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Experimental section

'H and "*C Nuclear Magnetic Resonance (NMR) spectra were recorded using a Bruker
Ascend 400 spectrometer at 298 K operating at the frequencies indicated in the experimental
section. Chemical shifts (8) are reported in ppm, referenced to tetramethylsilane. Coupling
constants (J) are reported in Hertz. Splitting patterns are abbreviated as follows: singlet (s),
doublet (d), triplet (t), quartet (q), multiplet (m), sextet (sxt), broad (br) or some combination
of them. InsightMR® experiments were performed at 310 K. Insight MR® experiments were
performed at 310 K using the Bruker InsightMR system. Biocatalytic reactions were
performed by shaking the mixtures contained in 15 mL Falcon tubes using a Grant
Bio™ PSU-10i Orbital Platform Shaker. HPLC analysis was carried out using a Perkin-
Elmer 1100 HPLC system coupled with UV/Vis set to 254 nm. The columns used were C18
(0.5 pm, 4.6 mm X 250 mm), and Chiralpak IG® (5 um, 4.6 mm X 250 mm), supplied by
Daicel. Water and acetonitrile were used as isocratic mobile phase system for the reverse
phase HPLC, whereas heptane-ethanol (9:1 or 8:2) where used for the direct phase HPLC
experiments. A JouanB4 centrifuge with exchangeable buckets was used to centrifuge and
isolate the biocatalytic products. The supernatant derived from the biocatalytic reactions was
filtered through a 0.2 pm PTFE filters before being analysed via HPLC. Flash column
chromatography was carried out using Sigma Aldrich silica gel particle size, 40-63 pm
particle size 60 A. All reactions were conducted under a nitrogen atmosphere in oven-dried
glassware unless otherwise stated. All solvents and commercially available reagents were
purchased from Sigma Aldrich and used as without further purifications. Gas
chromatography analysis was performed with a chiral Supelco'™ Beta-DEX 325 Capillary
Column (30 m x 0.25 mm x 0.25 pm) using dichloromethane solutions of the compounds
(concentration of 1 mg/mL ca.).

Compounds 5a, 5f and 15¢ were purchased and used without any further purification.

General procedure for the synthesis of tertiary alcohols 8b-e

R
R MgBr
ﬁoﬁ ©/ "
_—
N THF,
Boc  goctort Boc
8b-e

Commercially available aryl magnesium bromide regents (0.6 mmol, THF or Et,O solutions)
were added dropwise to a suspension of N-Boc piperidone (0.5 mmol) in dry THF. The
addition was performed at 0 °C. The reaction was let to warm up and was then heated at
reflux for 1-3 hours. The reaction was then quenched with 1M HCI solution and the THF was
evaporated under vacuum. The crude mixture was extracted with EtOAc (3x15mL), and the
organic layer was washed with brine, dried over Na,SOy, filtered and dried in vacuo.
Purification by flash chromatography (petroleum ether/EtOAc 10:1) afforded the desired
compounds 8b-e as yellow oils (45-67% yield).

S2



tert-Butyl-4-hydroxy-4-(p-tolyl)piperidine-1-carboxylates (8b)'

HO

Boc

8b
"H NMR (400 MHz, CDCl3) 8 7.37 (d, J = 8.1 Hz, 8 H), 7.18 (d, J= 8.1 Hz, 8 H), 4.02 (d, J
=12.8 Hz, 2 H), 3.25 (t, J= 12.8 Hz, 2 H), 2.35 (s, 3 H), 1.99 (dt, J=4.7, 13.1 Hz, 2 H), 1.73
(d, J=12.8 Hz, 2 H), 1.68 (s, br, 1 H), 1.49 (s, 9 H) ppm. *C NMR (100 MHz, CDCls) &
172.2,137.6, 137.1, 135.7, 129.2, 124.8, 117.8, 53.5, 43.3, 41.8, 25.5, 21.1 ppm.

tert-Butyl-4-hydroxy-4-(p-methoxyphenol)piperidine-1-carboxylate (8c)*
OMe

HO,

Boc
8c

'"H NMR (400 MHz, CDCls) § 7.40 (d, J= 8.9 Hz, 2 H), 6.89 (d, J= 8.9 Hz, 2 H), 4.01 - 3.99
(m, 2 H), 3.81 (s, 3 H), 3.24 (t, J= 12 Hz, 2 H), 1.96 (t, J= 11 Hz, 2 H), 1.73 (d, J= 12 Hz, 2
H), 1.64 (s, br, 1 H), 1.47 (s, 9 H). *C NMR (100 MHz, CDCl;) § 167.80, 163.61, 156.17,
153.31, 130.88, 128.80, 83.09, 79.31, 68.14, 40.46, 28.30, 26.51 ppm.

tert-butyl 4-hydroxy-4-(p-fluoro)piperidine-1-carboxylate (8d)
F
HO

Boc
8d

"H NMR (400 MHz, CDCl3) & 7.44 - 7.40 (m, 2 H), 7.00 (t, J = 8.7 Hz, 2 H), 3.96 (d, J = 10
Hz, 2 H), 3.20 (t, J unresolved, 2 H), 2.20 (br. s., 1 H), 1.91 (t, /=12 Hz 2 H), 1.69 (d, J =
12.1 Hz, 2 H), 1.45 (s, 9 H) ppm. *C NMR (100 MHz, CDCl3) § 163.1, 160.6, 154.9, 144.0,
144.0, 126.3, 126.3, 115.2, 115.0, 79.6, 71.1, 38.2, 28.5 ppm.
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tert-Butyl-4-hydroxy-4-(p-chloro)piperidine-1-carboxylate (8e)’

Cl

HO.

N

Boc

8e
"H NMR (400 MHz, CDCl5) 8 7.31 (m, J = 8.6 Hz, 2 H), 7.20 (m, J = 8.6 Hz, 2 H), 3.87 (d, J
=12.7Hz, 2 H), 3.11 (t, J=12.2 Hz, 2 H), 2.66 (br. s., 1 H), 1.80 (dt, J =4.6, 12.9 Hz, 2 H),
1.60 (d, J=12.9 Hz, 2 H), 1.36 (s, 9 H). *C NMR (100 MHz, CDCl;) & 154.9, 146.9, 132.8,
128.4,126.2,79.7, 71.0, 37.9, 28.5 ppm.

General procedure for the synthesis of 4-(p-R)-1,2,3,6-tetrahydropyridines (5b-e)
R R

HO
TFA A

QOC H

8b-e 5b-e
TFA (2 mL) was added dropwise to a solution of 8b-e (0.5 mmol) in DCM (4 mL) at 0 °C
under nitrogen. The resulting mixture was slowly allowed to warm to room temperature and
stirred for 30 min. The reaction was then neutralised with saturated NaHCOs solution and
was kept stirring for 30 minutes. The mixture was then extracted with DCM (3x10 mL),
washed with saturated brine solution and dried with Na,SO,, filtered, evaporated in vacuo,
and therefore purified by flash chromatography (EtOAc/MeOH 8:2) affording the desired
compounds 5b-e in variable yields (10-40%).

4-(p-tolyl)-1,2,3,6-tetrahydropyridine (5b)*

X

N
H

5b
'H NMR (400 MHz, CDCls) § 7.27 (d, J = 8.3 Hz, 2 H), 7.16 (d, J = 8.3 Hz, 2 H), 6.02 (br.
s., 1 H), 3.71 (d, J = 2.5 Hz, 3 H), 3.33 - 3.24 (m, 2 H), 2.69 - 2.62 (m, 2 H), 2.35 (s, 3 H)
ppm. *C NMR (100 MHz, CDCls) & 137.6, 137.1, 135.7, 129.2, 124.8, 117.8, 53.5, 43.3,
41.8,25.5,21.1 ppm. LRMS m/z (ES+) m/z: 174.2 [M+H]".
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4-(p-methoxyphenyl)-1,2,3,6-tetrahydropyridine (5¢)°

OMe

X

N

H

5¢c
"H NMR (400 MHz, CDCl3) & 7.30 (m, J = 8.8 Hz, 2 H), 6.85 (m, J = 8.8 Hz, 2 H), 6.01 (br.
s., 1 H), 3.79 (s, 3 H), 3.51 (d, J = 2.6 Hz, 2 H), 3.10 (t, J = 5.7 Hz, 2 H), 2.89 (br. 5., 1 H),
2.49 - 2.39 (m, 2 H) ppm. *C NMR (100 MHz, CDCl5) § 158.8, 134.7, 133.8, 125.9, 121.2,
113.7, 55.3, 45.2, 43.2, 27.5 ppm. LRMS m/z (ES+) m/z: 190.2 [M+H]".

4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine (5d)4

F

X

N

H

5d
"H NMR (400 MHz, CDCl3) & 9.76 (br. s., 1 H), 7.33 - 7.30 (m, 2 H), 7.04 (t, J = 8.7 Hz, 2
H), 5.93 (br. s., 1 H), 3.82 (d, J unresolved, 2 H), 3.41 (t, J = 5.9 Hz, 2 H), 2.76 (t, J
unresolved, 2 H) ppm. *C NMR (100 MHz, CDCl;) & 163.9, 161.4, 135.0, 126.8, 126.7,

115.6, 115.4, 41.9, 41.8, 40.8, 40.7, 23.9, 23.9 ppm. ’F NMR (376.5 MHz, CDCl;) & -113.5
ppm. LRMS m/z (ES+) m/z: 178.2 [M+H]".

4-(p-chlorophenyl)-1,2,3,6-tetrahydropyridine (5e)°

Cl

A

N

H

5e
"H NMR (400 MHz, CDCl3) & 7.35 - 7.27 (m, 4H) 5.98 (br. s, 1H) 3.84 (br. s, 2H) 3.43 (t,
J=5.5 Hz, 2H) 2.77 (br. s, 2H) ppm. *C NMR (100 MHz, CDCl3) & 138.5, 134.9, 133.6,
128.8, 128.7, 126.4, 119.7, 43.4, 41.8, 29.8 ppm. LRMS m/z (ES+) m/z: 194.0-196.0

[M+H]".
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The 'H NMR of pyridines 6, 16, 17 and 4 was compared with that of available samples or
with literature data.

4-phenylpyridine (6a)’

X

P

'"H NMR (400 MHz, CDCL3) & 8.68 (d, J = 5.9 Hz, 2 H), 7.67 (d, J = 7.8 Hz, 2 H), 7.61 (d, J
= 6.0 Hz, 2 H), 7.51 (d, J = 7.8 Hz, 2H) ppm. LRMS m/z (ES+) m/z: 156.2 [M+H]".

4-(4-tolyl)pyridine (6b)*

X

P

"H NMR (400 MHz, CDCl3) & 8.57 (d, J = 6.0 Hz, 2 H), 7.48 (d, J = 8.2 Hz, 2 H), 7.43 (d, J
= 6.0 Hz, 2 H), 7.23 (d, J = 8.2 Hz, 2H), 2.35 (s, 3H) ppm. LRMS m/z (ES+) m/z: 170.2
[M+H]".

4-(4-methoxyphenyl)pyridine (6¢c)*

~

(0]

X

/

N

"H NMR (400 MHz, CDCl5) 8 8.62 (d, J = 6.0 Hz, 2 H), 7.61 (d, J = 8.8 Hz, 2 H), 7.48 (d, J
= 6.0 Hz, 2 H), 7.02 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H) ppm. LRMS m/z (ES+) m/z: 186.2
[M+H]".
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4-(4-fluorophenyl)pyridine (6d)’

F

A

~

"H NMR (400 MHz, CDCl3) & 8.66 (d, J = 6.2 Hz, 2 H), 7.64 - 7.60 (m, 2 H), 7.47 (d, J =
8.6 Hz, 2 H), 7.18 (t, J = 8.6 Hz, 2 H) ppm. ’F NMR (376.5 MHz, CDCl3) & -112.5 ppm.
LRMS m/z (ES+) m/z: 174.2 [M+H]".

4-(4-chlorophenyl)pyridine (6e)°

Cl

X

/

N

"H NMR (400 MHz, CDCl3) & 8.67 (d, J = 6 Hz, 2 H), 7.58 (d, J = 8.6 Hz, 2 H), 7.48- 7.47
(m, 4H) ppm. LRMS m/z (ES+) m/z: 190.0-192.0 [M+H]".

4-(4-bromophenyl)pyridine (6f)'°

Br

X

—
N
'H NMR (400 MHz, CDCL3) 6 8.67 (d, J = 6.1 Hz, 2 H), 7.62 (d, J = 8.5 Hz, 2 H), 7.53 (d, J
= 8.5 Hz, 2 H), 7.45 (d, J = 6.1Hz, 2 H) ppm. LRMS m/z (ES+) m/z: 233.9-235.9 [M+H]".

Synthesis of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (15a)

114 pL of formaldehyde solution (1.52 mmol, 37% aq. solution) was added to a THF (5 mL)
solution of 4-phenyl-1,2,3,6-tetrahydropyridine (0.15 g, 0.76 mmol) and was left stirring at
room temperature for 30 minutes. Sodium cyanoborohydride (283 mg, 1.52 mmol) was then
added and the mixture was allowed to stir overnight at room temperature. The solution was
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then quenched with sodium hydroxide solution (1 N) and was stirred for further 30 minutes.
The solution was then extracted with EtOAc (3 x 7 mL), dried over sodium sulfate and
concentrated in vacuo. The crude was purified with flash chromatography (hexane : EtOAc =
3 : 7) to obtain a white powder. Yield: 112 mg, 85%.

"H NMR (400 MHz, CDCl3) & 7.40 — 7.38 (m, 2 H), 5.99 (dd, J = 2.3 Hz, 1 H), 3.84 (dd, J'
=28Hz, F =148 Hz, 1 H) ,3.49—3.43 (dd, J' = 1 Hz, F = 13.4 Hz 1 H), 3.31 —3.20 (m,
2 H), 2.74 (s, 3 H) ppm . *C NMR (100 MHz, CDCls) & 138.4, 134.3, 128.7, 128.3, 124.9,
116.4, 57.8, 55.1, 46.1, 23.0 ppm.

1-Methyl-5-phenyl-1,2,3,6-tetrahydropyridine (15b)"!

ot

|

15b
Compound 15b was synthesised according to the procedure reported by Gessner et al. The
product was obtained as a pale yellow oil (yield: 95%).

'H NMR (400MHz ,CDCL3) & 7.39 - 7.27 (m, 5 H), 6.22 - 6.15 (m, 1 H), 3.97 (dd, J = 2.6,
17.0 Hz, 1 H), 3.57 (d, J = 16.9 Hz, 1 H), 3.06 (d, J = 5.9 Hz, 1 H), 2.65 (s, 3 H), 2.49 - 2.41
(m, 2 H) ppm. *C NMR (101MHz, CDCLy) 5 138.6, 132.4, 128.8, 128.1, 125.2, 120.5, 60.0,
55.2,47.0, 22.1 ppm.

Synthesis of 1,2,5,6-tetrahydropyridines 14a and 14b

4 AMS
R/%o + HZNM W’ R&NM
9a-b 10 11a-b
1)/\/MgBr
ZnEty, THF
2) Boc,O
N \ Grubbs' cat.
/O HCI/ACOEt 2"dgen J/
RN -He R |‘3
¢ Boc
14a-b 13a-b 12a-b

The synthesis of N-benzylideneprop-2-en-1-amine (11a) was prepared according to literature
procedures.'?
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N-Allyl-l-phenylbut-3-en-1-amine13

To the solution of imine 11a (6.24 mmol) in THF dry (0.1 M) was added ZnEt; (1 M in
hexane, 15.6 mmol) dropwise at — 78 °C. This solution was stirred for 2 hours at — 78 °C.
After 2 hours was added allyl magnesium bromide (1 M in Et,O, 15.6 mmol) at -78 °C. The
reaction was warmed to room temperature and stirred for 16 h. The reaction was then
quenched with H,O and basified with NaHCOj; until pH 10. The organic layer was extracted
with EtOAc (3 x 20 mL), washed with brine, dried with MgSO4 and the solvent was removed
under vacuum to yield the crude amine, which was used without further purification
(43%yield).

'H NMR (400 MHz, CDCL3) § 7.34 — 7.24 (m, 5H), 5.91 — 5.83 (m, 1 H), 5.77 — 5.67 (m, 1
H), 5.13 — 5.03 (m, 4H), 3.73 — 3.69 (m, 1H), 3.15 — 3.10 (m, 1H), 3.05 — 2.99 (m, 1H), 2.44
~2.40 (m, 2H).

tert-Butyl allyl(1-phenylbut-3-en-1-yl)carbamate (12a)"*

To a 8 mL of a DCM/NaHCO; mixture (1:1 v/v) of N-allyl-1-phenylbut-3-en-1-amine 12a
(2.13 mmol), Boc,0 (2.55 mmol) was added as a solid. The reaction was stirred for 16 hours
at room temperature. The mixture was extracted and the aqueous layer was washed with
DCM (2 x 5 ml). The organic layer dried over MgSQs, filtered, evaporated in vacuo, and
therefore purified by flash chromatography (hexane/EtOAc 8:2) affording the desired
compound 13a (99% yield). The Boc-protected carbamate 12a was then prepared according
to the procedure reported below.

"H NMR (CDCls, 400 MHz) § 7.33 — 7.24 (m, 5H), 5.86 — 5.76 (m, 1 H), 5.60 (br, s, 1H),
5.16 — 5.11 (m, 1H), 5.08 — 5.04 (m, 1H), 4.95 — 4.92 (m, 2H), 3.51 (br, s, 1H), 2.76 — 2.68
(m, 2H), 1.46 (s, 9H).

tert-Butyl 6-phenyl-5,6-dihydropyridine-1(2H)-carboxylate (13a)

Carbamate 12a (1.04 mmol) was dissolved in degassed DCM (25 ml) and was added the 2™
generation Grubbs’ catalyst 2" gen. (5mol%). The reaction was stirred for 5 hours at room
temperature. The solvent of the reaction was removed under vacuum and the crude was
purified by flash chromatography (hexanes/Et;O 9:1) affording the desired compound 13a
(68%).

"H NMR (CDCl3, 400 MHz) & 7.32 — 7.22 (m, 5H), 5.91 — 5.86 (m, 1H), 5.66 — 5.62 (m, 1
H), 5.54 (br. s, 1H), 4.25 — 4.20 (m, 1 H), 3.38 — 3.30 (m, 1H), 2.74 — 2.58 (m, 1H), 2.60 —
2.53 (m, 1H), 1.49 (s, 9 H) ppm. *C NMR (100 MHz, CDCl;) & 155.3, 141.3, 128.4, 127.1,
126.9, 124.7, 123.4, 80.00, 77.4, 40.5, 28.7, 27.9 ppm.
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2-Phenyl-1,2,3,6-tetrahydropyridine hydrochloride (14a)"

tert-butyl 6-phenyl-5,6-dihydropyridine-1(2H)-carboxylate was dissolved in HCI/EtOAc
solution and was stirred for 96 hours at room temperature. The solvent was removed under
reduced pressure to yield the compound 14a, which was used without further purification.

'H NMR (CDCls, 400 MHz) § 10.03 (br. s, 1H), 9.87 (br. s, 1H), 7.62-7.60 (m, 2H), 7.39 —
7.34 (m, 3H), 6.00 — 5.96 (m, 1H), 5.66 — 5.64 (m, 1H), 4.19 — 4.14 (m, 1H), 3.59 — 3.54 (m,
1H), 3.43 -3.39 (m, 1H), 2.87 — 2.80 (m, 1H), 2.54 — 2.48 (m, 1H) ppm. *C NMR (100 MHz,
CDCls) § 135.6, 129.4, 129.2, 128.3, 125.9, 120.2, 56.5, 42.5, 29.3 ppm.

N-Hexylideneprop-2-en-1-amine (11b)

In a round bottom flask equipped with 4 A molecular sieves, hexanal (2 mmol) and
allylamine (8 mmol) were dissolved in dry DCM (16 ml). The mixture was stirred for 8 hours
at room temperature. The solvent was removed under pressure to yield the compound 11b,
which was used without further purification.

"H NMR (CDCl3, 400 MHz) & 7.66 (t, J = 4.7 Hz, 1H), 6.01 - 5.92 (m, 1H), 5.16 - 5.07 (m,
2H), 2.28 — 2.23 (m, 2H), 1.57 — 1.52 (m, 2H), 1.33 - 1.30 (m, 6H), 0.91 — 0.87 (m, 3H) ppm.
BC NMR (100 MHz, CDCl3) § 166.5, 136.3, 115.8, 63.6, 31.63, 25.8, 25.5, 14.1.

tert-Butyl allyl(non-1-en-4-yl)carbamate (12b)

The crude amine 11b was protected according to the procedure described for carbamate 12a
and was purified by flash chromatography (hexanes/Et,0 9:1) affording the desired
compound 12b (0.177 mmol, 20%). "H NMR (CDCls, 400 MHz)  5.82 — 5.74 (m, 2H), 5.14
—4.98 (m, 4H), 3.80 — 3.72 (m, 2H), 3.60 (br. s., 1H), 2.26 — 2.12 (m, 2H), 1.59 - 1.50 (m,
2H), 1.45 (s, 9H), 1.27 — 1.26 (m, 6H), 0.87 — 0.85 (m, 3H) ppm. *C NMR (100 MHz,
CDCl) 6 156.1, 146.9, 116.6, 115.6, 79.4, 55.6, 45.8, 38.3, 33.2, 31.8, 29.8, 27.6, 22.7, 14.2

tert-Butyl 6-pentyl-5,6-dihydropyridine-1(2H)-carboxylate (13b)'*

Carbamate 13b was prepared according to the procedure described for 13a. The crude
mixture was purified by flash chromatography (hexanes/Et,O 95:5) affording the desired
compound 13b (0.335 mmol, 41%). "H NMR (CDCls, 400 MHz) 3 5.69 — 5.68 (m, 1H), 5.62
(m, 1 H), 4.22 (br. s., 2H), 3.46 — 3.41 (m, 1 H), 2.43 — 2.38 (m, 1H), 1.91 — 1.87 (m, 1H),
1.58 (m, 2H), 1.46 (s, 9H), 1.30 — 1.25 (m, 6H), 0.88 (t, J = 6.7 Hz, 3H) ppm. *C NMR (100
MHz, CDCls) 6 154.12, 122.4, 122.0, 78.3, 47.5, 46.6, 39.1, 38.3, 30.7, 30.5, 27.5, 25.1, 21.7,
13.0 ppm.
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2-pentyl-1,2,3,6-tetrahydropyridine hydrochloride (14b)
The THP 14b was prepared according to the procedure reported for the THP 14a.

"H NMR (CDCls, 400 MHz) § 9.77 (br, 1H), 9.60 (br, 1H), 5.91 (d, J = 9.5 Hz, 1H), 5.68 (d,
J=19.6 Hz, 1H), 3.73 — 3.61 (m, 2H), 3.20 — 3.16 (m, 1H), 2.39 — 2.37 (m, 2H), 2.10 — 2.03
(m, 1H), 1.82 — 1.73 (m, 1H), 1.45 — 1.24 (m, 6H), 0.88 (t, /= 6 Hz, 3H). >*C NMR (CDCl,,
100 MHz) § 125.7, 119.8, 53.2, 42.0, 32.7, 31.5, 27.7, 25.1, 22.6, 14.1 ppm.

Biocatalytic aromatization of THP into pyridines 6a-e, 16a-b, 17 and 4

A

N

H
5b-e MAO-N 6b-e
R buffer pH = 7.8 R
C/j cosolvent, 37 °C, time @

| il
15a-c 16a-c

In a Falcon tube (15 mL), freeze dried whole cells of E.coli expressing recombinant
monoamine oxidase MAO-N (variants D5, D9, D11) (140 mg obtained from bulk production)
were suspended in 800 pL of potassium phosphate buffer (1 M pH = 7.8). Then, the
appropriate 1,2,5,6-tetrahydropyridine (0.1 mmol) dissolved in isooctane or DMSO (co-
solvent:buffer = 1:66) was added leading to a solution with a final concentration of 0.02
g/mL. The reaction mixture was incubated at 37 °C and shaken at 160 rpm for 24h. The
reaction mixture was added with EtOAc (5 mL) and then centrifuged at 4000 x g for 10
minutes. The organic layer was then separated and dried over anhydrous MgSO,. After the
solvent was evaporated, the crude product was analysed through '"H-NMR, HPLC and/or GC
and the conversion values were determined by integration.

2-phenylpyridine (17a)'°

X

—

N

"H NMR (400 MHz, CDCl3) & 8.71 (d, J = 4.4 Hz, 1H), 7.99 (d, J = 7.0 Hz, 2H), 7.78 — 7.72
(m, 2H), 7.48 (t, J = 7.3 Hz, 2H), 7.42 (t, J = 7.3 Hz, 1H), 7.24 (ddd, J; = 2.1, J, =4.8, J; =
6.7 Hz, 1H) ppm.
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2-pentylpyridine (17b)"’

X

~

N

'H NMR (400 MHz, CDCl3) § 8.52 (ddd, J = 0.9, 1.9, 4.9 Hz, 1H), 7.58 (td, J = 1.9, 7.6 Hz,
1H), 7.14 (d, J = 7.6 Hz, 1H), 7.09 (ddd, J, = 1.1, J,= 4.9, J;= 7.5 Hz, 1H), 2.78 (t, J = 7.8
Hz, 2H), 1.76 — 1.69 (m, 2H), 1.36 — 1.32 (m, 4H), 0.89 (t, J = 6.9, 3H) ppm.

1-methyl-3-phenylpyridin-1-ium (1 6b)"!

'H NMR (400 MHz, CDCls) § 9.40 (s, 1H), 9.19 (d, J = 5.9 Hz, 1H), 8.57 (d, J = 8.2 Hz,
1H), 8.11 (dd, JI = 6.0, 8.1 Hz, 1H), 7.88 - 7.81 (m, 2H), 7.60 - 7.49 (m, 3H), 4.78 (s, 3H)

Biocatalytic aromatization of THP 5a in the presence of catalase

H,O

In a Falcon tube (15 mL), freeze dried whole cells of E.coli expressing recombinant
monoamine oxidase MAO-N (variant D9) (50 mg, obtained from bulk production) and
catalase from bovine liver were suspended in 3.3 mL of sodium phosphate buffer (1 M pH =
7.8). Then, the 4-phenyl-1,2,3,6-tetrahydropyridine Sa (0.026 mmol) dissolved in isooctane
(50 pL) was added. The reaction mixture (cosolvent/buffer = 1:66) was incubated at 37 °C
and shaken at 160 rpm for 24 h. The reaction mixture was then added with EtOAc (5 mL) and
then centrifuged at 4000 x g for 10 minutes. The organic layer was then separated and dried
over anhydrous MgSQ,. After the solvent was evaporated, the crude product 6a was analysed
via "H-NMR and the conversion was determined by integration (conv. = 72 %).

Large-scale biocatalytic aromatization of 5a into pyridine 6a

In a round bottom flask (500 ml), the 4-Ph-1,2,3,6-tetrahydropyridine Sa (0.5 g, 2.6 mmol)
was dissolved in a mixture of sodium phosphate buffer (270 mL, 1M, pH = 7.8) / isooctane
(4.1 mL) (cosolvent/buffer = 1:66). To this solution, freeze dried whole cells of E.Coli
expressing recombinant monoamine oxidase MAO-N (variant D9) (3.57 g obtained from bulk
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production) were added. The reaction mixture was stirred at 37 °C for 24 hours. The reaction
mixture was then added with EtOAc (5 mL) and then centrifuged at 4000 x g for 10 minutes.
The organic layer was then separated and dried over anhydrous MgSQ,. After the solvent was
evaporated, the crude product 6a was analysed via 'H-NMR and the conversion was
determined by integration (conv. = 99 %). Crude 6a was purified by flash chromatography
(hexane/EtOAc 9:1) affording pure pyridine 6a in 75% yield.

Preparation of Biocatalysts

MAO-N (monoamine oxidase from Aspergillus niger) was transformed into E. coli according
to previously reported procedures.'®

MAO-N D5 was produced in E. coli BL21(DE3)
MAO-N D9 was produced in E. coli BL21(DE3)
MAO-N D11 was produced in E. coli C43(DE3)

In all cases an overnight 10 mL starter culture of each clone was grown in LB broth + Ap
(100 pg/ml) at 37 °C, 200 rpm. The starter culture was then inoculated into 1 L of Auto
Induction Media Super Broth Base including trace elements (Formedium Ltd, UK) + Ap (100
pg/ml), in a 2L baffled flask, and grown at 30 °C, 180 rpm for 2 days. Cells were then
harvested by centrifugation at 4000 x g for 10 min at 4 °C. The supernatant was discarded
and the cell pellet was resuspended in 10 mL of 18.2 MQ/cm H,O. The resuspended cells
were then frozen and freeze-dried. Typically 4 g of lyophilized E. coli cells were obtained
from a 600 mL culture.
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InsichtMR experiment

The in situ real-time monitoring of the reaction was performed using a Bruker Ascend 400
MHz equipped with InsightMR set-up (hood, peristaltic pump, Julabo F25
refrigerated/heating circulator for temperature control and a tube flow) as shown in Figure
S1. The experiment was carried out on 50 mg of 5d in a mixture of PBS buffer/isooctane
(60:1) according to the procedure reported in the experimental section. The temperature of
both NMR probe and tube flow was set at 310 K. In situ '’F-experiments were performed
consequently at different time intervals using standard '°F with proton decoupling sequence.

Figure S1. InsightMR hood equipped with reaction vessel (A, pictures below) connected to
the peristaltic pump (B) via two tubes (inlet and outlet, as to form a closed flow circuit). The
peristaltic pump let the reaction mixture flow through the inner sleeve of the flow tube (C),
which is thermally regulated by the Julabo F25 heating circulator (D) that circulates a mixture
of water and glycerol in the outer sleeve of the flow tube.
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In situ "H NMR of THP 5a

The in situ "H NMR of the biocatalyzed conversion of 5a into pyridine 6a was recorded. The
NMR was recorder in buffer/isooctane mixture, at 37 °C, using MAO-N D9 whole cells as
biocatalyst. At ty the peak at 6.38 ppm belonging to the C3 alkene proton (green, figure B) is
clearly evident and it disappears as the reaction proceeds. The other sharp peaks at >7.5ppm
appear as soon as the catalyst is added to the mixture and, to our understanding, most likely
belong to other amino acids, nucleic acids or molecules of the whole cell biocatalyst, not to
the pyridine 6a. In support to this statement, we report the stacked spectra of the 4-
phenylpyridine 6a and the reaction mixture (containing the MAO whole cell catalyst,
substrate 5a and isooctane) in PBS buffer (Figure S2 A) as a comparison. As aforementioned,
the peaks at 8.5, 7.7 and 7.5 ppm of 6a appear as broad peaks in the reaction mixture (areas
highlighted in light blue, Figure S2 A-B), whilst the sharp doublets at 8.7, 8.2 — 8.1, 7.8 — 7.4
ppm appear as soon as the catalyst is added the solution containing 5a. The broadness of the
pyridine peaks is allegedly due to the scarce solubility of the whole-cell catalyst in solution
which ultimately accumulate in the continuous-flow InsightMR tube. For these difficulties,
the idea of monitoring the kinetic via proton NMR was abandoned and the monitoring of the
"F nuclei was pursued instead. However, quite interestingly, further signals at 6.98, 7.80, and
8.32 ppm (areas highlighted in pink, Figure S2 B) could still be visible. As these signals
appear upon the addition of the catalyst and subsequently disappear after 4 h, we
hypothesized that they could indicate the formation of intermediates 7.
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Figure S2. A) 'H NMR peaks of pyridine 6a in buffer solution and in in situ '"H NMR
experiment. B) Peaks of 5a, 6a and 7a-b in in situ 'H NMR experiment.
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In-situ °’F NMR of THP 5d
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Figure S3. In situ "’F NMR of THP 5a
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When the in situ "F NMR NMR of 5d was recorded a weak signal at around -108.75 ppm
appeared after 30 min (signal highlighted in green, Figure S3). We hypothesised that these
signals could be due to the intermediate 7a-b (Scheme 1 in the manuscript).

19F NMR
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-~ 4
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Figure S4. ’F NMR stacked spectra of 5d and 6d in CDCls. The spectrum of 6d is the crude
product extracted from the MAO-N biocatalyzed aromatization of 5d during the in situ

InsightMR experiment.
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Figure S5. '"H NMR stacked spectra of 5d and 6d in CDCls. The spectrum of 6d is the crude
product extracted from the MAO-N biocatalyzed aromatization of 5d during the in situ
InsightMR experiment.

HPL.C analysis of pyridinium compound 16a

MAO-catalyzed conversion of 1-methyl-4-phenyl-THP 15a into MPP' 16a

organic phase
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Figure S6. HPLC spectra of the biocatalyzed conversion of 15a into 16a. A C18 reverse
phase column was used. Method: water : CH;CN gradient 90:10 to 50:50, 0.2 mL/min.
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Figure S7. HPLC chromatograms showing the aqueous phase obtained from the MAO-
catalyzed aromatization of 15b (red). The starting material 15b (blue) and the aromatized
compound 16b (green) are also reported as a reference. HPLC analysis performed using Cig
column, method: water/acetonitrile gradient (90/10 = 80/20, 0.2 mL/min).

Examples of '"H NMR spectra of the crude mixture from MAQO-N
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Figure S8. Stacked NMRs of the conversion of 4-methoxyphenylTHP 5c¢ into 4-
methoxyphenylpyridine 6¢
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