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General Information:

Solvents and reagents were purchased from suppliers and used without any further purification unless
otherwise stated. Normal phase silica gel (Merck KGaA) and sand (VWR) were used for column
chromatography. Reactions were monitored by TLC unless otherwise stated. TLC plates pre-coated with
silica gel 60 F2s4 on aluminium (Merck KGaA) were used, detection by UV (254 nm) and chemical stain
(potassium permanganate). Mass spectra were measured on Thermo Finnigan MAT900 XE and Waters
LCT Premier XE machines operating in ESI mode. *H NMR spectra were recorded at 600 MHz and 3C
NMR spectra were recorded at 100 MHz on Bruker Avance spectrometers at ambient temperature. All
chemical shifts were referenced to the residual proton impurity of the deuterated solvent. In *H NMR the
multiplicity of the signal is indicated as s (singlet), d (doublet), t (triplet), q (quartet) and m (multiplet),
defined as all multipeak signals where overlap or complex coupling of signals makes definitive
descriptions of peaks difficult. The 3C NMR is assigned as C (quaternary), CH, CH, and CHs as
determined by DEPT 135. Coupling constants are defined as J and quoted in Hz to one decimal place.
Infrared spectra were obtained on a Bruker Alpha FTIR Spectrometer operating in ATR mode and peaks
were assigned as ‘w’, ‘m’ or ‘s’ denoting weak, medium or strong peaks respectively. Melting points
were measured with a Gallenkamp apparatus and are uncorrected. Decomposition points were recorded
on this same apparatus but should not be taken as definitive characterisation values due to their inherently
large margins of error. In vacuo is used to describe solvent removal by Biichi rotary evaporation between
17-40 °C. For NMR experiments, CDClIs denotes deuterated (d1) chloroform. Electrochemical reactions
were carried out using an lvium Technologies Vertex model potentiostat operating in chronoamperometry
mode. CV plots were carried out using this same potentiostat with a glassy carbon working-electrode, a
Pt wire counter-electrode and a Ag wire quasi reference-electrode.

Details of Electrochemical Methods:

The general experimental setup we used for electrochemical reactions was designed to be as simple and
accessible as possible. In doing so we hope to minimise the disparity and lack of reproducibility of results
inherent in electro-organic synthesis due to there being a lack of standardised experimental setups. For
all reactions we used a 10 mL sample vial as our reaction vessel/undivided cell (dimensions shown in
Figure S1) as a size B19 Suba-Seal fit perfectly in the neck to create a seal. A balloon with argon was
fitted into the centre of the Suba-Seal for degassing and maintaining an anaerobic environment during
electrolysis. Three metal wire electrodes were also inserted into the Sub-Seal in a triangular pattern, to a
depth of 20 mm into the 10 mL electrolyte solutions used in the reactions. The electrodes were held at 7-
10 mm distance between any two electrodes over the course of reactions. As the three electrodes used
were the same diameter (1 mm), and all held at the same depth into the solution, they all had the same
effective surface area of 64 mm?2. A copper wire was used as the working electrode (WE), a silver wire
was used as a quasi reference-electrode (QRE) and a platinum wire was used as the counter-electrode
(CE). Images of the assembled reaction vessel and a schematic view of the Suba-Seal are shown in Figure
S1. Reactions were run using an Ivium Technologies Vertex model potentiostat operating in
chronoamperometry mode. This model allowed for real-time charge over time and current over time
graphs to be generated which we found exceedingly useful for this work, especially for measuring charge
passed over the course of reactions.
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Figure S1. Image of electrochemical apparatus used with dimensions.

Electrochemical Preparation of Copper Acetylides:

Cyclic Voltammetry (CV) Plots of Phenylacetylene:
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Figure S2. Background CV plot of 0.1 M EtsaNO3sSCsH4+CH3 / MeCN. Axes redrawn for clarity.

This plot indicates that without any other reagents present the background electrolyte solution will be
reduced from around -3.0 V vs Ag QRE. This reduction appears irreversible in nature.
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Figure S3. CV plot of phenylacetylene in 0.1 M EtaNO3SCe¢H4CH3z / MeCN. Axes redrawn for clarity.

This plot indicates that when phenylacetylene is present it is reduced in favour of the background

electrolyte solution (reduction peak from around -2.2 V vs Ag QRE compared to the -3.0 V seen in Figure
S2). This reduction appears to be irreversible in nature.
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Figure S4. CV plot of phenylacetylene in 0.1 M EtsNO3sSCe¢H4CHz / MeCN after ferrocene added for
reference. Axes redrawn for clarity.

This plot shows the reductions seen in Figures S2 and S3 compared to the ferrocene redox couple. This
acts as a convenient reference.



General Electrochemical Procedure for Copper(l) Acetylide Synthesis:

EtaN(O3SCsH4CHz) (0.03 g, 0.10 mmol, 1.0 equiv) was weighed out into a reaction vessel and sealed as
shown in Figure S1 with Cu wire (WE), Ag wire (QRE) and Pt wire (CE) electrodes pushed through the
Suba-Seal. Anhydrous MeCN (10 mL) was then added to make up a 0.01 M solution. The terminal alkyne
(0.20 mmol, 2.0 equiv) was then added via syringe and the solution was degassed with argon for 5 min.
The electrodes were then connected up to a potentiostat and the voltage was set to run at +0.50 V for 4 h
whilst stirring at RT under argon, immediately causing a yellow precipitate to form. The voltage was then
stopped and the yellow precipitate was collected by Bichner filtration and washed with reagent grade
MeCN (20 mL), then H20 (20 mL), then acetone (20 mL) before being dried in a vacuum oven for 30
min to yield the dry copper acetylide product.

(Phenylethynyl)copper, la

i

Phenylacetylene (32 mg, 0.32 mmol) used to yield a yellow solid (50 mg, 0.31 mmol, 97%); 45.7 C charge
passed; m.p. 225-227 °C (dec.) (lit.,* 226-229 °C); IR vmax (solid) 3045 (w), 2353 (w), 1929 (w), 1592
(w), 1569 (w), 1479 (m), 1439 (m), 743 (s), 681 (s), 520 (s), 510 (s) cm™. Data in agreement with
literature.>*

(p-Tolylethynyl)copper, 1b

=

p-Tolylacetylene (25 mg, 0.21 mmol) used to yield a yellow solid (37 mg, 0.21 mmol, 96%); 31.2 C
charge passed; m.p. 238-240 °C (dec.) (lit.,* 235-237 °C); IR vmax (solid) 3016 (w), 2913 (m), 1930 (w),
1887 (w), 1500 (s), 805 (s), 516 (s) cm™. Data in agreement with literature.>*

((4-(Trifluoromethyl)phenyl)ethynyl)copper, 1c

FSCO%CU

4-Ethynyl-a,a,a-trifluorophenylacetylene (31 mg, 0.18 mmol) used to yield a yellow solid (40 mg, 0.17
mmol, 95%); 27.1 C charge passed; m.p. 186-188 °C (dec.); IR vmax (solid) 2920 (w), 1916 (m), 1607
(m), 1402 (m), 1315 (s), 1160 (m), 1113 (s), 1101 (s), 1063 (s), 1014 (s), 835 (s), 592 (m), 513 (M), 442
(m) cm™.

((2-(Trifluoromethyl)phenyl)ethynyl)copper, 1d

Q%CU

2-(Trifluoromethyl)-phenylacetylene (32 mg, 0.19 mmol) used to yield a bright yellow solid (43 mg, 0.18
mmol, 99%); 28.1 C charge passed; m.p. 243-245 °C (dec.); IR vmax (solid) 3065 (w), 1930 (m), 1600
(m), 1570 (m), 1484 (m), 1445 (m), 1313 (s), 1157 (s), 1120 (s), 1107 (s), 1052 (s), 1031 (s), 756 (s), 744
(s), 650 (s), 530 (s) cm™,



(3-Ethoxy-3-oxoprop-1-yn-1-yl)copper, le

EtO,C—==—Cu

Ethyl propiolate (32 mg, 0.32 mmol) used to yield a bright yellow solid (26 mg, 0.16 mmol, 51%); 19.2
C charge passed; m.p. 181-183 °C (dec.) (lit.,* 182-184 °C); IR vmax (solid) 2997 (w), 2928 (w), 1945 (s),
1927 (s), 1704 (s), 1662 (s), 1223 (s), 1020 (s), 747 (s) cm™. Data in agreement with literature.*

(4-Phenylbut-1-yn-1-yl)copper, 1f
Ph
_\%Cu

4-Phenyl-1-butyne (27 mg, 0.20 mmol) used to yield a yellow solid (25 mg, 0.13 mmol, 63%); 21.8 C
charge passed; m.p. 174-175 °C (dec.) (lit.,* 174-176 °C); IR vmax (solid) 3058 (w), 3025 (w), 2920 (w),
1599 (w), 1494 (m), 1452 (m), 744 (s), 696 (s) cm™. Data in agreement with literature.*

(Cyclohex-1-en-1-ylethynyl)copper, 1g

o =

1-Ethynylcyclohexene (21 mg, 0.20 mmol) used to yield an orange solid (29 mg, 0.17 mmol, 86%); 23.9
C charge passed; m.p. 184-186 °C (dec.) (lit.,* 163-165 °C); IR vmax (solid) 2923 (s), 2853 (s), 2825 (s),
1619 (w), 1432 (m), 916 (m), 838 (m), 798 (m), 615 (m), 532 (m) cm™. IR data firmly in agreement with
literature but note that decomposition point varies significantly due to the large potential margin of error
associated with the decomposition points of polymeric structures.*

((4-Methoxyphenyl)ethynyl)copper, 1h
MeOO%Cu

4-Ethynylanisole (25 mg, 0.19 mmol) used to yield a bright yellow solid (36 mg, 0.18 mmol, >99%); 19.3
C charge passed; m.p. 247-249 °C (dec.) (lit.,> 260 °C); IR vmax (solid) 3031 (w), 2836 (w), 1600 (m),
1499 (s), 1247 (s), 1168 (s), 1029 (s), 818 (s), 533 (S), 449 (m) cm™. Data in agreement with literature.®®

((Triisopropylsilyl)ethynyl)copper, 1i
’Pr\
Pr—-Si—=—=cCu
ipr

Triisopropylsilyl acetylene (37 mg, 0.20 mmol) used to yield a dark yellow solid (11 mg, 0.04 mmol,
21%); 14.4 C charge passed; m.p. 161-165 °C (dec.); IR vmax (solid) 3315 (m), 2945 (w), 2867 (w), 1460
(m), 1372 (m), 883 (m), 835 (m), 613 (s), 451 (s) cm™.

=

3,3-Dimethyl-1-butyne (16 mg, 0.19 mmol) used to yield a yellow solid (13 mg, 0.09 mmol, 47%); 16.6
C charge passed; m.p. 147-150 °C (dec.) (lit.,® 80-150 °C); IR vmax (solid) 3322 (w), 2965 (m), 2923 (m),

(3,3-Dimethylbut-1-yn-1-yl)copper, 1j



2896 (m), 2864 (w), 2183 (w), 1471 (m), 1453 (m), 1360 (s), 1239 (s), 455 (s) cm™. Data in agreement

with literature.®
IR Spectra for Copper Acetylides:
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‘Click test’ of Copper(I) Acetylides Produced By Traditional Methods and Using the
Electrochemical Method Developed in this Work:

Traditional Procedure for Copper(l) Acetylide 1a Formation: (adapted from Evano et al.”)

To a flask backfilled with argon, a mixture of ammonium hydroxide (30% solution, 50 mL), EtOH (30
mL) and Cul (3.80 g, 20 mmol, 2.0 equiv) was added to create a deep blue solution. Phenylacetylene
(1.02 g, 10 mmol, 1.0 equiv) was then added dropwise whilst stirring to immediately cause a bright yellow
preciptate to form. The solution was then left to stir at RT under argon for 16 h, before the precipitate was
collected by Buichner filtration and washed successively with ammonium hydroxide (10% solution, 100
mL), then H>O (50 mL), then EtOH (30 mL) and finally Et>O (100 mL). The bright yellow solid was then
dried in a vacuum oven for 2 h to yield the dry product 1a as a bright yellow solid (1.64 g, 10 mmol,
99%).

General Procedure for 1,2,3-Triazole Formation: (adapted from Shao et al.?)

A flask was charged with copper(l) acetylide 1a (1.0 equiv), followed by BnN3z (1.5 equiv) dissolved in
reagent grade cyclohexane (3 mL). The solution was stirred at RT as glacial acetic acid (1.0 equiv) was
added dropwise, causing an immediate colour change from yellow to pale green. The flask was then sealed
with a Suba-Seal and degassed for 3 min, before being left to stir at RT under argon for 16 h. The solution
was then diluted with EtOAc (15 mL) and filtered into a separating funnel, before being washed with 1
M HCl(ag) (10 mL), then 1 M K2COz3(aq,) (10 mL), then H2O (15 mL). The organic layer was then dried
over NaxSOg, filtered and concentrated in vacuo. The crude off-white solid was then purified by column
chromatography (25% EtOAc/pet. ether.) to give the pure product 5 as a white crystalline solid.

1-Benzyl-4-phenyl-1H-1,2,3-triazole, 5

A. Copper(l) acetylide 1a from traditional method (0.11 g, 0.67 mmol) used to yield 5 as a white
crystalline solid (0.12 g, 0.50 mmol, 75%); m.p. 128-129 °C (lit.,2 130-131 °C); R 0.20 (25% EtOAc/pet.
ether.); IR vmax (solid) 3121 (w), 3095 (w), 3063 (w), 3033 (w), 2923 (w), 1466 (m), 1205 (m), 1028 (m),
764 (s), 726 (s), 691 (s) cm™; *H NMR (600 MHz, CDCls) &y 7.79-7.81 (2H, m, ArH), 7.65 (1H, s, N-
CH), 7.35-7.41 (5H, m, ArH), 7.30-7.33 (3H, m, ArH), 5.58 (2H, s, N-CH2) ppm; **C NMR (100 MHz,
CDCls) ¢ 148.4 (C), 134.8 (C), 130.7 (C), 129.2 (CH), 128.9 (CH), 128.2 (CH), 128.1 (CH), 125.8 (CH),
119.5 (CH), 54.3 (CH2) ppm; LRMS (ESI) m/z 236 ([M+H]*, 100%), 143 (7%), 91 (7%), 83 (10%). Data
in agreement with literature.®°

13
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Current Data Parameters

NAME PS347F
EXPNO 10
=| prOCNO 1
Fz
Da
N’/N\N/\
Ph
— o
5
Ph
_-CDCl3
D1 2.00000000 sec
™ b11 0.03000000 sec
TDO 75
——————— CHANNEL f1

S5FO01 100.82282

100 236.4 9.35¢7
|
|
|
| |
i N
: NN
{I 2373 N_N Ph
/ 5
1‘ Ph
\
&
|
|
\
] |
| i
‘ : 4714
| |
| 4935
83.1 51238'3
5 9121432 (
i l I J
oLl PR ——— ( l l . J\‘H‘}.‘ - . , A

i RARANRASAS RARE: T m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

B. Copper(l) acetylide 1a from electrochemical method developed in this work (58 mg, 0.35 mmol) used
to yield 5 as a white crystalline solid (60 mg, 0.25 mmol, 72%); m.p. 127-128 °C (lit.,2 130-131 °C); R¢
0.20 (25% EtOAc/pet. ether.); IR vmax (solid) 3142 (w), 2976 (w), 2924 (w), 2853 (w), 1450 (m), 1223
(m), 1045 (m), 767 (s), 727 (s), 694 (s) cm™; *H NMR (600 MHz, CDCls) n 7.79-7.81 (2H, m, ArH),
7.65 (1H, s, N-CH), 7.35-7.41 (5H, m, ArH), 7.30-7.33 (3H, m, ArH), 5.58 (2H, s, N-CH>) ppm; *C
NMR (100 MHz, CDClz) éc 148.3 (C), 134.8 (C), 130.6 (C), 129.2 (CH), 128.9 (CH), 128.2 (CH), 128.1
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Good agreement between the two data sets.
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Electrochemical Procedure for One-Pot Click Reaction:

Electrolyte salt (0.10 mmol, 0.5 equiv) was weighed out into a reaction vessel and sealed as shown in
Figure S1 with Cu wire (WE), Ag wire (QRE) and Pt wire (CE) electrodes pushed through the Suba-
Seal. Anhydrous MeCN (10 mL) was then added to make up a 0.01 M solution. Phenylacetylene (0.20
mmol, 1.0 equiv) and BnNz (0.30 mmol, 1.5 equiv) were then added via syringe and the solution was
degassed with argon for 5 min. The electrodes were then connected up to a potentiostat and the voltage
was set to run at +0.50 V for 3 h whilst stirring at RT under argon. The voltage was then stopped and the
solution was left to stir for a further 13 h at RT, under argon, before being diluted with EtOAc (15 mL)
and filtered into a separating funnel. The organic layer was then washed with 1 M HClq,) (10 mL), then
1 M K2COz3q,) (10 mL) and dried over Na2SO4 before being filtered and concentrated in vacuo. The crude
off-white solid was then purified by column chromatography (25% EtOAc/pet. ether.) to yield the pure
product 5 as a white crystalline solid.

EtsaNO3SCsH4CH3 (31 mg), phenylacetylene (22 mg, 0.22 mmol), BnN3z (40 mg), 28.42 C charge passed,
which equates to 136.76 mol% Cu generated, gave 5 (25 mg, 0.11 mmol, 49%).

EtsaNOAc-4H20 (27 mg), phenylacetylene (22 mg, 0.22 mmol), BnN3 (43 mg), 7.146 C charge passed,
which equates to 33.77 mol% Cu generated, gave 5 (41 mg, 0.17 mmol, 79%).

Control reactions using Cu()OAc:

Cu()OAc (26 mg) was weighed out into a reaction vessel, then anhydrous MeCN (10 mL) was added,
followed by EtsN (11 mg, 0.11 mmol), then BnN3 (40 mg), then phenylacetylene (21 mg, 0.21 mmol).
The solution was then degassed and left to stir at RT under argon for 16 h, before being diluted with
EtOAc (15 mL) and filtered into a separating funnel. The organic layer was then washed with 1 M HCl aq))
(10 mL), then 1 M K>COz(q,) (10 mL) and dried over Na2SO4 before being filtered and concentrated in
vacuo. The crude off-white solid was then purified by column chromatography (25% EtOAc/pet. ether.)
to yield the pure product 5 (28 mg, 0.12 mmol, 57%) as a white crystalline solid.

Cu()OAc (26 mg) was weighed out into a reaction vessel, then anhydrous MeCN (10 mL) was added,
followed by EtsN (22 mg, 0.22 mmol), then BnN3 (40 mg), then phenylacetylene (23 mg, 0.23 mmol).
The solution was then degassed and left to stir at RT under argon for 16 h, before being diluted with
EtOAc (15 mL) and filtered into a separating funnel. The organic layer was then washed with 1 M HCl )
(10 mL), then 1 M K>COz(q,) (10 mL) and dried over Na2SO4 before being filtered and concentrated in
vacuo. The crude off-white solid was then purified by column chromatography (25% EtOAc/pet. ether.)
to yield the pure product 5 (31 mg, 0.13 mmol, 59%) as a white crystalline solid.
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