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1. General experimental information and materials

CompetentE. coli BL21 (DE3) and BL21 St&f (DE3) cells for expression of MAO-N variant D9
and GOase variant M, respectively, were purchased from Invitrogen aradsformed according to
the manufacturer’s protocol. The empty vectors dBb-and pET-30a used for cloning of MAO-N
D9 and GOase M originate from Novagen. The. coli TP1000 mutant strain used for XDH E232V
expression is a derivative of MC4100 with a kanamy@assette inserted in the mobAB gene region.
Cell lysis was performed by sonication using a pap 150 (MSE UK Ltd.) and lysozyme from
chicken egg white from Sigmalrametes versicolor laccase,E. coli xanthine dehydrogena$e,
horseradish peroxidase (HRP) and catalase wereesbfnom Sigma-Aldrich. Starting materials were
purchased from Alfa Aesar and Sigma-Aldrich andduae received. Solvents were analytical or
HPLC grade or were purchased dried over molecul@ves where necessary. Column
chromatography was performed on silica gel (Sigridriéh, 220-440 mesh)'H and **C NMR
spectra were recorded on a Bruker Avance 400,50800r without additional internal standard.
Chemical shifts are reported dnvalues (ppm) and are calibrated against resichlaést signal. The
following abbreviations were used to define the tiplitities: s, singlet; d, doublet; t, triplet; g,
guartet; m, multiplet; b, broad. HPLC analysis yasformed on an Agilent system equipped with a
G1379A degasser, G1312A binary pump, a G1329 aufgea unit, a G1315B diode array detector
and a G1316A temperature controlled column compantnThe columns used were CHIRALPAK
IC (5 um particle size, 4.6 mm diameter x 250 mm), CHIRAKF® |A (5 um particle size, 4.6 mm
diameter x 250 mm) and CHIRALPAKOJH (5um particle size, 4.6 mm diameter x 250 mm).
Conditions are indicated separately for each comgou

2. Preparation of biocatalysts
Monoamine oxidase variant D9 (MAO-N D9)

MAO-N D9 mutant was transformed int&. coli BL21 (DE3) cells (Invitrogen) according to the
manufacturer’s instructions. A single colony wagdiso inoculate a pre-culture (5 mL) which was
grown in LB with ampicillin (100 mg/L) at 37 °C ar&b0 rpm until an OEo.m between 0.6-1.0 was
reached. 2-L-Erlenmeyer flasks containing 600 mL wWwih ampicillin (100 mg/L) were inoculated
with 5 mL of pre-culture and incubated at 37 °C &30 rpm for 24 h. The cells were harvested by
centrifugation at 8000 rpm and 4 °C for 20 min. Tde#l pellet was stored at -20°C until needed.
Typically, 4 g of cells were obtained from a 600-oulture.

Galactose oxidase variant M5 (GOaseM; s)

GOase mutant b' was transformed int&. coli BL21 Staf (DE3) cells (Invitrogen) according to
manufacturer’s specifications. A single colony vpécked from an overnight LB plate containing 1
pL of kanamycin of a 30 mg/mL stock solution per miagar and used to inoculate 5 mL LB
medium supplemented with 5 uL kanamycin and growarmight at 37 °C and 250 rpm. 500 pL of
the overnight culture was used to inoculate 250 ghlan autoinduction medium (8ZY-4LAC) as
described by Deacon and McPhersamd supplemented with 250 pL of kanamycin in a Ralfled
Erlenmeyer flask. The cells were grown at 26 °C @60 rpm for 60 h. Cells were harvested by
centrifugation at 6000 rpm and 4 °C for 20 min aoldsequently prepared for protein purification.



Xanthine dehydrogenase variant E232V (XDH E232V)

For XDH mutant E232V expressidn,the plasmid pSL207 derived from pTrcHisA (Invitesg,
containing the xdh E232V genes with a His6 tag dusethe N terminus of XDHA, was used. For
heterologous expression i coli, pSL207 was transformed int& coli TP1000 cells, containing a
deletion in the mobAB genes responsible for Mocaudieotide formation. The enzyme was
expressed in 500-mL-cultures of TP1000 cells cagyplasmid pSL207 grown at 30 °C in LB
medium supplemented with 150 pg/mL ampicillin, 1 nmvblybdate, and 0.02 mM isopropyl-D-
thiogalactopyranoside until the @an= 1. This culture was then transferred to a batbietaining 8
liters of supplemented LB medium and subsequentbwg at 30 °C for 18 - 20 h. Cells were
harvested by centrifugation at 5000 at 4°C and subsequently prepared for protein purificatio

Purification of MAO-N D9

5 g of frozen cell paste were thawed on ice andspEnded in 25 mL of phosphate buffer (100 mM
KPi, pH 7.7; containing 1 mg/mL of lysozyme fromicken egg white) and incubated at 30 °C for 30
min. The suspension was cooled to 4 °C and celts \ysed by ultrasonication (30 s on, 30 s off; 20
cycles). Cell debris was removed by centrifuga{its000 xg, 40 min, 4 °C). Subsequently, the cell-
free extracts were filtered through a syringe ffilkgth a 0.22um pore size. The cell-free extracts,
after filtration, were loaded onto a HisTrap Ni-semse column (1 mL, GEHealthcare) pre-
equilibrated with buffer A (100 mM KPi, pH 7.7, 306M NacCl). The protein was eluted with a
stepped gradient using an Akta explorer system f®En Healthcare with the following profile
collecting 1 mL fractions. Step 1, 10 mL buffer@tep 2, 10 mL 80:20 buffer A : buffer B; Step 3, 30
mL 65:35 buffer A : buffer B. Buffer B contained AinM KPi, pH 7.7, 300 mM NaCl, 1 M
imidazole. The MAO-N containing fractions (from gt8) were pooled and concentrated using a
SartoriusVivaspin 6 spin column (30 kDa mass cut-off), ahd tolume adjusted to 2.5 mL. The
concentrated fractions were desalted using a PBephadex column and buffer A.

Purification of GOase Mz.5

The cell pellet from a 250-mL-culture was resusgehth 30 mL lysis buffer containing 50 mM
piperazineN,N’-bis(2-ethanesulfonic acid) (PIPES), 25 % sucrfgé), 1 mg/mL lysozyme, 5 mM
MnCl; and 1 % Triton X-100 (v/v). The suspension waglgeshaken at 4 °C for 20 min. Afterwards,
cells were mechanically disruptada ultrasonication (30 s on, 30 s off; 20 cycles) daleéd by
ultracentrifugation (20000 g, 30 min, 4 °C). The cleared crude extract wassfeaned into a flexible
tubing (30 kDa cut-off), dialysed into buffer C (80M NaPi buffer, 300 mM NacCl, pH 8.0) for 12 h
at 4 °C and subsequently passed through a syriltbgeviith a 0.22 um pore size. Protein purificatio
was accomplished with a peristaltic tubing pumpeffimo Scientific) equipped with a 5-mL-Strep-
Tad®-l column (GE Healthcare) pre-equilibrated withflen C. After loading with crude extract, the
column was washed with 5 column volumes of buffefiolwed by protein elution with 70 mL of
buffer D (50 mM NaPi buffer, 300 mM NacCl, 5 mM daistiotin, pH 8.0).

For copper-loading, GOasez;Mcontaining fractions were pooled and subsequdrdlysferred into
flexible dialysis tubing (30 kDa cut-off) and diakd for 12 h into buffer E (50 mM NaPi buffer
saturated with CuSQpH 7.4) at 4 °C. Removal of excess CyS@s attained by two cycles of
dialysis into buffer E (without CuSp for 12 h at 4 °C and protein samples concentrated
approximately 3 mg/mL using a Sartorius Vivaspispth column (30 kDa mass cut-off). The protein
samples were aliquoted and aliquots were frozdiguind nitrogen prior to storage at -80 °C.



Purification of XDH E232V

The cell pellet was resuspended in 8 volumes om0 sodium phosphate, 300 mM NacCl, pH 8.0,
and cell lysis was achieved by several passagesghra French press. After addition of DNase |, the
lysate was incubated for 30 min. After centrifugatat 17000 xy for 25 min, imidazole was added to
the supernatant to a final concentration of 10 Mk supernatant was mixed  with 2 mL of,Ni
nitrilotriacetic agarose (Qiagen) per liter of cgtbwth, and the slurry was equilibrated with gentl
stirring at 4 °C for 30 min. The slurry was pouiatb a column, and the resin was washed with 2
column volumes of 10 mM imidazole, 50 mM sodium gpteate, 300 mM NacCl, pH 8.0, followed by
a wash with 10 column volumes of the same bufféh ® mM imidazole. His-tagged XDH E232V
was eluted with 100 mM imidazole in 50 mM sodiunogphate, 300 mM NaCl, pH 8.0. Fractions
containing XDH were combined and dialyzed againBt rBM Tris, 1 mM EDTA, 2.5 mM
dithiothreitol, pH 7.5. The dialyzed sample was l@gp to a Q-Sepharose fast protein liquid
chromatography column and eluted with a linear igratcbf 0-250 mM NacCl. To the pool of fractions
containing XDH, 15 % ammonium sulfate was added, the protein was then applied to a phenyl-
Sepharose column equilibrated with 50 mM Tris, 1 nEDTA, 2.5 mM dithiothreitol, 15 %
ammonium sulfate, pH 7.5. XDH E232V was eluted fribia column with a linear gradient of 15 to
0 % ammonium sulfate. During purification, fractsowere monitored using SDS-PAGE, whereas
enzyme activity was measured spectrophotometrieedlylescribed earlier. The yield of protein was
about 12.5 mg/L oE. coli culture.

3. Cascade 1

3.1 GOase M.-catalysed oxidation of benzyl alcohols and amideofmation reactions - General
procedure A

For analytical scale reactions, the primary alcatissolved in MeCN (500 mM stock solution) and
applied in 5, 7 and 10 mM final concentrations wtlre GOase W (7.25 uM final concentration)
were transferred to a solution of NaPi buffer (5M,npH 7.4) supplemented with HRP (75 U/mL)
reaching a final volume of 500 pL in a 2-mL-Epperidobe. The tube was placed in a shaking
incubator and incubated at 25 °C and 250 rpm. ARérh of reaction (1 step for aldehyde
formation), 5 eq. of amine with respect to the @ration of alcohol and TBHP (6 %, v/v) were
directly applied to the reaction mixture followeyglincubation at 37 °C and 250 rpm for 24 i'@ep

for amide formation). The reaction was monitoredHBLC and samples were prepared as follows:
500 uL DCM was added to 100L of sample of the reaction mixture in anl.5-mL-Epgorf tube.
After vigorous mixing by means of a vortex mixdre tsample was centrifuged at 13200 rpm for 5
min. The organic phase was collected, dried wittSKgand analysed by normal phase HPLC.

For preparative scale reactions, primary alcohsdaived in MeCN (500 mM stock solution) at a 10
mM final concentration and pure GOased\7.25 UM final concentration) were transferred to a
solution of NaPi buffer (50 mM, pH 7.4) supplemehtwgth HRP (75 U/mL) reaching a final volume
of 3 mL in a 15-mL-Falcon tube. Subsequent stepg wekentical to analytical scale experiments.

3.2 Laccase/TEMPO-mediated oxidation of benzyl altmls and amide formation reactions - General
procedure B

For analytical and preparative scale reactiongngmy alcohol dissolved in MeCN (1 M stock
solution) and used at 20, 50 and 80 mM final cotra¢ions and a solution dframetes versicolor

laccase (TvL; 3.0, 7.5 and 12.0 U/mL final concatibn) were transferred to a solution of sodium
citrate buffer (100 mM, pH 5.0) supplemented wittl6 or 24 mM TEMPO reaching a final volume
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of 3 mL in a 15-mL-Falcon tube. The tube was plaiced shaking incubator and incubated at 20 °C
and 250 rpm for 24 h {istep for aldehyde formation). Afterwards, 5 eqawfine with respect to the
concentration of the primary alcohol and 1.2 eGBHP were directly applied to the reaction mixture
followed by incubation at 37 °C and 250 rpm for 242" step for amide formation). The reaction
was monitored by HPLC and samples were preparddssibed in general procedure A.

3.3 Synthesis of amide standards

The standards for the amidgs-d, 3f and3h-k, were synthesised using general procedure B, \BRile
was purchased from Sigma Aldrich. Conversions feactions yielding3g were determined by
comparison of the new formed peak and the siméddéwdenated amides.

3.4 Analytical scale reactions according to generalrocedures A and B

(4-Nitrophenyl)(piperidin-1-yl)methanone

The reaction was performed following general proced A and B,

0]
respectively. Procedure A: 7.25 puM GOasgsM10 mM para-
O)L"O nitrobenzyl alcoholXa), 24 h of reaction (aldehyde formation) followed
O,N 3a by addition of 5 eq. piperidine and 6 % TBHP (vAnd reaction for
further 24 h. Procedure B: 12 U mTvL/24 mM TEMPO, 80 mM

para-nitrobenzyl alcohol Xa), 24 h of reaction (aldehyde formation)
followed by addition of 5 eq. piperidine and 1.2 H§HP and reaction
for further 24 h.
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Figure S1 HPLC traces ofpara-nitrobenzyl alcohol 1a) oxidation using GOase M (left images) and
TVvL/TEMPO (right images) and subsequent amide faignareaction yielding (4-nitrophenyl)(piperidin-1-
yl)methanone3a (respective 48-h-images at the bottom). HPLC diomh: CHIRALPAK® IA column; flow
rate 1.0 mL/min; UV 254 nm; eluent= hexane/iPrOH190 Peak at 5.143 (48-h-image, left) is an unknown
UV-active substance derived from TBHP, whereas pak 162 min (48-h-image, right) is an unknown UV-
active substance derived from TEMPO.



Piperidin-1-yl[4-trifluoromethyl)phenyljmethanone

o) The reaction was performed following general proced A and B,
respectively. Procedure A: 7.25 pM GOasgsM10 mM para-
’\O trifluorobenzyl alcohol 1b), 24 h of reaction (aldehyde formation)
3b followed by addition of 5 eq. piperidine and 6 % HB (v/v) and
reaction for further 24 h. Procedure B: 12 U hlvL/24 mM TEMPO,

80 mM para-trifluorobenzyl alcohol 1b), 24 h of reaction (aldehyde
formation) followed by addition of 5 eq. piperidimad 1.2 eq TBHP
and reaction for further 24 h.
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Figure S2. HPLC traces ofpara-trifluorobenzyl alcohol Ib) oxidation using GOase M (left images) and
TvL/TEMPO (right images) and subsequent amide foiona reaction yielding piperidin-1-yl[4-
trifluoromethyl)phenyllmethanon@b (respective 48-h-images at the bottom).HPLC cémmt CHIRALPAK®

IA column; flow rate 1.0 mL/min; UV 254 nm; eluentrexane/iPrOH 90:10. Peak at 5.097 (48-h-imag®, ikef

an unknown UV-active substance derived from TBHRemgas peak at 4.100/4.089 min (24- and 48-h-image,
right) is an unknown UV-active substance derivefrTEMPO.



(4-lodophenyl)(piperidin-1-yl)ymethanone

0 The reaction was performed following general proced A and B,
respectively. Procedure A: 7.25 uM GOasesM10 mM para-
N iodobenzyl alcoholXc), 24 h of reaction (aldehyde formation) followed
| 3c by addition of 5 eq. piperidine and 6 % TBHP (vAnd reaction for
further 24 h. Procedure B: 12 U mTvL/24 mM TEMPO, 80 mM

para-iodobenzyl alcohol Xc), 24 h of reaction (aldehyde formation)
followed by addition of 5 eq. piperidine and 1.2 H§HP and reaction
for further 24 h

f —e
] 9 Oh : E 24h
i ~ 0
| I ] |‘
® : “ H
f - | L
I OH 3
[ '/©/\ 003 | |
I ] \
2§ |\ \ 3
VA AVANS. — . 0 ' |
1 x \
& \
e 6h 953 « = |\
00 | % y B ] \
- f 3 L —
09 T Tr—r—r—T T T T T
0 | < - L] 72 4
’ || Al 2 48h
[l %0 5 o
. |
—_— T e o ‘l! /@)‘\,\O
I
- 48h 2 | P
| |
o 1\
|
- \
- | B [\
2 | A o s | ‘\
<y J\ J = e |
I - .z_\..-.;_, g . — .
77777777
P - L] e h2-) 12 4

Figure S3 HPLC traces ofpara-iodobenzyl alcohol 1c) oxidation using GOase M (left images) and
TVvL/TEMPO (right images) and subsequent amide foionareaction yielding (4-iodophenyl)(piperidin-1-
yl)methanone3c (respective 48-h-images at the bottom). HPLC dion: CHIRALPAK® IA column; flow
rate 1.0 mL/min; UV 254 nm; eluent= hexane/iPrOH190 Peak at 5.008 (48-h-image, left) is an unknown
UV-active substance derived from TBHP, whereas pak 101/4.088 min (24- and 48-h-image, rightais
unknown UV-active substance derived from TEMPO.



(4-Bromophenyl)(piperidin-1-yl)methanone

O
jone
Br 3d

The reaction was performed following general proced A and B,
respectively. Procedure A: 7.25 uM GOasesM10 mM para-
bromobenzyl alcohol 1d), 24 h of reaction (aldehyde formation)
followed by addition of 5 eq. piperidine and 6 % HB (v/v) and
reaction for further 24 h. Procedure B: 12 U hilvL/24 mM TEMPO,

80 mM para-bromobenzyl alcohol1d), 24 h of reaction (aldehyde
formation) followed by addition of 5 eq. piperidimad 1.2 eq TBHP
and reaction for further 24 h.
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Figure S4 HPLC traces ofpara-bromobenzyl alcoholld) oxidation using GOase M (left images) and
TvL/TEMPO (right images) and subsequent amide foionareaction yielding (4-bromophenyl)(piperidin-1-
yl)methanone3d (respective 48-h-images at the bottom). HPLC diomii: CHIRALPAK® IA column; flow
rate 1.0 mL/min; UV 254 nm; eluent= hexane/iPrOH190 Peak at 5.107 (48-h-image, left) is an unknown
UV-active substance derived from TBHP, whereas @e¢ak092 min (24- and 48-h-image, right) is annown

UV-active substance derived from TEMPO.



Phenyl(piperidin-1-yl)ymethanone

0 The reaction was performed following general proced A and B,
respectively. Procedure A: 7.25 uM GOasesM/ mM benzyl alcohol

N (1e), 24 h of reaction (aldehyde formation) followegdxdition of 5 eq.
piperidine and 6 % TBHP (v/v) and reaction for fignt 24 h. Procedure

B: 7.5 U mL* TvL/15 mM TEMPO, 50 mM benzyl alcohol), 24 h of

reaction (aldehyde formation) followed by additioh5 eq. piperidine
and 1.2 eq TBHP and reaction for further 24 h.
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Figure S5 HPLC traces of benzyl alcohold) oxidation using GOase M (left images) and TvL/TEMPO
(right images) and subsequent amide formation i@acyielding phenyl(piperidin-1-yl)methanon8a
(respective 48-h-images at the bottom). HPLC caéomit CHIRALPAK® 1A column; flow rate 1.0 mL/min;
UV 254 nm; eluent= hexane/iPrOH 90:10. Peak at% @8-h-image, left) is an unknown UV-active subs&
derived from TBHP, whereas peak at 4.172 min (24 48-h-image, right) is an unknown UV-active sabse
derived from TEMPO.

10



(4-Chlorophenyl)(piperidin-1-yl)methanone

The reaction was performed following general proced A and B,
respectively. Procedure A: 7.25 pM GOasgsM10 mM para-
chlorobenzyl alcohol 1f), 24 h of reaction (aldehyde formation)
followed by addition of 5 eq. piperidine and 6 % HB (v/v) and
reaction for further 24 h. Procedure B: 12 U hilvL/24 mM TEMPO,

80 mM para-chlorobenzyl alcohol 1f), 24 h of reaction (aldehyde

formation) followed by addition of 5 eq. piperidimad 1.2 eq TBHP
and reaction for further 24 h.
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Figure S& HPLC traces ofpara-chlorobenzyl alcohol 1f) oxidation using GOase M (left images) and
TVvL/TEMPO (right images) and subsequent amide fdionareaction yielding (4-chlorophenyl)(piperidin-1
yl)methanone3f (respective 48-h-images at the bottom). HPLC caont CHIRALPAK® 1A column; flow
rate 1.0 mL/min; UV 254 nm; eluent= hexane/iPrOH190 Peak at 5.126 (48-h-image, left) is an unknown
UV-active substance derived from TBHP, whereas @eak092 min (24- and 48-h-image, right) is annown

UV-active substance derived from TEMPO.
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(4-Fluorophenyl)(piperidin-1-yl)methanone

0 The reaction was performed following general proced A and B,

respectively. Procedure A: 7.25 pM GOasesM 10mM para-
N fluorobenzyl alcohol 1g), 24 h of reaction (aldehyde formation)
followed by addition of 5 eq. piperidine and 6 % HB (v/v) and

F 39 reaction for further 24 h. Procedure B: 12 U hMlvL/24 mM TEMPO,
80 mM para-fluorobenzyl alcohol 1g), 24 h of reaction (aldehyde
formation) followed by addition of 5 eq. piperidimad 1.2 eq TBHP
and reaction for further 24 h.
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Figure S7. HPLC traces ofpara-fluorobenzyl alcohol 1g) oxidation using GOase M (left images) and
TVvL/TEMPO (right images) and subsequent amide feoionareaction yielding (4-fluorophenyl)(piperidin-1
yl)methanone3g (respective 48-h-images at the bottom). HPLC caémmtit CHIRALPAK® IA column; flow
rate 1.0 mL/min; UV 254 nm; eluent= hexane/iPrOH190 Peak at 5.167 (48-h-image, left) is an unknown
UV-active substance derived from TBHP, whereas @eak106 min (24- and 48-h-image, right) is annown
UV-active substance derived from TEMPO.
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(4-Methoxyphenyl)(piperidin-1-yl)methanone

0 The reaction was performed following general proced, using 12
U mL™ TvL/24 mM TEMPO, 80 mM 4-methoxybenzyl alcohdhj,
'\Q 24 h of reaction (aldehyde formation) followed kydd#ion of 5 eq.
MeO 3h piperidine and 1.2 eq TBHP and reaction for fur2wei.
mALU E E o) 24h
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. i
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- | IIII.
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Figure S8 HPLC traces of 4-methoxybenzyl alcohdlhjoxidation using TvL/TEMPO (upper image) and
subsequent amide formation reaction yielding (4hmey phenyl)(piperidin-1-yl)methanorgh (lower image).
HPLC conditions: CHIRALPAR IA column; flow rate 1.0 mL/min; UV 254 nm; eluenhexane/iPrOH 90:10.
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(2-Methoxyphenyl)(piperidin-1-yl)methanone

The reaction was performed following general proced, using 12 U mit
OMe Q TvL/24 mM TEMPO, 80 mM 2-methoxybenzyl alcohdi) 24 h of reaction
N (aldehyde formation) followed by addition of 5 qujperidine and 1.2 eq
3 Q TBHP and reaction for further 24 h.
1
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Figure S9 HPLC traces of 2-methoxybenzyl alcohdi)(oxidation using TVL/TEMPO (upper image) and
subsequent amide formation reaction yielding (2hoegphenyl)(piperidin-1-yl)methanon@& (lower image).
HPLC conditions: CHIRALPAR IA column; flow rate 1.0 mL/min; UV 254 nm; eluenhexane/iPrOH 90:10.
Peak at at 4.169 min (24- and 48-h-image, righéhnisinknown UV-active substance derived from TEMPO.
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(3-Chlorophenyl)(piperidin-1-yl)methanone

The reaction was performed following general proced A and B,
cl respectively. Procedure A: 7.25 uM GOasgsMLO mM 3-chlorobenzyl
N alcohol (j), 24 h of reaction (aldehyde formation) followeg dddition
O of 5 eq. piperidine and 6 % TBHP (v/v) and reactionfurther 24 h.
Procedure B: 12 U mtTvL/24 mM TEMPO, 80 mM 3-chlorobenzyl
alcohol @j), 24 h of reaction (aldehyde formation) followeg ddition
of 5 eq. piperidine and 1.2 eq TBHP and reactioriddgher 24 h

0]

3j

o Oh . 24h
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Figure S10 HPLC traces of 3-chlorobenzyl alcohdlj) oxidation using GOase M (left images) and
TVvL/TEMPO (right images) and subsequent amide feoionareaction yielding (4-fluorophenyl)(piperidin-1
yl)methanone3j (respective 48-h-images at the bottom). HPLC caont CHIRALPAK® 1A column; flow
rate 1.0 mL/min; UV 254 nm; eluent= hexane/iPrOR180
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Naphthalen-2-yl(piperidin-1-yl)methanone

The reaction was performed following general proced A and B,

)
respectively. Procedure A: 7.25 puM GOasessM 10 mM  2-
OO N naphthalenemethanollk), 24 h of reaction (aldehyde formation)
3K followed by addition of 5 eq. piperidine and 6 % HB (v/v) and

reaction for further 24 h. Procedure B: 12 U hilvL/24 mM TEMPO,

80 mM 2-naphthalenemethanolkj, 24 h of reaction (aldehyde

formation) followed by addition of 5 eq. piperidimad 1.2 eq TBHP
and reaction for further 24 h.
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Figure S11 HPLC

traces of 2-naphthalenemethandk)( oxidation using GOase M (left images) and

TVvL/TEMPO (right images) and subsequent amide fdionareaction yielding naphthalen-2-yl(piperidin-1-
yl)methanone3k (respective 48-h-images at the bottom). HPLC cémmt CHIRALPAK® IA column; flow
rate 1.0 mL/min; UV 254 nm; eluent= hexane/iPrOH190 Peak at 5.167 (48-h-image, left) is an unknown

UV-active substance derived from TBHP, whereas @eak106 min (24- and 48-h-image, right) is annown
UV-active substance derived from TEMPO.
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Table SI Conversions of benzyl alcoholsk to respective amide3a-k in GOase-catalysed reactions
after 24 h of reaction in presence of 5 eq. aming & % TBHP (general procedure A; percentages
reported are based on HPLC peak areds=a254 nm).

Reaction Concentration alcohols  Alcohol [%] Aldehyde [%] Amide [%]
1a-k [mM]
3a 5 0 0 100
7.5 0 0 100
10 0 0 100
3b 5 0 81 19
7.5 0 14 86
10 0 13 87
3c 5 0 85 15
7.5 0 65 35
10 0 37 63
3d 5 0 97 3
7.5 0 91 9
10 0 74 26
3e 7 0 94 6
10 0 79 21
3f 5 0 98 2
7.5 0 93 7
10 0 86 14
3g 5 1 99 1
7.5 0 98 2
10 0 96 4
3h 5 0 100 0
7.5 2 98 0
10 6 94 0
3i 5 4 96 0
7.5 5 95 0
10 7 93 0
3 10 8 56 36
3k 10 6 56 38

HPLC conditions: CHIRALPAR IA column, flow rate 1.0 mL/min, UV 254 nm, eluerttexane/iPrOH 90:10.
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Table S2 Conversions of benzyl alcoholkak to respective amideS8a-k in T. versicolor/TEMPO-
mediated reactions after 24 h of reaction in preseof 5 eq. amine and 1.2 eq. % TBHP (general
procedure B; percentages reported are based on lgP&kCareas at= 254 nm).

Concentration alcohols

Reaction Alcohol [%] Aldehyde [%]  Amide [%]
1la-k [mM]
3a 20 94 0 6
50 38 0 62
80 9 0 91
3b 20 0 45 47
50 0 1 93
80 0 6 89
3c 20 11 39 22
50 0 7 93
80 0 10 90
3d 20 0 94 6
50 0 22 76
80 0 14 86
3e 20 2 98 0
50 4 84 12
80 6 62 32
3f 20 1 95 4
50 0 35 53
80 0 23 75
3g 20 1 96 3
50 0 61 39
80 0 31 69
3h 20 7 94 0
50 0 90 7
80 0 68 26
3i 20 0 95 2
50 0 76 9
80 0 78 9
3 80 0 13 87
3k 80 5 50 45

HPLC conditions: CHIRALPAR IA column, flow rate 1.0 mL/min, UV 254 nm, eluentiexane/iPrOH 90:10.
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3.5 Preparative scale reactions according to gendnarocedures B

All the reactions were performed following gengeedcedure B: 12 U mtTvL/24 mM TEMPO, 80
mM of the respective alcohol, 24 h of reaction ¢hlgble formation) followed by addition of 5 eq.
piperidine or methylpiperazine and 1.2 eq TBHP tah reaction for further 24 h (amide formation).
The reaction mixture was extracted with £ (1 x 5 mL). The organic phase was dried over
MgSQ, and concentrated under vacuum. Purification cardit and yields are reported for each
amide.

(4-Nitrophenyl)(piperidin-1-yl)methanone

0 Purification with silica gel chromatography (eludetOAc) led to
desired amid&a? (yellow solid) in 92 % yield.
O
O:N 3a

HPLC analysis of purified 3a
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Figure S12 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3a
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Figure S13 *H-NMR spectrum (400 MHz, CDg)l of compounda.
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Piperidin-1-yl[4-trifluoromethyl)phenyl]methanone

0 Purification with silica gel chromatography (elueBtOAc 9:1
MeOH) led to desired amidgb’ (colourless oil) in 57 % yield.
$

HPLC analysis of purified 3b

FsC 3b

mAL 3 E‘ﬁ
1250
oo I
750 3 |
500 ‘ "
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5 10 15 2(
Figure S14 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3b
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Figure S15 *H-NMR spectrum (400 MHz, CDg)l of compoundb.
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(4-lodophenyl)(piperidin-1-yl)ymethanone

0 Purification with silica gel chromatography (eluefitOAc 8:2

/@)}\ cyclohexane) led to desired amigie® (white solid) in 60 % yield.
$

| 3c

HPLC analysis of purified 3c
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Figure S16 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3¢
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Figure S17 *H-NMR spectrum (400 MHz, CDg)l of compound3c.
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(4-Bromophenyl)(piperidin-1-yl)methanone

Purification with silica gel chromatography (eluetOAc 7:3

o)
ﬁ cyclohexane) led to desired amigig™(white solid) in 73 % yield.
@
Br 3d

HPLC analysis of purified 3d

R 1n 1R n

Figure S18 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3d
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Figure S19 *H-NMR spectrum (400 MHz, CDg)l of compound3d.
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(4-Chlorophenyl)(piperidin-1-yl)methanone

0 Purification with silica gel chromatography (elueitOAc 7:3
/@)L cyclohexane) led to desired amigfe? (colourless oil) in 53 % yield.
§
Cl 3f

HPLC analysis of purified 3f

mAU
4003
300
200 [

100 [\
0

p

— — b Tte—

R 1N 1R N

i:igure S2Q HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3f
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Figure S21 *H-NMR spectrum (400 MHz, CDg)l of compoundBf.
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(4-Methoxyphenyl)(piperidin-1-yl)methanone

Purification with silica gel chromatography (elueBtOAc 5:5

o] : 1 i :
/@)L cyclohexane) led to desired amigle™ (yellow oil) in 22 % yield.
0
MeO 3h

HPLC analysis of purified 3h

200 3 '.
150 3 | '-
100
50 - L\
E |
0 E = el - 1 .II \H""-—_

—
1 1 1 1 | 1 1 1 1 |

1 1 1 1 | 1 1 1 1 |
5 10 15 20
Figure S22 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3h
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Figure S23 *H-NMR spectrum (400 MHz, CDg)l of compoundh.
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(3-Chlorophenyl)(piperidin-1-yl)methanone

0 Purification with silica gel chromatography (eluggtOAc) led to
Clﬁ desired amid&j*{(yellow oil) in 41 % yield.
$
3j

HPLC analysis of purified 3]
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Figure S24 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3]
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Figure S25 *H-NMR spectrum (400 MHz, CDg)l of compoundj.

25



Naphthalen-2-yl(piperidin-1-yl)methanone

0 Purification with silica gel chromatography (eluggtOAc) led to
desired amid&k** (white solid) in 35 % yield.
SOAS
3k

HPLC analysis of purified 3k
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Figure S26 HPLC trace. HPLC condition€HIRALPAK™ IA column flow rate 1.0 mL/min; UV 254
nm; eluent= hexane/iPrOH 90:10.

'H-NMR analysis of purified 3k
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Figure S27 *H-NMR spectrum (400 MHz, CDg)l of compoundk.
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4-Methylpiperazin-1-yl)[4-(trifluoromethyl)phenyl]m ethanone

o Purification with silica gel chromatography (elueBtOAc 8:2
MeOH) led to desired amidéb (colourless oil) in 23 % yield.}H
N NMR, 800 MHz, CDCI3 ppm: 7.71 (dJ = 8.2 Hz, 2H), 7.54 (d] =
(_NMe| 82 Hz, 2H), 3.85 (bs, 2H), 3.43 (bs, 2H), 2.55, (&), 2.39 (bs,
F3C m 2H), 2.36 (s, 3H)**C NMR, 200 MHz, CDCI% ppm: 168.8, 139.3,
131.8, 127.5, 125.6, 125.1, 124.3, 123.0, 55.16,5%.4, 45.9, 42.0,
29.7.
'H-NMR analysis of purified 4b
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Figure S28 *H-NMR spectrum (800 MHz, CDg)l of compoundtb.
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4. Cascade 2 - GOase M- E.coli XDH catalysed oxidation of benzyl alcohols to acids
4.1 Screening oE. coli XDH towards a diverse set of selected aldehyde sthates using NBT

The screening oE. coli xanthine dehydrogenase was accomplished using-vaeBgclear, flat-
bottomed polystyrene microtitre plate in a finalurae of 200 uL in potassium phosphate buffer (50
mM, pH 7.6) containing per well: 1 mM of the resipee substrate, 2.5 mM NBT, 20 uL XDH
solution (1.1 mg/mL stock solution). The activity ® coli XDH towards the compounds tested was
assessed by eye based on the intensity of colalaiament in a defined time-frame and in relation
to the activity obtained for the natural substratathine, assuming xanthine = 100 %.

Table S3 Activity of E. coli xanthine dehydrogenase towards a diverse setdehwlle substrates using
the NBT assay. Activity as good as with naturalsttdte xanthine: +++; good activity: ++; moderaie t
low activity: +; no activity: -.

Relative activity compared to

Substrate Stiliciure natural substrate xanthine
(0]
N
- HN
Xanthine )\ | /> +++
0” >N~ N
H
O.__H
Benzaldehyde +++
(0]
H
Isophthaldehyde +
O~ H

H__O
Terephthaldehyde % +
H

(@)
H__O
Benzene-1,3,5-tricarbaldehyde -
0] (0]
H H
H
© 0]
Phthaldialdehyde H -
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I

W

4-Bromobenzaldehyde +
Br
O._H
2-Bromobenzaldehyde é/Br ++
O._H
2-Chlorobenzaldehyde é/CI +++
Os_H
3-Chlorobenzaldehyde é\ ++
Cl
O._H
4-Chlorobenzaldehyde ivj +
Cl
O._H
Cl
2,4-Dichlorobenzaldehyde -
Cl
O._H
3,5-Dichlorobenzaldehyde /é\ ++
Cl Cl
O _H
2,6-Dichlorobenzaldehyde CI\&/CI it
O._H
2-Fluorobenzaldehyde &/F ++
O._H
3-Fluorobenzaldehyde ++

s
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2-Trifluoromethylbenzaldehyde

O
I

m M

4-Trifluoromethylbenzaldehyde

@)

W

n
T

I

4-Trifluoromethoxybenzaldehyde

O

a¥n

I

O\KF
£ F
Os_H
3-Fluoro-4-methoxybenzaldehyde -
F
_0
O._H
4-Tolualdehyde 5 ++
O+ _H
2-Tolualdehyde Eg/ +
O+ _H
4-Methoxybenzaldhyde é +
O\
O._H
2-Methoxybenzaldhyde &/OMe ++
O._H
3-Methoxybenzaldhyde ES\ +++

30



2,4-Dimethoxybenzaldehyde

3

O

/

2,6-Dimethoxybenzaldehyde

OMe

<

®

O
O
I

3,4-Dimethoxybenzaldehyde

3,4,5-Trimethoxybenzaldehyde

O\
Os_H
|
o
2,3,4-Trimethoxybenzaldehyde -
T
_0
O._H
Vanillin ++
O/
OH
O._H
3-Hydroxy-4-methoxy-benzaldehyde -
OH
_0
O._H
OH
2-Hydroxy-5-methoxy-benzaldehyde /é/ +
T
O._H
3-Hydroxybenzaldehyde +++

o

OH
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4-Hydroxybenzaldehyde ++
OH
Os_H
3,4-Dihydroxybenzaldehyde -
OH
OH
O._H
HO OH
2,4,6-Trihydroxybenzaldehyde -
OH
O._H
4-Nitrobenzaldehyde é +++
NO,
O._H
2-Nitrobenzaldehyde NO, -

3-Nitrobenzaldehyde

O<_H
\jE “NO,

4-Dimethoxyaminobenzaldehyde

I

4-Methylthiobenaldehyde

»
/

Pyridine-2-carboxaldehyde

/

\
T
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3-Pyridinecarboxaldehyde

o
I

/

\

Quinoline

2-Napthaldehyde

W, @
O A/
o

T

3-Phenylbenzaldehyde

O
T

2-Phenylpropionaldehyde

o4 o

3-Phenylbutaraldehyde

T

trans-Cinnamaldehyde

4-Pentenal

Valeraldehyde

¢

trans-2-Hexenal

@)
4
%

Glutaric dialdehyde

Ej

T
T

DL-Glyceraldehyde

I

@)
&o

I

Glyceraldehyde dimethylacetal
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Dimethoxyacetaldehyde

2-Cyclohexen-1-one

1-Cyclohexene-1-carboxaldehyde

2-Thiophencarboxaldehyde

++

Benzyl O-tosyl oxime
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4.2. General method for bio-bio-catalytic cascadeeaction for synthesis of acids 5 from alcohols 1 in
a one-pot one-step approach

To a 1-mL-Eppendorf tube was added @9 of 50 mM NaPi buffer pH 7.6, 7hL catalase (1
mg/mL), 3uL of substrate (100 mM stock in MeCN), hD of E. coli XDH (1.1 mg/mL) and 103L

of GOase M5 (3.7 mg/mL). The reaction was left in an incubabB7 °C, shaken periodically and
left overnight. 10QuL of the reaction mixture was acidified with g0 of 2 M HCI, centrifuged for 1
min at 13000 rpm and analysed by RP-HPLC.

o
o OH  GOase Mas, E. coli XDH X
RC‘/\ S |acHo] st RE T
= buffer pH 7.6, 37°C buffer pH 7.6, 37°C —
. catalase, O, (air) 2 catalase, O (air)
1a,d,e,f,h-j,|,m p-t 5a,d,e,f,h-j,l-t

1n = 2-hydroxymethylfuran

10 = 2-hydroxymethyithiophene >99% conversion
a =4-NO,-Ph, d = 4-Br-Ph, e = Ph, f = 4-CI-Ph, h = 4-MeO-Ph, i = 2-MeO-Ph,

j = 3-CI-Ph, | = 3-Br-Ph, m = 4-Me-Ph, p = 2-F-Ph, q = 3-F-Ph, r = 2-Br-Ph,

s = 3-MeO-Ph, t = 2,6-Cl,-Ph

Table S4 Galactose oxidase M- E. coli xanthine dehydrogenase cascade reactions for fiamait acids
from alcohols in a one-pot one-step approach. &atlest HPLC-retention times of alcohols, aldehyates
acid and percentage of conversions after 16 h basétPLC peak areag € 254 nm).

Retention Retention Retention Conversion
time time time TP HPLC
Entry Substrate . Alc:Ald:Acid "
alcohol aldehyde acid conditions
X . : [10 mM]
[min] [min] [min]
1 Ej\ 6.4 14.0 10.06 0:0:100 A
Br
2 é 54 10.94 8.9 0:0:100 A
Cl
3 é 3.05 5.98 4.08 0:0:100 B
CH;
Cl
4 4.7 4.4 21 0:100:0 A
5 é 4.4 9.02 6.5 0:0:100 B

Br
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2.5 5.2 3.4 0:0:100 A

OMe 2.9 5.7 2.77 0:0:100 A

Qe

5.1 5.9 - 0:0:100 C

2.73 5.4 2.37 0:0:100

10 3.1 5.3 4.6 0:0:100 A
NO,
S
11 E)_% 3.1 45 4.9 0:0:100 D
F
12 2.82 5.4 4.5 0:0:100 A
13 é\ 3.1 6.0 4.6 0:0:100 A
F
14 é\ 3.8 7.7 51 0:0:100 B
Cl
Br
15 4.0 8.9 35 0:0:100 B
16 é\ 4.0 8.9 3.5 0:0:100 A

OMe

HPLC conditions: ThermoFisherHypurity C-18 colunfilow rate 1.0 mL/min, UV 254 nm, Method A: 25%
MeCN: 75% water + 0.1% TFA; Method B: 25% MeCN: 7%%ter + 0.1% TFA; Method C: 1% MeCN : 99%
water + 0.1% TFA; Method D: 15% MeCN : 85% wate0.£% TFA; Method E: 40% MeCN: 60% water +
0.1% TFA.
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4.3. Optimisation of the bio-biocatalytic cascadeofr synthesis of 3-methoxybenzoic acid 5s from
3-methoxybenzyl alcohol 1s in a one-pot one-step@pach

In a 1-mL-Eppendorf was added 50 mM NaPi buffer pi8, catalase (stock 1 mg/mL), 3-
methoxybenzyl alcohol (10-100 mM), p@ of E. coli XDH (1.1 mg/mL) and 103L of GOase M
(3.7 mg/mL). The reaction was left in a shakinguimator at 36 °C. The reaction was periodically
opened to air, closed and shaken to oxygenate ufierkand put back into the incubator. After the
indicated time 5Q.L of the reaction mixture was acidified with 20 of 2 M HCI, centrifuged and
analysed by RP-HPLC. Conversion reported are baserktlative response factors determirvial
NMR-HPLC correlations (cf. Figures S29-32).

Table S5 Optimisation of the galactose oxidaseME. coli XDH cascade reaction for formation of 3-
methoxybenzoic aciéls from 3-methoxybenzyl alcohdlsin a one-pot one-step approach. Substrates, HPLC-
retention times of alcohols, aldehydes and acid ardentage of conversions after 16 h based on HaR
areas £ = 254 nm). 10 - 100mM scale.

SELIEIIEL uL of catalase added Reaction
Entry  3-methoxybenzyl Additive . Yield [%]
[1.1 mg/mL stock] time [h]

alcohol [mM]
1 10 - 75 1 100
2 20 - 75 2 100°
3 40 - 75 16 82
4 40 5% IPA 75 16 69
5 40 15% IPA 75 16 21
6 40 - 100 5 94(81°
7 100 - 100 48 57500

% ields calculated from peak areas of HPLC analysisg a Thermofisher Hypurity C-18 column with niebi
phase 25:75 MeCNi® (0.1% TFA). Yields were adjusted according toNiMR analysed 1:1:1 mix of the
aldehyde:acid:alcoholisolated yields in parenthesis.

maALU
700

4,981
7.783

2 4 & B 10 12 14 n
Figure S29 HPLC trace of a 1:1:1 mixture of 3-methoxybenaidohol (3.14 min), 3-methoxybenzoic acid
(4.98 min) and 3-methoxybenzaldehyde (7.78 nitfPLC conditionsCHIRALPAK® IA column; flow rate
1.0 mL/min; UV 254 nm; eluent= hexane/iPrOH 90:10.

Peak Retention Area [%]
time [min]

1 3.135 15.265

2 4.981 35.77

3 7.783 48.96
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Figure S3Q HPLC trace of a reaction assay with a 40 mM istartoncentration of 3-methoxybenzyl alcohol.
HPLC conditions: CHIRALPAK® IA column flow rate 1.0 mbL/min; UV 254 nm; eluent=
hexane/iPrOH 90:10.

Peak Retention Area [%]
time [min]

1 4.422 93.11

2 6.598 6.88
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Figure S31.'H NMR spectrum (500 MHz) of a 1:1:1 mixture of 34mexybenzyl alcohol (3.8 ppm), 3-
methoxybenzoic acid (3.86 ppm) and 3-methoxybemsglde (3.89 ppm).
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Figure S32."H NMR spectrum (500 MHz) of a reaction assay witdGamM starting concentration of 3-
methoxybenzyl alcohol to give 3-methoxybenzoic 48i@6 ppm).
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Figure S33. Time course of a reaction with a 40 mM starting aantration of 3-methoxybenzyl alcohb$
yielding 3-methoxybenzoic aclsin a GOase M - E. coli XDH-cascade

5. Cascade 3

5.1 Synthesis of tetrahydroisoquinolines

6-Nitro-1,2,3,4-tetrahydroisoquinolireh was synthesized according to the literatdre.
Synthesis of 2-methyl-1,2,3,4-tetrahydroisoquinolia (6¢)

3,4-DihydroisoquinolinéZ/a (200 mg, 1.52 mmol) was dissolved in 2 mL of DCMethy! iodide
(114 pL, 1.82 mmol) was added and the reaction stia®d at rt overnight. Solvent was removed
under reduced pressure, and the yellow solid wssoblied in 5 mL of MeOH. NaBH6.08 mmol,
227 mg) was carefully added, and the reaction wasd at rt for 4 h. KO (5 mL) was added, MeOH
was evaporated under reduced pressure and thewsgseloition was extracted with 4 mL of DCM.
The solution was dried over MggCiltrated and evaporated under reduced pressuford 2-
methyl-1,2,3,4-tetrahydroisoquinolirée as a colourless oil (quantitative yieldd NMR, 400 MHz,
CDCI36 ppm: 7.16-7.13 (m, 3H), 7.06-7.04 (m, 1H), 3.622(d), 2.96 (tJ = 5.9 Hz, 2H), 2.72 (1)

= 5.9 Hz, 2H), 2.49 (s, 3HJC NMR, 100 MHz, CDCI3% ppm: 134.7, 133.8, 128.7, 126.4, 126.2,
125.6, 58.0, 52.9, 46.1, 29.2.
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'H-NMR analysis of purified 6c
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Figure S34 'H-NMR spectrum (400 MHz, CDg)l of compoundsc.
13C-NMR analysis of purified compound 6c
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Figure S35 **C-NMR spectrum (100 MHz, CDg)lof compoundbc.
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5.2. Liquid phase screening of MAO-N D9 for oxidatn of tetrahydroisoquinolines

The assay was conducted using a 96-well, clearbfldomed polystyrene plate. To each well was
added: 50 pL HRP solution (0.2 mg/mL solution HRKPi buffer 0.1 M), 50 pL dye (prepared by
pre-mixing 15 pL of a 20 mg/mL solution of TBHBA DMSO and 50 pL of a 100 mg/mL solution
of 4-AAP in HO, and diluting this solution with 5 mL of KPi beff 0.1 M), 50 pL of a 10 mM
solution of substrate in 0.1 M KPi buffer, 50 uL®2 mg/mL solution of pure enzyme in 0.1 M KPi
buffer. The blank assay was run in parallel usifguh of 0.1 M KPi buffer instead of a 10 mM
solution of substrate in 0.1 M KPi buffer. The platias read immediately using a Tecan Infinite
M200 Pro Plate reader. The formation of the redwge monitored at 510 nm, taking the linear and
early part of the graphs/¢., where there is no limiting substrate). The rdtesMAO-N D9 are
relative to THIQ, assuming THIQ = 100 %.

Table S6 Relative rates for oxidation of substrafesc using MAO-N D9.

MAO-N D9

2 Sl Relative oxidation rate [%]

6a

O,N
2 74
T

6b

6c

5.3. Optimisation of Cu(l)-catalysed imine oxidatio: screening of HO, amount

3,4-Dihydroisoquinolinefa was chosen as model for the development and ttimiaption of the
H,O,/Cul oxidation reaction.

©© H,0; aq, Cul 1 mol.%
_N NH
37°C, 120h

0]

Table S7:Optimisation of peroxide concentration for Cu(lptadysed oxidation ofa.

Entry 1 2 3 4
H,0, 1eq. 2 eq. 5eq. 10 eq.
Conversion [%]* 3 9 62 69

@ Conversion to lactam, determingidh HPLC. HPLC conditionsCHIRALPAK® IA column flow rate 1.0
mL/min; UV 254 nm; eluent= hexane/iPrOH 90:10.

43



5.4. One-pot-two-step cascade reactions for the gdhesis of lactams - General procedure C
(Table 2 of paper “Conditions A”)

5.4.1. Analytical scale method- Bio-chemo catalyticascade reactions for synthesis of lactams 8 from
cyclic amines 6

In a 15-mL-Falcon tube, cyclic amine (0.04 mmoBstilved in 0.05 mL of DMF, 0.01 mL of a 40
mM solution of Cul in MeCN (0.0004 mmol, 1 mol %8).039 mL of a 35 % sol. 4, in H,O (0.4
mmol) and pure MAO-N D9 (0.4 mg/mL final concenitpa) were dissolved in a solution of MOPS
Buffer (0.1 M, pH = 7.8) obtaining a final volumd & mL. The tube was placed in a shaking
incubator and shaken at 37 °C and 250 rpm. Thdioeawas monitored by HPLC and work up was
performed when the conversion was considered mariniPLC samples were prepared as follows:
aqueous sodium thiosulfate solution (A0 saturated) was added to a J10sample of the reaction
mixture in an Eppendorf tube, followed by 1 mL o€HM. After vigorous mixing by means of a
vortex mixer the sample was centrifuged at 13200 figr 1 minute. The organic phase was separated,
dried with MgSO4 and analysed by HPLC. When thermediate was an iminium, the reaction
mixture was allowed to react with 4 eq. of BNH; for 12 hours prior to injection in the HPLC (to
allow unreacted iminium to be reduced to amine)laRe response factors were determinga
NMR-HPLC correlations (cf. Figures S40, S41 and)J60 the conversions to lactarBa and 8c.
Compoundb was isolated and analysed NMR.

3,4-Dihydroisoquinolin-1(2H)-one (8a)

O

O
3,4-dihydroisoquinolin-1(2H)-one

The reaction was performed following general procedC, using 0.4 mg/mL pure MAO-N D9

enzyme, 10 eq. of 35 % sol,® in H,O and 1 mol% Cul, 24 h reaction time.

mAL
20

10

= 7.076
_—=17.768
B.099

—
8.

| AN [
N N S N

L \ |
N —" BT
—T—

0

} I 2!5 T b S ?!5 T 1ID T 121.5 s 1|5 T 1'}.5 I
Figure S36 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent = hexane/iPrOH 90:10 + 0.1% DEA.

Peak Retention Area [%]
time [min]

1 (7a) 7.076 11.22

2 7.768 16.55

3 8.999 24.17

4 (8a) 11.319 48.05
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3,4-Dihydroisoquinolin-1(2H)-one (8a)

] |\
0 P — ! .
— I

5 10 15 n
Figure S37 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent = hexane/iPrOH 90:10 + 0.1% DEA.

3,4-Dihydroisoquinoline (7a)

mAL
2000
1500 |
1000 |
500 '.
0 . .

T T T T I T T T T I I T T T T I
5 10 15 2
Figure S38 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent = hexane/iPrOH 90:10 + 0.1% DEA.

Tetrahydroisoquinoline (6a)

mAL ]
150

5
100 T}
' |
|

50
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25 5 75 10 I 125 I
Figure S39 HPLC trace. HPLC conditions: CHIRALPAKIA colum

eluent = hexane/iPrOH 90:10 + 0.1% DEA.

15 I 1?1'.5 I
n; flow rate 1.0 mL/min; UV 254 nm;

1:2 Mixture of lactam 8a and imine 7a (NMR)

mAU

2000 %

1500 {

1000 | |

500 [\
0 - RN

25 5 75 10
Figure S4Q HPLC trace. HPLC conditions: CHIRALPAKIA colum
eluent = hexane/iPrOH 90:10 + 0.1% DEA

112|.5 15 1?|.5 n
n; flow rate 1.0 mL/min; UV 254 nm;

Peak Retention Area [%]
time [min]

1 (imine 7a) 7.084 86.61

2 (lactam 8a) 11.549 13.38

Response Factor for imifia= 3.3 x response for lactaa.
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Figure S41 'H-NMR spectrum (400 MHz, CDg)l of anfzghixture of compound@a and7a.

as 2.0 BS B0 75 7o BS D

2-Methyl-6-nitro-3,4-dihydroisoquinolin-1(2H)-one 8b

O,N
T

o
2-methyl-6-nitro-3,4-dihydroisoquinolin-1(2H)-one

The reaction was performed following general procedC, using 1 mg/mL pure MAO-N D9
enzyme, 20 eq. of 35 % sol,® in H,O and 2 mol% Cul, 48 h reaction time.

HPLC before addition of BH3NH3

maAL

80 .

60 Ilml'-
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Figure S42 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent = hexane/iPrOH 90:10 + 0.1% DEA.

Peak Retention Area [%]
time [min]

1 8.831 2.35

2 9.164 7.90

3 22.635 89.74
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HPLC after addition of BH3NH3

mAU
40
303 [
20 i
10 {1 [
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Figure S43 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent = hexane/iPrOH 90:10 + 0.1% DEA.

Peak Retention Area [%]
time [min]

1 9.09 53.41

2 22.830 46.58

2-Methyl-3,4-dihydroisoquinolin-1(2H)-one (8c)

O

o)
2-methyl-3,4-dihydroisoquinolin-1(2H)-one

The reaction was performed following general procedC, using 1 mg/mL pure MAO-N D9
enzyme, 20 eq. of 35 % sol,® in H,O and 2 mol% Cul, 48 h reaction time.

HPLC before addition of BH3;NH;

mAU % ngn'\ %

6 | \ af

4 [} | i |II Ill

2 M\ I | ?‘L"\ I'
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L o — 1
25 g 75 1n 125 15 175 v

-Figure S44 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent = hexane/iPrOH 90:10 + 0.1% DEA.

Peak Retention Area [%]
time [min]

1 8.809 55.18

2 11.346 44.82
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HPLC after addition of BH3NH3
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Figure S45 HPLC trace. HPLC condition€HIRALPAK® IA columr; flow rate 1.0 mL/min; UV 254 nm;
eluent = hexane/iPrOH 90:10 + 0.1% DEA.

Peak Retention Area [%]
time [min]

1 8.864 54.15

2 11.399 45.85

5.4.2. Preparative method - Bio-chemo catalytic caade reactions for synthesis of lactams 8
from cyclic amines 6

In a 50-mL-Falcon tube, cyclic amine (0.2 mmol)sdised in 0.1 mL of DMF, 0.05 mL of a 40 mM
solution of Cul in MeCN (0.002 mmol, 1 mol%), 0.18& of a 35 % sol. KD, in H,O (2 mmol) and
pure MAO-N D9 (0.4 mg/mL final concentration) wedissolved in a solution of MOPS Buffer (0.1
M, pH = 7.8) obtaining a final volume of 5 mL. Tlebe was placed in a shaking incubator and
shaken at 37 °C and 250 rpm. The reaction was orewitby HPLC and work up was performed
when the conversion was considered maximum. HPLfpks were prepared as follows: agueous
thiosulfate solution (2QL, saturated) was added to a 110 sample of the reaction mixture in an
Eppendorf tube, followed by 1 mL of DCM. After vigus mixing by means of a vortex mixer the
sample was centrifuged at 13200 rpm for 1 minutee drganic phase was separated, dried with
MgSO, and analysed by HPLC. Work up was performed infttlewing way: aqueous thiosulfate
solution (1 mL, saturated) and DCM (5 mL) were atdéhe organic phase was separated, dried over
MgSQO, and analysed by HPLC. The reaction was then stduinito silica gel column
chromatography.

3,4-Dihydroisoquinolin-1(2H)-one (8a)

L

O
3,4-dihydroisoquinolin-1(2H)-one

The reaction was performed following general procedC, using 0.4 mg/mL pure MAO-N D9
enzyme, 10 eqg. of 35 % sol,®h in H,O and 1 mol% Cul, and 24 h reaction time. After kvop,
purification with silica gel column cromatographysing ethyl acetate as eluent gave 3,4-
dihydroisoquinolin-12H)-one as a white solid. NMR data for compowBalare identical to those
reported in the literaturg.
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'H-NMR analysis of purified 8a
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Figure S46 'H-NMR spectrum (400 MHz, CDg)l of compounda.

2-Methyl-6-nitro-3,4-dihydroisoquinolin-1(2H)-one (8c)

O,N
T

o]
2-methyl-6-nitro-3,4-dihydroisoquinolin-1(2H)-one

The reaction was performed following general procedC, using 1 mg/mL pure MAO-N D9
enzyme, 20 eq. of 35 % sol.,® in H,O and 2 mol% Cul, 48 h reaction time. After work-up
purification with silica gel column chromatographbging ethyl acetate as eluent gave 2-methyl-6-
nitro-3,4 dihydroisoquinolin-BH)-one as a yellow crystals. Yield: 40 %.

'H NMR, 400 MHz, CDCI3 ppm: 8.19-8.16 (m, 1H), 8.11-8.08 (m, 1H), 8.0997(m, 1H), 3.58 (t,

J = 6.7 Hz, 2H), 3.13 (s, 3H), 3.07 @,= 6.7 Hz, 3H):*C NMR, 100 MHz, CDCI35 ppm: 162.7,
149.5, 139.4, 134.5, 129.6, 122.12, 122.07, 4B 4,29.8. TOF-MsrtV2) = 207.8 [M+H]J.
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'H-NMR analysis of purified 8c
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Figure S47 'H-NMR spectrum (400 MHz, CDg)l of compoundc.
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Figure S48 *C-NMR spectrum (100 MHz, CDg)lof compoundc.
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5.4.3. Analytical scale method - Bio-biocatalytic ascade reactions for synthesis of lactams 8
from cyclic amines 6 (Main paper Table 3, “Conditios B-D”)

3,4-Dihydroisoquinolin-1(2H)-one (8a)
Conditions B - MAO-N D9, XDH E232V, DCPIP, KsFe(CN)

MAO-N D9 (30 pL of 10 mg/mL), THIQ (30 pL of 10 mMolution in KPi buffer, pH 7.6), DCPIP
(30 pL of 1 mM), KkFe(CN) (30 pL of 10 mM) and recombinaRt capsulatus XDH E232V (20 uL
of 25 mg/mL in Tris buffer pH 7.6) was added to KRiffer (100 mM, pH 7.6) (160 pL). The
solution was shaken at 26 for 135 min. An equal volume of DCM was addéw, teaction shaken
and the DCM layer separated for HPLC analysis. ¢sire 3.3 conversion factor (vide infra) the
conversion to lactaf@awas 91 %.

HPLC analysis of a reaction according to condition8

msal

_ \

. 10 15 20 |

Figure S49 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

Peak Retention Area [%]
time [min]

1 (amine 6a) 7.095 25.38

2 (lactam 8a) 11.418 74.62

After applying response factor conversion to lac&w 91 %.
Conditions C - MAO-N D9, XDH E232V, DCPIP, laccase

MAO-N D9 (30 pL of 11 mg/mL), THIQ (3 puL of 100mMokution in DMF), DCPIP (30 pL of 1
mM), T. versicolor laccase (30 pL of 6 mg/mL) and XDH E232V (10 puL38fmg/mL in Tris buffer
pH 7.6) was added to KPi buffer (100 mM, pH7.6)723€L). The solution was shaken at &2 for
120 min. An equal volume of DCM was added, the tteacshaken and the DCM layer separated for
HPLC analysis. Using the 3.3 conversion factoréd\vitfra) the conversion to lactaé@awas 54 %.

HPLC analysis of a reaction according to conditiorC
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Figure S50 HPLC trace. HPLC conditions: CHIRALPAKIA column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.
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Peak Retention Area [%)]

time [min]
1 6.876 66.92
2 8.846 6.88
3 11.115 26.2

After applying response factor conversion to lac&us 54 %.
Conditions D - MAO-N D9, E. coli XDH, catalase

MAO-N D9 (30 pL of 11 mg/mL), THIQ (3 pL of 1 M sation in DMF), catalase (100 pL of 1
mg/mL), E. coli XDH (100 pL, 1.1 mg/ml) and KPi buffer (67 pL, 50MmpH 7.6) were shaken for 7

h at 37 °C. The reaction was extracted with an legoeunt of dichloromethane and analysed via
HPLC.

HPLC analysis of a reaction according to conditiorD
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Figure S51 HPLC trace. HPLC conditions: CHIRALCELOJ-H column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

Peak Retention Area [%0]
time [min]

1 3.014 2.81

2 5.179 2.86

3 8.832 94.33

CHIRALCEL® OJ-H column the respongactor was 1:1 which is a conversion = 94%.

HPLC analysis of an authentic standard of tetrahydbisoquinoline (6a)
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Figure S52 HPLC trace. HPLC conditions: CHIRALCELOJ-H column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.
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HPLC analysis of an authentic standard of 3,4-dihytbisoquinolin-1(2H)-one (8a)
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Figure S53 HPLC trace. HPLC conditions: CHIRALCELOJ-H column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

2-Methyl-3,4-dihydroisoquinolin-1(2H)-one (8c)
Conditions D

MAO-N D9 (30 pL), catalase (100 pL, 2 mg/mL of rfpH7.6), N-Me THIQ (3 uL, 1 M in DMF)
and KPi buffer (67 uL, 50 mM, pH 7.6) were addedhtoEppendorf tube. The reaction was run at
two pHs, pH 7.6 and pH~8.0. For the later, the timhuwas basified to pH 8 using dibasic potassium
phosphate buffer (5 pL, 50 mM) agd coli XDH (100 pL, 1.1 mg/ml) was added. After incubating
for 16 h at 37 °C with shaking, a spatula of ammdrorane complex was added and shaken for a
further 3 h prior to extraction using DCM and céatyation

HPLC analysis of an authentic standard of 2-methylt,2,3,4-tetrahydroisoquinoline 6¢
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Figure S54 HPLC trace. HPLC conditions: CHIRALCELOJ-H column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

HPLC analysis of an authentic standard of 2-methyB,4-dihydroisoquinolin-1(2H)-one 8c
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Figure S55 HPLC trace. HPLC conditions: CHIRALCELOJ-H column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.
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HPLC analysis of a reaction according to condition® MAO-N D9/E. coli XDH cascade (10 mM, 50
mM KPi, pH ~8) to give 2-methyl-3,4-dihydroisoquindin-1(2H)-one 8c
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Figure S56 HPLC trace. HPLC conditions: CHIRALCELOJ-H column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

HPLC analysis of a reaction according to condition® MAO-N D9/ E. coli XDH cascade (10 mM, 50
mM KPi, pH 7.6) giving imcomplete conversion to 8c
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Figure S57 HPLC trace. HPLC conditions: CHIRALCéLOJ-H column; flow rate 1.0 mL/min; UV 254 nm;
eluent= hexane/iPrOH 90:10.

Peak Retention Area [%]
time [min]

1(amine 6c¢) 4914 17.15

2 (lactam 8c) 9.553 82.84

After applying HPLC response factor (see Fig. S6@,conversion to lactaBt in Fig. S57 is 36 %.
5.5 Synthesis of 2-methyl-3,4-dihydroisoquinolin-PH)-one 8¢°

3,4-Dihydroisoquinoline (100 mg, 0.76 mmol) wassdised in acetone (10 mL) and an excess of
iodomethane (60 pL) was added. The mixture wastdefitir overnight at room temperature, after
which the solvent was evaporateu vacuo to give 2-methyl-3,4-dihydroisoquinolinium iodidce
yellow solid (157 mg, 75 %). NMRH (400 MHz, CDCJ) § 10.03 (1 H, s, 8), 8.05-8.04 (1 H, d] =

4 Hz, aromatic), 7.72-7.68 (1 H,X,= 8 Hz, aromatic), 7.47-7.43 (1 H,)t= 8 Hz, aromatic), 7.37-
7.35 (1 H, dJ = 8 Hz, aromatic), 4.14-4.10 (2 H,Jt= 8 Hz, H,), 4.02 (3 H, s, B3), 3.42-3.38 (2

H, t, J = 8 Hz, H,). **C (100 MHz, CDC}) & 166.59, 137.98, 135.59, 134.40, 128.62, 128.27,
124.52, 50.97, 48.72, 25.87z 148 ([M+HT", 30). 2-Methyl-3,4-dihydroisoquinolinium iodid&Qq0
mg, 0.4 mmol) was dissolved in DMSO (3.7 mL), toiebhconcentrated hydrochloric acid (0.53 mL)
was added. The solution was left to stir for anrhauroom temperature and was worked up with
distiled water and diethyl ether before being ped by column chromatography (2 %
methanol/dichloromethane) to give a residue (1498 5 %). NMR'H (400 MHz, CDC)) 5 8.09-
7.16 (4H, m, ArH), 3.58-3.55 (4H, dt) = 4, 8 Hz, G&1,), 3.15 (3H, s, E3). **C (100 MHz, CDC3) &
164.81, 137.94, 131.50, 129.38, 128.14, 127.00.812@8.14, 35.17, 27.9%z 162 ([M+HT", 100).
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Figure S58'H-NMR spectrum (400 MHz, CDg)l of compoundc.
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Peak Retention Area [%]
time [min]
1(amine 6c¢) 5.128 12.78
2 (lactam 8c¢) 9.430 81.83

Response factor amine = lactam/8.5

Figure S60. Calibration of HPLC response foa. 1:1 of6c.8c (-OCH; singlets) by NMR. HPLC conditions:
CHIRALCEL® 0J-H column; flow rate 1.0 mL/min; UV 254 nm; ethtre hexane/iPrOH 90:10.

56



5.6. Screening of electron acceptors for xanthineettydrogenases for conversion of 7a to 8a

Table S8 Screening of electron acceptors frcapsulatus XDH E232V and use oE. coli xanthine
deydrogenase for conversionzto 8a based on HPLC peak areasiat?54 nm.

Entry  Conditions Time Conversion of 7a to 8a
[min] [%0]
1 1 eq. DCPIP 90 22
2 15 mol% DCPIP/aeration 90 28
3 15 mol% DCPIP, SOD, aeration 90 24
4 PMS 120 0
5 10 mol% PMS, 10mol% DCPIP 120 36
6 1 eq. KFe(CN), 120 21
7 10 mol% DCPIP, leq. kFe(CN), 45 65
8 10 mol% DCPIP, T. versicolor laccase 240 67
9 E. coli XDH 120 100"

&l Conditions: DHIQ7a (1 mM) in buffer (100 mM, KPi, pH 7.6), XDH E232{20 pL, 112 puM), reaction
volume 200 pL; [b] NaPi buffer (50 mM, pH 7.4), 220°C. HPLC conditions: CHIRALPAR IA column;
flow rate 1.0 mL/min; UV 254 nm; eluent= hexane@P+ 90:10.
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