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ORGANIC SYNTHESIS

Synthesis of rac-10 and rac-11

o] o} o o 0
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Scheme 1: Reagents and conditions for the synthesis of compounds 10 and 11. (i) a) NaOH.q), MeOH, 40 mins,
110°C, b)BnBr, overnight, 120°C, 87%; (ii) TsCl, NaOHgg, acetone, 20 mins, RT, 94%; (iii) Diethyl
acetamidomalonate, NaH (60% in mineral oil) DMF 4y, overnight, RT, 95%; (iv) a) conc. HCI, 180°C, 3 hrs, b) conc.
NH4OH, pH 5, 5°C, 89%; (v) a) conc. NH4OH, 130°C, 3 hrs, b) conc. HCI, 180°C, 3 hrs, ¢) conc. NH4OH, pH 5, 5°C,
91%.

5-(benzyloxy)-2-(hydroxymethyl)-4 H-pyran-4-one (compound 7) [1]

A sample of kojic acid (20 g, 141 mmol, leq) was dissolved in methanol (80 mL) and mixed
with a solution of sodium hydroxide (6.2 g, 155 mmol, 1.1eq) in water (30 mL). The mixture
was reflux for 40 min before the dropwise addition of benzyl bromide (19 mL, 155 mmol,
1.1eq). The mixture was allowed to reflux overnight. Upon completion of the reaction, the
solvents were removed under reduced pressure and the residue was taken up in
dichloromethane (200 mL) and washed with aqueous solution of sodium hydroxide (5%, 2 x
100 mL). The organic extracts were then washed with water, brine, dried over magnesium
sulphate and concentrated under reduced pressure to give the crude product as yellowish
crystals. The crude product was recrystallized from isopropanol, dried overnight at 65 °C
affording the pure product (compound 7) as white crystals (29 g, 125 mmol, 87%). Mp: 126-
129°C [lit: 128-130 °C] [1].'"H-NMR (400 MHz, DMSO-ds): 5= 4.24 (d, J= 5.6 Hz, 2H, H-6),

4.89 (s, 2H, H-8), 5.70 (t, J= 5.6, 1H, H-7) 6.29 (s, 1H, H-4), 7.26-7.38 (m, 5H, H-10, H-11,
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H-12), 8.13 (s, 1H, H-4) ppm; 3C-NMR (100 MHz, DMSO-ds): 3c= 65.5 (C-6), 71.0 (C-7),
111.6 (C-1), 128.6 (Ar), 128.7 (Ar), 128.9 (Ar), 136.6 (C-8), 141.6 (C-4), 147.1 (C-3), 168.7

(C-3), 173.8 (C-2) ppm.

[5-(benzyloxy)-4-0x0-4H-pyran-2-yl|methyl 4-methylbenzene-1-sulfonate (compound 8)
[2]

A sample of 5-(benzyloxy)-2-(hydroxymethyl)-4H-pyran-4-one (compound 7) (25 g, 108
mmol, 1eq) was dissolved in acetone (350 mL) and stirred vigorously before tosyl chloride (21
g, 110 mmol, 1.1eq) was added at RT. Then, a solution of sodium hydroxide (4.3 g, 108 mmol,
leq) in water (18 mL) was added and the resulting mixture stirred at RT for 20 min. The crude
product was precipitated upon addition of water (150 mL) and was purified by recrystallization
from methanol/water affording the pure compound (compound 8) as pale-yellow crystals (38
g, 98 mmol, 94%). Mp: 111-114°C [lit: 112°C] [2]. 'TH-NMR (400 MHz, DMSO-dy): 4= 2.47
(s, 3H, H-16), 4.77(s, 2H, H-6), 5.02 (s, 2H, H-7), 6.33 (s, 1H, H-1), 7.32-7.36 (m, 7H, H-9,
H-10, H-11, H-14), 7.46 (s, 1H, H-1), 7.77 (d, ] = 8 Hz, 2H, H-13) ppm; '*C-NMR (100 MHz,
DMSO-ds): 6c=21.8 (C-15), 66.0 (C-6), 71.9 (C-7), 115.5 (C-1), 127.8 (Ar), 128.1 (Ar), 128.6
(Ar), 128.9 (Ar), 130.2 (Ar), 132.3 (Ar), 135.5 (Ar), 141.5 (C-4), 145.8 (Ar), 147.4 (C-3), 158.7
(C-5),174.0 (C-2) ppm. HRMS (ESI) for C20H1806S; Theoretical [M+H]: 387.0824. Measured
[M-+H]: 387.0890.

1,3-diethyl 2-{[5-(benzyloxy)-4-ox0-4H-pyran-2-yljmethyl}-2-acetamidopropane dioate
(compound 9)

In a solution of diethyl acetamidomalonate (10 g, 46 mmol, 2.1eq) in dry N, N-dimethyl
formamide (70 mL), under nitrogen atmosphere, sodium hydride (60% in mineral oil, 2 g, 83
mmol, 3.7eq) was added in portions. Upon the evolution of hydrogen gas was ceasing, a sample

of [5-(benzyloxy)-4-ox0-4H-pyran-2-yl|methyl 4-methylbenzene-1-sulfonate (compound 8)
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(8.5 g,22 mmol, 1eq) was added to the solution mixture which was stirred overnight at RT and
protected from moisture. Upon completion of the reaction, the solvents were removed under
reduced pressure forming a brown slurry which was mixed with water (100 mL) and stirred
vigorously. The resulting crude product precipitated as brown solid, collected by filtration, left
to dry overnight and purified by recrystallization (acetone/petroleum ether 60:80) affording the
pure compound (compound 9) as light orange crystals (9.21 g, 21 mmol, 95%). Mp: 117-
120°C [lit: 117-118°C][1]. 'H-NMR (400 MHz, DMSO-ds): 8 = 1.18 (t, J= 7.2 Hz, 6H, H-
10), 1.93 (s, 3H, H-13), 3.41 (s, 2H, H-6), 4.14 (m, 4H, H-9), 4.90 (s, 2H, H-14), 6.10 (s, 1H,
H-1), 7.37-7.44 (m, 5H, H-16, H-17, H-18), 8.15 (s, 1H, H-4), 8.51 (s, 1H, H-11) ppm; *C-
NMR (100 MHz, DMSO-ds): 6c= 14.3 (C-10), 22.4 (C-13), 31.2 (C-6), 62.8 (C-9), 65.6 (C-7),
71.0 (C-14), 116.1 (C-4), 128.7 (Ar), 128.8 (Ar), 129.0 (Ar), 136.5 (Ar), 142.0 (C-1), 147.2
(C-3), 163.2 (C-5), 167.0 (C-12), 170.4 (C-8), 173.4 (C-2) ppm. HRMS (ESI) for C22H25NOs;
Theoretical [M+H]: 432.1655. Measured [M+H]: 432.1656.
rac-2-amino-3-(5-hydroxy-4-oxo-4 H-pyran-2-yl)propanoic acid (compound 10)

A solution of concentrated hydrochloric acid (HCI) (40 mL) and 1, 3-diethyl 2-{[5-
(benzyloxy)-4-ox0-4H-pyran-2-yl] methyl}-2-acetamidopropanedioate (compound 9) (5.1 g,
11.84 mmol) was heated at 180°C for 3 hrs. Upon completion of the reaction, the solvents were
removed under reduced pressure forming a brown solid which was dissolved in water (20 mL).
The solution was treated with charcoal, filtered and the pH of the filtrate was adjusted to 5.0
by the dropwise addition of concentrated ammonium hydroxide. The resulting solution was
kept overnight at 5°C. White crystals were precipitated, collected, washed with water, acetone,
petrol ether (60:80) and dried in the air affording the pure compound (compound 10) as white
crystals (2.10 g, 10.54 mmol, 89%). Mp: 116-117°C. 'H-NMR (400 MHz, D>O/CF;COOD
8:2): 8y =2.63-2.75 (m, 2H, H-6), 3.84 (t, J= 6.8 Hz, 1H, H-7), 5.97 (s, 1H, H-1), 7.45 (1H, s,

H-4) ppm; 3C-NMR (100 MHz, D,O/CFsCOOD 8:2): §¢= 32.9 (C-6), 50.0 (C-7), 116.4 (C-
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1), 119.3 (C-4), 142.5 (C-3), 144.2 (C-5), 169.4 (C-8), 175.5 (C-2) ppm. HRMS (ESI) for
CsHoNOs; Theoretical [M+H]: 199.0713. Measured [M+H]:199.0710.
rac-2-amino-3-(5-hydroxy-4-oxo-1,4-dihydropyridin-2-yl)propanoic acid (compound 11)
[1]

A portion of 1,3-diethyl 2-{[5-(benzyloxy)-4-ox0-4H-pyran-2-yl|methyl}-2 acetamidopropane
dioate (compound 9) (4.2 g, 9.73 mmol) was mixed with a solution of concentrated
ammonium hydroxide (25 mL) and the mixture was heated for 5 hrs in a stainless-steel bomb
at 120°C. Upon completion of the reaction, the mixture was evaporated to dryness and the
resulting solid was dissolved in a solution of concentrated HCI (30 mL). The resulting mixture
was heated at 180°C for 3 hrs. The solvents were evaporated and the resulting crystals were
dissolved in water (20 mL). The solution was treated with charcoal, filtered and the pH was
adjusted to 5.0, using ammonia solution. The resulting solution was kept overnight at 5°C
forming white crystals which were collected, washed with water, acetone, and light petroleum
and dried affording the pure compound (compound 11) as white crystals (1.76 g, 8.9 mmol,
91%) Mp: 230-234°C [lit: >250°C] [1]. 'TH-NMR (400 MHz, D,O/CF3COOD 8:2): 8= 2.69-
2.83 (m, 2H, H-6), 3.73 (t, J= 6.8 Hz, 1H, H-7), 6.53 (s, 1H, H-1), 7.3 (s, 1H, H-4) ppm; '*C-
NMR (100 MHz, D,O/CF3COOD): 6c=30.1 (C-6), 51.2 (C-7), 113.6 (C-1), 116.4 (C-4), 142.5
(C-3), 143.4 (C-5), 168.7 (C-8), 169.0 (C-2) ppm. HRMS (ESI) for CgH10N204; Theoretical

[M+H]: 198.0640. Measured [M+H]: 198.0870.
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Synthesis of rac-18
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Scheme 2: Reagents and conditions for the synthesis of compound 18. (i) NBS, CH3CN, 90°C, 2 hrs, 18%; (ii) n-
BuLi, Et,O, DMF, -35°C, 7 hrs, 67%; (iii) N-acetyl glycine, AcONa, Ac,0, 130°C, 4 hrs, 63%;(iv) H,O, reflux, 4 hrs,
81%; (v)H2,10% Pd/ C (cat), MeOH, RT, 9 hrs, 53%:; (vi) m-CPBA, DCM, MeOH, RT, 48 hrs, 77%; (vii) conc. HCI,
reflux, 1hr, 54%.

5-bromo-2-methoxypyridine (compound 12) [3]

In a suspension of 2-methoxypyridine (15 g, 138 mmol, leq) in acetonitrile (415 mL), N-
bromosuccinimide (30 g, 169 mmol, 1.22eq) was added and the resulting mixture was refluxed
for 20 hrs. Upon completion of the reaction, as it was indicated by TLC (SiO2, eluent:
Petroleum Ether 60-80: Ethyl acetate, 8:2; UV-light), the mixture was filtered over a pad of
silica. The solvents were evaporated, under reduced pressure, affording the crude product as
orange oil which was then purified by an automated flash chromatography column (Isolera™
Biotech); R~= 0.83 (Petrol Ether 60-80: Ethyl acetate, 95:5; UV light) affording intermediate
(compound 12) as a pale-yellow oil (4.7 g, 25 mmol, 18%). 'H-NMR (400 MHz, CDCls,) 8x=
3.90 (s, 3H, H-7), 6.64 (d, J= 8.8 Hz, 1H, H-3), 7.61 (dd, J=2.8 Hz, J= 8.8 Hz, 1H, H-4), 8.18
(d, J=2.8 Hz, 1H, H-6) ppm; *C-NMR (100 MHz, CDCl3) §c=53.6 (C-7), 111.6 (C-5), 112.5
(C-3), 140.9 (C-4), 147.5 (C-6), 162.8 (C-2) ppm.

6-methoxypyridine-3-carbaldehyde (compound 13) [3]

In a solution of 5-bromo-2-methoxypyridine (compound 12) (4.7 g, 25 mmol, leq) in dry
diethyl ether (50 mL) and under inert atmosphere, n-Butyl Lithium (2.5 M in hexanes, 12 mL,
30 mmol, 1.2eq) was added at -35°C, and stirred until the formation of a brown precipitate.
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Then, dry N, N-dimethyl formamide (5.4 mL, 2.8 eq) was added dropwise for 5 min. The
resulting mixture was stirred at 0°C (~2 hrs), protected from moisture and under inert
atmosphere. Upon completion of the reaction, as it was indicated by TLC (SiO., eluent
Petroleum Ether 60:80: ethyl acetate, 80:20; UV light), the reaction was quenched by aqueous
solution of ammonium chloride (5%, 25 mL). The aqueous layer was extracted with
dichloromethane (3 x 50 mL). The combined organic extracts were dried over magnesium
sulphate and concentrated under reduced pressure, forming the crude product as orange oil.
The crude product was purified by automated flash chromatography column (Isolera™
Biotech); Rr=0.43 (Petrol Ether 60-80: diethyl ether, 60:40; UV light) affording intermediate
(compound 13) as yellow crystals (2.53 g, 16.7 mmol, 67%). Mp: 42-44°C, [lit: 42-46°C] [3].
"H-NMR (400 MHz, CDCls,) 8= 4.03 (s, 3H, H-9), 6.84 (d, J= 8.4 Hz, 1H, H-3), 8.05 (dd, J=
2.4 Hz, J= 8.4 Hz, 1H, H-4), 8.63 (d, J= 2.4 Hz, 1H, H-1), 9.96 (s, 1H, H-8) ppm; *C-NMR
(100 MHz, CDCl3) 6c= 54.4 (C-9), 112.2 (C-4), 126.7 (C-6), 137.5 (C-5) 153.5 (C-3), 167.8
(C-2), 189.6 (C-7) ppm.
(42)-4-|(6-methoxypyridin-3-yl)methylidene]-2-methyl-4,5-dihydro-1,3-oxazol-5-one
(compound 14)

The synthesis was performed according to a modified method previously published [4]. Briefly,
in a solution of 6-methoxypyridine-3-carbaldehyde (compound 13) (1.84 g, 12.17 mmol, leq)
in acetic anhydride (8 mL), a sample of N-acetyl glycine (2.04 g, 17.44 mmol, 1.5eq.) and a
sample of sodium acetate (1.5 g, 18.29 mmol, 1.5eq) were added sequentially. The resulting
mixture was stirred at 125°C for 4 hrs. Upon completion of the reaction, the mixture was poured
into ice-water and stirred for a further 1 hr leading to the formation of a yellow solid of the
crude product which was collected by vacuum filtration, washed with water and dried in air.
The crude product was purified by recrystallization from methanol affording the pure product

(compound 14) as pale-yellow solid (1.66 g, 7.6 mmol, 63%). Mp: 152-154°C. "TH-NMR (400
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MHz, CDCls,) éx=2.40 (s, 3H, H-11), 4.00 (s, 3H, H-12), 6.83 (d, J= 8.8 Hz, 1H, H-3), 7.12
(s, 1H, H-7), 8.6 (d, J= 2.4 Hz, H-6), 8.67 (dd, J= 2.4 Hz, J= 8.8 Hz. H-4) ppm; *C-NMR (100
MHz, CDCl3,) 6c= 15.8 (C-11), 54.1 (C-12), 111.8 (C-3), 123.3 (C-7), 128.1 (C-5), 132.0 (C-
8), 140.9 (C-4), 152.1 (C-6), 165.4 (C-10), 165.7 (C-9), 167.7 (C-2) ppm. HRMS (ESI) for
C11H10N203; Theoretical [M+H]: 219.0691. Measured [M+H]: 219.0766.
(2Z2)-2-acetamido-3-(6-methoxypyridin-3-yl)prop-2-enoic acid (compound 15)

The synthesis was performed according to a modified method previously published [4]. Briefly,
a sample of (42)-4-[(6-methoxypyridin-3-yl)methylidene]-2-methyl-4,5-dihydro-1,3-oxazol-
5-one (compound 14) (2 g, 9.16 mmol) was dissolved in a mixture of water (30 mL)/acetone
(50 mL) and the resulting mixture was refluxed for 9 hrs. The solution was allowed to cool
down to RT and then was concentrated, under reduced pressure, forming the crude product as
yellow solid. The crude product was purified by recrystallization from methanol affording
compound 15 as pale brown crystals (1.76 g, 7.45 mmol, 81%). Mp: 162-164°C. '"H-NMR
(400 MHz, DMSO-ds,) d5= 2.00 (s, 3H, H-10), 3.89 (s, 3H, H-13), 6.88 (d, J= 8.8 Hz, 1H, H-
3), 7.25 (s, 1H, H-7), 7.98 (dd, J= 2.4 Hz, J= 8.8 Hz, 1H, H-4), 8.40 (d, J= 2.4 Hz, 1H, H-6),
9.48 (s, 1H, H-12) ppm; *C-NMR (100 MHz, DMSO-ds) 8c= 23.2 (C-10), 54.0 (C-13), 111.1
(C-3), 124.1 (C-7), 127.1 (C-5), 128.7 (C-8), 139.8 (C-4), 149.7 (C-6), 164.1 (C-10), 166.8 (C-
9), 169.7 (C-2) ppm. HRMS (ESI) for C11H12N204; Theoretical [M+H]: 237.0797. Measured
[M+H]: 237.0871.

rac-2-acetamido-3-(6-methoxypyridin-3-yl)propanoic acid (compound 16)

In a suspension of (2Z2)-2-acetamido-3-(6-methoxypyridin-3-yl)prop-2-enoic acid (compound
15) (1.76 g, 7.45 mmol) in methanol (50 mL), Pd/C (10%) was added. The reaction mixture
was stirred under hydrogen gas at RT for 9 hrs. Upon completion of the reaction, the solution
mixture was filtrated over a pad of Celite forming a yellow oil which was concentrated under

reduced pressure. The resulting slurry was purified by automated flash chromatography column
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(Isolera™ Biotech) (SiO2); Ry = 0.89 (dichloromethane: methanol 9:1; UV light) affording
compound compound 16 as a pale-yellow oil which was solidified on standing (940 mg, 3.94
mmol, 53%). Mp: 181-183°C. 'H-NMR (400 MHz, CD;0D) &= 2.01 (3H, s, H-10), 2.95-2.30
(1H, m, H-7), 3.20-3.25 (m, 1H, H-7), 3.95 (s, 3H, H-13), 4.70-4.73 (m, 1H, H-8), 6.83 (d, J=
8.4 Hz, 1H, H-3), 7.67 (dd, J=2.4 Hz, J= 8.4 Hz, 1H, H-4), 8.15 (d, J= 2.4 Hz, 1H, H-6) ppm;
BC-NMR (100 MHz, CD3;0D) &¢=21.6 (C-10), 34.1 (C-7), 53.4 (C-13), 54.1 (C-8), 110.7 (C-
3), 126.4 (C-4), 140.7 (C-5), 147.2 (C-6), 164.0 (C-2), 172.5 (C-11), 173.7 (C-9) ppm. HRMS
(ESI) for C11H14N204; Theoretical [M+H]: 238.0953. Measured [M+H]: 238.0961.
rac-5-(2-carboxy-2-acetamidoethyl)-2-methoxypyridin-1-ium-1-olate (compound 17)

In a suspension of 2-acetamido-3-(6-methoxypyridin-3-yl)propanoic acid (compound 16) (560
mg, 2.35 mmol, leq) in a solution mixture of dichloromethane/methanol (9:1, 30mL) a sample
of m-chloroperoxy benzoic acid (1 g, 5.8 mmol, 2.5eq) was added. The resulting mixture was
stirred at RT for 48 hrs under nitrogen atmosphere. Upon completion of the reaction, the
solvents were removed under reduced pressure and the resulting yellowish slurry residue was
washed several times with diethyl ether. Filtration of the product leaded to isolation of the title
compound as a white powder (460 mg, 1.80 mmol, 77%). Mp: 189-192°C. 'H-NMR (400 MHz,
DMSO-ds) 65= 1.79 (s, 3H, H-10), 2.71-2.77 (m 1H, H-7), 2.95-2.99 (m, 1H, H-7), 3.93 (s,
3H, H-13), 4.38-4.43 (m, 1H, H-8), 7.13 (d, J=8.7 Hz, 1H, H-12), 7.23 (dd, J=2.0 Hz, J= 8.7
Hz, 1H, H-3), 8.11 (d, J= 2.0 Hz, 1H, H-6), 8.23 (1H, d, J=8.7 Hz, H-4) ppm; *C-NMR (100
MHz, DMSO-ds) dc=22.8 (C-10), 33.2 (C-7), 53.2 (C-8), 57.5 (C-13), 109.0 (C-3), 128.1 (C-
6), 128.3 (C-5), 139.9 (C-4), 157.5 (C-2), 169.8 (C-11), 173.2 (C-9) ppm. HRMS (ESI) for
C11H14N20s; Theoretical [M+H]: 254.0902. Measured [M+H]: 254.0912.

rac- 2-amino-3-(1-hydroxy-6-oxo-1,6-dihydropyridin-3-yl)propanoic acid (compound 18)
A sample of  rac-5-(2-carboxy-2-acetamidoethyl)-2-methoxypyridin-1-ium-1-olate

(compound 17) (460 mg, 1.80 mmol) was dissolved in concentrated solution of HCI (20 mL).
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The resulting mixture was refluxed for 3 hrs. Upon completion of the reaction, the mixture was
concentrated to dryness leading to the formation of brownish crystals the target molecule (300
mg, 1.51 mmol, 84%). Mp: 120-122°C. "H-NMR (400 MHz, D,O/CF3COOD 8:2) 8= 2.96-
3.10 (2H, m, H-7), 4.13 (d, J= 4.8 Hz, 1H, H-8), 6.63 (t, J= 9.2 Hz, 1H, H-4), 7.43 (d, J=9.2
Hz, 1H, H-3), 7.94 (s, 1H, H-6), 8.49 (s, 3H, H-10) ppm; *C-NMR (100 MHz, D>O/CF3COOD
8:2) 6c=31.4 (C-7), 52.9 (C-8), 118.9 (C-3), 136.6 (C-5), 140.7 (C-6), 140.8 (C-4), 157.8 (C-
2), 170.4 (C-9) ppm. A small portion of the titled molecule was dissolved in water and basified
(pH 5.0) with ammonium hydroxide solution and kept at 5°C for several weeks until
precipitation. HRMS (ESI) for CsHioN20O4; Theoretical [M+H]: 199.0713. Measured [M+H]:

199.0711.
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Synthesis of L-22 and D-23
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Scheme 3: Reagents and conditions for the synthesis of compounds 22 and 23. (i)BnBr, K,COs;, DMF, 80°C, 1 hr,

76%; (ii) a) N-Boc-L-Asn, lodosobenzene diacetate, EtOAc: MeCN: H,O, RT, 4hrs, 76%; iii) a) EtOH: H,O, 8 days,
b) conc. HBr, reflux, 20 mins, ¢) NHs, pH 5, 5°C/,72 hrs, 63%. Same reagents and conditions for step iv (90%) and
v (47%).

3-(benzyloxy)-2-methyl-1,4-dihydropyridin-4-one (compound 19) [7]

In a solution of maltol (10 g, 79.26 mmol, 1eq) in N, N- dimethyl formamide (100 mL), benzyl
bromide (9.42 mL, 79.26 mmol, leq) was added and the solution mixture was stirred at 80°C
for 15 min. Then, a sample of potassium carbonate (12.05 g, 87.18 mmol, 1.1eq) was added to
the reaction mixture and the final mixture was heated at 80°C for a further 1 hr. Upon
completion of the reaction, the excess of inorganic salt was removed by filtration and the
filtrates were concentrated under reduced pressure. The resulting residue was dissolved in
tetrahydrofuran (50mL) and any remaining of the inorganic salt was removed by filtration.
Then, the filtrates were concentrated under reduced pressure affording the titled compound as
a viscous orange oil (16.28 g, 75.29 mmol, 95%). 'H-NMR (400 MHz, CDCl3) &= 2.07 (s,
3H, H-6), 5.13 (s, 2H, H-7), 6.37 (d, J=5.6 Hz, 1H, H-1), 7.28-7.39 (m, 5H, H-9, H-10, H-11),

7.60 (d, J= 5.6 Hz, 1H, H-2) ppm; 3C-NMR (100 MHz, CDCls) 8= 14.6 (C-6), 73.3 (C-7),

S14



116.8 (C-1), 128.2 (Ar), 128.3 (Ar), 128.8 (Ar), 136.7 (Ar), 143.6 (C-4), 153.9 (C-2), 159.8
(C-3), 175.02 (C-5) ppm.

(2L)-3-amino-2-{[(tert-butoxy)carbonyl]amino}propanoic acid (compound 20) [5]

In a solution mixture composed of ethyl acetate (24 mL), acetonitrile (24 mL) and water (12
mL), N-Boc-L-asparagine (5.0 g, 21.5 mmol, leq) and iodosobenzene diacetate (8.32 g, 25.8
mmol, 1.2eq) were added. The resulting slurry, was stirred at 16°C for 30 min and then at 20°C
for 4 hrs. Upon completion of the reaction, the mixture was cooled at 0°C for 15 min forming
a white salt which was collected by filtration. The filter-cake was then washed with cooled
ethyl acetate (30 mL) affording compound 20 as a white solid (3.34 g, 16.35 mmol, 76%). Mp.
203-207°C [lit: 207-212°C] [5]. 'H-NMR (400 MHz, DMSO-d;) 8= 1.38 (s, 9H, H-6), 2.67-
2.73 (m, 1H, H-3), 2.99-3.02 (m, 1H, H-3), 3.57-3.61 (m, 2H, H-2), 6.16 (s, br, 1H, H-7) ppm;
BC-NMR (100 MHz, DMSO-ds) §¢c= 28.6 (C-6), 41.2 (C-3), 51.3 (C-2), 78.7 (C-5), 155.6 (C-
4), 171.6 (C-1) ppm.

(2D)-3-amino-2-{|(tert-butoxy)carbonyl]amino} propanoic acid (compound 21) [5]

Same procedure as for (2L)-3-amino-2-{[(tert-butoxy)carbonyl]amino}propanoic acid
(compound 20) was followed. White crystals (3.94 g, 19.3 mmol, 90%). Mp: 200-204°C [lit:
207-209°C] [5]. '"H-NMR (400 MHz, DMSO-ds) 8x= 1.39 (s, 9H, H-6), 2.68-2.74 (m, 1H, H-
3), 2.99-3.03 (m, 1H, H-3), 3.57-3.62 (m, 2H, H-2), 6.15 (s, br, 1H, H-7) ppm; *C-NMR (100
MHz, DMSO-ds) dc= 28.5 (C-6), 41.4 (C-3), 51.6 (C-2), 78.6 (C-5), 155.6 (C-4), 171.6 (C-1)
ppm.

(2L)-amino-3-(3-hydroxy-2-methyl-4-0xo0-1,4-dihydropyridin-1-yl)propanoic acid
(compound 22)

The synthesis was performed according to a modified method previously published [1]. A
sample of 3-(benzyloxy)-2-methyl-1,4-dihydropyridin-4-one (compound 19) (4.9 g, 22.66

mmol, leq) was mixed with a sample of (2L)-2-amino-2- {[(tert-butoxy)carbonyl]amino }acetic
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acid (compound 20) (2.9 g, 14.2 mmol, 0.6eq.) and dissolved in water (100 mL) and ethanol
(100 mL) containing sodium hydroxide (2 g, 50 mmol). The resulting solution was allowed to
stir at RT for 8 days. Then, the solution was acidified to pH 2.0 by the addition of concentrated
HCI. The excess of solvents was removed under reduced pressure. The resulting residue was
mixed with hydrobromic acid (48% w/v, 20 mL) and refluxed for 20 min. The solution mixture
was concentrated under reduced pressure, and then the resulting solid was dissolved in water
(20 mL), treated with charcoal and basified (pH 5.0) by the addition of ammonium hydroxide
solution. The resulting solution was cooled to 5°C for 72 hrs, where brown crystals were
precipitated. The crystals were collected washed with excess of water and dried on air affording
the titled compound as pale brown crystals (3.23 g, 14.27 mmol, 63%). Mp: 165-168°C. 'H-
NMR (400 MHz, D,O/CF3;COOD) 6= 1.90 (s, 3H, H-6), 3.85 (t, J= 7.2 Hz, 1H, H-8), 4.07-
4.12 (m, 1H, H-7), 4.27-4.33 (m, 1H, H-7), 6.44 (d, J= 8 Hz, 1H, H-2), 7.36 (d, J= 8 Hz, 1H,
H-1) ppm; PC-NMR (100 MHz, D,O/CF3COOD) §¢= 13.4 (C-6), 49.17 (C-7), 52.24 (C-8),
119.54 (C-2),141.59 (C-1), 143.28 (C-5), 147.33 (C-4), 170.96 (C-8), 176.7 (C-3) ppm. HRMS
(ESI) for CoH12N204; Theoretical [M+H]: 213.0869. Measured [M+H]: 213.0866.
2-amino-3-(3-hydroxy-2-methyl-4-0xo0-1,4-dihydropyridin-1-yl)propanoic acid
(compound 23)

Same procedure was followed as for the one described for (2D)-amino-3-(3-hydroxy-2-methyl-
4-0x0-1,4-dihydropyridin-1-yl)propanoic acid (compound 21). Pale brown crystals after re-
crystallization from water/methanol (1.78 g, 8.43 mmol, 47%). Mp: 163-168°C. 'H-NMR (400
MHz, D,O/CF;COOD) éx= 1.92 (s, 3H, H-6), 3.91 (t, J= 7.2 Hz, 1H, H-8), 4.23-4.29 (m, 1H,
H-7), 4.49-4.55 (m, 1H, H-7), 6.37 (d, J= 8 Hz, 1H, H-2), 7.48 (d, J= 8 Hz, 1H, H-1) ppm; '*C-
NMR (100 MHz, D>O/CF3COOQOD) 6c= 13.4 (C-6), 49.2 (C-7), 52.2 (C-8), 119.54 (C-2), 141.7
(C-1), 143.3 (C-5), 147. (C-4), 170.9 (C-8), 176.7 (C-3) ppm. HRMS (ESI) for CoH12N>O4;

Theoretical [M+H]: 213.0869. Measured [M+H]: 213.0865
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Synthesis of rac-29

=~
j‘\/r iy ﬂ iy M v m
EtO0OC
EtOOC EtOOC

EtOOC

VI
EtOOC HOOC

EtOOC
Scheme 4: Reagents and conditions for the synthesis of compound 29: (i) conc. NH4OH, 5 hrs, 120°C, (ii) POCl;,
40 mins, 120°C, (iii) Diethyl acetamidomalonate, NaH (60% in mineral oil), DMF ), overnight, RT, (iv) Ha, 5%
Pd/C, methanol, RT, (v) NaxCOs3 (), Io, KI, overnight, RT, (vi) a) Ba(OH); (ag), 24 hrs, 120°C, 24 hrs b) conc.
HCI, 180°C, 1 hr, ¢) conc. NH4OH, pH 5, 5°C.
5-(benzyloxy)-2-(hydroxymethyl)-1,4-dihydropyridin-4-one (compound 25) [6]
In a stainless-steel bomb, concentrated ammonium hydroxide (40 mL) was mixed with a
sample of 5-(benzyloxy)-2-(hydroxymethyl)-4H-pyran-4-one (compound 7) (25 g, 107.64
mmol). The resulting mixture was heated at 120°C for 5 hrs. Upon completion of the reaction,
volatiles were removed under reduced pressure. The resulting slurry was extracted with hot
acetone, filtrated and washed with excess of hot acetone affording the titled compound as
brown crystal (20 g, 86.48 mmol, 80%). M.p. 228-232°C [lit. 230-235°C] [6]. "H-NMR (400
MHz, DMSO-ds) 6= 4.34 (s, 2H, H-8), 5.00 (s, 2H, H-11), 6.23 (s, 1H, H-1), 7.25-7.35 (m,
6H, H-4, H-13, H-14, H-15) ppm; *C-NMR (100 MHz, DMSO-ds) 6= 60.3 (C-8), 70.9 (C-
11),112.0 (C-1), 124.0 (C-4), 128.2 (Ar), 128.3 (Ar), 128.4 (Ar), 128.7 (Ar), 128.8 (Ar), 137.8
(Ar), 147.0 (C-2), 149.7 (C-5), 171.6 (C-6) ppm.
5-(benzyloxy)-4-chloro-2-(chloromethyl)pyridine (compound 25) [6]
A sample of 5-(benzyloxy)-2-(hydroxymethyl)-1,4-dihydropyridin-4-one (compound 24)
(13.84 g, 60 mmol) was added to a suspension of phosphorus oxychloride (42 mL), in portions,
thus increasing the temperature of the reaction. After the solution mixture was returned back

to RT, it was heated at 150°C for 40 min. Upon completion of the reaction, the mixture was
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poured into ice-water and stirred vigorously. Addition of more ice into the stirred mixture
enhanced the hydrolysis of phosphorous oxychloride and led to the precipitation of the pure
product (compound 19) (14.5 g, 60 mmol, 87%) as a black solid which was isolated by
filtration and left to dry overnight. Mp: 77-79°C [lit: 80-81°C] [6]. 'H-NMR (400 MHz,
DMSO-ds) én= 4.74 (s, 2H, H-7), 5.38 (s, 2H, H-8), 7.36-7.50 (m, 5SH, H-10, H-11, H-12),
7.76 (s, 1H, H-1), 8.53 (s, 1H, H-4) ppm; "*C-NMR (100 MHz, DMSO-ds) 8c= 45.4 (C-7),
71.5 (C-8), 125.7 (C-1), 128.2 (Ar), 128.4 (Ar), 128.8 (Ar), 129.1 (C-6), 133.1 (C-2), 135.5
(Ar), 136.2 (C-4), 149.4 (C-5), 150.8 (C-7) ppm.
1,3-diethyl-2-{[S-(benzyloxy)-4-chloropyridin-2-yl|methyl}-2-acetamidopropane dioate
(compound 26) [6]

In dry N,N- dimethylformamide (62 mL) sodium hydride (60% in mineral oil, 2.16 g, 90 mmol,
1.7eq) was added. The solution was stirred at RT and then diethyl acetamidomalonate (11.25
g, 51.8 mmol, 1.7eq) was added in portion evolving hydrogen gas. Upon ceasing of hydrogen
gas evolution, 5-(benzyloxy)-4-chloro-2-(chloromethyl) pyridine (compound 25) (13.84 g,
51.6 mmol, leq) was added. The resulting solution mixture was stirred overnight at RT. Upon
completion of the reaction, acetic acid (25 mL) was added to neutralise the reaction mixture
which was then concentrated, under reduced pressure, and the resulting syrup was dissolved in
water (200mL) and extracted with diethyl ether (2 x 80 mL). The combined organic extracts
were washed with brine, dried over magnesium sulphate and concentrated under reduced
pressure, affording the titled compound as white crystals (22.7 g, 50.6 mmol, 98%), which was
recrystallized from ethanol. Mp 119-122°C [Lit=118-120°C] [6]. 'TH-NMR (400 MHz, DMSO-
ds) 6= 1.18 (t, J= 7.2 Hz, 6H, H-12), 1.82 (s, 3H, H-9), 3.50 (s, 2H, H-6), 4.08 (q, J= 7.2 Hz,
J=14.4 Hz, 4H, H-11), 5.25 (s, 2H, H-13), 7.13 (1H, s, H-8), 7.30-7.44 (m, 5H, H-15, H-16,
H-17), 8.02 (s, 1H, H-5), 8.34 (s. 1H, H-3) ppm; *C-NMR (100 MHz, DMSO-ds) 6c= 14.3 (C-

12), 22.5 (C-9), 40.1 (C-6), 62.3 (C-11), 66.6 (C-13), 71.1 (C-7), 125.8 (C-5), 128.2 (C-1),
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128.7 (Ar), 129.1 (Ar), 131.3 (Ar), 136.0 (Ar), 136.6 (C-3), 149.6 (C-2), 149.9 (C-4), 167.5
(C-10), 169.9 (C-8) ppm.

1,3-diethyl 2-acetamido-2-[(5-hydroxypyridin-2-yl)methyl]propanedioate (compound 27)
[6]

A suspension of diethyl 2-{[5-(benzyloxy)-4-chloropyridin-2-yl|methyl}-2-
acetamidopropanedioate (compound 26) (6 g, 13.36 mmol, leq) in methanol (75 mL), sodium
acetate (6 g, 73.14 mmol, 5.5eq) and a catalytic amount of 10% Pd/C was stirred vigorously
under hydrogen atmosphere. Upon completion of the reaction, as indicated by TLC (SiO3, ethyl
acetate 100%), the solution mixture was filtered over a pad of Celite, washed with methanol
and diluted with water (150 mL) forming the titled compound as white crystals (2.94 g, 9.06
mmol, 68%) Mp: 152-154°C [Lit: 150-153°C] [6] 'H-NMR (400 MHz, DMSO-ds) &= 1.1 (t,
J=17.2 Hz, 6H, H-12), 1.81 (s, 3H, H-9), 3.43 (s, 2H, H-6), 4.07 (q, J= 7.2 Hz, 4H, H-11), 6.78
(d, J=8.8 Hz, 1H, H-5), 6.99 (dd, J=3.2 Hz, J= 8.8 Hz, 1H, H-1), 7.87 (s, 1H, H-13), 7.91 (d,
J=3.2 Hz, 1H, H-3) ppm; *C-NMR (100 MHz, DMSO-ds) 8¢= 14.3 (C-12), 22.6 (C-9), 39.9
(C-6),66.8 (C-11),69.0 (C-7) 122.8 (Ar), 125.1 (Ar), 137.6 (Ar), 146.5 (Ar), 152.8 (Ar), 167.7
(C-10), 169.7 (C-8) ppm.
1,3-diethyl-2-acetamido-2-[(5-hydroxy-6-iodopyridin-2-yl)methyl] propanedioate
(compound 28) [6]

A sample of diethyl 2-acetamido-2-[(5-hydroxypyridin-2-yl)methyl] propanedioate (2.5 g, 7.7
mmol, leq) (compound 27) was dissolved in water (70 mL) containing sodium carbonate (1.54
g, 13.97 mmol, 1.8eq). A solution of iodine (1.92 g, 15.13 mmol, 2eq) and potassium iodide
(2.32 g, 13.97 mmol) in water (50 mL) was added dropwise to the previous solution. The
resulting mixture was stirred overnight at RT. Upon completion of the reaction, the solution
mixture was neutralised with glacial acetic acid (5 mL), leading to the precipitation of the titled

compound which was collected by filtration, washed with water and dried at 90°C. The titled
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compound (compound 28) was obtained as a white powder (3.39 g, 7.54 mmol, 98%) M.p:
200-203°C. [Lit: 196-197°C] [6]. 'H-NMR (400 MHz, DMSO-ds) 6x= 1.15 (t, J= 7.2 Hz, 6H,
H-13), 1.83 (s, 3H, H-10), 3.34 (s, 2H, H-6), 4.11 (q, J= 7.2 Hz, 4H, H-13), 6.78 (d, J= 8 Hz,
1H, H-5), 6.98 (d, J= 8 Hz, 1H, H-1), 7.9 (s, 1H, H-8) ppm; 3C-NMR (100 MHz, DMSO-ds)
dc=14.4 (C-13),22.5(C-10), 39.0 (C-6), 62.2 (C-11), 66.8 (C-7), 111.1 (Ar), 121.7 (Ar), 125.1
(Ar), 148.0 (Ar), 153.2 (Ar), 167.5 (C-9), 169.9 (C-11) ppm.
rac-2-amino-3-(5-hydroxy-6-0xo0-1,6-dihydropyridin-2-yl)propanoic acid (compound 29)
[6]

A mixture of barium hydroxide (7.1 g, 41.43 mmol, 4.7eq) and diethyl 2-acetamido-2-[(5-
hydroxy-6-iodopyridin-2-yl)methyl] propanedioate (compound 28) (4 g, 8.88 mmol, leq) in
water (70 mL) was refluxed for 24 hrs. Upon completion of the reaction, the resulting barium
salt was collected and refluxed with concentrated HCI (50 mL) for 1 hr. Once again, upon
completion of the reaction, the solution mixture was evaporated to dryness yielding a yellowish
salt of the crude product which was dissolved in water (20 mL), treated with charcoal and
filtered. The pH of the filtrates was adjusted to 5.0 by addition of concentrated ammonia
leading to precipitation of the titled compound appearing as white crystals (1.67 g, 8.44 mmol,
95%) M.p: 193-195°C. [Lit: 196-197°C] [6]. 'H-NMR (400 MHz, DMSO-ds) 51= 2.86-2.99
(m, 2H, H-6), 4.07 (t, J= 7.6 Hz, 1H, H-7), 6.06 (d, J= 7.2 Hz, 1H, H-5), 6.75 (d, J= 7.2 Hz,
1H, H-1) ppm; *C-NMR (100 MHz, DMSO-ds) §¢=32.4 (C-6), 52.0 (C-7), 110.8 (C-5), 121.2
(C-1), 131.3 (C-2), 144.7 (C-4), 159.0 (C-3), 170.3 (C-8) ppm. HRMS (ESI) for CoH1oN204;

Theoretical [M+H]: 213.0869. Measured [M+H]: 213.0866.
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PROOF OF PRODUCTS PURITY BY HPLC

Method: 100% H,O with 5% ACN isocratic for 20 mins with flowrate of 1 mL.min. Sample
injection volume: 50 pL. Column temperature: 28 °C
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Figure S1: Analytical HPLC chromatogram of compound 10
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Figure S2: Analytical HPLC chromatogram of compound 11
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Figure S4: Analytical HPLC chromatogram of compound 22
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Figure S5: Analytical HPLC chromatogram of compound 29
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'H AND 3C-NMR FOR ALL INTERMEDIATES AND FINAL PRODUCTS;
HRMS FOR NOVEL COMPOUNDS AND FINAL PRODUCTS

S24



2] o A
o}
o M|
o
2 &
~ o
]
2
]
n
Q]
<
=N 2 8
N o
Q]
o~
3 8 S
g S S
]
g
o
] |
g
IR I S ) _i
80 70 6.0 50 40 30 20 10 0
|| N \ A
o o o Lon ~ No
4 AI 2 RR3 3 &3
(-] ~~ © [ToNToNTe) < < <

X : parts per Million : Proton

vs!

0 010203040506070809101112131415161.718192021222324252627282930

| N |

abundance

170.0 16b.0 156.0 146.0 136.0 126.0 llb.O lOb.O 90.0 80.0

70.0 60.0 50.0 40.0 30.0 20.0 10.0
[ ) © 9 o ©od I} ¥ @
83 § o o ©oN© N o ©
© © 4 O © oONQ © S <
) N O © ©ow© — < w
N~ © ¥ ¥ ® daQ — =~ &
P N R R R =

X parts per Million : Carbon13

Figure S6: (A) *H-NMR spectra of 5-(benzoyloxy)2-(hydroxymethyl)-4H-pyran-4-one (7) at 400 MHz in
DMSO-ds and (B) 3C-NMR spectra of 5-(benzoyloxy)2-(hydroxymethyl)-4H-pyran-4-one (7) at 100 MHz
in DNM<QN.A-

S25



£2e
[\ _/
=
v91 3
—
002 Y
00T
—
Q srL —
o o _ U =
107 M
o s &
o
T T T T T T T T T T T T T
ozt 011 00T 06 08 0. 09 0s oy o0e 0z 0 0
aouepunge

1.0

20

30

4.0

6.0

7.0

80

— Lvv'e

— 9Ly

——G620'S

——6€€9

—_ozEl
T698'L
TN\2ov'L

9921
1811

X : parts per Million : Proton

“

100.0

120.0

150.0

180.0

¥'0

€0

4

T0

0
souepunge

1100

130.0

140.0

160.0

170.0

——L08'T¢

—— 67099

——6Y6'TL

——T8S'STT

Te8 22T
=181

/
/ 289821
/ 258821

902081
/%NNQ

657°SET
T\p05THT

———Cv8'ShT
TONGTYLYT

——¢GL'89

=]

: Carbon13

— L0,

—

X : parts per Million

S26



387.08908 C
=41
100 -
80
£
L
8
§ 60
T
s
3
o
Sy
@
2
&
2
a0
388.09232
=+
20 |
425.04553
293.13885 32413116
ki 247.09671 =1 s =+1
R z=+1 2510 32312784 .
139.02138 233800 | [~ BT LAY aneaman b 43214764
: 157.04974 24810017 23308 / ol L g
z=+1 =+ 2=+1 z=+1 ..253.04405 I ; L ’ 1 l
0 . L | I . 1 o 1 Lo I —h Ll ]
100 200 300 400 500
miz

Figure S7: (A) 'H-NMR spectra of [5-(benzyloxy)-4-oxo-4H-pyran-2-ylJmethyl 4-methylbenzene-1-
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Figure S8: (A) 'H-NMR spectra of 1,3-diethyl 2-{[5-(benzyloxy)-4-0xo0-4H-pyran-2-ylJmethyl}-2-
acetamidopropanedioate (9) at 400 MHz in DMSO-ds and (B)**C-NMR spectra of 1,3-diethyl 2-{[5-

(benzyloxy)-4-oxo-4H-pyran-2-yllmethyl}-2-acetamidopropanedioate (9) at 100 MHz in DMSO-ds and (C)

HRMS of 1,3-diethyl 2-{[5-(benzyloxy)-4-oxo0-4H-pyran-2-yl]methyl}-2-acetamidopropanedioate (9)
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Figure S9: 'H-NMR spectra rac-2-amino-3-(5-hydroxy-4-oxo-4H-pyran-2-yl)propanoic acid (10) at 400
MHz in D.O/CFsCO2D and (B)**C-NMR spectra of rac-2-amino-3-(5-hydroxy-4-oxo-4H-pyran-2-
yl)propanoic acid (10) at 100 MHz in D2O/CFsCO:D and (C) HRMS of rac-2-amino-3-(5-hydroxy-4-oxo-
4H-pyran-2-yl)propanoic acid (10).
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Figure S10: *H-NMR spectra rac-2-amino-3-(5-hydroxy-4-oxo-1,4-dihydropyridin-2-yl)propanoic acid (11) at
400 MHz in D2O/CF3CO2D and (B)**C-NMR spectra of rac-2-amino-3-(5-hydroxy-4-oxo-1,4-dihydropyridin-

2-yl)propanoic acid (11) at 100 MHz in D2O/CFsCO:D and (C) HRMS of rac-2-amino-3-(5-hydroxy-4-oxo-
1,4-dihydropyridin-2-yl)propanoic acid (11)
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S34



3.08

0.98

0.98
1.00
1.00

(‘)‘2‘0
[
i

L

[

abundance

9.0 8.0 7. 6.0 5.0

IS
o
w
o
N
=)
-
o
o

076
6.861~_ <

9963— o
8.639 —
6.840 "
4.037

X : parts per Million : Proton

KE B
N4
S
4
3
|
S
@ 4
o
@ 4
o
~1
o
© 4
o
L
o
<
o
@ 4
o
N4
o
1
o
3
=
£ 1 ‘ ‘ ‘
=
1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200  10.0 0
< o o — © o o
3 @ S o = S <
[=2] ~ [32] ~ ©o o <
@ (3=} n o N — wn
2 & 2 ] g g

X : parts per Million : Carbon13
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Figure S13: 'H-NMR spectra (42)-4-[(6-methoxypyridin-3-yl)methylidene]-2-methyl-4,5-dihydro-1,3-
oxazol-5-one (14) at 400 MHz in CDClIz and (B)**C-NMR spectra of (42)-4-[(6-methoxypyridin-3-
yl)methylidene]-2-methyl-4,5-dihydro-1,3-oxazol-5-one (14) at 100 MHz in CDCls and (C) HRMS of (42)-
4-[(6-methoxypyridin-3-yl)methylidene]-2-methyl-4,5-dihydro-1,3-oxazol-5-one (14).
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Figure S14: 'H-NMR spectra of (22)-2-acetamido-3-(6-methoxypyridin-3-yl)prop-2-enoic acid (15) at
400 MHz in CDClz and (B)**C-NMR spectra of (2Z)-2-acetamido-3-(6-methoxypyridin-3-yl)prop-2-enoic
acid (15) at 100 MHz in CDCls and (C) HRMS of (2Z)-2-acetamido-3-(6-methoxypyridin-3-yl)prop-2-
enoic acid (15)
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Figure S15: *H-NMR spectra of rac-2-acetamido-3-(6-methoxypyridin-3-yl)propanoic acid (16) at 400
MHz in MeOH-ds and (B)**C-NMR spectra of rac-2-acetamido-3-(6-methoxypyridin-3-yl)propanoic
acid (16) at 100 MHz in MeOH-ds and (C) HRMS of rac-2-acetamido-3-(6-methoxypyridin-3-

yl)propanoic acid (16)
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Figure S16: 'H-NMR spectra of rac-5-(2-carboxy-2-acetamidoethyl)-2-methoxypyridin-1-ium-1-olate (17)

at 400 MHz in DMSO-ds and (B)**C-NMR spectra of rac-5-(2-carboxy-2-acetamidoethyl)-2-
methoxypyridin-1-ium-1-olate (17) at 100 MHz in DMSO-ds and (C) HRMS of rac-5-(2-carboxy-2-

acetamidoethyl)-2-methoxypyridin-1-ium-1-olate (17)
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Figure S17: 'H-NMR spectra of rac-2-amino-3-(1-hydroxy-6-oxo-1,6-dihydropyridin-3-yl)propanoic acid (18)
at 400 MHz in DMSO-ds and (B)13C-NMR spectra of rac-2-amino-3-(1-hydroxy-6-oxo-1,6-dihydropyridin-3-yl)propanoic acid
(18) at 100 MHz in DMSO-ds and (€C) HRMS of rac-2-amino-3-(1-hydroxy-6-oxo-1,6-dihydropyridin-3-yl)propanoic acid (18)
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Figure S19: (A) 'H-NMR spectra of (2L)-3-amino-2-{[(tert-butoxy)carbonyl]amino}propanoic acid (20) at
400 MHz in DMSO-ds and (B)**C-NMR spectra of (2L)-3-amino-2-{[(tert-
butoxy)carbonyl]amino}propanoic acid (20) at 100 MHz in DMSO-de.
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Figure S10: (A) 'H-NMR spectra (2L)-2-amino-3-(3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-
yl)propanoic acid (22) at 400 MHz in D>O/CF3CO:D and (B)**C-NMR spectra of (2L)-2-amino-3-(3-
hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-yl)propanoic acid (22) at 100 MHz in D2O/CF3CO2D and
(C) HRMS of (2L)-2-amino-3-(3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-yl)propanoic acid (22).
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Figure S21: (A) 'H-NMR spectra of (2D)-3-amino-2-{[(tert-butoxy)carbonyl]amino}propanoic acid (21) at
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Figure S22: (A) *H-NMR spectra (2D)-2-amino-3-(3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-
yl)propanoic acid (23) at 400 MHz in D2O/CF3CO:D and (B)**C-NMR spectra of (2D)-2-amino-3-(3-
hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-yl)propanoic acid (23) at 100 MHz in D-O/CF:CO:2D and
(C) HRMS of (2R)-2-amino-3-(3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-yl)propanoic acid (23).
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Figure S23: (A) 'H-NMR spectra of 5-(benzyloxy)-2-(hydroxymethyl)-1,4-dihydropyridin-4-one (24) at 400
MHz in DMSO-ds and (B)**C-NMR spectra of 5-(benzyloxy)-2-(hydroxymethyl)-1,4-dihydropyridin-4-one
(24) at 100 MHz in DMSO-ds.
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Figure S24: (A) 'H-NMR spectra of 5-(benzyloxy)-4-chloro-2-(chloromethyl)pyridine (25) at 400 MHz in
DMSO-ds and (B)*C-NMR spectra of 5-(benzyloxy)-4-chloro-2-(chloromethyl)pyridine (25) at 100 MHz in
DMSO-ds.
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Figure S25: (A) 1H-NMR spectra of 1,3-diethyl 2-{[5-(benzyloxy)-4-chloropyridin-2-ylJmethyl}-2-
acetamidopropanedioate (26) at 400 MHz in DMSO-d6 and (B)13C-NMR spectra of 1,3-diethyl 2-{[5-
(benzyloxy)-4-chloropyridin-2-ylJmethyl}-2-acetamidopropanedioate (26) at 100 MHz in DMSO-d6.
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Figure S26: (A) 'H-NMR spectra of 1,3-diethyl 2-acetamido-2-[(5-hydroxypyridin-2-
yl)methyl]propanedioate (27) at 400 MHz in DMSO-ds and (B)**C-NMR spectra of 1,3-diethyl 2-
acetamido-2-[(5-hydroxypyridin-2-yl)methyl]propanedioate (27) at 100 MHz in DMSO-de.
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Figure S27: (A) *H-NMR spectra of 1,3-diethyl 2-acetamido-2-[(5-hydroxy-6-iodopyridin-2-
yl)methyl]propanedioate (28) at 400 MHz in DMSO-ds and (B)**C-NMR spectra of 1,3-diethyl 2-
acetamido-2-[(5-hydroxy-6-iodopyridin-2-yl)methyl]propanedioate (28) at 100 MHz in DMSO-ds
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Figure S28: (A) 'H-NMR spectra of rac-2-amino-3-(5-hydroxy-6-oxo-1,6-dihydropyridin-2-yl)propanoic
acid (29) at 400 MHz in D2O/CF3CO:D, (B)**C-NMR spectra of rac-2-amino-3-(5-hydroxy-6-oxo-1,6-
dihydropyridin-2-yl)propanoic acid (29) at 100 MHz in D:O/CF3CO:D and (C) HRMS of rac-2-amino-3-
(5-hydroxy-6-oxo0-1,6-dihydropyridin-2-yl)propanoic acid (29).
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