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1.0 Abbreviations

1H NMR:  Proton nuclear magnetic resonance

13C NMR: 13C nuclear magnetic resonance

HMBC: Heteronuclear Multiple-Bond Correlation

HRMS: High resolution mass spectrometry

HSQC: Heteronuclear Single Quantum Coherence

NOESY: Nuclear Overhauser Effect Spectroscopy

ROESY: Rotating-frame Overhauser Effect Spectroscopy

TEM: Transmission electron microscope

UV-Vis: Ultraviolet-visible

2.0 Experimental Section

2.1 General.

Silver nitrate (99.9999% and NH3 (28%) were purchased from Sigma Aldrich. Compounds 

(5)[1] and (6)[2] were prepared as reported previously. Cyclooctyne-EG4 (7) was prepared 

from literature procedures.[3] UV-Vis measurements were acquired using a Thermo-

Scientific Nanodrop 1000. Time-course kinetics experiments were acquired using a Varian 

CaryWin 300Bio UV-Visible spectrometer. Electron microscopy images were taken using 

an FEI Tecnai T20 TEM. SERS analysis was performed using an Avalon Instruments 

Plate reader (532 nm) using a 96 well plate.  High resolution mass spectrometry was 

performed on a Waters Acquity XEVO Q ToF machine. Nuclear magnetic resonance 

(NMR) (1H, 13C, HSQC, HMBC, ROSY and NOSY) spectra were recorded using a Bruker 
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400, 500 and 600 MHz spectrometer. Analytical and semi-preparative RP-HPLC was 

performed at room temperature on an ULTIMAT 3000 Instrument (DIONEX). UV 

absorbance was measured using a photodiode array detector at 210 and 260 nm. An ACE 

C18 column (4.6 X 250 mm, 5 μm, 300 Å) was used for analytical RP-HPLC. A solvent 

gradient of increasing amount of MeCN was used for HPLC of compounds (3, 4a and 4b). 

A typical gradient started with 90 % H2O (solvent A) and 10% MeCN (solvent B). This was 

held at 2 min. then increased to 90% solvent B over 20 min. For semi-preparative HPLC, 

an ACE C18 column (21.2 X 250 mm, 5 μm, 300 Å) was used.

2.2 Synthesis of compound (S1)

Error! No topic specified.To a solution of (5) (0.10 g, 0.12 mmol) and (6) (0.17 g, 0.73 

mmol) in THF:H2O:DMSO (3:1:2, 1.4 mL) was added a solution of 0.5 M CuSO4 in H2O 

(0.28 mL) followed by solid sodium ascorbate (0.05 g, 0.25 mmol). The reaction mixture 

was stirred overnight at room temperature. The suspension was diluted with H2O (2 mL), 

cooled to 0°C and treated with conc. NH4OH (0.17 mL) for 10 min. The reaction mixture 

was diluted with DCM (100 mL) and the organic layer washed with brine (2 × 20 mL), 

followed by H2O (2 × 20 mL). The organic layer was then dried over MgSO4, filtered and 

concentrated in vacuo. Purification by column chromatography (SiO2) eluting with 10 % of 

acetone in DCM afforded (S1) (0.09, 70%) as a white solid. 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C48H70N9O17 1044.4890; Found 1044.4935.

MP. 65-66°C.

1H NMR (CDCl3, 500 MHz): δ 1.29 (s, 6H, CH3), 1.36 (s, 6H, CH3), 1.38 (s, 6H, CH3), 1.50 

(s, 6H, CH3), 3.58-3.71 (m, 16H, CH2-EG), 4.19-4.21 (m, 4H, CH-sugar), 4.33 (dd, 2H, J = 
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2.5, 4.9 Hz, H2), 4.47 (dd, 2H, J = 8.5, 14.3 Hz, H6’), 4.62-4.65 (m, 4H, CH-sugar, H6), 4.68 

(s, 2H, CH2 19), 5.14 (s, 4H, CH2O 9), 5.44 (s, 2H, CH2 
16), 5.51 (d, 2H, J = 4.9 Hz, H1), 

6.52 (d, 2H, J = 2.1 Hz, o-Ar-H13/H15), 6.62 (t, 1H, J = 2.1 Hz, p-Ar-H11), 7.57 (s, 1H, 

NCH=C 17), 7.80 (s, 2H, NCH=C 7).

13C NMR (CDCl3, 125 MHz): δ 24.6 (CH3, 2C), 25.1 (CH3, 2C), 26.1 (CH3, 2C), 26.2 (CH3, 

2C), 41.2 (CH2, 1C 19), 50.8 (CH6/H6’, 2C), 54.2 (CH2, 1C 16), 61.8 (CH2-EG), 62.3 (OCH2, 

2C 9), 64.9 (CH2-EG), 67.4 (CH-sugar, 2C), 69.9 (CH2-EG), 70.4 (CH2-EG), 70.5 (CH-

sugar, 2C), 70.65 (CH2-EG), 70.7 (CH2-EG), 70.74 (CH2-EG), 71.0 (CH-sugar, 2C), 71.4 

(CH-sugar, 2C), 72.8 (CH2-EG), 96.4 (CH1, 2C), 102.1 (p-Ar-CH11, 1C), 107.7 (o-Ar-

CH13/CH15, 2C), 109.3 (Cq, 2C), 110.1 (Cq, 2C), 123.0 (NCH=C, 1C 17), 124.4 (NCH=C, 

2C 7), 137.1 (p-Ar-C14, 1C), 143.4 (C8, 2C), 145.7 (C18, 1C), 160.1 (m-Ar-C10/C12, 2C). 

2.3 Synthesis of compound (3)

Error! No topic specified.To a mixture of TFA:H2O (1:1, 8 mL) was added (S1) (0.08 g, 

0.08 mmol) under a nitrogen atmosphere. The reaction mixture was heated to reflux for 4 

h. The mixture was then cooled to room temperature followed by concentrated in vacuo. 

The crude residue was diluted with H2O (20 mL) and concentrated in vacuo again to 

remove excess TFA. The product was diluted with MeOH and precipitated using Et2O. The 

crude residue was diluted in H2O and purified by semi-preparative HPLC using H2O and 

MeCN. The gradient was started at 5% MeCN (solvent B), held at 5 min. then increased to 

90% solvent B over 20 min. The product was freeze-dried to afford (3) (0.028g, 40%) as a 

white powder. This compound was isolated as a mixture of diastereomers. 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C36H54N9O17 884.3638; Found 884.3612.
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MP. 93-95°C.

1H NMR (D2O, 600 MHz): δ 3.55-3.68 (m), 3.70-3.72 (m), 3.86-3.91 (m), 3.95 (d, J = 3.3 

Hz), 4.02 (d, J = 2.5 Hz), 4.06-4.08 (m), 4.46 (dd, J = 4.1, 8.9 Hz), 4.52 (d, J = 7.9 Hz), 

4.60-4.73 (m), 5.15 (s), 5.24 (d, J = 3.5 Hz), 5.54 (s), 6.61 (d, J = 1.9 Hz), 6.64 (t, J = 1.9 

Hz), 8.07 (s), 8.09 (s). 

13C NMR (D2O, 150 MHz): δ 50.8, 51.0, 53.5, 60.3, 61.3, 63.1, 68.2, 68.8, 68.9, 68.91, 

69.0, 69.4, 69.43, 69.46, 69.5, 69.52, 69.6, 71.66, 71.7, 72.6, 73.2, 92.4, 96.5, 102.5, 

108.0, 125.2, 125.7, 125.9, 137.7, 142.9, 144.3, 159.1.

2.4 Synthesis of compound (S2a/S2b)

Error! No topic specified.To a solution of (5) (0.30 g, 0.37 mmol) in DMSO (2 mL) was 

added (7) (0.20 g, 0.67 mmol) under a nitrogen atmosphere. The reaction mixture was 

stirred overnight at room temperature. The reaction mixture was diluted with EtOAc (50 

mL) and the organic layer washed with H2O (3 × 25 mL). The organic layer was then dried 

over MgSO4, filtered and concentrated in vacuo followed by purification by column 

chromatography (SiO2) eluting with 5% MeOH in EtOAc afforded (S2a) (0.15 g, 37%) and 

(S2b) (0.107, 26%) as white crystals. Identification of both regioisomers was achieved 

using 2D NMR NOESY, HSQC, HMBC and ROESY. 

2.4.1 Characterisation of compound (S2a)

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C53H78N9O17 1112.5516; Found 1112.5554.

MP. 75-77°C.

1H NMR (CDCl3, 400 MHz): δ 1.14-1.23 (m, 1H, OCT), 1.29 (s, 6H, CH3), 1.37 (s, 6H, 

CH3), 1.39 (s, 6H, CH3), 1.34-1.48 (m, 2H, CH2, OCT), 1.50 (s, 6H, CH3), 1.55-1.62 (m, 
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1H, OCT), 1.64-1.75 (m, 2H, CH2, OCT), 1.79-1.88 (m, 1H, OCT), 1.90-1.98 (m, 1H, 

OCT), 2.78-2.86 (m, 1H, OCT), 3.07-3.13 (m, 1H, OCT), 3.46-3.70  (m, 16H, CH2-EG), 

4.19-4.21(m, 4H, CH-sugar), 4.33 (dd, 2H, J = 2.5, 4.9 Hz, H2), 4.44-4.51 (m, 3H, H19       

+ H6’), 4.61-4.66 (m, 4H, CH-sugar + H6), 5.10 (s, 4H, CH2O 9), 5.52 (d, 2H, J = 4.9 Hz, 

H1), 5.70 (s, 2H, CH2 
16), 6.48 (s, 2H, o-Ar-H13/H15), 6.54 (s, 1H, p-Ar-H11), 7.79 (s, 2H, 

NCH=C 7).

13C NMR (CDCl3, 100 MHz): δ 23.1 (CH2-OCT, 1C), 24.5 (CH2-OCT, 1C), 24.6 (CH3, 2C), 

24.9 (CH2-OCT, 1C), 25.1 (CH3, 2C), 26.1 (CH3, 2C), 26.2 (CH3, 2C), 28.2 (CH2-OCT, 1C), 

30.3 (CH2-OCT, 1C), 50.8 (CH6/H6’, 2C), 52.4 (CH2, 1C 16), 61.8 (CH2-EG), 62.2 (OCH2, 

2C 9), 67.4 (CH-sugar, 2C), 68.2 (CH2-EG), 70.5 (CH-sugar, 2C), 70.7 (CH2-EG), 70.8 

(CH2-EG), 70.84 (CH2-EG), 71.0 (CH-sugar, 2C), 71.3 (CH-sugar, 2C), 72.2 (CH19, 1C), 

72.8 (CH2-EG), 96.4 (CH1, 2C), 101.7 (p-Ar-CH11, 1C), 106.8 (o-Ar-CH13/CH15, 2C), 109.3 

(Cq, 2C), 110.1 (Cq, 2C), 124.38 (NCH=C, 1C), 124.4 (NCH=C, 1C), 133.3 (C17, 1C), 

138.8 (p-Ar-C14, 1C), 143.5 (C8, 2C), 145.2 (C18, 1C), 159.9 (m-Ar-C10/C12, 2C).

2.4.2 Characterisation of compound (S2b)

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C53H78N9O17 1112.5516; Found 1112.5559.

MP. 65-67°C.

1H NMR (CDCl3, 400 MHz): δ 0.92-0.99 (m, 1H, OCT), 1.29 (s, 6H, CH3), 1.37 (s, 6H, 

CH3), 1.39 (s, 6H, CH3), 1.50 (s, 6H, CH3), 1.34-1.66 (m, 5H, OCT), 1.79-1.86 (m, 1H, 

OCT), 2.13-2.20 (m, 1H, OCT), 2.52-2.58 (m, 1H, OCT), 2.99-3.06 (m, 1H, OCT), 3.49-

3.73 (m, 16H, CH2-EG), 4.18-4.21 (m, 4H, CH-sugar), 4.33 (dd, 2H, J = 2.6, 4.9 Hz, H2), 

4.46 (dd, 2H, J = 8.4, 14.3 Hz, H6’), 4.61-4.66 (m, 4H, CH-sugar + H6), 4.87 (dd, 1H, J = 
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3.8, 5.7 Hz, H19), 5.10 (s, 4H, CH2O 9), 5.33 (dd, 1H, J = 2.6, 15.7 Hz, H16’), 5.45 (dd, 1H, J 

= 2.5, 15.7 Hz, H16), 5.52 (d, 2H, J = 4.9 Hz, H1), 6.40 (d, 2H, J = 2.2 Hz, o-Ar-H13/H15), 

6.57 (t, 1H, J = 2.2 Hz, p-Ar-H11), 7.79 (s, 2H, NCH=C 7).                                                                              

13C NMR (CDCl3, 100 MHz): δ 20.4 (CH2-OCT, 1C), 21.1 (CH2-OCT, 1C), 24.6 (CH3, 2C), 

25.1 (CH3, 2C), 25.7 (CH2-OCT, 1C), 26.1 (CH3, 2C), 26.2 (CH3, 2C), 26.6 (CH2-OCT, 1C), 

35.5 (CH2-OCT, 1C), 50.8 (CH6/H6’, 2C), 51.8 (CH16/H16’, 2C), 61.9 (CH2-EG), 62.2 (OCH2, 

2C 9), 67.4 (CH-sugar, 2C), 68.1 (CH2-EG), 70.5 (CH2-EG), 70.52 (CH-sugar, 2C), 70.6 

(CH2-EG), 70.7 (CH2-EG), 70.8 (CH2-EG), 71.0 (CH, 1H-sugar, 2C), 71.4 (CH-sugar, 2C), 

72.8 (CH2-EG), 74.8 (CH19, 1C), 96.4 (CH1, 2C), 101.8 (p-Ar-CH11, 1C), 106.6 (o-Ar-

CH13/CH15, 2C), 109.3 (Cq, 2C), 110.1 (Cq, 2C) , 124.4 (NCH=C, 2C 7), 134.5 (C18, 1C), 

138.0 (p-Ar-C14, 1C), 143.4 (C8, 2C), 145.8 (C17, 1C), 160.1 (m-Ar-C10/C12, 2C).   

2.5 Synthesis of compound (4a)

Error! No topic specified.To a mixture of TFA:H2O (1:1, 8 mL) was added (S2a) (0.13 g, 

0.12 mmol) under a nitrogen atmosphere. The reaction mixture was heated to reflux for 3 

h. The mixture was then cooled to room temperature followed by concentrated in vacuo. 

The crude residue was diluted with H2O (20 mL) and concentrated in vacuo again to 

remove excess TFA. The product was diluted with MeOH and precipitated using Et2O. The 

crude residue was diluted in H2O and purified by semi-preparative HPLC using H2O and 

MeCN. The gradient was started at 5% MeCN (solvent B), held at 5 min. then increased to 

90% solvent B over 20 min. The product was freeze-dried to afford (4a) (0.088 g, 77%) as 

a white powder. This compound was isolated as a mixture of diastereomers. 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C41H62N9O17 952.4264; Found 952.4309. 
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MP. 93-95°C. 

1H NMR (D2O, 600 MHz): δ 1.01-1.86 (m), 2.80-2.83 (m), 3.00-3.05 (m), 3.39-3.65 (m), 

3.66-3.68 (m), 3.83-3.88 (m), 3.92-3.93 (m), 3.99-4.00 (m), 4.05-4.07 (m), 4.42-4.44 (m), 

4.50 (dd, J = 0.5, 7.9 Hz), 4.58-4.71 (m), 5.16 (s), 5.21 (d, J = 3.6 Hz), 5.60 (s), 6.43 (d, J 

= 1.7 Hz), 6.66 (s), 8.05 (s), 8.07 (s).     

13C NMR (D2O, 150 MHz): δ 22.0, 23.4, 23.9, 27.9, 30.6, 50.9, 51.0, 52.1, 60.4, 61.4, 67.4, 

67.44, 68.2, 68.8, 68.9, 69.1, 69.5, 69.6, 69.65, 69.7, 71.7, 71.73, 72.6, 73.2, 92.4, 96.5, 

102.6, 107.3, 125.7, 125.8, 134.3, 138.5, 143.1, 146.3, 159.1. 

2.6 Synthesis of compound (4b)

To a mixture of TFA:H2O (1:1, 8 mL) was added (S2b) (0.09 g, 0.08 mmol) under a 

nitrogen atmosphere. The reaction mixture was heated to reflux for 3 h. The mixture was 

then cooled to room temperature followed by concentrated in vacuo. The crude residue 

was diluted with H2O (20 mL) and concentrated in vacuo again to remove excess TFA. 

The product was diluted with MeOH and precipitated using Et2O. The crude residue was 

diluted in H2O and purified by semi-preparative HPLC using H2O and MeCN. The gradient 

was started at 5% MeCN (solvent B), held at 5 min. then increased to 90% solvent B over 

20 min. The product was freeze-dried to afford (4b) (0.059 g, 77%) as a white powder. 

This compound was isolated as a mixture of diastereomers. 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C41H62N9O17 952.4264; Found 952.4293. 

MP. 96-98°C. 

1H NMR (D2O, 600 MHz): δ 0.81-1.48 (m), 1.87-2.00 (m), 2.62-2.67 (m), 2.88-2.93 (m), 

3.52-3.68 (m), 3.70-3.72 (m), 3.82-3.88 (m), 3.92 (d, J = 3.5 Hz), 3.99 (d, J = 2.6 Hz), 
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4.04-4.06 (m), 4.42 (dd, J = 4.1, 9.0 Hz), 4.49 (d, J = 7.9 Hz), 4.57-4.70 (m), 5.14 (s), 5.21 

(d, J = 3.5 Hz), 5.47 (d, J = 4.3 Hz), 6.45 (s), 6.63 (s), 8.06 (s), 8.07 (s). 

13C NMR (D2O, 150 MHz): δ 20.0, 21.0, 24.7, 25.9, 34.3, 50.9, 51.0, 51.2, 60.4, 61.4, 67.5, 

68.2, 68.8, 68.9, 69.1, 69.5, 69.6, 69.7, 69.8, 71.7, 71.8, 72.6, 73.2, 74.4, 92.4, 96.5, 

102.7, 107.4, 125.7, 125.9, 136.0, 138.2, 143.0, 145.3, 159.1

3.0 Silver nanoparticle (AgNP) formation

Preparation of sugar stock solutions: The corresponding sugar triazole (3, 4a and 4b) 

was dissolved in ultrapure water and diluted to a standard concentration of 50 mM. This 

stock solution was then used to optimise conditions for AgNP formation (Tables S1-S3). 

Preparation of Tollens’ reagent stock solutions: Stock solutions of Tollens’ reagent 

were prepared in three different concentrations (100, 20 and 3 mM) and diluted as 

required with ultrapure water for the preparation of the nanoparticle arrays. 

100 mM Tollens: To 1.8 ml H2O was added AgNO3 (0.5 M, 500 µL), followed by NaOH (3 

M, 100 µL) and finally NH4OH (28 %, 110 µL)

20 mM Tollens: To 4.100 µL H2O was added AgNO3 (0.5 M, 279 uL), followed by NaOH 

(3 M, 56 uL) and finally NH4OH (28%, 61 µL)

3 mM Tollens: To 9.9 ml H2O was added AgNO3 (0.5 M, 60 µL), followed by NaOH (3 M, 

12 µL) and finally NH4OH (28 %, 13 µL)

AgNPs were formed by the addition of 25 µL of Tollens’ reagent to 25 µL of a solution of 

an appropriate sugar ligand in a plastic tube. The solution was vortexed and left in the 

dark overnight. The mixture was centrifuged for 30 seconds to afford a suspension of 

colloidal of AgNPs.
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3.1 Preparation of AgNP@(3) series

Table S1. AgNP@(3) screening array prepared using (3) and the Tollens’ reagent. White boxes represent 
no AgNP formation, yellow boxes represent AgNP formation and grey boxes represent the formation of silver 
mirrors.
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Figure S1. UV-vis spectra of reactions #14-16, 19-21 and 25-26 which formed AgNP@(3) as observed by a 
SPR peak. Samples #19, 21, 25 were diluted 1:10 and #20, 26 were diluted 1:20 prior to each 
measurement.
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3.2 Preparation of AgNP@(4a) series

Table S2. AgNP@(4a) screening array prepared using (4a) and the Tollens’ reagent. White boxes represent 
no AgNP formation, yellow boxes represent AgNP formation and grey box represents the formation of silver 
mirror.
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Figure S2. UV-vis spectra of reactions #19-20, 25-26 and 31-32 which formed AgNP@(4a) as observed by 
a SPR peak at 420 nm. Samples #19, 25, 31-32 were diluted 1:10 and #20, 26 were diluted 1:20 prior to 
each measurement.  
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3.3 Preparation of AgNP@(4b) series

Table S3. AgNP@(4b) screening array prepared using (4b) and the Tollens’ reagent. White boxes represent 
no AgNP formation, yellow boxes represent AgNP formation and grey boxes represent the formation of silver 
mirrors.
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Figure S3. UV-vis spectra of reactions #19-20 and 25-26 which formed AgNP@(4b) as observed by a SPR 
peak. Samples #19, 25 were diluted 1:10 and #20, 26 were diluted 1:20 prior to each measurement.
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4.0 TEM images of AgNPs

(a)                                                                    (b)

                       

(c)                                                                    (d)
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(e)                                                                    

Figure S4. Exemplar TEM images of AgNP prepared using (a) 10 mM Tollens’ and 25 mM (3), Ø = 15 ± 4 
nm, (b) 20 mM Tollens’ and 10 mM (3), Ø = 16 ± 2 nm, (c) 10 mM Tollens’ and 25 mM (4a), Ø = 19 ± 10 nm, 
(d) 20 mM Tollens’ and 10 mM (4a), Ø = 15 ± 6 nm and (e) 20 mM Tollens’ and 10 mM (4b), Ø = 25 ± 5 nm.             

5.0 Reaction kinetics of AgNP formation

Time course: 150 µL of sugar solutions (3, 4a or 4b) at 20 µM and 150 µL of Tollens’ 

solution (20 mM) were mixed in a low-volume quartz cuvette, UV-Vis measurements were 

taken at 400 nm every 5 seconds using a UV-Vis spectrophotometer. 

Figure S5. Kinetics of formation of AgNP using (3, blue), (4a, red) and (4b, green) as monitored by the 
formation of the SPR peak at 400nm. 
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6.0 1H NMR titration studies using ligands (3, 4a and 4b) with AgNO3

 Stock solutions of triazole ligands (3, 4a or 4b) at 2 mM and AgNO3 (12 mM) were 

prepared in D2O. 300 µL of aliquots of the ligands were mixed with increasing amounts of 

AgNO3 and diluted with D2O up to 600 µL. The recorded spectra are shown in Figures    

S6-8 and ordered at different concentrations of AgNO3 from 0 to 6 mM.

6.1 1H NMR titration studies of Ag(I)-binding using ligand (3)

(a) 

  AgNO3

Ha                      Hb
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(b) 

  AgNO3

Ha                                             Hb
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Figure S6. (a) Stack plot of 1H-NMR (500 MHz, D2O) of (3) (stock concentration 2 mM) with an increasing 
amount of AgNO3. (b) Stack plot of selected areas 1H-NMR (500 MHz, D2O) of (3) (2 mM) with an increasing 
amount of AgNO3. (c) Plot of the 1H-NMR titration of Ha with AgNO3 in D2O. (d) Change in chemical shift of 
Ha as a function of AgNO3. (e) Plot of the 1H-NMR titration of Hb with AgNO3 in D2O. (f) Change in chemical 
shift of Hb as a function of AgNO3.

6.2 1H NMR titration studies of Ag(I)-binding using ligand (4a)

(a) 

  AgNO3

Hc            Hd

(f)
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(b)

  AgNO3

           Hc                                  Hd   
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Figure S7. (a) Stack plot of 1H-NMR (500 MHz, D2O) of (4a) (stock concentration 2 mM) with an increasing 
amount of AgNO3. (b) Stack plot of selected areas 1H-NMR (500 MHz, D2O) of (4a) (2 mM) with an 
increasing amount of AgNO3. (c) Plot of the 1H-NMR titration of Hc with AgNO3 in D2O. (d) Change in 
chemical shift of Hc as a function of AgNO3. (e) Plot of the 1H-NMR titration of Hd with AgNO3 in D2O. (f) 
Change in chemical shift of Hd as a function of AgNO3.

6.3 1H NMR titration studies of Ag(I)-binding using ligand (4b)

(a) 

  AgNO3

He                Hf

(f)
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