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|. General remarks

NMR spectra were obtained on a Bruker AV 11-400 MHz ('"H NMR at 400 MHz, "*C
NMR at 100 MHz, and '°’F NMR at 376 MHz). The 'H NMR chemical shifts were
measured relative to CDCl; (6 = 7.26 ppm) or DMSO-ds (6 = 2.50 ppm) as the
internal reference. The >*C NMR chemical shifts were given using CDCl; (d = 77.16
ppm) or DMSO-ds (6 = 39.52 ppm) as the internal standard. High-resolution mass
spectra (HRMS) were obtained with a Waters-Q-TOF-Premier (ESI). X-Ray single-
crystal diffraction data were collected on an Oxford Xcalibur E or Agilent
Technologies Gemini single crystal diffractometers. Melting points were determined
with XRC-1 and are uncorrected.

Unless otherwise noted, all reactions were carried out under N». All reagents were
obtained from commercial suppliers and used without further purification.
HAuClyxH,0 (= 50% Au) were purchased from Shanxi Kaida Chemical Engineering
(China) Co., Ltd. AuCl; and AuBr; were purchased from Acros and Alfa Aesar,
respectively.  [(bpy)AuClL]ClL,' 1-ethynyl-2-(methoxymethoxy)benzene,”  4-
ethynylbenzonitrile,” 1-ethynylnaphthalene,” 2-ethynylthiophene,” S-aryl enamines
1h-11,* B-alkyl enamines la-1g and 1m-1p,*” and a,S-disubstituted enamines 1g-1r®
were prepared according to the literature procedure. Solvents were dried by refluxing
over CaH, (for CH,Cl,, DMF, CH3;CN, and PhCl) or sodium (for toluene, THF, and

MeOH) and freshly distilled prior to use.

I1. Optimization of the reaction of -enamino esters with terminal alkynes

A flame-dried sealable tube with a magnetic stir bar was charged with gold species,
base, oxidant, (Z)-ethyl 3-(phenylamino)but-2-enoate la (232.4 pL, 1.2 mmol),
phenylacetylene 2a (65.9 pL, 0.6 mmol), and solvent (3.0 mL) under an N
atmosphere. The tube was sealed and the reaction mixture was stirred at 50 °C for 4 h.
After being cooled to ambient temperature, the reaction solution was diluted with 10
mL of CH,Cl,, filtered through a celite pad, and washed with 30 mL of CH,Cl,. The

filtrate was concentrated and the residue was purified by column chromatography on
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silica gel (petroleum ether/ethyl acetate = 20/1, v/v) to provide the desired product 3a.

Table S1. Optimization of the gold-catalyzed reaction of (Z)-ethyl 3-(phenylamino)but-2-enoate

la with phenylacetylene 2a”

Ph. EtOOC //
NH __ Catalyst, Oxidant, Base
)\VCOOE‘ "= solvent, 50°C, 4 h /N\ Ph
1a 2a Ph
3a
entry catalyst (mol%) oxidant base (equiv) solvent yield (%)
1 none PhI(OAc), KOAc (2.0) toluene 0
2 Ph;PAuCI (4) PhI(OAc), KOAc (2.0) toluene 45
3 AuCl; (4) PhI(OAc), KOAc (2.0) toluene 42
4 AuBr; (4) PhI(OAc), KOAc (2.0) toluene 34
5 HAuCly;xH,0 (4) PhI(OAc), KOAc (2.0) toluene 30
6 AuCl; (4) + bpy (4) PhI(OAc), KOAc (2.0) toluene 42
7 AuCl; (4) + phen (4) PhI(OAc), KOAc (2.0) toluene 26
8 [(bpy)AuClL,]Cl1 (4) PhI(OAc), KOACc (2.0) toluene 57
9 [(bpy)AuCL]CI (5) PhI(OAc), KOAc (2.0) toluene 61
10 [(bpy)AuCl,]Cl1 (10) PhI(OAc), KOACc (2.0) toluene 54
11 [(bpy)AuCL]CI (5) PhI(OPiv), KOAc (2.0) toluene 38
12 [(bpy)AuCL]Cl1 (5) PIFA KOACc (2.0) toluene 0
13 [(bpy)AuCL]CI (5) K,S,05 KOAc (2.0) toluene 0
14 [(bpy)AuCL]Cl1 (5) NFSI KOAc (2.0) toluene 0
15 [(bpy)AuClL]Cl (5) Selectfluor KOAc (2.0) toluene 0
16 [(bpy)AuCL]CI (5) PhI(OAc), KOAc (2.0) DCM 43
17 [(bpy)AuCL]CI (5) PhI(OAc), KOAc (2.0) PhCl 44
18 [(bpy)AuCL]CI (5) PhI(OAc), KOAc (2.0) THF 21
19 [(bpy)AuCL]Cl (5) PhI(OAc), KOAc (2.0) CH;CN trace
20 [(bpy)AuCL]CI (5) PhI(OAc), KOAc (2.0) DMF 0
21 [(bpy)AuCL]Cl (5) PhI(OAc), KOAc (2.0) MeOH 0
22 [(bpy)AuClL]Cl (5) PhI(OAc), none toluene 39
23 [(bpy)AuCl,]CI (5) PhI(OAc), NaOAc (2.0) toluene 40
24 [(bpy)AuCL]CI (5) PhI(OAc), CsOAc (2.0) toluene 52
25 [(bpy)AuCl,]CI (5) PhI(OACc), K3POy4 (2.0) toluene 44
26 [(bpy)AuCL]CI (5) PhI(OAc), Cs,CO5 (2.0) toluene 50
27 [(bpy)AuCL]CI (5) PhI(OAc), KOACc (3.0) toluene 66
28 [(bpy)AuClL,]Cl (4) PhI(OAc), KOACc (3.0) toluene 60
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297 [(bpy)AuCL,]Cl (4) PhI(OAc), KOAc (3.0) toluene 35
30° [(bpy)AuCl,]ClI (4) Phl(OAc), KOAc (3.0) toluene 66

“Reaction conditions: 1a (1.2 mmol), 2a (0.6 mmol), gold species, base (2.0-3.0 equiv), oxidant
(2.0 equiv), and solvent (3.0 mL) at 50 °C for 4 h. Isolated yields based on 2a are given. ’ The
ratio of 1la/2a was 1/1. “ The ratio of 1a/2a was 2.5/1. bpy = 1,2-bipyridine; PIFA = phenyliodine
bis(trifluoroacetate); NFSI = N-fluorobenzenesulfonimide; Selectfluor = 1-chloromethyl-4-fluoro-
1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate).

I11. General procedure for the synthesis of fully substituted 3-alykynlpyrroles

A flame-dried sealable tube with a magnetic stir bar was charged with [(bpy)AuCl,]Cl
(11.1 mg, 0.024 mmol), KOAc (176.7 mg, 1.8 mmol), PhI(OAc), (386.5 mg, 1.2
mmol), f-enamino ester 1 (1.5 mmol), terminal alkyne 2 (0.6 mmol), and toluene (3.0
mL) under an N, atmosphere. The tube was sealed and the reaction mixture was
stirred at 50 °C for 4 h. After being cooled to ambient temperature, the reaction
solution was diluted with 10 mL of CH,Cl,, filtered through a celite pad, and washed
with 30 mL of CH,Cl,. The filtrate was evaporated and the residue was purified by

column chromatography on silica gel to provide the desired product 3 and 4.

IV. General procedure for the synthesis of C5-unsubstituted 3-alkynylpyrroles

A flame-dried sealable tube with a magnetic stir bar was charged with [(bpy)AuCl,]Cl
(9.2 mg, 0.02 mmol), KOAc (117.8 mg, 1.2 mmol), PhI(OAc), (257.7 mg, 0.8 mmol),
2,3-disubstituted f-enamino ester 1 (1.2 mmol), terminal alkyne 2 (0.4 mmol), and
chlorobenzene (2.0 mL) under an N, atmosphere. The tube was sealed and the
reaction mixture was stirred at 50 °C for 4 h. After being cooled to ambient
temperature, chlorobenzene was evaporated and the residue was diluted with 10 mL
of CH,Cl,, filtered through a celite pad, and washed with 30 mL of CH,Cl,. The
filtrate was concentrated and the residue was purified by column chromatography on

silica gel to provide the desired product 5.
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V. ORTEP diagrams of compounds 3a and 11a

Figure S1. ORTEP diagram of 3a (CCDC 1031864). Thermal ellipsoids are set at
50% probability.

Figure S2. ORTEP diagram of 1la (CCDC 1031865). Thermal ellipsoids are set at
50% probability.

V1. Characterization of new #-enamino esters

~

Ph
NH

©i\vcooa

(Z)-Ethyl 3-(phenylamino)-3-(e-tolyl)acrylate (1i)*

Purification by column chromatography on basic Al,Os (petroleum ether/ethyl acetate
=20/1, v/v) afforded 1i as a pale yellow solid in 49% yield. M.p.: 84-86 °C. '"H NMR
(CDCl3, 400 MHz): 0 = 1.32 (t,J= 7.2 Hz, 3H), 2.12 (s, 3H), 4.22 (q, J = 7.2 Hz, 2H),
4.76 (s, 1H), 6.58 (d, J=7.6 Hz, 2H), 6.88 (t, J = 7.6 Hz, 1H), 7.03 (t, /= 7.6 Hz, 2H),
7.08 (d, J=7.6 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.27 (td, J = 7.6 Hz, 1.6 Hz, 1H),
7.32 (dd, J= 7.6 Hz, 1.6 Hz, 1H), 10.62 (s, 1H) ppm. >°C NMR (CDCl;, 100 MHz): §
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=14.7, 19.6, 59.3, 89.6, 120.8, 123.1, 126.1, 128.8, 129.0, 129.3, 130.4, 135.7, 136.0,
140.0, 159.5, 170.4 ppm. HRMS (ESI"): calcd for C;sH;oNNaO, [M+Na]" 304.1313,
found 304.1318.

Ph_
NH

! X _COOEt

(Z)-Ethyl 3-(naphthalen-1-yl)-3-(phenylamino)acrylate (1j)*

Purification by column chromatography on basic Al,Os (petroleum ether/ethyl acetate
= 20/1, v/v) afforded 1j as a white solid in 30% yield. M.p.: 108-110 °C. 'H NMR
(CDCl3, 400 MHz): 0 = 1.34 (t,J= 7.2 Hz, 3H), 4.25 (q, J = 6.8 Hz, 2H), 4.95 (s, 1H),
6.55 (d, J = 8.0 Hz, 2H), 6.76 (t, J = 7.6 Hz, 1H), 6.89 (t, J = 8.0 Hz, 2H), 7.41-7.47
(m, 4H), 7.80-7.86 (m, 2H), 8.09-8.12 (m, 1H), 10.81 (s, 1H) ppm. >*C NMR (CDCl;,
100 MHz): 6 = 14.7,59.4,91.2, 121.2, 123.2, 125.2, 125.4, 126.3, 126.9, 127.0, 128 .4,
128.7, 129.6, 130.7, 133.5, 133.9, 140.0, 158.3, 170.4 ppm. HRMS (ESI"): calcd for
C,1H19NNaO, [M+Na]" 340.1313, found 340.1315.

Ph_
NH

WCOOMe
Br

(Z)-Methyl 3-(4-bromophenyl)-3-(phenylamino)acrylate (11)*

Purification by column chromatography on basic Al,Os (petroleum ether/ethyl acetate
= 20/1, v/v) afforded 1l as a white solid in 48% yield. M.p.: 88-90 °C. '"H NMR
(CDCl3, 400 MHz): 0 = 3.74 (s, 3H), 4.98 (s, 1H), 6.67 (d, J = 7.6 Hz, 2H), 6.94 (t, J
=7.2 Hz, 1H), 7.11 (t, J = 8.0 Hz, 2H), 7.21 (dt, J = 8.8 Hz, 2.0 Hz, 2H), 7.42 (dt, J =
8.8 Hz, 2.0 Hz, 2H), 10.22 (s, 1H) ppm. °*C NMR (CDCls, 100 MHz): § = 50.9, 91.1,
122.6, 123.5, 123.9, 128.9, 129.9, 131.8, 135.0, 140.2, 158.0, 170.4 ppm. HRMS
(ESI"): caled for Ci6H,4BrNNaO, [M+Na]" 354.0106, found 354.0109.
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L,

~._COOBn
(Z)-Benzyl 3-(o-tolylamino)but-2-enoate (1m)®’
Purification by column chromatography on basic Al,Os (petroleum ether/ethyl acetate
= 20/1, v/v) afforded 1m as colorless oil in 89% yield. 'H NMR (CDCls, 400 MHz): 6
=1.86 (s, 3H), 2.30 (s, 3H), 4.78 (s, 1H), 5.17 (s, 2H), 7.08 (dd, J = 7.2 Hz, 1.2 Hz,
1H), 7.12-7.20 (m, 2H), 7.22-7.24 (m, 1H), 7.29-7.33 (m, 1H), 7.35-7.42 (m, 4H),
10.12 (s, 1H) ppm. *C NMR (CDCl3;, 100 MHz): § = 18.2, 20.3, 64.8, 85.0, 126.3,
126.6, 126.7, 128.0, 128.1, 128.6, 130.9, 134.1, 137.4, 138.0, 160.5, 170.4 ppm.
HRMS (ESI"): calcd for C;sH;oNNaO, [M+Na]" 304.1313, found 304.1316.

Q,

)\/COOBn

(Z)-Benzyl 3-(m-tolylamino)but-2-enoate (1n)®

Purification by column chromatography on basic Al,Os (petroleum ether/ethyl acetate
=20/1, v/v) afforded 1n as a pale brown solid in 58% yield. M.p.: 50-52 °C. '"H NMR
(CDCl3, 400 MHz): 0 = 2.01 (s, 3H), 2.35 (s, 3H), 4.77 (s, 1H), 5.17 (s, 2H), 6.90-
6.92 (m, 2H), 6.99 (d, J = 6.8 Hz, 1H), 7.20-7.23 (m, 1H), 7.29-7.40 (m, 5H), 10.35 (s,
1H) ppm. C NMR (CDCls, 100 MHz): 6 = 20.5, 21.5, 64.7, 85.5, 121.7, 125.4,
126.0, 127.9, 128.0, 128.6, 128.9, 137.3, 139.1, 139.2, 159.7, 170.2 ppm. HRMS
(EST"): calcd for CgH19NNaO, [M+Na]" 304.1313, found 304.1311.

BI’\@\
NH

X _-COO0Bn

(Z)-Benzyl 3-((4-bromophenyl)amino)but-2-enoate (10)*

Purification by column chromatography on basic Al,Os (petroleum ether/ethyl acetate
= 20/1, v/v) afforded 10 as a white solid in 55% yield. M.p.: 58-60 °C. '"H NMR
(CDCl3, 400 MHz): 6 = 1.99 (s, 3H), 4.80 (s, 1H), 5.16 (s, 2H), 6.96 (d, J = 8.8 Hz,
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2H), 7.31-7.40 (m, 5H), 7.43-7.45 (m, 2H), 10.33 (s, 1H) ppm. °C NMR (CDCls, 100
MHz): 6 = 20.4, 64.9, 86.8, 118.3, 126.0, 128.0, 128.6, 132.3, 137.1, 138.5, 158.9,
170.1 ppm. HRMS (ESI+): calcd for C;7H;(BrNNaO, [M+Na]+ 368.0262, found
368.0261.

VI1. Characterization of products 3-5

Ph

]\
Ph

\
Ph

Ethyl 2-methyl-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (3a)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3a as a pale yellow solid (80.2 mg, 66% yield). M.p.: 140-142 °C.
'H NMR (CDCls, 400 MHz): 0 = 1.45 (t, J = 7.2 Hz, 3H), 2.41 (s, 3H), 4.41 (q, J=
7.2 Hz, 2H), 7.10-7.12 (m, 2H), 7.18-7.22 (m, 3H), 7.26-7.30 (m, 5H), 7.36-7.40 (m,
5H) ppm. >C NMR (CDCl3, 100 MHz): 6 = 12.9, 14.7, 60.0, 85.2, 91.5, 104.4, 113.5,
124.7,127.41, 127.44, 127.8, 128.2, 128.55, 128.63, 129.3, 130.1, 130.8, 131.2, 137.6,
137.9, 138.1, 165.2 ppm. HRMS (ESI"): calcd for CogH,3NNaO, [M+Na]™ 428.1626,
found 428.1627.

Ph

o\
Ph

\
Ph

Methyl 2-methyl-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (3b)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3b as a pale yellow solid (80.8 mg, 69% yield). M.p.: 158-160 °C.
'H NMR (CDCls, 400 MHz): § = 2.40 (s, 3H), 3.94 (s, 3H), 7.09-7.11 (m, 2H), 7.16-
7.22 (m, 3H), 7.23-7.30 (m, 5H), 7.33-7.37 (m, 3H), 7.39 (dd, J=7.6 Hz, 1.2 Hz , 2H)
ppm. °C NMR (CDCls, 100 MHz): 6 = 12.9, 51.2, 85.1, 91.7, 104.5, 113.5, 124.6,
127.4,127.5, 127.8, 128.2, 128.59, 128.63, 129.3, 130.1, 130.8, 131.3, 137.6, 138.01,
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138.05, 165.6 ppm. HRMS (ESI+): calcd for C,7H, 1 NNaO, [MJrNa]+ 414.1470, found
414.1478.

Ph

‘Buoiz_(
/ \
Ph

\
Ph

tert-Butyl 2-methyl-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (3c)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3c as a pale yellow solid (85.3 mg, 66% yield). M.p.: 182-184 °C.
'H NMR (CDCls, 400 MHz): § = 1.64 (s, 9H), 2.39 (s, 3H), 7.08-7.11 (m, 2H), 7.16-
7.21 (m, 3H), 7.23-7.30 (m, 5H), 7.34-7.39 (m, 5H) ppm. *C NMR (CDCls, 100
MHz): 6 = 12.8, 28.8, 80.4, 85.6, 91.2, 104.3, 114.7, 124.8, 127.3, 127.4, 127.7, 128.2,
128.5, 128.6, 129.3, 130.1, 130.9, 131.3, 137.4, 137.7, 138.1, 164.5 ppm. HRMS
(EST"): caled for C30H,7NNaO, [M+Na]" 456.1939, found 456.1937.

Allyl 2-methyl-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (3d)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3d as a pale yellow solid (74.0 mg, 59% yield). M.p.: 108-110 °C.
'H NMR (CDCl3, 400 MHz): 6 = 2.42 (s, 3H), 4.88 (dt, J = 5.6 Hz, 1.2 Hz, 2H), 5.26
(dg, J=10.4 Hz, 1.6 Hz, 1H), 5.52 (dq, J = 17.2 Hz, 1.6 Hz, 1H), 6.06-6.14 (m, 1H),
7.10-7.13 (m, 2H), 7.18-7.23 (m, 3H), 7.25-7.31 (m, 5H), 7.36-7.39 (m, 5H) ppm. °C
NMR (CDCls, 100 MHz): 6 = 13.0, 64.8, 85.3, 91.6, 104.5, 113.3, 117.8, 124.6, 127.5,
127.8, 128.2, 128.6, 129.4, 130.1, 130.8, 131.3, 133.1, 137.6, 138.2, 138.3, 164.8 ppm.
HRMS (ESI"): calcd for C0H23NNaO, [M+Na]™ 440.1626, found 440.1630.
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Ph

]\
Ph

\
Ph

Benzyl 2-methyl-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (3e)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3e as a pale yellow solid (103.4 mg, 74% yield). M.p.: 149-151 °C.
'H NMR (CDCls, 400 MHz): § = 2.45 (s, 3H), 5.44 (s, 2H), 7.11-7.16 (m, 4H), 7.18-
7.24 (m, 6H), 7.31-7.32 (m, 5H), 7.35-7.39 (m, 3H), 7.55-7.57 (m, 2H) ppm. °C
NMR (CDCl;, 100 MHz): ¢ = 13.0, 65.9, 85.2, 91.6, 104.4, 113.0, 124.4, 127.37,
127.45, 127.8, 127.9, 128.1, 128.3, 128.6, 129.3, 130.1, 130.7, 131.3, 136.8, 137.6,
138.2, 138.5, 165.0 ppm. HRMS (ESI"): calcd for C33H,5NNaO, [M+Na]™ 490.1783,
found 490.1788.

Ph

]\
Ph

\
Ph

N,N,2-Trimethyl-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxamide (3f)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
8/1-2/1, v/v) afforded 3f as a pale yellow solid (42.3 mg, 35% yield). M.p.: 206-208
°C. '"H NMR (CDCls, 400 MHz): § = 2.17 (s, 3H), 3.19 (s, 3H), 3.25 (s, 3H), 7.13-
7.22 (m, 5H), 7.24-7.30 (m, 5H), 7.33-7.37 (m, 5H) ppm. °C NMR (CDCls, 100
MHz): 6 = 12.1, 35.2,39.3, 84.9, 91.3, 103.0, 119.4, 124.4, 127.1, 127.5, 127.9, 128.2,
128.4, 128.6, 129.3, 129.7, 131.06, 131.13, 136.6, 138.2, 167.8 ppm. HRMS (ESI"):
calced for CogH24N>NaO [M+Na]™ 427.1786, found 427.1789.

Ph

N
'Pr Ph

!
Ph

Ethyl 2-isopropyl-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (3g)
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3g as a pale yellow solid (50.7 mg, 39% yield). M.p.: 202-204 °C.
'H NMR (CDCls, 400 MHz): 6 = 1.32 (d, J = 7.2 Hz, 6H), 1.45 (t, J = 7.2 Hz, 3H),
3.05-3.16 (m, 1H), 4.42 (q, J = 7.2 Hz, 2H), 7.12-7.18 (m, 5H), 7.23-7.28 (m, 5H),
7.35-7.36 (m, SH) ppm. >C NMR (CDCls, 100 MHz): 6 = 14.7, 20.8, 27.0, 60.3, 85.1,
91.4,105.0, 113.2, 124.7, 127.41, 127.43, 127.7, 128.3, 128.8, 129.15, 129.19, 130.4,
131.0, 131.2, 138.0, 138.1, 146.0, 165.1 ppm. HRMS (ESI"): calcd for C3oH,7NNaO,
[M+Na]" 456.1939, found 456.1945.

Ethyl 1,2,5-triphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (3h)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3h as a pale yellow solid (66.3 mg, 47% yield). M.p.: 187-189 °C.
'H NMR (CDCls, 400 MHz): 6 = 1.20 (t, J = 7.2 Hz, 3H), 4.23 (q, J = 7.2 Hz, 2H),
6.88-6.90 (m, 2H), 7.09-7.15 (m, 3H), 7.19-7.31 (m, 11H), 7.32-7.34 (m, 2H), 7.42
(dd, J= 7.2 Hz, 1.2 Hz, 2H) ppm. °C NMR (CDCls, 100 MHz): § = 14.3, 60.1, 84.6,
92.0, 105.2, 115.3, 124.6, 127.5, 127.6, 127.7, 127.8, 127.9, 128.1, 128.3, 128.7,
129.0, 130.4, 130.7, 131.4, 131.5, 137.6, 138.7, 139.6, 164.3 ppm. HRMS (ESI'):
caled for C33H6NO, [M+H]" 468.1964, found 468.1960.

Ethyl 1,5-diphenyl-4-(phenylethynyl)-2-(o-tolyl)-1H-pyrrole-3-carboxylate (3i)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3i as a pale yellow solid (80.3 mg, 56% yield). M.p.: 162-164 °C.
'H NMR (CDCl3, 400 MHz): § = 1.12 (t, J = 7.2 Hz, 3H), 2.11 (s, 3H), 4.14-4.22 (m,
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2H), 6.88 (d, J = 6.0 Hz, 2H), 7.03-7.10 (m, 6H), 7.16 (td, J = 7.2 Hz, 1.6 Hz, 1H),
7.21-7.32 (m, 6H), 7.35-7.37 (m, 2H), 7.44 (dd, J = 8.0 Hz, 1.6 Hz, 2H) ppm. “C
NMR (CDCls, 100 MHz): 0 = 14.2, 20.3, 59.9, 84.7, 92.1, 105.0, 115.3, 124.5, 125.0,
127.6, 127.8, 127.9, 128.3, 128.4, 128.6, 128.7, 129.4, 130.2, 130.7, 131.4, 131.5,
131.7, 137.6, 138.4, 138.5, 139.6, 164.0 ppm. HRMS (ESI"): calcd for C34H27NNaO,
[M+Na]" 504.1939, found 504.1945.

Ethyl 2-(naphthalen-1-yl)-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-
carboxylate (3j)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3j as a pale yellow solid (103.0 mg, 66% yield). M.p.: 192-194 °C.
'H NMR (CDCls, 400 MHz): § = 0.74 (t, J = 6.8 Hz, 3H), 3.97 (q, J = 6.8 Hz, 2H),
6.85-7.03 (m, 5H), 7.21-7.33 (m, 8H), 7.40-7.49 (m, 6H), 7.75-7.80 (m, 3H) ppm. °C
NMR (CDCls, 100 MHz): 6 = 13.7, 59.7, 84.5, 92.3, 105.2, 116.7, 124.5, 124.7, 125.8,
126.0, 126.4, 127.6, 127.7, 127.86, 127.89, 128.2, 128.3, 128.5, 128.9, 129.5, 129.9,
130.3, 130.6, 131.4, 133.1, 133.8, 137.6, 137.8, 138.9, 163.8 ppm. HRMS (ESI'):
calcd for C57H,7NNaO, [M+Na]+ 540.1939, found 540.1935.

Ethyl 1,5-diphenyl-4-(phenylethynyl)-2-(thiophen-2-yl)-1H-pyrrole-3-
carboxylate (3Kk)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

20/1, v/v) afforded 3k as a pale yellow solid (72.7 mg, 51% yield). M.p.: 166-168 °C.
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'H NMR (CDCls, 400 MHz): 6 = 1.27 (t, J = 7.2 Hz, 3H), 4.29 (q, J = 7.2 Hz, 2H),
6.88-6.90 (m, 1H), 6.92 (dd, J = 3.6 Hz, 1.2 Hz, 1H), 6.98-7.00 (m, 2H), 7.16-7.306
(m, 10H), 7.314-7.35 (m, 2H), 7.41 (dd, J = 7.6 Hz, 1.6 Hz, 2H) ppm. °C NMR
(CDClIs, 100 MHz): 0 = 14.4, 60.3, 84.2, 92.1, 105.4, 117.3, 124.4, 126.3, 127.7,
127.9, 128.3, 128.8, 128.9, 130.36, 130.40, 131.0, 131.2, 131.4, 131.5, 137.5, 139.5,
164.0 ppm. HRMS (ESI+): caled for Cs1H3sNNaO,S [M+Na]4r 496.1347, found
496.1342.

Methyl 2-(4-bromophenyl)-1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-
carboxylate (3l)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3l as a pale yellow solid (69.0 mg, 43% yield). M.p.: 189-191 °C.
'H NMR (CDCls, 400 MHz): = 3.80 (s, 3H), 6.88 (d, J = 7.2 Hz, 2H), 7.06 (d, J =
8.0 Hz, 2H), 7.13-7.20 (m, 3H), 7.23-7.25 (m, 3H), 7.28-7.32 (m, 5H), 7.35 (d, /= 8.4
Hz, 2H), 7.41-7.43 (m, 2H) ppm. °C NMR (CDCl;, 100 MHz): 6 = 51.4, 84.3, 92.3,
105.3, 115.2, 122.7, 124.3, 127.7, 127.9, 128.2, 128.3, 128.8, 129.0, 130.2, 130.4,
130.8, 131.4, 133.0, 137.2, 138.2, 138.9, 164.6 ppm. HRMS (ESI"): caled for
C3,H,3BrNO, [M+H]" 532.0912, found 532.0917.

Benzyl 2-methyl-5-phenyl-4-(phenylethynyl)-1-(e-tolyl)-1H-pyrrole-3-
carboxylate (3m)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
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20/1, v/v) afforded 3m as pale yellow oil (98.2 mg, 68% yield). M.p.: 153-155 °C. 'H
NMR (CDCls, 400 MHz): 6 = 1.88 (s, 3H), 2.32 (s, 3H), 5.39-5.46 (m, 2H), 7.11-7.14
(m, 2H), 7.18-7.23 (m, 8H), 7.25-7.27 (m, 1H), 7.28-7.34 (m, 6H), 7.54-7.56 (m, 2H)
ppm. *C NMR (CDCls, 100 MHz): 6 = 12.6, 17.5, 66.0, 85.3, 91.6, 104.1, 112.9,
124.4, 126.9, 127.4, 127.6, 127.8, 127.9, 128.1, 128.4, 128.6, 129.3, 129.4, 129.8,
130.7, 131.2, 131.3, 136.4, 136.6, 136.8, 138.2, 138.3, 165.1 ppm. HRMS (ESI'):
calcd for C34H,sNO, [M+H]" 482.2120, found 482.2114.

Ph

Bnoiz_/{
/\
Ph

N
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Benzyl 2-methyl-5-phenyl-4-(phenylethynyl)-1-(m-tolyl)-1H-pyrrole-3-
carboxylate (3n)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3n as a pale yellow solid (107.6 mg, 74% yield). M.p.: 131-133 °C.
'H NMR (CDCls, 400 MHz): § = 2.32 (s, 3H), 2.42 (s, 3H), 5.41 (s, 2H), 6.89 (d, J =
8.0 Hz, 1H), 6.93 (s, 1H), 7.10-7.12 (m, 2H), 7.15-7.24 (m, 8H), 7.29-7.31 (m, 5H),
7.53-7.55 (m, 2H) ppm. *C NMR (CDCls, 100 MHz): 6 = 13.1, 21.4, 65.9, 85.3, 91.6,
104.3, 112.9, 124.5, 125.7, 127.37, 127.44, 127.8, 127.9, 128.1, 128.3, 128.6, 129.1,
129.4, 130.1, 130.8, 131.3, 136.8, 137.5, 138.3, 138.6, 139.4, 165.1 ppm. HRMS
(ESIN): caled for C34H2sNO, [M+H]" 482.2120, found 482.2120.

Ph

Bno%
/A
Ph

N

J

Br
Benzyl 1-(4-bromophenyl)-2-methyl-5-phenyl-4-(phenylethynyl)-1H-pyrrole-3-

carboxylate (30)
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 30 as a pale yellow solid (117.1 mg, 71% yield). M.p.: 159-161 °C.
'H NMR (CDCls, 400 MHz): 6 = 2.43 (s, 3H), 5.42 (s, 2H), 6.97-7.01 (m, 2H), 7.10-
7.12 (m, 2H), 7.17-7.31 (m, 11H), 7.50 (d, J = 8.8 Hz, 2H), 7.53-7.54 (m, 2H) ppm.
C NMR (CDCls, 100 MHz): 6 = 13.0, 66.0, 84.9, 91.8, 104.8, 113.4, 122.6, 124.3,
127.5, 127.7, 127.96, 128.01, 128.1, 128.3, 128.6, 130.1, 130.2, 130.4, 131.3, 132.6,
136.6, 136.7, 138.1, 138.3, 164.9 ppm. HRMS (ESI"): caled for C33H»4BrNNaO,
[M+Na]" 568.0888, found 568.0890.

Ph

Bno%
/ o\
Ph

\
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Benzyl 1-benzyl-2-methyl-5-phenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate
(3p)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 3p as a pale yellow solid (72.1 mg, 50% yield). M.p.: 128-130 °C.
'H NMR (CDCl3, 400 MHz): = 2.49 (s, 3H), 5.14 (s, 2H), 5.40 (s, 2H), 6.92 (d, J =
6.8 Hz, 2H), 7.05-7.06 (m, 2H), 7.15-7.19 (m, 3H), 7.24-7.33 (m, 6H), 7.35-7.39 (m,
3H), 7.43-7.45 (m, 2H), 7.52-7.55 (m, 2H) ppm. °*C NMR (CDCl;, 100 MHz): § =
12.0, 48.4, 65.9, 85.2, 91.2, 104.3, 112.8, 124.4, 125.7, 127.3, 127.6, 127.9, 128.1,
128.36, 128.39, 128.44, 128.6, 129.1, 130.4, 130.8, 131.3, 136.8, 137.1, 137.7, 139.0,
165.0 ppm. HRMS (ESI+): caled for CssHy7NNaO, [MJrNa]+ 504.1939, found
504.1935.

Benzyl 5-(2-(methoxymethoxy)phenyl)-4-((2-(methoxymethoxy)phenyl)ethynyl)-
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2-methyl-1-phenyl-1H-pyrrole-3-carboxylate (4a)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
8/1, v/v) afforded 4a as a pale yellow solid (86.3 mg, 49% yield). M.p.: 119-121 °C.
'H NMR (CDCl3, 400 MHz): J = 2.45 (s, 3H), 3.26 (s, 3H), 3.28 (s, 3H), 4.77 (d, J =
6.8 Hz, 1H), 4.86 (d, /= 1.6 Hz, 2H), 4.89 (d, /= 6.8 Hz, 1H), 5.41 (s, 2H), 6.80 (td,
J=17.6 Hz, 1.2 Hz, 1H), 6.92-6.97 (m, 3H), 6.99-7.04 (m, 2H), 7.10-7.15 (m, 1H),
7.18-7.22 (m, 2H), 7.35 (dd, J = 7.6 Hz, 2.0 Hz, 1H), 7.52-7.54 (m, 2H) ppm. "°C
NMR (CDCls, 100 MHz): ¢ = 13.2, 56.0, 56.1, 65.8, 87.8, 88.7, 95.1, 95.4, 105.5,
112.7, 115.1, 115.5, 116.0, 121.4, 121.5, 122.0, 127.8, 128.16, 128.19, 128.5, 128.7,
130.0, 133.3, 133.4, 135.5, 137.0, 137.6, 137.7, 156.0, 157.4, 165.1 ppm. HRMS
(EST"): caled for C37H33NNaOg [M+Na]" 610.2206, found 610.2207.

Benzyl 5-(2-fluorophenyl)-4-((2-fluorophenyl)ethynyl)-2-methyl-1-phenyl-1H-
pyrrole-3-carboxylate (4b)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 4b as a pale yellow solid (110.1mg, 73% yield). M.p.: 128-130 °C.
'H NMR (CDCls, 400 MHz): 6 = 2.44 (s, 3H), 5.42 (s, 2H), 6.89 (t, J= 9.2 Hz, 1H),
6.92-7.01 (m, 3H), 7.08 (t, J = 7.6 Hz, 2H), 7.15-7.24 (m, 3H), 7.27-7.32 (m, 6H),
7.44 (t, J=7.6 Hz, 1H), 7.52-7.54 (m, 2H) ppm. °C NMR (CDCls, 100 MHz): 13.0,
65.9, 854, 89.3 (d, J = 3.0 Hz), 105.8, 112.9 (d, J = 16.0 Hz), 113.0, 1153 (d, J =
20.0 Hz), 115.5 (d, J=22.0 Hz), 118.9 (d, /= 15.0 Hz), 123.7 (d, J = 4.0 Hz), 123.8
(d, J=4.0 Hz), 127.8, 128.2, 128.3, 128.5, 128.6, 129.0, 129.1, 130.4, 130.5, 133.12
(d, J=3.0 Hz), 133.3 (d, / = 1.0 Hz), 136.8, 137.1, 138.8, 160.0 (d, J = 247.0 Hz),
162.5 (d, J = 250.0 Hz), 164.8 ppm. "’F NMR (CDCl3, 376 MHz): § = -110.6, -109.9
ppm. HRMS (ESI+): calcd for C33Ho3FoNNaO, [M+Na]+ 526.1595, found 526.1594.
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Benzyl 2-methyl-1-phenyl-5-(4-propylphenyl)-4-((4-propylphenyl)ethynyl)-1H-
pyrrole-3-carboxylate (4c)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 4c as a pale yellow solid (102.1 mg, 62% yield). M.p.: 121-123 °C.
'H NMR (CDCl3, 400 MHz): § = 0.90 (t, J = 7.6 Hz, 3H), 0.93 (t, J = 7.6 Hz, 3H),
1.57-1.65 (m, 4H), 2.42 (s, 3H), 2.51 (t, J = 8.0 Hz, 2H), 2.55 (t, /= 8.0 Hz, 2H), 5.42
(s, 2H), 6.99-7.02 (m, 4H), 7.06 (d, J = 8.4 Hz, 2H), 7.10-7.12 (m, 2H), 7.20 (d, J =
8.0 Hz, 2H), 7.29-7.32 (m, 3H), 7.34-7.38 (m, 3H), 7.54-7.56 (m, 2H) ppm. °C NMR
(CDCl3, 100 MHz): ¢ = 13.1, 13.91, 13.93, 24.4, 24.6, 37.9, 38.1, 65.9, 84.7, 91.8,
104.3, 112.9, 121.8, 127.8, 128.1, 128.27, 128.29, 128.5, 128.6, 128.7, 129.3, 129.9,
131.2, 136.9, 137.8, 138.2, 141.9, 142.1, 165.1 ppm. HRMS (ESI"): caled for
C39H37NNaO, [M+Na]" 574.2722, found 574.2725.

/o
h OMe

Benzyl 5-(4-methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-2-methyl-1-phenyl-
1H-pyrrole-3-carboxylate (4d)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
10/1, v/v) afforded 4d as a pale yellow solid (84.0 mg, 53% yield). M.p.: 141-143 °C.
'H NMR (CDCls, 400 MHz): 6 = 2.40 (s, 3H), 3.75 (s, 3H), 3.79 (s, 3H), 5.40 (s, 2H),
6.73 (dd, J = 8.8 Hz, 2.0 Hz, 4H), 7.06 (d, J = 8.8 Hz, 2H), 7.09-7.11 (m, 2H), 7.20 (d,
J = 8.8 Hz, 2H), 7.28-7.31 (m, 3H), 7.36-7.38 (m, 3H), 7.53-7.54 (m, 2H) ppm. °C
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NMR (CDCls, 100 MHz): 6 = 13.1, 55.3, 55.4, 65.9, 83.8, 91.4, 104.1, 112.8, 113.3,
113.8, 116.8, 123.3, 127.9, 128.3, 128.55, 128.63, 128.7, 129.4, 131.4, 132.7, 136.9,
137.75, 137.82, 138.1, 158.8, 159.0, 1652 ppm. HRMS (ESI'): caled for
C35H20NNaO, [M+Na]" 550.1994, found 550.1994.

B
r O
Ph c

Benzyl  5-(4-chlorophenyl)-4-((4-chlorophenyl)ethynyl)-2-methyl-1-phenyl-1H-
pyrrole-3-carboxylate (4e)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 4e as a pale yellow solid (91.4 mg, 57% yield). M.p.: 190-192 °C.
'H NMR (CDCls, 400 MHz): § = 2.42 (s, 3H), 5.40 (s, 2H), 6.96 (dt, J = 8.8 Hz, 2.0
Hz, 2H), 7.08-7.11 (m, 2H), 7.14-7.21 (m, 6H), 7.31-7.32 (m, 3H), 7.38-7.40 (m, 3H),
7.50-7.52 (m, 2H) ppm. C NMR (CDCls, 100 MHz): 6 = 13.0, 66.1, 85.8, 90.9,
104.5, 113.2, 122.7, 128.1, 128.2, 128.4, 128.5, 128.6, 128.7, 128.9, 129.2, 129.6,
131.3, 132.5, 133.4, 133.5, 136.6, 137.0, 137.3, 138.9, 164.8 ppm. HRMS (ESI"):
caled for C33Hp;C1LNNaO, [M+Na]" 558.1004, found 558.1001.

/ N\
N
||DhCN

Benzyl 5-(4-cyanophenyl)-4-((4-cyanophenyl)ethynyl)-2-methyl-1-phenyl-1H-
pyrrole-3-carboxylate (4f)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

20/1, v/v) afforded 4f as a pale yellow solid (63.1 mg, 41% yield). M.p.: 204-206 °C.
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'H NMR (CDCls, 400 MHz): & = 2.44 (s, 3H), 5.39 (s, 2H), 7.01 (d, J = 8.4 Hz, 2H),
7.10-7.12 (m, 2H), 7.32-7.37 (m, 5H), 7.42-7.44 (m, 9H) ppm. '*C NMR (CDCls, 100
MHz): 6 = 13.0, 66.3, 89.1, 91.1, 105.3, 110.8, 111.1, 113.9, 118.7, 118.8, 128.2,
128.4, 128.6, 128.7, 128.8, 129.4, 129.8, 130.3, 131.6, 131.7, 131.9, 135.0, 136.4,
136.5, 136.8, 140.2, 164.4 ppm. HRMS (ESI"): calcd for CssHo3N3NaO, [M+Na]®
540.1688, found 540.1690.

Benzyl 2-methyl-1-phenyl-5-(m-tolyl)-4-(m-tolylethynyl)-1H-pyrrole-3-
carboxylate (49)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 49 as a pale yellow solid (108.8 mg, 73% yield). M.p.: 117-119 °C.
'H NMR (CDCls, 400 MHz): § = 2.23 (s, 3H), 2.25 (s, 3H), 2.42 (s, 3H), 5.42 (s, 2H),
6.93-7.13 (m, 9H), 7.21 (s, 1H), 7.29-7.31 (m, 3H), 7.36-7.39 (m, 3H), 7.54 (dd, J =
7.2 Hz, 1.6 Hz, 2H) ppm. *C NMR (CDCls, 100 MHz): 6 = 13.1, 21.4, 21.5, 65.9,
85.0, 92.0, 104.4, 113.0, 124.4, 127.1, 127.6, 127.9, 128.0, 128.2, 128.3, 128.5,
128.57, 128.60, 128.7, 129.3, 130.6, 131.0, 131.9, 136.9, 137.2, 137.67, 137.73, 138.4,
165.1 ppm. HRMS (ESI+): calcd for Cs5Ho9NNaO, [MJrNa]+ 518.2096, found
518.2098.

Benzyl 5-(3-bromophenyl)-4-((3-bromophenyl)ethynyl)-2-methyl-1-phenyl-1H-
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pyrrole-3-carboxylate (4h)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 4h as a pale yellow solid (104.0 mg, 55% yield). M.p.: 122-124 °C.
'H NMR (CDCl;, 400 MHz): 6 = 2.43 (s, 3H), 5.41 (s, 2H), 6.99-7.08 (m, 4H), 7.11-
7.13 (m, 2H), 7.31-7.36 (m, 6H), 7.39-7.43 (m, 3H), 7.51-7.54 (m, 2H), 7.64-7.65 (m,
1H) ppm. °C NMR (CDCls, 100 MHz): 6 = 13.0, 66.1, 86.2, 90.9, 104.8, 113.3,
121.9, 122.0, 126.1, 128.19, 128.24, 128.3, 128.5, 128.7, 129.0, 129.3, 129.6, 130.0,
130.6, 130.7, 132.5, 133.0, 133.9, 136.5, 136.7, 137.2, 139.1, 164.7 ppm. HRMS
(ESI+): calcd for C33H23BroNNaO, [M+Na]+ 647.9973, found 647.9980.

Benzyl  2-methyl-5-(naphthalen-1-yl)-4-(naphthalen-1-ylethynyl)-1-phenyl-1H-
pyrrole-3-carboxylate (4i)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 4i as a pale yellow solid (89.3 mg, 52% yield). M.p.: 137-139 °C.
'H NMR (CDCl3, 400 MHz): = 2.54 (s, 3H), 5.46 (d, J=12.4 Hz, 1H), 5.56 (d, J =
12.4 Hz, 1H), 6.87-6.98 (m, 4H), 7.14 (t, J = 8.0 Hz, 2H), 7.19 (t, J = 6.8 Hz, 2H),
7.28-7.37 (m, 7H), 7.45-7.48 (m, 2H), 7.57-7.60 (m, 3H), 7.64 (d, J = 8.4 Hz, 1H),
7.83 (d, J = 7.6 Hz, 1H), 7.86-7.89 (m, 1H), 8.00-8.02 (m, 1H) ppm. *C NMR
(CDCl3, 100 MHz): 6 = 13.2, 66.0, 89.4, 90.7, 106.8, 112.6, 121.8, 125.1, 125.9,
126.06, 126.13, 126.3, 126.5, 126.7, 127.5, 127.8, 127.9, 128.2, 128.4, 128.5, 128.7,
128.98, 129.01, 129.1, 129.5, 130.1, 132.9, 133.0, 133.1, 133.6, 136.87, 136.93, 137.2,
138.3, 165.1 ppm. HRMS (ESI"): calcd for C4;HyNNaO, [M+Na]™ 590.2096, found
590.2095.
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Benzyl 2-methyl-1-phenyl-5-(thiophen-2-yl)-4-(thiophen-2-ylethynyl)-1H-
pyrrole-3-carboxylate (4j)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 4j as a pale yellow solid (55.7 mg, 39% yield). M.p.: 148-149 °C.
'H NMR (CDCls, 400 MHz): 6 = 2.36 (s, 3H), 5.41 (s, 2H), 6.86 (t, J = 4.4 Hz, 1H),
6.94-6.97 (m, 2H), 7.00-7.01 (m, 1H), 7.15 (d, J = 5.2 Hz, 1H), 7.20-7.23 (m, 3H),
7.27-7.32 (m, 3H), 7.44-7.48 (m, 3H), 7.53 (d, J = 7.2 Hz, 2H) ppm. “C NMR
(CDCl3, 100 MHz): 6 = 12.9, 65.9, 87.1, 89.1, 104.2, 113.1, 124.6, 125.9, 126.5,
126.7, 127.0, 127.6, 127.9, 128.2, 128.6, 129.1, 129.5, 129.7, 131.1, 132.0, 132.1,
136.7, 137.3, 139.0, 164.6 ppm. HRMS (ESI"): caled for C0H»nNO,S; [M+H]"
480.1092, found 480.1095.
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Methyl 1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (5a)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 5a as a pale yellow solid (42.8 mg, 57% yield). M.p.: 184-186 °C.
'H NMR (CDCl3, 400 MHz): § = 3.92 (s, 3H), 7.13-7.16 (m, 2H), 7.26-7.31 (m, 6H),
7.32-7.36 (m, 5H), 7.45 (dd, J = 7.2 Hz, 1.2 Hz, 2H), 7.55 (s, 1H) ppm. °C NMR
(CDCl3, 100 MHz): 6 = 51.5, 84.0, 92.4, 105.8, 117.3, 124.3, 125.8, 127.7, 127.9,
128.0, 128.1, 128.3, 128.8, 129.4, 130.1, 130.3, 131.5, 138.2, 139.2, 164.4 ppm.
HRMS (ESI"): calcd for C,6HoNNaO, [M+Na]" 400.1313, found 400.1317.
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Benzyl 1,5-diphenyl-4-(phenylethynyl)-1H-pyrrole-3-carboxylate (5b)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 5b as a pale yellow solid (41.2 mg, 45% yield). M.p.: 136-138 °C.
'H NMR (CDCl3, 400 MHz): J = 5.40 (s, 2H), 7.13-7.15 (m, 2H), 7.24-7.30 (m, 8H),
7.32-7.35 (m, 8H), 7.49-7.51 (m, 2H), 7.60 (s, 1H) ppm. >C NMR (CDCl;, 100 MHz):
0=160.1, 84.1,92.4, 105.8, 117.2, 124.2, 125.8, 127.7, 127.9, 127.98, 128.05, 128.1,
128.2,128.3, 128.7, 129.1, 129.4, 130.1, 130.3, 131.5, 136.6, 138.4, 139.2, 163.9 ppm.
HRMS (ESI"): calcd for C3,H23NNaO, [M+Na]™ 476.1626, found 476.1632.

Methyl 1-phenyl-5-(m-tolyl)-4-(m-tolylethynyl)-1H-pyrrole-3-carboxylate (5c)
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20/1, v/v) afforded 5c as a pale yellow solid (37.8 mg, 47% yield). M.p.: 116-118 °C.
'H NMR (CDCls, 400 MHz): § = 2.29 (s, 3H), 2.32 (s, 3H), 3.92 (s, 3H), 7.03 (d, J =
7.6 Hz, 1H), 7.08 (d, J = 7.6 Hz, 2H), 7.12-7.16 (m, 3H), 7.19 (d, J = 7.2 Hz, 1H),
7.24 (s, 1H), 7.28 (s, 2H), 7.31-7.37 (m, 3H), 7.54 (s, 1H) ppm. *C NMR (CDCls,
100 MHz): 6 = 21.4, 21.6, 51.5, 83.8, 92.7, 105.7, 117.2, 124.1, 125.7, 127.1, 127.86,
127.90, 128.2, 128.5, 128.6, 128.7, 129.4, 130.1, 130.8, 132.0, 137.6, 137.9, 138.3,
139.3, 164.4 ppm. HRMS (ESI"): caled for CysHauNO, [M+H]" 406.1807, found
406.1807.

VI11. Mechanism study

1. The reaction of enamino ester 1a with gold(l)-acetylide 6
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NHPh

bpy, KOAc
o COEt & [Ph——=—Au}- I\
" toluene, 50 °C, 4 h N Ph
1 6 1
a without Phi(OAC),: 0% yield Ph
with PhI(OAc),: 30% yield 3a

A flame-dried sealable tube with a magnetic stir bar was charged with (Z)-ethyl 3-
(phenylamino)but-2-enoate 1a (97.7 pL, 0.5 mmol), gold(I)-acetylide 6" (59.6 mg, 0.2
mmol), bpy (156.2 mg, 1.0 mmol), PhI(OAc); (128.8 mg, 0.4 mmol), KOAc (58.9 mg,
0.6 mmol), and toluene (1.0 mL) under an N, atmosphere. The tube was sealed and
the resulting mixture was stirred at 50 °C for 4 h. After being cooled to ambient
temperature, the reaction solution was diluted with 20 mL of CH,Cl,, filtered through
a celite pad and washed with 10 mL of CH,Cl,. The filtrate was evaporated and the
residue was purified by column chromatography on silica gel (petroleum ether/ether =
20/1, v/v) to afford 12.1 mg of 3a (30% yield).

When the reaction was carried out in the absence of PhI(OAc),, no desired 3a

was observed.

2. The reaction of enamino ester 1a with internal alkynes

NHPh 4 mol% [(bpy)AuCl,]CI EtO,C //
_ 2 eq. PhI(OAc),, 3 eq. KOAC
)\VCOzEt + Ph%Ph N\
2 toluene, 50 °C, 4 h N Ph
7 |
1a Ph
3a, 0%
NHPh 4 mol% [(bpy)AuCI,]Cl EtO,C Ph
2 eq. PhI(OAC),, 3 eq. KOAc
N COE | — 2 I\
toluene, 50 °C, 4 h N Ph
1a 8 |

Ph
9, 0%

A flame-dried sealable tube with a magnetic stir bar was charged with (Z)-ethyl 3-
(phenylamino)but-2-enoate 1a (1.5 mmol), 1,4-diphenylbuta-1,3-diyne 7 (121.4 mg,
0.6 mmol) or 1,2-diphenylacetylene 8 (121.4 mg, 0.6 mmol)), [(bpy)AuCl,]Cl (11.1
mg, 0.024 mmol), KOAc (176.7 mg, 1.8 mmol), PhI(OAc), (386.5 mg, 1.2 mmol),
and toluene (3.0 mL) under an N, atmosphere. The tube was sealed and the reaction

mixture was stirred at 50 °C for 4 h. No 3a or 9 was formed.
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3. The reaction of C3-unsubstituted pyrrole 10 with phenylacetylene 2a

Ph

Et0.C 4 mol% [(bpy)AuCl,ICI EtO,C 4
2 eq. Phi(OAc),, 3 eq. KOAC
/A pp *+ Ph—=——H o\
N toluene, 50 °C, 4 h N Ph
Ph 2a '
Ph
10 3a, 0%

A flame-dried sealable tube with a magnetic stir bar was charged with pyrrole 10®
(182.3 mg, 0.6 mmol), phenylacetylene 2a (65.9 puL, 0.6 mmol), [(bpy)AuCL]CI (11.1
mg, 0.024 mmol), KOAc (176.7 mg, 1.8 mmol), PhI(OAc), (386.5 mg, 1.2 mmol),
and toluene (3.0 mL) under an N, atmosphere. The tube was sealed and the reaction

mixture was stirred at 50 °C for 4 h. No desired 3a was formed.

IX. The derivation of 3-alkynylpyrroles

Ph Ph
O
_—
/A rt,12h /\
N Ph P
Ph ||3h

3b 11a, 72%

7-lodo-3-methyl-1,2,6-triphenylpyrano[3,4-c]pyrrol-4(2H)-one (11a)’

A solution of I, (76.2 mg, 0.3 mmol) in DCM (1.5 mL) was added to a solution of 3b
(39.1 mg, 0.1 mmol) in DCM (1.5 mL) and the resulting mixture was stirred at room
temperature for 12 h. The reaction mixture was diluted with DCM (10 mL), washed
with NaHSOs, and dried over anhydrous Na,SO4. The solvent was evaporated and the
residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate = 8/1, v/v) to afford 11a as a pale yellow solid (36.3 mg, 72% yield). M.p.:
>250 °C. '"H NMR (CDCl3, 400 MHz): 0 = 2.54 (s, 3H), 7.06-7.07 (m, 2H), 7.17-7.25
(m, 5H), 7.31-7.32 (m, 3H), 7.39-7.42 (m, 3H), 7.61 (d, J = 7.2 Hz, 2H) ppm. °C
NMR (CDCls, 100 MHz): 6 = 12.2, 64.9, 105.6, 120.7, 127.3, 128.0, 128.5, 128.6,
129.0, 129.2, 129.4, 129.9, 130.3, 133.8, 135.4, 136.1, 136.7, 151.7, 160.6 ppm.
HRMS (ESI"): calcd for Co6H sINNaO, [M+Na]" 526.0280, found 526.0277.
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' Ph Ph

2 mol% Pd(OAc),, 4 mol% PPhj

s 2.0 equiv HCO,H, 3.0 equiv Et;N e
N—Ph N—Ph
o = DMF, 60 °C, 4 h © =
o o
1a 11b, 95%

3-Methyl-1,2,6-triphenylpyrano[3,4-c]pyrrol-4(2H)-one (11b)"°

A flame-dried sealable tube with a magnetic stir bar was charged with 11a (50.3 mg,
0.1 mmol), Pd(OAc); (0.5 mg, 0.002 mmol), PPh; (1.1 mg, 0.004 mmol), formic acid
(7.5 pL, 0.2 mmol), Et;N (41.7 puL, 0.3 mmol), and DMF (1.5 mL) under an N,
atmosphere. The tube was sealed and the reaction mixture was stirred at 60 °C for 4 h.
After being cooled to ambient temperature, the reaction solution was diluted with 10
mL of CH,Cl,, filtered through a celite pad, and washed with 30 mL of CH,Cl,. The
filtrate was evaporated, and the residue was purified by column chromatography on
silica gel (petroleum ether/ethyl acetate = 8/1, v/v) to afford 11b as a pale yellow solid
(36.0 mg, 95% yield). M.p.: 227-229 °C. 'H NMR (CDCls, 400 MHz): ¢ = 2.59 (s,
3H), 6.89 (s, 1H), 7.10-7.12 (m, 2H), 7.16-7.18 (m, 2H), 7.21-7.28 (m, 3H), 7.31-7.35
(m, 1H), 7.38-7.42 (m, 5H), 7.81-7.83 (m, 2H) ppm. °C NMR (CDCls;, 100 MHz): 6
= 12.4, 96.5, 106.4, 120.6, 124.9, 126.9, 127.2, 128.3, 128.5, 128.6, 128.7, 128.8,
129.5, 129.6, 130.8, 133.5, 136.3, 137.3, 151.4, 160.9 ppm. HRMS (ESI"): calcd for
C6H9NNaO, [M+Na]" 400.1313, found 400.1315.

Ph II

O Q 5mol% Cul o
0 ' 5mol% Pd(PPh;),.Cl, O N — OMe
.
/ \ iPr,NH, DMF, 85 °C, 2 h /R
N~ Ph
\ N~ Ph
OM |
Ph © Ph
11a 11c, 76%

7-((4-Methoxyphenyl)ethynyl)-3-methyl-1,2,6-triphenylpyrano[3,4-c]pyrrol-
4(2H)-one (11c)’

A flame-dried sealable tube with a magnetic stir bar was charged with 11a (25.2 mg,
0.05 mmol), (PPh;3),PdCl, (2.0 mg, 5 mol%), Cul (0.5 mg, 5 mol%), 1-ethynyl-4-
methoxybenzene (25.9 pL, 0.2 mmol), Pr,NH (0.5 mL), and DMF (1.0 mL) under an

N, atmosphere. The tube was sealed and the reaction mixture was stirred at 85 °C for
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2 h. After being cooled to ambient temperature, the reaction solution was diluted with
10 mL of CH,Cl,, filtered through a celite pad, and washed with 30 mL of CH,Cl,.
The filtrate was collected and evaporated, and the residue was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 8/1, v/v) to provide 11c
as a pale yellow solid (19.2 mg, 76% yield). M.p.: 223-225 °C. 'H NMR (CDCls, 400
MHz): 6 = 2.56 (s, 3H), 3.75 (s, 3H), 6.61-6.67 (m, 4H), 7.06-7.09 (m, 2H), 7.13-7.20
(m, 3H), 7.22-7.24 (m, 2H), 7.32-7.34 (m, 3H), 7.38-7.45 (m, 3H), 8.12-8.14 (m, 2H)
ppm. *C NMR (CDCls, 100 MHz): 6 = 12.4, 55.3, 83.3, 96.2, 96.4, 105.2, 113.6,
115.4, 118.5, 127.4, 127.75, 127.85, 128.5, 128.6, 128.8, 128.9, 129.2, 130.7, 132.4,
132.6, 133.6, 135.8, 137.0, 154.5, 159.4, 160.0 ppm. HRMS (ESI"): calcd for
C35H2sNO; [M+H]" 508.1913, found 508.1909.

S27



X. References

1

10

J. Xie, H. Li, J. Zhou, Y. Cheng and C. Zhu, Angew. Chem., Int. Ed., 2012, 51,
1252.

J. Liu and Y. Liu, Org. Lett., 2012, 14, 4742.

C. Richardson and C. A. Reed, J. Org. Chem., 2007, 72, 4750.

W. Wu, W. Wu, S. Ji, H. Guo, P. Song, K. Han, L. Chi, J. Shao and J. Zhao, J.
Mater. Chem., 2010, 20, 9775.

I. V. Overmeire, S. A. Boldin, K. Venkataraman, R. Zisling, S. D. Jonghe, S. V.
Calenbergh, D. D. Keukeleire, A. H. Futerman and P. Herdewijn, J. Med. Chem.,
2000, 43, 4189.

(a) Q. Dai, W. Yang and X. Zhang, Org. Lett., 2005, 7, 5343. (b) Z.-H. Zhang, L.
Yin and Y.-M. Wang, Adv. Synth. Catal., 2006, 348, 184. (c¢) X. Ji, H. Huang, W.
Wu, X. Li and H. Jiang, J. Org. Chem., 2013, 78, 11155.

K. J. Kilpin, R. Horvath, G. B. Jameson, S. G. Telfer, K. C. Gordon and J. D.
Crowley, Organometallics, 2010, 29, 6186.

J. Ke, C. He, H. Liu, M. Li and A. Lei, Chem. Commun., 2013, 49, 7549.

S. Mehta and R. C. Larock, J. Org. Chem., 2010, 75, 1652.

R. Rossi, A. Carpita, F. Bellina, P. Stabile and L. Mannina, Tetrahedron, 2003, 59,
2067.

S28



800 '0—

908 "1

24! e

ave’l

vale—

261y
012
877V

9ve v
S50 °b—

9959
G845 .mV
£98 0%
006 .w\
180 °L
G074
8814
G2 °L
45274
047°2

90% "L

€O 01—

X1. Copies of *H, *C and °F NMR spectra
PhNH

. -COOEt

996 9~
585 9—

£98 O~
%88 90—
006 97

1102
160 "4~
090 'L—
G101~
¥60 "L/

881 "1—
L02°1—
T

1622

G52 .hM
L2 A A
0.2 21—
AN
887 "L—
262 L

908 "=
01gL"
G278 "1—
878 L7

— 00 6]
2 =10
M © i I
e i
- L
<
w© e A
<& [
. = =16}
ﬂ)w ot L
[7+}
(=]

- |-..-n I
” =107
= - =001

. 807

€01

011

0e°1

1010

& i

-...l. -

.?m A
.../ml

- ..ff e mlmx..v..Du

o) i

12.0 11.0 10.0

13.0

29 °%1—
BE61—

£E 65—

PR 9.
91°LL
8Bl LL

19 68—

18°071
60 "€al
117921
08 871
007671

Sk0el—
0L7S¢1
wm.mﬂw
S0 0b1
6F 651

bl 0Ll—

Ph‘NH

18°021—

60 EE1—

11°921—

08 871
00 621
9% '621—
Sk oel—

04§81~
96 561

50 0OkI—

. -COOEt

f1 (ppm)
S29



600 0—

0z¢ '1
8EE 1

o
]

0951

192 %
6.0 ¥
bse bh—

80 b
1374 ‘__.W

0¥ 9
096 9
ebL'9
9.9

b68 9
0972 °L—

208 "L
£18°L
078 L
978 'L
oML
098 °L

G118

1gol—

Phic.
‘\,l\ COOEt

0bS 9~
0959

T T T T T T T T

T

8.1

6.6

6.8

80 7.9 18 T.T 1.6 1.5 7.4 1.3

f1 (ppm)

f1 (ppm)

1677

F20°7

=460+

v 10T
#00 "

*p073

Fplh
Fp1g
=720

F00°1

12.0 11.0 10.0

3.0

69 b1—

bl 65—

v8 9L
91°4L
8Ll

61 16—

91’121
L1°€21
At
b 6zl
28°921
88971

29 .wm_\
L6681

67 '851—

10ll—

. _-COOEt

Ph‘NH

ar'1ar—

L1°E81—

ZATACY
£F Gal~
76921
88°971—
€021/

L0821~
L9°BTI—

G9°621—

0L0el—

8k €I~
18eel—

130

S30



£00 0—

ehL e~

86—

6599
8.9 .mur
976 97
£96 ‘m.\.
(RN A
861 2
807 'L
G728 "L
097 °L
601 "L

0ZzZ 01—

Ph “NH

x._-COOMe

Br

POk "L
(10
PIb L~
9ty 'Lz
18k "L
L8V 7L

7.30 7.25

7.40 7.35

7.45

7.20 7.15

fl (ppm)

-—

*00°¢

Y_O-ﬁl

L6

12.0 11.0 10.0

3.0

b6 05—

P8 9L
914
8b Ll

bIl6—

"G 271
mv.m_.w__w
16721
€6 '821—
s8r1el”

AR by

€0 '8g1—

ov'oLl—

h‘NH

Pl

. COOMe

€6 '871—
b6 671—

G8'1¢l—

00°G€1—

LU0V

Br

-

-

2

110

130

150

170

190

210

f1 (ppm)

S31



600 0— &
(@)
O
o
T
085 '1— = /
o8 '1— ————
ea— < —
690 "2~
2l0L=
4802~
160°L7
L
80— - o212~
191 °6— — GET 21—
£61 ‘2=
86147
690 L
160 'L 6L 4~
GET "L
BSL A 8614~
100 —— 70" L7
L — =
092 "L 677 1—
20% "L s
208 L b A
166 'L
0L8°L 097 "2—
068 "L
i AN
167"~
20% "L—
608 L~
zZa1ol— ~ Emgm
2]
92¢ 4
16€ "2~
GG¢ "L—
99 4—
28¢ "L—
668 L~
§1p L=
0zy "L

7.18

7.08

7.12

7.32 7.28 7.24 7.20
fl (ppm)

7.36

7.40

-

=00 Y
*96°'9

=60
=70°g

5S888%
o e

Fusd

12.0 11.0 10.0 9.0

3.0

07 81~
L2027

9L 99—

P8 '9L
91742

96 TR—

§6 "A41
80 .wm:V

€9 82—

68 0€1—

b1 bel—

8¢ Lel—
10 'BET—

NH
I cooBn

i

S32



900 72—
8be 72—

PAN ] by

NH
_Js_coosn

668 9—
816 '9—

086 9~
166 9—

S61 "L~
€02 'L—
v1g A—
8L
09z °.—

62 "L,
POE "L~
1g 2~
81€°)

878 L.

€68 "A—
€8 "4—
78€ L~
06¢ gm
668 L

-

107

=00°q

Fre0

10.0

11.0

12.0

3.0

61 02~
8y 127"

bl Vo

v8 9.l
91744

b5 G8—

197121~

L8581 —
00'921—

76121
00 wNﬁV

09'821—
b6 821~

NH

_I_cooen

]

125 124

128 127

I

130

—

123 122

£1 (ppm)
|

126

129

T

30 20

50 40

9 80 70 60

-

110

150

170

190

210

f1 (ppm)

S33



066 '1—

108 b—
981 '§—

86 ﬁV

09z °

9bE

-
=
(]
B el e

78e

€eE0l—

—_—

[

Br

80¢°L—
91g L~
vagi—
6256727

ape l—
998°L—
88" l—
666 L—
9zk "I~
1€k 4—

ebbi—
8bh L7

NH
_I\_cooen

M -t
5 —0..«.. 1)

FE6°1-

= *00°¢

209

10.0

-5 FE6

11.0

12.0

3.0

0b 07—

76 vo—

v8 9L
91°LL
8b Ll
GL'98—

L8l

b0 9Z1—
€9°8217

g1Ael—
gy 861’
16'851—

EARPA b

Br

b0 "9z1—

10°821—
£9'821—

L2281

NH
_J_cooBn

—

~

80

90

110

130

130

170

190

210

f1 (ppm)

S34



100 '0—

i
62
vk
bay -
695

R

1y 2—

186 ¥
664
91k ¥

beb b

Ph
Ph

/ \
N

EtO0C
Me

eoﬁ.h/
el 'L

Sy a

SIL'L

£al .m.\

PYARAS -
061 "L— =
02 °1—

aan L

09z°k— -
087 "4—
008 "L—

656 °L
A =
948 "L~ b=
S6% L= =
668 .m\

7.40 7.3

7.10

7.20 7.15

730 7.2

Ph

f1 (ppm)

F60 "

FOO

k60

A
[Toge -0

on—0
1hped od g

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

3.0

06 71~
0L w1

L6 65—

78 9L
a1°L
8Ll
€2 68—
PA L

P P01—

25°€11—
297121
LL7AA1 )y
re el
€9°.¢1
76°L¢1
Z21'8¢1

91's91—

Ph
A

EtOOC

L9021

1y 221
E,.u__.ﬁV

1021
b7 821—
GG 8Al— -
£aRa1”/

oeezl— -
01°0¢1—

8L081—
b er—

Ph

Me

30 40 30

60

180 170 130 130 110 90 80 70

210

f1 (ppm)

S35



000 '0-—

—

Z2op e—

0K6 "e—

680 "L
160 "L
701 "1
S01 21
eI 29
a1 "Ly
191 "4
08l 40—
¥8I "L
1612
1124
022 "]
622 "1
18270
AT A}
vz "L
1624
0.7 "L1
GLZ "M
647 L1
987 " L1
767 "L
867 "L
828 "L
REE "L
£pe L]
156 "2
956 "L
99¢ "1
186 .L
¥RE "L
00p "4

680
P60
z201 "
S01°
eIl

Ph

7.10

7.22 7.18 7.14

7.26

7.34 7.30

7.38

f1 (ppm)

=00 "¢

=00

LR
o o s

1.0 0.0

2.0

3.0

4.0

2.0

10. 0 9.0 8.0 7.0 6.0
f1 (ppm)

11.0

12.0

W6 al—

91°16—

P8 9L
8174
8pLL
b168—
49°16—

By v0I—

8k ell—
Z9°B21
mh..n_.w_./,
£ 1e1—
29°LEL
10°8¢1
G0 '8E1

85'991—

MeOOC

29 'val—

Sb 221

8k ..._.N_V
6L°L21—
5% 82l—
64 8217
£9 .xn_.\

28 '6a1—
60 08l—

5. °0¢1—

1e1el—

S36



o
200 0— —_— - S
o
096 'l - . Vo
M.,_mmu_w - b8 21 ol
ot T e AN
o 6480~
068 Z— - —_—— =0
o
280 "2~ - Kl Q
980 *L— o)
560 "4~ £ |2 i
66027 b a5 nuw
a0l 2 - )
I L ¥8 9L
) 9l .:W.
580 1] - o 8y "L
560 'L - H 2p 8=
a4 mw. .Mv [ i 56 °G8—
i 1L ow 81716~ L7vel—
o | LN P e w e
091 *L1 L =
€41 21 261 “1— . E 82401—
xh__ ”b, : | ) o -
5071 e ey == S0 bLPI—
At — L& 70°q LLV2
AL ﬂww M =R 204 pLLzly
bEZ "L = =
il 2N - = LS dae e .
252 "L G £pLel haaiy
www ”w“ 86 1= -8 i NF.E_N 6¢°A21—
=il i s = P1'8E1 VL'LZ1—
7L 2L~ -5
- e | : ‘
LN | i
967 "L (S () 3 . Lt
Spc L ,V a6 27 2 3 bS p91— b9 'RA1
=1
. \\l\
gge 4 > & i - 82°621—
GLE'L n
18 "L = 32 L2
98¢ *4 @) (TN = [ =
@) © 04el— . p1os—
w = 98- - - o
m 628 L~ | &8 | 16°061—
iy 3. [« I >
986 "L % 82" 1¢1—

S37




100 0—

195°1—

61F 72—

WerC™NdD
ggsst

068 '
8h2 '6—
L6l .m%

QU5 g
80 9
001 9
kbl g
801 .L
gl 4
AR
2211
841711
181 "L
61 *L]
007 "L1
11721
072 "L
627 "4
€87 4
arz "1
047 "L
6422
097.°L
897.°L
A
7821
987 L
062 'L
967 'L
10€ L
90¢ *4
16672

cae -

Ph

4

AllyloOC

812G
162 .mM
biz"
84779
L6V S

i

&

=
[=1
(=}
w

804"
ovs”
by
P
166
L9079
1109
P80 9
1609
0019
1119
9
L7l
ovl9

=
2
&

w

[T AT T

]

el (A S\ N

€01 "L
801 2
911 "2~
0zl .T\.
12170

6.8 ._,._.\
ARE "L

6.2 6.1

7.16

7.28

7.36

6.0

5.b2
f1 (ppm) f1 T) f1 (ppm)

l“l

7.12

7.20

7.24
f1 (ppm)

7.32

7.40

=00

=¢0°'q
=701
=001

E720°1

€07
%mﬂ ¢
864

b0 Y

10.0 9.0

11.0

3.0

70 °el—

LLVo—
v8 .mw___w
8¥ Ll

€€ '98—
49 16—

15°%01—
62 C1l—
18°L1—
€9 r2l—
98621~

19°L81F
az'8¢l
L%°BEl

08 ¥9l—

Ph

€9 Val—

6F "Lal—
8 Lal—
bZ Ral—
b9 BZl—

98601 —
p1ogl—
91 0€1—
pe1el—

20°€E1—

74

AllylOOC,

131 130 120 128 127 126 125
£1 (ppm)

182

133

p—

f1 (ppm)
S38




0S8k &—

Skl '5—

111°2
gIl .L
TR
el "2
051 14
651 24
81 "2
102 "L1
17 "L
oz "2
097 *21
90¢ "2
01¢ L1
61¢ 2]
1262
8¥E L
6GE L
bag "L
74870
9Le°L
248872
7564

5574
606 "L

pLS7L

Ph

Ph

BnOOC
Me

[

11",

0s§1

G461 °

48870
25574
9g5 1

m@m.h\
LG i‘

1.2 1.1

7.3

7.4
fl (ppm)

7.5

T T

T

7.588
f1 (ppm)

.

7.0 6.9
.-—"'.-—"?;"‘il‘—a
gEREE

f1 (ppm)

00

10"

— o =t =

k:

7

T

T

11.0 10.0 9.0 8.0 7.0

12.0

3.0

f1 (ppm)

20 el—

£6 69—
P89l
81742
61 G8—
89°16—

arvor—

€0Ell—
v vl

xw.pm_ﬂ/
[ANCTARN

wp.wm_ﬂ!
mm.pm:,
€2 8E1
Bl '8EI

86 val—

L8421~
Sk "221— = +

LA~

88 °L71— =
60 8Z1— -
872 821—

09 '8Z1—

AT e .IJ

Z10el— —=

020¢1— -

0€ 18— 1|A_

Ph

4
Ph

BnOOC
Me

80

190 170 150 130 90
f1 (ppm)
S39

210




000 0—

061 "€~
e’

Ph

4

Me,NOC

0€l "L

pel ;._.M
ovl “i—
vl .FH
218

841 ‘,__.\
§L174—
81 L
102 "4—

L1870~
[4e e

Ve i—

097 “L—
047 °L=
piz L’
067 “L—
67 L7
106 27

87¢ "An
68 "L—

8 L~

99t "L—

I\

Ph

Me

Ph

F00¢

00°¢
moc ¢

oNO
[TeRleNTel

1.0 0.0

2.0

6.0 5.0 4.0 3.0
f1 (ppm)

11.0 10.0 9.0 8.0 7.0

12.0

3.0

pIo- -|
01 21— —
L
s E
X
£2 66— g o i
£€ 6E— - ]
o
8
Q
Z, =
i
894 = )
9l 4L
8 "L — .
O ks -
o 21— =
GN ~@| uwy =
i VG Lz & o
68°L21— m
Op'611— b2 871~ - =
by val= Ge 87— w =
grr1er” 19'821— m
65°9¢1— =
078817 &
lm'm
L2'621— o
B
L. 01— 14°621— o
(=]
-8
..ﬂm
8
o
90" 1€1~ -
£11el- ~ -

110

130

130

T
170

190

210

f1 (ppm)

5S40



:

80¢
ra
oeh
158
69

bs0 "
20"

L01"

Gzl

ekl
bee "
1
Gra
LT

[(

b g b )

sde edededoioded

EtOOC

P50 ¢
220 .A._.N
680 "6~
201 'g—
gzl e~
ol .mk\a
091 ¢

val L
Zel L
ZblL
PAARA
pal L
¥al *L
9912
817,

|

182 "2
e L
it .L
B
09z "1
9171
617"

LV A
1687~
vog 'L

0.0

1.0

3.0 2.0

4.0

5.0

6.0
f1l (ppm)

T

7.0

=L o
mNo
T

LT BT

7.10
8.0

7.15
9.0

7.35 7.30 7.25 7.20
f1 (ppm)
12.0 11.0 10.0

13.0

I 7
v8 07—
16 92—

L2709~

¥8 9L
91744
8 'LL
&1 98—
GE 16—

20°501—
Pa el
04°¥21

04 .FN_/
et 4
S6°L81—
S0°9FI—

21’891

Ph

/ \

EtOOC

0Lval—

1P °L21
wv.hm_V
0L°L21—

92821~
28821 —
G1621
1621/
9081~

6 0E1—
Sz1El—

Ph
Ph

'Pr

126.0 125.0
' 110
f1 (ppm)
S41

130

127.0

128.0
130

f1 (ppm)

129.0
170

130.0
190

131.0
210




—_—

Ph
Ph

EtOOC
Ph

ST L~ -

Z251°L

881 L—

8611~

607 "L—

it

72z L

Pread]

262" 4—

092 'L

Vo7 .% <
042°L

506 "2~
11e°L
m;gw

Vet L
0€e "L
9€6 "L

)

VAN
G1b L=
0Eh L=
pep LY

7.44

0.0

1.0

EO0

2.0

4.0

66°1

5.0

N i
7.0

ERTSERS
1.0 10.0 8.0

12.0

13.0

f1 (ppm)

1€ vI—

90 09—

892
9142
8¥LL

19 v8—
£0 26—
91°601—
AR

95 vl
mx.pﬁ,../..r

ovier”

9z '¥91—

Ph
Ph

/ \
\

EtO0C
Ph

Ph

A %=

09°L21—
69 °L21—

68 LT1— =
06 "L21—

(.14 b

67 BAl—

@l 8al— -

96 Bal—

A =
69 0€1—

o 1€1,
9 '1E1—

170 130 130 110 90 80 70 60 50 40 30 20

190

210

f1 (ppm)

S42



GEl -
Gpl
gsl1
z91
€Ll
08l
161
861
=207
FALA

7689
260 L
090 “L{
690 1
880 )

Vo1 L1
11 L4
§pl "2
651 "2
291 "2
20
181 "2
Z1%°
G7Z "L
e i
09% "L
GlZ "
V67
608
91%
gyt
6he
Go¢°
69
b1
Fi
8vb

LI .mJ

B B B B B B P B D D

z5k L

280"
040"
690

botr -
12
Sk1-°
641°
LLl”
181"
21
2% "
eva
097"
G2
V67
608
a1e”

9re "

698"
6967

8Tk "
fas
il
4t

7.40 7.35 7.30 7.25 7.20 | T7.15 7.10 7.05
f1 (ppm)

7.45

*00 ¢

>Z20°¢

007

)

S =B K
SOt
Pt o S 1, ]

5.0 4.0 3.0 2.0 1.0 0.0

12.0 11.0 10.0 9.0 8.0 7.0 6.0
f1 (ppm)

3.0

81—
L%07—

18 '65—

8 9L
9144
8b 4L

7L 8-
b1 26—

96 V01—

peE§i—
157921

mn.nm_ﬁ
[ ZAVA RN

m,o.pm_l
E..xm__
z25'8¢l
€976¢1

20°v81—

15°p21—
86 'ba1—

2921~

S58°LG1F
L8 ..__.Nﬁ\

67 821~
LE 82—

8G 82—
99 R

v '621—

bz 08—

1Logl—

68181~
15°1€1—
89 °1€1—

130.0 129.5 129.0 128.5 128.0 127.5

130.5

-

131.0

131.5

f1 (ppm)

£1 (ppm)

S43



900 .ov.

600 0

baL 0
1740
650

oo

o

=
S

8B 9—

79 '9—
066 "9—
800 .._.m
970 'L

2122
162 .%/F
vz U~
092 47
067 L
60 "L
676 L
1684
00w "L
1L
0z "L
Gzp 'L
bl 'L
Wb L
oL L

8k ,ﬁ_./.
89L "I
08L L~
G6.4 .,_c_\_\
€08 "L

Fooe

Faog-

12.0 11.0 10.0

3.0

FIO—

89 ¢1—

%L 65—
P89l

91°LL
8h°LL

bSv8—
16°76—

22°501—

eLall—

LVEl—
10°9714
69°L21
6187
98871
67 0E1
90 €€

pBrE9l—

Lbbal—
89 p217

N TARN
10 981—
b '921—

49421

697421 -
98°L21F
68 L21 7

61 8Z1—

05 8BEI—

98 Ba1—

b 62—
06 621—
62 0¢1—
b9 061~
G 1€1—
90 '6e1—
10°681—
b9 161~
08617
b6 BEI—

125

127

128.0

120.0 128.5

131

126

f1 (ppm)

£1 (ppm)

134

f1 (ppm) 1 (ppm (py f1 (ppm)

190 170 130 130 110 90 B0 70 60 30 40 30

210

f1 (ppm)

S44



€00 0— I

0.0

g1'0—
7521

697 ._W

e =004

1L5°1—

1.0

L L

2.0

192 e 0€ 09—
6127 — o
- V8 9L
914

2.0

8b°LL
7% e 8€val— =

90 26—

6.0
f1 (ppm)

9€°601—

7.0

geLT— 62 921— L

BEVal—
L8 BT~

SEESZTHARS
PSP PEPEPC P
'

8.0
127.0

8FLE1—
Lh6elY 89171~ ~
98°121—

0€821—

691 "L
¥8l L
€0% "L
G274
97z "L
162 "4
688 "L
Pie L
097 'L
€La’L
BT L
PBE L
LBZ L
767 "L
LBT. "L
008 "L
908 "L

9.0

09— 08 BZ1~
z0'v9l 18 8717 i

11.0 10.0

12.0

LA v

S45




08 E—

1.8 9—
688 9—

7.00 6.95

7.40 7.35

6.90 6.45

7.10 7.05

.20 7.15

7.2

7.30

\

PP

f1 (ppm)

=00

f1 (ppm)

7.0

BE 16—

P8 0L
9142
8Ll
62 p8—
1726

0e'801—

€aSI—

[
61871~

vl zel—
pe pel—
€L 21~
68°L21—
61°8%1—
7e°8217

G88A1—
268217

§1°081—
287081~
8708l

op1el—

56281 —

g2 L81—
81°841—
76 °801—

1

£1 (ppm)

1 (ppm)
S46

190 170 150 130

210




600 0—

895°1—
512
L18°2—

@ F00¢

Ph

7.20 7.15 7.10

?:25
f1 (ppm)

7.30

7.40

1 (ppm)

7.60

*00¢

——z ()G

207

~ &1y
m 3%
10

007

9.0

11.0 10.0

12.0

3.0

19°21—
£5°21—

86 99—
89l
8174l
0f 'S8—
69 °16—

e1vol—

F A
b val
26 L81
Ge .mN_M

90591—

=
a

74

BnOOC

Ph

Me

98921~

8¢°L21—
6G°LG1—

8L°L21—
26°La1—

a1 °8a1—
8¢ 82—
€9 '821—

128.0 127.5 127.0

128.5

(AR TARN
G631

18°621—

0L°0gl—

€3 1el~
€eel-

b 981~
69 '9€1~
LL°9€17

618€1~
L2881

-<

!

130.5 130.0 129.5 129.0
fl (ppm)

131.0

=]

=

R

&

&

-8

&

-8

-8

'm)
£ =

B <
= n

K=fe

-8

-8

e

-8

Bz

(]




Ph

€00 0—

945 1
865 1
72951

618 T~
L2

BnOOC

788 "9—
706 "9—
976 '9—

860 "L

9014

0114
X

811°L

bl
-
691" L—
881 "L~
661°L—
alz' L=
67217

0921~
1924~
167 L%
8671
Vot "L
2162

9254
08S ..“.W
0vs°L
mvm‘h\.

7.00 6.95 6.90 l

————)

T

"1 (opm)

7.30 7.25 7.20 7.15 7.10 7.05
AJ(\J

9.0

' 45 7.40 7.35 7. s

7.55 7.30 7.45

< €0 ¢
00 ¢

=07

vo°l
20°1
66 °1
80°H
86 '}
=00

12.0 11.0 10.0

13.0

80€l—
oF 12—

£evol—
€6°a11—
0§'val
9L .FN_W
€er1gl—
78981
05261
L7°8¢€1
2k 6el

80'591—

=
o

Ph

A\

BnOOC
Me

0§ ¥al—
1L°6a1—

L8001~
bl 21

9L Lzl
16421

€1 8al—
1€ BZ1—

€9 '821—

60 62—

b 6al—

Zl 0¢l—

78 08l—

EA b

Z89gl—
0G°L81—

L2 8BEI—
BGBEI—

2k 6El—

127.5

128.0

130.0 129.5 129.0 128.5

T

130.5

T

37 131.5 131.0

137

139

‘1 (ppm

f1 (ppm)

138
£1 (ppm)

140

o
| ©
8
-8
-8
(=]
Bl
-3
-8
-2
=]
w
-8
~
£ %
r <
= n
o -
= —
—
L8
&
L2
—
L=
5
L 8
—
(=]
B
(]




800 0
S10 .Ov.

Lay e—

B B B B B B B B B B B B D B B B B

Ph

4

BnOOC
Me

o6 .c./
616 9+t
£86 9~
G 9= -
000 "2
2002

G8Y 'L— -
2062~
8754~

€85 .hw

1VG°L

oF
]

7.0 7.46 T7.40 7.3 7.30 7.25 7.20 7.18 710 7.08 T7.00
f1 (ppm)

7.55

=00 ¢

=00 7

217
¥0 7
80 ¢
56 7
€h'g
907
66 °1

1.0

PO ET—

2.0

3.0

4.0

50 '99—
i PR 9L
9142

5.0

T

98 vR—
B 16—

o

L

5.'0
fl (ppm)

6L F01—

7.0

8eel—
€9°721
i 08 .h_.mﬁ/
96421
F1°BZI
¥9 'BZI
I 91°0el
£E181
09°9¢1

8.0

9.0

98°y91—

11.0 10.0

12.0

13.0

Ph

£9°221— |Jw

87 V21— -

om.hﬁ/
E..mm_/
wm.mNﬂV
_o.nm:\
E.mu:.\ T
Nm.mﬂ\.
¥9°871

P1L0E1
91 .ofw
687081

ge'1el—

297gel— -

—
=
—

09°9¢1~, .
99°9¢1< =i

Br

BnOOC
Me

60 '8E1~
9z '8E1- nlum

126 125 124 123

127

137 136 13 134 133 132 131 130 129 128
f1 (ppm)

138

1
o

|

JJLI L

f1 (ppm)
S49




€100~

LU5°1—

68F &—

-

=

-
R R R e

Ph

606 9—
976 9—

BnOOC

/ \

Ph

Me

Bn

6. 90

7.20 7.15

f1 (ppm)

7.40 7.35

7.50

7.00 6.95

7.10 7.05

7.30 7.25

7.45

7.5

FO0 g

107
=004

007
007

00°g

529
10 "¢
€07

003

12.0 11.0 10.0

3.0

€02l—

G8 87—

b6 "G9—
b8 9L
91°LL
€% 98—
26—
L v01—
G821
Sk val
Dm.ﬁ_.wm%
"z 18—
9L°9¢1
80 °LE1
€L L8l
G6 '8€1

10°691—

Ph
I\

BnOOC

S val—

89'6g1— -

0& "Lal—

49 °0a1—

06 "La1—

L0 BAI—

60 61—

68081—
94°0El—
BZIEl— -

Ph

Me

Bn

126

125
£1 (ppm)

127.9

f1 (ppm)

| Mmlju |

128.6

f1 (ppm)

131.2

S50



k00 0—

b6s 1—

vk Z—

G587 ¢
082 .mv

B5L
SLLY
698 ¥
€98 ¥
B8V
S68
LIy 5—

8.9
€08 9
G608 9
178 J

FBL .@M

bR 9
§16 9
116 9
986 91
756 '91
656 91
0.6 91
7.6 97
166 9
766 9
£10 2]
10 L1

G0 "L
FO1
601
wal
Gzl
Lzl

HEREY

2.0 L5

T

=00

2
&3

i ]
£ £33
0 6.5 60 5

7.0 6.5

BZEERES
o et ot o 2

9.5

0.0

1.0 0.5

4.0 35 3.0 25

5.0 4.5

5.5

f1 (ppm)

8.0 7.5

9.0 8.5

el

b8 18—
pL 88

90 'S6
LE .mmV

60 'S11—
(] A
S0 91—

6E121—
0§ 121—

G6°121—
18°L21—

9l BZI~
618217

kG REI—
L9 8Z1—

10°0€81—
el
15°681—
§69¢€1—

8661
2 st’

-10

10

190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

200

S51



€100~

S 2

&
™
N e e R T T

jae
v’
092 °
122"

§7¢ "

F00 "¢

00 g

S0
60°¢
207
2074
009
€01
007

4.0 3.0 2.0 1.0 0.0

5.0

6.0

f1 (ppm)

7.0

8.0

11.0 10.0

12.0

3.0

Vo el—

16 '69—
P8 9L
9174

68 GH—
§¢ 68—

[8°601—

18°211—
g
L9°€T1
E.mm_w
£ '821
00621
9 0¢1
E1Eel

Z.7861
m_._m_W

M.m.mﬁ
:_..mn_
bL a1
8L €21
8 'LZ1—

L1'821—
8 8eI—
€4 82—
798217

00 671~
018621

8L 081~
ap g1+

115

128.5

f1 (ppm)

f1 (ppm) f1 (ppm)

1 Illjllll |

f1 (ppm)

L (ppe

|

|

|

o

-2

FS

-2

=

-3

-3

-2

-2

|m)

8 o
- wn

E=ha

£

8

=

'8

L=




665 011~
6£6 601~

—1‘00
f1 (ppm)
S53




B B B b B B B B B

"Pr

766 "9~
V00 "L~
210 'L~
vao 'L
690 'L—
9402~
860 L—
£01 "4
111 ..._.%

aalL

981 "A—
902 "L—

9852
o_&f/.
054 f\\.

6557

O "Pr

V4

BnOOC

.55
f1 (ppm)

I

H

F

K

-

009

84

00t
PO Y

P61

2.0 1.0 0.0

3.0

68 "Go—
2] ...t_w
8F°LL
o 89 'P8—
(L]

18 16—

11.0 10.0 9.0

2.0

"Pr

V8 LA~

90 '821—

L8 B2~
62 B2~

15°821—
65 '821—
19 '821—

8Z '621—
6 61—
oz 1el—
98 961 —

Gl Lel—
G2 8El~

18°1bIN,
01Zkl—

Va

BnOOC,

130 120 110 100 90 80

210 200

-

130 140

180 180 170 160

f1 (ppm)

S54



100 0-—

L65°1—

bop 72—

LbleN
i8Le7

BnCOC,

OMe

‘1 (ppm

=00 ¢

>0

=00 |
66°1
10°7
00°F
96 7
90 ¢
10°%

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1l (ppm)

13.0

L07°€l—

mm.mm
68 .mmv
68 "G9—
P8 9L

ar°Ll

48 68—
4 G

60 01—
08zl
_x.m:V

€8 82—
88171
GG 871
01821
N \
20°8¢1
£8°861
20°6G1
§1°591—

OMe

08Z11—
62°6ll—
I8Ell—
8 oll—

£ 'gal—

88°221—
62 82—
e,
04821

GeBal—
Ik 18—
(A
06 9E1—
Gl 28T~

78°281-
20 8E17

Y4

BnQOC

L

e L

OMe

-1 -
.3,@
Fed —~
— W
Foo—

g8

FSl —3
—

L G - —1

ey

S55



900 '0—

645 "1—

12 2—

8169
ST
496 9+
02697

960 L
660 "L
801 °L—

P80 "L
060 Q.W

o
X
791 @w
1212y
981 p_.\
2074

09z h—

108 "4~
PIg L=
£28 L

vmm”p_.
16€ ,n_.W
968 L

10k .n_..___w

00§ °L
mom‘,__.-/..

Vs

SIS
pZS u‘.\

4

Q
@)
Q
=
m

7.00 6.95

0 7. ' 2% 720 7.156 7.10 7.05

7.50 7.45 7.40 7.35 7.30 71.25

f1 (ppm)

=00¢

=007

[ ==
858288
cdcdododoiod

7.0

8.0

9.0

10.0

12.0 11.0

—

3.0

f1 (ppm)

£0el—

0199~

89l
9144

6168
16 06—

25°1v01—
0z ell—

99221
90 '871
¥ '821
65°'821
26 ‘8721
L5°621
A AR

08 '¥91—

Cl

90 8Z1—
91 821—

ok 8l

61 .mﬂ_M
G5 BZI—
89 B71—
76 8el—

G1621—

L5621—
9z "1el—
b zel—

bl ee
75 'ee

~

79 9t~
66 9€1—
9z "L617

b6 BEl—

Vi

BnOOC

70 60 30 40

T

30

190 170 150 130 110 90 80

210

f1 (ppm)

S56



000 0-—

€I~
§52 11—
[

185 .ﬁu.

bk 2

-
=
3
B b b b b b b b B B B B B e e e

CN

121"

=
[&]

O

4

JL.Ul_, L

—
=

BnOOC

7.25 7.15

f1 (ppm)

7.35

*00¢

=061

O—~O0COo
= et aj e

ot R Wi A
BN ®

7.0

12.0 11.0 10.0 9.0 8.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

3.0

Vo el—

CN

£6 00—
PR 9L
9l LL
8b L
80 68—
g1°167

Lz S01—
B°011—

04811
om.m:u.

G2 821

Y4

BnOOC

1Z.7601— —£ [
H 3
A
=
18011~ —3 "
pLoti . T B
L 2
98 ¢11— —
F L
[ L <
04811 _ [ :
08 8117 =3 2
G7 8zl I
6o BN _ w =
55 821~ -
ou.wﬁw %
G821 i B
LE 67— TM ]
V8 671 — ﬂlfm —
82 0¢1— 0
Bfm
] —
uy
L=
=
10 GE1— -3
28
LE9ET~ =
8D 91— w
08 91— "
91 0b1— |lm. W R

S57



2 [ =
000 0-— D SR L2
2 N _ i o Q
— = o ﬂ =
zZ-0o =
= 90 "¢1—
865 '[ & . K
20517 o} ”
m =] FAN .ﬁnm..
EE7 T & o €5'12
612 7 _— o re0 9 .
126 27 T owmlo- < 200 "¢ 01221
& .
66 19— < |+ [
D61 :
| & ° .
786 90— < LS 29 21—
5669 I i 88 °Go—
8002 & 89l 18°171—
I ] 91°LL
620 °L M ~§ . 20 '821—
pay G— —_— : ! — 6671 €0 68—
te AR _ 66 ‘16— 07 BZ1—
— 8 [ o 67 821—
0869 690 "L b =
256 S i 61 & € p01— v 871—
s = 2 Bd= 10°g11— ool
800 'L — Yo - = 20" s 098217/
670 "L : CIR A
190 "1 — 0zl -0 % 1078 18171
690 " 121 il 80°% o 62 871
690 "L L~ 0 0987
m% M - i 98 '9¢1
| L LA |
[ h. | o hm_.k:w 182 621—
%“ M m B o €028l :
071 *L1 i
4211 ° 197061~ -
vz L1 |8 = 80591 56 0€1—
097 "1 T -
887 "1 g - 88°1€1—
167 L] - N 3
162 .x s -
oot = 98°9¢1—
2]
o061 I £2°L81—
b9E "L - % ° £
o - 5 B 197161 =
74870 - = gL72€17
A m. s
LUE"L o B i
68E "L P & 0V '8e1— =
RG] h "3

127.0

127.5

0

128
f1 (ppm)
S58

128.5

129.0

131

f1 (ppm)

132

_'

£1 (opm)

210




900 '0—

945 °'1—

1€h @—

o e e e e e o g s

3 8%

Br,

2 (0 Oy 00 ¢ £3 0
858888
o ) =i {]

0w
25 A
[==]
B b

097 "L
0% "L

12¢ 2
£EE I
apE "L~
16€ "1—
10¥ .hw
004 \
81b L

71671

91 4
625 "L
ot 1/

=

o

[
57

5 , L
R i
= f - r
o
0 L
o}
m < =00°¢
|.3
| o B
[
g —————— 3907
[ ©
r?..
|2 81
o - 90 7%+
86 'd
L m Mm@.m'
5 = 107
L9 660
R
L & I
K [
iy i
| ="
..:.. i
S
LS |
R L

12.0 11.0 10.0

3.0

00°€l—

Z199—

F8 9L
9174l
BFLL
61 98—
68 06—

Br,

74

BnOOC,

m:,xN_
ke .xN_M
828 BAI—

£5'8%1—
1L821—

20 '621—

28 BAI—
65 621—
50 0€1—
56 081—
84 081—
PSZEI~

66 281—
16°681—

25981~
1,981~
L1181

IT6E1—

129.0 128.5 128.

5

130.0 129.

5

130.

134

f1 (ppm)

f1 (ppm)

S59



8100—

J

Jlf// /

7.9 7.8 7.7 7.6 7.5 7.4
f1 (ppm)

8.0

F00 ¢

Ferg

8585888
B P P P

11.0 10.0 9.0

12.0

3.0

86 69—

89l
91°LL
8F AL

£ B~
04067

78'901—
S5°211—
BL121
a0 .ww_/
€gazl
aLlal
BE BT
86841
16621
zn'eel
4879¢1

P1°G91—

28°901—
§5°211—

8L7121—

orsgl—

18'621—

90921~
€1'921—

L2°9%1—

£5°921—
0L7921—

25021

9471~
€6 °A21—

61821

88 821—
08 '821—

99 8Z1—

86 871~
106217
80 6217
16 621—
I1°081—
06°2¢1
FOR
80 €61
8G°¢L1—
18981~
€6 951
Lics

18 8E1—

110

120

126.0

126.5

f1 (ppm)

L (pp

£1 (ppm)

127.8

128.2
f1 (ppm)

125.6
i IIIMi Ll |

120 110 100 9 80

130

160 130 140

210 200 190 180 170

f1 (ppm)

S60



e

N
o o o

L

=

-

~
—

918 '9—
L9897,
RI8 9

L1669
6669
616 O
V56 .,ﬁM
T
i
900 "L
600 "2
110°L

7.95

6.90 6.8

7.10 7.05 7.00 6.9

f1 (ppm)

7.50 7.45 7.40 7.35 7.30 7.25 7.20 T.15

==

F00 ¢

E0°q

Ml

ERTRSEES

T

7.0

EEPEPPE P pps:

8.0

50 4.0 3.0 2.0 1.0 0.0

6.0

fl (ppm)

12.0 11.0 10.0 9.0

13.0

A

b6 "Go—
PR 9L
91°LL
8b LU
10718~
90 687

81001

AR
09 V21
12°921
88,71~
206217
2L9¢1—%
pe LEl
G061

S9°991—

09°val—

L8°621—

8b 9zl
1L9z1—
10°421—

85421
88°L21—
61°821—
LG°821—
L06el—

05'621—
896217

[

66 181\
or-zel—

125.5

©121.0
[ ||k T

128.5

131.5

f1 (ppm)

130.0

-

10 0

30 20

40

f1 (ppm)
S61

190

210




200°0—

§76 e

Ph

1614
gely
01 A~
brlLT
6V1°L
G614

185°4—

—

Ph

i
Z-0

=00

2077
b9
201+

261
96 -

T

11.0 10.0 9.0

12.0

3.0

8b 15—

8 9.
91°LL
8kl
€0 ¥8—

o
287801~
PeLIT—

62 Val—
82 '841—

6181
za681/

LEPIT—

Ph

MeOOC

67 'F21—

LLszl—

bl LZ1
hm,___m_#
mm.hN_M
wo,mm_\
87871

GL8Z1—
Ip621—
60°0€1—~

87 0E1—

18]

131.5

S62



000 '0-—

e

Pl

o
& T
— =
Z-0C
S
Q
@)
@)
c
m
(AR -
621'4—
8¢l '4— L=
7pl .hm =
614 i
o
[ o
B
7w L— r
097"4
%N.L L8
12272~ _,.
817"~ L
Ve L—
962" 4— L8
605" L— =
91— = L
_NM._‘Q
976 "L [
056 4— -
16h°L r
PR L [ f
10§°L— o
vig L~ 3

=00

507
676
95

€01

12.0 11.0 10.0

3.0

Pro—

a1'99—

b8 9L
91°LL

L0 PB—
1V 26—

§4°601—

61°L11—
al 'va1—
61821

LB€al—

Ph

91 pal—
LL6el—

89°L21—

76471
86 121\
50 BZI~
80 821

61821—
be8zl—

99 'BZ1—

2l 6z1—

b 621—

1T081—
9z 0el—

yiel—

BnOOC

f1 (ppm,

129. 4 129.0 128.6 128.2 127.8
fl (ppm)

129.8

130.2

1 (ppn

S63



000 '0-—

N e
076 77

g g

-
o2
e e e e e e e

868
L98
§E5°

=
]
o

e e e e e e e e e e e

910
S€0

690
880
§z1

Pl
8¢l

202",
687"

9.z

£1e”,
81¢°
L7e",
628",
-
€48 "
84¢ "
198",

Sbe

Vi

-
-

=
-

L
.h#
ot
bhl
zs1
861"
pa1-
81"

MeOOC,

7.02

7.30 7.26 7.22 1.18 T.14 1.10
f1 (ppm)

7.34

=00

201
6671
[T

501
207
104
00°1

12.0 11.0 10.0

3.0

P10—

oe.#n
85 .ﬁmv

05°16—

8 9L
91°L.
8b°LL
LL7E8—

89 76—
bL7G01—
81°L11—
e
PO 2el—
L5°L€1
L8°LE1
97 '8¢l
8261

2]

74

MeOOC,

/

N
Ph

bLSa1—

01°L21—

98471
omp_.N_V

L17821—

o z2el—

F3

T

-+

210

S64



100 '0-—

867 '1—
165°1—
L0 e
brs a—

§50°
290"
bi0-
bil”
b6l "
807"
£%G "
el v
092"
Z21e”
§ae”
68¢°
501
LB

o

M

i g S

619°

|

|

N-Ph

Ph

\

Ph

G50 “L~,
v’

ITARIEN
[ 1R
807 "L~
€22 L—
vz 'L —
09747

Z1E "L~
§ae L~

685 "L
S0F "L~ &
L L

109 °L—
619°.— =

1.0 0.0

2.0

4.0 3.0

5.0

7.05
6.0

f1 (ppm)

7.15
7.0

P
(=R el g Lo
[=1=NaTwle]
ajedodidio

7.55 7.25
11.0 10.0 9.0 8.0

12.0

7.65

3.0

FIO—

AR A b

16 "¥9—

v8 9.
91742
8Ll

65°601—

99°0%1—

28815
9 '8zl
46 '8a1
L8621
[

£L°161—

95°091—

Ph

el —

96 "La1—

9p BaI—
09 °821—

§6 'Bal—

12 621—
LE'Bal—

98 '6Z1—

be0gl—

8eel—

bbseEl—
60 9E1—
89 9¢1—

S65

128.0

f1 (ppm)

129.0

130.0

130 134
f1 (ppm)

136




100 0—

686 1—

884 7—

€689
101 "2
81174
661 "2
[ VARIA
€81 "1
L0801
G828 L9
vz "9
8L "L
1e "L

Sop .._L\.
8082
978 'L
0L

Ph

-l

N

860 '
1012

501 '2—
811°4—
zet L’

6417

ol .._M
o
phk or
Sil°L

£81 .___..\
Iz L—
L2%L—

9¥e "L
09z2°1— o

8174~
AT

1e'L—
0geL—
’peL—

08E °L
2513 ..._.V

96 4=

00¥ "L

500 'L -
0lb L

LIl

oL

=00t

20°]
€07
51
601
91y
90

1150 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

12.0

3.0

4

¥8 9L
91744
8Ll

8) 96—
1 0] b

59°071—
18°V21—
61°L21F
821
19°871
9y 621
S IG1—

16°091—

18 p2l— -

b6 921~
61°L81—

67 '841—

bS 821y
b9 RZ1\
19821~

8 '821—

|

128.8

f1 (ppm)

b 621—
LS 62—

§80¢1—

26788l —

67 9€1—
[4 A

LM

129.6

fl (ppm)

S66



900 0—

€98 72—

6bL 76—

Ph

S

OMe

$90 "L
010 1~
61017
880 L7
12—
Gyl A—
€91 41—
081 L~
861 L—
LzL—

bra L
092 'L—

12€ "2
128~
9¢e L’

18¢ "4~
868 "L~
54—

m:..h..
e 'L/

7.3 7.0 1.25 720 1.15 7.10 7.05
f1 (ppm)

7.40

7.45

=00

=107¢

£90°H
807
60 "¢

708

=864

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

12.0

|4

¥8 9L
9144
8¥ Ll
pE'e8—

1796
£ 96
12°801—

09°€11—
LESIY
mv.m__\
1p°L21
68°L71
96821
08 '871

29°2¢1
PGS pGI—
66641

a66a1/

[}]

=

o]

I <

o
= - =
Z=0L

Q —y

o
b L21— =
§L°L21~
687421
8b 821~
95 '821—
8L 82—
98 8721~
02 621—
69°081— -
8E 'ZE1,
29°2El— ——
49°'eel— -
§L°6E1— =iy
16°9€1— =

|

70 60 30 40

T

90 80

30

110

130

150

170

190

210

f1 (ppm)

S67



