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1. General Information

Unless otherwise noted, all reactions were carried out under N, atmosphere. All reagents were
from commercial sources and used as received without further purification. All solvents were dried
by standard techniques and distilled prior to use. Column chromatography was performed on silica
gel (200-300 meshes) using petroleum ether (bp. 60~90 °C) and ethyl acetate as eluent. INMR
spectra were recorded on a Bruker Avance operating at for 1TH NMR at 400 MHz, 13C NMR at 100
MHz and 1°F NMR at 377 MHz and spectral data were reported in ppm relative to tetramethylsilane
(TMS) as intemnal standard and CDCl3; (H NMR 6 7.26, 13C NMR & 77.16) as solvent. All coupling
constants (J) are reported in Hz. The following abbreviations were used to describe peak splitting
patterns when appropriate: s = singlet, d = doublet, dd = double doublet, ddd = double doublet of
doublets, t = triplet, dt = double triplet, g = quatriplet, m = multiplet, br = broad. Gas
chromatography (GC) analyses were performed on a Shimadzu GC-2014C chromatograph equipped
with a FID detector. Mass spectra (MS) were measured on spectrometer by direct inlet at 70 eV.
Mass spectroscopy data of the products were collected on an HRMS-TOF instrument or Waters
TOFMS GCT Premier using El or ESI ionization. Melting points were measured with WRR digital
pointapparatus and not corrected.

1.1 Preparation of Fluorinated Imidoyl Chlorides?*

PPh, EtsN Cl

R- -
NH, + CFsCOOH ~co = - FSCJ\\N,R

A 200 mL two-necked flask equipped with a septum cap, a condenser, and a Tefloncoated
magnetic stir bar was charged with PPhs (34.5 g, 132 mmol), Et3N (7.3 mL, 53 mmol), CCl, (21.1
mL, 220 mmol), and TFA (3.4 mL, 44 mmol). After the solution was stirred for about 10 min (ice
bath), amine (53 mmol) dissolved in CCl, (21.1 mL, 220 mmol) was added. The mixture was then
refluxed under stirring for 3 h. After the reaction was completed, residual solid Ph;PO, PPhs and
EtsN-HC1 were washed with hexane several times. Then the hexane was filtered and concentrated
under vacuum. The crude product was purified by column chromatography on silica gel or neutral

alumina to afford the corresponding product.
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1.2 Preparation of Trifluoroacetimidohydrazides
R
N .R

| 4+ NpHgeH,0 — %3t |
F3C)\C| 2747727 60 °C, 20 min F3C)\

NHNH,

A 15 mL In-Ex tube equipped with a diaphragm cover, a condenser and a Teflon-coated magnetic
stir bar was charged with trifluoroacetimidoyl chloride (3.0 mmol) and hydrazine hydrate 80%
(0.375 g, 6.0 mmol). The solution was stirred at 60 °C for about 20 minutes. The crude product is
then purified directly by column chromatography on silica gel or neutral alumina to obtain the

corresponding trifluoroacetimidohydrazide product in almost quantitative yield.

2. General Procedure for the Synthesis of 5-Trifluoromethyl-1,2,4-triazoles

R1 [CO] R2
N” PA(TFA), (1 mol %)  RY A
Py + R%-l  NEt; (3.0 equiv) )N\ N
F3C~ “NHNH - <
3 1 22 CHCN,100°C,24h p ¢ 3:

Under nitrogen atmosphere, 1 (0.3 mmol, 1.0 equiv.), 2 (0.45 mmol, 1.5 equiv.), 4 A MS (50 mg),
TFBen (1.5 mmol, 5 equiv, 315 mg), Pd(TFA), (0.003 mmol, 1 mol %, 0.99 mg), NEt; (0.9 mmol,
3.0 equiv, 90.9 mg), CH3CN (2 mL) (extra dry) were added to an oven-dried 15 mL In-Ex tube. Then
the tube was sealed and the mixture was stirred at 100 °C (oil bath) for 24 h. After the reaction was
completed, the mixture was slowly cooled to room temperature, and extracted with EtOAc for three
times (310 mL). The extract was combined and concentrated under vacuum. The residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield the

5-trifluoromethyl-1,2,4-triazole products 3 or 4.

3. Control Experiments

PMP [CO] o
- radical scavenger (2.0 equiv) PMP /<<

@ +Phl  Standard conditions NN
F3C” “NHNH, TEMPO: 14% F3C*\N’

1f BHT: 80% 3f
1,1-DPE: 77%

Ph
N” o NEt; (3.0 equiv) PMP\N/\(

o - AL + 4 AMS (50 mg) N
FaC™ NHNH; CI” "Ph “cpycn 100°C,24h Fic” N

11 3f, 58%
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Eq a. Under nitrogen atmosphere, 1f (0.3 mmol, 1.0 equiv, 56.4 mg), 2a (0.45 mmol, 1.5 equiv, 91.8
mg), 4 A MS (50 mg), TFBen (1.5 mmol, 5 equiv, 315 mg), Pd(TFA), (0.003 mmol, 1 mol %, 0.99
mg), NEt; (0.9 mmol, 3.0 equiv, 90.9 mg), CH3CN (2 mL) (extra dry) were added to an oven-dried
15 mL In-Ex tube. BHT (0.6 mmol, 2.0 equiv, 132.2 mg), TEMPO (0.6 mmol, 2.0 equiv, 93.6 mg) or
1,1-DPE (0.6 mmol, 2.0 equiv, 108 mg). Then the tube was sealed and the mixture was stirred at
100 °C (oil bath) for 24 h. After the reaction was completed, the mixture was slowly cooled to room
temperature, and extracted with EtOAc for three times (3X10 mL). The extract was combined and
concentrated under vacuum. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 3:1) to yield the 5-trifluoromethyl-1,2,4-triazole product 3f in 14% vyield
(TEMPO), 80% yield (BHT), or 77% yield (1,1-DPE), respectively.

Eq b. Under nitrogen atmosphere, 1f (0.3 mmol, 1.0 equiv, 56.4 mg), benzoyl chloride (0.45 mmol,
1.5 equiv, 63 mg), 4 A MS (50 mg), NEt; (0.9 mmol, 3.0 equiv, 90.9 mg), CH3CN (2 mL) (extra dry)
were added to an oven-dried 15 mL In-Ex tube. Then the tube was sealed and the mixture was stirred
at 100 °C (oil bath) for 24 h. After the reaction was completed, the mixture was slowly cooled to
room temperature, and extracted with EtOAc for three times (3X 10 mL). The extract was combined
and concentrated under vacuum. The residue was purified by column chromatography on silica gel

(petroleum ether/EtOACc = 3:1) to yield the 5-trifluoromethyl-1,2,4-triazole product 3f in 58% yield.
4. Synthetic Application for the Synthesis of GlyT1 Inhibitor

F
I [CO]
N + /©/ standard conditions_ F
A Ph |
-N

N
FoC” “NHNH, FsC—<\N

1r 20 5,49%
GlyT1 inhibitor

Ph

Under nitrogen atmosphere, 1r (0.3 mmol, 1.0 equiv, 66.3 mg), 20 (0.45 mmol, 1.5 equiv, 126 mg),
4 A MS (50 mg), TFBen (1.5 mmol, 5 equiv, 315 mg), Pd(TFA), (0.003 mmol, 1 mol %, 0.99 mg),
NEt; (0.9 mmol, 3.0 equiv, 90.9 mg), CH3CN (2 mL) (extra dry) were added to an oven-dried 15 mL
In-Ex tube. Then the tube was sealed and the mixture was stirred at 100 °C (oil bath) for 24 h. After
the reaction was completed, the mixture was slowly cooled to room temperature, and extracted with
EtOAcC for three times (310 mL). The extract was combined and concentrated under vacuum. The
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residue was purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield the

5-trifluoromethyl-1,2,4-triazole product 5 as a white solid (56.3 mg, 49%).

5 Characterization Data of the Corresponding Products

© .

N
F3C_<\ \lN(
N~

3,4-diphenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (3a)?

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 3a as a white solid (44.4 mg,
51%).

IH NMR (400 MHz, CDCl3) & 7.57 (t, J =7.3 Hz, 1H), 751 (t, J = 7.4 Hz, 2H), 7.45 — 7.34 (m, 3H),
7.31(d,J=4.7 Hz, 2H), 7.29 (d, J =4.5 Hz, 2H).

13C NMR (101 MHz, CDClzs) § 156.7, 145.8 (C-F, q, 2. 38.8 Hz), 133.1, 130.7, 130.6, 130.0,
128.7,128.6,127.4,125.2,118.1 (C-F, q, Jc.p = 271.2 Hz).

19F NMR (376 MHz, CDCl3) & -68.2.

M.p. 118.4-120.3°C

%@
F3C—<\N

N
3-phenyl-4-(p-tolyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (3b)?2
Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 3b as a white solid (74.5
mg, 82%).
IH NMR (400 MHz, CDCls) & 7.43 (d, J = 8.1 Hz, 2H), 7.38 (t, J = 7.4 Hz, 1H), 7.33 — 7.27 (m,
4H), 7.15 (d, 3 =8.0 Hz, 2H), 2.43 (s, 3H).
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13C NMR (101 MHz, CDCl3) § 156.7, 145.8 (C-F, q, 2)c.p =38.6 Hz), 141.0, 1305, 130.3, 128.6,
128.6,127.0,125.3, 118.1 (C-F, q, Y(c.p = 271.2 Hz), 21.3.

19F NMR (377 MHz, CDCl3) § -61.0.

M.p. 160.8-161.5°C

/©\N i%N
f N

3-Phenyl-4-(m-tolyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (3c)2

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate =5:1, Rf =0.4) to give the titled product 3c as a white solid (62.7 mg,
69%).

IH NMR (400 MHz, CDCl3) 6 7.44 (d, J = 7.2 Hz, 2H), 7.41 — 7.34 (m, 3H), 7.30 (t, J = 7.5 Hz,
2H), 7.08 (d, J = 6.4 Hz, 2H), 2.39 (s, 3H).

13C NMR (101 MHz, CDCls) § 156.6, 145.7 (C-F, g, 2c.r) = 39.0 Hz), 140.3, 133.0, 131.5, 130.5,
129.6,128.6,127.7,125.3,124.4,118.1 (C-F, q, Jc.r) = 271.0 Hz), 21.2.

19F NMR (376 MHz, CDCls) § -68.2.

M.p. 188.7-190.4 °C.

} N \/N
FsC N

3-phenyl-4-(o-tolyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (3d)?2

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 5:1, Rf = 0.3) to give the titled product 3d as a white solid (76.4
mg, 84%).

IH NMR (400 MHz, CDCls) § 7.51 — 7.43 (m, 1H), 7.43 — 7.35 (m, 1H), 7.30 (dd, J = 15.2, 7.5 Hz,

1H), 1.88 (s, 1H).
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13C NMR (101 MHz, CDCls) § 156.3, 1455 (C-F, q, 2Jc.p) = 38.9 Hz), 135.6, 132.0, 131.6, 131.1,
130.7,128.7,128.0, 128.0,127.4, 125.5, 118.1 (C-F, q, Jic.py = 271.3 Hz), 16.99.

19F NMR (377 MHz, CDCl3) 5 -60.6.

M.p. 148.5-149.3 °C.

HRMS (ESI): [M+H]* calcd. for C1gH13FsN3* 304.1056, found 304.10609.

F30_<\N\|N(Ph
\-

4-(4-(tert-butyl)phenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (3e) 2

Upon completion the mixture was concentrated and purified via flash column chromatography

(petroleum ether / ethyl acetate = 3:1, Rf =0.3) to give the titled product 3e as a white solid (57.9 mg,

56%).

IH NMR (400 MHz, CDCl3) § 750 (d, J = 85 Hz, 2H), 7.45 — 7.40 (m, 2H), 7.37 (t J = 7.4 Hz,

1H),7.28 (t, J = 7.6 Hz, 2H), 7.20 (d, J =8.5 Hz, 2H), 1.32 (d, J = 27.3 Hz, 9H).

13C NMR (101 MHz, CDCls) § 156.7, 154.1, 145.7 (C-F, q, 3(c-r = 38.7 Hz), 130.4, 130.1, 128.6,

128.5,126.7,125.3,118.1 (C-F, g, W(c.r) =271.1 Hz), 34.9, 31.1.

19F NMR (377 MHz, CDCls) § -61.0.

M.p. 149.6-150.5 °C.

-0

2.

N
e K
\-

4-(4-methoxyphenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (3f) 2
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Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 3f as a white solid (76.6 mg,
80%).

IH NMR (400 MHz, CDCl3) §7.44 (d, J =8.2 Hz, 2H), 7.37 (t, = 7.4 Hz, 1H), 7.29 (t, J = 7.8 Hz,
2H), 7.18 (d, J =8.8 Hz, 2H), 6.97 (d, J =8.8 Hz, 2H), 3.85 (s, 3H).

13C NMR (101 MHz, CDCls) § 160.9, 156.8, 145.9 (C-F, q, 2(c.r) = 38.7 Hz), 130.5, 128.6, 128.5,
125.3,125.2,118.1(C-F, q, YJcr = 271.3 Hz), 115.0, 55.5.

19F NMR (377 MHz, CDCls) § -68.4.

M.p. 154.1-155.2 °C.

F

2,

F3C—<\N\|N(

\-
4-(4-fluorophenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (3g) 2
Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 3g as a white solid (86.6 mg,
94%).
IH NMR (400 MHz, CDCls) § 7.44 —7.38 (m, 3H), 7.35 — 7.27 (m, 3H), 7.24—7.17 (m, 3H).
13C NMR (101 MHz, CDCl3) 8 163.4 (C-F, d, 1J.c.p = 252.8 Hz), 156.8, 145.8 (C-F, q, 2Jc.r) = 38,5
Hz), 130.8, 1294 (C-F, d, 3Jc.r = 9.0 Hz), 129.0, 128.7 (C-F, d, 4J(c-r) = 5.7 Hz), 125.0, 118.1 (C-F,
q, Uer = 271.1 Hz), 117.2,117.2 (C-F, d, 2J.c 5 = 23.3 H2).
F NMR (377 MHz, CDCl3) § -61.0, -108.2.
M.p. 171.7-172.6°C

Cl

2.

N
F3C_<\ \lN(
N~
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4-(4-chlorophenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2 4-triazole (3h) 2

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 3h as a white solid (75.6
mg, 78%).

IH NMR (400 MHz, CDCls) & 7.50 (d, J = 8.7 Hz, 2H), 7.45 — 7.38 (m, 3H), 7.37 — 7.30 (m, 2H),
7.25(d, J = 8.6 Hz, 2H).

13C NMR (101 MHz, CDCls) § 156.6, 145.6( C-F, g, 2c., = 39.0 Hz), 137.0, 131.5, 130.8, 130.3,
128.8,128.7,128.7,124.9,118.0 (C-F, q, Jc.p = 271.3 Hz).

F NMR (377 MHz, CDCl3) 6 -68.1.

M.p. 182.2-184.0°C

Br

2.

N
F3C_<\ \lN(
NE

4-(4-bromophenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (3i) 2

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 3i as a white solid (91.4 mg,
83%).

IH NMR (400 MHz, CDCl3) § 7.64 (d, J = 8.7 Hz, 2H), 7.43 — 7.38 (m, 3H), 7.32 (dd, J = 7.9, 7.2
Hz, 2H), 7.17 (d, J =8.6 Hz, 2H).

13C NMR (101 MHz, CDCls) 6 156.6, 1455 (C-F, q, Jc.p) = 39.7Hz), 133.3, 132.0, 130.8, 128.9,
128.8,128.7,125.1,124.9,118.0 (C-F, q, YJcr = 271.3 Hz).

F NMR (377 MHz, CDCls) § -60.6.

M.p. 176.5-178.1 °C,;
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O,N

2

N
F3C—<\ \lN(
N~

Ph

4-(4-nitrophenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2 4-triazole (3j)?2

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 5:1, Rf = 0.6) to give the titled product 3j as a yellow solid (81.2
mg, 81%).

IH NMR (400 MHz, DMSO) 5 8.38 (d, J = 9.1 Hz, 2H), 7.80 (d, J = 9.1 Hz, 2H), 7.56 — 7.50 (m,
3H), 7.47 (dd, J=10.1, 4.8 Hz, 2H).

13C NMR (101 MHz, DMSO) & 156.34, 152.5 (C-F, q, 2Jc.r) = 39.0 Hz), 147.7, 141.6, 131.2, 129.2,
128.9,127.1,125.9,125.0,119.2 (C-F, q, Jc.p) = 269.9 Hz), 39.5.

F NMR (377 MHz, DMSO) § -59.5.

M.p. 155.2-157.3°C

F3C

Q0
F3C—<\N

N
3-phenyl-5-(trifluoromethyl)-4-(4-(trifluoromethyl)phenyl)-4H-1,2,4-triazole (3k) 2
Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate =3:1, Rf = 0.3) to give the titled product 3k as a white solid (84.6 mg,
79%).
IH NMR (400 MHz, CDCls) §7.84 (d, J = 8.4 Hz, 2H), 7.52 — 7.41 (m,5H), 7.40— 7.34 (m, 2H).
13C NMR (101 MHz, CDCl3) 5 156.6, 145.5 (C-F, g, 4Jc.p) =39.3 Hz), 136.1, 132.9 (C-F, q, ¥c.p
=33.5 Hz), 131.0, 128.9, 128.8, 128.1,127.3, 124.7, 123.1 (C-F, q, 2J(c-r) =272.9 Hz), 118.0 (C-F, q,
c.p =271.2 Hz).
19 NMR (377 MHz, CDCl3) § -60.5.
M.p. 139.2-141.3°C.
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Cl Ph

F3C_<\:/\|N(

4-(2-chloro-4-methylphenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (31)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.4) to give the titled product 3l as a white solid (78.5 mg,
81%).

IH NMR (400 MHz, CDCl3) § 7.50 — 7.46 (m, 2H), 7.44 — 7.38 (m, 2H), 7.32 (t, J = 7.5 Hz, 3H),
7.27-7.24 (m, 1H), 2.41 (s, 3H).

13C NMR (101 MHz, CDCls) 6 156.5, 1454 (C-F, q, Jc.p= 39.2 Hz),138.8, 133.1, 130.8, 130.5,
130.4,129.8,129.5,128.7,128.2,125.3,118.0 (C-F, q, YJ(c.r = 271.4 Hz), 20.8.

F NMR (377 MHz, CDCls) 6 -62.0.

M.p. 165.8-167.8°C

HRMS (ESI): [M+H]* calcd. for C1sH1,CIFsNs* 338.0666, found 338.0672.

F30—<\:/\I,\1(Ph
4-(3,4-dimethylphenyl)-3-phenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (3m)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 3m as a white solid (85.6
mg, 90%).

IH NMR (400 MHz, CDCl3) 6 7.49 — 7.44 (m, 2H), 7.39 (t, J = 7.4 Hz, 1H), 7.30 (t, J = 7.5 Hz, 2H),
7.23(d, J=8.0 Hz, 1H), 7.07 — 6.97 (M, 2H), 2.34 (s, 3H), 2.28 (s, 3H).

13C NMR (101 MHz, CDCls) § 156.6, 145.9 (C-F, q, Jc-r= 384 Hz), 139.7, 138.7, 130.8, 130.5,
130.5,128.6,128.6,127.9,125.5, 124.6, 118.2 (C-F, q, YJ(c.r) = 271.0 Hz), 19.8, 19.7.
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F NMR (377 MHz, CDCls) § -60.9.
M.p. 115.5-117.4°C;
HRMS (ESI): [M+H]* calcd. for C17H;15F3N3* 318.1213, found 318.1220.

N Ph
F3C_<\ \lN(
N~

4-(naphthalen-1-yl)-3-phenyl-5-(trifluoromethyl)-4H-1,2 4-triazole (3n) 2

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.2) to give the titled product 3n as a white solid (87.5
mg, 86%).

IH NMR (400 MHz, CDCls) 5 8.08 (d, J = 8.1 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.54 (ddt, J = 16 6,
8.1,4.2 Hz, 5H), 742 —7.36 (m, 2H), 7.31 —7.27 (m, 1H), 7.20 d, J = 8.4 Hz, 1H),7.15 (t J =7.7
Hz, 2H).

13C NMR (101 MHz, CDCls) § 157.3, 146.5 (C-F, q, ¥ c.r= 38.9 Hz), 131.5, 130.6, 129.7, 129.3,
128.6,128.6,128.5,128.0,127.4,126.3, 125.3,125.0,121.4, 118.1 (C-F, q, YJc-r) = 271.5 Hz).

19F NMR (377 MHz, CDCls) § -61.7.

M.p. 170.2-171.8 °C;

4-phenethyl-3-phenyl-5-(trifluoromethyl)-4H-1,2,4-triazole (30)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethy| acetate = 3:1, Rf = 0.3) to give the titled product 30 as a white solid (61.8 mg,
65%).

S11



IH NMR (400 MHz, CDCls) § 7.55 (t, J =7.3 Hz, 1H), 7.49 (t, J = 7.4 Hz,2H), 7.44 — 7.38 (m, 2H),
7.19 (dd, J = 4.9, 1.8 Hz, 3H), 6.84 (dd, J =64, 3.0 Hz, 2H), 4.46 — 4.23 (m, 2H), 2.98 — 2.83 (m,
2H).

13C NMR (101 MHz, CDCl3) § 157.3, 144.7 (C-F, q, 2)c.p= 39.2 Hz), 135.4, 130.7, 129.0, 128 8,
128.4,127.3,125.6, 118.6 (C-F, q, J(c.p = 270.9 Hz), 46.6, 36.5.

19F NMR (376 MHz, CDCl3) § -69.1.

M.p. 64.5-66.4°C

HRMS (ESI): [M+H]* calcd. for C,7H15F3N3s* 318.1213, found 318.1218.

O/

F3C—<\:\(©/

N
4-(4-methoxyphenyl)-3-(p-tolyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (4a)
Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 4a as a white solid (80.7 mg,
81%).
IH NMR (400 MHz, CDCls) 6 7.32 (d, J = 8.1 Hz, 2H), 7.18 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 8.0 Hz,
2H), 6.97 (d, J =8.9 Hz, 2H), 3.86 (s, 3H), 2.31 (s, 3H).
13C NMR (101 MHz, CDCls) & 160.8, 156.9, 145.8 (C-F, q, 2Jc.r) = 38.6 Hz) 140.8, 129.3, 128 5,
128.5,125.4,122.4,118.2 (C-F, q, Jc.F=271.1 Hz), 114.9,55.5, 21.4.
F NMR (377 MHz, CDCl3) § -61.1.

M.p. 133.6 - 135.6 °C
HRMS (ESI): [M+H]* calcd. for C17H;5FsN3O* 334.1162, found 334.1170.

O/

F3C—<\N/|N
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4-(4-methoxyphenyl)-3-(m-tolyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (4b)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate =3:1, Rf = 0.3) to give the titled product 4b as a white solid (83.7 mg,
84%).

IH NMR (400 MHz, CDCl3) §7.43 (s, 1H), 7.19 (d, J = 8.8 Hz, 3H), 7.14 (t, J = 7.6 Hz, 1H), 7.06
(d,J= 7.6 Hz, 1H), 6.97 (d, J =8.9 Hz, 2H), 3.86 (s, 3H), 2.29 (s, 3H).

13C NMR (101 MHz, CDCls) § 160.9, 157.0, 145.9 (C-F, q, ¥(c-r = 38.6 Hz), 138.6, 131.3, 129.6,
128.6,128.4,125.4,125.2,118.2 (C-F, q, YJc.r=271.1 Hz), 114.9, 55.6,21.2.

F NMR (377 MHz, CDCl3) 6 -61.1.

M.p. 113.7 -115.6°C

HRMS (ESI): [M+H]* calcd. for C;7H15F3N3O* 334.1162, found 334.1167.

O/

Q5
F3C—<\N

N
4-(4-methoxyphenyl)-3-(o-tolyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (4c)
Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate =5:1, Rf =0.3) to give the titled product 4c as a white solid (50.2 mg,
50%).
IH NMR (400 MHz, CDCl3) § 7.32 — 7.25 (m, 1H), 7.20 (d, = 7.6 Hz, 1H), 7.13 — 7.10 (m, 2H),
7.07 (d, J = 8.9 Hz, 2H), 6.86 (d, J =9.0 Hz, 2H), 3.79 (s, 3H), 2.24 (s, 3H).
13C NMR (101 MHz, CDCls) 8 160.5, 157.3,145.3 (C-F, g, 2J(c.r = 39.2 Hz), 138.4,130.6, 130.6,
130.55,128.1,125.6,124.9,124.9, 118.3 (C-F, q, YJc.r=271.2 Hz), 114.6,55.5, 20.0.
F NMR (377 MHz, CDCl3) § -61.1.
M.p. 105.1 - 107.0 °C
HRMS (ESI): [M+H]* calcd. for C17H15F3sN3O* 334.1162, found 334.1171.
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3-(4-(tert-butyl)phenyl)-4-(4-methoxyphenyl)-5-(trifluoromethyl)-4H-1,2, 4-triazole (4d)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 4d as a white solid (110.0
mg, 98%).

IH NMR (400 MHz, CDCls) 6 7.39 (d, J = 8.7 Hz, 2H), 7.31 (d, J = 8.7 Hz, 2H), 7.21 (d, J = 8.9 Hz,
2H), 6.99 (d, J =9.0 Hz, 2H), 3.87 (s, 3H), 1.26 (s, 9H).

13C NMR (101 MHz, CDCls) § 160.9, 156.7, 153.9, 145.8 (C-F, q, J(c.p = 38.5 Hz), 128.6, 128.2,
125.6,125.5,122.4,118.6 (C-F, q, 1Jc.=271.1 Hz), 115.0,55.6, 34.8, 31.0.

F NMR (377 MHz, CDCl3) 6 -61.1.

M.p. 77.8-79.6 °C

HRMS (ESI): [M+H]* calcd. for CyH2:FsN3O* 376.1631, found 376.1637.

F3C—<\:1Vl/©/

4-phenethyl-3-(trifluoromethyl)-4H-1,2,4-triazole (4e)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf =0.3) to give the titled product 4e as a white solid (90.6 mg,
86%).

IH NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.6 Hz, 2H), 7.54 (d, J = 8.6 Hz, 2H), 7.20 (d, J = 8.9 Hz,
2H), 6.99 (d, J =9.0 Hz, 2H), 3.90 (s, 1H), 3.87 (s, 2H).

13C NMR (101 MHz, CDClz) § 161.2, 160.9, 156.7, 145.7 (C-F, g, Jc-r = 38.3 Hz), 130.1, 128.6,
125.5,117.6,115.0,118.2 (C-F, q, YJ(c.r)=271.1 HZ), 114.1,55.6, 55.3.
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9F NMR (377 MHz, CDCl3) § -61.1.
M.p. 160.5 - 162.3 °C
HRMS (ESI): [M+H]* calcd. for Cy7H15FsN50,* 350.1111, found 350.1107.

O/

Q c
F30—<\N\IN(©/
\-
3-(chlorodifluoromethyl)-4-phenyl-4H-1,2,4-triazole (4f)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 4f as a white solid (102.5
mg, 97%).

IH NMR (400 MHz, CDCls) 6 7.38 (d, J = 8.7 Hz, 2H), 7.28 (d, J = 8.7 Hz, 2H), 7.19 (d, J = 8.9 Hz,
2H), 6.99 (d, J =8.9 Hz, 2H), 3.87 (s, 3H).

13C NMR (101 MHz, CDCls) § 161.1, 155.9, 146.1 (C-F, q, 2.y = 38.9 Hz), 136.9, 129.8, 129.0,
128.5,125.0,123.8,108.1 (C-F, q, YJ(cr=271.3 Hz), 115.2,55.6.

F NMR (377 MHz, CDCl3) § -61.2.

M.p. 145.2 -147.0°C

HRMS (ESI): [M+H]* calcd. for C16H1,CIF3N30* 354.0616, found 354.0621.

Q .
F3C—<\N/|N
3-(4-bromophenyl)-4-(4-methoxyphenyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (4Q)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 4g as a white solid (110.5

mg, 93%).
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IH NMR (400 MHz, CDCls) § 7.4 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 8.6 Hz, 2H), 7.19 (d, J = 8.9 Hz,
2H), 6.99 (d, J =8.9 Hz, 2H), 3.87 (s, 3H).

13C NMR (101 MHz, CDCls) § 161.0, 155.9, 146.1 (C-F, g, 2c.p) = 38.8 Hz), 131.9, 130.0, 1285,
125.3,125.0,124.3,118.1 (C-F, q, 2Jc. = 271.3 Hz), 115.2, 55.6.

19F NMR (377 MHz, CDCl3) § -61.6.

HRMS (ESI): [M+H]* calcd. for CisH1,BrFsNsO* 398.0110, found 398.0112.

/
o}

2 o
F3C—<\N

I
-N

CO,Me

methyl 4-(4-(4-methoxyphenyl)-5-(trifluoromethyl)-4H-1,2,4-triazol-3-yl)benzoate (4h)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.4) to give the titled product 4h as a white solid (79.2
mg, 70%).

IH NMR (400 MHz, CDCls) 6 7.39 (d, J = 8.9 Hz, 2H), 7.19 (d, J = 8.9 Hz, 2H), 6.9 (d, J = 8.9 Hz,
2H), 6.81 (d, J =8.9 Hz, 2H), 3.87 (s, 3H), 3.78 (s, 3H).

13C NMR (101 MHz, CDCls) 8 166.1, 161.1, 155.9, 146.3 (C-F, g, ¥(c.r) = 39.0 Hz), 131.8, 129.8,
129.5,128.6,128.5,125.0,118.1 (C-F, q, YJc.r = 271.4 Hz), 115.2, 55.6,52.4.

F NMR (377 MHz, CDCl3) § -61.1.

M.p. 127.3-129.1°C

HRMS (ESI): [M+H]* calcd. for C1gH15F3N3O3+ 378.1060, found 378.1075.

/
o}

2 o
F3C—<\N

I
-N

CN

4-(4-(4-methoxyphenyl)-5-(trifluoromethyl)-4H-1,2,4-triazol-3-yl)benzonitrile (4i)
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Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.5) to give the titled product 4i as a white solid (76.4 mg,
74%).

IH NMR (400 MHz, CDCl3) § 7.65 — 7.54 (m, 4H), 7.21 (d, J = 8.8 Hz, 2H), 7.02 (d, J = 8.9 Hz,
2H), 3.89 (s, 3H).

13C NMR (101 MHz, CDClz) 8 161.3, 155.0,146.6 (C-F, q, 2c.r) = 39.1 Hz), 132.4,129.6, 129.0,
128.4,124.6,118.0(C-F, q, 2J(c.=271.7 Hz), 117.8,115.4,114.3,55.7.

19F NMR (376 MHz, CDCls) § -68.4.

M.p. 210.3-212.1°C

HRMS (ESI): [M+H]* calcd. for C17H1,FsN4O* 345.0958, found 345.0966.

o/

%

4-(4-methoxyphenyl)-3-(naphthalen-1-yl)-5-(trifluoromethyl)-4H-1,2,4-triazole (4j)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 5:1, Rf = 0.3) to give the titled product 4j as a yellow oil (59.8 mg,
54%).

IH NMR (400 MHz, CDCls) §7.92 — 7.79 (m, 3H), 7.53 — 7.45 (m, 2H), 7.37 — 7.29 (m, 2H), 7.05
(d, J= 8.9 Hz, 2H), 6.73 (d, J =8.9 Hz, 2H), 3.67 (s, 3H).

13C NMR (101 MHz, CDCls) 8 160.4, 156.5, 145.6 (C-F, q, 3c-n= 38.9 Hz), 133.3, 131.9, 131.0,
129.3, 128.3, 128.0, 127.3, 126.5, 124.9, 124.7, 124 .4, 122.4, 118.2 (C-F, q, Y = 271.3 Hz),
114.4,55.3.

F NMR (377 MHz, CDCl3) 6 -61.0.

HRMS (ESI): [M+ H]* calcd. for CyH15F3sN3O* 370.1162, found 370.1167.
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4-(4-methoxyphenyl)-3-(thiophen-2-yI)-5-(trifluoromethyl)-4H-1,2,4-triazole (4k)
Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 3:1, Rf = 0.3) to give the titled product 4k as a white solid (45.8
mg, 47%)
'H NMR (400 MHz, CDCls3) & 7.38 (dd, J =5.0, 1.1 Hz, 1H), 7.28 (d, J = 8.9 Hz, 2H), 7.08 — 7.03
(m, 3H), 6.96 (dd, J=5.0, 3.8 Hz, 1H), 3.92 (s, 3H).
13C NMR (101 MHz, CDCl3) & 1615, 152.9, 145.6 (C-F, q, J(c.p= 39.1 Hz), 129.4, 129.2, 129.1,
127.6,126.5,124.6,118.1 (C-F, q, 1J(c.=271.0 Hz), 115.2,55.7.
F NMR (377 MHz, CDCl3) 6 -70.6.
M.p. 131.3-133.3°C
HRMS (ESI): [M+ H]* calcd. for C14H11F3N3OS* 326.0569, found 326.0580.

H
N
» S
N
Fac—4 |N
-

4-(4-(4-methoxyphenyl)-5-(trifluoromethyl)-4H-1,2,4-triazol-3-yl)-1H-indole (41)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 1:1, Rf = 0.2) to give the titled product 41 as a white solid (94.5 mg,
88%).

IH NMR (400 MHz, DMSO) & 1135 (s, 1H), 7.66 (s, 1H), 7.52 (d, J = 8.9 Hz, 2H), 7.41 — 7.36 (m,
2H), 7.18 (dd, J=8.5, 1.6 Hz, 1H), 7.05 (d, J =9.0 Hz, 2H), 6.47 — 6.38 (m, 1H), 3.79 (s, 3H).

13C NMR (101 MHz, DMSO) § 160.2, 158.2, 1445 (C-F, q, 2(c.r = 37.6 Hz), 136.5, 129.3, 127.2,
126.9,125.4,121.5,121.4,118.4 (C-F, q, s =270.6 Hz), 1159, 114.7, 111.5, 101.8,55.5, 39.5.
19F NMR (377 MHz, DMSO) & -60.3.

S18



M.p. 119.1-120.9 °C
HRMS (ESI): [M+ H]* calcd. for CigH14FsN,O* 359.1114, found 359.1123.

3 o
B
F3C—<\N/|N

N
5-6-(4-(4-methoxyphenyl)-5-(trifluoromethyl)-4H-1,2,4-triazol-3-yl)quinoline (4m)

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 1:1, Rf = 0.2) to give the titled product 4m as a white solid (88.2
mg, 79%).

'H NMR (400 MHz, CDCl3) 5 8.94 (dd, J = 4.2, 1.7 Hz, 1H), 8.09 — 8.03 (m, 2H), 8.00 (d, J = 8.9
Hz, 1H), 7.68 (dd, J = 8.9, 2.0 Hz, 1H), 7.42 (dd, J = 8.3, 4.2 Hz, 1H), 7.24 (s, 1H), 7.00 (d, J = 8.9
Hz, 2H), 3.87 (s, 3H).

13C NMR (101 MHz, CDCl3) 6 161.1, 156.2, 152.0, 148.4, 146.2 (C-F, q,2)c.p = 38.7 Hz), 136.7,
130.0,129.3,128.6,128.3,127.7,125.2,123.5,122.0 (C-F, q, YJ(c.n=271.3 Hz), 115.2, 55.6.

F NMR (377 MHz, CDCl3) § -61.1.

M.p. 134.3-136.3°C

HRMS (ESI): [M+ H]* calcd. for C1oH14FsN,O* 371.1114, found 371.1121.

foypes

N
F3C—<\N/|N

3-([1,1'-biphenyl]-4-yl)-4-(2-fluorophenyl)-5-(trifluoromethyl)-4H-1,2,4-triazole (5)3

Upon completion the mixture was concentrated and purified via flash column chromatography
(petroleum ether / ethyl acetate = 1:1, Rf = 0.2) to give the titled product as a white solid (56.3 mg,

49%).
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IH NMR (400 MHz, CDCls) § 7.63 — 7.58 (m, 1H), 7.57 — 7.52 (m, 6H), 7.43 (t, J = 7.4 Hz, 3H),
7.39-7.32(m, 2H), 7.32 - 7.26 (m, 1H).

13C NMR (101 MHz, CDCls) & 157.2 (C-F, d, Y. = 255.0 Hz), 156.8, 145.8 (C-F, ¢, 2)c.p) =
39.0 Hz), 143.6, 139.5, 133.1 (C-F, d, 8 c.; = 7.7 Hz), 130.6, 129.4, 128.8 (C-F, d, 2J.c.ry = 25.2 Hz),
128.1, 127.4,127.0, 125.3 (C-F, d, 8Jc.p = 4.0 Hz), 1237, 121.0 (C-F, d, “Jc.r) = 133 Hz), 1180
(C-F, g, Yc.p = 271.3 Hz), 117.3 (C-F, d, 3Jc.n = 19.1 Hz).

9F NMR (377 MHz, CDCl3) § -62.1, -119.5.

M.p. 151.4 -153.4 °C

6 References

(1) Tamura, K.; Mizukami, H.; Maeda, K.; Watanabe, H.; Uneyama, K., One-pot synthesis of
trifluoroacetimidoyl halides. J. Org. Chem. 1993, 58, 32-35.

(2) Hu, S.; Yang, Z; Chen, Z; Wu, X-F., Metal-Free Synthesis of
5-Trifluoromethyl-1,2,4-Triazoles from lodine-Mediated Annulation of Trifluoroacetimidoyl
Chlorides and Hydrazones. Adv. Synth. Catal. 2019, 361, 4949-4954.

(3) Shivarama Holla, B.; Narayana Poojary, K.; Sooryanarayana Rao, B.; Shivananda, M. K., New
bis-aminomercaptotriazoles and bis-triazolothiadiazoles as possible anticancer agents. Eur. J.

Med. Chem. 2002, 37, 511-517.

S20



7 Copy oftH, *C and °*F NMR Spectra of Products
A~ O~ D~ O 0O
MWOUWWWOWWSET<T<TOOMOONNN
il lledrdrd i adodrdndndndry
3a
'H NMR (400 MHz, CDCls)
[ N e Tl o Bl ] M~ — MM~ — O gy W
0 16 10 1 10 1D AR ®AHNNN
P~ P~~~ I~ M~~~ M~~~ =~
[ B B VoS SA A A
|
| m IJ"I‘
(i ! |f'1‘| 'I|‘I ¥
I I A |".|I A I
N Ph ,‘ul II I |"l|||| [ (v | [
| CL \ }| | I\IJIL' |\ I .“h'\ / N\JI II
FsC—Q — ) — VA e
3 N’N T T T T
- — [ ] (=]
o o S S
65 760 755 750 745 740 735 730 725 7=
1 (ppm)
|
|
i
D W W
i
==
o o9
— 0D <
10.5 95 90 85 80 75 70 B65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)

S21



M~ O OO~ OOM~O<FTANW@
[4s] NWUNOOoOOoW® Lo W Q
2 IFIooodNANCC N
| N s\ |
3a
BC NMR (101 MHz, CDCly)
I
N Ph
FsC— |
N IN
| ]
A Al i A ALY b A A g AN T o,
IJD léD 1 IT'D lfli[) JéD 1 ll[] léD JéD 1 .Il[] IEIJD ‘JID BID TID BID SID 4I[J SID 2ID 1‘0 [IJ -1
fl (ppm}
~
@
©
|
3a
F NMR (376 MHz, CDCl;)
I
N Ph
FsC— |
N /N
0 -0 20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190
f1 (ppm)

S22



€re—

vl
9Ll
9¢'l
8C'L
6¢'L
Le'L
9e'L
8e'L
or'L
vl
4

3b
'H NMR (400 MHz, CDCl;)

9¢' L~
8T L~
8¢l
Ll

gg
8eL”
vl
i~
v LA

&I
|
f1 {ppm

it

/
\

=¢0€

/

002
0h4
0L

Lozl

10.0

10.5

f1 (ppm

S23



—156.7

] T T
3b
BC NMR (101 MHz, CDCls)
N
N™y
[—
FsC
|
[l |
i J iHI J J
2:‘30 2;0 250 2|2[J EiD 260 1‘50 J‘IB[J 1%0 léD 1.130 li[) lé[) léD liD 160 QID SID TID EID 5‘0 4‘0 3ID ZID JID 6 —.{D
f1 (ppw
(=]
o
o
|
3b
F NMR (377 MHz, CDCls)
N
N™ N
— i
F,C
0 -0 -20 -30 40 -5 60 -70 -80 -90 -100 -120 -140 -160 -180
f1 (ppm)

S24



OOWODWOWWOWOM OO D —
CUWON—O@M O~ AN GO <t o o~
CIIIED QNN NANT S ~ &
| e fee—— | \
3c
13C NMR (101 MHz, CDCls)
- : N
LN’N
FsC
N
|
| I
J | |
I [ |
[ J | \ WL I .
0 150 170 160 150 140 130 120 110 100 2 ) 70 & 50 0 2 20 1 0
1 (ppm)
~
@
O
3c
IF NMR (376 MHz, CDCL)
- : AN
LN‘N
FsC
0 -0 20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190
f1 (ppm)

S25



88’1 —

1T 17
62 21
e 2]
€€
18721
8£'/
6E 2
op 24
Sp 24
Sp 2
v 2]
sp' L

T

3d
'"H NMR (400 MHz, CDCls)

Ph

N

FsC—Q

|
N

N/

]
3
o
-
M~
w
-
I~
2]
I_‘Ox?“
T
w
LM a
~Z
=
. -
r86¢ ©
F
I~
w
L
IS
~00'€
o ———
LD —
I~

=00¢€

l0e
mwm.w
oo€

1.5 10 05 0.0

1 (ppm)

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

105

0L—

oo&“_r

L9k
7611
ya4%
CETI
ER-TAR
VAR
6T
0'8T11
IA:T48 |
L0
LLE
9lelf
0cel~t
9GEL~

£arl
\.,m._lv

£95l—

3d
13C NMR (101 MHz, CDCL)

7

Ph
FsC _<\ \Ii\l( .:5Ed€30

N/

S26




—-69.23

3d
F NMR (376 MHz, CDCls)
N Ph
FSC 4 \”/
N/N
-0 20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190
f1 (ppm)
=M RO 0O —; wn
nEFt NN A AN N ]
Ll Lyl =
3e
'H NMR (400 MHz, CDCls)
— M—— DM~ OO —
WS FTEFTOMO ONN N
P~ P~ P~ PP~~~ M~~~ M~ M~
[ N A A A (I
Ph
N 1
F3C4<\ \ﬂ/ ﬁ I L II‘ 1
N;N | ! L ||I |
L0 R | |\ ¥l
A AVAY V EATAY S ATA
— N J ' AN A vV 'L_,/ v L
T I T T
3 & 8 S %
77—t T
7.45 7.35 7.25
1 (ppm)
il
_J.MJ“L_ — _A_»JL,_
e b
W0 M = M~ (=)
)00 O] o
o— — ol — o
10.5 95 90 85 80 75 7.0 B65 60 B55 50 45 40 35 30 25 20 15 10 05 00

1 (ppm)

S27



130.4
130.1
1286
1285
126.7
125.3
122.1
119.4
116.7
114.0
—77.0
~349
—31.1

3e
'H NMR (400 MHz, CDCl5)

N__Ph
Fae— |
N-N
I )
| L
IJD léD 1 IT'D lfliD JéD 1 11[] 1&0 Jé[) 1 .IID .IEIJD ‘JID BID TID EID SID 4I[J 3ID ZID 1‘0 [IJ
fl (ppm}
[+2]
D
3
|
3e
F NMR (377 MHz, CDCl;)
N-_-Ph
FsC— |
N-N
0 -0 -20 -30 -40 -5 60 -70 -80 -90 -100 -120 -140 -160 -180

f1 (ppm)

S28



3f
'H NMR (400 MHz, CDCls)
WO DML — O M~O 3 M~ 0 W
SO0 OONNN = o R
/ Ll et e A e el M el ) [l w 0
o SN OSSN Vo Vol
| ! |
| “ |
|h| |r||| II1| |IIIII ||I1| |||| |‘||| ||||‘
VA UV V|
Ph _ WV V) v &__ A A
N | T T T T L —
FL QN 8 &5 8 8 8
745 735 725 715 7.05 695
1 (ppm)
|I 'l‘ I
!
Wil | o
i o
85888 3
=i (2]
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
1 (ppm)
DO U= OWOOONN DO — o ©
CEISTTSINAINLL2EY S 2
|1 e S e | 1
3f
O/ BC NMR (101 MHz, CDCl,)
Ph
N
e T
NE
|
| ]
! [
l N LA )
I}D léD 1 II'D 1 fliD léD 1 ll[] léD léD 1 .Il[] lEID BID BID TID EID 5ID QID 3I[] ZID l‘D El

fl (ppm)

S29



—-68.36

3f
F NMR (376 MHz, CDCls)

Ph

N
ro
-

0 10 -20 -30 -40 -50 -60 -70 -80 -90 -110
f1 (ppm)

-130 -150 -170 -190

3g
'H NMR (400 MHz, CDCls)

F (’)N‘—‘—OO‘}gNFDG’m(DNFCO
TIILTTOANNOONNNNN
P P P P P~ P P = P P P P P~ P P~ =
e = T Aeem——————
Ph |
—<N| ik |
F3C NS °N |'-|’|' Il|“| lf.ll
N AL 'R | WP
— ./ bl U P N
5 o
o o »
76 75 74 73 72 71 70
1 (ppm)
i
. L 1
T
o O
o oo
oM —
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

S30



M~ N QLW OMO ~— < <t 0
co8 SIAAIIANZEEELT
(I T— N | e——
3g
BC NMR (101 MHz, CDCls)
F
Ph
N
FaC—& \IN(
N -
1
|
! |
| (]
“ |- o bidodte . "~ .
IBD Jé[] 1 IT'D IIISD J%D 1 110 léD Jé[] 1 iD 160 BID TID BID 5‘0 4ID ?:D 2‘0 JID 6
£1 (ppm)
I~ &
@ 9]
8 .
I |'
3g
F NMR (377 MHz, CDCls)
F
Ph
N
ro—<
N/
0 -10 20 -30 -40 -50 60 -70 -80 f:190 -100 -120 -140 -160 -180

(ppm)

S31



— SN OW e — WO <t o
HITIIN OO N S
M~ [l el el e e el L e (]
3h
'H NMR (400 MHz, CDCl)
@D M~ — — M OO w ol
< = =< <t M o« M ol ol
cl N N N
D N T P
| |
II‘ ||F|| ! 'ﬂ' \ |IlII
|I‘ Jlf LJ | || ‘f
o MU MM
N g $ r-L 2
F3C"<\ |N S ] o @
N~ 755 750 745 740 735 730 7.25 7.0
1 (ppm)
|‘I
ik o
R
QW ~Lw
SH M
O] — —
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
OOTOWHWMOMSMS®D <M~
OO~ —O0COWw < »w o
VIITOOOONANNN == K~
| N N e————— |
3h
BC NMR (101 MHz, CDCl;)
(]|
N Ph |
FsC—4 |
N’N
(. |
] ]
Lod l ¢|i'llh [
2‘50 2;0 23‘;0 ZIZD Z.IID 260 lFIdD léD I%D léD léD ll40 JEI,D léD l.{D lIDD QID BID ?ID E:D .’_’\‘D 4‘0 SID 2ID lID 6 —.IID
fl (ppm)

S32



—-68.11

! 3h
F NMR (376 MHz, CDCls)
Cl
N_ _Ph
FsC— g
NIN
0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190
1 (ppm)
mm‘—‘—osﬁ;NNmmm
COFTFTOOOOC — —
[ L S Sl e S R R A L
e e ——
3i
'H NMR (400 MHz, CDCl;)
L ™ ‘—‘—mgNN(Dm(.D
© © TTOOOON T
el P P P P P P P P =
Br N/ L‘-;‘/ Ve N/
' y .
1 h !
A i| ] ’I I |l| .|||
—llbl | L_}.‘ Vv I‘, I _) .fl '|J
Ph PE— — A -
N
-1 i R T
o< T g s 3 3
I B v I e e 5 ) [ AN S N e
77 7 75 74 7.2 T-
1 (ppm)
|
‘I
h
MLA’“L'U S P .
A
38383
N~
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)

S33



2T AN\

—166.6
6.
5.
5
5
3
2
0
8
8
3.
5.
4,

22,
]
167
14.0

Br

Ph

F30—<\N g

|
N

;LIIH

N .‘E L Ju.,.ul

770

31

BC NMR (101 MHz, CDCls)

T
90 B0

0 léD JITD 1l|30 1%0 1|40 1:I’:D 1‘20 llID 160 70 60 a0 40 30 20 10 0
f1 (ppm)
(]
[+ 4]
o
@
I
3i
F NMR (377 MHz, CDCl)
Br
Ph
N
Fac—Q\ T
N’N
0 -0 -20 -30 40 -5 60 -70 -80 -90 -100 -120 -140 -160 -180
f1 (ppm)

S34



0g¢c—

Sl
FAVA
8yl
8yl
(A=)

852
6L LT
E_N\
1€°8,
6687

3

"H NMR (400 MHz, DMSO)

v L [
G_)/ ]
wmmx == €0
veL == o ©
85'L ﬁ_
6Ll | om
Y :8 o
L; N~
!
[++]
168, |
668 —= foo
e
o
—z
\
0y
2 Y
1)
o b

1 (ppm)

A

#€02
heog

=00¢

1.0 05 00

1.5

1 (ppm)

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

105

3j

S6e

B3C NIMR (101 MHz, DMSO)

Ph

i

N (

N

Fs—
N~

T
o0

£l (ppmd

. . . . . . . .
170 160 150 140 130 120 110 100
S35

T
180

a



3

F NMR (377 MHz, DMSO)

SP'e5—

——

-120 -140 -160 -180

20 -30 -40 -50 -60 -70 -80 -90 -100
1 (ppm)

-10

0

3k
'H NMR (400 MHz, CDCl;)

FsC

N

|

| Im

—

0oe

86| -

=00¢

10.0

10.5



TV T
3k
B3C NMR (101 MHz, CDCl:)
N
LN’N |
FsC
|
|
| I J ‘ | [
donr kAL - I .
I3[] JéD lli[l léD léD 1 ;D léD 1 IZU ].{D IEIU ‘J‘U BID I"U EID 5‘[] 4ID SID Z:D .ll[] IEI
f1 (ppm)
o I~
I~ 0
ool
©©
5/
3k
9F NMR (377 MHz, CDCl;)
Fgc@
AN
LN’N
FsC
0 -0 -20 -30 -40 -50 60 -70 -80 -90 -100 -120 -140 -160 -180
f1 (ppm)

S37



(H20)

EEQATITNRY = © 3]
TSI T O OO i ©
"L":":"‘:_"t_':j'm_ Rinllbulindig H Nl\/ﬂl (400'TMHZ, CDCly)
D~ OO p- =] ©
IR «® N
L S I~~~ ~
N N % I 1
I |
i ||| Lo
i |I| | | | A
pof \ Mol A
. " A \
|\ M A AW \
) N I
SV NNV \\r\ A\
Ch y__Ph 2 2 & ra
T S 3 S %
F3C \: -N 7.50 7.4 740 7.35 730 725 7.2
N f1 (ppm)
i
II
— i
O @ oI~ o
S®Ooo =1
a+~mo )
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)
VONV—OWFTAUONNO M O D
OV VO OO WL NG O o b o«
RITIORDONNNNANNT == iy &
| e e e — |
31
3C NMR (101 MHz, CDCls)
Cl N__Ph
o X
N~
I
I
| I [ I |
Wi WMWM
0 180 170 160 150 110 130 120 110 100 % 5 70 & 50 10 2 20 10 0 -
£1 (ppm)

S38



—-62.01

31
F NMR (377 MHz, CDCl;)

Cl Ph
N

FsC— T
\-N

0o -10 -20 -30 -4 50 60 -70 -80 -90 -100 -120 -140 -160 -180

1 (ppm)
MO W—OM~R MO0 OTNM—® ECO
SETTOONNANNNNOOD ) ™
R R S el i S S e o Ny 7] ol ol
e et N
3m
'H NMR (400 MHz, CDCl)
O WOoORMNODO T — M
TETNNNANNNE O
R S e S e S '+
| 2t —— |
! |
M | |I"| | '|
] | 1 |
__}I \f L_J{Jk J L.l \f J'Jﬂlul | B _J,II |.u| L_
T T T —
[=2] g [o2] o (=]
N -Ph S & © S
F3C—<\Tr 75 74 73 72 71 70 69
N-N f1 (ppm)
II
‘I
II k
J | Ml o J\ " L
= ey
3388 58
v o © o
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

S39



2=} P 00 WD WD D 0 O LD WD 1D o

[is] e R N W W W e e S o B s Y (=] [ P P

© FInooooodNdd-s = ] oo

[ W W N ; v
3m

3C NMR (101 MHz, CDCL)

N_ Ph
|=3c—<\ T
N-N
2I50 2;0 250 2‘20 2.{0 260 11‘30 .1:80 1:"0 léD 1.:3[] 1;0 léD lé[] 1.|10 160 BID BID TID BID SID ’4‘0 3ID 2ID l‘D [IJ —iD
f1 (ppm
&
3
|
3m
F NMR (377 MHz, CDCl;)
Ph

N
F2c— \lnll/
\-

o -10 -20 -30 -4 -50 -0 -70 -80 -90 -100 -120 -140 -160 -180

f1 (ppm)

S40



000—

m_‘_j

3n

1 NMR (400 MIz, CDCl;)

SbL
tf/f
124~

(/)
F30—<\N

76 7.3
f1 (ppm)

7.9

|
il HL
|
LL.%J
i
WO —— O

e A

N

o0 O0Ooo
e e e e

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 00

1.5

1 (ppm)

105

0022—
YOvLL
Y2911
yr8LL
€L'Z2
yo'szl
62 G2}
Y€ 924
la
86°.21 1
15821
G582
65821
9Z'621
0L'62}
09°0€}
67 LEL
€EOPL~,
ZLovl’

e ——

S¢S —

3n

13C NMR (101 MHz, CDCls)

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

30

S41



69°19—

3n

F NMR (377 MHz, CDCl3)

Ph
T
N/N

FaC—

-120 -140 -160 -180

20 -30 -40 -50 -60 -70 -80 -90 -100
1 (ppm)

-10

0

98¢
ww_NW

Fm_.v/

30

'H NMR (400 MHz, CDCL)

€89
P89~
g8'9T
g8'9

or'2
oF -
il
Vi~
67 L~
05~
€5~
mmsw
151

v
= ﬁymm. 3

6.85

7.00

[
il |
\;k;
p—
[=2]
]
7.15
f1 (ppm)

7.30

7.45

1.0

3.0

4.0

5.0
f1 (ppm)

6.0

10.0

S42



L) DD — <t~ ®mHO<T OMFO WD
~ W0 C0 000 GO e = = @ u
®  FIIIOONNNSNNS-S- = Q 8
[N S AN

30

13C NMR (101 MHz, CDCly)

Ph

FsC—4 \',L/

N~

i }|'H | -

T T T T T T T T T T T T T T T T T T T T
il 180 170 160 180 140 130 120 110 100 90 B0 T0 60 a0 40 30 20 10 0
fl (ppm}
—
-
[+2]
[(s]
|'
30

1F NMR (376 MHz, CDCl)

Ph

N
Fe—
-

o -1 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190

f1 (ppm)

S43



WS — LW — [=] 9]
MONNT 99 )] @
P P P P P P = [1p] (Y]
N I | 4a
'H NMR (400 MHz, CDCls)
[ee (o] =TT WM 0 —
[N o] oo — — oo
[ [ M~
N/ A\ \ N4 N/
Iy ! ] i !
7 I I l I ||
0 I\ | l J\/|
R W VA N S
o < r~ o
o o @ @
\ 74 73 ﬂ?z ) 7170
ppm
FiC |
c— N
II II |J
~lLIIJ| _ 0 ~ J_“ — S e U
e T T
—=~m @ RN
oo a0 o o
oo = — o o
105 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
T P A T T T
4da
BC NMR (101 MHz, CDCly)
/
Q
N
FsC—4 |
NN
|
I |
I
| \ I | |
i J |
2.:30 2&‘10 EéD Zé[] Z.IID 260 l‘.I?D léD 1 :"U lfIiEl léU 1 I;‘D 1 éD lé[] li i] 1 IDD ‘JID SID TID EID 5‘0 4‘0 3ID 2‘0 lID 6 —.IID
fl (ppm)

S44



N
Fsc— I

-

—61.12

4a

IF NMR (377 MHz, CDCL)

0 -0 -20 -30 40 -5 60 -70 -80 -90 -100 -120 -140 -160 -180
1 (ppm)
MNOOWO TN ML WO 0 o)
TN - -~ 0000 0 !
e e S Rt ] ) ol
e — | | 1b
'H NMR (400 MHz, CDCI;)
® © O W AN~ LW ©
= N N == —00 D
~ O S S N .
| I ﬁ'\{ I e
: ' ‘
IH\ r I |
Vs I\' I|I | I'Iu 'll i I\'f", ! |LI f
(e} _J\ ,-{__, UU\_JV _ __/-H vl _
_ T T T . T
I~ o o © ®
@ o o o =
7.40 7.30 7.20 7.10 7.00
f1 (ppm)
N
F3C—<\ I
NN
| |
1 f
| 1
‘MI L J ! 1
e v iy
~O Ol M o o)
DO O®O = =
OMN—On (23] o
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

S45



DOW—MNNONOOTITNNIOD
O~ OOWWO—DOBWWNGG < o © ™
CRIIIICNNNNNNT oo K~ s N
[ == N eee——— | I |
4b
' BC NMR (101 MHz, CDCls)
/
o)
|
N
Fac—{ |
N
|
! |l |
. L - "I' | | | I . jL. ”
IBD JéD 1 IT'D léD J%D 1 I40 150 1 ‘20 1.{0 1[|]D BID SID GID SID 4‘0 3ID ZID IID 6
f1 (ppm)
=
o
|
4b
F NMR (377 MHz, CDCl)
|
/
0
N
FSC—<\ I
NN
0 -0 -20 -30 40 -5 60 -70 -80 -90 -100 -120 -140 -160 -180
f1 (ppm)

S46



N
FaC—& IN
N

2 S
) o
e e \ |
4c
'H NMR (400 MHz, CDCL)
OO~ O—0O 0~ — 00O h—g
OANNANN~ —— 0O 0
it il el el T el il i e il el [{s (o]
= A SN y !
il | ’ |
|
] |
||'U| I"\ | ||]“| |‘. ,ul |l, |‘
) JULIr'ﬂllllul l\_ \I|UI \ f‘l lvl II"-'I |\ - #‘ lUll |L\4,.-_—h,
T T e T
L [2] [=2 ] —
=4 =4 » O =]
7.40 7.25 7.10 6.95 6.80
1 (ppm)
|
Al b | D J
T . i 1
o ©
cCo®moo o @
— 0 [ag] (3}

N
FaC—\ \N
NP

1.5 95 980 85 80

——

F

1 (ppm)

77.0

55 50 45 40 35 30 25 20 15 10 05 00

—55.5
—20.0

4c
BC NMR (101 MHz, CDCls)

| POSYIRIY F——po——— Mwm

T T
0 180 170

T
130

T T
110 100 a0 =)
f1 (ppm

S47



—-61.06

4c
I
F NMR (377 MHz, CDCls)
/
0
N
Fac— Ll
NE
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180
1 (ppm)
OO ONOO D [y [{e]
TOOANNNNO O [=5) o~
| S S N S Sl S S ] ™ —
e | l4d
'H NMR (400 MHz, CDCl;)
o NN ONO o
T o O NNA S®
P~ M~ [l e e el M~
[ e A I
. . B
7 | | | |1
o |‘ || [ [ ||| I‘ ||| ﬂ
|4 LY N M
AR A AN W AURN N A
T T T T
o - = —
S S S S
N | 7.40 7.30 f'1f.(20 ) 7.10 7.00
F5C ppm
o 1
]
III |‘
(N}
.Ill_ ) LL
A AL i ¥
ol — — — o ™
cooo S o
(oA I VN o] [1p] »
10.5 95 90 85 80 7.5 70 B5 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)

S48



AT OONONO TN O ~—
COMO OWLWHO DWW NN OO W< o © P
o T TN = — — — ~ w0 go
—rr T T T T T T T T T T T e h‘— ul)

4d
BC NMR (101 MHz, CDCls)

/
0
N |
Fsc— |
N-N
J Il i l.Ll L ‘JL
0 léD 1 :"D léD ltl\D 1 iD l:l',[] IIZD liD 160 QID BID ?ID E:D EID 4‘0 C‘;ID 2ID fD 6
£1 (ppm
[+2]
o
o
I
4d
F NMR (377 MHz, CDCl;)
/
0
N
FsC—( |
N-N

0 -0 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180
f1 (ppm)

S49



W OWNWO— OO W (=
DO N—O® [R5
Ll el e el e Al el i (0 ] o m
e N S de
'"H NMR (400 MHz, CDCl:)
o0 W wod O—m (=]
o %] LRt NN~ OO
[l Ll ot P P P~ M~
N N N =N
| 1 I |
| 1 |
| I i “
Y )||Ibll, B W _J'|.__;|'-"l\ ) ﬁJJUL
Q e = Y
= S = >
O 7.9 7.7 75 7.3 7.1
f1 (ppm)
N
F3C_<\ IN
N~
I
i "I
LU.HL_[ L Jl_i_ l_
LM e L
o — O ® — RN
cCooo o6
o — ool
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)
BN DWW OV OOO
288 geBWaSereed g 2 13
N = N i | %
4e
BC NMR (101 MHz, CDCl:)
/
0
O‘x
I
N
Fac— IN
N

T T T T T T T T T T
n 180 170 160 150 140 130 120 110 100 90 EO n 60 a0 40 30 20 10 0
fl (ppm)

S50



—-61.10

4de
F NMR (377 MHz, CDCl3)

-140 -160 -180

0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120
1 (ppm)
O~~~ OO — @ P~
TOANNANN— OD 0
M=~~~ I~ © ™
RIS \ "
IH NMR (400 MHz, CDCl)
[ M~ w0 o — @
< ™ AN - om
[ MM~~~ I~ M~ ©
Vol NN Vo Vo
o
1
N | | |
| f I i I ||I
LAl LY. \ / L
CI _ﬁ’/\ A A, '\JJ_ VAN - _/J| '.J"It\__
— —r T —r
o™l (2] o™ o
N S % S S
FaC— | 740 730 720 710  7.00
N-N f1 (ppm)
II III II
EJMJ J A 1
L i
NN O [=]
oO®ao =1
=0 o«
10.5 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)

S51



— W MOMOOL O ~N
— 1 OWOGOWLWO DO Q ©
©L FIIONNNNN— o ~ 8
I S e I = | |
af
B3C NMR (101 MHz, CDCls)
/
Q
cl
I
N I
Fac— |
NN

] 180 170 160 150 140 120 120 110 100 a0 B0 70 &0 50 40 a0 20 10 0 -
fl (ppm}
[aV]
-
w
|
4f
1
°F NMR (377 MHz, CDCL)
]
/
(@]
Cl
N
Fic— |
N-N
o =10 -20 =30 =40 =50 —&0 =70 —B0 =90 =100 =110 =120 =130 =140 =150 =160 =170 -180 =180
fl (ppm)

S52



18'E—

4g
'H NMR (400 MHz, CDCls)

869~
004~

8Ll
0z 2"
STAVAN
0e' L~
40

€L~
Sl

| J
= To_wm - | 7F
)
7 "~
" lesh NE
) =
) ©
1 P
= feoz ™
| L=
J ™~
|JJ_ 7 00 w_b HlldeuL Hsmm.—.
| 5 = 207
002
m

o)
N

FsC—4
N

1.5 10 05 0.0

1 (ppm)

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

105

9'65—

0LL—

4g
13C NMR (101 MHz, CDCly)

Br

===

120 110 100 90
fl (ppm)
S53

T
130

T
i 180

17

T
180




Sl —

4g
F NMR (377 MHz, CDCl;)

Br

-120 -140 -160 -180

20 -30 -40 -50 -60 -70 -80 -90 -100
1 (ppm)

-10

0

8L€~
18'e”

4h
'H NMR (400 MHz, CDCl;)

089~
<89

16'G~
00°L

f1 (ppm)

I
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

i
J|

+96'C
~loe

vi6'}
=¥0'C
=86}
002

1.0 05 00

1.5

1 (ppm)

105

S54



131.8
129.8
1295
1286
1284
125.0
1221
119.4
116.7
115.2
114.0
—77.0
—5586
~52.4

e R
4h
BC NMR (101 MHz, CDCl)
/
0]
CO,Me
N
FaC—4 |
NfN
|
[
s el H r
il léD 1 I?'D lt"I:uD JE:D 1 110 ICIJ,D JéD 1 .|10 IEIJD QID SID ?ID EID SID 4ID :‘:D 2|D 1‘0 E)
fl (ppm}

—-61.14

4h
F NMR (377 MHz, CDCl)

CO,Me

N
Fae— &
} -

0 -0 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180
f1 (ppm)

S55



68'E—

L0
€02
0.

1972
0L
0L

[A-

4

'"H NMR (400 MHz, CDCls)

b0 L~
€0'L

0c' L~
[<AVA
9¢'L

NV

—T
[a]
o
71 7.0

|
1

r'|
Uk
T
8
7.2

W
f1 (ppm)

7.4

75

CN

=10

1.5 10 05 0.0

1 (ppm)

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

105

L'65—

4
3C NMR (101 MHz, CDCls)

0L

|
A (4
]

120 110 100 90
fl (ppm)
S56

T
130

T
17 180

T
180




8E89—

4i
F NMR (376 MHz, CDCl;)

CN

= a
= )
A
&)
N
S =
_ =
I
=
o
w
- Z
o 2L
= E.w% L@
vo'L o
= _ oz T 0%a
T loe- €L ©
€L o
el == oo™
| 8v'L [ «E
o w9 8v'L hL ~8
TP OV L} ——==1107
T 10/ 052 3 ORRE
8 90/ 1§°L et
= 9L 08'L N
o 1E2] 18'L | ~
@ 2eL £8', ..L_. ©
ze' 11 98/~ = leot
8 el 88 L’ R o
9€ L1 I
o 8¥' Ly
T 8Ly
6 L
3 om_nw
1L
3 om_ﬁﬁ
v 182
8L
g 8/
mm_x
o 181
q_, BL
882
8 8_&
162
S

0

Y

) T%0%¢

) "0z

- 00T
-.m #1072
—~ =207

= »90°€

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.5

f1 (ppm)

S57



829G —

994,
98'9} 11
956111
22
A A
RS
26'72 1
1921
e L2y
86°LcL4
62'8Z1 4
82°62 11

86'0€ 1
88 1ELL
1TeeL"
20'shl
o' syl
6LGHL”

8y o5l —
o9t

4]
13C NMR (101 MHz, CDCly)

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
1 (ppm)

30

ole—

IF NMR (377 MHz, CDCl;)

-90 —100 -110 -120 -130 -140 -150 -160 -170 —-180 -190
fl (ppm
S58

—80

—Z0 —30 —-40 =50 —&0

-10



4k
'H NMR (400 MHz, CDCL)
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F NMR (377 MHz, CDCls)
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'H NMR (400 MHz, DMSO)
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'H NMR (400 MHz, CDCls)
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BC NMR (101 MHz, CDCl;)
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