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1. General Information

Solvents, Reagents and Techniques

All reactions were conducted in oven-dried glassware (100 °C). Reaction temperatures refer to
the temperature of the aluminum-block or oil bath surrounding the reaction vessel.
Commercially available chemicals were obtained from ABCR, Acros Organics, BLD-pharm,
Alfa Aesar, Deutero, Eurisotop, Fluorochem, Sigma Aldrich, or TCI Europe and used as
received. HFIP was purchased from Fluorochem and used as received. Solvents used for

column chromatography were distilled prior to use.
Chromatography

Analytical thin layer chromatography (TLC) was performed on silica gel ALUGRAM Xtra SIL
G/UV254 plates (Macherey-Nagel) or aluminum oxide 150 F254, neutral plates (Merck).
Compounds were visualized by ultraviolet light (254 nm or 366 nm) or by staining with KMnQOg4
(1 g KMnOs4, 6 g K2COz and 0.1 g KOH in 100 mL of H20) or bromocresol green (40 mg
bromocresol green in 100 mL EtOH; addition of 0.1Mq) NaOH until the blue color appears in
the solution) and developed with a heat gun if necessary. Flash chromatography was performed
on silica gel 60M (0.04-0.063 mm) or aluminum oxide (aluminum oxide 90, neutral, activity

level 1) with a positive nitrogen overpressure.
Nuclear Magnetic Resonance (NMR) Spectroscopy

'H, 13C, and °F NMR spectra were recorded at 25 °C on a Bruker AvanceNeo 500 or a Bruker
Avance 600 device. Chemical shifts (8) are given relative to tetramethylsilane (TMS) and using
the residual solvent peaks for calibration. °F-NMR spectra are externally referenced with
CCIsF. Chemical shifts are reported with two decimal numbers (*H) or one decimal number
(*3C, °F). Data is reported in the following order: Chemical shift (multiplicity [s = singlet, d =
doublet, t = triplet, q = quartet, quint = quintet, hept = septet, m = multiplet, br = broad signal],
coupling constant (J, Hz) and integration). All NMR-spectra were processed using
MestReNova.

Infrared spectroscopy (IR)

IR-spectroscopy was performed on a Perkin EImer ATR spectrometer. Samples were measured

neat. The wave numbers (v) of recorded IR-signals are reported in cm™.


https://www.bing.com/search?q=Celsius&FORM=SNAPST&filters=sid:%2217ba0ea9-5a86-e97c-e3e6-986606d1ea98%22

Mass Spectrometry (MS)
High resolution mass spectra (HRMS) were recorded on a Jeol AccuTOF (EI) or a
ThermoFisher Orbitrap (ESI) device.



2. Preparation of Ligands

General Procedure A:

DMAP (2.0 equiv.) and EDC-HCI (1.5 equiv.) were dissolved in CH2Cl> (3 mL/mmol) and
stirred at room temperature until all the solids were dissolved. After cooling to 0 °C, the
corresponding acid (1.0 equiv.) was added, followed by the corresponding sulfonamide (1.1
equiv.) and the mixture was stirred at rt for 21 h. The aqueous phase was acidified with 2M HCI
to reach a pH value of 1 and extracted with EtOAc (3 x 60 mL). The combined organic phases
were dried over MgSQy, filtered, and concentrated under reduced pressure. The crude product
was purified via flash column chromatography using CH2Clo,/MeOH/HCO2H (97:2.5:0.5)

2-acetamido-N-((2,4,6-triethylphenyl)sulfonyl)acetamide

H
N\
AcHN °s
/\(g( O/ \\O

L9 Following the general procedure A using DMAP (623 mg, 5.12

mmol, 2.0 equiv.), EDC-HCI (737 mg, 3.84 mmol, 1.5 equiv.), N-Ac-Gly-OH (300 mg, 2.56
mmol, 1.0 equiv.), and 2,4,6-triethylbenzenesulfonamide (680 mg, 2.82 mmol, 1.1 equiv.) the

target compound L9 was obtained as a colorless solid (457 mg, 1.34 mmol, 52 %).

IH-NMR (500 MHz, DMSO-de): 5 = 12.27 (s, 1H), 8.05 (t, J = 5.9 Hz, 1H), 7.09 (s, 2H), 3.75
(d, J =5.9 Hz, 2H), 3.04 (q, J = 7.4 Hz, 4H), 2.60 (q, J = 7.6 Hz, 2H), 1.79 (s, 3H), 1.21 — 1.17
(m, 9H) ppm.

13C-NMR (151 MHz, DMSO-de): & = 169.6, 168.5, 148.8, 145.7, 132.9, 129.1, 41.8, 27.6,
27.0, 22.2, 16.6, 14.8 ppm.

HRMS (ESIpos) m/z: Calcd for C16H24N204SNa 363.1349, Found 363.1344.

IR (cmt): 3331, 2965, 1722, 1611, 1561, 1345, 1148.



2-acetamido-N-((2,4,6-triisopropylphenyl)sulfonyl)acetamide

Pr iPr

H

N\
ACHN™ N sy
O O O I

L10

Pr

Following the general procedure A using DMAP (853 mg, 6.99
mmol, 2.0 equiv.), EDC-HCI (1.00 g, 5.24 mmol, 1.5 equiv.), N-Ac-Gly-OH (409 mg, 3.49
mmol, 1.0 equiv.), and 2,4,6-triisopropylbenzenesulfonamide (1.00 g, 3.84 mmol, 1.1 equiv.)

the target compound L10 was obtained as a colorless solid (750 mg, 1.96 mmol, 62 %).

H-NMR (600 MHz, DMSO-ds): 6 = 12.35 (s, 1H), 8.08 (t, J = 5.8 Hz, 1H), 7.24 (s, 2H), 4.20
(hept, J = 6.7 Hz, 2H), 3.75 (d, J = 5.9 Hz, 2H), 2.91 (hept, J = 6.7 Hz, 1H), 1.79 (s, 3H), 1.27
—1.11 (m, 18H) ppm.

13C-NMR (151 MHz, DMSO-de): & = 169.6, 168.6, 153.0, 150.3, 123.7, 41.8, 33.4, 28.4, 24.4,
23.4,22.3 ppm.

HRMS (ESIpos) m/z: Calcd for C19H31N204S 383.1999, Found 383.1991.

IR (cm™): 3303, 2958, 1703, 1627, 1493, 1374, 1160.

(S)-2-acetamido-3-methyl-N-((2,4,6-triisopropylphenyl)sulfonyl)butanamide

Pr Pr
N
AcHN 83
09 O i
L1 Following the general procedure A using DMAP (768 mg, 6.28

mmol, 2.0 equiv.), EDC-HCI (903 mg, 4.71 mmol, 1.5 equiv.), N-Ac-Val-OH (500 mg, 3.14
mmol, 1.0 equiv.), and 2,4,6-triisopropylbenzenesulfonamide (979 mg, 3.46 mmol, 1.1 equiv.)

the target compound L was obtained as a colorless solid (770 mg, 1.81 mmol, 58 %).

'H-NMR (600 MHz, DMSO-ds): 6 = 12.3 (s, 1H), 7.91 (d, J = 8.8 Hz, 1H), 7.24 (s, 2H), 4.27
(dd, J = 8.8, 6.3 Hz, 1H), 4.18 (hept, J = 6.9 Hz, 2H), 2.91 (hept, J = 6.9 Hz, 1H), 2.03 - 1.95
(m, J =6.6 Hz, 1H), 1.81 (s, 3H), 1.22 — 1.19 (m, 12H), 1.16 (d, J = 6.8 Hz, 6H), 0.84 (d, J =
6.8 Hz, 3H), 0.77 (d, J = 6.9 Hz, 3H) ppm.



13C NMR (151 MHz, DMSO- ds): 6 = 171.2, 169.4, 153.1, 150.5, 132.4, 123.6, 57.3, 33.4,
30.2, 285, 24.7,24.1, 23.4, 23.3, 22.3, 19.1, 17.5 ppm.

HRMS (ESIpos) m/z: Calcd for C22H37N204S 425.2468 Found 425.2462.

IR (cm™1): 3383, 3006, 1725, 1648, 1457, 1275, 1032.

(S)-2-acetamido-4-methyl-N-((2,4,6-triisopropylphenyl)sulfonyl)pentanamide

Pr Pr
Y
AN
AcHN oSS
O .
Following the general procedure A using DMAP (705 mg, 5.77

mmol, 2.0 equiv.), EDC-HCI (830 mg, 4.33 mmol, 1.5 equiv.), N-Ac-Leu-OH (500 mg, 2.89
mmol, 1.0 equiv.), and 2,4,6-triisopropylbenzenesulfonamide (900 mg, 3.18 mmol, 1.1 equiv.)
the target compound L12 was obtained as a colorless solid (710 mg, 1.62 mmol, 56 %).

'H-NMR (600 MHz, DMSO-ds): 6 = 12.38 (s, 1H), 8.01 (d, J = 8.2 Hz, 1H), 7.24 (s, 2H), 4.38
— 4.41 (m, 1H), 4.18 (hept, J = 6.7 Hz, 2H), 2.91 (hept, J = 7.0 Hz, 1H), 1.78 (s, 3H), 1.62 —
1.53 (m, 1H), 1.40 — 1.35 (m, 2H), 1.22 — 1.15 (m, 18H), 0.86 (d, J = 6.7 Hz, 3H), 0.83 (d, J =
6.6 Hz, 3H) ppm.

13C NMR (151 MHz, DMSO- ds): & = 172.2, 169.2, 153.1, 150.6, 132.3, 123.7, 50.9, 33.4,
28.5,245,24.3,24.3,23.4,23.3, 23.1, 22.3, 20.9 ppm.

HRMS (ESIpos) m/z: Calcd for C23Hz9N204S 439.2625, Found 439.2619.
IR (cm?): 3323, 2969, 1704, 1467, 1275, 1144, 1034.



(S)-2-acetamido-3-phenyl-N-((2,4,6-triisopropylphenyl)sulfonyl)propanamide

5 Pr pr
" H
)\f(N\
AcHN ST

009 O iy

L14 Following the general procedure A using DMAP (590 mg, 4.83
mmol, 2.0 equiv.), EDC-HCI (694 mg, 3.62 mmol, 1.5 equiv.), N-Ac-Phe-OH (500 mg, 2.41
mmol, 1.0 equiv.), and 2,4,6-triisopropylbenzenesulfonamide (750 mg, 2.65 mmol, 1.1 equiv.)

the target compound L14 was obtained as a colorless solid (475 mg, 1.00 mmol, 42 %).

IH-NMR (600 MHz, DMSO-de): & = 12.57 (s, 1H), 8.14 (d, J = 8.5 Hz, 1H), 7.28 — 7.24 (m,
6H), 7.19 (m, 1H), 4.53 (m, 1H), 4.23 (hept, J = 6.7 Hz, 2H), 2.99 (dd, J = 13.6, 3.6 Hz, 1H),
2.93 (hept, J = 6.9 Hz, 1H), 2.64 (dd, J = 13.6, 11.0 Hz, 1H), 1.68 (s, 3H), 1.23 — 1.18 (m, 18H)

ppm.

13C NMR (151 MHz, DMSO- ds): 6 = 171.1, 169.2, 153.2, 150.6, 137.3, 132.2, 129.1, 128.1,
126.5, 123.8, 54.0, 36.8, 33.4, 28.5, 24.5, 24.3, 23.4, 23.3, 22.3 ppm.

HRMS (ESIpos) m/z: Calcd for C26H3sN204SNa 495.2288, Found 495.2287.

IR (cmt): 3344, 2956, 1697, 1658, 1453, 1363, 1180.

2-acetamido-N-((2,3,5,6-tetramethylphenyl)sulfonyl)acetamide

H
N
AcHN s{
/E( O// \O

L17 Following the general procedure A using DMAP (313 mg, 2.56

mmol, 2.0 equiv.), EDC-HCI (368 mg, 1.92 mmol, 1.5 equiv.), N-Ac-Gly-OH (150 mg, 1.28
mmol, 1.0 equiv.), and 2,3,5,6-tetramethylbenzenesulfonamide (301 mg, 1.41 mmol, 1.1
equiv.) the target compound L17 was obtained as a colorless solid (92 mg, 0.3 mmol, 23 %).

'H NMR (600 MHz, Methanol-ds) § = 7.23 (s, 1H), 3.85 (s, 2H), 2.58 (s, 6H), 2.28 (s, 6H),
1.93 (s, 3H) ppm.

13C NMR (151 MHz, Methanol-d4) = 173.8, 170.1, 137.4, 137.3, 137.2, 128.8, 43.4, 22.2,
21.0, 17.8 ppm.

HRMS (ESIpos) m/z: Calcd for C14H2:N204S 313.1216 Found 313.12009.

IR (cmt): 2958, 1730, 1635, 1525, 1448, 1275, 1033.



2-acetamido-N-((2,4,6-triisopropylphenyl)sulfonyl)propanamide

Following the general procedure A using DMAP (556 mg, 4.55
mmol, 2.0 equiv.), EDC-HCI (658 mg, 3.43 mmol, 1.5 equiv.), N-Ac-Ala-OH (300 mg, 2.29
mmol, 1.0 equiv.), and 2,4,6-triisopropylbenzenesulfonamide (713 mg, 2.52 mmol, 1.1 equiv.)
the target compound L18 was obtained as a colorless solid (570 mg, 1.44 mmol, 63 %).

H-NMR (600 MHz, DMSO-de): & = 12.29 (s, 1H), 8.10 (d, J = 7.5 Hz, 1H), 7.24 (s, 2H),
4.28 (p, J =7.2 Hz, 1H), 4.19 (hept, J = 6.4 Hz, 2H), 2.91 (hept, J = 7.5, 7.1 Hz, 1H), 1.78 (s,
3H), 1.27 —1.13 (m, 18H), 1.18 (s, 3H) ppm.

IH-NMR (600 MHz, DMSO-ds): & = 172.1, 169.0, 153.1, 150.5, 123.7, 48.2, 33.4, 28.5,
24.5,24.3,23.4, 22.3, 17.5 ppm.

HRMS (ESIpos) m/z: Calcd for C20H33N204S 397.2155, Found 397.2149.

IR (cmt): 3408, 3200, 3957, 1730, 1635, 1448, 1365, 1144.

2-acetamido-N-(mesitylsulfonyl)propanamide

JYH )@
AcHN Noge
O O/ \O
L19 Following the general procedure A using DMAP (932 mg, 7.63 mmol,

2.0 equiv.), EDC-HCI (1.1 g, 5.72 mmol, 1.5 equiv.), N-Ac-Ala-OH (500 mg, 3.81 mmol, 1.0
equiv.), and 2,4,6-trimethylbenzenesulfonamide (836 mg, 4.19 mmol, 1.1 equiv.) the target
compound L19 was obtained as a colorless solid (500 mg, 1.60 mmol, 42 %).

IH NMR (600 MHz, DMSO-ds): 5 12.18 (s, 1H), 7.03 (s, 2H), 4.22 (p, J = 7.1 Hz, 1H), 2.59
(s, 6H), 2.26 (s, 3H), 1.77 (s, 3H), 1.14 (d, J = 7.2 Hz, 3H) ppm.

13C-NMR (151 MHz, DMSO-ds): 5 = 172.1, 169.1, 142.8, 139.6, 133.1, 131.5, 48.3, 22.2,
22.0, 20.5, 17.1 ppm.

HRMS (ESIpos) m/z: Calcd for C14H21N204S 313.1216, Found 313.1208.

IR (cmt): 3339, 2982, 1708, 1645, 1542, 1172, 1145.



3-acetamido-N-(mesitylsulfonyl)propenamide

L20 Following the general procedure A using DMAP (969 mg, 7.93
mmol, 2.0 equiv.), EDC-HCI (1.14 g, 5.95 mmol, 1.5 equiv.), N-Ac-R-Ala-OH (520 mg, 3.97
mmol, 1.0 equiv.), and 2,4,6-triisopropylbenzenesulfonamide (1.24 g, 4.36 mmol, 1.1 equiv.)
the target compound L20 was obtained as a colorless solid (1.10 g, 2.77 mmol, 70 %).

!H-NMR (600 MHz, DMSO-ds): 8 = 12.2 (s, 1H), 7.9 (t, J = 5.6 Hz, 2H), 4.2 (p, J = 6.8 Hz,
2H), 3.1 (td, J = 6.8, 5.6 Hz, 2H), 2.9 (p, J = 6.9 Hz, 1H), 2.4 (t, J = 6.8 Hz, 2H), 1.7 (s, 3H),
1.2 (dd, J =11.3, 6.8 Hz, 18H) ppm.

13C NMR (151 MHz, DMSO- de): & =170.2, 169.3, 153.0, 150.3, 132.4, 123.7, 35.3, 33.9,
33.4, 28.4, 24.3, 23.4, 22.4 ppm.

HRMS (ESIpos) m/z: Calcd for C20H32N204SNa 419.1975, Found 419.1970.

IR (cmt): 3307, 2964, 1697, 1649, 1569, 1262, 1050.



3. Optimization of the Reaction Conditions

General Procedure for the Optimization Reactions:

An oven dried 10 mL Schlenk tube was charged with Pd(OACc)2, ligand, base, silver salt, 2,2-
dimethylbutanoic acid (0.1 mmol), styrene, and HFIP. The Schlenk tube was transferred to a
preheated aluminum block and the reaction mixture was stirred while heating at the indicated
temperature. After the indicated time, the reaction mixture was allowed to cool to room
temperature. Formic acid (0.1 mL) was added to the reaction mixture and it was filtered over a
pad of Celite® using CH2Cl> (30 mL) to complete the elution. All volatiles were removed under
reduced pressure followed by the addition of CH2Br. (17.4 mg, 0.100 mmol) as internal
standard. CDCIz (0.8 mL) was used to prepare a sample for NMR analysis. All yields during
the optimization studies were determined by *H-NMR analysis of the crude reaction mixture

using CH2Br- as internal standard.

Pd(OAc), (10 mol%) 0
CO,H Ligand (10 mol%)
H (6]
Et * ZPh . Et
B K,CO3 (0.5 equiv.) oh
16 (0.1 mmol) 2a HFlpAangSL(zggl:g)1 h 3
(1.0 equiv.) (2 equiv.) (1.0mL), 15
iPr O o) OMe O
AcHN™ >CO,H /(j\)LH/\COZH ﬁNACOZH &HAcozH
iPr iPr MeO OMe
11 % 12 % 13 % 12 %
NO, O ! CFy O Ph Ph
A~ | ’ o~ ; /[ CF3 O
N™ "COH N~ “CO,H:!
H : H ' AcHN CO,H N CO,H
‘ ! H
13 % L16, 16 % 8 % 8 %

L16, 27 % (with 2 eq. AgOAc)

Ph

NO, O /[ Pr o CF3 O
CO,H CO,H
COH N N2
N oo AcHN™ 72 H H
iPr iPr
12% 9% 15%
CF3; O NO, O N HN 2
N/\/CO2H N/\/CO2H 7\ AcHN/\/SPh
H H —/ N\ 7
FsC
. . . 19 %
16 % 12 % 0% (with 2 eq. AgOAC)

Scheme S1: Preliminary screening of different ligand classes with Ag2CO3

10



Pd(OAC), (10 mol%) o
L16 (10 mol%)

COLH
Et%” +  Zph

[0}
B Base (0.5 equiv.) Et
1b (0.1 mmol) 2 HFIPAfooACL(Z Zgu"ic\;) 15h B
(1.0 equiv) (2 equiv) (1.0mt), :

Entry Base NMR-Yield (%) Entry Base NMR-Yield (%)
1. NayHPO,-7H,0 <3 12. K,COj3 (0.75 equiv.) 26
2. Na,HPO, 7 13. K,COs (1.0 equiv.) 24
3. Na,CO3 16 14. KHCO3(1.0 equiv.) 19
4. NaHCOj3; (1.0 equiv.) 16 15. KO'Bu (0.75 equiv.) 24
5. NaOAc-3H,0 (1.0 equiv.) 16 16. KO'Bu (1.0 equiv.) 23
6. NaOAc (1.0 equiv.) 1 17. KO'BU (1.5 equiv.) 26

" .
7 NaO'Bu (1.0 equiv.) 16 18. KO'Bu (2.0 equiv.) 17
8. NaHFIP (0.75 equiv.) 19 19. KOAc (1.0 equiv.) 15
9. NaHFIP (1.0 equiv.) 23 20. KHFIP (1.0 equiv.) 15
i Cs,CO 7
10. NaHFIP (1.5 equiv.) 17 21. 2~3
11. K,COj 27 22. CsOAc 10

Scheme S2: Screening of different bases with L16

Et H + /\Ph

Pd-sources (10 mol%) e}
L16 (10 mol%)

K,CO5 (0.5 equiv.) Et

motmo) e el "
(1.0 equiv.) (2.0 equiv.) ’ '
Entry Pd-sources NMR-Yield (%)
' Pd(OAc), 27
2. Pd(CF3;CO,), 21
3. Pd(CH5CN),Cl, 17
4. [Pd(m-cinnamyl)Cl], 20

Scheme S3: Screening of different Pd-sources with L16



Pd(OAc), (10 mol%) 1)

CO,H L16 (10 mol%)
H 2
Et * 7 Ph ) Et P
B KzCO3 (05 equle.) Ph
16 (0.1 mmol) 2a HFIP L +¢?OAT(2qum{ 60°C,15h 3b
(1.0 equiv.) (2 equiv.) (xmL) + Co-solvent (y mL),

Entry x (mL) Co-solvent (y mL) NMR-Yield (%)

1. 10 None 27

2. 0.95 TFE (0.05) 19

3. 0.95 CH4CN (0.05) 14

4. 0.95 THF(0.05) 22

5. 0.95 tert-Amyl alcohol (0.05) 21

6. 0.95 DCE (0.05) 23

7. 0.95 Toluene (0.05) "

8. 0.95 DMF(0.05) 21

9. 0.95 DMSO (0.05) 18

10. 0.95 1,4-Dioxane (0.05) 22

Scheme S4: Screening of co-solvents with L16

Pd(OAc), (10 mol%) 1)
COoH Ligand (10 mol%)
£t H + ZPh o)
B K,COj3 (0.5 equiv.) Et
1b (0.1 mmol) 2a AgOAC (2 equiv.) T

HFIP (1.0 mL), 60 °C , 15 h
(1.0 equiv.) (2 equiv.) (1.0mb). :

=
0~ "N X S
Hol 07 >N >COoOH 07 N COOH N
N~ H N H
CF

0% 9% 3% 21%
F
CF3 o o COOH COOH
-SPh 5P [::]:
H H NHAc NHAC
5% 13 % 8% 25 %
c
F COOH
:E :COOH [f:I:COOH CcooH
NHAC
F NHAG NHAC NHAC
20 % 15 % 10 % Traces

Scheme S5: Screening of different ligand classes with AgOAc

3
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Pd(OAc), (10 mol%) o
CO,H Ligand (10 mol%)
Et><’H + /\Ph Et P
B K2003 (05 eqUiV.) Ph
1b (0.1 mmol) 2a AgOAc (2 equiv.) 3b
(1.0 equiv.) 2 equiv.) HFIP (1.0 mL), 60 °C, 15 h

Amino acid derivatives

PN
no ligand AcHN™ "CO-H AcHN™ "CO.H AcHN™ >CO,H AcHN™ >CO,H
4% 20 % 21% 15 % 17 %
T *cozH J\*
AcHN COzH . . COZH
16 % 25 % 25 % 20 %

O Q CF3 O Pr o COOH
CO,H
N/\COZH N/\/COZH N/\/ 2 C{
H H , ~H NHAc
0 FsC Pr iPr
20 % 19 % 22 % Traces

Sulfonamide derivatives

Pr O H Pr O H H _
N. ~ ~s
N S H/ﬁ( s // o
H d o ¢ . , 09 © j
iPr Pr o 'Pr 'Pr
22% 27% 28%

0 o
16% 1% 22% 9% 3%
: P iy ipr |
1 N b 1 N
N. | AcHN 5 Do N. ! AcHN >
AHN sy : /j)(o/ o L ACHNT Y ST | Ac s
O 0 .. , ' lo} ipr ' (6]
o) F ... O0. - _F Pr____.
L7, 19% L8, 38% L10, 38% 30%
iPr Pr
8 H AcHN N
AcHN /ﬁ( AcHN o8¢ AcHN >s¢ W O/’S\\O
0O kel 0 0 0O ip ¢}
L9, 32% 33% 30% 27%

Scheme S6: Screening of amino acid and N-acylsulfonamide derivatives with AGOAc
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Pd(OAc), (10 mol%) 0

CO,H L (10 mol%)
Et Ho o+ Zen : E?&Q
) K,CO3 (0.5 equiv.)
AgOAc (2 equiv.) Ph

1b (0.1 mmol) 2a HFIP (1.0 mL), T °C , th 3b
(1.0 equiv.) (2 equiv.)
Entry T(°C) t (h) NMR-Yield (%)
1. 50 16 27
”””””””””””””””””” 2. 50 24 24
Pr. Pr
H ! 3. 60 15 38
AcHN >8] :
T 0" 0 ip L4 60 24 35
L10 J
****************************** 5. 70 12 38
6. 70 18 40
7. 70 24 37
,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ 8 50 16 24
| H |
:ACHN/H‘( :/S\\ : 9_ 50 24 30
: g 0 ° :
7777777777777 L8 10. 60 15 38
11, 60 24 33
12 70 12 34
13 70 18 31

Scheme S7: Screening of time and temperature with L8 and L10

Pd(OAc), (10 mol%) fo)
>£(12H L10 (10 mol%)
H o+  Z“pp 0
Et B K,CO3 (0.5 equiv.) Et
: Ph
1b (0.1 mmol) 2a AgOAc (2 equiv.) 3b

HFIP L), 70°C,18h
(1.0 equiv.) (2 equiv.) (xml)

Entry x (mL) NMR-Yield (%)
1, 1.0 45
2. 1.3 36
3. 1.6 35
4. 1.9 36

Scheme S8: Screening of solvent amount with L10



Note: The experiments shown in Scheme S8 were performed using a stock solution of 1b,
Pd(OAC)2, and L10 in HFIP. As the stock solution slightly improved the yield (Entry 1, Scheme

S8), the following experiments (scheme S9 - S15) have been performed using stock solution.

CO,H

Et H o+ Zpn
B

1b (0.1 mmol) 2a

(1.0 equiv.) (2 equiv.)

Pd(OAC), (10 mol%) o
L10 (10 mol%)
0
K,COj (0.5 equiv.) Et
AgOAc (2 equiv.) 3p > Th

HFIP (1.0 mL), T°C , th

Entry T (°C) t (h) NMR-Yield (%)
1. 70 18 45
2. 70 21 49
3. 70 24 44
4. 70 30 ol
5, 80 15 31
6. 80 18 35

Scheme S9: Re-screening of temperature and time with L10 using a stock solution

CO,H
Et></"' + Zpn

i
1b (0.1 mmol) 2a
(1.0 equiv.) (x equiv.)

Pd(OAc), (10 mol%) o
L10 (10 mol%)
o)
. Et
K,COj3 (0.5 equiv.)
AgOAc (2 equiv.) 3p N

HFIP (1.0 mL), 70 °C, 21 h

Entry X (equiv.) NMR-Yield (%)
1. 1.7 34
2. 2.0 49
3. 23 56
4. 25 58
5. 27 53
6. 2.9 48

Scheme S10: Screening of equivalents of styrene with L10
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Pd(OAc), (10 mol%)

O
COZH L10 (10 mol%)
H N 0

Et * 7 "Ph . Et

B Base (0.5 equiv.) Ph
1b (0.1 mmol) 2a AgOAC (2 equiv.) 3b
) ) HFIP (1.0 mL), 70°C , 21 h
(1.0 equiv.) (2.5 equiv.)

Entry Base NMR-Yield (%) Entry Base NMR-Yield (%)
1. no base 32 7. Na,COg3 52
2. K2COs 58 8. NaOAc-3H,0 (1.0 equiv.) 48
3. K,CO3 (0.75 equiv.) 52 0. NaOAc (1.0 equiv.) 49
4. K,CO3 (1.0 equiv.) 47 10. Cs,CO3 41

CsOAc (1.0 equiv.
5. KOAc (1.0 equiv.) 44 " (1.0 equiv.) 28
f - 12 Li,CO 52
6. KO'Bu (1.0 equiv.) 52 . 20L03
Scheme S11: Re-screening of different bases with L10
Pd(OAc), (10 mol%) 0
>82H L10 (10 mol%)
H
Et + Zpn . Et P
B K,COj3 (0.5 equiv.)
1b (0.1 mmol) 2a AgOAc (x equiv.) 3N
) , HFIP (1.0 mL), 70 °C, 21 h
(1.0 equiv.) (2.5 equiv.)
Entry X (equiv.) NMR-Yield (%)
1. no AgOAc <4
2. 1.5 49
3. 2 58
4. 25 51
5. 3 49
6. 3.5 50

Scheme S12: Screening of equivalents of AgOAc with L10
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Pd(OAc), (10 mol%) o

>£(12H L10 (x mol%)
H o+ Zpn o
Et B K,CO3 (0.5 equiv.) Et
AgOAc (2 equiv.) Ph

1b (0.1 mmol) 2a 3b
. . HFIP (1.0 mL), 70°C, 21 h
(1.0 equiv.) (2.5 equiv.)

Entry X (mol%) NMR-Yield (%)
1. 5 35
2, 10 58
3. 15 53
4. 20 48

Scheme S13: Screening of ligand (L10) loading

Pd(OAc), (10 mol%) 0 0
COZH L10 (10 mol%) 0 o
Et Ho o+ Zopp _ Et * Bt
B K,COj3 (0.5 equiv.)
. Ph Ph
AgOAc (2 equiv.) 3b 3p’
1b (0.1 mmol) 2a HFIP (1.0 mL), T°C , th
(1.0 equiv.) (2.5 equiv.)
Entry T(°C) t (h) 3b (%) 3b'(%)

1. 60 24 53 6

2. 60 48 47 5

3. 60 72 46 6

4. 70 21 58 6

5. 70 24 54 6

6. 70 30 50 5

Scheme S14: Screening of temperature and time with L10

17



Pd(OAc), (10 mol%) 0

>82H Ligand (10 mol%)
H + /\Ph O
Et o K,CO3 (0.5 equiv.) Et
i Ph
1b (0.1 mmol) 2a AGOAC (2 equiv.) 3b
_ , HFIP (1.0 mL), 70 °C, 21 h
(1.0 equiv.) (2.5 equiv.)
3 ipy ipr i HEt Et H
1 H ' N N
No Ligand 1 N. ‘ > AcHN S8
9 L ACHNT st AN SC /ﬁo(o 0
<59 ! 0 O ip, 3 ¢} Et
77777777777 L10,58% L9, 40% L8, 39%
F F Bn Pr Pr Pr Pr
AHN™ 8] AcHN/Hf >SS AcHN S
09 OF 009 O 09 O
L7, 29% L14, 36% L13, 32%
ipr. Pr Pr iPr iPr. iPr
! ! CF; O !
AcHN >s AcHN >S¢ N
09 O ip 09 O ip H 50 0 ip
FiC
L12, 32% L11,35% L15, 36%

AcHN/\/SO AcHNJ\/S\© AcHN/\/S\Q\
CF

L4, 38% 37%
s CF
AcHN™ > 3 AcHN” >CO,H
e L1, 24%
3

LS5, 42%

3

L6, 37%

NM NHSO,Ph
AcHN "M N 2

L2, 29% L3, 10%

AcHNJ\/S\Q\
CF

Scheme S15: Re-evaluation of the ligand structure under the newly optimized conditions

18



Pd(OAc); (10 mol%)

CO,H L10 (10 mol%), K,CO3 (0.5 equiv.)
H + /\Ph
Et 5 Additive (20 mol%) Et
AgOAc (2 equiv.)
1b (0.1 mmol) 2a HFIP (1.0 mL), 70°C, 21 h
(1.0 equiv.) (2.5 equiv.)
Entry Additive NMR-Yield
1. no additive 58%
2. CuO 53%
3. CuCl, 40%
4. CeCly 43%
5 FeCls 33%
6 MnO, 66% !
7. MnO, (35 mol%) 66%
8. MnO (50 mol%) 63%
9. KMnO4 56%
10. Fe(NO3)-9H,0 44%

Scheme S16: Screening of additives with L10



COH Pd(OAG), (10 mol%) , L10 (10 mol%) o)
2 K,CO3 (0.5 equiv.), AgOAC (2 equiv.)

Et Ho, 2R - 0
B MnO, (20 mol%) R
1b 2a HFIP (1.0 mL), 70 °C, 21 h 3
(1.0 equiv.) (2.5 equiv.)
0.1 mmol
Entry Olefin NMR-Yield?®
1, > Co,Et >&& >&x +1b(> 60%)
CO,Et CO,Et
(10%) (0%)
2. P
SO,Ph ﬁ» >&& + 1b (40%)
SO,Ph SO,Ph
(58%) (0%)

3. NN
>&& +1b (> 65%)

4. )\/ 1b (> 95%)

5. =z 1b (> 95%)

aYields were determined by 'H NMR analysis of the crude reaction mixture using CH,Br,
as an internal standard

Scheme S17: Screening of varios olefinic partner.

Pd(OAc), (10 mol%) , L10 (10 mol%) o)
COzH K,CO; (0.5 equiv.), AgOAc (2 equiv.)
H 2 3 \Y. -)s f 1
R1J\/H %\Ph R o
H MnO; (20 mol%)
o Ph
] 28 HFIP (2.0 mL), 70 °C, 21 h .
(1.0 equiv.) (2.5 equiv.)
0.2 mmol
(e} O (e}
0 0 o
Ph Ph Ph
NMR-Yield?: 4% 6% <5%
Conversion?: 50% 10-15% 10-12%

aYields and conversions were determined by "H NMR analysis of the crude reaction
mixture using CH,Br; as an internal standard

Scheme S18: Screening of a-non-quaternary acids.




4. Synthesis of Carboxylic Acids and Styrenes
XCOZH \><002 \/\><002H MCOZH O\><COZH

1j

AcO\>< /\>< ©\><
CO,H Ph CO,H CO,H CO,H
1k 11 1n

F 1m

CF,
CO,H CO,H COH FsC CO,H
10 1p 1q 1r
CF,
Et O\HX
Et” “CO,H
COLH 2 Bt" COH ¢ CO,H

1s 1t 1u 1v 1w

F

salicali sall calN o

2b 2c 2d 2e 2f
o o o o o,
Cl Br F3C MeO,C O,N
2g 2h 2i 2j 2k
/@/\ OHC\@/\ Meo\@/\ \©/\
TFAHN
2] 2m 2n 20

Carboxylic acids were obtained from either commercially available sources or synthesized
using literature protocol.t!
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5. Scope Studies

General Procedure B: Carboxylic Acid Scope

An oven dried 10 mL Schlenk tube was charged with Pd(OAc)2 (4.5 mg, 20 umol, 10 mol%),
L10 (7.6 mg, 20 pumol, 10 mol%), K.CO3 (13.8 mg, 0.100 mmol, 0.5 equiv.), AgOAc (66.8 mg,
0.400 mmol, 2 equiv.), MnO2 (3.5 mg, 40 pumol, 20 mol%), styrene 2a (58 puL, 0.500 mmol, 2.5
equiv.), carboxylic acid 1 (0.200 mmol, 1.0 equiv.), and HFIP (2.0 mL). The reaction mixture
was stirred at 70 °C for 21 h in a preheated metal block. After the mixture was allowed to cool
to room temperature, formic acid (0.1 mL) was added to the reaction mixture and it was filtered
over a pad of Celite® using CH2Cl> (30 mL) to complete the elution. All volatiles were removed

under reduced pressure, and the residue was purified by silica gel column chromatography.

General Procedure C: Olefin Scope

An oven dried 10 mL Schlenk tube was charged with Pd(OAc)2 (4.5 mg, 20 umol, 10 mol%),
L10 (7.6 mg, 20 umol, 10 mol%), K.COs (13.8 mg, 0.100 mmol, 0.5 equiv.), AgOAc (66.8 mg,
0.400 mmol, 2 equiv.), MnO: (3.5 mg, 40 pmol, 20 mol%), styrene 2 (0.500 mmol, 2.5 equiv.),
carboxylic acid 1b (23.2 mg, 0.200 mmol, 1.0 equiv.), and HFIP (2.0 mL). The reaction mixture
was stirred at 70 °C for 21 h in a preheated metal block. The mixture was allowed to cool to
room temperature and formic acid (0.1 mL) was added to the reaction mixture. The mixture
was filtered over a pad of Celite® using CH2Cl, (30 mL) to complete the elution. All volatiles
were removed under reduced pressure, and the residue was purified by silica gel column

chromatography.
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(2)-5-Benzylidene-3,3-dimethyldihydrofuran-2(3H)-one

o) 0
3a Ph 3a’ Ph i i
Following the general procedure B, using la (20.4 mg) and

pentane/Et20 (98:2 v/v) as an eluent, the target compound was obtained as a colorless oil (18.2
mg, 0.899 mmol, 45%, 3a : 3a" = 11:1).

IH NMR (600 MHz, CDCl3): & = 7.58 — 7.54 (m, 2H% + 2H3), 7.34 — 7.31 (m, 2H% + 2H%),
7.22-7.19 (m, 1H® + 1H%), 5.55 (t, J = 1.7 Hz, 1H%), 5.07 (t, = 1.7 Hz, 1H%"), 2.60 (d, J =
1.1 Hz, 2H%), 2.85 (d, J = 1.7 Hz, 2H%), 1.36 (s, 6H*), 1.28 (s, 6H%) ppm.

13C NMR (151 MHz, CDCls): § = 182.7 (3a"), 180.3 (3a), 153.1 (3a"), 146.2 (3a), 135.4 (3a"),
134.1 (3a), 129.2 (3a'), 128.8 (3a'), 128.6 (3a), 128.5 (3a), 127.2 (3a"), 126.9 (3a), 112.1 (3a"),
105.4 (3a), 44.6 (38'), 42.4 (3a), 39.4 (3a), 34.8 (3a"), 24.8 (3a), 24.5 (3a") ppm.

HRMS (ESIpos) m/z: Calcd for C13H1502 203.1066, Found 203.1064.

IR (cmt): 2971, 1794, 1689, 1449, 1275, 1260, 1059, 936, 750, 693.

(2)-5-Benzylidene-3-ethyl-3-methyldihydrofuran-2(3H)-one

0 o}

Ph — Ph

3b 3b* Following the general procedure B, using 1b (23.2 mg) and
pentane/Et20 (98:2 v/v) as an eluent, the target compound was obtained as a colorless oil (28.9

mg, 0.134 mmol, 67%, 3b : 3b" = 10:1).

'H NMR (600 MHz, CDCls): § = 7.57 — 7.54 (m, 2H3® + 2H%"), 7.34 — 7.31 (m, 2H® + 2H3),
7.22—-7.18 (m, 1H%® + 1H®"), 554 (t, J = 1.7 Hz, 1H%), 4.98 (t, J = 1.5 Hz, 1H*"), 3.62 (d, J =
1.1 Hz, 1H%"), 2.93 (dd, J = 16.2, 1.7 Hz, 1H%), 2.76 (dd, J = 16.2, 1.8 Hz, 1H*"), 1.76 — 1.64
(m, 2H%® + 2H%), 1.33 (s, 3H), 1.26 (s, 3H), 0.97 (t, J = 7.5 Hz, 3H), 0.82 (t, J = 7.5 Hz,
3H) ppm.

13C NMR (151 MHz, CDCls): & = 182.3 (3b°), 179.9 (3b), 153.7 (3b"), 146.5 (3b), 135.5 (3b"),
134.2 (3b), 129.2 (3b°), 128.8 (3b"), 127.1 (3b"), 128.6 (3b), 128.5 (3b), 126.8 (3b), 109.9 (3b"),
105.1 (3b), 49.6 (3b*), 43.4 (3b), 39.6 (3b), 34.8 (3b"), 31.1 (3b"), 30.9 (3b), 23.1 (3b"), 23.0
(3b), 9.4 (3b*), 8.9 (3b) ppm.
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HRMS (ESIpos) m/z: Calcd for C14H1702 217.1223, Found 217.1220.
IR (cm™): 2969, 1792, 1690, 1450, 1226, 1180 1071, 936, 750.

(2)-5-Benzylidene-3-methyl-3-propyldihydrofuran-2(3H)-one

e (0]
Ph Ph
3c 3¢’ Following the general procedure B, using 1c (28.8 mg)

and pentane/Et2O (98:2 v/v) as an eluent, the target compound was obtained as a colorless oil
(23.0 mg, 94.1 umol, 47%, 3c : 3¢’ = 6:1).

IH-NMR (600 MHz, CDCls): § = 7.58 — 7.52 (m, 2H3 + 2H), 7.34 — 7.30 (m, 2H%® + 2H%¢),
7.22 —7.18 (m, 1H3 + 1H%), 5,53 (t, J = 1.7 Hz, 1H%), 5.00 (t, J = 1.4 Hz, 1H%), 3.62 (d, J =
1.4 Hz, 1H3), 2.94 (dd, J = 16.2, 1.7 Hz, 1H%), 2.77 (dd, J = 16.2, 1.8 Hz, 1H%), 1.68 — 1.60
(M, 2H3 + 2H), 1.44 — 1.35 (m, 1H3 + 1H), 1.28 — 1.21 (M, 3H% + 3H), 1.33 (s, 3H%),
0.91 (t, J = 7.2 Hz, 3H%), 0.86 (t, J = 7.2 Hz, 1H) ppm.

13C-NMR (151 MHz, CDCla): § = 182.4 (3¢), 180.0 (3c), 153.4 (3¢"), 146.5 (3c), 135.6 (3¢"),
134.2 (3¢), 129.2 (3¢), 128.8 (3¢), 128.6 (3c), 128.5 (3c), 127.1 (3¢"), 126.8 (3¢), 110.3 (3¢"),
105.1 (3c), 49.0 (3¢’), 42.9 (3¢), 40.0 (3c), 37.9 (3¢), 37.8 (3c), 34.8 (3¢), 27.3 (3¢), 26.6
(3c), 23.6 (3¢"), 23.5 (3c), 23.0 (3c), 22.9 (3¢"), 13.9 (3c), 14.0 (3¢") ppm.

HRMS (ESIpos) m/z: Calcd for C16H2102 245.1536, Found 245.1533.
IR (cm™): 2931, 1797, 1687, 1449, 1224, 1177, 1038, 929, 831.
(2)-5-Benzylidene-3-isobutyl-3-methyldihydrofuran-2(3H)-one

0

Ty
3d Ph Following the general procedure B, using 1d (28.8 mg) and pentane/Et,O
(97:3 viv) as an eluent, the target compound 3d was obtained as a colorless oil (24.2 mg, 99.0

pmol, 50%).

IH-NMR (600 MHz, CDCls): & = 7.58 — 7.55 (m, 2H), 7.34 — 7.30 (m, 2H), 7.22 — 7.18 (m,
1H) 555 (t, J = 1.7 Hz, 1H), 3.03 (dd, J = 16.2, 1.8 Hz, 1H), 2.76 (dd, J = 16.2, 1.6 Hz, 1H),
1.84 — 1.76 (m, 1H), 1.69 (dd, J = 14.3, 4.6 Hz, 1H), 1.58 (dd, J = 14.3, 4.6 Hz, 1H), 1.33 (s,
3H), 0.97 (d, J = 6.6 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H) ppm.
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13C-NMR (151 MHz, CDCl3): 6 = 180.4, 146.5, 134.2, 128.6, 128.5, 126.8, 105.1, 46.1, 42.6,
40.1, 25.1, 24.8, 24.5, 23.1 ppm.

HRMS (ESIpos) m/z: Calcd for C16H2102 245.1536 , Found 245.1533.

IR (cm™): 2959, 1789, 1687, 1449, 1227, 1176, 1088, 1039, 940, 831.

(2)-5-Benzylidene-3-(cyclopentylmethyl)-3-methyldihydrofuran-2(3H)-one

Ph

Following the general procedure B, using le (34.1
mg) and pentane/Et20 (98:2 v/v) as an eluent, the target compound was obtained as a colorless
oil (25.2 mg, 93.2 umol, 47%, 3e : 3e" = 7:1).

IH-NMR (600 MHz, CDCls): § =7.57 — 7.55 (m, 2H% + 2H%*'), 7.34 — 7.31 (m, 2H% + 2H%),
7.22 -7.18 (m, 1H3 + 1H3), 5.54 (t, J = 1.7 Hz, 1H%®), 5.05 (t, J = 1.4 Hz, 1H%"), 3.62 (d, J =
1.2 Hz, 1H%), 3.02 (dd, J = 16.2, 1.7 Hz, 1H%), 2.77 (dd, J = 16.2, 1.7 Hz, 1H%®), 1.89 — 1.76
(m, 4H% + 4H), 1.72 (dd, J = 14.0, 7.5 Hz, 1H% + 1H**), 1.65 — 1.59 (m, 2H%* + 2H3), 1.53
—1.45 (m, 2H%® + 2H3), 1.34 (s, 3H), 1.26 (s, 3H3), 1.17 — 1.07 (m, 2H% + 2H3") ppm.

13C-NMR (151 MHz, CDCla): 5 = 182.8 (3¢"), 180.4 (3¢), 152.9 (3¢"), 146.6 (3¢), 135.6 (3¢"),
134.2 (3e), 129.1 (3¢"), 128.7 (3¢"), 127.1 (3¢), 128.6 (3¢), 128.5 (3e), 126.8 (3e), 110.1 (3¢"),
105.0 (3e), 49.0 (3¢"), 44.4 (3¢'), 43.9 (3e), 43.1 (3e), 40.3 (3e), 37.7 (3¢"), 36.9 (3e), 34.9 (3¢"),
34.6 (3e), 34.2 (3¢), 33.5 (3e), 33.0 (3¢"), 25.4 (3e), 25.3 (3¢"), 24.9 (3e), 24.8 (3¢"), 24.4 (3¢)

ppm.

HRMS (ESIpos) m/z: Calcd for C1sH2302 271.1692, Found 271.1689.

IR (cmt): 2927, 1794, 1691, 1450, 1227, 1053, 951, 755.
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(2)-5-Benzylidene-3-(cyclohexylmethyl)-3-methyldihydrofuran-2(3H)-one
o}

Sked
3f a Following the general procedure B, using 1f (36.9 mg) and pentane/Et,O

(98:2 v/v) as an eluent, the target compound 3f was obtained as a colorless oil (29.5 mg, 0.103

mmol, 52%).

'H-NMR (600 MHz, CDCl3): 6 = 7.58 — 7.53 (m, 2H), 7.34 — 7.30 (m, 2H), 7.22 — 7.18 (m,

1H), 5.55 (t, J = 1.7 Hz, 1H), 3.01 (dd, J = 16.1, 1.8 Hz, 1H), 2.74 (dd, J = 16.1, 1.6 Hz, 1H),

1.70 — 1.65 (m, 4H), 1.63 — 1.56 (m, 4H), 1.32 (s, 3H), 1.26 — 1.11 (m, 3H), 1.06 — 0.92 (m,

2H) ppm.

13C-NMR (151 MHz, CDCls): & = 180.5, 146.6, 134.2, 128.6, 128.5, 126.8, 105.1, 44.6, 42.5,
40.1, 35.1, 34.5, 33.8, 26.4, 26.3, 26.2, 24.5 ppm.

HRMS (ESIpos) m/z: Calcd for C19H2502 285.1849 , Found 285.1845.

IR (cm™): 2917, 2846, 1790, 1682, 1447, 1223, 1147, 1068, 946, 844.

(2)-5-Benzylidene-3-cyclohexyl-3-methyldihydrofuran-2(3H)-one
0

0]

3g PN Following the general procedure B, using 1g (34.1 mg) and pentane/Et20
(98:2 v/v) as an eluent, the target compound 3g was obtained as a colorless oil (37.8 mg, 0.139
mmol, 70%).

IH-NMR (600 MHz, CDCls): & = 7.57 — 7.54 (m, 2H), 7.34 — 7.30 (m, 2H), 7.21 — 7.16 (m,
1H), 5.51 (t, J = 1.8 Hz, 1H), 3.02 (dd, J = 16.7, 1.7 Hz, 1H), 2.63 (dd, J = 16.6, 1.8 Hz, 1H),
1.68 — 1.59 (m, 3H), 1.31 (s, 3H), 1.29 — 1.21 (m, 3H), 1.15 — 1.04 (m, 3H), 0.98 — 0.87 (m,
2H) ppm.

13C-NMR (151 MHz, CDCls): § = 180.0, 146.9, 134.3, 128.6, 128.4, 126.7, 104.5, 46.6, 4.1,
37.2, 28.1, 27.1, 26.3(4), 26.3(0), 26.4, 22.4 ppm.

HRMS (ESIpos) m/z: Calcd for C18H2302 271.1692, Found 271.1690.

IR (cmt): 2926, 2853, 1731, 1450, 1275, 1260, 1182, 1062, 933, 755.
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(2)-5-Benzylidene-3-(4-fluorobutyl)-3-methyldihydrofuran-2(3H)-one

F%{
(0]
3h Ph

pentane/Et20 (98:2 v/v) as an eluent, the target compound 3h was obtained as a colorless oil
(29.2 mg, 0.111 mmol, 56%).

Following the general procedure B, using 1h (32.4 mg) and

'H NMR (600 MHz, CDCls): 6 = 7.57 — 7.54 (m, 2H), 7.34 — 7.30 (m, 2H), 7.22 — 7.19 (m,
1H), 5.55 (t, J = 1.7 Hz, 1H), 4.50 — 4.46 (m, 1H), 4.42 — 4.39 (m, 1H), 2.95 (dd, J = 16.2, 1.7
Hz, 1H), 2.78 (dd, J = 16.2, 1.7 Hz, 1H), 1.75 — 1.66 (m, 4H), 1.61 — 1.54 (m, 1H), 1.43 — 1.37
(m, 1H), 1.35 (s, 3H) ppm.

13C NMR (151 MHz, CDCl3): & = 179.7, 146.2, 134.1, 128.6, 128.5, 126.9, 105.3, 83.7 (d, J
= 165.0 Hz), 42.9, 39.9, 37.5, 30.6 (d, J = 19.8 Hz), 23.4, 20.5 (d, J = 4.9 Hz) ppm.

F NMR (471 MHz, CDCls): 8 = -219.25 (s) ppm.
HRMS (ESIpos) m/z: Calcd for C16H2002F 263.1441, Found 263.1438.

IR (cmt): 2937, 1835, 1750, 1630, 1487, 1238, 1147, 1052, 913, 815.

(2)-5-benzylidene-3-(4-chlorobutyl)-3-methyldihydrofuran-2(3H)-one

o

Cl
%

pentane/EtO (98:2 v/v) as an eluent, the target compound 3i was obtained as a colorless oil
(24.5 mg, 87.8 umol, 44%).

Following the general procedure B, using 1i (35.7 mg) and

IH NMR (600 MHz, CDCl3): & = 7.56 — 7.53 (m, 2H), 7.34 — 7.31 (m, 2H), 7.22 — 7.19 (m,
1H), 555 (t, J = 1.7 Hz, 1H), 3.55 — 3.52 (m, 2H), 2.96 (dd, J = 16.2, 1.7 Hz, 1H), 2.78 (dd, J
= 16.1, 1.7 Hz, 1H), 1.82 — 1.77 (m, 2H), 1.68 — 1.61 (m, 3H), 1.46 — 1.38 (m, 1H), 1.35 (s,
3H).

13C NMR (151 MHz, CDCl3): § = 179.7, 146.2, 134.0, 128.6, 128.5, 126.9, 105.4, 44.6, 42.9,
39.9, 37.0, 32.6, 23.4, 21.9 ppm.

HRMS (ESIpos) m/z: Calcd for C16H200.CI®® 279.1146, Found 279.1143.

IR (cmt): 2929, 1796, 1687, 1449, 1276, 1260, 1063, 944, 751.
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(Z2)-5-benzylidene-3-methyl-3-(4,4,4-trifluorobutyl)dihydrofuran-2(3H)-one
0

F3C/\/>&O&
3

(99:1 v/v) as an eluent, the target compound 3j was obtained as a colorless oil (24.9 mg, 83.4
pmol, 42%).

Ph Following the general procedure B, using 1j (39.6 mg) and pentane/Et.0O

IH NMR (600 MHz, CDCls): & = 7.57 — 7.54 (m, 2H), 7.35 — 7.31 (m, 2H), 7.23 — 7.20 (m,
1H), 5.57 (t, J = 1.7 Hz, 1H), 2.94 (dd, J = 16.1, 1.7 Hz, 1H), 2.80 (dd, J = 16.1, 1.7 Hz, 1H),
2.15 —2.06 (m, 2H), 1.74 — 1.71 (m, 3H), 1.56 — 1.51 (m, 1H) 1.36 (s, 3H).

13C-NMR (126 MHz, CDCls): § = 179.2, 145.8, 133.9, 128.6, 128.5, 127.0, 126.8 (q, J = 274.5
Hz), 105.7, 42.8, 40.0, 36.7, 33.9 (q, J = 28.9 Hz), 23.2, 17.4 ppm.

F NMR (471 MHz, CDCls): 8 =-66.7 (s) ppm.

HRMS (ESIpos) m/z: Calcd for C16H1802F3 299.1253, Found 299.1248.
IR (cm™): 2963, 1794, 1691, 1460, 1363, 1074, 935, 825.

(Z2)-(5-benzylidene-3-methyl-2-oxotetrahydrofuran-3-yl)methyl acetate

O

Ph

3k Following the general procedure B, using 1k (32.0 mg) and pentane/Et,O
(85:15 v/v) as an eluent, the target compound 3k was obtained as a colorless oil (17.9 mg, 68.7
pmol, 35%).

IH-NMR (500 MHz, CDCls): & = 7.57 — 7.53 (m, 2H), 7.35 — 7.31 (m, 2H), 7.24 — 7.20 (m,
1H), 5.57 (t, J = 1.7 Hz, 1H), 4.24 (d, J = 11.1 Hz, 1H), 4.19 (d, J = 11.1 Hz, 1H), 3.15 (dd, J
=16.3, 1.9 Hz, 1H), 2.79 (dd, J = 16.3, 1.6 Hz, 1H), 2.03 (s, 3H), 1.36 (s, 3H) ppm.

13C-NMR (126 MHz, CDCl3): § = 177.4, 170.7, 145.5, 133.8, 128.6, 128.5, 127.0, 105.6, 67.2,
43.5, 37.4, 20.8, 20.6 ppm.

HRMS (ESIpos) m/z: Calcd for C1sH1704 261.1121, Found 261.1116

IR (cmt): 2927, 1741, 1456, 1375, 1228, 1040, 752, 699.
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(2)-5-benzylidene-3-methyl-3-phenethyldihydrofuran-2(3H)-one
0 0

@) 0O

31 Ph 3r h : :
Following the general procedure B, using 1l

(38.4 mg) and pentane/Et,O (98:2 v/v) as an eluent, the target compound was obtained as a
colorless oil (26.7 mg, 91.3 umol, 46%, 31 : 31" = 10:1).

IH-NMR (500 MHz, CDCl3): § =8 7.59 — 7.56 (m, 2H3' + 2H%"), 7.36 — 7.31 (m, 2H3 + 2H3"),
7.30 —7.26 (m, 2H3 + 2H3"), 7.24 — 7.17 (m, 4H® + 4H%"), 557 (t, J = 1.7 Hz, 1H%), 5.04 (t, J
=1.5 Hz, 1H®"), 3.64 (d, J = 1.4 Hz, 2H®"), 3.01 (dd, J = 16.2, 1.7 Hz, 1H®), 2.83 (dd, J = 16.2,
1.7 Hz, 1H%), 2.80 — 2.72 (m, 1H®), 2.65 — 2.54 (m, 1H% + 1H®"), 2.47 — 2.39 (m, 1H®"), 2.06
—1.91 (m, 2H%" + 1H%"), 1.87 — 1.81 (m, 1H®"), 1.41 (s, 3H%), 1.32 (s, 3H") ppm.

13C-NMR (126 MHz, CDCla): & = 181.9 (31'), 179.5(31), 153.9 (31'), 146.2 (31), 141.2 (3I),
141.0 (31), 135.4 (31'), 134.0 (31), 129.2 (3'), 128.8 (31), 128.7 (3I), 128.6 (3I), 128.5 (3I),
128.4 (31), 127.2 (31'), 126.9 (31), 126.4 (31), 126.2 (31'), 110.0 (3'), 105.4 (31), 49.0 (3'), 43.0
(31), 40.1 (31), 39.9 (31), 34.9 (31"), 31.5 (31), 31.0 (31), 29.8 (31'), 23.6 (31"), 23.4 (31) ppm.

HRMS (EI) m/z: Calcd for C20H2002 292.1463, Found 292.1463.

IR (cmt): 3025, 1794, 1689, 1494, 1453, 1275, 1260, 1055, 940, 750.

(2)-5-benzylidene-3-(4-fluorophenethyl)-3-methyldihydrofuran-2(3H)-one

F.

3m

Ph Following the general procedure B, using 1m
(42.0 mg) and pentane/Et,O (98:2 v/v) as an eluent, the target compound was obtained as a
colorless oil (37.5 mg, 0.120 mmol, 60%, 3m : 3m" = 20:1).

H-NMR (500 MHz, CDCls): § = 7.58 — 7.55 (m, 2H3™ + 2H3™), 7.36 — 7.31 (m, 2H®™ +
2H™), 7.24 — 7.19 (m, 1H3™ + 1H®™), 7.15 — 7.10 (m, 2H3™ + 2H%™), 6.99 — 6.94 (m, 2H%™ +
2H3™), 557 (t,J = 1.7 Hz, 1H®), 5.02 (t, J = 1.5 Hz, 1H®™), 3.63 (d, J = 1.3 Hz, 1H3™), 3.00
(dd, J=16.2, 1.7 Hz, 1H®™), 2.83 (dd, J = 16.2, 1.7 Hz, 1H3™), 2.77 — 2.69 (m, 1H3™ + 1H3™),
2.61 —2.53 (m, TH®™ + 1H3™), 1.97 — 1.91 (m, 2H>™ + 2H3™), 1.40 (s, 3H3™), 1.31 (s, 3H®™)
ppm.
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3C-NMR (151 MHz, CDCls): § = 181.8 (3m"), 179.4 (3m), 161.6 (d, J = 244.1 Hz, 3m), 161.4
(d,J = 244.1 Hz, 3m’), 154.0 (3m"), 146.1 (3m), 136.8 (d, J = 26.2 Hz, 3m’), 136.7 (d, J = 26.2
Hz, 3m), 135.3 (3m"), 134.0 (3m), 129.8 (d, J = 7.8 Hz, 3m), 129.2 (3m"), 128.8 (3m"), 128.6
(3m), 128.5 (3m), 127.3 (3m"), 126.9 (3m), 115.5 (d, J = 21.2 Hz, 3m), 115.3 (d, J = 21.2 Hz,
3m’), 109.8 (3m"), 105.5 (3m), 48.9 (3m"), 43.0 (3m), 40.1 (3m), 40.0 (3m), 39.9 (3m’), 34.9
(3m"), 30.7 (3m"), 30.2 (3m), 23.7 (3m"), 23.5 (3m) ppm.

BENMR (471 MHz, CDClg): 6 =-117.5 (s, 3k), -117.7 (s, 3K") ppm.
HRMS (ESIpos) m/z: Calcd for C12H2002F 311.1441, Found 313.1437.

IR (cmt): 2924, 1795, 1690, 1509, 1275, 1260, 1220, 1056, 941, 825, 750.

(2)-3-benzyl-5-benzylidene-3-methyldihydrofuran-2(3H)-one
0

0]

3n o Following the general procedure B, using 1n (35.6 mg) and pentane/Et.0O
(98:2 v/v) as an eluent, the target compound 3n was obtained as a colorless oil (22.5 mg, 80.8
pmol, 40%).

IH-NMR (600 MHz, CDCls): & = 7.49 — 7.47 (m, 2H), 7.32 — 7.27 (m, 4H), 7.26 — 7.23 (m,
1H), 7.20 — 7.17 (m, 3H), 5.4 (t, J = 1.7 Hz, 1H), 3.10 (d, J = 13.7 Hz, 1H), 3.03 (dd, J = 16.0,
1.7 Hz, 1H), 2.83 (d, J = 13.7 Hz, 1H), 2.61 (dd, J = 16.0, 1.7 Hz, 1H), 1.37 (s, 3H) ppm.

13C-NMR (126 MHz, CDCls): § = 179.5, 146.1, 136.1, 134.0, 130.3, 128.7, 128.5, 128.5,
127.4, 126.8, 105.3, 44.5, 43.0, 38.8, 23.9 ppm.

HRMS (EI) m/z: Calcd for C19H1802 278.1306, Found 278.1305.

IR (cmt): 3026, 1794, 1687, 1495, 1450,1225, 1180, 1046, 955, 753.
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(Z2)-methyl 4-((5-benzylidene-3-methyl-2-oxotetrahydrofuran-3-yl)methyl)benzoate
0
0

MeOQC 3 h
° Following the general procedure B, using 10 (47.2 mg) and

pentane/Et20 (88:12 v/v) as an eluent, the target compound 30 was obtained as a colorless oil
(27.4 mg, 81.5 umol, 41%).

'H-NMR (500 MHz, CDCl3): 6 =6 = 7.98 — 7.94 (m, 2H), 7.48 — 7.45 (m, 2H), 7.30 — 7.25
(m, 4H), 7.21 — 7.17 (m, 1H), 5.44 (t, J = 1.7 Hz, 1H), 3.89 (s, 3H), 3.14 (d, J = 13.5 Hz, 1H),
2.99 (dd, J = 16.0, 1.8 Hz, 1H), 2.89 (d, J = 13.5 Hz, 1H), 2.63 (dd, J = 16.0, 1.5 Hz, 1H), 1.37
(s, 3H) ppm.

13C-NMR (126 MHz, CDCls): & = 179.1, 166.9, 145.7, 141.4, 133.8, 130.3, 129.9, 129.4,
128.5, 128.5, 126.9, 105.7, 52.2, 44.5, 42.9, 38.9, 23.9 ppm.

HRMS (EI) m/z: Calcd for C21H2004 336.1361, Found 336.1362.

IR (cmt): 2962, 1796, 1598, 1362, 1248, 1055, 931, 878.

(2)-5-benzylidene-3-methyl-3-(4-nitrobenzyl)dihydrofuran-2(3H)-one

Q@&Q
O2N Ph

3p Following the general procedure B, using 1p (44.6 mg) and
pentane/Et,0O (88:12 v/v) as an eluent, the target compound 3p was obtained as a colorless oil
(27.8 mg, 85.9 umol, 43%).

IH-NMR (500 MHz, CDCls): & = 8.16 — 8.12 (m, 2H), 7.48 — 7.42 (m, 2H), 7.39 — 7.35 (m,
2H), 7.31 — 7.27 (m, 2H), 7.22 — 7.17 (m, 1H), 5.46 (t, J = 1.7 Hz, 1H), 3.20 (d, J = 13.6 Hz,
1H), 2.99 — 2.91 (m, 2H), 2.70 (dd, J = 15.9, 1.5 Hz, 1H), 1.40 (s, 3H) ppm.

13C-NMR (126 MHz, CDClz): 6 = 178.6, 147.4, 145.2, 143.7, 133.6, 131.1, 128.6, 128.4,
127.1, 123.8, 106.0, 44.5, 42.8, 38.9, 24.0 ppm.

HRMS (EI) m/z: Calcd for C19H17NO4 323.1157, Found 323.1157.

IR (cmt): 2929, 1793, 1687, 1517, 1344, 1226, 1052, 852.
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(2)-5-benzylidene-3-methyl-3-(4-((trifluoromethyl)thio)benzyl)dihydrofuran-2(3H)-one

(0]

Q@&Q
F,CS 3q

pentane/Et20 (98:2 v/v) as an eluent, the target compound 3q was obtained as a colorless oil
(33.4 mg, 88.2 umol, 44%).

Ph Following the general procedure B, using 1q (35.6 mg) and

'H-NMR (500 MHz, CDCls): 6 = 6 7.60 — 7.56 (m, 2H), 7.48 — 7.44 (m, 2H), 7.32 — 7.28 (m,
2H), 7.27 — 7.23 (m, 2H), 7.21 — 7.17 (m, 1H), 5.45 (t, J = 1.7 Hz, 1H), 3.12 (d, J = 13.6 Hz,
1H), 2.98 (dd, J = 16.0, 1.8 Hz, 1H), 2.86 (d, J = 13.6 Hz, 1H), 2.66 (dd, J = 16.0, 1.6 Hz,
1H), 1.38 (s, 3H) ppm.

13C-NMR (126 MHz, CDCls): § = 179.0, 145.6, 139.4, 136.6, 133.7, 131.4, 130.2 (g, J = 308.0
Hz), 128.6, 128.5, 127.0, 123.5, 105.8, 44.5, 42.7, 38.9, 23.9 ppm.

HRMS (EI) m/z: Calcd for C2oH17F302S 378.0901, Found 378.0900.
IR (cm?): 2923, 1793, 1690, 1514, 1450, 1178, 1057, 754.
(2)-5-benzylidene-3-(3,5-bis(trifluoromethyl)benzyl)-3-methyldihydrofuran-2(3H)-one

0
F4C
3 o)

3r N—Ph
CFs Following the general procedure B, using 1lr (62.8 mg) and

pentane/Et20 (96:4 v/v) as an eluent, the target compound 3r was obtained as a colorless oil
(28.1 mg, 89.8 umol, 45%).

IH-NMR (500 MHz, CDCls): § = 7.74 (s, 1H), 7.66 (s, 2H), 7.45 — 7.41 (m, 2H), 7.31 — 7.27
(m, 2H), 7.21 — 7.17 (m, 1H), 5.45 (t, J = 1.6 Hz, 1H), 3.20 (d, J = 13.8 Hz, 1H), 2.98 (d, J =
13.8 Hz, 1H), 2.93 (dd, J = 15.8, 1.6 Hz, 1H), 2.74 (dd, J = 15.8, 1.6 Hz, 1H), 1.41 (s, 3H) ppm.

13C-NMR (126 MHz, CDCls): 6 =178.3, 144.9, 138.5, 133.4, 132.0 (q, J = 33.2 Hz), 130.3,
128.6, 128.5, 127.1, 121.6, 106.2, 44.4, 42.8, 39.1, 23.8 ppm.

19F NMR (471 MHz, CDCls): § = -63.39 ppm.
HRMS (EI) m/z: Calcd for Co1H16FsO2 414.1054, Found 414.1054.

IR (cmt): 2928, 1796, 1692, 1376, 1275, 1169, 1126, 1054, 930, 897.
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(2)-5-benzylidene-3-methyl-3-phenyldihydrofuran-2(3H)-one
o}

O

3s PN Following the general procedure B, using 1s (32.8 mg) and pentane/Et,O
(98:2 v/v) as an eluent, the target compound 3s was obtained as a colorless oil (18.1 mg, 68.5
pmol, 34%).

IH-NMR (500 MHz, CDCls): & = 7.60 — 7.56 (m, 2H), 7.47 — 7.43 (m, 2H), 7.38 — 7.29 (m,
5H), 7.24 — 7.20 (m, 1H), 5.61 (t, J = 1.5 Hz, 1H), 3.41 (dd, J = 16.0, 1.5 Hz, 2H), 3.17 (dd, J
= 16.0, 1.8 Hz, 2H), 1.75 (s, 3H) ppm.

13C-NMR (126 MHz, CDCl3): & = 178.0, 145.8, 141.0, 133.9, 129.9, 129.1, 128.6, 127.8,
127.0, 125.8, 105.5, 47.4, 43.4, 25.4 ppm.

HRMS (EI) m/z: Calcd for C1sH1602 264.1150, Found 264.1148.
IR (cmt): 2932, 1810, 1725, 1622, 1420, 1215, 1106, 1018, 954, 837.

(2)-5-benzylidene-3,3-diethyldihydrofuran-2(3H)-one
0 o}
Et Et” \—
Ph ., \—Ph ) )
3t 3t Following the general procedure B, using 1t (26.1 mg) and

pentane/Et20 (98:2 v/v) as an eluent, the target compound was obtained as a colorless oil (29.3
mg, 93.7 umol, 47%, 3t : 3t = 11:1).

IH-NMR (600 MHz, CDCl3): 8 = 7.57 — 7.54 (m, 2H3 + 2H3), 7.34 — 7.30 (m, 2H% + 2H),
7.22 - 7.18 (m, 1H3 + 1H%), 553 (t, J = 1.7 Hz, 1H%), 4.89 (t, J = 1.4 Hz, 1H3), 3.65 (d, J =
1.4 Hz, 2H), 2.86 (d, J = 1.8 Hz, 2H), 1.77 — 1.59 (m, 4H3 + 4H%) 0.96 (t, J = 7.5 Hz, 6H%),
0.81 (t, J = 7.5 Hz, 6H%") ppm.

13C-NMR (151 MHz, CDCls): § = 181.8 (3t'), 179.3 (3t), 154.3 (3t'), 146.9 (3t), 135.7 (3t),
134.3 (3t), 129.1 (3t), 128.8 (3t"), 128.6 (3t), 128.4 (3t), 127.1 (3t), 126.7 (3t), 107.8 (3t),
104.7 (3t), 55.1 (3t"), 47.7 (3t), 36.7 (3t), 34.9 (3t), 29.9 (3t"), 29.4 (3t), 9.3 (3t"), 8.8 (3t) ppm.

HRMS (EI) m/z: Calcd for C15H1802 230.1306, Found 230.1306.

IR (cm™): 2967, 1790, 1687, 1458, 1224, 1178, 1074, 946, 754, 694.
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(2)-5-benzylidene-3-ethyl-3-isobutyldihydrofuran-2(3H)-one
0

iPr (0]
Et

3u PN Following the general procedure B, using 1u (31.6 mg) and pentane/Et,O
(98:2 v/v) as an eluent, the target compound 3u was obtained as a colorless oil (25.7 mg, 99.5
pmol, 50%).

'H-NMR (500 MHz, CDClz): 6 =7.58 — 7.54 (m, 2H), 7.34 — 7.28 (m, 2H), 7.21 — 7.16 (m,
2H), 5.54 (t, J = 1.7 Hz, 1H), 2.99 (dd, J = 16.7, 1.9 Hz, 1H), 2.83 (dd, J = 16.7, 1.6 Hz, 1H),
1.81 — 1.55 (m, 5H), 0.98 — 0.88 (m, 9H) ppm.

13C-NMR (126 MHz, CDCls): 8 = 179.8, 146.9, 134.3, 128.6, 128.4, 126.7, 104.6, 46.7, 44.7,
37.1,31.2, 25.0, 24.8, 23.0, 8.7 ppm.

HRMS (EI) m/z: Calcd for C17H220, 258.1619, Found 258.1620.
IR (cmt): 2968, 1795, 1683, 1459, 1205, 1071, 935, 750.

(2)-5-benzylidene-3-(3,5-bis(trifluoromethyl)benzyl)-3-ethyldihydrofuran-2(3H)-one
0
FsC

@)
Et

Ph
3v
CFs Following the general procedure B, using 1lv (65.6 mg) and

pentane/Et20 (98:2 v/v) as an eluent, the target compound 3v was obtained as a colorless oil
(33.8 mg, 78.9 umol, 40%).

'H-NMR (500 MHz, CDCls): 6 = 7.72 (s, 1H), 7.65 (s, 2H), 7.42 — 7.38 (m, 2H), 7.30 — 7.25
(m, 2H), 7.20 — 7.15 (m, 1H), 5.39 (t, J = 1.7 Hz, 1H), 3.22 (d, J = 13.7 Hz, 1H), 2.97 (d, J =
13.7 Hz, 1H), 2.85 (d, J = 1.7 Hz, 2H), 1.90 — 1.81 (m, 1H), 1.79 — 1.68 (m, 1H) 1.05 (t, J = 7.4
Hz, 3H) ppm.

13C-NMR (126 MHz, CDCl3): 8 = 177.8, 145.3, 138.6, 133.5, 132.0 (q, J = 33.2 Hz), 130.3,
128.5, 128.4, 127.0, 121.6, 105.6, 48.8, 41.5, 36.0, 30.5, 8.9 ppm.

F NMR (471 MHz, CDCl3): & =-63.4 (s) ppm.
HRMS (EI) m/z: Calcd for C22H1sFsO2 428.1211, Found 428.1208.

IR (cmt): 2973, 1794, 1692, 1377, 1275, 1126, 1070, 969.
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(2)-5-benzylidene-3-(3-(2,5-dimethylphenoxy)propyl)-3-methyldihydrofuran-2(3H)-one

Dy

pentane/Et20 (98:2 v/v) as an eluent, the target compound 3w was obtained as a colorless oil
(37.0 mg, 0.105 mmol, 53%).

Ph Following the general procedure B, using 1w (65.6 mg) and

IH-NMR (500 MHz, CDCls): & = 7.59 — 7.55 (m, 2H), 7.37 — 7.30 (m, 2H), 7.23 — 7.19 (m,
1H), 7.01 — 6.99 (m, 1H), 6.69 — 6.64 (m, 1H), 6.60 (s, 1H), 5.57 (t, J = 1.7 Hz, 1H), 3.97 —
3.94 (m, 2H), 2.99 (dd, J = 16.2, 1.7 Hz, 1H), 2.83 (dd, J = 16.2, 1.7 Hz, 1H), 2.31 (s, 3H), 2.17
(s, 3H), 1.98 — 1.91 (m, 1H), 1.90 — 1.86 (m, 2H), 1.83 — 1.76 (m, 1H), 1.39 (s, 3H) ppm.

13C-NMR (126 MHz, CDClg): 6 =179.5, 156.7, 146.1, 136.5, 133.9, 130.4, 128.5, 128.4,
126.7, 123.5, 120.9, 112.0, 105.2, 67.3, 42.6, 40.0, 34.5, 24.7, 23.2, 21.4, 15.8 ppm.

HRMS (ESIpos) m/z: Calcd for C23H2703 351.1954, Found 351.1945.

IR (cmt): 2949, 1797, 1687, 1449, 1275, 1260, 1041, 941, 751.
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(2)-3-ethyl-5-(2-fluorobenzylidene)-3-methyldihydrofuran-2(3H)-one

0]
Et

3x Following the general procedure C, using 2b (61.1 mg) and pentane/Et>O

(98:2 v/v) as an eluent, the target compound 3x was obtained as a colorless oil (24.3 mg, 0.103
mmol, 52%).

IH NMR (500 MHz, CDCls): § = 7.99 — 7.92 (m, 1H), 7.19 — 7.09 (m, 2H), 7.04 — 6.98 (m,
1H), 5.81 (t, J = 1.9 Hz, 1H), 2.96 (dd, J = 16.3, 1.7 Hz, 1H), 2.79 (dd, J = 16.4, 1.8 Hz, 1H),
1.75 — 1.65 (m, 2H), 1.33 (s, 3H), 0.98 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): § = 179.7, 159.3 (d, J = 248.2 Hz), 148.0, 130.2, 128.1 (d, J =

8.5 Hz), 124.3 (d, J = 3.7 Hz), 122.0 (d, J = 11.6 Hz), 115.1 (d, J = 22.1 Hz), 96.2 (d, J = 8.0
Hz), 43.4,39.7, 30.9, 23.0, 8.9 ppm.

F NMR (471 MHz, CDCls): 8 =-119.0 ppm.
HRMS (ESIpos) m/z: Calcd for C14H1602F 235.1128 , Found 235.1126.

IR (cmt): 2970, 1797, 1685, 1581, 1255, 1149, 1069, 946, 876.

(2)-5-(2-chlorobenzylidene)-3-ethyl-3-methyldihydrofuran-2(3H)-one
o}

t o Cl

i Following the general procedure C, using 2¢ (69.3 mg) and pentane/Et,O
(98:2 v/v) as an eluent, the target compound 3y was obtained as a colorless oil (26.2 mg, 0.104
mmol, 52%).

IH NMR (500 MHz, CDCla): & = 7.96 (dd, J = 7.9, 1.7 Hz, 1H), 7.35 (dd, J = 8.0, 1.4 Hz, 1H),
7.26 — 7.22 (m, 1H), 7.15 — 7.10 (m, 1H), 5.97 (t, J = 1.8 Hz, 1H), 2.99 (dd, J = 16.4, 1.7 Hz,
1H), 2.82 (dd, J = 16.4, 1.8 Hz, 1H), 1.77 — 1.64 (m, 2H), 1.34 (s, 3H), 0.98 (t, J = 7.5 Hz, 3H)
ppm.

13C NMR (126 MHz, CDCls): 5 = 179.6, 148.2, 132.3, 131.9, 130.4, 129.4, 127.9, 127.0,
100.7, 43.4, 39.7, 30.9, 23.0, 8.9 ppm.

HRMS (ESIpos) m/z: Calcd for C14H160.Cl 251.0833 , Found 251.0831.

IR (cmt): 2969, 1793, 1682, 1458, 1260, 1073, 764.
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(2)-3-ethyl-5-(3-fluorobenzylidene)-3-methyldihydrofuran-2(3H)-one
0

Et
0 F

3 Following the general procedure C, using 2d (61.1 mg) and pentane/Et>O

(98:2 v/v) as an eluent, the target compound 3z was obtained as a colorless oil (24.3 mg, 0.103
mmol, 52%).

'H NMR (500 MHz, CDCls): 6 = 7.33 - 7.26 (m, 3H), 6.93 - 6.86 (m, 1H), 5.51 (t, J= 1.7
Hz, 1H), 2.93 (dd, J = 16.4, 1.7 Hz, 1H), 2.76 (dd, J = 16.3, 1.7 Hz, 1H), 1.75 — 1.65 (m, 2H),
1.33 (s, 3H), 0.97 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): = 179.5, 163.0 (d, J = 244.6 Hz), 147.6, 136.3 (d, J = 8.4 Hz),
129.9 (d, J = 8.4 Hz), 124.2, 115.1 (d, J = 22.7 Hz), 113.6 (d, J = 21.2 Hz), 104.1, 43.3, 39.5,
30.9, 23.0, 8.9 ppm.

HRMS (ESlIpos) m/z: Calcd for C14H1602F 235.1128 , Found 235.1128.

IR (cm™): 2971, 1794, 1686, 1490, 1275, 1616, 1417, 1322, 1275, 1109, 1064, 934.

(2)-5-(3-chlorobenzylidene)-3-ethyl-3-methyldihydrofuran-2(3H)-one
o)

3aa Following the general procedure C, using 2e (69.3 mg) and pentane/Et,0
(98:2 v/v) as an eluent, the target compound 3aa was obtained as a colorless oil (24.5 mg, 97.7
pmol, 49%).

IH NMR (500 MHz, CDCla): & = 7.53 — 7.51 (m, 1H), 7.44 — 7.41 (m, 1H),, 7.24 (t, J = 7.9
Hz, 1H), 7.18 — 7.15 (M, 1H), 5.47 (t, J = 1.7 Hz, 1H), 2.93 (dd, J = 16.4, 1.7 Hz, 1H), 2.76 (dd,
J=16.3, 1.7 Hz, 1H), 1.75 — 1.65 (m, 2H), 1.33 (s, 3H), 0.97 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): § = 179.5, 147.8, 135.9, 134.4, 129.8, 128.2, 126.8, 126.6,
103.8, 43.3, 39.6, 30.9, 23.0, 8.9 ppm.

HRMS (ESIpos) m/z: Calcd for C1aH160,Cl 251.0833 , Found 251.0830.

IR (cmt): 2970, 1791, 1680, 1457, 1275, 1260, 1075, 935, 750.
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(2)-3-ethyl-5-(4-fluorobenzylidene)-3-methyldihydrofuran-2(3H)-one
0

Et
@)

F

3ab Following the general procedure C, using 2f (61.1 mg) and pentane/Et>O
(98:2 v/v) as an eluent, the target compound 3ab was obtained as a colorless oil (25.3 mg, 0.108

mmol, 54%).

'H NMR (500 MHz, CDCls): 8 = 7.54 — 7.49 (m, 2H), 7.03 - 6.97 (m, 2H), 5.50 (t, J = 1.7 Hz,
1H), 2.92 (dd, J = 16.2, 1.7 Hz, 1H), 2.75 (dd, J = 16.1, 1.8 Hz, 1H), 1.75 — 1.64 (m, 2H), 1.32
(s, 3H), 0.97 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): § = 179.7, 161.6 (d, J = 246.4 Hz), 146.1, 130.3, 130.0 (d, J =
7.8 Hz), 115.4 (d, J = 21.2 Hz), 104.0, 43.4, 39.5, 30.9, 23.0, 8.9 ppm.

HRMS (ESlIpos) m/z: Calcd for C14H1602F 235.1128 , Found 235.1128.
IR (cm™): 2972, 1796, 1691, 1603, 1508, 1459, 1275, 1260, 1229, 1071, 936, 849.

(2)-5-(4-chlorobenzylidene)-3-ethyl-3-methyldihydrofuran-2(3H)-one
0 0

Et
o Et o

Cl
3ac 3ac’ cl

Following the general procedure C, using 29 (69.3
mg) and pentane/Et20 (98:2 v/v) as an eluent, the target compound was obtained as a colorless
oil (26.2 mg, 0.104 mmol, 52%, 3ac : 3ac’ = 12:1).

IH NMR (500 MHz, CDCls): = 7.49 — 7.46 (m, 2H*c), 7.29 — 7.26 (m, 2H** + 2H%*), 7.20
_7.17 (m, 2H¥), 5.49 (t, J = 1.7 Hz, 1H%°), 4.99 (t, J = 1.4 Hz, 1H**), 3.59 (d, J = 1.4 Hz,
2H®C), 2.92 (dd, J = 16.3, 1.7 Hz, 1 H¥*), 2.75 (dd, J = 16.3, 1.8 Hz, 1 H3), 1.75 — 1.64 (m,
2HC + 2H3CY) 1,32 (s, 3H®C), 1.26 (5, 3H*), 0.97 (t, J = 7.5 Hz, 3H¥), 0.81 (t, J = 7.5 Hz,
3H%) ppm.

13C NMR (126 MHz, CDCIs): § = 179.6 (3ac), 153.1 (3ac”), 147.0 (3ac), 134.0 (3ac’), 132.7
(3ac), 132.3 (3ac), 130.5 (3ac”), 129.7 (3ac), 128.9 (3ac”), 128.7 (3ac), 110.1(3ac”), 103.9 (3ac),
49.6 (3ac’), 43.3 (3ac), 39.5 (3ac), 34.2 (3ac’), 31.1 (3ac”), 30.9 (3ac), 23.1 (3ac”), 23.0 (3ac),
9.4 (3ac”), 8.9 (3ac) ppm.

HRMS (ESIpos) m/z: Calcd for C14H160.Cl 251.0833 , Found 251.0829.

IR (cm™): 2937, 1765, 1654, 1415, 1215, 1260, 1178, 1054, 912, 837.

38



(2)-5-(4-bromobenzylidene)-3-ethyl-3-methyldihydrofuran-2(3H)-one

0]

Et
@)

Br

3ad Following the general procedure C, using 2h (91.5 mg) and

pentane/Et20O (98:2 v/v) as an eluent, the target compound 3ad was obtained as a colorless oil
(18.7 mg, 63.3 umol, 32%).

IH NMR (500 MHz, CDCls): & = 7.44 — 7.40 (m, 4H), 5.47 (t, J = 1.7 Hz, 1H), 2.91 (dd, J =
16.3, 1.7 Hz, 1H), 2.74 (dd, J = 16.3, 1.8 Hz, 1H), 1.74 — 1.63 (m, 2H), 1.32 (s, 3H), 0.97 (t, J
=7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): 6 = 179.6, 147.2, 133.1, 131.7, 130.0, 120.5, 104.0, 43.3, 39.6,
30.9, 23.0, 8.9 ppm.

HRMS (ESIpos) m/z: Calcd for C14H1602Br 295.0328 , Found 295.0325.
IR (cm?): 2922, 1794, 1689, 1450, 1260, 1050, 801.
(2)-3-ethyl-3-methyl-5-(4-(trifluoromethyl)benzylidene)dihydrofuran-2(3H)-one

o 0

Et
o Et o

CF
3ae 3 3ae’ CF3

Following the general procedure C, using 2i
(86.1 mg) and pentane/Et.O (96:4 v/v) as an eluent, the target compound was obtained as a
colorless oil (34.5 mg, 0.121 mmol, 61%, 3ae : 3ae” = 3:1).

IH NMR (500 MHz, CDCls): 8 = 7.64 (d, J = 8.2 Hz, 2H%*), 7.59 (d, J = 8.5 Hz, 2H%*), 7.55
(d, J = 8.7 Hz, 2H%®), 7.38 (d, J = 7.9 Hz, 2H**), 5,57 (t, J = 1.7 Hz, 1H%*), 5.04 (t, J = 1.4
Hz, 1H%¢), 3.68 (s, 2H%), 2.96 (dd, J = 16.5, 1.7 Hz, 1H*), 2.79 (dd, J = 16.5, 1.8 Hz, 1H3®),
1.73 — 1.67 (m, 2H%®), 1.61 — 1.54 (m, 2H%*¢), 1.34 (s, 3H*), 1.27 (s, 3H**), 0.98 (t, J=7.5
Hz, 3H%®), 0.82 (t, J = 7.5 Hz, 3H%¢) ppm.

13C NMR (126 MHz, CDCls): § = 181.9 (3ae”), 179.4 (3ae), 152.6 (3ae’), 148.7 (3ae), 139.7
(3ae”), 137.7 (3ae), 129.5 (3ae"), 128.9 (q, J = 271.6 Hz, 3ae”), 128.7 (g, J = 271.6 Hz, 3ae),
128.5 (3ae), 125.7 (d, J = 3.9 Hz, 3ae’), 125.4 (d, J = 3.9 Hz, 3ae), 110.5 (3ae"), 103.8 (3ae),
49.6 (3ae”), 43.3 (3ae), 39.6 (3ae), 34.7 (3ae”), 31.1 (3ae”), 31.0 (3ae), 23.1 (3ae"), 23.0 (3ae),
9.4 (3ae”), 8.9 (3ae) ppm.
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HRMS (ESlIpos) m/z: Calcd for C1sH1602F3 285.1096, Found 285.1094.
IR (cm™): 2973, 1795, 1686, 1616, 1322, 1163, 1064, 934, 749.

(Z2)-methyl 4-((4-ethyl-4-methyl-5-oxodihydrofuran-2(3H)-ylidene)methyl)benzoate
o)

Et
o

CO,Me

saf Following the general procedure C, using 2j (81.1 mg) and
pentane/Et2O (85:15 v/v) as an eluent, the target compound 3af (26.5 mg, 94.0 umol, 47% )

and 3af’( 8.5 mg, 30.0 umol, 15%) were obtained as colorless oil.

IH NMR (500 MHz, CDCl3): & = 7.99 — 7.96 (m, 2H), 7.62 — 7.59 (m, 2H), 5.57 (t, J = 1.7
Hz, 2H), 3.90 (s, 3H), 2.96 (dd, J = 16.5, 1.7 Hz, 1H), 2.78 (dd, J = 16.5, 1.7 Hz, 1H), 1.76 —
1.74 (m, 2H), 1.33 (s, 3H), 0.97 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): § = 179.5, 167.1, 148.7, 138.8, 129.9, 128.3, 128.0, 104.3,
52.2,43.3, 39.7, 31.0, 23.0, 8.9 ppm.

HRMS (ESIpos) m/z: Calcd for C16H1904 275.1277, Found 275.1273.

IR (cmt): 2970, 1799, 1716, 1677, 1606, 1434, 1275, 1181, 1068, 937, 867.

methyl 4-((4-ethyl-4-methyl-5-0x0-4,5-dihydrofuran-2-yl)methyl)benzoate
0

Et
0o

COzMe
3af"

IH NMR (500 MHz, CDCl3): & = 8.02 — 7.98 (m, 2H), 7.34 — 7.32 (m, 2H), 3.92 (s, 3H), 3.68
(s, 2H), 1.77 — 1.68 (m, 1H), 1.60 — 1.56 (m, 1H), 1.26 (s, 3H), 0.81 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): 6 =181.9, 167.0, 152.7, 140.9, 130.1, 129.2, 128.6, 110.4, 52.3,
49.6, 34.8, 31.1, 23.1, 9.4 ppm.

HRMS (ESIpos) m/z: Calcd for C16H1904 275.1277, Found 275.1273.

IR (cmt): 2971, 1797, 1718, 1606, 1435, 1275, 1180, 1105, 1069, 1018, 935, 867.
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(2)-3-ethyl-3-methyl-5-(4-nitrobenzylidene)dihydrofuran-2(3H)-one

0]

Et
@)

NO,
Following the general procedure C [using L6 (5.4 mg, 20 ummol, 20

mol%) instead of L10], using 2k (74.6 mg) and pentane/Et,0O (92:8 v/v) as an eluent, 3ag (26.8
mg, 0.102 mmol, 51%) and 3ag"( 5.4 mg, 20.0 umol, 10%) were obtained as colorless oil.

3ag

IH NMR (600 MHz, CDCl3): = 8.16 — 8.12 (m, 2H), 7.69 — 7.66 (m, 2H), 5.61 (t, J = 1.8
Hz, 1H), 2.99 (dd, J = 16.7, 1.7 Hz, 1H), 2.82 (dd, J = 16.7, 1.8 Hz, 1H), 1.78 — 1.65 (m, 2H),
1.35 (s, 3H), 0.98 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (151 MHz, CDCls): § = 179.1, 150.6, 145.9, 140.9, 128.8, 123.9, 103.3, 43.2, 39.8,
31.0, 23.0, 8.9 ppm.

HRMS (ESlIpos) m/z: Calcd for C14H1604N 262.1073, Found 262.1072.

IR (cmt): 2972, 1794, 1520, 1347, 1275, 1260, 1080, 749.

3-ethyl-3-methyl-5-(4-nitrobenzyl)furan-2(3H)-one
o}

Et
0

NO
3ag’ 2

'H NMR (600 MHz, CDCls): 6 = 8.20 (d, J = 8.7 Hz, 2H), 7.44 (d, J = 8.9 Hz, 2H), 5.10 (t, J
= 1.3 Hz, 1H), 3.74 (s, 2H), 1.78 — 1.69 (m, 1H), 1.62 — 1.58 (m, 1H), 1.28 (s, 3H), 0.82 (t, J =
7.5 Hz, 3H) ppm.

13C NMR (151 MHz, CDCls): 5 = 181.6, 151.8, 147.4, 143.2, 130.0, 124.1, 111.0, 49.7, 34.7,
31.0,23.1,9.4 ppm.

HRMS (ESIpos) m/z: Calcd for C14H1604N 262.1073, Found 262.1072.

IR (cmt): 2950, 1785, 1505, 1418, 1315, 1225, 1120, 934, 742.
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(2)-N-(4-((4-ethyl-4-methyl-5-oxodihydrofuran-2(3H)-ylidene)methyl)phenyl)-2,2,2-
trifluoroacetamide

O

Et Et

0
0 0
o Y—cFs 9 Y—CcFs
NH NH
3ah 3ah’ Following the general procedure C,
using 21 (107.6 mg) and pentane/Et,O (85:15 v/v) as an eluent, the target compound was
obtained as a colorless solid ( 40.1 mg, 0.123 mmol, 61%, 3ah : 3ah” = 4:1).

IH NMR (600 MHz, (CD3)2CO): § = 7.72 — 7.69 (m, 2H®" + 2H%") 7.60 — 7.57 (m, 2H®" +
2H%MY 5,65 (t, J = 1.7 Hz, 1H%"), 5.25 (t, J = 1.3 Hz, 1H%"), 3.69 (s, 2H%"), 3.04 (dd, J =
16.4, 1.7 Hz, 1H%"), 2.89 (dd, J = 16.4, 1.8 Hz, 1H%"), 1.72 — 1.60 (m, 2H®" + 2H3%M) 1.31 (s,
3H%M), 1.23 (s, 1H%M), 0.95 (t, J = 7.5 Hz, 3H%"), 0.78 (t, J = 7.5 Hz, 1H*") ppm.

13C NMR (600 MHz, (CD3)2CO): 6 = 182.1 (3ah”), 179.9 (3ah), 155.6 (q, J = 37.0 Hz, 3ah"),
155.5 (g, J = 37.0 Hz, 3ah), 154.2 (3ah"), 148.4 (3ah), 136.2 (3ah"), 135.6 (3ah), 134.6 (3ah"),
133.2 (3ah), 130.4 (3ah"), 129.6 (3ah), 121.8 (3ah”), 121.6 (3ah), 117.0 (g, J = 288.0 Hz, 3ah"),
117.2 (q, J = 288.0 Hz, 3ah), 110.7 (3ah"), 104.1 (3ah), 50.0 (3ah"), 43.8 (3ah), 39.8 (3ah), 34.4
(3ah”), 31.5 (3ah"), 31.4 (3ah), 23.3 (3ah”’), 22.8 (3ah), 9.5 (3ah"), 8.9 (3ah) ppm.

HRMS (ESIpos) m/z: Calcd for C16H16F3NO3 327.1082, Found 327.1083.

IR (cmt): 3312, 2971, 1788, 1723, 1541, 1514, 1418, 1245, 1150, 1075, 950, 735.

(2)-3-((4-ethyl-4-methyl-5-oxodihydrofuran-2(3H)-ylidene)methyl)benzaldehyde

0O
Et 2
o H

3ai Following the general procedure C using 2m (66

mg) and pentane/Et,O (90:10 v/v) as an eluent, the target compound obtained as a colorless oil
(25.9 mg, 0.106 mmol, 53%, 3ai : 3ai’ = 1.6:1).

H NMR (500 MHz, CDCls): & = 10.02 (s, 1H%*"), 10.01 (s, 1H3%"), 7.97 — 7.94 (m, 1H%* +
1H%"), 7.88 — 7.85 (m, 1H3 + 1H®"), 7.81 — 7.76 (m, 1H® + 1H®"), 7.73 — 7.69 (m, 1H%*' +
1H3") 5,60 (t, J = 1.7 Hz, 1H%"), 5.05 (t, J = 1.4 Hz, 1H%"), 3.71 (d, J = 1.3 Hz, 1H%"), 2.97
(dd, J = 16.4, 1.7 Hz, 1H3"), 2.80 (dd, J = 16.4, 1.7 Hz, 1H®), 1.76 — 1.66 (m, 2H), 1.60 —
1.53 (m, 2H%"), 1.34 (s, 3H%), 1.27 (s, 3H®"), 0.98 (t, J = 7.5 Hz, 3H®), 0.81 (t, J = 7.5 Hz,
3H3%") ppm.
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13C NMR (126 MHz, CDCls): & = 192.7 (3ai), 192.2 (3ai’), 181.9 (3ai"), 179.5 (3ai), 152.7
(3ai), 148.1 (3ai’), 136.9 (3ai"), 136.8 (3ai"), 136.7 (3ai), 135.2 (3ai), 134.2 (3ai), 130.0 (3ai),
129.9 (3ai"), 129.5 (3ai"), 129.3 (3ai), 129.0 (3ai’), 127.5 (3ai), 110.5 (3ai’), 103.8 (3ai), 49.6
(3ai”), 43.3 (3ai), 39.6 (3ai), 34.6 (3ai"), 31.1 (3ai"), 30.9 (3ai), 23.1 (3ai"), 23.0 (3ai), 9.4 (3ai"),
8.9 (3ai) ppm.

HRMS (ESIpos) m/z: Calcd for C1sH1703 245.1172, Found 245.1170.

IR (cm™): 2969, 2931, 1792, 1693, 1603, 1457, 1385, 1192, 1073, 952, 792.

(2)-3-ethyl-5-(3-methoxybenzylidene)-3-methyldihydrofuran-2(3H)-one

0]

Et
@)

3aj
OCHs Following the general procedure C using 2n (67.1 mg) and pentane/Et20

(95:5 v/v) as an eluent, the target compound 3aj was obtained as a colorless oil (21.3 mg, 86.5
pmol, 43%).

IH NMR (500 MHz, CDCls): & = 7.25 — 7.21 (m, 1H), 7.15 — 7.12 (m, 2H), 6.78 — 6.74 (m,
1H), 5.51 (t, J = 1.7 Hz, 1H), 3.82 (s, 3H), 2.92 (dd, J = 16.2, 1.7 Hz, 1H), 2.75 (dd, J = 16.2,
1.7 Hz, 1H), 1.74 — 1.65 (m, 2H), 1.32 (s, 3H), 0.97 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCl3): & = 179.7, 159.8, 146.8, 135.5, 129.5, 121.1, 113.8, 112.6,
105.0, 55.4, 43.3, 39.6, 30.9, 23.0, 8.9 ppm.

HRMS (ESIpos) m/z: Calcd for C1sH1903 247.1328, Found 247.1325.

IR (cmt): 2967, 1793, 1683, 1598, 1455, 1256, 1155, 1071, 949, 866.
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(2)-3-ethyl-3-methyl-5-(2-methylbenzylidene)dihydrofuran-2(3H)-one

]

Et
O

3ak Following the general procedure C using 20 (59.1 mg) and pentane/Et,O
(98:2 v/v) as an eluent, the target compound 3ak was obtained as a colorless oil (23.8 mg, 0.103
mmol, 52%).

'H NMR (500 MHz, CDCl3): 6 =7.79 - 7.75 (m, 1H), 7.21 — 7.10 (m, 3H), 5.68 (t, J = 1.8
Hz, 1H), 2.96 (dd, J = 16.1, 1.7 Hz, 1H), 2.79 (dd, J = 16.1, 1.8 Hz, 1H), 2.32 (s, 3H), 1.75 —
1.67 (m, 2H), 1.33 (s, 3H), 0.99 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls): § = 179.9, 146.6, 135.2, 132.6, 130.1, 129.2, 126.9, 126.2,
102.3, 43.5, 39.6, 30.9, 22.9, 20.4, 8.9 ppm.

HRMS (ESIpos) m/z: Calcd for C1sH1902 231.1379, Found 231.1377.

IR (cmt): 2963, 1797, 1688, 1449, 1275, 1055, 949, 751.
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6. Preparative Scale Applications and Derivatizations

Large-scale reactions
(2)-5-Benzylidene-3-cyclohexyl-3-methyldihydrofuran-2(3H)-one
Reaction on 1.0 mmol Scale

O

0]

39 """ An oven dried 150 mL Schlenk tube was charged with Pd(OACc). (22.5 mg,
0.100 mmol, 10 mol%), L10 ( 38.2 mg, 0.100 mmol, 10 mol%), K.COs (69 mg, 0.50 mmol,
0.5 equiv.), AgOAc (334 mg, 2.00 mmol, 2 equiv.), MnO2 (17.4 mg, 0.2 mmol, 20 mol%),
styrene 2a (285 pL, 2.50 mmol, 2.5 equiv.), carboxylic acid 1g (170 mg, 1.00 mmol, 1.0 equiv.),
and HFIP (10.0 mL). The reaction mixture was stirred at 70 °C (recorded by a Thermometer)
for 21 h in a preheated metal block. After the mixture was allowed to cool to room temperature,
formic acid (0.5 mL) was added to the reaction mixture and it was filtered over a pad of Celite®
using CH2Cl, (40 mL) to complete the elution. All volatiles were removed under reduced
pressure, and the residue was purified by silica gel column chromatography to afford the target

compound 3g as a colorless oil (158 mg, 0.584 mmol, 58%).

(2)-5-Benzylidene-3-cyclohexyl-3-methyldihydrofuran-2(3H)-one
Reaction on 5.0 mmol scale

O

0]

39 """ An oven dried 150 mL Schlenk tube was charged with Pd(OAc)2 (112 mg,
0.500 mmol, 10 mol%), L10 (191 mg, 0.500 mmol, 10 mol%), K2COs (345 mg, 2.50 mmol,
0.5 equiv.), AgOAc (1.7 g, 10 mmol, 2 equiv.), MnO2 (87 mg, 1.0 mmol, 20 mol%), styrene 2a
(1.40 mL, 12.5 mmol, 2.5 equiv.), carboxylic acid 1g (851 mg, 5.00 mmol, 1.0 equiv.), and
HFIP (50.0 mL). The reaction mixture was stirred at 70 °C (recorded by a Thermometer) for 21
h in a preheated metal block. After the mixture was allowed to cool to room temperature, formic
acid (2.0 mL) was added to the reaction mixture and it was filtered over a pad of Celite® using
CH2Cl> (60 mL) to complete the elution. All volatiles were removed under reduced pressure,
and the residue was purified by silica gel column chromatography to afford the target compound
3g as a colorless oil (610 mg, 2.26 mmol, 45%).
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(2)-5-benzylidene-3-(3-(2,5-dimethylphenoxy)propyl)-3-methyldihydrofuran-2(3H)-one

Reaction on 1.0 mmol

O
3w Ph An oven dried 150 mL Schlenk tube was charged with Pd(OAC)2

(22.5 mg, 0.100 mmol, 10 mol%), L10 ( 38.2 mg, 0.100 mmol, 10 mol%), K2CO3 (69 mg, 0.50
mmol, 0.5 equiv.), AgOAc (334 mg, 2.00 mmol, 2 equiv.), MnO; (17.4 mg, 0.2 mmol, 20
mol%), styrene 2a (285 pL, 2.50 mmol, 2.5 equiv.), carboxylic acid 1w (250 mg, 1.00 mmol,
1.0 equiv.), and HFIP (10.0 mL). The reaction mixture was stirred at 70 °C (recorded by a
Thermometer) for 21 h in a preheated metal block. After the mixture was allowed to cool to
room temperature, formic acid (0.5 mL) was added to the reaction mixture and it was filtered
over a pad of Celite® using CH2Cl, (40 mL) to complete the elution. All volatiles were removed
under reduced pressure, and the residue was purified by silica gel column chromatography to

afford the target compound 3w as a colorless oil (168 mg, 0.480 mmol, 48%).
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Diversification of the products

2-(3-(2,5-dimethylphenoxy)propyl)-2-methyl-4-oxo-5-phenylpentanal

OHC 0

oGy

4w Following a modified literature procedure,?! (2)-5-benzylidene-3-(3-
(2,5-dimethylphenoxy)propyl)-3-methyldihydrofuran-2(3H)-one 3w (35 mg, 0.10 mmol,
1 equiv.) was dissolved in dry THF (2.0 mL) and the mixture was cooled to - 50 °C. DIBAL-H
(0.15 mL, 0.15 mmol, 1.5 equiv., 1M in toluene) was added slowly to the mixture under N>
atmosphere. The reaction mixture was stirred at — 50 °C for 2 h. After the completion of the
reaction (monitored by TLC), the cooling bath was removed and the reaction was quenched
with water (5 mL). The reaction mixture was concentrated under reduced pressure. Water (15
mL) and NH4CI (5 mL) were added and the aqueous phase was extracted with CH2Cl» (2x 15
mL). The combined organic phases were dried over MgSOg, filtered, and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column
chromatography using pentane: Et,O (85:15) to obtain the target compound 4w as a colorless
oil (24.8 mg, 70.4 pumol, 70%).

IH NMR (500 MHz, CDCls): 6 = 9.58 (s, 1H), 7.35 — 7.30 (m, 2H), 7.21 —7.17 (m, 1H), 7.20
—7.17 (m, 2H), 7.00 (d, J = 7.5 Hz, 1H), 6.66 (d, J = 7.5 Hz, 1H), 6.57 (s, 1H), 3.86 — 3.82 (m,
2H), 3.69 (s, 2H), 2.84 (d, J = 17.8 Hz, 1H), 2.71 (d, J = 17.8 Hz, 1H), 2.30 (s, 3H), 2.15 (s,
3H), 1.72 — 1.58 (m, 4H), 1.13 (s, 3H) ppm.

13C NMR (126 MHz, CDCls3): & = 206.1, 205.0, 156.9, 136.7, 133.8, 130.5, 129.5, 129.0,
127.4,123.7, 121.0, 112.0, 67.7, 50.8, 48.0, 47.1, 32.3, 24.1, 21.5, 19.4, 15.9 ppm.

HRMS (ESIpos) m/z: Calcd for C23H2003 353.2111, Found 353.2109.

IR (cmt): 2922, 1798, 1691, 1508, 1261, 1129, 803, 750.
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Methyl 2-(3-(2,5-dimethylphenoxy)propyl)-2-methyl-4-oxo-5-phenylpentanoate
MeO,C o

jeGrag

6w Following a literature procedure, K,CO3z was added (98 mg, 0.713
mmol, 5 equiv.) to 3w ( 50.0 mg, 0.143 mmol, 1.0 equiv.) in dry MeOH (2 mL). The solution
was stirred at rt for 6 h. The reaction was quenched with H>O (10 mL). The reaction mixture
was concentrated under reduced pressure. Water (15 mL) was added and the aqueous phase was
extracted with CH2Cl> (2x 10 mL). The combined organic phases were dried over MgSOsa,
filtered, and the solvent was removed under reduced pressure. The crude product was purified
by silica gel column chromatography using pentane: Et.O (85:15) to obtain the target compound

6w as a colorless oil (43.1 mg, 0.113 mmol, 79%).

IH NMR (600 MHz, CDCls): & = 7.35 — 7.31 (m, 2H), 7.31 — 7.26 (m, 1H), 7.21 — 7.18 (m,
2H), 7.00 (d, J = 7.5 Hz, 1H), 6.66 (d, J = 7.5 Hz, 1H), 6.57 (s, 1H), 3.88 — 3.83 (m, 2H), 3.67
(s, 2H), 3.65 (s, 3H), 2.96 (d, J = 17.8 Hz, 1H), 2.63 (d, J = 17.8 Hz, 1H), 2.30 (s, 3H), 2.15 (s,
3H), 1.77 —1.62 (m, 4H), 1.22 (s, 3H) ppm.

13C NMR (151 MHz, CDCls): & = 206.0, 177.0, 156.9, 136.6, 134.1, 130.4, 129.5, 128.9,
127.2,123.7, 120.9, 112.0, 67.7, 52.0, 50.7, 50.1, 43.5, 36.0, 24.5, 21.8, 21.5, 15.9 ppm.

HRMS (ESIpos) m/z: Calcd for C24H3104 383.2216, Found 383.2213.

IR (cmt): 2921, 1720, 1508, 1261, 1129, 1033, 803, 749.
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5-benzyl-3-(3-(2,5-dimethylphenoxy)propyl)-3-methyldihydrofuran-2(3H)-one
LS

0 0
oW Ph Following the literature procedure, a 10 mL Schlenk tube was
charged with (Z)-5-benzylidene-3-cyclohexyl-3-methyldihydrofuran-2(3H)-one 3w (35.0 mg,
0.100 mmol, 1 equiv.) and methanol (0.3 mL). The reaction mixture was cooled to 0 °C and
powdered NaBH4 (7.5 mg, 20 umol, 2 equiv.) was added in one portion with constant stirring.
After the full consumption of the starting material (monitored by TLC), The reaction was
quenched by the addition of excess methanol (5 mL). The reaction mixture was concentrated
under reducted pressure. Water (15 mL) and NH4ClI (5 mL) were added and the aqueous phase
was extracted with CH2Cl, (2x 15 mL). The combined organic phases were dried over MgSQOg,
filtered, and the solvent was removed under reduced pressure. The crude product was purified
by silica gel column chromatography using pentane: Et,O (80:20) to obtain the major
distereomer of the target compound 5w as a colorless oil (19.5 mg, 55.3 pumol, 55%). The minor
diastereomer of 5w was obtained as a colorless oil (3 mg, 8.8 umol, 8%)

The analytical data of major diastereomer are given below:

IH NMR (500 MHz, CDCls): § = 7.34 — 7.29 (m, 2H), 7.28 — 7.22 (m, 3H), 7.01 (d, J = 7.5
Hz, 1H), 6.67 (d, J = 7.5 Hz, 1H), 6.60 (s, 1H), 4.71 — 4.64 (m, 1H), 3.95 — 3.87 (m, 2H), 3.11
(dd, J = 14.0, 6.2 Hz, 1H), 2.93 (dd, J = 14.0, 6.2 Hz, 1H), 2.32 (s, 3H), 2.17 (s, 3H), 2.03 —
1.91 (m, 2H), 1.84 — 1.70 (m, 3H), 1.67 — 1.58 (m, 1H), 1.26 (s, 3H) ppm.

13C NMR (126 MHz, CDCl3): & = 181.2, 156.9, 136.7, 136.1, 130.5, 129.6, 128.8, 127.1,
123.7,121.0, 112.1, 77.4, 67.7, 44.0, 41.6, 39.9, 34.2, 24.7, 22.9, 21.5, 15.9 ppm.

HRMS (EI) m/z: Calcd for C23H2s03 352.2038, Found 352.2038.

IR (cmt): 2923, 1764, 1508, 1454, 1260, 1129, 1018, 804, 750.
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2-cyclohexyl-2-methyl-5-phenylpentanoic acid

CO,H
Ph

9 Following a modified literature procedure,® (Z)-5-benzylidene-3-
cyclohexyl-3-methyldihydrofuran-2(3H)-one 3g (27 mg, 0.10 mmol, 1 equiv.) was dissolved in
dry THF (2.0 mL). Pd/C (10 mg, 0.01 mmol, 10 mol%) was added to the mixture. Next, an
atmosphere of hydrogen was introduced by briefly evacuating the flask, then flushing with pure
hydrogen (1 atm, hydrogen balloon). The mixture was stirred at room temperature for 4 h under
an H> atmosphere. The hydrogen was removed under vacuum, and the flask was refilled with
nitrogen. The mixture was filtered through a pad of celite using CH2Cl> (25 mL) to complete
the elution and concentrated under reduced pressure. The crude product was purified by silica
gel column chromatography using pentane: Et.O (60:40) to obtain target compound 7g as a
colorless oil (26.7 mg, 97.3 pmol, 97%).

IH NMR (500 MHz, CDCls): & = 7.29 — 7.24 (m, 2H), 7.19 — 7.15 (m, 3H), 2.65 — 2.54 (m,
2H), 1.80 — 1.58 (m, 7H), 1.55 — 1.51 (m, 3H), 1.25 — 1.19 (m, 2H), 1.16 — 1.06 (m, 2H), 1.03
(s, 3H), 1.00 — 0.91 (m, 1H) ppm.

13C NMR (126 MHz, CDCls): 6 = 183.1, 142.2, 128.3, 128.3, 125.7, 49.4, 45.3, 37.0, 36.4,
28.5, 27.0, 26.8, 26.7, 26.6, 26.5, 16.5 ppm.

HRMS (ESIneg) m/z: Calcd for C1gH2502 273.1860, Found 273.1862.

IR (cm™): 2929, 1691, 1450, 1270, 1203, 939, 746.
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7. Preliminary Mechanistic Investigations

Synthesis of the Proposed Reaction Intermediates

(E)-2-ethyl-2-methyl-5-phenylpent-4-enoic acid

Ph
Et \

Int-1 Following the literature procedure,*® using methyl 2-methylbutanoate (1.0 g,
8.6 mmol, 1.0 equiv.), iPr.NH (1.7 mL, 9.5 mmol, 1.1 equiv.), n-BuLi (6.0 mL, 9.5 mmol, 1.1
equiv.) and (E)-(3-bromoprop-1-en-1-yl)benzene (2.20 g, 11.2 mmol, 1.3 equiv.), the target

compound Int-1 was obtained as a colorless solid (465 mg, 2.10 mmol, 25%).

IH NMR (600 MHz, CDCls): 6 = 7.36 — 7.33 (m, 2H), 7.31 — 7.27 (m, 2H), 7.22 — 7.18 (m,
1H), 6.44 (d, J = 15.7 Hz, 1H), 6.17 (ddd, J = 15.7, 7.8, 7.2 Hz, 1H), 2.56 (ddd, J = 13.8, 7.2,
1.4 Hz, 1H), 2.38 (ddd, J = 13.8, 7.8, 1.3 Hz, 1H), 1.78 — 1.70 (m, 1H), 1.62 — 1.52 (m, 1H),
1.19 (s, 3H), 0.92 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (151 MHz, CDCls): = 183.4, 137.6, 133.4, 128.6, 127.3, 126.3, 125.8, 46.8, 41.8,
31.6, 21.1, 9.1 ppm.

HRMS (ESIneg) m/z: Calcd for C14H1702 217.1223, Found 217.1228.

(2)-2-ethyl-2-methyl-5-phenylpent-4-enoic acid

CO,H

Et N

Int-2 Ph Following the literature procedure,® using 2-ethyl-2-methyl-5-phenylpent-4-
ynoate (0.50 g, 2.1 mmol, 1 equiv.), Ni(OAc)2-4H.0 (0.5 g, 2.1 mmol), NaBH4 (77 mg, 2.1
mmol, 1 equiv.), and ethylenediamine (370 mg, 6.14 mmol, 3 equiv.) the target compound Int-

2 was obtained as a colorless oil (300 mg, 1.39 mmol, 68%).

IH NMR (600 MHz, CDCls): & = 7.35 — 7.31 (m, 2H), 7.27 — 7.25 (m, 2H), 7.25 — 7.21 (m,
1H), 6.55 (dd, J = 11.8, 2.0 Hz, 1H), 5.65 (ddd, J = 11.8, 7.8, 6.6 Hz, 1H), 2.67 (ddd, J = 15.2,
6.6, 2.1 Hz, 1H), 2.56 (ddd, J =15.2, 7.8, 1.8 Hz, 1H), 1.75-1.67 (m, 1H), 1.57 -1.48 (m, 1H),
1.15 (s, 3H), 0.83 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (151 MHz, CDCls): 8 = 182.7, 137.5, 131.5, 128.9, 128.3, 127.7, 126.8, 46.5, 36.7,
31.5, 21.0, 9.0 ppm.

HRMS (ESIneg) m/z: Calcd for C14H170, 217.1223, Found 217.1228.
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Investigation of the cyclization step leading to the product formation

Pd(OAc), (10 mol%) , L10 (10 mol%)

Q OH K,COj3 (0.5 equiv.), AgOAC (2 equiv.)
A X Ph
Et 2a (2.5 equiv.), MnO, (20 mol%)
Int-1 HFIP (1.0 mL), 70°C, 21h
(1.0 equiv.) Z-3a E-3a 3a’
NMR-Yield 38% 18% <2%
0%?2 0%2 0%?
40%P 16%"
Q Pd(OAc), (10 mol%) , L10 (10 mol%) o)
OH Ko,COj3 (0.5 equiv.), AGOAc (2 equiv.) Et
B. Et N o
Ph 2a (2.5 equiv.), MnO, (20 mol%) — Bh
HFIP (1.0 mL), 70 °C, 21 h
Int-2
(1.0 equiv.) Z-3a E-3a 3a’
NMR-Yield 18% 48% <2%

Scheme S19: Control experiments with Int-1 and Int-2. # without Pd(OAc).. °

without ligand

In order to gain detailed insights on the final cyclization step leading to product formation,
several control experiments were conducted (Scheme S19). When Int-1 was subjected to the
standard olefination conditions, Z-3a (38%, Scheme S19A) was obtained as the major product,
along with E-3a (18%) and 3a” (< 2%). As expected, no product formed in the absence of Pd,
indicating its essential role in the cyclization step. The omission of ligand (L10) led to a
virtually identical reaction outcome as judged by the *H NMR-yield, suggesting the ligand has
minimal to no influence on the cyclization step. Furthermore, treating Int-2 under the same
conditions yielded E-3a (48%, Scheme S19B) as major product, alongside Z-3a (18%) and

3a’ (< 2%). These results confirm that Int-1 is a viable reaction intermediate in our reaction.
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(0] (0] O
o Pd(OAc), (10 mol%) , L10 (10 mol%) Et Et
oH K,CO3 (0.5 equiv.), AgOAc (2 equiv.) Et>&§ . o . >&§>
X Ph —
Et styrene (2.5 equiv.), MnO, (20 mol%) Ph Ph
Int-1 HFIP (1.0 mL), 70 °C , 21 h PH

(1.0 equiv.) under dark

NMR-Yield Z-3a (36%) E-3a (17%) 3a’ (<1%)

Scheme S20: Control experiments with Int-1 under dark

To determine whether E and Z isomers originate from a photochemical E/Z isomerization of
the product, the Int-1 was subjected to the standard olefination conditions in the dark. However,
the product (Z and E) distribution remained unaltered in 3a (Scheme S20), indicating E-3a does
not result from a photochemical isomerization of the initially formed Z-3a. Another possibility
considered was that the intermediate (Int-1 or Int-2) may undergo E/Z isomerization to
generate an equilibrium mixture of Int-1 and Int-2, which would then cyclize to form Z-3a and
E-3a respectively. However, crude *H NMR analysis of the control experiments shown in
Scheme S19 provided no evidence of such isomerization occurring within the remaining Int-1

or Int-2. Therefore, E/Z isomerization in 3a likely proceeds through another mechanism.!]

Although the control experiments with the intermediates (Int-1 and Int-2) led to the mixture of
Z- and E-3a, it is noteworthy that the E-isomer of 3 was not observed for any substrate during
the scope studies presumably due to the substantial change in the effective concentration of
reagent and/or pH required for E/Z isomerization in the one-pot protocol comprising two
catalytic cycles, compared to the the control experiments with Intermediates comprising only

the final cyclization step.
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Comment on the formation of 3°

Pd(OAc), (10 mol%), L10 (10 mol%) o 0
R' CO,H K,COj5 (0.5 equiv.), AgOAc (2 equiv.)  R! R!
Rz&H . PO UL Y 2P
B MnO, (20 mol%) Ar Ar
1 ) HFIP (1.0 mL), 70 °C, 21 h 3 3

During the scope studies, it was observed that some substrates yielded a mixture of 3 and 3”,
likely due to the isomerization tendency of exocyclic double bond, as previously described in
the literature.’®! While no general trend was found with different carboxylic acid substrates,
styrenes with strongly electron-withdrawing groups (such as -CFs, -NO2, -CHO) typically
exhibited a higher 3" to 3 ratio. To determine whether 3" originates from 3, we conducted a
series of control experiments. First, lactone 3z was subjected to the standard conditions with
pivalic acid (1a) as substrate. While 1a underwent smooth product formation to afford 3a
(50%), no formation of 3z" was detected. Instead, more than 80% of 3z were recovered,
alongside partial decomposition to 4z (12%, Scheme S21). This substrate yielded substantial
37" in the scope studies and in this case is was used as starting material in pure form. Notably,
if the reaction conditions would generate a thermodynamic equilibrium, the same ratio as in the

scope entry should be observed in this experiment.

>< Pd(OAc), (10 mol%)

CO,H L10 (10 mol%-) NO 0}
1a (0.1 mmol) KAzCOO/i <0'25 equiv.) Q Et , O 2 Et o

' gOAc (2 equiv.) Et E.C o

(6] + 3 Y + —
(o} MnO, (20 mol%) CF; O NO,
Et 2a (2.5 equiv.) Ph
0 HFIP (1.0 mL), 70°C, 21 h 3a (50%)? 4z (12%)? 32" (0%)?

3z (0.1 mmol)

Scheme S21: Evaluation of the isomerization of 3z under the standard reaction conditions.
3Yields and conversions were calculated using *H NMR analysis of the crude reaction mixture

using CH2Br- as an internal standard.

Moreover, time-course analysis of the reaction bewteen 1b and 2z revealed that the ratio of 3z
to 32" remained nearly unaltered over time (Scheme S22), despite substantial accumulation of
3z. The same trend was noted in the experiments shown in Scheme S14. Therefore, considering
the results described in these experiments, it can be concluded that 3z" (or 3") does not arise

from the initially formed 3z (or 3).
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Pd(OAc), 10 mol%

By L6 10 mol% Q 0
\><_ X K,CO; 0.5 equiv. Et o Et
CO,H " + 9
1.0 equiv. ? 'l(\\/lng/i 22% mol% NO, NO,
(o .0 equiv. s
1b (0.1 mmol) 2z (2.5 equiv.) H";”D“ omb) 7“000 ‘h 32 3z
Entry t (h) 3z 3z Ratio (32/32)
1 6 38% 12% 3.16
2 12 42% 13% 3.23
3 18 51% 16% 3.18
4 21 52% 16% 3.25
5 30 55% 17% 3.23
6 36 53% 16% 3.31

Scheme S22: Timely monitoring the formation of 3z and 3z

Building upon the conclusions of the control experiments, we propose the following

mechanism: Int-1 first isomerizes to form Int-3,°1 a B,y-unsaturated acid. Due to the well-

known propensity of such species to undergo Pd-catalyzed 5-endo-trig-type cyclization,*? Int-

3 undergoes a sequence of oxypalladation and B-H elimination to afford 3". Notably, the

distribution between these intermediates will be strongly influenced by the electronic property

of aryl (-Ar) group, as reflected in the scope studies.

+

KL
00
anti-addition
RJ;/ L *
D\pd" reoxidation Oft(jo 0
~_ =
[/ _Ar O H
L,Pd° R! =~ N Ar
C—-H activation HX R2 pdlan
d(ll)
I/Pd" ) reductive e/iminati:>( n—coordination Hcliminati
L Pd'—H actlvat/on d'lL, f-H-elimination
K+ ligand exchange & | K* o)

2N olefin coordination X o{z0 1
O~ IO\ R o
RJ/\/Pd"L" RIA A LiPd! Ly PdLH Re

2
R2 i -H-elimination R® Int-1 3 Ar
\ +
K
Ar oi=20
reoxidation
carbopalladation R! Ar Isomerizatlon L, Pd°
R2
Pd'lL
/Ki
o{z0 0 [*}
1L oxypalladation R! o B-H-elimination R!
RR2 /\/Ar _— RHZ\\ . /Ar4 > R? 70
Int-3 pd" H 3 Ar

Scheme S23: Plausible mechanism for the formation of 3°

55



Investigations on the role of MnO>

Pd(OAc), (10 mol%), L7 (10 mol%) (o} o

>£32H K,COj3 (0.5 equiv.), AgOAc (2.0 equiv.) o
Et H o+ Zpn : Et O+ B\
B MnO, (20 mol%) Ph Ph

1b (0.1 mmol) 2a HFIP (1.0 mL), 70 °C , 21 h, under air

3b 3’
(1.0 equiv.) (2.5 equiv.)
Entry Conditions 3b 3b"  overall yield
1. As above 66% 7% 73%
2. no AgOAc 12% 6% 18%
3. nodAg(')\lAc and 9% 5% 14%
under N,
a. 1.0 eq. MnO, 21% | 9% 30%
instead of AQOAc
5. 2.0 eq. MHOQ 22, 9% 31%
instead of AgOAc
1.0 eq. MnO, o
4% 9
6. instead of AgOAc 8% ° 12%
and under N,
1.0 eq. MnO,
7. instead of AgOAc 23% 9% 32%
and under O,

Scheme S24: Control experiments under the fully optimized conditions

To investigate the role of MnO-, we conducted a series of control experiments. In the absence
of AgOAC, the reaction afforded 3b and 3b* with a combined yield of 18% (Entry 2, Scheme
S24). Additionally, performing the reaction under N> atmosphere resulted in a slight decrease
in the overall yield to 14% (Entry 3), indicating both air and MnO_ contribute to the oxidation
process, with MnO- having a more significant effect. Since the final product forms through two
catalytic cycles — both requiring the re-oxidation of Pd®to Pd" — a total of 4-electrons need
to be removed from Pd by oxidation. Therefore, either 4 equiv. of Ag(l) or a combination of
silver salt, MnO., and air are required, with the latter showing superior efficiency in our system.
Furthermore, replacing AgOAc with stoichiometric MnO> afforded 30-31% overall yield (Entry
4-5) whereas performing the reaction under N> led to drastic decrease in the yield (Entry 6).
However, conducting the reaction under O2 atmosphere did not improve the yield (Entry 7).
Overall, these results indicate that all three oxidizing components are involved in at least one

of the oxidation steps.
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9. NMR Data

A
81’1
81’1
61’1
0T'1
0zt
60T —

85T
Om.NV
09
G.N\
NQ.MV

€0'E
mo.m“\“
90

vLE
mm.mv

60°L—

0’8
mo.mv.
90’8

L3 —

—_—

(e}

/,S\\
L9

H
NJ
O

[ ACHNT Y
0

816

F=20°E

Fo1'C

Fory

F00'C

=66'T

65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

7.0

12.0 115 11.0 105 100 95 90 85 80 75

12,5

f1 (ppm)

SLPT ~
8591 —

€ —

ﬁo.NN/

v9' LT —

6L Ty —

L0°62T —
16°2€T —

bLSPT —
£€8°8bT —

6v°89T ~
19'69T ~

N<

AcHN/\n/

o o

o}

L9

T T T
160 150 140 130

110

120

190 180 170

200

f1 (ppm)

58



61T
0zt 3
ozt
1T
6L'T— —
182
AN N
06'C
16
€67
¥6'C
s6T —
SLe
ore ~
8Ty
6T°%
0y
wy
jxa4
voL— — _ _
108
80'8 W. ~ —
60’8
o
o
=
o
\\O o
=~ () -
a N =
=z O

SET —

AHN™

o

Fsost

16T

F oot

96T

Fe61

= E6'T

60

F6L0

Len

[ oo

LT~
LEET T,
mm.¢~\
Ev'8C

6E'€E —

6L Ty —

f1 (ppm)

69°€CT —

e —

SE'0ST —
€0°€ST —

85'89T ~
09'69T =~

Pr

iPr

O ipy
|
|

%

S
0}
L10

H
N<

AcHN/\n/
o)

f1 (ppm)

59



0.0

T

T
0.5
P
)
e

T

1.0

96T
L6'T
86°T
00°C —_—
10T ~

18°T —_— - K611 NS&\

1.5
8
B

T

. zzoe
Tt se'ee 7
E 40T

T

2.0

60

[4vn4

Lo
8L°0
+8°0 g
80
9T'T
11 ] .
0zt .
1161
0zt - _ g et oz 2z N
it — = €0°€ .
o ’ 2 e
6 Le€e

T
2.5

88T
68'C
06'C
6T
£€6'C
6T
S6'C
STy
Elnd
8T’
6T°%
0Ty
1144
wy
9T
Zy
8T
6T

Esot

3.0

6745 —

50T
=001

4.5

T

T
5.0

SAASAAAPAARGGYE
i/
I
L#LLJ
40 35

T T
65 60 55
f1 (ppm)

T

T

7.0

YL — — F=S0C

7.5

T

S9°€TT —

6L~ o
veL " - 00’1

T

8.0

0b'ZET —

Pr
T
8.5

T
9.0

iPr

TS°0ST —
B80°€ST —

T

iPr
s
(6]
L11
16 0 9.5

4

H
N<
)

0¥'69T —
ETTLT—

o}
T T T
11.0 105

AcHN

T

12.0 11.5

6271 — — - F 660

T

13.0 125

T

f1 (ppm)

120 110

130

T

140

iPr
Pr
150

ipr
N.
//s\\
o 0
L1
170 160

T

AcHN
0}
19 180

T

200




280
€80
$8°0 1
980 1
81T
61T |
61°T |
0z'T |
071 4
12T
9€°T o

LET ﬁ

LET A

8E'T 7./
66T

6E°T lr.

LS°T
85T
65T
09'T

8L°T

88
68
06
16
€67
¥6°C
S6C
STy
oY /
Ty~
81t ]
ey
1T u
wy
e |
b ]
et
vy |
bep ]
sev ]
s€'v #
oy
oty %
ey

Snir

YL —

108~
08"

8E7T —

iPr

s ]

Pr

iPr

o

N\

AcHN

4

Oo

L12

MA 8T

60°€

Boegr
=081
0T
16T

Evotr

E10C
00T

=10

FL60 [0

T T T T T
9.0

=560

-1.0

-0.5

0.0

0.5

13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

€6'0C
0€'zT
(x4
bE'ET
9€'€T
LTy
TEPT
f4nz4
S¥'8T
9E'eEE

SSeSS

f1 (ppm)

69°€CT —

TETET —

9S°0ST —
90°€ST —

02'69T —
ST —

Pr

AcHN

iPr

130

140

180

110

120

160 150

170

190

200

f1 (ppm)

61



ozt
it
1
wn
891

9T

19°C
£€9°C
9T
99T
68°C
06'C
6T
£€6'C
6T
S6°C
96T
86'C
86°C
00°€
Toe
6T
j144
wry
[x44
YTy
STy
9TY
1524
[ n4
€Sy
€Sy
S'v
SSv
SS'v

8T°L
8T°L
61L
0ze
(A
e
STL
9L
9L
P
srg~"

L5721 —

Pr

iPr

U -

=00€

s

Bn
/,S\\
09 O i
L14

AcHN

= o1t
90°T
0T

\.‘U F+0e
= 10T

—— = 80°T

A er9

—_— =007

\‘ﬂ- = €60

T T
11.0

T

12.0

-0.t

0.0

0.5

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0

10.5

115

12.5

Leee
vm.MNW
LEET
om.vN\
[An74
ﬁm.wN\
8e'ce
L0798 —~

€0'PS —

f1 (ppm)

9L€eT ~
LY'9TT ~_
90821 —
vreer -
weer —

STLET —

T19°0ST —
8T'EST —

8T°69T —
0T TLT —

Pr

iPr

Bn

N.
//S\\
09 O i

AcHN

L14

f1 (ppm)

62



g g 2 8 8
~ o ~N o~ -
\
H
AcHN N\S
C ™
3 g g 2
g N 292
T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.0 0.5 0.0 -0.5
f1 (ppm)
o s ove o
25 2z g w o
®m o NSNS o 0 —Q®
55 i ¢ BESE
I N W
N.
AcHN o’”S\\o
L17
L] | \
" m . j. T " | " " e N . Pho " |
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

63



8T'T
61T
61°T
o't

ozt
0zt
1T

8L T —

68'C
06'C
[{-x4
€6'C
¥6'C
LTy
8Tt
6T'%
(a4
L144
9T
[xa4
8T'v
o€y
€Y

YL —

608~
e

62°CT —

Pr

ipr

N

N<
o)

AcHN

Pr

(0]

J

L18

—_—

—

68'C
v LT

= 86'C

ot

we
0T

€0t

Foot

F oot

T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 6.5 5.5 4.5 3.5 2.5 0.5

12.0

T

12,5

0.0

1.0

1.5

2.0

3.0

4.0

5.0

6.0

7.0

7.5

8.0

8.5

9.0

9.5

618y —

f1 (ppm)

69°€CT —

EECET —

SS°0ST —
S0°€EST —

86'89T —
€0°°LT —

o
a
. _
a —
\\O
[ wn ©
o 7N -
= 1z O 4 ~
@) R

AcHN

f1 (ppm)

64



€T’T v

PTT
LLT—

9T —
9P-OSIWA 05°Z ~
65T

Ty
a4 W
wy
a4 \
jZ44

€0°L—

808~
608~

8TZT —

N<
7o\
50 o

AcHN

L19

o

Froe

Foe

=019

00T

=161

=880

=80

T

T

12.0

40 35 3.0 25 20 1.5 1.0 05 0.0

4.5

5.0

5.5

11.0 105 100 95 90 85 80 75 70 65 6.0

115

125

f1 (ppm)

SOLT~C
9%'0C

hm.HNW _
Lree

LTy — 3

ESTET ~
TTEET — I

95°6ET — —
8L YT — S

1691 — wn
ere —

7o\
50 o
L19
|
|

AcHN

ity

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

65



LTT
81T
6T°T
oz't
T
&T—

6€C
ov'e
W

167
26T u
€6°T

b6
s6'7 ]
or°e |
1€
T
zre
zre
ere
8T 4
6T |
0zt
Ty
€Ty

e

=

YL —

amNV

6L
£€6°L 7

1T —

iPr

iPr

L20

H

N.

o |
09 O i

AcHN

5061

=0ore

= v

=0T
80

Fore

= 00C

Foot

Fsot

T T
11.0

T

12.0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0

10.5

115

12.5

f1 (ppm)

PPl ~ -

SEET 7
seve/
8€'87
LE°EE~ —
mm.mm\

sz'se

SR - =

69°€2T — -
3
3
=
a
=
a
0€°0ST — _
10°€ST — \\O -—
< 1%} m
a 7N ]
=z O
O -
8T°69T ~— R
81T°0LT -
= 3
I
(&) -
A 3

T

130

T

110

120

190 180 170 160 150 140

200

f1 (ppm)

66



8TT~
9€' T

S8'C
S8'C v

09'€
09°€ v

90°'s
L0°S Wv

750

=909

=0T

=070

—60°0

=001

=211
oz

=€0'C

T T T T T T T T T T
5.0 4.0 3.0 25 1.5 0.5

T

T

T T T T T T T T T T T T
9.0 8.0 7.0 6.0
f1 (ppm)

T

T

-0.5 -1.0

0.0

1.0

2.0

3.5

4.5

5.5

6.5

7.5

8.5

13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

PSVT
[Lizad

6ve
T5'6€ ~
T
09°bb ~

¥b'S0T —

L0211 —

58'9CT
Elwaas
[Ag 148
85°8CT W.

9£°8TT

81°6CT /
90'HET ~
0p'SET —

9T 9T —

LO'EST —

8C°08T —
69787 —

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

67



€100

280
96°0
160 1
660 1
92°T
£6°T |
S9°T
99°T |

£9°T W
89'T

69T %
69'T

TLT A
7T )f

[TA S
€LT
vLT

SLT
vL'T
St
LLe
mh.NN.
T6°C
w6'T
S6'C
S6'C
Nm.m\

we

86'%
86’
86’
¥S'S
bS'S
¥S'S

61°L
61°L
oT'L
TTL

we
weL

T€L
€L
wL
veE'L

SS°L
9S°L
LS'L

=9¢°0
=or'¢
_/Evo
=o0'e

Foez

=501
=0T

—€70

—01°0

=001

=501
e
=007

T

-2.0

T

-1.0

T T T T T T T T T T T T T T T T T T T T T T
9.0 7.5 6.0 5.5 4.0 25 20 0.5

T

T

0.0 -0.5 -1.5

1.0

1.5

3.0

3.5

4.5

5.0
f1 (ppm)

6.5

7.0

8.0

8.5

12.0 11.5 11.0 10.5 10.0 9.5

06'8~
€6~

96'CC
:.MNv
06'0€
mo.ﬂmw
b8'pE
95'6€ —
LEEY ~

9S'6Y —

98'6LT —
97781 —

Ph

Ph

3b’

3b

T
210

T
220

f1 (ppm)

68



80
980
280
680
160
260
1T
€T
€T
97’1 1
Fag
8T |
£€°T 1
SE'T
66T
T
T W
797
€9°7
€97 W
$9°T
s9T~
591
99T
seT
seT
8LT
8T
6T
€67
9677

96'C

we
Nm.mv

€SS
mm.mv.

¥S'S

LSL

Ph

Ph

3c'

3c

S0
Az
209°E
20s°€
Ar
gee

80T
T

—9€0

=10

=001

=80'T
ez
=0T

T T

11.0 10.5

T

115

-1.0 -1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

10.0

66°CT
>
82t
£0°€e
et
s€e W
£9'97 \
8Tz
£8'bE ~
6LL€
lgss >
866
v6'Th =

86’8y —

S0°S0T —

SEOTT —

8L'9TT
PTLTT
8b°8ZT
85°8ZT /.
SL'8CT —F
STzt /

8T VET ~
SS'SET

€5°9PT —

rEST —

00°08T —
Tr'e8T —

Ph

Ph

3c’

3c

T

190 180 170 160 150 140 130 120 110

200

f1 (ppm)

69



160
€6'0
160
86°0
€67
95T 1
1519
85T |
65T |
097 1
2979
2974
897 *ﬁ

T ———————————
69T
(a8 §
2T
as\
8L TN
84T
8.1
64T
67
61
087
08’1
187
187 ] [ E—
187 ]

T
8T
8T
€81
¥8'T
sz
stz
wue
8.2
0¢
10€
vo'e
v0'e

SS°S
mm.mW.
SS'S

|

|

0z’L
1L

T€L
€L
€L —
veE'L
9S°L —_—
9S°L
98'L
LS°L
LSL
LS°L

Ph

3d

260
Aso'e
=s0€
JEET
=0T
0T

=0T
€01

2501
Apre

=0T

0.5

1.0

1.5

2.5

3.5

4.0

4.5

5.0

5.5
f1 (ppm)

7.0

8.5

9.0

9.5

T T
11.0 10.5

T
11.5

90'€z
PSHT N\
8Lyt T
oree

80°0v
197y —
S0°9% ~

€1°S0T —

64971 ~\_
8v°82T
seszr

9T PET —

YSOPT —

€4°08T —

Ph

3d

140

120 110

130

190 180 170 160 150

200

f1 (ppm)

70



T
€17
€17 |
ST'T
PE'T
6v°T 1
6v°T 1
64°T |
05°T
05°T
05°T
05°T
05T
1577
157

E.i
09°T

097
09°T
197
197
197
197
197 ]
79T
9T
791
79T
€97
ot
175
wt
(s
08T
187
€8T
€8T
€8T
S8'T
S8'T
98T
98T
98T
stt
ot
8LT
8LT
10°€
10°€
£0°E
bO'E
vm.&
b's |
bS's

61°L]
07
oz
02 ]
124
172
e

1€ ]
2
€L
[N
[z
L
12
€L
e
€€
€L
vEL
ssL
S5
95,
95'L
95,
95,
952
52
s
52
52

S n B

3

LS

Ph

3e’

Ph

3e

=001

€01
Rgre

=10C

5.0

6.0

7.0

7.5

8.0

8.5

T T
10.5 10.0 9.5

T
11.0

f1 (ppm)

6EHT
9UvT
L8'vT
8C'ST
SE€'ST N.

mm.Nm/

8p'EE —
1Tpe
85HE
6'vE
£8°9€
e
9T'0
LOEY
16°€h
[Uadd

+0°6¢

8€°08T —
S8°78T —

Ph

3e'

Ph

3e

50

80 70

90

T
210

T
220

f1 (ppm)

71



9670
£6'01
160
£6'0 1
660 1
00T 1
107 |
0T
0T
€07
€07
€07
S8\
€T
biT
P T

oy
61T

61’1

12T
€1
[Za%
vTT ]
vT
921 ]
o1
9t
9T
[
8s'T
091
091
19T
19T
9T
(25
21
€97
€97
€91
991
991
991
991
991
91
91
91
891
89T
89’7
69T
69T
697
69T
ot
€7
€T
stz
9Lz
00
00
3
€0'e
b5’
ss's
ss's
61°L
61,
61,
[
o0zL
[
1w
TeL
L

€L
€L
€L
ve'L
SS'L
95°L
98°L
LSL

—

L

LS

Ph

3f

bere
Feze
=s0'€
18
I

=0T

0T

=00'T

2601
Roze

=TT

-1.0

65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

7.0

11.0 105 100 95 9.0 85 80 75

11.5

s
61°9C
T€9C W.
faa-14
S8'EE v
I8vE
PT'SE \
o1T'or —
6ty
€9'vy =

v1°S0T —

L0971~
Ly'82T
acszr

LTPET —

L5°9PT —

9%°08T —

Ph

3f

190 180 170 160 150 140 130 120 110

200

f1 (ppm)

72



Ph

3g

=T

=0T

=001

=90'T
ez
=61

T T T T T T T T T T T T
4.0 3.0 20 1.5 0.5 -0.5 -1.5

5.0
f1 (ppm)

T T T T T T T T T T T
9.5 8.5 7.5 6.5 5.5

11,5 11.0 10.5 10.0

-1.0

0.0

1.0

2.5

3.5

4.5

6.0

7.0

8.0

9.0

180T —

69921~
'8TT ~.
rs8z1

6T YET —

¥6'9rT —

86'6LT —

Ph

3g

140

160

-1C

150

190 180 170

200

f1 (ppm)

73



se'T
6T
66T
o't
ov'T
ov'T
ov'T
T
T
A
71 o
€T
SS'T
95°T
95°T
25T
15T
857 7
651
65T
657
09°T
197
297
297
897 ]
697 ]
691
69T
ot
ot
wr
175
Wt
(751
(751
€1
€1
€1
b1
b1
(5
ST
ST
we
ue
6.2
087
¥6'
v6'
167
16T
ovy
o'y
vy
W
Ty
Ty
Ly
sty
8y
6t
6t
05t
ss's
ss's
ss's
61°L
61,
[
[
TeL
1w
e
L
L

€L
€L
€€°L
ve'L
SS'L
SS'L
SS'L
9S°L

—

95°L

Ph

1h

~00°€
Byrt
Bypr
Bor

=001
=201

=107
o1

=160

=601

66'T
=6'T

0.0 -0.5 -1.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

8+°0T
2soe
344

£5°0€
0L°0€ v

e —
€6'6€ —
€6'Ch ~—

ST'E8 ~
STY8

€80T —

18971 ~\_
15'821
oose1

90'ET —

T —

69°6LT —

Ph

1h

140

180

160 150

170

190

200

f1 (ppm)

74



1h

Ph

-219.25

T
-100

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-220

T
-230

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

f1 (ppm)

75



Se'T
A
€7
A
[
Sb'T
657 1
097 1
097 1
197 1
291
29Ty
€9'7 4
€97
S9'T
59T

¥vrg—

1917
£9'T
29T
914
89°T
89T
697
E.J
8LT
6.1
60T
6.1
64T
60T
08'T
08'T
08T
187
187
181
we
wue
08'C
08z
v6'T
v6'T
16
16
€5°€
€5°€
bS'E
vS'E
ss'E
ss'E
ss°s
ss's
95°s
61°L]
02 ]
0z,
12
12
]
NN.&
e

€L
T€L
w®L
€L
€L
€€L
€L
€eL
€€L
vEL
beL
veE'L
SS'L
SS'L
SS°L
SS'L
SS'L
SS°L
9S°L
95°L
98°L
9S°L

—_——h

95°L

Cl

Ph

3i

—00°€
et
e
BLET

=071
€T

=0€C

ndt

=~TTT
a4
=S€7

0.0 -0.5 -1.0

0.5

25 20 15 1.0

3.0

85 80 75 70 65 60 55 50 45 40 3.5
f1 (ppm)

9.0

13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

S8'TC ~
9€'€ET

197"
YO'LE~C
Y6'6E ~_

162y
om.¢¢M

8€°S0T —

68'971 <

58T V.

19'82T
PO'PET —

8T'9vT —

S9'6LT —

Cl

Ph

3i

130

180

160 150 140

170

190

200

f1 (ppm)

76



L58°'S
hm.mv.
LSS

0L
0T’L
oL
TTL
1L
we
€L
€L
€L

€L
€L
S€L
vS'L
vS'L
9S°L
98'L

Ph

L.

—98'C
=060
FOTE

Fere

00T
=00'T

=560
961

=v6'T

T

T T T T T T T T T T T T T T T T T T T T T T
10.5 85 8.0 7.0 6.0 4.5 3.5 2.0 1.0 0.0 -0.5

T

T

11.5 11.0

-1.5

-1.0

0.5

1.5

2.5

3.0

4.0

5.0
f1 (ppm)

5.5

6.5

7.5

9.0

10.0 9.5

69°S0T —

9T'veT

66'S21 W
10221~
€842 —

ss'8et
£9'821
99621 \

68°€ET

8L°SPT —

81641 —

Ph

3

N

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

77



-66.67

3j

Ph

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-220

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100

f1 (ppm)

78



9T —

€07 —

LLe
nn.N/.
08¢
Qw.NV.
€re
mﬁ.mv

uﬁ.m“\‘
IaT'E

8Ty
AN.VW
fxad
mwé\

156 —

072
0z
0z,
174
7Tl
7T LA
€24

e

s
bS'L ]
ss
952
952"

AcO

Ph

3k

_

—S8'C

—99'C

/0T

01

0'T
0T

=007

=501
20t
=50'C

0.0

0.5

1.0

1.5

2.5 2.0

3.0

3.5

65 60 55 5.0
f1 (ppm)

7.0

9.0 8.5 8.0

9.5

5502~
6,0z

e —

ey —

6T'L9 —

65°S0T —

20°LTT~\_

[AR:141 V.

+9'821
E€8°EET —

SS'SPT —

S9°0LT — O

LELLT —

AcO

b

A
R

WA

Wy

gl
ul

m
Ll

Ph

Ll na )

3k

MUY

W AR LU !

Wi

W

L

WA

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

79



[
T
96'T
96'T
16T
86T
66T
66T
00T
€T
v'T
85°C
65T
65T
09T
197
29T
29T
797
€9 1 ﬁ
v9°T |
vLT
ST
9T
9T
e
87
647
187

187
¥8'7
s8'C
66
00°€

€0°€
€0'e
v9'E

¥9'E

+0'S
vo.m¢

~
n
4
B

veE'L
ve'L
S€L
9S°L
LS°L
85,
8S°L

F=
o

3l

I

i

7.5

—€€°0
~6LT
EHT0
Foez
FE10
FLTT
111
01
=801

—8T°0

=010

=00'T

w6EY
LT
Ve
90z

T

T T
2.5

T

T

3.5

T

6.0

T

T T

8.5

T

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

3.0

4.0

4.5

5.0
f1 (ppm)

5.5

6.5

10.0 9.5 9.0 8.0 7.0

11.0 10.5

11.5

SPET~_
v9'€
1622~
¥8'67 —
16°05 T
E.:W
L8'VE

98'6€
ror /.
S.mv\

L6'8 —

LE°S0T —

96'60T —
fxa-ras
SE'9TT
88'9ZT
TeLen
[a 148
[AR 148
09'8CT
89'8CT
18821
L1°62T \\
SOpET
86°0vT —7
€TTPT \
61°9PT —

0S°64T —

<
o

3l

T
110

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

T
200

f1 (ppm)

80



ov'T
6T
€67
€67
v6'T
S6'T
S6'T
96'T
ss'C
95
15T
15T
85
657
097
19T
047
127
e
A%
€07
vLT]
vee ]
sz
R.&
18T

1871
v8'T
s8]
86'7

867

10°€

20€

5
5’ W
3]
S6'9
96'9
969
969
16’9
169
16'9
8697 @
L
Ao

s
€1
€L
v ]
v ]
oz ]
12 ]
1w
L
€L
€L
€L

€L
wL
€€L
€E°L
S€L
S€L
SE€'L
SS'L
95,
95°L
LS'L
LSL
LS°L

[

£
“

A

"

—17°0
=60°€

F60'T
60T

o1

=110

—S00

FL0T

907

11.5 11.0 10.5 10.0 9.5

65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0 -1.5
f1 (ppm)

7.0

7.5

8.0

8.5

9.0

0S'€EZ~
e

0T°0€ —
€L°0E 7
88'pE —

L8°6E
66°6€ W.
ok
96'C s

68y —

9+°S0T
+8'60T
ST'STT
8E'STT
T¢S'STT
¥6°9ZT
Fraxas
€5°8CT
€9'8CT
£€8'82T
8T'6CT
9L'6TT
8621
00'¥ET
SE'GET
9S°9€T
6S'9€T
T199€T
¥9'9€T
8L'9ET
L0°9bT —

B

20'pST —

0£°09T
£L°09T

1€°291
8€7C9T N.

6L —
18187 —

£
“

T
150

170

130 120 110

140

160

180

190

200

f1 (ppm)

81



3m

-117.53
-117.71

<

T T T
-10 -20 -30

T
-40

T
-50

T
-60

T
-70

T
-80

T T T T T T T T T T T T T T T T T T T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250 -260 -27(
f1 (ppm)

82



LET—

09T
09'C
€9'C
£€9°C
[4:x4
wm.NW
8T
we
we
v0'E
So'e
60°€
e

bb's
S\mW.
St's
AR
812
8T/
8T°L |
61°L
61°L
61L
6L
612

0z's
[y
oz
€L
€L
X%
€]
ves ]
vz ]
veL ]
sTL

sTL %
9TL

o
R
IN
\

67°L
6T'L
6T,
0€'L
0€'L
T€L
'L
'L
L
'L
'L
8¥'L
8v'L
6b'L
6v'L

Ph

3n

=76C

=011
=0T
Y01

=101

=00'T

Jo0e
T
Jnﬁ.v
A’
10°C

0.0 -0.5 -1.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

98'€T —

088 —
00°€r ~_
SS'bh ~—

€€°50T —

08'92T
9€°LTT /
9b'8ZT
58T W-
£9'8TT \‘
9Z'0€T
66°EET *
PT9ET

ET°9PT —

€S°6LT —

Ph

3n

130

190

110

120

170 160 150 140

180

200

f1 (ppm)

83



LET— -

we
[A°x4
S9'C
S9'C
88'C B
06'C
L6'C e
L6'T —_—
00°€
T0°€
ET'E
IaT'E

68'€ — -

'S
S¥'S Wy
St'S _

LrL

8v'L
964~
6L

Ph

3o

MeOZC

=$6'C

=001

7201
FC0T
0T

=88'C

=960

=0T'T
Brey
96T

=16'T

T T T T T T T T T T T T
4.0 3.0 2.0 1.0 0.5 -0.5 1.

T

T

T T T T T T T T T T T T
10.5 8.5 7.5 6.5 6.0 5.0
f1 (ppm)

T

11.5

£

-1.0

0.0

1.5

3.5 2.5

4.5

5.5

9.0 8.0 7.0

10.0 9.5

11.0

T6'€T—

1886 —
1620~
b~

STTS —

04501 —

16'921
8v°8e1 /
€821

9e'67T ~f
¥6'62T \
0€0€T \
Tg°€eT

PP IPT —

L9°SPT —

06°99T —

0T'6LT —

Ph

30

MeOZC

ATV

eyl

U

f1 (ppm)

84



o' T —

69°C
69°C
e
e
¥6'C
S6'C
S6'C
96°C
16T
86'C
6T°E
TTe

Ph

3p

O,N

=76'C

M/mm.o
V6T

00T

=+60

20T
WNO.N
IS6'T

N1

T

T

0.0 -0.5

0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0

9.0

10.0 9.5

10.5

11.0

12.0 11.5

f1 (ppm)

00T —

96'8€ —
18T~
0S'vb —

£0°90T —

98°€2T ~_
e
SH'8CT W
09821
errer 7
seer

TLEPT ~
LT'SPT —
SHLYT

19°8LT —

Ph

3p

O,N

ok

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

85



8E'T —

59'C
59T
89'C
89'C

S8'C
mm.NM

96'C
16T
00'€
00°€

e
145

St'S
S¥'S W.
St's

61°L
12
vz
ST
9L

oTL

8T'L #
62
0E°2 N W
0€°L

1€°L

e ﬁ
[

stz
Stz ]
1v'L ]
e
.5t
5
8574
852

Ph

3q

F,CS

—80°¢

=0T
=80T
60T
60T

00T

f1 (ppm)

[ YA

168 —
ELTP ~_
8b'vb ~

9£°S0T —

z5EeT ~
16'9TT~\_
9821

95°821 W
9E°TET

soeer
85961~
SE'6ET

95°SHT —

20641 —

Ph

3q

FsCS

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

86



FsCS

3q

Ph

T
40

T
30

T
-10

T
-20

T
-30

-43.22

T
-40

T
-50

T
-60

T
140

T
130

T
120

T
110

T
100

T
90

T
50

f1 (ppm)

87



W —

we
we
SLc
SL'T
w'T
mm.NV.
L6'C
Qo.m\n

6T'E
we

Sv'S
S¥'S W.
S¥'s

6T°L

1L

8TL
67°L
6T'L
TEL
€L
&L
L
99°L
vLL

Ph

3r

CF3

—<0€

Feo0'1
0T
0T

80T

=90'T
=807
=17
=0T
50'T

T

T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.0 6.5 5.5 4.0 2.5 1.5 0.0 -0.5 -1.5 -2.C

T

T

2.0 1.0 0.5 -1.0

3.0

3.5

4.5

5.0
f1 (ppm)

8.5 7.5 6.0

9.0

11.5 11.0 10.5 10.0 9.5

8L°€T—

60°6€ —
18P~
by —

oT'LL —

£1°90T —

19°TeT —
€1
Ly'8TT
Lege >
82°0€1 7
L8'TET \“
ereer
SP'EET
25°8eT
26°0bT —

€E'8LT —

Ph

3r

CF3

Y gt

T T T T T T T T
190 180 170 160 150 140 130 120

T
200

f1 (ppm)

88



9S'T —
bLT—

ST'E
STE
8T'E

8T'E

or'e
or'e
V'€
e

Sv'L
Sv'L
WL
WL
LS°L
LSL
LS'L
8S°L
6S°L
65°L
6S°L

Ph

3s

6T

660
00T

0T
L‘ 0°E
8T

8T
Jﬁm.ﬁ

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0 -15
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

11.5

€V'ST—

Ve —
8E Ly —

0S8°S0T —

mwﬁNﬁ /
cc.hNﬁ
v8'LeT V
29°'8CT -7
60°6CT \
€6°EET —
00 TPT —

£8°SPT —

96°LLT —

Ph

3s

170

180

150 140 130 120 110

160

190

200

f1 (ppm)

89



080
S.o%
€80
¥6'0 —F
mm.o“\“
L60

99'T
89'T
89T
69T
LT
7T
7T
wr
€LT
vLT
vt
SLT
98'C
98'C

S9'€
mm.m\

9S°L

Et

Et

Et

Et

Ph

3t

Ph

3t

=590
=019

=8¢0
Feey

=€07

—L1°0

=00'T

€01
Rsre
=07

T T T
2.0

3.0

T

3.5

T

T

6.5

T T T T T T
9.0 8.0

T

T

11.5 11.0 10.5 10.0 9.5

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.5

4.0

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.5

6L8
876~

8E'67
667
68'bE —~
6995 —

S9'Ly —

80°5S —

99'%0T —
8L7£0T —

(4148
[AwZas
lag:148
85'8CT /.
LL8CT —F
v16CT /

LTPET ~
0L'SET —

88'9bT —

€EPST —

LT6LT —
LL18T —

Et

Et

Et

Et

Ph

3t

Ph

3t

f1 (ppm)

90



T0°€

€5°S
Vm.mW.
bS'S
81T°L
8T°L
8T'L
61°L
61°L
oTL
1L
1L
TTL

0€'L
TEL
wL
€L
€eL
ve'L
SS°L
SS'L
98°L
LS°L

iPr

Et

/!

Ph

3u

|

€6

Fvs

=00'T
10T

=16'0

=660
Azre

=68'T

T

0.5

T T T T T T
4.0 3.0 25 1.5

T

T T T T T T T T T T T T
9.5 8.5 7.0 6.0 5.0
f1 (ppm)

T

T

11.5 11.0 10.5 10.0

-1.5

0.0 -0.5 -1.0

1.0

2.0

3.5

4.5

5.5

6.5

7.5

8.0

9.0

[2elen}

b8 —

206z~
£8'vT ~
86vz7
e —
e —

bl —~
S99 —

0901 —

04921~
£b'821
e

6TPET —

S6°9vT —

Ph

8L6LT — O

3u

iPr
Et

T

190 180 170 160 150 140 130 120 110

200

f1 (ppm)

91



v0'T
SO'T W

01
89T
EA/
07
741 \w
A%
€T
€1
€1
[ A%
A
9T
81 ]
ek
b8'T
98T
98T
81
S8
58z ]
62
86 ]
17e
vee

6E'S
om.mv.

or's

—

81T°L
61'L /
9L
8L W
6T,
6E°L
6€°L
or'L

S9°L
we

Et

Ph

3v

CFsy

l

lea

~ st

=001

=TT
=581
o1z
01T
01

T T T T T
10.0 9.5

11.0

T

11.5

9.0

10.5

f1 (ppm)

98'8 —

Lp'0E—
66'SE —

18T —

6,87 —

£9°S0T —

8S°TCT
oL
8E'8CT

£59°8CT

TE0ET
6S'TET
S8'TET
4431

A
8ETET
ES'EET \

8G'8ET —

LTSPT —

6L7LLT —

Nty

Y

At b Al
VR

Ph

Et
3v

CF3

f1 (ppm)

92



-63.39

CF3

Et

3v

Ph

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-220

-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100

T
-110

T
-120

T
-130
f1 (ppm)

T
-140

T
-150

93



€10a0

ov'T
61
6LT
6L'T
64T
6L'T
08'1
08'1
08'T
187
(234
8T
€8T
€8'7
8T
88'T |
88'7
06°T |
b6'T |
6T

S6'T S —

96T
96°T
86'T N\
86’1~
81T —
we—

18T
[4:x4
vm.N\‘
S8'C
86'C
86'C
10°€
T0°€

S6'E
96'€
L6'E
L6'E

15°s

mm.mW.
85°S

1047
20°
1T A
1T
2L
[
7L
A\
YL~
[
ve'L
E.nq
ez
SEL]
92
£5°L
st
65
657

Ph

3w

(0]

=<re

PIT'T
0

0T
88z
“ore

F00'T
=€0'T

=0T

=860

~€0T
=90'T

01
=517
41T
=96'T

T T T T

T

11.5 11.0 10.5 100 9.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0 -1.5
f1 (ppm)

9.0

06'ST —
1572~
TE'€T —
8LvT "
£9'bE —

ET0r —
Sty —

8€'L9 —

SE'S0T —

80°CTT —

SO'TZT ~
99°EZT ~_
S892T ~\_
05821

85821 W
6°0ET

S0bET -
5991 -

1T —

€8'95T —

6S°6LT —

\

|

l

|

Ph
|

3w

110

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

T
200

f1 (ppm)

94



960
860
660
€T
99°T
291
91
89'T
69T
ot
ot
175
T
€27
v
b
SLT
8LT
8.7
18T
18T
567 |
S6° |
86°C |
867 1
18'S
18'S
18's
18'S
002

==

002
00'¢
107
10
20t
20t
€0°L
v0'L
or's
or'e
o1'e
[
49
€1
€1
€1¢
vTL
s
st
o1 4
9T
o1 o
L1
AYE
LA
812
81

61'L—

v6'L
S6'L
96°L
96'L
L6'L
86'L

Et

3x

Lt

———

=8¢
—L6C

Fee

=007
80T

=501
Ere

T T T T T T T T T T T T T T
4.0 3.0 2.0 1.0 0.0 -1.0 -2.C

4.5

T
5.0
f1 (ppm)

T T T T T T T T T T T
8.5 7.5 6.5 5.5

11.5 11.0 10.5 10.0 9.5

-1.5

-0.5

0.5

1.5

2.5

3.5

6.0

7.0

8.0

9.0

68'8 —

66'CC —
¥6°0€ —

£9°6E —
op'er —

ST°96
96 v.

00°STT ~
8T'STT
€6'1CT
zocer

9T'vTT N

6Tl
T1°8CT
81°8ZT M

9T'0ET

10°8pT —

62°8ST —
LT°09T —

69°6LT —

Et

3x

YWl

L

170

150 140 130 120 110

160

190 180

200

f1 (ppm)

95



Et

3x

-118.95

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100

T
-110

T
-120

f1 (ppm)

96



160
mm.oW
00’1
PET—
99T
19T
89’77
mm.&
ot
os1
1T
A%
€1
7
b1
ort]
087
08°Z |
€87
€87
26T ]
162
00
oo'e

16
16’ W
16
e
492
€L
€L
v1L
STz
€L
€L
veL
ves
9t
I
97,
veL ]
ve's ]
ocs |
ocz
s6°2 ]
62
964
62

o

O ClI

Et

3y

F00'T
=201

=860
=STT
60

=€60

T T T

T

11.5 11.0 10.5 10.0

0.0 -0.5 -1.0 -1.5

0.5

35 30 25 20 15 1.0

4.0

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

9.5

068 —

66'CC —
56'0€ —

TL6E —
LEEY —

£9°00T —

L6°9TT

821 %
EP'6TT ~C
SP'0ET —

€6'TET \

LT°TET

18T —

¥9'6LT —

o Cl

Et

3y

T

190

-1C

170 160 150 140 130 120 110

180

200

f1 (ppm)

97



960
160
660
€T
v9'T
S9'T
99T
291
91
89T
89’7
69T
69°T |
69°T |
0T
17 ﬁ

[ R
LT
wi g
788\
€1 ;w
bLT
m:x
ot

vL'e
SL'T
8T
8LC
16°C -
[{x4
S6'C
S6'T

15°S

E.L
15°5
899
8891
88'9 1
88'9 | -
68'9
68'9
68'9 1
68'9
68'9
06'9
069
S.fﬁ
16'9

1697

Lt
LT
e
e
Lz
87,
8z ]
sz

9L %/

3z

Et

\J EH0'€

—€LT
WL Fere

== =660
== E00T

M €60
e

T

11.0

T

11.5

uy
-

0.0 -05 -1.0

0.5

40 35 30 25 20 15 1.0

85 80 75 7.0 65 60 55 50 45
f1 (ppm)

9.0

10.0 9.5

10.5

68'8 —

00°€C —
6'0€ —

5§56 —
TEEr —

6007 —

ESETT
0L°ETT

00°STT
8T'STT %.
9T'veT —

98'6CT v

76'6CT
ST9ET
TE9ET v

S9LbT —

90°29T —
00'%9T —

157641 —

Et

3z

bl

Ml

Wil bl il

W LU

-10

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

98



960
mm.cv
860
€T —
9T 3\

S9'T )ﬁ —_—

897

12T ]
2]

SLT

Et

3aa

!

=20€
—68'C

Fore

=0T
20T

=001

2660
=107
=00'T
860

0.0

0.5

1.5 1.0

2.0

2.5

45 4.0 35

5.0

5.5

6.0

T T T T
11.5 11.0 105 100 95 90 85 80 75 7.0

T
12.0

88'8 —

66'CC —

€6'0€ —

95°6€ —
TEE —

f1 (ppm)

78°€0T —

95'92T ~_
94921 <~
\

vT'8eT

seeet !
TrvET
veser

L LYT —

08641 —

Et

3aa

Wy

T T T T T T T T
190 180 170 160 150 140 130 120

T
200

f1 (ppm)

99



960
B.OW
66°0
wT—
59T\

99'1
%.&
89T

697
69'T
01
127
[
€1
€1
e
€T
R.ﬂ
9Lt

e
062 ]
062
€62
vz

0S's
om.mv.

0SS

=

66'9
66'9
00°Z
00°L
002
10,
10L
L
w0z

vS'L

mftﬁ _—

(0]
3ab

Et

F66'C
—SH'T

Foez

00T
660

=060

26’1

6T

T T T T

T

11.5 11.0 10.5 10.0 9.5

0.0 -0.5 -1.0 -1.5

60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

6.5

85 80 75 7.0

9.0

68’8 —

L6CT—
06'0€ —

9'6E —
6EEY —

96°€0T —

LESTT N
hisd

20°0€T V.

80°0€T
TE0ET \

TT°9%T —

65°09T —
567791 —

SL6LT —

Et

3ab

T

-1C

190 180 170 160 150 140 130 120 110

200

f1 (ppm)

100



6L0
180
780
S6'0
160
86'0
97T
€T
S9'T
99T
99'T
9T
897
69'T
69T
04T

0LT —
04T

as _
LT A S——
LT
(784 )r
€1
mh.ﬁ\
vLT

€Le
vw.Nk
9Le

NN.NN. —
06'C

T6'C

¥6'T

6T -

mm.m\‘
65°E€

66'%
66’ W. -

00's

8¥'S
6b'S W. —

Cl

Et

Cl

3ac

Et

/600
{00°€

76T
—1€0
69T

Feoe

00T
101

—£0°0

€60

=810
X

=€6'T

-1.0 -1.5

65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

7.0

7.5

100 95 9.0 85 8.0

11.0 10.5

115

88'8~
g6~

mm.NNv

L0°€T
16°0€ ~
901E
wre "
£5°6€ —
PEEY —

L5'6b —

€6°€0T —

ET°01T —

69'821
¥6'8CT /
89°67T ~=
LP'OET 7

TEZET \
(97761 \
£0°bET

SOLbT —

TT°EST —

9641 —

Et

Cl

3ac’

3ac

1

P AN

4

T

T

T
170

180

T

190

150 140 130 120 110

160

200

f1 (ppm)

101



560
B.GW
86'0
T —
S9'T
997
99'1
897 7
89'T
69'1 4
69'1
0LT
E.J
oLt
127
]
€01
€1
b1
€07
sz
oz ]
orz]
067 ]
06
mmi
€6

'S
'S W.

8¥'S

=

WL
V'L
L

Et

Br

3ad

=T°¢

=20°€

00T
F00'T

=960

=8'E

f1 (ppm)

68'8 —

00°€C —

£6°0€ —

856 —
veEEr —

WWNM“LWNWWMMMWWM

66°€0T —

8p°0CT —

00°0ET ~_
99'TET —
TreeEr "

[4VA4 S

T9'6LT —

(0]
Et o
Br
3ad
W@WWWWWM

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

102



LT A
:

LSS
nm.mvv
L5°'S

LE'L
6€°L A\
YS' LA\

9S°L

85,
09'L
vo'L
S9'L

Et

Et

CF3

3ae’

3ae

=TT
=787
/560
=6re
w101
=96'T

F90'T

8.0

—€€0

N\.Nn”o

L0

w/wQ.N

T

-0.5

T T T T T T T T T T T T T T T T T T T T T T
70 6.5 6.0 35 3.0 25

T

T

12,5 12.0 11.5 11.0 10.5 10.0 9.5

-1.5

-1.0

1.5 1.0 05 0.0

2.0

50 45 4.0

5.5

85 80 75

9.0

f1 (ppm)

88~
86~

To€T
90°€T v.

s0'1E
190"
£9°6€ ~_

0E'Ey /

T9'6b —

80T —

TS0TT —

£v'sr
Ly'STT W.
vLSTT

25821 %
9v"'6CT

TLLET ~
19681 —

TL8PT —
§S°¢ST—

6L —
L8181 —

Et

Et

CFy

3ae’

3ae

.

L

wh

N ¥

b e

L)

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

103



66°0
€T —

LLe
LLe
08'c
08¢
¥6'T
v6'C
L6'C

L6'T

06’ —

LS8°'S
nm.mv.
85°S

6S°L
6S°L
092
9L
19,
192
96'L
L6°L
L6'L
86'L
86°L
66'L

96°0
960
Lo

I

CO,Me

(o]
3af

Et

=1T'e

—90°€

E16'T

=0T

=60'T

—+8'C

=80C

=€1T

T

-0.5

T T T T T T T

T

12,5 12.0 11.5 11.0 10.5 10.0 9.5

-1.5

-1.0

0.0

0.5

9.0

f1 (ppm)

68'8 —

wee—

S6'0€ —

TL6E —
0E'ey —

L1278 —

P01 —

Y0'8TT N
97'821 =,
68'6CT 4
84'8€T —

€L°8VT —

807491 —

0S'64T —

CO,Me

3af

Et

110

T
190

T
200

f1 (ppm)

104



080
ﬁm.cv
%0
9T —
LS'T
LS'T
(ST
8S'T
09'T
69°T
oLt
LT
7w
wr
wr
€LT
€LT
vLT
SLT
89°€ —
we—

20's
Nc.mW.
°0's

€€L
€€L W.
veE'L
66°L
00’8
108
108

Et

CO,Me

3af’

=ST'E

—L6C

9.0
60T

=50C
—86C

00T

=60C

=00C

0.0

0.5

1.0

1.5

2.5

3.5

4.0

4.5

5.0

6.0

6.5

7.0

9.0 8.5 8.0

9.5

f1 (ppm)

8€'6 —

60°€C —

80'TE —
S8'vE —

T9'6b —
LTS8 —

orT —

95821
(et —
TT°0ET 4

98'0vT —

€L°TST —

86'99T —

S6'T8T —

Et

C02Me

3af'

150

180

130 120 110

140

160

170

190

200

f1 (ppm)

105



960
wm.oW
660
SET—
91
897
891 %
69'T 7|
LT
1
(A%
A%
A%
[
51
5.1
o1
08 ]
182
€87
82
16T
167
00'c |
00¢

ﬁo.mv

T9°'s

99°L
99°L
89°L
89°L

PTB~
18~

NO,

3ag

Et

=0€'€

6T

=001
=001

=860

=0T

=€0'C

T T
10.5 10.0

T
11.0

f1 (ppm)

98'8 —

Y0'€C —

00°TE—

LL6E —
€Ty —

LTE0T —

6°€TT —

18°82T —

16061 —

16°SPT —

95°0ST —

L0°64T —

Et

NO,

3ag

T
130

140

110

120

190 180 170 160 150

200

f1 (ppm)

106



ow.DV

w80
€80 7

87T —
85T\
85'T
85°T 7
65T u ﬁ
09'T

197
107
127
As
17
21
2]
1]
€7
€7
A%
748
A%
A%
9T
94T
207
vred

or's
oﬁ.mvv
or's

€L~
e

618~
178~

Et

NO,

=Te

—86'C

=0T
ST

=01'C

f1 (ppm)

6£'6 —

S0'€C—

S0°TE—
0L'vE —

S9'6Y —

L6°0TT —

80vCT —

96621 —

IT'EPT 7
SELYT —
9L'TST N

09'78T —

Et

3ag’

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

T
190

f1 (ppm)

107



nn.nj

>\/CF3
NH

Et

69°L
oLL
oLL
oLL
7L
e

LSL (@) 7
st

85,

85°L

65°L —_

6L -

mm.n% e

O>\»CF3
NH

Et

3ah’

3ah

=180
=90°€
o
18T

=/0'T
=0T

—€70

=00'T

450
=0T
=L6'T

0.0

0.5

1.0

1.5

25 20

3.0

3.5

4.0

4.5

5.0

5.5
f1 (ppm)

6.5

7.0

7.5

9.0 85

9.5

T T
11.0 10.5

T
11.5

S6'8~
1567

08'77 ~
6z€r "

£0D) ¥8°67 ~

ebie

ovte /.
svve
816 —
€8y —

+0°0S —

90'v0T —

89°0TT
60411

00'91T

16711 W
28'61T ~_
95°TZT ~-
gt
95'621

€5°0ET V
6T'EET ~\_
09'bET ~

SS'SET T
7z 9eT 7

vy 8bT —
ST'¥ST
91°SST %
0'SST
0S°'SST
§9°SST
vL'SST
68'SST

06'6LT —
11281 —

>\/<:F3

NH

Et

o§~0|=3

Et

NH

3ah’

3ah

BN

|

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

108



S0's

09°s
ow.mW.
T9's

S0's
S0°S W.

T T T T T
-1.0 -2.C

0.0

T

86T
=€0'€
08’1
o€
»S0'T
FosE

T T T
1.0

2.0

T

FE0'T
80T

T T
4.0

T

T

5.0
f1 (ppm)

=790

T

=00'T

T
6.0

T

T

7.0

14
ST
=101

M{wm.o

e
® 1
So
T T T T T T T
9.5 8.0

T

T

11.5 11.0 10.5 10.0

-1.5

-0.5

0.5

1.5

3.0 25

3.5

4.5

5.5

6.5

7.5

8.5

9.0

68'8 ~
86~

[k x4
wo.muv

mm.om\.
e
85°bE

95°6€ —
PE'Er ~_

96 —

LL7€0T —

LP°OTT —

6v'LTT
00°62T
TE6CT
vS'6CT
66T
86'6CT N
0THET w

0Z'SET
YLOET
T8°9€T
¥6'9ET

TT8PT —

69°CST —

9b'6LT —
6181 —

17761~
59261~

Et

®
)

Wil A e

$

U

Uwpt gy

Hopury

T

T

190

-10

170 160 150 140 130 120 110

180

200

f1 (ppm)

109



960
60 -
660
w©T
S9'T

99T

99T

9T -

69T

69T -

oLt

oLt _— =
_
_

wn
€L'T
€LT

€LT
vL'T
LLe
(244
16°C
T6°C
v6'C

¥6'C

we—

1SS

G.mW _

%S

st9
9L’
9,9
oL'9
w9
LL9

8.9 _

89 J
€T°L

€T'L — mu
vT'L
vT'L
ST'L
ST'L
ST'L
we
wL
YL
YL
YL
STL
STL

OCH,

(0]
3aj

=56'C

—€S'C

=001
=001

=16'0

=660

=16'T
01T

T T T T T T T T T T T T T T T T T T T T T
9.0 8.0 7.0 6.0 4.5 3.5 2.5 1.5 0.5

T

T

11.5 11.0 10.5 10.0

-1.5

-0.5 -1.0

0.0

4.0 3.0 2.0 1.0

5.0
f1 (ppm)

8.5 7.5 6.5 5.5

9.5

68'8 —

96'CC —

68°0€ —

85°6€ —
€€y —

LE'SS —

€000 9T'LL —

L6'¥0T —

09°2TT ~
8LETT

€T 12T —

15621 —

8b'GET —

LL9YT —

9L°65T —

04641 —

Et

3aj

OCH,

Ll Ll )

I
WL

i

l
il

l

4

m

il

m

o AL
T

"

NP AR AN T

IRTWIN

"
Wty

VWU

i

ki

MRV

WMV Py

W

VIRV

T
130

T

T

150

T

190

110

120

140

160

170

180

200

f1 (ppm)

110



Et

3ak

Ll

=£8'C

=€8'C

8T

=00'T

=00'T

=60

Fsee

=160

T T T T T T T T T T T T T T T T T T T T T T
9.0 8.0 7.0 6.0 5.5 4.5 3.5 2.5 1.0

T

11.5

00 -0.5 -1.0 -1.5

0.5

1.5

3.0 2.0

4.0

5.0
f1 (ppm)

7.5 6.5

8.5

11.0 10.5 10.0 9.5

168 —

S€°0C—
£€6'CC—

68°0€ —

09'6€ —
18°€h —

8C°C0T —

9T9TT ~
€6'92T —
7
o1~
€9°CET Va
ST'GET

°9'9rT —

L8°6LT —

Et

3ak

L

W

AT

Y

il

WY

T

130

-1C

110

120

190 180 170 160 150 140

200

f1 (ppm)

111



€11
85T
85T
65T
65T
09°T
197
791
9T
€97
€91
$9°T |
S9°T |
S9°T
S9°T |
99°T |
£9°T A
89T
69°T
12T A
12T

T —

ST —
0€'C—

69°C
mm.NV
.7
mm.N\
69°€
v8'E
¥8'€
S8'€

S8'€
98’

98’
L8°E

=

856 —

Ph

4w

OHC

=L0'€

=90°¢
=00°€

0T
F601

=€0C
=16'T

=¥0'T
=501
0°T
8°0
0T

T

-1.5

T

-1.0

T T T T T T

T

12,5 12.0 11.5 11.0 10.5 10.0 9.5

-0.5

40 35 30 25 20 15 1.0 05 0.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

9.0 8.5

f1 (ppm)

W6'ST —
Tr'6T ~
vS'IT—
S0vT —

sTe—

90'Lb ~
962t~
805~

S9°49 —

S0CIT —

00121 ~_
S9°ETT ~_
6€'TT

66'821 M
15621~
ev0e1 /.
8ree1
sooer "

£8°9ST —

6607 ~
€1°902

s

TN

A |

m

o
AN A

Ll

T

AN

(0]
Ph
4w

OHC

T
-1C

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

f1 (ppm)

112



88'¢

59

Ph

=90'€
Fsev
=0¢
=90'¢
=660

=00'T

6'C
wﬂwm.ﬁ

A0z

=707
BE0'T
00T
et
ooz

f1 (ppm)

68'ST—
€51~
8s1e
6v'v7 "

209 —

TS —

2105~
TL0S—
2025

L9 —

S0TIT —

06027 ~
99'€ZT ~\_
[xd¥a

88'821 W
75621 —7
vroer 7
90°bET
19961~

v69ST —

86°9LT —

66°50C —

i
o

T T T T T T T T T
200 190 180 170 160 150 140 130 120

T
210

f1 (ppm)

113



@
o
_

€L

(S

5w

Bibr
buee
Feoz
€67
=667

=00'T
F90'T

Fert

~56'0
=260
=960
SLYE
=1

T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 7.5 6.5 55 5.0 4.0 3.0 1.5 0.5

11.0 10.5

T

11.5

-1.5

-0.5 -1.0

0.0

1.0

2.0

2.5

3.5

4.5

6.0

7.0

8.0

8.5

f1 (ppm)

b6'ST—
PSTT~
987t —
99vz ="

£TPE—

68'6€ —
65Ty —
S0vy —

69°£9 —

60°CIT —

96071 ~\_
99°€ZT ~\_
Tren

L8211\
£€9°62T —
roer"
PTOET ~
99'9€T "

£€6°9ST —

8T 18T —

Ph

5w

e

NVARA A

LW

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

114



¥6'0
S6'0
160
160
66'0
€07
207 4
2074
80T
60'T
o011
T
[AS8
ZrT o
€17
P17
YT
PITS

1714
12T
T
€27
v'T
v2'1
sz1
051
157 ]
ST
ST
€51
€51
€51
beT
ssT
8s'T
65T
091
091
9T
251
€97
€91
v9'T
v9'T
ST
991
99T
91
91
89T
89T
69T
o1
[
[ 751
wt
€1
€1
ST
ST
ot
o
8T
952
152
85C
657
09z
19T
29T
o1,
e
A
sL
stL
sL
oL
oL
e
we
8TL

STT
61T
0t
0zt

8T°L

CO,H

Ph

79

Foe1

=9L'T
oL

T T T T T T
9.0

12,5 12.0 11.5 11.0 10.5 10.0 9.5

0.0 -0.5 -1.0 -1.5

1.0 05

1.5

f1 (ppm)

€591 — -
95°97
1992
18'97 -
96'97 N
-
€587 =
TH9E~ _ 3
86'95 1
z
E
bE'SE— - 3
3
br6r — - 3
4
3
3
=
E
_3
£LSTT~_ _
Ja:rad
ze'8eT > =
1
=
3
3
02°ZhT — —
E3
< 3
o E
E 3
T o 3
N ~ F3
@) 3
&) =
3
80°€8T — s
Y
>
x
=

140

190

120

130

170 160 150

180

200

f1 (ppm)

115



060

8L

ve'L
vEL
S€L
S€'L
SE€L
SE€'L
S€L
SE€L

—

Ph

CO,H

Et

Int-1

F6LT
F18C

o0t
00’1

560
Fs60

Fi60
060

/980
8T
8'T

12,5 12.0 11.5 11.0 10.5 10.0 9.5

0.0 -05 -1.0 -1.5

0.5

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

9.0

606 —

L0°TT—

€9'TE—

8Ty —

9L'9% —

9E'€8T —

CO,H

Ph

Et

Int-1

130

180

190

110

120

160 150 140

170

200

f1 (ppm)

116



Nw.og

——

T —

e

CO,H

Et

Ph

Int-2

LW,

i

F00°€
=8LT
Hrit

80T

00T
001

460

=960

0'T

8'C
)mm.ﬁ

506 —

960 —

18°1€ —

TL9€ —

8v'9r —

f1 (ppm)

18921
89°LTT V
€821 -7
16821 *
LY IET
7S°LET —

497781 —

CO,H

Et

Ph

Int-2

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

117



