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Supplementary figures and tables

Figure S1. 1H NMR spectra of commercial bioethanol.
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Figure S2. Comparison of 1H NMR spectra of different samples of CBD recovered from waste by 
chromatography (a,b) or by vacuum distillation (c,d).
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Figure S3. Representative GC-MS trace for the chemo-enzymatic one-step synthesis of CBE from CBD.
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Table S1. Screening of the conditions for lipase-mediated chemo-enzymatic oxidation of CBD.a

Entry T
[°C]

Enz. loading
[% w/w]

H2O2
[equiv.]

t
[h]b

Conv. to CBE
[%]c

1a 4 5 1.1 2 9
1b 4 29
1c 6 35
2a 4 10 1.1 2 18
2b 4 22
2c 6 31
3a 30 5 1.1 2 34
3b 4 53
3c 6 51
4a 30 10 1.1 2 26
4b 4 38
4c 6 31
5a 4 5 4.0 2 15
5b 4 38
5c 6 39
6a 4 10 4.0 2 38
6b 4 47
6c 6 43
7a 30 5 4.0 2 43
7b 4 47
7c 6 17
8a 30 10 4.0 2 33
8b 4 41
8c 6 28

a Conditions: 50 mg CBD, 15 mL EtOAc (working conc. 10 mM), 1.1-4.0 equiv. H2O2 (3.5% w/w aq. 
sol.), 5-10% w/w immobilised Novozym® 435, 4-30°C, 2-24 h. 

b Datapoints for longer reaction times (18-24 h) are not shown due to extremely low or no CBE 
contents in all cases, as a consequence of oxidative decomposition.

 c Determined by quantification of CBE formed (by GC-MS, using n-decane as internal standard). Note: 
direct calculation of the conversion by comparison of CBD and CBE peaks is unreliable due to the 
formation of other polar products not detected by GC-MS.
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Details of the calculations of simplified E-factor (sEF) for the processes considered

The simplified E-factor values have been calculated according to Roschangar et al., Green Chem. 2015, 
17, 752-768. This metric considers all waste originated from reagents, co-substrates and catalysts, and 
does not take into account water and solvents and recyclable materials. For literature procedures, the 
data has been collected from the descriptions of the experimental procedures available. Due to its 
definition, this metric should only be used for the purpose of comparison, and not to draw conclusions 
on the actual amounts of waste produced.
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NMR characterisation of CBD 
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NMR characterisation of CBE (chemo-enzymatic one-step) 
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NMR characterisation of CBE (chemo-enzymatic via CBD diacetate)
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GC-MS chromatograms and spectra

CBD (purified by column chromatography)
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CBD (purified by vacuum distillation)
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CBD diacetate
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CBE (chemo-enzymatic one-step) 
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CBE (chemo-enzymatic via CBD diacetate)

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Retention time (min)

0

10000

20000

30000

40000

50000

60000

70000 29.482

C:\Users\dfior...CBE\DFB113CBE.D Injection 1 Function 1 (DFB113CBE) TIC

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
m/z (Da)

0

1000

2000

3000

4000

5000

205.100
100.00%147.000

92.82%

148.000
73.06%

247.100
48.53%204.000

43.45%
58.000
35.88%

330.200
34.03%

55.000
32.14%

69.000
31.76% 108.000

28.02%
91.000
26.74%

111.000
18.70%

312.200
17.10%

77.000
15.17%

206.000
15.09%

135.000
13.53%

207.000
13.51%

231.100
13.25%

161.000
12.00% 187.000

9.34%
248.100
9.23%

297.100
8.60%

192.900
8.54%

331.100
8.32%

257.100
8.21%

109.000
7.65%

133.000
6.53%

174.000
6.31% 284.100

3.35%
216.900
3.35%

141.000
3.29%

C:\Users\dfior...CBE\DFB113CBE.D Injection 1 Function 1 (DFB113CBE) MS + spectrum 29.48

O

HO

CBE

OH

Chemical Formula: C21H30O3
m/z: 330.22 (100.0%), 331.22 (22.8%), 332.23 (2.6%)

O

HO

CBE

OH

Chemical Formula: C21H30O3
m/z: 330.22 (100.0%), 331.22 (22.8%), 332.23 (2.6%)


