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General Methods. All reactions were carried out using standard Schlenk technique under
argon. Tetrahydrofuran was distilled from sodium and benzophenone. Zirconocene
dichloride was purchased from Aldrich Chemical Company. n-BuLi (1.6 M solution in
hexane) was purchased from Acros Chemical Company. Unless noted, all commercial
reagents were used without further purification. *H and **C NMR spectra were recorded at
room temperature in CDCl3 (containing 0.03%, 0.3%, or 1% TMS), or C¢Ds (containing
0.03% TMS), or THF-dg solutions on Varian, or Agilent XL-400 MHz, or Agilent vnmrs
600 MHz spectrometer. *"H NMR spectra was recorded with tetramethylsilane (5 = 0.00

S1


mailto:yhliu@mail.sioc.ac.cn

ppm) or solvent residual peak (chloroform, & = 7.26 ppm; tetrahydrofuran, 6 = 1.72, 3.58
ppm) as internal reference; *C NMR spectra was recorded with CDCls (8 = 77.00 ppm) or
THF-dg (6 = 25.31 ppm) as internal reference. High-resolution mass spectra was obtained
by using Waters Micromass GCT Premier or Agilent Technologies 6224 TOF LC/MS
mass spectrometers. Single crystal X-ray diffraction data were collected at 293(2) K (for
3b, 4a, N-tosylated derivatives of 4l and 4p, 15) and 273(2) K (for 5) on Bruker SMART

diffractometer .

Synthesis of (Z)-N-phenylbenzimidoyl cyanide (3b).
@] .Ph
I SOCl, NP 40 equiv CuCN N

Ph |
Ph” "N I
H reflux, 2 h Ph)\ CH3CN, reflux Ph):g;CN

Cl

In a 100 mL round bottom flask, equipped with a condenser and drying tube, a mixture
of N-phenylbenzamide (5.92 g, 30.0 mmol) and SOCI, (60 mL) was heated to reflux in
oil-bath. After 2 hours the excess SOCI, was removed, and the resulting residue was further
purified by distillation under reduced pressure to give pure imidoyl chloride as a light
yellow solid in 92% vyield (5.984 g) .*H NMR (400 MHz, CDCls) & 7.01 (d, J = 7.2 Hz, 2H),
7.20 (t, J = 7.6 Hz, 1H), 7.38-7.40 (m, 2H), 7.42-7.48 (m, 2H), 7.51-7.54 (m, 1H),
8.15-8.17 (m, 2H). BC NMR (100 MHz, CDClj3) 6 120.37, 125.01, 128.41, 128.83, 129.39,
132.01, 135.40, 143.20, 147.60. The NMR data is in agreement with that previously
reported.

To a solution of (Z)-N-phenylbenzimidoyl chloride (1.075g, 5.0 mmol) in acetonitrile
(20 mL) was added CuCN(1.791g, 20.0 mmol) at room temperature, and then the mixture
was heated to reflux for 4 h. The resulting mixture was cooled down to room temperature,
and filtered over celite. The filtrate was concentrated to give a viscous residue which was
purified by flash chromatograph on silica gel (eluent: petroleum ether) to afford
(2)-N-phenylbenzimidoyl cyanide 3b as a light yellow solid in 88% yield (909 mg). M.p. =
79-80 °C. *H NMR (400 MHz, CDCls) 6 7.19 (d, J = 7.2 Hz, 2H), 7.31 (t, J = 7.6 Hz, 1H),
7.44-7.58 (m, 5H), 8.13-8.16 (m, 2H). **C NMR (100 MHz, CDCl3) § 110.80, 120.28,
127.26, 128.16, 128.98, 129.23, 132.83, 133.52, 139.75, 149.04. IR (neat): 3063, 2962,
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2220, 1594, 1574, 1479, 1450, 1275, 1200, 1069, 1006, 835, 773, 721, 687 cm™. HRMS
(El) caled for Ci4HioN, [M]": 206.0844, found 206.0842. The structure and the

Z-configuration of 3b was also determined by X-ray single-crystal analysis.

Synthesis of a-iminonitriles 3a, 3¢ and 3f-3j.2

Typical procedure for the synthesis of (Z)-N-(4-bromophenyl)benzimidoyl cyanide (3c)

Br Br
/©/ 1.1equiv IBX /©/
HN 1.1 equivTBAB N

Ph” CN ] LEh e e
3c

0.1 equiv I,
1.1 equiv TMSCN
PhCHO + Br NH,
MeCN, rt, 1 h

To a solution of benzaldehyde (0.51 mL, 5.0 mmol), 4-bromoaniline (0.86 g, 5.0 mmol)

and I, (0.13 g, 0.5 mmol) in acetonitrile (5 mL) was added TMSCN (0.74 mL, 5.5 mmol) at
room temperature, and the mixture was then stirred for one hour. Then the IBX (1.54 g, 5.5
mmol) and tetrabutylammonium bromide (1.77 g, 5.5 mmol) were added (under water bath
if necessary) and stirring was maintained at room temperature. After the reaction was
complete as monitored by TLC, the reaction mixture was then filtered over celite and
concentrated. The crude product was purified by flash chromatograph on silica gel (eluent:
petroleum ether/ethyl acetate = 100/1) to afford the a-iminonitrile 3c as a yellow-green
solid in 83% yield (1.177 g). M.p. = 115 °C. *H NMR (400 MHz, CDCls) § 7.01-7.05 (m,
2H), 7.45-7.57 (m, 5H), 8.07-8.10 (m, 2H). **C NMR (100 MHz, CDCl5) & 110.46, 120.70,
122.00, 128.08, 128.89, 132.19, 132.94, 133.11, 139.93, 147.65. IR (neat): 2221, 1892,
1594, 1573, 1477, 1449, 1278, 1201, 1068, 1003, 834, 773, 739, 680 cm™. HRMS(EI) calcd
for C14HoBrN, [M]": 283.9949, found 283.9952.

N

M

Ph™ "CN 3a

(2)-N-(4-Methoxyphenyl)benzimidoyl cyanide (3a). Purification of the crude product by
flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 50/1) afforded

the title product as a yellow solid in 77% yield. *H NMR (400 MHz, CDCls) & 3.84(s, 3H),
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6.98 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 7.48-7.55 (m, 3H), 8.11-8.13 (m, 2H).
3C NMR (100 MHz, CDCls)  55.43, 111.58, 114.37, 122.99, 127.81, 128.88, 132.28,
134.03, 136.74, 141.63, 159.42. The NMR data is in agreement with that previously

reported.?

i
g
FsC 3

(Z2)-N-(p-Tolyl)-4-(trifluoromethyl)benzimidoyl cyanide (3f). Purification of the crude
product by flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 50/1)
followed by recrystallization in petroleum ether afforded the title product as an orange
crystal in 58% yield. M.p. = 102-103 °C. *H NMR (400 MHz, CDCl5)  2.40 (s, 3H), 7.21
(d, J=8.4, 2H), 7.28 (d, J = 8.4, 2H), 7.76 (d, J = 8.4 Hz, 2H), 8.24 (d, J = 8.0 Hz, 2H). *3C
NMR (100 MHz, CDCls) § 21.17, 110.93, 120.94, 123.53 (q, J = 272.4 Hz), 125.90 (q, J =
3.8 Hz), 128.31, 129.93, 133.85 (g, J = 35.2 Hz), 136.73, 136.79 (q, J = 1.5 Hz), 138.63,
145.77. F NMR (376MHz, CDCI3) 6 -62.99. IR (neat): 3029, 2926, 2869, 2224, 1615,
1603, 1572, 1500, 1411, 1325, 1274, 1167, 1127, 1113, 1068, 1005, 853, 826, 803, 667
cm™. HRMS(EI) calcd for CyH11F3sN, [M] *: 288.0874, found 288.0870.

cr
N

HsCO
CN

H;CO 3g
OCH;

(2)-N-(4-Bromophenyl)-3,4,5-trimethoxybenzimidoyl cyanide (3g). Purification of the
crude product by flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate =
5/1) followed by recrystallization in hexane/ethyl acetate afforded the title product as a
yellow solid in 73% yield. M.p. = 126-127 °C. *H NMR (400 MHz, CDCls) § 3.959 (s, 3H),
3.961 (s, 6H), 7.04-7.08 (m, 2H), 7.38 (s, 2H), 7.58-7.61 (m, 2H). *C NMR (100 MHz,
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CDCls) ¢ 56.17, 60.91, 105.27, 110.53, 120.54, 121.95, 128.37, 132.24, 139.53, 142.41,
147.81, 153.33. IR (neat): 2962, 2941, 2927, 2831, 1585, 1567, 1505, 1471, 1456, 1416,
1344, 1258, 1236, 1170, 1135, 1070, 997, 850, 829, 740, 701 cm™. HRMS(ESI) calcd for
C17H16BrN,O3 [M+H]": 375.0344, found 375.0339.

()N :
O CN
3h
(Z2)-N-(p-Tolyl)-1-naphthimidoyl cyanide (3h). Purification of the crude product by flash
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 100/1) followed by
recrystallization in petroleum ether afforded the title product as an orange solid in 50%
yield. M.p. = 114 °C. *H NMR (400 MHz, CDCls) 5 2.38 (s, 3H), 7.18 (d, J = 8.4 Hz, 2H),
7.27 (d, J = 8.4 Hz, 2H), 7.50-7.55 (m, 2H), 7.58-7.62 (m, 1H), 7.86-7.88 (m, 1H), 7.96 (d,
J=8.0 Hz, 1H), 8.18-8.20 (m, 1H), 9.15 (d, J = 8.8 Hz, 1H). **C NMR (100 MHz, CDCl5)
0 21.07, 111.71, 120.25, 124.64, 125.38, 126.75, 128.39, 128.79, 129.80, 129.87, 130.17,
131.50, 133.30, 133.98, 137.30, 139.97, 146.76. IR (neat): 3049, 2915, 2855, 1581, 1568,
1510, 1499, 1286, 1210, 1184, 1108, 949, 824, 803, 769, 734 cm™. HRMS(ESI) calcd for
CigH1sN, [M+H] *: 271.1235, found 271.1230.

g
N
I
= CN
0 3i
(2)-N-(4-Fluorophenyl)-5-methylfuran-2-carbimidoyl cyanide (3i). Purification of the
crude product by flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate =
100/1) afforded the title product as an orange solid in 67% vyield. M.p. = 82 °C. 'H NMR
(400 MHz, CDCl3) 6 2.44 (s, 3H), 6.26 (d, J = 3.2 Hz, 1H), 7.09-7.22 (m, 5H). *C NMR
(100 MHz, CDCls3) 6 14.05, 109.75, 110.28, 116.04 (d, J = 22.8 Hz), 120.93, 122.73 (d, J =

8.7 Hz), 128.04 (d, J = 1.8 Hz), 144.58 (d, J = 3.4 Hz), 148.27, 159.14, 161.58 (d, J = 247.7
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Hz). *F NMR (376 MHz, CDCls) 6 -114.61--114.54(m). IR (neat): 3113, 3072, 2225, 1892,
1755, 1602, 1573, 1529, 1497, 1301, 1212, 1194, 1157, 1061, 1029, 919, 839, 815, 803,
757, 742 cm™. HRMS(ESI) calcd for C13H1FN,O [M+H] *: 229.0777, found 229.0773.

!
~r > cN
\_s 3

(2)-N-(4-Chlorophenyl)thiophene-2-carbimidoyl cyanide (3j). Purification of the crude
product by flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate =
100/1) followed by recrystallization in petroleum ether/ethyl acetate afforded the title
product as a yellow solid in 60% yield. M.p. = 103-104 °C. *H NMR (400 MHz, CDCls) &
7.14-7.17 (m, 3H), 7.39 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 5.2 Hz, 1H), 7.79 (d, J = 3.6 Hz,
1H). 3¢ NMR (100 MHz, CDCI3) 6 110.20, 122.28, 128.27, 129.32, 133.00, 133.10,
133.42, 133.66, 140.46, 146.49. IR (neat): 3115, 3080, 1889, 1591, 1570, 1481, 1420, 1401,
1357, 1282, 1198, 1083, 1011, 945, 856, 832, 748, 731, 713, 685 cm™. HRMS(EI) calcd for
C1oH7CIN,S [M] *: 246.0018, found 246.0016.

Synthesis of a-iminonitrile (R)-3d, rac-3d and 3e.?

1.1 equiv IBX
1.1 equiv TBAB R?
1.1 equiv TMSCN N
RICHO + R°NH, P
MeCN, rt R” “CN

To a solution of aldehyde (5 mmol), amine (5 mmol, 1.0 equiv) and TMSCN (0.74 mL,
5.5 mmol, 1.1 equiv) in acetonitrile (5 mL) were added IBX (1.54 g, 5.5 mmol, 1.1 equiv)
and tetrabutylammonium bromide (1.773 g, 5.5 mmol, 1.1 equiv) at room temperature, and
stirring was maintained at room temperature. After the reaction was complete as monitored
by TLC, the reaction mixture was then filtered over celite and concentrated. The crude

product was purified by flash chromatograph on silica gel to afford pure a-iminonitrile.
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(R)-3d
(R)-Z-N-(1-Phenylethyl)benzimidoyl cyanide (R)-3d. Purification of the crude product by
flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 200/1) afforded
the title product as a light yellow solid in 75% yield. M.p. = 54 °C. *H NMR (400 MHz,
CDCls) § 1.70 (d, J = 6.4 Hz, 3H), 5.24-5.26 (m, 1H), 7.31-7.35 (m, 1H), 7.42 (t, J = 7.2 Hz,
2H), 7.49-7.55 (m, 5H), 8.08-8.09 (m, 2H). **C NMR (100 MHz, CDCls) § 24.58, 67.61,
109.67, 126.64, 127.49, 127.68, 128.64, 128.79, 132.14, 133.42, 139.74, 143.29. IR (neat)
3066, 3032, 2973, 2922, 2876, 1605, 1576, 1490, 1449, 1361, 1262, 1246, 1073, 1014, 776,
760, 689, 675 cm™. HRMS (EI) calcd for C1gHwuN, [M] *: 234.1157, found 234.1159. [o]p?°
= -22.4 (c = 1.0 g/100 mL, CHCl3). The enantiomeric excess was determined by Chiralcel
OD-H (0.46>25 cm): >99% ee, detected at 214 nm; flow rate 0.4 mL/min; eluent:

hexanes/isoproanol = 80:20 (v/v %); t (major) = 9.957 min, t (minor) = 9.418 min.

rac-3d

(2)-N-(1-Phenylethyl)benzimidoyl cyanide (rac-3d). Purification of the crude product by
flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 200/1) afforded
the title product as a light yellow solid in 81% yield. M.p. = 35-37 °C. *H NMR (400 MHz,
CDCl3) & 1.67 (d, J = 6.4 Hz, 3H), 5.21 (q, J = 6.4 Hz, 1H), 7.29-7.32 (m, 1H), 7.37-7.41
(m, 2H), 7.47-7.56 (m, 5H), 8.05-8.07 (m, 2H). *C NMR (100 MHz, CDCls) & 24.62,
67.60, 109.69, 126.67, 127.52, 127.72, 128.67, 128.82, 132.19, 133.45, 139.76, 143.32. IR
(neat): 3065, 3031, 2973, 2923, 2875, 2216, 1605, 1577, 1491, 1448, 1361, 1317, 1262,
1181, 1109, 1072, 1014, 910, 851, 775, 760, 689, 675 cm™. HRMS (ESI) calcd for
Ci6H1sN, [M+H]*: 235.1235, found 235.1232.
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(2)-4-Chloro-N-cyclohexylbenzimidoyl cyanide (3e). Purification of the crude product by
flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 100/1) afforded
the title product as a colorless crystal in 41% yield. M.p. = 71-72 °C. *H NMR (400 MHz,
CDCls) § 1.25-1.37 (m, 1H), 1.40-1.51 (m, 2H), 1.57-1.88 (m, 7H), 3.84-3.91 (m, 1H), 7.40
(d, J = 8.0 Hz, 2H), 7.90 (d, J = 8.4 Hz, 2H). *C NMR (100 MHz, CDCl3) & 23.88, 25.22,
33.27, 67.31, 109.31, 128.57, 128.89, 132.01, 137.77, 138.00. IR (neat): 2932, 2858, 1605,
1592, 1568, 1490, 1446, 1401, 1259, 1091, 1074, 1015, 994, 835, 799, 721 cm™. HRMS
(EI) calcd for C14H1sN,Cl [M] *: 246.0924, found 246.0921.

Synthesis of a-iminonitrile 3k.

10% H,0 (v/v)

1.5 equiv NaHCO;4 Ph

1.0 equiv Oxone J/
1.0 equiv TMSCN 1.0 equiv TBAB N
toluene, rt, 10 min 0° tor,5h Ph CN

3k

3k was synthesized by a modified procedure of the published method.? To a solution of
3-phenylpropanal (0.40 mL, 3.0 mmol) and 2-phenylethanamine (0.38 mL, 3.0 mmol) in
toluene (40 mL) was added TMSCN (0.40 mL, 3.0 mmol) at room temperture. About 10
min later, H,O (4 mL, 10% by volume), NaHCO3 (378 mg, 4.5 mmol), oxone (922 mg, 3.0
mmol) and TBAB (967 mg, 3.0 mmol) were added to the mixture successively at 0 <C, then
the solution was warmed up to room temperature and stirred vigorously at the same
temperature until the reaction was complete. Then the reaction mixture was quenched with
sat. NaHCO3 and extracted with ethyl acetate. The combined organic extracts were washed
with water and brine, and dried over Na,SO,. The solvent was evaporated in vacuo and the
residue was purified by flash chromatography on silica gel (wet loading; eluent: petroleum
ether/ethyl acetate/triethylamine = 30/1/0.3) to afford the product 3k as a light yellow oil in
50% yield (393 mg). 'H NMR (400 MHz, CDCls) § 2.76-2.80 (m, 2H), 2.90-2.94 (m, 4H),
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3.95-3.98 (m, 2H), 7.15-7.30 (m, 10H). *C NMR (100 MHz, CDCl5) & 31.51, 36.30, 39.96,
59.82, 110.20, 126.41, 128.33, 128.38, 128.51, 128.89, 138.43, 139.34, 143.60. The NMR

data is in agreement with that previously reported.’

A typical procedure for the titanium-mediated cross-coupling reactions of
1,3-butadiynes with o-iminonitriles. To a stirred solution of
1,4-bis(tert-butyldimethylsilyl)buta-1,3-diyne 1a (139 mg, 0.5 mmol) and Ti(O'Pr), (0.19
mL, 0.65 mmol) in THF (5 mL) was added n-BuL.i (0.81 mL, 1.6 M solution in hexane, 1.3
mmol) dropwise at -78 <C under argon. Then the reaction mixture was warmed up to room
temperature and stirred at  the same temperature for 1 h.
(2)-N-(4-Methoxyphenyl)benzimidoyl cyanide 3a (130 mg, 0.55 mmol) was added at
-78 <C and stirred at this temperature until the reaction was complete as monitored by TLC.
Then the dry-ice-acetone bath was removed, and the reaction mixture was quenched with 5
mL sat. NaHCO3; solution and stirred for 1 h at room temperature. The mixture was
extracted with ethyl acetate, washed with water and brine, and dried over Na,SO,4. The
solvent was evaporated in vacuo and the residue was dissolved in CH,Cl,. Then silica gel
was added, and the mixture was evaporated to dryness. The silica gel with absorbed
product was loaded onto a silica gel column and eluted with petroleum ether/ethyl acetate,

100:1, to provide the desired product 4a as a yellow solid in 72% yield (185 mg).

H,N  TBS
|\

Ph S
N =~1Bs

4a
OCHj,

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-1-(4-methoxyphenyl)-2-

phenyl-1H-pyrrol-3-amine (4a). M.p. = 94 °C. *H NMR (400 MHz, CDCls) 5 0.04 (s, 6H),
0.46 (s, 6H), 0.82 (s, 9H), 1.04 (s, 9H), 3.28 (s, 2H), 3.77 (s, 3H), 6.77-6.79 (m, 2H),
7.10-7.13 (m, 5H), 7.21-7.26 (m, 2H). *C NMR (100 MHz, CDCl5) & -4.96, -4.07, 16.60,
19.02, 25.95, 26.68, 55.34, 98.22, 100.65, 110.49, 113.37, 121.19, 121.51, 125.90, 128.27,
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129.11, 129.15, 131.59, 131.80, 135.45, 158.16. IR (neat): 2952, 2925, 2882, 2852, 2147,
1601, 1510, 1495, 1460, 1240, 1029, 822, 811, 762, 699, 669 cm™. HRMS (ESI) calcd for
C31H45N20Si; [M+H]": 517.3070, found 517.3063. The structure of 4a was determined by

X-ray single-crystal analysis.

H,N  TBS

T3
U
D

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-1,2-diphenyl-1H-pyrrol-
3-amine (4b). Purification of the crude product by flash chromatography on silica gel
(eluent: petroleum ether/ethyl acetate = 200/1 to 100/1) afforded the title product as a
yellow solid in 88% vyield (213 mg). M.p. = 107 °C. *H NMR (400 MHz, CDCl3) & 0.003 (s,
6H), 0.44 (s, 6H), 0.78 (s, 9H), 1.01 (s, 9H), 3.28 (s, 2H), 7.07-7.12 (m, 3H), 7.16-7.26 (m,
7H). **C NMR (100 MHz, CDCls) & -5.01, -4.06, 16.62, 19.05, 25.95, 26.68, 98.44, 100.49,
110.95, 120.97, 121.32, 125.97, 126.67, 128.10, 128.13, 128.29, 129.12, 131.56, 135.73,
138.62. IR (neat): 2952, 2927, 2883, 2854, 2143, 1600, 1542, 1493, 1462, 1367, 1249,
1007, 878, 822, 809, 762, 694 cm™. HRMS (ESI) calcd for CsgHasN,Sio [M+H]*: 487.2965,
found 487.2958.

H,N  TBS

Ph N

)l

TBS

Br 4c

1-(4-Bromophenyl)-4-(tert-butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-2-ph
enyl-1H-pyrrol-3-amine (4c). Purification of the crude product by flash chromatography
on silica gel (eluent: petroleum ether/ethyl acetate = 200/1 to 100/1) afforded the title
product as a yellow solid in 85% yield (241 mg). M.p. = 123-124 °C. *H NMR (400 MHz,
CDCls) 6 0.02 (s, 6H), 0.43 (s, 6H), 0.80 (s, 9H), 1.00 (s, 9H), 3.27 (s, 2H), 7.04-7.08 (m,
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4H), 7.11-7.15 (m, 1H), 7.22-7.26 (m, 2H), 7.35-7.38 (m, 2H). *C NMR (100 MHz, CDCls)
& -5.01, -4.12, 16.62, 19.01, 25.89, 26.64, 99.02, 100.16, 111.56, 120.34, 120.66, 121.29,
126.21, 128.50, 129.10, 129.63, 131.21, 131.29, 136.00, 137.69. IR (neat): 2951, 2924,
2881, 2852, 2142, 1603, 1551, 1489, 1460, 1372, 1248, 1067, 1011, 882, 822, 777, 763,
695 cm™. HRMS (ESI) calcd for CsoH42BrN,Si; [M+H]*: 565.2070, found 565.2075.

NH, TBS
|\

Ph™ N7

TBS
e,

/

Ph
(R)-4d

(R)-4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-2-phenyl-1-(1-pheny
lethyl)-1H-pyrrol-3-amine (R)-4d. After the reaction was complete, the reaction mixture
was quenched with 5 mL sat. NaHCOj3 and stirred for 1 h at room temperature. The mixture
was extracted with ethyl acetate, washed with water and brine, and dried over Na,SO,. The
solvent was evaporated in vacuo and the residue was dissolved in THF (5 mL). To this
mixture was added 4.0 equiv of BF; Et,0 (252 puL, 2.0 mmol) at room temperature, and
stirred at 50 °C for 1 h. Then the reaction mixture was quenched with sat. NaHCOj3 solution,
extracted with ethyl acetate, washed with water and brine, and dried over Na,SO,4. The
solvent was evaporated in vacuo and the residue was purified by flash chromatography on
silical gel (eluent: petroleum ether/ethyl acetate = 100/1) to provide the product (R)-4d as a
yellow solid in 73% yield (187 mg, 99% ee). M.p. = 96-98 °C. *H NMR (400 MHz, CDCl3)
§-0.05 (s, 3H), -0.03 (s, 3H), 0.38 (s, 3H), 0.40 (s, 3H), 0.78 (s, 9H), 0.96 (s, 9H), 1.89 (d, J
= 6.8 Hz, 3H), 3.02 (bs, 2H), 5.45-5.51 (m, 1H), 6.97-6.99 (m, 2H), 7.16-7.27 (m, 6H),
7.30-7.34 (m, 2H). **C NMR (100 MHz, CDCls) 6 -5.01, -4.95, -4.03, -3.88, 16.58, 19.10,
19.44, 26.08, 26.71, 54.49, 99.10, 101.44, 111.14, 118.95, 122.33, 125.93, 126.35, 127.26,
127.99, 128.65, 130.44, 131.69, 134.42, 142.65. IR (neat): 2947, 2925, 2882, 2851, 2138,
1611, 1599, 1545, 1492, 1470, 1408, 1340, 1249, 1026, 1006, 892, 824, 810, 793, 763, 730,
694, 671 cm™. HRMS (ESI) calcd for CsHa7N,Si; [M+H]": 515.3278, found 515.3262.
[0]o?°= -6.8 (c = 1.0 g/100 mL, CHCI3). The enantiomeric excess was determined by Lux
5u cellulose-2 (0.46>25 cm): >99% ee, detected at 220 nm; flow rate 0.5 mL/min; eluent:
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ACN / H,O =75/25 (vIv %); t (major) = 31.877 min, t (minor) = 32.999 min.

NH, TBS

/Z_g\
PR™ONT g
Ph)\

rac-4d

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-2-phenyl-1-(1-phenyleth
yl)-1H-pyrrol-3-amine (rac-4d). After the reaction was complete, the reaction mixture
was quenched with 5 mL sat. NaHCOj3 and stirred for 1 h at room temperature. The mixture
was extracted with ethyl acetate, washed with water and brine, and dried over Na,SO,. The
solvent was evaporated in vacuo and the residue was dissolved in THF (5 mL). To this
mixture was added 4.0 equiv of BF3 £t,0 (252 pL, 2.0 mmol), and stirred at 50 °C for 1 h.
Then the reaction mixture was quenched with sat. NaHCOj3 solution, extracted with ethyl
acetate, washed with water and brine, and dried over Na,SO,4. The solvent was evaporated
in vacuo and the residue was purified by flash chromatography on silical gel (eluent:
petroleum ether/ethyl acetate = 100/1) to provide the product rac-4d as a yellow oil in 65%
yield (168 mg). '"H NMR (400 MHz, CDCl5) & -0.05 (s, 3H), -0.03 (s, 3H), 0.38 (s, 3H),
0.40 (s, 3H), 0.78 (s, 9H), 0.96 (s, 9H), 1.90 (d, J = 6.8 Hz, 1H), 3.00 (bs, 2H), 5.48 (q, J =
6.0 Hz, 1H), 6.97-6.99 (m, 2H), 7.14-7.27 (m, 6H), 7.30-7.34 (m, 2H). *C NMR (100 MHz,
CDClj3) 6 -5.02, -4.96, -4.05, -3.89, 16.61, 19.12, 19.44, 26.07, 26.70, 54.49, 99.13, 101.38,
111.15, 118.95, 122.33, 125.94, 126.36, 127.28, 128.01, 128.67, 130.45, 131.66, 134.37,
142.66. IR (neat): 3415, 3339, 2925, 2882, 2852, 2361, 2341, 2137, 1611, 1599, 1544, 1492,
1470, 1408, 1338, 1296, 1249, 1026, 1005, 893, 822, 809, 762, 730, 693, 670 cm™. HRMS
(ES)) calcd for Ca,H47N,Si, [M+H]™: 515.3278, found 515.3252.

NH, TBS

]\
_CICH =~
el "N SS1ps

Cy 4e

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-2-(4-chlorophenyl)-1-cy
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clohexyl-1H-pyrrol-3-amine (4e). After the reaction was complete, the reaction mixture
was quenched with 5 mL sat. NaHCOg3 and stirred for 1 h at room temperature. The mixture
was extracted with ethyl acetate, washed with water and brine, and dried over Na,SO,4. The
solvent was evaporated in vacuo and the residue was dissolved in THF (5 mL). To this
mixture was added 4.0 equiv of BF; Et,0 (252 uL, 2.0 mmol), and stirred at 50 °C for 1 h.
Then the reaction mixture was quenched with sat. NaHCOj solution, extracted with ethyl
acetate, washed with water and brine, and dried over Na,SO,4. The solvent was evaporated
in vacuo and the residue was purified by flash chromatography on silical gel (eluent:
petroleum ether/ethyl acetate = 100/1) to provide the product 4e as a yellow solid in 75%
yield (198 mg). M.p. = 115-117 °C. *H NMR (400 MHz, CDCls) & 0.19 (s, 6H), 0.39 (s,
6H), 0.95 (s, 9H), 1.00 (s, 9H), 1.15-1.17 (m, 3H), 1.59 (s, 1H), 1.76 (s, 2H), 1.78 (s, 2H),
2.42 (s, 2H), 2.93 (s, 2H), 3.86 (t, J = 11.6 Hz, 1H), 7.21-7.23 (m, 2H), 7.38-7.40 (m, 2H).
3¢ NMR (100 MHz, CDCls) 5 -4.80, -3.88, 16.90, 19.08, 25.09, 26.24, 26.67, 31.80, 57.80,
99.00, 102.18, 110.99, 118.26, 120.28, 128.93, 130.52, 131.74, 133.06, 134.42. IR (neat):
3424, 3347, 2952, 2925, 2883, 2852, 2131, 1613, 1538, 1488, 1469, 1413, 1355, 1329,
1250, 1088, 1047, 1011, 924, 880, 824, 770, 722, 690, 674, 638, 623 cm™. HRMS (ESI)
caled for C3oH4gCIN,Si; [M+H]": 527.3045, found 527.3033.

FC TBS
4

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-1-(p-tolyl)-2-(4-(trifluor
omethyl)phenyl)-1H-pyrrol-3-amine (4f). Purification of the crude product by flash
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 100/1) afforded the
title product as a yellow solid in 84% yield (239 mg). *"H NMR (400 MHz, CDCl3) & 0.01 (s,
6H), 0.44 (s, 6H), 0.78 (s, 9H), 1.01 (s, 9H), 2.30 (s, 3H), 3.33 (s, 2H), 7.05 (s, 4H), 7.19 (d,
J = 8.0 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H). °C NMR (100 MHz, CDCls) § -5.05, -4.07,
16.60, 19.03, 21.00, 25.88, 26.66, 99.06, 100.11, 110.72, 119.38, 122.86, 124.19 (q, J =
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271.6 Hz), 125.19 (q, J = 3.8 Hz), 127.21 (q, J = 32.8 Hz), 127.82, 128.66, 129.04, 135.36
(9, J = 1.5 Hz), 135.90, 136.87, 136.92. 1*F NMR (376 MHz, CDCl5) § -62.32(s). IR (neat):
2952, 2927, 2884, 2855, 2143, 1613, 1513, 1363, 1322, 1248, 1164, 1123, 1071, 1015, 823,
772, 671 cm™. HRMS (ESI) calcd for CayHaaFsN,Si; [M+H]: 569.2995, found 569.2988.

H,>N TBS
H3CO 7\
—_—
N S
H,CO TBS
HsCO
49

Br
1-(4-Bromophenyl)-4-(tert-butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-2-(3,
4,5-trimethoxyphenyl)-1H-pyrrol-3-amine (4q). Purification of the crude product by
flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 30/1 to 10/1)
afforded the title product as a yellow solid in 77% yield (252 mg). M.p = 176-177 °C. 'H
NMR (400 MHz, CDCls) & 0.03 (s, 6H), 0.43 (s, 6H), 0.80(s, 9H), 1.01 (s, 9H), 3.33 (bs,
2H), 3.63 (s, 6H), 3.80 (s, 3H), 6.27 (s, 2H), 7.09 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.4 Hz,
2H). 3¢ NMR (100 MHz, CDCl3) 6 -5.11, -4.21, 16.49, 18.88, 25.78, 26.56, 55.75, 60.70,
98.95, 100.00, 106.02, 111.25, 120.24, 120.31, 121.06, 126.44, 129.56, 131.21, 135.85,
136.10, 137.82, 152.94. IR (neat): 3439, 3335, 2927, 2855, 2141, 1600, 1582, 1505, 1490,
1462, 1410, 1370, 1248, 1122, 1068, 1009, 832, 808, 774, 681 cm™. HRMS (ESI) calcd for
Ca33H4sBrN,03Si; [M+H]": 655.2387, found 655.2376.

H,N

SWa
——

O N ==>1Bs

4h

TBS

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-2-(naphthalen-1-yl)-1-(p
-tolyl)-1H-pyrrol-3-amine (4h). Purification of the crude product by flash chromatography

on silica gel (eluent: petroleum to petroleum ether/ethyl acetate = 100/1) followed by
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recycling preparative HPLC afforded the title product as a yellow solid in 72% yield (199
mg). M.p. = 172-174 °C. *H NMR (400 MHz, CDCl3) & *H NMR (400 MHz, CDCl5) § 0.01
(s, 3H), 0.03 (s, 3H), 0.45 (s, 3H), 0.49 (s, 3H), 0.79 (s, 9H), 1.06 (s, 9H), 2.12 (s, 3H), 2.86
(bs, 2H), 6.81 (d, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 7.15 (t, J = 8.8 Hz, 1H), 7.25 (t,
J =7.6 Hz, 1H), 7.37-7.46 (m, 2H), 7.65 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.83
(d, J =8.0 Hz, 1H). BC NMR (100 MHz, CDCl3) & -4.94, -4.93, -4.10, -3.99, 16.60, 19.12,
20.84, 25.94, 26.78, 97.90, 100.82, 110.53, 119.51, 121.12, 125.30, 125.78, 125.99, 126.48,
127.25, 127.79, 128.34, 128.46, 129.05, 129.83, 132.24, 133.62, 135.96, 136.07, 136.34. IR
(neat): 2951, 2926, 2883, 2853, 2143, 1610, 1545, 1515, 1463, 1372, 1248, 1007, 823, 807,
774, 680, 666 cm™®. HRMS (ESI) calcd for CgsHazN,Si, [M+H]*: 551.3278, found

551.3274.
H,N TBS
N /A
NS T
\ 3 TBS
I

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-1-(4-fluorophenyl)-2-(5-
methylfuran-2-yl)-1H-pyrrol-3-amine (4i). Purification of the crude product by flash
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 100/1) afforded the
title product as a yellow solid in 73% yield (186 mg). M.p. = 113-115 °C. *H NMR (400
MHz, CDCls) & -0.03 (s, 6H), 0.41 (s, 6H), 0.75 (s, 9H), 0.99 (s, 9H), 2.23 (s, 3H), 3.84 (s,
2H), 5.16 (d, J = 3.2 Hz, 1H), 5.79 (dd, J = 1.2, 3.2 Hz, 1H), 7.04-7.08 (m, 2H), 7.24-7.27
(m, 2H). *C NMR (100 MHz, CDCls) & -5.07, -4.23, 13.49, 16.50, 18.96, 25.83, 26.62,
98.90, 99.95, 105.35, 106.69, 110.30, 112.93, 115.28 (d, J = 23.2 Hz), 122.34, 130.24 (d, J
= 7.9 Hz), 135.11 (d, J = 2.9 Hz), 136.60, 145.79, 149.58, 161.97 (d, J = 247.3 Hz). *°F
NMR (376 MHz, CDClIs) 6 -114.02--113.95. IR (neat): 2950, 2925, 2881, 2852, 2148, 1606,
1509, 1463, 1379, 1247, 1221, 1024, 837, 823, 803, 771, 678 cm™. HRMS (ESI) calcd for
C29H42FN,OSi, [M+H]": 509.2820, found 509.2826.
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H,N  TBS

/A
\ N TBS

)

4
Cl

4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-1-(4-chlorophenyl)-2-(th
iophen-2-yl)-1H-pyrrol-3-amine (4j). Purification of the crude product by flash
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 100/1) afforded the
title product as a yellow solid in 79% yield (208 mg). M.p. = 97 °C. *H NMR (400 MHz,
CDCl3) 6 0.03 (s, 6H), 0.44 (s, 6H), 0.80 (s, 9H), 1.02 (s, 9H), 3.39 (bs, 2H), 6.75 (dd, J =
0.8, 3.6 Hz, 1H), 6.93 (dd, J = 3.6, 5.2 Hz, 1H), 7.15-7.21 (m, 3H), 7.27-7.31 (m, 2H). °C
NMR (100 MHz, CDCls) 6 -5.05, -4.19, 16.55, 18.98, 25.85, 26.63, 99.17, 99.81, 110.85,
114.92, 122.00, 125.04, 125.98, 126.93, 128.45, 129.78, 132.67, 133.17, 137.01. IR (neat):
2952, 2926, 2882, 2854, 2137, 1607, 1538, 1492, 1463, 1375, 1249, 1088, 1011, 831, 807,
772, 687 cm™. HRMS (ESI) calcd for CagHaoCIN,SSi; [M+H]*: 527.2139, found 527.2132.

H,N  TBS

Ph/\/z/——g\
N =~1ps
-

Ph 4k
4-(tert-Butyldimethylsilyl)-5-((tert-butyldimethylsilyl)ethynyl)-1,2-diphenethyl-1H-pyr
rol-3-amine (4k). After the reaction was complete, the reaction mixture was quenched with
5 mL sat. NaHCO3 and stirred for 0.5 h at room temperature. The mixture was extracted
with ethyl acetate, washed with water and brine, and dried over Na,SO,. The solvent was
evaporated in vacuo and the residue was dissolved in THF (5 mL). To this mixture was
added 4.0 equiv of BF3 Et,0 (252 pL, 2.0 mmol), and stirred at 50 °C for 30 min. Then the
reaction mixture was quenched with sat. NaHCOg3 solution, extracted with ethyl acetate,
washed with water and brine, and dried over Na,SO,. Purification of the crude product by
flash chromatography on silica gel (wet loading; eluent: petroleum ether/ethyl

acetate/triethylamine = 30/1/0.3) afforded the product 4k as a brown oil in 55% yield (148
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mg). *H NMR (400 MHz, CDCly) 5 0.19 (s, 6H), 0.34 (s, 6H), 0.92 (s, 9H), 0.99 (s, 9H),
2.66-2.71 (M, 4H), 2.94-2.98 (m, 2H), 4.04-4.08 (m, 2H), 7.05-7.30 (m, 10H). *C NMR
(100 MHz, CDCl3) & -4.58, -4.13, 16.74, 18.82, 26.22, 26.60, 29.64, 35.67, 37.63, 46.50,
97.34, 100.69, 110.70, 117.31, 120.55, 126.08, 126.47, 128.39, 128.47, 128.53, 128.73,
133.34, 138.48, 141.12. IR (film): 3028, 2927, 2884, 2855, 2134, 1709, 1603, 1547, 1496,
1462, 1359, 1248, 1178, 1006, 823, 810, 774, 740, 697 cm™. HRMS (ESI) calcd for
CasHs1N2Si, [M+H]": 543.3585, found 543.3583.

H,N  Ph
|\

Ph =~
N ==~pp

Br

1-(4-Bromophenyl)-2,4-diphenyl-5-(phenylethynyl)-1H-pyrrol-3-amine (41). After the
reaction was complete, the reaction mixture was quenched with 5 mL sat. NaHCO3; and
stirred for 1 h at room temperature. The mixture was extracted with ethyl acetate, washed
with water and brine, and dried over Na,SO,. The solvent was evaporated in vacuo and the
residue was dissolved in CH,Cl, (5 mL). To this mixture was added 4.0 equiv of BF3; Et,0
(252 pL, 2.0 mmol), and stirred at room temperature for 5 min. Then the reaction mixture
was quenched with sat. NaHCO3 solution, extracted with dichloromethane, washed with
water and brine, and dried over Na,SO4. The solvent was evaporated in vacuo and the
residue was purified by washing with cold hexane and ether to afford the product 4l as an
orange solid in 48% yield (118 mg). M.p. = 211-213 °C. *H NMR (400 MHz, CDCl;) &
3.41 (bs, 2H), 7.19-7.35 (m, 13H), 7.45-7.52 (m, 4H), 7.81 (d, J = 7.6 Hz, 2H). *C NMR
(100 MHz, CDCls3) 6 82.59, 95.26, 113.42, 120.11, 120.40, 121.01, 123.27, 126.40, 126.65,
127.67, 128.23, 128.60, 128.66, 128.73, 128.92, 128.97, 129.20, 130.50, 131.09, 131.51,
133.45, 137.60. IR (film): 3410, 3362, 3057, 2957, 2926, 2855, 2361, 2199, 1952, 1891,
1669, 1597, 1488, 1444, 1370, 1264, 1176, 1069, 1009, 914, 832, 755, 734, 693 cm™.
HRMS (ESI) calcd for CaoH2,BrN, [M+H]™: 489.0966, found 489.0947.
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H,N  Ph

Ph N

i

Ph

4m
OCH;,

1-(4-Methoxyphenyl)-2,4-diphenyl-5-(phenylethynyl)-1H-pyrrol-3-amine (4m). After
the reaction was complete, the reaction mixture was quenched with 5 mL sat. NaHCO3 and
stirred for 1 h at room temperature. The mixture was extracted with ethyl acetate, washed
with water and brine, and dried over Na,SO,. The solvent was evaporated in vacuo and the
residue was dissolved in CH,Cl, (5 mL). To this mixture was added 4.0 equiv of BF3; Et,0
(252 pL, 2.0 mmol), and stirred at room temperature for 5 min. Then the reaction mixture
was quenched with sat. NaHCO3 solution, extracted with dichloromethane, washed with
water and brine, and dried over Na,SO4. The solvent was evaporated in vacuo and the
residue was purified by washing with cold hexane and ether to afford the product 4m as a
grey solid in 44% yield (96 mg). M.p. = 214-215 °C. *H NMR (400 MHz, CDCls) & 3.39
(bs, 2H), 3.80 (s, 3H), 6.85 (d, J = 8.8 Hz, 2H), 7.13-7.33 (m, 13H), 7.49 (t, J = 7.2 Hz, 2H),
7.82 (d, J = 8.0 Hz, 2H). BC NMR (100 MHz, CDCls) 6 55.37, 83.07, 94.87, 113.53,
113.66, 120.12, 120.73, 123.61, 126.11, 126.39, 127.39, 128.13, 128.22, 128.44, 128.53,
128.72, 128.85, 128.98, 130.48, 131.46, 131.63, 133.83, 158.22. IR (neat): 3364, 3293,
3053, 2217, 1597, 1510, 1442, 1396, 1380, 1295, 1246, 1181, 1159, 1102, 1030, 837, 783,
772, 754, 697, 667 cm. HRMS (ESI) calcd for CaiHasN,O [M+H]': 441.1967, found
441.1962.

.
P
N o= CgHsMe-p
4n
Br

1-(4-Bromophenyl)-2-phenyl-4-(p-tolyl)-5-(p-tolylethynyl)-1H-pyrrol-3-amine (4n).

After the reaction was complete, the reaction mixture was quenched with 5 mL sat.
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NaHCO; and stirred for 1 h at room temperature. The mixture was extracted with ethyl
acetate, washed with water and brine, and dried over Na,SO,4. The solvent was evaporated
in vacuo and the residue was dissolved in CH,Cl, (5 mL). To this mixture was added 4.0
equiv of BF3 Et,0 (252 uL, 2.0 mmol), and stirred at room temperature for 5 min. Then the
reaction mixture was quenched with sat. NaHCOj3 solution, extracted with dichloromethane,
washed with water and brine, and dried over Na,SO,. The solvent was evaporated in vacuo
and the residue was purified by washing with cold hexane and ether to afford the product
4n as a grey solid in 42% yield (108 mg). M.p. = 200-202 °C. *H NMR (400 MHz, THF-dg)
§2.28 (s, 3H), 2.37 (s, 3H), 3.73 (s, 2H), 7.05-7.12 (m, 5H), 7.17-7.26 (m, 8H), 7.49 (d, J =
8.4 Hz, 2H), 7.69 (d, J = 7.6 Hz, 2H). ©*C NMR (150 MHz, THF-dg) & 21.35, 21.43, 83.21,
96.05, 114.37, 120.33, 120.76, 121.56, 121.80, 126.65, 129.20, 129.44, 129.73, 129.75,
129.77, 130.39, 131.16, 131.29, 132.08, 132.31, 132.80, 136.52, 138.46, 139.26. IR (film):
3358, 3300, 3025, 2958, 2918, 2857, 2199, 1738, 1667, 1596, 1514, 1490, 1454, 1409,
1379, 1261, 1102, 1069, 1013, 816, 771, 732, 721, 697, 666 cm™. HRMS (ESI) calcd for
C32H26BrN, [M+H]": 517.1279, found 517.1272.

H,oN

Ph N

)l

40
Br
1-(4-Bromophenyl)-4-hexyl-5-(oct-1-yn-1-yl)-2-phenyl-1H-pyrrol-3-amine (40). After

the reaction was complete, the reaction mixture was quenched with 5 mL sat. NaHCO3 and
stirred for 1 h at room temperature. The mixture was extracted with ethyl acetate, washed
with water and brine, and dried over Na,SO,. The solvent was evaporated in vacuo and the
residue was dissolved in THF (5 mL). To this mixture was added 4.0 equiv of BF3 Et,0
(252 pL, 2.0 mmol), and stirred at 50 °C for 30 min. Then the reaction mixture was
quenched with sat. NaHCOj3 solution, extracted with ethyl acetate, washed with water and

brine, and dried over Na,SO,4. The solvent was evaporated in vacuo and the residue was
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purified by flash chromatography on silical gel (eluent: petroleum ether/ethyl acetate = 50/1)
to afford the product 40 as a yellow solid in 39% yield (99 mg). *H NMR (400 MHz,
CDCl5) 5 0.87-0.91 (m, 6H), 1.26-1.48 (m, 14H), 1.59-1.64 (m, 2H), 2.33 (t, J = 6.8 Hz,
2H), 2.53 (t, J = 7.6 Hz, 2H), 3.10 (bs, 2H), 7.01-7.12 (m, 5H), 7.20-7.24 (m, 2H), 7.34 (d,
J = 8.4 Hz, 2H). 3C NMR (100 MHz, CDCls) & 14.09, 14.13, 19.67, 22.58, 22.66, 24.46,
28.41, 28.57, 29.34, 29.82, 31.36, 31.71, 72.36, 96.64, 114.77, 118.46, 119.54, 120.51,
125.71, 128.43, 128.68, 129.02, 129.10, 131.24, 131.71, 138.07. IR (film): 3386, 3059,
2955, 2927, 2855, 2360, 2341, 1726, 1615, 1572, 1491, 1465, 1370, 1326, 1069, 1012, 834,
723, 698, 669 cm™. HRMS (ESI) calcd for CoHzsBrN, [M+H]: 505.2218, found 505.2211.

H,N t-Bu

Dyl

4p

t-Bu

Br
1-(4-Bromophenyl)-4-(tert-butyl)-5-(3,3-dimethylbut-1-yn-1-yl)-2-phenyl-1H-pyrrol-3-
amine (4p). After the reaction was complete, the reaction mixture was quenched with 5 mL
sat. NaHCO3 and stirred for 1 h at room temperature. The mixture was extracted with ethyl
acetate, washed with water and brine, and dried over Na,SO,4. The solvent was evaporated
in vacuo and the residue was dissolved in THF (5 mL). To this mixture was added 4.0 equiv
of BF3 Et,0 (252 L, 2.0 mmol), and stirred at 50 °C for 30 min. Then the reaction mixture
was quenched with sat. NaHCO3 solution, extracted with ether, washed with water and

brine, and dried over Na,SO,4. The solvent was evaporated in vacuo and the residue was

purified by flash chromatography on silical gel (eluent: petroleum ether/ethyl acetate

100/1 to 50/1) to afford the product 4p as a yellow solid in 55% yield (123 mg). M.p.
163-164 °C. *H NMR (400 MHz, CDCls) & 1.12 (s, 9H), 1.53 (s, 9H), 3.21 (s, 2H),
6.99-7.12 (m, 5H), 7.21 (t, J = 7.2 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H). *C NMR (100 MHz,
CDCI3) 6 28.16, 30.29, 30.90, 32.65, 73.58, 105.17, 112.61, 119.67, 120.29, 125.72, 126.05,
128.36, 128.41, 129.32, 129.90, 130.83, 131.49, 137.84. IR (neat): 2962, 2927, 2901, 2861,
2356, 2220, 2137, 1599, 1545, 1489, 1392, 1362, 1248, 1202, 1178, 1067, 1008, 839, 821,
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772, 727, 700, 669 cm™. HRMS (ESI) calcd for CasHaoBrN, [M+H]": 449.1592, found
449.1584.

TIs
H,N Ph HN Ph
1.5 TsCl

h/m\ dine, 80°C, 11 h/Z/_g\
P ridine, , P

N" ~p, P N =>pn

4 '
Br Br al

57%
N-(1-(4-Bromophenyl)-2,4-diphenyl-5-(phenylethynyl)-1H-pyrrol-3-yl)-4-methylbenze
nesulfonamide (41°). To a stirred solution of 3-aminopyrrole 4l (310 mg, 0.63 mmol) in
pyridine (2.0 mL) was added 4-methylbenzene-1-sulfonyl chloride (181 mg, 0.95 mmol) at
room temperature, then the mixture was warmed to 80 °C and stirred for 1 h. After
evaporation of the solvent, the resulting mixture was quenched by H,O (5 mL), and stirred
for 30 min. The mixture was extracted with dichloromethane, washed separately with water
and brine, and dried over anhydrous Na,SO,. The solvent was evaporated in vacuo and the
residue was purified by washing with hexane and ether to afford the product 41’ as a brown
solid in 57% yield (233 mg). M.p. = 277-278 °C. *H NMR (400 MHz, CDCl3) & 2.28 (s,
3H), 6.33 (s, 1H), 6.81 (d, J = 7.6 Hz, 2H), 7.06-7.31 (m, 17H), 7.43-7.50 (m, 4H). *°C
NMR (100 MHz, CDCl3) 6 21.43, 81.39, 95.45, 114.01, 115.84, 121.51, 122.86, 126.68,
126.93, 127.66, 128.00, 128.18, 128.25, 128.50, 128.92, 128.95, 129.43, 129.66, 130.12,
130.62, 131.62, 132.54, 134.24, 136.38, 136.87, 142.66. IR (film): 3250, 3056, 2920, 2360,
2341, 2202, 1960, 1892, 1597, 1491, 1474, 1443, 1408, 1370, 1320, 1154, 1091, 1070,
1013, 911, 834, 812, 786, 758, 732, 717, 689, 662 cm™. HRMS (ESI) calcd for
Cs7H31BrN30,S [M+NH,]*: 660.1320, found 660.1315.
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Ts
/

1.5 TsCl
H,N t-Bu 10% DMAP HN t-Bu
2.0 pyridine
I i
- (¢} P
Ph Ny X gy DCM.80°C,8h NT S g,
4 4p'
Br P Br P

72%
N-(1-(4-Bromophenyl)-4-(tert-butyl)-5-(3,3-dimethylbut-1-yn-1-yl)-2-phenyl-1H-pyrrol
-3-yI)-4-methylbenzenesulfonamide (4p”). To a stirred solution of 3-aminopyrrole 4p (90
mg, 0.2 mmol) in dichloromethane (2.0 mL) were added 4-methylbenzene-1-sulfonyl
chloride (57 mg, 0.3 mmol), DMAP (2.4 mg, 0.02 mmol) and pyridine (32 uL, 0.4 mmol)
sequentially at room temperature. The flask was sealed and immersed into an oil bath at 80
°C. After stirring for 8 h, the solvent was evaporated in vacuo and the residue was purified
by flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 6/1 to 4/1) to
afford 4p’ as a yellow solid in 72% yield (87 mg). M.p. = 243-244 °C. 'H NMR (400 MHz,
CDCl3) 8 1.11 (s, 9H), 1.61 (s, 9H), 2.24 (s, 3H), 6.05 (s, 1H), 6.59-6.61 (m, 2H), 6.77 (d, J
= 8.0 Hz, 2H), 6.83-6.89 (m, 4H), 6.93-6.97(m, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.31 (d, J =
8.8 Hz, 2H). *C NMR (100 MHz, CDCls) & 21.36, 28.21, 30.27, 31.19, 32.97, 72.62,
106.93, 114.38, 114.50, 120.90, 126.55, 126.91, 127.65, 128.89, 129.99, 130.02, 130.26,
131.01, 132.42, 134.60, 137.15, 137.38, 142.18. IR (film): 3266, 2965, 2925, 2864, 2361,
2341, 1894, 1597, 1542, 1490, 1449, 1395, 1375, 1361, 1328, 1265, 1249, 1185, 1173,
1158, 1092, 1069, 1011, 889, 835, 811, 729, 690, 664 cm™. HRMS (ESI) calcd for
Ca3H3sBrN,0,S [M+H]": 603.1681, found 603.1674.

Synthesis of compound 5.

i) 1.0 equiv N/C6H4Br'p

| TBS
3

TBS Ar)\CN k N\ TBS

(Pr0),Til 78°C.5h — silica gel 4g, 85%
2 I - —_— g: 0
i) sat. NaHCO4 P BrC6H(‘ NH
\ N
1.2 equiv Ar
TBS

2a Ar = 3,4,5-(MeO)3CgH, 5, 83%
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To a stirred solution of 1,4-bis(tert-butyldimethylsilyl)buta-1,3-diyne 1a (167 mg, 0.6
mmol) and Ti(O'Pr)s (0.23 mL, 0.78 mmol) in THF (5 mL) was added n-BuLi (0.98 mL,
1.6 M solution in hexane, 1.56 mmol) dropwise at -78 <C under argon. The mixture was
warmed up to room temperature and stirred at the same temperature for 1 h. a-Iminonitrile
39 (188 mg, 0.5 mmol) was added at -78 <C and stirred at this temperature for 5 h. Then the
reaction mixture was quenched with 5 mL sat. NaHCOj solution, and stirred for 1 h at room
temperature. The mixture was extracted with ethyl acetate, washed with water and brine,
and dried over Na,SO,. The solvent was evaporated in vacuo and the residue was purified
by flash chromatography on neutral alumina (wet loading; eluent: petroleum ether/ethyl
acetate = 20/1 to 10/1) to afford the product 5 as a yellow solid in 83% yield (273 mg).
M.p. = 136-137°C. *H NMR (400 MHz, C¢Ds) & 0.18 (s, 6H), 0.49 (s, 6H), 1.01 (s, 9H),
1.21 (s, 9H), 3.50 (s, 6H), 3.90 (s, 3H), 6.59 (d, J = 8.4 Hz, 2H), 6.98 (s, 1H), 7.27-7.30 (m,
2H), 7.33 (s, 2H), 10.00 (s, 1H). **C NMR (100 MHz, C¢D¢) & -4.79, -1.69, 16.87, 18.72,
26.29, 28.11, 55.64, 60.55, 105.37, 106.23, 109.38, 117.34, 122.23, 130.97, 132.05, 133.05,
142.59, 150.26, 153.69, 154.15, 167.30, 179.30. IR (neat): 3244, 3225, 2928, 2887, 2855,
1608, 1577, 1505, 1463, 1414, 1362, 1335, 1251, 1234, 1201, 1122, 1071, 1006, 938, 823,
808, 771, 681 cm™. HRMS(ESI) calcd for CssHasBrN,0sSi, [M+H]": 655.2387, found
655.2393. The structure of 5 was determined by X-ray single-crystal analysis.

To a solution of 5 (130 mg, 0.20 mmol) in CH,Cl, was added silica gel, and the
mixture was evaporated to dryness. Then the silica gel with absorbed product was loaded
onto a silica gel column and eluted with petroleum ether/ethyl acetate, 10:1, to provide the

product 4g as an orange solid in 85% yield (111 mg).

Titanium-mediated cross-coupling reactions of monoynes with a-iminonitriles.

2.0 equiv
.CegH,OMe-
N e MeP CeH,OMe-p
Ph )I\ 3a /
N Ph
. , Ph” “CN H,O \
(Pro),Ti< P!
-78°Ctort, 2 h, PH N
Ph 0 /
12 50°C, 2h C6H40Me-p
15, 59%
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To a stirred solution of diphenylacetylene (89 mg, 0.5 mmol) and Ti(O'Pr), (190 uL,
0.65 mL) in THF (5 mL) was added n-BuL.i (0.81 mL, 1.6 M solution in hexane, 1.3 mmol)
dropwise at -78 <C under argon. The solution was warmed up to room temperature and
stirred at the room temperature for 1 h. Then a-Iminonitrile 3a (1.0 mmol, 236 mg) was
added at -78 <C, then the mixture was warmed up to room temperature and stirred for 2 h,
and at 50 °C for another 2 h. Then the reaction mixture was quenched with 5 mL water, and
stirred for 30 min at room temperature. The mixture was extracted with diethyl ether,
washed with water and brine, and dried over Na,SO,. The solvent was evaporated in vacuo
and the residue was purified by flash chromatography (eluent: petroleum ether/ethyl acetate
= 50/1 to 30/1) on silica gel to afford the product 15 as a yellow solid in 59% vyield (124
mg). In addition, diphenylacetylene was also isolated in 74% yield (66 mg). *H NMR (400
MHz, CDCl3) & 3.71 (s, 6H), 6.65-6.73 (m, 8H), 7.36-7.41 (m, 6H), 7.89-7.91 (m, 4H).
3C NMR (100 MHz, CDCls) & 55.18, 113.60, 122.04, 127.94, 128.61, 130.74, 137.26,
142.32, 157.21, 163.13. The NMR data is in agreement with that previously reported.* The

structure of 15 was also determined by X-ray single-crystal analysis.
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X-ray crystal structure of complex 4a
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C32 C3

X-ray crystal structure of complex 41> (N-tosylated derivative of 4l)

X-ray crystal structure of complex 4p” (N-tosylated derivative of 4p)
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X-ray crystal structure of compound 5

X-ray crystal structure of complex 15

S27



0000

98¢ ————

269 —
v66'9 \/
preL — O\
9L —

o8v'L \/\

L6V, —
91§ L — =
825 L —
SYS'L —
V95, —

6018 —
2ITg —
6218 —

OCHj

|
Ph)\CN 3a

(326

317

0PPN

TEV'SS

189'9L
000°2L W

eTeLL—

Y8 TIT—
oLevTT—

€667 ——
£1822T

oggeT =
0822ET
9OVET—
ovL9ET —
2E9THT

LTY'6ST

OCH;

|
Ph)\CN 3a

PPN

0

50

100

150

200

S28



0000~

8.TL
96T'L
06¢°L
60€°L
1281
'L
7L
187,
205,
615,
8ES'L
¥9S°L
9.5,
285°L

VET'8
LET'8
9ST'8

((l

PPN

0

10

T899, —~

000'2L
STE'LL W

zogott—
6.202T
92221 —

291821

286'82T W
zez62T

0e8'zeT =
LTSEET —

9vL'6ET

LEOBYT

PPN

0

50

100

150

200

S29



0000

€T0°L
T20°L
S20'L
LE0L
oL
6v0'L
oL
6L
€ShL
99,
oLy'L
28rL
98y,
T6Y°L
005'L
9052
[45-p
€25'L
8257,
GESL
6ES'L
S,
295°L
0L0'8
€L0'8
6L0'8
8808
2608
60'8

Br

PPN

10

08990, ——__
000'2L \“
oTELL —

e OTT —
€0L02T

166'TZT /
z10'z2t %
9,0'82T

988'82T %
88126l ——
6€6'2ET

OTT'€ET -
€E6'6ET

8v9 LT

Br

PPN

50

S30



069'T
90L'T

ore's
SSC'S

09Z'L
el
TEEL
8vEL
0ov'L
8Iv'L
VEV'L
98Y'L
T6v'L
€05°L
2es’L
9€G'L
8SL
9,08
1108
980'8
€608
608

Fa
['%
% L
Nd
(53
_/ i 8 r
z=( g g
c L
o

8.5%C

£99'60T ————

1£9'92T —
88Y'22T —
819221 —
79827 —~N\—
98L8el —
EVTZET \“H
6TY'EET —
9€L'6ET —————
062'EYT —————

Ph)\CN
(R)-3d
Hhish

PP

50

S31



099'T
99T

06T'S
902'S
€22'S
6eC’s
092'L
982'L
68¢°L
662°L
90g'L
oce’L
€eeL
2LEL
T6E'L
Sov'L
607°L
'L
99%°L
oLy'L
(ZAA
887'L
T6Y'L
6L
905,
ves'L
GeS'L
owe'L
0SS'L
JAsipA
0952
108
1508
908
8908
T.08
1108

22

1.02

T
OPPN

10

ST9VC

209'.9

689'9L
00022 W
61ELL

69607 —————

199'92T —
815221 —

STLLZT — _
209821 ——o=
€28'82T — .
98TZEL —
orEET —

29L6ET ————
EEYT ———

0 PPN

50

100

150

200

S32



WeE —
258t

vo8'e
9.8
188
006°€
ote'’e

.

T6€°L
L

188
806°L

CN

3e

Cl

f.03

PPN

10

6/8€C—u
TS ——

TLCEE

T1€°L9

v89'0L
00024 W
ozeLL

CN

L0€'60T

195821 —_

3e

Cl

+68'82T
€TOCET

SOLULET ——
£00'8ET —

| |

OPPN

50

100

150

200

S33



0000

Tov'e

8.09

CN

3f

FiC

PPN

L 69T°TC

TE9'8ET

F YLLSYT

CN
3f

FsC

‘\H‘ \H\

PPN

0

50

100

150

200

S34



0000

656'€ \
196

8v0°L
€502 /
590°L

o0 ——

Y9TL ——

8L ——
€85°L
oggs >

665, \
S09°'L

Br

CN

H3CO

3g

HsCO

OCH;

ofe7

11‘99

1.00

1.06

0.98

1los

T
0 PPN

89195

€T6°09

£89°0L
00024 W
e

692'S0T

G2S0TT

985°0CT ——__
6V6TeT —

69€'82T
6ECZET

92S'6ET
607°2rT
L08°LYT

9ze'eST

Br

CN

H,CO

39

HaCO

OCH,

i

PPN

50

S35



0000- ———

6Le7C

wr'e
€9T'6

T

CN

3h

3r 10

=)
3
i

PPN

20T —————

t 08992 \\
00022 —
9Te"LL —

CILTIT
Sv2'02T
Fo© or9veT
9.€'GeT
28L'92T
L 88€'8¢CT
£6L°82T
T08'62T

gogeeT — S=

ELTOET
967 TET
€0E'EET
V86'EET
00€'LET
V.6'6ET

e

S

6SL°9vT

10

CN

3h

-

PPN

50

S36



6EV'C

vSe9
2929
T60°L
160°L
ETTL
TeTL
62T,
VET'L
oL
6ST'L
9T,
18TL
68T°L
G6T'L
T0CL
JAAA
ceL
6TCL
veelL
092,

-

—

307

0 PPN

6Y0vT

89°9L
00022 W
6TELL

CN
3i

¥52°60T ‘/

282011 ————
0€6'STT —
LSTITT ———=

286°02T —~__
289221 — —

69L7¢¢T —
€€0'82T —
250'82T —

8IS VYT —
265 YT —
0L28YT ———

PYT6ST ——
EYE09T ——
108291 —

0 PPN

50

100

150

200

S37



0000~

12472
65T'L /
90T,

088, ——__
oL —

885, ————
T09°2 —
1822 \
06LL

Cl

PPN

£89°0L
00022 W
LTELL

0020TT

81222t
g0z aeT —
LTE'62T /
166'2€T V
860°EET ——N\__
£2r'EET
539°EET -
Z9v°0rT

887'9YT

Cl

PPN

0

50

100

150

200

S38



0000~

T9LC
8LLC
66.C
¥06°C
6T
6T

LY6'E
596°€
€86'€

LyTL
S9T'L
08T'L
88T,
66TL
S0T'L
6TCL
652
LLTL
S62°L

N
‘\

N

Ph

629

PPN

605'TE

TOE9€
¥96'6€

228'65

89°9L
00022 vm
ozce'LL

66T0TT ———

YIr'9eT —
62e'8CT ‘/
11€'82T ‘WH
T19°8¢T — —
988'8¢T —

YEY'BET — —
ZYEBET —

665°€VT -

J/Ph
N

CN 3k

Ph

o

PPN

50

S39



T
Lo
. 856 ——__
0500 8 Lo 00—
8 |
oo ——— o
8 P09'9T ————
8180 ———— o U r Te0eT—
80T ———— > F= 29658 ——__
| 8997 —
o
L ore'sg —————
Lo 5899, ———
N 00022 \x
sLee % = S r 6TELL—
- © H
< L
Y/ g
e 2] e 022’86 ————
m « S§¥9°00T —
[= T b :
) 187 0TT —
= - o) L B9E'ETT —
— 981121 \/
L 605T2T —
Z, Y06'52T —
T = r 892'82T —\\ \__
o L L0T'62T —
SPT'6CT —
Lo 985 TET —
208'TET =
r 6YY'SET ————
Lo
1ST85T ———

PPA

0

50

TBS

100

HoN
S40

150

200




0000~

€000

6EY'0

28L°0
10T

L1TE

vL0°L
€80°L
260°L
S60°L
T0T'L
8IT'L
0cTL
09T°L
voT’L
0LT'L
9TL
8T°L
68T°L
v0c'L
81T,
L
€T L
LE8TL
9ST'L

PPN

T™™S

1116

.02

9.00

P I

TBS

TBS
1% TMS

HoN
Ph

G006 ——
90—

0100 ————

22991 —

15061 —"
156'SZ \“ —
089'97 —

T899 —— __
0002, —
618"2L —

g —

ogvoor—
¥S6'0TT
196021
9TeTeT
696'52T
899'921
zor'8et
SeT'8eT
262821
6TT62T
955 TET
TeL'SET
£29'8ET

W

PPN

T™™S
0

50

TBS
TBS
100

HoN
S41

lH“! L

150

200




0000- ——___
€200 —

S0 ————

96,0 —————
6660 ———

viee ——

LE0°L —
oL —
¥S0°L —
650°L —
080°L —
€80°L —
PITL
€ETL —
8YT'L —
T6TL —
9TT’L —
9€TL —
180, —
8veL —
25€L —
¥9gL
69€°L
9LEL

N

TBS

HoN

T™S

(77

TBS

374

2.00

o
N
L

=)
=
-

1% TMS

06—
Ty ——
o100 ——m—
oot ——

€T06T \
068'5C—
29’9z \

1899, —

0002, ——>—
61€LL -

Hmo.mm\\
09T°00T —_

29STIT ——u—
LE€02T —
£99'02T —
2T T — —
L6t°82T —
YOT'62T ‘/‘
82962 ——=
L0ZTET —
o6z TET—
$00'9€T \“\
069°LET —

TBS

HoN

™S

TBS

Ph

Br

Ll

PPN

S42



250°0- —
920'0 \VW
0000- —
0880 ———
86c0 —
9,20

9560

2e0'e

92

3

3§02

79

TBS

NH, TBS
/\
N

Ph

Ph)w,, (R)-4d

9100 |

6127

B.o7

183

-0.97

2.00

2020

0 PPN

0.3% TMS

200°S-
1567 /
620
Luge—

¥85°9T —
TOT'6T

oereT—

L109¢

aree—"

YA

0899, ——

000°2L \
oceLL

00T'66 \\
EVV'T0T
MNA.HHH —~_
256811

82€2CT /
L26'SeT 1/‘
LyE'9ZT —
29z LTt /

A
8v9'82T
LEV°0ET x
989'TET \
6TV PET

1y9°2vT \

TBS

NH;

|\

/l

Ph

N
Ph) ", (R)-4d

TBS

PPN

50

S43



8L6C

€SP'S
697'S
187'S
20S'S

269
066'9
Tl
T9T°L
08T'L

60Z°L

622°L /W
ovTL — =
1922 =7

20E'L

7

W

T2EL
6EEL

2.69

565

TBS
rac-4d

)l

NH, TBS
I\
N
Ph)\

Ph

2.90

!

-0.92

.00

5.98

Yo7

N

PPN

0.1% TMS

020G~ —
6567 \/
g0y ———==
68—

209°9T ———
6TT'6T
gever—

2L092
00—

S8Y'vS

189'9L

00022 \
6TELL

82166 %
288°T0T —

STTIT—~
8v6'8TT —
£££22T \/
6£6'52T \/\
958927 —\ \_
282221 —
T10'82T \VW
219821 — _—
8YP'0ST —

299°TET — \ \
SIEVET —
299207 \\

TBS

NH

I\

N
Ph)\

TBS
rac-4d

I

Ph

PPN

T
100

T
150

T
200

S44



0000 —

T6T0 —

98€0 —

€560 —
6660 \V

05T —
05TT —

art —
s8sT —
T9/T —

oLt —
vy ——————
9267 ————

828 ———=
lsge \N

988'€ —

L027L —

82T, ‘/
veT'L ‘W
oveL —

BEL ——=

2oL \\I
80v'L —

TBS

NH;

ed
32
& J
0
m
T
\\ )
<
- >
Zz-0
Sy
<t
I
©
)
Q
Q

|
PPN

1% TMS

008V ——un__
88—
§20'0- ————

G68'9T
1806T —

980'Z
fezor =
uose—"

08'1E

G6L°LS

89°0L
000'2L v
6IELL

666'86
6LT20T ————

266°0TT —————

152811 —
9z0eT —
086821 —

9T 0ET \V\
SELTET ———
6SOEET — _——

STrvET —

TBS

NH,

|\

—
~~>TBS

N
!

p-CleH4

Cy 4e

.
PPN

T
100

T
150

T
200

S45



88

.01

.06

8,0 ———

€0T ——

00£¢ —

TBS

0gee ——

TBS

HoN

FsC

9MOL —
08T, ——
00gL —
s ——
ssrL —

) 3.06
1.88

A

_JULJUL_

PPN

1% TMS

080G ——0
07—
8v0'0- ———

665'9T
820'6T
200'TC
€88'GC
¥99'92

689'9L

000°2L \
6IELL

65066
L0T'00T
6TL0TT —
08E'6TT —
2ET'0CT —

98°22T — -
VET'SCT —
2LT'SeT —
0TZ'SeT —
8¥2'SeT —
PSeeT —
T2L'92T —

L0021 —
o0 171 —N\\=

2692l — 77—
128021 =7
9v2'8eT —
799'82T —
9E0'62T —

2GE'GET —
L9E'GET —
868'GET —
0/8'9ET —
€26'9€T —

TBS

N
<)
H

HoN

TBS

FiC

, l +

|

PPN

S46



0000 ——__
0800 —

£y ——

080 ————

600T ————

82€¢ ——

929¢ ———
08¢ ———

6929 ——

1oL ——
860L —

0682 ———__
e —

TBS

H3CO

H3CO

HsCO

2.00

195 |

PPA

1% TMS

TITS ——0
80ZY-——

60°0- —

S8y’ 9T —————

9,891 ——
ULST—~___
8559z ——
SpL'SG ————
§69'09 ————
T899L —~_

0002, ——>=
steLL—

£56'86 ————
0000t —
02090t —
082'TTT —
862°02T —
yTE0LT \/
850°T2T —
OPY'9eT ——

095627 —~____
L0ZTET —

SYE'SET ——__
S60°9ET ——_—

6T8'LET —

0v6'¢ST —

T™MS

-

TBS

H3CO

HsCO

HsCO

:
PPN

T
100

T
150

T
200

S47



yAL R4

€987C

6.48

17 |

TBS

4h

/I

TBS

HoN

1.90

205
101
112

0.98
0/981/00 .

PP

10

0v6y- —
0€6't- ‘/
YOI —
986'€- —
G100

16G°9T —
GTT'6T —
£v8'0¢ —
9€6'GC —
€819 —

289'9L —
0002 —
8TELL —
006°26 —

28'00T
€E€50TT /
YIS'6TT

verIet
662'G2T
18L'SCT
986'GCT
81921
€6¢L2T /’

261221
e'8eT

657'82T

8Y0'62T \
828621

6ECCET
£29°€€T
296'ET
S90'9€T
LEEOET

{

TBS

HoN

TBS

I/l

4h

PP

S48



9200 ——__
0000-—

70

T80

1860

lLzee

8€8'€

09T'S
89T'S

18LS
€8LG
68L'G
T6L'S
6€0°L
1902
§90°L
LL0°L
280°L
6€TL
el
15¢L
vse'L
19¢L
892,
vieL

I i

TBS

H,N

TBS

/I

6|11

4i

201

0.98

100

«’é.ll

1% TMS

990G ——
ey ——

8100~

18781 —___
00591

096'8T —
6285 ———
o0 —

1899L
0002 —>—
B6TIELL

006'86
L9666 ——>—
2SE°S0T

889'90T ——>—
T080TT ——___
SE6TIT——
L9T'STT —
S6E'STT

e —
L6T0ET

T820ET

£60'SET

VeTGET —
Y09'9ET —

68LSYT
S8G6YT

€r.°09T
€02°€9T

TBS

/l

TBS
4i

H,N

PPN

50

S49



5200

1620
L10T

68€°€

orL'9
w9
6.9
5.9
1169
926'9
0g6'9
6€6'9
T8TL
€ST'L
voT'L
99T'L
vLTL
8T°L
98T'L
86T'L
€0T'L
602,
092'L
1.2,
8LTL
8e’L
6CL
662L
90g'L

v

20

q27

.42

TBS

TBS
N
Cl

HoN

0PPN

0906 ———
6T —

£55°9T \w
5.6'8T —

S¥8'GC —

zose—

189'9L —

00022 —
oL —

ELT'66 —

Tiees—

BYBOTT ——
26 PIT

666TeT —
58021 /
v86'52T /
£86'92T V
157821 ———
08L'62T “
2972eT

swoset—"

TBS

TBS
N
Cl

HyN

PPN

0

50

100

150

200

S50



0000~
S8T'0
eo

260
5860

N

6.9
169
0oLe
L2
9€6'C
SS6°C
§.6C

NY

6E07
0901
8.0t

N

9Wwo'L
5902
0zTL
SET'L
6.TL
S6TL
612,

[ —=
6502
8T
1621

i

N

H,N TBS
TBS

Ph

7/49

4.00

~2.527

e

2.09

615 ——
Ty —

LEL'IT

T8 —
229
Togge >

6€9'6C

€196 ———
€e9LE—

v0S'ov

0899l ——7—
000°2L \
9T€’LL

L69°0TT
80€°LTT
0SS°0CT
£80°9T
€LV'92T
26E'82T
99v'82T
£€5'82T -—
VEL'BIT
TYE'EET

£87'8ET
T VT

W

TBS

/i

TBS

HoN

Ph

4k

xh{ w L ﬂ

o

PP)

T
100

T
150

T
200

S51



0000~

L0v'E

18T°L
c6T'L
90T'L
weL
€5¢L
6LTL
862,
91e’L
VEEL
seL

(VAR
Lyl
L6V'L
915,
€08°L
8L

Ph

H,N

Ph

PPN

189'9L
000°LL
6TELL
18528

95C'66 ——
Terelt
60T°0CT
16€°02T
2r01et
v.2€TT
20v'9CT
259'92T
699221

TET'8T
965°8CT
959'82T

SeL'8eT

226'8CT A
896'82T
£02'62T
TOS0ET
€60'TET
0TS TET

VSV EET
865LET

Ph

HoN

Ph

0 PPN

50

100

150

200

S52



0000

98e'€

T08°€

£v8'9
5989
YET'L
SSTL
09T,
LTL
L0z,
STTL
ove'L
892,
182,
creL
TEEL
Sov'L
S8vL
€0S°L

vi8'L
vE8L

SN

Ph

HoN

3.28

©
]
i

Ph

14.32

OCH,

)

PPN

siess—

p

L

1899L ——7
000°LL — o
6TELL —

€L0'€8 —
69876 —
B8CSETT —\ ~—
Y99°ETT —
LTT°02T —
TEL'0ZT —
809°€2T —
ETT'9CT —
28€°92T —
68€°L2T —
GT'8eT — -
912’821 —
9EV'82T —
125821 —
L1282 —
58'82T —
€86'8¢T —
8L¥'0ET —
LSY'TET —
CE9'TET —
EEBEET —

€2C'8ST ————

N
/ \F’h

HoN

Ph

Ph
4m

OCH,

PPN

0

50

100

150

200

S53



0zLT

6.2C
T2

LIS
€EL'E

Sv0'L
9902
SL0L
160°L
€0T'L
a@rL
69T'L

18T°L B
90C'L
121
evzL
€9C'L
8Ly'L
660,
¥89'L
€0L'L

p

W

CGH4Me-p

HoN

CeHsMe-p

Ph

=

L84

0 PPN

LYETe
8er'1e
9v0'SC
9.T'SC
0Te'SC
ry'se
8.5'GC
0v9'se

960729
We'L9 Vl
18229
9€5°29
86529
289°'.9

:N.mw\\

MO —
69EVIT
62€'02T
852021
6SS 12T
T08'T2T
6v9'92T
T102°62T _
6EV'62T
9z.'62T
6L 62T
892621
G8E08T — =
E9T'TET
982 TET N
€80°2ET
ETECET
Y08'2ET
T25'9ET
Yov'8ET
B8SC'6ET

C6H4Me-p

HyN

CeHsMe-p

Ph

Br

PP

50

S54



6980
1880
868'0
€160
92T
92T
62T
€TET
CEET
TET
€8E'T
Tov'T
6TV'T
0Er'T
Lr'T
97T
ver'T
S8S'T
09T
29T
wo'T
viee
TEET
8VET
S16C
vEST
S60°€

€65C

102
9€0°L
L50°L
0802
660°L
LITL
102,
612,
LETL
62€'L
0Se'L

@

TSN

A\

HoN

Ph

Br

980%T —
CETYT —
999'6T —

18522 \/\
9922 ‘/’
9SP'vZ —
oty'ez \/
o582 \/
LEE6T —
£99'62 \\
S18'6 —
9GE'TE —
S0L'TE —

z9eeL \N

189'9L —
000°2LL —
6TELL —

8€9'96 ——

OvS6TT
15027 —N\—
1521
NN
619821 —
T20°62T “H
160621 \
L82TET

80L'TET \
690°8ET

S9LYTIT
297'8TT %

HoN

)l

Ph

e

40

0 PPN

50

100

150

200

S55



LTT ————

QST —

80C°€

t-Bu

HoN

p-84

.57

t-Bu

541

I
]
N

)

PPN

65180 —_—
682708 \\ —
6680 —

LY9'2E —

95eL——
089'9L ———=
000°LL \\

9T€LL —

2.T'S0T —
219°2IT —
699'6TT —

062°02T —
zeLset ‘/
6v0'9CT ‘/’

95€'82T —
PIV8ZT — N\
128621 —————
868621 ——
TE8'0ET —
687 TET —

EV8LET ‘\

t-Bu

HyN

t-Bu

PPN

50

T
200

S56



0000 —————

T ———

Ph

17.21

386/

0 PPN

Ser'1e

B
8882838
©© O N HW ST W
mmu:}w
Ph
~
=
N P
ar
Br

299°2rT

PPN

S57



0000~

T

809'T

wee

2509
1659
659
1199
929
¥8L'9
0e8'9
8v8'9

=

698" ——N\—
1680 — 7=
£86'9
256'9 —
069
28TL
20TL
1922
862'L
0ze'L

=S

=
m
<L
s .
Q.
@ <
- [
E /N m
~Z
T <
o

400

184
Yoy

PPN

8G€TC ‘m

0282 —
0208 — \ —
68T'TE —
€628 —
oz —

6TELL —

€26'90T
0LEVTT /

26V vIT

168°0CT

9vS'92T —
£06'9CT

¥99°'22T

88'82T

STO0ET

A
0TO'TET

PIrZeT \\
009'VET

EVTLET
8LELET

N

9LTZYT

Ts

t-Bu

HN

t-Bu

0 PP\

50

100

150

200

S58



163

6,10 ———— ;
©
e
880 ———— |- E— L
00T g r
_ = -
=N
012’1 - LJN
5
T05°€ &
&
106 H2 &
S
Q)
[
=3
1
v
41
™
I
<
8.59 g —_—
o059 —
2869 — 5
S9Z°L °
vIzL V B4
== s e
sezL—— 5
828,
8
T00'0T 8

PPA

T6LY7-
989'T-

€L89T ——
Lt ——

98090 ———
aree —

079'GG —

L¥5'09 —

198°50T ——
s2z90T —__

£88°60T —
i
T28'L2T /\
090'82T /

£0€°82T V
TL6/0ET

0'ZET “
LYO'EET

9s20sT —
189€ST——7
9T ¥aT -

162°29T

20E6LT

Ar = 3,4,5-(MeO)3C6H2

PP

T
100

T
150

T
200

S59



[474

CGH4OMe-p

\
Ph>_\</N
15

(6.00

— T
PPN

9LT'SG ————

1899, —
00022 \WW
61E°2L —

965 ETT

Leoeet

586'22T
Tioge — =
9eLOET —

V9 LET

ozeert

90¢'LST

L2T'€9T

CegH4OMe-p

Ph

\
P h>_\</N

CGH4OMe—p

15

PPN

100

150

200

S60



Sample Name:
Uperator:
Ttme:14:13

Data File:¥X-14-11+ AD-H 82 214 0.4.che
Date:2013-12-30

Yo, PeakMo ID.Name  R.Time

H L 9.385
2 2 9.962
Tnta}

Peaiteight  PeakArea
578127.0 6673341. 6
547187, 9 6747647. 5

1125204, 9 13420989, 1
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HPLC Report

Sample Neme: Data File:VX-7-5..che
OUperator: s Date:2013-12-30
Time:14:41
- \
{
1400+
¥ |

88888

’ e
—— -
s f
o1 A
" ) |
o AP — ) .
Mo, PoaNo [D.Nemo R Time _ PoskHoight Pokhras, - - PerOint o -
1 1 9.418 685, 7 8928.7 0. 0851
2 2 9. 957 866275, 5 10482979. 8 99,9149
Total 866981 3 10491908. 5 100, 0000
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Data File D:\CHEM32\1\DATA\WXL\20131231000007.D

Sample Name:

YX-8-37 PC-2 A3Wl1l 220 0.5 20

Acg. Operator : WXL
Acg. Instrument instrl Location Vial 54
Injection Date : 31/12/2013 13:18:21
Inj Volume 2.000 pl
Acq. Method D:\CHEM32\1\DATA\WXL\WXL.M
Last changed 31/12/2013 13:17:15 by WXL
(modified after loading)
Analysis Method D:\CHEM32\1\DATA\WXL\WXL.M
Last changed : 31/12/2013 14:54:32 by WXL
(modified after loading)
Additional Info : Peak(s) manually integrated
[ VWD1 A, Wavelength=220 nm (WXL\20131231000007.D) -
| mAU _ ~
‘ j 3 HoN TBS
5
1 | 4
80 | | h
] )N ~S>TBS
] [ Ph”
| . e
1
i
il - i
| 40+
]
1 |
i |
20—
{ | o
1 s
1 o~
e e : el e i S
J{ T i T T — T .
| . 10 20 30 40 50 min
Area Percent Report
Sorted By Signal
Multiplier: 5 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
bt =if==== JE===sae—ss R e e X el i)
1 31.877 MF 0.7578 4476.55469 98.45500 99.5001
2 32.999 FM 0.6139 22.48872 6.10521le-1 0.4999
Totals 4499.04341 99.06552
*** End of Report **x
instrl 31/12/2013 14:55:31 WXL Page 1 o0f1
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Data File D:\CHEM32\1\DATA\WXL\20131231000006.D
Sample Name: YX-8-37+- PC-2 A3W1l 220 0.5 20

Acg. Operator : WXL
Acg. Instrument : instrl Location : Vial 53
Injection Date : 31/12/2013 12:28:41
Inj Volume : 2.000 pl

Acg. Method : D:\CHEM32\1\DATA\WXL\WXL.M
Last changed : 31/12/2013 12:25:20 by WXL

(modified after loading)
Analysis Method : D:\CHEM32\1\DATA\WXL\WXL.M
Last changed : 31/12/2013 14:54:32 by WXL

(modified after loading)
Additional Info : Peak(s) manually integrated
- VWD1 A, Wavelength=220 nm (WXL\20131231000006.D)

mAU | < o
Ul : g
200 5 8
175 |1
H,N_  TBS
150 —
TN\ |
125 Ph |
: )N\ ~~-TBS | |
100 + |
Ph ]
75 .
|
50 F=7 N O I - —— | i
25 |
0 e B e T e e T . .
| T T
L 0 10 20 30 40 min
Area Percent Report
Sorted By : Signal
Multiplier: : 1.0000
Dilution: 3 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] [MAU*s] [mAU] %
| Fm——— [ e | ——— | e [mmmmmeme
1 31.914 MF 0.7644 9934.23340 216.59384 50.1184
2 33.990 FM 0.8215 9887.31348 200.58691 49.8816
Totals : 1.98215e4 417.18076
*** End of Report ***
instrl 31/12/2013 14:54:45 WXL Page lLiof 1
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