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1. Abbreviations 

 

h hour(s)  

HPLC high performance liquid 

chromatography  

MS mass spectrometry 

NMR  nuclear magnetic resonance 

ppm  parts per million 

PE  Petrol ether (b.p. 40-60 °C) 

PMA  phosphomolybdic acid 

rt  room temperature 

s  second(s) 

T  temperature 

THF  tetrahydrofuran 

UV  ultra violet 

 

 

2. General Information  

Chemicals and Synthesis 

All fine chemicals were sourced from commercial suppliers and were used directly without purification 

unless mentioned. Compounds lacking experimental details were prepared according to the literature as 

cited and are in agreement with published spectra. Anhydrous THF was obtained from Aldrich®. Flash 

column chromatography was performed using silica gel 60 (Aldrich) and a suitable eluent. Analytical 

TLC was performed on aluminium backed plates pre-coated (0.25 mm) with Merck Silica Gel 60 F254 

with a suitable solvent system and was visualised using UV fluorescence (254 & 366 nm) and/or 

developed with ninhydrin, phosphomolybdic acid or potassium permanganate.  

1H, 13C and 31P NMR spectra were recorded using a Bruker AV300 spectrometer operating at 300 MHz 

for 1H and at ambient temperature. Chemical shifts (δ) are quoted in parts per million (ppm) and 

coupling constants (J) are in Hertz (Hz). Residual solvent peaks were used as the internal reference for 
1H and 13C NMR. Abbreviations for multiplicity are as follows: s = singlet, br s = broad singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublet, etc.).  

ESI-MS measurements were performed on an Agilent Technologies 1100 Series LC/MSD Trap-SL 

spectrometer equipped with an ESI source, hexapole filter and ionic trap. Optical rotation was measured 

on a Jasco P-1010 polarimeter. HPLC purifications were performed on a preparative HPLC Shimazu 

LC-8A equipped with a Shimazu SPD-20A UV detector.  

Nanoparticle Characterisation 

TEM images were recorded on a Jeol 300 PX electron microscope. One drop of sample was placed on 

the sample grid and the solvent was allowed to evaporate. TEM images were elaborated using the 

freeware software ImageJ (http://rsb.info.nih.gov/ij/). Dynamic light scattering measurements were 

recorded on a Zetasizer Nano-S (Malvern, Worcestershire, UK) equipped with a thermostatted cell 

http://rsb.info.nih.gov/ij/
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holder and an Ar Laser operating at 633 nm. Circular dichroism spectra were recorded using a Jasco 

J715 spectropolarimeter at ambient temperature and thermogravimetric analysis was performed using a 

Q500 analyser from TA Instruments. 

Materials and Instrumentation for Kinetics Measurements 

4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) and 2-(N-morpholino)ethanesulfonic 

acid (MES) were purchased from Sigma Aldrich and used without further purification. The pH of buffer 

solutions was determined at room temperature using a Metrohm-632 pH-meter equipped with a 

Ag/AgCl/KCl reference electrode. In all cases, stock solutions were prepared using deionised water 

filtered with a MilliQ-water-purifier (Millipore) and stored at 4 °C unless stated otherwise. Zn(NO3)2 

and Cu(NO3)2 were analytical grade products and the concentration of stock solutions were determined 

by atomic absorption spectroscopy. The concentration of TACN-headgroups was determined by kinetic 

titration using either Zn(NO3)2 or Cu(NO3)2 as reported previously. 1  Further confirmation of the 

concentrations of different nanoparticle solutions was performed by comparing the UV absorbance 

value at 300 nm. Stock solutions of the (+)- and (–)-CF3HPNP substrates were prepared by weight and 

their concentrations were confirmed by UV spectroscopy and adjusted if necessary. Dinucleotides 

(ApA, GpG, UpG and CpC) were purchased from IBA GmbH and used as received, stored always at –

20 °C.  

UV-Vis measurements were recorded on a Varian Cary50 spectrophotometer with thermostatted cell 

holders. The calibration curves were carried out by measuring the absorbance at 400 nm and 40 °C of 

increasing amounts of the leaving group (3-trifluoromethyl-4-nitrophenol) to an aqueous solution 

containing Au NP X·Zn2+ (10 μM) buffered at the desired pH ([buffer] = 10 mM). The obtained ε·l 

values obtained from applying the Lambert-Beer law were used to convert the kinetic signals (dA/dt) 

into reaction rate (dC/dt).  

 

Curve Fitting 

Curves-fitting was performed using  Micromath Scientist for Windows, version 2.01 using appropriate 

models for first or second order kinetics. 

 

 

 

  
                                                           
1 R. Bonomi, A. Cazzolaro, A. Sansone, P. Scrimin, L. J. Prins, Angew. Chem. Int. Ed. 2011, 50, 2307; Angew 
Chem. 2011, 123, 2355 
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3.  Procedures and Characterisation Data for Novel Compounds 

3.1  Synthesis of thiol (of the chiral monolayer) and Au nanoparticles 

(S)-2-(Benzyloxycarbonylamino)-3-(4,7-bis(tert-butoxycarbonyl)-1,4,7-triazonan-1-yl)propanoic acid 

(S)-S1 

 

To a solution of (S)-β-lactone2 (S)-S2 (0.66 g, 3.0 mmol; derived from L-serine) in CH3CN (40 mL) was 

added di-tert-Butyl 1,4,7-triazonane-1,4-dicarboxylate3 (S3; 1.0 g, 3.0 mmol) as a solution in CH3CN 

(10 mL) and the mixture stirred at room temperature for 48 h. The solvent was evaporated under 

reduced pressure and the crude material purified by column chromatography (10% CH3OH in CHCl3) to 

afford the desired protected amino acid as a faintly yellow foam upon drying (1.08 g, 1.96 mmol, 65%). 
1H NMR (CDCl3, 300 MHz) δH 7.39-7.29 (m, 5H), 6.29 (br s, 1H), 5.11 (s, 2H), 4.35 (br s, 1H); 3.74-

2.93 (m, 14H), 1.47 (s, 18H); MS (ESI) calc’d. for C27H43N4O8 [M+H]+ 551.3, found 551.2. [𝜶]𝑫𝟏𝟏 

+14.6 (c 1.34, CHCl3). All spectroscopic data is in accordance with what was previously reported.4 

 

(S)-di-tert-Butyl 7-(2-(benzyloxycarbonylamino)-3-(methylamino)-3-oxopropyl)-1,4,7-triazonane-1,4-

dicarboxylate (S)-S4 

 

To a solution of the acid (S)-S1 (300 mg, 0.55 mmol) in CH2Cl2 (6 mL) at 0 °C was added EDC•HCl 

(230 mg, 1.2 mmol), followed by HOBt (150 mg, 1.1 mmol) and the mixture stirred for 20 min under 

N2. Methylamine hydrochloride (110 mg, 1.6 mmol) was then added, followed by N,N-

diisopropylethylamine (1.0 mL, 5.9 mmol) and the mixture was allowed to stir overnight at room 

temperature. The solvent was then removed, and the residue redissolved in AcOEt (30 mL), washed 

                                                           
2 a) L. D. Arnold, T. H. Kalantar, J. C. Vederas, J. Am. Chem. Soc. 1985, 107, 7105; b) L. D. Arnold, J. C. G. 
 Drover, J. C. Vederas, J. Am. Chem. Soc. 1987, 109, 4649 
3 G. Pieters, A. Cazzolaro, R. Bonomi, L. J. Prins, Chem. Commun. 2012, 48, 1916 
4 P. Rossi, F. Felluga, P. Scrimin, Tetrahedron Lett. 1998, 39, 7159 

(S)-S1 

 

(S)-S4 

 

S3 

 

(S)-S2 

 

(S)-S1 
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with KHSO4 (10% aq. Sol, 2 × 10 mL), H2O (2 × 10 mL) and dried over NaSO4. The solvent was 

evaporated in vacuo and the crude material purified by column chromatography (2% MeOH in CH3Cl) 

to afford the title compound as a light yellow oil (260 mg, 0.46 mmol, 84%). 1H NMR (CDCl3, 300 

MHz) δH 7.39-7.22 (m, 5H), 6.95 (br s, 1H), 6.43 (br s, 1H), 5.15-5.00 (m, 2H), 4.06-4.01 (m, 1H), 

3.68-2.53 (br s, 17H); 1.43 (s, 18H); MS (ESI) calc’d. for C28H46N5O7 [M+H]+ 564.3, found 

554.0. All spectroscopic data is in accordance with what was previously reported.5 

 

(S)-di-tert-Butyl 7-(2-amino-3-(methylamino)-3-oxopropyl)-1,4,7-triazonane-1,4-dicarboxylate (S)-S5 

  

To a solution of carbamate (S)-S4 (230 mg, 0.42 mmol) in CH3OH (4 mL) was introduced 10 wt% 

Pd/C (20 mg), after the solution was purged with N2. The flask was then saturated with H2 and the H2 

was fluxed through the solution. After 16 hours, the reaction mixture was filtered through a pad of 

Celite and the CH3OH used to wash the Celite several times. The solvent was removed and purification 

by column chromatography (10% MeOH in CHCl3) afforded the title compound as a near colourless oil 

(103.5 mg, 2.4 mmol, 58%). 1H NMR (CDCl3, 300 MHz) δH 7.82 (br s, 1H), 3.69-2.33 (m, 18H), 1.45 

(s, 18H); 13C NMR (CDCl3, 75 MHz) δC 174.2, 156.4*, 155.8, 80.2*, 80.0, 61.8*, 61.7, 55.8, 54.8*, 

54.2, 53.9, 53.7, 53.5, 51.6, 51.4*, 50.7, 50.1*, 49.0, 48.0, 28.7, 25.9 (* denotes minor rotamers); MS 

MS (ESI) calc’d. for C20H40N5O5 [M+H]+ 430.3, found 433.5. All spectroscopic data is in 

accordance with what was previously reported.6 

 

 

 

 

 

 

 

                                                           
5 A. Scarso, G. Zaupa, F.B. Houillon, L. J. Prins, P. Scrimin, J. Org. Chem. 2007, 72, 376 
6 F. Manea, F. B. Houillon, L. Pasquato, Scrimin, P. Angew. Chem. Int. Ed. 2004, 43, 6165; Angew. Chem. 2004, 
 116, 6291 

(S)-S5 

 

(S)-S4 
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(S)-di-tert-Butyl 7-(2-(8-(acetylthio)octanamido)-3-(methylamino)-3-oxopropyl)-1,4,7-triazonane-1,4-

dicarboxylate (S)-S6 

 

To a solution of amine (S)-S5 (80 mg, 0.19 mmol) in CH2Cl2 (2 mL) was added a solution of 

pentafluorophenyl ester S77 (110 mg, 0.28 mmol) as a solution in CH2Cl2 (2 mL) followed by N,N-

diisopropylethylamine (0.16 mL, 0.93 mmol). The mixture was allowed to stir overnight (16 h) at room 

temperature, after which the solvent was removed and the residue purified by column chromatography 

(2% MeOH in CHCl3) to afford the title compound as a colourless oil (83 mg, 0.13 mmol, 71%). 1H 

NMR (CDCl3, 300 MHz) δH 7.59-6.40 (br m, 2H), 4.33 (br m, 1H), 3.60-2.98 (m, 9H), 2.91-2.53 (m, 

10H), 2.31-2.22 (m, 2H), 2.30 (s, 3H), 1.67-1.24 (m, 26H); 13C NMR (CDCl3, 75 MHz) δC 196.1, 

173.7, 172.0, 156.7, 155.9, 80.4, 80.2, 62.6, 62.2, 56.5, 55.4, 53.5, 52.7, 51.8, 50.7, 50.3, 49.3, 36.3, 

30.8, 29.6, 29.3, 29.2, 29.0, 28.7, 26.3, 25.7 (more peaks than expected due to the presence of 

rotamers); MS (ESI) calc’d. for C30H56N5O7S [M+H]+ 630.4, found 630.0. [𝜶]𝑫𝟏𝟏 +14.6 (c 1.34, CHCl3). 

All spectroscopic data is in accordance with what was previously reported.8  

 

 

(R)-di-tert-Butyl 7-(2-(8-(acetylthio)octanamido)-3-(methylamino)-3-oxopropyl)-1,4,7-triazonane-1,4-

dicarboxylate (R)-S6 

 

The title compound was synthesised in 4 steps using the same procedure as described above, but 

beginning with (R)-S2 instead of (S)-S2 to afford the title compound. [𝜶]𝑫𝟐𝟏 –13.9 (c 1.10, CHCl3). All 

other spectroscopic data was in accordance with what is reported above. 

 

                                                           
7 M. Diez-Castellnou, F. Mancin, P. Scrimin, J. Am. Chem. Soc. 2014, 136, 1158 
8 A. Scarso, G. Zaupa, F.B. Houillon, L. J. Prins, P. Scrimin, J. Org. Chem. 2007, 72, 376 

(S)-S5 

 

S7 

 

(S)-S6 

 

(R)-S2 

 

(R)-S6 
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3.2  Nanoparticle Synthesis and Characterisation 

Two separate batches of nanoparticles were synthesised, one coated with the thiol derived from (S)-S6, 

and the other batch coated with the thiol derived from (R)-S6. The synthesis9 began with the synthesis 

of a single batch of dioctylamine covered Au nanoparticles, which was split into two, prior to 

introduction of the two enantiomeric thiols, as detailed below: 

Firstly, thioester (S)-S6 (41 mg, 0.066 mmol) and (R)-S6 (41 mg, 0.066 mmol) are separately 

solubilised in MeOH (3 mL) and 6M HCl (3 mL) was added. The resulting solution was stirred for 4 

hours at 60 °C, after which the solvent was removed under reduced pressure and the crude residue used 

subsequently in the following procedure. 

HAuCl4·3H2O (81 mg, 0.21 mmol), weighed in a dry-box, was dissolved in H2O (mQ; 5.5 mL). 

Separately, a solution of TOABr (2.59 g, 4.74 mmol) in degassed toluene (190 mL) was prepared. The 

aqueous solution of AuIII was extracted with the TOABr-solution (3 × 15 mL) causing a transfer of the 

gold ions to the organic phase (red color). Di-n-octylamine (3.43 mL, 11.3 mmol) was then added to the 

remaining amount of the TOABr solution, and the resulting mixture was vigorously stirred with the 

AuIII-containing solution for 30 min under N2 resulting in complete decoloration of the solution. 

Subsequently, NaBH4 (75 mg, 2.0 mmol) dissolved in H2O (3 mL) was added under vigorous stirring 

resulting in the formation of the Au nanoparticles (brown coloring). The solution was stirred for an 

additional 3 h under N2, after which the aqueous phase was removed. At this point, the mixture was 

split into two batches and to one batch was added the thiol derived from (S)-S6, and to the other was 

added the thiol derived from (R)-S6, each as a solution in DMF (1 mL). Within 20 min the formation of 

small particles can be seen which sinks to the bottom of the solution if stirring is discontinued. The 

solutions were allowed to stir overnight (16 h), after which H2O (mQ; 7 mL) was added to each batch 

and the solution was stirred for an hour under N2. Next for each of the batches, the aqueous phase was 

separated and washed with diethyl ether (2 × 10 mL), toluene (4 × 10 mL), ethyl acetate (3 × 10 mL), 

and again diethyl ether (2 × 10 mL). Then the black aqueous phase is concentrated to ~1 mL (not to 

dryness) and the Au nanoparticles were purified on Sephadex G-25 (mQ water), followed by Sephadex 

LH-20 (MeOH) and stored as aqueous solution at 7°C. 

 

 

 

 

 

                                                           
9 a) N. R. Jana, X. G. Peng, J. Am. Chem. Soc. 2003, 125, 14280; b) F. Manea, C. Bindoli, S. Polizzi, L. Lay, P. 
 Scrimin, Langmuir 2008, 24, 4120 
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Characterisation of the monolayer coated Au NPs - NMR 

Diffusion-ordered 1H NMR spectra (300 MHz) were recorded using the “longitudinal-eddy-current-

delay” (LED) pulse sequence 10 which allows differentiation of molecules based on their diffusion 

coefficients. This provides unequivocal confirmation that the thiols are bound to the Au NP surface, and 

can also be used to provide a way to assess the purity of the samples. The similarity of the NMR spectra 

obtained with and without the diffusion filter show that only minimal amounts of unbound additives are 

present in the purified samples of nanoparticles. 

 

Diffusion filter OFF:  

0.51.01.52.02.53.03.54.04.55.05.5.0
f1 (ppm)

jlc129b_1H_diffoff

 

 

Diffusion filter ON: 

0.51.01.52.02.53.03.54.04.55.05.5.0
f1 (ppm)

jlc129b_1H_diffon_2

 

                                                           
10 D. H. Wu, D. Chen, C.S. Johnson, J. Magn. Res. Series A, 1995, 115, 260 

D2O 

 

(–)-1 NPs 
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Characterisation of the monolayer coated Au NPs – Transmission Electron Microscopy (TEM) 

The diameter of the gold nuclei in gold nuclei in (–)-1 NPs was determined to be 1.5 ± 0.3 nm by HR-

TEM. 

(–)-1 NPs 
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The diameter of the gold nuclei in gold nuclei in (+)-1 NPs was determined to be 1.5 ± 0.3 nm by HR-

TEM. 

 (+)-1 NPs 
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Characterisation of the monolayer coated Au NPs – UV-Vis 

The absence of the surface plasmon resonance band at 520 nm in the UV/Vis spectrum gives additional 

proof for the presence of sub 2 nm sized Au NPs. UV-Vis absorption spectrum of Au NPs (+)-1 and    

(–)-1 at [TACN] = 20 μM, [HEPES] = 10 mM, pH 7.0. 

 

     

  

 

 

Characterisation of the monolayer coated Au NPs – Dynamic Light Scattering (DLS) 

 

DLS of nanoparticles (–)-1 and (+)-1 NPs in water: 

 

 

 

 

 

 

 

(–)-1 AuNPs 

 

(+)-1 AuNPs 

 

(–)-1 AuNPs 

 

(+)-1 AuNPs 
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Characterisation of the monolayer coated Au NPs – Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis was used to determine the coverage of thiols on the surface of the gold 

nanoparticles. Burning of the organic material on the surface of the nanoparticles provided the ratio of 

organic to inorganic material for Au NPs (–)-1 and (+)-1. For Au NPs (–)-1, the residual weight at 1000 

°C corresponded to 57.3% and for Au NPs (+)-1, the residual weight at 1000 °C corresponded to 

55.8%. Considering the atomic weight of Au (196.97 g mol-1) and the molecular weight of the thiol 

employed (387.58 g mol-1), this corresponds to a calculated molar ratio Au : thiol of 0.29:0.11 for Au 

NPs (–)-1 and 0.28:0.11 for Au NPs (+)-1. The similar ratios confirm that nanoparticles (–)-1 and (+)-1 

have coverage of thiols which are comparable. The observed ratios match also very closely the one 

expected for a Au nanoparticle of this size (the well-defined Au-140 cluster (r = 0.81) has 53 thiols, 

which corresponds to a ratio Au : thiol of  0.29:0.11)11  

 

 

 

 

 
                                                           
11 Hostetler, M.  et al. Langmuir, 1998, 14, 17-30 

(–)-1 AuNPs 

 

(+)-1 AuNPs 
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Characterisation of the monolayer coated Au NPs – Circular Dichroism (CD) 

 

Circular dichroism spectra of (–)-1 and (+)-1 NPs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(–)-1 AuNPs 

 

(+)-1 AuNPs 
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3.3 Synthesis of the CF3HPNP substrates 

(S)-2-(tert-butyldimethylsilyloxy)propyl 4-nitro-3-(trifluoromethyl)phenyl phosphate, triethylamine salt 

(S)-7 

 

To a 3-necked flask equipped with a condenser was suspended commercially available 3-

trifluoromethyl-4-nitrophenyl S8 (1.76 g, 8.5 mmol) in toluene (50 mL) and POCl3 (1.82 mL, 19.6 

mmol) was added. The reaction mixture was heated to 95 °C and pyridine (0.69 mL, 8.5 mmol) was 

added by syringe pump over a period of 30 min. The reaction was heated at reflux (110 °C) for a further 

15 min after the completion of the addition and the salts were then removed by filtration of the cooled 

reaction mixture. The obtained filtrated solution was concentrated under reduced pressure and the 

resulting yellow oil was used in the next steps without further purification.  

The crude phosphorodichloriodate S9 (8.5 mmol) was dissolved in anhydrous THF (20 mL) under 

nitrogen and cooled to 0 °C. A solution of alcohol (S)-1012 (1.60 g, 8.5 mmol) and NEt3 (1.2 mL, 8.5 

mmol) in anhydrous THF (20 mL) was added via a syringe pump over a period of 1 h. After the 

addition was complete, the mixture (white precipitate in a peach-colored solution) was allowed to stir at 

room temperature for 3 h. Finally, a mixture of NEt3/cold water (2.5 / 15 mL) was added to hydrolyse 

the intermediate monochloriodate and the solution was stirred for a further 30 min. The THF was then 

evaporated and the aqueous phase extracted with CH2Cl2 (3 × 30 mL) and the combined organic layers 

were washed with H2O and brine and dried over MgSO4. The solvent was removed under reduced 

pressure to give 4.0 g of dark orange oil. A small portion of the crude product (200 mg) was purified by 

column chromatography (CHCl3/MeOH 90:10 with 0.5% NEt3) to give the title compound as a yellow 

oil (160 mg, 67% scaled yield). 1H NMR (CDCl3, 300 MHz) δH 7.80 (d, J = 9.0 Hz, 1H), 7.63 (d, J = 

2.5 Hz, 1H), 7.55-7.48 (m, 1H), 3.85-3.55 (m, 3H), 2.27 (q, J = 7.3 Hz, 6H), 1.23 (t, J = 7.3 Hz, 9H), 

1.01 (d, J = 7.1 Hz, 3H), 0.72 (s, 9H), -0.09 (d, J = 3.1 Hz, 6H); 13C NMR (CDCl3, 75 MHz) δC 157.3 

(d, J(C,P) = 7.3 Hz), 142.0, 127.2, 123.7, 123.1 (d, J(C,P) = 7.3 Hz), 119.9, 119.3, 71.2 (d, J(C,P) = 6.3 Hz), 

67.5 (d, J(C,P) = 9.2 Hz), 45.9, 25.7, 20.5, 18.0, 8.5, –4.9; 31P NMR (CDCl3, 121 MHz) δP –5.14 (t, J(P,H) 

= 6.1 Hz); MS (ESI) calc’d. for C16H24F3NO7PSi– [M]– 458.1, found 458.0. The crude material can be 

carried directly through to following step. 
                                                           
12 R. A. Pilli, M. M. Victor, A. de Meijere, J. Org. Chem. 2000, 65, 5910 

(S)-10 

 

(S)-7 

 

S8 

 

S9 
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(S)-2-Hydroxypropyl 4-nitro-3-(trifluoromethyl)phenyl phosphate, sodium salt (S)-8 

 

To a solution of (S)-7 (0.50 g, 0.89 mmol) in anhydrous THF (2 mL) was added NEt3·3HF complex 

(1.0 mL, 6.2 mmol) at room temperature and the resulting mixture was stirred overnight before the 

addition of H2O (5 mL) and NEt3 until the pH reached ~5. The solvent was removed under reduced 

pressure and the crude product was redissolved in CH2Cl2 and washed with H2O to remove the 

undesired triethylammonium salts. The organic layer was concentrated and the crude passed through an 

ion exchange resin (Sephadex C-50, Na+; crude material introduced by a minimal amount of CH2Cl2, 

then using H2O as eluent). The volume of water was removed under reduced pressure and purified using 

HPLC (Phenomenex RP Jupiter 4U Proteo 90 Å; gradient [t(min), % ACN]: 0, 0; 10, 33; 15, 90; 20, 

100; λ = 294 nm); tR = 13 min). Collection of the fraction at tR = 13 min and removal of the water 

furnished the title compound as a white solid (70 mg, 27%). 1H NMR (CDCl3, 300 MHz) δH 8.18 (d, J 

= 9.0 Hz, 1H), 7.79 (d, J = 2.2 Hz, 1H), 7.65 (dd, J = 9.0 Hz, 1H), 4.14-3.79 (m, 3H), 1.20 (d, J = 6.4 

Hz, 3H); 13C NMR (CDCl3, 75 MHz) δC 155.6 (d, J(C,P) = 6.0 Hz), 142.7, 128.2, 123.9, 120.0, 71.1 (d, 

J(C,P) = 6.1 Hz), 66.4 (d, J(C,P) = 8.1 Hz), 17.7; 31P NMR (CDCl3, 121 MHz) δP –4.12 (t, J(P,H) = 6.1 Hz);  

MS (ESI) calc’d. for C10H10F3NO7P– [M]– 344.0, found 343.8; [𝜶]𝑫𝟏𝟏 +7.7 (c 0.37, H2O). 

 

 

(R)-2-Hydroxypropyl 4-nitro-3-(trifluoromethyl)phenyl phosphate, sodium salt (R)-8 

 

The title compound was synthesised as described above, but beginning with alcohol (R)-1010 instead of 

(S)-10 to afford the title compound. [𝜶]𝑫𝟏𝟏  –8.1 (c 0.37, H2O). All other spectroscopic data was in 

accordance with what is reported above. 

 

 

 

(S)-7 

 

(S)-(+)-8 

 

(R)-(–)-8 

 

(R)- 10 
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4. Experimental conditions for the experiments shown in the Figures of the manuscript, as well as 

additional supporting information 

 

Figure 2a. Catalysis of (+)- and (–)-CF3HPNP by (–)-1 and (+)-1 NPs 

Conditions: [HEPES] = 10 mM, pH 7.0; [TACN] = 5.0 μM; [Zn2+] = 5.0 μM; [(+)-CF3HPNP] = 2.0 

μM; T = 40 °C; absorbance measured at 405 nm. These initial experiments were performed with low 

amount of (+)-CF3HPNP substrate to see if any differences in activity could be observed between using 

nanoparticle (–)-NP and (+)-NP as catalyst. The data was fitted assuming first order reaction kinetics 

using Micromath Scientist for Windows, version 2.01.   

 

Figure 2b. Michaelis-Menten profiles of (–)-1 and (+)-1 NPs with (+)-and (–)-CF3HPNP 

Conditions: [MES] = 10 mM, pH 6.5; [TACN] = 10 μM; [Zn2+] = 10 μM; [(+)-CF3HPNP] = variable at 

roughly 20, 40, 80, 140, 200, 400, 700 and 1000 μM; T = 40 °C; absorbance measured at 405 nm. These  

experiments were performed to determine if the difference in reaction rate was due to a difference in the 

binding of the substrate to the different nanoparticles (KM) or whether the difference was in kcat. To 

determine this, the catalytic activity of (+)- and (–)-Au NP 1•Zn2+ was measured with increasing 

amounts of (+)-CF3HPNP substrate. Initial rates (v0) were calculated by converting the absorbance 

signals into concentration using the ε·l calculated from a calibration curve. Michaelis-Menten 

parameters were then determined by fitting the corresponding saturation profile with the Michaelis-

Menten model (Origin 8 Pro, function: Hill; constraints: n = 1, i.e. Michaelis-Menten kinetics). kcat 

values were obtained by dividing vmax by the concentration of TACN•Zn2+ (10 μM). KM = 0.24 ± 0.02 

mM and kcat = 2.5 ± 0.1 × 10-3 s-1 for (–)-1 NPs and KM = 0.27 ± 0.02 mM and kcat = 3.5 ± 0.1 × 10-3 s-1 

for (+)-1 NPs, with a difference of 38%. 
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These experiments were also repeated at different pH values to obtain the values shown in Figure 2d 

(Table) in the communication. The graphs from which the data were obtained are shown below: 

 

Figure S1. Rate of cleavage of (+)-CF3HPNP at pH 7.0, catalysed by (–)-1 and (+)-1 NPs. 

Conditions: [HEPES] = 10 mM, pH 7.5; [TACN] = 10 μM; [Zn2+] = 10 μM; [(+)-CF3HPNP] = variable 

at 20, 40, 80, 140, 200, 400, 700 and 1000 μM; T = 40 °C; absorbance measured at 405 nm. Using the 

fit as described in Figure 2b, KM = 0.14 ± 0.01 mM and kcat = 6.7 ± 0.1 × 10-3 s-1 for (–)-1 NPs and KM = 

0.15 ± 0.01 mM and kcat = 8.9 ± 0.1 × 10-3 s-1 for (+)-1 NPs, with a difference of 32%. 

 

 

Figure S2. Rate of cleavage of (+)-CF3HPNP at pH 7.5, catalysed by (–)-1 and (+)-1 NPs. 

Conditions: [HEPES] = 10 mM, pH 7.5; [TACN] = 10 μM; [Zn2+] = 10 μM; [(+)-CF3HPNP] = variable 

at 20, 40, 80, 140, 200, 400, 700 and 1000 μM; T = 40 °C; absorbance measured at 405 nm. Using the 

fit as described in Figure 2b, KM = 0.20 ± 0.01 mM and kcat = 19.1 ± 0.4 × 10-3 s-1 for (–)-1 NPs and KM 

= 0.19 ± 0.02 mM and kcat = 24 ± 1 × 10-3 s-1 for (+)-1 NPs, with a difference of 23%. 
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Figure S3. Rate of cleavage of (+)-CF3HPNP at pH 8.0, catalysed by (–)-1 and (+)-1 NPs. 

Conditions: [HEPES] = 10 mM, pH 8.0; [TACN] = 10 μM; [Zn2+] = 10 μM; [(+)-CF3HPNP] = variable 

at 20, 40, 80, 140, 200, 400, 700 and 1000 μM; T = 40 °C; absorbance measured at 405 nm. Using the 

fit as described in Figure 2b, KM = 0.22 ± 0.02 mM and kcat = 38 ± 1 × 10-3 s-1 for (–)-1 NPs and KM = 

0.25 ± 0.01 mM and kcat = 46 ± 1 × 10-3 s-1 for (+)-1 NPs, with a difference of 21%. 
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The calibration curves used to work out the concentration of the product and thus the progress of the 

reaction is shown below at the different pH’s used in this communication: 

 

Figure S5. Calibration curves obtained by addition of m-trifluoromethyl-p-nitrophenol at different pH’s  

 

The obtained values for ε (mol-1 L cm-1): 7.46 × 103 at pH 6.5, 1.08 × 104 at pH 7.0, 1.26 × 104 at pH 

7.5, 1.30 × 104 at pH 8.0. 
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Dinucleotide Cleavage 

 

 

 

Conditions for Figure 3b: 

Reaction Conditions for NpN catalysed by (–)-1 NP: [HEPES] = 10 mM, pH 8.0; [TACN] = 50 μM; 

[Zn2+] = 50 μM; NpN = 5 μM; T = room temperature, rate measured by following the formation of N 

(nucleotide) and disappearance of NpN by HPLC (Phenomenex Aqua 5u C18 125Å, 250 × 4.6 mm, λ = 

260 nm). Fitted with second order kinetics: kobs (UpU) = 250 ± 7 × 10-4 s-1 M-1, kobs (GpG) = 67 ± 5 × 10-

4 s-1 M-1, kobs (CpC) = 9.4 ± 0.2 × 10-4 s-1 M-1, kobs (ApA) = 7.0 ± 0.2 × 10-4 s-1 M-1. The data was fitted 

assuming second order reaction kinetics using Micromath Scientist for Windows, version 2.01. 
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Some extra data related to the catalysis of dinucleotide cleavage by (–)-1 and (+)-1 NPs is included 

below. Figure S6 shows the cleavage of UpU in the presence of either (–)-1 or (+)-1 NPs. The rate of 

cleavage of the much accelerated with respect to the control (pseudo first-order, 4.5 ± 0.3 × 10-7 s-1), but 

there is not a significant difference between the rate of the reaction in the presence of (–)-1 (25.0 ± 0.8 

× 10-7 s-1) or (+)-1 NPs (23.1 ± 0.6 × 10-7 s-1). 

 

Figure S6. Rate of cleavage of UpU at pH 8.0, catalysed by (–)-1 and (–)-1 NPs. 

Conditions: [HEPES] = 10 mM, pH 8.0; [TACN] = 50 μM; [Zn2+] = 50 μM; UpU = 5 μM; T = room 

temperature, rate measured by following the formation of uridine and disappearance of UpU by HPLC 

(conditions as for Figure 3b). Fitted with second order kinetics for NP catalysed reactions: kobs = 2.5 ± 

0.1 × 10-2 s-1 M-1 for (–)-1 NPs and kobs = 2.3 ± 0.1 × 10-2 s-1 M-1 for (+)-1 NPs. 
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Cleavage in the presence of Cu2+ 

Below shows the graph of the cleavage of UpU at pH 7.5, showing a significant different between the 

catalysed rates in the presence of (–)-1 and (+)-1 NPs 

 

 

Figure S7. Rate of cleavage of UpU with (+)-1 and (–)-1 NPs in the presence of CuII, in HEPES        

pH 7.5, room temperature, catalysed by (–)-1 and (–)-1 NPs. 
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Cleavage in the presence of Cu2+ 

Below shows the graph of the cleavage of GpG at pH 8.0, showing no significance between the 

catalysed rates in the presence of (–)-1 and (+)-1 NPs 

  

 

Figure S8. Rate of cleavage of GpG with (+)-1 and (–)-1 NPs in the presence of CuII, in HEPES         

pH 8.0, room temperature, catalysed by (–)-1 and (–)-1 NPs. 
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5. Spectra for novel compounds 
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