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Analytical thin layer chromatography (TLC) was performed using Merck 60 F254
precoated silica gel plate (0.2 mm thickness). Subsequent to elution, plates were
visualized using UV radiation (254 nm) on Spectroline Model ENF-24061/F 254 nm.
Further visualization was possible by staining with basic solution of potassium
permanganate or acidic solution of ceric molybdate. Flash column chromatography
was performed using Merck aluminium oxide 90 active neutral with freshly distilled
solvents. Columns were typically packed as slurry and equilibrated with the
appropriate solvent system prior to use. Proton nuclear magnetic resonance spectra
("H NMR) were recorded on Bruker AMX 400 spectrophotometer (CDCl; as solvent),
and Bruker AMX 500 spectrophotometer (CDCl; as solvent). Chemical shifts for 'H
NMR spectra are reported as 6 in units of parts per million (ppm) downfield from
SiMe, (0 0.0) and relative to the signal of chloroform-d (6 7.26, singlet). Multiplicities
were given as: s (singlet), d (doublet), t (triplet), dd (doublets of doublet) or m
(multiplets). The number of protons (n) for a given resonance is indicated by nH.
Coupling constants are reported as a J value in Hz. Carbon nuclear magnetic
resonance spectra (13C NMR) are reported as & in units of parts per million (ppm)
downfield from SiMe, (6 0.0) and relative to the signal of chloroform-d (& 77.0,
triplet). Mass spectrometry was performed by Waters Q-Tof Premier Micromass
instrument, using Electro Spray Ionization (ESI) mode. IR spectra were recorded as
thin films on KBr plates on a Bio-Rad FTS 165 FTIR spectrometer and are reported in
frequency of absorption (cm™'). Pd(OAc), were purchased from TCI and used directly.
Other reagents, unless otherwise noted below, are commercially available from TCI,
Energy Chemical, Alfa Aesar (China) Chemical Co. Ltd. and used without further

purification.
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General Procedure for Substrate Synthesis!!!

1) NaHMDS(1.3 equiv)
o® THF (0.5 M), 0°C,1 h
PPN (0.5 M), : — CO,Me
PhBrP COMe 2) RCHO (1.0 equiv) !/
overnight, -78 °C to r.t.
s1 s2

TEA (1.1 equiv)
100 °C,2 h DCM(1.0 M), Ar

s3 overnight, r.t. s4 AQ

8-aminoquinoline
RN . (0.6 equiv)
LIOH™H,0 (5.0 equiv) =\ Lot EDC (1.2 equiv) Q )
MeOH/H,0 =1/1 R /:\_>--NH N=
R

General Procedure for Wittig Olefination: Phosphonium salt (S1) was suspended in
THF (0.5 M) and cooled to 0 °C. A solution of NaHMDS (1.3 equiv) in THF (2.0 M)
was added dropwise. The mixture was stirred for 1 h until an orange suspension
formed. The mixture was then further cooled to — 78 °C, and the appropriate aldehyde
(1.0 equiv) was added over 20 min. After addition was completed, the reaction was
gradually warmed to room temperature and stirred overnight. The reaction was
quenched with sat. NH4Cl (aq.) solution, then extracted with EA. The combined
organic layers were washed with brine and dried over anhydrous Na,SO,. The solvent
was removed in vacuo, and the resulting residue was purified on silica gel column
chromatography (PE / EA =10/ 1). In some cases, complete separation of the product
and unreacted aldehyde was unsuccessful, and in these cases the mixed fractions were

combined, concentrated, and used directly in the next step.

General Procedure for Ester Hydrolysis: The appropriate alkenyl ester (S2) was
dissolved in a 1 : 1 mixture of MeOH and H,0, and LiOH'H,0O was added (5.0 equiv).
The reaction was stirred vigorously at 100 °C for 2 h, and reaction progress was
monitored by GC-MS. When full conversion was observed, the resulting mixture was
diluted with water and washed with EA. The organic layer was discarded. The
aqueous layer was acidified with 2 M HCI solution and extracted with EA. The
combined organic layers were dried over anhydrous Na,SOs. The solvent was
removed in vacuo, and the resulting alkenyl carboxylic acid (S3) was used in the next

step without further purification.
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General Procedure for AQ Amide Preparation: The appropriate alkenyl carboxylic
acid (1.0 equiv), 8-aminoquinoline (0.6 equiv), EDC (1.2 equiv) and TEA (1.1 equiv)
were dissolved in DCM (1 M) and stirred at room temperature, and reaction progress
was monitored by GC-MS. After 8-aminoquinoline was fully consumed
(approximately 16 h), the resulting mixture was washed with 1 M HCI (aq.) solution,
and the organic layer was washed with brine and dried over anhydrous Na,SO,4. The
solvent was removed in vacuo, and the resulting residue was purified by silica gel

column chromatography (PE/EA = 4/1).

For the preparation of the remaining substrates, see the reference 1.

General Procedure for The Cross-Coupling Between Amides and Carbonates

A
Pd(OAC); (20 mol%) Ox-AQ
+ /\/OCO2Me PivOH (2.0 equiv)
DMSO/MeOH = 1/2 R A
40°C,16 h
2 4.0 equiv 3
O«_AQ

Pd(OAc); (20 mol%)
PivOH (2.0 equiv)

>

DMSO/MeOH = 1/2 R ~__R*
40°C,16 h
11.0eq 2 4.0 equiv 3

An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol) , DMSO (0.35
mL) and MeOH (0.7 mL). Then, pivalic acid (2.0 equiv, 0.2 mmol), amide 1 (1.0
equiv, 0.1 mmol) and carbonate 2 (4.0 equiv, 0.4 mmol) were added into the solution
in sequence. The vial was sealed under argon and heated to 40 °C with stirring for 16

h. After cooling down, the mixture was directly applied to a flash column

chromatography (PE/EA = 4/1).
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Characterization Data

O~__AQ (E)-4-benzylidene-N-(quinolin-8-yl)hept-6-enamide (3aa)

Following the general procedure, 3aa was obtained as a

= X colourless oil (25.3 mg, 74% yield). 'H NMR (500 MHz, CDCl5)

0 9.77 (s, 1H), 8.77 — 8.74 (m, 2H), 8.11 (dd, J = 8.5, 2.0 Hz, 1H), 7.52 — 7.45 (m,

2H), 7.41 (dd, J = 8.5, 4.0 Hz, 1H), 7.30 — 7.24 (m, 4H), 7.18 — 7.15 (m, 1H), 6.39 (s,

1H), 5.96 — 5.88 (m, 1H), 5.20 — 5.12 (m, 2H), 3.00 (dd, J = 7.0, 1.0 Hz, 2H), 2.81 —

2.78 (m, 2H), 2.71- 2.68 (m, 2H); 3C NMR (125 MHz, CDCls) é 169.81, 147.00,

138.36, 137.21, 136.74, 135.26, 135.12, 133.39, 127.47, 127.23, 126.83, 126.57,

126.33, 125.29, 120.51, 120.34, 115.84, 115.31, 40.79, 35.43, 25.85; HRMS (ESI):

m/z for Co3H,3N,O [M+H]™: 343.1805, found: 343.1809; FTIR (KBr, cm™): 3564.60,
3473.24,3416.72, 1684.11, 1633.64, 1616.82, 1525.01, 1482.24.

0~__AQ (E)-4-(4-fluorobenzylidene)-N-(quinolin-8-yl)hept-6-

F enamide (3ba)

= X Following the general procedure, 3ba was obtained as a
yellow oil (33.4 mg, 93% yield). '"H NMR (500 MHz, CDCl) & 9.76 (s, 1H), 8.77 —
8.74 (m, 2H), 8.13 (dd, J = 8.0, 1.5 Hz, 1H), 7.53 — 7.47 (m, 2H), 7.43 (dd, J = 8.0,
4.0 Hz, 1H), 7.20 (q, J = 5.5 Hz, 2H), 6.96 (t, J = 9.0 Hz, 2H), 6.33 (s, 1H), 5.95 —
5.87 (m, 1H), 5.20 — 5.13 (m, 2H), 2.99 (d, J = 8.0 Hz, 2H), 2.77 — 2.73 (m, 2H), 2.70
—2.66 (m, 2H); 13C NMR (125 MHz, CDCls) & 169.70, 160.30 (d, Jcr = 243.8 Hz),
147.03, 138.43, 137.17, 135.31, 134.99, 133.32, 132.74, 132.71, 129.03 (d, Jcr = 7.8
Hz), 126.84, 126.33, 125.48, 120.48 (d, Jcr = 18.5 Hz), 115.95, 115.32, 114.06 (d, Jc.
r = 21.1 Hz), 40.61, 35.33, 25.77; YF NMR (470 MHz, CDCl;) 6 —116.00; HRMS
(ESI): m/z for C»3H,oN,OF [M+H]": 361.1711, found: 361.1722; FTIR (KBr, cm™"):
3473.06, 3416.17,2957.01, 2926.17, 1681.31, 1611.21, 1525.21, 823.36, 789.72.

O.__AQ (E)-4-(4-methoxybenzylidene)-N-(quinolin-8-yl)hept-6-
MeO enamide (3ca)
= X Following the general procedure, 3ca was obtained as a
yellow oil (28.0 mg, 76% yield). '"H NMR (500 MHz, CDCl;) & 9.79 (s, 1H), 8.79 —

8.75 (m, 2H), 8.15 (dd, J = 8.5, 1.5 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.44 (dd, J = 8.5,
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4.5 Hz, 1H), 7.20 (d, J = 9.0 Hz, 2H), 6.84 — 6.82 (m, 2H), 6.33 (s, 1H), 5.96 — 5.88
(m, 1H), 5.20 — 5.12 (m, 2H), 3.76 (s, 3H), 2.98 (d, J = 8.0 Hz, 2H), 2.81 — 2.78 (m,
2H), 2.72 — 2.69 (m, 2H); 3C NMR (125 MHz, CDCl;) & 169.97, 156.99, 147.04,
137.24, 136.95, 135.33, 135.29, 133.42, 129.29, 128.62, 126.86, 126.37, 126.04,
120.54, 120.36, 115.70, 115.34, 112.67, 54.15, 40.96, 35.45, 25.86; HRMS (ESI):
m/z for C4H,5N,0, [M+H]": 373.1911, found: 373.1918; FTIR (KBr, cm!): 3478.50,
3416.68, 1658.88, 1636.45, 1616.82, 624.30.

0O~__AQ (E)-4-(4-bromobenzylidene)-N-(quinolin-8-yl)hept-6-
Br enamide (3da)

Z Xx Following the general procedure, 3da was obtained as a
white solid (27.0 mg, 64% yield), m.p. = 74.6 °C. '"H NMR (500 MHz, CDCl;)  9.76
(s, 1H), 8.79 (dd, J=4.0, 1.5 Hz, 1H), 8.74 (dd, J= 7.0, 1.5 Hz, 1H), 8.16 (dd, /= 8.0,
1.5 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.46 (dd, J = 8.0, 4.0 Hz, 1H), 7.41 — 7.36 (m, 2H),
7.11 (d, J = 8.0 Hz, 2H), 6.30 (s, 1H), 5.95 — 5.88 (m, 1H), 5.25 — 5.07 (m, 2H), 3.04
—2.95 (m, 2H), 2.79 — 2.72 (m, 2H), 2.72 — 2.64 (m, 2H); 3C NMR (125 MHz,
CDCly) & 169.63, 147.06, 139.32, 137.13, 135.65, 135.40, 134.83, 133.29, 130.31,
129.17, 126.88, 126.39, 125.42, 120.59, 120.45, 119.15, 116.10, 115.41, 40.67, 35.30,
25.87, HRMS (ESI): m/z for C,3;H,,N,OBr [M+H]": 421.091, found: 421.0917,
FTIR (KBr, cm): 3592.19, 3418.18, 1653.27, 1633.64, 1418.23, 1394.35, 655.47.

0~__AQ (E)-4-(4-methylbenzylidene)-N-(quinolin-8-yl)hept-6-
enamide (3ea)

=z X Following the general procedure, 3ea was obtained as a yellow
oil (25.7 mg, 70% yield). 'TH NMR (500 MHz, CDCl;) 6 9.77 (s, 1H), 8.78 (dd, J =
4.0, 1.5 Hz, 1H), 8.76 (dd, J = 7.5, 1.5 Hz, 1H), 8.15 (dd, /= 8.0, 1.5 Hz, 1H), 7.54 —
7.47 (m, 2H), 7.44 (dd, J = 8.0, 4.0 Hz, 1H), 7.16 (d, J= 8.0 Hz, 2H), 7.10 (d, /= 8.0
Hz, 2H), 6.36 (s, 1H), 5.96 — 5.88 (m, 1H), 5.20 — 5.12 (m, 2H), 2.99 (dd, /= 7.0, 1.0
Hz, 2H), 2.81 —2.78 (m, 2H), 2.71 — 2.68 (m, 2H), 2.29 (s, 3H); 3C NMR (125 MHz,
CDCly) 6 169.94, 147.01, 137.71, 137.26, 135.30, 135.27, 134.91, 133.84, 133.44,
127.95, 127.38, 126.87, 126.47, 126.38, 120.52, 120.34, 115.74, 115.36, 40.92, 35.48,
25.88, 20.09; HRMS (ESI): m/z for Co4H,sN,O [M+H]*: 357.1961, found: 357.1969;
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FTIR (KBr, cm™): 3548.60, 3473.32, 3416.69, 1639.25, 1619.63, 1400.93.

O~ _AQ (E)-4-(4-chlorobenzylidene)-N-(quinolin-8-yl)hept-6-

Cl enamide (3fa)

= X Following the general procedure, 3fa was obtained as a white
solid (23.4 mg, 62% yield), m.p. = 107.0 °C. "TH NMR (500 MHz, CDCls) 8 9.75 (s,
1H), 8.78 (dd, J=5.5, 1.0 Hz, 1H), 8.74 (dd, J = 7.5, 1.5 Hz, 1H), 8.15 (dd, J = 8.0,
1.5 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.45 (dd, J = 8.0, 4.0 Hz, 1H), 7.24 — 7.22 (m, 2H),
7.17 (d, J = 8.5 Hz, 2H), 6.33 (s, 1H), 5.95 — 5.87 (m, 1H), 5.21 — 5.13 (m, 2H), 3.01
—2.99 (m, 2H), 2.77 — 2.74 (m, 2H), 2.71 — 2.67 (m, 2H); 3C NMR (125 MHz,
CDCly) 6 169.63, 147.09, 139.23, 137.21, 135.33, 135.20, 134.88, 133.34, 131.01,
128.82, 127.37, 126.88, 126.36, 125.42, 120.59, 120.44, 116.07, 115.35, 40.68, 35.33,
25.87, HRMS (ESI): m/z for C,3H»,pN,OCl [M+H]*: 377.1415, found: 377.1422;
FTIR (KBr, cm!): 3416.41, 2959.81, 2923.36, 2853.27, 1633.64, 1614.02, 615.89.

O~ _AQ (E)-N-(quinolin-8-yl)-4-(4-

FsC (trifluoromethyl)benzylidene)hept-6-enamide (3ga)

F X« Following the general procedure, 3ga was obtained as a
colorless oil (29.2 mg, 71% yield). '"H NMR (500 MHz, CDCls) 8 9.76 (s, 1H), 8.77
(dd, J=4.0, 2.0 Hz, 1H), 8.74 (dd, /= 7.0, 1.5 Hz, 1H), 8.15 (dd, /= 8.0, 1.5 Hz, 1H),
7.54 —7.49 (m, 4H), 7.45 (dd, J = 8.0, 4.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 6.40 (s,
1H), 5.96 — 5.88 (m, 1H), 5.23 — 5.16 (m, 2H), 3.04 — 3.02 (m, 2H), 2.80 — 2.76 (m,
2H), 2.72 — 2.69 (m, 2H); 13C NMR (125 MHz, CDCl3) 6 169.49, 147.08, 140.65,
140.43 (d, Jcr = 1.1 Hz), 137.20, 135.35, 134.64, 133.29, 127.77, 127.26 (q, Jcr =
32.3 Hz), 126.89, 126.36, 125.37, 124.15 (q, Jcr = 3.6 Hz),123.203 (q, Jc.r = 270.3
Hz), 120.55 (d, Jc.r = 13.6 Hz), 116.29, 115.38, 40.59, 35.27, 25.94; 1F NMR (470
MHz, CDCl;3) 6 -62.38; HRMS (ESI): m/z for Cy4H,,N,OF; [M+H]*: 327.1382,
found: 327.1387; FTIR (KBr, cm™): 3417.58, 1639.25, 1619.63, 1325.23, 624.30.

O~ _AQ (E)-4-(2-fluorobenzylidene)-N-(quinolin-8-yl)hept-6-enamide
F (3ha)

= X« Following the general procedure, 3ha was obtained as a yellow
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oil (22.8 mg, 63% yield). 'TH NMR (500 MHz, CDCl;) 6 9.77 (s, 1H), 8.78 (dd, J =
4.0, 1.5 Hz, 1H), 8.76 — 8.70 (d, J= 8.5 Hz, 1H), 8.15 (dd, J = 8.5, 1.5 Hz, 1H), 7.53 —
7.47 (m, 2H), 7.44 (dd, J = 8.0, 4.0 Hz, 1H), 7.28 — 7.25 (m, 1H), 7.16 (q, J = 5.5 Hz,
1H), 7.06 — 6.99 (m, 2H), 6.33 (s, 1H), 5.98 — 5.90 (m, 1H), 5.23 — 5.15 (m, 2H), 3.04
(d, J = 6.5 Hz, 2H), 2.69 (s, 4H); 13C NMR (125 MHz, CDCl;) 6 169.82, 158.99 (d,
Jer = 244.1 Hz), 147.03, 140.81, 137.26, 135.30, 134.86, 133.41, 129.48 (d, Jcr =
3.4 Hz), 127.22 (d, Jor = 8.1 Hz), 126.87, 126.37, 124.38 (d, Jcr =15.0 Hz), 122.76
(d, Jor = 3.5 Hz), 120.53, 120.36, 119.22, 116.06, 115.35, 114.36 (d, Jcr = 22.3 Hz),
40.23, 35.23, 26.25; F NMR (470 MHz, CDCl;) & -114.84; HRMS (ESI): m/z for
Cy3HpN,OF [M+H]™: 361.1711, found: 361.1719; FTIR (KBr, cm''): 3416.39,
3237.38, 2959.81, 2923.36, 2856.07, 2357.01, 1633.64, 1614.02, 1527.10, 1400.93,

615.89.
. O~__AQ (E)-4-(3-fluorobenzylidene)-N-(quinolin-8-yl)hept-6-enamide
(3ia)
Z X Following the general procedure, 3ia was obtained as a yellow oil

(23.0 mg, 64% yield). "TH NMR (500 MHz, CDCl3) 6 9.77 (s, 1H), 8.78 (dd, J = 4.5,
2.0 Hz, 1H), 8.74 (dd, J= 7.5, 1.5 Hz, 1H), 8.15 (dd, J= 8.5, 1.5 Hz, 1H), 7.54 — 7.48
(m, 2H), 7.45 (dd, J = 8.5, 4.5 Hz, 1H), 7.25 — 7.21 (m, 1H), 7.03 (d, J = 7.5 Hz, 1H),
6.95 (d, J=10.5 Hz, 1H), 6.86 (td, J = 8.5, 2.0 Hz, 1H), 6.34 (s, 1H), 5.95 — 5.87 (m,
1H), 5.21 — 5.14 (m, 2H), 3.00 — 3.00 (dd, J = 6.5, 0.5 Hz, 2H), 2.80 — 2.77 (m, 2H),
2.71 — 2.68 (m, 2H); 13C NMR (125 MHz, CDCl3) 8 169.61, 161.71 (d, Jc.r = 243.9
Hz), 147.06, 139.03 (d, Jcr = 7.6 Hz), 137.24, 135.31, 134.82, 133.36, 128.64 (d, Jc.r
= 8.5 Hz), 126.88, 126.37, 125.53, 123.22, 120.48 (d, Jcr = 17.6 Hz), 116.11, 115.37,
114.33 (d, J = 21.1Hz), 112.18 (d, Jcr = 20.9 Hz), 40.64, 35.31, 25.84; ’F NMR
(470 MHz, CDCl5) 6 -113.50; HRMS (ESI): m/z for C,3H,,N,OF [M+H]*: 361.1711,
found: 361.1718; FTIR (KBr, cm™): 3473.03, 3444.56, 3417.72, 2954.21, 2926.17,
2853.27,2359.81, 2331.78, 1653.27, 1633.64, 1538.32, 1403.74.
oMo O~ _AQ (E)-4-(3-methoxybenzylidene)-N-(quinolin-8-yl)hept-6-
enamide (3ja)
= X« Following the general procedure, 3ja was obtained as a yellow oil
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(25.0 mg, 67% yield). '"H NMR (500 MHz, CDCl;) 6 9.77 (s, 1H), 8.77 (dd, J = 4.5,
2.0 Hz, 1H), 8.75 (dd, /= 7.0, 1.0 Hz, 1H), 8.14 (dd, J = 8.0, 1.5 Hz, 1H), 7.53 — 7.47
(m, 2H), 7.44 (dd, J = 8.5, 4.5 Hz, 1H), 7.20 (t, J = 8.0 Hz, 1H), 6.86 (d, J = 7.5 Hz,
1H), 6.79 (s, 1H), 6.73 (dd, J = 8.0, 2.0 Hz, 1H), 6.37 (s, 1H), 5.96 — 5.88 (m, 1H),
5.20 — 5.13 (m, 2H), 3.76 (s, 3H), 3.00 (dd, J= 7.0, 1.5 Hz, 2H), 2.82 — 2.78 (m, 2H),
2.72 — 2.68 (m, 2H). BC NMR (125 MHz, CDCls) 6 169.82, 158.49, 147.04, 138.67,
138.22, 137.29, 135.29, 135.12, 133.45, 128.21, 126.89, 126.55, 126.38, 120.53,
120.36, 119.98, 115.87, 115.39, 112.82, 111.23, 54.13, 40.80, 35.53, 26.00; HRMS
(ESI): m/z for C,4H,5N,O, [M+H]*: 373.1911, found: 373.1918; FTIR (KBr, cm™'):
3441.75, 2957.01, 2926.17, 2351.40, 1650.47, 1633.64, 1535.51, 1398.13, 465.24,

431.38.
0O-__AQ (E)-4-(2-methylbenzylidene)-N-(quinolin-8-yl)hept-6-enamide
(Bka)
= X Following the general procedure, 3ka was obtained as a yellow

oil (28.9 mg, 81% yield). 'TH NMR (500 MHz, CDCl;) 6 9.70 (s, 1H), 8.76 (dd, J =
4.0, 1.5 Hz, 1H), 8.72 (d, J= 7.0 Hz, 1H), 8.14 (dd, J = 8.0, 1.0 Hz, 1H), 7.52 — 7.46
(m, 2H), 7.43 (dd, J= 8.0, 4.0 Hz, 1H), 7.16 (d, J= 6.5 Hz, 1H), 7.12 — 7.08 (m, 3H),
6.35 (s, 1H), 5.99 — 5.90 (m, 1H), 5.21 — 5.13 (m, 2H), 3.03 (d, J = 6.5 Hz, 2H), 2.62
(s, 4H), 2.19 (s, 3H); 3C NMR (125 MHz, CDCl5) 4 169.91, 147.00, 138.00, 137.24,
136.11, 135.33, 135.27, 135.21, 133.42, 128.67, 127.84, 126.85, 126.36, 125.99,
125.65, 124.51, 120.50, 120.30, 115.69, 115.32, 39.99, 35.56, 25.82, 18.90; HRMS
(ESI): m/z for C,4H,sN,O [M+H]": 357.1961, found: 357.1969; FTIR (KBr, cm™'):
3472.65, 3417.43, 2957.01, 2926.17, 2853.274, 2354.21, 2331.78, 1653.27, 1636.45,
1614.82, 1538.32, 1504.67, 1504.67, 1403.74.

0.__AQ (E)-4-(furan-3-ylmethylene)-N-(quinolin-8-yl)hept-6-

enamide(3la)

P —

OA X Following the general procedure, 3la was obtained as a yellow

solid (22.1 mg, 66% yield), m.p. = 51.3 °C. '"H NMR (500 MHz, CDCl;) & 9.91 (s,
1H), 8.81 — 8.79 (m, 2H), 8.16 (dd, J = 8.0, 1.5 Hz, 1H), 7.56 — 7.49 (m, 2H), 7.46 —
7.44 (m, 2H), 6.39 (dd, J = 3.0, 1.5 Hz, 1H), 6.31 (d, J = 3.5 Hz, 1H), 6.14 (s, 1H),
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591 — 5.83 (m, 1H), 5.17 — 5.11 (m, 2H), 2.98 — 2.33 (m, 4H), 2.77 — 2.74 (m, 2H);
13C NMR (125 MHz, CDCly) & 170.32, 151.91, 147.03, 140.52, 137.55, 137.32,
135.35, 134.70, 133.54, 126.92, 126.42, 120.55, 120.38, 116.14, 115.44, 114.65,
110.09, 107.49, 41.70, 36.01, 27.60; HRMS (ESI): m/z for CyH,N,O, [M+H]*:
333.1598, found: 333.1606; FTIR (KBr, cm™): 3473.06, 3416.71, 1633.64, 1614.02,
1538.32, 1389.72, 618.69.

O~ _AQ (E)-N-(quinolin-8-yl)-4-(thiophen-2-ylmethylene)hept-6-
enamide (3ma)

/S \ = X Following the general procedure, 3ma was obtained as a yellow
solid (22.9 mg, 66% yield), m.p. = 74.4 °C. TH NMR (500 MHz, CDCl3) 6 9.90 (s,
1H), 8.81 —8.78 (m, 2H), 8.16 (dd, J = 8.5, 1.5 Hz, 1H), 7.56 — 7.49 (m, 2H), 7.45 (dd,
J=28.0,4.0 Hz, 1H), 7.23 — 7.21 (m, 1H), 7.00 (d, J = 3.5 Hz, 2H), 6.49 (s, 1H), 5.93
—5.84 (m, 1H), 5.19 — 5.12 (m, 2H), 3.00 (dd, J = 7.0, 1.0 Hz, 2H), 2.95 — 2.92 (m,
2H), 2.78 — 2.75 (m, 2H); 13C NMR (125 MHz, CDCl;) 6 169.83, 147.06, 139.23,
137.47, 137.31, 135.31, 134.77, 133.48, 126.90, 126.40, 125.90, 125.73, 123.44,
120.56, 120.40, 119.37, 116.14, 115.41, 41.66, 35.03, 26.95; HRMS (ESI): m/z for
C,Hy;N,OS [M+H]": 349.1369, found: 349.1374; FTIR (KBr, cm''): 3472.84,

3417.08, 1650.47, 1636.45, 1616.82.

(E)-4-((1-methyl-1H-pyrrol-2-yl)methylene)-N-(quinolin-8-

O~_AQ
yDhept-6-enamide (3na-1)
/ \ \ _ N Following the general procedure, 3na-1 was obtained as a brown
Me solid (6.7 mg, 20% yield), m.p. = 87.0 °C. 'TH NMR (500 MHz,

CDCl5) 6 9.83 (s, 1H), 8.80 — 8.78 (m, 2H), 8.15 (dd, J = 8.0, 1.5 Hz, 1H), 7.55 — 7.48
(m, 2H), 7.45 (dd, J = 8.0, 4.0 Hz, 1H), 6.58 — 6.57 (m, 1H), 6.32 (d, J = 3.5 Hz, 1H),
6.14 — 6.13 (m, 2H), 5.93 — 5.85 (m, 1H), 5.18 — 5.11 (m, 2H), 3.56 (s, 3H), 3.00 (dd,
J=17.0, 1.0 Hz, 2H), 2.88 — 2.85 (m, 2H), 2.76 — 2.72 (m, 2H); *C NMR (125 MHz,
CDCl3) & 170.10, 147.06, 137.31, 136.75, 135.29, 135.23, 133.50, 128.73, 126.89,
126.40, 120.96, 120.53, 120.34, 115.77, 115.39, 114.98, 107.29, 106.61, 41.46, 35.02,
33.06, 26.65; HRMS (ESI): m/z for C2,H,sN;O [M+H]": 346.1914, found: 346.1923;
FTIR (KBr, cm™): 3564.63, 3473.04, 3454.93, 3417.45, 2917.76, 1653.27, 1633.64,
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1616.82.

(2)-4-((1-methyl-1H-pyrrol-2-I)methylene)-N-(quinolin-8-

A
° Q yDhept-6-enamide (3na-2)

Following the general procedure, 3na-2 was obtained as a brown
Z X solid (13.5 mg, 40% yield), m.p. = 100.5 °C. '"H NMR (500
N™ MHz, CDCls) 6 9.85 (s, 1H), 8.79 (dd, J=7.5, 1.5 Hz, 1H), 8.77
(dd, J=4.0, 1.5 Hz, 1H), 8.16 (dd, J = 8.0, 1.5 Hz, 1H), 7.55 —
7.49 (m, 2H), 7.45 (dd, J = 8.5, 4.5 Hz, 1H), 6.55 — 6.54 (m, 1H), 6.26 (s, 1H), 6.18 —
6.17 (m, 1H), 6.09 — 6.08 (m, 1H), 5.96 — 5.88 (m, 1H), 5.20 — 5.12 (m, 2H), 3.45 (s,
3H), 3.17 (d, J = 4.0 Hz, 2H), 2.80 — 2.76 (m, 2H), 2.73 — 2.70 (m, 2H); 13C NMR
(125 MHz, CDCls) 6 170.02, 147.09, 137.29, 136.09, 135.33, 134.47, 133.45, 128.80,
126.90, 126.38, 120.94, 120.57, 120.40, 115.41, 115.25, 115.16, 107.39, 106.21,
35.95, 35.23, 32.94, 32.31; HRMS (ESI): m/z for C;,H4N;O [M+H]": 346.1914,
found: 346.1923; FTIR (KBr, cm™): 3478.50, 3417.29, 2959.81, 2926.17, 2856.07,
1650.47, 1636.45, 1616.82, 1535.51.

(E)-4-(naphthalen-1-ylmethylene)-N-(quinolin-8-yl)hept-

Ox-AQ  6-enamide (30a)
O Following the general procedure, 3oa was obtained as a
O = X yellow oil (21.0 mg, 54% yield). 'TH NMR (500 MHz, CDCl;)

0 9.61 (s, 1H), 8.70 (dd, J=4.0, 1.5 Hz, 1H), 8.66 (dd, J = 7.0,
1.0 Hz, 1H), 8.11 (dd, /= 8.0, 1.5 Hz, 1H), 7.93 — 7.91 (m, 1H), 7.76 (dd, J= 6.0, 2.5
Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.49 — 7.32 (m, 7H), 6.77 (s, 1H), 6.09 — 6.01 (m,
1H), 5.29 — 5.19 (m, 2H), 3.14 (d, J = 7.0 Hz, 2H), 2.67 — 2.64 (m, 2H), 2.61 — 2.58
(m, 2H); 3C NMR (125 MHz, CDCl3) & 169.81, 146.92, 139.91, 137.15, 135.21,
134.18, 133.33, 132.45, 130.99, 127.17, 126.79, 126.32, 126.03, 125.24, 124.79,
124.65, 124.60, 124.36, 123.95, 120.45, 120.25, 115.97, 115.26, 40.03, 35.69, 26.22;
HRMS (ESI): m/z for C,;H»5N,O [M+H]*: 393.1961, found: 393.1969; FTIR (KBr,
cm!): 3416.98, 3240.19, 2923.36, 2850.47, 2354.21, 1644.86, 1636.45, 1616.82,
1400.93.

0. AQ (E)-4-allyl-N-(quinolin-8-yl)hept-4-enamide (3pa)

Following the general procedure, 3pa was obtained as a yellow oil
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(23.5 mg, 80% yield). "H NMR (500 MHz, CDCls) & 9.80 (s, 1H), 8.80 — 8.77 (m,
2H), 8.14 (dd, J = 8.0, 1.5 Hz, 1H), 7.54 — 7.47 (m, 2H), 7.44 (dd, J = 8.0, 4.0 Hz, 1H),
5.87-5.79 (m, 1H), 5.26 (t, J= 7.0 Hz, 1H), 5.11 — 5.04 (m, 2H), 2.81 (d, J = 8.0 Hz,
2H), 2.63 — 2.60 (m, 2H), 2.57 — 2.53 (m, 2H), 2.12 — 2.06 (m, 2H), 0.95 (t, J = 8.0 Hz,
3H); 3C NMR (125 MHz, CDCl) § 170.24, 147.05, 137.28, 135.98, 135.30, 133.99,
133.50, 128.69, 126.88, 126.39, 120.53, 120.31, 115.35, 115.02, 76.28, 76.02, 75.77,
40.42, 35.89, 25.05, 20.13, 13.47; HRMS (ESI): m/z for CioH;sN,O [M+H]*:
295.1805, found: 295.1813; FTIR (KBr, cm'): 3626.83, 3616.94, 3411.23, 2954.21,
2928.97, 2357.03, 1651.66, 1634.59, 1615.62 .

Ox_AQ (E)-4-ethylidene-N-(quinolin-8-yl)hept-6-enamide (3qa)

Following the general procedure, 3qa was obtained as a colorless oil
Me. A X (23.7 mg, 85% yield). 'TH NMR (500 MHz, CDCl;) 6 9.80 (s, 1H),
8.81 — 8.77 (m, 2H), 8.15 (dd, J = 8.0, 1.5 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.45 (dd, J =
8.0, 4.0 Hz, 1H), 5.86 — 5.78 (m, 1H), 5.35 (q, J = 6.5 Hz, 1H), 5.11 — 5.04 (m, 2H),
2.82 (d,J=7.0 Hz, 2H), 2.64 — 2.61 (m, 2H), 2.58 — 2.55 (m, 2H), 1.66 (d, J= 6.5 Hz,
3H); 3C NMR (125 MHz, CDCl3) 6 170.33, 147.06, 137.30, 135.92, 135.49, 135.33,
133.50, 126.90, 126.42, 120.71, 120.54, 120.34, 115.40, 115.03, 40.50, 35.51, 24.78,
12.37; HRMS (ESI): m/z for CigH,;N,O [M+H]": 281.1648, found: 281.1652; FTIR
(KBr, cm™): 3646.02 , 3626.52, 3454.21, 1660.29, 1651.50, 1644.61, 1634.03 .

O~ _AQ (E)-4-ethylidene-N-(quinolin-8-yl)dec-6-enamide (3ra)

Following the general procedure, 3ra was obtained as
Me = X colorless oil (26.1 mg, 78% yield). "TH NMR (500 MHz,
CDCl;) 6 9.80 (s, 1H), 8.80 — 8.77 (m, 2H), 8.15 (d, J = 8.0 Hz, 1H), 7.55 — 7.48 (m,
2H), 7.45 (dd, J = 8.5, 5.0 Hz, 1H), 5.87 — 5.79 (m, 1H), 5.26 (t, /= 7.0 Hz, 1H), 5.07
(dd, J=19.5, 14.0 Hz, 2H), 2.82 (d, J = 6.5 Hz, 2H), 2.63 — 2.54 (m, 4H), 2.06 (q, J =
7.0 Hz, 2H), 1.35 — 1.29(m, 6H), 0.85 (t, J = 6.5 Hz, 3H); 13C NMR (125 MHz,
CDCl;) 6 170.27, 147.03, 137.29, 136.02, 135.29, 134.37, 133.51, 127.19, 126.88,
126.40, 120.52, 120.29, 115.34, 114.98, 40.45, 35.90, 30.54, 28.59, 26.86, 25.17,
21.55, 13.03; HRMS (ESI): m/z for C,,Hy9N,O [M+H]*: 337.2274, found: 337.2284;
FTIR (KBr, cm): 3550.41, 3473.27, 3416.55, 1634.76, 1615.66.
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(E)-4-(cyclohexylmethylene)-N-(quinolin-8-yl)hept-6-
enamide(3sa)

Following the general procedure, 3sa was obtained as a white oil

=
N (25.9 mg, 74% yield). '"H NMR (500 MHz, CDCl3) § 9.81 (s, 1H),

8.81 —8.77 (m, 2H), 8.16 (dd, J = 8.5, 1.5 Hz, 1H), 7.55 — 7.49 (m, 2H), 7.46 (dd, J =
8.0, 4.0 Hz, 1H), 5.86 — 5.77 (m, 1H), 5.11 — 5.03 (m, 3H), 2.79 (d, J = 8.0 Hz, 2H),
2.64 — 2.60 (m, 2H), 2.56 (dd, J=10.5, 7.0 Hz, 2H), 2.30 — 2.23 (m, 1H), 1.67 — 1.56
(m, 6H), 1.25 — 1.21 (m, 2H), 1.16 — 1.11 (m, 1H), 1.06 — 0.98 (m, 2H); 13C NMR
(125 MHz, CDCls) 6 170.35, 147.07, 137.28, 136.11, 135.34, 133.47, 133.30, 132.54,
126.90, 126.41, 120.54, 120.33, 115.38, 114.92, 40.28, 36.33, 35.88, 32.55, 25.37,
25.01, 24.88; HRMS (ESI): m/z for C,3H30N,O [M+H]*: 349.2274, found: 349.2283;
FTIR (KBr, cm!): 3564.71, 3454.24, 3417.43, 2923.36, 2853.27, 2359.81, 2340.19,
1636.45, 1630.84, 1524.30.

O-__AQ (FE)-4-allyl-6,6-dimethyl-N-(quinolin-8-yl)hept-4-enamide (3ta)

Me Following the general procedure, 3ta was obtained as a yellow oil
Me

Mo PN (25.6 mg, 80% yield). 'TH NMR (500 MHz, CDCly) § 9.82 (s, 1H),
8.81 — 8.77 (m, 2H), 8.15 (dd, J = 8.0, 1.5 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.45 (dd, J =
8.5,4.5 Hz, 1H), 5.86 — 5.77 (m, 1H), 5.30 (s, 1H), 5.11 — 5.04 (m, 2H), 2.77 (dd, J =
7.0, 1.0 Hz, 2H), 2.71 — 2.63 (m, 4H), 1.16 (s, 9H); 3C NMR (125 MHz, CDCl;) &
170.22, 147.08, 137.33, 137.28, 136.37, 135.33, 133.74, 133.50, 126.92, 126.41,
120.54, 120.36, 115.44, 114.87, 41.54, 36.08, 31.50, 30.48, 25.43; HRMS (ESI): m/z
for CoHyN,O [M+H]*: 323.2118, found: 323.2125; FTIR (KBr, cm’): 3564.95,
3507.74, 3473.06, 3453.67, 3417.70, 2959.81, 2354.21, 2331.78, 1653.27, 1639.25,
1525.09, 1487.85, 1392.52, 795.33.

O.__AQ 2-(2-allylcyclopent-2-en-1-yl)-N-(quinolin-8-yl)acetamide (3ua)
Following the general procedure, 3ua was obtained as a white solid
X (20.1 mg, 69% yield), m.p. = 44.8 °C. '"H NMR (500 MHz, CDCl3) 6
9.84 (s, 1H), 8.81 — 8.79 (m, 2H), 8.16 (dd, J = 8.5, 2.0 Hz, 1H), 7.55 — 7.49 (m, 2H),
7.45 (dd, J = 8.5, 4.5 Hz, 1H), 5.93 — 5.85 (m, 1H), 5.48 (d, /= 1.5 Hz, 1H), 5.12 —
5.04 (m, 2H), 3.21 (s, 1H), 2.94 — 2.79 (m, 3H), 2.40 — 2.33 (m, 2H), 2.31 — 2.23 (m,
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2H), 1.77 — 1.70 (m, 1H); 3C NMR (125 MHz, CDCl;) § 170.08, 147.08, 143.37,
137.29, 135.31, 134.96, 133.49, 126.89, 126.40, 125.05, 120.54, 120.34, 115.38,
114.92, 43.02, 41.26, 32.82, 29.65, 29.43; HRMS (ESI): m/z for C1oH,N,O [M+H]":
293.1648, found: 293.1656; FTIR (KBr, cm''): 3472.98, 3415.96, 1633.64, 1619.63,
1403.74, 624.30.

O-~__AQ 2-(2-allylcyclohex-2-en-1-yl)-N-(qunolin-8-yl)acetamide (3va)

Following the general procedure, 3va was obtained as a white solid

X (22.4 mg, 73% yield), m.p. = 85.9 °C. "TH NMR (500 MHz, CDCl;) &

9.83 (s, 1H), 8.81 — 8.79 (m, 2H), 8.15 (dd, J = 8.0, 1.5 Hz, 1H), 7.55 — 7.48 (m, 2H),

7.45 (dd, J = 8.0, 4.0 Hz, 1H), 5.89 — 5.81 (m, 1H), 5.56 — 5.54 (m, 1H), 5.13 — 5.06

(m, 2H), 2.86 — 2.77 (m, 4H), 2.43 (dd, J = 14.0, 10.0 Hz, 1H), 2.05 — 2.02 (m, 2H),

1.81 — 1.74 (m, 1H), 1.72 — 1.64 (m, 2H), 1.62 — 1.55 (m, 1H); 3C NMR (125 MHz,

CDCly) 6 170.11, 147.07, 137.28, 136.77, 135.84, 135.29, 133.50, 126.88, 126.40,

123.50, 120.54, 120.34, 115.35, 115.02, 40.66, 38.90, 33.29, 26.88, 24.43, 17.88;

HRMS (ESI): m/z for C,0H,3N,O [M+H]": 307.1805, found: 307.1813; FTIR (KBr,
cm!): 3550.31, 3473.05, 3416.10, 2926.17, 1634.69, 1615.50, 618.69.

O _AQ 4-methylene -N-(quinolin-8-yl)-hept-6-enamide (3wa)

Following the general procedure (at 100 °C), 3wa was obtained as a

X colorless oil (4.5 mg, 17% yield). 'H NMR (500 MHz, CDCl;) 3 9.84 (s,

1H), 8.81 (dd, J=4.0, 1.5 Hz, 1H), 8.78 (dd, J= 7.5, 1.5 Hz, 1H), 8.17 (dd, J = 8.0,

1.5 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.46 (dd, J = 8.5, 4.5 Hz, 1H), 5.90 — 5.82 (m, 1H),

5.13 = 5.07 (m, 2H), 4.90 (s, 1H), 4.86 (s, 1H), 2.86 (d, J = 7.0 Hz, 2H), 2.75 — 2.72

(m, 2H), 2.57 — 2.54 (m, 2H); 3C NMR (125 MHz, CDCl3) & 170.08, 147.08, 145.55,

137.32, 135.35, 135.04, 133.47, 126.92, 126.42, 120.56, 120.38, 115.51, 115.44,

109.71, 40.04, 35.28, 30.32; HRMS (ESI): m/z for C;;H;yN,O [M+H]": 267.1492,

found: 267.1495; FTIR (KBr, cm™): 3562.62, 3416.44, 2926.17, 2853.27, 2359.81,
2328.97,1636.45, 1616.82, 1266.36, 744.86, 621.50.

(E)-4-((Z)-3-phenylallyl)-N-(quinolin-8-yl)hept-4-enamide
(3pb-7)

Following the general procedure, 3pb-Z was obtained as a
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white oil (16.7 mg, 45% yield). 'H NMR (500 MHz, CDCl3) 6 9.80 (s, 1H), 8.78 (m,
2H), 8.16 (dd, J= 8.5, 1.5 Hz, 1H), 7.55 — 7.49 (m, 2H), 7.45 (dd, /= 8.0, 4.0 Hz, 1H),
7.34(d,J="7.5Hz, 2H), 7.28 (d, J="7.5 Hz, 2H), 7.18 (t, /= 7.5 Hz, 1H), 6.43 (d, J =
15.5 Hz, 1H), 6.25 — 6.19 (m, 1H), 5.31 (t, J= 7.0 Hz, 1H), 2.97 (d, J =6.5 Hz, 2H),
2.67 — 2.58 (m, 4H), 2.14 — 2.09 (m, 2H), 0.96 (t, J = 7.5 Hz, 3H); 3C NMR (125
MHz, CDCl;) & 170.20, 147.07, 137.32, 136.61, 135.31, 134.27, 133.52, 130.25,
128.97, 127.81, 127.42, 126.91, 126.43, 125.93, 125.06, 120.53, 120.33, 115.39,
39.49, 36.02, 25.30, 20.20, 13.48; HRMS (ESI): m/z for CysH,;N,O [M+H]":
371.2118, found: 371.2120; FTIR (KBr, cm™'): 3444.86, 2968.22, 2920.56, 2858.88,
1681.31, 1651.70, 1541.12, 1504.67, 1400.93, 1260.75, 1022.43, 806.54.

o0 _AQ (E)-4-cinnamyl-N-(quinolin-8-yl)hept-4-enamide (3pb-E)

Following the general procedure, 3pb-E was obtained as a

|« _pn brownoil (11.2 mg, 30% yield). 'H NMR (500 MHz, CDCl;)

Me
6 9.75 (s, 1H), 8.80 (dd, J = 4.0, 1.5 Hz, 1H), 8.76 (dd, J =

7.5, 1.5 Hz, 1H), 8.16 (dd, J = 8.0, 1.5 Hz, 1H), 7.55 — 7.49 (m, 2H), 7.47 — 7.44 (dd,
J=18.0,4.0 Hz, 1H), 7.30 — 7.27 (m, 4H), 7.21 — 7.17 (m, 1H), 6.57 (d, J = 11.5 Hz,
1H), 5.78 — 5.72 (m, 1H), 5.33 (t, J = 7.0 Hz, 1H), 3.06 (d, J = 7.5 Hz, 2H), 2.60 —
2.53 (m, 4H), 2.15 — 2.09 (m, 2H), 0.95 (t, J = 7.5 Hz, 3H); 3C NMR (125 MHz,
CDCly) & 170.16, 147.04, 137.32, 136.35, 135.31, 134.34, 133.51, 129.32, 128.26,
127.57, 127.13, 126.91, 126.42, 125.62, 120.54, 120.32, 116.32, 115.41, 35.75, 34.51,
25.69, 20.15, 13.49; HRMS (ESI): m/z for CosHyN,O [M+H]*: 371.2118, found:
371.2117; FTIR (KBr, cm™): 3646.22, 3564.54, 3417.91, 2920.56, 1681.31, 1653.27,
1541.12, 1506.54, 1263.55, 1095.33, 1016.82, 795.33.

Os_AQ 4-((E)-benzylidene)-7-phenyl-N-(quinolin-8-yl)hept-6-
enamide (3ab)

Ph X Ph Following the general procedure, 3ab was obtained as a white

oil (34.3 mg, 82% yield, E/Z = 55:45). 'TH NMR (500 MHz, CDCl;) 8 9.79 (s, 0.55H),

9.72 (s, 0.45H), 8.78 — 8.73 (m, 2H), 8.16 — 8.13 (m, 1H), 7.54 — 7.48 (m, 2H), 7.46 —

7.42 (m, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.32 - 7.25 (m, 7H), 7.21 — 7.16 (m, 2H), 6.66

(d, J=11.5 Hz, 0.45H), 6.52 (d, J = 15.5 Hz, 0.55H), 6.47 (d, J = 9.0 Hz, 1H), 6.34 —
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6.29 (m, 0.55H), 5.88 — 5.83 (m, 0.45H), 3.25 (d, J = 7.5 Hz, 0.9H), 3.16 (d, J= 7.0
Hz, 1.1H), 2.86 — 2.80 (m, 2H), 2.75 — 2.72 (m, 1.1H), 2.65 — 2.61 (m, 0.9H); 13C
NMR (125 MHz, CDCls) & 169.83, 169.76, 147.05, 147.02, 138.81, 138.72, 137.32,
136.85, 136.79, 136.45, 136.21, 135.30, 133.46, 131.04, 130.10, 128.42, 127.59,
127.57, 127.53, 127.46, 127.28, 127.26, 127.23, 126.91, 126.90, 126.85, 126.40,
126.25, 126.10, 125.80, 125.37, 125.33, 125.13, 120.53, 120.36, 115.43, 39.94, 35.62,
35.39, 35.02, 30.91, 30.61, 30.49, 30.42, 29.20, 29.14, 28.68, 28.64, 28.49, 28.34,
28.14, 27.95, 26.46, 26.12, 21.67, 13.09; HRMS (ESI): m/z for CaoH;N,O [M+H]*:
419.2118, found: 419.2127; FTIR (KBr, cm™): 3417.56, 2962.62, 2917.76, 2850.47,
2357.01, 2320.56, 1681.31, 1650.47, 1630.84, 1518.69, 1400.93, 1260.75, 1103.74,
1025.23, 789.13.

(4E)-4-propylidene-N-(quinolin-8-yl)tridec-6-

O~_AQ
enamide (3pc)
Following the general procedure, 3pc was
Me = AN \/\/\Me

obtained as a brown oil (22.0 mg, 58% yield,
E/Z=63:37).'"H NMR (500 MHz, CDCl;)$ 9.80 (s, 1H), 8.80 — 8.78 (m, 2H), 8.16 (d,
J=28.0 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.46 — 7.43 (m, 1H), 5.51 — 5.46 (m, 1H), 7.44 —
7.37 (m, 1H), 5.24 (q, J = 6.5 Hz, 1H), 2.81 (d, J= 7.0 Hz, 1.25H), 2.75 (d, /= 6.5 Hz,
0.75H), 2.64 — 2.59 (m, 2H), 2.56 — 2.49 (m, 2H), 2.11 — 2.05 (m, 2.5H), 2.04 — 1.99
(m, 1.5H), 1.42 — 1.26 (m, 8H), 0.96 — 0.92 (m, 3H), 0.86 — 0.84 (m, 3H); 3C NMR
(125 MHz, CDCl;) 8 170.16, 147.04, 137.32, 136.35, 135.31, 134.34, 133.51, 129.32,
128.26, 127.57, 127.13, 126.91, 126.42, 125.62, 120.54, 120.32, 116.32, 115.41,
35.75, 34.51, 25.69, 20.15, 13.49; HRMS (ESI): m/z for C,sH;35sN,O [M+H]":
379.2744, found: 379.2754; FTIR (KBr, cm™'): 3473.08, 3444.69, 3417.28, 2959.81,
2928.97 2856.07, 2359.81, 2328.97, 1698.13, 1684.11, 1650.47, 1525.19, 1389.72,
1319.63, 826.17, 789.72.

4-((E)-benzylidene)-N-(quinolin-8-yl)tridec-6-

O~_AQ
VE\/ enamide (3ac)
Ph =~ NNy Following the general procedure, 3ac was obtained

as a white oil (21.2 mg, 46% yield, E/Z = 50:50). '"H NMR (500 MHz, CDCl;) § 9.78

(s, 1H), 8.78 (d, J = 4.0 Hz, 1H), 8.76 (d, J = 7.5 Hz, 1H), 8.15 (d, J = 8.0 Hz, 1H),
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7.54 — 7.48 (m, 2H), 7.45 (dd, J = 8.0, 3.5 Hz, 1H), 7.30 — 7.24 (m, 5H), 7.16 (t, J =
6.5 Hz, 1H), 6.39 (d, J = 6.5 Hz, 1H), 5.59 — 5.55 (m, 1H), 5.54 — 5.47 (m, 1H), 3.00
(d,J=6.5Hz, 1H), 2.94 (d, /= 6.5 Hz, 1H), 2.79 — 2.77 (m, 2H), 2.72 — 2.68 (m, 2H),
2.13 = 2.09 (m, 1H), 2.06 — 2.02 (m, 1H), 1.39 — 1.26 (m, 8H), 0.86 — 0.86 (m, 3H);
13C NMR (125 MHz, CDCl;) 6 169.90, 147.03, 139.38, 139.12, 137.31, 137.02,
136.99, 135.30, 133.49, 132.25, 131.29, 127.51, 127.23, 126.90, 126.40, 126.28,
126.05, 125.82, 125.54, 125.20, 125.19, 120.53, 120.34, 120.33, 115.38, 39.72, 35.68,
35.56, 34.12, 31.54, 30.53, 30.42, 28.31, 28.12, 26.27, 25.91, 21.55, 21.49, 13.03;
HRMS (ESI): m/z for C,0H3sN,O [M+H]": 427.2744, found: 427.2750; FTIR (KBr,
cm!): 3453.27, 3417.57, 2920.56, 2853.27, 2359.81, 2326.17, 1698.13, 1689.72,
1653.27, 1636.45, 1630.84, 1541.12, 1406.54.

0. _AQ (4E)-8-phenyl-4-propylidene-N-(quinolin-8-yl)oct-6-
enamide (3pd)
Following the general procedure, 3pd was obtained as a
= AN
Me Ph white oil (23.0 mg, 60% yield, E/Z = 55:45). 'H NMR

(500 MHz, CDCls) 6 9.80 (s, 1H), 8.78 — 8.77 (m, 2H), 8.16 — 8.14 (m, 1H), 7.55 —
7.48 (m, 2H), 7.45 — 7.42 (m, 1H), 7.27 — 7.22 (m, 2H), 7.19 — 7.13 (m, 3H), 5.71 —
5.63 (m, 1H), 5.60 — 5.49 (m, 1H), 5.30 — 7.22 (m, 1H), 3.43 (d, J = 7.0 Hz, 1.1H),
3.37(d,J=6.5Hz, 0.9H), 2.93 (d, /= 7.5 Hz, 1.1H), 2.79 (d, J = 6.5 Hz, 0.9H), 2.65
—5.53 (m, 4H), 2.13 — 2.06 (m, 2H), 0.95 (t, J = 7.5, 3H); 3C NMR (125 MHz,
CDCl;) & 171.26, 148.10, 140.95, 140.83, 138.38, 136.34, 135.59, 135.33, 134.56,
130.66, 129.93, 129.58, 129.47, 129.27, 128.50, 128.39, 128.38, 128.36, 127.96,
127.46, 125.89, 125.84, 121.56, 121.37, 121.34, 116.44, 40.21, 39.00, 37.09, 36.99,
34.62, 33.48, 29.71, 29.37, 26.60, 26.16, 22.70, 21.17, 14.51, 14.11; HRMS (ESI):
m/z for CosHyoN,O [M+H]": 385.2274, found: 385.2277; FTIR (KBr, cm™): 3416.82,
3360.75, 2965.42, 2923.83, 2856.07, 2551.40, 1681.31, 1687.29, 1653.07, 1525.13,
1485.05, 1261.02, 1096.14, 1019.98, 800.68.

4-((E)-benzylidene)-8-phenyl-N-(quinolin-8-yl)oct-6-
enamide (3ad)
Following the general procedure, 3ad was obtained as a

white oil (17.0 mg, 40% yield, E/Z = 50:50). 'TH NMR (500
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MHz, CDCl;) 6 9.78 (d, J = 4.0 Hz, 1H), 8.77 — 8.75 (m, 2H), 8.16 — 8.14 (m, 1H),
7.54 — 7.48 (m, 2H), 7.46 — 7.43 (m, 1H), 7.31 — 7.25 (m, 7H), 7.21 — 7.14 (m, 4H),
6.43 (s, 0.5H), 6.40 (s, 0.5H), 5.80 — 5.73 (m, 1H), 5.71 — 5.66 (m, 0.5H), 5.64 — 5.58
(m, 0.5H), 3.49 (d, J= 7.0 Hz, 1H), 3.40 (d, /= 6.5 Hz, 1H), 3.12 (d, /= 7.5 Hz, 1H),
2.99 (d, J = 6.5 Hz, 1H), 2.84 — 2.78 (m, 2H), 2.73 — 2.68 (m, 2H); 3C NMR (125
MHz, CDCl;) 6 169.89, 147.06, 139.74, 139.63, 139.03, 138.78, 138.26, 137.33,
136.90, 135.30, 133.49, 130.54, 129.37, 128.05, 127.52, 127.50, 127.42, 127.38,
127.26, 126.92, 126.67, 126.41, 126.35, 126.18, 125.29, 124.93, 124.89, 120.54,
120.36, 115.42, 39.62, 38.01, 35.66, 35.54, 34.08, 32.80, 32.54, 30.91, 30.61, 30.43,
29.20, 28.68, 28.64, 28.34, 26.34, 25.96, 21.67, 13.09; HRMS (ESI): m/z for
C30HoN,O [M+H]*": 433.2274, found: 433.2282; FTIR (KBr, cm): 3444.65,
3417.51, 2968.22, 2926.17, 2856.07, 1695.33, 1681.31, 1650.47, 1406.54, 1257.94,
1103.74, 1019.63, 798.13.

Pd-Catalyzed H/D Exchange

O-_AQ
Pd(OAc), ( 20 mol % ) Oy AQ Oy -AQ
PivOH ( 2.0 equiv )
Ph_~ (CD5),SO/CD;0D Ph. 49%D" o
1a 40°C, 12 h H/D Ho% b
1a,72% 1a', 13%

An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol), amide 1a (1.0
equiv, 0.1 mmol), (CD3),SO (0.35 mL) and CD;0D (0.7 mL). Then, pivalic acid (2.0
equiv, 0.2 mmol) were added into the solution in sequence. The vial was sealed under

argon and heated to 40 °C with stirring for 12 h. After cooling down, the mixture was
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directly applied to a flash column chromatography( PE/ EA =4/ 1).
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Os_AQ
Pd(OAc), (20 mol %) Oy AQ 0s_AQ
PivOH (2.0 equiv)
> +
Ph_~ (CD3),S0/CD;0D Pho
i 40 °C,10 min = Phewc? 0o D
ANOC0:Me 3aa, 55% 1a, 35%
2a (Z/E = 75/25)

An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol), amide 1a (1.0
equiv, 0.1 mmol), (CD3),SO (0.35 mL) and CD;0D (0.7 mL). Then, pivalic acid (2.0
equiv, 0.2 mmol) and carbonate 2a (4.0 equiv, 0.4 mmol) were added into the solution
in sequence. The vial was sealed under argon and heated to 40 °C with stirring for 10
min. After cooling down, the mixture was directly applied to a flash column

chromatography (PE/EA=4/1).
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O _AQ O _AQ O~__AQ O-~_AQ
Stand.Cond.
+ >
Ph = = 7
= H Ph. =~ D 2a X X
H D H D
1a

1a-d, kulkp = 2.6 23% total yield
An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol), amide 1a (1.0
equiv, 0.1 mmol), 1a-d, (1.0 equiv, 0.1 mmol), DMSO (0.35 mL) and MeOH (0.7
mL). Then, pivalic acid (2.0 equiv, 0.2 mmol) and carbonate 2a (4.0 equiv, 0.4 mmol)
were added into the solution in sequence. The vial was sealed under argon and heated
to 40 °C with stirring for 3 min. After cooling down, the mixture was directly applied
to a flash column chromatography (PE / EA =4/ 1), We calculated the yield by NMR

with 0.1 mmol 1,3,5-trimethoxybenzene as the interior label.

SO W = e -
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2 | 2% 5 9
8 oG o
pR S
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U | ‘ U | MeO OMe
e L T Ko
66 64 62 60 58 56 54 53 50 OMe
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J‘« A lL hdwl. JI‘L._._JLNJH il.m'x 1JL| iJaU _,_J [__}L
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105 10.0 95 9.0 85 80 7.5 7.0—65—66—55—560—45 40 35 3.0 25 20 15 10 0S5
11 (ppm)
Controlled Experiments
O._AQ
MeO O AQ (@) AQ
_ Pd(OAc), ( 20 mol%) MeO F4C
PivOH ( 2.0 equiv)
1¢, 0.1 mmol > Pz
O. _AQ DMSO/MeOH = 1/2 N X
Ar, 40 °C, 1 i
F\C ", 40°7°C, 10 min 3ca, 2% 3ga, 18%
/\/OCOZMe
=
2a, 0.4 mmol
19, 0.1 mmol
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An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol) , DMSO (0.7

mL) and MeOH (1.4 mL). Then, pivalic acid (2.0 equiv, 0.2 mmol), amide 1c¢ (1.0

equiv, 0.1 mmol), 1g (1.0 equiv, 0.1 mmol) and carbonate 2a (4.0 equiv, 0.4 mmol)

were added into the solution in sequence. The vial was sealed under argon and heated

to 40 °C with stirring for 10 min. After cooling down, the mixture was directly

applied to a flash column chromatography (PE / EA =4/ 1). We calculated the yield

by NMR with 0.1 mmol 1,3,5-trimethoxybenzene as the internal standard.
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O~_AQ
O~_AQ
Ph. Pd(OAc), (20 mol%) Oy -AQ
PivOH (2.0 equiv)
1a, 0.1 mmol - o
DMSO/MeOH = jl/2 Ph. Me _ N
Ar, 40 °C, 10 min X
Me _ A~0COMe 3aa, 19% 3ra, 6%
1r, 0.1 mmol 2a, 0.4 mmol

An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol), DMSO (0.7

mL) and MeOH (1.4 mL). Then, pivalic acid (2.0 equiv, 0.2 mmol), amide 1a (1.0

equiv, 0.1 mmol), 1r (1.0 equiv, 0.1 mmol) and carbonate 2a (4.0 equiv, 0.4 mmol)

were added into the solution in sequence. The vial was sealed under argon and heated
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to 40 °C with stirring for 10 min. After cooling down, the mixture was directly
applied to a flash column chromatography (PE / EA =4/ 1). We calculated the yield

by NMR with 0.1 mmol 1,3,5-trimethoxybenzene as the interior label.
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A I TR {7 PR N T
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\ |
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; L L e L

] | HM L fll

=3 =4 e
= < N2 °. "e
. = ‘ : e . =1 =1 : : c . BT :
6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 52 5.1 5.0
f1 (ppm)
H
H N__O
N__O
Stand.Cond. N~ |
N~ | N x
Ph. -~ N /\/OCOZMe
A
2a(4.0 equiv)
5 5a, 52%

An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol), 5 (1.0 equiv,
0.1 mmol), DMSO (0.35 mL) and MeOH (0.7 mL). Then, pivalic acid (2.0 equiv, 0.2
mmol) and carbonate 2a (4.0 equiv, 0.4 mmol) were added into the solution in
sequence. The vial was sealed under argon and heated to 40 °C with stirring for 16 h.

After cooling down, the mixture was directly applied to a flash column
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chromatography (PE / EA =4/ 1). Compound 5a was obtained as a colorless oil (14.5
mg, 52% yield).

H o (E)-4-benzylidene-N-(pyridin-2-yl)hept-6-enamide (5a)
N7 Following the general procedure, Sa was obtained as a colorless
Ph._~ N | oil (14.5 mg, 52% yield). 'H NMR (500 MHz, CDCls) & 8.53 —
X 8.52 (m, 1H), 8.18 (d, J = 8.5 Hz, 1H), 8.03 (s, 1H), 7.84 (td, J =
7.5, 1.5 Hz, 1H), 7.43 — 7.40 (m, 1H), 7.26 — 7.23 (m, 3H), 7.20 — 7.18 (m, 2H), 7.16
—7.13 (m, 1H), 6.35 (s, 1H), 5.92 — 5.83 (m, 1H), 5.15 — 5.08 (m, 2H), 3.43 (q, J =
7.0 Hz, 2H), 2.93 (dd, J= 7.0, 1.0 Hz, 2H), 2.37 — 2.34 (m, 2H), 1.84 — 1.78 (m, 2H);
13C NMR (125 MHz, CDCl;) 6 163.21, 148.92, 146.93, 139.37, 137.08, 136.27,
135.35, 127.49, 127.13, 125.89, 125.00, 121.11, 115.57, 40.57, 38.22, 28.68, 27.02;
HRMS (ESI): m/z for C,0H,3N,O [M+H]": 307.1819, found: 307.1825; FTIR (KBr,
cml): 3444.62, 2957.01, 2839.25, 2354.21, 1684.11, 1672.90, 1650.47, 1633.64,

1557.94, 1541.12, 1507.48, 1022.43.

H H
(0] N‘Me (0] N.
Stand.Cond. Me
e OCOyM : Me
P P 2lvVie —
6 2a(4.0 equiv)
0% 6, 82% recovered

An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol) , DMSO (0.35
mL) and MeOH (0.7 mL). Then, pivalic acid (2.0 equiv, 0.2 mmol), amide 6 (1.0
equiv, 0.1 mmol) and carbonate 2a (4.0 equiv, 0.4 mmol) were added into the solution
in sequence. The vial was sealed under argon and heated to 40 °C with stirring for 16
h. After cooling down, the mixture was directly applied to a flash column
chromatography (PE / EA =1/ 1). Compound 6 was recovered as a yellow oil (11.5

mg, 82% recovered).
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Synthetic Applications

H
N
© Pd(OAC), (15 mol%) O AC
PivOH (2.0 equiv
Me N , ~0CO:Me ( quiv) - Mo
P | DMSO/MeOH = 1/2 P

40°C,16 h A
1p, 1.00 g 2a, 4.0 equiv 3pa, 82% (0.95 g)

An screw-cap vial was charged with Pd(OAc), (15 mol%, 0.59 mmol), DMSO (13.8
mL) and MeOH (27.5 mL). Then, pivalic acid (2.0 equiv, 7.86 mmol), amide 1p (1.0
g, 3.93 mmol) and carbonate 2a (4.0 equiv, 15.7 mmol) were added into the solution
in sequence. The vial was sealed under argon and heated to 40 °C with stirring for 16
h. After cooling down, the reaction was diluted with water and extracted with EA (x3).
The combined organic layers were washed with brine and dried over anhydrous
Na,SO,. The solvent was removed in vacuo, and the resulting residue was purified

using silica gel column chromatography (PE/EA = 4/1). Product 3pa was obtained as a
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yellow oil (0.95 g, 82% yield).

t-Bu t-Bu
O O=
! N
O«_AQ —00 O~__OMe
t-Bu t-Bu X
o)
(50 mol%) - N N/
MeOH,100 °C, 24 h _
Me” F X Me XN NH;
Ohshima's method
3pa 7, 71% 8, 58%

A screw-cap vial was charged with Ni(tmhd), (50 mol%, 0.1 mmol), MeOH (1.0 ml),
Then 3pa (1.0 equiv, 0.2 mmol) were added into the solution in sequence. The vial
was sealed under argon and heated to 100 °C with stirring for 24 h. After cooling
down, the mixture was directly applied to a flash column chromatography (PE / EA =
10/ 1). Compound 7 was obtained as a yellow oil (26.2 mg, 71% yield), compound 8
was obtained as a yellow solid (16.7 mg, 58% yield).

Os__OMe Methyl (E)-4-allyl-hept-4-enoate (7)

Following the general procedure, 7 was obtained as a yellow oil,
Me™ F X (25.8 mg, 71% yield). 'TH NMR (500 MHz, CDCls) 6 5.80 — 5.72
(m, 1H), 5.21 (t, J = 7.0 Hz, 1H), 5.06 — 5.00 (m, 2H), 3.67 (s, 3H), 2.73 — 2.71 (m,
2H), 2.36 (s, 3H), 2.06 — 1.99 (m , 2H), 0.95 (t, J = 7.5 Hz, 3H); 3C NMR (125 MHz,
CDCl5) & 173.74, 136.90, 134.88, 129.59, 115.92, 51.53, 41.21, 32.98, 25.43, 21.04,
14.46; HRMS (ESI): m/z for C;;H;90, [M+H]*: 183.138, found : 183.1389; FTIR
(KBr, cm™): 3564.63, 3473.04, 345493, 3417.45, 2917.76, 1653.27, 1633.64,

1616.82.
0._AQ Ox-AQ O _AQ Os_AQ
\/P/ Stand.Cond.
+ > +
Ph. = Z Ph. — N =
1a-Z Ph 1a-
aE 3aa,80% Ph

1a-ZMa-E (Z/E = 10/90)
108% recovered
(calculate from 1a-E)

An screw-cap vial was charged with Pd(OAc), (20 mol%, 0.02 mmol), amide 1a-Z
(1.0 equiv, 0.1 mmol), amide 1a-£ (1.0 equiv, 0.1 mmol), DMSO (0.35 mL) and
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MeOH (0.7 mL). Then, pivalic acid (2.0 equiv, 0.2 mmol) and carbonate 2a (4.0
equiv, 0.4 mmol) were added into the solution in sequence. The vial was sealed under
argon and heated to 40 °C with stirring for 16 h. After cooling down, the mixture was
directly applied to a flash column chromatography (PE / EA =4/ 1). Compound 3aa
was recovered as a yellow solid (27.2 mg, 80% yield), mixture 1a-Z/1a-E was

recovered as a yellow oil (32.5mg, 108% yield, Z/E = 10/90).

0-_AQ o0n AQ
PA/C (20 wt.%)
MeOH (0.1M)
PR Ph rt. 3.0 h Ph Ph
H, (1 atm)
3ab, (E/Z = 55/45) 9, 83%

A falsk was charged with Pd/C (20 wt %), MeOH (1.0 ml), Then 3ab (1.0 equiv, 0.1
mmol) was added into the solution. The flask was equipped with hydrogen balloon (1
atm) and stirring at room temperature for 3.0 h. After the reaction is complete, the
mixture was directly applied to a flash column chromatography (PE / EA =4/ 1).

Compound 9 was obtained as a colorless oil (35.0 mg, 83% yield).

(R)-4-benzyl-7-phenyl-N-(quinolin-8-yl)heptanamide (9)
Following the general procedure, the compound 9 was obtained
Ph pn as a colorless oil, (35.0 mg, 83% yield). 'TH NMR (500 MHz,

CDCl3) 6 9.75 (s, 1H), 8.78 (dd, J=4.5, 2.0 Hz, 1H), 8.76 (dd, J
=17.0, 1.0 Hz, 1H), 8.15 (dd, J = 8.5, 2.0 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.44 (dd, J =
8.0, 4.0 Hz, 1H), 7.25 — 7.23 (m, 4H), 7.18 — 7.13 (m, 6H), 2.62 (d, J = 6.5 Hz, 2H),
2.57 (t, J=1.5 Hz, 2H), 2.54 — 2.48 (m, 2H), 1.84 — 1.79 (m , 3H), 1.74 — 1.65 (m,
2H), 1.42 — 1.37 (m, 2H); 13C NMR (125 MHz, CDCl3) 6 171.83, 148.09, 142.55,
140.92, 138.34, 136.38, 134.54, 129.20, 128.42, 128.28, 128.28, 127.95, 127.46,
125.82, 125.67, 121.58, 121.36, 116.42, 40.38, 39.26, 36.15, 35.59, 32.56, 29.11,
28.35; HRMS (ESI): m/z for CyoH3;N,O [M+H]": 423.2431, found: 423.2422; FTIR
(KBr, cm'): 347297, 3444.68, 3417.96, 2354.21, 1692.52, 1681.31, 1653.27,
1633.64, 1555.14, 1538.32, 1406.54, 1028.04.
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Plausible catalytic cycle

A plausible catalytic cycle for this

><* iLP SN reaction is shown below. Following

) OCR RCOH o
I C-H 2 substrate and metal coordination to
L— pdll N activation
O CR Pd(O,CR), . .
2 (R = Me, t-Bu) give a m-alkene palladium complex I,

(0]
1
/;":;‘I};mn i;i\d"—N\ v-C(alkenyl)-H activation takes

L

0 % R i place to generate the six-membered
N
R pdl-N | ligand palladacycle II. Coordination of the
= “0 exchange 0OCO,Me
|
v 0)\oMe 0 % ﬂ allyl carbonate, followed by alkene
alkene N
insertion | . . .. .
e Pal-Ns, insertion and f-oxygen elimination,

[ I~_ocoMme
R™ m

produced 1,4-diene 3.

References

1) Liu M.; Yang P.; Karunananda M. K.; Wang Y.; Liu P.; Engle, K. M. J. Am. Chem.
Soc., 2018, 140, 5805.

2) Hazelden, I. R.; Carmona, R. C.; Langer, T.; Pringle, P. G.; Bower, J. F. Angew.
Chem. Int. Ed., 2018, 57(18), 5124.

3) Tan, C. K; Le, C.; Yeung, Y.-Y. Chem. Commun., 2012, 48, 5793.

4) Gurak, J. A., Jr.; Yang, K. S.; Liu, Z.; Engle, K. M. J. Am. Chem. Soc., 2016, 138,
5805.

5) Yang, K. S.; Gurak, J. A., Jr.; Liu, Z.; Engle, K. M. J. Am. Chem. Soc., 2016, 138,
14705.

6) Liu, Z.; Zeng, T.; Yang, K. S.; Engle, K. M. J. Am. Chem. Soc., 2016, 138, 15122.

7) Derosa, J.; Cantu, A. L.; Boulous, M. N.; O’Duill, M. L.; Turnbull, J. L.; Liu, Z.;
De La Torre, D. M.; Engle, K. M. J. Am. Chem. Soc., 2017, 139, 5183.

8) Zhu Y.; Yang X.; Fang X.; Yang X.; Ye L.; Cai W.; Zhang Y.; Wu F. Tetrahedron,
2011, 67, 1251.

9) Qiu, G.; Mamboury M.; Wang Q.; Zhu, J. Angew. Chem. Int. Ed., 2016, 55, 15377.

SI-27



10) Byrne, J.P.; Blasco, S.; Aletti, A.B.; Hessman, G.; Gunnlaugsson, T. Angew.
Chem. Int. Ed., 2016, 55, 8938.

11) Tan, C. K.; Zhou L.; Yeung Y.-Y. Org. Lett., 2011, 13, 2738.

12) Lan, Y.; Yang, C.; Xu, Y.-H.; Loh, T.-P. Org. Chem. Front., 2017, 4, 1411.

13) Deguchi, T.; Xin, H.-L.; Morimoto, H.; Ohshima, T. ACS Catal., 2017, 7, 3157.

14) Zhao, Y.; Truhlar, D. G. Theor. Chem. Acc., 2008, 120, 215.

15) Marenich, A. V.; Cramer, C. J.; Truhlar, D. G. J. Phys. Chem. B., 2009, 113, 6378.

TH / 13C NMR Charts

9.77
BT
8,74

|
I
|
JL_ J‘ L uL e, AJ“\ A ““ L - Jl ~
L o iy ke ) T i g
ol o S TN -+ -+ =] (= L ]
2 S SSs3s 9 o 9 SS<
; = s e o o = ; ; —=lel e ;
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05

{1 (ppm)
SI-28



S8'ST
3 AN
6L 0%~

1€°ST1,
P8'STI
FE0TI

1S'021
6T'STI|
££971

LS'9TI
£8'971

£TLIL
LY'LTIN
6£°€El
arsel
97's€1
FL'OET)
1TLEL]
9¢'8E T
00'LF L
18691

110 100 9 80 70 60 S50 40 30 20 10
f1 (ppm)

120

190 180 170 160 150 140 130

200

AQ

X (3ba)

9L°6~ b

o

L6°Tf
60T
20T

———

U

3.0

g
: JM.QO.—-
_—

1.0 05

1.5

2.0

25

3.5

4.0

90 85 80 75 7.0 6.5 6.0

9.5

10.5 10.0

f1 (ppm)

SI-29



LLeTe
£E°SE
19°0b-

86°€11)

SEFLL

ESTI

S6'SI1|

I+0T1

95071

8H'STI

£E'971
$8971

006211

90°671

1L TET

PLTET

zeee]

66+€1 |

[ESET

LrLer]

£r8el’;

€L’
€651~

Lo’

0L'69T~

" ul. b

20 10

30

S0

190 180 170 160 150 140 130 120 110 100 9% 80 70
f1 (ppm)

200

00°911--

-120

-100
f1 (ppm)

-180 -190 -200 -210 -22

-140 -150 -160 -170

-110 -130

0 o0 -10 -20 -30 40 50 -60 -70 -80 -90

0

AQ

MeO

X (3ca)

SI-30



697,
L
8L
187"
mm..&
667

oL C

Tt &
s,
0TS
88'S
wmi
£€'9,

78'9;
r89|
61'L:
17°L
9TL|
£r'L|
9Ly
8P'L7
PS'L

P18
91'8

SL'8
6L'8’

6L'6—

mmc (4
}

FS6°0

1.0 05

1.5

50 45 40 35 30 25 220

5.5
f1 (ppm)

90 85 80 75 7.0

9.5

10.5 10.0

98'ST”
SH'Se
96°0F~

SI'vs—

LO°TIT,
pESIL
OL'ST1
9¢"071
$S'0T1
P0'9T11
LE9TT
98'971
79'871/
67671
Nw.mm;w
6T'SEl

mm.mm%

S69€1
PTLE] %
POLPT)
66'9S 1

L6'69T—

L

{ (|J Jl |

20 10

30

10 100 9 8 70 60 50
f1 (ppm)

120

140 130

190 180 170 160 150

200

AQ

Br

X (3da)

SI-31



)

66°1
mwc.ﬂ

D]
g0

——TC0T

B o
- —zo']

Mmm.—‘

L 196'L

101
m,%ﬁ
: =001
00°T-

—=F10'T

1.0 035

1.5

2.0

90 85 80 75 70 65 60 55 50 45 40 35 30
f1 (ppm)

9.5

10.5 10.0

LB'ST
0£'sE
L90F~

IFsIl
01’911

ol

ST'6T1
SHOTI
65071

WS
6£971

889711
L1611
1£0gT |
6Teel|
£8FEL
ob'sel

S9'SEl
EI'LET
€61
90°LbT

£9°691—

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 9 80 70
f1 (ppm)

200

AQ

X (3ea)

SI-32



67T
%.9,,
F.ﬁ_,wr
8LT\
_w.ﬂm
867
00'¢’
Trs)
0TS
88'S
96'S
emi
60°'L
0 _.£
SI'L
LTL
ST'LY
£FL1
EV.L
Lyt
psL/
FL8
91’8’
SL'8\
ﬁ.&
LL'S)
8L'S
LL'6

FL6'L

=3
- S 160
00°7

L mme— =
— mmm._
2 £10°L
'80°T

—500°1

960
00°1

=560

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

9.5

10.5 10.0

60°0T” E |
B8'ST” —4

8F'st
[£X1) @ .

9€°SII,
PLSIL

PEOTT
s'0T1
8€'9T11
LY'9T1
L8'9TTH
8E' LTI ]
S6'LTT ]
rreet| 1

PEET
16'FE1- ]
LTSET

o£sET| .

9z LE1|

1LLET

10°Lp1

$6'69T—

20 10

S0 30

110 100 9 80 70
f1 (ppm)

120

140 130

190 180 170 160 150

200

AQ

Cl

X (3fa)

SI-33



L9'T
1L°Ty

QF.N% H“HI‘..
L/
66|

10°€

£1's,
17S
L8'S
S6'S k
el —
9I'Li
8I°L{
4473 E
YTL S
97T'L1
vv.h#
LyLY
8P Lt— ——
ps/

FI'8- .
91'8’

£L'8~ _
SL'8

LL8)

6L'8’

SL'6” -

—

—_—

mmc.ﬂ‘

80'7
€07

£70°7

166°0
IO
707
66'I
70°L
L0°T
=00°T
196°0
o'

£66°0

1.5 1.0 05

2.0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0
f1 (ppm)

10.5

L8sT
€EsE
89°0%-~

SESTI
LO9TT|
PH 0TI
65071

sty
9¢'971

889711
LELTIY
78871

10°1€ T
peecT
88'HET-
0TSEL
£E'SEl
1ZLEL]
£THEL
60°LP 1L
£9°691—

—

20 10

30

110 100 9% 80 70 60 50
f1 (ppm)

120

140 130

190 180 170 160 150

200

AQ

FsC

N (3ga)

SI-34



9I's;
€TS
88'S|
96°S
0+'9,
9T'L
£€'L
SEL
PhL
9b'Ly|
6t'L
psL/
PI'S,
o1'g’
£L'8
SL'8
9.8/
LL'g
9L'6-

———

\
L

et e

—_—

H0°T

£86°0
=66°0
66'L
01
'LOF
=00°'T,
66°0
o1,

56°0

20 15 1.0

2.5

60 55 50 45 40 35 30
f1 (ppm)

6.5

90 85 80 75 7.0

9.5

10.5 10.0

FO = ¢

LTS

65°0F
8CCII
67911
6¥°0C1
09°0¢1
(444!
01+l
€Iyl
91'rTI
61'rCI
8T
LESTI

9¢971 |
A
68971
€I'LTI
6€LT1
Yo LTI
LUALTT
6T€El]
POpET;

sesel
0TLEL”
Q.S%
S9'0r1/
80°LbT

6¥° 691

__..LMJLWW%MW.L

20 10

30

10 100 90 8 70 60 50

120

190 180 170 160 150 140 130

200

f1 (ppm)

SI-35



—-62.38

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22
f1 (ppm)

O _AQ

X (3ha)

SI-36



mo.u/

COC

< N-_,

ro€

ST'S|
€T
06'S
86'S
££°'9]
66'9
90°L1
PI'L
8I'L
ST'L
9T'L
8T'L
€L
oL

Ly

gcrL’
PI'S,
s1'8’
£L'8\

FL'8
hh.&_
6L'8

LL6—

B

F16°¢
26’1

FSe6'L

670
14670
L0T
90°1
0’
i80°1
'60°T
~00'1
70T
90

860

0.5

1.5 10

2.0

50 45 40 35 30

5.5
f1 (ppm)

90 85 80 75 7.0

9.5

10.5 10.0

ST
€S
€T~

LTI
LAt
SESTl
90911

TCOIT]
90271
€501
PL T
LL'TTT
(£ x4l
FETI
LEITT
L8971
81°LT1
sTLTl]
LV'6T1
05671 [
1+ €T
98'FE1
0€'SET
9T'LET
180+ 1]
€0°LE 1]
10°8S1
96°6S1]
78'691"

=

——

5
-
|

110 100 % 8 70 60 S0 40 30 20 10
f1 (ppm)

120

190 180 170 160 150 140 130

200

SI-37



14:3 41

-120

-100
f1 (ppm)

-180 -190 -200 -210 -22

-140 -150 -160 -170

-110 -130

10 0 -10 -20 -30 40 -50 -60 -70 -80 -90

0

AQ

X (3ia)

e

iL6'1
Mco.m
(41

50 45 40 35 30 25 20 15 10 05

55
f1 (ppm)

90 85 80 75 70

9.5

10.5 10.0

SI-38



8'ST,

1e'se
19°0F|
6011
9T°TIL
STPI|
wrl
LESII
11911
1E 071

i

$S'0Z1
4 YA
£5'STI1
LEITI
88971
LO'8TIY
9¢'ec]
I8PEl
1€'SET
PTLET
00°6€1
E.%@
90°LY1

€L091
89791/
19691~

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

200

05" €TT—

-120

-100
f1 (ppm)

-180 -190 -200 -210 -22

-140 -150 -160 -170

-110 -130

0 o -10 -20 -30 40 S0 -60 -70 -80 -90

0

SI-39



AQ

OMe

 @Gja)

89°7
wy
8LT
87
66°7)
10°€
9L°€
€I's
0TS
88°s|

L___Jl\

06'S
LE9
w9
PL'O
Ei
S89{
a.i
8I'L
oL
STLY
L
StL
Ly
esL/
€18
SI'8/
PL'S
SL'S
F.&
8L'8
i

)

v0'T
{107
107

FSl'g

0.5

L5 10

2.0

40 35 30 25

4.5

5.0

5.5
f1 (ppm)

85 80 75 7.0

9.0

10.5 100 9.5

0097
L3S0 E AN
08°0F~

CLIrs—

€T,
XA
6€SII
L8'STTY
86°611

omﬁ;
€501t
mm.wmﬁ
SS'971-

68'9T11
1781/
SHEEl
Trset
6Tsel]
6TLET
wsst|
LY'SE]
PO'LY 1
6+'8ST
8691

140

40 30 20 10

S0

10 100 9% 80 70
f1 (ppm)

120

130

190 180 170 160 150

200

SI-40



AQ

X (3ka)

61re- ———
(O A
w0,

€0 s

€r'S,
17S
06'S
66'S
se9| T
80°L
L |
SI'L
91'L] .
STL
WL
SH'L f T
9L —
s/
€I'8
srg’
F.J ﬁ

w8
SL'8 __
LLs
0L'6”

|

$0°g
90
190°

FLO'T

1660
F20°T
F0°g
0L
501
607
~00°
(660

80°1

£66°0

45 40 35 30 25 20 15 1.0 05

5.0

9.0 85 80 75 7.0

9.5

10.5 10.0

f1 (ppm)

06'81"
8'ST
95'SE
66'6€-

TSI
69511
0£071
050211
IS
S9'STI
66'STI]
9€'971
$8'971 1
PRLTI
LY'8T1
wesl
L7SEl
LTSEN
c€eser’

1oct|
PTLET
00'8€1 1

00°L¥1’

16°691—

40 30 20 10

S0

190 180 170 160 150 140 130 120 110 100 9 80 70
f1 (ppm)

200

SI-41



AQ

X (3la)

PL'T
LLTA S
gler—
867

s
LIS
£8'S
EJ
P19
0€'9;
1€9|
6£9 -
0194

9T'L

Si

32
ot'L e
95/
SI'8\
L1'8/
6L'8
18'8”

166~ By

J

1.5

=566"1

iL6°0

T )/96'0

— =560

60

w&m.—
) '60°T

=00°1

—566°1

7560

0.5

1.0

45 40 35 30 25 20

5.0

85 80 75 70

9.0

10.5 10.0 95

f1 (ppm)

09°LT
10°9¢~
0L TF~

6F'LOT,

L

60°0F
SO¥I1I
Frelly
FLol1l

8¢ 0TI
SE0TIH
w9ty
76'9C1H

L

YEETY

ch.wm:f

SESEl

Nm.nmi\
mm.nm;_

sorl

cO°LY —\\

—m.—mL

f
f

(A% 175 b

40 30 20 10

S0

190 180 170 160 150 140 130 120 110 100 9 80 70
f1 (ppm)

200

SI-42



AQ

X (3ma)

066 By

3

=

/80°C
MNm._
I8°1

FZ0'7

F86°0

v68°0
92°1
Lém.c
mmc._
80°C

=00°'T

FE0™C

F66°0

1.0 0.3

15

2.0

90 85 80 75 7.0 65 60 55 50 45 40 35 3.0
f1 (ppm)

9.5

10.5 10.0

697"
€0°sE~
99° 1+~

IPSIT
F1 911

LE6TI|
0r'0z1

95071 |
PH ST
£L°ST1

06'STT+
0F9T1
06971+

mv.mm:
LLFEL

1£'SEl
1€LET
LYLET

ﬁ

I

€765
90°Lb1

£€8°691 -

ol

20 10

30

50

10 100 % 80 70
f1 (ppm)

120

140 130

190 180 170 160 150

200

SI-43



AQ

(3na-1)

w,
9L°T,
mml
887
%.A
1€

= i

3

]

9s'¢/
s,
8I'S:
S8'S)
mm.L
£1'9;
P1'9)
ze9|
££9
LS9

gso)
9TLy
£FL
3;
8t
ss'L)
P1'8]
91’8
mn.i
08'8’

£8'6—

=

L

41T

1607
‘€07
1667

F90°1

1.0 05

1.5

50 45 40 35 30 25 20

55
f1 (ppm)

90 85 B0 75 70

9.5

10.5 10.0

997~
90°¢E
T0°sE”
o1y

19°901,
6z /01

86'F11
6€°SI11
LL'STI
PE0T1
£5°0714
96'071
0’91,
68'971
€L'8T1
0S'€€1;
£TSEl ﬁ
6TSEL)
SL'9ET
LELED
90°L¥ T
01'0L1—

=

S |

| =

20 10

30

190 180 170 160 150 140 130 120 110 100 9% 80 70 60 50
f1 (ppm)

200

SI-44



]

[wdd] 13
!

N

v 12

i

nee

1
WCDCH3

NOESYPH

wﬁ@x.ﬁqmm?ru R e

8 13
: ,
g
g
&
P
-
- =~
Le
-
B L
-
B = i L
i
- B [l
:
p L
.
Lo

JZJ_D N 2?7”

AQ

(3na-2)

0L'T
€L°T
9L'T
08'C
91°€)
Lre)
stey|
Nﬁm?

0TS
88°S;
96'S1
809
609,
LT9
819
97N
142

$5'9,
9T L\
£PL
9L
6t'L\
ssi./
ST'8y
L1'8’
9.'8
LL'S
8L'8
6L'8
$8'6-

mwc.ﬂ

€0'd

2661
h6'T

0T
JLot
1660
£L6°0
1660

96°0
(E01

80T
=00°L
(960

86°0

£96°0

1.0 0.5

1.5

2.0

2.5

35 3.0

4.0

4.5

5.0

7.0

7.5

8.0

85

25 9.0

10.5 10.0

f1 (ppm)

SI-45



1€°7¢
r6'tt
mﬂ.mmﬂ
S6'St

-N.wc_
mw...:L

911l
STSII
IF'SIl
0'0c1
LS0T1
¥6'0C1
8€971
om.wm;f
08871~
St EEL
L¥FPEL
€Sl
60°9¢1
6TLEL
60°LY1
(AL 175

20 10

30

50

110 100 90 80 70
f1 (ppm)

120

150 140 130

180 170 160

200 190

'

i) u

ul

[wdd] 14 z

e T R B

CY 13

121
YPHSWCDCIZENC

NOES

-
Lo
-
=
-4 L
PN | =
.
- L
v coRpe
2

T v T L AL | ¥

SI-46



AQ

(30a)

857,
1927y
$o 77
L9T

p1e]
sre’

6L's~ -
6TS”

109~

60'9”

hh.w/

STLy -
Nm.h/_g

oyl T
89°L- =
69°L- -
SL'L
LLL o
16°L|
€6°L

018,
N—.m_\
19°6°

aa—————

]

£0°7
60°C
=10°C

6670

0.5

10

35 30 25 20

85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)

9.0

9.5

10.5 10.0

9T
69'S€
8.23_,__
9TSTIy
L6'STT
ST
SH'0T1
S6'ET1
9€'+T1
09'FT1

SO

—

6LFT1 ]
PTSTI
£0'971
7€'9TT1
6L'9T1
LTLTT
66'0€ 1
SHIET
€CEET |
BIVEL
1Tsel
S _.nm%
16651/
691

18691~

140 130

20 10

30

110 100 9% 80 70 60 50
f1 (ppm)

120

190 180 170 160 150

200

SI-47



AQ

= (3pa)

Me

€60\
9607

90'C

N_d,

o

LE'T

= ey

097F @ ——

€9°7/
18°7
787

ro's,

IS~ —_—

rTST
8zs’

6L'S
L8'S

97'Ly

wL
St'L

LY’ L~ e B

psL”
£I'8
sIg’
LL'8
08’8’

086~

—_—

J

€0°T
66°0

1560

J00°1
L0

=00°'T

=0

F66°0

0.5

1.5 1.0

2.0

40 35 30 25

4.5

90 85 80 75 70 65 6.0

9.5

10.5 10.0

{1 (ppm)

LP'ET”
€107
S0'ST”
68'SE
(1N

LL'SL
20'9L
87'9L’

WS
SESII
1€0T1 |
£5°071

6£971;
88971

69871~
0S°€€1
66°€E1
0€seT)
86°SET

8TLEL]
SO'LPT
PTOLL-

_

| Y

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

SI-48



AQ

N (3qa)

Me

P0'S,
sy —
£€°S~ s
LES!

mn.mw —
98'S

9T'L
PrLy
e_};
8L
ssL’
rIS,
91'8’
LL'8
18'8/

08'6- e

£

o

£90°¢

JL6T
~L0'T
'06°1

8961
M6
7960

90°1
mmc.n
=00°1

=0°C

660

20 15 1.0 0S5

2.5

35 3.0

4.0

4.5

90 85 80 75 70 65 6.0

9.5

10.5 10.0

f1 (ppm)

LETI

8LYT
IS'SE-
0S°0F-.

€011
oFSIIy
PE0TI
bS'0T1
1L0T1
WoTl
06971
0S'€ET 7
£€°SE1
6F'SEL]
wseL|
0ELET]
90°LY 1
£E0L1-

140 130

40 30 20 10

50

110 100 9 80 70
f1 (ppm)

120

190 180 170 160 150

200

SI-49



AQ

X (3ra)

\

Me

qm.j
980
671

11

(4% A
£e'1

PO'TT
80T
¥S'T/]
mu.A
187]
€87

ro's,
st
YTST
L’
6L'S ]
L8'S
97'L
€b'Ly
9L,
8t'L

sst/
P18,
918’
LL'8
08’8’

08'6—

[

L

T—

b

|

|

'

|

-

N

=01°¢
F66°s

2061

yS0°F

786’1

'£6°0
/060

i
«
)
—

260
mwc.ﬂ

Foor

F60'7

F1o'1

20 15 1.0 0S5

2.5

45 40 35 30

5.0

90 85 80 75 7.0 65 60

9.5

10.5 10.0

f1 (ppm)

S.m_,
ss'1z)
Ll .mg,
9897+
6587
rS0€/
06'SE
S0

86F 11
pESTI
67071
Nm.ci
0F'9z1 ,»
88'971
61'LT1”
1S'€€1
LEPET
6T'SET)
T0°9€1
6TLEN)
£O°LPT
LTOLL-

20 10

30

190 180 170 160 150 140 130 120 110 100 9% 80 70 60 50
f1 (ppm)

200

AQ

X (3sa)

SI-50



UOC,_

90°1

:.:#
o
171

ST

91/
L9'T E\
0€'T
rsT
LS'T]
09'C
o'z
6L'T
08'7
£0'S,
'S

LL'S
98'c”/

9L
PrLy
S.tﬁ
6t'L

ss'L/
SI'8-
Lrg’
LL'8
188"

186~

=117

Umm_.n
) 0g9
|um8._
T3 L6L
\|MJ mO.N

10.5 10.0 9.5

35 30 25 20 15 10 05

4.0

85 80 75 70 65 60 55 50
f1 (ppm)

9.0

88'bT
10°ST

LEST
SS'TE-
885/
mm.wm“ﬁ
8T'0F

W6°P11
8€'STI;
£€°0T1 1
$S0TT
1+971
06971
PSTET
0£EEL]
LY'SEL
PESEL)
ot
8TLEN
LOLYT
SEOLT-

————

40 30 20 10

S0

110 100 9% 80 70
f1 (ppm)

120

190 180 170 160 150 140 130

200

AQ

Me
Me

X (3ta)

Me

SI-51



2
-

£9°T,
LT\
9L°T]
LLE

FO'S
s
og's’
LLSR
9g's/

9T'L
mv.n,,,
9L

8t'L

st/
FL'8
918/
LL'S
188"

86—

__ 3

—

=

=50°6

00+

ro'L

0T
'00'1
700°T

/90°1
7Y

=L0°1

=¥1'7

£90°1

45 40 35 30 25 20 15 10 0S5

5.0

90 85 80 75 70 65 6.0

9.5

10.5 10.0

f1 (ppm)

ST
8H0E-,
0S'Tg’
T
80°9¢
ps1p

L8PIT
PHSTT
9¢'071

PS0TL|
17971
N@.em:/r
0S°€€1

PLEET

mm.mmL
LEOETL
8TLET

ECLET)
80°LFT
aa VA

20 10

S0 30

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

AQ

X (3ua)

SI-52



0L'Ty
LLTY
MN.N/
1€T\
€€

e, —

mh.ﬁ\ﬁ
¥6'T R,
1T

_é.m
N_.mV
LY'S

mq.mv
S8'S7
mm.m\
9T'L

PHL|
ob'L|
6t'L

ssit/
SI'8
L8’
6L'8
1887

86—

L

=

20°1
107
207
——/86'C

__1yL60

—|s6l
———— L6
lL%m.c

I —
S0°C

D———T | N ]

—86°1

———=166'0

0.5

30 25 20 15 1.0

3.5

6.0 5.
f1 (ppm)

6.5

90 85 80 75 7.0

9.5

105 10.0

£6T,
S9°6T
87e’
9T 1
o't/

10

20

30

40

S0

70

6+
8€'STI

PEOTT
$S0Z1

mc.mm_ﬂ»
0F'9T1
689717
6" €€
96'F€1
_m.mm%
6T LEL \.
LESPT]

80°LF1

80'0LT—

100 90 80

f1 (ppm)

110

120

130

140

19 180 170 160 150
AQ

200

X (3va)

SI-53



95°1,
181
0T
mo.uw
I+
str/
E.&
98'T

90'
€ISt
PSS
om.mv
18'S7
68'S

9T'L
mwj,_
b Lo
8FL:
Ss'L/
PI'S,
91'8’
6L'8\
188/

£8'6—

117
'66°0

I

——

[ N— _

ﬁc.w

TS
ol

7L6'0

860
mmc.ﬂ

=F00°L

=F10"7

JIL

Foo'1

LO'T}
M,hwc.ﬂ
— mAN—.—

20 15 1.0 0S5

2.5

45 40 35 3.0

5.0

90 85 80 75 7.0

9.5

10.5 10.0

f1 (ppm)

88'LT
EPPT,
88'97~
6T'EE~
06'8€~
99°0%”/

w1
SESTI
PE0T1
bS'0T1
05'€21|
0TI
88971/
0S'€€1
6TSEl
p8SEl
LL'OET :ﬁ
8TLEL
LOLYT
11°0L1

20 10

30

190 180 170 160 150 140 130 120 110 100 9% 80 70 60 50
f1 (ppm)

200

AQ

X (3wa)

SI-54



rS'T
LS'T
(4 —
I~ h.N\,m S —
987/
L8T

98'F
06+ —_—
LS ——
€r'g’
(£
06's”

9T'L,
mv.b?
LY'L
%.b,_wrllhﬂﬂ
ssL/
9I'8\
818"
LL'8,
6L8] S
cm.ﬁ_

18'8’

86— By

r¢0"d
lll. ¥
¥56°1

LT

~ 1960
- hJMmﬂ.‘
007

FI0°1

p— ey |

L0°T
—=00"1
lm,,hm.c
96°0

—FL60

2.0 15

25

4.0 3.5

4.5

100 95 90 85 80 75 70 65 6.0
f1 (ppm)

10.5

(AN 1%
8TSE—
Yo'or-

1L°601,
PrSIL
ISSII _e
mm.cn_/
@m.ﬁ_/
WoTl,
26971
LY EET -
POSEL
SESET
Nm.nm%
mm.m_j

80°L¥ 1

80°0LT-

190 180 170 160 150 140 130 120 110 100 9% 8 70 60 S0 40 30 20 10
f1 (ppm)

200

AQ

Me

Ph (3pb-2)

SI-55



086

—

=0I'l

7S0'T
S0°1
661
0T

-SO0'T-

S1°C
=00°1

=10

=660

r¢0°1r

1.0 05

15

45 40 35 3.0 25 20

5.0

90 85 80 75 7.0

9.5

105 10.0

8h'€1-
0707
0€'ST”
20'9¢,
6F°6€~

6ESIL
LW 1vdl |

£5°071
90'STI}
£6'STI}
£+971

16°921
W LTI
I18°LTI
L6'8TT
STOET
XA
LTHEL
1€sEn,
19°9¢€T
TeLET)
LOLPT

0TOLT-

20 10

50 30

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

AQ

(3pb-E)

Ph

Me

SI-56



@
i
=

Ju“lq

b N

=L0'Y

i

'S0'7
F66'g
JLOT

=0I'l

=€0'L

F10°1
#6°0
18°¢
10T
'66°T
=00°'T
(€6°0
'86°0

6’0

45 40 35 30 25 20 15 10 05

5.0

7.0

7.5

95 90 85 80

10.5 10.0

61~
102+
69'ST-
ISPE
SL'SE”

IFSII

ZCOLL

(44114

¥S0TI
(4071

(4148
16'9C1
€T°LTT
LS'LTTY
9T8T1

6T~
| 85 %3 i
rErer
LEsEL
SE9CT
Nm.h.m:
YOorLrT
9I'0LI~

ST 1 BV

20 10

30

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50
f1 (ppm)

200

AQ

NP (3ab)

Ph

SI-57



19°C,
§9°Z|
g
SLY
087
98°7
SI°€Y
LIE
P b
97| 1
£8°S
6791
pE9
949
L9
059
$$'91
$9°9
L9°9;
9T°L
1TL
STLY
€L
ogLY—
LEL] =
L
b L s
mvi

PSL] -
m_i

o1'8!
£L8]
8L'8’
we)
6L'6°

£

/’

——
fr

lmw

=

_—

He'0r

SH°0
1SS0
4660
SS°0
910
66°1
160°L-
01T
A,E._‘
807
=00°1

F00'C

S A
WMmmd.

45 40 35 30 25 20 15 10 05

5.0

90 85 80 75 7.0

9.5

10.5 10.0

60°€T
9Ty
op'97 |
19'8T{
89°'87)
20°s€
9°sEy
16°6€
erSil
9€°071
£5°071
€T'STI
£€ST1
LESTI

08'ST1]
01°9Z1
STOTI]
0+'9Z1
S8'971
06'9Z1
169711
€TLIL
9T LTI
8TLIL
9P LT
£5°LT1
LSLTT
6S°LT1]
STl
01°0€T |
POTIET
9 EEl
0Eser
0LYL
SOLPT

_LMWLJM

20 10

50 30

20 80 70

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
/\/OEAi/
= AN
Me \/\/\Me (3pc)

200

SI-58



¥8°0
980+
607 -
9607 ——
97’1 \ﬂ o
W'l

66'1
X4 .
Ni¥4
e
6T
957
657
$9'7
vL'T
SL'T]
08'C
87
s
97's!
LES
PH's
9t's
_m.m_\
9T'L’
erL]
9p'L -
8t'L|
SSL -
SI'8]
91’8’

8.8 .
088’

%.m\

=

i/

/960
=101
S0°1

o
=107
MJ 017

—00'1

——T07

—=100'1

1.5 1.0 05

2.0

45 40 35 30 25

5.0

85 80 75 70 65 60

9.0

10.5 10.0 9.5

f1 (ppm)

il L

(IR g%
POPT
ISHT ,»
€Iz

PITT
0S7¢
95°7T
11'97
1597/
LI'LT
81'67
SE'67]
6967
£F'IE]

[

€5'1E
1S°Z€
99°p ¢!
10°LE
1Le
P91l
1€121 ,/
€SIz
LT
SHLTT
P6'LTT
AR 74|
88'8TT
9F'IET]
LETET
8SHEl]
£9°sEl
E9¢1 !
8E8ET

90°8F 1
€ETLT

190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
11 (ppm)
O~_AQ
th/g\/\/\/\
Me (3ac)

200

SI-59



98°0;
e@c#
97’14
6€ T
07
60'T
2d%
89'T
wi
LT
6L'T
£6'7
v6'T
66'T
10°¢’
bS'SH
$S°S1
wﬂu?
6£°9
SI°L|
81°L
PO LA
9L
0€Lt
L+
opL/
8F°L1
w@n%
I8
918
SL'8’
9.8
8L'8|
6L'8
8L°6

A

I

i

J

UL

———

W]

B

00°1
mmc._

———=L60

$0'I
9Lk
£90°1

60T
=00°T
/00T

'S6°0

FL6'0

35 30 25 20 15 10 05

4.0

4.5

5.0

85 80 75 70 635 6.0

9.0

10.5 100 9.5

f1 (ppm)

€0°€T,
64’17
SSIT
16°ST1
LT9T)
ﬁwﬂv
1€°8T
wog]
£5°0¢
ps ¢!
re
95°5¢]
89°SE
7L'6€"

e e

8ESIT
£€071
PEOTL
£5°071
61'STI|
0T'STI;
PS'STI
78'ST1H
S0'971-
8T'9T1
0+'9Z1/
06'9Z1
€TLTL
1S°L21]
6T IET
STIEN]
6 €€l
0€SEl ]
1ELET
8E 61
£0°LbT

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

Ph (3pd)

Me

SI-60



£6°0,
960
90°7
£ry)
€57
me.ﬁ?
6L'T|

cm.ﬁ“ﬁ Smmaama

6T
ve't
wm.mﬁ

8€'¢]

nq..mw

ph e

£TS)

0€'s|

%i
09's
£9's/

1Lg

€1'L)

61'L|
WL
9TLT
LTLY
WL
SHL
8L
Ss'L)
P18
91'8’
LL'S
8.8/
086’

=

/77

—

.N

L

—

L

____WJLHAA_J

¥0T°C

=TI
88°0
0r°1T;

20T
80T+
“p0'1

4SS
JLO'T
917

=01

=60

=01

45 40 35 30 25 20 15 10 0S5

5.0

95 90 85 80 75 70 65 60

10.5 10.0

f1 (ppm)

1+

ISP
E._L
E.Nﬁ_*
91'9T
0997~
6T
8r'ee )
9°F¢]
60°LE’
00°6€
12°0%
PHooIT,
e 1T1

LETTT|
95 1Z1
PRSTI|
68°SZI
9F LTI
96°LZ11
9¢'871
8871
6871
0S'8Z1
LT6TTH
LY6TT
8S°6Z1/
£6°6Z1]
99°0€T
95 +¢1 ]
£ESET
peoct)
8E8ET
01'8F1
9TILY

20 10

30

190 180 170 160 150 140 130 120 110 100 9 80 70
f1 (ppm)

200

AQ

Ph (3ad)

Ph

SI-61



L -
€LT
8L'T)
8T
867
66T = —_—
(A%

Erie” ] B
3.4 _

J

|

3.0

J
\J

I/
35

I#'¢
st'¢/
0s'¢/
19's;
LS,
€L'S
09 r

L

£&'9
LA W5
1TL 7r

///

f1 (ppm)

STLY
1¢'L
€Ly

@ .—u.h 2 Sl e —

8rLl =
pSL”
NN
918’
SL'8\ . )
LL'S)

l

_—

I
|

Bt

)

LL 6~ o
mh.mw =

907
¥60°T
=€0°1
1901
W,S._

$0°1

$S'0
mcmd

S0'1
Acm.c

0S°0
96'¢
1669
I
'80°T

=01

1007

01

10.0

1.5

2.0

25

4.0

5

4.

5.0

15

8.0

85

9.0

9.5

105

60°€T
LT,
96°SZ)
PE9TY
P8
$9'87:|
89°87
a.cm.ﬁ
HAY
80°F€
10°'8¢€]
79°6€’

Wi

9¢°0Z1

FS0ZT |
68+l
£6'bT1 |
6T'ST1
81971
SE9TT
14971
L9971
26'971
oT'LT1
8E'LTT
WL
0S°LTT
sLan]
S0'8T1
LEGTL]
pS 0ET
0€SEl |
£eLET
8L'8E1
90°Lb1

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

Ph

SI-62



L1
F81-
rET,
LET
£6°2
67’
1€~
spe/

80°S~
SI's”

€85
265’
2
o1'L|
1L
0T'L
£T'L
orLy
orL|
|
8L
98'L
L1'8]
61'8
58!
€58/

L:c.m
J:s._

10T

== 00T

— €L°T

ot
0
—Is60
—466°0
'86°0

660

95 90 85 80 75 70 65 60 55 S50 45 40 35 30 25 20 L5 10 0S5
f1 (ppm)

10.5 10.0

WL
89'87”
TT8E~
LSO

LS'SII
121
00°SZI
01'STI
68'STI,
crLIn)
6¥' LT

SESel,
LTIET,
BOLEL)
LE6ET
£6'or1/
26°'8F1
17691

140 130

10

50 30

110 100 9 80 70
f1 (ppm)

120

190 180 170 160 150

200

OMe

()

Me

SI-63



60
L6°07

66T
%W T —
9T ———
75
et

~20°¢
]

70T

~80'¢
.'uum;m.—

L9t —

cc.m/
90—
0TST ==
s’
wes’ -
08's’

9TL-

=~00°¢

"

UMS.N

L '86°0
+86°0

0.5

45 40 35 30 25 20 15 10

5.0

90 85 80 75 70 63 6.0

9.5

10.5 10.0

f1 (ppm)

orp1’
$0'1Z/.
evsr/
86°7¢”
FAlLas
€8IS

WS-
657671~

88PET~
06'9€1”

PLELT-

o Ll

20 10

50 30

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

AQ

Ph )

Ph

SI-64



LET
w L
$9°1 #P
PLTY
6L T
r81’
81T,
¥S'T
SS'T
857
197
€97

€I'L
8I'L
STL
STLY
9T L)
'L,
oF'L
gp Lt
vsL/
P18
918’
SL'8
Ri
8.8’
6L'8’
SL'6”

—_—T

Lﬁcm.m
LA ¢

€0°1
mwc.m
=00°'T
Avm.c

00°1

FL6'0

9.0 85 80 75 70 65 6.0 50 45 40 35 30 25 20 15 10 0S5
f1 (ppm)

9.5

10.5 10.0

SE'8T,
:.mﬁ,p
95°z€
65°S€E
SI .w&
em.a.&
8E0F

woll,
98171
8SIZ1
LOSTT;
8°STI
ob'LT1]
S6'LT1]
STSTI
STSTI
st
0T6TT
PSHETS
8E0CT
PESET
26°0F 1
SSTHT
60°SH1
C8ILI-

20 10

50 30

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

SI-65



