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All solvents were purchased from Biosolve and all reagents were purchased from 

Aldrich unless otherwise stated and used without further purification. Yields are not 

optimized. Purification by column chromatography was carried out using Merk 

Kieselgel 60 silica gel. Analytical thin layer chromatography (TLC) was conducted 

using Merck Kieslegel .25mm silica gel pre-coated glass plates with fluorescent 

indicator active at UV245..  NMR spectra were acquired on Varian Inova500, 

Mercury400, Gemini300 or Mercury200 spectrometers; 1H at 500, 400, 300 or 200 

MHz and 13C 125, 100, 75 or 50 MHz, respectively.  Chemical shifts are expressed as 

parts per million downfiled of TMS as a standard and coupling constants are 



expressed in Hz. The following abbreviations are used: s for singlet, d for doublet, t 

for triplet, q for quartet, m for multiplet and br for broad.  GC-MS were obtained on a 

XXX and MALDI-TOF MS aquired using a PerSerptive Biosystems Voyager-DE PRO 

spectrometer by Xianwen Lou . CHN analyses were performed on a Perkin Elmer 2400 

series II CHNS/O Analyzer by Henk Eding. Optical properties and melting points 

(uncorrected) were obtained using a Jeneval Polarisation Microscope with cross 

polarizers fitted with a Linkam THMS600 heating device. DSC spectra were obtained 

using a Perkin Elmer Pyris 1 DSC. IR Spectra were obtained using a Perkin Elmer 

Spectrum One and unless otherwise stated using a Universal ATR. UV spectra were 

measured using a Perkin Elmer Lambda 40 UV/vis spectrophotometer. CD spectra 

were obtainined using a Jasco J-600 Spectropolarimeter equiped with a PTC-348WI  

peltier temperature controller.  

5-N-tert-butoxycarbonyl-amino-1-pentanol.  To a stirred solution of 5-amino-1-

pentanol (4.13 g, 40 mmol) in dioxane (200 mL) and methanol (150 mL) at room 

temperature was added di-tert-butyl dicarbonate (8.30 g, 38 mmol).  After stirring for 

3 hours the reaction mixture was poured into water (300 mL), and extracted with 

diethyl ether (100 mL x 2).  The organic layer was washed with 0.1 N hydrochloric 

acid (50 mL x 2), dried over Na2SO4, filtered and concentrated to yield the title 

compound as a viscous oil (7.20 g, 93%); 1H NMR (300 MHz, CDCl3) δ 1.44 (11H, 

m, CH2 and CH3), 1.50 (2H, m, CH2), 1.59 (2H, m, CH2), 3.13 (2H, dt, J = 6.5 and 6.0 

Hz, CH2NH), 3.65 (2H, t, J = 6.5 Hz, CH2OH), 4.60 (brs, 1H, NH); 13C NMR (100 

MHz, CDCl3, 22 °C) δ = 22.9, 28.4, 29.8, 32.2, 40.4, 53.4, 62.4, 156.2; IR ν (cm-1) 

3345 (OH stretch), 1685 (amide I), 1525 (amide II); m/z (GC-MS single peak) 146 

(M-tButyl+). 



5-N-tert-butoxy carbonyl-amino pentyl-(E,E’)-2’,4’-hexadienoate.  To a stirred 

solution of 5-N-tert-butoxycarbonyl-amino-1-pentanol (3.29 g, 16.2 mmol), DMAP 

(1.98 g, 16.2 mmol), and sorbic acid (1.82 g, 16.2 mmol) in chloroform (50 mL) at 

0°C under an atmosphere of argon was added EDCI (3.71 g, 19.45 mmol).  The 

reaction mixture was allowed to warm to room temperature and stir overnight then 

diluted with chloroform (50 mL) and washed successively with hydrochloric acid 

(1N, 30 mL) saturated sodium bicarbonate (30 mL) and saturated sodium chloride 

solution (30 mL). The organic layer was dried over Na2SO4, filtered, concentrated and 

subjected to column chromatography (ethyl acetate/ hexane, 1:4 v/v) to leave an off 

white solid that was recrystallized from the minimum amount of 1:1 

dichloromethane/hexane to leave a white solid  (3.42 g, 71 %); mp 59.8-61.8°C; 1H 

NMR (300 MHz, CDCl3) δ 1.44 (22H, m, CH2 and CH3), 1.50 (2H, m, CH2), 1.68 

(2H, m, CH2), 1.86 (23H, d, J 5.5 = Hz CH3), 3.12 (2H, dt, J = 6.5 and 6.0 Hz, 

CONHCH2), 4.13 (2H, t, J = 6.5 Hz CO2CH2), 4.53 (1H, brs, NH), 5.77 (1H, d, J = 

15.4 Hz OCOCH=CH), 6.16 (2H, m, OCOCH=CHCH=CH), 7.24 (1H, dd, J = 15.4 

and 9.3 Hz, CH=CHCH3); 13C NMR (100 MHz, CDCl3) δ 18.9, 23.5, 28.7, 30.1, 40.7, 

64.3, 79.1, 118.9, 119.2, 130.1, 139.6, 145.3, 156.3, 167.7; IR ν (cm-1) 3379 (NH 

stretch), 1703 (C=O ester) 1688 (amide I), 1510 (amide II), 995 (C=C); Found: C, 

64.44; H, 9.07; N, 4.60. C16H27NO4 requires: C, 64.62; H, 9.15; N, 4.71 %; m/z (GC-

MS single peak) 241 (M-tButyl+). 

 (S)-1-Amino-3,7-dimethyloctane. The title compound was synthesized as described 

previously.S1 Briefly, (S)-citronellal (10.00 g, 64.8 mmol) and hydroxylamine 

hydrochloride (4.95 g, 69.5 mmol) were stirred in water (100 mL) at room 

temperature for 30 minutes after which time sodium carbonate decahydrate (10.87 g, 

38.2 mmol) was added dropwise as a solution in water (30 mL). The reaction mixture 



was then stirred for a further 1 hour and then extracted with ether (2 x 50 mL). The 

combined organic extracts were washed with water (50 mL) dried over anhydrous 

magnesium sulphate filtered and concentated to yield 9.84 g of the desired oxime. 

This was then dissolved in ethanol (30 mL) containing 10% Pd(C) (0.35 g) and 

shaken in a parr apparatus (60 PSI) for two hours after which time no further 

hydrogen was consumed. The reaction mixture was then filtered through celite and 

concentrated to yield the hydrogenated oxime in quantitative yield. A solution of the 

hydrogenated oxime (3.85 g 20.08 mmol) in ether (30 mL) was then added dropwise 

to a stirred suspension of lithium aluminium hydride (1.5 g, 40.05 mmol) under an 

inert atmosphere. The reaction mixture was refluxed for 18 hours then cooled to 0°C 

and then moist ether (100 mL) followed by water (200 mL) added. The aqueous layer 

was washed with ether (100 mL) and then the combined organic extracts washed with 

water (50 mL) dried over anhydrous magnesium sulphate, filtered and concentrated. 

The resultant oil was subjected to distillation (1.4 Torr, 26°C) to afford 2.95 g of the 

title compound as a clear oil; 1H NMR (300 MHz, CDCl3) δ 0.88, (6H, d, J = 6.6 Hz, 

CH3), 1.14 (3H, m, alkyl), 1.27 (4H, m, CH2), 1.51 (3H, m CH and CH2), 2.70 (2H, 

m, NH2CH2CH2). 

 (R)-1-Amino-3,7-dimethyloctane. The title compound was synthesized in analogous 

manner to the S enatiomer. Briefly, (R)-citronellal (5.00 g, 32.4 mmol) and 

hydroxylamine hydrochloride (2.48 g, 35.7 mmol) were stirred in water (50 mL) at 

room temperature for 30 minutes after which time sodium carbonate (2.03 g, 19.12 

mmol) was added dropwise as a solution in water (30 mL). The reaction mixture was 

then stirred for a further 1 hour and then extracted with ether (2 x 50 mL). The 

combined organic extracts were washed with water (50 mL) dried over anhydrous 

sodium sulphate filtered and concentated to yield 5.6 g of the desired oxime. This was 



then dissolved in ethanol (20 mL) containing 10% Pd(C) (0.17 g) and shaken in a parr 

apparatus (60 PSI) for two hours after which time no further hydrogen was consumed. 

The reaction mixture was then filtered through celite and concentrated to yield the 

hydrogenated oxime in quantitative yield. A solution of the hydrogenated oxime (2.00 

g, 11.1 mmol) in ether (220 mL) was then added dropwise to a stirred suspension of 

lithium aluminium hydride (1.0 g, 26.7 mmol) under an inert atmosphere. The 

reaction mixture was refluxed for 18 hours then cooled to 0°C and followed by the 

careful addition of water (60 mL). The organi layer was separated and then aqueous 

layer was washed with ether (2 x 50 mL). The combined organic extracts were 

washed with water (50 mL) dried over anhydrous magnesium sulphate, filtered and 

concentrated. The resultant oil was subjected to distillation (41 Torr, 120°C) to afford 

1.01 g of the title compound of the title compound as a clear oil; 1H NMR (300 MHz, 

CDCl3) δ 0.88, (6H, d, J = 6.6 Hz, CH3), 1.14 (3H, m, alkyl), 1.27 (4H, m, CH2), 1.51 

(3H, m CH and CH2), 2.70 (2H, m, NH2CH2CH2). 13C NMR (75 MHz, CDCl3) δ 

19.46, 22.56, 22.67, 24.64, 27.89, 30.32, 37.28, 39.18, 39.99, 41.14 m/z (GC-MS 

80%); (GC-MS 80% one peak) 157 (M+). 

3,5-bis(methoxycarbonyl)benzoic acid was prepared as described previouslyS2 

1-carboxy-N,N’-di(n-octyl)benzene-3,5-dicarboxamide . A stirred solution of 3,5-

bis(methoxycarbonyl)benzoic acid (1.11 g, 4.62 mmol) and n-octylamine (3.9 g, 4.95 

mL, 30.0 mmol) in THF (6 mL) was refluxed for 4 days under an atmosphere of 

argon. The reaction mixture was then cooled to room temperature, diluted with ethyl 

acetate (100 mL) and washed with hydrochloric acid (1N, 5 x 30 mL) sodium 

hydroxide (1N, 1 x 30 mL) hydrochloric acid (1N, 5 x 30 mL) and saturated sodium 

chloride solution (30 mL).  The organic layer was dried over anhydrous Na2SO4, 

filtered and concentrated. The residue was subjected to column chromatography.  



Elution with a chloroform/methanol mixture (9:1 v/v) afforded the title compound as 

an off white solid (1.89 g, 94%); mp 163.2-165.2°C; 1H NMR (300 MHz, DMSO-d6) 

δ 0.85 (6H, m, CH3), 1.28 (22H, CH2), 1.53 (4H, m, CH2), 3.28 (4H, q, J = 6.0 Hz, 

CONHCH2), 8.49, (1H, s, ArCH), 8.51 (2H, s, ArCH), 8.75 (2H, t, J = 5.5 Hz, NH); 

13C NMR (100 MHz, CDCl3) δ ?14.2, 22.8, 27.2, 29.4, 29.5, 29.6, 32.0, 40.6, 130.2, 

131.2, 131.6, 135.5, 166.9, 167.6; IR ν (cm-1) 3298 (NH stretch), 1701 (νC=O of 

acid), 1646 (amide I), 1532 (amide II); Found: C, 68.0; H, 9.17; N, 6.25. C25H40N2O4 

requires: C, 69.41; H, 9.32; N, 6.48 %; m/z (MALDI-TOF α-cyano-4-

hydroxycinnamic acid matrix) 433 (M+H+). 

N,N’,N’’-Tris((S)-3,7-dimethyloctyl)benzene-1,3-5-tricarboxamide The title 

compound was synthesized as described previously.S3 Briefly, to a stirred solution of 

(S)-1-Amino-3,7-dimethyloctane (0.57 g, 3.63 mmol) and triethylamine (0.67 mL, 

5.20 mmol) in chloroform (40 mL) at 0°C under an atmosphere of argon was added 

dropwise a solution of 1,3,5-benzene tricarbonyl chloride (0.275 g, 1.04 mmol) in 

chloroform (20 mL). The reaction mixture was allowed to warm to room temperature 

and stir for 16 hours and was then washed successively with HCl (1N, 20 mL), 

saturated sodium bicarbonate solution (20 mL) and saturated sodium chloride 

solution. The organic layer was dried over anhydrous magnesium sulphate, filtered 

and concentrated then purified by silica gel column chromatography 

(dichloromethane/ methanol 49:1 v:v) to afford the title compound (0.43 g, 66%) in 

analytically pure form; DSC 128.11ºC (21.68 kJ mol-1), 237.15ºC (28.45 kJ mol-1); 1H 

NMR (400 MHz, CDCl3) δ 0.87, (18H, d, J = 6.6 Hz, CH(CH3)2), 0.94 (9H, d, J =  

6.6 Hz, CH3), 1.53-1.63 (27H, m, alkyl), 3.49 (6H, m, NH2CH2CH2), 6.40 (3H, brs, 

NH), 8.33 (3H, s, ArCH); 13C NMR (100 MHz, CDCl3) δ 19.47, 22.58, 22.68, 24.61, 

27.93, 30.72, 36.60, 37.10, 38.50, 39.23, 127.84, 135.26, 165.54; IR ν (cm-1) 3218 



(NH stretch), 1631 (amide I), 1561 (amide II); λ = 251 nm (ε = 5293 mol L-1); Found: 

C, 74.24; H, 11.14; N, 6.58. C39H69N3O3 requires: C, 74.59; H, 11.07; N, 6.69 %. 

N,N’,N’’-Tris((R)-3,7-dimethyloctyl)benzene-1,3-5-tricarboxamide The title 

compound was synthesized in an analogous manner to the S isomer. Briefly, to a 

stirred solution of (R)-1-Amino-3,7-dimethyloctane (0.57 g, 3.63 mmol) and 

triethylamine (0.67 mL, 5.20 mmol) in chloroform (40 mL) at 0°C under an 

atmosphere of argon was added dropwise a solution of 1,3,5-benzene tricarbonyl 

chloride (0.275 g, 1.04 mmol) in chloroform (20 mL). The reaction mixture was 

allowed to warm to room temperature and stir for 16 hours and was then washed 

successively with HCl (1N, 20 mL), saturated sodium bicarbonate solution (20 mL) 

and saturated sodium chloride solution. The organic layer was dried over anhydrous 

magnesium sulphate, filtered and concentrated then purified by silica gel column 

chromatography (dichloromethane/ methanol 49:1 v:v) to afford the title compound 

(0.43 g, 66%) in analytically pure form; DSC 109.38ºC (9.51 kJ mol-1), 240.09ºC 

(15.73 kJ mol-1);  1H NMR (400 MHz, CDCl3) δ 0.87, (18H, d, J = 6.6 Hz, 

CH(CH3)2), 0.94 (9H, d, J =  6.6 Hz, CH3), 1.53-1.63 (27H, m, alkyl), 3.49 (6H, m, 

NH2CH2CH2), 6.40 (3H, brs, NH), 8.33 (3H, s, ArCH); 13C NMR (100 MHz, CDCl3) 

δ 19.47, 22.58, 22.68, 24.61, 27.93, 30.72, 36.60, 37.10, 38.50, 39.23, 127.84, 135.26, 

165.54; IR ν (cm-1) 3223 (NH stretch), 1631 (amide I), 1561 (amide II); λ = 251 nm 

(ε = 5293 mol L-1); Found: C, 74.61; H, 11.08; N, 6.49. C39H69N3O3 requires: C, 

74.59; H, 11.07; N, 6.69 %; m/z (MALDI-TOF α-cyano-4-hydroxycinnamic acid 

matrix) 628 (M+H+).  

N- (1-sorbyl-5-aminopentyl)- N’,N”- di(n-octyl) benzene-1, 3, 5-tricarboxamide.  

To a solution of 5-N-tert-butoxy carbonyl-amino pentyl-(E,E)-2’,4’-hexadienoate 

(0.36 g, 1.21 mmol) in dichloromethane (10 mL) at 0°C was added a solution of 4M 



HCl in dioxane (11.9 mL).  After 3 hours the reaction mixture was concentrated and 

dried thoroughly under vacuum. The resulting white solid was suspended in 1:1 

dichloromethane/ THF v:v (7 mL) and added dropwise under argon to a stirred 

solution of diisopropylethylamine (DIPEA, 1.1 mL, 0.769 g, 5.95 mmol), 1-carboxy-

N,N’-di(n-octyl)benzene-3,5-dicarboxamide (0.561 g, 1.31 mmol), and benzotriazol-

10-yloxy-tripyrrolidinophosphonium hexafluorophosphate (PyBOP, 0.929 g, 1.72 

mmol) in 1:1 dichloromethane/ THF v:v (13 mL).  The reaction mixture was then 

allowed to warm to room temperature and stirring continued overnight then diluted 

with chloroform (50 mL) and washed successively with hydrochloric acid (1N, 30 

mL) saturated sodium bicarbonate (30 mL) and saturated sodium chloride solution (30 

mL). The organic layer was dried over Na2SO4, filtered, concentrated and subjected to 

column chromatography hexane/ ethylacetate (1:1, v/v) to yield the desired monomer 

(0.649 g, 90 %); DSC 171.50ºC (12.87 kJ mol-1); 1H NMR (400 MHz CDCl3); δ 0.87 

(6H, m, CH3), 1.27 (19H, brm, alkyl), 1.46 (2H, m, CH2), 1.62 (4H, m, CH2), 1.69, 

(4H, m, CH2), 1.84 (4H, t, J = 5.5 Hz, CH2), 3.43 (6H, m, CONHCH2), 4.13 (2H, t, J 

= 6.6 Hz, CO2CH2), 5.75 (1H, d, J = 15.4 Hz, OCOCH=CH), 6.13 (2H, m, 

OCOCH=CHCH=CH), 6.71 (2H, t, J = 5.8 Hz, NH), 6.78 (1H, t, J = 5.8 Hz, NH), 

7.23 (1H, dd, J = 15.4 and 10.5 Hz, CH=CHCH3), 8.33 (3H, s, ArCH); 13C NMR (100 

MHz, CDCl3) δ 168.1, 168.0,145.1, 139.3, 135.8, 129.8, 126.9, 118.9, 64.1, 40.1, 

39.8, 32.0, 29.5, 29.4, 29.3, 29.0, 28.5, 27.2, 23.4, 22.8, 18.7, 14.2; IR ν (cm-1) 3241 

(NH stretch), 3072, 2926, 2856, 1715 (νC=O of ester), 1637 (amide I), 1557 (amide 

II), 1447, 1378, 1296, 1242, 1186, 1138, 1066, 999 (C=C out of plane); UV-vis 

(cyclohexane) λmax = 251 nm (ε = 30000 mol L-1); Found: C, 70.27; H, 9.02; N, 

6.74.  C36H57N3O5 requires: C, 70.67; H, 9.39; N, 6.87 %; m/z (MALDI-TOF α-

cyano-4-hydroxycinnamic acid matrix) 612 (M+H+). The monomer was stored at 0°C 



and purified by silica gel chromatography (chloroform/methanol = 20:1 v/v) prior to 

self-assembly and polymerization.  

Polymerization. Typical Procedure: Monomer 1 (63.1 mg) was dissolved by heating 

a dispersion in cyclohexane (5 mL) at 75 °C for 5 minutes.  The clear solution was 

allowed to cool to room temperature resulting in the formation of columnar 

assemblies. A solution of 2,2-dimethoxyacetophenone (9.67x10-3 mol/L) in 

cyclohexane was added to a glass flask.  The cyclohexane solution of the monomer 1 

(1x10-2 mol/L, 2 mL) was then added, and the solution was flushed with argon for 10 

minutes.  This solution was placed in a Rayonet RMR-600 photoreactor and irradiated 

(350 nm) for 2 hours. The resulting dispersion was dissolved by addition of 

chloroform / methanol (9/1, v/v), and condensed under a stream of argon. Crude 1H 

NMR of this film was used to determine monomer conversion. The residual solid film 

was purified by soxhlet extraction over 3 days.  NMR spectra and assignment shown 

in Figure S4/ S5; λ = 251 nm (ε = 7640 mol L-1). 

Transesterification of polymer.  Typical procedure: After polymerization the 

columnar polymer was transesterified to enhance solubility and minimize inter-

polymer aggregation prior to analysis by size-exclusion chromatography (SEC). The 

polymer (7 mg) was dissolved in anhydrous methanolic HCl (8%, 5 mL) and 

chloroform (5 mL) mixture, and heated at reflux for 3 days under an atmosphere of 

argon.  The acidic solution was neutralized by addition of ground NaHCO3 (~1 g) 

until evolution of CO2 stopped.  The solution was filtered, concentrated and then 

partitioned between water (30 mL) and chloroform (30 mL).  The organic layer was 

dried over Na2SO4, filtered and concentrated. The Polymethyl sorbate could be 

isolated by SEC (SX-1, THF). The NMR spectra and assignment are shown in Figure 

S5/S6 



. 

Figure S1. (c) CD spectra of monomer 1 in the presence of different amounts of 

sergeant 2b and anisotropy factor (g) of monomer 1 as a function of added sergeant 

2b a(9.3x10-4 M 1, cyclohexane, 0.1 cm pathlength) b(9.3x10-4 M 1, 95:4.5:0.5 C6H12: 

CHCl3: CH3OH, 0.1 cm pathlength). 

 

 

 

 

Figure S2. (c) CD spectra of polymer 1a made with 9.4% sergeant 2a (95:4.5:0.5 

C6H12: CHCl3: CH3OH). 



 

Figure S3. (c) CD spectra of polymer 1a made with 15% sergeant 2b (1 x 10-3 M, 0.1 

cm pathlength, 95:4.5:0.5 C6H12: CHCl3: CH3OH). 

 

 

 

Figure S4. CD spectra of polymer 1a depicting host guest chemistry upon addition of 

sergeants (added sergeant represented as the fraction of sergeant per monomeric unit 

of polymer, 0.1 cm pathlength, 95:4.5:0.5 C6H12: CHCl3: CH3OH),amade with 15% 2a 

(1.7 x 10-3 M), b(1.25 x 10-3 M)  



 

Figure S5. 1H NMR Spectra (500 MHz, 25ºC) (a) monomer 1 (CDCl3), (b) sergeant 

2a (c) polymer 1a (9: 1 CDCl3: CD3OD, v: v) (d) polymer 1b (CDCl3) 



 

Figure S6. 13C NMR Spectra (125 MHz, 25ºC) (a) monomer 1 (CDCl3), (b) sergeant 

2a (CDCl3) (c) polymer 1a (9: 1 CDCl3: CD3OD, v: v) (d) polymer 1b (CDCl3) 



References: 

 

S1. M. Fontana, H. Chanzy, W.R. Caseri, P. Smith, A.P.H.J. Schenning, E.W. Meijer, 

F. Gröhn, Chem. Mater. 2002, 14, 1730-1735. 

S2. M. Masuda, P. Jonkheijm, R.P. Sijbesma,  E.W. Meijer, J. Am. Chem. Soc. 2003, 

125, 15935-15940. 

S3. L. Brunsveld, A.P.H.J. Schenning, M.A.C. Broeren, H.M. Janssen, J.A.J.M 

Vekemans, E.W. Meijer, Chem. Lett. 2000, 292-293. 

 


