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I. General remarks

NMR spectra were obtained on a Bruker AV 11-400 MHz spectrometer. The 'H NMR
(400 MHz) chemical shifts were measured relative to CDCl; or TMS as the internal
reference (CDCls: § = 7.26 ppm; TMS: ¢ = 0.00 ppm). The °C NMR (100 MHz)
chemical shifts were given using CDCIl; as the internal standard (CDCls: 0 = 77.16
ppm). High-resolution mass spectra (HRMS) were obtained with a
Waters-Q-TOF-Premier (ESI). Melting points were determined with XRC-1 and are
uncorrected.

Unless otherwise noted, all reagents were obtained from commercial suppliers
and used without further purification. Ni(OAc), and NiCl, were purchased from
Chengdu Kelong Chemical Engineering Reagent (China) CO., Ltd. 8-Aminoquinoline
was purchased from Sichuan Xieli Biological & Chemical Reagent (China) CO., Ltd.
The solvents were dried over CaH, (for DMF) or sodium (for 1,4-dioxane, toluene,
and #~AmylOH). Starting materials 1 were prepared according to the literature

procedure.'?

I1. Synthesis of nickel(I1) trifluoromethanesulfonate’

Trifluoromethanesulfonic acid (1.18 mL, 13.3 mmol) was added dropwise to the
solution of Ni(OAc), (0.72 g, 4.4 mmol) in CH3CN (60 mL). The resulting mixture
was stirred at room temperature for 2 h. Then the solvent was evaporated until around
15 mL solution was left. Diethyl ether (100 mL) was added. The suspension was
decanted, and the residual powder was washed successively with diethyl ether and
hexane, and dried under vacuum at 70 °C to afford Ni(OTf), as a light green solid
(0.94 g, 60% yield).

I11. Optimization of the coupling of aliphatic amide 1a with aryl iodide 2a

An oven-dried Schlenk tube with a magnetic stir bar was charged with
2-benzyl-3-(4-methoxyphenyl)-2-methyl-N-(quinolin-8-yl)propanamide la (82.1 mg,
0.2 mmol), 4-iodoanisole 2a (93.6 mg, 0.4 mmol), Ni catalyst (0.02 mmol, 10 mol%),
PPh; (10.4 mg, 0.04 mmol, if required), base (0.4 mmol), additive and 1,4-dioxane (1
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mL) under an argon atmosphere. The tube was sealed with a teflon-coated cap and the
mixture was stirred at 160 °C for 24 h. After being cooled to ambient temperature, the
solution was diluted with 20 mL of EtOAc, filtered through a celite pad, and washed
with 10-20 mL of EtOAc. The combined organic phases were concentrated and the
residue was purified by column chromatography on silica gel (ethyl acetate/petroleum

ether = 1/10, v/v) to give the desired product 3a.

Table S1. Optimization of the nickel-catalyzed arylation of aliphatic amide la with

1-iodo-4-methoxybenzene 2a“

[Ni] (10 mol%)/PPh3 (20 mol%)
base (2.0 equiv)/additive

1,4-dioxane, 160 °C, 24 h

1a 2a
Entry Ni cat. Base Additive (equiv) Yield”
1€ Ni(OTf), K,CO; none 24%
2¢ Ni(OTf), K;5PO, none trace
3¢ Ni(OTf), Li,CO; none 15%
4¢ Ni(OTf), Na,CO; none 35%
5¢ Ni(OTf), Na,CO; DMSO (7.0) 48%
6 Ni(OTf), Na,CO;3 DMSO (7.0) 57%
7 Ni(OTf), Na,CO;3 DMSO (3.5) 68%
8 Ni(OTf), Na,CO; PivOH (0.2) 52%
9 Ni(OTf), Na,CO; DMSO (3.5)/PivOH (0.2) 83%
10 Ni(OTf), Na,CO; DMSO (3.5)/PivOH (0.2) 54%
11 Ni(OTf), Na,CO; DMSO (3.5)/PivOH (0.1) 76%
12 Ni(OTf), Na,CO; DMSO (3.5)/PivOH (0.4) 80%
13 Ni(OAc), Na,CO;3 DMSO (3.5)/PivOH (0.2) 61%
14 NiCl, Na,CO;3 DMSO (3.5)/PivOH (0.2) 61%
15¢ Ni(cod), Na,CO;3 DMSO (3.5)/PivOH (0.2) 62%
16 Ni(cod), Na,CO;3 DMSO (3.5)/PivOH (0.2) 50%
17 Ni(OTf), Na,CO; DMSO (3.5)/PivOH (0.2) 85%

“ Reactions were carried out using nickel catalyst (10 mol%), PPh; (20 mol%), additive, base (2.0
equiv), amide 1a (0.2 mmol) and 1-iodio-4-methoxybenzene 2a (2.0 equiv) in dry 1,4-dioxane (1
mL) at 160 °C for 24 h. ” Isolated yields. ¢ 140 °C. ¢ In the absence of PPhs. ¢ PPhs (40 mol%).
1-Todo-4-methoxybenzene 2a (3.0 equiv).

IV. General procedure for the coupling of aliphatic amides with aryl iodides
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An oven-dried Schlenk tube with a magnetic stir bar was charged with aliphatic amide
1 (0.2 mmol, 1 equiv), aryl iodide 2 (0.4 mmol or 0.6 mmol), Ni(OTf), (7.2 mg, 0.02
mmol), PPh; (10.4 mg, 0.04 mmol), Na,COs (42 mg, 0.4 mmol), and PivOH (4.2 mg,
0.04 mmol). The tube was then taken to a Schlenk line and DMSO (50 pL, 0.7 mmol)
and 1,4-dioxane (1 mL) were added under an argon atmosphere. The tube was sealed
with a teflon-coated cap and the resulting mixture was stirred at 160 °C for 36 h. After
being cooled to ambient temperature, the solution was diluted with 20 mL of EtOAc,
filtered through a celite pad, and washed with 10-20 mL of EtOAc. The combined
organic phases were concentrated and the residue was purified by column
chromatography on silica gel using hexane/ethyl acetate as the eluent to give the

desired product.

V. General procedure for the coupling of aliphatic amides with aryl bromides

An oven-dried Schlenk tube with a magnetic stir bar was charged with aliphatic amide
1 (0.2 mmol, 1 equiv), aryl bromide (0.8 mmol), Ni(OTf), (7.2 mg, 0.02 mmol), PPhs
(10.4 mg, 0.04 mmol), Na,CO3 (42 mg, 0.4 mmol), and PivOH (4.2 mg, 0.04 mmol)
(6.7 mg, 0.04 mmol). The tube was then taken to a Schlenk line and DMSO (50 puL,
0.7 mmol) and 1,4-dioxane (1 mL) were added under an argon atmosphere. The tube
was sealed with a teflon-coated cap and the resulting mixture was stirred at 160 °C for
36 h. After being cooled to ambient temperature, the solution was diluted with 20 mL
of EtOAc, filtered through a celite pad, and washed with 10-20 mL of EtOAc. The
combined organic phases were concentrated and the residue was purified by column
chromatography on silica gel using hexane/ethyl acetate as the eluent to give the

desired product.

V1. Plausible mechanism

Although the detailed mechanism is not clear at this stage, a plausible catalytic
cycle is proposed in Scheme S1. First, aliphatic amide 1 coordinates with nickel(II)
complex via a chelation of an 8-aminoquinoline residue to generate the intermediate

IM1,** which then undergoes an intramolecular C(sp’)-H activation with the
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assistance of Na,COj; to form the metallocycle IM2. Subsequently, oxidative addition
of IM2 with aryl halide affords the key intermediate 1M3.>° Upon reductive
elimination of IM3, the desired product 3 is obtained and the nickel catalyst is
regenerated. When nickel(0) catalyst is used, we suspected that the oxidative addition
of aryl iodide with Ni(0) might form Ar—Ni—I complex. The resulting Ni(Il) species

further reacts with the amide 1 to generate the intermediate 1M1.

" 0
R! 1
2 N R N
R H | R2 H
LnNiA,
(A=0TforX) ;/ \/HA (A=OTfor X)

R!
N
R? I |
Ni < N N| - N
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NaHCO; + NaA
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Ar X
(X=1lorBr)

Scheme S1 Plausible mechanism.

VI1. Experimental data for the described substances

MeO.
.,
N
H |
NS
MeO

8§
2-Benzyl-2-(4-methoxybenzyl)-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanami
de (3a)

Following the general procedure except that the reaction time was 24 h.
2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-(quinolin-8-yl)propanamide (82.1 mg, 0.2
mmol) and 4-iodoanisole (93.6 mg, 0.4 mmol) were used. Purification via column

chromatography on silica gel (ethyl acetate/petroleum ether = 1/10, v/v) afforded 3a
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as a white solid (85 mg, 83% yield). When 4-bromoanisole (100 puL, 0.8 mmol) was
used as the coupling partner, 3a was obtained in 76% yield (79 mg). M.p.: 43-47 °C.
'H NMR (400 MHz, CDCls): 6 = 3.17 (s, 4H), 3.23 (s, 2H), 3.68 (s, 6H), 6.68-6.71 (m,
4H), 7.08-7.10 (m, 4H), 7.13-7.21 (m, 5H), 7.34 (dd, J = 8.4 Hz, 4.0 Hz, 1H), 7.48
(dd, J = 8.4 Hz, 0.8 Hz, 1H), 7.56 (t, J = 8.0 Hz, 1H), 8.09 (dd, J = 8.4 Hz, 1.6 Hz,
1H), 8.47 (dd, J=4.0 Hz, 1.6 Hz, 1H), 8.84 (dd, J= 7.6 Hz, 0.8 Hz, 1H), 9.95 (s, 1H)
ppm. C NMR (100 MHz, CDCLs): = 41.0, 41.5, 52.4, 55.2, 113.6, 116.3, 121.4,
121.5, 126.4, 127.5, 127.8, 128.2, 129.3, 130.7, 131.6, 134.3, 136.0, 137.6, 138.7,
147.9, 158.2, 174.2 ppm. HRMS (ESI"): calcd for C34H3,N,NaO3; [M+Na]" 539.2311,
found 539.2313.

2-Benzyl-2-(3-methoxybenzyl)-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanami
de (3b)

Following the general procedure. 2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (82.1 mg, 0.2 mmol) and 3-iodoanisole (71.4 pL, 0.6
mmol) were used. Purification via column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/10, v/v) afforded 3b as an off-white solid (75 mg, 73%
yield). When 3-bromoanisole (100.4 uL, 0.8 mmol) was used as the coupling partner,
3b was obtained in 50% yield (51 mg). M.p.: 38-40 °C.'H NMR (400 MHz, CDCl5):
0 =13.21 (s, 2H), 3.23 (s, 2H), 3.26 (s, 2H), 3.53 (s, 3H), 3.69 (s, 3H), 6.66-6.72 (m,
4H), 6.82 (d, J= 7.6 Hz, 1H), 7.09-7.12 (m, 3H), 7.15-7.23 (m, 5H), 7.34 (dd, J = 8.0
Hz, 4.0 Hz, 1H), 7.49 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.57 (t, J = 8.0 Hz, 1H), 8.09 (dd,
J=28.4 Hz, 1.6 Hz, 1H), 8.48 (dd, J=4.0 Hz, 1.6 Hz, 1H), 8.87 (d, J = 7.6 Hz, 1H),
9.99 (s, 1H) ppm. *C NMR (100 MHz, CDCl3): § =41.1, 41.5, 41.9, 52.4, 55.0, 55.2,
112.5, 113.6, 115.8, 116.3, 121.4, 121.5, 123.0, 126.5, 127.4, 127.8, 128.2, 129.0,
129.2, 130.6, 131.6, 134.3, 136.0, 137.5, 138.6, 139.0, 148.0, 158.3, 159.3, 174.1 ppm.
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HRMS (ESI"): caled for C34H3,N,NaOs [M+Na]” 539.2311, found 539.2317.

OMe

L,

N
SASeS
MeO X

®
2-Benzyl-2-(2-methoxybenzyl)-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanami
de (3c)
Following the general procedure. 2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (82.1 mg, 0.2 mmol) and 2-iodoanisole (78.0 pL, 0.6
mmol) were used. Purification via column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/15, v/v) afforded 3c as an off-white solid (36 mg, 35%
yield). M.p.: 44-47 °C. "H NMR (400 MHz, CDCls): § = 3.14-3.33 (m, 6H), 3.50 (s,
3H), 3.69 (s, 3H), 6.58 (d, J = 8.4 Hz, 1H ), 6.68-6.71 (m, 2H), 6.78 (td, J = 7.6 Hz,
1.2 Hz, 1H), 7.04-7.09 (m, 3H), 7.11-7.19 (m, 6H), 7.31 (dd, J = 8.4 Hz, 4.4 Hz, 1H),
7.45 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.54 (t, J = 8.0 Hz, 1H), 8.07 (dd, J = 8.0 Hz, 1.6
Hz, 1H), 8.42 (dd, J=4.4 Hz, 1.6 Hz, 1H), 8.85 (dd, J= 7.6 Hz, 1.2 Hz, 1H), 9.90 (s,
1H) ppm. >C NMR (100 MHz, CDCls): d =35.9, 40.7, 41.2, 52.0, 55.15, 55.23, 110.1,
113.5, 116.2, 120.1, 121.1, 121.4, 125.9, 126.3, 127.5, 127.7, 128.1, 129.8, 130.8,
131.5, 131.7, 134.6, 135.9, 138.0, 138.6, 147.8, 158.15, 158.22, 174.4 ppm. HRMS
(ESIM): caled for C34H3,N,NaO; [M+Na]™ 539.2311, found 539.2321.

HoN
@
N
ShSES
MeO X

®
2-(4-Aminobenzyl)-2-benzyl-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanamide
(3d)
Following the general procedure. 2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (82.1 mg, 0.2 mmol) and 4-iodoaniline (131.4 mg, 0.6
mmol) were used. Purification via column chromatography on silica gel (ethyl

acetate/petroleum ether = 1/3, v/v) afforded 3d as an off-white solid (55 mg, 55%
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yield). When 4-bromoaniline (137.6 mg, 0.8 mmol) was used as the coupling partner,
3d was obtained in 46% yield (46 mg). M.p.: 70-74 °C. "H NMR (400 MHz, CDCl5):
0=3.14 (s, 2H), 3.16 (s, 2H), 3.22 (s, 2H), 3.53 (br. s, 2H), 3.68 (s, 3H), 6.50-6.52 (m,
2H), 6.68-6.71 (m, 2H), 6.96-6.98 (m, 2H), 7.08-7.11 (m, 2H), 7.13-7.21 (m, 5H),
7.33 (dd, J = 8.0 Hz, 4.0 Hz, 1H), 7.48 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.56 (t, J = 8.0
Hz, 1H), 8.08 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 8.50 (dd, J = 4.0 Hz, 1.6 Hz, 1H), 8.86 (dd,
J=17.6 Hz, 1.2 Hz, 1H), 9.99 (s, 1H) ppm. °C NMR (100 MHz, CDCl;): § = 40.8,
41.1, 41.6, 52.4, 55.2, 113.5, 115.0, 116.3, 121.3, 121.4, 126.4, 127.1, 127.5, 127.8,
128.1, 129.4, 130.7, 131.5, 131.6, 134.4, 136.0, 137.7, 138.7, 144.8, 147.9, 158.2,
174.4 ppm. HRMS (ESI'): caled for C33H3N3;NaO, [M+Na]™ 524.2314, found
524.2314.

AcHN
@
N

H N |

MeO X

®
2-(4-Acetamidobenzyl)-2-benzyl-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propana
mide (3e)
Following the general procedure. 2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (82.1 mg, 0.2 mmol) and N-(4-iodophenyl)acetamide
(156.6 mg, 0.6 mmol) were used. Purification via column chromatography on silica
gel (ethyl acetate/petroleum ether = 1/1, v/v) afforded 3e as an off-white solid (75 mg,
69% yield). M.p.: 82-88 °C. "H NMR (400 MHz, CDCl3): 6 = 2.06 (s, 3H), 3.15 (s,
2H), 3.18 (s, 2H), 3.21 (s, 2H), 3.66 (s, 3H), 6.67-6.69 (m, 2H), 7.05-7.10 (m, 4H),
7.12-7.17 (m, 5H), 7.30-7.33 (m, 3H), 7.46 (d, J = 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz,
1H), 7.70-7.72 (m, 1H), 8.06 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 8.48 (dd, /= 4.4 Hz, 1.6
Hz, 1H), 8.81 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 10.01 (s, 1H) ppm. °C NMR (100 MHz,
CDClh): 6 = 24.5, 41.0, 41.1, 41.6, 52.3, 55.2, 113.5, 116.3, 119.5, 121.47, 121.51,
126.5, 127.4, 127.8, 128.2, 129.1, 130.6, 131.0, 131.6, 133.1, 134.1, 136.0, 136.6,
137.3, 138.6, 148.0, 158.2, 168.6, 174.1 ppm. HRMS (ESI"): calcd for C35sH33N3Na0;
[M+Na]" 566.2420, found 566.2428.
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2-(4-Acetylbenzyl)-2-benzyl-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanamide
(3f)

Following the general procedure. 2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (82.1 mg, 0.2 mmol) and 1-(4-iodophenyl)ethanone
(147.6 mg, 0.6 mmol) were used. Purification via column chromatography on silica
gel (ethyl acetate/petroleum ether = 1/8, v/v) afforded 3f as a white solid (58 mg, 55%
yield). When 2-(4-acetylbenzyl)-2-methyl-3-phenyl-N-(quinolin-8-yl)propanamide
(84.5 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6 mmol) were used as the
starting materials, 3f was obtained in 71% yield (75 mg). M.p.: 65-68 °C.'H NMR
(400 MHz, CDCls): 0 = 2.48 (s, 3H), 3.19 (s, 2H), 3.25 (s, 4H), 3.69 (s, 3H),
6.68-6.72 (m, 2H), 7.06-7.09 (m, 2H), 7.14-7.19 (m, 5H), 7.26 (d, J = 8.4 Hz, 2H),
7.33 (dd, J = 8.4 Hz, 4.0 Hz, 1H), 7.50 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.57 (t, J = 8.0
Hz, 1H), 7.74 (d, J = 8.4 Hz, 2H), 8.09 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 8.45 (dd, J=4.4
Hz, 1.6 Hz, 1H), 8.83 (dd, J= 7.6 Hz, 1.2 Hz, 1H), 9.95 (s, 1H) ppm. °C NMR (100
MHz, CDCls): 6 = 26.6,41.1, 41.6, 42.0, 52.4, 55.2, 113.7, 116.4, 121.5, 121.6, 126.7,
127.5, 127.8, 128.2, 128.3, 128.8, 130.6, 130.8, 131.6, 134.1, 135.4, 136.1, 137.1,
138.6, 143.6, 148.0, 158.4, 173.7, 198.0 ppm. HRMS (ESI"): calcd for C3sH33N,05
[M+H]" 529.2491, found 529.2485.

SRS T ]
Methyl 4-(2-benzyl-2-(4-methoxybenzyl)-3-oxo-3-(quinolin-8-ylamino)propyl)
benzoate (3g)

Following the general procedure. 2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (82.1 mg, 0.2 mmol) and methyl 4-iodobenzoate (157.0
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mg, 0.6 mmol) were used. Purification via column chromatography on silica gel
(ethyl acetate/petroleum ether = 1/10, v/v) afforded 3g as a white solid (65 mg, 60%
yield). When methyl 4-(2-benzyl-2-methyl-3-0x0-3-(quinolin-8-ylamino)propyl)
benzoate (87.7 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6 mmol) were used as
the starting materials, 3g was obtained in 50% yield (54 mg). M.p.: 55-59 °C.'H
NMR (400 MHz, CDCls): 0 = 3.19 (s, 2H), 3.24-3.26 (m, 4H), 3.68 (s, 3H), 3.86 (s,
3H), 6.70 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.8 Hz, 2H), 7.13-7.18 (m, 5H), 7.25 (d, J =
8.8 Hz, 2H), 7.33 (dd, J = 8.4 Hz, 4.4 Hz, 1H), 7.49 (dd, J= 8.4 Hz, 1.2 Hz, 1H), 7.57
(t, J=8.0 Hz, 1H), 7.83 (d, J = 8.4 Hz, 2H), 8.09 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 8.46
(dd, J=4.4 Hz, 1.6 Hz, 1H), 8.84 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 9.96 (s, 1H) ppm. °C
NMR (100 MHz, CDCls): 6 = 41.2, 41.7, 41.8, 52.1, 52.4, 55.2, 113.7, 116.4, 121.5,
121.6, 126.6, 127.5, 127.9, 128.3, 128.4, 128.9, 129.4, 130.6, 130.7, 131.6, 134.1,
136.1, 137.2, 138.7, 143.3, 148.0, 158.4, 167.1, 173.7 ppm. HRMS (ESI"): calcd for
C35H33N,04 [M+H]" 545.2440, found 545.2433.

Et,NOC.
o,
N
H |
N
MeO O

4-(2-Benzyl-2-(4-methoxybenzyl)-3-0xo-3-(quinolin-8-ylamino)propyl)-N,N-dieth
ylbenzamide (3h)

Following the general procedure. 2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (82.1 mg, 0.2 mmol) and N, N-diethyl-4-iodobenzamide
(181.8 mg, 0.6 mmol) were used. Purification via column chromatography on silica
gel (ethyl acetate/petroleum ether = 1/1, v/v) afforded 3h as a white solid (72 mg,
62% yield). When 4-(2-benzyl-2-methyl-3-0x0-3-(quinolin-8-ylamino)propyl)-N, V-
diethylbenzamide (95.9 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6 mmol) were
used as the starting materials, 3h was obtained in 73% yield (85 mg). M.p.: 39-40 °C.
'H NMR (400 MHz, CDCl5): 6 = 0.97 (m, 3H), 1.19 (m, 3H), 3.09 (m, 2H), 3.18 (s,
2H), 3.23-3.28 (m, 4H), 3.49 (m, 2H), 3.67 (s, 3H), 6.67-6.70 (m, 2H), 7.05-7.09 (m,
2H), 7.13-7.18 (m, 5H), 7.21 (m, 4H), 7.34 (dd, J = 8.4 Hz, 4.4 Hz, 1H), 7.48 (dd, J =
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8.4 Hz, 1.6 Hz, 1H), 7.56 (t, J = 8.0 Hz, 1H), 8.08 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 8.49
(dd, J=4.0 Hz, 1.6 Hz, 1H), 8.84 (dd, J = 7.6 Hz, 1.6 Hz, 1H), 9.99 (s, 1H) ppm. °C
NMR (100 MHz, CDCly): 6 = 13.0, 14.2, 41.2, 41.3, 41.6, 52.3, 55.2, 113.6, 116.3,
121.48, 121.53, 126.3, 126.5, 127.4, 127.8, 128.2, 129.0, 130.58, 130.60, 131.6, 134.2,
135.3, 136.0, 137.3, 138.6, 138.9, 148.1, 158.3, 171.3, 173.9 ppm. HRMS (ESI"):
calced for C3gHyoN303 [M+H]" 586.3070, found 586.3074.

NC
.,
N
DRSS
MeO X

$
2-Benzyl-2-(4-cyanobenzyl)-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanamide
(3i)
Following the general procedure. 2-Benzyl-3-(4-cyanophenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (81.1 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6
mmol) were used. Purification via column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/8, v/v) afforded 3i as a white solid (60 mg, 59% yield).
M.p.: 57-60 °C. "H NMR (400 MHz, CDCl;): 6 = 3.18 (s, 2H), 3.228 (s, 2H), 3.234 (s,
2H), 3.69 (s, 3H), 6.69-6.73 (m, 2H), 7.05-7.07 (m, 2H), 7.14-7.22 (m, 5H), 7.25-7.27
(m, 2H), 7.38 (dd, J = 8.0 Hz, 4.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.51 (dd, J = 8.0
Hz, 1.2 Hz, 1H), 7.57 (t, J = 8.0 Hz, 1H), 8.12 (dd, J = 8.0 Hz, 1.2 Hz, 1H), 8.49 (dd,
J =44 Hz, 1.6 Hz, 1H), 8.81 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 9.94 (s, 1H) ppm. °C
NMR (100 MHz, CDCls): 6 =41.2,41.7,42.3, 52.5, 55.2, 110.3, 113.7, 116.4, 119.0,
121.7, 121.8, 126.8, 127.5, 127.9, 128.4, 128.6, 130.5, 131.4, 131.6, 131.8, 133.9,
136.2, 136.9, 138.6, 143.7, 148.1, 158.5, 173.4 ppm. HRMS (ESI"): caled for
C34H30N;0, [M+H]" 512.2338, found 512.2336.

OHC
.,
N
SASeS
MeO X

2-Benzyl-2-(4-formylbenzyl)-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanamide
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3J)

Following the general procedure. 2-Benzyl-3-(4-formylphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (81.7 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6
mmol) were used. Purification via column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/8, v/v) afforded 3j as a white solid (56 mg, 55% yield).
M.p.: 50-52 °C. '"H NMR (400 MHz, CDCl3): d = 3.20 (s, 2H), 3.26 (s, 2H), 3.27 (s,
2H), 3.69 (s, 3H), 6.69-6.72 (m, 2H), 7.06-7.08 (m, 2H), 7.14-7.21 (m, 5H), 7.32-7.35
(m, 3H), 7.50 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.57 (t, J = 8.0 Hz, 1H), 7.66 (d, J = 8.0
Hz, 2H), 8.10 (dd, /= 8.0 Hz, 1.6 Hz, 1H), 8.45 (dd, J=4.4 Hz, 1.6 Hz, 1H), 8.83 (dd,
J=17.6Hz, 1.2 Hz, 1H), 9.87 (s, 1H), 9.96 (s, 1H) ppm. *C NMR (100 MHz, CDCl;):
0=412,41.7,42.3,52.5,55.2,113.7, 116.4, 121.6, 121.7, 126.7, 127.5, 127.9, 128.3,
128.8, 129.6, 130.6, 131.3, 131.6, 134.1, 134.9, 136.1, 137.0, 138.6, 145.4, 148.0,
158.5, 173.6, 192.1 ppm. HRMS (ESI"): calcd for C34H3N,O3 [M+H]™ 515.2335,
found 515.2338.

2-Benzyl-2-(3-formylbenzyl)-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanamide
(3Kk)

Following the general procedure. 2-Benzyl-3-(3-formylphenyl)-2-methyl-N-
(quinolin-8-yl)propanamide (81.7 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6
mmol) were used. Purification via column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/8, v/v) afforded 3k as a white solid (60 mg, 59% yield).
M.p.: 48-50 °C. '"H NMR (400 MHz, CDCly): 6 = 3.19 (s, 2H), 3.24-3.27 (m, 4H),
3.69 (s, 3H), 6.69-6.73 (m, 2H), 7.07-7.10 (m, 2H), 7.13-7.21 (m, 5H), 7.30 (t, J = 7.6
Hz, 1H), 7.35 (dd, J = 8.0 Hz, 4.0 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.50 (dd, J = 8.0
Hz, 1.2 Hz, 1H), 7.57 (t, /= 8.0 Hz, 1H), 7.61-7.64 (m, 2H), 8.10 (dd, /= 8.4 Hz, 1.6
Hz, 1H), 8.45 (dd, J= 4.0 Hz, 1.6 Hz, 1H), 8.83 (dd, J= 7.6 Hz, 1.2 Hz, 1H), 9.76 (s,
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1H), 9.97 (s, IH) ppm. °C NMR (100 MHz, CDCls): 6 = 41.2, 41.6, 41.9, 52.5, 55.3,
113.7, 116.4, 121.6, 121.7, 126.7, 127.4, 127.5, 127.9, 128.4, 128.8, 130.6, 131.6,
132.8, 134.1, 136.1, 136.3, 136.8, 137.1, 138.6, 138.8, 148.0, 158.4, 173.7, 192.4 ppm.
HRMS (ESI"): calcd for C34H3N,O; [M+H]" 515.2335, found 515.2327.

.,

N
SASES
MeO X

2,2-Dibenzyl-3-(4-methoxyphenyl)-N-(quinolin-8-yl)propanamide (3I)

Following the general procedure. 2-Benzyl-2-methyl-3-phenyl-N-(quinolin-8-yl)
propanamide (76.1 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6 mmol) were used.
Purification via column chromatography on silica gel (ethyl acetate/petroleum ether =
1/10, v/v) afforded 3l as an off-white solid (66 mg, 68% yield). M.p.: 39-42 °C. 'H
NMR (400 MHz, CDCls): 6 = 3.19 (s, 2H), 3.25 (s, 4H), 3.68 (s, 3H), 6.67-6.71 (m,
2H), 7.08-7.10 (m, 2H), 7.12-7.20 (m, 10H), 7.33 (dd, J = 8.4 Hz, 4.0 Hz, 1H), 7.49
(dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.57 (t, J = 8.0 Hz, 1H), 8.09 (dd, J = 8.0 Hz, 1.6 Hz,
1H), 8.47 (dd, J=4.4 Hz, 1.6 Hz, 1H), 8.86 (dd, J= 7.6 Hz, 1.2 Hz, 1H), 9.97 (s, 1H)
ppm. *C NMR (100 MHz, CDCLs): § = 41.2, 41.6, 52.3, 55.2, 113.6, 116.3, 121.4,
121.5, 126.5, 127.5, 127.8, 128.2, 129.2, 130.7, 131.6, 134.3, 136.0, 137.5, 138.7,
147.9, 158.3, 174.1 ppm. HRMS (ESI"): caled for C33H3N,NaO, [M+Na]" 509.2205,
found 509.2206.

2-Benzyl-2-(4-methoxybenzyl)-3-(naphthalen-1-yl)-N-(quinolin-8-yl)propanami
de (3m)

Following the general procedure. 2-Benzyl-2-methyl-3-(naphthalen-1-yl)-N-
(quinolin-8-yl)propanamide (86.1 mg, 0.2 mmol) and 4-iodoanisole (140.4 mg, 0.6

mmol) were used. Purification via column chromatography on silica gel (ethyl
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acetate/petroleum ether = 1/8, v/v) afforded 3m as an off-white solid (84 mg, 79%
yield). M.p.: 63-66 °C. '"H NMR (400 MHz, CDCls): § = 3.34 (s, 2H), 3.40 (d, /= 3.2
Hz, 2H), 3.59 (s, 2H), 3.67 (s, 3H), 6.66-6.69 (m, 2H), 7.08 (d, J = 8.4 Hz, 2H),
7.12-7.29 (m, 8H), 7.32 (t, J= 7.6 Hz, 1H), 7.40 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.47 (d,
J=28.0 Hz, 1H), 7.50 (t, /= 8.0 Hz, 1H), 7.59 (t,J = 8.0 Hz, 2H), 7.95 (d, /= 8.4 Hz,
1H), 7.98 (dd, J = 8.0 Hz, 1.2 Hz, 1H), 8.22 (dd, /= 4.4 Hz, 1.6 Hz, 1H), 8.78 (dd, J =
7.6 Hz, 1.2 Hz, 1H), 9.74 (s, 1H) ppm. °C NMR (100 MHz, CDCls): 6 = 37.7, 41.0,
41.6, 51.9, 55.2, 113.6, 116.1, 121.2, 123.8, 125.11, 125.13, 125.8, 126.5, 127.27,
127.29, 127.5, 127.6, 128.2, 128.4, 129.3, 130.8, 131.7, 133.3, 133.4, 133.9, 134.2,
135.7, 137.6, 138.4, 147.6, 158.3, 174.3 ppm. HRMS (ESI"): calcd for C37H3,N,NaO,
[M+Na]" 559.2361, found 559.2364.

e T
2-(4-Methoxybenzyl)-3-phenyl-N-(quinolin-8-yl)acrylamide (4)

Following the general procedure. 2-Methyl-3-phenyl-N-(quinolin-8-yl)acrylamide
(57.7 mg, 0.2 mmol), and 4-iodoanisole (140.4 mg, 0.6 mmol) were used. Purification
via column chromatography on silica gel (ethyl acetate/petroleum ether = 1/10, v/v)
afforded 4 as a mixture of (E)- and (Z)-isomers (46 mg, 58% yield). The ratio of
(E)-4/(Z)-4 was 8:1 as determined by 'H NMR. "H NMR (400 MHz, CDCl;, a mixture
of two isomers) : 6 = 3.77 (s, OCHs, major isomer), 3.83 (s, OCHs, minor isomer),
4.12 (s, major isomer), 4.21 (s, minor isomer), 6.60 (d, J = 8.8 Hz, minor isomer),
6.88 (d, J = 8.8 Hz, major isomer ), 6.92 (d, J = 8.8 Hz, minor isomer ), 7.18-7.23 (m),
7.28-7.44 (m), 7.48 (d, J = 8.4 Hz, major isomer), 7.53 (t, J = 7.6 Hz, major isomer),
7.91 (s, minor isomer), 7.93 (s, major isomer), 8.06 (dd, J = 8.4 Hz, 1.6 Hz, minor
isomer), 8.12 (dd, J = 8.4 Hz, 1.6 Hz, major isomer), 8.53 (dd, J = 4.4 Hz, 1.6 Hz,
minor isomer), 8.68 (dd, J = 4.0 Hz, 1.6 Hz, major isomer), 8.75 (d, J = 7.6 Hz, minor
isomer), 8.83 (dd, J = 7.6 Hz, 1.2 Hz, major isomer), 9.58 (s, minor isomer), 10.40 (s,
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major isomer) ppm. °C NMR (100 MHz, CDCl;): § = 32.9, 33.8, 55.4, 55.5, 113.6,
114.2, 114.3, 116.7, 121.6, 121.7, 126.7, 127.5, 128.0, 128.3, 128.5, 128.7, 129.2,
129.5, 130.0, 130.2, 130.8, 130.9, 134.9, 135.4, 135.9, 136.3, 137.19, 137.23, 138.8,
148.1, 158.5, 167.0 ppm. HRMS (ESI"): caled for C,6H2N,NaO, [M+Na]" 417.1579,
found 417.1575.

2-Benzyl-3-(4-methoxyphenyl)-2-methyl-N-(quinolin-8-yl)propanamide (5)
Following the general procedure except that the reaction temperature was 150 °C and
2-nitrobenzoic acid (6.7 mg, 0.04 mmol) instead of PivOH was added.
2,2-Dimethyl-3-phenyl-N-(quinolin-8-yl)propanamide (60.9 mg, 0.2 mmol) and
4-iodoanisole (140.4 mg, 0.6 mmol) were used. Purification via column
chromatography on silica gel (ethyl acetate/petroleum ether = 1/20, v/v) afforded 5 as
a white solid (49 mg, 60% yield). M.p.: 80-82 °C. "H NMR (400 MHz, CDCl;): J =
1.31 (s, 3H), 2.74 (d, J=13.2 Hz, 1H), 2.78 (d, /= 13.2 Hz, 1H), 3.43 (d, /= 13.6 Hz,
1H), 3.49 (d, J = 13.2 Hz, 1H), 3.67 (s, 3H), 6.69-6.71 (m, 2H), 7.10-7.23 (m, 7H),
7.36 (dd, J = 8.4 Hz, 4.4 Hz, 1H), 7.48 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.56 (t, J = 7.6
Hz, 1H), 8.09 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 8.62 (dd, J= 4.4 Hz, 1.6 Hz, 1H), 8.88 (d,
J="17.6 Hz, 1H), 9.92 (s, 1H) ppm. >C NMR (100 MHz, CDCl3): § = 19.7, 45.9, 46.6,
50.2, 55.2, 113.5, 116.4, 121.49, 121.52, 126.5, 127.4, 127.9, 128.1, 129.7, 130.5,
131.4, 134.4, 136.2, 137.8, 138.8, 148.2, 158.3, 174.8 ppm. HRMS (ESI"): calcd for
Cy7H26N>NaO, [M+Na]" 433.1892, found 433.1891.

MeO.
% (%
N
H |
NX

2-(4-Methoxybenzyl)-2-methyl-N-(quinolin-8-yl)butanamide (6)
Following the general procedure except that the reaction temperature was 150 °C.
2,2-Dimethyl-N-(quinolin-8-yl)butanamide (48.5 mg, 0.2 mmol) and 4-iodoanisole

(140.4 mg, 0.6 mmol) were used. Purification via column chromatography on silica
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gel (ethyl acetate/petroleum ether = 1/20, v/v) afforded 6 as colourless oil (45 mg,
64% yield). '"H NMR (400 MHz, CDCls): 6 = 0.99 (t, J = 7.6 Hz, 3H), 1.34 (s, 3H),
1.54-1.63 (m, 1H), 2.00-2.09 (m, 1H), 2.77 (d, J = 13.2 Hz, 1H), 3.20 (d, /= 13.6 Hz,
1H), 3.68 (s, 3H), 6.69-6.73 (m, 2H), 7.09-7.11 (m, 2H), 7.41 (dd, J = 8.0 Hz, 4.0 Hz,
1H), 7.49 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.55 (t, /= 7.6 Hz, 1H), 8.13 (dd, J = 8.0 Hz,
0.8 Hz, 1H), 8.74 (dd, J= 4.4 Hz, 1.6 Hz, 1H), 8.85 (d, J = 7.6 Hz, 1H), 10.12 (s, 1H)
ppm. *C NMR (100 MHz, CDCl3): d = 9.3, 20.3, 32.8, 45.3, 49.2, 55.2, 113.5, 116.3,
121.4, 121.6, 127.5, 128.0, 130.0, 131.3, 134.6, 136.3, 138.9, 148.3, 158.2, 175.5 ppm.
HRMS (ESI"): caled for CyHyyN,NaO, [M+Na]" 371.1735, found 371.1732.

MeO
.,
N
ShGAS
Nx
MeO

CeHy7

2,2-Bis(4-methoxybenzyl)-N-(quinolin-8-yl)undecanamide (7)

Following the general procedure. 2,2-Dimethyl-N-(quinolin-8-yl)undecanamide (68.1
mg, 0.2 mmol) and 4-iodoanisole (187.2 mg, 0.8 mmol) were used. Purification via
column chromatography on silica gel (ethyl acetate/petroleum ether = 1/20, v/v)
afforded 7 as colourless oil (64 mg, 58% yield). '"H NMR (400 MHz, CDCls): 6 =
0.89 (t,J= 6.8 Hz, 3H), 1.27-1.35 (m, 12H), 1.66 (m, 4H), 2.95 (d, J = 14.0 Hz, 2H),
3.23 (d, J=14.0 Hz, 2H), 3.67 (s, 6H), 6.70 (d, J = 8.4 Hz, 4H), 7.12 (d, J = 8.4 Hz,
4H), 7.37 (dd, J = 8.4 Hz, 4.4 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.57 (t, J = 8.0 Hz,
1H), 8.11 (d, /= 8.4 Hz, 1H), 8.63 (d, /= 3.2 Hz, 1H), 8.87 (d, /= 7.2 Hz, 1H), 9.99
(s, 1H) ppm. >C NMR (100 MHz, CDCl3): § = 14.3, 22.8, 24.2, 29.4, 29.6, 29.7, 30.2,
32.0, 32.1, 41.3, 53.1, 55.1, 113.5, 116.3, 121.3, 121.5, 127.5, 127.9, 129.8, 131.2,
134.4,136.1, 138.8, 148.1, 158.1, 174.8 ppm. HRMS (ESI"): calcd for C3¢H44N,NaOj;
[M+Na]" 575.3250, found 575.3242.
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2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)-2-phenyl-N-(quinolin-8-yl)propanami

de (8)

Following the general procedure. 2-Methyl-2-phenyl-N-(quinolin-8-yl)propanamide
(58.1 mg, 0.2 mmol) and 4-iodoanisole (187.2 mg, 0.8 mmol) were used. Purification
via column chromatography on silica gel (ethyl acetate/petroleum ether = 1/10, v/v)
afforded 8 as a white solid (57 mg, 57% yield). M.p.: 146-148 °C. 'H NMR (400 MHz,
CDCl): 0 = 3.38-3.47 (m, 4H), 3.71 (s, 6H), 6.63-6.67 (m, 4H), 6.85-6.88 (m, 4H),
7.28-7.39 (m, 6H), 7.47 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.54 (t, J = 8.0 Hz, 1H), 8.09
(dd, /= 8.4 Hz, 1.6 Hz, 1H), 8.54 (dd, /= 4.4 Hz, 1.6 Hz, 1H), 8.74 (dd, J = 7.6 Hz,
1.2 Hz, 1H), 9.87 (s, 1H) ppm. *C NMR (100 MHz, CDCls): d = 41.1, 55.2, 58.4,
113.3, 116.2, 121.3, 121.6, 127.3, 127.5, 128.0, 128.3, 128.6, 129.3, 131.7, 134.6,
136.1, 138.7, 142.6, 148.2, 158.2, 174.0 ppm. HRMS (ESI"): calcd for C33H30N,NaOj;
[M+Na]" 525.2154, found 525.2154.

3-(4-Methoxyphenyl)-2-methyl-N-(quinolin-8-yl)propanamide (9)

Following the general procedure. N-(Quinolin-8-yl)isobutyramide (42.9 mg, 0.2 mmol)
and 4-iodoanisole (140.4 mg, 0.6 mmol) were used. Purification via column
chromatography on silica gel (ethyl acetate/petroleum ether = 1/20, v/v) afforded 9 as
colourless oil (32 mg, 50% yield). "H NMR (400 MHz, CDCls): 6 = 1.33 (d, J = 6.4
Hz, 3H), 2.74-2.79 (m, 1H), 2.81-2.90 (m, 1H), 3.14 (dd, J = 13.2 Hz, 7.2 Hz, 1H),
3.72 (s, 3H), 6.77-6.80 (m, 2H), 7.16-7.19 (m, 2H), 7.43 (dd, J = 8.4 Hz, 4.4 Hz, 1H),
7.48 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 7.53 (t, J = 8.0 Hz, 1H), 8.14 (dd, J = 8.0 Hz, 1.6
Hz, 1H), 8.75 (dd, /= 4.4 Hz, 1.6 Hz, 1H), 8.79 (dd, J= 7.6 Hz, 1.6 Hz, 1H), 9.75 (s,
1H) ppm. >C NMR (100 MHz, CDCl;): § = 17.8, 39.6, 45.2, 55.3, 113.9, 116.6, 121.5,
121.6, 127.5, 128.0, 130.1, 131.8, 134.6, 136.4, 138.5, 148.2, 158.2, 174.7 ppm.

S18



HRMS (ESI): caled for CaoH20N,NaO, [M+Na]" 343.1422, found 343.1427.
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X. Copies of *H and *C NMR spectra

£89°9
L0L9
607 L—
0TE L

SL08—
TLiF83—
9¢8'2

wmw.wﬂ.

156°6—

L

29b°L
0LFL
68F'L
T6t°L
ThsL—
1962
185 L

7.05

7.35 7.25 7.15
11 (ppm)

7.45

7.55

7.65

€6
wMNﬁ.N

=009

20071

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

12.0

5.0

0T~
oF 1P

wWTs—
1755

SEET~
0E9I1—
9L 1T1—
ProTl—

mw.hm_um
vmom_\
€O TET

Lo LR 1—

PT8s1—

FTrLil—

O 1T~

op 1zl =

PPOCl—
oF " LTT—

|

|

128

w_.wmﬁ\
PE6eCl—

LAA,JAA,J

99°0€T—

L

I—

=)

=]

w

a
|
]

[ |
o8
-] -
& @
| |
1 ]
I
137

-10

30 20 10

40

60

70

122
90 &0

100
f1 (ppm)

S21

110

120

130

140

134 131
f1 (ppm)
170 160 150

180

190

140

110 200



Sm.m
mmm.mw
7E5€—
189°€

£99°9
L6909
8789
S0T%
9STL
6l
0977
€FEiAE

99¢s S
bL08—
€1b8—
7089

ey

686'6—

96'T

m———— %mw.ﬁ
J
»]

P61
- wﬂoqm
§TE
(=1
Lore
o
j S0k
, r ]

o —— =001
I S =1 / .
— e[ = Eib

= = S
=
_ ——— L6t 8§ 660
— | a
5 L I_ =660
~ _
R w -— =860
v -
=10
|!\IN;_ =
| m i
[ ——— =60
001 g
T v
———
10T o
B v
=
FE
N

5.0 4.0 3.0 2.0 1.0 0.0

6.0
11 (ppm)

1.0 10.0 9.0 8.0 7.0

12.0

130

orty
Nm..:m../
1o’k
CETE—
20T
81¢e

FROL
o_.wnW

8FLL

€5TIL
Seell
hw.m:./

0€911—
7 1gl—
€F LTI~
12621
865t 1—

CO'LPI—
9TBET~,

pees1”

elrLl—

IF1Z1
L1l

FOETI—

9r9TI—
£V LTI—
Bzl
1zozt!
FOOET—
£0IE1—

L5 iel—

FORET—
668€17

[ ]

123

_JJ_,JJ__U

11

-

-

137

1

121

129 127 125

131
fl (ppm)

133

139

141

-10

10

20

70 60 40 30

90 80
f1 (ppm)
S22

110

130

0 170

19

210



@
—
™
[ar]

9L5°9
SOL'Y
Zr0'L
TIrL
6FT'L
Sel 'L~
OFF L~

9508 —
0Tr'8—

6E8'8
N_ww.ww.
3588

S06'6—

MeO

0L
Ea.h/
990"
CLOL:
$80°L—
so0° L/}
L
LITL
0€T L &
€ar'L
097" L—
367 L—
605 L7
6TC L \
67C°L
oFF L
ehbzL
09K L7
CorL
€75~
£hsL
€95/

\| |
U

1 y!; i
U U

]
M

T
-
<
-

T
-
—
—

7.55 7.45 7.35 7.25 7.15 7.05

65

A (ppm)

166%
=00€
~0T€

ﬁad
51T
90T
Fege
SETT
wﬁo.ﬁ
HIT
FITT
Fsot
Lot

FE0T

2.0 1.0 0.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0
1l (ppm)

12.0

orort
L1911
L0111
sl
8K LTI
608C1

LLOET
E.::w
06'§E T~
WL l—

SI'8sl
NN.wm.ﬁv.

Py il—

ProOzI—
LOTTI—
izt

TESTIN
0£9T1—
8k LTI—

SL6TI—
LLOoEl—
3 A R
mﬁ._mT\

[OBE T~
€981

138 136 134 132 130 128 126 124 122 120

140

f1 (ppm)
|

-10

10

3020

9 80 70 60 40
f1 (ppm)
S23

110

130

190 170

210



1.0

\L“
|
€T .
uﬂ.m/ weL 2 ! :Cﬁ
e {4 SSIP

<
[ e
r E.OJ,
(=]
L1TE— i
6T5E— rog1t TS—
9:9%” 3 ootf Lrsss
F
1759~ ..\IHLJ ooz L Leos
LTy T L= o_..ﬁw
0059 6699 == 66T o 8PLL
6699 90L9 m F L
0869 656'9 | F
ot I e o
R L p— T _ 00T |
68T% mmwwx = o117 = iy = 8FELI
; el - =661 L FE9TT— -
0972 phl -~ B J —gozl o 0§ TIy
6ECL . - [ o FARL A ILTl— —
61€ L— = fort - —_ Wmﬁ, beoll Ngkach =
o ] F == g1t 6T1T1— -
655°L FOFL = b0 - SE9TI— . \
0£08— mwmw =t o _ =001 [ % E.wmﬂ QHBEL- -
) I To1EL
or8— 38 £ = W =€60 §90E1— \‘u
9v8’8 - — =560 o I eprel— HL
6v2'8 6551 Lo o €6 LFT- i —
5088 008 " et
FLOR ) TE;- - LIBSI—
066'6— 1608 h [ —— =60 o
¥608 Fe = 9L FET— -—
L F LEVLT—
T6F8 [ e $6'SET— —
06F'2 J. ot A
7058 \ﬁ.ma ¥ L
o003 [ 04 LET— ]
=
org'3 L ol 9981~ )
6v2'8 | Mo
s988 ) [sed r
=
"

-10

30 20 10

40

60

70

126
110 90 80
f1 (ppm)
S24

128

130

130

134 132
11 (ppm)
170

136

190

138

140
210




4 g L2 /
= = =
- —3
L5
=
| L
|
. o £5TT— -
7907— FO0E [
PST'E L oo S
mh.myf - o ;‘\ i
i _ - g Bd] LEIP
orze — 109
! L rETE— ——
oot —— ST5s )
(=]
-
r PROL
ariL
899°9~ _ \H\_Ta i K mv.ﬁw
069'9" -|||‘J_ L -
. o L 0)
MMMW W P 6W PSEN
899'9 . T [ = . -
P Ay =i S Y 9Tl 8F9T1— |J_
7 == logd ) o TE6Il | b
50— : —~I7% - o : / el [ S -
meowd ol == R I :
. = [o0¢ = - 20y | ) =t
or/ ) ﬁu [ > Vokd 8FoT1— orsel” Q B =
. Lo L —= o o soet1!  soezi— — & = ——
9K0'R— 105" == haoT ] “HOTL e Vo —
9:F8— , 5 =660 - €67 L€
e / [ e~
86,8 ety -JTQ [ 7m .U 10T o £08FI— oL 3L s i
108°8 L10L S L2 e — - S [ Ee
L 9§ IET—- a ,W
910’8 L £T85T— - —
. i
6188 phibe S, - M E
- . - — — . 3
60001 £90'8 VT R ) =$60F S §6891—  PTEEI— —ra —
0408 - L Flril— s ; L
3 TIvEl— -—
9.b'8 e A "
. [ =] [ =
o8t ~lesd - a
L858 _ o - 665€1— Il
068 o LE9EL— . -
8648 F - a IR
. ] £€LE1— — -
108 w\ =ttt _ I |
| L
6188 *

-10

30 20 10

40

9 80 70 60
f1 (ppm)
S25

110

130

170

190

210




LIFT—
col'e

omm.mV
939€—

r39'0
1699
969'9
2029
€1L'0
0720
$S0°1—
g1’
obL L
180°8—
6Eb'8—
7788
mmm.mwﬂ
Tre'g

056'6—

o

@

=
Ro.h/ |
0Ly .
€80°Ly —
T60°L— —=
SErL— 4
WL, i
EE%“|.H-
LITL JJ
rSTLy |
097 L\ JMNM
SLTL— —_
6TCL— —
6TE L =
orL x |
0sCL
PP L [
Swa )
5052 =

\ ..ﬂ..u.y

obsL— —
69571 -
68571 =

|

7.05

7.15

7.25

7.35

7.45

7.55

11 {ppm)

=F0g
Lﬁwc.m
=90F
=00'¢

Frrz
el
2367
071
Ao
=701

=00T
=T0T

~S0T

3.0

0.0

1.0

2.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0
A (ppm)

12.0

99—

Ul
91t

oo.ﬁuN
rrTs—
165"

P8OL
.o—.nhw

8PLL

99E T+,
ge9TI—
R
9997 1~
am.mm_m
09 1€

£9EPT—
26 LbT—

OP'8ST—

L9eLl—

SO'LOT—

999C1—

SELTT
€8°LTT
ON.wN~W
6T8T1—
[ A

090~
080l

09'1ET—

60PET—

Freel—
L09€T—

Tliel—

T98ET—

5

127

138 137 136 135 134 133 132 131 130 129 18

139

£1 (ppm)

-10

90 80 70 60 50 40 30 20 10

f1 (ppm)
S26

190 170 150 130 110

210



06T’
€FT'e
0sZ'e
097'¢

r89E—
358°¢”

289°9
604°9-
090°2—
PRI LY
LKEL
L9571

6FF'8—

FZ8'8
LTR'8

92’8
256'6—

090" L
780°L—
TETi—

par L’

€T L—
STEL—
wmm.h%
LPEL

8k L—
P L—

296717
gas/

17874~
8L

78 77 76 73 74 73 72 71 70
1l (ppm)

79

1

¥4

98°¢
=10
“00€

0T
£y

g4
609
B (174
E50T
00T
F10T

Foot

12.0 11.0 10.0 9.0 8.0 7.0 6.0 50 40 3.0 2.0 1.0 0.0
1l (ppm)

3.0

€T
Ll
08’1t
90°TY
mv.mmw

1T°6%

P8OL
.o—.nhW

8PLL

FOOz1—
LTI~
§8LTI—
RTRTI—
88971
1r6T1—

19°0€T~,
§90€1

09 1el—

eIPeEl—

SO9ET—

9ILET—

COBE -~

127 126

128

138 137 136 135 134 133 132 131 130 129
11 (ppm)

139

-10

o0 8 70 60 50 40 30 20 10

f1 (ppm)
S27

190 170 150 130 110

210



0460~
6T~

£99°9
€L9°9
LL99
6899
F69'9

TS0 L
20727
1L08—
98p3—
728

umw.&.
15878

766'6—

N

EL,NOC
.

MeO

-

M

|

7.0

e

9€5 L~
9557,
Pm.n\

|

7.0

L]

74 73 72
1 (ppm)

7.5

7.6

FLOE
bLog

FOT
mmhc.m
Fﬁm.m

00T

00e

=007
=007
=4
Fe0'T
=860
=66'0

EL60

0.0

1.0

L6TI~
PTE1

2.0

ol'lk
mm.:uw.
O IF

FETE—
8155

3.0

4.0

FROL
O_ﬁhw

8PLL

5.0

6.0
11 (ppm)

09°€ 11~
6ZT911—
L ITI—
£V LTI
850ET--

8.0

1681+
GOBFI—

9.0

€E81—

100

0 TLI~
6ELT

11.0

120

LPITT~,
€121

8TPEl—

TELEl—
109€T—

9T LE—

POBET~
16817

_

122

A

M___L'LJJJ,LJJ\

L

-

i

124

126

128

130

132

134

136

138

-10

9 80 70 60 30 40 30 20 10

f1 (ppm)
S28

190 170 150 130 110

210



Dwﬁ.m
wNN.mW
FeT'e

£69'€—

839'0
969'9
L1419
§7L9
LOT in,
TL€ L~

901'8—
03F'8—
2648
ﬁcw.ww
L1838

€F6'6—

L.

90T

06'C

50T

—0T'S

-8E'T

-90'T

—90'Z

907

7.05

7.15

7.45

7.55

=00'¢

.

- 5 FTOT
J

0.0

1.0

4.0 3.0 2.0

5.0

9.0 8.0 7.0 6.0
1l (ppm)

10.0

1.0

12.0 1

3.0

61Tk
%.:Tv
W

6bTS—
€755

P8OL
.o—.nhW

8PLL

€011
FLETT
£roll
FOGTT
20° _SW
90171
6L9T1—
?,.mmﬁ
ERTET
LoERT—
208k 1—

6PBST—

9LELT—

80121~
o1z

6L9TT

OV.BN_.W
88°LTT~.
LE8T1—
w.w..mNT\

[
LA B B
gy ~m~%
£RIEL

FoEEl—

olIotT—
cRoEl—

658~

LOERT—

123

138 135 132 129 126
f1 (ppm)

141

144

-10

o0 8 70 60 50 40 30 20 10

f1 (ppm)
S29

0 170 150 130 110

19

210



I
122

-10

60 50 40 30 20 10

70

/ I/
= — b= =
=
—
(=}
o
007°€ 1Ty
mmﬂmW s 3 ety
1T —— dg4¢ [T
689°€ 00C £sTs—
_ ~ o )
o ress LETTIA,
= 99 1Z1
reoL
L = E.EW -
wl .
CoL 8 LL
Lo _ zrozl
mmqh% / & | ovﬁmﬁ/
. — ] . i
Mﬁ/ L¢3m7 -mw &R%
a ) - €E8TI
769°9 , L §L8TI—
Eh.cw LET L~ m Lo - 10z = . oenl
. sitin & & | o TLETT, ‘
o0 gor— 5 O¢F =1 TWITT— 09°0€1—
o Af - Toht 51T 8TIEL-
s g 11
e . J L& - ¢ z0971— 091€1
§30'8— 09T e B " porl = E.mﬁw
oFbe— £eeiy , i — 091el LOPET—
EEE L = lord uE ot . 6/TEI—
S18 peLs T ‘mw — e o o€ ST~
rER's PSEL | o 081 Zrogr—
L = .
SOLET—
i N
FL8'6~_ BBFL _ el 10T 98T
956'6~ Tors e =11l & PORET—
605°L - =
v um%mcg‘ i LEELI—
|
6bsi— -mﬁ‘ ot m <
6951~ o) 90T =
o851/ [0 L §0T61—
b9 L— — 8 o
6991 -MMthoa " L=
_ L o€ S 1—

125
80

20

128
S30

134 131
130 110
f1 (ppm)

150

137

140
170

143
190

146
210




col'e
LIy A
I§T'E
TLiTe—

PE9E—

639°9
969'9
CIL'e
BTL'9
97L'9
890" L—
097"
3N
930'3—
crhg—
6188
wmw.ww

98L 6~
996'6—

F0ES

FITT

80T

ﬁvwo.ﬁ

“FO'T

—_—

LOT

02

7.25
11 {ppm)

T
7.45

kmﬁ.m
=9L¢
=00'¢

3.0 20 1.0 0.0

4.0

5.0

6.0
1l (ppm)

12.0 11.0 10.0 9.0 8.0 7.0

3.0

ST
F9' 1t

5.:&1
SPTE—
ST

P8OL
.o_.nhv

8PLL

TLETI,
rorI—
L§1T1—
12971—
78871/
€19E1—
€0'8FI—

PPR8SI—

TLELT—

wrTel—

LL9T1—
PP LTl-F
O_w.wm_\
SE8TI—
T88TI—

680€1—
[
SLZEL—
90 FEl—
m_.mm_/
LT9E]—

CLOE ]~
Iriet—

TO8L]~
6L8ET

)

JLLL

N

|

J

133

f1 (ppm)

[N

137

.

o
™
—

131 130 129 128 127

132

135 134

136

139 138

140

-10

o0 8 70 60 50 40 30 20 10

f1 (ppm)
S31

190 170 150 130 110

210



| r ¥/
=z
[=]
— =
(=]
u =
=
TG
i 61T~ _
R i o .
L3TE 107 2 oty
9rTE J L £ETE— —
089%— = 00¢ 0Tss -
Lo
-t
" ¥89L
| o E.ﬁw
“ 8P°LL
] — GETTI, HL -
rio9 L2 g1zl [
899 -
€049 L = L3
01L9 17 0o SSETT~, r _
9107~ - e T & 0E'9TT— - —
61E L~ 9.L0°L [ = = 6€1Z1— L R —
160°L , -2 = o8t b o7 I— woTl— - e ]
] PITL leo 8181/ /' LT1— M - ——
$L08— PET'L .‘unlfm 07 = 00T = po1er) I _ —
19F8— WMM - - J 6670 TTeTl— — I =
Lr88 =" o001 - — = 360 o PE LT 90T L m“ ]
- — L o e L A
oﬂw.mw sare/ M - e —— [ "=
9938 007 -L W L LTRET— ; r -
|- ] -
bL66— S1EL mM%_%A "t — F 160 3
6TEL x = ) STHEI— — T
, AN A lm —
L= - =
05€°~ _ % " o 66'SET— 1
ELFL— -= - 001 = [
= F i IcEl— - g
BFs L S oot - LORET— — Lz
Gm.&\n - | w - -
885L _ ™ r

-10

9 8 70 60 50 40 30 20 10
f1 (ppm)
S32

190 170 150 130 110

210




9€E'E
hom.mw
Sore
Hom.m.%
€L9°€

quu.w
ow@.@W
LOTL~
TLTL
LE6°LT
HQQH\
oL

ww_n.muﬁ

PrLi6—

L

uU’Jk

990" i~
L80°L—
PIT i~
SET L~

66T L—
91T L,
zer i

hwm.mﬂ\
09T'L
oﬁm.h‘\

e L—

190 L—
1802~
7054/

Ti8i—F
whm.hg\ﬁ

T65'L

~E0'7

~6£'8

Fe0T

AL

k0T

7.45 7.35 7.25 7.15 7.05

7.55

26’1
26’1
£6'T
10€

EL60

3.0 2.0 1.0 0.0

4.0

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0
fl (ppm)

13.0

LO'LE
PO T~
oc1r/

8816—
0Tss"

PROL
c_ﬁhvn
8PLL

8SETI,
PTOTI—
0T 17—
15971~
0z8zl/
cser’
oLk~

LT8ST—

0EFLTI—

My

MeO l

9LETT— -

-

[

Mﬂ.mN_V
8 ¢TI—
[59CT—

uuy

LT LTT— -

i

128

0Z871—

6Z'6T1—

9L 0ET——

0L 1€T—

A

132
|

_M.mm_/

8EEET= =
88°E€1— ..m

STPEl

|

69 CEl—

LS LET— —

9€'8ET— - M
. B

124

126

um

136 134
f1 (ppm)
r
l]
130

138

-10

9 80 70 60 30 40 30 20 10
f1 (ppm)
S33

110

0 170 150

19

210



COLE

OTR'E~—=
verr-r
OON.V\.

r19°9
08T'L
owm.h/
LIEL
€L
1550
0118~

9TR'8—
I8¢°6—

0P 01—

S

Ph

OMe

minor
1.0

OMe

major
8.0

L8 Lt

7.40 7.30 7.20 7.10
f1 (ppm)

7.50

7.60

7.70

00t
LED
1oz
0

-2 -3

-1

f1 (ppm)

10

15 14 13 12

16

687TE~
08€e”

wm.mw
wv.mwv.

FROL
9 —NNW

8PLL

9¢Ell
KA 4Rk
[E3 4 B¢

0L911—
65 1T1—
89971~
pigTl’
€9'8€T7
0r8rI—

05851—

€0L9T—

%m
< 0O
ZT
o
W\
+
%e
P 2
z &
=T
=]
7
T

minor
10
30 20 10 -10

major
8.0
40

60 50

70

899Z1—

rsLTI—
9TRT I~
9¢'RE1,
oo.wm_\
reozt!

L80ET—

98FPEL
OF'SET
06'SET~.
1€9€1—

ol'LET—

€881~

126
110 90 80
f1 (ppm)
$34

128

130

130

132
150

fl (ppm)

134
170

136
190

138

210

140




FIET—

FTLT
LELT
€9LT
96LT
9IFe-¢
[
TLFE
cose
899°¢

N@u.o
NE.@V
LEO0L—
OFeL—

9L08—
71978
mmu.wuﬂ
Fi88

FT6'6—

MeO

Ny

=ZzT

Le0'L
9IT°L
CET’L
3€T°L
5T
TLTL~
06T°L~
oﬁn.h\
3TTL
097T°L
OFEL—
ﬁmm.h\
TLEL
LOF L~

1hsL—
095°L4,
82\

\\|‘|I\ﬁ|‘iiw
AW,

W

7.0

5 =681

|||ﬂ_ F7e9

7.2

7.3
fl (ppm)

7.6 7.5 7.4

7.7

=

= i

L =560

IL =r60

—— =760

-—= =160

J

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 L0 0.0
11 (ppm)

13.0

ELO1—

oSk

[T e
9105—
LISs—

FROL
o_.nhw

8PLL

0§E T,
SE9T1—
6 1ZI—
SPoTI—
E.wﬁw
GETET

SI8PI—

STRSI—

8LPLI—

N

=ZT

MeO

SHOTI—

!
1
J
J

PELTI— -——
6% LTl

oﬁ.mwﬁ\

rLoTl—

PRLET—

8L8C1—

|

|

1

-J.

IWOET—
|

127

129

131

133

135

137

139

f1 (ppm)

-10

10

30 20

9 80 70 60 40
f1 (ppm)
S35

110

130

190 170

210



mha.o
N@Q.DW
0T

e T—
LLST
966'T—+
Omo.w\
SELT

mmn.NW
8LTE—

FR9°E—

T69'9
0049
TZL9
8TL9
060" L—
FLb i~

o:.q
PELE
mﬁ.ww

kR’

6IT0T—

MWeO

N

LBLLN
LOF L~
LIF L
mmw.n\

Pk i—
SoF L~
678" L—
8P L—
8957 L—

[
MU

|
AN

|
_/

1ol
B WAL

F00'T

LA

FFOT

7.60 7.55 750 745 740 735 730
11 {ppm)
]
I|

7.63

7.70

Ul

| Aﬁo.ﬁ
PO

=00¢
=B6T
FE0T

=POT
=960
=860

=567

=g6'T
=T0T
=001
=101

SLEO
E0T

=880

120 11.0 10.0 9.0 8.0 7.0 6.0 5.0 40 3.0 2.0 1.0 0.0
1l (ppm)

13.0

I8°2¢—
£ECh~
olor—
olrss—

FROL
o_.nhw

8PLL

SPETT~
0£9 11—
LETTI—

T5LTI—
266717
ssrer
LT8PT—

0T8E—

o eLl—

LETTT~,
[yrac

TELTIA,
86 LTI—

M s

MeO

134 130 126 122
f1 (ppm)

138

-10

10

30 20

9 80 70 60 40
f1 (ppm)
S36

110

130

190 170

210



§i8°0
€680
%m.oM
69T 1,
€261

nvm.@
1591
LE6T—

TLOE—

0699
Lore
09T'L
89€°L
88E°L
§6L
595" L
§608—
€798

_.mm..ww

bedd—

0
N
H

CeHiz

MeO

- I
- = Forz
- E oz

LOE
8TI'L

09¢ L—

L5€°L
8OE" -t
QL6 L
ase s
N
SobL—
SpsL—
9571
s95 2/

- A _

LOV

201

(0Nt

755 745 735 725 7.5 705
f1 (ppm)

7.65

= F 009

— o
L O
== £
-— F 661

' F 66

— €0

— w 56

7
f1 (ppm)

10

15 14 13 12

16

9T HI—
18°72—
Th6T—
PETh—

ores~
FIes"

FROL
m:.hhw

8PLL

OSETT~,
1€911—
1€ 121~
8b LTT—
sL6T1Y
el

808FI—

£I851T—

£8FL1—

1€ 1T,
6 121

8 LTI~
68°LT1

SL6TI—
Tel— -

wrel—

019¢1—

08'8€1—

l

120

125

130
fl (ppm)

135

140

-10

9 80 70 60 50 40 30 20 10

f1 (ppm)
S37

190 170 150 130 110

210



LLEE
TIre
3EF'E

e/

€99
3€9'9
€F9'9
599
0999

os89/
0971 —
sse’
bL0B—
2759

%Qw

9TL8

€L8°6—

uHanJ FLO'E
=00'9
09T'L
187°L r
Y8t L L] /S6E
88TL B ) S1ov
L6T L J |
S0C°L — = e
605 L = L & = wwmw
£1CL7 — e
5&% = [f09| =001
TEEL — .
b M o %0
He | = 101
95t L — .
FEOT
[ e ow
) L
615 L— — | eE -— =560
6557 L = [
655c4 -
L g
g
=]
L=
=

7.80

0.5

1.5

2.5

3.5

4.5

5.5

JE

=

7.5

8.5

3 10.5 9.5

11

125

6TE T,
T~
1€ 1zI—
€€ LT1—
ooﬁ%
ow..wS\
ZLIEL

PTsPI—

OI8§1—

0FLI—

1€ 1T~
Sz

€€ LTI
wv.hm_k
96"LT 1~
Nm.wm_w
9¢'8T1 \
8T6TI

TLIEl—

[

IS | B

124

128

132

136

140

f1 (ppm)

-10

30 20 10

40

9 80 70 60
f1 (ppm)
S38

110

130

170

190

210



onA
Nv.m.ﬁv.
8CLT
018

1s1e’
1ZLE—

89L0
L6L9
ocrL
09¢°L
(33

875 L
£ZI8—

.av.nw\
mwnw.\

OrLO—

=
ZT
J ~00°E
2 p—
=
PO
- L60
M =001
=86
96'1
—
- 00'1
o —
F e Loz
=L60
I 1960
o o
b M -— =b60
09z L— — .
e
ZirL
mﬁ..Lf | <8
EEP il = To._‘ .;.m
€k L— —_— fut
R0F"L —— |
TiPL —— rlot) ¢
68'L —
€obL L@
60S°L
876°L
.
oS L F e

7.8

7
f1 (ppm)

10

15 14 13 12

16

LLL1—

196E—
£TEr—

16T~
§SOII—
6F 1Z1—
1§ L21—
1roer”
8srel’

O18F1—

OI8E1—

TLPLI—

6 1Z1-,
O 1T

S AL
66 LT

rogi—
81—
8¢PEl—
OFoLl—

6P 8El—

MeO

134 130 126 122
fl (ppm)

138

-10

10

30 20

9 80 70 60 40
f1 (ppm)
S39

110

130

190 170

210



