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1 Experimental procedures and characterization data 

1.1 Materials and Instrumentation 

Solvents and reagents: Dichloromethane (DCM), chloroform [D1] (CDCl3) and triethylamine 

(Et3N) were distilled from CaH2 under argon atmosphere. Tetrahydrofuran (THF) was distilled 

from sodium-benzophenone under argon. Reagents were obtained from commercial sources 

and used without further purification unless otherwise specified. Moisture and/or air sensitive 

experiments were conducted under argon atmosphere using typical Schlenk techniques. 

NMR-Spectra: 1H-NMR spectra were recorded on Bruker ARX 300 and DRX 500 

spectrometers operating at 300 and 500 MHz, respectively at 300 K unless otherwise specified. 

13C-NMR spectra were recorded on the same instruments at 75 and 125 MHz, respectively. 

Chemical shifts () in 1H-NMR and 13C-NMR spectra are reported in ppm. The spectra were 

referenced against the residual solvent signal as reported in the literature.[1] The fine structure 

of proton signals was specified as s (singulet), d (doublet), t (triplet), q (quartet), m (multiplet), 

dd (doublet of doublet), br (broad). 

Thin layer chromatography (TLC): Thin-layer chromatography (TLC) was performed using 

E. Merck silica gel SilG/UV254 by Macherey Nagel & Co., Düren (thickness of layer 0.2 mm) 

and visualized by UV fluorescence quenching or oxidizing with KMnO4. 

IR-spectra were recorded on a Perkin-Elmer spectrometer Paragon 1000 PC or on a Vector 22 

spectrometer from Bruker. 

Gel permeation chromatography (GPC): Gel permeation chromatography was performed on 

two columns (MZ-Gel Sdplus 103 Å and 105 Å from MZ-Analysentechnik) in an oven at 30°C 

at a flow rate of 1.0 mL/min and pressure of 35-38 bar (HPLC pump from JASCO). The detector 

employed was a JASCO UV975-detector operating at 254 nm. Calibration was done using 

polystyrene standards from Macherey-Nagel GmbH & Co. KG. The chromatograms were 

analysed using the software package WinGPC from Polymer Standard Service GmbH, Mainz 

(Germany). Typically 3 mg of the polymer were dissolved in THF (containing 1 drop of toluene 

per 10 mL of solvent as internal standard; eluting after 25 minutes). 50L of this solution were 

injected, the eluent was THF. 

Centrifuge: Centrifugation was performed on a Rotina 46 (Fa. Hettich). 

Specific optical rotations were determined on a Perkin Elmer Polarimeter 241 with Haake D8 

thermostat or on an Anton Paar MCP 300 polarimeter in 1 dm cuvettes respectively. 

CD spectra were recorded on a JASCO J-810 spectrometer equipped with a PTC-423S/15 

peltier element as a temperature device. 
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1.2 Monomer synthesis 

1.2.1 L-Valine decyl ester hydrotosylate 2 

 

 

 

A suspension of L-valine 1 (40.0 g, 341.5 mmol, 1.00 eq.), 1-decanol (61.9 mL, 51.3 g, 

324.4 mmol, 0.95 eq.) and p-toluenesulfonic acid monohydrate (71.5 g, 375.6 mmol 1.10 eq.) 

in 1.4 L of toluene was refluxed for 16 h in a Dean-Stark water trap. After this period of time 

12.6 mL (700.0 mmol) of water were collected. About 700 mL of toluene were distilled off 

from the obtained solution under reduced pressure and 700 mL of petroleum ether were added. 

The resulting mixture was stored at -20°C overnight. The precipitated colorless solid was 

separated by filtration and dried in vacuo to give 117.4 g (273.2 mmol) of 2. The enantiomeric 

compound ent-2 was prepared in the same manner using D-valine ent-1 as reactant. Yield 80 %. 

 

 

 

1H-NMR (CDCl3, 300 MHz, 300 K): δ = 8.12 (bd, 3H, 3J = 3.8 Hz, NH3), 7.77 (d, 2H, 

3J = 8.1 Hz, 18-H), 7.13 (d, 2H, 3J = 8.1 Hz, 17-H), 4.07 (dt, 1H, 2J = 10.7 Hz, 3J = 7.0 Hz, 

5b-H), 3.99 (dt, 1H, 2J = 10.7 Hz, 3J = 6.9 Hz, 5a-H), 3.84 („pent“, 1H, 1-H), 2.34 (s, 3H, 

15-H), 2.20 (m, 1H, 2-H), 1.54 („quint“, 2H, 6-H), 1.12–1.41 (m, 14H, 7,8,9,10,11,12,13-H), 

0.96 (d, 3H, 3J = 7.1 Hz, 3b-H), 0.93 (d, 3H, 3J = 7.0 Hz, 3a-H), 0.88 (t, 3H, 3J = 6.8 Hz, 

14-H) ppm. 
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13C-NMR (CDCl3, 125 MHz, 300 K): δ = 168.9 (4-C), 141.8 (19-C) 140.2 (16-C), 128.9 

(17-C), 126.3 (18-C), 66.4 (5-C), 58.5 (1-C), 32.0 (12-C), 29.8 (2-C), 29.7 + 29.6 + 29.4 

(9,10,11-C), 29.3 (8-C), 28.5 (6-C), 25.9 (7-C), 22.8 (13-C), 21.4 (15-C), 18.5 (3b-C), 17.6 (3a-

C), 14.2 (14-C) ppm. 

 

IR (KBr): 𝜈 = ~3030 (m, -NH3
+), 2962.0 (m, -CH3), 2919.7 (s, -C-H), 2872.0 (m, -CH3), 2850.8 

(m, -C-H), 1742.0 (s, -C=O), 1620.1 (m, -N-H) cm-1. 

 

C22H39NO5S (429.61) calculated: C 61.51 H 9.15  N 3.26 

    measured: C 61.65 H 9.29  N 3.27 

 

ORD (c = 0.96, MeOH): [𝛼]589
20  = 5.54  [𝛼]579

20  = 4.50  [𝛼]546
20  = 6.80 

    [𝛼]436
20  = 13.81  [𝛼]405

20  = 15.38  [𝛼]365
20  = 25.10 

 

 

 

ORD (c = 0.91, MeOH): [𝛼]589
20  = -6.02  [𝛼]579

20  = -7.67  [𝛼]546
20  = -7.34 

    [𝛼]436
20  = -14.02  [𝛼]405

20  = -20.48  [𝛼]365
20  = -27.05 
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1.2.2 4-Ethynylbenzoic acid 5 

 

 

 

4-Ethynylbenzoic acid 5 was prepared similar to the experimental procedure of YASHIMA and 

OKAMOTO.[2] To a mixture of ethyl 4-iodobenzoate 3 (10.0 mL, 16.5 g, 59.8 mmol, 1.00 eq.), 

bis(triphenylphosphine)palladium dichloride (0.414 g, 0.59 mmol, 0.01 eq.), triphenyl-

phosphine (0.310 g, 1.18 mmol, 0.02 eq.) and copper(I) iodide (0.224 g, 1.18 mmol 0.02 eq.) 

in 200 mL of degassed triethylamine under argon atmosphere was slowly added 

(trimethylsilyl)acetylene 4 (12.8 mL, 8.8 g, 89.7 mmol, 1.50 eq.) at 0°C. The reaction mixture 

was then slowly warmed to room temperature and stirred for 8 h. The solution was filtered over 

a silica plug and the filtrate concentrated under reduced pressure.  

The resulting ethyl-[4-(trimethylsilyl)ethynyl]benzoate was dissolved in 70 mL of ethanol. 

Then 90 mL of 1 N NaOH (aq) were added dropwise to the solution at 0C under stirring. The 

solution was stirred at 0C for 2 h and additional 12 h at room temperature. EtOH was removed 

by rotary evaporation and the aqueous solution washed with 250 mL of diethylether. The 

aqueous layer was then acidified with 1 N HCl (aq) to pH 1 and the precipitated solid extracted 

with 500 mL of diethylether. The organic layer was washed twice with 50 mL of water and 

dried over MgSO4. The solvent was removed in vacuo to give 7.7 g (52.7 mmol) of 5 as a brown 

solid. Yield 88 % over two steps. 
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1H-NMR (DMSO [D6], 300 MHz; 300 K) δ = 13.12 (bs, 1H, COOH), 7.94 (d, 2H, 3J=8.3 Hz, 

5-H), 7.59 (d, 2H, 3J=8.3 Hz, 4-H), 4.42 (s, 1H, 1-H) ppm. 

 

13C-NMR (DMSO [D6], 75.4 MHz, 300 K) δ = 166.6 (7-C), 131.8 (5-C), 130.8 (6-C), 129.4 

(4-C), 126.0 (3-C), 83.5 (1-C), 82.7 (2-C) ppm. 
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1.2.3 N-4-Ethynylbenzoyl-L-valine decyl ester 6 

 

 

 

To a solution of 4-Ethynyl-benzoic acid 5 (2.0 g, 13.7 mmol, 1.0 eq.) in 60 mL of dry THF and 

150 mL of dry DCM was added carbonyldiimidazole (CDI; 2.4 g, 15.1 mmol, 1.1 eq.) at 0°C 

in one portion. Gas evolution was observed and the solution was slowly warmed to room 

temperature. The mixture was stirred for 2 h until the gas evolution ceased.  

A solution of L-Valine decyl ester hydrotosylate 2 (5.9 g, 13.7 mmol, 1.0 eq.) in 50 mL 

dichloromethane was washed with 50 mL saturated aqueous sodium carbonate solution, dried 

over Na2SO4, and evaporated to obtain the free base which was dissolved in 50 mL of dry DCM. 

The first solution, containing the CDI-activated 4-Ethynyl-benzoic acid 5, was again cooled to 

0°C and the L-Valine decyl ester solution was slowly added. After gas formation receded the 

solution was slowly warmed to room temperature and stirred for 8 h. The solvents were then 

evaporated to obtain a yellowish oil, which was dissolved in 140 mL DCM and then washed 

two times with 100 mL water and once with 100 mL brine. The organic layer was dried over 

MgSO4 and evaporated to obtain a yellowish oil. This was purified by flash column 

chromatography (isocratic elution with petroleum ether : ethyl acetate = 10:1 (v/v)) to afford a 

colourless oil of 6, which solidified after short time. Recrystallization from hexane afforded 6 

as colourless needles (4.7 g, 12.2 mmol). The enantiomeric compound ent-6 was prepared in 

the same manner using D-Valine decyl ester hydrotosylate ent-2 as reactant. Yield 89 %. 
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1H-NMR (CDCl3, 500 MHz, 300 K) δ = 7.77 (d, 2H, 3J = 8.6 Hz, 5-H), 7.56 (d, 2H, 3J = 8.6 Hz, 

4-H), 6.64 (d, 1H, 3J = 8.6 Hz, NH), 4.76 (dd, 1H, 3J = 8.6 Hz, 3J = 4.7 Hz, 8-H), 4.16 (m, 2H, 

12-H), 3.20 (s, 1H, 1-H), 2.29 (m, 1H, 9-H), 1.65 (m, 2H, 13-H), 1.39-1.21 (m, 14H, 

14,15,16,17,18,19, 20-H), 1.01 (d, 3H, 3J = 6.9 Hz, 10b-H), 0.99 (d, 3H, 3J = 6.9 Hz, 10a-H), 

0.88 (t, 3H, 3J = 7.0 Hz, 21-H) ppm. 

 

13C-NMR (CDCl3, 125 MHz, 300 K) δ = 172.2 (11-C), 166.4 (7-C), 134.2 (3-C), 132.3 (4-C), 

127.0 (5-C), 125.6 (6-C), 82.7 (2-C), 79.6 (1-C), 65.7 (12-C), 57.5 (8-C), 31.9 (19-C), 31.7 

(9-C), 29.49 + 29.47 + 29.3 (16-C, 17-C, 18-C), 29.2 (15-C), 28.6 (13-C), 25.9 (14-C), 22.6 

(20-C), 19.0 (10b-C), 17.9 (10a-C), 14.1 (21-C) ppm. 

 

EI-MS m/z (%): 385 (14.4, [M]+), 371 (12, [C23H33NO3]
+), 343 (5.6 [C21H29NO3]

+), 200 (100, 

[C13H14NO]+), 129 (100, [C9H5O]+), 101 (60, [C8H5]
+). 

 

ESI-HRMS (C24H35NO3) Ethyl acetate 

negative mode     positive mode 

calculated: m/z = 384.2533 [M-H]- calculated:  m/z = 408.2509 [M+Na]+ 

measured:  m/z = 384.2568 [M-H]- measured: m/z = 408.2473 [M+Na]+ 

 

IR (KBr)  = 3366.3 (s, CONH), 3289.4 (s, αC-H), 2926.9 (s, -CH2/CH3), 2856.1 

(s, -CH2/CH3), 2111.8 (w, -C≡C-), 1733.1 (s, COOR), 1642.6 (s, CONH), 1530.9 (s, CH2/CH3), 

1498.2 (s, CH2/CH3), 1194.6 (s, C-O) cm-1. 

 

EA (C24H35NO3)  calculated: C 74.77 H 9.15  N 3.63 

    measured: C 74.55 H 9.14  N 3.64 

 

 

ORD (c = 1.00, CHCl3): [𝛼]589
20  = 45.1  [𝛼]579

20  = 49.5  [𝛼]546
20  = 56.5 

    [𝛼]436
20  = 102.7  [𝛼]405

20  = 129.1  [𝛼]365
20  = 181.7 
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ORD (c = 1.04, CHCl3): [𝛼]589
20  = -45.6  [𝛼]579

20  = -48.6  [𝛼]546
20  = -56.0 

    [𝛼]436
20  = -102.8  [𝛼]405

20  = -128.7  [𝛼]365
20  = -182.1 
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1.3 Polymerization 

 

 

 

Similar to a published procedure the polymerization was carried out in a flame dried Schlenk 

tube under dry argon atmosphere with [Rh(nbd)Cl]2 as the catalyst.[3] All solvents were dried, 

freshly distilled and degassed (by using the freeze, pump and thaw technique) prior to use. A 

typical polymerization procedure is described below. The analytical data of all synthesized 

polymers are listed in Table SI 1. 

 

Monomer 6 (2.000 g, 5.2 mmol, 1.000 eq.) was placed in a flame dried Schlenk tube with a 

magnetic stirring bar, which was then evacuated on a vacuum line and flushed with dry argon 

(three cycles). A rubber septum was attached to the tube, THF (5.5 mL) and triethylamine 

(1.8 mL) were added via syringe and the mixture was heated to 30°C. A solution of 

[Rh(nbd)Cl]2 (2.4 mg, 5.2 mol, 0.001 eq.) in 0.74 mL THF was added via syringe in one fast 

shot under rapid stirring. The polymerization proceeded rapidly and an orange-colored highly 

viscous solution was formed within a few seconds. After 3 h at 30°C, THF was added until the 

viscosity of the mixture allowed its dropwise transfer into 400 mL of methanol under shaking 

whereupon precipitation of the polymer occurred. After its isolation by centrifugation the 

obtained orange solid was dried in vacuo, redissolved in about 30 mL THF and then again 

precipitated in 400 mL methanol. The resulting orange polymer was centrifuged, dried in vacuo, 

taken up in 100 mL of benzene and lyophilized (1.90 g). Yield 95 %. 
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1.4 Analytical data of the polymers 

 

Table SI 1: Analytical data of the polymers used in the RDC studies. 
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1.5 CD spectroscopy 

1.5.1 Polymer p1-a 

 
 

Figure SI 1: Temperature dependent UV and CD spectra of p1-a. 
 

1.5.2 Polymer p1-b 

 

 

 

Figure SI 2: Temperature dependent UV and CD spectra of p1-b. 
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1.5.3 Polymer ent-p1-c 

 

 

 

Figure SI 3: Temperature dependent UV and CD spectra of ent-p1-c. 

 

1.5.4 Polymer ent-p1-d 

 

 

 

Figure SI 4: Temperature dependent UV and CD spectra of ent-p1-d. 
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1.5.5 Polymer p1-e 

 

 

 

Figure SI 5: Temperature dependent UV and CD spectra of p1-e. 

 

1.5.6 Polymer ent-p1-f 

 

 

 

Figure SI 6: Temperature dependent UV and CD spectra of ent-p1-f. 
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1.5.7 Polymer p1-g 

 

 

 

Figure SI 7: Temperature dependent UV and CD spectra of p1-g. 

 

1.5.8 Polymer p1-h 

 

 

 

Figure SI 8: Temperature dependent UV and CD spectra of p1-h. 
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1.5.9 Polymer ent-p1-i 

 

 

 

Figure SI 9: Temperature dependent UV and CD spectra of p1-i. 
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2 NMR studies 

2.1 Sample preparation 

 

The liquid crystalline phases were prepared directly in the NMR tube (5 mm). A total amount 

of 100-135 mg of the polymer p1/ent-p1 (for exact composition see Table SI 2) was weighed 

directly into the NMR tube. After adding a DMSO-d6 capillary (for calibration and to provide 

the lock signal) and a stock solution of the analyte in CDCl3, the NMR-tube was sealed and the 

polymer was allowed to dissolve overnight. The sample was centrifuged back and forth 

(1000 rpm) until the 2H-signals of the solvent were sharp and the line widths constant. 

For a video see: https://www.youtube.com/watch?v=C8cNWgJViGw 

 

  

https://www.youtube.com/watch?v=C8cNWgJViGw&feature=youtu.be
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Table SI 2: Sample compositions, quadrupolar splitting of CDCl3, GDO and quality of fit. 

 
a) Value of the quadrupolar splitting of the solvent (CDCl3); b) Generalized degree of order; c) Root mean square 

deviation of calculated and experimental RDCs. 

 

 

  



Valine derived PPAs as versatile chiral LLC alignment media for RDC based structure elucidations (SI) Page S22 

 

2.2 Measurement conditions 

 

All spectra of the analytes in isotropic and oriented samples were recorded on a 500 MHz 

spectrometer (Bruker DRX-500) with a triple resonance inverse probe equipped with a 

z-gradient and a BCU extreme. All measurements were carried out without sample spinning. 

The total coupling constants (1T) and scalar coupling constants (1J) were measured by 

CLIP-HSQC experiments (INEPT delay 145 Hz).[4] A total of 8 k data points were sampled in 

the direct dimension over an appropriate spectral width. In the indirect dimension 256 data 

points were acquired over an appropriate spectral width. The spectra were processed using a 

/2 shifted squared sine bell in both dimensions. No zero filling was applied in F2, but by a 

factor of four in the indirect F1 dimension. For each coupling the corresponding traces of the 

CLIP-HSQC spectra were extracted, subjected to an inverse Fourier transformation and 

processed by zero filling to 32 k points. A copy of the trace was overlaid with the original one 

and shifted until the difference signal reached a minimum. Temperature dependent spectra were 

measured in steps of two Kelvin (300 K to 250 K; 251 K to 315 K; 316 K to 300 K) with an 

equilibration time interval of 60 seconds at each temperature. 

 

3 Calculation of orientational properties 

 

The orientational properties were calculated using the program ConArch+.[5] For that purpose 

the coordinates of the analytes (DFT; B3LYP/6-311+G(d,p)[6] as well as the measured RDCs 

were provided as input. The latter were calculated using 1TCH = 1JCH + 21DCH with 1TCH extracted 

from the CLIP-HSQC-spectra as described above. For the methyl groups, the measured 1DCH 

was converted to the corresponding 1DCC according to the literature;[7] only the latter was used 

for the determination of the order tensor. All uncertainties were calculated using a Monte-Carlo 

simulation with 10000 steps as described in the literature.[8] 

The cosine of the generalized angle between two alignment tensors has been calculated as 

follows.[9] 

𝐺𝐶𝐵 = 𝑐𝑜𝑠𝛽 =  
〈𝐴(1)|𝐴(2)〉

|𝐴(1)||𝐴(2)|
 

 

with 〈𝐴(1)|𝐴(2)〉 = ∑ 𝐴𝑖,𝑗
(1)

𝐴𝑖,𝑗
(2)

𝑖,𝑗  und |𝐴| = √〈𝐴|𝐴〉 = √∑ 𝐴𝑖,𝑗
2

𝑖,𝑗  
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3.1 Experimental and calculated RDCs –Tensor properties 

3.1.1  (-)-α-Pinene in p1-a 
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3.1.2 (-)-α-Pinene in ent-p1-c 
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3.1.3 β-Caryophyllene in p1-e 
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3.1.4 β-Caryophyllene in ent-p1-f 
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3.1.5 (+)-Isopinocampheol in p1-g 
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3.1.6 (-)-Isopinocampheol in p1-g 
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3.1.7 (-)-Menthol in p1-e 
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3.1.8 (-)-Menthol in ent-p1-c 
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3.1.9 Di-β-D-Fructoseacetonide in p1-a 
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3.1.10 Di-β-D-Fructoseacetonide ent-p1-c 
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3.1.11 (+)-Camphor in p1-b 
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3.1.12 (-)-Camphor in p1-b 
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3.1.13 (+)-Carvone in ent-p1-c 
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3.1.14 (-)-Carvone in ent-p1-c 
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3.1.15 (-)-Perillaldehyde in p1-e 
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3.1.16 (-)-Perillaldehyde in ent-p1-d 
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3.1.17 (-)-Nicotine in p1-a 
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3.1.18 (-)-Nicotine in ent-p1-c 
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3.1.19 (-)-Sparteine in p1-b 
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3.1.20 (-)-Sparteine in ent-p1-d 
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3.1.21 (-)-Strychnine in p1-h 
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3.1.22 (-)-Strychnine in ent-p1-i 
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3.1.23 (-)-Cytisine in p1-a 
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3.1.24 (-)-Cytisine in ent-p1-d 
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