Asymmetric Three-Component Olefin Dicarbofunctionalization

Enabled by Photoredox and Copper Dual Catalysis

Peng-Zi Wang*, Yuan Gao™*, Jun Chen, Xiao-Die Huan, Wen-Jing Xiao* & Jia-Rong Chen*

Supporting Information

GENEFAL INTOIMEALION ... vttt R et R bt e et R et n et r e an e ana 1
. Preparation of the RAICAI PrECUISOIS .......cviiiii ittt sttt sttt e s s et e tese e tesreeneeneeneeneenrenre e 2
2.1 Preparation of the ACYl RadiCal PreCUISOrS 38-3 .....eviviriiieiirieieiirteiet sttt bbbt 2
2.2 Preparation of the Cyclobutanone OXIiMe ESLEIS 48-40 ......cociiiiiiiiiiiieieise st 3
. Detailed Optimization of Reaction CONGITIONS..........cooiiiiiiiiiiiiiee bbbt 4
3.1 Optimization of Reaction Conditions And Control Experiments for Synthesis of 6aa............cccccvvevieviiiecieecnnnn, 4
3.2 Optimization of Reaction Conditions And Control Experiments for Synthesis of 7ia..........c.ccccovcvvieiii i, 9
. General Procedure and Spectral Data of PrOGUCES...........ccvoii ittt 13
4.1 General Procedure for SYNthESIS OF BaA..........ciiiiiiiii bbb 13
4.2 General Procedure for SYNESIS OF 71a8........ciiiiiiiiiii bbb 13
4.3 Spectral Data OF PrOUUCES 6 GNG 7 .....ouviviiiiiiitiieiiitirt ettt bbbt sb bbbt 14
. Synthetic Application 0f the REACHION............oiii e e e te e re e aeeaeaneas 33
5.1 1.0 MMOI REACTION ...ttt b et b et b e en e bt nr e e bt nn e bt nn e ebenn e enenr e 33
5.2 Gram-SCalE REACTION. .......eviiiiriiiiiit ittt r st r et b e nr et b e nr e e bt nr e e e bt nn e enenn e erenr e 33
5.3 Transfomations of ProduCts D@ aN0 7Ha..........cceiiiiiiiiiiierese ettt bbb 34
. THE IMIECNANTSIM STUGIES ...ttt b et bbbt b e s bt eb e s b st ebenb et et e sbe e ebenbe e 36
6.1 Luminescence QUENCNING EXPEIIMENTS ........oiiiiiiiiiiite ittt sr et besa et b b sre e 36
6.2 Light On-Off EXPEIIMENTS .. ..oiuiiiiiiieeie ettt sttt te e s te et e et e s st e eteesteesbeesbeesaesteessaesteesseeneeanseansenneensaens 37
6.3 Determination Of QUANTUM YHEIAS ........cooviiiiiiece e s te e sbeesbeesbeenbeenbesnaenreens 37
6.4 NON-Linear EffeCt EXPEIIMENTS .....oiiiiiie ittt et et e e e et esteesteeabeesbeebeenseanbesneenreens 38
6.5 Radical Trapping EXPEITMENTS ..ottt e et b et b e bbbttt sbe et sbe e ebenbe e 39
6.6 RATICAI ClOCK EXPEITMENTS .....viiitiitiiieiiete ettt sttt e ekt e etk s bbb sb e s e ebesb e st eb e st e st ebesaeseebeseeneabenbe e 40
. Determination of the Absolute Configuration of Products 6bj and 7Ja ..........ccoceoiiriiniiniiinecse e 42
. The Spectra Of SUDSEIates @nd PFOGUCTS.........cooiiiiieieiee et bbb e bbbt e e e e e 56

O] o 1o i o | o I O o 1= od £ - RSOOSRV U URUSOUPUR 134



1. General Information

NMR spectra: *H NMR spectra were recorded on a 400 MHz spectrometer. Chemical shifts are reported in parts
per million (ppm) and the spectra are calibrated to the resonance resulting from incomplete deuteration of the solvent
(CDClz: 7.26 ppm). ¥C NMR spectra were recorded on the same spectrometer with complete proton decoupling.
Chemical shifts are reported in ppm with the solvent resonance as the internal standard (3CDCl3: 77.0 ppm, t). Data are
reported as follows: chemical shift §/ppm, integration (*H only), multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet or combinations thereof; 3C signals are singlets unless otherwise stated), coupling constants J in
Hz, assignment. °F NMR spectra were recorded on the same Spectrometer. All air- and moisture-sensitive reactions

were performed under an atmosphere of Ar in fire dried glassware.

High Resolution Mass Spectrometry (HRMS): All were recorded on Bruker micrOTOF Il ESI-TOF using a
positive electrospray ionization (ESI*). Measured values are reported to 4 decimal places of the calculated value. The

calculated values are based on the most abundant isotope.

Chromatography: Analytical thin layer chromatography was performed using Qingdao Puke Parting Materials Co.
silica gel plates (Silicagel 60 F254). Visualisation was by ultraviolet fluorescence (A = 254 nm) and/or staining with
Phosphomolybdic acid or potassium permanganate (KMnOa.). Flash column chromatography was performed using
200-300 mesh silica gel. Optical rotations were measured with a polarimeter. [a]p values are reported at a given

temperature (°C) in degrees cm?+ g " with concentration in g/100 mL.

Chiral HPLC or GC analysis: Enantiomeric ratio (ee) values were determined by chiral HPLC with chiral AS, AD,

AZ and OD columns with hexane and i-PrOH as solvents.

UV/Vis: Measurements were made with Agilent G9800A Spectro Fluorophotometer.
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2. Preparation of the Radical Precursors

2.1 Preparation of the Acyl Radical Precursors 3a-3p
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The above oxime esters 3a-3p were synthesized according to the method below.

Step 1: To a solution of 10 mmol ketone in 20 mL DCM was added 1 equiv TMSCI ( trimethylchlorosilane, 1.24

mL) at -20 °C. To this cooled solution was dropwise added 1 equiv isoamyl nitrite (1.34 mL). The reaction was found to
be instantaneous, but the mixture was stirred at r.t. for an additional period of 1 h before working up. The solution was

directly concentrated in vacuo. The crude product was purified by flash column chromatography on silica gel (eluting

with PE/EA = 20:1) and the corresponding oximes S2 was obtained.

Step 2: To a solution of oxime S2 and 1.5 equiv triethylamine (2.08 mL) in 20 mL DCM was slowly added a

solution of 1.2 equiv acyl chloride in DCM (15 mL) at 0 °C. The mixture was stirred at r.t. for 2 h. After completion, the

reaction was quenched with 50 mL NaHCOs; saturated solution and extracted with 50 mL DCE for three times. The

extract was washed with brine and dried over Na,SOs and concentrated in vacuo. The crude product was purified by flash

column chromatography on silica gel (eluting with PE/EA = 20:1).

S2



2.2 Preparation of the Cyclobutanone Oxime Esters 4a-4g

(0]
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step 1 step 2 R = p-CF3C4H4CO
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The above oxime esters 4a-4g were synthesized according to the method below.

Step 1: The ketone (10.0 mmol, 1.0 equiv) and hydroxylamine hydrochloride (15 mmol, 1.5 equiv) were placed in a

flask equipped with stirrer. The pH of the solution was held at 7-8 by adding saturated ag. sodium carbonate. Then

stirring solution at 40 °C. After completion, the mixture was extracted with DCM, the solution was dried over Na;SO4

and concentrated in vacuo, provide crude products which were used in next step without further purification.

Step 2: To a solution of oxime (1.0 equiv) and 4-(trifluoromethyl)benzoic acid (1.5 equiv) in DCM (0.2 M) was

added EDCI HCI (2.0 equiv) and DMAP (0.2 equiv). The mixture was stirred at r.t. overnight. After completion, the

reaction was diluted with water and extracted with DCM. The extract was washed with brine and dried over Na,SO4 and

concentrated in vacuo. The residue was purified by flash column chromatography on silica gel with PE-EtOAc as an

eluent to give oxime esters.
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3. Detailed Optimization of Reaction Conditions
3.1 Optimization of Reaction Conditions And Control Experiments for Synthesis of 6aa

Table S1. The Effect of Solventst

N Q Cu(CH5CN),PF¢ (0.5 mol%) cN O | OWXWO
ligand-1 (0.6 mol%) 5 \),
3a  OA ) '

fac-Ir(ppy)s (1.0 mol%

1a TMSCN a c 2x3 W purple LEDs 6aa ' _
5 solvent, rt, 24 h ' ligand-1
Entry Solvents Yield [%]™! ee [%]@
1 CHsCN 6 90
2 DCM 9 90
3 THF 15 90
4 DCE 14 85
5 CHCl; 31 84
6 DMA 41 88
7 DMF 39 89

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), 5 (0.3 mmol), Cu(CHsCN)sPFs (0.5 mol%), chiral ligand-1 (0.6 mol%) and
photocatalyst fac-Ir(ppy)s (1.0 mol%) in 2.0 mL solvent for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S1, among all the tested, DMA (2.0 mL) gave the best results (41% yield, 88% ee), and was thus
selected for further optimization studies.

Table S2. The Ratio of Substrates(@

“ 0 Cu(CH5CN),PF¢ (0.5 mol%) cN O OWXWO
ligand-1 (0.6 mol%) ! \),
. Ph)%‘/ )' OO Phi N N .,

fa ueon 3 0RO oy bon | |
5 DMA (2.0 mL), rt, 24 h ' ligand-1
Entry Ratio of X:Y:Z Yield [%]™ ee [%]
1 2:1:2 37 64
2 4:1:4 28 68
3 5:1:5 25 62
4 3:1.5 27 75
5 5:1:3 39 60
6 3:1:3 41 88

[a] 3a (X equiv), 1a (Y equiv, 0.1 mmol), 5 (Z equiv), Cu(CH3CN).PFgs (0.5 mol%), chiral ligand-1 (0.6 mol%) and
photocatalyst fac-Ir(ppy)s (1.0 mol%) in 2.0 mL solvents for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S2, among all the tested, the substrates ratio of X:Y:Z = 3:1:3 gave the best results (41% yield, 88%
ee), and was thus selected for further optimization studies.
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Table S3. The Effect of Loading of Photocatalyst [

N o Cu(CH5CN),PF¢ (0.5 mol%) cN O O\I’X\\/O
ligand-1 (0.6 mol%) ! \),
. Ph)HN/ - on N N /
3 0 ) :

fac-Ir(ppy)s (X mol%

1a TMSCN Ac 2x3 W purple LEDs 6aa : _
5 DMA (2.0 mL), rt, 24 h ' ligand-1
Entry Loading of photocatalyst Yield [%]™ ee [%]
1 0.2 mol% 19 79
2 0.4 mol% 28 85
3 0.6 mol% 43 86
4 0.8 mol% 64 88
5 1.0 mol% 41 88

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), 5 (0.3 mmol), Cu(CH3sCN)4PFs (0.5 mol%), chiral ligand-1 (0.6 mol%) and
photocatalyst fac-Ir(ppy)s (X mol%) in 2.0 mL DMA for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S3, among all the tested, 0.8 mol% of fac-Ir(ppy)s gave the best results (64% yield, 88% ee), and was
thus selected for further optimization studies.

Table S4. The Effect of Copper Saltsld

N Q Cu salts (0.5 mol%) CN O ' O\I’XWO
ligand-1 (0.6 mol%) ; J,
. Ph)SN/ _ OO Ph' N N ..

N fac-Ir(ppy)s (0.8 mol%)
1a  usen 2 OAC 23 W purple LEDs

5 DMA (2.0 mL), rt, 24 h 6aa 5 ligand-1
Entry Copper salts Yield [%]®! ee [%](

1 CuTC 38 85
2 CuCN 62 86
3 CucCl 51 85
4 Cul 69 81
5 CuBr 57 82
6 Cu(OTH), 16 68
7 Cu(OAc), 66 82
8 CU(CH3CN)4PFs 64 88

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), 5 (0.3 mmol), copper salts (0.5 mol%), chiral ligand-1 (0.6 mol%) and
photocatalyst fac-Ir(ppy)s (0.8 mol%) in 2.0 mL DMA for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S4, among all the tested, Cu(CH3CN)4PFs gave the best results (64% yield, 88% ee), and was thus
selected for further optimization studies.
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Table S5. The Effect of Loading of Cu Salt and Chiral Ligand[®

O Cu(CH5CN)4PF4 (X mol%)

O
= I \J
‘ ligand-1 (Y mol%) N N /
N. fac-Ir(ppy)s (0.8 mol%) K
1a 3a "OAc 2x3 W purple LEDs

TMSCN
DMA (2.0 mL), rt, 24 h ligand-1

5
Entry Loading of Cu /Ligand Yield [%]™! ee [%]@
1 X=12;Y=144 73 88
2 X=12;Y=18 79 88
3 X=15Y=225 78 90

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), TMSCN (0.3 mmol), Cu(CH3sCN)4PFs (X mol%), chiral ligand-1 (Y mol%)
and photocatalyst fac-Ir(ppy)s (0.8 mol%) in 2.0 mL DMA for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S5, among all the tested, Cu(CH3CN)4PFg (1.5 mol%) and chiral ligand-1 (2.25 mol%) gave the best
results (78% vyield, 90% ee), and was thus selected for further optimization studies.

Table S6. The Effect of Concentration [

N Cu(CH3CN),PFg (1.5 mol%) CN O OWX\/O
N‘ ligand-1 (2_25mo|%))' I Il | MPhé I N\) "

fac-Ir(ppy)s (0.8 mol%

1a TMSCN 3a "OAc 2x3 W purple LEDs 6aa

5 DMA (X mL), rt, 24 h ligand-1

Entry Concentration Yield [%]™! ee [%)]@
1 1.0 mL (0.1 M) 58 89
2 2.0 mL (0.05 M) 78 90
3 2.5 mL (0.04 M) 88 90
4 3.0 mL (0.03 M) 84 81

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), 5 (0.3 mmol), Cu(CH3sCN)4PFs (1.5 mol%), chiral ligand-1 (2.25 mol%) and
photocatalyst fac-Ir(ppy)s (0.8 mol%) in DMA (X mL) for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S6, among all the tested, DMA (2.5 mL) gave the best results (88% yield, 90% ee), and was thus
selected for further optimization studies.
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Table S7. The Effect of Chiral Ligands®

N o Cu(CH5CN)4PFq (1.5 mol%) CN O
ph)'%/ Ligand (2.25 mol%)
+ \ Ph
N "I
1

N fac-Ir(ppy)s (0.8 mol%
a TMSCN 3a "OAc 2x3 W purple LEDs

6
5 DMA (2.5 mL), rt, 24 h aa

[E?/u ,(5 ﬁj@Numggj(E}wuNitﬁ

B L4
o)
@ @ [ \J ,
L7 Br L8 r 8 L9 @

Entry Concentration Yield [%]™! ee [%]@
1 L1 88 90
2 L2 16 -13
3 L3 35 3
4 L4 36 -1
5 LS 33 -10
6 L6 34 -1
7 L7 32 -7
8 L8 45 77
9 L9 34 8

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), 5 (0.3 mmol), Cu(CH3sCN)4PFs (1.5 mol%), chiral ligand (2.25 mol%) and
photocatalyst fac-Ir(ppy)s (0.8 mol%) in DMA (2.5 mL) for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S7, among all the tested, L1 gave the best results (88% yield, 90% ee), and was thus selected for
further optimization studies.
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Table S8. The Effect of Protecting Groups™

Cu(CH3CN),PF (1.5 mol%) CN O O\,Xro
)S/ ligand-1 (2.25 mol%) ; I ,\}Jl
NOCRE alle

fac-Ir(ppy)s (0.8 mol%

1a

TM§CN Dﬁﬁ (Vgé’ %:Fl)_l;e IfthDf h 6aa : ligand-1

‘%LO ??LO (0] (0] (0]
)K© )KQ\ % N(CH,),CHy ¢ By iLLJLMe
CF3
R! R? R® R* RS
Entry Protecting groups Yield [%]™! ee [%)]@

1 R! 35 86
2 R? 39 80
3 R® 45 87
4 R* 88 88
5 RS 88 90

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), 5 (0.3 mmol), Cu(CH3CN)4PFs (1.5 mol%), chiral ligand-1 (2.25 mol%) and
photocatalyst fac-Ir(ppy)s (0.8 mol%) in DMA (2.5 mL) for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S8, among all the tested, 2-(acetoxyimino)-1-phenylpropan-1-one (R1) gave the best results (88%
yield, 90% ee), and was thus selected for further optimization studies.

Table S9. Control Experimrnts®

Cu(CH4CN),PF (1.5 mol%) ’
)S/ ligand-1 (2.25 mol%) I 8/
ligand-1 @

fac-Ir(ppy)s (0.8 mol%)

1a TMSCN 3a “OAc 2x3 W purple LEDs
5 DMA (2.5 mL), rt, 24 h
Entryf@ hv fac-Ir(ppy)s Cu(CH3sCN)4PFg L Yield [%]™ ee [%]

1 x v v v N.D.
2 v x \ v trace.

30 v v x v N.D.
4ld N J J N s .

> \/ ol < N 741N 90

[a] 3a (0.3 mmol), 1a (0.1 mmol, 1.0 equiv), 5 (0.3 mmol), Cu(CH3CN)4PFs (1.5 mol%), chiral ligand-1 (2.25 mol%) and
photocatalyst fac-Ir(ppy)s (0.8 mol%) in DMA (2.5 mL) for 24 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC. [d]
Without hv. [e] Without photocatalyst fac-Ir(ppy)s. [f] Without Cu(CH3sCN)4PFe. [g] chiral ligand-1. [h] Isolated yield.

The results of Table S9 reveal that each component is essential for the reaction.
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3.2 Optimization of Reaction Conditions And Control Experiments for Synthesis of 7ia

Table S10. The Effect of Loading of Photocatalyst, Cu Salt and Chiral Ligand!®

1 :
N OR Cu(CHACN)PFe (Y mol%) CN : onro
Ph \ ligand-1 (Z mol%) : | \J,,,,,
2 ¢ > CN N N—/
Ph-PTZ (X mol%) ; 2
TMSCN 4a 2x3 W purple LEDs Ph Zia
DMA (0.05 M), rt, 6 h ; ligand-1

5 R'=p-CF4PhCO !

Entry X Y z Yield [%]™ ee [%]©
1 5.0 10.0 12.0 5 83
2 25 5.0 6.0 15 84
3 25 25 3.0 16 87
4 25 1.0 1.2 39 90
5 1.25 0.5 0.6 65 90
6l 0.62 0.25 0.3 61 90
7 0.31 0.12 0.15 30 89
8 1.0 0.5 0.6 55 90
9 15 0.5 0.6 56 90

[a] 2i (0.1 mmol), 5 (0.3 mmol, 3 equiv), 4a (0.3 mmol, 3 equiv), Cu(CH3sCN)4PFs (Y mol%), chiral ligand-1 (Z mol%)
and photocatalyst Ph-PTZ (X mol%) in 2.0 mL of DMA for 6 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC. [d]
Reaction for 24 h.

As shown in Table S10, among all the tested, Cu(CH3sCN)4PFs (0.5 mol%), chiral ligand-1 (0.6 mol%) and photocatalyst
Ph-PTZ (1.25 mol%) gave the best results (65% yield, 90% ee), and was thus selected for further optimization studies.

Table S11. The Effect of concentration(e

1 z
/©/\ N-OR' Cu(CH;CN),PFg (0.5 mol%) CN : OWX“/O ]
| ligand-1 (0.6 mol%) | I N\) n
Ph 2i + oN | .,
Ph-PTZ (1.25 mol%) :
TMSCN 2x3 W purple LEDs Ph . '

7ia H .
4a DMA (X mL), tt, 6 h ; ligand-1

5 R'=p-CF;PhCO -
Entry Concentration (X mL) Yield [%]®! ee [%]
1 0.5 56 90
2 1 56 90
3 2 69 90
4 4 70 90
5 6 68 90

[a] 2i (0.2 mmol), 5 (0.6 mmol, 3 equiv), 4a (0.6 mmol, 3 equiv), Cu(CH3sCN)sPFs (0.5 mol%), chiral ligand-1 (0.6
mol%) and photocatalyst Ph-PTZ (1.25 mol%) in X mL of DMA for 6 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S11, among all the tested, DMA (4 mL) gave the best results (70% yield, 90% ee), and was thus
selected for further optimization studies
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Table S12. The Effect of ratio of 2i, 5 and 4al@

1 E
/©/\ n-OR' Cu(CH4CN)PF (0.5 mol%) CN ! o] o)
\ ligand-1 (0.6 mol%) , | \\).,,,
Ph + . CN | N N—/ 1

2i, X mmol Ph-PTZ (1.25 mol%)
I O T T mia L2
R = p-CF3PhCO !

Entry X Y z Yield [%]™! ee [%]©
1 0.2 0.4 0.4 39 91
2 0.2 0.6 0.6 70 90
3 0.2 0.8 0.8 65 90
4 0.2 1.0 1.0 62 90
5 0.2 1.0 0.6 65 90
6 0.2 0.6 1.0 60 90
7 0.6 0.6 0.2 39 91

[a] 2i (X mmol), 5 (Y mmol), 4a (Z mmol), Cu(CH3CN)4PFs (0.5 mol%), chiral ligand-1 (0.6 mol%) and photocatalyst
Ph-PTZ (1.25 mol%) in 4.0 mL of DMA for 6 h under the irradiation of 2 x 3 W purple LEDs. [b] Determined by GC
analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S12, among all the tested, 2i (0.2 mmol), 5 (0.6 mmol), 4a (0.6 mmol) gave the best results (70%
yield, 90% ee), and was thus selected for further optimization studies.

Table S13. The Effect of Solventst

Ph-PTZ (1.25 mol%)

1 i
@ N-OR' Cu(CH;CN),PFg (0.5 mol%) CN ; 0 0
\ ligand-1 (0.6 mol%) ! ] \J.,,,,
Ph 2+ <§8 CN ! N N—/

TMSCN 4a 2x3 W purple LEDs  pp, tia :
5 Ri- p-CF4PhCO solvent (0.05 M), rt, 6 h ligand-1

Entry Solvent Yield [%]™ ee [%]©

1 CH3CN 15 89

2 DCM 48 89

3 THF 11 93

4 DMSO 35 75

5 DMA 70 90

6 toluene 26 89

7 DMF 56 89

[a] 2i (0.2 mmol), 5 (0.6 mmol, 3 equiv), 4a (0.6 mmol, 3 equiv), Cu(CH3sCN)4PFs (0.5 mol%), chiral ligand-1 (0.6 mol%)
and photocatalyst Ph-PTZ (1.25 mol%) in 4.0 mL of solvent for 6 h under the irradiation of 2 x 3 W purple LEDs.. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S13, among all the solvents tested, DMA gave the best results (70% vyield, 90% ee), and was thus
selected for further optimization studies.
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Table S14. The Effect of Copper Salts®

1 5
/@/\ N‘/OR IC.)u szlti ggg mo::f); CN OWX\/O
igand-1 (0.6 mol% : | \\).,,
Ph 2i + <>8 /@M\/\CN : N N— 1"

Ph-PTZ (1.25 mol%)

TMSCN 4a 2x3 W purple LEDs Ph Zia !
5 R = p-CF4PhCO DMA (0.05 M), rt, 6 h ligand-1
Entry Cu salt Yield [%]™! ee [%]C
1 Cucl 50 90
2 Cul 51 90
3 Cu(OAc), 66 90
4 CuCN 55 90
S Cu(CH3CN)4BF4 52 90
6 Cu(CH3CN)4PFe 70 90
7 Cu(OTf), 55 90

[a] 2i (0.2 mmol), 5 (0.6 mmol, 3 equiv), 4a (0.6 mmol, 3 equiv), Cu salt (0.5 mol%), chiral ligand-1 (0.6 mol%) and
photocatalyst Ph-PTZ (1.25 mol%) in 4.0 mL of DMA for 6 h under the irradiation of 2 x 3 W purple LEDs.. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S14, among the copper salt tested, Cu(CH3CN)4PFg gave the best result (70% yield, 90% ee) and was
thus selected for further studies

Table S15. The Effect of Chiral Ligands®

-OR" CU(CH4CN),PFs (0.5 mol%) CN
ligand (0.6 mol%)
<>® ] /©/'\/®\/\CN
Ph-PTZ (1.25 mol%)
TMSCN 2x3 W purple LEDs  pp, Tia

5 DMA (0.05 M), rt, 6 h
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Entry Chiral Ligand Yield [%]®! ee [%]©

1 L1 70 90
2 L2 47 -35
3 L3 52 9
4 L4 48 -9
5 L5 43 -40
6 L6 39 -16
7 L7 51 3
8 L8 50 8
9 L9 49 10

[a] 2i (0.2 mmol), 5 (0.6 mmol, 3 equiv), 4a (0.6 mmol, 3 equiv), Cu(CH3CN)sPFs (0.5 mol%), chiral ligand L (0.6
mol%) and photocatalyst Ph-PTZ (1.25 mol%) in 4.0 mL of DMA for 6 h under the irradiation of 2 x 3 W purple LEDs..
[b] Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.

As shown in Table S15, among all the chiral ligand tested, L1 gave the best results (70% yield, 90% ee), and was thus
selected for further studies.

Table S16. Control experiments(®

/@A -OR' Cu(CH4CN),PF (0.5 mol%) CN 5
ligand-1 (0.6 mol%) :
éz ] WCN e
Ph-PTZ (1.25 mol%) ;
TMSCN 2x3 W purple LEDs Ph Zia &/ @
ligand-1

5 DMA (0.05 M), rt, 6 h
R'= p—CF3PhCO

Entryl hv Ph-PTZ Cu(CHsCN)4PFs Ligand-1 Yield [%]™! ee [%]
1 x \ \ \ 21 920
2L¢] \ x \ \ 44 90
3(l \ \/ x N trace -

40 \ V \ x 48 0
5 \ v \ v 70(75)" 90

[a] 2i (0.2 mmol), 5 (0.6 mmol), 4a (0.6 mmol), Cu(CHsCN)sPFs (0.5 mol%), chiral ligand-1 (0.6 mol%) and
photocatalyst Ph-PTZ (1.25 mol%) in 4.0 mL of DMA for 6 h under the irradiation of 2 x 3 W purple LEDs. [b]
Determined by GC analysis using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC. [d]
Without hv. [e] Without photocatalyst Ph-PTZ. [f] Without Cu(CH3CN) 4PFs. [g] Without ligand-1. [h] isolated yield in
parentheses.

The results of Table S16 reveal that copper and ligand is essential for the reaction, light and photocatalyst can improve
the yield.
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4. General Procedure and Spectral Data of Products

4.1 General Procedure for Synthesis of 6aa

N 9 Cu(CH5CN),PF (1.5 mol%) CN O ! o o
OO ph)g/ ligand-1 (2.25 mol%) | \\),,,,,
+ O L

Z—

N fac-Ir(ppy)3 (0.8 mol%
1a  usen 32 OA° 23 W purple LEDs

5 DMA (2.5 mL), rt, 24 h 6aa

ligand-1

In a flame-dried 10 ml Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFg (0.56 mg, 0.0015 mmol) and chiral ligand-1 (0.80 mg, 0.00225 mmol), followed by the addition of
DMA (2.5 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture were added 3a
(62 mg, 0.30 mmol), 1a (15 mg, 0.10 mmol), fac-Ir(ppy)s (0.53 mg, 0.0008 mmol). Then, the resulting mixture was
degassed (3 times) under argon atmosphere. After that, TMSCN (0.3 mmol) was added into the mixture. At last, the
mixture was stirred at a distance of ~1 cm froma 2 x 3W purple LEDs at room temperature for 24 h until the reaction
was completed, as monitored by TLC analysis. The reaction mixture was quenched with water(10 mL), diluted with
EtOAc (3 x 10 mL), washed with NaCl (aq.) and dried over with anhydrous Na;SOa. After filtration and concentration,
the residue was purified by silica gel chromatography with petroleum ether and ethyl acetate (PE/EA = 5:1) to afford
6aa.

Note: Some substrates were liquid, which were added into the mixture after degssed. The racemic samples were
prepared according to the general procedure by replacing the chiral ligand-1 with dtbbpy (dtbbpy =

4.4'-di-tert-butyl-2,2"-bipyridine).

4.2 General Procedure for Synthesis of 7ia

Ph-PTZ (1.25 mol%)

TMSCN 4a 2x3 W purple LEDs Ph Zia !
DMA (0.05 M), rt, 6 h ; ligand-1
R' = p-CF;PhCO -

1 E
/©/\ NOR' Cu(CH3CN),PFg (0.5 mol%) CN ! o%ro
\ ligand-1 (0.6 mol%) ; | \J,,,,,
Ph 2i + <§8 CN N N
5

In a flame-dried 10 ml Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFs (0.001 mmol), ligand-1 (0.0012 mmol) and organo-photocatalyst Ph-PTZ (0.0025 mmol), followed by
the addition of DMA (4 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture were
added 2i (0.20 mmol) and 4a (0.60 mmol). Then, the resulting mixture was degassed (3 times) under argon atmosphere.
After that, TMSCN (0.60 mmol) was added into the mixture. At last, the mixture was stirred at a distance of ~1 cm from

a 2 x 3 W purple LEDs at room temperature 6 h until the reaction was completed, as monitored by TLC analysis. The
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reaction mixture was diluted with water (10 mL). The mixture was firstly extracted with EtOAc (3 x 10 mL), then
washed with NaHCO; (ag.) (15 mL), and finally washed with NaCl (aqg.), dried over with anhydrous Na,SO.. After
filtration and concentration, the residue was purified by silica gel chromatography with petroleum ether and ethyl acetate
(PE/EA = 7:1) to afford final product.

Note: Some substrates were liquid, which were added into the mixture after degssed. The racemic samples were
prepared according to the general procedure by replacing the chiral ligand-1 with dtbbpy (dtbbpy =
4,4'-di-tert-butyl-2,2'-bipyridine).

4.3 Spectral Data of Products 6 and 7
(S)-2-(naphthalen-2-yl)-4-oxo-4-phenylbutanenitrile (6aa)
CN O 74% isolated yield, white solid, [a]p® = -24.12 (¢ = 0.5 in CHCI3); 90% ee, determined by
OO Ph  HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A
oas = 220 nm, 25 °C), tgr (major) = 25.28 min, tg (minor) = 28.73 min. 'H NMR (400 MHz,
CDCl3) & (ppm) 7.99 — 7.91 (m, 3H), 7.86 (dd, J = 13.8, 7.2 Hz, 3H), 7.59 (t, J = 7.4 Hz, 1H), 7.55 — 7.46 (m, 5H), 4.75
(dd, J=7.9, 6.0 Hz, 1H), 3.81 (dd, J = 17.9, 7.9 Hz, 1H), 3.60 (dd, J = 17.9, 6.0 Hz, 1H). *C NMR (100 MHz, CDCl5) &
(ppm) 194.6, 135.7, 133.9, 133.3, 132.9, 132.5, 129.3, 128.8, 128.1, 127.9, 127.7, 126.8, 126.7, 126.7, 124.8, 120.6, 77.3,
77.0,76.7,44.5,32.1. HRMS (EIl): m/z [M + Na]* calcd for CH1sNNaO: 308.1046, found: 308.1045.

(S)-4-ox0-2,4-diphenylbutanenitrile (6ba)

CN O 79% isolated yield, white solid, [a]p® = -16.30 (¢ = 0.5 in CHClIs); 90% ee, determined by HPLC

PhH analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A = 254 nm,
6ba 25 °C), tr (major) = 22.46 min, tr (minor) = 27.81 min. *H NMR (400 MHz, CDCls) & (ppm)
7.93 (d, J = 7.2 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.49 — 7.32 (m, 7H), 4.58 (dd, J = 7.9, 6.1 Hz, 1H), 3.73 (dd, J = 17.9,
7.9 Hz, 1H), 3.56 — 3.49 (m, 1H). **C NMR (100 MHz, CDCls) & (ppm) 194.6, 135.6, 135.2, 133.9, 129.3, 128.8, 128.4,
128.1, 127.5, 120.6, 77.3, 77.0, 76.7, 44.5, 31.9. HRMS (EI): m/z [M + Na]* calcd for C;6H13NNaO: 235.0997, found:
235.0889.
(S)-4-ox0-4-phenyl-2-(p-tolyl)butanenitrile (6ca)
CN O 75% isolated yield, white solid, [a]p? = -23.00 (c = 0.5 in CHCIs); 86% ee, determined by
Ph HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
Me 6ca 254 nm, 25 °C), tr (major) = 16.98 min, tz (minor) = 18.28 min. *H NMR (400 MHz, CDCls)
8 (ppm) 7.92 (d, J = 7.4 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.19 (d, J =
7.9 Hz, 2H), 4.58 — 4.47 (m, 1H), 3.71 (dd, J = 17.9, 7.9 Hz, 1H), 3.49 (dd, J = 17.9, 6.1 Hz, 1H), 2.35 (s, 3H). *C NMR
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(100 MHz, CDCls) 6 (ppm) 194.7, 138.2, 135.7, 133.9, 132.2, 129.9, 128.8, 128.1, 127.3, 120.8, 77.3, 77.0, 76.7, 44.6,
31.5,21.1. HRMS (EI): m/z [M + Na]* calcd for C17H15sNNaO: 272.1046, found: 272.1046.
(S)-2-(4-(tert-butyl)phenyl)-4-oxo-4-phenylbutanenitrile (6da)
CN O 73% isolated yield, white solid, [a]p® = -19.21 (c = 0.5 in CHCI3); 86% ee, determined by
Ph  HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =
‘Bu 6da 254 nm, 25 °C), tr (major) = 20.23 min, tz (minor) = 24.59 min. *H NMR (400 MHz, CDCls)
8 (ppm) 8.01 — 7.86 (m, 2H), 7.62 — 7.33 (m, 7H), 4.54 (dd, J = 8.0, 6.0 Hz, 1H), 3.72 (dd, J = 18.0, 8.0 Hz, 1H), 3.50 (dd,
J=18.0, 6.0 Hz, 1H), 1.31 (s, 9H). *C NMR (100 MHz, CDCls) § (ppm) 194.7, 151.4, 135.7, 133.8, 132.1, 128.8, 128.1,
127.1,126.2,120.8,77.3, 77.0, 76.7, 44.5, 34.6, 31.4, 31.2. HRMS (EI): m/z [M + Na]* calcd for C2H21NNaO: 314.1515,
found: 314.1515.
(S)-2-([1,1'-biphenyl]-4-yl)-4-oxo-4-phenylbutanenitrile (6ea)
CN O 79% isolated yield, white solid, [a]o® = +1.2 (¢ = 0.5 in CHCI3); 89% ee, determined by
Ph HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
Ph Gea 254 nm, 25 °C), tr (major) = 26.54 min, tg (minor) = 33.81 min. *H NMR (400 MHz, CDCls)
8 (ppm) 7.95 (d, J = 8.0 Hz, 2H), 7.59 (dd, J = 16.7, 8.0 Hz, 5H), 7.53 — 7.42 (m, 6H), 7.37 (t, J = 7.2 Hz, 1H), 4.62 (t, J
= 6.8 Hz, 1H), 3.77 (dd, J = 17.9, 7.8 Hz, 1H), 3.56 (dd, J = 18.0, 6.1 Hz, 1H). 13C NMR (100 MHz, CDCls) § (ppm)
194.6, 141.4, 140.1, 135.6, 134.2, 133.9, 128.9, 128.8, 128.1, 127.9, 127.9, 127.7, 127.1, 120.6, 77.3, 77.0, 76.7, 44.5,
31.6. HRMS (EI): m/z [M + Na]* calcd for C2H17NNaO: 334.1202, found: 334.1202.
(S)-2-(4-fluorophenyl)-4-oxo-4-phenylbutanenitrile (6fa)
CN O 64% isolated yield, white solid, [a]p® = -17.40 (c = 0.5 in CHCI3); 87% ee, determined by
Ph HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate 0.5 mL/min, A =
F ota 254 nm, 25 °C), tg (major) = 51.07 min, tz (minor) = 54.02 min. *H NMR (400 MHz, CDCls) &
(ppm) 7.98 — 7.83 (M, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.52 — 7.38 (m, 4H), 7.07 (t, J = 7.6 Hz, 2H), 4.56 (t, J = 6.9 Hz, 1H),
3.71 (dd, J = 18.0, 7.5 Hz, 1H), 3.51 (dd, J = 17.9, 6.4 Hz, 1H). 3C NMR (100 MHz, CDCls) & (ppm) 194.4, 162.4 (d, J
= 246.4 Hz),135.5, 133.9, 131.0 (d, J = 3.3 Hz), 129.3, (d, J = 8.2 Hz), 128.8, 128.0, 120.5, 116.2 (d, J = 2.2 Hz), 77.3,
77.0,76.7, 44.4, 31.1. F NMR (376 MHz, CDCI3) & (ppm) -113.2. HRMS (EI): m/z [M + Na]* calcd for C1sH12FNNaO:

276.0795, found: 276.0795.
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(S)-2-(4-chlorophenyl)-4-oxo-4-phenylbutanenitrile (6ga)
CN O 73% isolated yield, white solid, [a]p® = -16.82 (¢ = 0.5 in CHCI3); 90% ee, determined by
Ph  HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A =
Cl 69a 254 nm, 25 °C), tr (major) = 21.21 min, tg (minor) = 22.82 min. *H NMR (400 MHz, CDCls)
§ (ppm) 7.91 (dd, J = 8.4, 1.4 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.42 — 7.32 (m, 4H), 4.56 (t, J =
6.9 Hz, 1H), 3.71 (dd, J = 17.9, 7.4 Hz, 1H), 3.51 (dd, J = 17.9, 6.5 Hz, 1H). 3C NMR (100 MHz, CDCls) § (ppm) 194.3,
135.5, 134.4, 134.0, 133.7, 129.4, 128.9, 128.8, 128.0, 120.2, 77.3, 77.0, 76.7, 44.2, 31.3. HRMS (EI): m/z [M + K]*
calcd for C16H1.CIKNO: 308.0239, found: 308.0240.
(S)-2-(4-bromophenyl)-4-oxo-4-phenylbutanenitrile (6ha)
CN O 76% isolated yield, white solid, [0]p®® = -11.71 (c = 0.5 in CHCI3); 87% ee, determined by
Ph HpLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A
Br 6ha = 254 nm, 25 °C), tr (major) = 18.42 min, tr (minor) = 20.15 min. '*H NMR (400 MHz,
CDCl3) & (ppm) 7.96 — 7.87 (m, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.56 — 7.44 (m, 4H), 7.32 (d, J = 8.4 Hz, 2H), 455 (t, J =
6.9 Hz, 1H), 3.71 (dd, J = 17.9, 7.4 Hz, 1H), 3.51 (dd, J = 18.0, 6.5 Hz, 1H). 3C NMR (100 MHz, CDCls) & (ppm) 194.3,
135.5, 134.3, 134.0, 132.4, 129.2, 128.9, 128.1, 122.5, 120.1, 77.3, 77.0, 76.7, 44.2, 31.4. HRMS (EIl): m/z [M + Na]*
calcd for C16H12BrNNaO: 335.9994, found: 335.9999.
(S)-4-(1-cyano-3-oxo-3-phenylpropyl)phenyl acetate (6ia)
CN O 67% isolated yield, white solid, [a]p® = -16.31 (¢ = 0.5 in CHCI3); 89% ee, determined by
Ph HpLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A
AcO bl = 254 nm, 25 °C), tg (major) = 36.66 min, tz (minor) = 45.46 min. 'H NMR (400 MHz,
CDCl3) & (ppm) 7.96 — 7.84 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.52 — 7.43 (m, 4H), 7.11 (d, J = 8.6 Hz, 2H), 4.56 (dd, J =
7.9, 6.0 Hz, 1H), 3.71 (dd, J = 18.0, 7.9 Hz, 1H), 3.49 (dd, J = 18.0, 6.0 Hz, 1H), 2.29 (s, 3H). 3C NMR (100 MHz,
CDCls3) 8 (ppm) 194.4, 169.2, 150.4, 135.5, 133.9, 132.7, 128.8, 128.6, 128.0, 122.4, 120.4, 77.3, 77.0, 76.7, 44.4, 31.2,
21.0. HRMS (EI): m/z [M + Na]* calcd for C1gH1sNNaO3: 316.0944, found: 316.0942.
(S)-4-oxo-4-phenyl-2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)butanenitrile (6ja)
CN O 76% isolated yield, white solid, [o]p® = -24.36 (¢ = 0.5 in CHCI3); 86% ee, determined
Ph by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min,
Bpin 6ja A= 254 nm, 25 °C), tx (major) = 37.85 min, tx (Minor) = 58.23 min. *H NMR (400 MHz,
CDCls) § (ppm) 7.87 (dd, J = 32.6, 8.3 Hz, 4H), 7.63 — 7.39 (m, 5H), 4.63 — 4.54 (m, 1H), 3.72 (dd, J = 17.9, 8.0 Hz, 1H),
3.49 (dd, J = 17.9, 5.9 Hz, 1H), 1.34 (s, 11H). *C NMR (100 MHz, CDCls) & (ppm) 194.5, 138.1, 135.7, 133.9, 128.8,
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128.1, 126.8, 120.4, 84.0, 77.3, 77.0, 76.7, 44.5, 32.1, 24.9. HRMS (El): m/z [M + K]* calcd for CxH24BNKO3:
400.1481, found: 400.1472.

(S)-2-(4-methoxyphenyl)-4-oxo-4-phenylbutanenitrile (6ka)

CN O 81% isolated yield, white solid, [a]p® = -28.83 (¢ = 0.5 in CHCI3); 89% ee, determined by

MeO
Ph HpLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A

Oka = 254 nm, 25 °C), tr (major) = 19.74 min, tz (minor) = 23.73 min. *H NMR (400 MHz,
CDCls) & (ppm) 8.00 — 7.83 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 7.29 (q, J = 8.0 Hz, 1H), 7.04 —
6.94 (m, 2H), 6.86 (dd, J = 8.3, 2.3 Hz, 1H), 7.06 — 6.81 (m, 3H), 4.53 (dd, J = 8.0, 5.9 Hz, 1H), 3.81 (s, 3H), 3.72 (dd, J
=17.9, 8.1 Hz, 1H), 3.50 (dd, J = 17.9, 5.8 Hz, 1H). 3C NMR (100 MHz, CDCls) & (ppm) 194.6, 160.1, 136.6, 135.6,
133.8, 130.3, 128.8, 128.0, 120.5, 119.6, 113.7, 113.2, 77.3, 77.0, 76.7, 55.3, 44.4, 31.8. HRMS (EIl): m/z [M + H]* calcd
for C17H1sNHO>: 266.1176, found: 266.1175.
(S)-4-oxo-4-phenyl-2-(p-tolyl)butanenitrile (6la)
CN O 68% isolated yield, white solid, [a]p®® = -13.92 (¢ = 0.5 in CHCls3); 90% ee, determined
Me Ph by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0
6la mL/min, A = 254 nm, 25 °C), tr (major) = 12.54 min, tr (minor) = 15.88 min. *H NMR
(400 MHz, CDCls) & (ppm) 7.93 (d, J = 8.4 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.29 — 7.20 (m,
3H), 7.14 (d, J = 7.4 Hz, 1H), 7.33 — 7.14 (m, 4H), 4.52 (dd, J = 8.2, 5.8 Hz, 1H), 3.72 (dd, J = 18.0, 8.2 Hz, 1H), 3.49
(dd, J = 17.9, 5.8 Hz, 1H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) & (ppm) 194.7, 139.1, 135.7, 135.1, 133.8, 129.1,
129.1, 128.8, 128.1, 128.1, 124.5, 120.7, 77.3, 77.0, 76.7, 44.6, 31.8, 21.3. HrRMS (El): m/z [M + Na]* calcd for
Ci7H1sNNaO: 272.1046, found: 272.1049.
(S)-2-(4-fluorophenyl)-4-oxo-4-phenylbutanenitrile (6ma)
CN O 65% isolated yield, white solid, [a]p® = -16.47 (¢ = 0.5 in CHCI3); 89% ee, determined by
Ph HpLC analy sis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =
oma 254 nm, 25 °C), tz (major) = 24.29 min, tg (minor) = 33.28 min. *H NMR (400 MHz, CDCls) §
(ppm) 7.99 — 7.85 (m, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H), 7.37 (td, J = 8.0, 6.0 Hz, 1H), 7.29 — 7.13
(m, 2H), 7.09 — 7.00 (m, 1H), 4.58 (dd, J = 7.6, 6.2 Hz, 1H), 3.73 (dd, J = 18.0, 7.6 Hz, 1H), 3.52 (dd, J = 18.0, 6.2 Hz,
1H). 3C NMR (100 MHz, CDCls) & (ppm) 194.2, 164.2, (d, J = 246.5 Hz), 137.5 (d, J = 7.37 Hz),135.5, 134.0, 130.9 (d,
J=8.3 Hz), 128.9, 128.1, 123.2, 123.2, 120.1, 115.6 (d, J = 20.8 Hz), 77.3, 77.0, 76.7, 44.2, 31.5. *°F NMR (376 MHz,

CDCI3) § (ppm) -111.1. HRMS (E1): m/z [M + Na]* calcd for C1sH1,FNNaO: 276.0795, found: 276.0796.
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(S)-4-ox0-4-phenyl-2-(o-tolyl)butanenitrile (6na)

Me CN O 61% isolated yield, white solid, [a]p®® = -34.29 (¢ = 0.5 in CHCI3); 89% ee, determined by HPLC

Ph analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A =210 nm, 25

6na °C), tr (major) = 18.80 min, tg (minor) = 21.09 min. *H NMR (400 MHz, CDCls) & (ppm) 8.00 —
7.88 (m, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.55 — 7.43 (m, 3H), 7.31 — 7.14 (m, 3H), 4.71 (dd, J = 9.0, 5.0 Hz, 1H), 3.74 (dd,
J=18.0, 9.0 Hz, 1H), 3.42 (dd, J = 18.0, 5.0 Hz, 1H), 2.42 (s, 3H). *C NMR (100 MHz, CDCls) & (ppm) 194.8, 135.7,
135.3, 133.9, 133.4, 131.3, 128.9, 1285, 128.1, 127.5, 127.0, 77.4, 77.0, 76.7, 43.1, 28.7, 19.3. HRMS (El): m/z [M +
Na]* calcd for C17H1sNNaO: 272.1046, found: 272.1049.
(S)-2-(2-bromophenyl)-4-oxo-4-phenylbutanenitrile (60a)

Br CN O 63% isolated yield, white solid, [a]p?® = -24.13 (c = 0.5 in CHCl3); 90% ee, determined by HPLC

Ph analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A =210 nm, 25

Goa °C), tr (major) = 19.70 min, tr (minor) = 23.89 min. *H NMR (400 MHz, CDCl3) & (ppm) 7.99 —

7.92 (m, 2H), 7.71 (d, 3 = 9.2 Hz, 1H), 7.61 (t, J = 8.0 Hz, 2H), 7.48 (t, J = 7.7 Hz, 2H), 7.41 (t, J = 7.6 Hz, 1H), 7.23 (d,

J=9.1Hz, 1H), 4.93 (dd, J = 9.6, 4.3 Hz, 1H), 3.71 — 3.63 (m, 1H), 3.53 (dd, J = 18.0, 4.3 Hz, 1H). *C NMR (100 MHz,

CDCls3) 6 (ppm) 194.4, 135.6, 134.4, 133.9, 133.6, 130.1, 129.5, 128.9, 128.4, 128.1, 122.9, 119.8, 77.3, 77.0, 76.7, 42.8,
32.5. HRMS (EI): m/z [M + Na]* calcd for C16H1,BrNNaO: 335.9994, found: 335.9999.

(S)-2-(6-methoxynaphthalen-2-yl)-4-oxo-4-phenylbutanenitrile (6pa)
CN O 84% isolated yield, white solid, [a]p®® = -30.81 (¢ = 0.5 in CHCI3); 88% ee,

Ph determined by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v,
MeO 6pa flow rate 1.0 mL/min, % = 220 nm, 25 °C), tx (Major) = 34.56 min, t (Minor) = 39.40
min. *H NMR (400 MHz, CDCls) & (ppm) 8.01 — 7.67 (m, 5H), 7.52 (dt, J = 50.6, 7.5 Hz, 4H), 7.22 — 7.04 (m, 2H), 4.69
(t, J = 6.9 Hz, 1H), 3.91 (s, 3H), 3.78 (dd, J = 17.9, 7.9 Hz, 1H), 3.58 (dd, J = 17.9, 6.0 Hz, 1H). *C NMR (100 MHz,
CDCls3) & (ppm) 194.7, 158.2, 135.7, 134.1, 133.8, 130.1, 129.3, 128.8, 128.7, 128.1, 128.0, 126.5, 125.3, 120.8, 119.6,
105.6, 77.3, 77.0, 76.7, 55.3, 44.5, 31.9. HRMS (EIl): m/z [M + Na]* calcd for C»1H17NNaO,: 338.1151, found: 338.1148.

((S)-2-(benzo[d][1,3]dioxol-5-yl)-4-0x0-4-phenylbutanenitrile (6qa)

CN O 76% isolated yield, white solid, [a]o?® = -15.00 (c = 0.5 in CHCIs); 86% ee, determined by

<O Ph HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =
o 6qa 254 nm, 25 °C), tr (major) = 58.40 min, tr (minor) = 45.21 min. *H NMR (400 MHz, CDCls)
8 (ppm) 7.98 — 7.87 (m, 2H), 7.60 (s, 1H), 7.48 (d, J = 7.9 Hz, 2H), 6.94 — 6.86 (m, 2H), 6.85 — 6.75 (m, 1H), 5.97 (s,
2H), 4.54 — 4.42 (m, 1H), 3.68 (dd, J = 17.9, 7.6 Hz, 1H), 3.49 (dd, J = 17.9, 6.3 Hz, 1H). 3C NMR (100 MHz, CDCls) &
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(ppm) 194.6, 148.3, 147.6, 135.6, 133.9, 128.8, 128.8, 128.0, 121.0, 120.7, 108.7, 107.9, 101.4, 77.3, 77.0, 76.7, 44.5,

31.5. HRMS (El): m/z [M + Na]* calcd for C17H13NNaOs: 302.0788, found: 302.0786.

(R)-4-ox0-4-phenyl-2-(thiophen-2-yl)butanenitrile (6ra)
64% isolated yield, white solid, [a]p® = -18.00 (c = 0.5 in CHCIs3); 91% ee, determined by HPLC

CN O
wph analysis (Chiralpak OD column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A = 254 nm, 25
\ S 6ra °C), tr (major) = 19.65 min, tr (minor) = 26.26 min. *H NMR (400 MHz, CDCls) § (ppm) 7.95 (d, J

= 7.3 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.7 Hz, 2H), 7.32 — 7.22 (m, 1H), 7.17 (d, J = 3.4 Hz, 1H), 7.05 - 6.95
(m, 1H), 4.87 (t, J = 6.8 Hz, 1H), 3.77 (dd, J = 17.9, 7.3 Hz, 1H), 3.63 (dd, J = 17.9, 6.5 Hz, 1H). 13C NMR (100 MHz,
CDCls) 5 (ppm) 194.2, 136.9, 135.5, 134.0, 128.9, 128.1, 127.2, 126.7, 125.9, 119.7, 77.3, 77.0, 76.7, 44.5, 27.2.

HRMS (EI): m/z [M + Na]* calcd for C14HyNNaOS: 264.0454, found: 264.0448.

(S)-4-oxo0-4-phenyl-2-(1-tosyl-1H-indol-2-yl)butanenitrile (6sa)
71% isolated yield, white solid, [a]p® = -17.46 (¢ = 0.5 in CHCI3); 93% ee, determined by

WPh HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
TsN | 6sa 254 nm, 25 °C), tr (major) = 47.30 min, tr (minor) = 54.96 min. H NMR (400 MHz, CDCls)
8 (ppm) 8.01 (d, J = 8.3 Hz, 1H), 7.93 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.3 Hz, 2H), 7.69 (s, 1H), 7.62 (t, J = 8.5 Hz, 2H),
7.48 (t,J = 7.7 Hz, 2H), 7.38 (t, J = 7.7 Hz, 1H), 7.30 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 8.2 Hz, 2H), 4.77 (dd, J = 8.0, 5.7
Hz, 1H), 3.77 (dd, J = 17.9, 8.1 Hz, 1H), 3.60 (dd, J = 17.9, 5.6 Hz, 1H), 2.34 (s, 3H). *C NMR (100 MHz, CDCls) &
(ppm) 194.4, 135.5, 134.1, 130.1, 128.9, 128.1, 126.9, 125.5, 124.5, 123.7, 119.1, 116.0, 114.1, 77.3, 77.0, 76.7, 42.0,

23.4,21.6. HRMS (EI): m/z [M + Na]* calcd for CosH20N3NaOsS: 451.1087, found: 451.1083.

(25)-2-((8R,9S,13S)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-yl)-4-
oxo-4-phenylbutanenitrile (6ta)

CN O 56% isolated yield, white solid, [a]p®® = -18.06 (c = 0.5 in CHCIls); 93:7 d.r.,

GO Ph  determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 70:30 V/v,
.a flow rate 1.0 mL/min, A = 220 nm, 25 °C), tr (major) = 27.80 min, tzg (minor) =
O Me  6ta 36.02 min. *H NMR (400 MHz, CDCls) § (ppm) 7.93 (d, J = 7.6 Hz, 2H), 7.59 (t, J

= 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.30 (d, J = 8.0 Hz, 1H), 7.19 (d, J = 10.9 Hz, 2H), 4.55 — 4.43 (m, 1H), 3.71 (dd,
J=18.0,8.1 Hz, 1H), 3.50 (dd, J = 18.0, 5.9 Hz, 1H), 2.98 — 2.86 (m, 2H), 2.59 — 2.38 (m, 2H), 2.28 (t, J = 10.0 Hz, 1H),
2.23 —1.90 (m, 4H), 1.70 — 1.35 (m, 6H), 0.91 (s, 3H). 3C NMR (100 MHz, CDCls) & (ppm) 194.6, 140.0, 137.5, 135.6,
133.8, 132.5, 128.7, 128.0, 127.9, 126.2, 124.7, 124.7, 120.7, 77.3, 77.0, 76.7, 50.3, 47.8, 44.4, 44.4, 44.1, 37.9, 35.7,

31.4,31.3,31.3,29.2,29.2, 26.2, 25.6, 21.5, 13.7. HRMS (El): m/z [M + Na]* calcd for C,sH2sNNaO,: 434.2091, found:
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434.2091.

ethyl (S)-2-(3-(1-cyano-3-0xo0-3-phenylpropyl)-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate (6ua)

Et0,C 53% isolated yield, white solid, [a]p® = -17.46 (c = 0.5 in CHCI3); 82% ee,
Me 4 /S CN O determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 90:10 v/v,
prh flow rate 1.0 mL/min, A = 220 nm, 25 °C), tr (major) = 20.79 min, tz (minor) =

6ua ° 25.09 min. *H NMR (400 MHz, CDCls) & (ppm) 8.11 (s, 1H), 7.93 (dd, J = 15.6, 8.1

Hz, 3H), 7.60 (t, J = 7.3 Hz, 1H), 7.48 (t, J = 7.2 Hz, 2H), 6.96 (d, J = 8.4 Hz, 1H), 4.92 — 4.82 (m, 1H), 4.35 (q, J = 6.7
Hz, 2H), 3.87 (d, J = 5.9 Hz, 2H), 3.77 (dd, J = 17.8, 8.8 Hz, 1H), 3.55 (dd, J = 17.9, 3.6 Hz, 1H), 2.7 (s, 3H), 2.16 (dt,
J =126, 6.3 Hz, 1H), 1.39 (t, J = 6.6 Hz, 3H), 1.05 (t, J = 6.8 Hz, 6H). 3C NMR (100 MHz, CDCls) § (ppm) 194.9,
168.8, 162.2, 161.0, 157.9, 135.7, 133.7, 128.8, 128.5, 128.0, 127.6, 126.0, 124.0, 121.2, 120.0, 111.9, 77.3, 77.0, 76.7,
75.1, 61.2, 41.8, 28.2, 27.5, 19.3, 19.2, 17.5, 14.3. HRMS (EI): m/z [M + H]* calcd for CaH20N204S: 477.1843, found:

477.1841.

methyl (R)-2-((tert-butoxycarbonyl)amino)-3-(4-((S)-1-cyano-3-oxo-3-phenylpropyl)phenyl)propanoate (6va)

CN O 61% isolated yield, yellow oil, [a]p® = -19.26 (¢ = 0.5 in CHCI3); 93:7 d.r.,
MeO._O
Ph " determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 70:30 v/v,
BocHN . . . .
6va flow rate 1.0 mL/min, A = 254 nm, 25 °C), tgr (major) = 28.42 min, tg (minor) =

24.78 min. 'H NMR (400 MHz, CDCls) & (ppm) 7.92 (d, J = 7.6 Hz, 2H), 7.59 (t, J
= 7.3 Hz, 1H), 7.49 — 7.31 (m, 4H), 7.16 (d, J = 6.4 Hz, 2H), 5.07 (d, J = 7.3 Hz, 1H), 4.55 (dt, J = 13.8, 6.9 Hz, 2H),
3.71 (s, 4H), 3.49 (dd, J = 18.0, 5.6 Hz, 1H), 3.08 (dt, J = 32.5, 10.1 Hz, 2H), 1.40 (s, 10H). 1*C NMR (100 MHz, CDCls)
5 (ppm) 194.5, 172.0, 154.9, 136.4, 136.4, 135.5, 133.8, 133.8, 130.1, 128.7, 127.9, 127.5, 120.5, 79.9, 77.3, 77.0, 76.7,
54.2, 52.2, 52.2, 44.3, 37.8, 37.7, 31.4, 28.1. HRMS (El): m/z [M + Na]* calcd for CosH2sN2NaOs: 459.1890, found:

459.1891.

(S)-4-oxo-2-phenyl-4-(p-tolyl)butanenitrile (6bb)

CN O 73% isolated yield, white solid, [a]p® = -20.00 (c = 0.5 in CHCls); 83% ee, determined by

Ph HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A =
Me

6bb 254 nm, 25 °C), tr (major) = 45.75 min, tg (minor) = 48.83 min. 'H NMR (400 MHz, CDCls)

8 (ppm) 7.82 (d, J = 8.2 Hz, 2H), 7.46 — 7.30 (m, 5H), 7.25 (d, J = 3.9 Hz, 1H), 4.56 (dd, J = 7.9, 6.1 Hz, 1H), 3.70 (dd, J
=17.8, 8.0 Hz, 1H), 3.48 (dd, J = 17.8, 6.0 Hz, 1H), 2.41 (s, 3H). *C NMR (100 MHz, CDCl3) & (ppm) 194.2, 144.9,
135.3, 133.2, 129.5, 129.2, 128.3, 128.2, 127.4, 120.7, 77.3, 77.0, 76.7, 44.4, 31.9, 21.7. HRMS (El): m/z [M + Na]*
calcd for C17H1sNNaO: 272.1046, found: 272.1046.

S20



(S)-4-(4-methoxyphenyl)-4-oxo-2-phenylbutanenitrile (6bc)

CN O 75% isolated yield, white solid, [a]p?® = -18.18 (¢ = 0.5 in CHCIl5); 86% ee, determined by

Ph HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A
M . . . .

6bc OMe = 254 nm, 25 °C), tr (major) = 20.83 min, tz (minor) = 25.84 min. *H NMR (400 MHz,

CDCls) & (ppm) 7.98 — 7.84 (m, 2H), 7.65 — 7.53 (m, 1H), 7.47 (dd, J = 8.4, 7.1 Hz, 2H), 7.40 — 7.30 (m, 2H), 6.93 — 6.87
(m, 2H), 4.52 (dd, J = 7.7, 6.3 Hz, 1H), 3.80 (s, 3H), 3.69 (dd, J = 17.9, 7.7 Hz, 1H), 3.52 — 3.38 (m, 1H). 13C NMR (100
MHz, CDCls) & (ppm) 194.7, 159.5, 135.7, 133.9, 128.8, 128.7, 128.1, 127.1, 120.9, 114.6, 77.3, 77.0, 76.7, 55.3, 44.6,

31.1. HRMS (EI): m/z [M + H]* calcd for C17H1sNO: 266.1175, found: 266.1175.

(S)-4-(4-(tert-butyl)phenyl)-4-oxo-2-phenylbutanenitrile (6bd)

CN O 81% isolated yield, white solid, [a]p® = -13.22 (c = 0.5 in CHCI3); 89% ee, determined by

Ph HPLC analysis (Chiralpak AS column, hexane/i-PrOH, 95:5 v/v, flow rate 0.5 mL/min, A =
t

6bd Bu 254 nm, 25 °C), tr (major) = 38.37 min, tg (minor) = 72.49 min. *H NMR (400 MHz, CDCls)

8 (ppm) 7.86 (d, J = 8.6 Hz, 2H), 7.47 (d, J = 8.6 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.38 (t, J = 7.4 Hz, 2H), 7.33 (d, J =

7.1 Hz, 1H), 4.62 — 4.52 (m, 1H), 3.73 — 3.66 (M, 1H), 3.49 (dd, J = 17.9, 6.2 Hz, 1H), 1.33 (s, 9H). 1*C NMR (100 MHz,

CDCl3) 8 (ppm) 194.2, 157.8, 135.3, 134.2, 133.1, 129.2, 128.3, 128.0, 127.5, 125.7, 120.7, 77.3, 77.0, 76.7, 44.4, 35.2,
31.8, 31.0. HRMS (EIl): m/z [M + Na]* calcd for CH2:NNaO: 314.1515, found: 314.1512.

(S)-4-(4-fluorophenyl)-4-oxo-2-phenylbutanenitrile (6be)

CN O 77% isolated yield, white solid, [a]p?® = -17.48 (c = 0.5 in CHCI3); 91% ee, determined by

Ph HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A

F =254 nm, 25 °C), tr (major) = 26.70 min, tr (minor) = 34.33 min. *H NMR (400 MHz,

Sbe CDCl3) & (ppm) ) 7.96 (dd, J = 8.8, 5.4 Hz, 2H), 7.44 — 7.33 (m, 5H), 7.14 (t, J = 8.5 Hz,

2H), 4.55 (dd, J = 7.9, 6.0 Hz, 1H), 3.70 (dd, J = 17.9, 8.1 Hz, 1H), 3.47 (dd, J = 17.9, 5.9 Hz, 1H). 13C NMR (100 MHz,

CDCls) & (ppm) 193.0, 166.2 (d, J = 254.7 Hz), 135.1, 132.1 (d, J = 3.0 Hz), 130.8 (d, J = 9.5 Hz), 129.3, 128.4, 127.4,

120.5, 116.0 (d, J = 2.2 Hz), 77.3, 77.0, 76.7, 44.4, 31.9. °F NMR (376 MHz, CDCI3) 5 (ppm) -103.4. HRMS (El): m/z

[M + Na]* calcd for Ci6H12FNNaO: 276.0795, found: 276.0793.
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(S)-4-(4-chlorophenyl)-4-oxo-2-phenylbutanenitrile (6bf)
CN O 86% isolated yield, white solid, [a]p® = -0.6 (¢ = 0.5 in CHCI3); 91% ee, determined by
Ph HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min,
6bf Cl A =254 nm, 25 °C), tr (major) = 26.45 min, tz (minor) = 35.45 min. *H NMR (400 MHz,
CDCl3) & (ppm) 7.86 (d, J = 8.7 Hz, 2H), 7.52 — 7.32 (m, 7H), 4.54 (dd, J = 8.1, 5.8 Hz,
1H), 3.69 (dd, J = 17.9, 8.1 Hz, 1H), 3.47 (dd, J = 18.0, 5.9 Hz, 1H). 3C NMR (100 MHz, CDCls) & (ppm) 193.5, 140.4,
135.0, 133.9, 129.4, 129.3, 129.1, 128.4, 127.4, 120.4, 77.3, 77.0, 76.7, 44.4, 31.9. HRMS (EI): m/z [M + Na]* calcd for
C16H12CINNaO: 292.0500, found: 292.0502.
(S)-4-(4-bromophenyl)-4-oxo-2-phenylbutanenitrile (6bg)
CN O 70% isolated yield, white solid, [a]p?®> = -16.17 (c = 0.5 in CHCI3); 86% ee, determined
Ph by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
Br mL/min, A = 254 nm, 25 °C), tg (major) = 29.52 min, tg (minor) = 38.76 min. *H NMR
°bg (400 MHz, CDCls) & (ppm) 7.78 (d, J = 8.3 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H), 7.43 - 7.33
(m, 5H), 4.62 — 4.46 (m, 1H), 3.69 (dd, J = 17.9, 8.1 Hz, 1H), 3.46 (dd, J = 17.9, 5.8 Hz, 1H). *C NMR (100 MHz,
CDCls3) 6 (ppm) 193.7, 135.0, 134.3, 132.2, 129.5, 129.3, 129.2, 128.5, 127.4, 120.4, 77.3, 77.0, 76.7, 44.5, 31.9. HRMS
(El): m/z [M + Na]* calcd for C16H12BrNNaO: 335.9994, found: 335.9999.
(S)-4-(2-fluorophenyl)-4-oxo-2-phenylbutanenitrile (6bh)
CN O F 67% isolated yield, white solid, [0]p?® = -6.96 (c = 0.5 in CHCls); 90% ee, determined by HPLC
Ph analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A = 220 nm,
6bh 25 °C), tr (major) = 23.41 min, tg (minor) = 21.04 min. *H NMR (400 MHz, CDCls) & (ppm)
7.96 — 7.92 (m, 1H), 7.63 — 7.50 (m, 1H), 7.48 — 7.33 (m, 5H), 7.29 — 7.22 (m, 1H), 7.14 (dd, J = 11.1, 8.7 Hz, 1H), 4.55
(dd, J=8.1,5.9 Hz, 1H), 3.74 (ddd, J = 18.7, 8.3, 3.2 Hz, 1H), 3.52 (ddd, J = 18.7, 5.7, 3.2 Hz, 1H). *C NMR (100 MHz,
CDCls) 192.8 (d, J = 4.0 Hz), 162.3 (d, J = 253.4 Hz), 135.5 (d, J = 9.2 Hz), 135.1, 130.8 (d, J = 2.3 Hz), 129.2, 128.3,
127.5,124.7, (d, J =3.3 Hz), 124.1 (d, J = 12.4 Hz), 120.5, 116.7 (d, J = 24.6 Hz), 77.3, 77.0, 76.7, 49.1, 49.0, 31.9, 31.8.
F NMR (376 MHz, CDCI3) § (ppm) -108.5. HRMS (El): m/z [M + Na]* calcd for C16H1,FNNaO: 276.0795, found:

276.0795.
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(S)-4-oxo-2-phenyl-4-(m-tolyl)butanenitrile (6bi)

CN O 84% isolated yield, white solid, [a]p® = -26.41 (c = 0.5 in CHCIs3); 89% ee, determined by

Me
Ph HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 98:2 v/v, flow rate 1.0 mL/min, A =

6bi 220 nm, 25 °C), tr (major) = 24.40 min, tz (minor) = 29.68 min. 'H NMR (400 MHz,
CDCls) 5 (ppm) 7.76 — 7.66 (m, 2H), 7.41 (dd, J = 15.6, 7.1 Hz, 4H), 7.36 — 7.31 (m, 3H), 4.55 (dd, J = 7.9, 6.1 Hz, 1H),
3.70 (dd, J = 17.9, 8.0 Hz, 1H), 3.49 (dd, J = 18.0, 6.0 Hz, 1H), 2.38 (s, 3H). *C NMR (100 MHz, CDCl3) & (ppm) 194.8,
138.7,135.7, 135.3, 134.7, 129.3, 128.7, 128.6, 128.4, 127.5, 125.3, 120.7, 77.4, 77.0, 76.7, 44.6, 31.9, 21.3. HRMS (EI):

m/z [M + Na]* calcd for C17H1sNNaO: 272.1046, found: 272.1049.

(S)-4-(3-chlorophenyl)-4-oxo-2-phenylbutanenitrile (6bj)

CN O 85% isolated yield, white solid, [a]p?® = -28.83 (¢ = 0.5 in CHCI3); 91% ee, determined by
Ph Cl WpLe analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A
6bj = 254 nm, 25 °C), tr (major) =22.87 min, tr (minor) = 20.05min. 'H NMR (400 MHz,

CDCls) & (ppm) 7.89 (s, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.57 (d, J = 9.0 Hz, 1H), 7.41 (d, J = 7.8 Hz, 4H), 7.38 — 7.32 (m,
1H), 4.55 (dd, J = 8.0, 6.0 Hz, 1H), 3.70 (dd, J = 18.0, 8.0 Hz, 1H), 3.48 (dd, J = 18.0, 5.9 Hz, 1H). 13C NMR (100 MHz,
CDCls) & (ppm) 193.5, 137.1, 135.2, 135.0, 133.8, 130.2, 129.3, 128.5, 128.2, 127.5, 126.2, 120.4, 77.4, 77.0, 76.8, 44.6,

31.9. HRMS (El): m/z [M + Na]* calcd for C16H1.CINNaO: 292.0500, found: 292.0502.

(S)-4-(3-bromophenyl)-4-oxo-2-phenylbutanenitrile (6bk)

CN O 81% isolated yield, white solid, [a]p® = -15.73 (¢ = 0.5 in CHCI3); 92% ee, determined by
Ph Br HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =
6bk 254 nm, 25 °C), tx (Major) = 34.83 min, tg (Minor) = 28.94 min. *H NMR (400 MHz, CDCls)

§ (ppm) 8.05 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 9.7 Hz, 1H), 7.52 — 7.31 (m, 6H), 4.55 (dd, J = 7.9, 6.0 Hz,
1H), 3.70 (dd, J = 18.0, 8.0 Hz, 1H), 3.47 (dd, J = 18.0, 6.0 Hz, 1H). *C NMR (100 MHz, CDCl3) & (ppm) 193.4, 137.3,
136.7, 134.9, 131.1, 130.4, 129.3, 128.5, 127.4, 126.6, 123.2, 77.3, 77.0, 76.7, 44.6, 31.8. HRMS (EI): m/z [M + Na]*

calcd for C16H12BrNNaO: 335.9994, found: 335.9994.

(S)-4-(furan-2-yl)-4-oxo-2-phenylbutanenitrile (6bl)

CN O 68% isolated yield, white solid, [a]p? = -19.20 (c = 0.5 in CHCl5); 89% ee, determined by HPLC

Ph // analysis (Chiralpak OD column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A = 254 nm,
O

6bl 25 °C), tr (major) = 18.68 min, tr (minor) = 16.64 min. *H NMR (400 MHz, CDCls) & (ppm)

7.59 (s, 1H), 7.40 — 7.31 (m, 5H), 7.24 (d, J = 3.6 Hz, 1H), 6.56 (dd, J = 3.7, 1.7 Hz, 1H), 4.54 (t, J = 7.2 Hz, 1H), 3.60
(dd, J = 17.6, 7.9 Hz, 1H), 3.38 (dd, J = 17.6, 6.5 Hz, 1H). *C NMR (100 MHz, CDCls) & (ppm) 183.7, 151.8, 147.0,
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135.0, 129.3, 128.4, 127.5, 120.3, 118.0, 112.7, 77.3, 77.0, 76.7, 43.9, 31.5. HRMS (El): m/z [M + Na]* calcd for
C14H11NNaO;: 248.0682, found: 248.0680.
(S)-2-(naphthalen-2-yl)-4-oxopentanenitrile (6am)
CN O 67% isolated yield, colorless oil, [a]p?® = -32.85 (¢ = 0.5 in CHCls); 86% ee, determined
OO Me by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
6am mL/min, A = 254 nm, 25 °C), tg (major) = 25.14 min, tz (minor) = 28.11 min. *H NMR
(400 MHz, CDCls) & (ppm) 7.85 (t, J = 9.8 Hz, 4H), 7.56 — 7.39 (m, 3H), 4.52 (t, J = 6.9 Hz, 1H), 3.26 (dd, J = 18.1, 7.8
Hz, 1H), 3.06 (dd, J = 18.0, 6.1 Hz, 1H), 2.19 (s, 3H). 3C NMR (100 MHz, CDCls) § (ppm) 203.0, 133.2, 132.8, 132.2,
129.3, 127.9, 127.7, 126.8, 126.7, 126.6, 124.6, 120.4, 77.3, 77.0, 76.7, 48.7, 31.7, 30.0. HRMS (El): m/z [M + Na]*
calcd for C1sH13NNaO: 246.0889, found: 246.0889.
(S)-2-(naphthalen-2-yl)-4-oxohexanenitrile (6an)
CN O 69% isolated yield, colorless oil, [a]p® = -36.33 (c = 0.5 in CHCI3); 87% ee, determined
CO Me by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 99:1 v/v, flow rate 1.0
6an mL/min, A =220 nm, 25 °C), tgr (major) = 37.40 min, tg (minor) = 32.27 min.
IH NMR (400 MHz, CDCl3) & (ppm) 7.91 — 7.73 (m, 4H), 7.51 (q, J = 4.4 Hz, 2H), 7.41 (d, J = 8.5 Hz, 1H), 453 (t, J =
7.0 Hz, 1H), 3.21 (dd, J = 17.7, 7.8 Hz, 1H), 3.01 (dd, J = 17.7, 6.2 Hz, 1H), 2.56 — 2.24 (m, 2H), 1.05 (t, J = 7.3 Hz, 3H).
13C NMR (100 MHz, CDCls) & (ppm) 205.9, 133.2, 132.8, 132.3, 129.2, 129.2, 127.9, 127.8, 127.7, 126.8, 126.8, 126.6,
126.6, 126.5, 124.6, 120.4, 77.3, 77.0, 76.7, 47.4, 36.1, 31.7, 7.4. HRMS (EIl): m/z [M + Na]* calcd for C1sH1sNNaO:

260.1046, found: 260.1045.

(S)-2-(naphthalen-2-yl)-4-oxoheptanenitrile (6ao)

CN O 61% isolated yield, colorless oil, [a]p®® = -38.92 (¢ = 0.5 in CHCls); 86% ee, determined
CO 2I\/Ie by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
6ao mL/min, A = 254 nm, 25 °C), tr (major) = 17.92 min, tz (minor) = 19.98 min. 'H NMR

(400 MHz, CDCls) § (ppm) 7.89 — 7.77 (m, 4H), 7.53 — 7.36 (m, 3H), 4.59 — 4.44 (m, 1H), 3.19 (dd, J = 17.8, 7.8 Hz,
1H), 2.99 (dd, J = 17.8, 6.2 Hz, 1H), 2.50 — 2.25 (m, 2H), 1.59 (h, J = 7.2 Hz, 2H), 0.87 (t, J = 7.4 Hz, 3H). 13C NMR
(100 MHz, CDCls) § (ppm) 205.4, 133.1, 132.7, 132.3, 129.1, 127.8, 127.6, 126.7, 126.5, 126.5, 124.6, 120.4, 77.3, 77.0,

76.7,47.7,44.7,31.6, 16.9, 13.5. HRMS (EI): m/z [M + Na]* calcd for C17H17NNaO: 274.1202, found: 274.1200.
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(S)-2-(naphthalen-2-yl)-4-oxooctanenitrile (6ap)

CN O 70% isolated yield, colorless oil, [o]p?® = -40.89 (c = 0.5 in CHCI3); 90% ee, determined
OO 3Me by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
6ap mL/min, A = 220 nm, 25 °C), tg (major) = 21.05 min, tz (minor) = 23.67 min. *H NMR

(400 MHz, CDCl3) & (ppm) 7.88 — 7.77 (m, 5H), 7.51 (q, J = 5.1, 4.4 Hz, 2H), 7.40 (d, J = 8.5 Hz, 1H), 4.53 (t, J = 6.9
Hz, 1H), 3.20 (dd, J = 17.8, 7.8 Hz, 1H), 3.00 (dd, J = 17.8, 6.2 Hz, 1H), 2.49 — 2.27 (m, 2H), 1.57 — 1.50 (m, 2H), 1.31 —
1.21 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H). *C NMR (100 MHz, CDCls) § (ppm) 205.6, 133.2, 132.8, 132.3, 129.2, 127.8,
127.6, 126.7, 126.6, 126.6, 124.6, 120.4, 77.3, 77.0, 76.7, 47.7, 42.6, 31.7, 25.5, 22.1, 13.7. HRMS (El): m/z [M + Na]*
calcd for C1sH19NNaO: 288.1359, found: 288.1360.
(S)-2-phenylheptanedinitrile (7aa)
CN 51% isolated yield, yellow oil, [a]p?® = -16.64 (c = 0.67 in CHCI3); 88% ee, determined by
CN  HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min,
7aa %= 210 nm, 25 °C), tz (major) = 14.49 min, tz (minor) = 15.14 min: 'H NMR (400 MHz,
CDCls) & (ppm) 7.42 — 7.29 (m, 5H), 3.81 (t, J = 7.2 Hz, 1H), 2.35 (t, J = 6.8 Hz, 2H), 2.02 — 1.87 (m, 2H), 1.74 — 1.61
(m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 135.1, 129.1, 128.2, 127.0, 120.3, 119.1, 37.0, 34.9, 26.0, 24.7, 16.9.
HRMS (El): m/z [M + Na]* calcd for C13H14N2Na: 221.1049, found: 221.1046.
(S)-2-(p-tolyl)heptanedinitrile (7ba)
CN 63% isolated yield, yellow oil, [0]p?®> = -12.74 (c = 0.81 in CHClIs); 86% ee, determined
CN by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 0.5
7ba mL/min, A = 220 nm, 25 °C), tgr (major) = 39.31 min, tg (minor) = 37.37 min; *H NMR
(400 MHz, CDCls) & (ppm) 7.20 (s, 4H), 3.77 (t, J = 7.3 Hz, 1H), 2.34 (d, J = 8.9 Hz, 5H), 2.02 — 1.82 (m, 2H), 1.68 (d,
J =15.8, 8.5 Hz, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 138.0, 132.1, 129.7, 126.9, 120.5, 119.1, 36.6, 34.9, 26.0,
24.8,20.9, 16.9. HRMS (El): m/z [M + Na]* calcd for C14H1sN2Na: 235.1205, found: 235.1204.
(S)-2-(4-(tert-butyl)phenyl)heptanedinitrile (7ca)
CN 57% isolated yield, colorless oil, [a]p?® = -8.97 (¢ = 0.85 in CHCI3); 83% ee,
CN  determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 85:15 v/v,
‘Bu 7ca flow rate 1.0 mL/min, A = 210 nm, 25 °C), tr (major) = 14.53 min, tr (minor) =
17.19 min; *H NMR (400 MHz, CDCl3) & (ppm) 7.40 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H), 3.78 (t, J = 7.7 Hz,
1H), 2.36 (t, J = 6.7 Hz, 2H), 2.02 — 1.83 (m, 2H), 1.74 — 1.59 (m, 4H), 1.32 (s, 9H). 2*C NMR (100 MHz, CDCls) &

(ppm) 151.2, 132.1, 126.7, 126.0, 120.5, 119.2, 36.5, 34.8, 34.4, 31.1, 26.1, 24.7, 16.9. HRMS (El): m/z [M + Na]* calcd
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for C17H22N2Na: 277.1675, found: 277.1672.
(S)-2-(4-bromophenyl)heptanedinitrile (7da)
CN 72% isolated yield, yellow oil, [a]p?®> = 0.19 (c = 1.21 in CHClIs); 89% ee, determined
CN by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0
Br 7da mL/min, A = 210 nm, 25 °C), tr (major) = 23.51 min, tr (minor) = 21.51 min; H
NMR (400 MHz, CDCls) & (ppm) 7.53 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H), 3.79 (t, J = 7.3 Hz, 1H), 2.36 (t, J =
6.8 Hz, 2H), 2.01 — 1.84 (m, 2H), 1.74 — 1.58 (m, 4H). 2*C NMR (100 MHz, CDCls) & (ppm) 134.2, 132.2, 128.7, 122.2,
119.8, 119.0, 36.5, 34.7, 25.9, 24.6, 16.9. HRMS (El): m/z [M + Na]* calcd for CisH13BrN;Na: 299.0154, found:
299.0156.
(S)-2-(4-chlorophenyl)heptanedinitrile (7ea)
CN 63% isolated yield, colorless oil, [a]p® = -35.65 (¢ = 0.76 in CHCIl3); 90% ee,
CN  determined by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v,
Cl 7ea flow rate 1.0 mL/min, A = 210 nm, 25 °C), tr (major) = 15.61 min, tg (minor) = 14.30
min; H NMR (400 MHz, CDCl3) & (ppm) 7.37 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.3 Hz, 2H), 3.80 (t, J = 7.3 Hz, 1H),
2.37 (t, J = 6.8 Hz, 2H), 1.98 — 1.85 (m, 2H), 1.75 — 1.59 (m, 4H). 3C NMR (100 MHz, CDCl3) & (ppm) 134.2, 133.6,
129.3, 128.4, 119.9, 119.1, 36.5, 34.8, 26.0, 24.7, 16.9. HRMS (EI): m/z [M + Na]* calcd for C13H13CIN2Na: 255.0659,
found: 255.0658.
(S)-2-(4-(trifluoromethyl)phenyl)heptanedinitrile (7fa)

CN 73% isolated yield, colorless oil, [a]p?® = -1.48 (c = 1.23 in CHCIs); 96% ee,

CN determined by HPLC analysis (Chiralpak AS column, hexane/i-PrOH, 90:10 v/v,

7fa
FaC
3 flow rate 0.5 mL/min, A = 210 nm, 25 °C), tz (major) = 66.12 min, ts (Minor) =

70.53 min; *H NMR (400 MHz, CDCls) & (ppm) 7.67 (d, J = 7.8 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 3.90 (t, J = 7.4 Hz,
1H), 2.38 (t, J = 6.8 Hz, 2H), 2.05 — 1.90 (m, 2H), 1.77 — 1.62 (m, 4H).. *C NMR (101 MHz, CDCls) & (ppm) 139.1 ,
130.6 (q, J = 33.3 Hz), 127.6, 126.2 (q, J = 4.0 Hz), 123.6 (q, J = 273.7 Hz), 119.5, 119.0, 36.9, 34.8, 26.0, 24.7, 16.9. °F

NMR (376 MHz, CDCls) 8 -62.74. HRMS (EI): m/z [M + Na]* calcd for C1sH13F3N>Na: 289.0923, found: 289.0925.
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(S)-methyl-4-(1,5-dicyanopentyl)benzoate (7ga)
62% isolated yield, colorless oil, [0]p?® = -2.68 (¢ = 1.08 in CHCls); 89% ee,

/@J\/\/\CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20
MeOOC v/v, flow rate 1.0 mL/min, A = 210 nm, 25 °C), tr (major) = 13.59 min, tr
(minor) = 15.15 min; *H NMR (400 MHz, CDCls) & (ppm) 8.07 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.3 Hz, 2H), 3.93 (s, 3H),
3.89 (t, J=7.3 Hz, 1H), 2.37 (t, J = 6.7 Hz, 2H), 1.97 (dt, J = 15.1, 7.0 Hz, 2H), 1.73 — 1.64 (m, 4H).33C NMR (100 MHz,
CDCl») 6 (ppm) 166.2, 140.0, 130.4, 130.2, 127.2, 119.7, 119.0, 52.2, 37.1, 34.7, 26.0, 24.7, 16.9. HRMS (EI): m/z [M +
Na]* calcd for C1sH16N202Na: 279.1103, found: 279.1106.

(S)-2-(4-cyanophenyl)heptanedinitrile (7ha)
59% isolated yield, colorless oil, [a]p?® = -9.84 (¢ = 0.66 in CHCls); 90% ee,
CN  determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v,
ha flow rate 1.0 mL/min, A = 210 nm, 25 °C), tg (major) = 19.60 min, tg (minor) =
16.81 min; 'H NMR (400 MHz, CDCls) & (ppm) 7.71 (d, J = 6.6 Hz, 2H), 7.48 (d, J = 6.7 Hz, 2H), 3.92 (t, J = 6.4 Hz,
1H), 2.39 (t, J = 6.8 Hz, 2H), 2.02 — 1.91 (m, 2H), 1.77 — 1.63 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 140.3,
132.9, 128.0, 119.1, 119.0, 117.9, 112.4, 37.1, 34.6, 26.0, 24.6, 16.9. HRMS (EIl): m/z [M + Na]* calcd for C14H13N3Na:
246.1001, found: 246.0997.

(S)-2-([1,1'-biphenyl]-4-yl)heptanedinitrile (7ia)
75% isolated yield, white solid, [a]p?® = -2.19 (¢ = 0.56 in CHCI3); 90% ee,

/@J\/\/\CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 Vv,

flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 11.20 min, tg (minor) = 13.44

min; H NMR (400 MHz, CDCls) § (ppm) 7.64 — 7.56 (m, 4H), 7.45 (td, J = 7.2, 6.2, 1.3 Hz, 2H), 7.42 — 7.34 (m, 3H),

3.86 (t, J = 7.3 Hz, 1H), 2.37 (t, J = 6.7 Hz, 2H), 2.07 — 1.89 (m, 2H), 1.77 — 1.63 (m, 4H). 1*C NMR (100 MHz, CDCl)

§ (ppm) 141.2, 140.0, 134.1, 128.8, 127.8, 127.6, 127.5, 127.0, 120.3, 119.1, 36.8, 34.9, 26.1, 24.8, 17.0. HRMS (EI):
m/z [M + Na]* calcd for C19H1gN2Na: 297.1362, found: 297.1358.

(S)-2-(4'-chloro-[1,1'-biphenyl]-4-yl)heptanedinitrile (7ja)
70% isolated yield, white solid, [a]p?® = -1.72 (¢ = 1.22 in CHCls); 91% ee

CN , , '

O CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH,

O 7ja 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 12.46

“ min, tz (minor) = 14.00 min; *H NMR (400 MHz, CDCls) & (ppm) 7.57 (d,

J=8.4Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 7.40 (dd, J = 8.4, 6.3 Hz, 4H), 3.85 (t, J = 7.3 Hz, 1H), 2.37 (t, J = 6.7 Hz, 2H),

527



2.05—1.92 (m, 2H), 1.75 — 1.61 (m, 4H). 23C NMR (100 MHz, CDCls) & (ppm) 139.9, 138.4, 134.5, 133.7, 128.9, 128.2,
127.6, 127.6, 120.2, 119.1, 36.7, 34.8, 26.0, 24.8, 16.9. HRMS (EIl): m/z [M + Na]* calcd for C19H17CIN;Na: 331.0972,
found: 331.0972.
(S)-2-(3-methoxyphenyl)heptanedinitrile (7ka)
CN 51% isolated yield, colorless oil, [a]p?® = -14.92 (c = 0.65 in CHCIs3); 88% ee, determined
CN by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min,
5 7ka A =214 nm, 25 °C), tr (major) = 37.73 min, tg (minor) = 39.97 min; *H NMR (400 MHz,
e CDCls) & (ppm) 7.34 — 7.27 (m, 1H), 6.93 — 6.83 (m, 3H), 3.82 (s, 3H), 3.78 (t, J = 7.6 Hz,
1H), 2.36 (t, J = 6.8 Hz, 2H), 2.02 — 1.89 (m, 2H), 1.75 — 1.58 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 160.0,
136.6, 130.2, 120.3, 119.3, 119.1, 113.4, 113.0, 55.2, 37.0, 34.8, 26.0, 24.7, 16.9. HRMS (EIl): m/z [M + Na]* calcd for
Ci14H16N2NaO: 251.1154, found: 251.1151.
(S)-2-(3-fluorophenyl)heptanedinitrile (71a)
CN 68% isolated yield, colorless oil, [0]p?® = -14.43 (c = 0.94 in CHCI3); 92% ee, determined
CN by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 0.5
7a mL/min, A = 210 nm, 25 °C), tr (major) = 42.68 min, tg (minor) = 40.82 min; *H NMR
(400 MHz, CDCls) & (ppm) 7.38 (g, J = 7.4 Hz, 1H), 7.13 (d, J = 7.7 Hz, 1H), 7.05 (t, J =
8.2 Hz, 2H), 3.83 (t, J = 7.3 Hz, 1H), 2.37 (t, J = 6.8 Hz, 2H), 2.02 — 1.88 (m, 2H), 1.75 — 1.58 (m, 4H). 13C NMR (100
MHz, CDCls) & (ppm) 162.89 (d, J = 246.0 Hz), 137.5 (d, J = 7.0 Hz), 130.8 (d, J = 8.0 Hz), 122.8 (d, J = 3.0 Hz), 119.7,
119.0, 115.3 (d, J = 21.0 Hz), 114.3(d, J = 23.0 Hz), 36.7, 34.6, 25.9, 24.7, 16.8. 1°F NMR (376 MHz, CDCI3) 6 -111.34
(s). HRMS (EI): m/z [M + Na]* calcd for Ci13H1sFN2Na: 239.0954, found: 239.0957.
(S)-2-(2-methoxyphenyl)heptanedinitrile (7ma)
CN 57% isolated yield, colorless oil, [a]p?® = -29.12 (¢ = 0.80 in CHCls); 82% ee, determined
CN by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 0.25
OMe 7ma mL/min, A = 220 nm, 25 °C), tx (major) = 76.59 min, tz (minor) = 71.52 min; 'H NMR
(400 MHz, CDCls) & (ppm) 7.39 (d, J = 7.5 Hz, 1H), 7.31 (t, J = 7.9 Hz, 1H), 6.99 (t, J = 7.5 Hz, 1H), 6.90 (d, J = 8.2 Hz,
1H), 4.20 (t, J = 7.2 Hz, 1H), 3.86 (s, 3H), 2.36 (t, J = 6.8 Hz, 2H), 1.92 — 1.86 (m, 2H), 1.75 — 1.57 (m, 4H). C NMR
(100 MHz, CDCls) 6 (ppm) 155.8, 129.4, 128.1, 123.4, 120.8, 120.7, 119.2, 110.7, 55.4, 32.7, 31.0, 26.1, 24.7, 16.8.

HRMS (El): m/z [M + Na]* calcd for C14H16N2NaO: 251.1154, found: 251.1154.
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(S)-2-(2-chlorophenyl)heptanedinitrile (7na)
CN 78% isolated yield, colorless oil, [a]p?® = -43.27 (¢ = 1.20 in CHCls); 97% ee, determined

CN by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0

cl 7na mL/min, A = 210 nm, 25 °C), tz (major) = 25.23 min, tz (minor) = 23.48 min; '*H NMR

(400 MHz, CDCl3) & (ppm) 7.56 (d, J = 7.5 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.37 — 7.26 (m, 2H), 4.31 (t, J = 7.1 Hz,

1H), 2.38 (t, J = 6.7 Hz, 2H), 1.98 — 1.88 (m, 2H), 1.77 — 1.65 (m, 4H). *C NMR (100 MHz, CDCls) & (ppm) 133.0,

132.4, 130.0, 129.6, 128.7, 127.6, 119.7, 119.1, 34.2, 33.1, 26.0, 24.6, 16.8. HRMS (El): m/z [M + Na]* calcd for
C13H13CINzNa: 255.0659, found: 255.0655.

(S)-2-(naphthalen-2-yl)heptanedinitrile (70a)
56% isolated yield, white solid, [0]p?® = -9.83 (¢ = 0.79 in CHCls); 90% ee,

CN
CN determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 85:15 vlv,
7oa flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 44.85 min, tr (minor) =
51.75 min; 'H NMR (400 MHz, CDCl3) & (ppm) 7.90 — 7.79 (m, 4H), 7.56 — 7.48 (m, 2H), 7.39 (dd, J = 8.5, 1.8 Hz, 1H),
3.97 (t, J = 7.2 Hz, 1H), 2.33 (t, J = 6.6 Hz, 2H), 2.07 — 1.97 (m, 2H), 1.73 — 1.57 (m, 4H). 13C NMR (100 MHz, CDCls)
S (ppm) 133.1, 132.7, 132.4, 129.1, 127.7, 127.6, 126.7, 126.5, 126.2, 124.4, 120.3, 119.1, 37.2, 34.8, 26.1, 24.8, 16.9.
HRMS (El): m/z [M + Na]* calcd for C17H16N2Na: 271.1205, found: 271.1198.

(S)-2-(benzo[d][1,3]dioxol-5-yl)heptanedinitrile (7pa)
58% isolated yield, colorless oil, [a]p® = -6.94 (¢ = 0.84 in CHCI3); 84% ee,

CN

<O:©)\/\/\CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 95:5 v/v, flow

O 7pa rate 1.0 mL/min, A = 210 nm, 25 °C), tg (major) = 61.70 min, tgr (minor) = 65.44 min;
IH NMR (400 MHz, CDCls) § (ppm) 6.83 — 6.75 (m, 3H), 5.99 (s, 2H), 3.71 (t, J = 7.3 Hz, 1H), 2.36 (t, J = 6.8 Hz, 2H),
1.96 — 1.84 (m, 2H), 1.74 — 1.55 (m, 4H). *C NMR (100 MHz, CDCls) & (ppm) 148.3, 147.5, 128.7, 120.6, 120.4, 119.1,
108.6, 107.4, 101.4, 36.7, 35.0, 26.0, 24.8, 16.9. HRMS (EIl): m/z [M + Na]* calcd for C14H14N2NaO,: 265.0947, found:
265.0942.
(R)-2-(thiophen-2-yl)heptanedinitrile (7ga)

CN 54% isolated yield, colorless oil, [a]p® = -13.06 (c = 0.62 in CHClI3); 94% ee, determined

\\S 7qa CN by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 210 nm, 25 °C), tr (Major) = 8.55 min, tg (minor) = 8.91 min; *H NMR (400

MHz, CDCls) & (ppm) 7.29 (dd, J = 5.1, 1.3 Hz, 1H), 7.07 (dt, J = 3.5, 1.1 Hz, 1H), 6.99 (dd, J = 5.2, 3.5 Hz, 1H), 4.10 (t,
J=7.1Hz, 1H), 2.37 (t, J = 6.8 Hz, 2H), 2.08 — 1.98 (m, 2H), 1.76 — 1.62 (m, 4H). 3C NMR (100 MHz, CDCls) § (ppm)
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137.1,127.1, 126.2, 125.6, 119.4, 119.1, 34.9, 32.2, 25.9, 24.7, 16.9. HRMS (El): m/z [M + Na]* calcd for C11H12N>NaS:
227.0613, found: 227.0609.
(S)-2-(1-tosyl-1H-indol-3-yl)heptanedinitrile (7ra)

CN 34% isolated yield, yellow oil, [a]p® = -15.06 (¢ = 0.81 in CHCIls); 85% ee,

CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow

I

Tra . . . .
TsN rate 1.0 mL/min, A = 210 nm, 25 °C), tr (major) = 25.13 min, tgr (minor) = 21.06 min;

IH NMR (400 MHz, CDCls) & (ppm) 8.01 (d, J = 8.3 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.61 (s, 1H), 7.54 (d, J = 7.9 Hz,
1H), 7.38 (t, J = 7.3 Hz, 1H), 7.32 — 7.22 (m, 3H), 4.00 (t, J = 7.0 Hz, 1H), 2.34 — 2.37 (m, 5H), 2.09 — 2.00 (M, 2H),
1.76 — 1.62 (M, 4H). 3C NMR (100 MHz, CDCls) § (ppm) 145.4, 135.2, 134.7, 130.0, 127.8, 126.8, 125.5, 123.9, 123.6,
119.3, 119.0, 118.9, 116.2, 113.9, 32.2, 285, 26.1, 24.7, 215, 16.9. HRMS (El): m/z [M + Na]* calcd for

C22H21N3sNaO,S: 414.1246, found: 414.1239.

(S)-2-(4-((((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9-trimethyldecahydro-12H-3,12-epoxy[1,2]dioxepino[4,3-i]isochr
omen-10-yl)oxy)methyl)phenyl)heptanedinitrile (7sa)

34% isolated yield, colorless oil, [0]p® = 7.44 (c = 1.07 in CHCI3); 90:10 dr,

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v,
CN

cn  flow rate 1.0 mL/min, A = 210 nm, 25 °C), tr (major) = 15.48 min, tg (Minor) =

7sa 14.10 min; *H NMR (400 MHz, CDCl3) & (ppm) 7.32 (q, J = 8.2 Hz, 4H), 5.46 (s,
1H), 4.95 — 4.87 (m, 2H), 4.53 (d, J = 12.6 Hz, 1H), 3.81 (t, J = 7.4 Hz, 1H), 2.71 — 2.67 (m, 1H), 2.40 — 2.31 (m, 3H),
2.08 — 2.02 (m, 1H), 1.99 — 1.85 (m, 3H), 1.84 — 1.77 (m, 2H), 1.76 — 1.59 (m, 6H), 1.55 — 1.47 (m, 2H), 1.46 (s, 3H),
1.35 — 1.22 (m, 2H), 0.96 (d, J = 1.7 Hz, 3H), 0.95 (s, 3H). *C NMR (100 MHz, CDCl3) § (ppm) 138.6, 134.2, 127.8,
127.1, 120.3, 119.1, 104.1, 101.4, 87.9, 81.0, 69.0, 52.5, 44.3, 37.3, 36.8, 36.3, 34.9, 34.5, 30.8, 26.1, 26.1, 24.8, 24.6,

24.4,20.2,16.9, 13.0. HRMS (EIl): m/z [M + Na]* calcd for CagH3ssN2NaOs: 517.2672, found: 517.2666.

(1R,2S,4bR,7S,9aS,10S,10aR)-10-((4-((S)-1,5-dicyanopentyl)phenoxy)carbonyl)-1-methyl-8-methylene-13-0xo0-1,2,
5,6,8,9,10,10a-octahydro-4a,1-(epoxymethano)-7,9a-methanobenzo[a]azulene-2,7(4bH)-diyl diacetate (7ta)

51% isolated yield, colorless oil, [a]p?® = 12.11 (¢ = 1.83 in CHCls3); 90:10 dr,

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20

v/v, flow rate 1.0 mL/min, A = 210 nm, 25 °C), tr (major) = 39.56 min, tr

oy (minor) = 44.26 min; *H NMR (400 MHz, CDCI5) 5 (ppm) 7.38 (d, J = 8.5 Hz,

N 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.41 (d, J = 9.3 Hz, 1H), 5.90 (dd, J = 9.3, 3.8

Tta

Hz, 1H), 5.37 (d, J = 3.8 Hz, 1H), 5.20 (s, 1H), 5.05 (s, 1H), 3.84 (t, J = 7.2 Hz,
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1H), 3.40 (d, J = 11.1 Hz, 1H), 3.03 (d, J = 11.1 Hz, 1H), 2.61 (d, J = 10.8 Hz, 1H), 2.52 (dt, J = 14.6, 3.0 Hz, 1H), 2.43
—2.25 (m, 5H), 2.11 (s, 3H), 2.04 (s, 3H), 2.00 — 1.81 (m, 4H), 1.79 — 1.59 (m, 6H), 1.26 (s, 3H). *C NMR (100 MHz,
CDCl3) 6 (ppm) 176.7, 170.1, 169.8, 169.8, 152.9, 149.9, 134.0, 133.2, 129.1, 128.4, 122.1, 119.9, 119.0, 108.4, 89.7,
83.8, 69.9, 53.2, 52.0, 51.2, 50.9, 50.1, 42.6, 39.2, 36.5, 36.4, 34.9, 26.0, 24.7, 21.9, 20.7, 16.9, 16.6, 14.4. HRMS (EI):
m/z [M + Na]* calcd for CssHasN2NaOsg: 649.2520, found: 649.2501.
(S)-2-([1,1'-biphenyl]-4-yl)-4-(cyanomethoxy)butanenitrile (7ib)
CN 24% isolated yield, colorless oil, [a]p?® = 3.60 (c = 0.38 in CHCI3); 89% ee,
0~ >CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v,
Ph 7ib flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major) = 10.77 min, tr (minor) = 11.86
min; *H NMR (400 MHz, CDCls) § (ppm) 7.65 — 7.55 (m, 4H), 7.49 — 7.34 (m, 5H), 4.38 — 4.20 (m, 2H), 4.06 (t, J = 7.8
Hz, 1H), 3.78 — 3.73 (m, 1H), 3.70 — 3.65 (m, 1H), 2.36 — 2.14 (m, 2H). 3C NMR (100 MHz, CDCl3) § (ppm) 141.4,
140.0, 133.6, 128.8, 127.9, 127.7, 127.6, 127.0, 120.2, 115.5, 67.8, 56.4, 35.3, 33.3. HRMS (EI): m/z [M + Na]"* calcd for
CigH16N2NaO: 299.1154, found: 299.1152.
benzyl (S)-(3-([1,1'-biphenyl]-4-yI)-3-cyanopropyl)(cyanomethyl)carbamate (7ic)
CN 70% isolated yield, yellow oil, [0]p®> = -0.95 (¢ = 1.05 in CHCIl3); 87% ee,
I}l/\CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v,
Ph Tie  Cbz flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 17.19 min, tr (minor) = 20.17
min; *H NMR (400 MHz, CDCls) & (ppm) 7.56 (d, J = 7.4 Hz, 4H), 7.45 (t, J = 7.5 Hz, 2H), 7.39 — 7.32 (m, 8H), 5.20 (s,
2H), 4.37 — 4.05 (m, 2H), 3.98 — 3.78 (m, 1H), 3.65 — 3.58 (M, 2H), 2.26 (s, 2H). 3C NMR (100 MHz, CDCls) & (ppm)
155.2, 141.4, 139.9, 135.3, 133.3, 128.8, 128.6, 128.5, 128.3, 127.9, 127.7, 127.5, 127.0, 119.8, 115.5, 68.6, 45.6, 36.1,
34.4,33.6. HRMS (El): m/z [M + Na]* calcd for CosH23N3NaO,: 432.1682, found: 432.1674.
benzyl ((5S)-5-([1,1'-biphenyl]-4-yl)-1,5-dicyanopentan-2-yl)carbamate (7id)
CN 65%, 1:1 d.r., isolated yield, colorless oil, [o]p?® = -2.62 (c = 1.08 in CHCI3); 86% ee,
CN 83% ee, determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH,
7ig NHCbz
Ph 90:10 v/v, flow rate 0.5 mL/min, A = 254 nm, 25 °C), tz (major) = 68.75 min, tg
(minor) = 107.74 min, tg (major) = 91.00 min, tr (minor) = 85.30 min; *H NMR (400 MHz, CDCls) & (ppm, major +
minor) 7.67 — 7.53 (m, 4H), 7.45 (t, J = 7.5 Hz, 2H), 7.42 — 7.26 (m, 8H), 5.17 — 4.99 (m, 3H), 4.05 — 3.79 (m, 2H), 2.76
—2.69 (M, 1H), 2.58 — 2.50 (m, 1H), 2.10 — 1.91 (m, 2H), 1.89 — 1.71 (m, 2H). *C NMR (100 MHz, CDCls) & (ppm,
major + minor) 155.7, 155.6, 141.4, 141.4, 140.0, 135.8, 133.8, 133.6, 128.9, 128.6, 128.4, 128.1, 127.9, 127.7, 127.6,

1275, 127.0, 120.1, 120.1, 116.7, 77.2, 77.0, 76.8, 67.3, 47.4, 47.0, 36.4, 36.3, 32.3, 32.1, 31.2, 30.8, 24.3, 24.2. HRMS
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(ED): m/z [M + Na]* calcd for Ca7H25N3NaO,: 446.1838, found: 446.1833.
tert-butyl (S)-3-(3-([1,1'-biphenyl]-4-yl)-3-cyanopropyl)-3-(cyanomethyl)azetidine-1-carboxylate (7ie)
CN 58% isolated yield, white solid, [a]p®® = -5.31 (¢ = 1.18 in CHCls); 92% ee,
CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v,

Ph 7ie N flow rate 1.0 mL/min, A = 254 nm, 25 °C), tg (major) = 14.92 min, tz (minor) = 38.93

Boc
min; *H NMR (400 MHz, CDCls) & (ppm) 7.61 (dd, J = 20.0, 7.9 Hz, 4H), 7.48 —

7.36 (m, 5H), 3.90 (t, J = 6.4 Hz, 1H), 3.75 — 3.70 (m, 4H), 2.63 (s, 2H), 2.00 — 1.85 (m, 4H), 1.43 (s, 9H). °C NMR
(100 MHz, CDCl3) & (ppm) 155.9, 141.6, 139.9, 133.5, 128.8, 128.0, 127.7, 127.5, 127.0, 119.9, 116.5, 80.3, 57.5, 57.4,

36.9, 35.0, 33.7, 30.6, 28.2, 26.0. HRMS (EIl): m/z [M + Na]* calcd for CsH29N3NaO,: 438.2151, found: 438.2150.

tert-butyl (S)-4-(3-([1,1"-biphenyl]-4-yI)-3-cyanopropyl)-4-(cyanomethyl)piperidine-1-carboxylate (7if)

CN 49% isolated yield, white solid, [a]p?® = -4.43 (c = 0.88 in CHCIs); 90% ee,
CN determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v,
Ph .
7if N flow rate 1.0 mL/min, A = 220 nm, 25 °C), tr (major) = 9.58 min, tg (minor) = 12.40
Boc

min; 'H NMR (400 MHz, CDCls) § (ppm) 7.60 (dd, J = 17.1, 7.7 Hz, 4H), 7.49 —

7.34 (m, 5H), 3.85 (t, = 7.1 Hz, 1H), 3.46 — 3.40 (m, 2H), 3.38 — 3.27 (m, 2H), 2.36 (s, 2H), 2.01 — 1.85 (m, 2H), 1.82 —

1.74 (m 1H), 1.70 — 1.62 (m, 2H), 1.56 — 1.48 (m, 4H), 1.44 (s, 9H). 3C NMR (100 MHz, CDCls) & (ppm) 154.5, 141.4,

140.0, 133.8, 128.8, 127.9, 127.6, 127.5, 127.0, 120.1, 117.0, 79.9, 39.3, 39.1, 37.2, 34.2, 34.1, 34.0, 33.8, 29.6, 28.3,
25.7. HRMS (EI): m/z [M + Na]* calcd for C2sH33N3NaO-: 466.2465, found: 466.2474.

(S)-6-([1,1'-biphenyl]-4-yl)-2,2,4,4-tetramethyl-3-oxoheptanedinitrile (7ig)

CN 53% isolated yield, colorless oil, [a]p?® = -12.17 (¢ = 0.84 in CHCI3); 85% ee,

CN  determined by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v,

Ph 7ig O flow rate 1.0 mL/min, A =254 nm, 25 °C), tg (major) = 13.42 min, tr (minor) = 11.21

min; 'H NMR (400 MHz, CDCls) & (ppm) 7.64 — 7.54 (m, 4H), 7.50 — 7.42 (m, 4H), 7.40 — 7.33 (m, 1H), 3.83 (dd, J =

10.2, 4.1 Hz, 1H), 2.38 (dd, J = 14.4, 10.2 Hz, 1H), 2.22 (dd, J = 14.4, 4.1 Hz, 1H), 1.64 — 1.53 (m, 12H). 13C NMR (100

MHz, CDCls) 8 (ppm) 207.1, 141.2, 140.1, 135.4, 128.8, 127.9, 127.7, 127.6, 127.0, 123.0, 121.1, 49.5, 45.9, 40.2, 33.1,

26.7, 26.6, 24.9, 24.1. HRMS (EIl): m/z [M + Na]* calcd for CsH24N2NaO: 367.1780, found: 367.1772.
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5. Synthetic Application of the Reaction

5.1 1.0 mmol Reaction

N Cu(CH5CN),PFg (1.5 mol%) ’
©/\ Ph)%‘/ ligand-1 (2.25 mol%)
+
N. fac-Ir(ppy)s (0.8 mol%)
b Tusen 3a "OAc 2x3 W purple LEDs
s DMA (25 mL), rt, 24 h ligand-1

In a flame-dried 50 mL Schlenk flask equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFs (5.6 mg, 0.015 mmol) and ligand-1 (8.0 mg, 0.0225 mmol), followed by the addition of DMA (25 mL).
Then the mixture was stirred at room temperature for 30 min. To the resulting mixture were added 3a (620 mg, 3.0
mmol), fac-Ir(ppy)s (5.3 mg, 0.008 mmol). Then, the resulting mixture was degassed (3 times) under argon atmosphere.
After that, TMSCN (3.0 mmol) and 1b (104 mg, 1.0 mmol) were added into the mixture. At last, the mixture was stirred
at a distance of ~1 cm from a 2 x 3 W purple LEDs at room temperature for 24 h until the reaction was completed, as
monitored by TLC analysis. The reaction mixture was quenched with water(30 mL), diluted with EtOAc (3 x 30 mL),
washed with NaCl (aq) and dried over with anhydrous Na,SO,4. After filtration and concentration, the residue was
purified by silica gel chromatography with petroleum ether and ethyl acetate (PE/EA = 5:1) to afford 6ba in 74% yield,

90% ee.

5.2 Gram-Scale Reaction

-OR" Cu(CHSCN),PFq (0.5 mol%) CN :
ligand-1 (0.6 mol%)
CN
2- 55 mmol Ph-PTZ (1.25 mol%)
TMSCN purple LEDs Ph i
ligand-1

4a, 16.5 mmol 7ia
5,16.5 mmol 1 _ p-CF3PhCODMA (110 mL), rt, 20 h 1.1g, 73% yield, 90% ee

In a flame-dried 150 mL Schlenk flask equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFs (10.2 mg, 0.027 mmol), ligand-1 (11.7 mg, 0.033 mmol), and organo-photocatalyst Ph-PTZ (19.0 mg,
0.069 mmol) followed by the addition of DMA (110 mL). Then the mixture was stirred at room temperature for 30 min.
To the resulting mixture were added 2i (5.5 mmol), 4a (16.5 mmol). Then, the resulting mixture was degassed (3 times)
under argon atmosphere. After that, TMSCN (16.5 mmol) was added into the mixture. At last, the mixture was stirred at
a distance of ~1 cm from purple LEDs at room temperature about 20 h until the reaction was completed, as monitored by
TLC analysis. The reaction mixture was diluted with water (100 mL). The mixture was firstly extracted with EtOAc (3 x
150 mL), then washed with NaHCO3; (ag.) (150 mL), and finally washed with NaCl (aq), dried over with anhydrous
Na,SO,. After filtration and concentration, the residue was purified by silica gel chromatography with petroleum ether
and ethyl acetate (PE/EA = 7:1) to afford final product in 73% isolated yield (1.1 g) and 90% ee.
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5.3 Transfomations of Products 6ba and 7ia

a). The procedure for the synthesis of amide

CN O Pd(OAc), (20 mol%) H,N

0
PPh; (40 mol%) U
PhMPh Ph Ph

acetaldoxime (4.0 equiv)
6ba, 90% ee H,O/EtOH, 85 °C, 3 h 8,76%, 87% ee

A mixture of 6ba (0.1 mmol, 23.5 mg), acetaldoxime (0.4 mmol, 24 uL), Pd(OAc), (0.02 mmol, 4.5 mg), and PPh3 (0.04
mmol, 10.5 mg) in aqueous EtOH (EtOH/H,0 = 4/1, 1.5 mL) was heated to 85°C in a sealed tube, the reaction was
stirred for 3h under argon atmosphere. The reaction mixture was filtered through a Celite pad and washed with
EtOH/DCM. After removal of solvent and column chromatographic purification process (DCM/MeOH), get product 8 as
a white solid (19.2 mg, 76% vyield, 87% ee). [a]p?® = -26.37 (c = 0.50 in CHCls); 87% ee, determined by HPLC analysis
(Chiralpak AZ column, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tgr (major) = 32.42 min, tr
(minor) = 23.99 min, *H NMR (400 MHz, CDCls) & (ppm) 7.97 (d, J = 7.5 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.48 — 7.25
(m, 10H), 5.61 (d, J = 27.3 Hz, 2H), 4.23 (dd, J = 8.9, 4.6 Hz, 1H), 4.06 (dd, J = 17.9, 9.0 Hz, 1H), 3.23 (dd, J = 17.9, 4.6
Hz, 1H). 13C NMR (100 MHz, CDCls) & (ppm) 198.1, 174.8, 139.4, 136.5, 133.2, 129.0, 128.5, 128.1, 127.9, 127.6, 77.3,

77.0,76.7,47.2,42.5. HRMS (El): m/z [M + Na]* calcd for C1sH2sNNaO,: 276.0995, found: 276.0993.

CN Pd(OAc), (20 mol%) CONH;,
0,
CN PPh; (40 mol%) CONH,
acetaldoxime (4.0 equiv)
Ph H,O/EtOH(1/4) Ph
7ia, 90% ee 85°C, 3h 9, 82% yield, 90% ee

A mixture of 7ia (0.1 mmol, 27.4 mg), acetaldoxime (0.4 mmol, 24 uL), Pd(OAc)2 (0.02 mmol, 4.5 mg), and PPhs
(0.04 mmol, 10.5 mg) in aqueous EtOH (EtOH/H,O = 4/1, 1.5 mL) was heated to 85°C in a sealed tube, the reaction was
stirred for 3 h under argon atmosphere. The reaction mixture was filtered through a Celite pad and washed with
EtOH/DCM. After removal of solvent and column chromatographic purification process (DCM/MeOH), get product 9 as
a white solid (25.6 mg, 82% yield, 90% ee). [a]p®® = 35.36 (¢ = 0.61 in CHCI3); 90% ee, determined by HPLC analysis
(Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tgr (major) = 15.03 min, tg
(minor) = 31.10 min; *H NMR (400 MHz, DMSO-ds) & (ppm) 7.68 — 7.54 (m, 4H), 7.51 — 7.30 (m, 6H), 7.23 (s, 1H),
6.84 (s, 1H), 6.68 (s, 1H), 3.45 (t, J = 7.3 Hz, 1H), 2.07 — 1.98 (m, 2H), 1.97 — 1.90 (m, 1H), 1.66 — 1.57 (m, 1H), 1.54 —
1.47 (m, 2H), 1.23 — 1.14 (m, 2H). 3C NMR (100 MHz, DMSO-ds) & (ppm) 174.7, 174.3, 140.5, 140.1, 138.5, 129.0,
128.3, 127.3, 126.6, 126.5, 50.7, 35.1, 32.7, 27.0, 25.1. HRMS (EI): m/z [M + Na]" calcd for C19H22N2NaO,: 333.1573,

found: 333.1575.
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b). The procedure for the reduction of nitriles to Boc amines

CN NiCl, (2.5 equiv) CH,NHBoc
(Boc),0 (6.0 equiv)
N H,NHB
/©/'\/\/\C NaBH, (14.0 equiv) CHoNHBoc
Ph MeOH (4 mL) Ph
7ia, 90% ee 10, 66% yield, 90% ee

A mixture of 7ia (0.1 mmol, 27.4 mg), NiCl; (0.25 mmol, 32.4 mg), (Boc)20 (0.6 mmol, 138 pL) in dry methanol (4
mL) was cooled to 0°C, Then NaBH, (1.4 mmol, 52.9 mg) was added in small portions. The miture was allowed to
stirred overnight at room temperature. The reaction was quenched with a saturated aqueous solution of NH4Cl and
extracted with EtOAc. The combined organic phase were dried over Na,SOs, filtered and concentrated under vacuum.
Purification by column chromatography on silica gel, get product 10 as colorless oil (32.1 mg, 66% yield, 90% ee). [a]p?®
=-13.25 (c = 0.80 in CHCI3); 90% ee, determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 90:10 v/v,
flow rate 0.5 mL/min, XA = 254 nm, 25 °C), tr (major) = 21.30 min, tr (minor) = 18.94 min; *H NMR (400 MHz, CDCl3) &
(ppm) 7.62 — 7.52 (m, 4H), 7.47 — 7.40 (m, 2H), 7.37 — 7.30 (m, 1H), 7.22 (d, J = 7.9 Hz, 2H), 4.46 (d, J = 27.6 Hz, 2H),
3.53 (dt, J = 12.9, 6.4 Hz, 1H), 3.19 — 3.12 (m, 1H), 3.05 (g, J = 6.7 Hz, 2H), 2.83 — 2.69 (m, 1H), 1.73 — 1.55 (m, 3H),
1.43 (s, 9H), 1.40 (s, 9H), 1.32 — 1.19 (m, 5H). 3C NMR (100 MHz, CDCls) & (ppm) 155.9, 155.8, 141.8, 140.7, 139.4,
128.7, 128.1, 127.2, 127.1, 126.9, 79.1, 78.9, 46.2, 45.7, 40.4, 33.4, 29.8, 28.3, 28.3, 26.9, 26.7. HRMS (EIl): m/z [M +
Na]* calcd for CagHa2N2NaO4: 505.3036, found: 505.3036.

¢). The procedure for the esterification of nitriles

CN COOMe
H,S0,
CN ————> COOMe
MeOH
Ph 7ia, 90% ee Ph 11, 78% yield, 84% ee

To a solution of 7ia (0.1 mmol, 27.4 mg) in methanol (1.6 mL) at 0°C was added concentrated sulphuric acid (0.6
mL), the reaction was heated to 70°C in a sealed tube and stirred overnight under argon atmosphere. The reaction was
quenched with cold water and extracted with EtOAc. The combined organic phase were dried over Na,SQs, filtered and
concentrated under vacuum. Purification by column chromatography on silica gel, get product 11 as colorless oil (26.6
mg, 78% yield, 84% ee). [a]p® = 2.91 (c = 0.71 in CHCI3); 84% ee, determined by HPLC analysis (Chiralpak AD
column, hexane/i-PrOH, 95:5 v/v, flow rate 0.5 mL/min, A = 254 nm, 25 °C), tr (major) = 20.84 min, tr (minor) = 22.40
min; 'H NMR (400 MHz, CDCls) & (ppm) 7.61 — 7.50 (m, 4H), 7.45 — 7.41 (m, 2H), 7.38 — 7.30 (m, 3H), 3.67 (s, 3H),
3.64 (s, 3H), 3.59 (t, J = 7.7 Hz, 1H), 2.29 (t, J = 7.5 Hz, 2H), 2.16 — 2.07 (m, 1H), 1.87 — 1.78 (m, 1H), 1.72 — 1.61 (m,
2H), 1.39 — 1.25 (m, 2H). 3C NMR (100 MHz, CDCls) & (ppm) 174.3, 173.9, 140.6, 140.1, 137.9, 128.7, 128.2, 127.3,

127.2,127.0,52.0, 51.4, 51.0, 33.7, 33.0, 27.0, 24.6. HRMS (EI): m/z [M + Na]* calcd for Cx1H2:NaO4: 363.1566, found:
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363.1558.

6. The Mechanism Studies

6.1 Luminescence Quenching Experiments

300
= 3a
250 | © TMSCN
A [CullL
200 f 3
| —— TMsCN
— [Cu]/L = -
150 | [Cul y =50700x - 18
w
LLO
100
50 |
0 -
1 " 1 " 1 yl: -2.1)(-';1 "

0.000 0.001 0.002 0.003 0.004 0.005 0.006
Concentration (M)
Figure S1. fac-Ir(ppy)s emission quenching by 3a, TMSCN and Cu(CHsCN)4PFs/ ligand-1
Fluorescence spectra was collected on Agilent Fluorescence Spectrophotometer G9800AS24 for all experiments.
All fac-Ir(ppy)s solutions were excited at 288 nm and the emission intensity was collected at 519 nm. In a typical
experiment, the emission spectrum of a 110-° M solution of fac-Ir(ppy)s in DMA was collected. The significant decrease
of fac-Ir(ppy)s luminescence could be observed in the presence of substrate 3a. And a slightly decrease of fac-Ir(ppy)s

luminescence was observed in the presence of Cu(l)/ligand-1 catalyst and TMSCN.
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6.2 Light On-Off Experiments

N 9 Cu(CH5CN),PF (1.5 mol%) CN O ! o o
OO ph)g/ ligand-1 (2.25 mol%) | \\),,,,,
+ Oy B K

Z—

N fac-Ir(ppy)s (0.8 mol%
12 1uscn 3a "OAc 2x3 W purple LEDs 6aa 1
5 DMA (2.5 mL), rt, 24 h : ligand-1
100
S o o T o o
80
60 -
=
=
2
~ 404
20 4 : : : : :
on :on. on on: -on on —&— ee value
0 — —— , : , ' , . .
0 4 8 12 16 20 24

Time/h

Figure S2. Light on-off experiments
The yield of 6aa was determined by GC using 1,3,5-trimethoxybenzene as an internal standard.

The results revealed that a radical chain process was not the major reaction pathway, while it could not be completely

ruled out at the current stage.

6.3 Determination of Quantum Yields

N 9 Cu(CH5CN)4PF (1.5 mol%) CN O ! o o
OO ph)g/ ligand-1 (2.25 mol%) | \\),,,,,
+ O L

Z—

N fac-Ir(ppy)s (0.8 mol%
3a OA
1a TMSCN ¢ 2x3 W purple LEDs 6aa
5 DMA (2.5 mL), rt, 24 h

ligand-1
In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFs (1.12mg, 0.003 mmol) and ligand-1 (1.60 mg, 0.005 mmol), followed by the addition of DMA (5 mL).
Then the mixture was stirred at room temperature for 30 min. To the resulting mixture were added 3a (124 mg, 0.6
mmol), fac-Ir(ppy)s (1.06 mg, 0.016 mmol) and 1a (30.8 mg, 0.20 mmol). Then, the resulting mixture was degassed (3
times) under argon atmosphere. After that, TMSCN (0.6 mmol) were added into the mixture. At last, the solution was

removed into a cuvette in an argon-filled glove box. The sample was irradiated (A = 395 nm, slit width = 3.0 mm, slit
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height 5.0 mm with intensity of 0.353 mWecm?) for 13915 s. After irradiation, the yield of product formed was
determined by GC based on a 1,3,5-trimethoxybenzene standard. The quantum yield was determined as follows.
¢ = Mole number for product/Mole number for absorption of photons = 0.336

1’13a NA/t
fP A/hc

nsa: the mole number of the product 6aa; t: reaction time (13915 s); Na: 6.02>10%%/mol; f: 1-10* (455 nm, A = 1.702); P:
P = E*S (E: illumination intensity, E = 0.353 mW/cm?; S: the area that irradiated S = 0.15 cm?); A: wavelength (A = 3.95
x107 m); h: planck constant (h = 6.626 <1034 J*s); c: velocity of light (c = 3 <108 m/s).

This result reveals that the radical chain process is not main pathway.

6.4 Non-Linear Effect Experiments

Cu(CH3CN)4PFg (1.5 mol%) ;
)S/ ligand-1 (2.25 mol%) I 8/
ligand-1 @

fac-Ir(ppy)s (0.8 mol%)
1a TMSCN 3a “OAc 2x3 W purple LEDs
5 DMA (2.5 mL), rt, 24 h

These reactions were conducted according to the general procedure: In a flame-dried 10 mL Schlenk tube equipped
with a magnetic stirrer bar was charged sequentially with Cu(CH3sCN)4PFs (0.56 mg, 0.0015 mmol) and ligand-1 (0.80
mg, 0.00225 mmol, x% ee), followed by the addition of DMA (2.5 mL). Then the mixture was stirred at room
temperature for 30 min. To the resulting mixture were added la (62 mg, 0.30 mmol), 3a (15 mg, 0.10 mmol),
fac-Ir(ppy)s (0.53 mg, 0.0008 mmol). Then, the resulting mixture was degassed (3 times) under argon atmosphere. After
that, TMSCN (0.3 mmol) was added into the mixture. At last, the mixture was stirred at a distance of ~1 cm from 2 x 3

W purple LEDs at room temperature for 24 h until the reaction was completed, as monitored by TLC analysis.

100 — y=0.88x-1.414
T R?*=0.994 -

o]
o
P

ee of product (%)
3
1

a
T T T T U T T T T

T T
2100 80 60 -40 -20 -4 20 40 60 80 100
20 ee of ligand (%)
40 -

-80

-100 -

Figure S3. Relationship between ee values of ligand and product
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1 s
/©/\ N”OR Cu(CH3CN),4PFg (0.5 mol%)
0,
Ph 5 | ligand-1 (0.6 mol%)
Ph-PTZ (1.25 mol%)
TMSCN 2x3 W purple LEDs
ligand-1

5 4a DMA (0.05 M), rt, 6 h
R' = p-CF3PhCO

These reactions were conducted according to the general procedure: In a flame-dried 10 mL Schlenk tube equipped
with a magnetic stirrer bar was charged sequentially with Cu(CH3sCN)4PFg (0.001 mmol), ligand-1 (0.0012 mmol, x% ee)
and organo-photocatalyst Ph-PTZ (0.0025 mmol) followed by the addition of DMA (4.0 mL). Then the mixture was
stirred at room temperature for 30min. The mixture were added 2i (0.20 mmol), 4a (0.6 mmol). Then, the resulting
mixture was degassed (3 times) under argon atmosphere. After that, TMSCN (0.6 mmol) was added into the mixture. At

last, the mixture was stirred at a distance of ~1cm from a 2 x 3 W purple LEDs at rt about 6 h until the reaction was

completed, as monitored by TLC analysis.

S 100+ y=0.91x-3.571

8 g0 R?=0.994 g
'8 4

© 40 -

] i

()]

—
20 40 60 80 100
ee of ligand (%)

-100

Figure S4. Relationship between ee values of ligand and product.

6.5 Radical Trapping Experiments

Ph™ X (o] standarg;ﬁnditions
1b
msen T TEMPO (5.0 equiv) N ; )K
N
“OA 0 6ba, not detected
° 3 ’ . L 12,76%
Ph™  3a-l

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFs (0.56 mg, 0.0015 mmol) and ligand-1 (0.80 mg, 0.00225 mmol), followed by the addition of DMA (2.5
mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture were added 3a (62 mg, 0.30
mmol), fac-Ir(ppy)s (0.53 mg, 0.0008 mmol) and TEMPO (0.50 mmol). Then, the resulting mixture was degassed (3
times) under argon atmosphere. After that, TMSCN (0.3 mmol) and 1b (15 mg, 0.10 mmol) were added into the mixture.

S39



At last, the mixture was stirred at a distance of ~1 cm from a 2 x 3 W purple LEDs at room temperature for 24 h until the
reaction was completed, as monitored by TLC analysis. The reaction mixture was quenched with water(10 mL), diluted
with EtOAc (3 x 10 mL), washed with NaCl (ag) and dried over with anhydrous Na,SOs. After filtration and
concentration, the residue was purified by silica gel chromatography with petroleum ether and ethyl acetate (PE/EA = 5:1)
to afford 12 in 76% vield. *H NMR (400 MHz, CDCls) & (ppm) 8.08 (d, J = 8.1 Hz, 2H), 7.63 — 7.53 (m, 1H), 7.46 (t, J =
7.2 Hz, 2H), 1.86 — 1.65 (m, 3H), 1.59 (d, J = 12.5 Hz, 2H), 1.46 (d, J = 12.5 Hz, 1H), 1.28 (s, 6H), 1.13 (s, 6H). 13C
NMR (100 MHz, CDCls) & (ppm) 166.3, 132.8, 129.6, 129.5, 128.4, 77.3, 77.0, 76.7, 60.3, 39.0, 31.9, 20.8, 16.9. HRMS

(EDN: m/z [M + Na]* calcd for C16H23NNaO2: 284.1621, found: 284.1625.

1
/©/\ N/OR Standard conditions CN
Ph 2+ | 30N CN
TEMPO (4.0 eq.)
TMSCN 4a Ph 7ia
5 ) Not detected by GC-MS
R' = p-CF3PhCO
N’ . N
ﬁ — > ~_CN_—>» NI~
1a-A [M+H]" = 225.1961

Found 225.1962

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFg (0.001 mmol), ligand-1 (0.0012 mmol) and organo-photocatalyst Ph-PTZ (0.0025 mmol) followed by
the addition of DMA (4.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture
were added 2i (0.20 mmol), 4a (0.6 mmol) and TEMPO (0.80 mmol). Then, the resulting mixture was degassed (3 times)
under argon atmosphere. After that, TMSCN (0.6 mmol) was added into the mixture. At last, the mixture was stirred at a
distance of ~1 cm from a 2 x 3 W purple LEDs at room temperature about 30 h. The reaction mixture was detected by

HRMS. HRMS (El): m/z [M + H]" calcd for C13H24N20: 225.1961, found:225.1962.

6.6 Radical Clock Experiments

Ph (0] CN
13 Ph standard conditions Ph
+ Ph ‘ 24 h Ph

TMSCN N._ Ph O
5 3a OAc 14, 64% (EIZ = 1.3:1)

73% ee, 91% ee

Ph
Ph Ph__  pn A
Ph O Ph O
13-A 13-B

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with

Cu(CH3CN)4PFs (0.56 mg, 0.0015 mmol) and ligand-1 (0.80 mg, 0.00225 mmol), followed by the addition of DMA (2.5
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mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture were added 3a (62 mg, 0.30
mmol), 13 (22 mg, 0.10 mmol), fac-Ir(ppy)s (0.53 mg, 0.0008 mmol). Then, the resulting mixture was degassed (3 times)
under argon atmosphere. After that, TMSCN (0.3 mmol) was added into the mixture. At last, the mixture was stirred at a
distance of ~1 cm from a 2 x 3 W purple LEDs at room temperature for 24 h until the reaction was completed, as
monitored by TLC analysis. The reaction mixture was quenched with water(10 mL), diluted with EtOAc (3 x 10 mL),
washed with NaCl (ag) and dried over with anhydrous Na,SOa. After filtration and concentration, the residue was
purified by silica gel chromatography with petroleum ether and ethyl acetate (PE/EA = 5:1) to afford 14 in 64% vyield
(1.3:1 E/Z). 73% ee, 91% ee, determined by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 28.23 min, tr (minor) = 31.19 min; tr (Major) = 42.44 min, tg (minor) =
69.99 min. 'H NMR (400 MHz, CDCls)  (ppm) 7.91 (dd, J = 17.8, 7.6 Hz, 4H), 7.56 (dt, J = 13.0, 7.4 Hz, 2H), 7.49 —
7.33 (m, 10H), 7.30 — 7.21 (m, 11H), 7.16 (d, J = 3.6 Hz, 2H), 7.02 (d, J = 7.9 Hz, 2H), 6.02 (t, J = 7.5 Hz, 1H), 5.63 (t, J
= 7.2 Hz, 1H), 4.08 (d, J = 7.3 Hz, 2H), 4.04 — 3.96 (m, 3H), 3.76 (t, J = 7.1 Hz, 1H), 2.82 — 2.68 (m, 2H), 2.59 (t, J = 7.3
Hz, 2H). 3C NMR (100 MHz, CDCls) & (ppm) 197.3, 196.3, 142.2, 139.4, 139.3, 137.3, 136.6, 136.5, 135.2, 135.0,
133.4, 133.2, 129.1, 129.0, 128.7, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2, 128.1, 127.4, 127.4, 126.4, 126.2, 125.8,

120.6,120.4,77.4,77.0, 76.7, 48.7, 40.8, 37.5, 37.4, 35.5, 35.1.

_OR’ CN
Ph N\ standard conditions Ph/é\HWCN
13 +
Ph <§ 30 h Ph
TMSCN 4a 15, 73% (E/Z = 7/1)

5 major: 81% ee

R' = p-CF;PhCO

CN
Ph/%/\/\/c'\‘ . Phw
L Ph

13-C 13-D

To gain more insight into the possible radical reaction mechanism, the reaction of radical clock substrate 13 bearing
a cyclopropyl moiety was carried out under the sandard conditions, giving the ring-opening product 15 in 73% yield,
81% ee value (major) with 7:1 E/Z ratio.These observations indicated the radical property of the cross-coupling process
and the involvement of cyanoalkyl radical and benzylic radical such as 13-C. [a]p® = -7.42 (c = 0.51 in CHClI3); 81% ee,
determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =254 nm, 25
°C), tr (major) = 9.16 min, tr (minor) = 8.54 min; *H NMR (400 MHz, CDCls) & (ppm) 7.45 — 7.34 (m, 5H), 7.33 — 7.23
(m, 5H), 5.64 (t, J = 7.5 Hz, 1H), 3.93 (t, J = 7.0 Hz, 1H), 2.86 — 7.74 (m, 2H), 2.41 (t, J = 7.7 Hz, 2H), 2.19 (t, J = 7.1

Hz, 2H), 1.54 — 1.46 (m, 2H), 1.36 — 1.25 (m, 2H). *C NMR (100 MHz, CDCls) & (ppm) 143.8, 141.9, 135.2, 129.1,
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128.4, 128.2, 127.4, 126.4, 122.8, 120.4, 119.4, 37.6, 34.8, 29.1, 27.3, 25.0, 16.9 . HRMS (El): m/z [M + H]* calcd for

C22H22N2Na: 337.1675, found: 337.1666.
7. Determination of the Absolute Configuration of Products 6bj and 7ja

Single crystals of CiH12CINO [6bj]. A suitable crystal was selected and [6bj] on a 'Bruker APEX-11 CCD'

diffractometer. The crystal was kept at 296(2) K during data collection.

CN O

Cl
Ph

6bj

Figure S5. X-ray crystallography of 6bj
Crystal Data for C1sH12CINO (M = 269.72 g/mol): monoclinic, space group P2; (no. 4), a = 5.0263(13) A, b = 10.678(3)

A ¢=12.754(3) A, f=95.121(7)S V = 681.8(3) A%, Z =2, T =296(2) K, p(MoKa) = 0.270 mm, Dcalc = 1.314 g/lcm?,
4107 reflections measured (3.206° < 20 < 52.306°), 2572 unique (Rin = 0.0344, Rsigma = 0.0523) which were used in all

calculations. The final R; was 0.0473 (I > 20(I)) and WR2 was 0.1309 (all data).

Table 1. Crystal data and structure refinement for 6bj.

Identification code

mo_201007f_Om

Empirical formula C16 H12CINO

Formula weight 269.72

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P1211

Unit cell dimensions a=5.0263(13) A 0=90°
b=10.678(3) A B =95.121(7)°
c=12.754(3) A y=90°

Volume 681.8(3) A3

Z 2

Density (calculated) 1.314 Mg/m3

Absorption coefficient 0.270 mm-1

F(000) 280

Crystal size 0.3x0.2x0.1 mm3

Theta range for data collection
Index ranges
Reflections collected

1.603 to 26.153<

-6<=h<=5, -12<=k<=13, -15<=I<=15

4107
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Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

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

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

Absolute structure parameter
Extinction coefficient

2572 [R(int) = 0.0344]

99.7 %

Semi-empirical from equivalents
0.7454 and 0.5994

Full-matrix least-squares on F2
2572111172

1.069

R1=0.0473, wR2 = 0.1181
R1 =0.0669, wR2 = 0.1309
0.02(6)

n/a

Largest diff. peak and hole 0.243 and -0.179 e.A-3

Table 2. Atomic coordinates ( X 104) and equivalent isotropic displacement parameters (Azx 103)
for mo_201007F_Om. U(eq) is defined as one third of the trace of the orthogonalized UW tensor.

X y z U(eq)
C(@) 1662(8) 3892(4) 7308(3) 46(1)
C(2) 3603(9) 3013(4) 7133(3) 52(1)
C(3) 3990(10) 2685(5) 6108(4) 65(1)
C4) 2567(11) 3236(6) 5274(4) 74(2)
C(5) 680(11) 4133(6) 5448(4) 78(2)
C(6) 198(9) 4444(4) 6459(3) 58(1)
C() 1081(7) 4272(4) 8394(3) 42(1)
C(8) 3076(7) 3968(4) 9308(3) 46(1)
C(©9) 2120(7) 4312(3) 10375(3) 41(1)
C(10) 3991(7) 3808(4) 11277(3) 41(1)
C(11) 6075(8) 4510(4) 11745(3) 52(1)
C(12) 7776(9) 4008(5) 12546(4) 67(1)
C(13) 7408(9) 2800(5) 12869(3) 64(1)
C(14) 5354(10) 2101(5) 12413(4) 62(1)
C(15) 3650(9) 2599(4) 11611(3) 51(1)
C(16) 1730(9) 5664(4) 10482(3) 51(1)
Cl(1) 6261(3) 1516(2) 5879(1) 101(1)
N(1) 1500(9) 6719(4) 10600(4) 75(1)
0(1) -958(6) 4827(3) 8523(2) 54(1)

Table 3. Bond lengths [A] and angles [ for mo_201007F_0Om.

C(1)-C(2) 1.387(6)
C(1)-C(6) 1.385(6)
C(1)-C(7) 1.497(5)
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C(2-HE)
C(2)-C(3)
C(3)-C(4)
C(3)-Cl(1)
C(4)-H(4)
C(4)-C(5)
C()-H(®)
C(5)-C(6)
C(6)-H(6)
C(7)-C(8)
C(7)-0(1)
C(8)-H(8A)
C(8)-H(8B)
C(8)-C(9)
C(9)-H(9)
C(9)-C(10)
C(9)-C(16)
C(10)-C(11)
C(10)-C(15)
C(11)-H(11)
C(11)-C(12)
C(12)-H(12)
C(12)-C(13)
C(13)-H(13)
C(13)-C(14)
C(14)-H(14)
C(14)-C(15)
C(15)-H(15)
C(16)-N(1)
C(2)-C(1)-C(7)
C(6)-C(1)-C(2)
C(6)-C(1)-C(7)
C(1)-C(2)-H(2)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(2)-C(3)-CI(1)
C(4)-C(3)-C(2)
C(4)-C(3)-CI(1)
C(3)-C(4)-H(4)
C(3)-C(4)-C()
C(5)-C(4)-H4)
C(4)-C(3)-HB)
C(6)-C(5)-C(4)
C(6)-C(5)-H()

0.9300
1.383(6)
1.362(7)
1.734(5)
0.9300
1.380(8)
0.9300
1.374(7)
0.9300
1.504(5)
1.207(4)
0.9700
0.9700
1.527(5)
0.9800
1.518(5)
1.464(6)
1.380(6)
1.375(6)
0.9300
1.381(6)
0.9300
1.372(7)
0.9300
1.361(7)
0.9300
1.382(6)
0.9300
1.144(6)
122.1(3)
119.6(4)
118.3(4)
1205
119.0(4)
1205
119.4(4)
121.4(5)
119.2(4)
120.2
119.6(4)
120.2
120.0
120.0(5)
120.0
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C(1)-C(6)-H(6) 119.8

C(5)-C(6)-C(1) 120.3(5)
C(5)-C(6)-H(6) 119.8
C(1)-C(7)-C(8) 119.1(3)
0(1)-C(7)-C(1) 119.8(3)
0(1)-C(7)-C(8) 121.1(3)
C(7)-C(8)-H(8A) 108.9
C(7)-C(8)-H(8B) 108.9
C(7)-C(8)-C(9) 113.4(3)
H(8A)-C(8)-H(8B) 107.7
C(9)-C(8)-H(8A) 108.9
C(9)-C(8)-H(8B) 108.9
C(8)-C(9)-H(9) 107.3
C(10)-C(9)-C(8) 111.5(3)
C(10)-C(9)-H(9) 107.3
C(16)-C(9)-C(8) 112.1(3)
C(16)-C(9)-H(9) 107.3
C(16)-C(9)-C(10) 111.0(3)
C(11)-C(10)-C(9) 122.0(4)
C(15)-C(10)-C(9) 118.8(3)
C(15)-C(10)-C(11) 119.2(4)
C(10)-C(11)-H(11) 119.8
C(10)-C(11)-C(12) 120.3(4)
C(12)-C(11)-H(11) 119.8
C(11)-C(12)-H(12) 120.1
C(13)-C(12)-C(11) 119.7(4)
C(13)-C(12)-H(12) 120.1
C(12)-C(13)-H(13) 119.8
C(14)-C(13)-C(12) 120.3(4)
C(14)-C(13)-H(13) 119.8
C(13)-C(14)-H(14) 119.9
C(13)-C(14)-C(15) 120.1(4)
C(15)-C(14)-H(14) 119.9
C(10)-C(15)-C(14) 120.3(4)
C(10)-C(15)-H(15) 119.9
C(14)-C(15)-H(15) 119.9
N(1)-C(16)-C(9) 177.2(5)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (Azx 103) for mo_201007F_Om. The anisotropic
displacement factor exponent takes the form: -2p2[ h2 ax2Ull + _ + 2 hka*b* Ul2]

ull U22 U33 U23 ul3 ul2
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C(1) 51(2) 44(2) 41(2) 3(2) 3(2) -7(2)

C(2) 60(2) 52(2) 45(2) 1(2) 11(2) -3(2)
c(3) 74(3) 63(3) 59(3) -8(2) 20(2) -12(2)
C(4) 90(4) 93(4) 43(3) -16(3) 17(3) -21(3)
C(5) 93(4) 98(4) 39(3) 5(3) -5(2) -10(4)
C(6) 64(3) 63(3) 46(3) 1(2) -2(2) -1(2)
c(7) 43(2) 38(2) 44(2) 2(2) 5(2) -2(2)
c(8) 47(2) 51(2) 41(2) -2(2) 6(2) 2(2)
C(9) 41(2) 43(2) 40(2) -1(2) 6(2) 1(2)
C(10) 44(2) 42(2) 38(2) -6(2) 9(2) 2(2)
C(11) 57(2) 48(2) 52(2) -6(2) 6(2) 7(2)
c(12) 62(3) 85(4) 51(3) -11(3) -8(2) -6(3)
C(13) 64(3) 83(4) 44(2) 1(3) -4(2) 12(3)
C(14) 70(3) 60(3) 56(3) 11(2) 8(2) 8(2)
C(15) 57(2) 46(3) 49(2) -2(2) 1(2) -1(2)
C(16) 57(3) 51(3) 46(2) 0(2) 1(2) 1(2)
Cl(1) 125(1) 88(1) 97(1) -17(1) 54(1) 14(1)
N(1) 96(3) 42(2) 84(3) -9(2) 7(2) 11(2)
0(1) 50(2) 58(2) 54(2) 0(1) 3(1) 9(1)

Table 5. Hydrogen coordinates ( X 104) and isotropic  displacement parameters (Azx 10 3)
for mo_201007F_Om.

X y z U(eq)
H(2) 4628 2649 7695 62
H(4) 2865 3009 4590 89
H(5) -266 4527 4881 93
H(6) -1117 5028 6574 70
H(8A) 4725 4413 9222 55
H(8B) 3461 3078 9301 55
H(9) 380 3911 10418 49
H(11) 6334 5326 11519 63
H(12) 9167 4488 12865 80
H(13) 8566 2457 13402 77
H(14) 5099 1286 12643 75
H(15) 2264 2114 11295 61

Table 6. Torsion angles [] for mo_201007F_0m.

C(1)-C(2)-C(3)-C(4) 2.1(7)
C(1)-C(2)-C(3)-CI(1) -175.9(3)
C(1)-C(7)-C(8)-C(9) -175.2(3)
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C(2)-C(1)-C(6)-C(5) -0.6(7)

C(2)-C(1)-C(7)-C(8) 16.4(6)
C(2)-C(1)-C(7)-0(1) -164.4(4)
C(2)-C(3)-C(4)-C(5) -0.5(8)
C(3)-C(4)-C(5)-C(6) -1.6(8)
C(4)-C(5)-C(6)-C(1) 2.2(8)
C(6)-C(1)-C(2)-C(3) -1.5(6)
C(6)-C(1)-C(7)-C(8) -163.6(4)
C(6)-C(1)-C(7)-0(1) 15.6(6)
C(7)-C(1)-C(2)-C(3) 178.5(4)
C(7)-C(1)-C(6)-C(5) 179.4(4)
C(7)-C(8)-C(9)-C(10) 171.1(3)
C(7)-C(8)-C(9)-C(16) -63.8(4)
C(8)-C(9)-C(10)-C(11) 92.5(4)
C(8)-C(9)-C(10)-C(15) -85.2(4)
C(9)-C(10)-C(11)-C(12) -178.4(4)
C(9)-C(10)-C(15)-C(14) 178.5(4)
C(10)-C(11)-C(12)-C(13) 0.7(7)
C(11)-C(10)-C(15)-C(14) 0.8(6)
C(11)-C(12)-C(13)-C(14) -0.8(7)
C(12)-C(13)-C(14)-C(15) 0.9(7)
C(13)-C(14)-C(15)-C(10) -0.9(7)
C(15)-C(10)-C(11)-C(12) -0.7(6)
C(16)-C(9)-C(10)-C(11) -33.2(5)
C(16)-C(9)-C(10)-C(15) 149.1(4)
CI(1)-C(3)-C(4)-C(5) 177.5(4)
0(1)-C(7)-C(8)-C(9) 5.6(5)

Symmetry transformations used to generate equivalent atoms:
Table 7. Hydrogen bonds for mo_201007F_Om [Aand 9.

D-H..A d(D-H) d(H...A) d(D...A)

<(DHA)
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Single crystals of CigH17CIN, [7ja]. A suitable crystal was selected and [7ja] on a 'Bruker APEX-II CCD'

diffractometer. The crystal was kept at 296.15 K during data collection.

CN

SR
Cl

Figure S6. X-ray crystallography of 7ja

Crystal Data of 7ja: C19H17CIN (M = 308.79 g/mol): orthorhombic, space group P2:2:2; (no. 19), a = 5.6856(9) A,

b =7.6678(13) A, ¢ =36.821(6) A, V =1605.3(5) A%, Z =4, T =296.15 K, w(MoKa) = 0.236 mm™, Dcalc = 1.278 g/lcm?,

15471 reflections measured (2.212° < 20 < 59.104°), 4469 unique (Rin = 0.0329, Rsigma = 0.0352) which were used in all

calculations. The final Ry was 0.0489 (I > 20(I)) and WR» was 0.1477 (all data).

Table 1. Crystal data and structure refinement for mo_200717d_0m 7ja.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 25.242°

mo_200717d_0Om

C19 H17 CIN2

308.79

296.15 K

0.71073 A

Orthorhombic

P212121

a=5.6856(9) A a=90%
b=7.6678(13) A B=90°
c=36.821(6) A y=90°
1605.3(5) A3

4

1.278 Mg/m3

0.236 mm-1

648

0.15x0.12 x 0.1 mm3

1.106 t0 29.552°

-7<=h<=7, -9<=k<=10, -51<=I<=50
15471

4469 [R(int) = 0.0329]

99.7 %
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Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7459 and 0.6593

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4469/0/199

Goodness-of-fit on F2 1.046

Final R indices [1>2sigma(l)] R1 =0.0489, wR2 = 0.1403

R indices (all data) R1 =0.0591, wR2 = 0.1477
Absolute structure parameter 0.06(3)

Extinction coefficient n/a

Largest diff. peak and hole 0.211 and -0.281 e. A3

Table 2. Atomic coordinates ( X 104) and equivalent isotropic displacement parameters (Azx 103) for mo_200717d_0m.

U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
C(1) 2511(5) 4312(3) 5650(1) 40(1)
C(2) 595(5) 5251(4) 5525(1) 46(1)
C@3) 450(5) 5629(4) 5156(1) 42(1)
C(4) 2171(4) 5100(3) 4909(1) 31(1)
C(5) 4090(5) 4192(4) 5048(1) 44(1)
C(6) 4251(6) 3800(4) 5419(1) 47(2)
C(7) 1939(4) 5435(3) 4511(1) 30(1)
C(8) 4(6) 6291(5) 4368(1) 50(1)
C(9) -275(6) 6493(5) 3996(1) 51(1)
C(10) 1376(4) 5870(3) 3753(1) 33(1)
C(11) 3323(5) 5035(5) 3894(1) 49(1)
C(12) 3606(5) 4828(5) 4264(1) 50(1)
C(13) 1064(5) 6042(3) 3343(1) 36(1)
C(14) 842(5) 7945(4) 3210(1) 40(2)
C(15) 2987(6) 9038(4) 3303(1) 49(1)
C(16) 2778(7) 10917(4) 3168(1) 54(1)
C(17) 3027(6) 11134(5) 2760(1) 54(1)
C(18) 5417(6) 10767(5) 2635(1) 51(1)
C(19) -1049(6) 5067(4) 3232(1) 43(1)
CI(1) 2694(2) 3762(1) 6107(1) 62(1)
N(L) 7264(7) 10474(5) 2539(1) 74(1)
N(2) -2722(6) 4355(4) 3151(1) 63(1)
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Table 3. Bond lengths [A] and angles [ for mo_200717d_0m.

C(1)-C(2) 1.385(4)
C(1)-C(6) 1.364(4)
C(1)-Cl(1) 1.738(2)
C(2)-H(2) 0.9300
C(2)-C(3) 1.391(4)
C(3)-H(3) 0.9300
C(3)-C(4) 1.396(3)
C(4)-C(5) 1.392(4)
C(4)-C(7) 1.495(3)
C(5)-H(5) 0.9300
C(5)-C(6) 1.399(4)
C(6)-H(6) 0.9300
C(7)-C(8) 1.384(4)
C(7)-C(12) 1.392(3)
C(8)-H(8) 0.9300
C(8)-C(9) 1.388(4)
C(9)-H(9) 0.9300
C(9)-C(10) 1.382(4)
C(10)-C(11) 1.380(4)
C(10)-C(13) 1.525(3)
C(11)-H(11) 0.9300
C(11)-C(12) 1.383(4)
C(12)-H(12) 0.9300
C(13)-H(13) 0.9800
C(13)-C(14) 1.545(4)
C(13)-C(19) 1.473(4)
C(14)-H(14A) 0.9700
C(14)-H(14B) 0.9700
C(14)-C(15) 1.519(4)
C(15)-H(15A) 0.9700
C(15)-H(15B) 0.9700
C(15)-C(16) 1.529(4)
C(16)-H(16A) 0.9700
C(16)-H(16B) 0.9700
C(16)-C(17) 1.519(4)
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C(17)-H(17A)
C(17)-H(17B)
C(17)-C(18)
C(18)-N(1)
C(19)-N(2)

C(2)-C(1)-CI(1)
C(6)-C(1)-C(2)
C(6)-C(1)-CI(1)
C(1)-C(2)-H(2)
C(1)-C(2)-CE)
C(3)-C(2)-H(2)
C(2)-C(3)-H(3)
C(2)-C(3)-C(4)
C(4)-C(3)-H(3)
C(3)-C(4)-C(7)
C(3)-C(4)-CQ3)
C(3)-C(4)-C(7)
C(4)-C(5)-H()
C(4)-C(5)-C(6)
C(6)-C(5)-H(5)
C(1)-C(6)-C(5)
C(1)-C(6)-H(6)
C(5)-C(6)-H(6)
C(8)-C(7)-C(4)
C(8)-C(7)-C(12)
C(12)-C(7)-C(4)
C(7)-C(8)-H(8)
C(7)-C(8)-C(9)
C(9)-C(8)-H(8)
C(8)-C(9)-H(9)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(9)-C(10)-C(13)
C(11)-C(10)-C(9)
C(11)-C(10)-C(13)
C(10)-C(11)-H(11)
C(10)-C(11)-C(12)

0.9700
0.9700

1.462(5)
1.131(5)
1.136(4)

119.8(2)
120.7(2)
119.5(2)
120.6
118.8(3)
1206
118.9
122.2(3)
118.9
121.8(2)
117.0(2)
121.1(2)
119.4
121.2(3)
119.4
120.0(3)
120.0
120.0
121.6(2)
116.9(2)
121.5(2)
119.4
121.2(2)
119.4
119.2
121.5(3)
119.2
122.1(2)
117.5(2)
120.3(2)
119.4
121.1(2)
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C(12)-C(11)-H(11) 119.4

C(7)-C(12)-H(12) 119.2
C(11)-C(12)-C(7) 121.7(2)
C(11)-C(12)-H(12) 119.2
C(10)-C(13)-H(13) 108.3
C(10)-C(13)-C(14) 113.9(2)
C(14)-C(13)-H(13) 108.3
C(19)-C(13)-C(10) 109.0(2)
C(19)-C(13)-H(13) 108.3
C(19)-C(13)-C(14) 109.0(2)
C(13)-C(14)-H(14A) 109.1
C(13)-C(14)-H(14B) 109.1
H(14A)-C(14)-H(14B) 107.8
C(15)-C(14)-C(13) 112.6(2)
C(15)-C(14)-H(14A) 109.1
C(15)-C(14)-H(14B) 109.1
C(14)-C(15)-H(15A) 109.1
C(14)-C(15)-H(15B) 109.1
C(14)-C(15)-C(16) 112.6(3)
H(15A)-C(15)-H(15B) 107.8
C(16)-C(15)-H(15A) 109.1
C(16)-C(15)-H(15B) 109.1
C(15)-C(16)-H(16A) 108.6
C(15)-C(16)-H(16B) 108.6
H(16A)-C(16)-H(16B) 107.6
C(17)-C(16)-C(15) 114.7(3)
C(17)-C(16)-H(16A) 108.6
C(17)-C(16)-H(16B) 108.6
C(16)-C(17)-H(17A) 109.2
C(16)-C(17)-H(17B) 109.2
H(17A)-C(17)-H(17B) 107.9
C(18)-C(17)-C(16) 112.2(3)
C(18)-C(17)-H(17A) 109.2
C(18)-C(17)-H(17B) 109.2
N(1)-C(18)-C(17) 179.6(4)
N(2)-C(19)-C(13) 177.8(3)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (Azx 103) for mo_200717d_Om. The anisotropic displacement factor
exponent takes the form: -27:2[ h2a*x2ull + | +2hka*b*Ul2 ]

ull U22 U33 U23 ul3 Ul2
c() 49(2) 36(1) 33(1) 3(1) -8(1) -7(2)
c(2) 42(1) 60(2) 36(1) 3(1) 3(1) 3(1)
C@3) 34(1) 54(2) 38(1) 2(1) -1(1) 8(1)
C(4) 31(1) 28(1) 34(1) 2(1) -1(1) -2(1)
C(5) 44(1) 50(2) 39(1) 3(1) 1(1) 14(1)
C(6) 51(2) 49(2) 40(1) 4(1) -8(1) 12(1)
() 30(1) 27(1) 33(1) 2(1) 1(1) -1(1)
C(8) 52(2) 65(2) 32(1) 2(1) 6(1) 29(2)
C(9) 51(2) 66(2) 35(1) 7(1) 2(1) 27(2)
C(10) 38(1) 31(1) 29(1) 2(1) 5(1) -2(1)
C(11) 41(1) 71(2) 36(1) 4(1) 9(1) 16(1)
C(12) 36(1) 73(2) 40(1) 9(1) 4(1) 20(1)
C(13) 40(1) 39(1) 29(1) 2(1) 4(1) 0(1)
C(14) 48(2) 39(1) 33(1) 4(1) 0(1) -2(1)
C(15) 60(2) 48(2) 39(1) 10(1) -2(1) -16(1)
C(16) 71(2) 42(1) 51(2) 1(1) 15(2) -14(2)
c(17) 54(2) 53(2) 55(2) 22(1) 5(1) -2(2)
C(18) 58(2) 52(2) 44(1) 3(1) 4(1) -11(1)
C(19) 57(2) 42(1) 32(1) 1(1) 7(1) -4(1)
CI(1) 83(1) 69(1) 34(1) 9(1) -9(1) -4(1)
N(1) 65(2) 86(2) 71(2) 5(2) 16(2) -4(2)
N(2) 68(2) 70(2) 52(1) -4(1) -1(1) -27(2)

Table 5. Hydrogen coordinates ( X 104) and isotropic displacement parameters (Azx 10 3) for mo_200717d_Om.

X y z U(eq)
H(2) -572 5621 5684 55
H(3) -838 6256 5071 50
H(5) 5286 3839 4893 53
H(6) 5544 3190 5507 56

H(8) -1129 6739 4525 60
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H(9) -1603 7061 3908 61
H(11) 4465 4604 3737 59
H(12) 4945 4270 4351 60
H(13) 2432 5514 3224 43
H(14A) 623 7947 2949 48
H(14B) -539 8471 3319 48
H(15A) 4370 8506 3196 59
H(15B) 3199 9044 3565 59
H(16A) 1259 11373 3242 65
H(16B) 3976 11615 3287 65
H(17A) 1940 10352 2639 65
H(17B) 2610 12319 2694 65
Table 6. Torsion angles [ for mo_200717d_0m.

C(1)-C(2)-C(3)-C(4) -0.2(5)
C(2)-C(1)-C(6)-C(5) -1.3(5)
C(2)-C(3)-C(4)-C(5) -1.1(4)
C(2)-C(3)-C(4)-C(7) 176.9(3)
C(3)-C(4)-C(5)-C(6) 1.3(4)
C(3)-C(4)-C(7)-C(8) 0.2(4)
C(3)-C(4)-C(7)-C(12) -176.8(3)
C(4)-C(5)-C(6)-C(1) -0.1(5)
C(4)-C(7)-C(8)-C(9) -175.6(3)
C(4)-C(7)-C(12)-C(11) 175.7(3)
C(5)-C(4)-C(7)-C(8) 178.0(3)
C(5)-C(4)-C(7)-C(12) 1.1(4)
C(6)-C(1)-C(2)-C(3) 1.4(4)
C(7)-C(4)-C(5)-C(6) -176.7(3)
C(7)-C(8)-C(9)-C(10) -0.8(5)
C(8)-C(7)-C(12)-C(11) -1.4(5)
C(8)-C(9)-C(10)-C(11) 0.0(5)
C(8)-C(9)-C(10)-C(13) 178.5(3)
C(9)-C(10)-C(11)-C(12) 0.1(5)
C(9)-C(10)-C(13)-C(14) 59.6(4)
C(9)-C(10)-C(13)-C(19) -62.4(3)
C(10)-C(11)-C(12)-C(7) 0.6(5)
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C(10)-C(13)-C(14)-C(15)
C(11)-C(10)-C(13)-C(14)
C(11)-C(10)-C(13)-C(19)
C(12)-C(7)-C(8)-C(9)

C(13)-C(10)-C(11)-C(12)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(17)
C(15)-C(16)-C(17)-C(18)
C(19)-C(13)-C(14)-C(15)
CI(1)-C(1)-C(2)-C(3)

CI(1)-C(1)-C(6)-C(5)

59.8(3)

-122.0(3)

116.1(3)
1.5(5)

-178.4(3)

179.5(2)
-72.8(4)
-68.5(4)

-178.3(2)
-178.0(2)

178.2(2)

Symmetry transformations used to generate equivalent atoms:
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8. The Spectra of Substrates and Products

'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 6aa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ba
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ca
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6da
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ea
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H NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls), **F NMR (376 MHz, CDCls) spectra of substrate 6fa
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 6ga
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ha
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ia
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ja
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ka
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6la
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'H NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls), °F NMR (376 MHz, CDCls) spectra of substrate 6ma
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6na
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 6oa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6pa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6qga
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ra
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6sa
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 6ta
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ua
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 6va
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 6bb
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!H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 6bc
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 6bd
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'H NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDClIs), **F NMR (376 MHz, CDCls) spectra of substrate 6be
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6bf
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 6bg
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'H NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls), **®F NMR (376 MHz, CDCls) spectra of substrate 6bh
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6bi
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 6bj
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 6bk
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6bl

0000°0-

0sEE
L99¢°¢
wee'e
001+°€
T°e98°€
878S°€E
1L09°€
$979°¢
1€TS'Y
(48424
06ss'y

91s€9
+09¢°9
vr9s'9
SEETL
€TYTL

W,

/

AN
7

\
7

\

/!

—_—

mEle—

YoEE L
6TheL
SS9€E°L
TS8E'L
STIV'L
S6TV'L
988S°L

CN O

Ph

y,
6bl -

—_

Boor
Fort

871
Fros

=01

2.0 1.5 1.0 0.5 0.0 -0.5

25

3.0

90 85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)

9.5

opTSIE —

STT6'EY —

1789°9L

600 I

ILIELL

6S89°TIT —
OSL6°LIT~
vIEE 0TI —

9LLY' LTI~
€80¥°8T1 N
LOST'6T1

L086"EL 7

£€996°9¥1 —
S8Y8'IST —

YLOL' €8T —

CHN O

Ph

P
6bl “

ST 1 S B

10

20

130 120 110 100 90 80 70 60 50 40

140

200 190 180 170 160

10

f1 (ppm)

592



'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate of 6am
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6an
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 6ao
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 6ap
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 7aa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ba
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ca
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7da
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'H NMR (400 MHz, CDCls3) and *C NMR (100 MHz, CDCls) spectra of substrate 7ea
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'H NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls), °F NMR (376 MHz, CDCls) spectra of substrate 7fa
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'!H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ga

oy 1
~w.~g
197
€9°1 1
£9°1 1
$9'1
99°1
L1
L9°T A
69°1
0L A
TLT A

S6'T

8¢€°T
L8'E
68°¢

S.m\

€6°€

(TN
gL’

90°8~
8087

CN
7ga

CN

MeOOC

Fery
i &4

rr
0°¢

£1 (ppm)

L6'91 —
8LPT~
6097~

6L'VE ~
e

LTS —

89°9L
00°LL W
TELL

SO'GIT~.
o6t
YTLTIN
STOET

SHOST >

SO°OPT —

LT99T —

CN

CN

7ga

MeOOC

130 120 110 100 90 80 70 60 50 40 30 20

140

200 190 180 170 160

10

£1 (ppm)

5104



'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ha
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ia
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ja
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 7ka
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'H NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls), **®F NMR (376 MHz, CDCls) spectra of substrate 7la
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ma
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7na
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 70a
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7pa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7qa
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'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 7ra
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7sa

CN

Tsa

oy

8.0

0 8.5

9.

9.5

1 (ppm)

UL
L6°91
$T°07
LyvT
£9'bT
£8°9T
19z
P97
S8'0E
S6vE
9£°9¢ M
98°9¢
8€°LE
ocry

0s°Cs —

60°69 —

00°LL
TeLL \
S0'18
86'L8

IV 101 —
rvor —

[A¥ 7187
SE0TI \
LT —
98°LT1 /
vTver —
99°8€T ~

CN

7sa

110

140 130

150

10

1 (ppm)

S117



'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ta
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ib

07T

|

Ph

me.o
01

Toor

_ — oz

Isos

Feov

0.0

5

2.0

0 2.5

3.

3.5

0

4.5

(ppm)

o0

5.5
r1

6.0

8.0

0 8.5

9.

9.5

0

8E°€E ~

veSseE

8Y°98 —

€8°L9 —
89°9L

GOZL

TELL

IS°STI \
1ozl
LO°LTT
89°LTI W
8L°LTL
L6'LTT \
L8'8TI \
€9°€€T
80°0V1 -~
SY'IvI /

CN

0" CN

7ib

Ph

Ll

Ll

T
100
£1 (ppm)

110

120

170

10

5119



'H NMR (400 MHz, CDCls3) and **C NMR (100 MHz, CDCls) spectra of substrate 7ic
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7id
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7ie
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 7i
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 7ig
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of substrate 8
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'H NMR (400 MHz, DMSO-ds) and **C NMR (100 MHz, DMSO-ds) spectra of substrate 9
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 10
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'H NMR (400 MHz, CDCIs) and **C NMR (100 MHz, CDCls) spectra of substrate 11
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'H NMR (400 MHz, CDCIs) and **C NMR (100 MHz, CDCls) spectra of substrate 12
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of substrate 14
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!H-'H NOESY of compound 14
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'H NMR (400 MHz, CDCIs) and **C NMR (100 MHz, CDCls) spectra of substrate 15
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!H-'H NOESY of compound 15
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9. Copies of HPLC Spectra
Chiral HPLC spectrum of racemic 6aa
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1004 / \ 0 m [min) [min] mAU  *s [maU ] 3
i \ g it R R R R ] Bt
04 / \ ﬁ
ER— S _/ S B 1 25.297 BB 0.6050 1.30047e4 333.43539 94.9117
T T 1T ‘ T 17T | L ‘ UL | T T 1T ‘ LI ‘ T 17T ‘ T T 1T ‘ T 17T | L o o - ol = ] T l\ T ;:‘ : :. 3
. ] 7 i B} x x i i 1 | 2 28.728 BB 0.5663 697.18970 15.81400 5.0883
Chiral HPLC spectrum of racemic 6ba
CN O
UADT A, 51g=2254 4 Rel=0ff (E\dala\WHADER_LC 2020-08-01 US-19-TUNWHAS 79.0)
mAl & 2
3 R " Ph
1404 [} §
1204 i f\ rac-6ba
1004 | \I‘ Y
204 | \ [\
60 | \ | \ Peak RetTime Type Width Area Height Area
e oy [\ #  [min] [min] mAU  *s  [mAU ) %
04 / \ | \\ e R Rl B [ ===mmmmmm | === | ===
0 S W, -/ -
s 1's x 2 P x p 2 H 1 22.467 BB 0.7664 9167.88672 174.07697 49.9435
2 27.359 BB 0.9482 9188, 63574 141.02007 50. 0565
Chiral HPLC spectrum of racemic 6ba
DAD! A, Sig=254 4 Refzof (E\atalNPZIDEF LC 20200800 16-20-34PZ800.D)
¥ CN O
il 8
e il Ph
04 I
[ 6ba
25 | \\
| |
04 [ i
\ A Peak RetTime Type Width Area Height Area
159 | \ r @ $#  [min] [min] mAU  *s  [mAu ) %
| \ oA e R Rl B [ ===mmmmmm | === | ===
104 | \ o
E I— S e 1 22.464 BB 0.7462 178292896  35.24311 95. 005
T T T T T [ T T T T T T T ] T T P P P . o . y 't
i I B i i 5 0 " o 2 27.811 MM 0.9926  93.73359  1.57389  4.994
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Chiral HPLC spectrum of racemic 6ca

UAU T A, DI0=204, KEIZUIN (EAUATAILFUIUEF LU ZULUU1-31 U840V FLT TDAL)
CN O
] 8
= Al 0
60_ JJ \
0 / \ / \ Me rac-6ca
03 / \ /
04 / Peak RetTime Type Width Area Height Area
/ # [min] [min] mAU *s [mAU 1 %
e el R | === | —=—— R |=—=mmmmm - I |
104 / - .
1 e — 1 17.187 BB 0. 3809 2027.86230  83.04923 50. 5308
—— 77— 2 59 3 ). 4094 1985. 26172  75. 34254 49. 4692
05 i 75 I} e 0 05 i 18. 521 BE 0. 4094 1985. 2617 75. 34254 49. 469
Chiral HPLC spectrum of 6ca
DADT A, 51g=254 4 Ret=oft (EAUATAWEAUEF_LG 2020-08-08 Ug-U6-41twpz-806 L))
CN O
il /é,\
0
i g\ Ph
[T
104 ; \
B f \ Me 6ca
69 / \
f Peak RetTime Type Width Area Height Area
4 / p ¥ [min] [min] mAU  *s [mAU ] 3
/ o - |- | —=== | ===~ | === B |==mmmmmm ]
2] / 0
s — i 1 16.984 BB 0.3751 327.63681 13.59715 93. 0152
T 1o T 2 18.283 BB 0. 4019 24. 60327 9. 63685e-1 6. 9848
16 165 7 175 8 185 19 195 i
Chiral HPLC spectrum of racemic 6da
. _— CN O
DAD1 A, Sig=254 4 Ret=off (E\DATAWPZIDEF LC 2020-07-20 08-24-55wpz7750-2)
mAll 2 Ph
L) B¢
jl‘; | ¢k§ Bu rac-6da
0
| Peak RetTime Type Width Area Height Area
a \ #  [min) [min] mAU *s  [mAU ] 3
10 \ / - |- |-——=|-=————- e |———m - [ ]
. J . o / N~
L e e 1 21012 MM 0.5366 2187.93486  67.93749 50.4766
2 24.969 MM 0.7170 2145.93164 49.87918 49.5234
Chiral HPLC spectrum of 6da

DAD1 B, $ig=220 4 Ref=off (£ DATAICBLIgbIS33-< 2020-08-09 14-15-38WPZ813.D)
mAlU ]
404

~ 0230

0

27

CN O
/@/V\)A\Ph
Bu 6da

Peak RetTime Type

Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== === e | === | ======——-= | ======== |
1 20.230 BB 0.4707 1438.43433  47.31816 92.8126
2 24.587 BB 0.5564 111.39236 2.56609 7.1874
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Chiral HPLC spectrum of racemic 6ea

DADI A, Sig=254 4 Ref=0ff (E:DATAWPZOEF LG 2020-07-29 08-24-55wpaTToc D) CN O
mAl ] §
i @ o
250E ; ¢ Ph
007 [ |
] [ I Ph rac-6ea
1503 ( {l
I|}[lE | |Iw Peak RetTime Type Width Area Height Area
] | i # [min] [min] mAU *s [maU 1 %
0 I I i Rt e | ====mmmmme | == | === ]
13— S\ 1 27.069 BB 0.6636 1.18071e4  276.83301 50.0169
R w . 2 34.286 BB 0.8641 1.17991e4  211.09738 49.9831
Chiral HPLC spectrum of 6ea
DADT A, S5ig=254 4 Ret=oft (E-DA I AVQBLiGbI33-¢ 2020-U8-08 14-15-381WH/808.0) CN O
mAUT 3
1 )
0] g Ph
0 ' Ph 6ea
20_: | Peak RetTime Type Width Area Height Area
i E # [min] [min] mAU *g [mAU 1 %
104 0 i B e | ====mmmmme | === |====mm= ]
] 4]
] / iy
 ———— .\.'_’. e 1 26.541 BB 0.6464 2020.57935  48.66517 94,4165
" ‘ % ' ' 0 3 " % % wl| 2 33.8l0BB  0.7489 119.49132  2.16157 5.5835
Chiral HPLC spectrum of racemic 6fa
DAD! A, Sig=054 4 Ref=off (E\DATAWPZIDEF L 2020-08-27 08-24-53WPZ8538-2.0
o IPHOE ’ o CN O
ot i3
i o B Ph
1204 i N
LE A F rac-6fa
I |
604 | ‘ Peak RetTime Type Width Area Height Area
4['5 4 [min] [min] mAU *s [mAU ] %
E il Rt e |====mmmmm= |===mmm——- |======== ]
05 R
o _ Y VA N 1 51.301 BB 0.9269 9265.74805 154.66864 49,9441
— L L L N N N IR 2 54.201 BB 0.9726 9286.48145 148.28609 50. 0559
i 5 Ell % 40 5 5 55 i
Chiral HPLC spectrum of 6fa
LAUT A, 5I0=254 4 KeT=0 (EUATAZEILER LU AU2U0-08-U3 15-24-45\WW HZ5048 L)
o0 ' - ) CN O
mAll =
,/Q
g [o) Ph
[
15 / \ F 6fa
\"‘ ‘\
19 / \ . . .
/ Peak RetTime Type Width Area Height Area
/ o # [min] [min] mAU  *s  [mAU ) %
5] 8 il Rt e |====mmmmm= |===mmm——- |======== ]
kS
I— i — 1 51.067 BB 0.9193 1381.23779  23.04244 93.4257
T T T LT T T L LT LT | 2 54022 BB 0.7303 9719601 L 58744 6. 5743
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Chiral HPLC spectrum of racemic 6ga

UAUT A, 510=204 4 Ret=ort (EADATAWEAUER LU ZUARIB-IN 19-5342WPL88.L) C N O
O gk
03 8 é Ph
1753 NN
ik 1l cl rac-6ga
153 i
1003 L]
75_5 || | Peak RetTime Type Width Area Height Area
3 | # [min] [min] mAU *s [mAU ] %
503 [ el R R B [ ===mmmmm | === |==emmmee I
53 RYR!
| S — oy 1 20.899 BV  0.4678 6727.12744 223.07492 49.9916
t | A 2 22477 VB 0.4971 6729.39697 210.42232 50. 0084
Chiral HPLC spectrum of racemic 6ga
AT A, SIg=254,4 Ket=oft (£-0A | ADSIER LG 20200903 135449 WP L4829 D) CN O
Al py
."N.'
/&) Ph
i [
u / Cl 6ga
20 _‘" Peak RetTime Type Width Area Height Area
{ o] # [min] [min] mAU *s [mAU | %
0 / \ ® ] EEE e e e [ [ I
| ‘\ ﬁ
) / SN _ _ o o rimae on o0
0‘ — —,————— 1 21.211 BB 0.4751 1638.82446 53.54733 95.1997
1 1 2N 2 2 7 2 i 2 22.816 BB 0.4636 82.63541  2.53999 4. 8003
Chiral HPLC spectrum of racemic 6ha
DAD1A,Sg=25 4 et [ UAIANRLUES LG22 06 248l 30 CN O
mAl 3 g 0
3 £y
GE 24 Ph
CE [
¥ [l Br rac-6ha
3 | |
04 (o
1 [ Peak RetTime Type Width Area Height Area
204 | # [min]) [min] mAU *s [mAU | 3
] [ el B e |====mmmmm= | === |======== I
103 |
[ —— | 1 18.787 BB 0.4310 1962.59094 70.44279 50.0166
; 0 5 2 % - 2 20.473 BB 0.4709 1961.28845 64.83901 49.9834
Chiral HPLC spectrum of 6ha
DAD! A Sig=254 4 Ref=off (EDATAWPZDEF LC 2020-08-13 1043-22WFZ819D.)
AU kY CN O
43 i
% = Ph
RE [
%3 / Br 6ha
04 /
3 | Peak RetTime Type Width Area Height Area
153 / \ ks # [min]) [min]) mAU *s  [mAU ) %
103 / \ 2 ] R R R |- |- |- I
54 " R
ﬂ_; / \ L 1 18.424 BB 0.4201 1168.89392  43.13783 93.2233
—_——————————————————————————— 2 20.154 BB 0.4096 84.97124  2.88500 6. 7767
115 1 185 1 05 i 05 Jl 915 » "
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Chiral HPLC spectrum of racemic 6ia

UAUT A, SIg=204 4 Rer=ott (EIUATAWPZUER_LU 2U20-08-01 19-03-42WPLIE6 L)

CN O
mAUS [ 9
NE g g Ph
37 I ;‘
04 (| i AcO rac-6ia
%3 ' (1
E [ i
153 | I Peak RetTime Type Width Area Height Area
| | 4 [min] [min] mAU *s [mAU ] %
104 e R e R | ========—= | === |=mmmmmem
5 . |
0 e . o 1 37.017 BB 0.8860 2594.39844  44,90539 50.0131
N T e 2 45692 BB 1.1278 2593.04004 35.10540 49. 9869
Chiral HPLC spectrum of 6ia
UAUT A, SIg=294 4 Rer=oft (EIUAIAWEZDER LU ZU20-08-19 11-10-39WWEL8Z1 L) C N O
mAl 3 Py
el
33 /8 Ph
1 5
| 4\0
154 { o . )
\ ¢ ,\'\‘ Peak Ret !'lme Type '.'.'1c.jth Area H_e1 ght Area
13 | 9 e # [min] [min] mAU *s5 [mAU ] %
\ o B B e [====mmm—= | === | ===
05 | \ %i
P e—— e 1 36.657 BB 0.6838 200.02803  3.49470 94.5319
0w ow owh s 4 & Ta el 2 45.464MM 1.0669  11.57034 1.80746e-1 5. 4681
Chiral HPLC spectrum of racemic 6ja
LAUT A, D=2l 10U RET=30U, 10U |EURTAWELUER LU JUZUHUE-12 T4-45-00WHLIB1-LU)
mAl u CN O
i | ° Ph
3 M v .
%53 N 3 Bpin rac-6ja
1 A \
153 \ Peak RetTime Type Width Area Height Area
\ # [min) [min] mAU  *s [mAU ] ]
104 \ i EEEE |--==]-—-——- R |-=—--m--—- e
5 [
[ I .l : S N 1 35.942 BB 0.9691 2643.64136  41.84273 50.2745
e L L I Ly B 2 54,180 BB 1.3690 2614.77539  23.62958 49.7255
2 % % ] 4 ) % mi
Chiral HPLC spectrum of 6ja
LAUTA, 510=204, 100 Ket=36U, 100 (EADATAWFADER_LG 2U20-U8-25 UB-UIZ-BUWPL826.U) C N O
nAU3 2
0
303 Bl Ph
W03 I .
%0 , Bpin 6ja
03 | ‘
1503 | P Peak RetTime Type Width Area Height Area
E [ a ¥ [min] [min] mAU *s  [mAU | %
\ o & R | === === e e f--—----- |
503 | \ B
[ s— — TTT‘_T'T‘T — ol “7 — ‘—“/‘— — 1 37.845 BB 1.0458 2.7240le4  395.36768 92.9072
% 175 4@ I 45 B0 b S5 mn 2 58,229 MM 1.6643 2079.57471  20.82593  7.0928
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Chiral HPLC spectrum of racemic 6ka
UAUT A, Sig=254 4 Rer=ot |E\daaiWHAUER LU AU20-U8-UZ T1-UT-4AWHLIBS D
7 [ i ) CN O
mAlU 3 E 5
1 8 : MeO Ph
33 l N
104
| rac-6ka
%3 ‘
03
153 Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *s [mAU ] %
103 \ B B e | ========—= [ |========
63 [
03 - AN S 1 19.413 BB 0.7198 2093.12061 43.15891 49.9546
D S 2 23.101 BB 0.8624 2096.92456  35.74659 50. 0454
Chiral HPLC spectrum of 6ka
DAD! A, Sig=254 4 Ref=of [E\dataWPZIDEF _LC 2020-08-15 17-14-13WPZ831D) CN O
Al f
] N MeO
A Ph
85 [\
6ka
6_
44 ":l Peak RetTime Type Width Area Height Area
\ o # [min] [min] mAU *s5 [mAU ] %
\ [ el e e R | ==mmmmmmee | =-mmmm e
2_ | \ M
| S Il
\. o
e — e T — - 1 19.738 BB 0.7009 499.11975 10.41907 94.3487
B N 2 23.732 BB 0.7379  29.89604 4.79176e-1 5.6513
Chiral HPLC spectrum of racemic 6la
DAD1B, Sig=2b4 4 HeT:n: (E\dataWFADEF_LC ZUZU—UR‘;—:IDH U4-52-461WEZ841A D) C N O
"0 i g M
R e
m F . Ph
60 |
50 rac-6la
40
30 \
20 )\ Peak RetTime Type Width Area Height Area
" \ #  [min] [min] mAU  *s  [mAU ] %
) \_ e R Rl B [ ===mmmmmm | === | ===
u —e 1 — L
-
g 12 " 18 E o 2 Hoom 1 12.745 BB 0.4388 2584.83765  §6.94409 50. 0087
2 16.226 BB 0.5640 2583.94116  67.28686 49.9913
Chiral HPLC spectrum of 6la
LALT B, 4510=204,4 Rer=0m (EM08@WHAUER LU 2U2UA08-24 US-Ud-Z 1WDZH44 L)
CN O
Al ﬁ\
{10\ Me
s
o "‘_\ \©/v\/u\Ph
03 [ 6la
80 [
0 ‘u‘ \ Peak RetTime Type Width Area Height Area
403 | v 4 [min] [min] mAU *s [maU ] %
| 2 i e I==== === | ====m=m- | === |===—==-=-
04 / 0
0+ VA - I ——— : 1 12.540 BB 0.4343 4433.42969 150.23985 94. 9005
a T T T T e g 2 15.883 BB 0.5362 238.23175  6.46012  5.0995
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Chiral HPLC spectrum of racemic 6ma

_ ‘ . . CN O
UAUT A, SIg=254 4 Ret=olt [EXdataWHZUER LU 2U20-U8-U1 21-40-U1WELIB4.U)
7 o
AU i ; F Ph
40+ il g
. ‘ ! rac-6ma
40
| \ Peak RetTime Type Width Area Height Area
! \ | \ # [min] [min] mAU *s [mAU | S
27 oA | \ il R R B [ ===mmmmm | === | === I
0 L RS- / T
R A N I T N 1 23.248 BB 0.8073 5242.74854  94.49631 50.0024
2 30.837 BB 1. 0846 5242.24854  69.92482 49.9976
Chiral HPLC spectrum of 6ma
UALT A, Sig=254 & Ref=oft (£-\dalaWRZER_LC 2020-04-30 10-18-461W/8880.1) CN O
mAU ﬁ F
a g Ph
0 ‘ 6ma
20 |
| \ Peak RetTime Type Width Area Height Area
10 | \ o # [min) [min]) mAU *3 [mAU ] %
[ ! N i R [ [==mmmmm——m =mmmmmmee [ I
0 / “-\ 2
S A S — — e
A — 1 24.485 BB 0.8435 2958.71509 51.T1067 94.5972
2 2 u 5 B D a2 H % B i 2 33.278 BB 0.9207 168.98447 2.16948  5.4028
Chiral HPLC spectrum of racemic 6na
_DAD]A,S|g2254,4Refzoﬂ(E:\DATA-J«\‘PZ-[JE&LC2[]20%-27[]8-2463-3«\‘P2853A.D) Me CN O
100 ¢ 8 Ph
1 |
80 Il rac-6na
1 |
604 I
] Il Peak RetTime Type Width Area Height Area
404 |l ¢ [min) [min] mAU  *s  [mAU ] %
e [l (| el e | ====|=====m= | ======m=== | === === |
04 L “ 1 19.156 BB 0.4246 3407.54053 124.76900 50.0613
—— ——— ——— - Cane .
0 2 0 0 % w| 2 21.451 BB 0.4820 3399.19043 109.54051 49. 9387
Chiral HPLC spectrum of 6na
DAD! A, Sig=254 4 Ref=off (E\DATAWPZIDEF_LC 2020-08-30 10-07-30WPZ8588.0) Me CN O
mAl ] H
] ~
203 @) Ph
16 ' 6na
104 Peak RetTime Type Width Area Height Area
] % # [min] [min] mAU *s [mAU 1 %
5] ] el e | ====|======= | ======—=- | =====——-m= === I
] \ N
03 N e — 1 18.793 BB 0.4153 643.68085 23.96768 93. 8364
15..“”5‘.‘ 'HH1‘3” ‘1'9“”2'0' ..51‘..‘:!2.‘”23‘.‘.2|4H..Mi 5 91 088 BB 0.4229 42 27982 132984 6. 1636
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Chiral HPLC spectrum of racemic 6oa

DAD1 A, Sig=254 4 Ref=off £ DATAWFZIEF LG 2020-08-28 14-134TWWPTB41BD) Br CN O
nll 2 ]
%3 ) R
04 A § Ph
5 | rac-6oa
03 ,
15 Peak RetTime Type Width Area Height Area
103 4 [min] [min] mAU *s5 [mAU ] %
e R R B [ ===mmmmmm | === | ===
5_
0 : ' ‘ 1 19.660 BB 0.4297 1054.87537  38.02231 50.0220
It ‘ 1 ' 2 % 5 0 0 % ol 2 23.795 BB 0.5334 1053.94666  30.78683 49,9780
Chiral HPLC spectrum of 60a
UAUT A, 510=£54,4 HET=OM (EUATAWVELIUER_LU 202801 TH-43-40WHL884.U) B r C N O
K
" A
F [a) Ph
04 /)
504 I‘w' “.‘ 60a
o [
104 [
| \ Peak RetTime Type Width Area Height Area
204 { \ 2 # [min] [min] mAU  *s [mAU ) 3
104 / o === | === === | === | === | === ]
/ - o
] )~ i
% — B ————— 1 19.698 BB 0.4331 2454,32349  88.07878 94. 9377
] it ) ” % ] Wl 2 23880 BB 0.5214 130.86972  3.45935 5. 0623
Chiral HPLC spectrum of racemic 6pa
LAUT A, 510=204.4 Rel=0M (EUATAILFLER LU J020-U/-31 U-Z4-40WHLT T8.LU) CN O
Al ® 3
(1]
8004 g g Ph
510 I
. I MeO rac-6pa
| |
004 ‘l \ [ ] _
| ‘ \‘ Peak RetTime Type '.-.‘1c"lth Area Hf:wqh‘; Area
2004 ‘ | || # [min] [min] mAU *s [mAU 1 %
| | B B e | =====m==== | === |========
04— : — — \ — 1 34.987 BB 0.8766 3.97663e4  704.41791 49,9275
i n n . " 2 39.886 BB 0.9974 3.98817ed 62258167 50. 0725

Chiral HPLC spectrum of 6pa

DAL B, Sig=2204 Ref=0t (DA I AUBLIGDI33-C 2U20-08-049 14-1-38IWRZ814.0)

U]

-

CN O
Xy
MeO 6pa

100 5|

20 Fod

603 |

4[]_: ,I Peak RetTime Type
] | g # [min]

20 o

1 Vi o

M e 1 e
3 b) U % k 4 2 T 2 39.396 BB

Width

[min] mAU *s5

0. 8407 6305.37646 1
0.7620 417.73740

15.90758 93. 7865
6.62172  6.2135
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Chiral HPLC spectrum of racemic 6ga

LAUTA, S1g=24 4 Ret=oit (£ \aataiWr£IUER LU 20200807 UG-19-TUWVFLIBZL)
mAl o CN O
lLe [ ¢ Ph
E | \ A <
50 I\ @) rac-6qa
40
304 | A Peak RetTime Type Width Area Height Area
303 | \ $#  [min] [min] mAU *s  [mAU ] 3
| | \ - |- R | =mmmmmm - | ==mmmmmm o |mmm e I
109 / \ | \
4/ \«_,_ ./ \__'_ 1 43.053 BB 1.5551 8994.69434  84.55399 50. 0039
T - L T L I L R T 2 56.326 BB 1.9827 8993.29883  62.05772 49.9961
B 4 4 5 5% 60 g5 n
Chiral HPLC spectrum of 6ga
DADT A, Sig=254 4 Ret=oft (£/\dataWHAUER_LC 2020-08-08 21-5243WH£815.0)
E [ CN O

E /m\ &b

E o
5 ¥ 0] 6qga
4 o
1 s

E 0 é‘ \\ Peak RetTime Type Width Area Height Area

] 9 & #  [min] [min] mAU  *s  [mAU | 3
2‘5 “‘-& \ el e e e R [ e I
] ¥ , \_
I S = | 1 45.205 MM 1.6888  82.38841 8.13105e-1  7.2982
B I e B B B B 92 58.7%95 MM 92.3142 1046. 50452 7.53673 92. 7018
M 475 4 475 A0 54 5 TR i 74 mir

Chiral HPLC spectrum of racemic 6ra

DAD18B, Sig=2%4 4 Refoff (E'\datalWPZ\DEF LC 2020-08-19 09-52-46WPZ841C.0)

B2
18

CN O
K] g -
404 - P
: 2 ! = Ph
%3 N H \
T ‘ \ rac-6ra
253 .
yE! ‘ .
15_: | \ Peak RetTime Type Width Area Height Area
q | \ 4 [min] [min] mAU *s [mAU ] %
{E | fA - |- |-——=| === [ |mmm e |
¢ )
[ . - - S— 1 20.012 BB 0.6618 1922, 83557  42.50033 49.92
10‘ — ‘12|5l - .1|5‘ — .17‘5 — Iz‘[h‘ — 22‘5‘ — .2|5‘ : .2}-5‘ — ‘3‘0. — ‘32‘.5‘ — ‘mm 9 96.821 BB 0.8816 1998. 36670  3L. 26552 50.07
Chiral HPLC spectrum of 6ra
UAUT B, DiJ=204 3 KE=0M (EMQa@WLWER_LL AUZU-US-24 US-Ub-21 WDZHoU.U) C N O
Al p!
m 2 X Ph
10 M \ s
] \ 6ra
) |
Peak RetTime Type Width Area Height Area
4 ﬁ #  [min] [min] mAU  *s  [mAU ] %
\ ! - |- |-——=| === [ |mmm e |
20 o
o
0 S L \- . e e E _ _ - - - - _
T IIB T 1\3 T 2IU T 2I2 T 2\4 T 2I6 T 2\8 T 'mi’ 1 19.654 BB 0.6653 5748.60742 127.17993 95.2910
2 26.258 BB 0.7263 284.08176 4.82922  4.7090
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Chiral HPLC spectrum of racemic 6sa

UADTH, 510=220 4 Ret=oft (Elaaia\WrADER_LU 2020-08-02 11-01-42WPLI8Y-LD)

CN O
mAU 3 A
1754 g Ph
154 N ’
1254 TsN rac-6sa
104 /
754
Peak RetTime Type Width Area Height Area
E ¢ [min) [min] mAU  *s  [mAU ] %
254 . el R e | ===—mmm—e | ===mmmmm | === I
09, - _ _ T _ _ . - "*:.______‘
28— I A F A ) T . . 1 47.893 BB 1.7839 3211.95337  21.19602 49. 8544
’ ’ ' 2 54,143 MM 2.7733 3230.71460  19.41527 50. 1456
Chiral HPLC spectrum of 6sa
UAUTA, 510=204 4 Kefort (EdatalWHLUER_LU 2UAM-I8-18 144801832 L) C N O
nAl
A
1 [\ Ph
)] \ |
\ TsN 6sa
B \
i \
\ Peak RetTime Type Width Area Height Area
40 \ B # [min] [min] mAU *s [mAU ] %
H el R e | ===mmmmmmm | ===mmmmmee l==mmmeee
1 AN :
37—/ e 1 47.296 BB 2.4347 2.22691e4  137.99545 96.6207
4\0" 45"'\ “4|6"'|"‘|"'5\2 "5‘3 2 54.957 BB 1.9206 778.85175  5.02409 3.3793
mir
Chiral HPLC spectrum of racemic 6ta
UALIT A, 510=234 4 RET=0T (E0TINELUER L V-0 D21 Lo3A-L L) CN O
il a e
124 .‘%* ﬁ Ph
il g
i A : ]
I [
LR {1\ !-“ \
| |‘ | A
i | : \ o Me rac-6ta
| |
4 | \ f
| \ / Peak RetTime Type Width Area Height Area
2_ | \ / # [min] [min] mAU *s [mAU 1 %
el e | ====|=====m= | ======m=== | =====——-m= | ===
04 -"’/ = = T
L e L B e e R 1 27.853 BB 1.2738 1428.58423  13.33506 49.5366
n b3 bl % an I3 i 2 36.120 BB 1.6247 1455.31396 10.51474 50. 4634
Chiral HPLC spectrum of 6ta
CN O
DAD! C, Sig=210.4 Ref=of (E\dataXWDEF LG 2020-03.06 13-04-35WWPZ8G54.)
1 o Ph
mu{ ’/g\\ GO
] S
124 [ &
107 \
B
BE \ (0] Me 6ta
4] \ 2
93 / \ g Peak RetTime Type Width Area Height Area
1 / L # [min) [min] mAU *s5 [mAU 1 %
01—t — e e B R | =========- |====—==-— |======== ]
——— —_—
% % kil 2 4 % 3 min - _
1 27.800 BB  1.3182 1565.38306 15.09093 92. 9140
2 36.180 BB 1.3837 119.38286  1.01541 7.0860
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Chiral HPLC spectrum of racemic 6ua
EtO,C
UAU]H‘S\QZHUAHetjﬁII::‘.I.JAIA‘.WP.'Z‘-I.JH-_LEZUEU-UH-UblbUU-UE‘-\ZHBE—!C-‘ ] / S CN O
mAll i N Me _
100 8 3 N Ph
a0 | O/\(
s [\ \ rac-6ua
4 [
N \ / Peak RetTime Type Width Area Height Ares
Ll | \ ! \\ cz E['J'rj.rx]L ee [min] mAU (V's [mA:LJq] (-“;d
1 / — I _/ — . o il et e | ===mmmmmm | == |======== |
— T T T T T I T I — T
8 a 2 A % B m I 20.058 BB 0.5755 4624.28174 118.96624 50. 107p
2 24174 BB 0.7065 4604.43555  96.52800 49. 8925
Chiral HPLC spectrum of 6ua
EtO,C
DAD! B, Sig=220 4 Ref=of (EADATALIXIQBLGS 2020-11-28 1340-35WP TBGAC-1126.)
o R / S CN O
3 /8 Me _
- N Ph
104 /
é ‘ 6ua
44 - b%‘ | \
4 2 -\‘\:‘ ."I \'-\
4 %® 7 Peak RetTime Type Width Area Height Area
e / AN L L R S
4~ o~ _—
-—
0 ” n n " % % i 1 20.791 MM 0.5677  68.85000  2.02138  9.0588
2 25.088 BB 0.6428 691.18433  16. 36437 90. 9412
Chiral HPLC spectrum of racemic 6va
DAD1 A, Sig=284 4 Ref=off (E\dafalWWPZDEF_LC 2020-09-07 09-50-55\wpz864b.0) C N O
mAU 3 2 o MeO O
3 @
159 I § Ph
EE [ n
253 BocHN
3 rac-6va
153
13 \ |
053 \ / Peak RetTime Type Width Area Height Area
0;_7_____74___hg_j_7"_____‘/‘ \‘14"; e # [min] [min] mAU *s [mAU 1 %
- - - - e e Rl B e | ===mmmmmmm | === | === I
15 H! 5 2‘0 22;,5 2‘5 I | ) ; 37‘ 5 min
1 24,969 BB 0.6126 481.90442  9.45481 49.9730
2 29.081 BB 0.8345 482.42493  6.92709 50.0270
Chiral HPLC spectrum of 6va
CN O
DAD1 A, Sig=254 4 Ref=off (E-\datalWPZ\DEF_LC 2020-08-07 09-50-55wpz865b.D) . M e O :/[C)/O)\)J\
AU A Ph
PN
83 g N\
éi : BocHN
54 / 6va
4 0 \“\
34 /
74 E ,‘; \\ Peak RetTime Type Width Area Haﬂqht Area
] / # (h] i * L %
g A Y, N b mim) O (min) mAU te  fmAU ] % |
.S —
2 % i 7 i 3 D o 1 24776 BB 0.6557 50.44384 9.46587e-1  7.2698
2 28.418 BB 1.0803 643.43494  8.78749 92.7302

5144



Chiral HPLC spectrum of racemic 6bb
. . ! CN O
UAUTA, 5K1=254 4 Rer=ot (E\UATAWFADER LU ZUZU-U8-U6 UB-11-92WHLIYI-1.0)
mAl 2
s _ Ph
0 [9) % /
[ @\’k / Me
50 | | rac-6bb
100 /
"\.\ :-' Peak RetTime Type Width Area Height Area
50 J \ _=‘" # [min) [min] mAU *s [mAU 1 %
) NN e o
n 4 s s n % B om 1 45.418 MM 0.8923 1.25331ed  234. 09033 49. 7377
2 48.210 MM 0.9551 1.26653e4  221.00250 50. 2623
Chiral HPLC spectrum of 6bb
LUALIT A, Sig=204 4 Het=git [ECUATAWRALEF LU 2LAHIE-18 Ui-hi-U3WFZd30.0) CN O
mAll ]
9\ Ph
[a)
0] [ ¥
[ Me
1504 | \ 6bb
i A\
I \
104 /
’-" % Peak RetTime Type Width Area Height Area
A4 f, # [min] [min] mAU *s [mAU ] %
/ 3 e | mmmm [ mmmmmmm | mmmmmmmmmm | =mmmmmmm e [=mmmmmmm |
‘nl T T I".|1 T 1T Id|1 T T 17T ‘.|l L J!J T 1T I‘.‘ﬂ T T T I1|R L ‘|T T T 17T “n'l T 171 ‘|u T T T :“.. l J15. 750 BB 0. 8361 l. 361630'1 252l l1067 91. 55‘13
2 48.827 BB 0.9078 1256.07886  20.24701 8. 4457
Chiral HPLC spectrum of racemic 6bc
CN O
UALTA, 5ig=£54 4 Re=0iT (EWAIAWEADER_LU 2U20-08-07 UB-35-T2WHL 198 L))
mAuE & E Ph
Nk H 8
] | f OMe
M ‘- rac-6bc
203 [
mE ' i Peak RetTime Type Width Area He1qht Area
q | # [min] [min] mAU *s [mAU ] %
- \ il et e | ======m=== | === |========
Di — Il Lt N ;
-
18 1 o z u B ¥ e 1 21.935 BB 0.4394 1367.86023  48.14893 50.0042
2 28276 BB 0.5777 1367.63220  36.61932 49.9958
Chiral HPLC spectrum of 6bc
UAUT A, 510=204 4 RET=0T (EUATAWGUER_LU 2UZ0-08-18 L2-Uo-UTWHZ830.U) C N O
Al
B Ph
1204 !3‘.
1004 ‘; \I OMe
wy || 6bc
|
ER
[ N
404 [ \ 0 Peak RetTime Type Width Area Height Area
| \ @ " [min) [min] mAU  *s [mau ] 3
L /* \ ki et B | === | —=—— R |——=mmmmm - I
0= —r T ——
?n L ‘ L | T T 1T ‘ T T 1T ‘ T T 1T ?‘F‘ L 7|ﬁ T T T I')| T T 17T 7‘3 T T 17T 7‘ T 1T :n" l 20. 829 BB 0. 11029 3583. 1’1917 138. 9’1525 92- 9221
2 25.837 BB 0.4722 272.92938  8.74192  7.0779
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Chiral HPLC spectrum of racemic 6bd

o CN O
mAU+ ]
]
| Ph
800 ‘%.‘ N
| pt ¢
6[][]—: | - Bu
| ~ rac-6bd
aql | [\
|
| \ \ Peak RetTime Type Width Area Height Area
0 \ \ # [min] [min] mAU  *s mau ] %
. il et e | ===mmmmmm | == |========
R AN SR
"4'0“"4'5" """5‘5' “E‘n""%""gn"' 7‘5“"w 1 37.863 VB 1.2633 8.02013e4  996.12976 50. 1394
2 71.332 BB 2.2113 7.97555e4  515.98645 49. 8606
Chiral HPLC spectrum of 6bd
LAUT A, 510=254.4 RET=0T (EAUATAWEZUER_LU ZU2U-U8-20 21-3U-UAWEZE21.U) C N O
mAl b
] Ph
jz | Bu
| 6bd
15
‘I
\
104 |‘I 6 Peak RetTime Type Width Area Height Area
5 | \‘ % # [min] [min] mAU *s [mAU | %
| I e R e | ===mmmmmmm | ==mmmmmmee I===mme=
S . — - S
A L 38.366 BB 0.5G42 1962, 63955 3180255 94,2643
2 72,491 BB 1.7110  76.21436 6.11105¢-1 5. 7358
Chiral HPLC spectrum of racemic 6be
DAL A, Sig=254 4 Ref=olf (- dataWRADEF LG 2020-08-405 UB-15-5WEZ 96 CN O
1 ~ o
mAU_— a ﬁ Ph
1 Jin} ]
1 o )
84 [ N F
1 . rac-6be
6 |\
4] \ \ Peak RetTime Type Width Area Height Area
1 / \ \\ #  [min] [min] mAU *s  [mAU ] %
] \ il R | ====|=====m= | ======m=== | =====——-m= | ===
\
24 \ |
] \ / \
U_aﬁ__b/ — R — 1 25.917 BB 0.8556 630.00488  10.35826 50.1229
— — — : — — 2 233.282 BB 0.9896 626.91638  8.13066 49.8771
U i i) ki 2 Y % i
Chiral HPLC spectrum of 6be
DAUT A, Sig=204 4 Ref=oft (E-\datalYGIUEF_LC 2020-08-1/ 11-16-23WP838.0) CN O
0
s A Ph
163 3
143 [
12 ' F
104 [ 6be
84 | \\
Lk 8 \\\ Peak RetTime Type Width Area Height Area
43 E \ ¥ [min] [min] mAU *s [mAU | 3
E il Bt e | ====mmmmm- | === |====mm==
w A ) N
T m w h T T T s T T T T 1 260696 BB 0.7875 70.29843 112113 4.5864
2 34.325 BB 1.1740 1462.46875 18.11232 95.4136
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Chiral HPLC spectrum of racemic 6bf
UAUT A, SIg=254,4 Kel=0T (E1datay GUEF_LU 2U2U-UB-U4 Ud-Z3-03WHLIYo.D) C N O
nAU] ] 2
100 8\ E Ph
g0 fA N
] \ I\ Cl
LE rac-6bf
40 \ \
20? / \ J \‘\ Peak RetTime Type Width Area Height Area
04 I T - . _ L - @@ 4 [min] [min] mAU *s [mAU ] %
A 0 D R R A S T T T I
1 25.128 BB 0.8880 6992.50146 116.20441 50. 0880
2 33.299 BB 1.1684 6967.93701  87.37325 49.9120
Chiral HPLC spectrum of 6bf
CN O
UAUT A, 510=254,4 KeT=0M (WA@Y GIDER_LL AUA-08-17 11-10-Z3W HL834.0)
mAU_ E‘ Ph
=
| \ Cl
204 “I \.\ 6bf
154 | \
i
10 g |
o ‘J Peak RetTime Type Width Area Height Area
54 © / 4 [min] [min] mAU *s5 [mAU ] %
) iy B e ] B | =mmmmmmm R I
i T ‘ —
L e L s R
? 75 % 7 A Ve * oo 1 26,449 BB 0.7992 129.06351  2.05922  4.6288
2 35.447 BB 1. 2363 2659.21094  31.64689 95.3712
Chiral HPLC spectrum of racemic 6bg
CN O
DADI A, Sig=254 4 Ref=off (E:datalYGIDEF LC 2020-08-04 08-23-53WF Z784)
AU g § Ph
100 &l 8
80 [ N Br
i ‘ \ rac-6bg
40 ;
\ Peak RetTime Type Width Area Height Area
204 / A\ 4 [min] (min) mAU  *s  [mAU ] %
) \_ / \\‘ B B e |====mmmmm= |===mmm——- |========
K y, .
il 5 5 a5 El 35 % 35 4 425 mil 1 28.140 BB 1.0110 8199.75684 120.94640 50. 0097
2 36.698 BB 1.3053 8196.56738  92.36240 49.9903
Chiral HPLC spectrum of 6bg
CN O
DA A, S10=254 4 Ret=0r (E-GaalY GIDER LG 2020061/ 11-16-23W P 2833 )
nAld by Ph
04 f/‘;.
754 [ r
154 | 6bg
1253 |
104 |
- | Peak RetTime Type Width Area Height Area
154 u / ¥ [min] [min) mAU *s  [mAU ) %
54 p / B B e |====mmmmm= |===mmm——- |======== |
o
254 P /
I — Ty ——— : 1 29.521 BB 0.8550 161.99908  2.26341 7.2964
% T % T q‘n 5 % ‘ % T " ‘ a'n w 2 38.764 BB 1.3497 2058.25244 22, 11783 92.7036
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Chiral HPLC spectrum of racemic 6bh

CN O F
DADTA, Sig=254 4 Ref=oft [EDATAYGIDEF_LC 2020-08-06 18-43-40WHZ804 D)
PTIE 8 8 Ph
14 i %
] n
0 I rac-6bh
LR I I
63 I | Peak RetTime Type Width Area Height Area
4+ | | ¢ [min) [min] mAU  *s  [mAU ] %
23 I el e e | ====mmmm== === |========
ol _ A, :
0 & o = 0 I i 1 21.153 BB 0.4208 444.58609  16.26992 50.0109
2 23,552 BB 0.4765 444,39249  14. 46220 49. 9891
Chiral HPLC spectrum of 6bh
DAD B, $i0=220 4 Ref=aff (EDATAWRZIDEF_LC 2020-08-24 1705-050PZ852.) CN O F
1Al a
4 I Ph
[ei
[
0 IQ '\ 6bh
|
1] [
‘I I\‘ Peak RetTime Type Width Area Height Area
104 g [ ¢ [min) [min] mAU *s  [mAU ] %
° [ il B e e | ====mmmmm | === mm |====m== ]
o / \
04— — VAN
— —— — 1/. T — 1 21.042 BB 0.3871  78.52249  2.92634 5.1136
1 18 il 2 U b » e 2 23.412 BB 0.4821 1457. 03589  46.68394 94. 8864
Chiral HPLC spectrum of racemic 6bi
DAL A, $ig=220 4 Ref=oft |- daiaWPZDER LC 20200848 14-2-J8WWRZB00.) CN O
Al ] b Me
8 3 Ph
60 m! N
[ A
504 F [\
403 _ rac-6bi
an_ \ .\.
/ Ay Peak RetTime Type Width Area Height Area
201 | \ { Y\ # [min] [min] mAU  *s [mau ] %
A / A el R e | ===—mmm—e | ===mmmmm | === |
W/ N N | 3
R R 1 23.048 BB 0.7767 3176.02441  59.89371 49.5240
2 27.441 BB 0.9427 3237.08203  49.64606 50. 4760
Chiral HPLC spectrum of 6bi
UAU1 A, Sig=220 4 Ret=oft {E\datal\YGIDEF_LC 2020-08-17 11-16-23\WHZ840.0) CN O
mAU 2
8 Me
1753 <l Ph
‘wN\
163 I .
1253 [\ 6bi
109 [\
154 |“ \\ Peak RetTime Type Width Area Height Area
5 .“ P; # [min] [min] mAU *s5 [mAU 1 %
/ 0 i B | ====|======= | ======—=- | === mm e | ===
253 / ‘ &
0 ————— e e —— 1 24.403 BB 0.8234 1131.67456  20. 26764 94.4204
7 i Vi v il P i 2 29.679 BB 0.8582  66.87450 9.30812e-1  5.5796
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Chiral HPLC spectrum of racemic 6bj

CN O
UAUT A, 510=£24 3 RET=0M (E1UA TABLIWER LU 2U2U-U8-U8 18-31-UntWpZsuu.U) Cl
o T
w B : Ph)\)\@(
el A
250 Il
my rac-6bj
150 |
100 \
\ Peak RetTime Type Width Area Height Area
504 | \ \ # [min] [min] mAU *s [mAU 1 %
/ \ e R | ====|======= | ==mmm e | === | ===
P N N I
- -
0 2 u B . i 1 19.862 BB 0.4470 9348.61816 325.60077 49. 8397
2 22,814 BB 0.5267 9408.73828 275.31244 50.1603
Chiral HPLC spectrum of 6bj
CN O
DAD1 A, Sig=254 4 Ref=off (E\DATAWPZ\DEF_LC 2020-08-18 15-31-411005-P1-C2-WPZ837 D) cl
mAllS b Ph
/e
007 [ .
[ 6bj
04 | \.\
20 ‘u‘ ! Peak RetTime Type Width Area Height Area
7 | # [min] [min] mAU *s [mAU 1 3
b [ i B | === -—————- R [ 1-——--——=
1004 ¢ /
- e o / - . 1 20.054 BB 0.4359 856.19867  30.65477  4.7437
T . L s e LA e 2 22,867 BB 0.5461 1.71928e4  484.38821 95.2563
19 bl ] 2 il % i
Chiral HPLC spectrum of racemic 6bk
CN O
DAD! A, Sig=254 4 Ref=of (EDATAIGIDEF LC 20200806 184340WPT8030) Br
UE B o Ph
353 [ <
] @ 0
KiE I A
% [ A rac-6bk
ik .
153 | \ Peak RetTime Type Width Area Height Area
105 [ \ \ # [min] [min] mAU *s [mAU ] %
E | \ \ e B e R [ ===mmmmmm | === |=mmmmmem
53 ;-‘ ".\ ! \\

AN SR — S — — 1 29.157 BB 0.6353 1567.01404 37.82694 49.9372
” a3 R . 2 35412 BB 0.7888 1570.95300  30.10307 50. 0628
Chiral HPLC spectrum of 6bk

CN O
DAD! B, Sig=220.4 Ref=off(E\DATAWWPZIDEF LC 2020-08-18 15-3141WPZE38.) Br
AU n
m A Ph
2004 18\
[\ 6bk
150 [
[
1004 | \ Peak RetTime Type Width Area Height Area
|“ \ # [min] [min] mAU *s5 [mAU ] %
2 | \ B B e |====mmmmm= |===mmm——- |========
A0 @ / \
o
0__‘__,ﬁ_q_ L/ ) 1 28.939 BB 0.5739 488.93558 12.85030  3.8531
: . : — : — ‘ 2 34,825 BB 0.7995 1.22003e4  234.31572 96. 1469
2 kil 1 U % 1 i
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Chiral HPLC spectrum of racemic 6bl

CN O
UAUT B, $I=254 & HEFO (£0aIBWVFZUEF LU AUZHIY-U3 14-34-USWEZETZL)
mAU H 3 Ph =
: 8 : /
o\ M (@)
103 [ | (] rac-6bl
B I |
6] \ | Peak RetTime Type Width Area Height Area
\ i # [min] [min] mAU *s [mAU ] %
4 \ | ] Rt | ====|=====m= | ======m=== | === |======== |
2 .'\\ | \
N )N . 1 15.933 BB 0.5567 487.38211 12.73058 49.9013
L L L ) I Ly R 2 17.954 BB 0.6042 489.31027 11.64459 50. 0987
10 12 14 16 18 20 n 2 i
Chiral HPLC spectrum of 6bl
CN O
DAUT B, 5107254 4 Ret=ol (E\0a@IWRADEF LU 2020409-23 16-46-30WEZ8F5)
mAU 3 o Ph =
?
3 f3\ & /
23 [ | 0]
204 / & 6b
154 @\” /
104 - fé\ ," Peak RetTime Type Width Area Height Area
3 A / ¥ [min] [min] mAU  *s [mau ] 3
54 g /f ] B | ====] ===~ R R 1-——————= \
14— e - e
A 1 16,641 MM 0.7628  97.20747  2.12378  5.4686
2 18.683 MM 0. 8561 1680. 35864 32.71356 94.5314

Chiral HPLC spectrum of

racemic 6am

UAUT A, SIJ=204 & KET=0T (EWA TAWFLWER_LL ZUZU-UY-1U T0-18-00WVHL-544.U)

CN O
mAU ﬁ
3; .‘:é.! Me
1 [ rac-6am
5
4; m Peak RetTime Type Width Area HLtht Area
] - ¥ [min] [min] mAU *s [mAU 1 %
s / 4 el | ====|======= | ======—=- | =====——-m= |======== \
. . Y N T S
n o 5 " PR N R A 1 25.324 BB 0.5007 690.34271 21.15656 49.9909
2 28.225 BB 0.5524 690.59387  18.54740 50.0091
Chiral HPLC spectrum of 6am
UADT A, 51g=254 4 Ref=oft (EJDATAWPADER_LC 2020-09-10 16-18-56WPZ-344.0) C N O
mAU 3
o] Me
] [ 6am
63
4{ " Peak RetTime Type Width Area Height Area
1 - # [min] [min] mAU *s5 [maU 1 %
24 / \ o el | ====|======= | ======—=- | =====——-m= |======== \
] / .‘\ /1\
S N _ -
- 1 25.138 BB 0.4898 320.46442  9.89632 92.7039
7 % % 7 7 g ml 2 28113 BB 0.4473  25.22163 6.75990e-1 7. 2961
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Chiral HPLC spectrum of racemic 6an

CN O
UAUT A, 510=£20.4 Ker=0T (E\JaRWWHFAUEF LU AUZ0-08-3U Z0-48-28WWHLBTUB.L) M e
mAU 2
4y ‘ﬁ‘l‘ OO
1200 1% rac-6an
1000 [
8004 f k Peak RetTime Type Width Area Height Area
600 [ ¢ [min) [min] mAU *s  [mAU ] %
wd | el |==mm | mmm e | —mmmm e |=mmmm - [ I
m] J \
0——| — — — - : . : 1 32,183 BB 0. 6492 6.54987e4 1574. 90320 49, 1585
% R n » u * B m| 2 37.023 BB 0.9064 6.7741led 1178.94141 50.8415
Chiral HPLC spectrum of 6an
DAUT A, SIg=22 4 Ket=oit (E-\datalWHAUEF_LU 2U20-U8-31 US-Us-1UNW 8458 1) CN O
AU Me
0 6an
40
] =} \ Peak RetTime Type Width Area Height Area
2] 8 \ ¢ [min] [min] mAU *s  [mAU ] 3
] o B e e B e | —mmmmm e [ |mmmmm e I
DE - n_\"- S _,-—-A,—/; _\~— _
X " 3|3 " 3‘4 ' 3‘5 % T T " = T 3‘9 T ‘mm 1 32.270 BB 0. 6387 337.51010 7.65032  6.3759
2 37.403 BB 0.8016 4956. 05273  95. 16989 93. 6241

Chiral HPLC spectrum of racemic 6ao

DAUT A, Sig=24 4 Rei=oft (EWAIAWPADER_LC 2020-08-14 08-16-26WPZ8106 D)

CN O
mAU ] ﬂ 8 Me
120 g ; 2
1004 i I
0 | ' rac-6ao
Ok I
403 Peak RetTime Type Width Area Height Area
1 # [min] [min] mAU *s [mAU 1 %
04 i B | ===~ ======= | ======-——= | =======-m= |======== I
03 - —_— . — T
& R A A x 75 o = | 1 17921 BB 0.3769 322517285 132.99915 50.0148
2 19.825 BB 0. 4263 3223. 26245 117.40053 49,9852

Chiral HPLC spectrum of 6ao

. . . ) CN O
DAUT A, 51=254 & Ket=ott (£ WA AIJZUZUUEZAUBLYSS 2U20-U8-Z2 15-46-53Wpz846 L)
E g Me
ENE K 2
%0 [
07 ‘ 6ao
1504
. Peak RetTime Type Width Area Height Area
1003 2 # [min) [min] mAU *s [mAU 1 %
50 a i EEEE |--==]-—m-——- R e e I
P AN R
Ly L R L B I 1 17.916 BB 0. 3847 8753. 75879 351.34348 93. 1458
17 14 1R 18 mn 7 b/ mir
2 19.987 BB 0.4490 644. 15625  22.04073 6. 8542
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Chiral HPLC spectrum of racemic 6ap

CN O
DADT A, Sig=204 4 Rei=oft (£ datalWFADER_LC 2020-08-14 U8-34-34WFZ8100.0)
mAU] g o Me
[\ @ 3
0 |8 A
150 | | rac-6ap
1004
i\ Peak RetTime Type Width Area Height Area
E \ ‘\‘ # [min] [min] mAU *s [mAU 1 %
\ \ il et e | ===mmmmmm | == |========
0 ey AN
A A A A 5 A A - 1 20.196 BE  0.7592 1.26158e4  247.27063 49. 9361
2 22.833 BB 0.8394 1.26481e4  221.09612 50.0639
Chiral HPLC spectrum of 6ap
CN O
DAD1 B, Sig=220 4 Ref=off (E\dataWPZ\DEF_LC 2020-08-27 22-31-34WPZ847 D) Me
mAU ] § lllii] 3
5
80 [ 6ap
60
40 Peak RetTime Type Width Area Height Area
\ # [min] [min] mAU *s [mAU | %
0] \ 5 ————lm————— e | ==mmmmmmem | ==mmmmmmee I===mme= \
\ q
I AR, S - — 1 21.053 BB 0.7282 5450. 28271 111.13112 94.9564
e e 2 23.674 BB 0.7069 289.49121  5.26983 5.0436
Chiral HPLC spectrum of racemic 7aa
DAD' A, $ig=2544 Ref=of (E\DATAIVGIDEF LC 2019-12:24 20-24-551PZ 696C D) CN
mAl 2 2
] foh S0
354 /3 24 CN
H
253 rac-Taa
q
154 Peak RetTime Type Width Area Height Area
3 4 [min] [min] mAU *s [mAU ] %
14 ) e B [ === mmmmmmm [=mmmmmmmmm |=mmmmmm e
054 / /
1 A S~ g
0% - *\—"’——|7 - 1 14.809 BV 0.2691 4088.08887 237.18434 49.8731
———— ——— — e oA i
1 1425 145 14T 1 1525 155 1575 n 2 15.560 VB 0.2750 4108.89160 231.59380 50.1269
Chiral HPLC spectrum of 7aa
DAD1 C, Sig=2104 Ref=off (EDATAIZQLIDEF LC 2018-12-30 20-35-241YG 3054D) CN
mAl S B,
002 3
] I CN
£00-
500+ 7aa
4003
3[}0% Peak RetTime Type Width Area Height Area
] o ; . : : :
E 3 B N . Y . R
1004 \ 2
[E ‘ — B —— 1 14.495 BV R 0.2703 1.35065¢4  778.42566 94.0782
w5 BB W s U5 wm 5 s ms | 2 15.142 VVE 0.2718 850.18256  48.65966  5.9218
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Chiral HPLC spectrum of racemic 7ba

DAD1C, Sig=2104 Ref=off (E:\DATAWPZIDEF _LC 2018-12-19 08-21-15hpz6950.0)
mAl J f% . /J%\
fsh [
- o &
300
04
04 A\
D / ™ ‘\;_1_// \\\I_, B
— — = — —
: S —
B k] Y B ¥ 4 ‘

CN
/©)\A/\CN
rac-Tha
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== === |====|======= | === | =====————= | ======== |
1 37.182 BV 0.7283 2.51487e4  523.65747 50.0170

2 39.266 VB 0.7525 2.51316e4  515.71075 49.9830

Chiral HPLC spectrum of 7ba

DAD1 B, Sig=2204 Ref=off (E\DATA\YGIDEF _LC 2019-12-19 21-58-18\gy-292b.D)

mAU 3

150
1254
100
754
504
254

B

39.314

Ny N

—T

35 40 405

CN

Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *s [mAU ] %
=== === e | === | === | === |
1 37.379 BB 0.4891 647.44360 16.10316  7.2545
2 39.314 BB 0.6953 8277.28027 182.43152 92.7455

Chiral HPLC spectrum o

f racemic 7ca

DAD1 C, Sig=2104 Ref=0ff £ datalY GDEF LC 20200102 08-26-09WIPZ 695 D) CN
P 2. ]
] T ~
] . 2 CN
40 - N
] t rac-7ca
0 Bu
2(][]% Peak RetTime Type Width Area Height Area
] N 4 [min] [min] mAU *s [mAU ] %
0 . il Rt e |====mm = |===mmm——- |======== |
1 \ S
= — T 1 14.420 VV R 0.6167 2.2956le4  520.74652 50.5506
T & i o 6 T 2 16.786 VB 0.7893 2.24560e4  430.00790 49.4494
min
Chiral HPLC spectrum of 7ca
DAD1 C, Sig=210 4 Ref=off [ datalYGIDEF C 2020-01-02 08-26-09\YG 3058.0) CN
AU Es
04 an
] ki CN
0w
204 tBu 7ca
m:
150‘ Peak RetTime Type Width Area Height Area
mE \ 2 4 [min] [min] mAU *s  [mAU ) 3
] v i Bt el |====mmmm | === | === |
504 AN a
03— e — e 1 14.533 BB 0.6144 1.63003e4  391.00357 91.5522
s 1‘5 e 1 g 2 17.198 BB 0.6904 1504.08850 29.32280  8.4478
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Chiral HPLC spectrum of racemic 7da

DAD1B, Sig=220 4 Ref=off (E\DATAWPZIDEF LC 2019-12-18 08-07-0Blup26%5¢2.0)

21 .a?s

23:§12

CN
/©)\/\/\CN
Br rac-7da

Peak RetTime Type Width Area Height
# [min] [min] mAU *s [mAaU ] %
=== === e | === | === | === |

1 21.828 VB R 0.5416 5.40845¢4
2 23.912 BB 0.5755 5.23327e4

1503. 25867  50. 8230
1428. 33740 49.1770

Chiral HPLC spectrum of 7da

DAD1 G, Sig=2104 Ref=off (E'\DATAIYGIDEF LC 2019-12-26 19-48-581YG 292C.)
mAU

CN
1]
1 "lg
400—; o CN
30
04 7da
20 Br
04
15[]7 Peak RetTime Type Width Area Height Area
| ~ 4 [min] [min] mAU  *s [mAU | 2
1004 0 il Bt el |====mmmm | ===mmmmmmm | === |
IE N ) N
IE — j/ ———— ."/. — ‘ — 1 21.517 BB 0.4766 889.74597  28.94557  5.6021
205 5 ot 2 %5 e 75 M "5 2 23.515 BBA  0.5303 1.49925¢4  439.20050 94.3979
Chiral HPLC spectrum of racemic 7ea
DAD! B, Sig=220,4 Ref=off (E-DATAIWPZIDEF LC2019-12-18 08:0708pz695d1.0) CN
Al A, 5
[V
U /5 /o CN
6004 /
5004 Cl rac-Tea
44
3004 Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *s [mAU ] %
207 e B [ === mmmmmmm [=mmmmmmmmm |=mmmmmm e |
1004 N .
1= 7 - S ~ 1 14.336 BB 0.3270 1.63739¢4  773.45380 49.6218
L T T P ‘ 2 15.668 BB 0.3657 1.66235e4  708.54803 50.3782
r

Chiral HPLC spectrum of 7ea

DAD1 C, Sig=2104 Ref=off (E\DATAIYGIDEF _LC 2019-12-19 21-58-18\gy-292d D)
mAU
300
200
200
150
100

114,306

15.é1}0

CN
Tea

Cl
Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *s [mAU ] %
=== === e | === | ======———= | ======== |
1 14.306 BB 0.3076 436.17953  21.23687  5.2587
2 15.610 BB 0.3543 7858.19336 344.26422 94.7413
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Chiral HPLC spectrum

of racemic 7fa

DAD1 G, Sig=2104 Refof (E:DATAUYDEF_LC 2020-11-1207-56-04wpzT08c-4.0)
™ ./RZT\\\ /g\\ N
60 N AT
© . ~ . CN
o \ : \ rac-7fa
0l f Fs;C
EE \ AN Peak RetTime Type Width Area Height Area
. N g #  [min] [min] mAU  *s  [mAU ] %
Ly I . | | === === mmmm [ ==mmmmmmmm R |=mmmmmme
P T —
N
& & 58 8 il m 7 7 7 1 67.484 BB 1.1740 4995.87988  50.33239 50.1892
2 T71.166 BB 1.26566 4958.21582  46.21582 49.8108
Chiral HPLC spectrum of 7fa
DAD1 C. Sig=210,4 Ref=0f (EDATAIYGIDEF LC 2020-11-10 14:13:250G 306620) CN
Al A
0 /8 N\ CN
L FsC rac-7fa
807 ‘
4[], . Peak RetTime Type Width Area Height Area
1 \\ ;11 # [min] [min] mAU *s5 [mAU ] %
R N 0 e EEEE e [ I-———m——- [——————- \
] S g
e —————————— I‘f‘jﬁfl"”f — | 1 66.129 BB 1.3183 1.35730e4  122.34863 98.0793
B & & i 5 5 n n S| 2 70.534 BB 0.7531 265.80115  4.15101  1.9207
Chiral HPLC spectrum of racemic 7ga
DAD1 E, Sig=2204 Ref=off (E\DATAIYGIDEF LC 20200t-11 14-05-38WWPZ 7234D)
A < o CN
R N
[y} wn
201 [ - CN
150 .
MeOOC rac-7ga
100
Peak RetTime Type Width Area Height Area
04 4 [min] (min] mAU  *s  [mAU ] %
. P o . 7// \_ . e e R [ e | —mmm o
s B 65 " s w65 %

1 13.704 VB R 0.2874 4695.93945 252.89575 50.0786
2 15.270 BB 0.3182 4681.19385 229.32558 49.9214

Chiral HPLC spectrum of 7ga

DAD1 B, Sig=220 4 Ret=off (E\DATAWPZ\DEF_LC 2020-01-1116-33-081GY-311C.D)

mAU 3
1204

1004
8-
-
NE

13.597

CN
/©)\/\/\CN
MeOOC 79a

Peak RetTime Type Width

Area Height Area

4 [min] [min] mAU *s [mAU ] %
=== === e | === | === | ===
1 13.597 BV 0.2853 2429.32520 132.89589 94.4078
2 15.151 VB 0.3462 143.90105 6.30603  5.5922
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Chiral HPLC spectrum of racemic 7ha

DADT C, ige210 £ Ref=of [E¥DATAIGIDEF LC 2020-0108 16-08-031YG 303AD)
E 8 3 CN
E| ] ~
CE [® I CN
50
o4 NC rac-Tha
0=
20% Peak RetTime Type Width Area Height Area
1 . 4 [min] [min] mAU *s [mAU ] %
105 ) B B e |====mmmmm= |===mmm——- |========
0 - T e
% &5 7 05 ® %5 w5 «® w5 | 1 16.956 BB 0.3595 1700.63672 73.61523 49.9973
2 19.730 BB 0.4146 1700.82043  63.89059 50.0027
Chiral HPLC spectrum of 7ha
DADI C, Sig=210 4 Refof [EXDATANGIDEF LG 20200108 1908036 311AD) CN
K 5
i /@
5 g CN
KINE '
504 NC 7ha
P
150’; Peak RetTime Type Width Area Height Area
104 ~ 4 [min] [min] mAU *s  [mAU ] 3
: o B B e [====mmm—= | === | ===
03 e
e | | 16.817BB  0.3568 613.64069 26.83625 5.2551
1 163 17 13 1 185 2 M m | 2 19.601 BB 0.4259 1.10634e4  408.61282 94.7449
Chiral HPLC spectrum of racemic 7ia
0AD! B, Sig=2104 Refzof £ caaC20 609240EF L 2016-08:2 120 181.0) CN
W h U
o N CN
ik " M\ ¢
[ [ ¥ .
A I [4 Ph rac-Tia
ik 1 [
1504 “‘ “ [ l\ Peak RetTime Type Width Area Height Area
[\ [ #  [min] (min) mAU  *s  [mAU ) %
LB [ [ e R Rl B [ ===mmmmmm | === | ===
oo\ o\ | S - |
(R —— 1 10.627 BB 0.2133 5308.91748 384. 04639 50. 0937
T A h g .| 2 12.721 MM 0.2784 5289.04736 316. 68781 49. 9063
Chiral HPLC spectrum of 7ia
DADI A Sig=254 4 Refeoff[EdebyDEF LC 20191130 202246256410 CN
mAll4 2
1 o
Ey ) CN
Rk
04 Ph 7ia
w3
15‘3% Peak RetTime Type Width Area Height Area
1 0 # [min] [min] mAU *s [may 1 %
03 3 el EEEE |--==]-——-——- R e 1--—--——- I
0 \
Uss e —— | 1 11.205 BB 0.2320 6021.04004 399.19312 95.0325
1 105 11 115 2 125 1 135 1 mo| 2 13.445 BB 0.2831 314.73245  17.23043  4.967H
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Chiral HPLC spectrum of racemic 7ja

DADTA, Sig=2644 Ref=off E:DATAYGDEF LC 20200715 133410YG 318AD)

12,406

13.904

Cl

Peak RetTime Type
# [min]
e [

Width Area
[min] mAU *5
=== | === | ====—==—-= | === | ======== |

1
2

12. 406 BB
13.904 BB

0.2527 588.73004
0.2829 586.70538

36.39417 50. 0861
32.14546 49.9139

Chiral HPLC spectrum of 7ja

DAD1 A, Sig=254 4 Ref=off(E-DATAIYGIDEF _LC 2020-07-25 1102041yg 311deD)

CN
mAl 2
0 ; O CN
159
7ja
104 Cl
2
51 0 Peak RetTime Type Width Area Height Area
; . b # [min] [min] mAU *s [mAU ] %
o LS AN . — il et [====]=====-- | =====—m== === |===mm——= I
: e S — :
2 125 1 135 " 1 12.468 BB 0.2503 367.08051 22.73881 95.4885
2 14.009 BB 0.2917  17.34332 9.46884e-1 4.5115
Chiral HPLC spectrum of racemic 7ka
DAD1 C, Sig214 4 Ref=0ff (£ DATALIZMN1328 2018-12:23 11-06-1 iz 697.0) CN
nhl ] 8 9
.g g (:N
14 P g
0 T
120
1004 OMe rac-Tka
LR
01 o P ) )
Peak RetTime Type Width Area Height Area
404 # [min] [min] mAU  *s [mAU ) %
o . ‘ i I [====l======= | —========= | === |======== I
S I S~ S |1 38.206 BV 0.7403 7686.18115 161.20288 50.1124
L | T |I T T T I| I| T L | L 'S « b v 0
% 7 3 Y 9 i ) . 2 40.663 VB 0.7369 7651.69385 161.46255 49.8876
Chiral HPLC spectrum of 7ka
DAD'C, Sig=214 4 Ref=off (' DATAIYGIDEF_LC 2019-12-26 19-48-581YG 29940} CN
AU e
3 R CN
LE o
1204
100- OMe %@
80
] Peak RetTime Type Width Area Height Area
BD? 0 # [min] [min] mAU *s [mAU ] %
44 _ \ 5 i I [====l======= | —========= | === |======== I
1 / \ )
gt / L | 37.733 BV 0.7147 7851.08936 171.93684 93.8138
T ‘ ‘ LA R R B T LI L 2 39.978 VB 0.7628 517.71161 10.58118 6.1862
¥ Eli 3B ¥ 4 i
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Chiral HPLC spectrum of racemic 7la

DAD1 G, Sig=2104 Ref=off (EDATAINPZIDEF _LC 2019-12-19 08-21-18pz697b.D) CN
il 2 2.

: T o CN

o o
it T a rac-7la
204
I F
150+ Peak RetTime Type Width Area Height Area
102 # [min] [min] mAU *s [maU ] %
. B B e | =====m==== | === |=—==—=== ]

03 "\\ "'\\

0= ! T T 1 40.410 BV 0.7171 1.87418e4  374.97266 50.1040
' i Ch ' a 2 42.636 VB 0.6571 1.86640ed  364.67343 49,8960

Chiral HPLC spectrum of 7la

DAD1 C, Sig=2104 Ref=off (E:DATAIYGIDEF _LC 2019-12-26 1948-581YG 299B.D)
mAl 0 CN

] E“
f)- 3 CN
4004 7la
3004 F
ik o
1003 % Peak RetTime Type Width Area Height Area

g N # [min] [min] mAU *s [maU 1 %
1l e ~__ il R e | ===mmm e | === === I
‘ — . : : — e . :
kY 4 i 4 Lt #

1 40.828 BV E 0.7316 1404. 49304
2 42.689 VB R 0.8122 3.30813e4

29.92396  4.0727
638. 77887 95.9273

Chiral HPLC spectrum of racemic 7ma

DAD! C, Sig=2104 Ref=off (E'dalalYGDEF_LC 2020.01-08 19-03-02wpe71621.0)

CN
mAl o %
104 oM A
g N CN

805

o OMe rac-Tma

LR

Peak RetTime Type Width Area Height Area

3’ b fmin) T (min) mAU s fm0 ") %
0 / \\\\ v ™~

o — L ————— 1 69.118 BB 1.8062 1.86723e¢4  121.27937 50.0180
s & n a4 T s TR TT.| 2 740662 BB 2.0091 1.86588e4  109.22105  49. 9820

Chiral HPLC spectrum of 7ma

DAD1 B, Sig=2204 Ref=off (E\datalYGIDEF LC 2020-01-08 19-0-012yq 3064.)
Al P eN
1807 fe
04 ~ CN
103
o0 OMe 7ma

80,

£ 0] Peak RetTime Type Width Area Height Area

8 + [min] [min] mAU  *s [mAU ] %
4§ N ————]m———- | === | e [===—mm———e |- [ ]
0 ~
ST TTT— AN . Q1 a0y ) 01 a7 -
LE: . T - o~ 1 71.520 BB 1.6831 3072.51172 21.37394 8.8b43
T — T — — . T ‘ ‘ . 01« Qe .
" 1 - " % - . " 2 76.592 BB 2.0821 3.16283e4  179.28667 91. 1457
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Chiral HPLC spectrum of racemic 7na

DAD1C, Sig=2104 Rei=olf (ADATAIYGIDEF LC 2019-12-24 20-24-551\PZ §98B.0) CN
il 5 L
L T
- g /8 CN
2004 /
0 / Cl rac-7Tna
1504
\ Peak RetTime Type Width Area Height Area
1004 \ \ # [min] [min] mAU *s [mAU 1 %
i Rt e | =====m==== | === |=—==—=== ]
/ Ny J;_) \\_ e . e o e
0 1 23.347 BV 0.4961 1.04212e4  326.76123 46.0991
» 5 2 25 % 25 % %5 % 2 25.116 VW R 0.5398 1.21849¢4  340.81155 53.9009

Chiral HPLC spectrum of 7na

=
=
25 237

R0 235 CN
" 0 CN
] _ cl  Tna

3|]U'E

q Peak RetTime Type Width Area Height Area
2”0’ # [min] [min] mAU *s [mAU 1 %

] A | mmmm [ mmmmmmm | mmmmmmmmmm | = mmmm e I |

: : |
0 : : 1 23.486 BB 0.4444 332.02386 11.94119  1.6747
U;—__J——N——;kl,f 7 S| 2 25.237 BB 0.5446 1.94939e4  556.63635 98.3253

LA e e e L e T T T T T T T T T
B yik] u Us il il il

Chiral HPLC spectrum of racemic 70a

DAD! B, ig=2544 Ref=0F [E:GellYGIEF LG 2020-11-11 09-58-02pedd51D) CN
LE N &
: o 2
b rac-Toa
5
IE .
3 . Peak RetTime Type Width Area Height Area
kE . A #  [min] [min] mAU *s [mAU ] %
23 AN L il R R D | ==mmm e [ 1--—--=-- I
¥ N S
e *" - “ | 1 46.518 BB 1. 5390 1051.60803 8.04523 50.2473
5 i 2 0 u % 2 51.836 BB 1.7695 1041.25684  6.90434 49,7527

Chiral HPLC spectrum of 70a

DAD1 B, 8ig=254 4 Ref=off (EdatalYGIDEF LC 2020-11-08 10-18-220¥G289CD)

CN
Al J S
9N
‘AR I "
Toa
34 f
N0 Peak RetTime Type Width Area Height Area
AN 3 #  [min] [min] mAU  *s  [mAU ] %
104 AN N B B e | =====m==== | === |=—==—=== |
\\\ by
e e = | 1 44.857 BV R 23402 8423.43262  51.25013  94.7261
4 3 4 Gl i o 5 2 51.752 VB E 1.7584 468.97684 3.15461  5.2739
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Chiral HPLC spectrum of racemic 7pa

DAD1 C, Sig=2104 Ref=off (EdatalYGIDEF_LC 2020-11-12 08-12-21wpz7230.0) CN
2 3 2
] ; S 0
e g /3 < CN
L ) rac-7Tpa
184
i Peak RetTime Type Width Area Height Area
107 $#  [min] [min] mAU *s  [mAU | %
] ————]m———- | ——==|-—————- e |—mmmmm— - [
5* / N \‘\\
ﬂff‘”// I .‘T;j‘. "f’ : —— ?T"T’“" 1 60.939 BB 0. 8206 1867. 03467 27.34484 49. 6546
i 60 62 8 o 8 6 67 2 64.789 BB 0.8619 1893.01001 25.80211 50. 3454
Chiral HPLC spectrum of 7pa
DAD1C, Sig=2104 Ref=0ff (£ datalYGIDEF L 20201112 08-12-24\yg327a.0)
" B CN
SR
0] o <O:©)\/\/\CN
8 o) Tpa
60+
Peak RetTime Type Width Area Height Area
404 L] #  [min] [min] mAU *s  [m&U ] 3
A\ R EEE e | ——== | ===~ R | =mmmmmm e | == ]
0 4 8
0 e S~ ™= | 61.706 BB 1.0418 9169. 72754 124.42031 92.1151
L & & 4 & L 4| 65.446 BB 0.8351 784.91534 11.04558  7.8849

Chiral HPLC spectrum of racemic 7qa

DADA C, Sige2104 Ref=off (E:DATAIYGDEF LC 20200111 1445 38WPZT23C0)

- CN

il 2 3

3 - S
E [ ) AN CN
04 \ S rac-7qa
2804
04 Peak RetTime Type Width Area Height Area

# [min] [min] mAU *s [maU ] %
18- - |- | ——==|-—————- e [ |mmm e I
1004
543 1 9. 115 BV 0.1773 4826.81299 422.48315 49.9068
[ E- 7 N S~ 2 9.599 VV R 0.1808 4844.83252 418.43790 50.0932
T T T U T
88 9 92 o 9% 98
Chiral HPLC spectrum of 7qa

DAD C, Sig=2104 Ref=of (E:DATAIGIDEF LC2020-07-24 13-69-581YG 3278.D) CN

il .
]
£04 ) @)\/\/\CN
5004 \ S 79a
400-
0 ?cik Rg[:rt”]-;‘r]nc Type 'n[‘;nil:}]\ mAUArcfs [m;;‘qh? .l\r(%,-a
- |- | ——==|-—————- e [ |mmm e I
004 0
100 o 1 8.551 BV R 0.1589 7094. 09863 695.72693 97.0706
0 - . 2 8.916 VW E 0.1691 214.08406 19.34188 2.9294
T T | T T T | T T T | T T T T ‘
82 B4 88 88 9 92
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Chiral HPLC spectrum of racemic 7ra

DAD! A, Sig=254 4 Ref=of (E:DATAWPZIDEF LC 2020-07-26 2043-251YG 3168.0)

Al H 0 CN
1 &
5 N H CN
04 TsN rac-7ra
15-
Peak RetTime Type Width Area Height Area
104 # [min] [min] mAU  *s [mAU ] %
5 B B e | ======——- | ======—-—= |======== I
e — S| 1 21,645 BB 0.4978 1026.89648  31.87973 50.1559
b b pi] u pi] % m | 2 25.799 BB 0.5995 1020.51337  26.25250 49. 8441

Chiral HPLC spectrum of 7ra

DAD! G, Sig=2104 Ref=of (E:DATANGIDEF LC 2020-07-24 13:59-581G 327C.D)

CN
i 8
404 ﬁ \ ’ CN
Tra
0 TsN
2”0' ?cik R?;L‘]TU Type '.'\[‘rlntlirt]li\ mAUArc:S [m:;wqh‘ll: Ar;:a
9 i B e | ====mmmmme | === |====mm= ]
g
104 -
N \ 1 21.060 VB R 0.5052 1480.59888  44.76218 7.7077
0 TN . A 2 25.135 BB 0.5971 1.77287e4  464.72021 92.2923
T T T T ‘ T T T | T T T T | T T T | T T T | T T |
il il b u b bl
Chiral HPLC spectrum of racemic 7sa
DAD C, Sig=210 4 Ref=off (£ DATAIYGIDEF LC 2020-08-06 18434016 3248.D)
] A 3
] h g
30-E o /o CN
25’E CN
EU-; rac-7sa
15*;
10_ Peak RetTime Type Width Area Height Area
] # [min] [min] mAU *s5 [mAU ] %
5 . el EEEE |---=]-——-—-- | ===—mmmm- | === [ I
1 J/ / x\‘
i ./. : : —= *“"’/ : : : E— 1 13.725 BB 0.3377 753. 58368 34.64970 50. 2507
i P i 05 5 P 2 15.084 BB 0.3800 746.06592  30.64406 49.7493

Chiral HPLC spectrum of 7sa

DAD1C, Sig=2104 Ref=off (E\DATAWPZIDEF L C 2020-08-1511-10-35YG 3428.0)

v
f 3 CN
v CN
0 7sa
é Peak RetTime Type Width Area Height Area
p # [min] [min] mAU *s [maU ] %
" === === | ====]======= | === | === |======== |
- T ~ S N
A — — 1 14.101 BV 0.3750 401.23770  16.19930  9.9420
5 " s 1 185 1 2 15.482 VB 0.3927 3634.56543 143.90121 90. 0580
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Chiral HPLC spectrum of racemic 7ta

mhll3
Ok
iE
ik

DAD! B, Sige210.4 Ref=0ff (EdatalYGIDEF LC2020-08-06 18-5346YG 34C D)

o] o
) 8 AcO
8 A
rac-7ta CN
NC
. Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [maU 1 %
\ === === | ====]======= | === | === |======== |
] / ‘\\_ / \\.
L = ———— | 1 39.980 BB 1.2361 2850.92676  35.91521 50.1987

b b 4 4 £ 4 4# 4 4 i

2 44.332 BB

1.3350 2828.36206  30.35714 49.8013

Chiral HPLC spectrum of 7ta

DAD! B, Sig=2104 Ref=of (EdatalYGIDEF LC 20200819 14-56-25YG 341C.0)

]

s
] (0
5
504
40-
30 Tta \ CN
o NC
PR 3
1“’ g Peak RetTime Type Width Area Height Area
y \\ _//""_-' # [min] [min] mAU *s [mAU | %
04 N —_— — e e et e e |=mmmmmm e 1--—--——- I
S I I e BRI B A B e B o e R
o8 %y 4w b e 8 & e 39 568 BB 1.2044 5195.65186  63.51122 89.5756
2 44.265 BB 1.1234 604, 64532 6.49932 10.4244
Chiral HPLC spectrum of racemic 7ib
DAD1 A, Sig=24 4 Ref=off(E-\aatalYGIDEF_LC 2020-07-22 08-38-261YG 320A.0) CN
Al 2 a
o i} P
i - A O CN
i Ph rac-Tib
20 Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [maU ] %
1004 i B | === | == I |mmmmm - [ I
0 -~ S | . 1 11.268 BB 0.2224 6939.21631 480.69553 49.9721
0 s 0 “gs p | 2 12,592 BV R 0.2507 6946.95605 428.98105 50.0279
Chiral HPLC spectrum of 7ib
DAD1 A, Sig=2544 Ref=off (E'DATAILFDIDEF_LC 2020-08-01 10-05-101YG 332A.0) CN
N N
40 Ph 7ib
304
E Z—’czk Rz[:t']'\r]r\c Type '-'[.‘idtli\ Area . Hs:wqh‘]; Area
u min min mAU *s mAU %
o 8 i B | === | == I |mmmmm - [ I
0— ! AN — : 1 10.773 BV R 0.2154 851.28345  62.30468 94.2640
10725 105 1075 1‘1 11!25 11'_5 11775 1 12% 2 11.865 VB E 0.2281 51.80091 3.51141 5. 7360

Chiral HPLC spectrum of racemic 7ic
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DAD1 A, Sig=204 4 Ref=0ff (E-\datalYGIDEF _LC 2020-11-12 0812-21yg3120.0)

CN

Lk 2 3 o~
- o

0 iy ° l}l CN

5“’ ' jc Cbz

0 Ph rac-7ic

EE

Peak RetTime Type Width Area Height Area

204 # [min] [min] mAU *s [mAU 1 %

" ‘ i Rt e | =====mm=== | === |=—==—=== ]
03— — : — ‘\"‘" 1 17.189 BB 0.4140 1874.86340  70.56655 50.0053

18 7 18 19 Pl 2 2 20.255 BB 0.4969 1874.46509  58.02673 49.9947

Chiral HPLC spectrum of 7ic

DAD1 A, Sg=254 4 Refeoff E:daldYGIDEF LG 20204142 8-42:21yg37d0) CN
™ 8 PN
1600 - l}l CN
120 7ic Cbz
1000 Ph

[LE Peak RetTime Type Width Area Height Area

0 S PO i S S S
0 _ g

i — — . —— 1 17.193 BB 0.4490 5.28224e4 1861.72534 93.4634

18 I p 0 2 A 2 20.171 BB 0.4948 3694.28003 115.60804 6.5366

Chiral HPLC spectrum of racemic 7id

DAD1 A, Sig=054 4 Ref=off (£ DATAIOBLIgbl483 2000-07-10 13-48-12yg 312 ad )

i 2 3 q CN
9 ~ " cr;
o o ~ ~
o nooR 3 CN
i+ » Ph rac-7id NHCbz
0
A0 Peak RetTime Type Width Area Height Area
\ # [min] [min] mAU *s5 [mAU ] %
§os / W . y - ] R | === | ——————- |=—m—m o= R - |
s 1 5w % @ % m 6 w|1 66.679 BB 1.3657 8865.48926 102.02963 24.3906
2 82.784 BV 1.6830 9289.91699 85.81342 25.5583
3 87.140 VB 1.7594 9333.32813  81.78730 25.6777
4 104. 737 BB 2.0596 8859.22266  66.27247 24.3734

Chiral HPLC spectrum of 7id

DAD? A, Sig=204.4 Ref=off [E'dafalYGIDEF _LC 2020-08-08 19-45-001YG 3368.0)

e 9 g CN

- B °

Wy 3 CN

e Ph 7id NHCbz

500_

4003

e g N o Mmial 7% minl mav oie [mav 7 e

pillE 0 K e B | ====|======= | ======——- | ======—-—= | === I

VE 2 2

) A AN 1 68.755 BB 1.5299 9.08987e4  885.28345 45.3752
5 1 5 @n &  w & m % M |2 85302 BVE 1.8144 7812.13916 67.49421  3.8997

3 91.008 VB R 2.0385 9.30311e4  665.66479 46.4397
4 107.743 BB

2.1395 8584.69629  61.08928  4.2854
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Chiral HPLC spectrum of racemic 7ie

DAD1 A, Sig=254 4 Ref=off (E'datalXUHIDEF LC 200-01-42 17:01-Bdyg 3128.0)

CN
o
g CN
q
. N
N Ph rac-Tie |
1 Boc
3 Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [maU ] %
=== === | ==== ] ======= | ======———= | === |======== |
S m—— - | 1 15.002 BB  0.4460 822.41614 27.73011 50,5838
1 il i ] % Ll m| 2 39.047 BB 0.9931 803.43219 9.55434 49.4162

Chiral HPLC spectrum of 7ie

DAD?A, Sig=2544 Ref=off (EdatalLMMIDEF_LC 2020-01-13 06-35-081YG 3124.D)

CN
im0
18
IS
1 Ph . N
any Tie [|3 oc
E
i Peak RetTime Type Width Area Height Area
2004 # [min] [min] mAU  *s [(maU ] 3
1 8 e B R R |=mmmmmmm |
1ﬂ0§ 3
I S L |1 14,923 VB 0.4548 1.87748e4  638. 88629 96. 0692
" 7 T P T T 5| 2 38.938 BB 0.9842 768.19684  9.45184  3.9308
Chiral HPLC spectrum of racemic 7if
DAD! B, Sig=220 4 Refff - DATAIC 0201 12IEF L 2020-11-12 1506:22g3200.0) CN
mAll 3 5 2
E s : CN
LE -
PE Ph .
- rac-7if °N
|
LE Boc
30,
04 Peak RetTime Type Width Area Height Area
103 . # [min] [min] mAU *s [maU ] %
L N~ / o R R e | ===mmm e | === | === I
0: T T T T I T T T T ‘ T T T T I T T T T ‘ T T T 7T I T T ‘ T T T ‘_'7
¢ L L 1 9.987 BB 0.2561 1446.87671 87.87951 50.2184
2 13.069 BB 0.3448 1434.29370 64.64941 49.7816
Chiral HPLC spectrum of 7if
DAD! B, Sig=1204 Ref=of(E:DATAYGIDEF LG 20200805 13:54-T(G 332BD) CN
] P
@ CN
1200 -
10004 Ph :
800 7if l}j
00 Boc
110 5
+ Peak RetTime Type Width Area Height Area
04 u #  [min] [min] mWAU  *s  [mAU ] %
| J — R R e | ===mmm e | === | === I
LRI N T T T
¥ o 108 f 113 f 28 "| 1 9.582 BV R 0.2531 2.39643e4 1488.90857 95.0703
2 12.401 BV 0.3211 1242.63477 60.12391  4.9297
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Chiral HPLC spectrum of racemic 7ig

DAD! A Sig=254 4 Rfeof (E-DATAZMMZMM1LZ24.A7 2000-07-24 DP-5E-100G 320C AZD) CN
mAl 8 -

b n| o
40 ~

-7ig O
" Ph rac-7ig
2004 Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [maU ] %
0 . B B e | ======——- | ======—-—= |======== I
0 L N M N 1 11.293 BB 0.2838 9677.42285 533.04529 49.8002
— e ; o
s n s n e e 4w | 2 13.631 BVR 0.3710 9755.08203 404.44504  50.1998
Chiral HPLC spectrum of 7ig
DAD A, Sig=254 4 Refof [E:DATAIQBLIDEF L 20200808 18:31-05g 335a0) CN

Al 2
] LA
] o

- 2 CN

- Ph fig

4['(]’ - Peak RetTime Type Width Area Height Area
1 & # [min] [min] mAU *s5 [mAU ] %

m- - il R e | === | ==mmmmmmee I===mmeee |
RN ‘ . 1 11.211 BB 0.2808 1982.54773 110.77823  7.6013
G 0 T T e s |2 13.429 BB 0.3652 2.40990e4  1014. 42395 92,3987

Chiral HPLC spectrum of racemic 8
DAD1 A Sig=254 4 Ref=off (E-\DATAWPZIDEF_LC 2020-09-19 07-56-26\WPZ875.0) H2 Nm
mAU 3 ~
8 5
8] & H Ph Ph
5 rac-8
] .‘I Peak RetTime Type Width Area Height Area
| | 4 [min] [min] mAU *s [mAU ] %
7 [\ / \ e B Rl B [ ===mmmmmm | === |-——————-
P SN S N~
L 1 23.682 BB 0.6454 406.86636  9.17482 50.0290
" 2 32,167 BB 0.7086 406.39420  6.82593 49,9710
Chiral HPLC spectrum of 8
UADT A, Si0=254 4 Rer=oft (EIDA IAWFAUER LG 2U2-8-21 14-23- 1AW E3I6L) H 2N O
] A
&Y
0] I Ph Ph
8
03
204 a Peak RetTime Type Width Area Height Area
g # [min] [min] mAU *s5 [mAU ] %
101 o \ B B e | ========—= [ |========
N
N AN
0—-—‘-—;‘—"/—‘*«—'.' e — 1 23.985 BB 0.5256 225.42056  5.16070 6.5104
» ' % ' 0 B ' ‘ ‘ N 2 32.423 BB 0.9235 3237.05811 52.77891 93. 4896
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Chiral HPLC spectrum of racemic 9

DAD1 A, Sig=204 4 Ref=of (E'DATAIC20201 128216058 2020-11-28 17-374BNG T1.0)

CONH,
LI
T
wod CONH,
190 o
115+ b Ph rac-9
E 8
154 Peak RetTime Type Width Area Height Area
50 # [min] [min] mAU *s [maU ] %
e Rt | === === | ==mmm e e |———-
%
e — — = | 1 14.443 BB 0.4378 5713.20117 200.85770 50.1019
15 175 il 25 5 7 ki il 2 30.675 BB 0.9621 5689.95605 91.17242 49,8981

Chiral HPLC spectrum of 9

DAD1 C, Sig=2204 Ref=off (E\aatalYGIDEF_LC 2020-11-16 08-33-511YG337 D)

CONH,

7 3

1 1

5y |

] 9

QD*; Ph

15 §

] &) Peak RetTime Type Width Area Height Area
104 ¢ & ¢ [min] [min] mAU *s  [m&U ] 3

] 9 g ————|m————— e | === | ==mmmmmmee I===mmeee
53 e

e ——— | | 15038 BB 0.4648 1033.59229 33.98882 95.0086

15 115 2 25 il

15 Ell 35 2 31.104 MM 0.9391  54.30095 9.63659e-1  4.9914

Chiral HPLC spectrum of racemic 10

DAD1 A, Sig=204 4 Ref=off [EDATAICI 2020128216058 2020-11-28 17-37481YG T3D)
mAl 1
04
LK

20.83.

23676

\ .

e

0
& % @ .| 2 23.676 BB 0

CH,NHBoc
/[:::T/L\//\\/”\CHZNHBoc
Ph rac-10
o Mmint. T Tminl mav e mav ) e

20. 844 BB .5165 7238.64209 219.63838 50.2142
.9

797 7176.89893 193.06720 49.7858

Chiral HPLC spectrum of 10

DADI 4, Sig=254 4 Ref=off (" DATAGIDEF_LC 2020-08-12 19-04-44iyq 367-3D)

CH,NHBoc
Al o
a
n ; /J:::]/L\//\\/”\CHQNHBoc
1504 Ph 10
1004 Peak RetTime Type Width Area Height Area
N # [min] [min] mAU *s5 [maU 1 %
3 e Rt | === === | ==mmm e | === | === I
507 o
E / \
0 s T T ‘ A 1 18.947 BB 0.4445 423.88858  14.69668  5.0459
;! h 2'0 T o 2 21.301 BB 0.5067 7976.76953 245.76576 94.9541
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Chiral HPLC spectrum of racemic 11

DAD! A, Sig=254 4 Ref=off (E\DATAICJ202011281Z0M16058 2020-11-26 17-37481YG T2D)

COOMe
Al ] 2 &
& 8,
100 N Y COOMe
804 Ph rac-11
Gl
44 Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [maU ] %
0 , . ‘ B B e | =====m==== | === |======== I
) L B — 1 22.200 BB 0.3835 2956.68506 119.96191 50.0301
il ﬁj I 25 ﬁ 15 ﬁ ﬁg 2 23.624 BB 0.4085 2953.12695 112.41398 49.9699
Chiral HPLC spectrum of 11
DAD! A, Sige254 4 Refeoff[EXDATAZMMAZMN 5084 2020-09-14 09-36-011YG 355-3.) COOMe
i 2
e /g COOMe
401 oh 1
04
2004 o Peak RetTime Type Width Area Height Area
\ g # [min] [min] mAU *s5 [mAU ] %
e / . : il R e | ===mmm e | === I===mmeee |
/ N N . . _
e | 1 20843 BV 0.3759 10319474 550.05920 91,6554
20 05 il ik 2 25 3 2 22.403 VB 0.4470 1201.27930 42.86132  8.3446
Chiral HPLC spectrum of racemic 14
CN
DAD1 A, Sig=254 4 Ref=off (E'DATAWPZIDEF_LC 2020-08-10 10-56-02WPZB666.0)
. ; - Ph
Al g Ph
0] 4 "
1 ] %
] 2 o [ g rac-14 P O
154 No@ [ [
] Y8
0 I A I Peak RetTime Type Width Area Height Area
| I # [min] [min] mAU *s [maU ] %
! I B B e | =====m==== | === |======== I
] [ I N . 1 27.939 BB 0.6111 552.39545 12.86132 13.3714
., 2 30.816 BB 0.6967 547.20966  11.42572 13.2459
0 kil 40 50 60 ki mit
3 41.776 BB 0.9322 1506.79492  22.70724 36.4738
4 69.002 BB 1.3670 1524.76782  13.16677 36.9089

Chiral HPLC spectrum of 14

DADTA, Sig=204 4 Ret=ott(EDAIAWFADER LC 2U2-08-10 21-29-52WFZB66A L)

AZ.A4=40

— 28.232

i

CN
Ph
Ph
Ph O
14

Peak RetTime Type Width Area Height Area

# [min] [min] mAU *s5 [maU 1 %
=== === | ====]======= | =======—= | === |======== |

1 28.232 BB 0.6441 3366.54810  81.13069 25. 8441

2 31.188 BB 0.6211 155.06454 3. 15688  1.1904

3 42,440 BB 1.0384 8218.65234 121.92053 63.0924

4 69.991 BB 1.6206 1286.11780 9.30486  9.8732
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Chiral HPLC spectrum of racemic 15

DAD1 C, Sig=2104 Ref=off (E-DATACJQ01H1026DEF LC 2019-10:26 11-36-05\q 1534 D)

N . CN
”“” A £ CN
57 @) /d\ Ph
0] Ph rac-15
13 , ;
\ Peak RetTime Type Width Area Height Area
\ | \ # [min] [min] mAU *s [maU ] %
0] \ / \ e B | ====|======= | ======——- | ======—-—= |========
/ / \
1/ N,/ \\-5_ — 1 8.222 BB 0.1650 250.92964 23.42686 49. 7552
A A ™ AL 2 8.794 BB 0.1771 253.39909 21.88677 50.2448
Chiral HPLC spectrum of 15
DAD1 A, Sig=2544 Ref=off(EDATAUYIDEF LC 2010-12-30 08-42-11010-P2:C1-4 296.0) CN
Al -
i o CN
e Ph
800
Ph 15
600
400+ Peak RetTime Type Width Area Height Area
5 # [min] [min] mAU *s [maU 1 %
20 @ : il R e | === | ==mmmmmmee I===mmeee |
P / \
0 = e = 1 8.537 VB R 0.1792 1400.67468 119.27027 9.7694
T ) o w6 2 9.161 BV R 0.1948 1.29367c4 1041.92419 90. 2306
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