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General Experimental Details

Strating materials were prepared under an inert atmosphere (N2, Ar) and Pd-Catalyzed
ferrocene fused tetrahydropyridines were 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 CDCls
as an internal standard (7.26 ppm for H, 77.16 ppm for $3C). 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-11 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. Starting material allenes 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. Aminoacids, S-BINOL, and R-BINOL were directly purchased from commercial
sources and further modified using the reported procedure. DFT calculations were performed
using the Gaussian 16 package to identify suitable intermediates and transition states along the

reaction pathway.
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Figure S1. Setup for Dry Air used for Enantioselective CH Activation of Ferrocenyl Amines
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Figure S2. Allenes 2a-2k was used for the enantioselective annulation reaction. Allenes 2a-2k

were synthesized according to the previously reported literature procedure,® and 2i were

purchased from a commercially available source.
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Figure S3. Alkenes 2aa-2al are used for the enantioselective alkenylation reaction. Alkenes

2aa-2am were synthesized according to the previously reported literature procedure,? and 2ah-

2ak were purchased from a commercially available source.
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Scheme S1. General procedure for synthesizing N-ferrocenyl sulfonamides 1la-1f
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Ferrocenyl methyl amine was synthesized according to the reported literature procedure,® and
used further without any purification for the synthesis of N-ferrocenyl sulfonamides la-1f. To
a solution of ferrocenyl methyl amine (2.0 mL, 9.3 mmol, 1 equiv) in dichloromethane (31 mL,
0.3 M) under argon atmosphere, triethylamine (1.4 mL, 11.2 mmol, 1.2 equiv) was added at -
10 °C. After that, the solution was stirred for 5 minutes at -10 °C, and trifluoromethanesulfonic
anhydride (1.8 mL, 11.2 mmol, 1.2 equiv) was added dropwise to the solution. The reaction
was allowed to be stirred for 6 h before being quenched with water. The organic layer was
separated, and the aqueous layer was extracted with dichloromethane (25 mL x 3). The
combined organic phase was washed with brine and then dried over Na>SOas. Evaporation of
the solvent on a rotary evaporator under vacuum and column chromatography on silica gel
(100-200 mesh) using hexanes: ethyl acetate 80:20 eluent afforded N-methyl ferrocenyl 1,1,1-

trifluoromethanesulfonamide 1a.

N-Methylferrocenyl 1,1,1-trifluoromethanesulfonamide 1a. Orange-yellow solid, mp: 67-
69 °C. Yield: 1.60 g (52%). *H NMR (400 MHz, CDCls) 6 5.06 (s, 1H), 4.25 (brs, 4H), 4.22

(s, 5H), 4.19 (s, 2H). 3C{*H} NMR (101 MHz, CDCls) 6 119.7 (d, J = 321.2 Hz, C), 82.4 (C),
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69.0 (CH), 68.9 (CH), 68.4 (CH), 44.0 (CHz). °F NMR (471 MHz, CDCls) § -75.38. HRLCMS
[APCI] m/z: [M-H]* Calcd for C1H11F3FeNO,S 345.9799; Found 345.9807
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N-Methylferrocenyl methanesulfonamide 1b. Yellow solid, mp: 82-84 °C. Yield: 1.96 g
(72%). *H NMR (400 MHz, CDCls) 6 4.48 (s, 1H), 4.32 (brs, 2H), 4.26 (brs, 7H), 4.03 (brs,
2H), 2.89 (s, 3H). *C{*H} NMR (101 MHz, CDCls) ¢ 84.3 (C), 69.3 (CH), 69.0, (CH), 68.9,
(CH), 42.9 (CHy), 41.1 (CH3). HRLCMS [ESI] m/z: [M] Calcd for C12H15FeNO-S 293.0167;

Found 293.0149.

(0)
\/,
\S/

0O

\

HN
Me' ;
Fe

N-Methylferrocenyl 4-methylbenzenesulfonamide 1c. Yellow solid, mp: 89-90 °C. Yield:
2.20 g (65%). H NMR (400 MHz, CDCl3) 6 7.80 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H),
4.56 (brs, 1H), 4.16 (brs, 7H), 4.10 (brs, 2H), 3.83 (d, J = 5.2 Hz, 2H), 2.47 (s, 3H). BC{H}
NMR (176 MHz, CDCl3) 6 143.5 (C), 136.9 (C), 129.8 (CH), 127.2 (CH), 84.2 (C), 69.2 (CH),
68.8 (CH), 68.5 (CH), 42.6 (CH2), 21.6 (CHs). HRLCMS [ESI] m/z: [M] Calcd for

C18H10FeNO2S 369.0481; Found 369.0480.
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N-Methylferrocenyl 3,5-difluorobenzenesulfonamide 1d. Orange solid, mp: 97-98 °C.
Yield: 2.10 g (59%). 'H NMR (400 MHz, CDCls) 6 7.47 — 7.38 (m, 2H), 7.02 — 7.08 (m, J =
8.5, 2.3 Hz, 1H), 4.70 (s, 1H), 4.18 (s, 5H), 4.16 (s, 2H), 4.10 (s, 2H), 3.94 (d, J = 5.6 Hz, 2H).
BC{'H} NMR (176 MHz, CDCls) 6 162.83 (dd, J = 254.7 Hz, C), 1435 (t, J = 8.2 Hz, C),
110.6 (dd, J = 22.4, Hz, CH), 108.2 (t, J = 25.1 Hz, CH), 82.9 (C), 68.8 (CH), 68.6 (CH), 68.2
(CH), 42.9 (CH>). **F NMR (471 MHz, CDCls) § -105.57. HRLCMS [ESI] m/z: [M] Calcd for

Ci17H1sFeF2NO2S 391.0141; Found 391.0138.
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N-Methylferrocenyl 2-nitrobenzenesulfonamide 1e. Yellow solid, mp: 102 °C-103°C.
Yield: 2.40 g (67%). 'H NMR (400 MHz, CDCls) 6 8.20 — 8.11 (m, 1H), 7.92 — 7.84 (m, 1H),
7.79—7.71 (m, 2H), 5.62 (t, J = 5.5 Hz, 1H), 4.18 (s, 5H), 4.08 (d, J = 2.6 Hz, 4H), 4.04 (d, J
= 5.8 Hz, 2H). BC{*H} NMR (126 MHz, CDCl3) § 147.9 (C), 133.9 (C), 133.6 (CH), 132.9
(CH), 131.1 (CH), 125.4 (CH), 83.0 (C), 68.6 (CH), 68.3 (CH), 67.8 (CH), 43.4 (CH.).

HRLCMS [ESI] m/z: [M] Calcd for C17H16FeN204S 400.0175; Found 400.0174.
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N-Methylferrocenyl acetamide 1f. Yellow solid, mp: 85 °C-86 °C. Yield: 1.7 g (72%). 'H
NMR (400 MHz, CDCls) 6 5.68 (brs, 1H), 4.20 (d, J = 1.6 Hz, 2H), 4.18 (s, 5H), 4.15 (d, J =
4.8 Hz, 4H), 1.99 (s, 3H). 3C{"H} NMR (101 MHz, CDCls) 6 169.4 (C), 84.6 (C), 68.7 (CH),
68.5 (CH), 68.3 (CH), 68.2 (CH), 39.0 (CHz), 23.2 (CHs). HRLCMS [ESI] m/z: [M] Calcd for

C13H15sFeNO 257.0503; Found 257.0497.
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Figure S4. Ligands L1, L2, and L7 are commercially available and ligands L3-L6 and L8-

L12 were synthesized according to the reported literature procedure.*
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Reaction Optimization

Table S1. Solvent Screening?

Q.0 o 0

A /7 \Y/;
FsC7 HN F,c” S‘N
+ ” Pd(OAc), (8 m0|°/-o), NOBINAc (2.8 mol%) _ Ph‘?/%i
CsF (2 equiv), CuO (1 equiv) Ph
@ Ph Ph Solvent (1.0 mL), dry air, 75°C, 18 h
1a 2a 3a
S. No. Solvent Yield of 3aP ee of 3a°
1 t-amyl alcohol 6% 17%
2 toluene 25% 60%
3 DMSO 18% 41%
4 DMAc 42% 32%
5 Toluene + t-amyl alcohol (5:1) 21% 35%
6 Toluene + DMSO (5:1) 28% 62%
7 Toluene + DMAC (5:1) 53% 40%
8 Toluene + DMACc (15:1) 37% 76%
9 Toluene (Iml) + DMACc (15 equiv) 39% 85%
10 THF 70% 98%

2 Reaction conditions: 1a (0.11 mmol, 1 equiv), 2a (0.22 mmol, 2 equiv), Pd(OAc)2 (8 mol %),
NOBINAC (28 mol %), CsF (0.22 mmol, 2 equiv), CuO (0.11 mmol, 1 equiv) in 1.0 mL solvent
under dry air 18h at 75 °C. ® Yield of 3a determined by *H NMR with CH,Br; as an internal

standard. ¢ enantioselectivity of 3a was determined by HPLC analysis.
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Table S2. Temperature Optimization @

O\\ /9 O\\SIP

FsC7 HN Fi€” N
Fie ” Pd(OAc), (8 mol%), NOBINAC (28 mol%) Ph 4

+
CsF (2 equiv), CuO (1 equiv) Ph e
Ph Ph tHF (1.0 mL), dry air, Temperature, 18 h
1a 2a 3a
S. No. Temperature Yield of 3a® ee of 3a°
1 65°C 62% 98%
2 80°C 71% 97%
3 100°C 65% 86%
4 40°C 32% 98%

2 Reaction conditions: 1a (0.11 mmol, 1 equiv), 2a (0.22 mmol, 2 equiv), Pd(OACc)2 (8 mol %),
NOBINACc (28 mol %), CsF (0.22 mmol, 2 equiv), CuO (0.11 mmol, 1 equiv) in 1.0 mL THF
under dry air atmosphere 18h at T °C. ® Crude yield of 3a determined by *H NMR with CH2Br
as an internal standard. ¢ enantioselectivity of 3a was determined by HPLC analysis.
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Table S3. Variation in the Stoichiometry of Cs™ Cation

O\\ /9 N\ /9

FaC” HN FsC™ N
i ! Pd(OAc), (8 mol%), NOBINAC (28 mol%) Ph——;/ |

Fe +
)J\ CsF, CuO (1 equiv) Ph B
@ Ph Ph THF (1.0 mL), dry air, 75°C, 18 h @
1a

2a 3a
S. No. Cation (equiv) Yield of 3a® ee of 3a°¢
1 0.5 equiv 34% 70%
2 1 equiv 48% 85%
3 1.5 equiv 57% 93%
4 2 equiv 70% 98%

2 Reaction conditions: 1a (0.11 mmol, 1 equiv), 2a (0.22 mmol, 2 equiv), Pd(OAC)2 (8 mol %),
NOBINACc (28 mol %), CsF (xx equiv), CuO (0.11 mmol, 1 equiv) in 1.0 mL THF at 75 °C
under dry air 18h. ® Crude yield of 3a determined by *H NMR with CH2Br; as an internal

standard. ¢ enantioselectivity of 3a was determined by HPLC analysis.
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Table S4. Optimization for Source of Cation

O\\/P O\\/P
S
HoghN F:” W
” Pd(OAc), (8 mol%), NOBINAc (28 mol%)
Fo + Cation (2 equiv), CuO (1 equiv) o ph—(” :
)]\ THF (1.0 mL), dry air, 75°C, 18 h Ph °
@ P )
3a
S. No. Cation source Yield of 3aPb eeof 3a°¢
1 Cs2COs3 40% 93%
2 K2CO3 35% 87%
3 Na,COs 23% 55%
4 Li,CO3 12% 10%
5 KOAc 28% 45%
6 CsOAc 30% 52%
7 NaOAc 18% 20%
8 KF 48% 89%
9 CsF 70% 98%
10 NEts 5% 0%

2 Reaction conditions: 1a (0.11 mmol, 1 equiv), 2a (0.22 mmol, 2 equiv), Pd(OAC)2 (8 mol %),
NOBINACc (28 mol %), Cation source (0.22 mmol, 2 equiv), CuO (0.11 mmol, 1 equiv ) in 1.0
mL THF at 75 °C under dry air 18h. ® Crude yield of 3a determined by *H NMR with CH2Br
as an internal standard. ¢ Enantioselectivity of 3a was determined by HPLC analysis.
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Table S5. Oxidant Screening

O\\/P O\\S/P
FsC” Hn FiC7 W
Fie N ” Pd(OAC), (8 mol%). NOBINAC (28 mol%) Ph——§/ |
)]\ CsF (2 equiv), Oxidant (1 equiv) ph  Fe
Ph Ph THF (1.0 mL), dry air, 75°C, 18 h
1a 2a 3a
S. No. Oxidant Yield of 3a P ee of 3a°¢
1 Air 52% 80%
2 02 32% 86%
3 Ag2CO3 26% 75%
4 AgOAcC 42% 52%
5 Cu(OAC); 50% 82%
6 CuO (1 equiv) 70% 98%

2 Reaction conditions: 1a (0.11 mmol, 1 equiv), 2a (0.22 mmol, 2 equiv), Pd(OACc)2 (8 mol %),
NOBINAc (28 mol %), CsF (0.22 mmol, 2 equiv), Oxidant (0.11 mmol, 1 equiv) in 1.0 mL
THF at 75 °C 18h in dry air. ® Crude yield of 3a determined by *H NMR with CH2Br; as an

internal standard. ¢ Enantioselectivity of 3a was determined by HPLC analysis.
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Table S6. Ligand to Pd(ll) Ratio Screening

RV

FsC” H N—"\‘

Pd(OAc), (mol %), NOBINAc (mol %)

|
o = J\ CsF (2 equiv), CuO (1 equiv) Ph
Ph Ph THF (1.0 mL), dry air, 75°C, 18 h @
1a 2a 3a
S. No. | Pd(OACc)2 (mol %) NOBINACc (mol %) Yield 3a (%) ° | ee 3a (%)°
1 5 5 32 85
2 5 10 36 89
3 8 8 45 84
4 8 16 56 90
5 10 20 58 90
6 8 24 64 93
7 8 28 70 98
8 8 32 71 98

2 Reaction conditions: 1a (0.11 mmol, 1 equiv), 2a (0.22 mmol, 2 equiv), CsF (0.22 mmol, 2
equiv), CuO (0.11 mmol, 1 equiv) in 1.0 mL THF at 75 °C 18 h in dry air by varying Pd(OAc)2
(mol %), and NOBINAC (mol %) loading. ® Crude yield of 3a determined by *H NMR with

CH2Br> as an internal standard. ¢ Enantioselectivity of 3a was determined by HPLC analysis.
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Scheme S2. General procedure for the Pd-catalyzed annulation of ferrocenyl secondary amines

with allenes
O\\S//O O\\//
7 7
R H\N—"\‘ R™ N\
- “ Pd(OAc), (8 mol%), NOBINAC (28 mol%) R'—‘;/ Fie
J\ CsF (2 equiv), CuO (1 equiv) R"
@ R" R’ THF (1.0 mL), dry air, 75°C, 18 h
1a-1e 2a-2j 3a-3z

In a Schlenk tube, Pd(OACc)2 (2.5 mg, 0.012 mmol, 8 mol%), NOBINAc (14 mg, 0.04 mmol,
28 mol %), CuO (11.5 mg, 0.14 mmol, 1 equiv.), CsF (44 mg, 0.28 mmol, 2 equiv.) and
ferrocenyl secondary amine 1a (50 mg, 0.14 mmol, 1 equiv.) were added in dry THF (1.5 mL)
under an inert atmosphere and the resulted orange colored solution was stirred for 10 min. After
pre-stirring, allene 2a (55 pL, 0.29 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 75 °C, stirred for 18 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 hexane: ethyl acetate solvent system to afford ferrocene fused

tetrahydropyridines (3a-4a).
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Ferrocene fused tetrahydropyridine 3a was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 95:5), obtained as an orange-red solid, mp: 122-124 °C. Yield: 52 mg
(70%). 'H NMR (400 MHz, CDCls) & 7.45 — 7.33 (m, 5H), 7.31 (d, J = 7.5 Hz, 1H), 7.26 (d, J
= 7.4 Hz, 2H), 7.21 (d, J = 7.4 Hz, 2H), 4.69 (d, J = 13.4 Hz, 2H), 4.37 (s, 2H), 4.20 (brs, 6H),
4.06 (s, 1H), 3.27 (s, 1H). BC{*H} NMR (176 MHz, CDCls) 6 142.5 (C), 141.3 (C), 138.2 (C),
129.2 (CH), 128.9 (CH), 128.7 (CH), 128.5 (CH), 127.5 (CH), 127.4 (CH), 126.9 (C), 120.03
(d, J = 323.7 Hz CF3), 81.5 (C), 70.6 (CH), 68.1 (CH), 66.4 (CH), 65.2 (CH), 48.9 (CH>), 47.1
(CH2). ®F NMR (471 MHz, CDCls) & -75.38. HRLCMS (ESI) m/z: [M] Calcd for
Co7H22F3FeNO,S 537.0660; Found 537.0668. The enantioselectivity of product 3a was
determined by chiral HPLC analysis on OZ-3 column (hexane: isopropanol = 95:5, 1 mL/min,

A=254 nm).
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Racemic sample of 3a
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mAU \Egl N a2
] Ve o /\n?'
800 FsC "8
1 R

N
600 | 7
72,5

200 -
07— -
T y " i i T T
2 4 6 8 1b min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

R . P P |- |+eeeeeees |-eeeeees |
1 5.022 MM 0.2354 1.37392e4 972.89185 49.9843

2  7.633 MM 0.4318 1.37479%4  530.64594 50.0157

Asymmetric sample of (Rp)-3a obtained using R-NOBINAc
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o
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e BEEEE R R o |-mmemeee |--neeeee |
1 5.023 MM 0.3563 336.24100 15.73049 0.8749
2 7.577 BB 0.4395 3.80976e4 1340.87231 99.1251

Asymmetric sample of (Sp)-3a obtained using S-NOBINAc

mAU J o ©
1 R o
3 s &°
1200 1 :E _dp
1000 | | @
800 | ‘.‘
600 | : ‘ ¢
400 | <
| \ R o
200 | \ r\ &
] e [N o~
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T | r ! ' :
8 10 min

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
ol R R |-mmmmeeee e |--mneee- |
1 4,992 MM 0.2487 2.09606e4 1404.80542 95.8447
2 7.577 MM 0.3394 908.74316 44.,63121 4.1553
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Ferrocene fused tetrahydropyridine 3b was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 98:2), obtained as an orange solid, mp: 117-118 °C. Yield: 51 mg
(65%). 'H NMR (400 MHz, CDCl3) 6 7.21 (d, J = 7.5 Hz, 2H), 7.15 (dd, J = 12.5, 7.9 Hz, 4H),
7.07 (d, J=7.9 Hz, 2H), 4.75 (d, J = 14.7 Hz, 1H), 4.68 (d, J = 12.8 Hz, 1H), 4.39 (d, J = 11.8
Hz, 1H), 4.31 (s, 1H), 4.16 (s, 6H), 4.03 (t, J = 2.4 Hz, 1H), 3.31 (d, J = 1.2 Hz, 1H), 2.41 (s,
3H), 2.37 (s, 3H). *C{'*H} NMR (176 MHz, CDCl3) ¢ 139.7 (C), 138.6 (C), 138.3 (C), 137.2
(CH), 137.0 (CH), 129.4 (CH), 129.2 (CH), 129.0 (CH), 128.8 (CH), 126.1 (C), & 120.0 (q, J
=324.0 Hz, CF3), 81.3 (C), 70.6 (CH), 68.8 (C), 67.9 (CH), 66.5 (CH), 65.0 (CH), 49.1 (CHy),
47.1 (CH2), 21.4 (CHs), 21.2 (CH3). **F NMR (471 MHz, CDCls) & -75.33. HRLCMS (APCI)
m/z: [M+H]* Calcd for Co9H27FsFeNO2S 566.1063; Found 566.1107. The enantioselectivity of
product 3b was determined by chiral HPLC analysis on OZ-3 column (hexane: isopropanol =

98:2, 1 mL/min, A=254 nm).
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Racemic sample (3b)

Qs
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/m O
~4.860

6.877

mAU |
1200
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800 ]
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min

0

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

#  [min] [min]
e AR P | mmmeeeees O |-mmmeees |
0.3027 3.51966e4 1937.99377 50.0635

1 4.660 MM
0.4917 3.51073e4 1189.95642 49.9365

2 6.880 MM

Asymmetric sample of (Rp)-3b obtained using R-NOBINAc

mAU 4

1400 -
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1000 |
800 | |

600 | A B |
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0 _— S
; — — , S— P —
10

Peak RetTime Type Width Area

#

1

[min] [min] [mAU*s ]
------- R B Bl Rl R es]

4.778 MM 0.2653 1778.32129 111.71938  3.2573

2  6.996 MM 0.5192 5.28168e4 1695.42053 96.7427

Asymmetric sample of (Sp)-3b obtained using S-NOBINACc

mAU ™~
a >
5 @

800
600 |
400 \
. )
\ < £ N

200 s
] “"l N - B ‘ . P e e

min

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

ceeefsees |-=mn]meee |--mmmeeees |--mmmmeee |--mneee |

1 4.671 MM 0.2837 1.78393e4 1048.19385 98.0364

2 7.043 MM 0.1843 357.31464 32.30664 1.9636
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Ferrocene fused tetrahydropyridine 3c was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 98:2), obtained as an orange solid, mp: 112 °C -113°C. Yield: 56 mg
(68%). H NMR (700 MHz, CDCls) § 7.21 (brs, 2H), 7.17 — 7.06 (m, 6H), 4.74 (brs, 1H), 4.64
(brs, 1H), 4.38 (d, J = 32.7 Hz, 2H), 4.16 (s, 6H), 4.08 (s, 1H), 3.27 (s, 1H). 3C{*H} NMR
(176 MHz, CDCl3) 5 162.8 (d, J = 25.8 Hz CF), 161.4 (d, J = 26.1 Hz CF), 138.2 (C), 137.1
(C), 135.8 (C), 131.0 (d, J = 7.2 Hz CH), 130.7 (d, J = 7.7 Hz CH), 127.9 (CH), 5 119.9 (d, J
= 323.4 Hz CFs), 115.8 (d, J = 21.6 Hz CH), 115.7 (d, J = 21.7 Hz CH), 81.6 (C), 70.6 (CH),
68.2 (CH), 66.3 (CH), 65.4 (CH), 49.0 (CHy), 47.0 (CH2). °F NMR (471 MHz, CDCls) ¢ -
75.46, -114.0. HRLCMS (APCI) m/z: [M] Calcd for Ca7H20FsFeNO.S 573.0479; Found
573.0483. The enantioselectivity of product 3c was determined by chiral HPLC analysis on the

0Z-3 column (hexane: isopropanol = 98:2, 1 mL/min, A=254 nm).
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Racemic sample (3c)
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7% f - \\
R S— Joid
. ; . : . | . .
2 4 6 8 10
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

R R |- emmenes | ommmnnes |-mmmnneee |-eeees |
1 6.794 MM 0.4105 1.17582e4  477.45154 49.7680

2 10.379 VB 0.7380 1.18678e4  248.14557 50.2320

Asymmetric sample (3c)

mAU
350
300 |
250
200 |
150
100
50

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] 4
Ol R |--mn ] |--mmmeeee |-ommmmeee |--mneees |
1 6.977 MM 0.3799 1007.28290 44.18793  4.9889

2 10.741 MM 0.7787 1.91830e4  410.56448 95.0111

)10.379

min
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Ferrocene fused tetrahydropyridine 3d was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 95:5), obtained as an orange solid, mp:107 °C-108 °C. Yield: 53 mg
(62%). *H NMR (400 MHz, CDCls) & 7.15 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 6.91
(dd, J = 14.8, 8.5 Hz, 4H), 4.72 (t, J = 20.3 Hz, 2H), 4.47 — 4.35 (m, 1H), 4.31 (s, 1H), 4.15 (s,
5H), 4.09 (d, J = 14.0 Hz, 1H), 4.05 — 4.02 (m, 1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.35 (s, 1H).
BC{*H} NMR (176 MHz, CDCls) & 159.5 (C), 159.4 (C), 145.3 (C), 134.2 (C), 131.2 (CH),
130.7 (C), 128.9 (CH), 5 120.9 (d, J = 337.0 Hz, CF3), 120.4 (C), 113.9 (CH), 113.6 (CH), 80.4
(C), 69.8 (CH), 69.0 (CH), 68.9 (CH), 68.6 (CH), 68.4 (C), 55.4 (CH3), 55.3 (CH3), 47.8 (CHy),
46.4 (CHy2). F NMR (471 MHz, CDCls) 6 -78.36. HRLCMS (ESI) m/z: [M] Calcd for
CaoH26F3FeNO4S 597.0879; Found 597.0895. The enantioselectivity of the product 3d was
determined by chiral HPLC analysis on OZ-3 column (hexane: isopropanol = 96:4, 1 mL/min,

A=254 nm).
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Racemic sample 3d
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04 N — —_— — —_— e e e s
;  E e ; e ‘ — : ‘ : .
2 4 6 8 10 12 mir
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
SR EREEEES R R |--emmeeeee |--emmee |--mmee- |
1 6.240 VB 0.3194 2.39682e4 1027.80359 48.5339
2 8.492 MM 0.5346 2.53527e4  790.43469 51.4661
Asymmetric sample (3d)
mAU 7
1400 ] |
1200 |
1000 |
800 |
600 |
400 ¥ |
] < { \
200 9 / %
0 — I i e e R ——
- T T T T T j T T T T T T T i
2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area

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

R R R | ==mmmneees |-mmneeees |-emmeees |
1 6.041 VB 0.3820 2290.65186 83.50723 3.5567
2 8.212 BB 0.6108 6.21138e4 1636.51929 96.4433
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Ferrocene fused tetrahydropyridine 3e was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 99:1), obtained as a yellow viscous liquid. Yield: 42 mg (59% yield).
IH NMR (400 MHz, CDCls) 6 4.71 (d, J = 14.1 Hz, 2H), 4.43 (s, 1H), 4.32 (s, 1H), 4.26 (s,
1H), 4.15 (s, 5H), 4.06 (s, 1H), 2.57 (s, 1H), 2.10 — 2.16 (m, 4H), 1.63 — 1.38 (m, 8H), 1.08 —
0.98 (m, 6H). *C{*H} NMR (176 MHz, CDCls) 6 139.4 (C), 121.5 (C), 120.3 (q, J = 324.0 Hz
CF3).80.5 (C), 70.7 (CH), 70.2 (CH), 68.0 (CH), 66.9 (CH), 64.9 (C), 47.5 (CH2), 46.9 (CH>),
33.9 (CHy), 33.4 (CHy), 31.0 (CHy), 30.6 (CHy), 23.3 (CHy), 23.0 (CH,), 14.2 (CHs), 13.9
(CH3).%F NMR (471 MHz, CDCl3) & -75.1. HRLCMS (ESI) m/z: [M] Calcd for
CasH22F3FeNO.S 497.1294; Found 497.1260. The enantioselectivity of the product 3e was
determined by chiral HPLC analysis on OZ3 column (hexane: isopropanol = 99:1, 1 mL/min,

A=254 nm).
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Racemic sample 3e
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1 2 3 4 é 6 8 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
s et |-oommeeee |--oomeeee |-ommnee |
1 3.625 MM 0.2131 1.54578e4 1208.95850 49.9239
2 4.468 BB 0.2254 1.55050e4 1093.59460 50.0761
Asymmetric sample 3e
E| ™~
mAU_; /8 \9;\
700 (o
600 | é@’l"
500 |
400 | P
‘ o
300 | o &
200 ' I“.‘ "x\ 2‘?3'2‘[0
100 e a
0 — S S
I
1 2 3 4 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e R R R | mmmeeees |-mmmeenees | -mmmeee |
1 3.607 MM 0.2723 1.29151e4 790.48096 88.8645
2 4.382 MM 9.2948 1618.37610 91.50945 11.1355
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Ferrocene fused tetrahydropyridine 3f was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 98:2), obtained as an orange solid, mp:103 °C -104°C. Yield: 43 mg
(63%, E:Z 1:10). *H NMR (400 MHz, CDCl3) § 7.41 (t, J = 7.4 Hz, 2H), 7.34 (d, J = 7.4 Hz,
1H), 7.19 (d, J = 7.1 Hz, 2H), 4.80 (d, J = 14.5 Hz, 1H), 4.67 (d, J = 1.5 Hz, 1H), 4.45 (d, J =
14.4 Hz, 1H), 4.38 (s, 1H), 4.33 (t, J = 2.5 Hz, 1H), 4.24 (s, 6H), 3.78 — 3.57 (m, 1H), 2.36 (s,
3H). BC{*H} NMR (126 MHz, CDCl3) 6 143.5 (C), 134.8 (CH), 128.5 (CH), 127.9 (CH),
127.1 (CH), 124.7 (C), 5 121.3 (d, J = 337.0 Hz CF3), 80.8 (C), 70.5 (CH), 68.8 (C), 68.0 (CH),
67.2 (CH), 65.0 (CH), 48.9 (CHy), 47.0 (CHz), 23.0 (CHs). '°F NMR (471 MHz, CDCls) ¢ -
75.50. HRLCMS (APCI) m/z: [M] Calcd for C22H20F3FeNO-S 476.0589; Found 476.0585. The
enantioselectivity of product 3f was determined by chiral HPLC analysis on OZ-3 column

(hexane: isopropanol = 98:2, 1 mL/min, A=254 nm).
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Racemic sample (3f)
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2 tlt 6 8 Imin
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Ol R |--mn e |--mmmee |<-mmmmeee |--mmeees |
1 5.542 MM 0.2670 2.1792%4 1360.58948 50.2428
2  6.436 MM 0.3360 2.15822e4 1070.59888 49.7572
Asymmetric sample (3f)
i ©
mAU 5
2000 e @
s
1500 - [
1000 | ® |
&
- N |
500 z & |
i o .
04 e e e R e L S
T 1 T y U L & & & & @
1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
[mAU] %

[min] [mAU*s ]

#  [min]
R RERE R e R e R |
1 5.501 MM 0.2484 1428.44519 95.83167 3.0264
2 6.378 MM 0.3324 4.57708e4 2294.73291 96.9736
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Ferrocene fused tetrahydropyridine 3g was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 95:5), obtained as an orange solid, mp:105 °C-106 °C. Yield: 40 mg
(55%, E:Z 1:1.5). 'H NMR (400 MHz, CDCls) 6 7.05 (t, J = 7.5 Hz, 1H), 7.00 (d, J = 8.3 Hz,
1H), 6.95 (d, J = 6.1 Hz, 2H), 4.74 (s, 1H), 4.37 (s, 2H), 4.31 (s, 2H), 4.28 (s, 5H), 3.89 (s, 3H),
3.59 (s, 1H), 2.26 (s, 3H). *C{*H} NMR (176 MHz, CDCls) § 155.7 (C), 132.2 (C), 129.5
(CH), 128.9 (CH), 124.7 (CH), 5 120.3 (d, J = 334.0 Hz CFs), 111.0 (C), 80.7 (C), 70.5 (CH),
68.8 (C), 67.9 (CH), 67.4 (CH), 66.4 (CH), 55.3 (CHs), 48.8 (CHy), 46.9 (CH>), 22.0 (CH3).
9 NMR (471 MHz, CDCls) ¢ -75.41. HRLCMS (ESI) m/z: [M+H]* Calcd for
Ca3H22F3FeNOsS 505.0617; Found 505.0617. The enantioselectivity of the product 3g was
determined by chiral HPLC analysis on AD-H column (hexane: isopropanol = 92:8, 1 mL/min,

A=254 nm).
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Racemic sample (39)

\ /,
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el B |--=n oo |-ommmeeee- |-ommmmeee |--mneee- |
1 6.129 MM 0.3599 1.90381le4  881.56976 49.2972
2 8.140 VB 0.4823 1.95810e4  648.35516 50.7028
Asymmetric sample (3g)
AU ()]
" E E %%'3’
1400 ] 9 @réﬂl
TR XS
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1000 | .
800 |
600 [
. ‘ o
400 | N s o
] 3 7 e \ 2
. : ‘ ; : : ‘ . :
2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

R R R R | -mmmmeeee D |-mmnees |

1 6.149 MM 0.3011 2.88180e4 1595.08899 96.8132
2 7.674 MM 0.6414 948.59967 24.64769  3.1868
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Ferrocene fused tetrahydropyridine 3h was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 98:2), obtained as an orange solid, mp: 110 °C-111 °C. Yield: 47 mg
(60%, E:Z 1:10). 'H NMR (500 MHz, CDCl3) 6 7.94 — 7.85 (m, 3H), 7.64 (s, 1H), 7.52 (dd, J
= 6.7, 2.6 Hz, 2H), 7.36 (dd, J = 8.4, 1.5 Hz, 1H), 4.82 (d, J = 14.4 Hz, 1H), 4.71 (d, J = 1.5
Hz, 1H), 4.55 (d, J = 15.7 Hz, 1H), 4.40 (d, J = 1.5 Hz, 1H), 4.35 (t, J = 2.5 Hz, 1H), 4.27 (s,
5H), 4.23 (d, J = 6.7 Hz, 1H), 3.72 (brs, 1H), 2.43 (s, 3H). 3C{*H} NMR (176 MHz, CDCl5)
5140.9 (C), 134.7 (C), 133.3 (C), 132.4 (C), 128.4 (CH), 127.9 (CH), 127.8 (CH), 126.6 (CH),
126.3 (CH), 126.1 (CH), 125.9 (CH), 125.2 (C), 119.9 (d, J = 323.5 Hz CFs), 80.8 (C), 70.5
(CH), 68.8 (CH), 68.1 (CH), 67.3 (CH), 65.0 (C), 49.0 (CH2), 47.1 (CH2), 23.1 (CH3). *°F NMR
(471 MHz, CDCl3) 6 -75.50. HRLCMS (ESI) m/z: [M] Calcd for CosH22F3FeNO,S 548.0565;
Found 548.0568. The enantioselectivity of the product 3h was determined by chiral HPLC

analysis on AD-H column (hexane: isopropanol = 98:2, 1 mL/min, A=254 nm).
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Racemic sample (3h)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
senefameeees R B |-oommeeee |-omomeeee |-oomnee |
1 7.107 MM 0.3127 2.26657e4 1208.19507 50.2169
2 11.154 VB 0.4117 2.24699%¢e4 762.66101 49.7831
Asymmetric sample (3h)
mAU i §
700 ‘::\.
600 Ji: 0
500 |
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200 3
100 S ]
E N's R - ©
04 e SRS - S —|
‘ - - - - -
2 4 6 8 min

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s ] [mAU] %
Ol R |--mn e |-ommmeeee- e |--mneees |
1 6.854 VB 0.2800 429.72818 21.60877 1.5896

2 11.426 VBA  0.4493 2.66034e4  827.02936 98.4104
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Ferrocene fused tetrahydropyridine 3i was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 99:1), obtained as a yellow viscous liquid. Yield: 38 mg (56%, E:Z
1:5). 'H NMR (400 MHz, CDCls) 6 5.39 (d, J = 9.4 Hz, 1H), 4.77 (d, J = 14.3 Hz, 1H), 4.49
(d, J = 0.9 Hz, 1H), 4.37 (s, 1H), 4.33 (brs, 2H), 4.14 (s, 6H), 3.87 (d, J = 14.0 Hz, 1H), 2.71 —
2.55 (m, 1H), 1.88 (t, J = 10.1 Hz, 2H), 1.83 — 1.66 (m, 5H), 1.44 — 1.38 (m, 3H). 3C{*H}
NMR (176 MHz, CDCls) 6 133.5 (C), 126.0 (CH), 120.15 (d, J = 323.1 Hz CF3). 80.6(C), 70.7
(CH), 68.1 (CH), 67.1 (CH), 64.9 (C), 61.4 (CH), 52.7 (CH>), 47.0 (CH>), 37.7 (CH), 33.0
(CH2), 32.6 (CH2), 26.0 (CH2), 25.9 (CHz), 25.8 (CH,).2°F NMR (471 MHz, CDCls) & -75.52.
HRLCMS (ESI) m/z: [M+H]" Calcd for Ca1H2sFsFeNO.S 468.0902; Found 468.0886. The
enantioselectivity of product 3i was determined by chiral HPLC analysis on the AD-H column

(hexane: isopropanol = 98:2, 1 mL/min, A=254 nm).
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Racemic sample (3i)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
i R R P |-ommmeeee |-omomeeee |-ommeee |
1 4.284 MM 0.3048 8793.30664 480.84598 50.8633
2 6.416 MM 0.3742 8494.82324 378.32681 49.1367
Asymmetric sample (3i)
mAU? %
1200 M
1000 | \:
800 4 !
600 0 |
400 = [
200 | N N | £
0 + o — e gl iy — - —
T L @ & T a -
1 2 2 4 A A 7 ! min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
R REREE e R S eh R |-mmeme |
1 4.295 BB 0.2822 5289.54541 285.38135 14.3162
2  6.394 BB 0.3053 3.16584e4 1446.78540 85.6838
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Ferrocene fused tetrahydropyridine 3j was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 99:1), obtained as a yellow orange solid, mp: 89 °C-90 °C. Yield: 34
mg (50%, E:Z 1:2). *H NMR (400 MHz, CDCls) ¢ 7.25 (d, J = 3.1 Hz, 2H), 7.16 (d, J = 8.0
Hz, 2H), 6.78 (s, 1H), 4.78 (d, J = 14.3 Hz, 1H), 4.69 (s, 1H), 4.60 (d, J = 14.8 Hz, 1H), 4.42
(s, 1H), 4.33 (brs, 2H), 4.22 (s, 6H), 2.39 (s, 3H). C{*H} NMR (176 MHz, CDCls) 6 137.0
(C), 129.4 (CH), 129.0 (CH), 128.5 (CH), 128.4 (C), 122.6 (C), 120.2 (d, J = 324.0 Hz CF3).
80.7 (C), 71.3 (CH), 70.7 (CH), 68.2 (CH), 67.7 (CH), 61.9 (C), 46.6 (CHz), 46.4 (CH.), 21.3
(CHs). °F NMR (471 MHz, CDCl3) 6 -75.11, -75.16. HRLCMS (ESI) m/z: [M-H]* Calcd for
C22H20F3FeNO,S 475.0511; Found 475.0509. The enantioselectivity of the product 3j was
determined by chiral HPLC analysis on OZ-3 column (hexane: isopropanol = 98:2, 1 mL/min,

A=254 nm).
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Racemic sample (3j)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R e | -mmeeenee |-mmeemnees | -mmmee |
1 4,433 MM 0.2203 641.86871 48.56398 49,2518
2 5.459 MM 0.2626 661.37146 41.97504 50.7482
Totals : 1303.24017 90.53902
Asymmetric sample (3j)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
SRR EEEEEES R R |- mmeee |--emmeee |--mmee- |
1 4,292 MM Q0.2787 279.70404 16.72396 4,3071
2 5.419 MM 0.3019 6214.38916 343.07669 95.6929
Totals : 6494.09320 359.80065
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Ferrocene fused tetrahydropyridine 3k was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange red solid, mp: 141 °C-142 °C. Yield: 47
mg (55%). 'H NMR (400 MHz, CDCls) § 7.56 (d, J = 7.6 Hz, 2H), 7.27 (s, 2H), 7.20 — 7.09
(m, 4H), 7.03 (d, J = 7.4 Hz, 2H), 6.89 (d, J = 2.7 Hz, 2H), 4.50 (dd, J = 25.1, 14.4 Hz, 2H),
4.25 (s, 1H), 4.08 (s, 5H), 3.93 (d, J = 13.4 Hz, 2H), 3.73 (s, 1H), 3.13 (s, 1H), 2.45 (s, 3H),
2.38 (s, 6H). 3C{"H} NMR (176 MHz, CDCl3) 5 143.3 (C), 140.0 (C), 139.0 (C), 137.1 (CH),
136.9 (CH), 136.7 (CH), 135.0 (CH), 129.6 (CH), 129.4 (C), 129.2 (C), 129.1 (CH), 129.0 (C),
127.5 (C), 127.1 (C), 82.3 (C), 70.6 (CH), 67.6 (CH), 67.1 (CH), 66.0 (CH), 65.1 (C), 48.6
(CH2), 46.4 (CHy), 21.6 (CH3), 21.3 (CH3), 21.2 (CHs). HRLCMS (ESI) m/z: [M] Calcd for
CasH33sFeNO2S 587.1576; Found 587.1566. The enantioselectivity of the product 3k was
determined by chiral HPLC analysis on AD-3 column (hexane: isopropanol = 75:25, 1 mL/min,

A=254 nm).
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Racemic sample (3k)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
] R PR | mmmmeeee- |--mmmmeees |--mmeees |
1 5.433 BV  0.2170 2.43483e4 1586.51257 49.8771
2 7.375 MM 0.3453 2.44683e4 1180.87219 50.1229
Asymmetric sample of (Sp)-3k obtained using S-NOBINACc
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
el R R o s | -ommeee |
1 5.377 MM 0.2820 2060.04565 121.74028 98.7100
2 7.856 MM 0.2194  26.92121 2.04496  1.2900
Asymmetric sample of (Rp)-3k obtained using R-NOBINAc
mAU — 8
1750 = &
1500 = |
1250 = .
1000 = <
3 b‘ !
750 © ',g\{‘('o |
500 - E\?@'v |
250 = ,»"M‘\., % .
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
i R R P |--momeeee |-omenee |
1 5.426 MM ©.2133 3125.39771 244.15727 6.7069
2 7.336 BB 0.3153 4.34742e4 1986.34509 93,2931
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Ferrocene fused tetrahydropyridine 31 was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 80:20), obtained as an orange red solid, mp: 132 °C-132 °C. Yield: 47
mg (58%). 'H NMR (700 MHz, CDCls) 6 7.56 (d, J = 8.0 Hz, 2H), 7.41 — 7.29 (m, 6H), 7.28
(s, 2H), 7.16 (d, J = 7.6 Hz, 2H), 7.11 — 6.98 (m, 2H), 4.54 (d, J = 14.2 Hz, 1H), 4.47 (d, J =
14.3 Hz, 1H), 4.27 (s, 1H), 4.10 (s, 5H), 4.03 (d, J = 14.2 Hz, 1H), 3.92 (s, 1H), 3.85 (d, J =
14.4 Hz, 1H), 3.06 (s, 1H), 2.45 (s, 3H).2C{"H} NMR (176 MHz, CDCls) 6 143.3 (C), 142.7
(C), 141.7 (CH), 137.1 (CH), 134.8 (CH), 129.6 (CH), 129.5 (CH), 129.2 (CH), 128.5 (CH),
128.4 (CH), 127.9 (C), 127.5 (C), 127.2 (C), 127.1 (C), 82.5 (C), 78.8 (CH), 70.6 (CH), 67.7
(CH), 66.0 (CH), 65.3 (C), 48.6 (CHz2), 46.3 (CH>), 21.5 (CH3). HRLCMS (ESI) m/z: [M] Calcd
for CasH20FeNO,S 559.1263; Found 559.1253. The enantioselectivity of the product 31 was
determined by chiral HPLC analysis on AD-3 column (hexane: isopropanol = 85:15, 0.9

mL/min, A=254 nm).
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Racemic sample (3I)

mAU % g
400 b F
i i
300 | I |
] i 5
200+ | & oA
| \ ! \
] | N\ ! N,
100 ] ! \ ! %
! \ ;’: S
077 i 1l e 1
: y T T : ; J T 3 g J T T 4 T
2 4 6 8 10 12 mir
Peak RetTine Type Wdth Area Hei ght Area
# [mn] [mn] [MAUs] [ mAY| %
SRER EEE R [----]------- [---mmmnee [---mmmme- [---mn--- |
1 9.674 BV 0. 4024 1.37642e4  483. 13043 48.8097
2 11.011 VB 0.4613 1.44355e4  437.08127 51.1903
Asymmetric sample of (Sp)-3I obtained using S-NOBINACc
= [Te}
mAU ] 8 (55?3
30 L
300 ] (1 5
250 ¥
200 A
B R | Ky
150 ] LA \@(g)
100 : N ST
50 - f \ S
ol s )N P -
2 4 6 8 10 12 14 16 min
Peak RetTime Type Wdth Area Hei ght Area
#  [min] [min] [mAUs] [ mAy %
saet| SwEE i [ | s [mereser |
1 9. 355 MM 0.5285 1.26335e4  398.38388 98.1236
2 10.514 MM 0.1814 241.58542 16. 67377 1.8764
Asymmetric sample of (Rp)-3I obtained using R-NOBINAc
mAU ~ ) &)
1400 = E &
1 g &
1200 — | ‘I&'Z'r
1000 B
800 [ \
| L33
600 &
400 P
1 g\?@ | N
200 N = o %
0 T i P DT i - Sy - Rheeaee . sessetgn s
25 5 75 10 125 15 175 20 mir
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

S R |- emmenes | ommmnneee |-mmnnnees |-eeeees |

1 9.396 MM 0.3638 2969.44556 136.03685 5.3090
2 10.702 MM 0.5736 5.29633e4 1538.93127 94.6910
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Ferrocene fused tetrahydropyridine 3m was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 90:10), obtained as an orange red solid, mp: 129 °C-130 °C. Yield: 42
mg (53%, E:Z 1:10). 'H NMR (700 MHz, CDCls) § 7.96 — 7.85 (m, 3H), 7.63 (s, 1H), 7.57 —
7.51 (m, 2H), 7.48 (d, J = 8.2 Hz, 2H), 7.34 (dd, J = 8.3, 1.3 Hz, 1H), 7.17 (d, J = 8.1 Hz, 2H),
4.60 (d, J = 13.9 Hz, 2H), 4.37 (d, J = 13.5 Hz, 1H), 4.35 (d, J = 1.8 Hz, 1H), 4.25 (t, J = 2.5
Hz, 1H), 4.19 (s, 5H), 3.72 (d, J = 13.6 Hz, 1H), 3.23 (d, J = 13.5 Hz, 1H), 2.38 (s, 3H), 2.36
(s, 3H). BC{*H} NMR (176 MHz, CDCl3) & 143.3 (C), 141.4 (C), 134.0 (CH), 133.3 (CH),
133.0 (CH), 132.3 (CH), 129.4 (CH), 128.1 (CH), 128.0 (CH), 127.7 (C), 127.5 (CH), 126.7
(C), 126.6 (C), 126.4 (CH), 126.2 (C), 125.8 (C), 82.0 (C), 79.2 (CH), 70.5 (CH), 67.8 (CH),
66.9 (CH), 65.3 (C), 48.7 (CH2), 46.4 (CHy), 22.9 (CHs), 21.5(CHs). HRLCMS (ESI) m/z: [M]
Calcd for Cz2H20FeNO2S 547.1263; Found 547.1232. The enantioselectivity of the product 3m
was determined by chiral HPLC analysis on the AD-H column (hexane: isopropanol = 90:10,

0.9 mL/min, A=254 nm).
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Racemic sample (3m)

O\\//
S
mAU ©
] ®
350 @
300 ¥
250 [ 4
200 ] |
150 ] ‘l
100 | 2y
50 i N /N
0 a8 . e (ol e e i ST 4 e
5 10 1% 55 go mir
Peak RetTime Type Wdth Area Hei ght Area
# [nin] [mn] [mAUs] [ Ay %
simmn mmmmmme e e |pmmmmimnmme | mrmmminmm |mmemmimimims |
1 18.016 MM 0.8877 2.01417e4  378. 15561 48.5077
2 19.777 MM 0.9049 2.13810e4  393.81238 51.4923
Asymmetric sample (3m)
AU R
1 g Q
2000 | &
; ¥
1500 |
E &
1000 - - ;(\,,9 \
] g ,“).\ %
500 — < &% \
TY | \.
0- e /‘/\ Rapoeaco © yf,x-h per, 7\‘» S s O e sy
5 o 0 15 20 ‘ 25 R
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

R R |- emmnnes | -eenne |+mmmenees |-eeees |
1 18.043 MM 0.5727 7720.93701 224.69550 4.2091

2 19.793 MM 1.1893 1.75713e5 2462.41479 95.7909
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Ferrocene fused tetrahydropyridine 3n was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 90:10), obtained as an orange red solid, m.p: 117 °C-118 °C. Yield: 42
mg (56%, E:Z 3:2). 'H NMR (400 MHz, CDCls) ¢ 7.72 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.0
Hz, 2H), 4.47 (d, J = 13.8 Hz, 1H), 4.43 (d, J = 13.5 Hz, 1H), 4.31 (s, 1H), 4.23 (s, 1H), 4.14
(d, J = 2.4 Hz, 1H), 4.05 (s, 5H), 3.66 (d, J = 13.4 Hz, 1H), 3.37 (d, J = 13.2 Hz, 1H), 2.44 (s,
3H), 2.14 - 2.08 (4H), 1.52 — 1.40 (m, 8H), 1.1-0.9 (m, 6H).3C{*H} NMR (176 MHz, CDCl5)
§ 143.4 (C), 137.9 (C), 133.9 (C), 129.6 (CH), 127.6 (CH), 122.5 (C), 81.5 (C), 79.3 (C), 70.4
(CH), 67.3 (CH), 66.2 (CH), 64.9 (CH), 47.0 (CHy), 46.3 (CH2), 34.0 (CHy) 33.6 (CH>), 31.0
(CHa), 30.6 (CH2), 23.3 (CHy), 23.0 (CH2), 21.5 (CHs), 14.2 (CHs), 14.0 (CH3). HRLCMS
(ESI) m/z: [M] Calcd for Ca9H37FeNO>S 519.1889; Found 519.1868. The enantioselectivity of
the product 3n was determined by chiral HPLC analysis on AD-3 column (hexane: isopropanol

=95:5, 1 mL/min, A=254 nm).
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Racemic sample (3n)

o
mAU 3 2 ®
R o 3
700 N s '9’\\;"’; 4\@%
600 - e
R
500~ Me / R
400 2 [
300 Fe (N &
200 @ . p
100 - ‘ [T . W
0 o e g™ =5 e
' 1 2 e ‘5 s s 7 & 7 omr
Peak RetTime Type Wdth Area Hei ght Area
# [min] [mn] [ MAU* s] [ mAU %
SRR EEEEE [----]------- [---mmmmm- [---mmm- [--mmm-- |
1 4,709 WM 0.2373 1.07161e4  752.56592 49. 6440
2 5.348 MM 0.2653 1.08698e4  682.87201 50. 3560
Asymmetric sample (3n)
mAU - ﬁ rﬁ‘
500—: Fr‘,l ‘;@
400 - ; ;t@
= A
300 = b
; | oL
200~ ' g &
: ! 8 &
| \ 4
100 = | g
g = i NN
0- e . T e — -
1 2 R 6 7 8 min
Peak RetTine Type Wdth Area Hei ght Area
# [nin] [min]  [mAUs] [ AU %
srere| smsrrees |emsmerrmnseree [ | e [ |
1 4.720 MM 0.2354 7683. 34131 543.95502 92. 0609
2 5.350 MM 0.1938 662.58795 56.98755  7.9391
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Ferrocene fused tetrahydropyridine 30 was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 95:5), obtained as an orange yellow solid, m.p: 114 °C-115 °C. Yield:
37 mg, (53%, E:Z 1:5). 'H NMR (400 MHz, CDCls) 6 7.71 (d, J = 8.1 Hz, 2H), 7.32 (d, J =
8.0 Hz, 2H), 5.34 (d, J = 9.7 Hz, 1H), 4.49 (d, J = 13.5 Hz, 1H), 4.39 (s, 1H), 4.26 (s, 1H), 4.16
(d, J = 4.9 Hz, 2H), 4.07 (s, 5H), 3.63 (d, J = 13.6 Hz, 1H), 3.34 (d, J = 12.9 Hz, 2H), 2.63 —
2.47 (m, 1H), 1.80 — 1.74 (m, 7H), 1.47 — 1.30 (m, 3H). *C{*H} NMR (176 MHz, CDCls) 6
1435 (C), 133.6 (C), 132.6 (C), 129.6 (CH), 127.7 (CH), 126.9 (C), 81.7 (C), 70.8 (CH), 68.7
(CH), 67.8 (CH), 66.0 (CH), 65.1 (C), 52.4 (CH.), 46.5 (CH>), 37.7 (CH), 33.0 (CH), 32.8
(CHa), 27.0 (CHy), 26.1 (CH>), 25.9 (CH>), 21.5 (CHs3). HRLCMS (ESI) m/z: [M] Calcd for
C27H31FeNO2S 489.1420; Found 489.1420. The enantioselectivity of the product 30 was
determined by chiral HPLC analysis on OD-3 column (hexane: isopropanol = 93:7, 1 mL/min,

A=254 nm).
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Racemic sample (30)

. 0, O
3 \// - <
mAué s\ 5 3
1500 N [ °°
1250 |
1000 - Me / 3 ‘
750 - Fe X
] | \
500 - H ‘ | L
250 o
5] N> i el b S s
¥ % ¥ T ¥ T T T T ¥
2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el R R |-mmmmoeee |--momeeee |-ommmeee |
1 6.541 VB 0.4279 5.23946e4 1777.49768 52.2900
2 8.144 BB 0.4737 4.78054e4 1445.93958 47.7100
Totals : 1.00200e5 3223.43726
Asymmetric sample (30)
mAU -] o
400 ?8‘, ,(\‘55
\ N
350 (R
E “
300 | %
250 [
200 | o
150 | ’\ \ %\(55
100 | -\\ % 0{;,
50 . o
0 f . = e e
r——— — . : — —— : — . .
1 2 3 4 5 7 8 9 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
el R B |-ommooeee |-ommmeeee |-ommeee |
1 6.659 MM 0.4441 1.17936e4 442.61905 97.6725
2 8.329 MM 0.3033 281.03629 15.44449 2.3275
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Ferrocene fused tetrahydropyridine 3p was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 95:5), obtained as an orange yellow solid, m.p: 125 °C-126 °C. Yield:
39 mg (47%, E:Z 1:10). *H NMR (700 MHz, CDCls) 6 8.00 (s, 2H), 7.95 (s, 1H), 7.90 (d, J =
7.9 Hz, 2H), 7.86 (d, J = 7.2 Hz, 1H), 7.56 (dd, J = 13.5, 10.2 Hz, 3H), 7.27 (s, 1H), 4.73 (d, J
= 14.7 Hz, 1H), 4.52 (s, 1H), 4.33 (d, J = 15.3 Hz, 2H), 4.25 (s, 1H), 4.22 (s, 1H), 4.20 (s, 5H),
3.83 (d, J = 14.6 Hz, 1H), 2.22 (s, 3H). *C{*H} NMR (176 MHz, CDCls) § 141.4 (CH), 140.8
(CH), 133.8 (CH), 133.3 (CH), 132.5 (C), 132.4 (C), 132.2 (CH), 128.4 (CH), 127.9 (CF),
127.8 (CF), 127.5 (C), 126.6 (C), 126.5 (C), 126.1 (CH), 125.9 (CH), 125.0 (CH), 123.2 (C),
121.6 (C), 80.9 (C), 78.9 (CH), 70.4 (CH), 68.1 (CH), 66.8 (CH), 65.4 (C), 49.0 (CH>), 46.8
(CHy), 22.7 (CH3).*°F NMR (376 MHz, CDCls) 6 -116.90. HRLCMS (ESI) m/z: [M] Calcd for
Ca1H2sF2FeNO,S 569.0923; Found 569.0930. The enantioselectivity of the product 3p was
determined by chiral HPLC analysis on 1C-3 column (hexane: isopropanol = 85:15, 1 mL/min,

A=254 nm).
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Racemic sample (3p)

mAU 7
3005
250
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100
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2 4 6 8 10 12 14 min

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
R R P |--emmneee |<onemmnee |-onmnee |
1 6.339 MM 0.3605 7557.95801 349.42419 49.9387
2 12.760 BB 0.7388 7576.52490 162.85172 50.0613

Asymmetric sample (3p)

N~
mAU ] ﬁ \6\'.5
1200 3 ('
1000 = ,
800
600 — [ J
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mir

-
T
o
[
-
o
-
N
5
>
-
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
S REREE R e |-ommeneee e |-omemeee |
1 5.967 MM 0.3683 3.31073e4 1498.35449 94.0433
2 12.305 MM 0.5925 2097.00830  58.98545 5.9567
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Ferrocene fused tetrahydropyridine 3g was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 95:5), obtained as an orange yellow solid, mp: 131 °C-132 °C. Yield:
38 mg (45%). 'H NMR (700 MHz, CDCl3) 6 7.51 (d, J = 6.9 Hz, 1H), 7.39 (dd, J = 9.2, 5.8
Hz, 2H), 7.36 — 7.31 (m, 4H), 7.20 (d, J = 3.9 Hz, 2H), 7.17 (d, J = 7.1 Hz, 2H), 7.02 - 7.31
(m, 2H), 4.61 (d, J = 14.6 Hz, 1H), 4.51 (d, J = 14.6 Hz, 1H), 4.29 (d, J = 1.1 Hz, 1H), 4.17 (s,
1H), 4.11 (s, 5H), 4.03 (d, J = 15.0 Hz, 1H), 3.95 (t, J = 2.5 Hz, 1H), 3.10 (d, J = 1.4 Hz, 1H).
BBC{'H} NMR (176 MHz, CDCl3) § 162.7 (dd, J = 254.7, 11.7 Hz CF), 142.5 (C), 141.4 (CH>),
137.5 (CHz), 129.3 (CHy), 129.1 (CH>), 128.5 (CH>), 128.3 (CH>), 128.0 (C), 127.5 (CHy),
127.3 (C), 127.2 (C), 110.8 (dd, J = 22.2, 5.6 Hz C), 108.1 (t, J = 25.0 Hz CH), 81.90 (C),
78.76 (CH), 70.65 (CH), 67.94 (CH), 66.19 (CH), 65.29 (C), 48.53 (CHz), 46.4 (CHy). 1F
NMR (376 MHz, CDCls) 6 -105.64. HRLCMS (ESI) m/z: [M] Calcd for Ca:HasFeFaNO,S
581.0918; Found 581.0933. The enantioselectivity of the product 3q was determined by chiral

HPLC analysis on AD-H column (hexane: isopropanol = 90:10, 1 mL/min, A=254 nm).
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Racemic sample (3q)

O\\s//
mAU 2 S “
200 F \N E o;‘& 3 f§°®
175 lw | @q-,,“’ &
) AN i
D t
125 FPh 74 i {
100 Fe A 1
75 4 i
50 0 @ | \ i R
25 e . ! ! S
0 o DU, D T S sadic- o L‘ ey e e = o
2 ll& (I5 é 10 min
Peak RetTinme Type Wdth Area Hei ght Area
#  [nin] [mn] [mAUs] [ mAU %
S |swommms |smommeminines |smmsemmmmin | semmmmmeimn fisermmmimen |
1 5.768 MM 0.2770 3516. 28027 211.53900 49.2767
2 7.643 MM 0.3784 3619.50415 159.42012 50. 7233
Asymmetric sample (3q)
mAU 2 o
800 | E ,(b’i‘
700 | (18"
600 7 | ¥
500 1 ™
A ) o
400 2 n_,%?’ i
) & \
300 ] o N I \
200 = @ & |
1 P i N
1003 N %o
05 e e ol e sk ke —_—
> 4 5 A e
Peak RetTinme Type Wdth Area Hei ght Area
# [nin] [mn] [mMUs] [ mAU] %
s | mmmmen ] |premmimimm | memmmimmmmin | |
1 5.849 MM 0.2129 1538.84717 120.47400 6.7316
2 7.750 MM 0.4002 2.13213e4  887.90741 93. 2684
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Ferrocene fused tetrahydropyridine 3r was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 95:5), obtained as an orange yellow solid, mp: 120 °C-120 °C. Yield:
35 mg (45%). 'H NMR (400 MHz, CDCl3) ¢ 7.32 (d, J = 4.3 Hz, 2H), 7.01 (it, J = 8.4, 2.2 Hz,
1H), 4.55 (d, J = 13.9 Hz, 1H), 4.44 (d, J = 13.7 Hz, 1H), 4.31 (s, 1H), 4.24 (s, 1H), 4.16 (t, J
= 2.4 Hz, 1H), 4.06 (s, 5H), 3.85 (d, J = 13.9 Hz, 1H), 3.64 (d, J = 13.7 Hz, 1H), 2.33 — 1.98
(m, 4H), 1.55 — 1.37 (m, 8H), 1.02 (t, J = 7.0 Hz, 6H). 3C{'*H} NMR (176 MHz, CDCl3) &
162.7 (dd, J = 254.6, 11.6 Hz, CF), 140.9 (t, J = 8.0 Hz , C), 138.4 (CH), 121.9 (CH), 110.9
(dd, J = 22.3,5.7 Hz, C), 108.1 (t, J = 25.1 Hz, C), 80.8 (C), 79.2 (CH), 70.5 (CH), 67.5 (CH),
66.3 (CH), 64.9 (C), 47.2 (CHy), 46.5 (CH>), 34.0 (CH2), 33.7 (CH2), 31.0 (CH>), 30.4 (CH>),
23.3 (CH2), 23.0 (CH2),14.2 (CHz3), 14.0 (CHs). °F NMR (376 MHz, CDCls) ¢ -105.86.
HRLCMS (ESI) m/z: [M] Calcd for CogHasFeFaNO,S 541.1544; Found 541.1588. The
enantioselectivity of the product 3r was determined by chiral HPLC analysis on OD-3 column

(hexane: isopropanol = 90:10, 1 mL/min, A=254 nm).
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Racemic sample (3r)

0O
O\\S//

4 < D
mAU F \N 3 & 8 &
600 TS
500 | / e | 4

| | |
400 F | |

Fe | |

ol T |
1 2 3 o 5 6 7 min
Peak RetTime Type Wdth Area Hei ght Area
# [mn] [nin] [MAUs] [ mAy| %
e R R —— R ——— e !
1 4.104 WM 0.2477 1.06109e4  713.99713 49.9886
2  4.839 WM 0.2870 1.06158e4 616.41479 50.0114
Asymmetric sample (3r)
mAU = & o
E 2 N
700 . = ’39'\
600 |
500 - |
400 - I b‘,l\ca@
300 - [ R
= | X = g
200j |‘ \ ;v&q'(b
100 ‘ LAY
0- B A T e
o 2 I s & 7 mn
Peak RetTime Type Wdth Area Hei ght Area
# [mn] [ min] [ mAU s] [ mAl] %
e [l [ | smsmemermanee e !
1 4.094 MW 0.2659 1.20717e4  756.68420 92.5993
2  4.815 MW 0.2027 964.79559  79.30970 7.4007
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Ferrocene fused tetrahydropyridine 3s was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 90:10), obtained as an orange red solid, mp: 135 °C; [a]p®= +41
(CHCIs, c=0.12). Yield: 43 mg (50%). *H NMR (700 MHz, CDCl3) 6 7.18 (d, J = 7.8 Hz, 4H),
7.13 (d, J = 6.4 Hz, 2H), 7.01 (d, J = 7.6 Hz, 3H), 6.87 (5, 2H), 4.47 (d, J = 14.4 Hz, 2H), 4.37
(s, 1H), 4.17 (s, 5H), 4.14 (d, J = 14.7 Hz, 2H), 4.01 (s, 1H), 3.26 (s, 1H), 2.40 (s, 3H), 2.38 (s,
3H). C{'H} NMR (176 MHz, CDCls) 6 162.7 (dd, J = 254.6, 11.5 Hz CF), 141.9 (t, J = 8.0
Hz C), 139.5 (C), 138.6 (C), 137.9 (C), 137.2 (C), 136.9 (C), 129.3 (CH), 129.2 (CH), 126.4
(C), 110.9 (dd, J = 22.2, 5.6 Hz CH), 108.1 (t, J = 25.0 Hz, CH), 82.1 (C), 80.1 (C), 71.2 (CH),
68.4 (CH), 66.4 (CH), 65.5 (CH), 48.6 (CH_), 46.5 (CH>), 21.3 (CH3), 21.2 (CH3). °F NMR
(376 MHz, CDCls) 6 -105.73. HRLCMS (ESI) m/z: [M] Calcd for CasHz0FeF2NO2S 609.1231;
Found 609.1234. The enantioselectivity of the product 3s was determined by chiral HPLC

analysis on OD-3 column (hexane: isopropanol = 85:15, 1 mL/min, A=254 nm).
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Racemic sample (3s)

mAU ONPe

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R P |-mmmmee | mmmeneee |=mmmmee |
1 4.977 WM ©0.3325 8163.40039 409.25189 49.4581
2 6.236 MM ©.4361 8342.30566 318.83063 50.5419

Asymmetric sample (3s)

mAU
350 5
300
250 5
200
150
100
50 -

0

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] R P |=mmmmmmees | =mmmmmeees | =mmmmee |
1 4.967 MM ©.3391 8290.93750 407.44418 94.0738
2 6.213 MM ©0.2845 522.28479 30.59200 5.9262

S55



Ferrocene fused tetrahydropyridine 3t was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 113 °C-114 °C. Yield:
25 mg (42%, E:Z 1:10). *H NMR (700 MHz, CDCl3) 6 7.41 (t, J = 7.1 Hz, 2H), 7.34 — 7.30
(m, 1H), 7.21 (d, J = 7.0 Hz, 2H), 4.67 (brs, 2H), 4.65 (d, J = 14.7 Hz, 1H), 4.31 — 4.27 (m,
2H), 4.19 (s, 5H), 4.09 (d, J = 14.5 Hz, 1H), 3.68 (d, J = 14.0 Hz, 1H), 2.69 (s, 3H), 2.32 (s,
3H). BC{*H} NMR (176 MHz, CDCls) ¢ 143.8 (C), 133.5 (CH), 128.6 (CH), 128.0 (CH),
127.0 (C), 125.6 (C), 81.9 (C), 70.5 (CH), 67.9 (CH), 67.8 (CH), 66.8 (CH), 65.3 (C), 48.4
(CH2), 46.2 (CH,), 36.6 (CHs3), 22.9 (CH3). HRLCMS (ESI) m/z: [M-H]* Calcd for
C2H2FeNO2S 420.0715; Found 420.0693. The enantioselectivity of the product 3t was
determined by chiral HPLC analysis on OZ-3 column (hexane: isopropanol = 85:15, 1 mL/min,

A=254 nm).
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Racemic sample (3t)

mAU

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R P |--mmmeees |-mmmmeeeee |-mmmmees !
1 46.173 MM 2.6581 4.1624%e4  260.99533 48.4350
2 50.645 MM 2.8888 4.43149e4 255.67107 51.5650

Asymmetric sample (3t)

mAU |

40

30 |

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el RO i E |-ommee oo |<mmmee oo |--meee |
1 45.671 MM 2.1561 922.33679 7.12954  8.6895
2 50.229 MM 3.4045 9692.01660 47.44727 91.3105
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Ferrocene fused tetrahydropyridine 3u was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 109 °C-110 °C. Yield:
23 mg (38%, E:Z 1:4). 'TH NMR (400 MHz, CDCls) ¢ 5.38 (d, J = 9.2 Hz, 1H), 4.60 (d, J =
15.3 Hz, 1H), 4.50 (s, 1H), 4.33 (s, 1H), 4.28 (d, J = 4.0 Hz, 1H), 4.24 (d, J = 9.6 Hz, 1H), 4.11
(s, 5H), 4.08 — 4.03 (m, 1H), 3.93 (d, J = 14.2 Hz, 1H), 2.72 (s, 3H), 2.53 (dd, J = 19.4, 10.1
Hz, 1H), 1.87 (t, J = 12.2 Hz, 2H), 1.23 (d, J = 5.8 Hz, 8H). 3C{*H} NMR (176 MHz, CDCls)
5 132.8 (C), 126.7 (C), 81.8 (C), 77.9 (CH), 70.7 (CH), 67.9 (CH), 65.6 (CH), 65.2 (C), 52.2
(CH2), 46.2 (CHy), 37.5 (CH), 37.1 (CH>), 32.9 (CH>), 32.8 (CH2), 26.0 (CH2), 25.9 (CHy),
25.7 (CH3). HRLCMS (ESI) m/z: [M] Calcd for C21H27FeNO,S 413.1107; Found 413.1096.
The enantioselectivity of the product 3u was determined by chiral HPLC analysis on AD-3

column (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm).
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Racemic sample (3u)

o

mAU 3 P o
Me™ N 5 o
600 [ 2
) i
400 - (| “ |
300 Fe ‘

J H B '\

200 [\ I\
j 3 |\ P
007 [\ Py N

0 g R SR S g
2 4 6 8 10 12
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

R R |- emmenee | -eeenees |-mmmnnee |-eeeees |
1 5.458 W 0.2002 1.00683e4  698.32629 50.1783

2 7.892 vB 0.2843 9996.71289 489.47974 49.8217

Asymmetric sample (3u)

mAU ' &N %
1000 ﬁ ’
800 |

] [

600 |l
400 i >

200

0 1 S— oy

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
L R B e |--momeeee |-ommeee |
1  5.472 MM 0.2332 1.53108e4 1094.21545 93,9088
2 7.905 MM 0.2415 993.09906  68.53255 6.0912

10 min
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Ferrocene fused tetrahydropyridine 3v was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 112 °C-113 °C. Yield:
22 mg (35%). 'H NMR (400 MHz, CDCl3) & 4.50 (brs, 2H), 4.34 (d, J = 14.1 Hz, 2H), 4.28 (s,
1H), 4.17 (s, 1H), 4.13 (brs, 6H), 2.70 (s, 3H), 2.2 — 1.6 (m, 4H), 1.53 — 1.38 (m, 8H), 1.06 —
0.95 (m, 6H). *C{*H} NMR (176 MHz, CDCls) ¢ 138.2 (C), 122.3 (C), 81.4 (C), 70.5 (CH),
68.7 (CH), 67.5 (CH), 66.1 (CH), 65.0 (C), 46.9 (CH>), 46.3 (CH), 36.7 (CHs), 34.0 (CH>),
33.8 (CH>), 31.2 (CH2), 30.5 (CH?2), 23.3 (CH?2), 23.0 (CHy), 14.2 (CH3), 14.0 (CH3). HRLCMS
(ESI) m/z: [M+Na]® Calcd for Cx3HssFeNO>SNa 466.1474; Found 466.1462. The
enantioselectivity of the product 3v was determined by chiral HPLC analysis on OZ-3 column

(hexane: isopropanol = 85: 15, 1 mL/min, A=254 nm).
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Racemic sample (3v)

0O
O\\//
B} S
mAU A Me \
500
400—5
300
] Fe
200
100
0
T T T T 3
2 4 8 10 min
Peak RetTime Type Width Height Area
# [min] [min] [mAU*s ] [mAU] %
e S |-mmemmeee | -mmmmmmnee |=nmmmeee |
1 6.493 MM 0.3074 1.05516e4 572.00067 49.8391
2 7.624 VB 0.2949 1.06197e4 505.84946 50.1609
Asymmetric sample (3v)
mAU b
250
200
150
100
50
0 ]
T T T T T
2 3 4 5 7 9min
Peak RetTime Type Width Height Area
#  [min] [min] [mAU*s ] [mAU] %
R . |-mmmmeees |+oemmnnes |--mnnee- |
1 6.492 MM ©.3185 5402.57031 282.68707 85.5813
2 7.625 MM 0.3141 91e.22327 48.29060 14.4187
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Ferrocene fused tetrahydropyridine 3w was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 80:20), obtained as an orange yellow solid, mp: 140 °C-141 °C. Yield:
25 mg (28%). *H NMR (400 MHz, CDCls) 6 7.74 (dd, J = 7.9, 1.1 Hz, 1H), 7.68 — 7.53 (m,
3H), 7.15 (dd, J = 15.2, 7.7 Hz, 4H), 7.03 (d, J = 8.0 Hz, 2H), 6.96 — 6.87 (m, 2H), 4.70 (d, J
=15.1 Hz, 1H), 4.59 (d, J = 14.7 Hz, 1H), 4.42 (d, J = 15.1 Hz, 1H), 4.32 (d, J = 1.1 Hz, 1H),
4.19 (d, J = 6.2 Hz, 1H), 4.13 (s, 5H), 3.97 (t, J = 2.5 Hz, 1H), 3.21 (dd, J = 2.4, 1.0 Hz, 1H),
2.39 (s, 3H), 2.38 (s, 3H). 3C{*H} NMR (176 MHz, CDCls) 5 148.1 (C), 139.8 (C), 138.9 (C),
137.3 (CH), 137.0 (CH), 136.9 (C), 133.2 (C), 132.9 (CH), 131.6 (CH), 131.1 (CH), 129.4
(CH), 129.3 (CH), 129.2 (CH), 129.0 (CH), 126.9 (C), 124.0 (C), 82.9 (C), 79.4 (C), 70.5 (CH),
67.7 (CH), 66.2 (CH), 65.0 (CH), 48.4 (CH2), 46.5 (CH>), 21.3 (CH3), 21.2 (CH3). HRLCMS
(ESI) m/z: [M] Calcd for CasH30FeN204S 618.1271; Found 618.1245. The enantioselectivity
of the product 3w was determined by chiral HPLC analysis on IC-3 column (hexane:

isopropanol = 93:7, 1 mL/min, A=254 nm).
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Racemic sample (3w)

mAU
120
100 4
80
60 -
40
20
0

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

1 9.216 MM ©.5105 3375.43848 110.19186 47.7522
2 10.189 MM ©.5771 3693.21875 106.66720 52.2478

Asymmetric sample (3w)

mAU -
80
60
40
20
o .
& o f o g = S P T " TE
2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.509 MM ©.8835 140.57751 2.65192 2.3365
2 10.867 MM 1.0066 5875.90918 97.29389 97.6635
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Ferrocene fused tetrahydropyridine 3x was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 135 °C-135 °C. Yield:
26 mg (31%, E:Z 1:3). 'H NMR (400 MHz, CDCls) § 7.92 — 7.85 (m, 3H), 7.68 (s, 1H), 7.53
(9, J = 5.5 Hz, 5H), 7.39 (d, J = 8.3 Hz, 1H), 4.84 (d, J = 14.8 Hz, 1H), 4.66 (d, J = 1.5 Hz,
1H), 4.41 — 4.35 (m, 1H), 4.31 (t, J = 2.5 Hz, 1H), 4.28 (s, 5H), 4.21 — 4.18 (m, 1H), 4.12 (s,
1H), 3.44 (dd, J = 14.4, 1.3 Hz, 1H), 2.42 (s, 3H). *C{*H} NMR (176 MHz, CDCl3) ¢ 147.8
(C), 141.4 (C), 133.5 (C), 133.3 (C), 133.2 (CH), 132.3 (CH), 132.2 (CH), 131.4 (CH), 130.8
(CH), 128.0 (CH), 127.9 (CH), 127.7 (CH), 126.7 (CH), 126.2 (CH), 126.0 (CH), 125.9 (CH),
125.7 (CH), 125.6 (CH), 124.0 (CH), 123.6 (C), 82.1 (C), 78.9 (C), 70.6 (CH), 67.9 (CH), 67.0
(CH), 65.1 (CH), 47.9 (CH2), 46.4 (CH>), 22.9 (CH3). HRLCMS (ESI) m/z: [M] Calcd for
Ca1H26FeN204S 578.0958; Found 578.0936. The enantioselectivity of the product 3x was
determined by chiral HPLC analysis on AD-H column (hexane: isopropanol = 85:15, 1

mL/min, A=254 nm).
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Racemic sample (3x)

mAU
200
1754
150 4

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

e RS P |-mmmmmmees | -mmmmmeees | =oemmeee |

1 4.977 MM 0.3325 8163.40039 409.25189 49.4581

2 6.236 MM 0.4361 8342.30566 318.83063 50.5419

Asymmetric sample (3x)

mAU 1 ©
250
200
1504 @
100 o &
50 4 A
0 Mo ,
' ' ' 5 - Y ' 15 © o0
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.573 MM ©.5321 937.41718 29.36063 6.0381
2 18.348 BB ©.7153 1.45876e4  287.84317 93.9619
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Ferrocene fused tetrahydropyridine 3y was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 90:10), obtained as an orange yellow solid, mp: 122 °C-123 °C. Yield:
27 mg (34%). 'H NMR (400 MHz, CDCl3) 6 8.03 — 7.97 (m, 1H), 7.73 — 7.68 (m, 2H), 7.68 —
7.61 (m, 1H), 4.68 (d, J = 14.1 Hz, 1H), 4.59 (d, J = 14.1 Hz, 1H), 4.37 (s, 1H), 4.29 (s, 1H),
4.19 (s, 1H), 4.11 (s, 5H), 4.02 (d, J = 14.1 Hz, 1H), 3.66 (d, J = 14.0 Hz, 1H), 2.61 — 2.49 (m,
1H), 2.09 — 2.16 (m, 3H), 1.56 — 1.40 (m, 8H), 1.03 — 0.9 (m, 6H). 3C{*H} NMR (176 MHz,
CDCls) 5 148.5 (C), 138.5 (C), 133.5 (CH), 131.9 (C), 131.5 (CH), 130.6 (CH3), 124.1 (CH),
122.1 (C), 81.3 (C), 79.2 (C), 70.5 (CH), 67.5 (CH), 66.4 (CH), 64.9 (CH), 46.8 (CH.), 46.4
(CH2), 34.0 (CH>), 33.8 (CH>), 31.0 (CHy), 30.6 (CHz), 23.4 (CHz), 23.1 (CH), 14.3 (CH3),
14.1 (CH3). HRLCMS (ESI) m/z: [M] Calcd for CzsHsaFeN204S 550.1584; Found 550.1580.
The enantioselectivity of the product 3y was determined by chiral HPLC analysis on AD-H

column (hexane: isopropanol = 90:10, 1 mL/min, A=254 nm).
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Racemic sample (3y)

NO, q\gfo

mAU . \
8
400—:
/)

3ooé

200 ] Fe

1oo—f @

0:
T 7 T L L R A | | A T TS
1 2 3 4 5 6 7 8 min

Peak RetTime Type Width Area Height Area

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

1 5.947 MM ©.20857 5862.28711 474.99173 49.6197
2  6.497 WM ©.2411 5952.14551 411.41379 50.38063

Asymmetric sample (3y)

mAU 1
1200 4

1000 3
800 —
600 —
400 _f
200

0

————— T
1 2 3 4

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R I P |=memmmnee | =mmmmmene <o |
1 5.960 MM 0.1901 775.06006 67.94447 3.4146
2 6.569 MM ©.2807 2.19235e4 1301.77283 96.5854
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Ferrocene fused tetrahydropyridine 3z was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 145 °C-146 °C. Yield:
46 mg (58%). 'H NMR (400 MHz, CDCls) 6 7.89 (d, J = 8.2 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H),
7.21-7.13 (m, 3H), 7.11 — 7.05 (m, 2H), 6.27 (s, 1H), 4.62 (d, J = 15.6 Hz, 1H), 4.24 (s, 1H),
4.08 (t, J = 2.4 Hz, 1H), 4.01 (s, 1H), 3.84 (s, 5H), 3.78 (d, J = 15.6 Hz, 1H), 2.97 — 2.77 (m,
2H), 2.44 (s, 3H), 2.40 (dd, J = 7.6, 3.7 Hz, 1H), 2.28 (dd, J = 8.8, 4.5 Hz, 1H), 1.82 — 1.68 (m,
6H). *C{*H} NMR (176 MHz, CDCls) ¢ 143.3 (C), 138.7 (C), 138.6 (C), 137.7 (C), 129.6
(CH), 128.4 (CH), 127.5 (CH), 127.2 (CH), 127.1 (CH), 121.8 (C), 80.5 (C), 79.8 (C), 70.6
(CH), 69.9 (CH), 67.5 (CH), 63.2 (CH), 56.4 (CH>), 41.5 (C), 31.8 (CH>), 31.3 (CH.), 28.5
(CH), 28.3 (CH>), 26.7 (CH>), 21.5 (CH3). HRLCMS (ESI) m/z: [M] Calcd for Ca2H33FeNO-S

551.1576; Found 551.1587.
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Scheme S3. General procedure for the Pd-catalyzed alkenylation of ferrocenyl secondary

amines with olefins

O\\/P O\\/P
/S\ /S\
R™ HN R™ HN
() Pd(OAc), (8 mol%) &
L10 (28 mol%) R"X %
THF, dry air, @
la-1d  2aa-2an 75°C, 10 h 4a-4n

In a Schlenk tube, Pd(OAC)2 (2.5 mg, 0.012 mmol, 8 mol%), NOBINAc (14 mg, 0.04 mmol,
28 mol%), CuO (11.5 mg, 0.14 mmol, 1 equiv.), CsF (44 mg, 0.28 mmol, 2 equiv.) and
ferrocenyl secondary amine 1a (50 mg, 0.14 mmol, 1 equiv.) were added in dry THF (1.5 mL)
under an inert atmosphere and the resulted orange colored solution was stirred for 10 min. After
pre-stirring, olifin 2aa (55 uL, 0.29 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 75 °C, stirred for 10 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 hexane: ethyl acetate (85:15) eluent to afford chiral 1,2

alkenylated ferrocenyl amines (4a-4n).

S69



RV

F3C” U
EtO /*
d Fe

Chiral 1,2 alkenylated ferrocenyl amine 4a was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 104 °C-105 °C. Yield:
32 mg (52%). 'H NMR (400 MHz, CDCls) 6 7.59 (d, J = 15.6 Hz, 1H), 6.11 (d, J = 15.6 Hz,
1H), 5.46 (s, 1H), 4.66 (s, 1H), 4.52 (d, J = 17.2 Hz, 2H), 4.38 (t, J = 5.8 Hz, 2H), 4.24 (d, J =
7.1 Hz, 2H), 4.20 (s, 5H), 1.35 (t, J = 7.1 Hz, 3H). 3C{"H} NMR (176 MHz, CDCls) 6 167.1
(C), 141.9 (CH), § 119.7 (d, J = 321.2 Hz CFs), 116. (CH), 83.2 (C), 78.0 (C), 71.9 (CH), 70.6
(CH), 70.4 (CH), 67.2 (CH), 60.5 (CH2), 42.2 (CH2), 14.2 (CHs). HRLCMS (ESI) m/z:
[M+Na]" Calcd for C17H18F3sFeNOsSNa 468.0150; Found 468.0144. The enantioselectivity of

the product 4a was determined by chiral HPLC analysis on AD-H column (hexane: isopropanol

=80:20, 1 mL/min, A=254 nm).
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Racemic sample (4a)

0P
mAU { S P N
350 F C/ \ ©
300 3 3 HN
250 EtO
200 4 /4
150 Fe
100 - 0
50
0-
T T T T T T T T ) T : . . T
2, 4 6 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

Seme e P R |- | -mmmmmene |- |

1 6.493 BV 0.2591 7016.11914 380.49390 49.7528
2 7.624 VB ©.2958 7085.84619 336.38715 50.2472

Asymmetric sample (4a)
mAUi

60

40

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

i 6.449 MM ©.3153 1770.28333 93.59005 90.1287
2 7.519 MM ©.2305 193.88928 14.01961 9.8713
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Chiral 1,2 alkenylated ferrocenyl amine 4b was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 80:20), obtained as an orange red solid, mp: 112-113 °C. Yield: 40 mg
(56%). *H NMR (400 MHz, CDCl3) § 7.44 — 7.35 (m, 3H), 7.02 (t, J = 8.9 Hz, 1H), 5.96 (d, J
= 15.3 Hz, 1H), 4.89 (t, J = 7.2 Hz, 1H), 4.52 (s, 1H), 4.35 (d, J = 6.6 Hz, 2H), 4.14 (s, 7H),
1.55 (s, 9H). BC{"H} NMR (176 MHz, CDCl3) & 166.4 (C), 162.7 (dd, J = 254.6, 11.7 Hz C-
F), 143.6 (t, J = 8.3 Hz C), 140.7 (CH), 118.3 (CH), 110.6 (dd, J = 22.4, 5.7 Hz CH), 108.2 (t,
J = 25.0 Hz CH), 83.5 (C), 80.5 (C), 78.0 (CH), 71.6 (CH), 70.2 (CH), 69.8 (CH), 66.8 (C),
41.2 (CH2), 28.2 (CH3). HRLCMS (ESI-QTOF) m/z: [M]* Calcd for CosHasF2FeNO4S
517.0817; Found 517.0814. The enantioselectivity of the product 4b was determined by chiral

HPLC analysis on AD-3 column (hexane: isopropanol = 95:5, 1 mL/min, A=254 nm)
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Racemic sample (4b)

F \//
mAU S, @ »
200 HN 7 .’?@
150 f
o3 F'BuO /
503 o Fe
. B
————
=50 T L T - - LJ 1 U R — T
5 10 15 20 25 30 5 40 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU®*s] [maU] %
e T P Eear |=mmmmeeee- |=mmmmeee |===nnne- |
1 27.671 BB 1.3173 2.54164e4  267.79654 49.4883
2 35,713 MM 2.8496 2.595@4e¢4 211.02377 50,5197
Asymmetric sample (4b)
mAU 3
100
80 ~
60 3
404
o2
03— M~
5 10 15 20
Peak RetTime Type Width Area
# [min] [min] [mAU®*s]

1 28.791 MM 1.7484 1.13487e4  108.18298 97.9747
2 39.524 MM 1.1072 234,.59998 3.53142 2.0253
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Chiral 1,2 alkenylated ferrocenyl amine 4c was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 80:20), obtained as an orange red solid, mp: 104-105 °C. Yield: 30 mg
(47%).*H NMR (400 MHz, CDCl3) 6 7.78 (d, J = 7.6 Hz, 2H), 7.46 (d, J = 15.5 Hz, 1H), 7.35
(d, J = 7.4 Hz, 2H), 6.03 (d, J = 15.3 Hz, 1H), 4.58 (s, 1H), 4.54 (s, 1H), 4.39 (s, 2H), 4.14 (s,
5H), 4.02 (s, 2H), 3.79 (s, 3H), 2.47 (s, 3H). 3C{*H} NMR (176 MHz, CDCls) § 167.3 (C),
143.7 (C), 142.7 (C), 136.7 (CH), 129.9 (CH), 127.2 (CH), 115.8 (CH), 85.1 (C), 78.6 (C), 72.5
(CH), 71.3 (CH), 71.0 (CH), 67.8 (CH), 51.6 (CHa), 41.0 (CHy), 21.6 (CH3). HRLCMS (ESI-
QTOF) m/z: [M+H]" Calcd for C22H24FeNOsS 454.0770; Found 454.0778. The

enantioselectivity of the product 4c was determined by chiral HPLC analysis on AD-H column

(hexane: isopropanol = 90:10, 1 mL/min, A=254 nm)
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Racemic sample (4c)

0. O
\/,
) . ko
mAU 4 HN
140 4

120 4
S0 MeQO /

803 Fe

60 3 (o)

5 @

20

04

20 U 1 T 1 L

1'0 20 3|0 40 50 60 70 8'0 9|0 min
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

1 77.404 BB 2.5803 2.80602e4 128.97166 49.6750
2 86.798 BBA  2.9365 2.84274e4  113.24978 50.3250

Totals : 5.64876e4  242.22144

Asymmetric sample (4c)

mAU
250 4
200
1503
.

504

04—N—

10 20 30 40 50 60 70 80 %0 mr

Peak RetTime Type Width Area Height Area

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

1 76.767 MM 3.8306 6.98256e4  303.80820 95.6964
2 86.351 MM 3.2767 3140.16357 15.97230 4.3036

Totals : 7.29658e4  319.78050
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Chiral 1,2 alkenylated ferrocenyl amine 4d was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 75:25), obtained as an orange red solid, mp: 120-121 °C. Yield: 41 mg
(57%). *H NMR (400 MHz, CDCls) § 7.79 (d, J = 7.7 Hz, 2H), 7.46 (d, J = 15.7 Hz, 1H), 7.35
(d, J = 7.4 Hz, 2H), 6.03 (d, J = 15.5 Hz, 1H), 4.87 (s, 1H), 4.55 (s, 2H), 4.35 (s, 2H), 4.13 (s,
5H), 4.04 (d, J = 5.7 Hz, 2H), 2.47 (s, 3H), 1.99 — 1.90 (m, 2H), 1.85 — 1.76 (m, 2H), 1.52-1.37
(m, , 6H). BC{*H} NMR (176 MHz, CDCls) 6 166.4 (C), 143.6 (C), 141.9 (C), 136.7 (CH),
129.9 (CH), 127.1 (CH), 116.9 (CH), 84.2 (C), 77.9 (C), 72.7 (CH), 71.3 (CH), 70.2 (CH), 69.9
(CH), 67.0 (CH), 40.9 (CH2), 31.8 (CH2), 25.4 (CH2), 23.9 (CH>), 21.5 (CH3). HRLCMS (ESI-
QTOF) m/z: [M]" Calcd for C27H31FeNO4S 521.1318; Found 521.1311. The enantioselectivity

of the product 4d was determined by chiral HPLC analysis on AD-3 column (hexane:

isopropanol = 75:25, 1 mL/min, A=254 nm)
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Racemic sample (4d)

o Ccyo
150 3 y /
100 3 o Fe
“ @
'
| T - N 1 o L U T N U
5 10 15 20 25 30
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 22.961 BB ©.9803 1.76863e4 265.1001°% 50.608@
2 27.059 MM 1.3587 1.72613e4  211.73032 49.3920

Asymmetric sample (4d)

mAU 3
50 3
40
30
20
10 3
0 —
A0 4
5 10 15 ) 25 30 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 22.13e BB ©.9009 4247.79834 68.17578 95.8662
2 26.015 MM ©.6978 183.16504 4.37457 4.1338
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Chiral 1,2 alkenylated ferrocenyl amine 4e was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate;80:20), obtained as an orange yellow solid, mp: 114-115 °C. Yield: 44
mg (60%). 'H NMR (400 MHz, CDCls) 6 7.77 (d, J = 7.5 Hz, 2H), 7.53 (d, J = 15.4 Hz, 1H),
7.48 —7.35 (m, 5H), 7.31 (d, J = 8.0 Hz, 2H), 6.08 (d, J = 15.8 Hz, 1H), 5.24 (s, 2H), 4.62 (t,
J=6.4 Hz, 1H), 4.55 (s, 1H), 4.37 (s, 2H), 4.12 (s, 5H), 4.03 (d, J = 5.6 Hz, 2H), 2.45 (s, 3H).
B3C{'H} NMR (176 MHz, CDCl3) 6 166.7 (C), 143.7 (C), 143.0 (CH), 136.7 (CH), 136.1 (CH),
129.9 (CH), 128.6 (CH), 128.3 (CH), 128.2 (CH), 127.1 (CH), 115.8 (CH), 84.3 (C), 77.6 (C),
715 (CH), 70.3 (CH), 70.0 (CH), 67.1 (CH), 66.2 (CH>), 40.9 (CH2), 21.5 (CH3). HRLCMS
(ESI-QTOF) m/z: [M+Na]* Calcd for C2sH27FeNO4SNa 552.0903; Found 552.0886. The
enantioselectivity of the product 4e was determined by chiral HPLC analysis on AD-H column

(hexane: isopropanol = 70:30, 1 mL/min, A=254 nm)
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Racemic sample (4e)

mAU
175 -
150 -
125 4
100 -
754
50
25 3
0
5 10
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [=AU] %

1 26.543 MM 1.5495 1.69443e4  182,25853 51.3182
2 36,221 MM 2.1393 1.6079%0e4  125.26550 48,6898

Asymmetric sample (4e)

mAU
500 =
m«
300 <
200 &
100 = 459
% D | = s
5 10 15 » 25 30 35 0 m
Peak RetTime Type Width Area Height Area
# [min] [min] [maAU*s] [maU] %

] R O |=mmmneeee |-nnmmmenee |==nnnne- |
1 26.990 BB 1.4892 5.84010e4 567.23132 97.8724

2 36,741 MM 1.9674 1269.54712 18.75491 2.1276
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Chiral 1,2 alkenylated ferrocenyl amine 4f was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 111-112 °C. Yield. 25
mg (35%). 'H NMR (400 MHz, CDCl3) § 7.79 (d, J = 7.0 Hz, 2H), 7.64 (d, J = 15.3 Hz, 1H),
7.41 (dt, J = 14.9, 8.1 Hz, 5H), 7.34 (d, J = 6.3 Hz, 2H), 6.21 (d, J = 15.2 Hz, 1H), 4.66 (s, 1H),
4.58 (s, 2H), 4.22 (s, 5H), 4.12 —3.99 (m, 2H), 2.41 (s, 3H).3C{*H} NMR (176 MHz, CDCl5)
§171.2 (C), 165.1 (C), 150.9 (C), 144.8 (C), 136.7 (CH), 129.9 (CH), 129.3 (CH), 127.2 (CH),
125.7 (CH), 121.5 (CH), 115.3 (CH), 84.1 (C), 78.3 (C), 73.6 (CH), 72.5 (CH), 70.8 (CH), 67.8
(CH), 46.5 (CHy), 215 (CHs). HRLCMS (QTOF-ESI) m/z: [M+ Na]* Calcd for
C27H2sFeNO4SNa 538.0746 Found 538.0730. The enantioselectivity of the product 4f was
determined by chiral HPLC analysis on AD-H column (hexane: isopropanol = 70:30, 1

mL/min, A=254 nm)
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Racemic sample (4f)

i o
0—\4\’) W= —
1 J U 1 1 U
10 20 30 40 50 60
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

1 45.862 MM 2.0921 6625.26123 52.78083 49.8011
2 52.035 MM 2.4361 6678.18604 45.68973 50.1989

Totals : 1.33034e4 98.47056

Asymmetric sample (4f)

mAU
250
200
150
100
50
0 e

T T T T T T
10 20 30 40 50 60 mi

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

1 46.640 MM 1.4555 1794.10571 20.54396  3.6123
2 53.171 MM 2.6712 4.78731e4  298.69876 96.3877

Totals : 4.96672e4  319.24272

S81



Q\S/P
\
HN
o &S
N '
eO

Chiral 1,2 alkenylated ferrocenyl amine 4g was purified on silica gel (mesh 230-400) in

M

(hexanes: ethyl acetate; 85:15), obtained as an orange yellow solid, mp: 110-111 °C. Yield: 45
mg (57%). 'H NMR (400 MHz, CDCls) 6 7.77 (d, J = 7.9 Hz, 2H), 7.51 (d, J = 15.6 Hz, 1H),
7.38 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 6.94 (d, J = 8.0 Hz, 2H), 6.05 (d, J = 15.9
Hz, 1H), 5.16 (s, 2H), 4.64 (t, J = 6.0 Hz, 1H), 4.53 (s, 1H), 4.36 (s, 2H), 4.11 (s, 5H), 4.02 (d,
J=5.9 Hz, 2H), 3.84 (s, 3H), 2.45 (s, 3H). 3C{*H} NMR (176 MHz, CDCl3) & 166.8 (C), 159.6
(C), 143.6 (C), 142.8 (C), 136.7 (C), 130.2 (CH), 129.8 (CH), 127.1 (CH), 126.4 (CH), 115.9
(CH), 114.0 (CH), 84.3 (C), 77.6 (C), 71.4 (CH), 70.2 (CH), 70.0 (CH), 67.0 (CH), 66.0 (CH>),
55.3 (CHs), 40.96 (CH.), 21.58 (CHs). HRLCMS (ESI-QTOF) m/z: [M]* Calcd for
C29H20FeNOsS 559.1116; Found 559.1111. The enantioselectivity of the product 4g was
determined by chiral HPLC analysis on OZ-3 column (hexane: isopropanol = 80:20, 1 mL/min,

A=254 nm)
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_ 0
Racemic sample (49) Os
mAU 4 5 ' . ‘ /®/H\N

1205 (o)

100- /

a0 o Fe

60

- @

m-wdﬁ\~_-~__f\“_ MeO

04

' 10 20 30 40 50 60 70 80 m

Peak RetTime Type Width Area Height Area

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

1 59.663 MM 4.5552 3.48492e4  127.50578 49.9982
2 68.498 BB 3.8528 3.48517e4  105.91933 50.0018

Totals : 6.97010e4  233.42511

Asymmetric sample (49)

mAU
250

200
150 4
100

T T T T T
10 20 30 40 50

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
L R R |--meeeee |--mmmeee |-=-m- |
1 60.296 MM 5.3448 1045.10059 3.25892  1.8248
2 66.643 MM 6.5269 5.62263e4  143.57619 98.1752

Totals : 5.72714e4  146.83510
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Chiral 1,2 alkenylated ferrocenyl amine 4h was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 80:20), obtained as an orange yellow solid, mp: 113-114 °C. Yield: 53
mg (67%). 'H NMR (400 MHz, CDCl3) § 7.78 (d, J = 7.7 Hz, 2H), 7.49 (d, J = 15.6 Hz, 1H),
7.31 (t, J = 7.9 Hz, 4H), 7.22 (d, J = 7.5 Hz, 3H), 6.03 (d, J = 15.7 Hz, 1H), 4.97 — 4.80 (m,
1H), 4.54 (s, 1H), 4.36 (s, 2H), 4.20 (d, J = 5.9 Hz, 2H), 4.09 (d, J = 13.0 Hz, 5H), 4.03 (d, J =
5.7 Hz, 2H), 2.70 (brs, 2H), 2.45 (s, 3H), 1.76 (brs, 4H). 3C{*H} NMR (176 MHz, CDCls) &
167.0 (C), 143.6 (C), 142.6 (C), 142.1 (C), 136.8 (CH), 129.8 (CH), 128.4 (CH), 128.3 (CH),
127.1 (CH), 125.8 (CH), 116.0 (CH), 84.3 (C), 77.6 (C), 71.4 (CH), 70.2 (CH), 69.9 (CH), 66.9
(CH), 64.3 (CH2), 40.9 (CH2), 35.5 (CHy), 28.3 (CH>), 27.8 (CH2), 21.6 (CH3). HRLCMS (ESI-
QTOF) m/z: [M]" Calcd for Cs1H33sFeNO4S 571.1475; Found 571.1478. The enantioselectivity
of the product 4h was determined by chiral HPLC analysis on AD-H column (hexane:

isopropanol = 80:20, 1 mL/min, A=254 nm)
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Racemic sample (4h)

mAU
400
300
200
100
0
I 1 U 1
10 20 30 40 50 m
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

e B |- |- |=-mmmees |
1 38.732 BV 1.6878 5.43959%e4  462.60364 49.6174

2 45.220 BB 1.9643 5.5234%e4  397.71985 50.3826

Totals : 1.09631e5 860.32349

Asymmetric sample (4h)

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
] R ] B |- e R |--mmnoev |

1 38.263 MM 2.0960 2.11758e4  168.38132 95.6266
2 44.528 MM 1.7507 968.46454 9.21972 4.3734

Totals : 2.21443e4 177.60103
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Chiral 1,2 alkenylated ferrocenyl amine 4i was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 60:40), obtained as an orange yellow solid, mp: 120-121 °C. Yield: 38
mg (58%). 'H NMR (400 MHz, CDCl3) & 7.78 (d, J = 7.6 Hz, 2H), 7.47 (d, J = 15.0 Hz, 1H),
7.35(d, J = 7.7 Hz, 2H), 6.57 (d, J = 15.0 Hz, 1H), 4.88 (t, J = 6.4 Hz, 1H), 4.54 (s, 1H), 4.35
—4.27 (m, 2H), 4.10 (s, 5H), 4.08 (d, J = 7.0 Hz, 1H), 3.96 (dd, J = 13.9, 5.6 Hz, 1H), 3.14 (s,
3H), 3.05 (s, 3H), 2.47 (s, 3H). 3C{*H} NMR (126 MHz, CDCls) § 166.7 (C), 143.5 (C), 139.7
(C), 136.8 (CH), 129.8 (CH), 127.1 (CH), 115.6 (CH), 83.3 (C), 79.3 (C), 71.3 (CH), 70.0
(CH), 69.3 (CH), 67.7 (CH), 41.4 (CH>), 37.4 (CH3), 35.9 (CH3), 21.59 (CH3). HRLCMS (ESI-
QTOF) m/z: [M]* Calcd for C23H2sFeN203S 466.1008; Found 466.0994. The enantioselectivity
of the product 4i was determined by chiral HPLC analysis on AD-3 column (hexane:

isopropanol = 65:35, 1 mL/min, A=254 nm)
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Racemic sample (4i)

0
mAU ] S
500
400
300
zooé
1mé
0
T r y T y T J T T ! T 4 J J ! T " T ; T T T !
5 10 15 20 25 mir
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 15.375 MM 1.0397 3.32981e4  533.80139 49.3615
2 19.778 MM 1.4253 3.41596e4  399.44928 50.6385

Asymmetric sample (4i)

mAU ]
1000

800
600
400 -
200

B e -

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

1 15.974 BV 0.9238 7.40190e4 1116.06067 96.1439
2 20.553 MM 0.8061 2968.76221 61.38442  3.8561

Totals : 7.69878e4 1177.44509
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Chiral 1,2 alkenylated ferrocenyl amine 4j was purified on silica gel mesh (230-400) in
(hexanes: ethylacetate; 50:50), obtained as an orange yellow solid, mp: 120-121 °C. Yield: 28
mg (40%). *H NMR (500 MHz, CDCls) § 7.74 (d, J = 6.1 Hz, 2H), 7.33 (d, J = 7.0 Hz, 2H),
6.46 — 6.09 (m, 1H), 5.80 (brs, 1H), 4.91 (s, 1H), 4.76 (d, J = 36.9 Hz, 1H), 4.52 (d, J = 30.1
Hz, 2H), 4.30 (s, 5H), 4.14 (d, J = 7.2 Hz, 1H), 4.02 — 3.95 (brs, 1H), 3.77 (s, 3H), 3.75 (s, 3H),
2.46 (s, 3H). BC{*H} NMR (126 MHz, CDCls)  147.6 (C), 143.53 (CH), 136.98 (C), 129.8
(CH), 127.11 (CH), 109.7 (d, J = 194.0 Hz CH), 84.2 (C), 78.2 (C), 71.7 (CH), 70.3 (CH), 69.9
(CH), 67.1 (CH), 60.4 (CH3), 52.4 (CH3), 40.9 (CH>), 21.5 (CH3). 3P NMR (202 MHz, CDCl5)
0 22.9. HRLCMS (ESI-QTOF) m/z: [M+H]* Calcd for Cz2H27FeNOsPS 504.0692; Found
504.0712. The enantioselectivity of the product 4j was determined by chiral HPLC analysis on

AD-H column (hexane: isopropanol = 80:20, 1 mL/min, A=254 nm)
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Racemic sample (4))

3 1\ Fe
40 O
a: &)
04 ' _ - ' : - ' ' '
5 10 15 20 2 30 3 40 & om
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

1 37.019 MM 1.4009 8828.11230 105.03038 48.8348
2 39.487 MM 1.6557 9249.37793 93.10825 51.1652

Totals : 1.80775e4  198.13863

Asymmetric sample (4j)

mAU ]
800
600 -
400
" f\\\‘
0 N
¥ T U T U U U 1 1
5 10 15 20 25 30 35 40 45 m

Peak RetTime Type Width Area Height Area

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

1 35.981 MM 1.4442 6.56913e4  758.10669 96.3455
2 38.232 MM 1.2459 2491.74805 33.33333  3.6545

Totals : 6.81830e4  791.44002
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Chiral 1,2 alkenylated ferrocenyl amine 4m was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 80:20), obtained as inseprable mixture with 1d an orange yellow solid,
mp: 110-111 °C. Yield: 47 mg (58%). 'H NMR (400 MHz, CDCl3) 6 7.79 (d, J = 12.0 Hz, 2H),
7.47 (d, J=15.7 Hz, 1H), 7.34 (d, 3 = 7.9 Hz, 2H), 6.01 (d, J = 15.9 Hz, 1H), 4.80 (td, J = 10.5,
3.5 Hz, 1H), 4.71 (t, J = 5.5 Hz, 1H), 4.54 (s, 1H), 4.35 (s, 2H), 4.12 (s, 5H), 4.03 (d, J = 5.8
Hz, 2H), 2.46 (s, 3H), 2.06 (t, J = 6.3 Hz, 1H), 2.00 — 1.91 (m, 1H), 1.73 (d, J = 11.8 Hz, 2H),
1.60 — 1.42 (m, 2H), 0.95 (d, J = 6.7 Hz, 6H), 0.83 (d, J = 6.9 Hz, 3H). *C{*H} NMR (176
MHz, CDCls) 6 166.6 (C), 143.6 (C), 142.3 (C), 136.8 (CH), 129.8 (CH), 127.1 (CH), 116.7
(CH), 84.2 (C), 77.9 (C), 74.11 (CH), 71.30 (CH), 70.25 (CH), 69.88 (CH), 67.13 (CH), 47.15
(CH2), 41.2 (CH3), 41.0 (CH), 34.3 (CH), 31.4 (CHz), 26.4 (CH>), 23.6 (CH), 22.1 (CH2), 21.6
(CHs), 20.8 (CHs), 16.5 (CH3). HRLCMS (ESI-QTOF) m/z: [M]* Calcd for CaiHasFeNO4S

577.1944; Found 577.1946.
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Ferrocene fused tetrahydropyridine 4n was purified on silica gel (mesh 230-400) in
(hexanes: ethyl acetate; 80:20), obtained as inseprable mixture with 1d as an orange yellow
solid, mp: 125-126 °C. Yield: 57 mg (48%). *H NMR (400 MHz, CDCl3) § 7.79 (d, J = 7.5 Hz,
2H), 7.68 (d, J = 15.0 Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H), 6.27 (d, J = 15.6 Hz, 1H), 4.65 (s, 1H),
451 (s, 1H), 4.44 (s, 2H), 4.16 (s, 5H), 4.05 (d, J = 5.2 Hz, 2H), 2.64 (t, J = 6.5 Hz, 2H), 2.47
(s, 1H), 2.39 (s, 3H), 2.14 (s, 3H), 2.07 (s, 3H), 2.02 (s, 3H), 1.94 — 1.74 (m, 3H), 1.58 — 1.49
(m, 4H), 1.49 — 1.36 (m, 5H), 1.34 — 1.29 (m, 2H), 1.22 — 1.13 (m, 4H), 1.08 (dd, J = 11.0, 5.5
Hz, 3H), 0.93 — 0.83 (m, 14H). 3C{"H} NMR (176 MHz, CDCl3) 5 165.4 (C), 149.4 (C), 144.1
(C), 143.7 (C), 143.5 (C), 140.4 (C), 136.8 (C), 136.6 (C), 129.7 (CH), 127.1 (CH), 123.0 (CH),
117.4 (CH), 115.1 (CH), 84.4 (C), 77.4 (C), 75.0 (CH), 71.8 (CH), 70.4 (CH), 70.3 (CH), 67.2
(C), 60.4 (CH2), 42.5 (CH2), 40.9 (CH2), 39.4 (CH>), 37.5 (CHz), 37.4 (CHy), 37.3 (CH), 32.8
(CH), 28.0 (CH), 24.8 (CHy), 24.4 (CH), 22.7 (CH2), 22.6 (CH2), 21.6 (CH2), 21.4 (CH>), 21.0
(CH>), 20.6 (CHs), 19.8 (CH3), 19.7 (CHa3), 19.6 (CHs), 14.2 (CH3), 13.0 (CHs), 12.2 (CHa),
11.9 (CH3). HRLCMS (ESI-QTOF) m/z: [M+Na]* Calcd for CsoHesFeNOsSNa 874.4140;

Found 874.4139.
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Scheme S4. Removal of protecting group

Red Al (10 equiv)
Toluene (2 mL), N,
50°C, 16 h

To a solution of 3a (0.12 mmol, 1 equiv) in Toluene (2 mL, 0.06 M) under a nitrogen
atmosphere, Red Al (1.2 mmol, 10 equiv) was slowly added at 0 °C. After the completion of
the addition, the reaction was allowed to be stirred for 16 h before being quenched with NH4Cl
solution. The organic layer was separated, and the aqueous layer was extracted with
dichloromethane. The combined organic phase was washed with brine and then dried over
Na>S0s. Evaporation and column chromatography on basic silica gel (mesh 100-200) with the
solvent mixture of hexanes: ethyl acetate (20: 80) afforded 5a. Orange yellow solid, mp: 110
0C-111°C. Yield: 45mg (70%). 'H NMR (400 MHz, CDCls) 6 7.45—7.30 (m, 7H), 7.28 — 7.23
(m, 1H), 7.19 (d, J = 7.6 Hz, 2H), 4.25 (s, 1H), 4.11 (s, 5H), 4.04 (d, J = 16.4 Hz, 1H), 3.98 (d,
J=6.4Hz, 1H), 3.74 (d, J = 15.5 Hz, 1H), 3.65 (d, J = 14.9 Hz, 2H), 3.11 (s, 1H), 2.04 (s, 1H).
13C{*H} NMR (176 MHz, CDCls) 6 143.4 (C), 142.0 (C), 135.9 (CH), 130.8 (CH), 129.6 (C),
129.3 (C), 128.6 (CH), 128.2 (CH), 127.0 (CH), 126.8 (CH), 85.2 (C), 79.1 (C), 70.2 (CH),
67.5 (CH), 65.9 (CH), 65.3 (CH), 48.5 (CH>), 45.3 (CH2). HRLCMS (ESI) m/z: [M+H]* Calcd
for CasH24FeN 406.1253; Found 406.1237. The enantioselectivity of product 5a was
determined by chiral HPLC analysis on IE-3 column (hexane: isopropanol = 98:2, 1 mL/min,

A=254 nm).
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Racemic sample (5a)

G mem —m e

5 10 15 20 25 30 3 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 32.167 MM 2.2289 1.08838e4 81.38326 49.8019
2 36.705 MM 3.0459 1.89704e4 60.02793 50.1981

Asymmetric sample (5a)

mAU 1

300
250
200
150 -
100 -
50 3

O_E—_dn__dw

T T T T v T T T T T T T T T T T T T T T T
10 20 30

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

cenef e B oo mmmnee | ommmmene |- |

1 31.863 MM 1.6110 4891.25830 50.60256 6.1181
2 35.376 MM 3.6289 7.50561e4 344.71545 93.8819
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Scheme S5. Oxidation of Amine and Aldehyde Reduction

@/ CSzCO3 HO
__DMF _NaBH, Y/
Fe 120°C 6h Fe MeOH Y Fe

4b 6a (55%), 98:2 er 7a (95%), 97:3 er

2-Alkenylated ferrocenyl amine 4b (0.12 mmol, 1 equiv) and Cs2CO3z (0.24 mmol, 2 equiv)
were dissolved in DMF (2 mL, 0.06 M) solvent under open air atmosphere. The reaction was
stirred at 110°C for 6 h. The organic layer was separated, and the aqueous layer was extracted
with ethyl acetate. The combined organic phase was washed with brine and then dried over
Na>SO4. Evaporation and column chromatography on basic silica gel (mesh 100-200) with the
solvent mixture of hexanes: ethyl acetate (20: 80) afforded 6a. Orange red solid, mp: 109 °C-
110°C. Yield: 24mg (55%). *H NMR (400 MHz, CDCls) & 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,
5H), 1.56 (s, 9H). BC{"H} NMR (176 MHz, CDCls) & 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(CHs).
HRLCMS (ESI) m/z: [M+Na]* Calcd for CigHxFeOsNa 363.0654; Found 363.0641.
Enantioselectivity of the product 6a was determined by chiral HPLC analysis on AD-3 (hexane:

isopropanol = 98:2, 1 mL/min, A=254 nm).
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Racemic sample (6a)

mAU ‘ o=
iy Bu_ [
60 - Fe
O
&
20
./_
0 ~ ¥ T T T L L T T
5 10 15 20 25 30 35 n
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

e P |-nmmmmmee P |=--mees |
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 (6a)

mAU ]
800
600 -}
400 |
3 JL
0] . = e s ——
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mAU] %

e e e |=mmmmennee |mmmemeens |-enmmee !
1 25.880 MM 1.4469 B.4620%e4 974.71625 97.6027

2 31.266 MM 1.1246 2078.46118 30.80349 2.3973

S95



Further compound 6a was reduced with NaBH4 in MeOH solvent for 24 h to isolated compound
7a before being quenched with 1M NaOH solution. The organic layer was separated, and the
aqueous layer was extracted with ethyl acetate. The combined organic phase was washed with
brine and then dried over Na>SO4. Evaporation and column chromatography on basic silica gel
(mesh 100-200) with the solvent mixture of hexanes: ethyl acetate (30: 70) afforded an orange
yellow solid 7a, mp: 119 °C-120 °C. Yield: 32mg (95%). *H NMR (400 MHz, CDCls) § 7.60
(d, J = 12.7 Hz, 1H), 6.08 (d, J = 15.4 Hz, 1H), 4.60 (d, J = 4.0 Hz, 2H), 4.50 (brs, 2H), 4.42
(s, 1H), 4.18 (s, 5H), 2.05 (brs, 1H), 1.55 (s, 9H). 3C{*H} NMR (176 MHz, CDCls) 6 166.6
(C), 141.9 (CH), 118.1 (CH), 88.0 (C), 80.2 (C), 78.4 (C), 71.6 (CH), 70.0 (CH), 69.7 (CH),
67.6 (CH), 59.1 (CH,), 28.2 (CHs). HRLCMS (ESI-QTOF) m/z: [M+Na]* Calcd for
CisH22FeOsNa 365.0811; Found 365.0825. Enantioselectivity of the product 7a was
determined by chiral HPLC analysis on OZ-3 (hexane: isopropanol = 70:30, 1 mL/min, A=254

nm).
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Racemic sample (7a)

mAU 3
100
80 o
- 8
40 el
20—.
0+
-20 ]
S S —— . T 8 .
5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
e e R |--mmeeeee e |---mee |
1 15.960 BB 1.0956 9627.60547 127.98519 49.8837
2 32.282 BB 1.8876 9672.49707 62.42896 50.1163
Totals : 1.93001e4  190.41415
Asymmetric sample (7a)
mAU 3
&
350 7 Vi
300 ?
250 -
200 -
150 - R
100 4 z &
50 = o 5
0 .J ! el
o Y T T L T T T T T T T L T T T T T T T T T T -1
5 10 15 20 25 30
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

1 15.189 MM ©.5123 1.32658e4  431.53833 97.3479
2 30.554 MM 1.5251 361.40231 3.94949  2.6521

Totals : 1.36272e4  435.48782
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Scheme S6. Asymmetric thia-Michael reaction using post-derivatized ferrocene
tetrahydropyridine 5a.°

O SPh O
X © ppap 52 (EmO%)
DCM, -78°C
24 h 6a
80% vyield, 65:35 er

Racemic sample (5a)
mAU Ny
1203

100 SPh O
80 4

fused

<
[s2)
] o
60 -] 7
4 [32]
40
20
o{——————A~»J\~—A g
= i : : , —

= , — e -
5 10 15 20 25 30 35 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.771 BB ©.5434 4992.38965 140.87692 48.9066
2 35.034 BB 1.4294 5215.62061 46.68568 51.0934

Asymmetric sample (5a)

mAU 1 N
] ©
%0 y &
40 ﬁ#ﬁ
30_f A
] &
204 2 O
10 S@?
0 . et N |
: T T T T 2 T T T T T I
5 10 15 20 25 30 35 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.722 MM 0.6497 1360.60925 34.96311 65.3433
2 37.049 MM 1.8342 721.63727 6.55738 34.6567
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Mechanistic Investigation

Control Experiment 1: Removal of cation from the catalytic cycle

(A). Control Experiment

(@)
A

F3C” A
@ I

(@)
Standard condltlons= 3a (28%), 64:36 er

+ H,0 (10 equiv)
(b)

Standard conditions
+ KF (2 equiv),

L. 0, .
Instead of CsF 3a (29%), 73:27 er

+18 Crownether
(2.5 equiv)
(c)

Standard conditions

o 0, .
+ Withomét CsF 3a (4%), 50:50 er

Standard conditions 3a ~(8%),

+ TBAF or TBAB
Instead of CsF

(e)
Standard conditions > 3a (10%), 57:43 er

and ~55:45 er

+ L12 Instead of L10

In a Schlenk tube, Pd(OAc)2 (2.5 mg, 0.012 mmol, 8 mol%), NOBINAc (14 mg, 0.04 mmol,

28 mol%), CuO (12 mg, 0.14 mmol, 1 equiv.), CsF (44 mg, 0.29 mmol, 2 equiv.), and N-

Methylferrocenyl 1,1,1-trifluoromethanesulfonamide 1a (50 mg, 0.14 mmol, 1 equiv.) were

dissolved in dry THF (1.5 mL) under inert atmosphere and was stirred for 10 min. After pre-

stirring, 10 equiv of H20 or 2.5 equiv of 18 crown ether and allene 2a (55 uL, 0.29 mmol, 2

equiv.) was added to it. The tube was sealed with a rubber septum, maintaining a dry air

atmosphere in the flask with a balloon. The reaction was heated at 75° C, stirred for 18 h, and

then cooled to room temperature. The crude reaction mixture was passed through a celite pad,

then evaporation and column chromatography on silica gel (mesh 230-400) in (hexane: ethyl

acetate; 95:5) afforded 3a.
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Control Experiment 2: Stoichiometric *°F NMR experiment with different cation sources.

In NMR tube Pd(OACc)2 (6.7 mg, 0.03 mmol, 1 equiv.), NOBINAc (9.8 mg, 0.03 mmol, 1
equiv.), M2COs (0.045 mmol, 1.5 equiv.), and N-Methylferrocenyl 1,1,1-
trifluoromethanesulfonamide 1a (10 mg, 0.03 mmol, 1 equiv.) was added in (0.8 mL) CDCla.
Further heated for 60 min, then submitted for °F NMR. A new peak at -76.07 ppm
corresponding to CFs of 1a emerges and increases to a maximum with the increase of the size

of the cations (Li, Na, and Cs), which could be attributed to initial C-H activated species.

[ up
B i
3 )
1 Li,CO,
I
- /S I
| I |
a 8 |
T L T ‘\‘
75 76 77 -78 J |\
f1 (ppm) - = P _
S 8
N
E ! Na,CO,
4
0 e
3 =
I T T L I
= i T o R - WY, RS P TSR CPSSRS P I [ S s
f1 (ppm)
D
8 2
e 3 Cs,CO,
| |
T T
5 8
T T T
-75 -76 37 -78
i f1 (ppm) - -
T T r T v T b T v T v T v T v T v T v T r - T A | E— T T b T v T v T ¥ T T T T v T T
-74.6 -75.0 -75.4 -75.8 76.2 76.6 -77.0 -774 -778 -78.2 -78.6 -79.0 -79.4

f1 fnnm)
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Control Experiment 3: Ligand acceleration experiment.

In a Schlenk tube, Pd(OAc)2 (2.5 mg, 0.012 mmol, 8 mol%), NOBINAc (14 mg, 0.04 mmol,
28 mol%), CuO (11.5 mg, 0.14 mmol, 1 equiv.), CsF (44 mg, 0.29 mmol, 2 equiv.), and N-
Methylferrocenyl 1,1,1-trifluoromethanesulfonamide 1a (50 mg, 0.14 mmol, 1 equiv.) were
mixed in dry THF (1.5 mL) and without ligand stirred for 10 min under dry air atmosphere.
After pre-stirring of 10 min, allene 2a (55 pL, 0.29 mmol, 2 equiv.) was added to it. The tube
was sealed with a rubber septum, maintaining the dry air atmosphere in the flask with a balloon,
and further reaction mixture was heated at 75 °C. Next, after a regular interval of 15 min, a 250
pL reaction aliquot was pumped out, and then the crude reaction mixture was passed through

a celite pad. After the evaporation of the solvent, the crude sample was submitted for 1°F NMR.

Ligand Acceleration experiment

S. Time Fractional Conversion (19F- Fractional Conversion (19F-
NO> (Mins) NMR) with NOBINAc NMR) without NOBINAc

Ligand ligand

1 15 0.1304 0.0651

2 30 0.1667 0.0825

3 45 0.1935 0.0991

4 60 0.2000 0.0991

5 90 0.2424 0.115

LIGAND ACCELERATION

0.3

# Frac. conv. with ligand

0.25 4 y=0.0014x +0.1189
R? = 0.9606

Frac. conv. without ligand

o
)

FRACTIONAL CONVERSION (%)
o
e

0.0991 0.0991 - i
01 L L 1
: 0 ?7 T = y = 0.0006x + 0.0621
- R? = 0.9075
06 x
2
T
0.05 49
0 T T r T T v v r v >
0 10 20 30 40 50 60 70 80 90 100

TIME (MINS)
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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 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 10.45 kcal/mol.

Favorable TS I Unfavorable TS 11

Figure S5. Optimized structure of favorable and unfavorable transition states

Energy Data

Structure Electronic and Thermal Correction to Gsolv AGsolv
TS| -2300.642230 0.00 kcal/mol
TS 11 -2300.625582 +10.45 kcal/mol

Relative energies were calculated at the level of B3LYP/LANL2DZ/CPCM(THF) at 298K
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Intermediate I11A (having Z-configuration)  Intermediate 111B (having E-configuration)

Figure S6. Optimized structure of Intermediate 111 having Z- and E-configurations

Energy Data
Structure Electronic and Thermal Correction to Gsolv AGsolv
Intermediate I11A -1847.021831 0.00 kcal/mol
Intermediate 111B -1847.016332 +3.45 kcal/mol

Relative energies were calculated at the level of B3LYP/LANL2DZ/CPCM(THF) at 298K

3f (having Z-configuration) 3f (having E-configuration)

Figure S7. Optimized structure of 3f having Z- and E-configurations

5103



Energy Data

Structure Electronic and Thermal Correction to Gsolv AGsolv
Z-3f -1487.952045 0.00 kcal/mol
E-3f -1487.949645 +1.51 kcal/mol

Relative energies were calculated at the level of B3LYP/LANL2DZ/CPCM(THF) at 298K

Molecular Orbital Picture:

Figure S9. Pictorial view of HOMO (left) and LUMO (right) of unfavorable TS |1
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Figure S12. Pictorial view of HOMO (left) and LUMO (right) of Z-3f
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Figure S13. Pictorial view of HOMO (left) and LUMO (right) of E-3f

Co-ordinates of Optimized Structures

Favourable TS |

Electronic + Thermal Free Energies: -2300.642230

Correction to Gibb’s free energy: 0.442038

Zero-point correction: 0.524528

Imaginary vibration frequency: 1 (associated imaginary frequency i1194.80 cm™)

Symbol

Coordinates (A)

Y

4

M
(¢]

I T T O O O O O O

-4.265047 2.028064

-5.079536
-4.083269
-4.045281
-6.112616
-4.440711
-5.721769
-5.070950
-4.644861
-3.112254

3.932474
0.716786
4.077343
3.084834
3.321308
2.715947
4.363153
0.817096
4.607561

-0.686603
-1.188275
-2.376747
-0.195105
-0.641393
0.974158
0.698221
-2.180155
-3.296013
-0.312518
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I OI OO0 I OO O0OO0OO0OTIOSZzZTTT T I IOOOTIOOoOo »w + 1+ T

-7.017910
-3.872687
-6.282309
-1.946794
-0.548318
-2.554965
-4.502381
-5.410791
-3.498452
-3.277906
-3.297133
-4.097648
-3.226270
-4.572052
-3.270907
-2.923225
-1.909260
-2.409989
-1.763469
1.932707
2.862113
1.854731
3.662534
2.652605
1.146289
4.556121
3.563453
2.585362
5.311770
4.636524

2.781889
3.223380
2.080567
-2.866145
-3.648235
-3.137380
-0.028314
-0.608412
0.137025
-3.875807
-0.572934
-1.283273
0.125825
-3.781340
-3.392710
-5.214130
-1.216676
0.966889
2.036446
-0.020601
0.851869
-0.090099
1.726273
0.709529
-0.792754
2.703688
1.648072
0.644556
3.537894
2.794496

-1.148952
1.888660
1.370129
0.364482
0.687695
-1.134845
-1.213017
-1.121309

-0.204466
1.551552
1.098476

1.330144
1.941137
1.049750
2.853665
1.581281
1.100749

-0.731947
-0.168241
1.593877
0.987643
3.027647
1.803748
3.826764
3.459660
1.248038
3.244001
4.911020
2.064130
0.168848
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o
o

O I T T O O

4.360924
5.222875
5.977332
4.275609
5.823040
2.947686
4.130278
1.845622
5.267196
4.183623
1.900319
6.394035
5.236365
5.363954
3.047003
1.020564
6.449930
7.242724
5.393310
3.086742
7.340931
0.601216
0.182571
-0.607700
-1.038406
1.032803
0.779504
0.808717
2.100243
1.115778

2.511792
3.441129
4.273244
2.434208
4.096385
0.862983
0.410274
1.285105
-0.118672
0.467057
1.330151
-0.553070
-0.183037
0.022664
0.946568
1.667409
-0.476065
-0.953992
0.076841
0.992609
-0.812440
1.619939
2.870501
0.103074
3.096083
4.082527
4.464738
4.869805
3.852428
-0.831468

4.057377
3.485942

1.618003

5.139598

4.111953
-0.509614
-1.207170
-1.266157
-0.510214
-2.652096
-2.695305
-1.196953

0.572529
-3.329877
-3.373869
-3.236843
-2.621974
-0.648508
-4.416083
-4.459725
-3.145642
-0.633552
-0.458663

0.098977
-0.005303
-0.771352
-1.768751
-0.045751
-0.748415

0.846224
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Cs  2.052272 -3.235204 -0.870806
C -2.809848 1.315606 -2.094773
H -2.251471 1.949158 -2.771904

Unfavorable TS 11
Electronic + Thermal Free Energies: -2300.625582

Correction to Gibb’s free energy: 0.439285

Zero-point correction: 0.519781

Imaginary vibration frequency: 1 (associated imaginary frequency i1154.52 cm™)

T T T T T T O O O O O O

O I O O v

-3.547423 -1.747050 0.278059

-2.914930
-2.981479
-4.344991
-2.278409
-4.583748
-3.306437
-2.413998
-2.350872
-5.101761
-1.214339
-5.552554
-3.130960
-2.404613
-1.827037
-3.820826
-1.484233
-3.700326

-2.722843
-2.923705
-2.510580
-1.432166
-1.087082
-0.421211
-3.680339
-3.800141
-3.281830
-1.261013
-0.607796
0.641252
2.616511
2.504162
3.418932
-1.777325
-0.723218

2.041762
-1.325416
2.064704
1.966789
1.997317
1.932263
2.065112
-1.279492
2.099170
1.908274
1.975548
1.864643
-0.187767
1.337111
-0.358613
-2.464042
-1.619486
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-1.026567
-3.622965
-4.499452
-3.559257
-0.690136
0.123427
-1.591266
-2.352266
-4.857205
-5.877580
1.818370
2.715355
2.167079
3.926669
3.349677
1.465025
4.833008
4.255434
3.597371
5.995875
4.599975
5.462272
6.322294
6.665395
5.695177
7.236725
2.359426
3.075969
1.271979
4.157915

3.912381
0.769870
1.264640
1.048688
3.497600
4.016143
5.181131
1.174945
-1.534946
-1.183998
0.896550
-0.148697
1.843010
-0.306183
1.729418
2.644551
-1.398347
0.650263
2.455518
-1.528333
-2.135522
0.495502
-0.570978
-2.366307
1.227328
-0.683371
-1.112560
-1.145783
-1.972049
-0.245710

-1.016331
-1.771547
-1.341718
-2.832850
-2.296984
-0.248716
-1.111301
-1.073655
-1.380884
-1.313375
-1.100497
-0.794120
-2.124398
-1.550982
-2.834241
-2.323881
-1.333631
-2.581861
-3.606282
-2.083941
-0.570802
-3.331987
-3.092575
-1.904487
-4.103235
-3.669407
0.294397
1.543284
0.121021
1.821438
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O Z2 T T T T O IT O O I O O O

e
o

O T T T O O

C
H
C

2.681923
0.893222
4.806635
4.459559
3.378166
1.589846
0.041275
4.417405
5.619471
3.074400
1.299705
4.937530
0.427896
0.458350
-0.895393
-0.474462
1.511729
1.108492
1.774084
2.407683
0.630793
0.900670
-4.416096
-5.054815
-2.508680

-2.082280
-2.911054
-0.265327
0.463475
-2.087866
-2.972552
-3.557807
-1.197552
0.429276
-2.798884
-3.683217
-1.204957
-1.826516
-2.580810
-0.283434
-2.420576
-3.638503
-4.623929
-3.655504
-3.452337
1.058168
1.998363
-2.906601
-3.762103
-1.561649

2.570010
1.127475
3.050014
1.056969
3.820264
2.322992
0.937763
4.061058
3.246363
4.585498
3.093172
5.015353
-1.024440
-2.115563
-0.957651
-3.040846
-2.347054
-2.081908
-3.408566
-1.749408
-0.431717
2.552558
-1.237767
-1.068716
-1.616085
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Intermediate I11A (having Z-configuration)

Electronic + Thermal Free Energies: -1847.021831

Correction to Gibb’s free energy: 0.415488

Zero-point correction: 0.489278

Imaginary vibration frequency: 0

-0.631474 2.572058 1.831908

-1.877480
-1.577963
-0.145861
0.439552
-0.524522
-2.861014
-2.299051

0.393504

1.495058
-0.115458
-1.503431
0.701004

0.248543
-1.540811
-2.355638
-0.183114

1.779276
-0.631607
-2.693248
-3.447989
-3.194970

3.194105
4.496181
4.678076
3.487119
1.594325
2.759551
5.206697
5.548238
3.314268
3.470510
3.067806
2.369270
4.435698
1.714771
3.674819
1.273689
2.374470
3.000188
0.783609
1.212727
0.537610

1.454663
0.909154
0.946397
1.514884
2.277702
1.562849
0.528787
0.598250
1.672503
-2.239938
-2.176742
-1.775209
-2.564640
-1.679455
-2.450264
-1.451878
-1.702262
-0.256345
-1.457868
-0.788428
-2.403977
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0.038966
-2.066115
-3.183927
-3.192459
-3.672628
-1.899009
-3.991396
-4.738505
-2.675564
-0.065802

0.402332

0.301460

0.492699
-1.142100
-0.009192
-0.275745

1.436922

1.365335
-0.286869
-1.080999

0.542812

0.330251

2.190737

2.822727

2.016326

2.016193

2.104289

2.056858

2.284937

0.980832

-0.632702
-0.467862
-1.496671
-0.964546
0.335040
-1.007951
-1.815151
-1.212350
-3.039979
-3.831248
-3.409213
-5.158811
-3.624875
-3.740577
-4.880527
-2.856626
-3.298359
-5.384392
-5.991838
-4.997045
-5.546615
-2.797786
-0.422746
-0.231388
-0.704415
0.078608
-1.728045
-0.075161
0.884419
-0.127031

-0.953935
-0.883833
-0.100958
1.883409
2.032322
2.404533
2.632520
-0.520654
-0.007394
-1.574188
0.788049
-0.898548
-2.491322
-1.744915
0.595246
1.441361
1.130146
-1.040236
-1.296123
0.783207
1.265692
-0.574378
-0.594768
0.567989
-1.930675
-2.686166
-2.293103
1.872409
2.353287
1.697804
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2.326828
4.324044
4.996447
5.111847
6.401905
4.432625
6.513336
4.630385
7.169337
6.893361
7.093928
8.254517

-0.871333
-0.176088
-0.034385
-0.260485
0.017168

0.035843
-0.209880
-0.362214
-0.070951

0.125781
-0.276022
-0.030543

2.578505
0.609043
1.848645
-0.568798
1.909464
2.772886
-0.508051
-1.536878
0.733257
2.873144
-1.424870
0.779815

Intermediate 111B (having E-configuration)

Electronic + Thermal Free Energies: -1847.016332

Correction to Gibb’s free energy: 0.416874

Zero-point correction: 0.489341

Imaginary vibration frequency: 0

-2.911143 -1.799234 1.405372

-4.123512
-4.754013
-3.930545
-2.793990
-2.211773
-4.489860
-5.674021

-2.139802
-0.911212
0.188089
-0.360942
-2.497465
-3.139664
-0.830665

0.700115
0.276206
0.721196
1.421409
1.842876
0.511134
-0.286470
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-4.128141
-1.995833
-3.093159
-2.398427
-2.290808
-4.055770
-1.163341
-2.745533
-1.083340
-2.550855
-2.825097
-0.035486
-0.356954
0.392473
0.663794
0.998184
2.231824
1.643808
0.283274
1.853650
2.342212
2.331080
3.613995
3.355921
3.771052
4.873823
3.025724
3.010435
5.001472
3.403181

1.238196
0.207149
-1.156139
-2.341198
-0.000134
-1.137071
-1.915720
-3.360559
-0.474942
1.027744
-1.069308
-2.717735
-3.330123
-3.395641
0.324494
-1.689144
-2.322746
-2.003828
-2.277628
-0.676526
-2.816440
-3.954108
-1.466785
1.678255
0.768436
1.583102
1.045858
2.707894
1.573461
1.013189

0.556602
1.874457
-2.668842
-2.216236
-2.330017
-3.161300
-1.605841
-2.316648
-1.693659
-2.538584
-0.586879
-1.031528
-0.180616
-1.782439
-1.191269
-0.630859
0.372184
2.320705
2.455527
2.690406
3.200088
0.325119
0.306766
0.309827
-1.917209
0.062397
1.135761
0.449610
-1.482944
-2.917143
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3.927655
5.262068
5.410916
4.959015
5.931755
2.714173
-0.124563
-0.686058
0.358128
-0.298836
1.361461
-1.138398
-2.233565
-0.738422
-0.801668
-0.897441
-0.090717
-1.887368
-0.270290
0.688722
-2.074227
-2.522109
-1.265902
0.366911
-2.845503
-1.405007

-0.309062
0.647327
2.420604
2.592816
1.104655
1.176560
2.368552
3.249386
1.968079
1.577868
2.250865
4578125
4.657508
5.426025
4.661248
3.067051
2.190543
3.821371
2.062751
1.618241
3.690361
4.509031
2.811770
1.386364
4.274574
2.715659

-1.814384
0.476475
0.518310
-1.885193
-1.819095
-0.945709
-1.382814
-0.545732
-2.612307
-3.386644
-2.927387
-1.165983
-1.160896
-0.596056
-2.202641
0.919257
1.686616
1.597312
3.073545
1.197271
2.985616
1.046984
3.732892
3.636791
3.481252
4.806567
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Product 3f (having Z-configuration)

Electronic + Thermal Free Energies: -1487.952045

Correction to Gibb’s free energy: 0.314873

Zero-point correction: 0.374271

Imaginary vibration frequency: 0

Fe

O o r T o T oo o o T T 6o m m o O o0 z2 1w

Y

2.826668
-0.683898
-3.267072
-0.512370
-1.165415
-0.292071

0.499178
-1.948013
-2.831042
-1.141128
-1.288207
-2.128495

1.135836
-0.851746

1.679137

2.207558

2.145121

0.856557

1.339065

0.676090
-2.335972

3.370372

-0.465017 0.003584

2.063371
2.382216
1.323578
1.076739
-1.190017
3.148988
4.196353
3.691283
-0.034659
-0.118035
-0.009578
-1.048645
-2.216473
0.216819
-2.024190
-3.071666
1.465119
2.352943
1.669399
-2.354440
-1.369740

0.447755
-0.597049
-1.223650

1.647810
-0.826235
0.703814

-0.829446
1.181603
-1.360371
-2.447090
-0.898235
-1.184616
-0.115415
-1.648164
-1.285675
-1.038383
-1.810397
-1.390199
-2.875641

0.055331

-1.825103
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4.324601
3.047557
3.709986
4.431463
5.324603
-2.907814
-2.269592
-4.295368
-4.714431
-4.587141
-5.228527
4.244064
4.973749
2.268561
1.255266
-2.310492
-3.198620
-2.778660
2.908351
2.454396
-5.142625
-6.214462
3.209818
3.032959
-0.025156
0.133765
0.954669
-0.548116

-1.838355
0.019279
0.776977

-0.745285

-1.316770

-2.471403
-2.416107

-2.628829
-2.700714

-2.591984
-2.649816
0.663384
1.331613

-0.169737

-0.231376
3.169803

-2.422431

-2.369054
1.019843
1.997529

-2.692448

-2.821647

-1.260046

-2.283864

-3.315667

-4.155769

-2.954925

-3.723350

-2.020550
-2.042429
-2.437353
1.361586
1.149466
1.346900
2.225620
1.511645
2.512280
-0.904493
-1.780502
1.105659
0.669234
2.031420
2.403491
0.015913
-1.066402
-2.068215
1.519594
1.443533
0.385805
0.513394
1.933886
2.233024
0.534608
-0.158113
0.859413
1.405862
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Product 3f (having E-configuration)

Electronic + Thermal Free Energies: -1487.949645

Correction to Gibb’s free energy: 0.312754

Zero-point correction: 0.374236

Imaginary vibration frequency: 0

O r T o000 o0oooITxTomnmm OO Oz TO®

-1.100818 1.918225 0.226015

3.171273
4.267591
1.762250
2.988244
-0.513295
3.542659
5.633815
5.438023
0.998893
1.296476
1.270700
-0.869240
-1.385610
0.148112
-2.879426
-2.150901
-3.121913
1.624077
2.147212
2.065453
-1.912191

-0.218879
-1.597059
-0.324889
-1.223731
-1.311820
1.347281
0.017900
-1.930419
-1.596293
-2.150368
-2.188410
-0.059037
-2.232168
0.845221
-2.059134
0.508460
0.100405
0.618987
1.550750
0.182983
1.707412

-0.782756
1.428323
0.230040

-2.043267
0.316890

-0.991413
0.644304
-0.470679
0.290910
1.194790
-0.583069
1.025422

-0.188082
1.535601

-0.170740
1.408278
1.184954

1.364140
1.132526
2.274530
2.168355

5119



-2.673639 2.343869 2.596663
-0.488187 1.921335 2.244646

0.014385
-3.535110
-2.947128
-1.998717
-2.755729
-3.660829
-3.169787
-4.939410
-5.428567
-0.570371
-0.071648
-5.709499
-6.793348
-0.956264
-0.794829

4.769608

0.074749

1.141403
-5.064760
-5.650990
-2.237016
-3.204237
-0.976056
-1.329873

0.099075
-1.461282

2.739949
-1.374033
-0.925937

3.594415

4.222759
-2.653176
-3.190804
-1.266851
-0.734057

3.788231

4.587229
-1.847246
-1.763177

1.867613

0.972432
-0.992269
2.719766

2.574688
-2.542921
-2.997140

2.406480

1.989169
-3.555539
-3.603210
-3.748892
-4.386591

2.740369
-1.218857
-2.016259
-0.713892
-0.265103
0.846883
1.655139
-1.239210
-2.051206
-0.621345
-0.089960
-0.211118
-0.224674
-1.891069
-2.475796
0.283069
-1.347342
-1.453992
0.832080
1.627319
-1.499552
-1.742585
-0.821152
-1.860974
-0.818759
-0.290079
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Crystallographic Details

The structures of ferrocene fused tetrahydropyridine (Sp)-3a (CCDC: 2347472), (Rp)-3a
(CCDC: 2347473), and 3f (CCDC: 2402043) were confirmed by X-ray structure analysis. We

isolated the suitable single crystal by slow evaporation method in the 1:3 ratio solvents of

Hexane in Dichloromethane

Table S7. Crystal data and structure refinement for (Sp)-3a.

Identification code (Sp)-3a
CCDC Number 2347572
Empirical formula Ca7H22F3sFeNO2S
Formula weight 537.36
Temperature/K 140(2)
Crystal system orthorhombic
Space group P21212;

alA 9.5134(15)
b/A 9.8740(15)
c/A 24.656(4)

a/° 90

p/e 90

v/° 90
Volume/A3 2316.1(7)

Z 4

peaicg/cm?® 1.541
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wmm 6.509

F(000) 1104.0

Crystal size/mm?® 0.122 x 0.021 x 0.015

Radiation CuKoa (A =1.54178)

20 range for data collection/®9.648 to 127.37

Index ranges -11<h<11,-11<k<11,-28<1<28
Reflections collected 41812

Independent reflections 3728 [Rint = 0.1272, Rsigma = 0.0602]
Data/restraints/parameters ~ 3728/20/321

Goodness-of-fit on F 1.115

Final R indexes [I>=20 (I)] R1=0.0940, wR> = 0.2625

Final R indexes [all data] R1=0.1008, wR> = 0.2680

Largest diff. peak/hole / e A2 1.73/-1.00

Flack parameter 0.12(2)

Table S8. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement

Parameters (A%x10%) for (Sp)-3a. Ueq is defined as 1/3 of of the trace of the orthogonalized

Uy, tensor.

Atom X y z U(eq)

Fel 7428(2) 5161.7(18) 6168.1(8) 22.5(6)
S1  2875(3) 4310(3) 5484.0(14) 27.0(8)
F1  1234(9) 5880(9) 4925(4) 37(2)

F2  823(10) 3734(11) 4817(5) 52(3)

F3  2633(9) 4686(10) 4443(3) 45(2)

Ol 1939(11) 4552(10) 5924(4) 37(2)

O2A 3450(20) 3009(16) 5361(19) 30(5)

02B 3530(100) 3080(80) 5560(70) 30(5)

N1 4057(11) 5430(11) 5474(5) 27(2)

Cl 6537(13) 5882(12) 5485(6) 22(3)

C2 8026(14) 5697(14) 5400(6) 26(3)

C3 8712(16) 6540(15) 5788(6) 29(3)
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Table S8. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement

Parameters (A%x10°%) for (Sp)-3a. Ueq is defined as 1/3 of of the trace of the orthogonalized

Uy, tensor.

Atom X y z U(eq)
C4 7703(13) 7209(13) 6107(5) 25(3)
C5 6318(14) 6838(13) 5906(5) 20(3)
C6 6365(18) 4247(16) 6772(7) 39(4)
C7  6504(16) 3319(16) 6326(7) 39(3)
C8  7980(16) 3148(15) 6235(7) 37(2)
C9 8709(17) 3942(15) 6634(7) 36(2)
C10 7718(18) 4574(15) 6959(6) 40(3)
C11 5360(13) 5251(15) 5154(6) 28(3)
C12 3795(13) 6819(12) 5644(6) 20(3)
C13 4899(14) 7322(14) 6042(5) 24(3)
Cl4 4560(13) 8224(13) 6419(6) 22(3)
C15 3099(13) 8854(13) 6445(5) 22(3)
C16 2027(15) 8220(15) 6744(6) 29(3)
C17 671(15) 8815(18) 6770(6) 36(4)
C18 446(14) 10039(18) 6526(6) 35(3)
C19 1482(16) 10710(17) 6229(7) 41(4)
C20 2831(14) 10092(14) 6191(6) 30(3)
C21 5557(13) 8735(13) 6844(5) 21(3)
C22 6005(15) 7818(15) 7250(5) 26(3)
C23 6964(15) 8276(17) 7652(6) 34(4)
C24 7424(15) 9600(14) 7642(6) 31(3)
C25 6973(16) 10507(16) 7253(6) 34(3)
C26 6011(13) 10042(13) 6859(5) 24(3)
C27 1809(14) 4684(15) 4879(6) 30(3)

5123



Table S9. Anisotropic Displacement Parameters (A?x10%) for (Sp)-3a. The Anisotropic
displacement factor exponent takes the form: -2r?[h?a*2U11+2hka*b*Uso+...].

Atom U11 U22 Uss U2s Uis U
Fel 19.1(10) 16.4(9) 32.1(10) 2.5(8) 0.9(8) 0.7(8)
S1  22.2(16) 20.8(15) 38.0(18) 0.4(13) 0.1(13) -1.2(12)
F1  31(4) 27(4) 55(5) -1(4) -7(4) 10(4)
F2  28(5) 54(6) 73(7) -10(5) -7(5) -13(4)
F3 37(4) 59(6) 40(5) -10(4) 4(4) -3(5)
01 38(5) 37(5) 37(5) 4(4) 7(3) 2(4)
O2A 35(6) 14(3) 41(13) -2(5) -7(9) -5(3)
02B 35(6) 14(3) 41(13) -2(5) -7(9) -5(3)
N1 24(6) 20(6) 38(6) -5(5) -2(5) 1(5)
Cl 20(6) 11(6) 35(7) 3(5) 1(5) 5(5)
C2 21(6) 26(6) 31(3) -3(4) 4(4) -4(5)
C3  29(7) 25(8) 34(8) 0(6) 5(6) -2(6)
C4 19(6) 31(7) 26(6) 4(5) -2(6) -2(5)
C5 20(6) 13(6) 26(7) -2(5) -2(5) -1(5)
C6 44(9) 27(8) 44(9) 3(7) 6(7) 9(7)
C7 32(5) 23(5) 62(8) 15(5) -1(6) -6(4)
C8 34(5) 20(3) 58(6) 5(3) -8(6) 10(5)
C9 33(5) 18(7) 56(6) 12(4) -7(4) 2(4)
C10 49(8) 31(7) 38(3) 14(4) -4(4) 8(6)
Cl1 22(6) 28(7) 33(7) -1(6) 3(5) -4(6)
Cl12 13(6) 8(6) 40(8) -2(5) -3(5) 0(5)
C13 21(6) 26(7) 25(7) 2(5) -1(5) 8(5)
Cl14 20(6) 13(6) 34(7) 2(5) 2(5) 2(5)
C15 18(6) 21(6) 28(7) -6(5) -4(5) 2(5)
Cl16 26(7) 30(7) 32(7) 1(6) 3(6) 0(6)
C1l7 17(7) 53(10) 39(8) -3(7) 2(6) -9(7)
C18 19(6) 47(9) 41(8) -11(7) -1(6) 3(7)
C19 35(8) 35(8) 52(10) -3(7) -20(7) 12(7)
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Table S9. Anisotropic Displacement Parameters (A?x10%) for (Sp)-3a. The Anisotropic

displacement factor exponent takes the form: -2r?[h?a*2U11+2hka*b*Uso+...].

Atom U1

C20
C21
C22
C23
C24
C25
C26
C27

23(6)
20(6)
29(7)
26(7)
20(6)
33(7)
28(6)
26(6)

U22
26(7)
17(6)
25(7)
54(10)
35(8)
36(8)
13(6)
26(7)

Uss

41(7)
28(7)
25(7)
22(7)
39(7)
35(8)
32(7)
38(8)

Table S10. Bond Lengths for (Sp)-3a.
Atom Atom Length/A

Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
S1
S1
S1
S1
S1
F1
F2

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
o1
02A
02B
N1
C27
C27
C27

2.014(14)
2.048(14)
2.056(15)
2.044(13)
2.067(13)
2.014(17)
2.058(16)
2.063(14)
2.062(15)
2.054(14)
1.424(11)
1.430(18)
1.38(7)

1.577(11)
1.842(15)
1.307(17)
1.335(17)

Atom Atom Length/A

C3
C4
C5
C6
C6
C7
C8
C9
C12
C13
C14
Cl4
C15
C15
C16
C17
C18

C4
C5

C13
C7

C10
c8

Cc9

C10
C13
Cl4
C15
c21
C16
C20
C17
Cc18
C19

1.41(2)
1.455(18)
1.470(18)
1.44(2)
1.41(2)
1.43(2)
1.44(2)
1.39(2)
1.521(18)
1.328(19)
1.524(17)
1.500(19)
1.41(2)
1.397(19)
1.42(2)
1.37(2)
1.39(2)

U2s
9(6)
-2(5)
-3(5)
0(6)
-3(6)
-9(6)
3(6)
-9(6)

Uis
-2(6)
-3(5)
-2(6)
-5(6)
-10(6)
-6(6)
-7(5)
-2(6)

U
3(6)
4(5)
-1(6)
16(7)
4(6)
-1(7)
-2(3)
-3(6)
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Table S10. Bond Lengths for (Sp)-3a.
Atom Atom Length/A

F3
N1
N1
C1
C1
C1
C2

C27
Cl1
Ci12
C2
C5
Cl1
C3

1.331(17)
1.481(17)
1.455(16)
1.444(18)
1.418(19)
1.520(18)
1.43(2)

C19
C21
C21
C22
C23
C24
C25

C20
C22
C26
C23
C24
C25
C26

Table S11. Bond Angles for (Sp)-3a.

Atom Atom Atom Angle/*
Cl Fel C2 416(5)
Cl Fel C3 68.6(6)
Cl Fel C4 69.1(5)
Cl Fel C5 40.6(5)
Cl Fel C7 106.9(6)
Cl Fel C8 120.9(6)
Cl Fel C9 156.9(6)
Cl Fel C10 161.8(6)
C2 Fel C3 40.7(6)
C2 Fel C5 69.3(5)
C2 Fel C7 121.5(6)
C2 Fel C8 104.6(6)
C2 Fel C9 120.1(6)
C2 Fel C10 156.1(6)
C3 Fel C5 68.3(5)
C3 Fel C7 157.8(7)
C3 Fel C8 121.5(6)
C3 Fel C9 106.8(6)
C4 Fel C2 69.0(5)

Atom Atom Length/A

1.424(19)
1.416(19)
1.361(18)
1.42(2)
1.38(2)
1.38(2)
1.412(19)

Atom Atom Atom Angle/*
Cll Cl1 Fel 128.0(9)
Cl C2 Fel 67.9(8)
C3 C2 Fel 69.9(8)
C3 C2 C1 106.1(13)
C2 C3 Fel 69.4(8)
C4 C3 Fel 69.5(8)
C4 C3 C2 109.7(13)
C3 C4 Fel 70.4(8)
C3 C4 C5 108.0(12)
C5 C4 Fel 70.1(7)
Cl C5 Fel 67.7(7)
Cl C5 C4 106.4(11)
Cl C5 Cl13 121.2(12)
C4 C5 Fel 68.4(7)
C4 C5 Cl13 132.2(12)
C13 C5 Fel 131.1(10)
C7 C6 Fel 70.909)
C10 C6 Fel 71.3(10)
C10 C6 C7 108.3(15)
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Table S11. Bond Angles for (Sp)-3a.

Atom Atom Atom Angle/*
C4 Fel C3 40.1(6)
C4 Fel C5 41.5(5)
C4 Fel C7 160.6(6)
C4 Fel C8 157.9(6)
C4 Fel C9 122.9(6)
C4 Fel C10 109.4(6)
C6 Fel C1 124.4(6)
C6 Fel C2 160.0(6)
C6 Fel C3 158.9(7)
C6 Fel C4 124.2(6)
C6 Fel C5 109.5(6)
Cé6 Fel C7 41.3(7)
C6 Fel C8 68.7(7)
C6 Fel C9 67.9(6)
C6 Fel C10 40.4(7)
C7 Fel C5 123.3(6)
C7 Fel C8 40.7(6)
C7 Fel C9 68.3(6)
C8 Fel C5 157.9(6)
C9 Fel C5 160.7(6)
C9 Fel C8 40.7(6)
C10 Fel C3 122.7(7)
C10 Fel C5 126.3(6)
C10 Fel C7 68.2(7)
Cl10 Fel C8 67.5(7)
C10 Fel C9 39.4(7)
01 S1 0O2A 123.5(14)
O1 S1 N1 109.9(6)
Ol S1 C27 103.8(6)

Atom Atom Atom Angle/*

C6
C8
C8
Cc7
C7
C9
C8
C10
C10
C6
C9
C9
N1
N1
C5
C14
C14
C13
C13
C21
C16
C20
C20
C15
C18
C17
C18
C15
C22

C7
C7
C7
C8
C8
C8
C9
C9
C9
C10
C10
C10
Cl1
C12
C13
C13
C13
Cl14
Cl4
Cl14
C15
C15
C15
C16
C17
C18
C19
C20
C21

Fel
Fel
C6

Fel
C9

Fel
Fel
Fel
C8

Fel
Fel
C6

C1l

C13
C12
C5

C12
C15
C21
C15
Cl4
Cl14
C16
C17
C16
C19
C20
C19
Cl4

67.7(10)
69.9(9)
106.6(15)
69.5(9)
107.5(15)
69.6(8)
69.7(8)
70.0(9)
108.3(14)
68.3(9)
70.6(9)
109.2(15)
106.3(11)
112.0(11)
112.4(11)
126.9(13)
120.3(11)
121.7(12)
124.1(12)
114.2(11)
120.1(12)
120.3(12)
119.6(12)
119.9(13)
119.3(14)
122.6(14)
118.0(14)
120.6(13)
117.9(12)
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Table S11. Bond Angles for (Sp)-3a.
Atom Atom Atom Angle/*
0O2A 31
02A S1
02B 3S1
02B S1
02B S1

N1
Ci11
C12
Ci12
C2
C2
C5
C5
C5

S1
N1
N1
N1
C1
C1
C1
C1
C1

N1
c27
0O1
N1
Cc27
c27
S1
S1
Ci11
Fel
Ci11
Fel
C2
Ci11

110.6(9)
103(2)
109(7)
108(4)
122(6)
103.9(6)
121.4(9)
122.3(9)
114.1(11)
70.4(8)
126.3(12)
71.7(8)
109.6(12)
123.9(11)

Atom Atom Atom Angle/*
C26 C21 Cl4 122.7(12)
C26 C21 C22 119.4(12)
C21 C22 (C23 118.9(13)
C24 C23 C22 119.5(13)
C23 C24 C25 122.0(13)
C24 C25 C26 117.9(14)
C21 C26 C25 122.3(13)
F1 C27 S1 109.9(10)
F1 C27 F2 110.6(11)
F1 C27 F3 108.4(12)
F2 C27 S1 109.8(11)
F3 C27 S1 109.3(9)
F3 C27 F2 108.8(11)

Table S12. Torsion Angles for (Sp)-3a.
A B C D Angle

Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel

C1
C1
C1
C1
C2
C3
C4
C4
C5
C5
C6
C6

C2 C3
C5 C4

C5 C13-125.6(12)

CliN1
C3 C4
C4 C5
C5 C1

-59.9(10)
57.6(9)

72.7(14)
-57.8(10)
-60.3(9)
-57.1(9)

C5 C13126.6(15)
C13C12-93.5(14)
C13C1494.5(17)

C7 C8
C10C9

59.3(11)
-58.9(10)

A

C4
C5
C5
C5
C5
C5
C6
C6
C7
C7
Cc7
C7

B C D Angle’
C5 C13C14-3(2)
Cl C2 Fel 61.3(10)
Cl C2 C3 1.4(17)
Cl CI11N1 -19.8(18)
C13C14C15167.3(13)
C13C14C21-11(2)
C7 C8 Fel -58.0(11)
C7 C8 C9 1.5(19)
C6 C10Fel 61.7(11)
C6 C10C9 2.8(17)
C8 C9 Fel -59.3(11)
C8 C9 C100.2(18)

5128



Table S12. Torsion Angles for (Sp)-3a.

A B
Fel C7
Fel C8
Fel C9
S1 N1
S1 N1
01 S1
Ol 31
01 S1
Ol 31
01 S1
02AS1
02AS1
02AS1
02AS1
02A3S1
02BS1
02B S1
02BS1
02B S1
02B S1
N1 S1
N1 S1
N1 S1

C D Angle/
C8 C9 59.4(11)
C9 C1059.5(10)
C10C6 57.5(10)
C11C1 -143.4(10)
C12C13130.7(11)
N1 C11164.5(10)
N1 C12-33.2(13)
C27F1 52.0(11)
C27F2 -69.8(11)
C27F3 170.9(9)
N1 C1125(2)

N1 C12-173(2)
C27F1 -178.3(12)
C27F2 59.9(13)
C27F3 -59.4(13)
N1 C1146(7)
N1 C12-152(7)
C27F1 176(6)
C27F2 54(6)
C27F3 -65(6)
C27F1 -62.9(10)
C27F2 175.2(9)
C27F3 56.0(11)

N1 C12C13C5 38.5(15)
N1 C12C13C14-149.0(13)

Cl C2
Cl1 C2
Cl G5
Cl G5

C3 Fel 58.6(10)
C3 C4 0.8(16)
C13C12-7.0(18)
C13C14-179.0(14)

A B C D Angle
C8 C9 C10Fel -59.3(11)
C8 C9 C10C6 -1.9(17)
C10C6 C7 Fel -61.9(11)
C10C6 C7 C8 -2.6(19)
C11N1 C12C13-65.8(15)
Cl1C1l C2 Fel -123.3(14)
Cl11C1 C2 C3 176.8(12)
Cl11C1 C5 Fel 123.9(13)
Cl11C1 C5 C4 -178.5(12)
Cl1C1 C5 C13-2(2)
C12N1 C11C1 52.8(15)
C12C13C14C15-4(2)
C12C13C14C21177.3(12)
C13C14C15C1688.5(17)
C13C14C15C20-94.0(16)
C13C14C21C22-68.4(18)
C13C14C21C26113.3(16)
C14C15C16C17179.6(13)
C14C15C20C19-177.8(13)
C14C21C22C23179.2(12)
C14C21C26C25-178.6(13)
C15C14C21C22112.9(13)
C15C14C21C26-65.4(17)
C15C16C17C18-3(2)
C16C15C20C190(2)
C16C17C18C193(2)
C17C18C19C20-1(2)
C18C19C20C150(2)
C20C15C16C172(2)
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Table S12. Torsion Angles for (Sp)-3a.
A B C D Angle

C2
C2
C2
C2
C2
C2
C3
C3
C3
C4

C1
C1l
C1
C1l
C3
C3
C4
C4
C4
C5

C5 Fel -60.5(10)
C5 C4 -2.9(16)
C5 C13173.9(12)
C11N1 165.4(13)
C4 Fel 57.7(10)
C4 C5 -2.6(15)
C5 Fel 60.5(9)
C5 Cl 3.4(14)
C5 C13-173.0(15)
C13C12168.9(13)

A B C D Angle
C21C14C15C16-92.8(15)
C21C14C15C2084.7(16)
C21C22C23C241(2)
C22C21C26C253(2)
C22C23C24C250(2)
C23C24C25C260(2)
C24C25C26C21-2(2)
C26C21C22C23-2(2)
C27S1 N1 C11-85.0(11)
C27S1 N1 C1277.4(12)

Table S13. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters
(A?x103) for (Sp)-3a.

Atom x Y z

H2  8460.99 5128.54 5137.72
H3 9701.34 6636.04 5824.95
H4  7893.08 7798.9 6402.43
H6  5506.08 4580.93 6915.99
H7 5761.96 2901.29 6130.07
H8  8400.49 2607.91 5960.37
H9  9700.01 4020.99 6668.16
H10 7922.39 5139.04 7261.35
H11A5274.99 5709.31 4797.92
H11B 5547.3 4277.3 5090.64
H12A 2856.47 6874.24 5815.37
H12B 3790.83 7414.13 5320.55
H16 2254.14 7393.07 6928.06
H17 -71.24 8368.82 6955.38
H18 -453.34 10449.72 6559.29

U(eq)
31
35
30
46
47
45
43
47
33
33
24
24
35
44
43
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Table S13. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters

(A?x10%) for (Sp)-3a.

Atom X

H19
H20
H22
H23
H24
H25
H26

1294.16
3555.93
5669.42
7286.51
8069.6

7300.14
5669.5

Y
11552.38
10525.26
6911.76
7673.77
9896.77
11416.56
10661.83

YA
6057.72
5990
7253.67
7925.75
7910.98
7251.19
6595.89

U(eq)
49
36
31
1
38
1
29
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Table S14. Crystal data and structure refinement for (Rp)-3a.

Identification code
CCDC Number
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

y/°
Volume/A3
Z
pealcg/cm?
w/mm?
F(000)

Crystal size/mm?

(Rp)-3a

2347573
C27H22F3FeNO2S
537.37

303.0
orthorhombic
P21212;
9.5665(14)
9.8290(17)
25.415(4)

90.00

90.00

90.00

2389.7(7)

4

1.494

0.768

1104.0

0.02 x 0.012 x 0.01
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Radiation MoKa (A =10.71073)
20 range for data collection/°4.44 t0 59.16

Index ranges -13<h<13,-13<k<13,-35<1<35
Reflections collected 61813

Independent reflections 6676 [Rint = 0.0621, Rsigma = 0.0350]
Data/restraints/parameters ~ 6676/0/316

Goodness-of-fit on F 1.050

Final R indexes [I>=20 (I)] R1=0.0389, wR> = 0.0897

Final R indexes [all data] R1=0.0508, wR2 = 0.0964
Largest diff. peak/hole / e A2 0.25/-0.19

Flack parameter 0.005(15)

Table S15. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A?x10%) for (Rp)-3a. Ueq is defined as 1/3 of the trace of the orthogonalised
Uy, tensor.

Atom X y z U(eq)
Fel 2496.4(3) 5171.7(3) 6166.82(13) 47.87(9)
st 6982.8(6) 4351.0(6) 5500.9(3) 55.50(15)
F1 8651.6(17) 5875.2(19) 4951.2(8) 81.2(5)
N1 5813.4(17) 5489.1(19) 5479.3(8) 50.1(4)
02 7908(2) 4595(2) 5024.8(8) 76.9(5)
c11 5004(2) 7365(2) 6045.7(8) 40.7(4)
01 6373(2) 3057.1(18) 5403.7(11) 87.1(7)
F2 7271(2) 4666(2) 4488.2(7) 99.2(6)
F3 9044(2) 3749(2) 4869.8(11) 113.7(8)
Cc12 6094(2) 6893(2) 5652.9(9) 49.2(5)
c1 3593(2) 6860(2) 5925.2(9) 42.7(5)
Ci5 5362(2) 8237(2) 6426.0(9) 42.9(4)
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Table S15. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A?x10%) for (Rp)-3a. Ueq is defined as 1/3 of the trace of the orthogonalised

Uy, tensor.
Atom
C5
C22
C2
C13
C16
C3
C4
C23
C8
Cc27
C17
C18
C24
C20
C9
C25
C6
Ci4
C21
C10
C19
C26
C7

X
3363(2)
4388(2)
2235(2)
4512(2)
6803(2)
1217(2)
1897(2)
4016(3)
1255(4)
3851(3)
7832(3)
9154(3)
3106(3)
8422(3)
1939(4)
2567(3)
3583(4)
8051(3)
7107(3)
3393(3)
9435(3)
2939(3)
2266(5)

y
5917(2)
8699(2)
7226(2)
5320(3)
8846(2)
6557(3)
5740(3)
7823(3)
3938(4)
10008(3)
8283(3)
8882(4)
8265(4)
10614(3)
3181(3)
9556(4)
4195(4)
4676(3)
10031(3)
3333(3)
10045(3)
10428(3)
4581(3)

Z
5498.4(10)
6846.4(9)
6117.8(10)
5177.1(10)
6451.5(9)
5817.2(11)
5432.9(11)
7246.9(10)
6615.9(16)
6847.1(10)
6753.5(11)
6779.5(12)
7641.8(11)
6203.9(15)
6238.0(17)
7630.3(12)
6737.8(16)
4915.9(12)
6176.6(12)
6306.3(17)
6510.3(13)
7238.5(12)
6927.0(13)

U(eq)
47.3(5)
45.8(5)
48.4(5)
54.0(5)
44.3(4)
58.1(6)
56.7(6)
61.9(6)
87.4(11)
62.2(6)
65.1(7)
76.7(9)
76.0(8)
78.4(8)
83.8(9)
78.2(8)
89.1(11)
67.2(7)
64.7(6)
84.4(11)
76.3(9)
75.6(8)
91.9(11)
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Table S16. Anisotropic Displacement Parameters (A?x10%) for (Rp)-3a. The Anisotropic

displacement factor exponent takes the form: -2a?[h?a*?U11+2hka*b*Us2+...].

Atom
Fel
S1
F1
N1
02
Ci11
o1
F2
F3
Ci12
C1
C15
C5
C22
C2
C13
C16
C3
C4
C23
C8
c27
C17
C18
Cc24
C20

Un
39.40(13)
48.5(3)
70.6(9)
39.9(8)
67.9(10)
41.7(9)
72.6(12)
93.9(12)
75.9(11)
46.5(11)
40.2(10)
43.1(10)
44.0(10)
47.9(11)
41.2(11)
46.7(10)
45.4(10)
39.2(10)
46.7(11)
64.6(14)
73.1(18)
74.8(15)
56.0(14)
48.9(13)
74.3(17)
69.0(16)

Uz
44.41(15)
45.1(3)
84.7(12)
49.2(10)
85.8(13)
35.0(9)
41.4(10)
137.0(16)
104.4(16)
47.1(12)
37.4(10)
38.3(10)
47.0(12)
46.6(12)
46.2(10)
59.0(14)
42.9(10)
65.7(16)
61.3(14)
64.2(16)
76(2)
51.7(15)
73.3(17)
113(3)
101(2)
63.1(16)

Uss
59.79(18)
73.1(4)
88.2(12)
61.1(11)
77.1(12)
45.4(12)
147(2)
66.6(10)
161(2)
54.1(13)
50.5(12)
47.2(11)
50.8(12)
42.8(11)
57.8(13)
56.2(13)
44.6(11)
69.3(16)
62.1(15)
56.8(14)
113(3)
60.2(14)
65.9(15)
68.6(17)
52.5(15)
103(2)

Uzs
2.37(13)
-0.5(3)
-0.3(10)
-14.7(9)
10.7(11)
0.6(8)
-4.5(12)

-29.0(11)
-34.6(15)

-8.2(10)
2.009)
2.1(9)

-1.0(10)
-5.8(9)
0.8(10)

-10.7(11)

-6.8(9)
1.1(13)
-4.1(12)
6.9(12)
18(2)
-6.0(12)
13.3(13)
-0.1(18)
2.5(16)
5.5(18)

Us
-0.20(15)
-0.3(3)
17.1(9)
1.3(8)
-16.0(10)
3.5(8)
3.5(14)
2.6(9)
28.3(13)
7.6(9)
-1.6(9)
3.1(9)
-4.1(9)
1.1(9)
2.9(9)
-4.0(9)
3.9(9)
-5.8(11)
-13.0(11)
3.6(12)
33(2)
11.8(12)
-1.6(11)
-5.1(13)
12.0(14)
16.2(17)

U

-5.85(13)

2.7(2)
-19.2(9)
-2.4(7)
3.7(10)
-1.2(8)
-6.0(9)
-5.1(13)
28.6(11)
-6.8(9)
0.8(8)
-3.0(8)
-0.8(8)
-6.4(9)
6.4(8)
-3.0(10)
-6.5(9)
5.5(10)
0.2(11)

-10.1(12)
-17.6(17)

-1.6(12)
-5.7(12)
-2.9(15)

-24.0(18)
-20.3(13)
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Table S16. Anisotropic Displacement Parameters (A?x10%) for (Rp)-3a. The Anisotropic

displacement factor exponent takes the form: -2a?[h?a*?U11+2hka*b*Us2+...].

Atom
C9
C25
C6
Ci4
C21
C10
C19
C26
C7

Un
92(2)
65.1(15)
89(2)
51.3(12)
57.8(12)
76.3(19)
53.0(13)
79.2(17)
140(3)

Table S17. Bond Lengths for (Rp)-3a.

Atom Atom Length/A

Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
S1

S1

S1

Sl

C1
C5
C2
C3
C4
C8
C9
C6

2.057(2)
2.027(2)
2.039(2)
2.035(3)
2.030(3)
2.045(3)
2.036(3)
2.027(3)

C10 2.032(3)

C7
N1
02
o1

2.029(3)
1.5830(19)
1.415(2)
1.4211(19)

Cl4 1.832(3)

U2z Us3
49.5(14) 110(3)
98(2) 71.3(17)
71(2) 108(3)
75.8(18) 74.3(17)
55.6(14) 80.8(17)
51.6(15) 125(3)
90(2) 85.4(19)
70.4(18) 77.3(19)
68.3(19)  67.8(18)

Atom Atom Length/A

C15 C22 1.489(3)

C15 C16 1.504(3)

C5 C13 1.490(3)

C5 C4 1.423(3)

C22 C23 1.380(3)

C22 C27 1.385(3)

C2 C3 1.40203)

C16 C17 1.366(3)

C16 C21 1.389(3)

C3 C4 1.422(4)

C23 C24 1.397(4)

C8 C9 1.380(5)

C8 C7 1.400(5)

C27 C26 1.386(4)

Uzs
0.7(17)
-30.2(16)
40(2)
-22.6(15)
11.5(14)
30.5(19)
-19.6(18)
-19.9(15)
17.0(14)

Us
11(2)
16.4(15)
-29(2)
5.7(13)
-1.4(12)
24(2)
13.7(13)
15.6(15)
18(2)

U
-24.5(15)
-9.7(19)
-12.5(17)
4.1(13)
-11.4(10)
7.6(14)
-24.7(15)
7.9(15)
-3(2)
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Table S17. Bond Lengths for (Rp)-3a.
Atom Atom Length/A Atom Atom Length/A

FI Cl4 1.314(3) Cl17 C18 1.396(4)
N1 Cl12 1.473(3) C18 C19 1.360(5)
N1 C13 1.473(3) C24 C25 1.371(5)
Cll Cl12 1.516(3) C20 C21 1.384(4)
Cll Cl 1.471(3) C20 C19 1.363(5)
Cll C15 1.336(3) C9 C10 1.409(5)
F2 Cl4 1.318(3) C25 C26 1.361(5)
F3 Cl4 1.321(3) C6 C10 1.398(5)
Cl C5 1.444(3) C6 C7 1.401(5)

Cl C2 1.434(3)

Table S18. Bond Angles for (Rp)-3a.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*

C5 Fel Cl1 41.40(9) C5 Cl Cl1 120.91(19)
C5 Fel C2 68.96(9) C2 Cl1 Fel 68.81(12)
C5 Fel C3 68.79(10) C2 Cl Cl1 1325(2)

C5 Fel C4 41.06(9) C2 Cl C5 106.20(18)
C5 Fel C8 156.81(14) Cl1 C15 C22 123.70(19)
C5 Fel C9 121.92(14) Cll Cl15 Cl6 121.41(19)
C5 Fel C10 107.17(12) C22 C15 Cl16 114.89(18)
C5 Fel C7 161.02(14) Cl C5 Fel 70.42(13)
C2 Fel Cl 41.0008) Cl C5 C13 123.49(18)
C2 Fel C8 123.38(12) C13 C5 Fel 128.22(17)
C3 Fel C1 68.70(9) C4 C5 Fel 69.57(16)
C3 Fel C2 40.25(10) C4 C5 C1 1085(2)

C3 Fel C8 106.93(13) C4 C5 C13 127.9(2)
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Table S18. Bond Angles for (Rp)-3a.

Atom Atom Atom Angle/’

C3 Fel C9 121.63(13)
C4 Fel C1 69.39(9)

C4 Fel C2 68.70(10)
C4 Fel C3 40.96(10)
C4 Fel C8 120.78(14)
C4 Fel C9 105.78(14)
C4 Fel C10 121.62(15)
C8 Fel Cl1l 160.22(13)
C9 Fel Cl 159.28(13)
C9 Fel C2 157.71(12)
C9 Fel C8 39.52(14)
C6 Fel Cl 109.52(12)
C6 Fel C5 124.16(13)
C6 Fel C2 125.15(14)
C6 Fel C3 159.70(16)
C6 Fel C4 158.94(16)
C6 Fel C8 67.51(15)
C6 Fel C9 67.39(15)
C6 Fel C10 40.30(16)
C6 Fel C7 40.41(16)
Cl10 Fel C1 123.67(11)
C10 Fel C2 160.67(12)
C10 Fel C3 157.71(15)
Cl10 Fel C8 67.68(14)
C10 Fel C9 40.54(14)
C7 Fel C1 124.78(13)

Atom Atom Atom Angle/*

C23 C22
C23 C22
C27 C22
Cl cC2
C3 C2
C3 C2
N1 C13
Cl7 Ci6
Cl7 Cle6
C21 Ci6
C2 C3
C2 C3
C4 C3
C5 C4
C3 C4
C3 C4
C22 C23
c9 C8
C9 C8
C7r C8
C22 C27
Cl6 C17
C19 C18
C25 C24
C19 C20
c8 (C9

C15
C27
C15
Fel
Fel
C1

C5

C15
C21
C15
Fel
C4

Fel
Fel
Fel
C5

C24
Fel
C7

Fel
C26
C18
C17
C23
C21
Fel

120.0(2)
118.9(2)
121.1(2)
70.19(12)
69.75(14)
109.0(2)
107.07(18)
121.6(2)
118.1(2)
120.3(2)
70.00(13)
108.8(2)
69.31(15)
69.37(15)
69.73(15)
107.5(2)
119.7(3)
69.88(17)
108.0(3)
69.31(17)
120.7(3)
120.6(3)
120.6(3)
120.5(3)
120.3(3)
70.59(18)
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Table S18. Bond Angles for (Rp)-3a.

Atom Atom Atom Angle/’

C7
C7
C7
C7
C7
C7
N1
02
02
02
o1
o1
C12
C13
C13
C1
C15
C15
N1
Cl1
C5

Table S19. Torsion Angles for (Rp)-3a.

Fel
Fel
Fel
Fel
Fel
Fel
S1
S1
S1
S1
S1
S1
N1
N1
N1
Ci11
Ci11
Ci11
C12
C1
C1

C2
C3
C4
Cs8
C9
C10
Ci4
N1
o1
Ci4
N1
Ci4
S1
S1
C12
Ci12
C12
C1
Ci11
Fel
Fel

109.16(12)
122.79(14)
157.34(15)
40.18(15)

67.17(16)

67.99(15)

104.07(12)
110.43(12)
122.75(15)
103.84(12)
109.64(12)
104.12(15)
121.51(15)
122.40(16)
114.59(19)
112.99(18)
119.77(18)
127.03(19)
111.01(17)
132.73(15)
68.19(13)

A B C D Angle

Fel C1 C5 C13-123.5(2)

Fel C1 C5 C4 59.36(19)

Atom Atom Atom Angle/*

Cc8 C9
C10 C9
C26 C25
C10 C6
C10 C6
Cr C6
F1 Cil4
F1 Cil4
F1 Cil4
F2 Cl4
F2 Cil4
F3 Cil4
C20 C21
C9 C10
Co6 Ci10
Co6 Ci10
C18 C19
C25 C26
c8 C7
c8 C7
C6 C7

C10
Fel
C24
Fel
C7
Fel
Sl
F2
F3
Sl
F3
S1
C16
Fel
Fel
C9
C20
C27
Fel
C6
Fel

109.0(4)
69.57(17)
120.0(3)
70.04(19)
108.4(3)
69.89(19)
110.15(19)
108.0(3)
108.1(2)
110.61(18)
109.2(2)
110.7(2)
120.8(3)
69.89(19)
69.66(19)
106.8(4)
119.5(2)
120.1(3)
70.5(2)
107.8(3)
69.70(19)

A B C D Angle
C3 Fel C9 C10162.1(2)
C3 Fel C6 C10159.3(3)
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Table S19. Torsion Angles for (Rp)-3a.

A B C D Angle

Fel C1

Fel C5

Fel C5

Fel C2

Fel C3

Fel C8

Fel C8

Fel C9

Fel C6

Fel C6

S1
S1
N1
N1
N1
02
02
02
02
02

N1
N1
S1
S1
S1
S1
S1
S1
S1
S1

Ciic1

Clici

Clici

Ciic1

Clici

C2 C3 -59.12(17)
C13N1 -72.0(3)
C4 C3 59.53(19)
C3 C4 -58.62(19)
C4 C5 -59.30(19)
C9 C1059.2(2)
C7 C6 -60.0(2)
C10C6 60.2(2)
C10C9 -60.3(2)
C7 C8 60.5(2)
C12C11-128.19(18)
C13C5 140.58(18)
C14F1 63.5(2)
C14F2 -55.9(2)
C14F3 -177.07(19)
N1 C1231.3(2)
N1 C13-163.5(2)
Cl4F1 -52.1(2)
Cl4F2 -171.5(2)
C14F3 67.3(2)
C5 Fel 127.8(2)
C5 C134.2(4)

C5 C4 -172.9(2)
C2 Fel -129.2(3)
C2 C3 171.7(3)

C11C15C22C2373.0(3)

A B C D Angle

Cc3
Cc3
Cc3
Cc3
Cc3
C4
C4
o
C4
o

C4
C4
C4
C4
C4
C4
C4
C4

Fel C6

C7 39.9(5)

Fel C10C9 -43.5(5)

Fel C10C6 -161.2(3)

Fel C7
Fel C7
Fel C1
Fel C1
Fel C1
Fel C5
Fel C5
Fel C2
Fel C2
Fel C3
Fel C8
Fel C8
Fel C9
Fel C9
Fel C6
Fel C6

C8 76.9(2)
C6 -164.6(2)
C11-150.2(2)
C5 -37.67(13)
C2 80.86(15)
Cl 119.5(2)
C13-122.8(3)
Cl -82.69(14)
C3 37.45(15)
C2 -120.2(2)
C9 77.0(2)
C7 -163.6(2)
C8 -119.6(2)
C10120.5(3)
C10-36.2(4)
C7 -155.7(3)

Fel C10C9 -76.8(3)

Fel C10C6 165.6(2)

Fel C7
Fel C7

C8 39.0(4)
C6 157.4(3)

C5 C13N1 -164.9(3)

C23C22C27C26-0.9(4)

C23C24C25C26-1.3(5)
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Table S19. Torsion Angles for (Rp)-3a.

A B C D Angle
C11C15C22C27-107.5(3)
C11C15C16C17-94.6(3)
C11C15C16C2187.2(3)
O1 S1 N1 C12169.5(2)
01 S1 N1 C13-25.2(2)
O1 S1 C14F1 178.34(19)
01 S1 C14F2 59.0(2)
01 S1 Cl4F3 -62.2(2)
C12N1 C13C5 -53.2(3)
C12C11C1 Fel 93.0(2)
C12C11C1 C5 5.1(3)
C12C11C1 C2 -166.7(2)
C12C11C15C22-176.5(2)
C12C11C15C164.6(3)

Cl Fel C5 C13117.7(2)

A B C D Angle
C8 Fel C1 C1185.0(4)

C8 Fel C1 C5 -162.4(4)
C8 Fel C1 C2 -43.9(4)
C8 Fel C5 C1 165.0(3)
C8 Fel C5 C13-77.3(4)
C8 Fel C5 C4 45.5(4)

C8 Fel C2 C1 163.67(18)
C8 Fel C2 C3 -76.2(2)
C8 Fel C3 C2 122.05(18)
C8 Fel C3 C4 -117.74(18)
C8 Fel C4 C5 -160.92(18)
C8 Fel C4 C3 80.3(2)

C8 Fel C9 C10-119.9(4)
C8 Fel C6 C1081.5(2)

C8 Fel C6 C7 -37.9(2)

C1
C1
C1

Fel C5
Fel C2
Fel C3

C4
C3
C2

-119.5(2)
120.1(2)
-37.51(13)

C8
C8
C8

Fel C10C9
Fel C10C6
Fel C7 C6

36.6(3)
-81.1(2)
118.4(3)

Cl Fel C3 C4 82.70(16)
Cl Fel C4 C5 37.96(14)
Cl Fel C4 C3 -80.86(16)
Cl Fel C8 C9 -166.5(3)
Cl Fel C8 C7 -47.1(5)
Cl Fel C9 C8 167.1(3)
Cl Fel C9 C1047.2(5)
Cl Fel C6 C10-119.4(2)

C8 C9 C10Fel -59.8(3)
C8 C9 C10C6 0.4(4)
C27C22C23C240.3(4)
C17C16C21C200.7(4)
C17C18C19C20-1.4(5)
C24C25C26C270.7(5)
C9 Fel C1 C11-70.2(4)
C9 Fel C1 C5 42.4(4)

5141



Table S19. Torsion Angles for (Rp)-3a.

A B C D
Cl Fel C6 C7
C1l Fel C10C9
Cl Fel C10C6
Cl Fel C7 C8
Cl Fel C7 C6
Cl C11C12N1

Angle/*
121.1(2)
-161.8(2)
80.5(2)
162.42(18)
-79.2(2)
-37.0(3)

Cl C11C15C229.0(4)

Cl C11C15C16-169.9(2)

Cl C5 C13N1

18.6(3)

Cl C5 C4 Fel -59.88(18)

Cl C5 C4 C3

-0.4(3)

Cl C2 C3 Fel 59.39(15)

Cl C2 C3 C4
C15C11C12N1

0.8(3)
147.8(2)

C15C11C1 Fel -92.3(3)

C15C11C1 C5
C15C11C1 C2

179.8(2)
8.1(4)

C15C22C23C24179.7(2)

C15C22C27C26179.7(2)

C15C16C17C18-178.7(3)

C15C16C21C20178.9(3)

C5 Fel C1 C11-112.5(3)

C5 Fel C1 C2
C5 FelC2 C1
C5 Fel C2 C3
C5 Fel C3 C2

118.52(18)
-38.50(13)
81.63(16)

-82.09(15)

A B C D Angle

C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C6
C6
C6
C6
C6
C6
C6
C6

Fel C1
Fel C5
Fel C5
Fel C5
Fel C2
Fel C2
Fel C3
Fel C3
Fel C4
Fel C4
Fel C8
Fel C6
Fel C6

C2 160.9(3)
Cl -163.68(16)
C13-45.9(2)
C4 76.9(2)

Cl -162.2(3)
C3 -42.1(4)
C2 162.63(17)
C4 -77.2(2)
C5 -120.80(17)
C3 120.38(17)
C7 119.4(3)
C1038.6(2)

C7 -80.8(2)

Fel C10C6 -117.7(4)

Fel C7
Fel C7
C8 C7
C8 C7
Fel C1
Fel C1
Fel C1
Fel C5
Fel C5
Fel C5
Fel C2
Fel C2

C8 -37.02)
C6 81.4(2)
Fel 59.4(2)

C6 -0.6(4)
C117.4(3)

C5 119.92(18)
C2 -121.55(19)
C1 -80.84(19)
C1336.9(3)

C4 159.7(2)
Cl 79.2(2)

C3 -160.66(19)
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Table S19. Torsion Angles for (Rp)-3a.

A

C5
C5
C5
C5
C5
C5
C5
C5
C5
C5
C5
C5
C5
C5

B C D Angle
Fel C3 C4 38.12(15)
Fel C4 C3 -118.8(2)
Fel C8 C9 44.0(4)
Fel C8 C7 163.3(3)
Fel C9 C8 -161.2(2)
Fel C9 C1078.9(3)
Fel C6 C10-75.6(2)
Fel C6 C7 164.98(19)
Fel C10C9 -119.4(3)
Fel C10C6 123.0(2)
Fel C7 C8 -159.7(3)
Fel C7 C6 -41.2(5)
Cl C2 Fel 58.15(16)
Cl C2 C3 -1.0(3)

C22C15C16C1786.4(3)

C22C15C16C21-91.7(3)

C22C23C24C250.8(4)

C22C27C26C250.4(4)

C2
C2
C2
C2
C2
C2
C2
C2

Fel C1 C11128.9(3)
Fel C1 C5 -118.52(18)
Fel C5 C1 38.14(12)
Fel C5 C13155.9(2)
Fel C5 C4 -81.32(16)
Fel C3 C4 120.2(2)
Fel C4 C5 82.00(15)
Fel C4 C3 -36.82(14)

A B C
C6 FelC3
C6 Fel C3
C6 Fel C4
C6 Fel C4
C6 Fel C8
C6 FelC8
C6 Fel C9
C6 Fel C9

D Angle/*
C2 51.3(4)
C4 171.5(3)
C5 -53.0(4)
C3 -171.8(3)
C9 -81.3(3)
C7 38.1(2)
C8 81.6(3)
C10-38.4(3)

C6 Fel C10C9 117.7(4)

C6 Fel C7
C14S1 N1
C14S1 N1

C8 -118.4(3)
C12-79.6(2)
C1385.6(2)

C21C16C17C18-0.5(4)

C21C20C19C181.5(5)

Cl0Fel C1
Cl0Fel C1
Cl0Fel C1
C10Fel C5
C10Fel C5
C10Fel C5
C10Fel C2
C10Fel C2
C10Fel C3
C10Fel C3
C10Fel C4
C10Fel C4

C11-35.2(3)
C5 77.3(2)

C2 -164.15(19)
C1 -121.80(16)
C13-4.1(2)

C4 118.74(18)
Cl 43.4(4)

C3 163.5(4)
C2 -165.7(3)
C4 -45.4(4)
C5 -79.68(19)
C3 161.49(16)
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Table S19. Torsion Angles for (Rp)-3a.

A

C2
C2
C2
C2
C2
C2
C2
C2
C2

B C D
Fel C8 C9
Fel C8 C7
Fel C9 C8
Fel C9
Fel C6
Fel C6 C7
Fel C10C9
Fel C10C6
Fel C7 C8

Angle/*
160.5(2)
-80.2(2)
-47.3(5)

C10-167.3(3)
C10-162.57(17)

78.0(2)
165.4(3)
47.7(5)
119.4(2)

A B C D Angle

C10Fel C8 C9 -37.5(3)
C10Fel C8 C7 81.8(2)
C10Fel C9 C8 119.9(4)
C10Fel C6 C7 -119.4(3)
C10Fel C7 C8 -81.0(2)
C10Fel C7 C6 37.4(2)
C10C6 C7 Fel -59.7(2)
C10C6 C7 C8 0.9(4)

C19C20C21C16-1.2(5)

C2 Fel C7 C6 -122.1(2)

C2 C1 C5 Fel -58.55(15)
C2 Cl1 C5 C13177.9(2)
C2 C1 C5 C4 0.8(3)
C2 C3 C4 Fel 59.05(18)
C2 C3 C4 C5 -0.3(3)
C13N1 C12C1165.5(3)
C13C5 C4 Fel 123.1(3)
C13C5 C4 C3 -177.3(2)
C16C15C22C23-108.0(2)
C16C15C22C2771.4(3)
C16C17C18C190.9(5)

C3 Fel C1 C11165.8(2)
C3 Fel C1 C5 -81.67(14)
C3 Fel C1 C2 36.85(14)
C3 Fel C5 C1 81.43(14)

C3 Fel C5 C13-160.8(2)

C7
C7
C7
C7
C7
Cc7
C7
C7
C7
C7
C7
Cc7
C7
C7
C7
C7
Cc7

Fel C1 C1149.9(3)

Fel C1 C5 162.42(17)
Fel C1 C2 -79.1(2)
Fel C5 C1 -49.7(4)
Fel C5 C1368.0(4)
Fel C5 C4 -169.2(3)
Fel C2 C1 121.38(18)
Fel C2 C3 -118.5(2)
Fel C3 C2 81.0(2)
Fel C3 C4 -158.81(18)
Fel C4 C5 170.9(3)
Fel C4 C3 52.1(4)
Fel C8 C9 -119.4(3)
Fel C9 C8 37.6(2)
Fel C9 C10-82.3(3)
Fel C6 C10119.4(3)

Fel C10C9 80.1(3)
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Table S19. Torsion Angles for (Rp)-3a.

A B C
C3 FelC5
C3 FelC2
C3 Fel C4
C3 Fel C8
C3 FelC8
C3 Fel C9

D Angle/*
C4 -38.03(16)
Cl -120.1(2)
C5 118.8(2)
C9 119.5(2)
C7 -121.1(2)
C8 -77.9(3)

A B C D Angle
C7 Fel C10C6 -37.5(2)
C7 C8 C9 Fel -59.0(2)
C7 C8 C9 C100.2(4)

C7 C6 C10Fel 59.6(2)
C7 C6 C10C9 -0.8(4)

Table S20. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters
(A2x10%) for (Rp)-3a.

Atom
H12A
H12B
H2
H13A
H13B
H3
H4
H23
H8
H27
H17
H18
H24
H20
H9
H25
H6

X
6090
7013
2059
4334
4581
255
1462
4369
292
4105
7651
9849
2865
8616
1510
1947
4439

y Z
7494 5350
6937 5813
7813 6397
4363 5111
5785 4842
6635 5862
5189 5184
6941 7254
4009 6657
10612 6582
7494 6944
8480 6983
7678 7914
11398 6012
2656 5980
9837 7890
4467 6876

U(eq)
59
59
58
65
65
70
68
74
105
75
78
92
91
94
101
94
107
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Table S20. Hydrogen Atom

(A?x103) for (Rp)-3a.

Atom X
H21 6419
H10 4091
H19 10311
H26 2581

H7 2094

Coordinates (Ax10%) and Isotropic Displacement Parameters

10438
2936
10450
11308
5161

Table 21. Crystal data and structure refinement for 3f.

Identification code
CCDC Number
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

o/

p/e

3f
2402043
CaaHaoFeFe2N204S2
950.60
103(2)
triclinic
P-1
9.6500(6)
10.5668(6)
11.6109(8)
89.893(2)
69.144(2)

5972
6103
6535
7233
7209

U(eq)
78
101
92
91
110

5146



v/° 67.203(2)

Volume/A3 1007.15(11)
Z 1

peaicg/cm?® 1.567
p/mm 0.899
F(000) 488.0

Crystal size/mm?® 0.051 x 0.035 x 0.024

Radiation MoKa (A =0.71073)
20 range for data collection/°4.962 to 60.078
Index ranges -13<h<13,-14<k<14,-16<1<16
Reflections collected 64227

Independent reflections 5806 [Rint = 0.0466, Rsigma = 0.0215]
Data/restraints/parameters ~ 5806/0/351

Goodness-of-fit on F2 1.028

Final R indexes [I>=2c (I)] R1=0.0296, wR> =0.0749

Final R indexes [all data] R1 = 0.0346, wR> = 0.0788

Largest diff. peak/hole / e A< 0.84/-0.40

Table 22. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A2x103) for 3f. Ueq is defined as 1/3 of of the trace of the orthogonalised Ui
tensor.

Atom X y z U(eq)
Fel 8064.7(2) 2551.0(2) 1753.7(2) 17.93(6)
s1 4684.9(3) 7020.2(3) 1924.0(3) 16.97(7)
F1 5179.8(15) 9279.9(10) 1619.0(12) 43.5(3)
F2 2983.7(14) 9416.7(11) 1448.0(13) 50.6(3)
F3 5306.9(16) 8239.6(12) -32.8(10) 46.9(3)
o1 4086.1(12) 7502.2(11) 3224.7(9) 26.7(2)
02 3888.8(12) 6418.7(11) 1420.2(11) 26.9(2)
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Table 22. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A2x103) for 3f. Ueq is defined as 1/3 of of the trace of the orthogonalised Uiy

tensor.
Atom
N1
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Ci11
Ci12
C13
Ci4
C15
C16
C17
C18
C19
C20
c21
C22

X
6570.0(12)
9300.8(14)
8592.2(14)
9231.1(15)
10340.7(16)
10378.7(16)
6111(2)
5589.7(19)
6387(2)
7397(2)
7227(3)
7390.7(15)
7670.2(15)
8839.8(14)
9473.8(15)
10818.7(18)
8927.7(15)
10057.3(16)
9602.6(18)
8010.0(19)
6876.7(17)
7329.9(16)
4523(2)

y
6052.6(10)

3800.2(12)
3774.1(12)
2383.2(13)
1525.3(13)
2381.6(13)
3497.4(19)
3186.6(17)
1724.7(17)
1130.9(17)
2230(2)
5050.2(12)
6379.7(12)
5104.1(12)
5259.9(12)
4080.9(14)
6636.5(12)
7196.2(14)
8455.3(15)
9170.4(14)
8624.7(15)
7361.8(14)
8587.8(15)

Z
1409.3(10)
1364.5(11)
468.7(11)
-135.9(12)
381.5(13)
1310.4(13)
3398.9(15)
2483.7(17)
2083.3(15)
2745.2(16)
3566.6(15)
244.9(11)
1852.1(12)
2151.5(11)
2979.5(11)
3206.0(14)
3723.7(11)
3605.7(13)
4316.2(14)
5161.6(13)
5295.8(13)
4585.7(12)
1200.8(16)

U(eq)
15.15(18)
15.4(2)
15.0(2)
17.8(2)
20.8(2)
20.6(2)
38.2(4)
33.1(3)
29.5(3)
32.5(3)
38.4(4)
16.2(2)
16.5(2)
15.0(2)
16.4(2)
24.3(3)
16.4(2)
21.3(2)
25.5(3)
25.3(3)
24.3(3)
20.2(2)
30.6(3)
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Table 23. Anisotropic Displacement Parameters (A2x103%) for 3f. The Anisotropic
displacement factor exponent takes the form: -2a?[h?a*?U11+2hka*b*U12+...].

Atom U1 U2 Uss U2s Uis U
Fel 21.42(10) 16.36(9) 17.77(10) 4.85(6) -7.41(7) -9.73(7)
S1 12.48(13) 15.56(13) 20.52(14) -0.55(10) -6.69(11) -3.13(10)

FI  58.9(7) 23.5(4) 67.4(7) 17.6(5) -39.9(6)  -22.1(5)
F2  42.8(6) 25.6(5) 78.3(8) 5.4(5) -40.4(6) 6.5(4)

F3  64.2(7) 40.1(6) 36.2(5) 20.6(5) -262(5)  -15.2(5)
Ol  205(5) 28.3(5) 21.5(5) -4.5(4) -2.8(4) -5.0(4)
02  16.4(4) 26.4(5) 37.8(6) -4.6(4) -12.1(4) -7.1(4)
N1 12.5(4) 14.9(4) 16.8(4) -0.3(3) -6.8(4) -3.4(3)
Cl  14.0(5 14.1(5) 17.2(5) 2.6(4) -6.3(4) -4.7(4)
C2  14.2(5) 14.3(5) 14.7(5) 2.2(4) -4.3(4) -5.2(4)
C3  17.5(5) 16.0(5) 17.5(5) 0.2(4) -5.0(4) -6.1(4)
C4  21.0(6) 13.7(5) 25.4(6) 1.3(4) -9.5(5) -4.3(4)
C5  19.4(6) 15.0(5) 26.8(6) 3.1(4) -11.9(5) -3.9(4)
C6  43.2(9) 36.8(8) 25.2(7) -0.8(6) 6.6(7) -25.1(7)
c7  22.7(7) 31.7(7) 39.5(8) 11.6(6) -2.3(6) -14.5(6)
c8  32.8(7) 32.4(7) 32.1(7) 11.3(6) -11.6(6)  -23.0(6)
CO  43.2(9) 30.0(7) 32.9(8) 17.6(6) 153(7)  -23.4(7)
C10  55.0(11) 54.0(10) 21.8(7) 16.0(7) -14.8(7)  -38.1(9)
Cll  16.2(5) 15.3(5) 14.9(5) 0.4(4) -6.8(4) -3.7(4)
Cl2  15.3(5) 14.7(5) 22.0(6) 2.9(4) -10.6(4) -5.5(4)
C13  135(5) 13.7(5) 16.3(5) 2.4(4) -5.5(4) -4.5(4)
Cl4  156(5) 16.1(5) 16.5(5) 2.5(4) -6.3(4) -5.2(4)
C15  26.9(7) 20.2(6) 25.1(6) 2.6(5) -16.5(6) -3.2(5)
C16  17.6(5) 17.5(5) 14.3(5) 2.7(4) -7.6(4) -6.2(4)
Cl7  18.6(6) 24.1(6) 21.1(6) 1.9(5) -7.2(5) -9.2(5)
C18  29.5(7) 25.3(6) 27.4(7) 3.2(5) -12.2(6)  -15.8(6)
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Table 23. Anisotropic Displacement Parameters (A2x103%) for 3f. The Anisotropic

displacement factor exponent takes the form: -2a?[h?a*?U11+2hka*b*U12+...].

Atom
C19
C20
c21
C22

Un

32.4(7)
22.7(6)
18.8(6)
34.5(8)

Uz
18.8(6)
22.7(6)
22.8(6)
19.2(6)

Table 24. Bond Lengths for 3f.

Uss
23.3(6)
20.0(6)
18.4(5)
40.8(8)

AtomAtom Length/A  AtomAtom Length/A

Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
Fel
S1
S1
S1
S1
F1
F2
F3
N1
N1

Cl 20502(12) C1
C2 20291(12) C2
C3 2.0495(13) C2
C4 20511(13) C3
C5 2.0385(13) C4
C6 2.0458(16) C6
C7 2.0473(16) C6
C8 2.0455(15) C7
C9 20511(14) C8
C10 2.0488(15) C9
Ol 1.4239(10) C12
02 1.4269(10) C13
N1 15807(10) C14
C22 18334(15) Cl4
C22 1.3234(19) C16
C22 13212(18) C16
C22 1.332(2) C17
Cll 1.4731(15) C18
Cl2 14781(15) C19

C13
C3
Cl1
C4
C5
C7
C10
C8
C9
C10
C13
Cl4
C15
Cl6
C17
C21
C18
C19
C20

1.4737(16)
1.4235(16)
1.4938(16)
1.4258(18)
1.4286(18)
1.414(3)
1.422(3)
1.422(2)
1.411(2)
1.425(2)
1.5199(16)
1.3501(17)
1.5148(17)
1.4922(17)
1.3963(18)
1.3982(17)
1.3918(19)
1.387(2)
1.386(2)

Uzs

-0.3(5)
-0.3(5)
2.7(4)
7.8(6)

Us
-10.8(5)
-5.2(5)
-6.1(5)
-24.5(7)

Uz
-9.0(5)
-4.6(5)
-9.2(5)
-4.6(5)
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Table 24. Bond Lengths for 3f.

AtomAtom Length/A  AtomAtom Length/A

C1l
C1

Table 25. Bond Angles for 3f.

C2
C5

1.4393(16)

1.4417(16)

Atom Atom Atom Angle/*
Cl Fel C4 69.12(5)
Cl Fel C9 15151(6)
C2 Fel Cl1 41.32(5)
C2 Fel C3 40.85(5)
C2 Fel C4 6852(5)
C2 Fel C5 69.10(5)
C2 Fel C6 117.47(6)
C2 Fel C7 107.56(6)
C2 Fel C8 128.33(6)
C2 Fel C9 166.43(6)
C2 Fel C10 151.26(6)
C3 Fel C1 69.44(5)
C3 Fel C4 40.69(5)
C3 Fel C9 128.64(6)
C4 Fel C9 108.88(6)
C5 Fel Cl 41.29(5)
C5 Fel C3 69.06(5)
C5 Fel C4 40.89(5)
C5 Fel C6 127.07(7)
C5 Fel C7 165.07(6)
C5 Fel C8 152.48(6)

C20 cCz21

1.3953(19)

Atom Atom Atom Angle/*

C2 Cl1 C13 121.40(10)
C5 Cl1 Fel 68.92(7)

C5 Cl1 Ci13 132.17(11)
Cl3 Cl1 Fel 125.28(8)
Cl C2 Fel 70.13(7)

Cl C2 Ci11 123.00(10)
C3 C2 Fel 70.34(7)

C3 C2 C1 109.30(10)
C3 C2 Cl11 127.69(11)
Cll1 C2 Fel 126.19(8)
C2 C3 Fel 68.81(7)

C2 C3 C4 107.44(11)
C4 C3 Fel 69.71(8)

C3 C4 Fel 69.59(7)

C3 C4 C5 108.54(11)
C5 C4 Fel 69.08(8)

Cl C5 Fel 69.79(7)

C4 C5 Fel 70.03(8)

C4 C5 Cl1 108.31(11)
C7 C6 Fel 69.85(9)

C7 C6 C10 108.10(15)
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Table 25. Bond Angles for 3f.

Atom Atom Atom Angle/’
C5 Fel C9 118.30(6)
C5 Fel C10 107.33(7)
C6 Fel C1 106.28(6)
C6 Fel C3 151.69(7)
C6 Fel C4 165.87(7)
C6 Fel C7 40.42(8)
C6 Fel C9 68.39(7)
C6 Fel C10 40.65(8)
C7 Fel Cl1 126.74(6)
C7 Fel C3 118.59(6)
C7 Fel C4 152.82(7)
C7 Fel C9 68.28(7)
C7 Fel C10 68.19(8)
C8 Fel C1 165.71(6)
C8 Fel C3 108.86(6)
C8 Fel C4 119.46(6)
C8 Fel C6 68.10(7)
C8 Fel C7 40.65(7)
C8 Fel C9 40.31(7)
C8 Fel C10 68.00(7)
Cl10 Fel C1 116.95(6)
C10 Fel C3 166.60(7)
C10 Fel C4 128.38(7)
C10 Fel C9 40.68(7)
O1 S1 02 121.70(7)
Ol S1 N1 110.52(6)

Atom Atom Atom Angle/*

C10 C6
Ce Cv
Cé C7
c8 C7
Cr C8
C9 C8
c9 C8
c8 (C9
Cc8 C9
C10 C9
C6 C10
C6 C10
C9 Ci10
N1 Ci1
N1 C12
Cl Ci13
Cl4 C13
Cl4 C13
Cl13 C14
Cl13 C14
Cl6 Ci4
Cl7 Cl6
Cl7 Cl6
C21 Ci6
C18 C17
C19 C18

Fel
Fel
C8

Fel
Fel
Fel
C7

Fel
C10
Fel
Fel
C9

Fel
C2

C13
C12
C1

C12
C15
C16
C15
Cl4
C21
Cl4
C16
C17

69.79(9)
69.73(10)
107.76(16)
69.60(9)
69.74(9)
70.06(9)
108.56(15)
69.63(8)
107.65(15)
69.57(9)
69.56(9)
107.93(16)
69.75(9)
106.47(9)
112.09(10)
113.58(10)
126.41(11)
119.65(10)
123.49(11)
122.07(11)
114.41(10)
119.40(11)
118.44(12)
122.10(11)
120.93(12)
120.07(13)
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Table 25. Bond Angles for 3f.

Atom Atom Atom Angle/’

O1 S1 C22 104.26(7)
02 S1 N1 109.57(6)
02 S1 C22 104.05(7)
N1 S1 C22 105.14(7)
Cll1 N1 S1 121.92(8)
Cll N1 C12 114.94(9)
Cl2 N1 S1 120.89(8)
C2 Cl Fel 68.56(7)

C2 Cl1 C5 106.39(10)

Atom Atom Atom Angle/*

C20 C19 C18 119.71(13)

C19 C20

C20 Cz1

F1
F1
F2
F2
F2
F3

Table 26. Hydrogen Bonds for 3f.

D H A

C11H11B O2

Cl11H11BO2!

C12H12A O1

11-X,1-Y,-Z

d(D-H)/A
0.913(19)
0.913(19)
0.916(18)

d(H-A)/A
2.421(18)
2.496(19)
2.513(18)

C22
C22
C22
C22
C22
C22

C21 120.33(13)

C16 120.51(12)

S1
F3
S1
F1
F3
S1

110.53(10)
108.39(15)
110.87(12)
108.62(13)
108.43(13)
109.93(10)

d(D-A)/A
2.8828(15)
3.2966(16)
2.9685(16)

D-H-A/°
111.4(13)
146.6(15)
111.2(13)

Table 27. Torsion Angles for 3f.

A B C D

Fel C1 C2 C3

Fel C1 C2 C11

Fel C1 C5 C4

Fel C1 C13C12
Fel C1 C13C14

Fel C2 C3 C4

Fel C2 C11 N1

Angle/*
-59.63(8)
120.93(11)
59.66(9)
-88.71(12)
98.37(14)
-59.23(9)
62.36(13)

A
C3
C3
C5
C5
C5
C5
C5

B C D
C4 C5 Fel
C4 C5 C1
Cl C2 Fel
Cl C2 C3
Cl C2C11
C1 C13C12
Cl1 C13C14

Angle/’
58.54(9)
-0.97(15)
58.78(8)
-0.85(14)
179.71(11)
178.64(13)
5.7(2)
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Table 27. Torsion Angles for 3f.

A B C D
Fel C3 C4 C5
Fel C4 C5 C1
Fel C6 C7 C8
Fel C6 C10 C9
Fel C7 C8 C9
Fel C8 C9 C10
Fel C9 C10 C6
S1 N1 C11 C2
S1 N1 C12C13
01 S1 N1C11
01 S1 N1 Ci2
01 S1C22 F1
01 S1 C22 F2
01 S1 C22 F3
02 S1 N1C11
02 S1 N1 C12
02 S1 C22 F1
02 S1 C22 F2
02 S1 C22 F3
N1 S1 C22 F1
N1 S1 C22 F2
N1 S1 C22 F3
N1 C12C13 C1
N1 C12C13C14
Cl C2 C3 Fel

Cl1 C2 C3 C4

Angle/*
-58.22(10)
-59.51(9)
59.44(10)
-59.41(11)
59.51(11)
59.42(11)
59.29(11)
-140.89(9)
134.89(9)
159.04(10)
-38.89(11)
49.65(13)
-70.86(12)
169.27(11)
22.28(12)
-175.65(10)
178.15(11)
57.64(13)
-62.23(12)
-66.67(13)
172.82(11)
52.95(12)
31.66(14)
-154.89(11)
59.50(8)
0.27(14)

A B C D
C6 C7 C8 Fel
Co6 C7 C8 C9
C7 C6 C10Fel
C7 C6 C10 C9
C7 C8 C9 Fel
C7 C8 C9 C10
C8 C9 C10Fel
C8 C9 C10 C6
C10 C6 C7 Fel
Cl10 C6 C7 C8
C11 N1 C12C13
Cl1 C2 C3 Fel
Cl1C2 C3 C4
C12 N1 C11 C2
C12C13C14C15
C12C13C14C16
C13 C1 C2 Fel
C13C1 C2 C3
Cl13 Cl1l C2C11
C13 C1 C5 Fel
Cl13C1 C5 C4
C13C14C16C17
Cl13C14Ci16C21
Cl14C16C17C18
C14C16C21C20

C15C14C16C17

Angle/*
-59.52(10)
-0.01(17)
59.57(11)
0.16(18)
-59.32(10)
0.10(17)
-59.45(11)
-0.16(18)
-59.53(11)
-0.09(17)
-61.86(13)
-121.09(12)
179.68(12)
56.05(13)
-171.24(12)
6.87(18)
-119.16(11)
-178.79(11)
1.77(18)
119.08(14)
178.74(13)
-119.96(14)
63.14(17)
-177.84(12)
177.82(12)
58.31(16)
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Table 27. Torsion Angles for 3f.

A B C D
Cl C2CI11 N1
C1 C13C14C15
C1 C13C14C16
C2 C1 C5 Fel
C2 C1 C5 C4
C2 C1 C13C12

C2 C1 C13C14 -176.96(12)

C2 C3 C4 Fel
C2 C3 C4 C5
C3 C2Cl11 N1

Angle/*
-26.10(15)
1.3(2)
179.40(11)
-58.55(8)
1.11(14)
-4.03(16)

58.66(8)
0.44(15)
154.57(12)

A B C D
C15C14C16C21
C16C17C18C19
C17C16C21C20
C17C18C19C20
C18C19C20C21
C19C20C21C16
C21C16C17C18
C22 S1 N1C11
C22 S1 N1 C12

Angle/®
-118.59(14)
0.3(2)
0.90(19)
0.1(2)
0.0(2)
-0.5(2)
-0.83(19)
-89.01(11)
73.06(11)

Table 28. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters

(A2x103) for 3f.
Atom X
H3 8960(20)
H4 10920(20)
H5 10980(20)
H6 5870(30)
H7 4880(30)
H8 6260(20)
H9 8100(30)
H10 7850(30)
H11A 7911(19)
H11B 6630(20)
H12A 7030(20)
H12B 8280(20)
H15A 10350(20)

y
2051(18)

553(19)
2020(18)
4380(20)
3840(20)
1230(20)

170(20)
2080(30)
5443(17)
4865(18)
7072(19)
6718(19)
3470(20)

z
-760(17)
173(16)
1841(17)
3790(20)
2180(20)
1447(19)
2640(20)
4040(20)
-449(15)
65(17)
2527(17)
1216(17)
3654(18)

U(eq)
22(4)
21(4)
23(4)
42(6)
46(6)
32(5)
37(5)
55(7)
15(4)
23(4)
21(4)
24(4)
30(5)
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Table 28. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters

(A2x103) for 3f
Atom X
H15B 11780(20)
H15C 11240(30)
H17 11180(20)
H18 10390(20)
H19 7700(20)
H20 5800(20)
H21 6610(20)

y
3530(20)

4470(30)
6688(19)
8820(20)
10020(20)
9080(20)
6930(20)

z
2429(19)
3720(20)
3004(17)
4193(18)
5621(18)
5884(19)
4700(18)

U(eq)
30(5)
56(7)
23(4)
30(5)
30(5)
32(5)
31(5)
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'H NMR Spectrum of 1a

=]
=
L
Parameter Value
1 Title Sangit-DP¥DU-143-MHTF
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.2
5 MNumber of Scans 16
& Receiver Gain 101
7 Relaxation Delay 1.0000
8 Pulse Width 8.0000
9 Acquisition Time 4.0894
10 Acguisition Date 2023-07-18T12:52:10
11 Spectrometer 400.13
Freguency
12 Spectral Width 8012.8
13 Lowest Frequency -1535.6
14 Nudeus 1H
15 Acquired Size 32763
16 Spectral Size 65536
Il
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BC{*H} NMR Spectrum of 1a
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Parameter Value
1 Title Sangit-DP-
YOU-143-
MHTF-13C
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature  298.2
5 MNumber of 512 [}
Scans L
6 Receiver Gain 203
7 Relaxation 2.0000
Delay O//S\ W
8 Pulse Width 15,0000 o®
9 Acquisition 1.3831 o
Time
10 Acquisition 2023-07-18T1
Date 9:48:08
11 Spectrometer  100.61 - -
Freguency ) —
12 Spectral Width 24033.5 = ®
13 Lowest -19538.0
Frequency
14 Nudeus 13C
15 Acquired Size 32763
16 Spectral Size 65536 #
—————
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f1 (ppm)
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f1 (ppm)
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Parameter
1 Title

Value
Sangt-DP-01-
€_030323(500
MHz)

-75.38

F NMR spectrum of 1a

2 Spectrometer  spect
3 Solvent coci3
4 Temperature 293.2
5 MWHJNQ& 32 _.n_w
6 Receiver Gain 203
7 Relaxation 1.0000

Delay . O//S\W
8 Pulse Width 15,0000 2
9 Acquisition Time 0.577 © /R
10 Acquisition Date 2023-03-03T16:

58:52

11 Spectrometer  470.59

Frequency
12 Spectral Width  113636.4
13 Lowest -103]77.2

Frequency
14 Mudeus 19F
15 Acquired Size 6553
16 Spectral Size 131072
1 I 1 1 I I I I I 1 1 1 I I I I I L
-30 -40 -50 -60 -90 -100 -110 ﬂ.m.w_“_ ) -130 -140 -150 -160 -170 -180 -190 -200 -210 =220

ppm
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'H NMR Spectrum of 1b

Parameter
1 Title

Spectrometer
Solvent
Temperature

L N L

Mumber of
Scans

a

Receiver Gain

7 Relaxation
Delay

8 FPulse Width

9 Acqguisition
Time

10 Acquisition
Date

11 Spectrometer
Frequency

12 Spectral
Width

13 Lowest
Frequency

14 Nudeus

15 Acquired Size

16 Spectral Size

Value
Sangit-
DP-327-A
spect
cocl3
298.2
16

a0
1.0000

13,4600
4.0894

2023-11-09T
10:18:13
400,13
8012.8

-1535.6

1H
32768
65536

—i4.48
—4 .32

4,26
—4.03

-—

£l

Fi

2.01
;02

—_

=

—
T

JU

2.89

Fe

©

V%
Me’s‘
HN

9.5

9.0

8.5

8.0

73 7.0 6.3

6.0

3.3

& | 2024

5.0 4.5
f1 (ppm)

3.5

3.0 2.3 2.0 15 1.0 0.5 0.0
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Parameter Value
1 Title DP-327 A
2 Spectrometer spect
3 Solvent CDCl3 _.A__W
4 Temperature  298.2
5 Mumber of 512
Scans
Z
& Receiver Gain 203 OV/S\H
7 Relaxaton 2,000 07 \p
Delay s
8 Pulse Width 15,0000
9 Acquisition Time 1.35631
10 Acquisition 2023-11-09T1
Date 8:54:43
11 Spectrometer  100.561
Frequency
12 Spectral Width 24038.5
13 Lowest -1958.0
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
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'H NMR Spectrum of 1c
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Parameter Value _
1 Title Sangit-DP-328- _
A_211172023
2 Spectrometer spect
3 Salvent CoCl3 (
4 Temperature — 298.1 _ﬂ __\ [0} _ __\ __..
5 MNumber of 15 | _ = ' __
Scans J I L__ A 4 J
6 Receiver Gain 114
) Z
7 Relaxation 1,0000 O//S\H
Delay O\\
8 Pulse Width 13,4800
9 Acquisition Time 4.0334
10 Acquisition Date 2023-11-21T10
154158 W.
11 Spectrometer 400,13
Freguency
12 Spectral Width  8012.8
13 Lowest -1535.6
Frequency
14 Nudeus 1H
15 Acquired Size 32788
16 Spectral 5Size 65536
T T i
E E a S z
[ r = - m
1 I 1 I | 1 T T I 1 I I I I I I I I 1
10.0 9.5 9.0 8.5 8.0 73 6.5 6.0 3.3 3.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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BC{*H} NMR Spectrum of 1c
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Parameter Value
1 Tite Sangit-
DP-328(700M
Hz)
2 Specirometer spect
3 Solvent CDCI3
4 Temperature 293.0
5 Numberof 512
Scans
& Receiver Gain 179 [))
7 Relaxation 2,000 5
Delay
8 Pulse Width 15,4000
9 Acquision  0.7864 Oy, Z
»n I
Time O\\
10 Acquisition 2023-11-24T
Date 06:42:07
11 Spectrometer 176.05
Freguency (]
125pectral  41666.7 =
Width
13 Lowest -3229.8
Freguency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65538
| — J )
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f1 (ppm)
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'H NMR Spectrum of 1d
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Parameter Value
1 Title DP-330-B-F
2 Spectrometer spect
3 Solvent cndl3 ( E_ _
4 Temperature  298.2 _ [ __.. 7 _ f
5 Numberof 16 _ | | [
! ) - i L
Scans
6 Receiver Gain 161
7 Relaxation 1.0000
Delay
8 Pulse Width 23,3200
9 Acquisition 4,0894
Time
10 Acquisition 2023-12-29T1
Date 0:31:43 it
11 Spectrometer 400,13
Frequency
12 Spectral Width 8012.8
Oy, 2
13 Lowest -1535.6 VS I
Frequency O\
14 Mudeus H i
15 Acquired Size 32763
16 Spectral Size 65536 w
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BC{*H} NMR Spectrum of 1d
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Parameter Value
1 Title Sangit-
DP-330B-
F(700MHz)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature 293.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
9 Acquisition 0.7364 _.n__wv
Time
10 Acquisition 2024-01-05T1
Date 33510
O/ V4 N
11 Spectrometer 176.05 VS T
Frequency O\
12 Spectral Width 41666.7 w
13 Lowest -3229.8
Frequency
14 Mudeus 13C u
15 Acquired Size 32768
16 Spectral Size 65536
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F NMR Spectrum of 1d
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Parameter Value
1 Title Sangit-
DP-330-
F(500MHz)
2 Spectrometer spect
3 Solvent coal3
4 Temperature 298.6
5 Mumberof 16
Scans
6 Receiver Gain 203
7 Relaxaton  1.0000
Delay
8 Pulse Width  15.0000 (0]
9 Acguisition 0.5767 L
Time
10 Acquisition 2023-12-30T >
Date 10:37:29 O//S\ <
11 Spectrometer 470,59 O\\
Frequency
125pectral 1136364 L
Width
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14 Mudeus 19F
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16 Spectral Size 131072
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'H NMR Spectrum of 1e
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3 (0]
7 Relaxation 1.0000 L
Delay
8 Pulse Width 23.3200
9 Acquisiion 4.0894
O~ . Z
Time VS\ T
10 Acquisiion  2024-01-15 o’
Date Ti43h44 ~
11 Spectromet 400,13 o
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Frequency
12 Spectral 8012.8
Width
13 Lowest -1535.6
Frequency
14 Mudeus 1H
15 Acquired 32768
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T TH T o,
(=] L= ] [=1 — O
3 2 o =l 299
—_ ] —_ [T ]
| I | 1 I I I I I I I 1 L I I
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

S167



BC{*H} NMR Spectrum of 1e

147 .54
133.89
133.57
132.88
131.17
—125 .41

£
N

83.05

68.63
68.37
67.582

,
N

43.37

Parameter Value
1 Title Sangit-AD-DP-
Ms{500MHz)

2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 293.4
5 MNumber of 512

Scans )
& Receiver Gain 203 L
7 Relaxation 2.0000

Delay
8 Pulse Width 10,0000 O//S W
9 Acquisiion 11010 O\\

Time ~
10 Acquisition 2024-01-17T1 (o]

Date 41717 4
11 Spectrometer 125,76

Freguency
12 Spectral Width 29761.9
13 Lowest -2306.2

Frequency
14 Nudeus 13C
15 Acguired Size 32768
16 Spectral 5ize 65536

| |
T I I I I I I I I I 1 T I I I I I I
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 1f
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Parameter Value
1 Title Sangit-
DP-329-B-F
2 Spectromete spect f
r
3 Solvent CDCl3
4 Temperature 293.2 ~
5 Mumberof 16
Scans \ __ I
6 Receiver 101
Gain
7 Relaxation 10000
Delay
8 Pulse Width 13.4600
9 Acquisiion  4.0894
Ti (0]
ime L4
10 Acquisiion  2023-11-30
Date T10:17:37
11 Spectromete  400.13 ZT
r Frequency O”C\
12 Spectral 8012.8 /e
Width s
13 Lowest -1535.6
Frequency
14 Mudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536
N . 7
= — o LN =
a Qg a
- ™o m
I 1 | | I I T I I I 1 I I I T I I I 1 I I I T |
11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 3.5 4.5 4.0 35 30 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
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BC{*H} NMR Spectrum of 1f
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Parameter Value
1 Title Sangit-
DP-329-B-F
2 Spectrometer spect
3 Solvent CDas
4 Temperature 298.2
5 MNumber of 512
Scans
6 Receiver Gain 203
7 Relaxation 2.0000
Delay
8 Pulse Width 15,0000 L
9 Acguisition 1.3%31
Time
10 Acquisiton ~ 2023-11-30T o. <L
Date 17:53:59 /C/
11 Spectrometer 100.61 [
Frequency =
12 Spectral Width 24038.5
13 Lowest -1958.0
Frequency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
I | I I I I 1 I Ll I I T I 1 I | I I 1 I 1 1
210 200 190 180 170 160 150 140 130 120 110 100 a0 a0 70 60 30 40 30 20 10 -10
f1 (ppm)
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'H NMR Spectrum of 3a
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Parameter Value _
1 Title Sangit-DP-01-B-
F_17042023
2 Spectrometer spect
3 Solvent cocl3 _ﬂ\. ___‘ __
4 Temperature  300.2 ____ ____ | ¢ I
5 Mumberof 32 A J
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width 3.0000 &
9 Acguisition 4.0594 _.V L.
Time
10 Acquisition 2023-04-17T13:58:45
Date
Oy 2/ N
11 Spectrometer 400,13 S0
Frequency o~ \
12 Spectral Width 8012.8 nwo j
13 Lowest -1535.6 08
Freguency
14 Nudeus H
15 Acquired Size 32768
16 Spectral Size 65536
|
|
Iff 1§ !
L ﬁk\_ﬁ % I\Cf{[
e e T
o T mom - o omom =
R o 200 =
mn o~ - (] ™o - —
1 I I I I I I I I 1 I I I I I I I I 1 | I
10.0 9.5 9.0 8.5 8.0 7.5 FAL 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 0.0
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BC{*H} NMR Spectrum of 3a
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Parameter Value
1 Title Sangit-DP-01-
B-F(700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.0
5 Mumber of 1024
Scans
6 Receiver Gain 179 _.nm
7 Relaxation 2.0000
Delay
8 Pulse Width  15.4000
L Ow .2/
9 Acquisition 0.7864 //S\
Time O\\ \
10 Acquisition 2023-08-18T1 (@) j
Date 1:57:04 _._MJ
11 Spectrometer 176.05
Frequency
12 Spectral Width 41666.7
13 Lowest -3229.8
Frequency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
_ - _ L L.l _ 1 _ J
I 1 I I I I | 1 I 1 | 1 I I I I I
170 1a0 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10
f1 (ppm)
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F NMR Spectrum of 3a

Parameter
1 Tite

2 Spectrometer
3 Saolvent

4 Temperature
5

Mumber of
Scans

6 Receiver Gain

7 Relaxation
Delay

8 Pulse Width
9 Acquisition Time
10 Acquisition Date

11 Spectrometer
Frequency

12 Spectral Width

13 Lowest
Frequency

14 Mudeus
15 Acquired Size
16 Spectral Size

-75.38

Value

Sangit-DP-01-
C_030323(500
MHz)

spect
CDCI3
298.2
32

203
1.0000

15.0000
0.5767
2023-03-03T16
158:52

470,59

113636.4
-103877.2

19F
65536
131072

i

L

-30 -35 -60 -65 -70 -75 -80

1 1
-85 -q0
f1 (ppm)

-85

-100

-105

-110

-115

-120

-125

-130

-135

-140

-145
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'H NMR Spectrum of 3b
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Parameter Value _
1 Title Sangit-DPYDU-01-
Final __
2 Spectrometer spect | .
3 Solvent  CDCI3 _ t
4 Temperature 298.3 ___ __
5 Numberof 18 ___ __ Iy __ Mx_ ( ( _
Scans il S | 11
& Receiver 114
Gain
7 Relaxation 10000
Delay )
& Pulse Width &.0000 L
9 Acguisiton  4.0894
Time (]
10 Acquision  2023-08-31T12:59:43 Os. Z X 4 =
Date 2
11 Spectrometer 400,13 o /C ﬁ
Frequency ™
12 Spectral 8012.8 L o)
Width S
13 Lowest -1535.6
Frequency
14 Nudeus H
15 Acquired Size 32768
16 Spectral Size 65536
_, ; L _’ A__h
2T T TR N ™
= o [ 0O D 00 M — oo
259 mEm oooa o 29
[ 2] [==1 = I] - m m
I I I I I 1 I I 1 I I 1 1 | | 1 I | 1 I |
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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BC{*H} NMR Spectrum of 3b
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Parameter Value ey N E— _ e e ¥ N
1 Title Sangit-DP-ydd-01-B-
final{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 PulseWidth 15,4000 L
9 Acquisition 0.7364
Time [0)
10 Acquision  2023-09-01T06:29:03 Oxs. Py X AMWVMM
Date N
11 Spectrometer  176.05 ©) /C
Frequency ™
12 Spectral Width 41866.7 w O
13 Lowest -3229.8 =
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
__ ﬁ _ A _ 4 _ N ) 1
I I I 1 | I I I I I I 1 | I I I I I 1 1 I I
210 200 190 180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10 -10
f1 (ppm)
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Parameter Value
1 Title Sangit-DP-YDU-01-B-
Final (500MHz)
2 Spectrometer  spect
3 Solvent CDCl3
4 Temperature 298.2
5 Mumber of 16
Scans
6 Receiver Gain 203 o)
7 Relaxation 1.0000 L
Delay
8 Pulse Width 15.0000 [}
9 Acquisition Time 0.5767 Oy, 2 N 4 =
10 Acquisition Date 2023-08-31716:28:06 O\\S/
11 Spectrometer 470,59 O ﬁ
Frequency _._nla
12 Spectral Width  113636.4 [}
13 Lowest -103377.2 =
Freguency
14 Nudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072
o)
™
[T
o
S
>
 —
)
(&S]
(b}
o
wn
nd
M I 1 1 1 I 1 I 1 1 I I I T I I I 1 I I I 1 I I 1 1
=z 20 10 0 -10 -20 -30 -40 -50 -ai -70 -80 -90  -100 -110 -120 -130 -140 ~-150 -160 -170 -180 -190 -200 -210 -220
u f1 (ppm)
=1
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'H NMR Spectrum of 3¢
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Parameter Value |
|
1 Title Sanait-DP-08- |
B-CHI{700MHz) __
2 Spectrometer spect il
3 Solvent cocl3 [
4 Temperature  293.0 __ __
5 Mumber of 16
Scans

6 Receiver Gain 7

7 Relaxation 1.0000
Delay

8 Pulse Width 8,1000
9 Acguisition Time 2,3243
10 Acquisition 2023-08-25T13

Date 145:02
11 Spectrometer  700.13
Frequency
12 Spectral Width 140977
13 Lowest -2725.6
Frequency
14 Nudeus H

15 Acquired Size 32768
16 Spectral Size 65536

=T <r Wy o o
mD ®m=o
= =t =t = =t
VDN
_x
_.___. [ _
/ __ |
/ /|
/ N
OV/S
o7\
O
o
L

3.27

1003 e——

6.5 6.0 3.5

5177



BC{*H} NMR Spectrum of 3c
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Parameter Value
1 Title Sangit-DP-08-B-
CHI{700MHz)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature 298.0
5 Numberof 1024
Scans / [0)
6 Receiver 179 L
Gain
7 Relaxation  2.0000
Delay O~ 2 X ” L
8 Pulse Width  15.4000 \S/
9 Acquisiton 0,764 o % j
Time _._M.a
10 Acquisiion  2023-08-25T14:39:20 .
Date
11 Spectrometer 175.05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.58
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
_ _ __ ; —LR Ll o L iy i
I I I 1 | I I I I I I 1 | I I I I I 1 1 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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F NMR Spectrum of 3c

-75.46

-114.00

Farameter Value
1 Tite Sangit-DP-08-
B-
CHI(500MHz)

2 Spectrometer spect
3 Solvent Cocl3 o)
4 Temperature 298.2 L
5 Mumber of 16

Scans
& Receiver Gain 203 O//S\N / J L
7 Relaxation  1.0000 7

Delay o /C j
8 Pulse Width  15.0000 _._A:d
9 Acquisition 0.5767 L

Time
10 Acquisition 2023-08-24T1

Date 4:39:47
11 Spectrometer 470,59

Frequency
12 Spectral Width 113636.4
13 Lowest -103877.2

Frequency
14 Nudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072

I I I | | T I 1 I I I I I I I I | I T
-10 =20 -30 -40 -50 -60 -70 -80 -90 f ﬁ-Sau -110 -120 -130 -140 -150 -160 -170 -180 -190
ppm
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714
7.10
7.08
6.94
5.92
6.91
6.88

'H NMR Spectrum of 3d

Parameter Value
1 Title Sangit-DP-07-
B-CHI
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.2
5 Mumber of 16
Scans
6 Receiver Gain 144
7 Relaxation 1.0000
Delay
8 Pulse Width 8.0000
9 Acqguisition 4,0894
Time
10 Acquisition 2023-08-24T1
Date 0:30:57
11 Spectrometer  400.13
Frequency
12 Spectral Width 8012.8
13 Lowest -1535.6
Frequency
14 Nudeus H
15 Acquired Size 32753
16 Spectral Size 65536
M i e,
L Y O Mo — o0 P =
“ag a-oae—-a g
™o~ [ I BT = T Y = -—
| I I I I I I I | I I I I I I | | I | I | | 1 I T I
14.5 13.5 12.5 11.5 10.5 95 90 B85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)



BC{*H} NMR Spectrum of 3d
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Parameter Value
1 Title Sangit-
DP-07-B-
F{700MHz)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature 293.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxaton  2.0000
Delay
8 Pulse width 12,0000 @ _.m
9 Acquisiion  0.7364
Time Wv
10 Acquisiion  2023-06-30T
Date 12:01:50 O//S\N X 4 o
11 Spectrometer 176.05 o° \
Freguency 1S} j
12 Spectral 41666.7 i
Width ®)
13 Lowest -3229.8 ]
Frequency =
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
il
I I 1 I | I I I | 1 I 1 I I I I I I I T | 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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F NMR Spectrum of 3d

=78 .36

Parameter Value
1 Title Sangit-AD-
DP-35F(S00MH
)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.0
5 Mumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width 15.0000
9 Acguisition Time 0,5767 )
10 Acquisition Date 2023-03-31T16 L
132:24 )
11 Spectrometer 470,59 >
Frequency O~ \N / J O
12 Spectral Width  113636.4 V\S
13 Lowest -103377.2 ©) /C
Frequency e}
14 Nucleus 15F L 5
15 Acquired Size 65536 O
16 Spectral Size 131072 =
——
T T T T T T T T T T T T T T T 1 T | T r T T T T T T T T T
0 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22
f1 (ppm)
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'H NMR Spectrum of 3e

2
3 Solvent
&
5

=

woooo

Parameter

1 Title

Value

Sangit-AD-
DP-&7-N

Spectrometer spect

cocl3

Temperature 298.2

Mumber of
Scans

Relaxation
Delay

Arquisition
Time
10 Acquisition
Date

16

Receiver Gain 114

1.0000

Pulze Width  13.4600

4.0894

2023-11-16T
12:46:59

11 Spectrometer 400.13

Frequency
12 Spectral
Width
13 Lowest
Freguency
14 Mudeus

80128

-1535.6

H

15 Acquired Size 32768

16 Spectral 5ize 65536

472
{4.69
4.43
4.32
426
—4.15
4,06
j2 21
4219
2.18
2.17
2.15
1.51

v
v

@D NN O O
TR oo oGd@
B e = =
o e
!
|
I 1 1 1
1.0 0.5 0.0

8.5

8.0 7.5
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BC{*H} NMR Spectrum of 3e

[ o — 0= O
= [ty R A Ty] o [FaliToleal I~ 0D MW @m— 0w &0
@ 0= — w P @@ = @ m= oo Mo —J
o 00— o 0 D P M —0 [LERAF] =T {0
— — @ Fo P 0 D W =< = MmN —
| S A N e I e
Farameter Value
1 Title Sangit-AD-
DP-67-
MP{700MHz)
2 Spectrometer spect
3 Solvent CoCl3
4 Temperature 293.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation  2.0000
Delay
8 Pulse Width  15.4000
9 Acquisition 0.7364
Time
10 Acquisition 2023-11-20T
Date 16:00:21 i
11 Spectrometer 175.05
Frequency
12 Spectral 41666.7
Width nﬁﬂb\N N
13 Lowest 32298 o’ \
Freguency O
14 Nucleus 13C il
15 Acquired Size 32788
16 Spectral Size 65536
.— N o _ A — Z..._-_(_[.L_ | '’ by J
I I | I 1 I I I I I I | I 1 I I I
170 160 150 140 130 120 110 100 aa 80 70 60 50 40 30 20 10
f1 (ppm)
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F NMR Spectrum of 3e

Parameter Value

1 Title Sangit-AD-
DP-67-
NP{500MHz)

2 Spectrometer spect

3 Saolvent CDCl3

4 Temperature 293.9

5 Mumber of 16

Scans
6 Receiver Gain 203
7 Relaxation 1.0000

7510

Delay
8 Pulse Width  15.0000
9 Acquisition 0.5767
Time D
10 Acguisition 2023-11-18T LL=
Date 10:06:53
11 Spectrometer 470,59
Frequency
125 O3y < N
pectral 113636.4 S0
Width o’ \
13 Lowest -103377.2 muo
Freguency [T
14 Mudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072
-_
I I I 1 | I I I I I I 1 1 I I I L I | I I | I I I
20 10 0 -10 -20 -30 -40 -50 -0 -70 -B0 -90  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)
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Parameter Value ,
1 Title Sangit-DP-02-
B-F
2 Spectrometer spect
3 Solvent CoCl3
4 Temperature 298.1 ) [
5 Mumber of 16 __ [
Scans [ __ [ )
& Receiver Gain 144 . /] \\ )
7 Relaxation 1.0000
Delay
8 Pulse Width 8.0000
9 Acquisition 4.0894
Time
10 Acquisition 2023-04-21T1
Date 214705
11 Spectrometer 400,13 o)
Freguency L
12 Spectral Width 8012.8
13 Lowest -1535.6 o
Freguency e zZ s
S
14 Nudeus H VS\ N
) ) o~ \
15 Acquired Size 32768 1)
16 Spectral 5ize 65536 )
L
[T
™
[V
o
£
>
F—
—
C A
(B}
o
() e i By T
i~ m [ B - o =] =
o Moo oo-ooo @ 2
™o o e D [=] m
M I I T | I I I I I I T I I I I 1 | 1 | I I
pd 9.5 9.0 8.5 8.0 7.5 2.0 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 -0.5
T f1 (ppm)
—
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BC{*H} NMR Spectrum of 3f
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Parameter Value
1 Tite Sangit-DP-02-B-
Final (500MHz)
2 Spectrometer spect
3 Solvent C0Cl3
4 Temperature 297.9
5 MNumber of Scans 512
6 Receiver Gain 203
7 Relaxation Delay 2.0000
8 Pulse Width 10,0000
9 Acquision Time  1.1010
10 Acquisiion Date  2023-04-24T21:5 f (0]
. L
522
11 Spectrometer 125.76
Frequency )
12 Spectrd Width 297519 O//S\N N =
13 Lowest -2308.2 O\\ /
Frequency O
14 Nudeus 13C _._MJ
15 Acquired Size 32788
16 Spectrd Size 65536
L i&sﬁ%
1 I I I I | I I | L] 1 I I I | I I I I | |
200 190 180 170 160 150 140 130 120 110 100 0 80 70 60 50 40 30 20 10 ]
f1 (ppm)
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F NMR Spectrum of 3f

—-78.87

Parameter Value
1 Title Sangit-DP-02-
Wl
Fimal (500MHz)
2 Specirometer spect
3 Solvent C0Cl3
4 Temperature 298.4
5 Number of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000 ()
Delay L
8 Pulse Width  15.0000
9 Acquisition 0.5757 @
._|__._._m. - O//S\N / =
10 Acquisition 2023-04-24T1 O\\ /
Date 3126:58 O
11 Spectrometer 470,59 _._Ma
Frequency
12 Spectral Width 113636.4
13 Lowest -103877.2
Frequency
14 Nudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072
I I 1 | I I I I I I 1 1 I I I L I | I I | I I I
20 10 -10 -20 -30 -40 -50 -0 -70 -B0 -90 ﬂ.ﬁuaa u-ﬁE -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
ppm
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Parameter Value
1 Title Sangit- _
DP-03-B
2 Spectrometer spect
3 Solvent coclz [ |
4 Temperature 298.2 _
|
5 Mumberof 15 __
Scans _ _ _ ) 7
__
& Receiver Gain 203 __ ___ _ | _
| | /
7 Relaxaton  1.0000 :
Delay
8 Pulse Width  &.0000
9 Acqguisition 4.0894
Time i
10 Acquisition 2023-05-31T .
Date 14:39:08 o ; ]
11 Spectrometer 400.13 L T * t T
Frequency 2.30 2.25
125pectral 80128 o ——3 @ f1 (ppm)
Width T | e —
O~ 2 =
13 Lowest -1535.6 V\S e/ 40 39 38 37
Frequency o7\ = f1 (ppm)
14 Mudeus 1H Pnuo (@)
L

15 Acquired Size 32768
16 Spectral Size 65536
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'H NMR Spectrum of 3g
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BC{*H} NMR Spectrum of 3g
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Parameter Value
1 Title Sangit-DP-03-
B-F(700MHz)
2 Spectrometer spect
3 Solvent cDcl3
4 Temperature 293.0
5 Mumber of 1024
Scans
6 Receiver Gain 179 f _.o_w
7 Relaxation 2.0000
Delay w @
8 PuseWidth 154000 o o
9 Acqusiton  0.7864 Ox, 2V N = 7
Time 7
o7\
10 Acquisition 2023-08-2471 O
Date 0:21:35 F3
11 Spectrometer 176.05
Freguency
12 Spectral Width 41666.7
13 Lowest -3229.8
Frequency
14 Nudeus 13C Q
15 Acguired Size 32768
16 Spectral Size 65536 e
23.0 22.0
f1 (ppm)
.; In _ . L_ — __.._. _.ﬁ ) ] —. | L
1 I 1 1 I I I 1 I 1 1 1 I I I I I I Ll T 1 I
210 200 190 180 170 160 150 140 130 120 110 100 a0 a0 70 &0 30 40 30 20 10 -10
f1 (ppm)
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N
Farameter Value
1 Tite DP-03-BF
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 293.2
5 MNumber of 16
Scans
6 Receiver Gain 203 °
7 Relaxation 1.0000 ®) Z s
Delay V/S\ e/
/4
8 Pulse Width 15,0000 O"\_ =
9 Acquisition  0.5767 mua (@)
Time L=
10 Acguisition 2023-08-26T
Date 13:09:49
11 Spectrometer 470,59
Frequency
12 Spectral 113636.4
Width
13 Lowest -103877.2
Frequency
14 Nudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072
o
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'H NMR Spectrum of 3h
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Parameter Value
1 Title Sangit-DP-13-B-
ER (500MHzZ) | f
2 Spectrometer spect _ | _
3 Solvent CDCI3 | _
4 Temperature 238.0 __ _ _ | f _ [ | m_..x _
5 Numberof 16 | . H ___ ___ /
Scans
G Receiver 203
Gain
7 Relaxation  1.0000
Delay [}
. L
8 Pulse Width 12,0000
9 Acguisiton  3.2758
Time I
10 Acquisiion  2023-09-28T11:29:17 O// \N N =
/2]
Date OQ \
11 Spectrometer 500.13 &)
_H
requency _._ﬂn.a
12 Spectral 10000.0
Width
13 Lowest -1911.5
Frequency
14 Nudeus H
15 Acquired Size 32768
16 Spectral Size 65536
R Y i
— — 0D = N O =] (=]
=2 =a9 R = =
[ i p m
1 | I I | I I | I I I I I I I I
9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 3.5 5.0 4.5 4.0 3.5 3.0 25 2.0
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f1 (ppm)
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Parameter Value
1 Title Sangit-DP-13-B-
Er(700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 293.0
5 Mumber of Scans 1536
6 Receiver Gain 179
7 Relaxation Delay 2.0000 ¢ [0}
8 PukeWidth  15.4000 -
9 Acquisiion Time 0.7354
10 Acquisition Date  2023-10-03T16: (]
15:51 O//S\N Ny =
11 Spectrometer 176,05 O\\ \
Freguency O
12 Spectral Width ~ 41666.7 _._nlé
13 Lowest -3229.8
Freguency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
<
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Y
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S
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o
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o
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q 210 200 190 180 170 160 120 110 100 a0 80 70 60 50 40 30 20 10 1] -10
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F NMR Spectrum of 3h

-75.52

Parameter Value
1 Title Sangit-DP-13-
B-ER(500MHz)

2 Spectrometer spect
3 Solvent C0Cl3
4 Temperature  298.0
5 Mumber of 16

Scans

: ' ()

& Receiver Gain 203 . 0
7 Relaxation 1.0000

Delay
8 Pulse Width 15,0000 o = m
9 Acquisition Time 0.5767 V/S\ N
10 Acquisition 2023-08-28T12 O\ /

Date :03:46 Pwo
11 Spectrometer 470,59 L

Freguency
12 Spectral Width  113636.4
13 Lowest -103877.2

Frequency
14 Mudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072

I I 1 I I I | I I I 1 T 1 1 I 1 I 1 1 1 I I I 1
20 10 0 -10 -20 -30 -40 -30 -60 -70 -80 -90  -100 -110 -120 -130 -140 -130 -1le0 -170 -180 -190 -200 -210 -220
f1 (ppm)
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Parameter Value
1 Title AD-DP-01
2 Spectrometer  spect ___
3 Solvent cocl3 |
|
4 Temperature 298.2 |
[ | / 1\ |
5 MNumber of 16 / J J | /
Scans ' ’
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width 3,0000 O
9 Acquisition Time 4.0894 LL-
10 Acguisition Date 2023-10-25T11
49112
11 Spectrometer 400,13 - prd T
Frequency OV/S\ /
12 Spectral Width  8012.8 i o7\
13 Lowest -1535.6 : 1__ , .n _ Ca
_H F
reauEncy 60 58 56 54 52
14 Nudleus H f1 (ppm)
15 Acquired Size 32758
16 Spectral Size 65536
&5
Y
o
e
= A |
F—
3 M
(B}
o
wn T T PR T T
o 2 3 823583 2 3% o
M I I 1 1 I | 1 I | I - I - l“ﬂ_ T _rn_ = 1 | = I I = _n.._ I 1 I I 1 I
Z 10.0 9.5 9.0 8.5 8.0 A 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -0  -1.5
T f1 (ppm)
—

5195



BC{*H} NMR Spectrum of 3i
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Parameter Value
1 Title Sangit-AD-
DP-65
13C(700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 293.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000 z BER
9 Acquisiion  0.7354 o 289
Time o _ 175
10 Acguisition 2023-10-31T2 L _
Date 0:12:35 h
11 Spectrometer  176.05 | F. S R R _rF-_.r.ru
Frequency Oy, < T 53 51 49 47
12 Spectral Width 41686.7 > f1 (ppm)
13 Lowest -3229.8 o /C
Frequency ™
L
14 Nucleus 13C
15 Acquired Size 32768
16 Spectral Size 65536
L — — 1 2 —L L —. i (._._ r "
| I I I I 1 I I I T I 1 1 1 1 I
160 150 140 130 120 110 100 a0 a0 70 60 50 40 30 20 10
f1 (ppm)
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F NMR Spectrum of 3i

Parameter Value
1 Title AD-DP-01
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.1
5 Mumberof 16
Scans
6 Receiver Gain 203 _.n_w
7 Relaxation  1.0000
Delay
8 Pulse Width  15.0000
Z T
9 Acquision 05767 O/S\ N
Time o~ \
10 Acquisition  2023-10-26T Q
Date 16:40:09 [T
11 Spectrometer 470.59
Freguency
12 Spectral 113636.4
Width
13 Lowest -103877.2
Freguency
14 Mudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072
I 1 1 1 I 1 1 I I I T I I I 1 I I I 1 I I 1 1
0 -10 -20 -30 -40 -30 -60 -70 -80 -0 -100 -110 -120 -130 -140 -130 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)

5197



'H NMR Spectrum of 3j
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Parameter Value 7
1 Tite Sangit-AD-
DP-&&R.
2 Spectrometer spect _ | f 7
3 Solvent cocl3 | __ _ P __ |
4 Temperature  298.2 N / Ay
5 Number of 16
Scans
6 Receiver Gain 114
7 Relaxation 1.0000
Delay
8 Pulse Width 13,4500
9 Acguisition Time 4.0894
10 Acquisition 2023-11-03T1
Date 3:05:27
11 Spectrometer  400.13
Frequency
12 Spectral width 8012.8 B
13 Lowest -1535.6 - o7\
Frequency
14 Nudeus H =
15 Acquired Size 32768 —_——7—
16 Spectral Sige 65536 6.8 0.0
f1 (ppm)
1 )(»CEQC
' i gy
[ -} = OO O AN
- = R
o - — = O =MD
I I I I T I I I I I
9.0 8.5 8.0 7.5 0 6.5 6.0 5.5 5.0 4.5

2.39
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BC{*H} NMR Spectrum of 3j
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Parameter Value _ r:.V,._._T\_ r_ __ _\ f_ ___\ _ f_\
1 Title Sangit-AD-
DP-66-
P{700MHz)
2 Spectromete spect
r
3 Solvent CDCl3
4 Temperature 293.0
5 Mumber of 1024
Scans
6 Receiver 179
Gain
7 Relaxation 2.0000
Delay _.a_w
8 Pulse Width 15,4000
9 Acquisiion 0.7364
Time
@) pz4 T
10 Acquisition  2024-01-03 Sw” N
Date T13:16:08 o\
11 Spectromete 176.05 Pwo
r Frequency [T
12 Spectral 41666.7 w w
Width o o ;
13 Lowest -3229.8 = 9__
Frequency __ __
14 Mudeus 13C h | /
15 Acquired 32768 ? [\\ _
Size f \
16 Spectral Size 65536 . /lﬁ
| . L S
21.40 21.30
f1 (ppm)
_.—_F.. __... ...:.l.__. .\— i -.._;_ Ik _L.k._ .r.. ._.
I I | 1 I I 1 1 I I T 1 1 1 I 1
170 1a0 150 140 130 120 110 100 a0 80 70 60 50 40 30 20

f1 (ppm)



F NMR Spectrum of 3j
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Parameter Value
1 Title Sangit-AD-
DP-02_26102
3{500MHz)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature  293.0
5 Mumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 PulseWidth  15.0000 — o
9 Acquisiton  0.5767 NERNE
Time LS
10 Acquisiton  2023-10-26T1
Date 6:45:13
11 Spectrometer 470,59
Frequency
12 Spectral Width 113635.4 : : T I T
13 Lowest -103877.2 -74.9 -75.1 -73.3
Frequency f1 (ppm)
14 Mudeus 19F
15 Acquired Size 65536
16 Spectral 5ize 131072
I 1 1 1 I I I | 1 I I I T 1 I I T I 1 1 1 I I I 1
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -130 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)
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'H NMR Spectrum of 3k
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Parameter Value 7
1 Tite Sanait-DP- _
YDU-03-B- | _
Fix “
2 Speciromete spect __ __
r __. __. _ __. \.\ s ___
3 Solent  CDCI3 ] 3 [ . i
{ | |
4 Temperature 298.2 J _ | | / ._\ I J Il
5 Mumber of 16
Scans
6 Receiver 144
Gain
7 Relaxation 1.0000 - o
Delay O w @
8 Pulse Width 13,4800
9 Acquisiion 4.0394 [}
Time O//S\N / 4 =
10 Acquisiion  2023-12-12 O\\
Date T15:48:35 j
11 Speciromete 400.13
r Frequency
[}]
12 Spectral 8012.8 ] s
Width =
13 Lowest -1535.6
Freguency
14 Nudeus 1H
15 Acquired 32768
Size
16 Spectral Size 65536
WL LT T T "
= ™NO N ™~ [ - o — O
o oooo o momo = oo
"] [T I ) "] (=N I (=] [ W1
I I I I | | I 1 I I 1 | I I T I I I I I I
100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 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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BC{*H} NMR Spectrum of 3k
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Parameter Value
1 Title Sangit-DP-
YDU-03-B-
F(700MHz)
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 298.0
5 MNumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
9 Acguisition 0.7364
Time ¢ o
10 Acquisition 2023-12-15T1 LS
Date 6:09:02
11 Spectrometer 178,05 (]
Frequency O~ \N / J =
12 Spectral Width 41655.7 V\S
13 Lowest -3229.8 ©
Frequency
14 Nudeus 13C o
15 Acquired Size 32768 v =S
16 Spectral Size 65536 =
_:;‘ cE_r —Q. -5‘- ._& .__
I I I I I I I I | | L] 1 L 1 I 1 I I
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 3l
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Parameter Value _
1 Title Sangit-DP- |
YDU-D4-3F (7 | [
D0MHz) ol /
2 Spectrometer spect _ _ _ I 0o )
/ | i
3 Solvent cocl3 I, _hﬂ I \.ﬁ_a | )
4 Temperature 298.0
5 Numberof 16
Scans
6 Receiver Gain 7
7 Relaxaton  1.0000
Delay
8 Pulse Width  8,1000 .
9 Acquisiion  2,3243
Time
10 Acquisition 2023-12-18T
Date 13:26:53 O3y~ N g
11 Spectrometer 700.13 o®
Frequency ﬁ
12 Spectral 140977
Width
13 Lowest 2725.6 m
Frequency
14 Nudleus 1H
15 Acguired Size 32768
16 Spectral Size 65536
i =7 A EY I f i
gs8ag EEERER g g
— O e — L] e - ™
I I I 1 I | 1 I I I I | I | 1 | | I I I | 1
10,5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

3.9
f1 (ppm)

0.0
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BC{*H} NMR Spectrum of 3l
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Parameter Value
1 Title Sangit-DP-
YDU-04-3F(70
OMHz)
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature  298.0
5 Mumber of 2048
Scans
6 Receiver Gain 179
7 Relaxation 2.0000 )
Delay L
8 Pulse Width 15,4000
9 Acquisition 0.7364
Time () z NS J
A7
10 Acquisition 2023-12-18T1 \\S
Date 5:05:35 @)
11 Spectrometer 176.05
Freguency
12 Spectral Width 41666.7 )
13 Lowest -3229.8 =
Freguency
14 Mudeus 13C
15 Acquired Size 32758
16 Spectral 5ize 65536
1 I I | I I I T 1 I I I I | T I 1 |
180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

f1 (ppm)

5204



7.91
7.90
7.88
789
787
763
758
755
755
754
7.54
753
753
7582
752
7.48
747
735
7.35
7.34
7.34
718
A7

Parameter
1 Title

2 Spectrometer
3 Solvent

4 Temperature
5

Mumber of
Scans

6 Receiver Gain

7 Relaxation
Delay

8 Pulse Width

9 Acquisition
Time

10 Acquisition
Date

11 Spectrometer
Freguency

Value

Sangit-DP-
YDU-05-B-
Final{700MHz)

spect
CDCI3
298.0
16

5]
1.0000

8.1000
2.3243

2023-12-26T1
6:57:28
700,13

12 Spectral Width 14097.7

13 Lowest
Freguency

14 Mudeus
15 Acquired Size
16 Spectral Size

-2725.6

H
32768
65536

10.0

'H NMR Spectrum of 3m

9.5

9.0

8.5
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451
459
438
436
435
435
426
425
425
419

373

371

238

238
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BC{*H} NMR Spectrum of 3m

Parameter Value

1 Title Sangit-DP-
YDU-05-B-
Final (700MHz)

2 Spectrometer spect

3 Solvent CDCl3

4 Temperature 298.0

5 Mumber of 949

Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
Pulse Width 15,4000
Acquisition 0.7364
Time
10 Acquisition 2023-12-26T1
Date 7:44:29
11 Spectrometer 1756.05
Freguency
12 Spectral Width 41666.7

woooo

13 Lowest -3229.8
Freguency
14 Nudeus 13C

15 Acquired Size 32763
16 Spectral Size 65536

1

—143.28
—141.38
134.00
133.34
133.07
—132.31
—129.44
128.10
127 .99
127.73
127 .54
126,71
126.59
126.34
126.24
125 .86

|

—82.00
—79.21

70,57
6786
~—66.94
~65.30
—48.71

—46.36
_-22.92
~21.50

160 150

1
a0
f1 (ppm)
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Parameter Value __
1 Title DP-YDU-07-F _ |
2 Spectrometer spect __ _ _
3 Solvent cocls / _
4 Temperature 298.2 _ x.__ | 7
5 Mumberof 18 f | ! ____ __ _
Scans | | [ | 7
. . | | _L_ __. ._q | __ __..._ __.__ \; __ |
6 Receiver Gain 203 ! ! ! ! : !
7 Relaxation 1.0000
Delay
8 Pulse Width 23,3200
9 Acguisition 4,0894
Time
10 Acquisition 2023-12-29T7
Date 10:27:05
11 Spectrometer 400.13
Frequency _.n__w
12 Spectral 8012.8
Width
13 Lowest -1535.6
Frequency U//S\ N
14 Mudeus H O\\
15 Acquired Size 32768
16 Spectral Size  £5538
[
=
c
™
Y
o
£
>
=
(&)
o LE A U
n Tl gt 1T 17 T
o a moZZa 23 - o p 3
M I | I I I 1 1 I | I I T | | I I T | I I 1 I
Z 10,5 100 9.5 9.0 8.5 8.0 73 7.0 6.3 6.0 5.5 2.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
T f1 (ppm)
—
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BC{*H} NMR Spectrum of 3n
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Parameter Value
1 Title Sangit-DP-
YDU-07(700MH
z)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature  298.0
5 Number of 1536
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000 ()
9 Acquisition Time 0.7864 =
10 Acquisition Date 2024-01-12T11
131:25 >
11 Spectrometer 176,05 O//S\ N
Frequency O\\
12 Spectral Width  41666.7
13 Lowest -3223.83
Frequency
14 Nudleus 13C m
15 Acquired Size 32768
16 Spectral Size 65536
— _ _ mn ‘ — _ ; _ﬁ wg— ! | _ 1
I I I 1 1 I I I I I I 1 | I I I I I 1 1 I I
160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10 -10

210

2000 1%0 180 170

f1 (ppm)
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'H NMR Spectrum of 30
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Parameter Value \
1 Tite Sangit-AD- [ /
DP-75-P ____
2 Spectrometer spect ___ !
3 Solvent cocl3 ) q _ / J
) |
4 Temperature 298.2 __ __ ) i ) } [ /
5 MNumberof 16 .__ | _.__ (1] _\_ i \ f /
Scans
6 Receiver Gain 161
7 Relaxation 1.0000
Delay
8 Pulse Width 23,3200
9 Acquisition 4.0894
Time
10 Acguisition 2024-01-04T1
Date 0:3112 e
11 Spectrometer 400,13 N - O~ 2 T
Frequency V
! o’
12 Spectral Width 8012.8 —
13 Lowest -1535.6 )
Frequency - o
14 MNudeus H T LA R B Wv
15 Acquired Size 32768 6.2 ﬂm.m 2.4
16 Spectral Size 65536 Du_u_.._,_u.
» ; EE
T I T T poER T T T
= o o ~ WD oD M D™ - ™~ ™o o =
= =] - = EER R 3 = - o E) 3
(] ™ Qo - v = =y N - - - m ~ m
1 I I I I T I 1 I I I I I I I I I T I
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)
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BC{*H} NMR Spectrum of 30
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Parameter Value
1 Title Sangit-DP-75-
P{700MHZ)
2 Specirometer spect
3 Solvent CDCl3
4 Temperature 298.0
5 Mumber of 512
Scans
& Receiver Gain 179 %
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
- O~ \N N I
9 Acquisition 0.7864 Sn
Time o’
10 Acquisition 2024-01-05T1
Date 4:06:55
11 Spectrometer 175.05 n
Frequency s
12 Spectral Width 41665.7
13 Lowest -3229.8
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
_. A __' _.—_7, [T _._r _: : Li —._ — _. P b
| I | I I I T | | I I 1 1 | I I I
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 3p
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Parameter Value | _ _
1 Title sangtop- | || | i
RdU-06- M | / ﬁ_: / _
Foomdz) | L (Y J
2 Spectrometer spect
3 Solvent Ccocl3
4 Temperature 298.0
5 Mumberof 16
Scans
6 Receiver Gain &
7 Relaxation  1.0000
Delay
8 Pulse Width 8.1000
9 Acquision  2.3243
Time
10 Acquisition  2023-12-22T
Date 17:03:17
11 Spectrometer 700,13
Frequency
12 Spectral 14097.7
Width
13 Lowest -2725.6
Frequency
14 Mudeus H
15 Acquired Size 32768
16 Spectral 5ize 65536
et poYY i
S m T oo nmomMND m =
a@:aagaq ag-~aa g a
Mo —m - Rl Rl - "
I I 1 | I 1 I I 1 I I 1 I I | I | | 1 | I 1 I I I I
12,5 120 115 11.0 105 100 9.5 9.0 8.5 8.0 7.5 0 6.3 6.0 3.5 5.0 4.5 4.0 35 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 3p
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Parameter Value
1 Title Sangit-DP-
RdU-08-
F{700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature  293.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15.4000
9 Acquisition 0.7864
Tirme -
10 Acquisition 2023-12-22T1 _.n__lu
Date 7:53:54
11 Spectrometer  176.05 o)
Frequency =
pz4
12 Spectral Width 41666.7 O//S\ N
Z
13 Lowest -3229.8 o~
Freguency Lt
14 Mudeus 13C
15 Acquired Size 32758 W
16 Spectral Size 65536
: ;—:;—__. _.r._r _— " Lale ba i .
| I I | I I 1 1 | I I I I 1 T | I |
180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

f1 (ppm)
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F NMR Spectrum of 3p

fus]
@
w
|
Parameter Value
1 Tite Sangit-DP-
YDU-08
2 Specirometer spect
3 Solvent CoCl3
4 Temperature 300.0
5 MNumber of 43
Scans
&6 Receiver Gain 203
7 Relaxation 1.0000
Delay
§ Pulse Width  15.0000
9 Acquisition 0.7340
Time
10 Acquisition 2024-04-22T
Date 15:53:16
11 Spectrometer 376.46
Frequency
12 Spectral Width 89285.7
13 Lowest -32292.7
Freguency
14 Nudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072
1 | | I 1 I I I T I I I 1 | I 1 1
-20 -30 -40 -50 -60 -70 -B0 -a0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -140
f1 (ppm)
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'H NMR Spectrum of 3q

7.51
7.50
7.40
7.40
7.38
7.38
7.34
7.33
7 .31
7.20
7.20
718
7A7
7.08
7.07
7.07
7.08
7.04
7.03
7.03

7.02
7.01
7.01
4.62
4.60
4.52
4.50
4.29
4.29
417
415

5.5
f1 (ppm)

Parameter Value
1 Title Sangit-AD-
DP-10-
P{700MHz)
2 Spectromete spect
r |
3 Solvent CoCl3 __
4 Temperature 298.0
5 Mumber of 48
Scans
6 Receiver [
Gain
7 Relaxation  1.0000
Delay
8 Pulse Width 8. 1000 _.a_wv @
9 Acquisition  2.3243
Time
10 Acquision  2024-01-05 o) A
Date T12:41:38 Sun”
11 Spectromete 700,13 o” <
r Fres
quency W
12 Spectral 14097.7
Width
13 Lowest -2725.6 L
Frequency
14 Mudeus 1H
15 Acquired 32768
Size
16 Spectral Size 65536
R {l | Al Y
A M UL y
[ N T I ™o~ =
aooaoa =9 ]
Rl o I S A T —— —_
1 I I I I I I I 1 I I 1 I I I I I
105 10.0 9.5 9.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
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BC{*H} NMR Spectrum of 3q

163.46
.52183.39
162.01

Parameter
1 Title

2 Spectromete
r

3 Solvent
4 Temperature
5 MNumber of
Scans
6 Receiver
Gain
Relaxation
Delay
Pulse Width
Acquisition
Time

=

wooo

10 Acquisition
Date

11 Spectromete
r Frequency

12 Spectral
Width

13 Lowest
Frequency

14 Nudeus

15 Acquired
Size

16 Spectral Size

Value
Sangit-AD-
DP-10-
P(700MHz)
spect

CDCI3
298.0
1500

179
2.0000

15,4000
0.7864

2024-01-08
T17:50:01
176.05
41688.7

-3229.8

13C
32788

65536

161.85

Y

—142.45
o141

—137.55

= P~ =r 0 [an 1 Ty )

HCHIRRBE® =0
g 00 P oo 00 0o
NONNcE==2000

—81.80
—78.76

70.65
Ve
T 6794
—-B6.18
B5.29

A
S,

—48.53
—48.41

190 180 170

160

150

140

130

120

110

I
100
f1 (ppm)

o0

80

70

60

30

40

30

20

10
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F NMR Spectrum of 3q

=
w
%]
]
|
Parameter Value
1 Tite Sangit-AD-
DP-10-
P{500MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 297.9
5 Mumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 10000
Delay
8 Pulse Width 15,0000
9 Acquisition 0.5767 ()
Time L
10 Acguisition 2024-01-05T1
Date 2:39:53 N
11 Spectrometer 470,59 Oy, <
Frequency \\S
12 Spectral Width 113635.4 o %
13 Lowest -103877.2 L.
Frequency
14 Nudleus 19F T8
15 Acquired Size 65536
16 Spectral Size 131072
I I I 1 | I I I I I I 1 1 I I I L I | I I | I I I
20 10 0 -10 -20 -30 -40 -50 -0 -70 -B0 -90  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)
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7.33
7.32
7.03
7.03
7.02
.01
7.01
7.00
5.98
5.99
5.98

Scans

Parameter Value
1 Tite Sanait-AD-
DP-11
2 Specirometer spect
3 Solvent cDCl3
4 Temperature 298.2
5 MNumber of 16

6 Receiver Gain 144

A P

4.57
4.53
4.45
4.42
4.31
4.24
417
4.18
415
4.08
3.87
3.83

€6

63

3
3

R

— Q@ WA — O
= —— — O
LRV

1.48
1.46
1.0
1.02
1.00

e SN

7 Relaxation 1.0000
Delay
8 Pulse Width 23,3200
9 Acquisition 4,0894
Time
10 Acquisition  2024-01-04T1 _.m
Date 6:16:14
11 Spectrometer 400,13
Freguency >
12 Spectral Width 8012.5 O//S\ N
Z
13 Lowest -1535.6 o”
Fregquency
14 Nucleus H L
15 Acquired Size 32788 u
16 Spectral Size 65536
—
™
[V
o
e
S Jo .
5] AN
8
[2) L R T T iy
= [a2] T O e P e P O = - -
x =) o ogoaoaaa 3 o o
o - e S N + ca o
M I 1 I 1 I I I I I I I | I 1 I
pd 10.0 9.5 9.0 8.5 8.0 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0
T f1 (ppm)
—
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BC{*H} NMR Spectrum of 3r

W@ o— P~ 04 0D T O —NEm D M®
| Mo | R RooddD =@ @y D0 f—  Q=on oo
000 — oooom T R Rl Py =M@ o aras —a
00D o T T M [ R - N oo O R o = =
——— = ——— — ———— — — - — a0 -l - DD o = = o {7000 —
=y de | NOSNA AT '
Parameter Value
1 Title Sangit-AD-
DP-11-13C(7
00MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 293.0
5 MNumber of 1024
Scans
6 Receiver 179
Gain
7 Relaxation  2.0000
Delay
8 Pulse Width  15.4000
9 Acquisiion  0.7364
Time
10 Acquisiion  2024-01-05T o)
Date 11:12:45 L
11 Spectrometer 176.05
Frequency
12 Spectral 41666.7 O~ \N AN
Width NS
13 Lowest -3229.8 o
Fre
quency "
14 Mudeus 13C
15 Acquired Size 32768 L
16 Spectral Size 65536
. 1l I : n _
I I I 1 1 I I I I I I 1 | I I I I I 1 1 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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—-105.86

Parameter Value
1 Title Sangit-AD-
DP-11-13C(50
OMHzZ)
2 Spectrometer spect
3 Saolvent COCI3
4 Temperature  298.7
m

Mumber of 16
Scans

& Receiver Gain 203
7 Relaxation 1.0000

Delay

Q

8 Pulse Width 15,0000 L
9 Acquisition 0.5757

Time
10 Acquisition 2024-01-05T1 O~ \N N

N

Date 4:20:45 \\s
11 Spectrometer 470.59 o

Fre

qUENCY w

12 Spectral Width  113636.4
13 Lowest -103877.2 L

Frequency
14 Nudeus 19F

15 Acquired Size 65536
16 Spectral 5ize 131072

F NMR Spectrum of 3r

1 | I I I I I I 1 1 I I I L I | I I | I I I
-10 -20 -30 -40 -50 -60 -70 -80 -390 ; .ﬁSD ) -110 -120 -130 -140 -150 ~-160 -170 -180 -1%90 -200 -210 -220
1 (ppm
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'H NMR Spectrum of 3s

W P 00O P 00 0 P P 1D 0 — w = vs)
e e e acn T e e e ™ = M
P oo P P P P ED < < < < < 5 ] oo
= 51N N
Farameter Value .
1 Tite Sangit-OP- 7
YOU-14- _
B(700MHz)
2 Spectromet spect 7 | |
er _ :
3 Sohent  CDCI3 _ﬂ ﬁ { _a
4 Temperatur 298.0 _ _ 7 f __ [ __ ( p
e | I |
[ ] / _
5 Number of 16 I / 5_ / / '
Scans
6 Receiver ]
Gain
7 Relaxation 1.0000
Delay
8 Pulse Width 8.1000
9 Acquisition  2.3243
Time
10 Acguisition 2024-01-11
Date T12:05:47
11 Spectromet 700.13
er
Frequency
12 Spectral 14097.7
Width
13 Lowest -2725.6
Freguency
14 Nudeus H
15 Acquired 32788
Size
16 Spectral 55536
Size
i, i P i T X
— oo m [ B e - ™~ oo
a9aaqg aaogaqg a ag
T o Moo= - —_ m m
I I I T | I I I I I I 1 T | I I | | I
9.0 8.5 8.0 5] 70 6.5 6.0 5.5 5.0 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)
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BC{*H} NMR Spectrum of 3s

@O OO0 — 0 — 0= @O0 oo o
TORO ROQNORNRO -0 OO0 oo @ om Gl o o4 = oo
MM —cr—— @O OO OHE OOO o0~ - o= o oo
DODO FFTFOEOOOOACACNCEN e =000 ol — 00 0 Lo w w0 —
— T T T T T T T T T T T T T T T T T T T T T oo @ [~ D 0 0 ~T =T [ el
Sy eSS N T = AN SN Y ! N
Farameter Value
1 Title Sangit-DP-
YDU-14-
B(700MHz)
2 Spectrometer spect
3 Solvent cocl3
4 Temperature 293.0
5 Mumber of 869
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width  15.4000
9 Acquisition 0.7364
Time
10 Acquisition 2024-01-11T
Date 12:48:41
11 Spectrometer 175.05 O,
Frequency 4
12 Spectral 41656.7 O
Width
13 Lowest -3229.8
Freguency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral 5ize 65536
_ | " N J _‘k A _
I I I I | I I I I 1 I I | I
200 190 180 170 1a0 150 140 130 120 110 a0 70 50 20
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Parameter Value
1 Title Sangit-DP-
YDU-14-
B(500MHz)
2 Spectrometer spect
3 Solvent C0Cl3
4 Temperature 297.5
5 Mumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width  15.0000
9 Acquisition 0.5757
Time
10 Acquisition 2024-01-11T1
Date 0:26:53
11 Spectrometer 470,59
Frequency
12 Spectral Width 113635.4
13 Lowest -103377.2
Freguency
14 Nudeus 19F
15 Acquired Size 65536
16 Spectral Size 131072
[%2)
(ap]
Y
o
£
>
.
)
(8}
[}
[oN
(7p]
[0
W I I I I | I I I | I I I 1 I I I 1 I I I I | I I I
n 20 10 0 -10 -20 -30 -40 -50 -60 -70 -B0 -0 -100 -110 120 -130 -140 -150 -160 -170 -1B0 -190 -200 -210 -220
2 f1 (ppm)

5222



'H NMR Spectrum of 3t

Cd— 000 — O — [ L I O e T S T R 3 T (53] i
=TT Mmoo Lo Mmoot —— Qo o gl
[ S S S e e i s ] ol ol
TN B L _ _
/
)
Parameter Value _
1 Title Sangit-AD- / {
DP-63(700MH _ _
z) f __q ___ |
2 Spectrometer spect | /| f N 7 _. . 7 _
3 Solvent codl3 _“ _ | h_m | f |
4 Temperature 298.0 n e !
5 Mumberof 48
Scans
6 Receiver Gain 7
7 Relaxation 1.0000
Delay
8 Pulse Width  8.1000
9 Acquisition 2.3243
Time
10 Acquisition 2023-12-13T [0)
Date 10:23:13 L
11 Spectrometer 700,13
Frequency ()
12 Spectral 14097.7 o \N -
Width >
\S/
13 Lowest 27256 o e
Frequency =
14 Nudews H
15 Acquired Size 32768
16 Spectral Size 65536
pi T A i T
253 5 3353 3 z =
— oy ™ -y - m ™~
1 1 I I I 1 1 | I I 1 1 | I I I I | I I I
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

5223



BC{*H} NMR Spectrum of 3t

5224

70.54
67.88
xST.B-ﬂl
56.82
\85.31
—48.36
—46.18
36.59
22.98

/.
L

ITs] M M @m0
«w i @mow ke
] 00 P b D @
s ooddd B
|~
Parameter Value
1 Title Sangit-AD-
DP-63-
Fimal{700MH
Z)
2 Spectromete spect
r
3 Solvent COCl3
4 Temperature 298.0
5 MNumber of 2048
Scans
6 Receiver 179
Gain
7 Relaxation  2.0000
Delay o
3 Pulse Width 15,4000 LLS
9 Acquisiion 0.7864
Time o)
S
10 Acquisiion  2023-12-18 o) 4 =
Date T18:40:50 //S\
11 Spectromete 175.05 O\\ So
r Frequency =
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Nudleus 13C
15 Acquired 32768
Size
16 Spectral Size £5536
L | I | I I I T | I
170 160 150 140 130 120 110 100 0 80
f1 (ppm)



'H NMR Spectrum of 3u

P 0D Q000 M0 3 — P D= LD o P [ o | L =T {7
e s R e B e ] P L0100 L0 L0 @mm LR
W =ttt LT Om o0 eded e e —— -
N T e e Sl N
Parameter value 7
1 Title Sangit-AD-
Dp-73-EP | 7
2 Spectrometer spect _
3 Solvent cocl3 _ 7
4 Temperature 293.2 _ f
I
5 MNumber of 16 0l ) [ _
i ffoI L / |
Scans / SN [ / _
6 Receiver Gain 114
7 Relaxation 1.0000
Delay o
8 Pulse Width 13,4600 LL-
9 Acquisition 4,0894
Time
10 Acquisition 2023-12-08T @) zZ T
Date 10:18:40 MS\ N
11 Spectrometer 400,13 /
Freguency n.nua
12 Spectral 8012.8 w
Width I —
13 Lowest -1535.6
Frequency
14 Nudeus 1H o 3
T T T T
15 Acquired Size 32758
Fauree 55 54 53
16 Spectral Size 65536 f1 (ppm)
o) brist W, i, W N T T
= L= I ™ = O E T o - o IOy e o m o £, ]
] Saoo—-ao0ao09 o o o -
— v v L] o v ™ — ™~ =]
| I I | | I I | I T L I I I I | I I
8.5 8.0 7.5 2.0 6.5 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)
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BC{*H} NMR Spectrum of 3u

= B o of 000N oy @ 1) = mmT— 09
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_ _ || NSNS _ _ NN S
Parameter Value
1 Title Sangit-AD-
DP-73-13C(7
00MHz)
2 Spectrometer spect
3 Solvent CoCl3
4 Temperature 298.0
5 Number of 1024
Scans
& Receiver Gain 179
7 Relaxation  2.0000
Delay
8 Pulse Width 15,4000 (0]
LL- o) =t 0@
9 Acquision  0.7864 ™ oL@
Time % 93
10 Acquisition  2023-12-11T _ 5N
Date 11:29:30 O//S\N A
11 Spectrometer 176.05 O\\ /
Freguency O
12 Spectral 41666.7 _._M.a | T T . T
Width 55 50 45
13 Lowest -3229.8 f1 (ppm)
Frequency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65538
| _ J ¥ _ | I
1 | | I T I I I | I 1 1 I | 1 | I
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 3v

O o O M= 5T o O
LR i for NN = oo o d@
R ol NN e OO
e I SN e N
Parameter Value .
I
1 Title Sangit-AD- [
DP-74 { _
2 Spectromete spect { __ |
r _ | _
3 Solvent  CDC3 _ / _ |
4 Temperature 2932 _ _.« \ _ __
5 MNumber of 32 I k __ _
5 [ ]
cans |\_‘ u_ I A __ __
6 Receiver 203
Gain
7 Relaxation 1.0000
Delay
8 Pulse Width 13.4600
9 Acquisiion 4.0334
Time
10 Acquisiion  2023-12-09
Date T10:28:32
11 Spectromete 400.13 Q.
r Frequency L
12 Spectral 3012.8
Width
13lowest  -1535.6 Oy, 2V
[}
Freguency 2
o\
14 Nudleus 1H W
15 Acquired 32768
Size
16 Spectral Size 65536
ot il oL i oL i
- oo W = = = -
EEREC 9 9 ] -
— o O m - =] =]
I 1 | I I I 1 I I T | I T I I | I I I I
10.0 9.5 9.0 8.5 8.0 75 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 0.0
f1 (ppm)
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BC{*H} NMR Spectrum of 3v

& & w @B O @ P OGO — o w o=t
o) I «® R @ M~ @ — 10 o -
] I - O 00 P O LD w0 g oMM =C Mo < <t
— — @ F~ @ W O W0 < < Ammmdm oo ——
S A N SN e
Parameter Value
1 Tite Sangit-AD-
DP-73(700M
Hz)
2 Specirometer spect
3 Solvent CDCl3
4 Temperature 293.0
5 Number of 1024
Scans
6 Receiver 179
Gain o
7 Relaxation  2.0000 L
Delay
8 Pulse Width 15,4000
9 Acguision  0.7864 O//S\N S
Time 2 \
10 Acguisiion  2023-12-11T o [0)
Date 12:22:58 =
11 Spectrometer 176.05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Freguency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
| Lol
I I | I 1 I | I 1 I I I I
170 160 150 140 130 120 110 100 a0 80 70 50 40 30

f1 (ppm)
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'H NMR Spectrum of 3w

WD ST O P WD T O T O T — ) [ N =~ MOMMO@O @M ——— O @ o
fo e b P = — OO ) @0 @O L s e R R A s Ll
P P P P P P P B P o €01 60 60 €0 T T T T T LT T T T OO MO0 oo
Parameter Value _
1 Title Sangit-AD- ’
DP-82 [
2 Spectrometer  spect / | If
3 Solvent coal3 / “ | _
4 Temperature  298.3 ___ _ ||
5 M:_._.___..mﬂ of 16 ___ ___ __ __ ___ ;ﬁ x_ .__. __ __ __ r
cans 1l I IR | J
6 Receiver Gan 203
7 Relaxation 1.0000
Delay
8 Pulse Width 23,3200
9 Acquisition 4.0894 o
Ti _. o
ime -
10 Acquisition 2024-01-27T1
Date 6:55:39
11 Spectrometer  400.13 o = N\
Frequency {¢p”
12 Spectral Width 8012.8 o~
13 Lowest -1535.6 j
Frequency
14 Nudeus H
15 Acquired Size 32768
16 Spectral Size 65536
T T T A T 7r
= ™ o =% (== Bl - - I s = - =] o
Q9 2399 aaeaggg L &g
— M bl o] OO0 - ;- = ™M
I 1 T | I 1 I I 1 I 1 I 1 T I I 1 I I 1 I
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)
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BC{*H} NMR Spectrum of 3w

Parameter Value
1 Title Sangit-AD-
DP-82(700M
Hz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.0
5 Mumber of 2048
Scans
6 Receiver 17
Gain
7 Relaxation  2.0000
Delay
8 Pulze Width  15.4000
9 Acquision  0.7864
Time
10 Acquisition  2024-01-24T
Date 12:58:47
11 Spectrometer 175.05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.3
Frequency
14 Mudeus 13C

15 Acquired Size 32768
16 Spectral 5ize 65536

OMDO- OO NN OUuNOoO Do T O —
DN NON TN RO
W O D0 00— — O GG T D =+
OO DN NN N
To0000 000 0N NN NN
‘ [0}
L
O5, 2~ N
7
Sn
7,

70.54
67.67
Z66.19
“\B5.08

4
-

—48.38
—45.47

21.33
21.28

<

210

200 1%0 180

170

160

150

140

130

120

110

1
100
f1 (ppm)
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'H NMR Spectrum of 3x
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Parameter Value _
1 Tite Sangit-DP-
¥dU-15- |
B_18012024 _ (
2 Spectrometer spect _
3 Solvent CDCl3 _ 7
4 Temperature 298.2 _ [ ___ / (11 q_ﬁ _
5 Mumberof 18 (1 [ J
Scans
6 Receiver Gain 203
7 Relaxation  1.0000
Delay
8 Pulse Width 23,3200 —
9 Acquisiton  4.0894 -
Time
10 Acguisition 2024-01-18T
Date 12:47:33 = =
11 Spectrometer 400,13 L
Frequency 2.4 2.2
f1 (ppm)
12 Spectral a012.8
Width
13 Lowest -1535.6
Frequency
14 Mudeus 1H
15 Acquired Size 32763
16 Spectral Size 65536
LI B T i\
= inE3sEz E ]
Mo A - m
1 I I 1 I 1 1 1 I I Ll I I I 1 1 1 I T I I 1 T
11,5 1i.0 10,5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)
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BC{*H} NMR Spectrum of 3x
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Parameter Value
1 Title Sangit-DP-
YDU-15-B-
F(700MHz)
2 Specirometer spect
3 Solvent C0Cl3
4 Temperature 283.0
5 Mumber of 2043
Scans y o o a
& Receiver Gain 179 L o &
o I
7 Relaxation  2,0000 o o
Delay (]
8 Pulse Width 15,4000 O~ \N N =
<
9 Acquision 07864 20
Time o
10 Acquisition 2024-02-01T AW_
Date 19:43:11 Z 1|..||_7/.|[..|rrzr.._r§la
11 Spectrometer 176.05 ! 1
Frequency 24 23
125pectral  41866.7 f1 (ppm)
Width
13 Lowest -3229.8
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
Lol :_: _:__ J _
| I I 1 I I I T I I I | I I I | I I L I
200 190 180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10

f1 (ppm)
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'H NMR Spectrum of 3y

3.01
7.99
7.99

Parameter Value
1 Title Sangit-DP-
ydu-16-P
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature 298.2
5 Mumber of 32

Scans
6 Receiver Gain 203

7 Relaxation 1.0000
Delay

& Pulse Width  8.0000

9 Acquisition 4.0894
Time

10 Acquisition 2024-01-31T1
Date 2:23:03

11 Spectrometer 400.13
Frequency

12 Spectral Width 8012.8

13 Lowest -1535.6
Frequency

14 Mudeus 1H

15 Acquired Size 32753
16 Spectral Size 65536

771
7.70
7.70
7.69
7.69
7 .66
7.65
7 .64

V4
\

S

NO,

i

I __ _

|
JEII

7.63
7 .62
4.70
4 67
4 .57
4.37
4.29
419
4.1
4.03
4.00
3.68
2.57
2.55
2.54
2.52
2.18
217
215
2.14
2.12
2.1
2.09
2.08
1.63

! caiiiT: 1T T
I 1 I 1 1 1 T I 1“11 T I 40111.-51.”_ K =z v aﬂ I 1 1
16 15 14 13 12 11 10 9 8 7 5 4 1 -1 2 -3
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BC{*H} NMR Spectrum of 3y
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Farameter value
1 Title Sangit-AD-
DP-36-13C(
F00MHz)
2 Speciromet spect
er
3 Solvent CcDcl3
4 Temperatur 233.0
e
5 Number of 1024
Scans
6 Receiver 179
Gain _.n__w
7 Relaxation 2.0000
Delay
8 Pulse Width 15.4000
o Ox 2/
9 Acquisition 0.7864 S0
Time o~
10 Acquisiion  2024-02-02 N
Date T02:01:31 nNu
11 Spectromet 176.05
er
Fregquency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Freguency
14 Nudeus 13C
15 Acquired 32768
Size
16 Spectral 65536
Size
I I I 1 | I I I I I I 1 | I I I I I 1 1 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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Parameter Value
Title Sangit-DP-
YDU-08-F

Spectrometer spect
Solvent CoCl3
Temperature 298.2
Mumber of 16
Scans

Receiver Gain 203
Relaxation  1.0000
Delay

Pulse Width 23,3200
Arquisiton  4.0854
Time

10 Acquisiion  2023-12-29T

Date 16:06:15

11 Spectrometer 400.13

Frequency

12 Spectral 8012.8
Width

13 Lowest -1535.6
Freguency

14 Nudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536

_-7.90
788
_7.38
736
718
716
7.10
710
_-4.64
4 60
—4.24

4.08
4.01

% |

3.84

3.80
3.78
2.87
2.83
2.44
2.42
2.42
2.40
.79
1.76
1.75
1.73
1.71
1.70
1.68

A
%

204

'H NMR Spectrum of 3z

120 115 11.0 105 10,0 95 9.0

2
I
4.0
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BC{*H} NMR Spectrum of 3z

I~ 00 00— =T P 04 00 < 0
D0 M~ @ MWDo — 0 W om—o T Jus] — P~ 000N
0900 00 P 0 00 e P P — o L@ = @ o= e e 10
= 0000 00 O 0 e o O~ O — — — 00 0 —
—r e o o @ - [~ W 0 = [o s R e I i o
R P N AL A _ N e
Parameter Value
1 Title Sangit-DP-
YDU-08-B-
F(700MHz)
2 Spectrometer spect
3 Solvent coCl3
4 Temperature 298.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay o)
8 Pulse Width 15,4000 L
9 Acquisition 0.78654
Tirme
10 Acquisition 20240140271 O// \N AN
Date 5:30:04 N
@) K-
11 Spectrometer 176.05 o
Frequency
12 Spectral Width 41666.7
13 Lowest -3229.8
Frequency m
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
_ l_._ ) .g r— ﬁ I ¥ ‘ ) * * _ﬁ L L
I 1 I I I I I I I | 1 I 1 | I I |
200 190 180 170 160 150 140 130 120 110 100 a0 80 70 &0 30 20

f1 (ppm)
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'H NMR Spectrum of 4a
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Parameter Value |
1 Title Sangit-
DP-01-C
2 Spectrometer spect |
3 Saolvent CDCI3 _
4 Temperature 298.2 f __‘ |
5 Mumberof 16 . ¢ - [ .__ | | 7
Scans x 4 [ | [ __
) ) 1 J / /] il |
6 Receiver Gain 181 ’ !
7 Relaxation 10000
Delay
8 Pulse Width  13.4600
9 Acquisiion  4.0894
Time
10 Acguisiion  2023-12-07T
Date 17:08:07
11 Spectrometer 400.13 _.m_lu
Fregquency
12 Spectral 8012.8
Width
Os 2 N
13 Lowest -1535.6 >n T
Frequency O\
14 Mudeus 1H Pnu,o ..O.. o
15 Acquired Size 32768 L w
16 Spectral Size  £5536
T T T popt ¥
(=] m — Mo o0 LN O N m
Ll o o mooao- —
- - - oo m
| I 1 | I I | I I I I I I I I I I I I I 1 | I 1
11.0 105  10.0 95 9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5

11.5
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Parameter Value
1 Title Sangit-
DP-01-
C(700MHz)
2 Spectromete spect
r
3 Solvent CcDal3
4 Temperature 298.0
5 MNumber of 1024
Scans
6 Receiver 179
Gain
7 Relaxation 2.0000
Delay
8 Pulse Width 15.4000
9 Acquisiion 0.78564 )
Time L
10 Acguisition  2023-12-08
Date T14:03:37
11 Spectromete 176,05 Ox Z A
r Frequency \\S I
12 Spectral 41666.7 O /C o
Width 5 = O
13 Lowest -3229.8 L
Frequency
14 Nudeus 13C
15 Acquired 32768
Size
16 Spectral Size 65536

BC{*H} NMR Spectrum of 4a

1 I 1 1 | I 1 I 1 I 1 1
210 200 180 180 170 160 150 140 130 120 110 100
f1 (ppm)
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F NMR Spectrum of 4a

w
Fe
Fs
|
Farameter Value
1 Title Sangit-
DP-01-
C_020224(5
00MHz)
2 Spectromete spect
r
(0]
3 Solvent CcDCl3 LA
4 Temperature 297.5
5 Mumberof 16
Scans
. O/ \N /
6 Receiver 203 > I
" v
Gain o7\
7 Relaxation 10000 Q Q "o
Delay W
8 Pulse Width 15.0000
9 Acquisiion  0.5767
Time
10 Acquisiion  2024-02-02
Date T16:50:13
11 Spectromete 470.59
r Frequency
12 Spectral 113836.4
Width
13 Lowest -103877.2
Freguency
14 Mudeus 19F
15 Acguired 65536
Size
16 Spectral Size 131072
M
I I 1 I I I | I I 1 T I 1 I 1 1 I I I I I I 1
i] -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)
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'H NMR Spectrum of 4b
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Parameter Value )
1 Titl H (
2 Spectrometer spect
3 Solvent COCl3
4 Temperature 298.0 __.
5 Number of 16 | { _
I i r )
Scans / f I / . J
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
& Pulse Width 15.0000
9 Acquisition 4,0894
Time
10 Acquisition 2024-06-28T1
Date 3:16:50 %
11 Spectrometer 400,13
Freguency
12 Spectral Width 8012.8 O// . zZ /
13 Lowest -1535.6 i) T
Frequency (@] (@)
(@)
14 Mudeus H >
15 Acquired Size 32768 i
16 Spectral Size 65536 L
L
T T T T R T
[=1 — = — === —
= = = = 225 2
- = = = S =
T I I 1 I I I I I I I | I I | I I 1
9.0 8.5 8.0 73 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
f1 (ppm)
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BC{*H} NMR Spectrum of 4b
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Parameter Value
1 Tite 13C
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature  298.0
5 Number of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
9 Acquisition 0.7364
Time ()
10 Acquisition 2024-06-258T1
Date 6:57:36
11 Spectrometer  175.05 O~ Z /
Frequency VS T
7
12 Spectral Width 41666.7 O o (@]
13 Lowest -3229.8 =
Frequency ‘mD
14 Nudleus 13C L
15 Acguired Size 32758 L
16 Spectral Size 65536
__ _ _. R » | m L N A
1 1 1 I 1 T I I 1 I 1 I 1 I I
180 170 160 150 140 120 110 100 a0 80 70 60 30 40 30 20 10

f1 (ppm)
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'H NMR Spectrum of 4c
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Parameter Value
1 Title Sangit-OP- ( [
Sk-17 _
| ¢ 7
2 Spectrometer spect __ | __ |
3 Solvent  CDCI3 “ ;| ( T “
4 Temperature 293.0 | ._x __ ._x M 1__ 1 _
5 Mumber of 16
Scans
6 Receiver Gain 203
7 Relaxaton  1.0000
Delay )
L
8 Pulse Width  15.0000
9 Acguisiion  4.0894
Time O// \W /
10 Acquision  2024-07-25T ZN
Date 14:47:20 o o
11 Spectrometer 400,13 (@]
Frequency Wu
12 Spectral 30128
Width
13 Lowest -1535.6
Frequency
14 Mudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536
L_ F ; , féf_cff ;z
T Y T o e 1
= ™~ ™~ — O O™ -
2 a9 9 ooagaq o
™ - - L I T It m
I | I I I I I I I | I 1 I 1 I | I | 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

1 (ppm)
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BC{*H} NMR Spectrum of 4c
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Parameter Value
1 Title Sangit-DP-
SK-17-1(700
MHz)
2 Spectrometer spect
3 Solvent D3
4 Temperature 298.0
5 Numberof 1024 i
Scans
6 Receiver Gain 179
7 Relaxaton  2.0000 O~ .2 X\
~ T
Delay O\\
8 Pulse Width 15,4000
9 Acquisition  0.7864 9
Time s
10 Acquisition 2024-07-26T
Date 113322
11 Spectrometer 175.05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Mudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
Wil
1 I I | I I I I I I I 1 1 I | 1 I I I
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 4d
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___
Parameter Value ____
1 Tite Sangit-DP- _ |
PP-14F __
2 Spectrometer  spect __ __
3 Solvent CDcl3 , [ _ [ __
[
4 Temperature  298.4 __ [ _ | __ ___ /
f |
5 Number of 16 / / / [ f _ [ f
i f S Fh
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width 15.0000
9 Acguisition 4.0894
Time (0]
10 Acguisition 2024-06-26T1
Date 2:09:07
11 Spectrometer 400,13 zZ /
Frequency OV/S\ T
12 Spectral Width 8012.8 o
13 Lowest -1535.6 (@) o
Frequency >
(&)
14 Nudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536
.Pi!tc Il bliﬁlbLL& Iitﬁ ACﬁ\ﬁ}aﬁikafliiitt
ooy T T T e f A L
3 gt ] 3 jajpai e 3 R &
P = = a moron m m o =
I 1 I I T I 1 1 I I I I 1 1 I 1 I I 1
9.0 8.5 8.0 75 7.0 6.5 6.0 3.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
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BC{*H} NMR Spectrum of 4d
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Parameter Value
1 Title 13C
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.0
5 Numberof 1024
Scans
6 Receiver Gain 179
7 Relaxation  2.0000
Delay o
8 PulseWidth  15.4000 L
9 Acquisition 0.7864
Time
Z
10 Acquisiion  2024-06-26T OV/S\ T N
Date 18:393:11 o~
11 Spectrometer 176,05 o ©
Freguency
12 Spectral 41666.7
Width
15 Lowest -3229.8
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
H _ | p ¥h H_ |
| 1 1 I I I I | 1 I I | I I T I I I
180 170 160 150 140 130 120 110 100 a0 80 70 &0 50 40 30 20 10
f1 (ppm)
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'H NMR Spectrum of 4e
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Parameter Value _ |
1 Title 42 i | s f ﬁ _
2 Spectrometer spect __ __ _ _ |
f .
3 Solvent waz | JIf | / | [ 5
4 Temperature  293.0 / H / J1 i !
5 MNumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width  15.0000 i
9 Acquisition 4.0394
Time
10 Acguisition 2024-07-10T1 O// \m /
Date 3:31:25 O\\S
11 Spectrometer  400.13 (@)
Frequency
12 Spectral Width 8012.8
13 Lowest -1535.6
Frequency
14 Nudeus H
15 Acquired Size 32768
16 Spectral Size 65536
I L T o R i
Q — O m m — - 0 T m o —
S =849 = = o8a = a =
™~ — L — ™~ — ™ [Ea i ] (]
I I I 1 I 1 1 1 1 1 1 1 T I | I I
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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BC{*H} NMR Spectrum of 4e
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Parameter value
1 Tite Sangit-DP-
SK-08-
P{700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 293.0
5 Number of 1024
Scans
6 Receiver Gain 179
7 Relaxation  2.0000 [}
Delay B
8 Pulse Width 15,4000
9 Acquisition 0.73564 zZ
Time OV/S\H /
10 Acquisition  2024-07-15T o~
Date 10:23:25 o o
11 Spectrometer 176.05
Freguency
12 Spectral 41666.7
Width
15 Lowest -3229.8
Frequency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
_ L1 Ay i
I I I I I I I 1 1 I I I I I
200 190 180 170 160 150 140 130 120 110 100 an 80 70 60 40 20
f1 (ppm)
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Parameter Value
1 Title Sangit-DP-
SK-13-FF-F

2 Spectrometer spect

3 Solvent cocl3

4 Temperature 298.1

5 MNumberof 16
Scans

6 Receiver Gain 203

7 Relaxation  1.0000
Delay

8 PulsWidth 15.0000
9 Acquisiion  4.0894
N Time
= 10 Acquisition  2024-07-20T
W Date 12:27:00

11 Spectrometer 400.13

s 12 Spectral a012.5

|J|.|$.|.lJ.J|~I Width
6.4 6.2 13 Lowe -1535.6
f1 (ppm) Frequency

14 Mudes 1H
15 Acquiled Size 32768

|\\fmlmr_ul\ | Size 65536
R —_

—

= ___

%e
=
=

e
=—
.
-
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'H NMR Spectrum of 4f
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f1 (ppm)
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BC{*H} NMR Spectrum of 4f
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Parameter Value
1 Tite Sanait-DP-
Sk-13-
F4{700MHz)
2 Speclrometer spect
3 Solvent cpdla 7 N
4 Temperature  293.0 —
5 Number of 1024
Scans = O
& Receiver Gain 179 T _.m_lu @
7 Relaxation 2.0000 (@)
Delay
8 Pulse Width  15.4000 O//S\W X + Os LZ N
Z
9 Acquisition 0.7364 o~ <
Time o (@] O
. 2 o o
10 Acguisition 2024-07-23T1 74 /
Date 6:57:56
11 Spectrometer 176,05 S
Frequency
12 Spectral Width 41686.7
13 Lowest -3229.8
Fregquency
14 Nudeus 13C
15 Acquired Size 32758
16 Spectral Size 65536
__ _ : : & e & L A 7 I
1 I 1 I 1 T I I I I I | 1 1 I I I I I
190 180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10
f1 (ppm)
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'H NMR Spectrum of 4g
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Parameter Value
1 Tite Sanait-DP- :
Sk-12-5F [
2 Spectrometer spect _ i [ 7 H f
3 Solvent codls | ““ _ _ _ _
| .
4 Temperature 298.0 | x__ [| _ | _ [ _ _
5 MNumberof 16 ._ i / / 1) h_ / ) | _
Scans
. . ()
6 Receiver Gain 203 LL
7 Relaxation  1.0000
Delay
8 Pulse Width 15,0000 O3y = X
9 Acquisiton  4.0394 o’
Time (@)
10 Acquisition 2024-07-18T o
Date 13:13:08
11 Spectrometer 400.13 e
Freguency O
12 spectral 80128 =
Width
13 Lowest -1535.6
Frequency
14 Nucleus H
15 Acquired Size 32753
16 Spectral Size 65536
L
T T T T B {
(=] = o~ =] - ™~ == =~ -] ™
2 gag =l 9 9 259 gag Q
I I 1 I I I I I 1 I I I I I 1 I I I I
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0
f1 (ppm)
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BC{*H} NMR Spectrum of 4g
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Parameter Value
1 Title Sangit-DP-
S5K-12-
FF{700MHz)
2 Spectrometer  spect
3 Solvent CDCl3
4 Temperature  293.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
9 Acquisition 0.7854 O« .Z NN
Time V\S\ T
10 Acguisition 2024-07-19T1 ®)
Date 42704 (@)
11 Spectrometer  175.05
Frequency
12 Spectral Width  41666.7 w
13 Lowest -3229.3 S
Frequency
14 Nudleus 13C
15 Acquired Size 32768
16 Spectral Size 65536
L] _ o |
I I I T T 1 Ll | I I I 1 1 1 I I 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 4h
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Parameter Value 7
|
1 Tite Sangit-DP- _
PP25FE | _
2 Spectrometer spect | _ _
3 Sobvent  CDCI3 Iy
4 Temperature 298.0 o
5 Mumber of 16
Scans
6 Receiver Gain 203
7 Relaxation 1.0000
Delay
8 PulseWidth 150000
9 Acqguisiion  4.0854
Time
10 Acquisition 2024-07-18T
Date 13:35:29
11 Spectrometer 400.13
Freguency
12 Spectral 3012.8
Width
13 Lowest -1535.6
Frequency
14 Nucleus 1H
15 Acquired Size 32768
16 Spectral Size 65536
..;. i} }_’
T A7
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= oo o
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BC{*H} NMR Spectrum of 4h
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Parameter Value
1 Title Sangit-DP-
SK-25-
F{700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 293.0
5 Mumber of 1024
Scans o)
& Receiver Gain 179 B
7 Relaxation  2.0000
Delay
Z
8 Pulse Width 154000 OV/S\H N
9 Acguision 07854 o7
Time o o
10 Acguisition  2024-07-19T <
Date 1520045
11 Spectrometer 176,05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Freguency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral S5ize 65536
| [ | L | 7 _ _
1 I T I 1 1 1 I 1 I | I I 1 I 1 1 1 I 1
200 190 180 170 160 150 140 130 120 110 100 a0 80 70 6l 50 40 30 20 10

f1 (ppm)
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Parameter Vale

1 Title Sangit-DP-
PP-26511

Spectrometer spect
Solvent ChCl3
Temperature  298.1

MNumber of 16
Scans

[ e L

o

Receiver Gain 203

7 Relaxation 1.0000
Delay

& Pulse Width  15.0000

9 Acquisition 4,0894
Time

10 Acquisition 2024-07-19T1
Date 1:55:03

11 Spectrometer 400,13
Freguency

12 Spectral Width 8012.8

13 Lowest -1535.6
Freguency
14 Nudeus H

15 Acquired Size 32768
16 Spectral Size  £5536

'H NMR Spectrum of 4i
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BC{*H} NMR Spectrum of 4i
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Parameter Value
1 Title
2 Spectrometer Avance Neo
500Mhz
5071626
3 Solvent ChCl3
4 Temperature 298.0
5 MNumber of 1024 o)
Scans L
6 Receiver Gain 101
7 Relaxation  2.0000
Delay O//S\W X
& Pulse Width 9.0000 o’
9 Acquisiion  1.0879 ~ (@]
Time z
10 Acquisition 2024-07-20T /
Date 00:21:38
11 Spectrometer 125.77
Freguency
12 Spectral 30120.5
Width
13 Lowest -2484.4
Freguency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
| _ _
1
| _ | |
| | N
) T T T T T T T T T T T T T
10 180 170 160 150 140 130 120 110 100 a0 80 70 40

f1 (ppm)
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'H NMR Spectrum of 4j
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6.11
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—5.80

J
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Parameter Value

|1 Title Sangit-DP-

_. SK-19-
F4{500MHz).

1.fid

2 Spectromete Avance Neo
| r 500Mhz

vy 5071626

3 Solvent CDCl3
4 Temperature 298.0
5 Mumberof 16
Scans

& Relaxation 1.0000
Delay

7 Pulse Width 8.0000
8 Acquisiion 3.2758

Time

9 Acquisition  2024-07-26T
Date 17:08:30

10 Modification  2024-07-26T
Date 17:08:30

11 Spectromete 500,14
r Frequency

12 Spectral 100000
Width

13 Lowest -1911.7
Frequency

14 Nudeus 1H

15 Acquired Size 32768
16 Speciral Size 65536

2.00{ _,L_F

2011

9.0

8.5

8.0

[
tn 3.00{

2.0 1.5

5256




BC{*H} NMR Spectrum of 4j

3 o E =z o=
¥ g 2 55 =z
[ [ 11
Parameter Value
1 Title
2 Spectrometer Avance Neo
500Mhz
5071828
3 Solvent CDCI3
4 Temperature 293.0
5 MNumber of 1500
Scans
6 Receiver 101
h (0]
Gain I
7 Relaxaton  2.0000
Delay
8 Pulse Width 9.0000 Os \W N
9 Acquisiton  1.0879 N
Time (@) nu||nrnunu
10 Acquisiton  2024-07-26T o |
Date 18:39:12 = w
11 Spectrometer 125.77 >
Freguency
12 Spectral 30120.5
Width
13 Lowest -2484.4
Freguency
14 Nudleus 13C _
15 Acquired Size 32758
16 Spectral Size 65536
|
g A g e ..__—_ Byl Ay L Bt s,

84.26

— 78 .28

7175
—70.39

g9 a2

——&67 .12

60 .41

—52 46

—40 98

2159

J0 165 1e0 155

150 145 140 135 130 125

120 115 110

105 100

a5 a0
f1 (ppm)

85

80

75

70

63

60

35

30

45

40

35

30

25

20
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3P NMR Spectrum of 4j

—232.92

Parameter Value
1 Title
2 Spectrometer Avance Meo

500Mhz
5071626

3 Solvent Cocl3
4 Temperature 298.1
5 Mumber of 16

Scans ()
6 Receiver Gain 101 w
7 Relaxation 2.0000

Delay

pd

8 PulseWidth  12.0000 OV/S\H N
9 Acguisiton  0.3998 o~ 0-0.=0

Time o |
10 Acquision ~ 2024-07-26T = 0O

Date 17:08:16 m
11 Spectrometer 202.45

Frequency
12 Spectral 81967.2

Width
13 Lowest -51108.5

Frequency
14 Mudeus 31P
15 Acquired Size 32768
16 Spectral Size 65538

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.20 130 110 a0 70 30 30 10 -10 -30 -50 -70 -00 -110 -130 -150 -170 -190 210 -230 -25
f1 (ppm)
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'H NMR Spectrum of 4m
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Parameter Value 7
1 Title Sangit-DP- [0}
PP-21F L _
2 Spectrometer spect __
| | { | f !
3 Solvent CDCI3 f _
L os 2 N o [/ |
4 Temperature  298.5 f _ \\S [ i [ | 7/ 7 f
5 MNumber of 16 _ { ®) o o _ J00 0 A |
Scans N
& Receiver Gain 203
7 Relaxation 1.0000 "
Delay e :
8 PuleWidth 150000 S S 7
9 Acquisition 4.0894
Time _
10 Acquisition 2024-07-08T1
Date 6:46:49 = -
Q M~
11 Spectrometer 400,13 ——— : T —
Frequency 49 48 47 46 45 44
12 Spectral Width 8012.8 f1 (ppm)
13 Lowest -1535.6
Freguency
14 Nudeus 1H
15 Acquired Size 32758
16 Spectral Size 65536
3 Il ] ;aaglgrg ;{t: N F_
{ Ty T T | i, e L
- o LN = ™M — 00O [ =0 - o [ | — m
o ] 3 oo@a aa 3 2o 09 a9
o = - - o - [ -t oo
I 1 I I 1 I I I L I I I | | I 1 I I 1
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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BC{*H} NMR Spectrum of 4m
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e
Farameter Value
1 Tite Sangit-DP-
PP-21- prd
FF{700MHz) OVIS T A\
2 Spectrometer  spect o” o O_
3 Solvent cDCl3 S
4 Temperature  298.0
5 MNumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay
8 Pulse Width 15,4000
9 Acquisiion Time 0.7364
10 Acquisition Date 2024-07-10T14
111348
11 Spectrometer 176,05
Freguency
12 Spectral Width  41666.7
13 Lowest -3229.8
Fregquency
14 Nudeus 13C
15 Acquired Size 32768
16 Spectral Size 65536
| (.l C I
I T I | I I I I 1 I T I 1 I 1 1 I 1
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 4n
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=5 N
Parameter Value
1 Tite Sangit-DP-
Sk-09-p
2 Spectrometer spect
i’ " Oy, Z
3 Solvent CDCI3 Vs I
2
4 Temperature  298.0 (@)
5 Murber of 16 __
]
Scans I A
6 Rewmiver Gain 203
7 Relaxation 1.0000
Delay
8 Puke Width 15.0000
9 Acquisition 4,0894
Time
10 Acquisition 2024-07-1071
Date 74134
11 Spectrometer 400,13
Freguency
12 Spectral Width 8012.8
13 Lowest -1535.6
Frequency
14 Nudeus 1H

15 Acquired Size 32768
16 Spectral Size 65536
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Parameter Value

Fe

1 Tite Sanait-DP-
SK-09-
P{700MHz)

2 Spectrometer spect
3 Solvent o3
Os 2 X\
4 Temperature 298.0 VS I
5 Numberof 1024 o” (o)

Scans

a

Receiver Gain 179

Relaxation 2.0000
Delay

=~

8 Pulse Width 15,4000

9 Acquisition 0.7864
Time

10 Acquisition 2024-07-14T0
Date 4:48:43

11 Spectrometer 176.05
Frequency

12 Spectral Width 41666.7

13 Lowest -3229.8
Frequency

14 Mudeus 13C

15 Acquired Size 32768
16 Spectral Size 65536

e N N B D | Ll

BC{*H} NMR Spectrum of 4n

I
170 160 150 140 130 120 110 100 a0 80 70
f1 (ppm)
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40.98
39.38
37.41
32.80
28.00
24.84
24.47
2274
22,65
21.58
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12.31
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Y
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'H NMR Spectrum of 5a
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Parameter Value __
1 Title Sangit-AD-
DP-PM-93-1
2 Spectrometer spect |
3 Solvent cocl3 f
4 Temperature 293.2 __._ / |
5 Mumberof 32 ] A _
Scans | [ | 7 _‘._ [ 7 f |
& Receiver Gain 203
7 Relaxation 1.0000
Delay
8 Pulse Width  15.0000
9 Acguisition 4.0894 .
Time
10 Acquisition 2024-02-29T1
Date 0:08:17 =z
11 Spectrometer 400,13 I
Frequency
12 Spectral Width 8012.8
13 Lowest -1535.6
Freguency
14 Nudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536
| [1'E N B SN
ras 1o Ry
@ — T o T Mmoo
ooa oooo-a
P o~ T -
I | I 1 1 I I
9.5 9.0 8.5 8.0 7.5 7.0 5.0 4.5 4.0 3.5
f1 (ppm)
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BC{*H} NMR Spectrum of 5a
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Parameter Value SRR RS S LR R R 8 Bl RGEE 23
1 Titie Sangit-AD-DP- VOSSN (. S5 I
PM-98-1(700M
Hz)
2 Spectrometer spect
3 Solvent CDCI3
4 Temperature  298.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000
Delay ()
8 PuseWidth  15.4000 =
9 Acquisition 0.7364
Time
10 Acquisition 2024-03-01T1 Z / J
Date £:40:10 T
11 Spectrometer  176.05
Frequency
12 Spectral Width 41666.7
13 Lowest -3229.8
Freguency
14 Mudeus 13C
15 Acquired Size 32788
16 Spectral 5ize 65536
. _;7 _ — .— 1 _ A J _— I
I I 1 T 1 I 1 I I 1 T I I 1 I 1 I ]
180 170 160 150 140 130 120 110 100 a0 80 70 60 a0 40 30 20 10
f1 (ppm)
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1.56

o
o
(=]
Parameter Value
1 Tite Sangit-
DP-04-C
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.2
5 Mumberof 16 f
Scans
6 Receiver 203
Gain
7 Relaxation  1.0000
Delay
8 Pulse Width 8.0000
9 Acquision  4.0894 _
Time o
10 Acquisiion  2024-02-20T
Date 16:36:52
11 Spectrometer 400,13
Frequency
12 Spectral 3012.8
Width
13 Lowest -1535.6
Frequency
14 Mudeus 1H
15 Acquired Size 32768
16 Spectral Size 65536
T
=
2

100-=
100—=

2.00-—=
1.00 ==
5.00-—=

'H NMR Spectrum of 6a
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BC{*H} NMR Spectrum of 6a
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Parameter Value
1 Title Sangit-DP-04-
C{700MHz)
2 Specirometer spect
3 Solvent CoCl3
4 Temperature 298.0
5 MNumber of 1024
Scans
6 Receiver Gain 179
7 Relaxation 2.0000 ()
Delay O
8 Pulse Width 15,4000 _
9 Acquisiion  0.7854 (@]
Time /
10 Acquisiion  2024-02-21T (@]
Date 18:47:18 o
11 Spectrometer 176,05
Frequency
12 Spectral 41666.7
Width
13 Lowest -3229.8
Frequency
14 Mudleus 13C
15 Acquired Size 32768
16 Spectral Size  £5536
_ : _r_ . _
I T I 1 I 1 I I I I I I T I 1 I I I I I I
210 200 190 180 170 160 150 140 130 120 110 100 o0 80 70 60 50 40 30 20 10
f1 (ppm)
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'H NMR Spectrum of 7a

[l [=Ris} jal o Nl "] [Ts]
&L - e o i
[ . w W =t = = <= ] —
N N N |
|
Farameter Value 7
1 Title Sangit-DP-
SK-20-F
2 Spectrometer spect
3 Solvent coal3 {f _
I f
4 Temperature  298.0 / M S I
5 Mumber of 16
Scans o)
o Receiver Gain 203 L
7 Relaxation 1.0000
Delay . N =
8 Pulse Width 15,0000 I
9 Acquisition Time 4.0394 5
10 Acquisition Date 2024-07-24710 m
44014 =
11 Spectrometer 400,13
Frequency
12 Spectral Width 8012.8
13 Lowest -1535.6
Frequency
14 Nudeus H
15 Acquired Size 32758
16 Spectral Size 65536
M ,FL(
T T AT i ki
— = (=T - - ~ ™~
o = 2om o o o
- - [ e =] [Ea] — o
I | I I I I 1 I I | I I I | I | I L] I
9.5 9.0 8.5 8.0 7.5 2.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
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BC{*H} NMR Spectrum of 7a
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Parameter Value
1 Title Sangt-DP-
SK-20-
F(700MHz)
2 Spectrometer spect
3 Solvent CDCl3
4 Temperature 298.0
5 Mumber of 1024
Scans
6 Receiver Gain 179
7 Relaxaton  2.0000
Delay
8 Pulse Width  15.4000 o
9 Acquisiion 0,734 L
Time
10 Acquisition 2024-07-25T
Date 14:17:33 o =
11 Spectrometer 175,05 T o
Frequency S5
12 Spectral 416867 mn
Width
13 Lowest -328.8
Frequency
14 Mudeus 13C
15 Acquired Size 32788
16 Spectral Size 55536
I\ ﬁ k r;; k _h Lok %
1 T I I 1 I 1 1 I I I I I 1 1 I I 1 I
170 160 150 140 130 120 110 100 a0 80 70 a0 30 40 30 20 10

190 180

f1 (ppm)
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Mass spectrum of the reaction with alkyne coupling partner

O\‘S’P o\\s//O
R” HN R\
Pd(OAc), (8 mol%) Ph—X
+ Ph——=——Me L10 (28 mol%) CsF(2 equiv), g Me o

Fe
@ CuO (1 equiv) THF, dry air,
75°C,10h Traces@

Display Report

Analysis Info Acquisition Date  12-10-2023 15:52:27
Analysis Name D:\Data\USER DATA 2023\Oct 23\12-oct\Dr.S . Kumar-DP-18-BF.d

Method tune_wide _APCI_23.06.m Operator Bruker

Sample Name  DP-18-BF Instrument micrOTOF-Q 10330
Comment

Acquisition Parameter

Source Type Multi Mode lon Polarity Positive Set Nebulizer 2.0 Bar
Focus Not active Set Capillary 2500 v Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 5.0 I/min
Scan End 3000 m/z Set Collision Cell RF  600.0 Vpp Set Divert Valve Waste

Intens7. Dr.S.Kumar-DP-18-BF.d: TIC +All MS|
x10
3.0

2.57

2.0

0.2 0.4 0.6 0.8 1.0 12 14 16 18 Time [Imin]

Intens. +MS, 1.3-1.4min #(78-84)|

578.1032

462.0418

361.1591
1 692.1488

l 808.2122
e | A
200 300 400 500 600 700 800 900 1000 m/z

924.2753
A

Intens. ] +MS, 1.3-1.4min #(78-84)
x105
257
2.0
1.5
1.09

051
00l 62.2105 464.0419464 2301

30001 C21H18F3FeNO2S, M+nH 462.04

462.0418

463.0433

25007 462.0433
20007
1500
10004

5004

463.0465
464.0393

462.0 4625 463.0 4635 464.0 miz

Bruker Compass DataAnalysis 4.0 printed:  12-10-2023 15:55:42 Page 1 of 1
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