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1. General Information

All reactions were carried out under an atmosphere of nitrogen with magnetic stinliess
otherwise notedCatalytic reactions were performed in Schlenk tubes (5 mLhblue LEDs lamp

(24 W) served as light source nax = 455 nm; Hongchangzhaoming from Chinese Taobao,
https://hongchantpd.taobao.com)S1,! S22 S4 were prepared according to a reported literature
procedure.Ligand BL1 and BL2 were prepared according to a reported literature procédure.
Isoxazole sbstrate were synthesized according ®published procedureSolvents were distilled
under nitrogen from calcium hydride (&EN and CHCIy) or sodium/benzophenone (THF and@®t
Reagents that were purchased from commercial suppliers were used without further purification.
Flash column chromatography was performed with silica gel 60 M from Machizgsl (irreg.
shaped, 23@00 mesh, pH 6.8, pore volume: 0.81 !, mean pore size: 66 A, specific surface:
492 nt 3 ¢'?, particle size distribution: 0.5% < 28n and 1.7% > 71m, water content: 1.6%).
Preparative layer chromatography (PL@as performedusing Yantai Huanghai silica gel 60

Fos4 plates purchased from Taobao. The preparative plates were 200 mm of width x 200 mm height
x 1 mm phase thicknes$4 NMR, proton decoupletfC NMR spectra °F NMR spectraand*'B
spectrawere recorded on Bruker\Al 300 (300 MHz), Bruker AVIII 500 (500 MHZz) or Bruker

AVIIl -NEO-600 (600 MHz) spectrometers at ambient temperature. NMR standards were used as
follows: 'H NMR spectroscopyti = 7.26 ppm (CDG), U = 5.32 ppm (CBCly), G = 1.94 ppm
(CDsCN), ti = 3.31 ppm (CBOD). 3C NMR spectroscopyd = 7716 ppm (CDC}), Ui = 54.0 ppm
(CD2Clp), ti= 1.32 ppm (CBCN), Ui = 49.00 ppm (CBOD). The multiplicity abbreviations used (or
combinations thereof) are: s = singlet, d = doublet, t = triplet, q = quartet, hept = heptet, m = multiplet.
All 3C and'F NMR signals are singlets and account for one carbon or one fluorine atom respectively
if not stated otherwisdR spectra were recorded on a Bruker AlphalRTspectrophotometemhe
resulting absorption bands are listed as wavenumbers) (amd the correlating intensities are

specified as w (weak} (strong)or m (medium).CD spectra were recorded on a JASC810 CD



spectropolarimeter (25600 or 256700 nm, 2 nm bandwidth, 50 nm/min scanning speed,
accumulation of 3 scans)GC-MS analyses were performed using an Agilent 7890A gas
chromatographGapillary Column HP-5 Trace Analysis 5%30 m, @ 0.25 mm, film 0.25 pm;
injector: 250 °C; oven: 40 °C (2 min), 40 °C280°C (20 °C-min'); carrier gas: He (0.mL min?)
equipped with an Agilen5973Ninert MSD with tripleaxis detector operating in El mode and an
Agilent 6890N series auto sampler/injectdtigh-resolution mass spectrometry was measured via
electrosprayionizationtechnique (ESI) or atmospheric pressure chemical ionizé&icmique

(APCI) on a Finnigan LTEFT Ultra mass spectrometer (Thermo Fischer Scientiibjral HPLC
chromatography was performed with an Agilent 1260 HPLC system. Optical rotations were measured
on a PerkirElmer 241 polarimeter withap?? values reported in degrees with concentrations

reported in g/100 mL



2. Synthesis and Characterization o€obalt Catalysts

2.1 Synthesis of thelridentate Ligands

m
Z
Br N NTN
Q

S4

165 °C, neat, 24-48 h

Paraformaldehyde
O NH NH4OAc, glyoxal, AcOH

2

O O EtOH/CHCl4(1:2)

One pot 70°C 4 days

PS5 Ar=Arl=

s1
5 2,6-Pr,Ph
PFg~ | N PFs :
1, MeOTF, CH,Cl, (\,’\] NS ,;/\§ : O
: = AR=
/“ “\ : S6, Ar = Ar’
N N :
2. KPFg, CH,Cl, N \ :
LOTLL A=Al :
TL2, Ar=A | 2,6-(3,5-Me,Ph),Ph

Synthesis of 1-(2,6-di-(3,5-dimethylphenyl)-phenyl)-imidazole (S3): A mixture of substituted
anilineS1(3.01g, 10 mmol), ammonium acetateZ3g, 16 mmol), glyoxal (40 %wt. in water,2.90

g, 20 mmol) p-formaldehyde @.60 g, 20 mma), glacial acetic acid480 g,80 mmo) andMgSQy

(1.50 g)was dissolved ira mixture ofsolvens (CHCIs/EtOH: 45mL/20mL) in a round bottomed

flask andstirred at 70C for 4 days under nitrogemfter cooling to room temperature, the resulting
brown solution wasoncentrated to drynesAfter removal of the solvent, théark residue was
neutralized with ageous 18 KOH solution until the pH= 9. The resulting mixture was extracted

with EtO (5 x 100mL). Combined organic layers were then washed with water, dried wiB4a

and concentrated to give a brown residue. This residue was purified by chromatography on silica gel

eluting withn-hexane/EtOAc (10:1 to 3:1) to obtain the desired pro88.cfl.559g, 44% yield.



IH NMR (300 MHz,CDsOD): i 7.57 (dd,J = 8.5, 6.7 Hz, 1H), 7.47 (s, 1H), 7.45 {d; 1.2 Hz, 1H),

7.23 (t,J= 1.1 Hz, 1H), 6.90 (dt) = 1.7, 0.9 Hz, 2H), 6.73 (¢,= 1.3 Hz, 6H), 2.20 (s, 12H)C

NMR (75 MHz,CDsOD): i1141.56, 139.90, 139.52, 138.98, 133.90, 131.08, 130.19, 130.03, 128.02,
127.14, 123.70, 21.2HRMS (ESI,m/2): calcd for CasHaaNoH [M+H]*: 353.2012found:353.2002

IR (film): 3 (cnr?) 3409 (w), 3022 (W), 2920 (m), 2862 (W), 2798 (W), 1607 (M), 1534 (m), 1485 (s),
1459 (w), 1393 (w), 1378 (w), 1326 (w), 1306 (w), 1239 (m), 1220 (w), 1178 (w), 1130 (w), 1104
(w), 1082 (w), 1060 (w), 1004 (w), 903 (w), 854 (w), 804 (m), 763 (w), 732 @),(W), 670 (W),

654 (W), 622 (W), 607 (W), 544 (W), 532 (W), 517 (W), 494 (w), 420 (W).

Synthesis of S5 2-Bromo-6-(1H-imidazol1-yl)pyridine (S4) (224 mg, 1.0 mmol) and 1-(2,6-
diisopropylphenyh1H-imidazole(S2) (342mg, 1.5 mmol). were stirred in a sealed tube165 °C
under N. Themixture was reacted in nefair 40 hours. After cooling to room temperature, the solid
residue waslissolved in methanol ar@bncentrated to dryness. The residue was subjected to a flash

silica gel chromatography (CBl2 /MeOH= 101) to give a brown soli@245mg, 54% yield).

IH NMR (300 MHz,CDsOD): 1i8.89 (d,J = 2.2 Hz, 1H), 8.79 (tJ = 1.1 Hz, 1H), 8.39 () = 8.1

Hz, 1H), 8.19 (dJ = 2.2 Hz, 1H), 8.14 8.06 (m, 2H), 8.02 (d] = 8.1 Hz, 1H), 7.69 (dd}= 8.4, 7.3

Hz, 1H), 7.51 (dJ = 7.8 Hz, 2H), 7.20 (t = 1.3 Hz, 1H), 2.57 (p] = 6.8 Hz, 2H), 1.28 (ddl = 8.1,

6.8 Hz, 12H).13C NMR (76 MHz, CDsOD): U 149.71, 146.92, 146.77, 145.26, 137.06, 133.26,
131.92, 131.03, 127.86, 125.90, 121.77, 118.24, 115.13, 113.37, 29.91, 24 .57THRAMZ (ESI,

m/2): calcd for CzsHz6Ns [M-Br]*: 372.2183, found: 372.218IR (film): 3 (cnt): 3406 (w), 3085

(w), 2965 (m), 2930 (w), 2870 (w), 1609 (m), 1586 (w), 1534 (m), 1486 (s), 1460 (w), 1388 (w),
1367 (w), 1307 (w), 1253 (w), 1222 (m), 1181 (w), 1105 (w), 1061 (m), 1006 (w), 993 (w), 959 (w),

908 (w), 805 (m), 763 (M), 671 (W), 654 (W), 6&¥), 567 (W), 532 (W), 462 (W), 450 (W), 419 ().

Synthesis of S62-Bromo-6-(1H-imidazol1-yl)pyridine (S4) (160 mg, 0.71 mmoland (2,6-di-
(3,5dimethylphenyBphenyl}imidazole(S3) (166 mg, 0.47 mmol)vere stirred in a sealed tubé

165 °C under B The mixture was reacted in neat 3 hours. After cooling to room temperature,

6



the solid residue was dissolved in methanol emttentrated to dryness. The residue was subjected
to a flash silica gel chromatography (€ /MeOH=10:1) to givé&s6asa brown solid100mg, 37%

yield).

IH NMR (300 MHz,CDs0OD): 118.61 (s, 1H), 8.34 (d} = 2.2 Hz, 1H), 8.27 () = 8.1 Hz, 1H), 7.98

i 7.90 (m, 2H), 7.86 7.76 (m, 2H), 7.70 (d] = 8.0 Hz, 1H), 7.64 (d] = 7.6 Hz, 2H), 7.21 (s, 1H),

6.98 (s, 2H), 6.95 (s, 4H), 2.23 (s, 12MHC NMR (76 MHz, CDs0D): Ui 149.78, 146.29, 145.38,
141.25, 139.87, 137.99, 136.90, 132.52, 131.94, 131.59, 131.14, 131.02, 128.61, 127.42, 120.03,
118.07, 115.23, 112.84, 21.Z4RMS (ESI, m/2: calcd for C33 Hzo Ns [M-Br]*: 496.2496, found:
496.2495IR (film): 3 (cn®) 3400 (m), 3083 (w), 2964 (w), 2917 (w), 1606 (m), 1534 (w), 1485 (s),
1459 (w), 1393 (w), 1306 (w), 1238 (m), 1220 (w), 1177 (w), 1104 (w), 1082 (w), 1061 (w), 1004
(w), 993 (w), 908 (w), 854 (w), 804 (m), 763 (m), 707 (w), 670 (w), 653 (w), 623 (W),v80%H40

(w), 520 (w), 490 (w), 440 (w)

Synthesis ofTL1  MeOTf (410mg, 2.5 mmol) was addeda a solution ofS5(452 mg, 1.0 mmol)

in 10 mL CHCl2. The mixture was stirred at room temperature under air overnight. The solution was
concentrated to drynesenKPFs (3680mg, 20mmol)and 10 mL CHCN were addeahto the flask.

The solution wasstirred overnightand then concentrated to drynes$he residue material was
dissolved inCH2Cl> and the organic layer was washed byOHThe organic layer was dried over
MgSQy, filtered and evaporated under reduced pres3ieresidue was subjected to flash silica gel
chromatography (C¥Cl2 /MeOH= 10:1) to givel'L1 asa brown solid616 mg, 91% yield).

IH NMR (600 MHz,CDsCN): 19.65 (s, 1H), 9.4 (s, 1H), 8.2 1 8.45(m, 2H), 819(s, 1H), 8.0 (s,

1H), 7.% (d, J= 8.1 Hz, 1H), 7.8 (s, 1H), 767 (t, J= 7.9 Hz, 1H), 7.6 (s, 1H), 7.5 (d, J= 7.9 Hz,
2H),3.99(d, J = 2.0 Hz,3H), 2.8 2.48(m, J= 6.9 Hz, 2H), 1.2 (dddd, J= 15.0, 6.9, 1.9 Hz, 12H).

13C NMR (151 MHz,CDsCN): U 146.55, 146.50, 146.41, 146.01, 136.58, 136.35, 133.28, 131.02,
127.42, 126.18, 125.82, 121.38, 120.42, 116.23, 116.8, 37.76, 29.39, 24.38°FANMR (282

MHz, CDsCN): 1 -71.65,-74.15.HRMS (ESI, m/2: calcd for CosHaoNsFsP [M-PFs] *: 532.2059,



found: 532.2052IR (film): 3 (cn1) 3154 (w), 2966 (W), 2927 (w), 1614 (w), 1596 (w), 1535 (w),
1465 (m), 1390 (w), 1367 (w), 1316 (w), 1222 (w), 1111 (w), 1064 (w), 1005 (w), 834 (s), 803 (w),

766 (W), 739 (W), 671 (W), 620 (w), 557 (m)

Synthesis ofTL2: MeOTf (356 mg, 2.18 mmol) was added to a solution 86(500 mg 0.87 mma)

in 10 mL CHCl2. The mixture was stirred at room temperature under air overnight. The solution was
concentrated to dryness then Kk¥680mg,20 mmol)and 10 mL CHCN were added into the flask.

The solution was stirred overnight and then concentrated to dryness. The residue material was
dissolved inCH2Cl> and the organic layer was washed lOHThe organic layer was dried over
MgSO, filtered and evaporated under reduced pressure. The residue was subjected to a flash silica
gel chromatography (Ci€l2 /MeOH= 10:1) to give d&L2 asbrown solid(655mg, 94% yield).

IH NMR (300 MHz,CDsCN): 119.36 (s, 1H), 9.265( 1H), 8.40 (tJ = 8.2 Hz, 1H), 8.09 () = 2.0

Hz, 1H), 8.03 (tJ = 2.0 Hz, 1H), 7.91 (d] = 8.2 Hz, 1H), 7.84 () = 7.7 Hz, 1H), 7.71 (d) = 8.2

Hz, 1H), 7.68 7.62 (m, 3H), 7.49 () = 2.0 Hz, 1H), 7.02 (s, 2H), 6.94 (s, 4H), 4.03 (s, 3H), 2.25

(s, 12H).13C NMR (75 MHz, CDsCN): U 146.45, 146.06, 145.91, 140.66, 139.68, 137.40, 137.05,
136.25, 132.56, 131.51, 131.07, 130.86, 128.04, 127.24, 126.17, 120.30, 120.12, 116.44, 116.28,
37.79, 21.24*F NMR (282 MHz, CRCN): li-71.61,-74.11 HRMS (ESI,m/2: calcd. forCzaHssNs

[M-2PFR] 2*/2: 255.6362, found: 255.635MR (film): 3 (cm?) 3423 (w), 3158 (w), 2922 (w), 1612

(W), 1541 (w), 1466 (w), 1228 (w), 1103 (w), 999 (W), 839 (s), 805 (W), 740 (w), 710 (W), 671 (w),

627 (W), 558 (M), 424 (W)



2.2 Synthesis oBidentate Ligands

/\ BL1:R=H
N =
N \ BL2: R= CF,
N/ R

PFg BL3: R= 2,6-Me,Ph

LigandBL1 andBL2 were prepared according to reported literature procedure

B(OH),
1)
o
[ N A
| X Pd(PPhg)s, KoCO4 165 °C, neat, 24h
z

|
+ —
N7 N
B~ N7 ~ l @ -

Toluene/ H,O (2:1) Br N

2) KPFg, MeCN
Reflux 36h s7 @/

Synthesis of S7A mixture of 2broma5-iodopyridine 849mg, 3.0mmol), (2,6 bis(methy)phenyl)

boronicacid @50 mg, 3.0 mmol),PdPPh)s (208 mg, 018 mmol, 6 mol%) and KCOs (1251 mg,

9.0 mmo) in toluene 8 mL) and water4 mL) in a roundbottomed flask was allowed to heat at
110°C for 36 h. After cooling to room temperature, the layaexre separated artde aqueous layer
was extracted with C4#€l>.The combined organiayers were washed with water, dried WiigSQs

and concentrated under reduced pressurerdheéue was purified by flash column chromatography

on silica gel g-hexane/CHCl, = 4:1) to affordcompoundS7 (410mg, 52% yield) as a white solid.

IH NMR (300 MHz,CDsCN): 1 8.16 (dd,J = 2.5, 0.8 Hz, 1H), 7.64 (dd,= 8.1, 0.8 Hz, 1H), 7.47
(dd,J = 8.1, 2.5 Hz, 1H), 7.2 7.06 (m, 3H), 2.01 (s, 6H)3C NMR (75 MHz, CDsCN): Ui 151.38,
141.09, 141.01, 137.56, 137.18, 137.00, 129.20, 128.92, 128.58,RBRBIE (ESI,m/2: calcd. for
Ci3H12BrNH [M+H]": 262.0226found: 262.0222R (film): 3 (cmt) 3038 (w), 2952 (w), 2921 (w),
2857 (W), 1943 (w), 1577 (W), 1547 (W), 1451 (s), 1379 (w), 1354 (w), 1282 (w), 1166 (W), 1128 (W),
1085 (s), 1035 (W), 996 (W), 834 (w), 786 (W), 772 (M), 744 Td%, (W), 628 (W), 552 (W), 518 (W),

408 (w)



Synthesis of BL3:LigandBL3 was prepared according to reported literature procsaitle slight
modifications® 2-Bromo-6-(1H-imidazok1-yl)pyridine (S7) (197 mg, 0.75 mmol) and
mesitylimidazole (155 mg, 0.83 mmolyvere stirred in a sealed tuae165 °C under N The mixture

was reacted in neat for 24 hours. After cooling to room temper#tBfe, (1380 mg, 7.5nmol) and

10 mL CHCN were added into the flask. The solution was stirred overnight and then concentrated
to drynessThe residue was subjected to flash silica gel chromatographyC{&ZMeOH= 15:1) to

give BL3 asa brown solid 828 mg 85% yield).

'H NMR (300 MHz,CDsCN) 119.47 (t,J = 1.7 Hz, 1H), 8.44 (ddl = 2.2, 0.9 Hz, 1H), 8.40 (8=

1.9 Hz, 1H), 7.95 (qdl = 8.4, 1.5 Hz, 2H), 7.68 (§,= 1.9 Hz, 1H), 7.31 7.08 (m, 5H), 2.39 (s, 3H),
2.14 (s, 6H), 2.06 (s, 6H)*C NMR (76 MHz, CDsCN): 11150.48, 146.34, 142.61, 142.20, 139.59,
137.22, 135.75, 131.93, 130.55, 129.57, 128.73, 126.12, 121.24, 115.18, 21.16, 20.997A.7.60.
NMR (282 MHz, CDsCN): Ui -71.70,-74.20.HRMS (ESI, m/2): calcd. for GsHaeNs [M-PFg]*:
368.2121, found: 368.2111R (film): 3 (cm™t) 3154 (w), 2924 (w), 2156 (w), 1592 (w), 1542 (w),
1487 (w), 1467 (w), 1384 (w), 1331 (w), 1279 (w), 1243 (w), 1169 (w), 1104 (w), 1059 (w), 1039

(W), 1003 (w), 967 (w), 934 (w), 839 (s), 778 (W), 761 (w), 741 (w), 669 (w), 557 (m), 524 ()
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2.3 Synthesis of Cobalt ComplegsCoL1 and CoL2

The complers CoL1 and CoL2 were prepared according to a reported literghwoeedure with

modifications aslescribed below/®

+

R PFg

P
1) Ag,0, MeCN, 70 °C, overnight (/\,N N N/\>

N /‘QN ColL1, Ar = Ar’

C

2) CoBr,, MeCN, 55-60 °C, overnight Ar/ / T\ \ ColL2, Ar = Ar?
Br N Br
I‘I

Synthesis of Cobalt Complex CoL1A mixture of TL1 (406mg ,0.60 mmol) and A@ (154 mg,

PN

|
+ P +
7/ N N NN
O™
Ar/ \

0.66 mmol) was stirred in C&&N (15 mL) inthedark at 70 °C overnighinder ai. Then the solution
was filtered toremove unreacted A@ through a plug of Celite. The filtrate was concentrated to
dryness and then dissolved in 8 mL 4Tl After that,the Ag-TL1 solution was added into a flask
chargedwith driedCoBr2 (327 mg,1.50 mmol) and CHCN (2 mL). The mixture was stirred at 60 °C
under air for 161 with reducedight exposure After cooling to room temperaturéhe solution was
filtered through a plug of Celite and concentrated to dryfidssresidue was subjected to flash silica

gel chromatographyQH2Cl2/CHsCN = 8:1) to give agreensolid CoL1 (379 mg, 80% yield).

IH NMR (600 MHz,CDsCN): Ui 8.48 (s, 1H), 8.33 (1] = 8.2 Hz, 1H), 8.19 (s, 1H), 7.80 (@= 8.2

Hz, 1H), 7.73 (s, 1H), 7.70 (d,= 8.2 Hz, 1H), 7.59 (d] = 7.5 Hz, 2H), 7.52 (dJ = 7.8 Hz, 2H),

4.22 (s, 3H), 3.17 (@ = 6.7 Hz, 2H), 1.96 (s, 3H), 1.23 @@= 6.6 Hz, 6H), 1.18 (d] = 6.8 Hz, 6H).

13C NMR (151 MHz,CDsCN): i 185.11, 182.38, 153.53, 153.32, 147.98, 146.46, 134.60, 133.77,
132.39, 130.11, 128.59, 125.65, 119.73, 119.25, 118.31, 110.04, 37.89, 29.30, 25.99, 23188, 1.77.
NMR (282 MHz,CDsCN): Ui-71.48,-73.98.HRMS (ESI,m/2: calcd for CagHaoBroCoNs [M-PFg]*:
645.0207 found: 645.0187 IR (film): 3 (cm®) 3650 (W), 3147 (W), 2965 (W), 2929 (w), 2870 (w),

1698 (), 1633 (w), 1589 (w), 1540 (w), 1501 (w), 1452 (m), 1406 (w), 1365 (w), 1319 (w), 1300
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(), 1280 (w), 1251 (w), 1229 (w), 1157 (w), 1118 (w), 1060 (w), 978 (w), 926 (w), 841 (s), 806 (W),

781 (w), 763 (w), 738 (W), 700 (w), 680 (W), 558 (m), 454 (w), 431 (W)

Synthesis of Cobalt Complex CoL2A mixture of TL2 (600mg ,0.75 mmol) and AQ (191 mg,

0.83 mmol) was stirred in G&N (15 mL) in the dark at 70 °C overnight under &iren the solution

was filtered to remove unreacted &ythrough a plug of Celite. The filtrate was concentrated to
dryness and theredissolved in 8 mldry CH:CN. Thesolution was added into a flaskargedwith
driedCoBr, (410mg, 1.88 mmol) and CHCN (2 mL). The mixture was stirred at 55 °C under air for

16 hwith reducedight exposureAfter cooling to room temperaturdad solution was filtered through

a plug of Celite and concentrated to dryness. The residue was subjected to flash silica gel

chromatographyCH2Cl2/CH3CN = 8:1)to give a green soli@oL2 (368 mg, 54% yield).

'H NMR (300 MHz,CD3CN): 1 8.181 8.09 (m,2H), 8.05 (d,J = 2.2 Hz, 1H), 7.97 (d] = 2.2 Hz,

1H), 7.70 (ddJ = 8.4, 6.8 Hz, 1H), 7.59 (s, 1H), 7.577.48 (m,4H), 7.12 (s4H), 6.84 (s2H), 4.19

(s,3H), 2.19 (s12H), 1.96 (s3H). :3C NMR (75 MHz,CDsCN): 1186.22, 181.19, 153.29, 152.81,
146.07, 143.23, 138.42, 138.38, 134.23, 133.38, 132.73, 131.89, 131.63, 130.20, 128.50, 118.75,
118.31, 117.58, 109.56, 109.29, 37.80, 21.30, FMMR (282 MHz,CDsCN): 1i-71.29,-73.80.

HRMS (ESI,m/2 calcd for CzsHz4BroCoNs [M - PRs]*: 767.0538, found: 76.0518 IR (film): 3 (cm

1) 3655 (w), 3144 (w), 2919 (w), 1703 (w), 1635 (w), 1605 (w), 1591 (w), 1538 (w), 1501 (m), 1462
(w), 1427 (w), 1329 (w), 1298 (w), 1280 (w), 1237 (w), 1156 (w), 1116 (w), 1041 (w), 1000 (w), 946

(W), 841 (s), 806 (W), 763 (W), 738 (W), 709 (W), 695 (W), BB, 455 (W), 428 (W)
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2.4 Synthesis ofRacemicCobalt Complexesrac-CoBrl-4

_|2+

Br — 2PFs
%\N' N\ Y
N N
Ary / \
[T\ R Co—=<<
N ( = 1) Ag,0, MeCN, 70 °C, overnight @\/i Nj
+ /R > | |
N
PFs 2) CoL1 or CoL2, MeCN, 60 °C, 18 h N N Sy—Mes
BL1:R=H rac-CoBr1: Ar = Al R= H, 82% yield
BL2: R= CF,

rac-CoBr2: Ar = Ar?, R= H, 78% yield
BL3: R= 2,6-Me,Ph
rac-CoBr3: Ar = Ar?, R= CF3, 80% yield

rac-CoBré: Ar= Ar?, R= 2,6-Me,Ph, 61 % yield
General Procedures for the Synthesis of Complexesac-CoBrl1-4
The racemic compleesrac-CoBrl1-4 were prepared according to reported literapuoeedurs with
modifications aslescribed in the following® A mixture of bidentate ligandBL 1-3 (0.40 mmol)and
Ag20 (92 mg, 040 mmol)was stirred in CECN (10 mL) in the dark at 70 °C overnight under air.
Then the solution was filtered teemove unreacted A@ through a plug of Celite. The filtrate was
removed to a rountlottom flask and concentrated to dryne&er that the fresh preparedg
complexof BL1-3 was dissolved in 10 mL MeCN and addedhe roundbottom flaskcontaining
CoL1 or CoL2 (0.31 mmol) in 2 mL CH3CN. The mixture was stirred &0 °C under air for 8 h
without intensive light irradiatianAfter cooling to room temperaturéhe solution was filtered
through a plug of Celite antbncentrated tdryness The residue was subjected to a flash silica gel

chromatography@H2Cl2 / CH3CN = 8:1).

Synthesis ofrac-CoBrl: Following the generalprocedurs, BL1 (164 mg, 040 mmol) andColL1
(245mg, 0.3 mmol) were used to obtaithe complexrac-CoBrl as a yellow solid274 mg, 82%

yield).

IH NMR (300 MHz,CDsCN): Ui 8.96 (d,J = 5.8 Hz, 1H), 8.39 (dd] = 8.9, 2.1 Hz, 2H), 8.20 (8=
8.2 Hz, 1H), 8.13 8.02 (m, 2H), 7.97 7.87 (m,1H), 7.69i 7.56 (m, 2H), 7.43 7.22 (m, 5H), 7.05

(t, J= 6.6 Hz, 1H), 6.89 (ddl = 6.6, 2.3 Hz, 1H), 6.78 (d,= 4.1 Hz, 2H), 2.88 (d] = 4.9 Hz, 4H),
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2.27 (s;3H), 1.831 1.70 (m, 1H), 1.57 (8H), 1.39 (dJ = 6.6 Hz, 3H), 1.28 (8H), 1.07 (dJ=6.8

Hz, 3H), 1.00 (dJ = 6.7 Hz, 3H), 0.83 (d] = 6.7 Hz, 3H)*C NMR (151 MHz,CDsCN): 11178.66,

174.23, 164.23, 156.33, 152.62, 152.24, 152.18, 147.69, 146.96, 144.18, 143.95, 142.14, 135.63,
134.91, 133.44, 132.40, 132.14, 131.76, 130.91, 130.84, 130.50, 129.91, 126.02, 125.39, 124.65,
121.30, 119.63, 119.60, 114.31, 110.85, 36.49, 29980226.57, 25.84, 23.06, 22.33, 20.99, 16.96,
16.34. % NMR (282 MHz, CD:CN): U -71.43, -73.94. HRMS (ESI, m/2: calcd for
C41H44BrCoNsFsP [M- PRs]*: 933.1820 found: 933.1794IR (film): 3 (cmY) 3669 (w), 3174 (w),

3145 (w), 2967 (w), 2927 (w), 1633 (w), 1622 (w), 1592 (w), 1500 (m), 1490 (w), 1461 (w), 1426
(w), 1388 (w), 1353 (w), 1314 (w), 1303 (w), 1282 (w), 1158 (w), 1145 (w), 1118 (w), 1096 (w),
1060 (w), 1042 (w), 1002 (w), 961 (w), 933 (836 (s), 779 (w), 737 (w), 695 (w), 678 (w), 557

(m), 520 (W), 455 (w)

Synthesis ofrac-CoBr2: Following the general procedurddL1 (164 mg, 040 mmol) andCoL2

(283mg, 0.3 mmol)were used to obtain complerac-CoBr2 as a yellow solid.Z291mg, 78%yield).

IH NMR (300 MHz,CDsCN): 1i9.15 (d,J = 5.8 Hz, 1H), 8.38 (d] = 2.0 Hz, 1H), 8.26 (d] = 9.6

Hz, 2H), 8.22 8.13 (m,2H), 8.05 (t,J = 8.2 Hz, 1H), 7.91 (d] = 1.9 Hz, 1H), 7.48 7.30 (m4H),

7.281 7.24 (m, 1H), 7.20 (s, 2H), 7.11 @z 8.2 Hz, 1H), 7.02 (d] = 6.1 Hz, 2H), 6.91 (s, 1H),

6.83 (s, 1H), 6.77 (s, 2H), 6.68 (s, 1H), 6.50 (s, 1H), 2.78H5,2.26 (S.12H), 2.17 (s3H), 1.12 (s,

3H), 0.67 (s3H). 13C NMR (151 MHz,CDsCN): i 178.95, 173.27, 164.08, 156.60, 152.54, 152.38,
151.69, 146.54, 144.35, 142.90, 141.74, 140.67, 139.54, 138.65, 137.70, 137.54, 135.82, 135.44,
135.00, 132.42, 132.33, 132.28, 132.02, 131.40, 131.22, 130.52, 130.50, 130.29, 130.20, 129.80,
129.15, 127.60125.81, 120.90, 119.35, 117.17, 114.23, 110.31, 110.28, 36.29, 21.54, 21.27, 20.89,
16.28, 15.831°F NMR (282 MHz, CDsCN): U -71.58,-74.09. HRMS (ESI, m/2: calcd for
Cs1H48BrCoNsFsP [M -PFs]*: 1055.2154found:1055.2146IR (film): 3 (cmt) 3654 (w), 3147 (w),

2923 (W), 2854 (w), 2231 (w), 2191 (w), 2127 (w), 2051 (w), 1973 (w), 1943 (W), 1622 (w), 1593

(w), 1501 (w), 1460 (w), 1427 (w), 1381 (w), 1354 (w), 1301 (w), 1282 (w), 1158 (w), 1119 (w),
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1041 (w), 1000 (w), 946 (w), 840 (s), 778 (W), 741 (W), 708 (W), 694 (W), 678 (w), 558 (m), 520 (W),

484 (w), 428 (w), 416 (W)

Synthesis ofrac-CoBr3: Following the generalprocedurs, BL2 (191 mg, 040 mmol) andColL2
(283mg, 0.3 mmol) wereused to obtaithe complexrac-CoBr3 as a yellow solid315 mg, 80%

yield).

IH NMR (300 MHz,CDsCN): Ui 9.54 (s, 1H), 8.66 (ddl = 8.7, 1.9 Hz, 1H), 8.5 8.43 (m, 2H),

8.32 (d,J = 2.2 Hz, 1H), 8.24 (d] = 2.2 Hz, 1H), 8.07 () = 8.3 Hz, 1H), 7.95 (d] = 2.2 Hz, 1H),

7.48 (d,J = 8.2 Hz, 1H), 7.38 () = 7.7 Hz, 1H), 7.33 7.26 (m, 2H), 7.18 7.06 (m, 5H), 6.92 (s,

1H), 6.86 (s, 1H), 6.81 (s, 2H), 6.70 (s, 1H), 6.53 (s, 1H), 2.78 (s, 3H), 2.26 &8 Hz, 12H), 2.17

(s, 3H), 1.13 (s, 3H), 0.70 (s, 3HJC NMR (75 MHz, CDsCN): {1177.51, 171.78, 165.54, 155.48,
153.07 (g, J = 4.5 Hz152.32, 151.62, 146.89, 142,982.90 (q, J = 3.0 HZ)42.04, 140.66, 139.83,
138.70, 137.48, 137.25, 135.93, 135.33, 134.98, 132.52, 132.35, 132.28, 132.08, 131.50, 131.17,
130.89, 130.63, 130.44, 130.04, 128.96, 127186,93 (q, J = 35.1 Hz)21.76122.96 (j, J = 272.8

Hz), 119.53, 117.45, 115.49, 110.63, 110.61, 36.69, 21.53, 21.31, 20.91, 16.22/9ENNB8R (282

MHz, CDsCN): Ui -61.96,-71.17,-73.67.HRMS (ESI, m/2: calcd for Cs;Ha7BrCoRNsP [M-PFR]*:
1123.2027, found: 1123.198R (film): 3 (cn?) 3145 (w), 3114 (w), 2920 (w), 2851 (w), 1627 (w),
1594 (w), 1502 (m), 1429 (w), 1381 (w), 1330 (w), 1310 (w), 1283 (w), 1265 (w), 1181 (w), 1152
(W), 1121 (w), 1077 (w), 1043 (w), 1001 (w), 947 (w), 839 (s), 737 (M), 704 (w), 694 (W), 677 (W),

628 (W), 557(m).

Synthesis ofrac-CoBr4: Following the general procedurd®L3 (205 mg, 040 mmol) andColL2
(283 mg, 0.3 mmol) was used to obtathe complexrac-CoBr4 as a yellow solidZ44 mg, 61%

yield).

IH NMR (300 MHz,CDsCN): 119.12 (d,J = 1.8 Hz, 1H), 8.46 (d] = 2.2 Hz, 1H), 8.33 (s, 2H), 8.30

(dd,J = 8.5, 2.0 Hz, 1H), 8.18 (d,= 8.5 Hz, 1H), 8.07 (t) = 8.3 Hz, 1H), 7.92 (d] = 2.2 Hz, 1H),
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7.547 7.30 (m, 5H), 7.26 (d] = 2.2 Hz, 1H), 7.16 7.00 (m, 4H), 6.87 (s, 1H), 6.76 @+ 13.2 Hz,

3H), 6.65 (s, 1H), 6.53 (d,= 13.1 Hz, 3H), 2.79 (s, 3H), 2.45 (s, 3H), 2.28 (s, 9H), 2.16 (s, 3H), 1.07

(s, 6H), 0.66 (s, 3H)**C NMR (126 MHz,CDs:CN): U 178.07, 172.38, 164.34, 158.18, 152.06,
151.56, 151.36, 146.54, 146.38, 141.74, 141.57, 139.39, 139.02, 138.17, 137.95, 137.52, 137.14,
136.49, 135.81, 135.32, 134.88, 134.39, 132.62, 132.28, 132.26, 132.11, 131.29, 130.58, 130.53,
130.50, 130.44, 130.40,30.35, 130.18, 129.64, 128.00, 127.63, 120.93, 119.46, 117.25, 113.17,
110.30, 110.27, 36.36, 22.78, 21.59, 21.10, 20.86, 16.20, 1F5EMR (282 MHz,CD3CN): U -
71.44,-73.94. HRMS: (ESI, m/2: calcd for CsoHseBrCoNsFsP [M- PFs]™: 1159.2780, found:
1159.2759IR (film): 3 (cm™) 3660 (w), 3141 (w), 2961 (w), 2924 (w), 2855 (w), 1635 (w), 1610

(w), 1503 (m), 1465 (w), 1379 (w), 1342 (w), 1302 (w), 1282 (w), 1260 (w), 1157 (w), 1091 (w),

1017 (w), 960 (w), 837 (s), 740 (w), 703 (w), 694 (w), 678 (W), 557 (m), 470 (W)
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2.5 Synthesis of NorRacemic Cobalt Complexesp(S)- and s -(S)-CoAux1-3

2+
Ph__ .\OMe 2 BArF~

A

— |
S N
s, oW \A
OMe N ,"C r
= . > 0
/:\ [ >/ \ _ R
Ph”” CO,H N N ]
2+
Br - (S)-Aux / MesN N7
~ 2 PF, M .
= | \—/
N\ /——N\ 1.) KoCO3, 70 °C, 18 h
AN Ar
N __Cg MeCN/EtOH (3:1) A-(S)-CoAux1-3
[ > \N =~ R
N
/ /O/ 2.) NaBArF, rt, overnight
MesN™ N CH,CI
Me \__/ 2Ll 2+
Ph._ \OMe |2BArF™
rac-CoBr1-3 :\I\
(6] o
. — Apl - Gl — -
rac-CoBr1: Ar=Ar', R=H L N(\N S
rac-CoBr 2: Ar=Ar2, R=H A “u,, \\\N
rac-CoBr 3: Ar = A%, R = CF, "Co. N
) ~~,
R BN N/ <N |

F N NMes \
Me

A-(S)-CoAux1-3

General Procedure forthe Synthesis ofga(S)- and s -(S)-CoAux1-3

A mixture of rac-CoBr1-3 (0.15 mmo), (S-methoxyphenylacetic aci2Q0 mg, 1.20 mmgland
K2COz (84 mg, 0.60 mmglin CHsCN/EtOH (3:1, 16 mL) was heated at0 °C for 18 h under air.
The reaction mixture was concentrated to drynBlss.residue material was dissolveddH.Cl, and
washedwith H2O. The organic layer was dried over Mg&®@ltered and evaporated under reduced
pressurdo dryness, andiashed with BEO to give yellowsdid. The precipitate was dissolved in 10
mL CH2Cl> and NaBArF (337 mg ,0.38 mmglwas addedo the solutionThemixturewas stirred at
room temperaturevernight under aiiThen CH>Cl> (10 mL)was added antthe solutiornwas filtered
through a plug of Celite. The filtrate was concentrated to dryiéssresidue was subjected to flash
silica gel chromatograph§{CH2Cl2/CHsOH/sat solution of KPk in MeCN =200:10:1)or purified

by preparative layer chromatography (fCH/CHsOH = 20:1).
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Remark taheflash silica gethromatographyT he addi ti on of KPF do t he
to increase the polarity of the eluekt.P Fdid not induce anion exchange with BArF in these

complexespresumably becauske large catioprefersthe bulky BArF anion.

Remark to the preparative layer chromatograffPlyC). About 100 mg of fresh crude product,
previously dissolved in 0.5 mL &HxCl>, were applied to the plate, subsequently eluted with the
mobile phase (CECl> / CHsOH = 20:)). Finally, the dry eluted PLC plate was exposed to 254 nm

UV light, and the two yellowband, located at Rf from Ib to 0.40 wasscratched from the glass
surface. The recovered stationary phase was packed inside a small glass column separately and elutec
with CH3CN contained KP§ After solvent evaporation at reduced presdineresidue material was
dissolved in CHCI> (20 mL) and washed by (33 8 mL). The organic layer was dried over

MgSO, filtered and evaporated under reduced pressure

Synthesis ofgp(S)-CoAux1 ands -(S)-CoAux1: Following the general procedymac-CoBrl (162
mg, 015 mmol) was used to obtain complexgs(S)-CoAuxl (140 mg, $% yield) and s -(9)-

CoAux1 (135 mg, H% yield) asyellow solids.

@ (S)CoAux1: PLC (CH2Cl2/CH:OH = 20:3: Rr= 0.280.35.'H NMR (300 MHz,CDsCN): {18.42

i 8.33 (M, 2H), 8.29 (d] = 2.1 Hz, 1H), 8.15 () = 8.2 Hz, 1H), 8.06 (1) = 7.5 Hz, 1H), 7.84 (dJ

= 8.2 Hz, 1H), 7.71 (s, 16H), 7.67 (s, 8H), 7.62)d,1.9 Hz, 2H), 7.58 (d] = 1.9 Hz, 1H), 7.53 (d,

J=8.2 Hz, 1H), 7.32 7.16 (m, 5H), 7.12 (dd} = 7.9, 4.9 Hz, 3H), 7.02 (d,= 2.0 Hz, 1H), 6.95 (d,
J=7.3Hz, 1H), 6.79 (d] = 7.1 Hz, 2H), 6.71 (d] = 12.8 Hz, 2H), 4.44 (s, 1H), 3.05 (s, 3H), 2i60

2.60 (M, 1H), 2.59 (s, 3H), 2.23 (s, 3H), 1i78.69 (m, 1H), 1.53 (s, 3H), 1.38 @@= 6.7 Hz, 3H),

1.08 (s, 3H), 1.01 (dd,= 6.6, 4.4 Hz, 6H), 0.85 (d,= 6.7 Hz, 3H)3C NMR (151 MHz,CDsCN):

0 11176.86, 176.81, 171.4162.64 (dd, J = 99.7, 49.9 HAB1.51, 154.34, 153.11, 152.28, 150.87,
147.17, 147.13, 144.36, 144.24, 142.08, 140.16, 135.69, 135.48, 134.84, 133.46, 132.28, 131.92,
131.84, 130.81, 130.62, 130.1%9.96 (q.J = 28.8 Hz),129.43, 129.00, 128.70, 127.33, 125.84,

124.85, 124.79123.70 ¢, J = 271.6 Hz),121.20, 119.37, 118.8418.70 (p,J = 4.1 Hz),114.15,
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110.25, 110.03, 85.33, 56.98, 36.12, 29.42, 28.61, 26.50, 25.94, 22.87, 22.73, 20.95, 16.98, 16.00.
19F NMR (282 MHz, CD:CN): i -63.25. HRMS (ESI, m/2: calcd for CgaHesCONgOsF24B

[M- BArF]*: 1735.4229, found: 1735.41TR (film): 3 (cm%) 3084 (w), 2923 (w), 2853 (w), 1649

(W), 1611 (w), 1503 (w), 1491 (w), 1463 (w), 1354 (m), 1275 (s), 1118 (s), 1001 (w), 932 (w), 887
(W), 839 (W), 793 (W), 776 (W), 745 (W), 713 (w), 682 (m), 671 (W), 584 (W), 450 Qi) (CHCl2)

for gp(S)CoAux1: & nm @ UMtcm?), 416¢8.8), 343(9.6), 300(+60.8), 265(+35.4).

s -(SyCoAux1: PLC (CHzCl2/CHsOH = 20:): Rr= 0.18-0.25. *H NMR (300 MHz, CDsCN): U

8.31 (d,J = 2.2 Hz, 1H), 8.28 (d] = 6.0 Hz, 1H), 8.21 (d] = 2.1 Hz, 1H), 8.05 () = 7.3 Hz, 1H),

7.97 (t,J=8.2 Hz, 1H), 7.88 7.79 (m, 2H), 7.70 (s, 16H), 7.67 (s, 8H), 7.56 (s, 1H), 7.335 (m,

7H), 7.04 (tJ = 7.6 Hz, 2H), 6.95 (dd] = 12.6, 8.2 Hz, 2H), 6.71 (s, 1H), 6.64.54 (m, 3H), 4.41

(s, 1H), 3.11 (s, 3H), 2.90 (s, 3H), 2.82.67 (m, 1H), 2.19 (s, 3H), 1.821.65 (m, 1H), 1.44 (d]

= 5.3 Hz,6H), 1.13 (s3H), 1.10 (d,J = 6.8 Hz,3H), 1.01 (d,J = 6.8 Hz,3H), 0.83 (d,J = 6.7 Hz,

3H). 13C NMR (75 MHz,CDsCN): i 177.38, 176.88, 173.7i4162.62 (dd, J = 99.7, 49.9 Hz), 161.75,
152.66, 152.32, 152.19, 151.76, 147.11, 146.89, 144.36, 144.18, 142.05, 139.66, 135.67, 135.46,
134.65, 133.45, 132.33, 131.83, 131.81, 130.69, 130.48, 129.94(88.6 Hz), 129.39, 129.35,
128.69, 127.23, 125.91, 124.97, 124.89, 123.63 €g271.7 Hz), 121.21, 119.14, 118.92, 118.78
118.62 (m), 114.11, 110.19, 110.03, 85.38, 57.07, 36.58, 29.43, 28.64, 26.61, 25.74, 22.76, 22.73,
20.90, 16.78, 16.03'9F NMR (282 MHz, CDsCN): U -63.25. HRMS (ESI, m/2: calcd for
Cs2HesCONsOsF24B [M- BArF]*: 1735.4229, foundl735.4169R (film): 3 (cmt): 2923 (w), 2853

(W), 1636 (w), 1611 (w), 1502 (w), 1491 (w), 1463 (W), 1427 (W), 1354 (m), 1276 (s), 1121 (s), 1001
(w), 932 (w), 887 (w), 839 (w), 776 (w), 743 (w), 712 (w), 682 (m), 670 (w), 448Q)(CH2Cly)

for s -(S)}CoAux1: & nm @ UMtcm?), 460(-5.0), 348(+36.1), 294(-64.6), 265(-44.2).

Synthesis ofgp(S)-CoAux2 ands -(S)-CoAux2: Following the general procedymrac-CoBr2 (180
mg, 0.15 mmqglwas used to obtaithe complexesp(S)-CoAux2 (142 mg, H% yield) ands -(S)-

CoAux2 (130mg, % yield) asyellow solidks.

19



P (S)-CoAux2: PLC (CH2Cl2/CHsOH = 20:): Ri=0.270.33.*H NMR (300 MHz,CDsCN): 118.27
(dd,J=9.6, 2.0 Hz, 2H), 8.21 (8,= 7.4 Hz, 1H), 8.15 8.02 (m, 3H), 7.93 (d] = 2.0 Hz, 1H), 7.80
(d,J=2.0Hz, 1H), 7.72 (s, 16H), 7.67 (s, 8H), 7i56.47 (m, 2H), 7.41 (1) = 7.8 Hz, 1H), 7.28 {(t,
J=6.6 Hz, 1H), 7.17 (q] = 5.4, 5.0 Hz, 3H), 7.126.97 (m, 6H), 6.93 (d] = 2.1 Hz, 1H), 6.81 (d,
J=8.1Hz, 3H), 6.68 (d] = 10.8 Hz, 3H), 6.51 (s, 1H), 3.94 (s, 1H), 2.80 (s, 3H), 2.27 (s, 6H), 2.21
(s, 6H), 2.17 (s, 3H), 1.04 (s, 3H), 0.64 (s, 3”E NMR (126 MHz,CDsCN): U 176.73, 176.71,
169.95,0 162.61 (ddJ = 99.7, 49.8 Hz)160.09, 154.61, 153.22, 152.35, 150.38, 147.11, 144.32,
141.69, 141.54, 140.44, 140.35, 139.46, 139.20, 137.76, 137.31, 135.66, 135.37, 134.96, 134.34,
132.29, 132.21, 131.97, 131.90, 131.57, 131.14, 131.08, 130.48, 130.23, 120.02,(qJ = 29.2
Hz),129.50, 129.15, 129.04, 128.05, 128.01, 127.60, 1242330 (q,)=271.8 Hz) 120.69,119.02,
118.77i 118.57 (m),117.78, 114.03, 110.00, 109.86, 84.51, 56.07, 35.47, 21.55, 21.46, 20.87, 16.30,
15.79.1%F NMR (282 MHz,CD3CN): U -63.24.HRMS (ESI, m/2: calcd for CosHesBCOR4NgO3

[M- BArF]*: 1859.4543, found: 1859.449R (film): 3 (cm?) 2922 (m), 2852 (w), 1655 (w), 1609

(w), 1503 (w), 1492 (w), 1460 (w), 1354 (m), 1274 (s), 1117 (s), 1001 (w), 932 (w), 887 (w), 855
(w), 839 (w), 805 (w), 791 (w), 776 (w), 744 (w), 711 (m), 682 (m), 670 (w), 620 (w), 581 (w), 449
(W). CD (CHxCl) for qp(S)-CoAux2: a nm UM™? cmt), 472(+3.6), 422-5.5), 345-17.0),

319+59.8, 291¢(45.7), 273(+110.9)

$-(S)-CoAux2: PLC (CHzCl2/CHsOH = 20:1: Ri= 0.180.26.'H NMR (300 MHz,CDsCN): ii8.47

(d,J= 1.9 Hz, 1H), 8.43 8.36 (m, 2H), 8.27 () = 7.6 Hz, 1H), 8.17 8.05 (m, 2H), 7.85 7.57

(m, 27H), 7.38 (tJ = 7.7 Hz, 1H), 7.30 (d] = 6.7 Hz, 3H), 7.18 6.99 (m, 5H), 6.98 6.85 (m, 3H),

6.82 (s, 3H), 6.58 (d] = 8.2 Hz, 2H), 6.30 (s, 1H), 6.05 @@= 7.5 Hz, 2H), 3.61 (s, 1H), 2.98 (s,

3H), 2.78 (s, 3H), 2.41 (s, 6H), 2.23 (s, 6H), 2.06 (s, 3H), 0.99 (s, 3H), 0.47 ($3GHYMR (151

MHz, CDsCN): &I 178.07, 176.43, 173.0862.63 (dd,J = 99.7, 49.8 Hz), 161.87, 152.80, 152.50,
151.93, 150.76, 146.44, 144.59, 142.18, 141.58, 141.31, 139.45, 139.40, 139.24, 138.92, 137.64,
135.69, 135.11, 134.84, 133.19, 132.63, 132.12, 131.94, 131.40, 131.35, 131.13, 130.17, 129.94,

129.86, 129.82129.74 (d,J = 23.0 Hz),129.27, 128.99, 128.72, 128.26, 127.78, 126.85, 125.35,
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123.69 (dJ=271.8 Hz)120.91, 118.83,18.75 118.62 (m)116.72, 114.10, 109.70, 109.36, 84.00,
56.36, 36.27, 21.62, 21.39, 20.77, 16.13, 15'F5NMR (282 MHz,CDsCN): U -63.23.HRMS

(ESI, m/2: calcd for CooHegdBCOR24NgO3 [M- BArF]™: 1859.4543, found: 1859.451R (film): 3

(cmt) 2922 (w), 2852 (w), 1655 (w), 1609 (w), 1503 (w), 1492 (w), 1460 (w), 1354 (m), 1275 (s),
1120 (s), 1001 (w), 932 (w), 887 (w), 855 (w), 839 (w), 805 (w), 791 (w), 776 (w), 745 (w), 712 (w),
682 (m), 670 (w), 450 (w), 581 (w), 449 (VQD (CH.Cly) for s -(9-CoAux2: & nm UM cm?),

457(7.7), 397(+1.7), 348(+38.1), 3140.9), 289(+21.3), 26449.8).

Synthesis ofgp(S)-CoAux3 ands -(S)-CoAux3: Following the general proceduyrac-CoBr3 (190
mg, 0.15 mmolwas used to obtaitihe complexesp(S)-CoAux3 (125 mg, 30%yield) ands -(S)-
CoAux3 (118 mg,28% yield) asyellow solics. Notice: Separation afhe two diastereomers was

achieved by preparative layer chromatography.

(S)-CoAux3: PLC (CH2Cl2/CHsOH = 20:: Rr= 0.290.40.H NMR (300 MHz,CDsCN): i8.73

(s, 1H), 8.63 (dJ = 10.6 Hz, 1H), 8.45 8.34 (m, 2H), 8.29 (dJ = 2.1 Hz, 1H), 8.18 (s, 1H), 8.00
(d,J=2.1Hz, 1H), 7.86 (d] = 2.0 Hz, 1H), 7.73 (s, 16H), 7.67 (s, 8H), 7i57.48 (m, 2H), 7.43 (,

J=7.7 Hz, 1H), 7.22 7.07 (m, 5H), 7.04 (s, 4H), 6.99 @= 2.2 Hz, 1H), 6.84 6.71 (m, 5H), 6.68

(s, 1H), 6.54 (s, 1H), 4.02 (s, 1H), 2.79 (s, 3H), 2.24 (s, 12H), 2.18 (s1.3AYs, 3H),1.02 (s, 3H),

0.68 (s, 3H)13C NMR (126 MHz,CDsCN): 176.98, 174.99, 168.09, 162.63 (de; 99.7, 49.8 Hz),

161.34, 155.15, 154.58, 153.35, 147.42, 146.974d}.5 Hz), 143.03 (gl = 3.3 Hz), 141.94, 141.76,
140.35, 140.15, 139.71, 139.39, 137.58, 137.05, 135.68, 135.28, 134.88, 134.52, 132.54, 132.28,
131.95, 131.86, 131.39, 131.36, 131.23, 130.72, 130.60, 130.33, 129.94 (q, J = 28.5 Hz), 129.58,
129.48, 129.20, 127.84, 127.56, 127.126.51 (¢ = 35.2 Hz), 123.32 (gl = 271.8 Hz), 123.09 (g,
J=272.8 Hz), 121.61, 119.17, 118.7318.62 (m), 1179, 115.27, 110.39, 110.21, 84.72, 55.76,
35.73, 21.46, 20.89, 16.21, 15.88 NMR (282 MHz,CDsCN): ii-61.73,-63.25.HRMS (ESI,m/2

calcd for GaHesBCoFRNgOs [M- BArF]*: 1927.4417 found: 1927.4377R (film): 3 (cmr?) 3089

(W), 2926 (W), 1660 (W), 1626 (w), 1609 (w), 1504 (w), 1430 (w), 1353 (m), 1330 (w), 1307 (w),
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1274 (s), 1116 (s), 1045 (w), 1001 (w), 947 (w), 932 (w), 887 (w), 854 (w), 839 (m), 806 (w), 790
(W), 744 (w), 711 (m), 682 (M), 670 (W), 622 (W), 583 (W), 559 (W), 508 (W), 449 (W), 42C)

(CHCly) for qp(S)-CoAux3: a nm @ UMtcmi?), 484(3.2), 421(-10.4), 330(+32.1), 295-55.2).

s -(S)-CoAux3: PLC (CHzCl2/CHsOH = 20:): Ri= 0.17-0.29. H NMR (300 MHz, CDsCN): ii

8.98 (s,1H), 8.67 (dJ = 8.7 Hz,1H), 8.44 (dJ = 2.3 Hz,1H), 8.41 (d,J = 8.7 Hz,1H), 8.16 (s2H),

7.86 (t,J=8.2 Hz,1H), 7.747 7.69 (m,16H), 7.67 (s8H), 7.64 (dJ = 2.2 Hz,1H), 7.%6i 7.37(m,

2H), 7.217 7.06 (m,6H), 7.04 (dJ = 2.2 Hz,2H), 6.95 (t,J = 7.6 Hz,2H), 6.82 (d,J = 4.9 Hz,3H),

6.73 (d,J = 8.2 Hz,1H), 6.59 (s,1H), 6.39 (s,1H), 6.29 (d,J = 7.3 Hz,2H), 3.88 (s,1H), 2.95 (s,

3H), 2.69 (s3H), 2.31 (sBH), 2.24 (spH), 2.09 (s3H), 1.00 (s3H), 0.57 (s3H). 3C NMR (126

MHz, CDsCN): i 177.26, 176.11, 170.2162.58 (dd,J = 99.7, 49.9 Hz)162.45, 155.21, 152.58,
151.32,149.43 (q,) = 4.3 Hz) 147.02142.90 (q,) = 3.1 Hz) 142.31, 141.83, 140.48, 139.66, 139.26,
139.15, 138.09, 137.08, 135.63, 135.05, 134.78, 134.72, 132.49, 132.29, 132.22, 131.88, 131.41,
131.17, 131.02, 130.50, 130.28, 130.089.64 (q,J = 28.6 Hz) 129.38, 129.10, 1263, 128.07,
127.61, 126.73, 1287 (q,J = 35.3 Hz) 125.44 (q,) = 271.7 Hz) 123.08(q,J = 272.2.3 Hz) 121.63,
118.96,118.76i 118.58 (m)117.53, 115.15, 109.99, 109.90, 84.50, 56.36, 36.55, 21.49, 21.41, 20.79,
16.09, 15.55.29F NMR (282 MHz, CD:CN): Ui -62.03, -63.25. HRMS (ESI, m/2 calcd for
CoaHesBCOR7NgOs [M - BArF]*: 1927.4417, found1927.4380IR (film): 3 (cmt) 2923 (w), 2852

(W), 1656 (w), 1609 (w), 1503 (w), 1460 (w), 1354 (m), 1276 (s), 1122 (s), 1001 (w), 932 (w), 887
(W), 855 (w), 839 (w), 805 (W), 790 (W), 776 (W), 745 (W), 712 (W), 682 (W), 670QD)(CH-Cl>)

for s -(9-CoAux3: & nm UM tcm?), 475¢3.9), 414(+4.2), 36411.5), 327{25.2), 296(+51.9).
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2.6 Synthesis ofthe Non-Racemic Cobalt Complexqz(S)-CoAux4

OMe

- 2+
S Ph” > COozH Ph \\\OMe_l 2PFy
Br 2PF§ (S)-Aux \AI\
\_N/ ‘—N \N K,CO3, 70 °C, 32 h o °
N /—‘ A e & ON—
| >/ 0 MeCN/EtOH (3:1) AT, | N
\N = R . r :,,'C B N
/N \ | R N P O\( ]
Me MesN N \Ol\ N
= F N NMes \
\_/ Me

rac-CoBr 4

A-(S)-CoAux 4
Ar = Ar?, R = 2,6-Me,Ph

A mixture ofrac-CoBr4 (200mg, 0.15 mmol), (S-methoxyphenylacetic aci2$6 mg, 150 mmol)
and KCOz(100mg, 070 mmol) in CHCN/EtOH (3:1, 16 mL) was heated at0 °C for 32 h under
air. The reaction mixture was concentrated to dryness. The residue material was dieSOhELli
(30 mL) and washed by (33 15 mL). The organic layer was dried over Mg&Qiltered
evaporated under reduced presdordryness, anvashed with EO to afford a yellow sdid. The
sdid was subjected to flash silica gel chromatography 2@#CH3OH/sat solution of KPFE in
MeCN =200:10:1) or purified by preparative layer chromatography2(Q#CHsOH = 20:1) qa(9)-

CoAux4 was obtain as a yellow soli8q mg, Z7% yield).

P(S)-CoAux4: TLC (CHzCIz/CHzOH = 20:1: Rr= 0.25-0.29. 'H NMR (500 MHz,CDsCN): 118.39
(d,J=2.2 Hz, 1H), 87(d,J = 1.9 Hz, 1H), 8.3(d,J= 2.2 Hz, 1H), 87(dd,J = 8.5, 2.1 Hz, 1H),

8.20 (d, J = 2.2 Hz, 1H), 8.3 (d, J = 8.5 Hz, 1H), ®8(t, J = 8.2 Hz, 1H), 7.55 7.50 (m, 2H), 7.B
(d,J=4.1Hz, 2H), 7.8 (d, J = 2.2 Hz, 1H), B9i 7.34(m, 1H), 7.2 (dd,J= 7.8, 1.5 Hz, 1H), 74

i 7.08 (M, 2H), 7.@ (d, J = 2.2 Hz, 1H)6.98(t, J = 7.7 Hz, 2H), 6.7 6.88 (m, 3H), 6.85 (s, 1H),

6.90 (s, 2H), 6.5 (d, J = 7.9 Hz, 3H), 619 6.41 (m, 3H), 3.6L (s, 1H), 2.2 (s, 3H), 248 (s, 3H),

2.45 (s, 3H), 2.5 (s, 6H), 218 (s, 9H), 2.13(s, 3H), 0.8 (s, 3H), 0.8 (s, 3H).13C NMR (126 MHz,

CD:CN): 11175.18, 168.76, 160.69, 154.59, 152.32, 152.08, 151.38, 146.97, 146.77, 141.68, 141.47,
140.95, 139.36, 139.28, 138.94, 138.05, 137.56, 137.39, 136.99, 135.80, 135.65, 135.31, 134.77,

134.68, 133.01, 132.74, 132.28, 132.10, 131.43, 131.32, 131.27, 1380430, 130.26, 129.83,
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129.37,128.77,128.61,127.78,127.51, 127.43, 121.00, 117.44,113.39, 109.89, 109.67, 84.41, 55.51
36.07, 22.84, 22.62, 21.48, 21.28, 20.83, 15.74, 13%6a\MR (282 MHz,CDsCN): Ui -71.54,-
74.04.HRMS (ESI, m/2: calcd. forCesHesCoFsNgOz P [M- PF6]: 1245.4148 found: 1245.4130

IR (film): 3 (cmY): 3650 (w), 3144 (W), 2922 (m), 2853 (w), 1747 (w), 1639 (w), 1610 (w), 1504 (m),
1463 (w), 1377 (w), 1338 (w), 1304 (w), 1281 (w), 1194 (w), 1158 (w), 1105 (w), 1030 (w), 1000
(w), 961 (w), 841 (s), 741 (w), 703 (w), 558 (M)D (CH:Cl,) for gp(S)-CoAux 4: & nm (UM

cml), 425¢10.8), 353(5.4), 330(+16.4), 304(+35.1).
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2.7 Synthesis of NorRacemic Cobalt Complexesp and s -CoCatl-3

2+
2+
Phj\I:OMe _l 2 BAIF~ Ph IOMe—l 2 BAIF™
) o]

0 o)

— ——N/% =~y |—
SN —N_ @N N2
VAR Ar A P, LS NH4PFg, MeCN
Co or Co — s A-ora-CoCat1-3
[ >/ \N/ R R ~ / \< ] A —or A-CoCat
N /O/ \O‘\ N 70°C, 24 h
Me/ MesN N F N NMes \M
\__’ \_/ e
A-(S)-CoAux1-3 A-(S)-CoAux1-3

A or A-(S)-CoAux 1: Ar=Ar',R=H
A or A-(S)-CoAux 2: Ar=Ar, R=H
A or A-(S)-CoAux 3: Ar = Ar?, R = CF,4

To a solution oD>-(S-CoAux1-3 or s -(§-CoAux1-3 (0.05 mmol)in CHCN (5 mL) was added
NH4PFs (0.75 mmo] 122 mg) ard the tube sealed@ he resulting mixture was stirred at %0 for 24

h. The reaction mixture was evaporated to dryness, dissol&d@l, (30 mL) and washed by

(33 15 mL). The organic layer was dried over Mg§&€ltered and evaporated under reduced pressure

to drynessThe obtainedolid was washeavith cold Et2O and dried under vao to provide a yellow

solid.

Synthesis ofge and s -CoCatl: Following the general procedymg(S)-CoAux 1 or s -(S-CoAux
(130 mg, 0.05 mmdlwas used tprovide g3CoCatl (113 mg, 86%yield) or s -CoCatl (113 mg,
86%yield) asayellow solid.Note: rac-CoCatl wassynthesizedollowing the same proceduusing

a l1:1 mixture ofa(S)-CoAux1 ands -(S-CoAux1 asthe starting material

IH NMR (300 MHz,CDsCN): 18.58 (d,J = 1.8 Hz, 1H), 8.49 (dJ = 2.0 Hz, 1H), 8.40 (tJ = 8.3
Hz, 1H), 8.25 (g,) = 8.1, 6.5 Hz, 3H), 8.08 (d,= 8.1 Hz, 1H), 7.77 (d] = 11.2 Hz, 18H), 7.68 (s,
8H), 7.59 (dJ = 8.3 Hz, 1H), 7.51 (d] = 1.8 Hz, 1H), 7.38 7.26 (m, 4H), 6.99 (d] = 5.5 Hz, 1H),
6.85 (d,J = 3.8 Hz, 2H), 3.00 (s, 3H), 2.51 (b= 6.7 Hz, 1H), 2.30 (s, 3H), 2.25 (s, 3H), 1i79.64
(m, 1H), 1.57 (s, 3H), 1.41 (d= 6.7 Hz, 3H), 1.28 (s, 3H), 1.09 {t= 5.8 Hz, 6H), 0.89 (d] = 6.6
Hz, 3H).13C NMR (126 MHz,CDsCN): &1 170.87, 166.44(1 162.60 (dd,) = 99.7, 49.8 Hz)154.40,

153.09, 152.36, 152.28, 151.61, 148.89, 146.71, 145.84, 143.82, 142.62, 135.66, 134.83, 132.86,
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132.78, 132.65, 131.42, 131.03, 130.96, 130129,90 (q,J = 31.6 Hz) 126.38, 125.93125.45 (d,
J=271.8 Hz)125.16, 122.00, 121.14, 120.94,8.80i 118.59 (m)115.47, 112.58, 112.29, 37.03,
29.57, 29.05, 26.84, 25.91, 22.46, 20.98, 16.96, 16.26,6EINMR (282 MHz,CD:CN): {i-63.25,
-71.11,-73.61. HRMS (ESI, m/2: calcd for Cior H71CONoF48B2 [M- PF6]: 2474.4607 found:
2474.4575IR (film): 3 (cn) 2978 (w), 1610 (w), 1499 (w), 1464 (w), 1428 (w), 1354 (m), 1276
(s), 1117 (s), 1001 (w), 932 (w), 887 (w), 838 (w), 793 (W), 773 (W), 744 (w), 712 (m), 682 (M), 670

(W), 580 (w), 517 (w), 449 (w)

CD(CH.Cl,) for gpCoCatl: & nm UM cm?), 444(+5.9), 393Q.4), 337-16.8), 296(+65.8)

CD(CH:Cly) for s -CoCatl: & nm UM cm?), 444(6.0), 393(+1.8), 337¢14.4), 296(64.6).

Synthesis ofge and s -CoCat2: Following the general procedugs (S-CoAux2 or s -(S-CoAux2
(136 mg, 005mmol) was used to obtain complgCoCat2 (114mg,83% yield) ors -CoCat2 (111
mg, 81% yield) as a yellow solidNote: rac-CoCat2 wassynthesizedollowing the same procedure

by usgng a 1:1 mixture ofqa(S-CoAux2 ands -(S)-CoAux2 as starting material.

IH NMR (300 MHz,CDsCN): 18.62 (d,J = 2.2 Hz, 1H), 8.48 8.41 (m, 3H), 8.37 () = 7.9 Hz,

1H), 8.24i 8.15 (m, 2H), 8.04 (d] = 2.2 Hz, 1H), 7.75 (d] = 8.7 Hz, 1H), 7.73 7.65 (m, 26H),

7.64 (s, 1H), 7.47 7.35 (m, 3H), 7.24 (dJ = 8.2 Hz, 1H), 7.20 (s, 2H), 7.15 (dii= 7.2, 2.1 Hz,

1H), 7.07 (dJ = 2.3 Hz, 1H), 7.03 (s, 1H), 6.88 (s, 1H), 6.83 (s, 2H), 6.70 &l1.9 Hz, 1H), 6.53

(d,J= 1.7 Hz, 1H), 2.87 (s, 3H), 2.35 (s, 6H), 2.27 (s, 6H), 2.19 (s, 3H), 1.66 (s, 3H), 1.05 (s, 3H),
0.56 (s, 3H)13C NMR (126 MHz,CDsCN): 11170.79, 165.75, 162.59 (dii= 99.7, 49.9 Hz), 153.93,
153.54, 151.86, 151.57, 148.42, 146.14, 142.23, 141.41, 140.85, 139.95, 139.49, 137.88, 137.42,
137.26, 135.65, 135.34, 134.98, 133.19, 132.99, 132.60, 131.58, 131.55, 131.23, 131.02, 130.76,
130.63, 130.59, 130.31, 129.91 {5 28.7 Hz), 128.13, 127.88, 126.58, 125.45)(d,271.7 Hz),

121.99, 120.91, 118.76118.59 (m), 115.30, 112.55, 112.03, 36.92, 21.46, 21.37, 20.88, 16.08, 15.34,

5.22.19F NMR (282 MHz, CRCN): U -63.25,-71.42, -73.93. HRMS (ESI, m/2: calcd. for
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C117H75B2CoFgNg [M - PF6]: 2599.4942, found: 2599.490R (film): 3 (cmt) 2925 (w), 1609 (w),
1501 (w), 1463 (w), 1355 (m), 1277 (s), 1123 (s), 1001 (w), 933 (w), 887 (w), 839 (w), 807 (w), 791

(w), 775 (w), 744 (w), 712 (w), 682 (w), 670 (w), 586 (w), 559 (w), 449 (w), 420 (w)

CD (CHCly) for qpCoCat2: a; nm @ UMt cmt), 446(+5.4), 3956.0), 349¢(8.9), 313(+61.9), 288(

56.6).

CD (CH:Cly): for s-CoCat2: & nm @@ UM cm?), 444¢5.5), 393(+4.6), 349(+10.1), 3186.4),

288(+58.6).

Synthesis ofgp and s -CoCat3: Following the general procedyige(S)-CoAux3 or s -(S)-CoAux3
(140 mg, 005 mmol) was used to obtain compkgCoCat3 (115mg, 82% yield) or s -CoCat3 (117
mg, 83% yield) as a yellow solidNote: rac-CoCat3 wassynthesizedollowing the same procedure

by usgng a 1:1 mixture ofqa(S-CoAux3 ands -(S)-CoAux3 as starting material.

IH NMR (300 MHz,CDsCN): 118.78 (dd,J = 8.7, 1.6 Hz, 1H), 8.69 (d,= 2.2 Hz, 1H), 8.60 (s, 1H),
8.531 8.42 (m, 3H), 8.22 (] = 8.3 Hz, 1H), 8.08 (d] = 2.2 Hz, 1H), 7.74 7.64 (m,24H), 7.61 (d,
J=8.3 Hz, 1H), 7.49 7.36 (m, 3H), 7.30 (d] = 8.2 Hz, 1H), 7.22 7.15 (m, 3H), 7.10 (d] = 2.3

Hz, 1H), 7.04 (s, 1H), 6.91 (s, 1H), 6.87 (s, 2H), 6.69 (s, 1H), 6.58 (s, 1H), 2.86 (s, 3H), 2.31 (d,
7.8 Hz,12H), 2.19 (s, 3H), 1.68 (8H), 1.05 (s, 3H), 0.58 (s, 3H¥C NMR (151 MHz,CDsCN); ii
169.66, 164.601 162.63 (dd, J = 99.7, 49.8 Hz), 154.90, 154.73, 151.78, 151.59, 149J78 4l

Hz), 148.73, 144.94 144.62 (m), 142.52, 142.52, 141.42, 141.23, 140.09, 139.77, 137.81, 137.56,
136.97, 135.68, 135.35, 134.97, 133.12, 132.89, 132.82, 131.82, 131.70, 131.29, 131.23, 130.83,
130.76, 130.53, 129.95 (q, J = 31.7 Hz), 127.91, 16.90= 35.8 Hz), 127.65, 125.49 (= 271.4

Hz), 122.82, 122.79, 122.77 @7 273.3 Hz), 121.21, 118.80, 118.7818.59 (m), 116.57, 112.95,
112.48, 37.39, 21.43, 21.40, 20.91, 16.06, 15.38, 36ENMR (282 MHz,CDsCN): U -61.50,-
63.25,-71.41,-73.91.HRMS (ESI, m/2 calcd for Ci118H74B2CoFs1Ng [M- PFs]*: 2667.4816, found:

2667.4736IR (film): 3 (cn?) 3146 (w), 1629 (w), 1609 (w), 1503 (w), 1450 (w), 1354 (m), 1329

27



(), 1313 (w), 1276 (s), 1121 (s), 1001 (w), 932 (w), 887 (w), 838 (m), 807 (W), 792 (W), 744 (W),

712 (W), 694 (w), 682 (m), 670 (W), 559 (W), 449 (W)

CD (CHzCl,) for gpCoCat3: & nm @ UMt cm), 451(+5.9), 3954.9), 325(+38.7), 29443.8).

CD (CH.Cl,) for s -CoCat3: & nm UM cm?), 451¢5.7), 395(+5.2), 32586.6), 294(+40.7).

2.8 Synthesis ofthe Non-Racemic Cobalt ComplexgpCoCat4

2+ Me 3+
Ph ‘\\OMe_l 2PFg (|: —I 3PFg
) I
o~ o N
— VY / N\ Y
a0, | N $ NH,PFs, MeCN ar N, | N g
Co - Co
R\O\‘\/ <N l 70°C, 24 h R\O\l\/ <N l
" NMes \ Z N NMes \
\—/ Me \—/ Me
A-(S)-CoAux 4: Ar = Ar?, R = 2,6-Me,Ph A-CoCat 4

To a solution ofD-(S-CoAux4 (56 mg,0.04 mmol) in CH3CN (3 mL) was added NHPFs (0.60
mmol, 98 mg) ard the tube was sealed@he resulting mixture was stirred at 0 for 24 h. The
reaction mixture was evaporated to drynesslwashedirst with CH>Cl> andthenH2O for several
times to give a yellow sdid (35 mg, &8 % yield). Note that qpCoCat4 containsthree Pk

counteanionsfor single crystal Xray diffraction analysis

IH NMR (300 MHz,CDsCN): Ui 8.55i 8.50 (m, 3H), 8.45 (dd] = 8.6, 1.9 Hz, 1H), 8.308.19 (m,

2H), 8.12 (dJ = 1.7 Hz, 1H), 8.04 (d] = 2.2 Hz, 1H), 7.69 (d] = 8.2 Hz, 1H), 7.55 (t) = 7.8 Hz,

1H), 7.52i 7.45 (m, 2H), 7.39 (d] = 2.2 Hz, 2H), 7.26 (d] = 8.2 Hz, 1H), 7.21 7.12 (m, 3H), 6.91

(d,J = 4.1 Hz, 2H), 6.85 6.63 (m, 3H), 6.56 (d] = 7.7 Hz, 3H), 2.84 (s, 3H), 2.50 (s, 3H), 2.28 (s,
6H), 2.23 (s, 3H), 2.19 (s, 1H), 1.97 (s, 4H), 1.68 (s, 3H), 1.02 (s, 3H), 0.56 ($3GMMR (126

MHz, CDsCN): i 169.85, 163.89, 153.07, 152.96, 151.60, 151.38, 150.65, 148.73, 148.57, 142.29,

141.55, 140.02, 139.80, 137.99, 137.83, 137.59, 137.31, 136.65, 135.21, 134.85, 133.56, 133.15,
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133.09, 132.94, 131.65, 131.64, 131.32, 131.10, 130.93, 130.89, 130.78, 130.73, 130.30, 127.77,
127.34, 121.92, 120.91, 118.93, 114.78, 112.67, 112.24, 37.09, 22.97, 22.61, 21.47, 21.09, 20.86,
16.16, 15.24, 5.14°%F NMR (282 MHz,CDsCN): U -71.50,-74.00.HRMS (ESI, m/2: calcd. for
Ce1Hs9CoF2NoP2 [M- PRs]™: 1266.3478, found: 1266.348®R (film): 3 (cm™) 3641 (w), 3408 (w),

3166 (w), 2925 (w), 1625 (w), 1603 (w), 1542 (w), 1501 (w), 1452 (w), 1355 (w), 1279 (w), 1127

(W), 841 (), 779 (W), 708 (w), 670 (W), 558 (W).

CD (CH:Cl,) for qpCoCatd: a nm @UM™ cm?), 462(+.9), 413-5.7), 351(-5.5), 306(+50.5,

271(+99.1)

2.9 Synthesisof Complexrac-[CoCatl](NTf2)s

A mixture ofrac-CoBrl (162 mg, 0.15 mmol),S-methoxyphenylacetic aci®00 mg, 1.20 mmol)

and KCOsz (83 mg, 0.60 mmol) in 16 mL mixed solvent (6EN/EtOH, v/v = 3/1) was heated at

65 °C for 18 h under air. The reaction mixture was concentrated to drgisssdved in CHCl; and
washed by HO. The organic layer was dried over MgS@itered and evaporated under reduced
pressure. The residue was subjected to flash silica gel chromatograpi@i{CHsOH/sat solution

of KPFs in MeCN = 100:10:1) and collected the yellénaction The obtained yelloviractionwas
driedand dissolved in 5 mL YN in a flask. After that, NHPFs (1.50 mmol, 245 mg) was added

to the solution and the resulting mixture was stirred atZ@or 24 h. The reaction mixture was
evaporated to dryness. The residue was washed with athd CHCI, for several times. The
precipitate was dissolved in 10 mL of CH CN

dryness, yielding a yellow soliof rac-[CoCatl1](PFs)s (yield overtwo steps: 99 mg, 35).

IH NMR (300 MHz, CRCN): 118.52 (d,J = 2.1 Hz, 1H), 8.42 (d] = 2.2 Hz, 1H), 8.35 (t) = 8.3
Hz, 1H), 8.20 (p,] = 3.6, 3.2 Hz, 3H), 8.01 (d,= 8.6 Hz, 1H), 7.79 7.65 (m, 2H), 7.53 (d] = 8.3
Hz, 1H), 7.46 (dJ = 2.1 Hz, 1H), 7.38 7.23 (m, 4H), 6.97 (d] = 8.7 Hz, 1H), 6.81 (d] = 5.6 Hz,

2H), 2.93 (s, 3H), 2.52 2.38 (m, 1H), 2.29 (s, 3H), 2.20 (s, 3H), 1i74.58 (m, 1H), 1.52 (s, 3H),
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1.37 (d,J = 6.8 Hz, 3H), 1.22 (s, 3H), 1.06 &= 7.2 Hz, 6H), 0.87 (d) = 6.7 Hz, 3H).1*C NMR

(126 MHz, CCN): U 170.89, 166.40, 154.44, 153.16, 152.30, 152.24, 151.55, 148.77, 146.78,
145.78, 143.83, 142.61, 135.63, 134.80, 132.86, 132.80, 132.73, 132.70, 131.42, 131.03, 130.99,
130.92, 130.69, 126.42, 125.93, 125.14, 121.92, 121.15, 120.93, 115.40, 112.59361243@9.55,

29.02, 26.88, 25.94, 22.45, 22.42, 20.97, 16.94, 16.24,"SFBXMR (282 MHz, CXCN): 1i-71.24,
-73.75.HRMS (ESI, m/2 calcd. for GsHa7CoF2NoP2 [M - PFe]*: 1038.2565, found: 1038.254&R

(film): 3 (cm®) 3665 (W), 3146 (w), 2974 (w), 2327 (w), 1635 (w), 1593 (w), 1501 (w), 1463 (W),
1429 (w), 1390 (w), 1354 (w), 1306 (w), 1288 (w), 1198 (w), 1146 (w), 1060 (w), 837 (s), 797 (w),

779 (W), 748 (W), 696 (W), 679 (W), 558 (M), 438 (W).

rac-[CoCatl](PFs)s3 (35.5mg, 0. mmol) and N&ITf, (182.0mg, 0.60 mmolwere dissolved in
CH.Clx/MeCN (2:1, 3 mL) and stirred a0 °C in a sealed tubr 20 h under airAfter the reaction,

the reaction mixture was concentrated under reduced pressure, and the residue was treded with
mlwaterand 5 ml CH a@rbom tempemturs fori3® mimhen the organic phase was
collected andhe aqueous phaseaswa s h e d w i TthéconbiHed@hnic layeswerefiltered,

and concentrated under reduced pressugeserac-[CoCatl](NTf2)3(40mg,83% yield) asayellow

solid.

IH NMR (300 MHz,CDsCN): 11 8.53 (d,J = 2.2 Hz, 1H), 8.43 (dJ = 2.3 Hz, 1H), 8.35 () = 8.3

Hz, 1H), 8.24i 8.17 (m, 3H), 8.02 (d] = 8.6 Hz, 1H), 7.75 (d] = 2.2 Hz, 1H), 7.72 (d] = 8.2 Hz,

1H), 7.54 (d,) = 8.3 Hz, 1H), 7.46 (d] = 2.2 Hz, 1H), 7.40 7.21 (m, 4H), 6.97 (d] = 7.4 Hz, 1H),

6.81 (d,J=5.7 Hz, 2H), 2.93 (s, 3H), 2.502.41 (m, 1H), 2.29 (s, 3H), 2.20 (s, 3H), 1i72.58 (m,

1H), 1.51 (s, 3H), 1.37 (d,= 6.8 Hz, 3H), 1.22 (s, 3H), 1.06 (dbl= 8.8, 6.7 Hz, 6H), 0.87 (d,=

6.7 Hz, 3H)13C NMR (126 MHz,CDsCN): i 170.85, 166.40, 154.34, 153.05, 152.33, 152.24, 151.58,
148.88, 146.70, 145.83, 143.80, 142.60, 135.61, 134.81, 132.86, 132.81, 132.76, 132.62, 131.40,
131.01, 130.95, 130.78, 126.37, 125.92, 125193,43 ¢, J = 320.7 Hz)121.97, 121.13, 120.92,

115.46, 112.56, 112.29, 37.00, 29.55, 29.04, 26.84, 25.91, 22.45, 20.97, 16.94, 16.2% ENIR

30



(282 MHz, CDsCN): i -80.12. HRMS (ESI, m/2: calcd. GHa7CoFaN1108Ss for [M- NTf2]*:
1308.1627, found: 1308.161R (film): 3 (cm®) 3567 (w), 3140 (W), 2973 (w), 1635 (w), 1593 (w),
1500 (W), 1463 (w), 1346 (m), 1281 (w), 1190 (s), 1135 (m), 1059 (m), 842 (w), 794 (W), 779 (W),

764 (W), 743 (W), 696 (W), 654 (w), 615 (m), 574 (W), 515 (m), 410 (W)

2.10 Synthesis of Compleg -[CoCat3](BArF) 3

s -CoCat3(28.1 mg, 0.01 mmol) and NaBArF (8.9 mg, 0.01 mmadyedissolved in 4 mL solvent
(CHxCI/CH3CN, v/v = 3/1) and stirred at room temperature overnight under air. After that, the
reaction mixture was evaporated to drynéssn dissolved in 15 mL GE&l> and washed with O

(3 x 8 mL). The organic layer was dried over MgSiitered and evaporated under reduced pressure.
The obtained residue was washed watlsmall amount of EO. The supernatant solution was
decanted and all the volatiles of the remaining solid were removed in vacuo tos give

[CoCat3](BArF)s (27.6 mg, 7% yield) asayellow solid.

IH NMR (300 MHz, CRCN): 1i8.77 (dd,J = 8.8, 1.6 Hz, 1H), 8.69 (d,= 2.2 Hz, 1H), 8.59 (s, 1H),
8.50 (d,J = 2.3 Hz, 1H), 8.46 (d] = 8.8 Hz, 1H), 8.43 (d] = 2.2 Hz, 1H), 8.20 (] = 8.3 Hz, 1H),

8.07 (d,J=2.2 Hz, 1H), 7.74 7.63 (m, 36H), 7.60 (d}= 8.1 Hz, 1H), 7.50 7.36 (m, 3H), 7.28 (d,
J=8.2 Hz, 1H), 7.19 (dd] = 7.5, 1.7 Hz, 1H), 7.15 (s, 2H), 7.09 (k= 2.3 Hz, 1H), 7.03 (s, 1H),

6.91 (s, 1H), 6.86 (s, 2H), 6.68 (s, 1H), 6.57 (s, 1H), 2.85 (s, 3H), 2.3E(d.9 Hz, 12H), 2.19 (s,

3H), 1.67 (s, 3H), 1.04 (s, 3H).57 (s, 3H)1°F NMR (282 MHz, CRCN): i-61.50,-63.25.HRMS
(ESI,m/2: calcd. for G1gH74B2CoFs1Ng [M - BArF]*: 2667.4816, found: 2666.4774R (film): 3 (cm’

1) 2927 (w), 1628 (w), 1609 (w), 1502 (w), 1450 (w), 1354 (m), 1328 (w), 1311 (w), 1276 (s), 1120
(s), 1001 (w), 931 (w), 887 (w), 856 (w), 838 (m), 808 (w), 793 (w), 742 (w), 711 (m), 682 (m), 670

(w), 625 (w), 581 (w), 507 (w), 449 (w).

CD (CH.Cl,) for s -[CoCat3](BArF)s: & nm @@ UMt cm?t), 454¢4.5), 401(+4.2), 32621.2), 299

35.7).
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3. Determination of the Absolute Configuration of Cobalt Complexes

The absolute configurations of cobalt complexese determined by comparing their CD spectra

with q@CoCat4, whose configuratiomvas assigned by-ray diffraction.

—— NA-CoCat 1
1 ---- N-CoCat 1
80 —— A-CoCat 2
] ---- AN-CoCat 2
——A-CoCat 3
---- N-CoCat 3
— A-CoCat 4

Ae (M em™)

I v I ' 1 ' 1
300 400 500 600
Anm)

Supplementary Fig. 1. Comparison the CD spectra of cobalt complexes (recorded #ClgH..0

mM).
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4. Determination of the Enantiomeric Purities of Cobalt Complexes

3+ —| 3+ o 3+
Me : M
22/;rF | 3 A-TRISPHAT ' ' e 3 A-TRISPHAT
6 .

o
III III : III

Ny Q_ 5 _.Q
Q } SAr A-TRISPHAT > N/S I (\N <
ST < ol T

MesN MesN

NMes

rac-CoCat1-3 AA- CoTRIP1-3 AA-CoTRIP1-3

SupplementaryFig. 2. Interaction ofrac-CoCat1-3 with @ TRISPHATin CD>Cl,/CDsCN.

Method: The chiral counterionqe TRISPHAT ([tetrabutylammonium] datris(tetrachlorl,2-
benzoldiolato)phosphate(V)], ee>98.5% interacts with chiral cobalt cationso form two
diastereomers:s /(@CoTRIP1-3 and qdgeCoTRIP1-3 (Supplementary Fig. 2). These two
diastereomersan be distinguishable by their tH NMR spectra, enabling the calculation of the

enantiomeric purities doCat1-3 through integration afheir respective signals

4.1 Enantiomeric Purity of CoCatl

General Procedure:rac-CoCatl,s -CoCatl or g@CoCat1 (0.0019 mmol, 5 mgyere dissolved in
a mixture of CRCI2/CDsCN (15:1; 64CeL). The chiral shift reagentp TRISPHAT (0.0076 mmol,
7.7 mg; 4 equiv.) was then added. The enantiomeric excess (ee) of the catalyst was analysed by *H

NMR spectroscopy.

Results: As shown inSupplementary Fig. 3, the mixture of 4 equiv. odp TRISPHAT andrac-
CoCatl showed two sets of pealst 8.53 and 8.74 ppm. These peaks appeared in a 1:1 ratio
(Supplementary Fig. 3, b), corresponding to the signals@ipCoTRIP1 ands /qgeCoTRIP1. In
contrast, the *HNMR spectra ofgaCoCatl or s-CoCatl with 4 equivalents ofp TRISPHAT
showed only a single peak at 8.53 or 8.74 ppm, respectisapyp{ementaryFig. 3, c and d). These
results allowed us to determine the enantiomeric ratiap@bCatl and s -CoCatl, which were

calculated to be O 98:2 e.r.
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Supplementary Fig. 3. *H NMR (300 MHz 298 K) spectra recorded in GDI/CDsCN. a)rac-
CoCatl. b)rac-CoCatl with 4 equinalentsof g3 TRISPHAT. c)gzCoCatl with 4 equinalentsof g

TRISPHAT. d)L - CoCatl with 4 equinalentsof g TRISPHAT.

4.2 Enantiomeric Purity of CoCat2

General Procedure:rac-CoCat2, s -CoCat2 or g@CoCat2 (0.0022 mmol, 6 mgyere dissolved in
a mixture of CDCI/CDsCN (15:1; 64CeL). The chiral shift reagentp TRISPHAT (0.0088 mmol,
8.9 mg 4 equiv.) was then added. The enantiomeric excess (ee) of the catalyst was analysed by *H

NMR spectroscopy.

Result: As shown inSupplementaryFig. 4, the'H NMR spectrunof rac-CoCat2, with the addition
of 4 equiv.of @ TRISPHAT showed two set of peaks at 8.57 and 8.74 ppm. These two sets of peaks
were observed in a 1:1 rati8fpplementaryFig. 4, b), corresponding to the signalsptCoTRIP2

ands ggCoTRIP2. In contrast, théH NMR spectra ofpCoCat2 or s -CoCat2 with addition of 4

34



equivalentof @ TRISPHAT showed only a single set of peaks at 8.57 or 8.74 $ppplementary
Fig. 4, c or d). These data were used to calculate the enantiomeric rajgSadtat2 or s -CoCat2

complexes, which were determined to be O 98: 2

WJWMM . |
sk U h

QLWMUMMMJLMUJM
d) T

| | | o
B TEV R T Ta e L JV\J )

. | . ; : " T /. . T T T
85 8.0 7.5 7.0 6.5 2.0 15 1.0
f1 (ppm)

Supplementary Fig. 4. *H NMR (300 MHz 298 K) spectra recorded in GDIo/CDsCN. a)rac-
CoCat2 b)rac-CoCat2 with 4 equinalentsof (@ TRISPHAT. c)ggCoCat2 with 4 equinalentsof qa

TRISPHAT. d)s -CoCat2 with 4 equinalentsof @ TRISPHAT.
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4.3 Enantiomeric Purity of CoCat3

General Proceduee: rac-CoCat3, s -CoCat3 or q@CoCat3(0.0021 mmol, 6 mgyere dissolved in
a mixture of CRCI2/CDsCN (15:1; 64CeL). The chiral shift reagentp TRISPHAT (©.0084 mmol,
8.6 mg 4 equiv.) was then added. The enantiomeric excess (ee) of the catalyst was analysed by *H

NMR spectroscopy.

Result: As shown inSupplementaryFig. 5, the'H NMR spectrunmof rac-CoCat3, with the addition

of 4 equiv.of @ TRISPHAT, showed two set of peaks show at 7.06 and 7.10 ppm. These two sets of
peaks were observed in a 1:1 raBupplementary Fig. 5, b), corresponding to the signalsgip
CoTRIP3 ands gCoTRIP3. In contrast, théH-NMR spectra ofgpCoCat3 with addition of 4
equivalentof e TRISPHAT showed only a single set of peaks at pfé (SupplementaryFig. 5,

c). These data were used to calculate the enantiomeric ratim€oCat3 or s -CoCat3 complexes,
which were det er miThe&dNMR spectracofs CoCatB witB additiorr of 4
equivalentof @ TRISPHAT displayed two distinct peaks at 7.06 ppm (minor) and 7.10 ppm (major)
(Supplementary Fig. 5, d), with an integration ratio of 2.7:100hese data were used to calculate

the enantiomeric ratios appCoCat3 or s -CoCat3 complexes, which were determined to be

97.4:2.6e.r.
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Supplementary Fig. 5. *H NMR (300 MHz 298 K) spectra recorded in GDI/CDsCN. a)rac-
CoCat3. b) rac-CoCat3 with 4 equinalentsof (@ TRISPHAT. c)gpCoCat3 with 4 equinalentsof @

TRISPHAT. d)s - CoCat3with 4 equivalentsof (e TRISPHAT.
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5. Stability Studies of Cobalt Complexes

5.1 Stability Studies ofCoCatlin CH3CN at Elevated Temperature

5.1.1 Constitutional Stability

General Procedure:rac-CoCatl (0.0038 mmol, 10 mg) was dissolved im2 CHzCN and stirred
at 70 °C under air for 20 h. After that, the solution was directly concentrated to dryness under reduced

pressure. The residual materials were dissolved isOBDandanalyzedoy 'H NMR.

Result As shown inSupplementaryFig. 6, the'H NMR signal ofrac-CoCat1 did not change after
stirred at 70°C in CHCN for 20 hours. These experiments indicate thatCoCatl is stable in

CHsCNat70 °C

a)

H:0

b)

H.0

1T U VTV a CLUU S

T - T ™ T - T T T T T e T T T - T T T - T T T
9.0 8.5 8.0 7.5 70 6.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)

Supplementary Fig. 6. *H NMR (300 MHz 298 K) spectra ofac-CoCatl recorded in CBCN. a)

Right after dissolutionb) After stiring at 70°C for 20 h.
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5.1.2 Configurational Stability

General Procedure:gpCoCatl (0.0019 mmol, 5 mg) was dissolved iimL CH3CN and stirred at
70 °C under air for 20 h. After that, the solution was directly concentrated to dryness under reduced
pressure. The residue was dissolvea mixture of CRCI/CD3CN (15:1; 64@L), and 4equivalents
of p TRISPHAT (0.0076 mmol, 7.7 mg) were added as a chiral shift reagent. The ee value of catalyst

was analysed biH-NMR.

Results: As shown inSupplementary Fig. 7, the'H NMR spectrum ofpCoCatl (after stirring at
70 °C for 20 h) with addition adp TRISPHAT only showed the peak at 8.53 pgdrg(re S7, c).
This observati on [saCdTlREPhdommpex wab préasentoand np ratemizatioee

occurred during the heating process.

a) A\

b)

,,,,,,,,,,,,,,,,,,,,,,,, B T e S S T S [ S B
89 88 87 86 8.5 84 83 82 8.1 8.0 7.9 7.8f ( 7.7) 7.6 7.5 74 73 7.2 71 70 6.9 6.8 6.7 66 6.5
1 (ppom

SupplementaryFig. 7. *H NMR (300 MHz 298 K) spectra oCoCatl with (p TRISPHAT recorded
in CD-Cl2/CD3CN. a) Complexac-CoCatl with addition ofqge TRISPHAT. b) ComplexpCoCatl

with addition ofge TRISPHAT. c)gpCoCatl (after heatingvith addition ofqe TRISPHAT.
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5.2 Stability Studies ofCobalt Complexesin CH3CN under Irradiatio n
5.2.1 Constitutional Stability

General Procedure:rac-CoCatl (0.0038 mmol, 10 mg) was dissolved in 0.& @DsCN in an
NMR tube and irradiated under 24W blue LE{®®sitioned approximately 15 cm from the light

source)at room temperature for 72 h. After th, NMR of the solutions were recorded.

Result: As shown inSupplementaryFig. 8, the'H NMR spectrum ofac-CoCat1 after irradiation
reveals a decrease in the coordind@@##CN peaks at 2.19 ppm, accompanied by an increase in the
dissociatedCH3CN peak at 1.97 ppm. Notably, no significant changes were observed in other parts
of the spectrum. This indicates that ligand exchange bet@eBG&N and CD:CN occurs during
irradiation, while the complex remains intact without decomposition or electron transfer with BArF

anions during this process.

;UJLMJM

b)
Dissociated CH;CN

| \
| |
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86 8.5 84 8.3 82 8.1 8.0 79 7.8 77 7.6 75 74 7.3 7.2 7.1 7.0 69 6.8 6.7 3.0 29 25 2.4 23 2.2 2.1 2.0 1.9 18 1.7 16 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 03
f1 (ppm)

Supplementary Fig. 8. *H NMR (300 MHz 298 K) spectra otpCoCatl recorded in CECN. a)

Before irradiation. b) After irradiation for 72 h.
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5.2.2 Configurational Stability

Methods: s -CoCat3(0.0021 mmol, 6 mg) was dissolved imL CH3CN andexposed to 24 W blue
LEDs irradiation (positioned approximately 15 cm from the light source) under air at room
temperature for 8 .hAfter that, the solution was directly concentrated to dryness under reduced
pressure. The residue was dissolvea imixture of CRCIlo/CDsCN (15:1; 64CeL). A chiral shift
reagentg3 TRISPHAT (0.0084 mmol, 8.6 mg4 equiv.), waghen added. The enantiomeric excess

(ee) of the catalyst wamalyzedoy *H NMR spectroscopy.

Results: As shown inSupplementary Fig. 9, after 8 hours irradiation, théd NMR signal ofs -
CoCat3with addition ofqp TRISPHAT showedwo set of peakat 7.10 and 7.05 ppmith the same
e.r. value(97.4:2.§ compared to the sample before irradiatidhis observation indicates that no

racemization occurred during the visible light induced ligand exchange process.
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Supplementary Fig.9. 'H NMR (300 MHz 298 K) spectra oCoCat3with ( TRISPHAT recorded
in CD.Cl2/CD3CN. a)rac-CoCat3 with addition ofge TRISPHAT. b)s -CoCat3 with addition ofgqa

TRISPHAT. c)s -CoCat3 (afterirradiation) with addition ofp TRISPHAT.
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6. Determination of Ligand Dissociation Rate Constants

6.1 Rate Constant under Lightl rradiation

Method: rac-CoCatl (0.0076 mmol, 20 mg) and0 eL CDsCN (0.76 mmol)were dissolvedin
CDoCly (resulting inCD.CIo/CDsCN = 30:1, 1.2 niL) in an NMR tubewith addition of 1,3,5
trimethoxybenzengl.3 mg, 0.0076 mmol) as an internal standard. The mixture was divided into two
aliquots. One aliquowas storedat room temperature under an atmosploéar and irradiated with

24W blue LEDs(positioned approximately 15 cm from the light sourde) NMR spectra were
recorded at 20 min, 40 min, 60 min, 80 min, 100 min, 120 min, 140 min, 160 min, 180 min to monitor

the concentration afic-CoCatl at indicated timesSupplementaryFig. 10).

Results: As shown inSupplementary Fig. 10, *H NMR spectroscopy revealed the release of the
coordinatedCH3CN ligandupon light irradiation. The resulting coordinationsaturated complexes
appeared to reoordinate with the exce&DsCN present in the systemotably, the' H NMR peaks

of rac-CoCatl remained unchanged excdpt the coordinated CECN signal, indicating that the
complex still remained stable after 3 h of irradiati@upplementary Fig. 10, i). To further
investigate the ligand dissociation rate under light irradiation, we monitored the concentredimn of
CoCatl at the specified time interval§he decay of the concentrationrat-CoCatl followed first
order kinetics, and the rate constants were determined through regression aé®apEsnjentary
Fig. 11). The ligand dissociation rate constantag-CoCatl under irradiation was calculated to be

3.3210%mintin CD.Cl..
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Supplementary Fig. 10. *H NMR (300 MHz 298 K) spectra ofrac-CoCatl recorded in

CDCIlo/CD3CN (v/v=301) after irradiation at specified time intervals.
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SupplementaryFig. 11. Dissociation rate constant fc-CoCatl under bue LEDs irradiation.

43



6.2 Rates Constantn the Dark

Method: rac-CoCatl (0.0076 mmol, 20 mg) an@D:CN (40 €L, 0.76 mmol) was dissolvenh

CDoCl> (resulting in CD.CIo/CDsCN = 301, 1.2 nL) in an NMR tubewith addition of 1,3,5
trimethoxybenzene (1.3 mg, 0.0076 mmol) as an internal standard. The mixture was divided into two
aliquots. The other aliquetas storedat room temperature the dark under aatmosphere oéir. *H

NMR spectra were recorded at 24 h, 44 h, 68 h, 92 h, 116 h, 144 htd.6®hitor the concentration

of rac-CoCatl at indicated time§SupplementaryFig. 12).

Results: As shown inSupplementaryFig. 12, *H NMR spectroscopy revealed a sluggish release of
the coordinatedCHsCN ligand under dark conditions. Notably, except for the coordinatésCN
signal, the'H NMR peaks of rac-CoCatl remained unchanged after 168 h in the dark
(SupplementaryFig. 12, g). To further investigate the ligand dissociation rate under dark condition,
we monitored the concentration @c-CoCatl at the specified time interval§he decay of the
concentration ofac-CoCatl followed firstorder kinetics, and regression analySisgplementary

Fig. 13) yielded a ligand dissociation rate constant.6f@ 10° min't in CD,Cl..
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7. Light-Induced Cobalt-Catalyzed Ring Contraction Reaction

7.1 Initial Experiments and Optimization of Reaction Conditions

7.1.1General Procedure

A dried 5 mL Schlenk tube was charged with the cobalt catalystg3nol %), substratel (0.04

mmol, 1.00equiv) and NaBArF0 1 0.35equiv.). The tube was purged with nitrogen, and>-CH

(0.4 mL, 0.1 M) was added viasyringe. The reaction mixture was degassed using three freeze
pumpthaw cyclesThe vial was then positioned approximately 15 cm from a 24 W blue LEDs lamp

and stirred under irradiation at the specified temperature for 24 heorrseactions involving
NaBAr F, t he mi x5000fe 30wagtesreen changet the spetifeditemperature

Upon completiorof the irradiation the reaction mixture was diluted witbld n-hexane, and 1,3;5
trimethoxybenzene was added as an internal standard. The solution was passed through a short silica
gel column and eluted with CH CI . The combi n
and the crude residue was analyzedHbiNMR spectroscopy to determine the yieltien,the entire

mixture was collected and purified by flash chromatography on silicangexane/EtOAc=5}1to

afford the producR. Racemic samplewere prepared usingic-CoCatl The enantiomeric excess

(ee) of produc® was determined by HPLC analysis using a chiral stationary phase.

7.1.2Procedurefor s -[CoCat3](BArF) zasCatalyst

A dried 5 mL Schlenk tube was charged with gngCoCat3](BArF)s3 (3 mol %), substraté (0.04

mmol ). The tube was purged with nitrogen, and2CH (0.4 mL, 0.1 M) was added vasyringe.

The reaction mixture was degassed using three feexgthaw cycles. The vial was then
positioned approximately 15 cm from a 24 W Dbl
for 24 hours. Upon completiaf the irradiationthe reaction mixture was diluted with coldhexane,

and 1,3,8rimethoxybenzene was added as an internal standard. The solution was passed through a

short silica gel column and eluted with CH C
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reduced pressure, and the crude residue was analyzed by 'H NMR spectroscopy to determine the yield
Then, the entiremixture was collected and purified by flash chromatography on silicangel (
hexane/EtOAc=5:1) to afford the produ2t The enantiomeric excess (ee) of prodd@ctvas

determined by HPLC analysis using a chiral stationary phase.
7.13 Additional Optimization and Control experiments

Supplementary Table 1. Control experiments and optimization faobaltcatalyzed

enantioselective ring contraction of isoxazaleslerlight condition.

N

O.
N OMe ..t CoCat1-3 7 \..\Me
\ Ph

WanW CH,Ch COMe
1 2

entry catalyst (mol%) condition$ T/°C]  vyield® ee(%Y}
1 D-CoCat1(3.0) under air r.t. trace -

2 none standard r.t. 0 -

3 D-CoCat3(3.0) CHCI5(0.1 M) -45 trace -

4 D-CoCat3(3.0) MeCN (0.1 M) -40 0 -

5 D-CoCat3(3.0) NaBArF (0.1 equiv.) -60 57 91

6 D-CoCat3(4.5) NaBArF (0.1 equiv.) -60 66 91

7 D-CoCat3(4.5) NaBArF (0.1 equiv.), 32 h -60 74 88

8 D-CoCat3(4.5) NaBArF (0.05 equiv.) -60 58 90

9 D-CoCat3(4.5) NaBArF (0.2 equiv.) -60 65 90

10 D-CoCat3(4.5) NaBArF (0.35 equiv.) -60 51 91

aStandard condition: Substrate(0.04 mmoj lequiv) in CHCI, (0.1 M) with cobalt
catalyst (31 4.5 mol%) was stirred at the indicated temperature under nitroger
irradiation with blue LEDs (24 W) for 24 h. Deviations from these standard cond
are shown®Determined byH NMR using 1,3,8rimethoxybenzene as internal stande

‘Determined with the purified products by HPLC on chiral stationary phase.
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7.1.4Characterization of Azirine Product 2

Methyl (R)-2-methyl-3-phenyl-2H-azirine-2-carboxylate (2)

Following thegeneralprocedure by using substrdt@einder optimized conditigrproduct(R)b2 was
obtained in 78% yield with 91% ee value as a colorles$iBILC conditions: Daicel Chiralpak OD
H column, 25G 4.6 mm, absorbance at 254 nm, mobile phasexane/isopropanol = 98:2, isocratic

flow, flow rate 1 mL/min, 25 °C,{major) = 8.7 min,t{(minor) = 9.7 min. The absolute configuration

of (R)b2 was assigned by comparison with published optical rotation and chiral HPLC retention time

data. The analytical data match those reported in the literafiteN\MR (300 MHz, CDC}): (i 7.84
(d,J = 7.7 Hz, 3H), 7.74 7.55 (m, 2H), 3.69 (s, 3H), 1.63 (s, 3HHRMS (ESI, m/2: calcd. for

C1H1NO:H [M+H]*: 190.0863, found: 190.085BJD%2= 1 1 1c6=.1.0, EHGY).

7.2 Substrate Scope of Ring Contraction to B-Azirines

7.2.1 Synthesis of Substrates

Chlorinated isoxazole andoxazole sbstrats 1b, 1d-1j weresynthesized according topublished

procedure The experimental data are in accordance with the liter&rBubstrateslc was

synthesized accordirtg a slightly modified published procedutre.

- c 1.5 equiv. NaOBn / 0Bn

PH Me 1,4-dioxane, reflux, 24h PH Me

5- Benzyl-4-methyl-3-phenylisoxazole (t)

To a flame dried Schlenk flask were added chlorinated isoxazf( rg,0.52 mmo), Sodium

benzyloxidg101 mg, 0.78 mmg] andl,4-dioxane(0.5 mL). Subsequently the mixture was refluxed

under inert gas atmosphere f2rh. After cooling to rtremoval of the solvent, the crude product was

purified by column chromatography on silica gel ltexangEtOAc= 10:1) to afford pure isoxazole

48



substratedc as colorless oilith 85% yield *H NMR (300 MHz,CDCls) Ui 7.65 (dd,J = 6.5, 3.2
Hz,2H), 7.52i 7.33 (m,8H), 5.40 (s2H), 1.94 (s3H).13C NMR (75 MHz,CDCls) 11169.20, 164.72,
135.36, 130.41, 129.58, 128.96, 128.83, 128.79, 128.53, 127.85, 88.06, 73.1HRMVST .(ESI,

m/2: calcd. forCi7H1sNO2Na [M+Na]*: 288.0995 found:288.0991

7.2.2 General Procedure foCatalytic Reactions

A dried 5 mL Schlenk tube was charged withFh€oCat3 (5.1 mg,6 mol %), substrat@.03 mmol,
1.00equiv) and NaBArF 2.7 mg,0.003 mmo| 0.1 equiv.).The tube was purged with nitrogen, and
CH2Cl> (0.3 mL, 0.1 M) was added via syringe. The reaction mixture was degassed using three
freezepumpthaw cyclesThe mi xt ure was sti rr eThe watwasthn0 AC
positioned approximately 15 cm from a 24 W blue LEDs lamp and stirred under irradiaB0ri@t

for 24 hoursUponcompletionof the irradiationthe reaction mixture was diluted with coldhexane,

and 1,3,8rimethoxybenzene was added as an internal standard. The solution was passed through a
short silica gel column and eluted Wit CH CI . The combined el uent
reduced pressure, and the crude residue was analyzed by *H NMR spectroscopy to determine the yield
Then, the entiremixture was collected and purified by flash chromatography on silicangel (
hexane/EtOAc=5:1) to afford the produBacemic samples were prepared usagCoCatl The
enantiomeric excess (ee) of product was determined by HPLC analysis using a chiral stationary phase.
The absolute configuration of the products was determined by comparison of the HPLC traces with

the literature®?

Ethyl (R)-2-methyl-3-phenyl-2H-azirine-2-carboxylate (2b)

Following the general procedubg usinglb as substratgroduct2b was obtained in 65% yield with
89% ee value as a colorless oil. HPLC conditions: Daicel Chiralcél @dumn, 25 4.6 mm,

absorbance at 254 nmhexanefPrOH 80:20, isocratic flow, flow rate 1.0 mL/min, 25, tr (minor)

= 6.8 min, tr (major) = 9.7 min. The analytical data are in accordance with the litet&ture.
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IH NMR (300 MHz,CDCly): i1 7.82 (d,J = 8.2 Hz, 2H), 7.66 7.40 (m, 3H), 4.14 (q] = 7.1 Hz,

2H), 1.61 (s, 3H), 1.19 (§,= 7.1 Hz, 3H).

Benzyl (R)-2-methyl-3-phenyl-2H-azirine-2-carboxylate (2c)
Following the general procedubg usinglcas substratgoroduct2c was obtained in 62% yield with
93% ee value as a colorlesslid. HPLC conditions: Daicel Chiralcel €d column, 25¢ 4.6 mm,

absorbance at 254 nmhexanefPrOH80:20, isocratic flow, flow rate 1.0 mL/min, 2%, tr (minor)

= 13.3 min, tr (major) =17.5min.

IH NMR (300 MHz,CDCl): i17.85 (d,J = 8.3 Hz, 2H), 7.62 (dg) = 14.3, 7.2 Hz, 3H), 7.467.14
(m, 5H), 5.291 5.00 (m, 2H), 1.67 (s, 3H}3C NMR (75 MHz, CDCl) &i 173.08, 163.66, 136.04,
133.75, 130.27, 129.46, 128.58, 128.17, 127.84, 122.66, 66.98, 35.75HRNS.(ESI,m/2): calcd.

for C17H1sNO2Na [M+Na]*: 288.0995 found:288.0992[UD%2= T 8 &= BG4ACHCH).

Methyl (R)-2-methyl-3-(p-tolyl) -2H-azirine-2-carboxylate (2d)

Following the general procedubg usingld as substratgoroduct2d was obtained in 74% yield with
95% ee value as a colorlesslid. HPLC conditions: Daicel Chiralcel €d column, 25G 4.6 mm,

absorbance at 254 nmhexanefPrOH 80:20, isocratic flow, flow rate 1.0 mL/min, 25, tr (minor)

= 8.1min, tr (major) =12.4min. The analytical data are in accordance with the liter&tdre.

IH NMR (300 MHz,CDCls): i 7.73 (d,J = 8.1 Hz, 2H), 7.37 (d] = 7.9 Hz, 2H), 3.67 (s, 3H), 2.45

(s, 3H), 1.61 (s, 3H).

Methyl (R)- 2-methyl-3-(4-methoxyphenyl) 2H-azirine-2-carboxylate (2e)

Following the general procedubbg usingleas substratgoroduct2ewas obtained in 77% yield with

94% ee value as a colorlesslid. HPLC conditions: Daicel Chiralcel €d column, 25 4.6 mm,
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absorbance at 254 nmhexanefPrOH 80:20, isocratic flow, flow rate 1.0 mL/min, 25, tr (minor)

=138 min, tr (major) = 8.6 min. The analytical data are in accordance with the litera&tdre.

IH NMR (300 MHz,CDCl3): i 7.78 (d,J = 8.9 Hz, 2H), 7.06 (d] = 8.8 Hz, 2H), 3.89 (s, 3H), 3.67

(s, 3H), 1.60 (s, 3H).

Methyl (R)- 2-methyl-3-(4-chlorophenyl)- 2H-azirine-2-carboxylate (2f)

Following the general procedupg usinglf as substratgroduct2f was obtained in 62% yield with
90% ee value as a colorless oil. HPLC conditions: Daicel Chiralcéf ©dlumn, 25¢ 4.6 mm,

absorbance at 254 nmhexanefPrOH 80:20, isocratic flow, flow rate 1.0 mL/min, 25, tr (minor)

=7.6min, tr (major) = 0.5 min. The analytical data are in accordance with the literatére.

IH NMR (300 MHz,CDCls): i 7.78 (d,J = 8.6 Hz, 2H), 7.56 (d] = 8.6 Hz, 2H), 3.69 (s, 3H), 1.62

(s, 3H).

Methyl (R)-2-methyl-3-(4-(trifluoromethyl)phenyl) -2H-azirine-2-carboxylate (29)

Following the general proceduog usinglgas substratgoroduct2gwas obtained in 48% yield with
90% ee value as a colorless solid. HPLC conditions: Daicel Chiraledl €@Jumn, 25G¢ 4.6 mm,

absorbance at 254 nmhexanePrOH97:3, isocratic flow, flow rate 1.0 mL/min, 25, tr (minor)

= 7.6 min, tr (major) = 9.5 min. The analytical data are in accordance with the litetéture.

IH NMR (300 MHz,CDCl3): i 7.98 (d,J = 7.9 Hz, 2H), 7.84 (d] = 8.1 Hz, 2H), 3.70 (s, 3H), 1.65

(s, 3H).

Methyl (R)-2-methyl-3-(naphthalen-2-yl)-2H-azirine-2-carboxylate (2h)

Following the general procedubg usinglh as substrateoroduct2h was obtained in 81% yield with

79% ee value as a colorless solid. HPLC conditions: Daicel Chiralcgtl ©@umn, 253 4.6 mm,
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absorbance at 254 nmhexanePrOH 97:3, isocratic flow, flow rate 1.0 mL/min, 26, tr (minor)

=10.1 min, tr (major) = 11.6 min. The analytical data are in accordance with the lit€rature.

IH NMR (300 MHz,CDCly): Ui 8.25 (d,J = 1.4 Hz, 1H), 8.04 7.84 (m, 4H), 7.74 7.53 (m, 2H),

3.70 (s, 3H), 1.70 (s, 3H).

Methyl (R)- 2-propyl-3-phenyl-2H-azirine-2-carboxylate (2i)

Following the general proceduibg usingli as substratgroduct2i was obtained i168% yield with
95% ee value as a colorless solid. HPLC conditions: Daicel Chir@lgel column, 25G¢ 4.6 mm,

absorbance at 254 nmhexanefPrOH D:10, isocratic flow, flow rate 1.0 mL/min, 2%, tr (minor)

= 7.3 min, tr (major) = 9.3 min. The analytical data are in accordance with the litetature.

IH NMR (300 MHz,CDCl): 17.91i 7.78 (m, 2H), 7.69 7.48 (m, 3H), 3.67 (s, 3H), 2.05 (dt=

8.5, 7.4 Hz, 2H), 1.35 1.17 (m, 2H), 0.90 (] = 7.3 Hz, 3H).

Methyl (R)-2-benzyl3-phenyl-2H-azirine-2-carboxylate (2j)

Following the general procedupg usinglj as substrategroduct?2j was obtained in 76% yield with
97% ee value as a colorless solid. HPLC conditions: Daicel Chiraledl €@Jumn, 25G¢ 4.6 mm,

absorbance at 254 nmhexanefPrOH 80:20, isocratic flow, flow rate 1.0 mL/min, 25, tr (minor)

= 16.2 min, tr (major) = 24.8 min. The analytical data are in accordance with the lit€rature.

IH NMR (300 MHz,CDCls): i 7.641 7.51 (m, 3H), 7.45 () = 7.4 Hz, 2H){17.237 7.10 (m, 2H),

03.747 3.58 (m, 4H), 3.13 (d] = 14.7 Hz, 1H).
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8. Mechanistic Experiments

8.1 ProcedureUsing Zinc as Redue¢ng Agent

A dried 5 mL Schlenk tube was charged with lr€oCat3 (4.5 mol %), substraté (0.04 mmol,
1.00equiv) and zinc (0.6 equiv.)The tube was purged with nitrogen, and>CH (0.4 mL, 0.1 M)

was added via syringéNote: the reaction mixture was immediately frozen by immersion in liquid
nitrogen after addition of solvent). The reaction mixture was degassed using thre@imregtbaw

cycles and stirred in the daaki 50 °C for 24 hours. After that, the reaction mixture was diluted with

cold n-hexane, and 1,3;8imethoxybenzene was added as an internal standard. The solution was
passed through a short silica gel col umn anc
concentated under reduced pressure, and the crude residue was analyzed by *H NMR spectroscopy
to determine the yieldl'hen,the entiremixture was collected and purified by flash chromatography

on silica gel §-hexane/EtOAc=5:1) to afford the prod@ciThe enantiomeric excess (ee) of product

2 was determined by HPLC analysis using a chiral stationary phase.

8.2 Reactionin the Dark Using Pre-Irradiated ggCoCat3

N7 OMe
2). 1.0 equiv. \ /
Ph Me N
1) CHaCl,, -45°C Substrate 1 AN
A-CoCat3 > Ph

- CO,Me
(3% mol)  bule LEDs, Ny, 1h 2 z
CH,Cl, (0.1M), -45 °C, Ny, 20 h in dark

24% yield, 91% ee

A dried 5 mL Schlenk tube was charged vgiCoCat3 (3 mol%) and CHCI2 (0.4 mL). The reaction
mixture was degassashder nitrogerthrough three freezeumpthaw cycles. The vial was then
placed approximately5lcm from a 24 W blue LEBlamp and stirred under irradiation-at5 °C for

1 h. Substraté (0.04 mmol, 1.00 equiv.) was subsequently added under a nitrogen atmosphere via
Schlenk line at 45 °C, and the mixture was degassed again using three-freegethaw cycles.

The reaction was conducted in the dark4 °C for 20 hAfterwards, the mixture was diluted with
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cold n-hexane and,3,5trimethoxybenzene was added as internal stand@aelsolution was passed
through a short silica ¢Tédcontbinddeloents veere doncentratede d
under reduced pressure, and the crude residue was analy4¢dNMR spectroscopy to determine

the yield.Then,the entiremixture was collected and purified by flash chromatography on silica gel
(n-hexane/EtOAg5:1) to afford the producR. The enantiomeric excess (ee) of prodRcivas

determined by HPLC analysis using a chiral stationary phase.

8.3 Identification of Biphenyl Byproduct after Irradiation of Cobalt Catalyst

N\ F3C CF;
blue LEDs, CD,Cl,, 1t, N, O
C MeCN

> 38% yield

/N J\ Overnight O
) CF
= N” N F3C 3
= 3

Q. PP

Aot)| /17;9

Proposed Co(lll) intermediate

SupplementaryFig. 14. Proposed mechanism for the formation of prodaict

8.3.1 Detectionand I dentification of the Biphenyl Byproduct 3

General Procedure:rac-CoCat1(0.0038 mmol, @ mg)and CDRCI2 (0.5 mL) wasadded to an NMR
tube andhe solutionwas stirredat room temperaturender irradiation with 24W blue LEDs for 4
hours After that,'°F NMR, gas chromatographyass spectrometgnd TLC of the solutions were

recorded.
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Results: The 1% NMR spectra of irradiatedac-CoCatl revealed theappearance o&dditional
fluorine-containing species. Since the cobalt catiorrao-CoCatl does notcontain fluorinated
groups, weinitially speculatd that these species originate from the BArF anions. To further
investigate, the irradiatadic-CoCatl sample was analyzed using ti@tyer chromatography (TLC)
with hexane as the eluert.highly nonpolar spot was observenhdicating the formation of a new
organiccompound SupplementaryFig. 15). Subsequently, gas chromatographgss spectrometry
(GC-MS) analysis $upplementary Fig. 16) further suggestd the unknown fluorineontaining

should be3,3',5,5tetrakis(trifluoromethyl)biphenythroughits molecular mass.

Hexane as elution

a) before irradiation

b) after irradiation FsC CF,4
Isolated biphenyl product 3

rac-CoCat1 rac-CoCat1
(after irradiation)

T T T T T T T T T T T T T T T T T T T T T T
-58.5 -5%.0 -58.5 -60.0 -B0.5 -610 -61.5 -B2.0 625 -63.0 —&af.s( ,5?_0 -64.5 -650 -65.5 -6B.0 -86.5 -67.0 -67.5 -680 -68.5 -69.0
1 (ppm.

SupplementaryFig. 15. °F NMR spectrg282 MHz 298 K,CD.Cl,) of rac-CoCatl(left). a) Before

irradiation. b)After irradiation.TLC monitoring ofrac-CoCatl after irradiatiofright).
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SupplementaryFig. 16. GC-MS of rac-CoCatl after irradiation

The pure producd was isolated by flash chromatography on silica gel usihgxane as the eluent
and spectroscopic data of the isolated product further corroborated its identity as -3,3',5,5'

tetrakis(trifluoromethyl)biphenyl, matching previously reported literature vafues.

IH NMR (300 MHz, CDC}): Ui 8.07 (s,4H), 8.03 (s,2H). 13C NMR (75 MHz, CDC}): &i 140.61,
133.11 (qJ = 33.7 Hz) 127.67 (q,J = 3.8 Hz),123.10 (q,J = 272.9 Hz) 123.10i 122.51 (m)°F
NMR (282 MHz, CDCly): Ui -68.28 HRMS (APCI): calcd for GeHsFi2 [M]': 426.0272, found:

426.0281GC-MS: [t = 7.820 min]m/z 426 M]".
8.3.2 Determination of the Yield of Biphenyl Byproduct 3

A dried 5 mL Schlenk tube was charged witlc-CoCat1(0.0019 mmol, 50 mg) was purged with
nitrogen, and O2Cl> (0.5 mL) was added via syringe. The reaction mixture was degasset
nitrogenusing three freezpumpthaw cycles. The vial was then placed approximatglgm from a

24 W blue LEB lamp and stirred under irradiation atom temperature20 h Afterwards,2,6-
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bis(trifluoromethyl)bromobenzen®.0076 mmol, 2.2 mg was added as anternal standardand the

cruderesidusvas analyzed by T F NMR spectroscopy to

F3C CF;

| | | | F3C CF3

p— — —— R —_— — S— S ——
(=]
(=]
T

T T T T T T T T T T T T T T T T
6230 -6235 -6240 -5245 -6250 -62.55 -G62.60 -62.65 6270 6275 -62.80 -62.85 -6290 -6295 -63.00 -63.05 -63.10 -63.15 -63.:
f1 (ppm)

SupplementaryFig. 17. 1%F NMR (565 MHz 298 K,CD-Cl,) spectrum of a reaction adc-CoCatl

exposure to a 24 \Mue LEDs overnight.

8.4 Detection and ldentification of Boron Fragments

To investigated the remaining borane species, we condiheddllowingcontrol experimerst

Method: A dried 5 mL Schlenk tube was charged wigt-CoCatl (13 mg, 0.0 mmol) and
NaBArF (8.9 mg, 0.01 mmol) andC H Q1 mL). The reaction mixture was degassed via three
freezepumpthaw cycles under nitrogen. The vial was placed approximately 15 cm from a 24 W blue
LED lamp and stirred under irradiation at room temperature2foh. The crude residue was

concentrated to dryness and analyzed'By and'°F-NMR spectroscopin CD CIl
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Supplementary Fig. 18. 1'B-NMR (96 MHz, 298 K, CD.Cl,) spectrum of the crude produafter

irradiation.Triangle B(ArF)2(OH), Diamond B(ArF)(OH)..
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Supplementary Fig. 19. *®F-NMR (282 MHz, 298 K, CD.Cl,) spectrum of the crude produafter
irradiation Square Na[BArF4], circles 3,3',5,5tetrakis(trifluoromethyl)biphenyl, triangle

B(ArF)2(OH), and Diamond: B(ArF)(OH)
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Results SupplementaryFig. 18 displays thé'B NMR spectraf rac-CoCatl after irradiation under
nitrogenfor 24 h in CHCI>. Instead of the signal corresponding to B(Arfvo borane signals at

443 ppm and 28 ppm were detected. These signals can be assigned to B@i)and
B(ArF)(OH)., respectively, based on literature preced&rfsThisis supposed to be causeyiC-B

bond cleavage events occurred in the presence of adventitiousRed#eed reaction d(ArF)swas

also observed in previopsiblishedvork'**Co mp| ement ary 7T F NMR analy
(SupplementaryFig. 19) reveals two dominant signals-68.24 and63.38 ppm alongside the peaks

of BArF (-62.64 ppm) and 3,3',5,8etrakis(trifluoromethyl)biphenyl(-63.15 ppm). These are
tentatively assigned to B(ArF) (OH), and B(Ar

hydrolytic degradation pathway.

8.5 CatalysisReactionwith [Cola](NTf2)s asCatalyst

A dried 5 mL Schlenk tube was charged Wilm1a](NTf2)3 (3 mol %), substraté (0.04 mmol, 1.00

equiv.) and NaBArF (@r 0.1 equiv.). The tube was purged with nitrogen, and@C(0.4 mL, 0.1

M) was added via a syringe. The reaction mixture was degassed using threptrapzbaw cycles.

The vial was then positioned approximately 15 cm from a 24 W blue LEDs lamp and stirred under
irradiation aroomtemperature for 24 hours. Upon completion of the irradiation, the reaction mixture
was diluted with colah-hexane, and 1,3;Bimethoxybenzene was added as an internal standard. The

sd uti on was passed through a short silica gel
were concentrated under reduced pressure, and the crude residue was analyzed by 'H NMR

spectroscopy to determine the yield.
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9. PhotophysicalExperiments

9.1 PhotophysicalM easurements

Optically diluted solutions with concentrations in the order of @ 10° M were prepared in
spectroscopic or HPLC grade solvents for stestdje and timeesolved absorption analysis.
Absorption spectra were recorded at room temperature on a Varian Cary 300 spectrophotometer with
1 cm or 0.2 cm quartz cuvettes. Degassed swistvere prepared via 4 consecutive fregzep

thaw cycles and spectra were taken using horade Schlenk quartz cuvette; alternatively; N
saturated solutions were prepared in a glove box using the same glasEharestimated

experimental errors are 2 nm on the band maximum and 5% on the molar absorption coefficient.

9.2 Irradiation Experiment

Irradiation of samples in GJEN or CHCI> were performed at room temperature on thoroughly
stirred N-saturated solutions by using a Kessil lamp at 467 nm (40 W) or blue LED (LED Engin
LuxiGenTM LZ1-1 0 DB 0 0, i 480 nm) epé&rdling at 10 V and 500 mA. The sample was placed

at 15 cm from the source.

9.3 Transient Absorption Spectroscopy

Pumpprobe transient absorption measurements were performed with an Ultrafast Systems HELIOS
(HE-VIS-NIR) femtosecond transient absorption spectrometer by using, as excitation source, a
Newport Spectra Physics SolstEelK-230 V laser system, combined via TOPAS Prime (TPR
TOPASF) optical parametric amplifier (pulse width: 100 fs, 1 kHz repetition rate) tuned at 350 nm.
The pump energy on the sample was 8 ¢J/ pul se.
range (456800 nm). The overall time selution of the system is 300 fs. Aequilibrated solutions of

the sample in 0.2 cm optical path cells were analyzed under continuous stirring. Surface Xplorer

software from Ultrafast Systems was used for data acquisition and analysis. The raw 3D surfaces
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were corrected for the chirp of the probe pulse prior to analysis. The error on the lifetime derives from

the fitting procedure.

9.4 Absorption Spectra of Cobalt Complexes afterl rradiation
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Supplementary Fig. 20. Absorption spectra of a 0.3 mM solution raic-CoCat3 (black line) in

CHsCN under inert atmosphere and evolution upon 30 min irradiation at 467 nm

2.0

1.5 1

0.5 4

0.0

300 400 500 600 700 800

I (nm)

SupplementaryFig. 21. Absorption spectra of a 0.7 mM solutionrat-CoCatl( N Tsf(blagk line)

in CH2Cl> under inert atmosphere and evolution upon 30 min irradiation at 467 nm
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SupplementaryFig. 22. Absorption spectra of a 0.8 midc-CoCat3in dichloromethane (black line)
and in presence of substrdt€0.1 M) (dotted cyan line) under inert atmosphere. After irradiation
with 467 nm light for 30 min in presence (dotted orange line) and without subktfiagd line).
Absorption spectra recorded immediately after air equilibration in presence (dotted brown line) and

without substraté (dash green line)
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10. Single Crystal X-Ray Diffraction

10.1 Qystal Structure of Complex g3CoCat4

Attempts to crystallizé®- or s -CoCatl-3 with BArF or Pk counterionsverenot successful in our
hands As an alternative)-CoCat4, which isan analogue dp-CoCat1-3 containingthree PEanions
was synthesized areimployedto obtaina crystal structurelt is interesting to note th&-CoCat4
(with and withoutBArF counterions)s catalytically not active (only trace product formation for
conversionl - 2 using 3 mol% oD-CoCat4 at1 30 °C) Single crystals ofpCoCat4 suitable for
X-ray diffraction were obtained by slow evaporation dldsOH solution of ggCoCat4 at room

temperature.

A suitable crystal of €§Hs9CoNo(PFs)s A 2HaN was selected under inert oil and mounted using a
MiTeGen loop. Intensity data of the crystal were recorded with a D8 Quest diffractometer (Bruker
AXS). The instrument was operated with o0 r adi ati on (0.71073 j,
equipped with a PABTON Il C14 detector. Evaluation, integration and reduction of the diffraction
data was carried out using the Bruker APEX 3 software.$tiifieilti-scan and numerical absorption
corrections were applied using the SADABS progtath The structure was sa¢d using duaspace
methods (SHELXT2018/2) and refined againgt (SHELXL-2019/1 using ShelXle interfac&y®

All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms
were refined using the firiding model 06 approacl
times for terminal methyl groups) of that of the precediagpon atom. Four out of six [EJFanions

were found disordered and were refined accordingly using the DSR3lnglemented in ShelXle.

The diffuse residual electron density in the solvent accessible voids was eliminated using the
SQUEEZE algorithm mplemented in the PLATON softwaf&’?> CCDC 2425622 contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge from

The Cambridge Crystallographic Data Centre wiaw.ccdc.cam.ac.uk/structure¥he absolute

configuration of complex was assigned>x@onfiguration according to the crystal structure.
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SupplementaryTable 2. Selected crystallographic data and details of the structure determination for

Cs1Hs59CONg(PFs)3s A 2HGN.

Identification code
Empirical formula
Molar mass / g-mét
Space group (No.)
al A

b/A

cl/A

b/°

V/A3

Z

}cale. / g-cmi

p/ mm?

Color

Crystal habitus
Crystal size / mfh
T/K

o/ A

drange / °

Range of Miller indices

Absorption correction

Tmin, Tmax

Rint, Ra

Completeness of the data set
No. of measured reflections
No. of independent reflections
No. of parameters

No. of restraints

S(all data)

R(F) (1 O (@), all data)
wR(F?) (1 O @), all data)
Extinction coefficient

Flack parametex

03 max, i/ e-A'3

pCoCat4
Ce3Hs2C0F8N10P3
1453.06
12 (5)
31.4015(13
12.6775(6)
33.416¢( 3)
97.2590(10
13195.9(13
8
1.463
0.432
yellow
plate
0.204 x 0.196 x 0.066
100

0.71073 (MeKy)

2.077 to 25.727
138hO® 38
T15k@ 15
1401 40

multi-scan and numerical

0.9064, 1.0000

0.0584, 0.0465

0.999
117561
25105
1994
4435
1.024

0.0478, 0.0548

0.1079, 0.1111
0.00016(4)

0.012(4)
0.827,i0.666
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Supplementary Fig. 23. Crystal structure ofpCoCat4. One out of the two symmetry independent
moleculess shown. Three [PF]' anions, the acetonitrile solvent molecules and the hydrogen atoms

are not shown. Displacement ellipsoids are shown at 50 % probability level at 100 K.

Alerts of CheckCif for ggCoCat4:

Alert level B: PLAT910_ALERT_3 B Missing # of FCF Reflection(s) Below Theta (Miri).Note

Author Response A few reflections could not be collected using the selected measurement strategy

and the instrument.
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102 Crystal Structure of Complex Cobpq

Attempts toobtaina pureCobalt complex withTL1 as tidentate ligandand 2,2-biquinoline as

bidentate ligandCo-bpq) were not successfulhe crudeCo-bpqg product was synthesized by
reactingCoL1 with an equimolar amount of 2;Biquinoline in 1,2dichloroethane at 50 °C under
aerobic conditions for 24.ICrystal of this complex could bebtainedby slow evaporation of a

CH2Cl> solution ofCo-bpq crude samplat room temperature

A suitable crystal of &Hz3CoN7(PFs)2 A 2 @ was selected under inert oil and mounted using a
MiTeGen loop. Intensity data of the crystal were recorded with a STADIVARI diffractometer (Stoe
& Cie). The diffractometer was operated with-RW r adi ati on (1.54186 j,
equipped witha Dectris PILATUS 300K detector. Evaluation, integration and reduction of the
diffraction data was carried out using theAxea software suité& Multi-scan and numerical
absorption corrections were applied with the LANA anRED32 modules of the -Area oftware

suite?* 25 The structure was solved using dsphce methods (SHELXZ018/2) and refined against

F? (SHELXL-2019/1 using ShelXle interfac&)!® All non-hydrogen atoms were refined with
ani sotropic displacement parameters. The hydr
approach with isotropic displacement parameters 1.2 times (1.5 times for the methyl groups) of that
of the preceding chon atom. CCDQ@452612contains the supplementary crystallographic data for
this paper. These datarche obtained free of charge from The Cambridge Crystallographic Data

Centre viavww.ccdc.cam.ac.uk/structures

66


http://www.ccdc.cam.ac.uk/structures

C22 9

c21 Q)

Supplementary Fig. 24. Crystal structure oCo-bpg. Three [PR]' anions, the CECl, solvent
molecules and the hydrogen atoms are not shown. Displacement ellipsoids are shown at 50 %

probability level at 100 K.
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SupplementaryTable 3. Selected crystallographic data and details of the structure determination for

CsoHzsCoN/(PRs)2 A 2@L:H

Identification code
Empirical formula
Molar mass / g-mét
Space group (No.)
alA

b/A

c/A

U/ e

b/°

al°

V/A3

Z

}cale. / g-cmi

p/ mmt

Color

Crystal habitus
Crystal size / mrh
T/K

a/ A

drange/ °

Range of Miller indices

Absorption correction

Tmin, Tmax

Rint, Ra

Completeness of the data set
No. of measured reflections
No. of independent reflections
No. of parameters

No. of restraints

S(all data)

R(F) (1 O &), all data)
wR(F?) (1 O (@), all data)
Extinction coefficient

W max, i/ A2

Co-bpqg
Ca1H37ClsCoF2N7P2
1118.44
0p (2)
9.6699( 2
12. 1699 (¢
19. 7138( ¢
78.2490(1
84.8120(1
79.7910(1
2231.82( 7
2
1.664
6.723
red
block
0.173 x 0.094 x 0.070
100

1.54186 (CtKy)

3.760 to 76.316
111hO® 12
T15k@ 15
12410 13

multi-scan and numerical

0.3842, 0.6790
0.0440, 0.0326

0.991
51040
9097
612
0
1.068

0.0426, 0.0496
0.1144,0.1182
0.00087(13)
0.352,i0.352
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11. Enantioselectivities as Determined by Chiral HPLC

Enantiomeric excessluesof the product were determined with a Daicel Chiralpak G®or OJH

(250 x 4.6 mm) HPLC columnon an Agilent 1200 Series HPLC System midiagane/isopropanol

as mobile phase, the column temperature was 25 °C, arabddption was measured at 254. nm

mAU |

0-+

VWD1 A, Wavelength=254 nm (E-\Data\Suyang\sy240925-e146.D)

2 6 ?I IIS 10 11 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== |- | === === | === | === | -———=—- I
1 8.668 BB 0.1953 108.28378 8.57797 50.7673
2 9.742 BB 0.2294 105.01037 7.06723 49.2327
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VWD1 A, Wavelength=254 nm (SUYANG\SY240801-E109.D)

6 7 8 9 10

Peak RetTime Type Width Area Height Area
S [min] [min] [mAU*s] [mAU] %
el e | ———mm - I | ———————- |
1 B.754 MM 0.2061 1436.40161 116.16174 95.4843

2 9.682 MM 0.2223 67.93049 5.09227 4.5157

SupplementaryFig. 25. HPLC traces ofacemic2 (reference) and enantioenrich2d\rea integration
=95.5: 4.5 (910% ee)
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VWD1 A, Wavelength=254 nm (E:\Data\wp\WP-SY-oet-racf.0)
mAU ] ©
<
8 57
G?@
2500
1 )
%
] e &
© &%
2000 =S
1500
1000
500
0 —
T T T T T T T
6 7 8 9 10 11 min
Peak RetTime Type Width Area Height LArea
# [min] [min] [mAU* 3] [mAU] %

1 6.795 MM 0.2494 3.77536ed4 2523.31323 49.3138
2 9.656 MM 0.3361 3.88043e4 1924.46985 50.6862

VWD1 A, Wavelength=254 nm (E:\Data\wp\WP-SY-OET-chiral D)
mAU 7]

9713

60+

40+

20

. AN B
20
40
6 T 8 9 10 1 i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
=== === | === === | === | === | —=—————=
1 6.833 MM R 0.1839 61.21185 5.54895 5.3010

2 9.713 MM R 0.2982 1093.50122 61.11850 94.6990

Supplementary Fig. 26. HPLC traces ofracemic2b (reference) and enantioenrichd. Area
integration =94.7: 5.3 (89.4% ee)
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VWD1 A, Wavelength=254 nm (E:\Data\wp\WP-SY-OBn-rac.D)
mAU ]

350

13.070

300 +

17.214

250

200

-50 T T T
11 12 13 14 15 16 17 18 19 20 min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- [ ——— === | —————————= | —————————= | ———————- |
1 13.070 MM R 0.4673 9096.76660 324.45779 49.6692
2 17.214 MM R 0.6087 9217.94434 252.38989 50.3308

VWD1 A, Wavelength=254 nm (E:\Data\wp\WP-SY-OBn-chiral. D)
mAU 7]

100 +

17.461

80
60 -
40 —

20

13.265

-20

-40

1 12 13 14 15 16 17 18 19 2|0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU] %
el BEEEEE R |- | -=—mmm - | --—-——-- |
1 13.265 MM R 0.4233 103.94934 4.,09310 3.3342

2 17.461 MM R 0.35965 3013.67847 84.20273 96.6638

Supplementary Fig. 27. HPLC traces ofracemic2c (reference) and enantioenrich@d. Area
integration =96.7. 3.3 (93.4% ee)
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VWD1 A, Wavelength=254 nm (E:\Datawp\WP-SY-Me-rac.D)
mAU 7]

400

7.899

300

12.192

200

100

I T e I e e S L A e e S A
8 9 10 11 12 13 min|

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

el e e | — R |- |
1 7.899 MM R 0.2508 5630.86475 374.19238 50.0434
2 12.1%92 MM R 0.4084 5621.09521 229.37410 49.9566

VWD1 A, Wavelength=254 nm (E:\Data\wp\W P-SY-Me-chiral.D)
mAU ]

100

©
(=]
<
o

80
60
40|

20

8.064

-20 -

-40—:
T T
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
== [——— = | ————————- |- | ———————- |
1 8.064 MM R 0.2392 55.74791 3.88502 2.4717

2 12.406 MM R 0.3992 2199.70386 91.84200 97.5283

Supplementary Fig. 28. HPLC traces ofracemic2d (reference) and enantioenrich@d. Area
integration =97.5: 2.5 (95.0% ee)
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VWD1 A, Wavelength=254 nm (E:\Data\wp\WP-SY-P-OMe-rac.D)
mAU ]

600

13.611

500

18.499

400
300
200

100

———— T T T T T T T T T T T T T T
12 13 14 15 16 17 18 19 20 21 mi

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

1 13.611 MM R 0.4779 1.53565e4 535.51605 50.4069
2 18.499 MM R 0.6586 1.51086e4 382.33432 49.5931

VWD1 A, Wavelength=254 nm (E:\Data\wp\W P-SY-P-OMe-chiral.D)
mAU
100
80 E
60
40
20 2
o L ‘_ - _ o
-20
-40 |
12.-”1-3'-- 14II.-1‘5III-1‘6‘-..1-T-- ‘1‘8---‘1‘9““20“I‘2‘1‘m‘in
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [MAU] %
Sl R R | == | == | ———————- |
1 13.830 MM R 0.3934 97.02509 4.11067 3.1198

2 18.597 MM R 0.6231 3012.94629 80.59406 96.8802

Supplementary Fig. 29. HPLC traces ofracemic2e (reference) and enantioenrich@d. Area
integration =96.9: 3.1 (93.8% ee)
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VWD1 A, Wavelength=254 nm (E:\Data\wp\WWP-SY-P-Cl-rac.D)
mAU 7]

7.553

80 —

10.390

60
40+

20+

20—

-40;
T S 2 T T T T
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

el e R | —mm R B |
1 7.553 MM R 0.2473 1172.49695 79.00941 49.7929

2 10.3%90 MM R 0.3459 1182.25232 56.96378 50.2071

VWD1 A, Wavelength=254 nm (E:\Data\wp\WW P-SY-P-Cl-chiral.D)
mAU ]

600 |

10.486

sao{
400{
300{
200—:

100

0 ZC\>ﬁ“,
T T T T o a0 T T T T T T
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

e e R | —mmmm e e e |
1 7.622 MM R 0.2114 559.11560 44.07424 4.9007
2 10.486 MM R 0.3425 1.08498e4 527.95245 985.0993

SupplementaryFig. 30. HPLC traces ofacemic2f (reference) and enantioenrich2fd Area
integration =95.1: 4.9(90.2% ee)
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VWD1 A, Wavelength=254 nm (Yuan\zy-Suyang-CF3-RAC.D)
mAU ]
3500
3000 -]
i &
] °
2500
1 ©o
] @
2000 b
1500
1000
500
0 i
T T T T T T T T T T
6 7 8 9 10 11 12 13 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.525 VB R ©.2245 3.94117e4 2584.052008 45.2393
2 9.306 BB 0.2946 4.06294e4 1981.21667 56.7607

VWD1 A, Wavelength=254 nm (Yuan\zy-Suyang-CF3-C D)
mAU ]
600
500}
400—: >
300
200}
100—: o
0
_— 77—
6 7 8 9 10 11 12 13 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

] RESRE <] mmmee R |- mmmee |- |
1 7.636 MF R ©.2155 400.36813 30.96995 5.2015

2 9.468 BB @.2759 7296.87158 385.98768 94.7985

SupplementaryFig. 31. HPLC traces ofacemic2g (reference) and enantioenrich2gl Area
integration =94.8: 5.2 (89.6% ee)
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VWD1 A, Wavelength=254 nm (Yuan\zy-Suyang-hNp-RAC-3.D)
mAU 7]
1750
1500 &
] ;

1250 T
1000
750
500
250

.

— T A A —
9 10 11 12 13 14 mir]
Peak RetTime Type Width Area Height Area

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

1 1e.e82 BB 0.2861 2.45964e4 1363.84497 49.2567
2 11.563 BB 0.3322 2.53387e4 1207.5428 50.7433

VWDT A, Wavelength=25 nm (Vuanizy-Suyang-Np-C-2.0)

mAU ]

2000 o

1500

1000

500 3

0 /\
é 1IO I 1I1 1|2 1I3 I 1|4 mir|
Feak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.144 MM R ©.2761 4598.77832 277.62876 18.3911
2 11.552 MM R ©.3739 3.96582e4 1767.91321 89.6089

SupplementaryFig. 32. HPLC traces ofacemic2h (reference) and enantioenrich2u Area
integration =89.6 10.4 (79.20 ee)
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VWDT A Wavalength=253 nm [Tuanzy-Suyang-nPr-RAG-2 D)
mAL ]

4000
3500

3000+

7.237

2500

9.106

2000+

1500+

1000

T T T T T
B 7 8 9 10 11 mir}

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R BT s | -ommee R R |
1 7.237 MF R 0©.2445 4.19166e4 2857.07080 48.6307
2 9.106 FM R ©.3310 4.42770e4 2229.12427 51.3693

VWD1 A, Wavelength=254 nm (Yuanzy-SuyangnPr-C.0)
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SupplementaryFig. 33. HPLC traces ofacemic2i (reference) and enantioenrichgidArea
integration =97.3 2.7 (94.6% ee)
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VWD1 A, Wavelength=254 nm (E:\Data\wp\W P-SY-BN-RAC.D)
| o
mAU | 3
=
M
80 - [
4 |
| @
2
| ]
| o]
60 | [ Py
4 | I‘.
40
20
~' N / A
04— = —
-20
-40 -
T T T T T
12 14 16 18 20 22 24 26 28 min
Peak RetTime Type Width Area Height BArea
# [min] [min] [mAU*s ] [mAU] %

el R | ——mm - | === |-=---—- |
1 17.084 MM R 0.6976 3751.12817 89.61537 50.8598

2 25.878 BBA 0.9226 3624.,29517 58.83786 49.1402

VWD1 A, Wavelength=254 nm (E:\Data\wp\WP-SY-BN-CHIRAL.D)
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SupplementaryFig. 34. HPLC traces ofacemic2j (reference) and enantioenrichizjd Area
integration =98.7: 1.3 (97.4% ee)
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12. CD Spectra of Chiral Cobalt Complexes
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Supplementary Fig. 35. CD spectrum of auxiliary compleg-(S)-CoAux1 and gz(S)-CoAuxl

recorded inlCHCI> (1.0 mM).
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Supplementary Fig. 36. CD spectrum of compleg -CoCatl andgpCoCatl recorded inCHxClI>

(1.0 mMm).
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Supplementary Fig. 37. CD spectrum of auxiliary compleg-(S)-CoAux2 and gz3(S-CoAux2

recorded ilCH:Cl2 (1.0 mM).
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Supplementary Fig. 38. CD spectrum otomplexs -CoCat2 and qpCoCat2 recorded inCH.Cl>

(2.0 mM).
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Supplementary Fig. 39. CD spectrum of auxiliary compleg-(S)-CoAux3 and gp(S)-CoAux3

recorded ilCHCI> (1.0 mM).
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Supplementary Fig. 40. CD spectrum of compleg -CoCat3 and qgpCoCat3 recorded inCHxCl>

(1.0 mMm).
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SupplementaryFig. 41. CD spectrum of auxiliary compleg(S)-CoAux4 recorded inCHClI> (1.0

mM).
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SupplementaryFig. 42. CD spectrum of compleopCoCat4 recorded irCH,Cl2 (1.0 mM).
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SupplementaryFig. 43. CD spectrum of complex-[CoCat3](BArF)s recorded in CHCI2 (1.0 mM).
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13. NMR Spectra
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Supplementary Fig. 44. *H NMR (300MHz, 298 K)and*C NMR (75 MHz, 298 K) spectra 053
in CDsOD.
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Supplementary Fig. 45. *H NMR (300MHz, 298 K)and'3C NMR (75 MHz, 298 K) spectra oS5

in CDsOD.
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Supplementary Fig. 46. *H NMR (300MHz, 298 K)and'3C NMR (75 MHz, 298 K) spectra 0fS6

in CDsOD.
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