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[a] Reaction conditions: 2a (0.050 mmol), CuBH4(PPhs), (0 or 10 mol%), L*3 (12 mol%), D,O (1 mL),
and LiOBu (4.5 equiv) in DMA/DCM (2/1, 0.60 mL) under argon. Deuterium incorporation
percentage of 2a was based on 'H NMR analysis of the crude product using 1,3,5-trimethoxybenzene

as an internal standard.

Scheme S2. H/D exchange experiments.?!
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A. Results of Allyl Bromides ! 7
2a (1 equiv) i OMe
Cul (10 mol%), L*5 (15 mol%) PMP | N
Br Br BuOLi (4.5 equiv), H,O (2 equiv) OiNN !
* " i
/v\fBu /\/L By DMA/DCM (2/1), 10 °C, 96 h ; | ~ NH PAr,
/\/\tBu i N__~ o
Sty Sty 51 3
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L*5, Ar = 3,5-tBu206H3
B. Failed Alkyl Bromides

A Oy Gl oy

Scheme S3. Results of alkyl bromides other than benzylic ones.
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Table S1: Screening of reaction conditions [a]

[Cu], L* e
HZO base
©)\ /@/‘\ ©)\/Q : >—0Me
solvent rt,3d )
N-N
,,,,,,,,,,,,,,,,,,,,,,,,,, (*)133
/23 ]
OMe ~ 0.
N
— N Et Et
N </’N "}J ’/@\Nu.. >
P N7 o]
X7 ONH  PAr R Pybox  /— o Fhobh
Nl _ 2 /\ . Cl HO MeO 3
IE g
L*1 (Ar = Ph) ~N N
L*2 (Ar = 3,5-(MeO),-CgHa) ¥ H
L*3 (Ar = 9-Phenanthryl) Box
entry solvent (ratio) [Cu] L* base (equiv) conversion (%) yield (%) ee (%)
1] DMA CuBH4PPh:,  L*1 LiO'Bu (3) 72 24 49
201 DCM CuBH4PPh:,  L*1 LiO'Bu (3) 40 27 46
30 PhCF; CuBH4(PPhs);  L*1 LiOBu (3) 13 9 48
4 DMA CuBH4PPh:  L*1 LiO'Bu (3) 81 58 49
5  DMA:PhCFs(1:2) CuBH4PPhs),  L*1 LiO'Bu (3) 40 29 49
6  DMA:DDCM (1:2) CuBH4(PPhsy  L*1 LiO'Bu (3) 47 36 51
7 DMADDCM (l:1) CuBH«PPhs):  L*1 LiOBu (3) 58 57 50
8  DMA:DDCM (2:1) CuBH«PPhs)»  L*1 LiOBu (3) 88 79 50
9  DMADDCM (2:1) CuBH4PPhs),  L*2 LiO'Bu (3) 85 74 75
10 DMA:DCM (2:1) CuBHePPhs)y  L*3 LiOBu (3) 75 68 89
11  DMADDCM (2:1) CuBH«PPhs)  L*3  LiO'Bu(4.5) 84 71 89
2] DMA:DCM (2:1) CuBH«(PPhs)»  L*3  LiOBu (4.5) 85 55 89
13 DMADDCM (2:1) CuBH«(PPhs)y  L*3  Cs:CO3 (4.5) 10 8 80
14  DMA:DDCM (2:1) CuBH«(PPhs)»  L*3  KiPOu(4.5) 2 ND NA
15  DMADDCM (2:1) CuBH«PPhs)»  L*3  NaOBu (4.5) 92 ND NA
16  DMA:DCM (2:1)  Cu(acac) L*3  LiOBu(4.5) 75 65 88
17 DMADDCM (2:1) Cu(PPhs);CF;  L*3  LiO'Bu (4.5) 76 67 88
18 DMA:DCM (2:1) Cul L*3 LiO'Bu (4.5) 78 70 88
191 DMA:DCM (2:1) CuBH4PPhs)»  L*3  LiO'Bu (4.5) 90 90 90
200 DMA:DCM (2:1) CuBHs(PPhs)»  L*3  LiO'Bu(4.5) 80 61 83
2168 DMA:DCM (2:1) CuBH4(PPhs),  L*3  LiO'Bu (4.5) 73 22 66
221 DMA:DCM (2:1) CuBH«(PPhs),  Py-box  LiO'Bu (4.5) 25 10 5
231 DMA:DCM (2:1) CuBH«(PPhs)»  Box  LiO'Bu (4.5) 25 11 56
241 DMA:DCM (2:1) CuBH«PPhs), NHC  LiO'Bu (4.5) 28 7 5

[a] Reaction conditions: (£)-1a (2.0 equiv), 2a (0.050 mmol), CuBH4(PPhs3), (10 mol%), L* (12
mol%), H,O (0 or 2.0 equiv) and base (3.0 or 4.5 equiv) in solvent (0.60 mL) at room temperature for 3

d under argon. [b] Without H>O. [c] Conversion of 2a and yield of 3 were based on 'H NMR analysis

of the crude product using 1,3,5-trimethoxybenzene as an internal standard. [d] Ee value was based on
HPLC analysis. [e] At 10 °C. [f] At 40 °C. Side product 3’
NMR analysis of the crude product using 1,3,5-trimethoxybenzene as an internal standard. [g] At 50 °C.

Side product 3’

1,3,5-trimethoxybenzene as an internal standard. ND = not detected; NA = not applicable.
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was detected in 18% yield based on 'H

was detected in 28% yield based on 'H NMR analysis of the crude product using



Table S2: Temperature effect on product enantioselectivity.

N—N

. Et
P A o g
o ST e OO U,
L*3 (Ar = 9-Phenanthryl)
entry temperature time yield (%)™ ee (%)

1 10 °C 72 h 61 90

2 30 °C 12h 50 87

3 40 °C 12h 51 85

4 60 °C 12h 18 74

[a] Reaction conditions: (+)-1a (2.0 equiv), S2¢ (0.050 mmol), CuBH4(PPhs), (10 mol%), L*3 (12
mol%), H>O (2.0 equiv), and LiO'Bu (4.5 equiv) in DMA/DCM (2/1, 0.60 mL) under argon. [b] Yield
of 28 was based on '"H NMR analysis of the crude product using 1,3,5-trimethoxybenzene as an
internal standard. [c] Ee value was based on HPLC analysis.

S6



Table S3: Temperature effect on product racemization.®

=
OMe
N\N N
CUBH4(PPhg),, L*3
LiOBu, _ LiOBuHO N NH  PAr,
PMP I
N />" " owapcm NF o

\
N

>—PMP
(x)-1a 3, 90% ee, 1 equiv _ /
N L*3 (Ar = 9-Phenanthryl)

3

entry temperature time  yield of 28 (%)  ee of 28(%)I!  recovered yield of 3 (%) ee of 3 (%)
1 10 °C 72 h 54 90 98 89
2 30°C 12h 38 87 98 89
3 40 °C 12h 38 85 98 89
4 60 °C 12h 11 49 66 59

[a] Reaction conditions: (+)-1a (2.0 equiv), S2¢ (0.050 mmol), CuBH4(PPhs), (10 mol%), L*3 (12
mol%), H,O (2.0 equiv) and LiO'Bu (4.5 equiv) in DMA/DCM (2/1, 0.60 mL) under argon. [b] Yield
of 28 and the recovered yield of 3 were based on 'H NMR analysis of the crude product using

1,3,5-trimethoxybenzene as an internal standard. [c] Ee value was based on HPLC analysis.
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Table S4: Control experiments.?!

Br N-N. CuBH,(PPh;),, L*3

l o\> H,0, LiO'Bu
[j “Et * [j

MeO

DMA/DCM, rt, 3 d

@®)-1a 2a o
L*3 (Ar = 9-Phenanthryl)
entry CuBH4(PPh;), L*3 LiO'Bu yield (%)™
1 10 mol% Omol% 4.5 equiv ND
2 0 mol% 12 mol% 4.5 equiv ND
3 0 mol% Omol% 4.5 equiv ND
4 10 mol% 12mol% 0 equiv ND

[a] Reactions were performed according to general procedure as described for the synthesis of 3 unless
otherwise specified in Table S4. [b] Yield of 3 was based on 'H NMR analysis of the crude product

using 1,3,5-trimethoxybenzene as an internal standard. ND = not detected.
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Figure S1. The X ray structure of 3.
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major enantiomer minor enantiomer

Figure S2. The stereodiscriminative model.
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General information

All reactions were carried out under argon atmosphere using Schlenk techniques.
Reagents were purchased at the highest commercial quality and used without further
purification, unless otherwise stated. N,N-Dimethylacetamide (DMA) was purchased
from Aladdin, which was redistilled with calcium hydride under argon atmosphere.
Anhydrous dichloromethane (DCM) and (trifluoromethyl)benzene were purchased
from JK and transferred under an argon atmosphere. LiO'Bu (98%) was purchased
from JK. CuBHs(PPhs)2, Cu(‘PrCO2)2, Cul and Cu(acac). were purchased from TCL.
Analytical thin layer chromatography (TLC) was performed on precoated silica gel 60
GF254 plates. Flash column chromatography was performed using Tsingdao silica gel
(60, particle size 0.040 — 0.063 mm). Visualization on TLC was achieved by use of
UV light (254 nm) or iodine. NMR spectra were recorded on Bruker DPX-400
spectrometer at 400 MHz for 'H NMR, 100 MHz for '3C NMR, 376 MHz for '°F
NMR, respectively, in CDCls with tetramethylsilane (TMS) as internal standard. The
chemical shifts are expressed in ppm and coupling constants are given in Hz. Data for
'"H NMR are recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d,
doublet; t, triplet; q, quarter; p, pentet; m, multiplet; br, broad), coupling constant (Hz),
integration. Data for '*C NMR are reported in terms of chemical shift (3, ppm). Mass
spectrometric data were obtained using Bruker Apex IV RTMS. Enantiomeric excess
(ee) was determined using SHIMADZU LC-20AD with SPD-20AV detector (at an
appropriate wavelength). Column conditions are reported in the experimental section
below.
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Preparation of substrates

The alkyl bromides 1a and S1b—S1x were synthesized According to the literature
procedures. ') All the characterization data are consistent with those in the reported
literature.

General procedure for the synthesis of alkyl bromides 1a and S1b—S1k:

O

(//’?\ AN ) R2 NaBH4 PBr3
b | R EtOH, 0°Ctort &, CH20|2 0°Ctort S
Br Br
n=1,1a
n n=2 81b
n=4,81c S1d

Br R=F, S1g
Me /©)\/ R=Cl, S1h “)\/
R = Me, $1i
s1f - By, $1] s1k

To a solution of ketone (3.0 mmol, 1.0 equiv) in EtOH (9.0 mL) was added
NaBH4 (136.2 mg, 3.6 mmol, 1.2 equiv) at 0 °C and the reaction mixture was stirred
at room temperature for 0.5-2 h. After completion of reaction (monitored by TLC),
the reaction was quenched by water, diluted with CH2Cl2, and extracted with CH2Cl2
three times. The combined organic layer was washed by brine, dried over Na>SOa4,
filtered, and concentrated under reduced pressure to afford the corresponding alcohol,
which was directly used in the next step without further purification.

To a solution of the residue obtained above in CH2Cl2 (9.0 mL) was added PBr3
(0.20 mL, 2.1 mmol, 0.70 equiv) under argon atmosphere at 0 °C and the resulting
reaction mixture was stirred at room temperature. After completion of reaction
(monitored by TLC), the mixture was quenched by water and extracted with CH2Cl2
three times. The combined organic phase was washed by brine, filtered by a pad of
silica gel, and concentrated under reduced pressure to afford the corresponding crude
alkyl bromide, which was directly used in the next step without further purification or
stored in refrigerator (The product readily decomposed in air or on silica gel).
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General procedure for the synthesis of alkyl bromides S11-S1v:

(e}
RMgBr Methods a or b
N H
| Het [ R THE.OCtort \Het—R \ He‘—R

Method a : PBr3, DCM, 0 °C to rt
Method b : PPh3, CBr4, THF, 0 °C to rt

o o gt gt At
@w%%wW$

To a solution of aldehyde in anhydrous THF (2.0 mL/mmol aldehyde) was
slowly added alkyl-magnesium bromide (1.0 M in THF, 1.2 equiv) at 0 °C under
argon atmosphere. The reaction mixture was stirred for another 2 h. And then, the
reaction mixture was warmed up to room temperature and stirred until the aldehyde
was completely consumed (monitored by TLC). The reaction was quenched by
saturated aqueous NH4Cl, and extracted with ethyl acetate three times. The combined
organic phase was dried over NaxSOs, filtered, concentrated under reduced pressure to
afford the desired alcohol, which was directly used in the next step without further
purification.

Method a: To a solution of the crude alcohol obtained above in CH2Cl2 (2.0
mL/mmol alcohol) was added PBr3 (0.70 equiv) with vigorous stirring at 0 °C and the
resulting reaction mixture was stirred at room temperature. After completion of
reaction (monitored by TLC), the mixture was quenched by water and extracted with
CH:Cl: three times. The combined organic phase was washed by brine, dried over
Na2S04, filtered through a silica gel pad, and concentrated under reduced pressure to
afford the corresponding crude alkyl bromide product, which was directly used in the
next step without further purification or stored in a refrigerator unless otherwise noted.
(The product usually readily decomposed in air and on silica gel.)

Method b: To a solution of the crude alcohol obtained above and
triphenylphosphine (1.8 equiv) in THF (2.0 mL/mmol alcohol) was added carbon
tetrabromide (1.5 equiv) in one portion at 0 °C under argon atmosphere and the
resulting reaction mixture was stirred at 0 °C for 5 min. Then, the mixture was
allowed to warm up to room temperature and stirred for another 2 h. The precipitate
was filtered off through a pad of celite and washed by cold THF. The solution was
concentrated under reduced pressure and the residues was purified by column
chromatography on silica gel to provide the corresponding bromo compound.

Alkyl bromides 1b, S1w and S1x were prepared according to literature procedures.[!!

S13



B Br Br
PhM Ph)\/\/OTBDPS Ph)\/\/OCHS
h S1w

;
3
1b P S1x
Synthesis of S1y and S1y'
Q o o . LoH Q NaBH, oH
+ - —_—
P< = =
%H Ao OEt  THF,rt EtOH, 0 °C to rt W
PBrs Br Br
_— > +
DCM, 0 °C to rt )\/\I< /W
sty sty'
2:1

To a solution of pivalaldehyde (861.3 mg, 10.0 mmol, 1.0 equiv) in THF (20 mL)
were sequentially added lithium hydroxide (239.5 mg, 12.0 mmol, 1.2 equiv) and
diethyl (2-oxopropyl)phosphonate (2.04 g, 10.5 mmol, 1.05 equiv). The reaction was
stirred for 15 h, and then concentrated in vacuo. The residue was dissolved in EtOAc,
and washed twice with 1 M aqueous hydrochloric acid and twice with saturated
aqueous sodium bicarbonate solution. The combined organic phases were dried over
NaxSOs4,  filtered, and concentrated under reduced  pressure. The
(E)-2,2-dimethylhex-4-en-3-one was isolated after flash column chromatography.

To a solution of (£)-2,2-dimethylhex-4-en-3-one (378.6 mg, 3.0 mmol, 1.0 equiv)
in EtOH (9.0 mL) was added NaBH4 (136.2 mg, 3.6 mmol, 1.2 equiv) at 0 °C and the
reaction mixture was stirred at room temperature for 0.5-2 h. After completion of
reaction (monitored by TLC), the reaction was quenched by water, diluted with
CH2Clz, and extracted with CH2Clz three times. The combined organic layer was
washed by brine, dried over Na»SOs, filtered, and concentrated under reduced
pressure to afford the corresponding alcohol, which was directly used in the next step
without further purification.

To a solution of the residue obtained above in CH2Cl2 (9.0 mL) was added PBr3
(0.20 mL, 2.1 mmol, 0.70 equiv) under argon atmosphere at 0 °C and the resulting
reaction mixture was stirred at room temperature. After completion of reaction
(monitored by TLC), the mixture was quenched by water and extracted with CH2Cl
three times. The combined organic phase was washed by brine, filtered by a pad of
silica gel, and concentrated under reduced pressure to afford the corresponding crude
alkyl bromide S1y and S1y' (2:1, 328 mg, 57% crude yield), which was directly used
in the next step without further purification.

"H NMR (400 MHz, CDCl3) 8 5.80 — 5.60 (m, 2H(major)+1H(minor)), 4.72 (dq, J =
7.9, 6.7 Hz, 1H) (major), 4.42 (d, J=10.1 Hz, 0.5H) (minor), 1.79 (d, J = 6.7 Hz, 3H)
(major), 1.74 (dd, J = 6.3, 1.4 Hz, 1.5H) (minor), 1.05 (s, 4.5H) (minor), 1.03 (s, 9H)
(major).

13C NMR (100 MHz, CDCl3) & 142.9 (major), 130.4 (minor), 128.8 (minor), 128.2
(major), 70.6 (minor), 51.1 (major), 35.8 (minor), 32.7 (major), 29.3 (major), 27.3
(major), 26.5 (minor), 17.0 (minor).

HRMS (ESI) m/z caled. for CsHis [M — Br]" 111.1168, found 111.1169.
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Azoles 2a and S2b—S2r were synthesized According to the literature procedures.*
81A1l the characterization data are consistent with those in the reported literature.

General procedure for the synthesis of azoles 2a and S2b-S2n:
X
| —R triethylorthoformate N-N —
Z Lo\ ¢
120 °C, 12 h o] 7R
R = OMe, 2a N/N\ ~ - Mo, S2
= 2 | = Me, g
_N R=H, S2b I\o R =Cl, S2h
NI \>—©~R R = Me, S2¢ R
I\o R ='Bu, S2d
R = Br, S2e Nl’N\
R = CF,, S2f L5 R = Me, S2i

ZT

-

HoN

R
N~ - Ph ,-N
N N
\ | N / >J I \>_é
LO \ ; L I L
S2m S2n

An approprlate benzhydra21de (7.3 mmol) was dissolved in triethyl orthoformate
(6.7 mL, 40 mmol, 5.5 equiv) and the mixture was vigorously stirred at 120 °C
overnight. The excess triethyl orthoformate was removed by evaporation under
reduced pressure. The resulting oil was purified by column chromatography
(petroleum ether/EtOAc = 4/1) to afford the desired product.

General procedure for the synthesis of azoles S20 and S2p:

O N
xCHO \\S//O K,COs | \>
RIL + L > X o
T NC MeOH,65°C,4h Rl
Me Z
N N
B B
S e
F5;C
£ CFs
S2o0 S2p

A mixture of an appropriate benzaldehyde (5.0 mmol), TosMIC
(p-toluenesulfonylmethyl isocyanide) (1.46 g, 7.5 mmol, 1.5 equiv), and K2COs3 (1.38
g, 10 mmol, 2.0 equiv) in MeOH (7.5 mL) was heated at 65 °C. After completion of
reaction (monitored by TLC), the mixture was cooled, quenched with water, and
extracted with EtOAc. The solvent was removed under reduced pressure and the
residue was purified by column chromatography on silica gel (petroleum ether/EtOAc
=20/1) to yield the desired product.
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General procedure for the synthesis of azoles S2q and S2r:
NH,

N triethylorthoformate ~x—N
Ry R \>
Z0oH 120 °C, 12 h Z 0
MeO N Ph N
T >
o (@)
S2q S2r

An appropriate 2-aminophenol (5.0 mmol, 1.0 equiv) was dissolved in triethyl
orthoformate (5.0 mL, 30 mmol, 6.0 equiv) and the reaction mixture was carefully
heated to 120 °C overnight. The excess triethyl orthoformate was removed by
evaporation under reduced pressure. The resulting oil was purified by column
chromatography (petroleum ether/EtOAc = 20/1) to yield the desired product.
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General procedures for reaction condition optimization (7able S1I:

Screening of reaction conditions )

To a flame-dried Schlenk tube equipped with a magnetic stir bar were added copper
(0.005 mmol, 10 mol%), ligand (0.006 mmol, 12 mol%), LiO'Bu (18 mg, 0.22 mmol,
4.5 equiv), and an appropriate azole (0.05 mmol, 1.0 equiv). The tube was evacuated
and backfilled with argon for three times, and then, an appropriate alkyl bromide
(0.10 mmol, 2.0 equiv), water (1.8 pL, 0.10 mmol, 2.0 equiv), and anhydrous
N,N-dimethylacetamide (0.40 mL) and dichloromethane (0.20 mL) were sequentially
added. The reaction mixture was stirred at room temperature for 30 minutes and then
stirred at rt or at 10 °C for 3—5 d. The resulting reaction mixture was diluted with 10
mL ethyl acetate and washed with brine (10 mL x 3). The organic layer was dried
over anhydrous Na2SO4 and filtered through a pad of celite. The organic solvent was
removed under vacuum and the residue was purified by column chromatography on
silica gel to afford the desired product. Specially, when the reaction performed at 40
°C and 50 °C, the byproduct 3' was obtained in 18% and 28% yield, respectively (dr :
1:1).

MeO,

=N

\

O__N

}Et
Ph

Et Ph
2-(3,4-diphenylhexgn-3-yl)-5-(4-meth0xyphenyl)-1,3,4-0xadiazole
'TH NMR (400 MHz, CDC13) 6 7.97 — 7.91 (m, 2H), 7.37 — 7.27 (m, 3H), 7.22 — 7.15
(m, 4H), 7.10 — 7.07 (m, 1H), 7.02 — 6.95 (m, 2H), 6.76 — 6.70 (m, 2H), 3.88 (s, 1.5H),
3.86 (s, 2.7 Hz, 1.5H), 3.64 (dd, J=11.9, 2.7 Hz, 0.5H), 3.37 (dd, J = 11.6, 2.7 Hz,
0.5H),2.20 — 1.82 (m, 4H), 0.75 — 0.64 (m, 6H).
13C NMR (100 MHz, CDCl3) & 170.3, 168.2, 164.6, 164.5, 162.3, 162.2, 141.3, 139.8,
139.3, 137.7,130.4, 129.8, 128.7(0), 128.6(6), 128.3, 128.0, 127.5(1), 127.4(9), 127.3,
127.2, 127.0, 126.8, 126.7, 116.6(4), 116.6(2), 114.5, 114.4, 57.0, 55.8, 55.5, 54.2,
54.0, 53.5,32.3,31.0,25.1, 24.4, 13.0, 12.6,9.4, 9.1.
HRMS (ESI) m/z calcd. for C27H2sN20 [M + H]" 413.2224, found 413.2219.
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General procedures for enantioconvergent cross-coupling of racemic

alkyl bromides with azole C(sp?)-H bonds

| =
' OMe
CUBH4(PPh3)2, L*3 1 N

~ i R '
R o gN H,0, LiO'Bu R - -
T + RE ﬂ(\ S—H > 2>*\</ oy 3 NH PAr, |
R2 Br oz DMA/DCM R 2 A SR N | ‘o
(£)1 2 . Yo |
YeCNZ=0.S 3-45, 51

.........................

To a flame-dried Schlenk tube equipped with a magnetic stir bar were added
CuBH4(PPhs3)2 (6.0 mg, 0.010 mmol, 10 mol%), L*3 (9.7 mg, 0.012 mmol, 12 mol%),
LiO'Bu (36 mg, 0.45 mmol, 4.5 equiv), and an appropriate azole (0.10 mmol, 1.0
equiv). The tube was evacuated and backfilled with argon for three times, and then, an
appropriate alkyl bromide (0.20 mmol, 2.0 equiv), water (3.6 pL, 0.20 mmol, 2.0
equiv), and anhydrous N, N-dimethylacetamide (0.70 mL) and dichloromethane (0.35
mL) were sequentially added. The reaction mixture was stirred at room temperature
for 30 minutes and then stirred at 10 °C for 3—5 d. The resulting reaction mixture was
diluted with 10 mL ethyl acetate and washed with brine (10 mL x 3). The organic
layer was dried over anhydrous Na2SO4 and filtered through a pad of celite. The
organic solvent was removed under vacuum and the residue was purified by column
chromatography on silica gel to afford the desired product.
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Characterization data of products 3—45 and 51

i O/>/®»0Me

N-N 3
(R)-2-(4-Methoxyphenyl)-5-(1-phenylpropyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide 1a (39.8 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 3 (24.3 mg) in 83% isolated yield.
'TH NMR (400 MHz, CDCl3) 6 7.95 — 7.91 (m, 2H), 7.38 — 7.32 (m, 4H), 7.31 — 7.25
(m, 1H), 6.98 — 6.95 (m, 2H), 4.14 (t, J = 7.8 Hz, 1H), 3.85 (s, 3H), 2.40 — 2.29 (m,
1H), 2.18 — 2.07 (m, 1H), 0.98 (t, /= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 167.5, 164.7, 162.1, 139.0, 128.8, 128.5, 127.9, 127.4,
116.5, 114.3,55.4,45.0, 27.5, 12.1.
HRMS (ESI) m/z calcd. for CisHi9N202 [M + H]" 295.1441, found 295.1438.
HPLC conditions: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 11.3 min, t(major) = 14.4 min, 90% ee (95.2:4.8 er).

WO%OOMG
N-

(5)-2-(4-methoxyphenyl)-5-(1-phenylpropyl)-1,3,4-oxadiazole

According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
alkyl bromide 1a (39.8 mg, 0.20 mmol, 2.0 equiv) and with the the ligand L*4 for 5 d,
the reaction mixture was purified by column chromatography on silica gel to give the
corresponding product enz-3 (21.4 mg) in 78% isolated yield.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 82/20, flow rate 1.0 mL/min. A =
254 nm, t(major) = 10.9 min, t(minor) = 13.7 min, 89% ee (94.6:5.4 er).

Ly
N~ 4

(R)-2-(4-Methoxyphenyl)-5-(1-phenylbutyl)-1,3,4-oxadiazole

According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1b (42.6 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 4 (26.5 mg) in 85% isolated yield.

'"H NMR (400 MHz, CDCl3) & 7.98 — 7.94 (m, 2H), 7.41 — 7.34 (m, 4H), 7.31 — 7.29
(m, 1H), 7.01 — 6.97 (m, 2H), 4.27 (t, J = 8.0 Hz, 1H), 3.88 (s, 3H), 2.35 — 2.26 (m,
1H), 2.15-2.05 (m, 1H), 1.44 — 1.34 (m, 2H), 0.97 (t, /= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 167.7, 164.8, 162.2, 139.2, 128.8, 128.6, 127.9, 127.5,

ent-3
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116.6, 114.4,55.4,43.1, 36.3, 20.6, 13.7.

HRMS (ESI) m/z calcd. for C19H21N202 [M + H]" 309.1598, found 309.1594.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.2 min, t(major) = 18.3 min, 90% ee (94.8:5.2 er).

O>/®/0Me

\

N~-N 5
(R)-2-(4-Methoxyphenyl)-5-(1-phenylhexyl)-1,3,4-oxadiazole

According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide Sl¢ (48.2 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 5 (24.2 mg) in 72% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.95 — 7.91 (m, 2H), 7.38 — 7.32 (m, 4H), 7.29 — 7.27
(m, 1H), 6.98 — 6.95 (m, 2H), 4.23 (t, J = 8.0 Hz, 1H), 3.85 (s, 3H), 2.32 — 2.25 (m,
1H), 2.11 = 2.06 (m, 1H), 1.35—-1.26 (m, 6H), 0.85 (t, /= 7.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.7, 164.8, 162.2, 139.3, 128.8, 128.6, 127.9, 127.5,
116.6, 114.4,55.4,43.4,34.2,31.4,27.1,22.4, 14.0.

HRMS (ESI) m/z calcd. for C21H2sN202 [M + H]" 337.1911, found 337.1905.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 13.8 min, t(major) = 17.5 min, 89% ee (94.5:5.5 er).

i O/>/®~0Me

N-N 6
(R)-2-(4-Methoxyphenyl)-5-(3-methyl-1-phenylbutyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1d (45.4 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 6 (24.2 mg) in 75% isolated yield.
TH NMR (400 MHz, CDCl3) 6 7.95 — 7.91 (m, 2H), 7.39 — 7.32 (m, 4H), 7.29 — 7.24
(m, 1H), 6.98 — 6.95 (m, 2H), 4.35 (t, J = 8.0 Hz, 1H), 3.85 (s, 3H), 2.21 — 2.14 (m,
1H), 2.04 — 1.97 (m, 1H), 1.58 — 1.48 (m, 1H), 0.95 (d, J = 6.6 Hz, 6H).
13C NMR (100 MHz, CDCl3) & 167.8, 164.8, 162.2, 139.3, 128.9, 128.6, 127.9, 127.5,
116.6, 114.4,55.4,43.2,41.2, 25.6, 22.6, 22.1.
HRMS (ESI) m/z calcd. for C20H23N202 [M + H]" 323.1754, found 323.1751.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 13.1 min, t(major) = 17.0 min, 88% ee (93.8:6.2 er).
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(R)-2-(4-Methoxyphenyl)-5-(1-phenylbut-3-en-1-yl)-1,3,4-oxadiazole

According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S11 (42.2 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 7 (13.0 mg) in 42% isolated yield.

'TH NMR (400 MHz, CDCl3) & 7.95 — 7.91 (m, 2H), 7.38 — 7.33 (m, 4H), 7.30 — 7.27
(m, 1H), 6.99 — 6.95 (m, 2H), 5.83 — 5.73 (m, 1H), 5.14 — 5.01 (m, 2H), 4.33 (t, J =
8.0 Hz, 1H), 3.86 (s, 3H), 3.11 — 3.03 (m, 1H), 2.89 — 2.81 (m, 1H).

13C NMR (100 MHz, CDCl3) & 167.0, 164.9, 162.2, 138.6, 134.6, 128.9, 128.6, 127.9,
127.6,117.9, 116.5, 114.4, 55.5,43.4, 38.4.

HRMS (ESI) m/z calcd. for CioH19N202 [M + H]" 307.1441, found 307.1438.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.9 min, t(major) = 18.3 min, 82% ee (91.2:8.8 er).

X

O>/®»0Me

o

N~N 8
(R)-2-(4-Methoxyphenyl)-5-(1-phenylhex-5-en-1-yl)-1,3,4-oxadiazole

According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1m (47.8 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 8 (19.0 mg) in 56% isolated yield.

'TH NMR (400 MHz, CDCl3) & 7.97 — 7.94 (m, 2H), 7.39 — 7.35 (m, 4H), 7.32 — 7.29
(m, 1H), 7.05 — 6.97 (m, 2H), 5.83 — 5.73 (m, 1H), 5.05 — 4.95 (m, 2H), 4.25 (t, J =
7.8 Hz, 1H), 3.88 (s, 3H), 2.39 — 2.30 (m, 1H), 2.18 — 2.09 (m, 3H), 1.51 — 1.43 (m,
2H).

13C NMR (100 MHz, CDCl3) & 167.6, 164.8, 162.2, 139.1, 138.1, 128.9, 128.6, 127.9,
127.5,116.5, 115.0, 114.4, 55.5, 43.3, 33.7, 33.3, 26.7.

HRMS (ESI) m/z calcd. for C21H23N202 [M + H]" 335.1754, found 335.1749.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.7 min, t(major) = 18.7 min, 87% ee (93.5:6.5 er).

OMe

i O@—om
N-N 9

(R)-2-(4-Methoxy-1-phenylbutyl)-5-(4-Methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1x (67.8 mg, 0.25 mmol, 2.5 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 9 (22.0 mg) in 65% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.95 — 7.91 (m, 2H), 7.38 — 7.32 (m, 4H), 7.29 — 7.25
(m, 1H), 6.98 — 6.95 (m, 2H), 4.26 (t, J = 8.0 Hz, 1H), 3.86 (s, 3H), 3.42 — 3.38 (m,
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2H), 3.30 (s, 3H), 2.42 — 2.33 (m, 1H), 2.24 — 2.14 (m, 1H), 1.69 — 1.58 (m, 2H)

I3C NMR (100 MHz, CDC13) 6 167.5, 164.8, 162.2, 139.0, 128.9, 128.6, 127.9, 127.6,
116.5,114.4,72.1, 58.6, 55.4,43.2, 31.0, 27.5.

HRMS (ESI) m/z calced. for C20H23N203 [M + H]" 339.1703, found 339.1700.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 22.6 min, t(major) = 26.6 min, 87% ee (93.4:6.6 er).

OTBDPS

\ O»_,@—OMe

N-N 10
(R)-2-(4-((tert-Butyldiphenylsilyl)oxy)-1-phenylbutyl)-5-(4-methoxyphenyl)-1,3,4-
oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1w (93.5 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 10 (22.5 mg) in 40% isolated yield.
'"H NMR (400 MHz, CDCl3) 6 7.93 — 7.91 (m, 2H), 7.65 — 7.61 (m, 4H), 7.42 — 7.33
(m, 10H), 7.29 — 7.25 (m, 1H), 6.98 — 6.94 (m, 2H), 4.24 (t, J = 7.8 Hz, 1H), 3.85 (s,
3H), 3.71 — 3.67 (m, 2H), 2.43 — 2.36 (m, 1H), 2.26 — 2.16 (m, 1H), 1.62 — 1.55 (m,
2H), 1.03 (s, 9H).
13C NMR (100 MHz, CDCl3) & 162.2, 139.1, 135.6, 133.8, 129.6, 128.9, 128.6, 127.9,
127.7,127.5, 116.6, 114.4, 63.3, 55.5, 43.0, 30.6, 30.2, 26.9, 19.2.
HRMS (ESI) m/z calcd. for C3sH39N203Si [M + H]™ 563.2724, found 563.2722.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 12.0 min, t(major) = 16.9 min, 90% ee (95:5 er).

Cl

\ o/>/®—0Me

N-N 11
(R)-2-(4-Chloro-1-phenylbutyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide S1e (74.3 mg, 0.30 mmol, 3.0 equiv), LiO'Bu (28.0 mg, 0.35 mmol, 3.5
equiv), and H20 (5.4 pL, 0.30 mmol, 3.0 equiv) for 5 d, the reaction mixture was
purified by column chromatography on silica gel to give the corresponding product 11
(13.7 mg) in 40% isolated yield.
'TH NMR (400 MHz, CDCl3) 6 7.95 — 7.91 (m, 2H), 7.36 — 7.33 (m, 4H), 7.32 — 7.26
(m, 1H), 6.99 — 6.95 (m, 2H), 4.25 (t, J = 7.8 Hz, 1H), 3.86 (s, 3H), 3.59 — 3.53 (m,
2H), 2.51 —2.42 (m, 1H), 2.33 —2.24 (m, 1H), 1.93 — 1.78 (m, 2H).
13C NMR (100 MHz, CDCl3) & 167.1, 164.9, 162.3, 138.6, 129.0, 128.6, 127.8, 127.8,
116.4,114.4,55.5,44.4,42.8, 31.5, 30.3.
HRMS (ESI) m/z caled. for Ci9H20%CIN202 [M + H]* 343.1208, found 343.1207; for
C19H20*’CIN202 [M + H]" 345.1178, found 345.1176.
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 20.0 min, t(major) = 23.2 min, 78% ee (89:11 er).

\ O/>/®»OM9

N~N 12
(R)-2-(4-Methoxyphenyl)-5-(1-(m-tolyl)propyl)-1,3.,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1f (42.6 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 12 (15.5 mg) in 50% isolated yield.
'"H NMR (400 MHz, CDCI3) § 7.95 — 7.92 (m, 2H), 7.23 (t, J = 8.0 Hz, 1H), 7.16 —
7.14 (m, 2H), 7.08 (d, J = 7.2 Hz, 1H), 6.98 — 6.95 (m, 2H), 4.09 (t, /= 8.0 Hz, 1H),
3.85 (s, 3H), 2.34 (s, 3H), 2.37 — 2.28 (m, 1H), 2.15 — 2.08 (m, 1H), 0.98 (t, /= 7.2
Hz, 3H).
13C NMR (100 MHz, CDCls) & 167.7, 164.8, 162.2, 139.0, 138.5, 128.7, 128.6(2),
128.6(0), 128.3, 124.9, 116.6, 114.4, 55.4,45.1, 27.5, 21.5, 12.2.
HRMS (ESI) m/z calcd. for C1oH21N202 [M + H]" 309.1598, found 309.1593.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 11.8 min, t(major) = 14.0 min, 83% ee (91.7:8.3 er).

MeO | O/>/®’0Me

N-N 13
(R)-2-(4-Methoxyphenyl)-5-(1-(3-methoxyphenyl)propyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1n (57.3 mg, 0.25 mmol, 2.5 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 13 (26.0 mg) in 80% isolated yield.
'"H NMR (400 MHz, CDCl3) § 7.95 — 7.92 (m, 2H), 7.26 (t, J = 8.0 Hz, 1H), 6.99 —
6.93 (m, 3H), 6.91 (t, J=2.0 Hz, 1H), 6.81 (ddd, J=8.0, 2.8, 1.2 Hz, 1H), 4.11 (t,J =
8.0 Hz, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 2.37 — 2.29 (m, 1H), 2.16 — 2.09 (m, 1H), 0.99
(t,J=17.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 167.5, 164.8, 162.2, 159.9, 140.6, 129.8, 128.6, 120.3,
116.6,114.4,113.8,112.7,55.4,55.3,45.1,27.4, 12.2.
HRMS (ESI) m/z calcd. for C1oH21N203 [M + H]" 325.1547, found 325.1543.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 19.2 min, t(major) = 22.7 min, 90% ee (95:5 er).

PhO o OMe
l oy
N-

N 14
(R)-2-(4-Methoxyphenyl)-5-(1-(3-phenoxyphenyl)propyl)-1,3,4-oxadiazole
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According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1o (58.2 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 14 (22.5 mg) in 58% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.93 — 7.91 (m, 2H), 7.35 — 7.26 (m, 3H), 7.16 — 7.08
(m, 2H), 7.06 — 6.96 (m, 5H), 6.90 (dd, J = 8.4, 1.2 Hz, 1H), 4.12 (t, /= 7.8 Hz, 1H),
3.87 (s, 3H), 2.36 — 2.25 (m, 1H), 2.16 — 2.05 (m, 1H), 0.98 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.2, 164.9, 162.2, 157.7, 156.9, 141.0, 130.1, 129.8,
128.6, 123.5, 122.7, 119.0, 118.3, 117.7, 116.5, 114.4, 55.5, 44.9, 27.5, 12.2.

HRMS (ESI) m/z calcd. for C24H23N203 [M + H]" 387.1703, found 387.1699.

HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min. A
= 254 nm, t(major) = 24.7 min, t(minor) = 28.6 min, 84% ee (92:8 er).

O@owm
L
N=N 15
(R)-2-(4-Methoxyphenyl)-5-(1-(p-tolyl)propyl)-1,3,4-oxadiazole

According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1i (42.6 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 15 (21.0 mg) in 68% isolated yield.

'"H NMR (400 MHz, CDCl3) 8 7.96 — 7.94 (m, 2H), 7.29 — 7.26 (m, 2H), 7.17 (d, J =
7.6 Hz, 2H), 7.00 — 6.98 (m, 2H), 4.12 (t, /= 7.6 Hz, 1H), 3.88 (s, 3H), 2.38 — 2.31
(m, 1H), 2.38 (s, 3H), 2.16 — 2.09 (m, 1H), 1.00 (t, /= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.8, 164.8, 162.2, 137.2, 136.1, 129.5, 128.6, 127.8,
116.6, 114.4,55.4,44.7,27.5,21.1, 12.2.

HRMS (ESI) m/z calcd. for C1oH21N202 [M + H]" 309.1598, found 309.1593.

HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min. A
= 254 nm, t(major) = 13.9 min, t(minor) = 16.6 min, 90% ee (95:5 er).

\ O/>/®»0Me
Bu N~-N 16
(R)-2-(1-(4-(tert-Butyl)phenyl)propyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1j (63.8 mg, 0.25 mmol, 2.5 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 16 (17.5 mg) in 50% isolated yield.
'TH NMR (400 MHz, CDCl3) 8 7.97 — 7.95 (m, 2H), 7.35 (dd, J = 6.0, 2.0 Hz, 2H),
7.28 (d, J = 6.0, 2.0 Hz, 2H), 7.00 — 6.98 (m, 2H), 4.12 (t, J = 7.8 Hz, 1H), 3.86 (s,
3H), 2.38 — 2.29 (m, 1H), 2.19 - 2.07 (m, 1H), 1.30 (s, 9H), 0.98 (t, /= 7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 167.7, 164.7, 162.1, 150.4, 136.0, 128.6, 127.5, 125.7,
116.7,114.4,55.4, 44.6, 34.5,31.3, 27.6, 12.3.
HRMS (ESI) m/z calcd. for C22H27N202 [M + H]" 351.2067, found 351.2066.
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 0.6 mL/min. A =
254 nm, t(minor) = 20.4 min, t(major) = 22.3 min, 90% ee (95:5 er).

O>/4<:j>’OMe

oy

Ph N-N 17
(R)-2-(1-([1,1'-Biphenyl]-4-yl)propyl)-5-(4-Methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1t (68.8 mg, 0.25 mmol, 2.5 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 17 (24.1 mg) in 65% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.96 — 7.93 (m, 2H), 7.59 — 7.56 (m, 4H), 7.45 — 7.41
(m, 4H), 7.36 — 7.32 (m, 1H), 6.99 — 6.95 (m, 2H), 4.19 (t, J = 7.7 Hz, 1H), 3.86 (s,
3H), 2.41 —2.32 (m, 1H), 2.22 - 2.11 (m, 1H), 1.02 (t, J= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.5, 164.8, 162.2, 140.6, 140.5, 138.1, 128.8, 128.6,
128.4,127.6, 127.4,127.1, 116.6, 114.4, 55.5, 44.8, 27.6, 12.2.

HRMS (ESI) m/z calcd. for C24H23N203 [M + H]" 371.1754, found 371.1750.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 20.2 min, t(major) = 26.8 min, 90% ee (95.1:4.9 er).

\g>,4<:j>—OMe
F N~N 18
(R)-2-(1-(4-Fluorophenyl)propyl)-5-(4-Methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1g (65.1 mg, 0.30 mmol, 3.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 18 (20.6 mg) in 66% isolated yield.
'"H NMR (400 MHz, CDCl3) & 7.95 — 7.92 (m, 2H), 7.35 — 7.32(m, 2H), 7.06 — 7.01
(m, 2H), 7.00 — 6.96 (m, 2H), 4.13 (t, J = 7.8 Hz, 1H), 3.86 (s, 3H), 2.36 — 2.29 (m,
1H), 2.13 —2.06 (m, 1H), 0.98 (t, /= 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) 8 166.1 (d, Jcr= 241.9 Hz), 163.4, 162.2, 160.9, 134.8
(d, Jer= 3.0 Hz), 129.5 (d, Jcr= 8.0 Hz), 128.6, 116.5, 115.7 (d, Jcr= 21.5 Hz),
114.4,55.5,44.4,27.6, 12.1.
1YF NMR (376 MHz, CDCl3): 6 —115.0.
HRMS (ESI) m/z calcd. for CisHisFN203 [M + H]" 313.1347, found 313.1341.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 13.3 min, t(major) = 17.6 min, 87% ee (93.6:6.4 er).

O>/4<:j>—0Me
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cl N 19
(R)-2-(1-(4-Chlorophenyl)propyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole
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According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1h (70.1 mg, 0.30 mmol, 3.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 19 (12.5 mg) in 38% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.95 — 7.91 (m, 2H), 7.34 — 7.26 (m, 4H), 6.99 — 6.95
(m, 2H), 4.12 (t, J = 8.0 Hz, 1H), 3.86 (s, 3H), 2.36 — 2.29 (m, 1H), 2.13 — 2.06 (m,
1H), 0.98 (t,J=7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.1, 164.9, 162.3, 137.5, 133.4, 129.3, 129.0, 128.6,
116.4,114.4,55.5,44.5,27.5, 12.1.

HRMS (ESI) m/z calcd. for CisHig>>CIN202 [M + H]* 329.1051, found 329.1047. for
CisHis*’CIN202 [M + H]* 331.1022, found 331.1017.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.0 min, t(major) = 20.2 min, 85% ee (92.5:7.5 er).

o _ O>/4<:j>~OMe

L

N-N 20
(R)-2-(1-(3-(Furan-3-yl)phenyl)propyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1p (66.3 mg, 0.25 mmol, 2.5 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 20 (28.0 mg) in 78% isolated yield.
'TH NMR (400 MHz, CDCl3) & 7.95 — 7.92 (m, 2H), 7.73 (t, J = 1.2 Hz, 1H), 7.47 (q,
J=2.0Hz, 2H), 7.40 (dt, J= 8.0, 1.6 Hz, 1H), 7.35 (t, /= 7.2 Hz, 1H), 7.28 — 7.25 (m,
1H), 6.98 — 6.95 (m, 2H), 6.70 (dd, J = 2.0, 0.8 Hz, 1H), 4.16 (t, J=7.8 Hz, 1H), 3.85
(s, 3H), 2.43 —2.32 (m, 1H), 2.21 — 2.09 (m, 1H), 1.01 (t, J= 7.6 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 167.5, 164.8, 162.2, 143.8, 139.7, 138.7, 133.0, 129.3,
128.6, 126.5, 126.2, 125.5, 125.1, 116.5, 114.4, 108.8, 55.5, 45.1, 27.5, 12.2.
HRMS (ESI) m/z calcd. for C22H21N203 [M + H]" 361.1547, found 361.1543.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 18.8 min, t(major) = 23.3 min, 93% ee (96.4:3.6 er).

S \?>’<C:>’OM6

N~N 21
(R)-2-(4-Methoxyphenyl)-5-(1-(3-(thiophen-3-yl)phenyl)propyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (35.2 mg, 0.20 mmol, 1.0 equiv),
alkyl bromide S1r (140.6 mg, 0.50 mmol, 2.5 equiv), and LiO'Bu (60.8 mg, 0.76
mmol, 3.8 equiv) for 5 d, the reaction mixture was purified by column
chromatography on silica gel to give the corresponding product 21 (60.0 mg) in 80%
isolated yield.
'TH NMR (400 MHz, CDCl3) 6 7.95 — 7.92 (m, 2H), 7.58 (t, J = 1.2 Hz, 1H), 7.51 (dt,
J=17.6,1.2Hz, 1H), 7.46 (t, J = 2.4 Hz, 1H), 7.40 — 7.36 (m, 3H), 7.29 (dt, J = 7.6,
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1.6 Hz, 1H), 6.98 — 6.95 (m, 2H), 4.18 (t, J = 7.8 Hz, 1H), 3.85 (s, 3H), 2.42 — 2.33
(m, 1H), 2.22 —2.13 (m, 1H), 1.01 (t, /= 7.2 Hz, 3H).

I3C NMR (100 MHz, CDC13) § 167.5, 164.8, 162.2, 141.9, 139.7, 136.4, 129.3, 128.6,
126.6, 126.4, 126.3, 126.1, 125.7, 120.7, 116.5, 114.4, 55.5, 45.2, 27.5, 12.3.

HRMS (ESI) m/z caled. for C22H21N202S [M + H]" 377.1318, found 377.1313.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 19.8 min, t(major) = 21.2 min, 93% ee (96.3:3.7 er).

/]
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N-N 22
(R)-2-(4-Methoxyphenyl)-5-(1-(3-(thiophen-2-yl)phenyl)propyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1s (56.2 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 22 (22.0 mg) in 55% isolated yield.
'TH NMR (400 MHz, CDCI3) 6 7.95 — 7.93 (m, 2H), 7.60 (t, J = 1.2 Hz, 1H), 7.52 (dt,
J=28.0, 1.2 Hz, 1H), 7.36 (t, J= 7.6 Hz, 1H), 7.32 (dd, J = 3.6, 1.2 Hz, 1H), 7.29 —
7.27 (m, 2H), 7.08 (dd, J = 4.8, 3.6 Hz, 1H), 6.98 — 6.95 (m, 2H), 4.17 (t, /= 7.8 Hz,
1H), 3.85 (s, 3H), 2.43 —2.32 (m, 1H), 2.22 — 2.11 (m, 1H), 1.01 (t, J= 7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 167.4, 164.9, 162.2, 143.9, 139.8, 135.0, 129.4, 128.6,
128.1, 126.9, 125.6, 125.2, 125.1, 123.4, 116.5, 114.4, 55.5, 45.1, 27.5, 12.2.
HRMS (ESI) m/z calcd. for C22H21N202S [M + H]" 377.1318, found 377.1313.
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min. A
= 254 nm, t(major) = 25.3 min, t(minor) = 30.9 min, 85% ee (92.6:7.4 er).

<;jk \9}~4<:j>“OMe

N=-N 23
(R)-2-(1-(3-(1H-Pyrrol-1-yl)phenyl)propyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide S1q (79.2 mg, 0.30 mmol, 3.0 equiv), LiO’'Bu (28.0 mg, 0.35 mmol, 3.5
equiv), and H20 (5.4 pL, 0.30 mmol, 3.0 equiv) for 5 d, the reaction mixture was
purified by column chromatography on silica gel to give the corresponding product 23
(12.6 mg) in 35% isolated yield.
'TH NMR (400 MHz, CDCl3) 6 7.95 — 7.92 (m, 2H), 7.42 — 7.38 (m, 2H), 7.32 — 7.30
(m, 1H), 7.26 — 7.23 (m, 1H), 7.08 (t, J = 2.0 Hz, 2H), 6.98 — 6.96 (m, 2H), 6.35 (t, J
=2.0 Hz, 2H), 4.18 (t, /= 8.0 Hz, 1H), 3.86 (s, 3H), 2.43 — 2.32 (m, 1H), 2.22 - 2.11
(m, 1H), 1.01 (t, J=7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 162.3, 141.2, 140.7, 130.0, 128.6, 125.1, 120.1, 119.6,
119.3,116.4, 114.4, 110.6, 55.5, 45.0, 27.5, 12.2.
HRMS (ESI) m/z calcd. for C22H22N302 [M + H]" 360.1707, found 360.1703.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 19.1 min, t(major) = 20.4 min, 87% ee (93.6:6.4 er).
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S 24
(R)-2-(4-Methoxyphenyl)-5-(1-(4-(thiophen-3-yl)phenyl)propyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1u (70.3 mg, 0.25 mmol, 2.5 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 24 (22.6 mg) in 60% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.96 — 7.92 (m, 2H), 7.58 — 7.56 (m, 2H), 7.43 (dd, J =
2.4, 1.6 Hz, 1H), 7.40 — 7.36 (m, 4H), 6.98 — 6.96 (m, 2H), 4.16 (t, J = 8.0 Hz, 1H),
3.85(s,3H), 2.42 —2.31 (m, 1H), 2.20 — 2.09 (m, 1H), 1.01 (t, J=7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 162.2, 141.8, 137.9, 135.2, 128.6, 128.4, 126.9, 126.3,
126.3,120.4, 116.6, 114.4, 55.5, 44.8, 27.5, 12.2.

HRMS (ESI) m/z calcd. for C22H21N202S [M + H]" 377.1318, found 377.1313.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 28.7 min, t(major) = 38.4 min, 89% ee (94.6:5.4 er).

N-

N 25
(R)-2-(4-Methoxyphenyl)-5-(1-(naphthalen-2-yl)propyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide S1k (74.7 mg, 0.30 mmol, 3.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 25 (18.5 mg) in 53% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.94 — 7.90 (m, 2H), 7.84 — 7.80 (m, 4H), 7.50 — 7.44
(m, 3H), 6.96 — 6.94 (m, 2H), 4.30 (t, J = 7.6 Hz, 1H), 3.84 (s, 3H), 2.48 — 2.39 (m,
1H), 2.29 —2.20 (m, 1H), 1.02 (t, J= 7.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.6, 164.9, 162.2, 136.4, 133.4, 132.7, 128.7, 128.6,
127.8,127.7, 126.9, 126.4, 126.1, 125.7, 116.5, 114.4, 55.4, 45.2, 27.4, 12.2.

HRMS (ESI) m/z calcd. for C22H21N203 [M + H]" 345.1598, found 345.1593.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 17.2 min, t(major) = 22.3 min, 77% ee (88.7:11.3 er).

S N-N 26
(R)-2-(4-Methoxyphenyl)-5-(1-(thiophen-3-yl)propyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv)

and alkyl bromide S1v (61.5 mg, 0.30 mmol, 3.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
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product 26 (13.8 mg) in 46% isolated yield.

'"H NMR (400 MHz, CDCl3) 8 7.97 — 7.93 (m, 2H), 7.31 (dd, J = 4.8, 2.8 Hz, 1H),
7.21 (dd, J = 3.2, 1.6 Hz, 1H), 7.11 (dd, J = 5.2, 1.2 Hz, 1H), 7.00 — 6.96 (m, 2H),
4.32 (t,J=17.7 Hz, 1H), 3.87 (s, 3H), 2.31 — 2.22 (m, 1H), 2.19 — 2.10 (m, 1H), 0.99 (t,
J=17.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 162.2, 139.3, 128.6, 127.0, 126.2, 122.2, 116.5, 114.4,
55.5,40.3,27.5,12.1.

HRMS (ESI) m/z calcd. for C16H17N202S [M + H]" 301.1005, found 301.1002.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 18.5 min, t(major) = 23.2 min, 86% ee (93:7 er).

\ O@

N-N 27
(R)-2-Phenyl-5-(1-phenylpropyl)-1,3,4-oxadiazole
According to the general procedure with azole S2b (14.6 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv), and LiO'Bu (20.0 mg, 0.25 mmol,
2.5 equiv) for 5 d, the reaction mixture was purified by column chromatography on
silica gel to give the corresponding product 27 (17.6 mg) in 67% isolated yield.
'"H NMR (400 MHz, CDCl3) 6 8.05 — 8.01 (m, 2H), 7.55 — 7.47 (m, 3H), 7.41 — 7.35
(m, 4H), 7.32 — 7.28 (m, 1H), 4.19 (t, /= 7.8 Hz, 1H), 2.44 — 2.33 (m, 1H), 2.22 —
2.11 (m, 1H), 1.02 (t,J= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 168.1, 164.9, 138.9, 131.6, 129.0, 128.9, 127.9, 127.6,
126.9, 124.0,45.1, 27.5, 12.2.
HRMS (ESI) m/z calcd. for C17H17N20 [M + H]" 265.1335, found 265.1331.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. A =
254 nm, t(minor) =10.5 min, t(major) = 12.6 min, 89% ee (94.3:5.7 er).
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N-N 28
(R)-2-(1-Phenylpropyl)-5-(p-tolyl)-1,3,4-oxadiazole
According to the general procedure with azole S2¢ (16.0 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv), and LiO'Bu (20.0 mg, 0.25 mmol,
2.5 equiv) for 5 d, the reaction mixture was purified by column chromatography on
silica gel to give the corresponding product 28 (20.0 mg) in 72% isolated yield.
'TH NMR (400 MHz, CDCl3) 6 7.90 — 7.87 (m, 2H), 7.38 — 7.32 (m, 4H), 7.29 — 7.25
(m, 3H), 4.15 (t, J=7.7 Hz, 1H), 2.40 — 2.31 (m, 4H), 2.19 — 2.08 (m, 1H), 0.98 (t, J
=7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 167.8, 165.0, 142.0, 139.0, 129.6, 128.8, 127.9, 127.5,
126.8,121.2,45.1, 27.5, 21.6, 12.1.
HRMS (ESI) m/z calcd. for C1sH19N20 [M + H]" 279.1492, found 279.1487.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 8.8 min, t(major) = 11.0 min, 89% ee (94.5:5.5 er).
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N~ 29
(R)-2-(4-(tert-Butyl)phenyl)-5-(1-phenylpropyl)-1,3,4-oxadiazole
According to the general procedure with azole S2d (20.2 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv), and LiO'Bu (20.0 mg, 0.25 mmol,
2.5 equiv) for 5 d, the reaction mixture was purified by column chromatography on
silica gel to give the corresponding product 29 (22.1 mg) in 69% isolated yield.
'TH NMR (400 MHz, CDCl3) 6 7.94 — 7.91 (m, 2H), 7.50 — 7.47 (m, 2H), 7.38 — 7.31
(m, 4H), 7.29 — 7.25 (m, 1H), 4.16 (t, J = 7.8 Hz, 1H), 2.40 — 2.29 (m, 1H), 2.19 —
2.08 (m, 1H), 1.33 (s, 9H), 0.98 (t,J= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 167.8, 164.9, 155.1, 139.0, 128.8, 127.9, 127.5, 126.6,
125.9,121.2,45.1, 35.0, 31.1, 27.5, 12.1.
HRMS (ESI) m/z calcd. for C21H2sN20 [M + H]" 321.1961, found 321.1956.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 7.1 min, t(major) = 8.8 min, 90% ee (95.2:4.8 er).

| O)/O*B"

N-N 30
(R)-2-(4-Bromophenyl)-5-(1-phenylpropyl)-1,3,4-oxadiazole
According to the general procedure with azole S2e (45.0 mg, 0.20 mmol, 1.0 equiv)
and alkyl bromide 1a (119.5 mg, 0.60 mmol, 3.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 30 (51.3 mg) in 75% isolated yield.
"H NMR (400 MHz, CDCl3) & 7.88 — 7.85 (m, 2H), 7.63 — 7.59 (m, 2H), 7.37 — 7.32
(m, 4H), 7.31 — 7.27 (m, 1H), 4.15 (t, J = 7.8 Hz, 1H), 2.41 — 2.30 (m, 1H), 2.19 —
2.08 (m, 1H), 0.99 (t, J= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 168.3, 164.1, 138.7, 132.2, 128.9, 128.2, 127.9, 127.6,
126.2,122.9,45.1,27.4, 12.1.
HRMS (ESI) m/z calcd. for Ci7His’’BrN2O [M + H]" 343.0441, found 343.0436,
C17H16*'BrN20 [M + H]* 345.0420 found 345.0415.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 9.3 min, t(major) = 11.3 min, 87% ee (93.3:6.7 er).
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N~-N 31
(R)-2-(1-Phenylpropyl)-5-(4-(trifluoromethyl)phenyl)-1,3,4-oxadiazole
According to the general procedure with azole S2f (21.4 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv) at room temperature for 3 d,
the reaction mixture was purified by column chromatography on silica gel to give the
corresponding product 31 (15.7 mg) in 47% isolated yield.
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'TH NMR (400 MHz, CDC13) 6 8.14 — 8.12 (m, 2H), 7.75 — 7.73 (m, 2H), 7.39 — 7.34
(m, 4H), 7.32 — 7.28 (m, 1H), 4.18 (t, J = 7.8 Hz, 1H), 2.43 — 2.32 (m, 1H), 2.22 —
2.11 (m, 1H), 1.00 (t, J= 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 168.8, 163.7, 138.6, 133.2 (q, J = 32.7 Hz), 128.9,
127.9, 127.7, 127.2(0), 127.2(6), 126.0 (q, J = 4.0 Hz), 123.5 (q, J = 271.0 Hz), 45.1,
27.5,12.1.

1YF NMR (376 MHz, CDCl3) 6 —63.10.

HRMS (ESI) m/z caled. for C1sHi6F3N20 [M + H]" 333.1209, found 333.1204.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. A =
254 nm, t(minor) =7.3 min, t(major) = 8.3 min, 78% ee (89.2:10.8 er).
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N 32
(R)-2-(1-Phenylpropyl)-5-(m-tolyl)-1,3,4-oxadiazole
According to the general procedure with azole S2g (16.0 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide 1a (39.8 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 32 (13.5 mg) in 49% isolated yield.
'TH NMR (400 MHz, CDCl3) & 7.82 — 7.77 (m, 2H), 7.38 — 7.26 (m, 7H), 4.16 (t, J =
7.8 Hz, 1H), 2.40 — 2.30 (m, 4H), 2.19 — 2.08 (m, 1H), 0.99 (t, /= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 168.0, 165.0, 139.0, 138.8, 132.3, 128.8, 127.9, 127.5,
127.3,124.0, 123.8, 45.1, 27.5, 21.3, 12.2.
HRMS (ESI) m/z calcd. for C1sH19N20 [M + H]" 279.1492, found 279.1487.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 6.9 min, t(major) = 7.4 min, 85% ee (92.4:7.6 er).
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N 33

(R)-2-(3-Chlorophenyl)-5-(1-phenylpropyl)-1,3,4-oxadiazole

According to the general procedure with azole S2h (18.1 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv) and H20 (5.4 uL, 0.30 mmol, 3.0
equiv) in anhydrous N, N-dimethylacetamide (0.35 mL) and PhCF3 (0.70 mL) at room
temperature for 3 d, the reaction mixture was purified by column chromatography on
silica gel to give the corresponding product 33 (10.2 mg) in 34% isolated yield (57%
yield based on recovered starting material).

'TH NMR (400 MHz, CDCl3) 6 7.98 — 7.97 (m, 1H), 7.92 — 7.89 (m, 1H), 7.49 — 7.46
(m, 1H), 7.43 — 7.41 (m, 1H), 7.36 — 7.34 (m, 4H), 7.32 — 7.27 (m, 1H), 4.16 (t, J =
7.8 Hz, 1H), 2.41 — 2.30 (m, 1H), 2.20 — 2.09 (m, 1H), 0.99 (t, /= 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 168.4, 163.7, 138.7, 135.0, 131.6, 130.3, 128.9, 127.9,
127.6, 126.8, 125.6, 124.9,45.1, 27.4, 12.1.

HRMS (ESI) m/z calcd. for C17H16>>CIN20 [M + H]" 299.0946, found 299.0943; for
C17H15*’CIN20 [M + H]" 301.0916 found 301.0913.
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min. A =
254 nm, t(minor) =14.3 min, t(major) = 15.7 min, 79% ee (89.5:10.5 er).
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~N 34
(R)-2-(1-Phenylpropyl)-5-(o-tolyl)-1,3,4-oxadiazole
According to the general procedure with azole S2i (16.0 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide 1a (39.8 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 34 (14.1 mg) in 51% isolated yield.
'TH NMR (400 MHz, CDCl3) & 7.87 — 7.85 (m, 1H), 7.40 — 7.26 (m, 8H), 4.18 (t, J =
7.8 Hz, 1H), 2.65 (s, 3H), 2.41 — 2.30 (m, 1H), 2.20 — 2.09 (m, 1H), 0.99 (t, /= 7.4
Hz, 3H).
13C NMR (100 MHz, CDCl3) & 167.6, 165.1, 138.9, 138.2, 131.6, 131.0, 128.9, 128.8,
127.9,127.5, 126.0, 123.1, 45.0, 27.4, 22.0, 12.1.
HRMS (ESI) m/z calcd. for C1sH19N20 [M + H]" 279.1492, found 279.1488.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 11.6 min, t(major) = 12.9 min, 85% ee (92.3:7.7 er).

(2
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N-N 35

(R)-2-(Naphthalen-1-yl)-5-(1-phenylpropyl)-1,3,4-oxadiazole

According to the general procedure with azole S2j (19.6 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv) and H20 (5.4 uL, 0.30 mmol, 3.0
equiv) in anhydrous N, N-dimethylacetamide (0.35 mL) and PhCF3 (0.70 mL) at room
temperature for 3 d, the reaction mixture was purified by column chromatography on
silica gel to give the corresponding product 35 (12.6 mg) in 40% isolated yield (73%
yield based on recovered starting material).

'"H NMR (400 MHz, CDCl3) § 9.20 (dd, J = 8.7, 1.1 Hz, 1H), 8.12 (dd, J = 7.3, 1.3
Hz, 1H), 8.04 — 8.01 (m, 1H), 7.94 — 7.92 (m, 1H), 7.70 — 7.66 (m, 1H), 7.62 — 7.54
(m, 2H), 7.46 — 7.37 (m, 4H), 7.34 — 7.30 (m, 1H), 4.27 (t, J = 7.8 Hz, 1H), 2.50 —
2.39 (m, 1H), 2.28 = 2.17 (m, 1H), 1.06 (t, J=7.3 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.7, 164.8, 138.9, 133.8, 132.4, 130.0, 128.9, 128.6,
128.2,128.0, 127.9, 127.5, 126.6, 126.2, 124.7, 120.6, 45.0, 27.5, 12.2.

HRMS (ESI) m/z calcd. for C21H19N20 [M + H]" 315.1492, found 315.1487.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min. A =
254 nm, t(minor) =20.2 min, t(major) = 21.5 min, 85% ee (92.6:7.4 er).

S32



N\l\f \ N 36
(R)-2-(1-Phenylpropyl)-5-(pyridin-3-yl)-1,3,4-oxadiazole
According to the general procedure with azole S2k (14.7 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv) and LiO'Bu (20.0 mg, 0.25 mmol,
2.5 equiv) in anhydrous N,N-dimethylacetamide (0.35 mL) and PhCF3 (0.70 mL) at
room temperature for 3 d, the reaction mixture was purified by column
chromatography on silica gel to give the corresponding product 36 (6.7 mg) in 25%
isolated yield.
'TH NMR (400 MHz, CDCl3) 6 9.21 (s, 1H), 8.75 — 8.73 (m, 1H), 8.30 (dt, /= 8.0, 1.9
Hz, 1H), 7.45 — 7.41 (m, 1H), 7.38 — 7.34 (m, 4H), 7.32 — 7.28 (m, 1H), 4.18 (t, J =
7.8 Hz, 1H), 2.43 —2.32 (m, 1H), 2.22 - 2.11 (m, 1H), 1.00 (t, J= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 168.7, 162.8, 152.2, 147.8, 138.6, 134.1, 128.9, 127.9,
127.7,123.7, 120.5, 45.1, 27.4, 12.1.
HRMS (ESI) m/z calcd. for C16H16N30 [M + H]" 266.1288, found 266.1284.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. A =
254 nm, t(minor) =21.2 min, t(major) = 23.7 min, 75% ee (87.3:12.7 er).
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N~-N 37
(R)-2-(Furan-2-yl)-5-(1-phenylpropyl)-1,3,4-oxadiazole
According to the general procedure with azole S21 (13.6 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv) and LiO'Bu (20.0 mg, 0.25 mmol,
2.5 equiv) in anhydrous N,N-dimethylacetamide (0.35 mL) and PhCF3 (0.70 mL) at
room temperature for 3 d, the reaction mixture was purified by column
chromatography on silica gel to give the corresponding product 37 (8.7 mg) in 34%
isolated yield.
'"H NMR (400 MHz, CDCl3) 8 7.60 (dd, J = 1.9, 0.8 Hz, 1H), 7.37 — 7.32 (m, 4H),
7.31 —7.25 (m, 1H), 7.10 (dd, J = 3.6, 0.7 Hz, 1H), 6.55 (dd, J = 3.5, 1.8 Hz, 1H),
4.14 (t, J=7.8 Hz, 1H), 2.40 — 2.29 (m, 1H), 2.18 — 2.08 (m, 1H), 0.98 (t, J= 7.4 Hz,
3H).
13C NMR (100 MHz, CDCl3) & 167.4, 157.7, 145.4, 139.5, 138.7, 128.8, 127.9, 127.6,
113.8, 112.0, 45.0, 27.4, 12.1.
HRMS (ESI) m/z calcd. for CisHisN202 [M + H]" 255.1128, found 255.1124.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
254 nm, t(minor) =18.5 min, t(major) = 22.2 min, 82% ee (91:9 er).
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(R)-2-Phenethyl-5-(1-phenylpropyl)-1,3,4-oxadiazole

According to the general procedure with azole S2m (17.4 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide 1a (39.8 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 38 (16.1 mg) in 55% isolated yield.

'"H NMR (400 MHz, CDCl3) 8 7.36 — 7.17 (m, 8H), 7.14 — 7.11 (m, 2H), 4.03 (t, J =
7.8 Hz, 1H), 3.12 — 3.02 (m, 4H), 2.30 — 2.19 (m, 1H), 2.10 — 1.99 (m, 1H), 0.92 (t, J
=7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 168.1, 166.3, 139.4, 138.9, 128.8, 128.6, 128.2, 127.8,
127.4,126.5,44.9, 32.5,27.2(4), 27.2(3), 12.1.

HRMS (ESI) m/z calcd. for C1oH21N20 [M + H]" 293.1648, found 293.1643.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
214 nm, t(minor) = 17.0 min, t(major) = 17.9 min, 81% ee (90.5:9.5 er).

\ O}*%

N-N 39
(R)-2-(tert-Butyl)-5-(1-phenylpropyl)-1,3,4-oxadiazole
According to the general procedure with azole S2n (12.6 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv), and LiO'Bu (24.0 mg, 0.30 mmol,
3.0 equiv) for 5 d, the reaction mixture was purified by column chromatography on
silica gel to give the corresponding product 39 (11.5 mg) in 47% isolated yield.
'"H NMR (400 MHz, CDCl3) & 7.38 — 7.25 (m, 5H), 4.09 (t, J = 7.8 Hz, 1H), 2.32 —
2.21 (m, 1H), 2.13 —2.04 (m, 1H), 1.39 (s, 9H), 0.94 (t, /= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 173.3, 167.9, 139.1, 128.7, 127.8, 127.4, 45.0, 32.3,
28.1,27.7, 12.1.
HRMS (ESI) m/z calcd. For Ci6H21NO [M + H]" 245.1648, found 245.1646.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min. A =
214 nm, t(minor) = 31.1 min, t(major) = 32.3 min, 93% ee (96.5:3.5 er).
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2,5-bis(1-phenylpropyl)-1,3,4-oxadiazole

According to the general procedure with 1,3,4-oxadiazole (7.0 mg, 0.10 mmol, 1.0
equiv), alkyl bromide 1a (199 mg, 1.0 mmol, 10.0 equiv), and LiO’Bu (36.0 mg, 0.45
mmol, 4.5 equiv) for 6 d, the reaction mixture was purified by column
chromatography on silica gel to give the corresponding product 40 (13.2 mg) in 43%
isolated yield, the dr value is 6:1, and give the mono-alkylated product 40’ (6.4 mg) in
34% isolated yield.

'TH NMR (400 MHz, CDCl3) 6 7.35 — 7.24 (m, 10H), 4.08 (t, J = 7.8 Hz, 1H), 4.03 (t,
J=7.8Hz, 1H), 2.31 - 2.17 (m, 2H), 2.11 — 1.99 (m, 2H), 0.94 — 0.89 (m, 6H).
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I3C NMR (100 MHz, CDCI3) & 168.3, 139.1, 139.0, 128.7(2), 128.7(1), 127.8,
127.4(0), 127.3(9), 44.9(8), 44.9(6), 27.6, 27.5, 12.0.
HRMS (ESI) m/z calced. for C20H23N20 [M + H]* 307.1805, found 307.1800.
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min. A
= 214 nm, t(major) = 16.1 min, t(minor) = 23.7 min, 97% ee (98.5:1.5 er).

N—N

[

o 40

2-(1-phenylpropyl)-1,3.4-oxadiazole
'TH NMR (400 MHz, CDCl3) 6 8.31 (s, 1H), 7.36 — 7.25 (m, 5H), 4.13 (t, J = 7.8 Hz,
1H), 2.37 -2.26 (m, 1H), 2.17 - 2.06 (m, 1H), 0.95 (t, /= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 168.3, 153.0, 138.6, 128.9, 127.9, 127.7, 44.9, 27.3,
12.1.
HRMS (ESI) m/z caled. for C11H13N20 [M + H]" 189.1022, found 189.1021.
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min. A
= 214 nm, t(major) = 19.1 min, t(minor) = 21.1 min, 77% ee (88.8:11.2 er).
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41
(R)-5-(3-Fluoro-4-(trifluoromethyl)phenyl)-2-(1-phenylpropyl)oxazole
According to the general procedure with azole S20 (23.1 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv), and Cu(‘PrC0O2)2 (2.38 mg, 0.010
mmol, 10 mol%) for 5 d, the reaction mixture was purified by column
chromatography on silica gel to give the corresponding product 41 (10.5 mg) in 30%
isolated yield (51% yield based on recovered starting material).
'TH NMR (400 MHz, CDCl3) & 7.63 (t, J = 7.7 Hz, 1H), 7.47 — 7.40 (m, 3H), 7.37 (d,
J =43 Hz, 4H), 7.31 — 7.28 (m, 1H), 4.08 (t, J = 7.8 Hz, 1H), 2.40 — 2.29 (m, 1H),
2.17-2.06 (m, 1H), 0.99 (t,J=7.3 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 167.1, 160.1 (dd, J = 256.2, 2.3 Hz), 148.6 (d, J = 2.7
Hz), 139.9, 133.7 (d, /= 9.0 Hz), 128.8, 127.9, 127.3, 124.7, 122.4 (q, J = 272.4 Hz),
119.3 (d, J = 3.7 Hz), 117.5 (q, J = 33.2 Hz), 117.3 (q, J = 33.1 Hz), 112.1 (d, J =
23.0 Hz), 47.5, 28.0, 12.3.
YF NMR (376 MHz, CDCl3) § —61.26 (d, J = 12.6 Hz), —113.44 (q, J = 12.6 Hz).
HRMS (ESI) m/z calcd. for C19H16F4aNO [M + H]" 350.1163, found 350.1159.
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A
= 254 nm, t(major) = 7.9 min, t(minor) = 9.6 min, 95% ee (97.4:2.6 er).
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(R)-5-(3,5-Bis(trifluoromethyl)phenyl)-2-(1-phenylpropyl)oxazole

According to the general procedure with azole S2p (28.1 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (59.7 mg, 0.30 mmol, 3.0 equiv), and Cul (1.90 mg, 0.010 mmol, 10
mol%) at room temperature for 3 d, the reaction mixture was purified by column
chromatography on silica gel to give the corresponding product 42 (14 mg) in 35%
isolated yield.

'TH NMR (400 MHz, CDCl3) 6 8.0 (d, J = 1.5 Hz, 2H), 7.80 (s, 1H), 7.49 (s, 1H), 7.39
(s, 2H), 7.38 (d, /= 1.9 Hz, 2H), 7.32 — 7.29 (m, 1H), 4.11 (t, /= 7.8 Hz, 1H), 2.42 —
2.31 (m, 1H), 2.18 - 2.06 (m, 1H), 1.00 (t, /= 7.4 Hz, 3H).

13C NMR (100 MHz, CDCls) & 167.2, 148.3, 139.8, 132.4 (q, J = 33.6 Hz), 130.1,
128.8, 127.9, 127.3, 124.6, 123.8 (q, J = 4.3 Hz), 123.0 (q, J = 272.4 Hz), 1214 —
121.3 (m), 47.5, 28.0, 12.3.

1YF NMR (376 MHz, CDCl3) § —63.11.

HRMS (ESI) m/z calcd. for C20H16FsNO [M + H]" 400.1131, found 400.1128.

HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min. A
= 254 nm, t(major) = 12.2 min, t(minor) = 14.3 min, 85% ee (92.6:7.4 er).
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(R)-5-Methoxy-2-(1-phenylpropyl)benzo[d]oxazole

According to the general procedure with azole S2q (14.9 mg, 0.10 mmol, 1.0 equiv),
alkyl bromide 1a (49.8 mg, 0.25 mmol, 2.5 equiv), and Cu(acac)2 (2.62 mg, 0.010
mmol, 10 mol%) for 4 d, the reaction mixture was purified by column
chromatography on silica gel to give the corresponding product 43 (8.0 mg) in 30%
isolated yield.

'"H NMR (400 MHz, CDCl3) 8 7.41 — 7.39 (m, 2H), 7.37 — 7.35 (m, 2H), 7.33 (d, J =
2.1 Hz, 1H), 7.30 — 7.27 (m, 1H), 7.23 (d, J = 2.6 Hz, 1H), 6.90 (dd, J = 8.9, 2.6 Hz,
1H), 4.12 (t, J = 7.8 Hz, 1H), 3.86 (s, 3H), 2.47 — 2.36 (m, 1H), 2.21 — 2.10 (m, 1H),
1.00 (t, /= 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 157.0, 142.0, 139.9, 128.7, 128.0, 127.3, 113.0, 110.6,
103.0, 56.0, 48.0, 27.6, 12.3.

HRMS (ESI) m/z calcd. for C17Hi1sNO2 [M + H]" 268.1332, found 268.1330.

HPLC condition: Chiralcel OJ, n-hexane/i-PrOH = 93/7, flow rate 0.5 mL/min. A =
254 nm, t(minor) = 17.7 min, t(major) = 23.1 min, 91% ee (95.4:4.6 er).

(R)-5-Phenyl-2-(1-phenylpropyl)benzo|d]oxazole
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According to the general procedure with azole S2r (19.5 mg, 0.10 mmol, 1.0 equiv)
and alkyl bromide 1a (39.8 mg, 0.20 mmol, 2.0 equiv) for 5 d, the reaction mixture
was purified by column chromatography on silica gel to give the corresponding
product 44 (11.0 mg) in 35% isolated yield (63% yield based on recovered starting
material).

TH NMR (400 MHz, CDCl3) 4 7.93 (t, J = 1.2 Hz, 1H), 7.63 — 7.61 (m, 2H), 7.53 (brs,
2H), 7.48 (t, J=17.7 Hz, 2H), 7.44 — 7.42 (m, 2H), 7.40 — 7.35 (m, 3H), 7.31 — 7.27 (m,
1H), 4.18 (t,J=7.7 Hz, 1H), 2.52 = 2.41 (m, 1H), 2.25-2.13 (m, 1H), 1.03 (t,/=7.3
Hz, 3H).

13C NMR (100 MHz, CDCl3) & 168.8, 150.4, 141.9, 141.2, 139.8, 138.1, 128.9, 128.8,
128.0, 127.5, 127.3, 127.2, 124.2, 118.4, 110.5, 48.0, 27.6, 12.3.

HRMS (ESI) m/z caled. for C22H20NO [M + H]" 314.1539, found 314.1537.

HPLC condition: Chiralcel OJ, n-hexane /i-PrOH = 93/7, flow rate 0.5 mL/min. A =
254 nm, t(minor) = 22.3 min, t(major) = 33.7 min, 93% ee (96.5:3.5 er).

@“\> C
1o
S Ph 45

(R)-2-(1-Phenylpropyl)benzo|d]thiazole

According to the general procedure with benzo[d]thiazole (13.5 mg, 0.10 mmol, 1.0
equiv), alkyl bromide 1a (49.8 mg, 0.25 mmol, 2.5 equiv), and Cul (1.90 mg, 0.010
mmol, 10 mol%) at room temperature for 4 d, the reaction mixture was purified by
column chromatography on silica gel to give the corresponding product 45 (3.0 mg) in
12% isolated yield.

'TH NMR (400 MHz, CDCI3) 6 8.00 (dt, J = 8.2, 0.8 Hz, 1H), 7.79 (d, 1H), 7.46 — 7.39
(m, 3H), 7.36 — 7.29 (m, 3H), 7.28 — 7.24 (m, 1H), 4.29 (t, J = 7.7 Hz, 1H), 2.50 —
2.39 (m, 1H), 2.26 — 2.15 (m, 1H), 0.99 (t, /= 7.3 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 175.4, 153.1, 141.7, 135.2, 128.7, 128.1, 127.3, 125.8,
124.7,122.9, 121.5, 52.8, 28.9, 12.5.

HRMS (ESI) m/z caled. for C17H16NS [M + H]" 254.0998, found 254.0997.

HPLC condition: Chiralcel OJ, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min. A =
254 nm, t(major) = 13.8 min, t(mnior) = 16.0 min, 87% ee (93.7:6.3 er).
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51
(R,E)-2-(2,2-Dimethylhex-4-en-3-yl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole
According to the general procedure with azole 2a (17.6 mg, 0.10 mmol, 1.0 equiv),

alkyl bromides Sly and S1y' (2:1, 47.5 mg, 0.25 mmol, 2.5 equiv), Cul (1.90 mg,
0.010 mmol, 10 mol%), and L*5 (12.5 mg, 0.015 mmol, 15 mol%) for 4 d, the

S37



reaction mixture was purified by column chromatography on silica gel to give the
corresponding product 51 (20.0 mg) in 70% isolated yield.

TH NMR (400 MHz, CDCl3) 8 7.99 (d, J = 8.9 Hz, 2H), 7.01 (d, J = 9.0 Hz, 2H), 5.80
—5.73 (m, 1H), 5.68 — 5.59 (m, 1H), 3.89 (s, 3H), 3.51 (d, J=9.3 Hz, 1H), 1.74 (dd, J
=6.3, 1.5 Hz, 3H), 1.03 (s, 9H).

13C NMR (100 MHz, CDCl3) & 167.1, 164.3, 162.1, 130.3, 128.5, 125.9, 116.7, 114.4,
55.5,51.6,34.4,27.7, 18.0.

HRMS (ESI) m/z calcd. for C17H23N202 [M + H]" 287.1754, found 295.1753.

HPLC condition: Chiralcel IA, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 15.2 min, t(major) = 18.7 min, 33% ee (66.6:33.4 er).
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Preparative scale reaction and transformation

Preparative scale reaction
OMe

MeQ CuBH4(PPh3), (10 mol%)
Br L* 3 (12 mol%)

- . LiOBu (2.5 equiv) _ N=
o N DMA/DCM (251) N
\( H,O (3.0 equiv) -
(x)-1a H 10°C,4d Et
2a, 1.0 mmol ©/\

To a flame-dried Schlenk tube equipped with a magnetic stir bar were added
CuBH4(PPhs)2 (60.3 mg, 0.10 mmol, 10 mol%), L*3 (97.4 mg, 0.12 mmol, 12 mol%),
LiO'Bu (200 mg, 2.5 mmol, 2.5 equiv), and azole 2a (176 mg, 1.0 mmol, 1.0 equiv).
The tube was evacuated and backfilled with argon for three times and then, alkyl
bromide 1a (498 mg, 2.5 mmol, 2.5 equiv), water (36 uL, 2.0 mmol, 2.0 equiv), and
anhydrous N,N-dimethylacetamide (7.0 mL) and dichloromethane (3.0 mL) were
sequentially added. The reaction mixture was stirred at room temperature for 30 min
and then stirred at 10 °C for 4 d. The resulting reaction mixture was diluted with 50
mL ethyl acetate and washed with brine (30 mL x 3). The organic layer was dried
over anhydrous Na2SO4 and filtered through a pad of celite. The organic solvent was
removed under vacuum and the residue was purified by column chromatography on
silica gel to afford the desired product 3 (224 mg, 76% yield, 94% ee).

l
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Transformation
_ PONH; Ph
\O/>’®' pTSOHH,0 \N/>’®'0Me
N~ p-1s 2 N=N
3, 94% ee 46, 93% ee

To a flame-dried Schlenk tube equipped with a magnetic stir bar were charged with 3
(30 mg, 0.10 mmol, 1.0 equiv), aniline (0.10 mL, 1.1 mmol, 11 equiv), and
p-toluenesulfonic acid monohydrate (7.6 mg, 0.04 mmol, 0.40 equiv). The resulting
reaction mixture was stirred at 80 °C for 4 d. After completion, the reaction mixture
was purified by column chromatography on silica gel to afford 46 (33 mg, 90% yield).

I/:’h

\ N)/@OMe

N-N 46
(R)-3-(4-Methoxyphenyl)-4-phenyl-5-(1-phenylpropyl)-4H-1,2,4-triazole
46, 33 mg, 90% yield.
'"H NMR (400 MHz, CDCl3) 6 7.46 — 7.42 (m, 2H), 7.32 — 7.27 (m, 3H), 7.20 — 7.14
(m, 4H), 7.02 — 6.99 (m, 2H), 6.74 — 6.72 (m, 2H), 6.52 (br s, 1H), 3.73 (s, 3H), 3.57
(t,J=7.8 Hz, 1H), 2.50 — 2.39 (m, 1H), 2.16 — 2.04 (m, 1H), 0.90 (t, /= 7.3 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 160.4, 157.2, 153.8, 140.9, 134.9, 129.7, 129.6, 129.5,
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128.4,128.0, 126.8, 119.5, 113.8, 55.2, 44.7, 28.6, 12.5.
HRMS (ESI) m/z calced. for C24H24N30 [M + H]" 370.1914, found 370.1913.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 75/25, flow rate 1.0 mL/min. A =

254 nm, t(minor) = 22.3 min, t(major) = 26.2 min, 93% ee (96.5:3.5 er).
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Mechanistic studies

H/D exchange experiments

A N D,0 (excess)

-N
N
N N
' O>_H standard conditions ' O>_D (95%)
rt, 1h

Q

MeO MeO
2a
B N’N N/N
D,0O (excess
s vzvith(out Cu ) | D—D (94%)
© (0]
rt,1h
MeO MeO
2a
¢ NN D,0 N-N
N\ 20O (excess) \
l O>_H standard conditions I O>_D (35%)
10 °C, 20 min
MeO MeO
2a
D _N N
N D,O (excess N
| \>_H 3vith(out Cu ) I \>—D (34%)
© (0]
10 °C, 20 min
MeO MeO

2a

To a flame-dried Schlenk tube equipped with a magnetic stir bar were charged
with 2a (8.8 mg, 0.050 mmol, 1.0 equiv), CuBH4(PPh3)2 (3.0 mg, 0.010 mmol, 10
mol% or 0 mmol), L*3 (4.87 mg, 0.012 mmol, 12 mol%), and LiO'Bu (18 mg, 0.22
mmol, 4.5 equiv). The tube was evacuated and backfilled with argon for three times
and then, D20 (1.0 mL) and anhydrous N, N-dimethylacetamide (0.40 mL) and
dichloromethane (0.20 mL) were sequentially added. The resulting reaction mixture
was stirred at room temperature for 1 h or at 10 °C for 20 min. The resulting reaction
mixture was diluted with 10 mL ethyl acetate, and washed with water (10 mL x 3).
The organic layer was dried over anhydrous NaSOs and filtered through a pad of
celite. The organic solvent was removed under vacuum. The 'H NMR analysis of the
residue showed 95%, 94%, 35% and 34% incorporation of deuterium at the C5—-H of
2a.
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C. Standard conditions at 10 °C for 20 min
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Control experiment with TEMPO

CuBH4(PPhgz), (10 mol%)

* 0 N,

N"‘{ .L t3 (12 mol A)? Ph 20

Br | > LiO'Bu (4.5 equiv) 04

A 0 - o
Ph TEMPO (2.5 equiv) OI
1a, 2.0 equiv MeO H,0 (2.0 equiv) Ph
2a, 0.10 mmol DMA/DCM (2:1), 1t, 3d

3, 0%

To a flame-dried Schlenk tube equipped with a magnetic stir bar were charged with 2a
(17.6 mg, 0.10 mmol, 1.0 equiv), CuBH4(PPh3)2 (6.03 mg, 0.01 mmol, 10 mol%),
L*3 (9.74 mg, 0.012 mmol, 12 mol%), LiO'Bu (36 mg, 0.45 mmol, 4.5 equiv), and
(2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) (39.1 mg, 0.25 mmol, 2.5 equiv).
The tube was evacuated and backfilled with argon for three times and then, 1a (39.8
mg, 0.20 mmol, 2.0 equiv), water (3.6 uL, 0.20 mmol, 2.0 equiv), and anhydrous
N,N-dimethylacetamide (0.70 mL) and dichloromethane (0.35 mL) were sequentially
added. The resulting reaction mixture was stirred at room temperature for 3 d. The
resulting reaction mixture was diluted with 10 mL ethyl acetate and washed with
water (10 mL x 3). The organic layer was dried over anhydrous NaSO4 and filtered
through a pad of celite. The organic solvent was removed under vacuum and the
residue was puriﬁed by column chromatography on neutral alumina to afford 47 (7.7
mg, 28% yield).! The desired product 3 was not observed.

2,2,6,6-Tetramethyl-1-(l-phenylpropoxy)piperidine

47, 7.7 mg, 28% yield. '"H NMR (400 MHz, CDCl3) & 7.38 — 7.33 (m, 4H), 7.29 —
7.24 (m, 1H), 4.57 (dd, J=9.5, 3.9 Hz, 1H), 2.18 — 2.08 (m, 1H), 1.89 — 1.78 (m, 1H),
1.56 — 1.46 (m, 3H), 1.40 — 1.29 (m, 6H), 1.21 (br s, 3H), 1.04 (br s, 3H), 0.70 (t, J =
7.5 Hz, 3H), 0.62 (br s, 3H).

HRMS (ESI) m/z calcd. for CisH30NO [M + H]" 276.2321, found 276.2318.

Radical clock experiment

CuBH4(PPhs),(10 mol%)
N L3 (12 mol%) N=N

Br N Y LiO'Bu (4.5 equiv) Ph
+ (o) - N= + o
Ph A [\i 5 -
Ph DMA/DCM (2:1) N OMe

1b, 3.0 equiv MeO H20 (2.0 equiv)
; 2a, 0.10 mmol 10°C,5d = Ph 49, 10% yield

Ph
48, 12% yield

To a flame-dried Schlenk tube equipped with a magnetic stir bar were charged with 2a
(17.6 mg, 0.10 mmol, 1.0 equiv), CuBH4(PPh3)2 (6.03 mg, 0.010 mmol, 10 mol%),
L*3 (9.74 mg, 0.012 mmol, 12 mol%), and LiO’'Bu (36 mg, 0.45 mmol, 4.5 equiv).
The tube was evacuated and backfilled with argon for three times and then, 1b (94.6
mg, 0.30 mmol, 3.0 equiv), water (3.6 uL, 0.20 mmol, 2.0 equiv), and anhydrous
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N,N-dimethylacetamide (0.70 mL) and dichloromethane (0.35 mL) were sequentially
added. The resulting reaction mixture was stirred 10 °C for 5 d. The resulting reaction
mixture was diluted with 10 mL ethyl acetae and washed with water (10 mL x 3). The
organic layer was dried over anhydrous NaSO4 and filtered through a pad of celite.
The organic solvent was removed under vacuum and the residue was purified by
column chromatography on silica gel to afford 48 (5.0 mg, 12% yield) and the desired
product 49 (4.0 mg, 10% yield).

OMe

(R,Z)-2-(1,6-Diphenylhex-5-en-1-yl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole

'"H NMR (400 MHz, CDCls) & 7.94 (d, J = 8.9 Hz, 2H), 7.36 — 7.34 (m, 5H), 7.33 —
7.29 (m, 2H), 7.26 — 7.22 (m, 3H), 7.00 (d, J = 8.9 Hz, 2H), 6.46 — 6.42 (m, 1H), 5.63
(dt,J=11.7,7.2 Hz, 1H), 4.21 (t, J= 7.8 Hz, 1H), 3.88 (s, 3H), 2.44 — 2.31 (m, 3H),
2.20-2.10 (m, 1H), 1.57 — 1.49 (m, 2H).

13C NMR (100 MHz, CDCl3) & 167.5, 164.8, 162.2, 139.0, 137.5, 132.0, 129.5, 128.9,
128.7,128.6, 128.2, 127.9, 127.5, 126.6, 116.5, 114.4, 55.4, 43.2, 33.7, 28.1, 27.6.
HRMS (ESI) m/z calcd. for C27H27N202 [M + H]" 411.2067, found 411.2063.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t (minor) =15.8 min, t (major) = 19.4 min, 88% ee (94:6 er).

N—-N

Ph 7\
O)\©\
Ph OMe

49
2-(4-Methoxyphenyl)-5-(phenyl(2-phenylcyclopentyl)methyl)-1,3,4-oxadiazole
'TH NMR (400 MHz, CDCls) (the major diastereomer) & 7.95 (d, J = 8.8 Hz, 2H), 7.27
—7.24 (m, 2H), 7.19 — 7.14 (m, 5H), 7.11 — 7.07 (m, 1H), 7.00 (d, J = 8.9 Hz, 2H),
6.94 (d, J = 8.9 Hz, 2H), 4.23 (d, J = 8.7 Hz, 1H), 3.89 (s, 3H), 2.97 — 2.89 (m, 1H),
2.79 (q, J = 8.1 Hz, 1H), 2.17 — 2.11 (m, 1H), 2.08 — 2.00 (m, 1H), 1.89 — 1.72 (m,
4H).
13C NMR (100 MHz, CDCIs) 8 166.9, 164.6, 162.2, 145.6, 137.9, 128.6(0), 128.6(9),
128.4,128.2, 127.3, 125.6, 116.5, 114.4, 55.5, 51.8, 50.5, 47.7, 36.2, 30.7, 24.8.
HRMS (ESI) m/z calcd. for C27H27N202 [M + H]" 411.2067, found 411.2062.
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; CuBH4(PPhs), (10 mol%), L*3 (12 mol%) : "’7=N
)\r ©AV/NN LiO'Bu (4.5 equiv), H,O (2 equiv) O N
+ /
Ph™ Et o7 DMA/DCM (2/1), 10 °C, 72 h }\
1a, 2.0 equiv 2b, 0.1 mmol Fh Bt
50, 69% yield dr:1:1

To a flame-dried Schlenk tube equipped with a magnetic stir bar were charged with
2b (18.6 mg, 0.10 mmol, 1.0 equiv), CuBH4(PPh3)2 (6.03 mg, 0.010 mmol, 10 mol%),
L*3 (9.74 mg, 0.012 mmol, 12 mol%), and LiO’'Bu (36 mg, 0.45 mmol, 4.5 equiv).
The tube was evacuated and backfilled with argon for three times and then, 1a (39.8
mg, 0.20 mmol, 2.0 equiv), water (3.6 uL, 0.20 mmol, 2.0 equiv), and anhydrous
N,N-dimethylacetamide (0.70 mL) and dichloromethane (0.35 mL) were sequentially
added. The resulting reaction mixture was stirred 10 °C for 3 d. The resulting reaction
mixture was diluted with 10 mL ethyl acetae and washed with water (10 mL x 3). The
organic layer was dried over anhydrous NaSO4 and filtered through a pad of celite.
The organic solvent was removed under vacuum and the residue was purified by
column chromatography on silica gel to afford 50 (21.0 mg, 69% yield, dr: 1:1)

-
”
”
”

/=N
O

Ph S0
2-Phenylcyclopropyl)-5-(1-phenylpropyl)-1,3,4-oxadiazole

'"H NMR (400 MHz, CDCl3) & 7.39 — 7.28 (m, 7H), 7.24 (t, J = 6.8 Hz, 1H), 7.15 (d,
J=1.3 Hz, 2H), 4.06 (t, J = 7.8 Hz, 1H), 2.65 — 2.57 (m, 1H), 2.39 — 2.36 (m, 1H),
2.34 —2.27 (m, 1H), 2.15 — 2.04 (m, 1H), 1.77 — 1.70 (m, 1H), 1.59 — 1.53 (m, 1H),
0.98 (t,J=7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 167.5(4), 167.4(9), 139.5, 138.9(7), 138.9(5), 128.8,
128.6, 127.9, 127.5, 126.7, 126.1, 45.1, 27.4(2), 27.3(9), 26.6, 26.5, 17.1(1), 17.0(6),
17.0(4), 17.0(0), 12.1.

HRMS (ESI) m/z calcd. for C20H21N20 [M + H]" 305.1648, found 305.1645.
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HPLC spectra
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 11.3 min, t(major) = 14.4 min, 90% ee (95.2:4.8 er).

1000

11.281

PDA Multi 1 254nm, 4nml

14. 361

Peak Table
PDA Chl 254nm

PeakZ|Ret. Time

Area

Area%

1 11. 281

11483401

19. 727

S

2 14. 361

11609339

50. 273

1000

11.322

PDA Multi 1 254nm, 4nm

14.376

Peak Table
PDA Chl 254nm

Peak# |Ret. Time

Area

Area%

1 11.322

723400

1. 840

2 14. 376

14221390

95. 160

S103
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 82/20, flow rate 1.0 mL/min. A =
254 nm, t(major) = 10.9 min, t(minor) = 13.7 min, 89% ee (94.6:5.4 er).

25007 PDA Multi 1 254nm, 4nn]

10. 868

2000
1500
1000

500

T01

13.

o]
L A B L L B B L S B
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

min

PDA Chl Z254nm
T Hight Area Area%h

10. 868 2052944 31468200 94. 621

13. 701 99003 1788880 5.379
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.2 min, t(major) = 18.3 min, 90% ee (94.8:5.2 er).

2 PDA Multi 1 254nm, 4nn
T 1: ~
750 |~ 2
| \ %
| 2
| A
: | [
500 ' I
d | H‘
Il
| |
250 ‘\ [
i |
A A
N - - - \
— 7 ‘ ‘ I e —
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
14. 190 836292 16698464 49. 590
18. 507 647991 16974729 50. 410
1500 2 PDA Multi 1 254nm, 4n
| e
] fl
i ‘
1 \
il \\
1000 ‘ﬂ
b |
i \
‘\
i |
500 ‘
i - ‘
1 S |
— & n
] / A
0 “k “I \
T - \ I \ T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
14. 203 120496 2302653 5.227
18. 329 1488823 41747084 94.773
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 13.8 min, t(major) = 17.5 min, 89% ee (94.5:5.5 er).

1250+ Pﬁ PDA Multi 1 254nm, 4nn
] 1B “
1000 | -
] ‘\ I
] |
] |
750 I i
] \ I
] 1 ‘
500 ‘ ‘\
] ‘ ‘ |
250 ‘\ : |
] \
— \ i
O__ A - o\ 1\
1 T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T | T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
13. 746 1222649 24764164 49. 291
17. 537 988590 25476168 50. 709
] |5 PDA Multi 1 254nm, 4ni
] =
1000 |H‘5
] \
] ‘\
750 ‘\
] |
] ‘l
500 “
g |
] |
250 g B
8 = I
1 n A
0 / J o\
T T T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
13. 790 89086 1719017 5. 505
17. 467 1119786 29505767 94. 495
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 13.1 min, t(major) = 17.0 min, 88% ee (93.8:6.2 er).

i ﬂg PDA Multi 1 254nm, 4nm
] E 2
750 ‘\ -
] ‘; I
- | |
500 [
] ‘ i
] | |
I
| > [
f i A
1 \ |
0 JA |\
— — — — — |. — :
0 5 10 15 20 25 )
min
PDA Chl 254nm
T Hight Area Area%
13. 120 909677 17018153 50. 528
17.109 675539 16662490 49. 472
1 = PDA Multi 1 254nm, 4nm
1000 ”;
' I
750 H
|
] | \
500 1\
1 |
[
1 |
250 & ;\
N o |
] = |
] I\ |
0 A ’
T T T T T | T T T [ T T T | T I T T T T [ T T T T
0 5 10 15 20 25 )
min
PDA Chl 254nm
T Hight Area Area%
13.127 98269 1808771 6. 205
17.000 1079859 27341414 93. 795
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.9 min, t(major) = 18.3 min, 82% ee (91.2:8.8 er).

S108

3 - PDA Multi 1 254nm, 4nn
1= =
i z
500 “ ﬂ
i I
| w fl
\ I
I i
| I
250~ ; ‘,
‘\ o
)!
1
] [ [
i [ |
N B A G AN
: — — — | : — e
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
14. 853 618454 12606077 49. 058
18. 358 507816 13090277 50. 942
1 8 PDA Multi 1 254nm, 4nm
. e
750 1ES
4 H’
: I
] M
500 ‘a
_
| i
1 [
250 = :
: 5|
. = |
: ,/"\ “ "
. A
‘ —— e ‘ e
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
14. 854 102013 2052181 8. 843
18. 258 811142 21155421 91. 157
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.7 min, t(major) = 18.7 min, 87% ee (93.5:6.5 er).

] «3 PDA Multi 1 254nm, 4nn
1 1= S
200 (i %
i ‘\ )
1 \
o] I \
150 [ |
1 |
] {| |
100 ’x |
i | ‘
i ‘\ ‘t
50 , R
4 ‘ | : 4‘
] I [
1 |\ A
0_ — — 4_,k
1 T T T I T T I T T T ‘ T T I T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
14. 749 228429 4741414 49. 961
18. 890 182078 4748741 50. 039
1250 s PDA Multi 1 254nm, 4ni
] =
1000 I
] ‘
‘ |
750 I
] |
500-] | 1‘
] \ ‘,l
N (=]
2507 5 R
] = [
i /\ |\
o] o _ J
— 7 — T — T —
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
14. 720 116724 2375534 6. 481
18. 677 1209989 34281072 93.519
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 22.6 min, t(major) = 26.6 min, 87% ee (93.4:6.6 er).

S110

. PDA Multi 1 254nm, 4nn|
400
300 X z
i I g
] I 1
200 1 I
. i i
] A B
100] | R
. | B
1 | [\
o I . Y I N
) e L s s O S s S S SO N
0 5 10 15 20 25 )
min
PDA Chl 254nm
T Hight Area Area%
22.313 267317 8183531 49. 568
26. 289 235104 8326013 50. 432
400; PDA Multi 13@54nm,4nﬂ
f\t
: I
i H
300 “
] ||
: |
200~ |
| |
J [
100 P [
] < [
] |
0 J
T T ‘ T T T | T T T I T T ‘ T I T T T
0 5 10 15 20 25 )
min
PDA Chl 254nm
T Hight Area Area%
22.603 32903 1042527 6. 639
26. 553 403509 14660080 93. 361
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 12.0 min, t(major) = 16.9 min, 90% ee (95:5 er).

7504 PDA Multi 1 254nm, 4nr
1 g
. ‘l“v_‘
500 l €
] I <
il “ )
] “
4 |‘ \
250 ‘\ |
] | y
1 ‘ \
1 , \
0 I \
: I : ; : ; :
0 5 10 20
min
PDA Chl 254nm
T Hight Area Area%
11.911 567715 9649584 49. 962
16. 767 404957 9664420 50. 038
4007 PDA Multi 1 254nm, 4nil
300
200j §
] <
100~ [
| § |
O_ — = — . V—I - I Ii
0 10 15 20
min
PDA Chl 254nm
T Hight Area Area%
11. 992 10516 174956 5.023
16. 882 139931 3307987 94. 977

S111



Cl

N-—

N
11
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =

254 nm, t(minor) = 20.0 min, t(major) = 23.2 min, 78% ee (89:11 er).

PDA Multi 1 254nm, 4nm
500
250- “ g
i - B
i I
4 | | \‘ \
I I
| I I
0 - - . - — Z} E; — JL_\L .
—Y— T[T
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
20.513 198884 5446290 49. 550
23.993 183772 5545314 50. 450
PDA Multi 1 254nm, 4n
500
| g
250 o
i i
- i
i 5 [
s “ |
_ S |\
0 . - _— VAN S S
-————
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
19. 997 27341 758222 11. 053
23. 167 199975 6101507 88. 947
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 11.8 min, t(major) = 14.0 min, 83% ee (91.7:8.3 er).

1 o 2 PDA Multi 2 214nm, 4nr
7 |
1000 ”; Fz
] \ I
| |
750+ | M
1 'n /|
1 \
500 | |
] “ »
250 \ [
] I y ‘w
] | [
1 . [ [
0 — J\ B 1\ -
) T T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
11. 803 1005807 16692172 48. 900
14. 060 904998 17443267 51. 100
] 2 PDA Multi 1 254nm, 4nn]
1000 12
] e
] |
I V
750 ‘
] M
] i
500 ||
] l
] \ 1
i - \
250 B IL
i “ i
i = [
1 i |
. JIGENAN
7 T T ‘ T ‘ T T ‘ T T | T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
11. 829 118062 1897784 8. 256
14. 029 1050943 21090206 91. 744

S113



N~
N 13
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =

254 nm, t(minor) = 19.2 min, t(major) = 22.7 min, 90% ee (95:5 er).

250 HE REA Multi 1 254nm, 4n
3 E »
] M A-
200 ‘ I
] | I
] [l [
150 i i
] \ [
1 [ (|
100~ }: B
] | |
1 \ [
4 ‘ | 1‘
50 n B
] I [\
07 _ ,J‘ ‘;J} N~
1 T T T ‘ T T T T | T T T | T T T T | T T I T T T
0 5 10 15 20 25 )
min
PDA Chl 254nm
T Hight Area Area%
19. 197 251643 6823767 49. 515
22.727 210572 6957458 50. 485
2_0‘ RPA Multi 1 254nm, 4nnj
50 [l
3 IS
- |
200 [
] [
] 1
150
4 'i
] |
4 |
100 |
] n
] - B
507 a |
- = |\
0] |\
1 T T T T T T T T I T T T T ‘ T T T T I T T T T I T T T T

min
PDA Chl 254nm
T Hight Area Area%
19. 220 17387 458124 5.101
22. 669 257703 8522205 94. 899
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HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min. A

N

14

| ():>__A<:::i>>——()hﬂe
N

= 254 nm, t(major) = 24.7 min, t(minor) = 28.6 min, 84% ee (92:8 er).

12507 ‘o PDA Multi 1 254nm, 4n
1 |
] (|8 _
1000 \ 2
] | %
] ‘t i
750 a "
- ‘ ‘ \
7 | [
] ‘ \ [
500 | : [
| I
] ‘ | [
250 [ !
] [ “ \
] \ |
0+ | |\
1 T T l T T | T T T T [ T T [ T T T T ‘— T T T T ‘ T T T
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
24. 652 1191311 43513420 50. 661
28. 034 838044 42378706 49. 339
‘= PDA Multi 1 254nm, 4nn]
750_ ‘n‘[\
| =
I
|
| |
500 ‘ [
4 |
|
|
h
R
250 [
n i
[ o«
] | -
0 AN N\
S e R R R T T
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
24.743 771263 28349428 92. 130
28.575 47175 2421632 7.870
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HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min. A
= 254 nm, t(major) = 13.9 min, t(minor) = 16.6 min, 90% ee (95:5 er).

1 - 0 PDA Multi 1 254nm, 4nn
500 )= S )
g "= “
. (= =
] (| I
400 \ it
i I [
i | \
1 " |
300+ \ |
] R i
] | ||
200 ‘ \
1 [ |
4 ‘ ‘:\
1 Lo ‘ \\
0’ e ,‘ \¥_4"—V_\\‘ﬁ -
1 T T T ‘ T T T T [ T T T | T T T T ‘ T T
0 5 10 15 20
min
PDA Chl 254nm
T Hight Area Area%
14. 114 500145 13090804 48. 467
16. 822 443823 13918788 51.533
1 = PDA Multi 1 254nm, 4nm
4 \‘ o
2000 \l‘ =
1500~ |
1000~ ‘ |
1 |
i |
500 ‘ \ -
7 ‘ I 2
] [ -
G ] J L
T - T T - ‘
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
13.910 2178093 47233419 95. 095
16. 603 110794 2436266 4. 905
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 0.6 mL/min. A =
254 nm, t(minor) = 20.4 min, t(major) = 22.3 min, 90% ee (95:5 er).

75 PDA Multi 1 254nm, 4nm
50+
N 2 =
25— g :
. B
| I
[ . o / |\
——T— — ; . — ————
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
20. 357 19727 492157 51.715
22. 348 16868 459507 48. 285
PDA Multi 1 254nm, 4nnl
500+
] g
|
] I
250 “
| |
| _—
4 ) "
1 S \
G T T I T T ‘ T T I ‘7 T T I T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
20. 352 22481 518415 5. 090
22.293 349261 9666733 94. 910
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 20.2 min, t(major) = 26.8 min, 90% ee (95.1:4.9 er).

e PDA Multi 1 254nm, 4nn
200 15 e
j ‘
\ ([
| |
1507 N [
| | |
] | j ‘ \
] [ [
100*_ w‘ | |
q | [
|| |
] B |
50+ [ [
j [\ [
] [ [
0 N B —~ _./I \\ _/‘! \\
7 T ] T T ‘ T I ‘ T T ‘ T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
20.176 223309 8260687 50. 078
27.304 202824 8235015 49. 922
| PDA Multi 1‘@§4nm,4m
: e
i | ‘l‘N
1500 “ \
7 |
4 ‘ I“
] B
10001 | "
7 |
|
a
500 . ‘ l
’ S [
= o
|
0 S AN J \,
I I I T ] T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
20. 203 124815 4423818 4. 887
26. 848 1836097 86105590 95.113
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 13.3 min, t(major) = 17.6 min, 87% ee (93.6:6.4 er).
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1 2 PDA Multi 1 254nm, 4nm
2501 E B
] | 8
o0
200 l .
I\
] Il
S '\ |
150 1 (1
1 y \
] [ [
100 \' ‘\ }
i |
50 I [
1 [ [
0_: S S - J\ J .‘\\ S
) T T T T [ T T T T I T T T T I T T T T I T T T T ] T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
13. 538 273165 5057328 50. 340
18. 094 195761 4989020 49. 660
1 ﬂg PDA Multi 1 254nm, 4nr
100+ ‘\'E
] \
] 1
300 U
] \
] \|‘
200 ‘ \
i ‘ \
i |
] _ N
100 N [
] . R
] A A
0 o = / ) | \_
1 T T T T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
13.271 40938 733804 6.404
17. 593 428976 10723833 93. 596
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 14.0 min, t(major) = 20.2 min, 85% ee (92.5:7.5 er).

300 '8 PDA Multi 1 254nm, 4n
4 ‘Q:
_ {‘ S
200 ‘k I
] | l
|
_ l I
d ‘ | “ ’
100—_ | L ‘ 'l‘
\
1 A n
] | “‘ “ ‘\\
o A |\
— — — — ‘ —
0 5 10 15 20 25 )
min
PDA Chl 254nm
T Hight Area Area%
14. 080 297756 5887598 48. 844
20. 564 216536 6166216 51.156
500{ ﬂ§ PDA Multi 1 254nm, 4ni
; »':8
400 J
1 \
] ‘\
1
] [
200 | \
] ™ \
© |
100+ o |
] A [
] | \
o JAN |
b T T I T T I T T [ ‘ T T T ‘ T T T
0 5 10 15 20 25 )
min
PDA Chl 254nm
T Hight Area Area%
13. 965 61284 1205091 7.489
20. 237 505124 14885670 92.511
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 18.8 min, t(major) = 23.3 min, 93% ee (96.4:3.6 er).
200

. PDA Multi 1 254nm, 4n
150+
] S
1001 = 5
| | g
1 I I
q U} I
50 I [
b | | \
[ [
] \" “\, | y“.
o J\ )\ |
——
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
18. 920 83885 2230766 49. 568
23.707 67666 2269621 50. 432
2000_ PDA Multi 1 254nm, 4nm
1500+ 2
1000~ l
7 [
_ i
500 [
] g [
i “ [
< |\
O_ I_ “V T [ T T T | T T T | T T T T ‘ vI T | T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
18. 842 60290 1597919 3.598
23. 340 1200852 42807561 96. 402
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =

254 nm, t(minor) = 19.8 min, t(major) = 21.2 min, 93% ee (96.3:3.7 er).

3004 2 sPDA Multi 1 254nm, 4ni
| r“g ‘«ﬂ‘l:;
i “N ”‘N
4 I “‘
1 | | ‘
200+ |
1 [ i
| 1l
‘ |
| 1]
1 ol
100 [
4 ‘ “ ‘ |
_ Lo
] AR
O;_ — - _//\’\ _Jyffi\jf— »'k, . —
-_—-— W e —
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
20. 583 299466 8769107 48. 401
22. 187 291022 9348559 51.599
1 CBDA Multi 1 254nm, 4nnl
400 ﬁq
J MN
] 1
300 “"
J [
N |1
J ’l
200 ‘:
] \
] [
1 |
100+ [
J S| |
] s
0_ —_— e / — —
T T T T T I T T T I T T T ‘ T T T T ‘ T T T T I T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
19. 799 17469 489874 3.671
21. 241 410390 12856034 96. 329
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HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min. A
= 254 nm, t(major) = 25.3 min, t(minor) = 30.9 min, 85% ee (92.5:7.5 er).

1 2 PDA Multi 1 254nm, 4nm
1 [l =
4 e o
750+ I~ g
1 [ =
] \ i
1 ’b I
1 I [
500+ | [
] | i
4 ‘ ‘ |
] ‘\ |
i ‘\ [
- | |
250 | |
| || [
7 | |
i ‘7 \ j‘ \
] [ |
0, _ X,/\gmj_ —
——Y 77— T
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
25. 440 857567 27973949 50. 698
30. 965 645251 27204111 49. 302
| T PDA Multi 1 254nm, 4nm
i "(‘C\l
1500+ “N
] (|
: |
] i
1000+ ’\
i \
] |
500 ‘\
] \ s
i [ >
| [ =
[
o Jo\
-——Y T
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
25.274 1707297 58340610 92. 582
30.910 112810 4674250 7.418

S123



9! 0 o
()

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 19.1 min, t(major) = 20.4 min, 87% ee (93.6:6.4 er).

N-N' »3

1000, PDA Multi 1 254nm, 4n
T 8
(00*_ : 5
1 s
1 I
1 N
500 U‘ I
b | |l
J 1'. [
: i
250-] Imi
] AN
: F
o N VIR -
—— — — — —
0 5 10 20 25
min
PDA Chl 254nm
T Hight Area Area%
19. 065 655025 | 16016089 49. 704
20. 431 593734 | 16207106 50. 296
400 PDA Multi 1 254nm, 4nm
300
200 I
] S
. |
1001 [
] z ||
] Cf\"q
(=2} ‘\
o o -
. — — —
0 5 10 20 25
min
PDA Chl 254nm
T Hight Area Area%
19. 081 11591 282797 6. 376
20. 444 152727 1152314 93. 624
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 28.7 min, t(major) = 38.4 min, 89% ee (94.5:5.5 er).

PDA Multi 1 254nm, 4nm
500
©
1 B
] %
i % :‘v“‘}
4 "' ;l‘
2501 | H
| \
1 | [
] R |
\ | ‘\
4 \ |
_ | \\\ | \
0_ — PRVNS . — - N ) - J’A\
: . : : . : : T : : ; : : : T : :
0 10 20 30 40
min
PDA Chl 254nm
T Hight Area Area%
28. 127 298934 17881878 47.999
38. 676 371803 19372489 52.001
PDA Multi 1 254nm, 4nm
500+ 8
\
A
|
250 |
\ l
[
[
o I
%] |
© [
2 n
0 . i S VAN S J ‘¥
: : : : : : : . : : : : T : :
0 10 20 30 40
min
PDA Chl 254nm
T Hight Area Area%
28. 668 19737 1214728 5. 449
38.435 404044 21079883 94. 551
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 17.2 min, t(major) = 22.3 min, 77% ee (88.7:11.3 er).

1257 e PDA Multi 1 254nm, 4mr
] =
100 "‘ &
| I
] | Il
i [ (|
75 ‘l [
4 |
1 [ [ “
0 | |
i [ [ |
1 | [
|| |
25 R a
1 [ ||
] | \ |-
I R AN J o\ )
1 T T ‘ T T ‘ T T | T T ‘ T T
0 5 10 20 25
min
PDA Chl 254nm
T Hight Area Area%
17.935 118908 3064242 49. 177
23.430 95209 3166763 50. 823
] ‘DA Multi 1 254nm, 4nu
18
] B
| [
500 i
] \L
| ‘ ‘
\
)
J |
|
2507 |k
] © B
= ‘\ \
= |
i | |
] ‘A\ o
07 /‘ /‘ \‘,
T T T T 1 '
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
17. 246 94705 2763340 11. 262
22. 280 655987 21772619 88. 738
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 18.5 min, t(major) = 23.2 min, 86% ee (93:7 er).

8 PDA Multi 1 254nm, 4nm
1K
|es -
B ‘| g
750 | X
d | 0
\ I
| |
. \ [
oOOi [ I
A |
: | i
250 A Jx
4 | ‘\
I ,‘ '\\
0 ~ " \ "’ \\
S R R — R T R
0 5 10 20 25
min
PDA Chl 254nm
T Hight Area Area%
18. 266 924033 23980570 50. 423
22.963 687766 23578505 49. 577
1 PD& Multi 1 254nm, 4nn]
1 =
e
| ':N
500 [
|
i ([
|
] H‘
_ R
250 |
. | |
] 2 ||
] o [
1 ,\~ ; \\
0 — ‘ AN
R e — — ——
0 5 10 1 20 25
min
PDA Chl 254nm
T Hight Area Area%
18. 529 63642 1612869 6.932
23.186 626006 21655262 93. 068
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. A =
254 nm, t(minor) =10.5 min, t(major) = 12.6 min, 89% ee (94.3:5.7 er).

PDA Multi 1 254nm, 4nn
750
500 g 8
| o
2504
0
. ———7 7] —
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20,0
min
PDA Chl 254nm
T Hight Area Area%
10. 467 457598 5593940 50. 187
12. 566 385859 5552291 49. 813
il PDA Multi I 254nm, 4nn]
7504 o
5004
250+
1 s
] JAN
. — . — - — — T — . — — —
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
PDA Chl 254nm
T Hight Area Areah
10. 479 50271 611948 3. 699
12. 563 698615 10126359 94. 301
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 8.8 min, t(major) = 11.0 min, 89% ee (94.5:5.5 er).

15007 = PDA Wulti 1 254nm, in
1 P 8
1250 M =
] 1
J | |1
1000 | I
] | |
750 } |
5 | 1
e || )%
1 | [
5 | |
250 i [
] A A
i o _ | \ J A
0_ T T T T I : T T T T T
0.0 2.5 5.0 7.5 10.0 12.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 8. 770 14851058 19. 885
2 11.023 | 14919306 50. 115
25007 <PDA Multi 1 254nm, dnn]
1 <
2000+ |
.
] ‘|
1000j ‘ ‘
) \
1000+ ‘I
] \
: |
500 o |
. - B
0 — —— — rf\gf‘ , ‘J‘ K‘ — —
0.0 2.5 5.0 7.5 10. 0 12.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 8. 778 1690817 5. 520
2 10.996 | 28038449 91. 180
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =

254 nm, t(minor) = 7.1 min, t(major) = 8.8 min, 90% ee (95.2:4.8 er).

400+ PDA Multi 1 254nm, dnm]
300-]
=1
S
4 o= g
200- 2
A oo
100
, — [ —_—— :
0.0 2.5 5.0 7.5 10.0 12.5 15. 0
min
PDA Chl 254nm
T Hight Area Area%
7.082 206076 1970031 19. 942
8. 758 164324 1974611 50. 058
1 - PDA Multi 1 254nm, 4nm
100 8
4 =]
300-]
200-
1004
4 o
£
0= S R e — :
0.0 2.5 5.0 7.5 10. 0 12,5 15. 0
min
PDA Chl 254nm
T Hight Area Area%
7. 088 23468 228590 4. 847
8. 763 364535 | 4487475 95. 153
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 85/15, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 9.3 min, t(major) = 11.3 min, 87% ee (93.3:6.7 er).

1 2 - PDA Multi 1 254nm, 4nm
4 = ®
750 hxﬂ S
] I‘ "
] |
500 ,l
_ .
250 H .Y
] o
0 ] )\
: — : T : T : — —
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
8. 950 824763 9162717 49. 960
10. 784 694124 9177449 50. 040
1500; ﬁg PDA Multi 1 254nm, 4nr
] \‘
1000 “
500 ‘\
1 s |
] S
07 ,‘“g } \\ — —
— : e : e R
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
9. 347 141991 1744624 6.673
11. 309 1522642 24398382 93. 327
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. A =
254 nm, t(minor) =7.3 min, t(major) = 8.3 min, 78% ee (89.2:10.8 er).

15007 PDA Multi 1 254nm, 4nr
1000 =
5001
: — S— S— — —
0.0 2.5 5.0 7.5 10.0 12,5 5.0 7.5 20.0
min
PDA Chl 254nm
T Hight Area Area%
7.276 782678 6887061 50. 118
8. 289 361982 | 6854605 19. 882
] PDA Multi 1 254nm, 4nm
1000
750- =
4 )
500~
250- &
T T T T ‘ T T T T [ T T T T [ T T T T I T T T T " T T T T " T T T T ‘ T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
PDA Chl 254nm
T Hight Area Area'
7. 287 127974 1202501 10. 781
8.317 614776 9951647 89. 219
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 6.9 min, t(major) = 7.4 min, 85% ee (92.4:7.6 er).

1250-]

1000

500-]

PDA Multi 1 254nm, 4nnl

6.933

. 436

Peak Table

PDA Ct

1 254nm

p—
(8]
1

10.0

min

Peak#

Ret. Time

Area

Area%

1

6. 933

8779525

19. 903

2

7.4136

8813510

50. 097

2000
1500
1000

500+

Peak
PDA Ct

PDA Multi I 254nm, 4nn

Table

1 254nm

Peak#

Ret. Time

Area

Area%

1

6. 940

1385938

7.584

2

7.436

16887749

92. 416
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min. A =

254 nm, t(minor) =14.3 min, t(major) = 15.7 min, 79% ee (89.5:10.5 er).

PDA Multi 1 254nm, 4nn
3000 B
2000
1000+
4}
L e R S B B A
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area
14. 233 2595656 37616078 50. 156
15. 697 2181228 37382696 49, 844
30007 PDA Multi 1 254nm, Ani]
=
2000
1000+
0_ \
T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
14. 290 284115 4338178 10.515
15. 710 2122672 36917848 89. 485
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 11.6 min, t(major) = 12.9 min, 85% ee (92.3:7.7 er).

1 r; b PDA Multi 1 254nm, 4nn
) “i ﬂé
500 : |‘I
250+ ’t L
_ I
i ‘ [
] I
| [
0 l\ J
y T T y L ™ — T T T T 77
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11. 584 8324156 19. 637
2 12. 944 8445759 50. 363
] P PDA Multi 1 254nm, 4nn
750+ H:
500 “
250 | '
] g ||
: = ||
| ln
| o AT
— T T T ¥ T T L T T — \ T
0.0 2.5 5.0 7.5 10.0 2.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11. 596 948664 7.712
2 12.929 11353012 92. 288
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min. A =

254 nm, t(minor) =20.2 min, t(major) = 21.5 min, 85% ee (92.6:7.4 er).

3007 PDA Wulti 1 254nm, dnn|
200 S =
8 3
1004
G T T T T I T T T T T T T T T T T T T T T T T T T ‘ T T T T
0 5 10 15 20 25 30
min
FDA Chl 254nm
T Hight Area Area%
20. 320 150562 4001354 49. 962
21. 718 145412 4007389 50. 038
_— PDA Multi 1 254nm, 4nm
500-] =
250
| ES
] 8
G | T I T T | " T T T T T T T T
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
20,228 39446 1080809 7,398
21. 4155 453471 13528951 92. 602
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. A =
254 nm, t(minor) =21.2 min, t(major) = 23.7 min, 75% ee (87.3:12.7 er).

4007 PDA Multi 1 254nm, 4nm|
300
| 8
b - =
200 5=
100+
0
————Tr 77— T
0 5 10 15 20 25 30 35 40
min
PDA Chl 254nm
T Hight Area Area%
21. 100 190096 5799767 49. 944
23. 870 170187 5812743 50. 056
750+ PDA Multi 1 254nm, 4nn]
-
500
250
. A
. : —— - T —————— . — —— -
0 5 10 15 20 25 30 35 40
min
PDA Chl 254nm
T Hight Area Area%
21,179 90624 2722082 12,717
23. 686 516608 18683799 87. 283
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
254 nm, t(minor) =18.5 min, t(major) = 22.2 min, 82% ee (90.8:9.2 er).

750 g PDA Multi 1 254nm, 4nnl
500
250~
0
T —— 77—
0 5 10 15 20 25 30 35 40
min
PDA Chl 254nm
T Hight Area Area%
18. 436 690169 16178374 50. 069
22,242 569653 16133566 49, 931
1000 PDA Multi T 254nm, 4o
]
750
500+
250 <
C f\
: —Y—— 77—
0 5 10 15 20 25 30 35 10
min
PDA Chl 254nm
T Hight Area Area%
18.516 97295 2211530 9. 163
22,193 762329 21924217 90, 837
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
214 nm, t(minor) = 17.0 min, t(major) = 17.9 min, 81% ee (90.5:9.5 er).

] (& 5 PDAMulti 3 214nm, 4nn
400-) IS 1o
i
1 ‘l I
300—, ‘ “
I |
200+ | 1
i
] |
100 R
q * | |
] L
] | P
4 |
o N - VAR
5 A A e
0 5 10 15 20
min
Peak Table
PDA Ch3 214nm
Peak#|Ret. Time Area Area%
1 16. 920 8684482 49.919
2 17. 907 8712652 50. 081
. =~ PDA Multi 3 214nm, 4nnl
400 "‘cr
] (=
] M
300 I
] \
] ’l
200 ‘ ‘
] \
: R
100+ 2 ( |‘
] s/ |
\
] | \ |
il N Jﬂ “ \_
7 T T T T I I T T T T I I T T T T
0 5) 10 15 20
min

Peak Table

PDA Ch3 214nm

Peak#|Ret. Time Area Areak
1 16. 965 941641 9. 458
2 17.912 9014839 90. 542
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min. A =
214 nm, t(minor) =31.1 min, t(major) = 32.3 min, 93% ee (96.5:3.5 er).

750 PDA Multi 2 214nm, 4nn|
500
250~ g
0 L M
T T T T T T T T T T T T T T T T i T i T T
0 10 20 30 10 50

min

PDA ChZ Z214nm

T Hight Area Area
31.731 175557 6534983 51. 647
33. 462 155307 6118306 48. 353
1000+ PDA Multi 2 21dnm, 4]
750—- §
500;
25()—-
0 .
e T T T —T T ™ T ™ T
0 5 10 15 20 25 30 35 40
min
PDA Ch2 214nm
T Hight Area Area'
31. 084 41014 1409272 3. 499
32,271 774652 38869853 96. 501
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HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min. A
= 214 nm, t(major) = 16.1 min, t(minor) = 23.7 min, 97% ee (98.5:1.5 er).

1500 PDA MuTti 2 214nm, Ann]
1000~ -
500~
0__djj\_
L U ey S Sy L S S S Sy B B
0 5 10 15 20 25 30 35 10
min
PDA Ch2 214nm
T Hight Area Area%
16. 485 666824 18927268 24. 578
18. 817 986269 35867089 46. 575
23. 286 573730 22214559 28. 847
15007 PDA Wulti 2 214nm, 4nm
1000 B
500-1
N A N :
0 5 o 15 a0 95 a0 35 10
min
PDA Ch2 214nm
T Hight Area Areakh
16. 126 993378 31454103 98. 457
23. 720 9230 492926 1. 543
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HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min. A
= 214 nm, t(major) = 19.1 min, t(minor) = 21.1 min, 77% ee (88.8:11.2 er).

1000+ PO WMuTti 2 214nm, dnm
750+
] 3
= 2
500 )
250-
0—_ S
T T T T T
0 5 10 15 20 25 30

min

PDA ChZ2 Z214nm

T | Hight | Area | Area%
19. 164 534927 13780987 50. 382
20,929 513488 13572156 49. 618
1000 PDA Multi 2 214nm, dnn
750 &
500;
250—- =
0__ L R R T T [_J‘ T /\ T T
0 5 10 15 20 25 ‘?0
PDA Ch2 214nm
T Hight Area Area%
19. 128 642579 17963934 88. 846
21. 064 92727 2255345 11. 154
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HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A

= 254 nm, t(major) = 7.9 min, t(minor) = 9.6 min, 95% ee (97.4:2.6 er).

PDA Multi I 254nm, 4nn|
500
1 £
E - o
= ES
250
O T T T T | ln‘_f T T [ T T T T [ T T T T I T T T T " T T T T 'I T T T T | T T T T
0.0 2.5 5.0 7.5 10,0 12,5 15.0 17. 5 20.0
min
PDA Chl 254nm
T Hight Area Area%
8. 165 362875 4064504 50. 332
9. 986 312214 4010828 49. 668
- PDA Multi 1 254nm, 4nn|
(=2}
1000 -
750
500-]
250
] g
0] M .
T T T I T T T T T T T T T T T T T T T I T T T
0.0 2.5 5.0 7.5 10.0 12. 5 15.0 17.5 20.0
min
PDA Chl 254nm
T Hight Area Area%
7.914 1064419 10761943 97. 361
9. 606 25461 291738 2. 639
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HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min. A

42

CF;

CF3

= 254 nm, t(major) = 12.2 min, t(minor) = 14.3 min, 85% ee (92.6:7.4 er).

250 PDA Multi 1 254nm, 4nn]
200 3
B ﬁ. [
150 -
100
50
j —_—
———— : — — — —
0.0 2.5 0 5 10. 0 12.5 15. 0 17.5 20.0
min
PDA Chl 254nm
I Hight Area Area%
12. 604 164305 4109352 9. 340
14. 775 144600 4219278 50. 660
2007 PDA Multi 1 254nm, 4nm
150 =
100
50-]
g
o : A
T T T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
12.217 124980 | 2343061 92.619
14. 250 9916 186733 7. 381
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HPLC condition: Chiralcel OJ, n-hexane/i-PrOH = 93/7, flow rate 0.5 mL/min. A =

o)

OMe

254 nm, t(minor) = 17.7 min, t(major) = 23.1 min, 91% ee (95.4:4.6 er).

2507 PDA Multi 1 254nm, dnr}
] 0
200- -
150
100
4 (=1
z
50 &
0 — - . , . , : 4/ﬁ$\\1 —
5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
17.515 187490 2748200 50. 236
23. 590 16798 2722390 19. 764
] PDA Multi 1 254nm, 4nm
200
1 (=]
150 g
100
50 B
0 — S | S— -
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Areal
17. 669 53612 431137 1,557
23. 140 127647 9029023 95. 443
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HPLC condition: Chiralcel OJ, n-hexane/i-PrOH = 93/7, flow rate 0.5 mL/min. A =
254 nm, t(minor) = 22.3 min, t (major) = 33.7 min, 93% ee (96.5:3.5 er).

100 PDA Multi 1 254nm, dnm
75+
50
25+ S .
0
EE————
0 5 10 15 20 25 30 35 10
min
PDA Chl 254nm
T Hight Area Area%
22, 454 92577 | 1077123 51. 382
34. 306 10792 | 1019198 18,618
500 PDA Multl 1 254nm, dnm
400 -
] €
] 2
3001
200
100 -
GIIII
0 10 20 30 10 50
min
PDA Chl 254nm
T Hight Area Area%
22,341 18588 1076736 3. 509
33. 655 310310 29610644 96. 191
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HPLC conditions: Chiralcel OJ, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min. A =
254 nm, t(major) = 13.8 min, t(mnior) = 16.0 min, 87% ee (93.7:6.3 er).

PDA Multi 1 254nm, 4nm
300
200 2
8
<
100
0 , ~ A o
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
13.893 164044 6183770 50. 198
16. 036 125813 6134955 49. 802
R PDA Multi 1 254nm, 4nm
75
|
50 =
25
i o
£
0 . - .
I I
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area | Area%
13.835 46571 1723690 93.717
| 15.989 | 2615 | 115555 6. 283
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HPLC conditions: Chiralcel 1A, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 15.2 min, t(major) = 18.7 min, 33% ee (66.6:33.4 er).
1500

PDA Multi 1 254nm, 4nm
§
1000 <
o
i B
I o0
[l =
500 A
| I
|
0 / 4,“ R i _
T \
0 5 10 15 20 25
min
PDA Chl 254nm
T | Hight Area Area%
14. 937 907141 22165112 49. 074
18. 423 707483 23001538 50. 926
750 PDA Multi 1 254nm, 4nm
S
<
500
=
250
O — B S — . /N 00000 .
0 5 10 15 20 25
min
PDA Chl 254nm
T | Hight Area Area%
15. 219 | 337782 8442954 33. 359
18. 729 508446 16866153 66. 641
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HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 75/25, flow rate 1.0 mL/min. A =
254 nm, t(minor) = 22.3 min, t(major) = 26.2 min, 93% ee (96.5:3.5 er).

1507 PDA Multi 1 254mm, 4nd
100+
] & S
50 o z
: p" rA‘N
I I
| “\ "“ \
0; N
— : o T e S —
0 5 10 15 20 25 30 35 40
min
PDA Chl 254nm
T Hight Area Area%
22.214 41856 1555495 49. 880
26. 391 35443 1562982 50. 120
3007 PDA Multi 1 254nm, 4o
: 2
200 <
4 A
1 [
I
4 ( \‘
| i
100 R
d ‘\ |
1 . [
1 & ||
0 e J N\
— — — —— — — —
0 5 10 15 20 25 30
min
PDA Chl 254nm
T Hight Area Area%
22. 283 7787 270888 3.532
26.179 178923 7398029 96. 468

S149



OMe

rd__

Ny O
Z 5 Ph
Ph 48

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min. A =
254 nm, t (minor) =15.8 min, t (major) = 19.4 min, 88% ee (94:6 er).

PDA Multi 1 254nm, 4nn]

(=]
. 3
1000 -
750 B
500+
250
0 — T T T T T
0 5 10 15 20 25h
min
PDA Chl 254nm
T Hight Area Areak
15. 299 979177 20800815 50. 203
19. 668 740828 20633003 49, 797
PDA Multi 1 254nm, 4nnl
750+
500 —
g %
250
] i
0
T T T T T T T T
0 5 10 15 20 25
min
PDA Chl 254nm
I Hight Area Area%
15. 752 274156 605669 5. 976
19. 381 343686 9529948 94. 024
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