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General Experimental Details

Starting materials were prepared under an inert atmosphere (N2, Ar), and Pd-Catalyzed 1,2
substituted ferrocene formaldehyde was prepared under dry air. Primary analyses were carried
out using thin-layer chromatography (TLC) with silica-coated plates. Reagents were procured
from commercial sources, including Sigma Aldrich, Alfa Aesar, BLD Pharma, and
Spectrochem. The Solvents were meticulously dried by following standard procedures. Nuclear
Magnetic Resonance (NMR) spectral data were collected using Bruker 400, 500, and 700 MHz
spectrometers, with chemical shift values reported in parts per million (ppm) relative to CDCI3
as an internal standard (7.26 ppm for 'H, 77.16 ppm for *C). '°F NMR data are reported in &
units (ppm) and were measured relative to the signals for residual CFCl3 (0.00 ppm) in the
deuterated chloroform solvent unless otherwise stated. Multiplicity was denoted using the
following abbreviations: s (singlet), d (doublet), t (triplet), q (quartet), dd (doublet of doublet),
td (triplet of doublet), and m (multiplet). High-resolution mass spectrometric (HRMS) analyses
were performed using a quadrupole time-of-flight mass spectrometry (Q-TOF-MS) instrument
with an electrospray ionization (ESI) technique. Chiral analysis was carried out using high-
performance liquid chromatography (HPLC) equipment from Agilent Technologies,
employing CHIRALCELL OZ-3, AD-H, IC-3, and AD-3 chiral HPLC columns. The weighing
balance utilized was from Sartorius (model BSA224S-CW). Single crystal X-ray data were
collected using a Bruker APEX-II CCD diffractometer equipped with a CMOS Photon 100
detector. Crystal structures were refined using the Olex2 and WinGX Program System package
with the SHELXL-2019/2 program. The starting material and amines were freshly prepared by
following a reported procedure with slight modifications, while ferrocene carboxaldehyde was
directly purchased from BLD Pharm India and used without further purification. Amino acids
and R-BINOL were directly purchased from commercial sources and further modified using

the reported procedure.
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Synthesis of ferrocenyl amines precursors 1a-1h

Ferrocenyl amines 1a-1f, and 1h were synthesized according to the previously reported
literature procedure' and ferrocenyl amine 1g was purchased commercially.
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Figure S1. Synthesis of ferrocenyl amines 1a-1h
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Synthesis of olefins precursors 2a-2aa

Olefins 2a-2t, 2z, and 2aa were synthesized according to the previously reported literature
procedure?, and olefins 2u-2y were purchased commercially.
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Figure S2. Synthesis of olefins 2a-2aa
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Synthesis of monoprotected amino acid ligand L1-L9
Monoprotected amino acid-derived ligand L1-L9 was synthesized according to the reported

literature procedure.’
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Figure S3. Synthesis of monoprotected amino acid ligand L1-L9
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Reaction Optimization

Reaction optimization for enantioselective synthesis of Chiral 1,2-alkenylated ferrocene
formaldehydes.

Table S1. Reaction optimization by varying the solvents, time, and temperature “

TfHN 0=
o Pd(OACc), (10 mol%), L1 (40 mol%) N

NG W T G
@ air, Temp. (°C), time (h)
1a 2a 3a
Entry Solvent Time (h) Temp. (°C) Yield (%)? | er (%)°
1 THF 24 60 20 90:10
2 Toluene 24 60 18 85:15
3 DMF 24 60 15 70:30
4 DMSO 24 60 10 78:22
5 tert-amyl alcohol 24 60 32 70:30
6 tert-amyl alcohol 30 60 38 70:30
7 tert-amyl alcohol 30 55 42 78:22

Reaction conditions: (a) 1a (35 mg, 0.1 mmol, 1 equiv), 2a (2 equiv), Pd(OAc): (10 mol%),
L1 (40 mol%), Cs2COs (2 equiv), Cu(OAc): (1.5 equiv), DMSO (5 equiv), dry solvent (1 mL),
air, 60 °C, 24h. (b) Crude yield of 3a is determined by '"H NMR with CHBr; as an internal
standard. (c) er of 3a was determined by HPLC analysis. (d) The reaction was stirred for 30 h
at 55 °C.
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Table S2. Ligand Screening ¢

THHN o=
B mewmmmien o
© + \)Loa DM280 (35 equiv), ttlert-amyl alzcohol (1 mL) Fe
air, 55 °C, 30 h
1a 2a 3a
Entry Ligand (mol%) Yield (%)* er (%)°
1 L1 (40 mol%) 42 78:22
2 L2 (40 mol%) 75 98:2
3 L3 (40 mol%) 65 96:4
4 L4 (40 mol%) 68 94:6
5 L5 (40 mol%) 64 95:5
6 L6 (40 mol%) 50 94:6
7 L7 (40 mol%) 32 87:13
8 L8 (40 mol%) 61 96:4
9 L9 (40 mol%) 42 92:8
10 L2 (20 mol%) 45 92:8
1 L2 (30 mol%) 51 94:6
12 L2 (50 mol%) 73 98:2
13 L2 (40 mol%) 60 96:4

Reaction conditions: (a) 1a (35 mg, 0.1 mmol, 1 equiv), 2a (2 equiv), Pd(OAc)2 (10 mol%),
ligand (mol%), Cs2COs3 (2 equiv), Cu(OAc): (1.5 equiv), DMSO (5 equiv), dry tert-amyl
alcohol (1 mL), air, 55 °C, 24h. (b) Crude yield of 3a is determined by '"H NMR with CH,Br,

as an internal standard. (c) er of 3a was determined by HPLC analysis. (d) THF solvent was

used instead of fert-amyl alcohol.
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Table S3. Base Optimization ¢

TfHN o=
o Pd(OAc), (10 mol%), L2 (40 mol%) N

e e e e M ]
air, 55 °C, 30 h
1a 2a 3a
Entry Base Equiv Yield (%)° er (%)°
1 Cs2C0s3 2 75 98:2
2 K>COs 2 65 94:6
3 NaxCOs 2 57 88:12
4 Li2COs 2 22 65:35
5 CsHCO; 2 62 95:5
6 K2HPO4 2 62 94:6
i KOAc 2 28 84:16
8 CsOAc 2 30 87:13
9 NaOAc 2 18 80:20
10 KF 2 15 87:13
11 CsF 2 20 89:11
12 NEt; 2 3 N.R.
13 Cs2C03 1.5 68 97:3
14 Cs2CO3 1 60 94:6
15 Cs2CO3 2.5 71 98:2

Reaction conditions: (a) 1a (35 mg, 0.1 mmol, 1 equiv), 2a (2 equiv), Pd(OAc): (10 mol%),
L2 (40 mol%), Base, Cu(OAc): (1.5 equiv), DMSO (5 equiv), tert-amyl alcohol (1 mL), air,
55 °C, 30h. (b) Crude yield of 3a is determined by 'H NMR with CH,Br, as an internal
standard. (¢) er of 3a was determined by HPLC analysis.
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Table S4. Oxidant Screening ¢

THN o=
B esemmeews o o
o+ Vj\oa DMSS (5 e(3:|uiv), tenf-émyl alcohol (1 mL)  EtG Fe
@ air, 55 °C, 30 h
1a 2a 3a
Entry Oxidant Equiv Yield (%) er (%)°
1 Air 1.5 5 96:4
2 0)} 1.5 7 95:5
3 Ag:CO; 15 16 95:5
4 AgOAc 1.5 30 95:5
5 Cu(OTH), 1.5 35 96:4
6 CuOTf 1.5 20 95:5
7 Cu(OAc): 1.5 75 98:2
8 CuO 1.5 32 99:1
9 Cu(OAc), 1.0 58 98:2
10 Cu(OAc) 2.0 76 98:2

Reaction conditions: (a) 1a (35 mg, 0.1 mmol, 1 equiv), 2a (2 equiv), Pd(OAc): (10 mol%),
L2 (40 mol%), Cs2COs3 (2.0 equiv), oxidant, DMSO (5 equiv), tert-amyl alcohol (1 mL), air,
55 °C, 30h. (b) Crude yield of 3a is determined by 'H NMR with CH,Br, as an internal

standard. (c) er of 3a was determined by HPLC analysis.

S9



Table SS5. Amine Screening ¢

% 7
R/s\ l\/le/c\ \ \
HN N _N HN
7\? H 7@ ,@ 7@
Fe Fe Fe Fe
1a, R; CF, (75%)2 982 ¢ 1HNR 19, NR Th, NR

1b, R; Nosyl (55%); 98:2 er

1c, R; Me (5%); 88:12 er

1d, R; 3,5-di-F-Ph (36%); 94:6 er

1e, R; Tosyl (25%); 97:3 er

Reaction conditions: (a) 1 (1 equiv), 2a (2 equiv), Pd(OAc), (10 mol%), L2 (40 mol%),
Cs2CO0;3, (2 equiv), Cu(OAc): (1.5 equiv), DMSO (5 equiv), tert-amyl alcohol (1 mL), air, 55
°C, 30h. (b) Crude yield of 3a is determined by 'H NMR with CHBr; as an internal standard.
(c) er of 3a was determined by HPLC analysis.
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General procedure for the Pd-catalyzed C-H activation, oxidative

deamination of ferrocenylamine 1a with olefins 2a-2aa

TFHN 0=
Pd(OAG), (10 mol%), L2 (40 mol%) o &

Fe + O_// Cs,CO3 (2 equiv), Cu(OAc), (1.5 equiv) Fe
DMSO (5 equiv), dry tert-amyl alcohol (1 mL)
air, 55°C, 30 h

1a 2a-2aa 3a-3aa

Scheme S1. Pd-catalyzed C-H activation oxidative deamination of ferrocenylamine 1a with

olefins 2a-2aa

In a Schlenk tube, Pd(OAc): (2.3 mg, 0.011 mmol, 10 mol%), L2 (10 mg, 0.044 mmol, 40 mol
%), Cu(OAc)2 (30.0 mg, 0.16 mmol, 1.5 equiv), Cs2CO3 (71.2 mg, 0.22 mmol, 2 equiv), DMSO
(40 uL, 0.55 mmol, 5 equiv), and ferrocenyl amine 1a (38 mg, 0.11 mmol, 1 equiv) were added
in dry fert-amyl alcohol (1.5 mL) under an inert atmosphere and the resulting green-colored
solution was stirred for 10 min. After pre-stirring, olefin 2a (24 uL, 0.22 mmol, 2 equiv) was
added to the resulting reaction mixture. The tube was sealed with a rubber septum, and a dry
air atmosphere was maintained in the flask with a balloon. The reaction was heated at 55 °C,
stirred for 30 h, and then cooled to room temperature. The crude reaction mixture was passed
through a celite pad, evaporation, and column chromatography on silica gel (mesh 230-400)

using a hexane: ethyl acetate solvent system to afford Chiral 1,2 alkenylated ferrocene

formaldehydes (3a-3aa).
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Chiral 1,2-formyl ferrocenyl acrylate 3a was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 85:15), obtained as an orange solid, mp: 114-116 °C. Yield: 24 mg
(70%). 'H NMR (400 MHz, CDCls) 6 10.20 (s, 1H), 8.04 (d, J = 15.9 Hz, 1H), 6.27 (d, J =
15.9 Hz, 1H), 5.04 — 4.96 (m, 2H), 4.81 (t, /= 2.7 Hz, 1H), 4.31 (s, 5H), 4.30 — 4.24 (m, 2H),
1.37 (t, J = 7.1 Hz, 3H). *C{'H} NMR (176 MHz, CDCl3) 6 192.7 (CH), 166.7 (C), 141.8
(CH), 118.3 (CH), 80.9 (C), 78.3 (C), 73.9 (CH), 73.3 (CH), 71.7 (CH), 71.4 (CH), 60.5 (CH>),
14.3 (CH3). HRLCMS (ESI) m/z: [M+H]" caled for CisH17FeOs 313.0522, found 313.0501.

Enantioselectivity of 3a was determined by chiral HPLC analysis on AD-H (hexane:

isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (3a)

mAU & x5
E| ] - 0y
16003 ",3 l@ﬂ@ 003 A&.,g:“
14002 [\ T
1200 | ¥ Ry
10003 f ‘
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6002 ‘ \
4002 N\
2003 AN
0 i T i 1 i i T T - }“
2 4 6 10
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] [ |=-==]emeee |=mmmmeeee |=mmmmeee |--mmmee |
1 7.599 MM 0.4303 4.62994e4 1793.44482 50.4058
2 9.007 MM 0.4844 4.5553%9e4 1567.42871 49.5942
Asymmetric sample (3a)
mAU b
1400 | f L
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800 | \
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©
400 o Q&
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0 S
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] R P s R |--emeeee !
1  7.663 MM 0.4128 3.74173e4 1510.84119 97.9511
2 9.975 MM 0.3189 782.67926 40.90013  2.0489
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Chiral 1,2-formyl ferrocenyl acrylate 3b was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 90:10), obtained as an orange solid, mp:110-112 °C. Yield: 22 mg
(68%). '"H NMR (400 MHz, CDCls) 6 10.20 (s, 1H), 8.07 (d, J = 15.9 Hz, 1H), 6.27 (d, J =
15.9 Hz, 1H), 5.00 (t, J = 2.9 Hz, 2H), 4.81 (t, J = 2.7 Hz, 1H), 4.31 (s, 5H), 3.82 (s, 3H).
BC{'H} NMR (176 MHz, CDCl3) 6 192.7 (CH), 167.1 (C), 142.1 (CH), 117.8 (CH), 80.7 (C),
78.4 (C), 74.0 (CH), 73.5 (CH), 71.7 (CH), 71.4 (CH), 51.6 (CH3). HRLCMS (ESI) m/z:
[M+H]" Caled for CisHisFeOs; 299.0365, found 299.0357. Enantioselectivity of 3b was
determined by chiral HPLC analysis on AD-H (hexane: isopropanol = 80:20, 1 mL/min, A=254

nm).

Racemic sample (3b)

mAU ] ~ o o o
] -3 o) 3 o
400 ~ A@o“-' 5 \&\
] | .e® Mo
300 i ¥ ¥
200 ‘ f
100 |
0 71 R o — —
— : : — — : —_— —
2 4 6 8 10 12 mir
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
el EESEEE e s N |- |
1 7.847 MM ©.3650 1.00393e4  458.37061 49.5765
2 9.442 MM ©.4453 1.082133e4 382.25613 50.4295
Asymmetric sample (3b)
mAU 2
B 8
] i
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

L [ P |-menees |+memnee |=eemeeee |
1 7.696 BB 0.3677 2721.39502 182.52766 97.8594

2 9.318 BB 0.2865 59.52804 3.12124  2.1406
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Chiral 1,2-formyl ferrocenyl acrylate 3¢ was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 85:15), obtained as an orange solid, mp:118-120 °C. Yield: 27 mg
(71%). '"H NMR (400 MHz, CDCls) 6 10.20 (s, 1H), 7.92 (d, J = 15.8 Hz, 1H), 6.19 (d, J =
15.8 Hz, 1H), 4.99 (dd, J=7.7, 6.4 Hz, 2H), 4.79 (t, J=2.6 Hz, 1H), 4.31 (s, SH), 1.56 (s, 9H).
BC{'H} NMR (176 MHz, CDCls) d 192.7 (C), 166.1 (C), 140.5 (CH), 120.3 (CH), 81.4 (C),
80.5 (C), 78.2 (C), 73.8 (CH), 72.9 (CH), 71.7 (CH), 71.3 (CH), 28.2 (CH3). HRLCMS (ESI)
m/z: [M+Na]" calcd for Ci1sHx0FeOsNa 363.0654, found 363.064 1. Enantioselectivity of 3¢ was

determined by chiral HPLC analysis on AD-3 (hexane: isopropanol = 98:2, 1 mL/min, A=254

nm).

Racemic sample (3¢)

mAU ] & 2
0 <
- wn o
80 ) R
60— /
40 |
20 o . . J . SN
- e : : :
5 10 15 20 25 30 35 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e B B |--emmmeees |-mmmmeeees |--mmeee |
1 25.532 BB 1.0860 6411.56201 80.77689 50.0516
2 30.673 BB 1.3307 6398.34717 63.98307 49.9484
Asymmetric sample (3¢)
mAU 2 o,
1 ﬁ &
800 | S
] | \e®
] w®
600 [
4 | A\
] [\
400
] A8
: N\ 8 P
200—_ N \\ gv@e
0 )~ I S
— 1 ——————— T T —
5 10 15 20 25 30 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R | -nmefennes |-nmmeeeees | -mmmeeeee- |-nmneees |
1 25.880 MM 1.4469 8.46209%e4 974.71625 97.6027

2 31.266 MM 1.1246 2078.46118 30.80349 2.3973
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Chiral 1,2-formyl ferrocenyl acrylate 3d was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 80:20), obtained as an orange solid, mp:129-131 °C. Yield: 27 mg
(68%). '"H NMR (400 MHz, CDCls) § 10.19 (s, 1H), 8.01 (d, J = 15.9 Hz, 1H), 6.26 (d, J =
16.0 Hz, 1H), 5.00 (s, 2H), 4.86 —4.91 (m, 1H), 4.81 (d, J = 1.7 Hz, 1H), 4.31 (s, 5H), 1.96
(dd, J= 9.5, 5.3 Hz, 2H), 1.81 (dd, J = 9.8, 6.5 Hz, 2H), 1.58 — 1.35 (m, 6H). 3C{'H} NMR
(176 MHz, CDCIl3) 6 192.9 (C), 166.3 (C), 141.5 (CH), 118.9 (CH), 81.0 (C), 78.2 (C), 74.0
(CH), 73.2 (CH), 72.9 (CH), 71.8 (CH), 71.4 (CH), 31.7 (CH2), 25.4 (CH>), 23.8 (CH>).
HRLCMS (ESI) [M+H]" caled for CxH23FeOs 367.0991, found 367.0977.
Enantioselectivity of 3d was determined by chiral HPLC analysis on AD-H (hexane:

m/z:

isopropanol = 75:25, 1 mL/min, A=254 nm).

Racemic sample (3d)

Al f=2] w0
™ 2 o 8 o
~ @fb @ @
1500 RS RS
I @ \@
1250 w | =
1000 ] [ Y
750 |
500 |
250 )
-
0 — — / - - —
T T T T T T
2 4 6 8 10 12 mir

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU] %
P e E— |- |-oeeeeees |=-emeee- |
1 7.199 MM 0.5425 6.02829e4 1851.91248 49.3479
2 8.885 MM 9.5958 6.18761le4 1730.98865 50.6521

Asymmetric sample (3d)

mAU § \Q;\
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e EE P [-mmmeemees |-mmmmeees [-mmmeeee |
1 7.240 MM 9.4478 4.79187e4 1783.62268 94.1282
2 8.927 MM ©.3045 2989.20142 163.63492 5.8718
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Chiral 1,2-formyl ferrocenyl acrylate 3e was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 80:20), obtained as an orange solid, mp:139-141 °C. Yield: 30 mg
(65%). '"H NMR (700 MHz, CDCls) § 10.20 (s, 1H), 7.90 (d, J = 15.8 Hz, 1H), 6.18 (d, J =
15.8 Hz, 1H), 4.98 (d, J = 24.6 Hz, 2H), 4.78 (s, 1H), 4.30 (s, 5H), 4.24 — 4.07 (m, 1H), 2.22
(s, 8H), 1.80 — 1.66 (m, 7H). *C{'H} NMR (176 MHz, CDCls) 6 192.6 (CH), 165.7 (C), 140.4
(CH), 120.4 (CH), 81.4 (C), 80.6 (C), 78.2 (CH), 73.8 (CH), 72.7 (CH), 71.7 (CH), 71.3 (CH),
41.4 (CH), 36.2 (CH), 30.8 (CH>), 29.7 (CH>), 28.6 (CHz). HRLCMS (ESI) m/z: [M+H]" calcd
for C24H27FeO3 419.1304, found 419.1270. Enantioselectivity of 3e was determined by chiral
HPLC analysis on IC-3 (hexane: isopropanol = 60:40, 1 mL/min, A=254 nm).

Racemic sample (3e)

mAU 1 2 N I
] . g o g o
200 M\ & L
] A | N
150 /
100-]
50]
R - _
25 "5 EE o 125 5 175 T 225 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R |- femenee |-nemeeness |--mseeeee |-omeeeee |
1 14.883 MM 1.0045 1.41481e4  234.73433 50.0472
2 18.239 MM 1.2854 1.41214e4 183.09344 49.9528
Asymmetric sample (3e)
mAU N
E o QDQO“
E A
1 at N
250 e
] | w‘?se.
200 l‘ ‘.
B |
150 [ o
1003 a >
- | Q]
; I
50 “\ o &
] A | Ay
OAE——‘—————f — e
L IS e s s e s e T T T T
5 10 15 20 25 30
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

R P R |-mmmmeeee |-memnnee- |+emeeee |
1 14.122 MM ©.9893 1.93589e4 326.01703 96.7540

2 18.306 MM 8.9955 649,19849  10.86883  3,2460
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Chiral 1,2-formyl ferrocenyl acrylate 3f was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 80:20), obtained as an orange solid, mp:136-139 °C. Yield: 26 mg
(67%). 'H NMR (700 MHz, CDCl3) 6 10.21 (s, 1H), 8.27 (d, J= 15.8 Hz, 1H), 7.43 (t, J=17.7
Hz, 2H), 7.26 (s, 1H), 7.20 (d, J= 7.8 Hz, 2H), 6.46 (d, J=15.8 Hz, 1H), 5.06 (d, /= 10.2 Hz,
2H), 4.87 (s, 1H), 4.36 (s, SH). *C{!H} NMR (176 MHz, CDCl3) ¢ 192.7 (CH), 165.1 (C),
150.8 (C), 144.3 (CH), 129.4 (CH), 125.7 (CH), 121.6 (CH), 117.2 (CH), 80.3 (C), 78.6 (C),
74.3 (CH), 74.0 (CH), 72.0 (CH), 71.5 (CH). HRLCMS (ESI) m/z: [M+H]" calcd for
C20H17FeO3 361.0522, found 361.0529. Enantioselectivity of the product 3f was determined

by chiral HPLC analysis on AD-H (hexane: isopropanol = 85:15, 1 mL/min, A=254 nm).

Racemic sample (3f)

mAU - § ® ﬁ'f’
140 <] g ,\bib
120 \ 8
100 \ /¥
80 A
60
40
20
0 —_— - - e 1 ————
[ T T T T
5 10 15 20 25 m
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
St EEEEEEE e R [==mmmmeee |==mmmmme [-=mmmnen |
1 16.367 BB 0.6549 7383.10400 159.85188 49.6565
2 22.256 MM 1.0612 7485.24707 117.56286 58.3435
Asymmetric sample (3f)
5 0
mAU 7 a
E| g
2503 n
200 .
150
] o
1004 - m&
] g ®
50 [
%Qv
04 S — ~ S — — — — - I — -
T T T T T
5 10 15 20 mi

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
R R R R | --mmeeee [--mmeees |--mmeee |
1 16.335 VB 9.6536 1.43848e4 312.18893 97.3443
2 22.268 MM 0.7854 392.44504 8.32751  2.6557
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Chiral 1,2-formyl ferrocenyl acrylate 3g was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 75:25), obtained as an orange solid, mp:144-146 °C. Yield: 29 mg
(65%). '"H NMR (400 MHz, CDCls) § 10.23 (s, 1H), 8.32 (d, /= 15.8 Hz, 1H), 7.95 — 7.83 (m,
3H), 7.69 (d, J= 1.9 Hz, 1H), 7.57 — 7.47 (m, 2H), 7.35 (dd, J = 8.8, 2.3 Hz, 1H), 6.52 (d, J =
15.8 Hz, 1H), 5.12 — 5.05 (m, 2H), 4.88 (t, J = 2.7 Hz, 1H), 4.38 (s, 5H). 3C{'H} NMR (176
MHz, CDCI3) ¢ 192.7 (C), 165.3 (C), 148.5 (C), 144.5 (C), 133.4 (CH), 131.5 (CH), 129.4
(CH), 127.8 (CH), 127.7 (CH), 126.5 (C), 125.6 (CH), 121.3 (CH), 118.6 (CH), 117.1 (CH),
80.3 (C), 78.6 (C), 74.4 (CH), 74.2 (CH), 72.0 (CH), 71.5 (CH). HRLCMS (ESI) m/z: [M+H]"
calcd for C24H19FeOs 411.0678, found 411.0678. Enantioselectivity of 3g was determined by
chiral HPLC analysis on AD-3 (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (3g)

mAU 2 & ©
hur o )
120 iy 0, = A
100 F r&-@{b € ré:g;\
L*.;Ga ;-?SQ;
80 [ [
60 [\ ‘
20 ~
0 —_——e — /’ Ne— — - — —
T T T T T T T
5 10 15 20 25 30 "
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R P |--nmmeeees |-mmmmeeees |--meeee |
1 19.119 MM 1.8639 8623.52930 135.09583 50.0246
2 26.316 MM 1.4787 8615.85957 97.62795 49.9754
Asymmetric sample (3g)
mAU7 §
] 2]
400 R
300
200
E b
100 <
N
&
0 - — —_— — L/ —— —
T T T T T T
5 10 15 20 25 30m

Signal 1: DAD1 A, Sig=254,4 Ref=360,1600

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el R R |-=-emmee- R [---me--- |
1 19.560 BB ©.8873 3.37088e4 530.49377 97.4867
2 27.9043 BB 09.7720 869.02753  14.99706  2.5133
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Chiral 1,2-formyl ferrocenyl acrylate 3h was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 75:25), obtained as an orange solid, mp:140-141 °C. Yield: 26 mg
(64%). '"H NMR (700 MHz, CDCls) 6 10.19 (s, 1H), 8.09 (s, 1H), 7.45 (d, J = 7.2 Hz, 2H),
7.42 (t, J=17.5 Hz, 2H), 7.37 (d, J= 7.2 Hz, 1H), 6.31 (d, J = 15.8 Hz, 1H), 5.26 (d, J = 4.6
Hz, 2H), 5.02 —5.00 (m, 1H), 4.98 (s, 1H), 4.81 (t,J=2.6 Hz, 1H), 4.31 (s, 5H). *C{'H} NMR
(176 MHz, CDCl3) ¢ 192.6 (CH), 166.5 (C), 142.6 (CH), 136.1 (C), 128.6 (CH), 128.4 (CH),
128.2 (CH), 117.8 (CH), 80.7 (C), 78.5 (C), 74.1 (CH), 73.4 (CH), 71.8 (CH), 71.4 (CH), 66.3
(CH2). HRLCMS (ESI) m/z: [M+H]" caled for C21HioFeOs; 375.0678, found 375.0689.

Enantioselectivity of 3h was determined by chiral HPLC analysis on AD-H (hexane:

isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (3h)

AU 7 © o~
" 8 8
] oo hi
400 | &? N
: Ay A
300 '\‘ |
] \ Y
200 \ [
l \ | \
1 \ | \
1004 N [ N
04 N . - 1 -
T I T T T T T T T
2 4 6 8 10 12 14 16
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e P |=mmmmmmees |=mmmmmeees |--mmeee |
1 11.956 MM 9.5671 1.76123e4 517.65149 50.8017
2 14.662 BB 0.5826 1.70564e4  408.968@8 49,1983
Asymmetric sample (3h)
mAU 14
1000 E 45?
Ao
800 | 4@
600 | A
f &
400 | g e»é‘
200 ; s
0 E— — — — _ S— P
R : — . : —
2 4 6 8 10 12 14 m

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R SR ERR R R |-eneeneeee e |
1 11.820 MM 0.5541 3.70088e4 1113.15479 95.0736
2 14.465 MM 9.4799 1917.67139 66.59586 4.9264
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Chiral 1,2-formyl ferrocenyl acrylate 3i was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 80:20), obtained as an orange solid, mp:140-142 °C. Yield: 27 mg
(65%). '"H NMR (400 MHz, CDCl3) § 10.22 (s, 1H), 8.25 (d, J=16.6 Hz, 1H), 7.23 (d, J=8.6
Hz, 2H), 7.08 (d, J= 8.2 Hz, 2H), 6.46 (d, /= 16.1 Hz, 1H), 5.06 (s, 2H), 4.87 (s, 1H), 4.36 (s,
5H), 2.39 (s, 3H)."*C{'H} NMR (176 MHz, CDCl3) § 192.7 (CH), 165.3 (C), 148.6 (C), 144.1
(C), 135.4 (CH), 129.9 (CH), 121.3 (CH), 117.3 (CH), 80.4 (C), 78.5 (C), 74.3 (CH), 73.9
(CH), 72.0 (CH), 71.5 (CH), 20.9 (CH3). HRLCMS (ESI) m/z: [M+H]" calcd for C21Hi9FeOs
375.0678, found 375.0644. Enantioselectivity of 3i was determined by chiral HPLC analysis
on AD-H (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (3i)

mAU b o 2
1 %‘ é? @ «Q
4004 FoQ 2 w9
| .3 ~ %
| | L@ — @
300 ¥ e
200 '
100
0 BN A i} _ N J
_ —
5 10 15 20 25
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mau] %

ceenfmnnnes R R oo o |-oemeee- |
1 11.874 MM 8.5929 1.75949e4 494.60864 51.2423
2 17.188 MM 0.8545 1.67418e4 326.54636 48.7577

Asymmetric sample (3i)

mAU 3 )
700 E_ &
600 ‘
500 S
400 [
300 |\
\ (=2}
200 |\ o
100 | \\ @
0 o~ L/ ~ o

-100

Signal 1: DAD1 A, Sig=254,4 Ref=368,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e ERTE P |--mmme |--mmmeeee- |-mmmeee- |
1 12.182 MM 0.6487 2.97893e4  765.38721 95,1914
2 17.739 MM 0.6395 1504.81995 39.21744  4.8086
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Chiral 1,2-formyl ferrocenyl acrylate 3j was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:142-144 °C. Yield: 25 mg
(60%). '"H NMR (400 MHz, CDCl3) § 10.21 (s, 1H), 8.28 (d, /= 15.9 Hz, 1H), 7.24 — 7.04 (m,
4H), 6.45 (d, J = 15.2 Hz, 1H), 5.06 (brs, 2H), 4.87 (s, 1H), 4.36 (s, SH). 3C{'H} NMR (176
MHz, CDCl3) 6 192.7 (C), 165.1 (C), 160.1 (d, Jc.r = 244.1 Hz; CF).144.7 (C), 123.0 (CH),
116.8 (CH), 115.9 (CH), 80.1 (C), 78.6 (C), 74.4 (CH), 74.3 (CH), 72.0 (CH), 71.5 (CH).
HRLCMS (ESI) m/z: [M+H]" caled for CyHicFFeOs 379.0428, found 379.0399.

Enantioselectivity of 3j was determined by chiral HPLC analysis on IC-3 (hexane: isopropanol

=60:40, 1 mL/min, A=254 nm).

Racemic sample (3j)

"0 A
> L &
400 | [ ¥
300
200
100

019.782

. N N ) ~
25 5 75 10 125 15 17.5 20 mi

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 15.823 MM 1.8576 4.85322e4 638.74640 50.9713
2 19.782 MM 1.3212 3.89875e4  491.80896 49.8287

Asymmetric sample (3j)
mAU {
600
500
4004
300
200
100 .

/ T T
T T — T T — — T —
25 5 7.5 10 12.5 15 17.5 20 225 mir

15986

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
el R R R |-onmeeeeee | -mmeeeees | mmeeees |
1 15.966 MM 1.0664 4.27127e4 667.55646 94.0874
2 19.918 MM 1.0715 2684.13940 41.74949 5.9126
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Chiral 1,2-formyl ferrocenyl acrylate 3k was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:147-149 °C. Yield: 22 mg
(52%). '"H NMR (400 MHz, CDCl3) 6 10.19 (s, 1H), 8.28 (d, J = 8.8 Hz, 2H), 8.19 (d, J=15.8
Hz, 1H), 7.61 (d, J=8.7 Hz, 2H), 6.34 (d, J=16.3 Hz, 1H), 5.02 (s, 2H), 4.86 — 4.82 (m, 1H),
4.32 (s, 5H). *C{'H} NMR (176 MHz, CDCl3) ¢ 192.7 (C), 166.2 (C), 147.7 (C), 143.9 (C),
143.5(C), 128.4 (C), 123.8 (C), 116.9 (C), 80.2 (C), 78.6 (C), 74.2 (C), 71.9 (C), 71.5 (C), 64.7
(CH). HRLCMS (ESI) m/z: [M+H]" calcd for CisHisFeNOs 380.0202, found 380.0187.
Enantioselectivity of 3k was determined by chiral HPLC analysis on AD-H (hexane:

isopropanol = 70:30, 1 mL/min, A=254 nm)

Racemic sample (3Kk)

© -
™ S g
o =
200 [
‘?‘&lvz. |
150 [
100
50
0 \‘.‘\‘- — - - . J
T — — T — —
2 4 8 8 10 12 14 16 18 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el AR P e | -ommmneees |--nmeee |
1 12.726 MM 8.7194 1.87107e4 248.14980 49.7156
2 17.001 BB 0.8010 1.08332e4 190.04221 560.2844
Asymmetric sample (3k)
4 «©
mAU; a b‘,}g
] oS
100 | 5O
E @
80 \
60
40 8
204 i f N =
o] Pt AN, - / . s
|

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.798 MM ©.8526 6504.28711 127.15352 91.3087
2 17.1e5 BB 9.7084 619.11993 11.79384  8.6913
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Chiral 1,2-formyl ferrocenyl acrylate 31 was purified on silica gel (mesh 230-400) in

O

(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:144-146 °C. Yield: 24 mg
(54%). '"H NMR (400 MHz, CDCl3) § 10.23 (s, 1H), 8.24 (d, J=15.7 Hz, 1H), 7.27 = 7.21 (m,
1H), 6.63 (d,J=8.7 Hz, 1H), 6.53 (dd, J= 7.2, 5.3 Hz, 2H), 6.46 (d, J = 16.0 Hz, 1H), 5.06 (s,
2H), 4.86 (s, 1H), 4.36 (s, SH), 2.99 (s, 6H). *C{'H} NMR (176 MHz, CDCls) 6 192.6 (C),
165.3 (C), 151.9 (C), 151.7 (C), 143.8 (C), 129.6 (C), 117.6 (C), 109.9 (C), 109.3 (C), 105.6
(C), 80.5(C), 78.6 (C), 74.2 (C), 73.8 (C), 71.9 (C), 71.5 (C), 40.5 (CH3). HRLCMS (ESI) m/z:
[M+H]" calcd for C2H23FeNOs 404.0944, found 404.0964. Enantioselectivity of 31 was
determined by chiral HPLC analysis on AD-H (hexane: isopropanol = 70:30, 1 mL/min, A=254

nm).

Racemic sample (31)

mAU ]
400+

13143
7z
>17.078

300 I ¥
200

100

a1 P S ~—— o o~— ) ~ e—
([ — ' . .

——— T — ——— T
25 5 75 10 12.5 15 17.5 20 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.113 MM 0.7904 2.21119e4  466.23764 50.5221
2 17.878 VB ©.8694 2.16549%9e4  342.61578 49.4779

Asymmetric sample (31)

mAU ]

1000+

13037

800 IS

600 ‘ - o
\ \ N

400 \ | o 4§

[\ | S
200 [\ | . B

0 ——— S v I — -—— — - e i —
— 17— — T ——— — e e
2 4 6 8 10 12 14 16 18 mir

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
i RS |--mnfmeeee- |-mmmeeeee |-onemeeee |--mnnee |
1 13.837 MM 0.8582 6.16035e4 1196.37836 94,3174
2 17.810 MM 9.6100 3711.58936 101.40859 5.6826
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Chiral 1,2 formyl ferrocenyl acrylate 3m was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:140-141 °C. Yield: 22 mg
(52%). "H NMR (400 MHz, CDCls) 6 10.22 (s, 1H), 8.27 (d, J= 15.8 Hz, 1H), 7.33 (t,J = 8.0
Hz, 1H), 6.80 (dd, J=18.2, 9.5 Hz, 3H), 6.45 (d, /= 15.7 Hz, 1H), 5.06 (s, 2H), 4.87 (s, 1H),
4.36 (s, SH), 3.85 (s, 3H). *C{'H} NMR (126 MHz, CDCls) § 192.6 (CH), 164.9 (C), 160.5
(C), 151.8(C), 144.3 (CH), 129.8 (CH), 117.2 (CH), 113.8 (CH), 111.7 (CH), 107.6 (CH), 80.3
(C), 78.6 (C), 74.0 (CH), 72.0 (CH), 71.5 (CH), 68.6 (CH), 55.4 (CH3). HRLCMS (ESI) m/z:
[M+H]" calcd for C1Hi9FeOs 391.0627, found 391.0638. Enantioselectivity of 3m was

determined by chiral HPLC analysis on AD-H (hexane: isopropanol = 70:30, 1 mL/min, A=254

nm).

Racemic sample (3m)

| @
mAU: g =] v)b‘é\
1 w
120 A 2 o
] | ™~ @’b
100 | IS
80 N
60 \
404 i N
204 P e T — — -
0; - T T T T
5 10 15 20 25 30mi
Signal 1: DADL A, Sig=254,4 Ref=360,100
peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Bl EEEEEEE [-==-]-mm---- [-=--mn--- [---------- [-------- \
1 16.899 BB  ©.9151 8782.68352 127.99868 50.9512
2 23,940 MM 1.6299 8454.66797  86.45444 49.0488
Asymmetric sample (3m)
mAU 3
8
350 2
300 |\
250
200
\ o
150 \ N
100 \ N .«
\ © o
50 R
o o~ I S ‘ e
‘ — ‘ — ‘ ‘ —
5 10 15 20 25

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area

#  [min]

[min] [mAU*s ]

Height
[mAU]

S P |==nnfemenec- |-mnnneees |-=nnneee |--neeee |
408.26297 95.0822

1 15.944 BB
2 23.627 MM

0.8717 2.66559%e4
1.080€@ 1378.67236

21.27544

4.9178
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Chiral 1,2 formyl ferrocenyl acrylate 3n was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:134-136 °C. Yield: 28 mg
(62%). 'H NMR (400 MHz, CDCl3)  10.19 (s, 1H), 8.07 (d, J= 15.9 Hz, 1H), 7.39 (d, /= 8.6
Hz, 2H), 6.94 (d, J = 8.6 Hz, 2H), 6.29 (d, /= 15.8 Hz, 1H), 5.19 (d, J = 2.8 Hz, 2H), 4.99 (d,
J=16.9 Hz, 2H), 4.81 (t,J=2.6 Hz, 1H), 4.30 (s, 5H), 3.85 (s, 3H). *C{'H} NMR (176 MHz,
CDCl) 6 192.6 (C), 166.6 (C), 159.7 (C), 142.3 (CH), 130.2 (CH), 128.2 (C), 118.0 (CH),
114.0 (CH), 80.8 (C), 78.4 (C), 74.0 (CH), 73.3 (CH), 71.8 (CH), 71.4 (CH), 66.1 (CH>), 55.3
(CH3). HRLCMS (ESI) m/z: [M+Na]" calcd for C22Hz0FeOsNa 427.0603, found 427.0597.
Enantioselectivity of 3n was determined by chiral HPLC analysis on AD-3 (hexane:

isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (3n)

mAU -y % ©
b X € o
175 g A oR®
150 [R5 [
125 [ [
100 \ [
75 \
50 ' .
25 N ™~
ol S - . - -~
5 10 15 2 P m
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el BECEER R R s ot R |
1 18.184 MM ©.9716 1.20875e4 207.33798 50.8775
2 21.466 MM 1.1415 1.16766e4 176.40532 49.1225
Asymmetric sample (3n)
AU 3
200: g @“’Q’N
z i
4 ‘Q)
300 A
] [
4 ‘\
200 \
] | &
4 I\ 2 )
100+ \ 2 ©
] J \ f‘@?
] | \;‘l
R e — L
— 77— [
5 10 15 20 25 30 35
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

R R E | =mmnenne |+emeeees |- eeeees |
1 18.485 MM ©.9732 2.6538le4 454 .48755 97.4635
2 21.893 MM ©.8883 690.66656 13.087585 2.5365
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Chiral 1,2-formyl ferrocenyl acrylate 30 was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 75:25), obtained as an orange solid, mp:139 °C. Yield: 29 mg (64%).
'"H NMR (400 MHz, CDCl3) 6 10.20 (s, 1H), 8.04 (d, J = 16.0 Hz, 1H), 7.36 — 7.30 (m, 2H),
7.23 (d,J=7.4 Hz, 3H), 6.26 (d, /= 15.6 Hz, 1H), 5.00 (d, /= 9.5 Hz, 2H), 4.81 (s, 1H), 4.31
(s, SH), 4.24 (t, J = 5.1 Hz, 2H), 2.71 (t, J = 6.3 Hz, 2H), 1.77 (t, J = 9.7 Hz, 4H). *C{'H}
NMR (126 MHz, CDCl3) 6 192.6 (CH), 166.7 (C), 142.1 (C), 141.9 (CH), 128.4 (CH), 128.3
(CH), 125.8 (CH), 118.2 (CH), 80.9 (C), 78.4 (C), 74.0 (CH), 73.3 (CH), 71.7 (CH), 71.3 (CH),
68.6 (CHz), 64.4 (CH>), 35.5 (CH»), 27.8 (CH2). HRLCMS (ESI) m/z: [M+H]" calcd for
C24H2sFeO3 417.1148, found 417.1124. Enantioselectivity of 30 was determined by chiral

HPLC analysis on AD-3 (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (30)
mAU % &)
600 P q?L
500
400
300
200
100

0 —T— - B

T T T T T T T
2 4 ] 8 10 12 14

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el R R e [-mmmeee | ommmees | oeeeee |
1  9.656 MM 0.6123 2.4293%4 661.30304 49.5956
2 11.380 MM 0.7360 2.46901e4 559.08557 50.4044

Asymmetric sample (30)

mAUZ ﬁ &
E| o
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0 : : o
—
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e B R | -memmeee- R R |
1 9.535 MM 0.6131 6.30308e4 1713.43518 97.0472
2 11.107 MM 0.3462 1917.77332 92.33771  2.9528
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Chiral 1,2 formyl ferrocenyl acrylate 3p was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:142 °C. Yield: 26 mg (55%).
"H NMR (700 MHz, CDCI3) 6 10.20 (s, 1H), 8.36 (d, J = 15.9 Hz, 1H), 7.51 (d, J = 2.5 Hz,
1H), 7.31 (dd, J = 8.6, 2.5 Hz, 1H), 7.21 (d, J = 8.6 Hz, 1H), 6.46 (d, J = 15.8 Hz, 1H), 5.09
(d, J=1.2 Hz, 1H), 5.07 (d, J = 2.8 Hz, 1H), 4.89 (t, J = 2.7 Hz, 1H), 4.36 (s, SH). 3C{'H}
NMR (176 MHz, CDCl3) ¢ 192.7 (CH), 163.8 (C), 145.9 (C), 131.8 (C), 130.1 (CH), 128.0
(CH), 127.9 (CH), 124.7 (CH), 115.6 (CH), 79.5 (C), 78.8 (C), 74.6 (CH), 74.5 (CH), 72.0
(CH), 71.6 (CH). HRLCMS (ESI) m/z: [M+Na]" calcd for C2oHisFeClo03Na 450.9562, found
450.9577. Enantioselectivity of 3p was determined by chiral HPLC analysis on AD-H (hexane:

isopropanol = 70:30, 1 mL/min, A=254 nm).

Racemic sample (3p)

mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e EESRE e |-mmme e |-omeeeees |-eoeeee |
1 8.889 BV ©.3953 2.48767e4 881.38548 508.5071
2 11.293 BB 0.4978 2.43771e4 687.31519 49.4929

Asymmetric sample (3p)

1 o
mAU a N

1400 P&
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800 [
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400
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0 i~ — v

2 4 6 8 10

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
e RS B [-mmmmmnee |--mmmeeee | -mmmeee |
1 8.896 MM 0.5621 5.36181ed4 1589.67603 92,1082
2 11.311 MM ©.4235 4594.00195 188.79378 7.8918

16m
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Chiral 1,2-formyl ferrocenyl acrylate 3q was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 80:20), obtained as an orange solid, mp:140-141 °C. Yield: 26 mg
(59%). '"H NMR (400 MHz, CDCl3) 6 10.21 (s, 1H), 8.25 (d, /= 15.3 Hz, 1H), 6.82 (d, J= 8.8
Hz, 1H), 6.73 (s, 1H), 6.64 (d, J=8.3 Hz, 1H), 6.43 (d, /= 15.9 Hz, 1H), 6.02 (s, 2H), 5.05 (s,
2H), 4.87 (s, 1H), 4.36 (s, SH). *C{'H} NMR (176 MHz, CDCl3) ¢ 192.6 (CH), 165.3 (C),
148.0 (C), 145.3 (C), 145.1 (C), 144.3 (CH), 117.0 (CH), 114.0 (CH), 108.0 (CH), 103.8 (CH),
101.7 (CH>), 80.2 (C), 78.6 (C), 74.3 (CH), 74.0 (CH), 71.9 (CH), 71.5 (CH). HRLCMS (ESI)
m/z: [M+H]" caled for C21H17FeOs 405.0420, found 405.0428. Enantioselectivity of 3q was

determined by chiral HPLC analysis on AD-H (hexane: isopropanol = 80:20, 1 mL/min, A=254

nm).

Racemic sample (3q)

AU o
™ oA F
] =1 ~ 3 ¢
200 IS g
E | 1 8.
] ¥ RS
150 | [
100 |\ [
50 . |
B . N /
01— T B i v ——
) 1 T | T |
5 10 15 20 25 30 35

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
el TR R R O O |---eee |
1 20.712 MM 1.1358 1.71754e4 252.82060 49.8513
2 30.585 MM 1.6706 1.72778e4 172.37042 50.1487

Asymmetric sample (3q)

mAU =] ™
250 ﬁ 5P
N o
200 |1 &®
'l
150 |4
I\ )
100 [\ W
\ IR
by © 3
0y , RN o
03 _ ~ ———— J — - ~ - — S
T T T |
10 20 30
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

R R B |-mmmmeeee |=-mmmneees |=-mmmeee |
1 20,500 MM 1.1164 1.85954e4 277.61673 96.1018
2 30.322 MM 0.8682 754.44818 14.48236 3.8990

40
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Chiral 1,2-formyl ferrocenyl acrylate 3r was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 80:20), obtained as an orange solid, mp:132-135 °C. Yield: 26 mg
(58%). '"H NMR (400 MHz, CDCl3) 6 10.21 (s, 1H), 8.11 (d, J = 16.0 Hz, 1H), 7.45 (d, J=7.6
Hz, 2H), 7.39 — 7.30 (m, 3H), 6.74 (d, /= 16.0 Hz, 1H), 6.47 — 6.35 (m, 1H), 6.31 (d, J=15.8
Hz, 1H), 5.05 — 4.97 (m, 2H), 4.88 (d, J = 6.2 Hz, 2H), 4.82 (s, 1H), 4.32 (s, 5H). BC{'H}
NMR (176 MHz, CDCIl3) 0 192.6 (CH), 166.4 (C), 142.4 (C), 136.2 (CH), 134.2 (CH), 128.6
(CH), 128.0 (CH), 126.6 (CH), 123.3 (CH), 117.9 (CH), 80.7 (CH), 78.4 (CH), 74.0 (CH), 73.0
(CH), 71.7 (CH), 71.4 (CH), 65.1 (CHz2). HRLCMS (ESI) m/z: [M+H]+ caled for C23H21FeOs
401.0835, found 401.0851. Enantioselectivity of 3r was determined by chiral HPLC analysis
on AD-H (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (3r)
mAU 3

400

13.845
16,640
%

300
200
100

0

— ———— T —— T r —
25 5 7.5 10 125 15 175

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.645 VB ©.5438 1.99172e4  509.78543 49.7357
2 16.640 MM 0.8363 2.01288e4  401.14093 50.2643

Asymmetric sample (3r)

mAU 7
1200
1000
800
600
400
200

] / —— I\ —~ i ~—
D, EE— ~ — — A — —L — L

— T — T T ———
2 4 6 8 10 12 14 16 mil

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R R ERE |-neemeneee < |-oeeee- |
1 13.649 MM ©.6593 5.29629e4 1338.79089 96.7579
2 16.656 MM ©.4748 1774.62085 62.39433 3.2421
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Chiral 1,2 formyl ferrocenyl acrylate 3s was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 80:20), obtained as an orange solid, mp:135-137 °C. Yield: 27 mg
(52%). 'H NMR (400 MHz, CDCls) ¢ 10.22 (s, 1H), 8.25 (d, J = 14.9 Hz, 1H), 7.52 — 7.35 (m,
7H), 7.12 (d, J=7.9 Hz, 2H), 7.02 (d, /= 7.5 Hz, 2H), 6.45 (d, J = 14.5 Hz, 1H), 5.09 (s, 2H),
5.06 (s, 2H), 4.86 (s, 1H), 4.36 (s, SH). *C{'H} NMR (126 MHz, CDCl3) § 192.6 (CH), 165.4
(C), 156.44 (C), 144.5 (C), 144.0 (C), 128.6 (CH), 128.0 (CH), 127.5 (CH), 122.4 (CH), 117.3
(CH), 116.0 (CH), 115.4 (CH), 80.4 (C), 78.6 (C), 74.2 (CH), 73.9 (CH), 71.9 (CH), 71.5 (CH),
70.4 (CH,). HRLCMS (ESI) m/z: [M+H]" caled for C27H23FeO4 467.0941, found 467.0964.
Enantiopurity of 3s was determined by chiral HPLC analysis on AD-H (hexane: isopropanol =
80:20, 1 mL/min, A=254 nm).

Racemic sample (3s)

mAU
350
300
250
200
150
100 \ I
50 [ AN .
o+ . S R e e T -
1‘0 Z‘D 30 4‘0 5‘0 B‘U

Signal 1: DAD1 A, Sig=254,4 Ref=360,160

75994

T 545226

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 25.994 BB 1.4783 4.35806e4  482.78561 50.7998
2 45.226 BB 2.3625 4.22083e4 239.21284 49.2002

Asymmetric sample (3s)

mAU ] s
700 f
500 ‘ ‘
w0 |
300 | |
200 | |

] I‘ A
100 I‘ i g (‘:ﬂn{\'

i o
] ﬂ, [ bl
ol o - g I
10 20 30 40 0

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
NPT EREEERS | -ee [ eee e |- emmee |- enmeee |
1 25.869% BB ©.9061 4.35442ed 747.008928 94.3631
2 43.4886 MM 1.6794 2601.16553 25.81367 5.6369
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Chiral 1,2-formyl ferrocenyl acrylate 3t was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 75:25), obtained as an orange solid, mp:137-139 °C. Yield: 33 mg
(62%). 'TH NMR (700 MHz, CDCls) § 10.20 (s, 1H), 8.24 (d, /= 15.8 Hz, 1H), 7.30 (d, J= 7.1
Hz, 2H), 7.28 — 7.25 (m, 4H), 7.23 — 7.19 (m, 1H), 7.09 (d, J = 8.7 Hz, 2H), 6.44 (d, /= 15.8
Hz, 1H), 5.13 —4.99 (m, 2H), 4.87 (t,J=2.7 Hz, 1H), 4.35 (s, 5H), 1.72 (s, 6H). 3C{'H} NMR
(176 MHz, CDCI3) 0 192.8 (CH), 165.2 (C), 150.4 (C), 148.6 (C), 148.1 (CH), 144.2 (CH),
128.0 (CH), 127.8 (CH), 126.8 (CH), 125.7 (CH), 120.9 (CH), 117.2 (CH), 80.3 (C), 78.5 (C),
74.3 (CH), 74.0 (CH), 72.0 (CH), 71.5 (CH), 42.7 (C), 30.8 (CH3z). HRLCMS (ESI) m/z:
[M+Na]" calcd for CaoHzsFeOs3Na 501.1124, found 501.1149. Enantiopurity of 3t was
determined by chiral HPLC analysis on AD-H (hexane: isopropanol = 70:30, I mL/min, A=254

nm).

Racemic sample (3t)

AU o
" B8 X
400 Moo 2
E [.e® =
3 | ¥
300 I [\
] |\
200
100
E - - L -
0+ ——— - - —— —
2 4 6 8 o 12 4w
Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e |- mnees |- mmeee R |--meeee \
1 7.542 MM 0.4264 1.21354e4 474.,28387 50.4304
2 10.674 VB ©.4900 1.19283e4 342.76691 49.5696
Asymmetric sample (3t)
AU 2
m 391 ,@u
1400 N
1200 | ;’Sq:é"
1000 [
800 \
[ i
600 Y o®
400 ‘ 2
200 | evs
0 —— o~ Y. —
T T T T T
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Signal 1: DAD1 A, Sig=254,4 Ref=36@,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAuU] %
o |=mefooeees |-=mmeeeees ot | <=emee- |
1 7.583 MM 0.4978 4.72234e4 1581.15308 93,5084
2 10.731 MM 0.4393 3278.35181 124.37627 6.4916
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Chiral 1,2-formyl ferrocenyl acrylate (3u) was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:124-126 °C. Yield: 25 mg
(61%). 'TH NMR (700 MHz, CDCls) 6 10.14 (s, 1H), 8.08 (d, J=15.2 Hz, 1H), 7.98 (d, /= 8.3
Hz, 2H), 7.63 (t, J = 9.5 Hz, 1H), 7.57 (t, J= 9.2 Hz, 2H), 6.82 (d, J = 15.3 Hz, 1H), 5.02 (s,
1H), 4.92 (s, 1H), 4.82 (s, 1H), 4.31 (s, SH). *C{'H} NMR (176 MHz, CDCls) 6 192.4 (CH),
141.0 (C), 140.8 (CH), 133.2 (CH), 129.3 (CH), 127.5 (CH), 126.5 (CH), 78.8 (C), 78.0 (C),
75.0 (CH), 74.4 (CH), 72.7 (CH), 71.5 (CH). HRLCMS (ESI) m/z: [M+H]" caled for
Ci9H17FeO3S 381.0242, found 381.0247. Enantiopurity of 3u was determined by chiral HPLC

analysis on AD-H (hexane: isopropanol = 70:30, 1 mL/min, A=254 nm).

Racemic sample (3u)

mAU -

1204
100
80
60
403
20

oé Y A N

—23.350

"> 38250

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width

#  [min]

1 23.350 BB
2 38.250 BB

Asymmetric sample (3u)

1.1577 1.25977e4
1.8061 1.22691e4

148.80722 50.6608
94.93867 49.3392

35 40

45

signal 1: DAD1 A, Sig=254,4 Ref=360,160

Peak RetTime Type Width

#  [min]

191.58116 95.2685
9.38964

1 23.298 MM
2 38.916 MM

1.4254 1.63847e4
1.4444 813.75458

Height

4.7315

30 35
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Chiral 1,2-formyl ferrocenyl acrylate 3v was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:128 °C. Yield: 25 mg (65%).
"H NMR (700 MHz, CDCl3) 6 10.17 (s, 1H), 7.84 (dd, J=22.0, 17.4 Hz, 1H), 6.09 (t,J = 18.1
Hz, 1H), 5.17 —4.90 (m, 2H), 4.80 (t, J=2.7 Hz, 1H), 4.30 (s, 5H), 3.81 (dd, J=11.1, 4.6 Hz,
6H).">*C{'H} NMR (176 MHz, CDCl3) § 192.6 (d, Jc.p = 3.6 Hz; CH), 146.4 (d, Jc.r = 7.5 Hz;
CH), 112.4 (d, Jc.p = 192.6 Hz; CH), 81.4 (d, Jc.p = 27.2 Hz; C), 78.1 (CH), 73.9 (CH), 73.7
(CH), 71.8 (CH), 71.4 (CH), 52.5 (CHs). HRLCMS (ESI) m/z: [M+Na]" calcd for
CisHi7FeO4PNa 371.0106, found 371.0087. Enantiopurity of 3v was determined by chiral
HPLC analysis on OJ-3 (hexane: isopropanol = 90:10, 1 mL/min, A=254 nm).

Racemic sample (3v)

50 g
300 e
2503 I =
2002
150
100

50 L L ey
5 10 15 20 25 30 35 40 45

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
R EEEEEEE |- | -eemee |--nemmeeee |--semeeeee |--eemees |
1 30.461 MP 1.0571 2.09810e4 330.78006 49.2821
2 40.814 MM 1.8387 2.15922e4 195.71974 50.7179

Asymmetric sample (3v)

) 38613
®

5 10 15 20 25 30 35 40 mil

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type MWidth Area Height Area
#  [min] [min] [mAU*s] [mAU] %
A |-enfoneeee |-emmnees |-nmoeees |+=ennee- |
1 29.369 MM 0.8577 3167.40869 61.5509@  8.3641
2 38.613 MM 1.5779 3.47018e4  366.54413 91.6359
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Chiral 1,2-formyl ferrocenyl acrylate 3w was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:135-136 °C. Yield: 27mg
(66%). 'H NMR (400 MHz, CDCl3) 6 10.18 (s, 1H), 7.81 (dd, J=21.8, 17.6 Hz, 1H), 6.12 (dd,
J=18.0,17.4 Hz, 1H), 4.98 (s, 2H), 4.79 (s, 1H), 4.30 (s, 5H), 4.24 — 4.06 (m, 4H), 1.40 (t, J
=7.0 Hz, 6H).*C{'H} NMR (176 MHz, CDCl3) J 192.6 (d, Jc-p = 4.2 Hz; CH), 145.3 (d, Jc-
p=17.5 Hz; CH), 114.1 (d, Jc.r = 191.9 Hz; CH), 81.7 (d, Jc.r = 27.2 Hz; C), 78.0 (C), 73.8
(CH), 73.4 (CH), 71.7 (CH), 71.3 (CH), 61.9 (dd, Jc.r = 12.0, 5.5 Hz; CH>), 16.4 (d, Jc.r=6.3
Hz; CH3). Enantiopurity of 3w was determined by chiral HPLC analysis on OJ-3 (hexane:

isopropanol = 90:10, 1 mL/min, A=254 nm).

Racemic sample (3w)

mAU ]
b
2504 ) 8
200 [ @
150 a
100
50
0] I S | N — — — — "'—F'L e
| T [ [ T 1 T T T T T
2 4 6 8 10 12 14 16 18 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ol Rt P R | -mmme e |--mmmne |
1 13.542 BB 8.5477 9667.14551 267.46536 50.6685
2 16.032 BB ©.8056 9412.03809 178.3871e 49.3315
Asymmetric sample (3w)
mAU 2 oF
. N
1200 g o
1000 s
] | %
800 | \
600 ‘ |
400 o 60
] |\ 5 @
zoo—E AN £
0 S L
, , : : T , : T , T : , : T : : : :
5 10 15 20
Signal 1: DAD1 A, Sig=254,4 Ref=36@,100
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %

1 13.399 MM 0.6020 4.709102e4 1301.45166 97.4601
2 15.971 MM ©.7151 1225.1322@ 28.55343 2.5399
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Chiral 1,2-formyl ferrocenyl acrylate 3x was purified on silica gel (mesh 230-400) in

(hexanes: ethylacetate; 70:30), obtained as an orange solid, mp:130-132 °C. Yield: 19 mg
(55%). '"H NMR (400 MHz, CDCl3) 6 10.22 (s, 1H), 7.83 (d, J=15.2 Hz, 1H), 6.83 (d, /= 14.5
Hz, 1H), 5.01 (s, 1H), 4.93 (s, 1H), 4.77 (s, 1H), 4.30 (s, 5H), 3.17 (s, 3H), 3.08 (s, 3H). *C{'H}
NMR (176 MHz, CDCls) ¢ 192.5 (CH), 166.5 (C), 138.5 (CH), 118.1 (CH), 82.9 (C), 78.0 (C),
73.5 (CH), 72.7 (CH), 72.4 (CH), 71.2 (CH), 42.6 (CH3). HRLCMS (ESI) m/z: [M+Na]" calcd
for Ci1sH17FeNO2Na 334.0501, found 334.0509. Enantiopurity of 3x was determined by chiral

HPLC analysis on OJ-3 (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm).

Racemic sample (3x)

mAU § 2
400 jal o
] I
300 |
200
100
0_: . AN —_— . o/ —
- T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R R [ -ememmees |-oemeee- \
1 11.486 W 8.3759 1.16881le4  464.00394 49,3571
2 12.879 VB 0.4674 1.19926e4  380.86612 50.6429
Asymmetric sample (3x)
mAU 4 g
1400 s
1200 [
1000 [
|
800 &
600 | P
400 8 5V |
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200 ¢
04 - — —— —— S - £
T T T T T T
2 4 6 8 10 12 14

signal 1: DAD1 A, Sig=254,4 Ref=366,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.885 MM ©.3494 2494.11694 118.98089 4.7613
2 13.866 W ©.4673 4.98895e4 1601.95691 95.2387
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Chiral 1,2-formyl ferrocenyl acrylate 3y was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 70:30), obtained as a yellow-orange solid, mp:113-115 °C. Yield: 17
mg (48%). 'H NMR (400 MHz, CDCls) § 10.15 (s, 1H), 7.43 — 7.30 (m, 4H), 7.26 — 7.21 (m,
1H), 6.55 — 6.28 (m, 2H), 4.78 (s, 1H), 4.56 (d, J= 14.4 Hz, 2H), 4.28 (s, 5SH), 3.70 — 3.45 (m,
2H). BC{'H} NMR (176 MHz, CDCl3) § 193.7 (CH), 137.3 (C), 130.9 (CH), 128.6 (CH),
128.5 (CH), 127.2 (CH), 126.1 (CH), 90.0 (C), 74.0 (C), 73.2 (CH), 71.43 (CH), 70.3 (CH),
70.1 (CH), 31.4 (CHz). HRLCMS (ESI) m/z: [M+Na]" caled for C2oHisFeONa 353.0599, found
353.0621. Enantiopurity of 3y was determined by chiral HPLC analysis on AD-H (hexane:
isopropanol = 90:10, 1 mL/min, A=254 nm). Racemic sample (3y)

mAU 4
7003
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500
4002
3003
200
1003

s

T >11.699

3 — S R

— S — —
T T T T T T T T T T T T T T T T T T
2 4 & 8 10 12

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.441 BB @9.3223 1.82336e4 769.84558 50.4824
2 11.699 BBA 0.4470 1.78851le4  547.68359 49.5176

Asymmetric sample (3y)

mAU § "
1 IRt
100 - o
1 [ .@fb‘
80 - s
b .
60 |
] | g
40 [ xS
1 ] Y g &
20— A \ 2 B
] [\ \ ¢
0 — ——— e = o [ +
L O
25 5 75 10 125
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 7.8% MM 0.6170 4392.77344 118.65778 98.0952
2 10.832 MM 0.3680  85.30027 3.86302 1.9e48
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Chiral 1,2-formyl ferrocenyl acrylate 3z was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 85:15), obtained as a yellow-orange solid, mp:123-126 °C. Yield: 24
mg (51%). '"H NMR (700 MHz, CDCl3) 6 10.18 (s, 1H), 7.98 (d, J = 15.8 Hz, 1H), 6.25 (d, J
=15.8 Hz, 1H), 5.01 (dd, J = 2.6, 1.3 Hz, 1H), 4.99 (d, /= 2.3 Hz, 1H), 4.84 — 4.79 (m, 2H),
4.31 (s, SH), 2.09 (t, J= 7.9 Hz, 1H), 1.95 (ddd, J=13.9, 9.1, 4.2 Hz, 1H), 1.73 (dd, J = 14.1,
2.6 Hz, 3H), 1.51 — 1.46 (m, 1H), 1.10 — 1.03 (m, 2H), 0.94 (dd, J= 6.8, 1.0 Hz, 6H), 0.83 (d,
J=6.9 Hz, 3H). *C{'H} NMR (176 MHz, CDCl3) 6 192.9 (CH), 166.5 (C), 141.6 (CH), 118.8
(CH), 81.1 (C), 78.1 (C), 74.4 (CH), 74.0 (CH), 73.2 (CH), 72.0 (CH), 71.4 (CH), 47.1 (CH),
40.9 (CH), 34.2 (CH), 31.4 (CH>), 26.42 (CH2), 23.62 (CH»), 22.0 (CH3), 20.7 (CHs), 16.5
(CH3). HRLCMS (ESI) m/z: [M+H]" caled for C24H31FeO3 423.1617, found 423.1631.

Chiral 1,2-formyl ferrocenyl acrylate 3aa was purified on silica gel (mesh 230-400) in
(hexanes: ethylacetate; 80:20), obtained as a yellow-orange solid, mp:133-135 °C. Yield: 36
mg (49%). 'H NMR (500 MHz, CDCl3) 6 10.18 (d, J= 1.9 Hz, 1H), 8.00 (d, J= 15.8 Hz, 1H),
6.25(d, J=15.8 Hz, 1H), 5.42 (d, J= 5.0 Hz, 1H), 5.00 (t,J= 3.1 Hz, 2H), 4.81 (t,J=2.8 Hz,
1H), 4.79 — 4.69 (m, 1H), 4.31 (s, 5SH), 2.42 (d, /= 7.9 Hz, 2H), 2.00 — 1.83 (m, 5H), 1.70 (m,
1H), 1.57 — 1.44 (m, 5H), 1.36 (dd, /= 7.8, 3.5 Hz, 3H), 1.21 — 1.11 (m, 4H), 1.07 (s, 3H), 0.94
(d, J = 6.5 Hz, 4H), 0.89 (dd, J = 6.6, 2.3 Hz, 9H), 0.71 (s, 3H). *C{'H} NMR (176 MHz,
CDCl) 6 193.0 (CH), 166.3 (C), 141.8 (CH), 139.6 (CH), 122.7 (CH), 118.7 (CH), 80.9 (C),
78.2 (C), 74.2 (CH), 74.1 (CH), 73.4 (CH), 71.9 (CH), 71.4 (CH), 56.7 (CH2), 56.1 (CH2), 50.0
(C), 42.3 (C), 39.7 (CH), 39.5 (CH), 38.2 (CH), 37.0 (CH), 36.6 (CH), 36.1 (CH), 35.8 (CH>),
31.9 (CH»), 31.8 (CH»), 28.2 (CH»), 28.0 (CH2), 27.8 (CH2), 24.3 (CH»), 23.8 (CH>), 22.8
(CH), 22.5 (CH»), 21.0 (CH3), 19.3 (CH3), 18.7 (CH3), 11.8 (CH3z). HRLCMS (ESI) m/z:
[M+H]" caled for C42HssFeOs 666.3731, found 666.3711.
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Post-synthetic  Transformation of Chiral 1,2-Ferrocene
Formaldehydes

Reduction of tert-butyl-(E)-3-(2-formylferrocenyl)acrylate 3¢  with
BH3-SMe;

= o
—\OBU  BH;.SMe, (2 eq) Fo O
‘ “ 4 (90%), 95%ee

Scheme S2. Reduction with BH3-SMe»

In a Schlenk tube, fert-butyl-(E)-3-(2-formylferrocenyl)acrylate 3¢ (17 mg, 0.05 mmol, 1
equiv), BH3.SMe> (20 pL, 0.Immol, 2 equiv) was mixed in DCM at room temperature and
stirred for 3h under an inert atmosphere. The crude reaction mixture passed through a celite
pad, quenched with 1N HCI, evaporation, and column chromatography on silica gel (mesh 230-
400) wusing hexane: ethyl acetate solvent system to afford tert-butyl 3-(o-
methylferrocenyl)propanoate (4) as a yellow solid (mp:129-131 °C). Yield: 15 mg (90%).'H
NMR (400 MHz, CDCl3) 6 4.04 (s, 6H), 3.99 (dd, J=2.5, 1.5 Hz, 1H), 3.93 (t, /= 2.4 Hz, 1H),
2.72 -2.61 (m, 2H), 2.49 — 2.36 (m, 2H), 1.98 (s, 3H), 1.48 (s, 9H). 1*C{'H} NMR (101 MHz,
CDCl3) 6 172.6 (C), 86.2 (C), 82.6 (C), 80.3 (CH), 77.2 (CH), 69.1 (CH), 67.2 (CH), 64.9 (C),
36.5 (CH2), 28.1 (CH2), 23.5 (CH3), 13.1 (CHs3). HRLCMS (ESI) m/z: [M] calcd for
CisH24FeO; 328.1120, found 328.1118. Enantiopurity of 4 was determined by chiral HPLC
analysis on OJ-3 (hexane: isopropanol = 100:00, 0.5 mL/min, A=254 nm).
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R P |--emeenee |+smeneee- |--emees |
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type MWidth Area Height
#  [min] [min] [mAU*s] [mAU] %

el REREESE e R R |<-omnee |

1 27.425 MM 1.3058 1.04226e4  133.02591 97.1869

2 40.856 MM 0.8524 301.68549 5.89861  2.8131
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Reduction of methyl-(E)-3-(2-formylferrocenyl)acrylate 3b with sodium
borohydride

=0 OH
(> _ome _NaBH; 2eq) (S owe
MeOH, RT, 4h
F!e O Fe o)
3b 5 (70%), 94%ee

Scheme S3. Reduction with NaBH4

In a Schlenk tube, methyl-(£)-3-(2-formylferrocenyl)acrylate 3b (17 mg, 0.05 mmol, 1 equiv),
NaBH4 (4 mg, 0.11mmol, 2.1 equiv) was mixed in MeOH at room temperature and stirred for
4h under an inert atmosphere. The crude reaction mixture passed through a celite pad, quenched
with 1N HCI, evaporation, and column chromatography on silica gel (mesh 230-400) using
hexane: ethyl acetate solvent system to afford methyl-(E)-3-(2-
(hydroxymethyl)ferrocenyl)acrylate (5) as a yellow solid (mp: 131-134 °C). Yield: 11 mg
(70%). "H NMR (400 MHz, CDCl3) 6 7.71 (d, J= 15.7 Hz, 1H), 6.16 (d, J = 15.8 Hz, 1H), 4.68
— 4.56 (m, 2H), 4.53 (s, 2H), 4.45 (s, 1H), 4.19 (s, 5H), 3.80 (s, 3H), 2.07 (s, 1H). BC{'H}
NMR (176 MHz, CDCls) 0 167.5 (C), 143.5 (CH), 115.7 (CH), 88.2 (C), 78.0 (C), 71.9 (CH),
70.0 (CH), 67.7 (CH), 60.4 (CH), 59.1 (CH3), 51.5 (CH2). HRLCMS (ESI) m/z: [M+Na]" calcd
for CisHi6FeOs3Na 323.0341, found 323.0319. Enantiopurity of 5 was determined by chiral
HPLC analysis on AD-H (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm).
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Racemic sample (5)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area
# [min] [min]

Height
[mAU*s] [mAU]

cemef e P |--eeeemee |--eemneee |--emmme !
49.9404
50.0596

1 6.423 MM
2  8.669 MM
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Asymmetric sample (5)
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Peak RetTime Type Width Area
# [min] [min]
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[mAU*s] [mAU]

1 7.896 MM
2 8.529 MM

0.4031 1040.45667
0.3294  27.99417

43.01512 97.3799
1.41633

2.6201
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Mechanistic Investigation

Control experiment 1: Understanding of C-H activation versus oxidation
pathways

(a) Possibility of transient directed C-H activation

In a Schlenk tube, PdA(OAc)2 (2.3 mg, 0.011 mmol, 10 mol%), L2 (10 mg, 0.044 mmol, 40
mol %), Cu(OAc)2 (30.0 mg, 0.16 mmol, 1.5 equiv), Cs2CO3 (71.2 mg, 0.22 mmol, 2 equiv),
DMSO (40 uL, 0.55 mmol, 5 equiv), ferrocene carboxaldehyde (24 mg, 0.11 mmol, 1
equiv), and trifluoromethanesulfonamide (16 mg, 0.11 mmol, 1 equiv) were added in dry
tert-amyl alcohol (1.5 mL) under an argon atmosphere and the resulted green colored
solution was stirred for 10 min. After pre-stirring, olefin 2a (24 pL, 0.22 mmol, 2 equiv)
was added. The tube was sealed with a rubber septum, and a dry air atmosphere was
maintained in the flask with a balloon. The reaction was heated at 55 °C, stirred for 30 h,
and then cooled to room temperature. The crude reaction mixture was passed through a

celite pad, evaporation, and subjected to crude NMR.

e}
S © N
= HoN"> 7 Fe 0
Fe — >
0] Standard conditions @
2a
3a (0%),

FeCHO (100%)

Scheme S4. Controlled experiment for determining the possibility of transient directed C-

H activation

(b) Possibility of free radical-driven amine oxidation.
In a Schlenk tube, Pd(OAc)2 (2.3 mg, 0.011 mmol, 10 mol%), L2 (10 mg, 0.044 mmol, 40
mol %), Cu(OAc)> (30.0 mg, 0.16 mmol, 1.5 equiv), Cs2CO3 (71 mg, 0.22 mmol, 2 equiv),
DMSO (40 pL, 0.55 mmol, 5 equiv) TEMPO (17 mg, 0.11 mmol, 1 equiv) or BHT (24 mg,
0.11 mmol, 1 equiv) and ferrocenyl amine 1a (38 mg, 0.11 mmol, 1 equiv) were added in
dry tert-amyl Alcohol (1.5 mL) under a dry AIR atmosphere. The reaction was heated at 55
°C, stirred for 30 h, and then cooled to room temperature. The crude reaction mixture was

passed through a celite pad, evaporation, and subjected to crude NMR and mass analysis.
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TfHN’\< o= ¢
Standard Conditions

Fe > Fe + No Adduct
| TEMPO or BHT - Formed
1a (100%)

Scheme S5. Controlled experiment for free radical-driven amine oxidation

(c¢) Possibility of base driven amine deamination

In a Schlenk tube, Cs>CO3 (71 mg, 0.22 mmol, 2 equiv), DMSO (40 pL, 0.55 mmol, 5 equiv)
and ferrocenyl amine 1a (38 mg, 0.11 mmol, 1 equiv) were added in dry tert-amyl Alcohol
(1.5 mL) under a dry air atmosphere. The reaction was heated at 55 °C, stirred for 30 h, and
then cooled to room temperature. The crude reaction mixture was passed through a celite

pad, evaporation, and subjected to crude NMR.

TfHN/@ O;@
Cs,CO3 (2equiv) o

Fe DMSO (5equiv) Es
tAmyl Alcohol

1a (ND)

Scheme S6. Controlled experiment with base Cs2CO3

(d). Possibility of heterogeneous palladium nanoparticle-driven amine oxidation
In a Schlenk tube, PA(NPs) (12 mg, 0.11 mmol, 1 equiv), DMSO (40 pL, 0.55 mmol, 5
equiv) and ferrocenyl amine 1a (38 mg, 0.11 mmol, 1 equiv) were added in dry tert-amyl
Alcohol (1.5 mL) under a dry air atmosphere. The reaction was heated at 55 °C, stirred for
30 h, and then cooled to room temperature. The crude reaction mixture was passed through

a celite pad, dried under vacuo, and subjected to crude NMR.

TfHN’\‘ ob
Pd Nanoparticle(1eq), DMSO (5eq)
Fe tAmyl Alcohol o F!e

1a FeCHO (10%) 1a (90%)

Scheme S7. Controlled experiment with Pd nanoparticles
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(e) Possibility of transition metal-driven amine oxidation

In a Schlenk tube, the stoichiometry of the reagents was varied as shown in Scheme S12
below. The reaction was heated at 55 °C, stirred for 30 h, and then cooled to room
temperature. The crude reaction mixture was passed through a celite pad, evaporation, and

subjected to crude NMR.

Cu(OAc), (1eq)
1. 1a 0, 0,
tAmyIOH, 30N FeCHO (25%) 1a (75%)
2. 1a Pd(OAc), (0.1eq) FeCHO (3%) 1a (97%)
t-AmylOH, 30h
3 1a Cu(OAc), (1eq), - FeCHO (72%) 1a (28%)
’ Cs,C0O3(1eq), t-AmylOH, 30h
4. 1a Pd(OAc),,(0.1eq), . FeCHO (7%) 1a (93%)
Cs,CO3 (1eq), t-AmylOH, 30h
5. 1a Pd(OAc),,(0.1eq), L2 (0.4eq) FeCHO (2%) 1a (98%)
Cs,CO3 (1eq), t-AmylOH, 30h
6. 1a Pd(OAc),(0.1eq),Cu(OAc), (1eq)

> FeCHO (80%) 1a (20%)
Cs,CO3,(1eq), t-AmylOH, 30h

Scheme S8. Controlled experiments with variation in stoichiometry of the reagents

Control experiment 2: Relative rate of C-H activation versus amine
oxidation with ligand (L2)

In a Schlenk tube, Pd(OAc)> (2.3 mg, 0.011 mmol, 10 mol%), L2 (10 mg, 0.044 mmol, 40 mol
%), Cu(OAc)2 (30 mg, 0.16 mmol, 1.5 equiv), Cs2CO3 (71 mg, 0.22 mmol, 2 equiv), DMSO
(40 pL, 0.55 mmol, 5 equiv), and ferrocenyl amine 1b (44 mg, 0.11 mmol, 1 equiv) were added
in dry fert-amyl alcohol (1.5 mL) under an inert atmosphere and the result in green colored
solution was stirred for 10 min. Next, olefin 2d (34 uL, 0.22 mmol, 2 equiv) was added to the
reaction mixture. The tube was sealed with a rubber septum, and a dry air atmosphere was
maintained in the flask with a balloon. The reaction was heated at 55 °C, and after every 10
min time interval 250uL aliquot was taken and passed through a celite pad, evaporation and
submitted for crude '"H NMR. Fractional conversion of C-H activated product with oxidized

aldehyde has been monitored with time.
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Figure S4. "H NMR plot for fractional conversion of C-H activated product along with FeCHO
with time
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Figure SS. Plot for a relative rate of C-H activation and amine oxidation versus time with L2
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Control experiment 3: Relative rate of C-H activation versus amine oxidation
without ligand (L2)

In a Schlenk tube, Pd(OAc): (2.3 mg, 0.011 mmol, 10 mol%), Cu(OAc); (30 mg, 0.16 mmol,
1.5 equiv), Cs2COs3 (71 mg, 0.22 mmol, 2 equiv), DMSO (40 uL, 0.55 mmol, 5 equiv), and
ferrocenyl amine 1b (44 mg, 0.11 mmol, 1 equiv) were added in dry fert-amyl alcohol (1.5 mL)
under an inert atmosphere and the resulted in green colored solution was stirred for 10 min.
Next, olefin 2d (34 pL, 0.22 mmol, 2 equiv) was added to the reaction mixture. The tube was
sealed with a rubber septum, and a dry air atmosphere was maintained in the flask with a
balloon. The reaction was heated at 55 °C, and after every 10 min time interval 250 pL aliquot
was taken and passed through a celite pad, evaporation and submitted for crude 'H NMR.
Fractional conversion of C-H activated product with oxidized aldehyde has been monitored

with time.
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Figure S6. NMR plot for fractional conversion of C-H activated product along with oxidized
FeCHO with time
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Figure S7. Plot for a relative rate of C-H activation versus amine oxidation without L2

Control experiment 4: Ligand acceleration experiment

Two parallel reactions were performed in two different Schlenk tubes. In one Schlenk tube,
Pd(OAc)2 (2.3 mg, 0.011 mmol, 10 mol%), Cu(OAc): (30 mg, 0.16 mmol, 1.5 equiv), Cs2CO3
(71 mg, 0.22 mmol, 2 equiv), DMSO (40 pL, 0.55 mmol, 5 equiv), Ferrocenyl amine 1b (44
mg, 0.11 mmol, 1 equiv), and ligand L2 (10 mg, 0.044 mmol, 40 mol %) were added to the dry
tert-amyl alcohol (1.5 mL) under an inert atmosphere and the resulted in green colored solution
was pre-stirred for 10 min. In another Schlenk tube, all reagents were added to the dry tert-
amyl alcohol (1.5 mL) except ligand L2 under an inert atmosphere at pre-stirred for 10 min.
Next, Olefin 2d (34 puL, 0.22 mmol, 2 equiv) was added to the resulting reaction mixture. The
tube was sealed with a rubber septum, and a dry air atmosphere was maintained in the flask
with a balloon. The reaction was heated at 50 °C, and after every 10 min time interval 250uL
aliquot was taken and passed through a celite pad, evaporation and submitted for crude 'H

NMR. The fractional conversion of C-H-activated products has been monitored with time.
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Figure S8. Ligand acceleration experiment plot
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Control experiment 5: ’F NMR experiment for determining triflamide co-
ordination with Cs*

In an NMR tube, ferrocenyl amine 1a (10 mg, 0.03 mmol, 1 equiv), Cs2CO3 (20 mg, 0.06
mmol, 2 equiv), DMSO (10 pL, 0.55 mmol, 5 equiv) were added in CD3OD solvent (0.5 mL).
In another NMR tube CsOAc (12 mg, 0.06 mmol, 2 equiv) was added in the place of Cs2COs
in CD;0D solvent (0.5 mL). '°F NMR were recorded after 30 minutes of mixing on both of the
NMR tubes and we have compared the '°F NMR chemical shifts of triflamide in the presence
of cesium acetate and cesium carbonate with respect to the triflamide. A downfield chemical
shift difference of 1.24 ppm was observed in case of triflamide and Cs>CO3 and 0.22 ppm was
observed in triflamide and CsOAc with respect to only triflimide in the ’"FNMR. This chemical
shift difference suggestive of an interaction occurs even in the presence of acetate and

carbonate anion between cesium and triflamide

~79.49

—-78.5

I

19F NMR of FeNHTf +Cs,CO; =-78.25
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Figure S9. '’F NMR experiment using protic solvent, CD3OD, combined with 5 eq of DMSO,

of cesium acetate and cesium carbonate with respect to the triflamide.
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Computational Studies

Computational studies were performed with the Gaussian 09 Revision A.02 program suite with
the DFT method of Becke’s three-parameter hybrid Hartree-Fock procedure with the Lee
Yang-Parr correlation function (B3LYP). The geometry optimization and energy calculations
of the reactants, intermediates, and transition state were fully optimized by the DFT/B3LYP
method with LANL2DZ basis set in the solution phase using the CPCM (conductor-like
Polarizable Continuum Model) model in tetrahydrofuran (THF) solvent. Energy obtained from
computation is listed in Hartree and converted to kcal/mol. The difference between the

favorable and unfavorable transition states is 2.48 kcal/mol.

Favorable TS 1 Unfavorable TS 11

Figure S10. Optimized structure of favorable and unfavorable transition states

Energy Data
Structure Electronic and Thermal Correction to Gsolv AGsolv
TSI -2034.381945 0.00 kcal/mol
TS 11 -2034.377985 +2.48 kcal/mol

Relative energies were calculated at the level of B3LYP/LANL2DZ/CPCM(THF) at 298K
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Co-ordinates of Optimized Structures
Favourable TS 1

Electronic + Thermal Free Energies: -2034.381945
Correction to Gibbs’ free energy: 0.422242
Zero-point correction: 0.502647

Imaginary vibration frequency: 1 (associated imaginary frequency i1277.14 cm™)

Atomic Forces (Hartrees/Bohr)
Number X Y Z
Fe 0.000726564 -0.000035682 -0.001004340

C -0.001454155 -0.001851942 -0.000481310
C -0.000744977 0.000164172 0.001643055

C -0.003341090 0.001315388 -0.003654564
C 0.001443667 -0.003294859 -0.000717470
C 0.003050478 0.000166106 0.002601633

C 0.000080818 0.002580173  0.002524857

H -0.000243959 0.000537294 -0.000214023
H 0.000138087 0.000260520 0.000160404
H 0.000204188 0.000460223 0.000218217

H -0.000117785 0.000116618 -0.000073666
H -0.000020471 -0.000248107 0.000077476
H 0.000073468 -0.000005200 0.000195202
S -0.000329268 -0.000261712 -0.000251436

O 0.000045398 -0.000320812 0.000110026
O -0.000077743 0.000114062 0.000147438
C 0.002566861 -0.001391706 0.002514457
H -0.000347328 -0.000104308 -0.000133825
C -0.002861000 0.004060085 -0.002851233
C 0.000779685 -0.000349235 -0.000055059
C -0.000517333 -0.000171772 -0.000882900
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0.000027533
-0.000075310
0.000097625

-0.000236034
-0.000295496

0.000027443
-0.001008938

0.000123992
-0.000083353
0.001141231
-0.000955333
-0.000235914

0.000159931
-0.000096668
0.002951089

0.000030940
-0.000048840

0.000045654
0.000011211
-0.000024236
-0.000011687
-0.000017362
0.000023267
0.000017747
-0.000009043
0.000036376
-0.000011612
-0.000004255
-0.000045891
-0.000000709

-0.000146675
0.000153315
0.000004073
0.000153687
0.000257105
0.000001296
0.000178168
-0.000655180
-0.000088353
-0.000203875
0.000623300
-0.000428463
0.000139531
0.000268067
-0.002494076
0.000149053
0.000012040
-0.000001451
0.000001122
0.000018677
0.000006427
0.000003152
-0.000013428
0.000013544
0.000033842
0.000037523
-0.000036200
-0.000007782
0.000002747
-0.000032872

0.000072857
-0.000155719
-0.000051113
-0.000134025
0.000236074
-0.000138806
0.000922373
-0.000538553
0.000059931
-0.000894764
-0.000387234
-0.000068055
0.000249015
0.000059241
0.000104109
0.000028257
-0.000021202
0.000074850
0.000028782
-0.000016617
-0.000015360
0.000030993
0.000000873
-0.000012545
0.000018621
-0.000046288
0.000004686
0.000007850
0.000002655
-0.000021939
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0.000027962
-0.000007446
0.000016512
-0.000002517
-0.000014226
0.000004295
0.000016133
-0.000002018
-0.000007081
0.000000205
0.000002968
-0.000002939
0.000000546
0.000004016
0.000062556
0.000067203
-0.000753633

Unfavorable TS 11

0.000021439
0.000048067
0.000022982
-0.000012468
0.000007004
-0.000011859
0.000006587
0.000004378
-0.000003222
0.000000520
0.000005806
0.000005692
-0.000003061
0.000004629
-0.000017434
-0.000030653
0.000263974

0.000013317
0.000015065
-0.000017928
-0.000011735
-0.000001313
-0.000013611
-0.000004024
-0.000000591
-0.000000072
-0.000016468
-0.000012170
0.000000528
0.000006947
-0.000003176
-0.000029374
-0.000001447
0.000804168

Electronic + Thermal Free Energies: -2034.377985
Correction to Gibbs’ free energy: 0.423065

Zero-point correction: 0.502632

Imaginary vibration frequency: 1 (associated imaginary frequency i1100.96 cm™)

Atomic Forces (Hartrees/Bohr)

Number X Y Z
Fe 0.000214113 0.001143114 -0.000067044
C 0.000075349 -0.000221431 0.000005507
C -0.000038673 -0.000018047 -0.000008942
C -0.000016415 -0.000192574 0.000157195
C -0.000125925 -0.000186952 -0.000107353
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-0.000022683
0.000009334
0.000004815
0.000032756
0.000007632

-0.000033977
0.000024756

-0.000016296

-0.000027720
-0.000043021
0.000013752
0.000034248
-0.000005982
-0.000006825
0.000023762
0.000054623

0.000038002 -0.000036901

-0.000107399
-0.000076785
0.000066313
-0.000025281
0.000021159
-0.000005779
0.000017322
0.000008454
-0.000002083
0.000030562
-0.000012152
0.000058190
0.000025480
-0.000199896
0.000008119
-0.000001852
-0.000045787
-0.000003302
0.000056773
0.000006026
0.000046013

0.000058795
-0.000001327
-0.000184949
0.000012761
-0.000203876
-0.000003000
0.000010133
0.000003258
0.000007146
-0.000005184
0.000014036
-0.000035649
-0.000017500
-0.000175348

0.000002149
-0.000015383

0.000045490
-0.000025887
-0.000002882

0.000014375

0.000031840

0.000016479
0.000018703
-0.000001527
0.000009322
0.000008707
-0.000023859
0.000005976
-0.000017909

-0.000080416

0.000008788
-0.000000736
0.000183997
-0.000012067
0.000034134
0.000004955
-0.000028336
-0.000008277
0.000004625
-0.000025848
-0.000009150
0.000001846
0.000049945
-0.000156346
0.000008483
-0.000006850
-0.000023211
-0.000020113
-0.000024291
0.000047915
0.000053665
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-0.000017660
-0.000005450
0.000003471
0.000032098
-0.000012424
-0.000002204
-0.000000241
-0.000000615
0.000000204
0.000000219
0.000002021
-0.000001731
-0.000000631
0.000001908
0.000000784
-0.000000575
-0.000000679
-0.000001649
-0.000000724
0.000000183
-0.000001473
0.000000794
0.000008120
0.000009117
-0.000000428
-0.000011037
-0.000010806
-0.000006945
0.000003049
0.000000762

-0.000043420
0.000016898
-0.000004700
-0.000020531
-0.000005362
-0.000000706
-0.000000235
0.000000013
-0.000000309
-0.000002142
-0.000002742
0.000000638
0.000002878
0.000001174
0.000000802
0.000001141
0.000000461
0.000015411
-0.000018066
-0.000009652
0.000002257
0.000008531
0.000004919
0.000005661
-0.000008299
0.000006191
0.000004183
0.000002340
-0.000000636
-0.000001425

-0.000012273
-0.000010908
-0.000021735
0.000018281
-0.000012968
-0.000001468
-0.000001199
-0.000000936
-0.000001681
0.000002613
-0.000001463
0.000002565
-0.000003014
-0.000000272
-0.000001079
-0.000000921
-0.000001076
-0.000001814
0.000001749
-0.000002593
0.000008856
-0.000007530
0.000000677
-0.000001470
0.000009331
-0.000003259
0.000000930
0.000000514
0.000004470
-0.000005384
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NMR Spectra of Chiral 1,2-Ferrocene Formaldehyde Derivatives and

Post-derivatized Compounds

'"H NMR Spectrum of 3a

& [ @ Lo
[=} oQ NNO
— oo a0 0 G
S N
Parameter Value
1 Title Sangit-DP-03-
c
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 293.2
5 MNumber of 16 ( | |
Scans | ____ (
G Receiver Gain 203 i
7 Relaxation 1.0000
Delay
8 Pulse Width  8.0000
9 Acquisition 4.0894
Time
10 Acquisition 2024-02-19T1
Date 1:20:41
11 Spectrometer 400.13
Frequency
12 Spectral Width 8012.8
13 Lowest -1535.6
Frequency
14 Nudleus 1H
15 Acguired Size 32768
16 Spectral Size 65536
m_ _,_._ .__
m o o
= 2 =
= = =
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8
f1 (ppm)

r5.01
5.01
5.01
5.00
4.89

§

4.82

4.81
-4.80

4.31
4.29
4.29
4.27
4.25
1.38
1.37
1.35

EtO
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BC{'H} NMR Spectrum of 3a
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Parameter Value
1 Title Sangit-
DP-03-
C(700MHz)
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 293.0
5 MNumber of 1024
Scans
o Receiver Gain 179
7 Relaxation  2.0000
Delay 0]
- L
8 Pulse Width 15,4000
9 Acguisiion  0.7864 /
Time o) /
10 Acguisiion  2024-02-19T
Date 20:11:31
11 Spectrometer 176.05 (@] o
Frequency =
1]
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
I I I 1 1 I 1 I 1 I 1 T 1 I 1 I 1 I 1 T I I 1
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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'"H NMR Spectrum of 3b
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Parameter Value
1 Title Sangit- |
DP-02-
C_1602202 |
: |
2 Spectromete spect | J | _ _
r | | ! I | |
3 Solvent CDCI3
4 Temperature 298.2
5 MNumber of 18
Scans o)
6 Receiver 203 E
Gain
7 Relaxation  1.0000 /
Delay O /
8 Pulse Width .0000
9 Acquisiton  4.0894
Time w o
10 Acquisition  2024-02-15 =
Date T12:29:09
11 Spectromete 400.13
r Frequency
12 Spectral §012.8
Width
13 Lowest -1535.0
Frequency
14 Nudeus 1H
15 Acquired 32768
Size
16 Spectral Size 65536
¥ Ly T Ty I 1
Q (=] - (=2 =1 (=] (=]
a 9 a a9 =] 9
- = o i I m
1 1 I T I 1 1 I I 1 T I I I 1 I I 1 1 1 I I 1 I I I 1
14.5 13.5 125 11.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
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BC{'H} NMR Spectrum of 3b
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Parameter Value
1 Tite Sangit-
DP-D2-
C(700MHz)
2 Spectromete spect
r
3 Solvent CDCl3
4 Temperature 298.0
5 Mumber of 1024
Scans
6 Receiver 179 _.n__.lv
Gain
7 Relaxation 2.0000 /
Delay A
8 Pulse Width 15,4000 o
9 Acquisiton  0.7854
Time @) @)
10 Acquisiion  2024-02-17 m
Date T05:51:58
11 Spectromete 170.05
r Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Nudeus 13C
15 Acquired 32768
Size
16 Spectral Size 65535
_ L; * _ T. L AL " i
I I I 1 1 I 1 I 1 I 1 1 1 I 1 I 1 I 1 T I 1
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 -10
f1 (ppm)
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'"H NMR Spectrum of 3¢

—1.56
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Parameter Value
1 Tite Sangit-
DP-04-C |
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 2958.2 |
5 MNumberof 15 [ __. / ___ [ |
Scans '
& Receiver 203
Gain
7 Relaxation  1.0000
Delay
8 Pulse Width  8.0000
9 Acquisiton  4.0894
Time
10 Acquisiion  2024-02-20T
Date 16:36:52
11 Spectrometer 400, 13 /
Freguency O
12 Spectral 8012.8
Width
13 Lowest -1535.6
Freguency
14 Nudeus H
15 Acquired Size 32768
16 Spectral Size 65536
V Il _ Il ) .
T T I Ty T
= = o o o o
2 2 2 = 2 =
= = = = I
I I 1 1 I I T 1 L I I I I I
12,5 120 115 1i.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 5.0

13.0
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BC{'H} NMR Spectrum of 3¢
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Parameter Value
1 Title Sangit-DP-04-
C(700MHz)
2 Spectrometer spect
3 Solvent cDCl3
4 Temperature 298.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width  15.4000
9 Acquisition 0.7864
Time
10 Acquisition 2024-02-21T
Date 18:47:13
11 Spectrometer 175.05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Freguency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536

81.37
80.59

78.21
==l

72.88
71.73
71.33

/
7
hy

O/
/
Fe

Bufo

:_,: |

28.22

I T I
210 200 190

I I I I I I I
180 170 160 150 140 130 120

I I T I 1 I 1
110 100 a0 80 70 60 50
f1 (ppm)
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Parameter Value __
1 Title Sangit-AD- |
DP-5C ___
2 Spectrometer spect P [ |
3 Sclvent €DCl3 . [ ( |
4 Temperature ._m_.mm_o _u_. J __ h___ __ ____ | |
J ! | J |
5 MNumber of 16 !

Scans

Receiver Gain 203
Relaxation 1.0000 o)
Delay LLS

=

8 Pulse Width 15,0000
9 Acguision  4.0834 \
Time (@) /
10 Acquisition 2024-05-04T
Date 11:30:17
11 Spectrometer 400.13 @) o
Frequency
12 Spectral Width 8012.8
13 Lowest -1535.6
Frequency
14 Nudeus H

15 Acquired Size 32768
16 Spectral Size 65538
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"H NMR Spectrum of 3d
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BC{'H} NMR Spectrum of 3d
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Parameter Value
1 Title Sangit-AD-
DP-09C(700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.0
5 Mumber of 1024 (o))
Scans T
& Receiver 179
Gain /
7 Relaxation  2.0000 O X\
Delay
8 Pulse Width 15,4000
9 Acquision  0.7864 (@) o
Time
10 Acquisition  2024-05-04T13:07:14
Date
11 Spectrometer 175,05
Freguency
12 Spectral 41666.7
Width
13 Lowest -3229.3
Freguency
14 Mudeus 13C
15 Acquired Size 32763
16 Spectral Size 65538
ﬁ 7 | ; Ll
I I I Ll I I I I 1 I I 1 I I 1 I I I 1 T I I
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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"H NMR Spectrum of 3e
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Parameter Value
1 Tite Sangit-
DP-03-
C{700MHz)
2 Spectrometer spect
3 Solvent CDCI3
4 ._.ma_um_.mE_.w_\ 298.0 1 f
5 MNumber of 16
Scans
6 Receiver Gain 6
7 Relaxaton  1.0000 f
Delay P
g Pulse Width  8,1000
9 Acquisiion  2.3243 /
Time
o] \
10 Acquisition 2024-03-15T
Date 09:34:42
11 Spectrometer 700.13 ©
Freguency
12 Spectral 140977
Width
13 Lowest -2725.6
Freguency
14 Nudleus H
15 Acquired Size 32768
16 Spectral Size 65536
T T T
= 2 =
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“-4.96
~4.78
4.30
4.25
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4.20
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419
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Parameter Value
1 Tite Sangit-
DP-02-
C(700MHz)
2 Spectrometer spect 4
3 Solvent D3 £
4 Temperature 298.0
5 MNumber of 1024 /
Scans
@]
& Receiver Gain 179 \
7 Relaxation 2.0000
(o]

Delay
& Pulse Width  15.4000
9 Acguisition 0.7864

Time

10 Acquisition 2024-03-15T
Date 10:24:55

11 Spectrometer 175.05
Frequency

12 Spectral 41666.7
Width

13 Lowest -3229.8
Frequency

14 Nudeus 13C

15 Acguired Size 32768
16 Spectral Size 65536
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BC{'H} NMR Spectrum of 3e
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Parameter Value
1 Title Sangit-
DP-07-
C(700MHz)
2 Spectrometer spect
3 Solvent CDCI3
4 Tempefature 238.0 I
5 MNumber of 16
Scans
6 Receiver Gain 8 _.n__lu
7 Relaxation 1.0000
Delay
8 Pulse Width  8.1000 N
9 Acguisition 2.3243
Time
10 Acquisition 2024-03-11T (@) o
Date 12:22:50
11 Spectrometer 700,13
Freguency
12 Spectral 140977
Width
13 Lowest -2725.6
Freguency
14 Nudeus H
15 Acquired Size 32768

16 Spectral Size 65536
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"H NMR Spectrum of 3f
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BC{'H} NMR Spectrum of 3f
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Parameter Value
1 Tite Sangit-
DP-07-
C(700MHz)
2 Spectrometer spect
3 Solvent cDcl3
4 Temperature 295.0
5 Mumber of 1024 [))
Scans L
& Receiver 179
Gain /
7 Relaxation  2.0000 0 XX
Delay
8 Pulse Width  15.4000
o o~ ~O
9 Acquisition 0.7864
Time
10 Acquisiion  2024-03-11T
Date 1312152
11 Spectrometer 176.05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Nudleus 13C
15 Acquired Size 32768
16 Spectral Size 65536
| | | 7 " | L 1L L
1 1 I I I I I 1 1 I I I I I 1 1 I I I I
200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)
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'"H NMR Spectrum of 3g

10.23

Parameter
1 Title

Spectrometer
Solvent
Temperature

o

Number of
Scans

(=]

Receiver Gain

Relaxation

Delay

Pulse Width

Acquisition

Time

10 Acquisition
Date

11 Spectrometer

Freguency

12 Spectral
Width

13 Lowest
Freguency

14 Nudeus
15 Acquired Size
16 Spectral Size

)

wooco

Value
Sangit-
DP-05-
C_23022024

spect
cod3
298.2 L_
16

203
1.0000

8.0000
4.0894

2024-02-23T
12:29:20
400,13
801258

-1535.6

1H
32758
65536
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MM MG OO D W0 600D
fsa ] [ e S rw ]
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I
t
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4.88
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g 3 89533 2 A 3
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I 1 I 1 I 1 | I 1 1 1 I 1 I I T I 1 T 1 I I 1 1 1 I
12,5 12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 3.5 3.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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BC{'H} NMR Spectrum of 3g
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Parameter Value
1 Title Sangit-
DP-05-
C{700MHz)
2 Spectrometer spect o)
3 Solvent cocls L
4 Temperature 293.0 /
5 MNumber of 243
Scans O x
6 Receiver Gain 179
7 Relaxation 2.0000 o (@]
Delay
8 Pulse Width  15.4000
9 Acquisition 0.7864
Time
10 Acquisition 2024-02-26T
Date 12:40:41
11 Spectrometer 176.05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
e . ol :
I 1 T 1 I I 1 I I 1 T 1 I I I I 1 I T I
200 190 180 170 160 150 140 130 120 110 100 a0 a0 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value
1 Title Sangit-
DP-08-
C(700MHz)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature 298.0
5 MNumber of 16
Scans
o Receiver 3
Gain
7 Relaxation  1.0000
Delay

8 Pulse Width 8.1000
9 Acquisiion  2.3243

Time

10 Acquisition  2024-03-11T
Date 131741

11 Spectrometer 700.13
Freguency

12 Spectral 14097.7
Width

13 Lowest -2725.0
Frequency

14 Nudleus H

15 Acquired Size 32768
16 Spectral Size 55536

1.03 ==

"H NMR Spectrum of 3h
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BC{'H} NMR Spectrum of 3h
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Parameter Value
1 Title Sangit-DP-03-
C{700MHz)
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 298.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000 )
Delay L
8 Pulse Width 15,4000 /
9 Acguisition 0.7864
Time ) X
10 Acquisition 2024-03-11T1
Date 4:07:46 fo)
11 Spectrometer  176.05
Freguency
12 Spectral Width 41686.7
13 Lowest -3229.8
Freguency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
| _ | L LI _
| I I I I 1 I 1 T I 1 I 1 I I I T 1 I
190 180 170 160 150 140 130 120 110 “_._mcﬁ uma 80 70 60 50 40 30 20 10
1 ppm
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Parameter Value
1 Title
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.2
5 Number of Scans 16
6 Receiver Gain 203
7 Relaxation Delay 1.0000
8 Pulse Width 15,0000
9 Acquisiton Time 4.0394
10 Acquisition Date  2024-09-25T10:
41:41
11 Spectrometer 400.13
Freguency =
12 Spectral Width  8012.8
13 Lowest -1535.0
Frequency o o
14 Nucleus H
15 Acquired Size 32768
16 Spectral Size 65538
(]
=
o
e
Qo
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=] i
Rt ~ |
N [
& 7 ! /
2 ) U | J NN AWV
N
R T T T f
(=] m — m
M =] 2 ] 2
N T T T T T T T T T T T T T
H 2.0 115 11.0 105 100 9.5 7.5 7.0 6.0 4.5 2.5 2.0 1.5 1.0 0.5
— f1 {ppm)
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BC{'H} NMR Spectrum of 3i
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Parameter Value
1 Title
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature  298.0
5 Mumber of 1024
Scans
G Receiver Gain 179
7 Relaxation 2.0000
Delay )
& Pulse Width 15,4000 L
9 Acquisition Time 0.7364
10 Acquisition 2024-08-26T1 /
Date 1:56:56 o0 Xz
11 Spectrometer  175.07
Frequency
12 Spectral Width  41665.7 o ©
13 Lowest -3229.8
Freguency
14 Nudeus 13C
15 Acquired Size 32768 [
16 Spectral Size 65536 o
=
| i
I _ _ 1 _
| ! |
| | L L i i
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200 190 180 170 160 150 140 130 120 110 100 90 80 70 30 20
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"H NMR Spectrum of 3j

Parameter
1 Title

Spectrometer
Solvent
Temperature

Number of
Scans

Receiver Gain

Relaxation
Delay

Pulze Width
Acquisition
Time

10 Acquisition
Date

11 Spectrometer
Freguency

12 Spectral
Width

13 Lowest
Freguency

14 Nudeus
15 Acquired Size
16 Spectral Size

W o L fa

=1

(Y =T <]

0.2

Value

Sangit-AD-
DP-05C_290
42024
muwﬂ

Cocl3
298.6

16

03
1.0000

15,0000
4.0894

2024-04-29T
16:43:30
400,13
8012.8

-1535.6

1H
32768
63536
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BC{'H} NMR Spectrum of 3j
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Parameter Value
1 Title Sangit-AD-
DP-05C{700MH
Z)

2 Spectrometer spect
3 Solvent CcDCl3
4 Temperature  298.0
5 MNumber of 1024

Scans _.n__.lv
6 Receiver Gain 179
7 Relaxation 2,000 \

Delay @) /
8 Pulse Width 15,4000
9 Acquisition 0.7364 o (@)

Time
10 Acquisition 2024-04-29T1

Date %2101
11 Specirometer  176.05

Freguency
12 Spectral Width 41666.7 w
13 Lowest -3229.8

Freguency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
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Parameter Value
1 Title Sangit-AD-
DP-14CP
2 Spectrometer spect | __ ﬁ
3 mo_<m__ﬂ“ cocl3 __ | | ;
) J
{ ()
4 ._.ms_qumEﬁm 298.5 [ ._, __ f w h__
5 Mumberof 16
Scans /
& Receiver Gain 203 0 X
7 Relaxation  1.0000
Delay
o
8 Pulse Width  15.0000 o
9 Acquisiion 40894
Time
10 Acqguisition 2024-06-10T
Date 12:41:14
11 Spectrometer 400.13 =
Freguency N
12 Spectral a012.8 o
Width
13 Lowest -1535.6
Freguency
14 Nudeus H
v 15 Acquired Size 32768
N 16 Spectral Size 65536
Qo
=
=
> _
o
m - ;F_._ erL I ._r...t A ;_[r A J 1\_ (..\_
N
=4 T L 1 T T T
o —_ =1 (=] = =]
M 2 a3 o 2 =2 A
N I I I 1 I 1 1 I T 1 I I 1 I I I I T I I I
H 11.0 105 10.0 9.5 9.0 8.5 8.0 73 7.0 6.3 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
o
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BC{'H} NMR Spectrum of 3k
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Parameter Value
1 Title Sangit-AD-
DP-14CP(700M
Hz)
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature  298.0
5 Number of 1024 o)
Scans L
6 Receiver Gain 179 /
7 Relaxation 2.0000
Delay ©) X
8 Pulse Width 15,4000
9 Acquision 0,734 o~ ~O
Time
10 Acguisition 2024-06-11T1
Date 241:12
11 Spectrometer 175,05
Frequency
12 Spectral Width 41666.7
13 Lowest -3229.8
Freguency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
I _ o Ol L
1 I I I I I I I I 1 1 I I ] I I I I 1 1
200 190 180 170 160 150 140 130 120 110 100 an a0 70 60 50 40 30 20 10
f1 (ppm)
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"H NMR Spectrum of 31
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Parameter Value
1 Title Sangit-DP-
SK-01-C | (
2 Spectrometer spect | _
i ] i Il [l
_ 3 Solvent cocl3 | 1] [ |
/ | l I 4 ! l
4 Temperature 293.0
5 MNumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000 )
Delay L
8 Pulse Width 15,0000 /
9 Acquisition 4.,0894
Time O /
10 Acquisition 2024-05-24T
Date 1215944 o
11 Spectrometer 400,13 o
Freguency
12 Spectral Width 8012.8
13 Lowest -1535.6
Frequency =
14 Nudleus 1H n_w/_
15 Acquired Size 327463 >
16 Spectral Sige 65536
J N S ,,ﬁsi[i,L[iL*fl\l\FELff\L M
T ) T ] T T T
Q - m m o Qo o0 m - -
3 o o o588 = o o o
T I 1 I I I 1 T 1 I I I I I T 1 I I I I I T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
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BC{'H} NMR Spectrum of 31
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Parameter Value
1 Tite Sangit-DP-
SK-01-
C(700MHz)
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 298.0
5 Mumber of 559
Scans
& Receiver Gai 0
eceiver Gain 179 I
7 Relaxation  2.0000
Delay /
8 Pulse Width  15.4000 O X\
9 Acquisition 0.7364
Time
10 Acquisition  2024-05-28T o
Date 15:04:10
11 Spectrometer 176.05
Freguency
12 Spectral 41666.7 >
Width =
13 Lowest -3229.8 m
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
| L. | _ . . _. T = » L e A sl ) F
1 T 1 I I I I I 1 Ll T I I I I 1 1 I 1 T
200 190 180 170 160 150 140 130 120 110 100 a0 a0 70 il 50 40 30 20 10
f1 (ppmy}
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'"H NMR Spectrum of 3m
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Parameter Value _
1 Title Sangit-AD-
DP-11C_1405 | |
024 |
2 Spectrometer spect | il
|
|3 Solvent CDClz | f [ _ _ .
¥_ 4 Temperature 298.0 f | ( _5_ .__ __ _ _
¥ I b ¥
5 MNumber of 16 _
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width  15.0000
isiti o
9 Acquisition 4.0894 w @
Time
10 Acquisition 2024-05-14T /
Date 18:31:12
o X\
11 Spectrometer 400.13
Frequency
12 Spectral 3012.8 ) (@)
Wwidth s ©
13 Lowest -1535.6 @)
Frequency
14 Nucleus 1H
15 Acquired Size 32768
16 Spectral Size 65536
T T i T 7 Ty T T
o - - - i - = i
3 o o o o o o o o
1 I I T 1 1 1 I T I 1 1 I 1 I I 1 I 1 I I
10.5 10.0 9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value
1 Title Sangit-AD-
DP-11C(500
MHz). 1.fid
2 Spectrometer Avance Meo
500Mhz
5071626
3 Solvent ChOCI3
4 Temperature 293.0
5 MNumber of 512
Scans
& Relaxation  2.0000
Delay
7 Pulse Width 9.0000 |
8 Acquisiion  1.0879
Time /
9 Acquisiion  2024-05-22T
Date 00:32:17 © /
10 Modification  2024-05-22T
Date 04:48:46
o O (@)
11 Spectrometer 125.77 s
Frequency ®)
12 Spectral 30120.5
Width
13 Lowest -2484.4
Freguency
14 Nudeus 13C

15 Acquired Size 32768
16 Spectral Size 65536

582

705
~7200
~71532
—6B61
55.46

200 190 180 170 160 130 140 130 120 110 100 a0 a0
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BC{'H} NMR Spectrum of 3m



"H NMR Spectrum of 3n
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Parameter Value [
1 Title Sangit-
DP-06-
C_23022024 i
2 Spectromete spect
; _ﬂ ; __‘ r
3 Solvent cocl3 ( . | | _ ﬂ_ .
4 Temperature 234.3 | { h__ __ ( ___ | | J
Iy i 4 ! L )
5 Mumber of 16 ’
Scans
6 Receiver 203
Gain
7 Relaxation 10000
Delay o
8 Pulse Width 8.0000 LL
9 Acquisiton  4.03%4
Time /
10 Acquisition  2024-02-23 0 X\
Date T15:08:20
11 Spectromete 400.13
r Frequency (@) o
12 Spectral 8012.8
Width
13 Lowest -1535.6
Frequency
14 M Q
ucleus iH )
15 Acquired Size 32768 =
16 Spectral Size 65536
L “.F i C. k— 1 L_J.Ib ..__F n r\_
T T i i T s ™ 1
[=] o < = o Mmoo (=1 =
2 = o o = oo a9 =1 o
1 I I I 1 I I I 1 I I I 1 I I I 1 I I I 1 I I 1 1
12.0 115 110 105 100 9.5 9.0 8.5 8.0 7.3 7.0 6.5 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm}
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Parameter Value
1 Title Sangit-DP-06-
C(700MHZ)
Spectrometer spect
Solvent CDClI3

Temperature  298.0

MNumber of 1024
Scans

o Receiver Gain 179
7 Relaxation 2.0000 rn_w
Delay

[, TR SO U X

8 Pulse Width  15.4000 /
9 Acquision  0.7854 O X\
Time
10 Acquisition 2024-02-26T
Date 14:11:16 (o) (o)
11 Spectrometer 175.05
Freguency
12 Spectral 41666.7
Width
13 Lowest -32298 w
Frequency S
14 Nudleus 13C

15 Acquired Size 32763
16 Spectral Size 55536

|l g

BC{'H} NMR Spectrum of 3n

I 1 I 1 I I I 1 I 1 | 1
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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"H NMR Spectrum of 30
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Parameter Value
1 Title Sangit-AD-
DP-10_090520 _
24
2 Spectrometer spect __
3 Solvent cocl3 i _ _ f
4 ._.m_._.__uh._mmE_.m 293.1 ._L __ | __
5 MNumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width 15.0000
9 Acquisition Time 4.0894
10 Acquisition 2024-05-09T1 /
Date 52123
o X\
11 Spectrometer 400,13
Frequency
12 Speciral Width 8012.8 @) o
13 Lowest -1535.6
Frequency
14 Nudleus H
15 Acguired Size 32768
16 Spectral Size 65536
| M I
i\ T "y T
Q - mnm ™
a a aaq a
I 1 I 1 I 1 1 1 1 1
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

f1 (ppm)
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BC{'H} NMR Spectrum of 30
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Parameter Value
1 Title Sangit-AD-
DP-10{500MHz
). 1.fid
2 Spectrometer  Avance Neo
500Mhz
5071626
3 Solvent CDcl3
4 Temperature  298.0
5 Mumber of 512
Scans
& Relaxation 2.0000
Delay
7 PulseWidth  9.0000 i
8 Acguisition Time 1.0879
9 Acguisition 2024-05-20T14
Date 117:56
10 Modification 2024-05-20T14
Date :17:58
11 Spectrometer  125.77 ()
Frequency
12 Spectral Width  30120.5
13 Lowest -2434.4
Frequency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
|
[
T T T T
190 180 170 100

f1 (ppm)
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"H NMR Spectrum of 3p
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Parameter Value

1 Title
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 298.0
5 Mumber of 48

Scans
& Receiver Gain 9
7 Relaxation 1.0000

Delay
8 Pulse Width  8.1000
9 Acquisition 23243

Time )
10 Acquisition  2024-09-28T1 5

Date 350:33
11 Spectrometer 700.13 /

Frequency (@) /
12 Spectral Width 14097.7
13 Lowest -2725.6

Frequency (@) @)
14 Nudeus H —
15 Acquired Size 32768 O
16 Spectral Sige 131072

@)
{ __ | / ._.__ __
f |
I i
_ | — f _ |8 N
L | J J S —
f T A 1 A T
o m %+ wm m m [l (=1
T T T T T T T T T T T T T T T T T T T T
10.5 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 30 2.5 2.0 15 1.0 0.5
f1 (ppm)
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BC{'H} NMR Spectrum of 3p
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Parameter Value
1 Title
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 298.0
5 Mumber of 1536
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 PulseWidth  15.4000 i
9 Acquisition 0.78a4
Time /
10 Acquisition 2024-09-28T1
Date 50454 o /
11 Spectrometer 175.07
Frequency
12 Spectral Width 41666.7 o o
13 Lowest -3229.8 [S)
Freguency
14 Nudeus 13C
15 Acquired Size 32768 .
16 Spectral Size 65536 ]
]
| i I
1 | | I
| | L \
T T T T T T T T T T T T T T T T T T T T
‘00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value !
|
1 Title Sangit-AD-
DP-03C. 1.fid
2 Spectrometer spect
3 Solvent CDCI3 X
4 Temperature 293.0 _ |
5 MNumberof 18 | I _ I
Scans / { _ [ ] |
& Relaxaton 10000 : _ r d
Delay
7 Pulse Width  15.0000
8 Acquisition 4.0894
Time
9 Acquisition 2024-05-03T
Date 15:37:26 (]
10 Modification  2024-05-03T B
Date 15:37:20 /
11 Spectrometer 400,13
Frequency (@) X
12 Spectral 8012.8
Width
o
13 Lowest -1535.6 o
Freguency
14 Nudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536 e
|
\_ 1
] —_—
T T iR, f T T
= [ m o ;m o — — [=1 m
= o coos o o = o
= = 2333 b B &

"H NMR Spectrum of 3q



BC{'H} NMR Spectrum of 3q

f1 (ppm)
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Parameter Value
1 Ttle Sangi-AD-
DP-08C(700M
Hz)
2 Spedrometer sped
3 Solvent chCl3
4 Temperature 2930
5 MNumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2000 o
Delay L
8 PulseWidh 154000 /
9 Acquistion 0.7864 NN
Time O
10 Acquistion 2024-05-4T1
Date 1:01:02 fo) o
11 Spectrometer 176,05
Freguency
12 Spectralwidth 41666, 7
13 Lowest -3225.8
Freguency O
14 Nucleus 13c /\O
15 AcquiredSee 32768
16 Spedral See 65536
.. ;. _: LWL el
I I 1 I 1 T 1 I I I
210 200 190 180 160 150 140 120 110 100 an a0 70 40 30 10
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"H NMR Spectrum of 3r
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Parameter Value |
1 Title Sanait-DP- ___
PR-07 _ _
2 Spectrometer spect _ _
3 Soblent codl3 | _ __ ﬁ_ﬁ I
[ il
4 ._.mz.__um_.mEqm 298.0 ! i 1 i
5 Number of 16

Scans
6 Receiver Gain 203
7 Relaxation  1.0000

Delay
8 Pulse Width 15,0000 Ll
9 Acquisition 40394

Time /

10 Acquisiion  2024-06-12T O X\
Date 11:48:39

11 Spectrometer 400.13

Frequency

(@)
12 Spectral 8012.8
Width
13 Lowest -1535.6 /
Frequency
14 Nudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536
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BC{'H} NMR Spectrum of 3r
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Parameter Value
1 Title Sangit-DP-
PP-07(700MH
Z)
2 Spectrometer spect
3 Solvent CoCl3
4 Temperature 293.0
5 Mumber of 1024
Scans
& Receiver Gain 179
7 Relaxaton  2.0000 >
Delay w
8 Pulse Width 15,4000
9 Acguision  0.7864 \
Time e} /
10 Acquisition 2024-06-14T
Date 13:40:40
11 Spectrometer 176.05 (@]
Freguency
12 Spectral 41666.7
Width /
13 Lowest -3229.8
Freguency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size  ©5536
I _ _ LE _ k __l_:s: .
1 T T 1 1 1 1 I I I I I I I I I I 1 1 1 1
210 200 190 180 170 160 150 140 130 120 110 100 a0 aa 70 60 50 40 30 20 10
f1 (ppm)
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'"H NMR Spectrum of 3s

Parameter Value
1 Title Sangit-AD-
A-87-1,1.fid p
2 Spectrometer spect __
3 Solvent CDCI3 | p
4 Temperature 293.0 [
5 Mumber of 16 _
Scans | _
6 Relaxation  1.0000 | M il
Delay [ ; _ | __ f __ ( 7
7 Pulse Width  15.0000 f ! 2 f L -
8 Acquisition 40894
Time
9 Acquisition 2024-07-31T
Date 11:44:46
10 Modification  2024-07-31T
Date 11:4%:46 e
11 Spectrometer 400,13 \
Frequency 5 X
12 Spectral 8012.8
Width o
13 Lowest -1535.6 o
Frequency
14 Mucleus H
15 Acquired Size 32788
16 Spectral Size  £5536 o
_—. ——_ ___ __—__w_ _— “_.F.._ .J_ I T
3 2 g 83 3 23z 3
- - T ™™ — [ B u
T T T T T T T T T T T T T | T 1 1 1 T T
10,5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 3.0 3.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
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BC{'H} NMR Spectrum of 3s
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Parameter Value
1 Tite Sangit-AD-
A-87-1-13C(5
00MHz). 1.fid
2 Spectrometer Avance Meo
500Mhz
5071626
3 Solvent CDCI3
4 Temperature 293.0
5 Mumber of 512
Scans
& Relaxation 2.0000
Delay
7 Pulse Width  9.0000 _.n__.u
8  Acquisition 1.0879
Time /
9 Acquisition 2024-07-31T1 o0 X
Date 4:06:05
10 Modification  2024-07-31T0 o (@]
Date Q1724
11 Spectrometer 125.77
Freguency
12 Spectral Width 30120.5
13 Lowest -2484.4
Freguency O
14 Nudeus 13C
15 Acquired Size 32763
16 Spectral Size 65536
|
|
] |
| | | . LI
| | |
| | Lol LU 1k
T
T L T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 50

f1 (ppm)
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Parameter Value
1 Title

2 Spectrometer spect

3 Solvent cocl3
4 Temperature 298.0
5 MNumber of Scans 32

6 Receiver Gain 8

7 Relaxation Delay 1.0000
8

9

Pulze Width §.1000 )
Acquisition Time  2.3243 e
10 Acquisition Date  2024-09-25T16:38:20 /
11 Spectrometer 700.13
Frequency (@) X
12 Spectral Width 14097.7
13 Lowest -2725.0
Frequency o o
14 Mudeus H

15 Acquired Size 32768
16 Spectral Size 131072

_fuu\_rlp%‘

_
[
L
%
L
L
L

Y u ALY, ¥ LV ,
—_ ™~ e I =1 - m o o ]
=1 o ooa9 =1 o = = =
— — [ I W] — [ ] [F2] =]

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 3.5 3.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

"H NMR Spectrum of 3t
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BC{'H} NMR Spectrum of 3t
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5223 EER R g E
Parametsr Value N b A S5V
1 Title
2 Spectrometer spect
3 Solvent CoCl3
4 Temperature 293.0
5 Number of Scans 1024
4 Receiver Gain 179
7 Relaxation Delay 2.0000
& Pulse Width 15,4000
9 Acquisition Time  0.7364
10 Acquisition Date  2024-09-25T17:
28:27
11 Spectrometer 176,07 %
Frequency
12 Spectral Width ~ 41666.7 /
13 Lowest -3229.8 e} N
Frequency
14 Nudeus 13C
15 Acquired Size 32758 o (@]
16 Spectral Size 65536
|
]
|
_ ' [ I
! i |
_ | I
J | o | 1N Mk
T I T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value
1 Title
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 298.0
5 Mumber of Scans 43
6 Receiver Gain 8
7 Relaxation Delay 1.0000
8 Pulse Width §.1000
9 Acquisiion Time 2.3243 )
10 Acquisition Date  2024-10-14T12:52:16 L
11 Spectrometer 700.13
Freguency /
12 Spectral Width ~ 14097.7 0 X\
13 Lowest -2725.6
Frequency O=n=0
14 Nudeus H

15 Acquired Size 32768
16 Spectral Size 131072
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BC{'H} NMR Spectrum of 3u
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| Parameter Value Y N NAY e
1 Title 3u
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 293.0
5 MNumber of 1536
Scans
6 Receiver Gain 179
7 Relaxation  2.0000
Delay
& Pulse Width 15,4000
9 Acquision  0.7364
Time (]
10 Acquisiion  2024-10-14T14:06:46 w
Date /
11 Spectrometer 176,05
Freguency o /
12 Spectral 41666, 7
Width o=n=0
13 Lowest -3229.3
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
i -
I I I I T 1 1 I I I I 1 I I 1 I 1 1 1
190 180 170 160 150 140 130 120 110 100 aa 80 70 60 50 40 30 20 10
f1 (ppm)
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'"H NMR Spectrum of 3v
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Parameter Value
1 Title
2 Spectrometer spect
3 Solvent coCl3
4 Temperature 298.0
5 Mumber of Scans 48
6 Receiver Gain 8
7 Relaxation Delay 1.0000
8 Pulse Width 8.1000 _un_wv
9 Acquisiion Tme 2.3243
10 Acquisition Date  2024-10-04710:01:02
11 Spectrometer 700,13 o X\
Freguency
12 Spectral Width 140977 O-0.=0
13 Lowest -2725.6 _O
Freguency N
14 Nudeus H
15 Acquired Size 32768 .
16 Spectral Size 131072
i
{
I / J o A \—
| i _
_ - i _I>| I P | |,||x,, S N
T . : S
=1 o =] o o =1 o
T T T T T T T T T T T T T T T T T T T T T
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BC{'H} NMR Spectrum of 3v
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1 Title
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4 Temperature  298.0
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Delay /
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9 Acquisition Time 0.7864 /
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13 Lowest -3229.8
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16 Spectral Size 65536
i
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"H NMR Spectrum of 3w
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AD-01-CF |
2 Spectrometer spect - _ 7
3 Solvent cocl3 _ _
r i
4 Temperature [298.4 L_\_ x_\, [ ; f __
5 Numberof ~ 16 i ’ - :
Scans
6 Receiver Gain 203
7 Relaxation  1.0000
Delay
8 PulseWidth 15,0000
9 Acquision  4.0894
Time
10 Acguisiion  2024-05-30T o
Date 11:24:54 L
11 Spectrometer 400,13
Frequency
12 Spectral 3012.3 N
Width
13 Lowest -1535.6 oO-0.=0
Freguency / |
14 Mudeus 1H @]
15 Acquired Size 32768 ¥
16 Spectral Size 65536
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BC{'H} NMR Spectrum of 3w
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Parameter Value
1 Tite Sangit-
AD-1-
CF(700MHz)
2 Spectromete spect
r
3 Solvent CDCI3
4 Temperature 298.0
5 Number of 1024
Scans
6 Receiver 179
Gain
7 Relaxation  2.0000
Delay
8 Pulse Width 15,4000
9 Acquisiion 0.7354
Time
10 Acguisiion  2024-05-30
Date T12:58:17
11 Spectromete 176,05
r Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Nudeus 13C
15 Acquired 32768
Size
16 Spectral Size 65536
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180 170 160

100
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'"H NMR Spectrum of 3x

& W — W — — 0 P =] I @
o [rals} o o (=N ™ p=
- |y w o W= = =t M
N Y4 N/ I Vo
£
[
Farameter Value
1 Title Sangit-A0- _ _
DP-04C_3005 __
2024 _
[ |2 Spectrometer spect | w__ I _q [ | |
)13 solvent cocl3 / I iy / !
4 Temperature 298.1
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Delay
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9 Acquisition 4.0894
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_ ~
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BC{'H} NMR Spectrum of 3x
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Parameter Value
1 Title Sangit-AD-
DP-04C{700MH
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2 Spectrometer spect
3 Solvent CDCl3
4 Temperature  298.0
5 MNumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
9 Acquisition 0.7364
Time
10 Acquisition 2024-05-31T1
Date 6:44:37 /
11 Spectrometer  176.05 O X\
Frequency
12 Spectral Width  41666.7 ~N
13 Lowest -3228.8 z
Frequency _
14 Nudeus 13C
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16 Spectral Size 65536
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Parameter

1 Tite

2 Spectrometer
3 Solvent

4 Temperature
5

Mumber of
Scans

o Receiver Gain

7 Relaxation
Delay

8 Pulse Width
9 Acquisition Time
10 Acguisition Date

11 Spectrometer
Freguency

12 Spectral Width

13 Lowest
Freguency

14 Nudeus
15 Acquired Size
16 Spectral Size

—10.15
—10.00

Value

Sangit-DP-
Sk-03-
C_05062024.
f
spect /
COCI3
298.2

16

203
1.0000

150000 SN S S
40894 103 101 9.9

f1 (ppm
2024-08-05T11 (ppm)
43140
400,13

8012.8
-1535.6

H
32768
65538

401~
1.01-%

O/

5105

—4.78
_-4.58
454
—4.28
367
3.66
3.63
361
3.58
3.56
3.54
3.54
3.51
3.51

i
|

Fe

120 115 110

"H NMR Spectrum of 3y

10,5 10,0 8.5 9.0 8.5 8.0

I
6.0
f1 (ppm)

During purification, of 3y, slight inseparable impurities of aldehyde is observed after several

repeated attempts.



BC{'H} NMR Spectrum of 3y
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Parameter Value
1 Tite Sangit-DP-
SK-03-
C{700MHz)
2 Spectrometer spect
3 Solvent CoCI3
4 Temperature 298.0
5 Mumber of 1024
by ﬂ Scans
% % 6 Receiver Gain 179 2
T .ﬁ| 7 Relaxation 2.0000 L
p_ . Delay
— 8 Pulee Width 15,4000 \
T T T T
1940 1935 19309 Acausion  0.7864 ° X
f1 (ppm) Time
10 Acquisition 2024-08-05T1
Date 9:32:18
11 Spectrometer 175.05
Freguency
12 Spectral Width 41666.7
13 Lowest -3229.8
Frequency
14 Nudleus 13C
15 Acquired Size 32768
16 Spectral Size 65536
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f1 (ppm)

During purification, of 3y slight inseparable impurities of aldehyde is observed after several

attempts.
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"H NMR Spectrum of 3z

Parameter Value
1 Title Sangit-DP-11-
C(700MHz)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature 298.0
5 MNumber of 16
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6 Receiver 5
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7 Relaxation  1.0000
Delay
8 Pulse Width 8.1000
9 Acquision  2.3243
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Freguency
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Width

13 Lowest -2725.6
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14 Mudeus H
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16 Spectral Size 65536
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6 Receiver 179 (@) A
Gain
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Delay

8 Pulse Width 15.4000

9 Acquisiion 0.7354

Fe

72
£ 8
_

Time
10 Acguisition  2024404-30 - -

Date T16:58:52 Tt
11 Spectromete 176.05 166.6 ﬂﬂmmw._m_mﬂu 166.4

r Frequency

12 Spectral 41666.7
Width

13 Lowest -3229.8
Frequency

14 Nudeus 13C

15 Acquired 32768
Size

16 Spectral Size 65536
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BC{'H} NMR Spectrum of 3z

1 I 1 1 I 1 1 I 1 I T I I 1 I I I 1 I
200 190 180 170 160 150 140 130 120 E_u__u ( Sw an 80 70 60 50 40 30 20
1 (ppm

5108



'"H NMR Spectrum of 3aa
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BC{'H} NMR Spectrum of 3aa
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Parameter Value
1 Title Sangit-AD-
DP-07-
C{700MHZ)
Spectrometer spect
Solvent CDCl3

Temperature  298.0

Mumber of 1024
Scans

& Receiver Gain 179

7 Relaxation  2.0000
Delay

8 Pulse Width 15,4000
9 Acquisition 0,784

[ T S U ]

Time % %
10 Acquisiton  2024-04-30T ~
Date 21:10:52
11 Spectrometer 175.05
Frequency
12 Spectral 41666.7
Width z E
13 Lowest -3229.8 B B B e —
Frequency 172 168
14 Nudleus 13C f1 (ppm)

15 Acquired Size 32768
16 Spectral Size 65536
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'"H NMR Spectrum of 4
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1 Title
2 Spectromete Avance Neo
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5085463
3 Solvent cod3
4 Temperature 298.0
5 MNumber of 16
Scans
6 Receiver 101
Gain S
7 Relaxaton  1.0000 om
Delay @)
8 Pulse Width 8.0000
9 Acquisiton  3.9977
Time |
10 Acquisiion  2024-11-14
Date T10:50:20
11 Spectromete 400.13 ()
r Frequency [N
12 Spectral 8196.7
Width
13 Lowest -1627.5
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16 Spectral Size 65536
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BC{'H} NMR Spectrum of 4
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4 Temperature 298.0
5 Number of 512
Scans
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8 Pulse Width  8.0000
9 Acguisition 1.37a3
Time
10 Acquisition 2024-11-141
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"H NMR Spectrum of 5

Parameter Value
1 Title Sangit-DP-
PP-10-F
2 Spectrometer spect
3 Saolvent Cod3
4 Temperature 298.0
5 MNumber of 16

Scans
Receiver Gain 203

Relaxation 1.0000
Delay

I

8 Pulse Width 15,0000

9 Acquisition 4,0894
Time

10 Acquisition 2024-06-21T1
Date 5i26:31

11 Spectrometer  400.13
Freguency

12 Spectral Width 8012.8

13 Lowest -1535.6
Freguency

14 Nudleus 1H

15 Acquired Size 32768
16 Spectral Sige 65536
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BC{'H} NMR Spectrum of 5
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Parameter Value
1 Title Sangit-DP-
PP-10-
F(700MHz)
2 Spectrometer spect
3 Solvent cod3
4 Temperature 298.0
5 MNumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
9 Acquisition Time 0.7364
10 Acquisition Date 2024-06-22T11 Wg
158123 o)
11 Spectrometer  175.05 o
Freguency T
12 Spectral Width  41666.7 (@] /
13 Lowest -3229.8
Freguency
14 Nudleus 13C _.n_w
15 Acguired Size 32788
16 Spectral Size 65536
) R . | J % i __ L |
I I I T I I I I I 1 I I I I I 1 I I I
200 190 180 170 160 150 140 130 120 110 100 aa 80 70 60 50 40 30 20
f1 (ppm)

5114



References:

1.

D. Parganiha, R. A. Thorat, A. D. Dhumale, Y. D. Upadhyay, R. K. Jha, S. Raju, and
S. Kumar, Chem. Sci., 2025, 16, 700-708.

Q.J. Yao, P. P. Xie, Y. J. Wu, Y. L. Feng, M. Y. Teng, X. Hong, and B. F. Shi, J. Am.
Chem. Soc., 2020, 142, 18266—18276.

. (a) B.-F. Shi, N. Maugel, Y. H. Zhang, and J.-Q. Yu, Angew. Chem. Int. Ed., 2008, 47,

4882—4886. (b) J. M. Gonzalez, X. Vidal, M. A. Ortuiio, J. L. Mascarefias, and M.
Gulias, J. Am. Chem. Soc., 2022, 144, 21437-21442.

S115



