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1. General Remarks

All reactions were carried out under argon atmosphere and anhydrous conditions unless
otherwise indicated. Syringes used to transfer reagents and solvents were purged with argon
prior to use. Cobalt catalysts were obtained from commercial sources. Superdry solvents, THF,
MeCN, 1,4-dioxane, MTBE were purchased form commercial sources. Dry toluene and Et.O
was continuously refluxed and freshly distilled from sodium benzophenone ketyl under
nitrogen. Yields refer to isolated compounds, estimated to be > 95% pure as determined by 'H-
NMR. Reactions were monitored by thin layer chromatography (TLC). TLC were performed
using aluminum plates covered with SiO> (Merck 60, F-254) and visualized by UV detection.
Purification via column chromatography was performed using Merck silica gel 60 (40-63 mm
230-400 mesh ASTM from Merck). NMR spectra were recorded in CDClIs (0 = 7.26) and
chemical shifts (o) are reported in parts per million (ppm). High-resolution mass spectra (HR-
MS) were recorded on an Agilent 1290 mass spectrometer using ESI-TOF (electrospray

ionization time-of-flight).



2. Optimization for Cobalt-Catalyzed Alkene Sulfonylcarbonylation.

Table S1. Ligand Screening for Cobalt-Catalyzed Alkene Sulfonylcarbonylation.[?!

Me byproduct
Col, (10 mol %) O
B ) Ligand (11 mol %) Ts
Ts—Cl + iz Me ZnOPiv >
Me CO (1 atm) o O
dioxane, 23 °C, 2 h Me

1a 2a 3a 4 4aa
desired unsymmetric ketone symmetric ketone
o
(o] | A
—Z
/ \ / \ / \ | XN O N ‘O
S |\ NS |,NHN\| Q/N N@
H
L1:R=H L4:R=H N A 2N N A L10 L1
L2:R = Me L5: R = Me H-5- L7 Lo R

L3:R = OMe L6:R=0Me  MeO—<—>% L8

tBu tBu R
R O PALL
SRR I AN D oD
L12: R = iPr L14:R=H L16 L17:R'=H,R?2=H L20:R=H
L13:R=Bn L15:R = /Pr L18:R'=Me, R?=H L21: R = Me
L19: R' = H, R? = Me L22: R = OMe
L23:R=F
Entry Ligand Yield of 4a (4aa) (%)
1 L1 0(93)
2 L2 2
3 L3 0
4 L4 309D
5 L5 0
6 L6 2
7 L7 3
8 L8 4
9 L9 3(92)
10 L10 0(92)
11 L11 0
12 L12 7 (85)
13 L13 6
14 L14 0
15 L15 0
16 L16 0
17 L17 75
18 L18 64
19 L19 0
20 L20 63
21 L21 55
22 L22 67
23 L23 42

[a] Reaction conditions: 1a (0.2 mmol, 2.0 equiv), 2a (0.1 mmol, 1.0 equiv), 3a (0.2 mmol, 2.0 equiv), [Colz] (10 mol %),
ligand (L, 12 mol %), CO (1 atm), dioxane (1.0 mL), at 23 <C, 2 h. [b] Isolated yields.

S-3



Table S2. Arylzinc Reagent Screening for Cobalt-Catalyzed Alkene Sulfonylcarbonylation.

Anion effects in arylzinc reagent
75%

Me—< >—ZnX
Yield

Me 3a (I-VI
Coly (10 mol %) O -V . of 4
A

N bpp (L17, 11 mol %)
Ts—Cl + /@A + Me—@—ZnX — e 310/ 32 %
Me CO (1 atm) fo) 23%
dioxane, 23 °C, 2 h 13% I

1a 2a 3a 4 Me
desired unsymmetric ketone

o,%
Entry X Yield of 4 (%)

1 OAc 13

2 Br 23

3 Cl 31

4 1 32

5 OAd 38

6 OPiv 75

[a] Reaction conditions: 1a (0.2 mmol, 2.0 equiv), 2a (0.1 mmol, 1.0 equiv), 3a (0.2 mmol, 2.0 equiv), Col2 (10 mol %), ligand
(L17, 12 mol %), CO (1 atm), solvent (1.0 mL), at 23 <C, 2 h. [b] Isolated yields.

Table S3. Solvent Screening for Cobalt-Catalyzed Alkene Sulfonylcarbonylation.[

Me
Coly (10 mol %) O
Ts—Cl  + /©/\ + co(latm) + Me@—ZnOPiv bep(2mol®) T
Me Solvent, 23 °C, 2 h o O
1a 2a 3a 4 Me
Entry Solvent Yield (%)®!
1 THF 40
2 MeCN 35
3 Anisole 21
4 Dioxane 75
5 DME 33
6 DEDM 27
7 EtO trace
8 DMA 0
9 "Bu2O trace
10 MeO'Bu trace
11 Toluene trace
12 DCE 17
13 DCM 24
14 DMSO 0

[a] Reaction conditions: 1a (0.2 mmol, 2.0 equiv), 2a (0.1 mmol, 1.0 equiv), 3a (0.2 mmol, 2.0 equiv), Col;
(10 mol %), ligand (L17, 12 mol %), CO (1 atm), solvent (1.0 mL), at 23 <C, 2 h. [b] Isolated yields.
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Table S4. Catalyst Screening for Cobalt-Catalyzed Alkene Sulfonylcarbonylation. [

Me i
[TM] (10 mol %) O 3
/@/\ L17 (11 mol %) Ts |
Ts—Cl + + CO(1atm) + Me—@—ZnOPiv _— : O O
Me’ dioxane, 23 °C, 2 h i
i Me’ Me
i

1a 2a 3a 4 byproduct
Entry Catalyst Yield (%)
1 Colz as the catalyst 75
2 CoClz as the catalyst 21
3 CoBr as the catalyst trace
4 Co(OAc): as the catalyst 50
5 Co(PPh3)2Cl; as the catalyst 26
6 Co(acac): as the catalyst 52
7 Co(acac); as the catalyst trace
8 Co(PPh3);Cl as the catalyst trace
9 5 mol % Colz was used 62
10 2.5 mol % Col was used 40
11 NiClz as the catalyst 0
12 NiCl2(PPhs): as the catalyst 0
13 NiClz(PCys): as the catalyst 0
14 NiBr2(PCys): as the catalyst 0
15 NiCl2(DME) as the catalyst 0
16 Ni(OTH)2 as the catalyst 0
17 Ni(acac): as the catalyst 0
18 Ni(OAc): as the catalyst 0
19 Nil2 as the catalyst 0
20 Fe(OTf): as the catalyst 0
21 Fe(OTf)s as the catalyst 0
21 FeCls as the catalyst 0
23 FeBrs as the catalyst 0
24 Fe(acac); as the catalyst 0
25 FeCl: as the catalyst 0
26 Cu(OTH)2 as the catalyst 0
27 Cul as the catalyst 0

[a] Reaction conditions: 1a (0.2 mmol, 2.0 equiv), 2a (0.1 mmol, 1.0 equiv), 3a (0.2 mmol, 2.0 equiv),
catalyst (10 mol %), ligand (L.17, 12 mol %), CO (1 atm), dioxane (1.0 mL), at 23 <C, 2 h. [b] Isolated yields.



3. Mechanistic Experiments

a) Radical Inhibition Experiments

Me
Ts—Cl 1a  CO (1 atm) Col, (10 mol %) O

. . L17 (12 mol %) - Ts
mon YN I oS
3a Me 2a Ar= —E—@—Me 4 Me
Additives: w/o additive TEMPO 1,1-Diphenylethylene
Yield of 4: 75% 0% 19%

Figure S1. Radical inhibition experiments.

Procedure for Figure S1: An oven-dried tube was charged with Col> (10 mol %), L17 (12
mol %), tosyl chloride 1a (0.4 mmol, 2.0 equiv). Then the tube was evacuated and backfilled
with CO (three times, 1 atm, balloon). 1,4-dioxane (1.0 mL) was added and stirred for 10
minutes vigorously. Then alkene 2a (0.2 mmol, 1.0 equiv), and additive (TEMPO (2.0 equiv),
or 1,1- diphenylethene (2.0 equiv) were added. Then 3a (0.4 mmol, 2.0 equiv) resolved in 1,4-
dioxane (0.5 mL) were added dropwise over 5 minutes. The reaction mixture was stirred at
23 °C for 2 h. When the reaction was completed, product 4 not detected with TEMPO, only a
portion of product 4 was detected with 1,1- diphenylethene by TLC. The resulting residue was

purified by column chromatography on silica gel (petroleum ether/EtOAc 6:1) to yield product
4.

b) EPR Experiments

An oven-dried tube was charged with Col (10 mol %), 17 (12 mol %), tosyl chloride 1a (0.3
mmol, 2.0 equiv), 1,4-dioxane (1.0 mL) and alkene 2a (0.15 mmol, 1.0 equiv) and DMPO (2.0
equiv) were added in glovebox and stirred for 5 minutes. Then 3a (0.45 mmol, 3.0 equiv)
resolved in 1,4-dioxane (0.5 mL) were added and stired for 10 minutes. A series of EPR
spintrapping experiments show the existence of S-centered radicals trapped by DMPO ( An =
13.81 G, Au = 18.61 G), which was considered to be *SO,Ar.
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b) EPR experiments:

@ x + Ar—znoPiv Mﬁj\/\f—/\/—'
%<:>~

----- Fitting result
COztBu fjl PR 5
i “ ........ ,” 4 !l.‘,._. !‘".. T e
Ay=13.81G AN =1421G (Gol « L7 +1j 22+ 32
Ay =1861G Ay=20.21G

M/S = 268.1007
found: 268.1001 by HR-MS

[Co]+L17 +1a+ 3a

— - — - Fitting result

I W I N S S
DMPO u SNV Y
(2 Oequw ——|[Co]+L17 +1a+2a+3a
W
3460 3480 3500 3520 3540

Magnetic field (G)

[Co) + L17 +1j + 3a

A

T T T T
3460 3480 3500 3520
Magnetic field (G)

Figure S2. EPR experiments.

¢) Catalytic Reactivity of the Pincer-Cobalt Complex 49

i) Preparation of Cobalt(II) Complex 49!

L2 L

MeCN, Reflux
cop + NN — - NN
=N N= =N---Coll---N=
7/ \
I |
L17 49

(CCDC: 2413440)

Figure S3. Preparation of cobalt(Il) complex 49.

524.83521

200

T
300 400 500 600 700 800 900 1000
m/z

Figure S4. HR-MS spectra of cobalt(Il) complex 49.

An oven-dried tube was charged with cobalt(Il) iodide (468.2 mg, 1.5 mmol) and acetonitrile
(50 mL), then a solution of L.17 (316.5 mg,1.5 mmol) in acetonitrile (50 mL) was added. The

reaction mixture was refluxed for 30 min. Cooling the mixture to room temperature, the green

precipitate collected by filtration (Yield: 558.9 mg, 71%). Single crystals were obtained by

vapour diffusion of diethyl ether into a THF solution of the complex. HR-MS (ESI) m/z calcd
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for C11HoColbNs [M+H"] 524.83521, found 524.83521.
ii) Catalytic Reactivity of the Pincer-Cobalt Complex 49

ArX (2a) Ts—Cl (1a)

N Ar—ZnOPiv (3a) CTs O
» ® >
{r,u N l\ll§ CO (1 atm) o
=N---coll---N= 49 (10 mol %)
/ M

\ dioxane, 23 °C, 2 h

49 (100 mol %)  Ts—Cl (1a) OMe
Ph—ZnOPiv (3b) Ar” X (2c) .
L o—» '°
CO (1 atm) N, (1 atm) fo)
49 dioxane 23°C,2h
23 °C, 2 min

CCDC: 2413440 21: 63%

Figure S5. Catalytic reactivity of the pincer-cobalt complex 49.

Procedure for synthesis of 4: an oven-dried tube was charged with 49 (10 mol %), tosyl
chloride 1a (0.4 mmol, 2.0 equiv). Then the tube was evacuated and backfilled with CO (three
times, 1 atm, balloon). 1,4-dioxane (1.0 mL) was added and stirred for 2 minutes vigorously.
Alkene 2a (0.2 mmol, 1.0 equiv) was added. Then 3a (0.4 mmol, 2.0 equiv) resolved in 1,4-
dioxane (1.0 mL) were added dropwise over 5 minutes. The reaction mixture was stirred at
23 °C for 2 h. When the reaction was completed, the resulting residue was purified by column

chromatography on silica gel (petroleum ether/EtOAc 6:1) to yield product 4.

Procedure for synthesis of 21: an oven-dried tube was charged with 49 (100 mol %), Then the
tube was evacuated and backfilled with CO (three times, 1 atm, balloon), 1,4-dioxane (0.5 mL)
was added and stirred for 2 minutes vigorously. Then 3b (0.25 mmol, 5.0 equiv) resolved in
1,4-dioxane (0.5 mL) was added in one portion. The red mixture was stirred at 23 °C for 2
minutes. Then the mixture was added to another schlenk tube charged with tosyl chloride 1a
(0.1 mmol, 2.0 equiv) and alkene 2¢ (0.05 mmol) in one portion under an atmosphere of argon.
The reaction was stirred for 2 h at room temperature. The resulting residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc 6:1) to yield 21 as a colourless

oil.
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d) Reactivity of The In Situ Formed Carbonyl Metal Species
Col, (x mol%)

OMe
L17 (bpp, X mol%) under N, (1 atm) Ts O

®

=

r—zmom — T o, T T
CO (1 atm) —=N--- Co!l--N=<

~ Lo Ts—Cl 1a o]
dioxane, 23 °C, 2 min + J\ SO~
’ H s X 2
o) Ph 0 ®/\ H
3b 50

M/S = 591.0172 x =10 mol% 21: 8%
found 591.0712 by HR-MS x=25mol% 21:21%

Figure S6. Reactivity of the in situ formed carbonyl metal species.

x10 2 |C22 H22 CI N5 O3: +ESI Scan (rt: 0.183-0.200 min, 2 scans) Frag=100.0V 0429-2.d

1.05 591.0172

0.7 590.3545

0.55 591.3430

590.8321
591.0906
591.1604
0s 590.9696 591.5950
591.3770
591.5265
590.5408

590.3 590.4 590.5 590.6 590.7 590.8 590.9 5

91 591.1 591.2 591.3 591.4 5915 591.6 591.7 591.8
Counts (%) vs. Mass-to-Charge (m/z)

Figure S7. HR-MS spectra of 50.

Procedure for Figure S6: An oven-dried tube was charged with Col> (10 mol % or 25 mol %),
L17 (11 mol % or 27 mol %), Then the tube was evacuated and backfilled with CO (three times,
1 atm, balloon), 1,4-dioxane (0.5 mL) was added and stirred for 10 minutes vigorously. Then
3b (0.4 mmol, 2.0 equiv) resolved in 1,4-dioxane (0.5 mL) was added in one portion. The red
mixture was stirred at 23 °C for 2 minutes. After that, the yelow solution was analyzed by ESI-
HRMS. Then the mixture was added to another schlenk tube charged with tosyl chloride 1a (0.4
mmol, 2.0 equiv) and alkene 2¢ (0.2 mmol) in one portion under an atmosphere of argon. The
reaction was stirred for 2 h at room temperature. The resulting residue was purified by column

chromatography on silica gel (petroleum ether/EtOAc 6:1) to yield 21 as a colourless oil.



e) Competition Experiment between Organozinc Pivalates

OMe
ZnOPiv O
/@/\ Ts
MeO o O
Me
Me

’ CO (1 atm) O
ZnOPiv Ts

standard conditions

Ts—Cl (o]

CF; CFs
3h 1a 27:17%

Figure S8. Competition experiment between organozinc pivalates 3a and 3h.

Procedure for Figure S8: An oven-dried tube was charged with Col> (10 mol %), L17 (12
mol %), tosyl chloride 1a (0.2 mmol, 1.0 equiv). Then the tube was evacuated and backfilled
with CO (three times, 1 atm, balloon). Alkene 2¢ (0.2 mmol, 1.0 equiv) was addded. 1,4-dioxane
(0.4 mL) was added and stirred for 10 minutes vigorously. Then 3a (0.2 mmol, 1.0 equiv) and
3h (0.2 mmol, 1.0 equiv) resolved in 1,4-dioxane (1.0 mL) were added simultaneously dropwise
over 5 minutes. The reaction mixture was stirred at 23 °C for 2 h. When the reaction was
completed, the resulting residue was purified by column chromatography on silica gel

(petroleum ether/EtOAc 6:1) to yield products.

f) Competition Experiment between Alkenes 2¢ and 2f

OMe
ZnOPiv O
Ioh "
MeO o O

Me Me
2c 3a 6:26%
+ + CFs
CO (1 atm)
iti Ts
X standard conditions
Ts—Cl (o)
CF3
Me
2f 1a 9: 1%

Figure S9. Competition experiment between arylalkene 2¢ and 2f.

Procedure for Figure §9: An oven-dried tube was charged with Col> (10 mol %), L17 (12
mol %), tosyl chloride 1a (0.2 mmol, 1.0 equiv). Then the tube was evacuated and backfilled
with CO (three times, 1 atm, balloon). Alkene 2¢ (0.2 mmol, 1.0 equiv) and alkene 2f (0.2 mmol,
1.0 equiv) were added. 1,4-dioxane (0.4 mL) was added and stirred for 10 minutes vigorously.

Then 3a (0.2 mmol, 1.0 equiv) resolved in 1,4-dioxane (1.0 mL) were added simultaneously
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dropwise over 5 minutes. The reaction mixture was stirred at 23 °C for 2 h. When the reaction
was completed, the resulting residue was purified by column chromatography on silica gel

(petroleum ether/EtOAc) to yield products.

g) Radical Clock Experiment with 107

T: T: Ar
Ts—Cl 1a S S
0

+ + —_ = > O +
Ar—2ZnOPiv €O (1 atm)
standard conditions
OMe OMe OMe
3a 107 108: 30% 109: 9%

Figure S10. Radical clock experiment with 107.

Procedure for Figure S10: An oven-dried tube was charged with Col» (10 mol %), L17 (12
mol %), tosyl chloride 1a (0.4 mmol, 2.0 equiv). Then the tube was evacuated and backfilled
with CO (three times, 1 atm, balloon). 1-(1-cyclopropylvinyl)-4-methoxybenzene 107 (0.2
mmol, 1.0 equiv) was added. 1,4-dioxane (1.0 mL) was added and stirred for 10 minutes
vigorously. Then 3a (0.4 mmol, 2.0 equiv) resolved in 1,4-dioxane (0.5 mL) were added
dropwise over 5 minutes. The reaction mixture was stirred at 23 °C for 2 h. When the reaction
was completed, the resulting residue was purified by column chromatography on silica gel

(petroleum ether/EtOAc 6:1) to yield products.
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4. Preparation of Starting Materials

Sulfonyl chlorides 1a—1aa, alkenes 2a-2i, 2k, 2n-2q, 2ac-2ad were all purchased from
commercial sources. 3i and 3j were prepared from the corresponding Grignard reagents which
were synthesized according to the reported procedures./?! The other organozinc pivalates were

prepared according to TP1. Alkenes 21, 2u-2w, 2y, 2ab were prepared according to TP2.

R = Me (3a)
R=H (3b)
ZnOPiv R =TMS (3¢c) ZnOPiv ZnOPiv ZnOPiv ZnOPiv ZnOPiv
R = SMe (3d) OMe
R = OPh (3e)
R=F (3f) MeO o) o) Me o]
R R = Cl (3g) o—/ oS F
R = CF; (3h)
R = CO,Et (3i)
R = CN (3j)

3k 3l 3m 3n 30

ZnOPiv ZnOPiv ZnOPiv ZnOPiv ZnOPiv

S

Figure S11. List of solid zinc pivalates.
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= R = Me (2a)

R =H (2b) SN F SN OMe 0._-Ph SN
R = OMe (2c) OO @/ ©i/
MeO AcO
)

R = Ph (2d)

R = tBu (2e ) .

R R = CF, (2f) 2g 2h 2i 2j 2k
Ph

© \7 Br- R
\ N A A ~  R-¢caep
/, B R =Br(2q)

=
Y
21 2m 2n 20

) Me
Me EtO)‘j:s /_<
/

2r 2s
Me i =z
%, _CO,Pr
Me—r
Cl (0]
Ve
d &VV
C!
o OAc
2u 2v 2w
[¢]
(0]
(0]
MeO ° ~ Me o
\ Me O,
Me” ~O o) N
NN
0 / 7N °
S
Me
Cl
2x 2y 2z
Me
f A
Me
O F/©/\
Me =
2aa 2ab 2ac 2ad

Figure S12. List of alkenes.
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Me R Cl
AN N AN A__a
Cl 5-C! Cl 5-¢! S
d, W\ 6/ \6 O/,S\\ d/ \b (0]
R = Cl (1c)
1a 1b R = Br (1d) 1f 19
R=1(1e)
%&OQ\ ' %P
NN
X N Cl B N
” u0,C | CF3 |
S,CI S ~ ~ Ph’S\/Br
7N (6]
O
1h 1i 1j 1k 11
o, 0 Br.
N/ F
S I “ F F Br.__Br
P EtO—P-__Br CFa\(k(' \O\ Br x
F F 1 SV 8 07 ) EF
EtO < FFF F F\‘ -
1m 1n 10 1p 1q
Cl, CI E F
CF I 3 -,
3X CF3YBr CI\:<C| Cl/,«(CI F&Cl
CF3F N N 3
3 Cl crc cl ¢l cl ¢l
1r 1s 1t 1u 1v
F. F F. F F. F
EtO,C.__CI Br. Br , -, 2,
e O S e
FF cl ¢l cl F
1w 1x 1y 1z 1aa

Figure S13. List of radical sources.
4.1 Preparation of Organozinc Pivalates

Preparation of Zn(OPiv);: Pivalic acid (10.2 g, 100 mmol) was placed in a dry and nitrogen-
flushed 250 mL three-necked roundbottom flask, equipped with a magnetic stirring bar, a
septum and a pressure equalizer, and was dissolved in dry THF (30 mL). The mixture was
cooled to 0 °C, and a solution of EtoZn (50 mL, 50 mmol, 1.0 M in hexane) was added over a
period of 30 minutes under vigorous stirring. Then, the ice-bath was removed and stirring was
continued at 25 °C for one additional h at which point bubbling has ceased (a thick slurry was
formed). The solvent was removed in vacuo and the solid residue was dried for at least 4 h

longer. Zn(OPiv), was obtained in quantitative yield as a puffy amorphous white solid.

Preparation of Zn(Ad);: 1-adamantaneacetic acid (1.94 g, 10 mmol) was placed in a dry and
nitrogen flushed 100 mL three-necked roundbottom flask, equipped with a magnetic stirring
bar, a septum and a pressure equalizer, and was dissolved in dry THF (5.0 mL). The mixture
was cooled to 0 °C, and a solution of Et,Zn (5.2 mL, 5.2 mmol, 1.0 M in hexane) was added

over a period of 30 minutes under vigorous stirring. Then, the ice-bath was removed and stirring
S-14



was continued at 25 °C for one additional h at which point bubbling has ceased (a thick slurry
was formed). The solvent was removed in vacuo and the solid residue was dried for at least 4 h

longer. Zn(Ad); was yielded (1.8 g, 80%) as a puffy amorphous white solid.
Typical procedure 1 (TP1) for the preparation of organozinc pivalates:

A dry argon flushed two neck Schlenk-flask equipped with a magnetic stir bar and a septum
was charged with magnesium turnings (57.6 mg, 2.4 mmol, 1.2 equiv) and heated with a heat
gun under high vacuum for 5 minutes. After cooling to room temperature anhydrous THF (2.0
mL) was added and magnesium turnings were activated using iodine (a small crystal). The
corresponding aryl bromide was added slowly over a period of 2 minutes to keep the reaction
refluxing. Then the reaction mixture was refluxed for another 40 minutes. The solids were
allowed to settle and the yield of the insertion reaction was determined by iodometric titration
of the supernatant solution. Next, this solution was added via syringe into a 50-mL two-necked
round-bottomed flask equipped with a magnetic stirring and Zn(OPiv)2 (1.2 equiv. with respect
to titrated Grignard reagent) at 0 °C, and the reaction mixture was stirred at room temperature
for 10 minutes. The organozinc pivalate in THF was removed under reduced pressure resulting

in corresponding solid organozinc pivalates reagent.
4.2 Preparation of Alkenes
Typical procedure 2 (TP2) for the preparation of alkenes:[*!

A 10 ml Schlenk-tube, equipped with a magnetic stir bar, and fitted with a septum, was charged
with Pd(PPh3)>Cl> (5 mol %), thianthrenium salt (1.0 equiv), and KOAc (4.0 equiv). Then the
tube was evacuated and backfilled with argon. THF solution of vinyl zinc pivalates (3.0 equiv)
was slowly added to the mixture while stirring at 25 °C. Subsequently, the mixture was heated
to 40 °C, and stirred for 6 h at 40 °C. When the reaction was completed, the residue was purified

by chromatography on silica gel (petroleum ether/EtOAc) to afford alkene 2, 2v, 2y, 2ab.
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5. General Procedure for Cobalt-Catalyzed Alkene Sulfonylcarbonylation.

Typical procedure 3 (TP3) for cobalt-catalyzed alkene sulfonylcarbonylation under 1 atm
of CO:

Col, (10 mol %)

L17 (12 mol %)
@—CI + ./\ +  CO(1atm) + .—ZnOPiv >
1,4-dioxane, 23 °C, 2 h o
1 2 3

Figure S14. Cobalt-catalyzed alkene sulfonylcarbonylation.

An oven-dried tube was charged with Col> (10 mol %), L.17 (12 mol %), sulfuryl chloride 1
(0.4 mmol, 2.0 equiv). Then the tube was evacuated and backfilled with CO (three times, 1 atm,
balloon). Anhydrous 1,4-dioxane (1.0 mL) was added and stirred for 10 minutes vigorously.
Alkene 2 (0.2 mmol, 1.0 equiv) was added. Then arylzinc pivalates 3 (0.4 mmol, 2.0 equiv)
resolved in 1,4-dioxane (0.5 mL) was added dropwise over 5 minutes. The reaction mixture
was stirred at 23 °C for 2 h. When the reaction was completed, the resulting residue was purified

by column chromatography on silica gel (petroleum ether/EtOAc) to yield products.

Typical procedure 4 (TP4) for cobalt-catalyzed alkene sulfonylcarbonylation under 1 atm
of CO:

Coly (10 mol %)

L17 (12 mol %)
@c + @ + co¢am = @—zoriv >
1,4-dioxane, 23 °C, 2 h o
1 2 3

Figure S15. Cobalt-catalyzed alkene sulfonylcarbonylation.

An oven-dried tube was charged with Col> (10 mol %), L17 (12 mol %), sulfuryl chloride 1
(0.4 mmol, 2.0 equiv). Then the tube was evacuated and backfilled with CO (three times, 1 atm,
balloon). Anhydrous 1,4-dioxane (1.0 mL) was added and stirred for 10 minutes vigorously.
Alkene 2 (0.2 mmol, 1.0 equiv) was added. Then arylzinc pivalates 3 (0.6 mmol, 3.0 equiv)
resolved in 1,4-dioxane (0.5 mL) was added dropwise over 5 minutes. The reaction mixture
was stirred at 23 °C for 2 h. When the reaction was completed, the resulting residue was purified

by column chromatography on silica gel (petroleum ether/EtOAc) to yield products.
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Typical procedure 5 (TPS) for cobalt-catalyzed alkene sulfonylcarbonylation Using CO:2

as the C1 Source:
z—.”—x + @zorv + @ —
Y
1 3 2 . ] .

IIEOZR
CO + H,
® IO >90% : 10%

Figure S16. Cobalt-catalyzed alkene sulfonylcarbonylation with CO5.

An oven-dried tube was charged with Col> (10 mol %), L17 (12 mol %). Then the tube was
evacuated and backfilled with the gas mixture of CO:H> (> 90:10 ratio, three times, 1 atm,
balloon)!* (Figure S16). Anhydrous 1,4-dioxane (1.0 mL) was added and stirred for 10 minutes
vigorously. Radical source 1 (0.4 mmol, 2.0 equiv) and alkene 2 (0.2 mmol, 1.0 equiv) were
addded. Then arylzinc pivalates 3 (0.6 mmol, 3.0 equiv) resolved in 1,4-dioxane (0.5 mL) was
added dropwise over 5 minutes. The reaction mixture was stirred at 23 °C for 2 h. When the
reaction was completed, the resulting residue was purified by column chromatography on silica

gel (petroleum ether/EtOAc) to yield products.
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Figure S17. Schematic diagram of divergent radical alkene carbonylation under tandem electro-thermo-

Catalysis using CO> as the C1 source.

We first loaded commercial Ag powder 60-150 nm (CAS number: 7440-22-4; purchased from

Macklin) on the carbon black support. 4 mg of electrocatalyst and 2 mg carbon black (Vulcan
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XC-72) were dispersed in 600 pL ethanol and 35 pL of 5% Nafion solution, and sonicated to
form a uniform catalyst ink. The ink was dropcast onto a Teflon-treated carbon paper (1x1 cm?,
Toray YLS-30T) to reach the catalyst loading of 1 mg cm™. CO,RR measurements were carried
out in a customized flow cell separated by a AMI7001 anion exchange membrane. The 1 M
KOH electrolyte and CO, were flowed at a rate of 10 mL min! and 20 mL min!, respectively.
Catalyst-loaded carbon paper as the working electrode and a Ag/AgCl reference electrode were
housed in the cathodic compartment; a Ti foil counter electrode was housed in the anodic
compartment. Polarization curves were collected at the scan rate of 10 mV s™'. Potentiostatic
studies were carried out at a few selected working potentials. Reduction products during the
potentiostatic studies were analyzed by an online gas chromatograph (Aligent 7890B) for H»
and CO. As shown in Figure S17 bottom, a commercial available silver powder was tested in a
cus-tomized flow cell and exhibited satisfactory CO2-to-CO conversion at an average rate of

3.73 mmol h! for over 40 h, providing a product gas mixture of CO/H, with >90/10 ratio.
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6. Scale-Up Experiments

ZnOPiv OMe
Col, (10 mol %) O
/©/\ bpp (12 mol %) Ts
Ts—Cl  + + >
MeO % CO (1 atm) fo) 0
0\) dioxane, 23 °C, 2 h O ]
3m o
32: 80%
(1.08g, 3.0 mmol scale)

1a 2c

Figure S18. Scale-up experiment.

A 100-mL two-necked Schlenk tube was charged with Col> (93.6 mg, 0.3 mmol, 10 mol % ),
L17 (76.0 mg, 0.36 mmol, 12 mol %), tosyl chloride 1a (1.14 g, 6.0 mmol, 2.0 equiv). Then the
tube was evacuated and backfilled with CO (three times, 1 atm, balloon). Anhydrous 1,4-
dioxane (15.0 mL) was added and stirred for 10 minutes vigorously. Alkene 2¢ (402.5 mg, 3.0
mmol, 1.0 equiv) was added. Then arylzinc pivalates 3m (6.0 mmol, 2.0 equiv) resolved in 1,4-
dioxane (7.5 mL) were added dropwise over 20 minutes. The reaction mixture was stirred at
23 °C for 12 h. When the reaction was completed, the resulting residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc 4:1) to yield 32 (1.08 g, 80%) as a pale
yellow solid. When 5 mol % of Col> was used, the product 32 was yielded 61% (827 mg).
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7. Transformations of Products

Typical procedure 6 (TP6) for accessing to halogenated cyclopropanes synthesis via

monodehalogenation: [°!

z 0 Cs,C05 (3.0 equiv) ......
Y X >
DMSO °
25°Cor 65°C, 12 h

Figure S19. Synthesis of Halogenated cyclopropanes.

To a solution of carbonylation products (0.1 mmol) in DMSO (1.0 mL) was added Cs2CO3
(0.3 mmol, 3.0 equiv). Then the reaction was stirred for 12 h at 25°C or 65°C. The rection was

quenched with H>O and extracted with Et,O. Then the combined organic phase was dried over
anhydrous NaxSOg, filtered and concentrated under vacuum. The remaining residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield products
94—98.

Typical procedure 7 (TP7) for accessing to [5,3]-bicyclic cores via selective

monodehalogenation:

ZnOPiv Col, (10 mol %)
L17 (12 mol %)
M [e) CO (1 atm)
K/O 1,4-dioxane, 23 °C, 2 h
1 3m 2ac 99 00

Cs,CO0O;3 (3.0 equiv)

DMSO, 25°C, 12 h DMSO, 65°C,12h

1
‘ Cs,CO;3 (3.0 equiv)
- o]
1, F
SO SO
O [0}

102

Figure S20. Synthesis of [5,3]-bicyclic cores.

An oven-dried tube was charged with Col> (10 mol %), L17 (12 mol %), sulfuryl chloride 1
(0.4 mmol, 2.0 equiv). Then the tube was evacuated and backfilled with CO (three times, 1 atm,
balloon). Anhydrous 1,4-dioxane (1.0 mL) was added and stirred for 10 minutes vigorously.
Alkene 2 (0.2 mmol, 1.0 equiv) was added. Then arylzinc pivalates 3 (0.4 mmol, 2.0 equiv)
resolved in 1,4-dioxane (0.5 mL) was added dropwise over 5 minutes. The reaction mixture
was stirred at 23 °C for 2 h. When the reaction was completed, the resulting residue was purified

by column chromatography on silica gel (petroleum ether/EtOAc) to yield products 99 or 100.
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Then to a solution of carbonylation products (0.1 mmol) in DMSO (1.0 mL) was added Cs2CO3
(0.3 mmol, 3.0 equiv). Then the reaction was stirred for 12 h at 25°C or 65°C. The rection was

quenched with H>0 and extracted with Et2O. Then the combined organic phase was dried over
anhydrous Na>SOs, filtered and concentrated under vacuum. The remaining residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield products
101 or 102.

Typical procedure 8 (TP8) for reduction of carbonylation product:

OMe
O NaBH, (2.0 equiv)

Ts - Ts “\\©/
o O O] MeOH, 23 °C, 4 h HO™ Oj
0 0

32 103

OMe

Figure S21. Reduction of carbonylation products.

To a solution of carbonylation products (0.5 mmol) in MeOH (3.0 mL) was added NaBH4 (1.0
mmol, 2.0 equiv). Then the reaction was stirred for 4 h at 25°C. The rection was quenched with

H>O and extracted with Et;O. Then the combined organic phase was dried over anhydrous
NazSOq, filtered and concentrated under vacuum. The remaining residue was purified by

column chromatography on silica gel (petroleum ether/EtOAc) to yield products 103.

Typical procedure 9 (TP9) for desulfonylation of carbonylation products:!®

OMe OM
g SO
Ts K,CO3 (2.0 equiv) H7 X

L
-

o O O] DMSO, 23 °C o O Oj
0

(0]
32 104

Figure S22. Desulfonylation of carbonylation products.
To a solution of carbonylation products (1.0 mmol) in DMSO (5.0 mL) was added K2CO3 (2.0

mmol, 2.0 equiv). Then the reaction was stirred for 2.5 h at 25°C. The rection was quenched

with H>O and extracted with Et,O. Then the combined organic phase was dried over anhydrous
NaxSOqs, filtered and concentrated under vacuum. The remaining residue was purified by

column chromatography on silica gel (petroleum ether/EtOAc) to yield products 104.

Typical procedure 10 (TP10) for silylation of desulfonylation product:”
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MeO
H O OMe € O SiMe,Ph
HTX Cul (10 mol %)

+ Me,PhSi—ZnOPiv >

o
o O] THF, 23°C, 4 h [ o
o)

(0)
104 105

Figure S23. Silylation of desulfonylation product.

An oven-dried tube was charged with Cul (10 mol %), desulfonylation product 104 (0.1 mmol,
1.0 equiv). Then the tube was evacuated and backfilled with argon three times. Anhydrous THF
(1.0 mL) was added and stirred for 2 minutes vigorously. Then Me2PhSi-ZnOPiv (0.12 mmol,
1.2 equiv) resolved in THF (0.5 mL) was added dropwise in 1 minute. The reaction mixture
was stirred at 23 °C for 4 h. When the reaction was completed, the resulting residue was purified

by column chromatography on silica gel (petroleum ether/EtOAc) to yield products 105.

Typical procedure 11 (TP11) for Friedel-Crafts reaction of desulfonylation product:®!

OMe
LA
HTX con. HySO4
(0]
o DCM/EtOH
0°Ct023°C,1h

(0]

104
Figure S24. Friedel-Crafts reaction of desulfonylation product.

To a solution of desulfonylation product 104 (0.1 mmol) in EEOH/DCM 1:1 (1.0 mL) was added
con.H>SO4 (1.0 mL) dropwise at 0 °C. Then the reaction was removed to room temperature and
stirred for 1 h. The rection was quenched with H>O (8.0 mL) and extracted with DCM. Then
the combined organic phase was dried over anhydrous Na,SOg, filtered and concentrated under
vacuum. The remaining residue was purified by column chromatography on silica gel

(petroleum ether/EtOAc) to yield products 106.
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8. Characterization Data

8.1 Characterization Data of Alkenes

T

1-(4-Vinylphenyl)pyrrolidin-2-one (21)

The general procedure TP2 was followed using thianthrenium salt (1.0 equiv), KOAc (4.0
equiv) and vinyl zinc pivalates (3.0 equiv) for 6 h. Purification by column chromatography
(petroleum ether/EtOAc 10:1) yielded 21 (60%) as a solid. '"H NMR (400 MHz, CDCls) & =
7.63 —7.52 (m, 2H), 7.44 — 7.36 (m, 2H), 6.69 (dd, J=17.6, 10.9 Hz, 1H), 5.70 (dd, J = 17.6,
0.8 Hz, 1H), 5.21 (dd, J=10.9, 0.7 Hz, 1H), 3.87 (t, J= 7.0 Hz, 2H), 2.62 (t, J = 8.1 Hz, 2H),
2.42 —1.94 (m, 2H). 3*C NMR (100 MHz, CDCl3) 6 = 174.2, 136.1, 128.8, 126.6, 124.5, 119.9,
113.2, 48.8, 32.7, 18.0. HR-MS (ESI) m/z calcd for Ci2HisNO [M+H"] 188.1070, found
188.1074.

AcO OAc
AcO 0] o
AcO
OAc

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-[2-(acetoxymethyl)-4-vinylphenoxy|tetrahydro-
2H-pyran-3,4,5-triyl triacetate (2v)

The general procedure TP2 was followed using thianthrenium salt (1.0 equiv), KOAc (4.0
equiv) and vinyl zinc pivalates (3.0 equiv) for 6 h. Purification by column chromatography
(petroleum ether/EtOAc 3:1) yielded 2v (61%) as a solid. 'H NMR (400 MHz, CDCl3) § = 7.38
(d,J=1.7Hz, 1H), 7.32 (dd, /= 8.4, 2.2 Hz, 1H), 7.04 (d, /= 8.5 Hz, 1H), 6.66 (dd, J=17.6,
10.9 Hz, 1H), 5.66 (d, J=17.6 Hz, 1H), 5.36 — 5.28 (m, 2H), 5.19 (dd, J=17.7, 10.1 Hz, 2H),
5.14 - 5.01 (m, 3H), 4.28 (dd, J=12.3, 5.2 Hz, 1H), 4.19 (dd, J = 12.3, 2.4 Hz, 1H), 3.90 —
3.81 (m, 1H),2.12—2.02 (m, 15H). *C NMR (100 MHz, CDCl3) § =170.7, 170.5, 170.2, 169.3,
169.2, 154.1, 135.6, 133.2, 127.4, 127.1, 126.3, 116.0, 113.5, 99.4, 72.6, 72.0, 71.0, 68.2, 61.8,
61.0, 20.9, 20.6, 20.6. HR-MS (ESI) m/z caled for C2sH30O12 [M+H'] 523.1810, found

523.1811.
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2N
\I

2-{{1-[4-(4-Vinylphenoxy)phenoxy|propan-2-yl}oxy}pyridine (2y)

The general procedure TP2 was followed using thianthrenium salt (1.0 equiv), KOAc (4.0
equiv) and vinyl zinc pivalates (3.0 equiv) for 6 h. Purification by column chromatography
(petroleum ether/EtOAc 20:1) yielded 2y (66%) as a colourless oil. 'H NMR (400 MHz, CDCl;)
0=28.15(dd, J=4.8, 1.5 Hz, 1H), 7.64 — 7.47 (m, 1H), 7.34 (d, J = 8.7 Hz, 2H), 7.00 — 6.82
(m, 7H), 6.74 (d, J = 8.4 Hz, 1H), 6.67 (dd, J=17.6, 10.9 Hz, 1H), 5.70 — 5.52 (m, 2H), 5.16
(d, /J=10.9 Hz, 1H), 4.19 (dd, J=9.9, 5.3 Hz, 1H), 4.07 (dd, /=9.9, 4.8 Hz, 1H), 1.48 (d, J =
6.4 Hz, 3H). 3C NMR (100 MHz, CDCl3) § = 158.2, 155.3, 150.1, 146.7, 138.7, 136.0, 132.1,
127.4, 120.7, 117.6, 116.7, 115.8, 112.4, 111.7, 71.0, 69.3, 17.0. HR-MS (ESI) m/z calcd for
C22H21NO3 [M+H'] 348.1594, found 348.1596.

Methyl 2-(2-fluoro-4'-vinyl-[1,1'-biphenyl]-4-yl)propanoate (2ab)

The general procedure TP2 was followed using thianthrenium salt (1.0 equiv), KOAc (4.0
equiv) and vinyl zinc pivalates (3.0 equiv) for 6 h. Purification by column chromatography
(petroleum ether/EtOAc 20:1) yielded 2ab (63%) as a colourless oil. '"H NMR (400 MHz,
CDCl3) 6=7.49 (q, /= 8.6 Hz, 4H), 7.40 (t, J=7.9 Hz, 1H), 7.13 (t,J=9.7 Hz, 2H), 6.75 (dd,
J=17.6,10.9 Hz, 1H), 5.80 (d, /= 17.6 Hz, 1H), 5.29 (d,J=10.8 Hz, 1H), 3.76 (q, /= 7.1 Hz,
1H), 3.70 (s, 3H), 1.53 (d, J = 7.2 Hz, 3H). 3*C NMR (100 MHz, CDCl3) & = 174.4, 159.7 (d,
Jor=248.6 Hz), 141.8 (d, Jc.r = 7.4 Hz), 136.9, 136.3, 130.6 (d, Jc-r = 3.8 Hz), 129.0 (d, Jc-r
=3.2 Hz), 126.3, 123.5 (d, Jc.r = 3.5 Hz), 115.3 (d, Jcr = 23.8 Hz), 114.2, 52.2, 44.9, 18.4. '°F
NMR (376 MHz, CDCl3) & = -117.30. HR-MS (ESI) m/z calcd for CisHi7FO> [M+H']
285.1285, found 285.1286.

8.2 Characterization Data of Products 4-47, 51-106, 108-109
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T

1,2-Di-p-tolyl-3-tosylpropan-1-one (4)

Ts

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2a (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 4 (58.8
mg, 75%) as a yellow oil. *H NMR (400 MHz, CDCl3) 6 = 7.71 (d, J = 8.2 Hz, 2H), 7.60 (d, J
=8.3 Hz, 2H), 7.13 (d, J = 8.1 Hz, 2H), 7.08 (d, J = 8.1 Hz, 2H), 7.02 (d, J = 8.1 Hz, 2H), 6.94
(d, J=8.0 Hz, 2H), 5.13 (dd, J = 8.6, 3.9 Hz, 1H), 4.29 (dd, J = 14.2, 8.6 Hz, 1H), 3.32 (dd, J
=14.2,3.9 Hz, 1H), 2.29 (s, 3H), 2.25 (s, 3H), 2.14 (s, 3H). 3C NMR (100 MHz, CDCl3) § =
195.5, 144.6, 144.2, 137.6, 136.5, 133.7, 132.9, 130.0, 129.7, 129.2, 129.0, 128.0, 127.9, 59.3,
47.0, 21.6, 21.6, 21.0. HR-MS (ESI) m/z calcd for C24H2403S [M+Na*] 415.1338, found

415.1340.
T

2-Phenyl-1-(p-tolyl)-3-tosylpropan-1-one (5)

Ts

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2b (0.2 mmol) and 3a (0.4
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 5
(51.5 mg, 68%) as a yellow oil. *tH NMR (400 MHz, CDCl3) § = 7.83 — 7.77 (m, 2H), 7.69 (d,
J =8.3 Hz, 2H), 7.25 — 7.20 (m, 6H), 7.20 — 7.15 (m, 3H), 5.26 (dd, J = 8.7, 3.8 Hz, 1H), 4.40
(dd, J = 14.1, 8.7 Hz, 1H), 3.42 (dd, J = 14.2, 3.8 Hz, 1H), 2.38 (s, 3H), 2.34 (s, 3H). 1°C NMR
(100 MHz, CDCls3) 6 = 195.4, 144.6, 144.3, 136.7, 136.4, 132.9, 129.8, 129.3, 129.3, 129.0,
128.1, 128.1, 127.8, 59.2, 47.3, 21.6, 21.6. HR-MS (ESI) m/z calcd for C23H2203S [M+Na*]
401.1182, found 401.1185.

i OMe
Ts
0

Me
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2-(4-Methoxyphenyl)-1-(p-tolyl)-3-tosylpropan-1-one (6)

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 6 (59.6
mg, 73%) as a yellow oil. *tH NMR (400 MHz, CDCl3) § = 7.79 (d, J = 8.2 Hz, 2H), 7.68 (d, J
=8.2 Hz, 2H), 7.22 (d, J =8.1 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H), 6.75
(d, J =8.7 Hz, 2H), 5.21 (dd, J = 8.5, 4.1 Hz, 1H), 4.35 (dd, J = 14.2, 8.5 Hz, 1H), 3.70 (s, 3H),
3.41 (dd, J = 14.2, 4.1 Hz, 1H), 2.38 (s, 3H), 2.34 (s, 3H). 3C NMR (100 MHz, CDCl3) & =
195.5, 159.1, 144.5, 144.2, 136.5, 132.9, 129.7, 129.3, 129.2, 129.0, 128.5, 128.0, 114.6, 59.3,
55.2, 46.5, 21.6, 21.6. HR-MS (ESI) m/z calcd for C24H2404S [M+Na*] 431.1288, found

431.1286.
Ts O

T

2-[(1,1'-Biphenyl)-4-yl]-1-(p-tolyl)-3-tosylpropan-1-one (7)

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2d (0.2 mmol) and 3a (0.4
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 7
(74.6 mg, 82%) as a colorless oil. tH NMR (400 MHz, CDCls) § = 7.84 (d, J = 8.2 Hz, 2H),
7.68 (d, J = 8.3 Hz, 2H), 7.49 — 7.36 (m, 6H), 7.35 — 7.26 (m, 3H), 7.23 — 7.15 (m, 4H), 5.30
(dd, J =8.3, 4.2 Hz, 1H), 4.39 (dd, J = 14.2, 8.4 Hz, 1H), 3.50 (dd, J = 14.2, 4.2 Hz, 1H), 2.36
(s, 3H), 2.36 (s, 3H). 1*C NMR (100 MHz, CDCls) & = 195.4, 144.6, 144.4, 140.8, 140.2, 136.5,
135.5,132.9,129.7,129.3, 129.0, 128.8, 128.5, 128.0, 127.9, 127.5, 126.9, 59., 47.1, 21.6, 21.6.
HR-MS (ESI) m/z calcd for C2oH2603S [M+Na*] 477.1495, found 477.1498.

oy
¢

2-[4-(tert-Butyl)phenyl]-1-(p-tolyl)-3-tosylpropan-1-one (8)

Ts

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2e (0.2 mmol) and 3a (0.4 mmol)

for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 8 (67.8
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mg, 78%) as a yellow oil. *tH NMR (400 MHz, CDCls3) § = 7.82 (d, J = 8.2 Hz, 2H), 7.66 (d, J
= 8.3 Hz, 2H), 7.24 — 7.16 (m, 6H), 7.13 (d, J = 8.4 Hz, 2H), 5.23 (dd, J = 8.7, 3.8 Hz, 1H),
4.39 (dd, J = 14.2, 8.7 Hz, 1H), 3.44 (dd, J = 14.2, 3.8 Hz, 1H), 2.37 (s, 3H), 2.35 (s, 3H), 1.22
(s, 9H).**C NMR (100 MHz, CDCl3) § = 195.5, 150.7, 144.4, 144.3, 136.4, 133.4, 133.0, 129.7,
129.2, 129.0, 128.0, 127.7, 126.2, 59.3, 46.9, 34.4, 31.2, 21.6, 21.6. HR-MS (ESI) m/z calcd
for C27H3003S [M+Na'] 457.1808, found 457.1810.

Ts
O

1-(p-Tolyl)-3-tosyl-2-[4-(trifluoromethyl)phenyl]propan-1-one (9)

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2f (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 9 (59.8
mg, 67%) as a yellow oil. *H NMR (400 MHz, CDCl3) 6 = 7.80 (d, J = 8.2 Hz, 2H), 7.64 (d, J
=8.3 Hz, 2H), 7.47 (d, J =8.2 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 7.21 (d, J = 8.0 Hz, 4H), 5.34
(dd, J = 7.4,5.2 Hz, 1H), 4.28 (dd, J = 14.3, 7.6 Hz, 1H), 3.50 (dd, J = 14.3, 5.2 Hz, 1H), 2.39
(s, 3H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) § = 194.9, 144.9, 144.8, 140.4, 136.2, 132.5,
130.0 (g, JcFr = 32.0 Hz), 129.8, 129.5, 129.0, 128.7, 127.9, 126.1 (q, Jcr = 4.0 Hz), 124.9 (q,
Jcr=272.0 Hz), 58.9, 47.1, 21.6, 21.5.°F NMR (376 MHz, CDCl3) § = -62.79. HR-MS (ESI)
m/z calcd for C24H21F303S [M+Na*] 469.1056, found 469.1055.

AR
"0

2-(Naphthalen-2-yl)-1-(p-tolyl)-3-tosylpropan-1-one (10)

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2g (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 10 (42.9
mg, 50%) as a colorless oil. *H NMR (400 MHz, CDCl3) § = 7.84 (d, J = 8.2 Hz, 2H), 7.77 —
7.60 (m, 6H), 7.47 — 7.39 (m, 2H), 7.34 (dd, J = 8.5, 1.6 Hz, 1H), 7.15 (t, J = 8.6 Hz, 4H), 5.41
(dd, J=8.1, 4.5 Hz, 1H), 4.43 (dd, J = 14.3, 8.1 Hz, 1H), 3.55 (dd, J = 14.3, 4.4 Hz, 1H), 2.33
(s, 3H), 2.31 (s, H). 13C NMR (100 MHz, CDCl3) § = 195.4, 144.5, 144.4 136.4, 133.9, 133.4,
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132.9, 132.6, 129.6, 129.3, 129.2, 129.0, 128.0, 127.8, 127.5, 127.5, 126.4, 126.3, 125.5, 59.1,
47.6, 29.7, 21.6. HR-MS (ESI) m/z calcd for C27H2403S [M+Na*] 451.1338, found 451.1336.

! OMe
Ts F
"

2-(3-Fluoro-4-methoxyphenyl)-1-(p-tolyl)-3-tosylpropan-1-one (11)

Me

The general procedure TP4 was followed using 1a (0.4 mmol), 2h (0.2 mmol) and 3a (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded
11 (55.4 mg, 65%) as a colorless oil. 'H NMR (400 MHz, CDCl3) § = 7.79 (d, J = 8.2 Hz, 2H),
7.67 (d, J= 8.2 Hz, 2H), 7.21 (dd, J = 15.6, 8.1 Hz, 4H), 6.99 — 6.89 (m, 2H), 6.80 (t, J = 8.5
Hz, 1H), 5.18 (dd, J = 8.0, 4.5 Hz, 1H), 4.29 (dd, /= 14.2, 8.1 Hz, 1H), 3.79 (s, 3H), 3.43 (dd,
J=14.2,4.5Hz, 1H), 2.39 (s, 3H), 2.36 (s, 3H). 3*C NMR (100 MHz, CDCl3) § = 195.2, 152.3
(d, Jcr = 247.8 Hz), 147.3 (d, Jcr = 10.7 Hz), 144.6 (d, Jcr = 16.1 Hz), 136.4, 132.7, 129.7,
129.3, 128.9, 128.0, 124.8, 124.1 (d, Jc.r = 3.5 Hz), 115.8 (d, Jcr = 19.2 Hz), 113.9 (d, Jcr =
2.0 Hz), 59.1, 56.1, 46.3, 21.6, 21.5. 'F NMR (376 MHz, CDCl3) & = -133.22. HR-MS (ESI)
m/z calcd for C24H23FO4S [M+Na*] 449.1193, found 449.1196.

T

2-(2-Methoxyphenyl)-1-(p-tolyl)-3-tosylpropan-1-one (12)

Ts

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2i (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 12 (50.6
mg, 62%) as a colorless oil. 'H NMR (400 MHz, CDCls3) § = 7.80 (d, J = 8.3 Hz, 2H), 7.71 (d,
J=8.3Hz, 2H), 7.24 (t, J = 6.0 Hz, 2H), 7.18 — 7.10 (m, 3H), 6.99 (dd, J = 7.7, 1.6 Hz, 1H),
6.83-6.72 (m, 2H), 5.62 (dd, J = 8.6, 3.7 Hz, 1H), 4.36 (dd, J = 14.2, 8.6 Hz, 1H), 3.82 (s, 3H),
3.34 (dd, J = 14.2, 3.7 Hz, 1H), 2.40 (s, 3H), 2.33 (s, 3H). *C NMR (100 MHz, CDCls3) § =
196.0, 155.7, 144.3, 144.0, 136.7, 133.1, 129.6, 129.1, 128.8, 128.4, 128.1, 125.1, 121.1, 111.1,
58.1, 55.5, 40.3, 21.6, 21.6. HR-MS (ESI) m/z calcd for C24H2404S [M+Na*] 431.1288, found
431.1285.
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Ts
O

2-[2-(Benzyloxy)phenyl]-1-(p-tolyl)-3-tosylpropan-1-one (13)

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2j (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 13 (82.4

mg, 85%) as a white powder. '"H NMR (400 MHz, CDCl3) § = 7.80 (d, J = 8.3 Hz, 2H), 7.67 (d,

J=8.3 Hz, 2H), 7.53 — 7.47 (m, 2H), 7.47 - 7.42 (m, 2H), 7.40 — 7.35 (m, 1H), 7.14 (d, /= 8.1

Hz, 2H), 7.12 — 7.03 (m, 4H), 6.85 (d, /= 7.7 Hz, 1H), 6.81 — 6.75 (m, 1H), 5.73 (dd, J = 8.3,

4.2 Hz, 1H), 5.19 — 5.05 (m, 2H), 4.36 (dd, J = 14.3, 8.3 Hz, 1H), 3.42 (dd, J = 14.3, 4.2 Hz,

1H), 2.33 (s, 3H), 2.30 (s, 3H). '>*C NMR (100 MHz, CDCl3) § = 196.1, 154.8, 144.3, 144.0,

136.6, 133.0, 129.6, 129.1, 128.9, 128.7, 128.1, 128.1, 127.4, 125.3, 121.4, 112.5, 70.3, 58.4,

40.1, 21.6, 21.6. HR-MS (ESI) m/z calcd for C30H2304S [M+Na'] 507.1601, found 507.1603.

¢

4-[1-Oxo-1-(p-tolyl)-3-tosylpropan-2-yl|phenyl acetate (14)

Ts

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2k (0.2 mmol) and 3a (0.4
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 3:1) yielded
14 (54.1 mg, 62%) as a white powder. 'H NMR (400 MHz, CDCl3) § = 7.80 (d, J = 8.2 Hz, 2H),
7.68 (d, J = 8.3 Hz, 2H), 7.26 — 7.21 (m, 4H), 7.18 (d, J = 8.1 Hz, 2H), 7.00 — 6.94 (m, 2H),
5.27 (dd, J=8.8, 3.7 Hz, 1H), 4.38 (dd, /= 14.2, 8.7 Hz, 1H), 3.41 (dd, J=14.2, 3.8 Hz, 1H),
2.38 (s, 3H), 2.35 (s, 3H), 2.23 (s, 3H). *C NMR (100 MHz, CDCl3) § = 195.3, 169.1, 150.2,
144.7,144.5, 136.,134.1,132.8, 129.8, 129.3, 129.1, 129.0, 128.0, 122.4, 59.2, 46.6,21.6, 21.6,
21.0. HR-MS (ESI) m/z caled for C25sH2405S [M+Na*] 459.1237, found 457.1239.
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SRl
U

1-{4-[1-Oxo-1-(p-tolyl)-3-tosylpropan-2-yl|phenyl} pyrrolidin-2-one (15)

Ts

Me

The general procedure TP4 was followed using 1a (0.4 mmol), 21 (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 2:1) yielded 15 (66.4
mg, 72%) as a white powder. '"H NMR (400 MHz, CDCl3) § = 7.78 (d, J = 8.2 Hz, 2H), 7.69 (d,
J=8.2Hz, 2H), 7.50 (d, J= 8.7 Hz, 2H), 7.23 (t, J = 8.0 Hz, 4H), 7.17 (d, J = 8.0 Hz, 2H), 5.23
(dd,J=8.4,4.0 Hz, 1H), 4.36 (dd, J=14.1, 8.5 Hz, 1H), 3.77 (t,J= 7.1 Hz, 2H), 3.39 (dd, J =
14.1, 4.0 Hz, 1H), 2.57 (t, J = 8.1 Hz, 2H), 2.40 (s, 3H), 2.36 (s, 3H), 2.17 — 2.07 (m, 2H). *C
NMR (100 MHz, CDCl3) 6 = 195.2, 174.2, 144.6, 144.3, 139.0, 136.4, 132.9, 132.5, 129.8,
129.3, 129.0, 128.5, 128.0, 120.4, 59.1, 48.5, 46.8, 32.6, 21.6, 21.6, 17.9. HR-MS (ESI) m/z
caled for C27H27NO4S [M+Na'] 484.1553, found 484.1556.

0 .

~ N—/
Ts

¢

2-(1-Benzyl-1H-indol-3-yl)-1-(p-tolyl)-3-tosylpropan-1-one (16)

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2m (0.2 mmol) and 3a (0.4
mmol) for 2 h. Co(acac)2 (10 mol %) as the catalyst instead of Col, and THF as solvent instead
of dioxane. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 16
(66.0 mg, 65%) as a yellow oil. TH-NMR (400 MHz, CDCls): 6 = 7.85 — 7.77 (m, 2H), 7.73 —
7.61 (m, 3H), 7.25-7.11 (m, 10H), 7.00 - 6.91 (m, 2H), 6.84 (s, 1H), 5.52 (dd, J = 8.9, 3.2 Hz,
1H), 5.22 —5.03 (m, 2H), 4.45 (dd, J = 14.2, 8.9 Hz, 1H), 3.53 (dd, J = 14.3, 3.3 Hz, 1H), 2.38
(s, 3H), 2.35 (s, 3H). 3C-NMR (100 MHz, CDCls): 6 = 195.6, 144.6, 144.1, 137.0, 137.0, 136.6,
133.3,129.8,129.3,129.0, 128.9, 128.2, 127.8, 127.4, 126.8, 126.3, 122.6, 120.2, 118.9, 110.7,
110.2, 58.6,50.2, 39.1, 21.8, 21.7. HR-MS (ESI) m/z calcd for C32H29NO3S [M+H'] 508.1941,
found 508.1943.
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¢

2-(4-Bromophenyl)-1-(p-tolyl)-3-tosylpropan-1-one (17)

Ts

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 2n (0.2 mmol) and 3a (0.4
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded
17 (53.0 mg, 58%) as a yellow oil. 'H NMR (400 MHz, CDCls) 6 = 7.78 (d, J = 8.2 Hz, 2H),
7.65 (d, J = 8.3 Hz, 2H), 7.36 — 7.31 (m, 2H), 7.21 (dd, J = 14.7, 8.0 Hz, 4H), 7.14 — 7.07 (m,
2H), 5.23 (dd, J = 7.8, 4.8 Hz, 1H), 4.28 (dd, J = 14.2, 7.9 Hz, 1H), 3.45 (dd, J = 14.2, 4.8 Hz,
1H), 2.40 (s, 3H), 2.36 (s, 3H). 3C NMR (100 MHz, CDCls) § = 195.1, 144.8, 144.7, 136.3,
135.6, 132.6, 132.3, 129.9, 129.8, 129.4, 129.0, 128.0, 122.1, 58.9, 46.8, 21.6, 21.6. HR-MS
(ESI) m/z calcd for C23H21BrO3S [M+Na*] 479.0287, found 479.0284.

¢

2-(3-Bromophenyl)-1-(p-tolyl)-3-tosylpropan-1-one (18)

Me

The general procedure TP3 was followed using 1a (0.4 mmol), 20 (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 18 (55.8
mg, 61%) as a yellow oil. 'H NMR (400 MHz, CDCls) § = 7.80 (d, J = 8.2 Hz, 2H), 7.66 (d, J
= 8.3 Hz, 2H), 7.33 (t, /= 1.7 Hz, 1H), 7.31 — 7.27 (m, 1H), 7.25 — 7.17 (m, 5H), 7.09 (t, J =
7.8 Hz, 1H), 5.22 (dd, J=8.1, 4.5 Hz, 1H), 4.31 (dd, J=14.2, 8.1 Hz, 1H), 3.45 (dd, J = 14.2,
4.5 Hz, 1H), 2.39 (s, 3H), 2.36 (s, 3H). *C NMR (100 MHz, CDCl3) § = 194.9, 144.8, 144.7,
138.7, 136.2, 132.6, 131.1, 131.0, 130.7, 129.8, 129.4, 129.0, 128.0, 126.9, 123.2, 59.0, 46.9,
21.7,21.6. HR-MS (ESI) m/z calcd for C23H21BrOsS [M+Na'] 479.0287, found 479.0285.

g
s

Cl

Ts

Me
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2-(2-Chlorophenyl)-1-(p-tolyl)-3-tosylpropan-1-one (19)

The general procedure TP4 was followed using 1a (0.4 mmol), 2p (0.2 mmol) and 3a (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded
19 (34.7 mg, 42%) as a yellow oil. 'H NMR (400 MHz, CDCl3) 6 = 7.80 (d, J = 8.2 Hz, 2H),
7.75 (d, J=8.2 Hz, 2H), 7.36 (d, /= 7.8 Hz, 1H), 7.27 (d, J = 8.2 Hz, 2H), 7.19 (d, /= 8.1 Hz,
2H), 7.15 - 7.05 (m, 3H), 5.67 (dd, /= 9.3, 3.1 Hz, 1H), 4.37 (dd, J = 14.2, 9.3 Hz, 1H), 3.31
(dd, J=14.2, 3.1 Hz, 1H), 2.41 (s, 3H), 2.36 (s, 3H). *C NMR (100 MHz, CDCl3) & = 195.1,
144.7, 144.6, 136.3, 134.2, 133.2, 132.8, 130.4, 129.8, 129.4, 129.2, 128.9, 128.8, 128.2, 127.6,
58.0, 43.7, 21.6, 21.6. HR-MS (ESI) m/z calcd for C23H2:C103S [M+Na'] 435.0792, found
435.0795.

Br,

PO
¢

2-(2-Bromophenyl)-1-(p-tolyl)-3-tosylpropan-1-one (20)

Me

The general procedure TP4 was followed using 1a (0.4 mmol), 2q (0.2 mmol) and 3a (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded
20 (43.9 mg, 48%) as a yellow oil. 'H NMR (400 MHz, CDCls) § = 7.81 (d, J = 8.2 Hz, 2H),
7.76 (d, J=8.2 Hz, 2H), 7.58 — 7.53 (m, 1H), 7.28 (d, /= 8.1 Hz, 2H), 7.20 (d, /= 8.1 Hz, 2H),
7.14 —7.05 (m, 3H), 5.64 (dd, J=9.8, 2.6 Hz, 1H), 4.36 (dd, J = 14.1, 9.9 Hz, 1H), 3.28 (dd, J
=14.1, 2.6 Hz, 1H), 2.41 (s, 3H), 2.36 (s, 3H). 3*C NMR (100 MHz, CDCl3) § = 195.0, 144.7,
144.6, 136.4, 135.8, 133.8, 132.9, 129.8, 129.5, 129.4, 129.0, 128.9, 128.3, 128.2, 124.0, 58.1,
46.5,21.6,21.6. HR-MS (ESI) m/z calcd for C23H21BrO3;S [M+Na'] 479.0287, found 479.0285.

OMe
0 H

2-(4-Methoxyphenyl)-1-phenyl-3-tosylpropan-1-one (21)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3b (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 21 (52.1

mg, 66%) as a colourless oil. tH-NMR (400 MHz, CDCls): 6 = 7.92 - 7.85 (m, 2H), 7.73 - 7.65
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(m, 2H), 7.55 — 7.45 (m, 1H), 7.43 — 7.34 (m, 2H), 7.25 — 7.19 (m, 2H), 7.17 — 7.10 (m, 2H),
6.79 — 6.72 (m, 2H), 5.23 (dd, J = 8.7, 3.9 Hz, 1H), 4.36 (dd, J = 14.1, 8.6 Hz, 1H), 3.72 (s, 3H),
3.41 (dd, J = 14.1, 3.9 Hz, 1H), 2.39 (s, 3H). 3C-NMR (100 MHz, CDCls): § = 196.1, 159.3,
144.7, 136.6, 135.6, 133.5, 129.9, 129.4, 129.0, 128.7, 128.4, 128.2, 114.9, 59.5, 55.3, 46.8,
21.7. HR-MS (ESI) m/z calcd for Ca3H2204S [M+H*] 395.1312, found 395.1310.

i OMe
O
TMS

2-(4-Methoxyphenyl)-3-tosyl-1-[4-(trimethylsilyl)phenyl]propan-1-one (22)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3¢ (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 22 (79.2
mg, 84%) as a colourless oil. tH-NMR (400 MHz, CDCls): § = 7.86 (d, J = 8.1 Hz, 2H), 7.69
(d, J=8.0 Hz, 2H), 7.54 (d, J = 7.9 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.17 — 7.11 (m, 2H), 6.80
—6.72 (m, 2H), 5.23 (dd, J = 8.6, 4.0 Hz, 1H), 4.36 (dd, J = 14.1, 8.6 Hz, 1H), 3.70 (s, 3H),
3.42 (dd, J = 14.2, 4.0 Hz, 1H), 2.38 (s, 3H), 0.25 (s, 9H). *C-NMR (100 MHz, CDCls): 6 =
196.2, 159.3, 147.7, 144.7, 136.6, 135.6, 133.5, 129.8, 129.4, 128.4, 128.1, 127.8, 114.8, 59.4,
55.3, 46.8, 21.7, -1.3. HR-MS (ESI) m/z calcd for Ca6Ha004SSi [M+H*] 467.1707, found

467.1707.
i OMe
s

2-(4-Methoxyphenyl)-1-[4-(methylthio)phenyl]-3-tosylpropan-1-one (23)

Ts

SMe

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3d (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 23 (61.3
mg, 69%) as a colourless oil. tH-NMR (400 MHz, CDCls): 6 =7.82 - 7.75 (m, 2H), 7.71 — 7.64
(m, 2H), 7.25 — 7.19 (m, 2H), 7.19 — 7.09 (m, 4H), 6.78 — 6.70 (m, 2H), 5.17 (dd, J = 8.5, 4.0
Hz, 1H), 4.34 (dd, J = 14.1, 8.5 Hz, 1H), 3.70 (s, 3H), 3.40 (dd, J = 14.1, 4.1 Hz, 1H), 2.46 (s,
3H), 2.38 (s, 3H). *C-NMR (100 MHz, CDCls): 6 = 195.0, 159.3, 146.6, 144.7, 136.6, 131.7,
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129.8, 129.3, 129.3, 128.6, 128.1, 124.9, 114.8, 59.3, 55.3, 46.6, 21.7, 14.7. HR-MS (ESI) m/z
calcd for C24H2404S, [M+H'] 441.1189, found 441.1188.

i OMe
Ts
T
OPh

2-(4-Methoxyphenyl)-1-(4-phenoxyphenyl)-3-tosylpropan-1-one (24)

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3e (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 24 (63.3
mg, 64%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.93 — 7.84 (m, 2H), 7.74 — 7.64
(m, 2H), 7.40 — 7.35 (m, 2H), 7.26 — 7.22 (m, 2H), 7.21 — 7.16 (m, 1H), 7.16 — 7.10 (m, 2H),
7.05-7.01 (m, 2H), 6.94 — 6.88 (m, 2H), 6.79 — 6.72 (m, 2H), 5.18 (dd, J = 8.6, 3.9 Hz, 1H),
4.36 (dd, J = 14.1, 8.6 Hz, 1H), 3.71 (s, 2H), 3.41 (dd, J = 14.1, 4.0 Hz, 1H), 2.39 (s, 3H). 13C-
NMR (100 MHz, CDCls): 6 = 194.6, 162.3, 159.3, 155.3, 144.7, 136.7, 131.3, 130.1, 130.0,
129.8,129.3,128.6,128.1, 124.9, 120.4, 117.2, 114.8, 59.4, 55.3, 46.6, 21.7. HR-MS (ESI) m/z
calcd for Co9H260sS [M+H*] 487.1574, found 487.1577.

i OMe
Ts
0
F

1-(4-Fluorophenyl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (25)

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3f (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 25 (55.1
mg, 67%) as a colourless oil. tH-NMR (400 MHz, CDCls): 6 = 7.98 — 7.89 (m, 2H), 7.76 — 7.63
(m, 2H), 7.26 — 7.22 (m, 2H), 7.16 — 7.10 (m, 2H), 7.09 — 7.00 (m, 2H), 6.82 — 6.73 (m, 2H),
5.18 (dd, J = 8.7, 3.8 Hz, 1H), 4.35 (dd, J = 14.1, 8.7 Hz, 1H), 3.72 (s, 3H), 3.39 (dd, J = 14.1,
3.8 Hz, 1H), 2.40 (s, 3H). 3C-NMR (100 MHz, CDCls): 6 = 194.6, 165.9 (d, Jc_r = 255.7 Hz),
159.4, 144.8, 136.6, 132.0 (d, Jc—r = 2.9 HZz), 131.6(d, Jc_r= 9.3 Hz), 129.9, 129.3, 128.2, 128.1,
115.9 (d, Jcr = 22.0 Hz), 114.9, 59.4, 55.4, 46.8, 21.7. ®F-NMR (376 MHz, CDCls): ¢ = -
104.42. HR-MS (ESI) m/z calcd for C23H21FO4S [M+H"] 413.1217, found 413.1216.
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s

1-(4-Chlorophenyl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (26)

Ts

Cl

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3g (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 26 (58.3
mg, 68%) as a colourless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.86 — 7.80 (m, 2H), 7.73 - 7.63
(m, 2H), 7.37 — 7.31 (m, 2H), 7.26 — 7.20 (m, 2H), 7.15 — 7.07 (m, 2H), 6.80 — 6.71 (m, 2H),
5.17 (dd, J = 8.7, 3.8 Hz, 1H), 4.35 (dd, J = 14.1, 8.7 Hz, 1H), 3.71 (s, 3H), 3.40 (dd, J = 14.1,
3.8 Hz, 1H), 2.39 (s, 3H). 3C-NMR (100 MHz, CDCls): ¢ = 195.0, 159.4, 144.8, 139.9, 136.6,
133.9,130.3,129.9, 129.3, 129.0, 128.1, 128.0, 114.9, 59.3, 55.3, 46.8, 21.7. HR-MS (ESI) m/z
calcd for C23H21Cl04S [M+H™] 429.0922, found 429.0922.

s

2-(4-Methoxyphenyl)-3-tosyl-1-[4-(trifluoromethyl)phenyl]propan-1-one (27)

Ts

CF3

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3h (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 27 (59.2

mg, 64%) as a colourless oil. tH-NMR (400 MHz, CDCls3): § = 8.00 (d, J = 8.1 Hz, 2H), 7.71

(d,J=8.1Hz, 2H), 7.64 (d, J=8.2 Hz, 2H), 7.25 (d, J = 7.7 Hz, 2H), 7.18 — 7.05 (m, 2H), 6.84

—6.72 (m, 2H), 5.23 (dd, J = 8.9, 3.7 Hz, 1H), 4.38 (dd, J = 14.1, 8.9 Hz, 1H), 3.71 (s, 3H),

3.42 (dd, J = 14.1, 3.7 Hz, 1H), 2.39 (s, 3H). *C-NMR (100 MHz, CDCls): 6 = 195.4, 159.6,

144.9, 138.5, 136.6, 134.5 (q, Jcr = 32.8 Hz), 129.9, 129.4, 129.2, 128.1, 127.5, 125.7 (q, Jc-r
=3.8 Hz), 123.6 (d, Jcr = 273.1 Hz), 115.0, 59.3, 55.3, 47.2, 21.6. *°F-NMR (376 MHz, CDCl5):
0 =-63.21. HR-MS (ESI) m/z calcd for C24H21F304S [M+H™] 463.1185, found 463.1188.

i OMe
Ts
T

CO,Et
5-35



Ethyl 4-[2-(4-methoxyphenyl)-3-tosylpropanoyl]benzoate (28)

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3i (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 28 (70.1
mg, 75%) as a colourless oil. 'H-NMR (400 MHz, CDCls): 6 = 8.07 — 8.00 (m, 2H), 7.95 — 7.89
(m, 2H), 7.72 — 7.65 (m, 2H), 7.26 — 7.20 (m, 2H), 7.14 — 7.07 (m, 2H), 6.79 — 6.69 (m, 2H),
5.21(dd,J=8.7,3.8 Hz, 1H), 4.41 —4.31 (m, 3H), 3.70 (s, 3H), 3.41 (dd, J=14.1, 3.8 Hz, 1H),
2.38 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H)."*C-NMR (100 MHz, CDCl3): 6 = 195.8, 165.6, 159.4,
144.8, 138.9, 136.5, 134.4, 129.9, 129.8, 129.4, 128.8, 128.1, 127.7, 114.9, 61.5, 59.2, 55.3,
47.2,21.7,14.3. HR-MS (ESI) m/z calcd for C26H2606S [M+H"] 467.1523, found 467.1521.

i OMe
O
CN

4-[2-(4-Methoxyphenyl)-3-tosylpropanoyl]benzonitrile (29)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3j (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 29 (52.1
mg, 62%) as a colourless oil. 'H-NMR (400 MHz, CDCls3): 6 = 8.06 — 7.95 (m, 2H), 7.78 — 7.64
(m, 4H), 7.31 - 7.26 (m, 2H), 7.17 — 7.06 (m, 2H), 6.84 — 6.72 (m, 2H), 5.20 (dd, J = 9.1, 3.6
Hz, 1H), 4.36 (dd, J = 14.1, 9.1 Hz, 1H), 3.72 (s, 3H), 3.41 (dd, J = 14.0, 3.6 Hz, 1H), 2.42 (s,
3H). $3C-NMR (100 MHz, CDCls): § = 195.1, 159.7, 145.0, 138.9, 136.5, 132.5, 130.0, 129.4,
129.3, 128.1, 127.2, 117.9, 116.5, 115.1, 59.3, 55.4, 47.2, 21.7. HR-MS (ESI) m/z calcd for
C24H21NO4S [M+H™] 420.1264, found 420.1264.

i OMe
o l OMe

MeO

Ts

1-(2,5-Dimethoxyphenyl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (30)

The general procedure TP4 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3k (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 3:1) yielded 30 (32.3
mg, 36%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.71 — 7.65 (m, 2H), 7.22 (d, J
= 8.0 Hz, 2H), 7.08 (d, J=3.2 Hz, 1H), 7.06 — 7.02 (m, 2H), 6.97 — 6.92 (m, 1H), 6.81 (d, J =
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9.1 Hz, 1H), 6.73 — 6.67 (m, 2H), 5.46 (dd, J=7.8, 4.9 Hz, 1H), 4.32 (dd, J= 14.3, 7.9 Hz, 1H),
3.84 (s, 3H), 3.71 (s, 6H), 3.39 (dd, J = 14.3, 5.0 Hz, 1H), 2.38 (s, 3H). 3C-NMR (100 MHz,
CDCL): 6 = 197.7, 159.1, 153.5, 152.9, 144.5, 136.9, 129.7, 129.7, 128.6, 128.2, 126.8, 120.7,
115.1, 114.3, 113.3, 59.3, 56.2, 55.9, 55.3, 50.4, 21.7. HR-MS (ESI) m/z calcd for CasHas06S
[M+H'] 455.1523, found 455.1526.

! OMe
Ts
L
J
1-(Benzo[d][1,3]dioxol-5-yl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (31)

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 31 (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 31 (54.7
mg, 62%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.68 (d, J = 8.1 Hz, 2H), 7.59 —
7.48 (m, 1H), 7.32 (d, J = 1.7 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.16 — 7.06 (m, 2H), 6.81 —
6.70 (m, 3H), 6.03 — 5.93 (m, 2H), 5.12 (dd, J = 8.6, 3.9 Hz, 1H), 4.33 (dd, J = 14.1, 8.6 Hz,
1H), 3.71 (s, 3H), 3.38 (dd, J = 14.2, 3.9 Hz, 1H), 2.39 (s, 3H). 3*C-NMR (100 MHz, CDCl5):
0=194.2,159.3, 152.1, 148.3, 144.7, 136.7, 130.3, 129.8, 129.2, 128.8, 128.2, 125.4, 114.8,
108.7, 108.0, 102.0, 59.5, 55.3, 46.6, 21.7. HR-MS (ESI) m/z calcd for C24H2206S [M+H"]
439.1210, found 439.1211.

)

1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (32)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3m (0.4
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded
32 (75.3 mg, 83%) as a yellow solid. 'H-NMR (400 MHz, CDCls): 6 = 7.74 — 7.62 (m, 2H),
7.48 —7.39 (m, 2H), 7.25 - 7.18 (m, 2H), 7.16 — 7.07 (m, 2H), 6.83 — 6.78 (m, 1H), 6.78 — 6.70
(m, 2H), 5.12 (dd, J = 8.5, 4.0 Hz, 1H), 4.32 (dd, J = 14.1, 8.6 Hz, 1H), 4.27 — 4.16 (m, 4H),
3.70 (s, 3H), 3.38 (dd, J = 14.2, 4.0 Hz, 1H), 2.38 (s, 3H). *C-NMR (100 MHz, CDCls): § =
194.4,159.2, 148.4, 144.6, 143.4, 136.6, 129.8, 129.3, 128.8, 128.1, 123.1, 118.5, 117.3, 114.8,
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64.8, 64.1, 59.5, 55.3, 46.5, 21.7. HR-MS (ESI) m/z calcd for C25sH2406S [M+H"] 453.1366,
found 453.1369.

i OMe
Ts
o l Me
F
1-(4-Fluoro-3-methylphenyl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (33)

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3n (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 32 (65.3

mg, 76%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.81 — 7.64 (m, 4H), 7.24 (d, J
=8.0 Hz, 2H), 7.16 — 7.08 (m, 2H), 6.98 (t, J = 8.8 Hz, 1H), 6.81 — 6.72 (m, 2H), 5.19 (dd, J =

8.8,3.9 Hz, 1H), 4.34 (dd, /= 14.1, 8.7 Hz, 1H), 3.71 (s, 3H), 3.40 (dd, /= 14.1, 3.9 Hz, 1H),

2.39 (s, 3H), 2.26 (d, J = 2.0 Hz, 3H). *C-NMR (100 MHz, CDCls): 6 = 194.9, 164.5 (d, Jc-r

=254.3 Hz), 159.4, 144.7,136.7, 132.8 (d, Jcr = 6.6 Hz), 131.7 (d, Jcr = 3.4 Hz), 129.9, 129.3,

128.9 (d, Jcr=9.5 Hz), 128.3, 128.1, 125.6 (d, Jcr = 17.6 Hz), 115.3 (d, Jcr=22.9 Hz), 114.9,

59.4,55.3,46.7,21.7, 14.7 (d, Jcr = 3.6 Hz). ’F-NMR (376 MHz, CDCl3): § = -108.54. HR-

MS (ESI) m/z caled for C24H23FO4S [M+H'] 427.1374, found 427.1373.

l OMe

I
X
Me

1-(3-Chloro-4-methylphenyl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (34)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 30 (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 34 (65.1

mg, 73%) as a colourless oil. *H-NMR (400 MHz, CDCls): 6 =7.83 (d, J = 1.8 Hz, 1H), 7.72 —
7.64 (m, 3H), 7.26 — 7.18 (m, 3H), 7.15 - 7.08 (m, 2H), 6.80 — 6.71 (m, 2H), 5.15 (dd, J = 8.8,

3.8 Hz, 1H), 4.34 (dd, J = 14.1, 8.8 Hz, 1H), 3.70 (s, 3H), 3.40 (dd, J = 14.1, 3.8 Hz, 1H), 2.39

(s, 3H), 2.36 (s, 3H). 3 C-NMR (100 MHz, CDCls): 6 = 194.7, 159.4, 144.8, 142.1, 136.5, 135.0,

134.8, 131.1, 129.9, 129.5, 129.3, 128.1, 128.0, 127.1, 114.9, 59.3, 55.3, 46.8, 21.7, 20.4. HR-

MS (ESI) m/z calcd for C24H23Cl104S [M+H"] 443.1078, found 443.1078.
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! OMe
o ‘ Cl
F

1-(3-Chloro-4-fluorophenyl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (35)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3p (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 35 (52.1
mg, 58%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.98 — 7.90 (m, 1H), 7.84 — 7.78
(m, 1H), 7.74 — 7.66 (m, 2H), 7.29 — 7.23 (m, 2H), 7.18 — 7.08 (m, 3H), 6.81 — 6.73 (m, 2H),
5.13(dd, J=9.0, 3.6 Hz, 1H), 4.34 (dd, /= 14.1, 9.0 Hz, 1H), 3.73 (s, 3H), 3.38 (dd, J = 14.1,
3.6 Hz, 1H), 2.41 (s, 3H). *C-NMR (100 MHz, CDCl3): 6 = 193.8, 161.2 (d, Jc_r = 257.8 Hz),
159.6, 145.0, 136.5, 132.8 (d, Jc—r = 3.7 Hz), 131.9, 130.0, 129.4, 129.3, 128.1, 127.6, 122.1
(d,Jer=18.3Hz), 116.9 (d, Jcr=21.8 Hz), 115.1,59.4, 55.4, 46.8,21.7. "F-NMR (376 MHz,
CDCl3): 6 = -106.81. HR-MS (ESI) m/z caled for Ca3Ha0CIFO4S [M+H'] 447.0828, found

447.0829.
i OMe
o ! Cl
Cl

1-(3,4-Dichlorophenyl)-2-(4-methoxyphenyl)-3-tosylpropan-1-one (36)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3q (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 36 (66.2

mg, 71%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.94 (d, J = 2.0 Hz, 1H), 7.71

(dd, /=10.5, 8.2 Hz, 3H), 7.46 (d, J= 8.4 Hz, 1H), 7.26 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.7

Hz, 2H), 6.78 (d, J = 8.6 Hz, 2H), 5.13 (dd, J = 8.9, 3.7 Hz, 1H), 4.34 (dd, J = 14.1, 9.0 Hz,

1H), 3.72 (s, 3H), 3.39 (dd, J = 14.1, 3.6 Hz, 1H), 2.41 (s, 3H). 3C-NMR (100 MHz, CDCl5):

0 =194.1, 159.6, 145.0, 138.0, 136.5, 135.2, 133.4, 130.8, 130.8, 130.0, 129.3, 128.1, 127.9,

127.4, 115.1, 59.3, 55.3, 46.9, 21.7. HR-MS (ESI) m/z calcd for C23H20Cl,OsS [M+H"]

463.0532, found 463.0536.
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0 /

2-(4-Methoxyphenyl)-3-tosyl-1-(4-vinylphenyl)propan-1-one (37)

Ts

The general procedure TP3 was followed using 1a (0.4 mmol), 2¢ (0.2 mmol) and 3r (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 37 (34.5

mg, 41%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.89 — 7.83 (m, 2H), 7.70 — 7.67

(m, 2H), 7.42 — 7.37 (m, 2H), 7.24 — 7.20 (m, 2H), 7.16 — 7.09 (m, 2H), 6.78 — 6.64 (m, 3H),

5.83 (d,J=17.6 Hz, 1H), 5.37 (d, J = 11.0 Hz, 1H), 5.21 (dd, J = 8.6, 4.0 Hz, 1H), 4.35 (dd, J
=14.2, 8.6 Hz, 1H), 3.71 (s, 3H), 3.41 (dd, J = 14.2, 4.0 Hz, 1H), 2.39 (s, 3H). '*C-NMR (100

MHz, CDCl3): 6 = 195.5, 159.3, 144.7, 142.4, 136.6, 135.9, 134.7, 129.9, 129.4, 128.5, 128.2,

126.4, 117.1, 114.8, 59.4, 55.3, 46.8, 21.7. HR-MS (ESI) m/z calcd for C25H2404S [M+H"]

421.1468, found 421.1463.

i OMe
Ts
T
Z
N Me

2-(4-Methoxyphenyl)-1-(2-methylquinolin-6-yl)-3-tosylpropan-1-one (38)

The general procedure TP3 was followed using 1a (0.4 mmol), 2c (0.2 mmol) and 3s (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 1:1) yielded 38 (47.1
mg, 51%) as a colourless oil. tH-NMR (400 MHz, CDCls): § = 8.38 (d, J = 2.0 Hz, 1H), 8.16 —
8.05 (m, 2H), 7.97 (d, J = 8.9 Hz, 1H), 7.77 — 7.62 (m, 2H), 7.36 — 7.31 (m, 1H), 7.26 — 7.11
(m, 4H), 6.86 — 6.69 (m, 2H), 5.37 (dd, J = 8.8, 3.8 Hz, 1H), 4.42 (dd, J = 14.1, 8.8 Hz, 1H),
3.70 (s, 3H), 3.45 (dd, J = 14.1, 3.7 Hz, 1H), 2.75 (s, 3H), 2.37 (s, 3H). 3C-NMR (100 MHz,
CDCl3): 6 =195.6, 162.2, 159.4, 149.9, 144.8, 137.8, 136.6, 132.8, 130.3, 129.9, 129.4, 129.3,
128.3, 128.2, 125.7, 123.1, 115.0, 59.5, 55.4, 47.0, 25.7, 21.7. HR-MS (ESI) m/z calcd for
Ca7H25N04S [M+H*] 460.1577, found 460.1579.
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1-(Dibenzo[b,d]furan-2-yl)-2-(p-tolyl)-3-tosylpropan-1-one (39)

The general procedure TP3 was followed using 1a (0.4 mmol), 2a (0.2 mmol) and 3t (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 39 (57.1

mg, 61%) as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 8.54 (d, J = 1.8 Hz, 1H), 8.09 —
8.01 (m, 1H), 7.99 — 7.94 (m, 1H), 7.72 (d, J = 8.1 Hz, 2H), 7.58 — 7.46 (m, 3H), 7.41 — 7.36

(m, 1H), 7.25 — 7.14 (m, 4H), 7.07 (d, J = 8.0 Hz, 2H), 5.39 (dd, J = 8.8, 3.7 Hz, 1H), 4.47 (dd,

J=14.1,8.7Hz, 1H), 3.48 (dd, J = 14.1, 3.7 Hz, 1H), 2.37 (s, 3H), 2.24 (s, 3H). $3C-NMR (100

MHz, CDClz): 6 = 195.3, 159.1, 156.9, 144.8, 137.9, 136.6, 133.8, 130.9, 130.2, 129.9, 128.5,

128.2,128.2,128.1,124.7,123.7, 123.5,122.4,121.1, 112.0, 111.8, 59.6, 47.4, 21.7, 21.1. HR-

MS (ESI) m/z calcd for C29H2404S [M+H"] 469.1468, found 469.1471.

TS Me
NS

1-(Dibenzo[b,d]thiophen-2-yl)-2-(p-tolyl)-3-tosylpropan-1-one (40)

The general procedure TP3 was followed using 1a (0.4 mmol), 2a (0.2 mmol) and 3u (0.4
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 8:1) yielded
40 (54.2 mg, 56%) as a colourless oil. *tH-NMR (400 MHz, CDCls): § = 8.68 (d, J = 1.6 Hz,
1H), 8.22 - 8.12 (m, 1H), 8.03 — 7.95 (m, 1H), 7.88 — 7.78 (m, 2H), 7.76 — 7.69 (m, 2H), 7.55
—7.45 (m, 2H), 7.25 — 7.16 (m, 4H), 7.07 (d, J = 8.0 Hz, 2H), 5.39 (dd, J = 8.7, 3.8 Hz, 1H),
4.47 (dd, J = 14.1, 8.7 Hz, 1H), 3.48 (dd, J = 14.1, 3.8 Hz, 1H), 2.36 (s, 3H), 2.24 (s, 3H). 13C-
NMR (100 MHz, CDCls): ¢ = 195.7, 145.0, 144.8, 139.7, 138.0, 136.6, 135.7, 135.2, 133.7,
132.1, 130.2, 129.9, 128.2, 128.1, 127.6, 126.7, 125.1, 123.0, 122.8, 122.5, 122.0, 59.5, 47.5,
21.7,21.1. HR-MS (ESI) m/z calcd for C29H2403S2 [M+H™] 485.1240, found 485.1244.
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2-(4-Methoxyphenyl)-3-(naphthalen-2-ylsulfonyl)-1-(p-tolyl)propan-1-one (41)

Me

The general procedure TP3 was followed using 1b (0.4 mmol), 2¢ (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 3:1) yielded 41 (72.9

mg, 82%) as a white powder. *H NMR (400 MHz, CDClz) § = 8.27 (d, J = 0.9 Hz, 1H), 7.88

(dd, J = 13.5, 8.5 Hz, 2H), 7.81 — 7.75 (m, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.66 — 7.60 (m, 1H),

7.58 —7.51 (m, 1H), 7.11 (t, J = 8.5 Hz, 4H), 6.66 (d, J = 8.7 Hz, 2H), 5.26 (dd, J = 8.2, 4.6 Hz,

1H), 4.39 (dd, J = 14.3, 8.2 Hz, 1H), 3.60 (s, 3H), 3.57 (dd, J = 14.4, 4.7 Hz, 1H), 2.31 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 = 195.5, 159.1, 144.2, 136.2, 135.1, 132.8, 131.9, 130.0, 129.5,

129.3,129.3,129.2,129.1, 128.9, 128.2, 127.8, 127.4, 122.6, 114.6, 59.2, 55.1, 46.7, 21.6. HR-

MS (ESI) m/z calcd for C27H2404S [M+Na*] 467.1288, found 467.1290.

/7 \\

(OIN©)
.

3-[(4-Chlorophenyl)sulfonyl]-2-(4-methoxyphenyl)-1-(p-tolyl)propan-1-one (42)

Cl

Me

The general procedure TP3 was followed using 1c (0.4 mmol), 2c (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 3:1) yielded 42 (48.0

mg, 56%) as a yellow oil. *H NMR (400 MHz, CDCl3) § = 7.78 (d, J = 8.2 Hz, 2H), 7.74 — 7.67

(m, 2H), 7.40 - 7.36 (m, 2H), 7.18 (d, J =8.1 Hz, 2H), 7.12 (d, J = 8.7 Hz, 2H), 6.74 (d, J = 8.7

Hz, 2H), 5.19 (dd, J = 8.2, 4.5 Hz, 1H), 4.32 (dd, J = 14.3, 8.3 Hz, 1H), 3.72 (s, 3H), 3.48 (dd,

J=14.3,4.6 Hz, 1H), 2.36 (s, 3H). 13C NMR (100 MHz, CDCls) § = 195.4, 159.3, 144.4, 140.2,

138.0, 132.7, 129.5, 129.3, 129.3, 129.3, 128.9, 128.1, 114.7, 59.3, 55.2, 46.7, 21.6. HR-MS

(ESI) m/z calcd for Chemical Formula: C23H21Cl04S [M+Na*] 451.0741, found 451.0744.
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3-[(4-Bromophenyl)sulfonyl]-2-(4-methoxyphenyl)-1-(p-tolyl)propan-1-one (43)

Me

The general procedure TP3 was followed using 1d (0.4 mmol), 2¢ (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 3:1) yielded 43 (61.5
mg, 65%) as a yellow oil. *H NMR (400 MHz, CDCls) § = 7.78 (d, J = 8.2 Hz, 2H), 7.58 (dd,
J=30.9, 8.5 Hz, 4H), 7.18 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.7 Hz, 2H), 6.74 (d, J = 8.7 Hz,
2H), 5.19 (dd, J = 8.2, 4.6 Hz, 1H), 4.31 (dd, J = 14.3, 8.2 Hz, 1H), 3.72 (s, 3H), 3.48 (dd, J =
14.3, 4.6 Hz, 1H), 2.36 (s, 3H). *C NMR (100 MHz, CDCls) & = 195.4, 159.3, 144.4, 138.5,
132.7, 132.3, 129.5, 129.3, 129.3, 128.9, 128.8, 128.0, 114.7, 59.3, 55.2, 46.7, 21.6. HR-MS
(ESI) m/z calcd for Chemical Formula: C23H21BrO4S [M+Na*] 495.0236, found 495.0233.

/7 \\

(OIN©)
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3-[(4-1odophenyl)sulfonyl]-2-(4-methoxyphenyl)-1-(p-tolyl)propan-1-one (44)

Me

The general procedure TP3 was followed using 1e (0.4 mmol), 2c (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 3:1) yielded 44 (57.2

mg, 55%) as a yellow oil. *H NMR (400 MHz, CDCl3) § = 7.77 (t, J = 7.8 Hz, 4H), 7.46 (d, J

=8.4 Hz, 2H), 7.18 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.6 Hz, 2H), 6.74 (d, J = 8.6 Hz, 2H), 5.18

(dd, J = 8.1, 4.6 Hz, 1H), 4.31 (dd, J = 14.3, 8.2 Hz, 1H), 3.72 (s, 3H), 3.48 (dd, J = 14.3, 4.6

Hz, 1H), 2.36 (s, 3H). **C NMR (100 MHz, CDCl3) § = 195.4, 159.3, 144.4, 139.1, 138.3, 132.7,

129.3,129.3,129.3, 128.9, 128.0, 114.7, 101.5, 59.3, 55.2, 46.7, 21.6. HR-MS (ESI) m/z calcd

for Chemical Formula: C23H21104S [M+Na*] 543.0097, found 543.0099.

77\
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3-[(4-Chlorobutyl)sulfonyl]-2-(4-methoxyphenyl)-1-(p-tolyl)propan-1-one (45)

The general procedure TP4 was followed using 1f (0.4 mmol), 2¢ (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 45 (54.8
mg, 67%) as a colorless oil. 'H NMR (400 MHz, CDCls) § = 7.87 (d, J = 8.2 Hz, 2H), 7.24 (d,
J=8.7 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.22 (dd, J = 7.8, 5.5 Hz,
1H), 4.09 (dd, J = 14.6, 7.8 Hz, 1H), 3.75 (s, 3H), 3.50 (t, J = 6.2 Hz, 2H), 3.35 (dd, J = 14.6,
5.4 Hz, 1H), 2.89 —2.62 (m, 2H), 2.35 (s, 3H), 2.05 - 1.76 (M, 4H). 3C NMR (100 MHz, CDCls)
0 =196.2, 159.4, 144.5, 132.7, 129.4, 129.4, 129.1, 128.3, 114.9, 56.1, 55.2, 53.4, 47.1, 43.8,
30.9, 21.6, 19.6. HR-MS (ESI) m/z calcd for C21H25Cl04S [M+Na*] 431.1054, found 431.1056.

A O OMe

77\
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3-(Cyclopropylsulfonyl)-2-(4-methoxyphenyl)-1-(p-tolyl)propan-1-one (46)

Me

The general procedure TP3 was followed using 1g (0.4 mmol), 2¢ (0.2 mmol) and 3a (0.4 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 8:1) yielded 46 (38.0

mg, 53%) as a colorless oil. 'H NMR (400 MHz, CDCls) § = 7.89 (d, J = 8.2 Hz, 2H), 7.26 (d,

J =8.6 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 5.23 (dd, J = 8.1, 4.9 Hz,

1H), 4.24 (dd, J = 14.4, 8.2 Hz, 1H), 3.74 (s, 3H), 3.38 (dd, J = 14.4, 4.9 Hz, 1H), 2.35 (s, 3H),

2.17 - 2.06 (m, 1H), 1.24 — 1.05 (m, 2H), 0.97 — 0.77 (m, 2H). 3C NMR (100 MHz, CDCls) §

=196.1, 159.3,144.4,132.8, 129.4, 129.4, 129.0, 128.7, 114.8, 57.1, 55.2, 47.0, 30.7, 21.6, 5.5,

4.7. HR-MS (ESI) m/z calcd for C20H2204S [M+Na*] 381.1131, found 381.1129.

OMe
tBUOzC O
O

4-[1-(4-Chlorophenyl)-1-oxo0-3-(pyridin-3-ylsulfonyl)propan-2-yl]phenyl acetate (47)

Me

The general procedure TP4 (TP5) was followed using 1j (0.4 mmol), 2¢ (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1)
yielded 47 [44.6 mg, 61% (57%)] as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.85 (d,
J=8.2 Hz, 2H), 7.22 - 7.13 (m, 4H), 6.84 — 6.79 (m, 2H), 4.59 (t, J = 7.3 Hz, 1H), 3.74 (s, 3H),
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2.40 — 2.31 (m, 4H), 2.19 (t, J = 7.1 Hz, 2H), 2.13 — 2.03 (m, 1H), 1.42 (s, 9H). *C-NMR (100
MHz, CDCls): 0 = 199.4, 172.8, 158.8, 143.7, 134.3, 131.2, 129.4, 129.3, 128.9, 114.5, 80.3,
55.3, 51.4, 33.2, 29.1, 28.2, 21.7. HR-MS (ESI) m/z calcd for C23H2804 [M+Na*] 391.1880,
found 391.1878.

— OAc
RN

/7 \\

(OINO)

tert-Butyl 4-(4-methoxyphenyl)-5-oxo-5-(p-tolyl)pentanoate (51)

The general procedure TP5 was followed using 1i (0.4 mmol), 2k (0.2 mmol) and 3g (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 1.5:1) yielded 51 (46.2

mg, 52%) as a colourless oil. tH-NMR (400 MHz, CDCls): § =9.00 (d, J = 2.4 Hz, 1H), 8.85 —
8.73 (m, 1H), 8.06 — 7.97 (m, 1H), 7.90 — 7.78 (m, 2H), 7.44 — 7.33 (m, 3H), 7.25 — 7.18 (m,

2H), 7.02 — 6.93 (m, 2H), 5.27 (dd, J = 8.5, 4.5 Hz, 1H), 4.36 (dd, J = 14.3, 8.5 Hz, 1H), 3.54

(dd, J = 14.4, 4.5 Hz, 1H), 2.24 (s, 3H). *C-NMR (100 MHz, CDCls): § = 194.6, 169.2, 154.4,

150.7, 149.0, 140.5, 136.1, 135.8, 133.4, 132.9, 130.4, 129.3, 123.9, 122.9, 59.5, 47.0, 21.2.

HR-MS (ESI) m/z calcd for C22H18CINOsS [M+H™] 444.0667, found 444.0669.

o
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6-{[3-(Benzo[d][1,3]dioxol-5-yI)-2-(4-methoxyphenyl)-3-oxopropyl]sulfonyl}-2H-
chromen-2-one (52)

The general procedure TP5 was followed using 1h (0.4 mmol), 2¢ (0.2 mmol) and 31 (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 1.5:1) yielded 52 (55.7
mg, 57%) as a white solid. *H-NMR (400 MHz, CDCls): 6 = 7.95 — 7.83 (m, 2H), 7.61 (d, J =
9.7 Hz, 1H), 7.56 — 7.48 (m, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.26 (d, J = 9.6 Hz, 2H), 7.16 — 7.07
(m, 2H), 6.81 - 6.68 (m, 3H), 6.48 (d, J =9.7 Hz, 1H), 5.99 (dd, J = 5.3, 1.3 Hz, 2H), 5.15 (dd,
J =84, 4.4 Hz, 1H), 4.36 (dd, J = 14.3, 8.5 Hz, 1H), 3.69 (s, 3H), 3.53 (dd, J = 14.4, 4.4 Hz,
1H). *C-NMR (100 MHz, CDCls): § = 193.9, 159.4, 159.2, 157.0, 152.3, 148.3, 142.3, 135.7,
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131.1, 130.0, 129.3, 129.0, 128.0, 125.4, 118.9, 118.3, 118.0, 114.8, 108.5, 108.1, 102.2, 59.7,
55.3, 46.8. HR-MS (ESI) m/z calcd for C26H2008S [M+Na*] 515.0771, found 515.0768.

X3
/7 \\
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L
F

2-[2-(Benzyloxy)phenyl]-1-(3-chloro-4-fluorophenyl)-3-[(4-chlorobutyl)sulfonyl]propan-
1-one (53)

The general procedure TP5 was followed using 1f (0.4 mmol), 2j (0.2 mmol) and 3p (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 53 (48.3
mg, 46%) as a colourless oil. tH-NMR (400 MHz, CDCls): 6 =8.11 - 8.03 (m, 1H), 7.87 - 7.79
(m, 1H), 7.53 — 7.38 (m, 5H), 7.27 — 7.23 (m, 1H), 7.12 (dd, J = 7.7, 1.6 Hz, 1H), 7.08 — 6.98
(m, 2H), 6.92 (t, J = 7.5 Hz, 1H), 5.63 (dd, J = 8.3, 4.5 Hz, 1H), 5.20 (s, 2H), 4.16 (dd, J = 14.5,
8.3 Hz, 1H), 3.48 (t, J = 6.2 Hz, 2H), 3.28 (dd, J = 14.5, 4.5 Hz, 1H), 2.90 — 2.75 (m, 2H), 1.97
— 1.76 (m, 4H). C-NMR (100 MHz, CDCl3): 6 = 194.7, 161.2 (d, Jc.r = 257.9 Hz), 155.0,
136.2,132.6 (d, Jcr=3.7 Hz), 131.9, 130.0, 129.4 (d, Jc-r = 8.5 Hz), 129.0, 128.9, 128.6, 127.7,
124.4,122.0, 121.9 (d, Jc-r = 18.3 Hz), 116.8 (d, Jcr = 21.7 Hz), 113.0, 70.8, 55.0, 53.3, 44.0,
41.3, 31.0, 19.7. ®F-NMR (376 MHz, CDCl3): 6 = -106.82. HR-MS (ESI) m/z calcd for
Co6H25Cl.FO4S [M+Na*] 545.0727, found 545.0726.

Me
Y
s

5,5,5-Trifluoro-1,2-di-p-tolylpentan-1-one (54)

Me

The general procedure TP4 (TP5) was followed using 1k (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1)
yielded 54 [28.8 mg, 45% (55%)] as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.84 (d,
J=8.3Hz, 2H), 7.23—7.01 (m, 6H), 4.53 (t, J = 7.0 Hz, 1H), 2.40 — 2.31 (m, 4H), 2.28 (s, 3H),
2.15-1.92 (m, 3H). 3C-NMR (100 MHz, CDCls): § = 198.4, 144.1, 137.3, 135.6, 133.9, 130.1,
129.4, 129.0, 128.1, 51.9, 33.1 — 30.5 (m), 27.3 — 24.9 (m), 21.7, 21.2. >F-NMR (376 MHz,
CDCls): 6 =-65.89. HR-MS (ESI) m/z calcd for C19H19F30 [M+Na*] 343.1280, found 343.1272.
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2-(2-(benzyloxy)phenyl)-1-(3-chloro-4-methylphenyl)-5,5,5-trifluoropentan-1-one (55)

The general procedure TP5 was followed using 1k (0.4 mmol), 2j (0.2 mmol) and 30 (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1) yielded 55 (42
mg, 47%) as a colourless oil. *H NMR (400 MHz, CDCl3) § = 7.95 (s, 1H), 7.70 (d, J = 7.9 Hz,
1H), 7.49 (d, J = 7.1 Hz, 2H), 7.44 (t, J = 7.2 Hz, 2H), 7.41 — 7.35 (m, 1H), 7.22 — 7.16 (m, 1H),
7.14 (d, J = 7.9 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H), 6.88 (t, J = 7.5 Hz,
1H), 5.19 (s, 2H), 5.06 (t, J = 6.9 Hz, 1H), 2.43 — 2.25 (m, 4H), 2.24 — 1.86 (m, 4H). *C NMR
(100 MHz, CDCls) 6 = 197.8, 155.1, 141.5, 136.5, 135.5, 134.7, 130.9, 129.2, 128.8, 128.7,
128.2,128.2,127.5, 126.8, 126.7, 121.6, 112.2, 70.5, 44.1, 31.5 (g, Jcr = 28.8 Hz), 25.0, 20.2.
¥FNMR (376 MHz, CDCl3) § =-66.19 (s). HR-MS (ESI) m/z calcd for C25H22CIF302 [M+Na']
469.1153, found 469.1151.

Br
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U
Cl

2-(4-Bromophenyl)-1-(4-chlorophenyl)-4-(phenylsulfonyl)butan-1-one (56)

The general procedure TP5 was followed using 11 (0.4 mmol), 2n (0.2 mmol) and 3g (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 56 (61.2
mg, 60%) as a colourless oil. tH-NMR (400 MHz, CDCls): 6 = 7.94 — 7.73 (m, 4H), 7.65 (t, J
=7.4 Hz, 1H), 7.56 (t, J = 7.6 Hz, 2H), 7.47 — 7.29 (m, 4H), 7.16 — 7.04 (m, 2H), 4.83 (t, J =
7.4 Hz, 1H), 3.16 — 2.97 (m, 2H), 2.56 — 2.43 (m, 1H), 2.32 — 2.19 (m, 1H). *C-NMR (100
MHz, CDCls): 6 =197.1, 140.1, 139.1, 136.8, 134.2, 134.0, 132.7, 130.3, 130.0, 129.5, 129.2,
128.1,122.1, 53.6, 50.9, 26.7. HR-MS (ESI) m/z calcd for C22H1sBrClOsS [M+Na*] 498.9741,
found 498.9745.
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4-(Phenylsulfonyl)-1,2-di-p-tolylbutan-1-one (57)

Me

The general procedure TP5 was followed using 11 (0.4 mmol), 2a (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 57
(57.3mg, 73%) as a yellow oil. *H NMR (400 MHz, CDCls) § = 7.88 (d, J = 7.5 Hz, 2H), 7.80
(d,J=8.1Hz, 2H), 7.63 (d, J=7.4 Hz, 1H), 7.56 (d, J = 7.8 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H),
7.08 (d, J = 4.0 Hz, 4H), 4.72 (t, J = 7.4 Hz, 1H), 3.13 (ddd, J = 14.9, 8.6, 6.6 Hz, 1H), 2.41
(dd, J = 14.8, 7.2 Hz, 1H), 2.33 (s, 3H), 2.26 (s, 4H). 1*C NMR (100 MHz, CDCI3) & = 198.1,
144.0, 139.0, 137.3, 135.0, 133.6, 133.5, 129.9, 129.3, 129.2, 128.9, 128.0, 53.9, 51.0, 26.8,
21.6, 21.0. HR-MS (ESI) m/z calcd for C24H2403S [M+Na*] 415.1338, found 415.1335.

4,4-Difluoro-2-(4-methoxyphenyl)-4-(phenylsulfonyl)-1-(p-tolyl)butan-1-one (58)

The general procedure TP4 (TP5) was followed using 1m (0.4 mmol), 2¢ (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 8:1)
yielded 58 [68.3 mg, 77% (80%)] as a colourless oil. tH-NMR (400 MHz, CDCls): 6 = 7.99 —
7.93 (m, 2H), 7.90 — 7.80 (m, 2H), 7.75 - 7.69 (m, 1H), 7.58 (t, J = 7.9 Hz, 2H), 7.26 — 7.22
(m, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.85 — 6.76 (m, 2H), 5.09 (dd, J = 8.1, 4.9 Hz, 1H), 3.73 (s,
3H), 3.65 — 3.46 (m, 1H), 2.86 — 2.70 (m, 1H), 2.34 (s, 3H). *C-NMR (100 MHz, CDCls): 6 =
196.5, 159.2, 144.2, 135.5, 133.3, 132.4, 130.9, 129.8, 129.4, 129.4, 129.3, 129.1, 124.0 (t, Jc-
F=286.0 Hz), 114.8, 55.3, 45.4, 33.2 (t, Jc.r = 18.9 Hz), 21.7. F-NMR (376 MHz, CDCls): 6
=-100.64 (d, J=229.2 Hz), -101.73 (d, J = 229.1 Hz). HR-MS (ESI) m/z calcd for C24H22F204S
[M+Na*] 467.1099, found 467.1105.
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Diethyl [1,1-difluoro-3-(4-methoxyphenyl)-4-oxo-4-(p-tolyl)butyl]phosphonate (59)

Me

The general procedure TP4 (TP5) was followed using 1n (0.4 mmol), 2¢ (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 3:1)
yielded 59 [30.1 mg, 34% (30%)] as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.88 (d,
J=6.4 Hz, 2H), 7.25 — 7.15 (m, 4H), 6.82 — 6.77 (m, 2H), 5.07 (dd, J = 8.5, 3.8 Hz, 1H), 4.32
—4.20 (m, 4H), 3.73 (s, 3H), 3.48 — 3.26 (m, 1H), 2.44 — 2.30 (m, 4H), 1.38 — 1.33 (m, 6H).
13C-NMR (100 MHz, CDCls): 6 = 197.5, 158.9, 144.0, 133.6, 130.8, 129.4, 129.3, 129.1, 120.3
(d, Jc-Fr =215.1 Hz), 114.6, 64.7 (dd, Jc-Fr = 8.9, 6.9 Hz), 55.3, 47.7 — 43.1 (m), 40.5 — 35.7 (m),
21.7,16.5 (d, Jc.r = 5.2 Hz). ®F-NMR (376 MHz, CDCls): 6 = -110.37 , -110.65. HR-MS (ESI)
m/z calcd for CooH27F20sP [M+H™] 441.1637, found 441.1635.

4,45,5,6,6,7,7,7-Nonafluoro-1,2-di-p-tolylheptan-1-one (60)

The general procedure TP4 (TP5) was followed using 10 (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1)
yielded 60 [48.4 mg, 53% (60%)] as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.89 (d,
J=8.3Hz, 2H), 7.21 (d, J = 7.8 Hz, 4H), 7.12 (d, J = 7.9 Hz, 2H), 4.99 (dd, J = 8.3, 4.2 Hz,
1H), 3.54 — 3.34 (m, 1H), 2.52 — 2.39 (m, 1H), 2.36 (s, 3H), 2.28 (s, 3H). 13C-NMR (100 MHz,
CDCl3): 6 = 196.5, 144.4, 137.7, 135.0, 133.2, 130.2, 129.5, 129.1, 128.0, 45.2, 34.4 (t, Jc.F =
20.7 Hz), 21.7, 21.1. *F-NMR (376 MHz, CDCl3): § =-81.05 (t, J = 10.1 Hz), -110.51 — -
116.20 (m), -121.54 —-128.17 (m). HR-MS (ESI) m/z calcd for Co1H17F9O [M+Na*] 479.1028,
found 479.1026.
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5-(4-Bromophenoxy)-4,4,5,5-tetrafluoro-1,2-di-p-tolylpentan-1-one (61)

The general procedure TP4 (TP5) was followed using 1p (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1)
yielded 61 [41.8 mg, 41% (42%)] as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.90 (d,
J=8.3 Hz, 2H), 7.57 — 7.40 (m, 2H), 7.26 — 7.15 (m, 4H), 7.15 — 6.96 (m, 4H), 5.03 (dd, J =
8.3, 4.3 Hz, 1H), 3.60 — 3.36 (m, 1H), 2.58 — 2.41 (m, 1H), 2.36 (s, 3H), 2.28 (s, 3H). *C-NMR
(100 MHz, CDCls): ¢ = 197.0, 148.2, 144.2, 137.5, 135.6, 133.4, 132.8, 130.1, 129.5, 129.1,
128.1, 123.7, 119.8, 45.5, 34.8 (t, Jc-r = 21.1 Hz), 21.8, 21.2. °F-NMR (376 MHz, CDCls): 6
=-88.30, -115.14 (d, J = 259.2 Hz), -116.78 (d, J = 261.1 Hz). HR-MS (ESI) m/z calcd for
CosH21BrF402 [M+H™] 509.0734, found 509.0734.

4-Bromo-4,4-difluoro-1,2-di-p-tolylbutan-1-one (62)

The general procedure TP4 (TP5) was followed using 1q (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1)
yielded 62 [49.2 mg, 67% (75%)] as a colourless oil. *tH-NMR (400 MHz, CDCls): 6 = 7.89 (d,
J=8.3 Hz, 2H), 7.26 — 7.15 (m, 4H), 7.11 (d, J = 7.9 Hz, 2H), 4.95 (dd, J = 7.7, 4.6 Hz, 1H),
3.77 — 3.58 (m, 1H), 2.88 — 2.71 (m, 1H), 2.36 (s, 3H), 2.28 (s, 3H). *C-NMR (100 MHz,
CDClI3): 0=196.5, 144.3, 137.6, 134.8, 133.4, 130.1, 129.5, 129.1, 128.1, 121.9 (t, Jc-r = 306.7
Hz), 48.3 (t, Jo.r = 2.1 Hz), 47.6 (t, Jc.r = 21.0 Hz), 21.8, 21.2. *F-NMR (376 MHz, CDCl3): 6
=-42.50 (d, J = 155.4 Hz), -43.32 (d, J = 155.4 Hz). HR-MS (ESI) m/z calcd for C1gH17BrF20
[M+Na'] 389.0323, found 389.0314.
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2-(2-(benzyloxy)phenyl)-4-bromo-1-(3,4-dichlorophenyl)-4,4-difluorobutan-1-one (63)

The general procedure TP5 was followed using 1q (0.4 mmol), 2j (0.2 mmol) and 3q (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1) yielded 63 (59.6
mg, 58%) as a colourless oil. *tH NMR (400 MHz, CDCls) & = 8.08 (d, J = 1.7 Hz, 1H), 7.77
(dd, J = 8.4, 1.8 Hz, 1H), 7.50 (d, J = 7.3 Hz, 2H), 7.44 (t, J = 7.3 Hz, 2H), 7.39 (d, J = 7.0 Hz,
1H), 7.34 (d, J = 8.4 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H), 7.10 (d, J = 7.4 Hz, 1H), 6.98 (d, J = 8.3
Hz, 1H), 6.90 (t, J = 7.5 Hz, 1H), 5.52 — 5.38 (m, 1H), 5.19 (s, 2H), 3.60 (ddd, J = 27.9, 15.1,
7.1 Hz, 1H), 2.77 (ddd, J = 28.7, 15.1, 5.2 Hz, 1H). 3C NMR (100 MHz, CDCl3) § = 195.1,
154.8, 137.7,136.3, 135.2, 133.1, 130.7, 130.5, 129.4, 128.7, 128.4, 128.3, 127.7, 127.6, 125.3,
121.6, 121.5 (t, J = 306.5 Hz), 112.5, 70.6, 46.6 (t, J = 21.3 Hz), 40.9. °F NMR (376 MHz,
CDCl3) & = -43.28 (dd). HR-MS (ESI) m/z calcd for C23H17BrCl2F202 [M+Na*] 534.9649,
found 534.9652.
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4,5,5,5-Tetrafluoro-1,2-di-p-tolyl-4-(trifluoromethyl)pentan-1-one (64)

Me

The general procedure TP5 was followed using 1r (0.4 mmol), 2a (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1) yielded 64 (45.5

mg, 56%) as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.86 (d, J = 8.1 Hz, 2H), 7.24 —
7.14 (m, 4H), 7.11 (d, J = 7.9 Hz, 2H), 4.98 (dd, J = 9.3, 2.7 Hz, 1H), 3.69 — 3.53 (m, 1H), 2.35

(s, 3H), 2.28 (s, 4H). *C-NMR (100 MHz, CDCls): 6 = 196.2, 144.3, 137.8, 135.4, 133.2, 130.3,

129.5, 129.0, 127.8, 46.8 — 44.5 (m), 31.7 (d, Jc-r = 18.8 Hz), 21.7, 21.1. *F-NMR (376 MHz,

CDClI3): 6 =-69.86 —-82.43 (m), -174.08 — -198.07 (m). HR-MS (ESI) m/z calcd for C20H17F70

[M+H*] 407.1240, found 407.1244.
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4-Chloro-5,5,5-trifluoro-2-(4-methoxyphenyl)-1-(p-tolyl)pentan-1-one (65)

Me

The general procedure TP4 (TP5) was followed using 1s (0.4 mmol), 2c¢ (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1)
yielded 65 [49.7 mg, 67% (70%), dr = 1:1] as a colourless oil. *H-NMR (400 MHz, CDCls): ¢
=7.88-7.82(m, 2H), 7.26 — 7.21 (m, 2H), 7.18 (d, J = 7.9 Hz, 2H), 6.89 — 6.82 (m, 2H), 4.80
(dd, J = 11.1, 4.0 Hz, 1H), 3.76 (s, 4H), 2.73 — 2.63 (m, 1H), 2.38 — 2.30 (M, 4H). *C-NMR
(100 MHz, CDCls): 0 = 197.7, 159.4, 144.2, 133.4, 129.5, 129.4, 129.1, 128.5, 115.1, 55.9 (d,
Jcr =33.5Hz), 55.4, 48.8, 34.5, 21.8. 1°F-NMR (376 MHz, CDCls): § = -74.51. HR-MS (ESI)
m/z calcd for C1gH18CIF302 [M+H™] 371.1020, found 371.1017.

4,4,4-Trichloro-1,2-di-p-tolylbutan-1-one (66)

The general procedure TP5 was followed using 1t (0.4 mmol), 2a (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 80:1) yielded 66 (49.1
mg, 72%) as a yellow oil. *tH NMR (400 MHz, CDCl3) § = 7.91 (d, J = 8.2 Hz, 2H), 7.21 (d, J
=7.9 Hz, 4H), 7.10 (d, J = 8.0 Hz, 2H), 5.08 (dd, J = 7.8, 2.4 Hz, 1H), 4.24 (dd, J = 14.9, 7.8
Hz, 1H), 2.99 (dd, J=14.9, 2.4 Hz, 1H), 2.36 (s, 3H), 2.27 (s, 3H). **C NMR (100 MHz, CDCls)
6=196.9, 144.1, 137.4, 135.2, 133.6, 130.0, 129.4, 129.0, 128.0, 98.8, 77.4, 77.0, 76.7, 57.5,
50.6, 21.6, 21.0. HR-MS (ESI) m/z calcd for C1gH17ClsO [M+Na*] 377.0237, found 377.0239.

4,4,4-Trichloro-1-(4-fluoro-3-methylphenyl)-2-(p-tolyl)butan-1-one (67)

S-52



The general procedure TP5 was followed using 1t (4.0 mmol), 2a (2.0 mmol) and 3n (6.0 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded 67
(568.1 mg, 76%) as a colourless oil. tH-NMR (400 MHz, CDCls): § = 7.94 — 7.79 (m, 2H), 7.24
—7.17 (m, 2H), 7.12 (d, J=7.8 Hz, 2H), 7.02 (t, J = 8.8 Hz, 1H), 5.05 (dd, J = 7.9, 2.5 Hz, 1H),
4.24 (dd, J = 14.9, 7.9 Hz, 1H), 2.99 (dd, J = 14.9, 2.5 Hz, 1H), 2.29 (d, J = 2.7 Hz, 6H). 3C-
NMR (100 MHz, CDCls): § = 196.2, 164.5 (d, Jcr = 254.1 Hz), 137.7, 135.0, 132.8 (d, Jc-F =
6.6 Hz), 132.3 (d, Jcr = 3.6 Hz), 130.2, 128.9 (d, Jcr = 9.4 Hz), 128.1, 125.7 (d, Jc-r = 17.9
Hz), 115.4 (d, Jc-r = 23.1 Hz), 98.8, 57.6, 50.8, 21.2, 14.8 (d, Jc-r = 3.6 Hz). °F-NMR (376
MHz, CDCls): 6 = -108.82. HR-MS (ESI) m/z calcd for C1gH16CIsFO [M+H™] 373.0324, found
373.0323.

4,4,5,5,5-Pentachloro-1,2-di-p-tolylpentan-1-one (68)

The general procedure TP4 (TP5) was followed using 1u (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1)
yielded 68 [43.9 mg, 50% (40%)] as a colourless oil. tH-NMR (400 MHz, CDCls): 6 = 7.95 (d,
J=8.0 Hz, 2H), 7.23 (t, J = 7.8 Hz, 4H), 7.11 (d, J = 7.9 Hz, 2H), 5.24 (dd, J = 8.2, 2.0 Hz,
1H), 4.26 (dd, J = 14.5, 8.1 Hz, 1H), 2.81 (dd, J = 14.5, 2.0 Hz, 1H), 2.36 (s, 3H), 2.27 (s, 3H).
13C-NMR (100 MHz, CDCls): § = 197.3, 144.2,137.5, 135.8, 133.7, 130.2, 129.5, 129.2, 128.1,
104.8, 99.7, 50.4, 45.3, 21.8, 21.2. HR-MS (ESI) m/z calcd for C19H17ClsO [M+H*] 436.9795,
found 436.9797.

2-(4-Bromophenyl)-4,4-dichloro-1-(dibenzo[b,d]thiophen-2-yl)-5,5,5-trifluoropentan-1-
one (69)

The general procedure TP5 was followed using 1v (0.4 mmol), 2n (0.2 mmol) and 3u (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded
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69 (54.6 mg, 50%) as a colourless oil. tH-NMR (400 MHz, CDCls): § = 8.79 (d, J = 1.7 Hz,
1H), 8.28 — 8.16 (m, 1H), 8.07 (dd, J = 8.4, 1.8 Hz, 1H), 7.94 — 7.80 (m, 2H), 7.59 — 7.41 (m,
4H), 7.34 — 7.26 (m, 2H), 5.29 (dd, J = 7.8, 2.7 Hz, 1H), 3.92 (dd, J = 14.8, 7.7 Hz, 1H), 2.61
(dd, J = 14.9, 2.7 Hz, 1H). *C-NMR (100 MHz, CDCls): 6 = 196.3, 145.2, 139.7, 137.3, 135.9,
135.0, 132.7, 132.0, 129.8, 127.7, 126.5, 125.0, 123.0, 122.4, 122.1, 121.9, 84.8, 48.7, 43.5.
¥F-NMR (376 MHz, CDCls): 6 =-79.24. HR-MS (ESI) m/z calcd for C23sH14BrCl,Fs0S [M+H']
544.9351, found 544.9350.

Me

Me
Ethyl 2,2-dichloro-5-0x0-4,5-di-p-tolylpentanoate (70)

The general procedure TP5 was followed using 1w (0.4 mmol), 2a (0.2 mmol) and 3a (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 80:1) yielded
70 (43.3 mg, 55%) as a yellow oil. 'H NMR (400 MHz, CDCls) § = 7.88 (d, J = 8.2 Hz, 2H),
7.19 (d, J =6.7 Hz, 4H), 7.08 (d, J = 7.9 Hz, 2H), 5.02 (dd, J = 7.1, 4.1 Hz, 1H), 4.15 (dd, J =
10.7, 7.1 Hz, 1H), 4.01 (dd, J = 10.7, 7.1 Hz, 1H), 3.74 (dd, J = 14.9, 7.1 Hz, 1H), 2.88 (dd, J
=14.9, 4.1 Hz, 1H), 2.35 (s, 3H), 2.26 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H).2*C NMR (100 MHz,
CDCl3) & = 197.3, 165.5, 143.9, 137.3, 135.2, 133.6, 129.8, 129.3, 129.0, 128.3, 84.4, 77.4,
77.1,76.7,63.9,49.7,48.0, 21.6, 21.0, 13.7. HR-MS (ESI) m/z calcd for C21H22Cl>03 [M+Na*]
415.0838, found 415.0835.

4,4,4-Tribromo-1,2-di-p-tolylbutan-1-one (71)

The general procedure TP4 (TP5) was followed using 1x (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1)
yielded 71 [42.1 mg, 43% (46%)] as a colourless oil. tH-NMR (400 MHz, CDCls): § = 7.95 (d,
J=7.9 Hz, 2H), 7.26 — 7.20 (m, 4H), 7.11 (d, J = 7.8 Hz, 2H), 4.99 (dd, J = 7.5, 2.0 Hz, 1H),
4.65 (dd, J = 15.2, 7.5 Hz, 1H), 3.36 (dd, J = 15.1, 2.1 Hz, 1H), 2.36 (s, 3H), 2.28 (s, 3H). 3C-
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NMR (100 MHz, CDCls): ¢ = 197.0, 144.2, 137.5, 135.2, 133.9, 130.1, 129.5, 129.2, 128.2,
61.9, 53.4, 39.9, 21.8, 21.2. HR-MS (ESI) m/z calcd for C1gH17Brs0 [M+H*] 486.8902, found
486.8900.

4-[4,4,4-Tribromo-1-(3-chloro-4-fluorophenyl)-1-oxobutan-2-yl]phenyl acetate (72)

The general procedure TP5 was followed using 1x (0.4 mmol), 2k (0.2 mmol) and 3p (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 10:1) yielded
72 (43.5 mg, 38%) as a colourless oil. *H-NMR (400 MHz, CDCls): § = 8.08 (dd, J = 7.0, 2.2
Hz, 1H), 7.97 - 7.88 (m, 1H), 7.40 — 7.32 (m, 2H), 7.20 (t, J = 8.5 Hz, 1H), 7.10 — 7.04 (m, 2H),
4.94 (dd, J=7.7, 1.9 Hz, 1H), 4.61 (dd, J = 15.2, 7.7 Hz, 1H), 3.38 (dd, J = 15.2, 1.9 Hz, 1H),
2.28 (s, 3H). *C-NMR (100 MHz, CDCls): § = 194.8, 169.4, 161.3 (d, Jc-r = 258.2 Hz), 150.5,
134.5, 133.4 (d, Jc-r = 3.6 Hz), 132.0, 129.4, 129.3, 122.9, 122.4 (d, Jc.r = 18.3 Hz), 117.1 (d,
Jcr=21.8Hz), 61.7,53.2, 39.0, 21.3. **F-NMR (376 MHz, CDCls3): 6 = -106.65. HR-MS (ESI)
m/z calcd for C1gH13BrsCIFO3; [M+H*] 568.8160, found 568.8164.

5-Bromo-4,4,5,5-tetrafluoro-1,2-di-p-tolylpentan-1-one (73)

The general procedure TP4 (TP5) was followed using 1y (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1)
yielded 73 [54.2 mg, 65% (61%)] as a colourless oil. tH-NMR (400 MHz, CDCls): 6 = 7.92 —
7.84 (m, 2H), 7.24 - 7.16 (m, 4H), 7.11 (d, J = 7.9 Hz, 2H), 4.98 (dd, J = 8.3, 4.4 Hz, 1H), 3.51
—3.32 (m, 1H), 2.52 — 2.39 (m, 1H), 2.36 (s, 3H), 2.28 (s, 3H). *C-NMR (100 MHz, CDCl5):
0=196.6, 144.3, 137.6, 135.1, 133.3, 130.1, 129.5, 129.1, 128.0, 45.6, 34.1 (t, Jc.r = 21.1 Hz),
21.8, 21.2. F-NMR (376 MHz, CDCls): 6 = -63.97 — -68.29 (m), -108.78 — -110.01 (m), -
110.30 - -111.89 (m). HR-MS (ESI) m/z calcd for C19H17BrF4O [M+Na'] 439.0291, found
439.0293.

S-55



4-[5-Bromo-1-(dibenzo[b,d]thiophen-2-yl)-4,4,5,5-tetrafluoro-1-oxopentan-2-yl]phenyl
acetate (74)

The general procedure TP5 was followed using 1y (0.4 mmol), 2k (0.2 mmol) and 3u (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded
74 (78.6 mg, 71%) as a colourless oil. tH-NMR (400 MHz, CDCls): § = 8.77 (d, J = 1.7 Hz,
1H), 8.22 — 8.16 (m, 1H), 8.09 — 8.00 (m, 1H), 7.91 — 7.79 (m, 2H), 7.53 — 7.40 (m, 4H), 7.15
—7.01 (m, 2H), 5.19 (dd, J = 8.6, 4.1 Hz, 1H), 3.64 — 3.42 (m, 1H), 2.65 — 2.44 (m, 1H), 2.25
(s, 3H). *C-NMR (100 MHz, CDCls): § = 196.4, 169.3, 150.4, 145.2, 139.8, 135.9, 135.4,
135.1,132.1, 129.2, 127.7, 126.6, 125.1, 123.0, 123.0, 122.7, 122.4, 122.0, 45.6, 34.3 (t, Jcr =
21.3 Hz), 21.2. ®F-NMR (376 MHz, CDCls): 6 = -56.66 — -72.13 (m), -107.26 — -109.88 (m),
-110.12 — -112.73 (m). HR-MS (ESI) m/z calcd for C2sH17BrFs03S [M+H*] 553.0091, found
553.0095.

5-Bromo-4,4-dichloro-5,5-difluoro-1,2-di-p-tolylpentan-1-one (75)

The general procedure TP4 (TP5) was followed using 1z (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1)
yielded 75 [27.9 mg, 31% (39%)] as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.93 (d,
J=8.2Hz, 2H), 7.22 (d, J = 8.0 Hz, 4H), 7.11 (d, J = 7.9 Hz, 2H), 5.18 (dd, J = 8.0, 2.3 Hz,
1H), 3.97 (dd, J = 14.7, 8.0 Hz, 1H), 2.60 (dd, J = 14.7, 2.3 Hz, 1H), 2.37 (s, 3H), 2.28 (s, 3H).
13C-NMR (100 MHz, CDCls): § = 197.0, 144.3, 137.6, 135.7, 133.6, 130.2, 129.5, 129.2, 128.1,
122.1 (t, Jc-r = 313.0 Hz), 91.6 (t, Jc.r = 27.2 Hz), 49.1, 44.6, 21.8, 21.2. ®F-NMR (376 MHz,
CDCl3): 6 = -56.31. HR-MS (ESI) m/z calcd for C19H17BrCIo.F,0 [M+H"] 448.9881, found
448.9884.
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1-(Benzo[d][1,3]dioxol-5-yl)-5-bromo-4,4-dichloro-5,5-difluoro-2-(4-fluorophenyl)
pentan-1-one (76)

The general procedure TP5 was followed using 1z (0.4 mmol), 2ad (0.2 mmol) and 3I (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded
76 (46.7 mg, 48%) as a colourless oil. *H-NMR (400 MHz, CDCls): 6 = 7.68 — 7.62 (m, 1H),
7.46 (d, J = 1.8 Hz, 1H), 7.36 — 7.27 (m, 2H), 7.04 — 6.98 (m, 2H), 6.83 (d, J = 8.2 Hz, 1H),
6.02 (s, 2H), 5.12 (dd, J =7.9, 2.5 Hz, 1H), 3.91 (dd, J = 14.7, 7.9 Hz, 1H), 2.59 (dd, J = 14.7,
2.5 Hz, 1H). 3C-NMR (100 MHz, CDCls): 6 = 195.4, 162.3 (d, Jcr = 247.3 Hz), 152.3, 148.5,
134.4 (d, Jcr = 3.3 Hz), 130.6, 129.8 (d, Jc-r = 8.1 Hz), 125.3, 121.9 (t, Jc.r = 313.4 Hz), 116.5
(d, Je.r =21.6 Hz), 108.8, 108.2, 102.1, 91.4 (t, Jc-r = 27.3 Hz), 48.5, 44.7. *F-NMR (376 MHz,
CDCl3): 6 = -56.44, -114.22. HR-MS (ESI) m/z calcd for C1gH12BrCIoFs03 [M+H*] 482.9372,
found 482.9370.

Me
L )
Br

Cl F
T

5-Bromo-4-chloro-4,5,5-trifluoro-1,2-di-p-tolylpentan-1-one (77)

Me

The general procedure TP4 (TP5) was followed using 1aa (0.4 mmol), 2a (0.2 mmol) and 3a
(0.6 mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1)
yielded 77 [65.1mg, 75% (80%), dr = 1:1] as a colourless oil. *H-NMR (400 MHz, CDClz): ¢
=7.92 (d, J = 8.0 Hz, 2H), 7.25 — 7.19 (m, 4H), 7.15 — 7.08 (m, 2H), 5.20 — 5.05 (m, 1H), 3.94
—3.82 (m, 0.5H), 3.62 — 3.42 (m, 0.5H), 2.81 — 2.69 (m, 0.5H), 2.47 — 2.33 (m, 3.5H), 2.28 (d,
J = 3.5 Hz, 3H). $3C-NMR (100 MHz, CDCls): § = 196.9, 196.6, 144.3, 137.6, 137.5, 135.3,
133.5, 133.4, 130.2, 130.1, 129.5, 129.2, 129.1, 128.2, 128.0, 47.7, 47.4, 40.2 (d, Jc.r = 19.4
Hz), 39.6 (d, Jcr = 20.0 Hz), 21.8, 21.2. %F-NMR (376 MHz, CDCls): ¢ = -54.67 — -64.75 (m),
-107.98 — -121.40 (m). HR-MS (ESI) m/z calcd for C19H17BrCIF;0 [M+Na*] 454.9996, found
454.9997.
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5-Bromo-2-(3-bromophenyl)-4-chloro-4,5,5-trifluoro-1-(4-fluoro-3-
methylphenyl)pentan-1-one (78)

The general procedure TP5 was followed using 1aa (0.4 mmol), 20 (0.2 mmol) and 3n (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 40:1) yielded
78 (63.0 mg, 61%, dr = 1:1) as a colourless oil. *H-NMR (400 MHz, CDCl3): 6 = 7.92 — 7.73
(m, 2H), 7.53 — 7.44 (m, 1H), 7.43 — 7.34 (m, 1H), 7.29 — 7.24 (m, 1H), 7.23 — 7.15 (m, 1H),
7.09 - 6.98 (m, 1H), 5.18 — 4.99 (m, 1H), 3.91 - 3.76 (m, 0.5H), 3.58 — 3.39 (m, 0.5H), 2.82 —
2.66 (m, 0.5H), 2.50 — 2.24 (m, 3.5H). *C-NMR (100 MHz, CDCls): § = 195.4, 195.2, 164.8
(dd, JcFr = 255.0, 4.1 Hz), 140.2, 140.1, 133.0, 132.9, 132.8, 131.8 (d, Jc-r = 3.5 Hz), 131.7 (d,
Jcr=3.4Hz),131.3,131.2,131.2,131.1, 131.0, 129.0, 128.9, 128.8, 126.9, 126.8, 126.1, 126.0,
123.5, 123.5, 119.8 (d, Jcr = 6.7 Hz), 119.5, 115.8, 115.5, 112.4 (d, Jc.r = 11.8 Hz), 109.9 (d,
Jor = 9.9 Hz), 47.6, 47.3, 40.3 (d, Jc-r = 19.5 Hz), 39.7 (d, Jc-r = 20.1 Hz), 14.8 , 14.8. 1°F-
NMR (376 MHz, CDCl3): 6 = -56.10 — -64.26 (m), -107.88 (d, J = 19.1 Hz), -112.65 — -123.88
(m). HR-MS (ESI) m/z calcd for C18H13Br.CIF40 [M+H*] 514.9031, found 514.9032.

2-{3-{[5-(4-Fluorophenyl)thiophen-2-ylJmethyl}-4-methylphenyl}-1-(p-tolyl)-3-
tosylpropan-1-one (79)

The general procedure TP5 was followed using 1a (0.4 mmol), 2r (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 79 (90.9
mg, 78%) as a white powder. *H NMR (400 MHz, CDCls) § = 7.78 (d, J = 8.2 Hz, 2H), 7.68
(d, J = 8.2 Hz, 2H), 7.48 — 7.40 (m, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.17 — 7.09 (m, 3H), 7.04 —
6.98 (m, 5H), 6.56 (d, J = 3.6 Hz, 1H), 5.20 (dd, J = 8.4, 4.0 Hz, 1H), 4.38 (dd, J =14.2, 8.5
Hz, 1H), 4.01 (s, 2H), 3.43 (dd, J = 14.2, 4.0 Hz, 1H), 2.37 (s, 3H), 2.31 (s, 3H), 2.20 (s, 3H).
13C NMR (100 MHz, CDCl3) & = 195.3, 162.1 (d, Jc-r = 246.6 Hz), 144.5, 144.2, 142.9, 142.4,
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141.5,139.2, 136.5, 136.1, 134.6, 132.9, 131.4, 130.8 (d, Jc-r = 3.4 Hz), 129.7, 129.5, 129.3 (d,
Jcr=7.9Hz),129.2,129.0,128.1, 127.1, 127.0, 126.4, 125.9, 122.6, 115.7 (d, Jc.r = 21.6 Hz),
109.3, 108.0, 59.1, 47.1, 33.9, 21.6, 21.6, 19.0. *F NMR (376 MHz, CDCl3) § = -115.04. HR-
MS (ESI) m/z calcd for CssH31FOsS, [M+Na*] 605.1591, found 605.1593.

o)
EtO S
/)
Me N

I
Me

Ethyl 2-{4-isobutoxy-3-[1-0x0-1-(p-tolyl)-3-tosylpropan-2-yl]phenyl}-4-methylthiazole-5-
carboxylate (80)

The general procedure TP5 was followed using 1a (0.4 mmol), 2s (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 80 (55.8
mg, 45%) as a white powder. *H NMR (400 MHz, CDCls) § = 7.84 (d, J = 8.2 Hz, 2H), 7.75
(dd, J=8.6,2.2 Hz, 1H), 7.68 (d, J = 8.2 Hz, 2H), 7.62 (d, J = 2.2 Hz, 1H), 7.21 (d, J = 8.0 Hz,
2H), 7.15 (d, J = 8.1 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.71 (dd, J = 8.0, 4.6 Hz, 1H), 4.45 —
4.22 (m, 3H), 3.94 — 3.76 (m, 2H), 3.44 (dd, J = 14.2, 4.5 Hz, 1H), 2.72 (s, 3H), 2.37 (s, 3H),
2.34 (s, 3H), 2.29 — 2.15 (m, 1H), 1.37 (t, J = 7.1 Hz, 3H), 1.18 (d, J = 2.4 Hz, 3H), 1.16 (d, J
=2.4 Hz, 3H). ®°C NMR (100 MHz, CDCl3) § = 195.6, 168.9, 162.3, 161.0, 157.5, 144.4, 144.3,
136.7, 132.9, 129.6, 129.1, 128.8, 128.0, 127.8, 127.5, 126.1, 125.8, 121.0, 112.0, 75.2, 61.1,
58.1, 40.2, 28.4, 21.6, 21.5, 19.5, 19.3, 17.4, 14.3. HR-MS (ESI) m/z calcd for C3sH37NOeS:
[M+Na*] 642.1955, found 642.1958.

4-[1-Ox0-1-(p-tolyl)-3-tosylpropan-2-yl]benzyl 2-(11-ox0-6,11-dihydrodibenzo[b,e]oxepi-
2-yl)acetate (81)

The general procedure TP5 was followed using 1a (0.4 mmol), 2t (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 81 (65.8

mg, 50%) as a white powder. *H NMR (400 MHz, CDCls) § = 8.10 (d, J = 2.3 Hz, 1H), 7.88
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(dd, J = 7.7, 1.0 Hz, 1H), 7.79 (d, J = 8.2 Hz, 2H), 7.68 (d, J = 8.2 Hz, 2H), 7.55 (td, J = 7.4,
1.3 Hz, 1H), 7.47 (td, J = 7.5, 1.1 Hz, 1H), 7.40 — 7.33 (m, 2H), 7.24 — 7.14 (m, 8H), 6.99 (d, J
= 8.4 Hz, 1H), 5.26 (dd, J = 8.6, 3.9 Hz, 1H), 5.17 (s, 2H), 5.03 (s, 2H), 4.37 (dd, J = 14.1, 8.6
Hz, 1H), 3.65 (s, 2H), 3.40 (dd, J = 14.1, 3.9 Hz, 1H), 2.38 (s, 3H), 2.35 (s, 3H). 1*C NMR (100
MHz, CDCls) § = 195.2, 190.7, 171.1, 160.5, 144.6, 144.5, 140.4, 136.8, 136.4, 136.3, 135.5,
135.5,132.8, 132.8, 132.4, 129.8, 129.4, 129.3, 129.3, 129.0, 128.3, 128.0, 127.8, 127.5, 125.1,
121.1, 73.6, 66.0, 59.2, 47.0, 40.1, 21.6, 21.6. HR-MS (ESI) m/z calcd for CaoHz407S [M+Na']
681.1917, found 681.1919.

Me,

o Iwe-éor
SUS O
O 0

Isopropyl 2-{4-(4-chlorobenzoyl)-2-[1-o0x0-1-(p-tolyl)-3-tosylpropan-2-yl]phenoxy}-2-

COziPI’

Me

methylpropanoate (82)

The general procedure TP5 was followed using 1a (0.4 mmol), 2u (0.2 mmol) and 3a (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded
82 (60.8 mg, 46%) as a white powder. *H NMR (400 MHz, CDCls) § = 7.83 (d, J = 8.2 Hz,
2H), 7.72 (d, J = 8.2 Hz, 2H), 7.59 (dd, J = 8.7, 2.2 Hz, 1H), 7.57 — 7.52 (m, 3H), 7.38 (dd, J =
8.7,2.0 Hz, 2H), 7.22 (dd, J = 27.7, 8.1 Hz, 4H), 6.65 (d, J = 8.7 Hz, 1H), 5.64 (dd, J = 6.9, 5.3
Hz, 1H), 5.07 (dt, J = 12.5, 6.3 Hz, 1H), 4.27 (dd, J = 14.2, 7.1 Hz, 1H), 3.43 (dd, J = 14.2, 5.2
Hz, 1H), 2.40 (s, 3H), 2.36 (s, 3H), 1.79 (s, 3H), 1.70 (s, 3H), 1.16 (d, J = 6.2 Hz, 3H), 1.12 (d,
J = 6.3 Hz, 3H). 3C NMR (100 MHz, CDCl3) § = 195.5, 193.5, 172.5, 156.0, 144.6, 144.3,
138.6, 136.8, 135.8, 132.8, 131.9, 131.2, 131.0, 130.0, 129.8, 129.2, 128.9, 128.5, 128.0, 126.7,
114.3, 80.2, 69.4, 57.6, 41.3, 26.3, 24.1, 21.6, 21.6, 21.5, 21.4. HR-MS (ESI) m/z calcd for
Cs7H37ClO7S [M+Na'] 683.1841, found 683.1839.

(o)
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Me
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(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-{2-(acetoxymethyl)-4-[1-0x0-1-(p-tolyl)-3-
tosylpropan-2-yl]phenoxy}tetrahydro-2H-pyran-3,4,5-triyl triacetate (83)

The general procedure TP4 was followed using 1a (0.4 mmol), 2v (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 1:1) yielded 83 (98.8
mg, 62%, dr = 1:1) as a white powder. *H NMR (400 MHz, CDCl3) § = 7.79 (d, J = 8.2 Hz,
2H), 7.67 (dd, J = 8.0, 6.1 Hz, 2H), 7.21 (dd, J = 12.8, 8.7 Hz, 5H), 7.17 — 7.09 (m, 1H), 6.93
(dd, J=10.5, 8.7 Hz, 1H), 5.25 (dd, J = 9.6, 5.2 Hz, 3H), 5.18 — 5.10 (m, 1H), 5.02 — 4.87 (m,
3H), 4.37 — 4.27 (m, 1H), 4.27 — 4.20 (m, 1H), 4.19 — 4.13 (m, 1H), 3.86 — 3.79 (m, 1H), 3.45
—3.35 (m, 1H), 2.40 (s, 3H), 2.37 (s, 3H), 2.10 — 2.02 (m, 15H). *3C NMR (100 MHz, CDCl5)
6 =195.2,170.5, 170.4, 170.1, 169.3, 169.2, 153.8, 1445, 136.4, 132.7, 131.5, 129.7, 129.3,
129.1, 129.0, 129.0, 128.0, 127.1, 116.0, 98.8, 77.3, 72.4, 72.0, 70.8, 68.1, 61.8, 60.6, 60.3,
59.1, 46.5, 46.4, 21.6, 21.5, 20.9, 20.6, 20.5, 14.2. HR-MS (ESI) m/z calcd for CsoH4015S
[M+Na*] 819.2293, found 819.2296.

H
Ts

Me

2,2,2-Trifluoro-N-methyl-N-{(3S)-3-{2-methyl-4-[1-0x0-1-(p-tolyl)-3-tosylpropan-2-
yl]phenoxy}-3-phenylpropyl}acetamide (84)

The general procedure TP5 was followed using 1a (0.4 mmol), 2w (0.2 mmol) and 3a (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 2:1) yielded
84 (62.6 mg, 48%, dr = 1:1) as a white powder. *H NMR (400 MHz, CDCls3) § = 7.76 (dd, J =
8.2,3.9 Hz, 2H), 7.63 (dd, J = 13.4, 4.9 Hz, 2H), 7.37 - 7.26 (m, 4H), 7.24 — 7.23 (m, 1H), 7.21
—7.07 (m, 4H), 6.99 — 6.89 (m, 1H), 6.81 (t, J = 10.1 Hz, 1H), 6.49 — 6.35 (m, 1H), 5.21 — 4.97
(m, 2H), 4.31 (dd, J = 14.1, 8.9 Hz, 1H), 3.70 — 3.46 (m, 2H), 3.46 — 3.24 (m, 1H), 3.05 (d, J =
1.2 Hz, 2H), 2.97 (s, 1H), 2.37 (s, 3H), 2.34 (d, J = 1.9 Hz, 3H), 2.26 — 2.08 (m, 5H). °C NMR
(100 MHz, CDCls3) 6 = 195.4, 155.2, 144.4, 144.2, 140.7, 140.2, 136.5, 133.0, 130.2, 130.1,
129.7,129.6, 129.2, 129.0, 128.9, 128.8, 128.4, 128.0, 127.9, 126.6, 126.4, 125.5, 125.4, 113.0,
112.8, 77.5, 77.3,59.4, 59.3, 46.9, 46.4, 37.4, 35.5, 34.6, 21.6, 21.5, 16.4, 16.3. °F NMR (376
MHz, CDCls) 6 = -68.99 (d, J = 2.0 Hz), -69.86 (d, J = 2.6 Hz). HR-MS (ESI) m/z calcd for
CasH3sFsNOsS [M+Na*] 674.2158, found 674.2160.
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4-[1-Oxo-1-(p-tolyl)-3-tosylpropan-2-yl]benzyl 2-[1-(4-chlorobenzoyl)-5-methoxy-2-

methyl-1H-indol-3-yl]acetate (85)

The general procedure TP5 was followed using 1a (0.4 mmol), 2x (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 85 (67.3

mg, 45%) as a white powder. *H NMR (400 MHz, CDCls) § = 7.79 (d, J = 8.2 Hz, 2H), 7.66

(dd, J=18.5, 8.4 Hz, 4H), 7.46 (d, J = 8.5 Hz, 2H), 7.25 - 7.12 (m, 8H), 6.87 (dd, J = 15.7, 5.7

Hz, 2H), 6.65 (dd, J = 9.0, 2.5 Hz, 1H), 5.29 (s, 2H), 5.26 (dd, J = 8.6, 3.9 Hz, 1H), 5.03 (s,

2H), 4.36 (dd, J = 14.1, 8.6 Hz, 1H), 3.72 (s, 3H), 3.39 (dd, J = 14.1, 3.9 Hz, 1H), 2.39 (s, 3H),

2.36 (s, 3H), 2.35 (s, 3H). 3C NMR (100 MHz, CDCls) § = 195.2, 170.5, 168.2, 156.0, 144.7,

144.5,139.3, 136.8, 136.4, 136.0, 135.5, 133.8, 132.8, 131.1, 130.7, 130.5, 129.8, 129.3, 129.1,

129.0, 128.8, 128.3 128.0, 114.9, 112.3, 111.7, 101.2, 66.0, 59.2, 55.6, 46.9, 30.3, 21.6, 21.6,

13.3. HR-MS (ESI) m/z calcd for C43H3sCINO7S [M+Na*] 770.1950, found 770.1953.

e
ra o

2-{4-{4-[2-(Pyridin-2-yloxy)propoxy]phenoxy}phenyl}-1-(p-tolyl)-3-tosylpropan-1-one
(86)

The general procedure TP5 was followed using 1a (0.4 mmol), 2y (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 86 (88.3
mg, 71%, dr > 20:1) as a pale yellow powder. *H NMR (400 MHz, CDCl3) § = 8.13 (dd, J =
4.9, 1.5 Hz, 1H), 7.80 (d, J = 8.2 Hz, 2H), 7.68 (d, J = 8.2 Hz, 2H), 7.58 — 7.51 (m, 1H), 7.20
(dd, J = 15.7, 8.1 Hz, 4H), 7.13 (d, J = 8.7 Hz, 2H), 6.92 — 6.82 (m, 5H), 6.74 (dd, J = 15.0, 8.5
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Hz, 3H), 5.57 (dd, J = 11.5, 5.3 Hz, 1H), 5.22 (dd, J = 8.5, 4.0 Hz, 1H), 4.35 (dd, J = 14.2, 8.5
Hz, 1H), 4.17 (dd, J = 9.8, 5.3 Hz, 1H), 4.05 (dd, J = 9.9, 4.8 Hz, 1H), 3.42 (dd, J = 14.2, 4.0
Hz, 1H), 2.38 (s, 3H), 2.36 (s, 3H), 1.47 (d, J = 6.4 Hz, 3H). 3C NMR (100 MHz, CDCl3) § =
195.5,163.1, 158.3, 155.5, 149.4, 146.7, 144.6, 144.3, 138.7, 136.5, 132.9, 130.2, 129.7, 129.4,
129.3, 129.0, 128.0, 121.0, 117.8, 116.8, 115.8, 111.6, 71.0, 69.2, 59.3, 46.5, 21.6, 21.6, 17.0.
HR-MS (ESI) m/z calcd for C37H3sNOeS [M+Na'] 644.2077, found 644.2075.

O
Me o) O
O
\L \\S Ts
N \b
N e

4-[1-Oxo-1-(p-tolyl)-3-tosylpropan-2-yl]benzyl 4-(N,N-dipropylsulfamoyl)benzoate (87)

Me Me

The general procedure TP5 was followed using 1a (0.4 mmol), 2z (0.2 mmol) and 3a (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 87 (79.7

mg, 59%) as a colorless oil. *H NMR (400 MHz, CDCls) & = 8.14 (d, J = 8.5 Hz, 2H), 7.83 (dd,

J=17.1, 8.4 Hz, 4H), 7.69 (d, J = 8.3 Hz, 2H), 7.31 (dd, J = 19.7, 8.3 Hz, 4H), 7.21 (dd, J =

16.9, 8.0 Hz, 4H), 5.33 - 5.26 (m, 3H), 4.37 (dd, J = 14.1, 8.5 Hz, 1H), 3.41 (dd, J = 14.1, 4.0

Hz, 1H), 3.12 — 3.00 (m, 4H), 2.39 (s, 3H), 2.36 (s, 3H), 1.53 (dq, J = 14.9, 7.4 Hz, 4H), 0.86

(t, J=7.4 Hz, 6H). °C NMR (100 MHz, CDCl3) § = 195.2, 164.9, 144.7, 144.5, 144.4, 137.1,

136.4, 135.2, 133.2, 132.8, 130.3, 129.8, 129.3, 129.2, 129.0, 128.5, 128.0, 127.0, 66.6, 59.2,

49.9,46.9,21.9,21.6,21.6, 11.1. HR-MS (ESI) m/z calcd for C37H41NO7S; [M+Na*] 698.2217,

found 698.2219.

Me
0]

Me
(@]
Me O
e

4-[1-Oxo-1-(p-tolyl)-3-tosylpropan-2-yl]benzyl (2S)-2-(4-isobutylphenyl)propanoate (88)

Ts

Me

The general procedure TP5 was followed using 1a (0.4 mmol), 2aa (0.2 mmol) and 3a (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 7:1) yielded
88 (77.6 mg, 65% , dr = 1:1) as a colorless oil. *H NMR (400 MHz, CDCl3) § =7.78 (d, J = 8.1

Hz, 2H), 7.67 (d, J = 8.1 Hz, 2H), 7.24 — 7.12 (m, 8H), 7.06 (dd, J = 13.4, 7.2 Hz, 4H), 5.24
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(dd, J = 8.5, 3.8 Hz, 1H), 5.05 — 4.94 (m, 2H), 4.35 (dd, J = 14.1, 8.6 Hz, 1H), 3.70 (9, J = 7.1
Hz, 1H), 3.38 (dd, J = 14.1, 3.9 Hz, 1H), 2.43 (dd, J = 7.1, 2.7 Hz, 2H), 2.38 (s, 3H), 2.36 (s,
3H), 1.91 — 1.75 (m, 1H), 1.47 (d, J = 7.1 Hz, 3H), 0.90 (s, 3H), 0.88 (s, 3H). 13C NMR (100
MHz, CDCl3) & = 195.2, 174.4, 144.6, 144.4, 140.6, 137.4, 136.4, 136.4, 135.8, 132.8, 129.7,
129.3,129.0, 128.5, 128.2, 128.0, 127.1, 65.5, 59.2, 47., 45.0, 45.0, 30.2, 22.3, 21.6, 21.6, 18.4.
HR-MS (ESI) m/z calcd for C37H400sS [M+Na*] 619.2489, found 619.2488.

4-[5-Bromo-1-(3,4-dichlorophenyl)-4,4,5,5-tetrafluoro-1-oxopentan-2-yl]benzyl  4-(N,N-
dipropylsulfamoyl)benzoate (89)

The general procedure TP5 was followed using 1y (0.4 mmol), 2z (0.2 mmol) and 3q (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded 89 (60.4
mg, 40%) as a yellow oil. *H NMR (400 MHz, CDCls) & = 8.15 (d, J = 8.5 Hz, 2H), 8.03 (d, J
=2.1Hz, 1H), 7.86 (d, J = 8.5 Hz, 2H), 7.77 (dd, J = 8.4, 2.1 Hz, 1H), 7.49 (d, J = 8.5 Hz, 1H),
7.42 (d,J = 7.9 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 5.33 (s, 2H), 4.94 (dd, J = 8.3, 4.3 Hz, 1H),
3.52-3.29 (m, 1H), 3.14 - 3.02 (m, 4H), 2.54 — 2.36 (m, 1H), 1.58 — 1.49 (m, 4H), 0.86 (t, J =
7.4 Hz, 6H). *C NMR (100 MHz, CDCls) § = 194.6, 165.1, 144.6, 138.4, 137.3, 135.8, 135.2,
133.7, 133.3, 131.0, 130.9, 130.5, 129.6, 128.5, 127.9, 127.2, 66.7, 50.1, 46.1, 34.1 (t, Jc-F =
21.4 Hz), 22.1, 11.3. F NMR (376 MHz, CDCls) § = -66.08 (dd, J = 23.5, 4.8 Hz), -99.68 — -
119.49 (m). HR-MS (ESI) m/z calcd for CaiHzoBrCl2FaNOsS [M+H'] 754.0414, found
754.0418.

Q Me
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Cl

Ethyl 2-{3-[5-bromo-4-chloro-1-(3,4-dichlorophenyl)-4,5,5-trifluoro-1-oxopentan-2-yl]-4-
isobutoxyphenyl}-4-methylthiazole-5-carboxylate (90)
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The general procedure TP5 was followed using 1aa (0.4 mmol), 2s (0.2 mmol) and 3q (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded
90 (95.5 mg, 67%) as a yellow oil. *H NMR (400 MHz, CDClz) § = 8.14 (t, J = 2.3 Hz, 1H),
7.89 —-7.80 (m, 2H), 7.72 (t, J = 2.1 Hz, 1H), 7.46 (dd, J = 8.4, 4.7 Hz, 1H), 6.97 (dd, J = 8.5,
7.2 Hz, 1H), 5.64 (ddd, J = 44.6, 7.8, 3.8 Hz, 1H), 4.33 (q, J = 7.1 Hz, 2H), 3.98 — 3.91 (m, 2H),
3.90—3.74 (m, 1H), 2.84 - 2.70 (m, 3.5H), 2.46 — 2.30 (m, 1.5H), 1.37 (t, J = 7.1 Hz, 3H), 1.22
—1.14 (m, 6H).*C NMR (100 MHz, CDCl3) § =194.8, 168.7, 162.2, 161.1, 157.2, 135.1, 133.2,
130.7 (d, Jc-F = 12.5 Hz), 128.2 (d, Jc-Fr = 5.2 Hz), 127.7, 127.0 (d, Jc-r = 16.2 Hz), 126.5 (d,
Jcr=5.7 Hz), 126.2, 112.3 (d, Jcr = 5.6 Hz), 77.3, 77.0, 76.7, 75.3, 61.2, 40.69 — 37.95 (m),
28.5 (d, Jc-F = 2.7 Hz), 19.4 (dd, Jc.r = 10.0, 4.3 Hz), 17.5, 14.3.2°F NMR (376 MHz, CDCls)
8 = -60.87 — -61.48 (m), -116.84 (dt, J = 170.9, 11.2 Hz). HR-MS (ESI) m/z calcd for
CosH26BrClzFsNO4S [M+Na*] 735.9676, found 735.9673.
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(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-{2-(acetoxymethyl)-4-[4-chloro-1-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)-5,5,5-trifluoro-1-oxopentan-2-ylJphenoxy}tetrahydro-
2H-pyran-3,4,5-triyl triacetate (91)

The general procedure TP5 was followed using 1s (0.4 mmol), 2v (0.2 mmol) and 3m (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 1:1) yielded
91 (67.4 mg, 42%, dr = 1:1) as a yellow oil. *H NMR (400 MHz, CDCl3) § = 7.52 — 7.45 (m,
2H), 7.35 - 7.14 (m, 2H), 7.07 — 6.98 (m, 1H), 6.84 (dd, J = 4.9, 4.3 Hz, 1H), 5.29 (d, J = 2.9
Hz, 1H), 5.27 (dd, J = 5.4, 2.9 Hz, 1H), 5.19 - 5.13 (m, 1H), 5.11 - 5.03 (m, 2H), 4.98 (dd, J =
13.2, 4.4 Hz, 1H), 4.89 — 4.75 (m, 1H), 4.30 — 4.14 (m, 2H), 3.94 — 3.66 (m, 2H), 3.01 — 2.28
(m, 1H), 2.73 — 2.00 (m, 16H). 3C NMR (100 MHz, CDCls) § = 195.8, 170.4, 170.1, 169.3,
169.2, 169.2, 153.9, 148.3, 143.3, 131.5, 129.3, 129.1, 128.9, 127.3, 127.2,122.9, 118.3, 117.4,
117.3, 116.3, 98.8, 72.5, 72.0, 70.8, 68.2, 64.6, 64.0, 61.8, 60.7, 60.6, 48.4, 20.9, 20.8, 20.6,
20.5. F NMR (376 MHz, CDCls) § = -74.41 — -75.00 (m). HR-MS (ESI) m/z calcd for
CasH3sCIF3015 [M+Na*] 825.1744, found 824.1740.
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Methyl 2-{4’-[4-bromo-1-(3-chloro-4-methylphenyl)-4,4-difluoro-1-oxobutan-2-yl]-2-
fluoro-[1,1'-biphenyl]-4-yl}propanoate (92)

The general procedure TP5 was followed using 1g (0.4 mmol), 2ab (0.2 mmol) and 30 (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 15:1) yielded
92 (48.8 mg, 43%) as a yellow oil. *H NMR (400 MHz, CDCl3) § = 7.90 (d, J = 1.2 Hz, 1H),
7.71(dd, J=7.9, 1.4 Hz, 1H), 7.40 (d, J = 7.2 Hz, 2H), 7.27 — 7.15 (m, 4H), 7.03 (t, J = 9.3 Hz,
2H), 4.89 (dd, J = 7.9, 4.2 Hz, 1H), 3.66 (dd, J = 14.0, 7.0 Hz, 2H), 3.61 (s, 3H), 2.91 — 2.66
(m, 1H), 2.31 (s, 3H), 1.44 (d, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCl3) & = 195.1, 174.3,
159.6 (d, Jc.r = 248.8 Hz), 142.3, 136.4, 135.0, 131.2, 130.6 (d, Jc.r = 4.0 Hz), 129.9 (d, Jcr =
3.0 Hz), 129.5, 128.1, 127.0, 123.6 (d, Jc-r = 3.1 Hz), 115.3 (d, Jc.r = 23.5 Hz), 52.2, 48.2, 47.4
(t, Jo-r = 21.2 Hz), 44.9, 20.3, 18.4. °F NMR (376 MHz, CDCls) § = -43.26 (¢, J = 156.7 Hz),
-117.45. HR-MS (ESI) m/z calcd for C27H23BrCIF;03 [M+Na*] 589.0363, found 589.0366.
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4,4,4-Trichloro-1-(4-fluoro-3-methylphenyl)-2-{4-{4-[2-(pyridin-2-
yloxy)propoxy]phenoxy}phenyl}butan-1-one (93)

The general procedure TP5 was followed using 1t (0.4 mmol), 2y (0.2 mmol) and 3n (0.6 mmol)
for 2 h. Purification by column chromatography (petroleum ether/EtOAc 15:1) yielded 93 (57.8
mg, 48%) as a yellow oil. *H NMR (400 MHz, CDCls) & = 8.14 (dd, J = 4.9, 1.4 Hz, 1H), 7.94
—7.79 (m, 2H), 7.62 — 7.51 (m, 1H), 7.22 (d, J = 8.7 Hz, 2H), 7.03 (t, J = 8.8 Hz, 1H), 6.91 (s,
4H), 6.87 — 6.79 (m, 3H), 6.73 (d, J = 8.3 Hz, 1H), 5.58 (dd, J = 11.5, 5.3 Hz, 1H), 5.04 (dd, J
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=7.9, 2.4 Hz, 1H), 4.28 — 4.10 (m, 2H), 4.06 (dd, J = 9.9, 4.8 Hz, 1H), 3.00 (dd, J=14.9, 2.4
Hz, 1H), 2.29 (s, 3H), 1.47 (d, J = 6.4 Hz, 3H). 3C NMR (100 MHz, CDCls) & = 196.0, 164.4
(d, Jc.r = 254.5 Hz), 163.1, 158.3, 155.5, 149.6, 146.7, 138.7, 132.7 (d, Jc-r = 6.6 Hz), 131.5,
129.3, 128.7 (d, Jcr = 9.4 Hz), 125.6 (d, Jc-r = 17.8 Hz), 121.0, 118.0, 116.7, 115.8, 115.3 (d,
Jcr=23.0 Hz), 111.6, 98.5, 71.0, 69.2, 57.5, 50.1, 17.0, 14.6 (d, Jc-r = 3.3 Hz). 1°F NMR (377
MHz, CDCls3) 8 = -108.62. HR-MS (ESI) m/z calcd for Cz1H27CIsFNO4 [M+Na'] 624.0882,
found 624.0881.

YA C_D—Me

F o

4

Me
[2,2-Difluoro-1-(p-tolyl)cyclopropyl](p-tolyl)methanone (94)

The general procedure TP6 was followed using 62 (0.15 mmol), Cs2CO3 (0.45 mmol) at 25C
for 12 h. Purification by column chromatography (petroleum ether/EtOAc 40:1) yielded 94
(38.4 mg, 90%) as a colourless oil. 'H-NMR (400 MHz, CDCls3): 6 = 7.88 (d, J = 8.1 Hz, 2H),
7.37(d,J=7.9Hz,2H), 7.21 (d,J=8.0 Hz, 2H), 7.10 (d, /= 8.0 Hz, 2H), 2.56 — 2.48 (m, 1H),
2.36 (s, 3H), 2.27 (s, 3H), 1.86 — 1.75 (m, 1H). "*C-NMR (100 MHz, CDCl3): § = 191.9, 144.4,
138.0, 132.9, 131.6 (d, Jcr = 1.9 Hz), 129.9, 129.7, 129.4, 129.1 (t, Jc.r = 1.9 Hz), 111.5 (dd,
Jcr=296.0,285.9 Hz), 43.5 (dd, Jcr=12.9, 8.6 Hz), 22.5 (dd, Jc.r = 10.4, 8.9 Hz), 21.8, 21.2.
F-NMR (376 MHz, CDCl3): § = -126.38 (d, J = 153.9 Hz), -130.12 (d, J = 153.9 Hz). HR-
MS (ESI) m/z caled for CisHi6F20 [M+Na*] 309.1061, found 309.1062.

[2,2-Dichloro-1-(p-tolyl)cyclopropyl](4-fluoro-3-methylphenyl)methanone (95)

The general procedure TP6 was followed using 67 (0.1 mmol), Cs2CO3 (0.3 mmol) at 65°C for
12 h. Purification by column chromatography (petroleum ether/EtOAc 40:1) yielded 95 (30.7
mg, 91%) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.95 — 7.82 (m, 2H), 7.50 — 7.42
(m, 2H), 7.13 (d, J= 8.0 Hz, 2H), 7.07 (t, J = 8.8 Hz, 1H), 2.55 (d, /= 7.4 Hz, 1H), 2.30 (d, J

=2.0 Hz, 3H), 2.29 (s, 3H), 2.19 (d, J = 7.4 Hz, 1H). 3C-NMR (100 MHz, CDCls): 6 = 191.9,
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163.2, 138.4, 133.7 (d, Jor = 6.5 Hz), 131.8, 130.9 (d, Jor = 3.5 Hz), 130.3, 130.1 (d, Jor =
9.4 Hz), 129.5, 125.7 (d, Jer = 18.1 Hz), 115.2 (d, Jer = 22.8 Hz), 61.5, 48.3, 31.8, 21.2, 14.7
(d, Jer = 3.5 Hz). YF-NMR (376 MHz, CDCL3): 6 = -108.36. HR-MS (ESI) m/z calcd for
C1sH1sCLFO [M+Na'] 359.0376, found 359.0371.

Brim/ Z__D—0Ac

Br (0]

A

F
4-12,2-Dibromo-1-(3-chloro-4-fluorobenzoyl)cyclopropyl|phenyl acetate (96)

The general procedure TP6 was followed using 72 (0.1 mmol), Cs2COs3 (0.3 mmol) at 25°C for
4 h. Purification by column chromatography (petroleum ether/EtOAc 10:1) yielded 96 (28.9
mg, 59%) as a colourless oil. '"H-NMR (400 MHz, CDCls): 6 = 8.13 — 8.05 (m, 1H), 8.04 — 7.95
(m, 1H), 7.67 — 7.57 (m, 2H), 7.31 — 7.27 (m, 1H), 7.15 — 7.08 (m, 2H), 2.79 (d, J = 7.8 Hz,
1H), 2.45 (d, J = 7.8 Hz, 1H), 2.31 (s, 3H). >*C-NMR (100 MHz, CDCl:): 6 = 190.7, 169.2,
161.2 (d, Jcr = 257.8 Hz), 150.8, 132.9, 132.7, 131.7, 130.5, 130.5, 122.1, 117.0, 116.8, 47.4,
33.8, 27.3, 21.3. YF-NMR (376 MHz, CDCl3): § = -106.32. HR-MS (ESI) m/z caled for
Ci1sH12Br2CIFO3 [M+H"] 488.8899, found 488.8897.

F
Br >N DM
(o)

F F

&

Me
[2-(Bromodifluoromethyl)-2-fluoro-1-(p-tolyl)cyclopropyl](p-tolyl)methanone (97)

The general procedure TP6 was followed using 77 (0.1 mmol), Cs2COs3 (0.3 mmol) at 65°C for
12 h. Purification by column chromatography (petroleum ether/EtOAc 40:1) yielded 97 (29.9
mg, 76%, dr = 5.7:1) as a colourless oil. 'H-NMR (400 MHz, CDCl3): § = 7.93 (d, J = 8.3 Hz,
2H), 7.49 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 2.36 (s, 3H),
2.30 (s, 3H), 2.26 —2.19 (m, 1H), 2.16 — 2.08 (m, 1H). '*C-NMR (100 MHz, CDCls): 6 = 191 .4,
191.3,144.6, 144.5, 138.5,138.4, 132.4, 131.9, 130.1, 130.1, 129.9, 129.8, 129.8, 129.7, 129.6,
129.4,129.3,121.7—-113.6 (m), 84.7 — 83.6 (m), 82.1 — 81.3 (m), 46.0 (d, Jcr = 12.1 Hz), 45.4
(d, Jer = 10.3 Hz), 21.8, 21.2, 20.7, 20.6. ’F-NMR (376 MHz, CDCls): 6 = -52.66 (dd, J =

175.0, 13.9 Hz), -54.41 (dd, J = 176.0, 13.8 Hz), -54.80 (dd, /= 177.7, 14.5 Hz), -56.04 (dd, J
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= 177.6, 14.7 Hz), -180.59 — -184.83 (m). HR-MS (ESI) m/z calcd for C19HsBrF3O [M+Na']
419.0229, found 419.0203.

F

F Br

F ClI o

s 4
[1-(4-Bromophenyl)-2-chloro-2-(trifluoromethyl)cyclopropyl](dibenzo[b,d]|thiophen-2-
yDmethanone (98)

The general procedure TP6 was followed using 69 (0.1 mmol), Cs2CO3 (0.3 mmol) at 65°C for
12 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded 98 (36.2
mg, 71%, dr > 20:1) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 8.77 (d, J = 1.7 Hz,
1H), 8.25 — 8.18 (m, 1H), 8.11 — 8.03 (m, 1H), 7.93 — 7.83 (m, 2H), 7.62 — 7.49 (m, 6H), 2.51
(d, J=7.6 Hz, 1H), 2.26 (d, J = 7.8 Hz, 1H). >*C-NMR (100 MHz, CDCl3): 6 = 191.8, 145.7,
139.8, 136.0, 135.0, 132.8, 132.3, 131.8, 130.6, 127.9, 126.9, 125.3, 123.4, 123.2, 123.0, 122.9,
122.0, 46.9 (d, Jcr = 40.0 Hz), 44.9, 23.1. YF-NMR (376 MHz, CDCl5): § = -108.36. HR-MS
(ESI) m/z calcd for C23H13BrCIF30S [M+H"] 508.9584, found 508.9582.

[2-(Bromodifluoromethyl)-2,3-dihydro-1H-inden-1-yl](2,3-dihydrobenzo[b][1,4]dioxin-6-
y)methanone (99)

The general procedure TP7 was followed using 1q (0.4 mmol), 2ac (0.2 mmol) and 3m (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded
99 (53.2 mg, 65%, dr > 20:1) as a colourless oil. 'H-NMR (400 MHz, CDCl5): 6 = 7.88 — 7.80
(m, 2H), 7.42 — 7.34 (m, 2H), 7.24 (t, J=7.6 Hz, 1H), 7.20 — 7.14 (m, 1H), 7.07 (d, /= 7.9 Hz,
1H), 5.36 (d, J="7.1 Hz, 1H), 4.49 — 4.39 (m, 4H), 4.33 —4.21 (m, 1H), 3.56 — 3.46 (m, 1H),
3.39-3.30 (m, 1H). *C-NMR (100 MHz, CDCl3): 6= 196.0, 148.9, 143.9, 141.0, 139.7, 130.7,
128.2,127.3, 125.1, 124.3, 123.6, 118.8, 117.8, 64.9, 64.3, 53.9, 53.7, 53.6 — 53.4 (m), 34.4 —
34.2 (m). F-NMR (376 MHz, CDCl3): § = -47.85 (d, J = 158.2 Hz), -48.44 (d, J= 158.3 Hz).
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HR-MS (ESI) m/z calcd for C19HsBrF203 [M+H"] 409.0245, found 409.0241.

[2-(2-Bromo-1-chloro-1,2,2-trifluoroethyl)-2,3-dihydro-1H-inden-1-yl](2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)methanone (100)

The general procedure TP7 was followed using 1aa (0.4 mmol), 2ac (0.2 mmol) and 3m (0.6
mmol) for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded
100 (60.2 mg, 63%, dr = 1:1) as a colourless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.72 — 7.62
(m, 2H), 7.25 - 7.16 (m, 2H), 7.12 — 6.99 (m, 2H), 6.94 — 6.80 (m, 1H), 5.47 — 5.29 (m, 1H),
4.54 — 4.44 (m, 1H), 4.41 — 4.30 (m, 4H), 3.46 — 3.18 (m, 2H). *C-NMR (100 MHz, CDCl5):
0=196.2,196.1, 148.9, 148.9, 143.9, 143.9, 141.1, 141.1, 139.9, 139.9, 130.9, 130.8, 128.1,
128.1,127.3,127.3,124.9, 124.8, 124.0, 123.5, 118.8, 117.9, 117.9, 64.9, 64.3, 54.2, 53.4,47.6
(d, Jor = 19.4 Hz), 47.1 (d, Jcr = 21.0 Hz), 35.1 — 34.6 (m), 34.4 — 34.0 (m). ’F-NMR (376
MHz, CDCl3): 6 =-49.06 — -67.75 (m), -104.98 — -126.11 (m). HR-MS (ESI) m/z calcd for
C20H15BrCIF;03; [M+H"] 474.9918, found 474.9919.

[1,1-Difluoro-6,6a-dihydrocyclopropalalinden-1a(1H)-yl](2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)methanone (101)

The general procedure TP7 was followed using 99 (0.1 mmol), Cs2CO3 (0.3 mmol) at 25°C for
12 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 101 (25.1
mg, 76%) as a colourless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.65 — 7.54 (m, 2H), 7.26 — 7.19
(m, 2H), 7.14 —7.05 (m, 2H), 7.03 — 6.97 (m, 1H), 4.39 —4.29 (m, 4H), 3.55 (dd, J=17.4,7.7
Hz, 1H), 3.33 (d, J = 17.3 Hz, 1H), 2.94 (dd, J = 14.3, 7.6 Hz, 1H). *C-NMR (100 MHz,
CDCl3): 0 =189.8, 149.2, 143.9, 143.3, 136.8, 130.7, 128.0, 127.0, 125.1, 124.8, 124.4, 119.1,
117.8, 64.9, 64.2,51.9, 31.5,31.5 — 31.1 (m). '’F-NMR (376 MHz, CDCl3): 6 = -128.56 (d, J
= 148.4 Hz), -146.45 (d, J = 148.5 Hz). HR-MS (ESI) m/z calcd for CioHi4F203 [M+Na']

S-70



351.0803, found 351.0801.

[1-(Bromodifluoromethyl)-1-fluoro-6,6a-dihydrocyclopropalajinden-1a(1H)-yl](2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)methanone (102)

The general procedure TP7 was followed using 100 (0.17 mmol), Cs2CO3 (0.51 mmol) at 65°C
for 12 h. Purification by column chromatography (petroleum ether/EtOAc 4:1) yielded 102
(54.3 mg, 73%, dr = 1:1) as a colourless oil. '"H-NMR (400 MHz, CDCl3): § = 7.74 — 7.56 (m,
1H), 7.55 = 7.46 (m, 1H), 7.29 — 7.12 (m, 4H), 7.02 — 6.85 (m, 1H), 4.44 — 4.19 (m, 4H), 3.80
—3.55 (m, 1H), 3.48 — 3.19 (m, 1H), 3.08 — 2.76 (m, 1H). *C-NMR (100 MHz, CDCl5): § =
189.3, 189.1, 149.1, 149.0, 144.6 — 144.4 (m), 143.8, 143.6, 143.6, 143.5, 136.7, 136.6, 135.9,
130.1,129.3, 128.5, 128.4, 127.2, 125.3, 125.1, 124.8, 124.6, 124.6, 124.3, 124.2, 124.2, 119.2,
119.1, 117.8, 117.5, 85.3 — 84.0 (m), 83.0 — 81.7 (m), 64.9, 64.9, 64.2, 64.2, 53.9, 53.8, 53.7,
53.6, 33.6, 33.6, 33.5, 33.5, 32.0, 31.3, 31.3, 31.2, 31.2. YF-NMR (376 MHz, CDCl3): § = -
49.58 (dd, J=175.5, 15.8 Hz), -52.60 (dd, /= 176.2, 13.7 Hz), -53.59 (dd, J=176.3, 16.3 Hz),
-56.34 (dd, J = 176.6, 14.1 Hz), -159.74 — -210.85 (m). HR-MS (ESI) m/z calcd for
C20H14BrF303 [M+H"] 439.0151, found 439.0150.

O/O Me
Ts W

1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-2-(4-methoxyphenyl)-3-tosylpropan-1-ol (103)

O

The general procedure TP8 was followed using 32 (0.5 mmol), NaBHa4 (1.0 mmol) at 25°C for
2 h. Purification by column chromatography (petroleum ether/EtOAc 2:1) yielded 103 (165.1
mg, 73%, dr > 20:1) as a white solid. "H-NMR (400 MHz, CDCl3): 6 = 7.50 — 7.44 (m, 2H),
7.17 —7.11 (m, 2H), 6.88 — 6.81 (m, 2H), 6.72 (d, J = 8.3 Hz, 1H), 6.66 — 6.60 (m, 3H), 6.52
(dd, J=8.3, 2.1 Hz, 1H), 4.75 (d, J= 5.9 Hz, 1H), 4.22 (s, 4H), 3.73 (s, 3H), 3.56 — 3.49 (m,
1H), 3.47 — 3.35 (m, 2H), 2.37 (s, 3H). 3*C-NMR (100 MHz, CDCl3): 6 = 158.9, 144.2, 143 .4,
143.3, 136.7, 134.3, 130.1, 129.6, 129.2, 128.0, 119.7, 117.1, 115.7, 113.8, 76.4, 64.4, 64 .4,
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58.4, 55.3, 47.7, 21.7. HR-MS (ESI) m/z caled for CasH2606S [M+H'] 455.1523, found
455.1523.

H OMe
L7 O
")
(@)
1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-2-(4-methoxyphenyl)prop-2-en-1-one (104)

The general procedure TP9 was followed using 32 (1.0 mmol), K2CO3 (2.0 mmol) at 25°C for
2.5 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 104 (270.1
mg, 91%) as a colourless oil. '"H-NMR (400 MHz, CDCls): 6 = 7.56 — 7.43 (m, 2H), 7.39 — 7.30
(m, 2H), 6.91 — 6.80 (m, 3H), 5.89 (s, 1H), 5.43 (s, 1H), 4.33 —4.22 (m, 4H), 3.80 (s, 3H). 1*C-
NMR (100 MHz, CDCl3): 6 = 196.7, 159.9, 148.3, 147.7, 143.3, 130.8, 129.7, 128.2, 124.5,
119.6, 117.3, 117.2, 114.1, 64.8, 64.2, 55.4. HR-MS (ESI) m/z calcd for CisHi604 [M+H']
297.1121, found 297.1125.

MeO O SiMe,Ph
SO
(@)

1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-3-[dimethyl(phenyl)silyl]-2-(4-
methoxyphenyl)propan-1-one (105)
The general procedure TP10 was followed using 104 (0.1 mmol), PhMe2Si-ZnOPiv (0.12
mmol) at 25°C for 4 h. Purification by column chromatography (petroleum ether/EtOAc 6:1)
yielded 105 (37.8 mg, 87%) as a colourless oil. "H-NMR (400 MHz, CDCl3): 6 = 7.49 — 7.30
(m, 7H), 7.20 — 7.08 (m, 2H), 6.87 — 6.72 (m, 3H), 4.48 (t,J=7.3 Hz, 1H), 4.31 —4.15 (m, 4H),
3.74 (s, 3H), 1.79 — 1.67 (m, 1H), 1.44 — 1.34 (m, 1H), 0.13 (d, ] = 2.9 Hz, 6H). *C-NMR (100
MHz, CDCIl3): 6 = 199.0, 158.6, 147.8, 143.3, 138.9, 133.8, 133.7, 130.5, 129.3, 129.0, 127.9,

122.9,118.3, 117.2, 114.3, 64.7, 64.2, 55.3,47.9, 21.3, -2.3, -2.5. HR-MS (ESI) m/z calcd for
Ca6H2804Si [M+Na'] 455.1649, found 455.1642.
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7-(4-Methoxyphenyl)-2,3,7,8-tetrahydro-6 H-indeno[5,6-b][1,4]dioxin-6-one (106)

The general procedure TP11 was followed using 104 (0.1 mmol) at 0 - 25°C for 1 h. Purification
by column chromatography (petroleum ether/EtOAc 3:1) yielded 106 (24.1 mg, 81%) as a
colourless oil. 'TH-NMR (400 MHz, CDCls): 6 = 7.29 (s, 1H), 7.13 — 7.04 (m, 2H), 6.95 (d, J =
1.0 Hz, 1H), 6.88 — 6.81 (m, 2H), 4.37 — 4.24 (m, 4H), 3.82 — 3.73 (m, 4H), 3.58 — 3.49 (m,
1H), 3.12 — 3.03 (m, 1H). *C-NMR (100 MHz, CDCls): 6 = 205.0, 158.6, 150.4, 147.8, 144.1,
132.3, 129.9, 128.9, 114.4, 114.0, 112.4, 64.8, 64.0, 55.4, 53.1, 35.4. HR-MS (ESI) m/z calcd
for C13H1604 [M+H"] 297.1121, found 297.1120.

Ts O‘

OMe
7-Methoxy-4-(tosylmethyl)-1,2-dihydronaphthalene (108)

The procedure g was followed using 1a (0.4 mmol), 3a (0.4 mmol) and 107 (0.2 mmol) for 2 h.
Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 108 (20.1 mg,
30%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): § = 7.69 — 7.64 (m, 2H), 7.23 (d, J = 8.0
Hz, 2H), 7.10 (d, J = 8.4 Hz, 1H), 6.65 — 6.60 (m, 2H), 5.71 (t, J = 4.7 Hz, 1H), 4.17 (s, 2H),
3.78 (s, 3H), 2.65 (t, J = 8.0 Hz, 2H), 2.39 (s, 3H), 2.22 — 2.15 (m, 2H). '*C-NMR (100 MHz,
CDCl3): 6 = 158.9, 144.6, 138.0, 135.5, 132.3, 129.5, 128.8, 125.9, 125.6, 124.8, 114.0, 110.9,
60.4, 55.4, 28.4, 23.4, 21.7. HR-MS (ESI) m/z caled for C19H2003S [M+H"] 329.1206, found
329.1208.

i Me
Ts
<
OMe

5-(4-Methoxyphenyl)-1-(p-tolyl)-6-tosylhex-4-en-1-one (109)
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The procedure g was followed using 1a (0.4 mmol), 3a (0.4 mmol) and 107 (0.2 mmol) for 2 h.
Purification by column chromatography (petroleum ether/EtOAc 6:1) yielded 109 (8.0 mg, 9%)
as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.84 (d, J = 7.9 Hz, 2H), 7.67 — 7.63 (m,
2H), 7.23 — 7.12 (m, 6H), 6.74 (d, J = 8.8 Hz, 2H), 5.95 (t, J= 7.7 Hz, 1H), 4.39 (s, 2H), 3.77
(s, 3H), 3.00 (t, J= 7.1 Hz, 2H), 2.51 — 2.44 (m, 2H), 2.41 (s, 3H), 2.33 (s, 3H). HR-MS (ESI)
m/z calcd for C27H2804S [M+H'] 449.1781, found 449.1781.
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9. Single Crystal X-Ray Diffraction Studies

Single crystals of compound 49 (CCDC: 2413440) suitable for X-ray diffraction, were
obtained by slow evaporation of THF solution. Details for data collection and structure

refinement are summarized in Table S5.

Table S5. Details for X-ray data collection and structure refinement for compound 49.

49
Empirical formula Ci11HoCol2Ns
Formula weight 523.96
Temperature/K 212.99(10)
Crystal description clear light green
Crystal system triclinic
Space group P-1
alA 8.3151(8)
b/A 8.4258(6)
c/A 11.2998(7)
a/° 110.481(6)
B/ 94.504(7)
v/° 91.535(7)
Volume/A3 738.09(10)
Z 2
Peaicg/cm? 2.358
wmm 5.338
F(000) 486.0
Crystal size/mm?3 0.15 <0.08 %0.02
Radiation Mo Ka (A =0.71073)

20 range for data collection/<3.864 to 52.738

S-75



-10<h<10

Index ranges -10<k<10
-14<1<14
Reflections collected 12601

Independent reflections 3013 [Rint = 0.0751, Rsigma = 0.0739]
Data/restraints/parameters ~ 3013/1/173

Goodness-of-fit on F? 1.049

Final R indexes [[>=20 (I)] R:1=0.0628, wR, = 0.1352

Final R indexes [all data] R1=0.0867, wR, = 0.1463

Largest diff. peak/hole / e A 2.43/-1.03

Figure S25. Molecular structure of compound 49 in the crystal.
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10. DFT Calculations

Computational Details: All DFT calculations were performed with the Gaussian 16 programs. !
The geometry optimizations were calculated using the B3LYP functional,[*®! with the 6-31G(d)
basis set for C, H, N, O, and S atoms and the SDD basis set!!! for Co and | atoms. During the
calculations, we tested various spin states of cobalt species. The left superscript on the species
name shown in energy profiles denotes its spin multiplicity. Frequency calculations at the same
level of theory on the optimized geometries were performed to confirm all located stationary
points as either local minima (with zero imaginary frequency) or transition states (with only
one imaginary frequency), and to obtain the thermodynamic corrections to Gibbs free energy.
Single-point calculations were carried out by using M06 functional,*? with the 6-311+G(d,p)
basis set C, H, N, O, and S atoms and the SDD basis set for Co and | atoms. The solvation
energies (in dioxane) were calculated using the self-consistent reaction field with the SMD

implicit solvent model.l*¥! In this work, relative Gibbs free energies in mesitylene solution
(including gas-phase corrections) were used to discuss reaction pathways

¥ S t
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Figure S26. Computed free energy barrier for the reaction of Co'-phenyl complex *I with CO

or the benzylic radical.

S-77



B I S T B I
[ _ L |
7 N l}l NTN 7 N l}l NTN 7N N NN
=N~ i --N= =Nee__ ) _.-N= =Neee 1 __.-N=
Co ~Co “Co”
" A D = A
Ar—<~ . »
j (o] Ar/wo Ar/\lo
Ts Ts Ts
31S2 ) 3183 3Ts4
AGey ('Ts3 21.5)
kcal/mol 9.6 782 36.6
Ar ’,’ 3TS3 \\\ 6.7 ( . )
/ot 03 ('TS422.5)
i S
| ~
Z N7 TN N}
=N-__ 1 |.--N=
Co
17
Ts o]
\ Ar Ar
7 N &1l
=Nee 1 --N= "’ 7],Ar \ 257
7 7//Ar Ar—\ O 1
4 S (')
4 Ts 3|v

Figure S27. Computed free energy barrier for the reaction between the acyl-Co' complex 11

and the benzylic radical via a radical-type oxidation and a radical-type substitution pathway.

Optimized Coordinates Information

Optimized Cartesian coordinates and their corresponding single-point energies (E(scrr), a.u.)
calculated at the M06/6-311+G(d,p)-SDD(SMD, dioxane)//B3LYP/6-31G(d)-SDD level as

well as the imaginary frequency (IF, cm™) of transition states.

41 (the number of atoms involved in the molecule)

41, Escrr) =-1126.141962 a.u.

Z T DT T OOz oD D oD Z20o000a0

. 853340000
. 119795000
. 742696000
. 112302000
. 846247000
. 262769000
. 728063000
. 598048000
. 584660000
. 062171000
. 313630000
. 739525000
. 175466000
. 264014000
. 753745000
. 019201000
. 048092000

. 702274000
. 288536000
. 559527000
. 275843000
. 690273000
. 392813000
. 014992000
. 535105000
. 512761000
. 396475000
. 522274000
. 7164758000
. 123457000
. 877278000
. 396809000
. 092359000
. 373266000

1. 139663000
1. 196096000

S-78

. 023759000
. 236865000
. 166589000
. 010077000
. 029167000
. 136189000
. 182403000
. 260143000
. 600271000
. 239670000
. 260929000
. 968960000
. 313677000
. 328889000
. 278894000



C -1. 291946000 -1.
C -0. 149246000 -1.
H —2. 240866000 -1.
C 0. 760431000 —0.
H 0. 013275000 -1.
H 1. 775736000 —0.
N 0. 204250000 -0.
N 0. 217832000 -0.
Co 0. 562357000 -0.
I 3. 248733000 —0.
C —0. 450111000 1
C 0. 320430000 2
C —1. 846573000 1
C —0. 259279000 4
H 1.407120000 2
C —2. 435841000 3
H —2. 516395000 0
C —1. 650477000 4
H 0. 379792000 1
H —3. 521998000 3
C —2. 278817000 5
H -3. 311453000 5
H —2.304779000 6
H -1. 717761000 6
41

2, Escrr) =-1126.120168 a.u

C 1.070115000 1
C 1. 718704000 1.
C 2. 033972000 0
C 1. 720713000 -1.
C 1. 072004000 -1.
N 0. 762262000 0.
H 2. 542195000 0.
H 1. 978292000 2.
H 1. 981850000 —2.
N 0.671481000 2
C 0. 781407000 3
C —0. 178102000 3
C 0. 244084000 4.
H 1. 227329000 4
H —0. 644603000 3
H 0. 166511000 o
N 0.675141000 —2.
C 0. 786995000 -3.
C 0. 250512000 —4.

483587000
079487000
832468000
734086000
036579000
367245000
931074000
912711000
109153000
145497000

. 652077000
. 835777000
. 841225000
. 107612000
. 765633000
. 109284000
. 979780000
. 268325000
. 990000000
. 201748000
. 643315000
. 621138000
. 053955000
. 355137000

. 164850000

228912000

. 007038000

217049000
157543000
002614000
008804000
169913000
156290000

. 248190000
. 598519000
. 154080000

210546000

. 004289000
. 197562000
. 271202000

243799000
593404000
209457000

S-79
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. 621795000
. 271291000
. 999981000
. 240708000
. 337907000
. 304692000
. 039700000
. 045817000
. 002804000
. 009904000
. 006487000
. 013804000
. 023607000
. 016342000
. 031901000
. 021807000
. 034434000
. 004931000
. 036537000
. 031977000
. 033627000
. 332797000
. 052805000
. 583170000

. 898572000
. 131887000
. 7137247000
. 135329000
. 901845000
. 337250000
. 696355000
. 602062000
. 608155000
. 095034000
. 287316000
. 662646000
. 180260000
. 182530000
. 636025000
. 005467000
. 101408000
. 297668000
. 192451000
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. 233520000
. 173277000
. 174404000
. 639921000
. 078698000
. 081932000
. 054085000
. 203668000
. 984409000
. 769347000
. 674353000
. 167277000
. 290361000
. 071978000
. 119307000
. 844777000
. 739495000
. 570611000
. 355829000
. 730268000
. 744368000
. 800816000

I, Escrr) = -1239.454498 a.u.

. 724830000
. 427261000
. 225264000
. 365927000
. 721474000
. 903336000
. 746298000
. 095259000
. 211366000
. 844461000
. 584439000
. 403144000
. 326630000
. 222983000
. 931349000
. 743857000
. 815784000
. 419756000
. 452909000
. 789301000
. 537433000

. 995893000
. 156092000
. 270763000
. 203151000
. 975125000
. 975167000
. 000725000
. 000923000
. 002101000
. 011580000
. 000221000
. 017634000
. 019482000
. 006294000
. 000878000
. 011623000
. 029031000
. 008772000
. 014714000
. 454001000
. 042707000
. 512170000

. 277158000
. 478729000
. 430225000
. 182122000
. 946990000
. 036665000
. 380863000
. 672375000
. 921527000
. 184484000
. 020308000
. 801189000
. 248597000
. 803528000
. 774115000
. 714880000
. 516764000
. 100672000
. 228538000
. 068354000
. 118327000

S-80

. 194061000
. 653528000
. 009868000
. 626668000
. 117670000
. 112087000
. 493986000
. 007874000
. 262483000
. 430251000
. 960023000
. 376900000
. 410734000

1. 016818000
1. 898644000

. 151191000
. 304005000
. 985808000
. 092009000
. 825241000
. 110987000
. 943907000

. 640812000
. 760763000
. 237860000
. 314087000
. 325601000
. 376268000
. 181628000
. 991130000
. 090523000
. 515254000
. 651191000
. 203081000
. 120660000
. 030219000
. 192477000
. 000625000
. 317031000
. 487789000
. 098653000
. 791615000
. 224848000



H 0
H 1
N -2
N -0
Co -0
I 0
C 0
C 2
C 2
C 2
C 4
H 2
C 4
H 1
C 4
H 4
H 4
0 -0
C 6
H 6
H 6
H 6
43

|

OT-D OO0 Zz2 D DT DT OoO0o0cZ2 oD oD IToD 200000

. 957888000
. 108127000
. 116734000
. 226637000
. 434355000
. 371447000
. 560760000
. 059501000
. 898850000
. 639981000
. 282805000
. 468402000
. 016094000
. 982131000
. 863652000
. 920461000
. 450504000
. 109675000
. 361281000
. 632816000
. 776098000
. 863668000

I, Escrr) = -1239.446635 a.u.

. 459897000
. 561642000
. 094324000
. 530247000
. 430247000
. 957846000
. 950194000
. 978501000
. 922600000
. 740906000
. 004853000
. 134507000
. 992014000
. 886375000
. 771124000
. 883538000
. 682910000
. 913108000
. 883371000
. 785450000
. 051535000

. 366797000
. 795657000
. 937013000
. 293941000
. 567016000
. 072709000
. 777906000
. 955552000
. 110182000
. 995037000
. 296098000
. 712663000
. 180728000
. 644581000
. 331418000
. 376608000
. 992479000
. 477575000
. 528878000
. 571890000
. 277336000
. 898216000

. 964296000
. 272676000
. 015697000
. 969446000
. 561227000
. 323260000
. 289244000
. 993890000
. 978177000
. 774601000
. 980733000
. 074076000
. 838151000
. 130719000
. 369573000
. 874744000
. 364909000
. 627096000
. 932385000
. 188845000
. 7187562000

S-81

. 042993000
. 316341000
. 237115000
. 154961000
. 120239000
. 595319000
. 127581000
. 144937000
. 409945000
. 893957000
. 423448000
. 155511000
. 899253000
. 464280000
. 164512000
. 146141000
. 480621000
. 892609000
. 193941000
. 990038000
. 179031000
. 453584000

. 956374000
. 360097000
. 250231000
. 397105000
. 643193000
. 707695000
. 859228000
. 052936000
. 347438000
. 539516000
. 127674000
. 940264000
. 767009000
. 732150000
. 430539000
. 048710000
. 238437000
. 711856000
. 970652000
. 414496000
. 975695000



H 0. 747930000 4
H 0.856748000 -2
N ~0. 581047000 1
N -0.528260000 -1
Co ~0. 195826000 0
I ~0. 372348000 1
C 0.881792000 -0
C 2.379083000 -0
C 2. 952416000 0
C 3.226991000 -0
C 4. 339622000 0
H 2. 316373000 0
C 4.607093000 0
H 2. 774865000 -1
C 5. 188562000 -0
H 4. 767188000 0
H 5.251218000 -1
0 0.418913000 -0
C 6.690317000 0
H 7.175463000 -1
H 7. 101734000 0
H 6.986309000 0
77

3N, Escrr) = -2294.300861 a.u.
C 1.019103000 -0
Co ~1.061331000 0
C 2. 971678000 3
C 2. 605305000 2
C 1. 987790000 1
H 1. 849171000 1
H 2. 952244000 3
H 2. 812948000 3
H 1. 705593000 1
S 2.656648000 -2
C 4.118767000 -1
C 5.052135000 -1
C 4.319852000 -1
C 6.191495000 -0
H 4.897534000 -1
C 5.466274000 -0
i 3.598402000 -1
C 6.412842000 -0
i 6.925648000 -0
H 5.630691000 -0
C 7. 635146000 0

. 847206000
. 600620000
. 833329000
. 844915000
. 089773000
. 156665000
. 528782000
. 450468000
. 054718000
. 897054000
. 112542000
. 403934000
. 837352000
. 289724000
. 328954000
. 505559000
. 189824000
. 969610000
. 247725000
. 170336000
. 572170000
. 071431000

. 296552000
. 005399000
. 569032000
. 809824000
. 569459000
. 432024000
. 596606000
. 192888000
. 013747000
. 465781000
. 622867000
. 126989000
. 498445000
. 483683000
. 268504000
. 853291000
. 919969000
. 330552000
. 102222000
. 759251000
. 395646000

S-82

. 127790000
. 130125000
. 803410000
. 774620000
. 194827000
. 680875000
. 280137000
. 098153000
. 076618000
. 126531000
. 218716000
. 888967000
. 978384000
. 032327000
. 803482000
. 138287000
. 781909000
. 323534000
. 661649000
. 001238000
. 265535000
. 377314000

. 155193000
. 138888000
. 225865000
. 347801000
. 214017000
. 178261000
. 928961000
. 345110000
. 102925000
. 963584000
. 351179000
. 263392000
. 024429000
. 7184712000
. 328193000
. 484645000
. 716047000
. 991917000
. 490296000
. 955264000
. 101818000
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. 469816000
. 966123000
. 424034000
. 998578000
. 130086000
. 698716000
. 083603000
. 679309000
. 766944000
. 353602000
. 498668000
. 850921000
. 245342000
. 964844000
. 306524000
. 911227000
. 209651000
. 049766000
. 752195000
. 860706000
. 025468000
. 359287000
. 168207000
. 190481000
. 379753000
. 095111000
. 076090000
. 133719000
. 527271000
. 384140000
. 567503000
. 319336000
. 318515000
. 251732000
. 674139000
. 775798000
. 684931000
. 016312000
. 064387000
. 184062000
. 982973000
. 621884000
. 213236000
. 621792000
. 860684000

. 321551000
. 004209000
. 463488000
. 094265000
. 291939000
. 022657000
. 848031000
. 895593000
. 761631000
. 427665000
. 546683000
. 268956000
. 358755000
. 168564000
. 058169000
. 036726000
. 096305000
. 197012000
. 314590000
. 985840000
. 403436000
. 715908000
. 478986000
. 434283000
. 022932000
. 623941000
. 497047000
. 204237000
. 501645000
. 255862000
. 777840000
. 333180000
. 320173000
. 504239000
. 261336000
. 105138000
. 033329000
. 258594000
. 793168000
. 274933000
. 518795000
. 775626000
. 705432000
. 363172000
. 587895000

S-83

. 396968000
. 066058000
. 247712000
. 253966000
. 148069000
. 055141000
. 7185874000
. 373887000
. 455617000
. 274818000
. 488532000
. 305906000
. 330932000
. 394609000
. 439293000
. 402084000
. 317108000
. 414172000
. 297288000
. 502100000
. 293495000
. 522098000
. 280673000
. 514000000
. 689502000
. 222561000
. 666768000
. 485650000
. 695546000
. 796547000
. 7165944000
. 641809000
. 966501000
. 667687000
. 149693000
. 456027000
. 036855000
. 962657000
. 178027000
. 875350000
. 490617000
. 697754000
. 857726000
. 911539000
. 063837000



H —1. 772300000 -1
C -1. 663216000 0
H —1. 034387000 2
H —2. 197028000 -1
C —1. 942553000 0
H —2.980061000 1
H —1. 789546000 -0
H -1. 293256000 1
C 1. 378345000 -1
H 0. 554453000 -1
H 1. 727152000 -0
77

X', Escrr) = -2294.294952 a.u.
C 0. 823192000 -0
Co -1. 202857000 0
C 3. 155487000 2
C 2.707634000 2
C 1. 976232000 1
H 1. 861758000 -0
H 3. 161758000 1
H 2. 938338000 3
H 1. 632656000 2
S 2. 550231000 -2
C 4. 062844000 -1
C 4. 943175000 -1
C 4. 362313000 -0
C 6. 128535000 -1
H 4. 711954000 -2
C 5. 553734000 0
H 3. 679634000 -0
C 6. 448858000 -0
H 6. 821361000 -1
H 5. 794242000 1
C 7.7721508000 0
H 8. 503353000 0
H 8. 108467000 1
H 7. 548420000 1
0 2. 806695000 -3
0 2. 102838000 -2
C 1. 641763000 0
H 0. 878132000 -0
C 3. 982460000 3
H 5. 040673000 3
H 3. 642872000 4
H 3. 937877000 3

. 770009000
. 657529000
. 685413000
. 430733000
. 868402000
. 187807000
. 052417000
. 641918000
. 192180000
. 835201000
. 656417000

. 241394000
. 032454000
. 7167832000
. 969177000
. 995713000
. 349977000
. 355500000
. 904483000
. 192372000
. 347133000
. 412792000
. 808659000
. 334647000
. 099635000
. 675305000
. 361351000
. 063717000
. 002730000
. 408410000
. 198612000
. 779598000
. 156281000
. 192870000
. 624024000
. 737000000
. 075545000
. 7166627000
. 017115000
. 811105000
. 752555000
. 826413000
. 683482000

S-84
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. 284512000
. 670516000
. 298880000
. 666276000
. 141170000
. 312501000
. 714862000
. 566424000
. 323154000
. 642130000
. 207159000

. 236694000
. 078265000
. 897451000
. 582696000
. 092900000
. 306564000
. 524474000
. 075952000
. 103765000
. 122497000
. 866447000
. 142206000
. 700018000
. 324500000
. 753007000
. 504691000
. 497867000
. 488818000
. 103695000
. 155333000
. 265172000
. 181226000
. 202610000
. 415462000
. 694388000
. 511820000
. 512837000
. 305845000
. 612717000
. 322525000
. 377154000
. 699923000
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. 858502000
. 250746000
. 871585000
. 130820000
. 744061000
. 154912000
. 954432000
. 828903000
. 616920000
. 026869000
. 298573000
. 104323000
. 092936000
. 312653000
. 024583000
. 927684000
. 805516000
. 961817000
. 703452000
. 941629000
. 810748000
. 448075000
. 267626000
. 666543000
. 470890000
. 831779000
. 340809000
. 095940000
. 348795000
. 953189000
. 881874000
. 077965000
. 515144000
. 010061000
. 188281000
. 613670000
. 744607000
. 419332000
. 775433000
. 755043000
. 697220000
. 013514000
. 244520000
. 450017000
. 593475000

. 541767000
. 489675000
. 405998000
. 217227000
. 082555000
. 216499000
. 479342000
. 105545000
. 920814000
. 322994000
. 107690000
. 953390000
. 533166000
. 284449000
. 025375000
. 167669000
. 819318000
. 888325000
. 319728000
. 251003000
. 461177000
. 146070000
. 469213000
. 226785000
. 558156000
. 548660000
. 073590000
. 571084000
. 301084000
. 008295000
. 585322000
. 939414000
. 044951000
. 516468000
. 902508000
. 212772000
. 666095000
. 0501433000
. 208731000
. 110804000
. 239789000
. 066038000
. 689220000
. 411358000
. 899720000

S-85
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. 937359000
. 976119000
. 101000000
. 762782000
. 715104000
. 101538000
. 098275000
. 654039000
. 427394000
. 745041000
. 831725000
. 500168000
. 332623000
. 156258000
. 978359000
. 190067000
. 443718000
. 280974000
. 620975000
. 551536000
. 935428000
. 266845000
. 926096000
. 943540000
. 224700000
. 505176000
. 143106000
. 831698000
. 371911000
. 688349000
. 160024000
. 7124684000
. 926392000
. 196253000
. 167194000
. 902672000
. 725232000
. 975506000
. 628075000
. 116571000
. 265667000
. 402524000
. 005454000
. 209892000
. 006748000
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I, E(scrr) = -2294.355357 a.u.

C
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2.
. 992858000
. 702307000
. 734153000
. 339159000
. 540503000
. 208370000
. 519445000
. 816598000
. 677643000
. 362800000
. 393952000
. 088751000
. 123182000
. 632306000
. 822227000
. 108406000
. 822539000
. 138653000
. 613337000
. 483668000
. 462833000
. 157093000
. 544672000
. 459265000
. 168500000
. 604977000
. 996988000
. 875179000
. 228363000
. 889255000
. 894043000
. 807880000
. 154120000
. 610945000
. 721888000
. 393422000
. 934765000
. 654420000
. 828075000
. 060514000
. 214479000
. 780345000

|
—_

> W W W DN OO W s DNWWERE W Wk RPN A DNDDNDO

098051000

. 804521000
. 389335000
. 071379000
. 910066000
. 877678000
. 131711000
. 944760000
. 832157000
. 014339000
. 259327000
. 643052000
. 444646000
. 900455000
. 518834000
. 464824000
. 964212000
. 042183000
. 7188941000
. 368461000
. 947601000
. 929483000
. 817852000
. 955932000
. 896260000
. 745367000
. 794504000
. 935562000
. 083513000
. 133970000
. 216544000
. 106939000
. 942789000
. 864222000
. 593614000
. 699087000
. 671556000
. 302022000
. 057599000
. 950122000
. 353413000
. 679553000
. 119492000
. 325619000

S-86

. 041024000
. 393423000
. 624298000
. 076199000
. 224000000
. 694286000
. 195410000
. 140208000
. 631931000
. 851158000
. 751862000
. 630950000
. 292728000
. 474678000
. 031012000
. 431537000
. 368614000
. 959584000
. 550979000
. 845846000
. 888543000
. 276173000
. 7152564000
. 378616000
. 111927000
. 134950000
. 152287000
. 406366000
. 915631000
. 395975000
. 012006000
. 878532000
. 334597000
. 554363000
. 279109000
. 190591000
. 373549000
. 122560000
. 436658000
. 932008000
. 398460000
. 062714000
. 880012000
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. 586070000 -3
. 758392000 —4
. 845108000 -3
. 564885000 -3
. 844460000 -5
. 393925000 2
. 478021000 3
. 206741000 3
. 418425000 4
. 391460000 2
. 903425000 1
. 326919000 2
. 859702000 -2
. 105785000 1
. 675818000 4
. 257590000 -1
. 286196000 3
. 410665000 4
. 286982000 2
. 182446000 -0
. 960970000 2
. 938288000 3
. 424290000 0
. 125612000 -1
. 835623000 1
. 249185000 3
. 065609000 -0
. 177234000 1
. 004280000 1
. 314512000 0
. 282616000 2
. 015534000 0
. 538222000 -0
. 227285000 1
=-2294.324428 a.u.
. 051959000 1.
. 967334000 -0.
. 808496000 2
. 103426000 1
. 935414000 0
. 622156000 2
. 146336000 3
. 878521000 0
. 581247000 0

. 516883000
. 246384000
. 434755000
. 859947000
. 300133000
. 174709000
. 473436000
. 863708000
. 001874000
. 732355000
. 827348000
. 612943000
. 235874000
. 715680000
. 088908000
. 448031000
. 057426000
. 035425000
. 336311000
. 007529000
. 522978000
. 192576000
. 180608000
. 008477000
. 455068000
. 521201000
. 679175000
. 650582000
. 478154000
. 952921000
. 666948000
. 420422000
. 353188000
. 269314000

017841000
520297000

. 027955000
. 006101000
. 737054000
. 590552000
. 076842000
. 538579000
. 072116000

S-87

DO DN DN W kDN WD DNDDN—= DN~ DN~ DN

. 635558000
. 940307000
. 017388000
. 545985000
. 160706000
. 835548000
. 262892000
. 614764000
. 292005000
. 374382000
. 996427000
. 518964000
. 411075000
. 906213000
. 213791000
. 117433000
. 641095000
. 987567000
. 043075000
. 816305000
. 648816000
. 895814000
. 429872000
. 924148000
. 858858000
. 971668000
. 605615000
. 526536000
. 825410000
. 361828000
. 919469000
. 224519000
. 832402000
. 882989000

. 253347000
. 925919000
. 876219000
. 672415000
. 585996000
. 520968000
. 408315000
. 713878000
. 800911000
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. 201501000
. 566885000
. 326694000
. 314460000
. 827023000
. 769675000
. 800420000
. 288864000
. 550788000
. 856133000
. 379703000
. 982766000
. 044838000
. 757537000
. 679400000
. 600292000
. 666407000
. 213530000
. 725831000
. 367183000
. 428216000
. 210389000
. 157584000
. 414702000
. 462776000
. 353841000
. 223091000
. 226418000
. 317601000
. 152390000
. 333190000
. 129183000
. 305282000
. 120435000
. 254570000
. 475509000
. 073627000
. 450546000
. 832513000
. 022314000
. 449039000
. 239062000
. 941164000
. 134348000
. 507731000

. 477341000
. 936760000
. 461439000
. 521169000
. 571050000
. 005214000
. 636134000
. 117360000
. 170893000
. 972150000
. 098600000
. 362536000
. 099785000
. 183693000
. 739265000
. 417465000
. 452977000
. 305998000
. 045926000
. 113752000
. 011776000
. 119887000
. 402908000
. 045990000
. 702554000
. 097499000
. 701591000
. 869565000
. 521446000
. 715925000
. 225245000
. 780234000
. 438809000
. 458739000
. 254043000
. 634973000
. 266378000
. 858232000
. 638211000
. 245780000
. 456374000
. 198294000
. 382825000
. 7189467000
. 915395000

S-88

. 483856000
. 650273000
. 026688000
. 372753000
. 349946000
. 838478000
. 035202000
. 628383000
. 693106000
. 628572000
. 830615000
. 426407000
. 930826000
. 735016000
. 181687000
. 825913000
. 315439000
. 495366000
. 133988000
. 906923000
. 653102000
. 311923000
. 717669000
. 682063000
. 201081000
. 142114000
. 977940000
. 085133000
. 133878000
. 937350000
. 636296000
. 528204000
. 634468000
. 038479000
. 121537000
. 723715000
. 907192000
. 272706000
. 901990000
. 512602000
. 790337000
. 393875000
. 535625000
. 454202000
. 734331000



. 339561000 1.
. 149001000 -1.
. 207726000 L.
. 792370000 2.
. 023491000 —2.
. 150302000
. 853688000
. 410061000
. 572488000
. 303772000
. 794677000
. 467219000
. 503116000
. 851914000
. 373110000
. 081761000
. 821305000
. 449907000
. 981213000
. 800450000
. 921232000
. 814641000
. 805685000

. 629322000
. 516067000
. 7188465000
. 639334000
. 616300000
. 889465000
. 461251000
. 640610000
. 454316000
. 609780000
. 325617000
. 304814000
. 597944000
. 263211000
. 952841000
. 577256000
. 090096000
. 989946000

— O O Ol RN O WO DN W R~ Ww DN

3V, Escrr) = -2407.616958 a.u.

H -0
N -4
N -2
C 1
I -1
C 2
C 0
C 2
C 2
C 2
H 2
C 2
H 2
C 2
H 2
H 2
C 2
H 1
H 3
H 1
C 4
H 5
H 4
79

C -1
C 1
Co 0
C -2
C -2
C -2
H -1
H -2
H -2
H -1
S -2
C -4
C -5
C -4
C -6
H -4
C -5
H -4
C -6
H -6

. 152621000 -0.
. 413948000 0.
. 924310000 -0.
. 756172000 3

. 532895000 1

. 025974000 0

. 695554000 2

. 600129000 4

. 768789000 1

. 852701000 -0.
. 943392000 -1.
. 349482000 -0.
. 150817000 0.
. 642602000 -1.
. 248752000 0.
. 929999000 0.
. 745377000 -0.
. 026561000 —2.
. 558472000 0.
. 881232000 L.

173555000
928169000
211205000
421787000
014587000

268445000
522445000
469130000

. 151539000
. 914098000
. 825245000
. 301816000
. 194758000
. 796479000

114818000
550601000
907713000
074986000
417327000
562136000
429343000
918706000
204307000
080211000
321797000

S-89

. 846678000
. 066474000
. 922420000
. 614975000
. 420668000
. 532392000
. 708305000
. 653969000

2. 191798000

|
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|
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. 712615000
. 356864000
. 247516000
. 392743000
. 029436000
. 510540000
. 255816000
. 179795000
. 930278000
. 691753000
. 837675000
. 475804000
. 484247000
. 971700000

. 323278000
. 723577000
. 026037000
. 841934000
. 465529000
. 760892000
. 281660000
. 037153000
. 521721000
. 276681000
. 118173000
. 204160000
. 788033000
. 061863000
. 081804000
. 7189752000
. 752839000
. 483387000
. 198413000
. 534918000
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. 981141000
. 732112000
. 503601000
. 190734000
. 416411000
. 245133000
. 610840000
. 708738000
. 355074000
. 345905000
. 443111000
. 000240000
. 081798000
. 540082000
. 910566000
. 739024000
. 207794000
. 826183000
. 026670000
. 809112000
. 314972000
. 843929000
. 593130000
. 761409000
. 609558000
. 507983000
. 740331000
. 474634000
. 259411000
. 150663000
. 625650000
. 538687000
. 676222000
. 420487000
. 542320000
. 369458000
. 267932000
. 792930000
. 441458000
. 579706000
. 931896000
. 845545000
. 397155000
. 709213000
. 801685000

N DN~ DN

. 316407000
. 635293000
. 029375000
. 128713000
. 457794000
. 435310000
. 869739000
. 917395000
. 184881000
. 317525000
. 263619000
. 338682000
. 274329000
. 950815000
. 225966000
. 366720000
. 291862000
. 108285000
. 893027000
. 547567000
. 082669000
. 361381000
. 769538000
. 944718000
. 462174000
. 412502000
. 346369000
. 458291000
. 315017000
. 891714000
. 763527000
. 428223000
. 830388000
. 890198000
. 186165000
. 117713000
. 480470000
. 967456000
. 250513000
. 104982000
. 164088000
. 958816000
. 957925000
. 315930000
. 281633000

S-90

. 736906000
. 970486000
. 300826000
. 607143000
. 626229000
. 557946000
. 531789000
. 387754000
. 235948000
. 600413000
. 628726000
. 640304000
. 136590000
. 460103000
. 463071000
. 253758000
. 965176000
. 902318000
. 177127000
. 275412000
. 986738000
. 548656000
. 081401000
. 771762000
. 920395000
. 073039000
. 982061000
. 527908000
.611043000
. 620734000
. 565415000
. 079935000
. 800891000
. 398523000
. 848951000
. 513555000
. 927215000
. 524322000
. 480591000
. 463195000
. 230150000
. 834364000
. 963210000
. 887514000
. 140631000



H 0. 706319000 2
C 3. 125541000 3
H 3.035111000 1
C 2.678674000 4
H 1. 426845000 5
H 3. 798647000 3
0 1. 493374000 -0
C 3. 144195000 6.
H 4. 183790000 6.
H 3. 106664000 6.
H 2. 529850000 6.
C -1. 509965000 -0.
H -0. 732181000 -0.
H —1. 734907000 0.
79

1TV, Escrr) = -2407.6113 a.u.

C -0. 931360000 -0.
C 1. 411448000 0.
Co 1. 118296000 —0.
C -3. 104248000 1.
C -2. 582775000 0.
C -1. 905183000 -0.
H -2. 143836000 2.
H -3. 319412000 3.
H —2. 711307000 0.
H —1. 499552000 -1.
S —-2. 803234000 -1.
C —4. 274431000 -0.
C —5. 078893000 0.
C -4. 617693000 -1.
C —6. 230610000 0.
H —4. 816776000 0.
C =5. 773339000 -1.
H -3. 996606000 —2.
C —-6. 591081000 -0.
H —6. 865550000 L.
H —6. 047152000 -1.
C —7. 823850000 0.
H —8. 569550000 0.
H =8. 291762000 -0.
H =7.573102000 L.
0 —3. 030585000 -1.
0 -2.491243000 —2.
C —-1. 698917000 0.
H —-1. 007432000 -1.

. 708326000
. 631896000
. 544495000
. 640281000
. 048568000
. 890109000
. 196325000

066691000
186990000
376330000
761877000
445010000
953674000
488476000

457883000
705986000
414731000
943398000
677003000
081699000
060425000
381476000
273983000
048486000
410445000
877160000
115840000
482210000
517461000
542985000
068625000
274092000
060704000
284489000
540099000
401520000
821156000
420335000
182436000
149542000
784836000
386079000
502598000

S-91

. 168776000
. 042666000
. 978245000
. 171239000
. 466724000
. 857719000
. 703425000
. 342194000
. 009276000
. 392978000
. 7161465000
. 786761000
. 366614000
. 307501000

. 277187000
. 665980000
. 085589000
. 657019000
. 965060000
. 014916000
. 606367000
. 068037000
. 968036000
. 295985000
. 231789000
. 348651000
. 910201000
. 138847000
. 236242000
. 872725000
. 920527000
. 264885000
. 010536000
. 673378000
. 461207000
. 730019000
. 046819000
. 282387000
. 460500000
. 667089000
. 7168804000
. 699368000
. 039300000
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. 864430000
. 877315000
. 366200000
. 967591000
. 658814000
. 045573000
. 768402000
. 132690000
. 743801000
. 057657000
. 849796000
. 543322000
. 697329000
. 737790000
. 899523000
. 742851000
. 644268000
. 880726000
. 341391000
. 390738000
. 891593000
. 142346000
. 926905000
. 150012000
. 960008000
. 7147275000
. 116029000

1. 402318000
1. 535891000

DN = W O~ W

. 918097000
. 269640000
. 238763000
. 571431000
. 770632000
. 545170000
. 938138000
. 007672000
. 728180000
. 142487000
. 925869000
. 287440000
. 493430000
. 646321000
. 134160000
. 989514000

S Oy O v O1T O1T DN =N DN W~

. 749361000
. 352235000
. 731759000
. 795834000
. 553910000
. 700651000
. 794305000
. 207857000
. 265141000
. 582199000
. 877070000
. 487281000
. 895489000
. 372302000
. 533445000
. 057111000
. 994412000
. 929964000
. 070596000
. 887890000
. 139297000
. 028519000
. 495583000
. 240557000
. 829063000
. 212052000
. 901324000
. 083066000
. 011054000
. 409998000
. 279428000
. 650208000
. 211253000
. 079297000
. 766434000
. 461312000
. 680614000
. 143151000
. 100041000
. 018071000
. 118146000
. 550437000
. 137308000
. 912374000
. 824621000

S-92

. 684749000
. 837242000
. 661434000
. 377926000
. 652931000
. 635612000
. 144160000
. 883776000
. 794015000
. 032848000
. 185800000
. 189076000
. 501252000
. 304318000
. 010738000
. 751123000
. 316594000
. 222184000
. 759227000
. 866513000
. 478018000
. 484583000
. 921958000
. 807674000
. 133846000
. 709047000
. 170135000
. 145511000
. 264505000

1. 351175000

. 246707000
. 394859000
. 650412000
. 900826000
. 501108000
. 998591000
. 264008000
. 569455000
. 115525000
. 819740000
. 425293000
. 227233000
. 719703000
. 891308000
. 276920000



H 2. 339123000 6.
H 1. 255987000 7.
C —1. 384812000 —0.
H —0. 632705000 —0.
H —1. 652450000 0.
79

I, E(scrr) = -2407.649486 a.u.

C —0. 846459000 0.
C 0. 176347000 -0
C 0. 147708000 4
C 0. 946920000 4
C 1. 158639000 3
C 0. 588999000 2
H -1. 042130000 2
H —0. 058098000 5
H 1. 761208000 4
H 0. 752878000 1
S —3. 533750000 1
C —4. 941422000 0
C —5. 560469000 -0.
C —5. 402894000 1.
C —6. 646953000 -0.
H —5. 205370000 -0.
C —6. 487986000 0.
H —4. 929302000 2.
C =7.122081000 -0.
H =7.139139000 -1.
H —6. 853424000 0.
C —8. 279948000 -1.
H -8. 915720000 -0.
H =7.923192000 —2.
H —8. 904177000 -1.
0 —3. 586507000 1
0 -3. 519520000 3
C -0. 206625000 2
H -1. 174111000 0
C 1. 567192000 6
H 2. 637914000 6.
H 1. 087888000 6
H 1. 482114000 6
C 4. 505344000 0
C 5. 694285000 0
C 6. 046209000 -1.
C 5. 239018000 —2.
C 4. 073466000 -1.

839630000
057470000
347334000
703770000
663879000

875953000

. 305030000
. 460487000
. 857659000
. 929403000
. 660923000
. 932180000
. 164600000
. 211637000
. 970532000
. 707802000
. 839444000

183319000
208830000
849647000
433060000
530100000
028874000
510388000
640774000
817544000
256912000
589966000
047116000
734134000

. 511564000
. 062195000
. 258456000
. 715448000
. 234708000

202354000

. 917784000
. 675283000
. 295574000
. 148937000

142538000
231087000
963604000

S-93

. 916874000
. 530503000
. 727457000
. 436795000
. 043958000

. 230964000
. 039864000
. 227148000
. 302551000
. 332665000
. 283201000
. 677387000
. 976630000
. 194071000
. 105634000
. 012238000
. 294265000
. 013775000
. 970689000

0. 448134000

O O O O N O =~ DN+ ODD

. 008457000
. 922077000
. 500560000
. 826708000
. 008843000
. 505053000
. 446602000
. 038875000
. 120696000
. 684277000
. 474414000
. 432680000
. 198499000
. 271253000
. 356866000
. 110834000
. 647724000
. 357165000
. 211535000
. 931257000
. 319315000
. 991953000
. 269299000



N 3. 720035000 -0
H 6. 956443000 -1
H 6. 310504000 1
H 5. 499845000 -3
N 4. 046704000 1
C 4. 711858000 2
C 2. 705354000 2
C 3. 875710000 3
H 5. 714826000 2
H 1. 796759000 3
H 4. 073440000 4
N 3. 185571000 -2
C 3. 375635000 -4
C 2. 265717000 -4
H 4. 277493000 -4
C 1. 438361000 -3
H 2. 074315000 -5
H 0. 468597000 -3
N 2. 810434000 1
N 1. 991325000 -2
Co 1. 599841000 -0
I 0. 155916000 -0
C ~0. 413723000 3
C ~0. 360828000 -1
C ~1. 254539000 -2
C 0. 057885000 -2
C ~1. 727013000 -3
H ~1. 533413000 -1
C ~0. 419020000 -3
H 0. 762974000 -1
C ~1. 328790000 -4
H ~2. 411677000 -4
H ~0. 083045000 -4
0 1. 400570000 -0
C ~1. 876734000 -5
H ~2. 159146000 -6
H ~1. 146324000 -6
H 2. 774791000 -5
C ~2. 116500000 0
H ~2. 480780000 -0
H ~1. 973413000 0
79

I, Escrry = -2407.604985 a.u.
C 1. 107652000 1.
C ~0. 382877000 1.

. 734539000
. 301936000
. 000059000
. 235404000
. 531367000
. 723960000
. 822077000
. 580037000
. 857094000
. 114508000
. 605821000
. 967348000
. 323352000
. 847907000
. 792129000
. 730043000
. 886308000
. 697064000
. 594804000
. 602817000
. 289825000
. 108156000
. 181683000
. 696678000
. 365559000
. 362387000
. 638911000
. 915733000
. 633728000
. 866922000
. 293755000
. 136782000
. 120810000
. 078080000
. 654845000
. 224094000
. 246514000
. 569031000
. 725488000
. 299750000
. 976631000

526618000
050773000

S-94

. 100514000

1. 889162000
1. 193178000
1. 302003000

. 270709000
. 394459000
. 327352000
. 067934000
. 018931000
. 831009000
. 341023000
. 153662000
. 227708000
. 843822000
. 135032000
. 119877000
. 070145000
. 993926000
. 847037000
. 703340000
. 623834000
. 852051000
. 169187000
. 278484000
. 426505000
. 442830000
. 744849000
. 9521744000
. 755279000
. 103738000
. 917960000
. 060934000
. 668818000
. 373100000
. 278669000
. 386307000
. 841679000
. 905579000
. 383621000
. 442748000
. 669930000

. 022640000
. 257715000



—T OO0z DD D=z - DT DT oD oo @D DT o@D Do oo o000 n oD DT DT O0O00O0

W w O O~ N

| |
o O

N O = = W OO0 OO W ks O OT W ks W ks W

. 412298000
. 501552000
. 460434000
. 325724000
. 055904000
. 252036000
. 259727000
. 497719000
. 627539000
. 129330000
. 749064000
. 904575000
. 142421000
. 167066000
. 290388000
. 214689000
. 909875000
. 848510000
. 899604000
. 297570000
. 160073000
. 470037000
. 546121000
. 516957000
. 525019000
. 228141000
. 540356000
. 627426000
. 840177000
. 591723000
. 539316000
. 153452000
. 260855000
. 326535000
. 268246000
. 105230000
. 098613000
. 210272000
. 295280000
. 086881000
. 984303000
. 652594000
. 025636000
. 399625000
. 329333000

S W o U1 Do W o1 O >

. 731945000
. 702522000
. 284439000
. 953238000
. 696059000
. 021042000
. 014845000
. 677409000
. 192286000
. 299664000
. 550732000
. 185877000
. 695850000
. 624908000
. 343434000
. 205381000
.611267000
. 671639000
. 260669000
. 860030000
. 684416000
. 204515000
. 680662000
. 128969000
. 277392000
. 969925000
. 531757000
. 146651000
. 426155000
. 338001000
. 827355000
. 420562000
. 266619000
. 486844000
. 072274000
. 862462000
. 115003000
. 630303000
. 700685000
. 671314000
. 118655000
. 859262000
. 892543000
. 371747000
. 961147000

S-95

. 683002000
. 260811000
. 580628000
. 964212000
. 603981000
. 311801000
. 944880000
. 612065000
. 848265000
. 020884000
. 469434000
. 175028000
. 217787000
. 381903000

1. 849791000
1. 520586000

. 389434000
. 160727000
. 746578000
. 145196000
. 796146000
. 779168000
. 463268000
. 286766000
. 403179000
. 520801000
. 031479000
. 687766000

1. 400977000

|
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. 170064000
. 167617000
. 603916000
. 436823000
. 939321000
. 672572000
. 932952000
. 385832000
. 902741000
. 428596000
. 292738000
. 913092000
. 013287000
. 509842000
. 187672000
. 847682000
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2TSI, E(scrF)
0.
—2.
. 789563000
. 854423000
. 610772000
. 471734000
. 157702000
. 950475000
. 950513000
. 513204000
. 783048000

Co

OZ2 T DT T Z2 00000

|
()

O O OO = O OO

. 873207000
. 176179000
. 819767000
. 489196000
. 680416000
. 467413000
. 509687000
. 891100000
. 623649000
. 971893000
. 590030000
. 455449000
. 347745000
. 284862000
. 612999000
. 306741000
. 787309000
. 041713000
. 242866000
. 036802000
.501713000
. 130506000
. 771063000
. 952017000
. 399194000
. 386064000
. 944137000
. 458482000
. 948255000
. 923009000
. 448038000
. 017507000

=-1239.431075 a.u.,
. 000003000
. 000013000
. 000011000
. 209989000
. 153355000
. 000005000
. 000013000
. 154910000
. 154889000
. 296371000
. 608638000

077894000
120946000

. 104776000
. 009180000
. 406997000
. 339675000
. 662736000
. 691952000
. 886191000
. 364206000
. 855343000
. 130436000
. 126715000
. 051211000
. 237572000
. 393664000
. 523675000
. 293354000
. 891698000
. 740866000
. 583373000
. 453965000
. 526787000
. 375912000
. 376873000
. 764099000
. 670449000
. 825431000
. 808558000
. 885430000
. 124810000
. 472606000
. 0507812000
. 692137000

IF = i224.1632 cm’!

S-96

o= W W O = N W

. 955705000
. 441296000
. 320812000
. 063947000
. 125365000
774777000
. 959115000
. 918244000
. 573300000
. 981643000
. 875302000
. 291331000
. 348023000
. 296301000
. 652520000
. 334678000
. 332704000
. 629854000
. 869301000
. 631198000
. 819567000
. 306437000
. 127303000
. 132561000
. 713417000
. 726162000
. 922818000
. 942769000
. 450323000
. 230916000
. 303935000
. 834686000

. 621921000
. 007661000
. 147955000
. 427336000
. 054472000
. 389611000
. 177723000
. 947257000
. 947259000
. 245692000
. 540531000
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4TS1 , E(scrF)

Co

OZ2 T DT T Z2 00000

O DN OO OO OO HOOO OO —=OO

. 301646000 3
. 648600000 4
. 059911000 3
. 127320000 3
. 792538000 5
. 513238000 -2
. 783095000 -3
. 648648000 —4
. 059964000 -3
. 301680000 -3
. 792595000 -5
. 127350000 -3
. 220385000 2
. 220411000 -2
. 610754000 1
. 678987000 0
. 854402000 1
. 807999000 1
. 807986000 -1
. 122932000 1
. 312859000 2
. 122920000 -1
. 312836000 -2
. 804340000 -0
. 631157000 2
. 631135000 -2
. 240840000 -0
. 468129000 -0
. 468069000 0
. 933813000 0
. 970800000 0
. 028084000 -0
=-1239.417744 a.u.,
. 472300000 -0
. 880129000 0
. 282002000 0
. 560711000 -0
. 249815000 -0
. 038488000 0
. 787515000 0
. 227121000 2
. 800233000 -1
. 410600000 2
. 659924000 3

. 350056000
. 316516000
. 924291000
. 480278000
. 377475000
. 296362000
. 608625000
. 316510000
. 924271000
. 350060000
. 377469000
. 480289000
. 138769000
. 138770000
. 153368000
. 000011000
. 210008000
. 202805000
. 202833000
. 201343000
. 150677000
. 201376000
. 150703000
. 000019000
. 147935000
. 147970000
. 000014000
. 886900000
. 886794000
. 000076000
. 000011000
. 000023000

IF =4276.3752 cm™

. 071447000
. 081371000
. 168149000
. 902004000
. 956467000
. 133834000
. 441639000
. 475047000
. 791850000
. 388221000
. 704558000

S-97

o= W W O = N W

. 605737000
. 371016000
. 534319000
. 664754000
. 230820000
. 245697000
. 940541000
. 371030000
. 934329000
. 605727000
. 230839000
. 664742000
. 077118000
. 077113000
. 054470000
. 382040000
. 427335000
. 7181478000
. 781457000
. 317792000
. 968713000
. 317771000
. 968677000
. 077841000
. 143441000
. 143402000
. 389376000
. 990782000
. 990920000
. 462934000
. 108599000
. 307842000

. 763032000
. 273268000
. 530834000
. 414185000
. 053749000
. 343383000
. 073975000
. 756396000
. 982396000
. 079525000
. 371558000
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3TS1", Escrr) = -2294.282715 a.u., IF = i321.8697 cm’
C -1.
Co 0.
. 981606000
. 120363000
. 022655000
. 397213000
. 570374000
. 0563685000
. 870685000
. 587004000
. 005022000

O nn o oD om0 OO
|
—_

. 986245000
. 029566000
. 567977000
. 218146000
. 301918000
. 191831000
. 326507000
. 099573000
. 558193000
. 178118000
. 119594000
. 428256000
. 614448000
. 119253000
. 057961000
. 180188000
. 236355000
. 525484000
. 666394000
. 895858000
. 963496000
. 035998000
. 215270000
. 673901000
. 371696000
. 622780000
. 151024000
. 711754000
. 342528000
. 575061000
. 549919000
. 641082000

001003000
965248000

1.
0.
0.

. 284908000
. 313025000
. 093025000
. 331129000
. 348264000
. 154500000
. 450534000
. 258190000
. 690000000
. 367837000
. 337348000
. 588821000
. 132198000
. 107657000
. 328688000
. 417576000
. 499189000
. 290853000
. 078083000
. 335571000
. 223607000
. 037407000
. 034444000
. 170840000
. 290872000
. 954511000
. 210939000
. 514114000
. 029532000

203386000
354017000
337509000

. 102132000
. 226354000
. 264976000
. 410330000
. 267020000
. 724351000
. 717436000
. 313056000
. 299401000
. 991063000
. 481171000

S-98

. 777916000
. 196734000
. 373911000
. 832842000
. 055581000
. 321800000
. 749737000
. 662568000
. 775761000
. 404392000
. 635641000
. 432595000
. 244961000
. 005974000
. 933471000
. 683740000
. 287546000
. 983095000
. 313588000
. 707462000
. 987509000
. 041998000
. 974202000
. 725966000
. 487789000
. 086003000
. 406667000
. 007517000
. 648593000
. 994571000
. 018442000
. 631546000

. 422380000
. 035271000
. 352279000
. 584874000
. 793230000
. 253374000
. 145607000
. 666949000
. 264993000
. 683599000
. 740536000



Z oD oD ooz o000z - T Z2o0o0000@D- DT DT O 00000 - DT T O T OO O0O0O0n

S — DN U W W

. 020999000
. 319533000
. 326800000
. 804713000
. 632436000
. 345362000
. 628926000
. 323427000
. 890501000
. 927948000
. 020576000
. 664870000
. 316885000
. 076000000
. 006172000
. 117115000
. 216897000
. 471538000
. 947653000
. 079596000
. 527589000
. 759943000
. 911221000
. 065102000
. 052166000
. 847625000
. 741389000
. 982736000
. 916625000
. 944130000
. 521918000
. 163692000
. 577517000
. 180545000
. 875685000
. 565141000
. 797472000
. 697233000
. 572605000
. 921996000
. 562063000
. 635623000
. 308092000
. 802073000
. 445142000

— — O

|
(=]

S W B W= DN~ DN

. 430767000
. 659303000
. 585236000
. 499865000
. 803885000
. 660592000
. 788399000
. 553483000
. 721679000
. 036323000
. 408275000
. 840751000
. 836762000
. 163685000
. 759016000
. 340435000
. 222672000
. 908298000
. 798473000
. 800377000
. 105426000
. 565215000
. 340410000
. 903200000
. 743415000
. 039838000
. 434787000
. 475376000
. 244067000
. 405214000
. 933528000
. 123921000
. 774403000
. 053106000
. 919380000
. 334550000
. 815401000
. 121078000
. 689914000
. 752588000
. 291894000
. 761749000
. 424742000
. 426666000
. 102010000

S-99

. 655972000
. 420692000
. 371825000
. 169886000
. 685850000
. 505990000
. 715901000
. 457946000
. 209185000
. 511397000
. 003844000
. 298910000
. 874029000
. 940254000
. 080536000
. 389534000
. 190671000
. 876345000
. 832316000
. 374855000
. 106333000
. 792016000
. 944419000
. 296792000
. 473788000
. 553680000
. 082351000
. 390732000
. 540350000
. 985474000
. 351616000
. 931244000
. 740660000
. 200793000
. 085034000
. 738121000
. 652490000
. 326635000
. 218808000
. 793650000
. 380312000
. 196850000
. 945425000
. 377580000
. 231799000



ITS1", Escrr) = -2294.256952 a.u., IF =i356.9809 cm®
I.
. 301387000
. 034168000
. 291991000
. 192714000
. 848539000
. 770271000
. 125721000
. 188228000
. 452852000
. 097937000
. 300310000
. 082109000
. 915374000
. 484165000
. 288783000
. 887910000
. 927257000
. 683002000
. 054760000
. 838355000
. 319091000

N 2
C -1
I 0
C -1
C -1
C 1
C 1
C 2
H 1
C 1
H 0
C 2
H 2
H 1
C 3
H 2
H 4
H 3
C -1
H -1
H -1
77

C 0.
Co -0.
C -1
C 1
C 0
H 0
H 0
H 1
H 1
S 3
C 3
C 3
C 4
C 4
H 3
C 4
H 4
C 4
H 4
H 5
C 5
H 4

. 503677000
.411313000
. 039561000
. 312255000
. 320231000
. 545881000
. 131994000
. 267638000
. 420214000
. 867896000
. 683078000
. 448856000
. 698536000
. 972862000
. 214271000
. 670448000
. 189978000
. 389035000
. 7136842000
. 488915000
. 538937000

634093000
983579000

. 105642000
. 126214000
. 986014000
. 362766000
. 599986000
. 353206000
. 081905000
. 324653000
. 890837000
. 806904000
. 418242000
. 227071000
. 425129000
. 846747000
. 505319000
. 749837000
. 137246000
. 268958000
. 197183000
. 376880000

|
=

o= W O W N W

. 781743000
. 751043000
. 618759000
. 613789000
. 675981000
. 534732000
. 744616000
. 209340000
. 002993000
. 425628000
. 207214000
. 668772000
. 181574000
. 981040000
. 424723000
. 320758000
. 7162734000
. 804649000
. 018645000
. 107262000
. 860358000

153587000

$-100

DN DN — O W= WD W o DN DN~

. 318011000
. 619491000
. 302966000
. 177553000
. 015994000
. 108463000
. 655742000
. 087130000
. 138786000
. 633579000
. 923551000
. 372655000
. 851963000
. 621986000
. 433036000
. 760944000
. 061913000
. 318526000
. 738937000
. 286089000
. 408744000

. 493780000
. 039164000
. 416505000
. 618683000
. 771343000
. 125821000
. 370702000
. 669858000
. 178869000
. 555116000
. 838646000
. 942272000
. 677594000
. 077255000
. 186806000
. 121601000
. 741846000
. 256838000
. 146793000
. 7167999000
. 857838000
. 404124000
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. 014743000
. 549173000
. 626718000
. 833227000
. 705414000
. 989365000
. 190117000
. 940299000
. 572525000
. 235300000
. 493281000
. 598644000
. 767978000
. 809319000
. 645404000
. 531835000
. 653840000
. 556534000
. 708128000
. 218218000
. 671212000
. 879264000
. 671647000
. 271933000

1. 803902000
1. 414058000

. 454964000
. 259118000
. 521988000
. 267260000
. 255291000
. 839023000
. 382336000
. 259651000
. 210924000
. 706715000
. 071506000
. 571958000
. 992543000
. 905426000
. 123951000
. 702742000
. 911660000
. 923141000
. 524091000

I
B

S Oy O O1 © DN — DN

. 686952000
. 534118000
. 531020000
. 508485000
. 358164000
. 289595000
. 793396000
. 554212000
. 643344000
. 130918000
. 580788000
. 412259000
. 042762000
. 895492000
. 135147000
. 464205000
. 662830000
. 311665000
. 617185000
. 187542000
. 854970000
. 340212000
. 995415000
. 701428000
. 799560000
. 224461000
. 013812000
. 628448000
. 642755000
. 288919000
. 580738000
. 334574000
. 194324000
. 850084000
. 599846000
. 7166346000
. 826725000
. 671963000
. 601469000
. 183908000
. 521661000
. 7128265000
. 667822000
. 073112000
. 343677000

S-101

. 973393000
. 089741000
. 601775000
. 939867000
. 404158000
. 091543000
. 044852000
. 084360000
. 7133669000
. 031772000
. 801976000
. 952738000
. 281804000
. 914457000
. 995089000
. 067160000
. 371566000
. 955183000
. 051292000
. 338049000
. 993693000
. 516371000
. 132799000
. 288881000
. 382614000
. 599749000
. 363414000
. 282641000
. 843379000
. 464255000
. 216431000
. 608965000
. 379955000
. 040715000
. 324024000
. 776311000
. 423562000
. 075469000
. 137956000
. 208843000
. 742873000
. 214995000
. 240652000
. 741457000
. 003818000
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. 736423000
. 308097000
. 909704000
. 569412000
. 944653000
. 990380000
. 432925000
. 495770000
. 410099000
. 236056000

DN O — W WO WD

. 190176000
. 604030000
. 619082000
. 807856000
. 048845000
. 529115000
. 346259000
. 256053000
. 377093000
. 123392000

DO DN — W= O1 O = &~ — W

3TS1', Escrr) = -2294.272223 a.u., IF = i99.0576 cm™!

C 1.
-1.
. 416645000
. 592141000
. 844140000
. 033880000
. 583288000
. 476703000
. 901064000
. 579844000
. 369832000
. 615991000
. 718837000
. 199492000
. 367858000
. 305545000
. 556302000
. 545378000
. 392880000
. 590760000
. 149965000
. 901977000
. 626959000
. 381144000
. 915532000
. 871739000
. 011795000
. 496266000
. 263925000
. 214394000
. 219199000
. 360497000
. 531808000

O
o
I
—

Oz T T OoOTDoOoooo I T IO T oD oD oo noDTD DT OO0
— O = = W W OO OO O O1T O Ok Ol O OO0 = O O

294487000
075050000

0.
. 241458000
. 7123348000
. 287850000
. 131634000
. 524451000
. 540952000
. 222893000
. 175138000
. 232887000
. 081589000
. 095335000
. 269600000
. 942523000
. 037676000
. 296781000
. 368860000
. 154468000
. 809069000
. 219851000
. 280214000
. 908604000
. 024631000
. 795808000
. 515500000
. 001686000
. 166685000
. 077021000
. 802338000
. 308872000
. 591880000
. 516622000
. 695187000

|
=

— =W O W Ww O

S O O O O DN~ DN

|
[\l

957268000

$-102

. 506980000
. 984694000
. 731526000
. 604696000
. 301263000
. 198699000
. 197934000
. 750315000
. 389543000
. 364367000

. 001020000
. 116436000
. 572349000
. 849387000
. 125128000
. 990759000
. 307129000
. 929269000
. 635365000
. 632801000
. 691381000
. 672577000
. 335966000
. 396098000
. 149303000
. 995598000
. 404685000
. 778471000
. 457576000
. 094664000
. 583423000
. 288242000
. 938163000
. 173482000
. 989977000
. 060198000
. 710828000
.605001000
. 012171000
. 230635000
. 972248000
. 463594000
. 789379000
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. 618789000
. 876814000
. 028325000
. 874030000
.670757000
. 748906000
. 498662000
. 002303000
. 201363000
. 692061000
. 918261000
. 672208000
. 328049000

1. 868268000
1. 394882000

. 861547000
. 879902000
. 329564000
. 893395000
. 949501000
. 842397000
. 150657000
. 206569000
. 672787000
. 651221000
. 482061000
. 903810000
. 492772000
. 761335000
. 350549000
. 001989000
. 837449000
. 596389000
. 087063000
. 921756000
. 259492000
. 528766000
. 149846000
. 573924000
. 211370000
. 833524000
. 7159752000
. 593234000
. 305361000

|
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|
— O

. 529020000
. 088161000
. 868245000
. 113372000
. 516889000
. 705304000
. 478276000
. 529590000
. 028016000
. 220619000
. 754213000
. 077997000
. 064015000
. 253304000
. 820504000
. 116814000
. 779785000
. 889207000
. 410567000
. 830122000
. 637390000
. 501596000
. 122635000
. 765308000
. 583949000
. 535516000
. 439264000
. 540566000
. 087854000
. 093211000
. 780247000
. 643802000
. 779010000
. 959427000
. 140264000
. 838322000
. 243643000
. 893207000
. 244130000
. 301288000
.737778000
. 919009000
. 049067000
. 679260000

S-103

DO — — O1 O1T O O = DN = DN O NN~

. 060140000
. 651721000
. 006218000
. 219596000
. 186686000
. 843354000
. 566931000
. 336505000
. 101833000
. 546105000
. 164046000
. 603556000
. 765075000
. 040743000
. 907307000
. 899707000
. 533408000
. 127291000
. 518224000
. 812351000
. 713010000
. 095022000
. 862823000
. 075995000
. 819787000
. 9527164000
. 081302000
. 217823000
. 593097000
. 830407000
. 784499000
. 662366000
. 024388000
. 900737000
. 027021000
. 744080000
. 971033000
. 317976000
. 092733000
. 718325000
. 175135000
. 411347000
. 886118000
. 051636000



ITS1", E(scrr) = -2294.219804 a.u., IF = i34.667 cm’!

C

(@)
o
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. 717246000
-1.
. 505718000
. 788152000
. 689009000
. 299044000
. 465493000
. 654728000
. 473015000
. 645860000
. 223550000
. 710096000
. 155457000
. 115675000
. 7184256000
. 571159000
. 805764000
. 046291000
. 496822000
. 534799000
. 460841000
. 667535000
. 356817000
. 669804000
. 446875000
. 564037000
. 853378000
. 548940000
. 229611000
. 886220000
. 282685000
. 668185000
. 175371000
. 257800000
. 487227000
. 604899000
. 467558000
. 290665000
. 354499000
. 156834000
. 548535000
. 856928000
. 266301000
. 232497000

725072000

0.
. 515177000
. 692769000
. 875970000
. 572302000
. 153027000
. 443208000
. 081305000
. 766296000
. 066361000
. 136029000
. 697746000
. 496423000
. 641546000
. 364300000
. 426724000
. 809245000
. 016592000
. 305559000
. 487841000
. 027497000
. 168123000
. 701352000
. 004273000
. 293668000
. 612598000
. 254740000
. 167563000
. 350153000
. 085237000
. 581567000
. 508819000
. 388557000
. 875268000
. 221844000
. 105566000
. 693871000
. 343985000
. 569711000
. 721633000
. 083727000
. 851493000
. 954369000
. 730910000

|
(=]

S~ O W N WO

914371000

S-104

O = = O NN O OO+ —

. 153775000
. 481182000
. 067527000
. 110633000
. 654852000
. 662315000
. 826687000
. 170956000
. 350339000
. 063361000
. 857186000
. 377205000
. 160588000
. 318796000
. 584332000
. 207218000
. 139312000
. 046659000
. 279987000
. 442869000
. 089424000
. 835238000
. 628850000
. 641574000
. 901928000
. 372521000
. 271536000
. 614006000
. 743288000
. 006352000
. 959328000
. 670591000
. 005733000
. 7125486000
. 563538000
. 720632000
. 043029000
. 159593000
. 113993000
. 395177000
. 610931000
. 030941000
. 585012000
. 484969000
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3TS2’, Escrr) = -2294.282717 a.u., IF = i321.9847 cm™!
C -1.
Co 0.
. 981678000
. 120291000
. 022603000
. 397063000
. 570180000
. 053627000
. 870665000
. 586868000

om0 OO
|
—_

. 070641000
. 840294000
. 117022000
. 834122000
. 337475000
. 240488000
. 533280000
. 294090000
. 185474000
. 931858000
. 306608000
. 928932000
. 066009000
. 240427000
. 367552000
. 137241000
. 071291000
. 406368000
. 543063000
. 342249000
. 338289000
. 490449000
. 598168000
. 390823000
. 236285000
. 519103000
. 352095000
. 334019000
. 057827000
. 642898000
. 882711000
. 359899000
. 573687000

000923000
965196000

|
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|
— O

1.
. 226470000
. 264776000
. 410602000
. 267229000
. 724333000
. 717535000
. 313411000
. 299641000
. 991085000

|
=

S = W o1 W N W

. 902313000
. 676718000
. 341069000
. 616840000
. 395046000
. 257418000
. 097970000
. 189284000
. 686365000
. 897811000
. 063850000
. 091596000
. 663264000
. 637974000
. 794745000
. 342967000
. 939874000
. 080669000
. 234935000
. 961547000
. 497387000
. 117232000
. 828687000
. 498467000
. 028228000
. 717048000
. 457977000
. 918141000
. 950953000
. 275559000
. 439475000
. 501533000
. 161491000

102171000

S-105

DO — — W O AR R = WD W

. 255539000
. 145006000
. 004720000
. 523392000
. 822506000
. 380328000
. 212062000
. 156328000
. 118143000
. 817784000
.619277000
. 350088000
. 277340000
. 130357000
. 810291000
. 607566000
. 234525000
. 882404000
. 392371000
. 964222000
. 119304000
. 479061000
. 614839000
. 286910000
. 771756000
. 491716000
. 454486000
. 632305000
. 379789000
. 279617000
. 536096000
. 725587000
. 299226000

. 422496000
. 035122000
. 352172000
. 584583000
. 793028000
. 253693000
. 145131000
. 666667000
. 264864000
. 683822000
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. 004963000
. 021176000
. 319319000
. 327065000
. 805016000
. 632302000
. 344976000
. 629026000
. 323891000
. 890258000
. 928065000
. 020549000
. 664476000
. 317625000
. 075872000
. 005984000
. 117044000
. 216954000
. 471458000
. 947612000
. 079509000
. 527520000
. 760020000
. 911354000
. 065211000
. 052205000
. 847616000
. 741397000
. 982887000
. 916818000
. 944157000
. 522017000
. 163834000
. 577422000
. 180404000
. 875855000
. 565061000
. 797303000
. 697155000
. 572493000
. 921834000
. 561963000
. 635470000
. 307892000
. 801898000

. 481072000
. 430515000
. 659291000
. 584916000
. 500184000
. 803803000
. 660698000
. 788163000
. 553041000
. 721660000
. 036032000
. 408341000
. 840254000
. 836295000
. 163769000
. 758951000
. 340538000
. 222780000
. 908593000
. 798836000
. 800640000
. 105730000
. 965255000
. 340361000
. 903080000
. 743309000
. 039818000
. 434845000
. 475185000
. 243996000
. 405046000
. 933640000
. 124095000
. 774617000
. 053345000
. 919542000
. 334794000
. 815698000
. 121088000
. 689966000
. 752620000
. 291985000
. 7161724000
. 424797000
. 426622000

S-106

. 740671000
. 655826000
. 420753000
. 371756000

1. 169671000

. 685837000
. 506055000
. 715914000
. 457873000
. 209115000
. 511489000
. 003408000
. 299423000
. 874278000
. 940578000
. 080759000
. 389328000
. 190604000
. 875860000
. 831859000
. 374321000
. 105796000
. 791858000
. 944297000
. 296675000
. 473924000
. 553845000
. 082167000
. 390643000
. 940261000
. 985592000
. 351459000
. 930988000
. 740524000
. 200550000
. 084705000
. 738030000
. 652189000
. 326801000
. 218981000
. 793802000
. 380503000
. 196982000
. 545574000
. 377683000



N 0. 445212000 —2. 102149000 -1. 231713000
N 2. 503567000 0. 781702000 1. 318154000
C -1. 411166000 4.751172000 0. 619093000
I 0. 039121000 -1. 618712000 2. 302916000
C —1. 312131000 3. 613852000 —0. 177861000
C -1.320116000 4. 676215000 2. 015604000
C 1. 546125000 2. 534447000 —-1. 108281000
C 1. 132091000 0. 744434000 —2. 655647000
C 2. 268061000 3. 208974000 —2. 086871000
H 1. 420455000 3. 002688000 —0. 138593000
C 1. 868159000 1. 425369000 —3. 633405000
H 0. 683108000 —0. 207351000 —2.923501000
C 2. 449270000 2. 668429000 -3. 372407000
H 2.699119000 4. 181121000 -1. 851636000
H 1. 973160000 0. 980782000 —4. 621809000
C 3. 214677000 3. 424375000 —4. 432798000
H 3.391515000 2. 803536000 —5. 317345000
H 2. 669727000 4. 319089000 —4. 762467000
H 4. 189352000 3. 764482000 —4. 060916000
C —1. 736709000 1. 018606000 -1. 739082000
H —1. 488790000 0. 107157000 —2. 286128000
H —1. 538740000 1. 860244000 —2. 408966000
77

ITS2’, E(scrr) = -2294.256952 a.u., IF = i356.9799 cm’!

C 0.633972000 1. 153627000 0. 493771000
Co —0. 983562000 —0. 351488000 —0. 039173000
C —1. 105774000 1. 033989000 1. 416551000
C 1. 125942000 3. 292335000 —2. 618503000
C 0. 985847000 2.192977000 —-1. 771257000
H 0. 362238000 3. 848493000 1. 126009000
H 0. 599284000 5. 770373000 =0. 370356000
H 1. 353007000 3. 126177000 —3. 669681000
H 1. 081892000 1. 188534000 —2. 178852000
S 3. 324524000 1. 453019000 1. 555070000
C 3. 890824000 -0. 097739000 0. 838624000
C 3. 806861000 -0. 300159000 —0. 542286000
C 4. 418357000 —1. 081834000 1. 677581000
C 4. 227143000 —1. 515190000 —1.077250000
H 3. 424972000 0. 484253000 —1. 186829000
C 4. 846969000 —2. 288479000 1. 121605000
H 4. 505448000 —0. 887598000 2. 741824000
C 4. 750049000 —2. 526997000 —0. 256824000
H 4. 137304000 —1. 682854000 —2. 146781000
H 5. 269282000 =3. 054393000 1. 768011000
C 5. 197537000 —3. 838060000 —0. 857798000

$-107
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. 549960000
. 377168000
. 014806000
. 626490000
. 833114000
. 705157000
. 989304000
. 189564000
. 938724000
. 572730000
. 234957000
. 493080000
. 598373000
. 767727000
. 809155000
. 645307000
. 531721000
. 653536000
. 556196000
. 707979000
. 218006000
. 670898000
. 879433000
. 671935000
. 271540000

1. 804018000
1. 414406000

. 454948000
. 259135000
. 522081000
. 267243000
. 255393000
. 839160000
. 382487000
. 259528000
. 210960000
. 706165000
. 071768000
. 571509000
. 992078000
. 905689000
. 123995000
. 703041000
. 911998000
. 923224000

. 533626000
. 319077000
. 686556000
. 531186000
. 508722000
. 358282000
. 289708000
. 793770000
. 554962000
. 644002000
. 130676000
. 581054000
. 412627000
. 043205000
. 895904000
. 135451000
. 464443000
. 663355000
. 312052000
. 617655000
. 7187718000
. 855152000
. 340205000
. 995482000
. 701694000
. 799454000
. 224496000
. 013558000
. 628164000
. 642561000
. 288554000
. 580629000
. 334386000
. 194296000
. 850141000
. 599702000
. 766493000
. 826481000
. 672023000
. 601762000
. 183642000
. 521454000
. 7127894000
. 667569000
. 072803000

S-108

. 089724000
. 403740000
. 973665000
. 601696000
. 939812000
. 404068000
. 091630000
. 044483000
. 083834000
. 732584000
. 032236000
. 801846000
. 952555000
. 281615000
. 514599000
. 995174000
. 067080000
. 371334000
. 554968000
. 051439000
. 337924000
. 993473000
. 916288000
. 132606000
. 288584000
. 382575000
. 599503000
. 363448000
. 282666000
. 843343000
. 464318000
. 216368000
. 608905000
. 379848000
. 040675000
. 324004000
. 776037000
. 423613000
. 075655000
. 137675000
. 208920000
. 742907000
. 215098000
. 240735000
. 741518000
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3TS3, E(scrr)
C -1.
C 1.
Co 0.
. 431972000
. 142397000
. 344398000
. 446744000
. 418231000
. 291943000
. 554966000
. 145361000
. 278183000
. 456502000
. 969729000
. 319547000
. 938731000
. 836734000
. 841075000
. 016443000
. 457664000
. 387499000
. 928136000
. 346252000
. 566134000
. 575717000
. 179039000
. 426673000
. 559771000
. 423885000
. 918681000
. 076021000
. 508365000
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. 524029000
. 7136632000
. 308501000
. 909714000
. 569656000
. 944228000
. 990870000
. 433613000
. 495655000
. 410047000
. 235900000

=-2407.590398 a.u., IF = i103.8915 cm™!

047050000
345266000
711554000

-0. 343818000
2. 189780000
3. 603594000
0. 618761000
2. 807361000
2. 048379000
3. 529183000
3. 345110000
1. 256084000
0. 377085000
2. 123379000

DN DN — W O O = W W

1. 308058000 -0.
-0. 041697000 -1.
-0. 820080000 0.

4. 490039000 2.

3. 217942000 2.

2.196901000 2.

3. 896416000 -0.

5. 671234000 0.

3. 032107000 3.

1. 221821000 2.

2. 185701000 -1.

1. 105881000 -0.

1. 267654000 0.

0. 118294000 -1.

0. 408848000 1.

2. 062865000 0.
-0. 727415000 -0.

0. 035618000 —2.
—0. 603975000 0.

0. 528211000 2.
-1. 491056000 -1.

—1. 542231000
—2. 266648000
—0. 997842000

—2. 105765000 0.
3. 507337000 -1.
2. 049576000 -3.

2. 393306000
0. 442434000

6. 172568000
5. 229494000

S-109

0
0
5. 609409000 3.
3
4

. 003825000
. 507078000
. 984824000
. 731580000
. 604824000
. 301780000
. 198385000
. 198137000
. 750295000
. 389479000
. 364391000

114601000
572662000
132670000
356589000
882971000
079723000
883062000
551469000
944728000
511007000
814889000
928597000
448578000
631494000
125056000
974157000
937625000
706028000
447188000
196694000
481632000

1. 201460000
1. 785712000
1. 906739000

522534000
163182000
256398000

. 685799000
. 428337000

243294000

. 668233000
. 084935000
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. 536050000
. 240051000
. 965456000
. 281885000
. 839920000
. 024728000
. 776163000
. 879674000
. 529597000
. 860126000
. 108086000
. 975625000
. 001997000
. 205763000
. 655420000
. 726582000
. 125526000
. 420571000
. 530736000
. 390296000
. 308185000
. 146952000
. 077727000
. 648846000
. 742527000
. 564572000
. 213287000
. 398323000
. 268939000
. 396483000
. 638118000
. 142933000
. 595929000
. 055277000
. 111390000
. 938212000
. 356188000
. 749687000
. 681732000
. 951442000
. 418076000
. 292882000
. 423626000
. 393500000
. 459291000

(=]
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. 324057000
. 481074000
. 609091000
. 709719000
. 727250000
. 645121000
. 527246000
. 569122000
. 380437000
. 806966000
. 266121000
. 083535000
. 279319000
. 476985000
. 018289000
. 523138000
. 839340000
. 991458000
. 482703000
. 329547000
. 230680000
. 212686000
. 066214000
. 107902000
. 151379000
. 544260000
. 693935000
. 811383000
. 683193000
. 036632000
. 006049000
. 089633000
. 999850000
. 004226000
. 068286000
. 354700000
. 043230000
. 7157402000
. 088153000
. 582800000
. 097329000
. 934682000
. 685126000
. 495974000
. 438504000

$-110

. 688085000
. 089194000
. 482038000
. 034254000
. 215056000
. 117267000
. 329860000
. 321227000
. 104364000
. 139237000
. 413238000
. 091284000
. 327660000
. 058599000
. 524180000
. 061372000
. 492722000
. 961839000
. 756901000
. 490084000
. 748682000
. 086515000
. 222585000
. 430864000
. 945475000
. 168178000
. 982927000
. 503501000
. 164235000
. 709429000
. 729847000
. 901560000
. 934645000
. 181322000
. 090573000
. 673659000
. 109283000
. 169439000
. 017269000
. 997113000
. 316151000
. 622133000
. 156479000
. 336841000
. 535256000



H
H
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ITS3, Escrr) = -2407.581197 a.u.,
-0.

L.
. 458879000
. 545269000
. 016773000
. 295037000
. 772931000
. 250568000
. 259703000
. 748403000
. 713252000
. 843083000
. 866229000
. 712681000
. 746757000
. 212483000
. 595887000
. 704110000
. 619156000
. 752157000
. 283032000
. 551377000
. 986401000
. 138643000
. 249326000
. 591815000
. 157870000
. 012437000
. 018126000
. 808371000
. 016507000
. 849799000
. 754547000
. 138380000
. 924549000
. 145484000
. 548877000
. 689721000
. 532510000
. 7187324000
. 601867000

C
C
Co
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-1.
—0.

W = DNDW W = = OO O

493476000
821584000

365552000
137447000

0.
2.

1.
0.
. 885373000
. 734690000
. 588815000
. 455702000
. 596897000
. 576687000
. 584678000
. 586845000
. 358808000
. 273353000
. 281589000
. 457109000
. 435741000
. 949594000
. 376432000
. 499607000
. 408750000
. 426442000
. 006443000
. 333521000
. 107010000
. 788415000
. 834128000
. 603749000
. 397030000
. 417265000
. 570815000
. 978184000
. 724917000
. 753798000
. 454316000
. 389237000
. 910578000
. 998270000
. 606894000
. 926022000
. 421537000
. 456513000
. 286739000

|
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478091000
108571000

—2.
—2.

IF =i296.5636 cm™

204114000
167952000

S-111

052567000
121012000

. 605145000
. 468872000
. 081277000
. 772339000
. 346946000
. 579281000
. 432746000
. 083009000
. 407940000
. 053822000
. 869593000
. 983311000
. 414336000
. 709725000
. 083933000
. 965197000
. 021402000
. 794244000
. 380117000
. 170403000
. 581524000

1. 125587000
1. 660697000
1. 873914000

. 447144000
. 093412000
. 277038000
. 202673000
. 024416000
. 588991000
. 441929000
. 660249000
. 306047000
. 967886000
. 218043000
. 943984000
. 353863000
. 532850000
. 129520000
. 713896000
. 901098000
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3TS4, Escrr)

. 488558000
. 128233000
. 969488000
. 963673000
. 153930000
. 661969000
. 664183000
. 045477000
. 869038000
. 768644000
. 366200000
. 596577000
. 189994000
. 842532000
. 560177000
. 744115000
. 890345000
. 820242000
. 156531000
. 545328000
. 537558000
. 060022000
. 392631000
. 374124000
. 443350000
. 705778000
. 997032000
. 224011000
. 740443000
. 338339000
. 788160000
. 636071000
. 321935000
. 689969000
. 013647000
. 092304000
. 280954000
. 513358000

=-2407.606389 a.u.,

971464000
. 069178000
. 771558000
. 684610000
. 818007000

DD O — DN W — DN

. 678658000
. 127374000
. 869611000
. 011349000
. 178811000
. 815667000
. 218409000
. 468451000
. 452667000
. 245579000
. 114550000
. 918569000
. 314791000
. 344148000
. 165496000
. 980581000
. 486190000
. 700371000
. 702737000
. 573795000
. 766508000
. 619628000
. 402399000
. 084092000
. 950415000
. 856663000
. 240497000
. 713395000
. 756049000
. 548769000
. 292893000
. 241967000
. 489939000
. 117099000
. 552361000
. 483737000
. 567620000
. 134041000

IF =7180.9003 cm'!
. 590120000
. 708715000
. 970055000
. 852270000
. 970872000

S-112

. 887659000
. 485934000
. 269313000
. 567123000
. 346155000
. 687543000
. 353435000
. 881059000
. 405114000
. 413632000
. 081819000
. 975417000
. 425236000
. 934928000
. 637257000
. 056714000
. 412241000
. 397382000
. 331432000
. 371326000
. 411566000
. 428874000
. 471708000
. 904152000
. 390814000
. 533893000
. 249850000
. 551983000
. 269336000
. 364469000
. 962470000
. 642907000
. 049310000
. 304609000
. 662807000
. 914308000
. 473375000
. 977860000

. 595460000
. 267038000
. 113025000
. 153075000
. 924872000
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. 587055000
. 781768000
. 203164000
. 115629000
. 717055000
. 374200000
. 245216000
. 730152000
. 453807000
. 428104000
. 567650000
. 148646000
. 082063000
. 647470000
. 813272000
. 306083000
. 426286000
. 958960000
. 501798000
. 448769000
. 631951000
. 705695000
. 206129000
. 251438000
. 949705000
. 125057000
. 105964000
. 832626000
. 729700000
. 092531000
. 502383000
. 574940000
. 236441000
. 835765000
. 553880000
. 804215000
. 886454000
. 179150000
. 792576000
. 587326000
. 796492000
. 865918000
. 567846000
. 913820000
. 194286000

. 603873000
. 573512000
. 970647000
. 355551000
. 942370000
. 095541000
. 229321000
. 842985000
. 548200000
. 584500000
. 857004000
. 7186680000
. 373076000
. 727979000
. 416360000
. 811808000
. 004687000
. 800114000
. 111625000
. 332448000
. 500187000
. 987307000
. 060725000
. 098257000
. 331637000
. 601909000
. 930774000
. 640661000
. 641431000
. 7124658000
. 290649000
. 823867000
. 793118000
. 154882000
. 333041000
. 122151000
. 504155000
. 085735000
. 610434000
. 620616000
. 962029000
. 690408000
. 733412000
. 404441000
. 412649000

S-113

. 7168454000
. 925163000
. 252103000
. 898378000

1. 622271000

. 145133000
. 604223000
. 144897000
. 193009000
. 325209000
. 203429000
. 990286000
. 791005000
. 764927000
. 910560000
. 316328000
. 029846000
. 621298000
. 658679000
. 799949000
. 510256000
. 090515000
. 469222000
. 339668000
. 000892000
. 045715000
. 365365000
. 975566000
. 391122000
. 096952000
. 161667000
. 091539000
. 697388000
. 476348000
. 427700000
. 809325000
. 077740000
. 601234000
. 712160000
. 929755000
. 588527000
. 7186937000
. 270158000
. 566458000
. 560438000
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ITS4, Escrr) = -2407.578655 a.u.,
C -0.
C 0.
Co 1.
. 512427000
. 590386000
. 066043000
. 883925000
. 826366000
. 076664000
. 177493000
. 246751000
. 143896000
. 895460000
. 106282000

OO0 n oD DD D o O 00
|
w

. 227926000
. 928557000
. 152379000
. 152505000
. 580508000
. 921175000
. 821993000
0. 915477000
. 309549000
. 658210000
. 074801000
. 935243000
. 834541000
. 944464000
. 712878000
. 044988000
. 826485000
. 011544000
. 729599000
. 595342000
. 596417000
. 047094000
. 696776000
. 283174000
. 640503000
. 948326000
. 584800000
. 501087000
. 102186000

891692000
961906000
071752000

Ol i O1 & © W W W = W H W DN~ DD

o
S = O

. 154386000
. 034343000
. 144284000
. 136313000
. 251027000
. 098829000
. 098217000
. 399095000
. 311671000
. 208264000
. 951379000
. 799482000
. 295454000
. 320735000
. 276888000
. 944253000
. 289740000
. 958773000
. 7186782000
. 664975000
. 677859000
. 566204000
. 829196000
. 376373000
. 373191000
. 557545000
. 139719000
. 222294000
. 129588000

IF =i267.1091 cm™!
. 522831000
. 900007000
. 742776000
. 558169000
. 672059000
. 380903000
. 504451000
. 764602000
. 988242000
. 703869000
. 375778000
. 671154000
. 362604000
. 936030000

S-114

. 906931000
. 311002000
. 462819000
. 138303000
. 309906000
. 019391000
. 739607000
. 088304000
. 392981000
. 608684000
. 551495000
. 677870000
. 628211000
. 507935000

1. 086252000
1. 278061000

. 039712000
. 528624000
. 268318000
. 096014000
. 703901000
. 485263000
. 778314000

1. 631929000
1. 108391000

. 000697000
. 773490000
. 644135000
. 718825000

. 940898000
. 181775000
. 062718000
. 297672000
. 781109000
. 690180000
. 484173000
. 331891000

1. 701776000
1. 534700000

. 058922000
. 528408000
. 029406000
. 065464000



OZzZ T DT oD oo0aozZzooo o000z - T DT Z2o0o00o00o00 - DT DT o@D 00000 @D D DO T OO@m—Oa @m0

> = O W N O OO DN W b O W

|
o

. 615048000
. 914451000
. 822682000
. 527907000
. 589248000
. 207219000
. 786084000
. 383388000
. 728906000
. 269920000
. 787952000
. 659802000
. 386615000
. 432328000
. 050322000
. 084250000
. 891314000
. 493900000
. 321534000
. 598606000
. 963899000
. 610330000
. 903910000
. 542900000
. 919667000
. 674052000
. 502742000
. 395175000
. 763863000
. 007314000
. 852233000
. 800995000
. 000608000
. 210510000
. 612144000
. 646467000
. 780273000
. 522936000
. 740331000
. 658452000
. 253616000
. 412640000

1. 429584000
1. 335244000

. 893313000

. 122095000
. 331886000
. 154502000
. 737809000
. 133211000
. 923160000
. 134421000
. 395872000
. 463909000
. 007508000
. 940577000
. 941522000
. 577455000
. 929792000
. 051430000
. 954209000
. 098494000
. 161929000
. 713844000
. 769292000
. 016676000
. 519803000
. 819686000
627272000
. 068027000
. 691660000
. 580005000
. 449645000
. 211877000
. 997921000
. 488855000
. 191553000
. 351143000
. 401349000
. 7162134000
. 011628000
. 421387000
. 7164291000
. 436646000
. 498816000
. 145236000
. 613896000
. 899373000
. 037170000
. 101726000

S-115

. 200690000
. 456334000
. 239207000
. 380903000
. 822399000
. 637034000
. 708533000
. 080597000
. 539339000
. 867425000
. 822205000
. 973244000
. 907604000
. 477488000
. 433377000
. 215842000
. 945445000
. 778165000
. 428883000
. 770846000
. 652564000
. 481553000
. 462955000
. 250100000
. 147715000
. 608684000
. 404526000
. 354551000
. 793334000
. 887155000
. 731295000
. 912237000
. 117650000
. 893126000
. 408800000
. 125970000
. 415561000
. 854928000
. 907847000
. 769371000
. 828288000
. 707423000
. 694517000
. 7126374000
. 471800000



| |
— O

= O R RO R =W W WO NN

S = = O

S2, E(scrF)

-0.

0.
. 339948000
. 311534000
. 543168000
. 829215000
. 156016000
. 122951000
. 290247000
. 029924000
. 595407000
. 783115000
. 414238000
. 047587000
. 314873000
. 214300000
. 948049000
. 568789000
. 589470000
. 817895000
. 160507000
. 539357000
. 240778000

. 088194000
. 364017000
. 738347000
. 438168000
. 901643000
. 272308000
. 531468000
. 739629000
. 132785000
. 440183000
. 999422000
. 635316000
. 988078000
. 321154000
. 270941000
. 369014000
. 014641000
. 463557000
. 299744000
. 984501000

=-2407.591517 a.u.,
1.
. 623451000
. 817207000
. 998122000
. 931087000
. 745489000
. 554164000
. 633248000
. 041177000
. 937983000
. 838449000
. 909694000
. 204609000
. 305101000
. 931520000
. 477981000
. 565222000
. 190911000
. 565135000
. 794197000
. 872667000
. 377717000
. 948537000

892447000
706974000

|
w

Y O1 O1 O1 © W i i = W DN W DN DD

|
=)

O = = RO W N W

. 006772000
. 819867000
. 083449000
. 833761000
. 424268000
. 871574000
. 641092000
. 450808000
. 873159000
. 199618000
. 446664000
. 682899000
. 745836000
. 345733000
. 500539000
. 174647000
. 287343000
. 379483000
. 423426000
. 177144000

IF = i336.3434 cm’!

315745000

S-116

. 199819000
. 563863000
. 619307000
. 526040000
. 333818000
. 941161000
. 081396000
. 904880000
. 239317000
. 240924000
. 823876000
. 478073000
. 405805000
. 680278000
. 7163737000
. 409675000
. 204720000
. 618975000
. 344503000
. 584216000

. 373903000
. 254807000
. 635704000
. 630031000
. 515357000
. 419734000
. 228522000
. 051151000
. 299435000
. 116766000
. 818057000
. 168321000
. 386150000
. 481076000
. 391392000
. 417217000
. 244894000
. 885375000
. 716653000
. 039299000
. 266040000
. 064827000
. 947650000



ZzZz T T oTzDooozZzD DD ooz oD DT ZzZ2zo0o00o00o00 @0 @D @D O0O@D 00 0o =

O

— O T OO0 0 0 O H

. 120487000
. 991703000
. 882929000
. 584035000
. 155548000
. 985230000
. 054033000
. 003536000
. 631535000
. 111674000
.421181000
. 781038000
. 368822000
. 617976000
. 265171000
. 687503000
. 421869000
. 355238000
. 066428000
. 711863000
. 174791000
. 986423000
. 090695000
. 221640000
. 946986000
. 085835000
. 400677000
. 687024000
. 498948000
. 694171000
. 525303000
. 347355000
. 459890000
. 361217000
. 069339000
. 513434000
. 091913000
. 373596000
. 160917000
. 162531000
. 003239000
. 979818000
. 278528000
. 821400000
. 785241000

| |
o O

O O OO OO O DN W

. 739716000
. 095787000
. 567549000
. 223604000
. 553871000
. 796080000
. 304973000
. 900557000
. 918330000
. 144257000
. 403777000
. 424762000
. 7186243000
. 959845000
. 863382000
. 711144000
. 814780000
. 342553000
. 901364000
. 545217000
. 7178267000
. 620526000
. 496952000
. 033734000
. 7187383000
. 510903000
. 968883000
. 306854000
. 979551000
. 665481000
. 966140000
. 048517000
. 061926000
. 451924000
. 760937000
. 472928000
. 834359000
. 627761000
. 638083000
. 307330000
. 929803000
. 243176000
. 103014000
. 858407000
. 417218000

S-117

| |
w w

DN O = DN = O DN

W w o = W= = O

. 239491000
. 189653000
. 239045000
. 304170000
. 416417000
. 320709000
. 7175648000
. 857609000
. 583597000
. 017614000
. 532471000
. 214752000
. 144859000
. 180556000
. 153375000
. 497040000
. 406892000
. 231522000
. 471512000
. 935276000
. 315517000
. 616671000
. 754982000
. 259823000
. 852047000
. 125212000
. 168549000
. 069715000
. 217638000
. 076499000
. 407457000
. 197887000
. 557826000
. 122241000
. 377459000
. 584640000
. 704375000
. 519130000
. 921653000
. 203247000
. 286284000
. 837034000
. 141291000
. 912762000
. 839593000



T T O @D DT OO @m0

79

ITS2, E(scr)
—0.
. 157883000
. 233712000
. 240719000
. 609115000
. 988619000
. 200625000
. 088795000
. 385733000
. 283106000
. 464593000
. 712535000
. 199032000
. 163169000
. 142914000
. 856113000
. 105687000
. 794524000
. 604541000
. 533954000
. 464748000
. 601759000
. 281414000
. 092710000
. 205358000
. 584452000
. 577839000
. 041832000
. 620481000
. 878047000
. 679335000
. 493264000

T T O @D OO m T I O@D T oD OO OO0 n@oD Do T OO0 00

. 830594000
. 748422000
. 685351000
. 766937000
. 745010000
. 209044000
. 565479000
. 196610000
. 972143000
. 213805000
. 749131000

=-2407.553002 a.u.,
1.
. 437122000
. 937696000
. 249520000
. 250574000
. 012479000
. 518936000
. 694711000
. 464214000
. 268112000
. 7162846000
. 775851000
. 384906000
. 169722000
. 157902000
. 658213000
. 384498000
. 090484000
. 791679000
. 056684000
. 692410000
. 652258000
. 045869000
. 349041000
. 250994000
. 484252000
. 145292000
. 685319000
. 913678000
. 617669000
. 181238000
. 216379000

685084000

|
=)

O — DR U1 W W A Ol W

. 528267000
. 758501000
. 071313000
. 233707000
. 508647000
. 089540000
. 988256000
. 210164000
. 022927000
. 041678000
. 326146000

IF =i129.3832 cm’!

409930000

S-118

|
O O O Wk W HH B~ W

D DN —H O =

S O O DN DN

. 201501000
. 264854000
. 971365000
. 776972000
. 897528000
. 656619000
. 409829000
. 188208000
. 397211000
. 394399000
. 629047000

. 191692000
. 095174000
. 183325000
. 105308000
. 027122000
. 040835000
. 924965000
. 9529526000
. 760004000
. 7172641000
. 974703000
. 126174000
. 729699000
. 135176000
. 054820000

1. 722503000

. 796762000
. 975405000
. 217667000
. 926293000
. 776008000
. 957460000
. 565869000
. 636847000
. 267382000
. 418557000
. 464549000
. 113105000
. 151914000
. 145724000
. 227515000
. 983194000



ZZ DT Doz ooz DD T o000 z2oD oD oD Z20o00000am

@)

O - D T OO0 D DT O QI OO0 H

== N O = = BN W WN O DN~ W WOoo Wk 0o O DN

. 966005000
. 185262000
. 498330000
. 098677000
.409511000
. 104758000
. 519310000
. 119132000
. 032463000
. 875566000
. 404631000
. 680975000
. 621296000
. 563149000
. 633743000
. 624121000
. 419858000
. 229337000
. 396419000
. 220237000
. 325817000
. 368356000
. 999270000
. 359601000
. 129406000
. 973148000
. 684185000
. 332988000
. 382941000
. 313539000
. 7128673000
. 555471000
. 504681000
. 928730000
. 220816000
. 355870000
. 269643000
. 311422000
. 016416000
. 033606000
. 136487000
. 555704000
. 933103000
. 619218000
. 853027000

. 555648000
. 440239000
. 507847000
. 685356000
. 905000000
. 867537000
. 726487000
. 668896000
. 449360000
. 831320000
. 481678000
. 792292000
. 258845000
. 313268000
. 234153000
. 238945000
. 326964000
. 948056000
. 298802000
. 886113000
. 722273000
. 819941000
. 942088000
. 838914000
. 150464000
. 649824000
. 709604000
. 903324000
. 689393000
. 482265000
. 173456000
. 7136267000
. 089100000
. 993203000
. 653630000
. 193957000
. 344325000
.611771000
. 835163000
. 143741000
. 307528000
. 858613000
. 775933000
. 035664000
. 021529000

$-119

O W ks B W HE B W W WD = W = O

. 275426000
. 372781000
. 085881000
. 495495000
. 436537000
. 036299000
. 424617000
. 863781000
. 130205000
. 750194000
. 854054000
. 144631000
. 793957000
. 747974000
. 896248000
. 203680000
. 087120000
. 194818000
. 077327000
. 487823000
. 272013000
. 851918000
. 925774000
. 235769000
. 265447000
. 675280000
. 870080000
. 974741000
. 166623000
. 7182157000
. 150459000
. 144804000
. 860440000
. 098942000
. 845075000
. 638520000
. 218279000
. 350575000
. 898531000
. 720434000
. 994004000
. 742257000
. 931779000
. 333570000
. 373203000



—2. 038607000 -0. 053163000 0.427962000
—1.790967000 1. 304886000 -0. 680816000

$-120



11. References

[1] L. Xiao, M. Bhadbhade, A. T. Baker. Reversible Five-coordinate Six-coordinate
Transformation in Cobalt(Il) Complexes. J. Mol. Struct. 2018, 1157, 112-118.

[2] H. Motohashi, M. Kato, K. Mikami. Ligand-Less Iron-Catalyzed Aromatic Cross-Coupling
Difluoromethylation of Grignard Reagents with Difluoroiodomethane. J. Org. Chem. 2019,
84, 6483-6490.

[3] F. Berger, M. B. Plutschack, J. Riegger, W. Yu, S. Speicher, M. Ho, N. Frank, T. Ritter. Site-
Selective and Versatile Aromatic C—H Functionalization by Thianthrenation. Nature. 2019,
567,223-228.

[4] J. Wang, S. Wang, Z. Wei, P. Wang, Y. Cao, Y. Huang, L. He, A. Lei. Synchronous
Recognition of Amines in Oxidative Carbonylation Toward Unsymmetrical Ureas. Science.
2024, 386,776-782.

[5] a)J. Li, Z. Liang, Y. Ren, J. Gao and D. Du. Facile Access to Gem-difluorocyclopropanes
via An N-heterocyclic Carbene-Catalyzed Radical Relay/Cyclization Strategy. Org. Chem.
Front. 2023, 10, 1669-1674. b) M. KusakabeKazunori, Nagao, H. Ohmiya. Radical Relay
Trichloromethylacylation of Alkenes through N-Heterocyclic Carbene Catalysis. Org. Lett.
2021, 23, 7242-7247.

[6] M. Liu, L. Min, B. Chen, W. Shu. Dual Catalysis Relay: Coupling of Aldehydes and Alkenes
Enabled by Visible-Light and NHC-Catalyzed Cross-Double C—H Functionalizations. ACS
Catal. 2021, 11,9715-9721.

[7] O. Martin, W. Barbara. Copper-Catalyzed Conjugate Addition of A Bis(triorganosilyl) zinc
and A Methyl(triorganosilyl) Magnesium. Synlett. 2004, 12, 2139-2142.

[8] @) Y. Chen, K. Zhu, Q. Huang and Y. Lu. Regiodivergent Sulfonylarylation of 1,3-Enynes
via Nickel/Photoredox Dual Catalysis. Chem. Sci. 2021, 12,13564-13571. b) B. S. Martins,
D. Kaiser, A. Bauer, 1. Tiefenbrunner, N. Maulide. Formal Enone a-Arylation via I(III)-
Mediated Aryl Migration/Elimination. Org. Lett. 2021, 23, 2094—2098.

[9] Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J.
R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.;
Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.;
Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao,
O.; Nakai, H.; Vreven, T.; Montgomery, J. A. Jr.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.;
Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.;
Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.;
Millam, N. J.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.;

S-121



Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.;
Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador,
P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V.;
Cioslowski, J.; Fox, D. J. Gaussian 16, Revision A.03; Gaussian, Inc., Wallingford, CT,
2016.

[10] Becke, A. D. Density-functional Thermochemistry. III. The Role of Exact Exchange. J.
Chem. Phys. 1993, 98, 5648—5652.

[11] Dolg, M.; Wedig, U.; Stoll, H.; Preuss, H. Energy-Adjusted ab initio Pseudopotentials for
the First Row Transition Elements. J. Chem. Phys. 1987, 86, 866—872.

[12] Zhao, Y.; Truhlar, D. G. The M06 Suite of Density Functionals for Main Group
Thermochemistry, Thermochemical Kinetics, Noncovalent Interactions, Excited States,
and Transition Elements: Two New Functionals and Systematic Testing of Four M06-Class
Functionals and 12 Other Functionals. Theor. Chem. Acc. 2008, 120, 215—241.

[13] Marenich, A. V.; Cramer, C. J.; Truhlar, D. G. Universal Solvation Model Based on Solute
Electron Density and on a Continuum Model of the Solvent Defined by the Bulk Dielectric
Constant and Atomic Surface Tensions. J. Phys. Chem. B 2009, 113, 6378—6396.

S-122



12. NMR Spectra

075
075y
Nm.mw

s’

2l 'TH-NMR
(400 MHz, CDCl5)

=002

- 101

= 01

SO81—

L iE—

038y —

f1 {(ppm)

8z8l—
ETEIRN
1542,
19921—
£g8z”
20981~

o=

70 60

&0

90

100

f1 (ppm}

S-123

110

)

140 130

/
150

160

170

180

21 'SC-NMR
(100 MHz, CDCl5)

190

200

210




OAc

AcO

AcO

AcO

OAc

2v "H-NMR
(400 MHz, CDClj)

=I0Gl

= 11
7

B

BT
oz
‘202
B oo

1 (ppm}

1302
e EV
8502

e6—

8580~
3081

28021
ALy
gﬁgw
azzel

gz

BISI—

6288
A9
mm51W
s
o

OAc

OAc
2v 13C-NMR

(100 MHz, CDCls)

AcO
AcO
AcO

60

&0

a0

T T T T T
190 180 170 160 150 140 130 2 110

200

210

1 (ppm)

S-124



iyl
mq._v.

(400 MHz, CDCl3)

= I0E

- 101
/il

=00

1 (ppm}

inil—

1565~
B0

0Ll
Bt

2951— \

0
izl ‘“
m_.mm_“\_ﬁ
L0agl

2y 3C-NMR
(100 MHz, CDCl5)

10

30

80

T T T T T T
200 190 180 170 160 150 140 130 2 110 100 90
1 (ppm)

)

210

S-125



MeO,C

2ab '"H-NMR
(400 MHz, CDClj)

~BET

JE0E
R

1 (ppm}

e—

26—
Fies—

12l
B3I
E;
5582
B5521
29z
0671
6z~L
19081-T
mm.:m@ﬂ
args
s
W
8315~
1585~
8503~

65 Ll—
hll—

MeO,C

2ab 'SC-NMR
(100 MHz, CDCl5)

10

200 190 180 170 160 150 140 130 12 ]]UI] ]JUU | 90 80 70 60 a0 10 30
{ppm}

10

a

S-126



0edl-—

MeOzC

2ab "9F-NMR
(376 MHz, CDCly)

Me

200

160 180

140

100 12
1 (ppm}

a0

80

60

10 50

30

Me
Me

Ts

4 "H-NMR
(400 MHz, CDCl3)

=001

=001

= 001

r BB
907

10z
‘g0z
002
10z

Il

5.0

1 (ppm}

5

5.

10.5

S-127



e
a.a/.
5912

SOiy—

0865 —

G64d
8084l

0o°él

1678 L\‘Hm
IL5g)
59 |
9.8
g2 44
094

1556 —

30

10

30

60

70

80

100 90
(ppm)

Tl

110

Pl

1

130

Me
Me
140

150

160

170

4 13C-.NMR
(100 MHz, CDCl5)

180

Ts
10 200 190

Pl

TN
85z

BEE,
07E~,
g8
g
Ley
Oty
EW
gt
b2
mm.%
925
s
it
i
B
il
1zt
Iz
il
4]
TR
Wi<r
mh.iﬂ
I

Me
5 "TH-NMR

(400 MHz, CDCly)

Ts

00e
I8

=01

=201

BEZ
“E6T
102
102

{ppm}

$-128

11

10.5




91e
mm.av.

e ir—

3085—

28471
0zl
1zl
LTI

0£62)

COLTiN
Dmmi
5626
98-
8.5/
B2 ¥l

L9t

27 56—

50 10 30

60

80

90

(ppm}

100

Tl

110

B

IN e

130

140

Me

150

5 13C-NMR
(100 MHz, CDCl5)
170 160

180

Ts
10 200 190

9

¥~
8877

BEEY
07,
e
ol
welr

oA

i

Bl
0zs
75
¢!
w0,
R
Ti
L
9l
'
7
L)
1,
81
i
e

J

|

OMe
Me

6 "H-NMR
(400 MHz, CDClj)

Ts

862
I8

=00
=I0¢

=101

ool

(ppm}

$-129

11

10.5




=)
F <
L2
091z L
Ll I
- | &
[
L2
o mmmv T Amm,m
uns— —_
e — —_— L2
88
S m_va == 550
25¢d
(=]
® 8y
- e —
] 0+
'} oY
LE2 25
= ies —
| = 135
— , - 25 ]
by j i
(597 = 07
g2 B 2t
8262 - = L3 8211
(787 ] 08
552 © = I81
5678 _ = g1+
szon = o ) - 1]
g O = S i 881
X A gL _
A — S0 — L g 1o, ] z m >
Z . 5711 r S
i N = vt )
L s - i T N
© o r= L) T =
o al ~
o N LS ol S
~— — o
65 56— 7) —— o o D
~ L s G "
= GEf] 2
- LA
o~

{ppm}

S-130

11

10.5




0912
mm.av.

o=

LZ65—

mm.mmf_
g5l
Jgial
08l
GERTAR
088l
806zl

17561—

30

10

50

60

80

100 90
(ppm}

Tl

110

)

130

Ph
Me

150 140

160

7 13C-NMR
(100 MHz, CDCl5)

170

180

Ts

190

200

210

14

Ul
(R
UL
Bl

7L

Izt
szl
594
9
B
R

tBu

Me
8 "H-NMR

(400 MHz, CDCl3)

Ts

= |08

e
0t

= 00l

=001

= 01

10T
g
=007
=007

(ppm)
S-131

11

10.5




191z
1312

14
e

05 dr—

G885 —

792l
9171
30921
(08
128l
_;ﬁ%”
3088
wregl
B8

15561—

L.
30

10

30

60

70

80

100 90
(ppm}

Tl

110

Pl

1

I

150

tBu
Me

160

8 13C-NMR
(100 MHz, CDCl5)
180 170

190

00

bl

Ts
10 2

Pl

E_T_

1t
6L #
%51

RS
8L’y

mm.;
EEFA
Bl L

,m.._t_

CF;
Me
9 "TH-NMR

(400 MHz, CDClj)

Ts

BET
e

=101

= &0

=01

BB
e
~00z
>z

‘0z

{ppm}

S-132

11

10.5




8512
E.av.

Ailr—

7585 —

(1]
mﬂ.mm,._
w5
5094
8d
9134
B34
S8Ld
8642
1134
E0Gd
0562
0984
186
AL
2 el
L5
5728l
8298l
Ik
58 Eﬁ
kAl

2646 —

CF3

Ts

(100 MHz, CDCl3)

30

60

80

a0

110

140 130 12

150

160

180 170

200 190

210

1 (ppm}

6L29-—

CF;
Me

Ts

9 "SFLNMR
(376 MHz, CDCl5)

180 200

160

140

]

100 ¥

1 (ppm}

&0

50

10

S$-133



92,
ol

7581
158,
agg
(55

0¥y
i,
oy
gy

o
),
s

Bl

5
e
281
2811
o |
IR
0rLf
i
gL
L
oL
8911
594
1901
EETR
[HR
7
LU
281
5a¢

Ts

Me

10 "H-NMR
(400 MHz, CDCl5)

UL

BEZ
ooe

=EED

—EED

=001

Oy
= 101
07
U
i

10.5

(ppm}

£l

aI—

IL6E—

39—

85—

5553
RS
2971
5121
55L71
1812
_:mg,ﬁ
wez—
1282
ﬁmggﬂ
1982
5978
8628
sy
288 )
a5
g9
o

07 56—

Ts

Me

10 '3C-NMR
(100 MHz, CDCl5)

il

10

200 190 180 170 160 150 140 130 12 ]]UI] ]JUU | 90 80 70 60 a0 10 30
{ppm}

10

a

S-134



397,
iy

0vs
s
g
757
AR
3T
BIY

us
8IS
BIs
0zs
8191
0891
7891
1697
19
PEO-E
Ry
559
;m%
o]
o ff
20t
vl
93¢ 4
391
8L
03i

OMe

Ts

11 'H-NMR
(400 MHz, CDCl5)

=01

=~E6T

=01

10.5

(ppm}

Tl

6512
\ie

389

195~
BI85

R
K]
HER
E]
vz
1zl
1842l
E082,
65821
1E82H)
8Lzl
m:g§
2l
LELHN
w111
B7L11-
Oy Lol
LT
7985

8056—

OMe

Ts

Me

11 3C-NMR
(100 MHz, CDCl3)

50

&0

T T T
150 140 130 2 110 100 90

T
160

T
180 170

T
200 190

210

(ppm}

11

S-135



iiee-—

OMe

W O

Ts

11 "9F-NMR
(376 MHz, CDCl5)

200

160 180

140

o]

I

100
1 (ppm}

a0

80

AN
0z

[

588
EEE
88—
mmﬂ/

S8
hmﬂww
Get

135
[EE]
235

s,

1891
all /
Sl
8l
521

0Lt
il
BLLY
EH&

Me

MeO

Ts

12 "H-NMR
(400 MHz, CDCl3)

o L0E

00

=001

=008

= E01

=0

1 (ppm)

S-136



= 2 Bod=EPose =B =2 =
= R - = e 2 = ==
[ [ === \ 7 7
MeO
Ts
(o)
Me ,
12 3C-NMR
(100 MHz, CDCls)
|
I |
|
| ! | l
‘ ‘
]
210 200 190 180 170 160 150 140 130 120 110[_] IFUU"_-JU 80 70 60 50 10 20
{ppm)
Ph_ O
Ts
(o)
Me
13 "H-NMR
(400 MHz, CDCls)
| l [L " y - |
N L 7 i T T e
SSg;adga8as = = = e 2=
10.5 9.5 9.0 &5 KO 7.5 7.0 6.5 6.0 55 50 1.5 1.0 X 2.5 0 0

1 (ppm}

S-137



0912
mm.av.
Boy—

J785—

En—

WElT

T
ma;
3:32)
mm.mm&

gz
1962
JEEEE

33%51—

B36I—

30

10

50

60

80

90

(ppm)

100

Tl

110

)

130

140
OAc
Me

150

Me
160
14 "H-NMR
(400 MHz, CDCl5)

170

180
Ts

190

13 13C-NMR
(100 MHz, CDCl5)

200

Ph\/O
Ts
210

{ppm}

S-138

11

10.5



6012
E.,NW\
g1z

0997—

4085—

LT
50821

206214
mam%
{862

29621F
mm.mm:__@,
e
g.mi
L5 4Ar
4 E_\
vz

El8o—

5E56I—

60

70

80

100 90
(ppm}

Tl

110

Pl

1

130

140

150

160

OAc
180 170

190

15 "H-NMR
(400 MHz, CDCl5)

(100 MHz, CDCls)
200

210
Ts

Ts

= 001

iz
Sy
- BB
= gg1
2z

{ppm}

$-139

11

10.5



LI
031z

i
892e—

3897~
9585

Lre5—

mﬁ_m,
032
853|
083
g.m;
0882
528
0528
mzi
g.mmc\
841
s34

120l =

BISE—

.I

Ts

15 3C-NMR
(100 MHz, CDCl3)

Il

|

140

200

10

50

80

2 110 100 90
1 (ppm}

130

190 180 170 160 150

210

58°¢
8E¢
els
SIS
83
Uik
Uik
561
561
361
361
el'L
Il
L
Sl
5L
9L
L
LI
A
8l
BIL
0L
IZL
il
N
Ll
&Ll
&Ll
591
391
891
GEDA
0LL
BLL

BLL
I8L

Ph

N—/"

Ts

)
) —~

s =2 -
RC
o
(D 25
© =

- O =

o
=

=0

il

1.0 0.0 -1.0

2.0

3.0

9.0

10.0

1.0

$-140



o
RD
2=
L1z, I
812
L O
o
A
0ree’ i | 1
P05~ . 2 o = Lae
9585,
| 8y
ey .
mm_mm““g = w1t = |
¥e
68 8] ‘ - sz
AT = it w— 0
VENAAY = 3 9\% gt
B2k . 5
Rl | o 5] — e m
5ELIN = s’ -
y8LIn} I o 4
ECBIN ‘ _ - I
a1 L I
(882 { - z i
LBBelf I 0zl A
LB i i - “a
852 - -2 i - |
BLEEl o e 3 el N g
359 ) x 0 . i @ S 3
mm_m_& z Z o 2 1L *q
LB 98] O / SN 3 i O O =0
: © r BLL L N
g P - zL
3056 ° g 3 = 5 T8
” ~ <
~ B ” N
I~
()
(2]

f1 (ppm}

S-141

10.5




2912
mmav.

B —

GEE5—

0izan
032
082
BRI
1852

:

sraa
1978 k,ﬁ
958 f
Leeg W\
AT

Ry

LI'5E—

30

10

50

60

80

90

(ppm)

100

Tl

110

B

130

140

Br
Me
150

160

170

17 3C-NMR
(100 MHz, CDCl3)
180

190

Ts
210 200

987~
68277

£rey
i
e
e
824
A
I
a8t
0zs
25
s
275/
g
8L
L]
YR
9L
B i
E;w
T
871
87L
B7L
084}
08 L]
(¥R
8L
L
bl
53]
5&
Bl
L

Br
Me

g

18 "H-NMR
(400 MHz, CDCl3)

Ts

00g
e

=0

=001

=00l

r ool
s
wl
101
2102
bz

bl

(ppm}

S-142

11

10.5




LEI
0Lz

068y —

L

leed
684

gmgw
10627
5752
7867
%
#

108
ane
g
2978
b7'98)
SR
B
aawyd

L& el —

30

10

30

60

70

80

100 90
(ppm)

Tl

110

Pl

1

140 130

Br
Me
150

160

180 170

190

18 13C-NMR
(100 MHz, CDCl5)

Ts
10 200

Pl

B~
IFz

[
gmw
e
gegd

18y,
ﬁqv
I

oy

595
gm/
E
295
801
0L
7%
20
21
o1
5/
LIVE
Efﬁ
0zt
971
871
£i
181
Wl
LN
B
Y]

i

cl
(400 MHz, CDCly)

Ts

=

=00l

{ppm}

S-143

11

10.5



L=
- —
= L=
8912 -
8912 =
— | =
[
=1 4
[Ty - —
LLEY 97~ mmm Lw_n_,m
iz Wz — e
anEs— 2 azs
L — =0
= - 55
r _M.ml.
E: 5y )
58t S —_ . _
Lg hmqw S =
= gotr X A
=4 = 0
S s ©
= B85, - N
L T
Mw.mwt E 85, 0 - W m— =
. 5954 o = :
68adl ot (@) N O
96821 = i, 2
8262 _ 0ri ,_h ~
N78a-F ——— = L& Bt
1982 —_— Iz
203 = 131 B
SRZ8l B - gzl
5788
o L2
AR —~ = 501
5998 = o Euﬂ
94 R C L2 mm.__.,__u
0L @) B o
L s 281
=z © 2
- .
N
S T 5
o =2 2
) =9 E
056 — e
("] N— - w
T =
-

1 (ppm)

S-144

10.5




BE¢
- BEE
] o 0re
ere =
- e
9912 LS e
8912 £e7
: L2 GEY
_ LEY M
- |~ BEY |
5591— — [ o/ g _
2 =0e
15— —— s
= LLY
wa ]
) _ oL JmN iig
2 8L I0E
B WL, e 01
ol 8L
=L IZL
H_Eﬁ o5 ICL =001
mN”M& = mNE
13 < VL
b0 | -— 98l o
! — L2 . —
i — 7 omy 3 T 2
W ~— o IR o
J : g ! a
o — . o § ) (Vz°
530 2 5 = BrLY EoE
T 5 B mqwﬁ - =
Ly mm A - pms o) N g
S O FE 831 " N
G N - BYL] =
o T = B
@ o 2 (81
=) LS
S056— © N m — M mm_h_
2 ~ [= BBL
= 681
. 06'L

3.0 2.0 1.0 0.0 -1.C

8.0 7.0 6.0 5.0 4.0
£1 (ppm)
S-145

9.0

10.0

1.0



/Ao

87—
e GG~
GBS

-10

08—
88l

mm_ﬁ_ym
138214
0687/
RE GBI
BRBIN
Gyeg)
09°58)
(598
oL Hy]
78S

#'961—

T e T

90

£1 (ppm)

OMe

Ts

21 'SC-NMR
100 MHz, CDClj)

50 30 10

70

190 170 150 130 110

210

50—

B
E_L
Iy
wE
oyE
0LE
e
m_i
L8
it
mm.mv
17
oy
oy
0y
18
Bl
g
o f
0L
7L
071
05|
oo
mi
0L
og'L]
181

OMe

T™MS

g
®

Ts

(o)

22 '"H-NMR
(400 MHz, CDCl5)

-

J

=0b8

=hlE

01
lilin

=001 L

=001

ifiy!
k::.m
ey

007 ¢

4107
1 BE1

0.0

3.0

6.0

9.0

10.0

1.0

2.0

4.0

£1 (ppm)

7.0

8.0

1.0

S-146



Ly1e—

949~
8055
65—

BLI—
8Ll

m_ﬁ_w
082

1887/
Nmm&
ﬁ

yoag)
6558
8598/
og 4y
N:i
3765

¢ 361~

OMe
TMS

Ts

22 'SC-NMR
(100 MHz, CDCl3)

WL—*'

170

210

130 110 90 70 50 30 10 -10

150

190

£1 (ppm)

JBb¢

oo

e

OMe
SMe

Ts

23 "H-NMR
(400 MHz, CDCl3)

ang
p—y 1

=== 001

S0

~60°¢

4

Y0z

7507 |

Al

9.0

1.0

7.0

8.0

10.0

S-147



L=
891¢—

L59y—
0865~
hEh5—

08l
162
081
RC87)
AT
1567
2851
0Ll
poge/
BY W17
s/
BT ES—

ik

OMe
SMe

Ts

23 13C-NMR
(100 MHz, CDCl3)

B || A -

-10

190 170 150 130 110 90 70 50 30 10
£1 (ppm)

210

1

OMe

OPh

24 "H-NMR

(400 MHz, CDCl3)

Ts

(o)

i

-1.0

1.0

2.0

10.0

11.

S-148



391¢—

8597
AL
g5

8%l

B
07 02h
589,
187,
¥9821
BB
860
y008N
E_mi
LL1E)
L9'5e)
ogyh
L2581
:m_mi
£ 20
ooHEl—

——

ey

huumW

OMe
OPh

W O

Ts

24 'SC-NMR
(100 MHz, CDCl3)

T

iy

-10

190 170 150 130 110 90 70 50 30 10
£1 (ppm)

210

il

3
;

OMe

Ts

25 "TH-NMR
(400 MHz, CDCl5)

=01}

‘e |
oy 10

-1.0

0.0

1.0

2.0

10.0

1.0

$-149



ile—

BL8Y—
G860\
0765~

-10

£R Yl
6Ll
L& 5
71’82
0282
56
06 62)
0918
mm._m_w
1598
_mg_\
I BSh
19491~
orLa

=i

OMe

Ts

25 13C-NMR
(100 MHz, CDCl5)

10

30

90

£1 (ppm)

110

130

rvl—

—-200

OMe

W O

Ts

25 9F.NMR
(376 MHz, CDCl5)

60 80

-40

-2

-120  -140 -160  -180

-100
£1 (ppm)

-20

0

$-150



o
Cl
26 '"H-NMR
(400 MHz, CDCl5)

Ts

T
o
o
-2 BY1Z—
\0
[aN]
i 08'gr—
=0e |
7856~
B I2°R5—
il
‘ggl o
s
2
=
00T
o
o I8l
© 082
[0 182l
RS 0052}
AN 882
A ﬁ_m_m&ﬁ
.E_N o 28 0g)
RS ;_mm_;
I 9598/
- 88 'BEl
o _m_i
I 7’55
o
= 00°Sel—
o

-10

10

30

50

70

90
£1 (ppm)
S-151

110

130

OMe
Cl
150

170

26 13C-NMR
(100 MHz, CDCl5)

_LJJMJMWW

Ts

210




OMe
CF3

g
»

o)

Ts

27 'TH-NMR
(400 MHz, CDCl3)

FE0E

o0

H/E_m I

/B8

=001

10.0

9.0

0

1.

—

15121
BO8Z)
AT
BE'BE,
1867,
over
PEYEN
3501}
BB ¥EI
E_i
[vBE)

BRI

1SR~

BL56I—

OMe
CF3

g
»

27 3C-NMR
(100 MHz, CDCl5)

(o)

Ts

-10

10

190 170 150 130 110 90 70

210

£1 (ppm)

S-152



T

—-200

-100
£1 (ppm)

OMe

Ts

27 "9F-NMR

(376 MHz, CDCl5)

(o)

CFj3

-2

—-140 -160 -180

-120

-40 -60 -80

=20

0

g
£
B2
BEZ
B
OY'Ef
ByE]
BYE
i
2
2
5]
L]
L)
BE 1
)
9y
. 9]
0Ly
i
i
L
L
171

. T =

—

—

—

AR
151
897
R9'L
B9
5L
5L

~—"

—

7611
£R L
gi
208
Ik

708"

=0

]

OMe
CO,Et

Ts

(400 MHz, CDCl3)

=00

=G0°E |

gzl

10.0

11.

S-153



18—
3912—

Ll
6255y
LUBS~
(519"

bB Yl
217)
B0'8ZI
o57)
BB
0,67l
DBGZI
BE )~
ﬁ_m_m_&
o 3e)
28l
RS-
79759

GLSEI—

-10

OMe
CO,Et

Ts

28 13C-NMR
(100 MHz, CDCl5)

190 170 150 130 110 90 70 50 30 10

210

£1 (ppm)

A
RE'ES
0ye:
e
eye
2L
£eY,
gEY:
L8]
BEY
Bl
0z
I2¢
NN_%
1L
B9,
5ol
LY
0891
BOL
0L
I
oL
i
17
B L
89 L
BYL
B9
0L

—

—

——

04 L
7 L]
7]
mi
85
BEL]
o0’

OMe

i

J

B

CN

J
>

29 "H-NMR
(400 MHz, CDCl5)

Ts

0}

-

i

|

v

Y
s 00

= |07

1.0

3.0

9.0

-1.

0.0

2.0

7.0

8.0

10.0

1.

S-154



/Al

9L~
LE'55~
LOBS—

-10

10

30

50

70

gl
pog|
D8
o117
1082,
STELL
DY62)]
gt
fL 8l
mm_m_i
088

00°Sy

0965

&I'561—

90
f1 (ppm)
OMe
OMe

110

J
&

30 '"H-NMR
(400 MHz, CDCl5)

OMe
CN
29 'SC-NMR
(100 MHz, CDCl3)
190 170 150 130
Ts

(o]
MeO

Ts

210

9.0

10.0

S-155

7.0

8.0

1.



L1~

705
mm.mm#
mm_mmw
m__m_m\
CEBG

geell
el
3050
eL0¢l
.34
_N_mN_M

9821
1L
9087
159 \
o)
3878
5y'gg)

LO°GSI

L9LBI—

OMe

Ts

OMe

MeO

30 '3C-NMR
(100 MHz, CDCl5)

150

190

110 90 70 50 30 10 -10
£1 (ppm)

170 130

210

1

Ts

31 "TH-NMR
(400 MHz, CDCl5)

= 00

07

00
h 10z
4 361

A
IRl
/ ifiy!

Msm
rwwmﬁ_

o
oy I

0L

10.0

1.0

S-156



L3

198y—
JALERN
1565~

ao°zal

N:m:_/
mm_mz_//
18

0v5al
m__mm_/

Ts

31 1SC-NMR
(100 MHz, CDCl3)

190

210

150 130 110 90 70 50 30 10 -10

170

£1 (ppm)

|

—~F0E

Jim_:
=008

Ts

32 '"H-NMR
(400 MHz, CDCl5)

JBBE
S

== 001

| [
Y
/007
= BB

3 6
00é
u5_:

1.0 0.0 -1.0

2.0

10.0 9.0 8.0

11.0

S-157



527 i
327
B
188 .
BEE
I7°e
e
= L
18y
A
= 58
L&Y
i s
8l
Bl
i 0z
5.9
m;;
19

I T
9591 z
I
(2]
[ye]

-10
-1.(

10
0.0

591¢—

1.0

2.0

BY G
AL

m;m»
IREN
o/ vg”

ve0E

"
1.
-

S Sy S —
[

——

3.0

g
Jrm

4.0

90

OMe

3Lyl
BZ LI
L8l
Ul
M_E_M

L8l

mm_mN_N
E_mm_\
(988l
LEEYl

QO

AR

—r 00| S

1 (ppm)

110

I BE 9
00’
/A
A
8L
'L
A
521 I
897
89.]
B9
0L
oL
5L I
oL
11

(400 MHz, CDCl3)

07%6l—

OMe
Ts
0 Oj
6)
32 1SC-NMR
(100 MHz, CDCl5)
*-L.—LM-WWWWWW
210 190 170 150 130 |
Ts
o
1.0 10.0 9.0

S-158



o~
o~
w2
==

LB87)
BZ B2
x|
2118
9L1gN
RAIR:
08 78l
19°58)

s’
BEBS,
1789~
6591

06461~

mil

OMe

Ts

Me
F

33 13C-NMR
(100 MHz, CDCl5)

190

210

70 50 30 10 -10

90

b580-—

1 (ppm)

150 130 110

170

OMe

Ts

Me
F

33 "9F.NMR
(376 MHz, CDCl5)

=40 -60 =80 -100 -120 =140 -160 -180 =200 -2
£1 (ppm)

=20

$-159



—
=~
3=

Ts

34 '"H-NMR
(400 MHz, CDCl5)

YAl
Ami -

Y opn L
B0
\egz |
7 201

=001

3.0

9.0

10.0

1.0 0.0 -1.C

2.0

0

11.

IAITAN
09127

iAo
AN
0865~

88l
o021
0082}
182}
05 621
0557/}
182
g,
785 |
205E)
1r9e)
7ol
18911
BERS)—

e

LBYEI—

-10

10

IR iy M'
30

70

90

110

OMe
Cl
Me

Ts

34 'SC-NMR
(100 MHz, CDCl5)

130

190 170 150

210

£1 (ppm)

S-160



Iz,
9881
158
07'e]
I8
oLe
I,
281
5o
L8
1 |
151
E;
054
L%
E;
BLG:
BL'9|
DI
L
n
oL
L
(A |
871

3L
LeL
Lt

B9L]
BYL
0LL]
0L
081
ME
98
o'L]
oL

=(0¢

Moo

OMe

Ts

Cl
F

35 "TH-NMR
(400 MHz, CDClI3)

RIS
ey 10

—= 001

-1.(

1.

2.0

3.0

&
L= &
5(

el

oy

9.0

10.0

11.0

le—

£g 0y
o
og B

o
83l
001l
B612)
920
0942}
21821
BZBIN
se 50|
621 {
LB
1871
o3°Z8)l

335
a5 o1
3565l
L8RS
ey 79

LLEBI—

OMe

Ts

Cl
F

35 13C-NMR
(100 MHz, CDCl3)

-10

10

50

190 170 150 130 110 90

210

£1 (ppm)

S-161



18°901-—

OMe
Cl
F

35 19F-NMR

(376 MHz, CDCl5)
~40

Ts

0

\

OMe
Cl
Cl

W O

Ts

36 '"H-NMR
(400 MHz, CDCl5)

-

/66T

=y

L.
201
ggg

=00

1.0

1.0 0.0 -1.

2.0

3.0

9.0 8.0 7.0

10.0

S-162



B912—

68y~
ILERN
3265—

B0'g),
L7l
18121
0821
1£62)
|
9,081}
_E_m_,W
7irss)

ek
E_i
BB L)

o1l

95 55—

IIYGl—

OMe
Cl
Cl

Ts

36 'SC-NMR
(100 MHz, CDCl5)

quummuwnﬂ A

190 170 150 130 110 90 70 50 30 10 -10

210

£1 (ppm)

BEZ,
BEE
078
£
e
I8
ee,
oeH,
98,
BEH]
98°C,
BEC
18]
i |
R
o9,
e |
L8
i
Bl
L]
o
171
|
£z L
88
mm_b.
EE,
17
191
891
B9
BYL]
9L
o8]
08'L]
0gL

—

OMe

g
o/

Ts

37 '"H-NMR
(400 MHz, CDCl5)

—E0¢E

10.0

1.0

S-163



0412~

089y—
(B85~
8805~

-10

10

30

50

70

89l
BILl
BE90)
82|
L 82)
1862
13521
BTYEI ¢
055
ro g/
o
2L
5 RS)

8561

90
£1 (ppm)

110

150 130
38 '"H-NMR
(400 MHz, CDCl5)

OMe

37 1SC-NMR
(100 MHz, CDCl5)
170
Ts

190

Ts

210

oo

o3 o

o0 o
T

3.0

#0070 |

~062

FEED

=001

/861

.\m_m_m .

Y
/86
(561
g
L e

0.0

1.0

-1.0

2.0

S-164

10.0 9.0 8.0

11.0



0L1E~
iLse”

9697
ETLERN
8505~

LEYII
el
835dl
b8l
LE8a
8L Gdl
GEGal
I5G2l
£ el
8L ¢El
L588l
SLLEl
E8 Yl
iy
755l
A

eq561—

OMe
Me

O

Ts

38 1SC-NMR
(100 MHz, CDCl3)

190 170 150 130

210

70 50 30 10 -10

90

£1 (ppm)

A
187
T3
AR
05
971
BE:
0751
904
801
arif
0714
1711
87
IR
881
1A |
0yl
B L
mi
1571
851
5571
LYA
Ly
A
INA
567
GE7
LBLY
L5
7081
108 ]
90'8]
108}
mm_i
758

—

—

Me

g
»

Ts

),

39 "H-NMR
(400 MHz, CDCl5)

o}

J

vEDE

MLETF

=0l

-1.0

10.0

11.0

S-165



1TAN
0.1z’

iy

9565~
5Ll
0

-10

L0712
L8701
15871
09871
A
90871
5182,
0z 82t
yo B2
8B
E_:ﬁ
WE_&

5,58

799811
YBLE)
XL
I6'95H
90'65)

7858

L

——

Me

Ts

39 1SC-NMR
(100 MHz, CDClj)

150

210

110 90 70 50 30 10

130

170

190

£1 (ppm)

Ts

40 "H-NMR
(400 MHz, CDCl5)

=

/00
M0E

=001

=00

=400 L

0.0

2.0 1.0

3.0

10.0 9.0 8.0

11.0

S-166



AN
iz’

5Ly

by 65—
LB1Eh
AA

eR 771
2087
BO'S2)
1192,
197421
BO'BZ
2282
R'BZI
b7081
I'z8)
oLeEY
5I'5E/
7158)-
RS 9E
0088
2L Bel]
081!
£0sH
G9°GI—

"

Me
S

Ts

40 "3C-NMR
(100 MHz, CDCl3)

190 170 150 130 110 90 70 50 30 10 -10
£1 (ppm)

210

Ei—

5551
958
855
055
od
B!
8|
=

LR

2%

==)
=
i
—

OMe
Me

41 "H-NMR
(400 MHz, CDCl3)

—00e

o 001
“I0E

=01

= 001

=002

=10y
7
B
ERIlE
tinz
L E0'T
“EET

f1 (ppm}

S-167



giE—

sgr
158,
STES

08
2923
gk
81L7
2327
GERR
TS |
816
e |
G|
1563

008
B51E
58784

Emgﬁ
298
a7y
218G —

LEE

30

10

30

60

70

80

a0

(ppm)

100

Tl

110

Pl

1

130

OMe

170 160 150 140

180

/7 \
O/\D
41 'SC-NMR
(100 MHz, CDCl3)

190

10 200

Pl

Ei—

ErE
ire
b7

0ss
=

i

i

8I5
6I5
0zs
165
897
5L9
It
BlL
i
BIL
hm.:,_

(51
mmth
851
g1
g1
i
Lt
it
Bl

OMe
Me

42 "H-NMR
(400 MHz, CDCl3)

77\

O

Cl

= I0E

= 01
=08

=0

=01

+ B’
ez
2201
=207
s BB
~10Z

{ppm}

S-168

11

10.5




Hii—

L
9258,
8885,

i
868
TR
9T6dl-

367
£56Zr
e

w3z
B

DEBSI—

Si56—

30

10

30

60

70

80

100 90

1 (ppm}

110

g o

Pl

1

OMe
Me
140 130

150

160

170

42 3C-NMR
(100 MHz, CDCl5)
180

Y
()
10 200 190

Pl

Cl

Ei—

978
[LER
B78
[IER

a
iAn
g~y
(il

s
mfmww
55

nzs/

TN
531
EHJﬂ
AR
hfwﬂ
Bt
851
mmhww
I

BEEp
i

BLL-

A

OMe
Me

g
®

43 '"H-NMR
(400 MHz, CDCl5)

Jo
o

Br.

=00t

=01

=008

=0

= 001

iz
002
Sz

sE0Y

< 0T

Tl fppm}

S-169

10.5




31—

e
5255,
2885

g

BE R
IR
9T6dl-

8562
95281
Tt \
£5g8-/
Bl

DEESI—

56—

30

10

30

60

70

80

a0

(ppm}

100

Tl

110

9

1

130

OMe
Me
140

150

160

180 170

190

43 'SC-NMR
(100 MHz, CDCls)

10 200

9

Br.

Ei—

8L
518
ﬁ_;
EJ/
Al
5L
Sy
Iy
Y] &
1t

8L

OMe

(400 MHz, CDCly)

= 001

Lk
80T
07
=007
»00%

(ppm}

$-170

11

10.5




81—

L
8255~
08585

0si0i—

shl—
L0821

BE3ZI|
0EGal
LeGdl

mmmi
878
£e88l -
sige
g

DEESI—

2756—

OMe

Me

44 '3C-NMR
(100 MHz, CDCl5)

30

80

a0

110

140 130 12

150

160

180 170

200 190

210

(ppm)

Tl

L1
,ML
i
2811
214
7811
5]
R
5314
051
1511
6
781
ETR
1614
1
851
074
07
071
5871
8921
0w
w0
7]
571
317
L
07
8L
2]
e
9]
9t
188
88
052
58
58
a0t
i
ol
o
03
Iz
s
82s
£e 91
523
B
Iz
8z
571

i

=

——

—

-

BN
88l

OMe

k)

=I0E

=z

=
‘00z

(400 MHz, CDCly)

e
==’ = 001

IJ =00l

A

10.5

(ppm}

11

$-171



096~
81z

LE0E—

18,
i~
s

e
g5~

Byl—

19821
9671,
8767
b8zl

mzm,\
85 o1 —

IfEs—

6296I—

OMe
Me

45 13C-NMR
(100 MHz, CDCl3)

30

80

100 90

110

140 130 12

150

160

180 170

200 190

210

(ppm)

Tl

289
729
Bl
Ew
57
!
881,
0517

OMe
Me

g
>

46 '"H-NMR
(400 MHz, CDCl3)

= 0ol

=il
ronz
=E0z

= BB

10.5

{ppm}

11

$-172



G~
555"

Hii—

BLOE—

SOiE—
5255
m:m.M

Byl—
0L8el

BOGEl
E.mgw
il
58 el

B —

DEESI—

B36I—

80

100 90

1 (ppm}

110

9

1

OMe
Me
150 140 130

160

W O

170

46 '3C-NMR
(100 MHz, CDCl5)
180

77\
O
10 200 190

9

)
907
kA
ird
807
BOZ;
0z
Iz
07
17
B
T4
A
587
987
98]
1571
BEZ
I
RS
15
RSy
199
BL
089
1954
289
780
28
9L
mi
BIL
071
071
7L
181
98,

.

0.0

1.0

Ay

S

—

2.0

3.0

——

4.0

S-173

6.0

OMe
Me

o
oG

47 "H-NMR
9.0

(400 MHz, CDCl3)

10.0

tBUOzC

11.



BY1Z,
1080
A
ezee/

AERS
08557

be 08—

By yll—

VB2
1262

qq_mm_\
ECIEl
mm_qm_\

s
8185

W8CLl—

BE'BEI—

OMe
Me

tBUOzC

47 3C-NMR
(100 MHz, CDCl3)

190 170 150

210

110 90 70 50 30 10 -10

130

£1 (ppm)

OAc

NN

/7 \\
@)

@)

S0

=0 |

— 0 |

= 001 |

SNV

807

G R

_ — 07

Q0.3
n'e

ww — |

% 5 361
TS
n o
o
3

1.0 0.0 1.

2.0

S-174



o vy -
T 358
I B e -
g S
= BE°C <
| i B6'G -
- 009 o
2 00'g i
L) -
I 059 =
YL o M:L 2
| £LY,
{565~ - L] M
Lo Gl ] . .
) | |
i |
o I ; _
B8'271 “E 1Ly
B8 - = oL, ) e
510 ECI _
BRZ¢ - SEL} o _
£y 28] L7 = N :
. O (@) -
6/5g) : -3 yel] 2 .
m__;m_w . I B8l > _
1501 2 _ 051 L 0 - o
__H_mqq (@) O = r m _“_m:.# = w Muﬂ 80 [
99 05| —~ 151 <N T g
: o - 1] o T 71
o Q) ()3 151 0 z 0
991 Sa e 131 o 85 ‘
z - - 791 & =
o £ - B3] =
Z - 2 881 I
N 0 [
B3 Y- A °  ®s - Bl Oy 'S
/ - 1 06'L| / =
Lz = gL © i
N I61 <

S-175



8-
0855~
8985~
m__mm:
50°80l

Jy

/4
©)

52 13C-NMR
(100 MHz, CDCl3)

L7801
18l
008l
L8
888
E_mm_#
BE LN
Emi

IEGelf
mm_mm_\
mﬁ_._m_\

E_mm_\
Nm_ms\
mm_mq_\
0g¢sl
5695l
1265l
GEBSI
0B86I—

M

-10

150

210

110 90 70 50 30 10

130

170

190

£1 (ppm)

BL,
08
081}
8]
87|
7]
BY'E|
0S¢
DS,
£
(el
169
ilifh
0L,
Aifh
irh
vk

L

L
m_L
i
i
671
071

Bl
0L

el
L]
Sl
i
05L]
5L
7571
508
508
(08!

—

—

—

3

—

9
>

Log

he_O

Cl

o

0}

53 '"H-NMR
(400 MHz, CDCl5)

-1.0

0.0

1.0

10.0

1.0

S-176



L3Bh
y01g]
AT
955
g
20°55;
LT
562l
2L gl
069l
18121
8612/|
00ZH

VAv& VAE

o

e

-10

BILN
BGREN
16871
86871
LEBIN
9 62)
I0'DenR}
BB IEI
A5 7817
Nimm
0z 98l

BESIN
BB~
05za1”

i

h_O

Cl

/7 \\
)

@)

53 13C-NMR
(100 MHz, CDCl5)

150

210

50 30 10

70

130

170

190

(8901-—

he_O

/7 \\

@)

Cl

@)

-210

-150

-110

53 "9F-.NMR
(376 MHz, CDCl5)

=50

-190

-170

-90 -130
£1 (ppm)

=70

-30

-10

10

S-177



BE T,
D'z
0
AINA
iNA
50°Z1
fika
flika
B0Z
ROZY
B0Z ]
0z
']
']
4
kA
m&
|
o8z
587
587
08z
87
87
A
51
05
e |
0]
o]
oL
L
VA
VA
Bl L]
081
587

i Me
U
Me
54 "H-NMR
(400 MHz, CDCl3)

CF3

=108

e L

Loy

SO0l

2.0 1.0 0.0 -1.0

3.0

4.0

10.0 9.0 8.0

0

1.

51e
EL1E
eIz
5192
8¢
AT

191
mm._mN
A

58715~

076l
5008,

_m_mm_\
(95El

Nm:.m_\
SOyl

Irgal
mm_mm_W

7861

o
=

O

Me

CF3

54 13C-NMR
(100 MHz, CDCl5)

130

190

90 70 50 30 0 -10

£1 (ppm)

110

150

170

210

S-178



b8G8—

Me
Me

CF3

54 "9F-NMR
(376 MHz, CDCl3)

-10 -30 -50 -70 -90 -110 -130 -150 -170  -190 -210
£1 (ppm)

10

55 "H-NMR
(400 MHz, CDCl5)

Faoe

=107

= 001
" BBl

2.0

3.5

4.0

1 (ppm}

$-179



|| [
Ph._O
CF,
Cl
° O
Me N
55 13C-NMR
(100 MHz, CDCl5)
I
1
|
]
]
|
WO, PTONTIY o . s » - L ~LI,_ )

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0

10
1 (ppm}
Ph._O
CF;
Cl
U
Me
55 19F.NMR
(376 MHz, CDCl5)
]IU EIJ ]IU éU é[] -‘IU .%[J [;‘U %U F.Ii[J GU” IFUU‘ I ]I2U I ]IIU I ]IE:‘U I ]IBU I EIU[J
{ppm}

S-180



VA
8¢
8¢
g7'e
87t
05¢
h0E
508
30t
L0t
80E
e
1B
e8Y
58y
B0L
orL
'L
IS
[ANA
el
8EL
L
i
i
el
5L
851
85L
LE]A
591
1L
1L
81
8L
8L
881

a—

Br
Cl

56 '"H-NMR
(400 MHz, CDCl5)

\//

0
Ph”

=01

\L .
—

—— v |0¢

S ——l
;N_:

00z |

10.0

11.0

/A A

5805~
1385

-10

0l 22
L0'82)]
(182
75821
(BN
8208
11781
00velf
1248
895!/
___mm;
(001

=

30°L6I—

Br

QP
Ph”

90

£1 (ppm)

C

&

56 '3C-NMR
(100 MHz, CDCl5)

190

50 30 10

70

150 130 110

170

210

$-181



Me
QP
Ph”
o
e
57 '"H-NMR

(400 MHz, CDCl5)

4.74
4.72
4.71

10. 5 9.5 9.0 &5 6.5 6.0 2.0 5,0 4.5 Lo 35 4.0 2.5 2.0 L5 L0 05 0.0
f1 (ppm)
= EE s = [ ——
= ISEERESESSE = B2
| e N A/ SN
Me
QP
7
Ph
(o]
Me |
57 3C-NMR
(100 MHz, CDCls)
I
I
|
| [ |
]
1 1
!
Im} . | L
210 200 190 180 170 160 150 140 130 120 ]]UH]IUU‘UU 80 70 G0 ol 10 30 20 10 0 10
{ppm)

$-182



oA
oLe]
80
RO
o',
IS
085
180
781
28]
28]
L
BIL
07 ]
07 ]
Y71
571
971
9574
9571
85,
BS L
RS
0L
I
A
A
oL
L)
9g°L]

—— T ™~

98]
88L 1
B8
mmi
151
oF L]

livk

=0
F G071

—agv 501

OMe

(400 MHz, CDCl3)

— 1MBB

—— 001

112
%::N

B0
=007
100z

BBl

%2-

9.0 8.0

10.0

1.0

0,12~
G0gE
ﬁ_mmw
Ies
ey
1855~

Lo
Inan
36571
18971
B0'62)]
1862
BE )]
16U
T
AR
58 261
B E8) \
35|
ALl
BI'GSI—

5961

OMe

Me

58 13C-NMR
(100 MHz, CDCl5)

Rl N .

-10

10

190 170 150 130 110 90 70

210

£1 (ppm)

S-183



e0°¢or-
Lol
5600K-
be 00K

-210

-150

58 "9F-NMR
(376 MHz, CDCl5)

=50

-190

-170

-110  -130
£1 (ppm)

=90

=70

=30

-10

10

e
ol
oe'
08
L)
L8
A
m_ml
8871
A
Ei
143
A4k
A4
TAA
A
AR
i

LTy

A

505

90°g

[0S

80°G

BLAT
6LY
099
199
789
8L
0z}
17L]
144
o7l
ozl
L8]
B8'L

OMe

W

Me

59 '"H-NMR
(400 MHz, CDCl5)

=401
=0y

Ao
R0
LT

=001

807 |
U0

il

6.0

9.0

10.0

7.0

8.0

1.0

S-184



By |
259
01z
B2 L8]
£y L8]
85181
1918
L
|
LU
8Ly
18y
R
1555

zi

Lien

WZL
08+
(all
Al
geldl
g0sd

mm_mm_w
mm_mm_\
GL 08l

mm__mm_\
LBen”

SY'LEI—

59 13C-NMR
(100 MHz, CDCl5)

190 170 150 130 110 90 70 50 30 10 -10
£1 (ppm)

210

—-200

ggon-
L8Ol
o
= )
(@) =
) O,
=
<
WO o
‘7 [=2]
o=d/_"* ‘°
1 ~O
Qwm
L

(376 MHz, CDCl3)

-80

-40

-2.

-120  -140 -160  -180

-60 -100
£1 (ppm)

-20

0

S-185



8L,
987
I7°Z]
ARA
kA
2]
B
W
LTRA
TxA
37|

05z
BEE
geedf
i
07e]
0y'g
I8
Ni
78
9y's:
158
58]
g
B
058}
B
BEH
0p's
IS
'L
oL
0z
AR
881
\[ifA

60 '"H-NMR
(400 MHz, CDCl3)

=

JO0E |
T80T |

Uiy

FE0TH

=001

S0
86

=00°¢

3.0

10.0

2.0 1.0 0.0 -1.0

4.0

6.0

7.0

8.0

9.0

11.0

£1 (ppm)

Wi,
o
074
E_i
1348
ooy’

0082
___E_W
0562
8108
R \
7038 \
0L L8) \
ge 1]

8361

60 'SC-NMR
(100 MHz, CDCl3)

-10

10

30

50

190 170 150 130 90
£1 (ppm)

210

S-186



LO UD_._
%57
VB 52|
5
852
3352
Y2k
b
Y2l
vy
vzl
B
e
B2 8l
525l
e
78|
092
Ei
5 2l

8018
5018
C08-

(376 MHz, CDCl3)

—-200

-100
£1 (ppm)

-2

—-140 -160 -180

-120

-40 -60 -80

=20

8271
087
5z
A
Br'Z
14
e
he
31
T
TS
IS8
258
Al
20'GH
#0'GH
50°C
507

mﬁ_%
L0
iy
A
BIL|
171
AR
AN
|
97 L]
07]
Gy'L]
9L}
E
8yl
gL
BYL
PR
Il

S i et

Br

0t

61 '"H-NMR
(400 MHz, CDCl5)

: ﬁw?ﬂ

01

=0

== 001

‘/Hm.ﬁmmm :

|6

Ao
-1

0.0

1.0

-1.

2.0

10.0 9.0 8.0 7.0 6.0 4.0 3.0
£1 (ppm)

11.0

S-187



o
AT
8048
Ei
00se
055y’

61 '3C-NMR
(100 MHz, CDCl5)

Br

187G
IL8el

3082l
I'gal
35l

GO0l
BLCEl
yEEl
55 GEl
bY'LEl
ee
518yl

BE96I—

190 170 150 130 110 90 70 50 30 10 -10
£1 (ppm)

210

—-200

61 "9F-NMR
(376 MHz, CDCl5)

Br

-80

-40

-2.

-120  -140 -160  -180

-60 -100
£1 (ppm)

-20

0

S-188



82T,
WA
IRA
KA
\TRA
A
x4
IRA
082
08°Z;
1821
RA
187
7
ehy|
Y
59°¢]
59
198
E&
R
e |
%3
18]
b5y
55y
05y
LB
\¥A
oL
BIL
BIL
071
7]
AR
98!
08

—

Me
Me

(400 MHz, CDCl3)

#50E

1an-
1808 |

e
~ 501

=0071¢

eI

oy
Ryiin4

6
£1 (ppm)

15 14 13 12 11 10

16

LETAN
5,127

7Ly
Nm_zw
(8ly
5e8Y
Legy

1A

LY 8l
g1l

LB12)
E_E_/
___mi

90

£1 (ppm)

BY 62l ]
B 0E)

Oy gl
L)
98] 2
£E Yl

Me

8961 -

62 '3C-NMR
(100 MHz, CDCl5)

150

110

130

190 170

210

S-189



Me

Me

62 "9F-NMR
(376 MHz, CDCl5)

-210

-150

=50

-190

-170

-110  -130
£1 (ppm)

=90

=70

=30

-10

10

(400 MHz, CDCl3)

o

Fo |

=I0e

=00l L

ranl o

k o
ol |

= 001

£ 001 |

[ BE'D
Iz

= BB |

L 201
{

o+

2.0

3.5

L0

1 (ppm}

$-190



110

1 (ppm}

S-191

A
| =
— F o
L=
- -2
Bl ] o
[ m_q./ E
199~ I
239 } =
=]
2
- S FE
8912 &
29421
38571 ]
(TR 5
142 - S5
17871 ==
1731 oF
arsz] =
17621 1
PLIaA | . - L5
sl W — sy
RIS e~ = Beer L .
EEEN — ~ aigy
(7581F — ] Wy
s 1 L2
g
|3
— — 3 -
§E¥5I— 5 o L 3
g -8
x 3
-
=ae - =
z
N -
Q & I E
- =
v (@] ™ =1
L o S =
Bis6— £ T e _
F N 3 =
r FS
= :
-
| S

63 "9F-NMR
(376 MHz, CDCl5)




8¢
8¢
e¢
A
5E¢
55E
85¢
B5E
(9t

398
clil]
L&Y

BEY

ore
L
arL
LIl
8I'L
i)
IGL
S8
LBL

Me

CF;

CF3F

Me

64 "H-NMR
(400 MHz, CDCl3)

LIRS ]

RYIINS

=01

=001

s 181
Mo |

/1A

4.0

9.0

1.0 0.0 -1.

2.0

3.0

7.0 6.0

8.0

10.0

0

11.

£8L
EE_/V
R Gl
A

GIBEl
Nq_mm%
GLLEN

el

8I'361—

Me

CFj3

CF3 F

Me

64 'SC-NMR
(100 MHz, CDCl5)

170 150 130 110 90

190

50 30 10 -10

70

£1 (ppm)

210

$-192



898I-
L38I-
79y8l-
e9val-
19v8I-
B578I-
LS8l

089L-
L8'8L-
G88L-
A
1879L-
bLAL-
8479L-
b4 8L
LAl

—-200

-100
£1 (ppm)

Me

CF;

CF3F

Me

64 "F-NMR
(376 MHz, CDCl3)

—-140 -160 -180

-120

-40 -60 -80

=20

17
A
A
VA
A
L8°7]
A
997,
BY'7]
mm_g
B9 7
gLe
IR
oLE
TR
LB
8Ly
BLY

787
589
98'g
189
(89
Wiy
m_:
07
AN
A
57
071
971
981,
58
08/
o8]
181

—

—

OMe

Me

g
>

CF3

Cl
o)

65 '"H-NMR
(400 MHz, CDCl5)

=G0
=001

S

S

0.0

1.0

2.0

9.0 8.0 7.0

10.0

1.0

$-193



8L12—

(56—
88y
E_mm”
mm__mmw
(085

ILLBI—

90

£1 (ppm)

Me

Cl

CF3

65 13C-NMR
(100 MHz, CDCl5)

130

150

50 30 10 -10

70

110

170

190

210

ISy~

OMe

-210

-150

0 -110
f1 (ppm)

-90

Me

(o]

CF3

65 "9F-NMR
(376 MHz, CDCl5)

=70

=50

-30

-190

-170

-130

-10

10

S-194



Cl
cr ¢l
o)

Me

66 '"H-NMR
(400 MHz, CDCl3)

A
v kg " ”
= o= = =
] = od - =
10.5 9.5 9.0 85 B0 7.5 T 6.5 6.0 5.5 5.0 1. : 1.0 3. 1. 1. 0. 0.0 0.
1 {ppm)
-
{ar] = uw enoa =
ey - o O - w2
=Y o [T =1
— o o~ b~ o
~l |
Me
Cl
N
Cl ClI
(o)
Me
66 ">*C-NMR
(100 MHz, CDCl3)
1
1
L
L oA
210 200 190 180 170 160 150 140 130 120 ]](J‘.]]JUU‘UU 80 70 60 al) 10 30 20 10 0 10
{ppm)

S-195



Bl
mwm/
i/

86¢
I0e
e

1A%
mmew
1A

1y’
20
§0s
50
7
Wil
g
1A
mi
0zL]
7.y
7]
ol
5871
0g°L;
mﬁ
181
YA
BB

Cl

clr ¢l

67 '"H-NMR
(400 MHz, CDCl5)

i

=09 |

=0

=0

=000

» 007 +

Y+ BE

961 |

~o0e

0.0

-1.0

2.0 1.0

3.0

4.0

10.0 9.0 8.0 7.0

11.0

oLyl
E_v
oz

o
oa
3
=~

=

1082
53321
56'82)1
TR
e 261
RO
08°Z8)
1878
2058
BYLE)
LTEIN
08591

_—

g1961—

Me

Cl

~

Me

Cl

Cl

67 'SC-NMR
(100 MHz, CDCl5)

150

190

-10

10

90

£1 (ppm)

110

170 130

210

S-196



(8 801-—

Me

Me

—-200

67 "9F-NMR
(376 MHz, CDCl5)

-100
£1 (ppm)

-2

—-140 -160 -180

-120

-40 -60 -80

=20

0

68 'H-NMR
(400 MHz, CDCl5)

#1018
g
S0

FR0Tt

Sl

10.0

11.

$-197



AN
TS

LESr~
s

-10

10

30

50

70

—

3966~
8Ly01-

71’87
m__mm_w
i

508,

mm__mm_\
£8 GEl

mim_\
0yl

AN

90

£1 (ppm)

110

130

J

150

A,

190 170
69 '"H-NMR
(400 MHz, CDCl5)

68 '3C-NMR
(100 MHz, CDCl3)

210

0.0

-1.

3.0 2.0 1.0

10.0 9.0 8.0 7.0 6.0 . 4.0
£1 (ppm)
S-198

11.0



By ey~
(LB~

BLYR—
0812

m_:i
BE 22N
182N
1052
TR TAR
59171
BLBZI
§0°Z81
09°Z8)-
oR vl
I'SEH
oL
0LBe)
AL

T

A il

90

£1 (ppm)

130

69 'SC-NMR
(100 MHz, CDCl3)

50 30 10 -10

70

110

190 170 150

210

YibL—

-210

-150

0 110
f1 (ppm)

-90

69 "°F-NMR
(376 MHz, CDCls)

=70

=50

-190

-170

-130

-10 -30

10

$-199



Me
EtO,C
¢l cl
Me
70 '"H-NMR

(400 MHz, CDCl3)

-—
—=
=
—
=

|

T LA T T T AN
= o= ie = =
od < od - — -
10.5 9.5 0.0 85 80 7.5 7.0 65 6.0 55 50 45 4.0 3.5 3.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm}
%% L‘.: AT LD T f=1) o0 — — oo
. [ap N el o oo - =l =]
L uw ] . . . .
o g=] = [ [ o [arRe s} — (2]
— — = e =] == =1 —
| S/ | N/ o
Me
EtO,C
3
Cl Cli |
o
Me
70 3C-NMR

(100 MHz, CDCl5) .

T T T T T T T T T T T
2100200 190 180 170 160 150 140 130 120 ]]U” ]JUU ‘ a0 80 70 60 50 10 30 20 10 0 10
{ppm)

S-200



877,
3274
pE'E,
Tl
gl
BE'E]
29
qi
09,
891
LB
861
BE 1
o0's
oI
i
14
£z
b7l
971,
17l
iTAN
o6/

—

—

) o
> >
&0
fr

1

.

71 "TH-NMR
(400 MHz, CDCl5)

.

m

gl

e

EE0l

=101
= 001

+(0¢

90|

=00¢

3.0

9.0

10.0

1.0 0.0 -1.C

2.0

4.0

7.0 6.0

8.0

0

11.

£1 (ppm)

AN
9.1z

GBBE—

(yes—
e519—

1782
ﬁ_;m_w
562

7108

Bges)l \
/g \
08L8) \
0zl

36961

)
=

90

£1 (ppm)

110

Me

71 13C-NMR
(100 MHz, CDCl5)

170 150 130

190

50 30 10 -10

70

210

S-201



BLL,
9g 1
9g 1
BEE1
i}
B,
08,
19,
99,
26,
9B7Y|
il
061
80,
80,
ligh
BOL
Bl
i
il
98 L]
1L}
6E L)

0g
Bl
_i
511

0R L
o L]
D5
L]
oR L]
E&
308
RO

——

T

org

72 "H-NMR
(400 MHz, CDCl5)

~50E

Al

FBED
=001

1.0

2.0

3.0

9.0

10.0

0

L1.

1A A

88E—

LCE5—
[/

0,
EZ LI
B2 221
37 72,
9872,
EE BN
Iy G2l
BB IEN
17 E6)
e
£yl
1051~
AN
B 781~
CE RS-

e ——

=

SLYEI—

72 'SC-NMR
(100 MHz, CDCl3)

130

190

90 70 50 30 0 -10

£1 (ppm)

110

150

170

210

$-202



59°901—

OAc

Cl

—-200

72 "9F-NMR
(376 MHz, CDCl5)

-80

-60

-2

-120 —-140 -160 -180

-100
£1 (ppm)

-40

=20

0

8L,
987
BE'Z|
it
177}
AgA
A
A
A
A

UAA S

57
988
986
gee]
802
W
I8
_i
5y'g
LB
BRY
BE Y]
oog
\[Y¥
o
6L
0711
07 L1
14
771
771
88
98]
PR

——

E_@.

[

—

Ilivk

Me

(400 MHz, CDCl3)

=== 001

_ I BB

1 VBRE

———— -

0.0

4.0

(1.0

-1.0

2.0 1.0

3.0

7.0 6.0
£1 (ppm)

8.0

9.0

10.0

S-203



5171,
o1z’
IS
N_i
08°he
290y’

08zl
EE_W
[787)

NI

8¢ EEl
&l Gel
eHLEl

el

(9961

Me
Me

73 13C-NMR
(100 MHz, CDCl5)

el L

130

190

30 10 -10

50

90

£1 (ppm)

110

150

170

210

BTy
381
s
5301}
B30Iy
1910
B B0l
28801
18501
91501
$I501
2160
1853
06 53-
8 59-
58'59-
¥B53-
B'53-

Me

—-200

-80

Me

73 "9F-NMR
(376 MHz, CDCl5)

—-60

-40

-2

-120  -140 -160  -180

-100
£1 (ppm)

-20

0

S-204



-1.

1

= 817
L I v
mmi

. yoHE
,Uﬁ%ﬁ_ﬁ_ 2 3gy/
= Aiihs

o BB 12,
) 1zl

2 B 21
BB 721
2 02!
I - 7}
B0 0992,
_ 89.7)1
o 81621
128
BOGER
I75¢)

2SS \

BLBE \ o O
7251 \ S "
BE0G)

52601 O O

19361

2.0

3.0

74 "H-NMR
(400 MHz, CDCl5)

10. 0
74 'SC-NMR
(100 MHz, CDCl5)

0

11.

10 -10

30

70 50

90

£1 (ppm)
S-205

190 170 150 130 110

210




peZ0-
eeZl-
99)-
59 )|
30
501
88Dl
L8 DI
99801
59501
B6 801
(B8O
52°801-
72801
(o101
95°L0l-
G6'58-
y6'58-
05'58-
RB'CH-

—-200

-100
£1 (ppm)

74 "9F-NMR
(376 MHz, CDCl5)

-2

—-140 -160 -180

-120

-40 -60 -80

=20

0

LA
L&
85¢
85¢
3
e
Ui

L€
iR
LIS
LIS
BI'S
BI'S

0L
N_}
171
o7t/
I8l
9651

L

L

75 "H-NMR
(400 MHz, CDCl5)

I

=

=401

4
0y

Ll

10.0

1.0

S-206



LY
~44.57
LT

N116

75 13C-NMR
(100 MHz, CDCl5)

210 190 170 150 130 110 90 70 50 30 10 -10
£1 (ppm)

75 "9F-NMR
(376 MHz, CDCl5)

-90 -110 -130 -150 =170 -190 =210
£1 (ppm)

0 -10 30 50 70

S-207



76 "H-NMR
(400 MHz, CDCl5)

1.0

3.0

0

-1.

0.0

2.0

10.0 9.0 8.0 7.0 6.0 5.0 4.0
£1 (ppm)

11.0

¥B121
505,
VE 52l
LLB2N
5862/
55081
I7ve)

e
TN
B 281
LN
5591

L e

LE561—

90

76 13C-NMR
(100 MHz, CDCl5)

130

190

50 30 0 -10

70

£1 (ppm)

110

150

170

210

S-208



Lei-—

76 "9F-NMR
(376 MHz, CDClj)

-210

-150

=50

-190

-170

-110  -130
£1 (ppm)

=90

=70

=30

-10

10

8271
BZ'Z1
187
IRA
TRA
N
A
INA
871
BLZ
5y
sl
158

Tp—

9587
09°¢
B8'E
80
ROGA
0's/
I
71'5)
5
9/'G1
e’
0]
It
o]
ol
Iz
_E
17l
07 1]
b7 1]
h71]
lifh
0pL

e

—

Me

Me

<
C

H-NMR

F

F/
-
o

Br

F

Cl

(o)

77 '
(400 MHz, CDCl3)

iy

hIre

AN

FESD
=1y

=00

sI0eT

0y

=0et

0.0

-1.

0

1.

2.0

3.0

4.0

o
T

6.0
£1 (ppm)

7.0

9.0 8.0

10.0

11.0

S-209



5182l
8062
915z
B 621
I8
508
Ge'gel|
g 8
0g'ce]
VeyAsk
§9°L8
0s )

Emﬁ

=

=

2998k
e

Me

Me

g
>

-NMR

F

F/
-
.,

Br

F

Cl

(o

77 3C
(100 MHz, CDCl5)

_..L........MJWL....J.L.;_«..

-10

90

£1 (ppm)

50 30 10

70

190 170 150 130 110

210

LI
SN?W
IFLII-
BG5I-
3651

65l

g
8019-
5019
AlER

ilifiy

—-200

-80

Me

Me

J
C

-NMR

F

Cl

o

77 '°F
(376 MHz, CDCl5)

—-60

-2.

-120  -140 -160  -180

-100
£1 (ppm)

-40

-20

0

$-210



08z,
082
igA
5071
YA
YA
074
144
AR
i
5771
5771
971
1L
181
98]
8%
iR
iYA
i
L
0L
0L
i
gL
{TAA
By’
08
181
8L
o8]
o8l
qmi
587
5874
181
181

Br

Me

78 "TH-NMR
(400 MHz, CDClj)

IR
F557

FL5D

=00

=< qpy
ﬁﬁ_
oo

Iy

B0 L

BED |
o 001+

9.0

2.0 1.0 0.0

3.0

7.0

8.0

10.0

11.0

5L
E_i
BG BE|
BLBE
90,
58 0t
5217,
1511
155l
L5l
314
E5ET)
5652
21921
692}

—

—_—

—

TR
E882)
16821
82N
I
80EH
1Eh
JATR
0e1e)+
Ny
9918}/
BLIEN
I8 1g)
78281
mmwmi
0 78
_u__:i
NI
0589/
7099/
BI'GEI
£y CF)

—

——

Br

Me

78 13C-NMR
(100 MHz, CDCl5)

_L_JL._LuLu.__wJM

90

f1 (ppm)

130

190

50 30 0 10

70

110

150

170

210

S-211



Iy
areir-
LO°LIr
bE5I
I6SII-
885I-
I6°L0K
3aL0r

Ly
EC18-
1218
8l

58

S S —

Br
M

e

|

78 "9F-NMR
(376 MHz, CDCl3)

-10 -30 -50 -70 -90 -110 -130 -150 -170  -190 -210
£1 (ppm)

10

79 '"H-NMR
(400 MHz, CDCl5)

BLLE
~10e
)E.m

=0
=107

=2

=00

=10

1 (ppm)

S-212



LAY

1912~

7912

58—

GlLr—

2,

LED
997211
L6521
B7 92
81021}
UL
[ERE
EONR]
17611
56
62
gl
56281
138
9981y
5593

3
3

{IGElN

85 1ol
88 Nq_./
ot

65l

6309~
56837

38561

M)

(100 MHz, CDCly)

30

60

80

a0

110

140 130 12

150

160

180 170

200 190

210

1 (ppm}

i

79 "9F-NMR
(376 MHz, CDCl3)

200

160 180

140

]

I

100

1 (ppm}

0

80

60

10 50

30

S-213



301
901
A
31
Bl
8-

8114

A
ez
U~

b
v3E
L144
58%
0g 4
284
8eY
v
58
954

05
145
s
sred
280,
5894
,._.L,&"
aL
gl \
L
9L
9L
L9
8L
wLl
wLl
9l
il
29l
5g L

Me
Me

Ts

o}
80 'H-NMR
(400 MHz, CDCly)

=001

10.5

(ppm)

Tl

5gHl
mz%
BB
85
151z
9124
82
810r—

5~
-

7o —

CCeTie
_m:_é
9812

35745~
B0
mm.mm_\
5683

£956—

Me
Me

Ts

Me

80 1SC-NMR
(100 MHz, CDCl3)

80

100 90

110

T
9

140 130 1

150

160

180 170

2000 190

210

(ppm)

Tl

S-214



-NMR

81 'H
(400 MHz, CDClj)

SBET
“BEZ

=860
= BBl

=

o BBl
=802
- ool

[ I
Jong

10.5

(ppm}

£l

191z
E.av.

By
Y0l —

ﬁ
0285
5033
"HE
85421
584l
303211
1581
80521}
282l
56521
895l
0852
6y 28l
882513
3375
255}
5556
0836lF
97321
0898y
(B
T

E509I—

o=

3L081—
32561—

Ts

81 1SC-NMR
(100 MHz, CDCl3)

10

50

80

100 90

110

T
)

140 130 1

150

2000190 180 170 160

)

210

(ppm)

£l

S-215



CO,Pr
Ts

Me
Me

heVe

H-NMR

Me

82"
(400 MHz, CDCl5)

s
o
=
|ﬂw .
Bz,
—_— 8512
r = 091z
e | sz
- F B2 f
s ‘q74
0E | o B
BEh—
Jooe
00% | .
| = 5945—
e
=0 1rB3—
[
o
P 7Z08—
=
ok
= [ s
5§01 | Fal
fa] .)
s 8582
9692
Ho 1762 =
=10 | < 196214
[ .
oy Lo 0008 a
diz - e & 2
m_qm s I8l O
| Q O
‘e0z | o 50951— JlO —
| - A\ o™
L [ ) 5
S o o A
L = = o
“ B 2L — z -
s o ¥
T
= [s2]
w = o 5
L= S
@ 25861~ e
i 955R-" s
L m P|u

50 10 30

70 60

80

a0

100
(ppm)

fl
S-216

110

9

140 130 1

150

160

180 170

190

10 200

Pl




e
8071
8074
171
Llipd
6071
6071
1571
057
9%
NML
£9e]
£9e]
7851
]
gl
a4
U
1741
7
TRa
1541
284
s
I5¥
75
85
86
00's
s
LER
£75
5764
075
oz
083
mm.muw
869
s59/f
-
IR o
L1
L1
511
9]
LV
0z @
7
w7 L]
53
o]
1
53]
8 i
e

™

—

™

—

OAc

Ts

Me

AcO

AcO
AcO

OAc

83 "H-NMR
(400 MHz, CDCl3)

#E0°Gl
0oe
E0E

TR0

o L0l
» 001
008
v 207
~ 00z

10.5

(ppm)

Tl

ue i
9502
150z
290z
y902
1617
B2
CEATA
mq.j

p——

I5'9y
BI'ES
8208
£9°09 ,ﬁ
6309

7818
BI'83
980
802
Bl
BLLL
9886
00'661
8091
oLz
108211
ezl
8062 ,ﬁ
5162l

S8Rzl W

[ —a—

—

LB
qm._m_w
wLzel

Dq.mm_\
LS

E.«EN
5Lyl

E_mm_o
o5 BOl
grm
g L)
15 0L

LZ56l—

Me

o=

OAc

OAc
83 'SC-NMR

(100 MHz, CDCly)

AcO

AcO
AcO

190 170 150 130 110 90 70 50 30 10 -10
f1 (ppm)

210

S-217



=

T

Me

Me

6) !
84 '"H-NMR
(400 MHz, CDCl5)

i
{6
e

= 10
Raliy
o
-z

= ool

=002

JBED
rBED
$NE
00y
m 01
‘o
=07
i

-10

10

30

50

70

1 (ppm}
90
S$-218

f1 (ppm)

110

—

Me
150 130

170

84 'SC-NMR
(100 MHz, CDCly)

190

10.5

210




Ts
84 "9F-.NMR

(376 MHz,

0
CF3)LI}I

L8363
9863-~L

Me

CDCly)

5689
8583

210

190

170

150

130

110

90

10 50 60 70 80

30

10

20

(ppm}

Tl

£94

b99
mm.@
399
vg9-F
339
339
599
54
e
7t
.L
i)
S
111
8911
5911
L3
8911
8L

0gi-

—

Ts

MeO

85 'H-NMR
(400 MHz, CDCls)

Cl

ro0e
ooe
D€

= 001
=BB67

= 001

~002
% ED1
BE1

=861
=107
808
BB
sy
=002

10.5

{ppm}

Tl

$-219



588 —
1912
EEV

S8 08—

558 —

955"
076"
033~

Ts

550"

Y SE—

MeO

L0 89~ O O

85 13C-NMR
(100 MHz, CDCl3)

Cl

30

60

80

100 90

110

140 130 12

150

160

180 170

200 190

210

(ppm}

£l

wl;

87
871
078
Irg1
e
516
501
107}
901
s
5/
9]
U
8t
28
s
35
85
143 ]
s
225
AR
1R |
855
13
LAY
59
1H
2994
b
393
3891
3814
38
5ok
L~
W
Ut
8L
171
sl
gL
g5
95
151
11
894
8L
8L
28]
m_.ﬂ
bg
gl

p——

-

—

Ts

Me
O

L
Me (0]

86 "H-NMR
(400 MHz, CDCl5)

N
I

=z
NS

=00t

ooe
ooe

SEOE
SEDS
=02
\ggE
= 001
> ggl
lgng
|

10.5

{ppm}

£l

$-220



10~
£q14
1912

8597 —

G8Es—

976~
Il

8911
28511
28901
13U
0124
8082k
b5
mmmmfﬁ
762+
2RI
5708
678
15954
mmmghﬁ
Ba )
g
8194k
a6t
85554
RELE
gleg

0556 —

30

10

30

60

70

80

a0

100
1 (ppm}

110

9

1

130

140

150

160

170

180

(100 MHz, CDCl3)

190

10 200

9

b81
381
(a1
11
0514
2514
¥51
351

BEI-
oSy

oe
Yy
9gr-L
825
IEERY
g5

8l

07l

NNHUf
L
1L
Bl
84
b1
29
Ve
051
8L
8]
984
B34
53

Ts

Me
87 '"H-NMR
(400 MHz, CDCls)

=08
~70%
= I0E
ik
=20
=E6T
= 001

=00t

(ppm)
S-221

£l




Il

1912
E.aw.
612

LF—~
[4:l 1A

808 —
2993 —

30

10

50

60

£042
8093
0532
4063
5761
38561
1362
2508
8978~
1788,
1258
£79g
e
Lyt
85 441
gy
86 49—

i1 56—

80

90

(ppm}

100

£l

Ts

110

)

130

»

150 140

Me

88 'H-NMR
(400 MHz, CDCl5)

160

Me

170

87 18C-NMR
(100 MHz, CDCl3)
180

190

200
Me

210
Me

=001

=002
= 001

00
~o0e
= BBl
™ BB

fpp\ll,‘r
S-222

£l

10.5




¥80 -
= 980 I
) o L8°0y
G7 -
= I8 L
i : =GN -
1917 h H qm__ 09
80 S L2 95 _,ﬁ ol
nzoe i} mm _\ - uTm.m m
sy = e -
\ ]
wm_ww\ o m_ﬁ_”m L |
3 80°¢ il
85— - L2 oe JBBE |
8558— - " geg- ¥ Akl
0y'e |
2 VAR -
- gy
7 il I
IEE B ..ULw oot |
gLl = GG =00¢
2 — I
o ooy
5321 L _mj -
67 :
g.mmk = mm_B L
el = 7Ly
L e O O = By i
§E 5 JE— H=
vaf = — L) z :
iy x O E ILYAS x 8
it 2 58 B 3.1 =) i
84 O < - = L] O < g
wml o ° O I o 8Ll T L
w— = mw W — R B L] 3 W i
o L2 . o
= - 68l N
s 81 Jn° 2 -
LTS6— — - m:_i o /N|\| -
2 Y08 — i
d = '8 ®
= 98 = I

2.0 1.0 0.0 -1.C

3.0

S-223

10.0 9.0 8.0

1.0



B~
0072,
g 68

Emw
B

NN
i

8989—

1) 7]

98L0)
99821
T
G708l
06 08/
BE 08,
LT EEN
0L 51
B gl

gLoel]
15 L8]
0e'gg)
ol
159

b5 Y6l

O

o7\

89 13C-NMR
(100 MHz, CDClj)

130

190

90 70 50 30 10 -10

£1 (ppm)

110

150

170

210

grim-
SHN-
87 0ll-
Ly 0I-
E3°601-
¢9°60K-
56801
7680I-
G595
I1'98-
0ras-
5095
7089-
85°58-

89 "SF-NMR
(376 MHz, CDCl5)

-210

-150

-110

£1 (ppm)

=50

-190

-170

-130

-90

=70

-30

-10

10

S-224



= e (DWW LD LD WD T o O] 00 0 — [ 80 LD SO b

o8 o of b 7 b7 b b b b b b b b b b B b O 0 I

—

Q Me
EtO S / <
| Me

Me
F
Cl
O ¢ Br
Cl
90 "H-NMR
(400 MHz, CDCls)
b
iy i
10.5 9.5 9.0 85 rTU 6.5 60 —.3.'5 5.0 1.'.3- 1.‘-0 3.5 3.0
1 (ppm}

90 '3C-NMR
(100 MHz, CDCl,)

210 200 190 180 170 160 150 140 130 120 ]]Uf'] ]100 L 90 80 70 60 50 10 30 20 10 0 10
{ppm)

S-225



90 "9F-NMR
(376 MHz, CDCls)

150 200

160

140

]

1

100

f1 (ppm)

60

10 a0

30

a0 E
20 E
20 E
021
5071
507
iy
a7y
0zy
II'Z
58 E
98%1
:.j
841
81
A7
0749
¥y
5179
L&
LIAR
LB
0059
5061

L

05
05
05
515

;

95—~

925
L2
825
825
825
ng's
LA
739
438
9384
(If%
e
0L
oL
87t
v
97t
(R
iy
gt
i
a1
wi]
Bl
05

e e e

5L

AcO
AcO

AcO

91 '"H-NMR
(400 MHz, CDCl3)

gy
Sy9p
89T
90

Jw
g
|
~ gan
oz

f1 (ppm)

S-226



-

=
=S
60

=5
=
80

a0

1 (ppm}

110

hm.mm% - =
ENL. -
LETENS -

5157 -
g6/

)

= 264
BraL
g/

130 1

140

g -

55 80— /\ -
P o e} -

c
mm.mm; O m
m;m,,_
mm mi
goud

! © O
(@]
2
(@]

5356 —

150

160

170
(o]

180

190

91 3C-NMR
(100 MHz, CDClj)

CF3
AcO
AcO
210 200

AcO

200

160 180 2

140

9

1

100

90
{1 (ppm}
S-227

&0

OAc

o}
91 "9F-NMR

CF3
Cl
AcO
(376 MHz, CDCl5)

AcO
AcO




004y
204
504
8L
0Z4q
AR |
[EAR
1z,
mmi\
i lf
RIS
L
¥R
i
051
054

Me

Cl

l,IF

Br

Me

COzMe

92 '"H-NMR
(400 MHz, CDCl5)

~E0e

=BE'Z

= e

O0E
 E6

= 00l

=07
=o'y
“E0T
= 01
=1

10.5

(ppm}

Tl

8~
88027

Iy
Bl
Ly
_m.sw
128
vz s

025l
2514
19E 2
78821
(kg
m_mm_;
2552

0852H
S |
908§
33087
1Al
IDse

wzss
grgs

gz

0785~
(809~

Levil—

Is6—

Me

Cl

l,IF

Br

Me

COzMe

92 13C-.NMR
(100 MHz, CDCl5)

50

&0

T T T
150 140 130 2 110 100 90

T
160

T
180 170

T
200 190

210

(ppm}

11

S-228



Srill-—

gm.mq../

BEEr
g.mq.w

aLar-

COZMG

92 "9F-.NMR
(376 MHz, CDCl5)

200

180

160

140

7 80 a0 100 12

60

10 50

30

10

(ppm)

Tl

g7l
87l

Gl d—

1B
867~
el
3t
iy
iy
Bt
s,
&5
g.mw
9575,
8575

@9
709

g.m.&#
339
59
(ifE
Cigs
CIRE
7L
8711
CERR
15
ERR
eRR
Logs
8L
s
28
e
73]
L

L

-

93 '"H-NMR

=z
N

(400 MHz, CDCly)

~00¢

=~ I0E

EEED

= 101
> BBl

=00l

= E0l

10.5

{ppm}

11

S-229



£91
594~

5/05—
05i5—

AR
LTI}l

80

90

2980F—

100

1 (ppm}

i
57514
mq.m:u@__,,
885~
BLII-7
e
aiz
19521
31574 )
IR I0a
13971 O
mm.mj

110

T
)

C

I

|
130

140

150

0518l

nraery

104
L3

L34
0964
PEEER W
02350
9IEg-

160

170

180

93 13C-NMR
(100 MHz, CDCl3)

190

50951 — Z=

210 200

170 190 210

150

130

110

90
1 (ppm)
S-230

80

60

NMR

50

10

93 "°F-
(376 MHz, CDCl5)

30

10

0



oL ]
BL1H
08
B
B
811
e8I
181
1y
08°7
B2
IL¥A
157+
757
80z
qi
557
RO

'L
071

0l
B 708

94 "H-NMR
(400 MHz, CDCl5)

gmm_

= =E0'7
00

—=xE0C
el |

7 6 5
£1 (ppm)

8

15 14 13 12 11 10

16

0z

181¢
A
A
UERAA
(A
eyey
{5y
958k
IR

19°80)
m_:__w
551l
BE Yl
(0821
I
TR
T
RI'BI-
08 BI
55781
1518/
06z
mmsm:
7yl
28161

94 '3C-NMR
(100 MHz, CDCl5)

90

£1 (ppm)

-10

10

50 30

70

1é0 170 150 130 110

210

S-231



AL

(BRI

b5 3l
m__m_m_ﬂ

94 "9F.NMR
(376 MHz, CDCl3)

0

(400 MHz, CDCl3)

/8B
ey
o

10.0

1.0

$-232



oLyl
ﬁ_q_w
A4
ha1E
BBy

0519—

80°l
R
95071
PLSIN
552
YO0EH,
£l
LZER
LRI
BL1EH]
_E&
BLEE)
78]
2788

=

L8161~

95 13C-NMR
(100 MHz, CDCl5)

170 150 130 110 90 70 50 30 10 -10
£1 (ppm)

190

210

-210

-150

38°801-—

x
=
<
TR
[«
0
o

(376 MHz, CDCl3)

0 -110
f1 (ppm)

-90

=70

=50

-30

-190

-170

-130

-10

10

S-233



96 'H-NMR
(400 MHz, CDCl5)

ik

- S0
00|

J BB
- 801

Sl
801
YIg0

0.0 -1.(

1.0

2.0

10.0

1.0

I A
LELe—
GLEE—

BELY—

1AL
LB9I
50°2dl
5t 0l
mm.:m_ﬂ
89187
m_m__mm%
88 ¢el
18051~
5665
57281
T

A i

90

110

130

14
=
<
&)
®

[{=]
N

(100 MHz, CDClj)

190 170 150

210

30 10 -10

50

70

£1 (ppm)

S-234



e a0l-—

0
=
<
T
=
©
o

-210

-150

(376 MHz, CDCl,)

=50

-190

-170

-110  -130
£1 (ppm)

=90

=70

=30

-10

10

97 '"H-NMR
(400 MHz, CDCl5)

[
=l
— 108

B6C |

"

0.0

-1.0

S-235



8807,
5907,
VIATA
18171
A
Y,
B85
0,
5g18)
BY1S)
108
11881
Y098,
L2781
BE 11l

—— . T

R
oA
0L 41

502,
1802

0862t

Emm_/r

AN

(982
562

I887/]

RAY

ROOSH
708/}
mm__mi

02t

1588

5 R8N
P51
199l
Nl
116

e ——

Aok

97 '3C-NMR
(100 MHz, CDCl5)

190

150 130 110 90 70 50 30 10 -10
£1 (ppm)

170

210

36e8-
mm_mm_%
Batal-
B608I-
mm_:m_gﬂ

Aigili

095,
9295
28651
BL55-1
§0'G5-
20°551
99°%5-
2375
8545
#5451
BI%5-]
9I°%5-
I6'25-1
1875
_ii
I 25

97 "9F-NMR
(376 MHz, CDCl5)

—-200

60 80

-40

-2

-120  -140 -160  -180

-100
£1 (ppm)

-20

0

S-236



A
17
0571
A
1L
A
e
0oL
£oL]
£o L]
po Lt
950
0oL
03]
951
151
18]
B3]
RS L]
o8]
98'.|
08,
181
88'L;
881
067
508
HIERY
e
308
078
028)
178
178
708)
18]
8g

=

e

(400 MHz, CDCl3)

=50

~ 001

v 08

= #¥0'¢

=l
L 01

0071 |

10.0

8.0 7.0 6.0

9.0

0

11.

£1 (ppm)

(el

88y
N:#W
Ly

0
887201
82211
o8z,
07E7
62521
RN
RE'LII
1908
731811
e
2878/
205e)]
I03EN
I8 BE)
oy oyl

SL161—

(100 MHz, CDCl5)

150 130 110

170

70 50 30 0 10

90
)

f1 (ppm

190

210

S-237



b5 83—

-210

-150

(376 MHz, CDCl5)

-190

-170

-30 -50 -70 -90 -110  -130
£1 (ppm)

-10

10

99 '"H-NMR
(400 MHz, CDCl5)

10.0

1.0

S-238



A
EE Ve
GEHE
LYES
I5E5
EGES

G585
B9°ES

6 6]
38

— L~

0649

28

798l

RSE

:m_ﬁ_/

505z

9L

882l \

99.0¢)

R -

LEDY)

B9 'Sl

768y _
x O
=0

0096l = L
> 8

-10

10

30

170 150 130 110 90
£1 (ppm)

190

210

G38Y-
£08Y-
30°8%-
vaLy-

—-200

-120

-80

99 "9F-.NMR
(376 MHz, CDCl5)

-2

-160  -180

-100 -140
£1 (ppm)

-40 —-60

-20

0

$-239



7€)
7]
£
8]
&)
2EY]
5E'Y|
LEY]
BEY]
B Y
5%,
7S]
754
398
B8'S|
068,
0]
50
v
gk
801
0zl
0y
01y

1&L¢

AN
AN
AN
o7 ]
og]
991
190
E
191
89'L]
891

—

B9°L

100 "H-NMR
(400 MHz, CDCl5)

2.0

3.0

4.0

10.0 9.0 8.0 7.0

11.0

SIvE
E.._Nm/
LBy
m:}
05y
E_Sw
mq_mm\\
8IS
R.qiﬁ

o ¥d
31
B8 LIl
088l
£EL
BEEZN
287z
(87
5717
mm:g
282
1B 0E)
15 0E/
0858/
m:._i
S5 Tl
8881
788l
R0°06)
ﬁ_m_m_v

—_—

90

£1 (ppm)

110

100 '3C-NMR
(100 MHz, CDCl5)

170 150 130

190

50 30 10 -10

70

210

$-240



(8-

m_z.___-/
m:.___-v
aon-

65 8S-
9586
578G
{85
8L 85

-210

-150

100 "9F-NMR
(376 MHz, CDCl5)

=50

-190

-170

-110  -130
£1 (ppm)

=90

=70

=30

-10

10

=00
v (0
=0

=80%

8D

— 01
H/

I0¢

101 '"H-NMR
(400 MHz, CDCl5)

A

2.0

6.0

10.0

0.0 -1.C

1.0

3.0

8.0 7.0

9.0

1.0

S-241



BlIE
BC1E
EB1E
e

I51E
(B15—
AL
mm.qm_w

P81l
BBl
587
_m_i
2I'52)

RE'921
087 \
99°0¢) \
BL 98]

pE el

LYEYl
8Iewl

(868

90

£1 (ppm)

101 '3C-NMR
(100 MHz, CDCl5)

190 170 150 130

210

0 30 10 -10

5

70

110

T
79
9,87
9887~

101 "9F-NMR
(376 MHz, CDClj)

—-200

-120

-80

-2

-160  -180

-100 -140
£1 (ppm)

-40 —-60

-20

0

S-242



L8R

102 "H-NMR
(400 MHz, CDCl3)

2.0

8.0

0 0.0 -

1.

3.0

10.0 9.0

11.0

BI1E)
BZ1E]
A
00°Z¢]
Lyge]
85681
1988
91y,
DZ%9;
189
BEH;
25 Ul
8L LI
BO'BI
96l

——

—_——

7]
B2
BITZ
28I
L5y
RS Y
1847
905
ook
YL
AL ¢
TR |
A

102 "3C-NMR
(100 MHz, CDCl3)

-10

10

30

190 170 150 130 110 90

210

£1 (ppm)

S-243



73 80¢-
:m.m:m-w
95°E0Z-

A
mm_E_.W
BE 0L

BG9G8
05°95-|
2195
B35
5885
08851
88851
788G
0875
2875
8275
08751
98751
18 6Y- |
08 Gt-1
L8B!
£e G-

—-200

-100
£1 (ppm)

102 "9F-NMR
(376 MHz, CDCl3)

-2

—-140 -160 -180

-120

-40 -60 -80

=20

1.0

103 "H-NMR
(400 MHz, CDCl3)

9.0

10.0

11.0

S-244



0S|
W
LBl
0612,
062)]
B B2l
/08l
£9E)
2981
TRl
o]
Ll
06 851

©/O Me
Ts o

HO™

103 3C-NMR
(100 MHz, CDCl3)

-10

90

£1 (ppm)

150

210

50 30 10

70

110

130

170

190

088
¢
A
7
mm_j
Y|
921
3¢
B
mm_j_
B2
1A

08
_2\
I

£yG—
(iR
589
989
989
(89
889
YA
PEL
6L
58]
orL]
o]
8L
05!
05’

104 '"H-NMR
(400 MHz, CDCl5)

=10
/861
= 86

0.0

1.0

2.0

-1.

10.0

1.0

S-245



17758~
Bl¥3
1899

-10

il
NE__/

90

£1 (ppm)

SZL
1961~

vl
m___mm_\
R9'BZ)

0808

18°5y]

EL

5891 \ S /\
GgEsY

59'961—
7

104 '3C-NMR
(100 MHz, CDCl3)

150

50 30 10

70

110

130

190 170

210

SiMe,Ph
o

105 "H-NMR
(400 MHz, CDCl3)

iR

= 507

S0 |

10.5

S-246



(5¢-
mm_w.v

IE1e—

e Ly~
1865~
8Iv8

i.qm_w

-10

10

30

50

70

A
0L
B2 B
9872
L
0821
8501
oy g}
0Lsel
Lrse
:m_mmi
e
1L L1
Bogg)

—

56861

90

£1 (ppm)

110

130

150

SiMe,Ph
o
170
106 '"H-NMR
(400 MHz, CDCl5)

105 '3C-NMR
190

(100 MHz, CDCl3)

210

i
=007 f

“E6E
S50

J B

=860 |

350
Mg
Ug0

9.0

1.0

S-247

7.0

8.0

10.0



EGE—

9085+,
0y5s—
TIRER
ey’

e

22l
mﬁ:__w
gyl

68’82,

0652

v 7e
90 b~
BL LA/

mﬁ_m_w

y'88)

y0'506—

(100 MHz, CDCl3)

190 170

210

130 110 90 70 50 30 10 -10
£1 (ppm)

150

e
e
8
i/
02e
12e
BeZ”

e3¢
53¢
L9

BLE—
=

0L
_EW
g
19
eag/
299/
g_i
09
B |
L]
7L
97
mi
09,
09,1
1911
Ry'L

—

Ts

OMe

108 'H-NMR
(400 MHz, CDCl5)

9.0

8.0

10.0

1.0

S-248



12~
a4l
18877

5865~
07 08—

-10

180
y07
817

297

1637

2337

et

R

mm_mi
o L8]
03741

3885

Ts

90

£1 (ppm)

OMe
108 '3C-NMR
(100 MHz, CDCl5)

150

190

30 10

50

70

110

130

170

210

27
it
172
']
1]
57|
LTy
BY 7
0577
867
g_&
-

BEt—

265
GRS
158/
BLh,
09"
i
WV
91
81
07L]
7911
VR
09
o8
53

Me

K2

e
I Hm_:m I

ae

I RINA

o
=
<
I
(2]
o
-

(400 MHz, CDClj)

OMe

il
0t

1.0

9.0 8.0 7.0

10.0

S-249



