Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2018

Supplementary Information for:

Optically active distorted cyclic triptycenes:

chiral stationary phases for HPLC

Tomoyuki lkai,® Naoya Nagata,® Seiya Awata,® Yuya Wada,® Katsuhiro Maeda,® Motohiro

Mizuno? and Timothy M. Swager®

@ Graduate School of Natural Science and Technology, Kanazawa University, Kakuma-machi,

Kanazawa 920-1192, Japan

b Department of Chemistry, Massachusetts Institute of Technology (MIT), 77 Massachusetts Ave,
Cambridge, MA 02139, United States

Table of content:

Lo IVLALEIRALS v v v v v v v rmeomme e m e me et e ettt et e et e ettt et e et et et S-2
2. IMMSEIUIIIEIIES v v v v e e e e emmeenee e ettt ettt et e ettt et e e et e et e ettt et et S-2
B SYIERESHS  +wv v veveree et S-3
4. Determination of absolute CONfIGUIAtION -+« rerrrrerrier S-11
5. Preparation of HPLC COIUMIS - ++vvvvterreeee o srmmsermnsemiiiiiiiiiii it S-12
SUPPOIFHIIE AALA  ++v- v ovveeeee ettt S-13
NMR SPECHEAl At +++-c+vve s reeeerre ettt ettt S-21
Caption for SUPPOItING MOVIE -« -+ww - rrreerrestrt et S-36
S s T TR S-36

S-1



1. Materials

Anhydrous solvents (acetone, tetrahydrofuran (THF) and N,N-dimethylformamide (DMF)),
common organic solvents and potassium carbonate were purchased from Kanto Kagaku (Tokyo,
Japan). Copper (I) iodide (Cul), triethylamine, diisopropylamine (DIPA) and
tetra-n-butylammonium fluoride (TBAF) (1.0 M in THF, 0.32 mL, 0.32 mmol) were from
Sigma-Aldrich (St. Louis, MO, USA). 2-[2-(2-Chloroethoxy)ethoxy]ethanol and 4-methylphenol
were from Tokyo Kasei Kogyo (TCI) (Tokyo, Japan).
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC-HCI),
N,N-dimethyl-4-aminopyridine (DMAP), chloromethyl methyl ether (MOMCI), 4-bromocatechol
and (triisopropylsilyl)acetylene (TIPSA) were purchased from Wako Pure Chemical Industries
(Osaka, Japan). Tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)s) was purchased from
Nacalai (Kyoto, Japan). Porous spherical silica gel with a mean particle size of 5 yum and a mean
pore diameter of 30 nm (Daiso gel SP-300-5) was purchased from OSAKA SODA (Osaka,
Japan) and was silanized using (3-azidopropyl)triethoxysilane®! in toluene/pyridine (8/1, v/v) at
100 °C to prepare an azide-functionalized silica gel (A-silica). All starting materials for the
synthesis of axially chiral biaryl compounds were purchased from Nacalai, Wako Pure Chemical
Industries and TCI. Chiralpak IG columns (column dimensions: 25 x 2.0 cm (i.d.) and 25 % 0.46
cm (i.d.)) were purchased from Daicel (Tokyo, Japan). rac-2,6-Diaminotriptycene (rac-1),5
4-[(triisopropylsilyl)ethynyl]phenol,5} 2-(methoxymethoxy)phenol,5* 10,5 11a% and 11d°° were

prepared according to a literature procedure.

2. Instruments

NMR spectra were taken on a JNM-ECA 500 (JEOL) (500 MHz for 'H, 125 MHz for '*C)
spectrometer in CDCI3 using tetramethylsilane as the internal standard. Melting points were
measured on a Yanako melting point apparatus and were uncorrected. Thermogravimetric
analysis (TGA) was conducted with a TG/DTA6200 (SII NanoTechnology, Chiba, Japan) at a
heating rate of 10 °C min~! under an air flow. IR spectra were obtained using a JASCO (Hachioji,
Japan) Fourier Transform IR-4700 spectrophotometer with a KBr pellet. Absorption and circular
dichroism (CD) spectra were measured using a JASCO V-570 (a scanning rate of 200 nm min!
and a bandwidth of 1.0 nm) and a JASCO J-725 (a scanning rate of 100 nm min! and a
bandwidth of 1.0 nm) spectrometers, respectively, with a quartz cell of 1.0 mm path length
(UV-grade) (GL Sciences, Tokyo, Japan). The temperature was controlled using a JASCO
ETC-505T (absorption spectroscopy) and a JASCO PTC-348WI apparatus (CD spectroscopy).
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The optical rotation was measured at 25 °C with a JASCO P-1030 polarimeter. Chromatographic
separations of enantiomers were performed using a JASCO PU-2080 Intelligent HPLC pump
equipped with a column oven (JASCO CO-1560), a multi-wavelength detector (JASCO MD-
2018) and a CD detector (JASCO CD-2095). A solution of a chiral compound was injected into
the chromatographic system by a Rheodyne Model 7125 injector (Rheodyne, Rohnert Park, CA,
USA). The single crystal X-ray diffraction measurement was performed on a Bruker Venture D8
diffractometer with Cu Ko radiation (4 = 1.54178 A). High-resolution mass spectra (HRMS)
were recorded on a JEOL JMS-700 spectrometer with fast atom bombardment (FAB) as the

ionization technique.

3. Synthesis

2-[2-(2-Chloroethoxy)ethoxy]acetic acid (2), catechol derivatives (a mixture of 4a and 4b) and
triptycene derivatives ((R,R)- and (S,5)-9 and rac-8’) were prepared according to Scheme S1.
Axially chiral biaryl compounds were synthesized thorough common condensation reactions

using the corresponding alcohols and carboxylic acids as starting materials.
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Scheme S1 Synthesis of 2-[2-(2-chloroethoxy)ethoxy]acetic acid (2) (A), catechol derivatives (a
mixture of 4a and 4b) (B) and triptycene derivatives ((R,R)- and (S,5)-9 (C) and rac-8’ (D)).
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2-[2-(2-Chloroethoxy)ethoxy]acetic acid (2). 2-[2-(2-Chloroethoxy)ethoxy]ethanol (7.77 g,
46.1 mmol) was slowly added to 60% HNO; aqueous solution (20 mL) and the mixture was
stirred at room temperature for 48 h. After quenching the reaction with ice-cold water, the
mixture was extracted with dichloromethane, and the organic layer was dried over anhydrous
Na»SO4 and concentrated. The target compound (6.8 g, 80% yield) was obtained as a pale yellow
oil and was used for the next step without further purification. 'H NMR (500 MHz, CDCls, rt): &
4.19 (s, 2H, CH), 3.82-3.64 (m, 8H, CH>).

4a/4b mixture. To a solution of 4-bromocatechol (5.16 g, 27.3 mmol) and potassium
carbonate (5.66 g, 40.9 mmol) in anhydrous acetone (82 mL) was added MOMCI (2.19 g, 27.2
mmol). After stirring at room temperature for 12 h, the mixture was diluted with ethyl acetate,
washed with 1 N HCI aqueous solution and water, and then dried over Na>xSO4. The solvent was
removed under reduced pressure and the crude product was passed through a short pad of silica
gel using hexane/ethyl acetate (4/1, v/v) as the eluent and the solvent was removed under a
reduced pressure. The residue (4.57 g) was dissolved in degassed THF/DIPA (3/1, v/v) (65 mL).
To this solution was added Pd(PPhs)4 (1.08 g, 0.93 mmol), Cul (358 mg, 1.88 mmol) and TIPSA
(6.85 g, 37.6 mmol). The solution was stirred at 60 °C for 48 h. After cooling to room
temperature, the mixture was diluted with ethyl acetate, washed with 1 N HCI aqueous solution
and water, and then dried over Na;SOs. The solvent was removed under reduced pressure and the
crude product was purified by silica gel chromatography using hexane/ethyl acetate (4/1, v/v) as
the eluent to give the desired 4a/4b mixture (72/28, mol/mol) as a pale yellow oil (4.94 g, 54%).
'"H NMR (500 MHz, CDCls, rt): 4a: 57.18 (d, J= 2.3 Hz, 1H, ArH), 7.10 (dd, J = 8.0, 1.7 Hz,
1H, ArH), 6.86 (d, J = 8.6 Hz, 1H, ArH), 6.08 (s, 1H, OH), 5.20 (s, 2H, CH>), 3.52 (s, 3H, CH3),
1.12 (s, 21H, TIPS); 4b: 6 7.07 (d, J = 1.7 Hz, 1H, ArH), 7.00-6.96 (m, 2H, ArH), 5.87 (s, 1H,
OH), 5.20 (s, 2H, CHy), 3.50 (s, 3H, CHz3), 1.12 (s, 21H, TIPS).

rac-3. 2-[2-(2-Chloroethoxy)ethoxy]acetic acid (4.63 g, 25.3 mmol), rac-1 (3.26 g, 11.4
mmol) and DMAP (3.08 g, 25.1 mmol) were dissolved in anhydrous DMF (41 mL), and the
solution was cooled to 0 °C. To this solution was added EDC-HCI (4.83 g, 25.1 mmol) and the
mixture was stirred at room temperature for 12 h. The mixture was diluted with hexane/ethyl
acetate (1/3, v/v), washed with 1 N HCI aqueous solution and water, and then dried over Na;SOa.
The solvent was removed under reduced pressure and the crude product was purified by silica gel
chromatography using dichloromethane/ethyl acetate (1/1, v/v) as the eluent to give the desired
product as a viscous orange oil (5.37 g, 77% yield). 'TH NMR (500 MHz, CDCls, rt): §8.53 (s, 2H,
NH), 7.81 (s, 2H, ArH), 7.35 (dd, J = 5.5, 3.0 Hz, 2H, ArH), 7.30 (d, J = 8.0 Hz, 2H, ArH), 7.07
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(dd, J= 7.7, 2.0 Hz, 2H, ArH), 6.98 (dd, J = 6.0, 4.0 Hz, 2H, ArH), 5.38 (s, 2H, CH), 4.06 (s, 4H,
CHa), 3.78 (t, J = 5.4 Hz, 4H, CH,), 3.73-3.67 (m, 8H, CH,), 3.64 (t, J = 5.7 Hz, 4H, CH,).

rac-6. To a solution of rac-3 (5.46 g, 8.90 mmol) and potassium carbonate (1.84 g, 13.3
mmol) in anhydrous DMF (24 mL) was added the 4a/4b mixture (72/28, mol/mol) (3.42 g, 14.7
mmol). The solution was stirred at 90 °C for 72 h. After cooling to room temperature, the
reaction mixture was diluted with hexane/ethyl acetate (1/2, v/v), washed with water, and then
dried over NaxSO4. After removing the solvent by evaporation, the crude product was passed
through a short pad of silica gel using hexane/acetone (1/1, v/v) as the eluent and the solvent was
removed under a reduced pressure. The residue containing rac-5 (2.47 g) was dissolved in
THF/methanol (1/1, v/v) (81 mL). To this solution was slowly added conc. HCI (8.1 mL). After
stirring at room temperature for 6 h. The mixture was diluted with hexane/ethyl acetate (1/4, v/v)
and the solution was washed with water, and then dried over Na,SQOs. After filtration, the solvent
was removed by evaporation and the crude product was purified by silica gel chromatography
using hexane/acetone (1/1, v/v) as the eluent to give rac-6 as a viscous yellow oil (1.43 g, 18%
yield). '"H NMR (500 MHz, CDCl;, rt): 6 8.58 (s, 1H, NH), §8.50 (s, 1H, NH), 7.79-7.78 (m, 2H,
ArH) 7.34-7.32 (m, 2H, ArH), 7.28 (d, J = 8.0 Hz, 1H, ArH), 7.20 (d, J = 8.0 Hz, 1H, ArH),
7.10-6.96 (m, 6H, ArH), 6.82 (d, J = 8.0 Hz, 1H, ArH), 5.34 (s, 1H, CH), 5.30 (s, 1H, CH),
4.17-4.15 (m, 2H, CH»), 4.10 (s, 2H, CH>), 4.07 (s, 2H, CH>), 3.80-3.72 (m, 12H, CH>), 3.65 (t, J
= 5.4 Hz, 2H, CH»), 1.11 (s, 21H, TIPS).

rac-7. Potassium carbonate (7.13 g, 51.6 mmol) and rac-6 (1.42 g, 1.64 mmol) were
dispersed in anhydrous DMF (1600 mL) and the solution was stirred at 90 °C for 72 h. After
cooling to room temperature, the reaction mixture was diluted with hexane/ethyl acetate (1/4, v/v),
washed with water, and then dried over Na;SO4. After removing the solvent by evaporation, the
crude product was purified by silica gel chromatography using hexane/acetone (1/1, v/v) as the
eluent to give the desired product as a viscous orange oil (1.06 g, 78% yield). The enantiomers
were resolved by chiral high-performance liquid chromatography (HPLC) on Chiralpak 1G
(column dimensions: 25 cm x 2.0 cm (i.d.); eluent: hexane/ethyl acetate (3/2, v/v); flow rate 10
mL min!; temperature ca. 20 °C) to give (R,R)-7 (246 mg, 0.296 mmol) and (S,S)-7 (246 mg,
0.296 mmol) as a pale yellow solid. The enantiomeric excess of the resulting (R,R)- and (S,S)-7
were confirmed to be 99% and 96%, respectively, by chiral HPLC using a Chiralpak IG (column
dimensions: 25 cm x 0.46 cm (i.d.); eluent: hexane/ethyl acetate (3/2, v/v); flow rate 0.4 mL min~
I; temperature ca. 20 °C; trr)-7 = 53.2 min, #s,5)-7 = 58.7 min). rac-7: "H NMR (500 MHz, CDCls,
rt): 08.76 (s, 1H, NH), 8.74 (s, 1H, NH), 7.78 (s, 1H, ArH), 7.64 (s, 1H, ArH), 7.36-7.30 (m, 2H,
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ArH), 7.15 (d, J = 8.0 Hz, 1H, ArH), 7.09 (s, 1H, ArH), 7.00-6.97 (m, 2H, ArH), 6.94 (d, J = 8.0
Hz, 1H, ArH), 6.91 (d, J = 8.0 Hz, 1H, ArH), 6.73 (d, J = 8.6 Hz, 1H, ArH), 6.67 (d, J = 8.0 Hz,
1H, ArH), 6.52 (d, J = 8.0 Hz, 1H, ArH), 5.26 (s, 1H, CH), 5.21 (s, 1H, CH), 4.10-3.51 (m, 20H,
CHy), 1.22 (s, 21H, TIPS). (R,R)-7: 'H NMR (500 MHz, CDCls, rt): 58.76 (s, 1H, NH), 8.74 (s,
1H, NH), 7.78 (s, 1H, ArH), 7.64 (s, 1H, ArH), 7.36-7.30 (m, 2H, ArH), 7.16 (d, J = 8.0 Hz, 1H,
ArH), 7.09 (s, 1H, ArH), 7.00-6.97 (m, 2H, ArH), 6.95 (d, J = 8.0 Hz, 1H, ArH), 6.91 (d, J = 8.0
Hz, 1H, ArH), 6.73 (d, J = 8.6 Hz, 1H, ArH), 6.66 (d, J = 8.0 Hz, 1H, ArH), 6.51 (d, J = 8.0 Hz,
1H, ArH), 5.26 (s, 1H, CH), 5.21 (s, 1H, CH), 4.10-3.51 (m, 20H, CH,), 1.22 (s, 21H, TIPS).
(S,S)-7: '"H NMR (500 MHz, CDCls, rt): 58.76 (s, 1H, NH), 8.74 (s, 1H, NH), 7.78 (s, 1H, ArH),
7.63 (s, 1H, ArH), 7.36-7.30 (m, 2H, ArH), 7.15 (d, J = 8.6 Hz, 1H, ArH), 7.09 (s, 1H, ArH),
7.00-6.97 (m, 2H, ArH), 6.94 (d, J = 8.0 Hz, 1H, ArH), 6.91 (d, J = 8.0 Hz, 1H, ArH), 6.73 (d, J
= 8.6 Hz, 1H, ArH), 6.66 (d, J = 7.4 Hz, 1H, ArH), 6.50 (d, J = 8.0 Hz, 1H, ArH), 5.25 (s, 1H,
CH), 5.21 (s, 1H, CH), 4.10-3.50 (m, 20H, CHa), 1.22 (s, 21H, TIPS).

(R,R)-8. To a solution of (R,R)-7 (224 mg, 0.269 mmol) in THF (11 mL) was added TBAF
(1.0 M in THF, 0.32 mL, 0.32 mmol). The mixture was stirred at 0 °C for 1 h and was diluted
with dichloromethane. The solution was washed with 1 N HCI aqueous solution and water, and
then dried over Na;SOs. After filtration, the solvent was removed under reduced pressure and the
crude product was then purified by silica gel chromatography using hexane/acetone (1/1, v/v) as
the eluent to give the desired product as a pale yellow solid (180 mg, 99% yield). Mp: 126.6—
127.1 °C. [)**b +75.0 (¢ 0.2, CHCI3). '"H NMR (500 MHz, CDCl3, t): § 8.73 (s, 1H, NH), 8.72
(s, 1H, NH), 7.74 (d, J = 1.7 Hz, 1H, ArH), 7.67 (d, J = 1.7 Hz, 1H, ArH), 7.37-7.32 (m, 2H,
ArH), 7.06-7.02 (m, 2H, ArH), 7.01-6.97 (m, 2H, ArH), 6.85-6.81 (m, 2H, ArH), 6.76-6.72 (m,
2H, ArH), 6.56 (d, J = 8.6 Hz, 1H, ArH), 5.25 (s, 1H, CH), 5.24 (s, 1H, CH), 4.05 (d, /= 3.4 Hz,
2H, CH,), 4.04 (d, J = 1.7 Hz, 2H, CH>), 3.89-3.56 (m, 16H, CH>), 3.15 (s, 1H, C=CH). 3C
NMR (125 MHz, CDCl;, rt): 6 168.33, 149.58, 148.34, 146.63, 146.51, 144.17, 144.12, 141.74,
141.63, 134.08, 134.00, 126.23, 125.37, 123.86, 123.78, 123.61, 123.53, 118.08, 116.65, 116.61,
116.29, 116.02, 114.89, 113.41, 83.76, 76.41, 71.69, 71.65, 70.59, 70.56, 70.44, 70.33, 69.81,
68.32, 67.86, 53.62, 53.57. IR (KBr, cm™'): 2101 (C=C), 1680 (C=0). HRMS (FAB): m/z caled
for C40H30N>08 (M+H"), 675.2701; found 675.2717.

(S,5)-8. The title compound was prepared from (S,S)-7 in the same way as (R,R)-8 and
obtained in 99% yield as a pale yellow solid. Mp: 124.8-125.3 °C. [a]*b —75.0 (¢ 0.2, CHCl5).
'H NMR (500 MHz, CDCls, rt): 68.73 (s, 1H, NH), 8.72 (s, 1H, NH), 7.74 (d, J = 1.7 Hz, 1H,
ArH), 7.67 (d, J = 1.7 Hz, 1H, ArH), 7.37-7.32 (m, 2H, ArH), 7.06-7.02 (m, 2H, ArH), 7.01-6.97
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(m, 2H, ArH), 6.85-6.81 (m, 2H, ArH), 6.76-6.72 (m, 2H, ArH), 6.56 (d, J = 8.0 Hz, 1H, ArH),
5.25 (s, 1H, CH), 5.24 (s, IH, CH), 4.05 (d, J = 3.4 Hz, 2H, CHy), 4.04 (d, J = 1.1 Hz, 2H, CHy),
3.89-3.57 (m, 16H, CHo), 3.15 (s, 1H, C=CH). 3C NMR (125 MHz, CDCls, rt): 5 168.33, 149.58,
148.34, 146.63, 146.51, 144.17, 144.11, 141.74, 141.63, 134.08, 134.00, 126.23, 125.37, 123.86,
123.78, 123.62, 123.53, 118.06, 116.65, 116.61, 116.29, 116.02, 114.89, 113.40, 83.76, 76.41,
71.69, 71.64, 70.59, 70.56, 70.44, 70.32, 69.81, 68.32, 67.86, 53.62, 53.57. IR (KBr, cm™'): 2101
(C=C), 1682 (C=0). HRMS (FAB): m/z caled for CsHioN2Os (M+H"), 675.2701; found
675.2713.

rac-9a. To a solution of rac-3 (3.80 g, 6.20 mmol) and potassium carbonate (1.28 g, 9.26
mmol) in anhydrous DMF (19 mL) was added 4-[(triisopropylsilyl)ethynyl]phenol (1.70 g, 6.20
mmol). The solution was stirred at 90 °C for 72 h. After cooling to room temperature, the
reaction mixture was diluted with hexane/ethyl acetate (1/4, v/v), washed with water, and then
dried over NaxSO4. After removing the solvent by evaporation, the crude product was purified by
silica gel chromatography using hexane/acetone (3/2, v/v) as the eluent to give the desired
product as a viscous brown oil (2.58 g, 49% yield). '"H NMR (500 MHz, CDCIs, rt): §8.61 (s, 1H,
NH), 8.51 (s, 1H, NH), 7.84 (d, /= 1.7 Hz, 1H, ArH), 7.79 (d, /= 1.7 Hz, 1H, ArH), 7.39 (d, J =
8.6 Hz, 2H, ArH), 7.36-7.33 (m, 1H, ArH), 7.32-7.29 (m, 1H, ArH), 7.27 (d, J = 8.0 Hz, 1H,
ArH), 7.10 (d, /= 8.0 Hz, 1H, ArH), 7.05 (dd, J=8.0, 2.3 Hz, 1H, ArH), 6.99-6.94 (m, 3H, ArH),
6.78 (d, J = 8.6 Hz, 2H, ArH), 5.33 (s, 1H, CH), 5.30 (s, 1H, CH), 4.12 (t, J = 4.6 Hz, 2H, CH>),
4.07 (s, 2H, CHz), 4.06 (s, 2H, CH»), 3.88 (t, J= 4.3 Hz, 2H, CH>), 3.79 (t,J = 5.7 Hz, 2H, CH>),
3.74-3.71 (m, 8H, CHy), 3.65 (t,J = 5.7 Hz, 2H, CH), 1.14 (s, 21H, TIPS).

rac-9b. To a solution of rac-9a (2.57 g, 3.01 mmol) and potassium carbonate (624 mg, 4.52
mmol) in anhydrous DMF (9 mL) was added 4-methylphenol (0.49 g, 4.5 mmol). The solution
was stirred at 90 °C for 72 h. After cooling to room temperature, the reaction mixture was diluted
with hexane/ethyl acetate (1/4, v/v), washed with water, and then dried over Na>SO4. After
removing the solvent by evaporation, the crude product was purified by silica gel
chromatography using hexane/acetone (3/2, v/v) as the eluent to give the desired product as a
viscous brown oil (1.59 g, 57% yield). 'H NMR (500 MHz, CDCl3, rt): § 8.68 (s, 1H, NH), 8.66
(s, 1H, NH), 7.82 (d, J = 13.2 Hz, 2H, ArH), 7.39 (d, J = 7.4 Hz, 2H, ArH), 7.30-7.28 (m, 2H,
ArH), 7.10-7.01 (m, 5SH, ArH), 6.97-6.95 (m, 3H, ArH), 6.79 (d, J = 7.4 Hz, 2H, ArH), 6.77 (d, J
= 2.3 Hz, 2H, ArH), 5.25 (s, 1H, CH), 5.23 (s, 1H, CH), 4.13-4.10 (m, 4H, CH>), 4.06 (s, 4H,
CH>), 3.90-3.87 (m, 4H, CH>), 3.75 (s, 8H, CH»), 1.14 (s, 21H, TIPS).
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rac-9. To a solution of rac-9b (1.73 g, 1.88 mmol) in THF (75 mL) was added
tetra-n-butylammonium fluoride (1.0 M in THF, 2.3 mL, 2.3 mmol). The mixture was stirred at
0 °C for 1 h and was diluted with dichloromethane. The solution was washed with 1 N HCl
aqueous solution and water, and then dried over Na,SOs4. After filtration, the solvent was
removed under reduced pressure and the crude product was then purified by silica gel
chromatography using hexane/acetone (1/1, v/v) as the eluent to give the desired product as a
pale yellow solid (1.37 g, 95% yield). The enantiomers were resolved by chiral high-performance
liquid chromatography (HPLC) on Chiralpak IG (column dimensions: 25 cm X 2.0 cm (i.d.);
eluent: hexane/ethyl acetate (3/7, v/v); flow rate 10 mL min!; temperature ca. 20 °C) to give
(R,R)-9 (346 mg, 0.451 mmol) and (S,5)-9 (457 mg, 0.596 mmol) as a pale yellow solid. The
enantiomeric excess of the resulting (R,R)- and (S,5)-9 were confirmed to be 99% by chiral
HPLC using a Chiralpak IG (column dimensions: 25 cm x 0.46 cm (i.d.); eluent: hexane/ethyl
acetate (3/7, v/v); flow rate 0.4 mL min!; temperature ca. 20 °C; trr)-9 = 19.7 min, £ss5.9 = 23.7
min). (R,R)-9: Mp: 59.2-59.7 °C. [a]®p +68.0 (c 0.2, CHCI3). 'H NMR (500 MHz, CDCls, 1t): &
8.64 (s, 1H, NH), 8.61 (s, 1H, NH), 7.83 (d, /= 1.7 Hz, 1H, ArH), 7.82 (d, /= 1.7 Hz, 1H, ArH),
7.37 (d, J = 8.6 Hz, 2H, ArH), 7.30-7.28 (m, 2H, ArH), 7.09-6.90 (m, 8H, ArH), 6.79-6.76 (m,
4H, ArH), 5.25 (s, 1H, CH), 5.22 (s, 1H, CH), 4.11 (t, J = 4.6 Hz, 4H, CHz), 4.06 (s, 4H, CH>),
3.89-3.87 (m, 4H, CH>), 3.74 (s, 8H, CH>), 3.04 (s, 1H, C=CH), 2.30 (s, 3H, CH3). 3C NMR
(125 MHz, CDCl3, rt): 6 168.01, 167.96, 158.97, 156.55, 146.30, 146.21, 145.07, 141.36, 141.21,
134.56, 134.45, 133.76, 130.40, 130.09, 125.24, 123.90, 123.86, 123.65, 123.61, 116.27, 116.23,
116.03, 116.00, 114.68, 114.57, 114.54, 83.66, 76.20, 71.20, 71.17, 70.50, 70.41, 70.35, 70.14,
69.89, 67.33, 67.27, 53.62, 53.53, 20.59. IR (KBr, cm™): 2103 (C=C), 1678 (C=0). HRMS
(FAB): m/z calcd for C47H47N20s (M+H"), 767.3327; found 767.3340. (S,S)-9: Mp: 58.8-59.3 °C.
[a]*p —67.5 (¢ 0.2, CHCl3). 'H NMR (500 MHz, CDCl3, rt): & 8.64 (s, 1H, NH), 8.61 (s, 1H,
NH), 7.83 (d, J= 1.7 Hz, 1H, ArH), 7.82 (d, J= 1.7 Hz, 1H, ArH), 7.36 (d, J = 8.6 Hz, 2H, ArH),
7.30-7.28 (m, 2H, ArH), 7.09-6.90 (m, 8H, ArH), 6.79-6.75 (m, 4H, ArH), 5.24 (s, 1H, CH), 5.22
(s, 1H, CH), 4.11-4.09 (m, 4H, CH>), 4.05 (s, 4H, CH>), 3.89-3.87 (m, 4H, CH»), 3.73 (s, 8H,
CH>), 3.04 (s, 1H, C=CH), 2.29 (s, 3H, CH3). *C NMR (125 MHz, CDCl3, rt): § 168.03, 167.99,
158.98, 156.57, 146.31, 146.23, 145.10, 145.08, 141.36, 141.21, 134.58, 134.48, 133.77, 130.39,
130.11, 125.25, 123.91, 123.88, 123.66, 123.62, 116.29, 116.25, 116.04, 116.00, 114.68, 114.59,
114.55, 83.68, 76.24, 71.21, 71.17, 70.50, 70.41, 70.34, 70.14, 69.88, 67.34, 67.28, 53.62, 53.54,
20.62. IR (KBr, cm!): 2103 (C=C), 1680 (C=0). HRMS (FAB): m/z caled for C47H47N2Os
(M+H"), 767.3327; found 767.3340.
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rac-8’a. To a solution of rac-3 (0.60 g, 0.98 mmol) and potassium carbonate (0.21 g, 1.5
mmol) in anhydrous DMF (3 mL) was added 2-(methoxymethoxy)phenol (0.16 g, 1.0 mmol).
The solution was stirred at 90 °C for 72 h. After cooling to room temperature, the reaction
mixture was diluted with hexane/ethyl acetate (1/4, v/v), washed with water, and then dried over
NaxSO4. After removing the solvent by evaporation, the crude product was purified by silica gel
chromatography using hexane/acetone (1/1, v/v) as the eluent to give the desired product as a
viscous yellow oil (0.30 g, 42% yield). 'H NMR (500 MHz, CDCls, rt): & 8.66 (s, 1H, NH), 8.52
(s, 1H, NH), 7.85 (d, J = 2.3 Hz, 1H, ArH), 7.81 (d, J = 2.3 Hz, 1H, ArH), 7.35-7.28 (m, 2H,
ArH), 7.25 (d, J= 6.5 Hz, 1H, ArH), 7.12-7.10 (m, 2H, ArH), 7.04 (dd, J = 8.0, 2.3 Hz, 1H, ArH),
6.99-6.88 (m, 6H, ArH), 5.33 (s, 1H, CH), 5.30 (s, 1H, CH), 5.08 (s, 1H, CHz), 4.19 (t,J = 4.9 Hz,
2H, CH»), 4.07 (s, 2H, CH»), 4.06 (s, 2H, CH>), 3.91 (t, J= 4.6 Hz, 2H, CH>), 3.80-3.70 (m, 10H,
CH»), 3.66 (t, J= 5.7 Hz, 2H, CH>), 3.39 (s, 3H, CHa).

rac-8’b. To a solution of rac-8’a (0.29 g, 0.40 mmol) in THF/methanol (1/1, v/v) (12 mL)
was slowly added conc. HCI (1.2 mL). After stirring at room temperature for 6 h. The mixture
was diluted with hexane/ethyl acetate (1/4, v/v) and the solution was washed with water, and then
dried over Na;SOs. After filtration, the solvent was removed by evaporation and the crude
product was purified by silica gel chromatography using hexane/acetone (1/1, v/v) as the eluent
to give rac-8°b as a yellow solid (0.20 g, 72% yield). '"H NMR (500 MHz, CDCl;, rt): &8.74 (s,
1H, NH), 8.52 (s, 1H, NH), 7.80 (s, 1H, ArH), 7.74 (s, 1H, ArH), 7.33-7.29 (m, 2H, ArH), 7.25 (s,
1H, OH), 7.20 (d, J = 7.4 Hz, 1H, ArH), 7.12-7.05 (m, 3H, ArH), 6.98-6.94 (m, 4H, ArH),
6.87-6.83 (m, 2H, ArH), 5.35 (s, 1H, CH), 5.26 (s, 1H, CH), 4.18 (t, /= 4.0 Hz, 2H, CH>), 4.10 (s,
2H, CH>), 4.07 (s, 2H, CH>), 3.79-3.70 (m, 12H, CH>), 3.66 (t, J = 5.7 Hz, 2H, CH>).

rac-8’. Potassium carbonate (1.27 g, 9.20 mmol) and rac-8’b (0.19 g, 0.28 mmol) were
dispersed in anhydrous DMF (270 mL) and the solution was stirred at 90 °C for 72 h. After
cooling to room temperature, the reaction mixture was diluted with hexane/ethyl acetate (1/4, v/v),
washed with water, and then dried over Na;SO4. After removing the solvent by evaporation, the
crude product was purified by silica gel chromatography using hexane/acetone (1/2, v/v) as the
eluent to give the desired product as a white solid (71 mg, 40% yield). Mp: 177.2-177.7 °C. 'H
NMR (500 MHz, CDCl;, rt): 6 8.76 (s, 2H, NH), 7.70 (d, J = 1.7 Hz, 2H, ArH), 7.33 (q, J = 2.9
Hz, 2H, ArH), 6.99 (q, /= 2.9 Hz, 4H, ArH), 6.88 (q, J = 3.2 Hz, 2H, ArH), 6.81 (dd, /= 8.0, 1.7
Hz, 2H, ArH), 6.70 (d, J = 7.4 Hz, 2H, ArH), 5.21 (s, 2H, CH), 4.05 (d, J = 1.7 Hz, 4H, CH>»),
3.92-3.88 (m, 2H, CH>), 3.83-3.71 (m, 8H, CH>), 3.68-3.57 (m, 6H, CHz). *C NMR (125 MHz,
CDCl;, rt): 0 168.39, 148.94, 146.56, 144.20, 141.64, 134.13, 125.40, 123.81, 123.65, 121.89,
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116.49, 116.06, 114.46, 71.74, 70.65, 70.43, 70.12, 68.18, 53.66. IR (KBr, cm!): 1677 (C=0).
HRMS (FAB): m/z calced for C3sH30N20s (M+H"), 651.2701; found 651.2710.

rac-1,1'-Binaphthyl-2,2'-diyl bis(4-cyanobenzoate) (rac-11b). rac-1,1'-Bi-2-naphthol (500
mg, 1.75 mmol), 4-cyanobenzoic acid (0.77 g, 5.2 mmol), DMAP (0.64 g, 5.2 mmol) were
dissolved in anhydrous dichloromethane (9 mL) and the solution was cooled to 0 °C. To this
solution was added EDC-HCI (1.0 g, 5.2 mmol) and the mixture was stirred at rt for 12 h. The
mixture was diluted with dichloromethane, washed with 1 N HCI aqueous solution and water,
and then dried over NaxSO4. The solvent was removed under reduced pressure and the crude
product was purified by silica gel chromatography using hexane/dichloromethane (1/4, v/v) as the
eluent to give the desired product as a white solid (0.87 g, 91% yield). Mp: 194.5-195.0 °C. 'H
NMR (500 MHz, CDClI;, rt): 68.01 (d, J=9.2 Hz, 2H, ArH), 7.94 (d, J = 8.0 Hz, 2H, ArH), 7.62
(d, J= 8.6 Hz, 4H, ArH), 7.54-7.48 (m, 8H, ArH), 7.41-7.36 (m, 4H, ArH). *C NMR (125 MHz,
CDCl;, rt): 6 163.30, 146.63, 133.26, 133.00, 132.20, 131.80, 130.27, 130.11, 128.34, 127.37,
126.30, 126.02, 123.53, 121.42, 117.92, 116.77. IR (KBr, cm!): 2231 (C=N), 1741 (C=0).
HRMS (FAB): m/z caled for C3sH21N204 (M+HT), 545.1496; found 545.1506.

(R)-(+)-1,1'-Binaphthyl-2,2'-diyl bis(4-cyanobenzoate) ((R)-11b). The title compound was
prepared from (R)-1,1'-bi-2-naphthol and 4-cyanobenzoic acid in the same way as rac-11b and
obtained in 99% yield as a white solid. Mp: 122.3-122.8 °C. [a]*p +86.0 (¢ 0.2, CHCI3). 'H
NMR (500 MHz, CDCl;, rt): 68.01 (d, J = 8.6 Hz, 2H, ArH), 7.93 (d, /= 8.0 Hz, 2H, ArH), 7.63
(d, J= 8.6 Hz, 4H, ArH), 7.54-7.48 (m, 8H, ArH), 7.41-7.36 (m, 4H, ArH). *C NMR (125 MHz,
CDCl;, rt): 0 163.26, 146.60, 133.23, 132.96, 132.17, 131.76, 130.24, 130.08, 128.30, 127.33,
126.26, 125.99, 123.50, 121.39, 117.88, 116.72. IR (KBr, cm!): 2232 (C=N), 1742 (C=0).
HRMS (FAB): m/z calcd for C3sH21N204 (M+H"), 545.1496; found 545.1497.

rac-1,1'-Binaphthyl-2,2'-diyl bis(4-nitrophenylacetate) (rac-11c¢). The title compound was
prepared from rac-1,1'-bi-2-naphthol and 4-nitrophenylacetic acid in the same way as rac-11b
and obtained in 66% yield as a yellow solid. Mp: 177.3-177.8 °C. 'H NMR (500 MHz, CDCl3,
rt): 67.89 (d, J=9.2 Hz, 2H, ArH), 7.80 (d, J = 8.6 Hz, 2H, ArH), 7.68 (d, J = 8.6 Hz, 4H, ArH),
7.39 (t, J=17.4 Hz, 2H, ArH), 7.33 (d, J = 9.2 Hz, 2H, ArH), 7.16 (t, J = 7.7 Hz, 2H, ArH), 6.92
(d, J= 8.0 Hz, 2H, ArH), 6.84 (d, J = 8.6 Hz, 4H, ArH), 3.55 (s, 4H, CH). 3C NMR (125 MHz,
CDCl;, rt): 0 168.17, 146.66, 146.20, 139.89, 132.99, 131.63, 129.77, 129.72, 128.01, 127.00,
126.19, 125.55, 123.32, 123.09, 121.40, 41.22. IR (KBr, cm™!): 1752 (C=0). HRMS (FAB): m/z
caled for C3¢HasN2Os (M+H), 613.1605; found 613.1618.
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rac-1,1'-Binaphthyl-2,2'-diyl bis(3-nitrobenzoate) (rac-11e). The title compound was
prepared from rac-1,1'-bi-2-naphthol and 3-nitrobenzoic acid in the same way as rac-11b and
obtained in 89% yield as a white solid. Mp: 178.8-179.3 °C. 'H NMR (500 MHz, CDCl;, rt): &
8.32-8.29 (m, 4H, ArH), 8.02 (d, J = 8.6 Hz, 2H, ArH), 7.94 (d, J=4.6 Hz, 2H, ArH), 7.93 (d, J
= 3.4 Hz, 2H, ArH), 7.56 (d, J = 9.2 Hz, 2H, ArH), 7.53-7.39 (m, 8H, ArH). 3*C NMR (125 MHz,
CDCl;, rt): 0 162.81, 148.19, 146.61, 135.49, 133.25, 131.87, 130.99, 130.28, 129.68, 128.38,
127.82, 127.47, 126.38, 126.02, 124.87, 123.54, 121.32. IR (KBr, cm!): 1746 (C=0). HRMS
(FAB): m/z caled for C3sH21N20s (M+H"), 585.1292; found 585.1304.

4. Determination of absolute configuration

According to Fig. S1A, (R,R)-1 was prepared from a previously reported (R,R)-la, whose
absolute configuration had been determined by the single crystal X-ray structure analysis.
Because the CD spectrum of the resulting (R,R)-1 was totally overlapped with that of the
optically active 1 prepared from the first-eluted component in Fig. 1A (Fig. SIB), the absolute
configurations of the first- and second-eluted components in Fig. 1A were assigned to be 9R,10R
and 985,108, respectively. The absolute configuration of the optically active 9 was also determined
in the same way as 7. A representative synthetic procedure for (R,R)-1 through hydrolysis is

described below.

To a solution of (R,R)-1a (38 mg, 0.070 mmol) in ethanol (4 mL) was added sodium
hydroxide (30 mg, 0.75 mmol) and the mixture was stirred at 90 °C for 24 h. After removing the
solvent by evaporation, the crude product was purified by silica gel chromatography using
dichloromethane/ethyl acetate (4/1, v/v) as the eluent to give (R,R)-1 as a pale yellow solid (4 mg,
21% yield). '"H NMR (500 MHz, CDCl;, rt): 6 7.30-7.28 (m, 2H, ArH), 7.09 (d, J = 8.0 Hz, 2H,
ArH), 6.95-6.93 (m, 2H, ArH), 6.74 (s, 2H, ArH), 6.24 (d, J = 8.0 Hz, 2H, ArH), 5.15 (s, 2H,
CH).

S-11



5. Preparation of HPLC columns

Preparation of chiral packing materials (CPMs). Immobilization of optically active triptycene
derivatives (8 and 9) bearing an ethynyl group onto A-silica by the Huisgen 1,3-dipolar
cycloaddition reaction was carried out using Cul as a catalyst in a dry Schlenk flask under

nitrogen atmosphere according to a method reported previously (Scheme 2).5

(R,R)-8-based CPM. A-silica (500 mg) was dispersed in a solution of (R,R)-8 (80 mg, 0.118
mmol) and Cul (22 mg, 0.11 mmol) in DMF/triethylamine (12/1, v/v) (1.1 mL). After stirring at
room temperature for 72 h, the resulting (R,R)-8-bound silica gel was collected by filtration,
washed with dichloromethane, methanol, DMF, chloroform and acetonitrile, and dried in vacuo

at room temperature overnight. The content of (R,R)-8 chemically bonded to silica gel was
estimated to be 7 wt% by TGA.

(S,S)-8- and (R,R)-9-based CPMs were prepared from (S,5)-8 and (R,R)-9 in the same way as
(R,R)-8-based CPM, respectively, and the contents of (S,5)-8 and (R,R)-9 chemically bonded to
silica gel were estimated to be 7 wt% by TGA.

Preparation of chiral columns. After fractionating with sieves, each packing material was packed
into a stainless-steel column (25 % 0.20 cm (i.d.)) by a slurry packing technique using a Chemco
ECONO-PACKER MODEL CPP-085 (Chemco, Osaka, Japan).5® The number of theoretical
plates per column was estimated to be approximately 2000 for benzene using a
hexane/2-propanol (97 : 3, v/v) mixture as the eluent at a flow rate of 0.2 mL min™!, respectively.
1,3,5-Tri-t-butylbenzene was used as a non-retained compound to estimate the hold-up time
(t0).>°
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Fig. S1 (A) Synthesis of optically active 1. (B) CD and absorption spectra of optically active 1 in

chloroform at 25 °C. [1] = 1.0 x 1073 M.
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Fig. S2 Elution profiles of (R,R)-8 (A) and (S,S)-8 (B) on Chiralpak IG (column, 25 cm X 0.46
cm (i.d.); eluent, hexane/ethyl acetate (1/1, v/v); flow rate, 0.4 mL min!; temperature, ca. 20 °C).

The chromatograms depict UV traces recorded at 254 nm.
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Fig. S3 Elution profiles of rac-9 (A), (R,R)-9 (B) and (S,S)-9 (C) on Chiralpak IG (column, 25
cm x 0.46 ¢cm (i.d.); eluent, hexane/ethyl acetate (3/2, v/v); flow rate, 0.4 mL min"!; temperature,
ca. 20 °C). The chromatograms depict UV traces recorded at 254 nm. (D) CD and absorption

spectra of the first- (red line) and second-eluted (blue line) components in chloroform at 25 °C.
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Fig. S4 IR spectra of A-silica (A), (R,R)-8 (B) and (R,R)-8-immobilized silica gel (C) in KBr

pellets.
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Fig. S5 IR spectra of (5,5)-8 (A) and (S,S)-8-immobilized silica gel (B) in KBr pellets.
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Fig. S6 IR spectra of (R,R)-9 (A) and (R,R)-9-immobilized silica gel (B) in KBr pellets.
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Fig. S8 '"H NMR spectra of (R,R)-8 in the absence (red lines) and presence (blue lines) of rac-10
in CDCl3 at room temperature. [(R,R)-8] = [rac-10] = 30 mM.
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Fig. S9 Elution profiles of 10 on the (R,R)-8-based CSP at various column temperatures (column
dimensions, 25 x 0.20 ¢cm (i.d.); eluent, hexane/2-propanol (97/3, v/v); flow rate, 0.2 mL min™';
temperature, 0 (A), 20 (B), 40 (C) and 50 (D) °C). The chromatograms depict UV traces recorded
at 254 nm.
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Fig. S10 CD and absorption spectra of (R,R)-8 in chloroform at various temperatures. [(R,R)-8] =
5.0 x 1074 M.

Table S1 Resolutions of racemates on the (R,R)-8-based CSP

H/E (v/v)* 97/3 90/10 85/15
Racemate ky a ky o k a
10 1.54 1.14 0.52 1.13 0.43 1.09
) ) )
11a 582 1.09 243  1.10 1.92 1.10
) ©) )
11b 749 1.14 3.53  1.10 252 1.10
) &) )
11c 8.09 1.00 3.40 1.00 2.53  1.00
11d 1.27 1.00 0.52 1.00 0.44 1.00
11e 9.66 1.00 434 1.00 3.28 1.00

? Eluent: H = hexane; E = ethanol. Column: 25 cm x 0.20 cm (i.d.). Flow
rate: 0.20 mL min ', Temperature: 20 °C. The characters in parentheses
represent the absolute configuration of the first-eluted enantiomer.
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Table S2 Resolutions of racemates on the (R,R)-8-based CSP at different temperatures

Temperature (°C) 0 20 40 50
Racemate k1 a k1 a k1 a k1 a

10 245 1.17 1.54 1.14 093 1.10 0.83 ca.l
© ) ©) ©)

11a 109 1.12 5.82 1.09 3.06 1.08 2.32  1.07
) ) S )

11b 18.0 1.15 749 1.14 452 1.06 349 1.06
© ) ) ©)

Column: 25 cm x 0.20 cm (i.d.). Eluent: hexane/ethanol (97/3, v/v). Flow rate: 0.20 mL min™'.
Temperature: 20 °C. The characters in parentheses represent the absolute configuration of the
first-eluted enantiomer.

Table S3 Resolutions of racemates on the (S,5)-8-based CSP at different

temperatures
Temperature (°C) 0 40 50
Racemate ki a k1 a k1 a
10 233 1.17 0.88 1.09 0.74 ca.l
® ® ®
11a 10.5 1.11 292 1.07 222 1.06
® ® ®
11b 18.5 1.11 442 1.07 331 1.06
® ® ®

Column: 25 cm % 0.20 cm (i.d.). Eluent: hexane/ethanol (97/3, v/v). Flow
rate: 0.20 mL min~!. The characters in parentheses represent the absolute
configuration of the first-eluted enantiomer.
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Table S4 Resolutions of racemates on the (R,R)-9-based CSP

Temperature (°C) 0
Racemate k1 a
10 1.84 1.0
11a 7.29 1.0
11b 14.3 1.0
11c 11.3 1.0
11d 1.08 1.0
11e 14.5 1.0

Column: 25 cm % 0.20 cm (i.d.). Eluent: hexane/ethanol
(97/3, v/v). Flow rate: 0.20 mL min'. The characters in
parentheses represent the absolute configuration of the first-
eluted enantiomer.
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S#609283
CHLOROFORM-D
25-NOV-2017 16:56:53
26-NOV-2017 13:07:39
26-NOV-2017 13:07:53

11. 7473579[1] (500 [MHz])
1 74537904[

500.15991521[mz]
5.0[ppm]
16384

1
0.57277737[Hz]
9 33435438[kﬂz]

500, 15991521 [MHz]
5.0[ppm]

"
500.15991521 [MHz]
5.0[ppm]
FALSE
40
40
5[s]

0
20.8[dc]

1.6[us]
1.74587904[s]

1
6.74587904 [s]
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE
sexp( 0.2[Hz], 0.0
trapezoid3( 0[%],
zerofill( 1)

£££( 1, TRUE, TRUE )

[s] )
80[%], 100[%] )

abundance

abundance

machinephase
ppm

Filename rac-3-1121-2.3df
Author delta

Experiment single pulse.ex2
Sample_Id S#641762

Solvent CHLOROFORM-!

22-NOV-2017 10:35:42
22-NOV-2017 10:36:10

1D COMPLEX
13107

ECA 500
JNM-ECA500

i
Spectrometer

Field Strength 11.7473579[T] (500 [MHz])

X_Acq Duration 1.74587904 [s]
& ra C—3 x:non?ﬁin 10
X Freq 500.15991521 [MHz]
5.0(ppn]
16384
0.57277737 [Hz]
9.38438438 [kHz]
. 18
500.15991521 [MHz]
5.0[ppm]
& 18
500.15991521 [MHz]
5.0 [ppm]
1 FALSE
32
Total_Scans 32
= Relaxation Delay = 2[s]
Recvr Gain 8
™ 20.5[dC)
& 6[us]
1.74587904[s]
[deg]
& 6[dB]
5.8[us]
ofs
off
5 FALSE
1ls]
) RepetitTon Time = 3.74587904[s]
T T T e e
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Fig. S13 '"H NMR (500 MHz, CDCl f 3
ig. (5 z, 3, rt) spectrum of rac-3.
B [ ---- PROCESSING PARAMETERS ----
o dc_balance( 0, FALSE )
& sexp( 0.2[Hz], 0.0[s] )
trapezoid3( 0(%], 80[%], 100[%] )
2 zerofill )
f= ££6( 1, TRUE, TRUE )
machinephase
ppm
Filename = rac-6_1125-2.3df
Author = delta
Experiment = single pulse.ex2
Sample_Td = S#644925
Solvent = CHLOROFORM-D
Creation Time = 25-NOV-2017 17:56:45
Revision Time = 26-NOV-2017 13:30:03
Current_Time = 26-NOV-2017 13:30:15
Data_Format = 1D COMPLEX
Dim Size = 13107
=18
= lppm]
=x
= ECa 500
= JNM-ECA500
= 11.7473579[T] (500 [MHz])
= 1.74587904(s]
=18
= 500.15991521 [MHz]
= 5.0(ppm)
= 16384
=1
= 0.57277737[Hz]
= 9.38438438[kHz]
=18
= 500.15991521 [MHz]
= 5.0([ppm]
= 500.15991521 [MHz]
= 5.0[ppm]
= FALSE
=4
Total _Scans =4
Relaxation Delay = 5[s]
Recvr _Gain =46
Temp_Get = 20.5[dc]
X_90_Width = 11.6[us]
X“Acq_Time = 1.74587904(s]
= 45[deg]
= 3.6[dB]
= 5.8[us]
= off
= off
= FALSE
] -y = 1[s]
1 I | I 1 s L Repetition Time = 6.74587904[s]
T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 5.0 4.0 3.0 1.0 0 -1.0 2.0
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Fig. S14 '"H NMR (500 MHz, CDCl3, rt) spectrum of rac-6.

X : parts per Million : 1H

S-22




6‘,0
20.93
21.02

4‘0 5‘0
% Yy
O )

(@] o
o oA,

rac-7 \\

TIPS

Lo

= SIER
) =k

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE

sexp( 0.2[Hz], 0.0

trapezoid3( 0[%],
zerofill( 1)

[s] )
80[%], 100[%] )

££t( 1, TRUE, TRUE )

machinephase
ppm

Filename rac-7-1120-2.3jdf
Author delta

Experiment single pulse.ex2
Sample_Id S#592028

Solvent CHLOROFORM-!

i
Spectrometer

Field Strength
X_Acq_Duration
X Domain

X Freq

Total_Scans

Relaxation Delay =
in

Recvr_Ga:

Repetition Time

22-NOV-2017 10:57:43
22-NOV-2017 10:57:51

1D COMPLEX
13107

ECA 500
JNM-ECA500

11.7473579[T] (500 [MHz])
1.74587904[s]

1H
500.15991521 [MHz]

0.57277737 [Hz]
9.38438438 [kHz]
10
500.15991521 [MHz]
5.0[ppm]

10

500.15991521 [MHz]
ppm]

ils
3.74587904[s]
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”‘1‘2‘.‘0”””‘1‘1‘.‘0”””‘1‘0‘.‘0”””‘éfb”””‘éfb””‘I"I%fb‘l‘l‘l‘””sfb”””‘éfb”””!ifﬁl‘”"“‘”‘_%16”””‘26”””‘if‘””””“”””‘.‘1‘.6”””.‘2‘.6”
AIISS A A L L
X : parts per Million : 11 6 6 [RESERIaviiv v} v &é&é;m‘ﬂi 2—' S
Fig. S15 '"H NMR (500 MHz, CDCl3, rt) spectrum of rac-7.
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Fig. S16 '"H NMR (500 MHz, CDCls, rt) spectrum of (R,R)-7.
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---- PROCESSING PARAMETERS ----

dc_balance( 0, FALS!

sexp( 0.2[Hz], 0.
trapezoid3( 0[%],
zerofill

E )

0[s] )
80[%], 100[%] )

1
££t( 1, TRUE, TRUE )

machinephase
PpPm

Filename
Author
Experiment
Sample_Id
Solvent
Creation_Time
Revision Time
Current_Time

Data_Format
D25t

i
Spectrometer

Field Strength
X_Acq_Duration
X Domain

X Freq

X Offset
X_Points
X_Prescans

Total_Scans

Relaxation_Delay

Repetition Time

= 7_1st-2.3df
delta

single_pulse.ex2

54740286

22-NOV-2017 11:21:43
22-NOV-2017 11:22:09
1D CoMPLEX

13107

11.7473579[T] (500 [MHz])
1.74587904 [s]
B

1

500.15991521 [MHz]

5.0[ppm]

16384

1

0.57277737 [Hz]

9.38438438 [kHz]

18

500.15991521 [MHz]

5.0[ppm]

500.15991521 [MHz]
pm]

ALSE

-

ils
3.74587904[s]



---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE
2N sexp( 0.2[Hz], 0.0[s] )
o “ trapezoid3( O[%], 80[], 100[#] )
= S zerofill( 1 )
< S £££( 1, TRUE, TRUE )
o] machinephase
- ppm
<
=1 HN NH
S o}
s 0
24 Filename 7_2nd-2.3df
ha) O O Author delta
Experiment single pulse.ex2
<4 Sample_Id S#745038
= Solvent CHLOROFORM-!
Creation_Time 10-NOV-2017 20:42:40
=3 O o Revision_Time 22-NOV-2017 11:59:51
] 22-NOV-2017 12:00:15
< \) 1D COMPLEX
i 13107
IS o] e} 13
o [ppm]
- i ECA 500
- Spectrometer JNM-ECA500
=] Field Strength 11.7473579[T] (500 [MHz])
X_Acq_Duration 1.74587904[s]
=) X Domain 18
| // X Freq 500.15991521 [MHz]
X Offset 5.0 [ppm]
= (S, S)'7 X_Points 163&5‘”‘
= X Prescans
T|PS X_Resolution 0.57277737 [Hz]
X Sweep 9.38438438 [kHz]
| Irr_Domain 10
~ Irr_Freq 500.15991521 [MHz]
XS JF@E Irr offset 5.0 [ppm]
< —= = Tri Domain 18
© TriFre 500.15991521 [MHz]
Tri Offset 5.0 [ppm]
< Clipped FALSE
] sc: 48
Total_Scans 48
f:»— Relaxation Delay = 2[s]
Recvr_Gain 0
G 19[dc]
=4 -6lus]
i 1.74587904[s]
[deg]
< 6[dB]
ol 5.8[us]
o off
2o off
g = FALSE
< 1[s]
g I [ ] | l“ ll l | I Repetition Time = 3.74587904[s]
3 I .
Gl
T T T T T T T T T T T T T T T T
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Fig. S17 '"H NMR (500 MHz, CDCls, rt) spectrum of (S,S)-7.
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) ---- PROCESSING PARAMETERS ----
E )

2 dc_balance( 0, FALS]
Z sexp( 0.2[Hz], 0.0[s] )
= = trapezoid3( 0{%], 80[%], 100[%] )
%7 zerofill( 1)
£££( 1, TRUE, TRUE )
machinephase
ppm
- NH
= (4&0 Oﬁ
Filename R,R-8-NN42_1123-4.jdf
(0] O Author elta
Experiment single pulse.ex2
<1 54503154
© CHLOROFORM-D
23-NOV-2017 13:57:30
0 23-NOV-2017 17:02:20
23-NOV-2017 17:02:39

1D COMPLEX
13107
18

5.0
O
o

[ppm]
X

ECA 500
INM-ECA500

Site
Spectrometer

Field Strength 11. 7473579[1] (500 [MHz])

1 74587904 [

4.0

500 15991521 [MHz]
0[ppm]
H

2.00

1

0.57277737 [Hz]
9.38438438 [kiiz]
10

3.0
1

500.15991521 [MHz]
5.0[ppm]
10

500.15991521 [MHz]
5.0 [ppm]
FALSE

Total_Scans 32

Relaxation Delay = 2[s]

18.8[dC]
11.6[us]
1.74587904[s]
45[deg]

3.6[dB]
5.8[us]
off

off
FALSE

1(s]
3.74587904(s]

Initial Wait
l Repetition Time

abundance
0 1
L
(S

T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 3.0 2.0 1.0 0 -1.0 -2.0
A AT,/ | | |
o= ©malevoTa FTo Lo A © )
A5 UZESER2IF 8 SFFw & b 5]
S5 S8aSaaxt  dd 83338 4 g 3
$h EERESSEE  wE  FFFF @ = S
X : parts per Million : TH
Fig. S18 'H NMR (500 MHz, CDCI f (R,R)-8
ig. (5 z, 3, rt) spectrum of (R,R)-8.
---- PROCESSING PAMTERS ———=
do balance( 0, EALSE )
sexp( 2.0[Hz], 0.
ttapeloxdz( 0[%], 80[%], 100([%] )
zerofi.
B ffe( 1, TRUE TRUE )
machinephase
ppm
1 Filename = R,R-8_C_1123-2.3jdf
] Author = delta
] Experiment = single_pulse_dec
] Sample_Id =111
] Solvent = CHLOROFORM-D
Creation_Time = 23-NOV-2017 16:07:32
] Revision Time = 23-NOV-2017 22:07:02
Current_Time = 23-NOV-2017 22:07:34
Data_Format = 1D COMPLEX
] Dim_Size = 26214
1 Dim Title =13
bl Dim Units = [ppm]
<] Dimensions =X
=3 Site = ECA 500
Spectrometer = JNM-ECA500
Field Strength = 11. 7473579[':] (500 [MHz])
X _Acq Duration = 0.83361792[s
X Domain =13c
X Freq = 125.76529768 [MHz]
X Offset = 1co[ppm]
X Points = 3
X_Prescans =
X_Resolution = 1 19959034 [Hz]
X_Sweep = 39 3081751[kﬂz]
Irr_Domain =
4 Irr Fre = 500 15991521 [MHz]
q Trr offset = 5.0[ppm]
1 Clipped = FALS
Scans = 1400
] Total_Scans = 1400
4 Rzlaxatxnn _Delay = 2[s]
q Recvr_Gai = 58
] emp_Ge! = 20.9[dC]
] X_90_Width = 9[us]
] X“Acq_Time = 0.83361792(s]
4 X_AngTe = 30[deg]
X Atn =
X_Pulse = 3[us]
ITr_Atn Dec = 22.048[dB]
Irr_Atn Noe = 22.048[dB]
3 Irr Noise = WALTZ
2 Decoupling = TRUE
_8 Initial Wait = 1[s]
= ‘ oe = TRUE
3 " Noe_Time = 2[s]
£ =7 Y " " VeNe Repetition Time = 2.83361792(s]
T T T T T T T T \ T T T T T T T T
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Fig. S19 *C NMR (125 MHz, CDCls, rt) spectrum of (R,R)-8.
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- PROCESSING PARAMETERS ----
dc :_balance( 0, FALSE )

seXp( 0.2[Hz], 0.0[s

trapezoid3( 0(%], Sot], 100181 )
zerofill( 1

fft( 1, TRUE, TRUE )
machinephase

Ppm.

SN
o] HN o NH
2
0o
(0] O
<]
2
(0] (e}
K/O O\)
<]
=+
- YV (ss
- & s .
— iy o i
B .
g B &
<]
3
<]
.
g t
z 1
H | |
< R R e e e L R AR RS AR
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Fig. S20 '"H NMR (500 MHz, CDCls, rt) spectrum of (S,S)-8.

0.2

0.1

abundance

S,5-8-NN35_1123-4.3df
delta

single pulse.ex2
S#507858
CHLOROFORM-D
23-NOV-2017 14:05:13
23-NOV-2017 16:45:33
23-NOV-2017 16:46:02

Current_Time

Data_Format 1D COMPLEX
13107

1H

[ppm]

X

ECA 500
JNM-ECA500

Site
Spectrometer

Field Strength 11 7473579[11 (500 [MHz])
[s]

4587904

500.15991521[1«-1:1

5.0[ppm]
16384

1
0.57277737 [Hz]
9.38438438 [kiiz]

10
500.15991521 [MHz]
5.0[ppm]

10

500.15991521 [MHz]
5.0 [ppm]

FALSE

32
32

Total_Scans

Relaxation Delay = 2[s]
Recvr_Gain 42
emp_Ge 1914c]
X_90_Width

11.6[us]
X“Acq_Time 1.74587904 [s]
5

1
Repetition Time = 3.74587904[s]

---- PROCESSING PARAMETERS ----
do balance( 0, FALS = )
sexp( 2.0[Hz], 0.
trapezold3( 0fs], aom, 100031 )
zerofi

£££( 1, -mv.m TRUE )
machinephase
ppm

X : parts per Million : 13C

Fig. S21 *C NMR (125 MHz, CDCl3, rt) spectrum of (S,S)-8.
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S,$-8-NN35_C_1123-4.3df
delta

single_pulse_dec

111

‘CHLOROFORM-D
23-NOV-2017 14:56:09

23-NOV-2017 17:08:49
23-NOV-2017 17:09:25

1D COMPLEX
26214

[ppm]
X

Site ECA 500

Spectrometer JNM-ECA500

Field Strength 11. 7473579[1] (500 [MHz])

X_Acq_Duration 0.83361792[s:

X Domain 3c

X Freq 125.76529768 [MHz]

X Offset 100 [ppm]

X_Points 32768

4
1.19959034 [Hz]

X_Swee 39.3081761 [kHz]
ITr_Domain H

Irr Freq 500.15991521 [MHz]
Irr_Offset 5.0[ppm]

Clipped FALS]

Sc: 1000

Total _Scans

Relaxation_Delay

Recvr_Gain 56
Temp_Get 20.4[dc]
X_90_Width 9[us]
X“Acq_Time 0.83361792[s]
X AngTe [deg]
X_Atn 6[dB]

X Pulse 3[us]
ITr_Atn_Dec 22.048[dB]
Irr_Atn Noe 22,048 [dB]
Irr No: IALT:
DecGupling TRUE

Initial Wait 1(s]

Noe TRUE
Noe_Time Is]

2
Repetition Time = 2.83361792[s]




---- PROCESSING PARAMETERS ----
< dc_balance( 0, FALSE
[N 2 sexp( 0.2[Hz], 0.0[s] )
2 trapezoid3( O[%], 80[], 100[#] )
< S zerofill( 1)
= £££( 1, TRUE, TRUE )
Py machinephase
=4 ‘ pPm
Q
<
o
5 HN NH
<1 O Filename rac-9a-1120-2.jdf
Lt Author delta
= Experiment single pulse.exz
= sample Id S#583335
= (0] o Solvent CHLOROFORM-D
> Creation_Time 20-HOV-2017 16:11:00
= Revision Time -NOV-2017 12:13:
o rac-9a T 22-NOV-2017 12:13:50
<
< o] O 1D COMPLEX
= > < 13107
N 18
o] — [ppm]
= TIPS—— o Cl :
< i ECA 500
ai o Spectrometer JNM-ECA500
—= )
< o Field Strength 11.7473579[T] (500 [MHz])
= X_Acq_Duration 1.74587904 [s]
X Domain 18
<1 X_Freq 500.15991521 [MHz]
S X Offset 5.0 [ppm]
X Points 16384
=7 X_Prescans
=N X Resolution 0.57277737[Hz]
X Sweep 9.38438438 [kHz]
=1 ~ ITr_Domain 1
o = Irr_Freq 500.15991521 [MHz]
w |5 Irr Offset 5.0 [ppm]
< [z | Ta Tri-pomain Ta T
|| TriFre 500.15991521 [MHz]
o = Tri Offset 5.0 [ppm]
2] E Bl E mee I
sc: 32
o Total_Scans 32
o Relaxation Delay = 2[s]
< Recvr_Gain 4
<+ G 20.5[ac]
6[us]
<4 1.74587904[s]
o [deg]
6[dB]
<4 5.8[us]
g o off
off
s o] FALSE
=i l “ 1 Y 1[s]
5 M I \ | L l | Repetition Time = 3.74587904[s]
Gl
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Fig. S22 '"H NMR (500 MHz, CDCl;, rt) spectrum of rac-9a.
*
---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 1)
2 ££ft( 1, TRUE, TRUE )
S = machinephase
<7 N ppm
HN NH Filename = rac-11-2.3df
o Author = delta
Experiment = single_pulse.ex2
(o] Sample_Id = s#711971
Solvent = CHLOROFORM-D
= Creation_Time = 19-SEP-2017 19:48:09
= Revision Time = 23-NOV-2017 10:50:16
(0] (0] Current_Time = 23-NOV-2017 10:50:32
Data_Format = 1D COMPLEX
rac-9b Dim Size = 13107
o) 0 Dim_Title =18
Dim Units = [ppm]
Dimensions =
site = ECA 500
Spectrometer = JNM-ECA500
TIPS——= o o CH3 v Field Strength = 11.7473579[T] (500 [MHz])
= X_Acq Duration = 1.74587904[s]
* X Domain = 1H
< X_Freq = 500.15991521 [MHz]
o X Offset = 5.0[ppm]
X Points = 16384
=1
° = 0.57277737[Hz]
S = 9138438438 [kHz]
= =18
= = 500.15991521 [MHz]
) = 5 Otepn)
e o = 500.15991521 [MHz]
el S = 5.0[ppm]
i & = FALSE
1M1 =]
=Y Total_Scans = 40
Relaxation Delay = 2[s]
Recvr _Gain =30
Temp_Get = 19.9[dc]
X_90_Width = 11.6[us]
X“Acq_Time = 1.74587904(s]
X AngTe = 45[deg]
X Atn = 3.6[dB]
X_Pulse = 5.8[us]
o - Mod = Off
2 Tri Mode = off
g | Dante_Presat = FALSE
] | Initi3l Wait = 1[s]
g ] \J‘u j JJLL t Repetition Time = 3.74587904[s]
S o L
Gl
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Fig. S23 'H NMR (500 MHz, CDCls, rt) spectrum of rac-9b. Asterisk denotes a residual solvent

peak.
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---- PROCESSING PARAMETERS ----
dc_balance( 0, mLs )

v
< sexp( 0.2[Hz], 0.0[
= P trapezoid3( 0(%], eom, 100(%] )
= zerofill( 1
££t( 1, TRUE, TRUE )
HN NH K machinephase
Filename RR-9_1123-2.30¢
(R R)_g Author
) Experiment s).nqle  pulse.ex2
(0] (0] [~ Sample_Id S#650594
=2 Solvent CHLOROFORM-D
% [ Creation_Time 23-NOV-2017 18:03:07
@ Revision_Time 23-NOV-2017 22:16:29
e o o CH “ Current_Time 23-NOV-2017 22:16:46
3 (+ Data_Format 1D COMPLEX
= Dim Size 13107
o Dim Title 18
Dim Units [ppm]
2 Dimensions X
< [ S ECA 500
RISt o Spectrometer JNM-ECA500
f Field_Strength 11.7473579[T] (500 [MHz])
EY - X_Acq Duration 1.74587904 1]
= 2 X _pomain
J S XFreq 500, 15991521 [Mtz]
| | X Offset 5.0[ppm]
X Points 1a384
= XPrescans
o] X_Resolution 0.57277737 [Hz]
X_Sweep 9.38438438 [kHz]
ITr_Domain 18
. Irr_Fre 500.15991521 [MHz]
= Irr_Offset 5.0[ppm]
Tri Domain H
TriFre 500.15991521 [MHz]
- Tri Offset 5.0[ppm]
> Clipped FALSE
< Scans 32
Total_Scans 32
<] Relaxation Delay = 2[s]
“ Recvr_Gai
Temp_Get 20[dc]
X_90_Width 1.6[us]
<1 X“Acq_Time 1.74587904[s]
o X AngTe 45[deg]
X atn 3.6[dB]
X_pulse 5.8[us]
0o ITr_Mode Off
e = Tri Mode off
s Dante_Presat FALSE
] Initial Wait 1ls]
g \ . RepetitTon Time = 3.74587904[s]
2o u
Gl
RN R R R L AR o R RS ARRARS
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 40 3.0 2.0 - -2.0
ANANA A AU |
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X : parts per Million :

Fig. S24 '"H NMR (500 MHz, CDCl3, rt) spectrum of (R,R)-9.
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IH

3275 FROCESSING PARMMETERS ----

dc_balance( 0, nL
sexp( 2.0[Hz], 0.

ttapezode( o[sl, so[%l, 100[%] )

zerofi.
££E( 1,
machinephase
ppm

TRUE TRUE )

T T T T T T
220.0210.0200.0190.0180.0170.0160.

X : parts per Million : 1

3C

A

%
S
<
%
z

167.961

158.966 —— =1

o

156.553 —

T T
100.090.0 80.0 7

114.536

53.615
53.529
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Fig. S25 3*C NMR (125 MHz, CDCls, rt) spectrum of (R,R)-9.
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Experiment
Sample_Id
Solvent
Creation_Time
Revision Time
Current_Time

R,R-9_C_1123-2.3df
elta
single_pulse_dec

111

CHLOROFORM-D
23-NOV-2017 18:53:50

23-NOV-2017 22:35:07
23-NOV-2017 22:35:41

Data_Format = 1D COMPLEX
Dim_Size = 26214

Dim _Title =13c

Dim Units = [ppm]

Dimensions =x

site = ECA 500

Spectrometer = JNM-ECA500

Field Strength 11. 7473579[':1 (500 [MHz])
X_Acq_Duration 0.83361792s:

X Domain 13c

X Freq 125.76529768 [MHz]

X Offset 199 [pen)

X Points 32

x

w

o

@

S

2

g

&

14

9

H
W

o1
Noe_Time

1 19959034 [Hz]

X_Sweep 39 3081751[kﬂz]
ITr_Domain
Irr Fre 500, 15991521 [MHz]
Irr Offset 5.0(ppm]
Clipped FALS
Scans 1000
Total_Scans 1000
Relaxation Delay = 2[s]
Recvr_Gai =58
emp_Ge = 21.1[dc]
X_90_Width = 9[us]
X“Acq_Time = 0.83361792[s]
X AngTe = 30[deg]
X“Atn =
X_Pulse = 3[us]
ITr_Atn Dec = 22.048[dB]
Irr_Atn Noe = 22.048[dB]
IrrNoise = WALTZ
Decoupling = TRUE
Initial Wait = 1[s)

= TRUE

Repetition Time

2[s]
2.83361792(s]




e de_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[

{ - PROCESSING PARAMETERS —-—-

apezoid3 ((0(s], aom, 100(%] )
zerofill( 1 )

£ft( 1, TRUE, TRUE )
machinephase

HN NH pem

7.90
7.9

s,5-9-2.3df
delta

single pulse.ex2
S#601544
CHLOROFORM-D
23-NOV-2017 16:41:22
23-NOV-2017 22:30:26
23-NOV-2017 22:30:41

3.84
355
Py
PYTE
g5t
HAL
§E88
nIH%

8
H
P

O 4 g
Current_Time
HaC o—; 0 = ; vata._ rormat
Dim Size
Dim Title

o
2
i = 1D COMPLEX
= 13107
8 =1
[ z < Dim Units = Ippm]
Dimensions =X
" = ECA 500
Spectrometer = JNM-ECA500
5[5 - :
s = Field Strength = 11.7473579[T] (500[MHz])
S T 174587904 1]
soo 15991521 [MHz]
<] 0[ppm]
= P
=1
= 0.57277737[Hz]
=] = 9.38438438[kHz]
o = 1H
= 500.15991521 [MHz]
=1 = 5.0[ppm]
bl = 500.15991521 [MHz]
= 5.0(ppm]
= FALSE
— ans = 32
Total_Scans =32
o Relaxation Delay = 2[s]
"~ Recvr_ = 36
“ = 19.7[dC]
= 11,6[us]
= 1.74587904[s]
21 = 45[deg]
o = 3.6[dB]
= 5.8[us]
= Off
§ <3 = off
g = FALSE
9 = 1ls]
g ) I | RepetitTon Time = 3.74587904[s]
<
T T T T e e
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0
AAMSS A AN |
©N Comono—< oo —<wnwn T © s
Ao dacw—%En T noed I X 3
o wwmnnSEns o Swer S 3 S
Fd EEEEESES v Feimed o o S
X : parts per Million : 1H
Fig. S26 'H NMR (500 MHz, CDCI £ (S,5)-9
ig. (5 z, 3, rt) spectrum of (S,S5)-9.
] ---- PROCESSING PARANETERS ———=
1 dobalance( 0, FALSE )
q sexp( 2.0[Hz], 0.
e ttapezode( 0[%], 80[%], 100([%] )
—_ zerofi.
] ffe( 1, TRUE TRUE )
machinephase
ppm
o
1 Filename =559C2]d£
Author = delta
Experiment = sxngle_yulse dec
Sample_Id =
Solvent < CatororoRu-D
Creation_Time = 23-NOV-2017 17:39:39
Revision Time = 23-NOV-2017 22:38:49
- Current_Time = 23-NOV-2017 22:39:14
] Data_Format = 1D COMPLEX
Dim_gize = 26214
Dim Title = 13c
] Dim_Units = [ppm]
a7 Dimensions =X
Site = ECA 500
Spectrometer = JNM-ECA500
Field Strength = 11. 7473579[':] (500 [MHz])
X_Acq Duration = 0.83361792[s
X_Domain =13c
X Freq = 125.76529768 [MHz]
X Offset = 1co[ppm]
X Points = 3
X_Prescans =
] X Resolution = 1 19959034 [Hz]
X_Sweep = 39 3081751[kﬂz]
] Irr_Domain =
Irr_Fre = 500 15991521 [MHz]
Irr_offset = 5.0[ppm]
| Clipped = FALS]
4 Scans = 1000
] Total_Scans = 1000
| Rzlaxatxnn \_Delay = 2[s]
] Recvr_Gai = 58
] emp_Ge! = 21[dc]
X_90_Width = 9[us]
<9 X Acq_Time = 0.83361792[s]
] X_AngTe = 30[deg]
X Atn =
X_Pulse = 3[us]
ITr_Atn Dec = 22.048[dB]
Irr_Atn Noe = 22.048[dB]
3 Irr Noise = WALTZ
2 Decoupling = TRUE
_8 Initial Wait = 1[s]
2 bl Noe = TRUE
3 " Noe_Time = 2[s]
32 4 Repetition Time = 2.83361792[s]
T T T T T T T T T T T T T T T T
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40 0 30 0 20 0 10 0 0 -10.0-20.0
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X : parts per Million : 13C

Fig. S27 3C NMR (125 MHz, CDCl3, rt) spectrum of (S,S5)-9.
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---- PROCESSING PARAMETERS ----
S|

dc_balance( 0 E )

sexp( 0.2[Hz], 0.0[s] )
trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 1

££t( 1, TRUE, TRUE )
machinephase

ppm

_Time
Current_Time

Data_Format

ite
Spectrometer

Field Strength

Total_Scans

Relaxation Delay =

Repetition Time

NN56_0131-4.3jdf
delta

single pulse.ex2
s#410410

CHLOROFORM:-

31-JAN-. 2018 11:22:13
2-FEB-2018 10:48:29
2-FEB-2018 10:49:00

1D COMPLEX
13107
H

1
[ppm]

ECA 500
JNM-ECA500

11.7473579[T] (500 [MHz])

1.74587904[s]

1\

500.15991521 [MHz]

5.0[ppm]

16384

0.57277737 [Hz]

9,38438438 [kiz)

sco 15991521 [MHz]
0 [ppm]

i

500.15991521 [MHz]
[ppm]

5[s]

1
17.8[dc]
11.6[us]
1.74587904 [s]
45[deg:

1
6.74587904 [s]

12.0 11.0 10.0 9.0 8.0 7.0 S. 4.0 2.0 -1 -2.0
WA AV A
o m—oMvOo SwnY oo ow )
o $-BSERY Aaf® Thman 3
Ein XxxA=053 add SEREA S
Fod NENNGCS wen i S
X : parts per Million : 1H
Fig. S28 'H NMR (500 MHz, CDCls, 1t t f 8a
ig. z, 3, rt) spectrum of rac-
] 55 FROCESSING PARMMETERS -—--
- de_balance( 0, ALS )
3 sexp( 0.2[Hz], 0.0
& trapezoids( 0fs], scm, 100[%] )
- zerofill( 1 )
££t( 1, TRUE, TRUE )
< machinephase
o ppm
<
& HN NH
0 Filename NN58_0131-4.jdf
Author 1ta
(0] Experiment single pulse.ex2
sample_Id S#414435
Solvent CHLOROFORM-D
Creation 31-JAN-2018 11:28:55
H (0] (0] Revision " 2-FEB-2018 11:07:19
Current_Time 2-FEB-2018 11:07:32
( > Data_Format 1D COMPLEX
0 0 Dim_Si 13107
1H
n_{ [ppm]
<] Dimensions X
e Site 500
O Cl Spectrometer INM-ECA500
' Field Strength 11,7473579(7] (500 (MBz])
- X_Acq Duration 4587904 [s]
4 rac-8'b ihet
=S| g < OH X Freq 500.15991521[Mﬂz]
< a X Offset 5.0 [ppm]
o X Points 16384
zg - :
T ” JE J J 0.57277737 [Hz]
.38438438 [kHz]
18
o 500.15991521 [MHz]
] 5.0 [ppm]
« 18
500.15991521 [MHz]
5.0 [ppm]
FALSE
16
=] Total_Scans =16
N Relaxation Delay = 5[s]
Recvr _Gain 18
17.5[4c]
11.6[us]
1.74587904[s]
45[deg]
=1 3.6[dB]
— 5.8[us]
o off
2 off
g FALSE
] InitiZl Wait 1ls]
g | Repetition Time = 6.74587904[s]
g o L . L
T T T T T T T T T T T T T T
120 11,0 100 90 8.0 7.0 6.0 5.0 4.0 3.0 2. 1.0 0 S0 20
AN N s
T— wooo®mmn B QLA MBI TSN S
I SaEs8lwn Fin 238X d=gw S
S mEAa R “ —eennnrn oy <
K6 NSNS SSS v FF T A ededededen S
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Fig. S29 'H NMR (500 MHz, CDCl3, rt) spectrum of rac-8’b.
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‘ ---- PROCESSING PARAMETERS ----
© dc_balance( 0, FALSE )
S sexp( 0.2[Hz], 0.0[s] )
o8 trapezoid3( 0{%], 80[%], 100[%] )
HN NH zerofill( 1 )
££t( 1, TRUE, TRUE )
(0] machinephase
o ppm
oy
- (0] O EN
3 “
O Filename = MBHE-2 . jaf
Author = delta
Experiment = single pulse.ex2
Y sample_Id = S¥578425
o) 0 4 Solvent = CHLOROFORM-D
= = - Creation_Time = 3-FEB-2018 16:02:14
e Revision Time = 3-FEB-2018 17:22:53
Current_Time = 3-FEB-2018 17:31:56
rac-8' -
Data_Format = 1D COMPLEX
Dim_Size = 13107
" Dim_Title =1
o ofl o Dim Units = [ppm]
. S 32 S Dimensions =x
FH o e o i = ECa 500
Spectrometer = JNM-ECA500
Field Strength = 11.7473579[T] (500 [MHz])
J X_Acq Duration = 1.74587904[s]
X Domain =18
S = 500.15991521 [MHz]
= 5.0[ppm]
< = 16384
= =1
= 0.57277737[Hz]
= 9.38438438 [kHz]
=18
= 500.15991521 [MHz]
= 5.0[ppm]
=18
= 500.15991521 [MHz]
<] = 5.0[ppm]
I = FALSE
=18
Total_Scans =18
Relaxation Delay = 5[s]
=50
= 18.8[dC]
= 11.6[us]
<] = 1.74587904[s]
- = 45[deg]
= 3.6[dB]
= 5.8[us]
3 = off
< = off
g = FALSE
] Ly = 1ls]
g ] J Repetition Time = 6.74587904[s]
5
C]
T T T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
AR L S
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Fig. S30 'H NMR (500 MHz, CDCls, 1t t f 8
ig. z, 3, rt) spectrum of rac-8’.
| ---- PROCESSING PARAMETERS ----
- dc_balance( 0, FALSE )
ek Sewp( 2.0[Hz], 0.0[s] )
= trapezoid3( O[%], 80[¢], 100[%] )
zerofill( 1 )
E ££t( 1, TRUE, TRUE )
- machinephase
a4 Ppm
<
2
S
Filename MEBC-2.jdf
o~ Author elta
= Experiment = single_pulse_dec
< Sample_Id =111
3 Solvent = CHLOROFORM-D
Creation Time = 3-FEB-2018 16:55:32
) Revision Time = 3-FEB-2018 17:33:35
= Current_Time = 3-FEB-2018 17:34:08
3 Data_Format = 1D COMPLEX
Dim_Size = 26214
o) Dim_Title =13c
- Dim_Units = [ppm]
< Dimensions =x
3 site = ECA 500
Spectrometer = JNM-ECA500
= Field Strength = 11.7473579[T] (500[MHz])
S X_Acq Duration = 0.83361792[s]
3 X Domain =
X Freq = 125.76529768 [MHz]
o X Offset = 100 [ppm]
<4 X_Points = 32768
< X_Prescans =4
3 X Resolution = 1.19959034 [Hz]
X Sweep = 39.3081761[kHz]
=~ ITr_Domain =18
<4 Irr Freq = 500.15991521 [MHz]
< Irr Offset = 5.0[ppm]
3 Clipped = FALSE
sc: = 982
w Total_Scans = 982
E<E .
< Relaxation Delay = 2[s]
3 Recvr_Gain =54
, Get = 19[dC]
X_90_Width = 9[us]
X“Acq_Time = 0.83361792[s]
X AngTe = 30[deg]
X_Atn = 6[dB]
X pulse = 3[us]
ITr_Atn Dec = 22.048[dB]
Irr_Atn Noe = 22.048[dB]
3 Irr Noise =
E] " DecGupling = TRUE
g Initial Wait = 1[s]
] ! Noe = TRUE
] Noe_Time = 2[s]
3 Repetition Time = 2.83361792[s]
) R R o I LA N R o e o e S R A RS RARRRREERNwe
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0
|
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Fig. S31 *C NMR (125 MHz, CDCls, rt) spectrum of rac-8’.
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---- PROCESSING PARAMETERS ----
dc_balance( 0, m.s )

] o |2
] =~ sexp( 0.2[Hz], 0.0[
o1 o~ Erapezoids (0[s1, dote], 10031 )
e zerofill( 1
bt fEri 1 daoe, TRuE )
machinephase
PpPm
- % CN Filename = 11b_1123-3.jdf
OCOR Author = delfa
Experiment = single pulse.ex2
« Sample_Td = S#7337T7
g Solvent = CHLOROFORM-D
gl rac-11 b Creation Time = 23-NOV-2017 20:21:31
Revision_Time = 23-NOV-2017 22:53:04
Current_Time = 23-NOV-2017 22:53:20
Data_Format = 1D COMPLEX
Dim_Size = 13107
Dim Title = 1H
Dim Units = [ppm]
Dimensions =X
el site = ECA 500
Spectrometer = JNM-ECA500
Field Sttength = 11.7473579([T] (500 [MHz])
< 1,74587904(s]
/] = 500 15991521 [MHz]
= 5.0[ppm]
= 16384
=1
= 0.57277737[Hz]
= 9.38438438 [kHz]
= 1H
= 500.15991521 [MHz]
= 5.0[ppm]
= 500.15991521 [MHz]
= 5.0[ppm]
= FALSE
=32
= 32
Relaxation Delay = 2[s]
Recvr_Gain =46
Temp_Get = 20.7[dC]
] X_90 Width = 11.6[us]
i = 1,74587904(s]
= 45[deg]
= 3.6[aB]
= 5.8[us]
8 = Off
= off
g7 ] = FALSE
'-g ] = 1[s]
5 4 Repetition Time = 3.74587904[s]
|
T T T T e e
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0
///k\
2o CoOmMOaNO =X T OO0 =)
B b bt S
S8R nninnammad 3
06 06 I [~ 0= B~ 0~ B~ 0~ 0~ 0~ 0~ 0= 0~ 0 =
X : parts per Million : 1H
Fig. S32 'H NMR (500 MHz, CDCI f 11
ig. (5 z, 3, rt) spectrum of rac-11b.
---- PROCESSING PARAMETERS ----
dc_balance( 0, E‘ALS )
sexp( 2.0[Hz], 0.0
trapezoid3( 0{%], dot], 100181 )
zerofill( 1
f£ft( 1, TRUE, TRUE )
machinephase
PPm
Filename = 11b_C-2.3df
Author delta
Experiment smgle _pulse_dec
Sample_Id
Solvent = CHIJORO
Creation_Time = 25-] NOV-2017 16:32:40
Revision_ = 26-NOV-2017 12:20:52
Current_Time = 26-NOV-2017 12:21:09
Data_Format = 1D COMPLEX
Dim_Size = 26214
Dim Title =13c
Dim Units = [ppm]
Dimensions =X
Site = 500
Spectrometer = JNM-ECA500
Field_Strength = 11.7473579[T] (500[MHz])
X_Acq Duration = 0.83361792[s]
X Domain = 13c
X_Freq = 125.76529768 [MHz]
XToffset = 100 [ppm]
X Points = 32768
X_Prescans =4
X Resolution = 1.19959034[Hz]
X_Sweep = 39.3081761[kHz]
ITr_Domain = 1H
Irr_Freq = 500.15991521 [MHz]
Irr_Offset = 5.0[ppm]
cnpped = FALS]
Sca = 1000
Tctal ._Scans = 1000
Relaxation_Delay = 2[s]
Recvr_Gain = 58
Temp_Get = 21.1[dC]
X 6 Twidth = 9[us]
X“Acq_Time = 0.83361792[s]
X_AngTe = 30[deg]
XTAtn = 6[dB]
X Pulse = 3[us]
Ifr_Atn Dec = 22.048[dB]
Irr_Atn Noe = 22.048[dB]
8 -7 Irr Noise = WALT:
2 Decoupling = TRUE
3 S Initial Wait = 1[s]
2 7 Noe = TRUE
3 o] ) Noe_Time = 2[s]
5 < Repetition Time = 2.83361792[s]
B B B LA B B R s o R R R RRRRR RS
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Fig. S33 3*C NMR (125 MHz, CDCls, rt) spectrum of rac-11b.
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375 PROCESSING PARAMETERS ----
dc_balance( 0, nu. )

seXp( 0.2[Hz], 0.

trapezolds (0fs], aom, 100(%] )

OCOR
OCOR

(R)-11b

CN

4.08

ekl

| NS

abundance

zerofi
£££( 1, —m.m TRUE )

machinephase

ppm

Filename 11bR-2.jdE
Author delta

Experiment single pulse.ex2
Sample_Id S#541727

CHLOROFORM-D
25-NOV-2017 15:02:46
26-NOV-2017 12:28:15
26-NOV-2017 12:28:23

= 1D COMPLEX
= 13107
=1r
= [ppm]
=x
sit = Eca 500
Spectrometer = JNM-ECA500

Field Strength 11. 7473579[1'] (500 [MHz])

X_Acq Duration 174587904
X Domain
X Freq 500, 15991521 [MHz]
X Offset 5.0[ppm]
X Points 16384
1

0.57277737 [Hz]
9,38438438 [ksz]

500 15991521 [MHz]
5.0(ppn]

500.15991521 [MHz]
5.0 [ppm]
FALSE
24
4

5[s]
36
20.5[dc]

11.6[us]
1.74587904[s]
5 [de

1
6.74587904[s]

Repetition Time

120 110 100 o 0 70 60 50 40 30 20 10 0 -0 20
T RonIlenaNETREn s
NEFRICLRBARIRRR g
QoI ITana <
RN =
X : parts per Million : 1H
Fig. S34 '"H NMR (500 MHz, CDCl f(R)-11
ig. (5 z, 3, rt) spectrum of (R)-11b.
- PROCESSING PARAMETERS —-—-
7 dc_balance( 0, E‘ALS )
i sexp( 2.0[Hz], 0.0
trapezoid3( 0[%], 80[\], 100([%] )
4 zerofill( 1
£ft( 1, TRUE, TRUE )
1 machinephase
S ppm
=1
7 Filename = 11bR_C-2.jdf
Author delta
1 Experiment single_pulse_dec
1 sample_Id 111
Solvent = CHLOROFORM-D
4 Creation_Time = 25-NOV-2017 15:40:16
Revision_ = 26-NOV-2017 12:24:23
4 Current_Time = 26-NOV-2017 12:24:35
1 Data_Format = 1D COMPLEX
o Dim_Size = 26214
Tl Dim Title =13c
| Dim Units = [ppm]
Dimensions =X
4 Site = 500
Spectrometer = JNM-ECA500
Field_Strength = 11.7473579[T] (500[MHz])
4 X_Acq Duration = 0.83361792[s]
X Domain = 13c
1 X_Freq = 125.76529768 [MHz]
| X offset = 100 [ppm]
X Points = 32768
i X_Prescans =4
X Resolution = 1.19959034 [Hz]
1 X_Sweep = 39.3081761[kHz]
Irr_Domain = 1H
1 Irr_Freq = 500.15991521 [MHz]
.~ Irr_Offset = 5.0[ppm]
= cnpped = FALSE
Sca: = 700
7 Tctal ._Scans = 700
7] Relaxation Delay = 2[3]
| Recvr Gatn :
Temp Get = 21 1[dc]
4 X_90 Width = 9[us]
X Acq_Time = 0.83361792[s]
1 X_Angle = [deg]
X_Atn = 6[dB]
q X Pulse = 3[us]
ITr_Atn_Dec = 22.048[dB]
1 Irr_Atn Noe = 22.048[dB]
g | Irr Noise = WALT:
2 Decoupling = TRUE
5 1 Initial Wait = 1[s]
E o e
= Noe_Time = 2[s]
S Repetition Time = 2.83361792[s]
220,0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 1.0 0 -10.0-20.0
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5 3C NMR (125 MHz, CDCl3, rt) spectrum of (R)-11b.
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Caption for supporting movie

Movie S1. X-ray crystal structure of 8’ represented by a space-filling model (Animated version
of Fig. S7A).
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