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1. General considerations

All reactions were carried out under an argon atmosphere, stirred magnetically, unless otherwise noted. Reactions
were monitored by thin-layer chromatography (TLC: Merck Silica Gel 60 Fas4). Column chromatography was
carried out using neutral silica gel (Cica silica gel 60N, particle size 0.040-0.050 mm, neutral, KANTO
CHEMICAL CO., INC.). NMR spectra were measured by JEOL ECS-400 (400 MHz). in CDCl3, chemical shifts
are expressed in parts per million (ppm, & scale) relative to tetramethylsilane (TMS) as 0.00 ppm or residual CHCl;3
(7.26 ppm) for 'H NMR and 77.00 ppm for CDCl; for '3C NMR as an internal reference. In CD;0D, chemical
shifts are expressed relative to residual CH3;OH (3.31 ppm for 'H NMR). In D,0, DSS (sodium
2,2-dimethyl-2-silapentane-5-sulfonate) was used as an internal reference. '"H and '3C NMR spectra were reported
in terms of chemical shift (8, ppm) relative to the singlet at 5 0.00 ppm for DSS. Coupling constants (J) are reported
in Hz. Multiplicities are reported using the following abbreviations; s, singlet; d, doublet; t, triplet; g, quartet; quint,
quintet; m, multiplet; br, broad. Infrared (IR) spectra were recorded on a JASCO FT-IR-4200 at 4.0 cm! resolution
and reported in wavenumbers. Mass spectra were measured by JEOL JMS-T100LP using Electrospray lonization
(ESI) and Direct Analysis in Real Time (DART). Elemental analyses were performed using Yanaco CHN CORDER
MT-6.

L-Aminoacylase (Acylase H “Amano”, >30 kunits/g, mixture of 15% of enzyme and 85% of sodium sulfate) and
D-aminoacylase (D-Aminoacylase “Amano”, >10.2 Munits/g) were used for chemoenzymatic resolution.
2-Ox0-4-phenylbutyric acid (1a) (TCI), 4-methyl-2-oxovaleric acid (1b) (TCI), pyruvic acid (S29) (Wako),
2-oxobutyric acid (S31) (Aldrich), phenylpyruvic acid (S33) (TCI), 4-hydroxyphenylpyruvic acid (S37) (TCI),
3-methyl-2-oxovaleric acid (S39) (TCI), oxaloacetic acid (S41) (TCI), and 2-oxoglutaric acid (S42) (TCI) were
purchased and used as received. a-Keto acid S35 was prepared by the oxidation of the corresponding a-hydroxy
acid according to our previous report.! *C NMR spectra of o-amino acids 3g-31, 8, 11, and S45 could not be

collected owing to their low solubility.
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2. Preparation of 1,2-diols.
1,2-Diols 5a, 5d, 5f, 5h, 5i, 51, and 5m were synthesized from corresponding terminal olefins according to the

previous reports.> 3

Typical procedure for synthesis of 1,2-diols from terminal olefins.

B,pin,, C32CO3

MeOH, THF OH
70 °C, 12 h;
) ) OH
ph/\/\ Ph/\)\/
s1 ""q'NHZS.%. 5a
aqg. Na o
41 mmol 0°C.1h 89%

To a solution of olefin S1 (5.4 g, 41 mmol) in THF (74 mL) were added bis(pinacolato)diboron (20.8 g, 81.7
mmol), Cs>COs3 (4.08 g, 12.5 mmol), and MeOH (8.3 mL, 204 mmol) at 0 °C. After the reaction mixture was stirred
for 12 h at 70 °C, it was cooled to 0 °C. After the addition of THF (74 mL), aq. H>O> (30%, 20.9 mL, 204 mmol),
and aq. NaOH (10%, 73.5 mL, 204 mmol) were added. After 30 min, additional aq. HO2 (30%, 20.9 mL, 204
mmol) and aq. NaOH (10%, 73.5 mL, 204 mmol) were added and the reaction mixture was stirred for 30 min. Then,
it was quenched with saturated aq. Na>S,;03 and extracted with AcOEt. The organic layer was dried over MgSOg,
filtered, and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(hexane/AcOEt = 2/1 to AcOEt only) to afford 1,2-diol 5a (6.1 g, 89%) as a pale yellow oil.

Analytical data of Sa was shown in ref 3.

F TEMPO, KBr F 2 CH4PPhBr i
F oH "BuyNBr, NaOClI F H "BuLi F SN
CH,Cly/aq. NaHCO, THF, 0°C, 2 h
F F 0°C. 40 min F F F F
F s2 F s3 F s4
szinz, CSZCO:;
MeOH, THF i oH
70°C, 22 h; F OH
aqg. H202
ag. NaOH F F
0°C,1h F 5d

51% (3 steps)

To a solution of alcohol S2 (1.36 g, 6.02 mmol), TEMPO (28.4 mg, 0.182 mmol), KBr (72.5 mg, 0.609 mmol),

and "BusNBr (98.6 mg, 0.306 mmol) in CH2Cl, (16 mL) and saturated ag. NaHCO3 (8.1 mL) was added a solution

of ag. NaOCI (1.77 M, 4.42 mL, 7.82 mmol) and saturated ag. NaHCO3 (8.1 mL) dropwise at 0 °C. After 40 min, it

was quenched with saturated ag. NaHCOg3 and saturated aq. NazS,03 and extracted with ACOEt. The organic layer

was dried over MgSO, filtered, and concentrated in vacuo to provide crude aldehyde S3, which was used to the

next reaction without any further purification.
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To a well-dried round-bottom flask charged with CHsPPhsBr (2.58 g, 7.23 mmol) and dry THF (15 mL) was
added "BuLi (15wt%, 4.24 mL, 7.22 mmol) dropwise at 0 °C. After 20 min, a solution of aldehyde S3 (0.5 M) in
THF was added at -78 °C and the reaction mixture was stirred for 2 h at 0 °C. Then, it was quenched with saturated
ag. NH4Cl and extracted with Et,O. The organic layer was dried over MgSOQeu, filtered, and concentrated in vacuo to
provide crude olefin S4. It was used to the next reaction without any further purification.

1,2-Diol 5d was prepared from olefin S4 according to the preparation procedure of 5a. 1,2-Diol 5d was afforded
as a white solid (0.784 g, 51%, 3 steps) after purification by temporary acetonide-protection and washing by hexane
to remove an impurity originated from the boron reagent.

. o White solid; mp. 71.0-71.9 °C; *H NMR (400 MHz, CDCls) § 3.76-3.63 (m, 2H),

F OH  353-3.44 (m, 1H), 2.96-2.86 (m, 1H), 2.86-2.76 (m, 1H), 2.26 (br s, 1H), 1.88 (br s, 1H),

F Fosg 1.86-1.66 (m, 2H); *C NMR (100 MHz, CDCl3) & 145.1 (dm, J = 243.2 Hz), 139.6 (dm, J
= 249.8 Hz), 137.4 (dm, J = 250.7 Hz), 114.7 (td, J = 19.1, 3.8 Hz), 71.3, 66.5, 32.3, 18.7;

IR (neat, cm?) 3500-3200; HRMS (DART, m/z) Calcd. for C1oHsFsO2 + NHa ([M+NHa]*): 274.0866, found

274.0875.
szinz, CSQCO3
PPh; DIAD MeOH, THF OH
acetone cyanohydrin 70 °C, 22 h; /\H)\/
HO T NV NC OH
7 THF, rt, 9 h 7 aq. Hy0, 4
S5 S6 ag. NaOH 5f
0°C,1h 75% (2 steps)

To a solution of alcohol S5 (52.5 mg, 0.336 mmol), PPhs (104 mg, 0.450 mmol), and DIAD (84.6 uL, 0.437
mmol) in THF (1.7 mL) was added acetone cyanohydrin (36.9 pL, 0.403 mmol) at 0 °C. The reaction mixture was
stirred for 9 h at room temperature and concentrated in vacuo. The residue was passed through flash column
chromatography on silica gel (hexane/AcOEt = 30/1) to afford olefin S6 including impurities.

1,2-Diol 5f was prepared from olefin S6 according to the preparation procedure of 5a.

OH White solid; mp 33.4-35.1 °C; '"H NMR (400 MHz, CDCl3)  3.75-3.62 (m, 2H), 3.44 (ddd, J
NCT O 11.2, 7.2, 5.2 Hz, 1H), 2.34 (t, J = 6.8 Hz, 2H), 2.00 (br d, J = 4.4 Hz, 1H), 1.83 (br t, J=5.2
3 Hz, 1H), 1.66 (quint, J= 7.6 Hz, 2H), 1.51-1.23 (m, 12H); 3C NMR (100 MHz, CDCl3) & 119.8,
72.2, 66.8,33.1,29.4, 29.1, 28.6, 28.6, 25.4, 25.3, 17.1; IR (neat, cm™") 3700-3200, 2247; HRMS (ESI, m/z) Calcd.

for C11H210, » Na ([M+Na]*): 222.1470, found 222.1473.

1) AZADOL, NaOCl, NaCIO, B,pin,, Cs,CO;
MeCN/phosphate MeOH, THF OH
buffer pH 6.8, rt, 25 h 70°C, 12 h;
BnO , ; BnO OH
HO% m f
2) benzyl bromide, K,CO3 o) ag. Hy0, 0
S5 DMF, rt, 14 h s7 aq. NaOH 50
91% (2 steps) 0 °C, 30 min 46%
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To a solution of alcohol S5 (1.76 g, 11.3 mmol) and AZADOL (79.8 mg, 0.511 mmol) in MeCN (51 mL) and
sodium phosphate buffer (1 M, pH = 6.8, 36 mL) were added a NaOCl aqueous solution (0.20 M, 2.53 mL, 0.506
mmol) and a NaClO» aqueous solution (20.2 mmol of 80% NaClO, dissolved into 19 mL of water) simultaneously
dropwise at room temperature. After 25 h, the reaction mixture was quenched with sodium phosphate buffer (1 M,
pH = 2.1, 7.2 mL) and extracted with AcOEt. The organic layer was dried over MgSOQy, filtered, and concentrated
in vacuo to provide crude carboxylic acid which was used to the next reaction without any further purification.

To a solution of carboxylic acid and K,CO3 (3.50 g, 25.3 mmol) in DMF (14 mL) was added benzyl bromide
(1.80 mL, 15.2 mmol) at 0 °C. After the reaction mixture was stirred for 14 h at room temperature, it was quenched
with H>O and extracted with AcOEt. The organic layer was dried over MgSOs, filtered, and concentrated in vacuo.
The residue was purified by flash column chromatography on silica gel (hexane only to hexane/AcOEt = 30/1) to
afford ester S7 (2.67 g, 91%, 2 steps) as a colorless oil.

BnO N Colorless oil; *H NMR (400 MHz, CDCls) & 7.40-7.29 (m, 5H), 5.80 (ddt, J = 17.6, 10.0, 6.8 Hz,
0 1H), 5.11 (s, 2H), 4.99 (dg, J = 17.6, 1.6 Hz, 1H), 4.93 (dm, J = 10.0 Hz, 1H), 2.35 (t, J = 7.6 Hz,
2H), 2.03 (qt, J = 6.8, 1.6 Hz, 2H), 1.70-1.60 (m, 2H), 1.42-1.18 (m, 8H); *C NMR (100 MHz,
CDCl3) 6 173.7, 139.1, 136.1, 128.5 (2C), 128.2 (3C), 114.2, 66.0, 34.3, 33.7, 29.1 (2C), 28.9, 28.8, 24.9; IR (neat,
cmt) 1738, 1641; HRMS (ESI, m/z) Calcd. for C17H240; + Na ([M+Na]*): 283.1674, found 283.1683.

1,2-Diol 5i was prepared from olefin S7 according to the preparation procedure of 5a. 1,2-Diol 5q was afforded as
a white solid (1.40 g, 46%) after purification by temporary acetonide-protection to remove an impurity originated

from the boron reagent.

OH White solid; mp. 51.3-52.1 °C; 'H NMR (400 MHz, CDCls) & 7.42-7.28 (m, 5H), 5.11 (s,
BnO OH
W 2H), 3.74-3.62 (m, 2H), 3.43 (ddd, J = 10.8, 7.6, 5.2 Hz, 1H), 2.35 (t, J = 7.2 Hz, 2H), 1.95
(0]
S (d, J = 4.4 Hz, 1H), 1.79 (t, J = 5.2 Hz, 1H), 1.68-1.60 (M, 2H), 1.48-1.22 (m, 10H); 13C

NMR (100 MHz, CDClg) & 173.7, 136.1, 128.5 (2C), 128.1 (3C), 72.2, 66.8, 66.1, 34.3, 33.1, 29.3, 29.1, 28.9, 25.4,
24.8; IR (neat, cmt) 3600-3200, 2929, 2850, 1736; HRMS (ESI, m/z) Calcd. for C17H2604 + Na ([M+NaJ*):
317.1729, found 317.1715.

NaH
TEMPO P o]
P(OEt)
AN MORE_ H N 2 2 A, a9 NaoH
HO EtO -
7 CH,Cly, rt, 2 h W THF, -78 °C, 2 h 7 THF/EtOH
S5 S8 s9 rtto 70 °C, 22 h
szinz, CSzCO3
MeOH, THF
(0] BnBr, K,CO4 O 70 °C, 12 h; (0] OH
—_—
OH
HOJ\/\(\ﬁ\ DMF, rt, 11 h BnoJ\/\bﬁ\ aq. H,0, B”OW
ag. NaOH
$10 S11 0 °C, 30 min 51

38% (5 steps)
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To a solution of alcohol S5 (1.57 g, 10.1 mmol), TEMPO (158 mg, 1.01 mmol) in CH2Cl, (50 mL) and was added
iodobenzene diacetate (3.41 g, 10.6 mmol) at 0 °C. After the reaction mixture was stirred for 2 h at room
temperature, it was quenched with saturated aq. NaHCO3 and saturated ag. Na;S,03 and extracted with ACOEt. The
organic layer was dried over MgSQyg, filtered, and concentrated in vacuo to provide crude aldehyde S8, which was
used to the next reaction without any further purification.

To a well-dried round-bottom flask charged with NaH (60%, 443 mg, 11.1 mmol) and dry THF (50 mL) was
added triethyl phosphonoacetate (2.21 mL, 11.1 mmol) dropwise at 0 °C. After 30 min, a solution of aldehyde S8
(0.5 M) in THF was added at -78 °C. After 2 h, the reaction mixture was quenched with saturated H»O and
extracted with AcOEt. The organic layer was dried over MgSQOy, filtered, and concentrated in vacuo to provide
crude ester S9, which was used to the next reaction without any further purification.

To a solution of ester S9 in THF (11 mL) and EtOH (2.7 mL) was added ag. NaOH (2.5 M, 13.3 mL, 33.2 mmol)
at room temperature. After 12 h, aq. NaOH (2.5 M, 14.2 mL, 35.5 mmol) was added and stirred for 4 h. Then, the
reaction mixture was warmed up to 70 °C and stirred for 6 h at the same temperature. After the reaction mixture
was cooled to room temperature, AcOEt was added and the resultant mixture was separated into the organic layer
and the aqueous layer. The aqueous layer was acidified with ag. HCI (2 M) and extracted with AcOEt. The organic
layer was dried over MgSQ, filtered, and concentrated in vacuo to provide crude carboxylic acid S10, which was
used to the next reaction without any further purification.

To a solution of carboxylic acid S10 and K>CO3 (4.88 g, 35.3 mmol) in DMF (14 mL) was added benzyl
bromide (2.39 mL, 20.1 mmol) at 0 °C. After the reaction mixture was stirred for 11 h at room temperature, it was
quenched with saturated H.O and extracted with AcOEt. The organic layer was dried over MgSQOs, filtered, and
concentrated in vacuo. The residue was passed through a flash column chromatography on silica gel
(hexane/AcOEt = 20/1) to afford ester S11 including impurities.

1,2-Diol 51 was prepared from ester S11 according to the preparation procedure of 5a. 1,2-Diol 5] was afforded
as a white solid (1.22 g, 38%, 5 steps) after purification by temporary acetonide-protection to remove an impurity

originated from the boron reagent.

0 OH White solid; mp. 50.2-51.4 °C; 'H NMR (400 MHz, CDCls) § 7.40-7.30 (m, 5H), 7.01 (d,
OH
BHOW J=15.6, 6.8 Hz, 1H), 5.86 (dt, J = 15.6, 1.2 Hz, 1H), 5.12 (s, 2H), 3.75-3.62 (m, 2H),
51

3.47-3.40 (m, 1H), 2.20 (qd, J = 6.8 Hz, 1.2 Hz, 2H), 1.98 (d, J = 4.4 Hz, 1H), 1.83 (t, J =
5.2 Hz, 1H), 1.50-1.23 (m, 12H); *C NMR (100 MHz, CDCls) 6 166.5, 150.1, 136.0, 128.4 (2C), 128.0 (3C), 120.8,
72.2,66.6, 65.9, 32.9, 32.1, 29.4, 29.1, 28.9, 27.8, 25.4; IR (neat, cm) 3700-3200, 1718, 1653; HRMS (ESI, m/z)
Calcd. for C1gH204 + Na ([M+Na]*): 343.1885, found 343.1876.
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Allyltrimethylsilane

0 BF 3 Et,0

eOH, - s min; CH,CI

S Ph 2Cl Ph

PH SMey, rt 1 h OH  78°Ctort, 1h N
s12 s13 s14

88% 86%

szinz, 032003
MeOH, THF
70°C, 13 h; ph. /=0 OH

OH
aqg. H202 Ph
ag. NaOH 5m
0 °C, 30 min 92%

After a solution of alcohol S12 (286 mg, 1.20 mmol) in MeOH (6.0 mL) was cooled to -78 °C, ozone gas was
bubbled into the solution until the color of the reaction mixture turned to deep blue. After 30 min, air was bubbled
into the reaction mixture until a blue color disappeared. Then, dimethyl sulfide (0.877 mL, 12.0 mmol) was added
at the same temperature. After the reaction mixture was stirred for 1 h at room temperature, it was concentrated in
vacuo and purified by flash column chromatography on silica gel (hexane only to hexane/AcOEt = 4/1) to afford
hemiacetal S13 (254 mg, 88%) as a white solid.

o o White solid; mp 108.9-109.7 °C; 'H NMR (400 MHz, CDCl3) & 7.34-7.16 (m, 10H), 5.62 (ddd, J

Ph>C1KOH =6.0,5.6,4.0 Hz, 1H), 4.55 (d, /= 8.8 Hz, 1H), 4.44 (dd, J= 8.8, 0.8 Hz, 1H), 2.93 (ddd, J = 13.6,

o 6.0, 0.8 Hz, 1H), 2.62 (dd, J = 13.6, 4.0 Hz, 1H), 2.50 (d, J = 6.0 Hz, 1H); '*C NMR (100 MHz,
CDCl;) 8 146.2, 145.0, 128.6, 128.4, 127.2, 126.8, 126.7, 126.4, 99.5, 75.9, 55.4, 46.9; IR (neat, cm™") 3700-3200;

HRMS (ESI, m/z) Calcd. for Ci6H1602 * Na ([M+Na]"): 263.1048, found 263.1031.

To a well-dried round-bottom flask charged with hemiacetal S13 (29.9 mg, 0.124 mmol), allyltrimethylsilane
(39.7 uL, 0.249 mmol), and dry CH>Cl (300 uL) was added boron trifluoride - ethyl ether complex (46.9 uL, 0.373
mmol) dropwise at -78 °C. The reaction mixture was warmed up to room temperature over a period of 1 h. Then, it
was quenched with H,O and extracted with ACOEt. The organic layer was dried over MgSO., filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (hexane/AcOEt =
30/1) to afford olefin S14 (28.3 mg, 86%) as a colorless oil.

Ph o) Colorless oil; *H NMR (400 MHz, CDCl3) 8 7.32-7.15 (m, 10H), 5.81 (ddt, J = 17.6, 10.8, 7.6,
Ph>%1\/\ Hz, 1H), 5.10 (dq, J = 17.6, 1.2 Hz, 1H), 5.06 (dm, J =10.8 Hz, 1H), 4.62 (dd, J = 8.8, 1.2 Hz,
1H), 4.13 (d, J = 8.8 Hz, 1H), 4.13-4.06 (m, 1H), 2.59 (ddd, J = 12.4, 5.6, 1.2 Hz, 1H), 2.45-2.27
(m, 3H); C NMR (100 MHz, CDCls) 6 146.3, 145.9, 134.7, 128.4, 128.3, 127.2, 127.1, 126.4, 126.2, 117.2, 78.0,
76.9, 56.0, 44.3, 40.3; IR (neat, cm) 1072; HRMS (ESI, m/z) Calcd. for C1gH200 - Na ([M+Na]*): 287.1412, found

287.1392.
1,2-Diol 5m was prepared from olefin S14 according to the preparation procedure of 5a. 1,2-Diol 5m was
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afforded as a white amorphous (644 mg, 92%).

o /0 OH White amorphous; 'H NMR (400 MHz, CDCls) & 7.32-7.16 (m, 20H), 4.66 (d, J = 9.6 Hz,

Ph OH
5m

1H), 4.63 (d, J = 9.6 Hz, 1H), 4.32-4.23 (m, 2H), 4.15 (dd, J = 9.6, 2.0 Hz, 2H), 3.98-3.89
(m, 2H), 3.69-3.59 (m, 3H), 3.57-3.46 (m, 2H), 2.81 (br d, J = 9.2 Hz, 1H), 2.70 (dd, J =
12.0, 5.6 Hz, 1H), 2.65 (dd, J = 12.4, 6.0 Hz, 1H), 2.40 (dd, J = 12.0, 9.6 Hz, 1H), 2.36 (dd, /= 12.4, 9.6 Hz, 1H),
2.23 (brt,J= 6.4 Hz, 1H), 2.09 (br t, J= 5.6 Hz, 1H), 1.85 (ddd, J = 14.0, 7.6, 3.2 Hz, 1H), 1.77-1.66 (m, 3H); 13C
NMR (100 MHz, CDCIls) & 145.8, 145.7, 145.5, 145.3, 128.5 (2C), 128.43 (2C), 128.37 (2C), 128.35 (2C), 127.02
(4C), 126.96 (4C), 126.6, 126.5, 126.4, 126.3, 78.2, 77.2, 76.6, 76.0, 71.6, 69.9, 66.8, 66.4, 55.7, 55.4, 45.4, 44.8,
38.7, 38.5; IR (neat, cm™") 3700-3200; HRMS (ESI, m/z) Calcd. for C10H2053 * Na ([M+Na]"): 321.1467, found
321.1449.

NaH
o'{/ benzyl bromide O‘J( DOWEX 50W-8 OH
/\(\?/K/O —_— /\H/k/o /\HJ\/OH
HO g THF, rt, 18 h ©/\o 5 MeOH/HZO, rt, 25 h ©/\O ;

$15 S16 5e
92% 95%

To a well-dried round-bottom flask charged with NaH (60%, 166 mg, 4.16 mmol) and dry THF (5.5 mL) was
added a solution of alcohol S15 (0.7 M, 481 mg, 2.76 mmol) in THF (5.5 mL) at 0 °C. After the mixture was stirred
for 30 min at room temperature, benzyl bromide (492 pL, 4.14 mmol) was added dropwise at 0 °C. After the
reaction mixture was stirred for 18 h at room temperature, it was quenched with H2O and extracted with AcOEt.
The organic layer was dried over MgSQOs, filtered, and concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (hexane only to hexane/AcOEt = 10/1) to afford ether S16 (672 mg, 92%) as
a colorless oil.

. 'k Colorless oil; *H NMR (400 MHz, CDCls) § 7.39-7.26 (m, 5H), 4.50 (s, 2H), 4.08
©/\o/\bﬁjbo (quin, J=7.2 Hz, 1H), 4.03 (t, J = 7.2 Hz, 1H), 3.50 (t, J= 7.2 Hz, 1H), 3.48 (t, J= 6.4
s16 Hz, 2H), 1.71-1.59 (m, 3H), 1.57-1.42 (m, 3H), 1.40 (s, 3H), 1.35 (s, 3H); *3C NMR (100
MHz, CDCl3) 6 138.5, 128.3, 127.6, 127.5, 108.6, 76.0, 72.9, 70.1, 69.4, 33.4, 29.7, 26.9, 25.7, 22.5; IR (neat,
cm) 1101; HRMS (ESI, m/z) Calcd. for C16H2403 - Na ([M+Na]*): 287.1622, found 287.1623.

To a solution of ether S16 (1.11 g, 4.19 mmol) in MeOH (17 mL) and H20 (4.2 mL) was added DOWEX 50W-8
(200-400 mesh, 120 mg) at room temperature. After 25 h, the reaction mixture was filtered through a pad of Celite
and the filtrate was concentrated in vacuo. The residue was purified by flash column chromatography on silica gel

(hexane/AcOEt = 1/2) to afford 1,2-diol 5e (0.897 g, 95%) as a pale yellow oil.
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OH Pale yellow oil; '"H NMR (400 MHz, CDCls) & 7.38-7.26 (m, 5H), 4.50 (s, 2H),
©/\O 3 3.76-3.60 (m, 2H), 3.49 (t, J= 6.4 Hz, 2H), 3.47-3.39 (m, 1H), 2.13 (br s, 1H), 1.88 (br s,
Se
1H), 1.73-1.39 (m, 6H); '*C NMR (100 MHz, CDCls) 6 138.4, 128.4, 127.7, 127.6, 73.0,
72.1, 70.1, 66.8, 32.9, 29.6, 22.3; IR (neat, cm!) 3700-3200, 2937, 2862, 1099; HRMS (ESI, m/z) Calcd. for
Ci3H2003 * Na ([M+Na]*): 247.1310, found 247.1310.

=
0’% DCC, DMAP (cat.) o O’P
/\M/K/O /\M/K/O
HO 3 CH,Cl,, rt, 12 h 0 ;
/\O

s15 _ s18

= 86%
DOWEX 50W-8 o oH
i %OH
MeOH/H,0, rt, 48 h o 3

= o .
97%

To a solution of alcohol S15 (1.75 g, 10.1 mmol), DCC (2.29 g, 11.1 mmol) and DMAP (246 mg, 2.02 mmol) in
CH:Cl; (40 mL) was added carboxylic acid S17 (1.78 g, 10.1 mmol) at room temperature. After 12 h, the reaction
mixture was filtered through a pad of Celite. The filtrate was concentrated in vacuo. The residue was purified by

flash column chromatography on silica gel (hexane/AcOEt = 8/1) to afford ester S18 (2.87 g, 86%) as a colorless

oil.
IH NMR (400 MHz, CDCls) 5 8.00 (dt, J = 8.8, 2.8 Hz, 2H), 7.00 (dt, J = 8.8,
(0} (0]
(0] = = -
/©)Lo/\%@ 2.8 Hz, 2H), 4.75 (d, J = 2.0 Hz, 2H), 4.30 (t, J = 6.4 Hz, 2H), 4.13-4.07 (m, 1H),
/\o S18 4.04 (dd,J=7.6, 6.0 Hz, 1H), 3.52 (t, J = 7.6 Hz, 1H), 2.54 (t, J = 2.0 Hz, 1H),

1.80 (quint, J = 7.6 Hz, 2H), 1.73-144 (m, 4H), 1.41 (s, 3H), 1.35 (s, 3H); 13C
NMR (100 MHz, CDCl3) § 166.1, 161.1, 131.5, 123.6, 114.4, 108.7, 77.8, 76.0, 75.8, 69.3, 64.5, 55.8, 33.2, 28.7,
26.9, 25.7, 22.3; IR (KBr, cmt) 1712; HRMS (ESI, m/z) Calcd. for C1sH24NOs + Na ([M+Na]*): 355.1514, found
355.1521.

To a solution of ester S18 (1.75 g, 10.1 mmol) in MeOH (34 mL) and H.O (8.6 mL) was added DOWEX 50W-8
(200-400 mesh, 292 mg) at room temperature. After 14 h, additional DOWEX 50W-8 (200-400 mesh, 287 mg) was
added and the reaction mixture was stirred for 34 h. Then, the reaction mixture was filtered through a pad of Celite
and the filtrate was concentrated in vacuo. The residue was purified by flash column chromatography on silica gel

(hexane/AcOELt = 1/1 to AcOEt only) to afford 1,2-diol 5j (2.44 g, 97%) as a white solid.
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o oH White solid; mp. 75.2-77.1 °C; 'H NMR (400 MHz, CDsOD) & 7.98 (dt, J =
J@A OAM?\/OH 8.8, 2.8 Hz, 2H), 7.06 (dt, J = 8.8, 2.8 Hz, 2H), 4.82 (d, J = 2.8 Hz, 2H), 4.31 (t,
=~ o

Z 5 J = 6.4 Hz, 2H), 3.63-3.57 (m, 1H), 3.48 (dd, J = 10.8, 4.4 Hz, 1H), 3.44 (dd, J
=10.8, 6.4 Hz, 1H), 2.99 (t, J = 2.8 Hz, 1H), 1.87-1.72 (m, 2H), 1.71-1.39 (m,

4H); 3C NMR (100 MHz, CD30D) 8 167.9, 163.0, 132.4, 124.5,115.7,79.1, 77.3, 73.1, 67.3, 65.9, 56.7, 34.0,

29.9, 23.3; IR (KBr, cm™) 3700-3200, 2360, 1707; HRMS (ESI, m/z) Calcd. for C16H20NOs -+ Na ([M+Na]*):

315.1199, found 315.1208.

’P p-nitrobezoyl chloride ’k
0 EtsN 0 0 DOWEX 50W-8 0 OH

Aﬁ&o A@/bo /\H)\/OH
HO ; CHyCly, rt, 13 h o) ; MeOH/H,0, rt, 20 h o) ;
O,N O2N

S$15 S19 5k
96% 97%

To a solution of alcohol S15 (1.73 g, 9.96 mmol) and EtsN (5.52 mL, 4.80 mmol) in CH.Cl, (50 mL) was added
p-nitrobenzoyl chloride (4.82 g, 26.0 mmol) at room temperature. After 13 h, the reaction mixture was quenched
with saturated ag. NaHCOgz and extracted with AcOEt. The organic layer was dried over MgSQs, filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (hexane/AcOEt =
4/1) to afford ester S19 (3.10 g, 96%) as a pale yellow oil.

o O’k Pale yellow solid; mp 29.7-30.5 °C;*H NMR (400 MHz, CDCls) & 8.29 (dt, J = 9.2,
/@*o%o 2.0 Hz, 2H), 8.21 (dt, J = 9.2, 2.0 Hz, 2H), 4.39 (t, J = 6.4 Hz, 2H), 4.14-4.08 (m,
s19 1H), 4.05 (dd, J = 7.6, 6.0 Hz, 1H), 3.53 (t, J = 7.6 Hz, 1H), 1.85 (quin, J = 6.8 Hz,
2H), 1.74-1.44 (m, 4H), 1.41 (s, 3H), 1.36 (s, 3H); 13C NMR (100 MHz, CDCl3) 5 164.7, 150.5, 135.7, 130.6, 123.5,
108.8, 75.8, 69.3, 65.7, 33.2, 28.6, 26.9, 25.7, 22.3; IR (neat, cm™) 1724, 1527, 1275, 1103; HRMS (ESI, m/z)
Calcd. for C16H21NOg « Na ([M+Na]+): 346.1267, found 346.1263.

To a solution of ester S19 (2.96 g, 9.15 mmol) in MeOH (37 mL) and H20 (9.2 mL) was added DOWEX 50W-8
(200-400 mesh, 604 mg) at room temperature. After 20 h, the reaction mixture was filtered through a pad of Celite
and the filtrate was concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(hexane/AcOEt = 1/1 to AcOEt only) to afford 1,2-diol 5k (2.51 g, 97%) as a white solid.

White solid; mp 61.9-64.3 °C; *H NMR (400 MHz, CDCls)  8.29 (dt, J=9.2, 2.0
O)k AH)V Hz, 2H), 8.21 (dt, J = 9.2, 2.0 Hz, 2H), 4.39 (t, J = 6.4 Hz, 2H), 3.79-3.72 (m, 1H),
3.68 (dd, J = 11.2, 2.4 Hz, 1H), 3.47 (dd, J = 10.4, 7.2 Hz, 1H), 1.89-1.73 (m, 2H),
1.71-1.47 (m, 4H); 3C NMR (100 MHz, CDCls) & 164.7, 150.5, 135.7, 130.7, 123.5, 71.9, 66.7, 65.7, 32.6 28.6,
22.1; IR (neat, cm) 3800-3100, 1722, 1527, 1279; HRMS (ESI, m/z) Calcd. for C13H17NOs - Na ([M+Na]+):
306.0954, found 306.0946.
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)j\ 0s04, NMO )j\ /\(\j)\/
OH
0/\(\37\ Acetone/H,0, rt, 16 h 0o 7

S20 59
95%

To a solution of olefin S20 (1.08 g, 5.47 mmol) and N-methylmorpholine N-oxide (541 mg, 4.62 mmol) in
acetone (27 mL) and H»O (3.0 mL) was added osmium tetroxide (4% in H>O, 185 puL, 30.3 umol) at 0 °C. After the
reaction mixture stirred for 14 h at room temperature, additional N-methylmorpholine N-oxide (368 mg, 3.14
mmol) was added and the reaction mixture was stirred for 3 h. Then, it was quenched with saturated ag. Na,S,03
and extracted with AcOEt. The organic layer was dried over MgSQOy, filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (hexane only to hexane/AcOEt = 1/1 to AcOEt

only) to afford 1,2-diol 5g (1.21 g, 95%) as a white solid.

o OH White solid; mp. 31.0-32.3 °C; IH NMR (400 MHz, CDCls) & 4.05 (t, J = 7.2 Hz, 2H),
OH
AOAM%V 3.75-3.62 (m, 2H), 3.48-3.39 (m, 1H), 2.05 (s, 3H), 1.99 (br d, J = 4.0 Hz, 1H), 1.84 (br t, J =

59
5.6 Hz, 1H), 1.62 (quin, J = 6.8 Hz, 2H), 1.50-1.23 (m, 12H); 3C NMR (100 MHz, CDCls) &

171.3,72.2,66.8, 64.6, 33.1, 29.5, 29.3, 29.1, 28.5, 25.8, 25.4, 21.0; IR (neat, cm™*) 3700-3200, 1739; HRMS (ESI,
m/z) Calcd. for C12H2404 + Na ([M+Na]*): 255.1572, found 255.1564.

1,2-Diol 5n was prepared according to our previous report?.
0 OH Colorless oil; tH NMR (400 MHz, CDCls) § 7.39-7.29 (m, 5H), 7.00 (dt, J = 16.0, 7.2
BnO™ 7 I or Hz, 1H), 5.88 (dt, J = 16.0, 1.2 Hz, 1H), 5.17 (s, 2H), 3.75-3.62 (m, 1H), 3.66 (dd, J =
10.8, 3.2 Hz, 1H), 3.44 (dd, J = 10.8, 7.6 Hz, 1H), 2.25 (qd, J = 7.2, 1.2 Hz, 2H), 2.03 (br
s, 1H), 1.79 (br s, 1H), 1.72-1.61 (m, 1H), 1.60-1.42 (m, 3H); 23C NMR (100 MHz, CDCls) & 166.5, 149.4, 136.0,
128.5 (2C), 128.2 (3C), 121.3, 71.8, 66.7, 66.1, 32.4, 32.0, 23.9; IR (neat, cm™*) 3700-3200, 1716, 1653; HRMS

(ESI, m/z) Calcd. for C15sH2004 + Na ([M+Na]+): 287.1259, found 287.1233.
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NaH

o o
o«k TEMPO, KBr o«k T O‘J(
EtOJ\/ P(Oo-tol),

/\Q/K/O "BuyNBr, NaOCI H o) o) aq. NaOH

HO 3 5 =z 3 _ >

CH,Cl,/aq. NaHCO3 o THF THF/EtOH
S15 0 °C, 20 min S21 -78 °Cto-20°C,2h EtO [0) S22 rtto 70 °C, 17 h

MeOH/H,0, rt, 25 h % OH

O ——>
Z T, DMF, rt, 17 h
HO™ ~O BnO” O BnO” O

3
S23 S24 50
65% (5 steps)

O’P BnBr, K,COs3 O’% DOWEX 50W-8 OH
=
3

To a solution of alcohol S15 (904 mg, 5.19 mmol), TEMPO (8.8 mg, 0.056 mmol), KBr (62.8 mg, 0.528 mmol),
and "BusNBr (85.9 mg, 0.266 mmol) in CH>Cl, (14 mL) and saturated aq. NaHCOs3 (7.0 mL) was added a solution
of aq. NaOCl (1.77 M, 3.81 mL, 6.75 mmol) and saturated aq. NaHCO3 (5.3 mL) dropwise at 0 °C. After 20 min,
the reaction mixture was quenched with saturated aq. NaHCO3 and saturated aq. Na»S>03 and extracted with AcOEt.
The organic layer was dried over MgSQy, filtered, and concentrated in vacuo to provide crude aldehyde S21, which
was used to the next reaction without any further purification.

Next Z-selective Horner-Wadsworth-Emmons reaction was carried out according to Ando’s report.* To a
well-dried round-bottom flask charged with NaH (60%, 207 mg, 5.18 mmol) and dry THF (26 mL) was added ethyl
di-o-tolylphosphonoacetate (1.80 mL, 5.18 mmol) dropwise at 0 °C. After 30 min, a solution of aldehyde S21 (0.5
M) in THF was added to the reaction mixture at -78 °C. After 1 h, the reaction mixture was warmed up to -20 °C
over a period of 1 h. Then, it was quenched with saturated aq. NH4Cl and extracted with AcOEt. The organic layer
was dried over MgSOQys, filtered, and concentrated in vacuo to provide crude ester S22, which was used to the next
reaction without any further purification.

To a solution of ester S22 in THF (5.5 mL) and EtOH (1.4 mL) was added ag. NaOH (5.0 M, 7.27 mL, 36.4
mmol) at room temperature. After 13 h, ag. NaOH (5.3 M, 7.27 mL, 38.8 mmol) was added to the reaction mixture.
After 3 h, the reaction mixture was warmed up to 70 °C and stirred for 1 h at the same temperature. After the
reaction mixture was cooled to room temperature, ACOEt was added and the resultant mixture was separated into
the organic layer and the aqueous layer. The aqueous layer was acidified with aq. HCI (2M) and extracted with
AcOEt. The organic layer was dried over MgSQy, filtered, and concentrated in vacuo to provide crude carboxylic
acid S23, which was used to the next reaction without any further purification.

To a solution of carboxylic acid S23 and K>COs3 (2.54 g, 18.3 mmol) in DMF (7.4 mL) was added benzyl
bromide (1.23 mL, 10.4 mmol) at 0 °C. After the reaction mixture was stirred for 4 h at room temperature,
additional KoCO3 (0.718 g, 5.20 mmol) and benzyl bromide (0.615 mL, 5.19 mmol) were added and stirred for 13 h.

Then, it was quenched with saturated ag. Na2S203 and extracted with AcOEt. The organic layer was dried over
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MgSOQy, filtered, and concentrated in vacuo. The residue was passed through a flash column chromatography on
silica gel (hexane/AcOEt = 10/1) to afford ester S24 including impurities.

To a solution of ester S24, in MeOH (16 mL) and H>O (3.9 mL) was added DOWEX 50W-8 (200-400 mesh, 240
mg) at room temperature. After 36 h, the reaction mixture was filtered through a pad of Celite and concentrated in
vacuo. The residue was purified by flash column chromatography on silica gel (hexane/AcOEt = 1/1 to AcOEt

only) to afford 1,2-diol 50 (898 mg, 65%, 5 steps) as a white solid.

oH White solid; mp 26.1-27.0 °C; 'H NMR (400 MHz, CDCls) & 7.39-7.29 (m, SH), 6.28 (dt, J
AN 2 112,72 Hz, 1H), 5.85 (dt, J = 11.2 Hz, 1.6 Hz, 1H), 5.15 (s, 2H), 3.78-3.70 (m, 1H),
BnO™ "0 50 3.67-3.60 (m, 1H), 3.47-3.39 (m, 1H), 2.80-2.69 (m, 1H), 2.69-2.57 (m, 1H), 2.23 (br d, J =

4.0 Hz, 1H), 1.86 (br t, J = 5.6 Hz, 1H), 1.69-1.40 (m, 4H); '*C NMR (100 MHz, CDCl3) § 166.2, 150.6, 136.0,
128.6, 128.2, 128.2, 119.8, 71.7, 66.8, 65.8, 32.4, 28.7, 24.8; IR (neat, cm™") 3700-3200, 1718; HRMS (ESI, m/z)
Calcd. for C15H20O4 * Na ([M+Na]"): 287.1259, found 287.1252.

NaH

0o o
o«% TEMPO, KBr O_J( L ot o o«%
/\H/k/o "BusNBr, NaOCl o EtOJ\/( " J\/\H/K/o
H
"o 3 3 Et0” ]
THF

CH,Cl,/aq. NaHCO; o
s15 0 °C. 20 min $25 78°Ct0-20°C, 2 h S26

__% p-bromo benzyl bromide __%
aq. NaOH 0 0 K,COs o 0

I © WO
THF/EtOH HOW DMF, 1t, 2 h /©/\O 7,
Br

70°C,2h
S28
56% (4 steps)

DOWEX 50W-8 o OH
MeOH/H,0, rt, 61 h /@/\OWOH
Br s5n'

95%

To a solution of alcohol S15 (1.74 g, 10.0 mmol), TEMPO (15.7 mg, 0.100 mmol), KBr (122 mg, 1.03 mmol) and
"BusNBr (163 mg, 0.504 mmol) in CH>Cl» (26 mL) and saturated aq. NaHCO3 (14 mL) was added a solution of aq.
NaOCl (1.77 M, 7.35 mL, 13.0 mmol) and saturated aq. NaHCO3 (10 mL) dropwise at 0 °C. After 20 min, it was
quenched with saturated aq. NaHCOj; and saturated aq. Na>S>03 and extracted with AcOEt. The organic layer was
dried over MgSOQy, filtered, and concentrated in vacuo to provide crude aldehyde S25, which was used to the next
reaction without any further purification.

To a well-dried round-bottom flask charged with NaH (60%, 441 mg, 11.0 mmol) and dry THF (50 mL) was
added triethyl phosphonoacetate (2.19 mL, 11.0 mmol) dropwise at 0 °C. After 40 min, a solution of aldehyde S25
(0.5 M) in THF was added at -78 °C. After 2 h, the reaction mixture was quenched with saturated H»,O and

extracted with AcOEt. The organic layer was dried over MgSOQs, filtered, and concentrated in vacuo to provide
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crude ester S26, which was used to the next reaction without any further purification.

To a solution of ester S26 in THF (11 mL) and EtOH (2.7 mL) was added ag. NaOH (5.1 M, 14.0 mL, 70.8 mmol)
at room temperature. After the reaction mixture was stirred for 3 h at 70 °C, it was cooled to room temperature.
Then, AcOEt was added and the resultant mixture was separated into the organic layer and the aqueous layer. The
aqueous layer was acidified with ag. HCI (2 M) and extracted with AcOEt. The organic layer was dried over
MgSOQs, filtered, and concentrated in vacuo to provide crude carboxylic acid S27, which was used to the next
reaction without any further purification.

To a solution of carboxylic acid S27 and K,CO3 (4.84 g, 35.0 mmol) in DMF (14 mL) was added p-bromobenzyl
bromide (5.00 g, 20.1 mmol) at 0 °C. After the reaction mixture was stirred for 2 h at room temperature, it was
quenched with saturated H,O and extracted with AcOEt. The organic layer was dried over MgSOsa, filtered, and
concentrated in vacuo. The residue was passed through a flash column chromatography on silica gel
(hexane/AcOELt = 10/1) to afford ester S28 (2.16 g, 56%, 4 steps) as a colorless oil.

—k Colorless oil; 'TH NMR (400 MHz, CDCl3) § 7.49 (dt, J = 8.0, 1.6 Hz, 2H), 7.24

/@/\OWO (d, J= 8.0 Hz, 2H), 7.00 (dt, J = 15.6, 6.8 Hz, 1H), 5.87 (dt, J= 15.6, 1.2 Hz, 1H),
B s28 5.11 (s, 2H), 4.11-4.00 (m, 2H), 3.50 (t, J = 7.2 Hz, 1H), 2.25 (qd, J= 6.8, 1.2 Hz,
2H), 1.68-1.43 (m, 4H), 1.40 (s, 3H), 1.35 (s, 3H); '3C NMR (100 MHz, CDCLs) &
166.1, 149.5, 135.1, 131.6, 129.8, 122.1, 121.2, 108.7, 75.6, 69.3, 65.2, 33.0, 32.0, 26.9, 25.7, 24.1; IR (neat, cm™)
1720, 1653; HRMS (ESI, m/z) Calcd. for C;sH23BrO4 + Na ([M+Na]*): 405.0677, found 405.0663.

To a solution of ester S28 (2.13 g, 5.57 mmol) in MeOH (22 mL) and H,O (5.6 mL) was added DOWEX 50W-8
(200-400 mesh, 227 mg) at room temperature. After 61 h, the reaction mixture was filtered through a pad of Celite
and the filtrate was concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(hexane/AcOEt = 1/1) to afford 1,2-diol Sn” (1.82 g, 95%) as a white solid.

o] OH White solid; mp 36.7-38.4 °C; 'H NMR (400 MHz, CDCl;) & 7.49 (dt, J = 8.8,

/@A OWOH 2.0 Hz, 2H), 7.25 (d, J = 8.8 Hz, 2H), 7.00 (dt, /= 15.6, 7.2 Hz, 1H), 5.87 (dt, J
Br . =15.6, 1.6 Hz, 1H), 5.12 (s, 2H), 3.75-3.63 (m, 2H), 3.44 (dd, /= 11.2, 8.0 Hz,
1H), 2.25 (qd, J= 7.2, 1.6 Hz, 2H), 2.03 (br s, 1H), 1.77 (br s, 1H), 172-1.42 (m, 4H); '3C NMR (100 MHz, CDCl3)
5 166.2, 149.7, 134.8, 131.4, 129.7, 122.0, 120.8, 71.7, 66.4, 65.1, 32.1, 31.9, 23.8; IR (neat, cm™") 3700-3200,

1718, 1651; HRMS (ESI, m/z) Calcd. for C1sHi9BrO4 + Na ([M+Na]*): 365.0364 found 365.0353.
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3. Transamination of a-keto acids to a-amino acids.

Table S1. Optimizing the reaction conditions of transamination using 2,2-diphenylglycine (2)
NH,

Ph/i\cogH (x eq)
Ph
2

(0] NH,
Ph/\)\f( THF/H,O (7/3, 0.1 M) Ph
o temp., time 9
1a 3a
1.0 mmol
recovered
entry x[eq] temp.[°C] time [h] yield [%] N-sourse [%]
1 1.0 reflux 24 634 24
2 0.9 reflux 24 66 0
30 0.9 50 72 387 212
4¢ 0.9 reflux 24 0 -
5d 0.9 reflux 24 2 0

aAn inseparable mixture. °0.2 mmol of 1a was used. °Benzylamine was
used instead of 2. Pyridoxamine dihydrochloride monohydrate was used
instead of 2.

Table S2. Substrate scope of transamination of a-keto acids

NH,
0 Ph):002H (0.9 eq) NH,
H OH
R)J\H/O R)\”/
o MeCN/H,O (7/3, 0.2 M) o
1 reflux, 24 h 3
a-keto acid ol-amino acid yield [%]% a-keto acid a-amino acid yield [%]?
o NH, ; HO o Ho NH,
Ph/\)J\H/OH Ph OH 76 E OH OH 80
12 © 3a © : s37 O s380
o) NH, E o) NH,
)J\H/OH )\”/OH 00? 5 /YJ\”/OH /%(OH gd
0 o] E 0 o]
S29 S30 : s39 S40
o) NH, !
OH OH ggb ! @ 9 NH
! HO)J\/U\H/OH )\”/OH 88
0 o] !
S31 $32 : sa1© s30°
o] NH, ;
Ph\)J\”/OH Ph\)\”/OH 52 | NH,
, OH 19
s33 © s34 O ; 0 HOZCW
o C/\)J\”/OH s43 ©
o NH, ; HO, I Q
H OH , NH
CszN/\)J\”/O CszN/\)\ﬂ/ & ! 542 {k/Kn/OH
1 [
s35 O s36 O ! 31
; $43'0

2solated yield. Plon-exchange chromatography (Dowex 50W-8) was used for the purification. °NMR vyield. “Inseparable mixture with 4.
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Representative procedure of transamination of a-keto acids to a-amino acids (method A).

NH,
(0.9 eq)
Q Ph” “CO,H NH,
H 4 OH
Ph/\)J\H/O Ph/\)\ﬂ/

0 MeCN/H,0 (7/3, 0.2 M) o

1a reflux, 24 h; 3a

1.0 mmol crystallization 76%

To a solution of a-keto acid 1a (178 mg, 1.00 mmol) in MeCN (3.5 mL) and H2O (1.5 mL) was added
DL-2-phenylglycine (4) (136 mg, 0.900 mmol) at room temperature. After the reaction mixture was refluxed for 24
h, it was cooled to room temperature. After Et;O (5.0 mL) was added, the desired a-amino acid was fully
precipitated, the reaction mixture was filtrated. The precipitate was washed with Et,O and dried under reduced

pressure to afford a-amino acid 3a (136 mg, 76%).

Representative procedure of transamination of a-keto acids to a-amino acids (method B).

NH,
)\ (0.9 eq)

o] Ph™ ~CO,H NH,
)J\H/OH 4 )\”/OH
o MeCN/H,0 (7/3, 0.2 M) )

S29 reflux, 24 h; S30

ion exchange resin column

1.0 mmol 90%

To a solution of a-keto acid S29 (88.4 mg, 1.00 mmol) in MeCN (3.5 mL) and H2O (1.5 mL) was added
DL-2-phenylglycine (4) (137 mg, 0.904 mmol) at room temperature. After the reaction mixture was refluxed for 24
h, it was cooled to room temperature, Then, CH.Cl, was added and the resultant mixture was separated into organic
layer and aqueous layer. The organic layer was extracted with H2O and the two aqueous layers were combined. The
resultant aqueous layer was charged on a cationic ion exchange chromatography (DOWEX 50W-8, 200-400 mesh).
The product was eluted with aq. NHz (3%). The eluent was concentrated by freezed-dry to afford a-amino acid S30

(79.8 mg, 90%).

NH, 115 mg (76% yield); method A; Spectra data is described in p. 19.

OH
Ph

3a O

NH, 90.8 mg (68% yield); method A; White solid; mp. 260.5-263.2 °C; '"H NMR (400 MHz, D,0O with
OH
)\/Kﬂ/ 4 eq of KOH) 6 3.24 (t, J= 6.8 Hz, 1H), 1.69-1.59 (m, 1H), 1.49-1.32 (m, 2H), 0.89 (t, /= 6.8 Hz,

® 6H): 3C NMR (100 MHz, D,O with 4 eq of KOH) & 187.2, 57.3, 46.9, 27.1, 25.1, 24.0; IR (KBr,
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cm™!) 3300-1800, 1618, 1587, 1508; HRMS (DART, m/z) Calcd. for C¢H13NO; « H ([M+H]"): 132.1022, found
132.1025; Anal. Calcd. for CsH13NOz: C, 54.94; H, 9.99; N, 10.68. Found: C, 54.89; H, 9.94; N, 10.60.

NH, 79.8 mg (90% vyield); method B; White solid; 176 °C decomp.; *H NMR (400 MHz, D,0) 6 3.77 (9, J
)\I(OH = 6.8 Hz, 1H), 1.47 (d, J = 6.8 Hz, 3H); 3C NMR (100 MHz, D;0) § 178.5, 53.2, 18.8; IR (KBr, cm™)
O
$30  3300-1800, 1593; HRMS (DART, m/z) Calcd. for CsH/NO2 + H ([M+H]*): 90.0559, found 90.0555.

NH, 91.4 mg (86% yield); method B; White solid; mp. 236.6-238.3 °C; 'H NMR (400 MHz, D;0) §

O™ 369 (t, 3= 6.0 Hz, 1H), 1.94-1.83 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, D;0) 5

O
832 177.6, 58.6, 26.4, 11.2; IR (KBr, cm) 3300-2000, 1654, 1577, 1508; HRMS (DART, m/z) Calcd.

for C4HeNO; + H ([M+H]*): 104.0684, found 104.0712.

NH, 85.6 mg (52% yield); method A; Precipitation was carried out using MeCN instead of Et,O.; White

Ph
solid; 204 °C decomp.; 'H NMR (400 MHz, D,O with 4 eq of KOH) & 7.37 (t, J = 7.2 Hz, 2H),

(0]
S34 7.31-7.26 (m, 3H), 3.49 (dd, J = 7.2, 5.6 Hz, 1H), 2.98 (dd, J = 13.2, 5.6 Hz, 1H), 2.83 (dd, J = 13.2,
7.2 Hz, 1H); 13C NMR (100 MHz, D,0 with 4 eq of KOH) § 185.1, 141.0, 132.1, 131.2, 129.3, 60.1, 43.4; IR (KBr,
em!) 3300-2300, 1619, 1588, 1506; HRMS (DART, m/z) Caled. for CoHNO, « H ([M+H]"): 166.0894, found

166.0868; Anal. Calcd. for CoH;1NO3: C, 65.44; H, 6.71; N, 8.48. Found: C, 65.45; H, 6.75; N, 8.40.

NH, 185.1 mg (73% yield); method A; White solid; 229 °C decomp.; 'H NMR (400 MHz, D-O
OH
CbzNH with 4 eq of KOH) & 7.45-7.37 (m, 5H), 5.09 (s, 2H), 3.24-3.16 (m, 3H), 1.87-1.79 (m, 1H),

s36 O
1.69-1.60 (m, 1H); 3C NMR (100 MHz, D,O with 4 eq of KOH) & 185.5, 161.0, 139.2, 131.5,
131.0, 130.3, 69.5, 56.5, 40.3, 37.3; IR (KBr, cm™) 3305, 3200-1800, 1687, 1654, 1583, 1545; HRMS (DART, m/z)
Calcd. for C12H16N204 *H ([M+H]+): 253.1182, found 253.1 188; Anal. Calcd. for C12H16N204: C, 57.13; H, 6.39; N,

11.10. Found: C, 57.02; H, 6.45; N, 10.93.

HO NH, 144.9 mg, (80% yield); method A; White solid; 234 °C decomp.; 'H NMR (400 MHz,

OH  D,0 with 4 eq of KOH) § 6.98 (d, J = 8.0 Hz, 2H), 6.57 (d, J = 8.0 Hz, 2H), 3.39 (dd, J =

s © 7.2,5.2 Hz, 1H), 2.84 (dd, J = 13.6, 5.2 Hz, 1H), 2.66 (dd, J = 13.6, 7.2 Hz, 1H); 3C NMR

(100 MHz, D;0 with 4 eq of KOH) & 185.6, 167.3, 133.4, 126.4, 121.3, 60.3, 42.6; IR (KBr, cm'') 3400-2300,
1628, 1588, 1513; HRMS (DART, m/z) Caled. for CoHyNO3 - H ([M+H]*): 182.0812, found 182.0817; Anal. Calcd.

for CoH;1NOs: C, 59.66; H, 6.12; N, 7.73. Found: C, 59.67; H, 6.29; N, 7.43.
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4. Three-step synthesis of a-amino acids from 1,2-diols.
Typical procedure of synthesis of a-amino acids from 1,2-diols
step 1 step 2
TEMPO (5 mol%)

OH NaOCI (5 mol%) OH AZADOL (5 mol%)
0,

OH NaClO, (3 eq) OH NaNO; (20 mol%)
toluene/phosphate MeCN, rt, 2 h

5¢ buffer pH 6.8, rt, 1 h; o) air (balloon);
1.0 mmol extraction extraction

step 3

NH,

(0.8 eq)
Ph CO,H

(0] 4 NH,

OH OH
MeCN/H,0
(0] (7/3, 0.2 M) (0]

reflux, 24 h; 3c
crystallization 61%

Step1: To a solution of 1,2-diol 5¢ (158.7 mg, 1.00 mmol) and TEMPO (7.8 mg, 0.05 mmol) in toluene (5.0 mL)
and sodium phosphate buffer (1 M, pH = 6.8, 3.6 mL) were added a NaOCI aqueous solution (0.20 M, 251 pL, 0.05
mmol) and a NaClO; aqueous solution (3.0 mmol of 80% NaClO; dissolved into 1.4 mL of water) simultaneously
dropwise at room temperature. The color of the reaction mixture turned to deep red indicating the formation of
charge-transfer complex TEMPO-CIO;. After 1 h, sodium phosphate buffer (1 M, pH = 2.1, 7.2 mL) was added.
The aqueous layer was extracted with AcOEt. The organic layer was dried over MgSQOs, filtered, and concentrated
in vacuo to provide crude a-hydroxy acid.

Step 2: To a solution of crude a-hydroxy acid and AZADOL (7.7 mg, 0.05 mmol) in MeCN (5.0 mL) was added
NaNO:; (13.8 mg, 0.20 mmol) at room temperature. (The flask size should be ten times bigger than the solution’s
volume. The reaction mixture should be stirred vigorously.) After the reaction mixture was stirred under air
(balloon) for 2 h, it was quenched with sodium phosphate buffer (1 M, pH = 2.1, 5.0 mL) was added. The aqueous
layer was extracted with AcOEt. The organic layer was dried over MgSQs, filtered, and concentrated in vacuo to
provide crude a-keto acid.

Step 3: To a solution of crude a-keto acid in MeCN (3.5 mL) and H>O (1.5 mL) was added DL-2-phenylglycine (4)
(121 mg, 0.802 mmol) at room temperature. The reaction mixture was refluxed for 24 h and cooled to room
temperature. After EtyO (5.0 mL) was added to the reaction mixture, the solution was stirred until a-amino acid was
fully precipitated. After filtration, the precipitate was washed with Et,O and dried under reduced pressure to afford

a-amino acid 3¢ (105 mg, 61%) with high purity.
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NH, 1.0 mmol-scale synthesis; 115 mg (63% yield); An additional NaOC]l aqueous solution (0.20 M,

OH
Ph/\)\”/ 251 pL, 0.05 mmol) was added after 3 h in step 1.
3a O

20 mmmol-scale synthesis; 2.52 g (70% yield); In step 1, the reaction mixture was stirred using
a mechanical stirrer. An additional NaOCI aqueous solution (0.20 M, 2.51 mL, 0.50 mmol) was added after 3 h.
White solid; 261 °C decomp.; "H NMR (400 MHz, DO with 4 eq of KOH) & 7.37 (t,J = 6.8 Hz, 2H), 7.31 (d, J =
6.8, 2H), 7.26 (t,J = 6.8, 1H), 3.25 (dd, J = 6.8, 6.0 Hz, 1H), 2.64 (t, J = 8.0 Hz, 2H), 1.95-1.79 (m, 2H); **C NMR
(100 MHz, D0 with 4 eq of KOH) & 186.0, 145.1, 131.4, 131.2, 128.7, 58.5, 39.6, 34.2; IR (KBr, cm™) 3300-1800,
1654, 1625, 1582; HRMS (DART, m/z) Calcd. for C10Hi3NO, * H ([M+H]"): 180.1034, found 181.1025; Anal.
Calcd. for C10H13NOz: C, 67.02; H, 7.31; N, 7.82. Found: C, 67.12; H, 7.42; N, 7.51.

NH, 105 mg (61% yield); White solid; mp. 240.1-240.7 °C; '"H NMR (400 MHz, DO with 4 eq of
O\/K"/OH KOH) 6 3.27 (dd, J= 7.6, 5.6 Hz, 1H), 1.75-1.56 (m, 5H), 1.52-1.42 (m, 1H), 1.39-1.29 (m, 2H),
3 1.29-1.10 (m, 3H), 0.98-0.81 (m, 2H); *C NMR (100 MHz, DO with 4 eq of KOH) & 187.2,
56.6, 45.5, 36.5, 36.1, 35.0, 28.8, 28.5, 28.4; IR (KBr, cm™") 3300-1800, 1625, 1583, 1518; HRMS (DART, m/z)

Calcd. for CoH17NO> + H ([M+H]"): 172.1354, found 172.1338.

F NH, 164 mg (61% vyield); In step 1, the reaction was carried out at 50 °C. An additional
F OH
NaOCIl aqueous solution (0.20 M, 250 pL, 0.05 mmol) was added after 1 h in step 1.;
(0]
F F 34 White solid; mp. 266.0-266.5 °C; 'H NMR (400 MHz, D,O with 4 eq of KOH) & 3.25 (t, J

= 6.0 Hz, 1H), 2.77 (t, J= 8.0 Hz, 2H), 1.94-1.76 (m, 2H); 1*C NMR (100 MHz, D,O with
4 eq of KOH) 6 185.3, 147.7 (dm, J = 241.2 Hz), 142.0 (dm, J = 246.9 Hz), 139.9 (dm, J = 247.0 Hz), 117.3 (td, J
= 19.1, 2.9 Hz), 58.3, 36.8, 21.1; IR (KBr, cm’") 3300-1900, 1626, 1579, 1504; HRMS (DART, m/z) Calcd. for
CioHsFsNO> « H ([M+H]"): 270.0553, found 270.0536; Anal. Calcd. for CioHsFsNO,: C, 44.62; H, 3.00; N, 5.20.
Found: C, 44.71; H, 3.36; N, 5.01.

NH; 144 mg (61% yield); White solid; 218 °C decomp.; '"H NMR (400 MHz, DO with 4 eq

©/\O 2 0 o of KOH) ¢ 7.46-7.36 (m, 5H), 4.54 (s, 2H), 3.57 (t, J = 6.4 Hz, 2H), 3.20 (dd, J = 6.8,

% 6.0 Hz, 1H), 1.66-1.48 (m, 4H), 1.39-1.30 (m, 2H); *C NMR (100 MHz, D,O with 4 eq

of KOH) § 186.3, 140.1, 131.4, 131.2, 130.9, 75.1, 72.8, 58.6, 37.1, 31.3, 24.3; IR (KBr, cm™") 3300-1900, 1654,

1581, 1514; HRMS (DART, m/z) Calcd. for Ci3H19NO;3 « H ([M+H]"): 238.1443, found 238.1451; Anal. Calcd. for
Ci13H19NOs: C, 65.80; H, 8.07; N, 5.90. Found: C, 65.66; H, 8.12; N, 6.00.
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NH, 124 mg (58% yield), An additional NaOCI aqueous solution (0.20 M, 251 pL, 0.05 mmol) was
OH

NC "4 added after 1.5 h in step 1; MeCN was used for the precipitation instead of Et,O in step 3.;

3f
White solid; 214 °C decomp.; 'H NMR (400 MHz, DO with 4 eq of KOH) 6 3.20 (t, J = 6.8 Hz,

1H), 2.45 (t, J = 7.6 Hz, 2H), 1.68-1.47 (m, 4H), 1.45-1.37 (m, 2H), 1.36-1.22 (m, 8H); '3*C NMR (100 MHz, D-O
with 4 eq of KOH) § 186.6, 125.1, 58.7, 37.4, 31.3, 30.9, 30.5, 30.4, 27.6, 27.1, 18.9; IR (KBr, cm™") 3300-2000,
2247, 1654, 1583, 1516; HRMS (DART, m/z) Calcd. for C11H20N20; « H ([M+H]"): 213.1603, found 213.1588;
Anal. Calcd. for C1;H20N204: C, 62.24; H, 9.50; N, 13.20. Found: C, 62.05; H, 9.53; N, 13.25.

o] NH, 146 mg (59% yield); An additional NaOCl aqueous solution (0.20 M, 51 pL, 0.01 mmol)
)J\O/\:::%\g/OH was added after 2.5 h in step 1; White solid; 214 °C decomp.; 'H NMR (400 MHz, CD;0D) §
4.05 (t, J = 6.8 Hz, 2H), 3.51 (dd, J = 6.8, 4.8 Hz, 1H), 2.02 (s, 3H), 1.93-1.71 (m, 2H),

1.67-1.58 (m, 2H), 1.50-1.24 (m, 10H); IR (KBr, cm™!) 3300-1900, 1730, 1657, 1581, 1508; HRMS (DART, m/z)
Calcd. for C12H23NO4 « H ([M+H]"): 246.1705, found 246.1700; Anal. Calcd. for C12H23NO4: C, 58.75; H, 9.45; N,

5.71. Found: C, 58.74; H, 9.60; N, 5.85.

NH, 206 mg (67% yield); White solid; 196 °C decomp.; 'H NMR (400 MHz, 5wt%

©)J\ OWOH deuterium chloride solution in D,0O) 6 8.04 (d, J = 8.0 Hz, 2H), 7.69 (t, J = 8.0 Hz, 1H),

" ° 7.55 (t, J= 8.0 Hz, 2H), 4.37 (t, J = 6.8 Hz, 2H), 4.09 (t, J = 6.8 Hz, 1H), 2.02-1.86 (m,

2H), 1.80-1.71 (m, 2H), 1.50-1.31 (m, 10H); IR (KBr, cm™") 3300-2300, 1718, 1643, 1600, 1568; HRMS (DART,

m/z) Calcd. for C17H2sNO4 « H ([M+H]"): 308.1867, found 308.1862; Anal. Calcd. for Ci7H2sNO4: C, 66.43; H,
8.20; N, 4.56. Found: C, 66.54; H, 8.28; N, 4.37.

NH, 200 mg (65% yield); An additional NaOCl aqueous solution (0.20 M, 250 pL, 0.05 mmol)

BnO. OH
o 1 was added after 1 h in step 1; White solid; 215 °C decomp.; 'H NMR (400 MHz, 5wt%

O3i

deuterium chloride solution in D,0) 6 7.48-7.39 (m, 5H), 5.17 (s, 2H), 4.10 (t, J = 6.0 Hz,
1H), 2.42 (t, J = 7.2 Hz, 2H), 2.03-1.83 (m, 2H), 1.60 (quint, J = 7.2 Hz, 2H), 1.49-1.21 (m, 8H); IR (KBr, cm™")
3300-2000, 1737, 1657, 1583, 1512; HRMS (DART, m/z) Calcd. for C17H2sNOy4 + H ([M+H]"): 308.1863, found
308.1862.

For the characterization, 3i was converted to the N-benzoyl benzyl ester 3i’.

NHBz White solid; mp 65.5-66.7 °C; 'H NMR (400 MHz, CDCls) & 7.80 (dt, J= 6.8, 2.0 Hz, 2H),

BnO OB
" 5 " 751 (tt, J=7.2, 2.0 Hz, 1H), 7.4 (tt, J = 7.2, 2.0 Hz, 2H), 7.39-7.28 (m, 10H), 6.66 (br d, J
(0]

3 = 8.0, 1H), 5.25 (d, J = 12.0 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.10 (s, 2H), 4.90-483 (m,
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1H), 2.32 (t, J = 7.2 Hz, 2H), 2.01-1.90 (m, 1H), 1.83-1.72 (m, 1H), 1.65-1.53 (m, 2H), 1.43-1.17 (m, 8H); 1°C
NMR (100 MHz, CDCls) § 173.6, 172.6, 167.0, 136.1, 135.3, 134.0, 131.7, 128.6, 128.6, 128.5, 128.5, 128.3, 128.2,
128.2, 127.0, 67.2, 66.1, 52.6, 34.2, 32.6, 29.0, 28.9, 28.9, 25.0, 24.8; IR (neat, cm’') 2900-2700, 1738, 1645;
HRMS (ESI, m/z) Caled. for C31HssNOs + Na ([M+Na]*): 524.2413, found 524.2416.

163 mg (54% yield); An additional NaOCl aqueous solution (0.20 M, 250 pL,
/@* /\(\3)\”/ 0.05 mmol) was added after 5 h in step 1; White solid; 201 °C decomp.; !
NMR (400 MHz, CD30D) 6 7.99 (dt, J=9.2, 2.0 Hz, 2H), 7.06 (dt,J=9.2, 2.0
Hz, 2H), 4.82 (d, /= 2.4 Hz, 2H), 4.32 (t, J = 6.4 Hz, 2H), 3.55 (dd, /= 6.8, 6.4 Hz, 1H), 2.99 (t, /= 2.4 Hz, 1H),
2.02-1.78 (m, 4H), 1.65-1.55 (m, 2H); IR (KBr, cm™) 3284, 3200-1900, 1718, 1620, 1587, 1504; HRMS (DART,
m/z) Calcd. for Ci¢H19NOs « H ([M+H]"): 306.1336, found 306.1342; Anal. Calcd. for Ci¢Hi9NOs: C, 62.94; H,
6.27; N, 4.59. Found: C, 62.97; H, 6.38; N, 4.25.

NH, 199 mg (67% yield); In step 1, the reaction was carried out at 50 °C. An

/@J\O 3 o additional NaOCIl aqueous solution (0.20 M, 250 pL, 0.05 mmol) was added after
ON * 0 1 h; Pale brown solid; 148 °C decomp.; 'H NMR (400 MHz, 5wt% deuterium
chloride solution in D,0O) ¢ 8.34 (dt, J = 8.8, 2.0 Hz, 2H), 8.21 (dt, J = 8.8, 2.0 Hz, 2H), 4.43 (t, J = 6.8 Hz, 2H),
4.17 (t, J = 6.0 Hz, 1H), 2.16-1.98 (m, 2H), 1.90 (t, J = 6.8 Hz, 2H), 1.76-1.53 (m, 2H); IR (KBr, cm") 3500-2000,
1720, 1589, 1541, 1527, 1500, 1279; HRMS (DART, m/z) Calcd. for Ci13H17N>Os « H ([M+H]"): 297.1093, found

297.1087.

For the characterization, 3k was converted to the N-benzoyl methyl ester 3k’.
o] NHBz Pale yellow oil; 'H NMR (400 MHz, CDCls) & 8.21 (dt, J = 9.2, 2.0 Hz, 2H),
/@J\O 3 ome 8.15 (dt, J=9.2, 2.0 Hz, 2H),7.80 (dt, J = 7.2, 2.0 Hz, 2H), 7.54 (tt, J= 7.2, 2.0
ON wo® Hz, 1H), 7.45 (tt, J = 8.0, 2.0 Hz, 2H), 6.71 (d, J = 7.2 Hz, 1H), 4.89 (td, J = 7.2,
5.2 Hz, 1H), 4.38 (td, J= 6.4, 1.6 Hz, 2H), 3.79 (s, 3H), 2.13-2.03 (m, 1H), 1.95-1.78 (m, 3H), 1.67-1.46 (m, 2H);
13C NMR (100 MHz, CDCls) § 173.0, 167.0, 164.7, 150.5, 135.6, 133.7, 131.9, 130.6, 128.6, 127.0, 123.5, 65.3,
52.6, 52.2, 32.3, 28.1, 21.8; IR (neat, cm™) 3400-3200, 1724, 1645, 1527, 1277; HRMS (ESI, m/z) Calcd. for

C21H22NO7 + Na ([M+Na]*): 437.1325, found 437.1329.

0 NH, 206 mg (62% yield); In step 1, the reaction was carried out at 50 °C. An additional

OH
BnO™ 77 NaOCI aqueous solution (0.20 M, 250 pL, 0.05 mmol) was added after 1 h; White solid,
31 (0]

213 °C decomp.; 'H NMR (400 MHz, 5wt% deuterium chloride solution in D,0) &
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7.47-7.39 (m, 5H), 7.09 (ddd, J = 15.2, 6.4, 6.4 Hz, 1H), 5.94 (d, /= 15.2 Hz, 1H), 5.22 (s, 2H), 4.10 (t, /= 6.0 Hz,
1H), 2.28-2.21 (m, 2H), 2.10-1.86 (m, 2H), 1.50-1.26 (m, 10H); IR (KBr, cm™) 3300-1800, 1718, 1652, 1581,
1512; HRMS (DART, m/z) Calcd. for Ci9H2;NO4 + H ([M+H]"): 334.2018, found 334.2022; Anal. Calcd. for
Ci9H27NOy: C, 68.44; H, 8.16; N, 4.20. Found: C, 68.20; H, 8.18; N, 4.23.

H,N  oH  49.9 mg (16% yield), An additional NaOCl aqueous solution (0.20 M, 50 pL, 0.01 mmol)

o]
o  was added after 1 h in step 1. Due to the high solubility, 3m was purified by the following
Ph

PH 3m

procedure. aq. HCl (1 M) was poured into the reaction mixture and it was washed with
CH,Cl. After the aqueous layer was brought to pH 12 with aq. NaOH (10%), it was washed with CH>Cl, and
charged on cationic ion exchange chromatography (DOWEX S0W-8, 200-400 mesh). The product was eluted with
aq. NH3z (3%). The eluent was concentrated by freezed-dry to afford a-amino acid 3m.; dr = 1/1; White solid;
172 °C decomp.; '"H NMR (400 MHz, DO with 5 eq of KOH) & 7.44-7.22 (m, 20H), 4.66 (d, /= 9.2 Hz, 2H), 4.16
(dd, J = 9.2, 2.4 Hz, 2H), 4.16-4.09 (m, 2H), 3.30 (dd, J = 8.4, 4.8 Hz, 1H), 3.25 (dd, J = 8.0, 6.0 Hz, 1H),
3.02-2.93 (m, 2H), 2.37-2.28 (m, 2H), 2.03-1.65 (m, 4H); '3C NMR (100 MHz, D,O with 4 eq of KOH) & 185.0,
184.6, 147.9, 131.0 130.9, 129.5, 129.3, 128.9, 80.1, 78.6, 78.0, 77.9, 58.0, 57.9, 57.3, 56.3, 46.4, 46.3, 43.8, 43.5;
IR (KBr, cm) 3900-2800, 1601, 1493, 1404; HRMS (DART, m/z) Caled. for C19H21N1O3 * H ((M+H]"): 312.1600,
found 312.1596.

S22



5. Derivatization of a-amino acids

Hydrolysis of a-amino acids

Q NH2 o aq. KOH NH2 on
_ >
3h o . 0

97%

a-Amino acid 3h (30.5 mg, 0.0992 mmol) was dissolved in aq. KOH (5 M, 496 pL) and the reaction mixture was
stirred for 2 h at room temperature. The reaction mixture was charged on a cationic ion exchange chromatography
(DOWEX 50W-8, 200-400 mesh). The product was eluted with aq. NH3 (3%). The eluent was concentrated by

freezed-dry to afford a-amino acid 6 as a white solid (19.5 mg, 97%).

NH, White solid; 211 °C decomp.; '"H NMR (400 MHz, DO with 4 eq of KOH) 6 3.58 (t, J = 7.2

HO 7 OH Hz, 2H), 3.20 (t, J = 6.0 Hz 1H), 1.64-1.46 (m, 4H), 1.39-1.23 (m, 10H); '3C NMR (100 MHz,
O

6 D,0 with 4 eq of KOH) 6 186.7, 64.6, 58.8, 37.4, 34.0, 31.4, 31.2, 31.1, 27.7, 27.6; IR (KBr,

cm!) 3600-3300, 3300-1800, 1657, 1583, 1510; HRMS (DART, m/z) Caled. for CioHaNOs + H ([M+H]"):
204.1600, found 204.1577.

NH; aq. KOH NH>
BnO\”/\M)\”/OH —_— HO\H/\M)\H/OH
rt, 2 h

6 6
o] o] o] o]
3i 7

92%

a-Amino acid 3i (30.9 mg, 0.101 mmol) was dissolved in aq. KOH (5 M, 503 pL) and the reaction mixture was
stirred for 2 h at room temperature. The reaction mixture was charged on a cationic ion exchange chromatography
(DOWEX 50W-8, 200-400 mesh). The product was eluted with ag. NHs (3%). The eluent was concentrated by
freezed-dry to afford a-amino acid 7 as a white solid (20.0 mg, 92%).
NH, White solid; 212 °C decomp.; '"H NMR (400 MHz, DO with 5 eq of KOH) 8 3.20 (t, J= 6.0

HO OH
M Hz, 1H), 2.16 (t, J = 7.6 Hz, 2H), 1.65-1.44 (m, 4H), 1.39-1.21 (m, 8H); '*C NMR (100 MHz,
7 D,0 with 5 eq of KOH) § 187.0, 186.7, 58.7, 40.4, 37.4,31.4, 31.3, 31.1, 28.6, 27.7; IR (KBr,

cm'!) 3500-2300, 1583; HRMS (DART, m/z) Calcd. for C1oH1oNO4 + H ([M+HT*): 218.1379, found 218.1392.
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6. Synthesis of "N-labeled a-amino acid

© 1) KCN, MeOH/H,0, tt, 2 h 1°NH,
BNH,Cl + PR ) = P
Ph”™ “H  2)6 M HCI, reflux, 24 h Ph” >CO,H
S44
15N_4

49%

To a solution of KCN (657 mg, 10.1 mmol) and **NH4CI (545 mg, 10.0 mmol) in H>O (2.0 mL) was added
benzaldehyde (S44) (1.38 g, 13.0 mmol) in MeOH (2.0 mL) at 0 °C. The reaction mixture was stirred for 2 h. After
H,0O was added to the reaction mixture, the aqueous layer was extracted with CH>Cl, and then the organic layer
was extracted with ag. HCI (6 M, 10 mLx3). The resultant aqueous layer was refluxed for 24 h. After it was cooled
to room temperature, the solution was neutralized to pH 7 with ag. NaOH (20%) and Et,O was added. After it was
stirred for several minutes at room temperature, *N-phenylglycine (*°*N-4) was appeared as a precipitate. It was
washed with H,0, MeOH, and Et,0 and dried under reduced pressure to afford >N-phenylglycine (**N-4) (571 mg,
38%) as a white solid. After that, the filtrate was basified with ag. NaOH (1 M) until pH 9 and washed with CHCl..
Then, the aqueous layer was neutralized with ag. HCI (1 M) to pH 8. The resultant aqueous layer was charged on a
cationic ion exchange chromatography (DOWEX 50W-8, 200-400 mesh). The **N-phenylglycine was eluted with
ag. NH3 (3%). The eluent was concentrated in vacuo to afford >N-phenylglycine (**N-4) (170 mg, 11%) as a pale
brown solid. The combined yield was 49%.

15\H, White solid; mp 211.5-212.2 °C; *H NMR (400 MHz, D0 with 4 eq of KOH) & 7.43-7.30 (m, 5H),
Ph)\ﬂ/OH 4.34 (d, J = 2.0 Hz, 1H); 13C NMR (100 MHz, DO with 4 eq of KOH) & 183.8, 144.8, 131.5, 130.2,
15N_2 129.5,63.2 (d, J = 4.8 Hz); IR (KBr, cm) 3300-2400, 1657, 1630, 1585; HRMS (DART, m/z) Calcd.
for CgHg'>NO- - H ([M+H]*): 153.0682, found 153.0677.

TEMPO (5 mol%)
OH NaOClI (10 mol%) OH

o Aon Moo T o

toluene/phosphate

5a buffer pH 6.8, rt, 3.5 h; (0]
1.0 mmol extraction
5NH,
)\ (0.8 eq)
AZADOL (5 mol%) Ph™ "CO.H 15
NaNO, (20 mol%) 2 15N.4 NH,
2 ° Ph/\)J\H/OH Ph/\)\ﬂ/OH
MeCN, rt, 2 h MeCN/H,0
air (balloon); 0 (7/3,0.15 M) 5y 2L
extraction reflux, 24 h; N;3a
crystallization 61%

a-Amino acid '®N-3a was synthesized from 1,2-diol 5a (171 mg, 1.03 mmol) according to the synthetic procedure
of 3a and afforded a-amino acid '®N-3a as a white solid (113 mg, 61%).
15N H, White solid; *H NMR (400 MHz, DO with 4 eq of KOH) & 7.37 (t, J = 6.8 Hz, 2H), 7.31 (d,
Ph OF 3=6.8,2H), 7.26 (t, J = 6.8, 1H), 3.25 (ddd, J = 7.6, 6.0, 2.4 Hz, 1H), 2.64 (t, J = 8.4 Hz, 2H),
1.95-1.79 (m, 2H); 3C NMR (100 MHz, DO with 4 eq of KOH) & 186.0, 145.1, 131.4, 131.2,

128.7,58.4 (d, J = 4.7 Hz), 39.6, 34.2; HRMS (DART, m/z) Calcd. for C1oH15'*NO; + H

15N-3a
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([M+H]*): 181.0995, found 181.0996; Anal. Calcd. for C10H13'®NO,: C, 66.65; H, 7.27; '°N, 8.32. Found: C, 66.49;
H, 7.37; N, 7.97.
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7. Synthesis of bicyclic a-amino acids

0 OH H y—OH
step 1 step 2 step 3 Ph
BnO)LL‘MgK/OH
RO—~( H
5 (6]
1 mmol

Wo8on 240 mg (65% yield); The synthesis of 8 was carried out according to the typical procedure of

Ph three-step a-amino acid synthesis except the following point. An additional NaOCl aqueous
BnO H solution (0.20 M, 252 pL, 0.05 mmol) was added after 2 h in step 1.; White solid; 238 °C

O s

decomp.; '"H NMR (400 MHz, 5wt% deuterium chloride solution in D,0O) § 7.47-7.29 (m, 8H),
7.06 (d, J= 6.4 Hz, 2H), 5.45 (d, J= 6.4 Hz, 1H), 5.01 (d, /= 12.4 Hz, 1H), 4.96 (d, /= 12.4 Hz, 1H), 3.68 (dd, J =
6.4,2.0 Hz, 1H), 3.56 (td, J = 8.4, 2.0 Hz, 1H), 2.59-2.51 (m, 1H), 2.42-2.22 (m, 2H), 2.11-1.82 (m, 3H); IR (KBr,
cm™) 3200-1900, 1741, 1616; HRMS (DART, m/z) Calcd. for C22H23NO4+H ([M+H]"): 366.1705, found 366.1696;
Anal. Calcd. for CpH23NO4: C, 72.31; H, 6.34; N, 3.83. Found: C, 72.16; H, 6.44; N, 3.96.

HON o 317 mg (71% yield); The synthesis of S45 was carried out according to the typical

Ph N procedure of three-step a-amino acid synthesis except the following point. An
Br\@o H additional NaOCI aqueous solution (0.20 M, 252 pL, 0.05 mmol) was added after 2 h
S4C5) in step 1.; White solid; 248 °C decomp.; 'H NMR (400 MHz, 5wt% deuterium

chloride solution in D20) & 7.45 (d, J = 8.0 Hz, 2H), 7.42 (t, J = 8.4 Hz, 1H), 7.33 (t, J = 8.4 Hz, 2H), 7.26 (d, J =
8.0 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 5.45 (d, J = 6.0 Hz, 1H), 5.00 (d, J = 12.0 Hz, 1H), 4.90 (d, J = 12.0 Hz, 1H),
3.68 (d, J= 6.0, 1.2 Hz, 1H), 3.57 (t, J= 8.0 Hz, 1H), 2.58-2.51 (m, 1H), 2.40-2.23 (m, 2H), 2.10-1.81 (m, 3H); IR
(KBr, cm™) 3200-2800, 1747, 1595; HRMS (DART, m/z) Caled. for CooHy,BINO, + H ([M+H]"): 444.0811, found
444.0806; Anal. Calcd. for C2;H2,BrNO4: C, 59.47; H, 4.99; N, 3.15. Found: C, 59.48; H, 5.04; N, 2.86.

O _one  White solid; mp 128.3-128.9 °C; 'H NMR (400 MHz, CDCls) § 7.33 (d, J = 8.4

Ph ™ Hz, 2H), 7.27-7.21 (m, SH), 6.75 (d, J = 8.4 Hz, 2H), 4.66 (d, J = 12.0 Hz, 1H),
Br\@o ( 4.62 (d, J= 6.4 Hz. 1H), 4.57 (1H, J = 12.0 Hz), 3.77 (s, 3H), 3.43 (br s, 1H), 3.17
o (t,J = 8.8 Hz, 1H), 3.00 (d, J = 6.4 Hz, 1H), 2.29-2.13 (m, 2H), 1.92-1.73 (m, 3H),

1.61-1.51 (m, 1H); *C NMR (100 MHz, CDCls) 8 176.6, 172.6, 137.8, 134.3, 131.4, 130.0, 128.3, 127.5, 126.3,
122.1, 65.3, 64.7, 57.3, 53.3, 52.4, 41.1, 33.1, 26.6; IR (neat, cm') 1732; HRMS (ESI, m/z) Calcd. for
C23H24BrNO4 « Na ([M+Na]"): 480.0786, found 480.0795.
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138 mg (38% yield); The synthesis of 11 was carried out according to the typical procedure of

O
H\—OH
Phag N three-step a-amino acid synthesis except the following point. An additional NaOCl aqueous
Bn0~\~\‘: H solution (0.20 M, 251 pL, 0.05 mmol) was added after 2 h in step 1.; White solid; 206 °C
O
i decomp.; '"H NMR (400 MHz, CD3OD) 8 7.59-7.53 (m, 2H), 7.49-7.43 (m, 3H), 7.33-7.28 (m,

3H), 7.27-7.22 (m, 2H), 5.17 (d, J = 12.0 Hz, 1H), 5.02 (d, J = 12.0 Hz, 1H), 4.95 (d, J = 12.0 Hz, 1H), 3.70 (dd, J
= 12.0, 7.2 Hz, 1H), 3.29 (q, J = 7.2 Hz, 1H), 2.50 (quint, J = 6.8 Hz, 1H), 2.07-1.80 (m, 4H), 1.68-1.57 (m, 1H);
IR (KBr, cm!) 3300-1900, 1730, 1620; HRMS (DART, m/z) Caled. for C22Hy3NO, + H ([M+H]"): 366.1705, found
366.1717; Anal. Caled. for CooHa3NO4: C, 72.31; H, 6.34; N, 3.83. Found: C, 72.23; H, 6.36; N, 3.72.
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8. Kinetic resolution of N-acetyl a-amino acid

Preparation of N-acetyl a-amino acids (+)-12

NH, Acz0, NaOH NHAc
Ph/\)\ﬂ/OH H,0, rt, 2 h Ph/\)\ﬂ/OH
0 0
3a (¥)-12a

78%

To a solution of a-amino acid 3a (100 mg, 0.558 mmol) in agq. NaOH (0.56 M, 1.0 mL) were added Ac20 (69 pL,
0.730 mmol) and ag. NaOH (36%, 0.20 mL) at room temperature. After 1 h, Ac2O (70 uL, 0.741 mmol) and ag.
NaOH (36%, 0.20 mL) were added and the reaction mixture was stirred for 1 h. Then, the reaction mixture was
acidified with ag. HCI (10%) to pH 1 and filtration of a precipitation afforded N-acetyl L-homophenylalanine
[(2)-12a] (95.9 mg, 78%) as a white solid.

NHAc White solid; mp 117.5-118.1 °C; '"H NMR (400 MHz, CDCls) 8 7.31-7.25 (m, 2H), 7.22-7.15

OH
Ph I (m, 3H), 6.09 (d, J= 7.6 Hz, 1H), 4.64 (td, J= 7.6, 5.6 Hz, 1H), 2.77-2.64 (m, 2H), 2.31-2.21 (m,

(#)-12a 1H), 2.11-1.97 (m,1H), 2.00 (s, 3H); '*C NMR (100 MHz, CD;OD) & 175.4, 173.4, 142.2, 129.5
(2C), 127.1, 53.3, 34.5, 33.1, 22.3; IR (KBr, cm’) 3345, 1714, 1597, 1545; HRMS (ESL, m/z) Calcd. for

C12H1sNO; + Na ([M+Na]"): 244.0950, found 244.0927.

F NH, Acy0, NaOH F NHAc
F OH HO. 1t 1 h F OH
F F © F F ©

E 3d E (£)-12d

95%

To a solution of a-amino acid 3d (23.1 mg, 0.0858 mmol) in H20 (1.0 mL) was added aq. NaOH (10%, 127 uL)
at room temperature. Then, Ac,0 (20.3 uL, 0.215 mmol) and aq. NaOH (10%, 127 pL, 0.343 mmol) were added at
0 °C. After the reaction mixture was stirred for 11 h at room temperature, it was acidified with ag. HCI (10%) to pH
1 and extracted with Et,O. The organic layer was dried over MgSOs., filtered, and concentrated in vacuo to afford
N-acetyl a-amino acid (+)-12d (25.4 mg, 95%) as a white solid.
F NHAc White solid; mp 173.9-175.4 °C; '"H NMR (400 MHz, CDs0D) & 4.37 (dd, J=9.2, 4.4 Hz,
" o 1H), 2.92-2.78 (m, 2H), 2.24-2.14 (m, 1H), 2.05-1.92 (m, 1H), 2.01 (s, 3H); 3C NMR (100
I:(:)-12d MHz, CD;0D) 6 174.6, 173.5, 146.6 (dm, J = 241.2 Hz), 141.2 (dm, J = 243.1 Hz), 138.8
(dm, J = 233.6 Hz), 115.5 (t, J = 16.2 Hz), 53.0, 31.6, 22.3, 19.8; IR (KBr, cm™") 3354, 1707, 1624 HRMS (ESI,

m/z) Caled. for Ci2H10FsNO3 + Na([M+Na]*): 334.0479, found 334.0477.
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0O

I:/éNOAc , NaHCO,

NH, o) 0 NHAC

0
OH OH
©)J\O/\M7)\ﬂ/ THF/H,O, rt, 2 h ©)‘\O/\W
3h 0 (#)12n O

94%

For the N-acetylation of a-amino acid 3f, 3h, and 3i, the method using in situ prepared N-acetyl succinimide was
employed.®
To a well-dried round-bottom flask charged with N-hydroxysuccinimide (8.1 mg, 0.070 mmol) and
N,N-diisopropylethylamine (13.4 pL, 0.0781 mmol) and dry THF (0.50 mL) was added AcCl (5.1 pL, 0.072 mmol)
dropwise at 0 °C. The solution was stirred for 3 h at room temperature. The solution was added to a solution of
a-amino acid 3h and NaHCOs3 (10.0 mg, 0.119 mmol) in H20O (0.50 mL) at 0 °C. The reaction mixture was stirred
for 2 h at room temperature. Then, it was acidified with aq. HCI (1 M) to pH 3 and extracted with Et,O. The
organic layer was dried over MgSQyg, filtered, and concentrated in vacuo to afford N-acetyl a-amino acid (£)-12h
(21.5 mg, 94%) as a white solid.
o} NHAG White solid; mp 95.1-96.1 °C; '"H NMR (400 MHz, CDCl3) & 8.05-8.01 (m, 2H), 7.55
(j)L 0" ™ on (dt, J=7.2, 1.2 Hz, 1H), 7.43 (t, J= 7.2 Hz, 2H), 6.33 (d, J = 7.2 Hz, 1H), 4.58 (ddd, J =
rizn O 7.2, 4.8 Hz, 1H), 4.31 (t, J = 6.4 Hz, 2H), 2.05 (s, 3H), 1.93-1.82 (m, 1H), 1.79-1.64 (m,
3H), 1.50-1.20 (m, 10H); '*C NMR (100 MHz, CDCls) 8 175.5, 171.0, 166.8, 132.9, 130.4, 129.5, 128.3, 65.1, 52.4,
31.9,29.1,29.0, 29.0, 28.6, 25.9, 25.1, 22.9; IR (neat, cm™") 3500-3300, 1718, 1657, 1630, 1277; HRMS (ESI, m/z)

Calcd. for C19H2705 + Na ([M+Na]"): 372.1787, found 372.1787.

NHAc 293 mg (97% yield); Yellow solid; mp 57.9-59.6 °C; '"H NMR (400 MHz, CDCls) & 5.98 (br s,

NC™ T, I o 1H), 4.57 (ddd, J = 7.6, 7.6, 5.6 Hz, 1H), 2.34 (t, J = 7.6 Hz, 2H), 2.06 (s, 3H), 1.97-1.85 (m,
(&)-12f 1H), 1.76-1.61 (m, 3H), 1.50-1.26 (m, 10H); '3C NMR (100 MHz, CDCl3) & 175.5, 171.1, 119.8,
52.4,31.9, 28.9, 28.48, 28.46, 25.2, 25.0, 22.9, 17.1; IR (neat, cm™) 3500-3300, 2247, 1728, 1649, 1630, 1549;

HRMS (ESI, m/z) Caled. for C13H2N,05 + Na ([M+Na]*): 277.1528, found 277.1508.

NHAc 50.8 mg (79%); White solid; mp 88.2-90.0 °C 'H NMR (400 MHz, CDCls) & 7.39-7.29
BnO OH

I o I (m, 5H), 6.18 (d, J= 8.0 Hz, 1H), 5.11 (s, 2H), 4.57 (td, J = 8.0, 8.0, 5.2 Hz, 1H), 2.35 (t, J
(®)-12i = 7.6 Hz, 2H), 2.05 (s, 3H), 1.93-1.82 (m, 1H), 1.74-1.57 (m, 3H), 1.40-1.20 (m, 8H); *C
NMR (100 MHz, CDCl3) 6 175.2, 173.9, 170.9, 136.0, 128.5, 128.2, 128.2, 66.2, 52.4, 34.2, 31.9, 28.8 (3C), 25.0,
24.8,23.0; IR (neat, cm™) 3500-3300, 1731, 1651, 1628; HRMS (ESI, m/z) Calcd. for C19H27NOs * Na ([M+Na]"):

372.1787, found 372.1781.
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Typical procedure of kinetic resolution of N-acetyl a-amino acid using L-amino acylase

L-amino acylase

NHAC CoCl, NH, NHAC
Ph/\)\H/OH Tris-HCI buffer pH 7.5 ph/\/\n/OH * Ph/\/kﬂ/OH
o 38°C, 1h o 5
(¥)-12a L-3 D-12a
39%, >99% ee 51%, >99% ee

To a solution of N-acetyl homophenylalanine [(£)-12a] (30.5 mg, 0.138 mmol) and aq. CoCl, (0.01 M, 17.2 uL,
172 nmol) in Tris-HCI buffer (1 M, pH 7.5, 1.4 mL) was added L-aminoacylase (10.2 mg) at room temperature.
After the reaction mixture was stirred for 1 h at 38 °C, Et;O (5 mL) was added. After 5 min, L-homophenylalanine
(L-3) was precipitated. The precipitate was filtered, washed with Et;O and water, and dried under reduced pressure.
L-Homophenylalanine (L-3) (9.6 mg, 39%) was obtained. The filtrate was acidified with sodium phosphate buffer
(1 M, pH = 2.1, 2.8 mL) and extracted with Et,O. The organic layer was dried over MgSOQ,, filtered, and
concentrated in vacuo to afford N-acetyl D-homophenylalanine (D-12a) (15.6 mg, 51%).

Enantiomeric excess was measured as the N-acetyl ethyl ester of homophenylalanine by chiral HPLC. The

absolute configuration was determined by comparing optical rotations with a previous report.®

[o] 0¥ =+44.3 (¢ 0.49, 1.0 M HCl), >99% ee.

NH,
Ph/\/\[]/ OH

L-3a ©

NHAc [a] p2=-18.4 (¢ 0.82, MeOH), >99% ce.

OH
Ph

e}
D-12a

HPLC Conditions

Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd.
Eluent: hexane/isopropanol (90:10)

Flow rate: 1.0 mL/min

Detection: UV 230 nm

Retention time: D-isomer: 12.5 min, L-isomer: 15.5 min.
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NHAc Racemate
Ph OEt
O
(¥)-12a’
30000 OD-H-1 - CHS|
20000
z
Fad
k-
E 10000 -
¢
e e S r .
0.0 5.0 10,0 15.0
Retention Time [min]
# | Peak Mame | CH } tR [min] | Area [V zec] | Height [V | Areat
1ftSnknown 5 12.522 166256 8475  50.047
2nknown 5 15.482] 165042 5616 49953
NHAc
Ph/\/\n/OEt
L-3a’
30000 "I
s
=
% 20000 -
g
10000
. —J\k o
e e o e . B

0.0 5.0 10,0 15.0
Retention Time [min]
# | Peak Name | CH | tR [min} | Area [1iV-gec] { Height V] Area%
Hunknown 5 14.94 1286540| as779] 100,000
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Ph

NHAc

D-12a'

OEt

Intensity [pV)

B0O00D
60000 -
40000 -
20000 -
o A\m\ L
0.0 5.0 10.0 15.0
Retention Time [min]
# | Peak Namo | CH | tR [min] | Area [V secl | Height Vi | Area%
JlUnkroven 5 11.565 2811072 azge4 100.000
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L-amino acylase

F NHAc CoCl, F NHAC
F OH " Tis-Hel buffer pH 7.5 + F OH
i i 3 38°C, 2 h i i S
F (@)-12d FoLad F b-12d
40%, 99% ee 51%, >99% ee

Kinetic resolution of N-acetyl a-amino acid (£)-12d (20.1 mg, 0.0646 mmol) was carried out according to the
typical procedure. L-aminoacylase (5.0 mg) and aq. CoCl, (0.01 M, 8.1 pL, 81 nmol) were used.
Enantiomeric excess was measured as the N-acetyl ethyl ester by chiral HPLC. The absolute configuration was

determined by comparing optical rotations with a previous report.’

[a] p*6=+25.5 (¢ 0.055, 1.0 M HCI), >99% ee.

3 NHAC o] p26=-16.5 (c 0.63, MeOH), >99% ee.

n

HPLC Conditions

Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd.
Eluent: hexane/isopropanol (90:10)

Flow rate: 1.0 mL/min

Detection: UV 230 nm

Retention time: 7.9 min, 11.1 min.
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F NHAG Racemate

. 7 g o g g

0.0 2.0 4.0

F OEt
(o]
F F
F@)-12a
1 oo
150000
z
= 100000
‘R
g a
= s
50000 -
‘ . 6.0

8 8.0 18.0
Retention Time {min]

# | Peak Neme | CH | ¢R Imin] | Area [1iV'sec] [ Height [3V] | Area%
1[Unknovn 5 7.905‘ 4058644 1711 50097
2Unknovn § 1 1,142! 4042879 178831] 49902

|OD-H-1 - CHE;
200000
B
=
2
£ 100000 -
0 % _,\__!\—\ AN Vi ... )
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Retention Time [min]
# | Poak Name | CH { iR [min] | Area [s\ses] | Height (/] Area®
1lnknewn 5 11,167 5058592 252543 100.0600
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OEt
(OD-H-1 - CH5]
300000
g 200000 -
=
a
g
100000
0 - B
S S o g e b ey e
0.0 2.0 4.0 6.0 8.0 10.0 12.00 14.0
Retention Time {min]
# | Peak Name | CH | tR [min] | Area [uV-sec] | Height [uv] Areak
1jidnknown 5 7017 1363789 324128 100,00
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L-amino acylase

NHAc CoCl, NH, NHAc
OH : OH OH
NC g phosphate buffer pH 7.5 NC/\H:\[]/ + NC g
(0] 38°C,5h (0] (0]
()-12f L-3f D-12f
38%, >90% ee 48%, >99% ee

Kinetic resolution of N-acetyl a-amino acid ()-12f was carried out according to the following procedure.

To a solution of N-acetyl a-amino acid (£)-12f (24.8 mg, 0.0975 mmol) and aq. CoCl, (0.01 M, 12.2 pL, 122
nmol) in phosphate buffer (1 M, pH 7.5, 0.98 mL) was added L-aminoacylase (15.0 mg) at room temperature. After
the reaction mixture was stirred for 5 h at 38 °C, it was acidified with aq. HCI (1 M) and extracted with Et;O. The
organic layer was dried over MgSQy, filtered, and concentrated in vacuo to afford N-acetyl a-amino acid (D-12f)
(11.8 mg, 48%). The resultant aqueous layer was basified with aq. NaOH (1 M) until pH 9 and charged on a
cationic ion exchange chromatography (DOWEX 50W-8, 200-400 mesh). The product was eluted with aq. NH3
(3%). The eluent was concentrated by freezed-dry to afford a-amino acid L-3f (7.8 mg, 38%).

Enantiomeric excess was measured as the N-acetyl benzyl ester by chiral HPLC.

NH, [0] p%=+13.5 (c 0.21, 1.0 M HCI), >90% ee.

- OH
NeTR
(0]
L-3f

NHAc

oy [0]0**=-21.8 (c 0.90, CHCL), >99% ee.

NGt

(0]
D-12f

HPLC Conditions
Column: Chiralcel IC, Daicel Chemical Industries, Ltd.

Eluent: hexane/isopropanol (70:30)
Flow rate: 1.0 mL/min
Detection: UV 200 nm

Retention time: 46.4 min, 53.3 min.
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NHAc Racemate

NC g OBn
0
(#)-12f
L ¢ CHs
15000
T 10000 -
3
z
B
T sm0
0
g e S
0.0 100 20.0 30.0 40.0 50.0 60.0
Retention Time [min]
# | Pank Mame | CH | tR [min] § Area [V sec] ! Height (W] | Area%
HUrknown G 45,397 1A 16344} 14107 50123
Anknown [} 53:332] 1110858] 11975)  49.877
NHAc HPLC analysis using photodiode array detector suggests that the peak of minor enantiomer
- OBn . . .
NC/\(\ﬁf\n/ includes impurity.
o]
L-3f'
100000 -
3
& 50000
g
&
0
0.0 10.0 20.0 50.0 60.0

30.0 40.0
Retention Time [min]

# | Peak Name | CH | tR [min] | Area [uY secl | Height [uv1{ Area%
Unknovin G 45,713 8984953 97744 95113
Filnknown 6 §3.307 a61874 5524 4897

—.
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NC

NHAc

D-12f'

OBn

Intensity [LVv]

{1c - cHel
100000
50000 -
0 h
0.0 10.0 20.0 30.0 40.0 50.0 60.0
Retention Time [min]

# | Peak tame | GH | tR [min] | Area fuv-sec] | Height [iV] | Area%

HUnknown 6 | 45495 5135] 488  0.05

FUrknown 6 | 51982 11851879 111299  99.948
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L-amino acylase

0 NHAc CoCl, NHAC
OH
OAM)\H/ Tris-HCI buffer pH 7.5 /\M/\n/ Aﬂ/kﬂ/
g .
©)J\ o) 38°C, 3h
(#)-12h L-3h p-12h
39%, >99% ee 51%, >99% ee

Kinetic resolution of N-acetyl a-amino acid (£)-12h (25.2 mg, 0.0721 mmol) was carried out according to the
typical procedure. L-Aminoacylase (17.4 mg) and aq. CoCl, (0.01 M, 18.0 pL, 180 nmol) were used.

Enantiomeric excess was measured as the N-acetyl benzyl ester by chiral HPLC.

0 NH, [a] p*=+8.0 (c 0.062, 1.0 M HCI), >99% ee.
©)‘\O/\(\/)/\"/OH
O
L-3h
0 NHAc [a] p?’>=-16.7 (¢ 1.0, CHCI3), >99% ee.
©)J\O OH
7
O
D-12h

HPLC Conditions
Column: Chiralcel IC, Daicel Chemical Industries, Ltd.

Eluent: hexane/isopropanol (80:20)
Flow rate: 1.0 mL/min
Detection: UV 230 nm

Retention time: 39.6 min, 42.5 min.
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(0] NHAc

/\M)\H/ OBn Racemate
0 7

O
(2)-12h'
300000
200000 |
3
z
™ 100000
0 . - e e e e g . . -
0.0 10.0 2[;.0 36.0 ‘
Retention Time [min]
#1 Peak Name | CH | tR Imin] | Area [pV-eec] { Height [uV] | Area%
HUnknown 5 39,540 21350600 297593 490912
2dnknown 5 42.547 214260714 257839  50.08%
0 NHAC
o - OBn
~ry
L-3h'
400000
1
300000 -
z
z
2 200000 -
100000 -
0 e A ~
0.0 10.0 20.0 )

i 30.0
Retention Time [min]

# 1 Peak Mame | CH | tR [min] ! Area [WWoseel | Height vl | Area%
Hhknown 5 J9.480x 33765041 437 3 90884
Huinknown ] 42,847 20368 G670] 0.116
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o]

@OWOB”
7
O

D-12h’

NHAc

Intensity fuv]

1C- CHS
800000 |
i
600000
400000 -
200000 -
0 L v -
0.0 10.0 0.0 30.0 40.0
Retention Time [min]
Peck Name | CH | ¢R [min} | Area [u¥-sec] | Height [iV] Araa%
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L-amino acylase
NHAC Cocl,’ NH, NHAG
BnO OH BnO “__OH 4 BnO OH
. Tris-HCI buffer pH 7.5 MY .
o) ol 38°C, 3h 0 o) ol o)
(£)-12i L-3i D-12i
41%, 99% ee 50%, >99% ee

Kinetic resolution of N-acetyl a-amino acid (£)-12i (31.4 mg, 0.0899 mmol) was carried out according to the
typical procedure. L-Aminoacylase (20.2 mg) and aq. CoCl, (0.01 M, 33.7 pL, 337 nmol) were used.

Enantiomeric excess was measured as the N-acetyl benzyl ester by chiral HPLC.

NH, [0] 025 = +12.6 (¢ 0.15, 1.0 M HCI), 99% ee.

NHAC [0] 02 =-17.5 (c 1.2, CHCL), >99% ee.

D-12i

HPLC Conditions

Column: Chiralcel IC, Daicel Chemical Industries, Ltd.
Eluent: hexane/isopropanol (80:20)

Flow rate: 1.0 mL/min

Detection: UV 230 nm

Retention time: 34.6 min, 38.0 min.
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NHAC Racemate

BnO OBn
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Retention Time [min]
# { Poak Name | CH | tR [min] | Area [uV seo] | Height DVl | Areat
1iUnknown 5 34,543 499838 8173 48237
2Unknown 5 37.989] 536363 7328]  51.763]
NHAc
BnO B OBn
VY
o} o}
L-3i'
L {1C - CHS;
10000
=~
=3 i
% 5000 -
f
2
.
S BT
Q.0 10.0 20.0 40.0
Retention Time [min]
# | Peak Name | CH | ¢R [min] | Area [V sec] | Height [uv] | Area%
T[unknown 5 34,037 802409 125601 99.412]
Unknown 5 | 28255 4747 147] 0588

S43



NHAc

BnO OBn
6
(0] (6]
D-12i"
15000
g 10000
=
‘B
o]
Z ,
5000
g
0.0 10.0 200 30.0 40,0
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# | Peak Name | CH | tRImin} } Area [uV:secl | Height [pV] | Areat
1Unknown 5 37.265% T224240 14999 100.000
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Typical procedure of Kinetic resolution of /NV-acetyl a-amino acid using D-aminoacylase.

D-amino acylase

NHAC CoCl, NH, NHAC
Ph/\)\ﬂ/OH Tris-HCI buffer pH 7.5 Ph/\/k”/OH * Ph/\/\n/OH
5 38°C, 1 h o o
(¥)-12a D-3a L-12a
41%, >99% ee 50%, >99% ee

To a solution of N-acetyl homophenylalanine [(x)-12a] (102 mg, 0.461 mmol) and aq. CoCl, (0.01 M, 57.6 uL,
576 nmol) in Tris-HCI buffer (1 M, pH 7.5, 4.6 mL) was added D-amino acylase (3.52 mg) at room temperature.
After the reaction mixture was stirred for 1 h at 38 °C, Et,O (5 mL) was added. After 5 min, b-homophenylalanine
(D-3a) was precipitated. The precipitate was filtered, washed with Et;O and water, and dried under reduced
pressure. D-Homophenylalanine (D-3a) (33.5 mg, 41%) was afforded. Then, the filtrate was acidified with sodium
phosphate buffer (1 M, pH = 2.1, 4.6 mL) and extracted with Et;O. The organic layer was dried over MgSOQOs,

filtered, and concentrated in vacuo to afford N-acetyl L-homophenylalanine (L-12a) (50.7 mg, 50%).

NH, [a] 0¥ = -45.2 (¢ 0.60, 1.0 M HCI), >99% ce.
Ph OH
D-3a ©
NHAc y [e]p®=+19.1 (c 1.0, MeOH), >99% ee.
Ph ©
(0]
L-12a

HPLC Conditions

Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd.
Eluent: hexane/isopropanol (90:10)

Flow rate: 1.0 mL/min

Detection: UV 230 nm

Retention time: D-isomer: 12.5 min, L-isomer: 15.5 min.
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NHAc

(#)-12a’
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D-3a’

OEt

Intensity [V}
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# | Peak Mame | CH } tR [min} | Area [0V sec] | Height [uV] ] Aresy
1nknown 5 12.522 166256 8475 50,047
Ef.lrdmawn 5 15.482 166842 5616, 49 953
1 {OD-H-1 - CH5|
10000
5000
0 -
00 5.0 - 10.0 | . 15E.0 '
Retention Time [min]
# | Peak Name ! CH § tR [min] l Area [V sect | Height [pv] | Areat
nknown 5 | 12578 416901 159200 100.000)
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NHAc

Ph/\/\n/OEt

L-12a’

{ODH-1 - CHS!

5000

Intensity [uV]

e e e i — r

0.0 5.0 10.0
Retention Time [min]

¥ | Peak Namg | CH § tR Iminl | Area [uV-neo] | Height V]| Area®
HUnkown 5 15.470% 2495714 gzaz 100,000
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D-amino acylase

F NHAC CoCl, F NH,
F OH Tris-HCI Euffer pH7.5 F OH +
i i S 38°C, 1h i ~ S
F (#)-12d F p-3d Fola2d
44%, 99% ee 50%, >99% ee

Kinetic resolution of N-acetyl a-amino acid (£)-12d (24.7 mg, 0.0794 mmol) was carried out according to the

typical procedure. D-Aminoacylase (0.65 mg) and aq. CoCl, (0.01 M, 9.9 uL, 99 nmol) were used.

F NH; [0] b = -25.3 (¢ 0.052, 1.0 M HCI), 99% ee.

[a] 0¥ =+16.7 (c 0.74, MeOH), >99% ee.

HPLC Conditions
Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd.

Eluent: hexane/isopropanol (90:10)
Flow rate: 1.0 mL/min
Detection: UV 230 nm

Retention time: 7.9 min, 11.1 min.
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F NHAG Racemate

F OEt
o)
F F
F(#)-12a
’ s 3 1OD-H-1 - CH5!
150000
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\ 8.0
Retention Time {min]

# { Peak Name | CH | tR Tmin] | Area [J\V-sec] | Height [aV] | Area¥

Tjunknovmn 5 1.908 4058644 171011 50097
2ilinknoyin 8 1 1,142} 4042879 176831 49903
F NHAC
F OEt
F F ©
F pad
300000 } 1 |OD-H-1 - CH5/
|
200000 -
z
&
= 100000
0 P - ¥ 2
0.0 2.0 4,0 10.0 12.0 14.0

6.0 8.0
Retention Time [min]

# | Peak Name | CH | R [min] | Area [uV'ses] | Height V] | Ares%
Unknown 5 1753 67348904 280397 99.511
LUinknown 5 11.53% 33101 1588, 0.48%

—
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D-amino acylase

NHAc CoCl, NH, f;lHAC
OH OH - OH
NC 2 phosphate buffer pH 7.5 NC/\(\%)\H/ + NC/\Hj\n/
(o] 38°C,24h (o] (0]
()-12f D-3f L-12f
45%, >90% ee 50%, 99% ee

Kinetic resolution of N-acetyl a-amino acid ()-12f was carried out according to the following procedure.

To a solution of N-acetyl a-amino acid (£)-12f (30.1 mg, 0.118 mmol) and aq. CoCl, (0.01 M, 14.8 pL, 148 nmol)
in phosphate buffer (1 M, pH 7.5, 1.2 mL) was added D-aminoacylase (0.90 mg) at room temperature. After the
reaction mixture was stirred for 24 h at 38 °C, it was acidified with aq. HCI (1 M) and extracted with Et,O. The
organic layer was dried over MgSQs, filtered, and concentrated in vacuo to afford N-acetyl a-amino acid (L-12f)
(15.1 mg, 50%). The resultant aqueous layer was basified with aqg. NaOH (1 M) until pH 9 and charged on a
cationic ion exchange chromatography (DOWEX 50W-8, 200-400 mesh). The product was eluted with aq. NH3
(3%). The eluent was concentrated by freezed-dry to afford a-amino acid D-3f (11.3 mg, 45%).

Nt [0] 0% = -13.6 (¢ 0.30, 1.0 M HCI), >90% ee.

OH
NCA%)\(

(0]
D-3f

NHAc

NC/\Hj\n/OH

@)
L-12f

[o] p25=+22.5 (¢ 1.1, CHCL), 99% ee.

HPLC Conditions

Column: Chiralcel IC, Daicel Chemical Industries, Ltd.
Eluent: hexane/isopropanol (70:30)

Flow rate: 1.0 mL/min

Detection: UV 200 nm

Retention time: 46.4 min, 53.3 min.
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NHAc Racemate
NG OBn
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0 -
0.0 10.0 20.0 30.0 40.0 50.0 60.0
Retention Time [min]
# | Peak Mame | CH | R [min] | Area [uV-sec] | Height [V] | Aroa%
HUnknown & 47,355 1392120, 16983 4.893
AUnknown G 52937 26494128 206033 95.008
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NHAG
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D-amino acylase

o NHAc CoCl, NHAC
OH
OAM7)\H/ Tris-HCI buffer pH 7.5 /\M/kﬂ/ /\M/\n/
o 38°C, 24 h
(¥)-12h p-3h L-12h
37%, 99% ee 51%, >99% ee

Kinetic resolution of N-acetyl a-amino acid (£)-12h (36.7 mg, 0.105 mmol) was carried out according to the

typical procedure. D-Ainoacylase (2.41 mg) and aq. CoCl» (0.01 M, 26.3 pL, 263 nmol) were used.

@*W

o NHAG [0] b2 = +18.5 (¢ 1.2, CHCls), >99% ee.

p?=-7.8 (¢ 0.062, 1.0 M HCI), 99% ee.

HPLC Conditions

Column: Chiralcel IC, Daicel Chemical Industries, Ltd.
Eluent: hexane/isopropanol (80:20)

Flow rate: 1.0 mL/min

Detection: UV 230 nm

Retention time: 38.0 min, 40.8 min.
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D-amino acylase

NHAc COC|2 NH2 NHAC
BnO OH BnO OH 4 BnO “__OH
f Tris-HCI buffer pH 7.5 . Y OMY
o) o) 38°C, 24 h o) o) o) o)
(¥)-12i D-3i L-12i
43%, >99% ee 51%, 98% ee

Kinetic resolution of N-acetyl a-amino acid (£)-12i (20.9 mg, 0.0598 mmol) was carried out according to the

typical procedure. D-Aminoacylase (1.44 mg) and aq. CoCl, (0.01 M, 22.4 pL, 224 nmol) were used.

NH, [0] 025 =-12.7 (¢ 0.15, 1.0 M HCI), >99% ce.

BnO\H/\M)\”/OH
6

(0] (0]
D-3i

NHAC [o] 02 = +14.9 (¢ 0.59, CHCl3), 98% ee.

BnO. OH
YT

O 0}
L-12i

HPLC Conditions

Column: Chiralcel IC, Daicel Chemical Industries, Ltd.
Eluent: hexane/isopropanol (80:20)

Flow rate: 1.0 mL/min

Detection: UV 230 nm

Retention time: 34.6 min, 38.0 min.
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BnO OBn
6
(0] (0]
(£)-12i"
IC- CHs,
10000
z
=
K
2
£ 0
Q.0 10.0 20.0 0 4(;.0 .
Retention Time [min]
# { Poak Name | CH | tR [min] | Area [uV seo] | Height DVl | Areat
1iUnknown 5 34,543 499816 8173 48937
2Unknown 5 37.982 536363 7328]  51.763]
NHAc
BnO OBn
6
(0] (0]
D-3i'
/1. cHs
20000 IC- CHS
z
'E 10000
2
0 7 S
i A P ; . e e L s e
2.0 10.0 30.0 40,0

20.0
Retention Time [min]
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Trknewn 5 37945 633665 aD080) £00.000

S58



NHAC

BnOMOBn
6

L-12i"

15000 -

10000 -
2
=
k]
=4
£ so00 -
0
0 PR
0.0 10.0 + 20,0 40.0
Retention Time [min]

# | Peak Name | CiH | 4R [mind | Area [WWzec] | Height [paV] | Areat
1|Unknaven 5 34.595 1047251 16133 58,990
Hurknown 5 38.507, 10683 215 1.010

S59



9. Single crystal X-ray diffraction study

A single crystal of 9 was mounted on a glass fiber, and diffraction data were collected in 8 ranges specified in
Table S2 at 93 K on a Brucker D8 QUEST diffractometer with graphite monochromatized Mo Ka radiation (1 =
0.71073 A). The absorption correction was made using SADABS. The structure was solved by direct methods and
refined by the full-matrix least-squares on F? by using SHELXL-2013.8 All non-hydrogen atoms were refined with
anisotropic displacement parameters. All hydrogen atoms were placed in calculated positions. Final refinement
details are compiled in Table S2. The supplementary crystallographic data for this paper (CCDC 1872155) can also
be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic

Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Table S3. Selected crystallographic data and collection parameters for 9

formula C23H24BrNO4
fw 458.34

crystal system orthorhombic
space group P212121

a, A 6.1363(5)

b, A 14.6139(10)

c, A 21.9016(15)
volume, A3 1964.0(2)

VA 4

D (calcd), Mg m™ 1.550

W, mm! 2.124

F(000) 944

crystal size, mm 0.1x0.1x0.25
6 range for data collection, deg 2.32 t0 25.07
index ranges -7<h<7, -17<k<17, -26<I<25
reflections collected 12617
independent reflections [R(int)] 3327 [R(int) = 0.0283]
coverage of independent reflections 99.6%

max. and min. transmission 0.8160/0.6190
data / restraints / parameters 3327/0/264
goodness-of-fit on F? 1.126

Ri, wRy [1>20(D)]/
Ri, wR; (all data)
Weighting scheme

largest diff. peak and hole, e A~

0.0227, 0.0625

0.0231, 0.0627

w = 1/[0%(Fo2) + (0.0173P)2 + 1.3957P]
Where P = (F,2 + 2F2)/3

0.570 and -0.433
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R.M.S. deviation from mean, ¢ A 0.058
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11. NMR spectra
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