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S-1. General information

All reactions were performed in flame-dried glassware under an atmosphere of dry
nitrogen, and the subsequent workup was carried out in air, unless otherwise noted.
Toluene, Acetonitrile, dichloromethane (DCM), triethylamine (EtsN) and
N,N-dimethylformamide (DMF) were dried and distilled from calcium hydride. Ether
(Et,0) and tetrahydrofuran (THF) were dried and distilled from metal sodium and
benzophenone. Alcohol solvents were dried and distilled from metal magnesium.
CuF, was purchased from Aldrich and used directly without further purification. All
reactions were monitored by thin layer chromatography (TLC). The NMR of *H and
13C spectra were recorded in CDCls using Bruker 500 MHz or 400 MHz spectrometer,
and referenced with respect to internal TMS standard. The following abbreviations
were used to designate chemical shift multiplicities: s = singlet, d = doublet, t = triplet,
g = quartet, dd = double doublet, m = multiplet. The HPLC analyses of products were
performed on the Angilent series with Chiralcel AD-H columns, AS-H columns,
OD-H columns, IA-H columns, and I1B-H columns. The Mass spectra were recorded

on an Angilent instrument using the TOF MS technique.

S-2. General procedure for the catalytic asymmetric CUAAC reaction

CuF5 (20 mol%)
Tao-Phos (20 mol%)
+ /N, Et3N (25 mol%)

R2C—/ CH4CN, 0°C, 24-72 h

3a: R! = p-Cl, R? = m-Me, R® = p-OFEt; 3i: R = p-Cl, R? = p-Me, R® = p-OFEt;

3b: R! = 0-F, R? = p-Me, R® = p-OEt; 3j: R = 0-Br R? = m-Me, R® = p-OFEt;

3c: R! = 0-F, R? = m-Me, R® = p-OEt; 3k: R! = 0-F, R? = 0-OMe, R® = p-OEt;
3d: R! = 0-Br, R? = p-Me, R® = p-OEt; 3l: R! = 0-Me, R? = m-Me, R3 = p-OEt;
3e: Rl = p-Cl, R? = 0-OMe, R3 = p-OEt;  3m: R! = 0,p-2Cl, R? = m-Me, R® = p-OFE;
3f: Rl = 0-Br, R2 = 0-OMe, R3 = p-OEt;  3n: R! = 0-Br, R? = m-Me, R® = p-t-Bu;
3g: Rl = p-Br, R2 = p-Me, R3 = H; 30: Rl = 0-OMe, R2 = m-Me, R® = H;

3h: R = 0-Br, R? = p-Me, R3 = m-Br; 3p: R! = 0-Br, R? = p-Me, R® = p-t-Bu
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Method A: Under an atmosphere of Ny, to an oven-dried Schlenk tube were added
Tao-Phos (25 mg, 0.04 mmol) and CuF; (4 mg, 0.04 mmol), followed by the addition
of CH3CN (1.0 mL). After the solution was stirred at 25 °C for 1 hour, NEt; (7 pL,
0.05 mmol, 0.25 eq.) and benzyl azidoacetate (27.5 pL, 0.22 mmol) were added, and
keep stirring for 0.5 hour. The reaction was cooled to 0 °C and the substrate (0.2
mmol) was added in additional CH3CN (1 mL). The resulting mixture was stirred for
72 hours till almost full conversation to product 3 (TLC analysis). When the reaction
was complete, it was quenched with saturated aqueous NH4CI (1 mL) and stirred
vigorously for 5 minutes. The aqueous phase was extracted with ethyl acetate (3x5
mL). The combined organic layers were dried over Na,SO4 and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
(PE/EA, 5/1-3/1) to get the products 3.

Method B: Under an atmosphere of N, to an oven-dried Schlenk tube were added
Tao-Phos (25 mg, 0.04 mmol) and CuF;, (4 mg, 0.04 mmol), followed by the addition
of 1.0 mL CHsCN. After the solution was stirred at 25°C for 1 hour, the substrate (0.2
mmol) was added in another CH3CN (1 mL), and keep stirring for 0.5 hour. NEt;3 (7
uL, 0.05 mmol, 0.25 eq.) and Benzyl azidoacetate (27.5 pL, 0.22 mmol) were added.
The reaction was cooled to 0°C.The resulting mixture was stirred for 72 hours till
almost full conversation to product 3 (TLC analysis). When the reaction was complete,
it was quenched with saturated aqueous NH,CI (1 mL) and stirred vigorously for 5
minutes. The aqueous phase was extracted with ethyl acetate (3x5 mL). The combined

organic layers were dried over Na,SO,4 and concentrated under reduced pressure. The



residue was purified by silica gel column chromatography (PE/EA, 5/1-3/1) to get the

products 3.

S-3. characterization data of the substrates 1
The synthesis of compound L1-L6 and substrates 1 have already reported in the
previous work.*?

Cl

Cl
O/

SO,
N

'H NMR (400 MHz, CDCl3) § 7.99 (s, 1 H), 7.51 (d, J=2.0Hz, 1 H), 7.40-7.38 (m, 1
H), 7.33 (dd, J=2.0, 8.4Hz, 1 H), 7.29-7.26 (m, 3 H), 6.98 (d, J=8.8Hz, 2 H), 4.06 (q,
J=6.8Hz, 2 H), 2.74 (dd, J=2.8, 16.8Hz, 2 H), 2.31 (dd, J=2.4, 16.4Hz, 2 H), 2.08 (t,

~
==

J=2.4Hz, 2 H), 1.43 (t, J=6.4Hz, 3 H), ; *C NMR (100 MHz, CDCl3) & 176.4, 168.5,
159.2, 135.8, 135.1, 134.8, 132.0, 131.5, 134.8, 132.0, 131.5, 129.9, 129.8, 127.7,
127.1, 124.3, 115.0, 77.7, 72.3, 63.8, 50.4, 26.6, 14.8; HRMS (ESI-TOF): Exact
mass calcd for CosH19ClI,NNaOs [M + Na]*: 474.0637, Found: 474.0634.

Br

o )

'H NMR (400 MHz, CDCls) & 8.04 (s, 1 H), 7.67 (d, J=6.4Hz, 1 H), 7.53 (s, 1 H),
7.50 (s, 1 H), 7.46-7.44 (m, 1 H), 7.39 (t, J=6.8Hz, 1 H), 7.35 (s, 1 H), 7.32 (s, 1 H),
7.32-7.29 (m, 1 H), 2.73 (dd, J=2.4, 16.4Hz, 2 H), 2.35 (dd, J=2.4, 16.4Hz, 2 H), 2.07
(t, J=2.4Hz, 2 H), 1.35 (s, 9 H), ; **C NMR (100 MHz, CDCl5) § 176.4, 168.6, 151.8,



138.1, 134.9, 133.0, 131.8, 130.5, 129.3, 129.0, 127.2, 126.2, 126.0, 123.4, 78.0, 72.2,
50.4, 34.8, 31.3, 26.6; HRMS (ESI-TOF): Exact mass calcd for C,7H24BrNNaO; [M
+ Na]™: 496.0890, Found: 496.0883.

S-3. Characterization data of the products in the click cycloaddition reaction

Z 3a
4-(4-Chloro-benzylidene)-1-(4-ethoxy-phenyl)-3-[1-(3-methyl-benzyl)-1H-[1,2,3]t
riazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione
Compound 3a was obtained in 61% yield as white solid, 90% ee determined by HPLC
analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 25.92, tmajor= 18.69. 'H NMR (400 MHz, CDCls) § 7.94 (s, 1
H), 7.74 (dd, J=4.0, 6.4Hz, 1 H), 7.43 (dd, J=3.6, 6.4Hz, 1 H), 7.36-7.34 (m, 2 H),
7.26-7.21 (m, 1 H), 7.14 (d, J=8.4Hz, 2 H), 7.05 (d, J=8.8Hz, 2 H), 6.98 (s, 2 H), 6.89
(d, 8.8Hz, 2 H), 5.39 (dd, J=14.8, 32.4Hz, 2 H), 4.04 (g, J=6.8Hz, 2 H), 3.23 (d,
J=14.8Hz, 1 H), 2.93-2.87 (m, 2 H), 2.55 (dd, J=2.4, 16.4Hz, 1 H), 2.30 (s, 3 H), 2.08
(q, J=3.6Hz, 1 H), 1.42 (q, J=7.2Hz, 3 H), ; **C NMR (100 MHz, CDCls) § 177.3,
168.6, 159.0, 139.1, 136.0, 134.5, 133.9, 133.0, 132.2, 130.4, 129.7, 129.5, 129.0,
128.6, 127.7, 126.7, 125.0, 124.6, 122.0, 115.0, 78.2, 72.1, 63.7, 54.1, 51.1, 32.4, 27.9,
21.3, 14.8; IR (KBr, cm'l) v max 3305, 2977, 1709, 1651, 1513, 1396, 1248, 1168,
1050, 745. [0]p°= +20.98 (c=3.71 CHCIl3). HRMS (ESI-TOF): Exact mass calcd for
C33H29CIN,O3H [M + H]™: 565.2001, Found: 565.2001.



. 3b
1-(4-Ethoxy-phenyl)-4-(2-fluoro-benzylidene)-3-[1-(4-methyl-benzyl)-1H-[1,2,3]tr
iazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione
Compound 3b was obtained in 75% vyield as white solid, 83% ee determined by
HPLC analysis (Chiralcel IA-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 30.12, tmajor= 41.13. 'H NMR (400 MHz, CDCl3) & 7.91 (s, 1
H), 7.61 (t, J=7.2Hz, 1 H), 7.41 (dd, J=6.4, 13.2Hz, 1 H), 7.23 (t, J=7.6Hz, 1 H),
7.51-7.11 (m, 4 H), 7.07-7.03 (m, 4 H), 6.90 (d, J=8.8Hz, 2 H), 5.33 (dd, J=14.8,
34.0Hz, 2 H), 4.04 (q, J=7.2Hz, 2 H), 3.26 (d, J=14.4Hz, 1 H), 2.94-2.89 (m, 2 H),
2.56 (dd, J=3.2, 16.8Hz, 1 H), 2.34 (s, 3 H), 2.06 (s, 1 H), 1.42 (t, J=7.2Hz, 3 H), ;
3C NMR (100 MHz, CDCls) & 177.2, 168.6, 159.9 (d, J = 247.4 Hz), 159.0, 138.6,
133.1, 132.1, 131.6, 131.1 (d, J = 7.9 Hz), 129.9 (d, J = 2.2 Hz), 127.9, 127.7, 1245,
124.2 (d, J = 3.6 Hz), 122.2 (d, J = 15.3 Hz), 121.9, 115.9 (d, J = 21.1 Hz), 114.9,
78.1, 77.3, 77.0, 76.7, 71.9, 63.7, 53.8, 51.4, 32.2, 27.2, 21.1, 14.8; F NMR (471
MHz,) § -110.89 ppm. IR (KBr, cm™) v max 3304, 2977, 1710, 1652, 1513, 1396, 1248,
1119, 824, 756. [a]p*’= +5.32 (c=3.00 CHCl3). HRMS (ESI-TOF): Exact mass calcd
for CasHoFN4OsH [M + H]™: 549.2296, Found: 549.2296.

Oy

N

= 3C
1-(4-Ethoxy-phenyl)-4-(2-fluoro-benzylidene)-3-[1-(3-methyl-benzyl)-1H-[1,2,3]tr
iazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione
Compound 3c was obtained in 61% yield as white solid, 81% ee determined by HPLC



analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 27.61, tmajor= 20.19. 'H NMR (400 MHz, CDCl5) § 7.90 (s, 1
H), 7.60 (t, J=7.2Hz, 1 H), 7.43-7.37 (m, 1H), 7.22 (t, J=8.0Hz, 2 H), 7.15-7.09 (m, 3
H), 7.06-7.04 (m, 2 H), 6.96 (d, J=6.0Hz, 2 H), 6.89 (d, J=13.6Hz, 2 H), 5.39 (dd,
J=14.8, 28.0Hz, 2 H), 4.04 (g, J=7.2Hz, 2 H), 3.26 (d, J=14.4Hz, 1 H), 2.94-2.89 (m,
2 H), 2.56 (dd, J=2.8, 16.4Hz, 1 H), 2.29 (s, 3 H), 2.06 (t, J=2.4Hz, 1 H), 1.42 (t,
J=6.8Hz, 3 H), ; ®°C NMR (100 MHz, CDCls) § 177.2, 168.6, 159.9 (d, J = 247.4 Hz),
159.0, 142.1, 139.0, 134.6, 133.1, 132.0, 131.1 (d, J = 8.0 Hz), 129.9 (d, J = 2.4 Hz),
129.4,129.0, 128.5, 127.7, 124.9, 124.5, 124.2 (d, J = 3.4 Hz), 122.2 (d, J = 15.2 Hz),
122.0,115.9 (d, J = 21.1 Hz), 115.0, 78.1, 71.9, 63.7, 54.0, 51.4, 32.2, 27.2, 21.2, 14.8;
S NMR (471 MHz,) & -110.86 ppm. IR (KBr, cm™) v max 3306, 2977, 1710, 1652,
1513, 1396, 1248, 1168, 1050, 745. [a]p®= +21.09 (c=2.71 CHCl;). HRMS
(ESI-TOF): Exact mass calcd for CasHooFN,O3H [M + H]™: 549.2296, Found:
549.2296.

. 3d
4-(2-Bromo-benzylidene)-1-(4-ethoxy-phenyl)-3-[1-(4-methyl-benzyl)-1H-[1,2,3]t
riazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione
Compound 3d was obtained in 67% yield as white solid, 97% ee determined by
HPLC analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 24.76, tmajor= 19.68. 'H NMR (400 MHz, CDCls) § 7.88 (s, 1
H), 7.76 (d, J=7.6Hz, 1 H), 7.62 (d, J=8.0Hz, 1 H), 7.41 (t, J=7.6Hz, 1 H), 7.29-7.26
(m, 1 H), 7.14 (d, J=3.6Hz, 3 H), 7.07 (t, J=7.6Hz, 4 H), 6.90 (d, J=9.2Hz, 4 H), 5.45
(dd, J=14.8, 35.2Hz, 2 H), 4.05 (q, J=7.2Hz, 2 H), 3.23 (d, J=14.8Hz, 1 H), 2.90 (d,
J=15.6Hz, 2 H), 2.56 (dd, J=2.8,14Hz, 1 H), 2.34 (s, 3 H), 2.08 (s, 1 H), 1.43 (t,
J=6.8Hz, 3 H), ; BC NMR (100 MHz, CDCls) 6 177.3, 168.9, 158.9, 138.6, 137.8,



134.9, 132.9, 131.8, 131.5, 130.5, 129.8, 128.0, 127.7, 127.3, 124.5, 123.5, 114.9,
78.3, 72.2, 63.7, 53.9, 51.0, 32.4, 28.0, 21.1, 14.8; IR (KBr, cm™) v max 3454, 2924,
1713, 1660, 1512, 1397, 1251, 1169, 1046, 750. [o]p= +31.24 (c=3.00 CHCl5).
HRMS (ESI-TOF): Exact mass calcd for CssHyoBrN4OzH [M + H]™: 609.1497,
Found: 609.1496.

O

| = 3e
4-(4-Chloro-benzylidene)-1-(4-ethoxy-phenyl)-3-[1-(2-methoxy-benzyl)-1H-[1,2,3
Jtriazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 3e was obtained in 72% yield as white solid, 83% ee determined by HPLC
analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 34.01, tmajor= 24.75. 'H NMR (400 MHz, CDCls) § 7.85 (s, 1
H), 7.39 (q, J=8.8Hz, 4 H), 7.25-7.21 (t, 1 H), 7.02 (s, 1 H), 6.94 (d, J=8.8Hz, 2 H),
6.87-6.84 (m, 3 H), 6.73-6.68 (m, 2 H), 5.35 (dd, J=14.8, 28.0Hz, 2 H), 4.01 (dd,
J=7.2, 14Hz, 2 H), 3.71 (s, 3 H), 3.20 (d, J=14.8Hz, 1 H), 2.96-2.84 (m, 2 H),
2.55-2.51 (m, 1 H), 2.23 (t, J=2.4Hz, 1 H), 1.39 (t, J=6.8Hz, 3 H), ; *C NMR (100
MHz, CDCls) 6 168.9, 160.2, 159.0, 142.3, 137.8, 136.0, 135.1, 132.8, 131.1, 130.3,
129.7, 128.9, 127.6, 124.4, 121.8, 120.1, 115.0, 114.6, 113.3, 78.1, 72.0, 63.7, 55.3,
54.0, 51.4, 31.9, 29.7, 27.4, 14.8; IR (KBr, cm™) v max 3414, 2923, 1711, 1512, 1385,
1252, 1166, 1045, 751. [a]p?’= +6.73 (c=3.20 CHCIl3). HRMS (ESI-TOF): Exact
mass calcd for CssHagCIN,O4H [M + H]™: 581.1950, Found: 581.1950.

/
4 N~ O
‘\
= 3f

4-(2-Bromo-benzylidene)-1-(4-ethoxy-phenyl)-3-[1-(2-methoxy-benzyl)-1H-[1,2,3]
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triazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 3f was obtained in 73% yield as white solid, 87% ee determined by HPLC
analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 32.74, tmajor= 23.70. 'H NMR (400 MHz, CDCl5) § 7.88 (s, 1
H), 7.76 (d, J=7.2Hz, 1 H), 7.63 (d, J=8.0Hz, 1 H), 7.41 (q, J=7.2Hz, 1 H), 7.30-7.26
(m, 2 H), 7.12 (s, 1 H), 7.07 (d, J=8.8Hz, 2 H), 6.92-6.87 (m, 3 H), 6.78-6.73 (M, 2 H),
5.40 (dd, J=14.8, 36.4Hz, 2 H), 4.05 (q, J=6.8Hz, 2 H), 3.75 (s, 3 H), 3.23 (d,
J=7.2Hz, 1 H), 2.90 (d, J=14.4Hz, 2 H), 2.56 (dd, J=2.4, 16.8Hz, 1 H), 2.08 (q, J=2.4,
1 H), 1.43 (g, J=6.8Hz, 3 H), ; °C NMR (100 MHz, CDCl3) § 177.3, 168.7, 160.2,
159.0, 137.8, 136.0, 134.9, 132.9, 131.8, 130.5, 130.2, 129.8, 127.7, 127.3, 124.5,
1235, 122.1, 120.2, 115.0, 114.6, 113.3, 78.2, 72.2, 63.7, 55.3, 54.1, 51.0, 32.4, 29.7,
28.0, 14.8; IR (KB, Cm'l) v max 3302, 2925, 2853, 1713, 1512, 1397, 1250, 1046, 748.
[a]p?®= +4.21 (c=2.87 CHCls). HRMS (ESI-TOF): Exact mass calcd for
Ca3H29BrN4O4H [M + H]": 625.1441, Found: 625.1445.

N 3
4-(4-Bromo-benzylidene)-3-[1-(4-methyl-benzyl)-1H-[1,2,3]triazol-4-ylmethyl]-1-
phenyl-3-prop-2-ynyl-pyrrolidine-2,5-dione
Compound 3g was obtained in 80% vyield as white solid, 75% ee determined by HPLC
analysis (Chiralcel 1B-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tyinor= 16.54, tmajor= 41.31. 'H NMR (400 MHz, CDCl3) 6 7.87 (s, 1
H), 7.55 (d, J=8.4Hz, 2 H), 7.39-7.36 (m, 5 H), 7.14 (d, J=8.0Hz, 2 H), 7.10-7.07 (m,
3 H), 7.05 (s, 1 H), 7.03 (s, 1 H), 5.37 (dd, J=14.8, 28.4Hz, 2 H), 3.22 (d, J=14.4Hz, 1
H), 2.99-2.87 (m, 2 H), 2.56 (dd, J=2.4, 16.4Hz, 1 H), 2.34 (s, 3 H), 2.63 (q, J=2.8Hz,
1H),; BC NMR (100 MHz, CDCl3) 6 177.3, 168.6, 138.7, 137.9, 133.3, 132.0, 131.9,
131.6, 131.1, 129.9, 129.8, 129.1, 128.6, 128.0, 126.5, 123.4, 121.7, 78.1, 72.4, 53.9,



51.5,32.0, 27.4, 21.2; IR (KBr, cm™) v max 3458, 2922, 1711, 1641, 1486, 1391, 1275,
1148, 750. [a]p*°= +7.19 (c=3.00 CHCIl;). HRMS (ESI-TOF): Exact mass calcd for
C31H25BI'N402H [M + H]+: 5651232, Found: 565.1234.

-~ 3h
4-(2-Bromo-benzylidene)-1-(3-bromo-phenyl)-3-[1-(4-methyl-benzyl)-1H-[1,2,3]t
riazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione
Compound 3h was obtained in 81% vyield as white solid, 68% ee determined by
HPLC analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 15.72, tmajor= 14.54. 'H NMR (400 MHz, CDCl3) 6 7.88 (s, 1
H), 7.67 (d, J=7.2Hz, 1 H), 7.61 (d, J=7.6Hz, 1 H), 7.52-7.48 (m, 2 H), 7.39 (t,
J=7.2Hz, 1 H), 7.30-7.25 (m, 3 H), 7.21 (d, J=8.4Hz, 1 H), 7.14-7.11 (m, 3 H), 7.07 (d,
J=8.0Hz, 2 H), 5.36 (dd, J=14.4, 20.4Hz, 2 H), 3.22 (d, J=14.8Hz, 1 H), 2.93-2.84 (m,
2 H), 2.58 (dd, J=2.4, 16.4Hz, 1 H), 2.32 (s, 3 H), 2.11 (t, J=2.4Hz, 1 H), ; *C NMR
(100 MHz, CDCI3) 6 176.8, 168.1, 138.6, 138.2, 134.7, 133.4, 132.9, 131.7, 130.6,
130.3, 129.8, 129.6, 128.0, 127.3, 125.3, 123.5, 122.3, 122.0, 78.1, 72.5, 53.9, 51.1,
32.3, 28.2, 21.1; IR (KBr, cm™) v max 3430, 2989, 1716, 1478, 1384, 1276, 750.
[a]p?®= +3.32 (c=4.37 CHCl;). HRMS (ESI-TOF): Exact mass calcd for
Ca1H24BrN4,OzH [M + H]": 643.0320, Found: 643.0339.

/
7 N

N
N3

4-(4-Chloro-benzylidene)-1-(4-ethoxy-phenyl)-3-[1-(4-methyl-benzyl)-1H-[1,2,3]t
riazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione
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Compound 3i was obtained in 62% yield as white solid, 85% ee determined by HPLC
analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 40.67, tmajor= 58.32. 'H NMR (400 MHz, CDCl3) 6 7.88 (s, 1
H), 7.41 (dd, J=8.4, 16.4Hz, 4 H), 7.24 (t, J=8.0Hz, 1 H), 7.15 (d, J=7.6Hz, 1 H), 7.04
(s, 1 H), 6.98-6.96 (m, 4 H), 6.87 (d, J=9.2Hz, 2 H), 5.37 (dd, J=14.8, 25.6Hz, 2 H),
4.03 (g, 7.2Hz, 2 H), 3.23 (d, J=14.4Hz, 1 H), 2.99-2.87 (m, 2 H), 2.55 (dd, J=2.4,
16.4Hz, 1 H), 2.30 (s, 3 H), 2.06 (s, 1 H), 1.42 (t, J=7.2Hz, 3 H), ; **C NMR (100
MHz, CDCl3) 6 177.5, 168.9, 159.0, 142.3, 139.1, 137.6, 135.1, 134.6, 132.8, 131.2,
129.7,128.9, 128.6, 127.6, 125.0, 121.8, 115.0, 78.1, 72.0, 63.7, 54.0, 51.4, 32.0, 27.4,
21.3,14.8; IR (KB, Cm'l) U max 3282, 2972, 1713, 1510, 1395, 1248, 1165, 1046, 750.
[a]p®®= +6.21 (c=4.33 CHCl;). HRMS (ESI-TOF): Exact mass calcd for
Ca3H29CIN4OsH [M + H]™: 565.2001, Found: 565.2001.

Br

@]
< Joo
7 S

X

J 4

4-(2-Bromo-benzylidene)-1-(4-ethoxy-phenyl)-3-[1-(3-methyl-benzyl)-1H-[1,2,3]t

riazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 3j was obtained in 66% yield as white solid, 83% ee determined by HPLC
analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tyinor= 27.61, tmajor= 19.11. 'H NMR (400 MHz, CDCl3) & 7.79 (s, 1
H), 7.67 (d, J=7.6Hz, 1 H), 7.53(d, 1 H), 7.32 (t, J=7.6Hz, 1 H), 7.21-7.13 (m, 2 H),
7.06 (d, J=7.6Hz, 1 H), 6.98 (d, J=7.2Hz, 2 H), 6.90 (s, 2 H), 6.82 (d, J=8.8Hz, 2 H),
5.31 (dd, J=14.8, 33.2Hz, 2 H), 3.96 (g, J=6.8Hz, 2 H), 3.15 (d, J=14.8Hz, 1 H),
2.85-2.79 (m, 2 H), 2.48 (dd, J=2.4, 16.4Hz, 1 H), 2.22 (s, 3 H), 2.01 (q, J=2.4Hz, 1
H), 1.34 (q, J=6.8Hz, 3 H), ; *C NMR (100 MHz, CDCls) & 177.4, 168.7, 158.9,
142.1, 139.1, 137.7, 134.9, 134.5, 132.9, 131.8, 130.5, 129.8, 129.5, 129.0, 128.7,
127.7,127.3,125.1, 124.6, 123.5, 122.1, 114.9, 78.3, 72.3, 63.7, 54.1, 51.0, 32.4, 28.0,
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21.3, 14.8; IR (KBr, cm™) v max 3304, 2977, 1708, 1651, 1514, 1396, 1248, 1168,
1049, 758. [a]p?°= +4.15 (c=2.67 CHCIl3). HRMS (ESI-TOF): Exact mass calcd for
Cs3H29BrN4,OzH [M + H]+: 609.1494, Found: 609.1496.

O

| = 3k
1-(4-Ethoxy-phenyl)-4-(2-fluoro-benzylidene)-3-[1-(2-methoxy-benzyl)-1H-[1,2,3]
triazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 3k was obtained in 70% vyield as white solid, 79% ee determined by
HPLC analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 32.90, tmajor= 24.63. 'H NMR (400 MHz, CDCls) § 7.82 (s, 1
H), 7.51 (q, J=7.6Hz, 1 H), 7.33 (dd, J=7.0, 13.6Hz, 1 H), 7.16 (q, J=7.6Hz, 2 H),
7.06-7.04 (m 2 H), 6.83-6.80 (m, 3 H), 6.66 (., J=7.6Hz, 2 H), 5.32 (dd, J=14.8,
34.0Hz, 2 H), 3.96 (g, J=6.8Hz, 2 H), 3.66 (s, 3 H), 3.18 (d, J=14.8Hz, 1 H), 2.83 (d,
14.4Hz, 2 H), 2.49 (dd, J=2.4, 16.4Hz, 1 H), 1.99 (s, 1 H), 1.34 (q, J=6.8Hz, 3 H), ;
¥C NMR (100 MHz, CDCl3) 6 177.3, 168.6, 160.2, 159.9 (d, J = 247.2 Hz), 159.0,
142.2,136.1, 133.1, 132.1, 131.2 (d, J = 8.0 Hz), 130.2, 129.8 (d, J = 8.8 Hz), 127.7,
124.5, 124.3 (d, J = 3.6 Hz), 122.2 (d, J = 15.0Hz), 122.1, 120.1, 115.9 (d, J = 21.9
Hz), 115.0, 114.6, 113.2, 78.1, 71.9, 63.7, 55.3, 54.0, 51.4, 32.1, 27.3, 14.8; YENMR
(471 MHz,) § -110.84 ppm. IR (KBr, cm™) v max 3301, 2972, 1709, 1513. 1396, 1248,
1168, 1049, 758. [a]p®= +3.42 (c=2.67 CHCl;). HRMS (ESI-TOF): Exact mass
caled for CasHagFN4O4H [M + H]™: 565.2245, Found: 565.2245.

Q@?;;ﬁ

X

|
=~ 3l
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1-(4-Ethoxy-phenyl)-4-(2-methyl-benzylidene)-3-[1-(3-methyl-benzyl)-1H-[1,2,3]t
riazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 31 was obtained in 70% yield as white solid, 67% ee determined by HPLC
analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 23.43, tmajor= 15.12. 'H NMR (400 MHz, CDCl3) 6 7.92 (s, 1
H), 7.31 (t, J=7.2Hz, 1 H), 7.26-7.22 (m, 4 H), 7.19-7.15 (m, 2 H), 7.03 (d, J=8.4Hz,
2 H), 6.97 (s, 1 H), 6.89 (d, J=8.4Hz, 2 H), 5.39 (dd, J=15.2, 20.4Hz, 2 H), 4.04 (q,
J=6.8Hz, 2 H), 3.26 (d, J=2.8Hz, 1 H), 3.00 (t, J=2.8Hz, 1 H), 2.92 (d, J=16.0Hz, 1
H), 2.66 (d, J=15.6Hz, 1 H), 2.37 (s, 3 H), 2.31 (s, 3 H), 2.05 (s, 1 H), 1.43 (q,
J=6.8Hz, 3 H), ; *C NMR (100 MHz, CDCls) 5 175.4, 167.0, 156.6, 136.9, 136.8,
136.0, 132.3, 131.9, 127.9, 127.5, 127.2, 126.7, 126.2, 125.4, 123.0, 122.6, 122.3,
112.6, 76.0, 69.4, 61.4, 51.8, 49.0, 29.5, 25.1, 19.0, 12.5; IR (KBr, cm'l) U max 3413,
1773, 1638, 1559, 1275, 1261, 764, 750. [a]DZO: +29.16 (c=13.7 CHCI3). HRMS
(ESI-TOF): Exact mass calcd for CssH3NsO3Na [M + Na]™: 567.2372, Found:
567.2367.

= 3m

4-(2,4-Dichloro-benzylidene)-1-(4-ethoxy-phenyl)-3-[1-(3-methyl-benzyl)-1H-[1,2,
3]triazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 3k was obtained in 69% vyield as yellow solid, 81% ee determined by
HPLC analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 18.31, tmajor= 23.80. 'H NMR (400 MHz, CDCls) § 7.82 (s, 1
H), 7.76 (d, J=8.4Hz, 1 H), 7.42 (s, 1 H), 7.32 (d, J=7.6Hz, 1 H), 7.22-7.19 (m, 1 H),
7.12 (d, J=7.6Hz, 2 H), 6.98-6.95 (m, 4 H), 6.85 (d, J=8.8Hz, 2 H), 5.36 (dd, J=14.8,
38.0Hz, 2 H), 3.99 (q, J=7.2Hz, 2 H), 3.22 (d, J=9.2Hz, 1 H), 2.87 (d, J=15.6Hz, 2 H),
2.47 (d, J=16.4Hz, 1 H), 2.27 (s, 3 H), 2.04 (s, 3 H), 1.39 (g, J=7.2Hz, 3 H), ; *C
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NMR (100 MHz, CDCIs3) 6 174.9, 166.1, 156.6, 136.8, 133.4, 132.6, 132.4, 132.4,
132.1, 130.4, 129.2, 128.3, 127.3, 127.2, 126.7, 126.3, 125.3, 124.9, 122.7, 122.0,
112.6, 75.6, 70.0, 61.4, 51.8, 48.8, 30.2, 25.3, 19.0, 12.4; IR (KBr, Cm'l) U max 3413,
1714, 1512, 1298, 1275, 764, 750. [0]p®= +2.58 (c=1.83 CHCls). HRMS (ESI-TOF);
Exact mass calcd for Ca3H,sCI,N,O3sNa [M + H]™: 621.1436, Found: 621.1431.

AL
.
7 Nt

X

= 3n

4-(2-Bromo-benzylidene)-1-(4-tert-butyl-phenyl)-3-[1-(3-methyl-benzyl)-1H-[1,2,
3]triazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 3n was obtained in 74% vyield as yellow solid, 90% ee determined by
HPLC analysis (Chiralcel IA-H column, hexane: i-PrOH 80 : 20, 0.6 ml/min, 254nm) .
Retention time: tmingr= 36.05, tmajor= 33.07. "H NMR (400 MHz, CDCl;) & 7.82 (s, 1
H), 7.69 (d, J=7.6Hz, 1 H), 7.54 (d, J=8.0Hz, 1 H), 7.33 (d, J=8.8Hz, 3 H), 7.21-7.16
(m, 1 H), 7.13 (d, J=8.0Hz, 1 H), 7.10-7.05 (m, 2 H), 7.00 (d, J=8.4Hz, 2 H), 6.91 (s,
2 H), 5.31 (dd, J=14.8, 34.0Hz, 2 H), 3.16 (d, J=14.8Hz, 1 H), 2.86-2.80 (m, 2 H),
2.49 (dd, J=2.4, 16.4Hz, 1 H), 2.21 (s, 3 H), 2.00 (s, 1 H), 1.25 (s, 9 H), ; *C NMR
(100 MHz, CDCI3) ¢ 177.2, 168.6, 151.5, 142.1, 139.1, 138.0, 134.8, 134.5, 132.9,
131.7,130.6, 129.5, 129.0, 128.7, 127.4, 126.1, 125.9, 125.1, 123.5, 122.2, 718.2, 72.3,
54.1, 51.1, 34.7, 32.4, 31.3, 28.0, 21.3; IR (KBr, cm™) v max 3413, 1713, 1275, 1260,
764, 750, 620. [a]p®= +2.59 (c=2.10 CHCls). HRMS (ESI-TOF): Exact mass calcd
for C3sH33BrN4O;Na [M + Na]*: 643.1685, Found: 643.1679.
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4-(2-Methoxy-benzylidene)-3-[1-(3-methyl-benzyl)-1H-[1,2,3]triazol-4-ylmethyl]-
1-phenyl-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 30 was obtained in 70% vyield as white solid, 70% ee determined by HPLC
analysis (Chiralcel IA-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tmino= 16.61, tmajor= 14.07. 'H NMR (400 MHz, CDCl3) 6 7.96 (s, 1
H), 7.43 (d, J=7.6Hz, 1 H), 7.33-7.27 (m, 4 H), 7.15-7.12 (m, 2 H), 7.06 (q, J=6.0Hz,
3 H), 6.95 (g, J=7.6Hz, 1 H), 6.88 (s, 2 H), 6.84 (d, J=8.0Hz, 1 H), 5.33 (dd, J=14.9,
40.4Hz, 2 H), 3.60 (s, 3 H), 3.17 (d, J=14.4Hz, 1 H), 2.89-2.81 (m, 2 H), 2.56 (dd,
J=2.4, 16.4Hz, 1 H), 2.20 (s, 3 H), 1.98 (s, 1 H), ; **C NMR (100 MHz, CDCl3) 5
177.1, 168.8, 157.3,142.4, 139.1, 136.5, 134.7, 132.1, 130.9, 130.7, 129.4, 129.1,
129.0, 129.0, 128.5, 128.4, 126.6, 124.8, 123.1, 122.3, 120.5, 110.9, 78.5, 71.7, 55.2,
54.0, 51.5, 32.2, 27.6, 21.2; IR (KBr, Cm'l) U max 3952, 3481, 3143, 1275, 1260, 764,
750, 621. []p?°= -2.26 (c=1.46 CHCls;). HRMS (ESI-TOF): Exact mass calcd for
Ca2H2sN4O3Na [M + Na]*: 539.2059, Found: 539.2054.

y 3p
4-(2-Bromo-benzylidene)-1-(4-tert-butyl-phenyl)-3-[1-(4-methyl-benzyl)-1H-[1,2,
3]triazol-4-ylmethyl]-3-prop-2-ynyl-pyrrolidine-2,5-dione

Compound 3p was obtained in 70% yield as white solid, 81% ee determined by

HPLC analysis (Chiralcel IA-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .

15



Retention time: tminor= 13.00, tmsjor= 15.21."H NMR (400 MHz, CDCls) § 7.92 (s, 1
H), 7.82 (d, J=3.2Hz, 1 H), 7.64 (d, J=6.0Hz, 1 H), 7.44 (d, J=6.4Hz 3 H), 7.31-7.26
(m, 1 H), 7.16 (d, J=6.0Hz, 3 H), 7.10 (d, J=6.0Hz 4 H), 5.42 (dd, J=11.6, 44.8Hz, 2
H), 3.30 (m, 1 H), 2.95-2.92 (m, 2 H), 2.59 (d, J=12.0Hz, 2 H), 2.37 (s, 3 H), 2.06 (s,
1 H), 1.35 (s, 9 H), ; *C NMR (100 MHz, CDCls)  177.3, 168.6, 151.6, 138.7, 138.1,
134.8,132.9, 131.7, 131.5, 130.6, 129.8, 128.1, 127.4, 126.1, 125.9, 123.5, 78.2, 72.3,
60.4, 34.8, 31.3, 28.0, 21.3, 14.2, 1.4; IR (KBr, cm™) v max 3413, 1713, 1275, 1260,
764, 750. [0]p®= +2.17 (c=1.64 CHCI3). HRMS (ESI-TOF): Exact mass calcd for
CssH33BrN4O.Na [M + Na]*: 643.1685, Found: 643.1688.
W\)\
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3,4,5-triacetoxy-6-{4-[1-(4-ethoxy-phenyl)-4-(2-methyl-benzylidene)-2,5-dioxo-3-
prop-2-ynyl-pyrrolidin-3-ylmethyl]-[1,2,3]triazol-1-yl}-tetrahydro-pyran-2-ylmet
hyl ester (7)

Product 7 was obtained in 61% yield as white solid, 32% ee determined by HPLC
analysis (Chiralcel IB-H column, hexane: i-PrOH 70 : 30, 1.0 ml/min, 254nm) .
Retention time: tminor= 22.43, tmajor= 30.29. 'H NMR (400 MHz, CDCls) & 7.93 (d,
J=11.2Hz, 1 H), 7.43 (s, 1 H), 7.41-7.37 (m, 1 H), 7.34 (t, J=6.0Hz, 2 H), 7.28-7.24
(m, 1 H), 7.23 (s, 1 H), 7.21-7.19 (m, 2 H), 6.98-6.94 (m, 2 H), 5.82 (dd,
J=8.8,16.8Hz, 1 H), 5.40-5.37 (m, 2 H), 5.24-5.18 (m, 1 H), 4.35-4.27 (m, 1 H),
4.14-4.11 (m, 1 H), 4.08-4.03 (m, 2 H), 4.02-3.97 (m, 1 H), 3.29 (dd, J=6.4,14.8Hz, 1
H), 3.00-2.91 (m, 2 H), 2.77-2.63 m, 1 H), 2.44 (d, J=8.8Hz, 2 H), 2.11 (s, 1 H),
2.08-2.01 (m, 12 H), 1.81 (s, 2 H), 1.78 (s, 1 H), 1.42 (t, J=6.8Hz, 3 H), ; *C NMR
(100 MHz, CDCI3) 6 177.6, 170.5, 169.8, 169.4, 169.3, 169.2, 169.0, 159.0, 143.0,
139.4, 138.9, 138.4, 134.3, 138.9, 138.4, 130.0, 128.9, 128.6, 127.9, 127.8, 125.3,
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125.2, 124.7, 120.3, 114.9, 85.7, 85.6, 78.3, 75.2, 72.6, 71.8, 70.1, 67.8, 67.7, 63.7,
61.7,51.2,50.8, 31.7, 31.0, 28.5, 27.5, 21.5, 20.6, 20.5, 20.0, 14.8.
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Table S1-S5 and Scheme S1.

= CUF, 20% L 20%
© /\m MECN 0°C Et,N 250%
3 \ o —cl Me 3N 25%

N L/
Q £\ oy
Ao 0 )

la 3a TN

with L1 with L2 with L3
3a:65%yield and 90%ee 3a:50%yield and 45%ee 3a:66%yield and 50%ee

with L4 with L5 with L6
3a:55%yield and 5%ee 3a:60%yield and 40%ee 3a:58%yield and 47%ee

Scheme S1. Ligand effect on the copper-catalyzed azide-alkyne cycloaddition.
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Table S1. Asymmetric azide-alkyne cycloaddition catalyzed by various copper salts

in the presence of Tao-Phos.
= Copper 20% L1 20%
7\ J~al  MeCN0°C Et;N 25%
N \ . >
TN o
o Il

la
Entry copper Yield(%6)™ Ee(%)™
1 CuCl 28 -5l
2 CuBr 66 10
3 Cul 58 8
4 CuBr; 41 0
5 Cu(MeCN),PFs 32 0
6 CuF, 65 90

[a] Isolated yield. [b] Determined by chiral HPLC. [c] The absolute configuration of
this product is in the opposite to that of the others by HPLC analysis. Although the
configurations of products 3 are not formally proved by X-ray analysis, the absolute
configurations of the chiral monotriazole products 3 could be referred to previous report’ by

HPLC for the determination of chiral product 5 of Table 2 (see Text).
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Table S2. The effect of solvents on the CuF,-Tao-Phos (L1) catalyzed azide-alkyne

click cycloaddition in the presence of Tao-Phos.

oo ,~ CuF, 20% L1 20%
\ .~ Cl Solvent 0°C Et3N 25%
. _—

N N
ISR " o
-0 I \©A

la

entry solvent Yield(%6)™

1 THF 49 25
2 Et,O n.r. -
3 MeCN 65 90
4 PhMe 37 7
5 DCM 45 15
6 MeOH 35 30
7 DMF n.r. -

8 acetone n.r. -

[a] Isolated yield. [b] Determined by chiral HPLC.
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Table S3. The effect of base on the CuF,-Tao-Phos (L 1) catalyzed azide-alkyne click

cycloaddition in the presence of Tao-Phos.

O —
o. s~ CUF, 20% L1 20% 7 @u
\ y/aue '”\
N
N

MeCN 0°C Base 25%

N
N
\\ N3 o o~ Q
/\o/©/ o I N \QA © »
la 3a k

entry Base Yield(%6)™ Ee(%)™
1 K2COs n.r. -

2 K3PO4 n.r. -

3 DMEDA n.r. -

4 DIPEA n.r. -

5 Et;N 65 90

[a] Isolated yield. [b] Determined by chiral HPLC.
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Table S4. The effect of fluoride anion or cation on the desymmetrization of bisalkyne

1a with 2b.H

F
o )ﬁ
\] /ﬁ\\/ /N3 CuF, (20 mol%)
N Tao-Phos (20 mol%)
1\( N N+ Z/i\ EtsN (25 mol%%) :\O
o ° -

= F-containing additive
Me (20 mol%)
1b 2b CH3CN, 0°C, 24 h
Cl
F\'\:/F BF4 (
? [gJ \ N /,
N 3N \/N\/
r \‘ N® BF4 C WJ etc.
DAST Selectfluor NFSI EtsN-HF
Entry Additivel® Yield (%)™ ee (%)
1 - 75 83
2 MgF; 76 84
3 CaF, 76 79
4 BaF, <5 -
5 DAST <5 -
6 Selectfluor <5 -
7 NFSI <5 -
8 Et;N HF 0 -

[a] The additive was used to change the effect of fluoride anion on the catalytic
performance of copper-catalyzed Huisgen cycloaddition reaction. [b] Isolated yields.
[c] The ee value was determined by chiral HPLC. [d] The use of EtsN HF instead of

EtsN in this reaction.
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Table S5. Desymmetrization of maleimide-derived bisalkynes via copper-catalyzed

Huisgen cycloaddition.

Entry

10
11

12

5a: R1=H, R = Et, Ar = Ph;

5b
5c
5d
5e

N3._COOR? (4)

CuF, (15 mol%)
TaoPhos L6 (15 mol%)

CH3CN,0°C, 12 h

: Rl =3-Br, R = Et, Ar = Ph;
:Rl=4-Br, R=Et, Ar = Ph;
:R1=2-Me, R = Et, Ar = Ph;
:R1=3-Me, R=Et, Ar = Ph;
5f: Rl = 4-Me, R = Et, Ar = Ph;

Product
Yield (%)™

5a 68
5b 69
5c 71
5d 74
S5e 72
5f 71
5g 69
5h 72
5i 74
5j 70
5k 69
5l 72

Procedure Al

2 —~N"
o R200C NN \§/
=N

O

S

I

Rl
P

/
Panl®
N
Ar

5

5g: R = 4-Br, R = Me, Ar = Ph;

5h: Rl = 2-CI, R = Et, Ar = Ph;

5i: Rl = 4-Cl, R = Et, Ar = Ph;
5j: Rl = 4-Cl, R = Et, Ar = 4-OEtPh;
5k: R = 2-OMe, R = Et, Ar = Ph;

51: Rl = 2-Br, R = Et, Ar = 4-OEtPh;

Procedure B

Ee (%) Yield (%)®

87

74

82

76

78

80

70

83

80

77

73

74

22

68

65

70

74

68

70

65

75

67

75

75

63

A-B
Ee (%)
56 +31
91 -17
75 +7
65 +11
65 +13
51 +29
47 +23
55 +28
54 +26
64 +13
81 -8
69 +5



[a] In this work, all reaction is carried with CuF, (20 mol%), Tao-Phos (20
mol%), EtsN (25 mol%) in CH3CN at 0 °C. [b] Isolated yield. [c] Determined by
chiral HPLC.

Figure S1. Negative NLE in the CUAAC of 1d using Tao-Phos.

o

CuF> 20%
Tao-Phos 20%

EtsN 25%
CH4CN 0°C

100
90
80
70
60
50
40
30
20
10

0 25 50 75 100

=@ ce of 33 =@ ee of Tao-Phos
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Figure S2. ESI(+)-MS analysis for the mixture of only CuF, and

Tao-Phos in CH;CN

Figure S2-a: (+)-ESI-MS

ESI-xulw140904-st-1_01 #11-16 RT: 0.28-0.42 AV: 6 NL: 1.46E6
T: + ¢ ESI Full ms [ 100.00-2000.00]

100 1328.0
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80
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40—
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20 13080 1944.2
. 664.1 . 1374.0
105 647.1 | g77, 9219 1292.9
- 2374 3183 5529  |||°77% Bag7| 9842 14511 15506 19264 [
Ot et e e St B B B e |
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z
CuF»,
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Figure S2-b: (-)-ESI-MS

ESI-xulw160418-cmy-4 01 #200-204 RT: 1. » NL: 3.58E6
T: - ¢ ESI Full ms [ 500.00-2000.00]
1326.9
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: 13255 |
3000000
2500000
2000000
] 1311.1
1500000
1 1328.2
1000000
. 631.4 1309.2
500000 633.3 1329.1
] | 634. 1306.4
1 588206381 il 13310 1898.1
0 T [J' L A L e B L B L B L L L LD LA LR RAR RAAS) A RaAaN LALES LAALS LASAN EARLN REAL RARM RaRN nanaY!
600 800 1000 1200 1400 1600 1800 2000
m/z

C84H74CUO4P28i2 C84H73CUO4P2$i2_ C84H72CUO4PZSi22-
Exact Mass: 1327.3997 Exact Mass: 1326.3924 Exact Mass: 1325.3851

Mol. Wt.: 1329.1485 Mol. Wt.: 1328.1411 Mol. Wt.: 1327.1337
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Figure S3. ESI(+)-MS analysis for the mixture of CuF,, Et;N, alkyne,

and Tao-Phos in CH;CN

ESI-xulw160418-cmy-6_01 #2-32 RT: 0.04- \IL: 1.89E6
T: + ¢ ESI Full ms [ 500.00-2000.00]
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1000000 1319.7
] 13205
800000 1192.1
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400000
1 1088.2
200000
41 1050.7

1110.3

1362.5

11125 1776.9
1153.8

1382.1 | 1417.9
1445.7 1459.8

1073.3
04 ETI ‘L
T T T T ]
1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500
m/z

N

R _ Si 0
= L= 77 H Ho QQ

b Ly hhl oLy
L |

C-..-dHnCuNQUﬁPSi
Exact Mass: 1192 4501
Mol. Wt.: 1193.9950

If the M represented the intermdeaite | of Figure 5 (m/z 1192.1, see Figure 5,
Cu+L+Et3N). And the ion peak at m/z 1214.6/1215.6 and m/z 1318.3/1319.1 could be
anylized as the [M+Na]" (calculated m/z is 1215.4) and multinuclear copper complex

as [Cus(L)(EtsN)(alkyne)] (calculated m/z is 1319.3).
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Figure S4. ESI(+)-MS analysis for the reaction mixture of CuF,, Et3N,

alkyne, azide, and Tao-Phos in CH;CN

ESI-xulw160418-cmy-7_01 #2-32 RT: 0.04- \IL: 2.24E6
T: + ¢ ESI Full ms [ 500.00-2000.00]
1302.6
2200000
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600000 = 1414.8 | 1429.4
. 121 1250.3
400000 .  1320.4 1348.4
. 1213.1 [ 13501 14136 1432.9
1 11824 | | 1320.
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1100 1150 1200 1250 1300 1350 1400 1450 1500
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S la ) ST o N
= Cu— . 0 :> L
o 0 SIS ==
X 0 H »~ o O Ll N
O/m Ar N = ‘ _ o) \t'lCu\)
O\ / 7N\ L = -
_ C75HgsCu2N4O6PSi

Exact Mass: 1302.3203

] Mol. Wt.: 1304.4931

The major ion peak at m/z 1302.6 provided a direct evidence for the intermediate 111
of Figure 5 because the caculated m/z of Cu,L(azide)(alkyne) is 1302.3, in which the
L (Tao-Phos) is oxidized to phosphine oxide during the ESI-MS analysis. Therefore
the ESI-MS analysis provided a powerful evidence for the mechanistic procedure

showed in Figure 5.
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Figure S5. ESI(+)-MS analysis for the reaction mixture of CuF,, Et3N,

and Tao-Phos in CH;CN

ESI-xulw140904-st-3_01 #7-13 RT: 0.17-0.34 AV: 7 NL: 1.59E6
T: + ¢ ESI Full ms [ 100.00-2000.00]

100+ 730.0
90|
3 1296.7
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50 | 648.1
a ' 1295.7 | 1318.9
40— 751.1
] 631.3
301 1279.8 | | 1320.0
20 1360.0
10~ 521 9923 1278.9 ' 1951.5
. 3185 4063 6193 A 1‘ 966.1 ﬂ X 12347 J ‘13609 15121 17399 19506 \
0 ‘ ‘ ‘\ ‘A ‘ ‘\ ‘ ‘ ‘\ ‘n L w .um H M IJJl \‘ ‘l‘l‘ ‘ ‘u ‘\ ‘ ‘ A‘
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z
- - 2
ol PPh,
SN\ PP ﬁ A
( NCCH3
=N % Sii
N\ \jﬁ N
?/ C42H3703PS|
— — Exact Mass: 648.225

C44H38CUNO3PSi
Exact Mass: 750.1755
Mol. Wt.: 751.3827

Mol. Wt.: 648.8006

dimer of oxidized Tao-Phos _

Cg4H7406P5Si;
Exact Mass: 1296.4499
Mol. Wt.: 1297.6013

About the ion peak at m/z 750.0, it is probably aroused from the in-situ oxidized

Tao-Phos and related copper complex in CH3CN during the ESI-MS analysis.

Similarly, the monomer and dimer of oxidized Tao-Phos was also detected

respectively in this case (m/z =

6481 and 1296.7), which also provided indirect

evidence for the highly active copper/Tao-Phos complex in the presence of Et3N.
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Figure S6. ESI(+)-MS analysis for the reaction mixture of CuF,, Et3N,

azide, and Tao-Phos in CH;CN

ESI-xulw140904-st-4_01 #11-19 RT: 0.31-0.54 AV: 9 NL: 1.03E6

T: + ¢ ESI Full ms [ 100.00-2000.00]

\
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J 648.0
704
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10 549 1 - 1116.7 1245.6
= 238'7\ J31\8'3 | h { U “ Al . il 986.1 “\ | Ll ‘l lh 13904 1720.8 18355
0 S e e N e s B B s \“H\w\‘\' i L A Rt s Rt s s B
200 400 600 800 1000 1200 1400 1600 1800
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' 2
(\ N Pth ‘ N N
P NN\ ~0OCuL
N OH E— H |
Si— = I
z— _— | <J
( I LA
Y 7N <
L = 2+Cu -
) a L =Tao-Phos — ]
C84H74CU06P28|2 C44H3gCuUNO3PSI

Exact Mass: 1359.3795
Mol. Wt.: 1361.1473

Exact Mass: 750.1755
Mol. Wt.: 751.3827

About the ion peak at m/z 750.0, it is probably aroused from the in-situ oxidized

Tao-Phos and related oxidized copper complex was also detected as m/z 1358.8

during the ESI-MS analysis, which also provided indirect evidence for the highly

active copper/Tao-Phos complex in the presence of Et;N and azide substrate.
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Figure S7. ESI(+)-MS analysis for the reaction mixture of CuF,, azide,

and Tao-Phos in CH;CN

ESI-xulw160418-cmy-5_01 #2-31 RT: 0.04- \L: 2.91E6
T: + ¢ ESI Full ms [ 500.00-2000.00]
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O—rrbprrrep et il Maspbesblbrrprrr tesrprieveprsrprbdrpreie i f Wikt prrmtrb bbb
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O —
W —— _
N N\ / NN
/ / - /\L(/
CH3CN::Cu o =si >
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N Y Ph2 X PPh; H?O 7
PP | H - r |
N OH = O H NN
_H ~ PhoP
o-F L o 0
= Q | — / y SiZ— (@]
N
_ )
C85H77CUN06P25i2 o Cg4qH7405P2Sis -

Exact Mass: 1400.4161
Mol. Wt.: 1402.1992

Exact Mass: 1280.4550
Mol. Wt.: 1281.6019

In this case, two major ion peaks at m/z 1280.4 and m/z 1400.8 could be detected in

the presence of CuF,, Tao-Phos, and benzylic azide, in which two possible

intermediates could be proposed as above structures.
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S-5. NMR Spectra of the desired products 3
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S-6. HPLC Spectra of the new products 3 (Method A)

DADR1 E, Sig=280,4 Ref=360,100 (DAEXAMPLES\S TBXF 2014-10-12 09-44-10101-2.0)

min

[+

¥HHEE

Hia LT

L= BE

LCari

1m-30

20029

0.2 [ oB32a

HEHET #mi %

53.552

IR

DAEXAMPLESASTINERF 2014-10-12 0344154

1737.2

245 [ 1124

0462 | 46448 |

[SET

12-0ct14,11:4323

Fan

101-3

HRER

FRW

HRIEE

cyw

BHF-5HYH.M

ATl

30 i

R

0.0087 min (0,402 sec), 4501 ##ES

Time

Area

Height

Width

Symmetry

Area%o

18.786

2002.9

30.2

0.8924

0.394

53.552

24.835

1737.2

24.5

1.184

0.462

46.448
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DADT E, Sig=280 4 Ref=360,100 (L:AEXAMP LE SNCMTWBXF 2014-10-27 18-52-400CMY-1022001.0)

zuu—f
175—f
150—5
125%
100—5
755
50—5

25—

25912

T
30min

FHER # Hid i BE L3 HEEF wmis %
LC3 4 [CMY-1022001.0 [ ] 1sem [ 13m31 [ 2171 [ 09315 [ 0306 95.249
IEFIREE | DAEHAMPLESACMYABXF 2014-10-27 19-52-40% [ 2] 25918 | &85 | 0.4 | ogfos [ o4es [ a7El |
B3R [27-0ct14. 1595232
& | crp-1028001
HRER
FHI
BEE [ow
% [ BRF-5xYH.M
SHFETIE [ 30.76 min
SERERTEE | 0.0067 min (0402 sec), 4615 BHES
# Time Area Height Width Symmetry Area%o

18.691

13763.1

217.1

0.9315

0.306

95.249

25.918

686.5

9.4

0.8705

0.468

4.751
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AL E, DIfELU,4 HETSI0U, TUL (U EAAMELE WM T

Y
N
N
‘\
=

NIEF LU 20100 3£ D40 LD T -3 1 D

38 896

[+]

HA i = ER  HEET EEil

[ 28615 [ 11481 19.3 [ 0858 0622 43959

[ 38m3 | 1148 14.1 [ 1oezz [ o833 | soom |
Time Area Height Width Symmetry Area%
28.615 1146.1 19.3 0.856 0.622 49.959
38.896 1148 14.1 1.0233 0.593 50.041
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AL E, Sig=£80,4 Het=300, T00 (UNEXAMPLEVCMY WER_ LU S015-U2-24 10-22-40WMY-UZUHULZ. L)

[+]
HE kEA s MR HAEET EEi
EEEI| 483 [ 731 [ 1ozt 11,658 8321
1143 [ sma | 6.2 [ 1maz | oew [ 9167 |
Time Area Height Width Symmetry Area%o
30.119 48.3 7.9E-1 1.0211 0.658 8.321
41.43 532.3 6.2 1.0133 0.697 91.679
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1 [+]
# A i [ g HAEET kmil %
[T ] 1w [ 3.3 ] 3.1 [ 06088 0.525 43.820
[ 2] zzms | 1344 | 24.4 | o079 | 043 [ 50180 |
# Time Area Height Width Symmetry Area%
1 17.161 1334.3 32.1 0.6088 0.525 49.820
2 22.365 1344 24.4 0.7958 0.49 50.180
| DAD1 E, Sig=280,4 Ref=360,100 (D:\EXAMPLE\CMY\DEF_LC 2016-03-24 15-00-04\CMY-06CHCL2.0)
1u—; g@,ég{‘-'
0| /\L._
E1 []
# HE LTl [ R HEET i %
[1] 2ot [ 40711 ] 586 [ 09982 0.55 90.542
[ 2] wea | 4z | 47 [ 1wz | o831 | 94 |
# Time Area Height Width Symmetry Area%
1 20.186 4071.1 58.6 0.9982 0.55 90.542
2 27.613 425.2 4.7 1512 0.591 9.458
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AN

‘/ 3d

DADT A, Sig=210.4 Ret=310,100 (DAEXAMP LE SIChBXF 2014-10-20 16-44-36WC M 102900018R.0)

mAl I

24755

20—

T T T T T |
20 22 24 26 28 min

[« [+

¥HER # HE B LT L3 HEET emi %
LC3 M [ CMY10230001BR.D [T ] 19m87 ] 034 | 2.7 [ nEerz2 [ 0604 43161
FEHEREAE | DNEXAMPLES\CMYNERF 2014-10-29 16-44-364 [z] 2ams | 1z | 17.3 | o777 | 0Fes | mO.839 |
HHR [25-0c114,17.16:21
& | ey 0290001 br
HREL
FTEE
HRAEE [cmy
Fik [BHF-SxrHM
SAETE | 30 min
SRR | 0.0067 min [0.402 sec). 4501 BB S

# Time Area Height Width Symmetry Area%

1 19.687 1094 21.7 0.6672 0.604 49.161

2 24.755 1131.3 17.3 0.7767 0.548 50.839

57




DADT E, Sig=280,4 Ref=360,100 (DAEXAMPLESACMYBXF 2014-10.28 19.55.47C MY 1028.003.0)

100
20 -

B0 —|

20—

o+

XHHER

L1

LT

LT

BE  HEEHTF E@mH %

LCartt

CMY-1028-003.0

19.084 |

[ 118 [EEE

0.429 98509

IS

D:MNEXAMPLE SNCMYABXE 2014-10-28 19-565-47

5013 |

| 12 | 12544

1072 | 149

28-0ct-14, 19:56:37

AR

cry-1028-003

HRiER

- Side)

HRIEE

cry

HiE

BHF-5xvH.M

S E

32313 min

R

0.0087 min [0.402 sec). 4848 $HE S

Time

Area

Height

Width

Symmetry

Area%

19.064

5979.7

118

0.7391

0.429

98.509

25.013

90.5

1.2

1.2544

1.072

1.491
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=~ 3e
DADT A, Sig=2104 Ref=310,100 (DAEXAMPLES\S TWBXF 2014-10-12 09-4410v101-6.0)
mall |
50—
an” .
E o
By g ﬁ__,g?
o
20— E
10— E'—,
0-
10—
20
15 20 25 n min
K| [¥]
¥HHER # i LTt B& L X HEERTF EmEs %
LCIrit [1016D [1 ] 22995 | 26083 |2 [ 11387 [ D485 51.729
THERE | DAEXAMPLESNS TIVBRF 2014-10-12 03-44-194 [z ] so3re | 232 27.8 [ 1om4 | os [ amen |
BER [12-0ck14, 094511
& 106
HRERE
E3EE)
BRAEE | cpw
HiE [BXF-EXTHM
SpAfRTIE | 39.993 min
RAEEE | 0.0067 min [0.402 sec), G000 #HES
# Time Area Height Width Symmetry Area%
1 22.995 2605.3 38.2 1.1357 0.485 51.729
2 30.374 2431.2 27.8 1.0314 0.51 48.271
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DADT A, Sig=210.4 Ref=310,100 (DAEXAMPLESASTAABXF 2014-11.08 14-09-205T-1-3 D)

8 10 15 20 25 30 min
[+ |
rHER # e e LT BE  HAGET &@mR
LC3rtE [ST4-3D [T ] 2475 [ E3883 | 875 [IEEES 0.44 91.147
T#ERE | DAEXAMPLES\ST WBXF 2014-11-08 14-03-24% [ 2] =am1 | eme | 65 [ 17423 | mem |
HER |08 Nov14, 164535
FIERE]
HmER
T
HBAFE [opw
FiE [BRFSHTH M
FFAfrEd 8] | 40 min
TR | 0.0067 min (0402 sec), 6001 BuiB s,
# Time Area Height Width Symmetry Area%o

24.75

6968.3

87.6

1.3251

0.44

91.147

34.011

676.8

6.5

1.7423

0.603

8.853
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min

[+]

¥HHER HiE L ik L= 2] HEHT e@ms %
LCar# [5T-3-4.0 24566 | 54 [ 12081 [ ns03 60,253
T HERE | DAEXAMPLES\ST 3B 2014-1115 11-25-16% | 4 | 1e072 | n4rm | a974r |
E8A | 15-Nov-14, 12,0257
Hah s34
HRER
Eyide)
HREE |cow
A% |BRFSRHM
SRR | 40 min
R | 0.0057 min (0,402 sec), 5001 BUEE,
Time Area Height Width Symmetry Area%

24.555

393.1

5.4

1.2081

0.509

50.253

33.02

389.1

1.6073

0.478

49.747




DAD1 A, Sig=210.4 Ref=310,100 (DAEXAMPLES\S THBAF 2014-11-08 14-09-2485T-2-4.0)

175—5
150—5
125—5
100—5
75—5
50—5

25—

T
15

T
i

T T
25 30

35 min

=]
wan

Il 7 me

Sl | dhi

FEE | HTEN | T

XHER

| HGEF REH 2

LCor

5T-24.0

23701 |

131955 [ 1907 ]

[ 044z 93531

IR

DAEAMPLESASTIWBRF 2014-11-08 14-09-24%

7
2 |

32739 |

9127 | 10 |

| o572z | EB4E9 |

08-Nov-14, 15:44:07

aa

24

HEER

ESiae)

HRIFE

oy

TiE

EiRF-5xvH.M

SHAfTETE]

39.38 min

S

0.0057 min [0.402 sec). 5908 2L

Time Area

Height

Width

Symmetry

Area%

23.701 13195.5

190.7

1.1532

0.442

93.531

32.739 912.7

10

1.5243

0.572

6.489
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1.869
i,

LN

i e s MR HEEF Emil %

[ ‘1‘ [ 15433 ] 1557 [ 7 [ 06263 0.459 50,534

[2] #1ees | 15446 | 7 | 3e95 | 0316 [ 49166 |
Time Area Height Width Symmetry Area%
15.433 1597 37 0.6269 0.459 50.834
41.869 1544.6 7 3.6955 0.316 49.166
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DADT A, Sig=210.4 Ref=310,100 (AEXAMPLESWS THBAF 20114-11-08 14-09-205T-1-4.00

mAL -
70|
ao—f
50—5
an-
: a
30—3 o _63:5
] : =
20 g
10—5
hE
15 20 25 an a5 P 5 50 5 in
[x] [*]
XHER # HE L T1TE LT BE HNERTF w@mi %
LCIrft [5T-1-4D [1 ] 16884 | mE18 ] 19 | 05443 | D0E2E 12130
IR | DAEXAMPLESASTNERF 201 4-11-08 14-05-24% [2] #1:3 [ 62433 | 232 | 4483 | 0243 | s7ERD |
EHA [03Nov-14,14:4315
& |st1-4
HRiER
D
HRIEE [opw
ik |BrF-SXYHM
SHAFAE | 59.993 min
SEPEARE | 0.0067 min (0,402 sec), 9000 BEA
# Time Area Height Width Symmetry Area%

16.544

861.8

19

0.5443

0.626

12.130

41.313

6243.3

23.2

4.4996

0.249

87.870
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Br

3h

DADRT A, Sig=210 4 Ref=210,100 (DAEXAMPLESVS TEVBXF 2014-10-12 09-94-19V101-2.0)

[ ] O]
MHER # Hi= L JiE L= L3 HEET iR %
Lo [101-2D [ 1] 13g35 | 3277 | 1485 | 0429 071 48.012
IR |DAERAMPLESASTIABXF 2014-10-12 09-441%% [ 2] nsz | #1447 | 1421 [ 4% | 5198 |
HEf [12-0ct-14, 121419
HE 102
HERIES
HHEBE
BIEE (o
FiE | BRF-SxYH.M
SAAFETIE] | 46.547 min
SRS | 0.0067 min [0.402 sec). 6393 EHES
# Time Area Height Width Symmetry Area%

13.695

3827.7

148.5

0.4295

0.711

48.012

14.522

41447

142.1

0.486

0.701

51.988
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DADA A, Sig=210,4 Ref=310,100 (DAEXAMPLES\STHEXF 2014-11-08 14-09-2157-1-5.0)

el "r';
250
200-
180
1UU—-
] &
] g
80— )
0- o
g 10 12 18 in
[ [¥
¥PHER # HiE L diE L= L34 HiEET Em# 2
LCIrf [ST160 [ 1] 14b37 [ mgwmz 2901 [ 04671 [ o058 83.716
FHERE | DAEXAMPLE SAST B 2014-11-08 14-09-24% [2 [ w7 | 1727 47.7 | 0883 [ 073 [ 16284 |
FER [08-Nov-14, 16:2430
& |st1-6
HEER
EHE
BAEE [cpw
Fidk | BXFSXYHM
SR (e | 20147 min
SERESEE | 0.0067 min (0402 sec), 3023 BES,
# Time Area Height Width Symmetry Area%o

1 14.537 8878.2 290.1

0.4671

0.58 83.716

2 15.721 1727 47.7

0.5283

0.73 16.284
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T
100

120 min

[+

HrHER # e LTt LT gE  HEET gERx

LC3rt [5T1090 [ 1] 33sem | 23776 201 [ 1973 0.4 43,366
T HFRRE | DAERAMPLESNST 3AERF 2074-10-09 11-21-174 | 2| =ses3 | 2437 7 | 5ma 0265 | 50634 |

BEA |09-0ct14,11:22:05

& |09
HREE
£
BAEE [cyw

FiiE | BFEXTHM
SyArETiEl | 132987 min
SEFESTIEE | 0.0067 min [0.402 sec), 19949 EHES

# Time Area Height Width Symmetry Area%

39.568

2377.6

20.1

1.9763

0.4

49.366

58.689

2438.7

5.8193

0.265

50.634
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DAD1 E, Sig=280.4 Ref=360,100 (DAEXAMPLES\S T3VBXF 201410-09 13-41-4715T-10-9-2.00

20 20 40 50 70 a0 min
& [r]
FHER # Hid L it LT -3 HERF EmH %
LCrf [5T-1092D [ 1] ser2 | 1953 1.5 [ 21087 0636 7.340
BHFREE | DAERAMPLESAST \BiF 201 4-10-09 13-41-47% [ 2 | ®Ba3za | 24736 7.3 | se518 | 92660 |
HEA [09-0c114,13:42.36
& [s1082
HREE
I
BEE [ow
FiE [BEF-SRTHM
SATETIE] [ 82.747 min
EFEANEE | 0.0067 min [0.402 sec), 12413 BIBA
# Time Area Height Width Symmetry Area%

40.672

195.9

1.5

2.1087

0.636

7.340

58.323

2473.6

7.3

5.6515

0.278

92.660
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~ 3

DADA [, Sig=230,4 Ret=380,100 (D AEAAMP LESAS TIBXF 2014-11-15 11-25-16V5T-3-1.00

10 15 20 pri=] 30 min
] I
YHER # Hid LA HE&ERF i %
LC3 i [ST-31.D [ 1] 19gm [ 1202 | 232 [ oso4a | 0534 43735
TEREE | DAEHAMPLESHS TIAENF 2014-11-15 1125164 [ 2] oress | 1386 | 7.6 | 1msr | ossz | 51268 |

BER [15-Hov-14, 12.23:06

eaa |st-31

BAEE |cow

FiE | BHF-SHYH.M

S3AfrETE] | 39993 min

SEHEAREE | 0.0067 min [0.402 sec). G000 EIE S

Time Area Height Width Symmetry Area%

19.692 1260.2 23.2 0.9041 0.584 48.735

27.835 1325.6 17.6 1.0187 0.552 51.265
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DADT A, Sig=210,4 Ref=310,100 (D AEXAMPLES\S TBXF 2014-11-02 14-09-208T-2-1.00)

200 —
150 |
400 |

&0 —|

27 605

30 min

[

XHER

LiE |G

LT

L= BE

HEET el %

LCarfs

5T-21.D

19111 ]

124055

2392 | 07631

043

91.680

TiiEE

D:SEXAMPLE SAST3NERE 2014-11-08 14-03-24%

#
[ 1
2

27605 |

11258

163 | om3s

0631

[EEET

08-Hov-14, 1410:21

aa

st-2-1

HEER

FHE

HRTEE

chw

HiE

BRF-SxrH.M

SATRTIE]

32 rmiry

RIEEE

00087 min_[0.402 sec]. 4301 BB

Time

Area

Height

Width

Symmetry

Area%

19.111

12405.5

239.2

0.7631

0.43

91.680

27.605

1125.8

16.3

0.8135

0.691

8.320
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=3k
DAD1 E, Sig=280,4 Ref=360,100 (DAEXAMPLE\CMY\DEF_LC 2016-03-23 0828 58\CMYIFAFSERE D)
K| [+]
# il i [ R NEET i 2
[1] 238 | 9543 ] 137 [ 09432 0.433 50,118
2 a1 | o504 ] 101 | 11eor | osos | 4smsz |
# Time Area Height Width Symmetry Area%
1 23.808 954.9 13.7 0.9492 0.499 50.118
2 31.1 950.4 10.1 1.1201 0.509 49.882
_ DAD1 E, Sig=280,4 Ref=360,100 (SNAPSHOT.O)
E1 [
# Hl it [ g HEET R 2
[1 ] 24827 | 45084 | 53.8 [ 1z 05 29.909
[ 2] ez | sosa | 4.8 | 17453 | oses | 1009 |
# Time Area Height Width Symmetry Area%o
1 24.627 4506.4 53.8 1.396 0.5 89.909
2 32.902 505.8 4.8 1.7459 0.568 10.091

71




o/ |/
7 L
K@/
= 3l
"’l\@.
| n?—"ﬁ.
2 &
LY iy
T
8 &
c‘?@@
I | ' ' ' | ' ' .
15 20 25 il
# HA e mil = L3 HEHEF Emil *
1 15132 180.8 45 06724 0607 43910
2 23.302 181.5 23 1.0745 0,623 50.090
# Time Area Height Width Symmetry Area%
1 15.132 180.8 4.5 0.6724 0.607 49.910
2 23.302 181.5 2.8 1.0745 0.623 50.090
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15 20 25 i
A L fiEil = R 2 HERET e X
15,118 1341.1 469 k543 0.54 23,471
23.43 3646 B.3 09675 0652 16.523
Time Area Height Width Symmetry Area%
15.118 1841.1 46.9 0.6543 0.54 83.471
23.43 364.6 6.3 0.9675 0.652 16.529
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= 3m
o
¥
]
|
5
&
I I I ]
15 20 25 min
[EfZ] e i L R AEET Emi X
18.46 240 6 5.4 0.531 0613 50.742
23.687 2335 3.8 0.7335 0635 43,258
Time Area Height Width Symmetry Area%
18.46 240.6 54 0.531 0.613 50.742
23.687 233.5 3.8 0.7395 0.698 49.258
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8 &
%@
T L L L I L T ]
15 20 25 min
HE L:fingi = MR HEET Emil X
1831 209249 466 07431 0437 90 495
23.796 2198 3.8 09749 0555 9505

Time Area Height Width Symmetry Area%o

18.37 2092.9 46.6 0.7481 0.487 90.495

23.796 219.8 3.8 0.9749 0.555 9.505
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N
/o
7
‘ X
=~ 3n
1IE- EIEI EIE- I E-IEI E-IE- 4|[| In-in
# HE i = L3 HEETF Emif %
1 33.302 4433 3.8 1.0735 0 43,490
2 35.965 45305 50.3 1.2693 0.522 50.510
# Time Area Height Width Symmetry Area%
1 33.302 4498 69.8 1.0735 0 49.490
2 35.965 4590.6 60.3 1.2698 0.522 50.510
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e L = e HEHT Emil %
33072 137042 207.8 1.099 1] 94 954
36051 7283 10.5 1.157E 0,743 5.04E
# Time Area Height Width Symmetry Area%
1 33.072 13704.2 207.8 1.099 0 94.954
2 36.051 728.3 10.5 1.1576 0.749 5.046
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Z &
4 vl
s &
45
.._,-o—"""-\-._\_,_\_h_‘_\__‘_'_\_ .
ﬂ_\-'_\_\_\_\_\"\_‘-'_‘-'_‘—ﬂ\.—\.-\.-\.r\_
r-——- -~ r - " r— — "~ —
12.5 15 17.5 20 mmin
L HA L e = R  HEET Emi X
1 14,262 163.9 5.5 0.4332 0.E44 0. 205
2 16.759 162.5 48 0.5595 0.718 49,794
# Time Area Height Width Symmetry Area%
1 14.262 163.9 55 0.4982 0.644 50.206

2 16.759 162.5 4.8 0.5695 0.718 49.794
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_§{§>
KA M mi Ha R HEET Emi X
14.074 1924.5 B5.3 04912 0,593 85.077
16.608 3376 9.4 05973 0.856 14.923
Time Area Height Width Symmetry Area%o
14.074 1924.6 65.3 0.4912 0.59 85.077
16.608 337.6 9.4 0.5973 0.856 14.923
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# Hal i | R ARRT MED

1] 13091 | 1754 6.6 04415 0E56 | 50479

2 | 1543 [ 1rn 5.8 04331 | 0697 | 49521 |
Time Area Height Width Symmetry Area%
13.091 175.4 6.6 0.4416 0.656 50.479
15.43 172.1 5.8 0.4331 0.697 49.521
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DAD E, Sig=280 4 Ref=360,100 (D:\EXAMPLECMY\DEF_LG 2016-01-13 15-41-52\CMY-TBUBRH FEF& 0)

40— @,\,@
g &
20| 9@'@
]

it HAE il s R HEET i x
[1] 13 [ a3z ] 1.7 [ 04e9 0577 9376
2] 15213 | 371 [ 1134 | 04877 | 0621 | 90624 |

Time Area Height Width Symmetry Area%

13 343.2 11.7 0.489 0.577 9.376

15.213 3317.1 113.4 0.4877 0.621 90.624
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S-7. HPLC Spectra of the new products 3 and 5 (Method B)

B [ HEET BEil %
I 352511223 3:3; I 19783 | gg;z [ 182'18;8 |
Time Area Height Width Symmetry Area%
26.365 3212.3 35.4 1.5137 0.418 85.129
36.532 561.2 4.7 1.9783 0.578 14.871
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0_—,__,,_\,\,“__\,,_}'\_/\ /5‘\

[T [+

L3 HE i ;s B AHEET Emi X

[ zrraz |  z4n@ | 43 [ 0EGE5 | 0634 | 4426 |

2] @m1e7 | w204 | 634 | 11923 | o483 | o557 |
# Time Area Height Width Symmetry Area%
1 27.742 240.8 4.3 0.6685 0.694 4.426
2 37.187 5200.4 63.4 1.1923 0.489 95.574
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DAD1 E, Sig—=280.4 Ref=360,100 (DAEXAMPLE\CMY\DEF_LC 20180408 15-23-11\CMY-DAYTHREE-4.D)

mill |
'HJIJ—:
El]—:
o=
e
i o
1 . &F
20- 3
] gé@‘
0- W :
10 125 1|5 17.5 20 22‘.5 2‘5 27‘.5 BcID min
D
# HE M s BE  HAEET emi %
[1] 18198 [ e4n8 [ M29 [ o099 0.398 91.002
L2 o | [EH [ 87 | 1eose | omes [ mgmm |
Time Area Height Width Symmetry Area%

19.199 6421.9 113.9 0.9393

0.398

91.002

26.047 635 8.7 1.2098

0.525

8.998
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DAD1 E, Sig=280,4 Ref=380,100 (DNEXAMPLECMY\DEF_LC 2018-04-21 09-58-52\CMY-D401.0)

[+]
# HE LT 4 g HEET emi X
B W A - B T
# Time Area Height Width Symmetry Area%
1 23.472 3287.3 40.3 1.3605 0.395 95.028
2 30.703 172 1.7 1.6573 0.692 4.972

85




3e

DAD1 E, S5ig=280,4 Ref=360,100 (O:\EXAMPLECMY\DEF_LC 20184

04-02 15-23-11"CMY-DAY THREE-2.0)

PR W A
&l D
] i i ) R HEET Emi
1] 26088 [ 70226 | 782 [ 1.2658 0.35 83,594
2 | miwr | 1Emea | 11.3 [ 14405 | o045 | 1E40E |
# Time Area Height Width Symmetry Area%
1 26.058 7022.6 78.2 1.2655 0.35 83.594
2 36.193 1378.3 11.3 1.4409 0.465 16.406
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3f

w3
35|
-
=
-
15—5
10—5
o _/\]L
' s o % 5 * o
[oT [+]
1 HA i 5] R HARET Emlx
[ 1] 28832 | 29874 | 37 1.3013 0452 BE.612
2] = | @01 | 38 1672 | o0& | 11388 |
Time Area Height Width Symmetry Area%

25.593

2957.4

37.9

1.3013

0.452

88.612

N || R

35.49

380.1

3.8

1.673

0.548

11.388
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39

DAD1 E, Sig=280,4 Ref=360,100 (D:\EXAMPLECMY\DEF_LC 2018-04-21 11-32-50\CMY-D204.0)

||I%|

I}
wn?sts [ o [ ?2%3: 0.7292 HE?? HEEz
5168 | | 158 B2l [ 019 [ 7077 |
Time Area Height Width Symmetry Area%
17.166 2589.8 52.3 0.7292 0.427 29.243
46.165 6266.2 19.8 5.2731 0.19 70.757




3h

DAD1 E. Sig=280.4 Ref=360.100 (0'\EXAMPLEXCMY'\DEF_LC 2018-04-18 09-28-48\CMY-DE01.0)

a

[ [+]
# [iciz] il 5 KR HEFET eEi %
[1 ] 1\ [ a5 [ 43 1563 92,847
[ 2] teese | 207 6.7 | n4vaz | oeer [ Tam |
# Time Area Height Width Symmetry Area%
1 1541 2735.1 85 0.4893 0.569 92.847
2 16.886 210.7 6.7 0.4743 0.647 7.153

89




S~
3i
R
=1 __r{?\
& g5
g ¥
i_‘
[+]
HA i [ e AEET el X
30045 | 4504 | 4.4 [ 17166 | 0593 [ 16307 |
48 [ 23 | 7.4 | 51743 | 0266 [ 83693 |
# Time Area Height Width Symmetry Area%
1 30.045 450.4 4.4 1.7166 0.593 16.307
2 48 2311.6 7.4 5.1749 0.266 83.693

90




L&
.
# HE [ = g AREATF EED %
[1 ] 20544 1657.4 306 [ 1mos 0.476 91.755
[ 2] a301s1 | 168 23 IFEIEEE
Time Area Height Width Symmetry Area%
20.644 1857.4 30.6 1.0106 0.476 91.755
30.181 166.9 2.3 1.2131 0.589 8.245
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3k

DAD1 E, Sig=280,4 Ref=360,100 (D:\EXAMPLE\CMY'\DEF_LC 2018-04-09 15-2.

3-11\CMY-DAY THREE-5.D)

mALI_Z o
B
e
0
20
20-] .
10—2 2
.’:‘i 1‘0 1|5 2‘0 2‘5 3‘0 3‘5 min
[0 I+
L HE i -5 g HEET MEi
[1] 2aes | &7z ] 716 [ 1029 0333 20.324
2] ;e | 684 [ 7.3 [ 1ms [ osmee [ MEE |
Time Area Height Width Symmetry Area%

23.63

5174.2

71.6

1.0291

0.393

88.324

31.562

684

7.3

1.1019

0.558

11.676
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DAD1 E, Sig=280,4 Ref=360,100 (D\EXAMPLEXCMY'\DEF_LC 2018-03-22 21-32-23'CMY-215-2.0)
mall |
-
15—:
10|
] 3
’ &2
5—_ ) -(5Q
Ta
R
0- »-&*_.__;
T T T
10 125 15 175 20 225 25 275 min
[T ]
L Hl i [ KR HEEAT kEl
[T ] teesz | 1o3ag | 23 [ 07575 0517 89.377
[ 2] @4 | 136 | 1.8 | 12038 | o3 [ 1oez |

# Time Area Height Width Symmetry Area%

1 16.682 1098.9 23 0.7975 0.517 89.377

2 26.466 130.6 1.8 1.2038 0.638 10.623
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9] 74
7 \\ cl
=_ N L
w0 AN
[\
N_ _N
N
«
3m

# HiE il = EE ARET RN 2
I [ onesz | 13371 | 238 [IEESS 0527 88.224

1
[ 2] 7o [ res | ZE [ 105 | oesz | nme |

Time Area Height Width Symmetry Area%
20.853 1337.1 23.8 0.9366 0.527 88.224
27.059 178.5 2.6 1.1578 0.642 11.776




DAD1 E. Sig=280.4 Ref=360.100 (D:\EXAMPLECMY\DEF_LC 2018-04-08 15-06-45\CMY-DAYTWC-01.0)

E1l [

# HA LT 45 R HEET Emil %

[1] 28203 | 41644 ] [ 10085 0 B2 E17

2] 9123 | awe2 127 | 11529 | o477 | 17383 |
# Time Area Height Width Symmetry Area%
1 29.203 4164.4 69 1.0055 0 82.617
2 31.123 876.2 12.7 1.1529 0.477 17.383

95




30

DAD1 E, Sig=280 4 Ref=380,100 {ONEXAMPLENCMY\DEF_LC 20164

04-18 12-14-4\CMY-D205.0)

=]

T
20

T
25 min

O o
S S T - - W YT
Z | tesd | 2161 47 | oeme | oez | 73560 |
# Time Area Height Width Symmetry Area%
1 15.8 701.2 17.3 0.5831 0.564 76.440
2 18.694 216.1 4.7 0.6358 0.602 23.560

96




DAD1 E, Sig=280.4 Ref=360,100 (DEXAMPLENCMY\DEF_LC 2016-04-18 14-12-58\CMY-0701.0)

[+ [+

# i oot [ EE ARET EmE

[ ] s [ &6 | ] [ 04525 0628 7.997

2] 13246 | 29066 | B5.4 | os1a | o054 [ aroos |
# Time Area Height Width Symmetry Area%
1 11.151 252.6 8 0.4525 0.628 7.997
2 13.246 2906.6 85.4 0.5113 0.549 92.993

97




6]

N

Et0OC.__N_ N O
N S
\
7 Ba

-] . &
: L
[« . . . [+]
# Hi i = MR HEET Emi %
[1 ] 1mma | 7as 206 I 0.529 71.571
[ 2] 20852 | 26168 55.7 | oeare | o497 [ 78030 |
# Time Area Height Width Symmetry Area%
1 18.003 736.8 20.6 0.5972 0.839 21.970
2 20.852 2616.8 55.7 0.6976 0.497 78.030

98




DAD1 E, Sig=280.4 Ref=360,100 (D\EXAMPLECMY\DEF_LC 2016-04-25 08-08-42\CMY-D402 0O)

[+
# ipl:] Mg 255 S HEET emD
[HEET T BTG [ 11242 0E53 9526
2 | 40403 | 1931 [ 45 [ omer | 0 [ 4ama |
Time Area Height Width Symmetry Area%
38.853 3886.4 57.6 1.1242 0.653 95.266
40.403 193.1 4.5 0.7167 0 4,734
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EtOOC__ N_ N

O
L/ 5¢

DAD1 E, Sig=280.4 Ref=380,100 (DEXAMPLECMY\DEF_LC 2018-04-08 18-22-05\CAY-DAYTWC-02.00

-
Il
> 28.270

T
35 min

[ [+]
L HE i s R AEET Emi
[T ] 227 [ &4 I 33 [ 07246 0.84 12.651
L2 ] a2 [ awrrs | 51.3 | 1ores | 0672 | 8734y |
# Time Area Height Width Symmetry Area%
1 28.27 547.1 9.3 0.7246 0.84 12.651
2 32.84 3777.4 51.3 1.0755 0.572 87.349
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F{o
O
\_~ 5d

DAD1 E, Sig=280,4 Ref=380,100 (D:\EXAMPLEVCMY\DEF_LC 2018-04-25 18-28-17\CMY-DE02.D)

'

. g g
: i
8
6 &
] - «.@?"
=9 I e
-] -
2] &
2
E E—
1‘0 1|5 Z‘D 2‘5 3‘0 3‘5 4‘0 45 5‘0 il
] [+
# A [ [ MR HEET Emi %
[ ] zaa7 | 7184 ] 43 [ z7m 0522 17.705
[ 2] mer | mmasn | 1.6 [ avm | ome | ezews |
# Time Area Height Width Symmetry Area%

718.4

4.3

2.7601

0.522

17.705

3339.1

11.6

4.7921

0.516

82.295

101




DAD1 E, Sig=280.4 Ref=380,100 (DAEXAMPLECMY\DEF_LC 2018-04-17 14-22-28\CMY-D803 D)

. &
£
75 . &
5— g&@%
5 .
L] HE il 55 MR HEET Emil %
[1] 388 [ mes3 | 47 [ 31434 0507 17.3149
(2] 49 429 | 10.8 [T T
# Time Area Height Width Symmetry Area%
1 29.805 885.9 4.7 3.1434 0.507 17.319
2 49.9 4229 10.8 6.5007 0.426 82.681

102




" HA i Bs R HEET e 2

[T a43r3 | 11607 | 53 [ amszs | 0 [ 24186 |

[ 2] so2es | =633 | 136 | 44675 [ o063 [ 7mat4 |
# Time Area Height Width Symmetry Area%
1 44.373 1160.7 5.3 3.6429 0 24.186
2 50.225 3638.3 13.6 4.4675 0.635 75.814

103




DAD1 E, Sig=280.4 Ref=360.100 (I:\EXAMPLECAMYDEF_LG 2018-04-17 19-23-25\CMY-DE02.0)

=
-
10—5
5
o VAN
10 20 2 a0 =0 e min
|
# HE e 4= MR HEET eEd x
[HEEET 722 ] 237 [ 19142 i 72,304
2| mam | sma | 94 | 17a3x | o | ews |
Time Area Height Width Symmetry Area%

57.206

2722

23.7

1.9142

0

73.304

59.61

991.3

9.4

1.7493

0.27

26.696
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DAD1 E. Sig=280.4 Ref=360,100 (DN\EXAMPLECMY\DEF_LC 2016-04-12 15-42-08\CMY-0402.0)

[=]

T
20

T
25

S S T T 1

2 | 73473 [IEEER 146 [ D685 [ nBes | 72489 |
# Time Area Height Width Symmetry Area%
1 20.66 2316 56.4 0.6314 0.718 77.511
2 23.473 671.9 14.6 0.685 0.849 22.489
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oF

DAD1 E. Sig=280.4 Ref=360.100 (D:\EXAMPLE\CMY\DEF_LC 2016-04-16 16-22-22'CMY-DS01-02.0)

Ell [
# HE i -5 g HARET Emi %
1] 25185 | 13218 259 [ o774 0917 23.052
2| mamm | a4123 BE5 | torz4 | oed | 7ewea |
# Time Area Height Width Symmetry Area%
1 25.185 1321.8 25.9 0.7774 0.817 23.052
2 31.979 4412.3 65.5 1.0124 0.614 76.948
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OEt 5j

DAD1 E, Sig=280,4 Ref=280,100 [DNEXAMPLENCMY'DEF_LC 2016-04-21 14-22-45\CMY-D203.0)

T
70

T
20

30 40 80 in
[+]
# i ] il S B NEET emi %
[T #3m [ m22 ] 37 16303 0.928 18.008
[ 2] 7ees | 1esaz | 94 29129 | o088 | erem |
Time Area Height Width Symmetry Area%

43.09

362.2

3.7

1.6303

0.928

18.006

78.69

1649.2

9.4

2.9139

0.88

81.994
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DAD1 E, Sig=280,4 Ref=280,100 {SNAPSHOT.D}

g
35-
0
=4
20|
15—5
10—5
CE
0
1IE 17‘.5 2‘0 22‘.5 2‘5 27‘ 5 32‘_5mm
[+]
# i 2] [ e HARET ERi %
1] 2834 ] I ] 0537 0723 30610
2 | 3115 | | 41 09685 [ 0751 | 5330 |
Time Area Height Width Symmetry Area%

28.364

2304.6

41

0.937

0.729

90.610

31.165

238.8

4.1

0.9685

0.751

9.390
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OEt 5|

DAD1 E, Sig=280 4 Ref=360,100 (D:\EXAMPLEXCMY\DEF_LC 2018-04-05 15-51-42'CMY-0402-4.0)
mall
175%
= o 4’9@
12 5— g@,@f
10
75— &
-
5 o X
= o
&
25— %
0- &
35 40 4‘5 E:D 65 a0 65 i
[ [+]
# HE L:igd e r  HEET il %
[1 ] #102 T 3181 | 33 [ 15934 0.5979 15.414
2] emz | 17z | 123 [ z3m19 | oser [ samEE |
# Time Area Height Width Symmetry Area%

1 44.102 315.1 3.3 1.5934 0.979 15.414

2 62.012 1729.2 12.3 2.3519 0.847 84.586
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DAD1 E, Sig=280.4 Ref=360,100 (D\EXAMPLECMY'\DEF_LC 2016-04-26 14-11-38\CMY-Z ZE=#.0)

maAL - [

30.286

25

HHA il L) gR  HAEET Emil
[ 2za3e [ 49024 ] 398 [ 1es8 [ 0369 [ E5987 |
EE &7 | 213 | 14365 | o448 | 34013 |

P — R

AcO OAC

AcO
AcO
7a

61% yield
66:34 de
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DAD! E, Sig=280,4 Ref=300,100 (D EXAMPLECMY\DEF_LC 2018-04-28 11-1743CM-RTMA®E1 D)

A Y - — e

s WA -3 251 L3
[ ] € | 4433 | w2 | 153 | navs | M
2 1 1

|EER 83 | 16482 | 035 | ena |

AcO OAc

AcO
AcO
7b

60% vyield
60.5:39.5 de
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