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Table S1: Selection of Representative Conditions Tried for the Heck reaction of

Triazole Nucleoside (5) with Styrene

O

oo, Oy o
Br—</N’|N 3 OCHjg
AcO J [Pd], ligand
o)
\I/ base, solvent, 100-120°C LO
5
i P ; Pth P(t-Bu)Z P<Cy)2
v oo o YUY
Entry [Pd] Ligand Base Solvent Heating mode Yield
1 Pd(OAC), PPh; K,CO3 DMF Oil-bath 0
2 Pd(OAc), Xantphos K,CO; CH;CN Oil-bath 0
3 Pd(OAC), BINAP EtsN CHs;CN Oil-bath 0
4 Pd(OAc),  Synphos Et;N DMF Oil-bath 0
5  Pd(OAc), L1 Et;N DMF Oil-bath 0
6 Pd(OAc), L2 K,COs; Toluene Microwave 0
7 Pd(OAc), L3 K,CO3 Toluene Microwave 0
8 Pd(OAc), L4 K,COs; Toluene Microwave 0
9 Pd(OAc), dppe Et:N DMF Microwave 0
Xantphos: THF: .
10 Pd(OA Et:N M 0
(OA): g NnAP=3:1 : CHsCN=1:1 crowave
K,CO3 +
11 Pd(OAc), - 2o DMA Microwave 0
TBAB

12 Pd(OAc), Xphos Et;N Toluene Microwave 0
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L1
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PPh,
BINAP

BINAP

Et;N
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Et;N

Et;N

K,COg3

K,COg3

K,COg3

K.CO4

K,CO;3 +
TBAB

Et;N

K,COg3

Et;N

Et;N

Li,CO3

DMF

CH3;0H

CH5CN

DMF/H,0

Toluene

DMF

Dioxane

DMF

DMF
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Toluene

DMF

DMF

Dioxane/H,0

Microwave

Microwave

Microwave

Microwave

Microwave

Microwave

Microwave

Microwave

Microwave

Microwave

Microwave

Oil-bath

Microwave

Microwave
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General: All the reactions were carried out using Schlenk tubes. All the chemicals
were purchased from Sigma Aldrich or Alfa aesar and used directly without any

purification. Triazole nucleosides 1-4, methyl 4-vinylbenzoate,® N-propyl-4-vinyl-

benzamide,* 1-(benzyloxy)-4-vinylbenzene® and 4-nitrostyrene® were synthesized
following the reported procedures. All the solvents used in the reactions were dried
according to described methods and distilled before use except DMF. All the products
were purified by flash chromatography on silica gel (Merck 200-300 mesh). *H NMR
spectra were recorded at 250, 300 or 400 MHz and **C NMR spectra recorded at 62.5
or 100 MHz on Bruker Avance Il 250, Bruker Avance I11 300, Bruker Avance 111 400
or JEOL ECS 400 spectrometers. Chemical shifts (6) are expressed in parts per
million (ppm) with the residual peak of CHCI; at 7.26 ppm or TMS at 0.00 as internal
reference. The high resolution mass spectra (HRMS) were obtained with an
electrospray ionization (ESI) using mass spectrometer QStar Elite (Applied
Biosystems SCIEX). The exact mass measurement was done in triplicate with a
double internal calibration. Analytical thin layer chromatographies (TLC) were
performed using silica gel 60 F254 plates 0.2 mm thick with UV light (254 and 364

nm) as revelator.
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General Procedure of Synthesis. Triazole 1-4 (0.20 mmol), alkene (0.80-2.0 mmol),
Pd(OACc),; (0.040 mmol), AgOAc (0.80 mmol), PivOH (0.60 mmol) and AcOH (3.0
mL) were refluxed at 130 °C for 20 hours under air atmosphere. The solvent was then
removed under reduced pressure and the crude residue was purified by flash
chromatography on silica gel (eluent: Cyclohexane/EtOAc or CH,CIl,/CH3;0H)

affording the desired products.
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Characterization of Products

0]
Q_\\_(NTNHJ\NHz

ACO\I/O\T/

la: The desired product was obtained using the general procedure starting from
triazole 1 and styrene with a 72% yield (47.6 mg) as a white solid. A total of 46.2 mg
(70%) of product was obtained starting from triazole 3 and styrene following the same
procedure. *H NMR (250 MHz, CDCls): 6 7.86 (d, 1H, Jyans = 16.0 Hz, CH-vinyl),
7.60-7.56 (m, 2H, -ArH), 7.44-7.39 (m, 3H, -ArH), 7.07-7.00 (m, 2H, CH-vinyl +
-C(O)NH), 6.09 (br s, 1H, -C(O)NH), 5.68 (s, 2H, -NCH,0-), 4.20 (t, 2H, J = 4.6 Hz,
-CH,CH,0AC), 3.81 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 1.99 (s, 3H, -C(O)CH3); ©*C
NMR (62.5 MHz, CDCls): ¢ 170.7, 161.3, 155.4, 155.0, 139.8, 135.0, 129.9, 129.0,
127.6, 110.2, 78.0, 67.6, 62.6, 20.7; HRMS: calcd. for C1gH19N4O4" 331.1401, found

331.1399.

o) (@)
N
_ >_©_\\_</ THJ\NHz
o N

ACO\I/O\T/

1b: The desired product was obtained using the general procedure starting from
triazole 1 and methyl 4-vinylbenzoate with a 70% yield (54.4 mg) as a white solid. *H
NMR (400 MHz, CDCls): ¢ 8.07 (d, 2H, J = 8.4 Hz, -ArH), 7.89 (d, 1H, Jians = 16.0
Hz, CH-vinyl), 7.64 (d, 2H, J = 8.0 Hz, -ArH), 7.13 (d, 1H, Jyas = 16.0 Hz,
CH-vinyl), 7.07 (br s, 1H, -C(O)NH), 6.18 (br s, 1H, -C(O)NH), 5.71 (s, 2H,
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-NCH,0-), 4.20 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 3.93 (s, 3H, -OCH3), 3.81 (t, 2H, J
= 4.6 Hz, -CH,CH,0AC), 1.99 (s, 3H, -C(O)CH3); *C NMR (100 MHz, CDCls): &
170.7, 166.5, 160.9, 155.4, 154.5, 139.2, 138.4, 131.0, 130.2, 127.5, 112.4, 78.1, 67.7,

62.6, 52.3, 20.8; HRMS: calcd. for C1gH2N4Os" 389.1456, found 389.1457.

O

O:(O@_\\_(N%NHZ

N-N
ACOLOJ
1c: The desired product was obtained using the general procedure starting from
triazole 1 and 4-acetoxystyrene with a 60% vyield (46.6 mg) as a yellow solid. *H
NMR (250 MHz, CDCls): 6 7.85 (d, 1H, Jivans = 16.0 Hz, CH-vinyl), 7.59 (d, 2H, J =
8.8 Hz, -ArH), 7.15 (d, 2H, J = 8.8 Hz, -ArH), 7.05 (br s, 1H, -C(O)NH), 6.98 (d, 1H,
Jirans = 16.0 Hz, CH-vinyl), 5.99 (br s, 1H, -C(O)NH), 5.68 (s, 2H, -NCH,0-), 4.20 (t,
2H, J = 4.6 Hz, -CH,CH,0ACc), 3.81 (t, 2H, J = 4.6 Hz, -CH,CH,0ACc), 2.32 (s, 3H,
-OC(0)CHy), 2.00 (s, 3H, -C(O)CHa); *C NMR (62.5 MHz, CDCl5): 6 170.7, 169.2,
161.3, 155.3, 154.9, 151.8, 138.7, 132.7, 128.7, 122.2, 110.3, 78.0, 67.7, 62.6, 21.1,

20.8;: HRMS: calcd. for C1gH21N4Og" 389.1456, found 389.1457.

O O
Jhsasue.

N-N

ACOLOJ

1d: The desired product was obtained using the general procedure starting from

triazole 1 and N-propyl-4-vinylbenzamide with a 63% yield (52.3 mg) as a white solid.
57



'H NMR (400 MHz, CDCls): § 7.87 (d, 1H, Jians = 16.4 Hz, CH-vinyl), 7.80 (d, 2H, J
= 8.4 Hz, -ArH), 7.62 (d, 2H, J = 8.0 Hz, -ArH), 7.10 (d, 1H, Jyans = 16.0 Hz,
CH-vinyl), 7.06 (br s, 1H, -C(O)NH), 6.25 (t, 1H, J = 5.6 Hz, -C(O)NHCH;-), 6.11
(br s, 1H, -C(O)NH), 5.69 (s, 2H, -NCH,0-), 4.19 (t, 2H, J = 4.6 Hz, -CH,CH,0AG),
3.81 (t, 2H, J = 4.6 Hz, -CH,CH,0AC), 3.46-3.41 (m, 2H, -NHCH,-), 1.99 (s, 3H,
-C(0)CHs), 1.70-1.61 (m, 2H, -NHCH,CH,-), 0.99 (t, 3H, J = 7.4 Hz, -CH,CHa): 6
170.7, 166.7, 160.9, 155.3, 154.5, 138.5, 137.6, 135.7, 127.6, 127.5, 111.7, 78.0, 67.7,
62.5, 41.8, 22.9, 20.7, 11.4; HRMS: calcd. for ChHNsOs* 416.1928, found

416.1929.

OO

N/N

ACOLOJ

le: The desired product was obtained using the general procedure starting from
triazole 1 and 1-(benzyloxy)-4-vinylbenzene with a 52% yield (45.4 mg) as an orange
solid. *H NMR (400 MHz, CDCls): & 7.80 (d, 1H, Jirans = 16.0 Hz, CH-vinyl), 7.52 (d,
2H, J = 8.4 Hz, phenyl-H), 7.44-7.32 (m, 5H, phenyl-H), 7.08 (br s, 1H, -C(O)NH),
7.00 (d, 2H, J = 8.4 Hz, phenyl-H), 6.88 (d, 1H, Jirans = 16.0 Hz, CH-vinyl), 6.31-6.23
(m, 1H, -C(O)NH), 5.66 (s, 2H, -NCH,0-), 5.10 (s, 2H, PhCH,0-), 4.19 (t, 2H, J =
4.4 Hz, -CH,CH,0Ac), 3.80 (t, 2H, J = 44 Hz, -CH,CH,0Ac), 1.99 (s, 3H,
-C(O)CHs); *C NMR (100 MHz, CDCls): ¢ 170.8, 161.2, 160.3, 155.4, 155.3, 139.4,
136.5, 129.2, 128.7, 128.2, 128.0, 127.5, 115.3, 107.8, 77.9, 70.1, 67.5, 62.7, 20.8,;

HRMS: calcd. for Cy3H»sN4Os™ 437.1819, found 437.1821.
s8



ACOLOJ

1f: The desired product was obtained using the general procedure starting from
triazole 1 and 4-vinylbiphenyl with a 62% vyield (50.4 mg) as a light yellow solid. *H
NMR (250 MHz, CDCly): 6 7.92 (d, 1H, Jirans = 16.0 Hz, CH-vinyl), 7.66-7.61 (m, 6H,
phenyl-H), 7.50-7.35 (m, 3H, phenyl-H), 7.11-7.04 (m, 2H, Jirans = 15.8 Hz, CH-vinyl
+ -C(O)NH), 5.84 (br s, 1H, -C(O)NH), 5.70 (s, 2H, -NCH,0-), 4.22 (t, 2H, J = 4.6
Hz, -CH,CH,0Ac), 3.83 (t, 2H, J = 4.6 Hz, -CH,CH,0AC), 2.01 (s, 3H, -C(O)CHs);
3¢ NMR (62.5 MHz, CDCl3): ¢ 170.8, 161.3, 155.3, 155.1, 142.7, 140.1, 139.4,
134.0, 128.9, 128.1, 127.9, 127.6, 127.0, 110.0, 78.0, 67.6, 62.6, 20.8; HRMS: calcd.

for CoH23N404" 407.1714, found 407.1713.

'\‘j)(inl2

N/N

ACO\I/O\l

1g: The desired product was obtained using the general procedure starting from
triazole 1 and 2-vinylnaphthalene with a 62% yield (47.2 mg) as a light yellow solid.
'H NMR (300 MHz, CDCl3): 6 8.04 (d, 1H, Jyans = 16.2 Hz, CH-vinyl), 7.97 (s, 1H,
phenyl-H), 7.89-7.83 (m, 3H, phenyl-H), 7.76-7.73 (m, 1H, phenyl-H), 7.54-7.51 (m,
2H, phenyl-H), 7.15 (d, 1H, Jyans = 15.9 Hz, CH-vinyl), 7.09 (br s, 1H, -C(O)NH),
5.87 (br s, 1H, -C(O)NH), 5.73 (s, 2H, -NCH,0-), 4.22 (t, 2H, J = 4.7 Hz,
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-CH,CH,0AC), 3.84 (t, 2H, J = 4.7 Hz, -CH,CH,0Ac), 2.00 (s, 3H, -C(O)CH3); **C
NMR (100 MHz, CDCls): 6 170.8, 161.3, 155.4, 155.1, 139.9, 134.0, 133.4, 132.4,
129.3, 128.8, 128.5, 127.8, 127.2, 126.8, 123.2, 110.2, 78.0, 67.7, 62.7, 20.8; HRMS:

calcd. for CyoH»N4O," 381.1557, found 381.1555.

(@]
O-N

N/N

ACO\I/O\I

1h: The desired product was obtained using the general procedure starting from
triazole 1 and 4-nitrostyrene with a 61% yield (45.8 mg) as a light yellow solid. *H
NMR (400 MHz, DMSO-dg): ¢ 8.30 (d, 2H, J = 8.4 Hz, -ArH), 8.06 (d, 2H, J = 8.8
Hz, -ArH), 7.89 (br s, 1H, -C(O)NH), 7.84 (d, 1H, Jyans = 16.0 Hz, CH-vinyl),
7.74-7.70 (m, 2H, CH-vinyl + -C(O)NH), 5.85 (s, 2H, -NCH.0-), 4.11-4.09 (m, 2H,
-CH,CH,0AC), 3.78-3.76 (m, 2H, -CH,CH,0Ac), 1.94 (s, 3H, -C(O)CHs); *C NMR
(100 MHz, DMSO-dg): 6 170.2, 160.3, 156.4, 153.5, 147.4, 141.7, 135.1 128.7, 124.0,
115.9, 76.9, 67.0, 62.7, 20.5; HRMS: calcd. for CisH1gNsOs" 376.1252, found

376.1253.

F3CA©_\\_</N\|HJ\NH2

N/N
ACO\I/O\l

li: The desired product was obtained using the general procedure starting from
triazole 1 and 4-(trifluoromethyl)-styrene with a 57% yield (45.4 mg) as a white solid.
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'H NMR (250 MHz, CDCls): & 7.90 (d, 1H, Jyans = 16.0 Hz, CH-vinyl), 7.68 (s, 4H,
-ArH), 7.13 (d, 1H, Jirans = 16.0 Hz, CH-vinyl), 7.02 (br s, 1H, -C(O)NH), 5.82 (br s,
1H, -C(O)NH), 5.71 (s, 2H, -NCH,0-), 4.21 (t, 2H, J = 4.6 Hz, -CH,CH,OAc), 3.82
(t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 2.00 (s, 3H, -C(O)CHs); *°C NMR (62.5 MHz,
CDCly): 6 170.7, 161.1, 155.5, 154.4, 138.4, 138.0, 131.4 (q, Jor = 32.5 Hz), 127.8,
125.9 (d, Jor = 3.8 Hz), 123.8 (d, Jcr = 260.7 Hz), 112.6, 78.1, 67.8, 62.6, 20.7;

HRMS: calcd. for C17H1gF3N,O," 399.1275, found 399.1275.

AQ_\\_(N\‘).iNHZ

N-N

ACOLOJ

1j: The desired product was obtained using the general procedure starting from
triazole 1 and 4-methylstyrene with a 68% yield (46.8 mg) as a light yellow solid. A
total of 41.3 mg (60%) of product was obtained starting from triazole 3 and
4-methylstyrene following the same procedure. *H NMR (250 MHz, CDCls): § 7.83
(d, 1H, Jyrans = 16.0 Hz, CH-vinyl), 7.47 (d, 2H, J = 7.8 Hz, -ArH), 7.21 (d, 2H, J =
8.0 Hz, -ArH), 7.06 (br s, 1H, -C(O)NH), 6.98 (d, 1H, Jyans = 16.0 Hz, CH-vinyl),
6.07 (br s, 1H, -C(O)NH), 5.67 (s, 2H, -NCH,0O-), 4.19 (t, 2H, J = 4.5 Hz,
-CH,CH,0AC), 3.80 (t, 2H, J = 4.4 Hz, -CH,CH,0Ac), 2.38 (s, 3H, -CHs), 1.99 (s,
3H, -C(O)CHs); °C NMR (62.5 MHz, CDCls): 6 170.7, 161.4, 155.4, 155.2, 140.2,
139.8, 132.3, 129.7, 127.6, 109.1, 77.9, 67.6, 62.6, 21.4, 20.7;, HRMS: calcd. for

C17H21N4O4" 345.1557, found 345.1556.
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N
N

ACOLOJ

1k: The desired product was obtained using the general procedure starting from
triazole 1 and 3-methylstyrene with a 67% yield (46.1 mg) as a white solid. A total of
46.8 mg (68%) of product was obtained starting from triazole 3 and 3-methylstyrene
following the same procedure. *H NMR (250 MHz, CDCls): § 7.84 (d, 1H, Jyans =
16.0 Hz, CH-vinyl), 7.39-7.37 (m, 2H, -ArH), 7.32 (d, 1H, J = 7.3 Hz, -ArH), 7.20 (d,
1H, J = 7.3 Hz, -ArH), 7.05-6.98 (m, 2H, CH-vinyl + -C(O)NH), 5.82 (br s, 1H,
-C(O)NH), 5.69 (s, 2H, -NCH,0-), 4.20 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 3.82 (t,
2H, J = 4.6 Hz, -CH,CH,0AC), 2.40 (s, 3H, -CH3), 2.00 (s, 3H, -C(O)CHjz); *C NMR
(100 MHz, CDCls): 6 170.9, 161.2, 155.4, 155.1, 140.2, 138.8, 135.0, 130.9, 129.0,
128.2, 125.0, 109.9, 78.0, 67.7, 62.7, 21.4, 20.9; HRMS: calcd. for Ci7H»1N4O4"

345.1557, found 345.1556.

O
\ /NT)LNW
N’N
AcO
LO

1l: The desired product was obtained using the general procedure starting from
triazole 1 and 2-methylstyrene with a 67% yield (46.1 mg) as a white solid. A total of
41.3 mg (60%) of product was obtained starting from triazole 3 and 2-methylstyrene

following the same procedure. *H NMR (250 MHz, CDCls): 6 8.11 (d, 1H, Jyans =
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15.8 Hz, CH-vinyl), 7.63-7.60 (m, 1H, -ArH), 7.32-7.21 (m, 3H, -ArH), 7.06 (br s, 1H,
-C(O)NH), 6.96 (d, 1H, Jrans = 16.0 Hz, CH-vinyl), 5.90 (br s, 1H, -C(O)NH), 5.68 (s,
2H, -NCH,0-), 4.20 (t, 2H, J = 4.8 Hz, -CH,CH,0Ac), 3.82 (t, 2H, J = 4.6 Hz,
-CH,CH,OAC), 2.48 (s, 3H, -CH3), 2.00 (s, 3H, -C(O)CHs); *C NMR (62.5 MHz,
CDCly): § 170.7, 161.5, 155.4, 155.1, 137.5, 137.4, 134.1, 130.9, 129.7, 126.4, 1258,
111.4, 78.0, 67.6, 62.7, 20.7, 19.9; HRMS: calcd. for Cy7H,N4O," 345.1557, found

345.1556.

FAQ_\\_(NTHOJ\NHz

N/N

ACOLO\l

1m: The desired product was obtained using the general procedure starting from
triazole 1 and 4-fluorostyrene with a 69% yield (48.1 mg) as a white solid. A total of
45.3 mg (65%) of product was obtained starting from triazole 3 and 4-fluorostyrene
following the same procedure. *H NMR (250 MHz, CDCls): § 7.83 (d, 1H, Jyans =
16.0 Hz, CH-vinyl), 7.60-7.54 (m, 2H, -ArH), 7.11 (t, 2H, J = 8.6 Hz, -ArH), 7.03 (br
s, 1H, -C(O)NH), 6.95 (d, 1H, Jyrans = 16.0 Hz, CH-vinyl), 5.98 (br s, 1H, -C(O)NH),
5.68 (s, 2H, -NCH,0-), 4.20 (t, 2H, J = 4.6 Hz, -CH,CH,0ACc), 3.81 (t, 2H, J = 4.6
Hz, -CH,CH,0Ac), 2.00 (s, 3H, -C(O)CHs); *C NMR (62.5 MHz, CDCls):  170.7,
163.6 (d, Jcr = 249.3 Hz), 161.4, 155.4, 154.9, 138.4, 131.3 (d, Jcr = 3.4 Hz), 129.4
(d, Jor = 8.3 Hz), 116.1 (d, Jcr = 21.8 Hz), 110.0 (d, Jcr = 2.3 Hz), 77.9, 67.6, 62.6,

20.7; HRMS: calcd. for C16H1sFN,O4" 349.1307, found 349.1307.
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o)
@MNTHLNHQ

N/N

ACOLOJ

1n: The desired product was obtained using the general procedure starting from
triazole 1 and 3-fluorostyrene with a 66% yield (46.0 mg) as a white solid. *H NMR
(250 MHz, CDCly): 6 7.83 (d, 1H, Jyans = 16.0 Hz, CH-vinyl), 7.43-7.30 (m, 3H,
-ArH), 7.11-7.01 (m, 3H, -ArH + CH-vinyl + -C(O)NH), 5.89 (br s, 1H, -C(O)NH),
5.69 (s, 2H, -NCH,0-), 4.20 (t, 2H, J = 4.6 Hz, -CH,CH,0ACc), 3.81 (t, 2H, J = 4.6
Hz, -CH,CH,0Ac), 2.00 (s, 3H, -C(O)CHs); *C NMR (62.5 MHz, CDCls): § 170.7,
163.1 (d, Jcr = 245.2 Hz), 161.3, 155.5, 154.6, 138.6 (d, Jcr = 2.6 Hz), 137.3 (d, Jcr =
7.7 Hz), 130.5 (d, Jcr = 8.3 Hz), 123.7 (d, Jcr = 2.8 Hz), 116.7 (d, Jcr = 21.3 Hz),
113.8 (d, Jcr = 21.9 Hz), 1115, 78.0, 67.7, 62.6, 20.7; HRMS: calcd. for

C16H18FN4O," 349.1307, found 349.1312.

ACOLOJ

lo: The desired product was obtained using the general procedure starting from
triazole 1 and 2-fluorostyrene with a 62% yield (43.2 mg) as a white solid. *H NMR
(250 MHz, CDCls): ¢ 7.96 (d, 1H, Jiyans = 16.0 Hz, CH-vinyl), 7.62-7.56 (m, 1H,
-ArH), 7.41-7.32 (m, 1H, -ArH), 7.23-7.07 (m, 4H, -ArH + CH-vinyl + -C(O)NH),
5.86 (br s, 1H, -C(O)NH), 5.69 (s, 2H, -NCH,0O-), 4.20 (t, 2H, J = 4.5 Hz,
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-CH,CH,0Ac), 3.82 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 2.01 (s, 3H, -C(O)CHa); *C
NMR (62.5 MHz, CDCly): ¢ 170.7, 161.2, 161.2 (d, Jcr = 251.6 Hz), 155.5, 154.9,
132.7 (d, Jer = 1.8 Hz), 131.2 (d, Jcr = 8.6 Hz), 129.0 (d, Jor = 2.9 Hz), 124.6 (d, Jcr
= 3.6 Hz), 123.1 (d, Jcr = 11.5 Hz), 116.3 (d, Jor = 21.8 Hz), 112.9 (d, Jer = 8.0 H2),

78.0, 67.6, 62.7, 20.7; HRMS: calcd. for C16H1sFN,O,4" 349.1307, found 349.1308.

CIAQ_\\_(NT)CLN"&

N-N

ACOW/OJ

1p: The desired product was obtained using the general procedure starting from
triazole 1 and 4-chlorostyrene with a 65% yield (47.4 mg) as a white solid. A total of
45.2 mg (62%) of product was obtained starting from triazole 3 and 4-chlorostyrene
following the same procedure. *H NMR (250 MHz, CDCls): § 7.82 (d, 1H, Jyans =
16.0 Hz, CH-vinyl), 7.51 (d, 2H, J = 8.5 Hz, -ArH), 7.38 (d, 2H, J = 8.5 Hz, -ArH),
7.04-6.98 (m, 2H, CH-vinyl + -C(O)NH), 6.03 (br s, 1H, -C(O)NH), 5.68 (s, 2H,
-NCH,0-), 4.20 (t, 2H, J = 4.8 Hz, -CH,CH,0Ac), 3.81 (t, 2H, J = 4.6 Hz,
-CH,CH,0Ac), 1.99 (s, 3H, -C(O)CHs); *C NMR (62.5 MHz, CDCls): § 170.7,
161.3, 155.4, 154.7. 138.3, 135.7, 133.5, 129.2, 128.8, 110.7, 78.0, 67.7, 62.6, 20.7,

HRMS: calcd. for C16H1sCIN4O4" 365.1011, found 365.1012.
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1q: The desired product was obtained using the general procedure starting from
triazole 1 and 3-chlorostyrene with a 63% yield (46.0 mg) as a white solid. *H NMR
(250 MHz, CDClg): 6 7.81 (d, 1H, Jians = 16.0 Hz, CH-vinyl), 7.57 (s, 1H, -ArH),
7.46-7.42 (m, 1H, -ArH), 7.36-7.34 (m, 2H, -ArH), 7.07-7.01 (m, 2H, CH-vinyl +
-C(O)NH), 5.91 (br s, 1H, -C(O)NH), 5.69 (s, 2H, -NCH,0-), 4.20 (t, 2H, J = 4.6 Hz,
-CH,CH,0AC), 3.82 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 2.01 (s, 3H, -C(O)CH3); ©*C
NMR (62.5 MHz, CDCls): ¢ 170.7, 161.3, 155.5, 154.5, 138.1, 136.8, 135.0, 130.2,
129.7, 127.2, 126.0, 111.6, 78.0, 67.7, 62.6, 20.7; HRMS: calcd. for C1H13CIN4O4"

365.1011, found 365.1010.

Cl

Q_\\_(N\HOLNHZ

N-N

ACOLOJ

1r: The desired product was obtained using the general procedure starting from
triazole 1 and 2-chlorostyrene with a 52% yield (37.9 mg) as a white solid. *"H NMR
(250 MHz, CDCls): & 8.22 (d, 1H, Jyans = 16.0 Hz, CH-vinyl), 7.71-7.68 (m, 1H,
-ArH), 7.47-7.43 (m, 1H, -ArH), 7.35-7.30 (m, 2H, -ArH), 7.09-7.02 (m, 2H,
CH-vinyl + -C(O)NH), 5.88 (br s, 1H, -C(O)NH), 5.70 (s, 2H, -NCH,0-), 4.20 (t, 2H,
J =45 Hz, -CH,CH,0Ac), 3.82 (t, 2H, J = 4.6 Hz, -CH,CH,0ACc), 2.00 (s, 3H,
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-C(O)CHg); *C NMR (62.5 MHz, CDCly): § 170.7, 161.1, 155.5, 154.5, 135.6, 134.6,
133.3, 130.7, 130.3, 127.2, 113.0, 78.1, 67.7, 62.6, 20.7; HRMS: calcd. for

C16H18CIN4O4" 365.1011, found 365.1011.

2a: The desired product was obtained using the general procedure starting from
triazole 2 and styrene with a 70% yield (48.3 mg) as a white solid. *H NMR (250
MHz, CDCls): § 7.96 (d, 1H, Jyans = 16.0 Hz, CH-vinyl), 7.60-7.56 (m, 2H, -ArH),
7.44-7.38 (m, 3H, -ArH), 7.05 (d, 1H, Jyans = 16.0 Hz, CH-vinyl), 5.71 (s, 2H,
-NCH,0-), 4.20 (t, 2H, J = 4.6 Hz, -CH,CH,0AC), 4.04 (s, 3H, -OCHs), 3.80 (t, 2H, J
= 4.5 Hz, -CH,CH,0Ac), 1.98 (s, 3H, -C(O)CH3); *C NMR (62.5 MHz, CDCl): 6
170.7, 160.3, 155.5, 153.5, 140.2, 135.0, 130.0, 129.0, 127.6, 109.9, 78.1, 67.6, 62.6,

53.0, 20.7; HRMS: calcd. for C17H20N305" 346.1397, found 346.1397.

O_\_< j)J\OCHs
Lo

2b: The desired product was obtained using the general procedure starting from
triazole 2 and 4-fluorostyrene with a 61% yield (44.3 mg) as a white solid. *H NMR
(250 MHz, CDCls): ¢ 7.90 (d, 1H, Jians = 16.0 Hz, CH-vinyl), 7.58-7.52 (m, 2H,
-ArH), 7.08 (t, 2H, J = 8.6 Hz, -ArH), 6.96 (d, 1H, Jyrans = 16.0 Hz, CH-vinyl), 5.69 (s,
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2H, -NCH,0-), 4.18 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 4.02 (s, 3H, -OCHj), 3.78 (t,
2H, J = 4.6 Hz, -CH,CH,0Ac), 1.97 (s, 3H, -C(O)CHs); *C NMR (62.5 MHz,
CDCly): 5 170.6, 163.6 (d, Jcr = 249.4 Hz), 160.2, 155.2, 153.4, 138.8, 131.1 (d, Jor
= 3.4 Hz), 129.4 (d, Jor = 8.4 Hz), 116.0 (d, Jor = 21.9 Hz), 109.5 (d, Jor = 2.4 Hz),
78.0, 67.6, 62.5, 52.9, 20.7; HRMS: calcd. for Ci7HiFNsOs™ 364.1303, found

364.1303.

O_\_< j)J\OCHg
\|/o

2c: The desired product was obtained using the general procedure starting from
triazole 2 and 4-chlorostyrene with a 64% yield (48.6 mg) as a white solid. '"H NMR
(250 MHz, CDCls): 6 7.90 (d, 1H, Jirans = 16.0 Hz, CH-vinyl), 7.51 (d, 2H, J = 8.5 Hz,
-ArH), 7.37 (d, 2H, J = 8.5 Hz, -ArH), 7.02 (d, 1H, Jyrans = 16.0 Hz, CH-vinyl), 5.70 (s,
2H, -NCH,0-), 4.19 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 4.03 (s, 3H, -OCHs), 3.79 (t,
2H, J = 4.6 Hz, -CH,CH,0Ac), 1.98 (s, 3H, -C(O)CH3); *C NMR (62.5 MHz,
CDCl3): 6 170.6, 160.2, 155.2, 153.6. 138.7, 135.8, 133.4, 129.2, 128.8, 110.4, 78.1,

67.7, 62.5, 53.0, 20.7; HRMS: calcd. for C;7H19CIN3Os" 380.1008, found 380.1007.

AcO

2d: The desired product was obtained using the general procedure starting from
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triazole 2 and 4-methylstyrene with a 65% vyield (46.7 mg) as a white solid. *H NMR
(250 MHz, CDCls): & 7.93 (d, 1H, Jirans = 16.3 Hz, CH-vinyl), 7.47 (d, 2H, J = 8.0 Hz,
-ArH), 7.21 (d, 2H, J = 7.8 Hz, -ArH), 6.99 (d, 1H, Jirans = 16.0 Hz, CH-vinyl), 5.69 (s,
2H, -NCH,0-), 4.19 (t, 2H, J = 4.5 Hz, -CH,CH,0Ac), 4.03 (s, 3H, -OCHs), 3.79 (t,
2H, J = 4.5 Hz, -CH,CH,0ACc), 2.38 (s, 3H, -CH3), 1.98 (s, 3H, -C(O)CHjz); *C NMR
(62.5 MHz, CDCls): ¢ 170.7, 160.3, 155.7, 153.5, 140.3, 140.2, 132.2, 129.7, 127.6,
108.8, 78.0, 67.6, 62.6, 52.9, 21.4, 20.7; HRMS: calcd. for C1gH,N30s" 360.1554,

found 360.1554.

%}M -

A0 o]

2e: The desired product was obtained starting from triazole 2 and 3-methylstyrene
with a 66% yield (47.4 mg) as a white solid. *H NMR (250 MHz, CDCls): 6 7.93 (d,
1H, Jyans = 16.0 Hz, CH-vinyl), 7.39-7.36 (m, 2H, -ArH), 7.31 (d, 1H, J = 7.5 Hz,
-ArH), 7.19 (d, 1H, J = 7.5 Hz, -ArH), 7.03 (d, 1H, Jirans = 16.0 Hz, CH-vinyl), 5.71 (s,
2H, -NCH,0-), 4.20 (t, 2H, J = 4.6 Hz, -CH,CH,0Ac), 4.03 (s, 3H, -OCHs), 3.80 (t,
2H, J = 4.6 Hz, -CH,CH,0AC), 2.39 (s, 3H, -CH3), 1.99 (s, 3H, -C(O)CHj); *C NMR
(62.5 MHz, CDCls): ¢ 170.7, 160.3, 155.5, 153.5, 140.4, 138.6, 134.9, 130.8, 128.9,
128.1, 124.9, 109.6, 78.1, 67.6, 62.6, 52.9, 21.4, 20.7; HRMS: calcd. for C1gH22N305"

360.1554, found 360.1554.
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2f: The desired product was obtained using the general procedure starting from
triazole 2 and 2-methylstyrene with a 54% vyield (38.8 mg) as a white solid. *H NMR
(250 MHz, CDCly): 6 8.17 (d, 1H, Jyans = 15.8 Hz, CH-vinyl), 7.63-7.59 (m, 1H,
-ArH), 7.29-7.24 (m, 3H, -ArH), 6.97 (d, 1H, Jyans = 15.8 Hz, CH-vinyl), 5.70 (s, 2H,
-NCH,0-), 4.20 (t, 2H, J = 4.5 Hz, -CH,CH,0AC), 4.04 (s, 3H, -OCHy), 3.81 (t, 2H, J
= 4.6 Hz, -CH,CH,0AC), 2.47 (s, 3H, -CHa), 1.99 (s, 3H, -C(O)CHa); *C NMR (62.5
MHz, CDCls): 6 170.5, 160.1, 155.4, 153.3, 137.7, 137.3, 133.9, 130.7, 129.5, 126.2,
125.7, 111.2, 78.0, 67.4, 62.4, 52.8, 20.5, 19.8; HRMS: calcd. for CigH»oN30s"

360.1554, found 360.1554.

0]

Q_\\_(N%NHZ

N’N
AcO
(0]

OAc OAc

4a: The desired product was obtained using the general procedure starting from
triazole 4 and styrene with a 56% yield (52.9 mg) as a white solid. *"H NMR (250
MHz, CDCl3): § 7.92 (d, 1H, Jiyans = 16.0 Hz, CH-vinyl), 7.58-7.54 (m, 2H, -ArH),
7.41-7.36 (m, 3H, -ArH), 7.02 (br s, 1H, -C(O)NH), 6.95 (d, 1H, Jyans = 15.8 Hz,
CH-vinyl), 6.25 (br s, 1H, -C(O)NH), 6.11 (d, 1H, J = 3.3 Hz, H-1"), 6.00-5.96 (m,
1H, H-2°), 5.71 (t, 1H, J = 5.5 Hz , H-3’), 4.49-4.39 (m, 2H, H-4’ + H-5"), 4.21-4.14
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(m, 1H, H-5"), 2.12 (s, 6H, -C(O)CHs), 2.02 (s, 3H, -C(O)CHs); **C NMR (62.5 MHz,
CDCls): 6 170.6, 169.5, 169.3, 160.7, 155.9, 140.7, 135.0, 130.0, 129.0, 127.7, 109.5,
87.9, 81.0, 74.2, 71.0, 62.8, 20.6, 20.5; HRMS: calcd. for CyHpsNOg* 473.1667,

found 473.1669.

O

FO_\\_(N%NHZ

N’N
AcO
(0]

OAc OAc

4b: The desired product was obtained using the general procedure starting from
triazole 4 and 4-fluorostyrene with a 57% yield (55.9 mg) as a white solid. *H NMR
(250 MHz, CDCly): 6 7.88 (d, 1H, Jyans = 15.8 Hz, CH-vinyl), 7.57-7.52 (m, 2H,
-ArH), 7.11-7.02 (m, 3H, -ArH + -C(O)NH), 6.87 (d, 1H, Jirans = 15.8 Hz, CH-vinyl),
6.21 (br s, 1H, -C(O)NH), 6.10 (s, 1H, H-1°), 5.98-5.97 (m, 1H, H-2°), 5.71 (t, 1H, J =
5.1 Hz , H-3"), 4.40-4.39 (m, 2H, H-4’ + H-5"), 4.20-4.14 (m, 1H, H-5%), 2.12 (s, 6H,
-C(O)CHs3), 2,01 (s, 3H, -C(O)CHs); *C NMR (62.5 MHz, CDCls): 6 170.5, 169.5,
169.4, 163.7 (d, Jcr = 249.4 Hz), 160.7, 155.9, 155.5, 139.4, 131.3 (d, Jcr = 3.3 Hz),
129.5 (d, Jer = 8.3 Hz), 116.1 (d, Jcr = 21.8 Hz), 109.3 (d, Jor = 2.2 Hz), 87.9, 80.9,
74.2, 70.9, 62.8, 20.6, 20.5; HRMS: calcd. for CjH24FN4Og" 491.1573, found

491.1570.

S21



O

C"Q_\\_«N%Nm

N-N
AcO
O

OAc OAc

4c: The desired product was obtained using the general procedure starting from
triazole 4 and 4-chlorostyrene with a 56% yield (56.8 mg) as a white solid. *H NMR
(250 MHz, CDCl5): 6 7.89 (d, 1H, Jirans = 15.8 Hz, CH-vinyl), 7.51 (d, 2H, J = 8.5 Hz,
-ArH), 7.38 (d, 2H, J = 8.5 Hz, -ArH), 6.96-6.90 (m, 2H, CH-vinyl + -C(O)NH), 6.10
(d, 1H, J = 3.0 Hz, H-1"), 6.00-5.97 (m, 1H, H-2"), 5.72 (t, 2H, J = 5.5 Hz, H-3’ +
-C(O)NH), 4.50-4.40 (m, 2H, H-4’ + H-5"), 4.23-4.16 (m, 1H, H-5"), 2.14 (m, 6H,
-C(O)CHs3), 2.03 (s, 3H, -C(O)CHs); *C NMR (62.5 MHz, CDCls): 6 170.5, 169.5,
169.4, 160.6, 155.9, 155.4, 139.2, 135.8, 133.5, 129.2, 128.8, 110.1, 87.9, 81.0, 74.2,

70.9, 62.8, 20.6, 20.5; HRMS: calcd. for C,H,4CIN,Og" 507.1277, found 507.1273.

O

AQ_\\_(N\'HJ\NHZ

N’N
AcO
(0]

OAc OAc

4d: The desired product was obtained using the general procedure starting from
triazole 4 and 4-methylstyrene with a 55% yield (53.5 mg) as a white solid. *"H NMR
(250 MHz, CDCls): 6 7.90 (d, 1H, Jiyans = 15.8 Hz, CH-vinyl), 7.47 (d, 2H, J = 8.0 Hz,
-ArH), 7.21 (d, 2H, J = 8.0 Hz, -ArH), 6.99 (br s, 1H, -C(O)NH), 6.90 (d, 1H, Jirans =
16.0 Hz, CH-vinyl), 6.11 (d, 1H, J = 3.0 Hz, H-1°), 6.01-5.97 (m, 1H, H-2"), 5.87 (br

s, 1H, -C(O)NH), 5.73 (t, 1H, J = 5.5 Hz , H-3"), 4.49-4.40 (m, 2H, H-4’ + H-5"),
S22



4.22-4.15 (m, 1H, H-5%), 2.38 (s, 3H, -CH3), 2.13 (s, 6H, -C(O)CHs), 2.04 (s, 3H,
-C(O)CHs); *C NMR (62.5 MHz, CDCls): 5 170.6, 169.5, 169.3, 160.9, 155.9, 140.7,
140.3, 132.2, 129.7, 127.6, 108.4, 87.8, 80.9, 74.2, 71.0, 62.8, 21.4, 20.6, 20.5;

HRMS: calcd. for Cx3H,7N4Os" 487.1823, found 487.1824.

0]

\ /N\IHLNHZ

N-N
AcO
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OAc OAc

4e: The desired product was obtained using the general procedure starting from
triazole 4 and 3-methylstyrene with a 60% yield (58.4 mg) as a white solid. 'H NMR
(250 MHz, CDCly): 6 7.90 (d, 1H, Jyans = 15.8 Hz, CH-vinyl), 7.38-7.27 (m, 3H,
-ArH), 7.19 (d, 1H, J = 7.3 Hz, -ArH), 7.04 (br s, 1H, -C(O)NH), 6.95 (d, 1H, Jirans =
15.8 Hz, CH-vinyl), 6.23 (br s, 1H, -C(O)NH), 6.13 (d, 1H, J = 3.0 Hz, H-1"),
6.02-5.99 (m, 1H, H-2’), 5.73 (t, 1H, J = 5.4 Hz , H-3’), 4.50-4.40 (m, 2H, H-4" +
H-5), 4.22-4.15 (m, 1H, H-5), 2.39 (s, 3H, -CHs), 2.14 (s, 6H, -C(O)CHs), 2.03 (s,
3H, -C(O)CHs); °C NMR (62.5 MHz, CDCl5): § 170.6, 169.5, 169.3, 160.8, 155.9,
155.7, 140.9, 138.6, 134.9, 130.8, 128.8, 128.3, 124.9, 109.3, 87.9, 81.0, 74.2, 71.0,

62.8, 21.4, 20.6, 20.5; HRMS: calcd. for CsH,7N4Og" 487.1823, found 487.1825.

0]
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4f. The desired product was obtained using the general procedure starting from
triazole 4 and 2-methylstyrene with a 53% vyield (51.6 mg) as a white solid. *H NMR
(250 MHz, CDCls): 6 8.14 (d, 1H, Jyans = 15.8 Hz, CH-vinyl), 7.62-7.59 (m, 1H,
-ArH), 7.28-7.19 (m, 3H, -ArH), 7.04 (br s, 1H, -C(O)NH), 6.87 (d, 1H, Jyrans = 15.8
Hz, CH-vinyl), 6.11 (d, 2H, J = 3.3 Hz, -C(O)NH + H-1°), 6.00-5.97 (m, 1H, H-2°),
5.72 (t, 1H, J = 5.4 Hz , H-3), 4.48-4.40 (m, 2H, H-4* + H-5"), 4.22-4.15 (m, 1H,
H-5), 2.46 (s, 3H, -CH3), 2.13 (s, 6H, -C(O)CHs), 2,03 (s, 3H, -C(O)CH3); °C NMR
(62.5 MHz, CDCls): ¢ 170.6, 169.5, 169.3, 160.7, 155.9, 155.7, 138.5, 137.6, 134.2,
130.9, 129.8, 126.3, 125.9, 110.9, 87.9, 81.0, 74.2, 71.0, 62.8, 20.6, 20.5, 19.9; HRMS:

calcd. for Co3H,7N4Og* 487.1823, found 487.1825.

S24



162
16671

1896 ——
880'9 W\
2002 ——
. \ o\
9902 —\ \
092 —\\ \

\

.

- 3.04

1208

gl

T 2.04

1+ 207

L

/

J

102

202

I

WJ

= 1307
J- 208

7+ 1.00

|
|1 \.

U

5.0

ppm (1)

orL'0c

28979 ——_
01929 ——
pes 9L ——
£10'22 NN

50

1862, —— =
§66°LL ——

a8l oLl

v09'.Lcl .
086'8Cl

M,

Vs

868'67) ——
£10'sel
0086k ——

\

G86'vSL ——
€ly'sst

65219) ———— @)

NH,

™

N-N

A
ACO\I/OJ

8€2°0L1

7

\
150

ppm (1)

S25



066'L
10g'E ——
218 ——\
vegs /
ze6e —— 2\
agLy
6L =

80Ty ——

A

\ /N%NHZ

N-N

ACOLOJ

= 3.08

Y
nNowN
=&

R

- 2.00

J- 092

3988

205

103
I 206

0.0

5.0

10.0

ppm (1)

892°02

L1€°2S

Y8579 ——_
8EL 9 —
~~

zeLoL
WOo'LL ——

8GE L)L — =
6908, —

80v'Zhl

L7°22) .

Oel
zeToel -
8v0'lEL
IWh'8el ——
a8L6EL =

661 5L ——_
vy Ssl =
126'09)

gS'a9l
evL'0LL

N
T
Z
oﬂf
N/
=

50

\
100
S26

\
150

\
200

ppm (t1)



866°L

Zlee

8¢
so8'e [/

veg'e
9Ly ——

96LY =
egy ——

3205

1203

1 2.00
J 086

10.0
ppm (t1)

0.0

Y6202 ——_
[>rAN¥4 =

5.0

Seeoll

e€eeeel

969'8C1
ogLzel

869'8€1

08181 ——

°L8YSL —
wees ——
6.2 191
091691 ——

™~
wlolL

S27

150

200

ppm (t1)




2160
0660 ——.
600'L ——\
909'L
P2l ——\
Zv9'L [//
199°L ]
6L9L —— )
169t —/ s
oorL —'/
686'L —
907°E ——
e

\
opy's —— N
95t'E J//
S6L°E —— Y
908'¢ ——
818'¢ N

/

Y,
14 g

e

LBLY ——
6Ly =
[orad 7

(e}
N\ N
N’N

ACO\I/O\l

u

NH
(0]

)

\“

|

N

Wl
A

=+ 3.02

I 2.00

=-2.89

3 2.06
== 2.00

- 2.03

- 1.90

=+ 0.90
- 0.93

> 988

=-2.08

188

0.0

5.0

10.0

ppm (t1)

Ll

P07 ———
19822

618’y

PPST9 —
2929 —
£89'9L ——

000°22 N

81E° 2L ——
2008, ——

0L9°LLL

ves Lol ——
8v9'lcl ——

N
I
z
22LGEL ——
eroseL —— o
L1588 —— —Z

9RE PG ——_
887651 =

]
G98'091 =
999'99| L
Q
Q
<

GeL'0LL

\
100

ppm (1)

S28



¥66'L

VeLE ——
S6LE ——\
908 N\
SLVY —— N\
%Ly \

. \
2617
101 ——
885 —\
9596 ——\\
6229 J///
ZIE9 —— //
299'9 J// \)
206'9 //

\\

o
<
® O
[
-

o —
N~ W
0o
N~ o~

60¥'L -

BN
SN

esy L —
olgs —/,
1€5'2 {“
ver s —/
veg s —

/
/

- 2.99 r

ot

\\\*L 1 2.01

\\L F2.00
Lo
u N 5
- I 1.93

ppm (t1)

96.°02

£99°C9
OPG'29 —— "\

[FAN))
O\

6v.9L N
990°LL ——\

¥8€°LL /\
6582 —
6£8°201
TEEGIL ———
£8y'LTh ——
€262k ——\

[4:]R 4 A——
B =

589'821 —

vz 6Tl

85r 9L -

o ——

89C'sS|

—nm.mm_\ T\
0SZ'09L e
8yT L9l

L18'0L1

z
\
P4

\ /NTHLNHZ

d
e

\
150

ppm (t1)

S29



cLoe

et N

> 3.03

F2.05

F2.06

Loy
onN

T1.81

T 3.07
T 6.17

1.6

0.0

5.0

10.0

ppm (f1)

8/L02

€979 ——_
£99'29 ——
9659l ——
PPOLL ——
eI ———
c66'2L —
§96'60L ——_
9022k ——
€294 ——\

8822k ——\

£z1'8zl J//W
9z6'8zL —— 2\
956'€6L ———
60F'6€ ) —

ZLovl L\\u
oLl —

€209 ——_

€2€'66L ———
L0€'191

S992°0L1

I

NH,

I
100

I
150

I
200

ppm (1)

S30



9oL

¥00¢ —— -

0.0

NH,

4

118°0C

12979 ———__

199°20 —— _
£€92°92

08022 ——

s6e- = =

5.0

on
=3

vy

10.0
ppm (t1)

9108, —

SPTOLL ——
S0TETL ——\ \
128'9Zh ——\ \
291221 ——\\
11822k ——
661'8Z1 ——.
96282 ——-.
987'6Z} N
Tyzel
/8€°€€) -
Lovel —
658°6E 1

680°'S5L ——_
ley'ssh ———

€82°191

Sl8'0LL

o
I
P4 ]
o
—=Z
\ -
P4 b4

T ]

o
7
¢
Q
<

50

S31

150

200

ppm (t1)




0000

6l

olge

oreE ——
6656 ——
69, —— 0\
08L¢ AN
160 ——_
201 >
Ly ——

S8's

0.0

5.0

O,N

10.0

ppm (t1)

G88'SLL

9e0'vel
869'8Cl

LL0'GEL

0L L
cev'ivl
21S€SL ——
16€'951

0le091

z
\
P4

d
r

0
\ /NW)LNHZ

L1011

O,N

50

100
S32

200

ppm (t1)




€.5°1

L

666}

J

€08 ——.

778 ——\

1rg'e = .
6817 —
80T

9Ty ——

N/
1)

©
o
~
[

|
A

1 3.04

3203

3204

198

I 4.01
T+ o097

0.0

5.0

10.0

ppm (t1)

62.°0C

609°0€} W\
ogbbel —— O\

. S
69 LEl N
L2LTEL -
mwm.nm_

689021

—o
8
— _#
8
N — =
z - L
o —2
=z S
Z NJ - I
3 o L
= L
(]
g L
—8
¢}
™
[T

ppm (t1)

S33



66’ L ——— -

€887 —— R S ——

180°¢
P08'E ——\
zzee -
VIV ——
6Ly ———
oley —

F 3.08

1 3.09

205

F202

200

o090

5202
1.93

1095

0.0

5.0

ppm (t1)

LT
82r'1e =
929 ——
19520 ——
™~
165°9L ——._
%0122 AN
SloLL /v

0682 —

ccl'e0l

N

L.6/¢l -
S89'6¢Cl ~ N
slTeel ——
9GLBEL —
ovToyrlL —

02T'8s) ——
Nmm.mmp\

66¢°19l

601

100

ppm (1)

S34



50

o
o
= ¥S8°0Z ~
srb LT -
|
. S
685'L J
£00'2 —_——— 3304 |-
1or'e - < +3.00
92229 —
08929 ——__
160°€ —— v189L
Slge —— TV LL ——N
veg'e —— 204 0S¥ 2L — —
PeLY | 100'82 -
€0TY — —=— 207
1Ty ——
L o
wn
68601
689G —— ) 2200 200°s52) —\
24:2 —-< Fo92 s€T°82) .
r 656821 ——
£89°0€) )
S86PEL ——
162881 ——— N
N LsLopL —— W
Z —— t1e: |f o
——= M m”mm celssl g
@) — : 08€'SS) —Z
| \
£2Z° 191
|N/ \Hﬂm 7-1.03 z N z
2% / ¥98°021 o)
o =
\
I 3
Q <
5}
<
oE
Q¢
[=3
o

100

S35

150

200

ppm (t1)




666'L

6.¥'C

108'€
618'€ ——\
8€8'E -
L1y ——
%Y —
slzy ——

2092 —)
oer—/
oL — /)

908 —/

6€1L'8 /

NH,

7|
N/N

\

ACO\I/OJ

. 304

_

1296

F2.02

\L 198

== 2.00

NS

081

i

0.0

5.0

10.0
ppm (1)

188'6L ——
s22°02

€OV LLL ——
918'Sel ——

86£92 ——\\

. \
989'6C1
GGR'0EL ——_
2
0L0vEl ———

PoELEL —— =
85 L8l ——

vmo”mm_‘ —
£8e'eGL ———

6Sy'Lol

v2l oLl

NH,

n-N

A
AcO\I/O\l

7

100

ppm (t1)

S36



9661

A

N

T 3.00

PR

F 204
F202

‘H
|

J

T 2.00
F o088

JL

L

|

+08

195
Foes

|

58

Al

\
50

\
10.0

ppm (1)

vLL0T

S09'79 ——_
02929 ——_
9299, ——
SEVLL O\
Y9 Ll
L. ——

£76'601 ~
086'601
£68°GLL ——

[4z4°12" =

~2\

pTlel
L0E'LEL ——

6lygeL ——

9G8PSL ——
[444°12
ol ——
18g°191
696591

81201

.

O\

50

100

200

ppm (t1)

S37



009'L
200'C
pBL'E ——
z8e —— 0\
1€8°€ —— N\
f4:104 ~
10z —
BLTY —
069'S ——
168'S /
5002 \
§20° L ——\ \\
820'L J///
0£0'2 \
. /N /
\

N

Ju

I

A

|
N

A

1 3.08

J 207

J-2.00

+1.93
082

F 208
} 293

1 099

0.0

5.0

10.0

ppm (t1)

€202

10979 ——
06929 — .
1859, ——
080°LL —— .

665°L.
oz0es —

oS L ——
ZZ9ELL
TLEELL ——
GO ——
88°9LL ——
8F9ETl ——
269621 N\
S OEL ——,
2000061
B0Z'2EL —— N
TECLEL —— 1,
0SE'8EL
zee8el ——

1S5 PS1

21¥°551 N
8TLIL ——
29Z°191
150691

LELOLL

\

@)

-

100

ppm (1)

S38



J
——= }291
|

207

|
i

\‘L T 2.00

o6

N

0.0

5.0

82202
189729 ——_
899 —
€66'9L ——
19022 ——
0.5LL =
666'LL ~

0882k ——

800€H ——

620911 ——\|

12r9LL —— /
v16T2L ——
gsi'ezl
oesvel
1952l
z86'8z1
620°621
WLEL ——
6L2°1E1 ﬂ
8L9TEL —
2007281 ——
098'¥51
99r'551 —— 2\
YT —
91191 .
662°€91 -

SeL'0L1

50

100
S39

150

[44°pa \\\\
826, \\\

66, —

200

ppm (t1)

|
10.0
ppm (t1)




v66'L

68L°€
208 ——
ozg's
8LLy
6Ly
Ty ——

X\

0.0

NH,

N\
ACOLO\‘

Cl

-

5.0

. =N
© o

wo

1L

10.0
ppm (t1)

wiloe

£6579 ——_
9929 ——_

¥85°'9L )
£60°2L ——\

N/

50

20922
12620 ——

9lZ'oLl

100
S40

pogeel ——. o
0zLgEL —— W
zeeeel

LeLvsh ~
ahyasl =
soe'lal

N-N

A
ACOLOJ

7

61L°0L1

Cl

150

200

ppm (t1)




6L9°L

200¢

Cl

299

F 1.08
201

}2.00
o099

F2.00
18

1091
o084

0.0

5.0

10.0

ppm (1)

g£2°02 _——
509'29 ~
G69/9 —— -
~ — ¥
885'9/ 3
960°2L ~2\ km
509°2L — = —
G66°LL —
€85 hLL
896°'STh —— T
LSL2TL ——\
£22°62) /ﬂ/
SZT0EL J,//W B
vesveL — = lw
1£8°98) — 2 —
ozigel —— =
2ersl ——. o
£8y°ssl = B
\
88Z° 191 -
z_.Z
62201 -
=

d
OL

Cl

50

\
150

200

ppm (t1)

S41



0.0

_
u §€L0C ———

966 ———— +303 |-

P09’ ——— — ==

209 Y90 LL ——

k r ¢Sl ———
= 1202 c0l'8L

o

w0
269'G
548 J 020°€hL ——_
€20 L — O\ J z9L° 2T ——
280L —— | N D uUT m.mw YT Zh JM

L — N - . \
092'2 F SSZT0EL \
00£L —| £29°08L —— 0\
pLEL —— seeeel =
b £e9EL ——
mmm oro'sel -
J L
= == 209

predys Z - S L T —
Wil Z ——_ 209 ) ~_
0SP'L —— ==, 108 viresE ———
sov'L o == 71098 Syl 19l
9192 _ = Q |
169°L Y, \ SZTL0LL
869°L —/ s z. =2 ———= }095
s —'//

Cl

\
100
ppm (t1)

50

100

S42

150

200

ppm (1)




69G°1L

v86°L

08L'€ ——

96/'¢ N\
918’ —— 0\
680 J/N
18k
00Ty —
glzy —

20L'S
Pmox - N
S80'L \
0972 ——
9.8, [///
1982 J//
N J//
\l

sor'L ——\
9lr L ——\

\
62p'L /%
gL ——0
€95, ———
0452 K\\\
e85 — ]
ses L —/) /
2652 \\\
209, — \\
1€6'L \\\

/

/

S66'L

—=, 3.03

= 305
- 120

H\”{M - 2.06

> 2.00

A

——— 31.03

[—— - 3.06

— J-2.06

\M - 1.04

0.0

5.0

10.0
ppm (1)

92,02

996'2S
18529 —
¥09°L9
1659, —
SO0°LL ——
€512
98l ——

£88'601

€69 LT —
616821 ——
zs6'62L
096'PEL ——

16lopl ———

625°ESL ——

Z9r'SSl
6427091

SZL'0LL

OCH;

ppm (t1)

S43



12671

<, 303

F 201

3296
T 198

i

+ 2.00

b

[ 1.07
p—— 213

\Hu T 2.04

—== 09

0.0

5.0

10.0

ppm (t1)

§G89'0C

0L6'2s

€LP'CO —
~

€65°L9 —

omv.mn ,,
mmm.ﬁJ,/,
20522 =
6208, ——

€1660 ——

166601 ~
SL8GLL ——
veeoll

sleect

6ry'6Cl ——\
880°lEl —
e —

Ga8l'8el

12resh
WTEEL —— N\
€91°09) ——_

S
G8gl9l
9699 ————

1€9°0LL ———

=
S~

A %OCH3

nN-N

\
100
s44

\
150

ppm (t1)



€29l

6.6°1L

IR J/
68.°€

808' —— 2\
620’7
vy ——
6Ly
ey —

!/

£

/
/
N/

\

N

869'G

¥86'9 ——
8v0'L —— \
09Z'L JM/

96e'L //
08€°L —— O\
88y’ L ——
TS L
8982
ze6'L ——

1/
v %OCHS

\

Cl

-

|

N-N

ACO\I/OJ

7 3.03

1+ 214

1} 3.05
F1.91

T 200

0.0

612°0C

896'CS

12529 ——_
Gl9L9 ——_
09592

89022 H/
22510 —
WwieL ——

5.0

oer'oLl

082'82) ——
WT BTl ——
syeel J///
clggel ——
069'8€)

696°€S) ——
9G1ss1
002091

Pro’0LL

10.0
ppm (t1)

Cl

\
100

ppm (t1)

S45



209'L

) N

T 3.01

v86°1L

08€'C

2re —
062°€ ——\
808's 0\
bSOy ——

Y/

/

|

298

{305

SLLY -
veLY
Ly -

A/
N/
N/

J
OCH,

—— ;194

— T} 200

——= }100
=== 1198
\\ML 7 2.00

\L +1.02

00

5.0

10.0

ppm (t1)

ceL0t —
vev'ic

026'¢cS
G169 —

~

18529 ——_
vIG9L ——.

20°LL ——

.

16S°LL
SP0'8L ——

-

olg'sol

909 L8 ——_

889'67) ———

—

Leeeel
aGlovl ——

£TE 0P L =

L8V €S ———
999°GS1
L1€°09)L

969'0L1

OCH,

7

\

ACOLOJ

N~

\
100

\
150

ppm (t1)

S46



¥6G°1L

686°L

°w6eT

08¢ —\

96.'€ \

L18E —— 0\
pEOy ——
8Ly ——
00z'y —
21Ty

/

\
N

> 295

oA

298

- 200

00

5.0

10.0
ppm (t1)

L1VL0T
el

e6'Cs
6529 —

-

06629 ——_

~

6852 -
1908 ——

129'60)

ve'vel —

12592
080°22 ——\
N

611'82) AN
§69'8ZL —— 00

oosogl

206PEL ———

6£9'8¢)

-

sseopl ——

2CGESE ———
C¢ES'SS)
£€62°09)

069°0L1

OCH,

\
100
S47

\
150

\
200

ppm (t1)



0z9'L
886°L

e

180°¢

c08'e /,,
vee'e ~\
280y ——
8Ly ——
8Ly ——
vizy —
20L°S

£76'9 ——
9002 X
SeTL [///
0922 ——\\\
1822 JV//
P
€66, ——
2092 =~
G29L ——
] —
66l —

O

\
AN

N

OCH;

|

ML

I

3 3.09

J 305

3210

3 3.04
F2.02

- 2.00

F1.13
Fas3e

F+1.02

Foo7

0.0

€916l —_
1€5°0C

o
n
€OLLLL ——
~
204621 ——
1BL9zh ——\
aveel —— N\
189081 —— O\
L06°€EL —
108281 —
TvrgL ——
T6T€Sh
1SE°SSL
61091
96101

10.0
ppm (t1)

O

\
150

200

ppm (1)

S48



7

= TR

NH,

4

N-N

AcO

OAc OAc

~

== 1 1.06
—== |} 214

0.0

5.0

10.0
ppm (t1)

S9r0Z ——_
SIS0 —
21907 ——
G1879 ——

™~
£260L —— -
6LLYL —— N\
£95°9/ [//
LL0LL ~2
095°2L ——

£9608 ——
908/8 —

2€9'601L

699221 ——._
556871 BN

8g6'6CL ——

186 reL ——
£69°071

888'GGL ———
LEL09) ———

8re69L —
2Ly69L >
LLG0LL ——

NH,

4

N-N

OAc OAc

AcO

M,

\
100

\
150

200

ppm (t1)

S49



Ul e |

—0
O [
Q_\\_(N%NHZ —H— I
N-N |
AcO
o) i |50
OAc OAc - T i
— 100
g [
— 150
ppm (t1
i i
5.0 0.0

ppm (t2)

S50



€10C
[44%4

NH,

N
7|
N-N

A

AcO

OAc OAc

0.0

5.0

10.0
ppm (t1)

81900 ——
809'0C

06229 ——.
Wwe0L —— N
S0ZvL
966'9L —— N\
S90°2L ~
€152 -
86608 ——
11628 -

//
/
VL

\
\

VoA

182601 ——_
TTEB0L ——
026'5hL ——_
692911 =
8P 6ZL ——
28662 ——\
08z €L —
€8T I1EL —
0I£6EL ——
1E5'SSE ——
§88'65L ——\
12909 —— "\
. AN
699'191 N
659'69) —— "\

18£°691 O
0Lp'69) ——2
pS0LL ——

NH,

N
7 |
N-N

A

AcO

OAc OAc

|
|

I
l

|

\
150

ppm (t1)

S51



@)

AcO

|
|
== 1

= J212

OAc OAc

00

5.0

10.0
ppm (t1)

2050 —

T
509°0Z =
12229 .
826'0L —— "\
POTHL —— N\
16692 ——

S
650°2L ///
89G'/L —

. 7
£56°08 ——
606'28 —

¥S0°0LL

1re'ezl

£1T6Zh ——\
gereel ——
16L°SEL Sy
ZIZ6EL

y2€551 ——.

AT r ] p——
865091 —
gee69l N

69Y'69) ———
6€50LL ——

A /Nm)LNHZ

Cl

N-N

AcO

OAc OAc

\
100

ppm (1)

S52



AcO

OAc OAc

=~ 1&%

- |tf/ 1 3.04

h‘
e

- 1.05
-1.97

UU

|
i

VL‘ h J

I

LI L
[ e
oo
W22

i
A
l\‘\
- o=
© 0=
N oW

j

\U 174
—-—= 1075

0.0

50

10.0
ppm (t1)

11702
01§02 ——\
£19°02

ey ——

8EV'801

6v9'/2) .

199'62) ———_
evzzel

SECOPL ——
299°0%)

198°6SL ————

N
I
z
806°09) —— (@]
1v€'691 L —Z
681'691 v
-2\ L

06502 ——

AcO

(0]
OAc OAc

\
100
S53

\
150

ppm (t1)



AcO

[
— 13§

\J F+ 282

F oo
F 189

I
I

f
i L

X

[
Oo—~0 =
0o O
Roo

i

I |
il
L

w =00
o owo
U1 = WO

|
)
L L

o

OAc OAc

0.0

5.0

10.0

ppm (t1)

£65°02 .
£2502 ——
1902 =
zg e ——

992'601
e
2Tl ——\
W88zl —— 0
21808L —— %
WEYEL
reo'sel
£68°0vL ——

-

WSS ——
198°SS1 ~
09209L ———__
£2€69L ——

15769 ——
295021 -

(@]
OAc OAc

AcO

\
100

\
150

ppm (1)

S54



J

- @ -

NH,

4

\

N-N

AcO

i

SE

OAc OAc
I

T8

1278

|- 0.99

T 195

]

0o o
2O

1101
- 092

F332

1093

T 093

0.0

5.0

10.0

ppm (t1)

92661 ——.
6'0T ——_

€290 ——

91879 ——._

186'0L —— _

1oL \

We9L —— O\ -

¥S0'2L SR\ — __

9L —— —

0608 —

9.8'/8 — - ]
998°0L) ——— [
198521 ——
£Z89TL ——\
£52°621 N\
p8°08L J,/// DI
€OLPEL — -
05G2€1 — = g

. \\
98p'gsl —— >
pLLes) N (e}
658'SS1 N = _
££2°09) —— 2 ,N o _
£2E°69L ——. N %
19b'69L ——— o L
bsosL ——— o1& -
= o

AcO

\
100

150

ppm (1)

S55



