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1. General Information:

All chemicals were obtained from commercial sources and were used as received
unless otherwise noted. All the reactions were carried out in an argon-filled glove box.
The *H NMR spectra were recorded on 600 MHz NMR spectrometer. The 3C NMR
spectra were recorded at 150 MHz. The °F NMR spectra were recorded at 376 MHz.
The 3P NMR spectra were recorded at 243 MHz. Chemical shifts were expressed in
parts per million (6) downfield from the internal standard tetramethylsilane (TMS),
and were reported as s (singlet), d (doublet), t (triplet), dd (doublets of doublet) and
m (multiplet). The residual solvent signals were used as references and the chemical
shifts were converted to the TMS scale (CDCls: 6 H=7.26 ppm, 6 C=77.16 ppm; DMSO-
ds: &6 H=2.50 ppm). The coupling constants J were given in Hz. High resolution mass
spectra (HRMS) were obtained via ESI mode by using a MicroTOF mass spectrometer.
Column chromatography was performed on silica gel 200-300 mesh. The enantiomeric
excess (ee) of the products were determined by high-performance liquid
chromatography (HPLC) with a chiral stationary phase in comparison with the
authentic racemate sample with "hexane and 'PrOH as solvents. All the chiral
stationary phases including Chiralcel 1A, IB, IC, IG, ID, OZ, IE, OD-H, AD-H were
purchased from Daicel Chirsal Technologies. Optical rotations were reported as follows:
[@alo" = (c: mg/ mL, in CDCls). Aryl bromides,?® 1,6-diynes,*’ and 1-

alkynylcyclobutanols®® were prepared according to published procedures.
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2. Optimization Studies

Table S1. Initial Screening for Synthesis of Racemic Product 3¢

TsN

Me
Br _ N

J
MeO coome /T Me Mt we o
OO = Me HCOOK (3.0equiv) MeO OO OMe
3

CH3;0H, 60 °C, 24 h

1a 2a
Entry Catalyst Ligand yield (%)
1 NiBr,.DME (10.0 mol%) dtbppy n.r.
2 Ni(cod), (10.0 mol%) dtbppy n.r.
3 CoBr; (10.0 mol%) Bipy n.r.
4 Pd,dbas (5.0 mol%) PPhs 38
5 Pd(acac); (5.0 mol%) PPh; 35
6 Pd(OAc)2 (5.0 mol%) PPhs 46
7 Pd(OAc)2 (5.0 mol%) BINAP n.r.
8 Pd(OAc)2 (6.0 mol%) xphos 21
9 Pd(OAc)2 (6.0 mol%) dppp 30

9Reaction conditions: 1a (0.12 mmol), 2a (0.10 mmol), metal catalyst, ligand (10.0 mol%) and
HCOOK (0.30 mmol) in CH30H (0.05 M) at 60 °C for 24 h under N3; isolated yield.
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Table S2. Screening of Chiral Ligands?

TsN
Me
Br Pd(OAc), (8% mol) S
Meo\“/COOMe = e o
|Oe TN, L* (10% mol) MeO
+
=—Me HCOOK (3.0 equiv) OO Ome
CHaOH, 50 °C, 24 h
1a 2a
© NpH3 Ph O
O e o ot S, A
PPh, o PP, ) Fe N ﬁ
PPh o PPh, PPh; N—/ |
o™ GO S
¢}
L1, nr L2, trace L3, trace L4, trace L5 nr. L6, 15% yield, 70% ee
0, 0,
° - : @
0L - Cry ) ,
o /P 8y Bu By ‘Bu
I l o 7)7Ph MeO. l OMe OO PhO. O OPh Meo O OMe
L7, 20% yield, 50% ee L8, 46% yield, 67% ee L9, nr. L1, 46% yield, 77% ee L12, 23% yield, 37% ee
/Pt
: o o O (X
O 0, . P> P><<Ni% O P>< R =S
T - Y 1 1
P Bu ‘Bu o— ‘Bu . MeO. OMB:
K N, MeO. OMe MeO. OMe
Bu Ph Ph
MeO. O OMe A s
L13, n.r. L14,nr L15, n.r L16, n.r L17, L18, n.r
e CC
Ph j.l Ph j O\p N>M\Ph _N :\o/ \o
N K N7 o >—-Ph PPh, aN N
! : 9¢
PCy, PPh, O
L21, nr L21, nr. L22, 73% yield, 57% ee L23, nr L24,nr.
OMe
F O N Bu
¢ X ‘ N
PPy F o PPh, MeO PPh, @[ I
P
PPh, ) PPh, MeO A\ PPh; N E’/
CO X J
F o X
OMe
L25, n.r. L26, n.r. L27 nr L28 nr. L29 nr L30, 32% yield, -19% ee

9Reaction conditions: 1a (0.12 mmol), 2a (0.10 mmol), Pd(OAc)z (8.0 mol%), chiral ligand L* (10.0
mol%), HCOOK (0.30 mmol) in CH30H (0.05 M) at 50 °C for 24 h under N3; isolated yield; The ee
was determined by HPLC using a chiral stationary phase.

Table S3. Screening of the Solvent?

TsN .
B (0]
Br Pd(OAC), (8 mol%) Me ; O >
MeOCOOCH3 /—=—"Me L10 (10 mol%) Ve ] 0 PI‘Bu
TsN
+ \_— e HCOOK(30equv)  MeO ome ¢ P 0
deamdittn Oy o
1a 2a '
3 L10
Entry Solvent Yield (%) Ee (%)
1 '‘BuOH n.r. -
2 Toluene + 5 equiv H,0 n.r. -
3 Toluene + 5 equiv CH;0OH 45 85
4 EA + 5 equiv CH30H 29 85
5 DME + 5 equiv CH30H 27 83
6 DCE + 5 equiv CH30H 37 90
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10
11
12
13

DMA + 5 equiv CH30H

CH3CN + 5 equiv CH30OH

CH3CN + 5 equiv CH30OH

PhCl + 5 equiv CH30H

'PrOH + 5 equiv CH30H

Toluene + 5 equiv H,0

MeOH

n.r.

n.r.
n.r.
n.r.
52
n.r.

75

93

95

9Reaction conditions: Pd(OAc), (8.0 mol%), L10 (10.0 mol%), 15-crown-5 (1.0 mmol), 1a (0.12
mmol), HCOOK (0.30 mmol) and 2a (0.10 mmol) in a solvent (0.05 M) at 50 °C for 24 h under Ny;
isolated yield; The ee was determined by HPLC using a chiral stationary phase.

Table S4. Screening of the Reductant®

Br

MeO

1a

COOCH;

/—=——Me

TsN

Pd(OAG), (8 mol%)
L10 (10 mol%)

= Me Reductant (3.0 equiv)

2a

15-crown-5 (1.0 equiv)

CH3;0H, 50°C, 24 h

TsN .
! O,
S D
/ B P
Me o) : By
MeO 0 0,
oy <
3 ' L10

Entry Reductant Yield (%) Ee (%)
1 t-BuONa 62 77
2 NaBH4 45 89
3 HCOOH 50 85
4 BH3'NHs n.r. -
5 (MeO)sSiH n.r. -
6 Zn 28 81
7 Mg n.r. -
8 HCOONH;4 n.r. -
9 HCOOCs n.r. -
10 TDAE 45 75
11 HCOOK 75 95

9Reaction conditions: Pd(OAc), (8.0 mol%), L10 (10.0 mol%), 15-crown-5 (1.0 mmol), 1a (0.12
mmol), Reductant (0.30 mmol) and 2a (0.10 mmol), and reductant in MeOH (0.05 M) at 50 °C for
24 h under Ny; isolated yield; the ee was determined by HPLC using a chiral stationary phase.

Table S5. Screening of the Additive®

Br

MeO

1a

—=Me
= Me

TsN

2a

Pd(OAc); (8 mol%)
L10 (10 mol%)

HCOOK (3.0 equiv)
Additive (1.0 equiv)
CH30H, 50°C, 24 h
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Entry Additive Yield (%) Ee (%)

1 18-crown-6 66 93
2 TBAF 59 93
3 TBAB 41 91
4 TBAI 60 84
5 LiBr 63 93
6 15-crown-5 75 95

9Reaction conditions: Pd(OAc); (8.0 mol%), L10 (10.0 mol%), additive (1.0 mmol), 1a (0.12 mmol),
HCOOK (0.30 mmol) and 2a (0.10 mmol) in MeOH (0.05 M) at 50 °C for 24 h under N; isolated
yield; The ee was determined by HPLC using a chiral stationary phase.

Table S6. Screening of the catalyst?

TsN
Br [Pd] (8 mol%) Me

X
MeO COOCHS, —=Me L10 (10 mol%)
TsN
OO + ON\_— e HCOOK (30 equiv) MeO
15-crown-5 (1.0 equiv) OO
CH30H, 50°C, 24 h

1a 2a
Entry Catalyst Yield (%) Ee (%)

1 Pd(MeCN),Cl; n.r. -
2 PdBr; n.r. -
3 Pd(NOs)>-2H,0 48 91
4 Pd(TFA), n.r. -
5 Pd(OH), n.r. -
6 Pd(hfac), 28 83
7 PdCl, n.r. -
8 (n3-allyl)(n°>-Cp)Pd 51 91
9 Pd(cod)Br; 35 81
10 Pd(OAc), 75 95

9Reaction conditions: catalyst (8.0 mol%), L10 (10.0 mol%), 15-crown-5 (1.0 mmol), 1a (0.12 mmol),
HCOOK (0.30 mmol) and 2a (0.10 mmol) in MeOH (0.05 M) at 50 °C for 24 h under Ny; isolated
yield; The ee was determined by HPLC using a chiral stationary phase.

Table S7. Screening of the catalyst using a diphenyl-diyne®

TsN
Br [Pd] (8 moi%) Ph

N ;
MeO COOCH; /—=—Ph L10(10mol%) J o :
TsN Ph '

OO £ \_=— p;, HCOOK (2.0equiv) MeO :
15-crown-5 (1.0 equiv) OO OMe |

CHZ0H, 50 °C, 24 h ;

1a 2b 2 ' L10
Entry Catalyst Yield (%) Ee (%)
1 Pd(OAc), 70 91
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6
7

(n*-allyl)(n>-Cp)Pd
PdBr;
PdCl,
Pd(acac);
Pd(TFA),
Pd(OH);

72 95
n.r. -
n.r. -
63 86
46 89
n.r. -

9Reaction conditions: Pd catalyst (8.0 mol%), L10 (10.0 mol%), 15-crown-5 (1.0 mmol), 1a (0.12
mmol), HCOOK (0.30 mmol) and 2b (0.10 mmol) in MeOH (0.05 M) at 50 °C for 24 h under Ny;
isolated yield; The ee was determined by HPLC using a chiral stationary phase.

Table S8. Screening of chiral ligand for the coupling of 1-Alkynylcyclobutanol®

Pd(MeCN),Cl (5 mol%)
L10 (8 mol%)

Cs,CO03 (1.0 equiv)
Mesitylene, 50 °C, 24 h

O
\ Ph
MeO. ! l COOMe
44

sol
o™

L1, 84% yield, 63% ee

F. O
X1
Fo PPh,
FXO PPh,
XA

L26, n.r.

o~ GO
Ph O
P ¥ !
gy ib N) [<
MeO. OMe H
O g "

L18 nr

L17, 60% yield, -7% ee

N
PhaP | PPh;
Fe
=S
L4, nr L10, 78% yield, 92% ee
OMe
P \\ORO
P :
MeO PPh, S
MeO._A_PPhy
N

L27, 40% yield, 0% ee

OMe

L31, 30% yield, 14% ee L32, 67% yield, 5% ee

o.
O,P*O‘@ PPh, N

L33, 48% yield, 5% ee

L21, 70% yield, -11% ee

A
Ly

L34, 46% yield, 0% ee

9Reaction conditions: Pd(MeCN),Cl> (5.0 mol%), ligand (8.0 mol%), 1a (0.15 mmol), Cs,CO3 (0.10
mmol) and 43a (0.10 mmol) in mesitylene (0.05 M) at 50 °C for 24 h under N3; isolated yield; The
ee was determined by HPLC using a chiral stationary phase.

Table S9. Screening of catalyst for 1-alkynylcyclobutanols?

Br

Meo\“/COOMe
OO R

1a

0
[Pd] (5 mol%) . on
L10 (8 mol%) X

h _—
OH Cs,CO; (1.0 equiv) MeO

Mesitylene, 50 °C, 24 h

O ! COOMe
44

o
1<

43a L10
Entry Catalyst Yield (%) Ee (%)

1 Pd(acac), trace -

2 Pd(TFA), n.r. -

3 Pd.dbas 48 85

4 Pd(OAc), 70 82

5 Pd(OH), n.r. -

6 Pd(PhMeCNCI), 48 76

7 (n3-allyl)(n°>-Cp)Pd n.r. -

S8



8 Pd(cod)Br; n.r.
9 Pd(MeCN),Cl, 78

92

9Reaction conditions: catalyst (5.0 mol%), L10 (8.0 mol%), 1a (0.15 mmol), Cs,COs3 (0.10 mmol) and

43a (0.10 mmol) in mesitylene (0.05 M) at 50 °C for 24 h under N; isolated
determined by HPLC using a chiral stationary phase.
Table S10. Screening of Solvent for 1-Alkynylcyclobutanol

Br Pd(MeCN),Cl, (5 mol%) .
N Ph

MeO COOMe L10 (8 mol%)
— _—
+ Ph COOMe
OH Cs,C0; (1.0 equiv) OO

Solvent, 50 °C, 24 h

yield; The ee was

1a 43a

Entry Solvent Yield (%) Ee (%)
1 THF 56 17
2 PhOMe 43 77
3 PhF 48 85
4 1,4-dioxane 53 83
5 CH30H n.r. -
6 CH3CN n.r. -
7 PhCF3 61 77
8 DCM n.r. -
9 MTBE n.r. -
10 Mesitylene 78 92

9Reaction conditions: Pd(MeCN),Cl; (5.0 mol%), L10 (8.0 mol%), 1a (0.15 mmol), Cs,CO; (0.10
mmol) and 43a (0.10 mmol) in a solvent (0.05 M) at 50 °C for 24 h under Ny; isolated yield; The ee

was determined by HPLC using a chiral stationary phase.
Table S11. Screening of the Base for 1-Alkynylcyclobutanol®

o]

d(MeCN),Cl (5 mol%) >
MeO COOMe E‘ L10 (8 mol%) \ Ph | ey
o Base MeO OO COOMe e o)
Mesitylene, 50 °C, 24 h i O
44 ' L10
Entry Base Yield (%) Ee (%)
1 K2C03 n.r. -
2 t-BuONa 65 83
3 KHCO3 n.r. -
4 LiOH 48 73
5 NaOMe 42 75
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6 K3PO4 28 83
7 EtsN n.r. -

8 NaOAc 33 91
9 Cs,CO3 78 92

9Reaction conditions: Pd(MeCN),Cl; (5.0 mol%), L10 (8.0 mol%), 1a (0.15 mmol), base (0.10 mmol),
and 43a (0.10 mmol) in mesitylene (0.05 M) at 50 °C for 24 h under N; isolated yield; The ee was
determined by HPLC using a chiral stationary phase.

$10



3. General Procedure and Characterization of Products

3.1. General procedure for the synthesis of 3-25 and 36-42

Br Pd(OAC), (8 mol%)
N COOR /%Me L10 (10 mol%)
L% X
RT * — e HCOOK (3.0 equiv)

15-crown-5 (1.0 equiv)
CH30H, 50 °C, 24 h

To a sealable tube (8 mL) were charged with aryl bromides 1 (0.12 mmol), 1,6-diyne 2
(0.10 mmol), Pd(OAc)2 (8 mol%), L10 (10 mol%), HCOOK (0.30 mmol), 15-Crown-5
(0.10 mmol), and anhydrous MeOH (2 mL) under Na. The resulting mixture was stirred
for 24 h at 50 °C. After that, the reaction mixture was concentrated under vacuum. The
residue was purified by flash chromatography on silica gel (petroleum ether/EtOAc =
8/1) to afford the desired product.

3.2 General procedure for the synthesis of 26-35

Br (n3-allyl)(n3-Cp) (8 mol%)
MeO COOMe ,/—=—R L10 (10 mol%)
OO * Ts\'N\ — R HCOOK (2.0 equiv) MeO COOMe :
15-crown-5 (1.0 equiv)

CH30H, 50 °C, 24 h

To a sealable tube (8 mL) were charged with aryl bromide 1a (0.12 mmol), 1,6-diyne 2
(0.10 mmol), (n3-allyl)(n>-Cp)Pd (8 mol%), L10 (10 mol%), HCOOK (0.20 mmol), 15-
Crown-5 (0.10 mmol), and anhydrous MeOH (2.0 mL) under Na. The resulting mixture
was stirred for 24 h at 50 °C. After that, the reaction mixture was concentrated under
vacuum. The residue was purified by flash chromatography on silica gel (petroleum
ether/EtOAc = 10/1 to 5/1) to afford the desired product.

3.3 General procedure for the synthesis of 10-d, 20-d, 21-d.

TsN
Br Pd(OAc);, (8 mol%) N Me

MeO COOR —=Me L10 (10 mol%) ;
TsN :
OO * — e DCOONa (3.0 equiv) MeO., O O COOR ;

15-crown-5 (1.0 equiv)
CH30H, 50 °C, 24 h

L10

To a sealable tube (8 mL) were charged with aryl bromide 1 (0.12 mmol), 1,6-diyne 2a
(0.10 mmol), Pd(OAc)2 (8 mol%), L10 (10 mol%), DCOONa (0.30 mmol), 15-crown-5

(0.120 mmol), and anhydrous MeOH (2.0 mL) under N,. The resulting mixture was
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stirred for 24 h at 50 °C. After that, the reaction mixture was concentrated under
vacuum. The residue was purified by flash chromatography on silica gel (petroleum
ether/EtOAc = 10/1 to 5/1) to afford the desired product.

3.4 General procedure for the synthesis of 44-75

0 ; 0
Br Pd(MeCNCl); (5 mol%) . : O P>
AN COOR L10 (8 mol%) ; By
R + =—R
z

A R '
1 o] O,
oo e Y U
' L10
To a sealable tube (8 mL) were charged with aryl bromide 1 (0.15 mmol), 1-
alkynylcyclobutanol 43 (0.10 mmol), Pd(MeCN),Cl; (5 mol%), L10 (8 mol%), Cs.CO3
(0.10 mmol), and anhydrous mesitylene (2.0 mL) under N». The resulting mixture was
stirred for 24 h at 50 °C. After that, the residue was purified by flash chromatography
on silica gel (petroleum ether/EtOAc = 8/1) to afford the desired product.
3.5 NMR and HPLC Data
TN (R)-methyl 1-((E)-1-((2)-4-ethylidene-1 tosylpyrrolidin-3-
) - Me
Me O : . :
MeO oMe The title compound was isolated as a yellow solid (eluent:
OO petroleum ether/ethyl acetate = 4/1, 36.8 mg, 75%). H

NMR (600 MHz, Chloroform-d) 6 7.82 - 7.78 (m, 3H), 7.77

ylidene)ethyl)-7-methoxy-2-naphthoate (3).

—7.72 (m, 2H), 7.38 (d, J = 8.3 Hz, 2H), 7.23 (dd, J = 8.9, 2.6 Hz, 1H), 7.10 — 7.07 (m,
1H), 4.39 (d, J = 13.3 Hz, 1H), 4.20 (g, J = 7.3 Hz, 1H), 4.11 (d, J = 13.0 Hz, 1H), 3.96 (d,
J=12.8 Hz, 1H), 3.80 (s, 3H), 3.77 = 3.74 (m, 4H), 2.47 (s, 3H), 2.05 (s, 3H), 1.17 (d, J =
7.2 Hz, 3H).33C NMR (150 MHz, Chloroform-d) 6 167.6, 158.6, 143.8, 142.0, 133.0,
132.9, 131.3, 131.1, 129.9, 129.8, 129.5, 128.3, 128.1, 127.2, 126.0, 124.2, 120.5,
120.4, 104.7, 55.4, 52.9, 52.1, 51.5, 23.2, 21.7, 15.5. HRMS (ESI): calcd. for
CasH29NNaOsS* [M+Na]*: 514.1659; found: 514.1660; [a]o?® = +110 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 22.899 min, tr (minor) = 25.061 min, 95% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 23.692 2596.5 49.565 1 22.899 4728.3 97.495
2 25.79 2642.1 50.435 2 25.016 121.5 2.505
N (R)-ethyl 1-((E)-1-((2)-4-ethylidene-1-tosylpyrrolidin-
s
o Me 3-ylidene)ethyl)-7-methoxy-2-naphthoate (4).
Me / 0o The title compound was isolated as a yellow solid

(eluent: petroleum ether/ethyl acetate = 4/1, 35.9 mg,

MeO
Resh

(m, 3H), 7.77 = 7.75 (m, 1H), 7.74 — 7.72 (m, 1H), 7.38 (d, J = 8.2, 2H), 7.23 (dd, J = 8.9,

71%). *H NMR (600 MHz, Chloroform-d) 6 7.81 —7.78

2.5, 1H), 7.07-7.06 (m, 1H), 4.37 (d, /= 13.2, 1H), 4.25-4.17 (m, 3H), 4.09 (d, J = 13.4,
1H), 3.96 (d, J = 13.3, 1H), 3.80 (s, 3H), 3.76 (d, J = 13.8, 1H), 2.47 (s, 3H), 2.05 (s, 3H),
1.21 (t,J=7.2, 3H), 1.18 (d, J = 7.0, 3H). 13C NMR (150 MHz, Chloroform-d) 6 167.5,
158.6, 143.8, 141.4, 132.89, 132.87, 131.3, 131.0, 129.9, 129.8, 129.5, 128.4, 127.7,
127.2,126.5, 124.3, 120.5, 120.4, 104.7, 61.0, 55.4, 52.9, 51.6, 23.3, 21.7, 15.5, 14.3.
HRMS (ESI): calcd. for CaoH31NNaOsS*[M+Na]*: 528.1815; found: 528.1817; [a]p? =
+204 (c = 0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 23.747 min, tr (major) = 26.137 min, 90% ee.

“Absorbance [MAUT

8

M |
300 350 400 0o 50 100 150 20. 250 300

200 200 B
Time [min] Tme [min]

No. Time Area Area (%) No. Time Area Area (%)
1 23.993 42.095 50.16 23.747 2.576 4.76
2 26.567 41.825 49.84 26.137 51.565 95.24

S$13




TeN (R)-isopropyl 1-((E)-1-((2)-4-ethylidene-1-

Me tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-

| X
Me O naphthoate (5)

MeO OO OPr The title compound was isolated as a white solid (eluent:
petroleum ether/ethyl acetate = 4/1, 36.4 mg, 70%). *H
NMR (600 MHz, Chloroform-d) 6 7.82 — 7.78 (m, 2H), 7.78 — 7.75 (m, 2H), 7.74 - 7.70
(m, 2H), 7.38 (d, /= 8.2, 2H), 7.22 (dd, J = 8.9, 2.5, 1H), 7.06-7.05 (m, 1H), 5.15 - 5.05
(m, 1H), 4.35 (d, J = 13.2, 1H), 4.24 (q, J = 7.2, 1H), 4.09 (d, J = 13.1, 1H), 3.96 (d, J =
12.8, 1H), 3.81 (s, 3H), 3.76 (d, J = 13.0, 1H), 2.46 (s, 3H), 2.05 (s, 3H), 1.23 - 1.17 (m,
6H), 1.12 (d, J = 6.2, 3H).13C NMR (150 MHz, Chloroform-d) 6 167.2, 158.6, 143.8,
140.8, 132.8, 131.3, 131.0, 129.89, 129.87, 129.4, 128.4, 128.1, 127.2, 127.1, 126.6,
124.4,120.6,120.2,104.7, 68.3,55.4,52.9, 51.6, 23.4, 21.91, 21.86, 21.7, 15.5. HRMS
(ESI): calcd. for C3oH33NNaOsS* [M+Na]*: 542.1972; found: 542.1979; [a]o?® = +102 (c

= 0.1, CHCls).

HPLC analysis: |G column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 46.000 min, tr (major) = 50.097 min, 96% ee.
No. Time Area Area (%) No. Time Area Area (%)
1 45.873 36.351 50.36 46.000 2.124 2.03
2 50.133 35.838 49.64 50.097 102.463 97.97
TN (R)-cyclopropylmethyl 1-((E)-1-((Z)-4-ethylidene-
) N Me 1-tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-

naphthoate (6)
MeO
OO O/W The title compound was isolated as a yellow solid
(eluent: petroleum ether/ethyl acetate = 4/1, 35.6
mg, 67%). 'H NMR (600 MHz, Chloroform-d) § 7.86 —7.72 (m, 5H), 7.42—7.37 (m, 2H),

7.28 —=7.23 (m, 1H), 7.10 (s, 1H), 4.39 (d, J = 13.1, 1H), 4.27 — 4.22 (m, 1H), 4.12 (d, J =
14



13.2, 1H), 4.06 — 3.96 (m, 3H), 3.85 —3.73 (m, 4H), 2.49 (s, 3H), 2.10 (s, 3H), 1.21 (d, J
=7.3,3H), 1.10 - 1.03 (m, 1H), 0.55 — 0.45 (m, 2H), 0.30 — 0.24 (m, 2H).13C NMR (150
MHz, Chloroform-d) 6 167.6, 158.5, 143.7, 141.2, 132.8, 131.2, 130.9, 129.75, 129.72,
129.34,129.32,128.3,127.9,127.1,126.5,124.3,120.4,120.2, 104.6, 69.8, 55.3, 52.8,
51.5, 23.2, 21.6, 15.4, 9.8, 3.34, 3.28. HRMS (ESI): calcd. for C31H33NNaOsS*[M+Na]*:
554.1972; found: 554.1991; [a]p?® = +220 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 227 nm);

tr (minor) = 37.653 min, tr (major) = 40.343 min, 94% ee.

5
S

"
o
A = 0

W M_‘J__—AA;
h

H 1 5 4 . L

T T T T T T T T
5 ] k] o 1 i 8 i 5 ] k]

¢

No. Time Area Area (%) No. Time Area Area (%)
1 36.816 683.1 49.892 1 37.653 217.3 2.78
2 39.488 686.1 50.108 2 40.343 7599.8 97.22
(R)-cyclohexyl 1-((E)-1-((Z2)-4-ethylidene-1-
TsN
N Me tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-
Me / 0 naphthoate (7)

The title compound was isolated as a white solid (eluent:

MeO
RoTh

NMR (600 MHz, Chloroform-d) 6 7.82 — 7.70 (m, 5H), 7.38 (d, J = 8.2, 2H), 7.22 (dd, J

petroleum ether/ethyl acetate = 3/1, 27.4 mg, 49%). H

= 8.9, 2.6, 1H), 7.07-7.06 (m, 1H), 4.90 — 4.82 (m, 1H), 4.38 (d, J = 13.2, 1H) 4.26 (q, J =
7.2,1H),4.07 (d,/=11.8, 1H),3.97 (d, J = 13.2, 1H), 3.80 (s, 3H), 3.74 (d, J = 13.2, 1H),
2.46 (s, 3H), 2.05 (s, 3H), 1.89 — 1.78 (m, 2H), 1.74 — 1.63 (m, 2H), 1.59 — 1.54 (m, 1H),
1.42 — 1.24 (m, 4H), 1.22 — 1.14 (m, 4H).13C NMR (150 MHz, Chloroform-d) § 167.2,
158.6, 143.8, 140.8, 132.9, 132.8, 131.3, 131.0, 129.9, 129.8, 129.4, 128.4, 128.0,
127.2,127.1, 124.4, 120.5, 120.3, 104.6, 73.5, 55.4, 52.8, 51.5, 31.9, 25.4, 24.0, 23 .4,
21.7,15.5. HRMS (ESI): calcd. for C33H37NNaOsS* [M+Na]*: 582.2285; found: 582.2290;
[a]p?® = +50 (c = 0.1, CHCI3).

HPLC analysis: IC column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254 nm);
S15



tr (minor) = 59.73 min, tr (major) = 63.489 min, 93% ee.

LADA St e MO B A DR D A7) WA S GPLAHDII B4

i) 2 k] 4 kil ] bl o ] b 2 k] 4 kil ] 1 o

No. Time Area Area (%) No. Time Area Area (%)
59.573 9319.8 49.735 1 59.73 142.5 3.307
2 63.628 9419.3 50.265 2 63.489 4166.4 96.693

(R)-cyclobutyl 1-((E)-1-((Z)-4-ethylidene-1-

Me tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-
naphthoate (8)
MeO OO 0 The title compound was isolated as a white solid
(eluent: petroleum ether/ethyl acetate = 4/1, 30.8 mg,
58%).'H NMR (600 MHz, Chloroform-d) 6 7.82 — 7.70 (m, 5H), 7.38 (d, J = 8.3, 2H),
7.23 (dd, J = 8.9, 2.5, 1H), 7.07 — 7.06 (m, 1H), 5.09 — 5.01 (m, 1H), 4.37 (d, J = 14.6,
1H), 4.22 (g, J = 7.2, 1H), 4.07 (d, J = 13.4, 1H), 3.98 (d, J = 13.9, 1H), 3.81 (s, 3H), 3.75
(d,J=13.8,1H), 2.46 (s, 3H), 2.36 — 2.19 (m, 2H), 2.06 (s, 3H), 2.03 —1.97 (m, 1H), 1.97
—1.89(m, 1H), 1.77-1.72 (m, 1H), 1.67 — 1.58 (m, 1H) 1.19 (d, J = 7.2, 3H).13C NMR (150
MHz, Chloroform-d) 6 167.0, 158.6, 143.8, 141.2, 132.9, 132.8, 131.3, 131.0, 129.88,
129.87,129.6, 128.3, 128.1, 127.2, 126.6, 124.4, 120.6, 120.4, 104.7, 69.3, 55.4, 52.9,
51.6, 30.5,30.4, 23.4, 21.7, 15.5, 13.8. HRMS (ESI): calcd. C31H33sNNaOsS* for [M+Nal*:
554.1972; found: 554.1992; [a]p?® = +26 (c = 0.1, CHCl3).
HPLC analysis: IG column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 26.520 min, tr (major) = 29.937 min, 95% ee.

1113 #3491 [manually integrated] LDN4-55-716 OV_VIS_2 WL 254 nm 00 20231113 #3814 [manually infegrated] LZW-100-4 UV_VI5_2WVL 254 nm

100
P . W | S
L3N — |
5
0o 50 100 50 200 250 300 350 150 200
Time [min) Time [min]

|No.‘ Time ‘ Area | Area (%) |No.‘ Time Area | Area (%) |
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26.960

43.066

50.11 26.520 6.280 2.43

2

30.663

42.881

49.89 29.937 252.457 97.57

(R)-furan-3-ylmethyl 1-((E)-1-((2)-4-ethylidene-1-tosylpyrrolidin-3-ylidene)ethyl)-7-

TsN

J

\Me

methoxy-2-naphthoate (9)
The title compound was isolated as a white solid

(eluent: petroleum ether/ethyl acetate = 3/1,

MeO
OO /\E§ 34.5 mg, 62%). *H NMR (600 MHz, Chloroform-d)

57.82—-7.70 (m, 5H), 7.43 - 7.37 (m, 3H), 7.33 (¢,

J=1.7,1H),7.22 (dd,J = 8.9, 2.6, 1H), 7.06 — 7.03 (m, 1H), 6.39 - 6.36 (m, 1H), 5.08 (q,

J=12.3,2H), 4.28 (d, J = 14.6, 1H), 4.19 (q, J = 7.0, 1H), 3.96 (d, J = 14.9, 1H), 3.91 (d, J

=14.1, 1H), 3.79 (s, 3H), 3.72 (d, J = 13.0, 1H), 2.46 (s, 3H), 1.98 (s, 3H), 1.15 (d, J = 7.2,

3H).13C NMR (150 MHz, Chloroform-d) & 167.3, 158.6, 143.8, 143.6, 141.8, 141.6,

133.1, 133.0, 131.3, 131.1, 129.92, 129.85, 129.6, 128.2, 128.1, 127.2, 126.3, 124.2,

120.5, 120.4, 110.8, 104.8, 58.2, 55.4, 52.7, 51.5, 23.3, 21.7, 15.5. HRMS (ESI): calcd.

for C32H31NNaOeS*[M+Na]*: 580.1764; found: 580.1763; [a]o® = +74 (c = 0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol

=85:15,v=1.0 mL/min, 40 °C, 254 nm);

tr (major) =34.353 min, tr (minor)= 38.873 min, 96% ee.

7 20241221 #18 [manually integrated]

20495616

OV_WIS_1 WYL 254 nm 7 20241221 #19 (manually integrated] ZWa1083 OV_VIS_1 WVL254 nm.

s AV
No. Time Area Area (%) | No. Time Area Area (%)
1 34.433 | 14.851 50.92 1 34.353 | 96.664 97.90
2 38.850 | 14.317 49.08 2 38.873 2.071 2.10
TSN (R)-benzyl 1-((E)-1-((Z2)-4-ethylidene-1-
) - Me tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-

naphthoate (10)

MeO
O‘ /\O The title compound was isolated as a white solid

(eluent: petroleum ether/ethyl acetate = 4/1, 38.6

mg, 68%). 'H NMR (600 MHz, Chloroform-d) § 7.84 —7.71 (m, 5H), 7.38 (d, J = 8.0, 2H),
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7.34-7.31(m, 5H), 7.22 (dd, J = 8.9, 2.6, 1H), 7.05 — 7.02 (m, 1H), 5.30-5.11 (m, 2H),
4.26 (d,J =13.1, 1H), 4.21 (q,J = 7.0, 1H), 3.99 — 3.87 (m, 2H), 3.77 (s, 3H), 3.76 —3.70
(m, 1H), 2.45 (s, 3H), 1.95 (s, 3H), 1.15 (d, J = 7.2, 3H).13C NMR (150 MHz, Chloroform-
d) 6 167.2, 158.6, 143.8, 141.7, 135.9, 133.2, 133.0, 131.3, 131.1, 129.9, 129.8, 129.6,
128.7, 128.5, 128.2, 128.0, 127.2, 126.3, 124.3, 120.5, 120.4, 104.8, 67.0, 55.4, 52.7,
51.5, 23.3, 21.7, 15.5. HRMS (ESI): calcd. for C3aH33NNaOsS*[M+Na]*: 590.1972; found:
590.1969; [a]p2® = +46 (c = 0.1, CHCIs).

HPLC analysis: IG column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) =29.853 min, tr (minor) = 33.573 min, 93% ee.

“Absorbance [MAU]
q g g

280
Time [min]

No. Time Area Area (%) No. Time Area Area (%)
1 29.830 63.690 50.44 29.853 95.070 96.45
2 33.447 62.568 49.56 33.573 3.497 3.55
TN (R)-4-methylbenzyl 1-((E)-1-((2)-4-ethylidene-
S
A Me 1-tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-
J

2-naphthoate (11)

This compound was isolated as a white solid

Me 0]
MeO
ROYERS!
Me

27.9 mg, 42%).*H NMR (600 MHz, Chloroform-d) 8 7.83 — 7.77 (m, 3H), 7.76 = 7.70 (m,

(eluent: petroleum ether/ethyl acetate = 4/1,

2H), 7.39 — 7.35 (m, 2H), 7.25 — 7.19 (m, 3H), 7.18 — 7.15 (m, 2H), 7.04 — 7.01 (m, 1H),
5.21 —5.12 (m, 2H), 4.26 (d, J = 12.0, 1H), 4.20 (q, J = 7.2, 1H), 3.97 (d, J = 13.3, 1H),
3.89 (d, J = 13.4, 1H), 3.78 — 3.73 (m, 4H), 2.44 (s, 3H), 2.38 (s, 3H), 1.94 (s, 3H), 1.15
(d, J = 7.1, 3H).13C NMR (150 MHz, Chloroform-d) 6 167.2, 158.6, 143.7, 141.7, 138.4,
133.2, 133.0, 132.9, 131.2, 131.1, 129.9, 129.8, 129.6, 129.4, 128.6, 128.3, 128.0,
127.2,126.4,124.3,120.43, 120.35, 104.8, 66.9, 55.3, 52.7, 51.5, 23.2, 21.7, 21.4, 15.5.
HRMS (ESI): calcd. for CasHasNNaOsS*[M+Na]*: 604.2128; found: 604.2126; [a]o® =

+68 (c = 0.1, CHCl3).
s18



HPLC analysis: IG column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 228nm);

ZWa113116-NEW

OV_VIS_1 WVL228 nm

A

tr (major) =30.143 min, tr (minor) = 45.960 min, 93% ee.

126 B 20240326 #42 [manuallyintegrated] 1] 6#133 [manually intograted]

350 400
Time [min]

350 400
Time [min]

No. Time Area Area (%) No. Time Area Area (%)
1 30.893 121.319 50.81 1 30.143 198.964 96.74
2 48.510 117.428 49.19 2 45.960 6.705 3.26
(R)-4-(methylthio)benzyl 1-((E)-1-((2)-4-
TsN
M ethylidene-1-tosylpyrrolidin-3-
- Me
Me / 0 ylidene)ethyl)-7-methoxy-2-naphthoate
MeO O g O/\©\ (12)
SMe The title compound was isolated as a white
solid (eluent: petroleum ether/ethyl

acetate =4/1,37.4 mg, 61%). *H NMR (600 MHz, Chloroform-d) 8 7.84 — 7.77 (m, 3H),
7.76 —7.70 (m, 2H), 7.40 - 7.35 (m, 2H), 7.27 (d, J = 2.0, 1H), 7.25-7.20 (m, 3H), 7.04
—7.01 (m, 1H), 5.22 -5.11 (m, 2H), 4.24 (d, J = 11.8, 1H), 4.20 (q, / = 7.2, 1H), 4.03 (d,
J=11.7, 1H), 3.87 (d, J = 14.2, 1H), 3.81 — 3.74 (m, 4H), 2.51 (s, 3H), 2.45 (s, 3H), 1.95
(s, 3H), 1.14 (d, J = 7.2, 3H).13C NMR (150 MHz, Chloroform-d) 6 167.0, 158.5, 143.7,
141.6, 139.0, 133.0, 132.9, 132.4, 131.1, 131.0, 129.8, 129.7, 129.4, 129.1, 128.2,
127.9,127.1,126.5,126.1,124.2,120.4, 120.3, 104.7,66.5,55.2,52.7,51.4, 23.1, 21.6,
15.7,15.4. HRMS (ESI): calcd. for C3sH3sNNaOsS;* [M+Na]*: 636.1849; found: 636.1848;
[a]p?° = +80 (c = 0.1, CHCI3).

HPLC analysis: ID column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 227 nm);

tr (minor) = 25.077 min, tr (major) = 29.070 min, 87% ee.
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Absorbance [mAL]

S

100 150 200 250 300
i

200
Time [min]

No. Time Area Area (%) No. Time Area Area (%)
1 25.133 38.470 49.35 1 25.077 6.782 6.43
2 29.217 39.488 50.65 2 29.070 98.766 93.57
TN (R)-4-fluorobenzyl 1-((E)-1-((2)-4-ethylidene-1-
s
/ A Me tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-

Me o naphthoate (13)
MeO OO o/\©\ The title compound was isolated as a white solid
F  (eluent: petroleum ether/ethyl acetate = 5/1,
28.8 mg, 49%). 'H NMR (600 MHz, Chloroform-d) 6 7.83 — 7.77 (m, 3H), 7.77 - 7.71
(m, 2H), 7.40 - 7.37 (m, 2H), 7.35-7.29 (m, 2H), 7.24 - 7.21 (m, 1H), 7.07 - 6.97 (m,
3H), 5.25-5.11 (m, 2H), 4.25 (d, J = 14.7, 1H), 4.20 (q, / = 7.2, 1H), 3.99 (d, J = 11.6,
1H), 3.89(d, /=13.3, 1H), 3.80—3.73 (m, 3H), 2.45 (s, 3H), 1.95 (s, 3H), 1.14 (d, /= 7.2,
3H).13C NMR (150 MHz, Chloroform-d) 6 167.0, 162.7 (d, J = 247.6), 158.5, 143.7,
141.6,132.9,132.9, 131.7 (d, J = 3.3), 131.1, 131.0, 130.4, 130.3, 129.8, 129.7, 129.5,
128.2, 127.9, 127.2, 126.0, 124.1, 120.4, 120.3, 115.6, 115.5, 104.7, 66.1, 55.3, 52.6,
51.4, 23.1, 21.5, 15.4.'%F NMR (376 MHz, Chloroform-d) 6 -113.1(m). HRMS (ESI):
calcd. for C34H3,FNNaOsS*[M+Na]*: 608.1877; found: 608.1882; [a]p?® = +124 (c = 0.1,
CHCls).
HPLC analysis: ID column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 227 nm);

tr (minor) =23.043 min, tr (major) = 25.850 min, 93% ee.

50 20240720 #1003 [manuallyintegrated] ] L2W5-35-410 OV_VIS_1 WVL 227 nm 00, 320240720 %622 [manually integrated] L2W5-26-410 OV_VIS_1 WeL227 nm

| T SR S

200
Time {min)

| No. ‘ Time Area | Area (%) | No. ‘ Time Area | Area (%) |

200
Time [min]
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23.187 101.194 49.73 23.043 13.409 3.35
2 26.013 102.292 50.27 25.850 386.942 96.65
(R)-oxetan-3-yl 1-((E)-1-((Z2)-4-ethylidene-1-
TsN
M tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-
Y

Me o o naphthoate (14)
MeO O//:/ The title compound was isolated as a white solid
O‘ (eluent: petroleum ether/ethyl acetate = 2/1, 26.1
mg, 49%). *H NMR (600 MHz, Chloroform-d) § 7.84 — 7.74 (m, 5H), 7.38 (d, J = 8.3, 2H),
7.28-7.23 (m, 1H), 7.10 - 7.07 (m, 1H), 5.54 - 5.48 (m, 1H), 4.90 — 4.83 (m, 2H), 4.60
—4.53 (m, 2H), 4.42 — 4.37 (m, 1H), 4.22 (g, J = 7.4, 1H), 4.08 (d, J = 13.5, 1H), 3.98 (d,
J=13.2, 1H), 3.81 (s, 3H), 3.74 (d, J = 13.2, 1H), 2.47 (s, 3H), 2.07 (s, 3H), 1.19 (d, J =
6.6, 3H).13C NMR (150 MHz, Chloroform-d) 6 166.5, 158.8, 143.9, 142.1, 133.0, 132.9,
131.31, 131.28, 129.91, 129.88, 128.1, 128.0, 127.4, 125.2,124.1, 120.9, 120.7, 104.7,
77.6, 68.5, 55.4, 529, 515, 233, 21.7, 15.6. HRMS (ESI): calcd. for
Cs0H31NNaOgS* [M+Na]*: 556.1764; found: 556.1771; [a]o® = +168 (c = 0.1, CHCl3).
HPLC analysis: IG column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 227 nm);

tr (minor) =25.587 min, tr (major) = 28.157 min, 94% ee.

Rbsorbance [mAUT
4 8 8B ¥ 2

pom s

250 <

50
125

25
00

T - 25fs87

o
25
20 e

oo 50 100 180 250 30 30 00 oo 50 oo e 2

200
Time [min]

No. Time Area Area (%) No. Time Area Area (%)
1 25.550 40.580 49.94 1 25.587 3.156 3.06
2 28.153 40.683 50.06 2 28.157 100.102 96.94
TsN (R)-methyl 1-((E)-1-((Z)-4-ethylidene-1-tosylpyrrolidin-3-
N Me ylidene)ethyl)-2-naphthoate (15)
/ 0
Me The title compound was isolated as a white solid (eluent:

petroleum ether/ethyl acetate = 4/1, 31.8 mg, 69%). H

99

(d,J=7.5,1H), 7.83 — 7.74 (m, 4H), 7.59 — 7.54 (m, 1H), 7.49 — 7.43 (m, 1H), 7.39 (d, J

NMR (600 MHz, Chloroform-d) 6 7.95 (d, J = 8.6, 1H), 7.86
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=7.8,2H),4.40 (d, /= 11.9, 1H), 4.16 — 4.06 (m, 2H), 3.97 (d, J = 13.4, 1H), 3.84-3.74
(m, 4H), 2.47 (s, 3H), 2.05 (s, 3H), 1.14 (d, J = 6.6, 3H).13C NMR (150 MHz, Chloroform-
d) 6 167.2, 143.7,143.6, 135.5, 133.0, 129.9, 129.8, 129.3, 128.2, 128.1, 128.0, 127.9,
127.4, 127.1, 126.33, 126.28, 125.3, 120.2, 52.8, 52.1, 51.5, 23.5, 21.6, 15.4. HRMS
(ESI): calcd. for C27H27NNaO4S*[M+Na]*: 484.1553; found: 484.1566; [a]p?® = +96 (c =
0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 227 nm);

tr (major) =15.957 min, tr (minor) = 18.353 min, 82% ee.

o 120240326 #539 Imanually integrates d] L2W4-125-4-1G UV_VIS_2WVL:227 nm 1,000~ 220240326 #598 Imanually integrated) 1 L2W4-126-3 UV_VIS_2WVL:227 nm

e (mAU]

No. Time Area Area (%) No. Time Area Area (%)
1 16.387 86.607 49.59 1 15.957 625.815 90.96
2 18.747 88.048 50.41 2 18.353 62.177 9.04
(R)-methyl 1-((E)-1-((Z)-4-ethylidene-1-tosylpyrrolidin-
TsN
Me 3-ylidene)ethyl)-6-methoxy-2-naphthoate (16)
X
Me ) @ The title compound was isolated as a white solid (eluent:

O‘ OMe petroleum ether/ethyl acetate = 4/1, 30.7 mg, 64%).'H

MeO NMR (600 MHz, Chloroform-d) & 7.95 (d, J = 8.6, 1H),
7.79 (d, J = 8.3, 2H), 7.70 - 7.63 (m, 2H), 7.38 (d, J = 8.5, 2H), 7.14 — 7.07 (m, 2H), 4.39
(d, J=12.7, 1H), 4.12 (d, J = 12.8, 2H), 3.98 (d, J = 13.5, 1H), 3.93 (s, 3H), 3.80 — 3.75
(m, 4H), 2.47 (s, 3H), 2.03 (s, 3H), 1.15 (d, J = 7.1, 3H).13C NMR (150 MHz, Chloroform-
d) 6§ 167.2, 159.5, 143.9, 143.8, 137.4, 133.1, 129.9, 129.1, 128.3, 128.2, 128.0, 127.2,
126.2,125.1, 122.8,120.1, 119.9, 106.2, 55.5, 52.9, 52.0, 51.6, 23.6, 21.7, 15.5. HRMS
(ESI): calcd. for CogH29NNaOsS*[M+Na]*: 514.1659; found: 514.1665; [a]p?® = +90 (c =
0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 80:20, v= 1.0 mL/min, 40 °C, 254 nm);

tr (major) =34.879 min, tr (minor) = 37.919 min, 81% ee.
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T
k]

EE L
E>
r
o
T

T
]

T
i

T
k]

T
]

No. Time Area Area (%) No. Time Area Area (%)

1 34.903 4368.4 49.764 1 34.879 18692.4 90.81

2 37.882 4409.8 50.236 2 37.919 1891.7 9.19

(R)-methyl 1-((E)-1-((Z2)-4-ethylidene-1-tosylpyrrolidin-3-
TsN
M ylidene)ethyl)-5-methoxy-2-naphthoate (17)
- Me
J O The title compound was isolated as a white solid (eluent:

Me

Ly

OMe

petroleum ether/ethyl acetate = 4/1, 25.5 mg, 52%).'H NMR

(600 MHz, Chloroform-d) 6 8.25 (d, /=8.9, 1H), 7.92 (d, J =

8.9,1H),7.79 (d, J = 8.2, 2H), 7.40-7.31 (m, 4H), 6.90 (d, J =

7.1, 1H), 4.37 (d, J = 13.6, 1H), 4.15 — 4.07 (m, 2H), 4.01 (s, 3H), 3.97 (d, J = 12.8, 1H),

3.80 — 3.75 (m, 4H), 2.47 (s, 3H), 2.04 (s, 3H), 1.15 (d, J = 7.2, 3H).13C NMR (150 MHz,

Chloroform-d) 6 167.3, 155.5, 143.6, 142.8, 133.1, 133.0, 131.1, 129.8, 129.2, 128.3,

127.9, 127.7, 127.1, 125.9, 125.6, 121.5, 120.1, 118.3, 105.9, 55.7, 52.8, 52.0, 51.5,

23.4, 21.6, 15.4. HRMS (ESI): calcd. for CasH2oNNaOsS*[M+Na]*: 514.1659; found:

514.1653; [a]o?® = +98 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 85:15, v= 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 23.158 min, tr (minor) = 25.022 min, 79% ee.

TS SRR A S A EPE I

5]

[}
E
[
!
i

"

[

T 52 S S A T LE00E]

No. Time Area Area (%) No. Time Area Area (%)
1 23.471 1191.3 48.536 23.158 2383.9 89.178
2 25.386 1263.2 51.464 25.022 289.3 10.822

S23



(R)-

TsN

/ X

Me

The

methyl 1-((E)-1-((Z)-4-ethylidene-1-tosylpyrrolidin-3-

Me

o) ylidene)ethyl)-4-methyl-2-naphthoate (18)

OO OMe title compound was isolated as a white solid (eluent:

Me

petroleum ether/ethyl acetate = 4/1, 31.4 mg, 66%). *H
NMR (600 MHz, Chloroform-d) 6 8.01 (d, J = 8.3, 1H),

7.83—=7.76 (m, 4H), 7.63 — 7.58 (m, 1H), 7.50 — 7.44 (m, 1H), 7.38 (d, J = 8.3, 2H), 4.38

(d,J=14.7, 1H), 4.19 — 4.09 (m, 2H), 3.97 (d, J = 14.1, 1H), 3.83 —3.75 (m, 4H), 2.71 (s,

3H), 2.47 (s, 3H), 2.03 (s, 3H), 1.15 (d, J = 7.0, 3H).13C NMR (150 MHz, Chloroform-d) &

167.5, 143.8, 141.8, 134.9, 134.0, 133.2, 133.1, 130.0, 129.9, 129.5, 128.3, 128.1,

128.0, 127.0, 126.84, 126.80, 124.9, 124.6, 120.2, 52.9, 52.1, 51.7, 23.8, 21.7, 19.6,

15.5. HRMS (ESI): calcd. for C2sH20NNaO4S* [M+Na]*: 498.1710; found: 498.1709; [a]p?°

= +102 (¢ = 0.1, CHCl3).

HPLC analysis: IE column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) =30.234 min, tr (minor) =33.575 min, 84% ee.

!

5

T T T T T T T
5 k] 0 1 ] 1 k]

Area Area (%) No. Time Area Area (%)

No. Time
1 31.021 4098 49.744 1 30.234 3700.9 91.841
2 34.436 4140.2 50.256 2 33.575 328.8 8.159
TSN (R)-methyl 1-((E)-1-((Z)-4-ethylidene-1-tosylpyrrolidin-3-
) AL ylidene)ethyl)-5,7-dimethyl-2-naphthoate (19)
Me 0 The title compound was isolated as a white solid (eluent:

M
© OO OMe petroleum ether/ethyl acetate = 4/1, 27.9 mg, 57%). *H

Me

NMR (600 MHz, Chloroform-d) 6 7.93 —7.85 (m, 2H), 7.80
(d, J = 8.3, 2H), 7.43 — 7.36 (m, 3H), 7.25 (s, 1H), 4.39 (d, J

=13.3, 1H), 4.15 — 4.09 (m, 1H), 3.98 (d, J = 12.6, 1H), 3.78 —3.71 (m, 4H), 2.67 (s, 3H),

2.46 (s, 3H), 2.44 (s, 3H), 2.04 (s, 3H), 1.16 (d, J = 7.2, 3H).23C NMR (150 MHz,

Chloroform-d) § 167.7, 143.8, 143.1, 136.6, 134.5, 133.2,133.12, 133.06, 131.4, 130.6,
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129.9, 129.3, 128.7, 128.0, 125.30, 125.27, 123.47, 123.46, 120.2, 52.9, 52.0, 51.6,
23.7,22.1,21.7, 19.6, 15.5. HRMS (ESI): calcd. for Co9H31:NNaO4S* [M+Na]*: 512.1866;
found: 512.1875; [a]o?® = +96 (c = 0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol = 97:3, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) =58.237 min, tr (major) =63.647 min, 92% ee.

7 20240326 #1690 {manually integrated) 24169616 OV_VIS_2WVL 254 nm

7 20240326 #1694 [manually integrated] 2173316 OV_VIS_2WWL254 nm

600

s
i R s
—

100 200 300 400 500 60.0 700 800 100 200 300 400 500 600 760 800
Time [min] Time [min]

No. Time Area Area (%) No. Time Area Area (%)
1 58.403 13.559 49.32 1 58.237 2.636 3.87
2 64.067 13.935 50.68 2 63.647 83.767 96.13
TsN (R)-methyl 1-((E)-1-((Z)-4-ethylidene-1-tosylpyrrolidin-
S Me 3-ylidene)ethyl)-7-methyl-2-naphthoate (20)
O
Me The title compound was isolated as a white solid (eluent:

Me OMe
OO petroleum ether/ethyl acetate = 4/1, 33.3 mg, 70%).*H

NMR (600 MHz, Chloroform-d) 6 7.89 — 7.83 (m, 1H),
7.82-7.79 (m, 2H), 7.78 = 7.73 (m, 2H), 7.54 (s, 1H), 7.42 = 7.37 (m, 3H), 4.41 (d, J =
13.2, 1H), 4.16 — 4.08 (m, 2H), 3.98 (d, J = 12.2, 1H), 3.78 — 3.73 (m, 4H), 2.49 (s, 3H),
2.46 (s, 3H), 2.05 (s, 3H), 1.16 (d, J = 7.2, 3H).13C NMR (150 MHz, Chloroform-d) &
167.6, 143.8, 142.8, 137.1, 133.9, 133.2, 133.1, 130.5, 130.3, 129.9, 129.4, 128.3,
128.2, 128.1, 127.2, 125.53, 125.50, 125.2, 120.2, 52.9, 52.1, 51.6, 23.6, 22.2, 21.7,
15.5. HRMS (ESI): calcd. for C2sH2sNNaO4S* [M+Na]*: 498.1710; found: 498.1714; [a]o?®
=+60 (c = 0.1, CHC3).

HPLC analysis: IG column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 227 nm);

tr (minor) =17.753 min, tr (major) =21.597 min, 91% ee.
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50
g7
4N 00 OA"J
20

%o
Time i . ° " Time i

No. Time Area Area (%) No. Time Area Area (%)
1 17.700 129.302 50.26 1 17.753 9.187 4.38
2 21.683 127.946 49.74 2 21.597 200.717 95.62
TsN (R)-3,7-dimethyloct-6-en-1-yl 1-((E)-1-
) - Ve ((2)-4-ethylidene-1-tosylpyrrolidin-3-
Me o Me Me ylidene)ethyl)-7-methoxy-2-

/\/?\/\)\

MeO OO O 7 e naphthoate (21)
The title compound was isolated as a
yellow solid (eluent: petroleum ether/ethyl acetate = 5/1, 31.4 mg, 51%), dr > 20:1. *H
NMR (600 MHz, Chloroform-d) 6 7.81 — 7.78 (m, 3H), 7.77 — 7.74 (m, 1H), 7.74 — 7.69
(m, 1H), 7.37 (d, J = 8.2, 2H), 7.22 (dd, J = 8.9, 2.7, 1H), 7.10 — 7.06 (m, 1H), 5.09 (t, J =
7.2, 1H), 4.39 (d, J = 13.0, 1H), 4.28 — 4.15 (m, 3H), 4.09 (d, J = 13.5, 1H), 3.96 (d, J =
13.0, 1H), 3.79 (s, 3H), 3.75 (d, J = 13.5, 1H), 2.46 (s, 3H), 2.06 (s, 3H), 2.04 — 1.98 (m,
1H), 1.97 — 1.91 (m, 1H), 1.71 — 1.66 (m, 5H), 1.60 (s, 3H), 1.59 — 1.55 (m, 1H), 1.52 —
1.44 (m, 1H), 1.40 — 1.31 (m, 1H), 1.17 (d, J = 7.4, 3H), 0.92 (d, J = 6.7, 3H).}3C NMR
(150 MHz, Chloroform-d) 6 167.2, 158.5, 143.6, 141.5, 132.91, 132.88, 131.4, 131.1,
130.9,129.8,129.7,129.3,128.3,127.9,127.0, 126.4, 124.5,124.1, 120.3, 104.5, 63.5,
55.3, 52.7,51.4, 36.9, 35.6, 29.6, 25.7, 25.4, 23.2, 21.6, 19.4, 17.7, 15.4. HRMS (ESI):
calcd. for C37HasNNaOsS*[M+Na]*: 638.2911; found: 638.2903; [a]o?® = +150 (c = 0.1,
CHCl3).

TSN (R)- ((3aR,4R,6aR)-6-methoxy-2,2-
) - Me dimethyltetrahydrofuro[3,4-d][1,3]dioxol-

Me O 4-yl)methyl 1-((E)-1-((2)-4-ethylidene-1-

MeO O

OO O/\LfOMe tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-

OS (3 2-naphthoate (22)

Me' Me The title compound was isolated as a yellow
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solid (eluent: petroleum ether/ethyl acetate = 3/1, 30.0 mg, 45%). dr > 20:1. *H NMR
(600 MHz, Chloroform-d) & 7.88 — 7.85 (m, 1H), 7.81 — 7.78 (m, 2H), 7.78 — 7.75 (m,
1H), 7.75—-7.73 (m, 1H), 7.41 - 7.35 (m, 2H), 7.24 (dd, J = 8.9, 2.6, 1H), 7.10 — 7.06 (m,
1H), 4.94 (s, 1H), 4.65 (d, J = 6.0, 1H), 4.59 (d, J = 6.0, 1H), 4.43 — 4.36 (m, 2H), 4.26 —
4.20 (m, 3H), 4.17 (d, J =11.7, 1H), 3.96 (d, J = 12.1, 1H), 3.78 (s, 3H), 3.77 = 3.73 (m,
1H), 3.27 (s, 3H), 2.47 (s, 3H), 2.07 (s, 3H), 1.52 (s, 3H), 1.32 (s, 3H), 1.17 (d, J = 6.3, 3H).
13C NMR (150 MHz, Chloroform-d) § 166.5, 158.6, 143.7, 142.1, 133.0, 132.9, 131.2,
131.0, 129.8, 129.7, 129.5, 128.0, 127.9, 127.2, 125.5, 124.2, 120.6, 120.3, 112.6,
109.3, 104.6, 85.2, 84.2,81.9, 65.3, 55.3, 54.8, 52.7, 51.4, 26.5, 25.0, 23.2, 21.6, 15.4.
HRMS (ESI): calcd. for CzgHatNNaOoS*[M+Na]*: 686.2394; found: 686.2392; [a]p?° =
+80 (c = 0.1, CHCl3).
TsN (R)- (Z)-octadec-9-en-1-yl 1-((E)-1-

) - Me ((2)-4-ethylidene-1-tosylpyrrolidin-3-
O

Me m ylidene)ethyl)-7-methoxy-2-
MeO
OO O naphthoate (23)

The title compound was isolated as a
yellow solid (eluent: petroleum ether/ethyl acetate = 4/1, 30.0 mg, 41%).*H NMR (600
MHz, Chloroform-d) & 7.82 — 7.78 (m, 3H), 7.77 — 7.70 (m, 2H), 7.40 — 7.35 (m, 2H),
7.25-7.20 (m, 1H), 7.09 — 7.06 (m, 1H), 5.40 — 5.33 (m, 2H), 4.38 (d, J = 13.2, 1H), 4.23
(9,/=7.2, 1H), 4.19 — 4.13 (m, 2H), 4.09 (d, J = 13.4, 1H), 3.96 (d, J = 13.7,1H), 3.79 (s,
3H), 3.75(d, J =13.2, 1H), 2.46 (s, 3H), 2.05 (s, 1H), 2.03-1.99 (m, 3H), 1.67 — 1.58 (m,
2H), 1.37-1.21 (m, 22H), 1.17 (d, J = 7.2, 3H), 0.90 — 0.85 (m, 3H). 13C NMR (150 MHz,
Chloroform-d) 6 167.3, 158.5, 143.6, 141.4, 132.92, 132.86, 131.1, 130.9, 130.2, 130.0,
129.8, 129.7, 129.3, 128.3, 127.9, 127.0, 126.4, 124.1, 120.32, 120.29, 104.5, 65.1,
55.3,52.7,51.4,31.9, 29.8, 29.7, 29.53, 29.49, 29.33, 29.31, 29.24, 29.23, 28.7, 27 .24,
27.21,26.0,23.2,22.7,21.6,15.4,14.1. HRMS (ESI): calcd. for CasHs1NNaOsS*[M+Na]*:
750.4163; found: 750.4167; [a]p® = +168 (c = 0.1, CHCl3).
HPLC analysis: IC column (hexane:2-propanol = 90:10, v= 1.0 mL/min, 40 °C, 227 nm);

tr (minor) =17.408 min, tr (major) =19.836 min, 94% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 17.49 1497.9 48.165 17.408 262.4 3.157
2 19.899 1612 51.835 19.836 8050.6 96.843
TN ((3R,5R)-adamantan-1-yl)methyl 1-((E)-1-((2)-4-
s
o Me ethylidene-1-tosylpyrrolidin-3-ylidene)ethyl)-7-
/

methoxy-2-naphthoate (24)

The title compound was isolated as a yellow solid

Me O
MeO
e

32.5 mg, 52%). 'H NMR (600 MHz, Chloroform-d) 6§ 7.80 — 7.76 (m, 3H), 7.76 — 7.71

(eluent: petroleum ether/ethyl acetate = 4/1,

(m, 2H), 7.37 (d, J = 8.1, 2H), 7.22 (dd, J = 8.9, 2.5, 1H), 7.11 — 7.07 (m, 1H), 4.41 (d, J =
13.2, 1H), 4.28 (q, /= 7.2, 1H), 4.05 (d, /= 13.1, 1H), 3.99 (d, J = 14.0, 1H), 3.86 — 3.83
(m, 1H), 3.83 = 3.75 (m, 4H), 3.74 — 3.66 (m, 1H), 2.46 (s, 3H), 2.06 (s, 3H), 1.92 - 1.85
(m, 3H), 1.72 = 1.67 (m, 3H), 1.62 — 1.55 (m, 4H), 1.52 — 1.46 (m, 5H), 1.18 (d, J = 7.1,
3H). 13C NMR (150 MHz, Chloroform-d) & 167.6, 158.7, 143.8, 141.4, 133.1, 132.9,
131.2, 131.0, 129.9, 129.8, 129.6, 128.4, 128.1, 127.2, 127.0, 124.2, 120.6, 120.4,
104.6,74.7,55.4,52.9,51.5,39.4,37.1, 33.6, 28.2, 23.5, 21.7, 15.5. HRMS (ESI): calcd.
for CagHasNNaOsS*[M+Na]*: 648.2754; found:648.2747; [a]o® = +150 (c = 0.1, CHCl3).
HPLC analysis: IC column (hexane:2-propanol = 85:15, v= 1.0 mL/min, 40 °C, 227 nm);

tr (minor) = 21.977min, tr (major) = 24.326min, 91% ee.

[ T e 7 ) o e ]

T T T T T T T T T T T
] % 1 i 3 ] » 5 i % 1 i

No Time Area Area (%) No. Time Area Area (%)
21.981 732.3 49.362 21.977 502.4 4.241
2 24.34 751.2 50.638 24.326 11342 95.759
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(R)-5-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)pentyl 1-((E)-1-((Z)-4-ethylidene-

1-tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-naphthoate(25)

TsN

J

Me

Ree

X

Me

0]

O/\/\/\NJ\O

H

v

Chloroform-d) 6 7.82 — 7.78 (m, 3H), 7.77 = 7.74 (m, 3H), 7.74 - 7.72 (m, 1H)., 7.63 —

o

The title compound was isolated as a

yellow solid (eluent: petroleum

ether/ethyl acetate = 2/1, 38.5 mg,

49%). H NMR (600 MHz,

7.59 (m, 2H), 7.40 — 7.34 (m, 4H), 7.31 — 7.26 (m, 2H), 7.23 = 7.20 (m, 1H), 7.06 — 7.03

(m, 1H), 5.06 (t, J = 6.1, 1H), 4.40 — 4.36 (m, 2H), 4.29 — 4.26 (m, 1H), 4.25 — 4.16 (m,

5H), 3.86 (s, 2H), 3.76 (s, 3H), 3.21 (q, J = 6.7, 2H), 2.45 (s, 3H), 2.06 (s, 3H), 1.72 — 1.64

(m, 2H), 1.57 — 1.50 (m, 2H), 1.41 — 1.34 (m, 4H), 1.17 (d, J = 7.2, 3H).13C NMR (150

MHz, Chloroform-d) 6 167.4, 158.5, 156.5, 144.1, 143.7, 141.3, 141.2, 132.8, 132.7,

131.1, 130.9, 129.79, 129.76, 129.3, 128.4, 128.0, 127.6, 127.1, 127.0, 126.5, 125.1,

124.2, 120.5, 120.1, 119.9, 104.7, 66.6, 65.0, 55.2, 52.7, 51.4, 47.3, 41.0, 29.7, 28.7,

26.4,25.7,23.3, 21.6, 15.4. HRMS (ESI): calcd. for C47H4sN2NaO7S*[M+Na]*: 807.3074;

found: 807.3075; [a]p?° = +72 (c = 0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol = 60:40, v = 1.0 mL/min, 40 °C, 227 nm);

tr (minor) =23.023 min, tr (major) =34.100 min, 95% ee.

20 1 20240326 #1557 [manually integrated) T

24169316

OV_VIS_2WvL227 nm

#1561 [manually integrated] LNa1732

No. Time Area Area (%) | No. Time Area Area (%)
1 22.993 101.243 49.14 1 23.023 34.112 2.34
2 35.457 104.793 50.86 2 34.100 1420.940 97.66
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(R)-benzyl 1-((E)-1-((2)-4-(ethylidene-1-d)-1-
tosylpyrrolidin-3-ylidene)ethyl)-7-methoxy-2-

naphthoate (10-d)

(@)
/\© The title compound was isolated as a yellow solid

(eluent: petroleum ether/ethyl acetate = 4/1, 26.7

mg, 47%). *H NMR (600 MHz, Chloroform-d) & 7.86 —7.71 (m, 5H), 7.40— 7.36 (m, 2H),
7.36 —7.29 (m, 5H), 7.25 — 7.20 (m, 1H), 7.05 — 7.02 (m, 1H), 5.26 — 5.22 (m, 1H), 5.20
—5.17 (m, 1H), 4.26 (d, J = 11.9, 1H), 3.96 — 3.87 (m, 2H), 3.78 (s, 3H), 3.75—3.70 (m,
1H), 2.46 (s, 3H), 1.95 (s, 3H), 1.14 (s, 3H). *C NMR (150 MHz, Chloroform-d) 6 167.2,
158.6, 143.8, 141.7, 135.9, 133.2, 133.0, 131.3, 131.1, 129.9, 129.8, 129.6, 128.7,
128.5, 128.2, 128.0, 127.2, 126.3, 124.3, 120.5, 120.4, 104.8, 67.0, 55.4, 52.7, 51.5,
23.3, 21.7, 15.5. HRMS (ESI): calcd. for CsaH3;DNNaOsS*[M+Na]*: 591.2034;
found:591.2035; [a]o?® = +60 (c = 0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) =37.500 min, tr (minor) =43.637 min, 96% ee.

T T0741 221 7988 [manualy megrated] PERE] ARSI | WP ETHIIE ) Tl T VB 1 WL Z5 o

6

Rbsorbance MAU]

oo 100 200 300 w00 500 580 00 100 200 300 400 500 550
Time [min]

No. Time Area Area (%) No. Time Area Area (%)
37.677 8.022 49.66 1 37.500 | 308.897 98.23
2 43.837 8.133 50.34 2 43.637 5.888 1.77

(R)-methyl 1-((E)-1-((2)-4-(ethylidene-1-d)-1-
tosylpyrrolidin-3-ylidene)ethyl)-7-methyl-2-naphthoate
(20-d)

OMe  The title compound was isolated as a yellow solid (eluent:

petroleum ether/ethyl acetate = 4/1, 20.5 mg, 43%). H
NMR (600 MHz, Chloroform-d) & 7.88 — 7.84 (m, 1H), 7.83 — 7.78 (m, 2H), 7.78 - 7.74
(m, 2H), 7.54 (s, 1H), 7.43 — 7.37 (m, 3H), 4.41 (d, J = 12.1, 1H), 4.10 (d, J = 13.2, 1H),

3.99 (d, J = 14.7, 1H), 3.78 — 3.71 (m, 4H), 2.50 — 2.45 (m, 6H), 2.05 (s, 3H), 1.15 (s,
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3H).13C NMR (150 MHz, Chloroform-d) 6 167.6, 143.8, 142.8, 137.1, 133.9, 133.2,
133.1, 130.5, 130.3, 129.9, 129.4, 128.3, 128.2, 128.1, 127.2, 125.53, 125.50, 125.2,
120.2, 52.9, 52.1, 51.6, 23.6, 22.2, 21.7, 15.5. HRMS (ESI): calcd. for
CasH2sDNNaO4S* [M+Na]*: 499.1772; found: 499.1772; [a]p?® = +42 (c = 0.1, CHCIs).

HPLC analysis: IG column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) =20.500 min, tr (major) =25.320 min, 96% ee.

1 #902 [manually integrated) D-167-2-1ac OV_VIS_1 WYL 254 nm 130320241221 #872 [manualy infegrated] 21672 UV_VIS_1 WYL 254 nm

i N VY JA SN\ : P
No. Time Area Area (%) No. Time Area Area (%)
1 20.267 46.527 50.85 1 20.500 1.816 1.70
2 25.073 44.979 49.15 2 25.320 105.245 98.30
(R)-3,7-dimethyloct-6-en-1-yl 1-((E)-1-
((2)-4-(ethylidene-1-d)-1-
Me Me tosylpyrrolidin-3-ylidene)ethyl)-7-

O/W\/\Me methoxy-2-naphthoate (21-d)

The title compound was isolated as a

yellow solid (eluent: petroleum ether/ethyl acetate = 4/1, 24.0 mg, 39%). *H NMR (600
MHz, Chloroform-d) & 7.81 — 7.71 (m, 5H), 7.40 — 7.35 (m, 2H), 7.25 — 7.21 (m, 1H),
7.10—-7.06 (m, 1H), 5.12 = 5.06 (m, 1H), 4.39 (d, J = 12.1, 1H), 4.27 — 4.15 (m, 2H), 4.08
(d, J = 13.0, 1H), 3.96 (d, J = 14.7, 1H), 3.80 (s, 3H), 3.74 (d, J = 13.2, 1H), 2.46 (s, 3H),
2.05 (s, 3H), 2.03 -1.90 (m, 1H), 1.73 — 1.65 (m, 4H), 1.62 — 1.59 (m, 3H), 1.59 — 1.54
(m, 1H), 1.52 = 1.40 (m, 1H), 1.39 — 1.30 (m, 2H), 1.17 (s, 3H), 0.91 (d, J = 6.6, 3H). 13C
NMR (150 MHz, Chloroform-d) 6 167.2, 158.5, 143.6, 141.5, 132.91, 132.88, 131.4,
131.1, 130.9, 129.8, 129.7, 129.3, 128.3, 127.9, 127.0, 126.4, 124.5, 124.1, 120.3,
104.5, 63.5, 55.3, 52.7, 51.4, 36.9, 35.6, 29.6, 25.7, 25.4, 23.2, 21.6, 19.4, 17.7, 15.4.
HRMS (ESI): calcd. for C37H44aDNNaOsS* [M+Na]*: 639.2973; found: 639.2973; [a]p?° =
+160 (c = 0.1, CHCls).
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(R)-methyl 1-((E)-(4-((2)-benzylidene)-1-
Ts
N O tosylpyrrolidin-3-ylidene)(phenyl)methyl)-7-methoxy-

(O
MeO OO COOMe

(m, 4H), 7.74 — 7.72 (m, 1H), 7.38 — 7.33 (m, 3H), 7.29 — 7.27 (m, 2H), 7.25 — 7.23 (m,

2-naphthoate (26)
The title compound was isolated as a yellow solid
(eluent: petroleum ether/ethyl acetate = 4/1, 44.3 mg,

72%). *H NMR (600 MHz, Chloroform-d) 6 7.79 — 7.75

1H), 7.18 (dd, J = 8.9, 2.5, 1H), 7.16 — 7.11 (m, 4H), 7.11 - 7.07 (m, 1H), 6.62 (d, J = 7.3,
2H), 5.66 (t,/ =2.7, 1H), 4.42 (d, J = 12.4, 1H), 4.25 (dd, J = 13.8, 2.5, 1H), 4.18 (d, J =
12.4, 1H), 4.02 (dd, J = 13.8, 2.7, 1H), 3.73 (s, 3H), 3.67 (s, 3H), 2.45 (s, 3H). 13C NMR
(150 MHz, Chloroform-d) 6 168.0, 159.0, 144.0, 141.2, 139.6, 136.5, 134.6, 134.34,
134.28, 132.8, 132.7, 131.0, 130.0, 129.8, 129.0, 128.8, 128.5, 128.4, 128.3, 128.1,
127.94, 127.91, 127.6, 127.4, 124.1, 121.0, 104.6, 55.4, 52.5, 52.1, 51.1, 21.7. HRMS
(ESI): calcd. for C3gH3sNNaOsS*[M+Na]*: 638.1972; found: 638.1972; [a]p?® = +72 (c =
0.1, CHCl3).

HPLC analysis: IE column (hexane:2-propanol = 75:25, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) =14.086 min, tr (major) =40.502 min, 95% ee.

No. Time Area Area (%) No. Time Area Area (%)
1 14.089 1669.9 51.509 14.086 100.8 2.389
2 40.253 1572 48.491 40.502 4117.2 97.611

Ts (R)-methyl 7-methoxy-1-((E)-(4-((2)-4-
N

O Me methylbenzylidene)-1-tosylpyrrolidin-3-

ylidene)(p-tolyl)methyl)-2-naphthoate (27)

AN
O
MeO OO COOMe

mg, 68%).'H NMR (600 MHz, Chloroform-d) & 7.77 — 7.74 (m, 4H), 7.73 = 7.70 (m, 1H),
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The title compound was isolated as a white solid

(eluent: petroleum ether/ethyl acetate = 4/1, 43.4



7.38-7.32(m, 3H), 7.17 (dd, J = 8.9, 2.5, 1H), 7.08 — 7.04 (m, 2H), 7.03 — 6.97 (m, 2H),
6.96 —6.93 (m, 2H), 6.52 (d, J = 8.3, 2H), 5.61 (t, J = 2.7, 1H), 4.41 (d, J = 12.3, 1H), 4.24
(dd, J = 13.8, 2.4, 1H), 4.17 (d, J = 12.3, 1H), 4.01 (dd, J = 13.8, 2.6, 1H), 3.73 (s, 3H),
3.66 (s, 3H), 2.44 (s, 3H), 2.32 (s, 3H), 2.23 (s, 3H).13C NMR (150 MHz, Chloroform-d)
5 168.0, 158.8, 143.8, 139.6, 138.4, 137.6, 137.3, 134.1, 133.8, 133.7, 133.3, 132.7,
132.6, 130.9, 129.8, 129.6, 129.0, 128.8, 128.72, 128.65, 128.3, 127.9, 127.7, 127.2,
123.9, 120.8, 104.6, 55.3, 52.4, 52.0, 51.0, 21.5, 21.2, 21.1. HRMS (ESI): calcd. for
CaoH37NNaOsS*[M+Na]*: 666.2285; found: 666.2288; [a]p? = +72 (c = 0.1, CHCls).

HPLC analysis: IE column (hexane:2-propanol = 70:30, v = 1.0 mL/min, 40 °C, 254 nm);

T
g

T
k]

No. Time Area Area (%) No. Time Area Area (%)
1 14.578 3462.2 50.826 14.277 100 2.648
2 47.779 3349.7 49.174 45.763 3675.3 97.352
Ts (R)-methyl 1-((E)-(4-((2)-4-fluorobenzylidene)-1-
N

tosylpyrrolidin-3-ylidene)(4-

fluorophenyl)methyl)-7-methoxy-2-naphthoate
COOMe (28)

The title compound was isolated as a white solid
(eluent: petroleum ether/ethyl acetate = 4/1, 37.8 mg, 58%).'H NMR (600 MHz,
Chloroform-d) 6 7.81 — 7.77 (m, 1H), 7.77 = 7.73 (m, 4H), 7.37 (d, J = 8.0, 2H), 7.30 (d,
J=2.7,1H), 7.20 (dd, J = 8.9, 2.5, 1H), 7.12 — 7.07 (m, 2H), 7.00 — 6.94 (m, 2H), 6.88 —
6.79 (m, 2H), 6.62 — 6.54 (m, 2H), 5.59 (t, J = 2.7, 1H), 4.38 (d, J = 12.3, 1H), 4.21 (dd, J
=13.8,2.5, 1H), 4.13 (d, J = 12.3, 1H), 3.96 (dd, J = 13.8, 2.8, 1H), 3.74 (s, 3H), 3.67 (s,
3H), 2.45 (s, 3H).23C NMR (150 MHz, Chloroform-d) & 167.8, 162.1 (d, J = 248.2 Hz),
161.8 (d, J = 248.9 Hz), 159.0, 144.0, 139.1, 137.1 (d, J = 3.2 Hz), 134.1, 133.7, 133.5,

132.46,132.44 (d, J = 3.4 Hz), 132.4, 130.9, 130.6 (d, J = 8.1 Hz), 130.0, 129.94, 129.93,
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129.7, 129.5, 128.7, 128.0, 127.9, 126.4, 123.9, 121.0, 115.5, 115.31, 115.29, 115.1,
104.3, 55.3, 52.3, 52.1, 50.9, 21.6.1°F NMR (376 MHz, Chloroform-d) 6 -113.3 (m), -
113.1 (m). HRMS (ESI): calcd. for CsgH3i1FoNNaOsS*[M+Na]*: 674.1783; found:
674.1794; [a]p®® = +78 (c = 0.1, CHCIs).

HPLC analysis: IE column (hexane:2-propanol = 70:30, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) =9.656 min, tr (major) =20.662 min, 94% ee.

TR S P T O PP TV ) TR S P T D PPV
) ]

- [}

[}

1
it
) =
B C
L N 7
] /\ <
C
p
T T T T T T

T
i

Area (%)

Area (%)

No. Time Area No. Time Area
1 9.658 2305.6 50.992 1 9.656 85.6 2.983
2 20.643 2215.9 49.008 2 20.662 2783.2 97.017

(R)-methyl 1-((E)-(4-((2)-4-chlorobenzylidene)-1-
tosylpyrrolidin-3-ylidene)(4-
chlorophenyl)methyl)-7-methoxy-2-naphthoate
(29)

The title compound was isolated as a white solid

(eluent: petroleum ether/ethyl acetate = 3/1, 29.4
mg, 43%). 'H NMR (600 MHz, Chloroform-d) § 7.81 —7.73 (m, 5H), 7.39—7.35 (m, 2H),
7.28-7.23 (m, 1H), 7.21 (dd, J=9.0, 2.6, 2H), 7.13 - 7.08 (m, 1H), 7.07 = 7.03 (m, 4H),
6.55 - 6.50 (m, 2H), 5.57 (t, J = 2.6, 1H), 4.38 (d, J/ = 12.4, 1H), 4.21 (dd, J = 13.8, 2.5,
1H), 4.13 (d, J =12.4, 1H), 3.95 (dd, J = 13.8, 2.7, 1H), 3.74 (s, 3H), 3.67 (3, 1H), 2.45 (s,
3H).13C NMR (150 MHz, Chloroform-d) 6 167.8, 159.2, 144.2, 139.5, 139.0, 134.8,
134.7, 134.6, 133.91, 133.86, 133.4, 132.6, 132.5, 131.1, 130.2, 130.1, 129.9, 129.6,
128.73, 128.69, 128.6, 128.2, 128.1, 126.6, 124.0, 121.2, 104.3, 55.4, 52.4, 52.2, 51.0,
21.7. HRMS (ESI): calcd. for CagH31ClNNaOsS* [M+Na]*: 706.1192; found: 706.1192.
[a]p?° = +80 (c = 0.1, CHCI3).

HPLC analysis: IE column (hexane:2-propanol = 70:30, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 11.576 min, tr (major) = 30.212 min, 93% ee.
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T

T T
i 1

No. Time Area Area (%) No. Time Area Area (%)
1 11.577 1335.8 51.115 1 11.576 250.6 3.197
2 30.316 1277.6 48.885 2 30.212 7586.6 96.803

(R)-methyl 1-((E)-(4-((2)-3-chlorobenzylidene)-1-
tosylpyrrolidin-3-ylidene)(3-chlorophenyl)methyl)-7-
methoxy-2-naphthoate (30)

The title compound was isolated as a white solid

(eluent: petroleum ether/ethyl acetate = 3/1, 44.5 mg,

65%). 'H NMR (600 MHz, Chloroform-d) & 7.83 — 7.73
(m, 5H), 7.40 — 7.37 (m, 2H), 7.30 — 7.27 (m, 1H), 7.26 — 7.19 (m, 3H), 7.12 - 7.03 (m,
4H), 6.57 — 6.47 (m, 2H), 5.57 (t, J = 2.7, 1H), 4.39 (d, J = 12.6, 1H), 4.22 (dd, J = 13.9,
2.5, 1H), 4.15 (d, J = 12.6, 1H), 3.97 (dd, J = 13.9, 2.7, 1H), 3.76 (s, 3H), 3.69 (s, 3H),
2.45 (s, 3H).13C NMR (150 MHz, Chloroform-d) & 167.8, 159.2, 144.2, 142.8, 138.5,
138.0, 135.4, 135.0, 134.32, 134.28, 134.0, 132.5, 132.4, 131.1, 130.1, 129.9, 129.7,
129.6, 128.8, 128.7, 128.4, 128.3, 128.2, 128.0, 127.6, 127.2, 126.6, 126.3, 124.0,

121.2, 104.2, 55.4, 523, 523, 509, 21.7. HRMS (ESI): calcd. for

CasH31ClNNaOsS*[M+Nal*: 706.1192; found: 706.1197 [a]o? = +66 (c = 0.1, CHCl3).
HPLC analysis: IE column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 14.258 min, tr (major) = 25.593 min, 93% ee.

TEFRDED]

0 w
o - S

P T 0

k) < 1
)

|

No. Time Area Area (%) No. Time Area Area (%)
1 14.187 14229.6 49.536 14.258 418.6 3.407
2 25.534 | 14496.2 50.464 25.593 11870 96.593

S35




(R)-methyl

7-methoxy-1-((Z)-thiophen-2-yl((Z)-4-(thiophen-2-ylmethylene)-1-
tosylpyrrolidin-3-ylidene)methyl)-2-naphthoate (31)

The title compound was isolated as a white solid (eluent:
petroleum ether/ethyl acetate = 3/1, 30.1 mg, 48%). H
NMR (600 MHz, Chloroform-d) 6 7.88 — 7.83 (m, 4H), 7.78
(d, J = 8.8, 1H), 7.41 — 7.36 (m, 2H), 7.30 — 7.27 (m, 1H),

7.23 —7.18 (m, 3H), 6.98 — 6.94 (m, 1H), 6.84 — 6.80 (m,
1H), 6.76 —6.72 (m, 1H), 6.28 = 6.25 (m, 1H), 5.52 (t, J = 2.6, 1H), 4.75 (d, /= 13.1, 1H),
4.45 (d, J = 13.1, 1H), 4.27 (dd, J = 14.0, 2.5, 1H), 4.07 (dd, J = 14.0, 2.6, 1H), 3.70 (s,
3H), 3.66 (s, 3H), 2.45 (s, 3H).13C NMR (150 MHz, Chloroform-d) § 167.4, 159.1, 144.6,
144.1, 140.5, 138.9, 132.8, 132.6, 132.1, 131.6, 131.1, 130.1, 129.7, 128.5, 128.4,
128.1,128.0, 127.6, 127.5,127.3, 127.1, 126.6, 124.3, 121.2, 119.9, 104.5, 55.4, 53.8,
52.24,52.21, 21.7. HRMS (ESI): calcd. for CasH29NNaOsS3* [M+Na]*: 650.1100; found:
650.1102; [a]p?® = +56 (c = 0.1, CHCIs).

HPLC analysis: IE column (hexane:2-propanol = 75:25, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 20.147 min, tr (major) = 41.97 min, 97% ee.

¥ =
| ;J‘,J\‘_)ﬁ_‘_‘[\g_——
, B
; -
T T T T

T T T T
k] 4 kil o i

No. Time Area Area (%) No. Time Area Area (%)
1 20.397 574.5 50.363 20.147 43.5 1.394
2 42.917 566.2 49.637 41.97 3078.2 98.606
(R)-methyl 7-methoxy-1-((E)-(1-tosyl-4-((2)-4-

(trifluoromethyl)benzylidene)pyrrolidin-3-
ylidene)(4-(trifluoromethyl)phenyl)methyl)-2-
naphthoate (32)

The title compound was isolated as a white solid

(eluent: petroleum ether/ethyl acetate = 3/1, 31.5 mg, 42%).*H NMR (600 MHz,
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Chloroform-d) 6 7.86 — 7.74 (m, 5H), 7.57 — 7.53 (m,
2H), 7.42 — 7.37 (m, 4H), 7.30 — 7.28 (m, 1H), 7.27 —
7.22 (m, 3H), 6.70 (d, J = 8.4, 2H), 5.67 (t, J = 2.7, 1H),
4.41 (d,J = 12.4, 1H), 4.26 (dd, J = 14.0, 2.4, 1H), 4.16

(d,/=12.4,1H),3.97 (dd, J=14.0, 2.8, 1H), 3.75 (s, 3H),
3.69 (s, 3H), 2.46 (s, 3H). 13C NMR (150 MHz, Chloroform-d) 6 167.4, 159.2, 144.3,
144.2, 139.5, 138.6, 136.2, 135.2, 134.4, 132.3, 132.2, 131.0, 130.0, 129.9, 129.1,
128.5, 128.4, 128.0, 126.6, 125.3 (q, / = 3.7), 125.2 (q, J/ = 3.7), 124.0 (q, J = 270.6),
123.94, 123.85 (q, J = 270.2), 121.2 (d, J = 4.1), 104.0, 55.3, 52.3, 52.2, 50.9, 21.6. 1°F
NMR (376 MHz, Chloroform-d) 6 -62.5 (m), -62.6 (m).

HRMS (ESI): calcd. for CaoH31FsNNaOsS*[M+Na]*: 774.1719; found: 774.1726; [a]p® =
+70 (c = 0.1, CHCl3).

HPLC analysis: IE column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 7.463 min, tr (major) = 13.895 min, 95% ee.

0T S R R PRIV 4D T A
L}

= 2 o= s wm om = o=

No. Time Area Area (%) No. Time Area Area (%)
1 8.13 10405.7 49.848 1 7.463 365.5 2.249
2 14.225 10469.2 50.152 2 13.895 15884.9 97.751

(R)-methyl 7-methoxy-1-((E)-(4-((Z)-3-methylbenzylidene)-1-tosylpyrrolidin-3-
ylidene)(m-tolyl)methyl)-2-naphthoate (33)

The title compound was isolated as a white solid (eluent: petroleum ether/ethyl
acetate = 3/1, 32.1 mg, 50%).H NMR (600 MHz, Chloroform-d) 6 7.77 — 7.74 (m, 4H),
7.73-7.70 (m, 1H), 7.38 = 7.32 (m, 3H), 7.20-7.13 (m, 2H), 7.06 — 7.01 (m, 2H), 6.99

—6.94 (m, 1H), 6.92 — 6.88 (m, 2H), 6.46 (d, J = 8.0, 1H), 6.40 (s, 1H), 5.64 (t, J = 2.6,
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1H), 4.41 (d, J = 12.4, 1H), 4.24 (dd, J = 13.8, 2.4, 1H), 4.17 (d, J = 12.4, 1H), 4.02 (dd, J
=13.8, 2.6, 1H), 3.74 (s, 3H), 3.67 (s, 3H), 2.43 (s, 3H), 2.25 (s, 3H), 2.19 (s, 3H). 3C
NMR (150 MHz, Chloroform-d) 6 168.2, 158.9, 143.9, 141.2, 139.5, 138.0, 137.7, 136.5,
134.6, 134.3, 134.1, 132.9, 132.7, 131.0, 130.0, 129.7, 129.4, 129.2, 128.8, 128.7,
128.3,128.2,128.1,128.0,127.8,127.7,126.2, 125.4, 124.0, 120.9, 104.7, 55.4, 52.4,
52.1,51.1, 21.6, 21.5. HRMS (ESI): calcd. for CaoH37NNaOsS*[M+Na]*: 666.2285; found:
666.2295; [a]p?® = +48 (c = 0.1, CHCl3).

HPLC analysis: IE column (hexane:2-propanol = 70:30, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 11.471 min, tr (major) = 23.258 min, 96% ee.

o ]

i)
i
()
3
S
5

T T T T T T T T T T
1 % ] B ] » 5 1 % ] B k]

No. Time Area Area (%) No. Time Area Area (%)

9.964 765.4 51.317 1 11.471 204 2.008
2 22.021 726.1 48.683 2 23.258 9952.9 97.992

(R)-methyl 1-((E)-(4-((2)-3-fluorobenzylidene)-1-
tosylpyrrolidin-3-ylidene)(3-fluorophenyl)methyl)-7-
methoxy-2-naphthoate (34)

The title compound was isolated as a white solid (eluent:

petroleum ether/ethyl acetate = 4/1, 30.0 mg, 46%).1H
NMR (600 MHz, Chloroform-d) & 7.83 — 7.74 (m, 5H), 7.38 (d, J = 8.4, 2H), 7.30 — 7.28
(m, 1H), 7.27 = 7.23 (m, 1H), 7.23 = 7.19 (m, 1H), 7.13 — 7.07 (m, 1H), 6.99 — 6.93 (m,
2H), 6.84—6.76 (m, 2H), 6.38 (d, J = 7.8, 1H), 6.29 (d, J = 10.0, 1H), 5.59 (t, J = 2.7, 1H),
4.42 (d, J = 12.5, 1H), 4.23 (dd, J = 13.9, 2.5, 1H), 4.16 (d, J = 12.4, 1H), 3.98 (dd, J =
13.9, 2.8, 1H), 3.75 (s, 3H), 3.69 (s, 3H), 2.45 (s, 3H). 13C NMR (150 MHz, Chloroform-
d) 6 167.7,162.5 (d, /= 246.1 Hz), 159.1, 144.1, 143.1 (d, /= 7.3 Hz), 138.6, 138.3 (d, J
= 7.7 Hz), 135.2, 134.8, 134.0 (d, J = 2.0 Hz), 132.4, 132.3, 131.0, 130.0, 129.9, 129.8,
129.7 (d, J = 8.3 Hz), 128.6, 128.2, 128.0, 126.7 (d, J = 2.6 Hz), 124.6 (d, J = 2.8 Hz),

124.1(d,J = 2.8 Hz), 123.9, 121.1, 115.7 (d, J = 22.0 Hz), 114.92 (d, J = 21.1 Hz), 114.90
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(d,J=21.5Hz),114.4 (d,J=21.3 Hz), 104.2, 55.3, 52.3, 52.1, 50.9, 21.6. *F NMR (376

MHz, Chloroform-d) é -112.70 -112.6 (m, 2F). HRMS (ESI): calcd. for

C3sH31F2NNaOsS*[M+Na]*: 674.1783; found: 674.1792; [a]o?® = +94 (c = 0.1, CHCl3).

HPLC analysis: IE column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 14.622 min, tr (major) = 25.939 min, 94% ee.

i

0

o

EREE)

o

No. Time Area Area (%) No. Time Area Area (%)
1 14.705 14060.9 49.941 1 14.622 454 3.183
2 26.237 | 14094.2 50.059 2 25.939 | 13812.2 96.817

(R)-methyl 1-((2)-(4-((2)-2-fluorobenzylidene)-1-
tosylpyrrolidin-3-ylidene)(2-fluorophenyl)methyl)-7-
methoxy-2-naphthoate (35)

The title compound was isolated as a white solid (eluent:

petroleum ether/ethyl acetate = 4/1, 27.3 mg, 42%).'H

NMR (600 MHz, Chloroform-d) 6 7.69 — 7.66 (m, 2H),
7.66 —7.62 (m, 3H), 7.29 — 7.23 (m, 3H), 7.20 — 7.14 (m, 1H), 7.12 — 7.05 (m, 2H), 7.03
—-6.99 (m, 1H), 6.98 — 6.94 (m, 1H), 6.92 — 6.84 (m, 2H), 6.75 — 6.68 (m, 2H), 5.66 (t, J
=2.7,1H), 4.19 - 4.13 (m, 1H), 4.07 — 4.01 (m, 1H), 3.98 — 3.90 (m, 2H), 3.71 (s, 3H),
3.66 (s, 3H), 2.35 (s, 3H).13C NMR (150 MHz, Chloroform-d) 6 168.2, 159.60 (d, J =
250.2 Hz), 159.57 (d, J = 247.7 Hz), 158.9, 143.9, 138.0, 137.1, 135.6, 132.9, 132.4,
130.9, 130.5 (d, J = 2.3 Hz), 129.9, 129.8, 129.7, 129.2 (d, J = 8.3 Hz), 128.9 (d, J = 2.7
Hz), 128.5,128.2,128.11, 128.06, 127.6, 124.3 (d, /= 3.6 Hz), 124.2, 124.1, 123.9 (d, J
=3.7 Hz), 121.0,119.9 (d,J= 5.1 Hz), 115.9 (d, J = 23.3 Hz), 115.4 (d, J = 22.0 Hz), 104.0,
55.3, 52.5 (d, J = 11.4 Hz), 52.2, 51.5 (d, J = 3.4 Hz), 21.5. F NMR (376 MHz,
Chloroform-d) &6 -112.2 (m), -114.7 (m). HRMS (ESI): calcd. for
CagH31F2NNaOsS* [M+Na]*: 674.1783; found:674.1789; [a]o® = +46 (c = 0.1, CHCl3).

HPLC analysis: IE column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 254 nm);
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tr (minor) = 14.559 min, tr (major)=30.199 min, 96% ee.

3

15
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T T T T T T T T
H 1 i i 5 ki k3 I

No. Time Area Area (%) No. Time Area Area (%)

1 14.157 1182.1 50.48 14.559 149.7 1.824

2 30.108 1159.6 49.52 30.199 8057.4 98.176
Ph (R)-methyl 1-((E)-1-((2)-4-ethylidene-1-

v .0
O//S\N (phenylsulfonyl)pyrrolidin-3-ylidene)ethyl)-7-methoxy-
Me 2-naphthoate (36)
/ \

Me O The title compound was isolated as a white solid (eluent:

MeO
OO OMe petroleum ether/ethyl acetate = 4/1, 32.5 mg, 68%).'H
NMR (600 MHz, Chloroform-d) 6 7.94 —7.90 (m, 2H), 7.82
—7.72 (m, 3H), 7.67 = 7.63 (m, 1H), 7.62 — 7.57 (m, 2H), 7.25 — 7.21 (m, 1H), 7.09 —
7.06 (m, 1H), 4.41 (d, J = 14.7, 1H), 4.20 (g, J = 7.1, 1H), 4.13 (d, J = 13.3, 1H), 4.02 —
3.96 (m, 1H), 3.82 — 3.77 (m, 4H), 3.75 (s, 3H), 2.06 (s, 3H), 1.17 (d, J = 7.2, 3H). 13C
NMR (150 MHz, Chloroform-d) § 167.6, 158.7, 141.9, 136.1, 133.0, 132.9, 131.3, 131.1,
129.8,129.4, 129.3, 128.5, 128.0, 127.2, 126.0, 124.2, 120.6, 120.5, 104.6, 55.4, 52.9,
52.1,51.5, 23.2, 15.5. HRMS (ESI): calcd. for C27H27NNaOsS*[M+Na]*: 500.1502; found:
500.1502; [a]p?® = +136 (c = 0.1, CHCl3).
HPLC analysis: IC column (hexane:2-propanol = 80:20, v= 1.0 mL/min, 40 °C, 254 nm);

tr (major) =22.973 min, tr (minor) =25.502 min, 95% ee.

No. Time Area Area (%) No. Time Area Area (%)
1 22.977 4407.8 49.534 22.973 15419.4 97.227
2 25.022 4490.7 50.466 25.052 439.8 2.773
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(R)-methyl 1-((E)-1-((Z)-4-ethylidene-1-((4-

(trifluoromethoxy)phenyl)sulfonyl)pyrrolidin-3-ylidene)ethyl)-7-methoxy-2-

FLCO naphthoate (37)
The title compound was isolated as a white solid
_0 (eluent: petroleum ether/ethyl acetate = 4/1, 30.3
O//S‘N mg, 54%).:H NMR (600 MHz, Chloroform-d) & 8.00
S Me —7.94 (m, 2H), 7.84 — 7.80 (m, 1H), 7.79 = 7.72 (m,
Me Q 2H), 7.44 — 7.40 (m, 2H), 7.27 = 7.22 (m, 1H), 7.11 —

MeO OMe
OO 7.07 (m, 1H), 4.42 (d, J = 13.4, 1H), 4.21 (g, J = 7.1,

1H), 4.16 (d, /=14.9, 1H), 4.01 (d, J = 14.1, 1H), 3.82
(s, 3H), 3.80 (d, J = 13.1, 1H), 3.77 (s, 3H), 2.07 (s, 3H), 1.18 (d, J = 7.2, 3H). 13C NMR
(150 MHz, Chloroform-d) 6 167.3, 158.6, 152.4 (d, J = 1.8 Hz), 141.8, 134.6, 132.5,
131.1, 131.0, 129.9, 129.7, 129.0, 128.7, 127.2, 125.8, 124.1, 121.1, 120.6, 120.30,
120.27 (q, J = 259.6 Hz), 104.7, 55.3, 52.8, 52.0, 51.4, 23.0, 15.4. *F NMR (376 MHz,
Chloroform-d) 6 -57.6(m). HRMS (ESI): calcd. for CasH26FsNNaOsS*[M+Na]*: 584.1325;
found: 584.1334; [a]p?® = +162 (c = 0.1, CHCl3).
HPLC analysis: |G column (hexane:2-propanol = 97:3, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) =24.497 min, tr (major) =27.060 min, 94% ee.

5 B 20240326 #1290 [manuallyintegrated] ] LDN4157-316 V_VIS_3 WVl 254 nm 1000 20240326 #1291 {manually integrated) ZWa-156-316 UV_VIS_3WVL254 nm.

\,&4
No. Time Area Area (%) No. Time Area Area (%)
1 24.163 84.390 50.45 1 24.497 1.780 2.67
2 26.760 82.894 49.55 2 27.060 79.864 97.33
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OLN (R)-methyl 1-((E)-1-((Z)-4-ethylidene-1-((4-

nitrophenyl)sulfonyl)pyrrolidin-3-ylidene)ethyl)-7-

S .0 methoxy-2-naphthoate (38)
© N The title compound was isolated as a white solid (eluent:
M
| A petroleum ether/ethyl acetate = 4/1, 32.9 mg, 63%).1H
Me o

NMR (600 MHz, Chloroform-d) é 8.46 — 8.40 (m, 2H),
8.12-8.07 (m, 2H), 7.84 - 7.72 (m, 3H), 7.28 = 7.23 (m,
1H), 7.09 - 7.05 (m, 1H), 4.46 (d, J = 14.9, 1H), 4.25 (d, J
=13.7,1H), 4.20 (q, / = 7.1, 1H), 4.04 (d, J = 13.7, 1H), 3.86 (d, J = 14.1, 1H), 3.83 (s,
3H), 3.79 (s, 3H), 2.07 (s, 3H), 1.17 (d, J = 7.2, 3H).13C NMR (150 MHz, Chloroform-d)
6 167.2, 158.7, 150.4, 142.5, 141.8, 132.4, 131.2, 131.1, 129.9, 129.2, 128.9, 128.6,
127.3,125.7,124.6,124.2,120.8,120.1, 105.1, 55.5, 53.0, 52.1, 51.6, 23.2, 15.6. HRMS
(ESI): calcd. for Ca7H26N2NaO7S* [M+Nal*: 545.1353; found: 545.1363; [a]p?® = +120 (c
= 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 32.225 min, tr (minor) = 35.554 min, 96% ee.

01 SE2 e 0 BT TRT R IVKE) TR S A A0S TTRHHE TTEH D)

"

w

No. Time Area Area (%) No. Time Area Area (%)
1 31.27 5773.6 49.601 32.225 15298.7 98.042
2 34.327 5866.5 50.399 35.554 305.5 1.958
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_ (R)-methyl 1-((E)-1-((2)-4-ethylidene-1-(thiophen-2-
S / 0 yisulfonyl)pyrrolidin-3-ylidene)ethyl)-7-methoxy-2-
O//S‘,:l naphthoate (39)
) - Ve The title compound was isolated as a white solid (eluent:
Me @ petroleum ether/ethyl acetate = 5/1, 24.7 mg, 51%).1H
MeO

NMR (600 MHz, Chloroform-d) 6 7.82 — 7.80 (m, 1H),
7.78 —7.75 (m, 1H), 7.75 - 7.73 (m, 1H), 7.69 — 7.67 (m,
1H), 7.66 — 7.64 (m, 1H), 7.25 — 7.22 (m, 1H), 7.21 - 7.19 (m, 1H), 7.09 — 7.08 (m, 1H),
4.43(d,/=12.1,1H), 4.25-4.19 (m, 2H), 4.04 —3.99 (m, 1H), 3.89 — 3.84 (m, 1H), 3.81
(s, 3H), 3.78 (s, 3H), 2.07 (s, 3H), 1.19 (d, J = 7.2, 3H).3C NMR (150 MHz, Chloroform-
d) 6§ 167.4, 158.5, 141.7, 135.8, 132.62, 132.60, 132.1, 131.1, 131.0, 129.7, 129.1,
128.5,127.7,127.1,125.9, 124.1,120.6, 120.4, 104.6, 55.3, 53.0, 52.0, 51.6, 23.1, 15.4.
HRMS (ESI): calcd. for CasHasNNaOsS;* [M+Na]*: 506.1066; found: 506.1066; [a]p?® =
+144 (c = 0.1, CHCI3).

HPLC analysis: IC column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 22.973 min, tr (minor) = 25.052 min, 94% ee.

w

T T T T
i 8 i 5

No. Time Area Area (%) No. Time Area Area (%)
1 22.977 4407.8 49.534 22.973 15419.4 97.227
2 25.022 4490.7 50.466 25.052 439.8 2.773
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(R)-methyl 1-((E)-1-((2)-4-ethylidene-1-((4-

e (trifluoromethyl)phenyl)sulfonyl)pyrrolidin-3-
.0 ylidene)ethyl)-7-methoxy-2-naphthoate (40)

O//S\N The title compound was isolated as a white solid

| Ve (eluent: petroleum ether/ethyl acetate = 5/1,28.4 mg,

Meg'e Q 52%).2H NMR (600 MHz, Chloroform-d) & = 8.07 — 8.02

(m, 2H), 7.89 — 7.86 (m, 2H), 7.83 — 7.80 (m, 1H), 7.79
—7.72 (m, 2H), 7.27 = 7.22 (m, 1H), 7.09 = 7.07 (m, 1H),
4.43 (d, J=14.9, 1H), 4.23 — 4.16 (m, 2H), 4.02 (d, J = 14.4, 1H), 3.81 (s, 4H), 3.76 (s,
3H), 2.07 (s, 3H), 1.17 (d, J = 6.3, 3H). 13C NMR (150 MHz, Chloroform-d) 6 167.2, 158.6,
141.7,139.9, 134.4 (q, /= 33.5 Hz), 132.4, 131.1, 131.0, 129.8, 128.82, 128.79, 128.2,
127.2, 126.4 (g, J = 3.8 Hz), 125.7, 124.2 (g, J = 271.4 Hz), 124.1, 120.7, 120.3, 104.7,
55.3,52.8,52.0,51.5, 23.1, 15.4. *5F NMR (376 MHz, Chloroform-d) 6 -62.9 (m). HRMS
(ESI): calcd. for CagHasF3sNNaOsS* [M+Na]*: 568.1376; found: 568.1369; [a]p2® = +94 (c
= 0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol = 95:5, v= 1.0 mL/min, 40 °C, 254 nm);

tr (minor) =14.920 min, tr (major) =16.400 min, 96% ee.

7 70740376 %651 manualy niegrated]

LIW4-133-4-1G UV_VIS_3WVL:254 nm § 20240326 #715 [manually integrated] L2W4-138-2 UV_VIS_3WVL:254 nm

825

No. Time Area Area (%) No. Time Area Area (%)
1 14.847 119.384 50.10 1 14.920 7.790 1.95
2 16.337 118.908 49.90 16.400 391.612 98.05
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(R)-methyl 1-((E)-1-((Z)-4-ethylidene-1-((4-(5-(p-tolyl)-

3-(trifluoromethyl)-1H-pyrazol-1-

yl)phenyl)sulfonyl)pyrrolidin-3-ylidene)ethyl)-7-

methoxy-2-naphthoate (41)

The title compound was isolated as a white solid (eluent:

petroleum ether/ethyl acetate = 3/1, 48.8 mg, 71%).'H

NMR (600 MHz, Chloroform-d) & 7.92 — 7.86 (m, 2H), 7.83 — 7.79 (m, 1H), 7.78 — 7.72

(m, 2H), 7.57 = 7.51 (m, 2H), 7.25 — 7.20 (m, 1H), 7.19 — 7.14 (m, 2H), 7.13 — 7.10 (m,

2H), 7.08 = 7.04 (m, 1H), 6.77 = 6.74 (m, 1H), 4.37 (d, J = 12.1, 1H), 4.22 — 4.14 (m, 2H),

3.95(d, /= 14.1, 1H), 3.86 —3.75 (m, 7H), 2.37 (s, 3H), 2.06 (s, 3H), 1.16 (d, J = 7.2, 3H).

13C NMR (150 MHz, Chloroform-d) 6 167.3, 158.6, 145.3, 144.3, 144.0, 142.8, 141.7,

139.8, 135.6, 132.5, 131.2, 130.9, 129.8, 129.7, 128.9, 128.73, 128.71, 127.1, 125.9,

125.7,125.6,124.1,122.0(q, /= 267.3 Hz), 120.5, 120.2, 106.3, 104.7, 55.3, 52.8, 52.1,

51.5,23.0,21.3,15.4. % NMR (376 MHz, Chloroform-d) 6 -62.3 (m). HRMS (ESI): calcd.

for CagH34F3N3NaOsS* [M+Na]*: 724.2063; found: 724.2067; [a]p?® = +44 (c = 0.1, CHCl3).

HPLC analysis: IG column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) =12.623min, tr (major) =14.517 min, 96% ee.

00 . 20240326 #564 [manually integrate: q

ZWi133.216

OV_VIS_3WVL 254 nm ‘525 1 20240326 #637 [manually ntegrated]

OV_VIS_3WVL254 nm.

No. Time Area Area (%) No. Time Area Area (%)
1 13.020 5.744 50.79 1 12.623 0.176 2.05
2 14.950 5.564 49.21 2 14.517 8.398 97.95

S45



(R)-methyl 1-((E)-1-((2)-1-((5-

Me
O N (dimethylamino)naphthalen-1-yl)sulfonyl)-4-
o) M
0=5 O © ethylidenepyrrolidin-3-ylidene)ethyl)-7-methoxy-2-
N naphthoate (42)
SN Me
/ o The title compound was isolated as a white solid (eluent:
Me

petroleum ether/ethyl acetate = 5/1, 35.9 mg, 63%).'H

MeO
Iy o

—8.23 (m, 1H), 7.82 = 7.78 (m, 1H), 7.77 = 7.70 (m, 2H), 7.58 (t, J = 8.1, 2H), 7.24 - 7.17

NMR (600 MHz, Chloroform-d) é 8.61 — 8.54 (m, 2H), 8.28

(m, 2H),7.13-7.09 (m, 1H), 4.53 (d, /=13.4,1H),4.31 (d, J=13.5,1H),4.23 (q,/=7.0,
1H), 4.09 (d, J = 13.4, 1H), 3.96 (d, J = 13.3, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 2.90 (s, 6H),
2.04 (s, 3H), 1.15 (d, J = 7.2, 3H). 3C NMR (150 MHz, Chloroform-d) § 167.6, 158.7,
151.9, 142.0, 133.6, 133.3, 131.3, 131.1, 130.8, 130.7, 130.3, 129.9, 129.8, 128.3,
128.2,127.2, 126.1, 124.2, 123.4, 120.6, 120.4, 120.0, 115.4, 104.6, 55.4, 52.5, 52.1,
51.3,45.6, 23.2, 15.5. HRMS (ESI): calcd. for C33H3aN2NaOsS*[M+Na]*: 593.2081; found:
593.2080; [a]o?® = +70 (c = 0.1, CHCl3).

HPLC analysis: ID column (hexane:2-propanol = 95:5, v =1.0 mL/min, 40 °C, 227 nm);

tr (minor) =40.683 min, tr (major) =44.237 min, 94% ee.

RN b
{ :
No. Time Area Area (%) No. Time Area Area (%)
1 41.220 46.837 49.90 1 40.683 6.688 2.73
2 44.997 47.019 50.10 44.237 238.245 97.27
Ts methyl (E)-7-methoxy-1-(1-(4-methyl-1-tosyl-1,6-
|
N dihydropyridin-3(2H)-ylidene)ethyl)-2-naphthoate (3’).
N Me
S 'H NMR (600 MHz, DMSO-dg) 6 7.78 — 7.72 (m, 2H), 7.48 —
Me

7.43 (m, 2H), 7.15 — 7.10 (m, 1H), 6.81 — 6.76 (m, 1H), 6.53
— 6.47 (m, 1H), 6.14 — 6.10 (m, 1H), 5.89 — 5.84 (m, 1H),

4.20 (d, J = 13.1, 1H), 3.94 — 3.86 (m, 2H), 3.79 (t, J = 2.7, 1H), 3.74 (d, J = 15.0, 1H),
46



3.64 (s, 3H), 3.10 (s, 3H), 2.39 (s, 3H), 1.76 (s, 3H), 1.49 (s, 3H). *C NMR (150 MHz,

Chloroform-d) 6 172.1, 160.0, 143.6, 140.7, 139.5, 137.2, 136.6, 134.8, 133.6, 129.8,

128.3,127.6,127.4,126.4,122.5,111.7,111.3,55.2, 51.3, 46.4, 46.1, 21.5, 13.1, 12.0.

HRMS (ESI): calcd. for C2sH29NNaOsS* [M+Na]*: 514.1659; found: 514.1662;

o (R)-methyl (E)-7-methoxy-1-((2-

. O oxocyclopentylidene)(phenyl)methyl)-2-naphthoate
S o} (44).

MeO OO OMe The title compound was isolated as a red oil liquid (eluent:
petroleum ether/ethyl acetate = 4/1, 30.1 mg, 78%).'H

NMR (600 MHz, Chloroform-d) 6 7.83 — 7.77 (m, 3H), 7.37 — 7.32 (m, 3H), 7.27 - 7.16

(m, 4H), 3.80 — 3.77 (m, 6H), 2.54 — 2.35 (m, 3H), 2.23 —2.15 (m, 1H), 1.94 — 1.84 (m,

1H), 1.84 — 1.76 (m, 1H). 13C NMR (150 MHz, Chloroform-d) & 205.1, 167.6, 158.9,

146.3, 140.4, 137.2, 135.1, 131.4, 130.9, 130.1, 129.8, 128.5, 127.8, 127.2, 126.7,

123.9, 120.7, 104.6, 55.4, 52.2, 40.8, 32.2, 19.7. HRMS (ESI): calcd. for CasH22NaO4*

[M+Na]*: 409.1410; found: 409.1413; [a]o? = +34 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =6.793 min, tr (major) =7.703 min, 92% ee.

4500 7 20241127 #222 [manually integrated) LZW5-99-2 UV_VIS_2 WVL:254 nm 00, 220241127 #221 LZW5-99-1 UV_VIS_2WVL254 nm

3500
3000

2

[ 2500

5 2000

No. | Time Area Area (%) | No. | Time Area Area (%)
1 6.723 1032.76 49.46 1 6.793 20.878 3.97
6
) 7.637 1055.49 50.54 ) 7.703 505.327 96.03
4
O (R)-ethyl (E)-7-methoxy-1-((2-
\ Pho oxocyclopentylidene)(phenyl)methyl)-2-naphthoate

MeO OFEt (45).
OO The title compound was isolated as a red oil liquid
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(eluent: petroleum ether/ethyl acetate = 4/1, 28.8 mg, 72%). 'H NMR (600 MHz,
Chloroform-d) 6 7.83 — 7.77 (m, 3H), 7.40 — 7.35 (m, 2H), 7.33 — 7.30 (m, 1H), 7.25 —
7.17 (m, 4H), 4.32 = 4.18 (m, 2H), 3.78 (s, 3H), 2.52 = 2.37 (m, 3H), 2.24 - 2.16 (m, 1H),
1.93 — 1.86 (m, 1H), 1.85 — 1.75 (m, 1H), 1.23 (t, J = 7.2, 3H).13C NMR (150 MHz
Chloroform-d) 6 205.3, 167.6, 158.9, 146.6, 140.1, 137.3, 135.2, 131.5, 131.0, 130.3,
129.9,128.6,127.9,127.4,127.3,124.0,120.7,104.7,61.4,55.5,40.9,32.4,19.8, 14.3.
HRMS (ESI): calcd. for C26H24NaO4* [M+Na]*: 423.1567; found: 423.1572; [a]p?® = +58
(c=0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =8.123 min, tr (major) =10.296 min, 91% ee.

TGP DV 000]

No. Time Area Area (%) No. Time Area Area (%)
1 8.113 2307.1 50.941 1 8.123 585.8 4.509
2 10.328 2221.8 49.059 2 10.296 12405.4 95.491

0 (R)-isopropyl (E)-7-methoxy-1-((2-

oxocyclopentylidene)(phenyl)methyl)-2-naphthoate

\ Ph
Q (46).

MeO O'Pr
OO The title compound was isolated as a red oil liquid (eluent:

petroleum ether/ethyl acetate = 4/1, 33.1 mg, 80%).'H
NMR (600 MHz, Chloroform-d) 6 7.81 —7.75 (m, 3H), 7.44 — 7.40 (m, 2H), 7.29 - 7.26
(m, 1H), 7.23 — 7.17 (m, 4H), 5.18 — 5.09 (m, 1H), 3.76 (s, 3H), 2.52 — 2.39 (m, 3H), 2.23
—2.15(m, 1H), 1.95-1.85 (m, 1H), 1.83 = 1.76 (m, 1H), 1.26 (d, J = 6.3, 3H), 1.15 (d, J
=6.2,3H).13C NMR (150 MHz, Chloroform-d) 6 205.3, 167.3, 158.8, 146.7, 139.7, 137.3,
135.3,131.5,130.9, 130.5, 129.9, 128.6, 128.0, 127.8, 127.3,123.9, 120.6, 104.7, 69.1,
55.4, 40.9, 32.4, 21.9, 19.7. HRMS (ESI): calcd. for Co7H26NaO4* [M+Na]*: 437.1723;
found: 437.1719; [a]o? = +92 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254
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No. Time Area Area (%) No. Time Area Area (%)
1 5.849 3147.8 49.681 5.863 1294.7 5.037
2 8.023 3188.2 50.319 8.333 24407.8 94.963

0 (R)-cyclopropylmethyl (E)-7-methoxy-1-((2-

.\ Ph
O
M
eO ‘ O/w

oxocyclopentylidene)(phenyl)methyl)-2-
naphthoate (47).
The title compound was isolated as a red oil liquid

(eluent: petroleum ether/ethyl acetate = 5/1, 32.0

mg, 75%).*H NMR (600 MHz, Chloroform-d) & 7.88 — 7.79 (m, 3H), 7.45 — 7.40 (m, 2H),

7.36 — 7.33 (m, 1H), 7.27 — 7.21 (m, 4H), 4.10 — 4.01 (m, 2H), 3.81 (s, 3H), 2.53 — 2.41

(m, 3H), 2.26 — 2.18 (m, 1H), 1.97 — 1.90 (m, 1H), 1.87 — 1.76 (m, 1H), 1.17 — 1.07 (m,

1H), 0.59 — 0.49 (m, 2H), 0.32 — 0.23 (m, 2H). 13C NMR (150 MHz, Chloroform-d)

205.3, 167.7, 158.9, 146.5, 140.1, 137.3, 135.2, 131.5, 131.0, 130.3, 129.9, 128.6,

127.9,127.4,127.3,124.1,120.7,104.7, 70.3, 55.5, 53.6, 41.0, 32.4, 19.8, 9.9, 3.6, 3.5.

HRMS (ESI): calcd. for CagHasNaO4* [M+Na]*: 449.1723; found: 449.1727; [a]p?® = +22

(c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =8.826 min, tr (major) =10.429 min, 90% ee.

No. Time Area Area (%) No. Time Area Area (%)
1 9.204 5238.3 51.23 8.826 697 5.078
2 10.634 4986.8 48.77 10.429 | 13029.9 94.922
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(R)-cyclohexyl (E)-7-methoxy-1-((2-
. o oxocyclopentylidene)(phenyl)methyl)-2-naphthoate (48).
VeO h O/Cy The title compound was isolated as a red oil liquid (eluent:
OO petroleum ether/ethyl acetate = 4/1, 33.2 mg, 73%).'H
NMR (600 MHz, Chloroform-d) 6 7.80 — 7.74 (m, 3H), 7.44
—7.39 (m, 2H), 7.29 - 7.27 (m, 1H), 7.24 — 7.18 (m, 4H), 4.93 — 4.85 (m, 1H), 3.77 (s,
3H), 2.48 - 2.40 (m, 3H), 2.23 - 2.15 (m, 1H), 1.95-1.85 (m, 2H), 1.84 — 1.68 (m, 3H),
1.67 = 1.61 (m, 1H), 1.55 — 1.49 (m, 1H), 1.47 — 1.29 (m, 5H), 1.24 — 1.15 (m, 1H). 13C
NMR (150 MHz, Chloroform-d) 6 205.3, 167.2, 158.8, 146.7, 139.8, 137.3, 135.2, 131.5,
130.9, 130.5, 129.9, 128.6, 128.0, 127.8, 127.3, 124.0, 120.6, 104.7, 74.2, 55.5, 41.0,
32.4, 31.7, 31.6, 25.4, 24.0, 23.9, 19.8. HRMS (ESI): calcd. for C3oH3oNaO4* [M+Na]*:
477.2036; found: 477.2306; [a]p?° = +26 (c = 0.1, CHCl3).
HPLC analysis: OD-H column (hexane:2-propanol =95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) = 5.576 min, tr (major) =8.33 min, 90% ee.

No. Time Area Area (%) No. Time Area Area (%)
1 6.515 6439.4 49.966 1 5.576 424.3 4,921
2 9.292 6448.2 50.034 2 8.33 8196.6 95.079
0 (R)-furan-3-ylmethyl (E)-7-methoxy-1-((2-
. Ph oxocyclopentylidene)(phenyl)methyl)-2-
X

N naphthoate (49).
MeO o A
OO /\E; The title compound was isolated as a red oil liquid
(eluent: petroleum ether/ethyl acetate = 5/1, 31.2
mg, 69%).'H NMR (600 MHz, Chloroform-d) § 7.83 — 7.72 (m, 3H), 7.46 — 7.42 (m, 1H),
7.38—-7.33(m, 3H), 7.32-7.27 (m, 1H), 7.25-7.17 (m, 4H), 6.38 — 6.35 (m, 1H), 5.13
(d,J=12.4,1H),5.07 (d,J=12.4, 1H), 3.77 (s, 3H), 2.45—-2.35 (m, 2H), 2.34-2.26 (m,

1H), 2.18 — 2.08 (m, 1H), 1.81 — 1.70 (m, 2H). 3C NMR (150 MHz, Chloroform-d) &
S50



205.3, 167.4, 159.0, 146.3, 143.4, 142.1, 140.4, 137.2, 135.2, 131.5, 131.1, 130.3,
129.9, 128.6, 127.9, 127.4, 126.9, 124.0, 120.9, 120.2, 111.0, 104.8, 58.5, 55.5, 40.8,
32.3, 19.6. HRMS (ESI): calcd. for Ca9H24NaOs* [M+Na]*: 475.1516; found: 475.1510;
[a]p?° = +28 (c = 0.1, CHCI3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) = 12.440 min, tr (major) = 15.557min, 90% ee.

7#328 [manually inegrated] DN5-37 UV_VIS_1 WVL 254 nm 700 20241127 #329 [manuallyinfegrated] w547 OV_VIS_1 WYL 254 nm

2 H
200
50
100
00 g -12000
. =l T JAN
5
00 75 0 75 100 [ED 80 s 6o 2o 00 75 B) 75 " T

No. Time Area Area (%) No. Time Area Area (%)
1 12.470 9.764 50.42 12.440 16.209 5.29
2 15.693 9.600 49.58 15.557 290.296 94.71
(R)-benzo[d][1,3]dioxol-5-yImethyl (E)-7-
0

methoxy-1-((2-

T
(0]
M
eO OO o/\©[0>
(0]

liquid (eluent: petroleum ether/ethyl acetate = 5/1, 32.9 mg, 65%).H NMR (600 MHz,

oxocyclopentylidene)(phenyl)methyl)-2-
naphthoate (50).

The title compound was isolated as a red oil

Chloroform-d) 6 7.83 — 7.74 (m, 3H), 7.33 - 7.29 (m, 3H), 7.25 - 7.16 (m, 4H), 6.82 —
6.74 (m, 3H), 5.97 —5.93 (m, 2H), 5.20 - 5.04 (m, 2H), 3.77 (s, 3H), 2.42 - 2.36 (m, 2H),
2.35 - 2.29 (m, 1H), 2.19 — 2.11 (m, 1H), 1.81 — 1.71 (m, 2H). 3C NMR (150 MHz,
Chloroform-d) 6 205.2, 167.3, 159.0, 147.9, 147.8, 146.1, 140.4, 137.2, 135.2, 131.5,
131.1, 130.3, 129.9, 129.5, 128.6, 127.9, 127.3, 126.9, 124.1, 122.8, 120.9, 109.5,
108.3, 104.8, 101.3, 67.2, 55.5, 40.8, 32.3, 19.6. HRMS (ESI): calcd. for C32H26NaOs*
[M+Na]*: 529.1622; found: 529.1622; [a]p?° = +64 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =20.505 min, tr (major) =32.364min, 86% ee.
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4 i -
L /\ -
i i % ] B 3 k] 4 o ) 3 3

No. Time Area Area (%) | No. Time Area Area (%)

1 20.634 1583.6

50.198 1 20.505 4442 7.004

32.736 1571.1

49.802 2 32.364 6708.8 92.996

.\ Ph
O
M
ROGAA®

(R)-benzyl (E)-7-methoxy-1-((2-
oxocyclopentylidene)(phenyl)methyl)-2-
naphthoate (51).

The title compound was isolated as a red oil liquid

(eluent: petroleum ether/ethyl acetate = 4/1, 32.3

mg, 70%).'H NMR (600 MHz, Chloroform-d) & 7.84 (d, J = 8.5, 1H), 7.81 - 7.76 (m, 2H),

7.32 (d,J = 6.1, 8H), 7.25 — 7.20 (m, 2H), 7.20 — 7.16 (m, 2H), 5.31 — 5.26 (m, 1H), 5.19

—5.14 (m, 1H), 3.77 (s, 3H), 2.39 — 2.26 (m, 3H), 2.18 — 2.08 (m, 1H), 1.76 — 1.65 (m,

2H). 13C NMR (150 MHz, Chloroform-d) 6 205.2, 167.3, 159.0, 146.1, 140.4, 137.2,

135.7, 135.3, 131.5, 131.1, 130.2, 129.9, 128.8, 128.7, 128.6, 128.5, 127.9, 127.3,

126.8, 124.2, 120.9, 104.7, 67.3, 55.5, 40.8, 32.3, 19.5. HRMS (ESI): calcd. for

C31H26NaO4* [M+Na]*: 485.1723; found: 485.1727; [a]o?® = +40 (c = 0.1, CHCI3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =11.440 min, tr (major) =15.877min, 88% ee.

50,0 20241127 #482 [manually integrated i LIWG-45-3

UV_VIS_1 WVL:254 nm T 20241127 #757 [manually integrated) LIWS-46-3 UV_VIS_1 WVL:254 nm

[€ 250

-50 I/ﬂ\v:‘«
No. Time Area Area (%) No. Time Area Area (%)
11.533 16.414 50.36 1 11.440 11.819 5.87
2 16.270 16.179 49.64 2 15.877 | 189.409 94.13
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(R)-4-methylbenzyl (E)-7-methoxy-1-((2-

oxocyclopentylidene)(phenyl)methyl)-2-

AL
O
MeO
RSO EA!
Me

4/1, 30.5 mg, 64%).'H NMR (600 MHz, Chloroform-d) & 7.85 — 7.80 (m, 1H), 7.80 —

naphthoate (52).
The title compound was isolated as a red oil

liquid (eluent: petroleum ether/ethyl acetate =

7.75 (m, 2H), 7.34 = 7.29 (m, 3H), 7.24 = 7.20 (m, 4H), 7.20 = 7.16 (m, 2H), 7.15 - 7.11
(m, 2H), 5.23 (d, J = 12.0, 1H), 5.13 (d, J = 12.0, 1H), 3.77 (s, 3H), 2.39 — 2.32 (m, 4H),
2.32 — 2.25 (m, 2H), 2.17 — 2.09 (m, 1H), 1.76 — 1.66 (m, 2H). 3C NMR (150 MHz,
Chloroform-d) 6 205.2, 167.3, 159.0, 146.1, 140.4, 138.3, 137.3, 135.2, 132.8, 131.5,
131.0,130.2,129.9,129.3,128.9, 128.6,127.8,127.3,127.0,124.2,120.8, 104.7, 67.2,
55.5, 40.7, 32.3, 21.3, 19.5. HRMS (ESI): calcd. for C3;H2sNaO4* [M+Na]*: 499.1880;
found: 499.1883; [a]o? = +88 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5 v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) = 10.809 min, tr (major) =14.509 min, 91% ee.

]

3
[ =
>
it
it ¥ 2
T T T T T T T T T i T T T T T
] i I I} 3 § i ] i3 o ] H I ) 1

T
i

Area (%)

No.

Area (%)

No. Time Area Time Area
1 11.401 7611.2 49.561 10.809 386.3 4.7
2 15.397 7746 50.439 14.509 7833.8 95.3
o (R)-4-methoxybenzyl (E)-7-methoxy-1-((2-

oxocyclopentylidene)(phenyl)methyl)-2-

.\ Ph
(0]
MeO
ROGRAS\
OMe

=5/1,29.1 mg, 59%).'H NMR (600 MHz, Chloroform-d) & 7.84 — 7.79 (m, 1H), 7.79 —

naphthoate (53).
The title compound was isolated as a red oil

liquid (eluent: petroleum ether/ethyl acetate

7.75 (m, 2H), 7.35 — 7.28 (m, 3H), 7.27 = 7.24 (m, 2H), 7.24 — 7.16 (m, 4H), 6.87 — 6.82

(m, 2H), 5.21 (d, J = 11.9, 1H), 5.12 (d, J = 11.8, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 2.41 —
$53



2.33 (m, 1H), 2.32 — 2.24 (m, 2H), 2.16 — 2.08 (m, 1H), 1.75 — 1.66 (m, 2H). 3C NMR
(150 MHz, Chloroform-d) é 205.2, 167.4, 159.8, 159.0, 146.1, 140.3, 137.3, 135.3,
131.5, 131.0, 130.6, 130.2, 129.9, 128.6, 127.9, 127.8, 127.3, 127.0, 124.1, 120.8,
114.1, 104.7, 67.1, 55.5, 55.4, 40.8, 32.3, 19.5. HRMS (ESI): calcd. for C3;H23NaOs*
[M+Na]*: 515.1829; found: 515.1835; [a]o? = +102 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =16.064 min, tr (major) =21.438min, 90% ee.

b
i
>
m
it s =
E
T T T T T T T T T T T
% ! 5 ) ! T i 7

T
3

2w o= owm o= 2

No. Time Area Area (% No. Time Area Area (%)

16.297 10690.6 49.952 1 16.064 493.1 4,778
2 21.991 10711.3 50.048 2 21.438 9826.5 95.222
(R)-4-isopropylbenzyl (E)-7-methoxy-1-((2-
O
. oxocyclopentylidene)(phenyl)methyl)-2-
Ph
X

O naphthoate (54).

MeO OO o The title compound was isolated as a red oil
liquid (eluent: petroleum ether/ethyl acetate
= 5/1, 26.7 mg, 53%).!H NMR (600 MHz,

Chloroform-d) 6 7.86 — 7.81 (m, 1H), 7.79 — 7.74 (m, 2H), 7.35 - 7.30 (m, 3H), 7.28 —

7.24 (m, 2H), 7.24 - 7.15 (m, 6H), 5.26 (d, J = 11.9, 1H), 5.13 (d, J = 12.0, 1H), 3.77 (s,

3H), 2.95-2.85 (m, 1H), 2.38 — 2.20 (m, 3H), 2.16 — 2.08 (m, 1H), 1.74 — 1.60 (m, 2H),

1.24 (d, J = 7.0, 6H). 13C NMR (150 MHz, Chloroform-d) § 205.1, 167.3, 158.9, 149.2,

145.9, 140.2, 137.2, 135.1, 133.0, 131.4, 130.9, 130.1, 129.8, 129.0, 128.5, 127.7,

127.2,126.9, 126.6, 124.1, 120.7, 104.6, 67.1, 55.4, 40.7, 33.9, 32.1, 24.0, 23.9, 19.4.

HRMS (ESI): calcd. for C3aH32NaO4* [M+Na]*: 527.2193; found: 527.2195; [a]p? =

+120 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm; tr (minor) = 8.867 min, tr (major) = 12.209 min, 91% ee.
S$54



e owm = @ m om om owm & ®

T
i

T
{

T
1

T
i

No. Time Area Area (%) No. Time Area Area (%)
1 8.925 6020.4 51.984 1 8.867 592.6 4.793
2 12.489 5560.8 48.016 2 12.209 11770.3 95.207

O (R)-4-chlorobenzyl (E)-7-methoxy-1-((2-

oxocyclopentylidene)(phenyl)methyl)-2-
naphthoate (55).
The title compound was isolated as a red oil

0
M
ROG AP
Cl

4/1, 30.8 mg, 62%).'H NMR (600 MHz, Chloroform-d) § 7.83 — 7.76 (m, 3H), 7.34 —

liquid (eluent: petroleum ether/ethyl acetate =

7.30 (m, 3H), 7.29 = 7.26 (m, 2H), 7.25 — 7.21 (m, 4H), 7.20 — 7.15 (m, 2H), 5.23 (d, J =
12.3, 1H), 5.13 (d, J = 12.3, 1H), 3.77 (s, 3H), 2.44 — 2.24 (m, 3H), 2.18 — 2.10 (m, 1H),
1.78 — 1.70 (m, 2H). 3C NMR (150 MHz, Chloroform-d) & 205.2, 167.1, 159.0, 146.1,
140.5, 137.1, 135.3, 134.4, 134.2, 131.5, 131.1, 130.2, 130.1, 129.9, 128.8, 128.6,
127.9,127.3,126.7,124.0,120.9,104.7, 66.3, 55.5, 40.8, 32.3, 19.6. HRMS (ESlI): calcd.
for C31H25CINaO4* [M+Na]*: 519.1334; found: 519.1331; [a]o?® = +140 (c = 0.1, CHCl3).
HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =14.424 min, tr (major) =17.86 min, 88% ee.

W]
w
i
b2
o
m
b3
o

W
il
il
[
k2
L2
L

|

T
]

T
2

No.

Area (%)

Area (%)

Time Area No. Time Area
1 14.434 13546.5 50.005 14.424 799.7 5.885
2 18.037 13543.7 49.995 17.86 12789 94.115
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(R)-4-(methylthio)benzyl  (E)-7-methoxy-1-
. Ph ((2-oxocyclopentylidene)(phenyl)methyl)-2-
= naphthoate (56).

MeO o . . ‘
OO /\©\ The title compound was isolated as a red oil
SMe liquid (eluent: petroleum ether/ethyl acetate
= 4/1, 29.5 mg, 58%).1H NMR (600 MHz, Chloroform-d) & 7.84 — 7.80 (m, 1H), 7.79 —
7.75 (m, 2H), 7.36 = 7.29 (m, 3H), 7.26 — 7.20 (m, 4H), 7.20 — 7.15 (m, 4H), 5.22 (d, J =
12.1, 1H), 5.13 (d, J = 12.1, 1H), 3.76 (s, 3H), 2.46 (s, 3H), 2.42 — 2.33 (m, 1H), 2.33 -
2.23 (m, 2H),2.17 - 2.08 (m, 1H), 1.76 — 1.67 (m, 2H). 13C NMR (150 MHz, Chloroform-
d) 6 205.2, 167.2, 159.0, 146.0, 140.3, 139.1, 137.2, 135.2, 132.4, 131.5, 131.0, 130.2,
129.9, 129.5, 128.5, 127.9, 127.3, 126.9, 126.6, 124.0, 120.8, 104.7, 66.8, 55.4, 40.7,
32.2, 19.5, 15.8. HRMS (ESI): calcd. for C3;H2sNaO4S* [M+Na]*: 531.1601; found:

531.1602; [a]p?® = +156 (c = 0.1, CHCI3).
HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) = 15.970 min, tr (major) = 19.423 min, 89% ee.

140 220241017 #4685 [manually integrated) LZWS-45-8-0D UV_VIS_1 WVL:254 nm 7 20241127 o LIW5-46-8 UV_VIS_2WNL:254 nm

Absorbance [MAU]
™

o

0o 50 100 150 200 250 300 350 o 50 100 180 200 280 300 380
i

No. Time Area Area (%) No. Time Area Area (%)
16.190 72.704 50.29 1 15.970 26.411 5.73
19.597 71.877 49.71 2 19.423 434.278 94.27

(R)-2,2-dimethyl-3-(m-tolyl)propyl (E)-
7-methoxy-1-((2-

MeO Me oxocyclopentylidene)(phenyl)methyl)-
OO m 2-naphthoate (57).

The title compound was isolated as a red oil liquid (eluent: petroleum ether/ethyl
acetate =4/1, 24.5 mg, 46%). *H NMR (600 MHz, Chloroform-d) 6 7.84 — 7.80 (m, 3H),
7.40 -7.35(m, 3H), 7.28 = 7.24 (m, 2H), 7.22 - 7.18 (m, 3H), 7.15 - 7.09 (m, 1H), 7.03

—6.99 (m, 1H), 6.90 — 6.83 (m, 2H), 3.92 (s, 2H), 3.80 (s, 3H), 2.53 (s, 2H), 2.51 — 2.39
856



(m, 3H), 2.29 (s, 3H), 2.26 —2.18 (m, 1H), 1.95-1.85 (m, 1H), 1.85-1.75 (m, 1H), 0.90
(s, 3H), 0.87 (s, 3H). 13C NMR (150 MHz, Chloroform-d) § 205.2, 167.1, 159.1, 146.3,
140.7, 138.0, 137.5, 137.2, 135.1, 131.6, 131.4, 131.0, 130.4, 129.9, 129.2, 128.6,
127.92,127.91, 127.7, 127.3, 127.0, 123.9, 120.9, 104.7, 72.9, 55.5, 45.3, 40.9, 35.3,
32.4,24.52,24.49, 21.6, 19.7. HRMS (ESI): calcd. for C3gH3sNaO4* [M+Na]*: 555.2506;
found: 555.2511; [a]p?® = +24 (c = 0.1, CHCI3).

HPLC analysis: IC column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 9.513 min, tr (minor) =11.567 min, 87% ee.

1

u
B
s
2
[

T T T T T T T T T T T T T T T T T
¢ i i i 1 i i i i 1 ¢ i | i 1 i i) i

No. Time Area Area (%) No. Time Area Area (%)
1 9.235 4559.8 49.939 1 9.513 4082.6 93.435

2 11.185 4570.9 50.061 2 11.567 286.9 6.565

(35,85,95,10R,13R,14S5,17R)-
Me,, Me
0 i 10,13-dimethyl-17-((R)-6-
. e
PP methylheptan-2-yl)-

2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
3-yl 7-methoxy-1-((E)-(2-oxocyclopentylidene)(phenyl)methyl)-2-naphthoate(58).
The title compound was isolated as a red oil liquid (eluent: petroleum ether/ethyl
acetate = 4/1, 36.2 mg, 49%).'H NMR (600 MHz, Chloroform-d) § 7.83 — 7.75 (m, 3H),
7.43 = 7.39 (m, 2H), 7.30 - 7.28 (m, 1H), 7.24 — 7.18 (m, 4H), 5.36 — 5.33 (m, 1H), 4.78
—4.70 (m, 1H), 3.77 (s, 3H), 2.48 — 2.44 (m, 2H), 2.43 — 2.39 (m, 1H), 2.26 — 2.12 (m,
3H), 2.05-1.94 (m, 2H), 1.93 - 1.88 (m, 1H), 1.88 —1.76 (m, 3H), 1.62 — 1.53 (m, 3H),
1.52 = 1.45 (m, 2H), 1.45 — 1.41 (m, 2H), 1.39 — 1.34 (m, 1H), 1.29 — 1.23 (m, 1H), 1.20
—-1.13 (m, 3H), 1.10 — 1.03 (m, 2H), 1.02 — 0.98 (m, 2H), 0.96 (s, 3H), 0.91 (d, J = 6.5,
3H), 0.89-0.85 (m, 6H), 0.67 (s, 3H). 13C NMR (150 MHz, Chloroform-d) § 205.3, 167.1,
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158.8, 146.7, 139.9, 139.7, 137.2, 135.2, 131.5, 130.9, 130.4, 129.9, 128.7, 127.8,
127.7,127.3,124.0, 122.9, 120.7, 104.7, 56.8, 56.3, 55.5, 50.2, 42.4, 41.0, 39.9, 39.7,
38.0,37.1,36.7,36.3,35.9,32.4,32.03, 31.98, 28.4, 28.2, 27.7,24.4, 24.0, 23.0, 22.7,
21.1, 19.8, 19.4, 18.9, 12.0. HRMS (ESI): calcd. for CsiHsaNaO4* [M+Na]*: 763.4697,;
found: 763.4705; [a]o?® = +88 (c = 0.1, CHCl3).
0 (R)-methyl (E)-7-fluoro-1-((2-

\ Ph oxocyclopentylidene)(phenyl)methyl)-2-naphthoate (59).
F e The title compound was isolated as a red oil liquid (eluent:

OO petroleum ether/ethyl acetate = 4/1, 15.3 mg, 41%). *H NMR

(600 MHz, Chloroform-d) 6 7.93-7.86 (m, 3H),7.74-7.68 (m,

1H), 7.41 — 7.35 (m, 1H), 7.32 = 7.27 (m, 2H), 7.25 — 7.18 (m, 3H), 3.78 (s, 3H), 2.54 —
2.43 (m, 2H), 2.39 = 2.31 (m, 1H), 2.20 — 2.12 (m, 1H), 1.93 — 1.80 (m, 2H). 3C NMR
(150 MHz, Chloroform-d) 6 205.1, 167.2, 161.8 (d, / = 248.1), 145.2, 141.1 (d, /= 5.9),
136.9, 135.4, 132.3, 131.3 (d, J = 8.8), 130.8 (d, J = 9.2), 129.9, 128.6, 128.0, 127.3,
127.2,125.5 (d, J = 2.6), 118.5 (d, J = 25.5), 110.2 (d, J = 22.2), 52.3, 40.6, 32.2, 19.5.
19F NMR (376 MHz, Chloroform-d) 6: -111.1 (m). HRMS (ESI): calcd. for CosH1sFNaOs*
[M+Na]*: 397.1210; found: 397.1210; [a]p?® = -58 (c = 0.1, CHCl3).
HPLC analysis: IC column (hexane:2-propanol = 90:10, v= 1.0 mL/min, 40 °C, 227 nm);

tr (major) = 16.075 min, tr (minor) = 18.728 min, 95% ee.

W]

o
i
o
[

T T T T T T T T T
1 ] 3 5 i § 1 ] i 5

No. Time Area Area (%) No. Time Area Area (%)
16.206 606.3 50.301 1 16.075 2648.6 97.841
2 18.732 599.1 49.699 2 18.728 58.5 2.159
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(R)-methyl (E)-1-((2-oxocyclopentylidene)(phenyl)methyl)-2-

. naphthoate (60).
N Ph
O The title compound was isolated as a red oil liquid (eluent:

OO OMe  petroleum ether/ethyl acetate = 4/1, 22.8 mg, 64%).*H NMR
(600 MHz, Chloroform-d) 6 8.12 — 8.11 (m, 1H), 7.98 — 7.94 (m,
1H), 7.92 — 7.85 (m, 2H), 7.62 — 7.58 (m, 1H), 7.57 — 7.52 (m, 1H), 7.34 — 7.28 (m, 2H),
7.24 —7.17 (m, 3H), 3.78 (s, 3H), 2.54 — 2.31 (m, 3H), 2.18 — 2.10 (m, 1H), 1.92 — 1.76
(m, 2H). 3C NMR (150 MHz, Chloroform-d) & 205.4, 167.4, 145.9, 142.0, 137.3, 135.5,
135.3,130.3,130.1,128.6,128.5, 128.2,128.1, 127.7,127.3,126.9, 126.3, 126.1, 52.3,
40.8, 32.4, 19.6. HRMS (ESI): calcd. for CsH20NaOs* [M+Na]*: 379.1305; found:
379.1312; [a]o®® = -20 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254nm);

tr (minor) = 19.283 min, tr (major) =20.683 min, 92% ee.

W]
S
B
>

W]
i}
[}
2
&
k2
b
G

T
B

T T T T
1 % ] ]

No. Time Area Area (%) No. Time Area Area (%)
19.37 1431.2 49.991 1 19.283 349.3 3.866
2 20.91 1431.7 50.009 2 20.683 8686.4 96.134
(R)-methyl (E)-7-methyl-1-((2-
O
. oxocyclopentylidene)(phenyl)methyl)-2-naphthoate (61).
Ph

S

O The title compound was isolated as a red oil liquid (eluent:

Me OO OMe petroleum ether/ethyl acetate = 5/1, 22.2 mg, 60%). H
NMR (600 MHz, Chloroform-d) 6 7.90 — 7.86 (m, 2H), 7.84

—7.78 (m, 2H), 7.46 — 7.41 (m, 1H), 7.33 = 7.28 (m, 2H), 7.25 — 7.17 (m, 3H), 3.77 (s,
3H), 2.55 = 2.41 (m, 5H), 2.40 — 2.32 (m, 1H), 2.21—2.11 (m, 1H), 1.91 — 1.77 (m, 2H).
13C NMR (150 MHz, Chloroform-d) 6 205.5, 167.5, 146.1, 141.4, 137.7, 137.4, 135.2,
133.8, 130.53, 130.46, 130.1, 128.5, 128.3, 127.9, 127.3, 126.2, 125.6, 125.4, 52.3,
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40.9, 32.4, 22.2, 19.6. HRMS (ESI): calcd. for CasH2NaOs* [M+Nal*: 393.1461; found:
393.1462; [a]p®®

HPLC analysis: IC column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254 nm);

-42 (c=0.1, CHCl3).

tr (major) =13.879 min, tr (minor) =17.492 min, 97% ee.

e = w = om =

= = = o= = owm®

T
]

T T
1 i

T
]

No.

Area (%)

No.

Time Area Time Area
1 13.929 6786 50.177 1 13.879 13088.4 98.439
2 17.47 6738.1 49.823 2 17.492 207.5 1.561
0 (R)-methyl (E)-5,7-dimethyl-1-((2-
. Ph oxocyclopentylidene)(phenyl)methyl)-2-naphthoate
A
O (62).

Me
OO OMe The title compound was isolated as a red oil liquid (eluent:

Me petroleum ether/ethyl acetate = 4/1, 16.1 mg, 42%).'H

NMR (600 MHz, Chloroform-d) 6 7.98 (d, J = 8.9, 1H), 7.91
(d,J = 8.8, 1H), 7.75 (s, 1H), 7.33 — 7.28 (m, 3H), 7.24 — 7.16 (m, 3H), 3.77 (s, 3H), 2.70
(s, 3H), 2.55 — 2.44 (m, 5H), 2.39 = 2.31 (m, 1H), 2.19 — 2.11 (m, 1H), 1.92 = 1.77 (m,
2H). 13C NMR (150 MHz, Chloroform-d) & 205.5, 167.6, 146.4, 141.7, 137.5, 137.2,
135.2,134.6,133.0,131.3,130.8, 130.2,128.5,127.2,125.9,125.2,124.1,123.9, 52.3,
40.9, 32.4, 22.2, 19.7, 19.6. HRMS (ESI): calcd. for CzsH24NaOs* [M+Na]*: 407.1618;
found: 407.1623; [a]po?® = -38(c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) =13.752 min, tr (minor) =18.349 min, 94% ee.

W]

[}
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2
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No. Time Area Area (%) No. Time Area Area (%)

1 13.778 1537.2 50.071 13.752 7271.3 97.252

2 18.367 1532.9 49.929 18.349 205.4 2.748

0 (R)-methyl (E)-5-methoxy-1-((2-

\ Ph oxocyclopentylidene)(phenyl)methyl)-2-naphthoate (63).

2 The title compound was isolated as a red oil liquid (eluent:
OMe

OO petroleum ether/ethyl acetate = 5/1, 18.1 mg, 47%).'H NMR
OMe (600 MHz, Chloroform-d) 6 8.33 (d, /=8.9, 1H), 7.93 (d, J = 8.9,

1H),7.68 (d, J = 8.6, 1H), 7.48 — 7.42 (m, 1H), 7.33 — 7.28 (m, 2H),
7.25-7.15 (m, 3H), 6.94 (d, J = 7.7, 1H), 4.03 (s, 3H), 3.78 (s, 3H), 2.54 — 2.31 (m, 3H),
2.19-2.11 (m, 1H), 1.91 = 1.76 (m, 1H). 3C NMR (150 MHz, Chloroform-d) 6 205.4,
167.6, 155.7, 146.2, 141.4, 137.4, 135.3, 131.4, 130.2, 128.5, 127.8, 127.7, 127.3,
126.7, 125.6, 122.3, 118.9, 105.9, 55.9, 52.3, 40.8, 32.4, 19.6. HRMS (ESI): calcd. for
CasH22NaO4* [M+Na]*: 409.1410; found: 409.1410; [a]p?® = -16 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (minor) = 23.173 min, tr (major) =26.766 min, 90% ee.

e = wm m m wm wm o= ®

T T T
1 % 1

No. Time Area Area (%) No. Time Area Area (%)

1 23.26 1635.1 50.097 23.173 826.2 4.81

2 26.944 1628.8 49.903 26.766 16351.7 95.19

(R)-methyl (E)-7-methoxy-1-((2-
O Me
. O oxocyclopentylidene)(p-tolyl)methyl)-2-naphthoate
N 64
o ( )'

The title compound was isolated as a red oil liquid (eluent:

oy

NMR (600 MHz, Chloroform-d) 6 7.84 —7.77 (m, 3H), 7.34 —7.32 (m, 1H), 7.26 — 7.22

petroleum ether/ethyl acetate = 4/1, 29.6 mg, 74%).1H

(m, 3H), 7.04 —6.99 (m, 2H), 3.81 — 3.76 (m, 6H), 2.54 — 2.33 (m, 3H), 2.29 (s, 3H), 2.22

—2.12 (m, 1H), 1.93 - 1.74 (m, 2H). 3C NMR (150 MHz, Chloroform-d) & 205.3, 167.8,
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159.0, 146.7, 140.7, 138.7, 134.6, 134.4, 131.6, 131.0, 130.1, 129.9, 128.1, 127.8,
126.8, 124.0, 120.8, 104.8, 55.5, 52.3, 41.0, 32.4, 21.5, 19.8. HRMS (ESI): calcd. for
C26H24Na04* [M+Na]*: 423.1567; found: 423.1560. [a]p?® = -30 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (major) = 8.405 min, tr (minor) =11.023 min, 92% ee.

ZEI ] THOTR S5 R T o TR G ]
B

[

o /\\ v
o
1 ‘ ] ] 1 2 h L 1

T T T T T T
! i i il t d o

= = s @ m = 2

No. Time Area Area (%) No. Time Area Area (%)
1 8.437 11312.9 50.019 1 8.405 9568.1 96.241
2 11.083 11304.4 49.981 2 11.023 373.7 3.759

(R)-methyl (E)-7-methoxy-1-((4-methoxyphenyl)(2-
oxocyclopentylidene)methyl)-2-naphthoate (65).

The title compound was isolated as a red oil liquid

O O OMe
I AN
0
M
ROG RS

(m, 3H), 7.33 = 7.27 (m, 3H), 7.27 —= 7.21 (m, 1H), 6.76 — 6.71 (m, 2H), 3.79 — 3.74 (m,

(eluent: petroleum ether/ethyl acetate = 3/1, 25.4 mg,

61%).'H NMR (600 MHz, Chloroform-d) 6 7.83 — 7.75

9H), 2.53 - 2.40 (m, 2H), 2.40 - 2.32 (m, 1H), 2.19-2.11 (m, 1H), 1.91 - 1.83 (m, 1H),
1.82 — 1.74 (m, 1H). 3C NMR (150 MHz, Chloroform-d) & 205.3, 167.8, 160.0, 159.0,
146.6, 140.8, 133.7, 131.9, 131.6, 131.0, 129.9, 129.7, 127.8, 126.8, 124.0, 120.8,
112.7, 104.7, 55.5, 55.3, 52.3, 41.1, 32.5, 19.8. HRMS (ESI): calcd. for Ca6H24NaOs*
[M+Na]*: 439.1516; found: 439.1510; [a]p?° = -18 (c = 0.1, CHCl3).

HPLC analysis: IB column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 8.804 min, tr (minor) =12.896 min, 89% ee.

[EE




No. Time Area Area (%) No. Time Area Area (%)
1 8.991 5221 50.45 1 8.804 77706.7 94.259
2 13.544 5127.9 49.55 2 12.896 4733.1 5.741

O F
L
o)
MeO
ROChs

NMR (600 MHz, Chloroform-d) 6 7.84 —7.79 (m, 3H), 7.36 = 7.32 (m, 2H), 7.30 - 7.28

(R)-methyl (E)-1-((4-fluorophenyl)(2-
oxocyclopentylidene)methyl)-7-methoxy-2-naphthoate
(66).

The title compound was isolated as a red oil liquid (eluent:

petroleum ether/ethyl acetate = 4/1, 27.5 mg, 68%). H

(m, 1H), 7.28 = 7.25 (m, 1H), 6.91 — 6.87 (m, 2H), 3.79 (s, 3H), 3.78 (s, 3H), 2.54 — 2.44

(m, 2H), 2.42 — 2.34 (m, 1H), 2.22 — 2.12 (m, 1H), 1.93 — 1.85 (m, 1H), 1.84 — 1.76 (m,

1H). 13C NMR (150 MHz, Chloroform-d) & 205.2, 167.4, 162.7 (d, J = 248.7), 159.0,

145.2, 140.3, 134.9, 133.1 (d, / = 3.4), 132.1 (d, J = 8.2), 131.3, 131.0, 129.9, 127.9,

126.6, 123.9, 120.8, 114.2 (d, J = 21.7), 104.4, 55.4, 52.2, 40.8, 32.2, 19.6. 1°F NMR

(376 MHz, Chloroform-d) é: -112.5 (m). HRMS (ESI): calcd. for CasH21FNaO4* [M+Na]*:

427.1316; found: 427.1311; [a]p?® = +30 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) =

10.179 min, tr (minor) =10.888 min, 90% ee.

]

RN

T T T T T T T T T T T T
i ] ] L 1 4 i 8 il L i 8 ]

Area (%)

No. Time Area No. Time Area Area (%)
1 10.052 8603 49.828 10.179 9912.2 95.382
2 10.773 8662.4 50.172 10.888 479.9 4.618

O ! Ph
| AN
0
MeO O OMe

(R)-methyl (E)-1-((2-
oxocyclopentylidene)(phenyl)methyl)-2-naphthoate
(67).

The title compound was isolated as a red oil liquid (eluent:

petroleum ether/ethyl acetate = 4/1, 27.2 mg, 59%).H
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NMR (600 MHz, Chloroform-d) 6 7.86 — 7.79 (m, 3H), 7.56 — 7.53 (m, 2H), 7.46 — 7.41
(m, 4H), 7.40 — 7.36 (m, 3H), 7.32 = 7.28 (m, 1H), 7.27 — 7.24 (m, 1H), 3.83 — 3.76 (m,
6H), 2.57 —2.37 (m, 3H), 2.24 — 2.16 (m, 1H), 1.95 — 1.86 (m, 1H), 1.85—1.77 (m, 1H).
13C NMR (150 MHz, Chloroform-d) & 205.3, 167.7, 159.1, 146.2, 141.2, 140.9, 140.5,
136.3, 135.2, 131.6, 131.1, 130.7, 130.0, 128.8, 127.9, 127.4, 127.2, 126.8, 126.0,
124.1, 120.9, 104.8, 55.5, 52.3, 40.9, 32.4, 19.8. HRMS (ESI): calcd. for C31H26NaO4*
[M+Na]*: 485.1723; found: 485.1730; [a]p?® = -68 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 17.11 min, tr (minor) =21.004 min, 90% ee.

W W

[

o

B 2

o i

=

L

=

T T T T T T T T T
1 ] 1 5 i 5 1 ] ] ]

No. Time Area Area (%) No. Time Area Area (%)

16.949 7291 49.854 1 17.11 25525.6 95.307
2 20.762 7333.8 50.146 2 21.004 1256.8 4.693

(R)-methyl (E)-7-methoxy-1-((2-oxocyclopentylidene)(m-
tolyl)methyl)-2-naphthoate (68).

The title compound was isolated as a red oil liquid (eluent:
petroleum ether/ethyl acetate = 4/1, 26.0 mg, 65%).'H
NMR (600 MHz, Chloroform-d) 6 7.81 —7.77 (m, 3H), 7.36

—7.34 (m, 1H), 7.26 — 7.22 (m, 1H), 7.18 — 7.13 (m, 2H),
7.12-7.08 (m, 1H), 7.07 = 7.02 (m, 1H), 3.80 = 3.77 (m, 6H), 2.54 — 2.34 (m, 3H), 2.23
(s, 3H), 2.22 = 2.14 (m, 1H), 1.93 = 1.75 (m, 2H). 3C NMR (150 MHz, Chloroform-d) §
205.2, 167.9, 159.0, 146.5, 140.5, 137.3, 136.7, 135.2, 131.6, 131.0, 130.6, 129.9,
129.5,127.8,127.4,127.2,126.9,124.0,120.8, 104.8, 55.5,52.3, 40.9, 32.3, 21.5, 19.8.
HRMS (ESI): calcd. for CagH24NaO4* [M+Na]*: 423.1567; found: 423.1565; [a]p?® = +36
(c=0.1, CHCl3).
HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) = 11.155 min, tr (major) =12.628 min, 91% ee.
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A,

T T
i i

T
8

T T T
it 8 i}

No. Time Area Area (%) No. Time Area Area (%)
1 9.703 4350.9 50.265 11.155 1239.8 4.509
2 11.049 4305 49.735 12.628 26254.7 95.491
(R)-methyl (E)-7-methoxy-1-((2-oxocyclopentylidene)(o-
OMe
. O tolyl)methyl)-2-naphthoate (69).
N o The title compound was isolated as a red oil liquid (eluent:

petroleum ether/ethyl acetate = 4/1, 16.8 mg, 42%).'H
NMR (600 MHz, Chloroform-d) 6 7.81—7.75 (m, 2H), 7.66
—7.62 (m, 1H), 7.29 — 7.20 (m, 2H), 7.19 — 7.17 (m, 1H), 7.15 - 7.10 (m, 1H), 6.97 -
6.92 (m, 1H), 3.78 (s, 3H), 3.73 (s, 3H), 2.53 —2.38 (m, 3H), 2.37 - 2.30 (m, 4H), 1.98 -
1.80 (m, 2H).13C NMR (150 MHz, Chloroform-d) § 205.4, 168.7, 159.0, 138.3, 137.5,
132.1,130.7,130.4,130.1,128.11,128.07, 125.1, 123.5,120.5, 104.8, 55.5, 52.4, 40.3,
32.6, 20.8, 20.1. HRMS (ESI): calcd. for CzeH2sNaOs* [M+Na]*: 423.1567;
found:423.1570; [a]p?° = +84 (c = 0.1, CHCl3).

HPLC analysis: OD-H column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) =12.661 min, tr (major) =13.722 min, 86% ee.

IIAS (P PEAINGEED 13 Sg PELINGiRE-0MD)

No. Time Area Area (%) No. Time Area Area (%)
1 12.667 880.2 49.199 12.661 616.5 7.09
2 13.789 908.9 50.801 13.722 8079 92.91
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oCl (R)-methyl (2)-1-((2-chlorophenyl)(2-
\ O oxocyclopentylidene)methyl)-7-methoxy-2-naphthoate
O (70).

MeO

OO OMe  The title compound was isolated as a red oil liquid (eluent:

petroleum ether/ethyl acetate = 4/1, 15.1 mg, 36%).H

NMR (600 MHz, Chloroform-d) & 7.83 — 7.78 (m, 1H), 7.76 — 7.68 (m, 2H), 7.42 — 7.38
(m, 1H), 7.31=7.27 (m, 2H), 7.20 = 7.13 (m, 2H), 7.12 — 7.06 (m, 1H), 3.83 (s, 6H), 2.56
— 2.43 (m, 2H), 2.42 — 2.29 (m, 2H), 1.97 — 1.81 (m, 2H). 3C NMR (150 MHz,
Chloroform-d) 6 205.4, 169.2, 158.9, 140.2, 138.6, 138.1, 136.6, 134.0, 132.4, 131.6,
130.7, 129.9, 129.8, 129.6, 129.1, 128.5, 126.8, 123.5, 121.1, 104.5, 56.1, 52.7, 39.4,
32.1, 20.0. HRMS (ESI): calcd. for CasH21CINaO4* [M+Na]*: 443.1021; found: 443.1025;
[a]p?° = +66 (c = 0.1, CHCI3).
HPLC analysis: IG column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 227 nm);

tr (minor) = 12.470 min, tr (major) =16.353 min, 90% ee.

0 220240914 #687 [manually integrated] i LZW5-69-31G UV_VIS_2WVL 227 nm 600 20240914 #688 [manually integrated) LZWS-70-8 UV_VIS_2WVL:227 nm

No. Time Area Area (%) No. Time Area Area (%)
12.603 47.329 50.097 1 12.470 9.541 a4.77

2 16.487 47.699 49.903 2 16.353 190.622 95.23

(R)-methyl (E)-1-((3-chlorophenyl)(2-
. O oxocyclopentylidene)methyl)-7-methoxy-2-naphthoate
N Cl
(71).
MeO
OO OMe  The title compound was isolated as a red oil liquid (eluent:
petroleum ether/ethyl acetate = 4/1, 25.3mg, 60%).H

NMR (600 MHz, Chloroform-d) & 7.86 — 7.77 (m, 3H), 7.33 — 7.24 (m, 4H), 7.23 — 7.18
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(m, 1H), 7.17 = 7.11 (m, 1H), 3.82 — 3.77 (m, 6H), 2.55 — 2.34 (m, 3H), 2.23 - 2.15 (m,
1H), 1.94 — 1.76 (m, 2H). 13C NMR (150 MHz, Chloroform-d) & 205.2, 167.6, 159.2,
144.5, 139.8, 139.1, 136.2, 133.2, 131.4, 131.1, 130.1, 130.0, 128.5, 128.52, 128.51,
128.2, 126.9, 124.0, 120.9, 104.5, 55.5, 52.4, 40.8, 32.2, 19.7. HRMS (ESI): calcd. for
CasH21CINaO4* [M+Na]*: 443.1021; found: 443.1022; [a]o® = -24 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 12.204 min, tr (minor) =21.097 min, 93% ee.

i =

: |

T T T T T T T T T
1 ] 3 1 i 5 1 ] 1 5

No. Time Area Area (%) No. Time Area Area (%)
1 11.607 8857 50.034 1 12.204 5511.4 96.338
2 20.331 8845.1 49.966 2 21.097 209.5 3.662

(R)-methyl (E)-1-((3-fluorophenyl)(2-
oxocyclopentylidene)methyl)-7-methoxy-2-naphthoate
5 (72
OMe The title compound was isolated as a red oil liquid (eluent:
petroleum ether/ethyl acetate = 4/1, 25.5 mg, 63%).'H
NMR (600 MHz, Chloroform-d) & 7.85 — 7.78 (m, 3H), 7.30 (d, J = 2.7, 1H), 7.28 — 7.24
(m, 1H), 7.21 - 7.13 (m, 2H), 7.07 - 7.01 (m, 1H), 6.97 — 6.89 (m, 1H), 3.83 — 3.78 (m,
6H), 2.55 — 2.35 (m, 3H), 2.23 = 2.15 (m, 1H), 1.95 — 1.76 (m, 2H). 33C NMR (150 MHz,
Chloroform-d) 6 205.0, 167.4,162.0 (d, J = 244.3),159.0, 144.5(d, /=2.3),139.8, 139.4
(d,/=8.0), 136.0,131.3,131.0, 129.9, 128.5 (d, /= 8.2), 128.0, 126.7,125.9 (d, J = 2.8),
123.9,120.8,116.9 (d, J =22.4), 115.3 (d, J = 21.0), 104.5, 55.4, 52.2, 40.7, 32.2, 19.6.
19F NMR (376 MHz, Chloroform-d) 6: -114.3 (m). HRMS (ESI): calcd. for CasH21FNaO4*
[M+Na]*: 427.1316; found: 427.1313; [a]p?® = +34 (c = 0.1, CHCl5).
HPLC analysis: IC column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) =12.166 min, tr (minor) =14.634 min, 93% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 12.351 1962.6 50.121 12.166 16895.1 96.409
2 14.578 1953.1 49.879 14.634 629.3 3.591

(R)-methyl (E)-7-methoxy-1-((2-

oxocyclopentylidene)(4-

O l CF;
X
0
MeO
Ty

54%).'H NMR (600 MHz, Chloroform-d) 6 7.87 — 7.79 (m, 3H), 7.49 — 7.43 (m, 4H),

(trifluoromethyl)phenyl)methyl)-2-naphthoate (73).
The title compound was isolated as a red oil liquid

(eluent: petroleum ether/ethyl acetate = 4/1, 24.5 mg,

7.32-7.27 (m, 2H), 3.82-3.77 (m, 6H), 2.55 - 2.36 (m, 3H), 2.25-2.17 (m, 1H), 1.97
—1.78 (m, 2H). 3C NMR (150 MHz, Chloroform-d) 6 205.2, 167.2, 159.1, 144.4, 140.7,
139.8, 136.4, 131.3, 131.0, 130.3, 130.0, 129.9, 128.1, 126.5, 125.0 (q, J = 270.8 Hz),
124.1 (q, J = 3.8 Hz), 124.0, 120.8, 104.4, 55.4, 52.3, 40.6, 32.1, 19.5. *°F NMR (376
MHz, Chloroform-d) &6: -62.5 (m). HRMS (ESI): calcd. for CysH21F3sNaOs* [M+Na]*:
477.1284; found: 477.1287; [a]o® = -28(c = 0.1, CHCls).

HPLC analysis: IC column (hexane:2-propanol = 95:5, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 7.64 min, tr (minor) =8.397 min, 91% ee.

W

o

4

L

2 = 0w s w o= ®

Area (%)

Area (%)

No. Time Area No. Time Area
1 7.649 2144.8 49.896 7.64 6633.5 95.513
2 8.936 2153.7 50.104 8.937 311.6 4.487
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(R)-methyl (E)-1-((4-chlorophenyl)(2-oxocyclopentylidene)methyl)-7-methoxy-2-

naphthoate (74).

The title compound was isolated as a red oil liquid (eluent:

s@en
X
O

petroleum ether/ethyl acetate = 4/1, 28.2 mg, 67%).'H
NMR (600 MHz, Chloroform-d) 6 7.85 —7.79 (m, 3H), 7.32

MeO [ ome ~ 7-24 (M, 4H), 7.20 - 7.14 (m, 2H), 3.81 - 3.77 (m, 6H),
‘ 2.55 - 2.33 (m, 3H), 2.23 — 2.13 (m, 1H), 1.94 — 1.75 (m,

2H). 13C NMR (150 MHz, Chloroform-d) & 205.3, 167.5, 159.2, 145.1, 140.2, 135.7,

135.5,134.5,131.6,131.5, 131.1, 130.0, 128.1, 127.6, 126.7, 124.1, 120.9, 104.6, 55.5,

52.4,40.9, 32.3, 19.7. HRMS (ESI): calcd. for CasH21CINaO4* [M+Na]*: 443.1021; found:

443.1015; [a]o®® = -52 (c = 0.1, CHCls).

HPLC analysis: IC column (hexane:2-propanol = 85:5, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 7.529 min, tr (minor) =9.72 min, 90% ee.

i

w

T
]

) 'Bu
CL QO
(@]
MeO
ROO RS

No. Time Area Area (%) No. Time Area Area (%)
1 7.548 1066.6 50.353 1 7.529 7623.7 95.107
2 9.75 1051.7 49.647 2 9.72 392.2 4.893
(R)-methyl (E)-1-((4-(tert-butyl)phenyl)(2-

oxocyclopentylidene)methyl)-7-methoxy-2-naphthoate
(75).
The title compound was isolated as a red oil liquid

(eluent: petroleum ether/ethyl acetate = 4/1, 31.0 mg,

70%).*H NMR (600 MHz, Chloroform-d) 6 7.83 —7.75 (m, 3H), 7.34 (d, /= 2.7, 1H), 7.30

—7.27 (m, 2H), 7.26 — 7.20 (m, 3H), 3.79 — 3.76 (m, 6H), 2.54 — 2.34 (m, 3H), 2.22 —

2.13 (m, 1H), 1.93 — 1.74 (m, 2H), 1.26 (s, 9H). 13C NMR (150 MHz, Chloroform-d)
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205.3, 167.8, 159.0, 151.6, 146.7, 140.7, 134.6, 134.3, 131.6, 131.0, 129.94, 129.86,
127.8,126.8,124.3,124.0,120.9, 104.9, 55.5, 52.3, 40.9, 34.7, 32.4, 31.3, 19.8. HRMS
(ESI): calcd. for CagH3oNaO4* [M+Na]*: 465.2036; found: 465.2032; [a]p?° = -34 (c = 0.1,
CHCls).

HPLC analysis: IC column (hexane:2-propanol =90:10, v = 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 7.034 min, tr (minor) =8.078 min, 91% ee.

THOTR SBR[ - e R 00 TR S5 [ A TR L

No. Time Area Area (%) | No. Time Area Area (%)
1 7.074 12662.5 50.027 1 7.034 8429.1 95.761
8.122 12648.8 49.973 2 8.078 373.1 4.239
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4. Synthetic Applications

4.1 1 mmol scale synthesis of 3

TsN

: o]
Br Pd(OAc), (8 mol%) o Me ; O >

MeO COOCHj; . N/%Me L10 (10 mol%) - Me o : P’tBu

15-crown-5 (1.0 equiv)
CHZOH, 50 °C, 24 h :
1a 2a 3 ' L10

To a sealable tube (25 mL) were charged with aryl bromides 1a (1.2 mmol), 1,6-diyne
(1.0 mmol), Pd(OAc); (8 mol%), L10 (10 mol%), HCOOK (3.0 mmol), 15-Crown-5 (1.0
mmol), and anhydrous MeOH (15.0 mL) under N». The resulting mixture was stirred
for 24 h at 50 °C. After that, the reaction mixture was concentrated under vacuum. The
residue was purified by flash chromatography on silica gel (petroleum ether/EtOAc =
10/1 to 5/1) to afford the desired product as a yellow solid (354 mg, 72% yield). The
enantiomeric excess was determined by chiral HPLC analysis.

HPLC analysis: IC column (hexane:2-propanol = 80:20, v= 1.0 mL/min, 40 °C, 254 nm);

tr (major) = 22.311 min, tr (minor) = 24.399 min, 95% ee.

T RSB N T I T

W

[ =
s
|

: : : : :

No. Time Area Area (%) No. Time Area Area (%)
1 23.692 2596.5 49.565 1 22.311 | 86907.9 97.564
2 25.79 2642.1 50.435 2 24.399 2169.8 2.436

4.2 1 mmol scale synthesis of 44

o ; o
Br Pd(MeCNCl), (5 mol%) \ O E O P>
MeO COOMe L10 (8 mol%) : By
OO + = Ph > MeO. cooMe: O o)
OH Cs,CO3 (1.0 equiv) OO :
44 '

Mesitylene, 50 °C, 24 h
L10

To a sealable tube (25 mL) were charged with aryl bromides 1a (1.5 mmol), 1-
alkynylcyclobutanols (1.0 mmol), Pd(MeCN),Cl,, (5 mol%) L10 (8 mol%), Cs,COs (1.0
mmol), and anhydrous mesitylene (15.0 mL) under N;. The resulting mixture was
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stirred for 24 h at 50 °C. After that, the residue was purified by flash chromatography
on silica gel (petroleum ether/EtOAc = 8/1) to afford the desired product. (294 mg, 76%
yield). The enantiomeric excess was determined by chiral HPLC analysis.

HPLC analysis: OD-H column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254

nm); tr (minor) = 6.793 min, tr (major) = 7.703 min, 92% ee.

T 20241127 #222 [manualy integrated] 5992 UV_Vi5_2vWL 258 nm T 20zar1z7#0 Zws-90-1 UV_VIS_2WL-254

4,500

3500
3,000

2
2 2500

5 2000

‘Absarbance MAU]

< 1500

<250 —
00 20 40 60 80 100 120 140 180 0 20 4 60 80 100 120 140 150
- Time {min]

No. Time Area Area (%) No. Time Area Area (%)
1 6.723 1032.766 49.46 1 6.793 20.878 3.97
2 7.637 1055.494 50.54 2 7.703 505.327 96.03
4.3 General procedure for the synthesis of 76
TsN
. / N Me
NaOH (5.0 equiv) . Me o
Me THF/EtOH,60°C,12h  MeO OO OH
3 76

To a mixture of NaOH (0.50 mmol, 5.0 equiv.) in 2.0 mL THF and 2.0 mL EtOH was
added 3 (0.10 mmol, 1.0 equiv.), The resulting mixture was stirred for 24 h at 60 °C.
After that, the mixture was diluted with water and added hydrochloric acid to adjust
PH, extracted with EtOAc (4 mL x 3) and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (petroleum ether/EtOAc=1/3 to 1/2) to
afford the desired product 76 as a yellow solid (36.2 mg, 76% yield). The enantiomeric
excess was determined by chiral HPLC analysis. *H NMR (600 MHz, Chloroform-d) &
7.96 —7.92 (m, 1H), 7.82 — 7.75 (m, 4H), 7.39 = 7.33 (m, 2H), 7.28 — 7.24 (m, 1H), 7.12
—7.08 (m, 1H), 4.39 (d, /= 13.0, 1H), 4.21 - 4.13 (m, 2H), 3.93 (d, /= 13.5, 1H), 3.85 -
3.78 (m, 4H), 2.42 (s, 3H), 2.09 (s, 3H), 1.17 (d, J = 7.2, 3H).13C NMR (150 MHz,
Chloroform-d) 6§ 171.3,158.7, 143.8,143.3, 133.2,133.1, 131.6, 131.2, 129.90, 129.85,
129.6,128.3,128.0, 127.3, 124.73, 124.71, 121.0, 120.4, 104.8, 55.4, 53.0, 51.6, 23.2,

21.7,15.6. HRMS (ESI): calcd. for: C27H27NNaOsS* [M+Na]*: 500.1502; found: 500.1506;
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[a]p?® = +78 (c = 0.1, CHCI3).
HPLC analysis: AD-H column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 227

nm; tr (major) = 18.260 min, tr (minor) = 20.903 min, 96% ee

200 20240326 #2432 [manually ntegrated] ZW5-10-240 OV_VI5_1 WYL227 nm ¥ 20240326 #2388 [manualy integrated] ZWs101 OV _VI5_1 WL 227 nim.

325

250

No. Time Area Area (%) No. Time Area Area (%)
1 18.307 121.962 50.24 1 18.260 | 210.003 98.14
2 20.360 | 120.807 49.76 2 20.903 4.084 1.86

4.4 General procedure for the synthesis of 77

TsN TsN
Me Me
X X
I J
Me (0] Me
MeO.
MeO. g g OMe OO OH
3 77

To a sealable tube (15 mL) were charged with 3 (0.1 mmol) and THF (2.0 mL) under

LiAIH, (2.0 equiv)

THF, rt, 12 h

argonat 0 °C. Then LiAlH4 (0.2 mmol, 1IN in THF) was addeded and the mixture was
stirred at r.t for 12 h. After that, the reaction mixture was quenched with H,0 and the
mixture was concentrated under vacuum. The residue was purified by flash
chromatography on silica gel (petroleum ether/EtOAc = 5/1) to afford the desired
product 77 (27.3 mg, 59% yield). The enantiomeric excess was determined by chiral
HPLC analysis. *H NMR (600 MHz, Chloroform-d) 6 7.82 —7.77 (m, 2H), 7.77 = 7.70 (m,
2H), 7.47 — 7.42 (m, 1H), 7.42 = 7.37 (m, 2H), 7.17 = 7.12 (m, 1H), 6.92 — 6.89 (m, 1H),
4.51 (s, 2H), 4.38 (q, J = 7.2, 1H), 4.30 (d, J = 12.0, 1H), 4.22 (d, J = 15.1, 1H), 3.95 (d, J
=14.6,1H), 3.88 (d, J = 13.5, 1H), 3.82 (s, 3H), 2.48 (s, 3H), 2.01 (s, 3H), 1.21 (d, /=6.4,
3H). 13C NMR (150 MHz, Chloroform-d) & 158.3, 144.0, 136.8, 134.2, 133.5, 133.0,
131.28, 131.25, 130.00, 129.98, 129.1, 128.0, 127.7, 127.4,124.1,121.0, 118.1, 104.0,
63.6,55.4,52.8,51.6, 23.2,21.7, 15.5. HRMS (ESI): calcd. for: C27H29NNaO4S* [M+Na]*:
486.1710; found: 486.1706; [a]p® = +26 (c = 0.1, CHCl3).
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HPLC analysis: OD-H column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 254

nm; tr (major) = 8.516 min, tr (minor) = 11.026 min, 93% ee.

T
{

T
i

T
i

Area (%)

Area (%)

No. Time Area No. Time Area
1 8.529 1220 50.167 1 8.516 1804.3 96.864
2 10.979 1211.9 49.833 2 11.026 58.4 3.136
4.5 General procedure for the synthesis of 78
TsN TsN
Me
A Me
J PCC (2.0 equiv) r>
Me > Me
MeO OO OH DCM. 1t, 12 h MeO OO ~o
77 78

To a sealable tube (15 mL) were charged with 77 (0.1 mmol), PCC (0.2 mmol) and
anhydrous dichloromethane (2.0 mL) under argon. And the mixture was stirred at r.t.
for 12 h. The resulting mixture was diluted with dichloromethane and filtered through
a celite pad and concentrated in vacuo. The resulting residue was purified by flash
column chromatography on silica gel (petroleum ether/EtOAc = 5/1) to o afford the
desired product 78 (41.0 mg, 89% yield). The enantiomeric excess was determined by
chiral HPLC analysis. *H NMR (600 MHz, Chloroform-d) § 9.92 (s, 1H), 7.83 = 7.74 (m,
5H), 7.44 — 7.38 (m, 2H), 7.31 = 7.28 (m, 1H), 7.10 - 7.07 (m, 1H), 4.44 (d, J = 15.5, 1H),
4.29(q,/=7.2,1H),4.19 (d, J=13.9, 1H), 4.06 — 4.00 (m, 1H), 3.86 (s, 3H), 3.84 - 3.80
(m, 1H), 2.49 (s, 3H), 2.11 (s, 3H), 1.21 (d, J = 7.2, 3H). 3C NMR (150 MHz, Chloroform-
d)6 192.2,158.9, 146.2, 144.3, 133.6, 132.9, 132.8, 132.3, 131.3, 130.3, 130.1, 129.6,
127.98, 127.96, 124.0, 122.6, 121.4, 120.6, 104.4, 55.6, 52.9, 51.7, 24.6, 21.8, 15.7.
[a]o® = +82(c = 0.1, CHCl3). HRMS (ESI): calcd. for: C27H27NNaO4sS* [M+Nal*: 484.1553;
found: 484.1545; [a]p?° = +36(c = 0.1, CHCIs3).

HPLC analysis: IE column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 227 nm;

tr (major) = 42.97 min, tr (minor) =53.653 min, 96% ee.
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T T T T T
i ] k] ] g ] B i 1 ] ] g

No. Time Area Area (%) No. Time Area Area (%)
1 43.171 2144 51.344 1 42.97 2708.2 98.07
2 53.903 2031.7 48.656 2 53.653 53.3 1.93

4.6 General procedure for the synthesis of 79

TsN TsN
PhsPCH3Br (1.1 equiv) J
Me > Me
MeO o n-BuLi (1.1equiv) MeO N
THF, 0°Ctort, 12 h
78 79

To a sealable tube (8 mL) were charged with Ph3PCH3Br (0.11 mmol) and THF (2.0 mL)
under argon at 0 °C. n-Buli (2.50 M, 0.11 mmol) was addeded and the mixture was
stirred at 0 °C for 1 h. Then Aldehyde 78 (26.2 mg, 0.10 mmol) in THF (1 mL) was added.
The mixture warmed to room temperature for another 12 h. The mixture was
guenched with saturated agueous ammonium chloride solution, extracted with DCM
(3 x 5 mlL), filtered and concentrated. The residue was purified by flash
chromatography on silica gel (petroleum ether/EtOAc 5/1) to afford the desired
product 79 as a white solid (34.4 mg, 75% yield). The enantiomeric excess was
determined by chiral HPLC analysis. *H NMR (600 MHz, Chloroform-d) 6§ 7.83 — 7.79
(m, 2H), 7.73 = 7.69 (m, 1H), 7.67 — 7.64 (m, 1H), 7.57 — 7.51 (m, 1H), 7.42 — 7.38 (m,
2H), 7.13-7.08 (m, 1H), 6.93 - 6.90 (m, 1H), 6.72 —6.64 (m, 1H), 5.76 (d, J = 18.5, 1H),
5.23 (d,J=10.9, 1H), 4.44 (q,J = 7.0, 1H), 4.34—4.29 (m, 1H), 4.27 = 4.21 (m, 1H), 3.94
—3.90 (m, 2H), 3.79 (s, 3H), 2.48 (s, 3H), 1.96 (s, 3H), 1.21 (d, /= 7.2, 3H). 13C NMR (151
MHz, Chloroform-d) 6 158.3, 143.9, 137.2, 134.7, 133.1, 132.9, 131.5, 131.4, 131.2,
129.9,129.8,129.1,128.1,127.2,127.1,121.0, 120.7, 117.8, 115.4, 104.5, 55.4, 52.8,
51.6,23.1,21.7, 15.6. HRMS (ESI): calcd. for: C2sH20NNaO3S* [M+Na]*: 482.1760; found:
482.1769; [a]o?® = +36 (c = 0.1, CHCl3).
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HPLC analysis: IA column (hexane:2-propanol = 98:2, v = 1.0 mL/min, 40 °C, 254 nm;

tr (major) = 18.515 min, tr (minor) = 21.216 min, 94% ee.

N

u p,__..Jy
No. Time Area Area (%) No. Time Area Area (%)

18.477 2603.2 48.584 1 18.515 2176.8 96.912

2 21.179 2754.9 51.416 2 21.216 69.4 3.088
4.7 General procedure for the synthesis of 80
TsN TsN
) N Me ) X Me
Me PMP-MgBr (1.2 equiv)= Me OH
MeO OO o THF, 0°C, 12 h MeO OO -
78 80

To a sealable tube (15 mL) were charged with 78 (0.1 mmol), THF (2.0 mL) under argon
at 0 °C, Then PMP-MgBr (0.12 mmol, 1N in THF) was addeded and the mixture was
stirred at 0 °C for 12 h. After that, the reaction mixture was quenched with H,O and
the mixture was concentrated under vacuum. The residue was purified by flash
chromatography on silica gel (petroleum ether/EtOAc = 5/1) to afford the desired
product 80 (37.5 mg, 66% yield). *H NMR (600 MHz, Chloroform-d) 6 7.83 — 7.79 (m,
2H), 7.76 —=7.70 (m, 2H), 7.46 — 7.42 (m, 1H), 7.41-7.37 (m, 2H), 7.15 (dd, J = 8.9, 2.6,
1H), 7.13 -7.10 (m, 2H), 6.90 — 6.87 (m, 1H), 6.85—6.79 (m, 2H), 5.74 (s, 1H), 4.54 (q,
J=17.1,1H),4.26 (d, J = 12.1, 1H), 4.16 (d, J = 12.3, 1H), 4.04 — 3.94 (m, 2H), 3.83 (s,
3H), 3.79 (s, 3H), 2.44 (s, 3H), 1.71 (s, 3H), 1.29 (d, J = 7.2, 3H).23C NMR (150 MHz,
Chloroform-d) 6 159.1, 158.3, 144.1, 137.3, 136.6, 135.6, 134.0, 133.0, 131.3, 131.2,
130.03, 129.99, 129.0, 128.2, 128.0, 127.9, 127.8, 122.8, 121.0, 118.1, 113.9, 104.3,
73.1, 55.5, 55.4, 52.8, 51.8, 23.1, 21.7, 15.6. HRMS (ESI): calcd. for: C3sH3sNNaOsS*
[M+Na]*: 592.2128; found: 592.2121; [a]p?® = +90 (c = 0.1, CHCls3).

HPLC analysis: IA column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 227 nm;

tr (major) = 16.226 min, tr (minor) = 32.635 min, 95% ee.
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L

No. Time Area Area (%) No. Time Area Area (%)
1 16.255 1743 50.818 1 16.226 16038.5 97.743
2 32.691 1686.9 49.182 2 32.635 370.4 2.257

4.8 General procedure for the synthesis of 81

Me Me
MeO MeO NH,

To a sealable tube (8 mL) were charged with 76 (0.10 mmol), TsN3 (0.12 mmol), K.CO3

TsN 3 (1.2 equiv)
KoCO3 (1.2 equiv)

DMF, 60 °C, 12 h

(0.12 mmol) and anhydrous DMF (2.0 mL) under air. And the mixture was stirred at
60°C for 12 h. The mixture was diluted with water, extracted with EtOAc (4 mL x 3)
and filtered through a celite pad and concentrated in vacuo. The resulting residue was
purified by flash column chromatography on silica gel (hexane/ EtOAc = 2:1) to o afford
the desired product 81 (31.4 mg, 70% yield). *H NMR (600 MHz, Chloroform-d) 6 7.83
—7.78 (m, 2H), 7.60 (d, J=8.9, 1H), 7.51 (d, J=8.4, 1H), 7.39 (d, J=7.9, 2H), 6.90 (dd,
J=8.8,2.5,1H), 6.78 (d, J=8.6, 1H), 6.68 (d, J=2.7, 1H), 4.87 (q, J=6.7, 1H), 4.28 (d, J=13.6,
1H), 4.20 (d, J=15.2, 1H), 4.04 — 3.97 (m, 1H), 3.92 — 3.86 (m, 1H), 3.80 (s, 3H), 2.47 (s,
3H), 1.96 (s, 3H), 1.29 (d, J=7.2, 3H).13C NMR (150 MHz, Chloroform-d) & 158.6, 143.9,
139.6, 133.1, 132.9, 132.6, 132.1, 130.0, 129.9, 128.3, 128.1, 125.6, 123.9, 120.4,
118.8, 115.8, 113.9, 102.9, 55.4, 52.9, 51.7, 21.7, 21.4, 15.7.. HRMS (ESI): calcd. for:
Ca6H2sN2NaOsS* [M+Na]*: 471.1713; found: 471.1710; [a]o?® = +80 (c = 0.1, CHCl3).

HPLC analysis: IE column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 227 nm;

tr (major) = 31.228 min, tr (minor) = 38.528 min, 93% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 31.357 3022.9 50.899 1 31.228 16462.8 96.272
2 38.643 2916.1 49.101 2 38.528 637.5 3.728

4.9 General procedure for the synthesis of 82
TsN TsN
Me Me
X X
)/ J
M
© N Ac\n/ P(O)OMe;  K,CO, (2.0 equiv) Me

MeO o > MeO
O N2 MeOH, rt, 12 h OO

78 82

=

To a sealable tube (8 mL) were charged with aldehyde 78 (0.10 mmol) Bestmann
reagent (0.12 mmol) in MeOH (1 mL) was was stirred at r.t. for 30min. K,CO3 (0.20
mmol) was addeded and the mixture was stirred at r.t. for 12 h. The reaction was then
diluted with EA (3 x 5 mL) and quenched with sat. NaHCO3 (10 mL). The aqueous layer
was extracted with EA (3 x 10 mL). The combined organic phase was dried over Na;SOa,
and concentrated in vacuo. The residue was purified by flash chromatography on silica
gel (petroleum ether/EtOAc 5/1) to afford the desired product 82 as a white solid
(34.3mg, 75% yield). *H NMR (600 MHz, Chloroform-d) & 7.83 — 7.78 (m, 2H), 7.74 —
7.68 (m, 1H), 7.65 — 7.60 (m, 1H), 7.40 — 7.35 (m, 3H), 7.18 — 7.13 (m, 1H), 6.95 — 6.92
(m, 1H), 4.41 — 4.32 (m, 2H), 4.16 (d, J = 11.8, 1H), 3.97 (d, J = 14.1, 1H), 3.91 — 3.84
(m, 1H), 3.80 (s, 3H), 3.00 (s, 1H), 2.47 (s, 3H), 2.03 (s, 3H), 1.21 (d, J = 7.2, 3H). 13C
NMR (150 MHz, Chloroform-d) 6 158.6, 143.8, 143.4,133.2, 133.0, 131.4,131.1, 130.0,
129.9,129.1,128.1,127.22,127.20,127.0,120.8, 119.2,117.8, 103.9, 83.0, 80.0, 55.5,
52.8,51.4,22.1,21.7,15.6. HRMS (ESI): calcd. for: CosH27NNaO3S* [M+Na]*: 480.1604;
found: 480.1600; [a]o? = +136 (c = 0.1, CHCl3).

HPLC analysis: |G column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm;

tr (major) = 11.630 min, tr (minor) = 12.803 min, 92% ee.

S78



100 120 140 160 180 200 L 20 40 80 80 100
Time [min] Time [min

No. Time Area Area (%) No. Time Area Area (%)
1 11.537 50.668 50.00 1 11.630 54.281 95.95
2 12.753 50.659 50.00 2 12.803 2.291 4.05
4.10 Synthesis of 83
TsN
) N Me N

Me Cul
- - O =2
9e SO

82

To a sealable tube (8 mL) were charged with 82 (0.10 mmol), 1- (azidomethyl)pyrene
(0.20 mmol), Cul (0.02 mmol) and anhydrous DMF (2.0 mL) under air. And the mixture
was stirred at 60°C for 12 h. The mixture was diluted with water, extracted with EtOAc
(4 mL x 3) and filtered through a celite pad and concentrated in vacuo. The resulting
residue was purified by flash column chromatography on silica gel (hexane/ EtOAc =
1:1) to o afford the desired product 83 (51.6 mg, 72% vyield). 'H NMR (600 MHz,
Chloroform-d) 6 8.34 — 8.23 (m, 5H), 8.21 — 8.13 (m, 3H), 8.07 — 7.99 (m, 3H), 7.78 —
7.73 (m, 2H), 7.72 — 7.67 (m, 2H), 7.40 (s, 1H), 7.33 (d, J = 8.3, 2H), 7.07 (dd, J = 8.8,
2.6,1H),6.73 (d,J=2.8, 1H), 6.28 (d, J=5.0, 2H), 4.39(q, /= 7.1, 1H),3.91 (d, /= 13.7,
1H), 3.83(d, /=12.3, 1H), 3.66 —3.52 (m, 5H), 2.41 (s, 3H), 1.53 (s, 3H), 0.86 (d, / = 7.2,
3H). 3C NMR (150 MHz, Chloroform-d) 6 158.2, 146.2, 143.9, 135.6, 133.0, 132.4,
132.3, 131.8, 131.4, 131.0, 130.7, 130.0, 129.9, 129.3, 129.2, 129.1, 128.5, 128.1,
128.0, 127.6, 127.5, 127.3, 126.5, 126.1, 125.9, 125.5, 125.4, 125.2, 124.6, 124.1,
122.1,122.06,121.1,117.8,104.3,55.2,52.5,52.4,51.2,22.2,21.7, 15.3. HRMS (ESI):
calcd. for: CasH3gNaNaOsS* [M+Nal*: 737.2557; found: 737.2563; [a]po?® = +44 (c = 0.1,
CHCls).

HPLC analysis: ID column (hexane:2-propanol = 50:50, v = 1.0 mL/min, 40 °C, 254 nm;
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tr (minor) = 40.027 min, tr (major) = 43.693 min, 92% ee.

7 20241127 #467 [manually integrated] L2W5-132-2-D UV_VIS_1 WVL:254 nm 7 20241127 #4789 [manually integrated) LZW5-132-1-ID UV_VIS_1 WVL:254 nm

400

No. Time Area Area (%) No. Time Area Area (%)
1 40.003 4.016 49.92 1 40.027 1.277 3.98
2 43.720 4.029 50.08 2 43.693 41.144 96.02

4.11 Synthesis of 84

NOMe
IS
NH,OMe+HCI (2.0 equiv) 0
Pyridine, 80 °C, 12 h MeO Oe OMe
44 84

To a sealable tube (8 mL) were charged with 44 (0.10 mmol), Methoxyamine
hydrochloride (0.20 mmol) and anhydrous pyridine (2.0 mL) under argon. And the
mixture was stirred at 80 °C for 12 h. After that, the reaction mixture was concentrated
under vacuum. The residue was purified by flash chromatography on silica gel
(petroleum ether/EtOAc = 20/1) to afford the desired product 84 (37.0 mg, 89% yield).
The enantiomeric excess was determined by chiral HPLC analysis. *H NMR (600 MHz,
Chloroform-d) & 7.79 — 7.71 (m, 3H), 7.52 — 7.49 (m, 1H), 7.45 — 7.40 (m, 2H), 7.23 —
7.19 (m, 1H), 7.18 — 7.10 (m, 3H), 3.84 - 3.79 (m, 6H), 3.72 (s, 3H), 2.67 — 2.62 (m, 2H),
2.22 = 2.13 (m, 1H), 2.04 — 1.96 (m, 1H), 1.77 — 1.67 (m, 1H), 1.67 — 1.60 (m, 1H). 13C
NMR (150 MHz, Chloroform-d) 6 168.6, 159.8, 158.8, 141.5, 140.0, 135.6, 135.4, 132.5,
131.0,130.2,129.8,127.9,127.4,127.13,127.05, 123.9, 120.4, 105.5, 61.9, 55.6, 52.3,
34.1,29.0, 21.9. HRMS (ESI): calcd. for: C26H26NO4* [M+H]*: 416.1856; found: 416.1864;
[a]p?° = +16 (c = 0.1, CHCI3).

HPLC analysis: OZ column (hexane:2-propanol =99:1, v =0.65 mL/min, 40 °C, 254 nm;

tr (major) = 10.257 min, tr (minor) = 11.467 min, 94% ee.
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100 120 140 180 180 200 00 20 40 60 20 100 120
Time [min] Time [min]

No. Time Area Area (%) No. Time Area Area (%)
1 9.447 348.331 50.27 1 10.257 387.009 97.03
2 10.620 344.651 49.73 2 11.467 11.854 2.97
4.12 Synthesis of 85
O OTf

Tf,0 (3.0 equiv,
o 20 ( q )= 5

MeO. OO OMe Py, DCM, rt, 12 h MeO. OO OMe

44 85

To a sealable tube (8 mL) were charged with 44 (0.1 mmol), DCM (2.0 mL) and pyridine
(0.1 mmol) under argon at 0 °C. Tf,0 (0.30 mmol) was addeded and the mixture was
stirred at r.t for 4 h. After that, the reaction mixture was concentrated under vacuum.
The residue was purified by flash chromatography on silica gel (petroleum ether/EtOAc
= 20/1) to afford the desired product 85 (33.1 mg, 64% yield). 'H NMR (600 MHz,
Chloroform-d) 6 7.83 — 7.74 (m, 3H), 7.30 - 7.26 (m, 3H), 7.25 - 7.21 (m, 2H), 7.20 -
7.15 (m, 2H), 6.05 (t, J = 3.1, 2H), 3.76 (d, J = 8.2, 6H), 3.17 — 3.12 (m, 2H), 2.59 — 2.52
(m, 2H).13C NMR (150 MHz, Chloroform-d) 6 168.1, 158.4, 149.4, 141.2, 138.6, 135.6,
133.7, 130.8, 130.6, 129.7, 129.0, 128.5, 128.0, 127.8, 124.7, 123.8, 120.2, 118.1 (q, J
=321.0), 105.8, 55.2, 52.1, 30.8, 26.5. 1%F NMR (376 MHz, Chloroform-d) 6 -73.8 (m).
HRMS (ESI): calcd. for: Ca¢H21F3sNaOsS* [M+Na]*: 541.0903; found: 541.0909; [a]p?° =
+18 (c = 0.1, CHCl3).

HPLC analysis: IC column (hexane:2-propanol = 98:2, v = 1.0 mL/min, 40 °C, 254 nm;

tr (minor) = 5.253 min, tr (major) = 6.209 min, 90% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 5.216 7028.3 50.833 1 5.253 542 4.876
2 6.215 6798 49.167 2 6.209 10573 95.124
4.13 Synthesis of 86
i OTf PPh,
S o HPPh; (2.0 equiv) _ \ go
MeO OMe Pd(PPhs); DABCO MeO
O THF, 80 °C, 12 h OO OMe
85 86

To a sealable tube (15 mL) were charged with 85 (0.1 mmol), Pd(PPhs)4 (0.05 mmol),
DBACO (0.20 mmol) and HPPh; (0.20 mmol)in anhydrous THF (2.0 mL) under argon.
And the mixture was stirred at 80 °C for 12 h. After that, the reaction mixture was
concentrated under vacuum. The residue was purified by flash chromatography on
silica gel (petroleum ether/EtOAc = 15/1) to afford the desired product 86 as a yellow
solid (28.7 mg, 53% vyield). The enantiomeric excess was determined by chiral HPLC
analysis. 'H NMR (600 MHz, Chloroform-d) § 7.85—7.80 (m, 1H), 7.78 — 7.73 (m, 1H),
7.69 = 7.63 (m, 1H), 7.32 = 7.27 (m, 2H), 7.22 — 7.15 (m, 5H), 7.15 — 7.05 (m, 2H), 7.05
—-6.96 (m, 5H), 6.80 - 6.76 (m, 1H), 6.67 — 6.61 (m, 2H), 5.66 (q, J = 2.8, 1H), 3.58 (s,
3H), 3.44 (s, 3H), 3.24 - 3.15 (m, 1H), 3.14 — 3.07 (m, 1H), 2.49 — 2.39 (m, 2H). 13C NMR
(150 MHz, Chloroform-d) 6 168.5, 157.7, 148.1, 146.8 (d, J = 14.1), 145.3 (d, J = 24.0),
142.9,139.6 (d, J = 3.7), 137.6 (d, J = 15.2), 136.6 (d, J = 13.6), 134.8 (d, J =4.7), 133.7,
133.59, 133.57,133.4,130.8 (d, J = 6.6), 130.4 (d, J = 78.9), 129.5, 129.1, 128.3, 128.2,
128.1,128.0,127.92,127.88,127.8,127.6, 126.3, 124.0, 120.0, 105.9, 54.7, 51.8, 35.8,
32.2 (d, J = 2.2). 3P NMR (243 MHz, Chloroform-d) 6 -18.8. HRMS (ESI): calcd. for:
C37H31NaOsP* [M+Na]*: 577.1903; found: 577.1906; [a]p?® = +150 (c = 0.1, CHCI5).

HPLC analysis: IC column (hexane:2-propanol = 98:2, v = 1.0 mL/min, 40 °C, 227 nm;

tr (major) = 7.469 min, tr (minor) = 8.76 min, 90% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 7.52 919.9 48.103 1 7.469 7465.9 95.056
2 8.823 992.5 51.897 2 8.76 388.3 4,944
4.14 Synthesis of 87
Ts Ts
N N
Q y/ A O NaOH Q y/ AN O

THF/EtOH, 60 °C, 12 h

MeO ! i COOMe MeO ! i COOH

29 87

To a mixture of NaOH (0.50 mmol, 5.0 equiv.) in 2.0 mL THF and 2.0 mL EtOH was
added 29 (0.10 mmol, 1.0 equiv.), The resulting mixture was stirred for 24 h at 60 °C.
After that, the mixture was diluted with water and added hydrochloric acid to adjust
PH, extracted with EtOAc (4 mL x 3) and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (petroleum ether/EtOAc=1/3 to 1/2) to
afford the desired product 87 as a yellow solid (48.7 mg, 81% yield). The enantiomeric
excess was determined by chiral HPLC analysis. 'H NMR (600 MHz, Chloroform-d) &
7.92 —7.87 (m, 1H), 7.83 = 7.77 (m, 1H), 7.77 = 7.73 (m, 3H), 7.43 = 7.39 (m, 1H), 7.36
—7.31 (m, 2H), 7.24 — 7.18 (m, 4H), 7.15 — 7.11 (m, 2H), 7.10 — 7.05 (m, 3H), 6.63 —
6.58 (m, 2H), 5.67 (t, J = 2.6, 1H), 4.44 (d, J = 12.5, 1H), 4.29 (dd, J = 14.0, 2.5, 1H), 4.18
(d, J =12.5, 1H), 4.00 (dd, J = 14.0, 2.6, 1H), 3.75 (s, 3H), 2.42 (s, 3H). 3C NMR (150
MHz, Chloroform-d) 6 171.1, 159.1, 144.0, 141.1, 140.8, 136.5, 134.44,134.41, 134.2,
132.8, 132.7, 131.5, 130.0, 129.8, 129.1, 128.5, 128.4, 128.2, 128.1, 128.0, 127.9,
127.6, 127.4, 124.5, 121.4, 104.7, 55.5, 52.5, 51.1, 21.7. HRMS (ESI): calcd. for:
C37H31NNaOsS* [M+Nal*: 624.1815; found: 624.1812; [a]p?® = +120 (c = 0.1, CHCls).
HPLC analysis: AD-H column (hexane:2-propanol = 70:30, v = 1.0 mL/min, 40 °C, 227
nm; tr (minor) = 29.115 min, tr (major) = 36.876 min, 95% ee.
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3 B kil ¥ 4 £ kil § o bl B 1 ¥ 4 £ kil

No. Time Area Area (%) No. Time Area Area (%)

1 27.157 1148.5 48.382 1 29.115 52.1 1.837
2 37.43 1225.3 51.618 2 36.876 2784.4 98.163
4.15 Synthesis of 88
TsN TSN
- Me
N Me CsCl, , Pyridine ) A
e ] DCM, rt R Ve Hon NMe
MeO OO NH, WNH, MeO OO N\H/N"'@
S
NMe,
88

81

To a sealable tube (8 mL) were charged with 81 (0.1 mmol), CSCl, (2.0 equiv), Pyridine
(3.0 equiv), and DCM (2.0 mL) at r.t. Then the mixture was stirred at r.t. for 0.5 h. the
mixture was directly purified by quick column chromatography on silica gel (eluent:
PE/EtOAc = 10:1) to afford the desired product. The above product was dissolved in
DCM (2 mL), and (1S,2S)-N,N-dimethylcyclohexane-1,2-diamine (0.20 mmol) was
added. The mixture was stirred at r.t. for 1 h. Upon completion, the mixture was
directly purified by column chromatography on silica gel (DCM/MeOH = 15:1) to afford
the desired product 88 (40.0 mg, 63% yield). *H NMR (600 MHz, Chloroform-d) 6 'H
NMR (600 MHz, CDCl3) 6 7.82 — 7.78 (m, 2H), 7.76 — 7.69 (m, 2H), 7.43 — 7.39 (m, 2H),
7.37 = 7.32 (m, 1H), 7.16 (dd, J=8.9, 2.6, 1H), 6.93 (d, J=2.7, 1H), 4.50 — 4.36 (m, 2H),
4.15-4.01 (m, 2H), 3.83 (s, 3H), 3.81 —3.74 (m, 2H), 2.74 — 2.69 (m, 1H), 2.47 (s, 3H),
2.12 = 2.04 (m, 6H), 1.96 (s, 3H), 1.84 — 1.77 (m, 2H), 1.69 (d, J=15.7, 1H), 1.38 — 1.31
(m, 2H), 1.24 — 1.22 (m, 4H), 1.21 — 1.13 (m, 2H), 1.09 — 1.02 (m, 1H).

13C NMR (150 MHz, Chloroform-d) §180.8, 158.8, 144.1, 133.2, 133.2, 132.63, 132.59,
132.0, 130.1, 130.0, 128.3,128.0, 127.6, 124.7, 121.7, 120.9, 118.5, 103.9, 66.8, 56.4,
55.5,52.8,51.5, 39.8, 32.6, 25.3, 24.6, 22.1, 21.7, 21.5, 15.6.

HRMS (ESI): calcd. for: C3sHaaN4aNaOsS,* [M+Na]*: 655.2747; found: 655.2751; [a]p?® =

+100 (c = 0.1, CHCl3).
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4.16 Synthesis of 91

[Ru(p-cymeme)Cl,], (4 mol%) N @
O\\S//NH )O]\/(Pé AgSbF g (16 mol%) oS
+ N >
©/ \© Ph J"Me 76 or 87 (10 mol%)
DCE, 0°C, 12 h
89

90

To a sealable tube (8 mL) were charged with sulfoximines (0.10 mmol), sulfur ylide
(0.15 mmol), 76 or 87 (0.01 mmol), AgSbFs (0.016 mmol), [Ru(p-cymeme)Clz]. (0.004
mmol) and DCE (1.0 mL). And the mixture was stirred at 0 °C for 12 h under argon.
After that, the reaction mixture was concentrated under vacuum. The residue was
purified by flash chromatography on silica gel (petroleum ether/EtOAc = 8/1) to afford
the desired product 91. used 76: (28.9 mg, 75% yield), used 87: (31.6 mg, 82% yield).
The enantiomeric excess was determined by chiral HPLC analysis. *'H NMR (600 MHz,
Chloroform-d) 6 8.03 — 7.98 (m, 4H), 7.66 — 7.62 (m, 1H), 7.60 — 7.55 (m, 2H), 7.50 —
7.47 (m, 1H), 7.46 — 7.39 (m, 3H), 7.38 — 7.31 (m, 2H), 7.27 — 7.20 (m, 1H), 6.82 (s, 1H).
13C NMR (150 MHz, Chloroform-d) 6 147.3, 140.6, 138.9, 136.6, 133.5, 132.2, 129.5,
129.1, 128.9, 128.5, 127.0, 126.8, 126.4, 125.1, 119.8, 98.3. HRMS (ESI): calcd. for:
C20H16NOS* [M+H]*: 318.0947; found: 318.0954;

HPLC analysis: ID column (hexane:2-propanol = 85:15, v = 1.0 mL/min, 40 °C, 254 nm;
tr (minor) = 14.400 min, tr (major) = 16.393 min, 57% ee or tr (minor) = 14.583 min, tr

(major) = 16.640 min, 18% ee.

50 1 20241127 #257 [manuallyintegrated] ] LDN5-85-2 OV_VIS_1 WYL 254 nm 200, 3 20241221 #769 [manualy integrated] ZW5-88-1-D OV_VIS_1 WVL254 nm.

“Absorbance [MAU]

5
“Time min]

No. Time Area Area (%) No. Time Area Area (%)
14.300 | 123.487 50.08 1 14.583 50.328 41.13
2 16.317 123.113 49.92 2 16.640 72.048 58.87

(Acid 76 was used)
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N FTIFIE Trmanualy egrated ] ) VST WL 254 700 2 20781127 £758 Imanually ntograted] w555 OIS W25

No. Time Area Area (%) No. Time Area Area (%)
1 14.300 123.487 50.08 1 14.400 60.714 21.55

2 16.317 123.113 49.92 2 16.393 220.964 78.45
(Acid 87 was used)

4.17 Synthesis of 93

[Cp*IrCly], (2.5 mol%) o @
AgSbFg (20 mol%) s

o, NH 0
N7
S + )f\ﬂ/coofsu -~ wSsy
Me
76 (10 mol%) _
N2 DCE, 0°C, 12 h Me
COOBu
89 92 93

To a sealable tube (8 mL) were charged with sulfoximines (0.10 mmol), diazoniums
(0.15 mmol), 76 (0.01 mmol), AgSbFs (0.02 mmol), [Cp*IrCl2]2 (0.0025 mmol) and DCE
(1.0 mL). And the mixture was stirred at 0 °C for 12 h under argon. After that, the
reaction mixture was concentrated under vacuum. The residue was purified by flash
chromatography on silica gel (petroleum ether/EtOAc = 10/1) to afford the desired
product 93 (29.1 mg, 82% yield). The enantiomeric excess was determined by chiral
HPLC analysis.*H NMR (600 MHz, Chloroform-d) 6 7.93 (d, J=7.9, 2H), 7.71 - 7.63 (m,
2H), 7.62 — 7.55 (m, 2H), 7.54 — 7.48 (m, 1H), 7.30 — 7.24 (m, 1H), 7.24 — 7.20 (m, 1H),
2.46 (s, 3H), 1.64 (s, 9H). 3C NMR (150 MHz, Chloroform-d) & 168.4, 150.1, 139.7,
134.2, 133.8, 132.5, 129.4, 129.2, 126.0, 125.2, 124.1, 118.0, 107.4, 81.7, 28.4, 24.8.
HRMS (ESI): calcd. for: CooH21NNaOsS* [M+Na]*: 378.1134; found: 378.1138;

HPLC analysis: ID column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C, 254 nm;

tr (major) = 14.287 min, tr (minor) = 16.223 min, 83% ee.
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OV_IS_2WVL254 nm.

300
Time [min]

100 125 15
Time [min]

No. Time Area Area (%) No. Time Area Area (%)
1 15.543 105.510 49.92 1 14.287 169.414 91.15
2 17.590 102.701 50.08 2 16.223 16.445 8.85
4.18 Synthesis of 96
OAc CO,Bu [Pd(a”gg ?els] ?n((flf )m0|%) ‘BuO,C-CO,Bu
/\)\ * < - - /\I
Ph Ph CO,Bu Cs,CO3 (3.0 equiv) Ph Ph
Toluene, 40°C, 12 h
94 95 96

To a suspension of the desired chiral ligand (R)-86 (6 mol%), [Pd(CsHs)Cl]2 (2.5 mol%)

in Toluene (2.0 mL) were stirred at r.t. for 30 min under argon. Then the reaction

solution was warmed to 40°C, 1,3-diphenyl-2-propenyl acetate (0.15 mmol), di-tert-

butyl malonate (0.1 mmol) and Cs,COs (0.2 mmol) were subsequently added. The

resulting mixture was kept at 40 °C for 12 h, the reaction mixture was diluted with

EtOAc (5 mL). Saturated NH4Cl (aq) (10 mL) was then added, the mixture was extracted

with EtOAc (3 x 10 mL), and the extract was dried over MgS0Oa. The residue was purified

by flash column chromatography on silica gel (petroleum ether/EtOAc = 10/1) to afford

the product 96 as a yellow oil (23.3 mg, 57% yield). *H NMR (600 MHz, Chloroform-d)

57.32-7.28 (m, 6H), 7.27 = 7.24 (m, 2H), 7.22 — 7.15 (m, 2H), 6.47 — 6.42 (m, 1H),

6.37 —6.30 (m, 1H), 4.19 — 4.12 (m, 1H), 3.76 — 3.71 (m, 1H), 1.42 (s, 9H), 1.22 (s, 9H).

13C NMR (150 MHz, Chloroform-d) 6 167.4, 166.9, 140.9, 137.2, 131.4, 130.3, 128.63,

128.58,128.3,127.5,127.0,126.4,81.9,81.7,59.5,49.2, 28.1, 27.7. HRMS (ESI): calcd.

for: C26H32NaNO4* [M+Na]*: 431.2193; found: 431.2190;

HPLC analysis: IA column (hexane:2-propanol = 90:10, v = 1.0 mL/min, 40 °C,227 nm;

tr (minor) = 4.899 min, tr (major) = 5.962 min, 81% ee
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No. Time Area Area (%) No. Time Area Area (%)
1 4.89 3989.2 50.126 1 4.899 621.4 9.538
2 6.007 3969.2 49.874 2 5.962 58934 90.462

4.19 Synthesis of 99

? 88 [ COoM

o) . t LOsqle
- iguo,c-NoN-COZBY e
DCM, -78 °C N-~P2BU

OMe ' Hrll
\002tBU
97 98 99

Compound 99 was prepared in 92% yield (38.6 mg, 0.10 mmol scale) according to the
known procedure with compound 88 (20:1 d.r.) as catalyst.’® This compound is known
and the spectroscopic data match those reported. *H NMR (600 MHz, Chloroform-d)
6=7.81-7.70 (m, 1H), 7.67 = 7.59 (m, 1H), 7.53 = 7.44 (m, 1H), 7.44 — 7.33 (m, 1H),
6.81 - 6.68 (m, 1H), 4.29 - 3.97 (m, 1H), 3.88 —3.70 (m, 4H), 1.59 — 1.30 (m, 18H).

HPLC analysis: IE column (hexane:2-propanol = 80:20, v = 1.0 mL/min, 40 °C, 227 nm);

tr (major) = 12.945 min, tr (minor) = 14.438 min, 90% ee.

DTSRV B TS T RSB e, L QU e 00

No. Time Area Area (%) No. Time
1 12.966 1535.3 49.887 1 12.945 12146 95.079
2 14.41 1542.3 50.113 2 14.438 628.6 4921

S88




5. Mechanistic Studies

5.1 Deuterium-labeling experiment of 3
TsN

Me
Br A

MeO COOMe /—=Me Standard conditions C Me /H/D o
+ TsN
OO = Me Reductant MeO
_ Solvent OO OMe

3 or3-D

1a 2a

To a sealable tube (8 mL) were charged with aryl bromide (0.12 mmol), 1,6-diyne (0.10
mmol), Pd(OAc); (8 mol%), L10 (10 mol%), reductant (0.3 mmol), 15-crown-5 (0.1
mmol), and an anhydrous methanol (2.0 mL) under N;. The resulting mixture was
stirred for 24 h at 50 °C. After that, the reaction mixture was concentrated under
vacuum.

The residue was purified by flash chromatography on silica gel (petroleum ether/EtOA

=5/1) to afford the desired product. The deuteration level was determined by *H NMR

analysis.
Reductant Solvent Deuterated ratio / %
HCOOK CDs0OD 0
HCOOK CHs0D 0
DCOONa CHsOH >99
DCOONa CDs0OD >99
DCOONa CHsOD >99

1H NMR (600 MHz, Chloroform-d) spectrum of 3-D
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5.2 KIE Experiment
TsN
Br / SN Me
MeO COOMe /;Me Standard conditions
+ TN > M wp) §
— W HCOONa or DCOONa MeO.
T Iy o
1a 2a
3o0r3-D

To a sealable tube (8 mL) were charged with aryl bromides (0.12 mmol), 1,6-diyne
(0.10 mmol), Pd(OAc)2 (8 mol%), L10 (10 mol%), HCOONa or DCOONa (0.3 mmol), 15-
Crown-5 (0.10 mmol), and anhydrous MeOH (2.0 mL) under N3 at 50°C, Aliquots of the
reaction mixture (200 pL) were taken out via syringe at specific time. The mixture was
transferred into an NMR tube, and analyzed by quantitative *H NMR using the signal

of mesitylene (6 7.46 ppm) as an internal standard (CDCls as a deuterated solvent).

TsN
Br Pd(OAc), (8 mol%) ) N Me
MeO. COOMe TSJ\‘/—: Me L10 (10 mol%) Ve K
OO * = Me HCOONa (3.0 equiv) MeO COOMe
15-crown-5 (1.0 equiv) O
CH30H, 50 °C
| kwkp=3.5
TsN
Br Pd(OAc), (8 mol%) ) N Me
MeO COOMe . /— Me L10 (10 mol%) Me ko
* N i MeO. o COOM
N=Me DCOONa (3.0 equiv) © OO e

15-crown-5 (1.0 equiv)
CH30H, 50 °C
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5.3 Non-Linear Effect of Chiral Ligand L10

Br Pd(OAc), (8 mol%)

MeO COOCH, ——We Lodomors) I o 5
TsN ,
OO £ 0 \— e HCOOK(3.0equiv) MeO OO OMe !

15-crown-5 (1.0 equiv)
1a 2a CH30H, 50 °C, 24 h

3 ‘ L10
A screw-cap vial (8 mL) was charged with Pd(OAc)2 (8.0 mol%), chiral ligand L10 (10
mol%, 20% ee, 40% ee, 60% ee, 80% ee, 99% ee) and aryl bromides (0.12 mmol), 1,6-
diyne (0.10 mmol), 15-crown-5 (0.10 mmol) and HCOOK (0.30 mmol) in MeOH (2 mL).
The reaction mixtures were stirred at 50 °C for 24 h. The residue was purified by
preparative TLC to afford the product’s ee. The ee was determined by HPLC using a

chiral stationary phase.

L10 of ee (%) 3 of ee (%)
0 0
20 13.9
40 329
60 54.0
80 74.3
99 95.1
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o) 5 o}
Br Pd(MeCN),Cls (5 mol%) . oh : O P>
MeOCOOMe L10 (8 mol%) -
+ E’—: Ph COOMe o)
OH Cs,C03 (1.0 equiv) O O
Mesitylene, 50 °C, 24 h

1a 43a L10

To a screw-cap vial (8 mL) were charged Pd(MeCN),Cl, (5.0 mol%), chiral ligand L10 (8
mol%, 20% ee, 40% ee, 60% ee, 80% ee, 99% ee), aryl bromide (0.15 mmol), 1-
alkynylcyclobutanol (0.10 mmol) and Cs2COs (0.10 mmol) in mesitylene (2.0 mL). The
reaction mixtures were stirred at 50 °C for 24 h. The residue was purified by
preparative TLC to afford the product’s ee. The ee was determined by HPLC using a

chiral stationary phase.

L10 of ee (%) 44 of ee (%).
0 0
20 15.3
40 35.1
60 47.8
80 73.7
99 92.0
110
y = 0.9319x - 2.457
90 Rz = 0.9923 [

g o

s 70 ®

= -

=

S 50 e

2

S 30 -

8 e

10 .
@
210 0 20 40 60 80 100 120

ee of Ligand 10

S92



5.4.1 Effect of concentration on the enantioselectivity of product 3

Br Pd(OAc), (8 mol%)
MeO COOCHj3; ——=—"Me L10 (10 mol%) Ve
TsN
OO v = pye HCOOK(3.0 equw) MeO
15-crown-5 (1.0 equiv)

CH3;0H, 50°C, 24 h
1a 2a

A screw-cap vial (8 mL) was charged with Pd(OAc)2 (8.0 mol%), chiral ligand L10 (10
mol%) and aryl bromide (0.12 mmol), 1,6-diyne (0.10 mmol), 15-crown-5 (0.10 mmol)
and HCOOK (0.30 mmol) in MeOH (0.050M, 0.033M, 0.025M, 0.020M, 0.017M). The
reaction mixtures were stirred at 50 °C for 24 h. The ee was determined by HPLC using

a chiral stationary phase.

concentration (M) 3 of ee (%).
0.05 95.1
0.033 95.2
0.025 95.2
0.02 94.9
0.017 94.8

190 Effect of concentration

110
100
90
80
70

ee of product 3 (%)

60
0.01 0.02 0.03 0.04 0.05

concentration (M)

5.4.2 Effect of concentration for the enantioselectivity of product 44
0 : 0
Br Pd(MeCN),Cl, (5 mol%) . o : O P>
MeO COOMe E‘ L10 (8 mol%) : By
+ ——FPh ' o] QO
OO OH Cs,CO3 (1.0 equiv) OO COOMe O
Mesitylene, 50 °C, 24 h

1a 43a ' L10

A screw-cap vial (8 mL) was charged with Pd(MeCN)Cl; (5.0 mol%), chiral ligand L10
(8.0 mol%), aryl bromide (0.15 mmol), 1-alkynylcyclobutanol (0.10 mmol) and Cs,CO3
(0.10 mmol) in mesitylene (0.050M, 0.033M, 0.025M, 0.020M, 0.017M). The reaction

mixtures were stirred at 50 °C for 24 h. The ee was determined by HPLC using a chiral
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stationary phase.

concentration (M) 44 of ee (%).
0.05 93.5
0.033 93.4
0.025 93.5
0.02 93.6
0.017 94.0

Effect of conentration
120

110
100
90
80
70

60
0.01 0.02 0.03 0.04 0.05

concentration (M)

ee of product 44 (%)

5.5 The Hammett Plot of alkynylcyclobutanols

Br Pd(MeCN),Cl, (5 mol%) . O
MeO COOMe _ <:> 5 L10 (8 mol%) X
+ — >
OO OH Cs,CO5 (1.0 equiv) MeO COOMe
CeDe, 50 °C

R=H, F, Me, CF3

1a 43

To a sealable tube (8 mL) were charged with aryl bromides (0.15 mmol), 1-
alkynylcyclobutanols (0.10 mmol), Pd(MeCN):Cl; (5 mol%), L10 (8 mol%), Cs2CO3 (1.0
mmol), and CeDs (2.0 mL) under N at 50 °C, Aliquots of the reaction mixture (200 puL)
were taken out via syringe at a specific time. The mixture was transferred into an NMR
tube and analyzed by quantitative *H NMR using the signal of trimethoxybenzene (6
6.11 ppm) as an internal standard (CsDs as a deuterated solvent).

Table $12. Hammett plots of 1-alkynylcyclobutanols

R Op Initial Reaction Rate (M/min)
Me -0.17 9.69E-02

H 0 0

F 0.06 -3.78E-02
CF3 0.43 -4.77E-01
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¢...0.10
Me  Goo-e HoF
_ 02 g 0% 02 0.4 0.6
I -
§ -0.20
2 -0.30
S’ -0.40y = -0.993x - 0.0251 .,_‘
_ Rz2=0971
0.50 0.9 CF,
-0.60
Substituent constant ¢
5.6 Deuterium-labeling experiment of 44
0
Br Pd(MeCN),Cl, (5 mol%) .

MeO COOMe L10 (8 mol%) : “
OO + = Ph MeO COOMe: 0O 0
: Oe |

Cs,CO3 (1.0 equiv)

1a 43a Mesitylene, 50 °C, 24 h

A screw-cap vial (8 mL) was charged with Pd(MeCN),Cl; (5.0 mol%), chiral ligand L10

(8.0 mol%) and aryl bromides (0.15 mmol), 1-alkynylcyclobutanols (0.10 mmol) and

Cs2C03 (0.10 mmol) in mesitylene (2.0 mL), separately add varying variable amount of

D,0 (1.0 eq, 3.0 eq, 5.0 eq, 7.0 eq), The reaction mixtures were stirred at 50 °C for 12

h. After that, the reaction mixture was concentrated under vacuum. The residue was

purified by flash chromatography on silica gel (petroleum ether/EtOAc = 10/1) to

afford the desired product. The deuteration level was determined by 'H NMR analysis

(600 MHz, CDCls), no deuteration was observed.
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5.7 The inhibition of TBAB for 3

TsN

: o
Br Pd(OAc); (8 mol%) s Me ; O >

MeO COOCHj4 /——=—Me L10 (10 mol%) _ Ve o : -
TsN '
OO + ® = e HCOOK (3.0 equiv) MeO O i OMe | 0] O O,
3 :

15-crown-5 (1.0 equiv)
TBAB (X equiv))

1a 2a CH3OH, 50 °C, 24 h L10

A screw-cap vial (8 mL) was charged with Pd(OAc)2 (8.0 mol%), chiral ligand L10 (10
mol%) and aryl bromides (0.12 mmol), 1,6-diyne (0.10 mmol), 15-crown-5 (0.10 mmol)
and HCOOK (0.30 mmol) in MeOH (2.0 mL), separately add varying variable amount of
TBAB (0.5 equiv, 1.0 equiv, 2.0 equiv), The reaction mixtures were stirred at 50 °C for
24 h. After that, the reaction mixture was concentrated under vacuum. The residue
was purified by flash chromatography on silica gel (petroleum ether/EtOAc = 8/1) to

afford the desired product.

Equivalent of TBAB 3 of Yield (%).
0 72
0.5 55
1.0 41
2.0 33
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6. X-Ray Crystallographic Data

X-ray crystal structure of (R)-5 (CCDC 2416759)

Table S13. Crystal data and structure refinement for 5.

Bond precision: C-C=0.0026 A Wavelength = 1.54178 A
Cell: a =10.0206(9) b =15.6245(14) c=17.2804(16)

Alpha =90 Beta =90 Gamma =90
Temperature: 183 K

Calculated Reported

Volume 2705.5(4)) 2705.5(4)
Space group P212121 P212121
Hall group P 2ac 2ab P 2ac 2ab

Moiety formula

Sum formula

C30H33NO5S
C30H33NO5S

C30H33NO5S
C30H33NO5S

Mr 519.63 519.67
Dx,g cm-3 1.460 1.460

z 4 4

Mu (mm-1) 1.387 1.387

FO00 1104.0 1480.0
FO00' 1485.68 1108.9
h,k,Imax 12,18,20 12,18,20
Nref 4954[ 2805] 4848

Tmin, Tmax 0.847,0.870 0.678,0.753
Tmin' 0.847

Correction method= # Reported T Limits: Tmin=0.678 Tmax= 0.753 AbsCorr = MULTI-

SCAN

Data completeness = 1.73/0.98

R(reflections) = 0.0318( 4733)

Theta(max)= 68.260

wR2(reflections)= 0.0874( 4848)



$=1.048 Npar =340
Flack parameter: 0.038(6)

X-ray crystal structure of (R)-26 (CCDC 2416760)

Table S14. Crystal data and structure refinement for 26.

Bond precision: C-C =0.0098A Wavelength = 1.54178 A
Cell: a=9.8872(12) b =31.082(4) c=11.0103(14)
Alpha =90 Beta = 108.905(4) Gamma =90

Temperature: 243 K

Calculated Reported
Volume 3201.1(7) 3201.1(7)
Space group P21 P1211
Hall group P 2yb P 2yb

Moiety formula

Sum formula

C38 H33 N O5 S [+ solvent]
C38 H33 N O5 S [+ solvent]

4(C38 H33 N 05 S)
C152 H132 N4 020 S4

Mr 615.71 2462.85
Dx,g cm-3 1.278 1.278

z 4 1

Mu (mm-1) 1.262 1.262

(0]0]0] 1296.0 1296.0
FO00' 1301.04

h,k,Imax 11,37,13 12,18,20
Nref 11801[ 6018] 11558
Tmin,Tmax 0.886,0.904 0.644,0.753
Tmin' 0.859

Correction method= # Reported T Limits: Tmin= 0.644 Tmax= 0.753 AbsCorr = MULTI-

SCAN

Data completeness = 1.92/0.98
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R(reflections) = 0.0895( 11261) wR2(reflections)= 0.2551( 11558)
$=0.995 Npar =744
Flack parameter: 0.064(4)

X-ray crystal structure of (R)-59 (CCDC 2416758)

Table S15. Crystal data and structure refinement for 59.

Bond precision: C-C=0.0034 A Wavelength = 1.54178 A
Cell: a=9.2269(2) b =13.0774(3) ¢ =15.7550(4)
Alpha =90 Beta = 100.223(1) Gamma =90

Temperature: 200 K

Calculated Reported
Volume 1870.88(8) 1870.83(8)
Space group P21 P1211
Hall group P 2yb P 2yb
Moiety formula C24 H19 F O3 [+ solvent] C24 H19F 03
Sum formula C24 H19F 03 C24 H19F 03
Mr 374.39 374.39
Dx,g cm-3 1.329 1.329
z 4 4
Mu (mm-1) 0.765 0.765
FO00 784.0 784.0
FO00' 786.53
h,k,Imax 11,15,18 11,15,18
Nref 6871[ 3599] 6719
Tmin, Tmax 0.848,0.871 0.658,0.753
Tmin' 0.826

Correction method= # Reported T Limits: Tmin= 0.658 Tmax= 0.753 AbsCorr = MULTI-
SCAN
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Data completeness = 1.87/0.98 Theta(max)= 68.357

R(reflections) = 0.0336( 6627) wR2(reflections)= 0.0957( 6719)
5=1.034 Npar =507

Flack parameter: -0.09(5)
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7. Rotational Barriers
7.1 Rotational Barrier of (R)-3

The enantiomerisation barrier, corresponding to the barrier to rotation for the
following atropisomers, was obtained by kinetic of racemization of an enantiomer. The
slope of the first order kinetic line gives the racemization constant (kracemisation = 2 X
Kenantiomerisation).  Eyring equation gives the enantiomerisation barrier (AG*
enaniomerization) from enantiomerisation constant (Kenantiomerisation), R = 8.31451 J-K°
mol?, h = 6.62608 x 103* Js and kg = 1.38066 x 1023 J/K. Reactions were conducted
at 1 mg/mL concentration in a pressure tube. Enantiomeric excess data were
determined by HPLC.

Estimated Measurement of Racemization of 3 in Toluene at 135 °C.

TsN

Me
N
|

Me O

MeO
RS

AG* = 34.76 kcal/mol (135 °C, Toluene)

T/s ee In (eeo/eer) 0.100000 - Y = 0.0000039 x - 0.0046806
3600 94.1 0.009519 0.060000
. pe

7200 93.1 0.020203 0.040000
10800 92.0 0.032088 e

0.020000 )
14400 90.2 0.051847 e

0.000000 @+
21600 87.6 0.081096 0 10000 20000 30000

-0.020000

25200 86.4 0.094889

kracemization (135 OC) = 3.9)(10»6 S>1
Kenantiomerization (135 OC) =1.95x10°%s?!
kBXT

Employing the Eyring equation: AG*enantiomerization = RTx In

hkenantiomerisation

1.381x10723JeK ™1 x 408.15 K
1.95x1075 S~1x6.626X1073% Jes

AG* = 145.5 kJ e mol* = 34.8 kcal  mol?

AG*=8.314 J K e mol? x 408.15 K xIn

7.2 Rotational Barriers of (R)-44

The enantiomerisation barrier, corresponding to the barrier to rotation for the
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following atropisomers, was obtained by kinetic of racemisation of an enantiomer. The
slope of the first order kinetic line gives the racemisation constant (Kracemisation =2 X
Kenantiomerisation).  Eyring equation gives the enantiomerisation barrier (AG*
enaniomerization) from enantiomerisation constant (Kenantiomerisation), R = 8.31451 J-K°
moll, h = 6.62608 x 103* Js and kg = 1.38066 x 1023 J/K. Reactions were conducted
at 1 mg/mL concentration in a pressure tube. Enantiomeric excess data were
determined by HPLC.

Measurement of Racemization of 44 in Toluene at 115 °C.

L QO

o)

MeO
ROGAs

AG* = 31.8 kcal/mol (115 °C, toluene)

t/s ee In(eeo/eer
( )| 0400000 y = 2E-05x + 0.0022 ®
0 92.1 0.000000 0.350000 2~ 00077 -
3600 86.9 0.058117 0.300000
7200 80.6 0.133376 020000 -~
’ ’ 0.200000 _."'
10800 76.0 0.192142 0150000 o
14400 713 0.255979 0.100000
18000 68.1 0.301898 0050000 | .-
0.000000 @
21600 63.3 0.374990 0 10000 20000 30000

kracemization (115 OC) =1.7 XlO'S S_l
Kenantiomerization (115 OC) = 8.5 x10%s
kpXT

Employing the Eyring equation: AG*enantiomerization = RTx In

hkenantiomerisation

1.381x107 23 JeKk~1 x 388.15 K
8.5X1076 571x6.626X1073% Jes

AG*=133.4 kJ e mol1 =31.9 kcal ® mol!

AG*=8.314 J K 1o mol? x 388.15 K xIn
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8. DFT Calculation

8.1 Computational details

All the calculations were performed using Gaussian 09 package.!’ The geometry
optimizations were carried out using B3LYP-D3(BJ)*? functional with a mixed basis set
of SDD for Pd and 6-31G(d) for all other atoms. Frequencies were computed
analytically at the same level of theory to confirm whether the structures are minima
(no imaginary frequencies) or transition states (only one imaginary frequency).
Selected transition-state structures were confirmed to connect the correct reactants
and products by intrinsic reaction coordinate (IRC) calculations.'® To obtain better
accuracy, solution-phase single-point energies for the optimized geometries were
recalculated using B3LYP-D3(BJ) functional with a larger mix basis set of SDD for Pd and
6-311+G(d,p) for all other atoms. Solvation effects (solvent = mesitylene) were
considered by performing single-point calculations with the SMD model.'* The final
free energies reported in the article are the large basis set single-point energies
corrected by gas-phase Gibbs free energy correction (at 298.15 K). All 3D structures of
the optimized geometries were generated using CYLview.!>

8.2 Migration insertion into Pd-C(alkyl) bond

TS2 TS2’
AAGF=3.0 AAGF =47

Figure S1. Migration insertion into Pd-C(alkyl) bond. Energies are given in kcal/mol.

$103



Table S16. Calculated energies and energy corrections

Single-point energy-

Thermal correction to

TS1

Stationary
. Gibbs free energy at
point B3LYP-D3(BJ)-SMD/SDD&6-311+G(d,p) (a.u.) 208.15 K (a.u.)
TS1 (R) -944.819901 0.362408
TS1' (S) -311.861902 0.149973
TS2 -944.855006 0.362512
TS2' -944.855006 0.362512
8.3. Cartesian coordinates
-0.77459000  -4.54943600 -0.84858100
-1.64199100 -4.07268000 -1.79417500
-2.05457200 -2.71350000 -1.78658400
-1.50695500 -1.82614700 -0.80288600
-0.59046400 -2.33785200 0.15198400
-0.25526900 -3.67920400 0.14605200
-3.43741300 -2.92398800 -3.43309200
-0.46696300 -5.58981100 -0.82580800
-2.04645200 -4.73813800 -2.55268700
-3.02523900 -2.23601600 -2.69921200
-1.92972800 -0.45486400 -0.78082800
-0.16302200 -1.65098200 0.87002300
-2.91210000 -0.04561200 -1.68786000
-3.46650800 -0.93459300 -2.64152200
-4.23528800 -0.57550300 -3.31788600
0.56379500  -4.29049800 1.04245700
-3.39627500 1.36647500 -1.68259400
-2.67345800 2.34803600 -1.70354300
-4.73750700 1.43039200 -1.66240200
-5.29387600 2.75647200 -1.55632000
-6.37197100 2.62153800 -1.64497800
-5.03553700 3.17799000 -0.58263000
-4.91487700 3.39395900 -2.35902100
1.00232000 -3.52959900 2.15927600
1.65681200 -2.71133200 1.85052800

I O I T T O 0O O O o xT O O T O O T T T O O O O O 0
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0.14587100
1.54790800
-0.69848100
0.16258000
1.19305400
0.18955600
-0.55876000
0.01507300
-0.61917800
-1.97231800
-2.39320700
-1.95073500
-2.96036800
-4.16997400
-2.41867500
-2.53630500
-2.98328400
-3.86326000
-2.51380000
-4.25671900
-4.22616500
-2.90516000
-1.83674300
-3.77316600
-4.93782700
-2.53073500
-4.07317300
3.25756300
4.54789200
5.26274000
4.67969300
3.38180900
2.71344000
4.98192200
5.48946100
6.60611600
6.66264300
7.49909800
6.40614100

-3.11522100
-4.22695300
1.19254900
2.84238500
2.56316800
3.67522300
3.29565800
4.09365300
2.47385200
3.81655500
4.31698100
4.56790300
2.74697900
2.96899100
1.47490800
0.20869000
-1.00013900
-1.91127300
-1.25308300
-3.05709800
-1.71709700
-2.40570900
-0.54183200
-3.31361400
-3.75718300
-2.59495600
-4.21609000
0.92424400
1.42340300
1.03304200
0.17218600
-0.34050800
0.05889700
2.10065000
-0.08753500
0.83750700
1.35230200
0.29790000

1.65397600
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2.70739200
2.79829400
0.07829000
1.07037800
1.30630300
0.35529900
2.33758100
2.83694100
3.06615700
2.08011200
2.96052600
1.27743200
1.65660600
1.59690900
1.23984900
1.07153700
1.75467300
1.15283600
3.05264000
1.83706100
0.14993700
3.73141100
3.51323700
3.12266000
1.36224800
4.73363300
3.64741700
2.63066100
2.46757000
1.33652800
0.40152000
0.51352300
1.67602500
3.19835700
-0.66918300
-0.59480600
0.86198600
-0.91494800
-1.29877300
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7.41940700
6.90765800
1.45385100
1.13138300
2.21481700
1.13208400
0.12702600
2.59089900
1.81808700
2.79208600
1.85437900
3.21360600
1.36564400
2.69907800
3.94789800
1.77632600
3.02251000
1.35989300
0.20217500
0.44708100
0.63898800
-0.87439300
0.98048200
2.18614600
1.32654900
0.89386000
0.50580300
1.95340200
2.91077700
2.22819200
3.41206100
3.67399400
3.23312300
3.88916500
2.78636400
3.85090100

0.80818000

0.81601900
2.41845900
-0.35720200
0.12574100
1.16229500
-0.74030000
0.54402800
0.99706000
2.18331900
-1.21294200
-0.71810800
-2.54246200
-1.56309600
-3.37148400
-2.92348300
-2.89021300
-4.40641000
-3.51954200
0.34225400
-1.06106800
0.88033500
0.49558700
0.88274500
2.22471800
3.29476700
2.94061200
3.63114700
4.16399500
2.88937000
3.47566100
2.16687600
3.57144500
1.62758100
0.92638600
1.09732900
2.43826500

-4.24839300
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1.45013400
0.90366500
1.98759500
3.31734500
3.69956700
3.98898600
3.26586100
4.71479300
3.65437400
-0.53454800
-1.45466700
-0.64728000
-2.46369600
-1.64754900
0.05477000
-2.57163100
-1.70498400
-3.34967000
-3.14268900
-3.33124300
-3.98825100
-3.13466000
-1.50837200
-2.10101800
-2.80252600
-3.74316300
-2.15915700
-3.03741900
-0.91879200
-0.30504700
-0.27611200
-1.31673500
-3.05438500
-2.52975000
-3.90177200
-3.46220000

-1.78420400
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1.55134900
1.94382500
1.50289800
0.72685000
0.41134600
3.13684800
0.54350700
1.86594300
2.79649500
1.88988600
0.38526800
2.74962000
3.21289100
3.89120300
-0.27772400
3.20555600
2.46522300
4.54346600
5.08736300
6.15881000
4.64591500
4.88760500
-0.66316900
0.20712800
-1.19589700
-1.33269800
0.69503200
-0.09840200
-0.03585100
-1.14678700
0.62751600
0.69924200
0.04455700
2.02639400
1.96833500
2.48293400
3.00837900
4.17777500
2.50090200

-3.53123100
-2.19543800
-1.56615700
-2.31409900
-3.63742500
-1.97217200
-5.27651100
-4.00186300
-1.48282400
-0.21329400
-1.84634700
0.42578200
-0.20916100
0.32570300
-4.29468500
1.82090100
2.75930200
1.91541000
3.19402100
3.11663600
3.99427800
3.35734000
-5.63781800
-6.29008500
-5.95241500
-5.72481900
1.13467700
2.51985800
3.51881000
2.25963200
2.51948000
1.49698200
3.08575900
3.13007700
4.14778000
3.22989900
2.36503500
2.72837300

1.22967700
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-2.69536100
-2.44039200
-1.22992600
-0.31982500
-0.56807300
-4.23373200
-1.99977700
-3.62347400
-3.32473000
-0.94781400
0.59368500
-1.83822300
-3.02110400
-3.67803400
0.41073200
-1.55545200
-1.32025300
-1.59244800
-1.20146100
-1.38639500
-1.80025400
-0.14011000
0.18266500
0.03450000
1.08185400
-0.68319500
0.36323700
1.75374200
1.30096000
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10. NMR Spectra

1H NMR (600 MHz, Chloroform-d) spectrum of 3
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1H NMR (600 MHz, Chloroform-d) spectrum of 4
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1H NMR (600 MHz, Chloroform-d) spectrum of 5
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1H NMR (600 MHz, Chloroform-d) spectrum of 6
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1H NMR (600 MHz, Chloroform-d) spectrum of 7
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1H NMR (600 MHz, Chloroform-d) spectrum of 8
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1H NMR (600 MHz, Chloroform-d) spectrum of 9
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1H NMR (600 MHz, Chloroform-d) spectrum of 10
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1H NMR (600 MHz, Chloroform-d) spectrum of 11
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1H NMR (600 MHz, Chloroform-d) spectrum of 12
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1H NMR (600 MHz, Chloroform-d) spectrum of 13
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19F NMR (376 MHz, Chloroform-d) spectrum of 13
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13C NMR (150 MHz, Chloroform-d) spectrum of 14
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13C NMR (150 MHz, Chloroform-d) spectrum of 15
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13C NMR (150 MHz, Chloroform-d) spectrum of 16
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13C NMR (150 MHz, Chloroform-d) spectrum of 17
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13C NMR (150 MHz, Chloroform-d) spectrum of 18
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13C NMR (150 MHz, Chloroform-d) spectrum of 19
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13C NMR (150 MHz, Chloroform-d) spectrum of 20
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13C NMR (150 MHz, Chloroform-d) spectrum of 21
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13C NMR (150 MHz, Chloroform-d) spectrum of 22
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13C NMR (150 MHz, Chloroform-d) spectrum of 23
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13C NMR (150 MHz, Chloroform-d) spectrum of 24
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13C NMR (150 MHz, Chloroform-d) spectrum of 25
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13C NMR (150 MHz, Chloroform-d) spectrum of 10-d
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13C NMR (150 MHz, Chloroform-d) spectrum of 20-d
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13C NMR (150 MHz, Chloroform-d) spectrum of 21-d
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13C NMR (150 MHz, Chloroform-d) spectrum of 26
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13C NMR (150 MHz, Chloroform-d) spectrum of 27
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13C NMR (150 MHz, Chloroform-d) spectrum of 28
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1H NMR (600 MHz, Chloroform-d) spectrum of 29
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1H NMR (600 MHz, Chloroform-d) spectrum of 30
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1H NMR (600 MHz, Chloroform-d) spectrum of 31

8569 ﬁ

wﬁ«.m

L1'S
AL
i
L
J60'b

=0}
J80L
2
L
%14
€80

A4
-1y
My

.0

5

2.0

4.0

a5

8.0

1 (ppm)

13C NMR (150 MHz, Chloroform-d) spectrum of 31

0LV —

cLees
FvN.Nm/
¥28'eg
vey'ss
§¢5¥01
€G8'611
geeiel
Loz'vzlL

£220-024

oLl Lel
cleLel
ovSL2l |
0€9°L2l
166°LC)
921821 k
£€9€'821
YGy'8cl
veLezl
990°0¢
Lyl el
0€9'LEl
GL0°¢El
199°¢el M
9¢geel \
Le6'8¢)
cLsovlk \
€90 vvl \

8C9vvl

990651 —

6Ly L9l —

T T T T
200 190 180 170

T
210

1 (pPM)

$148



1H NMR (600 MHz, Chloroform-d) spectrum of 32
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19F NMR (376 MHz, Chloroform-d) spectrum of 32
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13C NMR (150 MHz, Chloroform-d) spectrum of 33
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13C NMR (150 MHz, Chloroform-d) spectrum of 34
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1H NMR (600 MHz, Chloroform-d) spectrum of 35
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19F NMR (376 MHz, Chloroform-d) spectrum of 35
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13C NMR (150 MHz, Chloroform-d) spectrum of 36
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13C NMR (150 MHz, Chloroform-d) spectrum of 37
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1H NMR (600 MHz, Chloroform-d) spectrum of 38
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1H NMR (600 MHz, Chloroform-d) spectrum of 39
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1H NMR (600 MHz, Chloroform-d) spectrum of 40
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19F NMR (376 MHz, Chloroform-d) spectrum of 40
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13C NMR (150 MHz, Chloroform-d) spectrum of 41
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1H NMR (600 MHz, Chloroform-d) spectrum of 42
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1H NMR (600 MHz, DMSO-ds) spectrum of 3’
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1H NMR (600 MHz, Chloroform-d) spectrum of 44
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1H NMR (600 MHz, Chloroform-d) spectrum of 45

Lr'e

0L
153
oL
psee

=00'¢

Feve

geov
=20'L

o6

FoL'e

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 a5 a.0 3.5 3.0 2.5

9.5

1 (ppm)

13C NMR (150 MHz, Chloroform-d) spectrum of 45

erivl —
8v9'6l —

€9¢°¢E —

l6L 0V —

89€°GG —
¥9C' 19 —

619°v01L
v19°0CL /
€98°€Cl
LeeLel
[SYXAVXAY
0oL LcL
¥05°8¢1L
leL6cl /

[4%4°i14%
018851 —

691V L9l —

€L1°50¢ —

Ph

eea

-10

10

40

110

T
200

T
210

1 (pPM)

$165



1H NMR (600 MHz, Chloroform-d) spectrum of 46
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1H NMR (600 MHz, Chloroform-d) spectrum of 47

£92°0
692°0
9120
0250
£€5°0
zoLL
oLk
veLL
zelL
61911
708} |
818l |
6281
£v8L
1581
¥98'}
z06'L
506°L
£26'L ]
1267}
ove') 1
6612
z1ze |
12271
1822
oszz|f
Svre ﬁ
1572
€T
98r'Z
8672
08¢ 1
808°€
9207
8c0Y
SYOY
050
150%
€90
690
Z80%
S1TL
0zTL /
0£z 2
e L
1T L]
€52°L
coz'L]
e L]
6ve L]
Sy
81vL ]
8zvL |
Ly ]
$08°L 1
6182 %
£e8'L |
S984 |
0/8°L

e \—

“

T

FzeL
Fooz

Mw_,._,
(]
AN
vL0'e

00'¢
06°L

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 a5 4.0 3.5 3.0 2.5 2.0

10.0

1 (ppm)

13C NMR (150 MHz, Chloroform-d) spectrum of 47

€¢5°¢E
[4°1*R V
686

G8.'6lL —

6Ly ce —

1G6°0v —

CLGEG
005'SS

§ee0L—

mmh.vo_.
vvL0c) /
880°¥Cl
vee L)
98¢/21
£€88'LC)
80982l
oze'6CL
96¢0¢) V

L06°851 —

ovL L9l —

2€e'50C —

-10

10

T
200

T
210

1 (pPM)

$167



1H NMR (600 MHz, Chloroform-d) spectrum of 48
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1H NMR (600 MHz, Chloroform-d) spectrum of 49
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1H NMR (600 MHz, Chloroform-d) spectrum of 50
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1H NMR (600 MHz, Chloroform-d) spectrum of 51
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1H NMR (600 MHz, Chloroform-d) spectrum of 52

(=}

-

e}

~
_
T

I 1%4

760’}
70€T

“goy

=.0'¢

Z€0'L
00'L

0'C
4
16°¢
6'C
20T

860

8.0

8.5

9.0

9.5

1 (ppm)

13C NMR (150 MHz, Chloroform-d) spectrum of 52

0Lg'6L ~
gzeLz

§G¢'ce —

Ly, 0V —

¢0S5°G9S —

vie L9 —

SPLVOL
11802} ]
9L1b2l ]
596921 |
188221 ;
v 21 ]
0158211
216821 1
vhe 6zl |
V16621
zez el
8€0°LEL
925 LEL
082zl
svzeel
89z LE}
8678l
S8E0pL \
880°9v1
566851 —

S

61€ .91 —

¥€2°'50¢ —

Me

-10

10

a0

110

T
200

T
210

1 (pPM)

$172



1H NMR (600 MHz, Chloroform-d) spectrum of 53
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1H NMR (600 MHz, Chloroform-d) spectrum of 54
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1H NMR (600 MHz, Chloroform-d) spectrum of 55
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1H NMR (600 MHz, Chloroform-d) spectrum of 56
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1H NMR (600 MHz, Chloroform-d) spectrum of 57
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1H NMR (600 MHz, Chloroform-d) spectrum of 58
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1H NMR (600 MHz, Chloroform-d) spectrum of 59
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19F NMR (376 MHz, Chloroform-d) spectrum of 59
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13C NMR (150 MHz, Chloroform-d) spectrum of 60
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13C NMR (150 MHz, Chloroform-d) spectrum of 61
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13C NMR (150 MHz, Chloroform-d) spectrum of 62
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13C NMR (150 MHz, Chloroform-d) spectrum of 63
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13C NMR (150 MHz, Chloroform-d) spectrum of 64
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13C NMR (150 MHz, Chloroform-d) spectrum of 65
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13C NMR (150 MHz, Chloroform-d) spectrum of 66
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1H NMR (600 MHz, Chloroform-d) spectrum of 67

-
ha
~
[
;\
—

<
<
~
~N
e

Ph

) -

Ry
Fgi1

Tx”.m

=009

1.0

5

2.0

a5

7.0

T
7.5

T
8.0

1 (ppm)

13C NMR (150 MHz, Chloroform-d) spectrum of 67

g8L'61 —

Svvce —

8v6'0v —

Svees —
9€5°9G —

0LL Y0l
€16°0¢l 1
180'vClL |
€10'9¢1
1zgoct ;
181°L21
ey L2l
6v6°LCl
88.'8¢|
¥G6'6¢)
YEL0EL
¢60'LE)
6lo'lel ~
0sglL'gel —~
§9¢'9¢) s
625°0vL
6980Vl
cee vl \
69l'9vl
€80'6G1 —

1697291 —

ove's0C —

v

I X
o™

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

T
210

1 (ppm)

S188



1H NMR (600 MHz, Chloroform-d) spectrum of 68
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1H NMR (600 MHz, Chloroform-d) spectrum of 69
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1H NMR (600 MHz, Chloroform-d) spectrum of 70
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1H NMR (600 MHz, Chloroform-d) spectrum of 71
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1H NMR (600 MHz, Chloroform-d) spectrum of 72
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19F NMR (376 MHz, Chloroform-d) spectrum of 72
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13C NMR (150 MHz, Chloroform-d) spectrum of 73
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1H NMR (600 MHz, Chloroform-d) spectrum of 74
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1H NMR (600 MHz, Chloroform-d) spectrum of 75
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1H NMR (600 MHz, Chloroform-d) spectrum of 76
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1H NMR (600 MHz, Chloroform-d) spectrum of 77

6021~
ozzL 7

=90'¢

=90'¢

=.6'C

=960
v.16°0

26’}
HMbww.o
m\no.N

=ve’l

1 (ppm)

13C NMR (150 MHz, Chloroform-d) spectrum of 77

82551 —
9LLLZ N
vizez —

0V LS~
65,25~
8vr'55 7

€09'€9 —

¥96°€0lL —

cLglLl
956°0¢C1 /
Leovel /
el il /
199°/¢1 /
166°LC) —
€80°6¢1
¥86°6¢1
S00°0€l
c¢serel
€8¢’ LEl
9/6°¢cel
cLveel
9LL'veEL
08L9¢l
Se0 vyl
¥ee8st

TsN

l I

-10

10

a0

110

T
200

T
210

1 (pPM)

$199



1H NMR (600 MHz, Chloroform-d) spectrum of 78
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1H NMR (600 MHz, Chloroform-d) spectrum of 79
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8v9'GL —
SPLLZN
Lorez—

SE9IS .
€625~
1rss

e
SerShL /
6e8LLL
169021 A}
zz0'12)
080°22) \
veT L2)
950821 7
60621
62962}
vre6zL
4TSN
zor1el
czgiel |
L1628} %
ocLeet |
602VEL |
nzie
sogerl |
1285 °

T Y

TsN

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

T
210

1 (ppm)

S201



1H NMR (600 MHz, Chloroform-d) spectrum of 80
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1H NMR (600 MHz, Chloroform-d) spectrum of 81
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13C NMR (150 MHz, Chloroform-d) spectrum of 81
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1H NMR (600 MHz, Chloroform-d) spectrum of 82
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13C NMR (150 MHz, Chloroform-d) spectrum of 82
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1H NMR (600 MHz, Chloroform-d) spectrum of 83
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13C NMR (150 MHz, Chloroform-d) spectrum of 83
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1H NMR (600 MHz, Chloroform-d) spectrum of 84
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1H NMR (600 MHz, Chloroform-d) spectrum of 85
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19F NMR (376 MHz, Chloroform-d) spectrum of 85
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13C NMR (150 MHz, Chloroform-d) spectrum of 86
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1H NMR (600 MHz, Chloroform-d) spectrum of 87
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1H NMR (600 MHz, Chloroform-d) spectrum of 88
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13C NMR (150 MHz, Chloroform-d) spectrum of 88
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1H NMR (600 MHz, Chloroform-d) spectrum of 91
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13C NMR (150 MHz, Chloroform-d) spectrum of 91
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1H NMR (600 MHz, Chloroform-d) spectrum of 92
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1H NMR (600 MHz, Chloroform-d) spectrum of 96
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13C NMR (150 MHz, Chloroform-d) spectrum of 96
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1H NMR (600 MHz, Chloroform-d) spectrum of 99
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