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1. General Information

Unless otherwise specified, all reagents and solvents were obtained from commercial
suppliers and used without further purification. ' H NMR spectra were recorded at 400 MHz
and *C NMR spectra were recorded at 100 MHz by using a Bruker Avance 400 spectrometer
in CDCI; or DMSO-d; with TMS as internal standard. The chemical shifts () were expressed
in ppm and J values were given in Hz. The following abbreviations were used to describe
peak splitting patterns when appropriate: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet. Bruker Tensor II Fourier infrared spectrometer (Bremen, Germany) was used to
analyze the functional group of catalyst. X-ray diffraction (XRD) patterns were recorded on a
Bruker D8 Advance powder diffractometer. The absorption spectrum was recorded using a
Hitachi UV-2910 UV spectrophotometer (Tokyo, Japan). High-resolution mass spectral
(HRMS) analysis was performed on a Bruker micr OTOF-Q II instrument using ESI
techniques. TLC analysis was performed using precoated glass plates. Column
chromatography was performed on silica gel (200-300 mesh). 4-anilinocoumarins were

prepared according to literature.!
The Light Source and the Material of the Irradiation Vessel

Manufacturer: Beijing Rogertech Ltd.
Model: RLH-18

Broadband source: A= 455 nm

Material of the irradiation vessel: quartz tube

Not use any filters

Figure S1 (Photographed by author Ningbo Li)
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2. Experimental Section

2.1 Catalyst mpg-C;N, synthesis: mpg-C;N, was synthesized according to the following
literature?. A mixture of cyanamide (3.00 g) and colloidal silica aqueous solution (Ludox HS-
40, 40 wt. %, 7.50 g) was stirred in a glass vial at room temperature for about 15 minutes until
cyanamide was dissolved completely. Water was slowly evaporated upon stirring the mixture
overnight at 60 °C. Magnetic stirring bar was removed and the white solid was transferred
into a porcelain crucible and calcinated at 550 °C for 4 h under flow of nitrogen in a muftle
oven. The oven was allowed to cool to room temperature, the content from the crucible was
transferred into a polypropylene bottle, NH,HF, (12.0 g), and water (50 mL) were added. The
mixture was then stirred at room temperature for 24 h. Solid was separated by filtration and
washed thoroughly with water, ethanol, and dried overnight in a vacuum drying oven (50 °C).
Yield: 1.75 g. All analytical data (FTIR, XRD, UV/Vis, SEM, etc., see Figure S2-S5) are in

full agreement with those published in the literature.>*
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Figure S2. FTIR spectra of mpg-C;N,before and after the photocatalytic reaction
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Figure S3. XRD spectra of mpg-C;N, before and after the photocatalytic reaction
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Figure S4. UV-vis absorption spectra of mpg-C;N, before and after the photocatalytic

reaction

*ll Regulus T.0kV-D 8.2mm x2.00k SE+BSE(U) 20.0um

Figure S5. (A) SEM image of the fresh catalyst; (B) SEM image of recycled catalyst
2.2 Typical Procedure for Trifluoromethylation of 4-Anilinocoumarins:

To a solution of 4-anilinocoumarins 1 (0.2 mmol) in DMSO (1 mL) was added CF;SO,Na
2 (0.3 mmol) and mpg-C;N, (15 mg). The reaction mixture was open to the air and stirred at
room temperature under the irradiation of 10 W LED (455 nm) for about 24 h. Upon the
completion of reaction as monitored by TLC, the reaction mixture was transferred to a
centrifuge tube (3 mL of ethyl acetate was used in order to transfer the reaction mixture
completely), and the mixture was centrifuged (time approx. 10 minutes) until the mpg-C;N,
precipitates. The supernatant liquid was then collected in a separating funnel, and the solid in
the centrifuge tube was washed three times using approx. 10 mL ethyl acetate and collected in
the same separating funnel. Then, approx. 15 mL of brine solution was added, shaken, and the
organic layer was collected. The water layer was extracted again with ethyl acetate (3{&'10
mL). The combined organic layers were dried over Na,SQO,, filtered and concentrated in
vacuum. The residue was purified by flash column chromatography using a mixture of

petroleum ether and ethyl acetate as eluent (PE/EA = 5/1-3/1) to give the desired products 3.
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2.3 Procedure for gram-scale synthesis of 3a

NHPh NHPh
mpg-C3Ny CF;
X NaSO.CF 10 W LED, 455 nm X
+ NasUabFs "DMSO, rt, 24 h, air
(@] (@] (0] (@]
4 mmol 6 mmol 82%,1.00 g

To a solution of 4-anilinocoumarin 1a (4 mmol) in DMSO (15 mL) was added CF;SO,Na
2 (6 mmol) and mpg-C;N, (0.35 g). The reaction mixture was open to the air and stirred at
room temperature under the irradiation of 10 W LED (455 nm) for about 24 h. After
completion of the reaction, the catalyst was filtered and washed with ethyl acetate (15 mL)
three times. Then filtrate was quenched with brine (50 mL) and extracted three times with
ethyl acetate (15 mL). The combined organic extracts were dried over anhydrous Na,SO, and

concentrated in vacuo. Purification of the crude product by flash chromatography on silica gel

(PE/EA = 4/1) afforded the desired products 3aa (1.00 g, 82% yield).

Figure S6. Photograph of gram-scale synthesis of 3aa
2.4 Recycling Experiment

The mixture of 4-anilinocoumarins 1a (0.2 mmol), sodium trifluoromethanesulfonate 2
(0.3 mmol), mpg-C;N, (15.0 mg) and DMSO (1.0 mL) were sequentially added to an oven-
dried reaction tube. After that, the reaction mixture was stirred under the irradiation of an 10
W blue LED strip at room temperature for 24 h. After completion, the reaction mixture was
transferred to a centrifuge tube (3 mL of ethyl acetate was used in order to transfer the
reaction mixture completely), and the mixture was centrifuged (time approx. 10 minutes) until
the mpg-C;N, precipitates. The residual solid catalyst was washed with deionized water and
ethyl acetate for three times respectively, dried at 60 °C under vacuum for overnight and

directly reused in the next runs.
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Figure S7. Catalyst mpg-C;N, centrifugal photograph
2.5. Active species trapping experiments

To get insight into the contribution of different active species to the reaction, radical
trapping and active species trapping experiments were performed. The commonly used
scavengers 2,2,6,6-tetramethylpiperidinooxy (TEMPO), 2,6-di-tert-butyl-4-methylphenol
(BHT), p-benzoquinone (BQ), CCl,, and ammonium hydrogen carbonate (HCO,NH,) were
used in the model reaction, respectively. In a typical experiment: 4-anilinocoumarins 1a (0.2
mmol), sodium trifluoromethanesulfonate 2 (0.3 mmol), mpg-C;N, (15.0 mg), quencher and
DMSO (1.0 mL) were sequentially added to an oven-dried reaction tube. After that, the
reaction mixture was stirred under the irradiation of an 10 W blue LED strip at room
temperature for 24 h. When each round of the reactions was completed, one equivalent of
1,3,5-trimethoxybenzene was added and the mixture was stirred for 10 min. The catalyst was
separated by centrifugation and the supernatant liquid phase was analyzed by 'H NMR. The

results were presented in following scheme.

NHPh NHPh
CF3
N standard conditions N
A) + NaSO,CF, fon
o X0 quencher (2 equiv.) o X0
Scavenger Inhibited species 3aa
(a) TEMPO Radical trace
(b) BHT Radical 23%
(c) p-Benzoquinone 0, trace
(d) CCly e 46%
(&)  HCO,NH, Hole 58%
NHPh
- CF3
@ X + NaSO,CF, standard conditions 3aa + /[
[ee] (2 equiv.) Ph Ph
Ph Ph N.D. 4, 48%
MW = 248.0813
210 |-=I Eﬁ {2 1‘1‘.’:‘41—&. Z.:IE —_: TE%% 7:4—;—37:_—244:_:\ lllll
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Figure S8. Control experiments and Ms of adduct 4
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2.6 Control experiments comparing with previous reports

_Ph NP
HN TBHP (5 equiv) CF
N Cu(OAc), (4 equiv) Xy 40
+ NaSO,C,F
Z¥47%  MeCNICH,Cly, 0-5 °C o X0
oo
1a trace

Reaction conditions: 1a (0.15 mmol), NaSO,C4Fg (0.45 mmol), Cu(OAc), (4 equiv, 0.6 mmol),
TBHP (5 equiv, 0.75 mmol), MeCN/CH,Cl, = 1.5 mL : 1.5 mL, 0-5 °C, N5, 24 h

When 4-anilinocoumarin 1a was employed as a substrate in the reported reaction
system (J. Fluorine Chem. 2017, 197, 42-48), only a trace amount of the desired
product was detected by TLC. It is probably due to the coordination between the
excess amount of Cu(Il) salts and the sensitive amino groups thus poisoning the
reaction.

-Ph
HN/Ph HN
X CF3
X .
+ NaSO,CF, K2:P(t)4 (2 e(:uw)
o X0 cetone, r.t. o o
1a 455 nm Blue LED trace

Reaction conditions: 1a (0.2 mmol), NaSO,CF3 (0.6 mmol), Ko;HPO4 (2 equiv, 0.4 mmol),
acetone (2 mL), r.t.,, Np, 12 h

When 4-anilinocoumarin 1a was employed as a substrate in the irradiation of 455 nm
blue LED rather than the high-power Xenon lamp. Compared with the reported
photocatalytic reaction system (J. Fluorine Chem. 2018, 214, 42-47), only a trace
amount of the desired product was detected by TLC. It suggests that a high-power
Xenon lamp as a light source is very critical in the previous system.

3. Characterization data of products

e

N CF;
o O
4-(phenylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3aa): Yellow solid, 'H
NMR (400 MHz, CDCly): 6 7.41 (t, J = 6.2 Hz, 2H), 7.28-7.20 (m, 4H), 7.15 (t, J =
6.0 Hz, 1H), 7.01 (d, J = 4.0 Hz, 2H), 6.88 (t, J = 6.0 Hz, 1H); 3C NMR (100 MHz,
CDCl): 6 156.7, 152.6 (d, J=43.1 Hz), 140.1, 132.5, 128.8, 126.5, 125.1, 122.3 (d,
J=10.4 Hz), 116.6, 113.1, 96.1 (q, J = 23.2 Hz); '°F NMR (376 MHz, CDCl;): 6 -
55.82 (d, J = 4.5 Hz); HRMS: calcd for Ci¢H;;F;NO, [M+H]* 306.0742, found
306.0748.
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o 0

4-(o-tolylamino)-3-(trifluoromethyl)-2H-chromen-2-one  (3ab): Yellow solid, 'H
NMR (400 MHz, CDCly): 6 7.40 (t, J = 6.0 Hz, 1H), 7.25-7.20 (m, 2H), 7.14 (t, J =
5.8 Hz, 2H), 7.08-7.02 (m, 2H), 6.85 (d, J = 7.6 Hz, 2H), 2.29 (s, 3H); *C NMR (100
MHz, CDCl;): 6 157.7, 154.2 (d, J = 42.4 Hz), 139.4, 133.5, 131.8 (d, J = 41.6 Hz),
127.2 (d, J=25.6 Hz), 126.9, 125.0, 123.4, 117.7, 113.9, 95.4 (q,J=23.1 Hz), 18.0;
YF NMR (376 MHz, CDCls): & -55.44; HRMS: caled for Ci;H3F3sNO, [M+H]*
320.0898, found 320.0903

HN
o "0

5-(m-tolylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3ac): Yellow solid, 'H
NMR (400 MHz, CDCl;): & 7.41 (d, J = 6.0 Hz, 1H), 7.33(s, 1H), 7.26-7.20 (m, 2 H),
7.14 (t,J = 6.2 Hz, 1H), 6.97 (d, J= 6.0 Hz, 1H), 6.88 (t, /= 6.0 Hz, 1H), 6.84 (s, 1H),
6.78 (d, J = 6.4 Hz, 1H), 2.24 (s, 3H); *C NMR (100 MHz, CDCl;): 6 157.6, 153.6
(d, J=39.1 Hz), 140.4 (d, J=88.9 Hz), 133.5, 129.5, 127.6, 125.4 123.6 (d, /= 59.0
Hz), 120.4, 117.5, 113.9, 96.7 (q, J = 23.2 Hz), 21.3; '9F NMR (376 MHz, CDCl5): & -
55.76; HRMS: calcd for Cy7H3F3;NO, [M+H]*320.0898, found 320.0902.

ne

N CF3

o "0

4-(p-tolylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3ad): Yellow solid, 'H
NMR (400 MHz, CDCl;): 6 7.41 (t,J=6.0 Hz, 1H), 7.32 (s, 1 H), 7.22 (d, /= 6.4 Hz,
2H), 7.08 (d, J = 6.0 Hz, 2H), 6.91-6.86 (m, 3H), 2.29 (s, 3H); 3C NMR (100 MHz,

CDCl;): 6 157.7, 153.8 (d, J = 29.8 Hz), 138.4, 136.3, 133.4, 130.5, 127.7, 123.3 (d, J
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=29.5Hz), 123.2, 117.6, 113.9, 96.3 (q, J = 23.0 Hz), 29.7, 21.0; '°F NMR (376 MHz,
CDCl): 6 -55.65 (d, J = 4.9 Hz); HRMS: calcd for C{7H3F;NO, [M+H]" 320.0898,

found 320.0904.
ne
(@) (@)

4-((2,4-dimethylphenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3ae):
Yellow solid, '"H NMR (400 MHz, CDCl): 8 7.40 (t,J= 6.2 Hz, 1H) ,7.21 (t, J=6.2
Hz, 1H), 7.13 (d, /= 3.6 Hz, 1H), 7.04 (d, /= 5.6 Hz, 2H), 6.89-6.82 (m, 2H), 6.77 (d,
J = 6.4 Hz, 1H), 2.27 (s, 3H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl;): § 157.7,
154.1(d, J=55.5 Hz), 136.9 (d, /= 60.3 Hz), 133.4, 132.2, 128.0, 126.9, 125.2, 123.3,
117.7,94.5 (q, J = 23.0 Hz), 21.0, 17.9; '°F NMR (376 MHz, CDCl5): 8 -55.30 (d, J
=4.9 Hz); HRMS: calcd for CgHsF;NO, [M+H]"334.1055, found 334.1059.

OCH;

HN
(@) (@)

4-((4-methoxyphenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3af): Yellow
solid, '"H NMR (400 MHz, CDCl;): 6 7.43 (t, J = 6.2 Hz, 1H), 7.29-7.23 (m, 3H),
7.19-7.15 (m, 1H), 6.91 (t, J = 6.2 Hz, 1H), 6.70 (d, J = 6.8 Hz, 1H), 6.55 (d, J = 8.0
Hz, 2H), 3.70 (s, 3H); *C NMR (100 MHz, CDCls): 8 159.7, 152.5(d, J = 48.2 Hz),
141.1, 132.6, 129.6, 126.6, 122.3, 116.6, 114.5, 112.8, 110.5, 108.0, 94.5 (q, J = 23.0
Hz), 54.4; '°F NMR (376 MHz, CDCl;): 8 -55.78; HRMS: calcd for C;;H;3F3NO;

[M+H]*336.0848, found 336.0853.
HN



4-((4-methoxyphenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3ag): Yellow
solid, 'TH NMR (400 MHz, CDCl;): 6 7.40 (t, J= 6.2 Hz, 1H), 7.33 (s, 1 H), 7.23-7.18
(m, 2H), 6.98 (d, J = 6.8 Hz, 2H), 6.88-6.76 (m, 3H), 3.76 (s, 3H); *C NMR (100
MHz, CDCl;): & 158.2, 153.9 (d, J = 19.7 Hz), 133.5 (d, J = 41.8 Hz), 127.6, 125.5,
123.2, 117.7, 115.1, 113.7, 95.4 (q, J = 23.1 Hz), 55.6; '°F NMR (376 MHz, CDCl;):
d -55.46 (d, J = 4.9 Hz); HRMS: caled for Ci;H3F;NO; [M+H]" 336.0848, found
336.0852.

4-((4-(tert-butyl)phenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3ah):
Yellow solid, '"H NMR (400 MHz, CDCl;): & 7.41 (t,J= 5.6 Hz, 1H),7.34 (d, J= 6.0
Hz, 1H), 7.29-7.21 (m, 4 H), 6.94 (d, /= 6.4 Hz, 2H), 6.88 (t, /= 6.2 Hz, 1H), 1.25 (s,
9H); 13C NMR (100 MHz, CDCly): 8 157.7, 153.7 (d, J = 28.5 Hz), 149.6, 138.3,
133.4,127.7,126.7, 125.5, 123.1(d, J = 19.5 Hz), 117.6, 113.9, 96.5 (q, J = 22.9 Hz),
34.6, 31.3; ’F NMR (376 MHz, CDCl3): 6 -55.65 (d, J = 4.9 Hz); HRMS: calcd for
CyoHgF3NO, [M+H]"362.1368, found 362.1373.

0
HN
o "0

4-((2-fluorophenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3ai): 'H NMR
(400 MHz, CDCls): 6 7.46 (t,J= 6.2 Hz, 1H), 7.27 (t, J=5.6 Hz, 2H), 7.14-7.10 (m,
3H), 7.02 (t, J= 5.8 Hz, 1H), 6.95 (s, 2H); 13C NMR (100 MHz, CDCl5): 6 156.9 (d, J
=124.9 Hz), 154.2, 153.5 (d, J = 33.1 Hz), 133.8, 129.1(d, J = 9.3 Hz), 127.1 (d, J =
5.9 Hz), 126.3, 124.9 (d, J=3.1 Hz), 124.6 (d, J=47.5 Hz), 123.6, 117.8, 116.7 (d, J
= 15.2 Hz), 114.0. 98.3 (q, J = 23.4 Hz); '°F NMR (376 MHz, CDCl;): 3 -56.00 (d, J
= 4.1 Hz), -125.12; HRMS: calcd for C;¢H;oF4sNO, [M+H]" 324.0648, found
324.0652.
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o7
HN
(@) (@)

4-((4-fluorophenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3aj): Yellow
solid, "H NMR (400 MHz, CDCl;): & 7.44 (s, 1H), 7.29-7.19 (m, 3 H), 7.00-6.91 (m,
5H); 3C NMR (100 MHz, CDCl;): 6 161.7, 159.7, 157.5, 154.0, 153.5 (d, J = 49.6
Hz), 137.1, 133.6, 127.4, 125.2, 123.4, 117.8, 116.9 (d, /= 18.4 Hz), 113.7,97.1 (q, J
= 23.2 Hz); '’F NMR (376 MHz, CDCl;): 6 -55.75 (d, J = 4.1 Hz), -114.96; HRMS:
calcd for C¢H0F4sNO, [M+H]"324.0648, found 324.0653.

Cl

HN@
(@) (@)

4-((3-chlorophenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3ak): Yellow
solid, '"H NMR (400 MHz, CDCl3): & 7.47 (t, J = 5.8 Hz, 1H), 7.28-7.11 (m, 5 H),
7.03 (s, 1H), 6.97 (t, J= 5.6 Hz, 1H), 6.85 (d, J = 5.6 Hz, 1H); 3C NMR (100 MHz,
CDCly): 6 157.4, 153.5 (d, J = 101.4 Hz), 142.5, 135.5, 133.9, 130.8, 127.3, 125.9,
123.4 (d, J = 95.2 Hz), 120.8, 117.8, 113.8, 99.0 (d, J = 23.6 Hz); 'F NMR (376
MHz, CDCl;): 6 -56.09 (d, J = 4.1 Hz); HRMS: calcd for C,¢H;(CIF;NO, [M+H]*

340.0352, found 340.0356.
cl
W
mca
0 o

4-((4-chlorophenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3al): Yellow
solid, "H NMR (400 MHz, ds-DMSO): § 9.53 (s, 1H), 8.09 (d, J= 6.4 Hz, 1 H), 7.73
(t, J= 6.2 Hz, 1H), 7.45-7.36 (m, 4H), 7.27 (d, J = 6.8 Hz, 2H); '3C NMR (100 MHz,
CDCly): 6 158.4, 152.8 (d, J=48.7 Hz), 141.7, 134.4, 129.4, 128.8, 125.2, 1242 (d, J

S11



=70.1 Hz), 117.6, 116.4, 94.9 (d, J = 25.0 Hz); '°F NMR (376 MHz, ds-DMSO): § -
56.62; HRMS: calcd for C1H;CIFsNO, [M+H]* 340.0352, found 342.0357.

oy
HN
(@) (@)

4-((4-bromophenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3am): Yellow
solid, '"H NMR (400 MHz, CDCl3): 8 7.53 (t, J= 6.0 Hz, 1H), 7.46 (d, J = 6.4 Hz, 2H),
7.33-7.30 (m, 3 H), 7.03 (t, J = 6.4 Hz, 1H), 6.95 (d, J = 6.4 Hz, 2H); '*C NMR (100
MHz, CDCls): & 157.4, 153.4 (d, J=94.5 Hz), 140.3, 133.8, 132.9, 127.4, 124.1 (d, J
=79.4 Hz), 119.1, 117.8, 113.7, 98.5 (d, /= 23.1 Hz); '°F NMR (376 MHz, CDCl5): 6
-55.94; HRMS: calcd for C;sH;(BrF3;NO, [M+H]" 383.9847, found 383.9853.

HN
O (@)

4-((4-(trifluoromethoxy)phenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one
(3an): Yellow solid, '"H NMR (400 MHz, CDCls): 6 7.46 (t, J = 6.2 Hz, 1H), 7.26 (d,
J=6.8Hz, 1H),7.20 (t,J=6.0 Hz, 2H), 7.13 (d, /= 6.8 Hz, 2H), 7.01 (d, /= 7.2 Hz,
2H), 6.95 (t, J = 6.2 Hz, 1H); 3C NMR (100 MHz, CDCl;): § 158.3, 152.5 (d, J =
82.4 Hz), 145.6, 138.8, 132.8, 126.3, 122.8 (d, J = 46.2 Hz), 121.5, 116.8, 112.5,
107.2, 95.8 (q, J = 23.1 Hz); '°F NMR (376 MHz, CDCl;): 8 -55.93, -58.11; HRMS:
calcd for C7H(FsNO; [M+H]"390.0565, found 390.0569

IoN
HN

X CF;
(O XN ©)

4-((2-oxo-3-(trifluoromethyl)-2H-chromen-4-yl)amino)benzonitrile (3ao): Yellow
solid, 'TH NMR (400 MHz, CDCls): & 7.54 (d, J = 6.8 Hz, 3H), 7.31 (d, J= 6.8 Hz, 1
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H), 7.19 (s, 1 H), 7.14 (s, 1H), 7.05-6.97 (m, 3H); 3C NMR (100 MHz, CDCls): &
155.8, 152.9, 150.8, 144.5, 133.1(d, J = 55.6 Hz), 125.9, 123.0, 120.1, 117.0 (d, J =
27.9 Hz), 112.8, 107.0, 96.1 (g, J = 22.8 Hz); 19F NMR (376 MHz, CDCls): § -36.57;
HRMS: caled for C7H,oF3N,0, [M+H]* 331.0694, found 331.0699.

/©/COOEt
HN

N CF;

o 0

ethyl 4-((2-oxo-3-(trifluoromethyl)-2H-chromen-4-yl)amino)benzoate (3ap): Yellow
solid, "H NMR (400 MHz, CDCl;): 6 7.93 (d, J = 6.8 Hz, 2H), 7.47 (t, /= 6.2 Hz, 1
H), 7.27 (d,J=7.2 Hz, 3H), 6.99-6.94 (m, 3H), 4.32-4.28 (m, 2H), 1.32 (t, J= 5.4 Hz,
3H); 3C NMR (100 MHz, CDCl3): & 165.7, 158.0, 153.2 (d, J = 126.6 Hz), 145.3,
134.1, 131.3, 127.4, 123.7, 121.2, 117.8, 113.8 (d, J = 13.4 Hz), 100.3 (d, J = 23.2
Hz), 61.2, 14.4; F NMR (376 MHz, CDCl): & -56.27, HRMS: calcd for
Ci9H5F3sNO,4 [M+H]"378.0953, found 378.0958.

CHj

ﬁj !
HN

N CF;

o O

4-((4-bromo-3-methylphenyl)amino)-3-(trifluoromethyl)-2H-chromen-2-one (3aq):
Yellow solid, 'H NMR (400 MHz, CDCl;): 6 7.47-7.39 (m, 2H), 7.26-7.15 (m, 3H),
6.96-6.90 (m, 2H), 6.67 (d, J = 5.6 Hz, 1H), 2.29 (s, 3H); 3C NMR (100 MHz,
CDCly): 6 156.4, 152.5 (d, J=87.2 Hz), 139.1(d, J=47.7 Hz), 132.6 (d, J = 22.8 Hz),
126.4, 123.9, 122.5, 120.8, 116.7, 112.8, 94.2 (q, J = 23.2 Hz), 22.0; '°F NMR (376
MHz, CDCls): 6 -55.89; HRMS: calcd for C;H;,BrF;NO, [M+H]" 398.0004, found
398.0010.
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HNg

N CF;
o "0
4-(naphthalen-1-ylamino)-3-(trifluoromethyl)-2H-chromen-2-one  (3ar): Brown
solid, '"H NMR (400 MHz, CDCly): 8 7.46-7.38 (m, 3H), 7.26-7.19 (m, 4H), 6.96-
6.78 (m, 4H), 6.67 (d, J= 6.4 Hz, 1H);'3C NMR (100 MHz, CDCl5): 8 156.5, 152.4 (d,
J = 80.5 Hz), 139.1 (d, J = 45.5 Hz), 132.6 (d, J = 29.9 Hz), 126.4, 123.9, 122.5,
120.8, 116.7, 112.7, 96.8 (q, J = 23.1 Hz); '°F NMR (376 MHz, CDCls): 6 -55.89;
HRMS: calced for CyoH3F;NO, [M+H]"356.0898, found 356.0904.

pes

4-(benzo/d]thiazol-6-ylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3as): Yellow
solid, 'TH NMR (400 MHz, d,-DMSO): 5 9.71 (s, 1H), 9.33 (s, 1H), 8.13-8.05 (m, 3H),
7.73(t, J = 6.2 Hz, 1H), 7.46 (d, J = 6.8 Hz, 2H), 7.36 (t, J = 6.0 Hz, 1H); 3C NMR
(100 MHz, ds-DMSO): & 158.5, 156.1, 152.9 (d, J = 25.8 Hz), 150.6, 140.5, 134.6 (d,
J =442 Hz), 1254, 124.6, 123.7, 121.8, 117.7, 116.4, 115.5, 95.0 (q, J = 20.8 Hz);
19F NMR (376 MHz, ds-DMSO): § -56.58; HRMS: calcd for C7H;oF3N,0,S [M+H]"

363.0415, found 363.0420.
HN” ‘ 0

X CF;

o” "0

4-(dibenzo[b,d|furan-3-ylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3at):
Yellow solid, "H NMR (400 MHz, CDCl;): 8 7.85-7.80 (m, 2H), 7.48 (d, J = 6.8 Hz,
2H), 7.40 (d, J = 4.0 Hz, 2H), 7.31-7.18 (m, 4H), 6.99 (d, /= 6.8 Hz, 1H), 6.83 (t, J =

6.0 Hz, 1H); 13C NMR (100 MHz, CDCls): § 155.6 (d, J = 20.9 Hz), 152.6 (d, J =
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69.7 Hz), 139.2, 132.6, 126.5 (d, J = 9.6 Hz), 122.3 (d, J = 14.5 Hz), 121.4, 120.6,
119.6, 117.4, 116.7, 112.8, 110.8, 105.7, 96.6 (q, J = 23.4 Hz); '°F NMR (376 MHz,
CDCls): 6 -55.71; HRMS: calcd for C,,H3F3NO; [M+H]"396.0848, found 396.0853.

4-(benzylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3au): Yellow solid, 'H
NMR (400 MHz, CDCl3): & 7.62 (d, J = 6.4 Hz, 1H), 7.51 (t, J =6.2 Hz, 1H), 7.34-
7.24 (m, 6 H), 7.18 (t, J= 6.2 Hz, 1H), 5.86 (s, 1H), 4.68 (s, 2H); 3C NMR (100 MHz,
CDCly): 6 157.3, 154.7, 151.9, 135.8, 132.4, 128.3, 127.7, 126.7, 122.8 (d, J = 26.2
Hz), 117.0, 113.7, 89.3 (q, J = 23.7 Hz), 52.2; '°F NMR (376 MHz, CDCl5): 6 -54.26;
HRMS: calced for C7H3F;NO, [M+H]"320.0898, found 320.0902.

A

HN

4-(cyclopropylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3av): Pale yellow
solid, '"H NMR (400 MHz, CDCl;): 6 8.30 (t, /= 6.4 Hz, 1H), 7.53 (t,J= 6.2 Hz, 1H),
7.21 (t, J= 6.6 Hz, 2H), 6.17 (s, 1H), 3.12 (s, 1H), 0.99 (d, J = 5.2 Hz, 2H), 0.72 (s,
2H); 3C NMR (100 MHz, CDCls): 6 155.1, 152.4, 132.5, 124.9, 122.4, 116.9, 113.2,
98.3 (q, J = 22.5 Hz), 28.7, 10.1; F NMR (376 MHz, CDCl;): 8 -54.76, HRMS:
calcd for C13H;FsNO, [M+H]*270.0742, found 270.0746.

PNy

HN

4-(cyclobutylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3aw): Pale yellow
solid, '"H NMR (400 MHz, CDCls): 6 7.61 (d, J = 6.8 Hz, 1H), 7.52 (t, J = 6.2 Hz,
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1H), 7.19-7.26 (m, 3H), 4.26-4.31 (m, 1H), 4.50 (d, J = 6.8 Hz, 2H), 2.06 (t, J = 7.8
Hz, 2H), 1.80-1.67 (m, 2H); 3C NMR (100 MHz, CDCl;): § 157.0, 154.5, 152.5,
132.5, 123.9, 122.5, 117.0, 113.4, 89.4 (q, J = 23.6 Hz), 52.6, 32.1, 28.7, 13.0; 9F
NMR (376 MHz, CDCls): & -55.25 (d, J = 3.8 Hz); HRMS: caled for C14H;3F3NO,
[M+H]*284.0898, found 284.0903.

HN/\/\

4-(butylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3ax): Yellow solid, 'H
NMR (400 MHz, CDCls): 6 7.71 (d, J = 6.4 Hz, 1H), 7.51 (t, J= 6.2 Hz, 1 H), 7.24-
7.20 (m, 2H), 5.72 (s, 1H), 3.57 (d, /= 4.4 Hz, 2H), 1.68-1.62 (m, 2H), 1.40-1.34 (m,
2H), 0.89 (t, J = 6.0 Hz, 3H); '*C NMR (100 MHz, CDCls): § 158.5, 156.1, 153.0,
133.3, 124.0, 123.6 (d, J = 20.5 Hz), 117.9, 114.9, 89.3 (q, J = 24.6 Hz), 49.0, 32.9,
19.7, 13.6; 9F NMR (376 MHz, CDCls): & -54.44; HRMS: calcd for C4H;sF;NO,
[M+H]*286.1055, found 286.1059.

HN. O N

4-(octylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3ay): Pale yellow oil, 'H
NMR (400 MHz, CDCls): 6 7.75 (d, J = 6.4 Hz, 1H), 7.48 (t, J= 6.2 Hz, 1 H), 7.25-
7.20 (s, 2 H), 5.87 (s, 1H), 3.58-3.53 (m, 2H), 1.69-1.63 (m, 2H), 1.30-1.17 (m, 10H),
0.78 (t, J = 6.0 Hz, 3H); *C NMR (100 MHz, CDCls): 6 158.7, 156.1, 152.9, 133.2,
123.8, 117.8, 115.0, 88.9 (q, /= 21.3 Hz), 49.3, 31.6, 30.8, 29.0, 26.5, 22.6, 14.0; '°F
NMR (376 MHz, CDCls): 6 -54.32; HRMS: caled for CigHy3F3NO, [M+H]*342.1681,
found 342.1685.

NH,
o 0

4-(octylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3az): Yellow solid, 'H
NMR (400 MHz, ds,-DMSO): 6 8.29 (d, J = 6.4 Hz, 2H), 7.78-7.70 (m, 2 H), 7.40-
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7.35 (m, 2H); '*C NMR (100 MHz, d,-DMSO): § 157.9, 154.2, 152.9, 134.5, 124.5,
117.5, 114.0, 85.2 (t, J = 23.3 Hz); '°F NMR (376 MHz, d;-DMSO): § -54.92; HRMS:
caled for CjoH7F;NO, [M+H]* 230.0429, found 230.0434.

e

4-(octylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3aa’): Yellow oil, '"H NMR
(400 MHz, CDCl;): 6 7.48 (t,J= 6.2 Hz, 1H), 7.29 (t,J= 6.6 Hz, 2H), 7.19 (t, /= 6.2
Hz, 2H), 7.04 (t, J = 6.0 Hz, 1H), 6.87 (t, J = 5.8 Hz, 1H), 6.70 (d, J = 6.4 Hz, 2H),
3.38 (s, 3H); 13C NMR (100 MHz, CDCls): 8 158.1, 156.9, 153.2, 145.5, 132.8, 128.5,
126.3, 123.5,119.9, 116.5, 114.7, 111.9 (q, J = 24.4 Hz), 40.2; '°F NMR (376 MHz,
CDCl,): 6 -61.79; HRMS: calcd for C17H3F;NO, [M+H]*320.0898, found 320.0903.

NG
MeO O O

7-methoxy-4-(phenylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3ba): Yellow
solid, '"H NMR (400 MHz, CDCls): 8 7.27 (t,J = 6.2 Hz, 3H), 7.16-7.08 (m, 2H), 7.00
(d, J = 6.0 Hz, 2H), 6.66 (s, 1H), 6.43 (d, J = 7.2 Hz, 1H), 3.75 (s, 3H); 13C NMR
(100 MHz, CDCl;): 6 162.8, 157.0, 155.1, 152.8, 140.2, 128.8, 127.9, 125.0, 122.2,
111.1,105.7,99.5, 93.7 (d, J= 23.0 Hz), 54.8; 1F NMR (376 MHz, CDCl;): 8 -55.25;
HRMS: calcd forC7H3F3NO, [M+H]"336.0848, found 336.0852.

HN :
mCF:;
o O

6-methyl-4-(phenylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3bb): Yellow
solid, '"H NMR (400 MHz, CDCl;): 6 7.29 (t, J = 6.0 Hz, 3H), 7.23-7.12 (m, 3H),

7.00 (d, J = 6.4 Hz, 2H), 6.95 (s, 1H), 2.01 (s, 3H); *C NMR (100 MHz, CDCLy): &
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158.0, 152.8 (d, J = 140.7 Hz), 141.1, 134.7, 132.9, 129.8, 127.4, 126.1, 123.3, 117 .4,
113.4, 97.0 (q, J = 23.3 Hz), 20.9; 'F NMR (376 MHz, CDCl;):  -55.71; HRMS:
caled for C,7H3FsNO, [M+H]" 320.0898, found 320.0904.

HN/©
F\©\)\ICF3
o” "0
6-fluoro-4-(phenylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3bc): Yellow
solid, '"H NMR (400 MHz, CDCl;): 8 7.32 (t, J = 6.0 Hz, 3H), 7.24-7.14 (m, 3H),
7.02 (d, J = 6.0 Hz, 2H), 6.84 (d, J = 7.6 Hz, 1H);'3C NMR (100 MHz, CDCly): &
158.5, 156.9 (d, J = 80.4 Hz), 152.7, 150.2, 140.4, 130.1, 126.7, 123.5, 121.4 (d, J =

19.5 Hz), 119.3 (d, J = 6.7 Hz), 113.3 (d, J = 21.3 Hz), 97.9 (q, J = 22.8 Hz); '°F
NMR (376 MHz, CDCLy): & -55.94, -116.27; HRMS: calcd for Ci6H;oF4NO, [M+H]*

324.0648, found 324.0652.
HN :
(@) (@)

6-chloro-4-(phenylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3bd): Yellow
solid, 'H NMR (400 MHz, CDCl;): 3 7.44-7.38 (m, 4H), 7.31 (t, J = 6.0 Hz, 1H),
7.26 (d, J=5.2 Hz, 1H), 7.19 (s, 1H), 7.09 (d, J = 6.4 Hz, 2H); '*C NMR (100 MHz,
CDCl3): 6 157.2,152.3 (d,J=5.9 Hz), 140.4, 133.6, 130.1, 128.8, 127.0 (d, /= 42.9
Hz), 123.5, 119.1, 116.3, 114.9, 97.5 (q, J = 22.2 Hz); '°F NMR (376 MHz, CDCl5): §
-55.90; HRMS: calcd for C¢HoCIF;NO, [M+H]*340.0352, found 340.0356

NG
(@) (@)

6-bromo-4-(phenylamino)-3-(trifluoromethyl)-2H-chromen-2-one (3be): Yellow

solid, '"H NMR (400 MHz, CDCl;): 6 7.50 (d, J = 6.8 Hz, 1H), 7.34 (t, J = 5.8 Hz,
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3H), 7.25 (t, J= 6.4 Hz, 2H), 7.12(d, J = 6.8 Hz, 1H), 7.02 (d, J = 6.0 Hz, 2H); 13C
NMR (100 MHz, CDCls): 6 157.1, 152.6 (d, J = 51.1 Hz), 140.3, 136.4, 130.2 (d, J =
17.5 Hz), 126.8, 123.6, 119.3, 115.6 (d, J = 61.0 Hz), 97.5 (q, J = 23.0 Hz); '°F NMR
(376 MHz, CDCl;): ¢ -55.89; HRMS: calcd for Ci¢H;oBrF;NO, [M+H]" 383.9847,
found 383.9852.

NHe F F F
N F
FF

o 0

4-amino-3-(perfluoropropyl)-2H-chromen-2-one (3ca): Yellow solid, '"H NMR (400
MHz, d,-DMSO): 6 8.35 (d, J = 6.4 Hz, 1H), 8.29 (s, 1H), 7.13 (t, J = 6.2 Hz, 2H),
7.42-7.36 (m, 2H); 3C NMR (100 MHz, ds-DMSO): 6 157.7, 155.7, 153.0, 134.6,
124.6,117.4,113.9, 82.4 (t,J = 18.0 Hz); '°F NMR (376 MHz, ds-DMSO): § -79.91, -
104.91, -125.77; HRMS: calcd for C;,H,F;NO, [M+H]" 330.0365, found 330.0369.

Crystal data for 3ca: Ci,H¢F7;NO,; Mr = 329.18, Triclinic, space group P -1, a =
7.2140(12) A, b =7.4875(12) A, ¢ = 11.7137(18) A; V'=616.20(17) A3; T =273.15
K; Z = 4; Reflections collected/unique, 12962/2850, R;, = 0.0439, R, = 0.0604, wR, =
0.1639; GOF = 1.021; CCDC-2175980 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.

NHF F F F
N F

FF FF
O Ne)

4-amino-3-(perfluorobutyl)-2H-chromen-2-one (3cb): Yellow solid, 'H NMR (400
MHz, d,-DMSO): 6 8.35 (d, J = 6.8 Hz, 1H), 8.29 (s, 1 H), 7.73 (t, J = 6.2 Hz, 2H),
7.42-7.37 (m, 2H); 3C NMR (100 MHz, ds-DMSO): 6 157.8, 155.8, 153.0, 134.6,
124.6, 117.4, 113.9, 82.6 (t, J= 17.8 Hz); '°’F NMR (376 MHz, d,-DMSO): 4 -80.56, -
104.25, -122.24, -125.87; HRMS: calcd for C;3H7FgNO, [M+H]* 380.0333, found
380.0338.
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4-amino-3-(perfluorohexyl)-2H-chromen-2-one (3cc): Yellow solid, '"H NMR (400
MHz, d,-DMSO): 6 8.36 (d, J = 6.4 Hz, 1H), 8.29 (s, 1 H), 7.73 (t, J = 6.2 Hz, 2H),
7.42-7.37(m, 2H); '3C NMR (100 MHz, d,-DMSO): & 157.7, 155.8, 153.0, 134.5,
124.4,117.3, 113.9, 82.6 (t, J = 17.8 Hz); '°F NMR (376 MHz, d;-DMSO) § -80.74, -
104.10, -121.59, -121.94, -122.7, -126.17; HRMS: caled for C;sH;F3NO, [M+H]*
480.0269, found 480.0275

4-(methyl(phenyl)amino)-3-(perfluoropropyl)-2H-chromen-2-one (3cd): Yellow oil,
"H NMR (400 MHz, d¢-DMSO): § 7.74 (t, J= 6.0 Hz, 1H), 7.55 (d, /= 6.8 Hz, 1 H),
7.30-7.19 (m, 4H), 6.80 (t, J = 5.8 Hz, 3H), 3.34-3.30 (m, 3H); '*C NMR (100 MHz,
ds-DMSO): 6 162.0, 157.8, 155.0, 147.8, 135.2, 129.6, 127.5, 125.3, 119.1, 118.0,
117.6, 115.5, 115.2 (d, /= 19.5 Hz), 115.0, 113.8; '’F NMR (376 MHz, ds-DMSO) 3
-80.14, -106.81, -121.79; HRMS: calcd for CioH;3F;NO, [M+H]" 420.0835, found

420.0842.
S
W F
FFFF
(@) (@)

4-(methyl(phenyl)amino)-3-(perfluorobutyl)-2H-chromen-2-one (3ce): Yellow oil,
'H NMR (400 MHz, d,-DMSO): & 7.74 (t,J= 6.0 Hz, 1H), 7.55 (d, J = 6.4 Hz, 1H),
7.29-7.19 (m, 4 H), 6.80 (t, /= 5.8 Hz, 3H), 3.55-3.30 (m, 3H); 13C NMR (100 MHz,
ds-DMSO): 6 162.1, 157.7, 155.1, 147.8, 135.2, 129.5, 127.5, 125.3, 119.1, 117.9,
117.6, 115.5, 115.2 (d, /= 16.4 Hz), 113.7; 'F NMR (376 MHz, d,-DMSO) 5 -80.37,
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-106.64, -118.75, -125.97, HRMS: calcd for Cy0H;3FyNO, [M+H]" 470.0803, found

470.0808.
©\N/F FE FE F
§ F
FFFF g T
oo

4-(methyl(phenyl)amino)-3-(perfluorohexyl)-2H-chromen-2-one (3cf): Yellow oil,
'H NMR (400 MHz, ds-DMSO): 8 7.74 (t, J = 6.2 Hz, 1H), 7.55 (d, J = 6.8 Hz, 1H),
7.30-7.23 (m, 4 H), 6.79 (t, J = 5.8 Hz, 3H), 3.29 (s, 3H); 3C NMR (100 MHz, d4-
DMSO): 6 162.1, 157.7, 155.1, 147.8, 135.2, 129.5, 127.5, 125.3, 119.1, 118.0, 117.6
(d, J=39.9 Hz), 115.3 (d, J = 15.7 Hz), 113.7; '°F NMR (376 MHz, ds-DMSO) & -
80.41, -106.32, -117.80, -121.93, -122.49, -125.93; HRMS: calcd for C,,H;3F3NO,
[M+H]*570.0739, found 570.0746.
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5. 'H and 3C NMR spectra of products

E98 91
6L8 91
168 9
LaG o
T L
GEL LT
FSIL
601" L7
941" L
E1T L7
9z L
L
E5T L]
RO L
8L
t6E" L
G’
ST L

#00'T
=907 |
FROT
Mgt |

RRUT L

435
£l {ppon)

o0

13

30

4.0

50

55

60

20

'H NMR of 3aa in CDCl;

S22



LLLGLY
10907
[S:tal T

OFL sty
ELGSG
c0T96 ]
ETFO6

GLOET I~
095911,
102 2211

SOE T 1~

PEO ST~
s ozl
ges szl
166 EEl

0 Or1—
STRES ]~

s Esl”
S0 961~

10

0

100

10

120

130

140

150

160

£l {ppem)

I3C NMR of 3aa in CDCl;

DES 567
81855

I

A

30

46 48

-3 B4 -B6

-BD

B4
s

3

-64

-61

-60 ¥
£1 {ppmj

a4

2

40

-36. -3

34

19F NMR of 3aa in CDCl;

S23



BRT T

et i)
1980
g0 L
LEDL
050 Ly
SO LT
DB0L
RANR
BEL L
EST'L
EOE L)
(8T L}
£ L ]
T L

LBE' L ]
2 L
LIF L

A
. b

=

—

05T

o6 |
szl
STR

10T |
oo

£.5

oo

0.3

10

15

50

"H NMR of 3ab in CDCl;

ClOBI—

ETE L
RO0LL
CCELL

Ol el

P8 EST~
s9cps1
1891617

50

100

120

130

149

150

180

17

13C NMR of 3ab in CDCl;

S24



T
150
by
T
(1]

Lg :
lg fig
1 ' 3
]
K i |8 w
- |
B |
L's [
I La
E (=1
[ o B e |
| W —=  GEE
L= =i
s Fa
g |
<. W. L w_
Ly |
[ ta
E m t
] 4
B La L
g =+
i |
" / e |
o V E .
m " 2 = Hw [ M
i |
& i " ™ i
L B I 2 +
Le —d e ra
O 55— _ L 1L I
| 1809 Le
ts 189 ki
| LO8 0 :
L I 188 51
b
! O LG8 0
le 2 1966 —
| L6 ) =
a o O @l m
l = LET L]
] .= 51 L M
f = 102 &
La < 817 1]
} mm e L]
la 15T L le
t o mNmL i
Lo o~ VG L] t
[< M G L Ly
F® o Le
| & ~

1l {ppom)

S25

"H NMR of 3ac in CDCl;



19g1e—

O LOL
000LL
seid

£S5 G
ZROOG

plonay
LG

PEGIETT

'}

009 LT

GE0 ([~
8601

05T ES T
tryest”
99 151~

10

0

40

50

80

100

110

120

130

140

150

160

£ {pprm)

"

LR

I3C NMR of 3ac in CDCl;

(M

|

-100
£1 {ppm)

-1200 -130¢ -140 -150 -l60 -1700 18D 190 200 2l -3

-110

0

-0

A0

-30

-2

10

19

I9F NMR of 3ac in CDCl,

S26



LB T

958 0
7R 9
LG8 0
716 o
0L iy
SRO L
Tz LT
82T .t._\
7ee L
68E L
O i
6lp Lt

_.JL__

Lo i

0.0

19

R

=]

40

11 {ppmj)

43

| S

6.0

63

"H NMR of 3ad in CDCl;

196708

L8L90
0Ll
CazLL?

B6E56
GTT 96
amw.cmw
GRYYG

ELRET
9L~
BRIEE ]
ERPED] -
GLYLET
19" 0E |~
EIFEE]~
LEE'9E]
Skl BE]

OS] 5
096 EST
Ligris1”

@0 .
£1 {ppm)

10

=l
"

50

20

100

1

10

130

140

150

160

13C NMR of 3ad in CDCl;

S27



955 55"
£pr m.m..v.

Ty

T T T T T T T ™
-B0 -2 -B4 -B6 -BR B0 21 34

| 6ET T
(wad

64
1l {ppm)

T
58 80 -6

-3 56

T
=32

1529
[ ELLD
0289
GED
589
6959
6889
1£07L
0L
bElL
EET L]
L81'L
102 L
81T L
LEL
Coe L]
80P L

=50

™ T
42 44 46 48

T
38 40

T
=36

34

9F NMR of 3ad in CDCl;

T
-31

I

€67 |
Cope

8670 |
Ferg
w861
TR0 |
HETY

oot L

0.5 oL

Lo

15

5

30

40
11 (ppm)

4.3

30

sl
"

50

65

2D

'TH NMR of 3ae in CDCl;

S28



[
GRGIT-

ERLOL
LEONLL
16TLL

81 .va__
LLETG

L0 P
1E8TG°

TELITA,
95T ET

651621
LSH 0TI
08l
STTEELN,
E8EEE]—
889 9E [~
167 1617

R ES T~
PO RS 1
PR LG1

=l
"

£l {ppem)

140 130 120 11¢ 100

150

13C NMR of 3ae in CDClx

SEE 56
Feh o T

-105 -110

-3 -8 -100.

=70

65
1 {ppon)y

-30

5

19F NMR of 3ae in CDCl;

S29



I

obS 9
9950
5609
ZIL D,
€680
8069
YEED
Pl i
91’ h%
081'L
881'L
LT i
T 1]
i
LT L
0l i
oz i

I ___._

N _I..

0.5

10

13

23

30

ReCal

FEOT -

m

4.0

1 {ppm)

4.3

Lal
"

=
5]

=
-

20

TH NMR of 3af in CDCl;

SERPS—

WL&Lny
0008y

pezoL’

FL0DE
LRT9G

CLP G
969967

REQ RO~
zigor-—
LEREII m.
POSEIIY
SOOI~
01e'gz]”
G oz -
A TA b
6LSTEN—

1 11

LEE TS
o8 zs1”
Py GEI—

B

1L

\.ﬂll_

1080

1o

120

130

140

1o

13C NMR of 3af in CDCl;

S30



SLL GG

-160

=120

-80

)

=210

=180 -180 200

-170

-140  -150

=130

-100  -110
11 {ppm)

&0

=70

-60

=30

-0

=30

=20

10

10

9F NMR of 3af in CDCl;

SSLE—

€949
081
508 9
7o
0P8 0
2989
Lo
1969~
897
LTL
61
EITL
06T L
ZEL
ese L
166 L
Elb L

FSE |

L]

03

10

45 40
11 {ppm)

50

"

60

63

80

"H NMR of 3ag in CDCl;

S31



ILE§'S5—

ILL9A

e

SLULE

6Ly’

L5056
ZaL'sh

EDLSG
lEL'56?

PER ES T
[ER=
BECRS1T

10

o

50

&0

110

120

130

140

150

180

13C NMR of 3ag in CDCl,

0 56+
oty s6-

E:

=

54 56 o 50 -

51

42

30

z

19F NMR of 3ag in CDCl;

S32



L

98 9
LD
£68 0
1269
EpG O
107 17
YT L
e ﬁw
T L
SIE L
162 1
EEEL
EPEL
1661
90 L
ey L

'3

i

i

N

560 |
Amm_ X
v LGE |
=180

ool

o0

10

=
=]

63

=
=

80

"H NMR of 3ah in CDCl;

GBLOLY
EPOLL
LoTLL”

=R e
QLEDG
SOW0G
SEROG

BEFETI—
TS LI~
IEDET]
o2z £7]
0vS'STI 7
SeL ozl
860" (21
ezp el
OLE'BET—

LES Gl
EELECT

BIEES] >
£GY LS

woom

g o

0

=

10

=
"

a0

100

110

120

150

140

150

160

13C NMR of 3ah in CDCl;

S33



£S5 EG-
(pree- b

82

62 54 56

-40

e
|

=60

1l {ppm)

o
w

=52 =34

=30

-45 4B

-44

-42

=36  -38

34

19F NMR of 3ah in CDCl;

LS

v

50
£l {ppm)

10 05 ol

15

iy
(=]

el

40

45

&0

=
4

(LX)

"H NMR of 3ai in CDCl;

S34



SLLOL
GCONLL

ERTLLY

06T
LEGFT1 )
9T
LBOLT]
Wl LTl
101681
FGIGT1
JER

‘ le ‘Ij ,

JIJ

10

50

80

£l {ppem)

140

149 130

130

13C NMR of 3ai in CDCl;

RITET]—

01098~
GOG'SS”

o]

Al

-105 -e -115 -1 -12F -130 -135 -l4 -145

-100

93

45

-40

19F NMR of 3ai in CDCl;

S35



TI6' o
Z00 L)
wal h,
el
9w hw
ane L
cep L

o0

o

gat
Feret
00T

Ll
en

"H NMR of 3aj in CDCl;

LLL9L
IE0LL
v8TLL’

PO 967
CEOL6Y
02T LG ]
LBFLG

BSOENT
05L911,
3&2_\\/
SLLLTT

t6e £el—
LLUSTI
£Le el
Lz el —
b1 LE1

PP LS| —
EPL6S1
Loz 1917

10

=
=]

0

70

100

110

10

140

150

180

13C NMR of 3aj in CDCl;

S36



LSEPIl-—

L5166
ewh.ww.v.

vy T T ——r— 1 1
-0 -105 -110 -115 -I20 -125 -130 -135 -140 -l45

=8y &3

T
-85

11 {ppm)

-80

9F NMR of 3aj in CDCl;

b8 9
8GR
£56
1969,
1860
570
N1 L
LE1 L
ELIL
G810
£0T L
VT L
0T L
08T L
£S5 L
L0F' L
L

M
T
oo

D3

30

35

11 (ppm)

1
43

(=] / \\F =]

6.0

63

"H NMR of 3ak in CDCl;

S37



Lo
"

T
&0

98L'9LA I
IPOLL
SHTLL

L

o \ /x o _ .
DRE 86, / .
AT i 2

1

T
100
Cl
|

8LEND, =
GSL7LTT — |

108 071, _
TIL T, — 1} I

P99 EE]~ _— = 1 %_.cm..v

GORST] e —— AR 9G-

120

e izl
051 081~
ElGEE] 7 — i
PESSE
E6 T — —

T
130

T
140

T
150

18 TS~
18y Es
G0k L1~

160

13C NMR of 3ak in CDCl;

-103 -1 113 =120 -125 =13(

-100

-85

e

S38

9F NMR of 3ak in CDCl;



PISE—

GEEE—

89247
ST L
PIE L
6LE L7
PGE L
1 L
IS
P L
1L L
LEL L
L
080'8
960 8!

SEe6—

Gl

A

Feorp

=
=

105 100 23

noe

"H NMR of 3al in d¢-DMSO

ILLTG
12056

99E'gl |
0E0L T/.
95 £T

E.qﬁw
L sel

oL 81f
F R TAR
18EpELY
T vl —

ECE TS
010 Ee] -
Rlaci Y

F

NH

S
=

(o]

(5]

10

=

Fom

40

bl 20 0
1 {ppon)

100

110

149

150

100

13C NMR of 3al in ds-DMSO

S39



-1¢  -120  -130 -140 150 -160 -170 18D 180 200 210 -22

-50 80 _-100
11 {ppm)
o 0

=70

-60

=30

-0

=30

=20

10

10

19F NMR of 3al in d;-DMSO

L]

1o

13

30

i
"

50 45 40
11 (ppm)

53

6.0

B0

2.0

S40

TH NMR of 3am in CDCl,



BLLOLY
E0'LL
98T LL

ECK'S6
129 c.wmv

SLOETT~
LELLTIN,
BLOGIT—
608" ET 1,
SOERE1
00E Lz
EEGZET~
SO EET
NN
186'26 1~

9EA ES T
656 L81

10

40

30

100

110

120

130

140

150

170

13C NMR of 3ak in CDCl;

CEG 66

Br.

-160

-100
1 {ppon)

20

40

n

-180 -190 200 210

170

-1200 -130 -140  -130

o110

-850

10

-30

-20

-1

10

19F NMR of 3am in CDCl;

S41



TG )
869
£96'0
900 &
PEO L
AR
ol Lo
0614
POZ LY
0gg 1
PET L
LT L
St
19 L]
91 i

oD

05

10

[
m

4.0

&

i)

=
v

.
"

6.0

6.5

=
=

B3

TH NMR of 3an in CDCl,

EPL'SL

Az

oeraL”

NE.Q
mmm.mmw
PE6E6 ]
600967

1bZ L01
SECTI I,
961911y
89K 121

£95 ZE 1,
Gzuegl -
8T 91~

PRR el —
SELBET—
RS SR —
LEES T~

188517
L6951

H
0

10

20

L=

"

60

13 120 110 100 o a0
1 {ppon)

149

150

170

13C NMR of 3an in CDCl;

S42



901 86"~
3 1o

("

-160

=120

-80

)

=210

=180 -180 200

-170

-140  -150

=130

-100  -110
11 {ppm)

&0

=70

-60

=30

-0

=30

=20

10

10

19F NMR of 3an in CDCl;

L6 0
LRGD
Pl
(E0" L
S0 L
SET L~
ol LE
9T L
£0T L
LOE" L
FEE L
TES L
s 1!

N

Al

M

y
M
ML
L M e
o 00 oV
S —Lay

04

05

1.0

15

"
"

40

1l {ppom)

45

50

"
"

60

20

g5

TH NMR of 3a0 in CDCl;

S43



LeL6ly,

vmw.uhx

886667

_E_&w

80T 96

GG 90T

FISTI
[STAVN g
HEOT0T]~
CIDEDT ™~
SPi ST~

CERTET
[6E £E1-
1§ p1—
008 051~

ERR TSI
EIRSST—

0

(=]

10

0

30
£l {ppm)

]

1

140

13C NMR of 3a0 in CDCl;

ELGT OG-

-160

-80

-0

)

=180 -180 200 210

-170

2100 110 <120 -130 -140 150
11 {ppmj)

&0

=70

=30

=20

10

10

I9F NMR of 3a0 in CDCl;4

S44



208 T,
S1E |
GeE |

6LT 1,
zeT b

o0 1]
61E 1

SEGD
1569
6969
C85'0
667 L
LT L
5P i~
i
06 i

VG L
b6 L

9

—

oL

0.5

=

13

4.0

45

50

&0

=)

£l {ppem)

"H NMR of 3ap in CDCl;

S5ERI—

OET 19—

SIEDLY
G90LL
mmm.hh.w\u

TOLET
98811 7
8801117
BEC 12177
phL gEl”
cee Lzl
IhE 61—
190 PEL

SPE Sl 1 —
PLETE]~
b EG1~

50 151

FhLE91—

%0
1 (gpm)

10

30

30

100

150 140

160

13C NMR of 3ap in CDCl;

S45



LT 88—

[

-160

=120

-80

)

=210

=180 -180 200

-170

-140  -150

=130

-100  -110
11 {ppm)

&0

=70

-60

=30

-0

=30

=20

10

10

9F NMR of 3ap in CDCl;

oot t—

Zou o
Ly o
(10"

5 0

(0969

'Ly
€0l i
061" L
T L
09z L
zhe L
80" L
LEpL
oSt L
Lo L

—

i

et

e,

T — LT

1

=3 Mg

= FSOT |

871
= Fes

Jwy T

L

1.0

15

=]

e

3

13

35

4.0

43
11 {ppe)

50

&0

15 80

o0

'"H NMR of 3aq in CDCls

S46



TRE1E—

15160,

PR o

GETOLY

T1ERG!

TELTT
FEL9TT
9L 01
EOFETI
it b
[0 91~
8P CE]

o mm_v
ORE BET]~,
LEE GET

PEO TSI~
006 Z617"
R9E 951"

Er

.

10

@
"

140 130 130 e 100 o0
fl 3]

150

170

18D

13C NMR of 3aq in CDCl;

GRE G-

'3

-140

-170 -180 -180 200 210 -1

-160

-130

20 100 -110 -1200 -130
£l {ppon)

-B0

=50

40

-30

-0

-1

10

9F NMR of 3aq in CDCl;

S47



19991
199
GLL'D
1649
EFE 9
106'9
826 91
a9
6560~
681 L
EETL
6T L
Lol
8EL
[
Tep L
L |
EOp L

'3

h.Y

L1

0.5

=
b=

b
m

40

30

=
=

B3

TH NMR of 3ar in CDCl;

FELELn
mcc.cf
ooTaL

60896
LG
ELGO6
Z0TLG

26T~
EBY UL [,
ESLOE I,
685 2T 1~
EEGETI—
85E 91—
LerEel
sl
TR BEI,
8T 6E17

000281~
sogzst
125 951~

i

I

1”“I|J

|

|

L

0 30 10

T

1 {ppm)

140

110

159

170

I3C NMR of 3ar in CDCl,

S48



GBS 557

-160

=140

-180

=170

=150

£18e—

=130

FOE E—

=10 -120

=100

.90\
11 {ppm)

&2 e L)
POE' L
GLEL

R SER Ly

TiF L
EILL

L GEL L

L L
06084
1908
oIrs
wrs!

=30

AE 6
SOL 6=

=10

I9F NMR of 3ar in CDCl;

S\

[

: -
- wmﬁ

mqm
L
E Fo0E

0.0

[

10

EL)

35

£l dppen)

=
e

2.0

2.3

110 103

5

"H NMR of 3as in d¢-DMSO

S49



It 6Ey

A5 OGEY
STEGE

B 10k
STEOR
[N o

LAY
LIGTG

ST1'56
SIFs6”

£60°EC]—
ois el
5E

995061,
08Ty,
8O0 EG
680951
6 851/

10

BG

110 140

120

140

150

170

180

£l {ppem)

13C NMR of 3as in ds-DMSO

0RG" 96—

-160

-180 -190 200 210 -1

-170

-0 80 -100 -110 -120 130 -140 -150
1 {ppon)

10

40

-30

-1

-1

10

9F NMR of 3as in ds&-DMSO

S50



e
§z8'9
0bS 9
2869
6669
e8I'L
LOT &
bSTL

BLT L

EGTTL
BOE' L
FOEL
POl L
0L L
L8P L
108" L
L18L
BER L
ECR L

I

AN M_

4.5
1 {ppm)

oo

05

10

EEH

"
m

4.0

50

=
e

30

L)

"H NMR of 3at in d;-DMSO

MeLSL
00oaL
BSTOL

FRT 06y
CEE'D
cmhcak
FOE96
L E01
LSLOT] ,"__
SOLETTY,
00911y
GORLTT
cLy

AL

ATEEl—

SETaEL

LIETSIA
plEEsl~=
PSSl
sLss1!

0

(o]

10

70

£l {pper)

110

150 140

160

13C NMR of 3at in d,-DMSO

S51



LOL 86—

%

AL

-160

-100
11 {ppm)

-80

)

=210

=180 -180 200

-170

=120 -130 -140 130

=110

&0

=70

-60

=30

-0

=30

=20

10

10

9F NMR of 3at in d,-DMSO

CLYp—

BEE ST

£91'L
6L LY
PGl L
sTT L

b L1
EST L
8LT L

162 L]
01€" L]

PIEL ﬁ
GEE L

Tt L]
LS L
TG L
019 L1
9z 1

ke

Feoi

oL

10

35

40

43

£l {pper)

50

=
ea

'H NMR of 3au in CDCl;

S52



TRI'ES—

SLLSL
ENaL
FRTOL

ARG'ER
L5168
FOEGR
DESER

189 ZE 1
EPEETIAL
ESYOTT
20T AL
RIERT]

=]

50

110

120

130

140

15

160

£l {ppem)

13C NMR of 3au in CDCl;

T

00,
£l {ppm)

-10

£5

63

=53

=50

-3

I9F NMR of 3au in CDCl,

S53



SIe

e

e6l'iy
01z i,
SzT L
PIS i
sz L]
e i

GBT §-
SOE'S 7

L2

D3

15

=
=]

iy
m

4.0

60

6.5

L

B35

Lo

1wy
o

"H NMR of 3av in CDCl;

£5001—

GLYBE—

TwLSty

Sl

nszaL’

| ___.a.h,m.._r
FOT8G 3
GER'RG
SOL'R6Y

SOTE117
ROFOT]
USETTIn,

(8 ZE1—

T T8 —
Eres]—

&0

a0

i

110

120

130

140

170

I3C NMR of 3av in CDCl;

S54



090 S

-160

-100
11 {ppm)

-80

)

=210

=180 -180 200

-170

=120 -130 -140 130

=110

&0

=70

-60

=30

-0

=30

=20

10

10

19F NMR of 3av in CDCl;

69911
689 |
Loy
oLl
208 1-
b0'Zs,
090°Z]
080°Z
Lo'T
Pge

092 by
90T P
am.ﬁﬁ
90E P

6l'ly
01E' L
9EE L
WL
e L
S05° L
0gs L
oL L
965" L
EIL

e Ry

B60l

0.0

1o

wy
=

40

45

1l {ppemy

i
"

&0

B0

LA

"H NMR of 3aw in CDCl;

S55



|l. -o
OI0El— ————y
£
P L8
4
ERU'BT— — La
R11TE —
3 ke
e
S19Es- —
e
1
1 e
IPL'SLy, E |
e /! .
6T oL : =
BIOGS
86687
11668 ™ Fag
il 68’ | =
rg
E
3 l e 956557
_ 2 obe ge-
GIEL 1
LOEDI— ——f
EZSTTI [8
SERET|~ —
—
&
le
65 EEl— — m
L g @)
N g
. —
: Lg 2
GAFES T~ — = =]
S BET— = N
CEOLGT- i 8 b
gk o
[a
e =

05

-30

83

£l {ppen)

S56

-40

-35

I9F NMR of 3aw in CDCl;



506 0
LEE
ZsE
L9g'
28
L6E'
81y
ey
Oty
195
SLy

Ty
&

FOS'E
SLETE

1ELE—

961" 47
POT Ly
1T L
i
(e L
006" hw
1zsif
90L&
b

CH:

Lv]

0

'k

Faal

45
1 {ppm)

2
=

=
=1

40

50

80

B3

"H NMR of 3ax in CDCl;

GOESTE]

Lal—

REGTE—

USTER

9BLOLY
0P OTLL
POT LL

%G.mm.
_mm.@m v
Lt 68
6LL 68

TPl
STELITY
bs'eely
Tl Eel|
100be] <
8oL g1

GLEEE]—

LOG'ES 1 —
R R
BAp RG]

o

e Ry
/o

=

10

=
"

30

£l {ppen)

130 120 110 100

140

I3C NMR of 3ax in CDCl;

S57



54,441

e e e ey o am % e % A ao
<170 -180 -180 200 210

0 _-100  -110 -120 -130 -140 -150 160
11 {ppm)

9F NMR of 3ax in CDCl;

g

— 0 o o | g oo i}
wy % (=1 o = w o0 o0
T e cg g k=l 12 B X
= w o - == o
Pt | | V! |
I'N/\F\/\/\\/\CHS
F
=
F
(4] 0
|
|
i
I
] ] i) |
; . .
|
i }L_,'II M f\ ._.'Ill'-._J el _)I|
L i T I L PR i R B T
O =—n oo wy o oh g
ooo & =] 3] =~ =
. — = L] o™ o o
T v T r T - T v T s T " T r T - T v T ¥ T " T ¥ T - T v T ¥ T e T ¥ T o T ”
o0 85 B0 75 70 6.3 a0 53 3.0 45 4 4.0 35 3.0 15 10 1.5 1.0 0.3 0.0
Il {ppm)

'"H NMR of 3ay in CDCl;

S58



61011~
85520

LIS 0T
8T 6T
§TR0E
opor 167

BTE' Gl —

QELTEN
ELULLT
seetr’
85588
31888
1£068
86T 68

SISIT
reaLi”
1E8 €21~

GPTEE]—
TLRES ]~

Qe o8] —
GOLBS T

T
1o

=
"

T
30

T
0

100

1 {ppm)

13C NMR of 3ay in CDCl;

CHy

CTE S —

0

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

=30 40 =50 -8 -180

-10

£l dppon)

S59

19F NMR of 3ay in CDCl;



Fls T

e E—

LPE L
oL L
TLEL
BRE L
E0F L
Q69 Ly
[T L
LEL L
8L L
R 8
00E" mv

NH,

0

(o]

0.0

" 966
a LOR GE

@
"

v 0968,

* e61ss 7
9zH 68

50

fl

5

6.0

SONENT—
ERFLIT

65

HIEN A

Lop el —

CEGTS ™~

081'#S1-"
TLR LS

o0

0.0

'"H NMR of 3az in d;-DMSO

10

o
"

30

130 0 110 100 o0

140

180 1m0 160

0

£l {ppon)

S60

13C NMR of 3az in d;-DMSO



T T
-
T
00

L=
& |
-8 la
La T t
Le [
Lg I
L5 |
.1_. ...h
ls |
| La
5 =
[ (86— B ‘£
Ly T:u-,m
&

[ i = |m

2 E
‘H\\
i)
. .
-100
£l {ppm)
X"
F
(]
£l {ppm)

o
2 T T
-5 00
s
T
|
R
o
T e T
50 43

=70

T
-60

7609
0L

9680 1
189
CRE 9 re
020" L -
GE0L
00 L,

STEPS— |

=50

T
;)

-30

981" L
e L
042" 14
98¢’ L
£0E" L
£0p' L
61 L
bt L

iy
e

—— T
x/_grcf
| N

-1

9F NMR of 3az in d,-DMSO

S61

"H NMR of 3aa' in CDCl;



e

95 LG
010'9L
rogaL’

GRUTI

8657111
PR :_.W

SOSETI h___ﬁ
gL o

EEO O8]
i

i

|

130

i

=10

10

50

100 90 80
11 {ppm)

10

120

170 160 150 140

180

I3C NMR of 3aa' in CDCl;

TR

=140

180

-180 -170

-150

-110 -1 -130

100
£1 {ppm)

£0

40 -50 -0

-30

9F NMR of 3aa’' in CDCl;

S62



el E—

02 U
e 07
1550
066'0,
SO0 L%
S0
Pty L

0

[}

e

—

=LCE

o0

03

10

R

=]

=
-

40

11 {ppmj)

43

30

i
"

=
=

B3

"H NMR of 3ba in CDCl;

GELTS:

BOLGLY
CEO9L
ohw.ChH\u

epoce
ELREG,
SRS 66

0EL'§01 —
80111,

£CT TN
PEG6 PEl~
SIS LT~
wes szl

EOEORT—

5L Es]—
TIISS] M
D66 Be1

061291~

(]

il

0

=
=

110 100 o0 20
1 {ppon)

120

7 180

17

180

13C NMR of 3ba in CDCl;

S63



15056 —

-80

=80
11 {ppm)

40

85 -l00 -85 110 -1I5 -I120 -125 1300 135

-75

- i

=30

=45

=30 =35

3

19F NMR of 3ba in CDCl;

00 E—

2569
§66'9
oL
0elL
LET L
PLl L
GRI'L
PIT L
€2 11
69 L
PE L]
66E L

%

———— wET

[t
F002 |

£l
%ﬁm; 1
0zl

LR b

il

o

035

10

1.0

"y
=1

40
£l {ppm)

43

50

"

6.0

T0

B0

"H NMR of 3bb in CDCl;

S64



QIE0E—

E0S 9L
LSULL
e

LE0DG
TREYG
SILGY
OFELG

9IFEL—
LOELIT—
E0E ET 1,
SI9EIN
L€ LEl—
8L 61
G616 TEl
080 b
ool If#l—

TE0'ES 1=
G Es 1
€56 LS 1—

i

H{L

BE

10

40

a0

o0

100

110

120

130

140

150

160

170

£l {ppem)

13C NMR of 3bb in CDCl;

HC

LOL 86—

-160

-100
1 {ppon)

0

40

-1

n

210

-180 -190 200

-3¢ -140  -150 -170

-120

o110

-E0

10

-1 -30

10

19F NMR of 3bb in CDCl;

S65



CER'D
PEE'D
GO0 L
FEOL

SEILTL

ESTT Ly
L9 L
FIT L
9T L
L L
00E L
SlEL _
OEE" L

L

JLM

b

001
A
JO1T

iad
e |

03 0o

1o

30

@
-

43

£l {ppem)

30

"
"

6.0

"H NMR of 3bc in CDCl;

EDE LY
LS0LL
.l m.hh.lw

OBE" O 1 —

0T oS-,
GRIEE]
L5 951
RTELE] W
£9R EE]

o

ALY TR AT e

10

0

100

e

10

13

140

150

160

170.

180

I3C NMR of 3bc in CDCl;

S66



e e

CEGGE

0]

-160

=30

=180 -180 200 210 -2

-170

-3¢ -140  -150

=120
B

ﬂ-&) -110
=
m R
S
© 0

-80 80
Gt

=70

-60

(80,
LG0T L
761 L7
ST L
€07 L
ORT L
10€" L
o1E j
aE L]

G L
SIF L]
fred L
£ L

-0

=30

=20

10

10

19F NMR of 3bc in CDCl;

10

1.0

3D

4.0

43
£l {ppm)

30

vy
"

6.0

63

20

15

L]

"H NMR of 3bd in CDCl;

S67



5089

80 LL7
ElELL’

1T Lan
et la
GRLG
LOG'LG

._u_".um.w__/
PEED]
061~
A5 ET]
GLL OTT~
80T LTI

0P Es]
GOETS] 7
ELT'LST

10

=)
"

30

o0
1 {ppmm)

100

e

150 140 130

180

13C NMR of 3bd in CDCl;

Q6E 5

%

Cl

-160

-100
1 {ppon)

0

40

-1

n

210

o0

-180  -190

-3¢ -140  -150 -170

-120

-110

-E0

=70

-30

-1

10

9F NMR of 3bd in CDCl;

S68



104
OE0 L
PIrL
[ELL
SET 1|
T L
19T L-F
LIEL
166
OpE' L
L8P L
og 1!

Q

|

" AJLLL

-

ol

05

10

4.0

wy

S8
S0
B

g

LLT Lo

B0

"H NMR of 3be in CDCl;

S05 94
190 L+
areei’

whm.hm
mmw.how
80816
Loes’

SIEST—
seasil

aresll”
195 21
HELake
SL0ETT
£6T 01

09E DE ]~
162 01—

PLE 26T~
o8zl
£90'£51-

20
£l {ppm)

20

100

110

130

180

I3C NMR of 3be in CDCl;

S69



CRE GG~

(o]

Al

-160

-100
11 {ppm)

-80

)

=210

=180 -180 200

-170

=120 -130 -140 130

=110

&0

=70

-60

=30

-0

=30

=20

10

10

19F NMR of 3be in CDCl;

P L

8l E—

£9E'L1
08" L
£0p @
61 L
LILL
TeL L
8L L
06T 8,
Ibe 87
L5e'8”

1wy
i

30

35

40

45

[

5.3
£l {ppm)

6.0

63

100

105

10

'"H NMR of 3ca in ds-DMSO

S70



BE 667
90966
ELL'6ES
6E6 6E

9010y

ELT 0]
O O

SRI'ZRY
cam.mmW
FeSCR

ELREN
6ELT1"
085 7T 1~

SO8'PE]
CEES ]~

L 661~
SeLisT

0

&0

]

100
1 {ppm)

180 180 170 160 150 140 130 110 110

200

210

13C NMR of 3ca in d,-DMSO

LOLSET-—

PIGROT-—

QEGL—

-165 -17

-160

0

19F NMR of 3ca in d,-DMSO

S71



i

BT E—

§OE'L
TRE'L
SO L7
e
SIL L
cEL ﬁu
LI
9878
P mw
POE 8

|I|"k_ ./ lL . A

30

=
-

0P'TE
9RETR S
59L'z8’

53

£l {ppm)

6.0

FE LIEN—

PLELIL-

BEEFTI—

B0

s Pel—

TEDEST~
GOLEE ]~
05LLS1-

K1)

100

'"H NMR of 3¢b in de-DMSO

10

=]
"

100 o0
£l {ppmj

110

120

=

150 140

160

13C NMR of 3¢b in de-DMSO

S72



ELRET]—
W Eel-—

08T 01—

196708—

-14%

L5

-50

=150

=143

o0 -100 105 10 <115 -120 <125 -130  -135
11 {ppm)

-85

9F NMR of 3¢b in d¢-DMSO

8T

[iTd

S0 1
7861
it L
0T L
SILL
oL hw
b L
06T 8
<S8
[LE'S

—

e
=

ot

————

~

—

00T |
Fomif
~ER 0

|

09

™

4.0

55

6.0

100 D3 2.0

0.3

£l {ppm)

"H NMR of 3cc in d¢-DMSO

S73



LR GEY
HRSGE
SE LGS
TLHGEE
BLOOr
GRONOF-
X 1'0F
95 TR
ETP R

Fa%e]
TILEa
68 g8’

FLEEN—
OEELTT—

09E R
BEQ'PT] ¥

GES'PEI—
RENEG ]~

GBLSS 1~
TELLST

£l 10

0

130 120 110 100 20
1l {ppm)

140

150

170

I3C NMR of 3¢e in ds-DMSO

SO OE] -~
wwh.mm_...,_
O 121
068" 1217

60 p0l-—

L8

-100

-ue -1y -1200 -12% -130 -13F -140 -145 -1500 155 -160

103

£l {ppm)

g

9F NMR of 3c¢c in ds-DMSO

S74



LT
SpEE”

G8L O
008 94
P18 o
8814~
e L
St
EPT L
65T &
8¢ &
L6 &
opG i
£9G° L
zeL L
LEL L
L

¢]

o]

" —_—

L

=00

=
=

40

43

50

11 {ppmj)

83

20

85

oo

"H NMR of 3ed in de-DMSO

05966
LISGE

Sk ;_r

EBGGE
0510
QTE R

EIBELL
ZOGF1 1
PETSTI
U8TST]

SitGl

zas LI
Ea.:_%
3 E_,w
e 5T
[aranil
[l
POrsED
08 L1~
PITESTA,
LLL ST~
GE0TU1~

0

&0

160 1500 140 130 1N 110 10D =]
1 {ppony

(/]

180 180 1

200

210

13C NMR of 3ed in de-DMSO

S75



| £:75 1A

LOB 01—

OF 108

—

160

40 -85 100 -105 -0 -1 4120 4125 -130 -135  -140 <145 -150  -15F
11 {ppm)

=)
=

9F NMR of 3ed in d¢-DMSO

e

Rl
08E €

' 8¢

Forer

A

Foge

=050 |
9
- 00T

10

i
]

30

490

45

£l {ppen)

63 6.0

L}
=

10

20

"H NMR of 3ce in d¢-DMSO

S76



Op P GE
900 6E
ELLGE

OF 6 6E

L0107
£LT 0P ]
Ibrop”

LRLEL
61511
0OEGT -4
£TST

Sees]—
(69 L8 1"
s —

@

0

=
"

30

BG

]

100
11 {ppm)

110

140

130

180

180

13C NMR of 3ce in ds-DMSO

PLESTI—

ESLRIT-—

SESO0T-—

OLE D8 —

o ”%” 2 IA
R W{A

-160

60 85

40 45

-165

-85 -100 -105 -110 -l11F -120 -125 -130 -135 -140 -145 -I150 -133

-£0

-85

-3§

=50

wy
"

30

9F NMR of 3ce in ds-DMSO

S77



16T £~
8pE £

(8L D
6L @w
6089
PET Ly
057 L
5oz hw
GLT L.
ST L _%
s 4]
196" 14
Wil
9L L]
ESLL

06T T

10

)
m

40

45

5.0

e

sl
[

Lo

£l {ppm)

"H NMR of 3c¢f in d¢-DMSO

§9T511
zes1iy
0LS'L17

Sh8 L1
SEEC]
EBY LS~
SPIED]~

0

&0

00 180 170 160 130 140 130 1N 10 10D o0
1 {ppony

200

210

13C NMR of 3cf in ds-DMSO

S78



—-R0.409
106319

-
&5
= —
—
T
I %

=122 486
—- 125020

v i e T B M S S A S S B S A S R . R B o S Bt . . T — —_—
50 35 &0 65 70 75 B0 B3 8D 23

25 100 -105 -110 -115 -120 -12§ -130 -135 -140 -145 -150 -155 -16D -165 -170 -10
£l {ppem)

B30 35 40 45

I9F NMR of 3¢f in ds-DMSO

S79



