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General remarks

All reactions were performed in conventional Schlenk techniques under an
atmosphere of nitrogen unless otherwise stated. Solvents were dried following
standard procedures under argon. Syringe was used to transfer liquids and solutions.
All reactions were monitored by thin-layer chromatography (TLC) with E. Merck
silica gel 60 F254 pre-coated plates (0.25 mm). Silica gel (particle size 200-300 mesh)
purchased from SiliCycle was used for flash chromatography. For reactions that
require heating, oil bath was used.

Proton (*H) and carbon (**C) NMR spectra were taken on a Bruker AV-500
spectrometer operating at 500 MHz or 400 MHz for proton and 126 MHz or 101 MHz
for carbon nuclei using CDClz or DMSO- ds as solvent, respectively. Chemical shifts
are expressed as parts per million (5, ppm) and are referenced to 7.26 (CDCls) for H
NMR and 77.00 (CDCls) for 3C NMR. Proton signal data uses the following
abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet and J =
coupling constant. High Resolution Mass Spectrometry was obtained with a Bruker
Apex Il mass instrument under the conditions of electrospray ionization (ESI) in both

positive and negative mode.

S2



General procedure for the synthesis of protected N-aryl-N-hydroxylamines?: 2

H. _OH
NO2  NH,NH,-H,O (1.2 eq.) N
N, 5% RhIC (0.3 mol%) N

R— > |
- THF, 0°C RT
s1 S2

Nitroarene S1 (1.0 equiv.) was added to a solution of 5% Rh/C (0.30 mol% Rh) in
THF (0.324 M) under atmosphere of nitrogen .Then hydrazine monohydrate (1.2
equiv.) was added dropwise to the above mixture at 0 <C. Then the reaction mixture
was stirred at indicated temperature for 1 hour and slowly heated to room temperature.
The reaction mixture was filtered and concentrated in vacuo. Title compound S2 were
recrystallized from CH.Cl,/ Petroleum ether (PE) at —20 <C. The crude residue was

used directly for the next step without further purification.
Bz

H.-OH o
sat.NaHCO; aq. N
+ > AN
N o] 0°Ctort, 1h R@/ OH
[ _ =
S2

1

Saturated aqueous solution (1 M) of sodium bicarbonate was added to a solution of
S2 in ether (0.5 M). Benzoyl chloride was added dropwise to the mixture at 0 <C.
Then, the solution was stirred for 1 hour at room temperature. Saturated aqueous
ammonium chloride was used to quench the reaction solution. After the mixture was
extracted with CH2Cl, the organic layer was washed by brine and dried over sodium
sulfate. Solvent was then removed in vacuum and the crude product was purified by

recrystallization (PE/CH2Cl) to obtain the product 1.

Me\N,OH + R@\ Cs,CO3 (1.5eq.) R@\
H - HCI Z _ _OH

N F DMSO, 50 °C, N, N N
I
Me

1t, 1u

Under N2 atmosphere, a suspension of N-methylhydroxylamine hydrochloride (3.0
equiv.), 2,6-difluoropyridine (5 mmol, 1.0 equiv.) or 2-fluoro-5-iodopyridine and

Cs2CO3 (1.5 equiv.) in DMSO (15 mL) was heated to 50 <C. Then, the solution was
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stirred for 2 hours with cooling the solution to room temperature. The reaction was
quenched by water (60 mL). The mixture was extracted with ether (3 <25 mL) and
the organic layer was washed by brine and dried over sodium sulfate. After the
solvent was removed in vacuo, the crude product was purified by flash

chromatography (PE/EtOAc = 5/1) to obtain 1t or 1u.

General Procedure for Preparations of Aryltrimethylammonium Salts?

.-
NMe; NMe;X
MeCN
+ TfOMe ————
70°C
R R
2

Methyl trifluoromethanesulfonate (0.62 mL, 5.5 mmol, 1.1 equiv.) was added by
dropwise to a stirred solution of N,N-dimethylaniline (5 mmol) in MeCN (10 mL) at
70 <C. The resulting solution was stirred for 12 hours at 70 <C. Solvent was then
removed in vacuum and the residue was washed with EtOAc or Et2O, dried under

vacuum to give a white solid.

For 2a’, trimethyloxonium tetrafluoroborate (1.1 equiv.) was added instead of
methy! trifluoromethanesulfonate by dropwise at 70 <C.

For 2a’", methyl iodide (1.1 equiv.) was added instead of methyl
trifluoromethanesulfonate by dropwise at 70 <C.

Analytical data of starting materials

1. N-hydroxy-N-(naphthalen-2-yl)benzamide (1a)
Bz Pink solid, m.p. = 139-141 °C; R = 0.3 (PE:EA = 2:1); 'H NMR
N\OH (500 MHz, CDCls): & 9.30 (s, 1H), 8.82 (d, J = 3.9 Hz, 1H), 7.95
i (dd, J = 23.1, 8.6 Hz, 2H), 7.63 (s, 1H), 7.53-7.27 (m, 5H),
7.21(d,J=7.6 Hz, 1H), 7.19 (s, 2H); ¥C NMR (126 MHz,
CDCIz): 6 165.7, 137.0, 133.1, 132.4, 132.3, 131.1, 129.0, 128.9, 128.3, 128.2, 127.7,
126.91, 126.87, 124.4, 123.7; HRMS (ESI) m/z calcd for [Ci7H14aNO2]* [M+H]":

264.1019, found 264.1026.
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2. N-hydroxy-N-(naphthalen-2-yl)acetamide (1b)
White solid, m.p. = 84-86 °C; Rr = 0.3 (PE:EA = 2:1); 'H NMR
Nooy (400 MHz, DMSO- ds): 8 10.83 (s, 1H), 8.15 (s, 1H), 7.90 (dd, J
= 15.4, 8.2 Hz, 4H), 7.67-7.36 (m, 2H), 2.31 (s, 3H); 3C NMR
* (101 MHz, DMSO- dg): 6 139.9, 133.4, 130.8, 128.4, 128.2,

127.9, 127.0, 125.9, 120.8, 23.1; HRMS (ESI) m/z calcd for [C12H12NO2]* [M+H]*:
202.0863, found 202.0893.

3. methyl hydroxy(naphthalen-2-yl)carbamate (1c)
CO,Me White solid, m.p. = 88-89 °C; R¢ = 0.3 (PE:EA = 2:1); 'H NMR
N\OH (500 MHz, CDCls): & 8.43 (s, 1H), 7.76 (d, J = 1.7 Hz, 1H),
I 7.66 (dt, J = 9.1, 5.8 Hz, 3H), 7.50 (dd, J = 8.9, 2.1 Hz, 1H),
7.39-7.27 (m, 2H), 3.67 (s, 3H); 3C NMR (126 MHz, CDCl3): &
156.2, 138.2, 133.1, 131.4, 128.3, 128.0, 127.5, 126.4, 125.8, 121.2, 119.7, 53.8;
HRMS (ESI) m/z calcd for [C12H12NO3s]* [M+H]*: 218.0812, found 218.0817.

4. tert-butyl hydroxy(naphthalen-2-yl)carbamate (1d)

goc  White solid, m.p. = 132-134 °C; R = 0.3 (PE:EA = 2:1); *H NMR

|
N\OH (500 MHz, CDCls): & 7.94 (s, 1H), 7.81 (s, 1H), 7.76-7.68 (m,
3H), 7.56 (dd, J = 8.9, 1.8 Hz, 1H), 7.44-7.29 (m, 2H), 1.44 (s,
1d
9H); 3C NMR (126 MHz, CDCls): & 154.5, 138.4, 133.3, 131.1,

128.0, 127.9, 127.5, 126.4, 125.6, 121.2, 118.8, 83.6, 28.3; HRMS (ESI) m/z calcd for
[C1sH17NOsNa]™ [M+Na]*: 282.1101, found 282.1093.

5. benzyl hydroxy(naphthalen-2-yl)carbamate (1e)
Cbz White solid, m.p. = 89-91 °C; R¢ = 0.3 (PE:EA = 2:1); *H NMR
N\OH (500 MHz, CDCl3): & 8.13 (s, 1H), 7.77 (s, 1H), 7.67 (dd, J =
o 20.5, 10.5 Hz, 3H), 7.52 (d, J = 8.4 Hz, 1H), 7.4-7.31 (m, 2H),
7.27-7.14 (m, 5H), 5.13 (s, 2H); 13C NMR (126 MHz, CDCls): &
155.3, 138.0, 135.5, 133.2, 131.4, 128.6, 128.5, 128.4, 128.2, 128.0, 127.6, 126.5,
1259, 121.1, 119.5, 68.7; HRMS (ESI) m/z calcd for [CigH1sNOs]* [M+H]":
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294.1125, found 294.1131.

6. N-(7-(benzyloxy)naphthalen-2-yl)-N-hydroxybenzamide (1f)
Bz Yellow solid, m.p. = 162-163 °C; Rf = 0.3 (PE:EA = 2:1);

“I'\OH 'H NMR (400 MHz, DMSO- ds): 6 10.82 (s, 1H), 8.06 -7.61

BnO ) (m, 6H), 7.58-7.12 (m, 10H), 5.23 (s, 2H); 3C NMR (101

MHz, DMSO- dg): 5 168.4, 156.9, 138.3, 137.4, 136.0,

132.6, 130.71, 129.9, 128.94, 128.88, 128.6, 128.4, 128.3, 127.4, 123.0, 120.6, 119.9,

107.7, 69.8; HRMS (ESI) m/z calcd for [C2:H2o0NO3z]" [M+H]": 370.1438, found
370.1440.

7. N-hydroxy-N-(6-methoxynaphthalen-2-yl)benzamide (1g)

Bz Yellow solid, m.p. = 167-168 °C; Rs = 0.3 (PE:EA = 2:1);
N\OH IH NMR (500 MHz, CDCls): § 7.63 (dd, J = 20.2, 8.8 Hz,
MeO 3H), 7.50-7.42 (m, 2H), 7.33 (t, J = 7.5 Hz, 1H), 7.29-7.19
9 (m, 3H), 7.14 (dd, J = 9.0, 2.5 Hz, 1H), 7.09 (d, J = 2.3 Hz,
1H), 3.91 (s, 3H); *C NMR (126 MHz, DMSO-ds): & 168.4, 157.9, 138.3, 136.1,
132.8, 130.7, 129.8, 128.9, 128.5, 128.3, 128.1, 127.4, 123.0, 119.6, 106.4, 55.7;

HRMS (ESI) m/z calcd for [C1sH1sNO3]* [M+H]*: 294.1125, found 294.1133.

8. N-(6-bromonaphthalen-2-yl)-N-hydroxybenzamide (1h)
Bz White solid, m.p. = 162-164 °C; R¢ = 0.3 (PE:EA = 2:1); 'H
NOH NMR (500 MHz, DMSO-de): 8 10.92 (s, 1H), 8.20 (s, 1H),
Br " 8.10 (s, 1H), 7.90 (dt, J = 20.0, 8.8 Hz, 3H), 7.71 (d, J = 7.2
Hz, 2H), 7.63 (dd, J = 8.7, 1.6 Hz, 1H), 7.53-7.41 (m, 3H);
13C NMR (126 MHz, DMSO-de): & 168.8, 140.7, 135.8, 132.3, 131.9, 131.0, 130.5,
130.0, 129.9, 128.9, 128.4, 127.8, 123.0, 119.3; HRMS (ESI) m/z calcd for
[C17H13BNO2]* [M+H]*: 342.0124, found 342.0126.
9. N-hydroxy-N-(7-methoxynaphthalen-2-yl)benzamide (1i)
Yellow solid, m.p. = 148-149 °C; Rf = 0.3 (PE:EA = 2:1); 'H NMR (500 MHz,
DMSO- de): § 10.86 (s, 1H), 8.00 (s, 1H), 7.82 (dd, J = 17.1, 8.8 Hz, 2H), 7.72 (d, J =
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B2 7.1 Hz, 2H), 7.63 (d, J = 8.3 Hz, 1H), 7.51-7.38 (m, 3H),

MeO'I“\OH 7.33 (s, 1H), 7.21-7.07 (m, 1H), 3.86 (s, 3H): *C NMR
) (126 MHz, DMSO- ds): 5 168.6, 158.3, 140.7, 136.1, 134.8,

130.8, 129.5, 128.9, 128.4, 128.3, 126.7, 119.7, 118.9, 118.8,

106.6; 55.7; HRMS (ESI) m/z calcd for [CisH1sNOs]* [M+H]*: 294.1125, found

294.1119.

10. N-(7-(benzyloxy)naphthalen-2-yl)-N-hydroxybenzamide (1j)
Bz White solid, m.p. = 131-132 °C; Rf = 0.3 (PE:EA = 2:1); H

B“O'I“\OH NMR (500 MHz, DMSO- ds): & 10.88 (s, 1H), 7.99 (s, 1H),
| 7.84 (s, 2H), 7.69 (d, J = 33.0 Hz, 3H), 7.44 (t, J = 39.9 Hz,

9H), 7.23 (s, 1H), 5.22 (s, 2H); °C NMR (126 MHz,

DMSO- dg): & 168.6, 157.3, 140.8, 137.4, 136.1, 134.7, 130.8, 129.58, 128.9, 128.4,
126.8, 119.7, 119.1, 118.8, 107.9, 69.8; HRMS (ESI) m/z calcd for [C2sH20NOs]*

[M+H]*: 370.1438, found 370.1444.

11. N-hydroxy-N-(3-phenylnaphthalen-2-yl)benzamide (1k)
Bz White solid, m.p. = 76-78 °C; R¢ = 0.3 (PE:EA = 2:1); 'H NMR

|
N\OH (500 MHz, DMSO-ds): & 10.86 (s, 1H), 8.17 (s, 1H), 8.01 (d, J =
» Ph 16.0 Hz, 3H), 7.80-6.89 (m, 12H); the benzamide has poor
solubility, so we can not get its carbon (**C) NMR spectra.

HRMS (ESI) m/z calcd for [C23H1sNO2]* [M+H]*: 340.1332, found 340.1337.

12. N-(3-(4-fluorophenyl)naphthalen-2-yl)-N-hydroxybenzamide (1)
Bz White solid, m.p. = 77-79 °C; R = 0.3 (PE:EA = 2:1); H
OO N-on NMR (500 MHz, CDCls): § 8.14 (s, 1H), 7.93-7.84 (m, 1H),
O 7.83-7.71 (m, 1H), 7.64 (s, 1H), 7.51 (dd, J = 6.2, 3.2 Hz, 2H),
1 F7.15(t, J = 7.3 Hz, 1H), 7.02 (s, 2H), 6.92 (dt, J = 22.1, 7.0 Hz,
5H); **C NMR (126 MHz, CDCls): & 163.6, 161.6, 137.0, 135.1, 134.0, 133.6, 132.7,
130.7, 130.5, 130.4, 130.1, 129.2, 128.4, 128.1, 127.9, 127.7, 127.0, 115.6, 115.4; '°F

NMR (471 MHz, CDCls): & -114.4; HRMS (ESI) m/z calcd for [CasHiFNOS]*
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[M+H]": 358.1238, found 358.1230.

13. N-hydroxy-N-(3-(4-methoxyphenyl)naphthalen-2-yl)benzamide (1m)
Bz White solid, m.p. = 73-75 °C; R = 0.3 (PE:EA = 2:1); H
OO N~ oH NMR (500 MHz, CDCl3): & 7.78 (d, J = 8.1 Hz, 1H),
O 7.70-7.57 (m, 2H), 7.47-7.24 (m, 5H), 7.15 (dd, J = 31.5,
OMe 7.7 Hz, 5H), 6.88 (d, J = 8.0 Hz, 2H), 5.20 (s, 1H), 3.78 (s,
3H); *C NMR (126 MHz, CDCls): § 165.6, 159.3, 141.2, 136.4, 133.7, 132.4, 131.7,
131.1, 131.0, 130.9, 129.0, 128.6, 128.3, 126.9, 126.7, 126.1, 124.4, 123.1, 113.8,

55.4; HRMS (ESI) m/z calcd for [C24H20NO3]* [M+H]*: 370.1438, found 370.1430.

1m

14. N-hydroxy-N-(naphthalen-1-yl)benzamide* (1n)
Bz -OH 'H NMR (500 MHz, CDCls): § 9.44 (s, 1H), 8.27 (d, J = 8.4 Hz, 1H),
7.91 (dd, J = 19.6, 8.2 Hz, 2H), 7.72-7.55 (m, 2H), 7.47-7.21 (m, 5H),
OO 7.15 (t, J = 7.8 Hz, 2H). Analytical data are in accordance with the
1n

literature values.

15. N-hydroxy-N-(4-phenylnaphthalen-1-yl)benzamide (10)
Bz, -OH Yellow solid, m.p. = 70-72 °C; R¢ = 0.3 (PE:EA = 2:1); 'H NMR (400
MHz, CDCls): § 9.66 (s, 1H), 8.33 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 8.5
OO Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H), 7.55-7.39 (m, 8H), 7.31-7.12 (m, 5H);
1°Ph 13C NMR (101 MHz, CDCls): & 167.4, 142.8, 139.7, 135.4, 132.7,
131.2, 130.7, 130.2, 130.0, 128.5, 128.4, 128.2, 127.8, 127.6, 127.0,
126.9, 126.8, 126.3, 123.6; HRMS (ESI) m/z calcd for [CasHisNO2]* [M+H]":

340.1332, found 340.1329.

16. N-hydroxy-N-(4-phenoxyphenyl)benzamide (1p)
, White solid, m.p. = 122-124 °C; R = 0.4 (PE:EA = 2:1); H
PhOON/\OH NMR (500 MHz, CDCl3): 5 9.36 (s, 1H), 7.43 (d, J = 7.3 Hz,
1p 2H), 7.34 (ddd, J = 10.9, 7.2, 5.7 Hz, 3H), 7.29-7.23 (m, 2H),
7.20-7.11 (m, 3H), 6.99 (d, J = 7.7 Hz, 2H), 6.93-6.85 (m, 2H); 3C NMR (126 MHz,
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CDClI3): 6 165.6, 157.4, 156.2, 134.5, 132.2, 131.0, 130.0, 128.9, 128.2, 128.0, 124.11,
120.0, 118.7; HRMS (ESI) m/z calcd for [C1gH16NOs]* [M+H]": 306.1125, found
306.1131.

17. N-(4-(benzyloxy)phenyl)-N-hydroxybenzamide (1q)
Bz White solid, m.p. = 159-160 °C; Rf = 0.2 (PE:EA = 5:1); 'H
BnO@N\OH NMR (500 MHz, CDCl3): & 9.13 (s, 1H), 7.45-7.30 (m, 8H),
7.30-7.23 (m, 2H), 7.19-7.11 (m, 2H), 6.93-6.85 (m, 2H), 5.03 (s,
2H); BC NMR (126 MHz, DMSO- ds): & 168.0, 156.8, 137.4, 136.1, 135.9, 130.5,
128.9, 128.8, 128.3, 128.3, 128.2, 128.0, 115.2, 70.0; HRMS (ESI) m/z calcd for
[C20H18NO3]* [M+H]*: 320.1281, found 320.1288.

1q

18. N-hydroxy-N-(p-tolyl)benzamide® (1r)
Bz Rt = 0.3 (PE:EA = 2:1); *H NMR (500 MHz, CDCls): & 9.09 (s,
MGO‘N\OH 1H), 7.37-7.22 (m, 3H), 7.19 (t, J = 7.7 Hz, 2H), 7.02 (s, 4H),
1r 2.25 (s, 3H). Analytical data are in accordance with the literature

values.

19. N-methyl-N-(4-nitrophenyl)hydroxylamine (1s)
Me\N/OH Yellow solid, m.p. = 104-106 °C; R = 0.3 (PE:EA = 3:1); *H NMR (500
MHz, DMSO- de): 6 9.94 (s, 1H), 8.06 (d, J = 8.5 Hz, 2H), 6.99 (d, J =
8.5 Hz, 2H), 3.25 (s, 3H); 3C NMR (126 MHz, DMSO- ds): & 157.6,
NO,  138.6, 125.9, 112.3, 43.0; HRMS (ESI) m/z calcd for [C7HoN2Os]*
'S [M+H]*: 169.0608, found 169.0612.

20. N-(6-fluoropyridin-2-yl)-N-methylhydroxylamine (1t)
White oil; Rf = 0.3 (PE:EA = 2:1); 'H NMR (500 MHz, CDCls): § 8.16

Me. _OH
N (s, 1H), 7.64-7.45 (m, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.28 (d, J = 7.6 Hz,
~N
P 1H), 3.20 (d, J = 6.4 Hz, 3H); 13C NMR (126 MHz, CDCls): 5 162.15 (d,

F
1t Jcr = 15.1 Hz), 162.04 (d, Jcr = 23.0 Hz), 142.20 (d, Jcr = 8.8 Hz),

105.38 (d, Jor = 3.8 Hz), 99.1 (d, Jor = 35.3 Hz), 41.8; F NMR (471
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MHz, CDCls): 8 -70.3; HRMS (ESI) m/z calcd for [CsHsFN2O]* [M+H]*: 143.0615,
found 143.0616.

21. N-(5-iodopyridin-2-yl)-N-methylhydroxylamine (1u)
Me.,-OH White oil; R = 0.4 (PE:EA = 3:1); 'H NMR (500 MHz, CDCls): & 8.35 (d,
J=1.0 Hz, 1H), 7.77 (dd, J = 8.8, 1.7 Hz, 1H), 6.88 (d, J = 8.8 Hz, 1H),

Z N
N | 3.25 (s, 3H); 13C NMR (126 MHz, CDCls): § 162.2, 152.6, 145.5, 111.6,
I 81.1, 42.3; HRMS (ESI) m/z calcd for [CeHgIN2O]* [M+H]": 250.9676,
1
" found 250.9674.

22. 4-acetyl-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate (2a)?
ﬁMeg,c_)Tf White solid; *H NMR (500 MHz, DMSO- dg): 8.14 (dd, J = 20.3, 8.9 Hz,
4H), 3.65 (s, 9H), 2.65 (s, 3H). Analytical data are in accordance with the

literature values.
Ac

2a

23. 4-acetyl-N,N,N-trimethylbenzenaminium tetrafluoroborate(2a’)?

_ White solid; 'H NMR (500 MHz, DMSO- dg): & 8.14 (dd, J = 21.6, 9.0

KlMe3BF4
Hz, 4H), 3.65 (s, 9H), 2.64 (s, 3H). Analytical data are in accordance
with the literature values.

Ac

2a'

24. 4-acetyl-N,N,N-trimethylbenzenaminium iodide (2a’")?
NMesl~  White solid; *H NMR (500 MHz, DMSO- de): & 8.15 (d, J = 4.3 Hz, 4H),
3.67 (s, 9H), 2.66 (s, 3H). Analytical data are in accordance with the

literature values.
Ac
2a"
25. 4-benzoyl-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate (2b)3
NMesOTf  White solid: H NMR (500 MHz, DMSO- de): 8.18 (d, J = 9.0 Hz, 2H),
7.95 (d, J = 8.9 Hz, 2H), 7.85-7.69 (m, 3H), 7.60 (t, J = 7.7 Hz, 2H), 3.69

(s, 9H). Analytical data are in accordance with the literature values.
Bz

2b
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26. 4-cyano-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate (2c)3

+  —_  White solid; *H NMR (500 MHz, DMSO- de): 8.27-8.08 (m, 4H), 3.65 (s,
NMe;OTf
9H). Analytical data are in accordance with the literature values.
CN
2c

27. N,N,N-trimethyl-4-nitrobenzenaminium trifluoromethanesulfonate (2d)?
NMesOTf  White solid; H NMR (500 MHz, DMSO- ds): 8.47 (d, J = 9.1 Hz, 2H),
8.28 (d, J = 9.2 Hz, 2H), 3.69 (s, 9H). Analytical data are in accordance

with the literature values.
NO,

2d

28. N,N,N-trimethyl-4-(methylsulfonyl)benzenaminium-trifluoromethanesulfonat

e (2e)°
IJ\rlMeg,(_)Tf White solid; *H NMR (500 MHz, DMSO- dg): 8.32-8.25 (m, 2H),
8.23-8.14 (m, 2H), 3.68 (s, 9H), 3.33 (s, 3H). Analytical data are in

accordance with the literature values.
SO,Me

2e

General procedure for the synthesis of biaryls

R3

Ir}’(" N Y
)
NMe;OTf QAR
OH
GWE DMSO, 25 °C 2h
Y=CH, N
GWE
1 2 3

A solution of tBuOK (0.6 mmol, 2.0 equiv.), 1 (0.3 mmol, 1.0 equiv.) and 2 (0.45
mmol, 1.5 equiv.) in anhydrous DMSO (3 mL) under air was stirred at 25 °C until the
complete consumption of 1 detected by TLC analysis. Then water (30 mL) was added
and the aqueous layer was extracted with ethyl acetate (3 x 10 mL). The combined
organic layer was dried over Na>SOg, filtered and concentrated. The residue was
purified by column chromatography to give the desired product 3.
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Screening of ammonium salts with various electron-withdrawing

groups
A number of ammonium salts bearing various electron-withdrawing groups rather

than nitro group were tried. For the details, see the following scheme. All the

reactions were carried out following the general procedure.

R3
R ]
PN N + - S
o NMe;OTf RN
[\‘ O/ OH O/ s {BuOK (2.0 equiv) ¥ NHPG
R o * \ OH
NI R DMSO, 25°C, 2 h =
Y=CH, N R_\ |
1 2 3
+ -
NMe,OTf + - . - . _ . - . _
NMezOTf NMe;OTf NMe,OTf NMe;OTf + - NMe;OTf
NMe,OTf
Ng
N CO,Et F Br Cl Me
Ph
complex complex trace trace trace trace trace
+ -
NMe,OTf
+ -
NMe,OTf + - . - + -
NMe,OTf NMe,OTf NMe;OTf . -
Br CN NMe,;OTf
(Y
NO, - s
CF3 TfOMe,N
trace complex complex complex complex complex

Analytical data of biaryl products

1. N-(1-(5-acetyl-2-hydroxyphenyl)naphthalen-2-yl)benzamide (3a)
91 mg, 80% vyield; Yellow solid, m.p. = 229-230 <C; Rf = 0.2
OO NHBz (PE:EA =2:1); Purified directly by flash chromatography on silica
O OH gel (3:1, petroleum ether: ethyl acetate); *H NMR (500 MHz,
Ac CDCla): § 8.27 (d, J = 6.9 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.86
3a (s, 1H), 7.83-7.71 (m, 3H), 7.41 (d, J = 5.9 Hz, 2H), 7.35 (dd, J =
16.4, 7.9 Hz, 3H), 7.28 (d, J = 7.1 Hz, 1H), 7.23 (d, J = 6.7 Hz, 2H), 7.14-7.08 (m,
1H), 6.67 (s, 1H), 2.40 (s, 3H); 3C NMR (126 MHz, DMSO- ds): & 196.5, 166.1,
160.4, 135.1, 134.3, 134.0, 132.7, 131.9, 130.6, 130.3, 128.9, 128.43, 128.35, 127.7,
126.8, 126.2, 125.9, 125.8, 123.0, 116.2, 26.7; HRMS (ESI) m/z calcd for
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[C2sH20NO3]" [M+H]*: 382.1438, found 382.1443.

2. N-(1-(5-acetyl-2-hydroxyphenyl)naphthalen-2-yl)acetamide (3b)

40 mg, 42% vyield; White solid, m.p. = 141-143 <C; Rf = 0.2
OO NHAG (PE:EA = 2:1); Purified directly by flash chromatography on silica
OH gel (2:1, petroleum ether: ethyl acetate); *H NMR (500 MHz,
Ac O DMSO- de): 6 10.38 (s, 1H), 8.96 (s, 1H), 8.05-7.90 (m, 3H), 7.75
3b (dd, J = 33.0, 5.3 Hz, 2H), 7.44 (dt, J = 14.9, 7.0 Hz, 2H), 7.33 (d,
J=8.4Hz, 1H), 7.13 (d, J = 8.6 Hz, 1H), 2.51 (d, J = 3.2 Hz, 3H), 1.89 (s, 3H); °C
NMR (126 MHz, DMSO- dg): 6 196.6, 169.2, 160.6, 134.5, 133.7, 132.7, 131.4, 130.7,
129.1, 129.1, 128.6, 128.3, 128.0, 126.6, 126.1, 125.5, 123.0, 116.2, 26.8, 23.7;

HRMS (ESI) m/z calcd for [C20H1sNO3]" [M+H]*: 320.1281, found 320.1301.

3. methyl (1-(5-acetyl-2-hydroxyphenyl)naphthalen-2-yl)carbamate (3c)
OO 76 mg, 76% yield; Yellow solid, m.p. = 103-105 <C; Rf=0.3
NHCO,Me (PE:EA = 2:1); Purified directly by flash chromatography on
O o silica gel (2:1, petroleum ether: ethyl acetate); *H NMR (500
Ac MHz, DMSO- ds): & 10.46 (s, 1H), 8.21 (s, 1H), 8.05-7.92
(m, 3H), 7.83 (d, J = 8.6 Hz, 1H), 7.75 (d, J = 2.2 Hz, 1H),
7.53-7.36 (m, 2H), 7.31 (d, J = 8.4 Hz, 1H), 7.15 (d, J = 8.6 Hz, 1H), 3.58 (s, 3H),
2.51 (s, 3H); °C NMR (126 MHz, DMSO- de): & 196.6, 160.5, 155.2, 134.1, 133.9,
132.8, 131.2, 130.7, 129.2, 128.5, 128.3, 126.8, 125.9, 125.4, 124.1, 122.8, 116.3,

52.2, 26.8; HRMS (ESI) m/z calcd for [C2H1sNO4]" [M+H]": 336.1230, found
336.1226.

3c

4. tert-butyl (1-(5-acetyl-2-hydroxyphenyl)naphthalen-2-yl)carbamate (3d)
88 mg, 78% yield; White Oil; Rs = 0.2 (PE:EA = 2:1); Purified
OO NHBoc directly by flash chromatography on silica gel (3:1, petroleum
O OH ether: ethyl acetate); *H NMR (500 MHz, CDCls): 5 8.08 (d, J =
Ac 7.9 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 9.1 Hz, 1H),
7.70 (dd, J = 17.8, 5.0 Hz, 2H), 7.36-7.22 (m, 2H), 7.17 (d, J =
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8.0 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 6.69 (d, J = 8.6 Hz, 1H), 6.33 (s, 1H), 2.38 (s,
3H), 1.35 (s, 9H); 3C NMR (126 MHz, CDCls): & 197.1, 158.8, 153.5, 134.8, 133.3,
132.7, 131.2, 130.8, 130.5, 129.8, 128.2, 127.1, 125.1, 124.9, 121.7, 121.0, 116.7,
81.3, 28.3, 26.3; HRMS (ESI) m/z calcd for [CasH2sNOsNa]* [M+Na]*: 400.1519,
found 400.1512.

5. benzyl (1-(5-acetyl-2-hydroxyphenyl)naphthalen-2-yl)carbamate (3e)
78 mg, 63% vyield; Yellow solid, m.p. = 155-157 <C; Rf = 0.3
OO NHCbz (PE:EA = 2:1); Purified directly by flash chromatography on
OH silica gel (4:1, petroleum ether: ethyl acetate); *H NMR (500
O MHz, CDCla): & 8.15 (s, 1H), 7.95 -7.59 (m, 4H), 7.43-7.13 (m,
8H), 7.03 (d, J = 8.6 Hz, 1H), 6.53 (s, 1H), 6.39 (s, 1H), 4.95 (q,
J = 11.9 Hz, 2H), 2.37 (s, 3H); *C NMR (126 MHz, CDCls): & 196.9, 158.7, 153.8,
135.7, 1345, 133.1, 132.6, 131.5, 130.8, 130.8, 130.1, 128.6, 128.5, 128.4, 128.3,
127.3, 125.3, 1249, 121.3, 116.8, 67.3, 26.3; HRMS (ESI) m/z calcd for

[C26H22NO4]* [M+H]*: 412.1543, found 412.1546.

Ac
3e

6. N-(1-(5-benzoyl-2-hydroxyphenyl)naphthalen-2-yl)benzamide (3f)
71 mg, 53% vyield; White solid, m.p. = 216-218 <C; Rf = 0.2
OO NHBz (PE:EA =2:1); Purified directly by flash chromatography on silica
O OH " gel (2:1, petroleum ether: ethyl acetate); 'H NMR (500 MHz,
DMSO- de): § 10.65 (s, 1H), 9.68 (s, 1H), 8.00 (t, J = 8.5 Hz, 2H),
7.86-7.78 (m, 2H), 7.75 (d, J = 7.2 Hz, 2H), 7.66-7.63 (m, 2H),
7.58 (dd, J = 14.8, 4.8 Hz, 2H), 7.52-7.42 (m, 8H), 7.21 (d, J = 8.6 Hz, 1H); 3C NMR
(126 MHz, DMSO- dg): & 194.8, 166.0, 160.5, 138.4, 135.9, 135.1, 134.4, 132.7,
132.3,132.2, 132.0, 130.3, 129.6, 128.82, 128.75, 128.44, 128.36, 128.3, 127.8, 126.8,
126.1, 126.08, 125.9, 123.0, 116.5; HRMS (ESI) m/z calcd for [CaoH22NOs]* [M+H]":
444.1594, found 444.1602.

Bz
3f

7. N-(1-(5-cyano-2-hydroxyphenyl)naphthalen-2-yl)benzamide (3g)

OO 58 mg, 53% vyield; Brown solid, m.p. = 259-261 <C; Rf = 0.2
nHBz (PE:EA = 2:1); Purified directly by flash chromatography on silica
NC
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gel (3:1, petroleum ether: ethyl acetate); *H NMR (500 MHz, DMSO- dg): & 10.74 (s,
1H), 9.65 (s, 1H), 8.05-7.97 (m, 2H), 7.80-7.73 (m, 2H), 7.70 (d, J = 7.4 Hz, 2H),
7.61 (d, J = 1.7 Hz, 1H), 7.53 (dd, J = 11.6, 7.1 Hz, 2H), 7.46 (q, J = 7.3 Hz, 3H),
7.41 (d, J = 8.3 Hz, 1H), 7.15 (d, J = 8.5 Hz, 1H); 3C NMR (126 MHz, DMSO- ds): 5
166.2, 160.2, 137.0, 135.2, 134.4, 134.2, 132.5, 132.0, 131.9, 129.6, 128.8, 128.7,
128.5, 127.8, 126.9, 126.2, 126.0, 124.7, 120.0, 117.2, 101.5; HRMS (ESI) m/z calcd
for [C2sH17N20,]* [M+H]*: 365.1285, found 365.1285.

8. N-(1-(2-hydroxy-5-nitrophenyl)naphthalen-2-yl)benzamide (3h)

90 mg, 78% vyield; Yellow solid, m.p. = 262-263 <C; R¢f= 0.3

OO nugz (PE:EA = 2:1); Purified directly by flash chromatography on
OH  silica gel (2:1, petroleum ether: ethyl acetate); *H NMR (500

ON O MHz, DMSO- ds): & 11.19 (s, 1H), 9.81 (s, 1H), 8.24 (dd, J = 9.0,
2.7 Hz, 1H), 8.13 (d, J = 2.7 Hz, 1H), 8.03 (dd, J = 16.7, 8.4 Hz,

2H), 7.77 (d, J = 8.7 Hz, 1H), 7.71 (d, J = 7.5 Hz, 2H), 7.59-7.47 (m, 4H), 7.43 (t, J =
7.5 Hz, 2H), 7.19 (d, J = 9.1 Hz, 1H); 3C NMR (126 MHz, DMSO- ds): & 166.4,
162.6, 139.8, 135.2, 134.6, 132.5, 132.0, 131.9, 129.6, 129.1, 128.9, 128.8, 128.6,
127.9, 127.1, 126.5, 126.09, 126.07, 125.9, 124.2, 116.6; HRMS (ESI) m/z calcd for

[C2sH17N204]* [M+H]": 385.1183, found 385.1176.

3h

9. N-(1-(2-hydroxy-5-(methylsulfonyl)phenyl)naphthalen-2-yl)benzamide (3i)
OO 62 mg, 50% vyield; white solid, m.p. = 229-231 <C; R¢= 0.3
g:BZ (PE:EA = 2:1); Purified directly by flash chromatography on
O silica gel (3:2, petroleum ether: ethyl acetate); *H NMR (500
MeOS™ MHz, DMSO- dg):  10.70 (s, 1H), 9.71 (s, 1H), 8.02 (dd, J =
12.9, 8.4 Hz, 2H), 7.83 (dd, J = 8.6, 2.4 Hz, 1H), 7.78 (d, J =
8.7 Hz, 1H), 7.75-7.66 (m, 3H), 7.58-7.39 (m, 6H), 7.21 (d, J = 8.6 Hz, 1H), 3.00 (s,
3H); ¥C NMR (126 MHz, DMSO- ds): § 166.2, 160.4, 135.0, 134.4, 132.4, 132.1,
132.0, 131.9, 131.1, 130.3, 129.2, 128.8, 128.7, 128.5, 127.8, 126.9, 126.3, 126.1,
126.0, 124.0, 116.6, 44.6; HRMS (ESI) m/z calcd for [C24H20NO4S]™ [M+H]":

418.1108, found 418.1105.
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10. N-(6-(benzyloxy)-1-(2-hydroxy-5-nitrophenyl)naphthalen-2-yl)benzamide
3i)
BnO 130 mg, 89% vyield; Brown solid, m.p. = 224-226 <C; Rf =
OO 0.2 (PEEEA = 2:1); Purified directly by flash
S:BZ chromatography on silica gel (3:1, petroleum ether: ethyl
N O acetate); *H NMR (500 MHz, DMSO- dg): § 11.16 (s, 1H),
3j 9.75 (s, 1H), 8.24-8.18 (m, 1H), 8.09 (s, 1H), 7.92 (d, J = 8.7
Hz, 1H), 7.68 (t, J = 8.4 Hz, 3H), 7.58-7.48 (m, 4H),
7.45-7.33 (m, 6H), 7.22 (d, J = 8.8 Hz, 1H), 7.16 (d, J = 9.0 Hz, 1H), 5.27 (s, 2H); 3C
NMR (126 MHz, DMSO- dg): 6 166.4, 162.5, 156.6, 139.7, 137.4, 135.2, 133.4, 132.5,
131.8, 130.0, 129.0, 128.7, 128.4, 128.3, 127.81, 127.77, 127.7, 127.6, 127.2, 126.0,
124.3, 119.7, 116.5, 108.2, 69.9; HRMS (ESI) m/z calcd for [CaoH2sN20s]* [M+H]*:
491.1601, found 491.1594.

11. N-(1-(2-hydroxy-5-nitrophenyl)-6-methoxynaphthalen-2-yl)benzamide (3k)
MeO 98 mg, 79% vyield; Green solid, m.p. = 256-258 <C; Rf=0.2
OO NHBy (PE:EA = 2:1); Purified directly by flash chromatography
OH on silica gel (5:1, petroleum ether: ethyl acetate); *H NMR
O,N O (500 MHz, DMSO- de): & 11.15 (s, 1H), 9.74 (s, 1H), 8.22
3k (dd, J = 9.0, 2.6 Hz, 1H), 8.11 (d, J = 2.5 Hz, 1H), 7.95 (d, J
= 8.7 Hz, 1H), 7.69 (t, J = 8.5 Hz, 3H), 7.50 (t, J = 7.2 Hz, 1H), 7.46-7.34 (m, 4H),
7.24-7.04 (m, 2H), 3.90 (s, 3H); 3C NMR (126 MHz, DMSO- de): 5 166.4, 162.5,
157.6, 139.8, 135.2, 133.5, 132.5, 131.8, 130.0, 128.9, 128.7, 127.8, 127.72, 127.71,
127.5, 127.1, 126.0, 124.4, 119.4, 116.5, 106.9, 55.8; HRMS (ESI) m/z calcd for

[C24H19N205]* [M+H]*: 415.1288, found 415.1283.

12. N-(1-(5-acetyl-2-hydroxyphenyl)-6-methoxynaphthalen-2-yl)benzamide (3I)
MeO 57 mg, 46% yield; Yellow solid, m.p. = 139-141 <C; R¢ =
OO NHBz 0.2 (PE:EA = 2:1); Purified directly by flash
O OH chromatography on silica gel (5:2, petroleum ether: ethyl

Ac

acetate); 'H NMR (500 MHz, DMSO- ds): § 10.54 (s, 1H),
3l
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9.50 (s, 1H), 7.92 (d, J = 8.8 Hz, 2H), 7.83 (d, J = 2.0 Hz, 1H), 7.74 (d, J = 8.7 Hz,
1H), 7.69 (d, J = 7.4 Hz, 2H), 7.50 (d, J = 7.3 Hz, 1H), 7.42 (t, J = 7.5 Hz, 3H), 7.36
(d, J = 9.2 Hz, 1H), 7.18-7.04 (m, 2H), 3.90 (s, 3H), 2.44 (s, 3H); 13C NMR (126 MHz,
DMSO- de): 6 196.5, 166.2, 160.3, 157.4, 135.2, 133.91, 133.4, 132.2, 131.9, 130.9,
130.5, 128.9, 128.8, 127.94, 127.92, 127.7, 127.2, 126.7, 123.2, 119.1, 116.1, 106.8,
55.7, 26.7; HRMS (ESI) m/z calcd for [CosH22NO4]* [M+H]": 412.1543, found
412.1543.

13. N-(1-(5-cyano-2-hydroxyphenyl)-6-methoxynaphthalen-2-yl)benzamide
(3m)

MeO 49 mg, 42% yield; Yellow solid, m.p. = 242-243 <C; R¢ =
OO 0.2 (PE:EEA = 2:1); Purified directly by flash
g:BZ chromatography on silica gel (5:2, petroleum ether: ethyl
NG O acetate); *H NMR (500 MHz, DMSO- ds): § 10.70 (s, 1H),
3m 9.59 (s, 1H), 8.04-7.85 (m, 1H), 7.77-7.64 (m, 4H), 7.58 (d,
J=2.1Hz, 1H), 7.52 (ddd, J = 7.4, 4.2, 1.2 Hz, 1H), 7.47-7.39 (m, 3H), 7.30 (d, J =
9.2 Hz, 1H), 7.18-7.03 (m, 2H), 3.89 (s, 3H); *C NMR (126 MHz, DMSO- ds): &
166.3, 160.1, 157.5, 136.9, 135.2, 134.1, 133.4, 132.3, 131.8, 130.0, 129.0, 128.8,
127.9, 127.8, 127.7, 127.6, 127.5, 127.0, 124.9, 119.9, 119.3, 117.2, 106.8, 101.4,

55.8; HRMS (ESI) m/z calcd for [C2sH19N203]" [M+H]*: 395.1390, found 395.1383.

14. N-(6-bromo-1-(2-hydroxy-5-nitrophenyl)naphthalen-2-yl)benzamide (3n)
Br 65 mg, 47% vyield; Yellow solid, m.p. = 303-305 <C; Rf=0.3
OO NnHBz (PE:EA = 2:1); Purified directly by flash chromatography on
OH " silica gel (3:1, petroleum ether: ethyl acetate); 'H NMR (500
O,N O MHz, DMSO- dg): & 11.23 (s, 1H), 9.84 (s, 1H), 8.31 (d, J =
1.9 Hz, 1H), 8.23 (dd, J = 9.1, 2.9 Hz, 1H), 8.09 (d, J = 2.9 Hz,
1H), 8.04 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 7.2 Hz, 2H), 7.60
(dd, J = 9.0, 2.0 Hz, 1H), 7.52 (t, J = 7.4 Hz, 1H), 7.48-7.34 (m, 3H), 7.17 (d, J = 9.1
Hz, 1H); 3C NMR (126 MHz, DMSO- ds): 5 166.4, 162.5, 139.8, 135.2, 135.0, 133.2,
132.0, 131.1, 130.3, 130.0, 129.7, 129.0, 128.8, 128.3, 128.1, 127.9, 127.7, 126.3,

3n
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123.6,119.4, 116.6; HRMS (ESI) m/z calcd for [CasH1sBrN204]* [M+H]*: 463.0288,
found 463.0280.

15. N-(1-(2-hydroxy-5-nitrophenyl)-7-methoxynaphthalen-2-yl)benzamide (30)
95 mg, 77% yield; Brown solid, m.p. = 225-227 C; R¢= 0.2
MeO OO nHBz (PE:EA = 2:1); Purified directly by flash chromatography
O OH on silica gel (3:1, petroleum ether: ethyl acetate); *H NMR
O,N (500 MHz, DMSO- de): & 11.18 (s, 1H), 9.75 (s, 1H), 8.22
30 (dd, J = 9.1, 2.9 Hz, 1H), 8.13 (d, J = 2.9 Hz, 1H), 7.95 (t, J
= 9.0 Hz, 2H), 7.69 (d, J = 7.3 Hz, 2H), 7.61 (d, J = 8.7 Hz, 1H), 7.50 (t, J = 7.4 Hz,
1H), 7.42 (t, J = 7.6 Hz, 2H), 7.27-7.17 (m, 2H), 6.77 (d, J = 2.2 Hz, 1H), 3.68 (s, 3H);
13C NMR (126 MHz, DMSO- ds): & 166.3, 162.5, 158.1, 139.9, 135.23, 135.19, 133.8,
131.9, 130.3, 129.1, 128.8, 128.7, 128.5, 128.0, 127.9, 127.5, 126.1, 124.3, 124.0,

117.8, 116.6, 105.1, 55.5; HRMS (ESI) m/z calcd for [C24H19N2Os]* [M+H]™:
415.1288, found 415.1287.

16. N-(7-(benzyloxy)-1-(2-hydroxy-5-nitrophenyl)naphthalen-2-yl)benzamide(3p)
91 mg, 62% yield; White solid, m.p. = 235-236 C; Rf = 0.2

BO OO NHBz (PE:EA = 2:1); Purified directly by flash chromatography on
OH  silica gel (2:1, petroleum ether: ethyl acetate); *H NMR (500

ON O MHz, DMSO- ds): § 11.14 (s, 1H), 9.73 (s, 1H), 8.26 (dd, J
3p = 0.1, 2.8 Hz, 1H), 8.05 (d, J = 2.8 Hz, 1H), 7.95 (dd, J = 8.8,

4.9 Hz, 2H), 7.70 (d, J = 7.3 Hz, 2H), 7.62 (d, J = 8.7 Hz, 1H), 7.51 (t, J = 7.3 Hz,
1H), 7.43 (t, J = 7.6 Hz, 2H), 7.34-7.25 (m, 6H), 7.20 (d, J = 9.1 Hz, 1H), 6.83 (d, J =
2.1 Hz, 1H), 5.08-4.99 (m, 2H); *C NMR (126 MHz, DMSO- ds): & 166.3, 162.5,
157.2,139.9, 137.2, 135.23, 135.18, 133.8, 131.9, 130.3, 129.1, 128.82, 128.79, 128.6,
128.4, 128.3, 128.2, 127.9, 127.5, 126.1, 124.2, 124.0, 118.3, 116.6, 106.7, 70.0;
HRMS (ESI) m/z calcd for [CaoH23N20s]* [M+H]*: 491.1601, found 491.1599.

17. N-(1-(5-acetyl-2-hydroxyphenyl)-7-methoxynaphthalen-2-yl)benzamide (3q)
65 mg, 53% vyield; Yellow solid, m.p. = 148-150 <C; R¢ =

MeO OO NHBz 0.2 (PE:EEA = 2:1); Purified directly by flash

O OH
Ac
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chromatography on silica gel (3:1, petroleum ether: ethyl acetate); *H NMR (500
MHz, CDCls): § 8.10 (d, J = 8.8 Hz, 1H), 8.04 (s, 1H), 7.97 (dd, J = 8.6, 2.3 Hz, 1H),
7.84 (d, J = 2.2 Hz, 1H), 7.68 (dd, J = 21.1, 8.9 Hz, 2H), 7.46 (dd, J = 8.3, 1.1 Hz,
2H), 7.43-7.37 (m, 1H), 7.29-7.22 (m, 2H), 7.17 (d, J = 8.6 Hz, 1H), 7.08 (dd, J = 8.9,
2.5 Hz, 1H), 6.61 (d, J = 2.4 Hz, 1H), 3.65 (s, 3H), 2.44 (s, 3H); 13C NMR (126 MHz,
CDCI3) 6 196.9, 166.1, 158.9, 158.6, 134.7, 134.1, 134.0, 133.2, 132.0, 131.3, 130.6,
129.9, 129.6, 128.8, 127.0, 126.9, 121.99, 121.95, 119.4, 117.9, 117.0, 104.0, 55.2,
26.3; HRMS (ESI) m/z calcd for [CasH22NO4]* [M+H]*: 412.1543, found 412.1544.

18. N-(1-(2-hydroxy-5-nitrophenyl)-3-phenylnaphthalen-2-yl)benzamide (3r)

Ph 76 mg, 55% vyield; Yellow solid, m.p. = 188-190 <C; Rf = 0.2

OO nugz (PE:EA = 2:1); Purified directly by flash chromatography on
OH silica gel (3:1, petroleum ether: ethyl acetate); *H NMR (500

O,N O MHz, CDCls): 6 8.11 (d, J = 6.6 Hz, 1H), 7.97 (dd, J = 27.3, 7.8
Hz, 3H), 7.60 (d, J = 24.5 Hz, 3H), 7.50-7.16 (m, 12H), 7.10 (d, J

= 7.8 Hz, 1H); 3C NMR (126 MHz, CDCls): § 169.0, 161.1, 141.2, 138.6, 138.2,
133.1, 132.9, 132.1, 132.0, 131.3, 131.0, 129.1, 128.6, 128.6, 128.4, 127.9, 127.4,
127.3,127.0, 125.7, 125.6, 118.2; HRMS (ESI) m/z calcd for [CasH21N204]* [M+H]*:

461.1496, found 461.14809.

3r

19. N-(3-(4-fluorophenyl)-1-(2-hydroxy-5-nitrophenyl)naphthalen-2-yl)benzamid
e (3s)
O F 90 mg, 63% yield; Yellow solid, m.p. = 250-252 <C; Rf = 0.2

Oe NHBz silica gel (3:1, petroleum ether: ethyl acetate); *H NMR (500

O or MHz, DMSO- ds): & 11.15 (s, 1H), 9.92 (s, 1H), 8.27-8.14 (m,
O-N 2H), 8.09 (d, J = 4.9 Hz, 2H), 7.65 (dd, J = 8.5, 5.6 Hz, 2H),
7.59 (t, J = 7.3 Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.48-7.40 (m,
4H), 7.33 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 8.8 Hz, 2H), 7.16 (d, J = 8.9 Hz, 1H);3C
NMR (126 MHz, DMSO- de): 6 163.1, 162.5, 161.1, 139.6, 138.6, 136.4, 135.2, 134.4,
132.7, 132.7, 131.9, 131.6, 131.5, 131.4, 130.0, 128.7, 128.6, 128.2, 127.5, 127.1,

(PE:EA = 2:1); Purified directly by flash chromatography on

3s
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126.9, 126.2, 126.0, 124.9, 116.3, 115.4, 115.2; °F NMR (471 MHz, DMSO- dg): &
-115.4; HRMS (ESI) m/z calcd for [C2gH20FN204]" [M+H]*: 479.1402, found
479.1410.

20. N-(1-(2-hydroxy-5-nitrophenyl)-3-(4-methoxyphenyl)naphthalen-2-yl)benzam
ide (3t)

OMe 68 mg, 69% yield; Yellow solid, m.p. = 101-103 <C; R¢ =

O 0.3 (PE:EA = 2:1); Purified directly by flash

OO NHBz chromatography on silica gel (3:1, petroleum ether: ethyl

OH acetate); 'H NMR (500 MHz, DMSO- ds): 811.22 (s, 1H),

O,N O 9.84 (s, 1H), 8.24 (dd, J = 9.0, 2.7 Hz, 1H), 8.14 (d, J = 2.7

Hz, 1H), 7.93 (d, J = 7.4 Hz, 1H), 7.68 (d, J = 9.9 Hz, 3H),

7.52 (dd, J = 14.2, 8.3 Hz, 6H), 7.43 (t, J = 7.5 Hz, 2H), 7.18 (dd, J = 15.6, 8.8 Hz,

3H), 3.87 (s, 3H): 13C NMR (126 MHz, DMSO- de): & 166.4, 162.7, 159.4, 140.2,

139.9, 135.2, 134.1, 133.0, 132.1, 131.9, 131.4, 130.1, 129.2, 128.8, 128.7, 127.9,

127.0, 126.9, 126.4, 126.3, 126.2, 126.1, 124.1, 116.6, 114.6, 55.7; HRMS (ESI) m/z
calcd for [C3oH23N20s]* [M+H]™: 491.1601, found 491.1593.

3t

21. N-(2-(2-hydroxy-5-nitrophenyl)naphthalen-1-yl)benzamide (3u)

oy 924 mg, 47% yield; Brown solid, m.p. = 208-210 <C; R = 0.2

OO (PE:EA = 2:1); Purified directly by flash chromatography on
NHBZ silica gel (2:1, petroleum ether: ethyl acetate); *H NMR (500

3u NO2 MHz DMSO- de): § 11.27 (s, 1H), 10.19 (s, 1H), 8.21 (d, J = 2.6

Hz, 1H), 8.09 (dd, J = 9.0, 2.9 Hz, 1H), 8.04 (dd, J = 5.2, 4.1 Hz, 1H), 7.99 (dd, J =
9.9, 5.7 Hz, 2H), 7.83 (d, J = 7.3 Hz, 2H), 7.60 (td, J = 5.3, 2.5 Hz, 3H), 7.54 (t, J =
7.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.11 (d, J = 9.0 Hz, 1H); 3C NMR (126 MHz,
DMSO- ds): 6 167.1, 161.8, 139.6, 135.0, 133.8, 133.0, 132.5, 131.9, 131.4, 128.82,
128.79, 128.4, 127.9, 127.5, 127.3, 127.2, 127.1, 126.9, 125.5, 124.4, 116.5; HRMS

(ESI) m/z calcd for [C23H17N204]" [M+H]": 385.1183, found 385.1184.
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22. N-(2-(2-hydroxy-5-nitrophenyl)-4-phenylnaphthalen-1-yl)benzamide (3v)
Ph 45 mg, 33% vyield; Yellow solid, m.p. = 189-191 <C; Rf = 0.2
OO oH (PE:EA = 2:1); Purified directly by flash chromatography on
O silica gel (5:2, petroleum ether: ethyl acetate); *H NMR (500
MHz, CDCls): § 8.74 (s, 1H), 8.05 (d, J = 2.7 Hz, 1H), 7.89 (d, J
vooNo 8.3 Hz, 1H), 7.77 (d, J = 8.2 Hz, 2H), 7.67 (d, J = 7.5 Hz, 2H),
7.44 (t, J = 7.5 Hz, 1H), 7.40-7.08 (m, 11H), 6.64 (d, J = 9.0 Hz, 1H); 3C NMR (126
MHz, CDCI3): 6168.3, 159.3, 141.1, 140.7, 139.3, 132.76, 132.60, 132.09, 131.13,
130.4, 130.1, 129.9, 128.9, 128.8, 128.4, 127.7, 127.3, 127.1, 126.8, 126.7, 125.2,
123.9, 116.6; HRMS (ESI) m/z calcd for [CasH21N204]* [M+H]*: 461.1496, found

461.1494.

NHBz

23. N-(2'-hydroxy-5'-nitro-5-phenoxy-[1,1'-biphenyl]-2-yl)benzamide (3w)
PhO 58 mg, 46% vyield; Yellow solid, m.p. = 145-146 <C; Rf = 0.3
O nHez (PEEA = 2:1); Purified directly by flash chromatography on
OH  silica gel (3:1, petroleum ether: ethyl acetate); *H NMR (500
O,N O MHz, DMSO- ds): & 9.77 (s, 1H), 8.10 -8.04 (m, 2H), 7.71 (d, J =
7.4 Hz, 2H), 7.57 (d, J = 8.5 Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H),
7.41 (ddd, J = 7.6, 6.0, 2.7 Hz, 4H), 7.16 (d, J = 7.4 Hz, 1H), 7.13-7.06 (m, 6H); 3C
NMR (126 MHz, DMSO- de): 6 166.0, 161.9, 157.1, 154.7, 139.6, 135.1, 134.9, 131.9,
130.6, 129.2, 129.0, 128.8, 128.2, 127.8, 126.4, 125.7, 124.1, 121.1, 119.2, 118.7,
116.7; HRMS (ESI) m/z calcd for [C2sH19N20s]* [M+H]*: 427.1288, found 427.1283.

3w

24. N-(5-(benzyloxy)-2'-hydroxy-5'-nitro-[1,1'-biphenyl]-2-yl)benzamide(3x)
BnO 66mg, 50% yield; Yellow solid, m.p. = 198-200 °C; Rf = 0.2
O NHB2 (PE:EA = 2:1); Purified directly by flash chromatography on
OH silica gel (4:1, petroleum ether: ethyl acetate); *H NMR (500
ON O MHz, DMSO- dg): § 11.36 (s, 1H), 9.58 (s, 1H), 8.18-8.00 (m,
3x 2H), 7.70 (d, J = 7.5 Hz, 2H), 7.58-7.46 (m, 4H), 7.43-7.37 (m,
4H), 7.34 (t, J = 7.3 Hz, 1H), 7.10 (dt, J = 14.4, 6.2 Hz, 3H), 5.17 (s, 2H); *C NMR
(126 MHz, DMSO- de): & 166.0, 161.5, 156.6, 139.8, 137.5, 135.3, 134.7, 131.8,
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129.5, 128.9, 128.8, 128.3, 128.2, 127.9, 127.7, 127.0, 125.6, 117.2, 116.4, 115.2,
70.0; HRMS (ESI) m/z calcd for [C26H21N20s]* [M+H]": 441.1445, found 441.1439.

25. N-(2'-hydroxy-5-methyl-5'-nitro-[1,1'-biphenyl]-2-yl)benzamide (3y)
Me 55 mg, 53% yield; Yellow solid, m.p. = 181-182 <C; R¢ = 0.2
O NHEB» (PE:EA = 3:1); Purified directly by flash chromatography on
OH silica gel (4:1, petroleum ether: ethyl acetate); 'H NMR (500
o O MHz, DMSO- de): 5 11.32 (s, 1H), 9.59 (s, 1H), 8.17-7.98 (m,
2H), 7.69 (d, J = 7.4 Hz, 2H), 7.53-7.45 (m, 2H), 7.42 (t, J = 7.5
Hz, 2H), 7.26 (d, J = 8.1 Hz, 1H), 7.22 (s, 1H), 7.07 (d, J = 9.0
Hz, 1H), 2.37 (s, 3H); 3C NMR (126 MHz, DMSO- ds): & 165.8, 161.8, 139.7, 135.5,
135.3, 133.9, 133.1, 131.8, 131.7, 129.3, 128.8, 127.9, 127.7, 127.4, 127.1, 125.5,
116.4, 21.0; HRMS (ESI) m/z calcd for [C20H17N204]" [M+H]": 349.1183, found
349.1179.

26. 2'-(methylamino)-5,5'-dinitro-[1,1'-biphenyl]-2-ol (3z)
O,N 31 mg, 36% vyield; Yellow solid, m.p. = 166-168 <C; Rf = 0.2
O NHMe (PE:EA = 3:1); Purified directly by flash chromatography on
OH silica gel (3:1, petroleum ether: ethyl acetate); *H NMR (500
N O MHz, DMSO- ds): & 11.45 (s, 1H), 8.16 (dd, J = 8.2, 2.2 Hz, 2H),
3z 8.04 (d, J = 9.5 Hz, 2H), 7.19 (dd, J = 7.7, 1.7 Hz, 1H), 6.65 (d, J
= 9.2 Hz, 2H), 3.32 (s, 3H); 3C NMR (126 MHz, DMSO- dg): 5 160.8, 154.0, 140.5,
137.8, 132.8, 126.09, 126.05, 125.4, 117.9, 112.6; HRMS (ESI) m/z calcd for

[C13H12N30s]* [M+H]*: 290.0771, found 290.0774.

27. 2-(6-fluoro-2-(methylamino)pyridin-3-yl)-4-nitrophenol (3aa)
E 40 mg, 51% vyield; Yellow solid, m.p. = 107-109 <C; Rf = 0.2
N (PE:EA = 5:1); Purified directly by flash chromatography on
| Z“NHMe silica gel (6:1, petroleum ether: ethyl acetate); *H NMR (500
OH  MHz, DMSO- do): § 11.16 (s, 1H), 8.16 (dd, J = 9.0, 2.9 Hz, 1H),
O,N 7.96 (d, J = 2.9 Hz, 1H), 7.38 (t, J = 8.1 Hz, 1H), 7.10 (d, J = 9.0

3aa
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Hz, 1H), 6.19 (dd, J = 7.7, 2.6 Hz, 1H), 6.04 (s, 1H), 2.72 (s, 3H); 3C NMR (126
MHz, DMSO- ds): 6 163.9, 162.5, 162.1, 156.5, 156.3, 142.9, 142.8, 140.2, 128.1,
125.9, 124.6, 116.8, 113.89, 113.85, 93.5, 93.1, 28.7; F NMR (471 MHz, DMSO-
des): 8 -71.2. HRMS (ESI) m/z calcd for [C12H1:FN3O3]" [M+H]*: 264.0779, found
264.0773.

28. 2-(5-iodo-2-(methylamino)pyridin-3-yl)-4-nitrophenol (3ab)
40 mg, 36% vyield; Yellow solid, m.p. = 204-206 <C; Rf = 0.3
(PE:EA = 3:1); Purified directly by flash chromatography on silica
OH gel (5:1, petroleum ether: ethyl acetate); *H NMR (500 MHz,
DMSO- de): § 11.28 (s, 1H), 8.27 (d, J = 1.9 Hz, 1H), 8.10 (dd, J =
3ab 8.3, 2.2 Hz, 2H), 7.69 (dd, J = 8.9, 2.3 Hz, 1H), 7.13 (dd, J = 7.7,
1.6 Hz, 1H), 6.25 (d, J = 8.9 Hz, 1H), 3.27 (s, 3H); 3C NMR (126
MHz, DMSO- ds): 6 161.0, 157.4, 153.1, 144.9, 140.3, 133.0, 126.0, 124.8, 117.5,
110.8, 78.7,37.8; HRMS (ESI) m/z calcd for [C12H11IN3O3]" [M+H]": 371.9840,

found 371.9866.

O,N

Experimental procedure for large scale reaction

+ -
NMe;OTf OO

OH

\ NHBz

tBuOK (2.0 equiv)

N
Bz + > o
© DMSO, 25°C, 2 h O OH

NO, O,N

6 mmol 3h, 1.82 g, 79%

N-hydroxy-N-(naphthalen-2-yl)benzamide (1.58 g, 6 mmol, 1.0 equiv.) and
aryltrimethylammonium triflates (9 mmol, 1.5 equiv.) were dissolved in anhydrous
DMSO (60 mL) under air atmosphere and tBuOK (12 mmol, 2.0 equiv.) was added.
The resulting mixture was stirred at 25 <C for 2 hours. The mixture was quenched by
water (600 mL) and was extracted with ethyl acetate (3 <100 mL), the organic layer
was washed by brine and dried over sodium sulfate. After the solvent was removed in
vacuum, the crude product was purified by flash chromatography (PE/EtOAc = 2/1) to
obtain 3h (1.82 g, 79 %) as a yellow solid.

523



Synthetic applications of the biaryl products

General Procedure for the Synthesis of biaryl 4°

02 02N
CU(OAC 2 (1.0 eq) O OPh
NHBz _EtN@Oeq NHBz
molecular sieve OO

EA,30°C, 16 h
3h 4,72%

Biaryl 3h (0.3 mmol, 1.00 equiv.), Cu(OAc). (56.2 mg, 0.3 mmol, 1.0 equiv.),
phenylboronic acid (75 mg, 0.6 mmol, 2.0 equiv.), and activated 4A molecular sieves
were added to ethyl acetate (3.0 mL) under an atmosphere of nitrogen, triethylamine
(85 pL, 0.61 mmol., 2.0 equiv.) was added to the mixture via microsyringe, and the
mixture was stirred at 30 <C for 16 hours. The reaction mixture was separated by

silica gel chromatography (PE/EtOAc = 6/1) to obtain biaryl product 4 (99 mg, 72%).

General Procedure for the Synthesis of biaryl 57.

O,N O H,oN O
OH N2H4'H20 OH
D
SO OO

3h 5, 68%

Biaryl 3h (0.2 mmol, 1.0 equiv.) was dissolved in NH2NH2.H20 (2.0 mL) in a
sealed-tube. The tube was heated at 150 <C for 8 hours. After the reaction mixture was
cooled to 30 <C and neutralized to pH = 7 by concentrated HCI (2 M). Then the
mixture was diluted with EtOAc (45 mL), the organic layer was washed with brine
and dried over sodium sulfate. Finally, the residue was purified by silica gel column

chromatography (PE/EtOAc = 1/1) to obtain the desired product 5 (34 mg, 68%).
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General Procedure for the Synthesis of carbazole 78°

02N 02N 02N
O TF,0 (1.3 eq) O Pd(OAc), (10 mol%) O
OH Pyridine (1.5 eq) OTf Cs,CO3 (1.5€q)
—_—

R

NHBz 45 °Cto0°C NHBZ  Toluene, reflux
O™ R O TR O

3h 6, 78% 7,50%

NHBz

Pyridine (1.5 mmol, 1.5 equiv.) was added to a solution of 3h (0.1 mmol, 1.0 equiv.)
in anhydrous CH2Cl> (2 mL) at -45 <C under nitrogen atmosphere, and then triflic
anhydride (1.3 mmol, 1.3 equiv.) was slowly added to the mixture. The mixture was
stirred at 0 <C for 12 hours. 1M HCI (ag.) was slowly added to the reaction mixture.
Then the mixture was extracted with brine, and dried over MgSOa. The residue was
purified by silica gel column chromatography (PE/EtOAc = 6/1) to obtain product 6
(40 mg, 78%) as a yellow solid.

Biaryl 6 (0.1 mmol, 1.0 equiv.), Pd(OAc)2 (3 mg, 10 mol%), and Cs.COsz (0.15
mmol, 1.5 equiv.) was dissolved in toluene (0.4 mL) under nitrogen atmosphere. The
mixture was refluxed at 120 <C for 16 hours. After the reaction mixture was cooled to
room temperature, the residue was purified by flash chromatography (PE/EtOAcC =

12/1) to obtain the carbazole 7 (19 mg, 50%) as a yellow oil.
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General Procedure for the Synthesis of biaryl 9101

F3C\©/CF3

HN S
O,N HoN HN
G OH SnCl, (5.0 eq) ‘ OH isothiocyanate (1.0 eq) O OH
_— >
NHBz  jPrOH,100 °C NHBz THF, 30 °C NHBz
CC w0 SN
3h 8, 70% 9, 65%

Biaryl 3h (0.2 mmol, 1.0 equiv.) was dissolved in iPrOH (0.5 mL) and stannous
chloride (235 mg, 5.0 equiv.) was added slowly to the mixture at 100 <C under air,
then the mixture was stirred at 100 <C for 8 hour. The mixture was quenched by water
(3 mL) and it was extracted with ethyl acetate (3 <25 mL), the organic layer was
washed with brine and dried over sodium sulfate. After the solvent was removed in
vacuum, the crude product was purified by flash chromatography (PE/EtOAc = 1/1) to
obtain desired product 8 (50mg, 70%) as a black solid.

To a solution of 8 (0.1 mmol, 354 mg) in THF (3.0 mL) was added
3,5-bis(trifluoromethyl)phenyl isothiocyanate (27.1 mg, 0.1 mmol). After being
stirred at room temperature for 12 h, the mixture was concentrated in vacuo. The
residue was purified by recrystallization (n-hexane/AcOEt) to afford 9 as white solid

(41 mg, 65%).

Analytical data of starting materials and synthetic applications
29. N-(1-(5-nitro-2-phenoxyphenyl)naphthalen-2-yl)benzamide (4)

99 mg, 72% yield; White solid, m.p. = 68-70 C; R = 0.3
OO NHB2 (PE:EA = 4:1); Purified directly by flash chromatography on
OPh  silica gel (6:1, petroleum ether: ethyl acetate); *H NMR (500
ON O MHz, CDCls): § 8.23 (t, J = 5.5 Hz, 2H), 8.17 (dd, J = 9.2, 2.8
Hz, 1H), 7.94-7.82 (m, 2H), 7.78 (dd, J = 5.5, 2.7 Hz, 1H), 7.56
(d, J = 7.3 Hz, 2H), 7.45-7.27 (m, 6H), 7.13 (dd, J = 12.7, 4.9 Hz, 2H), 7.05-6.92 (m,

4
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2H), 6.72 (d, J = 7.8 Hz, 2H); 3C NMR (126 MHz, CDCls): 5 165.6, 161.4, 154.5,
142.9, 134.7, 133.9, 132.3, 132.1, 131.4, 130.2, 129.8, 129.2, 128.9, 128.4, 126.99,
126.96, 126.8, 125.9, 125.5, 124.9, 123.1, 122.1, 120.3, 116.9; HRMS (ESI) m/z calcd
for [C2oH21N204]* [M+H]": 461.1496, found 461.1494.

30. 4-amino-2-(2-aminonaphthalen-1-yl)phenol (5)
OO 47 mg, Yield = 68%; Black solid, m.p. = 104-106 <C; R = 0.2
NH, (PE:EA = 1:1); Purified directly by flash chromatography on silica
O or gel (1:1, petroleum ether: ethyl acetate); 'H NMR (500 MHz,
HaN DMSO- de): & 8.11 (s, 1H), 7.63 (dd, J = 29.8, 7.8 Hz, 2H),
7.37-6.99 (m, 4H), 6.75 (d, J = 8.0 Hz, 1H), 6.53 (d, J = 6.8 Hz,
1H), 6.32 (s, 1H), 4.60 (s, 4H); 3C NMR (126 MHz, DMSO- ds): & 146.8, 143.3,
141.7, 134.1, 128.02, 127.95, 127.3, 125.9, 124.5, 123.7, 121.2, 118.9, 118.3, 117.2,
116.1, 115.5; HRMS (ESI) m/z calcd for [Ci6H1sN2O]* [M+H]*: 251.1179, found

251.1173.

5

31. 2-(2-benzamidonaphthalen-1-yl)-4-nitrophenyl trifluoromethanesulfonate (6)
48 mg, Yield = 78%; Yellow solid, m.p. = 113-115 <C; Rf = 0.3
OO NHBz (PE:EA =2:1); Purified directly by flash chromatography on silica
O oTf gel (6:1, petroleum ether: ethyl acetate); 'H NMR (500 MHz,
O,N CDCls): § 8.35 (dt, J = 4.1, 2.7 Hz, 2H), 8.05 (d, J = 8.9 Hz, 1H),
7.97 (d, J = 8.9 Hz, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.60 (dd, J =
19.2, 10.7 Hz, 4H), 7.51-7.25 (m, 5H), 7.08 (d, J = 8.4 Hz, 1H); *C NMR (126 MHz,
CDCIs): 6 166.0, 151.4, 147.6, 134.3, 134.0, 132.9, 132.2, 131.6, 131.52, 131.1, 129.2,
128.9, 128.6, 127.6, 127.1, 126.1, 125.9, 124.1, 123.6, 123.5, 122.4; °F NMR (471
MHz, CDCls): & -73.6; HRMS (ESI) m/z calcd for [C24H16F3N206S]" [M+H]™:
517.0676, found 517.0680.

6

32. (10-nitro-7H-7l4-benzo[c]carbazol-7-yl)(phenyl)methanone (7)
O2N O 55 mg, Yield = 50%; Black solid, m.p. = 230-232 <C; Rf= 0.3

(PE:EA = 5:1); Purified directly by flash chromatography on
NHBz
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silica gel (12:1, petroleum ether: ethyl acetate); *H NMR (500 MHz, DMSO- dg): &
9.32 (d, J = 2.1 Hz, 1H), 8.79 (d, J = 8.4 Hz, 1H), 8.27 (dd, J = 9.2, 2.2 Hz, 1H), 8.06
(d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.94 (s, 1H), 7.82 (t, J = 7.6 Hz, 1H),
7.79-7.70 (m, 4H), 7.65-7.56 (m, 3H), 7.42 (d, J = 9.1 Hz, 1H); 3C NMR (126 MHz,
DMSO- de): 6 167.4, 142.0, 140.0, 136.9, 132.5, 132.5, 128.7, 128.3, 127.9, 127.8,
127.0, 126.3, 124.0, 123.7, 121.8, 119.4, 116.0, 115.5, 113.3; the product has poor
solubility, so we can not get its perfect NMR spectra; HRMS (ESI) m/z calcd for
[C23H15N203]" [M]*: 367.1083, found 367.1083.

33. N-(1-(5-amino-2-hydroxyphenyl)naphthalen-2-yl)benzamide (8)

74 mg, 70% vyield; Black solid, m.p. = 132-134 <C; Rf = 0.2
OO NHBy (PE:EA = 1:1); Purified directly by flash chromatography on
OH silica gel (1:1, petroleum ether: ethyl acetate); *H NMR (500
HN O MHz, DMSO- ds): & 9.04 (d, J = 24.4 Hz, 2H), 8.19 (d, J = 8.8
Hz, 1H), 7.97 (t, J = 7.9 Hz, 2H), 7.71 (d, J = 7.5 Hz, 2H), 7.59
(dd, J = 18.2, 7.8 Hz, 2H), 7.47 (dt, J = 15.3, 7.2 Hz, 4H), 6.91 (d, J = 8.6 Hz, 1H),
6.65 (dd, J = 8.5, 2.3 Hz, 1H), 6.46 (d, J = 2.2 Hz, 1H), 4.75 (s, 2H); 3C NMR (126
MHz, DMSO- ds): 6 165.0, 145.9, 141.8, 135.0, 133.5, 132.9, 132.3, 131.5, 129.3,
128.4, 128.3, 127.8, 127.3, 126.6, 126.5, 125.4, 123.0, 122.6, 118.1, 117.4, 116.5;

HRMS (ESI) m/z calcd for [C23H19N202]" [M+H]*: 355.1441, found 355.1435.

34. N-(1-(5-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-2-hydroxyphenyl)naph
thalen-2-yl)benzamide (9)
HoH 41 mg, 65% yield; White solid, m.p. = 280-282 <C:

F1sC N\”/N
\©/ S O oH Re = 02 (PEEEA = 2:1); Purified by

CFs NHBz recrystallization (n-hexane/AcOEt); *H NMR (500
OO MHz, DMSO- dg): & 10.52-9.72 (m, 3H), 9.28 (s,

9 1H), 8.26 (s, 2H), 7.99 (s, 3H), 7.84-7.59 (m, 4H),

7.59 -7.18 (m, 7H), 7.10 (d, J = 7.3 Hz, 1H): 3C NMR (126 MHz, DMSO- ds): &
180.4, 165.5, 153.4, 142.4, 135.0, 134.0, 132.8, 132.1, 131.7, 130.5, 130.2, 129.8,
129.0, 128.5, 128.3, 128.3, 127.6, 126.9, 126.6, 126.4, 125.6, 124.8, 124.3, 123.9,
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122.9, 122.6, 117.2, 116.6; °F NMR (471 MHz, DMSO- dg) & -61.53; HRMS (ESI)
m/z calcd for [C32H22FsN302S]* [M+H]*: 626.1331, found 626.1331.
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X-Ray Crystal Structure Data for Compound 3q
Single crystal was chosen under an optical microscope and quickly coated with

high vacuum grease (Dow Corning Corporation) to prevent decomposition. Intensity
data and cell parameters were recorded at 173 K on a Bruker Apex Il single crystal
diffractometer, employing a Mo K, radiation (A = 0.71073 A) and a CCD area
detector. The raw frame data were processed using SAINT and SADABS to yield the
reflection data file.! The structure was solved using the charge-flipping algorithm, as
implemented in the program SUPERFLIP? and refined by full-matrix least-squares
techniques against Fo? using the SHELXL program? through the OLEX2 interface.*
Hydrogen atoms at carbon were placed in calculated positions and refined
isotropically by using a riding model. Appropriate restraints or constraints were
applied to the geometry and the atomic displacement parameters of the atoms in the
cluster. All structures were examined using the Addsym subroutine of PLATON® to
ensure that no additional symmetry could be applied to the models. CCDC 1961871
(39) contain the supplementary crystallographic data for this paper. These data can be

obtained free of charge from the Cambridge Crystallographic Data Centre.
References
1. APEX3, SAINT and SADABS. Bruker AXS Inc., Madison, Wisconsin, USA, 2015.

2. L. Palatinus, G. Chapuis, J. Appl. Crystallogr. 2007, 40, 786-790.

3. G. M. Sheldrick, Acta. Crystallogr. Sect. C 2015, 71, 3.

4. 0. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard, H. Puschmann,
J. .Appl. Crystallogr. 2009, 42, 339-341.

5. A. L. Spek, Acta. Crystallogr. Sect. D. 2009, 65, 148-155.

CCDC: 1961871 3q

S30



TI6T'L
LY0T'LA
00TTL 7
£60€'L 1
LETE LA
0TEEL
£6€€'L A
6LYE LA
600%°L
SOTHL
065'L
oLYL
0829°'L
0S16'L
1€€6°L
7296'L
v3L6'L
$618'8
€LT8'8

e

6L6T6—

11.0  10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

11.5

S31



99'€C1 §
ErHT1
L89T1
16921 4
ULl
LI'STI A
ST8TI -
v6'8T1 )
0621 4
sorer 4
67TE1
6€TET
L07€ET
oLerd

1A e

€L°S91 —

A

iy

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

200

532



SEIET—

06St°L
6ELY'L
€06¥°L
6¥0S°L
88IS°L
9€L8'L
9688°L

1706°L
80C6°L
1051°8

Iresor —

Fooo¢

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

2.0

533



90°€C —

A

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

200

534



7699°¢ —

PEIEL T
PETELA
0LTE LA
SYEEL
0Tre'L
SSHE'L A
956€°L 1
LE6Y L7
6L6 'L 7
pIISLA
9S1§°L A
TTE9'LA
0E¥9°L
P059°L
8099°L
ey

L6LY"L
S6SL’L
0€9L°L

SSTr'8 —

e —

—_

CO,Me

Fooo€

7200T
01
1866C
Reoot

T_w.o

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)
S35

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

12.0



IL'ES —

1T9sT —

CO,Me

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

200

536



[yl —

00¥€L
1ese’L
LOLE'L
88¢€°L
orov°L
YS¥SL
16¥S'L
Te9S'L
699S°L
8T10L°L
681L°L
€LTL'L
0908°L
9LE6'L

S

Boc

/Jf/

B

o006

7886'1
Tos11
$1€0°€
EXT4R

?mo.o

11.0  10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

11.5

S37



€€'8C —

65°¢€8 —

YSYST —

10

20

30

40

50

60

70

Boc
90 80

100
£1 (ppm)

190 180 170 160 150 140 130 120 110
538

200




66C1°S —

19LT°L
LT8I'L
IerL
861°L
L80T'L
6EVEL
01s¢L
685€°L
001S°L
89¢S°L
8S€9°L
mhmos”/
LLLY'L —F
whmo.\.\
6ILLL
EIEr8 —

L

Foooz

826+
T£81°C
TOEI'T
T8¢
FS60'1

Tmmg

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5 5.0 4.5
£1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

10.0

539



L989 —

IS611
crict
88°6CI
y$ 9Tl
6S°LTI
10°8C1
81°8CI
6€°8C1

LY'8CI
£€9°8¢1
EvIel
et

8¥°SEl
00°8¢T

0€°SST —

10

20

30

40

50

60

70

90 80

100
540

£1 (ppm)

110

120

130

140

150

160

170

180

190

200



19¢T°S —

LYVTL
8S9T'L 1
L9EE'L A
1€SE°L A
869€°L
SE0PLA
€0TH L
€6EbL
PISL
SIES'L
919
1169°L
opiL L]
8%08°L
81€8°L
£hs8'L A
bIL6L

SN =

F

=

661801 —

% 890°¢

6701

12T

0.5

10.5  10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

11.

f1 (ppm)

S41



¥8°69 —

99°L0T —
06611
90cl
c0°€Tl
[Uiat /
€8T
0¥"8CI
09°8C1
88°8CI
¥6'8C1
06°6C1
1L°0€T
¥9°Cel
0°9¢l
9€°LET
£€°8¢1

88°961 —

LEBIT —

Bz

1
N\
DO
BnO
1f

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

200

S42



506°€ —

880°L 1
0£60°L
17€T°LA
1LETLA
10S1°L |
0SST°L
6£0T'L 7
16171 A
LYETLA

- 00O

—

=[S0°¢

M\ii
FL0']

10T
ﬂ_o._
H/ 66'0
ﬁmo.m

00°€

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

10.0

f1 (ppm)

S43



69°SS —

0%'90T —
9611
Y0 €Tl /
6€°LTI
€8¢l

1€°8C1
£€6°8C1

88'871 -F
18°621 N
89°0¢€1 \
LLTEL \
LO9ET

LT8EI1

LY'LST—

LEBIT —

ll

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

200

S44



THEY'L
8P LA
TEOL
€08Y°L
Sh6b L
T619°LA
STTY'LA
L9€9L A
66£9°L —~
PO0L'L x
oviLLIf
v158°L
£898°L
€168°L
0606°L
€026'L A
£8€6°L -
L860°8
7661°8

[

=T

1¥26'01 —

I\

660°€
2950°1
2000C
FeLo¢
8201

Rsz01

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

S45



8T611
96°CCl /
6L°LTT

9¢°8¢C1

£6'8C1
S8°6CI
10°0¢T
05°0€1
¥6°0¢1
LYIEl

0€cel
18°6¢1
L0V

LL'89T —

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

200

546



€098 — " —

EPEL'L
98¥1'L
LIST'LA
80€€°L A
0TTH'L A
€5EY°L A
1osy'L |
16SY°L A

SELY'L A
UYL
679 L
S0¥9°L
€80L'L
seLLd
LE6L L
PIIS'L
6LT8'L
SSH8L
10008 -

f

f/

019801 —

Fozo¢

peeot
S0'1
Ww%.m

LO'T
00°C
150°C

m/Noo.ﬁ

Fo00'1

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1. 0.5 0. (
f1 (ppm)

10.0

11.5 11.0

12.0

S47



0L'SS —

65901 —

€8°811
06°811
S96ll /
€L°9T1
6C'8¢C1 N
Se8Cl
T6'8CI
8¥°6C1
6L°0¢1

9L yel
60°9¢1
€L 0V
LT8ST —

86891 —

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

200

S48



0ycTs —

8¢88°01 —

Two.o |

0.0

0.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

0

11.

5

11.

12.0

549



€869 —

6CLST —

09891 —

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

200

S50



0.5

1.0

J

3.0

5.0 4.5

F.I’az

N\
OH

Ph

TSLEL~_
Y6l1v'L~"
S8LSL~"
6066'L ~_
0€20'8
79918

v

o
o

1298°01 — f - % 0001

11.0

£1 (ppm)
S51



8L989 1
60889 1
0T16'9
16269
65¥6'9
£096°9
S120°L A
61€1°L

%v:/
1191°L
620S°L
0605°L ]
6¥1S°L
LS
prb9°L
$99L°L 4
08LL 'L
058L°L
0198°L A
0898°L
v6L8°L
8ey1'g-

) =

Foogs
T86L'1
6670
981
Wmﬁ_a.o
36°0
60

Fooor

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

5.5

£1 (ppm)
S52

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

2.0



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

200

553



-114.44

EI’:z
N
“OH
11
F
T T T T T T T T T T T T T T T T T T T T
-10 -20 =30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =20
£1 (ppm)

S54



CLLL'E — —

SL6T'S — —

€0L8°9
£988°9
$801°L
TSTI'L A
8TLI'L
8981°L
€6LT LA
168C°L
8T0E°L
£VTEL

€8¢€°L ¢ /

6€SE°L
¥89¢€°L % T
8€8€°L

9L6€°L
801¢°L
Sp19°L 4
$659°L 4
6€L9°L A
01LL LA
€L8L LA

f

OMe

F000°¢

Foort

W.mmﬂ.m
S6'v
16¢°¢
S0'T
@Mho;

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

555



8¢°6C —

OMe

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

200

556



THET'L A
L6V1LA
TS9T'L A
Y0ST'L A
8Y9T'L
88LTL
V8T 'L
LE6T LA
980€°L 1 Z
65TE LA
0THE L
695€L 1
LE6E'L
060¥'L 1
6165°L 1
8€65°L 1
8L09"L
07T9°L A
6€79'L 1
1599°L

TL99'L

S189°L

9€89°L —_—
LS69'L —_—
LL6Y'L T
o&ws/ _

~~

Bz

HO.

1968'L
8816°L

oL
865T8 ~_
99LT8

SOvy'6 —

1n

A A J&

Fosoc
[4%3
00°C
601
€01

Fosoe

8701

100°1

0.5 0.0

1.0

4.0 3.5 3.0 2.5 2.0

4.5

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

10.0

S57



26596 —

S HO. _.Bz

Ph
10

- 0001

0.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
£1 (ppm)

10.5

S58



LS'€TT
€971
78921
b6'9T1 1
20°LT1 A
v9'LT1 |
18°LT1 /w
81°8T1 -F
o8zl If
8'8T1
$6'621 4
€C0€1 4
0L°0€T
0z 1€
39761
prsel
39'6€1
6L Tyl

=

—r 1

I'L91 —

Bz

HO.

Ph

10

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

200

S59



8698°9 1
19£8'9 1
0088'9
86889 1
6£68°9 1
00069
71869 1
6966°9 1
SOII'LA
€1€T°L A
19%1°L
8691°L A
YLST'L A
L8YTL
0v9T' L%
96LT L]
sTeL
6LEEL
16€€°L
el
L9 L
L6YE LA
rhseL
919¢°L
s9LE L
1€20°L
8LEY'LA

W

— T

€19¢€°6 —

Bz

1p

PhO

L8°0

0.0

0.5

1.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

9.5

0.0

f1 (ppm)

S60



L9811
0S°611
A4}
00°8CI
61°8CI
88°8CI ~k
S6'6T1 -7
86°0¢1 \
L1'Tel
8Yvel

SN

0T9ST ~
or'LST "

09°691 —

Bz

PhO

OH

1p

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

f1 (ppm)

S61



R
Q;.L

9€78'9
087891
SLLO'LA
8180°L
T160°L 1
¥S60°L 1
SILI'LA
8581°L 1
1202
809T'L ﬁ
L89T L A

61LTLA
LELTLAE
8LT L~k
9987°L 7
ST6T LA
910¢'L 4
0¥0€°L
980¢°L
791¢€L
01zeL
Shhe L
0LyE L
119¢7 4

T

6506 —

Bz

BnO

OH

1q

=000'C

Fosoc
90'C
1cL'e
10°8

€0'1

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.0

f1 (ppm)

S62



¥6°69 —

0TSIT —

96°LCI
L1°8C1
LT8CI
€€°8C1
18°8CI \
06'8CI \
csoel
£€6°S¢El

90°9¢1
0¥ LET

€8°961 —

S6'L9T —

Bz

BnO

OH

1q

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

100

S63



0sTT—

€ve0’L
PILT'L
LLBT'L
020T'L
€SLTL
LLLTL
€06T'L
cs0eL
9TYe'L
€SYEL
S6SEL

£680°6 —

—_

Bz

Me

OH

1r

=000'¢

610"
/S8TT
120'1
£0'C

L20°1

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.5

f1 (ppm)

S64



TIsTE— [

wowo.c
8L669 v

1€50°8
10L0°8

SIv6'6 —

J/ Me. _OH

/J

NO,

!

1s

T:N

Foooz

107 |

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 5 1.0 0.5 0.0
£1 (ppm)

12.0

S65



ey —

STTIT—

S8'¢CI —

19°8€1 —

€9°LST —

_OH
NO,
1s

Me .

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

200

S66



0261°¢ -—
wvom.mv

91LT9~_
89879~

SN@
69559~
009T'L ~_
102SL
%m:W
90SS°L

€191'8 —

1t

L

Freee|

160

4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

10.0

S67



8L 1Y —

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

200

S68



-70.27

T T T T T T T T T T T T T T T T T
-40 =50 -60 =70 -80 -90 -100 -110 -120
f1 (ppm)

S69

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190



615 ¢ —

1698°9 ~_
0L889~"

68SL°L
TOL'L
YOLL'L
86LLL
Stye8
SoreE8

—

.OH

_L

1u

TF000°¢

Fe660

Fsee0

Foso1

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

S70



0y —

8018 —

19T —

€S°SY1 —

86°CST —

8191 —

.OH
N
I

“N\ 7

Me .

-10

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

210

S71



L6Y9'T—

¥t —

—

NMe;OTf

Ac
2a

Fooo¢ |

Ferve |

Forry|

0.0

0.5

1.0

4.0 3.5 3.0 2.5 2.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10. 0

S72



orr9'T — —

Ths9'c — /J

0901°8

IvCl'8
€ov1'8
VLOT'8

<+
L
I m
[sed
mU
o -
+Z Ah

Fesez|

%::.v L

10. 5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

11.0

S73



8669'C—

8999 —

60€1°8
[494R]
6LS1°8
TILT'8

§e

NMesl
Ac
Zall

Fooo¢

Feere

%G:\

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

11.0

S74



P69 — ————————

8L8S'L
Te09'L
S8I9°L
LOTL'L
SSEL’L
LOSL'L
S09L°L
6VLL L
91¥6°'L
¥6S6°L
7991°8
1¥81°8

7l

NMe;OTf

Bz
2b

e

Jt l ,.I !

Fsoss

Wm:.w
16C
[ TR

Tso.N

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0 -0.5

10.0

£1 (ppm)

S75



9S¥9°¢ —

I8L1°8
0¥81°8
1L61°8
L10T'8
LY1T8
L0TT'8

—_—

NMe;OTf

CN

2c

A

Fsvee

Ho00'y

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

10.0

576



0L89°¢

LYLT'8
1€6T'8
LO9Y'8
68LY'8

AN

/

NMe;OTf

[/

NO,
2d

o

Fress

[oooz

Feie61

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

10.0

S77



8TECE —

€6L9°¢ —

881°8
€col'8
0T
$90T'8
6CLT'8
ILLT'S
TL8T'8
€16T'8

—

NMezOTf
SO2Me
2e

JJ

000°¢

Boire

({4
90°C

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

10.0

S78



Ye0r'c —

v€L9°9 —
9L60°L
E:EW
S611°L
LELT'L
S6LI'L
€97T'L
L6ETL
80LT'L
158T°L
SETEL
801¢°L
LLSE LA
1eLeL
050t°L -
391+°L 4
LseLs
68VL'LA
IR
$98LL
0508°L
€98,
1626°L
SSP6L
€797°8 1
09,78

_

N

F000°¢

Fve6670
0T'1
T€TT
Y811
20T°€
1€€°C
TECE
81°1

!

7.5

0.0

0.5

6.0 5.5 50 45 40 3.5 3.0 2.5 20

6.5

7.0

10.5 10.0 9.5 9.0 8.5 8.0

5 11.0

11.

12.0

f1 (ppm)

S79



€L'9T—

gy ett T
85zl /
b6'STl W
€791

LL9T1 )
LTt
Se8Tl
€8Tl 4
$6'8T1 4
85°0¢1
s61€1
66°€€1
6THEl
creer-

=TT

9¢°091 —

01991 —

8%°961 —

NHBz
OH

Ac

3a

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

200

580



L168 ] —

@cm.m
Em.ml
¥91S°C
L61ST

§STI'L
LTyl
1LIEL
8€E€°L |
616€°L
090t°L 1
L1V LA
1657°L
IhLyLA
288t°L
R |
02TL'L A
VLLL'L JW N
ov6L'L
LST6'L
CTh6L

D ——
00L6'L

ShL6L

Ls6'L

9166°L
196’8 —

ELLEOT —

NHAc
OH

Ac

3b

Y VY

|

|

6.0
£1 (ppm)

Fooo¢

=¥76'C

Kor01
wwoo._

€1
Firie
prvre

Fes60

Fero

2.5 2.0 1.5 1.0 0.5 0.0

3.0

4.5 4.0

5.0

5.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

12.0

581



S9°€T—
8L°9C —

Sg2lly
6¥°SCl /
S0°9¢I /
65°9¢l —
66°LCI
6CT°8CI
86°8¢CI
60°6CI1
S9'0¢l
PyIEl
oLTel
oL eel
1404%!

LS09T —

0T°691 —

§S961 —

NHAc
OH

Ac l
3b

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

200

£1 (ppm)

582



101S°C—

yT8sE —

PIPIL A
985 1°L
990€°L
veTeL
$88E°L
Y06€°L
€T07°L
THOb L A
88ItL
SShhL A
UL
Y19t L~
€SLY'L 7
YEpL'L
SLYL'L
9t8L
pepg'L
79¢6°L
17$6°L
vTL6L
16L6'L
S€86°L
£966°L -
L£000°8
€807'8

=

=

—

809¥°01 —

T

NHCO,Me

OH

Ac

3c

VNG

=—£8¥'¢

Fozre

AR
Koo't

01'c
5660
yo'T
bozoe

T:._

Tho.o

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)

12.0

583



8L°9C—

L1'CS —

9¢°961 —

NHCO,Me

OH

Ac

3c

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

200

S84



S8YE T —

68LEC—

12€€°9
1189°9
8699
9886'9
1500°L
1191°L
TLLIL
66€T'L
1ThTL
SEST'L
8SST'L
00LT'L
YTLTL
0SST'L
€L8TL
110€°L
LYIEL
PoIEL
65L9°L
€089 4
6S0L°L
o17L L
SE9L°L
918L'L A
91¢8°L
€LYS'L ]
08908

=T

—

880'8

_

NHBoc
OH

Ac l
3d

//// //f/f

_J

F000°6

=o¥8'C

mﬁmwa.o
W&ow.o

00'T

Joiiz

L6'1
¥0'1
(1!

H/w_o;

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

12.0

£1 (ppm)

S85



1€97~
9T'8C—

8T 18 —

IL°911
€0°1CI
S9'ICl
c6'vCl
€Isel
60°LCI /
81°8CI
18°6C1 %
S 0El
9L°0€T N
1TIel
cLTel

8TeEl
el

[S°€ST —

¥8°8ST —

80°L61 —

NHBoc
OH

Ac

3d

1]
80

60 50 40 30 20 10

70

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

200

S86



LL9ET —

80C6'%
Y6y
0€96'%
8986

L88E'9 ~
0§Cs9 —

NHCbz
OH

Ac l
3e

1

Foooz

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

6.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.5

S87



€690 — I —

YEL9 — -

NHCbz
OH

3e

08911 7

LTITL
i )
€651

s |
TSI 4 BE—
€81l -
L8|
€9'8T1 _

Ac

01'0ST ~ =
Lrost - R —
78°0€1 4
SpIer
CXAE
Trest
LyvET
oLsel 4
18°€5T — -t

S9°8ST — —

=T
|

06961 — —

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

200

588



LOOT'L
SLIT'LA
6v1tLA
€0EhL
09%1°L 1
015t
Y991°L 1
808t°L 1
0€8t"L 1
6v6bL
680S°L 1
TSIS'LA
91TS'L |
95TS"L A
6675°L
LYYS LA
$655°L 1
PPLS L
£765°L
9865°L

€TH9'L

I7h9°L

¥859°L

YOVL'L ~
8¥SL'L
€98L°L
LEOS'L
6128'L
€928
06£8°L
pEPSL
S8L6'L A
SY66°L -
¥210°8
€9L9°6 —

)

YIS9°01 —

NHBz
OH

Bz

3f

Y€0°1

96'L
%hm.m
10C
L6'1

R

9L'0

0.0

0.5

11.5 11 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

12.0

S89



15T
80°9C1

v1°9z1

08971 —
€8°LT1
9¢'871 4
vy8TT 4
SL8Tl 4
78'8T1 4
19621
61T
67 Tel
prel
pr8eld
9y°091 —

D e ]

00991 —

SLY61 —

NHBz
OH

3f

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

200

590



L9ET'L A
LESTLA
L96€L
€€11'L A
PEEh'L +
8rh L
8T9¥'L
OLLY L
£905°L 1
90TS'L
L6TS'LA
6E7S LA
§609°L
0€19°L A
0269'L
890L'L
sz L/
TesLL
99¢L°L
T0SL°L
L€9L°L
zisLL
YL86'L
7800°8
€970'8 -

PSSST6~_
SLY9'6—
LLEL'6

| r——

T

€6EL°0T —

f

NHBz
OH

NC

39

00°1
¥0'1
v6'C

8I1'C
2€66°0
£€6'1
91'C
L6'1

TR e R

11.0  10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

£1 (ppm)

591



0’101 —
Ly
L6611
1LYl
L6'STI
£79T1
p6'9T1
T8°LTI A
LY'8TI A
89°871 —
€8'871
95621

v6'1€T 4
96'1€1 4
TsTel
61T
erper
sIsel
2Lerd
61091 —

—

EEnL N (a0

17991 —

NHBz
OH

NC

A

39

|

|

|

|

Il

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

200

£1 (ppm)

592



68L1"L 1
1L61°L A
9E 1"
98T L 1
LEVYL
01LY'LA
TLLY'LA
£r61L
160S°L 1
1915°L +
9€TSL
STES'LA
€OVS'L A
espsL|
600L°L
8SILL
809L'L
€8LLL
7900°8 —¢
¥220°'8 )
68€0°8
¥950°8 4
€0T1'8 4
LSTI'8
857’8
€1€7°8
677’8
€6vT'8 -
S018°6 —

i

=TT

9981°11T —

NHBz

/8660
20T
mmg.m
L6'1
001
7870°C
25560

H/moo.o

L8°0

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

S93



AR e
L8'STI

L0'9T1 y
60'9T1 -
9v°921
so'Lz1
88°LTT
LS'8T1
08'8Z1
68'871
60671 |
l61€1
g1sel
€8°651 4

1 T

197091 —
6€991 —

NHBz
OH

3h

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

200

594



7S66'C—

€L61'LA
SYITLA
SPIvL A
68T L
Srhb L
$9S'L 1
985¥'L
L69Y"L
SILY LA
810S°L 1
S9IS'L
SIES'LA
6069°L A
¥€69°L A
LLOL'L A
owﬁ.»%
8TEL'L
s1LLL-F
T68L L
9918°L
v1T8 LA
8€€8°L -
98£8°L
97008 -
8810°8
8LT0°8
€510°8 4
§S0L'6 —

™

966901 —

NHBz

F000°¢

FEsol

019

86'C
00°1
66°0

Kooz

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

12.0

£1 (ppm)

S95



Sy —

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

00

596



§9r 1T
N@_.L
11€TL A
L8YEL A
LE9E'L A
LELE'L A
Te0t'L
1L1¥'L A
STEY'L
798%°L
9005°L |
8TTS'L
9L£5°L ]
LsssLd
0659°L 4
€LL9'L
9769°L
STI6°LA
6626'L
9680°8 1
8761°8
8L61°8

S

80SL°6 —

€SIl —

1

FeLoc

90°1
1011
11€'9
LI€Y
s
K101
Wm%.o

00°1

Two.o

1580

11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5

12.0

£1 (ppm)

597



L8°69 —

I
89°611
91°LTl
°9°LTl
cLLTT
LL'LTI
I8°LCI
0€8¢CI
8¢€8CI
YL'8CI
S6'8¢C1
LEEE]
1Tsel
6¢LEl
L 6ET

=

LS 9ST —

91—
0¥'991 —

OH

BnO [i 'i
NHBz

O,N

3j

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

200

598



S106°€ —

6CSTIT —

OH

O,N

3k

A

Foooe

F500C
196°€
01
FTS6C
S000'1
70960

8960

0560

1160

11.5  11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0
£1 (ppm)

12.0

S99



SL'SS —

PR
6£611 #

6€WT1 1
86'ST1 4
Lt
bSLTI A
1221
LT
81Tl
vL'8TT
¢6'8T1
08'1€1 4
Syzel
8t eet o
vrser
08°6¢1 4

YT -

T

LS'LS1"
TS'T9T ~
TH991 ~_

CC
NHBz

OH

O,N

3k

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

200

5100



OY— T

o6 E—

T901°L
PSTI'L A
0€TI'L
LEET'LA
L8ET' LA
88YE'L 7
€L9€°L
Y60 L Jr.
6€TH'L A

Y6EYL .m
1S6v'L
L60S'L
z6L9 L If
6£69'L
12€L°L
S6bLL
92€8°L -
L9€8'L
6806°L
§976°L A

9205’6 — f

|

06€S°01 — —

OH

Ac

FLE8'C

A

Foooe

3l

1.

— 10560

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

S101



0L°9C—

LSS —

M
yIell
yTect
L9l
1T°LTl
0L°LTT
¢o'LTl
¥6'LTIL
18°8C1
16°8C1
LY 0€T
S8I¢El
LTTel
8€EEl
16°¢€l
1Tsel

————

EV'LST —
LT091 —

91991 —

Ly'961 —

MeO [i li
NHBz

OH

Ac

i

L

130

I

|

|

|

110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

120

190 180 170 160 150 140

200

5102



2povE
€ST1°L A
90T1°L A
TLTIL A
8EET L
06€1°L
9L8T'L
090€'L
LY1v'L
6611L
PSTYL A
20¥hL
LSSY'L
9L0S"L
L60S"L
9816°L
€TTS'L
€Ies’L
1vESL
0€LS'L
TLLS'L
6959°L 7
0SL9°L
$689°L
SE0L'L
8L0L'L
90zL°L 4
oveLL ]
mmoqhg
00T6'L

'

ST

6£65°6 —

996901 —

Ad

OH

NC

T
NHBz
3m

J

Foooe

YL6°1
7, [
H\©oo.m
=Pl
u/voo;

Y€6°¢

Lyl

Fs6670

FLs60

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

5103



SL'SS —

w10l —

64°9201
6611
16vCl
$6'9C1
°sLTl
LTl
YL LTL
LL'LTT

Y6°LTI
8L'8CI
66'8C1

P8 IET
6€°¢Cl
80°vEl
0Tsel
98°9¢1

6V°LST —
80091 —

ST991 —

OH

“CC
NHBz
3m
|

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

200

5104



SLST'LY
9SLI'L A
206€'L
£80v°L |
S91'L
SIEP'LA
69%b°L 1
8€0S°L
9815°L -
€€€S°L
8985°L 1
8065°L 1
6¥09°L
6809°L
1LL9'L A
S169°L A
086L°L ~*
SSIS'L >
€5£0'S —
0£50°8 7/
9880°8 -
£v60°8
1917°8 4
81278
TeTs
00428
LTIE'8
$91¢'8-
01486 —

==

T

TR T

L9TTTT —

OH

3n

O,N

CC
NHBz

L

v0'1
Hn\Lw €0'¢
%8._
0
20T
B800'1
20P0'1

22060

H/omo‘_
00°T

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

5105



19911
9£°611
95°€T1 1
LT9TI ]
€L°LT1
88°LT1
€1°8T1
62821
0881
66'8T1 ~
1671 ]
96621 4
pE0gT 4
L0TET
86'1¢1 4
17eet 4
z0°s€1
17sen
78°6¢€1

DL L e e e

1

91 —
LE99T —

OH

O,N

CC
NHBz

3n

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

00

5106



68L9 ¢ — —

PLOLO~
.
L961°L —
9zThL

08€bL
€p0SL
0L65°L
€r19°L
1£89°L 4
9,69°L 1
69€6°L
15S6°L
0¢L6'L
Log18
pocIg )

e e e o)

€6YL6 —

SOLT'IT —

OH

O,N

30

J

J

1

Foore|

Fcoo1

Voo

SO'1
€0°1

66°1 [

Mo

mea.o I

100°T

F000°T +

Twa.o L

8.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

7.0

7.5

12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

2.5

5107



9y ss —

S0°S0T —

19911 ~
137106
€4l
L09TT —
S8'LTIF
$9°'8C1
8L'8T1
80°6¢1
67°0€1
88'I€1
61°S€l
€T SEl
88°6€1

P1°8S1 "
¥ST91 —
67991 ~_

MeO I I NHBz

OH

O,N

30

|

|

|

|

i

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

200

5108



485089
95€0°S
6€¥0°S
£890°¢

~

67€89
§e682
611CTL V
YE8TL
06T'L
686T'L
STIEL
[STy'L
SOvy'L
9069°L
TSOL'L
YOv6'L
856°L
9L¥0'8
[435 R

YTEL'6 —

LIVTTT —

NHBz
OH

O,N

I i M[f j

BnO

3p

Foooz

Fveeot

¥6°0

11.0  10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

5

11.

2.0

5109



L669 —

8901
YTyl
IS°LT1
98°LTI
SI'8CI
(4314t
65°8C1
6L°8C1

8°8CI
LO"6TT
6C°0¢1

08°¢Cl
8I's¢el
€TSEl
TLEl
661

o1°L51"
67791 ~
ST991~_

BnO I I NHBz

OH

O,N

3p

i

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

200

S110



L9EY'T —

6059°¢ —

1,099

6182
65L0°L
8880°L
8E60°L
0S91°L
e
SPHT'L
9TST'L
665T'L
09LT'L
PESEL
€865
eI L
€Lbb LA
86b1'L
159v°L ]
099%°L ]
L8%9°L |
9999°L |
6069°L |
L80L°L |
09¢8°L |
pOr8'L |
pss6'L |
6656°L
LTL6'LA
TLL6L ]
8010°8 |
7980°8 |
8€01°8

- 00000000

-~ 000

OH

Ac

3q

.

96'C

F000°¢

F966'0

¥0'1
1960
FLile

€'l
6v'T
Feore
5oc0'1
v0'1
L60
L60

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

S111



9T —

81'6S —

$8961 —

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

200

S112



€L80°L
8T01°L
STYT'L
LISTLA
9LTE L
9LYEL
VLLELA
0v65°L
81TH LA

: AN
12st'L )W
vLOY L E

Ph
NHBz
OH

O,N

3r

=g

eIl
8¥'Cl
SLT'E

S10°¢
000°1

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

10.0

S113



0L'sTl
L6'9TT
97'LT1 ]
€v LTI
z6'LT1
98214
$5'8T1
29°821 4
60°6Z1
96'0€T -
TITer
o8¢

68813
\

=T

=

SO 19T —

66891 —

Ph
NHBz

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

200

S114



0ZST°L A
6691°L
YTV LA
0097'L
LLLT LA
66T€LA
6YEEL
105€'L
8607 1
9VTH'L
TIErLA
98t1'L +
1€9%°L 1
€L8Y'L
€105°L
0LTS'L A
09LS'L
8065L
€609'L A
8LE9'LA
06v9°L
ﬁ@s%
0999°L
€180'8
11608
LELT'S
€6L1'8
L1618
TL61'S
060T'8

TR

68166 —

oLy T —

NHBz
OH

3s

N

J ]

|

Frse0

Twmd

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

S115



NHBz
OH

O,N

3s

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

200

S116



-115.39

F
NHBz
OH
O5N
3s
T T T T T T T T T T T T T T T T T T T T
-10 -20 =30 -40 =50 -60 =70 -80 =90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
£1 (ppm)

S117



.

9998°¢ — —

AJL A

OMe

NHBz
OH

vIsTL ®

Y691°L

0€81°L

i O
o

18TH'L
€EPPL
L00S'L —
¥91S°L -
182S°L 7 —_—
LSYS'L T
:oﬁ\ —
8989°L
amuﬂ\ —
L8E6'L
€Iv1's
99%1°8
0€€T'8
¥8€T'8
1157’8
$95T'8

eIl —

Foooe

Firoe
121°C
98's
6
pesol
¥6'0
6'0

0. (

0.5

11.5 11.0  10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)

12.0

S118



1L°6S —

0911 ~
LT9z1 /
06921 /
L8'LT1 W
6L'81
81°621 ;
0¥’ 1€l
w61€l
€1'zel
pIYEL
L1'SEL
S8'6€1
0z0v1

0¥'6ST —
6991 —
0¥ 99T ~

OMe

NHBz
OH

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

200

S119



9L81°01 —

0ELTTT —

OH

NHBz

NO,

3u

00°1
166°1
40!
S0'€
€0°C

m\,mho;
m_o. I
H/m 101

¥6°0

F1o01

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5

12.0

5120



et
6t'STI /
06'91 /
90°LT1

0$°LT1
68°LT1
6£8T1 4
6L°8C1
7881
6811
shzel 4
18°€€1
L6E1
$9'651 4

—Tm

=T

1

18191 —

SO'L9T —

OH

NHBz

NO,

3u

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

200

S121



€679°9 ~_
pEe9 T

00vT'L

wsyeL
9€99°L W.

98L9°L
oooh.h\.
TLLL'L
95+0°8
1150°8

06€L'8 —

Ph

e

mnvm.h%.
EveECL

il

e

OH

NHBz
3v

NO,

e

F 98071

61°11
Sevll
6¥0°¢
(43!
F L0

E 000°]]

Fee

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.5

£1 (ppm)

S122



a9t T
9z'LT1

€LLT1

T°871 -k
68'871 -7
1621/
TE6EI
PLOV] —
et/

€651 —

°e891 —

Ph

NHBz

OH

NO,

3v

|

L.

P

i

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

200

S123



BLIO'L 4
0£L0°L {
8080°L 1
$980°L 1
SL60'L
AR
01€1'L
LLET'LA
9TST'L
pLOT'L |
€L6€L
€10b°L 1
090¥'L
VIvL
wiv'L
soTh'L
T6TrL
09€¥'L
L88Y'L
SE0S'L
8ISL
LYTsL
199°L
0£85°L
LYOL'L
S6ILL
9£90°8
6LLO8
$£80°8
61LL'6—

NHBz
OH

3w

PhO
O,N

6€'S
mwo.o
8°0
000"
&mm._
60'1
6’1
T0L0'C

EL60

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5

12.0

S124



89911
€L°8IT
66l
80°ICI

LOYCI
IL°STl
LE9TI /
SLLTI
1T8CI V
6L°8CI
L6°8CI
9rect
86°0¢1
L8'IE1
Yo'vel
or-sel
9s°6¢1

99451 -
orest <
06’191 —
€0°99T ~_

PhO

NHBz
OH

O,N

3w

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

00

S125



0856 —

S8SETT —

-

NHBz
OH

3x

O,N

L.

L

000°T |

wAP0E

AN
191
197

Rozozt
610C

E866°0

Tmm.o [

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

5126



10°0L —

BnO

NHBz

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

190

S127



987 —

1650°L 1
0LLO'L A
6€TT'L 1
9LYT LA
LE9T LA
9L0t'L
S8TH'L A
SEEY'L A
T8SH'L
YhLY L —
998%°L
€105
LstsL
waoi
0869'L

1%50°8 4
86L0°8
6+80°8 4
1L608
$z01°8 )

6£65°6 —

B

e

IpCeE T —

3y

NHBz

L

O,N

Foze

/0801
060
Il
p0°
1€1°
[11°C
F190z

F000'1

160

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5

12.0

5128



00°1C—

€r91T —
9t'sTl

0Lzl /
se'Lzl

0L'LT1 -7
68,71
LL8TT
sTeet 4
89'1¢1 4
8L 1€T
s0€€T 4
06°€E1 4
sTsel 4
LS
89°6¢1 J
b8 191 —
SL'S9T —

=TT T

=

Me

NHBz
OH

O,N

3y

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

200

S129



69€9°9
€559°9
S691°L
0€LT'L

IJ
. B
J— /J —
801¢€°¢ —
J
(]
=
T T
Z O
(+r]
Tz z —
o) o
/J P

6¥81°L
€881°L
0€20°8
61¥0°8 /
€SY1°8
S8Y1°8

S091°8
7991°8

€YY 1T —

F000°€ |

8861

Feson|

FLS6'1

Fose1|

°6°0

0.(¢

0.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)

12.0

S130



8SCIT —
98°LIT —
0¥'STl
S0'9¢I AY
60°9C1

v8TEl
O6L°LET ~
SYOvT ~

96°¢ST —

£€8°091 —

NHMe
OH

3z

O,N
O,N

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

200

S131



VILe— ———————————

96£0°9
80819 /
19819 -
9619
S10°9

1160°L
T601°L N
199¢°L

VNMEW
$86€°L
6LS6'L
9€96'L —
88K1'8 -
SHST'S

8991°8

9zLI'S

CLST'IT —

NHMe
OH

O,N

3aa

A

=000°€ L

5660

Eeson |

I=AN!

Tsso1 [

Eeo'l

T050°T |

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

12.0

£1 (ppm)

S132



89'8C —

91°€6 ~_
96~

s8€ll
68°€11
18911

LSHTT ~_
88°STI —
1'8er -~

1€°961
oY 91
907291~
SY'To1 -
16°€91 /

NHMe
OH

O,N

3aa

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

200

S133



-71.17

O,N
3aa

T T T T T T T T T T T T T T T T T
-40 =50 -60 =70 -80 -90 -100 -110 -120
f1 (ppm)

S134

-130

T
-140

-150



997§ — o

vwvm.o
°e9T9 V

L8IT°L
0ceI'L

THET'L —
Te8t

6669°L
f

LT60'8

0801°8
LETT'S
00LT'8
6€LT'8

18T 1T —

NHMe
OH

O,N

3ab

A

Frizet

Esoo1 |

Fosor|
Fervor |

F19oc

F000°T |

ort |

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

12.0

S135



oL’LE —

99'8L —

SLOIT —

0S°LIT—

LLYTT ~
10921

L6'TEl —

ocovl —
98 YY1 —

01°€ST "
9¢€°LST ~
107191 ~

NHMe
OH

O,N

3ab

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

190

5136



891L°9 1
VTEL'9
£676'9
92969 1
16L6°9 1
00669 1
8100°L 1
9PO1°L 1
80Z1°L
P9ET'L
L6ET'LA
SYSTL 1
966T"L 1
TSIELA
€8€€°L 1

ShPEL
181€°L
9€5E°L
85€°L
PE9EL
VOLE'L
8TLE'L
LISEL
L96€°L
91I¥L
LbSS'L
2695'L
689L°L
TSLLL
018LL
YSSL LA
8628'L
Lip8°L ]
298' 4
16518
THES
p1L1°8 ]
0LL18 ]
sz
90€7'8 |

0LYT'8 -

NHBz

1000T
7001
1961
619
7860
b0'l
86'1
66'0
8’1

0.0 -0.5 -1

0.5

11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0

12.0

£1 (ppm)

S137



6911
STOTI
PI'TCl
01'€Tl |
98'¥CI
Lt'STI
€6°ST1
LL9TT
96921 1
66921
£7'8TI
68T W
orezi
9L°6T1

0T0€1 A
17 1€

90°ZE1 |
peTel
16°¢€1
69°t€1
Y6 Tyl —

L

(Lim a

BN

W vST —

0y 191 —
09°691 —

O,N
g OPh

NHBz

i

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

200

£1 (ppm)

S138



6L6S Y —

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.0

11.0  10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.5

£1 (ppm)

S139



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

200

5140



TELO'L
0060°L
6967°L 1
PTIEL
PLTE LA
8vEL
€79€°L
88LE°L
€56€°L
1L6€°LA
€0Tb'L A
91zrLy|
9SEHL A
€LEY L
TISy'L
¥896°L
SE8S°L
9009°L
1829°L
6978
1€98°L 4
1096°L
08L6'L ]
76€0°8
6950'8
LLEES
0€rE's
65¥€'8
1568
$£9€°8
169¢'8 |

T

==

OTf
NHBz

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

12.0

£1 (ppm)

S141



NHBz

9€'TT 1
SY'ETT
$6°ETI A
PIHTI A
v6'STI 1
60°9T1 1
SO°LTI
LS'LTI A
65°8T1
98°821
YT6T1 A
01 1€l
Il
19'1€1
SITel
98°Z€1
0¥l
zevel
09°Ly1 — -

667151 — ~

O,N
g oTf
6

T 1T

N
|
T

S6'S9T — -

Ul L

U

)

Tr ey

LT ]

T

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

200

£1 (ppm)

S142



-73.58

O5N

OTf
NHBz

6

J
T T T T T T T T T T T T T T T T T T T T
-10 -20 =30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200
£1 (ppm)

S143



T80'L q
vOTY'L
9195°L A
OLLS L
926S'L |
L109°L |
PE19'L
6619°L 1
980L°L 1
0LTLL A
YOVL L 7
€97LL
S8PL'L
LESL'L
SYOL'L
6508°L
T0T8°L %
€9¢8°L —
€YT6'L-F
9TY6'L .\.
Sg‘w\
908
£€95T'8
L09T'8
LYLTS
06LT'8
€S8L°8 ~_
0208'8 "

90C¢6
6¥CE6

NHBz

Agrry
g
16T
W;N_
or't

m\ooﬂ.ﬁ

Feeon

7.0 6.6 6.2 5.8 5.4 5.0 4.6 4.2

7.4

10. 2 9.8 9.4 9.0 8.6 8.2

10. 6

£1 (ppm)

S144



— O NX—~1N VA0 0NN O Nt O <+
<t AN NITONOSESARNOS 0 X0 e
[N — AV AN 0NN — N oman
N T AN N AN~ ————
— B R T S G Qo [ [ S Rl RS Y D D

NHBz

~

| ! I
| | I |
| ! M |
i T A e N et e o h /0t A0 0 A P AT AT AN NN
T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

S145



9SYL'y —

NHBz

/

prSH'9
68519
60%9°9
95%9'9 —
6L59°9 —
§299°9
9L68°9 I—

1462
16L°L
oL TT————
$605°L \
1L65°L

€20L°L \.
L

6676'L
¥596'L
LIR6L

611076 ~_
9€90°6 -~

A

7P
180°C
re
Feeor
ps101

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

10.0

5146



LYOl
T°LTT A
11811
L§'TTl
20°€Tl
6€°STT
5921 4
65921 1
8TLTI
b8°LTl
0€'8T1
Tl
9z'6T1
IS I€T
zeTel %
16CE1 -7
el
10°S€T

9L THT —

98°SY1 —

96'v91 —

NHBz

H,oN ‘
OH
8

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

200

S147



9¥60°L
€601°L
1YL
o@ms/
€8TY'L /
ST8Y'L~\
€6TS’L~"
18€9°L
TTSYL
€L89'L

SL69'L
609L°L
Cl66'L

609T'8

I¥8T°6 —

CIv6'6 ~
0LT0°01
YE61°01 —

g

OH
NHBz

CF3
S

60°1
0T’L
0Ty
483

Tmo.m

0001

—SE8'C

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

11.0

5148



¥9°911
LILITA
19°TTI
$8°7C1 1
16°€21 1
STYTI
184 1
oSt |
v9Tl 1
29921
26'921 1
79°LT1
LT'8T1
PE'8TI
S'8TI
86'8T1
8L°6TI
v 0g!
0$°0€1
89'1€1
80°CEl
Lrzel =
L6'€ET
v0'SEl 7
6€°Th1 —

Py esT —

ySS91 —

6€°081 —

FiC

NHBz

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210

5149



-61.53

HN S
HN
OH
NHBz
9
T T T T T T T T T T T T T T T T T T T T T T T T
20 10 -10  -20 -30 —40 -50 60 70 -80 -90 -100 -110 -120 -130 140 ~-150 -160 -170

f1 (ppm)

5150

-180

-190

-200

-210

-2



