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1. General Information

All deuterated solvents were purchased from Cambridge Isotope Laboratories. 'H NMR, 3C NMR
and "F NMR spectra were recorded at 25 °C on a Briiker Advance 400 spectrometer ("H: 400
MHz, 3C:100 MHz, and '"F:376 MHz). '"H NMR chemical shifts were determined relative to
internal (CH3),Si (TMS) at 6 0.00 ppm or to the signal of the residual protonated solvent: CDCl;
at 0 7.26 ppm. 3C NMR chemical shifts were determined relative to the signal of the solvent:
CDCl; at 6 77.00 ppm. Data for 'H, *C, °F NMR were recorded as follows: chemical shift (5,
ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, q = quartet, dd = doublet of
doublets, dt = doublet of triplets), coupling constants (Hz) and integration. Melting points were
obtained with a micro melting point XT4A Beijing Keyi electrooptic apparatus and are
uncorrected. High-resolution mass data were recorded on a Waters LCT PremierxeTM (USA).
Single-crystal X-ray crystallography was carried out on a Bruker Smart Apex II diffractometer

system.

Materials and Methods:

Unless otherwise stated, starting materials were purchased from Aldrich or Energy-Chemical
Limited and used as supplied without further purification. Solvents were used directly without
further purification. The following starting materials were prepared according to the procedures
described previously in the literature: 1v,! 3c-3e,>2 13,3 143 The alkynes 1,1-
alkylmonofluoroalkylation reactions were performed under nitrogen atmosphere in flame dried
flasks. All reactions were monitored by thin layer chromatography (TLC) with Taizhou GF254
silica gel coated plates. Flash column chromatography was carried out using 200-300 mesh silica

gel at increased pressure.

S3



2. Screening Reaction Conditions

Table 1 Optimization of the reaction conditions®

0O
o C|\)J\ J\(U\ copper salt AQ
AQ " MeO OMe additive additve  Ph__~
solvent CF(COOMe),
1a 2a 3a 4a
Entry Catalyst Base Solvent Yield (%)?

1 Cul Cs,COs dioxane 81
2 Cul Cs,CO3 CH;CN 76
3 Cul Cs,COs acetone 55
4 Cul Cs,CO3 CHCl; 40
5 Cul Cs,COs3 DMF 46
6 Cul Cs,CO3 THF 94
7 Cul none THF

8 none Cs,CO3 THF

9 Cul Na,COs3 THF 38
10 Cul NaHCO3; THF 34
11 Cul K,CO; THF 32
12 Cul Et;N THF 15
13 CuCl Cs,CO; THF 89
14 CuBr Cs,CO; THF 90

@ Reactions were carried out with 1a (0.33 mmol), 2a (0.3 mmol), 3a (0.45 mmol), catalyst
(10 mol %), and base (0.36 mmol) in 0.9 mL of solvent under a N, atmosphere at 80 °C for

1.5 h, unless noted otherwise. ? Yield of the isolated product.

Dimethyl 2-fluoromalonate derivatives are useful fluorinated building blocks for
monofluoroalkylations. Recently, various alkylation, Mannich reaction, Michael addition
and heterocycle formation processes using simple and inexpensive nucleophilic
monofluoroalkylation reagents for the synthesis of fluorinated derivatives have been
reported.*  Therefore, we  first focused on the copper-catalyzed 1,1-
alkylmonofluoroalkylation of ethynylbenzene (1a), 2-chloro-N-(quinolin-8-yl)acetamide
(2a), and dimethyl 2-fluoromalonate (3a) according to our previous work. To our delight,
in the presence of Cul, Phen and Cs,COj; and using 0.9 mL of dioxane at 80 °C for 1.5 h
under N,, the desired product 4a was obtained in 80% yield. Surprisingly, when the

reaction was performed under the same conditions but without 1,10-phenanthroline as a
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ligand, similar results were obtained (Table 1, entry 1). Encouraged by this first example of
a ligand-free copper-catalyzed 1,1-alkylmonofluoroalkylation, a series of solvents were
screened, and tetrahydrofuran showed the best activity (Table 1, entries 2-6). Control
experiments demonstrated that the base and catalyst were essential (Table 1, entries 7 and
8). However, other bases, such as Na,CO;, NaHCOj;, K,CO;, and Et;N, were not as
effective as Cs,COj; (Table 1, entries 9-12). In addition, when CuCl and CuBr were used as

catalysts, 4a was obtained in good yields (Table 1, entries 13 and 14).

3. Synthesis of Substrates

Substrate 2 was prepared through the reaction of quinolin-8-amine and corresponding acyl

chlorides in CH,Cl, at room temperature (2a as an example).

o NH, o)
EtzN
C|\)J\ + NS e CI\)J\N
cl ) CHaCl, 1t Ho\ |
NS
2a

To a solution of quinolin-8-amine (0.72 g, 5.0 mmol) in CH,Cl, (10 mL) at room temperature was
added 2-chloroacetyl chloride (0.48 mL, 6.0 mmol), Et;N (0.83 mL, 6.0 mmol) in one portion.
The reaction mixture was stirred for 20 min. After completion of the reaction (TLC monitoring),
the mixture was quenched by water and extracted with CH,ClI, (3%10 mL). The combined organic
layers were dried (Na,SOy), filtered over Celite, evaporated in vacuo, and the residue was purified

by column chromatography to give the compound 2a (1.05 g, 95%).

Substrate 8 was prepared through the reaction of citronellol and 3-bromoprop-1-yne in anhydrous

DMF at 80 °C.

NaH / DMF =
Y\/\(\/OH + Br/ —_— Y\/\(\/O\//
80 °C

citronellol 8

To the well stirred anhydrous DMF (5 mL), cooling by ice-water, added citronellol (0.37 mL, 2
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mmol), NaH (70%, 0.082 g, 2.4 mmol) and 3-bromoprop-1-yne (0.26 mL, 3 mmol). The reaction
mixture was stirred at 80 °C for 4 h (monitored by TLC) before it was slowly poured into water (5
mL). Extracted with CH,Cl, (3%5 mL), then the organic phase was washed with water (3x5 mL),
the solvent was removed under reduced pressure, and the residue was purified by column
chromatography (eluent: diethyl ether/petroleum ether = 1/50) afforded the product 8 (0.245 g,

63%).
4. General Procedure for 1,1-Alkylmonofluoroalkylation of Terminal Alkynes

4a as an example

- CF(COOMe),
= Q o o Cul (10 mol%) o
+ C'\)LN + OMO
H | Me Me  cs,c0, (1.2 equiv) HN
N £
3a

THF, 80 °C

1a 2a 4a N‘

=

To a solution of the 2-chloro-N-(quinolin-8-yl)acetamide 2a (66.2 mg, 0.3 mmol) in
tetrahydrofuran (0.9 mL) was added the ethynylbenzene 1a (38 pL, 0.33 mmol), dimethyl 2-
fluoromalonate 3a (70.4 mg, 0.45 mmol), Cul (5.7 mg, 0.03 mmol), and Cs,CO; (117.3 mg, 0.36
mmol) under N, in screw-cap test tube. The reaction mixture was stirred at 80 °C for 1.5 h. After
the reaction finished, the reaction mixture was cooled to room temperature and quenched by water.
The mixture was extracted with EtOAc (3.0 mLx3), the combined organic phases were dried over
anhydrous Na,SO, and the solvent was evaporated under vacuum. The residue was purified by

column chromatography to give the corresponding products 4a (123.1 mg, 94%).
5. Synthetic Applications

5.1 Synthesis of 7

HO CF(COOMe),
—

\(\WAQ

7,62%

Cul (10 mol%)

—_—
OMe (5,c04 (1.2 equiv)
THF,80°C
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Following the general procedure 4, the reaction with 6 (103.1 mg, 0.33 mmol), 2a (66.2 mg, 0.3
mmol), 3a (70.4 mg, 0.45 mmol), Cul (5.7 mg, 0.03 mmol), and Cs,CO; (117.3 mg, 0.36 mmol)

under N, for 1.5 h at 80 °C afforded 7 as white solid (120.0 mg, 62% yield).

5.2 Synthesis of 9

Cul (10 mol%)

o F
_ cal u
W AQ " MeO OMe (5,05 (1.2 equiv)

THF, 80 °C
8 2a 3a
WO X »CF(COOMe),
O
9, 80% AQ

Following the general procedure 4, the reaction with 8 (64.1 mg, 0.33 mmol), 2a (66.2 mg, 0.3
mmol), 3a (70.4 mg, 0.45 mmol), Cul (5.7 mg, 0.03 mmol), and Cs,CO; (117.3 mg, 0.36 mmol)

under N, for 1.5 h at 80 °C afforded 9 as colorless oil (127.0 mg, 80% yield).

5.3 Synthesis of 4a in Gram Scale and Removing Methyl Ester Group

Ph
Cul (10 mol%) P LiCl (1.0 equiv) 0 | o
1a+ 2a + 3a o~
Cs,CO5 (1.2 equiv) DMF,100°C,4h QA
THF, 80 °C, 4 h F
10, 75%

Synthesis of 4a in gram scale

Following the general procedure 4, the reaction with 1a (0.63 mL, 5.5 mmol), 2a (1.10 g, 5 mmol),
3a (1.17 g, 7.5 mmol.), Cul (95.0 mg, 0.5 mmol), and Cs,CO; (1.95 g, 6.0 mmol) under N, for 4 h
at 80 °C in THF (15 mL) afforded 4a as white solid (1.31 g, 60% yield).

Removing methyl ester group in 4a’

Under an atmosphere of N,, compound 4a (131 mg, 0.3 mmol) was taken in a seal tube vial in
anhydrous DMF (0.6 mL) with LiCl (13 mg, 0.3 mmol). Seal tube was tightly closed with teflon
cap and heated at 100 °C for 4 h. After completion of the reaction, the reaction was quenched with

the addition of saturated NH4Cl solution (0.3 mL), and extracted with EtOAc (3 x 3 mL). The
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combined extracts were dried over Na,SO,4. After concentration in vacuum, the residue was

purified by column chromatography to give the corresponding products 10 (85.1 mg, 75%).

5.4 Synthesis of 11 and 12

Removing the AQ group in 4a

o) o)
AQ IBX (2.0 equiv) . NH,
Ph._~ H,O/HFIP, 60 °C Ph._~
CF(COOMe), 2 CF(COOMe),
4a 1, 71%

Following the general procedure described previously in the literature,® to a round-bottom flask
(25 mL) were added the compound 4a (131 mg, 0.3 mmol) and IBX (168 mg, 0.6 mmol). The
mixture in 2 mL of mixed solvent (Vygp/Viao = 1:1) was stirred at 60 °C in oil bath under air
atmosphere for 1.5 h (monitored by TLC). The reaction was quenched by the addition of NaHCO;
(aq 10 mL); the resulting mixture was extracted with dichloromethane (6 mL x 3). The organic
solvent was concentrated in vacuo. The residue was purified by column chromatography to give
the corresponding products 11 (66.0 mg, 71%).

Conversion of primary amide to carboxylic acid

0 o)
TBN (3.0 equiv)

NH, OH
° Ph .~
CF(COOMe), O 75°C CF(COOMe),
11 12, 73%

Following the general procedure described previously in the literature,” to a stirred solution of the
compound 11 (93 mg, 0.3 mmol) in acetic acid (2 mL) was slowly added tert-butyl nitrite (107 pL,
0.9 mmol). The reaction mixture was stirred at 75 °C under air atmosphere for 2 h while the
progress was monitored by TLC. The reaction mixture was concentrated in vacuo. The residue

was purified by column chromatography to give the corresponding products 12 (68.0 mg, 73%).

6. Analytical Data of Compounds 4, S, 7, 9-12

S8



(E)-dimethyl 2-fluoro-2-(4-oxo-1-phenyl-4-(quinolin-8-ylamino)but-1-en-2-yl)malonate 4a

White solid. mp: 124-125 °C. '"H NMR (400 MHz, CDCls): 6 = 3.77 (d, J = 1.6 Hz, 2H), 3.84 (s,
6H), 7.24-7.33 (m, 4H), 7.42-7.45 (m, 3H), 7.48-7.52 (m, 2H), 8.14 (dd, J; = 1.6 Hz, J, = 8.0 Hz,
1H), 8.74 (dd, J; = 2.4 Hz, J, = 6.4 Hz, 1H), 8.78 (dd, J; = 1.2 Hz, J, = 4.0 Hz, 1H), 9.98 (s, 1H);
3C NMR (100 MHz, CDCl3): 6 = 37.3 (d, J = 4.0 Hz), 53.7, 95.1 (d, /= 201.0 Hz), 116.3, 121.6
(d, J=6.0 Hz), 127.3, 127.6, 127.8, 127.9, 128.1, 128.5, 128.7, 134.4, 134.6 (d, J = 12.0 Hz),
135.1, 136.2, 138.4, 148.2, 165.7 (d, J= 25.0 Hz), 167.9; 1°F NMR (376 MHz, CDCl;): = -158.9.

HRMS (ESI-TOF). Calcd for Cy4H,1FN,OsNa, [M+Na]* m/z 459.1332, Found 459.1327.

(E)-dimethyl 2-fluoro-2-(1-(4-fluorophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-
y)malonate 4b

White solid. mp: 111-113 °C. '"H NMR (400 MHz, CDCl): 6 = 3.74 (d, J = 1.6 Hz, 2H), 3.84 (s,
6H), 7.00 (t, J = 8.4 Hz, 2H), 7.24 (s, 1H), 7.41-7.45 (m, 3H), 7.48-7.53 (m, 2H), 8.14 (dd, J; =
1.6 Hz, J, = 8.0 Hz, 1H), 8.73 (dd, J, = 2.8 Hz, J, = 6.0 Hz, 1H), 8.77 (dd, J, = 1.6 Hz, J, = 4.4 Hz,
1H), 9.96 (s, 1H); 13C NMR (100 MHz, CDCl;): 6 = 37.1 (d, J = 4.0 Hz), 53.7, 95.0 (d, J=201.0
Hz), 1154, 115.6, 116.3, 121.6 (d, /=2.0 Hz), 127.2, 127.6, 127.9, 130.5 (d, /= 8.0 Hz), 131.1 (d,
J=3.0Hz), 133.4 (d, J=12.0 Hz), 134.2, 136.2, 138.3, 148.2, 162.4 (d, J = 247.0 Hz), 165.6 (d, J
=25.0 Hz), 167.7; %F NMR (376 MHz, CDCl;): 6 = -159.3, -113.2. HRMS (ESI-TOF). Calcd for
C24H1FoNyOs, [M+H]" m/z 455.1419, Found 455.1437.
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~ ~
@) O
F
=
O~ 'NH
N
AN
Cl =
(E)-dimethyl 2-(1-(4-chlorophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-

fluoromalonate 4¢

White solid. mp: 94-96 °C. 'H NMR (400 MHz, CDCl3): 6 = 3.73 (d, J= 1.6 Hz, 2H), 3.84 (s, 6H),
7.23 (s, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.45 (dd, J, = 4.4 Hz, J, = 8.4 Hz,
1H), 7.50-7.55 (m, 2H), 8.16 (dd, J, = 1.6 Hz, J, = 8.0 Hz, 1H), 8.72 (dd, J, = 3.2 Hz, J, = 5.6 Hz,
1H), 8.79 (dd, J; = 1.2 Hz, J, = 4.0 Hz, 1H), 9.94 (s, 1H); 3*C NMR (100 MHz, CDCl;): § = 37.2
(d, J =4.0 Hz), 53.7, 949 (d, J = 201.0 Hz), 116.3, 121.7 (d, J = 2.0 Hz), 127.3, 127.9, 128.3,
128.5,128.7, 130.1, 133.2 (d, /= 11.0 Hz), 133.6, 134.1, 134.3, 136.3, 138.3, 148.2, 165.5 (d, J =
26.0 Hz), 167.7, F NMR (376 MHz, CDCl;): § = -159.6. HRMS (ESI-TOF). Calcd for

C,4Hy  CIFN,Os, [M+H]* m/z 471.1123, Found 471.1138.

(E)-dimethyl 2-(1-(4-bromophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4d

White solid. mp: 114-115 °C. '"H NMR (400 MHz, CDCls): 6 = 3.73 (d, J = 1.2 Hz, 2H), 3.84 (s,
6H), 7.21 (s, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.43-7.47 (m, 3H), 7.51-7.54 (m, 2H), 8.16 (dd, J, =
1.2 Hz, J, = 8.0 Hz, 1H), 8.72 (dd, J, = 3.2 Hz, J, = 5.6 Hz, 1H), 8.79 (dd, J; = 1.2 Hz, J, = 4.0 Hz,
1H), 9.93 (s, 1H); 3C NMR (100 MHz, CDCl3): 6 = 37.2 (d, J = 4.0 Hz), 53.7, 94.9 (d, J = 202.0
Hz), 116.3, 121.7 (d, J = 2.0 Hz), 122.3, 127.3, 127.9, 128.4, 128.6, 130.3, 131.7, 133.2 (d, J =
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12.0 Hz), 134.1, 134.2, 136.3, 138.3, 148.2, 165.5 (d, J = 26.0 Hz), 167.6; '9F NMR (376 MHz,
CDCly): & = -159.6. HRMS (ESI-TOF). Caled for CayH,BrFN,Os, [M+H]* m/z 515.0618,

517.0597, Found 515.0611, 517.0565.

0O O
~ -
OF O
=
0O~ 'NH
N
N
=

(E)-dimethyl 2-fluoro-2-(4-0xo0-4-(quinolin-8-ylamino)-1-(p-tolyl)but-1-en-2-yl)malonate 4e

White solid. mp: 68-70 °C. 'H NMR (400 MHz, CDCl5): 6 =2.29 (s, 3H), 3.76 (d, J = 1.6 Hz, 2H),
3.83 (s, 6H), 7.12 (d, J = 8.0 Hz, 2H), 7.25 (s, 1H), 7.32 (d, /= 8.0 Hz, 2H), 7.44 (dd, J, = 4.4 Hz,
J,=8.4 Hz, 1H), 7.48-7.54 (m, 2H), 8.14 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.74 (dd, J; = 2.4 Hz,
J, = 6.8 Hz, 1H), 8.78 (dd, J; = 1.6 Hz, J, = 4.4 Hz, 1H), 9.99 (s, 1H); 3C NMR (100 MHz,
CDCL): 0 =21.2,37.4 (d, J= 4.0 Hz), 53.7, 95.2 (d, /= 201.0 Hz), 116.3, 121.6 (d, J = 7.0 Hz),
126.9, 127.1, 127.3, 127.9, 128.7, 129.2, 132.2, 134.4, 134.6 (d, /= 11.0 Hz), 136.2, 138.0, 138.4,
148.2, 165.7 (d, J=26.0 Hz), 168.0; '°F NMR (376 MHz, CDCl;): 8 =-159.0. HRMS (ESI-TOF).

Caled for C,sHo4FN,Os, [M+H]* m/z 451.1669, Found 451.1691.

P4

/)

\

(E)-dimethyl 2-(1-(4-ethylphenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4f

White solid. mp: 78-79 °C. '"H NMR (400 MHz, CDCl;): § = 1.17 (t, J= 7.6 Hz, 3H), 2.59 (q, J =
7.6 Hz, 2H), 3.77 (d, J= 1.2 Hz, 2H), 3.83 (s, 6H), 7.14 (d, J = 8.0 Hz, 2H), 7.26 (s, 1H), 7.35 (d,
J=28.0 Hz, 2H), 7.43 (dd, J, = 4.4 Hz, J, = 8.4 Hz, 1H), 7.48-7.53 (m, 2H), 8.14 (dd, J, = 1.2 Hz,
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J, = 8.0 Hz, 1H), 8.75 (dd, J, = 2.4 Hz, J, = 6.8 Hz, 1H), 8.77 (dd, J, = 1.2 Hz, J, = 4.0 Hz, 1H),
10.00 (s, 1H); '*C NMR (100 MHz, CDCLy): 6 = 15.3, 28.5, 37.4 (d, J = 4.0 Hz), 53.6, 95.2 (d, J =
200.0 Hz), 116.3, 121.5 (d, J = 7.0 Hz), 126.8, 127.0, 127.3, 127.9, 128.0, 128.7, 132.4, 134.4,
134.6 (d, J = 12.0 Hz), 136.2, 138.4, 144.3, 1482, 165.7 (d, J = 26.0 Hz), 168.0; '°F NMR (376
MHz, CDCls): § = -159.0. HRMS (ESI-TOF). Calcd for CagHagFN,Os, [M+H]* m/z 465.1826,

Found 465.1848.

pd

/

\

(E)-dimethyl 2-fluoro-2-(4-oxo-1-(4-propylphenyl)-4-(quinolin-8-ylamino)but-1-en-2-
ymalonate 4g

White solid. mp: 91-92 °C. '"H NMR (400 MHz, CDCl3): § = 0.88 (t, J = 7.2 Hz, 3H), 1.52-1.62
(m, 2H), 2.52 (t,J = 7.6 Hz, 2H), 3.77 (s, 2H), 3.83 (s, 6H), 7.12 (d, J = 8.0 Hz, 2H), 7.25 (s, 1H),
7.34 (d, J= 8.0 Hz, 2H), 7.43 (dd, J, = 4.4 Hz, J, = 8.4 Hz, 1H), 7.48-7.53 (m, 2H), 8.14 (dd, J, =
1.2 Hz, J, = 8.0 Hz, 1H), 8.75 (dd, J, =2.4 Hz, J, = 6.8 Hz, 1H), 8.77 (dd, J; = 1.2 Hz, J, =4.0 Hz,
1H), 10.00 (s, 1H); *C NMR (100 MHz, CDCl;): 6 = 13.7, 24.3, 37.4 (d, J = 4.0 Hz), 37.7, 53.6,
95.2 (d, J = 200.0 Hz), 116.3, 121.5 (d, J = 7.0 Hz), 126.8, 127.0, 127.3, 127.9, 128.6, 128.7,
132.4, 134.4, 134.6 (d, J=12.0 Hz), 136.2, 138.4, 142.8, 148.2, 165.7 (d, J = 26.0 Hz), 168.0; '°F
NMR (376 MHz, CDCl3): & = -158.9. HRMS (ESI-TOF). Calcd for C,7HsFN,Os, [M+H]* m/z

479.1982, Found 479.1988.

S12



(E)-dimethyl 2-(1-(4-butylphenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4h

White solid. mp: 104-106 °C. '"H NMR (400 MHz, CDCls): 6 = 0.88 (t, J= 7.2 Hz, 3H), 1.25-1.30
(m, 2H), 1.49-1.55 (m, 2H), 2.55 (t, J= 7.6 Hz, 2H), 3.77 (d, J = 1.2 Hz, 2H), 3.83 (s, 6H), 7.12 (d,
J=28.0 Hz, 2H), 7.25 (s, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.43 (dd, J; = 4.0 Hz, J, = 8.4 Hz, 1H),
7.48-7.53 (m, 2H), 8.14 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.75 (dd, J, = 2.4 Hz, J, = 6.8 Hz, 1H),
8.77 (dd, J; = 1.6 Hz, J, = 4.0 Hz, 1H), 10.00 (s, 1H); 3C NMR (100 MHz, CDCl;): § = 13.9, 22.3,
33.4,35.3,37.4 (d, J=4.0 Hz), 53.6, 95.2 (d, J = 200.0 Hz), 116.3, 121.5 (d, /= 7.0 Hz), 126.8,
127.0, 127.3, 127.9, 128.6, 128.7, 132.4, 134.4, 134.7 (d, J = 12.0 Hz), 136.2, 138.4, 143.1, 148.2,
165.7 (d, J=26.0 Hz), 168.0; '°F NMR (376 MHz, CDCl;): 8 = -158.9. HRMS (ESI-TOF). Calcd

for CysH30FN,Os, [M+H]* m/z 493.2139, Found 493.2133.

(E)-dimethyl 2-(1-(4-(tert-butyl)phenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4i

White solid. mp: 93-95 °C. 'H NMR (400 MHz, CDCl5): 6 = 1.25 (s, 9H), 3.77 (d, J = 1.2 Hz, 2H),
3.83 (s, 6H), 7.26 (s, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.37 (d, /= 8.4 Hz, 2H), 7.44 (dd, J, = 4.4 Hz,
J,=8.4 Hz, 1H), 7.48-7.54 (m, 2H), 8.14 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.75 (dd, J; = 2.4 Hz,
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J, = 6.4 Hz, 1H), 8.78 (dd, J, = 1.6 Hz, J, = 4.4 Hz, 1H), 10.01 (s, 1H); 3C NMR (100 MHz,
CDCl3): 6 =31.2, 34.6, 37.5 (d, J = 4.0 Hz), 53.6, 95.2 (d, /= 201.0 Hz), 116.3, 121.5 (d, /= 8.0
Hz), 125.4, 126.9, 127.1, 127.3, 127.9, 128.5, 132.2, 134.4, 134.6 (d, J = 11.0 Hz), 136.2, 138.4,
148.2, 151.2, 165.7 (d, J = 26.0 Hz), 168.0; '’F NMR (376 MHz, CDCl3): 8 = -158.9. HRMS

(ESI-TOF). Calcd for C,3H30FN,Os, [M+H]*" m/z 493.2139, Found 493.2133.

(E)-dimethyl 2-fluoro-2-(4-oxo-1-(4-pentylphenyl)-4-(quinolin-8-ylamino)but-1-en-2-
yDmalonate 4j

White solid. mp: 105-106 °C. '"H NMR (400 MHz, CDCl;): 6 = 0.85 (t, J= 7.2 Hz, 3H), 1.26-1.32
(m, 4H), 1.51-1.58 (m, 2H), 2.54 (t, J= 7.6 Hz, 2H), 3.77 (s, 2H), 3.83 (s, 6H), 7.12 (d, /= 8.0 Hz,
2H), 7.25 (s, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.43 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.48-7.53 (m,
2H), 8.13 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.74-8.78 (m, 2H), 10.00 (s, 1H); 3C NMR (100
MHz, CDCl;): 6 = 13.9, 22.4, 30.9, 31.4, 35.6, 37.4 (d, J = 4.0 Hz), 53.6, 95.2 (d, J = 200.0 Hz),
116.3,121.5 (d, /= 7.0 Hz), 126.8, 127.0, 127.3, 127.9, 128.5, 128.7, 132.4, 134.4, 134.6 (d, J =
12.0 Hz), 136.2, 138.4, 143.1, 148.1, 165.7 (d, J = 26.0 Hz), 168.0; '°F NMR (376 MHz, CDCl;):

8 =-158.9. HRMS (ESI-TOF). Calcd for CasH3,FN,Os, [M+H]* m/z 507.2295, Found 507.2285.
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(E)-dimethyl 2-(1-([1,1'-biphenyl]-4-yl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4k

White solid. mp: 170-172 °C. 'H NMR (400 MHz, CDCl;): ¢ = 3.82 (s, 2H), 3.85 (s, 6H), 7.29-
7.32 (m, 2H), 7.38-7.44 (m, 3H), 7.48-7.56 (m, 8H), 8.13 (dd, J, = 1.2 Hz, J, = 8.4 Hz, 1H), 8.75-
8.77 (m, 2H), 10.01 (s, 1H); 3C NMR (100 MHz, CDCl;): § = 37.4 (d, J = 4.0 Hz), 53.7, 95.1 (d,
J=201.0 Hz), 116.3, 121.6, 126.9, 127.1, 127.3, 127.4, 127.6, 127.8, 127.8, 128.7, 129.2, 134.1,
134.2,134.3,136.2, 138.4, 140.3, 140.8, 148.2, 165.7 (d, J = 26.0 Hz), 167.9; '°F NMR (376 MHz,
CDCl3): 6 =-159.1. HRMS (ESI-TOF). Caled for C50H,5FN,OsNa, [M+Na]* m/z 535.1645, Found

535.1660.

N
N
OMe =
(E)-dimethyl 2-fluoro-2-(1-(4-methoxyphenyl)-4-oxo0-4-(quinolin-8-ylamino)but-1-en-2-

yDmalonate 41

White solid. mp: 121-123 °C. '"H NMR (400 MHz, CDCl3): 6 = 3.75 (s, 3H), 3.76 (s, 2H), 3.83 (s,
6H), 6.84 (d, /= 8.8 Hz, 2H), 7.21 (s, 1H), 7.38-7.53 (m, 5H), 8.13 (dd, J, = 1.2 Hz, J, = 8.4 Hz,
1H), 8.74-8.78 (m, 2H), 10.02 (s, 1H); 3C NMR (100 MHz, CDCl): 6 = 37.4 (d, J= 4.0 Hz), 53.6,
55.2,95.3 (d,J=200.0 Hz), 113.9, 116.3, 121.6 (d, /= 4.0 Hz), 125.8, 126.0, 127.3, 127.5, 127.9,
130.2, 134.2 (d, J = 12.0 Hz), 134.4, 136.2, 138.4, 148.2, 159.5, 165.8 (d, J = 26.0 Hz), 168.0; '°F

NMR (376 MHz, CDCl;): & = -158.6. HRMS (ESI-TOF). Caled for CasHouFN,Og, [M+H]* m/z
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467.1618, Found 467.1618.

0O O
~ -
OF O
=
0~ 'NH
N
N
=
O

(E)-dimethyl 2-fluoro-2-(1-(4-(methoxycarbonyl)phenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-
en-2-yl)malonate 4m

White solid. mp: 121-123 °C. '"H NMR (400 MHz, CDCls): 6 = 3.77 (d, J = 1.2 Hz, 2H), 3.85 (s,
6H), 3.87 (s, 3H), 7.32 (s, 1H), 7.44 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.50-7.52 (m, 4H), 7.98 (d,
J=8.4 Hz, 2H), 8.14 (dd, J; = 1.2 Hz, J, = 8.4 Hz, 1H), 8.72 (dd, J; = 3.2 Hz, J, = 5.6 Hz, 1H),
8.77 (dd, J; = 1.6 Hz, J, = 4.4 Hz, 1H), 9.93 (s, 1H); 13C NMR (100 MHz, CDCl;): 6 = 37.1 (d, J
= 4.0 Hz), 52.0, 53.7, 94.8 (d, J = 201.0 Hz), 113.9, 116.3, 121.6 (d, J = 3.0 Hz), 127.2, 127.8,
128.6, 129.3, 129.5, 129.7, 133.3 (d, /= 12.0 Hz), 134.1, 136.2, 138.2, 139.8, 148.1, 165.4 (d, J =
26.0 Hz), 166.5, 167.5; 9F NMR (376 MHz, CDCl;): & = -159.8. HRMS (ESI-TOF). Calcd for

C26H24FN207, [M+H]+ m/z 4951568, Found 495.1572.

(E)-dimethyl 2-fluoro-2-(1-(4-formylphenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-
y)malonate 4n

Colorless oil. '"H NMR (400 MHz, CDCl): 6 = 3.77 (s, 2H), 3.85 (s, 6H), 7.33 (s, 1H), 7.46 (dd,
J1=4.0 Hz, J, = 8.4 Hz, 1H), 7.51-7.54 (m, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H),

8.16 (dd, J, = 1.2 Hz, J, = 8.4 Hz, 1H), 8.71 (t, J = 4.4 Hz, 1H), 8.78 (dd, J, = 1.2 Hz, J, = 4.0 Hz,
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1H), 9.92 (s, 1H), 9.95 (s, 1H); 3C NMR (100 MHz, CDCl3): 6 = 37.2, 53.8, 94.8 (d, J = 202.0
Hz), 116.4, 121.7 (d, J= 7.0 Hz), 127.3, 127.9, 129.3, 129.8, 129.9, 130.1, 133.1 (d, J = 12.0 Hz),
134.2,135.7, 136.3, 138.3, 141.4, 148.2, 165.4 (d, J = 26.0 Hz), 167.4, 191.6; '°F NMR (376 MHz,
CDCly): 8 = -159.9. HRMS (ESI-TOF). Caled for CosHypFN,Og, [MHH]® m/z 465.1462, Found

465.1462.

(E)-dimethyl 2-fluoro-2-(1-(2-fluorophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-
yDmalonate 40

Colorless oil. '"H NMR (400 MHz, CDCl;): § = 3.76 (d, J = 1.6 Hz, 2H), 3.84 (s, 6H), 7.02-7.08
(m, 2H), 7.22-7.29 (m, 2H), 7.42-7.58 (m, 4H), 8.13 (dd, J, = 1.2 Hz, J, = 8.4 Hz, 1H), 8.71 (dd,
J1=3.2Hz,J,=5.6 Hz, 1H), 8.78 (dd, J; = 1.2 Hz, J, = 4.4 Hz, 1H), 9.94 (s, 1H); 3C NMR (100
MHz, CDCl3): 6 =37.4 (d, J=4.0 Hz), 53.7,94.9 (d, /= 202.0 Hz), 115.4 (d, /= 22.0 Hz), 116.3,
121.6 (d, J = 4.0 Hz), 122.9 (d, J = 14.0 Hz), 124.1 (d, J = 3.0 Hz), 127.2, 127.6 (d, J = 3.0 Hz),
127.7 (d, J = 3.0 Hz), 127.8, 129.8 (d, J = 21.0 Hz), 130.0, 130.1 (d, J = 2.0 Hz), 134.3, 136.2,
138.3, 148.1, 160.1 (d, J=247.0 Hz), 165.5 (d, J = 25.0 Hz), 167.6; '°F NMR (376 MHz, CDCl;):
d = -159.7, -113.6. HRMS (ESI-TOF). Calcd for Cy4H,FoN,Os, [M+H]" m/z 455.1419, Found

455.1441.

(E)-dimethyl 2-(1-(2-chlorophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
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fluoromalonate 4p

Colorless oil. 'TH NMR (400 MHz, CDCls): § = 3.67 (d, J = 2.0 Hz, 2H), 3.86 (s, 6H), 7.18-7.26
(m, 2H), 7.31 (s, 1H), 7.36-7.39 (m, 1H), 7.44 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.49-7.61 (m,
3H), 8.15 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.71 (dd, J; = 3.2 Hz, J, = 6.0 Hz, 1H), 8.78 (dd, J; =
1.6 Hz, J, = 4.0 Hz, 1H), 9.88 (s, 1H); 3*C NMR (100 MHz, CDCl;): 6 =37.2 (d, J=4.0 Hz), 53.7,
94.8 (d, J = 202.0 Hz), 116.3, 121.6 (d, J = 3.0 Hz), 126.8, 127.3, 127.9, 129.3, 129.4, 129.4,
129.6, 130.2, 132.2 (d, J = 11.0 Hz), 133.7, 133.8, 134.3, 136.2, 138.3, 148.2, 165.5 (d, J = 26.0
Hz), 167.7; "F NMR (376 MHz, CDCl;): § = -160.2. HRMS (ESI-TOF). Calcd for

C,4H,  CIFN,Os, [M+H]* m/z 471.1123, Found 471.1109.

MeO
N
\
=
(E)-dimethyl 2-fluoro-2-(1-(2-methoxyphenyl)-4-oxo0-4-(quinolin-8-ylamino)but-1-en-2-

yDmalonate 4q

White solid. mp: 128-130 °C. '"H NMR (400 MHz, CDCls): 6 = 3.70 (s, 3H), 3.72 (d, /= 1.6 Hz,
2H), 3.85 (s, 6H), 6.81 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 7.22-7.24 (m, 1H), 7.31 (s,
1H), 7.43 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.47-7.52 (m, 3H), 8.13 (dd, J; = 1.6 Hz, J, = 8.4 Hz,
1H), 8.71 (dd, J; = 2.8 Hz, J, = 6.0 Hz, 1H), 8.78 (dd, J; = 1.6 Hz, J, = 4.4 Hz, 1H), 9.95 (s, 1H);
3C NMR (100 MHz, CDCl3): 6 = 37.6 (d, J = 4.0 Hz), 53.6, 55.3, 95.2 (d, J = 200.0 Hz), 110.5,
116.3,120.4, 121.4, 121.5, 124.0, 127.3, 127.5, 127.8, 129.6, 131.1 (d, /= 11.0 Hz), 134.4, 136.1,
138.4, 148.1, 157.2, 165.8 (d, J = 26.0 Hz), 168.3; '°F NMR (376 MHz, CDCl;): § = -159.0.

HRMS (ESI-TOF). Calcd for CysH,4FN,Og, [M+H]* m/z 467.1618, Found 467.1624.
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(E)-dimethyl 2-fluoro-2-(1-(3-fluorophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-
yDmalonate 4r

White solid. mp: 131-133 °C. '"H NMR (400 MHz, CDCls): 6 = 3.75 (d, J = 1.6 Hz, 2H), 3.84 (s,
6H), 6.94-6.98 (m, 1H), 7.16-7.31 (m, 4H), 7.45 (dd, J; = 4.0 Hz, J, = 8.4 Hz, 1H), 7.49-7.54 (m,
2H), 8.15 (dd, J; = 1.2 Hz, J, = 8.4 Hz, 1H), 8.73 (dd, J; = 3.2 Hz, J, = 6.0 Hz, 1H), 8.79 (dd, J, =
1.2 Hz, J, = 4.4 Hz, 1H), 9.93 (s, 1H); 3C NMR (100 MHz, CDCl5): 6 = 37.1 (d, J = 4.0 Hz), 53.7,
94.9 (d, J=201.0 Hz), 115.0 (d, J=21.0 Hz), 115.6 (d, J = 22.0 Hz), 116.3, 121.6, 124.4 (d, J =
3.0 Hz), 127.3,127.9, 128.9 (d, /= 20.0 Hz), 130.0 (d, /=9.0 Hz), 133.1 (d, /= 2.0 Hz), 133.3 (d,
J=2.0Hz), 134.3, 136.2, 137.3 (d, J = 8.0 Hz), 138.3, 148.2, 162.7 (d, J = 245.0 Hz), 165.5 (d, J
=26.0 Hz), 167.6; °F NMR (376 MHz, CDCl;): 6 = -159.7, -112.6. HRMS (ESI-TOF). Calcd for

C4Hy FoNyOs, [M+H]" m/z 455.1419, Found 455.1404.

(E)-dimethyl 2-(1-(3-chlorophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4s

White solid. mp: 103-105 °C. '"H NMR (400 MHz, CDCls): 6 = 3.74 (d, J = 1.6 Hz, 2H), 3.84 (s,
6H), 7.23-7.24 (m, 3H), 7.35 (d, /= 5.6 Hz, 1H), 7.42-7.53 (m, 4H), 7.45 (dd, J; =4.0 Hz, J, = 8.4
Hz, 1H), 7.49-7.54 (m, 2H), 8.14 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.72 (dd, J; = 3.2 Hz, J, = 6.0
Hz, 1H), 8.79 (dd, J, = 1.6 Hz, J, = 4.0 Hz, 1H), 9.92 (s, 1H); 13C NMR (100 MHz, CDCl5): § =
37.1 (d, J=4.0 Hz), 53.7, 94.8 (d, /= 202.0 Hz), 116.3, 121.6, 126.6, 127.2, 127.8, 128.1, 128.8,
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129.0, 129.2, 129.8, 133.0 (d, /= 12.0 Hz), 134.2, 134.3, 136.2, 136.9, 138.3, 148.2, 165.4 (d, J =
26.0 Hz), 167.5; F NMR (376 MHz, CDCl;): 8 = -159.7. HRMS (ESI-TOF). Calcd for

C,4Hy  CIFN,Os, [M+H]* m/z 471.1123, Found 471.1136.

(E)-dimethyl 2-(1-(3-bromophenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4t

White solid. mp: 102-103 °C. '"H NMR (400 MHz, CDCl;): § = 3.74 (s, 2H), 3.84 (s, 6H), 7.17 (t,
J=7.6 Hz, 1H), 7.23 (s, 1H), 7.36-7.53 (m, 5H), 7.57 (s, 1H), 8.14 (d, J = 8.0 Hz, 1H), 8.72 (dd,
J1=3.2Hz, J,=5.6 Hz, 1H), 8.79 (d, /= 2.8 Hz, 1H), 9.92 (s, 1H); *C NMR (100 MHz, CDCl5):
0=37.1(d,J=4.0Hz), 53.7,94.8 (d, /= 201.0 Hz), 116.3, 121.6 (d, J = 2.0 Hz), 122.5, 127.0,
127.2,127.8, 129.1, 129.3, 130.0, 131.0, 131.7, 132.9 (d, J = 11.0 Hz), 134.2, 136.2, 137.2, 138.3,
148.2, 165.4 (d, J=26.0 Hz), 167.5; 'F NMR (376 MHz, CDCl;): 8 =-159.7. HRMS (ESI-TOF).

Caled for Cy4Hy BrFN,Os, [M+H]" m/z 515.0618, 517.0597, Found 515.0616, 517.0593.

(E)-dimethyl 2-fluoro-2-(4-0x0-4-(quinolin-8-ylamino)-1-(m-tolyl)but-1-en-2-yl)malonate 4u

White solid. mp: 67-68 °C. 'H NMR (400 MHz, CDCl5): 6 = 2.25 (s, 3H), 3.75 (d, J = 1.6 Hz, 2H),
3.84 (s, 6H), 7.06 (d, J = 7.2 Hz, 1H), 7.18-7.26 (m, 4H), 7.44 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H),
8.48-8.54 (m, 2H), 8.15 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.74 (dd, J, = 2.8 Hz, J, = 6.4 Hz, 1H),
8.79 (dd, J; = 1.6 Hz, J, = 4.4 Hz, 1H), 9.96 (s, 1H); '3C NMR (100 MHz, CDCl;): 6 = 21.3, 37.3
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(d, J=4.0 Hz), 53.7, 95.2 (d, J = 201.0 Hz), 116.3, 121.5 (d, J = 7.0 Hz), 125.6, 127.3, 127.5,
127.7,127.9, 128.4, 128.8, 129.5, 134.4, 134.7 (d, /= 11.0 Hz), 135.1, 136.2, 138.1, 138.4, 148.1,
165.7 (d, J = 26.0 Hz), 167.9; °F NMR (376 MHz, CDCl;): § = -159.3. HRMS (ESI-TOF). Calcd

for CysH24FN,Os, [M+H]* m/z 451.1669, Found 451.1681.

(@) (@)
N -
OF (@)
/
o (@) NH
S NG
(@) N

(E)-dimethyl 2-(1-(3-((tert-butoxycarbonyl)amino)phenyl)-4-oxo0-4-(quinolin-8-ylamino)but-
1-en-2-yl)-2-fluoromalonate 4v

White solid. mp: 117-119 °C. '"H NMR (400 MHz, CDCls): 6 = 1.18 (s, 9H), 3.76 (d, J = 1.2 Hz,
2H), 3.84 (s, 6H), 7.17-7.27 (m, 2H), 7.33 (s, 1H), 7.43 (dd, J; = 4.0 Hz, J, = 8.4 Hz, 1H), 8.47-
8.52 (m, 4H), 8.13 (dd, J; = 1.6 Hz, J, = 8.0 Hz, 1H), 8.71 (dd, J, = 4.0 Hz, J, = 5.2 Hz, 1H), 8.78
(dd, J; = 1.6 Hz, J, = 4.0 Hz, 1H), 9.94 (s, 1H); 3C NMR (100 MHz, CDCl3): 6 =27.3,37.1 (d, J
= 4.0 Hz), 39.4, 53.6, 95.0 (d, J = 201.0 Hz), 116.2, 119.7, 120.3, 121.5 (d, J = 5.0 Hz), 124.2,
127.2,127.8, 128.1, 128.3, 129.1, 134.0 (d, /= 11.0 Hz), 134.3, 135.8, 136.1, 138.1, 138.3, 148.2,
165.5 (d, J=26.0 Hz), 167.9, 176.5; 'F NMR (376 MHz, CDCl;): 8 = -159.4. HRMS (ESI-TOF).

Caled for Cy9H3,FN307, [M+H]* m/z 552.2146, Found 552.2142.

(E)-dimethyl 2-fluoro-2-(1-(3-nitrophenyl)-4-ox0-4-(quinolin-8-ylamino)but-1-en-2-
yD)malonate 4w
White solid. mp: 131-133 °C. 'H NMR (400 MHz, CDCl;): 6 = 3.75 (s, 2H), 3.86 (s, 6H), 7.33 (s,

S21



1H), 7.43-7.50 (m, 4H), 7.82 (d, J = 7.6 Hz, 1H), 8.08 (d, J = 8.0 Hz, 1H), 8.15 (d, /= 8.0 Hz, 1H),
8.29 (s, 1H), 8.70 (t, J, = 4.4 Hz, 1H), 8.78 (d, J= 2.8 Hz, 1H), 9.92 (s, IH); 3C NMR (100 MHz,
CDCls): §=37.0 (d, J = 4.0 Hz), 53.8, 94.6 (d, J = 203.0 Hz), 116.3, 121.7 (d, J = 12.0 Hz), 122.7,
123.7, 127.2, 127.8, 129.5, 130.4, 130.6, 131.8 (d, J = 12.0 Hz), 134.0, 134.5, 136.2, 136.8, 138.1,
148.1, 148.2, 165.2 (d, J = 26.0 Hz), 167.1; '9F NMR (376 MHz, CDCls): § = -160.0. HRMS

(ESI-TOF). Calcd for Cy4H,FN30O5, [M+H]* m/z 482.1364, Found 482.1355.

=

(E)-dimethyl 2-(1-(2,4-dimethylphenyl)-4-0x0-4-(quinolin-8-ylamino)but-1-en-2-yl)-2-
fluoromalonate 4x

White solid. mp: 70-71 °C. 'H NMR (400 MHz, CDCl5): 6 = 2.25 (s, 6H), 3.62 (d, J = 2.0 Hz, 2H),
3.84 (s, 6H), 6.93 (d, /= 7.6 Hz, 1H), 6.97 (s, 1H), 7.23 (s, 1H), 7.28 (d, /= 7.6 Hz, 1H), 7.43 (dd,
J1=4.0 Hz, J, = 8.4 Hz, 1H), 7.46-7.52 (m, 2H), 8.13 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.70 (dd,
J1=2.4Hz, J,=6.4Hz, 1H), 8.77 (dd, J; = 1.6 Hz, J, = 4.0 Hz, 1H), 9.83 (s, 1H); 3C NMR (100
MHz, CDCl;): 6 = 19.6, 21.0, 37.1 (d, J = 4.0 Hz), 53.6, 95.2 (d, J=200.0 Hz), 116.3, 121.5 (d, J
=13.0 Hz), 126.5, 127.3, 127.9, 128.0, 128.2, 128.3, 130.8, 131.5, 134.4 (d, J = 9.0 Hz), 136.2,
136.4, 137.9, 138.3, 148.0, 165.8 (d, J = 26.0 Hz), 167.9; '°F NMR (376 MHz, CDCl;): = -159.7.

HRMS (ESI-TOF). Caled for C,6H26FN,Os, [M+H]* m/z 465.1826, Found 465.1820.

(E)-dimethyl 2-fluoro-2-(4-0x0-4-(quinolin-8-ylamino)-1-(thiophen-3-yl)but-1-en-2-
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yDmalonate 4y

Colorless oil. "H NMR (400 MHz, CDCls): 6 = 3.82 (s, 8H), 6.93 (dd, J; = 0.8 Hz, J, = 8.8 Hz,
1H), 7.21 (s, 1H), 7.26-7.28 (m, 1H), 7.42 (dd, J; = 4.0 Hz, J, = 8.4 Hz, 1H), 7.47-7.53 (m, 3H),
8.12 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.75-8.76 (m, 2H), 10.08 (s, 1H); 13C NMR (100 MHz,
CDCl3): 6 =37.8 (d, J = 4.0 Hz), 53.6, 95.2 (d, J=201.0 Hz), 116.3, 121.6 (d, /= 5.0 Hz), 125.6,
125.8, 126.0, 126.2, 127.2, 127.8, 128.4, 128.7 (d, /= 12.0 Hz), 134.3, 135.8, 136.1, 138.4, 148.2,
165.6 (d, J=26.0 Hz), 167.7; '°F NMR (376 MHz, CDCl;): 4 = -158.3. HRMS (ESI-TOF). Calcd

for szHzoFNzOsS, [M+H]+ m/z 443, 1077, Found 443.1098.

(E)-dimethyl 2-fluoro-2-(4-0x0-4-(quinolin-8-ylamino)-1-(thiophen-2-yl)but-1-en-2-
y)malonate 4z

Colorless oil. 'H NMR (400 MHz, CDCl;): § = 3.82 (s, 6H), 3.97 (s, 2H), 6.99 (dd, J, = 3.6 Hz, J,
=4.8 Hz, 1H), 7.25 (d, /= 3.2 Hz, 1H), 7.30 (d, /= 5.2 Hz, 1H), 7.39-7.41 (m, 2H), 7.45-7.51 (m,
2H), 8.10 (dd, J; = 1.2 Hz, J, = 8.4 Hz, 1H), 8.72-8.75 (m, 2H), 10.12 (s, 1H); 3C NMR (100
MHz, CDCls): 6 = 38.0 (d, J = 3.0 Hz), 53.7, 95.1 (d, J = 202.0 Hz), 116.3, 121.5, 124.0, 124.2,
126.7, 126.8, 127.2, 127.7, 127.8, 130.4, 134.3, 136.1, 137.4, 138.4, 148.2, 165.5 (d, J = 26.0 Hz),
166.8; '°’F NMR (376 MHz, CDCl;): 8 = -158.3. HRMS (ESI-TOF). Caled for Cy,HyFN,OsS,

[M+H]* m/z 443.1077, Found 443.1087.
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(E)-dimethyl 2-fluoro-2-(4-oxo-1-(pyridin-4-yl)-4-(quinolin-8-ylamino)but-1-en-2-
y)malonate 4aa

White solid. mp: 102-103 °C. '"H NMR (400 MHz, CDCls): 6 = 3.74 (d, J = 1.6 Hz, 2H), 3.84 (s,
6H), 7.22 (s, 1H), 7.34 (d, J = 6.0 Hz, 2H), 7.46 (dd, J, = 4.4 Hz, J, = 8.4 Hz, 1H), 7.51-7.55 (m,
2H), 8.16 (dd, J; = 1.6 Hz, J, = 7.6 Hz, 1H), 8.56 (dd, J; = 1.6 Hz, J, = 4.8 Hz, 2H), 8.71 (t, J =
4.4 Hz, 1H), 8.79 (dd, J; = 1.6 Hz, J, = 4.4 Hz, 1H), 9.92 (s, 1H); '3C NMR (100 MHz, CDCl;): §
=37.1 (d, J = 4.0 Hz), 53.8, 94.6 (d, J = 203.0 Hz), 116.4, 121.8 (d, J = 9.0 Hz), 123.2, 127.3,
127.9, 130.9, 131.1, 131.6 (d, /= 12.0 Hz), 134.1, 136.3, 138.3, 143.1, 148.3, 150.0, 165.3 (d, J =
26.0 Hz), 167.3; F NMR (376 MHz, CDCl;): & = -160.2. HRMS (ESI-TOF). Calcd for

C23H21FN305, [M+H]+ m/z 4381465, Found 438.1449.

(E)-dimethyl 2-fluoro-2-(4-oxo-1-(pyridin-3-yl)-4-(quinolin-8-ylamino)but-1-en-2-
y)malonate 4ab

White solid. mp: 108-110 °C. '"H NMR (400 MHz, CDCls): d = 3.76 (d, J = 1.6 Hz, 2H), 3.84 (s,
6H), 7.24-7.27 (m, 2H), 7.44 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.50-7.51 (m, 2H), 7.83 (d,J=7.6
Hz, 1H), 8.15 (dd, J; = 1.2 Hz, J, = 8.0 Hz, 1H), 8.50 (d, J= 4.0 Hz, 1H), 8.66 (s, 1H), 8.71 (t, J =
4.4 Hz, 1H), 8.78 (dd, J; = 1.6 Hz, J, = 4.0 Hz, 1H), 9.95 (s, 1H); 3*C NMR (100 MHz, CDCl5): &
=37.1(d, J=4.0 Hz), 53.8, 94.7 (d, J = 202.0 Hz), 116.3, 121.7 (d, J = 7.0 Hz), 123.3, 127.2,
127.8,129.9, 130.1, 130.7 (d, /= 12.0 Hz), 131.0, 134.1, 135.8, 136.3, 138.2, 148.2, 149.1, 149.8,
165.3 (d, J=25.0 Hz), 167.3; 9F NMR (376 MHz, CDCl;): 8 = -159.8. HRMS (ESI-TOF). Calcd

for C,3H» FN3Os, [M+H]* m/z 438.1465, Found 438.1481.
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(E)-dimethyl 2-fluoro-2-(4-oxo-1-(pyridin-2-yl)-4-(quinolin-8-ylamino)but-1-en-2-

y)malonate 4ac

White solid. mp: 165-167 °C. '"H NMR (400 MHz, CDCl3): 6 = 3.87 (s, 6H), 4.26 (s, 2H), 6.99 (s,
1H), 7.23-7.26 (m, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.38 (dd, J; = 4.0 Hz, J, = 8.4 Hz, 1H), 7.43-
7.51 (m, 2H), 7.71 (dt, J; = 1.6 Hz, J, = 7.6 Hz, 1H), 8.10 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.66
(dd, J; = 1.6 Hz, J, =4.4 Hz, 1H), 8.76 (dd, J; = 1.2 Hz, J, = 7.2 Hz, 1H), 8.88 (d, /=4.0 Hz, 1H),
11.39 (s, 1H); 3C NMR (100 MHz, CDCls): 6 = 37.6 (d, J = 3.0 Hz), 53.7, 95.4 (d, J= 200.0 Hz),
116.9, 121.2 (d, J = 5.0 Hz), 122.6, 126.0, 127.3, 128.0, 130.1 (d, J = 11.0 Hz), 132.4, 132.6,
135.6, 136.0, 136.7, 138.9, 147.7, 149.5, 153.8, 165.5 (d, J = 26.0 Hz), 168.6; '°F NMR (376 MHz,

CDCly): 6 =-157.3. HRMS (ESI-TOF). Calcd for Cp3H,0FN3;OsNa, [M+Na]* m/z 460.1285, Found

460.1284.
O O
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(E)-dimethyl 2-(1-(1,3-dioxoisoindolin-2-yl)-5-0x0-5-(quinolin-8-ylamino)pent-2-en-3-yl)-2-
fluoromalonate 4ad

Pale yellow oil. '"H NMR (400 MHz, CDCly): 6 = 3.78 (s, 6H), 3.90 (s, 2H), 4.57 (d, J = 7.2 Hz,
2H), 6.34 (t, /= 7.2 Hz, 1H), 7.43 (dd, J; = 4.0 Hz, J, = 8.4 Hz, 1H), 7.48-7.52 (m, 2H), 7.66 (dd,
J1=3.2Hz, J, =52 Hz, 2H), 7.76 (dd, J, = 3.2 Hz, J, = 5.2 Hz, 2H), 8.13 (dd, J; = 1.2 Hz, J, =
8.4 Hz, 1H), 8.70 (dd, J, = 2.8 Hz, J, = 6.0 Hz, 1H), 8.80 (dd, J, = 1.2 Hz, J, = 4.0 Hz, 1H), 10.00
(s, IH); 3C NMR (100 MHz, CDCls): 6 = 35.4, 36.4 (d, J = 3.0 Hz), 53.6, 94.6 (d, J = 201.0 Hz),
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116.3, 121.6, 123.2, 127.2, 127.8, 128.8 (d, J = 11.0 Hz), 130.0, 130.2, 132.0, 133.9, 134.2, 136.2,
138.3, 148.3, 165.2 (d, J = 26.0 Hz), 166.9, 167.6; '°"F NMR (376 MHz, CDCl;): 8 = -159.2.

HRMS (ESI-TOF). Caled for C,7H23FN307, [M+H]* m/z 520.1520, Found 520.1545.

(E)-dimethyl 2-(1-(3,3-dimethylbutanamido)-5-0x0-5-(quinolin-8-ylamino)pent-2-en-3-yl)-2-
fluoromalonate 4ae

Colorless oil. "H NMR (400 MHz, CDCl;): 6 = 1.43 (s, 9H), 3.64 (s, 2H), 3.79 (s, 6H), 4.02 (s,
2H), 5.63 (s, 1H), 6.28 (t, J= 7.2 Hz, 1H), 7.46 (dd, J, = 4.4 Hz, J, = 8.4 Hz, 1H), 7.52 (d, J=4.4
Hz, 2H), 8.16-8.18 (m, 1H), 8.72 (t, J = 4.4 Hz, 1H), 8.87 (d, J = 3.2 Hz, 1H), 9.88 (s, 1H); 13C
NMR (100 MHz, CDCl;): ¢ = 28.3, 36.1, 38.3, 53.6, 79.4, 94.7 (d, J = 198.0 Hz), 116.7, 121.6,
121.9, 127.2, 127.9, 128.2 (d, J = 18.0 Hz), 132.5 (d, J = 11.0 Hz), 133.9, 136.5, 138.3, 148.5,
155.7,165.3 (d, J=26.0 Hz), 166.7; '°F NMR (376 MHz, CDCl;): 8 = -158.6. HRMS (ESI-TOF).

Caled for Cy4H0FN307, [M+H]* m/z 490.1990, Found 490.1996.

O O” NH
N
N
qle e
(E)-dimethyl 2-fluoro-2-(5-o0xo0-1-phenoxy-5-(quinolin-8-ylamino)pent-2-en-3-yl)malonate
4af

White solid. mp: 118-120 °C. '"H NMR (400 MHz, CDCls): 6 = 3.67 (s, 2H), 3.81 (s, 6H), 4.85 (dd,

Ji = 1.6 Hz, J, = 5.6 Hz, 2H), 6.51 (t, J = 5.6 Hz, 1H), 6.89-6.94 (m, 3H), 7.21-7.26 (m, 2H), 7.45
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(dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.50-7.52 (m, 2H), 8.16 (dd, J; = 1.2 Hz, J, = 8.4 Hz, 1H), 8.72
(dd, J, = 4.0 Hz, J, = 5.2 Hz, 1H), 8.80 (dd, J; = 1.2 Hz, J, = 4.0 Hz, 1H), 10.01 (s, 1H); 3C NMR
(100 MHz, CDCL3): 6 = 37.0 (d, J = 3.0 Hz), 53.7, 64.7, 94.7 (d, J = 201.0 Hz), 114.7, 116.4,
121.1, 121.7 (d, J = 12.0 Hz), 127.3, 127.9, 128.0, 128.2, 129.4, 131.8 (d, J = 12.0 Hz), 134.2,
136.3, 138.4, 148.3, 158.2, 165.3 (d, J = 25.0 Hz), 166.8; '°F NMR (376 MHz, CDCls): § = -159.0.

HRMS (ESI-TOF). Calcd for C,5H,4FN,O¢, [M+H]* m/z 467.1618, Found 467.1612.
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(E)-dimethyl  2-fluoro-2-(1-methoxy-5-0x0-5-(quinolin-8-ylamino)pent-2-en-3-yl)malonate
4ag

Colorless oil. '"H NMR (400 MHz, CDCl): é = 3.36 (s, 3H), 3.62 (s, 2H), 3.81 (s, 6H), 4.25 (dd,
Ji =2.0 Hz, J, = 6.0 Hz, 2H), 6.34 (t, J = 2.0 Hz, 1H), 7.45 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H),
7.50-7.52 (m, 2H), 8.15 (dd, J; = 1.2 Hz, J, = 8.4 Hz, 1H), 8.72 (dd, J, = 3.6 Hz, J, = 5.2 Hz, 1H),
8.81(dd, J; = 1.2 Hz, J, =4.0 Hz, 1H), 10.02 (s, 1H); *C NMR (100 MHz, CDCl;): 6 =36.9 (d, J
=3.0 Hz), 53.6, 58.5, 69.0, 94.8 (d, J=200.0 Hz), 116.4, 121.6, 121.7, 127.2, 127.9, 128.0, 132.9
(d, J=11.0 Hz), 134.3, 136.2, 138.4, 148.2, 165.4 (d, J = 26.0 Hz), 167.0; '°F NMR (376 MHz,

CDCly): 6 = -158.6. HRMS (ESI-TOF). Calcd for CyoH, FN,OgNa, [M+Na]* m/z 427.1281, Found

427.1272.
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(E)-dimethyl  2-fluoro-2-(1-(oxiran-2-ylmethoxy)-5-0x0-5-(quinolin-8-ylamino)pent-2-en-3-
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y)malonate 4ah

Colorless oil. '"H NMR (400 MHz, CDCl3): 6 = 2.54 (dd, J; =2.4 Hz, J, = 5.2 Hz, 1H), 2.71 (t,J =
4.8 Hz, 1H), 3.09-3.11 (m, 1H), 3.38 (dd, J; = 6.0 Hz, J, = 11.6 Hz, 1H), 3.60 (s, 2H), 3.74 (dd, J;
=2.8 Hz, J, = 11.6 Hz, 1H), 3.79 (s, 6H), 4.30-4.40 (m, 2H), 6.33 (t, J = 6.0 Hz, 1H), 7.42-7.49
(m, 3H), 8.13 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.69 (t, /=4.8 Hz, 1H), 8.79 (dd, J, = 1.2 Hz, J,
= 4.0 Hz, 1H), 9.97 (s, 1H); 3C NMR (100 MHz, CDCl;): 6 = 36.8 (d, J = 3.0 Hz), 44.1, 50.5,
53.6, 67.7, 71.2, 94.7 (d, J = 200.0 Hz), 116.3, 121.6 (d, J = 5.0 Hz), 127.2, 127.8, 127.9, 128.1,
132.6 (d, J=11.0 Hz), 134.2, 136.2, 138.3, 148.2, 165.3 (d, J = 25.0 Hz), 167.0; 1F NMR (376
MHz, CDCl;): 6 = -158.8. HRMS (ESI-TOF). Calcd for Cy,HFN,O7, [M+H]* m/z 447.1568,

Found 447.1561.

0" O NH
O N\
=

(E)-dimethyl 2-fluoro-2-(5-0x0-5-(quinolin-8-ylamino)-1-((tetrahydro-2 H-pyran-2-
ylDoxy)pent-2-en-3-yl)malonate 4ai

Colorless oil. 'H NMR (400 MHz, CDCl;): = 1.42-1.75 (m, 6H), 3.41-3.44 (m, 1H), 3.57-3.78
(m, 9H), 4.30-4.34 (m, 1H), 4.48-4.53 (m, 1H), 4.62 (t, J = 3.6 Hz, 1H), 6.37 (t, J = 6.0 Hz, 1H),
7.41-7.50 (m, 3H), 8.12 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.69 (dd, J, = 3.6 Hz, J, = 5.6 Hz, 1H),
8.78 (dd, J; = 1.6 Hz, J, = 4.4 Hz, 1H), 9.97 (s, 1H); 3C NMR (100 MHz, CDCl;): 6 = 19.1, 25.2,
30.3,36.8 (d, /=3.0 Hz), 53.5, 61.9, 63.5, 94.8 (d, /=200.0 Hz), 98.0, 116.2, 121.6, 127.2, 127.6,
127.8, 132.7 (d, J=11.0 Hz), 134.2, 136.2, 138.3, 148.2, 165.4 (d, J = 26.0 Hz), 167.0; '°F NMR
(376 MHz, CDCly): & = -158.8. HRMS (ESI-TOF). Caled for Cy4H,7FN,O;Na, [M+Na]* m/z

497.1700, Found 497.1700.
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(E)-dimethyl 2-fluoro-2-(1-(2-hydroxyethoxy)-5-0x0-5-(quinolin-8-ylamino)pent-2-en-3-
yDmalonate 4aj
Colorless oil. '"H NMR (400 MHz, CDCl;): 6 = 2.69 (s, 1H), 3.53-3.56 (m, 2H), 3.62 (s, 2H), 3.67-
3.79 (m, 8H), 4.31 (d, J=4.4 Hz, 2H), 6.33 (t, /= 6.0 Hz, 1H), 7.43 (dd, J, = 4.4 Hz, J, = 8.4 Hz,
1H), 7.48-7.52 (m, 2H), 8.13-8.15 (m, 1H), 8.68-8.79 (m, 2H), 10.00 (s, 1H); 3C NMR (100 MHz,
CDCl): 0 =36.9 (d, J=4.0 Hz), 53.6, 61.6, 67.6, 72.1, 94.9 (d, J = 200.0 Hz), 116.5, 121.7 (d, J
=16.0 Hz), 127.2,127.9, 128.1, 128.3, 132.3 (d, J=11.0 Hz), 134.2, 136.3, 138.4, 148.3, 165.4 (d,

J =26.0 Hz), 167.4; ’F NMR (376 MHz, CDCl;): 4 = -158.5. HRMS (ESI-TOF). Calcd for

Cy1HosFN,O7, [M+H]* m/z 435.1568, Found 435.1584.
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(E)-dimethyl 2-fluoro-2-(5-hydroxy-1-oxo-5-phenyl-1-(quinolin-8-ylamino)hex-3-en-3-
yDmalonate 4ak

White solid. mp: 96-98 °C. 'H NMR (400 MHz, CDCls): 6 = 1.74 (s, 3H), 3.41 (d, J = 15.2 Hz,
1H), 3.61 (dd, J, = 2.0 Hz, J, = 15.2 Hz, 1H), 3.77 (d, J = 13.6 Hz, 6H), 5.49 (s, 1H), 6.61 (s, 1H),
7.23 (t,J = 7.2 Hz, 1H), 7.32 (t, J = 7.2 Hz, 2H), 7.45 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.52-7.55
(m, 4H), 8.16 (dd, J, = 1.2 Hz, J, = 8.4 Hz, 1H), 8.69 (t, J = 4.4 Hz, 1H), 8.77 (dd, J, = 1.2 Hz, J,
= 4.4 Hz, 1H), 9.92 (s, 1H); '3C NMR (100 MHz, CDCLy): 6 = 33.2, 36.5 (d, J = 4.0 Hz), 53.6,
73.4,95.4 (d, J=200.0 Hz), 117.0, 121.7, 122.1, 125.1, 126.7, 126.9 (d, J = 4.0 Hz), 127.3, 127.9,

128.3,133.9, 136.4, 138.4, 142.5 (d, J = 10.0 Hz), 147.3, 148.4, 165.6 (d, J = 26.0 Hz), 169.4; °F
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NMR (376 MHz, CDCl;): & = -157.5. HRMS (ESI-TOF). Calcd for CycH»sFN,OgNa, [M+Na]*

m/z 503.1594, Found 503.1597.
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(E)-dimethyl 2-fluoro-2-(5-methyl-1-0x0-1-(quinolin-8-ylamino)hexa-3,5-dien-3-yl)malonate
4al

Colorless oil. '"H NMR (400 MHz, CDCls): 6 = 1.89 (s, 3H), 3.77 (d, J= 1.2 Hz, 2H), 3.80 (s, 6H),
5.11 (s, 1H), 5.17 (s, 1H), 6.63 (s, 1H), 7.44 (dd, J, = 4.4 Hz, J, = 8.4 Hz, 1H), 7.48-7.53 (m, 2H),
8.14 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.73 (dd, J; = 2.4 Hz, J, = 6.4 Hz, 1H), 8.79 (dd, J; = 1.6
Hz, J, = 4.0 Hz, 1H), 9.97 (s, 1H); 3*C NMR (100 MHz, CDCl;): § = 22.8, 37.2 (d, J = 4.0 Hz),
53.6, 95.1 (d, J=201.0 Hz), 116.3, 117.7, 121.5, 121.6, 126.0, 126.2, 127.3, 127.9, 134.4, 136.2
(d, J=12.0 Hz), 138.4, 139.8, 148.2, 165.7 (d, J = 26.0 Hz), 167.9; '°F NMR (376 MHz, CDCl5):
d = -159.1. HRMS (ESI-TOF). Calcd for C,H; FN,OsNa, [M+Na]® m/z 423.1332, Found

423.1344.

(E)-dimethyl 2-fluoro-2-(1-oxo-1-(quinolin-8-ylamino)oct-3-en-3-yl)malonate 4am

Colorless oil. "H NMR (400 MHz, CDCl;): 6 = 0.84 (t, J = 7.2 Hz, 3H), 1.28-1.31 (m, 2H), 1.43-
1.51 (m, 2H), 2.27-2.33 (m, 2H), 3.55 (s, 2H), 3.80 (s, 6H), 6.22 (t, /= 7.2 Hz, 1H), 7.43-7.54 (m,
3H), 8.15 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.75 (dd, J, = 2.4 Hz, J, = 6.4 Hz, 1H), 8.79 (dd, J, =
1.6 Hz, J, = 4.4 Hz, 1H), 10.08 (s, 1H); 13C NMR (100 MHz, CDCl): 6 = 13.8, 22.3, 28.3, 30.8,
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36.8 (d, J=3.0 Hz), 53.5, 95.3 (d, /= 198.0 Hz), 116.3, 121.6, 125.6, 125.8, 127.3, 127.9, 134.4,
136.2, 137.1 (d, J = 11.0 Hz), 138.6, 148.2, 165.8 (d, J = 26.0 Hz), 167.5; '°F NMR (376 MHz,

CDCly): 6 = -157.8. HRMS (ESI-TOF). Calcd for CyHyFN,Os, [M+H]* m/z 417.1826, Found

417.1831.
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(E)-diethyl 2-fluoro-2-(4-oxo-1-phenyl-4-(quinolin-8-ylamino)but-1-en-2-yl)malonate Sb

White solid. mp: 121-122 °C. 'H NMR (400 MHz, CDCl;): 6 = 1.27 (t, J=7.2 Hz, 6H), 3.76 (d, J
= 1.6 Hz, 2H), 4.25-4.34 (m, 4H), 7.23-7.33 (m, 4H), 7.41-7.53 (m, 5H), 8.13 (dd, J; = 1.6 Hz, J,
= 8.0 Hz, 1H), 8.74 (dd, J, = 2.4 Hz, J, = 6.4 Hz, 1H), 8.77 (dd, J; = 1.6 Hz, J, = 4.0 Hz, 1H),
10.02 (s, 1H); 13C NMR (100 MHz, CDCl;): 6 = 13.8, 37.4 (d, /= 4.0 Hz), 63.0, 95.1 (d, /= 200.0
Hz), 116.3, 121.5 (d, J = 7.0 Hz), 127.3, 127.8, 128.0, 128.5, 128.7, 134.4, 134.5, 134.6, 135.2,
136.1, 138.4, 148.1, 165.2 (d, J = 26.0 Hz), 167.8; '°F NMR (376 MHz, CDCl;): § = -159.0.

HRMS (ESI-TOF). Caled for C,6H26FN,Os, [M+H]* m/z 465.1826, Found 465.1832.
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(E)-3-benzylidene-4-fluoro-4-(morpholine-4-carbonyl)-5-oxo-/V-(quinolin-8-yl)hexanamide
Sc

White solid. mp: 178-180 °C. '"H NMR (400 MHz, CDCls): 6 = 2.41 (d, J = 3.6 Hz, 3H), 2.95 (s,
3H), 3.20 (d, J = 3.2 Hz, 3H), 3.48 (dd, J, = 2.0 Hz, J, = 16.0 Hz, 1H), 3.74 (d, /= 16.4 Hz, 1H),
6.99 (s, 1H), 7.25-7.35 (m, 3H), 7.42-7.53 (m, 5H), 8.14 (d, J = 8.0 Hz, 1H), 8.73-8.78 (m, 2H),
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9.89 (s, 1H); 3C NMR (100 MHz, CDCl;): d = 26.1, 36.6, 37.6 (dd, J; = 3.0 Hz, J, = 7.0 Hz),
102.1 (d, J = 198.0 Hz), 116.2, 121.6 (d, J = 6.0 Hz), 127.2, 127.8, 128.0, 128.2, 128.4, 128.4,
128.6, 134.0 (d, J = 9.0 Hz), 134.4, 135.2, 136.2, 138.2, 148.1, 165.7 (d, J = 21.0 Hz), 168.2,
199.6 (d, J = 30.0 Hz); '°F NMR (376 MHz, CDCl;): § = -156.2. HRMS (ESI-TOF). Calcd for

C,sHosFN;05, [M+H]* m/z 434.1880, Found 434.1887.
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(E)-2-acetyl-3-benzylidene-N1,V'-diethyl-2-fluoro-N3-(quinolin-8-yl)pentanediamide 5d

White solid. mp: 128-130 °C. 'H NMR (400 MHz, CDCly): 6 = 1.13 (t, J = 7.2 Hz, 3H), 1.19 (t, J
— 7.2 Hz, 3H), 2.40 (d, J = 3.6 Hz, 3H), 3.17-3.25 (m, 2H), 3.41-3.56 (m, 2H), 3.74-3.91 (m, 2H),
6.97 (s, 1H), 7.25-7.35 (m, 3H), 7.42-7.54 (m, SH), 8.14 (d, J = 8.0 Hz, 1H), 8.71-8.78 (m, 2H),
9.90 (s, 1H); '*C NMR (100 MHz, CDCly): § = 12.1, 13.9 (d, J = 2.0 Hz), 26.1, 37.6 (d, J = 4.0
Hz), 40.9, 42.3 (d, J = 8.0 Hz), 102.3 (d, J= 198.0 Hz), 116.3, 121.6 (d, J = 10.0 Hz), 127.2, 127.9,
128.0, 128.5, 128.6, 128.6, 128.8, 134.1 (d, J = 9.0 Hz), 134.4, 135.3, 136.2, 138.3, 148.1, 165.4
(d, J = 20.0 Hz), 168.2, 199.4 (d, J = 29.0 Hz); '9F NMR (376 MHz, CDCly): & = -156.6. HRMS

(ESI-TOF). Calcd for C7;H3FN3O3Na, [M+Na]* m/z 484.2012, Found 484.2016.
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(E)-3-benzylidene-4-fluoro-4-(morpholine-4-carbonyl)-5-oxo-/V-(quinolin-8-yl)hexanamide
Se
White solid. mp: 153-155 °C. '"H NMR (400 MHz, CDCls): 6 =2.42 (d, J = 3.6 Hz, 3H), 3.37 (dd,
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Ji = 2.0 Hz, J, = 16.0 Hz, 1H), 3.54-3.92 (m, 9H), 7.00 (d, J = 1.2 Hz, 1H), 7.27-7.37 (m, 3H),
7.43-7.54 (m, 5H), 8.15 (dd, J, = 1.6 Hz, .J, = 8.4 Hz, 1H), 8.73 (dd, J, = 2.0 Hz, J, = 6.0 Hz, 1H),
8.78 (dd, J, = 1.6 Hz, J, = 4.0 Hz, 1H), 9.87 (s, 1H); 13C NMR (100 MHz, CDCly): 6 = 26.2, 37.5
(d, J= 5.0 Hz), 43.0, 46.9 (d, J = 8.0 Hz), 66.5 (d, J = 12.0 Hz), 102.3 (d, J = 196.0 Hz), 116.3,
121.7, 127.2, 127.9, 128.2, 128.4, 128.6, 134.3, 134.7 (d, J = 8.0 Hz), 135.0, 136.3, 138.2, 148.2,
164.6 (d, J = 20.0 Hz), 168.2, 199.3 (d, J = 30.0 Hz); '9F NMR (376 MHz, CDCly): & = -157.0.

HRMS (ESI-TOF). Caled for C,7H»7FN304, [M+H]* m/z 476.1986, Found 476.2000.

0O O
N N0

Cl =

(E)-3-(3-chlorobenzylidene)-4-fluoro-4-(morpholine-4-carbonyl)-5-oxo-/V-(quinolin-8-
yDhexanamide 5f

White solid. mp: 156-157 °C. '"H NMR (400 MHz, CDCls): 6 =2.41 (d, J = 3.6 Hz, 3H), 3.36-3.85
(m, 10H), 6.93 (s, 1H), 7.26-7.30 (m, 2H), 7.41-7.56 (m, 5H), 8.16 (d, J = 8.4 Hz, 1H), 8.72 (dd,
J1=2.4Hz, J,=6.0 Hz, 1H), 8.80 (d, /= 4.0 Hz, 1H), 9.86 (s, 1H); '*C NMR (100 MHz, CDCl5):
0=126.1,37.5(d,J=4.0 Hz), 43.1, 46.8 (d, J=9.0 Hz), 66.5 (d, /= 13.0 Hz), 102.0 (d, J=197.0
Hz), 116.3, 121.7 (d, J = 5.0 Hz), 126.6, 127.2, 127.9, 128.3, 128.7, 129.7, 129.8, 133.0, 133.0,
134.2, 134.5, 136.3, 136.8, 138.2, 148.2, 164.4 (d, J=21.0 Hz), 167.9, 199.0 (d, J = 30.0 Hz); '°F
NMR (376 MHz, CDCls): & = -157.1. HRMS (ESI-TOF). Calcd for C;H6CIFN;O4, [M+H]" m/z

510.1596, Found 510.1599.
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(E)-4-fluoro-4-(morpholine-4-carbonyl)-5-0x0-N-(quinolin-8-yl)-3-(thiophen-3-
ylmethylene)hexanamide Sg

White solid. mp: 182-183 °C. 'H NMR (400 MHz, CDCl): 6 =2.41 (d, J= 3.6 Hz, 3H), 3.45-3.84
(m, 10H), 6.92 (s, 1H), 7.21 (d, J= 4.8 Hz, 1H), 7.31 (dd, J; = 2.8 Hz, J, = 4.8 Hz, 1H), 7.46 (dd,
J1=4.0 Hz, J, = 8.4 Hz, 1H), 7.51-7.56 (m, 2H), 7.61 (d, J=2.0 Hz, 1H), 8.16 (dd, J, = 1.2 Hz, J,
= 8.4 Hz, 1H), 8.74 (dd, J, = 2.8 Hz, J, = 6.0 Hz, 1H), 8.79 (dd, J, = 1.2 Hz, J, = 4.0 Hz, 1H),
9.97 (s, 1H); *C NMR (100 MHz, CDCl;): 6 = 26.2, 38.0 (d, J = 4.0 Hz), 43.0, 46.8 (d, J=9.0
Hz), 66.5 (d, J = 14.0 Hz), 102.3 (d, J = 196.0 Hz), 116.3, 121.7 (d, J = 5.0 Hz), 125.3, 126.0,
127.0 (d, J = 20.0 Hz), 127.2, 127.9, 128.3, 128.7 (d, J = 9.0 Hz), 134.3, 135.8, 136.3, 136.8,
138.2, 148.2, 164.5 (d, J = 20.0 Hz), 168.0, 199.4 (d, J = 30.0 Hz); '°F NMR (376 MHz, CDCI;):

8 =-156.0. HRMS (ESI-TOF). Calcd for CsHysFN3O4S, [M+H]" m/z 482.1550, Found 482.1542.

(E)-4-fluoro-4-(morpholine-4-carbonyl)-5-0x0-3-(pyridin-3-ylmethylene)-/V-(quinolin-8-
yDhexanamide Sh

White solid. mp: 117-118 °C. '"H NMR (400 MHz, CDCly): 6 =2.42 (d, J= 3.6 Hz, 3H), 3.43-3.86
(m, 10H), 6.96 (s, 1H), 7.27-7.30 (m, 1H), 7.46 (dd, J, = 4.0 Hz, J, = 8.4 Hz, 1H), 7.52-7.56 (m,
2H), 7.92 (d, J= 8.0 Hz, 1H), 8.16 (d, J= 8.0 Hz, 1H), 8.53 (d, /= 3.6 Hz, 1H), 8.70-8.72 (m, 2H),
8.79 (d, J= 2.8 Hz, 1H), 9.90 (s, 1H); 3C NMR (100 MHz, CDCl;): § = 26.0, 37.5 (d, J = 4.0 Hz),
43.0, 46.7 (d, J=9.0 Hz), 66.4 (d, /= 15.0 Hz), 101.9 (d, /= 198.0 Hz), 116.3, 121.7 (d, /= 11.0
Hz), 123.3, 127.2, 127.8, 130.5, 130.6 (d, J = 2.0 Hz), 130.8, 130.9, 134.1, 135.6, 136.3, 138.1,
148.2, 149.2, 149.7, 164.2 (d, J = 20.0 Hz), 167.7, 198.9 (d, J = 30.0 Hz); '°F NMR (376 MHz,
CDCL): & = -156.9. HRMS (ESI-TOF). Calcd for CyeHycFN4Oy4, [M+H]" m/z 477.1938, Found

477.1919.
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(E)-3-(2-(1,3-dioxoisoindolin-2-yl)ethylidene)-4-fluoro-4-(morpholine-4-carbonyl)-5-oxo-/V-
(quinolin-8-yl)hexanamide 5i
White solid. mp: 97-98 °C. 'TH NMR (400 MHz, CDCl;): 6 = 2.32 (d, J = 3.6 Hz, 3H), 3.46-3.66
(m, 9H), 3.85-3.89 (m, 1H), 4.55-4.59 (m, 2H), 6.12 (t, J = 7.2 Hz, 1H), 7.43-7.50 (m, 3H), 7.66-
7.69 (m, 2H), 7.75-7.78 (m, 2H), 8.14 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.60 (dd, J; = 2.8 Hz, J,
= 6.4 Hz, 1H), 8.80 (dd, J; = 1.2 Hz, J, = 4.0 Hz, 1H), 9.95 (s, 1H); '*C NMR (100 MHz, CDCl5):
0=1259,354,36.3 (d,J=4.0 Hz), 42.9, 46.5 (d, /= 9.0 Hz), 66.3 (d, J=20.0 Hz), 101.1 (d, J =
199.0 Hz), 116.2, 121.6, 123.2, 127.1, 127.8, 128.2 (d, J = 10.0 Hz), 130.8, 131.0, 131.9, 133.9,
134.2, 136.1, 138.2, 148.2, 164.0 (d, J = 21.0 Hz), 167.0, 167.6, 199.0 (d, J = 29.0 Hz); '°F NMR
(376 MHz, CDCl;): 6 = -157.4. HRMS (ESI-TOF). Calcd for C30HsFN4Og, [M+H]* m/z 559.1993,

Found 559.1979.

F/ K/ o
o O

| N

=

(E)-4-fluoro-3-(2-methoxyethylidene)-4-(morpholine-4-carbonyl)-5-0x0-/N-(quinolin-8-
yDhexanamide 5j
White solid. mp: 120-124 °C. '"H NMR (400 MHz, CDCls): 6 =2.34 (d, J = 3.6 Hz, 3H), 3.36-3.40
(m, 4H), 3.53-3.63 (m, 9H), 4.24 (d, J = 4.4 Hz, 2H), 6.10 (t, J = 5.6 Hz, 1H), 7.43-7.53 (m, 3H),
8.14 (dd, J; = 1.6 Hz, J, = 8.4 Hz, 1H), 8.66-8.69 (m, 1H), 8.79 (dd, J, = 1.6 Hz, J, =4.4 Hz, 1H),
9.97 (s, 1H); 3C NMR (100 MHz, CDCl;): § = 25.8, 36.9 (d, J = 4.0 Hz), 42.9, 46.6 (d, /= 10.0
Hz), 58.5, 66.3 (d, J = 25.0 Hz), 69.0, 101.3 (d, /= 198.0 Hz), 116.3, 121.7 (d, J = 8.0 Hz), 127.2,
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127.9, 128.6, 128.8, 132.1 (d, J = 8.0 Hz), 134.3, 136.3, 138.3, 148.2, 164.1 (d, J = 21.0 Hz),
167.2, 199.3 (d, J = 30.0 Hz); '°F NMR (376 MHz, CDCl;): = -157.0. HRMS (ESI-TOF). Calcd

for C,3H»7FN30s, [M+H]* m/z 444.1935, Found 444.1951.

(E)-3-(2-fluoro-1-morpholino-1,3-dioxobutan-2-yl)-5-methyl-NV-(quinolin-8-yl)hexa-3,5-
dienamide 5k

White solid. mp: 149-151 °C. '"H NMR (400 MHz, CDCls): 6 = 1.92 (s, 3H), 2.37 (d, J = 4.0 Hz,
3H), 3.35-3.81 (m, 10H), 5.12 (s, 1H), 5.25 (s, 1H), 6.33 (s, 1H), 7.44-7.54 (m, 3H), 8.15 (dd, J; =
1.6 Hz, J, = 8.4 Hz, 1H), 8.69 (dd, J, =2.8 Hz, J, = 6.4 Hz, 1H), 8.79 (dd, J; = 1.6 Hz, J, = 4.0 Hz,
1H), 9.86 (s, 1H); 3C NMR (100 MHz, CDCl): 6 = 22.8, 26.1, 37.4 (d, J= 4.0 Hz), 43.0, 46.8 (d,
J=9.0 Hz), 66.5 (d, J=17.0 Hz), 102.2 (d, J = 196.0 Hz), 116.3, 117.6, 121.6 (d, J = 11.0 Hz),
126.7, 126.9, 127.3, 127.9, 134.4, 136.3, 136.4, 138.2, 139.8, 148.2, 164.6 (d, J = 20.0 Hz), 168.2,
199.4 (d, J = 30.0 Hz); '°F NMR (376 MHz, CDCl3): 8 = -157.0. HRMS (ESI-TOF). Calcd for

C24H27FN;04, [M+H]* m/z 440.1986, Found 440.1992.

O/

dimethyl 2-fluoro-2-((E)-1-((8R,9S,10R,135,14S,17R)-17-hydroxy-10,13-dimethyl-3-oxo-
2,3,6,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-17-yl)-5-

0x0-5-(quinolin-8-ylamino)pent-2-en-3-yl)malonate 7
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White solid. mp: 177-178 °C. '"H NMR (400 MHz, CDCly): & = 0.84-1.04 (m, 5H), 1.19 (s, 3H),
1.24-1.49 (m, 4H), 1.58-1.73 (m, 5H), 1.85-2.08 (m, 4H), 2.29-2.42 (m, 4H), 3.69-3.98 (s, 8H),
4.87 (s, 1H), 5.72 (s, 1H), 6.24 (s, 1H), 7.46 (dd, J, = 4.4 Hz, J, = 8.4 Hz, 1H), 7.50-7.53 (m, 2H),
8.16 (dd, J, = 1.2 Hz, J, = 8.0 Hz, 1H), 8.67 (dd, J; = 2.8 Hz, J, = 6.0 Hz, 1H), 8.81 (dd, J, = 1.6
Hz, J, = 4.0 Hz, 1H), 10.01 (s, 1H); *C NMR (100 MHz, CDCLy): 6 = 14.1, 17.4, 20.7, 23.8, 31.7,
31.9, 32.8,33.9, 35.7, 36.4, 36.9 (d, J = 4.0 Hz), 38.6, 39.3, 48.3, 50.8, 53.5, 53.8, 84.1, 95.5 (d, J
=200.0 Hz), 117.0, 121.7, 122.1, 123.9, 124.6, 124.8, 127.2, 127.9, 134.0, 136.4, 138.4, 140.2 (d,
J=10.0 Hz), 148.4, 165.8 (dd, J; = 6.0 Hz, J, = 26.0 Hz), 170.6 (d, J = 100.0 Hz), 199.5; 'F
NMR (376 MHz, CDCls): § = -156.6. HRMS (ESI-TOF). Caled for C3HyFN,05, [M+H]* m/z

647.3133, Found 647.3121.

0O O
~ -
OF O
=
| O O 'NH
N
X
=

(E)-dimethyl 2-(1-((3,7-dimethyloct-6-en-1-yl)oxy)-5-0x0-5-(quinolin-8-ylamino)pent-2-en-3-
yD)-2-fluoromalonate 9

Colorless oil. 'H NMR (400 MHz, CDCls): 6 = 0.79 (d, J = 6.4 Hz, 3H), 1.04-1.11 (m, 1H), 1.23-
1.34 (m, 2H), 1.43-1.51 (m, 1H), 1.53-1.61 (m, 4H), 1.65 (s, 3H), 1.83-1.95 (m, 2H), 3.42-3.47 (m,
2H), 3.61 (s, 2H), 3.79 (s, 6H), 4.26-4.28 (m, 2H), 5.03 (t, J = 7.2 Hz, 1H), 6.34 (t, /= 6.0 Hz, 1H),
7.41-7.49 (m, 3H), 8.13 (dd, J, = 1.6 Hz, J, = 8.4 Hz, 1H), 8.71 (dd, J; = 3.2 Hz, J, = 5.6 Hz, 1H),
8.79 (dd, J, = 1.6 Hz, J, = 4.4 Hz, 1H), 10.01 (s, 1H); 3C NMR (100 MHz, CDCl3): 6 = 17.5, 19.3,
25.3,25.6,29.4,36.4,36.9 (d, J=3.0 Hz), 53.5, 67.4, 69.3, 94.8 (d, /= 200.0 Hz), 116.3, 121.6 (d,
J=3.0Hz), 124.7, 127.2, 127.3, 127.5, 127.8, 131.0, 133.3 (d, /= 11.0 Hz), 134.3, 136.2, 138.4,
148.2, 165.4 (d, J=26.0 Hz), 167.1; '°F NMR (376 MHz, CDCl;): = -158.6. HRMS (ESI-TOF).

Calcd for C,9H33FN,Og, [M+H]" m/z 529.2714, Found 529.2730.
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(E)-methyl 3-benzylidene-2-fluoro-5-0xo-5-(quinolin-8-ylamino)pentanoate 10

Colorless oil. "H NMR (400 MHz, CDCl): 6 = 3.66 (dd, J, = 16.0 Hz, J, = 20.0 Hz, 2H), 3.77 (s,
3H), 5.59 (d, J=47.6 Hz, 1H), 7.15 (s, 1H), 7.29-7.37 (m, 3H), 7.44-7.56 (m, 5H), 8.16 (d, /= 8.0
Hz, 1H), 8.76-8.80 (m, 2H), 10.04 (s, 1H); 3C NMR (100 MHz, CDCl3): § = 36.5, 52.7,91.5 (d, J
=185.0 Hz), 116.5, 121.7 (d, J = 6.0 Hz), 127.3, 127.9, 128.2, 128.6, 128.7, 128.7, 134.3, 135.1,
136.0, 136.1, 136.3, 138.4, 148.2, 167.9, 168.5 (d, J = 27.0 Hz); '°F NMR (376 MHz, CDCl3): § =

-183.3. HRMS (ESI-TOF). Calcd for CoH20FN,O3, [M+H]* m/z 379.1458, Found 379.1467.

NH,
O

CF(COOMe),
(E)-dimethyl 2-(4-amino-4-oxo0-1-phenylbut-1-en-2-yl)-2-fluoromalonate 11
Pale yellow oil. "H NMR (400 MHz, CDCls): § = 3.40 (s, 2H), 3.89 (s, 6H), 5.75 (d, J = 77.2 Hz,
2H), 7.06 (s, 1H), 7.31-7.38 (m, 5H); '*C NMR (100 MHz, CDCl;): 6 = 35.5 (d, J= 4.0 Hz), 53.8,
95.4 (d, J=199.0 Hz), 127.6 (d, J = 20.0 Hz), 128.4, 128.6, 128.8, 134.7 (d, J = 8.0 Hz), 134.8,
165.8 (d, J=26.0 Hz), 171.8; '°F NMR (376 MHz, CDCl;): 4 = -158.0. HRMS (ESI-TOF). Calcd

for C;sH7FNOs, [M+H]" m/z 310.1091, Found 310.1095.

OH
O
Z CF(COOMe),
(E)-3-benzylidene-4-fluoro-5-methoxy-4-(methoxycarbonyl)-5-oxopentanoic acid 12
Pale yellow oil. "H NMR (400 MHz, DMSO): 6 = 3.44 (s, 2H), 3.81 (s, 6H), 6.94 (s, 1H), 7.33-
7.36 (m, 3H), 7.41 (t, J = 7.2 Hz, 2H), 12.59 (s, 1H); 3C NMR (100 MHz, DMSO): § =34.3 (d, J
=4.0 Hz), 54.2, 95.6 (d, J = 198.0 Hz), 127.8, 128.0, 128.7, 129.0, 132.9 (d, /= 11.0 Hz), 135.2,
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165.6 (d, J=26.0 Hz), 171.9; '°F NMR (376 MHz, DMSO): 8 = -158.0. HRMS (ESI-TOF). Calcd

for Cy5H6FOg, [M+H]" m/z 311.0931, Found 311.0928.

7. Structure Analysis X-Ray Crystallography of 4k
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Compound 4k
Empirical formula C30H,5FN,O5
Formula weight 512.52
Crystal system Triclinic
Space group P-1
a(A) 10.0079(5)
b(A) 11.0103(5)
c(A) 13.8154(7)
a(°) 68.117(3)
£(©) 74.662(4)
7(°) 67.141(3)
V (A3) 1288.87(12)
V4 2
D/g cm-3 1.321
w/mm-1 0.095
F(000) 536.0
Reflns number 13223
Rin 0.0290
R; 0.0659
GOF 1.087
WwR, (all data) 0.1960

8. Mechanistic Study
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8.1 Radical Inhibition Experiments

.~ CF(COOMe),
= 0 O O standard conditions!® 0
v O * Moo ou
H ‘ © € wor wio additive HN
N F
3a

1a 2a 42 N
=
Additive 4a, yield (%)
none 94%
BHT (2 equiv) 86%
TEMPO (2 equiv) 80%

[a] Standard conditions: 1a (0.33 mmol), 2a (0.3 mmol), 3a (0.45 mmol), Cul (10 mol %), and Cs,CO5 (0.36 mmol)

in THF (0.9 mL) under N, atmosphere at 80 °C for 1.5 h. [b] Yield of the isolated product.

8.2 Control Experiment
To probe the reaction mechanism, compounds 13 and 14 were prepared as possible reaction
intermediate, and reacted with another coupling partner under the standard reaction conditions.

We conducted the following experiments.

O

O O
Ph \)(1 standard conditions
N | + MeOMOMe o AQ
H =
N F CF(COOMe),
13 3a 4a, 81%

Following the general procedure 4, to a solution of 13 (85.9 mg, 0.3 mmol) in THF (0.9 mL) was
added 3a (70.4 mg, 0.45 mmol), Cul (5.7 mg, 0.03 mmol), and Cs,CO; (117.3 mg, 0.36 mmol)
under N, in screw-cap test tube. The reaction mixture was stirred at 80 °C for 1.5 h. After the
reaction finished, the reaction mixture was cooled to room temperature and quenched by water.
The mixture was extracted with EtOAc (3.0 mLx3), the combined organic phases were dried over
anhydrous Na,SO, and the solvent was evaporated under vacuum. The residue was purified by

column chromatography to give the corresponding products 4a (106.0 mg, 81%). This result
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suggested that 13 might be the active intermediate.

o)
0 o o
Cul (10 mol%)
Ph/\\\)LN ‘ + MeoMOMe PSP PthQ
" $,C03 (1.2 equiv _
F

THF,60°C,0.5h CF(COOMe),

b 3 4a, 89%

Following the general procedure 4, to a solution of 14 (85.9 mg, 0.3 mmol) in THF (0.9 mL) was
added 3a (70.4 mg, 0.45 mmol), Cul (5.7 mg, 0.03 mmol), and Cs,CO; (117.3 mg, 0.36 mmol)
under N, in screw-cap test tube. The reaction mixture was stirred at 60 °C for 0.5 h. After the
reaction finished, the reaction mixture was cooled to room temperature and quenched by water.
The mixture was extracted with EtOAc (3.0 mLx3), the combined organic phases were dried over
anhydrous Na,SO, and the solvent was evaporated under vacuum. The residue was purified by
column chromatography to give the corresponding products 4a (117.0 mg, 89%). This result

suggested that 14 might be the active intermediate.

To further clarify the reaction mechanism, the reaction of 14 with 3a in the absence of Cul was

conducted.
O
0 O O .
Cs,CO5 (1.2 equiv)
Pth + MGOMOMe > AQ
H \ THF, 80°C,1.5h Ph. -
N F CF(COOMe),
14 3a 4a, 90%

Following the general procedure 4, to a solution of 14 (85.9 mg, 0.3 mmol) in THF (0.9 mL) was
added 3a (70.4 mg, 0.45 mmol), and Cs,CO; (117.3 mg, 0.36 mmol) under N, in screw-cap test
tube. The reaction mixture was stirred at 80 °C for 1.5 h. After the reaction finished, the reaction
mixture was cooled to room temperature and quenched by water. The mixture was extracted with
EtOAc (3.0 mLx3), the combined organic phases were dried over anhydrous Na,SO, and the
solvent was evaporated under vacuum. The residue was purified by column chromatography to
give the corresponding products 4a (117.5 mg, 90%). This result suggested that the presence of

Cul has no obvious effect on this step.

9. References

S42



[1] T. Vilaivan, Tetrahedron Lett., 2006, 47, 6739.

[2]J. Bi, Z. Zhang, Q. Liu and G. Zhang, Green Chem., 2012, 14, 1159.

[3]7J. Li, D. Ding, L. Liu and J. Sun, RSC Adv., 2013, 3, 21260.

[4] (a) J. Dubois, C. Foures, S. Bory, S. Falcou, M. Gaudry and A. Marquet, Tetrahedron 1991, 47,
1001; (b) K. Kwon, S. M. Kim and D. Y. Kim, J. Fluorine Chem., 2009, 130, 759; (c) E. Lisse
and G. Sandford, J. Fluorine Chem., 2018, 206, 117; (d) A. Harsanyi and G. Sandford, Green
Chem., 2015, 17, 3000; (e) A. Harsanyi and G. Sandford, Org. Process Res. Dev., 2014, 18, 981.

[5]1F. Zhu, P.-W. Xu, F. Zhou, C.-H. Wang and J. Zhou, Org. Lett., 2015, 17, 972.

[6] Z. Zhang, X. Li, M. Song, Y. Wan, D. Zheng, G. Zhang and G. Chen, J. Org. Chem., 2019, 84,
12792.

[7] P. Chaudhary, S. Gupta, N. Muniyappan, S. Sabiah and J. Kandasamy, Green Chem., 2016, 18,

2323.

10. 'H, 13C and "F NMR Spectra of Compounds 4, 5, 7, 9-12

Product 4a
S43



EOLE
LOLE
LERE

2T
(LU

Feen
e
0z

e

Tt

FLE
vN.hm”Y
LYES—
BOL
o hhv
ELL

RIbG—
Are6—

51
-
a9

Eo1—

LERET—

u

Ll

115

T
125

T
130

T
140

h

130

-0

110

120

140

150

200 190 180 17 180

210

S44



1681

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4b

wiE
2hE
oeRE~”

H—

—8G6 1
agg

W:QN

F001

BGT
Wmﬂm

Feo

RGO
RE0

W:n:

0.5 1.0 &5

11.0

S45



mgzge = ‘ - .o
BEsds 2 g HEg 2 el
_____ 2 R EEE z S5
N | Wi S b4
o o
a o
8 F 0 07~
(I 5
/
0% MH
N
N
H =
T T T T T T
140 136 130 125 120 115
“ll ]“ I L .
, . ‘ . . . . . ‘ . ‘ . . . . ‘ : — : .
210 180 180 170 160 130 140 130 120 110 100 90 80 60 50 40 30 20 10 Q -10
Y 5
' i
o 0
b ra
a 0
F
/
OF " WH
N
e
F S
. . . . ; , ‘ ‘ . . . ; . . ; . . , : ; ‘ :
10 -10 20 =30 -40 =50 60 70 ~B0 90 -100 -110 -120 -130 -140 -150 -160 -170 -1B0 -190 -200 -210

S46



Product 4¢

teLE
WELE
aewe

GG

Cl

il
oog

m:
kmi
66
Fean |

SEOE
Feut

s
0ol

Foot

FILE:
RBILE:

FLES—

BOL
oLL
ELL

EREG—
mse—

cl

2 _N—V.

IE'LZI
?hm—”

WREI—%
_hwm—\»

SO0ET—

GIEEl
LTEEI~>

P
qum_,\

Logr—

EEREl—

140 138 136 134 132 130 128 126 124 122 120
“ } ]‘I h ‘ } L L. i | ’ "

142

10 0 -0

20

200 190 180 17 180 150 140 130 120 e

210

S47



5 b

Cl

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4d

FELE
EHW
LERE

[E6'6—

Br

e
009

Teud

E0T
cal

Lieo

0.5 100

Lo

S48



5= 557 i zx
v ] o e
a8 agagy b i on
Vi ~ 2
o = +eoe o o nooo s ES
"y ™ N o= = Ll wim M ~E e i
R & REEA © & KERR dag 5 0
T NV T TN VW : ~0 -
F
=
07 NH
ES
Br T
I ! |
T T T T T T T T T T T T T
140 138 136 134 132 130 128 126 124 122 120 118 116 114
I ]h‘ 11
T T T T T T T T T T T T T T
210 200 190 180 170 160 130 140 130 120 110 100 90 80 0 60 50 40 30 20 10 -10
#®
@
[
0
. -
0 s}
F
o
0% NH
N
=
Br &
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 —40 50 50 -0 -80 -80  -100 -110 -120 -130 -140 -150 -160 -170 -180 -180 -200 210

S49



Product 4e

Sl E—

oLE
e
tewe <"

66—

Iore

e
0a9

Feaut

Ry
ool

H\w_w:

0.0

1.3

N
o'e— =)
=]
o)
(=] ' /
EELE ju)
LELE s
SES—
BOL
Ll
-
2
166~ —
95— 9 =
ZEIT— — -
L]
=
b=t
]
w1z
e~ &
& [—
 —
©
8
GROTI~,_
iTf—= = _—
IELTI @
ol =
RORCI
weei~" 3
157591~
EE_W - S
1191 EE[ = —_ [z
1Pl #
SopEl—=
WPED &
Gl9ET— el
PBEI~— — A
THRET— =
=
2
oy
B

130

-0

10

20

e

120

140

150

190 180 17 180

200

210

S50



OERGT—

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

T T T
-20 -30 -4 -5

-10

10

Product 4f

m.u._._./u

1
16l _w

e
GBLE
1E8 m.\.

looraT—

Feoz

60g
(]

80T
Wmﬂ

o0z
Wﬂ.n:
s0E
Frar

201
chg

Fran

0.0

0.5

Lo

T T
10.5 10.0 9.5

1o

Ss1



EST—

EBT—

SELE:
Dv.hmv

EVEE—

BOL
ahnv

Lt

(EpE—
96—

130

-10

110

120

140

150

200 190 180 17 160

210

LERT—

-0 -110 -120 -130 140 -150 -180 170 -180 -190 200 210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S52



OLLE~—
(13 {=a

Product 4¢g

ore

Fure

1l
ol

Femn

0.5 10,0

o

IWET—

e
ELE
Nv.hmwu
RYLE:
EIEE—
BOL
OTLL V
ELL

EZ e
96—

€911
®1el|

L8711
8K |

-10

T T T T
0 140 130 120 110

T
15

T T T T T
200 190 180 17 180

T
210

SS3



R —

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

T T T
-20 -30 -4 -5

-10

10

Product 4h

(124 Qn/:
BLE
i

SOLE
2T mw
IENE

oroT—

Iize

46T
Tore

Forz

ore
009

0z
Wmmg
FEUE
[
(it

Fou

w0
i

Fin

1w
i

6.0

S54



BEs & Gk g IgEe 4 &
Bie g3 S i hRoE ¢
SV 3] R | G T
o 0
. G
-
/
0= "NH
N
N
o
I { ‘ I‘“ el -
210 200 190 180 170 180 150 140 130 120 e 100 a0 80 o &0 50 40 30 20 10 0 -10

g
%
i
o o
~ -
O 0
F
/
0% NH
N
=
o
: T T T r T T ‘ ‘ ‘ T r r T : : r r T T ‘ ‘
10 0 -10 -20 -30 -40 —50 -60 70 -80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210

SS5



Product 4i

wol—

ALE
L mw
GEHE

clror—

e

R N0

-9 1'E
0a9

£001
“LG0

%kmﬁ:

SUIE~

LEE~
oK LE
e

EVES—

BOL
oLL
ELL

EZe—
RO

10 0 -10

20

0 140 130 120 e

15

190 180 17 180

200

210

S56



R

T T T T T T T T
-20 -30 -4 -5 -60 70 -80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210

-10

10

Product 4j

CLLE~
GERETT

HorT-—

Fest

=0Ft

Fize

Feouz

"£1'T
ong

Faat

Feso

[t}
i

8.0

S57



WEE—
BOL
ahnv
gLt

e
T

||

130

-10

110

120

140

150

200 190 180 17 160

210

R

-0 -110 -120 -130 140 -150 -180 170 -180 -190 200 210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S58



TEFE~
LPFE~"

Product 4k

ROE
WDEM
CER

Fepirt

Froz

For

SELE-
G .hmv

BES—

)

170

-10

150 140 130 120 110 100

160

200 180 180

210

S59



e l—

T T T T T T T T
-20 -30 -4 -5 -60 70 -80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210

-10

10

Product 41

GeLE
L mW
HINE

£on—

F

=

o]
Ol

R~
1589

— L

e

=]

L

6.9

N

26T
06 1
0og

0.0

0.5

Lo

T
0.0 a5

0.5

S60



824 ¥ 2 [t =
EEER: ik EE =0
SV N ¥ ¥
(6] (6]
a 2
Q 0
z
/
0
M
N
OMe =
210 200 190 180 170 160 150 140 130 120 110 100 a0 B0 70 60 50 40 30 20 10 0 =}
bt
i
i
Q
~o o
/
O MH
M
N
OMe =
10 0 =1 -20 =30 -40 =50 80 =70 -80 90 -1000 -110 -120 130 -14¢ -150 -180 -170 -180 190 -200 210

Se1



Product 4m

g
=
b T
o =
o
(=]
o={u N °
o
4 o—
19LE
(LE
G
wimﬂ
PLEL— L
PEEL— ¢
L2
wmqsa_r
LS arf
PEPL—
Lo~
PUEL-E
115L L6E
1265°%
PLEL—
CeaL— 6l
O£1'S
IE66— PEI'S
16518
am_mN

o
185
00E

Feat
Tem

W:ﬂ.:,

“T:n:

=
=

GILES
£l hmv.

10EE~~
ILEE=—

BraL
o hhw
TELL

BLEG—
EEe—

LS9
23 w.,:k\
15591
nwVE_A\ﬁ

bRl
e
brgl—

0F 91—

1T —

BUEEl—

126

138 136 134 132 130 128

140

-10

10

T T T
17 160 150 140

T
180

T
200

T
210

S62



(B -

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4n

SOLE~—
HRE—

SIRL—
SERL—

LEIR:

05I8—=
LOIB—
:.L w\w

e

sae
nos

160
86O

S63



TCLE—

OLES—

BOL
oLL
ELL

LUEG—
66—

() b

a
N T
o =
o
o
o=l W o
[=}
/

Ll

LOIEI
E..,N_V.

SHCE] =
(EGEl—

BE'REI—

PR —

120

“J ) J.l

130 125
Tt iy

135

140

WJU

0

|

|

10 0 -10

20

140 130 120 e

15

190 180 17 180

200

210

1S

-0 -110 -1200 -130 140 -150 -180 170 -180 -190 200 210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S64



Product 40

Yy

0~
MH

ESLE
LELE

[

LERG—

M

~Za |
0oe

6.0

1w

w

wy

8.0

FLE:
mm..hmv

LOES—

KVEH.V

OrLL
umhht\.

G

SO

EAT 1
Exeal
OL4E1
ELIEL
feyra)
(0CE 1 -
B

al nm_t\\
I3 ._\.
asrf

b8k 1—

=
oll—

STl
Egm_v
T~
W
ST
8.4&_v

(ELZT
yra)
19921
[UAFa)
ELUZT
eNiEl
el

Sl

LISET—

LEEEl—

7

MH

136 134 132 130 128 126 124 122 120 118 116 114

138

I

ml

-10

T T T
17 160 150 140

T
180

210

S65



G TT—

BETT—

MH

T
-100  -110  -120 130 140 -150 -180 170 180 180 -200 210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4p

MH

Cl

v

%

Ea ]

Fooe

aug
H.ﬂocc

zal
11
10§
Frsan

O]
Bl

Tt

[
[

o

S66



STLE:
al hmv

IWEs—

BOL
ahhv

(8]
MH

Cl

v

|

130

-0

110

120

140

150

200 190 180 17 160

210

STl

7%

NH

Cl

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10




Product 4q

FIRS:
ERO
LERD
EY

E6—

0
NH

MeO

A

.

HIR9—
ECRO—
LER9~_
LRI~
RS —

— 80|

-LG

[~ET1

96

SOE
Wmm,
0a9

BOT

L0
£
96T

1
el

Wan:

0.5 10.0

1.0

FLE
23 hmv;

LEES——
L

BOL
ahhw

ELL

e
06—

S T—

G591
1o
il

el

HH

Me O

L

110

112

e

T T T T T T T T T T T T T
138 136 130 128 124 118

140

142

114

116

120

126

134 132

-10

T T T T T
17 160 150 140 130 120

T
180

S68



BAR T

MH

MeO

v

k:

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4r

L
ot
e

EEEE—

BOE
009

S0
RGO

L

0.5 10,0 8.5

1.0

S69



ETLE:
ULE:

TWEs—

BOL
ahhv

EF 191
&vﬂ_”
H691

o891
CwE_\ﬁ

ETIEI—

116 114

! } MMH “

118

138 136 13 132 130 128 126 1A

140

-0

T T T
0 140 130 120

T
15

T T
T 160

1

T
180

TN

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S70



Product 4s

[LRS
X‘Fmv
wue

Cl

DT~
CECL=F
&NHL\
LT

\

A,

EGT

EOTL

-0t

961
oog

Feae

£l
Lt
Fror

0]
6E0

Foo

LOLE:
TTLE:

TWES—

KVEH.V

OrLL
ghht\.

(BEG—~
L

(E911

Cl

-10

T T T
17 160 150 140

T
180

S71



[Lee]-—

Cl

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4t

LE—
RENE—

&

LE6—

Br

961
oos

WB,

L&0
Wm:w
a0

oo
RGO

”Tﬁmﬂ

S72



HE%9 e 28
EREE b i
SN I b
o 0o
- -
(8] ]
F
o
0= NH
N\
Br
=
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 180 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0 -10
o 0
. -
0 0
F
P
O~ "NH
N\
Br
o
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 50 50 70 -80 -80 -100 -110 -120 130 -14¢ -150 -180 -170 180 -180 200 210

S73



Product 4u

HET—

teie
pErE
ame~"

Ay
v

Ba6—

Tooe

Een
Frae
b1
OE,

Foui

501
660

Mlvg

[}
i

6.0

1w

w

7.

5.0

iy T
€T i =
O
LN
. o
SLE
e /
Es—
EOL
L

| HM R

10 0 -10

20

200 190 180 17 180 150 140 130 120 e

210

S74



ST —

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4v

Gl

15LE
LSLE
e

G —

106

A

— 1z

7N

NH

591
Mmmc

860

Wt 1

gk

— Fsa1

ooe

B[
IM zu]

— oo

.5 100

1.0

S75



| 7 |
Q Q
e -
8] 0
F
=
o Q MNH
sl e N
H o
210 200 190 180 170 160 130 140 130 120 110 100 90 80 60 50 40 30 20 10 1] -10
=
g
1
Q [a]
o -
0 Q
F
=
o o) MH
S AL Ny
H o
10 1] -10 20 =30 -40 =50 -0 -T0 -B80 90 -100 -110 -120 -130 -140 -150 -160 170 -180 -1890 -200 -210

S76



EGLE=—
19RE—

BIE6—

Product 4w

WEL—
EEPL
L
i

woriE
8L
oL

0L

PIRL~
EERL~"

PLOE~_
PEYE—
LETE—
518"

SRR

[y

|

80

8.2

8.4

00T
0og

EL60
Feer
Fiu

i

ST
Fzon

90
(g

Teao

0.0

mw...amuvn

LEYE

(BES—

BraL
o th
TELL

GEG™—
e

Quwc_
me_W
k1191

ELTET—r
w.ZN_\\‘
oLl
QIET]—~

T
130

135

T
140

-10

T T T T T T T T T T T
200 190 180 17 160 150 140 130 120 110 100

T
210

S77



£

03M

T
-110  -120 130 140 -150 -160 -170 180 180 -200 -210

-100

T
-90

-40

-20

-10

10

Product 4x

e

HRE—

ooRE—

I

1169
E6I~"
BLE I~

RET

e

oy

[EA

-

Fas

Ftat

wacm

60
Wmvn
ol

HOE

o

Lan
o1

Hlmvn_

S78



61—~
EE"

LOLE
TTLE

GES—

BOL
ahnv

ELL

SI'he—
S196—

.

L

130

-10

110

120

140

190 180 70 180 150

200

210

[N

-0 -110 -120 -130 140 -150 -180 170 -180 -190 200 210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S79



GIFE=—

W0T—

Product 4y

o

Y

66T

e

Mlcsx

FELE-
&w.hmv

ES—

-10

T T
17 160 150 140

T
180

210

S80



ERT—

v

b

T T T T T T T
-20 -30 -4 -5 -60 70 -80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210

-10

10

Product 4z

BI¥E—
OLEE—

srror—

MH

570

2

W:aa
661

660
£60
860
661
lig3

Fem

W—:N

Won:

10,5 10.0 9.5

.o

S81



il =5 e g =5
gy 85 zoE 2 el
el 2% Ghe o o

F
<

o 0
-
“oF ]
2
5% 0% NH
= N
K
=
HLMWM
T T T : T T T T : T . T T T T T . T . T T T
210 200 180 180 170 180 150 140 130 120 110 100 90 80 T 60 B0 40 30 20 10 0 10

—1 3

o 0
s
‘“OF 0
=
5%, 0% NH
= N
s
g

T T T T

T T T T T T T T T T T T T
10 0 -10 -20 -30 -4 50 -60 70 -80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210

S82



Product 4aa

b
SrE>
e

0og
e

8
{94
Eu
Fooz

au1
arl

Feon

[
i

GILE
Ef'LE:

ES—

BOL
ooLL
ELL

e
e

Fleal
vaﬂ_v
@inl””

7

J

|

10 0 -0

20

200 190 180 17 180 150 140 130 120 e

210

S83



[Tm-—

T
-110  -120 130 140 -150 -160 -170 180 180 -200 -210

-100

T
-90

-40

-20

-10

10

Product 4ab

Eﬂ..m
TLE W
R

GREE=

MH

o, O

e

M

STE L=~
hELT

SEI'R
TR
9%TR
R

PEF R~
S8
LSIR

Eum/r
a1 rm%
IEL 8~k
SLL®

AL MV.

SRLR
ERLR

LT

8.6 85

8.9 88 8.

6 1
oos

Fia1
BI'T
LOE

860

T-tat

Fr8ao0

L0
mcc,
R

m,mc 0

5.0

1w
[

6.0

0.0

10.5

S84



HILES
QrLE:

LS

BOL
ahntu\u
gLt

TWEG—
W6

FLCE |~
HIIED
ar -
g..wm_%“
wm.cm_,\
[l
[l
E@_W
stebl

i

o
MNH

-10

T T T T T
170 160 150 140 130 120

T
180

210

N

MH

-210

3
21

-110 -120 130 -140 -130 -160 170 -180 -190

-100

T
-90

T
-20 -30 -40 0

-10

10

S85



Product 4ac

208 L
E6H L)
LOF e
[AFN A E
AL L
i~

s
an_.mw.
SOrs

LT

— |

)

%:Qc

Fear

(BLE
w@hmuY

OLES—

BOL
ahhv

Lt

IFhe—
96—

130

-0

110

120

140

150

200 190 180 17 160

210

S86



S 1-—

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4ad

WLE—
BEHE—

LS~
31y o

Hoor—

eLL—

GIFL
mN«,_..”W
GER'L
08t __.V.l

Sl —

B8 LF
w?qh%ﬂ
EIE n\\
kEL
SHrL
mmﬁ_..v
GEOL:
c@h\\
08L'L
mE.nV

£9L LT
,Fn\.

[ i
ECLR
Opl's
brlE

[~ LT

[~ LOT]

[—ETE]

Ly

W:Em
0ue

Fseo

a1
Lag
Loz
E1T

Frm

ooy
aze 0

WT::

0.5 10.0

1.0

S87



EFGE
LE .cmW
Ok OE

FrES—

BOL
ahnv

Lt

(06—
1966—

SS9l
,mw.,:\
05991
F.Hﬁ\.

v

-10

150 140 130 120 110

160

200 190 180

210

LU=

-0 -110 -120 -130 140 -150 -180 170 -180 -190 200 210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S88



Product 4ae

ol b

g~
16LE~"
A0~

(BES
ﬁh:W
MY

oL
h\i‘.h‘)/.
LWL
EVhW
L
S8 h&.
wEL

98
GLT MW
i)

RIR6E—

Fore

e
RGOS
BUT

T:ac

Foso

0 |
£
Feo

€01
sl

M\::,

SERE—

HYE—~—
STRE—

LEES—

0L
(0L

ghhl\:

SEBL

TEG—
ase—

-10

10

T T T
17 160 150 140

T
180

T
200

T
210

S89



s

T T T
0 -80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210

T
=7

T
-60

-40

-20

-10

10

Product 4af

SHTE—~—
e

304 un

ok

~0

=

NH

07 0

-

ERIE
LPrg
FO1E
RIS

oo

L6

a6l

Bt

LGE
H\f Z
gl
E0T

Feat

E0T
W:.:

Fem

Lo

S90



=32 = # " " ” . -

LR 2% g % 3 g%

SN [ VI N I | Y
% ® = S2EER & 3 3
g 2 3 fERER = g =
| | | N/ N (.

0o o
“ -
0 0
F
=
0~ 0% NH
L Sles
.
l .
e
IR Fra o ot et e P BT o e P e P i s e T e e B e e e o Fer e e
142 140 138 136 13¢ 132 130 128 126 12¢ 122 (120 118 116 114 112
M A LDy o WM
; | , : - : - . T : : : ‘ : ‘ r ) ; ) - : r '
210 200 190 180 170 160 150 140 130 120 110 100 a0 B0 70 60 50 40 30 20 10 0 =}

—-1 5200

oo
~ o0~
F
#
07 0% TNH

T
-210

T T T T

T T T T T T T T T T T
-30 -4 50 -60 70 -80 -0 -100 -110 -120 130 140 -130 -160 -170 180 -180 -200

S91



Product 4ag

0~

~0

MH

0”0

a

Troue
Fiue

Fess

Fa6t

Feso

1oy
RE |

Fem

6E0
€01

%.35 1

0.8

0.0

0

0.5 10.0

1.0

F9ES
Cw.cmv

GRI—

BOL
ahhtu\u
ZELL

HEG—
Ee—

L9l
1Y wﬂ_v
tin”

-10

T T T T T
17 160 150 140 130 120

T
180

210

S92



Frae]-—

g~

~o

NH

0”0

‘

-110  -120 130 140 -150 -160 -170 180 180 -200 -210

-100

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4ah

EY
,mmzv
SHY

GI1R
ECIR
L)
FEI'S

06—

o0
MNH

A

SR MW.

ERE—

TILE
GTLE
1GLE—7

SRLES

Ay

il

501

Ll

AT

Log-

1M

|

Fssu
F o

Faso
Fosso

E
e

Fae

Fuso

Hlmb.m

Tt

W 960
'l

Fosu

0.5 10.0 8.5

1.0

S93



e =z HEEC g o mm
858 B EEEE L 3 RS
S V1 N1 [
& & 2 g5 o= gg
i i # M8 BEEHE a8
| | (% S v a o
o o
F
o
07 0% NH

L j v

T T T T T T T T T
140 138 136 134 132 130 128 126 124 122 120

"“———JWI—ML—/HU |N.J1 TP ML By TRV

T T T T T T T T T T T T T T T T T T T T T T T
210 2p0 1% 180 170 160 150 140 130 120 110 100 90 B8O 7 60 50 40 30 20 10 ] -10
B
!
I
o 0
0 o
F
=
o 0% NH
07) Ms
E e
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -0 - -3 -4 -5 80 70 80 80 -100 -110 -120 130 -140 -150 180 170 -180 190 -200 -210

S94



Product 4ai

LG —

—9E9

Mlmaz

Tﬂnm
WDE

260
£071

th 0

[t

8.0

a1
TET—
Hoe—

FL9E"
L .cmv

ERER—

PO~
2 e L

BrarL
o hhw
TELL

LUEG™~
LSE—
€86

291
aregl W
Eiat

MH

| HH ' ” I I

-10

10

T T T
17 160 150 140

T
180

T
200

T
210

S95



LURGT—

-100  -110 -120 130 -140 -150 -180 -170 180 190 -200 -210

T
-90

0

T T T
-20 -30 -4 -5

-10

10

Product 4aj

L

o]

0
0~ "NH
i
A A

o}
F

U

L

981
S8 |
961

Frue

‘Twms

Bl
g

For
TEN

-

S96



—3361

Eom 2HS 523 28 g
B o2 F ORE KHERR Gl 2
[ B " S N |
o 0
- -
g% 0
2
HO
~0"" 0% KH
N
A
T
140 135 130 125 120 115
- | - ; , : - ' r ; . ; T | - : T : ; ‘ r . T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 7 g0 8 40 30 20 10 0 -0

—-1W5

o 0
- -~
o 0

el

HO

~0 0% NH
N
2
.

T T T T T T T T T T

T T T T T T T T T T T T T
10 0 -10 -20 -30 -4 -5 -60 70 —80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210




Product 4ak

| —

[oks—

LIGE—

s

M, ey

e

m

[~ 00|

FoEE

Trou

Foeo

6610
~Z0E
600 |
ook

Fro

cal
Qo]

Fuor

10.0

0.5

1TEE~
EFOE-
nv.mmv

BES—

[l

I 1||Jh| 2 ‘ |

130

-0

110

120

140

150

200 190 180 17 180

210

S98



-190  -200 210

-180

o

T
-170
u]
8]
E
=
N
T
=1
e

-160

£ b

-150

il

s 561
ps 2 L8S

-120 130

-110

£~ _— 660
/O = L5~ 160

a
-100

e

HO

T
-0

s — —  TFodo

0
g
=

M BT
i

IE1% S
Y L
&l mv P

1
sl

T
—50

T
-40
&
%

“0
2
g38d
T

.
20

1285
8
0

crgE— 1751 —  Fusso

-10

10

Product 4al

S99

0.0 .5

0.5

110




SLTE—

BI'LE
wwhmv

1FES—

BOL
oLL
ELL

RbE—
Are6—

5501
K91
01"

10 0 -10

20

0 140 130 120 e

15

190 180 17 180

200

210

S I-—

T T
-100  -110 -1200 -130 140 -150 -180 170 -180 -190 200 210

T
-90

0

-40

T
-20

-10

10

S100



Product 4am

185E—

wLE—

ol
Ll NWW
SECH

=0
A T
o =
=}
o
(=] F/
24
£ N

-

FIFE

oz
Frez

Foe

Feai

lenmw

Feot

660
E0T

HTcn:

EREl—

TT—

EEBT—
RBUOE—

O
Gl .umv

GFES—

BOL
ooLL
ELL

FRo—
06—

HOI~
SECTET
LEETT
LT

L

10 0 -10

20

200 190 180 1 1E0 150 140 130 120 e

210

S101



LIS T

7

R

T T T T T T T
-20 -30 -4 -5 -60 70 -80 80 -100 -110 -1200 -130 140 -150 -180 170 -180 190 200 210

-10

10

Product 5b

LIroT—

|

. -

Fteo

Tooz

Feaw

Foce
Feus

Fem

cat
ol

Mlmn:

S102



REI—

GELE-
mv.hmv

wEs—

BOL
ahnv

ELL

al'te—
ares—

SE91—

SO —

BF1E1
53 Hw_v

STLEL

ERLEI M
GELTI—
SFRTI-F
BRI S

—d

140 138 136 3¢ 132 130 128 126 124 122 120 118 116 114

142

-10

T T T
0 140 130 120

T
15

T T
T 160

1

T
180

LERT—

-0 -110 -120 -130 140 -150 -180 170 -180 -190 200 210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S103



Product 5¢

PG

Fooe
Froe
T1oe

Frut
Feom

Feot

Fire
Fang

TFoa

WT_QN

Ta,

"

6.5 6.0

1w

8.0

wcuhun

OrLL
ghhx\.

aror——
ROENT—

N
A

]
2

mv_m&_v

L6

Z8oH—

ESTE]
el

ECREI—

T
118

118

-10

T T T
17 160 150 140

T
180

210

S104



(745

110 -120 130 140 -150 -160 -170 180 180 200 -210

-100

T
-a0

-40

-20

-10

10

Product 5d

BEEE

SUE
Lag

Fresz

Feoz
W%N
“Tm: i 4

ot

Foze
Fers

Frn

Fioe

oo

S105



111
NG.M_W

el

11'ee—

WLE
(BLE:
LEOP~.
&L
(ETH

BOL
o hhv

TELL

L8591
et
1zs1-"

€661
a1~

AFEl~
SUFEL—"
reel ="
EEEl—

Tl

LE8El—

il

B!

L

—

138 137 136 38 134 133 132 131 130 123 128 127 126

138

1L

I

=1g

T T T
0 140 130 120

T
15

T T
T 160

1

T
180

% 1T—

-210

9
21

110 -120 -130 140 -150 -160 170 -180 180

-100

T
-90

T
=30

T
-20

=16

10

S106



Product 5e

-
ey

MH

¥

%

Toee

ot

%Nco

Feat

(A3
—6is

%\an:

T T T
10.5 10,0 9.5

11.0

6l9E—

LFLE
a3 hmv
eEp~
RO
Dn.u.nwvv

GG
2599~

BOL
o hhv

TELL

[E'T01~—~
LEENT—

T
0491
Z8-"

aresl
Dv.ma.:“v.

1Z8] =

>

MH

Jnl

T T T T T T
129 128 12

130

140

%

126 125

7

133 132 131

134

137 136

139 138

N

LL

-10

T T T T T T T T T T T T
200 150 180 171 160 150 140 130 120 110 100 a0

T
210

S107



0
Fs
T
2
FE .
— S
[ 8
i .
=]
L8
= s s
o
= & | "
L) 3 A
f=1 = = ——
i o =
/ ) B
(=] '
xm —_— W ||
11— o
= S
g -
' e
=3
Iu.,l.e =
cror|
=
9 -
i F .
) N\ k. -
Lt g
b .
= == .,1 I_.qa."
[a]
o = .
8 -
L s
1% 3
I«
Lg -
L M@
L2 . e
i (a4 [ins
05.%.
L
\ﬂ Fat L ERL—~ o
L 9LEL— =
;ﬁ.w. 96 L— e
1L
K Lo
o
18 F oo
ELIS~T
= PIFL | -
= B8 xmqr.W & L
v.F.mW [ m =
b SEpENE
= ﬁm\ SopL~ L [
I 9LpL— " o
: (s P G ai
__wr“..
8 SELF — | e
[ ﬁ?%ﬂ i
i -
< o E— ExL L —— o | =
|7 S B
w
N w
[~ 2 = m
=
E
b= L -
Lo S i
&

S108



=
Loe— & _—_—
&
8 LE
e
Al 5
o
)
Fawv
0L
TELL
PESIT—
10T —
g
Wil —
ot g
s woTr—
it LTl —
BRI~
1TRTI~—
SORZ[—
HGT]
w1 .muom_V =]
L1 w
16291
SETEI~,
PEET"
eI~
SHpEL=" 18
]
501 (E9E—
LUe] (8961 —
CREI—

=1g
-180  -180 -200 210

70

-17

-180

00 110 120 130 146 -150
S109

110
Cl

120
-B0 —80

130

140

0

170 160 1
0

-3

200 190 180
=10 -20

210
10




Product 5g

B2

Q0T L—
FIEL—

SEL—
16T L
Smhy
HOE L
a m.h\1

WL~
o=

6

Ml LT

.T LT

[
W &0

iug)
Bl
S61

oo

60
6a'

99ge—

99
55795

BOL
o hhtu\u
TELL

(E'T01~—~
SCEN—

il

QT

THEEI—
BEXEI—

ETEE—

37 135 133 131 129 127 125 123 121

137

139

|

-10

T T T T T
17 160 150 140 130 120

T
180

210

S110



s |-

110 -120 130 140 -150 -160 -170 180 180 -200 210

-100

T
-90

0

T T T
-20 =30 -4 -5

=10

10

Product 5h

G

PTL~
BTL—
eEL—"

Itk L
_mth

— 8l

N

FFOI

0.0 9.5

0.5

S111



EE g g=g %8 R swe
B8 £ d5% 8g HEg E7 g2zE: 2
BE g g2z g8 SEE 2% S
W Y N Vi SEY YioY |
= g o sERfg 3 e 8 ag
F o EE 7 EEEEE s i as
| | | S [ | 5
o o
TN
/
07
N = £
-
R S S
138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121
| | “ " } L | I "
: ; . ‘ . . . . . —— ‘ . . : : : e . :
210 20 190 180 170 160 150 140 130 120 110 100 9 80 76 60 50 40 0 20 10 0 -1
9
&
[
o o
T )
o
07
N__»
-
. . : . . ; r : o . . . : : : . . . : : :
0 0 -0 -0 -3 -4 -3 60 70 80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

S112



Product 5i

B&HE—

IEF _J/
Chr L

quh#
R L~
ELFL=T

8EFL
%vf\.
e

E R
1oL
TLUi~=
(B L
%Sﬁ\\
s T/

BOLL~Z

[USNE
GLL h%
UL

(el 1./

EETB—.
GRI'B—F
mfz\

YN
4 o4
=
=]
L Tém
%_Wm
Feei
Tam
|
IMINJ — Tes0
—— 0y
.M’f 2l Tm,m
u = i
10z
ﬂram -
M Fin
..Ml _...m _— Tc:

5.0

[}
[T=)

6.0

0

8.0

0.0

10.5

ERST—

GEGE
NEWW
TEOE
SHTE—~
RO
LS mw.v

LT'99
LEY:

BraL
o hhw
TELL

S0 —
Soan——

SRED]

ES_V
S6 11—
En:.\

HEL1
I'aal

99—

el

GIECl—

QPLEl~
AL LEL

€l wm_w
et

R0EI—
il
IE—

BREE =
LIPEL="

PIGET—

SIBET—

T
120

T
125

T
130

[l

-10

T T T
17 160 150 140

T
180

T
200

T
210

S113



s

N0
]

110 -120 130 140 -150 -160 -170 180 180 -200 210

-100

T
-90

T T
-20 =30 -40

=16

10

Product 5j

Foas

—5TE
EEG

ooz

Tou

Fere

Fron

£
o0

ﬁmw.c

S114



& g8 g TXE BT 3
% 85 = ool Ea b
£ g8 8 podice o
| [N | Vv |
5 & & s
i & & HE
|
| | A4 & o
N
Qe
e
07 0FNH
| N
N
J L “ Il 4
\ ; \a ks
138 137 135 133 131 129 127 125 123 121
| I ] ]
s Uy
- | r | : - : T | . | T . T . T T T : T : .
210 200 190 180 170 160 150 140 130 120 110 100 9 80 7 60 50 40 30 20 10 0 -0
B
I
0 0
N
T
=3
07 0% NH
I M
-
i
\
: : . : : T : : | | ; - r . : : . - T r : | !
0 0 10 -2 -3 -4 -5 60 70 80 90 -100 -110 120 130 140 -150 -160 170 180 180 200 210

S115



Product 5k

EEER—

EE—

L

F ooe
b e

s&07

F o

Foan

arl
anl

F o

10.0

0.5

1.0

SLTE—
£1'9e—

HLE
BLE
T~
LG
cw.n?v

99
E999-

BOL

TELL

I

0 140 130 120 110

15

200 190 180 17 180

210

S116



(2552 ko

110 -120 130 140 -150 -160 -170 180 180 -200 210

-100

T
-90

T
-20

=10

10

Product 7

von
L2014

TP ppp——

SO t—

EZLS—

SETO—

Elror—

GER'DY

f.?

1.8

2.1

2:8

Fsso

Foar

Foot

01
it
Fean

660
a0t

10.5

S117



BOL
o0LL
ELL
EltR—

ko=
e

BT
mc_m_./n
BTl

W]
ol
RN
VELE | —
izl
B

ksl —

rHl—
BELl—
ant—

THEC—

0L'1E
2 1E
SLEEE
BBEE~.
eLSE
_ZMV

S596r
19 xm\
6E

Esr—
SLOs—
PES~
BLEST

L

Ll

il

|

| LLl

I MH ; ‘ J

L

-10

T T T T
0 140 130 120 110

T
15

T T T T T
200 190 180 17 1E0

T
210

s T—

-0 -110 -1200 -130 140 -150 -180 170 -180 -190 200 210

T
-90

T T
—50 -60

-40

T
-30

T
-20

-10

10

S118



Product 9

LD
(e
SR

B

FlvL
SR L
SEVL

ROT0T—

Saae

ahia

MIL. l hhbiJ‘

[~ LT

~LET)

zrl

[~ ET|

Tooi

Wﬂm
Fuo

£
o

Wan:

ERES—

LEL9—~
LEE9—

wcuhun

OrLL
ghhx\.

(BEG~—
56—

pS o

=3 =
o

[=}

OF//

-10

T T T T T T T T T T T T
200 180 180 171 160 150 140 130 120 110 100 a0

210

S119



e T-—

%

-210

=2

-110° -120 -130 140 -1500 -160 170 -180 180

-100

T
-a0

-40

-20

-10

10

Product 10

HO0T—

BT
6T

WN:

T-oa1

Fes

Feeo

S120



4
o
=
o
/ [a]
SHOE— —
Hzs—
oL
TELL
) -
06— & —
SHTE— HrEl —
(RG] —
L&
o
g ;
] —_—
=
LTI~ &
16LE] |J
SUNEI- L
HEI E—
ELREI -
PR b
i ——
—
ra
o591
ﬁx:/ | B —
SOR91 -+
.w ®
h|M i
=
M4
CFRET— [‘d
o
il

10 0 -0

20

130 120 e

140

200 190 180

210

SERT—

-210

9
21

-100 -110 -120 130 -140 -150 -180 170 180 190

T
-90

T T
—50 -60

-40

T
=30

T
-20

=16

10

S121



Product 11

E—

LERE—

EE—
58 6—

CF(COOMe);

o

Toaz

Frre

ﬁvnam

Foao

Tmmm

LFSE
,mwmvu

BUES—

0L
(L
TELL

IFhG—
[

SHE9]
:mmc_v

LLT—

MHz

CF(CO0Me)p

o

LL

-10

140

T T T T
190 180 70 160

T
200

T
210

S122



SELET—

CRCOOMe),

-20 -30 -4 -50 -€0 -0 -80  -9¢ 100 -110 -120 -130 -140 -150 -160 170 -180 190 -200 210 -2

-10

10

0

Product 12

mee—

TEE—
v

ZIRE—

LT —

OH
CF(COOM);

o

T
Foes

MYFG

S123



g8 =9 aR2080H w g
£ 8 FHHAAER £z 3
Y SN 17 |
QOH
1L
#CFCOOMe)2
R [ y
210 200 1480 180 170 160 150 140 130 120 110 100 a0 80 70 B0 50 40 30 20 10 o -10
5
g
]
OH
UL
CFICOOMe)z
0 10 10 =20 =30 -40 —50 —B0 =70 —80 -90 -100 -1i0 -120 -130 -140 -150 ~-160 -170 ~-180 ~-190 -200 -210 -2

S124



