-—

WLE—

09
09
1649
986'9
S00%
85Z%
wZL
S6ZL
€2EY
el
€9€Y
LLEL
L85
965
a19%
TEQL
818%
9E8YL
Ss8t
T8

S9T'8
90{'3:7’-
STE'8

£66'8
ZTO’S>

(MeO

S33

—

Fere

I\DD‘E
L\'Z[]"II

9LE
]:/'SZ'E
oreT

i
Fooz

oot

Fogo

0.5

0.0

0.5

40 35 30 25 20 15 1.0

4.5

65 60 55 5.0
f1 (ppm)

7.0

115 10.5 95 9.0 85 80 75

12.5

13.5



T89°65—

E'[G'H\

—
Teb'LL

595901
898°60T L%
HETIT
l?Sb'bT.'[%_
ZELIT

SOTBIT
(82721
gn'm\_
ssg'mk
BE6'STT
11921
TE0LZT
6HZ'0ET
ESOHET—
T6L9ET-F
seseer)

8081~
112051~
LI0FST—
EP6LST~_
££0°791

26291~

SR-63-13C

MeO

S34

10

20

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

190



8TET—

LE6'9
P69
096'94
£8697
H0Z4
2L
0£2Z
OvZL
092
68774
80€°Z
ETEL
8ZEL
TPEL
605'L
625
Bb5Y
8551
6£5L
z09¢
E79Y
18LL
98LL
008
HBL
618¢
FEaL

s1eg
SEZ'B}
9z

LGB~ _
9668~

6'el—

SR-34pe-PBA-PA-1H

.
ZT
O
Ok
=

4269
bl?ﬁ'Qk
0969~

EBS'Qf
orZL
80€%
eeL—
625¢
855%
WYL~
TBLY
008
8L }
618%
4 ¥
STZ8

SETB—
%Z"E‘f

LL6'8~_
966'8~"

S35

6.6 6.4 6.2

70 6.8

7.2

74

76
f1 (ppm)

84 82 80 78

96 94 92 90 88 86

=00'€

s
=TT

0z
Fae
T

ooz

—— 0T

1.0 05

1.5

2.0

2.5

3.0

6.0 50 45 40

70 65
f1 (ppm)

7.5

8.0

9.0

11.5 10.5 9.5

12.5



0E9TZ—

BI0%ZL 2N

3e

Me

.

=BT
arkiL

0ETHIT
vITLT
TITerT
LH80TT
T2 et
p6ETET
ST HET
9EEHTT
610'52T
e&e‘szrk
96T'G2T~7
SoTer
$09'627 £
SLLVET~
bI8'9ET ~
815 ET-"
LI0TObT~"

156'tT~"
$18°05T—
96EHET~_
8LLOST~_

=]
@
-

|

SR-3MePB-PA-13C

S36

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

f1 (ppm)



EL0EA
580°L
092°L 4
092°L9
TCELA
92E'L
GEEL
ObE'L

BTF'L]
TEFL
Stb'L
65
6854
209,
ST9°L
B69°L
4TV
vl
LTS

LEB'L

6ZFET—

SR-72-MNO2-1H

NO,

S37

o o
(f=]
o -
(9
S—

=
[
g I
[
m
M~
<
(=
L&}
P~

-
of
~Na

=
&
-
@
(=
o
M~
=

" ———
(==]
—
(=s]
™~
(s
M
[+ ]

160
960
et
Freor
160
160
701
<60
68°0
00'1
ot

=001

01

0.5

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

8.5

9.0

145 14.0 13.5 13.0 125 120 11.5 11.0 10.5 10.0 9.5



610°4L

LL

818°FIT
0ES™9TT
PBE'BTT
187811
LTt
6¥2°TTT
bZZ'bET\
695°FET
L06°62T~

05k°92T
999°07T
T0S'£2T /
O0TF 0ET
666°€ET
SETZET
bbe'LET
AN gt
O2E 6T~
EVE'0ST
6BEE'TST Ve
Top'85T —
W6LT9T—

SR-72-MNO2-13C

S38

200 190 180 170 160 150 140 130 120 f]l.(lﬂ ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

210



Ser—

SR-85-3TRIFI2JOROBA-PA-1H

0169
669

aITL
SETZ\&
TTL~E

WL

68ZL—=
TIEY
PEEL
E5€Y

S9FL
€8bL
£05%
0L5%
£65%
1L

BSLL
LET8
%618
6128
6228
9988~
5888~

\.

S39

8.0 75 7.0
f1 (ppm)

8.5

9.0

—

980

1.5 1.0 05

2.0

2.5

3.0

75 70 65 6.0 55 50 45 40
f1 (ppm)

8.0

9.0

135 13.0 125 12,0 115 11.0 105 10.0 9.5



1oL
uezzc}
<t
0€0°TTH
SSO'EIIT‘|
080°£T71
SOT°LTT
6T0'8TT
0Zr'8TT
895°021 1
£61°02T 1
816°021 1
EFS'0ET
661221
DES"ZZT
S46°TCT
9T+ FET
08LbeT
ST9'GZT
N TA
I OgT
985°921 %—'
SZE'LZT
65b°05T<p
TS0"ZET
89z e T

S8y ZET
L8T'PET
VZO'LET
7i:yiaed
6657057~

RISt
PISTLST~_

bZ8 79T —

SR-85-3TRIFLUOROBA-PA-13C

—Z
o)
®) ™
ZT
O
O
[se]
L L
89%°02T o 1
£6b°02T ry _
S - R
£45°07T -4 T 1
orizr’ o~ SN SR .
661721~ - F o —
DES LET— e ————————
SL6'TZT— - B -
L —=
9T ve T — - T
08¢ 42T - - E -
ST9'SZT~_ = s
88'SZT— — | &2
(4 d A PO—— L
0gs'9zT~" 1 L =
SCERT— I — —
=] a—
- ™~
—
= —
65b"0ET— _— -

540

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

200



£00°6
206

0eErT—

SR-54-4BROMOPBA-PA-1H

-

669

e
68T
112L
ETL
652
STEL
SEEL
SSEL
bLEL
6EL
ETHL~E

ObSL~_
0957 —
085
065
0T9L
TEQL
Z59°L
s08¢
829
8bae

0bZ'8~_
852'8—"

S41

7.8 76 74 7.2 7.0 6.8
f1 (ppm)

8.0

8.2

/)

Feao

1.0 05

1.5

2.0

70 65 60 55 50 45 40 35 3.0
f1 (ppm)

7.5

8.0

10.5 100 95

13.5 13.0 125 12.0 115 110



8I0°LL N

[44 278

10T°+TT
SLTUTT
ETTBIT
TeZ0T
SBETTET
29THET
0sTkeT
ESHVET
LERSET
80921
90T
L50°0ET
90LPET
PLLO9ET
QEPLET

P OCE R

950°8HT
$58'05T—
BYPST ~
ZT8'95T ~

996°79T —

SR-4BBROMOBBBA-PA-13C

S D

542

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

200



T6'9
ZH6'91
£56'91
556'91
ObTL
LS
TI5TZ
SSTZA
09T
9EEY
e
8FEL
29EL
0BEZ 4
THEY 1
PREL
06EL 1
Z6EL A
9557 1
04572
EBSL
1297
ZT9L
SE9L
9EIL
2L
EPOL
S59Y¢
959¢
SERY

BHEYL
s8¢
[0, 7
£98%
T
9578
£97°8
el v
878
S6T'8

200'6

ET8TI—

SR-84-2-1H

69
w69
£56°9
5569

1%
WII/
T8TL
ESII"[

7.8 77 7.6 75 7.4 73 7.2 7.1 7.0 6.9
f1 (ppm)

79

543

s

F-66'0
00T
I6E
60T
£0°T
2207

FE0T

=00'T

00T

0.5

65 60 55 50 45 40 35 3.0 25 20 15 1.0

7.0
f1 (ppm)

7.5

8.5

9.0

13.5 13.0 125 12.0 115 11.0 105 10.0 95



8I0°LLN,

Cl

e
Theet

G95FIT
Z6SLTT
T8Il

9EE' 12T
954221
SYTHTT
£96'47T
L0851
962'921%
LTI —
c0t'6eT—
to0oer
68 PET~
669ET~._
SEELET—"

T88LFT—"
S59'05T—
OLBEST~_
bZE'SET~

658°T9T—

SR-84-2-13C

S44

40 30 20 10

50

160 150 140 130 120 110 100 90 80 70
f1 (ppm)

170



860°0-—

W'l
91
4!

52
095°T
6£5°T
865°T

SR-4EEPB-PA-1H
Il
|

6ER'9—
8589 —

9E0E—
LS0E—

[ VEa
EETL—
T9TL ~

wEL—
1Zge—
WEL—
PITEL —~

9t
I5be %
b
e
75—
wEL—

545

6.7

7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8
f1 (ppm)

76

Eo0¢ |

et

E-g6'0
29'
612
96T
00'E

Ftot

Fset

Fo01

Feco

0.0

1.0

1.5

30 25 20

3.5

5.0 45 4.0

65 60 55
f1 (ppm)

7.0

7.5

8.0

8.5

9.0

13.5 13.0 125 12.0 115 11.0 105 10.0 9.5



H6'ST—

68T —

STD'ﬁﬁl

Me

0ETLL
ZHv'?.'r:f

SHOETT
660°LTT
TS6LIT
EFTOCT
ZEE'RI:t
T60'bZT~\"
80'SZ1~
191'92T
ESO'RI—[
£0Z'62T
SERPET~
L0B9ET~—
LBPLET~
BHZ0FT "

0BT —
LI8'05T~—
LB FET
064 FaT

6829 —

SR-4ETPB-PA-13C

546

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

190



T00°'0—

LB et

SR-4FPB-PA-1H

068'9—
8069 —

890°L
BLOL X
060°L
SoTL
nre—

PLTL
081L
S8BT
I6TL~E
L61L~F
207, {
80ZL
09TL—
90EL
9zEYL
BEEL \
[
GPEL-F
1562
PSEL
8SEYL
0LEL
2LEYL

ZeSL T
95L—
/5L
E09L—
LY ~_
SPOL~

547

7.6 7.5 74 73 7.2 7.1 7.0 6.9 6.8
f1 (ppm)

77

—

=160

0.0

1.0

20 15

2.5

3.0

4.0

4.5

5.0

65 6.0
f1 (ppm)

7.0

75

B.0

9.0

13.5 13.0 125 12.0 11.5 11.0 10.5 10.0 9.5



P69,
018 H}
TLELL

S6PETT
45514
995°91T
66T°LIT
88T

755 2T
m'm\
65E°TZT
0E0"42T ~_
STH BT~
204'S2T

T61'RT

2T

0L5HET ~
0T9"9ET —~
085 LET~"

266061~
BbL0ST—
597751~
005451~
285861~ _
£50°09T ~—
£59°79T~_

SR-4FPB-PA-13C

548

i JH ‘HH.

60 50 40 30 20 10

70

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

180



E6E"T
£46'9
SH6'94
9569
856'9
SET'L
O£
E¥T'LY
05T £ 1
1S
H5T°£
ST2'L
[Ydls
PEE'L
STEL
HEE'L
TSE'£
T9E°£
£9E°L
69E°'L
TLE'E
FLEE
9UEL
THE'4
¥BE'L
#9574
LiS°E

weL
S
L
659
099'L
L
SHB'L
58
Fis: A
L98Y
08
528
L'

{828
06Z'8
628
€608
S6C°'8
LED'G
6E0'6
050°6
906

0ITET—

SR-4-MePB-PA-1H

EF6'9
SH6'9
956'9
B56'9

SETL
[ ¥
EPLL
05TL~—=
¥SIL
851L
ST~
6ZTL
¥RTL

STEL
BEEL
TSEL
T9E % \

£9EL
[ 4
TLEL
vLEL
UEL

FBEL

3l

Me

73 7.2 71
f1 (ppm)

74

7.6

549

ES0E

00T

00T

f1 (ppm)

14 13 12 11 10

15



ZE0'TE—

EDA2 BI0LL

R
€00 THLL

SR-4-MePB-PA-13C

3

Me

66T —

S50

ST S

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

190



6ER'E T
89
P9
9E6'9
691
k69
569
8569
#96'91
ZLTLA
BLTLA
8T'L
681

61

66T/
0974
0924 4
68T
TOE'L
STEL
TEE'L
EEEL
6EEL
THE'LT

SPEL
TSEL
ESEL
[1ya
bbSL
ESSL
955
995
S19L
YL
TEZ8L
PR
SERL
LERL
LBL
0582

EeT'e
orz'e
[1=7a: 4

ELzg

9te
810'6
6Z0°6

T1E0'6

bt
b
i
—
|

SR-70-1H

OMe

S51

76 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8
f1 (ppm)

77

—

=89'T

E60
o1
BT
0T
oot
or'T
90T

6T

=00'T

=860

75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05
f1 (ppm)

8.5 8.0

9.0

12.0 11.5 11.0 10.5 10.0 9.5

140 135 13.0 125



09z'95 —

810°LL

OMe

ZH?'.{I‘/

€T
PRSI \
SEOUTT \
£59UTT \
j3: 7 rd
Teeeen \
Ob8EZT
050°%21 }'
64521
841921
1Lt
BT6'HET ~_

TT89ET ~
vESuLET "

SE0BPT ~—
TOR'6PT —
SLL0ST

TZS 85T~
8857951

TEQEIT—

SR-70-C-13C

13C

S52

)

L

I Jl‘

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

190



££5°T1
9275
HE'GA
$89'51
FAYAS
76991
0T£94
1229
0vc9
79691
9691
54691
9£6'9
9914
L FAVE
812
SHT'L
0924
PEEL
LEEL
SHEY
LPEEA
T5E%2
ESEL
55€°
562
6EEL
L9EY
vEbe
6ZbL
[
obbL
bt
055
a5
LISE
109
S19L
LE9¢
0592
618%
[ 72
2ERY
e
bhaL
8¢
1528
05797
vera{
1628

+00'6
S00'6
L10'6

8106

o
~
o

|

SR-4VinylPB-PAE1H

699
1] ¥a]
TZL9
orL9
796'9
96’9
5£6'9
U6'9
9ars
PETL
TBTL
SBLL
09T
PEEL
LEEL
SEEL
LbEL
1SEL
ESE'L
SSEL
BSEL
65EL
L9EL

vere
6Tk i
TEFL

Obt's
£bL
055
[CETANS
1SL—
10907
S19¢ A
LE97L f
0592

)

3n

I
6.9 6.8

T
7.0

7.1
f1 (ppm)

7.2

T T
75 74 73

76

7.7

S53

*=10'T

EE0'T

b1
=107

£0°2
gso'z

502
Bore
=0T

P60z

E=00'T

0.5

1.0

1.5

2.0

65 60 55 50 45 40 35

7.0
f1 (ppm)

7.5

8.0

8.5

9.0

14.0 13.5 13.0 125 120 11.5 11.0 105 100 9.5



0LL
—fEe AN

I\

L

00'8kT "
0£'0§T—
£EPST~_
85'95T~_

9T —

SR-4VinylPB-P&-13C

S54

20 10

30

160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

170



954

£e8'4
9784

GER'L
682
TSR
Tms
e
€118
S8
6IT'8
0zZr'g
Ter'sg

€218
L8
BT
628

600'6
7906

o

— &
Z o
@) =
ZT o
@) =
™
G
<«
7]
uy
&
0
(=]
= ~
[¥]
e
w
o
& NP
S
M~
—
=
~NE
~a
k=
e
-
=
n
— [
i 9
[
~
[
=]
e i
o
[
[=]
© ——
%
~
=]

S55

=00

E£0€ |

=60 |

1.0 0.5

35 30 25 20 15

55 50 45 4.0

65 6.0

7.0
f1 (ppm)

8.0 75

8.5

9.0

140 13.5 13.0 125 12.0 11.5 11.0 10.5 10.0 95



6¥5'9T—

EB0TT—

810°%LL

30

Me

L

e
be‘{.{‘/

B0TLTT
bIer
sez'szr\
zes‘szr\
6E6'SZT
71>

SDT'!ZIf

PeeBH
\

L0B'9ET
LIWLET

E06LrT—
GL6'08T~—

00S°1ST
P'eeT—

596791 —

SR-66-13C

S56

20 10

30

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

200



169
0E6™9
06TL
6617
0TEL
0ZEL
%L
918%
S25%
SESY
565
9%

[A142
LY e
YAN:]
161'83’
9628
weg
6bE°8

w498
€T 6‘8{
€68

Ia]
—

SR-32-3PYBA-PA- IIE

TI69~_
%597
6617
OTEY
wer
918~
65 —F
2197/
Tt
£LT8
1618\
8678
zora?
6PES
WIE—

ETO8~_
1423 Ed

S57

6.5

7.0

7.5

8.0
f1 (ppm)

8.5

9.0

I\ZOII
Wy
90T
86T

FZO'I

£0°T
80T
a0

£8°0
00T

Fror

25 20 15 1.0 05

4.0 3.0

75 70 65 60 55 50 45
f1 (ppm)

8.0

115 10.5 95 90 85

125

13.5



7 N\
=Z o
™
ZT —z
O

\ 7

\. J

0L By

-
40 30 20 10

50

70

il /

66'FIT
TGLIT \
IBZ'SII\
£5TET
YEPET \
T9SET
I8'SZT
BO9ET
S9ET
EVLET
BTPET
SE'9ET—~
L9LET ve
SEIPT—
6T —
08T —
5051~
OT'EST—

FBT9T—

SR-32-PYB-NH-PA-13C/10

13C

S58

100 90 80

110
f1 (ppm)

120

130

140

'

200 190 180 170 160 150

210




0TEI—

SR-86-2-1

TIge
a9
FER'9
5289

004~
9T0L—

09Es
T
BOEL
TZEL
PEEL
SEEL

S59

7.2 71 7.0 6.9 6.8 6.7 6.6

f1 (ppm)

7.3

7.7 7.6 7.5 7.4

7.8

7.9

€01
=0T
6'E

— Hr86'E
= e
= €01
=07

——— =T
T %0

e C )

1.0 05

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

9.0

140 135 13.0 125 12.0 115 11.0 105 10.0 95



a2t
0b0'6TT
b0z221
EBLETT
651421
FOESET—F+

8LLSET 7
FOTLET
689LET
SZE6LT

PLEBTT
L9 0ET /
89YET
SOU9PT —
Lost—

188651 —

FOT'EST—

SR-86-2-13C

S60

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

190



0¥6'9y
0969
BET'ZA
L5124
SLTEA
8614
81T
0929
0924 A
124
THEL
T9€4
08EL
00%L A
SLSY
S65L
E09¢
F19L
£29Y¢
159¢
9L
889°¢
BOLYL
(481
LE]L
6608
£rre

0’6
190'5>

PIL6~_
6606~

BETY~
£STL—
SITE—
86TL—
81z —
09T

OQZZ>

TZEL—
WEL—
TEL—
0BEL—
00FL—

515:1

oA
=
1592 <
i g

B{HZ/

FIBL—
LE8L—

7.5 74 7.3 7.2 7.1

f1 (ppm)

7.6

7.8

7.9

S61

90T

=80T

Fezo

0.5

90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

12.5 11.5 10.5 9.5

13.5



E0dD 8T0°LL ™\

£0asz m-'u/

SR-89-13C

[41I4 0
0S2LTT
L TA NS
£0E°02T
0ZTHET
28T
65'HTT
95421
818’521
0Lzl
jravia)
LOFLET

EERBTT

988'9€T
CSLLET
TOTOPT
TIFTFT
E6V'BPT —

SRS

T PST~
LEROST~_
8E9YST—

ZISPIT—

S62

BTN | —

10

20

30

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

180



WrL—
WTL—

wTL—

62EL—
wEL—
SSEL~"
PREL ~
L6E°L~
0TbL—

oL —
§95°L—
8LGL~T
0L~
91yL—

859 L—
yL—

f1 (ppm)

785 780 775 770 765 760 755 750 745 740 735 730 725 720 715 7.10

+0'T
o e
Jort
L0T
60'T
%SD'I
L0'T

90T

=0T

901

Fso1

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

8.5

9.0

135 13.0 125 12.0 115 11.0 10.5 100 9.5




€202 810°4L

10

20

30

50

60

70

€DAD0ET’LL
DD TH'LL

BLEFTT~ O\©
WSLTT

SS6LTT AN

PST 0T —

4748

SLSPET ~ £
099'¥ZT

90 80
f1 (ppm)

100

110

120

L96°STT f
6L0°UTT
STO0ET /

TSTYET
662°9ET~"

PRETHT ~_
L BBT ~_
LIFSHT—
08TLbT "

S8T'¥ST —
TIo9sT—

LpET9T—

SR-90-13C

13C

S64

160 150 140 130

170

180



SR—IGI—SAMISOQL@NHPA—PB

~
-
|

TZTL

PETL~C
Wl —
YTL~
EBTL—
e

98EL
B6EL
901?2-‘\-—
EEP L~
SbbL
.{H?'.{?
6SFL

s2LL—
geLL~
1502
GEL L~
08—
LS8
698
mn?
788

7 N

—Z

S65

7.8 7.7 76 7.5 7.4 73 7.2 7.1
f1 (ppm)

7.9

8.0

|

£0'T
'z
£0°T
S0'2

S0°T
0Tt
ar't
%4{6‘0
(49

=I0'T
=00'T

0T

0.5

1.0

1.5

2.0

2.5

3.0

50 45 40 35

5.5

6.0

7.0 6.5

75
f1 (ppm)

8.0

9.0 85

140 135 13.0 12,5 120 11.5 11.0 105 10.0 9.5



—
8T0°LL

OEIZL’}—

WL

N
== >
(3]
ZT

£08°6TT

8IS LT O

ZeL0ET

65k TLT / \ - v

LTI0ETT

BLLVCT~— — -

L1690 T— P ) 5,
S98'8LT— _ -

EST0ET = p—
ZDT‘TET[ —1
ETE'ZETf =

EET'HET

EQULET

6£0°8FT

STE'8PT

T9'GrT T =]
SZE'0ST

PIp'9ST— R
990°€9T — =
0

g

x

o

=

=

=
g
&4

=

<

b

-
o

T

o
7]

S66

2000 190 180 170 160 150 140 130 120 1}{3( %ou 90 80 70 60 50 40 30 20 10
ppm

210



L5809
65041
0L0°L
ZLOLA
QLT

LFET—

SR-98-4CNDG-PB-1H

£50¢
650
0L0%
zL01L
LT
6LTL
822
874
062
€62
S67L
6671
68EL
L6EL—=
ztbr "
9L~
06 L7
0S¢
et /f
955 ¢

695

0872
€88
8817
9681
6008
£208-%

a8
S0Z'8
S0Z°8
Lozg

[454:]
E1z8
94{2‘8[
6878

J

S67

71 7.0

7.2

74 73

75

7.7 76
f1 (ppm)

7.8

79

8.0

84 83 82 8.1

R

160
JQ@"E
60'T
we
Wt
EIT1
i%‘l
£6'0
=1"9&?'0

=001

=160

8
f1 (ppm)

15 14 13 12 11 10

16



6T0LL B¢

rrLL 4

LEGFOT—

[59°%TT
391‘511\
PETZLTT
05 BTT~"
0b2 071~
(617121
M'zthff
S20Z1 /1
89921 /
YT
SLZ0ET
L6OFET
¥B8'SET f
LLLLET
9BBET
PBOBYT —
800°05T—

POS'SST~_
£E8'G5T "

T0S'€E9T—

SR-98-4CNDG-PB-13C

S68

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

200



WOLA
907
L8074
8807 1
UL
1827
6827 1
162
TOEL A
€0EL
96EL

SR- 105-4N04-NHPAE‘1H

O,N

(=]
4% SR,
[ =~
b _
Sy |
M~
]
~
4
L=
I~
P———
[
~
L 2
M~
-
| ~E
~a
S
L&
M~
.% | o
~
L <2
]
_v—l
@w
Lo
0
= L™
o
= <
= . —
= 0

S69

60
8€
Er66'0

0T
=T
8T
86°0
86°0
56°0

=0T

80T

1 (ppm)

14 13 12 11 10

15



ET6'9L

O,N

854

Il
T69F1T
658L1T
ZDB'QI‘[\
8947021
6L EIT \
S6T°6ZT
889°9¢1 %
LEBOTT

LBRBIT
0EZ'6ZT
POEDET

098°0¥T ~_
ST —

080861 —
956'6HT —
0LE'SST~_
0€8'ssT~"

Q9ESEIT—

SR-105-4NO2NHPA-PB-13C

S70

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

200



0TL
L0
0ZTL
1 T8
66T°L
TIEL
089
689'L
1044
0ZLe
TELE
GbdL

S8
PR ]
8.0
0682 j
0ers
SETE]
9b1'g]
6518
L6
196

TET—

SR-104-PYRNHPA-PB-1Hg

08%L~_
689L—
oL
'LL—
wLL—
Skl

008'L —
SI8L—

PO —
BIRL—
068 —

0Zre—
SET'g—
WTE—
6518

_Z

HN

3y

760 7.55

770 7.65

f1 (ppm)

T
835 830 8.25 820 8.15 8.10 805 800 795 790 785 780 775

S71

=007

Fot

f1 (ppm)

14 13 12 11 10

15



€202 610LLN

QEE4e

|

k

\

€200 T LL

SR-104-PYRNHPA-PB-13C

9zEZIT
05811
08T°61T
628°02T
SHEET
£69°2CT
ETFECT
0ST#2T
£09°%CT
LT
SLE'RT
819°9Z1T
STt
9 LT
894421
986°LLT
890°0ET f
0LF°TET

LSBTET
88L°EET
855°LET

086'4pT—
0T —
B00"H5T —
T9 95T —

6LLT9T—

S72

il

il

|

-10

10

20

30

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

220



6F2'T
£52°T
692°T
BT

i

65T
1802
Te0T >

9T
059
£59°C
899°Z
L9T

BOE'9
519'99-
%89
219'9\
5102
820 \
w0
o0
6012

T6TL
FOTL
(A4S
PESL
069%
€0LL

65—

SR-126-1H

3z

S73

EIrt

Feoe

Fsor

Froz

960

0.5

4.0 35 3.0 25 2.0 1.5 1.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0



8E0°ZE—

102°82 ~—
¥e9'ed—

€965 —

B10°L N

i

POS"ETT
¥99°ETT
S4b°9TT
Fatira
90z L2T
ov1°8eT
£79°BTT %
TIP'62T
015°62T
PHTOET ~_
PIP9ET "
9TE"gET "
£V8°0bT

S98'BrFT—

861°65T—

PLO6IT—

SR-126-13C

S74

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

180



8815 —

SR-88-PB-NHPA-DG-REM-1H

6GEL~"
6LEL—
B6EL~

U L—

S75

760 755 750 745 740 735 730 725 720 715 710 705 7.00
f1 (ppm)

7.65

Fesn

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)

10.0



BI0EL

TPLL /

ZBI0TT~_
6L6TTT~_
bEGOTT

T2beTE -
1BL6TT~
PROPET

96T'HZ1

6CLGTT—
Teseer~"
PBT'0ET "

BO9LET—
ESTPPT —

TBE'SST—
LLOEST—

SR-88-PB-NHPA-DG-REMV

- @
z 3
W

S76

U M

190 180 170 160 150 140 130 120 lfI_I.U( 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

200



£80L
SETY
SSTL
1Zbe L )
b
132174
7897
8ELY
1775 }
96 Y
158%
£48L
G961
S86L
L @
f=]
F S
[y
€802 — .
~
SETL~ o~
SETL~" |
1Zr e -
Tobz } ~E
1= F g
I O
; e
= 09
= B8LL '\_ F
w J777ENS i
8' 96LL— o~
1582 =7
& T [
o 596‘.{? ]
g SB6L ©
g f
~
= &
~ L
=]
—
o
(73]

S77

0.5

1.5 1.0

2.0

2.5

3.0

3.5

5.5

6.0

75 70 65
f1 (ppm)

8.0

8.5

9.0

14.0 13.5 13.0 125 12.0 11.5 11.0 105 10.0 95




£DQD I8'9L~

T
2
zZ 3

tpadceie’

SR-107-PYRNHPA-PBB-DG-REM-13C

9TOTT~_
¥ZTIT
STTIT >
OT'LIT
£0°027 E3
62221
76'221
EPFET
65°FTT %
2874 f
1921
(At
ESLTT
£0'82T
90'0€ET
12061
60°ZET
0T'ZET

T6FST—~
1985T-"

[

———l

S78

20 10

30

160 150 140 130 120 110 100 90 70 60 50
f1 (ppm)

170



BT

66'9
€04
F0'L
£
ST
614
024
12e
€24
PEL
9EL
EEL
SEL
9ELA
9EL
BELA
6EL
02
T
B
LTS
552
S5
BEL
094
794
794
E9LA
94
e
[ 14
fa:ya
£8Y
LT
B
4
[44:]
[44:]
[44:]
[44:]
[44:]
£Z'8
s
¥'g
vZ'g
¥Z'8
ST8
sT'8
sT'g
E0'6
6

I
-
|

S5R-114-PDT-0AC-1H 3

AcO

S79

IE Irrléglqllﬂl IE‘
ARINAA
N e

15 1.0 05

2.0

3.0

35

4.0

5.0

55

75 70 65
f1 (ppm)

8.0

B.5

9.0

145 140 135 13.0 125 120 11.5 110 10.5 10.0 95



e —

0L N

TiveL J

L55'TT
£95'91T
980'LTT
£9LLTT
LUEBIT
T95'61T
£650ZT~E
9E0zT -
Teveer
PIS'b2T
TES'9ZT S/
090'0ET~7
#rb'0ET
wreer
6¥b'9ET
B65LET
9'ZhT—

686 LbT -
019051
L98FST~_
8951~

SR-114-PDT-0OAC-13C

S80

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

190



PLET—

£56'9
£L6'9
681
80T'L
veTL
¥ZTL
L
09z'L
E8TL
15EL

Z8EL
E0KL
ETFL
L
HBL
S98°L >
£9r's
LT '97
£ST'8
ELE8
Zr'e
EEr'e
E79'8
S8I'6
2076

PP El—

SR-112-PDT-TS-1H

H3C

5b

2569

s81

7.5 7.0

8.0
f1 (ppm)

9.0 8.5

9.5

/)

= FUT

0zE |

007
Bz
F6I'C

9Tl

P
=0T
I‘—Qﬂ'z

1T

10T

f1 (ppm)

14 13 12 11 10

15



0E8'TE—

BI0LLA,

HaC

5b

Fa v S/

B HIT
Ws" BTl
9181

102'021
699°021
%0271
696571
R9LTT
90z "8TT \
92661
98T 0T
0E0°2ZET
LT
PEELET ~
E9LLET f
BT 6ET
0160kt
STO° T f
SE0'BHT —
020°05T —

PIPSST ~
166°GG1 ~

SR-112-PDT-TS-13C g
g
|

S82

170 160 150 140 130 120 110 100 Q0 80 70 60 50 40 30 20 10
f1 (ppm)

180



Pe0E
FEO'E }
EHE

B0L°E
GILE } =
0ELE

e N

I
N
5c

2959
o @)
i1 B ZT

8.8'91 K/ =2

8102 @)
960 1

850 T
097
L6741
LIEL
.{“.{ o A J
PBEL
902
SIPL
a4 di
BEFL
£E9YL
£592
TLL

8L
S8
7Z8L
0E8'L
PERL
PR
PETB~_
325 5l

#0S'8
515'8>

r.
5
|

SR-115-PDT-Morpholine-1H

S83

iy

5T

Ferr

0.5

4.5 4.0 3.5 3.0 25 2.0 1.5 1.0

5.0

10.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5
f1 (ppm)

11.0



0L6'TS—

MWLf9—

BHOLL
e

Tivis

0LELTT
ERS'BTT
BZ5'0ZT
9ST'TET
OS5 TET
QWT'+ET
ET6FET
S90'STT
B0ZSCT
JLITa-T41
[ Ta
6/E'6ZT
LOLEET
STHLET
[da a4

BECSS i

PER'BST—
T —

SR-115-PDT-MORPH-13C

S84

-10

40 30 20 10

50

210 200 150 180 170 160 150 140 130 120 110 100 90 80 70
fL (ppm)

220



924
25
5
€54
5L
954
£8°L7
652
19'41
044
ELLA
06°L
06°L
T6'L
76'L
6L
E6°L
6L
6L
56°L
96°L

6L

6L

6L

or'g
e
9E'g
LE'®
8e'e
668
ob'g
g~

[74:]
(44
£rg
£L8

SR-106-NHPA-D20.1.fid

L8
(18]

ELB

—Z
zTo
T <
©
s

S85

7.4

76 75

80 79 78 77

f1 (ppm)

89 88 87 86 85 B84 83 82 8.1

Feo

0.5

120 115 11.0 105 100 95 9.0 8.5 8.0 75 ?.Uf (6.5) 6.0 5.5 50 45 40 3.5 3.0 25 2.0 1.5 1.0
1 (ppm

12.5



b1y
95y
95t

s
|

SR- KH/KD expt-1H &

Recovered 1a/1a-d

S86

}.{.{'E

Fiot

€T
w0

=E0
Fest

Foot

Foer

5.8

6.8

7.0

7.2

7.4

7.6

8.0

8.2

90 88 B86 84
f1 (ppm)

9.2

9.4

9.6

114 11.2 11.0 108 10.6 104 10.2 100 98



