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Evaluation of the new protocol to enzymatic dynamic kinetic resolution of
3-hydroxy-3-(aryl)propanoic acids
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Experimental

All the chemicals were obtained from commercial sources. The solvents were of analytical grade. Amano lipase PS-C | from
Pseudomonas cepacia (immobilized on ceramic) and Amano lipase AK from Pseudomonas fluorescens were purchased from
Sigma-Aldrich. Novozym 435 was purchased from Novo Nordisk. Goose liver was converted to the acetone powder (GLAP)
by the method of Connors et al.! NMR spectra were recorded in CDClzor DMSO-Dgwith TMS as an internal standard using
200 and 400 MHz spectrometers. The chemical shifts are reported in ppm (&scale) and the coupling constants (J) are given
in hertz(Hz).The HPLC analyses were performed on Chiralcel OD-H, Chiralcel OB, and Chiralcel IA-H chiral columns. (& 4.6
mm x 250 mm, from Diacel Chemical Ind., Ltd) equipped with a pre-column (& 4mmx10 mm, 5um) using an LC-6A Varian
ProStar apparatus with UV Varian ProStar 330 detector and Chromatopac C-R6A analyser. The mobile phase was
hexane/isopropanol and the flow rate 1 mL/min, A=254 nm. Melting points are uncorrected. Optical rotations were
measured in 1-dm cell of 1 mL capacity using Jasco DIP-360 polarimeter operating at 589 nm. The elemental analyses were
performed on CHN Perkin-Elmer 240 apparatus. All the reactions were monitored by TLC on Merck silica gel Plates 60 F,s,.
Column chromatography was performed on Merck silica gel 60/230-400 mesh. Enzymatic reactions were performed in a
vortex mixture (HeidolphPromax 1020) equipped with incubator (Heidolphlnkubator 1000).

Synthesis of ethyl rac-3-hydroxy-3-(4-methoxyphenyl)propanoate

Sodium borohydride (NaBH,) (208 mg, 5.05mmol) was added to ethyl 3-(4-methoxyphenyl)-3-oxopropionate (1.11 g.
5.05mmol) in ethanol (30 mL) at 0°C. After 3 hours, reaction was quenched with saturated aqueous ammonium chloride (30
mL) and the separated aqueous phase was extracted with ethyl acetate (3 x 30 mL). The combined organic layer was dried
over anhydrous magnesium sulphate (MgSO,) and evaporated in vacuum. The crude product was purified by column
chromatography (ethyl acetate/hexanes). Ester was obtained with 77% yield (0.85 g) as a colourless oil;'H NMR (400 MHz,
CDCl3) 6 1.24 (t, J = 7.2 Hz, 3H), 2.64 (dd, J = 16.4, 4.0 Hz, 1H),2.78 (dd, J = 16.4, 9.2 Hz, 1H),3.40 (br s, 1H),3.78 (s, 3H),4.20
(q, J = 7.2 Hz, 2H),5.05 (dd, J = 9.2, 4.0 Hz, 1H),6.86 (d, J = 8.8 Hz, 2H), 7.27 (d, J = 8.3 Hz, 2H); **C NMR (100 MHz, CDCl;) &
14.1, 43.3, 55.2, 60.7, 69.7, 113.9, 126.8, 134.8, 159.0, 172.3.The "4 and ®C NMR data were in accordance with those
reported in the literature.> HPLC: Chiralcel OB; hexane/isopropanol (9:1), retention time of the racemic compound (in
min):tg (S) = 14.86, tx (R) = 25.78.

Synthesis of rac-3-hydroxy-3-(4-methoxyphenyl)propanoic acid

General procedure A:Ethyl rac-3-hydroxy-3-(4-methoxyphenyl)propanoate (0.4 g, 1.78 mmol) was dissolved in ethanol (1
mL), aqueous solution of NaOH (1N, 10 mL) was added and stirred vigorously for 3 hours at ambient temperature. Ethanol
was removed under reduced pressure. Aqueous phase was first washed with ethyl acetate (3x30 mL), acidified with conc.
hydrochloric acid to pH 2, and extracted with ethyl acetate (3x30 mL). The combined organic layer was dried over
anhydrous magnesium sulfate (MgS0,) and evaporated in vacuum. The crude product was purified by crystallization from
ethyl ether/hexanes (98% vyield, 0.34 g); mp 81-83 °C (Lit 78-82 °C*); 'H NMR (200 MHz, CDCl;) 6 2.70-2.85 (m, 2H), 3.84 (s,
3H), 5.15 (dd, J = 4.4, 8.5 Hz, 1H), 6.92 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.8 Hz, 2H); *C NMR (50 MHz, CDCl5) & 43.3, 55.6,

114.3,127.3,134.6,177,2. The "4 and *C NMR data were in accordance with those reported in the literature.3

Synthesis of ethyl rac-3-hydroxy-3-phenylpropanoate

Ethyl 3-oxo-3-phenylpropanoate (2.4 g, 12.5 mmol) was dissolved in ethanol (30 mL), sodium borohydride (425 mg,
12.5mmol) was added portion wise at 0 °C. After the completion of the reaction (TLC, approx. 3 hours) the pH was adjusted
to 6.0 with 5% hydrochloric acid (HCI). The ethanol was evaporated in vacuum and the mixture was extracted with DCM
(3x50 mL). The combined organic layer was dried over anhydrous magnesium sulphate (MgSO,) and evaporated in vacuum.
The crude product was purified by column chromatography (ethyl acetate/hexanes) to yield ester with 85% (2.06 g) as a
colourless oil; 'H NMR (200 MHz, CDCl5) 6 1.26 (t, 3H, J = 7.2 Hz), 2.71 (dd, J = 16.4, 4.4 Hz, 1H), 2.74 (dd, J = 16.3, 8.3 Hz,
1H),3.36 (brs, 1H), 4.17 (g, 2H, J = 7.2 Hz), 5.13 (dd, J = 8.3, 4.4 Hz,1H), 7.30-7.41 (m, 5H); >C NMR (50 MHz, CDCl5) § 14.4,
43.6, 61.1, 70.6, 125.9, 128.1, 128.8, 142.8, 172.7.The 'H and *3C NMR data were in accordance with those reported in the
literature.2HPLC: Chiralcel OD-H; hexane/isopropanol (9:1), retention time of the racemic compound (in min): tz (S) = 8.67,
ts (R) = 11.27.

Synthesis of rac-3-hydroxy-3-phenylpropanoic acid

1Connors, W. M.; Pihl, A., Dounce, A. L.; Stotz, E. I. Biol. Chem. 1950, 184, 29.
2Cozzi, P. G.; Benfatti, F.; Capdevila, M. G.; Mignogna, A. Chem. Commun. 2008, 3317- 3318.
3Downey, C. W.; Johnson, M. W.; Lawrence, D. H.; Fleisher, A. S.; Tracy, K. J. J. Org. Chem. 2010, 75, 5351-5354.



rac-3-Hydroxy-3-phenylpropanoic acid was obtained according to General procedure A with 99% yield (290 mg) as a white
crystals; mp 90-92 °C (Lit 89-90 °C3); 'H NMR (200 MHz,CDCl5) & 2.70 (dd, J = 5.2, 15.3 Hz, 1H), 2.74 (dd, J = 8.2, 15.3 Hz,
1H), 5.17 (dd, J = 5.2, 8.2 Hz, 1H), 7.28-7.41 (m, 5H); *C NMR (50 MHz, CDCls) & 43.7, 70.1, 125.8, 127.1, 128.1, 143.8,
172.4.The'H and *C NMR data were in accordance with those reported in the literature.3

Synthesis of ethyl rac-3-hydroxy-3-(2-fluorophenyl)propanoate

General procedure B:Triethylamine (0.56 mL, 4.0 mmol, 1 equiv.) was added to a stirred mixture of 2-fluorobenzaldehyde
(421 pL, 4.0 mmol, 1 equiv), malonic acid half ethyl ester (582 mg, 4.4 mmol, 1.1 equiv.) and N,N-dimethylformamide (DMF)
(10 mL). This mixture was stirred for 20 hours at 80 °C. Volatile compounds were removed under vacuum. The residue was
diluted in ether/dichloromethane (1:1, 40 mL), washed with aqueous saturated sodium bicarbonate (NaHCO;), then with
HCI (1 N).The combined organic layer was dried over anhydrous magnesium sulfate (MgS0O,)and evaporated in vacuum, and
the residue was purified by column chromatography (ethyl acetate/hexanes) to yield ester with 69% (586 mg) as a
colourless oil; 'H NMR (400 MHz, CDCl3) & 1.19 (t, J = 7.2 Hz, 3H), 2.642 (dd, 16.8, 9.2 Hz, 1H), 2.73 (dd, 16.8, 3.4 Hz, 1H),
3.62 (brs, 1H), 4.12 (q, J = 7.2 Hz, 2H), 5.33 (dd, 8.8, 3.4 Hz, 1H), 6.92-6.95 (m, 1H), 7.07-7.11 (m, 1H), 7.19-7.21 (m, 1H),
7.48-7.50 (m, 1H); *C NMR (100 MHz, CDCl3) 6 14.1, 41.8,60.9, 64.5, 115.1, 115.3, 124.3, 124.4, 127.2, 127.3, 129.0, 129.1,
129.3, 158.2, 160.6, 172.3. The'H and **C NMR data were in accordance with those reported in the |iterature;4ElementaI
Anal.Calcd. for C;;H;3FO3: C 62.26, H 6.17; Found: C 62.31, H 6.08;MS (ESI): Calcd. for C;;H,3FOsNa [M+Na]®, 235.07, Found
235.10; HPLC: Chiralcel OD-H; hexane/isopropanol (9:1), retention time of the racemic compound (in min): tg (S) = 6.60, tg
(R) =9.01.

Synthesis of rac-3-hydroxy-3-(2-fluorophenyl)propanoic acid

rac-3-Hydroxy-3-(2-fluorophenyl)propanoic acid was obtained according to General procedure A with 96% yield (344 mg) as
a white crystals; mp 70-71°C (Lit 68.85°C%); *H NMR (200 MHz, CDCl5) & 2.75-2.82 (m, 2H), 5.38-5.45 (m, 1H), 6.99-7.49 (m,
4H); *C NMR (50 MHz, CDCl;) & 42.0, 64.8, 115.4, 115.8, 124.6, 127.4, 129.2, 129.4, 129.5, 129.7, 157.2, 162.1,
177.3;Elemental Anal.Calcd. for CgHgFO5: C 58.70, H 4.93; Found: C 58.47, H 5.07;MS (ESI): Calcd. for CoHgFO5; [M-HT,
183.04, Found 183.0.

Synthesis of ethyl rac-3-hydroxy-3-(2-bromophenyl)propanoate

Ethyl rac-3-hydroxy-3-(2-bromophenyl)propanoate was obtained according to General procedure B with 72% yield (786
mg) as a colourless oil; "4 NMR (400 MHz, CDCl3) 6 1.28 (t, 3H, J = 7.2 Hz), 2.56 (dd, J = 16.8, 9.8 Hz, 1H), 2.87 (dd, J = 16.8,
2.8 Hz, 1H), 3.60 (br s, 1H), 4.21 (q, 2H, J = 7.2 Hz), 5.44 (dd, J = 9.8, 2.8 Hz, 1H), 7.14-7.15 (m, 1H), 7.31-7.34 (m, 1H), 7.50-
7.52 (m, 1H), 7.57-7.59 (m, 1H); B¢ NMR (100 MHz, CDCl5) 6 14.1, 41.4, 60.3, 69.2, 121.4, 127.3, 127.8, 129.0, 132.6, 141.4,
172.4. The 'H and *C NMR data were in accordance with those reported in the literature4; MS (ESI): Calcd. for
Cy;H13BrOsNa [M+Na]®, 294.9, Found 295.0; HPLC: Chiralcel OD-H; hexane/isopropanol (9:1), retention time of the racemic
compound (in min): tg = 7.77, tg = 14.56.

Synthesis of rac-3-hydroxy-3-(2-bromophenyl)propanoic acid

rac-3-Hydroxy-3-(2-bromophenyl)propanoic acid was obtained according to General procedure A with 93% yield (278 mg)
as a white crystals; mp90-91 °C (Lit. 89 °C (diethyl ether/hexane)s); '"H NMR (200 MHz, CDCl3) 6 2.62 (dd, J = 16.8, 10.0 Hz,
1H), 2.93 (dd, J = 16.8, 2.6 Hz, 1H), 5.75 (dd, J = 9.8, 2.6 Hz, 1H), 6.15 (br s, 1H), 7.11-7.18 (m, 1H), 7.30-7.40 (m, 1H), 7.50-
7.64 (m, 2H);13C NMR (50 MHz, CDCl;) 6 41.7, 69.4, 121.7, 127.5, 128.2, 129.6, 133.0, 141.3, 177.5; MS (ESI): Calcd. for
CyHgBrO; [M-HJ, 242.9, Found 242.9.

Synthesis of ethyl rac-3-(4-cyanophenyl)-3-hydroxypropanoate

Ethyl rac-3-hydroxy-3-(4-cyanophenyl)propanoatewas obtained according to General procedure B with75% yield (658 mg)
as a colourless oil; "H NMR (400 MHz, CDCl5) 6 1.26 (t, J = 8.0 Hz, 3H), 2.71 (dd, J = 8.0, 4.0 Hz, 2H), 3.65 (br s, 1H), 4.19 (q, J
= 8.0 Hz, 2H), 5.17 (dd, J = 8.0, 4.0 Hz, 1H),7.50 (d, 12 Hz, 2H), 7.64 (d, 12 Hz, 2H); *C NMR (100 MHz, CDCl;) & 14.1, 42.9,
61.1, 69.5,111.5, 118.6, 126.3, 132.3, 147.8, 171.9. The "4 and **C NMR data were in accordance with those reported in the
Iiterature7; HPLC: Chiralcel OB; hexane/isopropanol (9:1), retention time of the racemic compound (in min): tg = 14.89, tx
=16.66.

Synthesis of rac-3-(4-cyanophenyl)-3-hydroxypropanoic acid

rac-3-Hydroxy-3-(4-cyanophenyl)propanoic acid was obtained according to General procedure A with 93% yield (278 mg) as
a white crystals; mp 101-102 °C;1H NMR (400 MHz, DMSO-Dg) 62.50 (dd, J = 8.0, 4.0 Hz, 2H), 5.00 (dd, J = 8.0, 4.0 Hz,
1H),7.54 (d, J = 8.0 Hz), 7.76 (d, J = 8.0 Hz, 2H); >C NMR (100 MHz, DMSO-Dy) & 44.0, 68.9, 109.7, 118.8, 126.8, 132.0, 150.6,
171.8. The *H and *3C NMR data were in accordance with those reported in the literature.®

4Ain, A.l.; Condom, R.; Wade, T. N.; Gued,j, R. J. Fluorine Chem. 1979, 14, 437-454.

5Leclercq, M.; Collet, A.; Jacques, J. Tetrahedron1976, 32, 821-828.

®Collet, A. Bull. Soc. Chim. Fr. 1972, 3857.

7Fernandez-lbanez, M. A.; Macia, B.; Minnaard, A. J.; Feringa, B. L., Angew. Chem. Int. Ed. 2008, 47, 1317-1319.
8Zhu, D.; Ankati, H.; Mukherjee, C.; Yang, V.; Biehl, E. R.; Hua, L.Org. Lett.2007, 9, 2560-2563.



Synthesis of ethyl rac-3-hydroxy-3-(4-nitrophenyl)propanoate

To malonic acid monoethyl ester (90mg, 0.66 mmol) in acetonitrile (0.4 mL) was added the aldehyde (100mg, 0.66mmol)
and then stirred at 80 °C for 15 h (under nitrogen). Reaction mixture was concentrated. The residue was dissolved in a
mixture of diethyl ether/DCM (1/1), washed with saturated sodium bicarbonate, hydrochloric acid (1N), then dried over
magnesium sulfate (MgS0O,). The organic phase was concentrated. The residue (120 mg) was separated by chromatography
on silica gel (ethyl acetate/hexanes). Product was obtained with 76% vyield. '"H NMR (400 MHz, CDCl5) 6 1.27 (t, J=8.0 Hz,
3H), 2.72-2.78 (m, 2H), 3.66 (br s, 1H), 4.20 (g, J = 8.0 Hz, 2H), 5.23 (dd, J = 8.0, 4.0 Hz, 1H), 7.57 (d,J = 8.0 Hz, 2H), 8.21 (d,J
= 8.0 Hz, 2H);"*C NMR (100 MHz, CDCl;) & 14.0, 42.9, 61.2, 69.3, 123.7, 126.4, 147.4, 149.6, 171.9. The *H and **C NMR data
were in accordance with those reported in the literature.’HPLC: Chiralcel 1A; hexane/isopropanol (9:1), retention time of
the racemic compound (in min): t; (S) = 14.65, tg (R) =16.00.

Synthesis of rac-3-hydroxy-3-(4-nitrophenyl)propanoic acid

rac-3-Hydroxy-3-(4-nitrophenyl)propanoic acid was obtained according to General procedure A with 92% yield (292 mg) as
a white crystals; mp 121-123 °C (Lit 119-122 °C3); *H NMR (400 MHz, DMSO-Dg) § 2.51-2.75 (m, 2H), 3.28 (br s, 1H), 5.05
(dd, J = 8.4, 5.2 Hz, 1H), 7.62 (d, J = 8.8 Hz, 1H), 8.16 (d, J = 8.8 Hz, 1H), 12.1 (br s, 1H); *C NMR (100 MHz, DMSO-Dy) & 44.4,
69.1, 123.7, 127.5, 147.0, 153.2, 172.2.The H and ">C NMR data were in accordance with those reported in the literature.8

Synthesis of ethylrac-3-hydroxy-3-(2,4-dinitrophenyl)propanoate

Ethylrac-3-hydroxy-3-(2,4-dinitrophenyl)propanoate was obtainedaccording to General procedure B with 69% yield (784
mg) as a colourlessoil; 4 NMR (500 MHz, CDCl5) 6 1.30 (t, 3H, / = 8.0 Hz), 2.62 (dd, J = 20.0, 12.0 Hz, 1H), 2.95 (dd, J = 20.0,
4.0 Hz, 1H),4.00 (br s, 1H), 4.34 (q, 2H, J = 8.0 Hz), 5.77 (dd, J = 12.0, 4.0 Hz, 1H), 8.19 (d, J = 8.5 Hz, 1H), 8.47-8.49 (m, 1H),
8.83 (d, J = 8.5 Hz, 1H); B¢ NMR (125 MHz, CDCl3) 6 14.0, 41.9, 61.4, 65.9, 120.0, 127.7, 130.2, 144.6, 147.2, 171.8;
ElementalAnal.Calcd. for C;;H;,N,07:C 46.48, H 4.26, N 9.86; Found: C 46.52, H 4.19, N 9.75; HRMS (ESI): Exact mass calcd.
for C;;H;,N,0,Na [M+Na]’, 307.0542, Found 307.0550; HPLC: Chiralcel Al; hexane/isopropanol (9:1), retention time of the
racemic compound (in min): tg = 24.49, t; = 29.07.

Synthesis of rac-3-hydroxy-3-(2,4-dinitrophenyl)propanoic acid

rac-3-Hydroxy-3-(2,4-dinitrophenyl)propanoic acid was obtained according to General procedure A with 98% yield (468 mg)
as a semisolid; *H NMR (400 MHz, CDCl3/DMSOpg) & 2.50 (dd, J = 15.6, 8.8 Hz, 1H), 2.74 (dd, J = 15.6, 3.6 Hz, 1H),5.34 (br s,
1H), 5.54 (dd, J = 8.8, 3.6 Hz, 1H), 6.08 (br s, 1H), 8.14 (d, J = 8.8 Hz, 1H), 8.56-8.59 (m, 1H), 8.73 (d, J = 8.8 Hz, 1H), 12.35 (br
s, 1H); *C NMR (100 MHz, DMSO-Dy) 6 43.9, 65.9, 120.3, 128.3, 131.3, 147.2, 147.4, 148.0, 172.3; HRMS (ESI): Exact mass
caled. for CoH,N,0,[M-HT, 255.0261, Found 255.0253.

Synthesis of ethyl rac-3-hydroxy-3-(2-nitro-4-fluorophenyl)propanoate

Ethyl rac-3-hydroxy-3-(2-nitro-4-fluorophenyl)propanoate was obtained according to General procedure B with78% yield
(803 mg) as a colourless oil;"H NMR (200 MHz, CDCl3) 6 1.27 (t, 3H, J= 7.2 Hz), 2.60 (dd, J = 16.8, 9.2 Hz, 1H), 2.93 (dd, J =
16.8, 2.8 Hz, 1H), 3.90 (br s, 1H), 4.20 (q, 2H, J = 7.2 Hz), 5.63 (dd, J = 3.4, 2.4 Hz, 1H), 7.34-7.43 (m, 1H), 7.66-7.72 (m, 1H),
7.87-7.94 (m, 1H); 3¢ NMR (50 MHz, CDCl;) 6 14.4, 42.6, 61.5, 65.9, 111.9, 112.5, 121.2, 121.6, 130.4, 130.5, 172.6;
Elemental Anal Calcd. for Cy;H;,NOsF: C 51.37, H 4.70, N 5.45; Found: C 51.15, H 4.82, N 5.37; HRMS (ESI): Exact mass calcd.
for Cy,H,,NOsNaF [M+Na]®, 280.0597, Found 280.0599; HPLC: Chiralcel OD-H; hexane/isopropanol (9:1), retention time of
the racemic compound (in min): tg = 10.91, tg = 13.73.

Synthesis of rac-3-hydroxy-3-(2-nitro-4-fluorophenyl)propanoic acid

rac-3-Hydroxy-3-(2-nitro-4-fluorophenyl)propanoic acid was obtained according to General procedure A with 94% vyield
(306 mg) as a semisolid;lH NMR (200 MHz, CDCl;) 6 2.61 (dd, J = 16.8, 9.2 Hz, 1H), 2.93 (dd, J = 16.8, 2.8 Hz, 1H), 5.70-5.76
(m, 1H), 7.38-7.42 (m, 1H), 7.62-7.71 (m, 1H), 7.82-7.92 (m, 1H); >C NMR (50 MHz, CDCls) & 42.9, 69.9, 115.5, 127.6, 140.0,
163.5, 172.2; Elemental Anal.Calcd. for CgHgFNOs: C 47.17, H 3.52, N 6.11; Found: C 46.82, H 3.78, N 5.96; MS (ESI): Calcd.
for CoH,FNOs [M-H]’, 228.03, Found 228.0.

Synthesis of ethyl 3-hydroxy-3-(2-nitro-4-trifluoromethylphenyl)propanoate

Ethyl rac-3-hydroxy-3-(2-nitro-4-trifluoromethylphenyl)propanoate was obtained according to General procedure B with
72% vyield (885 mg) as a colourless oil;lH NMR (400 MHz, CDCl3) 6 1.30 (t, 3H, J = 8.0 Hz), 2.62 (dd, J = 16.0, 12.0 Hz, 1H),
2.98 (dd, J = 16.0, 4.0 Hz, 1H), 4.02 (br s, 1H), 4.24 (q, 2H, J = 8.0 Hz), 5.77 (d,J = 8.0 Hz, 1H), 8.20 (d, J = 8.0 Hz,1H), 8.50 (dd,
J=8.0 Hz, 1H), 8.83 (d,J = 4.0 Hz, 1H); *C NMR (100 MHz, CDCls) § 14.1, 42.1, 61.3, 65.9, 121.8, 121.9, 129.5, 130.1, 131.4,
141.9, 172.0;Elemental Anal.Calcd. for C;,H1,F3NOs: C 46.91, H 3.94, N 4.56; Found: C 47.02, H 3.90, N 4.33; HRMS (ESI):
Exact mass calcd. for C;,Hy, FsNOsNa [M+Na]®, 330.0565, Found 330.0559; HPLC: Chiralcel OB; hexane/isopropanol (9:1),
retention time of the racemic compound (in min): tg = 8.41, t; =10.64.

Synthesis of rac-3-hydroxy-3-(2-nitro-4-trifluoromethylphenyl)propanoic acid.

9Sa|vi, N. A; Chattopadhyay, S. Bioorg. Med. Chem. 2006, 14, 4918-4922.



rac-3-Hydroxy-3-(2-nitro-4-trifluoromethylphenyl)propanoic acid was obtained according to General procedure A with 89%
yield (275 mg) as a semisolid;"H NMR (400 MHz, DMSO-Dg) 6 2.57 (dd, J = 12.0, 8.0 Hz, 1H), 2.73 (dd, J = 12.0, 4.0 Hz, 1H),
5.50 (dd, J = 8.4, 4.0 Hz, 1H), 5.98 (br s, 1H), 8.10 (d, J = 8 Hz, 1H), 8.15 (dd, J = 8.4, 1.2 Hz, 1H), 8.33 (d, J = 1.2 Hz, 1H), 12.3
(br s, 1H); *C NMR (100 MHz, DMSO-Dg) 643.6, 65.5, 130.6, 148.0, 171.9; HRMS (ESI): Exact mass calcd. for C;oH,FsNOs [M-
Na], 278.0275, Found 278.0276.

Enzymatic kinetic resolution of rac-3-hydroxy-3-(aryl)propanoic acids

To the solution of acid 1a-h (0.1 mmol) in organic solvent (2 mL), triethylorthobenzoate (2 equiv.) and enzyme (native 5 mg
or immobilized 10 mg) were added in 5mL screwed vial. The reaction mixture was stirred for 72 hours at 40°C in a vortex
mixture (HeidolphPromax 1020) equipped with incubator (Heidolphinkubator 1000). After cooling crude product was
isolated and purified by column chromatography (ethyl acetate/hexanes). The 'H NMR data were in accordance with those
recorded for racemates; (R)-(+)-2a: [a]3’= +21.5 (c 1.00 CHCl;, 60% ee), Lit (R) enantiomer: [a]3° = +28.8 (c 1.0,
CHCI3);"°(R)-(+)-2b: [a]3°= +40.2 (c 1.00 CHCl3, 63% ee), Lit (R) enantiomer: [a]2. = +48.9 (c 0.89, CHCI,);"* (R)-(+)-2¢: [a]20=
+34.6 (c 1.00 CHCl,, 68% ee), Lit (S) enantiomer: [a]3°. = -49.7 (c 2.71, CHCl,);9 (+)-2g: [a]3°= +25.2 (c 1.00 CHCl;, 83% ee);
(+)-2h: [a]3%= +16.3 (c 1.00 CHCl3, 52% ee); (+)-2i: [a]3’= +12.8 (c 1.00 CHCl;, 62% ee).

Synthesis (dynamic kinetic resolution) of ethyl (S)-3-hydroxy-3-(4-nitrophenyl)propanoate and ethyl (R)-3-hydroxy-3-(4-
nitrophenyl)propanoate

To the solution of acid (0.1 mmol) in organic solvent (2 mL), triethylorthobenzoate (2 equiv.), enzyme (native 5 mg or
immobilized 10 mg) and metal catalyst (10 mol%) were added in 5mL vial. The reaction mixture was stirred for 72 hours at
40°C in vortex mixture (HeidolphPromax 1020) equipped with incubator (Heidolphinkubator 1000). After cooling, crude
product was isolated and purified by column chromatography (ethyl acetate/hexanes). The 'H NMR data were in
accordancelglvith those recorded for racemates;(S)-(-)-2f: [a]3°= -59.5 (c 1.5, CHCl,); Lit (R) enantiomer: [a]Z’ = +23.1 (c
1.0, CHCl5).

Racemization of ethyl (S)-3-hydroxy-3-(4-nitrophenyl)propanoate ((S)-2a)

To the solution of ester (5)-2a (0.1 mmol) in TBME (2 mL) were added (see Table 4 in main Text);triethylorthobenzoate (2
mmol), enzyme (native 5 mg or immobilized 10 mg) and metal catalyst (10 mol%) were added in 5mL vial. The reaction
mixture was stirred for 24 hours at 40°C in vortex mixture (HeidolphPromax 1020) equipped with incubator
(Heidolphinkubator 1000). After cooling, crude product was purified by column chromatography (ethyl acetate/hexanes)
and analysed on HPLC: Chiralcel IA; hexane/isopropanol (9:1), retention time of the racemic compound (in min): tg (S) =
14.65, tg (R) =16.00.

Synthesis ethyl (S)-3-hydroxy-3-(4-nitrophenyl)propanoate- preparative scale

To the solution of acid 1a(212 mg, 1 mmol) in TBME (20 mL), triethylorthobenzoate (2 mmol), Amano AK (50 mg) and
rhodium(ll) acetate (10 mol%) was stirred for 72 hours at 40°C in vortex mixture (HeidolphPromax 1020) equipped with
incubator (Heidolphlnkubator 1000). Enzyme and catalyst were separated by filtration and washed with ethyl acetate.
Combined organic phases were evaporated in vacuum and purified by column chromatography (ethyl acetate/hexanes).
Product (S)-2a was obtained with 94% yield (225 mg) as a yellow oil.

Synthesis ethyl (R)-3-hydroxy-3-(2,4-nitrophenyl)propanoate- preparative scale

To the solution of acid 1c (200 mg, 0.8mmol) in organic solvent (20 mL), triethylorthobenzoate (2 mmol), Novozyme 435 (90
mg) and rhodium(Il) acetate (10 mol%) was stirred for 72 hours at 40°C in vortex mixture (HeidolphPromax 1020) equipped
with incubator (Heidolphinkubator 1000). Enzyme and catalyst were separated by filtration and washed with ethyl acetate.
Combined organic phases were evaporated in vacuum and purified by column chromatography (ethyl acetate/hexanes).
Product (S)-2c was obtained with 98% yield (228 mg) as a yellow oil.

Synthesis ethyl (R)-3-hydroxy-3-(phenyl)propanoate- preparative scale

To the solution of acid 1i (200 mg, 1.2mmol) in organic solvent (20 mL), triethylorthobenzoate (2 mmol), Novozyme 435
(100 mg) and rhodium(ll) acetate (10 mol%) was stirred for 72 hours at 40°C in vortex mixture (HeidolphPromax 1020)
equipped with incubator (Heidolphinkubator 1000). Enzyme and catalyst were separated by filtration and washed with
ethyl acetate. Combined organic phases were evaporated in vacuum and purified by column chromatography (ethyl
acetate/hexanes). Product (S)-2i was obtained with 98% yield (246 mg) as a colourless oil.

1OBrem, J.;Naghi, M.;Tosa, M. —I.;Boros, Z.; Poppe, L.;Irimie, F, -D.; Paizs, C. Tetrahedron: Asymmetry2011, 22, 1672-1679.
itanosono, T.; Xu, P.; Kobayashi, S. Chem. Asian J. 2014, 9, 179-188.
¥y, Ch.; Yuan, Ch. Tetrahedron 2005, 61, 2169-2186.



'H and *c NMR spectra for 1a-i and 2a-i:
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GEMINI-200BB “nmr200"

Relax. delay 0.100 sec

Pulse 49.1 degrees

Acqg. time 4.000 sec

Width 3406.0 Hz

4 repetitions

OBSERVE H1, 199.9704670 MHz
DATA PROCESSING

FT size 65536

Total time 0 min, 18 sec
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13C OBSERVE

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200BB "nmr200"

OH O

127.341

Relax. delay 1.000 sec

Pulse 50.0 degrees

Acq. time 2.000 sec

Width 12500.0 Hz

96 repetitions
OBSERVE C13, 50.2825994 MHz
DECOUPLE H1, 199.9714762 MHZz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time S5 min, 7 sec

2 OH
)

—17.997

— 114,353

\_76.723
Q

70.206

55.632
43.341

159.669
134.602

177.285
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Pulse Sequence: s2pul
OH O

Solvent: CDC13
Ambient temperature
GEMINI-200BB '"nmr200"
O\/

Relax. delay 0.100 sec

Pulse 49.1 degrees

Acq. time 4.000 sec

Width 3406.0 Hz

4 repetitions

OBSERVE H1, 199.9704752 MHz
DATA PROCESSING

FT size 65536

Total time 0 min, 18 sec

7.383
7.379
7.367
7.360
4.203
4.168

2.761
2.715

7.389
2.739

4.132

1.267

1.303
1.272

1.231







Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200BB "nmr200"

Relax. delay 1.000 sec

Pulse 50.0 degrees

Acq. time 2.000 sec

Width 12500.0 Hz

32 repetitions
OBSERVE C13, 50.2826009 MHz
DECOUPLE H1, 199.9714762 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 55 min, 7 sec

77.360

—177.997
\76.723
70.615
43.644
14.451

61.193

142.826

172.748
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200BB "nmr200"

OH O

—128.144
—125.883

Relax. delay 1.000 sec OH
Pulse 50.0 degrees

Acq. time 2.000 sec

Width 12500.0 Hz

32 repetitions

OBSERVE (€13, 50.2826009 MHz
DECOUPLE H1, 199.9714762 MHz

78,728
43.744

70.115

1.43.826

172.451
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200BB “nmr200"

xm“mx. delay 0.100 sec

Pulse 49.1 degrees

Acq. time 4.000 sec OH O
Width 3406.0 Hz

4 repetitions

OBSERVE H1, 199.9704780 MHZz OH
DATA PROCESSING

FT size 65536

Total time 0 min, 18 sec F
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Ambient temperature
GEMINI-200BB "nmr200"

Relax. delay 1.000 sec

Pulse 50.0 degrees

Acq. time 2.000 sec

Width 12500.0 Hz

48 repetitions

OBSERVE C13, 50.2826017 MHz
DECOUPLE H1, 199.9714762 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time S5 min, 7 sec
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200BB "nmr200"

Relax. delay 0.100 sec

Pulse 49.1 degrees
Acq. time 4.000 sec OH o
Width 3406.0 Hz
4 repetitions
OBSERVE  H1, 199.9704770 MHz OH!
DATA PROCESSING
FT size 65536
Total time 0 min, 18 sec Br
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200BB "nmr200"

Relax. delay 1.000 sec

Pulse 50.0 degrees

Acq. time 2.000 sec

Width 12500.0 Hz

80 repetitions
OBSERVE €13, 50.2826001 MHz
DECOUPLE H1, 199.9714762 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 55 min, 7 sec
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature

GEMINI-200BB "nmr200"
OH O
Relax. delay 0.100 sec
Pulse 49.1 degrees
Acq. time 4.000 sec O\/
Width 3406.0 Hz
4 repetitions
OBSERVE H1, 199.9704767 MHz 3
DATA PROCESSING NO o
FT size 65536 2 -
Total time 0 min, 0 sec
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-200BB "nmr200"

Relax. delay 1.000 sec

Pulse 50.0 degrees

Acq. time 2.000 sec

Width 12500.0 Hz

80 repetitions

OBSERVE C13, 50.2825998 MHz
DECOUPLE H1, 199.9714762 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 55 min, 7 sec
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Pulse Sequence: s2pul
Solvent: CDC13
Ambient temperature
GEMINI-200BB "nmr200"

7.260

5.758
5.728

OH

NO,

OH

~ ™

aNe3
» @B
NN

e
Y

©
~
o

8.51



Pulse Sequence: s2pul
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HPLC tracers for racemic and enantiomerically enriched esters 2a-i:
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