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(5)-2-Hydroxy-2-phenylacetamide'

mllife]
T

NH,

This was synthesized following a literature procedure.!

(8)-2-Hydroxy-2-phenylacetic acid (6.00 g, 39 mmol) was dissolved in MeOH (60 mL)
and cooled to 0°C. Acetyl chloride (3.38 mL, 47 mmol) was added dropwise to the
solution. The reaction mixture was allowed to warm to room temperature and stirred
for 24 h. The resulting solution was concentrated under reduced pressure to give a
colourless liquid, which was dissolved in MeOH (25 mL). Aqueous NH3 (85 mL, 35%
w/v) was added, and the solution was stored at below 5°C for a further 24 h. The
solution was then concentrated under reduced pressure to give a white solid S-MDM 1,
which was recrystallised from hot ethanol to yield white plates (2.45 g, 41%). mp 117-
120°C, (lit.2 118-120 °C); [a]**b=+51.5 (¢ 1.05 in EtOH) [Lit.%, [a]**p=+57 (¢ 1.05 in
EtOH)]; vmax/cm ™! (ATR): 3346, 3182, 1680, 1655, 1586, 1452, 1292, 1098, 1055. 'H
NMR (400 MHz, CD3;0D): 4.99 (1H, s, CHOH), 7.22-7.37 (3H, m, aromatic H), 7.46
(2H, d, J=9.5 Hz, aromatic H); '3C NMR (100.6 MHz, CD;0D): 75.4 (CHOH), 128.0
(aromatic CH), 129.2 (aromatic CH), 129.4 (aromatic CH), 141.7 (aromatic Cy), 178.6
(C=0).



(2)-2-Hydroxy-2-phenylacetamide'

OH

NH,

This was synthesized following a literature procedure.!

(+)-Hydroxy-2-phenylacetic acid (8.09 g, 53 mmol) was dissolved in MeOH (70 mL)
and cooled to 0°C. Acetyl chloride (9.95 mL, 139 mmol) was added dropwise to the
solution. The reaction mixture was allowed to warm to room temperature and stirred
for 24 h. The resulting solution was concentrated under reduced pressure to give a
colourless liquid, which was dissolved in MeOH (35 mL). Aqueous NH3 (100 mL, 35%
w/v) was added, and the solution was stored at below 5°C for a further 24 h. The
solution was then concentrated under reduced pressure to give a white solid (+)-MDM
I, which was recrystallised from hot ethanol to yield white plates (6.92 g, 86%). mp by
DSC 133-135° C(lit.* 132-135 °C ); vmax/em ™! (ATR): 3380, 3251, 1650, 1635, 1597,
1444, 1056; 'H NMR (400 MHz, CDs;0D): 4.99 (1H, s, CHOH), 7.19-7.37 (3H, m,
aromatic H), 7.45 (2H, d, J = 8.5 Hz, aromatic H); '*C NMR (100.6 MHz, CD;0OD):
75.4 (CHOH), 128.0 (aromatic CH), 129.1 (aromatic CH), 129.4 (aromatic CH), 141.7
(aromatic Cy), 178.6 (C=0).
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Figure S1. "H NMR spectrum of S-MDM (CD;0D, 400 MHz). Signals at 3.29 and 4.79

ppm due to MeOH and total exchangeable hydrogens.
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Figure S2. *C NMR spectrum of S-MDM (CD;OD, 100.6 MHz). Signals at 48.4-49.7

ppm due to CD3;0D.
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Figure S3. IR spectra of (£)-MDM (blue), S-MDM (black) and MDM (94 S : 6 R)

(red).
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Figure S4. IR spectra of S-MDM (black), S-MDA (pink) and S-MDM-S-MDA

cocrystal (red).
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Figure S5. IR spectra of S-MDM (black), R-MDA (pink) and S-MDM-R-MDA

cocrystal (red).
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Figure S6. IR spectra of S-MDM (black), L-Pro (pink) and S-MDM-L-Pro cocrystal

(red).
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Figure S7. IR spectra of S-MDM (black), D-Pro (pink) and S-MDM-D-Pro cocrystal

(red).
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Figure S8. DSC curves of (+)-MDM, S-MDM and MDM (94 S': 6 R).
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Figure S9. DSC plots of S-MDM-R/S-MDA cocrystal pair.
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Figure S10. DSC plots of S-MDM-L/D-Pro cocrystal pair.
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Figure S11. PXRD patterns of (a) (+x)-MDM and (b) S-MDM, MDM (94 S: 6 R),
(¥)-MDM and an equimolar sample of (+£)-MDM and R-MDM (25% S, 75% R) after

dissolution and crystallization from methanol.
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Figure S12. PXRD pattern of S-MDM-R/S-MDA cocrystal pair.
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Figure S13. PXRD pattern of S-MDM-L/D-Pro cocrystal pair.
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Figure S14. Ellipsoid plot of (+)-MDM.
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Figure S16. Ellipsoid plot of MDM (94 S: 6 R).
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Figure S18. Ellipsoid plot of S-MDM-R-MDA.
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Figure S19. Ellipsoid plot S-MDM-L-Pro.
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Figure S20. Ellipsoid plot of S-MDM-D-Pro.
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Figure S21. Hydrogen bonding in MDM (94 S : 6 R) (major component of the
disordered structure): (a) intramolecular interactions in the four S-MDM molecules, (b)
2D hydrogen-bonding network along the ¢ axis, and (c) 3D hydrogen-bonding network

along the b axis.
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Figure S22. Hydrogen bonding in MDM (94 S : 6 R) (minor component of the
disordered structure): (a) intramolecular interactions in the four MDM molecules
(molecules 1 and 3 are S-MDM, while molecules 2 and 4 are R-MDM), (b) 2D

hydrogen-bonding network along the ¢ axis, and (c¢) 3D hydrogen-bonding network

along the b axis.
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Figure S23. 2D fingerprint plots of S-MDM in (a) S-MDM-S/R-MDA cocrystal pair

and (b) S-MDM-L/D-Pro cocrystal pair.
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Figure S24. Chiral HPLC data of commercial S-MDM from Sigma Aldrich.
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Figure S25. Chiral HPLC data of synthesized S-MDM.
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Figure S26. Chiral HPLC data of single crystal of MDM (94 S : 6 R).

Table S1. Distinctive Bands (¢cm™) in the FTIR Spectra of MDM and Cocrystals.

solid form VNH, Vou Veoo
(+)-MDM 3379 3243 1633
S-MDM 3345 3182 1681
MDM (94 S: 6 R) 3378 3197 1644
S-MDM-S-MDA 3419 3337 1719
S-MDM-R-MDA 3504 3401 1709
S-MDM-L-Pro 3431 3141 1664
S-MDM-D-Pro 3361 3150 1655
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Table S2. Hydrogen bonds (A, °) in (£)-MDM?

D-HA D-H HA DA D-H-A ARU (J)
N3-H3A--01 0.86 2.15 2.984(3) 164 [2646.01]

2 Intra N3-H3B05 0.86 2.29 2.658(3) 106

3 N3-H3B--Ol 0.86 2.1 3.013(3) 156 [4554.01]

4 05-H501 0.82 1.97 2.772(3) 166 [4564.01]

5 C7-H7--05 0.93 2.52 3.433(4) 166 [4555.01]

@ Symmetry codes: [4555.] = [4_566] = x, 1/2-y ,1/2+z; [4564.] = [4_575] =x, 3/2-y, -1/2+7; [4554.] = [4_565] =
X, 1/2-y, -1/2+7; [2646.] = [2_646] = 1-x, -1/2+y, 3/2-z.

Table S3. Hydrogen bonds (A, °) in S-MDM?

D-H+A D-H HA DA D-H~A ARU (J)
NI-HIA 05 0.86 2.09 2.894(2) 155 [4656.01]

2 Intra NI-HIB05 0.86 2.36 2.709(2) 105

3 NI-HIB03 0.86 2.12 2.920(2) 155 [4646.01]

4 05-H5-+03 0.82 1.89 2.7052(17) 171 [4746.01]

aSymmetry codes: [4656.] =[3_656] = 1-x, 1/2+y, 3/2-z; [4746.] = [3_746] = 2-x, -1/2+y, 3/2-z; [4646.] = [3_646]
=1-x, -1/2+y, 3/2-z.
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Table S4. Hydrogen bonds (A, ©) in MDM (94 S : 6 R)?

D-HA D-H HA DA D-HA ARU (J)
1 NI-HIA O3 0.86 2.22 3.039(2) 159 [2556.03]
2 Intra N1-H1B-05 0.86 2.2 2.592(2) 107
3 N1-H1B023 0.86 2.16 2.969(2) 156 [1565.01]
4 05-H5-023 0.82 2.41 3.098(3) 142 [1555.01]
5 05-H5025A 0.82 2.23 2.950(2) 146 [1555.01]
6 N21-H21A~023  0.86 2.1 2.944(3) 169 [2646.01]
7 N21-H21B03 0.86 2.18 3.007(2) 162 [1645.03]
8 Intra  N21-H21B-~025B  0.86 2.41 2.717(18) 102
9 025-H25A-03 0.82 1.95 2.762(2) 169 [1655.03]
10 N41-H41A-~043  0.86 2.24 3.049(2) 157 [2647.04]
11 Intra  N41-H41B-045  0.86 2.2 2.585(2) 107
12 N41-H41B-063  0.86 2.14 2.950(2) 156 [1645.02]
13 045-H45-063 0.82 2.42 3.063(3) 136 [1655.02]
14 045-H45-065A  0.82 2.19 2.923(2) 149 [1655.02]
15 N61-H61A063  0.86 2.13 2.970(3) 167 [2557.02]
16 N61-H61B-+043  0.86 2.16 2.995(2) 162 [1565.04]
17 Intra  N61-H61B~065B  0.86 2.39 2.700(14) 102
18 O65A-H65A~043  0.82 2 2.743(2) 151 [1555.04]
19 C4-H4--023 0.98 2.58 3.271(3) 128 [1555.01]
20 C7-H7--025B 0.93 2.28 3.021(18) 136 [1455.01]
21 Intra  C31-H31-025A  0.93 2.43 2.753(3) 100
22 C44-H44--063 0.98 2.55 3.237(3) 127 [1655.02]
23 C47-H47-065B  0.93 2.28 3.035(14) 138 [1555.02]
24 Intra  C71-H71--065A  0.93 2.43 2.752(3) 100

2 Symmetry codes: [1655.] =[1_655] = 14X, y, z; [1645.] =[1_645] = 1+x, -1+y, z; [2646.] = [2_646] = 1-x, -
1/2+y, 1-z; [1565.] = [1_565] =x, 1+y, z; [2556.] = [2_556] = -x, 1/2+y, 1-z; [2647.] = [2_647] = 1-x, -1/2+y, 2-z;
[2557.]1=[2_557] = -x, 1/2+y, 2-z; [1455.]=[1_455]=-1+x,y, z.
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Table S5. Hydrogen bonds (A, ©) in the SSMDM-S-MDA cocrystal ?

D-H--A D-H H--A DA D-H---A ARU (J)
1 NI1-H1A-023 0.86 2.24 3.077(2) 164 [1655.02]
2 NI1-H1B---025 0.86 2.16 2.859(2) 139 [1645.02]
3 0O5-H1---021 0.82 2.17 2.897(2) 148 [1545.02]
4 0O5-H1---025 0.82 2.44 3.109(2) 139 [1545.02]
5 023-H23--03 0.82 1.78 2.5946(19) 174 [1555.01]
6 025-H25--05 0.82 2.08 2.873(2) 164 [3466.01]
7 C4-H4---025 0.98 2.56 3.387(3) 142 [1645.02]
8 Cl11-H11---023 0.93 2.54 3.370(3) 149 [1555.02]
9 C31-H31---03 0.93 2.52 3.389(3) 156 [1455.01]
*Symmetry codes: [1545.] = [1_545] =x, -1+y,z; [1455.] = [1_455] = -1+4x, y, z; [1655.] = [1_655] = 1+x, y, z;
[1645.] = [1_645] = 1+x,-1+y,z; [3466.] = [4_466] = -1/2+x,3/2-y,1 z.
Table S6. Hydrogen bonds (A, ©) in the S-MDM-R-MDA cocrystal ®
D-H-A D-H H-A DA D-H-A ARU (J)
1 NI1-H1A--0O21 0.86 2.37 3.206(3) 165 [1545.02]
2 NI1-H1B---025 0.86 2.08 2.938(3) 177 [1645.02]
3 0O5-H5---021 0.82 2.26 2.947(3) 142 [3566.02]
4 05-H5--025 0.82 2.59 3.323(3) 151 [3566.02]
5 023-H23---:03 0.82 1.88 2.626(2) 150 [1555.01]
6 023-H23--05 0.82 2.55 3.078(3) 124 [1555.01]
7 025-H25-03 0.82 2.06 2.846(2) 162 [1565.01]

3 Symmetry codes: [1565.] =[1_565] =x, 1+y, z; [3566.] =[4_566] = 1/2+x, 3/2-y, 1-z; [1545.] =[1_545]=x, -
14y, z; [1645.] = [1_645] = 1+x, -1+y, z.
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Table S7. Hydrogen bonds (A, °) in the SSMDM-L-Pro cocrystal ®

D-HA D-H H-A DA D-H~A ARU (J)
1 NI-HI1A 037 0.86 2.05 2.909(3) 174 [2564.02]
2 Intra N1-H1B-05 0.86 221 2.604(4) 107
3 05-H5027 0.82 1.87 2.688(3) 172 [1455.03]
4 N21-H21A-~027  0.89 1.98 2.823(3) 157 [1455.03]
5 N21-H21A~038  0.89 2.58 2.905(4) 103 [1555.02]
6 Intra  N21-H21B-028  0.89 2.18 2.654(3) 113
7 N21-H21B-028  0.89 2.07 2.807(3) 140 [3466.03]
8 N31-H31A-037  0.89 1.87 2.715(3) 157 [1455.02]
9 N3I-H31A-038  0.89 2.58 3.263(3) 134 [1455.02]
10 N31-H31B--027  0.89 2.2 2.981(3) 146 [1455.03]
11 Intra  N31-H31B-038  0.89 221 2.637(3) 109
12 C22-H22-038 0.98 2.57 2.962(4) 104 [1555.02]
13 C32-H32-03 0.98 2.46 3.360(4) 152 [2565.01]

@ Symmetry codes: [1455.] = [1_455] = -1+x, y, z; [2564.] = [2_564] = 1/2-x, 1-y, -1/2+z; [3466.] = [4_466] = -
1/2+4x, 3/2-y, 1-z; [2565.] = [2_565] = 1/2-x, 1-y, 1/2+z.
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Table S8. Hydrogen bonds (A, °) in the SSMDM-D-Pro cocrystal ®

D-H---A D-H H--A DA D-H-—-A ARU (J)
1 NI1-H1A-023 0.86 2.07 2.914(3) 166 [1455.02]
2 NI1-HIB--05 0.86 2.16 3.011(3) 169 [1455.01]
3 O5-H5---058 0.82 1.83 2.630(3) 164 [1554.04]
4 N21-H21A-03 0.86 2.14 2.963(3) 160 [1555.01]
5 N21-H21B-025 0.86 2.25 3.099(3) 168 [1455.02]
6 025-H25--048 0.82 1.87 2.670(3) 164 [1655.03]
7 N41-H41A---05 0.89 2.23 3.048(3) 153 [1556.01]
8 Intra N41-H41A:-047 0.89 2.16 2.622(3) 111
9 N41-H41B--047 0.89 1.88 2.760(3) 168 [1655.03]
10 N51-HS51A 048 0.89 2.39 3.115(3) 139 [1655.03]
11 Intra N51-H51A--O57 0.89 2.19 2.650(3) 112
12 N51-H51B--057 0.89 1.89 2.759(3) 164 [1655.04]
13 C28-H28--058 0.93 2.53 3.220(4) 132 [2656.04]
2 Symmetry codes: [1554.] =[1 _554] =X, y, -1+z; [1455.] =[1 _455] =-1+x,y, z; [1655.] =[1_655]=1+x,y, z;
[2656.] = [2_656] = 1-x, 1/2+y, 1-z; [1556.] = [1_556] =, y, 1+z.
Table S9. Summary of the various contact contributions in S-MDM cocrystals.
H-H O-H C-H C-0 N-H N-O 0-0
S-MDM-S-MDA 443%  273%  24.6% 1.2% 1.9% 0.2% 0.5%
S-MDM-R-MDA  45.0%  22.0%  262%  0.3% 1.5% 0.3% 4.6%
S-MDM-L-Pro 56.6%  25.7% 15.6% O 2.1% 0 0
S-MDM-D-Pro 534%  27.1% 17.0%  0.7% 1.6% 0.2% 0
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Table S10. Slurry experiments and investigation of chiral resolution through cocrystallization.

Starting

Chiral HPLC % Area

liquor

Materials Ratio Product PXRD Results
R-MDM S-MDM %ee
® Solid 39.11 60.89 21.8% (S) S-MDM-L-Pro (1:2) + R-MDM-L-Pro (1:1) + (¥)-MDM
+)-MDM
1:1
+L-Pro Mother 5421 45.79 8.4% (R)
liquor
® Solid 33.60 66.40 32.8% (S) S-MDM-L-Pro (1:2) + R-MDM-L-Pro (1:1)
+)-MDM
1:2
+L-Pro Mother 68.07 31.93 36.1% (R)
liquor
Solid 17.64 3236 64.7% (S) S-MDM-L-Pro (1:2) + (small amount of) L-Pro or R-MDM-L-
+L-Pro '
Mother 60.03 39.97 20.1% (R)
liquor
@ Solid 10.99 89.01 78.0% (S) S-MDM-L-Pro (1:2) + L-Pro + (+)-MDM
+)-MDM .
+L-Pro 1:4 Mother
) 63.29 36.71 25.7% (R)
liquor
@ Solid 9.74 90.26 80.5% (S) S-MDM-L-Pro (1:2) + L-Pro + (+)-MDM
+)-MDM
1:5
+L-Pro Mother 65.98 34.02 32.0% (R)
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Solid Phase

o o Mass: 32.8 mg
PXRD: S-MDM-L-Pro (1:2)
"H-NMR: MDM:Pro 1: 2.08

NH, + OH 1:5 . ; . 0
Chiral HPLC: S-MDM is 96.1 %ee
OH NH MeOH
rac-mandelamide L-proline Mother Liquor
150.4 mg, 0.99 mmol 574.6 mg, 4.99 mmol Mass: 608.7 mg (after concentration)

Chiral HPLC: R-MDM is 13.9 %ee

Figure S27. Proof of concept of resolution through cocrystallization.

A preparative batch using 1:5 ratio of (+)-MDM and L-Pro was undertaken and the solid
and mother liquor analyzed by HPLC and NMR, and masses of the solid phase and the
concentrated mother liquor were determined. As shown in Figure S27, the solid phase
consists almost entirely of S-MDM-L-Pro (1:2) with excellent enantiopurity of

96.1 %ee for S-MDM.

Auto-Scaled Chromatogram

0.20- %
4 ‘ ‘
0.157 |
=) | |
< 4
0.10 | |
] \
| |
0.05 o |
] < [
it [ |
] M @ Y
0.00 — __/\3_ — \,;\* - e —
L Y e S e S I B e e R e e | L e T L N B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes
Processed Channel: 2998 PDA 210.0 nm (2998 (210-400)nm)
Processed Channel R.etentpn Area % Area Height
Time (min)
1 2998 PDA 210.0 nm (2998 (210-400)nm) 9.948 73542 1.83 5653
2 2998 PDA 210.0 nm (2998 (210-400)nm) 12.886 3934596 98.17 235442

Figure S28. Chiral HPLC analysis of the solid S-MDM-L-Pro (1:2) recovered from 1:5
experiment (96.3 %ee). The reported result of 96.1 %ee is an average of three HPLC

analyses.
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Table S11. Summary of reported cocrystals of mandelic acid and chiral coformers.

API

CCF

Crystal structures

Et-DL-mandelate®

o

o N

DL-Mandelic acid

S-Etiracetam
o)

NH,

C/v/o

S-2-Chloromandelic
acid®

"

S-Mandelic acid’

(¥)-4-Bromomandelic
acid®

(£)-2-/3-/4-
Chloromandelic acid®

(£)-4-Fluoromandelic
acid®

(+)-Mandelic acid®

No crystal structure

L-Proline’
o

OH

NH

S-Mandelic acid (1:1)

S-Mandelic acid (2:1)
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R-Mandelic acid (1:1)

R-Proline amide'® S-Mandelic acid
o)

NH,

NH

R-Mandelic acid

(1R,3S)-camphoramic acid'! R-Mandelic acid
o

o]

HoN
OH

S-Mandelic acid

(R)-2-tert-butyl-3- S-Mandelic acid
methylimidazolidin-4-one'?

HN
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R-Mandelic acid

0(22)

0Of21)
0

C(20)

D-Phenylalanine R-Mandelic acid"?

Zln

S-Mandelic acid'*

L-Phenylalanine'* S-Mandelic acid
0

OH

NH,
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L-(R)-Cysteine!® S-Mandelic acid
(0]
HS OH
NH,
R-Mandelic acid
S-Alanine S-Mandelic acid'®
(0]
OH
NH,

R-Mandelic acid!’
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L-(S)-Tryptophane!®
H

N

/

NH,

",
.

R-Mandelic acid

R-Methioninium
o

19 R-Mandelic acid

/S
Y OH
é o11 i Ima - =l C3 c27
ﬁH * °/@\\ o /1 e \1— cos
3 o1 /¥ = 2 csxw\
.- ‘ , . C28
B3 om0 k@czs
012 ca/ ‘mclu o Cz|< s
ST
o1 &
T Yoo
Figure 1
Lamivudine?’ R-Mandelic Acid
S, OH
E>---uu”/
/ N\\\\“\ o
\ /K
HoN N o

S-R-S-Mandelic Acid

Lvabradine Hydrochloride?!

e

[

—a0
~~
o
4 |
N T
)

S-Mandelic Acid
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R-Mandelic Acid

Baclofen?? S-Mandelic acid
NH, o
OH
Cl
3-(methylamino)-1-(2- S-Mandelic acid
thienyl)propan-1-o01>® R

OH

S / /,,/ N
\ / H o £ “\\ &
é ; £ ; (

R-2-aminobutanoic acid®* S-Mandelic acid

% )
o
T
®
90
®

Zle

I
N
]

S-1-Phenylethylammonium® | S-Mandelic acid -
§ ®
NH, .
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R-1-Phenylethylammonium?® | S-Mandelic acid

\
COLOT 0D

NH,*
R-Mandelic acid®’
Erythro-2-amino-1,2- S-Mandelic acid
diphenylethanol®®
HAY ////OH
Semotiadil®’ S-Mandelic acid

Pregabalin® S-Mandelic acid
o}

- v v

3-(azaniumylmethyl)-5-

(ethylsulfanyl)hexanoate™!
NH,*
(0]

N .

S-Mandelic acid

No crystal structure
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