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Supplementary Tables

Table S1. Metals detected in spent lees by ICP-AES.

Concentration [mg/L]

Cu 49 £ 1.00
Zn 0.26 + 0.007
Fe 0.01 £ 0.00
Mg 49+0.13

Table S2. Characterisation of VFAs and anions present in spent lees by IC.

Concentration Experimental

VFA / anion in spent lees error
[mg/L] [ mg/L]

Lactate 33.7 1.01

Acetate 2.24 0.05
Propionate 1.75 0.02
Formate 1.23 0.02
Isobutyrate 4.03 0.06
Pyruvate 5.02 0.04
Isovalerate 3.86 0.04
Hexanoate 1.12 0.03
Heptanoate 17.19 0.54
Glutarate 2.92 0.06
Succinate 40.30 0.57
Oxalate 6.75 0.02
Citrate 9.68 0.15
Chloride 8.13 0.16
Sulphate 6.54 0.13
Phosphate 47.50 0.24
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Supplementary Figures
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Figure S1. XRD of BNM (top) and BNM after Cu recovery from spent lees and reduction
with NaBH, (bottom).
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Figure S2. High-angle annular dark field (HAADF) images and corresponding elemental
maps of Fe and Cu of the Cug,;BNM catalyst.
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Experimental methods

General methods

All reagents and solvents were purchased from Sigma Aldrich, Alfa Aesar or Fluorochem
and used as received.

'H and "*C NMR spectra were recorded on a Bruker Avance 400 spectrometer (400 MHz) at
298 K. Chemical shifts are reported as & in parts per million (ppm) and are calibrated against
residual solvent signal.

HRMS analyses were performed using an Agilent 1200 series LC system, coupled to an
Agilent 6520 QTOF mass spectrometer, ESI positive mode. The sample (2 uL) was flow-
injected into 0.3 mL min~' MeCN/H,O 1:1 + formic acid 0.1% v/v. The data was analyzed
using Agilent MassHunter software.

Preparation of BNM and Cu-BNM catalysts

BNM was synthesised by dissimilatory reduction of ferrihydrite by the subsurface
bacterium Geobacter sulfurreducens!S"l following a previously reported method.[52
Ferrihydrite was prepared by alkaline hydrolysis of a FeCl;-6H,O solution as described
previously.lS354 BNM production was verified by XRD (see Figure S1). Following synthesis,
the BNM was washed twice using N, purged 18.2 MQ water under anoxic conditions and
stored as a stock suspension with a Fe;O, (BNM) concentration of 26 g/L as confirmed by
ICP-AES. The spent lees was analysed by IC and ICP-AES which confirmed a copper
concentration of 49 mg/L (see Table S1). The pH and total organic carbon (TOC) were
measured as pH 4.5 and 938 mg/L TOC. To prepare the Cu,.sBNM catalyst, the spent lees
was first purged with N,. A BNM concentration of 2.8 mg/mL spent lees was then added
under anoxic conditions to a volume of up to 30 mL of spent lees. The container was sealed
and placed on a rotary shaker for 1 h. Except where stated, NaBH, (10 mM) was then added
to reduce the Cu. The Cu,sBNM catalyst was then washed twice and resuspended in
N, purged 18.2 MQ water. A similar method was used to prepare the Cu,:BNM catalyst,
except a CuSQ, solution was used instead of spent lees.

Characterization of Cu-BNM catalysts

HAADF STEM images were collected using a probe corrected FEI Titan 80-200 X-FEG
super twin fitted with a super-X EDX detector system with a solid angle of ~0.8 sr. Operated
with a 200 keV acceleration potential, a beam current of 90 pA, a 21 mrad convergence
semi-angle, and a 54 mrad HAADF inner angle.

Preparative scale synthesis of triazoles with Cu-BNM

For the preparative scale CUAAC reactions, the suitable azide 1a-c (0.25 mmol) and alkyne
2a-h (0.25 mmol) were dissolved in -BuOH (1.25 mL) and water (4.5 mL) was added. An
aliquot of Cu-BNM suspension (0.5 mL, corresponding to 6.5 mg BNM and 0.16 mg Cu) was
added and the mixture was incubated on a rotary shaker at room temperature for 12 h. Brine
(1 mL) was added to the suspension and the product was extracted with EtOAc (3 x 5 mL).
The combined organic phase was washed with brine (5 mL), dried over MgSO, and
concentrated under reduced pressure. Where required, the crude product was purified by
recrystallysation (from EtOH/H,O) or by passing it through a short silica pad (eluting with
cyclohexane/EtOAc 8:2). The corresponding triazoles 3a-l were obtained in 81-97% vyield
(characterisation data are reported below).

A gram-scale synthesis of 3a was performed according to the same protocol, using benzyl
azide 1a (666 mg, 5 mmol) and phenylacetylene 2a (510 mg, 5 mmol) dissolved in t-BuOH
(20 mL). Water (75 mL) was added, followed by Cu,.sBNM suspension (5 mL,
corresponding to 65 mg BNM and 0.8 mg Cu) and the mixture was stirred vigorously on a
magnetic stirrer at room temperature for 12 h. The product was isolated as reported in the
procedure above, yielding 960 mg (82% yield) of 3a.
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Characterisation data of triazoles 3a-l

1-Benzyl-4-phenyl-1H-1,2,3-triazole (3a)

White crystals, 53 mg (91% isol. yield).

H NMR (400 MHz, CDCls): & 7.73-7.68 (m, 2H), 7.59 (s, 1H),
7.33-7.26 (m, 5H), 7.24-7.17 (m, 3H), 5.47 (s, 2H).

3C NMR (101 MHz, CDCl;): & 148.2, 134.8, 130.6, 129.2,
128.9, 128.2, 128.1, 125.8, 119.6, 54.3.

HRMS (ESI): m/z for CysH4N3* [M+H]* calcd. 236.1182, found
236.1168.

1-Benzyl-4-(thiophen-3-yl)-1H-1,2,3-triazole (3b)

Pale brown crystals, 56 mg (94% isol. yield).

H NMR (400 MHz, CDCl;): 8 7.65 (dd, J = 2.9, 1.2 Hz, 1H),
7.56 (s, 1H), 7.41 (dd, J = 5.0, 1.2 Hz, 1H), 7.40-7.33 (m, 4H),
7.32-7.27 (m, 2H), 5.56 (s, 2H).

3C NMR (101 MHz, CDCl;): & 144.5, 134.8, 131.9, 129.7,
128.9, 128.2, 126.4, 125.9, 121.2, 119.4, 54.3.

HRMS (ESI): m/z for C43H,N3S* [M+H]* calcd. 242.0746, found
242.0711.

1-Benzyl-4-cyclopropyl-1H-1,2,3-triazole (3c)

White solid, 40 mg (81% isol. yield).

H NMR (400 MHz, CDCl;): 6 7.32-7.23 (m, 3H), 7.21-7.14 (m
2H), 7.06 (s, 1H), 5.38 (s, 2H), 1.88-1.79 (m, 1H), 0.88-0.80 (m
2H), 0.77-0.71 (m, 2H).

3C NMR (101 MHz, CDCl;): & 150.7, 134.9, 129.0, 128.6,
128.0, 119.6, 54.0, 7.7, 6.7.

HRMS (ESI): m/z for C1,H4N3* [M+H]* calcd. 200.1182, found
200.1166.

Ethyl 4-(4-(4-methoxyphenyl)-1H-1,2,3-triazol-1-yl)benzoate
(3d)

Pale yellow crystals, 70 mg (87% isol. yield).

'H NMR (400 MHz, CDCl3): 6 8.25-8.19 (m, 2H), 8.18 (s, 1H),
7.92-7.87 (m, 2H), 7.86-7.81 (m, 2H), 7.02-6.97 (m, 2H), 4.42
(9,J =7.1 Hz, 2H), 3.86 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H).

3C NMR (101 MHz, CDCl;): & 165.6, 160.1, 148.8, 140.2,
131.4, 130.6, 127.4, 122.7, 119.9, 116.5, 114.5, 61.6, 55.5,
14.5.

HRMS (ESI): m/z for CigH1gN3O3* [M+H]* calcd. 324.1343,
found 324.1361.

S6

T



Ethyl 4-(4-(hydroxy(phenyl)methyl)-1H-1,2,3-triazol-1-yl)-
benzoate (3e)
Pale yellow crystals, 69 mg (85% isol. yield). 0O

'H NMR (400 MHz, CDCl,): & 8.17-8.13 (m, 2H), 7.79 (s, 1H),
7.78-7.74 (m, 2H), 7.52-7.49 (m, 2H), 7.41-7.36 (m, 2H), 7.35- EtO
N

7.30 (m, 1H), 6.12 (s, 1H), 4.40 (q, J = 7.1 Hz, 2H), 1.41 (t, J = N

7.1 Hz, 3H). _

13C NMR (101 MHz, CDCly): & 165.5, 152.6, 141.7, 140.0, \_$_©
131.3, 130.7, 128.8, 128.3, 126.5, 120.0, 119.4, 69.3, 61.6. G

14.4.
HRMS (ESI): m/z for C4sHgsN3O3* [M+H]* calcd. 324.1343,
found 324.1377.

Ethyl 4-(4-butyl-1H-1,2,3-triazol-1-yl)benzoate (3f)
Colourless crystals, 56 mg (82% isol. yield). 0
H NMR (400 MHz, CDClI3): & 8.21-8.15 (m, 2H), 7.84-7.80 (m,
2H), 7.78 (s, 1H), 4.40 (q, J = 7.1 Hz, 2H), 2.80 (t, J = 7.6 Hz, EtOJ\©\
_N
N N

2H), 1.78-1.67 (m, 2H), 1.48-1.37 (m, 2H), 1.41, (t, J = 7.2 Hz,

3H), 0.95 (t, J = 7.3 Hz, 3H). B
13C NMR (101 MHz, CDCly): & 165.6, 149.7, 140.4, 131.5, \_LL
130.3, 119.7, 118.7, 61.5, 31.5, 25.4, 22.4, 14.4, 13.9.

HRMS (ESI): m/z for C4sHyoN3O,* [M+H]* calcd. 274.1550,
found 274.1540.

Ethyl 4-(4-cyclopropyl-1H-1,2,3-triazol-1-yl)benzoate (3g)

Pale yellow crystals, 62 mg (96% isol. yield). 0

H NMR (400 MHz, CDClz): d 8.17-8.13 (m, 2H), 7.81-7.76 (m, Eto)‘\@
2H), 7.76 (s, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.05-1.97 (m, 1H),

1.39 (t, = 7.1 Hz, 3H), 1.03-0.95 (m, 2H), 0.94-0.88 (m, 2H). N’N
3C NMR (101 MHz, CDCl;): & 165.6, 151.5, 140.2, 131.3, —
130.3, 119.6, 117.8, 61.5, 14.4, 8.0, 6.8. \_%

HRMS (ESI): m/z for CiHigN;O,* [M+H]* caled. 258.1237,
found 258.1243.

Methyl 2-(4-phenyl-1H-1,2,3-triazol-1-yl)acetate (3h)

White solid, 46 mg (84% isol. yield). MeO N’N\‘
'H NMR (400 MHz, CDCl3): 6 7.91 (s, 1H), 7.86-7.81 (m, 2H), \[h _N
7.45-7.40 (m, 2H), 7.37-7.31 (m, 1H), 5.22 (s, 2H), 3.81 (s, 3H). 0

3C NMR (101 MHz, CDCl;): & 166.7, 148.3, 130.3, 128.9,
128.3, 125.8, 121.0, 53.1, 50.8.

HRMS (ESI) m/z for C11H12N302+ [l\/l"‘H]+ calcd. 2180924,
found 218.0940.
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Methyl 2-(4-(3-chlorophenyl)-1H-1,2,3-triazol-1-yl)acetate (3i)

Colourless crystals, 58 mg (91% isol. yield).

'H NMR (400 MHz, CDCl,): 8 7.93 (s, 1H), 7.84 (t, J = 1.7 Hz, 'V'eomﬂNfNoN
1H), 7.72 (dt, J = 7.5, 1.5 Hz, 1H), 7.36 (t, d = 7.7 Hz, 1H), 7.31 o) —
(dt, J =7.9, 1.5 Hz, 1H), 5.23 (s, 2H), 3.83 (s, 3H).

3C NMR (101 MHz, CDCl;): 6 166.7, 147.2, 134.9, 132.2, 130.3,

128.4, 126.0, 124.0, 121.5, 53.3, 51.0.

HRMS (ESI): m/z for C4{H{;CIN;O,* [M+H]* calcd. 252.0534,

found 252.0543.

Methyl 2-(4-(hydroxy(phenyl)methyl)-1H-1,2,3-triazol-1-yl)-

acetate (3j)

Pale yellow oil, 60 mg (97% isol. yield).

H NMR (400 MHz, CDCl3): & 7.38-7.33 (m, 2H), 7.32 (s, 1H), MeO N
7.30-7.24 (m, 2H), 7.24-7.19 (m, 1H), 5.93 (s, 1H), 5.00 (s, 2H), jﬁN °N

3.68 (s, 3H). o =
13C NMR (101 MHz, CDCl,): 5 166.8, 151.9, 141.9, 128.6, 128.0, i

125.6, 122.9, 69.1, 53.1, 50.8.
HRMS (ESI): m/z for C4,H14N303* [M+H]* calcd. 248.1030, found
248.1015.

Methyl 2-(4-benzoyl-1H-1,2,3-triazol-1-yl)acetate (3k)

White crystals, 52 mg (84% isol. yield).

H NMR (400 MHz, CDCl;): 6 8.43-8.93 (m, 2H), 8.42 (s, 1H), MeO N,
7.64-7.59 (m, 2H), 7.55-7.49 (m, 1H), 5.28 (s, 2H), 3.83 (s, 3H). \th_
3C NMR (101 MHz, CDCIs): 6 185.6, 166.2, 136.6, 133.5, 130.7, O

130.0, 128.5, 53.4, 51.0.

HRMS (ESI): m/z for C4,H{2N303* [M+H]* calcd. 246.0873, found
246.0894.

Methyl 2-(4-butyl-1H-1,2,3-triazol-1-yl)acetate (3I)

Colourless oil, 46 mg (93% isol. yield).

"H NMR (400 MHz, CDCly): & 7.40 (s, 1H), 5.13 (s, 2H), 3.80 (s, MeO _N_
3H), 2.73 (t, J = 7.7 Hz, 2H), 1.71-1.61 (m, 2H), 1.43-1.33 (m, \fﬁN_\N
2H), 0.92 (t, J = 7.3 Hz, 3H). O

3C NMR (101 MHz, CDCl3): & 167.1, 149.1, 122.0, 53.1, 50.7,
31.5,25.4,22.4,13.9.

HRMS (ESI): m/z for CgH4gN3O,* [M+H]* calcd. 198.1237, found

198.1212.
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Copies of NMR and HRMS spectra

1-Benzyl-4-phenyl-1H-1,2,3-triazole (3a)
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1-Benzyl-4-(thiophen-3-yl)-1H-1,2,3-triazole (3b)
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1-Benzyl-4-cyclopropyl-1H-1,2,3-triazole (3c)
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Ethyl 4-(4-(4-methoxyphenyl)-1H-1,2,3-triazol-1-yl)benzoate (3d)
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Ethyl 4-(4-(hydroxy(phenyl)methyl)-1H-1,2,3-triazol-1-yl)-benzoate (3e)
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Ethyl 4-(4-butyl-1H-1,2,3-triazol-1-yl)benzoate (3f)
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Ethyl 4-(4-cyclopropyl-1H-1,2,3-triazol-1-yl)benzoate (39g)
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Methyl 2-(4-phenyl-1H-1,2,3-triazol-1-yl)acetate (3h)
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Methyl 2-(4-(3-chlorophenyl)-1H-1,2,3-triazol-1-yl)acetate (3i)
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Methyl 2-(4-(hydroxy(phenyl)methyl)-1H-1,2,3-triazol-1-yl)-acetate (3j)
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Methyl 2-(4-benzoyl-1H-1,2,3-triazol-1-yl)acetate (3k)
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Methyl 2-(4-butyl-1H-1,2,3-triazol-1-yl)acetate (3I)
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1-Benzyl-4-phenyl-1H-1,2,3-triazole (3a) from gram-scale synthesis
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