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Supporting data
Configurational assignment of -chiral carboxylic acids by complexation to dimeric Zn-porphyrin: host/guest structure, chiral recognition and circular dichroism

Table S1. Structure of carriers 1 and 3 to 6, conjugates 1-7 and 3-7 to 6-7 and CD amplitudes for complexes 1-7/2 and 3-7/2 to 6-7/2.

[image: image1.png]Carriers Conjugates AoAe Obs'd Acp
I—|2N“N/\/\NHBoc Me,, AN 431 nm + 128
+
Boc N NH 419nm-101  +229
3 MeO 3-7
e, N NH
AN NN\ L -] 430 nm + 134
HoN NHBoc ” 421nm-109  +243
2 MeO 27
A Me,, /"
HN NHBoc N\/\/NHg 435 nm + 92
Me 4 OO .. a7 427 nm - 91 +183
MeO
v, ! N NHMe 433nm + 116
AN N nm +
HoN NMeBoc ” 425 nm - 98 +214
5 MeO 5-7
Me,, /" e NH 430 nm + 25
HO” ™""NHBoc ” ~ T V2 421 nm - 27 +52
6 MeO 6-7





Figure S1: UV-Vis spectra of zinc porphyrin tweezer 2 before complexation (bottom, dotted line) (, 417 nm; , 840,000), complexes 1-7/2 (bottom, solid line) (, 423 nm; , 940,000) and CD spectrum of complex 1-7/2 in MCH (top, solid line).
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Figure S2. (a) UV-Vis spectra of complex 1-8/2 with different equivalents of conjugate 1-8 added to tweezer 2 (1 m in MCH). (b) Binding plot following the absorption at 422 nm.
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Figure S3. Job plot of the complex between host 2 and conjugate 1-8 relative to CD couplet amplitude. Total concentration is 15 M in MCH. The maximum observed for 0.5 molar fraction indicate a 1:1 stoichiometry.
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General procedures for the conjugate and for host/guest complexes preparation, procedures for CD and IR measurements and for obtaining the Job plot and the binding constant of the complex; computational protocol; procedure for the synthesis of carrier molecule 3, 5, 6 and to obtain conjugate 4-7; 1H-NMR and MS data of conjugates 3-7, 4-7, 5-7, 6-7.

Gloria Proni, Gennaro Pescitelli, Xuefei Huang, Nazia Q. Quraishi, Koji Nakanishi* and Nina Berova*

Contribution from the Department of Chemistry, Columbia University, New York, NY 10027

Materials and general procedures

Anhydrous solvents were dried and distilled (THF from Na/benzophenone, CH2Cl2 from CaH2). Other solvents used for CD, UV-Vis (Methyl-cyclohexane, MCH, hexane, benzene, toluene, acetonitrile, CH2Cl2) and IR (CH2Cl2) measurements were Optima or HPLC grade. Unless otherwise reported, materials were obtained from Aldrich, USA and were used without further purification. Compound 13 was obtained from Steraloids, USA. Carrier molecule 11 and compound 152 were obtained following described procedure. Zinc porphyrin tweezer 2 is commercially available from TCI, Japan. The absolute configuration of compound 10 was confirmed following a described procedure.3
All reactions were performed in pre-dried glassware under Ar. Column chromatography was performed using ICN silica gel (32-63 mesh) while TLC plates (Silica Gel 60 F254) were obtained from EM Science. 1H NMR spectra were obtained on Bruker DMX 300, 400, 500 MHz spectrometers and are reported in parts per millions (ppm) relative to TMS (), with coupling constants (J) in Hertz (Hz). Low and High resolution FAB mass spectra were measured on a JEOLJMS-DX303 HF mass spectrometers using a glycerol matrix and Xe ionizing gas. UV-Vis were recorded at 25 °C on a Perkin-Elmer Lambda 40 spectrophotometer, corrected for background, and reported as max [nm] (max [mol-1 cm-1]). The CD spectra were recorded on a Jasco-810 spectrophotometer. The CD spectra were converted into max [L mol-1 cm-1]/ [nm] units. IR spectra were measured with Biorad Digilab FTS7000, equipped with a DTGS detector and mid IR source with 2 cm–1 aperture at 2000 cm–1, on 20mM solution in CH2Cl2 with a KBr sealed cell with the following conditions: speed 5kHz; filter 1.2; UDR 2; resolution 1 cm–1; sensitivity 1; NBM  apodization.
Carrier molecule 3

Preparation of carrier molecule 3 has been achieved modifying a described procedure.5 A solution of benzyl carbazate (6mmol) in water (2 mL) was heated to 90 °C for 40 min. Acrylonitrile (2 eq.) was added dropwise. The mixture was refluxed for 2 hours. A TLC of the reaction was taken (CH2Cl2/MetOH: 95/5). 1-(2-cyano-ethyl)-2-benzyloxycarbonyl-hydrazin was purified by chromatography (CH2Cl2/MetOH: 97.5/2.5) (56 %). To a suspension of LiAlH4 (150 mg) in dry THF (5 mL) at 4 °C a solution of 1-(2-cyano-ethyl)-2-benzyloxycarbonyl-hydrazin (3.4 mmol) in dry THF (3 mL) was added dropwise. After 30 min. the reaction mixture was quenched with saturated aqueous sodium potassium tartrate, and diluted with ethyl acetate (TLC in CH2Cl2/MetOH/TEA: 4/4/1). The crude of the reaction was washed with saturated aqueous solution of sodium potassium tartrate and the organic layer dried over Na2SO4 anhydrous.  After removing the solvent the crude was weighted and dissolved in dry THF (20 mL). TEA (2 eq.) and Boc2O (di-t-butyl-dicarbonate, 2.5 eq.) were added. The reaction was run overnight at 25 °C. The crude of the reaction was purified by column chromatography (CH2Cl2/MetOH: 99/1) to obtain benzyloxycarbonyl(Cbz)protected-3. (85%) 1H NMR (CDCl3, 300 MHz) 1.49 (broad s, 18H), 1.69 (m, 2H), 3.12 (m, 2H), 3.50 (m, 2H), 5.18 (s, 2H), 7.35-7.45 (m, 5H) HRFABMS calculated for C21H34N3O6 [M+H]+ 424.24, found 424.24. The removal of the auxiliary Cbz group from the benzyloxycarbonyl(Cbz)protected-3 (0.3 mmol) was accomplished by catalytic transfer hydrogenation with H2 and  Pd/C 10% (20 mg) in dry MetOH (5 mL) over a 3 hours period. The crude of the reaction was filtered over celite and purified by chromatography (CH2Cl2/MetOH: 97/3) (80 %). 1H NMR (CDCl3, 300 MHz) 1.43 (s, 9 H), 1.49 (s, 9 H) 1.72 (m, 2H, J = 6.3 Hz), 3.12 (m, 2H, J = 6.2 Hz), 3.42 (t, 2H, J = 6.5 Hz), 3.90-4.00 (broad s, 2H), 4.90-5.00 (s, 1H) HRFABMS calculated for C13H28N3O4 [M+H]+ 290.20, found 290.21.

Conjugate 3-7: 1H NMR (CD3OD, 300 MHz) 1.51 (t, 3H), 1.76 (m, 2H, J = 7.1), 2.71 (m, 4H), 3.69 (q, 1H), 3.81 (s, 3H) 7.1-7.7 (m, 6H) HRFABMS calculated for C17H24N3O2 [M+H]+ 302.18, found 302,18

Conjugate 4-7

Benzaldehyde (1 eq.) was added all at once with stirring to a solution of N1-methyl-propane-1,3-diamine (3.3 mmol) dissolved in toluene (5 mL). The mixture was refluxed (3 hours) under argon. The reaction was cooled to rt and carboxylic acid 7 (1eq.), DMAP (1 eq.) and EDC (2 eq.) were added in divided portions with stirring. After stirring overnight, the solvent was evaporated in vacuo, and the residue vigorously stirred with aqueous 1N KHSO4 (5 mL) at rt for 1 hours. The mixture was extracted with ether (3X10 mL) and then the aqueous layer was made strongly basic with NaOH. The aqueous layer was saturated with NaCl, and the products extracted with CH2Cl2 (1X20 mL, then 5X10 mL). The combined extracts were dried over Na2SO4, filtered and the solvent evaporated to leave an oil. The major spot by TLC (CH2Cl2/MetOH/TEA: 80/20/2) was purified by chromatography column (CH2Cl2/MetOH/TEA: 90/10/1). (50 %) 1H NMR (CD3OD, 300 MHz) (major) 1.49 (d, 3 H, 6.8 Hz), 1.68 (m, 2H) 2.60 (m, 2H), 2.89 (s, 3H) 3.35 (m, 1H), 3.65 (m, 1H), 3.95 (s, 3H) 4.10 (q, 1H), 7.10-7.75 (m, 6H) HRFABMS calculated for C18H25N2O2 [M+H]+ 301.18, found 301,19

Carrier molecule 5

N1-methyl-propane-1,3-diamine (1.1 mmol)  and Boc-ON (2-[[tert-butoxycarbonyl) oxy]imino]-2-phenylacetonitrile (1 eq.) were reacted overnight in THF (5 mL) at rt. The product of this reaction was purified by column chromatography (CH2Cl2/MetOH: 95/5) (70 %). 1H NMR (DMSO, 300 MHz) 1.46 (s, 9H), 1.89 (m, 2H, J = 7.2), 2.85-2.95 (m, 5H), 3.35 (t, 2H) HRFABMS calculated for C9H21N2O2 [M+H]+ 189.15, found 189.16

Conjugate 5-7: 1H NMR (CD3OD, 300 MHz) 1.51 (d, 3H, J = 7 Hz), 1.78 (m, 2H, J = 7.2), 2.55 (s, 3H), 2.8 (m, 2H), 3.21-3.39 (m, 2H), 3.8 (m, 1H) 3.9 (s, 3H) 7.1-7.78 (m, 6H) HRFABMS calculated for C18H25N2O2 [M+H]+ 301.18, found 301,19

Carrier molecule 6

3-amino-propan-1-ol (1.3 mmol), Boc2O (1.5 eq.) and TEA (triethylamine) (1 eq.) in CH2Cl2 were reacted at 25 °C overnight. The product of this reaction was purified by column chromatography (CH2Cl2/MetOH 90/10) (90 %). 1H NMR (CDCl3/CD3OD, 300 MHz) 1.45 (s, 9 H), 1.69 (m, 2H, J = 5.9 Hz), 3.28 (m, 2H), 3.65 (q, 2H, J = 5.8 Hz), 4.80-4.95 (s, 1H) HRFABMS calculated for C8H18NO3 [M+H]+ 176.12, found 176.13.

Conjugate 6-7: 1H NMR (CD3OD, 300 MHz) 1.51 (d, 3H, J = 7.1 Hz), 1.90 (m, 2H, J = 7.2), 2.85 (t, 2H), 3.9 (m, 4H) 4.15 (m, 2H), 7.09-7.69 (m, 6H) HRFABMS calculated for C17H22NO3 [M+H]+ 288.15, found 288.16
General procedure for conjugate preparation
To a solution of carboxylic acid (7 to 15) (15 mol) and carrier 1, 3, 5 and 6 (18.5 mol) in anhydrous CH2Cl2 (2 mL), EDC (25 mol) and DMAP (15 mol) were added at room temperature (rt). The mixture was stirred at rt overnight. The crude of the reaction was diluted with CH2Cl2 (5 mL) and washed with aqueous NaHCO3 (5%) solution and brine and the organic layer was dried over Na2SO4 anhydrous. Under reduced pressure the solvent was removed and the crude was chromatographed (CH2Cl2/MetOH 97.5/2.5). The Boc-protected conjugate was obtained which was subsequently dissolved in CH2Cl2 (1 mL) and TFA (0.2 mL) at rt. After stirring overnight the solution was evaporated under reduced pressure and dried further with a vacuum pump to give the analytically pure conjugate as a TFA salt.

General procedure for host/guest complexes preparation and for CD measurement of the complexes:

In a typical experiment, a 1 M tweezer 2 solution was prepared by the addition of a 10 L aliquot of tweezer 2 (0.1 mM in anhydrous CH2Cl2) to a 1 mL of CH2Cl2. The exact concentration of the diluted tweezer 2 solution was determined by UV-Vis from the known  value of the Soret band in CH2Cl2 ( = 890,000 L mol-1 cm-1). The free amine solution of the conjugate was prepared adding 0.5 mL of MeOH and solid Na2CO3 (10 mg) to the previously prepared TFA salt of the conjugate. The solvent was evaporated under a stream of argon followed by placement under high vacuum for 20 min. Anhydrous CH2Cl2 was added to yield the free amine solution of the conjugate (3.35 mM). An aliquot of 12 L of the latter solution (40 eq.) was added to the prepared porphyrin tweezer 2 solution to afford the host/guest complex. The UV-Vis and CD spectra were measured in different solvents (CH2Cl2, MCH, hexane, benzene, toluene, and acetonitrile), with MCH giving the most intense CD spectra. In the UV-Vis spectra, the red shift of the tweezer Soret band indicated that complexation took place. The sign of the CD couplet was consistent in all the solvents tested.

Procedure for obtaining a Job plot

Solutions of zinc porphyrin tweezer host 2 and conjugate 1-8 (guest) in MCH were prepared with a fixed total concentration of host and guest (15 M) in MCH. The molar fractions of host 2 changed from 0 to 1 with 0.05 intervals. CD spectra of all the solutions were recorded. The Job plot was obtained by plotting the CD amplitudes with the molar fractions of the host 2.

Procedure for the titration curve and binding constant measurements 
A stock solution of conjugate 1-8 (3.35 mM) was prepared in CH2Cl2. Aliquots of the stock solution (0.2-50 L) were added to a solution of zinc porphyrin tweezer 2 (1 M) in MCH (0.2 to 50 eq.). The solutions of 1-8/2 were mixed, and their UV-Vis spectra recorded at 25 °C. All data were corrected by a dilution factor and background subtraction of the solvent. The absorbances of the complexes at 422 nm were measured and plotted against the concentration of the conjugate 1-8. The binding constant was calculated from non-linear curve fitting assuming a 1:1 host/guest complexation following an equation previously described.4
Procedure for IR Measurements 

To a solution of the Zinc porphyrin tweezer 2 in CH2Cl2 (20 mM) different amounts of conjugate 1-8 (guest) were added to obtain solutions of 1-8/2 at different host/guest ratios (1/0.5, 1/1 and 1/2). The use of CH2Cl2 for IR measurements is required for both the larger solubility of tweezer and the optical transparency in the diagnostic region even thought in CH2Cl2 a reduced stereodifferentiation has been observed (ACD = + 14 for 1-8/2).

Computational Section

Molecular modeling calculations were executed with MacroModel 7.1 package (Schrödinger, Inc., Portland, OR) including Maestro 3.0 as GUI, on a Dell Precision 330 workstation. MonteCarlo Conformational Searches and the native MMFFs in vacuo were used, with default parameters and convergence criteria, except for the maximum number of minimization steps set to 50,000, sampling all the structures within 50 kJ/mol over 3,000 fully optimized steps. Zn2+ ions were placed in the middle of porphyrin rings, with –1 charge assigned to one pair of opposite nitrogen atoms; no bonds or other restraints were used. No bonds or other restraints between host and guest molecules were used, except for a N-Zn distance check set to 2.2 ± 0.5Å to prevent host/guest dissociation.
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