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I. General Information
a) Materials and reagents

All reactions were carried out under argon atmosphere in oven-dried glassware with
magnetic stirring. All solvents and reagents were used as purchased from commercial
suppliers without further purification. Triethylamine (EtsN) was freshly distilled from
calcium hydride under argon atmosphere and stored over 4 A molecular sieves. Starting
materials which were not commercially available were synthesized according to the

previously reported methods.
b) Instrumentation

Thin layer chromatography (TLC): TLC analyses were performed on precoated
aluminum-backed silica gel plate (Merck 60 F254, 0.2 mm thickness) which was

visualized by florescence quenching.

Flash Column Chromatography: The crude products were purified on silica gel
(Merck Kieselgel 60 230-400 mesh).

NMR Spectroscopy: 'H, *C{'H}, YF{'H}, and *'P{!H}-NMR spectra were recorded
on an Oxford JEOL 400 MHz spectrometer, a Bruker Ascend 400 MHz spectrometer
(400 MHz for 'H, 100 MHz for '*C, 376 MHz for '°F, and 162 MHz for *'P). All NMR
spectra were recorded at 299 K unless otherwise noted. Chemical shifts are reported in
d ppm referenced to an internal standard, such as TMS for 'H-NMR (5 = 0.0 ppm),
CDCl; for *C-NMR (§ = 77.0 ppm), CD,Cl, for >*C-NMR (8 = 53.5 ppm), The
following abbreviations were used to explain the multiplicities: s (singlet), d (doublet),
t (triplet), q (quartet), sep (septet), m (multiplet), brs (broad singlet), dd (doublet of
doublet), td (triplet of doublet), dtd (doublet of triplet of doublet) and p (pseudo).
Coupling constants (J) are reported in Hertz (Hz).

Single Crystal X-Ray Diffraction: The X-ray diffraction measurements were carried
out at 200 K or 224 K on either a Bruker D8 Venture or a Bruker KAPPA APEX IT CCD
area detector system equipped with a graphite monochromator, a Mo-Ka fine-focus
sealed tube (k = 0.71073 A) or a Cu-Ka fine-focus sealed tube (k = 1.54178 A).

Melting Point: Melting points were measured on a hot stage melting point apparatus

and were uncorrected.

High-Resolution Mass Spectrometry (HRMS): HRMS were recorded on Waters
XeVo G2-S QTof using ESI (TOF analyzer) or JEOL JMS-700 using EI (double-
focusing magnetic sector). UltrafleXtreme MALDI-TOF/TOF using MALDI (Bruker
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Daltonik, Bremen, Germany).

I1. Preliminary studies

PBuj (1.2 equiv.)

o [o] R'COCI 2a (x equiv.)
EtsN (y equiv.
CLYFD e
1a (0.3 mmol)
- R‘CO'Cl EtsN £ (h) 3a 5/4

(x equiv.) (y equiv.) (%) (%)°
1 PhCOCI (1.5) 1.8 24 37 5/42
2 4-Me-BzCl (1.5) 1.8 24 29  2/55
3 4-OMePhClI (1.5) 1.8 24 32 3/57
4 4-NO,PhCI (1.5) 1.8 24 20 7/45
5 (Boc),0 (1.5) 1.8 24 0 0/93
6° PhCOCI (1.5) 1.8 24 27 4/60
7 PhCOCI (2.5) 2.8 22 50  20/15
8 PhCOCI (3.0) 3.6 24 57 13/0

aYield of the products 3a, 4 & 5 were determined by 'H NMR analysis of the crude reaction mixture using

triphenyl methane as an internal standard. ’Reaction carried out at 60 °C.

ITI. Reaction conditions and plausible reaction mechanism for compound 6.

PBuj (1.2 equiv.) Ph

o o} PhCOCI (3.0 equiv.) 0"y, o}
Et3;N (3.6 equiv.
NP sN (3.6 equiv.) )—Ph
| CH,Cl, (1.5 mL) |
0~ 02 Ph 30°C,3h o

O Ph

PBu; o ®PBU30
o O  phcocl 5
SN base | | Ph
—_— —_—
| Ph 0 o Ph
Ph
" o
c))'\Ph
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IV. Detailed optimization of compound 5aa.?

o

L

0

o PhCOCI 2a

PR;

Et;N

Solvent, temp,

time

1a (0.3 mmol)
PhCOCl1 Base Solvent t S5aa 1a/4
entry PR3 (mol%)
(eqiuv.) (eqiuv.) (mL) ) (% ()
1 MePPh,(120) 3.0 EtN (3.6) THF 5 81 0
2 MePPh»(20) 3.0 Et;N (3.6) THF 0.5 99 0
3 MePPh,(20) 1.2 EtN (1.3) THF 3 71 18
4 Me,PPh (20) 1.2 EtN (1.3) THF 05 88 0(6)
5 Et,PPh (20) 1.2 Et:N (1.3) THF 3 39 38
6 EtPPh, (20) 1.2 EtN (1.3) THF 3 36 49
7 PBus(20) 1.2 EtN (1.3) THF 4 36 32(4)
8 PPhs(20) 1.2 EGN (1.3) THF 24 0 86
9 Me,PPh (20) 1.2 EtN (1.3) Et,0 0.5 0 24(0)
10 Me,PPh (20) 1.2 EtN (1.3) CH:CN 3 28 40(13
11 Me,PPh (20) 1.2 EGN (1.3) toluene 18 47 3418
12 Me,PPh (20) 1.2 EtN (1.3) DCM 3 53 22(8)
13 Me,PPh (20) 1.2 EtN (1.3) DCE 3 57 17(10
14 Me,PPh (20) 1.2 Et:N (1.3) EtOAc 18 53 30(17)
15 Me,PPh (20) 1.2 DIPEA (1.3) THF 05 87 0
16 Me,PPh (20) 1.2 DBU (1.3) THF 5 1 3(8)
17 Me,PPh (20) 1.2 DMAP (1.3) THF 0.5 0 35013)
18 Me,PPh (20) 1.2 EtN (1.5) THF 2 87 (10)
19 Me,PPh (20) 1.3 Et;N (1.5) THF 0.5 88 (5)
20 Me,PPh (20) 1.2 EGN(1.3)  THF(0.75) 5 87 (6)
21 Me,PPh (10) 1.2 EGN (1.3) THF 2 74 16(4)
22¢ Me,PPh (20) 1.2 Et;N (1.3) THF 2 89 0

aUnless otherwise specified, all reactions were carried out with 1a (0.3 mmol), PhCOCIl 2a, Base and PR3, in

the given anhydrous solvent (1.5 mL) under argon atmosphere at 30 °C. ?Yield of the products 5aa & 4, 1a
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were determined by 1H NMR analysis of the crude reaction mixture using triphenyl methane as an internal

standard. cReaction carried out at 60 °C.

V. a) Typical Procedure for the Preparation of compound 1 (TP-A)

o} cl) O
CSA (0.2 e
N . ( q) <
R+ _ | Ethanol: water,
(o) 0 reflux, 4 h

Following the reported procedure' a round-bottomed flask equipped with a
magnetic stir bar was charged with 3-Formylchromone? (5.0 mmol.), 1,3-indanedione
(1.0 equiv.), and (£)-Camphor-10-Sulfonic Acid (CSA) (0.2 equiv.) in water: EtOH (1:1)
at 80 °C in an oil bath for 4 h. After that, the resulting mixture was filtered under a
vacuum and the residue was washed with methanol (2 times) then ethyl ether (2 times)
to obtain product 1.

b) Typical Procedure for the Preparation of compound 3 (TP-B).

PBu; (1.2 equiv.)
PhCOCI (3.0 equiv.)
Et3N (3.6 equiv.)

CH,Cl, (1.5 mL)

A dry and argon-flushed 10 mL Schlenk flask equipped with a magnetic stir bar
was charged with 1 (0.3 mmol.), PBu3 (1.2 equiv.), PhCOCI 2a (3.0 equiv.), and EtzN
(3.6 equiv.) in anhydrous CH>Cl, (1.5 mL) at 30 °C. After completion of the reaction,
the reaction mixture was diluted with CH>Cl; (4 mL), and the organic phase was washed
with sodium bicarbonate solution. The resulted organic layer was dried over sodium
sulfate and filtered through filter paper then the organic solution was concentrated under
vacuum. Further, the crude reaction mixture was purified by flash column

chromatography on silica gel to obtain the desired products 3.
c) Typical Procedure for the Preparation of compound 5 (TP-C).

PPhMe, (20 mmol.)
R'COCI (1.2 equiv.)
EtsN (1.3 equiv.)

THF (1.5 mL),
30 °C, time
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A dry and argon-flushed 10 mL Schlenk flask equipped with a magnetic stir bar
was charged with compound 1 (0.3 mmol.), PPhMe; (0.2 equiv.), R'COCI (1.2 equiv.),
and EtsN (1.3 equiv.) in anhydrous THF (1.5 mL) at 30 °C. After completion of the
reaction, the solvent was removed under vacuum and the crude residue was subjected

to flash column chromatography on silica gel to obtain the desired products 5.

V1. Characterization of all Compounds

2-((4-ox0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1a.

Following the TP-A, 1a was obtained from 4-ox0-4H-chromene-3-carbaldehyde (0.87
g, 5.0 mmol), 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.), and CSA (0.23 g, 0.2
equiv.). The residue was filtered under vacuum and obtain 1a as a pale yellow solid
(1.2 g, 80% yield). Ry=0.50 (Hexanes:EtOAc = 7:3) : mp.: 277.3-278.5 °C.

'"H NMR (400 MHz, CDCl3) &/ppm: 10.40 (s, 1H), 8.44 (s, 1H), 8.32 (dd, J=8.1, 1.6
Hz, 1H), 8.08-7.98 (m, 2H), 7.89-7.80 (m, 2H), 7.75 (dtd, J = 8.7, 7.2, 1.7 Hz, 1H),
7.57 (dd, J = 8.4, 0.5 Hz, 1H), 7.50 (dtd, J = 9.1, 7.2, 0.9 Hz, 1H).

BC{'H}-NMR (100 MHz, CDCls) §/ppm: 190.2, 189.0, 175.3, 163.4, 156.1, 142.1,
140.4, 136.5, 135.6, 135.4,134.5,129.4, 126.7, 126.4, 124.0, 123.6, 123.4, 118.6, 118.7.
HRMS (EI) m/z: [M]" caled for C1oH1104: 302.0579 found: 302.0600.

2-(5-methyl-2-phenylbenzofuran-3-yl)-1-oxo-1H-inden-3-yl pivalate 1b.
o o]

Me

Following the TP-A, 1b was obtained from 6-methyl-4-oxo-4H-chromene-3-
carbaldehyde (0.94 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1b as a
pale green solid (1.1 g, 70%). Ry=0.50 (Hexanes:EtOAc = 8:2) ; mp.: 228.2-229.4 °C.
'"H NMR (400 MHz, CDCls) §/ppm: 10.37 (s, 1H), 8.43 (pd, J= 0.6 Hz, 1H), 8.09 (pd,
J=1.1 Hz, 1H), 8.06-7.97 (m, 2H), 7.87-7.79 (d, 2H), 7.54 (d, J = 8.7, 2.2 Hz, 1H),
7.45 (pd, J= 8.5 Hz, 1H), 2.49 (s, 3H).

BC{'H}-NMR (100 MHz, CDCls) §/ppm: 190.2, 189.1, 175.3, 163.4, 154.3, 142.1,
140.3, 136.8, 136.6, 135.6, 135.5, 135.3,129.1, 126.0, 123.6, 123.5, 123.3, 118.4, 118.3,
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20.9.
HRMS (EI) m/z: [M]" caled for C20H1204: 316.0736 found: 316.0737.

2-(5-methoxy-2-phenylbenzofuran-3-yl)-1-oxo-1H-inden-3-yl pivalate 1c.

o o

CLY 0

1c

Following the TP-A, 1c¢ was obtained from 6-methoxy-4-oxo-4H-chromene-3-
carbaldehyde (1.02 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1c¢ as a
pale green solid (1.2 g, 72%). Ry=0.38 (Hexanes:EtOAc = 7:3) ; mp.: 266.7-267.7 °C.
'"H NMR (400 MHz, CDCls) &/ppm: 10.37 (s, 1H), 8.46 (s, 1H), 8.08-7.96 (m, 2H),
7.89-7.89 (m, 2H), 7.68 (d, J=3.1 Hz, 1H), 7.49 (pd, J=9.1 Hz, 1H), 7.32 (dd, J=9.1,
3.1 Hz, 1H), 3.93 (s, 3H).

BC{H}-NMR (100 MHz, CDCl3) &/ppm: 190.2, 189.2, 175.2, 163.1, 157.8, 150.8,
142.1,140.3,136.9, 135.5, 135.3, 129.1, 124.8, 124.3, 123.5, 123.4, 120.0, 117.8, 105.9,
50.1.

HRMS (EI) m/z: [M]" caled for C20H120s: 332.0685 found: 332.0677.

2-((6-fluoro-4-oxo-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1d.
0 o]
AOADS
ad
1d

Following the TP-A, 1d was obtained from 6-fluoro-4-oxo-4H-chromene-3-
carbaldehyde (0.96 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1d as a
half-white solid (1.1 g, 68%). Rr= 0.40 (Hexanes:EtOAc = 8:2) ; mp.: 265.8-266.9 °C
'H NMR (400 MHz, CDCI3) 8/ppm: 10.39 (d, J = 0.6 Hz, 1H), 8.39 (s, 1H), 8.06-8.00
(m, 2H), 7.96 (dd, J = 8.6, 3.1 Hz, 1H), 7.88-7.80 (m, 2H), 7.60 (dd, J = 9.1, 4.1 Hz,
1H), 7.51-7.43 (m, 1H).

BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 190.1, 188.9, 174.1, 163.2, 154.8, 142.2,
140.4, 137.5, 135.7, 135.5, 129.8, 129.3, 125.2, 123.6, 123.5, 120.5, 119.9, 118.7.

F NMR (376 MHz, CDCls) §/ppm: -112.9.

HRMS (EI) m/z: [M]" calcd for C19HoFO4:320.0485 found: 320.0466.

2-((6-chloro-4-oxo-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1e.
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o (o)

O ° |1e0\

Following the TP-A, le was obtained from 6-chloro-4-oxo-4H-chromene-3-
carbaldehyde (1.04 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain le as a
half-white solid (1.0 g, 60%). Ry=0.40 (Hexanes:EtOAc = 8:2) ; mp.: 271.2-272.3 °C.
'"H NMR (400 MHz, CDCls) &/ppm: 10.37 (s, 1H), 8.38 (s, 1H), 8.28 (d, J = 2.6 Hz,
1H), 8.06-7.99 (m, 2H), 7.89-7.82 (m, 2H), 7.69 (dd, J= 8.7, 2.6 Hz, 1H), 7.53 (d, J =
8.9 Hz, 1H).

BC{H}-NMR (100 MHz, CDCIl3) &/ppm: 190.1, 188.9, 174.1, 163.2, 154.8, 142.2,
140.4, 137.5, 135.7, 135.5, 129.8, 129.3, 125.2, 123.6, 123.5, 120.5, 119.9, 118.7.
HRMS (EI) m/z: [M]" calcd for C19Ho*>C104: 336.0189 found: 336.0197.

HRMS (EI) m/z: [M]" calcd for C19Ho*’C104: 338.0160 found: 338.0156.

2-((6-bromo-4-ox0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1f.

Following the TP-A, 1f was obtained from 6-bromo-4-oxo-4H-chromene-3-
carbaldehyde (1.25 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1f as a
pale green solid (1.0 g, 52%). Ry=0.38 (Hexanes:EtOAc = 9:1); mp.: 264.4-265.6 °C
'"H NMR (400 MHz, CDCI3) §/ppm: 10.37 (s, 1H), 8.45 (d, J = 2.4 Hz, 1H), 8.37 (s,
1H), 8.07-7.97 (m, 2H), 7.90-7.80 (m, 3H), 7.47 (d, J =8.9 Hz, 1H).

BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 190.1, 188.9, 174.1, 163.2, 154.8, 142.2,
140.4, 137.5, 135.7, 135.5, 129.8, 129.3, 125.2, 123.6, 123.5, 120.5, 119.9, 118.7.
HRMS (EI) m/z: [M]" caled for C19Ho"*BrO4: 379.9684 found: 379.9700.

HRMS (EI) m/z: [M]" calcd for C19Ho*'BrOa4: 381.9664 found: 381.9627.

2-((6-nitro-4-oxo-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1g.

o o]

O,N O oI .O

Following the TP-A, 1g was obtained from 6-nitro-4-oxo-4H-chromene-3-
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carbaldehyde (1.09 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1g as a
pale yellow solid (1.3 g, 76%). Ry=0.45 (Hexanes:EtOAc = 6:4) ; mp.: 309.2-310.5 °C.
'"H NMR (400 MHz, CDCls) 8/ppm: 10.39 (s, 1H), 9.19 (d, J = 2.7 Hz, 1H), 8.58 (dd,
J=9.7,2.8 Hz, 1H), 8.34 (s, 1H), 8.08-8.02 (m, 2H), 7.90-7.84 (m, 2H), 7.74 (d, J =
9.1 Hz, 1H).

BC{H}-NMR (100 MHz, CDCIl3) &/ppm: 190.1, 188.5, 174.0, 162.8, 158.8, 145.5,
142.2, 140.5, 135.9, 135.6, 134.4, 130.8, 128.7, 123.1, 123.8, 123.6, 123.3, 120., 119.
HRMS (EI) m/z: [M]" caled for C19HoNOs: 347.0430 found: 347.0425.

2-((7-methyl-4-0x0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1h.
o o]

Beapey

Following the TP-B, 1h was obtained from 7-methyl-4-ox0-4H-chromene-3-
carbaldehyde (0.94 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1h as a
half-white solid (1.25 g, 80%). Ry=0.45 (Hexanes:EtOAc = 8:2) ; mp.: 224.4-225.6 °C.
'"H NMR (400 MHz, CDCls) &/ppm: 10.34 (s, 1H), 8.40 (s, 1H), 8.17 (d, J = 8.2 Hz,
1H), 8.06-7.94 (m, 2H), 7.87-7.78 (m, 2H), 7.33 (s, 1H), 7.28 (d, /= 8.0 Hz, 1H), 2.51
(s, 3H).

BC{'H}-NMR (100 MHz, CDCls) §/ppm: 190.1, 189.1, 175.1, 163.3, 156.1, 146.1,
142.0, 136.6, 135.5,135.3, 129.0, 127.8, 126.3, 123.4, 123.3, 121.6, 118.4, 118.3, 21.8.
HRMS (EI) m/z: [M]" caled for C20H1204: 316.0736 found: 316.0752.

2-((7-methoxy-4-0x0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1i.

o o]

1i

Following the TP-B, 1i was obtained from 7-methoxy-4-oxo-4H-chromene-3-
carbaldehyde (1.02 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1i as a
half-white solid (1.1 g, 68%). Rr=0.45 (Hexanes:EtOAc =7:2) ; mp.: 268.8-269.3 °C.
'"H NMR (400 MHz, CDCI3) §/ppm: 10.34 (s, 1H), 8.44 (s, 1H), 8.22 (d, J = 8.8 Hz,
1H) 8.09-7.97 (m, 2H), 7.89-7.77 (m, 2H), 7.04 (dd, J=9.2, 2.5 Hz, 1H), 6.94 (d, J =
2.3 Hz, 1H), 3.64 (s, 3H).
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BC{H}-NMR (100 MHz, CDCIl3) &/ppm: 190.3, 189.1, 174.5, 164.7, 163.1, 157.8,
142.1,140.4, 136.8, 135.5, 135.3,129.2, 128.1, 123.5, 123.3, 118.6, 117.7, 115.4, 101.0,
55.9.

HRMS (EI) m/z: [M]" caled for C20H120s: 332.0685 found: 332.0668.

2-((7-fluoro-4-oxo-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1j.

Following the TP-A, 1j was obtained from 7-fluoro-4-oxo-4H-chromene-3-
carbaldehyde (0.96 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1j as a
half-white solid (1.1 g, 76%). Ry= 0.48 (Hexanes:EtOAc =8:2) ; mp.: 284.3-285.5 °C.
'"H NMR (400 MHz, CDCls) §/ppm: 10.36 (s, 1H), 8.39 (s, 1H), 8.34 (dd, J = 10, 6.2
Hz, 1H), 8.08-7.99 (m, 2H), 7.87-7.82 (m, 2H), 7.33-7.16 (m, 3H).

BC{H}-NMR (100 MHz, CDCIl3) &/ppm: 190.1, 188.9, 174.3, 167.3, 164.8, 163.2,
157.1 (d, Jc.r=13.3 Hz) 142.2, 140.4, 135.8, 135.7, 135.5, 129.8, 129.1, 123.6, 123 .4,
120.8, 118.7, 115.1 (d, Jcr=22.8 Hz), 105.4 (d, Jc.r = 24.5 Hz).

YF NMR (376 MHz, CDCl5) §/ppm: -100.9.

HRMS (EI) m/z: [M]" calcd for C1oHoF04:320.0485 found: 320.0464.

2-((8-nitro-4-oxo-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1k.
0 0

L 20

NO, 1k

Following the TP-A, 1k was obtained from 8-nitro-4-oxo-4H-chromene-3-
carbaldehyde (1.1 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.), CSA
(0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1k as a brown
solid (1.3 g, 76%). Ry= 0.50 (Hexanes:EtOAc =7:3) ; mp.: 249.3-250.8 °C.

"H NMR (400 MHz, CDCI3) &/ppm: 10.40 (s, 1H), 7.54 (d, J= 8.1, 1.7 Hz, 1H), 7.54
(d,/=8.2,1.6 Hz, 1H), 8.31 (s, 1H), 8.08-8.01 (m, 2H), 7.92-7.82 (d, 2H), 7.62 (t, J =
7.9 Hz, 1H).

BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 189.7, 188.6, 173.5, 162.3, 148.3, 142.2,
140.5,139.2,135.9,135.7,133.9, 132.3,130.9, 130.3, 125.6, 125.5, 123.7, 123.6, 119.3.
HRMS (EI) m/z: [M]" calcd for C19HoNO6:347.0430 found: 347.0423.

S10



2-((6,8-dimethyl-4-0x0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 11.
0 o
T
0" o O

Me 1

Following the TP-A, 11 was obtained from 6,8-dimethyl-4-oxo-4H-chromene-3-
carbaldehyde (1.0 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.), CSA
(0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 11 as a pale
green solid (1.05 g, 64%). Ry=0.45 (Hexanes:EtOAc = 7:3) ; mp.: 296.6-297.8 °C.

'"H NMR (400 MHz, CDCls) &/ppm: 10.41 (s, 1H), 8.46 (s, 1H), 8.06-7.98 (m, 2H),
7.94 (pd, J = 0.8 Hz, 1H), 7.87-7.79 (m, 2H), 7.39 (pd, J = 0.9 Hz, 1H), 2.51 (s, 3H),
2.44 (s, 3H).

BC{IH}-NMR (100 MHz, CDCls) &/ppm: 190.3, 189.2, 175.7, 163.1, 152.9, 142.1,
140.3,137.1,136.8, 135.9, 135.5, 135.3, 128.9, 127.8, 127.6, 123.6, 123.5, 123.3, 118.2,
20.9, 15.3.

HRMS (EI) m/z: [M]" caled for C21H1404:330.0892 found: 330.0864.

2-((6,8-dibromo-4-oxo0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1m.

o o

CLY 0

Br 1m

Br.

Following the TP-A, 1m was obtained from 6,8-dibromo-4-ox0-4H-chromene-3-
carbaldehyde (1.65 mg, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1m as a
pale green solid (1.2 g, 55%). Ry=0.50 (Hexanes/EtOAc = 7: 3) ; mp: 302.5-303.6 °C.
'"H NMR (400 MHz, CDCl;3) 8/ppm: 10.41 (s, 1H), 8.39 (d, J= 2.5 Hz, 1H, 1H), 8.33
(s, 1H), 8.09 (d, J = 2.2 Hz, 1H), 8.07-8.00 (m, 2H), 7.90-7.82 (m, 2H).
BC{TH}-NMR (100 MHz, CDCl3) &/ppm: 189.9, 188.7, 173.7, 162.8, 151.9, 142.2,
140.4,140.2,135.8, 135.6, 134.6, 130.4, 128.6, 128.6, 125.9, 123.7, 123.6, 119.8, 118.7,
133.4.

HRMS (EI) m/z: [M]" calcd for C19Hs”’Br’*Br O4: 457.8789 found: 457.8772.
HRMS (EI) m/z: [M]" calcd for C19Hs”’Br 8!BrOa: 459.8769 found: 459.8758.

HRMS (EI) m/z: [M]" calcd for C1oHs*' Br¥!Br O4: 461.8748 found: 461.8722.
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2-((1-oxo-1H-benzo|[f]chromen-2-yl)methylene)-1H-indene-1,3(2H)-dione 1n.

Following the TP-A, In was obtained from 1-oxo-1H-benzo[f]chromene-2-
carbaldehyde (1.1 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.), CSA
(0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1n as a half-
white solid (1.3 g, 76%). Ry= 0.38 (Hexanes:EtOAc = 8:2) ; mp.: 297.4-298.5 °C.

'"H NMR (400 MHz, CDCls) &/ppm: 10.56 (s, 1H), 8.61-8.53 (m, 1H), 8.49 (s, 1H),
8.24 (d,/J=8.7Hz, 1H), 8.09-8.01 (m, 2H), 8.00-7.93 (m, 1H), 7.89-7.82 (m, 3H), 7.78-
7.69 (m, 2H).

BC{TH}-NMR (100 MHz, CDCl3) &/ppm: 190.2, 189.1, 176.7, 160.9, 157.4, 142.2,
140.4,136.9,136.4, 135.6, 135.4, 131.1, 130.6, 129.8, 129.6, 127.3, 127.2, 123.6, 123 .4,
120.7, 117.5.

HRMS (EI) m/z: [M]" caled for C23H1204: 352.0736 found: 352.0741.

2-((4-ox0-4H-benzo[h]chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1o.

Following the TP-A, 1o was obtained from 4-oxo-4H-benzo[h]chromene-3-
carbaldehyde (1.1 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.), CSA
(0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 10 as a yellow
solid (1.4 g, 80%). Ry=0.47 (Hexanes/EtOAc = 8:2) ; mp.: 287.3-288.2 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 10.56 (s, 1H), 8.61-8.53 (m, 1H), 8.58 (s, 1H),
8.25(d,/J=8.7Hz, 1H), 8.81-8.01 (m, 2H), 7.99-7.93 (m, 1H), 7.87-7.82 (m, 3H), 7.79-
7.69 (m, 2H).

BC{'H}-NMR (100 MHz, CDCls) §/ppm: 190.2, 188.9, 175.1, 162.3, 153.6, 142.2,
140.4,136.3, 136.2,135.6, 135.4, 129.8, 129.7, 128.2, 127.6, 126.4, 123.9, 123.6, 123 4,
122.3,121.3, 120.4, 119.7.

HRMS (EI) m/z: [M]" caled for C23H1204: 352.0736 found: 352.0719.
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2-((5-hydroxy-4-oxo-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1p.

OH O 0
A
CUT
" o
1p

Following the TP-A, 1p was obtained from 5-hydroxy-4-oxo-4H-chromene-3-
carbaldehyde (0.95 g, 5.0 mmol), and 1H-indene-1,3(2H)-dione (0.73 g, 1.0 equiv.),
CSA (0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1p as a
yellow solid (1.2 g, 75%). Ry=0.43 (Hexanes:EtOAc =7:3) ; mp.: 249.1-250.2 °C.

'"H NMR (400 MHz, CDCls) &/ppm: 12.31 (s, 1H), 10.38 (s, 1H), 8.31 (s, 1H), 8.13-
7.97 (m, 2H) 7.90-7.77 (m, 2H), 7.60 (t, J= 8.3 Hz, 1H), 7.01 (pd, J=8.4, 0.6 Hz, 1H),
6.89 (pd, J=8.4, 0.6 Hz, 1H).

BC{H}-NMR (100 MHz, CDCIl3) &/ppm: 190.1, 188.8, 180.6, 164.2, 161.5, 156.1,
142.1,140.4, 136.4, 135.7, 135.5, 134.3, 129.6, 123.6, 123.5, 117.3, 112.9, 110.7, 107.7.
HRMS (EI) m/z: [M]" caled for C21Hi0Os: 318.0528 found: 318.0517.

5,6-dimethoxy-2-((4-0x0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione
1q.
o 0

L Yo

o

1q OMe
Following the TP-A, 1q was obtained from 4-oxo-4H-chromene-3-carbaldehyde (0.87
g, 5.0 mmol), and 5,6-dimethoxy-1H-indene-1,3(2H)-dione (1.03 g, 5.0 mmol.), CSA
(0.23 g, 0.2 equiv.). The residue was filtered under a vacuum and obtain 1q as a yellow
solid (1.2 g, 68%). Ry=0.49 (Hexanes:EtOAc = 5:5); mp.: 271.7-272.8 °C.
'"H NMR (400 MHz, CDCI3) §/ppm: 10.28 (s, 1H), 8.33 (d, J = 7.8 Hz, 1H), 8.26 (s,
1H), 7.74 (t,J=8.3 Hz, 1H), 7.56 (d, J= 8.5 Hz, 1H), 7.48 (t, /= 7.8 Hz, 1H), 7.04 (d,
J=11.4 Hz, 1H), 7.33 (s, 2H), 4.03 (s, 6H).
BC{'H}-NMR (100 MHz, CDCls) §/ppm: 196.6, 162.7, 155.9, 138.4, 134.3, 133.1,
126.6, 126.2, 118.6, 118.5, 103.9, 103.8, 103.2, 56.7, 44.7.
HRMS (EI) m/z: [M]" caled for C21H1406: 362.0790 found: 362.0775.
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2-((4-ox0-4H-chromen-3-yl)methylene)-1,3-diphenylpropane-1,3-dione 6.

(0] (0]
K,CO3 (0.2 equiv)
> N Ph
Acetic anhydride, |
80 °C,8h o O Ph

6
Following the reported procedure,> A 50 mL round-bottomed flask equipped with a
magnetic stir bar was charged with 4-oxo-4H-chromene-3-carbaldehyde (0.87 g, 5.0
mmol.), 1,3-diphenylpropane-1,3-dione (1.6 g, 1.5 equiv.), K3CO3 (0.69 g, 0.2 equiv.)
and acetic anhydride (30.0 mL). The reaction mixture was stirred for 8 h at 80 °C. After
completion of the reaction, the residue was purified by column chromatography (SiO»,
Hexanes:EtOAc = 65:35) to give 6 as a half-white solid (1.45 g, 76%). Ry = 0.45
(Hexanes:EtOAc = 7:3); mp.: 177.0-178.1 °C.
'"H NMR (400 MHz, CDCls) 8/ppm: 8.26 (d, J= 0.7 Hz, 1H), 8.17 (d, J= 8.2, 1.8 Hz,
1H), 8.00-7.91 (m, 4H), 7.68 (d, /= 0.9 Hz, 1H), 7.67-7.56 (m, 2H), 7.55-7.47 (m, 3H),
7.45-7.36 (m, 4H).
BC{H}-NMR (100 MHz, CDCIl3) &/ppm: 190.1, 188.8, 180.6, 164.2, 161.5, 156.1,
142.1, 140.4, 136.4, 135.7, 135.5, 134.3, 129.6, 123.6, 123.5, 117.3, 112.9, 110.7, 107.7.
HRMS (EI) m/z: [M]" caled for C2sHi604: 380.1049 found: 380.1068.

11-(tributyl-A3-phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-b]chromene-
10,12(11H)-dione 3a.

PBU3

ollowing the TP-B, 3a was obtained from 2-((4-oxo-4H-chromen-3-yl)methylene)-1H-
indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), PBus (88.8uL, 1.2 equiv.), benzoyl
chloride 2a (104.5 pL, 3.0 equiv.) and EtsN (150.5 pL, 3.6 equiv.) in anhydrous CH>Cl»
(1.5 mL) at 30 °C for 8 h. After workup, the residue was purified by column
chromatography (SiO2, Hexanes:EtOAc = 70:30) to give 3a as a dark red solid (135.0
mg, 92%). Ry=0.30 (Hexanes:EtOAc = 9:1); mp.: 184.2-185.1 °C.

'"H NMR (400 MHz, CDCls) §/ppm: 8.23 (dd, J = 7.9, 1.9 Hz 1H), 7.57 (dtd, J = 9.0,
7.0, 1.7,Hz 1H), 7.46-7.44 (m, 1H), 7.33 (d, J= 7.2 Hz 1H), 7.29-7.25 (m, 1H), 6.94-
6.88 (m, 1H), 2.73-2.54 (m, 6H), 1.48-1.44 (m, 12H), 0.93-0.89 (t, J = 8.0 Hz, 9H).
BC{'H}-NMR (100 MHz, CDCl3) §/ppm: 189.7, 174.2, 156.3, 146.1 (d, 2Jcp= 12.4
Hz), 141.3,139.3, 134.4, (d, *Jcp= 9.4 Hz), 133.8, 132.3, 126.1, 124.7, 123.3, 122.8,
122.6 (d, 2Jcp=10.5 Hz), 122.5, 122.3, (d, *Jcp=12.7 Hz), 118.9, 117.5, 82.8, (d, 'Jc-
p=102.9 Hz), 24.1, (d, *Jcp= 4.0 Hz), 23.8, (d, 2Jc.p= 16.0 Hz), 21.3, (d, Jcp=52.3
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Hz), 13.5.
3P NMR (162 MHz, CDCl3) §/ppm: 22.0.
HRMS (EI) m/z: [M]" caled for C31H3503P: 486.2324 found: 486.2310.

8-methyl-11-(tributyl-A3-phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-
b]chromene-10,12(11H)-dione 3b.

Following the TP-B, 3b was obtained from 2-((6-methyl-4-ox0-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1b (94.89 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), 2a (104.5 uL, 3.0 equiv.), and EtsN (150.5 pL, 3.6 equiv.) in anhydrous CH2Cl;
(1.5 mL) at 30 °C for 48 h. After workup, the residue was purified by column
chromatography (SiO2, Hexanes:EtOAc = 70:30) to give 3b as a dark red solid (138.0
mg, 90%). Ry=0.45 (Hexanes:EtOAc = 8:2); mp.: 179.9-181.1 °C.

'H NMR (400 MHz, CDCl3) §/ppm: 8.03 (s, 1H), 7.40-7.30 (m, 3H), 7.28-7.20 (m,
2H), 6.95-6.85 (m, 1H), 2.70-2.58 (m, 6H), 2.43 (s, 3H), 1.53-1.39 (m, 12H), 0.92 (t, J
=6.7 Hz, 9H).

BC{H}-NMR (100 MHz, CDCls) &/ppm: 189.6, 174.3, 154.5, 146.3 (d, 2Jcp= 11.9
Hz), 141.3, 139.2, 139.1, 135.4 (d, *Jcp= 9.7 Hz), 133.8, 133.4, 132.0, 125.6, 124.5,
123.2, 122.4 (d, *Jcp= 10.6 Hz), 122.3 (d, Jcp= 11.2 Hz), 121.2, 118.9, 117.2, 82.0
(d, 'Jcp=104.2 Hz), 24.1 (d, *Jc.p= 3.9 Hz), 23.7 (d, 2Jc.p=15.7 Hz), 21.5 (d, 'Jcp=
52.7 Hz), 20.7, 13.5.

3P NMR (162 MHz, CDCls) 8/ppm: 22.0.

HRMS (EI) m/z: [M]" caled for C32H3703P: 500.2480 found: 500.2462.

8-methoxy-11-(tributyl-A>-phosphanylidene)-10H-benzo[5,6] pentaleno[1,2-
b]chromene-10,12(11H)-dione 3c.

Following the TP-B, 3¢ was obtained from 2-((6-methoxy-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1¢ (99.69 mg, 0.3 mmol), PBusz (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 puL, 3.6 equiv.) in
anhydrous CH>Cl; (1.5 mL) at 30 °C for 24 h. After workup, the residue was purified
by column chromatography (SiO», Hexanes:EtOAc = 70:30) to give 3¢ as a dark red
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solid (114.5 mg, 73%). Ry= 0.45 (Hexanes:EtOAc = 8:2); mp.: 115.3-116.2 °C.

"H NMR (400 MHz, CDCls) 8/ppm: 7.65 (d, J = 3.2 Hz, 1H), 7.38 (d, J = 9.1, 1H),
731 (d, J =7.3 Hz, 1H), 7.28-7.21 (m, 1H), 7.18 (dd, J = 9.1, 3.2 Hz, 1H), 6.94-6.86
(m, 1H), 2.75-2.53 (m, 6H), 1.55-1.37 (m, 12H), 0.91 (t, J= 6.7 Hz, 9H).
BC{'H}-NMR (100 MHz, CDCl5) &/ppm: 189.7, 173.9, 155.2, 151.1, 146.5 (d, 2Jcp=
12.1 Hz), 141.4, 139.2, 134.6 (d, 3Jc.p= 9.9 Hz), 133.8, 124.6, 123.2, 122.9, 122.4 (d,
3Jcp=10.4 Hz), 122.1 (d, 2Jc.p= 12.3 Hz), 121.9, 118.9, 118.7, 105.9, 81.6 (d, 'Jc.p=
103.3 Hz), 55.8, 24.2 (d, *Jcr= 3.8 Hz), 23.8 (d, 2Jcp= 15.8 Hz), 21.5 (d, 'Jcp=52.8
Hz), 13.5.

3P NMR (162 MHz, CDCls) &/ppm: 21.9.

HRMS (EI) m/z: [M]" caled for C3,H3704P: 516.2429 found:. 516.2454.

8-fluoro-11-(tributyl-A>-phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-
b]chromene-10,12(11H)-dione 3d.

Following the TP-B, 3d was obtained from 2-((6-fluoro-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1d (96.01 mg, 0.3 mmol), PBu;s (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH>Cl (1.5 mL) at 30 °C for 8 h. After workup, the residue was purified by
column chromatography (Si02, Hexanes:EtOAc = 70:30) to give 3d as a dark red solid
(135.0 mg, 89%). Ry=0.46 (Hexanes:EtOAc =9:1); mp.: 169.7-170.5 °C

"H NMR (400 MHz, CDCls) 8/ppm: 7.87 (dd, J = 9.0, 3.1 Hz, 1H), 7.43 (dd, J = 9.1,
4.3 Hz, 1H), 7.34 (d, J = 7.4 Hz, 1H), 7.3-7.28 (m, 1H), 7.3-7.2 (m, 1H), 6.94-6.90 (td,
J=16.9, 2.0 Hz, 1H), 2.80-2.52 (m, 6H), 1.55-1.37 (m, 12H), 0.92 (t, /= 6.9 Hz, 9H).
BC{'H}-NMR (100 MHz, CDCI3) §/ppm: 189.7, 173.2, 159.5, 157.1, 152.4, 146.2, ,
(d, 2Je-p=12.0 Hz), 141.2, 139.1, 134.9, (d, *Jcp= 9.6 Hz), 133.9, 124.8, 123.7, (d, Je-
F=6.7 Hz), 123.4, 122.3, (d, *Jc.p=10.6 Hz), 121.5, (d, 2Jcp= 12.2 Hz), 120.0 (d, Jcr
=25.2 Hz), 119.8, 119.0, 118.9, 111.0 (d, Jer = 23.7 Hz), 81.1 (d, 'Jep = 103.0 Hz),
24.1 (d, *Jep=3.9 Hz), 23.8 (d, 2Jcp= 15.8 Hz), 21.4 , (d, 'Jcp=52.5 Hz), 13.5.

3P NMR (162 MHz, CDCl3) 8/ppm: 22.1.

F NMR (376 MHz, CDCls) §/ppm: -119.9.

HRMS (EI) m/z: [M]" calcd for C31H3403PF: 504.2230 found: 504.2198.
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8-chloro-11-(tributyl-A>-phosphanylidene)-10H-benzo|[5,6]pentaleno|[1,2-
b]chromene-10,12(11H)-dione 3e.

Following the TP-B, 3e was obtained from 2-((6-chloro-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1e (101.02 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtsN (150.5 pL, 3.6 equiv.) in
anhydrous CH>Cl, (1.5 mL) at 30 °C for 8 h. After workup, the residue was purified by
column chromatography (Si102, Hexanes:EtOAc = 70:30) to give 3e as a dark red solid
(141.2 mg, 90%). Ry=0.55 (Hexanes:EtOAc =9:1); mp.: 161.7-162.8 °C.

'"H NMR (400 MHz, CDCls) &/ppm: 8.20 (d, J=2.6 Hz, 1H), 7.50 (dd, /= 8.9, 2.6 Hz,
1H), 7.4 (d, J = 8.8 Hz, 1H), 7.33 (d, J= 7.2 Hz, 1H), 6.90 (td, J = 7.2, 1.7 Hz, 1H),
2.70-2.55 (m, 6H), 1.54-1.37 (m, 12H), 0.92 (t, /= 6.9 Hz, 9H).

BC{!H}-NMR (100 MHz, CDCls) &/ppm: 189.6, 172.8, 154.6, 146.1 (d, 2Jcp= 12.7
Hz), 141.2, 139.1, 135.0 (d, *Jcp= 9.6 Hz), 133.9, 132.1, 128.1, 125.7, 124.8, 123.9,
123.4,122.4 (d, *Jcp=10.8 Hz), 121.7 (d, *Jcp= 12.3 Hz), 119.1, 119.0, 82.5 (d, 'Jc.p
=102.7 Hz), 24.1 (d, *Jcp= 4.1 Hz), 23.7 (d, 2Jcp= 15.7 Hz), 21.7(d, 'Jc.p=52.8 Hz),
13.5.

3P NMR (162 MHz, CDCls) 8/ppm: 22.2.

HRMS (EI) m/z: [M]" calcd for C31H3403P**Cl: 520.1934 found: 520.1919.

HRMS (EI) m/z: [M]" calcd for C31H3403P?’Cl: 522.1905 found: 522.1904.

8-bromo-11-(tributyl-A3-phosphanylidene)-10H-benzo|[5,6]pentaleno[1,2-
b]chromene-10,12(11H)-dione 3f.

PBuj

Following the TP-B, 3f was obtained from 2-((6-bromo-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1f (114.4 mg, 0.3 mmol), PBu; (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 puL, 3.6 equiv.) in
anhydrous CH>Cl (1.5 mL) at 30 °C for 8 h. After workup, the residue was purified by
column chromatography (SiO2, Hexanes:EtOAc = 70:30) to give 3f as a dark red solid
(148.2 mg, 87%). Ry=0.50 (Hexanes:EtOAc = 8:2); mp.: 170.3-171.2 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 8.36 (d, J=2.5 Hz, 1H), 7.63 (dd, J = 8.8, 2.6 Hz,
1H), 7.35-7.34 (m, 1H), 7.33 (s, 1H), 6.94-6.90 (td, J=14.1, 7.1 Hz, 1H), 2.71-2.53 (m,
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6H), 1.54-1.36 (m, 12H), 0.92 (t, J = 6.9 Hz, 9H).

BC{'H}-NMR (100 MHz, CDCls) §/ppm: 189.6, 172.7, 155.0, 145.9 (d, 2Jcp=11.6
Hz), 141.1, 139.1, 135.0 (d, *Jcp= 9.4 Hz), 134.9, 133.9, 128.8, 124.3, 124.3, 123 .4,
122.4 (d, 2Jc-p=10.5 Hz), 121.6 (d, *Jcp=11.93 Hz), 119.3, 119.1, 115.5, 83.1 (d, 'Jc-
p=101.8 Hz), 24.1(d, *Jc.p=3.8 Hz), 23.8 (d, ZJc-p= 15.4 Hz), 21.4 (d, 'Jcp=52.7 Hz),
13.5.

3P NMR (162 MHz, CDCl3) 8/ppm: 22.2.

HRMS (EI) m/z: [M]" calcd for C31H3403P”Br: 564.1429 found: 564.1411.

HRMS (EI) m/z: [M]" caled for C31H3403P®'Br: 566.1408 found: 566.1397.

8-nitro-11-(tributyl-A>-phosphanylidene)-4¢,10a,11,11a-tetrahydro-10H-

benzo[5,6]pentaleno[1,2-b]chromene-10,12(4bH)-dione 3g.
PBU3

ON O Q

Following the TP-B, 3g was obtained from 2-((6-nitro-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1g (104.18 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 pL, 3.0 equiv.), and Et;N (150.5 pL, 3.6 equiv.) in
anhydrous CH>Cl (1.5 mL) at 30 °C for 8 h. After workup, the residue was purified by
column chromatography (Si02, Hexanes: EtOAc = 70:30) to give 3g as a dark red solid
(128.0 mg, 80%). Rr=0.50 (Hexanes: EtOAc = 8:2); mp.: 212.5-213.6 °C.

'"H NMR (400 MHz, CDCl;3) §/ppm: 9.15 (d, J=2.8 Hz, 1H), 8.40 (dd, J=9.1 2.9 Hz,
1H), 7.54 (d, J=9.2 Hz, 1H), 7.36 (d, J= 7.4 Hz, 1H), 7.34-7.24 (m, 1H), 6.97 (td, J =
7.3, 1.2 Hz, 1H), 2.76-2.56 (m, 6H), 1.57-1.39 (m, 12H), 0.93 (t, /= 6.8 Hz, 9H).
BC{'H}-NMR (100 MHz, CDCls) &/ppm: 189.5, 172.0, 159.4, 146.3 (d, 2Jcp=11.7
Hz), 143.1, 140.7, 139.1, 135.3 (d, *Jcp= 9.4 Hz), 134.1, 126.6, 125.2, 123.6, 123.3,
122.9, 122.7 (d, *Jcp=10.4 Hz), 121.2 (d, >Jcp=12.3 Hz), 119.3, 118.6, 83.5 (d, 'Jc.pr
=102.2 Hz), 24.1 (d, *Jc.p=4.0 Hz), 23.3 (d, 2Jcp= 15.8 Hz), 21.7 (d, *Jcp= 52.3 Hz),
13.5.

3P NMR (162 MHz, CDCl3) 8/ppm: 22.7.

HRMS (EI) m/z: [M]" caled for C31H34NOsP: 531.2175 found: 531.2171.

7-methyl-11-(tributyl-A3-phosphanylidene)-10H-benzo[5,6]pentaleno|[1,2-
b]chromene-10,12(11H)-dione 3h.
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Following the TP-B, 3h was obtained from 2-((7-methyl-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1h (94.89 mg, 0.3 mmol), PBu;s (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH>CL (1.5 mL) at 30 °C for 48 h. After workup, the residue was purified
by column chromatography (SiO2, Hexanes:EtOAc = 70:30) to give 3h as a dark red
solid (113.5 mg, 75%). Ry=0.48 (Hexanes:EtOAc =8:2); mp.: 157.2-158.2 °C.

'"H NMR (400 MHz, CDCls) §/ppm: 8.11 (d, J= 8.1 Hz, 1H), 7.32 (d, J = 7.2 Hz 1H),
7.28-7.20 (m, 3H), 7.09 (d, /= 8.1 Hz, 1H), 6.96-6.85 (m, 1H), 2.74-2.55 (m, 6H), 2.47
(s, 3H), 1.55-1.36 (m, 12H), 0.91 (t, /= 6.8 Hz, 9H).

BC{!H}-NMR (100 MHz, CDCls) &/ppm: 189.6, 174.3, 156.4, 146.1 (d, *Jcp=12.2
Hz), 143.3, 141.4, 141.3, 139.3, 134.0 (d, *Jcr= 9.9 Hz), 133.7, 125.8, 124.6, 123.9,
123.2,122.6 (d, *Jcp=10.3 Hz), 122.3 (d, *Jep=12.2 Hz), 120.4 118.9, 117.4, 82.2 (d,
UJcp=103.7 Hz), 24.1 (d, *Jc.p=3.8 Hz), 23.8 (d, 2Jcp=15.6 Hz), 21.7 (d, 'Jcp=52.9
Hz), 21.2, 13.5.

3'P NMR (162 MHz, CDCl;3) 8/ppm: 21.9.

HRMS (EI) m/z: [M]" caled for C32H3703P: 500.2480 found: 500.2492.

7-methoxy-11-(tributyl-A>-phosphanylidene)-10H-benzo[5,6] pentaleno[1,2-
b]chromene-10,12(11H)-dione 3i.

PBU3
(0} (o]

Froats

Following the TP-B, 3i was obtained from 2-((7-methoxy-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1i (99.69 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH>Cl; (1.5 mL) at 30 °C for 24 h. After workup, the residue was purified
by column chromatography (SiO>, Hexanes:EtOAc = 75:25) to give 3i as a dark red
solid (109.0 mg, 70%). Ry= 0.38 (Hexanes:EtOAc =8:2); mp.: 152.9-153.8 °C.

"H NMR (400 MHz, CDCls) &/ppm: 8.13 (d, J= 8.8 Hz, 1H), 7.32 (d, /= 7.1 Hz 1H),
7.26-7.21 (m, 3H), 6.96-6.80 (m, 3H), 3.91 (s, 3H), 2.7-2.55 (m, 6H), 1.53-1.37 (m,
12H), 0.91 (t, J= 6.7 Hz, 9H).

BC{'H}-NMR (100 MHz, CDCls) 8/ppm: 189.5, 174.1, 163.3, 158.0, 146.1 (d, *Jcp=
12.1 Hz), 141.3, 139.4, 133.6, 133.4 (d, Jcp= 9.8 Hz), 127.4, 124.6, 123.2, 122.6 (d,
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2Jep=10.5 Hz), 122.2 (d, *Jcp=12.1 Hz), 118.9, 116.6, 111.5, 100.2, 82.2 (d, 'Jc.p=
103.3 Hz), 55.7, 24.2 (d, *Jcr= 3.4 Hz), 23.8 (d, 2Jcr= 15.8 Hz), 21.5 (d, '"Jcp=53.1
Hz).

3P NMR (162 MHz, CDCls) &/ppm: 22.0.

HRMS (EI) m/z: [M]" caled for C32H3704P: 516.2429 found: 516.2416.

7-fluoro-11-(tributyl-A>-phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-
b]chromene-10,12(11H)-dione 3j.

o "3

Following the TP-B, 3j was obtained from 2-((7-fluoro-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1j (96.08 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH2Cl; (1.5 mL) at 30 °C for 24 h. After workup, the residue was purified
by column chromatography (SiO2, Hexanes:EtOAc = 70:30) to give 3j as a dark red
solid (132.1 mg, 87%). Ry=0.50 (Hexanes:EtOAc = 8:2); mp.: 150.9-151.8 °C.

'"H NMR (400 MHz, CDCl3) 8/ppm: 8.23 (dd, J= 8.9, 6.6 Hz, 1H), 7.33 (d, J=7.3 Hz
1H), 7.30-7.20 (m, 2H), 6.96 (dd, J = 9.6, 2.4 Hz, 1H), 7.99 (td, J = 8.2, 2.4 Hz, 1H),
6.92 (td, J=17.1, 1.6 Hz, 1H), 2.76-2.53 (m, 6H), 1.58-1.36 (m, 12H), 0.92 (t, /= 6.8
Hz, 9H).

BC{'H}-NMR (100 MHz, CDCls) §/ppm: 189.5, 173.4, 166.3, 163.8, 157.3 (d, Jcr=
13.2 Hz), 146.1 (d, *Jcp=11.8 Hz) 141.1, 139.2, 134.2 (d, 2Jcp=9.7 Hz), 133.8, 128.3
(d, Jer=10.6 Hz), 124.8, 123.3, 122.5 (d, 2Jcp= 10.8 Hz) 121.7 (d, 3Jcp= 12.2 Hz)
119.6, 119.0, 110.9 (d, 2Jcp=22.2 Hz), 103.9 (d, 2Jc.p=25.2 Hz), 82.5 (d, 'Jcp=103.2
Hz), 24.1 (d, *Jcp= 3.8 Hz), 23.8 (d, 2Jcp=15.7 Hz), 21.4 (d, 'Jcp= 52.6 Hz), 13.5.
3P NMR (162 MHz, CDCls) 8/ppm: 22.3.

F NMR (376 MHz, CDCls) §/ppm: -106.4.

HRMS (EI) m/z: [M]" calcd for C31H3403PF: 504.2230 found: 504.2215.

6-nitro-11-(tributyl-)\5-phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-
b]chromene-10,12(11H)-dione 3k.

©
o¥a's
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Following the TP-B, 3k was obtained from 2-((8-nitro-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1k (104.18 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH>Cl, (1.5 mL) at 30 °C for 3 h. After workup, the residue was purified by
column chromatography (SiO», Hexanes:EtOAc= 70:30) to give 3k as a dark red solid
(138.0 mg, 86%). Ry=0.33 (Hexanes:EtOAc = 8:2); mp.:179.7-180.8 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 8.53 (dd, J = 7.9, 1.7 Hz, 1H), 7.38 (dd, J = 7.9,
1.7 1H), 7.38-7.28 (m, 4H), 6.96 (td, J= 7.2, 2.1 Hz, 1H), 2.71-2.56 (m, 6H), 1.55-1.39
(m, 12H), 0.92 (t, J = 6.6 Hz, 9H).

BC{!H}-NMR (100 MHz, CDCls) §/ppm: 189.6, 171.7, 148.8, 144.5 (d, *Jcp= 11.8
Hz), 140.6, 138.9, 138.5, 135.6 (d, 2Jcp= 9.6 Hz), 134.3, 132.1, 128.4, 125.3, 125.2,
123.4, 123.1 (d, *Jep=10.5 Hz), 121.3, 120.8 (d, 2Jcp= 12.4 Hz), 119.6, 81.1 (d, 'Jcp
=102.6 Hz), 24.1 (d, *Jcp=3.9 Hz), 23.5 (d, 2Jcp=15.8 Hz), 21.2 (d, 'Jcp= 52.6 Hz),
13.5.

3'P NMR (162 MHz, CDCl;3) 8/ppm: 22.6.

HRMS (EI) m/z: [M]" caled for C31H34NOsP: 531.2175 found: 531.2159.

6,8-dimethyl-11-(tributyl-A>-phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-
b]chromene-10,12(11H)-dione 31.

0 u3
Me O 5 DO

Following the TP-B, 31 was obtained from 2-((6,8-dimethyl-4-oxo0-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 11 (330.3 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 pL, 3.0 equiv.) and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH>Cl; (1.5 mL) at 30 °C for 24 h. After workup, the residue was purified
by column chromatography (SiO2, Hexanes:EtOAc= 70:30) to give 31 as a dark red
solid (116.0 mg, 75%). Ry=0.50 (Hexanes:EtOAc = 8:2); mp.: 211.1-212.3 °C.

"H NMR (400 MHz, CDCl3) §/ppm: 7.88 (d, J= 1.4 Hz, 1H), 7.32 (d, /= 7.3 Hz, 1H),
7.28-7.21 (m, 2H), 7.18 (d, /= 7.2 Hz, 1H), 6.90 (dd, /= 7.3, 0.82 Hz, 1H), 2.73-2.58
(m, 6H), 2.53(s, 3H), 2.40 (s, 3H), 1.57-1.36 (m, 12H), 0.91 (t, J = 6.8 Hz 9H).
BC{'H}-NMR (100 MHz, CDCls) &/ppm: 189.7, 174.7, 152.8, 146.3 (d, *Jcp= 12.1
Hz), 141.4, 139.3, 134.6, 134.1 (d, *Jcp= 9.8 Hz), 133.7, 131.4, 126.2, 124.5, 123.2,
122.6 (d, *Jcp=10.9 Hz), 122.1 (d, 2Jcp=12.2 Hz), 122.0, 118.8, 82.3 (d, 'Jcp=103.7
Hz), 24.2 (d, *Jcp= 3.7 Hz), 23.8 (d, *Jcp= 15.7 Hz), 21.5 (d, 'Jc-p= 53.7 Hz), 20.7,
15.7,13.5.
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3Ip NMR (162 MHz, CDCl3) 8/ppm: 21.9.
HRMS (EI) m/z: [M]" calcd for. C33Hso O3sP: 514.2637 found: 514.2618.

6,8-dibromo-11-(tributyl-A>-phosphanylidene)-10H-benzo|[5,6]pentaleno|1,2-
b]chromene-10,12(11H)-dione 3m.

PB
) ta
(S '
(o]
Br 3m

Following the TP-B, 3m was obtained from 2-((6,8-dibromo-4-ox0-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1m (138.02 mg, 0.3 mmol), PBus (88.8uL,
1.2 equiv.), benzoyl chloride 2a (104.5 pL, 3.0 equiv.), and EtzN (150.5 pL, 3.6 equiv.).
in anhydrous CH2Cl; (1.5 mL) at 30 °C for 8 h. After workup, the residue was purified
by column chromatography (SiO2, Hexane:EtOAc = 75:25) to give 3m as a dark red
solid (165.0 mg, 85%). Ry=0.40 (Hexanes:EtOAc =9:1) ; mp.: 214.2-215.5 °C.

'"H NMR (400 MHz, CDCls) §/ppm: 8.30 (d, J= 8.3 Hz, 1H), 7.91 (d, J = 2.3 Hz, 1H),
7.35(d,J=7.4Hz, 1H), 7.32-7.27 (m, 2H), 6.99-6.90 (m, 1H), 2.73-2.49 (m, 6H), 1.58-
1.35 (m, 12H), 0.91 (t, J = 6.7 Hz, 9H).

BC{IH}-NMR (100 MHz, CDCl3) §/ppm: 189.7, 171.8, 151.6, 145.3 (d, %Jcp= 11.8
Hz), 140.9, 140.8, 139.0, 137.5, 135.4 (d, *Jcp= 9.6 Hz), 134.1, 128.3, 125.1, 125.0,
123.5, 122.8 (d, *Jcp= 10.5 Hz), 120.8 (d, 2Jcp= 12.4 Hz), 119.4, 115.1, 112.0, 82.8
(d, 'Jcp=102.8 Hz), 24.1 (d, *Jc.p= 4.1 Hz), 23.8 (d, 2Jc.p= 15.8 Hz), 21.3 (d, 'Jcp=
52.8 Hz), 13.5.

3P NMR (162 MHz, CDCl3) §/ppm: 22.4.

HRMS (EI) m/z: [M]" calcd for C31H33”°Br’”Br O3P: 642.0534 found: 642.0519.
HRMS (EI) m/z: [M]" calcd for C31Hs3”’Br ¥'BrO4P: 644.0514 found: 644.0522.
HRMS (EI) m/z: [M]" calcd for C31Hs3*'Br*'Br O4P: 646.0493 found: 646.0487.

13-(tributyl-A5-phosphanylidene)-12H-benzo[f]benzo[5,6]pentaleno[1,2-
b]chromene-12,14(13H)-dione 3n.

Following the TP-B, 3n was obtained from 2-((1-oxo-1H-benzo[f]chromen-2-
yl)methylene)-1H-indene-1,3(2H)-dione 1n (105.7 mg, 0.3 mmol), PBu;s (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 puL, 3.6 equiv.) in
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anhydrous CH>Cl (1.5 mL) at 30 °C for 48 h. After workup, the residue was purified
by column chromatography (SiO2, Hexanes:EtOAc = 70:30) to give 3n as a dark red
solid (85.1 mg, 52%). Ry=0.53 (Hexanes:EtOAc = 7:3); mp.: 189.4-190.3 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 10.17 (d, J=8.7 Hz, 1H), 7.98 (d, J=9.1 Hz 1H),
7.87 (d, J=8.0 Hz, 1H), 7.69 (t, J= 7.9 Hz, 1H), 7.57 (d,J=9.1 Hz, 1H), 7.52 (t, J =
7.5 Hz, 1H), 7.32 (d, /= 7.3 Hz, 1H), 7.29-7.20 (m, 2H), 6.95-6.85 (m, 1H), 2.79-2.59
(m, 6H), 1.55-1.40 (m, 12H), 0.92 (t, J= 6.7 Hz, 9H).

BC{!H}-NMR (100 MHz, CDCls) &/ppm: 189.6, 177.2, 157.3, 144.7 (d, *Jcp= 12.0
Hz), 141.3, 141.2, 139.4, 133.8, 133.7, 133.4 (d, 2Jc.p= 10.0 Hz), 132.2, 130.2, 128.1,
126.9, 125.2 (d, 2Jcp= 11.4 Hz), 124.9, 124.6, 123.2,122.7, (d, *Jcp= 10.6 Hz), 118.7,
118.6, 114.7, 81.2 (d, 'Jep= 104.5 Hz), 24.3 (d, *Jer= 3.9 Hz), 23.8 (d, 2Jcp=15.7
Hz), 21.8 (d, 'Jcp=53.7 Hz), 13.6.

3'P NMR (162 MHz, CDCl;3) 8/ppm: 21.9.

HRMS (EI) m/z: [M]" caled for C3sH3703P: 536.2480 found: 536.2464.

8-(tributyl-A>-phosphanylidene)-7H-benzo[h]benzo[5,6]pentaleno[1,2-
b]chromene-7,9(8H)-dione 3o.
BU3P

Following the TP-B, 30 was obtained from 2-((4-oxo-4H-benzo[h]chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 10 (105.72 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 uL, 3.0 equiv.), and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH2Cl; (1.5 mL) at 30 °C for 24 h. After workup, the residue was purified
by column chromatography (SiO2, Hexanes:EtOAc =75:25) to give 30 as a dark red
solid (118.0 mg, 73%). Ry=0.50 (Hexanes:EtOAc = 8:2); mp.: 191.3-192.1 °C.

"H NMR (400 MHz, CDCls) §/ppm: 8.69-8.61 (m, 1H), 8.23 (d, J= 8.7 Hz, 1H), 7.94-
7.84 (m, 1H), 7.73-7.60 (m, 3H), 7.42-7.29 (m, 3H), 6.94 (td, /= 7.4, 1.0 Hz, 1H), 2.79-
2.56 (m, 6H), 1.62-1.37 (m, 12H), 0.91 (t, J= 6.9 Hz, 9H).

BC{'H}-NMR (100 MHz, CDCls) &/ppm: 189.7, 174.4, 153.1, 145.9 (d, *Jcp=12.2
Hz), 141.3, 139.6, 135.6, 133.9 (d, 2Jcp= 9.9 Hz), 133.8, 128.3, 127.8, 126.3, 124.8,
124.4,123.3, 123.1 (d, 2Jcp=10.3 Hz), 122.9 (d, *Jcp=12.3 Hz), 122.7, 122.4, 121.9,
118.9, 117.9, 81.7 (d, Jcp= 104.0 Hz), 24.2 (d, 3Jcrp= 3.9 Hz), 23.8 (d, *Jcp=15.7
Hz), 21.6 (d, *Jc-p= 53.3 Hz), 13.5.

3P NMR (162 MHz, CDCl3) 8/ppm: 22.1.

HRMS (EI) m/z: [M]" caled for C3sH3703P: 536.2480 found: 536.2489.
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10,12-dioxo-11-(tributyl-A>-phosphanylidene)-11,12-dihydro-10H-
benzo[S5,6]pentaleno[1,2-b]chromen-9-yl benzoate 3p.
PBU3

J

Following the TP-B, 3p was obtained from 2-((5-hydroxy-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1p (95.40 mg, 0.3 mmol), PBus (88.8uL, 1.2
equiv.), benzoyl chloride 2a (156.83 uL, 4.5 equiv.) and EtsN (192.30 pL, 4.6 equiv.)
in anhydrous CH>Cl (1.5 mL) at 30 °C for 24 h. After workup, the residue was purified
by column chromatography (SiO2, Hexanes:EtOAc= 80:20) to give 3p as a dark red
solid (128.0 mg, 70%). Ry= 0.40 (Hexanes:EtOAc =9:1); mp.: 190.8-191.5 °C.

'"H NMR (400 MHz, CDCls) &/ppm: 8.26 (d, J= 7.3 Hz, 2H), 7.63 (t, J= 7.4 Hz, 1H),
7.57-7.47 (m, 3H), 7.39 (d, /J=8.5 Hz, 1H), 7.30 (d, J= 7.3 Hz, 1H), 7.27-7.28 (m, 2H),
6.98 (d, J=7.6 Hz, 1H), 7.39 (dd, J= 7.1, 1.6 Hz, 1H), 2.51-2.34 (m, 6H), 1.58-1.28
(m, 12H), 0.86 (t, J = 6.8 Hz, 9H).

BC{TH}-NMR (100 MHz, CDC]l3) &8/ppm: 189.5, 173.4, 165.4, 157.7, 150.2, 144.9 (d,
2Jer=11.8 Hz), 141.3, 141.2, 139.3, 133.8 (d, *Jc.p= 11.8 Hz), 133.7, 132.8, 131.6,
130.8, 130.3, 128.2, 124.6, 123.3 (d, *Jcp=12.3 Hz), 123.2, 122.3 (d, *Jcp= 12.2 Hz),
118.9, 116.9, 115.9, 82.4 (d, 'Jc.p=103.5 Hz), 24.1 (d, *Jc.p= 3.9 Hz), 23.8 (d, 2Jcp=
15.9 Hz), 21.5 (d, 'Jep=53.0 Hz), 13.5.

3P NMR (162 MHz, CDCls) 8/ppm: 21.6.

HRMS (EI) m/z: [M]" calcd for C3sHzo OsP: 606.2535 found: 606.2524.

3p

2,3-dimethoxy-11-(tributyl-A3-phosphanylidene)-10H-benzo[5,6]pentaleno|[1,2-
b]chromene-10,12(11H)-dione 3q.

"@

OMe

[0}
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Following the TP-B, 3q was obtained 5,6-dimethoxy-2-((4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1q (108.7 mg, 0.3 mmol), PBu;s (88.8uL, 1.2
equiv.), benzoyl chloride 2a (104.5 pL, 3.0 equiv.) and EtzN (150.5 pL, 3.6 equiv.) in
anhydrous CH>Cl (1.5 mL) at 30 °C for 3 h. After workup, the residue was purified by
column chromatography (Si0», Hexanes:EtOAc =72:25) to give 3q as a reddish brown
solid (90.0 mg, 55%). Ry= 0.38 (Hexanes/EtOAc = 8:2); mp.: 160.7-161.7 °C.

'"H NMR (400 MHz, CDCl;3) 8/ppm: 8.23 (dd, J= 7.9, 1.6 Hz, 1H), 7.56 (dtd, J = 8.9,

3q
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7.5,1.7 Hz, 1H), 7.27 (dd, J=17.5, 0.7 Hz, 1H), 6.98 (s, 1H), 6.83 (s, 1H), 4.03 (s, 3H),
3.86 (s, 3H), 2.71-2.55 (m, 6H), 1.57-1.38 (m, 12H), 0.92 (t, J= 6.7 Hz, 9H).
BC{'H}-NMR (100 MHz, CDCl;) 8/ppm: 189.2, 173.6, 156.2, 153.9, 146.4, 145.6 (d,
2Jep=11.9 Hz), 136.7, 135.3 (d, *Jcp = 9.6 Hz), 132.0, 131.2, 126.1, 122.8, 122.5,
121.4 (d, 2Jcp=12.1 Hz), 120.5 (d, *Jcp=10.7 Hz), 117.3, 107.9, 103.4, 82.9 (d, 'Jc-p
=103.2 Hz), 56.3, 56.2, 24.2 (d, *Jc.p= 3.8 Hz), 23.8 (d, 2Jcp=15.7 Hz), 21.4 (d, 'Jcp
=52.8 Hz), 13.5.

3P NMR (162 MHz, CDCls) 8/ppm: 22.0.

HRMS (EI) m/z: [M]" calcd for C33H300sP: 546.2535. found: 546.2538.

3-(4-benzoyl-2,5-diphenylfuran-3-yl)-4H-chromen-4-one 6.

Following the TP-B, 6 was obtained 2-((4-oxo-4H-chromen-3-yl)methylene)-1,3-
diphenylpropane-1,3-dione 1r (114.1 mg, 0.3 mmol), PBu; (88.8uL, 1.2 equiv.),
benzoyl chloride 2a (104.5 puL, 3.0 equiv.) and Et3N (150.5 pL, 3.6 equiv.) in anhydrous
CH2Cl> (1.5 mL) at 30 °C for 3 h. After workup, the residue was purified by column
chromatography (SiO2, Hexanes:EtOAc =70:30) to give 6 as a half-white solid (99.0
mg, 75%). Ry=0.38 (Hexanes/EtOAc = 8:2); mp.: 115.8-116.8 °C.

"H NMR (400 MHz, CDCI3) &/ppm: 8.16 (dd, J = 7.9, 1.6 Hz, 1H), 8.02 (s, 1H), 7.86
(dd, J=8.3, 1.4 Hz, 1H), 7.73-7.62 (m, 3H), 7.55-7.48 (m, 2H), 7.44 (d, J = 8.4, Hz,
1H), 7.40-7.28 (m, 5H), 7.27-7.18 (m, 5H).

BC{IH}-NMR (100 MHz, CDCl3) &/ppm: 192.4, 175.6, 156.2, 154.9, 152.6, 150.5,
137.2,133.6,132.9, 129.8, 129.7, 129.2, 128.6, 128.6, 128.2, 128.1, 127.1, 126.2, 126.1,
125.1,123.8, 123.8, 118.0, 117.4, 113.8.

HRMS (EI) m/z: [M]" calcd for C32H2004P: 468.1362. found: 468.1352.

2-(2-0x0-1-(4-0x0-4H-chromen-3-yl)-2-phenylethylidene)-1H-indene-1,3(2H)-
dione Saa.

5aa

Following the TP-C, 5aa was obtained from 2-((4-ox0-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me,PhP (8.54uL, 0.2 equiv.),
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benzoyl chloride 2a (41.82 pL, 1.2 equiv.), and EtsN (54.36 pL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the residue
was purified by column chromatography (SiO>, Hexanes:EtOAc= 70:30) to give Saa
as a pale yellow solid (110.0 mg, 90%). Ry= 0.41 (Hexanes:EtOAc = 7:3); mp.: 248.2-
248.5 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 8.30 (s, 1H), 8.29 (dd, J = 7.9, 1.5 Hz 1H), 8.11
(dd,/=7.3, 1.2,Hz 1H), 7.96-7.92 (m, 1H), 7.89-7.84 (m, 1H), 7.84-7.74 (m, 2H), 7.70
(dtd, /=9.0 7.3, 1.6,Hz, 1H), 7.57 (t, J= 7.4 Hz 1H), 7.50-7.41 (m, 4H).
BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 195.4, 187.6, 187.3, 173.0, 155.9, 155.4,
146.2,142.6, 140.7, 135.8, 132.7, 134.9, 134.3, 134.2, 131.6, 129.0, 128.9, 126.6, 126.0,
123.7, 123.6, 123.5, 118.4, 118.2.

HRMS (ESI) m/z: [M+H]" caled for. C2sHis Os: 407.0919 found: 407.0916.

2-(1-(6-methyl-4-o0x0-4H-chromen-3-yl)-2-oxo-2-phenylethylidene)-1H-indene-
1,3(2H)-dione Sba.

Following the TP-C, Sba was obtained from 2-((6-methyl-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1b (94.89 mg, 0.3 mmol), Me,PhP (8.54puL,
0.2 equiv.), benzoyl chloride 2a (41.82 pL, 1.2 equiv.), and EtzN (54.36 pL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 3 h. After completion of the reaction, the
residue was purified by column chromatography (SiO», Hexanes:EtOAc =70:30) to
give Sba as a pale yellow solid (101.0 mg, 80%). Ry = 0.45 (Hexanes:EtOAc = 7:3);
mp.: 290.3-291.2 °C.

"H NMR (400 MHz, CDCl;3) §/ppm: 8.27 (s, 1H), 8.14-8.07 (m, 3H), 7.95 (dd, J=6.1,
1.5 Hz, 1H), 7.90-7.85 (m, 1H), 7.83-7.75 (m, 2H), 7.56 (t, J=7.5 Hz, 1H), 7.52 (dd, J
=8.6, 2.1 Hz, 1H), 7.46 (t, J= 7.8 Hz, 2H), 7.38 (d, J = 8.6 Hz, 1H), 2.50 (s, 3H).
BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 195.4, 187.8, 187.4, 173.1, 155.3, 154.2,
146.5,142.7, 140.8, 136.2, 135.8, 135.6, 135.5, 135.1, 134.2, 131.5, 129.1, 128.9, 126.0,
123.7, 123.6, 123.4, 118.2, 117.9, 20.9.

HRMS (ESI) m/z: [M+H]" caled for C27H160s: 420.0998 found: 420.0989.

2-(1-(6-chloro-4-o0x0-4H-chromen-3-yl)-2-oxo-2-phenylethylidene)-1H-indene-
1,3(2H)-dione Sea.
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Following the TP-C, 5ea was obtained from 2-((6-chloro-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1e (101.02 mg, 0.3 mmol), Me>PhP (8.54uL,
0.2 equiv.), benzoyl chloride 2a (41.82 uL, 1.2 equiv.), and EtzN (54.36 uL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the
residue was purified by column chromatography (SiO», Hexanes:EtOAc= 70:30) to
give Sea as a pale yellow solid (95.0 mg, 72%). Ry=0.45 (Hexanes:EtOAc = 7:3); mp.:
270.1-271.2 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 8.29 (s, 1H), 8.27 (dd, J= 2.6 Hz, 1H), 8.12-8.07
(m, 2H), 7.99-7.95 (m, 1H), 7.91-7.87 (m, 1H), 7.85-7.77 (m, 2H), 7.70 (dd, J = 9.4,
2.7 Hz, 1H), 7.62-7.56 (m, 1H), 7.51-7.43 (m, 3H).

BC{TH}-NMR (100 MHz, CDCl3) &/ppm: 195.3, 187.6, 187.3, 171.9, 155.2, 154.3,
145.4,142.6,140.8, 135.9,135.7, 134.9, 134.5, 134.4,132.1, 131.8, 129.1, 128.9, 126.1,
124.6, 123.7, 123.6, 119.9, 118.4.

HRMS (EI) m/z: [M]" calcd for C26H13*°Cl Os: 440.0452 found: 440.0434.

HRMS (EI) m/z: [M]" calcd for C26H13*’C1 Os: 442.0422 found: 442.0436.

2-(1-(7-methoxy-4-o0x0-4H-chromen-3-yl)-2-oxo-2-phenylethylidene)-1H-indene-
1,3(2H)-dione S5ia.

Following the TP-C, Sia was obtained from 2-((7-methoxy-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1i (99.69 mg, 0.3 mmol), Me;PhP (8.54uL,
0.2 equiv.), benzoyl chloride 2a (41.82 pL, 1.2 equiv.), and EtzN (54.36 pL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 2 h. After completion of the reaction, the
residue was purified by column chromatography (SiO., Hexanes:EtOAc= 70:30) to
give Sia as a pale yellow solid (82.0 mg, 62%). Ry=0.40 (Hexanes:EtOAc = 7:3) ; mp.:
268.8-269.3 °C.

'"H NMR (400 MHz, CDCls) §/ppm: 8.23 (s, 1H), 8.19 (d, J = 8.9 Hz, 1H), 8.14-8.07
(m, 2H), 7.99-7.95 (m, 1H), 7.90-7.86 (m, 1H), 7.85-7.74 (m, 2H), 7.62-7.54 (m, 1H),
7.50-7.43 (m, 2H), 7.02 (dd, J=9.1, 2.3 Hz, 1H), 6.87 (d, /= 2.4 Hz, 1H), 3.91 (s, 3H).
BC{H}-NMR (100 MHz, CDCl3) &/ppm: 195.5, 187.8, 187.4, 172.3, 164.6, 157.7,
155.1,146.6, 142.7,140.8, 135.8, 135.6, 135.1, 134.1, 131.6, 129.1, 128.9, 128.1, 123.7,
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123.6, 118.5, 117.6, 115.2, 100.5, 55.9.
HRMS (EI) m/z: [M]" caled for C27H1606: 436.0947 found: 436.0966.

2-(1-(7-fluoro-4-oxo-4H-chromen-3-yl)-2-oxo-2-phenylethylidene)-1H-indene-
1,3(2H)-dione 5ja.

5ja

Following the TP-C, 5ja was obtained from 2-((7-fluoro-4-oxo-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1j (96.08 mg, 0.3 mmol), Me;PhP (8.54uL,
0.2 equiv.), benzoyl chloride 2a (41.82 pL, 1.2 equiv.), and EtzN (54.36 pL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the
residue was purified by column chromatography (SiO», Hexanes:EtOAc =70:30) to
give Sja as a pale yellow solid (95.4 mg, 75%). Ry=0.43 (Hexanes:EtOAc = 7:3); mp.:
223.5-224.5 °C.

'"H NMR (400 MHz, CDCl3) 8/ppm: 8.3 (dd, J=8.7, 6.3 Hz, 1H), 8.29 (s, 1H), 8.11 (d,
J=17.8 Hz, 2H), 7.96 (dd, J = 6.4, 1.3 Hz, 1H), 7.93-7.85 (m, 1H), 7.85-7.75 (m, 2H),
7.58 (t,J=17.5 Hz, 1H), 7.47 (t,J="7.7 Hz, 2H), 7.24-7.15 (m, 2H).

BC{TH}-NMR (100 MHz, CDCl3) &/ppm: 195.3, 187.7, 187.3, 172.2, 167.2, 164.6,
157.9 (d, Jc.r=13.3 Hz), 155.2, 145.6, 142.6, 140.8, 135.9, 135.8, 134.9, 134.3, 131.8,
129.1 (d, Jcr=10.9 Hz), 129.1, 128.9, 123.8, 123.7, 120.7, 120.6, 118.7, 114.8 (d, Jc-
r=22.8 Hz), 105.0 (d, Jc.r= 25.6 Hz).

F NMR (376 MHz, CDCls) §/ppm: -101.3.

HRMS (EI) m/z: [M]" caled for CasHi130sF: 424.0747 found: 424.0745.

2-(1-(6,8-dimethyl-4-oxo0-4H-chromen-3-yl)-2-o0xo-2-phenylethylidene)-1H-
indene-1,3(2H)-dione Sla.

Me 5la

Following the TP-C, Sla was obtained from2-((6,8-dimethyl-4-ox0-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 11 (99.10 mg, 0.3 mmol), Me,PhP (8.54uL,
0.2 equiv.), benzoyl chloride 2a (41.82 pL, 1.2 equiv.), and EtzN (54.36 uL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the
residue was purified by column chromatography (SiO,, Hexanes:EtOAc= 70:30) to
give 5la as a pale yellow solid (105.1 mg, 80%). Ry=0.53 (Hexanes:EtOAc =7:3); mp.:
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304.1-305.2 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 8.32 (s, 1H), 8.10 (dd, J= 7.3, 1.4 Hz, 1H), 7.99-
7.93 (m, 1H), 7.92 (d, /= 0.8 Hz, 1H), 7.89-7.85 (m, 1H), 7.83-7.75 (m, 2H), 7.60-7.53
(m, 1H), 7.50-7.42 (m, 2H), 7.36 (s, 1H).

BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 195.4, 187.9, 187.4, 173.4, 155.2, 152.8,
146.8,142.7, 140.8, 136.5, 135.8, 135.6, 135.5, 135.1, 134.1, 131.4, 129.1, 128.9, 127 4,
123.7, 123.6, 123.5, 123.4, 117.9, 20.9, 15.3.

HRMS (EI) m/z: [M]" caled for C2sHisOs: 434.1154 found: 434.1163.

2-(1-(6,8-dibromo-4-oxo0-4H-chromen-3-yl)-2-oxo-2-phenylethylidene)-1H-
indene-1,3(2H)-dione Sma.

Following the TP-C, Sma was obtained from 2-((6,8-dibromo-4-ox0-4H-chromen-3-
yl)methylene)-1H-indene-1,3(2H)-dione 1m (138.04 mg, 0.3 mmol), Me;PhP (8.54pL,
0.2 equiv.), benzoyl chloride 2a (41.82 pL, 1.2 equiv.), and EtzN (54.36 pL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the
residue was purified by column chromatography (SiO2, Hexanes:EtOAc = 70:30) to
give Sma as a pale yellow solid (85.0 mg, 50%). Ry = 0.30 (Hexanes:EtOAc = 7:3);
mp.: 269.1-270.5 °C.

'"H NMR (400 MHz, CDCl3) §/ppm: 8.41-8.34 (m, 2H), 8.12-8.04 (m, 3H), 7.98-7.94
(m, 1H), 7.92-7.87 (m, 1Hz), 7.86-7.77 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.47 (t, J =
7.8 Hz, 2H).

BC{IH}-NMR (100 MHz, CDCl3) &/ppm: 194.9, 187.4, 187.3, 171.4, 154.8, 151.6,
144.6, 142.6, 140.9, 140.0, 136.0, 135.9, 134.8, 134.4,132.1, 129.1, 129.0, 128.7, 125.7,
123.8,119.4, 118.6, 113.1.

HRMS (EI) m/z: [M]" caled for C26H12”Br’?BrOs: 561.9051 found: 561.9042.
HRMS (EI) m/z: [M]" caled for C26H12”°Br ¥ BrOs: 563.9031 found: 563.9021.
HRMS (EI) m/z: [M]" calcd for CoH12¥'Br¥'Br Os: 565.9011 found: 565.9024.

2-(2-0x0-1-(1-0x0-1H-benzo|[f|chromen-2-yl)-2-phenylethylidene)-1H-indene-
1,3(2H)-dione Sna.




Following the TP-C, Sna was obtained from 2-((1-oxo-1H-benzo[f]chromen-2-
yl)methylene)-1H-indene-1,3(2H)-dione 1n (105.70 mg, 0.3 mmol), Me>PhP (8.54uL,
0.2 equiv.), benzoyl chloride 2a (41.82 uL, 1.2 equiv.), and EtzsN (54.36 uL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 2 h. After completion of the reaction, the
residue was purified by column chromatography (SiO», Hexanes:EtOAc = 65:35) to
give Sna as a pale yellow solid (97.0 mg, 74%). Ry=0.45 (Hexanes:EtOAc = 7:3); mp.:
264.5-265.6 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 9.94 (d, J = 8.7 Hz, 1H), 8.32 (s, 1H), 8.23-8.20
(m, 2H), 8.12 (d, J =9.1 Hz, 1H), 7.97-7.94 (m, 1H), 7.92 (d, J = 7.4 Hz, 1H), 7.90-
7.86 (m, 1H), 7.84.7.72 (m, 3H), 7.63 (dtd, J = 8.78, 7.2, 1.2 Hz, 1H), 7.60-7.55 (m,
1H), 7.53-7.44 (m, 3H).

BC{TH}-NMR (100 MHz, CDCl3) &/ppm: 195.5, 187.9, 187.3, 174.7, 157.2, 152.9,
146.8,142.7,140.8, 136.1, 135.8, 135.6, 135.2, 134.2, 134.3, 131.6, 131.0, 130.6, 129.6,
129.2,128.9,128.3, 127.2, 126.9, 123.7, 123.6, 120.9, 117.4, 117.3.

HRMS (EI) m/z: [M]" caled for C3oHis Os: 456.0998 found: 456.1010.

2-(2-0x0-1-(4-0x0-4H-benzo[h]|chromen-3-yl)-2-phenylethylidene)-1H-indene-
1,3(2H)-dione Soa.

Following the TP-C, S0a was obtained from 2-((1-oxo-1H-benzo[f]chromen-2-
yl)methylene)-1H-indene-1,3(2H)-dione 10 (105.70 mg, 0.3 mmol), Me>PhP (8.54uL,
0.2 equiv.), benzoyl chloride 2a (41.82 pL, 1.2 equiv.), and EtzN (54.36 pL, 1.3 equiv.)
in anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the
residue was purified by column chromatography (SiO2, Hexanes:EtOAc = 75:25) to
give 50a as a pale yellow solid (98.0 mg, 75%). Ry=0.40 (Hexanes:EtOAc = 7:3); mp.:
180.2-181.5 °C.

"H NMR (400 MHz, CDCl3) §/ppm: 8.50 (s, 1H), 8.45 (d, J= 8.2 Hz, 1H), 8.21 (d, /=
8.7 Hz, 1H), 8.18-8.12 (m, 2H), 8.0-7.95 (m, 1H), 7.93 (d, /= 7.7 Hz, 1H), 7.91-7.87
(m, 1H), 7.85-7.76 (m, 3H), 7.75-7.64 (m, 2H), 7.80 (t, /= 7.4 Hz, 1H), 7.48 (t,J= 7.8
Hz, 2H).

BC{H}-NMR (100 MHz, CDCl3) &/ppm: 195.5, 187.8, 187.3, 172.8, 154.4, 153.5,
146.2,142.7, 140.8, 136.0, 135.8, 135.7, 135.0, 134.2, 131.8, 129.7, 129.1, 128.9, 128.1,
127.1, 127.5, 126.1, 123.8, 123.7, 123.7, 122.2, 121.1, 120.2, 119.7.

HRMS (EI) m/z: [M]" caled for C3oHis Os: 456.0998 found: 456.0983.
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2-(2-0x0-1-(4-0x0-4H-chromen-3-yl)-2-(p-tolyl)ethylidene)-1H-indene-1,3(2H)-
dione Sab.

5ab

Following the TP-C, Sab was obtained from 2-((4-oxo-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me,PhP (8.54uL, 1.2 equiv.), 4-
methylbenzoyl chloride 2b (52.35 uL, 1.2 equiv.), and EN (54.36 pL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the residue
was purified by column chromatography (SiO2, Hexanes:EtOAc =80:20) to give Sab
as a pale yellow solid (109.0 mg, 86%). Ry = 0.40 (Hexanes:EtOAc = 90:10); mp.:
284.1-285.0 °C.

'"H NMR (400 MHz, CDCls) §/ppm: 8.35-8.25 (m, 2H), 8.00 (d, J = 8.2 Hz, 2H), 7.96
(d,J=6.6 Hz, 1H), 7.91-7.85 (m, 1H), 7.84-7.75 (m, 2H), 7.71 (td, /= 6.7, 1.0 Hz, 1H),
7.54-7.41 (m, 2H), 7.30-7.22 (m, 2H), 2.37 (s, 3H).

BC{IH}-NMR (100 MHz, CDCl3) 8/ppm: 194.9 187.8, 187.4, 172.9, 155.9, 155.2,
146.4,145.3,142.6, 140.8, 135.8, 135.6, 134.2, 132.6, 131.4,129.7, 129.2, 126.7, 125.9,
123.8, 123.7, 123.6, 118.6, 118.2, 21.8.

HRMS (EI) m/z: [M]" calcd for C27H1605: 420.0998 found: 420.0989.

2-(2-(4-methoxyphenyl)-2-0x0-1-(4-0x0-4H-chromen-3-yl)ethylidene)-1H-indene-
1,3(2H)-dione Sac.

Following the TP-C, Sac was obtained from 2-((4-ox0-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me>PhP (8.54uL, 0.2 equiv.), 4-
methoxy benzoyl chloride 2¢ (52.8 puL, 1.2 equiv.), and EtzN (54.36 puL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 3 h. After completion of the reaction, the residue
was purified by column chromatography (SiO», Hexanes:EtOAc = 70:30) to give Sac
as a pale yellow solid (115.0 mg, 88%). Ry=0.36 (Hexanes:EtOAc = 7:3); mp.: 251.9-
252.8 °C.

"H NMR (400 MHz, CDCls) §/ppm: 8.33-8.27 (m, 1H), 8.16-8.05 (m, 2H), 7.99-7.93
(m, 1H), 7.92-7.87 (m, 1H), 7.84-7.77 (m, 2H), 7.71 (dtd, J = 9.4, 7.7, 1.7 Hz, 1H),
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7.51-7.43 (m, 2H), 6.97-6.88 (m, 2H), 3.83 (s, 3H).

3C{'H}-NMR (100 MHz, CDCls) /ppm: 193.8, 187.8, 187.5, 173.0, 164.5, 156.0,
154.9, 146.4, 142.6, 140.9, 135.8, 135.6, 134.2, 131.6, 131.3, 128.2, 126.7, 125.9, 123.8,
123.7, 123.6, 118.8, 118.2, 114.4, 55.5.

HRMS (EI) m/z: [M]" calcd for Ca7H160: 436.0947 found: 436.0945.

2-(2-0x0-1-(4-0x0-4H-benzo[h]chromen-3-yl)-2-phenylethylidene)-1H-indene-
1,3(2H)-dione Sad.

5ad

Following the TP-C, 5ad was obtained from 2-((4-ox0-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me;PhP (8.54uL, 0.2 equiv.), 4-
fluorobenzoyl chloride 2d (42.59 pL, 1.2 equiv.), and EtsN (54.36 pL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the residue
was purified by column chromatography (SiO2, Hexanes:EtOAc = 70:30) to give Sad
as a pale yellow solid (110.0 mg, 86%). Ry= 0.45 (Hexanes:EtOAc = 7:3); mp.: 267.4-
268.5 °C.

"H NMR (400 MHz, CDCls) &/ppm: 8.30 (s, 1H), 8.29 (dd, J= 8.0, 1.6 Hz, 1H), 8.18-
8.11 (m, 2H), 7.99-7.94 (m, 1H), 7.86-7.78 (m, 2H), 7.73 (dtd, /=9.5, 6.9, 1.7 Hz, 1H),
7.58 (t,J=17.5 Hz, 1H), 7.75-7.45 (m, 2H), 7.19-7.10 (m, 2H).

BC{IH}-NMR (100 MHz, CDCl3) &/ppm: 193.8, 187.8, 187.2, 173.3, 167.6, 167.6,
165.1, 155.9, 155.5, 145.9, 142.6, 140.7, 135.9 (d, Jc.r= 17.2 Hz), 134.3, 131.8, 131.7,
131.6, 126.6, 126.1, 123.7, 123.6, 118.3, 118.3, 116.2 (d, Jc.r = 23.2 Hz).

"F NMR (376 MHz, CDCls) §/ppm: -102.8.

HRMS (EI) m/z: [M]" calcd for. CasHi3 OsF: 424.0747 found: 424.0764.

2-(2-(4-chlorophenyl)-2-o0xo0-1-(4-0x0-4H-chromen-3-yl)ethylidene)-1H-indene-
1,3(2H)-dione Sae.

Following the TP-C, Sae was obtained from 2-((4-ox0-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me>PhP (8.54uL, 0.2 equiv.), 4-
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chlorobenzoyl chloride 2e (41.82 pL, 1.2 equiv.), and EtsN (54.36 uL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 2 h. After completion of the reaction, the residue
was purified by column chromatography (SiO», Hexanes:EtOAc = 70:30) to give Sae
as a pale yellow solid (121.1 mg, 92%). Ry= 0.53 (Hexanes:EtOAc = 7:3); mp.: 196.4-
197.5 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 8.32 (s, 1H), 8.27 (dd, J= 8.1, 1.5 Hz, 1H), 8.17-
8.03 (m, 2H), 7.97-7.95 (m, 1H), 7.91-7.87 (m, 1H), 7.87-7.78 (m, 2H), 7.76-7.69 (m,
1H), 7.49 (t,J= 8.6 Hz, 2H), 7.46-7.41 (m, 2H).

BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 194.3, 187.8, 187.2, 173.3, 155.9, 155.8,
145.9,142.6, 140.7, 140.6, 135.9, 135.8, 134.4, 133.6, 131.6, 131.5, 130.3, 129.3, 128.8,
126.6, 126.1, 123.8, 123.7, 123.6, 118.3, 118.2.

HRMS (EI) m/z: [M]" calcd for C26H13*°ClOs: 440.0452 found: 440.0431.

HRMS (EI) m/z: [M]" calcd for C26H13*"ClOs: 442.0422 found: 442.0396.

2-(2-(4-bromophenyl)-2-o0xo0-1-(4-0x0-4H-chromen-3-yl)ethylidene)-1H-indene-
1,3(2H)-dione 5af.

Following the TP-C, 5af was obtained from 2-((4-oxo-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me>PhP (8.54uL, 0.2 equiv.), 4-
bromobenzoyl chloride 2f (49.09 mg, 1.2 equiv.), and Et;N (54.36 pL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the residue
was purified by column chromatography (SiO2, Hexanes:EtOAc = 70:30) to give Saf
as a pale yellow solid (110.0 mg, 75%). Ry = 0.50 (Hexanes:EtOAc = 65: 35); mp.:
236.5-237.8 °C.

"H NMR (400 MHz, CDCI3) 8/ppm: 8.32 (s, 1H), 8.28 (dd, J= 7.9, 1.3 Hz, 1H), 7.97
(d, J= 8.6 Hz, 3H), 7.92-7.76 (m, 1H), 7.86-7.77 (m, 2H), 7.73 (dtd, J = 8.7, 6.7, 1.5
Hz, 1H), 7.61 (d, J = 8.6 Hz, 2H), 7.53-7.44 (m, 2H).

BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 194.5, 187.8, 187.2, 173.3, 155.9, 155.9,
145.9,142.7,140.7,135.9, 135.8, 134.4, 134.1, 132.3,131.7, 130.4, 129.5, 126.6, 126.1,
123.8, 123.6, 123.7, 118.3, 118.2.

HRMS (EI) m/z: [M]" calcd for CoHi137°BrOs: 483.9946 found: 483.9971.

HRMS (EI) m/z: [M]" calcd for Ca6H13%'BrOs: 485.9926 found: 485.9979.
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2-(2-(3-bromophenyl)-2-0x0-1-(4-0x0-4H-chromen-3-yl)ethylidene)-1H-indene-
1,3(2H)-dione Sag.

5ag

Following the TP-C, Sag was obtained from 2-((4-oxo-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me,PhP (8.54uL, 0.2 equiv.), 3-
bromobenzoyl chloride 2g (47.53 puL, 1.2 equiv.), and Et;N (54.36 uL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the residue
was purified by column chromatography (SiO2, Hexanes:EtOAc = 70:30) to give Sag
as a pale yellow solid (120.0 mg, 82%). Ry= 0.48 (Hexanes:EtOAc = 7:3); mp.: 250.1-
251.3 °C.

'H NMR (400 MHz, CDCl3) §/ppm: 8.32 (s, 1H), 8.31-8.34 (m, 2H), 8.01-7.95 (m,
2H), 7.98-7.86 (m, 1H), 7.85-7.77 (m, 2H), 7.72 (dtd, /= 9.2, 7.7, 1.7 Hz, 1H), 7.78-
7.66 (m, 1H), 7.50 (d, J = 8.5 Hz, 1H), 7.56-7.44 (m, 1H), 7.32 (t,J= 7.9 Hz, 1H).
BC{TH}-NMR (100 MHz, CDCl3) &/ppm: 194.2, 187.8, 187.1, 173.3, 156.2, 155.9,
145.9,142.7,140.6, 136.9, 136.8, 135.9, 135.8, 134.4, 131.7, 131.3, 130.4, 127.9, 126.6,
126.1, 123.8, 123.7, 123.2, 118.3, 118.1.

HRMS (EI) m/z: [M]" caled for Co6Hi3”"BrOs: 483.9946 found: 483.9931.

HRMS (EI) m/z: [M]" caled for Co6H133'BrOs: 485.9926 found: 485.9912.

2-(2-(2-bromophenyl)-2-0xo0-1-(4-0x0-4H-chromen-3-yl)ethylidene)-1H-indene-
1,3(2H)-dione 5ah.

5ah

Following the TP-C, 5ah was obtained from 2-((4-ox0-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me>PhP (8.54uL, 0.2 equiv.), 2-
bromobenzoyl chloride 2h (59.49 pL, 1.2 equiv.), and EtsN (54.36 uL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 2 h. After completion of the reaction, the residue
was purified by column chromatography (SiO>, Hexanes:EtOAc = 70:30) to give Sah
as a pale yellow solid (113.0 mg, 77%). Rr= 0.38 (Hexanes:EtOAc = 7:3); mp.: 242.2-
243.3 °C.

"H NMR (400 MHz, CDCI3) 8/ppm: 8.48 (s, 1H), 8.26 (dd, J = 8.0, 1.4 Hz, 1H), 8.08
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(dd, J=17.5, 1.9 Hz, 1H), 7.99-7.92 (m, 1H), 7.91-7.86 (m, 1H), 7.85-7.78 (m, 2H),
7.75-7.70 (m, 1H), 7.53 (d, /= 8.3 Hz, 1H), 7.47 (t,J= 7.9 Hz, 1H), 7.42-7.31 (m, 2H).
BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 193.7, 188.0, 187.5, 173.6, 157.2, 155.9,
147.0,142.5, 140.5, 135.8, 135.7, 135.4, 134.8, 134.4, 133.6, 133.3, 130.8, 127.4, 126.6,
126.1, 123.8, 123.7 122.2, 118.4, 118.3.

HRMS (EI) m/z: [M]" calcd for C26H13”°BrOs: 483.9946 found: 483.9935.

HRMS (EI) m/z: [M]" calcd for C26H13%'BrOs: 485.9926 found: 485.9921.

4-(2-(1,3-dioxo-1,3-dihydro-2H-inden-2-ylidene)-2-(4-0x0-4H-chromen-3-

yDacetyl)benzonitrile Sai.

Following the TP-C, 5ai was obtained from 2-((4-ox0-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me;PhP (8.54uL, 0.2 equiv.), 4-
cyanobenzoyl chloride 2i (59.0 mg, 1.2 equiv.), and EtsN (54.36 pL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 2 h. After completion of the reaction, the residue
was purified by column chromatography (SiO2, Hexanes:EtOAc = 65:35) to give Sai
as a yellow solid (84.0 mg, 65%). Ry=0.50 (Hexanes:EtOAc = 5:5); mp.: 265.1-266.1
°C.

'"H NMR (400 MHz, CDCls) 8/ppm: 8.42 (s, 1H), 8.27-8.16 (m, 3H), 7.99 (d, J = 7.1
Hz, 1H), 7.90-7.80 (m, 3H), 7.79-7.71 (m, 3H), 7.54 (d, /J=8.5 Hz, 1H), 7.47 (t, J=17.6
Hz, 1H).

BC{IH}-NMR (100 MHz, CDCl3) &/ppm: 194.3, 187.9, 187.0, 173.9, 157.4, 155.9,
146.1, 142.6, 140.4, 138.6, 136.2, 136.0, 134.6, 132.6, 131.7, 129.1, 126.5, 126.3, 126.5,
126.3, 123.9, 123.7, 123.6, 118.3, 117.9, 116.7.

HRMS (MALDI) m/z: [M+H]" caled for C27H14NOs: 432.0872 found: 432.0867.

2-(2-(naphthalen-1-yl)-2-0x0-1-(4-0x0-4H-chromen-3-yl)ethylidene)-1H-indene-
1,3(2H)-dione Saj.




Following the TP-C, 5aj was obtained from 2-((4-oxo-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me,PhP (8.54uL, 0.2 equiv.), 1-
naphthoyl chloride 2j (54.24 uL, 1.2 equiv.), and EtsN (54.36 uL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 2 h. After completion of the reaction, the residue
was purified by column chromatography (SiO», Hexanes:EtOAc = 75:25) to give 5aj
as a pale yellow solid (117.0 mg, 85%). Ry=0.43 (Hexanes:EtOAc = 7:3); mp.: 190.3-
191.5 °C.

'"H NMR (400 MHz, CDCls) 8/ppm: 9.43 (d, J = 6.8 Hz, 1H), 8.41 (s, 1H), 8.34 (dd, J
= 8.5, 1.1 Hz, 1H), 8.26 (d, /= 7.1 Hz, 1H), 8.03 (d, /= 8.2 Hz, 1H), 7.94 (d, J= 7.4
Hz, 1H), 7.89 (d, J = 7.9 Hz, 1H), 7.85-7.67 (m, 5SH), 7.60 (t, J = 7.8 Hz, 1H), 7.51-
7.41 (m, 3H).

BC{TH}-NMR (100 MHz, CDCl3) &/ppm: 197.1, 188.1, 187.7, 173.1, 156.0, 154.7,
146.9,142.7,140.8, 135.7, 135.6, 135.2, 134.2, 134.0, 133.7,131.0, 130.9, 130.7, 129.2,
128.6, 126.8, 126.7, 126.2, 125.9, 124.7, 123.8, 123.7, 123.6, 119.2, 118.2.

HRMS (EI) m/z: [M]" caled for C27Hi60s: 456.0998 found: 456.0984.

2-(3-methyl-2-0x0-1-(4-0x0-4H-chromen-3-yl)butylidene)-1H-indene-1,3(2H)-
dione Sak.

5ak

Following the TP-C, 5ak was obtained from 2-((4-ox0-4H-chromen-3-yl)methylene)-
1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3 mmol), Me,PhP (8.54uL, 0.2 equiv.),
isobutyryl chloride 2k (37.7 pL, 1.2 equiv.), and EtsN (54.36 uL, 1.3 equiv.) in
anhydrous THF (1.5 mL) at 30 °C for 0.5 h. After completion of the reaction, the residue
was purified by column chromatography (SiO2, Hexanes:EtOAc =70:30) to give Sak
as a pale yellow solid (62.0 mg, 55%). Ry = 0.48 (Hexanes:EtOAc = 7:3); mp.: 200.1-
201.2 °C.

'"H NMR (400 MHz, CDCls) &/ppm: 8.30 (dd, J= 8.0, 1.5 Hz, 1H), 8.17 (s, 1H), 7.99-
7.95 (m, 1H), 7.93-7.89 (m, 1H), 7.85-7.78 (m, 2H), 7.85-7.75 (m, 2H), 7.73 (td, J =
8.8, 7.4, 1.6 Hz, 1H), 7.53-7.45 (m, 2H), 3.13 (sep, J = 7.01 Hz, 1H), 1.26 (brs, 3H),
1.24 (brs, 3H).

BC{'H}-NMR (100 MHz, CDCl3) &/ppm: 209.8, 188.5, 187.3, 173.1, 155.9, 154 .4,
147.8,142.5,140.7,135.9, 135.7, 134.2, 130.4, 126.7, 126.0, 123.7, 123.6, 123.5, 118.6,
118.2,41.1, 17.6.

HRMS (EI) m/z: [M]" calcd for. C23Hi60s: 372.0998 found: 372.0981.
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1-0x0-2-((4-0x0-4H-chromen-3-yl)(tributylphosphonio)methyl)-1H-inden-3-olate
4

®

o o O PBus O

PBuj3 (1.2 equiv.)

30 °C, 30 min O g
1 4

A 50 mL round-bottomed flask equipped with a magnetic stir was bar charged with 2-
((4-ox0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 1a (90.75 mg, 0.3
mmol), PBuz (88.8uL, 1.2 equiv.) in anhydrous CH>Cl> (15 mL). The reaction mixture
was stirred for 30 minutes at 30 °C. After completion of the reaction, the residue was
purified by column chromatography (SiO2, DCM:MeOH = 90:10) to give 4 as a pale
yellow solid (138.0 mg, 92%). Ry=0.45 (DCM:MeOH = 9.5:0.5); mp.: 227.1-228.4 °C.
'"H NMR (400 MHz, CDCl;3) &/ppm: 8.86 (d, J = 3.8 Hz, 1H), 8.21 (dtd, J = 8.6, 7.0,
1.6 Hz, 1H), 7.47 (d, J= 8.4 Hz, 1H), 7.43 (t,J= 7.4 Hz, 1H), 7.40-7.36 (m, 2H), 7.35-
7.23 (m, 2H), 5.35 (d, J = 18.5 Hz, 1H), 2.38-2.13 (m, 6H), 1.66-1.34 (m, 12H), 0.87
(t,J=7.3 Hz, 9H).

BC{IH}-NMR (100 MHz, CDCl3) §/ppm: 190.7, 190.6, 177.0, 159.2 (d, 2Jcp= 6.2 Hz),
156.2,139.3,133.9, 130.0, 125.7 (d, 2Jcp=29.7 Hz), 123.1, 120.4, 118.3, 118.1, 96.5(d,
3Jcp=3.3Hz),27.6 (d, 'Jcp=64.7 Hz), 25.2 (d, 2Jcp=46.9 Hz), 24.8, 24.1, 23.9, 20.4
(d, *Jcp=43.9 Hz), 13.3.

3P NMR (162 MHz, CDCI3) 8/ppm: 36.9.

HRMS (MALDI) m/z: [M]" caled for. C31H3704P: 504.2429 found: 504.2424.

tributyl(10,12-dioxo-11,12-dihydro-10H-benzo[5,6]pentaleno[1,2-b]chromen-11-
yD)phosphonium trifluoromethanesulfonate 7.

©
® OTf
PBU3
TfOH (1.5 eq) Q O
ACN (1.5 mL) ‘D
30 °C, 30 min O (@) O

7

A 50 mL round-bottomed flask equipped with a magnetic stir bar was charged with 11-
(tributyl- A’-phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-b]chromene-10,12(11H)-
dione 3a (90.75 mg, 0.15 mmol), Trifluoromethanesulfonic acid (1.2 equiv.) in
acetonitrile (1.5 mL). The reaction mixture was stirred for 30 minutes at 30 °C and

monitored by TLC. After completion of the reaction, the solvent was removed in vacuo

S37



and the crude compound was without purification to give 7 as a purple solid (85.0 mg,
90%). Ry=0.35 (Hexanes:EtOAc =9:1); mp.: 170.9-171.8 °C.

'"H NMR (400 MHz, CDCls) §/ppm: 8.61 (d, J= 8.1 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H),
7.69 (d, J=8.3 Hz, 1H), 7.65-7.43 (m, 4H), 7.22-7.09 (m, 1H), 2.87-2.54 (m, 6H), 1.71-
1.35 (m, 12H), 0.94 (t, J = 6.8 Hz, 9H).

BC{!H}-NMR (100 MHz, CDCls) 8/ppm: 189.0, 164.2, 155.8, 147.8(d, *Jc.p= 7.6 Hz),
146.8(d, *Jcp= 8.5 Hz), 140.1, 138.4, 135.7, 135.3, 126.6, 125.9, 125.3, 125.1, 124.9,
120.9, 120.3 (q, Jer = 320.3 Hz) 119.6 (d, 2Jcp= 9.9 Hz), 118.4 (d, 2Jcp= 12.1 Hz),
117.9, 114.9, 86.5 (d, 'Jcp=98.2 Hz), 24.2 (d, *Jcp=4.2 Hz), 23.6 (d, 2Jcp=15.9 Hz),
21.5,(d, 'Jep=51.3 Hz), 13.4.

3P NMR (162 MHz, CDCls) §/ppm: 24.9.

YF NMR (376 MHz, CDCl5) §/ppm: -78.2.

HRMS (MALDI) m/z: [M+Na]" caled for C32H36F306PSNa: 659.1820 found: 659.1814.

12-hydroxy-11-(tributyl-A>-phosphanylidene)-11,12-dihydro-10H-

benzo[5,6]pentaleno[1,2-b]chromen-10-one8.

LAH (2.0 eq)

THF (1.0 mL)
0 °C, 30 min

A 50 mL round-bottomed flask equipped with a magnetic stir bar was charged with
LAH (11.0 mg, 2.0 equiv.) in anhydrous THF (0.5 mL) at 0 °C and 11-(tributyl-A°-
phosphanylidene)-10H-benzo[5,6]pentaleno[1,2-b]chromene-10,12(11H)-dione ~ 3a
(73.0 mg, 0.15 mmol) dissolved in anhydrous THF (0.5 mL) adding to reaction mixture.
The reaction mixture was stirred for 30 minutes at 0 °C and monitored by TLC. After
completion of the reaction, the residue was purified by column chromatography (SiO2,
Hexanes:EtOAc = 80:20) to give 8 as a yellow solid (59.0 mg, 80%). Ry = 0.38
(Hexanes:EtOAc =7:3); mp.: 172.9-173.8 °C.

'"H NMR (400 MHz, DMSO) &/ppm: 8.18 (dd, J=7.9, 1.2 Hz, 1H), 7.65-7.59 (m, 1H),
7.58-7.54 (m, 1H), 7.43-7.36 (m, 2H), 7.31 (t, J=7.2 Hz, 1H), 7.23 (t, J=7.4 Hz, 1H),
6.98 (t,J= 7.4 Hz, 1H), 5.60 (d, J = 8.8 Hz, 1H), 5.38 (d, J = 8.8 Hz, 1H), 2.68-2.50
(m, 6H), 1.54-1.26 (m, 12H), 0.84 (t, J= 6.9 Hz, 1H).

BC{'H}-NMR (100 MHz, DMSO) &/ppm: 169.7, 154.8, 148.8, 148.6 (d, *Jc.p= 9.6
Hz), 144.8 (d, 2Jcp= 11.5 Hz), 137.8, 131.1, 128.1, 125.6, 124.7, 122.9, 122.6, 122.2,
117.4,117.0, 116.4 (d, 2Jcp=13.4 Hz), 115.7 (d, *Jc.p=12.5 Hz), 74.8 (d, 'Jcp=107.4
Hz), 70.6, 23.3 (d, *Jcp= 4.4 Hz), 23.2 (d, 2Jcp= 7.6 Hz), 19.7 (d, 'Jcr= 53.4 Hz),
13.3.
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3Ip NMR (162 MHz, CDCl3) 8/ppm: 22.1.
HRMS (MALDI) m/z: [M]" calcd for. C31H3703P; 488.2480 found: 488.2475.

2-(1-benzyl-4-0x0-2-phenyl-1,4-dihydrochromeno[2,3-b|pyrrol-3-yl)-1H-indene-
1,3(2H)-dione 9.

Benzylamine (1.5 eq)

DMSO (1.5 mL),
30 min, rt

5aa

A 50 mL round-bottomed flask equipped with a magnetic stir bar was charged with 2-
((4-0x0-4H-chromen-3-yl)methylene)-1H-indene-1,3(2H)-dione 5aa (61.0 mg, 0.15
mmol), and benzylamine (25.0 pL, 1.5 equiv.) in DMSO (0.75 mL). The reaction
mixture was stirred for 30 minutes at 30 °C. After completion of the reaction, the residue
was purified by column chromatography (SiO2, Hexanes:EtOAc = 65:35) to give 9 as
an Off-white solid (56.0 mg, 75%). Ry=0.40 (Hexanes:EtOAc ="7:3); mp.: 211.0-212.2
°C.

'"H NMR (400 MHz, CDCI3) 8/ppm: 8.11 (dd, J = 8.0, 1.5 Hz, 1H), 8.09-8.03 (m, 2H),
7.98-7.83 (m, 2H), 7.55 (td, J=8.9, 6.8, 1.5 Hz, 1H), 7.52-7.46 (m, 2H), 7.45-7.37 (m,
4H), 7.34-7.24 (m, 4H), 7.07 (d, J= 6.8 Hz, 1H), 5.26 (s, 2H), 4.28 (s, 1H).
BC{IH}-NMR (100 MHz, CDCl3) &/ppm: 198.1, 172.9, 154.2, 149.8, 142.3, 136.1,
135.2,133.5,132.4,131.3,129.2, 128.9, 128.8, 128.6, 127.9, 126.8, 126.7, 124.2, 123 .3,
123.2,117.2,107.1, 104.3, 53.8, 46.8.

HRMS (EI) m/z: [M]" calcd for. C33H21NO4: 495.1471 found: 495.1457.
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VII. X-ray crystallographic data for selected compounds

a) Crystal Data and Structure Refinement for compound 3a (CCDC no. 2360174):

?,
%

bt
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 25.06°

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 3a was dissolved in a minimal amount of
CH2Cl2 in a glass vial. Hexanes were then added until the solution
became turbid. The solution was allowed to slowly evaporate. After
a few days, a dark red color crystals were obtained.

Cs1H3503P

486.56

200(2) K

0.71073 A

Monoclinic

P 21/c

a=12.4838(16) A a= 90°.
b =21.180(2) A B= 96.690(4)°.
c=10.3247(11) A y =90°.
2711.4(5) A3

4

1.192 Mg/m3

0.131 mm-!

1040

0.24 x 0.21 x 0.02 mm3

2.53 to 25.06°.

-14<=h<=14, -25<=k<=25, -12<=I<=12
25869

4800 [R(int) = 0.0956]

99.8 % Absorption correction multi-scan

0.9974 and 0.9693

Full-matrix least-squares on F2
4800/0/ 319

1.017

R1 =0.0534, wR2 = 0.1240
R1=0.0872, wR2 = 0.1428
0.214 and -0.345 e A -3
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b) Crystal Data and Structure Refinement for compound 5aa (CCDC no. 2360188):

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.10°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 5aa was dissolved in a minimal amount of
CHaCl; in a glass vial. Hexanes were then added until the solution
became turbid. The solution was allowed to slowly evaporate. After
a few days, a pale yellow color crystals were obtained.

C26H1405

406.37

200(2) K

0.71073 A

Monoclinic

P 21/c

a=19.4485(7) A a=90°
b =6.3637(2) A B= 105.2800(10)°.
c=15.7718(5) A y =90°,
1882.98(11) A3

4

1.433 Mg/m3

0.100 mm-t

840

0.41 x 0.20 x 0.04 mm3

2.68 to 25.10°.

-23<=h<=23, -7<=k<=7, -18<=I<=18
19261

3344 [R(int) = 0.0838]

99.3 %

multi-scan

0.9960 and 0.9602

Full-matrix least-squares on F2
3344701/ 280

1.023

R1=0.0443, wR2 = 0.1107
R1=0.0584, wR2 = 0.1239

0.219 and -0.184 e.A 3
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c) Crystal Data and Structure Refinement for compound 4 (CCDC no. 2360233):

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.38°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 4 was dissolved in a minimal amount of
CHaCl; in a glass vial. Hexanes were then added until the solution
became turbid. The solution was allowed to slowly evaporate. After
a few days, a pale yellow color crystals were obtained.

Ca1H3604P

503.57

200(2) K

0.71073 A

Monoclinic

P21/n

a=9.6734(4) A a=90°
b = 14.6130(6) A B=101.356(2)°.
¢ =19.9002(9) A y =90°,
2758.0(2) A3

4

1.213 Mg/m3

0.133 mm-!

1076

0.13 x 0.10 x 0.03 mm3

2.20 10 25.38°.

-11<=h<=11, -17<=k<=17, -23<=|<=23
31956

5064 [R(int) = 0.0799]

99.8 %

multi-scan

0.9960 and 0.9829

Full-matrix least-squares on F2

5064 /0/ 327

1.054

R1=0.0684, wR2 = 0.1967
R1=0.1036, wR2 = 0.2344

1.277 and -0.440 e.A 3
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d) Crystal Data and Structure Refinement for compound 8 (CCDC no. 2363295):

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.05°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 4 was dissolved in a minimal amount of
CHCl; in a glass vial. Hexanes were then added until the solution
became turbid. The solution was allowed to slowly evaporate. After
a few days, a pale yellow color crystals were obtained.

Ca1H3705P

488.58

200(2) K

0.71073 A

Monoclinic

P 21/n

a=11.3575(5) A a=90°,
b=11.1326(5) A B=97.976(2)°.
c=21.2159(11) A y =90°.
2656.6(2) A 3

4

1.222 Mg/m3

0.134 mm-!

1048

0.22 x 0.09 x 0.03 mm3

2.07 to 25.05°,

-13<=h<=13, -13<=k<=13, -25<=|<=23
24725

4697 [R(int) = 0.0721]

99.9 %

None

0.9960 and 0.9712

Full-matrix least-squares on F2
4697/0/ 319

1.029

R1=0.0442, wR2 = 0.1230

R1 =0.0590, wR2 = 0.1386

0.199 and -0.331 e.A 3
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rl0.398

VIIL 'H, 3C NMR, F NMR and 3'P NMR spectra for all compounds

ﬂ 8 Current Data Parameters
Lol =1 NAME DP-912 (3f)
— o EXPNC 4
‘ | PROCNO 1

F2 - Acguisition Parameters

Date_ 20231023

Time 21.54
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

oW 69.333 usec
DE 10.06 usec
TE 298.6 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFol 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
SI 16384

SF 400.1300088 MHz
WDW EM

S5B 0

LB 0 Hz
GB 0

’1 Ui L=

13 12 1" 10 9 8 7
sHlien

13C NMR spectrum of compound 1a (CDCls, 100 MHz)

Current Data Parameters

30
39

R . NAME DP-912(3f)
u 2 EXENO 5
o I PROCNO 1
| F2Z — Acquisition Parameters
Date_ 20231023
Time 21.57
INSTRUM spect
PROBHD 5 mm PABEO EB/
zgpg30
D 32768
SOLVENT cpcl3
NS 15101
Ds
SWH 24038.
FIDRES 0.733
AQ 0.6815744 sec
RG 198.09
oW 20.800 usec
DE 6.50 usec
TE 298.7 K
ol 2.00000000 sec
D1l 0.03000000 sec
DO 1
CHANNEL fl ========
100.6228298 MHz
13c
10.00 usec

49.50000000 w

CHANNEL f2 =
400.1316005 MH
i1

waltzl

90.00 usec
12.50000000 w
0.34722000 W
0.28125000 W

FZ — Processing parameters
SI 32768
WA - 5T 100. 6127684 Mz
WDW EM
SSB 0
I I I T I I I I I T I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm o2 . og

S44



NMR spectrum of compound 1b (CDCls, 400 MHz)

<
e w o = Current Data Parameters
- 2 @ S NAME DP-911(3f)
(=3 . - . EXPNO 2
i o o < PROCNO 1
‘ | F2 - Rcguisition Parameters
Date 20231024
Time 23.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CDC1l3
NS 16
DS 4]
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 144.49
oW 69.333 usec
DE 10.06 usec
TE 298.5 K
D1 2.00000000 sec
TDO 1
======—= CHANNEL f1 ========
SFO1 400.1324008 MH=z
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
ST 16384
SF 400.1300074 MH=z
WDW EM
SSB 4]
LB 0 Hz
GB 4]
I J BC 1.00
|
I I I I T I T I I T I T
1 10 9 8 7 6 5 4 3 2 1 ppm

o Current Data Parameters
T g NAME DP-911(3£)
co i EXPNO 3
I o FROCNC 1
\/ | FZ - Acquisition Pa
Date_
Time
NSTRUM spect
FROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 32768
SOLVENT CDC13
5 12554
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
0.6815744 sec
198.09
20.800 usec
6.50 usec
299.1 K

2.00000000 sec
0.03000000 sec

CHANNEL f2 ===
400.1316005
Nucz2 10
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
F2 — Processing parameters
SI 32768
) sF 100.6127694 MHz
WOW EM
S5B 0
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm = I

545



'"H NMR spectrum of compound 1¢ (CDCl3, 400 MHz)

=3

- - = Current Data Parameters

C; m D NAME DP-15-06-202 (3f)

S - - EXPNO 1
PROCHNC 1
F2 - Acquisition Parameters
Date_ 20240615
Time 11.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG zg30
TD 32768
SOLVENT CDCl3
NS 16
Ds 1]
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16
oW 69.333 usec
DE 10.06 usec
TE 300.1 K
Dl 2.00000000 sec
TDO 1
== == CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
51 16384
SF 400.1300094 MHz
WDW EM
5SB 0
LE 0 Hz
GB 0
PC 1.00

L Jh/ .
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm

g e H

@ c|ee(ee =

o ailod|— ||+ ©

13C NMR spectrum of compound 1¢ (CDCls, 100 MHz)

Current Data Paramet

= o
& = ‘:' NAME DP-
B s - EXPNO
i n o PROCNO
| F2 - Acquisition Pa
Date_ 20231028
Time 22.06
NSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
D 32768
SOLVENT CDC13
NS 19501
D3 0
SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
RO 0.6815744 sec
RG 4096
DW 20.800 usec
DE 6.50 usec
TE 296.3 K
D1 2.00000000 sec
D11 0.03000000 sec
o0 1
== CHANNEL f1
10.00
100.6233325
CHANNEL £2
wal
NUCZ E
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
=h 32768
SF 100.6127690 MH=z
WDW EM
S5B 0
j I j I I ' I ' I j I j I ' I ' I j I j I ' LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0  ppm gé . 03

546



"H NMR spectrum of compound 1d (CDCls, 400 MHz)

o o

= © Current Data Parameters

< S NAME DP-15-06-202 (3f)

o =] EXPNO 2

b PROCNO 1
F2Z — Acquisition Parameters
Date_ 202408615
Time 11.03
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 11
D3 )
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RiG 198.09
DW 69.333 usec
DE 10.06 usec
TE 299.9 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHZz
NUC1 1H
Pl 15.00 usec
PIW1 13.50000000 W
F2Z — Processing parameters
SI 16384
SF 400.1300092 MHz
WDW EM
SS5B 0
LB 0 Hz

I GBE o
PC 1.00
JKJI " L
I I I I \ I I I I I I I
11 10 6 5 4 3 2 1 ppm

i g

13C NMR spectrum of compound 1d (CDCls, 100 MHz)

Current Data Parameters

e
e NAME DP-820-sm (3f)
g EXENO 7
T'I" PROCHNC 1
Vo
\ F2 - Acquisition Parameters
Date_ 202406109
Time 9.27
NSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
D 32768
SOLVENT cDcl3
NS 14798
Ds a
SWH 24038. 461 Hz
FIDRES 0.733596 Hz
RO 0.6815744 =ec
RG 198.09
OW 20.800 usec
E 6.50 usec
TE 302.2 K
Dl 2.00000000 sec
D11 0.03000000 sec
D0 1
CHANNEL f1
100.6228298 MHz
13c
10.00 usec
4%.50000000 W
400.1316005 MHz
NUCZ 1H
CEDFRG[Z waltzlég
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLWl12 0.34722000 W
PLW13 0.28125000 w
| F2 - Processing parameters
b 32768
SF 100.6127685 MHz
WDW EM
S5B a
I ! I ! l ! I ! I ) I ! l ! I ! I ! I ) I ! LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm := Lo
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19F NMR spectrum of compound 1d (CDCls, 376 MHz)
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Current Data Parameters

NAME DP-14-06-2024 (3f)
EXPNO 13
PROCNOD 1

F2 - Acquisition Parameters
Date_ 20240614
Time 18.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig

D 131072
SOLVENT CDC13

NS 16

D& 0

SWH 89285.711 Hz
FIDRES 0.6B118%6 Hz
AQ 0.7340032 sec
RG 198.09

oW 5.600 usec
DE 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ==

SFO1 376.4607168 MHz
NUc1 19F

Pl 15.00 usec
PLW1 16.50000000 W
======== CHANNEL f2 ==

SFOzZ 400.1316005 MHz
nocz 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 65536

EF 376.4983662 MHz
WDW EM
SSB 0

LE 1.00 Hz
GB 0

EC 1.00

"H NMR spectrum of compound 1e (CDCl3, 400 MHz)

1.569

548

=
o
©  Current Data Parameters
o NAME DP-15-06-202 (3f)
1 EXPNO 10
PROCNC 1
F2 - Acquisition Parameters
Date_ 20240615
Time 15.13
INSTRUM spect
PROBHD 5 mm PABEC BB/
PULFROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.06 usec
TE 300.7 K
D1 2.00000000 sec
TDO 1
== CHANNEL fl ========
400.1324008 MHz
1H
15.00 usec
13.50000000 W
F2 - Processing parameters
SI 16384
SF 400.1300096 MHz
WDW EM
SSB o
LB 0 Hz
GB o
PC 1.00
T
ppm



13C NMR spectrum of compound 1e (CDCl3, 100 MHz)

T T Mo NN
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Current Data Parameters
NAME DE-207
EXPNO 2
PROCHNO 1

F2Z - Acquisition Parameters
Date_ 20240312
Time 23.12
INSTRUM
PROBHD 5
PULFROG
TD

SOLVENT
NS

DS

SWH

TE 295.6 K
Dl 2.00000000 sec
D1l 0.032000000 sec

oo

[SEREE)

400.

F2Z - Processing
sI

SF 10
WDW

SSB

LB

GB

PC

=]

"H NMR spectrum of compound 1f (CDCls, 400 MHz)

i
g

o

S49

o

=1 Current Data Parameters

< NAME DE-15-06-202 (3f

(=} EXPNC 9
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240615
Time 15.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT cDcl3
NS 11
DS a
SWH 7211.539 Hz
FIDRES 0.220079% Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 use
DE 10.06 uset
TE 300.6 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl =======
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 uset
PLW1 13.50000000 W
F2 - Processing parameters
SI 16384
SF 400.1300099 MHz
WDW EM
SEB 0]
LB 0 Hz
GB a

J PC 1.00

.

I

Ppm



13C NMR spectrum of compound 1f (CDCls, 100 MHz)

Current Data Paramet

ers

NAME DE-906
) c EXPNO 3
AR akEM BB B i B Rl PROCNC 1

W

FZ - Acquisition Parameters

H.
& H
0.6815744 =

4096
20.800 usec
50 usec
297.6 K
Dl 2.00000000 sec
D11 0.03000000 sec

.20 dB
26.00 dB
29.00 dB

.1316005 MH=z

parameters
32768
.6127634 MHz

1 \ \ T 1 T 1 1 1 1 1
200 180 160 140 120 100 80 60 40 20 0 ppm

- =
o ©  Current Data Parameters
i o MNAME JN-083 (3f)
— I EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240601
Time 14.24
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
D3 0
SWH T7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.06 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
CHANNEL f1 =
400.1324008 MHz
1H
15.00 usec
13.50000000 W
F2 - Processing parameters
SI 16384
SF 400.1300091 MH=z
WDW EM
S5B 0
LB 0 Hz
GB ¥]
|| PC 1.00
. . i b
I I I I I I T T T T T I
12 11 10 9 8 7 6 5 4 3 2 1 ppm

110~
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13C NMR spectrum of compound 1g (CDCls, 100 MHz)

— Current
— NAME
= EXPNO
N PROCNO
‘ F2 - Acquisition Parameters
Date_ 20231105
i 20.45
spect
BBC BB-1H
zgpg30
32768
cDpcl3
13445
24038. Hz
Q.7 Hz
0.6815744 sec
4096
20.800 usec
6.50 usec
19 297.6 K
=h 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
13c
10.00 usec
4.20 dB
100.6233325 MHz
PL13 29.00 dB
51 32768
W ———— 1006127694 Maz
WDW EM
S5B 0
T T T T T T T T T T T LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm 53 . og
"H NMR spectrum of compound 1h (CDCls, 400 MHz)
= o
> @® 5 =2 Current Data Parameters
6 U: ? a NAME DP-1217
5 . = ; EXPNO 1
| ‘ PROCNO 1
F2Z - Acguisition Parameters
Date_ 20240419
Time 22.05
INSTRUM spect
PECBHD 5 mm BBO BB-1H
PULPROG zg30
D 32768
SOLVENT cpcl3
NS 16
DS 4]
SWH 7246.377 Hz
FIDRES 0.221142 Hz
BQ 2.2609921 sec
RG 161.3
DW 69.000 usec
DE 6.50 usec
TE 294.8 K
D1 2.00000000 sec
TDO 1
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFol 400.1324008 MHz
FZ - Processing parameters
SI 16384
SF 400.1300021 MH=z
WDW EM
S8B 0
1B 0 Hz
GB 4]
L EC 1.00
uJ L A
T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 1 ppm
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13C NMR spectrum of compound 1h (CDCls, 100 MHz)

o Current Data Parameters
"~ 3 NAME DP-1217
g 4 EXPNO 2
'I_' o PROCNO 1
\
| | F2 - Acquisition Pa
Date_
Time
NSTRUM spect
PROEBHD 5 mm BBCO BB-1H
PULPROG zgpg30
pus] 32768
SOLVENT CDCl13
NS 15093
D5 a
SWH 24038. 461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096
oW 20.800 usec
DE 6.50 usec
TIE 285.3 K
Dl 2.00000000 sec
Dll 0.03000000 sec
TDO 1
rl 10.00 usec
PL1l 4.20 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ==
CPDPRG[2 walt
Nuc2
PCPD2
PL2 .
PL12 .
PL13 29.00 dB
SFO2 400.1316005 MHZ
FZ2 - Processing parameters
5I 32768
S SF 100.6127736 MHz
WDW EM
S5B a
T T T T T T T T T T T LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 pPpm e : og

"H NMR spectrum of compound 1i (CDCls, 400 MHz)

8 Current Data Parameters
=1 NAME DP-16-06-202 (3f)
- EXPNO 1
PROCNO 1
F2 - Bcguisition Parameters
Date_ 20240617
Time 21.43
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG zg30
D 32768
SOLVENT cDCcl3
NS 7
D3 a
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.27159147 sec
RG 198.09
oW 69.333 usec
DE 10.06 usec
TE 301.0 K
D1 2.00000000 sec
TDO 1
CHANNEL f1 =
400.1324008 MHZ
1H
15.00 usec
13.50000000 w
F2 - Processing parameters
SI 16384
SF 400.1300096 MHzZ
WDW EM
S5B a
LE 0 Hz
GB a
u U I BC 1.00
| . I
I I T I I T I I I I T I
11 10 9 8 7 6 5 4 3 2 1 ppm
Py )\
o D O|r~ | o~ b=
B EEeE @y 3
=] S|l =11 L0}
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13C NMR spectrum of compound 1i (CDCls, 100 MHz)
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Current Data Parameters

MNAME JN-084 (3£)

EXPNO 3

PROCNC 1

F2 - Acquisition Parameters

Date 20240801

Time 21.16
NSTRUM spect

PROBHD 5 mm PABBO EB/

PULPROG zgpg30

D 32768

SOLVENT CDcl3

NS 19504

Ds a

SWH 24038. 461

FIDRES 0.733596 Hz

AQ 0.6815744 sec

RG 198.09

20.800 usec
6.50 usec
298.2 K
2.00000000 sec
0.03000000 sec

1
CHANNEL f1 ==
100.6228298 MHz
13c
10.00 usec

4%.50000000 W

400.1316005 MHz
1H

waltzlé
90.00 usec
12.50000000 W
0.34722000 W
0.28125000 W

F2 - Processing parameters
31 32768

SF 100.6127681 MHz
WDW EM
SSB a

LB 2.00 Hz
GB a

EC 1.00

"H NMR spectrum of compound 1j (CDCls, 400 MHz)

S53

8 Current Data Parameters

= NAME DP-15-06-202 (3f)

o EXPNO 8
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240615
Time 11.58
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
il 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.06 usec
TE 298.5 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 400.1324008 MH=z
NUC1 1H
Pl 15.00 usec
PIW1 13.50000000 W
F2 - Processing parameters
S5I 16384
SF 400.1300091 MHz
WDW EM
S5B 0
LB 0 Hz
GB 0

| PC 1.00

T

ppm



13C NMR spectrum of compound 1j (CDCls, 100 MHz)

o
=
o
@

A\

T \ 1 1 1 T T 1 1 1 1
200 180 160 140 120 100 80 60 40 20 0 ppm

Current Data Parameters

NAME DP-1037(2f)
EXPNO 4
PROCNO 1

ameters

F2 - Acquisition Par
2

Date__

Time

INSTRUM spect

FROBHD 5 mm PABBO BB/
zgpg30

TD 32768

SOLVENT CDC13

NS 16063

DS o

SWH 461 Hz

FIDRES . & Hz

o] 0.6815744 sec

RG 128.09

DW 20.800 usec

DE 6.50 usec

TE 300.9 K

Dl 2.00000000 sec

D11 0.03000000 sec

TDO 1

49.50000000 W

==== CHANNEL f2 ==

s 400.1316005 MHz
NL 1H

C G2 waltzlé

P 90.00 usec
PLWZ 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 W
F2

51

SF

WoW

85

LB

GB

PC

F NMR spectrum of compound 1j (CDCls, 376 MHz)

T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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Current Data Parameters

NAME DP-14-06-2024 (3f)
EXPNO 1z
PROCNO 1

F2 - Acquisition Parameters
Date_ 20240614
Time 18.04
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zgig

D 131072
SOLVENT CDC13

NS 16

Ds 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec
DE 6.50 usec
TE 298.3 K
Dl 1.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL [l ========
376.4607168 MHz
19F
15.00 usec
16.50000000 W

CHANNEL 2 ========
400.1316005 MHz

1H
waltzle
90.00 usec
12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
58I 65536
SF 376.4983662 MHz
WDW EM
SSB ]
LB 1.00 Hz
GB 0
BPC 1.00



"H NMR spectrum of compound 1k (CDCls, 400 MHz)

i
2 8 Current Data Parameters
= o NAME DP-14-06-2024 (3f)
b o  EXPNO 4
(. PROCNO 1
F2 - Acquisition Parameters
Date_ 20240614
Time 17.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT cDpcl3
NS 16
Ds a
SWH 7211.539 Hz
FIDRES 0.220079% Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.06 usec
TE 298.4 K
D1l 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
sFol 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
sI 16384
SF 400.1300085 MHZ
WDW EM
SSB 0]
LB 0 Hz
GB 0]
PC 1.00
A |
I I I I I I I I I I I I
1 10 9 8 7 6 5 4 3 2 1 ppm
.
3 a|2e2(2ee
= S| r|r|ei|ed|+~
3C NMR spectrum of compound 1k (CDCls, 100 MHz)
N uwy € & \ - Current Data Parameters
wA “ o ! : NAME 72(3£)
28 = 5 29S BRI r EXPNO 8
o N Ty Tttt B ) FROCNC 1
\ IJ |
i | | \\v\\\l\\l//%r// w/ F2 - Acquisition Parameters
Date_ 108
Time 21.59
INSTRUM spect
FROEBHD 5 mm PABBO BB/
PULPROG zgpg30
32768
CDC13
14714
0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
oW 20.800 usec
E 6.50 usec
299.5 K
Dl 2.00000000 sec
D11 0.03000000 sec
D 1
C] usec
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
=hs 32768
Nmﬂ WWW SF 100.6127689 Miiz
WDW EM
SEEB ]
I I I I I I I I I I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm Sé : og

S55



"H NMR spectrum of compound 11 (CDCls, 400 MHz)

7

3 B @ S Q Current Data Parameters
C; q‘ C’ *-"J q‘ NAME DP-15-06-202(3f)
S oo o e EXPNO 6
-k PROCNO 1
F2 - Acquisition Parameters
Date_ 20240615
Time 11.52
INSTRUM spect
PROBHD 5 mm PRBEC BB/
PULPROG zg30
D 32768
SOLVENT CDC13
N3 9
DS 0
SWH 7211.53% Hz
FIDRES 0.220079 Hz
AQD 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.06 usec
TE 298.6 K
D1 2.00000000 sec
TDO 1
== CHANNEL fl ========
400.1324008 MHz
1H
15.00 usec
13.50000000 w
F2 - Processing parameters
sSI 16384
SF 400.1300092 MHz
WDW EM
S8B 0
LE 0 Hz
GB 0
lu J BC 1.00
l SR
11 10 9 8 7 6 5 4 3 2 1 ppm
s e =
@ b Bt b o B harl bt
= ol ai|~=|eil~ oo

13C NMR spectrum of compound 11 (CDCls, 100 MHz)

.12

NAME
EXPNO 2
PROCNC 1

1
—163

Date__
Time
INSTRUM
PROBHD 5
FULPROG

SOLVENT
NS

Ds

SWH
FIDRES

D1 2.00000000
Dll 0.03000000
DO 1

= CHANNEL f1 ==
13c
10.00 usec
4.20 dB
100.6233325 MH=z

CHANNEL £f2
wal

1H
90.00 usec
10.20 dB
26.00 dB
29.00 dB
400.1316005 MHz

[ R R = e

F2 — Processing parameters
51
W F 100. iz
WDW =
S5B 0
T T T T T T T T T T T LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm o . 03

S56



"H NMR spectrum of compound 1m (CDCls, 400 MHz)

!
!

o
NooWAWNMFEd0nNMmoO WO o e WwH o o
D OA O WU OO 00 WS oS00 WD (=}
MMM oCcoO0C o000 O0CO OO o oD oo™ .
s s s s s s s a8 s s s s s s s = s s s s+ s s = s = [a=]
0 Q)02 0o 0D 03 0000 00 OO 0O 0D 0 00 0o oD r - [ I
Ll L | |

Current Data Parameters

NAME JN-060 (3f)
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20240514
Time 20.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zg30

TD 32768
SOLVENT CcDC13

NS 9

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
D 10.06 usec
TE 299.9 E
D1 2.00000000 sec
TDO 1
======== CHANNEL fl =

SFO 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
51 16384

SF 400.1300097 MHz
WDW EM

S55B 0

LE 0 Hz
GB 0

PC 1.00

— 71 -~ T - T - 1 1 '~ 1 1T T "~ 71T = T = 71
200 180 160 140 120 100 80 60 40 20 0 ppm

S57

INSTRUM spect
PULPRO zgpg3l
SOLVENT

NS
Ds

Dl 2.0000000
D11 0.0300000

= CHANNEL f2 ==

3 400.1316005 MHz
N

C RG[2

PCPD2

PLW2 12

PLW1Z 0.34722000 W
PLW13 0.28125000 W
F2 -

=

WOW El

S5B a

LB 2.00 Hz
GB a

PC 1.00
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H NMR spectrum of compound 1n (CDCl3, 400 MHz)

—=0.000

S

T T T
ppm

Current Data Parameters

NAME DP-15-06-202 (3f)
EXPNO 12
PROCNO 1

FZ - Acquisition Parameters

Date_ 20240615

Time 15.42
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30

T| 32768
SOLVENT cDCl3

N3 16

D3 0]

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.06 usec
TE 301.2 K

D1 2.00000000 sec
TDO 1

CHANNEL f1 ==
400.1324008 MHz

;5.66 usec
13.50000000 w

FZ - Processing parameters

SI 163

SF 400.1300000 MH=z
WDW EM
SSB 0

LE 0 Hz
GB a

PC 1.00

S

]

=
0B
=

N
P

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

100.6228298 MH
13c

10.00 us

4%,.50000000 w

]
a

12.50000000 W
0.34722000 W
0.28125000 W

o gm (]ZILQ I

g parameters

I
200

I
180

I
160

I
140

I
120

I
100

T
80

60

S58

ppm =
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H NMR spectrum of compound 1o (CDCls, 400 MHz)

o
o
© Current Data Parameters
o  NAME DP-15-06-202 {3f)
] EXPNO 7
| PROCNOQ 1
F2 - Acquisition Parameters
Date_ 20240615
Time 11.55
INSTRUM spect
PROBHD 5 mm PABEC BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 9
Ds 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16
DW 69.333 usec
DE 10.06 usec
TE 298.5 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
51 16384
SF 400.1300092 MHz
WDW EM
SSB 0
LB 0 Hz
j ' GB 0
PC 1.00
U 'k“i ‘
T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 1 ppm

7 f]ijT/}“TqTH
f=2] [~~~ |n|S
& AR RS
(=] C=10=1[=1E AR 3[4

13C NMR spectrum of compound 10 (CDCls, 100 MHz)

Current Data Parameters

.—‘3' ,—- @ n P : h D oy NAME DP-1067 (3£f)
= o h _ EXPNO 9
— — Ao A A A A A A A A A A r r PROCNC 1
(W] L L L At
NS\
I\ | k\\\ = f fﬁs;b F2 - Acquisition Parameters
202 8
21.58
spect
5 mm PABBO E?;'
zgpg30
D 12768
SOLVENT CcDCcl3
NS 15025
Ds a
o (o] 24038, 461 Hz
0.733596 Hz
0.6815744 sec

2.00000000 sec
0.03000000 sec
1

= CHANNEL f1
100.6228298
NUC1 13c
Fl 10.00 usec
PLW1 49.50000000 W
== CHANNEL f2 ===

2 400.1316005
NUCZ2 1H
CPDPRG[2
PCEDZ 90.00 usec
PLWZ 12.50000000 W

0.34722000 w
0.28125000 w

FZ - Processing parameters
32768
100.6127690 MHz
3 EM
0

I j I j T j I j I j I j
200 180 160 140 120 100

2.00 Hz
]
1.00




"H NMR spectrum of compound 1p (CDCls, 400 MHz)

(L]

py - S Current Data Parameters

N’ 'ﬂ D NAME JN-050 (3£)

o = o  EXPNO 1

\ PROCNO 1
F2Z - Acquisition Parameters
Date_ 20240504
Time 22.41
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULFPROG zg30
il 32768
SOLVENT CDCl13
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16
DW 69.333 usec
DE 10.06 usec
TE 298.3 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1l ==
SFOL 400.1324008 MHz
NUCL 1H
P1 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters

51 16384

SF 400.1300086 MHz
WDW EM

SSB 0

LB 0 Hz
GBE 0

pC 1.00

1 T 1 1 1 1 \ 1 \ 1 1 T T
12 " 10 9 8 5 4 3 2 1 ppm

3 gee g

13C NMR spectrum of compound 1p (CDCls, 100 MHz)

I - Current Data Parameters
= oo NAME JN-D50 (3£)
EE T EXENO 2
T"' TT o FROCNO 1
\‘/ | I‘ F2 - Acquisition Parameters
Date_ 20240504
Time 22.43
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG z2gpg3l
D 32768
SOLVENT CDCl3
N3 18972
Ds 0
SWH 24038.461 Hz
FIDRES 0.73359%96 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 298.6 K
Dl 2.00000000 sec
Dll 0.03000000 sec
TDO 1
======== CHANNEL fl == =
SFOl 100.6228298 MH=z
NUC1 13c
Fl 10.00 usec
PLW1 49.50000000 W
==== CHANNEL f2 ==
SFO2 400.1316005 MHz
NucCz2 1H
CEDPRG[2 waltzlg
PCPDZ 90.00 usec
PLWZ 12.50000000 W
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
FZ2 - Processing parameters
J SI 32768
" R -y o it | st SF 100.6127688 MH=z
WDW EM
S5B a
I I I I T I I I T T I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm gg . og

S60



"H NMR spectrum of compound 1q (CDCls, 400 MHz)

<
o @ = Current Data Parameters
o S S  NaME DP-985
= N N EXPNO 2
o = < PROCNO 1
| | F2 - Acquisition Parameters
Date_ 20240519
Time 21.38
INSTRUM spect
PROBHD 5 mm BBO BBE-1H
PULPROG zg30
D 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7246.377
FIDRES 0.221142
AQ 2.2609921
RG 456.1
DW £9.000 u
D, 6.50 u
TE 297.0 K
D1 2.00000000 sec
TDO 1
SFO1 400.1324008 MHz
F2Z - Processing parameters
51 16384
SF 400.1300078 MHz
WDW EM
S5B 4]
LE 0 Hz
GB 0
I PC 1.00
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 ppm
> _
fa éﬁﬁﬁﬁuﬁa rrf‘
@ S|a(a|a(s|n ﬂ:] Q
=] iy = iy PN ~
13
C NMR spectrum of compound 1q (CDCl3, 100 MHz)
o o o oo Current Data Pa
5 B @ NAME
;,:. o o @ @ - EXPNO
o = 4 - - PROCNO
|| v

I
200

I
180

I I I I
160 140 120 100 ppm

D 32768
SOLVENT cDcl3

NS

DS

SWH

FIDRES

aQ

RG

DW

DE

D1 2.00000000 sec
D11 0.03000000 sec
D 1

C 9 =
FL 10.20 dB
PL12 26.00 dB
PL13 29.00 dB
SFO2 400.1316005 MHz
F2Z2 - Processing parameters
=h s 32768
SF 100.6127690 MH=z
WDW EM
S5B ]
LB 1.00 Hz
GB 0
PC 1.00



Current Data Parameters

NAME JN-020 (3£)
EXPNO 4
PROCNO 1

F2 - Rcguisition Parameters

Date 20240601
Time 19.24
INSTRUM spect
PRCBHD 5 mm PABBEO BB/
PULPROCG zg30
D 32768
SOLVENT cpcls3
NS 7
Ds 4]
SWH 7211.539 Hz
o o FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 89.08
oW 69.333 usec
\ Ph DE 10.06 usec
| TE 298.1 K
Dl 2.00000000 sec
0~ 0”7 Ph ™0 1
======== CHANNEL f1 ==
1r SFOo1 400.1324008 MHZ
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 16384
SF 400.1300087 MHzZ
WDW EM
SSB 4]
LB 0 Hz
GB 4]
BC 1.00

e LA |

10 9 8 7 6 5 4 3 2 1 ppm
) L
EECEIEEERN
s
~|=l=r|—|ci|c3| =
3C NMR spectrum of compound 1r (CDCls, 100 MHz)
- -« Current Data Parameters
o = NAME JN-020(3£)
n= 4 EXENO 5
i i PROCNO 1
\IIII | F2 - Acquisition Parameters
Date_ 20240601
Time 19.26
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 32768
SOLVENT CDCl3
NS 1103
oS i}
24038. 461 Hz
0.733596 Hz
0.6815744 sec
198.09
20.800 usec
6.50 usec
298.5 K
1r 2.00000000 sec
0.032000000 sec
1
CHANNEL f1
100.6228298 MH=z
13c
10.00 usec
49,50000000 W
CHANNEL f
400.1316005 MHz
1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1Z2 0.3472Z000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768
L SF 100.6127734 MHz
WOW EM
S5B 1)
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm = L0

S62



'"H NMR spectrum of compound 3a (CDCls, 400 MHz)

ANWO WMWY O NMT oMo o
S 0l H O WU MO O Current Data Parameters
B A A AP 1 1Y DP-703 (3£)
NN NN AA A OO0 | EXPNO 14
- Wx Nﬁ%‘,ﬂ 3// PROCNO 1
F2 - Acquisition Parameters
Date_ 20230624
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
N3 16
DS 1]
o PBus o SWH 7211.539 Hz
FIDERES 0.220079 Hz

AQ 2.2719147 sec
' RG 57.42
O DW 69.333 usec
DE 10.06 usec
TE 298.3 K
3a

D1 2.00000000 sec
TDO 1
CHANNEL fl ========
400.1324008 MHz
1H
15.00 usec
13.50000000 w
F2 - Processing parameters
sI 16384
SF 400.1300087 MHz
WDW EM
‘ 38B 4]
LB 0 Hz
| GB 0
I \ PC 1.00
JL L_JL
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
| I I
~| [2[=|olole @ © -
5 EEREE 4 EE
o -|r|o|m|— w = [}

13C NMR spectrum of compound 3a (CDCls, 100 MHz)

Current Data Parameters

- - - o
9 o e aoaZiag NAME DP-703 (3£)
3 = JAAIAE - e o EXPNO 17
- - J i i o - EPROCHO 1
= V]
| | (il \/ F2 - Acquisition Parameters
Date_ 20230706
Time 10.09
NSTRUM spect
FROBHD 5 mm PABBO EB/
PULPRCG zgpg30
TD 32768
SOLVENT cocl3
N3 13905
Ds 0
SWH 24038. 461 Hz
FIDRES 0.7335%6 Hz
pote] 0.6815744 sec
RG 198.09
DW 20.800 usec
PBuj DE 6.50 usec
(o] (o] TE 299.1 K
D1 2.00000000 sec
D11 0.03000000 sec
D TDO 1
O ======== CHANNEL fl
SFol1 100.6228298 MHz
3a NUC1 13c
Pl 10.00 usec
PLW1 49.50000000 W
= = CHANNEL f2
SF0Z 400.1316005 MHz
NuUcz2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 — Processing parameters
‘ l ” JI s1 32768
wd SF 100.6127693 MHz
WDW EM
SS5B ]
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gg i 03

S63



3P NMR spectrum of compound 3a (CDCls, 162 MHz)

Current Data

Parameters

z NAME DP-T03 (3£}
o EXPNO 11
o PROCNC 1
F2 - Acquisition Parameters
Date_ 20230624
Time 2.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG zgpg30
pusl 65536
SOLVENT cDCl3
NS 16
DS 4
SWH 49019.609 Hz
FIDRES 0.747980 Hz
PBuj 20 0.6684672 sec
(o] (o) RG 198.09
DW 10.200 usec
‘ DE 6.50 usec
TE 298.9 K
D Dl 2.00000000 sec
D11 0.03000000 sec
(o] TDO 1
3a ======== CHANNEL
SFO1
NUC1
Pl
PLW1 13.19999981 W
======== CHANNEL f2
SFO2 400.1316005 MHz
NUC2
CPDPRG[2
PCPD2
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 w
F2 - Processing parameters
51 32768
SF .9755930 MHz
WDW EM
S5B il
T I I I I T T I I T T T T T LB 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -0 -20 -30 ppm g’g . qg
"H NMR spectrum of compound 3b (CDCls, 400 MHz)
=1
NOMNMECMT OO AN N WO
[ e B R e T R i B s = current Data Parameters
B e NAME DP-1173(3f)
NN A A A AA A DO O | EXPNO 4
[ J A PROCNO 1
=/ e/
F2 - Acguisition Parameters
Date_ 20240305
Time 13.03
INSTRUM spect
PEROEHD 5 mm PABEBO BB/
PULPROG zg30
D 32768
PBU3 ;gLVENT CDC‘Jl.g
[0} o}
D3 0
SWH 7211.539 Hz
' FIDRES 0.220079 Hz
Me AQ 2.2719147 sec
(o} RG 38.89
DW 69.333 usec
3b DE 10.06 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFOL 400.1324008 MHz
NUC1 1H
F1l 15.00 usec
PLWL 13.50000000 W
F2 - Processing parameters
s8I 16384
SF 400.1300079 MHz
WDW EM
SSB 0
LE 0 Hz
| GBE 0
J |\/ PC 1.00
‘ S U
T T I I T I I I
8 7 6 5 3 2 1 ppm
AN PN / \
=) (LI [ o =)
S S(=||la -|o o} <
- oo ﬁ—} oo ‘sj @

S64



3C NMR spectrum of compound 3b (CDCls, 100 MHz)

Current Data Parameters

= . NAME DP-1173 (3f)
2 = EXPNO 5
i i FPROCNGC 1
| FZ2 — Acquisition Parameters
Date_ 20240305
Time 13.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG zgpg30
TD 32768
SOLVENT CcDcl3
NS 1493
oS 0
PBuj SWH 24038.461 Hz
(o] o) FIDRES 0.733596 Hz
e} 0.6815744 sec
' RG 198.09
' oW 20.800 usec
Me DE 6.50 usec
(o] TE 298.2 ¥
Dl 2.00000000 sec
Dll 0.03000000 sec
3b TDO 1
CHANNEL fl ========
100.6228298 MHz
13C
10.00 usec
49.50000000 W
CHANNEL f2 ========
400.1316005 MHz
1H
CPDPRG[2 waltzlé
PCPDZ 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
FLW13 0.28125000 W
F2 - Processing parameters
| “ sI 32768
\ - SF 100.6127738 MHz
WDW EM
SEB il
I I I I I I I I I I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gg . og
3'P NMR spectrum of compound 3b (CDCls, 162 MHz)
Current Data Parameters
=4 NAME DP-1173(3f)
o EXPNO 1
o PROCNO 1
F2 — Acgquisition Parameters
Date_ 20240229
Time 16.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDCL3
NS 6
s 4
SWH 49019.609 Hz
FIDRES 0.747980 Hz
AQ 0.668B4672 =ec
PBuj RG 198.09
0 (o] DW 10.200 usec
‘ DE 6.50 usec
TE 298.2 K
Me O D D1 2.00000000 sec
le} O Dll 0.03000000 sec
D0 1
3b o
SFO1
NUC1
Pl
PLW1
——————— CHANNEL f2 ===
SFO2 400.1316005
NUCZ 1H
CPDPRG[Z waltzlég
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 — Processing parameters
51 32768
SF 161.9755930 MHz
WDW EM
S5B a
I T I T I T I T I I I T I T 1B 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm gg , qg

S65



[

H NMR spectrum of compound 3¢ (CDCls, 400 MHz)

(=]

O ONY A0 O TUNWESNODM-NO
O oM e NOoOOC0YnLS N 5O Current Data Parameters
O YwwwwoonmsrrTIARNAD - NAME DP-1169(3£f)
. P T - EXDNO 4

O NN T AA A A A A D OO |
| PROCNO 1

J
§

F2 - Acquisition Parameters

Date_ 20240309
Time 22.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS ¥]
SWH 72Z11.539 Hz
PBuj FIDRES 0.220079 Hz
(0} o] 20 2.2719147 sec
RG 78.51
" DW 69.333 usec
CE 10.06 usec
MeO TE 298.8 K
o D1 2.00000000 sec
3c TDO 1
= CHANNEL f1
SFOL1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
SI 16384
SF 400.1300088 MHz
WDW EM
‘ SSB 0
LB 0 Hz
| GB 0
I i UL pC 1.00
.L) JL VAV AN
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm

0
6.01

1233
9.33

Current Data Parameters

™ @ -ooo
. o S it ‘ NAME DP-1169(3f)
B : e - EXPNO 5
par p e e el el e Sl b i PROCNC 1
| k\\:¢é£$Q§$§¥k¢§§ F2 - Acquisition Parameters
Date_ 20240309
Time 22.48
INSTRUM spect
FROBHD 5 mm PABBO BB/
PULPROG zgpg30
o} 32768
SOLVENT CDCl3
NS 16934
Ds 0
SWH 24038. 461 Hz
FIDRES 0.733596 Hz
0o PBus aQ 0.6815744 sec
RG 198.09
DW 20.800 usec
D DE 6.50 usec
TE 298.6 K
MeO o D1 2.00000000 sec
Di1 0.03000000 sec
3c TDO 1
CHANNEL fl ===
100.6228298
13c
10.00 usec

4%.50000000 w

=== CHANNEL f2 ===
400.1316005
1H
CPDPRG[2 waltzle
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
| J J I l s1 32768
. | L i . SF 100.6127703 MEHz
WDW EM
S5B 0
I j I j I j I j I I j I " I I j I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm == K



3P NMR spectrum of compound 3¢ (CDCls, 162 MHz)

Current Data Farameters

= NAME
- EXPNO
o FROCNO 1
‘ FZ — Acquisition Parameters
Date_ 20240226
Time 21.12
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
ID 65536
SOLVENT
NS
ec
(o) PBU3 [o) 10.200 usec
6.50 usec
297.5 K
' 2.00000000 sec
0.03000000 sec
MeO 1
o
== CHANNEL f1
3c 1
NUC1l
Fl
PLW1
400.1316005 MHZ
Nucz2 1H
CPDPRG[Z waltzlég
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 w
PLW13 0.28125000 w
FZ — Processing parameters
" L " L N _— sSI 32768
3 - v L o SF 161.9755930 MHzZ
WOW EM
S5B 0
LB 2.00 Hz
90 80 70 60 50 40 30 20 10 -10 -20 -30 ppm g? . 43

3d

NAME

-0.00C

EXPNO
PROCNOC

Current Data Parameters

DP-1184 (3f)
4

1

F2 - Acguisition Parameters

Date 20240308
Time 21.52
INSTRUM spect
PROBHD 5 mm PRBEBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
REG 89.08
DW 69.333 usec
LDE 10.06 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
SFol 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2Z - Processing parameters
ST 16384
SF 400.1300088 MHz
WDW EM
| S55B 0
LE 0 Hz
b o
PC 1.00
EAN L} L

8

w
r -
—y

ppm
[ ||
0 o =)
T, « o
© ‘N‘ ]
-




13C NMR spectrum of compound 3d (CDCls, 100 MHz)

| BSSs S a4
| I L ‘ LI 1 J
200 180 160 140 120 100 80 60 40 20 opm
3P NMR spectrum of compound 3d (CDCls, 162 MHz)
o F,E3l13 ()
: (T
(o}
3d
a0 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm

S68

Current Data Parameters

NAME DP-1184 (3f)
EXFNO 5
PROCNO 1

F2 - Acquisition Parameters

Date_ 20240308

Time 21.54
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 32768
SOLVENT CDcl3

NS 14262

Ds ]

SWH 24038. 461 Hz
FIDRES 0.733596 Hz

AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.2 K

Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
======== CHANNEL fl ==

SFO1 100.6228298 MHzZ
NUC1 13c

Pl 10.00 usec
PLW1 49.50000000 w
==—=—=== CHANNEL f2 ====
SFOZ 400.1316005 MHZ
NUCZ2 1
CPDPRG[2 wal

PCFD2 90.00 usec
PLWZ 12.50000000 W
PLW1Z2 0.34722000 w
PLW13 0.28125000 w

F2 - Processing parameters
SI 32768

SF 100.6127698 MHz
WDOW EM

S5B 0

LB 2.00 Hz
GB ]

PC 1.00

Current Data Parameters

NAME DE-1184 (3£f)
EXPNO 3
PROCNC 1

F2 — Acquisition Parameters

Date_ 20240311

Time 11.24
NSTRUM spect
FROBHD 5 mm PABBC EB/
PULPROG zgpg30

pysl 65536
SOLVENT CDCl3

NS 16

DS 4

SWH 49019.609 Hz
FIDRES 0.747980 H=z
AQ 0.6684672 sec
RG 198.09

oW 10.200 usec
DE 6.50 usec
TE 298.5 K

Dl 2.00000000 sec
Dil 0.03000000 sec
D0 1
======== CHANNEL fl =

SFO1 161.9836917

NUC1 iip

Fl 15.00 usec
PLW1 13.19999981 W

= CHANNEL f2 =

SFO2 400.1316005 MH=z
NUC2 1H
CPDPRG[2 waltzlée
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 w

F2 — Processing parameters
SI 32768

SF 161.9755930 MH=z
WDW EM

S5B 1)

LB 2.00 Hz
GB 0

EBC 1.40



9F NMR spectrum of compound 3d (CDCls, 376 MHz)

SFOL
NUCL
Pl

PLW1

51
SF
WDW

| 85B
LB

GB

‘ PC

T
10 9 8 7 6 5 4 3 2 ppm

0.91°=
0.99',
0.98%=
0.98

2.21

1.00

5.99
1211
9.03 = — ]

S69

2 Current Data Parameters
- NAME DP-1184 (3f)
ot EXPNCO 8
1 PROCNO 1
‘ F2 - Acquisition Parameters
Date_ 20240311
Time 11.27
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zgig
D 131072
SOLVENT CDC13
NS 16
s o
SW 89285.711 Hz
o PBu, o FIDRES 0.681196 EHz
AQ 0.7340032 sec
RG 198.09
DW 5.600 usec
LE 6.50 usec
F TE 298.4 K
(o] D1 1.00000000 sec
D11 0.03000000 s=ec
3d TDO 1
CHANNEL fl1 ========
376.4607168 MHz
19F
15.00 usec
16.50000000 W
CHANNEL f2 =
SFOZ2 400.1316005 MHz
NUCcz2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ2 12.50000000 W
PLW1Z 0.324722000 W
F2 - Processing parameters
I 65536
SF 376.4983662 MHz
WDW EM
SSB 0
I l I I I l l I I I LB 1.00 Hz
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm ;2 . ng
"H NMR spectrum of compound 3e (CDCls, 400 MHz)
WAL MMEY OO ~M OO W o MM oUW A NDANONT oM O
OO0 10O WO X TNOOWWWWONO 0O WO A0 000N NAD O Current Data Parameters
aamEmEmEE O aaaaaaaaaag 99 a9 B el S A A R R 10 DP-1150 (3£)
O == [~ [~ [~ [~ [~ [~ [~ [~ [~~~ 000w NN NN AAAT A A D OO EXPNO 4
- e e &w W PROCNO 1
FZ - Acquisition Parameters
Date_ 20240217
Time 18.37
INSTEUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
D 32768
SOLVENT cDC13
NS 16
D5 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
RAQ 2.2719147 sec
RG 71.42
DW 69.333 usec
DE 10.06 usec
TE 298.2 K
D1 2.00000000 sec
DO 1
= CHANNEL fl1 ==

400.1324008 MHz
1H

15.00 usec

13.50000000 w

F2Z - Processing parameters

16384
400.1300084 MHz
EM
0
0 Hz
0

1.00



13C NMR spectrum of compound 3e (CDCls, 100 MHz)

Current D

ata Parameters

@ = NAME 50 (3£)
a o EXPNO 5
i i PROCNO 1
| F2 - Acquisition Parameters
Date 20240219
Time 22.13
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG zgpg30
D 32768
SOLVENT cpcl3
NS 14958
DS
SWH 24038. 461 Hz
FIDRES 0.733596 Hz
PBuj; 20 0.6815744 sec
(o] [o] RG 198.00
DW 20.800 usec
O DE 6.50 usec
' TE 299.1 K
Cl O O D1 2.00000000 sec
(o} D11 0.03000000 sec
TDO 1
3e
———=————— CHANNEL f1 =——
5F01 100.6228298 MHz
NUC1 13c
Pl 10.00 usec
PLW1 49.50000000 w
======== CHANNEL f2 ====
5F02 400.1316005 MHz
Nuc2 1H
CPDPRG[2 wal
PCPDZ 90.00 usec
PLWZ2 12.50000000 W
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
I‘ FZ - Processing parameters
51 32768
| | LI J sF 100.6127702 MEz
WOW EM
SEB 0
I I I I I I I I I I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gg . 03
3P NMR spectrum of compound 3e (CDCls, 162 MHz)
Current Data Parameters
o NAME DP-1150(3f)
o EXPNO 1
o PROCNO 1
F2 - Acquisition Parameters
Date_ 20240311
Time 11.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT
NS
Ds
SWH 49019, 609 Hz
FIDRES 0.747980 Hz
AD 0.6684672 =ec
RG 198.09
DW 10.200 usec
DE 6.50 usec
o PBuj TE 293.2 X
o) Dl 2.00000000 sec
D1l 0.03000000 sec
D TDO 1
Cl CHANNEL f1
(0] 161.9836
3e o aei520
13.19959%81
CHANNEL f2 ========
400.1316005 MHz
NuUcz2 1H
CPDPRG[Z
PCPD2
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
M " ST 32768
o R i o M ' S T SF 161.9755930 MHz
WDW EM
S5B a
1B 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -0 -20 -30 ppm ;‘g . 43

S70



"H NMR spectrum of compound 3f (CDCl;, 400 MHz)
Ly . A U WU O ) D) o 0N ) T O oy T O
k4 i R R R R R R R = Current Data Parameters
! NAME DP-913(3f)
- e PROCNO 1

R NP

F2Z - ARcquisition Parameters

CHANNEL f1 ==

Date_ 20240222
Time 14.35
INSTRUM spect
PROEBHD 5 mm PABBC BE/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
‘ AQ 2.2719147 sec
' RG 4.01
Br DW £9.333 usec
(o} DE 10.06 usec
TE 298.3 K
3f D1 2.00000000 sec
TDO 1

400.1324008 MHz
NUC1 1H
P1 15.00 usec
PIW1 13.50000000 W
F2 - Processing parameters
51 16384
SF 400.1300089 MH=z
WDW EM
SSB 0
LE 0 Hz
‘ GB 0
PC 1.00
l UL l
I T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
ﬂ oo~ )c @ 'I-nL )
=] Qla|wi< < o -
=1 —|r|ed|— w ™ @
13
C NMR spectrum of compound 3f (CDCIsz, 100 MHz)
o o o - Current Data Parameters
“ ° 5 - MNAME DP-913(3f)
2 = DwwTa _ EXPNO 14
i ’|" i I PROCNC 1

S\

FZ2 - Acquisition Parameters

Date_ 20230924
Time 14.52
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDCl3
NS 2744
05 il
SWH 24038. 461 Hz
FIDRES 0.733596 Hz
PBuj; AQ 0.6815744 sec
() [o} RG 198.09
DW 20.800 usec
‘ DE 6.50 usec
Br TE 298.5 K
o O D1 2.00000000 sec
D11 0.03000000 sec
3f DO 1
======== CHANNEL f1
SFO1 100.6228298 MHz
NUcl 13c
Pl 10.00 usec
PLW1 49.50000000 W
= CHANNEL f2 =
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzlé
PCPDZ 90.00 usec
PLW2 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
‘ | ‘ I s1 32768
. SF 100.6127716 MHz
WDOW EM
558 a
T I I I I I I I T I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gc } 03

S71



3IP NMR spectrum of compound 3f (CDCls, 162 MHz)

Current Data P,

p NAME
o EXPNO
o PROCNO

ameters
DP-913 (3£)
16

1

FZ - Acquisition Parameters

Date_ 20240222
Time 14.34
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™D £5536
SOLVENT cpcl3
NS 9
Ds 4
o PBus o s 49019. 609 Hz
FIDRES 0.747980 Hz
AQ 0.66B4672 sec
‘D G 198.00
DW 10.200 usec
Br DE 6.50 usec
(0] TE 298.3 K
Dl 2.00000000 sec
D11 0.03000000 sec
3f TDO 1
== CHANNEL f1
161.9836
iip
15.00 usec
13.19999981 w
== CHANNEL f2 ==
SFO2 400.1316005 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ2 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 w
FZ - Processing parameters
sI 32768
- SF 161.9755%30 MH=z
WOW EM
S5B 0
I T I I T I T I I I I T I I LB 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -0 -20 -30 ppm gg ) 43
"H NMR spectrum of compound 3g (CDCls, 400 MHz)
DT AWM TRDERNAD DN O
QW T A AR O Current Data Parameters
LWL LLUITITANN 2 NaME DP-7175
HENNN A AAAD 00 O EXPHNO 2
\W/ W W ‘ PROCNO 1
F2Z - Acquisition Parameters
Date_ 20240306
Time 22.02
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 32768
SOLVENT CcDC13
NS 16
Ds 0
o PBus o sWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
D Rz 114
O,N DW 69.000 usec
(o] DE 6.50 usec
TE 299.0 K
3g Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFol 400.1324008 MHz
F2 - Processing parameters
SI 16384
SF 400.1300057 MHz
WDW EM
| S8B 0
W LB 0 Hz
| | GB 0
I ‘ l PC 1.00
JL e e 1
I I I T I I T I I T T
10 9 8 7 6 5 4 3 2 1 ppm
2 | L)
4 B e 1 B
= = -S| © o @
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13C NMR spectrum of compound 3g (CDCls, 100 MHz)

Current Data Parameters

o w o i - -
“ < 1 7 L - o NAME DP-913 (3£)
3 o SRk R R R - EXPNO 14
— - ik g/ il it it Bl B Bl B B B i S S ool ed ol ol ol PROCNO 1
| \\\%ﬁ\\ |W% / F2 - hAcquisition Parameters
Date_ 20230924
Time 14.52
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpgi0
D 32768
S0LVENT cocl3
N3 2744
Ds a
SWH 24038.461 Hz
FIDRES 0.733596 Hz
PBU3 RO 0.6815744 sec
(o] (o) RG 198.09
oW 20.800 usec
DE 6.50 usec
£ T3 G
O,N D1 2.00000000 sec
(o] D1l 0.03000000 sec
TDO 1
39 = CHANNEL fl = =
100.6228B298 MHz
13cC
10.00 usec
49.50000000 W
== CHANNEL f2 ====
400.1316005 MH
NUC2 1H
CEPDFRG[2Z waltzle
PCPDZ 90.00 usec
PLWZ 12.50000000 W
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
‘ | ‘ I 5T 32768
. SF 100.6127716 MHz
WDW EM
SSB 0
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm  G= 2
3P NMR spectrum of compound 3g (CDCl3, 162 MHz)
Current Data Parameters
o HAME DP-913 (3f)
o EXPNO 16
o PROCNO 1
F2 — Acquisition Parameters
Date_ 20240222
Time 14.34
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
o PBus D 65536
SOLVENT CDCl3
NS 9
D DS 1
SWH 4901%. 609 Hz
02N FIDRES 0.747%80 Hz
o AQ 0.6684672 sec
RG 198.09
DW 10.200 usec
39 DE 6.50 usec
TE 298.3 K
Dl 2.00000000 sec
Dil 0.03000000 sec
DO 1
CHANNEL f1
161.9836917 MHz
iip
15.00 usec
13.19999981 W
CHANNEL f2 ===—=—===
400.1316005 MHz
1H
CPDPRG[2 waltzlg
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
FLW13 0.2B8125000 W
F2 - Processing parameters
SI 32768
SF .9755930 MHz
WDW EM
S5B ]
I I I I I I T I I I I I I 1B 2.00 Hz
80 70 60 50 40 30 20 10 0 -0 -20 -30 pPpm gg . 43
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"H NMR spectrum of compound 3h (CDCls, 400 MHz)

MOOTANNMODWOHONNE Mo
=M NO-®-We o ™A, o Current Data Parameters
B A A A i DP-1219
NN A A~ A A OO oo EXPNO 1
e | L | et PROCHNO 1
= T
F2 - Acguisition Parameters
Date_ 20240415
Time 21.56
INSTRUM spect
PROBHD 5 mm BBC BE-1H
PULPROG zg30
D 32768
SOLVENT CcDcl3
NS 16
D3 o
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 57
oW 69.000 usec
DE 6.50 usec
TE 295.9 K
D1 2.00000000 sec
TDO 1
CHANNEL f1 =
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400.1324008 MHz
F2 - Processing parameters
S5I 16384
SF 400.1300079 MHz
WDW EM
‘ S5B 0
LB 0 Hz
I | GB 0
PC 1.00
1) ||
I I I I I I I I I I
9 8 7 6 5 4 3 2 1 ppm
(W | W JI | [ [N
=) ofed]en]ed @~ [Ts) =
S Sl=|2|a QS =] —
- ||| 0| o o @

Current Data FParameters

“ 5 sa NAME DP-1219
2 - Ce EXPNO 2
i T /I e FROCNC 1
\QQQ#(;ﬁf}/ F2 — Acquisition Parameters
Date_ 20240415
Time 21.59
NSTRUM spect
FROBHD 5 mm BBO BB-1H
PULPRCG zgpg30
TD 32768
SOLVENT cDcl3
NS 15844
Ds i}
SWH 24038. 461 Hz
FIDRES 0.733596 Hz
A 0.6815744 sec
RG 4096
DwW 20.800 usec
DE 6.50 usec
TE 296.1 K
Dl 2.00000000 sec
D1l 0.03000000 sec
D0 1
Pl 10.00 usec
PL1 4.20 dB
SFO1 100.6233325 MHz
= CHANNEL f2
CPDERG[2 wal
Nuc2
PCPD2 90.00 usec
PL2 10.20 dB
PL1Z 26.00 dB
PL13 29.00 dB
SFOZ 400.1316005 MHz
FZ - Processing parameters
| Jl s1 32768
SF 100.6127738 MHz
WOW EM
S5B 0
I ) I ! I ! I ) I ! I ! I ! I ) I ! I ! I LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gg . og



3P NMR spectrum of compound 3h (CDCls, 162 MHz)

Current Data Parameters

- NAME DP-1255(3f)
- EXPNO 1
o PROCNC 1
‘ F2 — Acquisition Parameters
Date_ 20240424
Time 15.30
NSTRUM spect
FROBHD 5 mm PABBO BE/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
o PBuj NS &
0s 4
SWH 49019.609 Hz
" FIDRES 0.747980 He
AQ 0.6684672 sec
RG 1%8.09
o oW 10.200 usec
DE 6.50 usec
TE 298.8 K
Me 3h Dl 2.00000000 sec
Dil 0.03000000 sec
TDO 1
CHANNEL f1
161.983691
3ip
15.00 usec
13.19999981 W
CHANNEL f2
SFO2 400.1316005 MHz
NUc2 1H
CPDERG[Z waltzlg
PCPDZ 90.00 usec
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 w
F2 - Processing parameters
s5I 32768
SF 161.9755930 MHz
WDW EM
SEB 0
I T T I I I I I I I I I I I LB 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm gg . 43
.
"H NMR spectrum of compound 3i (CDCl3, 400 MHz)
o
WU TLWMOM O D)) 0O DN~ ONDO-O-Od A0 MmN o
MANOOFFONNTNAACO D@D W AT M A O DWW NN A O Current Data Parameters
AHOO NN NP OO OO0 @E ONY QOO S T TS T T oD o - NAME DP-1296 (3f)
0 o0 il e =Rt e IR e e Ve et R e e JEte R Ce ] Mo A A A o0 O | EXPNO 12z
— L L o \/I L.k&b\x / W/ J/ PROCNO 1
i | = =
F2 - Acquisition Parameters
Date_ 20240604
Time 23.51
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
D 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7211.539 Hz
PBuj; FIDRES 0.220079 Hz
¢] o] A0 2.2719147 sec
RG 89.08
oW 69.333 usec
DE 10.06 usec
o] O TE 298.0 K
D1 2.00000000 sec
MeO 3i DO 1
======== CHANNEL fl ========
SFo1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 16384
SF 400.1300085 MHz
WDW EM
35B 0
l | LB 0 Hz
GB 0
| ‘I PC 1.00
) \ VRN o
I I I I I I I I I I I
10 9 8 6 5 4 3 2 1 ppm
\ )\ [\ )
8 [8385 8 ‘s‘ [a ¢
- —|—||es L} o o -]



13C NMR spectrum of compound 3i (CDCls, 100 MHz)

Current Data Parameters

- °© a NAME DP-1296 (3f)
) = o EXPNO 13
-l - s PROCNC 1
F2 — Acquisition Parameters
20240604
23.55
spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 12289
Ds 0
SWH 24038.461 Hz
fo) PBug o FIDRES 0.733596 Hz
RO 0.6815744 sec
‘ RG 198.09
' DW 20.800 usec
DE 6.50 usec
o TE 298.5 X
D1 2.00000000 sec
MeO 3i D11 0.03000000 sec
TDO 1
CHANNEL fl = ==
100.6228298 MHz
13c
10.00 usec
49.50000000 W
CHANNEL f2 =
SFQ2 400.1316005 MHz
NUC2 1H
CEDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1Z 0.34722000 w
PLW13 0.28125000 W
F2 — Processing parameters
{ 51 32768
J “ J " SF 100.6127711 MHz
WDW EM
SSE 0
I I I I I T I T I T I L= 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm 0 . og
.
3'P NMR spectrum of compound 3i (CDCls, 162 MHz)
Current Data Parameters
p=s NAME DP-1296(3f)
o EXPNO 9
o PROCNO 1
F2 - Acquisition Parameters
Date_ 20240604
Time 18.16
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT Ccpcl3
NS 5
Ds 4
SWH 48019. 609 Hz
FIDRES 0.747980 Hez
AQ 0.6684672 sec
RG 198.09
fo) PBU3 0 DW 10.200 usec
DE 6.50 usec
TE 298.0 K
D D1 2.00000000 sec
D11 0.03000000 sec
ofa's 1
CHANNEL f1l
MeO 3i 161.9836817
31P
15.00 usec
13.1999%9981 W
=== CHANNEL f2 ==
SFO2 400.1316005 MHz
NUC2 1H
CPDFRG[2 waltzlg
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768
A, SF 161.9755930 MH=z
WDW EM
SEB ]
T T T T T T T T T T T T T T LB 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -10  -20 -30 ppm = . 43
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[

H NMR spectrum of compound 3j (CDCls, 400 MHz)
MNYNOTNONNONOAANA AT AT NOWE A0 N O A A0 STUCN WS-
N NO T NOWTTTTPTTON AN T TN TN A O N OO0 ~-ONTr N AN
NN MO NN NN NN AT A H OO OO OO OO WO WO WO OO W= sf =t sp=r = s O 0 NAME
o0 oo 0 ~ ~ M~~~ c 0 W00 YO WO YD NN NN NN NN N A A A A A A A A ADO O EXPNO
L, L Ao L I‘. \L_\‘:::-W I‘u ] J-/ n DROCNO

Current Data Parameters

DP-1170(3£)
6

1

F2 - Acquisition Parameters
Date_ 20240227
Time 22.03
INSTRUM spect
PROBHD 5 mm PAEBO BB/
PULPROG zg30
D 32768
PBU3 SOLVENT cpcl3
() NS 16
Ds o
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
(o] RG 57.42
DW ©59.333 usec
- DE 10.06 usec
F 3j TE 297.9 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2 — Processing parameters
fchs 16384
SF 400.1300077 MHz
WDW EM
SSB o
‘ LE 0 Hz
| GB 0
N | pC 1.00
’ A WAV
I I I I I T I I I I I
10 9 8 7 6 5 4 3 2 1 ppm
| I
Fﬂ F: ™~ a)oTE? =+ ] [N}
@ e=|ae=2 i b o
S ||~ o o @
1
o Current Data Parameters
- NAME DP-1170 (3£)
& EXPNO 7
i PROCNO 1
F2 — Acquisition Parameters
Date_ 20240227
Time 22.05
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CcDcl3
NS 14850
Ds a
SWH 24038.461 Hz
fo) PBUB FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 298.1 K
(o] D1 2.00000000 sec
D11 0.03000000 sec
F 3j D0 1
= CHANNEL fl = =
100.6228298 MHz
13C
10.00 usec
4%.50000000 W
======== CHANNEL f2 ========
SFOZ 400. 316005 MHz
NUc2
CPDPRG[2
PCPDZ 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 — Processing parameters
I n
L S SF 100.6127715 MHz
WDW EM
SSB a
I T I I I I I T T I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gc . og
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3IP NMR spectrum of compound 3j (CDCls, 162 MHz)

Current Data Parameters

o NAME DP-1170({3£)
o EXPNO 1
o PROCNO 1
F2 — Acquisition Parameters
Date_ 20240226
Time 21.17
NSTRUM spect
FROEHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 9
Ds 4
SWH 49019. 609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 198.09
DW 10.200 usec
DE 6.50 usec
fo) PBuj o TE 297.6 K
D1 2.00000000 sec
‘ D11 0.03000000 sec
DO 1
D ———————— CHANNEL £l ==
sFol 161.9836917 MHz
Nuci 3ip
Pl 15.00 usec
F 3j PLW1 13.19999981 W
CHANNEL f2 ==
SFO2 400.1316005 MHz
NUCZ2 1H
CPDPRG[2 waltzl
ECPD2 90.00 usec
PLWZ 12.50000000 W
PLW1Z2 0.34722000 W
FLW13 0.28125000 w
F2 — Processing parameters
=hs 32768
SF 1 9755930 MHz
WDW EM
S5B i}
T I T I T T I I I I T I I LB 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -0 -20 -30 ppm gg ) 43
19 .
F NMR spectrum of compound 3j (CDCls, 376 MHz)
a Current Data Parameters
@ NAME DP-1170(31L)
2 EXPNO 8
1 PROCHNO 1
F2 - Acquisition Parameters
Date_ 20240311
Time 11.31
INSTRUM spect
PROBHD 5 mm PAEBO BB/
PULPROG zgig
TD 131072
SOLVENT CDC13
NS 16
Ds a
SWH 89285.711 Hz
PBu3 FIDRES 0.681196 Hz
[o] AQ 0.7340032 sec
RG 198.09
DW 5.600 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
F 31 === CHANNEL [l ===—====
376.4607168 MHz
19F
15.00 usec
16.50000000 W
=== CHANNEL [2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 30.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI E5536
SF 376.4983662 MHz
WDW EM
SSB o
I I I I T T T I I I LB 1.00 Hz
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm ‘52 N Dg
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H NMR spectrum of compound 3k (CDCls, 400 MHz)

o
—
Ly
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o 3
(0]
NO, 3k
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10 9 8 7 6 2 1 ppm
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Current Data Parameters

NAME DE-1182(3f)
EXPNO 12
PROCHNO 1
FZ - Rcquisition Parameters
Date_ 20240309
Time 18.28
INSTRUM spect
PROEHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CDC13
NS 16
Ds 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 63.58
DW 69.333 usec
DE 10.06 usec
TE 298.1 K
Dl 2.00000000 sec
TDO 1
CHANNEL f1 ==
400.1324008 MHz
1H
15.00 usec

13.50000000 w

F2 — Processing parameters
SI 16384
SF 400.1300058 MHz
WLW EM
5SB 0
LB 0 Hz
GB 0
PC 1.00

13C NMR spectrum of compound 3k (CDCls, 100 MHz)
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Current Data Parameters
NAME DP-1182 (3f)
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240309
Time 18.31
NSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
D 32768
SOLVENT cocl3
NS 5535
DS a
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
oW 20.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL fl =
100.6228298 MHz
13cC
10.00 usec

49.50000000 w

CHANNEL f2 ========
400.1316005 MHz

CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
h 32768

SF 100.6127718 MH=z
WDW EM
SEEB a

LB 2.00 Hz
G a

PC 1.00



3P NMR spectrum of compound 3k (CDCls, 162 MHz)

Current Data Pa

o NAME DP-
- EXPNO
o PROCNO
F2 - Acquisition Parameters
Date_ 20240309
Time 14.30
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDCl3
NS 16
F’E;l|3 ns ’
0 SWH 49019, 609
FIDRES 0.747
AD 0.6684
RG 198.09
DW 10.200 usec
DE 6.50 usec
TE 298.0 K
() D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
N02 3k CHANNEL f1
161.9836917
31p
15.00 usec
13.19999981 W
CHANNEL f2 ==
400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlb
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768
SF 161.9755930 MHz
WDW EM
55B 0
T T T T T T T T T T T T T LB 2.00 Hz
90 80 70 60 50 40 30 20 10 -0 -20 -30 ppm g’g . 43

NAME
EXPNO
PROCNO

Current Data Parameters

DP-1211(3f)
12

1

F2Z - Rcquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

ST
SF
WDW
SSB
LB
| GE
pC

10 9

20240403
22.07
spect

5 mm PAEBO BB/
zg30
32768
CDCl3
16
0
7211.539 Hz
0.220078 Hz
2.2719147 sec
51.8
69.333 usec
10.06 usec
298.2 K
2.00000000 sec

CHANNEL f]1 ========
400.1324008 MHz
1H

15.00
13.50000000 w

F2Z - Processing parameters
16384

400.1300088 MHz
EM
0
0 Hz
0
1.00

6.01™

3.10
3.1



13C NMR spectrum of compound 31 (CDCls, 100 MHz)

= i ;11 _a i o ":U : ':‘II. a
S W Sy
PBU3
o) o
Me '
o
Me 3l
I I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 0 ppm
3P NMR spectrum of compound 31 (CDCls, 162 MHz)
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Current Data Parameters

NAME DP-1211 (3f)
EXFNO 13
PROCNO 1
F2 - Acquisition Parameters
Date_
Time
NSTRUM spect
FROBHD 5 mm PAEBBO BB/
PULPROG zgpg30
D 32768
SOLVENT CDC13
NS 13692
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
ag 0.6815744 sec
RG 198.089
oW 20.800 usec
DE 6.50 usec
TE 298.2 K
ol 2.00000000 sec
D1l 0.03000000 sec
TDO 1

== CHANNEL fl = ===

100.6228298 MHz
NUC1 13c
Pl 10.00 usec
PLW1 49.50000000 W
—— CHANNEL f2 =——————=
SFO2 400.1316005 MHz
NUCZ 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
ST 32768
5F 100.6127721 MHz
WDW EM
S5B bl
LB 2.00 Hz
GB Q
PC 1.00

Current Data Parameters

NAME DP-1211(3f)
EXPNO 9
PROCNO 1

FZ - Acquisition Parameters
Date_ 1
Time 20.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg3d

D 65536
SOLVENT CDCl3

N5 5

Ds 4

SWH 49019. 609 Hz
FIDRES 0.7479%80 Hez
ap 0.6684672 sec
RG 198.09

oW 10.200 usec
DE 6.50 usec
TE 298.4 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1
161.9836917

PCPD2Z 90.00 usec
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
SI 32768

SF 161.9755930 MHz
WDW EM
S5B a

LB 2.00 Hz
GB a

PC 1.40




H NMR spectrum of compound 3m (CDCls, 400 MHz)
O T T U)W oy o
0ol oo OO Current Data Parameters
e g NAME DP-1254
(o o o B o B B B e B EXPNO 1
L—-’“l}-“:a&m’ "\\\ ,«%/ PROCHNO 1
F2Z - Acquisition Parameters
Date_ 20240428
Time 22.13
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPRCG zg30
TD 32768
PBu SOLVENT cDCl3
o ®o NS 16
DS 0
SWH 7246.377 Hz
' FIDRES 0.221142 Hz
AQ 2.2609921 sec
Br lo) RG 114
oW 69.000 usec
DE 6.50 usec
TE 296.8 K
Br 3m D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOl 400.1324008 MHz
F2 - Processing parameters
SI 16384
SF 400.1300079 MHZ
WDW EM
| SSB 0
[ LB 0 Hz
‘ GB 0
J Jk_ PC 1.00
N L . (ISVAW
T T T T T T T
10 9 8 7 3 2 1 ppm
||
u-} %D é;\g o ~ N
@ @ 9|88 = =2
S| o == © o ‘cn
13
C NMR spectrum of compound 3m (CDCl3, 100 MHz)
o - Current Data Parameters
= - NAME
e = EXPNO
o o PROCNC
| F2 - Acquisition Parameters
Date 2
Time B
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDCl13
PBU3 g: 161ﬂg
0 0o SWH 24038, 461 Hz
FIDRES 0.7335%96 Hz
AOD 0.6815744 sec
B RG 4098
r oW 20.800 usec
0 DE 6.50 usec
TE 296.9 K
Dl 2.00000000 sec
Br 3m D11 0.03000000 sec
Do 1
CHANNEL f1
13c
10.00 usec
4.20 dB
100.6233325 MHz
PL13 29.00 dB
SFOZ2 400.1316005 MHz
F2 - Processing parameters
J sI 32768
! SF 100.6127709 MHz
WDW EM
SEB a
T T T T T T T T T T I LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gg . Og

S82




3P NMR spectrum of compound 3m (CDCls, 162 MHz)

Current
NAME
EXPNO
PROCNC

—22.44

Date_
Time
NSTRUM
PROBHD
PULPROG
D
SOLVENT

Br

Data Parameters
DP-1254(3f)
1

1

F2 - Acquisition Parameters

20240424
15.26
spect

5 mm PABEBO BB/
z2gpg30
65536
CDcl3

5
4
4901%.609 Hz
0.747%80 Hz
0.6684672 sec
128.08
10.200 usec
6.50 usec
298.7 K
2.00000000 sec
0.03000000 sec
1

CHANNEL fl =

iip
15.00 usec
13.19999981 W

——— CHANNEL (2 =—=—=—==

400.1316005 MH=z
NUCz 1H
CPDPRG[2 waltzlé
PCPDZ 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
5I 32768
SF 161.97559%30 MH=z
WDW EM
SEB a
LB 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -0 -20 -30 ppm SE : 43

"H NMR spectrum of compound 3n (CDCls, 400 MHz)

S83

-~ 0 HDmNDHﬂ‘mm['*kDmmg
o MAO RO M Ao Current Data Parameters
e A NAME DP-1174 (3f)
(Cegpte] NN NN A A A OO0 O | EXPNO 1
S [y / \% / | PROCNO 1
S\ SN
F2Z - Acquisiticn Parameters
Date_ 20240305
Time 21.57
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 32768
SOLVENT CDC13
PBu, NS 16
(0} o] DS 0
SWH 7246.377 Hz
C ‘D FIDRES 0.221142 Hz
RAQ 2.2609921 sec
RG 181
(0] DW 63.000 usec
DE 6.50 usec
3n TE 298.7 K
D1 2.00000000 sec
D0 1
======== CHANNEL fl ========
NUC1 1H
P1 15.00 usec
PL1 11.10 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
~ SI 16384
f SF 400.1300106 MEz
WDW EM
55B 0
LE 0 Hz
GB 0
| l BC 1.00
L/ I L
T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 1 ppm
_ L || /
@© oD |IN|S|R|D @D - o
b} e S ] = =
=) L:; | | S| || 1 o o



13C NMR spectrum of compound 3n (CDCls, 100 MHz)
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3P NMR spectrum of compound 3n (CDCls, 162 MHz)

96

PBu
o 3
(o
3n
T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm
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Current D
NAME

EXFNO
PROCNC

FZ2 - Acquisition Parameters

Date_

Time

INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zgpg30

D 32768
SOLVENT cocl3

NS 17361

Ds a

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096

oW 20.800 usec
DE 6.50 usec
TE 298.7 K

ol 2.00000000 sec
Dll 0.03000000 sec
TDO 1

CPD

NUC

PCP 9

PL2 10.20 dB

FL1Z 26.00 dB

FL13 29.00 dB

SFO2 400.1316005 MHz
F2 — Processing parameters

ST 32768

SF 100.6127704 MHz
WDW EM

SEB 0

LB 1.00 Hz

GB 0

PC 1.00

Current D

NAME
EXFNO
PROCNO
FZ - Acgquisition Paramet
Date_ 20240229
Time 16.13
INSTRUM spect
FROBHD 5 mm PAEBO BB/
PULPROG zgpg3d
D 65536
SOLVENT CDcl3
NS 14
Ds 4
SWH 49019.609
FIDRES 0.747980
AQ 0.6684672
198.09
10.200 v
6.50 v
298.4
2.00000000
0.03000000
1

2 400.1316005
NUC2 11
CPDPRE[2 walt

90.00
12.50000000
0.34722000
0.28125000

oo w
m =
=]

O
=)

==== CHANNEL f2 ====

ters

sec
sec

usec
W
W
W

MH=z



"H NMR spectrum of compound 30 (CDCls, 400 MHz)

uy
w
w
@
PBU3
(0]
o
30
.
AAAAAAAAAAAAAAAJkAgJLAJkJL_J A DY A U B
T T T T T T T T T T
10 9 8 7 6 5 4 2 1 ppm
4 WATAN | ||
5| (8] (88 F & g g
1= (ci (—t\iu o " - ‘w‘

Current Data Parameters

NAME DP-1244(3f)
EXPNO T
PROCNO 1

F2 - Acquisition Parameters
Date_ 20240501

Time 22.00
INSTRUM spect
PROBHD 5 mm PAEBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DW 69.333 usec
DE 10.06 usec
TE 298.3 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 13.50000000 w

5T
SF
WDW
S55B
LB
GB
PC

13C NMR spectrum of compound 30 (CDCls, 100 MHz)

PBu
o o
o
30
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F2 - Processing parameters
16384

400.1300107 MHz
EM
0
0 Hz
0
1.00

Current Data Parameters

HNAME DP-1244(31)

EXFNO 8

PROCNO 1

F2 - Acquisition Parameters

Date_ 20240501

Time 22.01
NSTRUM spect

FROBHD 5 mm PABBO BE/

PULPROG zgpg30

D 32768

SOLVENT CcDCl3

NS 15259

Ds a

SWH 24038.461 Hz

FIDRES 0.733596 Hz

aQ 0.6815744 sec

RG 198.09

oW 20.800 usec

DE £.50 usec

TE 298.3 K

Dl 2.00000000 sec

D1l 0.03000000 sec

TDO 1

CHANNEL f1
100.6228298 MHz
13ic
10.00 usec

4%.50000000 W

==—=—=== CHANNEL f2 ==
SFOZ 400.1316005 MHz
NUC2 1H
CPDFRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 w
F2 - Processing parameters
5I 32768

SF 100.6127727 MH=z
WDW EM
SEB a

LB 2.00 Hz
GB a

PC 1.00



3IP NMR spectrum of compound 30 (CDCls, 162 MHz)

PE;U3
o o)
(0]
30
A
T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm

vurrent Data Parameters

HAME DP-1244 (31)
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20240416
Time 14.25

NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

jus) 65536
SOLVENT
NS
Ds
SWH 4801
FIDRES 0.7
AQ 0.6684672
RG 198.09
DW 10.200 usec
DE £.50 usec
TE 298.7 K
ol 2.00000000 sec
Dll 0.03000000 sec
D0 1

= CHANNEL f1

FCPDZ 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
51 32768

SF 161.9755930 MHz
WDW EM

SSB 0

LB 2.00 Hz
G 1)

BC 1.40

PE;U3
(o] (o]
Dty
(o]
3p

——
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
U ]|
R L
N | e [ || @ g @
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Current Data Parameters

NAME DP-12T74
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20240507

Time 23.24
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 32768
SOLVENT CDCl3

NS 16

Ds 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 114

oW 69.000 usec
DE 6.50 usec
TE 296.0 K

Dl 2.00000000 sec
DO 1
======== CHANNEL fl ========
NUC1 1H

Fl 15.00 usec
PL1 11.10 dB
SFOl 400.1324008 MHz
F2Z - Processing parameters
SI 16384

SF 400.1300108 MHz
WDW EM

SSB 0

1B 0 Hz
GB 0

PC 1.00



13C NMR spectrum of compound 3p (CDCls, 100 MHz)

Current Data Parameters

& _— p
= e . . NAME
3 o & ] AARASTIRY EXPNO
BN
= l T F2 - Acquisition Parameters
Date 20240507
Time 23.26
INSTRUM spect
PROEHD 5 mm BBC BB-1H
PULPROG zgpg30
D 32768
SOLVENT cpcl3
o PBu3 EE 13965
BzO 0 SWH 24038.461 Hz
FIDRES 0.733596 Hz
‘ AQ 0.6815744 sec
RG 4096
oW 20.800 usec
(o) DE 6.50 usec
TE 296.1 K
3p D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
sFol 100.6233325 MH=
= CHANNEL £2
CPDPRG[2 walt
NuUCz
PCPD2 90.00 usec
PLZ 10.20 dB
PL1Z 26.00 dB
PL13 29.00 dB
SFOZ2 400.1316005 MH=z
F2 - Processing parameters
J l 51 32768
/ . SF 100.6127730 MHz
WDW EM
S5B ]
I I I I I I I I I I I LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm gg . 03
3P NMR spectrum of compound 3p (CDCls, 162 MHz)
Current Data Parameters
o NAME DP-1274
- EXPNO 1
o PROCNO 1
F2 - Acquisition Parameters
Date_ 20240507
Time 21.4%9
NSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zgpg30
D 65536
SOLVENT CDC13
PBuj NS 11
Q 0 o 6472 g
SWH 124.918 H=z
BzO FIDRES 0.987624 Hz
RO 0.5062656 sec
RG 13004
DW 7.725 usec
o DE 6.50 usec
TE 296.1 K
3p D1 2.00000000 sec
Dil 0.03000000 sec
TDO 1
======== CHANNEL f2
CPDPRG[2 wal
NucCz
PCPD2 90.00 usec
PLZ 10.20 dB
PL1Z 26.00 dB
PL13 29.00 dB
SFOZ 400.1316005 MHz
F2 - Processing parameters
5I 32768
SF 161.9755930 MHz
WDW EM
S55B a
T T T T T T T T T T T T T T LB 1.00 Hz
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm gg . 03

S87



rg.244

"H NMR spectrum of compound 3q (CDCls, 400 MHz)

Current Data Parameters

NAME DP-1265(3f)
EXPNOQ 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 20240427
Time 21.28
INSTRUM spect
PROEHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT CDC13

NS 16

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42

DW 69.333 usec
DE 10.06 usec
TE 298.4 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ==

SFO1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
51 16384

SF 400.1300056 MH=z
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00

Current Data Parameters

NAME DP-1265 (3f)
EXPNO 4
FPROCNO 1

F2 - Acquisition Parameters
Date_ 2

Time

NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 32768
SOLVENT cocl3
NS 21747

D5 1)

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
IE 298.8 K

Dl 2.00000000 sec
Dil 0.03000000 sec
D0 1
== === CHANNEL fl ==

SFO1 100.6228298 MHz
NUC1 13ic

Pl 10.00 usec
PLWl 49.50000000 w

CHANNEL f2

400.1316005
1H

waltzle
90.00
12.50000000 W
0.34722000 W
0.28125000 W

o PEBU3 o
o
OMe
3q OMe
V‘ |
| LJ J‘ L_}hi)J‘ {
I I I I I
9 8 7 4 3 2 1 ppm
g Eeeeg I
o B =1 = e w :' ]
13C NMR spectrum of compound 3q (CDCls, 100 MHz)
= Sooag T Sos ;%,
NS NN A4
o PESU3 o
o
OMe
3q OMe
L LI |
[ i [ i [ [ ' [ [ [ ' [ i [ i [ [ i
200 180 160 140 120 100 80 60 40 20 0 ppm
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F2 - Processing parameters

ST 32768

SF 100.6127716 MHz
WoW EM

S5B 0

LB 2.00 Hz

GB 0

EC 1.00



3IP NMR spectrum of compound 3q (CDCls, 162 MHz)

.0

Current Data FParameters

NAME DE-1265(31f)
EXPNO 1
PROCNO 1

F2 — Acquisition Parameters

Date_ 20240427
Time 17.52
NSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg3l
D 65536
SOLVENT CcDcl3
NS 11
Ds 4
SWH 49019. 609 Hz
FIDRES 0.747%80 Hz
AQ 0.6684672 sec
RG 198.09
[o) PBU3 (o) DWW 10.200 usec
DE 6.50 usec
TE 298.2 K
Q D1 2.00000000 sec
Di1l 0.03000000 sec
TDO 1
(0]
OMe CHANNEL £l
3 161.9836
iip
q OMe 15.00 usec
13.19999981 W
CHANNEL f2 ====
400.1316005 MHz
1H
CPDPRG[2 waltzle
PCPD2 90.00 usec
PLW2 12.50000000 w
PLW12 0.34722000 w
PLW13 0.28125000 W
FZ — Processing parameters
SI 32768
SF 161.9755930 MHz
WDW EM
SS5B a
T T T T I T I I I I I I I I LB 2.00 Hz
90 80 70 60 50 40 30 20 10 0 -10  -20 -30 ppm = . 43
"H NMR spectrum of compound 6 (CDCls, 400 MHz)
o
I =]
I =] Current Data Parameters
@ o  NAME JN-039 (3f)
— ] EXPNO 3
PROCNO 1
F2 - Acguisition Parameters
Date_ 20240429
Time 19.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
o 32768
SOLVENT CDCl3
NS 9
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 128.9
DW 69.333 usec
DE 10.06 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
= CHANNEL f1 =
SFOl 400.1324008 MHz
NUCL 1H
Pl 15.00 usec
PLWL1 13.50000000 W
F2 - Processing parameters
51 16384
SF 400.1300117 MHz
WDW EM
SS5B 0
LB 0 Hz
GB 0
PC 1.00
A
T T T T T T T T T T T
10 6 5 4 3 2 1 ppm

9 8 7
| 22|22 2w
~lolailedledl=lsln

S89



13C NMR spectrum of compound 6 (CDCls, 100 MHz)

Current Data Parameters
NAME JN-0389
EXPNO 2
PROCNO 1

F2Z2 - Acquisition Pa
Date_ 2

Time .
INSTRUM spect
PROBHD 5 T E
PULPROG zgpg30
Tl 32768
SOLVENT cDCl3
NS

Ds

0.6815744
4096

2.00000000 sec
0.03000000 sec

CHANNEL f1

10.00 usec
4.20 dB
100.6233325 MHz

CHANNEL f£2
walt

1
90.00 usec
10.20 dB
26.00 dB
29.00 dB
400.1316005 MHz

parameters
32768

" |

-612

1 1 \ 1 \ 1 \ 1 \ \ 1
200 180 160 140 120 100 80 60 40 20 0  ppm

S90
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H NMR spectrum of compound 5aa (CDCls, 400 MHz)

o
g Current Data Parameters
!:; NAME DP-612(3f)
1 EXPNO 10
PROCNO 1
F2 - BRecquisition Parameters
Date_ 20230514
Time
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 835.08
DW 69.333 usec
DE 10.06 usec
TE 295.1 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ==
SFOL 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
f=h 16384
SF 400.1300079 MHz
WDW EM
S5B 0
LE 0 Hz
GBE 0
U PC 1.00
LY |
T T T T T T T T T T T
10 8 7 6 5 4 3 2 1 ppm

9
Iy
EEE
Rl R Bl =]

=)
=|2|al=
o]

13C NMR spectrum of compound 5aa (CDCls, 100 MHz)

Current Data Parameters

NAME DP-612 (3f)
EXPNO 11
PROCNC 1

F2 - Acquisition Par

ters

Date_ 20230514

Time 4.21

NSTRUM spect
FROBHD 5 mm PABBO BB/
PULPRCG zgpgil

D 32768
SOLVENT cocli
NS 901

DS a

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
IE 295.2 K

Dl 2.00000000 sec
Dil 0.03000000 sec
TDO 1

==== CHANNEL f

SFO1 100.6228298

MHz
NUC1l 13c
Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
Nucz2 1

CPDPRG[2 walt
PCPDZ 90.00 usec
PLWZ 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 W
F2 — Processing parameters
| ﬂ ‘ | { ST 32768
SF 100.6127750 MHz
WDW EM
SSB a
I I I T T T I I I I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm & i
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'"H NMR spectrum of compound Sba (CDCls, 400 MHz)

@ o o o
o] o ot ©  Current Data Parameters
= = o S NaME DP-1287 (3f)
oo ] — o EXPNO 4
- ‘ | PROCNO 1
F2Z - Acguisition Parameters
Date_ 20240521
Time 22.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CcDC13
N3 16
D3 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
RQ 2.2719147 sec
RG 113.31
DW 69.333 usec
DE 10.06 usec
TE 297.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ==
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 w
F2Z - Processing parameters
SI 16384
SF 400.1300088 MHz
WDW EM
S5B 0
LB 0 Hz
GB 0
j I J pC 1.00
S L
I I T T I I I T I I I I
1 10 9 8 7 6 5 4 3 2 1 ppm
11
sESERTRE g
[q b ot Bl N
Sledl=|=lail—|ed|— L

13C NMR spectrum of compound 5ba (CDCls, 100 MHz)

Current Data Parameters

o™ 4 = N "

= " o NAME DP-1287 (3f)

" 55 e MRS ARZENaRES EXPNO 5

T h T L Aﬁr.'ﬁ/ﬁ”wr':j'z PROCNO 1
Vo S e

FZ2 — Acguisition Parameters

Date_ 20240521
Time 22.11
NSTRUM spect
PROEBHD 5 mm PAEBO EB/
PULPROG zgpg30

D 32768
SOLVENT cDcl3

NS 13904

DS a

SWE 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

oW 20.800 usec
DE 6.50 usec
TE 297.9 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL fl ====
100.6228298 MHz
13c
10.00 usec
49.50000000 W

CHANNKEL f2 =
SFOZ 400.1316005 MHz
NUC2 10
CPDPRG[2 waltzlég
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 w
PLW13 0.28125000 w
F2Z — Processing parameters
‘ I _J ST 32768
L SF 100.6127710 MHz
WOW EM
SEB a
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm = Lol
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H NMR spectrum of compound 5ea (CDCl3, 400 MHz)

467
455
445
261
0,000

NAME
EXPNO
PROCNO

[
[

-

Date_
Time
INSTEUM
PROEBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

T T 1 T T T T T T T
7

’J .
F#FkFﬁgﬁkﬂa-

12222
P B PN i P

13C NMR spectrum of compound Sea (CDCl3, 100 MHz)

Current Data Parameters

DP-1281(3f)
5

1

F2Z - BRcquisition Parameters

20240527

11.03

spect

5 mm PABBO BB/
zg30

32768

CDC13

16

0
7211.539 Hz
0.220079 Hz
2.2719147 sec
198.09
69.333 usec
10.06 usec
297.8 K
2.00000000 sec
1

CHANNEL fl1 ========
400.1324008 MHz
1H
15.00 usec

13.50000000 w

Processing parameters

16384
400.1300094 MHz
EM
0
0 Hz
0

1

.00

Current Data Pa

. . L NAME
. g [ h = EXFNO
o o Ty T T Ty PROCNO 1
|
\/ \1 '\‘HS“:“T‘\‘\\I % F2 — Acquisition Pa
Date_
Time .
INSTRUM spect
FROBHD 1
PULPROG zgpg30
TD 32768
SOLVENT CDCl3
NS 2
Ds
SWH
FIDRES E
AQ 0.6815744
RG 0g&
DW 20.800 usec
DE 6.50 usec
IE 298.0 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
== == CHANNEL f1
NUC1
Pl 10.00 usec
PL1 4.20 dB
sFol 100.6233325 MHz
NUCz2 H
PCPD2 90.00 usec
PL2 10.20 dB
PL1Z 26.00 dB
PL13 29.00 dB
SFO2 400.1316005 MH=z
F2 — Processing parameters
s5I 32768
- SF 100.
WDW
SEB
j I j I j I j I j I j I " I " I " I " I " I j LB
200 180 160 140 120 100 80 60 40 20 0 ppm =

S93




m of compound 5

i

a (CDCls, 400 MHz)

il

10

195,50

Ppm

13C NMR spectrum of compound 5ia (CDCls, 100 MHz)

2

135

134.1
———131.59

Z
/

129,10
12B. 92

N
\

22

115,

T—100.51

—55.93

Current Data Parameters

NAME JN-087(3f)
EXPNO 5
PROCHO 1

F2 — Acquisition Parameters
Date_ 20240605
Time 9.48
INSTRUM spect
PROEHD 5 mm PABBO BE/
PULPROG zg30

D 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16

DW 69.333 usec
DE 10.06 usec
TE 298.4 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 13.50000000 w

F2 - Processing parameters
51 16384

SF 400.130009%92 MHz
WDW EM

SSB o

LB 0 Hz
GB 0

PC 1.00

Current Data Parameters

NAME JN-087 (3£)
EXPNO 4
PROCNO 1
F2 — Acquisition Parameters
Date_ 20240603
Time 22.16
NSTRUM spect
FROBHD 5 mm PABBO EB/
PULPROG zgpg30
D 32768
SOLVENT cDCl3
NS 14290
Ds a
SWHE 24038.4¢61 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 298.4 ¥
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL fl1 ==
100.6228298 MHz
13icC
10.00 usec

4%.50000000

CHANNEL f2

SF02 400.1316005
Nucz2 1
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLWZ2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
‘ “ \ ‘ ‘ H F2 - Processing parameters
sI 32768
" . Al - SF 100.6127695 MHz
WDW EM
SS5B a
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm &= .
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H NMR spectrum of compound 5ja (CDCls, 400 MHz)

r8.32s

Current Data Parameters
NAME DP-1282 (3f)
EXPNO 5
PROCNC 1

F2 - Acguisition Parameters

Date_ 20240514
Time 18.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CDCcl3
NS 16
DS 0]
SWH 7211.539% Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 158.74
oW 69.333 usec
DE 10.06 usec
TE 298.6 K
D1 2.00000000 sec
TDO 1
== == CHANNEL f
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
ST 16384
SF 400.1300095 MHZ
WDW EM
SSB a
LB 0 Hz
GB 0]
BC 1.00

i U

I I I I I I I I I I I
8 7 6 5 4 3 2 1 ppm
) S
EHEEREERE
O |O|O|N|—|N|—

13C NMR spectrum of compound 5ja (CDCls, 100 MHz)

Current Data Parameters

NAME Dp-1282

] T EXENO 5

o FROCNC 1
F2 - Acquisition Parameters
Date_ 20240510
Time 22.08
NSTRUM spect
FROBHD 5 mm BBC BB-1H
PULPROG zgpg30
D 32768
SOLVENT CDCL3
NS 14389
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096
DW 20.800 usec
DE 6.50 usec
TE 297.1 K
Dl 2.00000000 sec
Dil 0.03000000 sec
pusly] 1

CHANNEL f1

13c
10.00 usec
4.20 dB

100.6233325 MHz
CHANNEL £2
CPDPRG[2 walt
NUC2
PCPD2 90.00 usec
PLZ 10.20 dB
PL12 26.00 dB
PL13 29.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
‘ ST 32768
/e ) SF 100.6127711 MHz
WDW EM
SE5B 0
j I " I j I j I " I j I j I " I j T j T j I " LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm = . 03
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9F NMR spectrum of compound 5ja (CDCls, 376 MHz)
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Current Data Parameters

NAME DP-1282 (3f)
EXPNO 7
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240621
Time 10.53
INSTRUM spect
PROEHD 5 mm PABBO BE/
PULPROG zgig
D 131072
SOLVENT CDC13
NS 16
DS o
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09
oW 5.600 usec
DE 6.50 usec
TE 29%8.7 K
D1 1.00000000 sec
D11l 0.03000000 sec
TDO 1
CHANNEL f1
376.4607168 MHz
19F

15.00 usec
16.50000000 W

CHANNEL f2 ==
400.1316005 MHz
1H
waltzlée
90.00 usec
12.50000000 W
PLW12 0.34722000 W
F2 — Processing parameters
SI 65536
SF 376.4983662 MHz
WDW EM
S5B 0
LE 1.00 Hz
GB 0
PC 1.00



[

H NMR spectrum of compound 5la (CDCls, 400 MHz)

— w0 o e 8
g ;J £ £ : ;" < Current Data Parameters
P P o NAME JN-062 (3f)
r - ™ ! EXPNO 4
- \/ | PROCNO 1
F2Z - Acguisition Parameters
Date_ 20240514
Time 22.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CDC13
NS 7
Ds 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31
oW 69.333 usec
CE 10.06 usec
TE 2899.4 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ======—==
SFOL 400.1324008 MHz
NUC1 1H
Fl 15.00 usec
FLW1 13.50000000 w
F2Z - Processing parameters
I 16384
SF 400.1300095 MHz
WDW EM
55B o
LB 0 Hz
GB o
PC 1.00
AU i JJ
I I I I I T T I T I I
10 9 8 7 6 5 4 3 2 1 ppm
SEeESHEEE sk
[cr! aelaa=|=2el= 2=
Sle|=lo|S|ai|=|ai|= oiled

13C NMR spectrum of compound 5la (CDCls, 100 MHz)

- Current Data Parameters
= A NAME JN-062 (3f)
o P EXENO 5
n o PROCNO 1
| | F2 - Acquisition Parameters
Date_ 20240514
Time 2z.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 32768
SOLVENT CcDCL3
NS 16233
0
24038.461 Hz
0.733596 Hz
0.6815744 sec
198.09
20.800 usec
6.50 usec
299.3 K
2.00000000 sec
0.03000000 sec
1
== CHANNEL f1 =
100.6228298
1ic
10.00 usec
49.50000000 W
CHANNEL f2 == ===
400.1316005 MHz
1H
wal 3
90.00 usec
12.50000000 W
0.34722000 W
0.28125000 W
F2 - Processing parameters
J 32768
l JL 100.6127702 MEz
EM
0
T T T T T T T T T T T 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm . og
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'"H NMR spectrum of compound Sma (CDCls, 400 MHz)

—_—— e

9 8 7 6 5 4 3 2 1 ppm

o
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I Y
Rl D 1R E=10 1 L T

o

o

©  Current Data Parameters

6 NAME JN-061

1 EXPHNO 1
PROCNO 1
F2Z - Acguisition Parameters
Date_ 20240530
Time 22.32
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 H=z
AQ 2.2609921 sec
RG 322.5
oW 69.000 usec
DE 6.50 usec
TE 297.1
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
sSI 16384
SF 400.1300084 MH=z
WDW EM
S8B 0
LB 0 Hz
GBE 0

_/\J eC 1.00

Current Data Parameters

- 5 oo NAME JN-062 (3£)
S P EXPNO 5
i o PROCNC 1
| ‘ F2 - Acquisition Pa ters
Date_
Time
INSTRUM
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
T 32768
SOLVENT CDC13
NS 16233
s 0
24038.461 Hz
0.733596 Hz
0.6815744 sec
198.09
20.800 usec
6.50 usec
209.3 K
2.00000000 sec
0.03000000 sec
1
== CHANNEL f1 =
100.6228298 MHz
13c
10.00 usec
49.50000000 W
== CHANNEL f2 ====
400.1316005 MHz
1H
CEDFRG[Z waltzlé
PCPDZ 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
J 5I 32768
J SF 100.6127702 MEz
WDW EM
SSB a
I I I I I I I I I I I LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0  ppm gc . og
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o
QNO OO Current Data Parameters
LeR%28e mwE DP-1153 (3f)

LN LSSl EXRNO 10

4444_‘_/ PROCNO 1

F2 - Acguisition Parameters

Date_ 20240302
Time 21.22
INSTRUM spect
PROBHD 5 mm PABEC BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
N8 16
D8 0
SWH 7211.53% Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 144.49
DW 69.333 usec
DE 10.06 usec
TE 297.5 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f]l ========
SFO1l 400.1324008 MHzZ
NUC1 1H
Pl 15.00 usec
PLWL 13.50000000 W
F2 - Processing parameters
58I 1638
SF 400.1300100 MH=z
WDW EM
38B 0
LB 0 Hz
GB 0
PC 1.00
)
I\
T T T T T T T T T T T T T
12 11 8 7 6 5 4 3 2 1 ppm
u

s i

=2 212122 =222z

- o|N|~ O |o|M|r|r|m

13C NMR spectrum of compound 5na (CDCls, 100 MHz)

NAME
EXPNO

PROCNC

Current Data Parameters

DP-1153 (3f)
11
1

F2 - Acquisition Parameters

Date_ 20240302
Time 21.24
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
pys] 32768
SOLVENT CDCl3
NS 18528
D5 0
SWH 24038.461 Hz
FIDRE 0.733596 Hz
el 0.6B815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 297.9 K
Dl 2.00000000 sec
Dil 0.03000000 sec
paly] 1
== == CHANNEL fl
5FO1 100.6228298 MHz
NUC1 13c
Pl 10.00 usec
PLW1 49.50000000 w
CHANNEL f2
SFO2 400.1316005 MHz
Nuc2 1H
CPDPRG[2 waltzlb
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
{ ‘ ST 32768
SF 100.6127702 MHz
WDW EM
S5B 0
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm 2 i 03

S99



"H NMR spectrum of compound 50a (CDCls, 400 MHz)

g Current Data Parameters
e NAME DP-1283
o EXPNO 1

PROCNO 1

F2 - Recquisition Parameters

Date_ 20240517

Time 22.12
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

Ds 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 181

DW 69.000 usec
DE 6.50 usec
TE 295.5 K

D1 2.00000000 sec
TDO 1

Pl 15.00 usec
PL1 11.10 dB
SFO1 400.1324008 MHz
F2Z - Processing parameters
SI 16384

SF 400.1300092 MHz
WDW EM

85B o

LB 0 Hz

GB 0
A PC 1.00
et o ] JI

T
7 6 5 4 3 2 1 ppm

10 9
S = od | | == od 0| = |
3C NMR spectrum of compound So0a (CDCls, 100 MHz)
o - Current Data Parameters
= NAME DP-1283
a2 &k F A EXPN: 2
TN - PROCNG 1

F2 - Acquisition Parameters

Date_ 20240518

Time 9.16
INSTRUM spect
FROBHD 5 mm BBO EB-1H
PULPROG zgpg30

D 32768
SOLVENT cpcl3

NS 14483

D3

SWH 24038 Hz
FIDRES 0.733596 Hz
pXe] 0.6815744 sec
RG 4086

oW 20.800 usec
DE 6.50 usec
IE 296.8 K

Dl 2.00000000 sec
Dll 0.03000000 sec
TDO 1

D

C E
PD2 90.00 usec
2 10.20 dB
12 26.00 dB
13 29.00 dB
02 400.1316005 MHzZ

g E e

F2 - Processing parameters
32768
100.6127716 MHz

EM
0

I I I I I I 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm 9

1.00

$100
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H NMR spectrum of compound Sab (CDCls, 400 MHz)
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Current Data Parameters

NAME
EXPNO
PROCHNO

DP-1174(3f)
4
1

FZ - Acgquisition Parameters

Date 20240303

Time 23.25
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT cocl3

NS 16

D3 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 128.9

DW 69.333 usec
DE 10.06 usec
TE 297.3 K

Dl 2.00000000 sec
TDO 1

CHANNEL fl ========

400.1324008 MHz
1H
15.00 usec
13.50000000 W

FZ - Processing parameters

SI 16384

SF 400.1300088 MHz

WDW EM

38B 0

1B 0 Hz

GB 0

PC 1.00
Current Data Farameters
NAME DE-1174 (2f)
EXPNO 5
PROCNO 1
F2 — Acgquisition Parameters
Date_ 20240303
Time 23.35

NSTRUM spect

PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 32768
SOLVENT CDCl3
NS 13401
Ds a
SWH 24038.461 Hez
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 297.5 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1
== == CHANNEL fl == =
SFOl 100.6228298 MHzZ
NUC1 13C
Pl 10.00 usec
PLW1 49.50000000 W

SFOZ 400.1316005 MHz
Nucz2 1H
CPDFRG[Z waltzlé
PCPDZ 90.00 usec
PLWZ 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
F2 — Processing parameters
SI 32768

SF 100.6127716 MHz
WOW EM

55B a

LB 2.00 Hz
GB a

FC 1.00



Current Data Parameters

NAME JN-057(3£)
EXPNO 7
PROCNO 1

F2Z - Acquisition Parameters
Date_ 20240621
Time 11.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT CDCl13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16

DW 69.333 usec
DE 10.06 usec
TE 298.4 K
D1 2.00000000 sec
D0 1

-
SERCN
>

2]
o

2.02/
1.04,
2.03/
2.00

192
1.97\
0.99%
0.99% ) |
0.97=

4

== CHANNEL fl ========

400.1324008 MHz
1H

15.00
13.50000000 W

F2Z - Processing parameters
=k 16384
SF 400.1300000 MHz
WOW
S5B 0
LB 0 Hz
GB 0
PC 1.00

|

T

ppm

13C NMR spectrum of compound 5ac (CDCls, 100 MHz)

A H JL

——55.49
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60

5102

ppm

Current Data Parameters

NAME
EXPNO
PROCNO

JN-057 (3£)

-

F2 — Acgquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
SOLVENT
NS

Ds

SWH
FIDRES
A

RG

20240513
22.15
spect

20.800 usec
6.50 usec
300.2 K
2.00000000 sec
0.03000000 sec
1

CHANNEL f1 =
100.6228298 MHz
13cC
10.00 usec
49.50000000 W
CHANNEL f2 ====
400.1316005 MHz
1H
waltzlé

90.00 usec
12.50000000 w
0.34722000 W
0.28125000 W

F2 — Processing parameters
sI 32768
SF 100.6127688 MH=z
WDW EM
S55B 0
LB 2.00 Hz
GB 0
FC 1.00



Current Data Parameters

NAME DP-1161(3f)
L e ol el ol el ol el EXPNO 9
e PROCNO 1

F2 - Acquisition Parameters

Date_ 20240527

Time 11.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.06 usec
TE 297.8 K

D1 2.00000000 sec
TDO 1

=== = CHANNEL fl ========
SFOL1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
SI 16384

SF 400.1300093 MH=z
WDW EM

S5B 0

LB 0 Hz
GB 0

J PC 1.00

I I I I I I I I I I I
10 7 6 5 4 3 2 1 ppm

ey

13C NMR spectrum of compound 5ad (CDCls, 100 MHz)

. r y o Current Data Parameters

o , R NAME DE-1161 (3f)

R fs tazwo ;
\ SNz

FZ2 - Acquisition Parameters

Date_ 20240511
Time 23.52
INSTRUM spect
FROBHD 5 mm PABBO EBE/
PULPROG zgpg30
TD 12768
SOLVENT CDCl3
NS 20000
DS a
SWH 24038.461 Hz
FIDRES 0.733596 Hz
RO 0.6815744 sec
RG 1%8.09
DW 20.800 usec
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1
======== CHANNEL fl ==
SFO1 100.6228298 MH=z
NUC1 13c
Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL f2Z ==
SFO2 400.1316005 MH=z
NUCZ2 1H
CPDPRG[Z waltzlé
PCPDZ 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
{l sI 32768
i ye . . N A SF 100.6127715 MH=z
WDW EM
SEB a
I j I j I " I j I j I j I j I j I j I j I j LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm <= 0



19F NMR spectrum of compound 5ad (CDCls, 376 MHz)

-102.85

-20

-40

-60

1
-80

T
-100

T
-120

-140

5104

-160

T
-180 ppm

Current Data Parameters

NAME DP-1161 (3f)
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240621
Time 10.50
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zgig
TD 131072
SOLVENT CDC13
NS 16
Ds 0
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09
DW 5.600 usec
LE 6.50 usec
TE 2098.8 K
D1l 1.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
376.4607168 MHz
19F
15.00 usec

16.50000000 W

CHANNEL f2 ==

400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1Z2 0.34722000 W
F2 - Processing parameters
I 65536
SF 376.4983662 MHz
WDW EM
S5B 0
LB 1.00 Hz
GB 0
PC 1.00
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H NMR spectrum of compound 5ae (CDCl3, 400 MHz)

o
g Current Data Parameters
6 NAME DE-1167
1 EXPNO 1
PROCNO 1
F2Z - Acguisition Parameters
Date_ 20240224
Time 21.08
INSTRUM spect
PROBHD 5 mm BBEO BB-1H
PULPROG zg30
D 32768
SOLVENT cDcl3
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 228.1
DW 69.000 usec
DE 6.50 usec
TE 295.4 K
D1 2.00000000 sec
TDO 1
CHANNEL fl ========
1H
15.00 usec
11.10 dB
400.1324008 MHzZ
F2Z - Processing parameters
S5I 16384
SF 400.1300077 MHzZ
WDW EM
S5B 0
LB 0 Hz
GB 0
BC 1.00
LWy - L | N
I I I I I T I I I I I
10 9 8 6 5 4 3 2 1 ppm

7

— LL —
RIS EREES
@SS |S|P=|S|Q|
S| |ei|=|S| il =] =|ni

13C NMR spectrum of compound 5ae (CDCls, 100 MHz)

Current Data Parameters

.30

HAME DP-1167

= ow EXPHNO 2

e an . " PROCHO "
L) \\ - =

=N

F2 - Acgquisition Parameters

Date 20240224
Time 21.11
NSTRUM spect
FROBHD 5 mm BBC BBE-1H
PULPRCG zgpg30
D 32768
SOLVENT CDCL3
NS 20000
Ds a
SWH 24038.461 Hz
FIDRES 0.733596 Hz
D 0.6815744 sec
RG 4096
DW 20.800 usec
E 6.50 usec
285.8 K

2.00000000 sec
0.03000000 sec

Pl 10.00 usec
FL1 4.20 dB
SFO1 100.6233325 MHz
G[2
NUCZ E
PCED2Z 90.00 usec
PL2 10.20 dB
PL1Z 26.00 dB
PL13 23.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
sI 32768
/ ! SF 100.6127723 MHz
WDOW EM
S5B a
T T T T T T T T T T T LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm c2 i

S105



MU TOOTONOO A NT QoW O oD WMo w o
W o0 RS — O W OO OO~ ) WD ~ =1 Current Data Parameters
S ) €O 0 00 0O T - [-RTaNTy ] = o w0 ° NAME JN-066 (3f)
- — ] EXPNO 2
| | PROCNO 1
FZ2 - Acquisition Parameters
Date_ 20240518
Time 21.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
D3 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 158.74
DW 69.333 usec
DE 10.06 usec
TE 297.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOL 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
SI 16384
SF 400.1300093 MHz
WDW EM
S5B 0
LB 0 Hz
GBE 0
| PC 1.00
|, Ju /
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm

EIETEE]
S| |

S
o|n|T|D
=222
aif = |od|ed

13C NMR spectrum of compound 5af (CDCls, 100 MHz)

Current Data Parameters

o NAME JN-066 (3£)

? @ @ © @ o .\?—I,- EXPNO 3

it PP i i i N Qo e i ke i i el e PROCNO 1

L/ 5 [ e
\I'f | N‘\\L\:\% |/.1/r/é’ F2 - Acguisition Parameters

Date_ 20240518
Time 21.15
INSTRUM spect
PROBHD 5 mm PAEBO BB/
PULPROG
ID
SOLVENT
NS
Ds
SWH
FIDRES
2O
oW
E 297.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1 =
100.6228298
13c
10.00 usec
49.50000000 w

z

CHANNEL f2 =
400.1316005

1H
waltzlé
90.00 usec

F2 - Processing parameters
32768

100. 6127695 MHz
EM
i)

2.00 Hz
i)
1.00

| _ . |

T T T T T \
200 180 160 140 120 100 80 60 40 20 0 ppm

5106



"H NMR spectrum of compound 5ag (CDCls, 400 MHz)

Current Data Parameters

NAME DP-1164 (3f)
EXPNOC 3
PROCNO 1

F2 - Acquisition Parameters
Date 20240223

Time 21.58
INSTRUM spect
PROEBHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT CDC13

NS 16

DS 0

SWH 72Z11.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31

DW 69.333 usec
DE 10.06 usec
TE 298.3 K

D1l 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Fl 15.00 usec
PLWL1 13.50000000 w

F2 - Processing parameters
51 16384

SF 400.1300084 MHz
WDW EM

S5B 0

LB 0 Hz
GBE 0

PC 1.00

et I

10 9 8
B
HERRNEEEEE
S|l el === [~]~

13C NMR spectrum of compound 5ag (CDCls, 100 MHz)

-~ -
[=2]
(4]
E=Y
w
%]
ury

ppm

o W o o~ s
. - . . - )
@ wmoag © =pal @ EXPN 4
oo N FROCNOC 1
SS\WE Y
\/ | \ﬁéskrikﬁt}ﬁﬁ J r"ﬁf F2 — Acquisition Parameters
Date_ 20240223
Time 22.00
INSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
D 32768
SOLVENT CDC13
NS 13499
D5 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
D11l 0.03000000 sec
TDDO 1
= CHANNEL fl =

sFOl 100.6228298 MHz
NUC1 13c
Pl 10.00 usec
PLW1 49.50000000 W
= CHANNEL f2 ====
400.1316005 MHz
1H
2 waltzlé

90.00 usec
12.50000000 W
0.34722000 W
0.28125000 W

1
3
|
m
H
a
Q
ud
1]
1]
b
o
Q

u

100.6127720 MHz
EM

[EESRERE

o=

T T 1 1 \ T 1 \ T T T
200 180 160 140 120 100 80 60 40 20 ppm

s
s
W
s
L
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(gl
=)
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H NMR spectrum of compound 5ah (CDCls, 400 MHz)

[";{LDF"\C{)
[Toli=) e o ) g te]
o oo o NAME
I EXPNO
Treee PROCNO

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

193, 87

T T T T T T T T T
9 7
L
258
N[N ||

8
EEEEE
13C NMR spectrum of compound 5ah (CDCls, 100 MHz)

S

WDW
S5B

I
200

' [ ' [ j [ ' I ' [
80 60 40 20 0 ppm

LB
GB
PC

I I I I I
180 160 140 120 100

5108

F2 - Acquisition Param

Current Data Parameters

JN-056
1
1

F2 — Acquisition Parameters

20240513
21.55
spect

5 mm BBO BB-1H
zg30
32768
cpcl3
16
0
7246.377
0.221142
2.2609921
256
69.000 usec
6.50 usec

295.8 K
2.00000000 sec

1

Hz

sec

CHANNEL f
15.00 usec
11.10 dB
400.1324008 MHz

Processing parameters

16384
400.1300075 MHz
EM

0

0 Hz

0
1.00

Current Data Parameters

b3 NAME IN-056
g g EXPNO 2
e e el e i i e PROCNO 1

eters

SOLVENT CDC13
NS 17361
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
aQ 0.6815744 sec
RG 4096
DWW 20.800 usec
DE 6.50 usec
TE 295.9 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
= == CHANNEL f1
NUC1 13
Pl 10.00 usec
PL1 4.20 dB
SFO1 100.6233325 MHz
= CHANNEL £2
C walt
N
P 90.00 usec
2] 10.20 dB
P 26.00 dB
2] 29.00 dB
3 400.1316005 MHz
FZ - Processing parameters

J 51 32768

. 5F 100




[

H NMR spectrum of compound 5ai (CDCl3, 400 MHz)

o o
5 o Current Data Parameters
e S HAME JN-147 {3£)
— =] EXPNO [
PROCNO 1
F2 - RAcguisition Parameters
Date_ 20240718
Time 22.07
INSTRUM spect
PROBHD 5 mm PABEC BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
Ds 0
SWH T7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 128.9
DW 69.333 usec
DE 10.06 usec
TE 297.2 K
. D1 2.00000000 sec
Sai TDO 1
CHANNEL f] ========
400.1324008 MHz
1H
15.00 usec
13.50000000 w
F2 - Processing parameters
SI 16384
SF 400.1300078 MHz
WDW EM
SSB 0
LB 0 Hz
|l GB 0
.U i pC 1.00
— WUV Y L SN
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm

13C NMR spectrum of compound 5ai (CDCls, 100 MHz)

. Current Data Parameters
= " ; NAME JN-147 (3f)
R b =3 “ N - EXPNO 7
oo . o o nan B ; PROCHNO 1
VoSS
\ S —

spect
5 mm PABBO BB/
zgpg30
32768
SOLVENT CDC13
NS 15030
D5

Sai
10.00 usec
49.50000000 w
=== CHANNEL fZ ==== =
400.1316005 MHz
walt
90.00 usec
12.50000000 W
0.34722000 W
0.28125000 W
&5s51ng ]:Brim.EtEl’S
SI 32768
I ! L w . SF 100.6127711 MEz
WDW EM
558 a
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm 53 ) og

S109
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H NMR spectrum of compound 5aj (CDCls, 400 MHz)

o o
(=1 = Current Data Parameters
e S NAME DP-1259(3f)
— o EXPNO 8
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240522
Time 22.04
INSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
D3 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 144.49
DW 69.333 usec
DE 10.06 usec
TE 297.8 K
D1 2.00000000 sec
DO 1
CHANNEL f1 ==
400.1324008 MHz
1H
15.00 usec
13.50000000 W
5a] F2 - Processing parameters
51 16
SF 400.1300102 MHz
WDW EM
55B 0
LE 0 Hz
|| GB 0
A PC 1.00
LU [
T T T T T T T T T T T
10 8 7 6 5 a4 3 2 1 ppm

2 EEeEEEEy

13C NMR spectrum of compound 5aj (CDCls, 100 MHz)

Current Data Pa eters
NAME DP-1259 (3f)
EXPNO 9
PROCNO 1

F2 - Acquisition
Date_ 2
Time

6.50 usec

297.8 K
2.00000000 sec
0.03000000 sec

13c
10.00 usec
49.50000000 w

== CHANNEL f2 ===
400.1316005 MHz
1H

90.00 usec
2.50000000 W
0.34722000 W
0.28125000 W

F2 - Processing parameters
sI 32768
L o = SF 100.6127701 MH=z
0 EM
0
2.00 Hz
0
1.00

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S110
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H NMR spectrum of compound Sak (CDCls, 400 MHz)

Current Data Parameters

NAME DP-1166(3£f)
EXPNO 4
PROCNOC 1
F2 — Acquisition Parameters
Date_ 20240511
Time 21.10
INSTRUM spect
PRCEHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CcDC13
NS 16
D8 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
RQ 2.2719147 sec
RG 99.72
DW 69.333 usec
DE 10.06 usec
TE 298.5 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ==
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 16384
SF 400.1300060 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
l 1 PC 1.00
AL
I I I I I I I I I I
9 8 7 6 5 4 3 2 1 ppm
J LLL

== i

[C! alo|a|=(S C!} 2 pd =

S| c|o|ail—|a S oiled

Current Data Pa

o n
@ = @ I NAME
= = - : EXFPNC 5
o i - i PROCNO 1
| | | | F2 — Acquisition Parameters
Date_ 20240511
Time 21.12
NSTRUM spect
PROBHD 5 mm PABBO BE/
PULPROG zgpg3l
TD 32768
SOLVENT CDCl3
NS 3408
]
24038.461 Hz
0.733596 Hz
0.6815744 sec
198.09
20.800 usec
6.50 usec
298.8 K
2.00000000 sec
0.03000000 sec
1
CHANNEL f1
100.6228298 MHz
13cC
10.00 usec
49.50000000 w
CHANNEL £2 ==
SFOZ 400.1316005 MH=z
NUcz2 1H
CPDPRG[2 wal 6
PCED2 90.00 usec
PLWZ 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 W
F2 — Processing parameters
J SI 32768
L - S5F 100.6127709 MH=z
WOW EM
55B a
T I T I I T I I I I T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm == 0

S111
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H NMR spectrum of compound 4 (CDCls, 400 MHz)

o
=
o
o
L

Current Data Parameters

NAME DP-1037
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters

Date_ 20240303

Time 23.45
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

D 32768
SOLVENT CDC13

N3 16

Ds Q

SWH 7246.377 Hz
FIDEES 0.221142 Hz
AQ 2.2609921 sec
RG 114

oW 69.000 usec
LE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 15.00 usec
PL1 11.10 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
=

SF 400.1300022 MHz
WDW

SSB ]

LB 0 Hz
GB Q

PC 1.00

o ®pBu; o°
|
0" o
4
| Il JALJ S
B A S
B oEEEEE B |

Current Data Farameters
DP-1037

TD 32768
SOLVENT CDCl13
NS 13260
Ds 0
SWH 24038. 461
FIDRES 0.7335%9¢
RO 0.6815744
RG 4096
DW 20.800
DE 6.50
TE 298.3
Dl 2.00000000
D1l 0.03000000
TDO 1
== == CHANNEL fl
NUC1

Pl 10.00
PL1 4.20
SFO1 100.6233325

CHANNEL f2

T \ T
POO 180 160

T
140

1 T \ 1
120 100 80 60

S112

sec

usec
dB
MH=z

CPDPRG[2 walt
NUC2 E
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29.00 dB
SFO2 400.1316005 MH=z
F2Z - Processing parameters
5I
5F
WDW EM
S5B a
T LB 1.00 Hz
GB a
ppn1 EC 1.00



3IP NMR spectrum of compound 4 (CDCls, 162 MHz)

S113

-10

1
-20

1
-30

ppm

Current D
NAME
EXPNO
PROCHNO

F2 - Acquisition Parameters
Date_
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

SOLVENT
NS

ol 2.00000000 sec
Dll 0.03000000 sec

CRCE-R N

5

N

PCPD 90.00 usec
FLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W

s

5

W

p

) 2.00 Hz
G 0

BC 1.40
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H NMR spectrum of compound 7 (CDCls, 400 MHz)

\Qm\o\o‘—cwwc\wmvr-wmwg
H MM~ M 0WO = mo o Current Data Parameters
FRRennnT TS0 00 o A DP-1300(31)
NN AAAA A A OD O 1 EXPNO 4
,__h_\ II\ LHH‘W', / PROCNO 1
' F2 — Acquisition Parameters
Date_ 20240611
Time 22.12
INSTRUM spect
PROBHD 5 mm PABBC EB/
PULPROG zg30
@ TD 32768
SOLVENT cpcl3
® OTf ns 16
D5 0
o PBug o SWH 7211.539 Hz
FIDRES 0.220079% Hz
AQ 2.2719147 sec
RG 99.72
DW 69.333 usec
DE 10.06 usec
o TE 300.5 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 400.1324008 MHz
NUCL 1H
Pl 15.00 usec
PILW1 13.50000000 W
F2 - Processing parameters
51 16384
h SF 400.1300083 MHz
WDW EM
‘ S5B 0
LB 0 Hz
‘ | GB 0
| PC 1.00
J U j J l J U._..JIL_____._;_ ,
T T T T T T T
10 8 6 5 3 2 1 ppm
A { | |
g gfa 3 ;[ g ‘g‘
-— ||| - w ‘0_1 -]
Current Data Parameters
NAME DE-1300 (3£f)
EXFNO 5
PROCNC 1
F2 - Acquisition Parameters
Date_ 2024
Time 22.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 32768
@ SOLVENT CDCl3
NS 15932
® OTf be 3
PBU3 SWH 24038.461 Hz
o FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
oW 20.800 usec
‘ DE 6.50 usec
TE 300.5 K
ol 2.00000000 sec
D11 0.03000000 sec
penly 1
7 == == CHANNEL fl1 ==
5FO1 100.6228298 MHz
NUC1 13c
Pl 10.00 usec
PLW1 49,50000000 W
== CHANNEL f2 ==
400.1316005 MHz
NUC2 1H
CPDPRG[2Z waltzlg
PCEDZ 90.00 usec
PLW2 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
ﬂ l‘ | 51 12768
- pimeret ¥ . SF 100.6127698 MHz
WDW EM
SSEB 0
T T T T T T T T T T T LB 2.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppm SB og
c 1.

S114



3IP NMR spectrum of compound 7 (CDCls, 162 MHz)

Current Data Parameters

b= HAME DP-1300 (3£f)
- EXPNO 1
o PROCNC 1
‘ FZ2 — Acquisition Parameters
Date_ 20240611
Time 21.41
INSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
TD 65536
SOLVENT cDCl3
!
4
49019.609 Hz
] 0.747980 Hz
@ 0.6684672 sec
@ on 198.09
10.200 usec
6.50 usec
o PBu; o 300.5 K
2.00000000 sec
0.03000000 sec
1
D = === CHANNEL fl
01
o NUC1
Pl
7 PLW1

CHANNEL f2

SFOZ
NUC2
CPDPRG[2
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
FZ - Processing parameters
5I 32768
SF 161.9755930 MHz
WOW EM
558 a
T T T T T T T T T T T T LB 2.00 Hz
90 80 70 60 50 40 20 10 0 -10 20 -30 ppm gg i 43

1F NMR spectrum of compound 7 (CDCls, 376 MHz)

Current Data Parameters

o NAME DP-1300(3f)
= EXPNO 3
! PROCHNO 1
F2 - Acquisition Parameters
Date_ 20240611
Time 21.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
@ PULPROG zgig
TD 131072
@ on SOLVENT CDC13
NS 16
PBU3 DS 0
(o] SwWH 89285.711 Hz
FIDRES 0.681196 Hz
AD 0.7340032 sec
RG 198.09
oW 5.600 usec
DE 6.50 usec
0 TE 300.6 K
D1 1.00000000 sec
D11 0.03000000 sec
7 TDO 1
======== CHANNEL fl ====
SFO1 376.4607168 MHz
NUC1 19F
Pl 15.00 usec
PLW1 16.50000000 W
=== CHANNEL f2 ====
SFOZ2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
ST 65536
SF 376.4983662 MHz
WDW EM
SSB 0
I ! I ! I ! I ) l ) I ! I i I LB 1.00 Hz
0 -20 -40 -60 -80 -100 -120 ppm ‘P’E N Dg

S115
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H NMR spectrum of compound 8 (DMS

©
AN

00 MHz)

‘U J W

Current Data Parameters

NAME JN-085 (3£)
EXPNO 19
PROCNO 1
F2Z - Acquisition Parameters
Date_ 20240719
Time 17.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT DM3S0O
NS 16
D3 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42
DW 69.333 usec
DE 10.06 usec
TE 296.9 K
D1 2.00000000 sec
TDO 1
CHANNEL fl ========
400.1324008 MHz
1H
15.00 usec

13.50000000 w

} F2 - Processing parameters

ST 16384
SF 400.1300042 MHz
\ WoW EM
558 0
| 1B 0 Hz
‘ GB 0
i I PC 1.00

8 7 6
) jﬁ L L
EANEEEERE =2 o ]
ﬁé‘ﬁ;a?ﬂ!c.c.q <|= . Nw "
o~ ||~~~ - o @

6.24

Current Data Parameters

NAME JN-085(3f)
EXPNO 20
PROCNO 1

F2 — Acquisition Parameters

Date_ 20240719
Time 17.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 32768
SOLVENT DMS0
N5 1465
0s d
SWH 24038. 461 Hz
FIDRES 0.733596 Hz
pXe] 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 296.9 K
Dl 2.00000000 sec
oll 0.03000000 sec
TCO 1

== CHANNEL fl ==

100.6228298 MHz
13c
10.00 usec
49_.50000000 w
== CHANNEL f2 ==
400.1316005 MHz
1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 w
FZ2 — Processing parameters
| [ H ST 32768
. wd SF 100.6128210 MHz
WDW EM
S55B a
I I T I j I j I j I j T j I j I j LB 2.00 Hz
180 160 140 120 100 80 60 40 20 0 ppm == I

S116




3P NMR spectrum of compound 8 (DMSO, 162 MHz)

F’E3l13
OH
o
8
I I I I I I I I I I I I
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm

S117

Current Data Parameters

NAME IN-085 (3f)
EXPNO 21
PROCNO 1

FZ - Acquisition Parameters

Date_ 20240721

Time 11.31

NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT DMSO
NS 16

Ds 4

SWH 49019.609 Hz
FIDRES 0.747980 Hz
aQ 0.6684672 sec
RG 198.09

DOW 10.200 usec
DE 6.50 usec
TE 297.0 K

Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1

= CHANNEL f1

161.9836

13.19999981 W

CHANNEL £2 == ==
SFO2 400.1316005 MHz
Nucz2 H
CPDPRG[2 wal
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 w
PLW13 0.28125000 W
FZ - Processing parameters
SI 32768
SF 161.9755930 MH=z
WDW EM
S5B 0
LB 2.00 Hz
GB 0
EC 1.40
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H NMR spectrum of compound 9 (CDCls, 400 MHz)

o =
~ ©  Current Data Parameters
= o NAME JN-078 (3£)
a ] EXPNO 2
= PROCNO 1
F2 - Acquisition Parameters
Date 20240529
Time 16.17
INSTRUM spect
PROEHD 5 mm PRBBO BB/
PULPROG zg30
D 32768
SOLVENT CcDC1l3
NS 6
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
(0] 20 2.2719147 sec
(@) RG 158.74
O DW 69.333 usec
DE 10.06 usec
TE 297.7 K
| \ Ph D1 2.00000000 sec
TDO 1
() h{ ======== CHANNEL fl ========
Bn SFOl 400.1324008 MHz
9 NUC1 1H
Pl 15.00 usec
PLW1 13.50000000 w
FZ - Processing parameters
S5I 16384
SF 400.1300105 MH=z
WDW EM
S5B 0
LE 0 Hz
GB 0
LJ PC 1.00
ULV UL S .
T T T T T T T T T T
11 10 9 5 4 1 ppm

8 7 6
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13C NMR spectrum of compound 9 (CDCls, 100 MHz)
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Current Data Parameters

NAME JN-078 (3£)
EXPNO 9
PROCNC 1

F2 - Acquisition Parameters

Date_ 20240530
Time 22.22
NSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 32768
SOLVENT CDCl3
NS 14252
0
24038. 461 Hz
0.733596 Hz
0.6815744 sec
1%8.09
20.800 usec
6.50 usec
298.2 K
2.00000000 sec

sec

0.03000000
1

== CHANNEL f1
100.6228298
13c
10.00 usec
49.50000000 W

== CHANNEL f2 ==

90.00 usec

PLWZ 12.50000000 w
PLWl1Z2 0.34722000 w
PLW13 0.28125000 w
F2Z - Processing parameters
b 32768

SF 100.6127696 MH=z
WOW EM

SSB ]

LB 2.00 H=z
GB ]

PC 1.00



