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1. Synthetic procedures

1.1. General methods

Commercially available compounds were used as obtained from suppliers (Merck Ltd., Budapest, Hungary, and
VWR International Ltd., Debrecen, Hungary). The (R)- and (S) enantiomers of O-(4-methoxyphenyl)glycidol were
purchased from Chemspace Europe Office (Riga, Latvia) and Synnovator, Inc. (Cary, NC, USA), respectively.
Chromatographic separations were carried out on Merck Kieselgel 60 (0.040-0.063 mm) and Merck Aluminum
oxide 90 (active neutral, 0.063-0.200 mm) (Merck Ltd., Budapest, Hungary). Merck Kieselgel 60F2s: plates were used
for TLC.

Melting points were measured on a Hinotek X-4 melting point apparatus (Hinotek, Ningbo, China). Elemental
analyses were performed with a Perkin-Elmer 2400 CHNS elemental analyzer (PerkinElmer Inc., Waltham, MA,
USA). Merck Kieselgel 60F254 plates were used for TLC.

Optical rotations were determined on a Perkin-Elmer 341 polarimeter (PerkinElmer Inc., Shelton, CT, USA).

The 'H and ®C-NMR spectra were recorded in DMSO-ds, CDCls and D20 solutions in 5 mm tubes at room
temperature, on a Bruker AVANCE DRX 400 and DRX-500 spectrometers (Bruker Biospin, Karlsruhe, Baden
Wiirttemberg, Germany) at 500 ('H) and 125 (**C) MHz, with the deuterium signal of the solvent as the lock and
TMS as internal standard (*H, '3C). Chemical shifts are expressed in ppm (0) relative to TMS as the internal
reference. | values are given by Hz. NOESY spectrum of (+)-24 was obtained by using the standard Bruker pulse
program noesygpphpp (2D phase-sensitive NOESY with gradient pulses in mixing time and purge pulses before
relaxation delay d1).

The synthesis of the following ligands are provided in the Supplement:

L1, N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineethanamine dihydrochloride

L2, 3-Amino-N-(2-fluoro-3-(trifluoromethyl)benzyl]-3-phenylpropanamide hydrochloride

L3, 1-[(4-Methoxyphenoxy)methyl]-2-(1,2,3,4-tetrahydroisoquinolin-2-yl)ethanol

L4, 3-Amino-N-(3-fluoro-5-(trifluoromethyl)benzyl]-3-phenylpropanamide hydrochloride

L6, N-Benzyloxycarbonyl-(9-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-yl)methanamine

L8, 3-Amino-N-(2-fluoro-3-(trifluoromethyl)benzyl]-2-methylpropanamide trifluoroacetate

L9, N-Benzyloxycarbonyl-(2,3,4,9-tetrahydro-1H-pyridol3,4-blindol-1-yl)methanamine {)-21]

L10, (4R*,11bR*)-9,10-Diethoxy-4-[4-(dimethylamino)phenyl]-1,3,4,6,7,11b-hexahydro-2H-pyrimido-
[6,1-alisoquinoline

L11, 1-{[(Benzyloxycarbonyl)amino]lmethyl}-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline
L12,(1R*9bR*)-1-{[(4-Chlorophenyl)thiolmethyl}-7,8-diethoxy-1,4,5,9b-tetrahydro-2H-

azeto[2,1-alisoquinoline

The syntheses of

L5, (x)-diendo-3’-amino-1-benzyl-5’,8’-methano-4’a,5’,8’,8’a-tetrahydrospiro[piperidine-4,2’(1’H)-quinazolin]-
4’(3’H)-one and

L7, (1S,3R,4R,6R)-3-(benzylamino)methyl)-7,7-dimethylbicyclo[4.1.0]heptane-3,4-diol

were described earlier [1], [2].

1.2. Synthesis of racemic ligand-1 (L1, compound 5) and its enantiomers [(R)-5 and (S)-5]
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Scheme S1. Synthesis of compounds (+)-5, (R)-5, and (5)-5.
Reagents and conditions (i) Boc2O (1.1 equiv), NaOH (1 equiv), H2O-1,4-dioxane, 0 °C, 3 h, then r.t., 3 h (77%);
(if) HCI, H20, 110°C, 12 h (97-98%); (iii) (i) Boc2O (1.1 equiv), NaOH (2 equiv), H20-1,4-dioxane, 0 °C, 3 h,
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then r.t., 3 h (74-80%); (iv) 1. CICO2Et (1 equiv), EtsN (1 equiv), BhNH: (1 equiv), toluene—-CH2Cl, 10 °C to reflux,
2. 22% HCl in EtOH, MeOH, Et20 (57-65%); (v) 1. NaOH, 2. LiAlHa4 (3.3 equiv), THF, reflux, 5 h,
3.22% HCl in EtOH, MeOH, Et20 (51-54%).

(R)-6,7-Dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetic acid hydrochloride [compound (R)-1]

A mixture of methyl (R)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate [compound (R)-3, 12.50 g, 47
mmol)], conc. hydrochloric acid (25 mL), and H20 (125 mL) was stirred at 110 °C for 12 h. The solution was
evaporated, and acetone (100 mL) was added to the solid residue. Crystals were filtered off and washed with
acetone (3 x 50 mL). The crude product was used for further transformations without purification. For analytical
purposes, a sample was recrystallized from AcOH-acetone.

Yield: 13.20 g (97%), pale beige crystals, m.p.: 215-218 °C. 'H NMR (500 MHz, D20): = 2.90-3.16 (4H, m), 3.32-3.40
(1H, m), 3.44-3.55 (1H, m), 3.72 (6H, s), 4.78-4.84 (1H, m), 6.73 (1H, s), 6.77 (1H, s). 3*C NMR (125 MHz, D20): 5 =
24.3, 37.0, 39.5, 51.4, 55.6, 55.8, 108.8, 111.8, 122.5, 124.6, 147.4, 148.1, 173.8. Elemental analysis: calcd. (%) for
C1sHisCINOs (287.74): C, 54.26; H, 6.31; Cl, 12.32; N, 4.87; found: C, 54.15; H, 6.19; Cl, 12.47; N, 4.66.

(5)-6,7-Dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetic acid hydrochloride [compound (S)-1]

Compound (S)-1 was prepared from (S)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate [compound (S)-3]
according to the above procedure described for compound (R)-1.

Yield: 13.35 g (98%), pale beige crystals, m.p.: 217-219 °C. The 'H and 3C NMR spectra of compound (S)-1 were
identical to those of (R)-1. Elemental analysis: caled. (%) for CisHisCINOs (287.74): C, 54.26; H, 6.31; Cl, 12.32; N,
4.87; found: C, 54.38; H, 6.22; Cl, 12.08; N, 4.67.

6,7-Dimethoxy-2-(tert-butoxycarbonyl)-1,2,3,4-tetrahydro-1-isoquinolineacetic acid [compound (£)-2]

A solution of di-tert-butyl dicarbonate (Boc20, 9.60 g, 44 mmol) in 1,4-dioxane (40 mL) was added in small portions
to a stirred and ice-cooled solution of 6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetic acid [3] [compound (+)-
1, 10.05 g, 40 mmol] and NaOH (1.60 g, 40 mmol) in H20 (40 mL). The mixture was stirred under ice-cooling for 3
h and at room temperature for 3 h and allowed to stand at room temperature overnight. Then it was evaporated to
1/3 volume, and CHCls (100 mL) was added. The mixture was cooled, and its pH was adjusted to 2.5 by using 10%
H2SOs. The organic phase was separated, and the aqueous phase was extracted with CHCls (2 x 100 mL). The
combined organic phases were dried (Na25Os) and evaporated under reduced pressure to give a pale beige solid,
which was applied for further transformations without purification. Yield: 10.84 g (77%).

(R)-6,7-Dimethoxy-2-(tert-butoxycarbonyl)-1,2,3,4-tetrahydro-1-isoquinolineacetic acid [compound (R)-2]
Compound (R)-2 was prepared from (R)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetic acid hydrochloride
[ (R)-1. HCI] according to the above procedure described for (+)-2, but using 2 equiv of NaOH. (R)-2 was obtained
as a pale beige solid (yield: 74%), which was applied for further transformations without purification.

(5)-6,7-Dimethoxy-2-(tert-butoxycarbonyl)-1,2,3,4-tetrahydro-1-isoquinolineacetic acid [compound (S)-2]
Compound (S5)-2 was prepared from (S)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetic acid hydrochloride
[(S)-1. HCI] according to the above procedure described for compound (+)-2, but using 2 equiv of NaOH. (S)-2 was
obtained as a pale beige solid (yield: 80%), which was applied for further transformations without purification.

N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetamide hydrochloride [compound ()-4]

To a stirred and ice-salt bath-cooled solution of 6,7-dimethoxy-2-(tert-butoxycarbonyl)-1,2,3,4-tetrahydro-1-
isoquinolineacetic acid [(+)-2, 2.11 g, 6 mmol)] and triethylamine (0.61 g, 6 mmol) in anhydrous toluene (25 mL),
ethyl chloroformate (0.65 g, 6 mmol) was added dropwise at a rate to keep the internal temperature below 10 °C.
After 5 min, a solution of benzylamine (0.64 g, 6 mmol) in anhydrous CH2Clz (15 mL) was added dropwise, while
the internal temperature was kept below 0 °C. After the addition, the reaction mixture was warmed to boiling and
heated under reflux for 5 min. When the mixture was cooled down to room temperature, EtOAc (80 mL) and water
(40 mL) were added. The separated organic phase was washed successively with cold 5% HCI solution (2 x 40 mL),
saturated NaHCO:s solution (2 x 40 mL), and water (2 x 40 mL). After drying (Na250Os), the solvent was evaporated
in vacuo to yield a white solid residue, which was dissolved in MeOH (20 mL), and 22% ethanolic HCI (25 mL) was
added. The mixture was stirred at room temperature for 12 h then evaporated. The crystalline residue was filtered
off and recrystallized from MeOH-Et2O

Yield: 1.47 g (65%), white crystalline substance, m.p.: 195-198 °C. "H NMR (500 MHz, D:0): = 2.81-2.89 (1H, m),
2.93-3.04 (2H, m), 3.12-3.24 (2H, m), 3.53 (3H, s), 3.60-3.67 (1H, m), 3.78 (3H, s), 3.93 (1H, d, ] = 15.2 Hz), 4.39 (1H, d,
J=15.2 Hz), 4.77-4.82 (1H, m), 6.66 (1H, s), 6.73-6.78 (3H, m), 7.09-7.21 (3H, m). 3*C NMR (125 MHz, D:0): 0 =24.7,



36.7, 40.9, 42.6, 52.7, 55.5, 55.6, 108.6, 111.7, 121.6, 125.4, 126.8, 127.3, 128.5, 137.4, 147.3, 148.0, 171.5. Elemental
analysis: calcd. (%) for C20H2sCIN20s (376.88): C, 63.74; H, 6.69; Cl, 9.41; N, 7.43; found: C,63.60; H, 6.75; Cl, 9.27; N,
7.22.

(R)-N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetamide hydrochloride [compound (R)-4]
Compound (R)-4 was prepared from (R)-6,7-dimethoxy-2-(tert-butoxycarbonyl)-1,2,3,4-tetrahydro-1-isoquinoline-
acetic acid [(R)-3] according to the above procedure described for compound (+)-4.

Yield: 1.29 g (57%), white crystalline substance, m.p.: 225-227 °C. The 'H and *C NMR spectra of (R)-4 were identical
to those of (+)-4. Elemental analysis: caled. (%) for C20H2sCIN20s (376.88): C, 63.74; H, 6.69; Cl, 9.41; N, 7.43; found:
C, 63.69; H, 6.52; Cl,9.24; N, 7.31.

(5)-N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetamide hydrochloride [compound (S)-4]
Compound (S)-4 was prepared from (S)-6,7-dimethoxy-2-(tert-butoxycarbonyl)-1,2,3,4-tetrahydro-1-isoquinoline-
acetic acid [(S)-3] according to the above procedure described for compound (+)-4.

Yield: 1.33 g (59%), white crystalline substance, m.p.: 226-228 °C. The 'H and *C NMR spectra of (R)-4 were identical
to those of (+)-4. Elemental analysis: calcd. (%) for C20H25CIN20:s (376.88): C, 63.74; H, 6.69; Cl, 9.41; N, 7.43; found:
C, 63.83; H, 6.52; Cl, 9.37; N, 7.26.

N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineethanamine dihydrochloride [L1, compound (%)-5]
N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetamide hydrochloride [(+)-4, 1.13 g, 3 mmol) was
dissolved in water (15 mL), and the solution was made alkaline using 20% NaOH and extracted with CHCls (4 x 20
mL). The combined organic extracts were dried (Na250s4) and evaporated. The crude base was dissolved in THF (10
mL), and this solution was added dropwise to a cooled and stirred suspension of LiAlHa (0.38 g, 10 mmol) in THF
(40 mL). The mixture was stirred under reflux for 5 h and then cooled. The excess of LiAlHs was decomposed by
adding a mixture of water (0.8 mL) and THF (15 mL). The inorganic salts were filtered off and washed with EtOAc
(3 x 50 mL). The combined organic filtrate and washings were dried (Na2504) and evaporated under reduced
pressure to give a yellow oil. It was dissolved in MeOH and converted to a crystalline dihydrochloride salt using
an excess of 22% ethanolic HCI and Et20. The crystalline product was filtered off and recrystallized from MeOH-
Et0.

Yield: 0.65 g (54%), yellowish-white crystalline substance, m.p.: 254-256 °C. '"H NMR (500 MHz, D:0): 6 = 2.31-2.46
(2H, m), 2.97-3.13 (3H, m), 3.16-3.25 (1H, m), 3.41-3.49 (1H, m), 3.50-3.59 (1H, m), 3.73 (3H, s), 3.84 (3H, s), 4.18-4.30
(2H, m), 4.60 (1H, t, ] = 6.2 Hz), 6.66 (1H, s), 6.90 (1H, s), 7.34-7.47 (5H, m). *C NMR (125 MHz, D20): d = 23.8, 29.3,
38.7,42.3,50.7, 52.2, 55.8, 56.0, 109.5, 112,3, 122.0, 124.5, 129.3, 129.8, 129.9, 147.2, 148.4. Elemental analysis: calcd.
(%) for C20H2sCI2N202 (399.35): C, 60.15; H, 7.07; Cl, 17.76; N, 7.01; found: C, 60.02; H, 6.95; Cl, 17.80; N, 6.86.

(R)-N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineethanamine dihydrochloride [compound (R)-5]
Compound (R)-5 was prepared from (R)-N-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetamide
hydrochloride [(R)-4] according to the above procedure described for (+)-5.

Yield: 0.62 g (52%), yellowish-white crystalline substance, m.p.: 242-246 °C, [a] ZD°= +6.5 (¢=0.2, MeOH). The 'H and
13C NMR spectra of (R)-5 were identical to those of (+)-5. Elemental analysis: calcd. (%) for C20H2sCI2N202 (399.35):
C, 60.15; H, 7.07; Cl, 17.76; N, 7.01; found: C, 59.91; H, 7.03; Cl, 17.54; N, 6.82.

(5)-N-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineethanamine dihydrochloride [compound (S)-5]
Compound (S)-5 was prepared from (S)-N-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetamide
hydrochloride [(S)-4] according to the above procedure described for (+)-5.

Yield: 0.61 g (51%), yellowish-white crystalline substance, m.p.: 240-244 °C, [a] 2D°= -7,0 (¢=0.2, MeOH). The 'H and
13C NMR spectra of (S)-5 were identical to those of (+)-5. Elemental analysis: calcd. (%) for C20H28Cl2N202 (399.35):
C, 60.15; H, 7.07; Cl, 17.76; N, 7.01; found: C, 60.29; H, 6.86; Cl, 17.48; N, 7.14.
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Scheme §2. Synthesis and resolution of compound (%)-3.
Reagents and conditions (i) SOClz (1.1 equiv), MeOH, 0 °C, 2 h, then r.t.,, 2 h, then reflux, 6 h (96%);
(i) Na2COs (89-97%); (iii) L-(+)-tartaric acid (1 equiv), MeOH, r.t., 5 d (32%);
(iv) D-(-)-tartaric acid (1 equiv), MeOH, r.t., 5 d (37%).

Methyl 6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate hydrochloride [compound (+)-3 . HCI]

Under stirring and ice-salt cooling, SOCl2 (14.07 g, 118.7 mmol) was added dropwise to methanol (250 mL) at a rate
to keep the temperature below —10 ° C. To the further stirred and ice-salt cooled mixture, 6,7-dimethoxy-1,2,3,4-
tetrahydro-1-isoquinolineacetic acid [3] [compound (+)-1, 27.10 g, 107.8 mmol] was added in small portions. After
the addition, the mixture was stirred in an ice-water bath for 2 h, at room temperature for 2 h, finally under reflux
for 6 h. After adding Et2O (150 mL), the mixture was allowed to stand at room temperature for 1 day. The separated
crystals were filtered off and washed with a 1:1 mixture of MeOH and Et2O. For analytical purposes, a sample was
recrystallized from MeOH-Et:0.

Yield: 31.33 g (96 %), yellowish white, shining crystals, m.p.: 217-220 °C (MeOH-Et0). '"H NMR (500 MHz, D20):
0 =3.07-3.12 (2H, m), 3.26-3.32 (2H, m), 3.49-3.57 (1H, m), 3.64-3.73 (1H, m), 3.85 (3H, s), 3.88 (3H, s), 3.90 (3H, s),
4.98-5.04 (1H, m), 6.88 (1H, s), 6.96 (1H, s). ®*C NMR (125 MHz, D20): d = 24.4, 37.3, 39.7, 51.6, 53.0, 56.0, 56.1, 109.2,
112.2, 122.6, 124.9, 147.7, 148.4, 172.6. Elemental analysis: calcd. (%) for C1aH20CINOs (301.77): C, 55.72; H, 6.68; CI,
11.75; N, 4.64; found: C, 55.58; H, 6.51; Cl, 11.63; N, 4.50.

Methyl 6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate [compound (z)-3]

A solution of methyl 6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate hydrochloride [(+)-3 . HCI, 30.00 g,
99.4 mmol] in water (150 mL) was made alkaline using a conc. aqueous Na2COs solution and was extracted with
EtOAc (4 x 150 mL). The combined organic extracts were dried (Na2504) and evaporated. Yield: 25,49 g (97 %),
beige solid. The crude base (+)-3 was used for the resolution process without further purification.

Methyl (R)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate (2R,3R)-tartrate ( compound 6)

Methyl 6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate [(+)-3, 25.88 g, 97.5 mmol) and (2R,3R)-(+)-tartaric
acid (14.64 g, 97.5 mmol) were dissolved in methanol (250 mL) with heating, and the solution was allowed to stand
at room temperature. The precipitated crystals were filtered off after 5 days and washed with methanol. For
analytical purposes, a sample was recrystallized from MeOH. For further transformations, crude 6 was used
without purification.

Yield: 12.83 g (32%), white crystalline substance, m.p: 152-156 °C (MeOH). '"H NMR (500 MHz, D:0): d 2.94-3.08
(2H, m), 3.14-3.22 (2H, m), 3.36-3.45 (1H, m), 3.50-3.59 (1H, m), 3.70 (3H, s), 3.77 (3H, s), 3.79 (3H, s), 445 (2H, s),
4.86-4.93 (1H, m), 6.77 (1H, s), 6.85 (1H, s). ®*H NMR (125 MHz, D20):  =24.4, 37.2, 39.7, 51.6, 53.0, 56.0, 56.1, 73.0,
109.2, 112.2, 124.6, 124.9, 147.6, 148.4, 172.6, 176.4. Elemental analysis: calcd. (%) for CisH2sNO1o (415.39): C, 52.05;
H, 6.07; N, 3.37; found: C, 52.00; H, 5.89; N, 3.16.



Methyl (R)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate [compound (R)-3]

A solution of methyl (R)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate (2R,3R)-tartrate [6, 10.00 g, 24
mmol] in water (100 mL) was made alkaline by using a conc. aqueous Na2CO:s solution and was extracted with
EtOAc (4 x 100 mL). The combined organic extracts were dried (Na2504) and evaporated to yield a beige solid,
which was applied for further transformations without purification. For analytical purposes, a sample was
recrystallized from iPr20.

Yield: 5.75 g (90 %), beige crystals, m.p.: 102-105 °C (lit. [4] m.p.: 106-107 °C), [a] 2[?= +48,8 (c = 1.0, EtOH) (lit.[4]
[a] 2D°= +50,05 (¢ = 0.7, 95% EtOH)), ee 2 99%. The 'H and *C NMR spectra (CDCls) of (R)-3 were identical to that of
its antipode [(S)-3] published [5] earlier. Elemental analysis: caled. (%) for C1aH19NOs (265.30): C, 63.38; H, 7.22; N,
5.28; found: C, 63.46; H, 7.11; N, 5.08.

Methyl (S)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate (25,3S)-tartrate (compound 7)

After filtering off the(2R,3R)-tartrate 6, the mother liquor was evaporated, and the residual solid was dissolved in
water (200 mL). The solution was made alkaline (Na2COs), and the base 3*, being rich in the (S)-isomer, was
extracted with EtOAc (4 x 100 mL). After drying (Na2SO4) and evaporation, 16.99 g of 3* was obtained, which was
used directly for the preparation of the D-tartrate 7.

The above-described base being rich in the (S)-isomer (3%, 16,99 g, 64 mmol) and (2S,35)-(-)-tartaric acid (9.61 g, 64
mmol) was dissolved in methanol (170 mL) with heating, and the solution was allowed to stand at room
temperature. The precipitated crystals were filtered off after 5 days and washed with methanol. For analytical
purposes, a sample was recrystallized from MeOH. For further transformations, crude 7 was used without
purification.

Yield: 14.94 g [37%, starting from (+)-3], white crystalline substance, m.p: 153-156 °C (MeOH). The 'H and 3C NMR
spectra of 7 were identical to those of 6. Elemental analysis: calcd. (%) for CisH2sNO1o (415.39): C, 52.05; H, 6.07; N,
3.37; found: C, 51.93; H, 5.99; N, 3.26.

Methyl (S)-6,7-dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetate [compound (5)-3]

Compound (S)-3 was obtained from the (25,3S)-tartrate 7 in the same manner as described above for the liberation
of (R)-3 from the (2R,3R)-tartrate 6. (S)-3 was obtained as a beige solid which was used for further transformations
without purification. For analytical purposes, a sample was recrystallized from iPr20.

Yield: 4.65 g (89 %), beige crystals, m.p.: 104-106 °C, [a] 2D0= —48,8 (c = 1.0, EtOH), ee > 99%. The 'H and 3C NMR
spectra (CDCIs) of (S)-3 were identical to that published [5] earlier. Elemental analysis: calcd. (%) for CisHisNOs
(265.30): C, 63.38; H, 7.22; N, 5.28; found: C, 63.17; H, 7.04; N, 5.11.

The ee values of (R)-3 and (S)-3 were determined by HPLC using a ChiralPak ODH column. The analytical
conditions were as follows: eluent: a 90:10 mixture of n-hexane and iPrOH containing 0.1% Et2N, flow rate: 0.5 mL
min~!, detection at 240 nm, retention times: (S)-3: ca. 45 min, (R)-3: ca. 60 min (Figure 521).

1.3. Synthesis of racemic Ligand 2 [L2, compound (z)-10] and its enantiomers [(R)-10and (S)-10]

COzH
NHBo
C ©/6N\|BOC ©/|\)‘\

(£)-8, (R)-8, (S)-8 (#)-9, (R)-9, (S)-9 (£)-10, (R)-10, (S)-1
Scheme S3. Synthesis of compounds (+)-10, (R)-10, and (S)-10.
Reagents and conditions (i) 2-fluoro-3-(trifluoromethyl)benzylamine (1 equiv), HOBt (1.2 equiv),
DIC (1.2 equiv), DMEF, r.t, 16 h (82-86%); (ii) 22% HCl in EtOH, reflux, 4 h (83-85%).

N-(2-Fluoro-3-(trifluoromethyl)benzyl]-3-phenyl-3-[(tert-butoxycarbonyl)amino]propanamide [ compound (+)-
9]

A mixture of (+)-3-(tert-butoxycarbonylamino)-3-phenylpropanoic acid [6] [(+)-8, 265 mg, 1 mmol], hydroxybenzo-
triazole (HOBt, 162 mg, 1.2 mmol), N,N'-diisopropylcarbodiimide (DIC, 151 mg, 1.2 mmol), and 2-fluoro-3-(tri-
fluoromethyl)benzylamine (193 mg, 1 mmol) was stirred in DMF (15 mL) at room temperature for 16 h. The solvent
was evaporated, and the residue was purified by column chromatography over silica gel using EtOAc as eluent.



Yield: 378 mg (86%), white solid, m.p. = 170-173 °C. 'H NMR (500 MHz, CDCls): & = 1.39 (9H, s), 2.71-2.74 (2H, m),
435 (1H, dd, ] =5.7, 15.7 Hz), 443 (1H, dd, ] = 6.2, 15.5 Hz), 4.98-5.07 (1H, m), 5.91 (1H, brs), 5.98 (1H, brs), 7.1 (1H,
t, ] = 7.9 Hz), 7.18-7.27 (6H, m), 7.48 (1H, t, ] = 7.2 Hz). 13C NMR (125 MHz, CDCls): d = 28.3, 36.7, 36.8, 42.9, 79.7,
121.4, 124.0, 124.0, 126.0, 1262, 126.3, 126.7, 126.8, 127.5, 128.6, 133.9, 134.0, 141.3, 155.3, 158.8, 170.4. Elemental
analysis: calcd. (%) for C22HaFaN2Os (440,43): C, 59.99; H, 5.49; N, 6.36; found: C, 60.11; H, 5.28; N, 6.23.

(R)-N-(2-Fluoro-3-(trifluoromethyl)benzyl]-3-phenyl-3-[(tert-butoxycarbonyl)amino]propanamide [compound
(R)-91

Compound (R)-9 was prepared starting from (R)-3-(tert-butoxycarbonylamino)-3-phenylpropanoic acid [7] [(R)-8]
according to the above procedure described for the racemic analog (+)-9.

Yield: 374 mg (85%), white solid, m.p: 171-174 °C, [a] 3= +22.3 (c = 0.5, MeOH), ee > 99%. The 'H and 13C NMR
spectra of (R)-9 were identical to those of (+)-9. Elemental analysis: calcd. (%) for C2H24FiN20s (440,43): C, 59.99; H,
5.49; N, 6.36; found: C, 60.15; H, 5.33; N, 6.27.

(5)-N-(2-Fluoro-3-(trifluoromethyl)benzyl]-3-phenyl-3-[(tert-butoxycarbonyl)amino]propanamide [compound
(9)-91

Compound (S)-9 was prepared starting from (S)-3-(tert-butoxycarbonylamino)-3-phenylpropanoic acid [8] [(S)-8]
according to the above procedure described for the racemic analog (+)-9.

Yield: 352 mg (82%), white solid, m.p: 170-174 °C, [a] 2D°= -19.6 (c = 0.5, MeOH), ee = 99%. The 'H and 13C NMR
spectra of (R)-9 were identical to those of (+)-9. Elemental analysis: calcd. (%) for C22H24FiN20s (440,43): C, 59.99; H,
5.49; N, 6.36; found: C, 60.22; H, 5.41; N, 6.38.

The ee values of (R)-9 and (S)-9 were determined by HPLC using Phenomenex-IA column. The analytical conditions
were as follows: eluent: a mixture of n-hexane and iPrOH (95:5), flow rate: 0.5 mL min, detection at 210 nm,
retention times: (R)-9: 24.49 min, (5)-9: 25.73 min) (Figure 522).

3-Amino-N-(2-fluoro-3-(trifluoromethyl)benzyl]-3-phenylpropanamide hydrochloride [compound ()-10]
N-(2-Fluoro-3-(trifluoromethyl)benzyl]-3-phenyl-3-[(tert-butoxycarbonyl)amino]propanamide [(+)-9, 440 mg, 1
mmol] was refluxed in 22% ethanolic HCI (15 mL) for 4 h. The solvent was evaporated, and the crystalline residue
was filtered off from Et0.

Yield: 321 mg (85%), white solid, m.p. 180-183 °C. 'H NMR (500 MHz, D20): = 3.09 (1H, dd, ] =9.3, 14.7 Hz), 3.16
(1H, dd, J=5.3,14.4 Hz), 4.29 (1H, d, ] =15.2 Hz), 449 (1H, d, ] = 15.7 Hz), 4.78-4.83 (1H, m), 7.13 (1H, t, ] = 7.3 Hz),
7.24 (1H, t, ] =7.2 Hz), 7.42-7.52 (4H, m), 7.68 (1H, t, ] = 7,4 Hz). ¥*C NMR (125 MHz, D20): d = 36.6, 36.6, 39.7, 52.6,
124.5,124.5, 126.0, 126.1, 126.5, 126.6, 127.1, 129.4, 129.9, 133.8, 133.9, 134.5. 170.8. Elemental analysis: calcd. (%) for
Ci7Hi7CIFaN20 (376.78): C, 54.19; H, 4.55; Cl, 9.41; N, 7.44; found: C, 54.28; H, 4.47; Cl, 9.62, N, 7.63.

(R)-3-Amino-N-(2-fluoro-3-(trifluoromethyl)benzyl]-3-phenylpropanamide hydrochloride [compound (R-10]
Compound (R)-10 was prepared starting from (R)-N-(2-fluoro-3-(trifluoromethyl)benzyl]-3-phenyl-3-[(tert-butoxy-
carbonyl)amino]propanamide [(R)-9] according to the above procedure described for the racemic analog (+)-10.
Yield: 316 mg (84%), white solid, m.p.: 186-189 °C, [a] 2D0= +2.3 (c=0.5, MeOH). The 'H and *C NMR spectra of (R)-
10 were identical to those of (+)-10. Elemental analysis: calcd. (%) for CizHi7CIFsN20 (376.78): C, 54.19; H, 4.55; Cl,
9.41; N, 7.44; found: C, C, 54.25; H, 4.62; Cl,9.57, N, 7.31.

(5)-3-Amino-N-(2-fluoro-3-(trifluoromethyl)benzyl]-3-phenylpropanamide hydrochloride [compound (S-10]
Compound (S)-10 was prepared starting from (S)-N-(2-fluoro-3-(trifluoromethyl)benzyl]-3-phenyl-3-[(tert-butoxy-
carbonyl)amino]propanamide [(S)-9] according to the above procedure described for the racemic analog (+)-10.
Yield: 312 mg (83%), white solid, m.p.: 185-189 °C, [a] 2D°= -1.8 (c=0.5, MeOH) The 'H and *C NMR spectra of (S)-
10 were identical to those of (+)-10 Elemental analysis: caled. (%) for Ci7Hi7CIFaN20 (376.78): C, 54.19; H, 4.55; Cl,
9.41; N, 7.44; found: C, 54.26; H, 4.61; Cl, 9.52, N, 7.58.

1.4. Synthesis of racemic Ligand 3 [L3, compound (+)-12] and its enantiomers [(R)-12 and (S5)-12]
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Scheme S4. Synthesis of compounds (+)-12, (R)-12, and (S)-12.

Reagents and conditions: (i) 1. O-(4-methoxyphenyl)glycidol (1 equiv), EtOH, reflux, 20 h, 2. 22% HCl in EtOH,
MeOH, Et20 (60%); (ii) 1. (R)-O-(4-methoxyphenyl)glycidol (1 equiv), EtOH, reflux, 20 h, 2. 22% HCI in EtOH,
MeOH, Et20 (48%); (iii) (S)-O-(4-methoxyphenyl)glycidol (1 equiv), EtOH, reflux, 20 h, 2. 22% HCl in EtOH,
MeOH, Et20 (45%)

1-[(4-Methoxyphenoxy)methyl]-2-(1,2,3,4-tetrahydroisoquinolin-2-yl)ethanol [compound (z)-12]

A solution of 1,2,3,4-tetrahydroisoquinoline (11, 133 mg, 1 mmol) and O-(4-methoxyphenyl)glycidol (180 mg, 1
mmol) in EtOH (10 mL) was heated under reflux for 20 h. Then the solution was evaporated, and the crude base
was converted to its hydrochloride by adding 22% ethanolic HCI and Et2O. The crystals were filtered off and
recrystallized from EtOH.

Yield: 210 mg (60%), white crystalline substance, m.p. = 150-152 °C. 'H NMR (500 MHz, D20): d =3.16-3.23 (2H, m),
3.43-3.52 (2H, m), 3.67 (2H, brs), 3.76 (3H, s), 4.03 (1H, dd, ] =10.3, 5.1 Hz), 4.08 (1H, dd, ] =10.3, 4.2 Hz), 4.44-4.56
(3H, m), 6.91-6.98 (4H, m), 7.19 (1H, d, ] = 7.4 Hz), 7.26-7.36 (m, 3H). 3C NMR (125 MHz, D:0): d = 24.3, 55.9, 57.2,
64.0,70.4, 115.2, 116.2, 126.8, 127.1, 128.4, 128.8, 130.7, 152.3, 153.7. Elemental analysis: calcd. (%) for CiyH24CINOs
(349.85): C, C, 65.23; H, 6.91; Cl, 10.13; N, 4.00; found: C, 65.02; H, 6.77; Cl, 9.98; N, 3.86.

(R)-1-[(4-Methoxyphenoxy)methyl]-2-(1,2,3,4-tetrahydroisoquinolin-2-yl)ethanol [ compound (R)-12]
Compound (R)-12 was prepared according to the above procedure described for the racemic analog (+)-12 by using
(R)-O-(4-methoxyphenyl)glycidol instead of the racemic epoxide. The crude base was purified by column chroma-
tography on aluminum oxide using a 1:1 mixture of n-hexane and EtOAc as eluent before converting to its hydro-
chloride.

Yield: 168 mg (48%), white crystalline substance, m.p. = 171-173 °C. [a] 2D0= +20.0 (c = 0.5, MeOH). The 'H and *C
NMR spectra of (R)-12 were identical to those of (+)-12. Elemental analysis: calcd. (%) for C1oH24CINOs (349.85): C,
C, 65.23; H, 6.91; Cl, 10.13; N, 4.00; found: C, 64.98; H, 7.06; CI, 10.12; N, 3.79.

(5)-1-[(4-Methoxyphenoxy)methyl]-2-(1,2,3 4-tetrahydroisoquinolin-2-yl)ethanol [compound (S)-12]

Compound (S)-12 was prepared according to the above procedure described for the (R)-12 by using (S)-O-(4-
methoxyphenyl)glycidol instead of the racemic epoxide.

Yield: 157 mg (45%), white crystalline substance, m.p. = 171-174 °C. [a] 2[;)= —20.0 (c = 0.5, MeOH). The 'H and 3C
NMR spectra of (S)-12 were identical to those of (+)-12. Elemental analysis: caled. (%) for C1oH24CINOs (349.85): C,
C, 65.23; H, 6.91; Cl, 10.13; N, 4.00; found: C, 65.13; H, 6.84; Cl, 10.09; N, 4.07.

1.5. Synthesis of Ligand 4 [L4, compound (+)-14]

O (0]
CO,H
i ©/6\N/\©/CF3 i G/EI\N/\Q/CFS
NHBoc ~— H - H
NHBoc NH>
F .HCI F
(*)-13 (

(£)-8 +)-14
Scheme S5. Synthesis of compound (+)-14.

Reagents and conditions (i) 3-fluoro-5-(trifluoromethyl)benzylamine (1 equiv), HOBt (1.2 equiv),
DIC (1.2 equiv), DMF, r.t, 16 h (81%); (ii) 22% HCl in EtOH, reflux, 4 h (85%).



N-(3-Fluoro-5-(trifluoromethyl)benzyl]-3-phenyl-3-[(tert-butoxycarbonyl)amino]propanamide [compound (z)-
13]

Compound(+)-13 was prepared according to the procedure described for the regioisomeric analog (+)-9 by using 3-
fluoro-5-(trifluoromethyl)benzylamine instead of the 2-fluoro-3-(trifluoromethyl) isomer.

Yield: 356 mg (81%), white solid, m.p. 175-178 °C. 'H NMR (500 MHz, CDCls): & = 1.39 (9H, s), 2.66-2,87 (2H, m),
429 (1H, dd, ] =5.7,15.5 Hz), 4.41 (1H, dd, ] = 5.6, 15.8 Hz), 5.05 (1H, brs), 5.91 (1H, d, ] = 6.9 Hz), 6.14 (1H, brs), 6.92
(1H, d, J=8.9 Hz), 7.13-7.34 (2H, m), 7.23-7.34 (6H, m). ®C NMR (125 MHz, CDCls): 5 =28.3, 42.6, 43.0, 111.7, 111.8,
111.9, 112.0, 117.9, 118.0, 119.9, 120.0, 126.0, 127.7, 128.8, 141.9, 142.0, 155.5, 161.6, 163.6. Elemental analysis: calcd.
(%) for C22H24FsN20s (440.43): C, 59.99; H, 5.49; N, 6.36; found: C, 60.29; H, 5.41; N, 6.61.

3-Amino-N-(3-fluoro-5-(trifluoromethyl)benzyll-3-phenylpropanamide hydrochloride [compound ()-14]
Compound(+)-14 was prepared according to the procedure described for the regioisomeric analog (+)-10.

Yield: 320 mg (85%), white solid, m.p. 180-182 °C. 'H NMR (500 MHz, D20): 0 =2.98 (1H, dd, ] = 9.5, 15.0 Hz), 3.16
(1H, dd, J=5.7, 14.4 Hz), 412 (1H, d, ] = 15.5 Hz), 4.33 (1H, d, ] = 15.5 Hz), 4.67 (1H, m), 6.80 (1H, d, ] =9.2 Hz), 7.18
(1H, s), 7.26-7.47 (6H, m). *C NMR (125 MHz, D20): 0 = 36.6, 36.7, 39.7, 52.6, 124.5, 124.6, 126.0, 126.1, 126.5, 126.6,
127.1,129.4, 129.9, 133.8, 133.9, 134.5. 170.8. Elemental analysis: calcd. (%) for Ci7Hi7CIFsN20 (376.78): C, 54.19; H,
4.55; Cl, 9.41; N, 7.44; found: C, 54.27; H, 4.51; C1, 9.62; N, 7.31.

1.6. Synthesis of Ligand 6 [L6, compound (+)-16]

NH
(. 17\—5 NH, . \
N\ — \
\ CHs NH
CHs O)\o

15 (£)-16
Scheme S6. Synthesis of compound (+)-16.

Reagents and conditions (i) (MeO):CHCH2NHCbz (0.75 equiv),
AcOH, H20, reflux under N2, 2 h (76%).

N-Benzyloxycarbonyl-(9-methyl-2,3,4,9-tetrahydro-1H-pyridol[3,4-blindol-1-yl)methanamine [compound (z)-16]
A mixture of 4.36 g (16 mmol) (1-methyl-1H-indol-3-yl)ethanamine [9] (15) and 4.47 g (12 mmol) benzyl N-(2,2-
dimethoxyethyl)carbamate [10] in AcOH (65 mL) and H2O (28 mL) was refluxed under Nz for 2 h and then
evaporated. The crude oily product was purified by column chromatography on silica using a 4:1 mixture of toluene
and MeOH as eluent. For analytical purposes, a sample was recrystallized from iPr2O-EtOAc.

Yield: 4.98 g (76%), pale brown powder, m.p.: 118.5-119.5 °C. "H NMR (500 MHz, CDCls): 8 =1.75 (2H, s), 2.72-2,73
(2H, m), 3.02-3.08 (1H, m), 3.15-3.21 (2H, m), 3.74 (3H, s), 4.11 (1H, d, | = 7.9 Hz), 5.11-5.17 (2H, m), 5.65 (1H, s), 7.09
(1H,t,J=7.3Hz), 721 (1H, t, ] =7.3 Hz), 7.28-7.38 (6H, m), 7.48 (1H, d, ] = 7.3 Hz). *C NMR (125 MHz, CDCls): § =
22.6,29.9, 38.1, 43.0, 50.7, 66.8, 108.8, 108.9, 118.1, 119.1, 121.6, 126.7, 128.1, 128.2, 128.6, 134.2, 136.5, 137.2, 156.7.
Elemental analysis: calcd. (%) for C21H23N30:2 (349.43): C, 72.18; H, 6.63; N, 12.03; found: C, 71.95; H, 6.38; N, 11.91.

1.7. Synthesis of Ligand 8 [L8, compound (z)-19]

O F (0] F
H,C CO,H i H5C N CF3 i H,C N CF3
\[ — H - H
NHBoc NHBoc NH,

. HO,CCF;
(£)-17 (£)-18 (£)-19
Scheme S7. Synthesis of compound (+)-19.

Reagents and conditions (i) 2-fluoro-3-(trifluoromethyl)benzylamine (1 equiv), HOBt (1.2 equiv),
DIC (1.2 equiv), DMF, r.t., 16 h; (ii) TFA, CH2Cl, r.t., 3 h (85%, 2 steps).

N-(2-Fluoro-3-(trifluoromethyl)benzyl]-2-methyl-3-[(tert-butoxycarbonyl)amino]propanamide [compound (z)-
18]
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3-[(tert-Butoxycarbonyl)amino]-2-methylpropanoic acid [11] [(+)-17] was converted to the corresponding 2-fluoro-
3-(trifluoromethyl)benzylamide [(+)-18 according to the procedure described for the phenyl-substituted analog (+)-
9. The crude product (+)-18 was used in the next step without purification.

3-Amino-N-(2-fluoro-3-(trifluoromethyl)benzyl]-2-methylpropanamide trifluoroacetate [compound (z)-19]

A mixture of the Boc-protected amide [([(+)-18, 400 mg, 0.9 mmol] in CH2Cl2 (30 mL) with TFA (2 mL) was stirred
at room temperature for 3 h. The solvent was evaporated, and the residue was crystallized with Et20.

Yield: 300 mg (85%), white crystalline substance, m.p. 140-143 °C. "H NMR (500 MHz, D20): $=1.19 (3H, d, J="7.1
Hz), 2.74-2.84 (1H, m), 3.00-3.10 (1H, m), 4.38 (1H, d, ] = 15.6 Hz), 453 (1H, d, ] = 154 Hz), 7.28 (1H, t, ] = 7.3 Hz),
7.56 (1H, t, ] =7.0 Hz), 7.63 (1H, t, ] = 7.0 Hz). *C NMR (125 MHz, D20): =15.1, 36.9, 37.0, 37.7, 41.4, 124 4, 124.5,
126.6, 126.7, 133.9, 134.0, 176.8. Elemental analysis: calcd. (%) for C1aHisF7N20s (392.27): C, 42.83; H, 3.82; N, 7.13;
found: C, 42.67; H, 4.01; N, 7.32.

1.8. Synthesis of Ligand 9 [L9, compound (+)-21]

NH
H
O)\O
20 ()21
Scheme S8. Synthesis of compound (+)-21.

Reagents and conditions (i) (MeO):CHCH2NHCbz (0.75 equiv),
AcOH, H20, reflux under N2, 2 h (48%).

Iz

N-Benzyloxycarbonyl-(2,3,4,9-tetrahydro-1H-pyridol3,4-blindol-1-yl)methanamine [()-21]

A mixture of tryptamine (20, 4.01 g, 25 mmol) and benzyl N-(2,2-dimethoxyethyl)carbamate [10] (4.47 g, 18.7 mmol)
in AcOH (65 mL) and H20 (28 mL) was refluxed under N2 for 2 h. A dark solution was formed, which was
evaporated, and the residue was treated with a 1:1 mixture of EtOH and H>O (100 mL) to give a brown precipitate
which was filtered off and recrystallized from MeOH.

Yield: 3.55 g (48%), white powder. m.p.: 145-148 °C. "H NMR (400 MHz, D20): 6 =1.91 (3H, s), 2.6 (2H, t, J=5.2 Hz),
2.85-2.91 (1H, m), 3.10-3.25 (2H, m), 3.61-3.66 (3H, m), 4.05-4.07 (1H, m), 5.06 (2H, s), 6.93-6.97 (1H, dt, J=7.5, 1.0
Hz), 7.03 (1H, dt, ] =7.5, 1.0 Hz), 7.22 (1H, brs), 7.28-7.38 (7H, m), 10.76 (1H, s). 3*C NMR (100 MHz, DMSO-ds): & =
22.0, 22.9, 41.6, 44.9, 52.8, 66.2, 109.0, 111.9, 118.3, 119.1, 121.4, 127.7, 128.6, 129.2, 134.9, 136.7, 138.1, 157.2, 172.9.
Elemental analysis: calcd. (%) for C22H2sN304 (395.45): C, 66.82; H, 6.37; N, 10.63; found: C, 66.69; H, 6.15; N, 10.48.

1.9. Synthesis of Ligand 10 [L10, compound (z)-24]

C,Hs0
AR . CZHSO ) C2H5O 9
NH | NH 1]
C2Hs0 ~ C,HsO .2HCI /=
C,yH507 10
CN NH,
(+)-22 (+)-23
Scheme S9. Synthesis of compound (+)-24.

Reagents and conditions (i) Hz, RaNi, NHs, MeOH, 50 °C, 50 atm, 8 h, 2. 22% HCI in EtOH, MeOH, Et20 (73%);
(ii) 1. NaOH, 2. 4-(Me2N)CsH+CHO, MeOH, r.t., 3 h (64%)

6,7-Diethoxy-1,2,3,4-tetrahydro-1-isoquinolineethanamine dihydrochloride [compound (%)-23]

A mixture of 6,7-diethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetonitrile [12] [(+)-22, 13.02 g, 50 mmol], MeOH (120
mL), 25% NHs in MeOH (120 mL), and Raney-Ni (5.0 g) was hydrogenated in an autoclave at 50 °C and 50 atm for
8 h. The catalyst was then filtered off, and the solvent evaporated. The oily residue was dissolved in MeOH (20 mL)
and converted to dihydrochloride salt with 22% ethanolic HCI (25 mL) and Et20 (120 mL). The crystals were filtered
off and recrystallized from a mixture of MeOH-EtO.
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Yield: 12.30 g (73%), white crystalline substance, m.p.: 245-248 °C. "H NMR (500 MHz, D20): 8 =1.34 (6H, t, | = 7.0
Hz), 2.33-2.43 (2H, m), 2.95-3.10 (2H, m), 3.11-3.24 (2H, m), 3.39-3.47 (1H, m), 3.52-3.60 (1H, m), 4.04-4.15 (4H, m),
4.63 (1H, t, ] = 6.2 Hz), 6.83 (1H, s), 6.90 (1H, s). 13C NMR (125 MHz, D20): § = 13.7, 13.8, 24.0, 30.9, 35.9, 38.9, 52.4,
649,653, 111.1, 113.4, 122.5, 114.7, 146.6, 147.7. Elemental analysis: calcd. (%) for CisHzsCl2N202 (337.29): C, 53.41;
H, 7.77; Cl, 21.02; N, 8.31; found: C, 53.23; H, 7.68; Cl, 20.84; N, 8.09.

(4R*,11bR*)-9,10-Diethoxy-4-[4-(dimethylamino)phenyl]l-1,3,4,6,7,11b-hexahydro-2H-pyrimido[6,1-alisoquino-
line [compound ()-24]

The above dihydrochloride [(+)-23] was converted to the corresponding diamine base in the usual manner (treat-
ment with 10% NaOH, extraction with CH2Cl, drying, and evaporation under reduced pressure). The diamine base
(793 mg, 3 mmol) and 4-(dimethylamino)benzaldehyde (447 mg, 3 mmol) were dissolved in abs. MeOH (25 mL),
and the mixture was allowed to stand at room temperature for 3 h. The solvent was then evaporated off and the
oily product crystallized on treatment with Et2O. The crystals were filtered off and recrystallized from iPr2O-
EtOAc.

Yield: 760 mg (64%), white needles, m.p.: 113-116°C. 'H NMR (500 MHz, CDCls): d = 1.38-1.45 (6H, m), 1.65-1.78
(2H, m), 2.12-2.24 (2H, m), 2.43-2.54 (1H, m), 2.79-2.90 (2H, m), 2.94 (6H, s), 2.99-3.10 (1H, m), 3.30 (1H, d, [ =12.2
Hz), 3.57 (1H, d, ] = 10.6 Hz), 4.00-4.10 (4H, m), 4.12 (1H, s), 6.57 (1H, s), 6.69-6.77 (3H, m), 7.33 (2H, d, ] = 8.1 Hz).
3C NMR (125 MHz, CDCls): 6 = 14.9, 15.0, 29.1, 32.1, 40.6, 45.8, 46.3, 62.6, 64.5, 65.2, 81.4, 111.3, 112.6, 113.9, 127.7,
128.0, 130.1, 130.8, 146.8, 147.5, 150.4. Elemental analysis: calcd. (%) for C24H3sN3O2 (395.54): C, 72.88; H, 8.41; N,
10.62; found: C, 73.01; H, 8.26; N, 10.57.

1.10. Synthesis of Ligand 11 [L11, compound (z)-28]

C,Hs0
CO,H m
HN_ _O
L _ C,HsO

C,H50 C,H50

NH N
CoHs0 . C3Hs0 7 - HCI

NH NH
o)\o/\© 02\0/\©
(£)-28 27
Scheme S10. Synthesis of compound (+)-27.
Reagents and conditions (i) 1. CICO2Et (1 equiv), EtN (1 equiv), 3,4-(EtO)2CsHs(CH2):NH, (1 equiv),

toluene—CH2Clz, —10 °C to reflux (78%); (ii) 1. POCls, (3 equiv), CHCls, reflux, 3 h,
2. 22% HCl in EtOH, MeOH, Et20 (72%); (iii) NaBHa (4 equiv), MeOH, r.t., 6 h (79%).

2-[(Benzyloxycarbonyl)amino]-N-[2-(3,4-diethoxyphenyl)ethyl]acetamide (26)

To a stirred and salt-ice cooled solution of N-(benzyloxycarbonyl)glycine (25, 2.09 g, 10 mmol) and triethylamine
(1.01 g, 10 mmol) in anhydrous toluene (30 mL), ethyl chloroformate (1.09 g, 10 mmol.) was added dropwise at a
rate to keep the internal temperature below —10 °C. After 5 min, a solution of 2-(3,4-diethoxyphenyl)ethylamine
(2.09 g, 10 mmol) in dry CH2Cl2 (15 mL) was added dropwise to the stirred reaction mixture, while the internal
temperature was kept below 0 °C. Then the mixture was heated to reflux and refluxed for 5 min. The mixture was
allowed to cool to room temperature and washed with saturated aqueous NaHCOs solution (50 mL) and water (2
x 50 mL) after the addition of CHCls (75 mL). The combined organic phases were dried (Na2SO4) and evaporated
in vacuo to give an oily product, crystallized on treatment with Et2O (30 mL). Crystals were filtered off and
recrystallized from iPr2O-EtOAc.

Yield: 3.12 g (78%), white solid, m.p.: 79-81 °C. 'H NMR (500 MHz, CDCls): § =1.39-1.44 (6H, m), 2.72 2H, t, | = 6.4
Hz), 3.47-3.51 (2H, m), 3.80 (2H, d, ] = 5.7 Hz), 4.03-4.09 (4H, m), 5.11 (2H, s), 5.35 (1H, brs), 5.97 (1H, brs), 6.66-6.70
(2H, m), 6.79 (1H, d, ] = 8.1 Hz), 7.30-7.37 (5H, m). *C NMR (125 MHz, CDCls): 6 = 14.9, 35.1, 40.7, 44.7, 64.6, 64.7,

12



67.2,113.9, 114.2, 120.8, 128.1, 128.3, 131.2, 136.1, 147.5, 148.9, 168.7. Elemental analysis: calcd. (%) for C22H2sN20s
(400.47): C, 65.98; H, 7.05; N, 7.00; found: C, 65.72; H, 6.88; N, 6.81.

1-{[(Benzyloxycarbonyl)aminolmethyl}-6,7-dimethoxy-3,4-dihydroisoquinoline hydrochloride (27)

To the stirred solution of 2-[(benzyloxycarbonyl)amino]-N-[2-(3,4-diethoxyphenyl)ethyl]acetamide (26, 3.00 g, 7.5
mmol) in dry CHCIs (40 mL), POCls (3.45 g, 22.5 mmol) was added, then the solution was refluxed for 3 hours.
After cooling to room temperature, the solvent was evaporated in vacuo, and the oily residue was dissolved
carefully in H20 (40 mL). The solution was made alkaline with 20% aqueous NaOH and extracted with CHClIs (3 x
50 mL). The combined organic phases were dried (Na2504) and evaporated in vacuo to give a beige solid, which
was dissolved in MeOH (10 mL) and converted to hydrochloride salt with 22% ethanolic HCI (5 mL) and Et2O (50
mL). The crystals were filtered off and recrystallized from a mixture of MeOH-Et0.

Yield: 2.26 g (72%), white crystalline substance, m.p.: 208-210 °C. 'H NMR (500 MHz, D20): 6 =1.34 (3H, t, J=7.1
Hz), 1.40 3H, t, ] = 7.1 Hz), 2.78 (1H, brs), 3.00 (2H, t, ] = 7.4 Hz), 3.63 (1H, s), 3.72-3.82 (2H, m), 4.01-4.05 (2H, m),
4.70 (4H, s), 5.08 (2H, brs), 6.93-7.32 (7H, m). *C NMR (125 MHz, D:0): §=13.6, 13.7, 24.5, 41.1, 65.4, 65.6, 67.7, 112.1,
112.7, 115.3, 127.8, 128.3, 128.5, 128.7, 135.1, 135.9, 146.7, 155.8. Elemental analysis: calcd. (%) for Cz2H27CIN204
(418.91): C, 63.08; H, 6.50; Cl, 8.46; N, 6.69; found: C, 63.23; H, 6.25; C], 8.31; N,6.46.

1-{[(Benzyloxycarbonyl)amino]lmethyl}-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline [()-28]

To the stirred and ice-cooled suspension of 1-{[(benzyloxycarbonyl)amino]methyl}-6,7-dimethoxy-3,4-dihydroiso-
quinoline hydrochloride (27, 2.09 g, 5 mmol) in MeOH (30 mL), NaBH4 (0.76 g, 20 mmol) was added in small
portions. The reaction mixture was stirred at room temperature for 6 h and then evaporated. The solid residue was
dissolved in 3% aqueous HCI (30 mL), and the solution was extracted with CHCIs (3 x 50 mL) after made alkaline
with a concentrated aqueous solution of NaOH. An orange oily product was obtained, which crystallized on
treatment with 1:1 mixture of n-hexane and Et2O (25 mL). The crystals were filtered off and recrystallized from
iPr2O-EtOAc.

Yield 1.52 g (79%) white crystalline substance, m.p.: 90-92 °C. 'TH NMR § (500 MHz, CDCls): & = 1.39-1.44 (6H, m),
2.60-2.68 (2H, m), 2.95-3.10 (2H, m), 3.25-3.31 (1H, m), 3.60-3.69 (1H, m), 3.90-4.11 (5H, m), 5.10 (2H, s), 5.40 (1H,
brs), 6.57 (1H, s), 6.65 (1H, s), 7.28-7.35 (5H, m). ®*C NMR (125 MHz, CDCls): $ =14.9, 29.2, 39.7, 45.1, 54.7, 64.6, 64.8,
66.6,111.6,114.2, 127.9, 128.1, 128.5, 136.6, 147.2, 147.6, 156.6. Elemental analysis: calcd. (%) for C22H2sN204 (384.47):
C, 68.73; H, 7.34; N, 7.29; found: C, 68.49; H, 7.17; N, 7.04.

1.11. Synthesis of Ligand 12 [L12, compound (z)-30]

CszO 7 C2H50

9 N3
, — C,yH50

C2H50 8

(+)-29 (£)-30
Scheme S11. Synthesis of compound (+)-30.
Reagents and conditions (i) 4-ClCsHsSH, NaOH (1 equiv), MeOH, reflux, 2 h (85%)

(1R*9bR*)-1-{[(4-Chlorophenyl)thiolmethyl}-7,8-diethoxy-1,4,5,9b-tetrahydro-2H-azeto[2,1-alisoquinoline [(¥)-
30]

To a solution of 1.47 g (5 mmol) (1R*9bR¥)-1-(chloromethyl)-7,8-diethoxy-2,4,5,9b-tetrahydro-1H-azeto[2,1-a]iso-
quinoline [(+)-29] [13] in abs. EtOH (30 mL), methanolic NaOH (0.2 g, 5 mmol in 4 mL MeOH), and 4-chloro-
thiophenol (0.72 g, 5 mmol) were added and the mixture was refluxed for 2 h. After cooling, the formed NaCl was
filtered off, and the filtrate was evaporated. The oily residue was crystallized on treatment with Et2O (20 mL). The
crystals were filtered off and recrystallized from iPr20.

Yield: 1,72 g (85%), beige crystals, m.p. 75-78 °C '"H NMR (500 MHz, CDCls): d = 1.39-1.46 (6H, m), 2.23-2.33 (1H,
m), 2.3-2.46 (1H, m), 2.70-2.78 (1H, m) 2.82-2.88 (1H, m), 2.91-3.00 (1H, m), 3.15 (1H, dd, | = 3.4, 8.3 Hz), 3.34-3.54
(3H, m), 3.92-4.03 (2H, m), 4.06 (2H, q, ] = 6.99 Hz), 447 (1H, d, ] = 2.3 Hz), 6.55 (1H, s) 6.62 (1H, s), 7.20-7.30 (4H,
m). ®*C NMR (125 MHz, CDCls): =14.8, 14.9, 22.4, 38.8,40.8,40.8, 44.7,50.9, 63.8, 64.6, 64.7, 111.6, 113.7, 126.6, 129.1,
129.7,130.7, 132.1, 134.6, 147.3, 147.9. Elemental analysis: calcd. (%) for C22H2sCINO2S (403.97): C, 65.41; H, 6.49; Cl,
8.78; N, 3.47; found. C, 65.73; H, 6.21; C], 8.53; N, 3.39.
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Figure S2. 'H and C NMR spectra of (+)-3 . HCl
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. HCI

HsCO
H,CO

Figure S3. 'H and C NMR spectra of (+)-4
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Figure S4. 'H and 3C NMR spectra of (+)-5

HsCO

.2 HCI

NH

Ir=z

HsCO

[1=4]

13
| I

0
o

W TN
@00
O

cnn
cow
L]
L_L

L 1

3 03
T

oo
=
oo

L

b

L

]

J

)
b
o

|

@)
o

|

-
oifo|
L=

m):
E=rd
S|%

L

|

202

20’

L

i

I=]
2
=

H

[ppm]

8¢z —

2862 —

e —
ee'zh —

GL0G —
1728 —
ZB'55

s

08'60L — EEE——
g2 —

2022 —
rErIL —

[24:r4%
[2:4:74%
16621
86'62)

v ikl ——
trarL—

[ppm]

T
100

T
150

18



Figure S6. 'H and *C NMR spectra of 6
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NHBoc

Figure S7. 'H and 3C NMR spectra of (+)-9
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Figure S8. 'H and 3C NMR spectra of (+)-10
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Figure S9. 'H and 3C NMR spectra of (+)-12
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Figure S10. 'H and 3C NMR spectra of (+)-13
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Figure S11. 'H and 3C NMR spectra of (+)-14
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Figure S12. 'H and 3C NMR spectra of (+)-16
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Figure S13. 'H and 3C NMR spectra of (+)-19
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Figure S14. 'H and 3C NMR spectra of (+)-21

10.76

hhhhhh
QooaHn 6

wwwwww

q
uuuuuuuuuuuuuuuuuuuuuuuuu

el]

15 [r

10

ELET

[ppm]

172.99

157.23
_—138.05
~ 13668
—— 13494

129.20

+23.60
12771
12143
11842
=—_118.35

66.22
T
=1
&
0
B
6
1
9
T
S
0

150

T T T T
100 50

T
[ppm]

27



NH 5 hel
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Figure S15. 'H and 3C NMR spectra of (+)-23
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Figure S16. '"H NMR, 3C NMR, and NOESY spectra of (+)-24
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Figure S17. 'H and 3C NMR spectra of 26

C,H50
g
C,Hs0

wwwwwwwwwwwwwwww I3 @ = SErOBOINon —omk o= s Inon--o =1y
QaadaadLoRy aRroe ] e = Sgggegacar ey R @ SYSSRIe =
nnnnnnnnnnnnnn g 6 @ dddddsecnn nooo ciei < S223F32 L

et W | | ST WP P |y

o o (59 | o s |g ) - |
S| 3|8 3| & |2 S8 & 2 i o
5@ & EA AAR R B E :
8 s H 2 -
o ro 2 weare © om
R oy ) © =mhn= @ oo 5 [ 23k 5 = 8 b4
0 Qe @0 —mmn [=3 T i J . o
2 it e egEy ¥ o i B3 53 I8 8 2 <
bl
T T T T T T T T T T T T
150 100 50 ppm]

[rel]

30



Figure S18. 'H and 3C NMR spectra of 27

C,Hs0
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Figure S19. 'H and 3C NMR spectra of (+)-28

C,Hs0
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Figure S20. 'H and 3C NMR spectra of (+)-30
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Figure S21. Chiral HPLC chromatograms of compounds (R)-3, (5)-3
The ee values of (R)-3 and (S)-3 were determined by HPLC using a ChiralPak ODH column. The analytical
conditions were as follows: eluent: a mixture of n-hexane and isopropyl alcohol (IPA) (90:10) containing 0.1% Et2N,
flow rate: 0.5 mL min-1, detection at 240 nm, retention times: (S)-3: ca. 45 min, (R)-3: ca. 60 min.
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Figure S22. Chiral HPLC chromatograms of compounds (R)-9, (5)-9
The ee values of (R)-9 and (S5)-9 were determined by HPLC using Phenomenex-IA column. The analytical conditions

were as follows: eluent: a mixture of n-hexane and isopropyl alcohol (IPA) (95:5), flow rate: 0.5 mL min-1, detection
at 210 nm, retention times: (R)-9: 24.49 min, (5)-9: 25.73 min).
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