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Section S1. Extended data

Section S1.1. Biotransformation conditions: effect of pH and buffer systems
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Figure S1. Effect of pH and buffer systems on conversion of AnFDC“*-catalysed decarboxylation of 20
mM cinnamic acid (1a). Data points represent conversions obtained with purified AnFDC""* after 12 h

using different buffer systems. Buffers: citrate (100 mM, pH 5.0 — 6.0), sodium phosphate (NaP;, 100
mM, pH 5.6 — 8.0), Tris-HCI (100 mM, pH 7.5 -9.0).
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Section S1.2. Biotransformation with different biocatalyst preparations
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Figure S2. Conversion monitored for the AnFDC"**-catalysed decarboxylation of 20 mM cinnamic acid

(1a) using different biocatalyst preparations. Conversions were determined by calibrated RP-HPLC.
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Section S1.3. pH and temperature profile of SCFDC using lyophilised whole E. coli/ScFDC cells
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Figure S3. Decarboxylation of ferulic acid (17a) and sorbic acid (36a) at various pH. Reaction conditions:
phosphate buffer (100 mM, pH 3.0 — 9.0), whole lyophilised cells of E. coli containing ScFDC (30 mg

mL™* with 17a and 10 mg mL™ with 36a, resp.), 10 mM substrate, 30 °C, 120 rpm, 18 h, 5% v/v DMSO.
Conversions were determined by calibrated RP-HPLC.
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Figure S4. Conversion of sorbic acid (36a) at various temperature. Reaction conditions: phosphate buffer
(100 mM, pH 6.0), whole lyophilised cells of E. coli containing Fdc1 (30 mg mL™), 10 mM substrate, 20
—70°C, 120 or 300 rpm, 18 h, 5% v/v DMSO. Conversions were determined by calibrated RP-HPLC.
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Section S1.4. Time study of ScFDC using lyophilised whole E. coli/ScFDC cells
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Figure S5. Decarboxylation of ferulic acid (1a) and sorbic acid (36a) over time. Reaction conditions:
phosphate buffer (100 mM, pH 6.0), whole lyophilised cells of E. coli containing Fdc1 (30 mg mL™), 10
mM substrate, 30 °C, 120 rpm, 5% v/v DMSO; 0.5 — 24 h (data points at 0 h are the results of control
experiments in the absence of biocatalyst). Conversions were determined by calibrated RP-HPLC.
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Section S5. Calculation of total turnover numbers (TTN) for FDC-catalysed biotransformation reactions

)

mmol of product formed

TTN =

mmol of catalyst
mM of product formed = mM of substrate x conversion factor (2
mmol of product = mM of product formed X reaction vol (L) 3
(2)in (3)

mmol of product = mM of substrate x conversion factor X reaction vol (L) (4

mg of enzyme used

mmol of catalyst used = (5)

g )
mmol

total Mwt per active site (

(4) and (5) in (2)

mM of substrate x conversion factorx reaction vol [L]
TTN = mg of enzyme used (6)

] . T,
total Mwt per active site [Wgol]

e Approximate molecular weight of FDC enzyme = 57 kDa = 57 000 g mol™.
e 0.2 mg of enzyme was used in 1 mL biotransformation reaction.
e Up to 100 mM substrate loading was used.

e Up to 99% conversion was achieved.
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Section S6. Analysis: Chromatograms
Representative chromatograms from GC and HPLC analyses of isolated enzyme biotransformation

reactions are shown below.
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Figure S6. HPLC-analysis: FDC-catalysed biotransformations for the decarboxylation of 1la showing
standard of cinnamic acid 1a (row 1), standard of styrene 1b (row 2), biotransformation of la by purified

AnFDC"" and CAFDC""™, respectively (rows 3 & 4).
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Figure S7. GC-MS-analysis: FDC-catalysed decarboxylation of 100 mM cinnamic acid la. Row 1:
product of AnFDC""*-catalysed reaction (black) overlaid with product of ScFDC"**-catalysed reaction
(blue). Row 2: Mass spectrum of product of AnFDC-catalysed biotransformation. MS calcd. for CgHg
(styrene 1b), 104.06, found 104.10.
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Figure S8. HPLC analysis: FDC-catalysed decarboxylation of p-fluorocinnamic acid 2a. Standard of

starting material 2a (row 1), product p-fluorostyrene 2b (row 2), and traces from biotransformation
catalysed by CAFDC""* and AnFDC""™, respectively (rows 3 & 4).
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Figure S9. GC-MS-analysis: AnFDC""*-catalysed decarboxylation of p-bromocinnamic acid 4a showing
the product (top) and a mass spectrum of product of AnFDC-catalysed biotransformation (bottom). MS
calcd. for CgH-Br (p-bromostyrene 4b) 181.97, found 182.00.
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Figure S10. HPLC analysis: FDC-catalysed decarboxylation of p-methylcinnamic acid 5a, showing
standards of starting material 5a (row 1) and product p-methylstyrene 5b (row 2), and biotransformation
traces of reactions catalysed by SCFDC""™ and CAFDC""", respectively.
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Figure S11. GC-MS-analysis: FDC-catalysed decarboxylation of 40 mM p-methyl cinnamic acid 5a
showing, Row 1: product of SCFDC"*-catalysed reaction (black) overlaid with a trace of CdFDC"*™*-
catalysed reaction (blue). Row 2: mass spectrum of product of ScFDC-catalysed biotransformation. MS
calcd. for CoHy, (p-methylstyrene 5b) 118.18, found 117.20.
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GC-MS-analysis: AnFDC""*-catalysed decarboxylation of m-nitrocinnamic acid 15a

showing the product (top) and a mass spectrum of product of AnFDC-catalysed biotransformation
(bottom). MS calcd. for CgH;NO, (m-nitrostyrene 15b) 149.15, found 149.10.
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Figure S13. HPLC-analysis: FDC""™-catalysed decarboxylation of ferulic acid 17a showing (from top to
bottom): standard of 17a, reaction catalysed by AnFDC""™, reaction catalysed by ScCFDC*™
catalysed by CAFDC"*™.

and reaction
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Figure S14. GC-MS-analysis: FDC-catalysed decarboxylation of 20 mM ferulic acid 17a. Row 1: product
of AnFDC”™™*-catalysed reaction (black) overlaid with a trace of CdFDC""*-catalysed reaction (blue).
Row 2: mass spectrum of product 2-vinylguaicol (17b) of AnFDC-catalysed biotransformation. MS calcd.
for CsH 1,0, (2-vinylguaicol 17b) 150.18, found 150.10.
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Figure S15. GC-MS-analysis: AnFDC-catalysed decarboxylation of sinapic acid 23a showing the product
of biotransformation (top) and a mass spectrum of product of biotransformation (bottom). MS calcd. for
C10H1,05 (23b) 180.08, found 180.10.
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Figure S16. GC-MS-analysis: FDC-catalysed decarboxylation of acetamidocinnamic acid 35a showing
the product 35b of AnNFDC“"*-catalysed reaction (top), mass spectrum of product of AnFDC-catalysed
biotransformation (bottom). MS calcd. for C,,H;;NO [(E)-N-styrylacetamide, 63] 161.08, found 161.10.
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Figure S17. GC-MS-analysis: AnFDC""*-catalysed decarboxylation of pentafluoro cinnamic acid 25a
showing the product (top) and a mass spectrum of product of biotransformation (bottom). MS calcd. for
CgHsFs (pentafluorostyrene, 25b) 194.02, found 194.20.
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Figure S18. GC-MS-analysis: FDC-catalysed decarboxylation of 20 mM p-hydroxy cinnamic acid 7a.
Row 1: product of AnFDC""*-catalysed reaction (black) overlaid with a trace of CAFDC""*-catalysed
reaction (blue). Row 2: mass spectrum of product of AnFDC-catalysed biotransformation. MS calcd. for
CgHsO (p-hydroxystyrene 7b) 120.06, found 120.10.
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Figure S19. GC-MS-analysis: AnFDC""*-catalysed decarboxylation of 40 mM 3-(2-furylacrylic acid 26a
showing the product (top), mass spectrum of product of biotransformation (bottom). MS calcd. for C¢HsO
(2-vinylfuran 26b) 94.04, found 94.10.

S21



Abundanca

850000
500000
550000
500000
450000
400000
350000 o
300000 ﬂ:;jakgg§§
250000
200000

150000

100000

50000

04

300 320 340 360

Time—=
Abundanca

240000
220000
200000
130000
160000
140000
120000
100000

S0000

GO000

40000

20000
501
| 1

55.
0 ]

product of biotransformation

3.80

! 55.1
T

TIC: Decarh_AnFOC_T11.D\data.ms
TIC: Decarb_ScFDC_T11.DVdata.ms ()

oh

1b
used as an internal standard

400 420 440 480 480 500 520 540 560 580 600 620

Scan 246 (2.907 min): Decarb_AnFDC_T11.D\data. ms
94

2.1
i

I IBSI\.'I 730 791 87.0 91.2

miz—=

Figure S20.
showing the product of AnFD

AL A MRS LAARY RAAAS ML bl I ) UMl A RARAN bl LA A Lkl LA AR REALY bbbl
42 44 46 45 50 52 54 56 55 60 62 64 66 63 7O 72 V4 V6 75 60 &2 B4 86 &5 90

CUbiX

1 Uk M BRI Lk Rk
92 94 96 98 100102104

GC-MS-analysis: FDC-catalysed decarboxylation of 40 mM 3-(2-furyl)acrylic acid 26a

-catalysed reaction (top), mass spectrum of product of AnFDC-

catalysed biotransformation (bottom). MS calcd. for CsHsO (2-vinylfuran 26b) 94.04, found 94.10.
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Figure S21. GC-MS-analysis: FDC-catalysed decarboxylation of 40 mM 3-(2-thienyl)acrylic acid 27a.
Row 1: product of AnFDC""*-catalysed reaction (black) overlaid with a trace of ScCFDC“"*-catalysed
reaction (blue), with styrene used as internal standard. Row 2: mass spectrum of product of AnFDC-
catalysed biotransformation. MS calcd. for CsHS (2-vinylthiophene 27b) 110.02, found 110.10.
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Figure S22. GC-MS-analysis: FDC-catalysed decarboxylation of 4-imidazolyl acrylic acid 28a. Product
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(bottom). MS calcd. for CsHgN, (2-vinyl-1H-imidazole 28b) 94.05, found 94.10.
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Figure S23. HPLC analysis: FDC-catalysed decarboxylation of 3-(1-naphthyl)acrylic acid 30a. Standards
of starting material 30a (row 1), product 1-vinylnapthalene 30b (row 2) and reactions catalysed by
AnFDC""* and ScFDC"*™ and CAFDC""*, respectively (rows 3-5).
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Figure S24. HPLC analysis: FDC-catalysed decarboxylation of 3-(2-naphthyl)acrylic acid 31a. Standards
of starting material 31a (row 1), product 2-vinylnapthalene 31b (row 2) and reactions catalysed by
AnFDC"" and ScCFDC""™, respectively (rows 3 & 4).

S26



Abundancea TIC: FDC_pure_wi_49 D'data ms

700000
650000
GO0000
550000
500000

X
450000
400000

31b

350000
300000
250000
200000
150000
100000

SO000;

L

—————— o — T ———— T T
10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00

Time--=
i
Abundance Scan 4082 {12.581 min): FDC_pure_wt_49.Didata.ms

140000 o
130000
120000
110000
100000
20000
80000
70000
60000
50000
40000
30000
20000

TE.0 1281
10000

3.1 115.1
511 . a
o 1 i i i oie ] I 207.1
r | -y 1 [ ' v Ly i 1 1 ; : ' T
50 60 70 s0 o0 100 110 120 130 140 150 180 170 180 190 200 210

m/z-—=

Figure S25. GC-MS-analysis: FDC-catalysed decarboxylation of 30 mM 3-(2-naphthyl)acrylic acid 31a.
Product of AnFDC“"™-catalysed reaction (top), mass spectrum of product of AnFDC-catalysed
biotransformation (bottom). MS calcd. for C;,H;, (2-vinylnapthalene 31b) 154.08, found 154.10.
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Section S7. Synthesis of reference material

Section S7.1. General procedure

1.1 eq. of methyltriphenylphosphonium bromide was added to a heat-dried two-neck flask (stored at 80
°C in a drying oven overnight) and argon was flushed through the vessel for several minutes. 10 mL of
distilled THF was added and 1.2 eq. of lithium bis(trimethylsilylamide) solution (1 M in THF) was added
under stirring. As soon as the solids were dissolved, 1.0 eq. aldehyde (see below) was added to the stirred
ylide solution. The reaction was monitored by TLC control (Merck silica gel 60) until completion. The
mixture was quenched with mild acid, dried over Na,SO, and evaporated, followed by flash

chromatography to yield the styrene derivatives.

Section S7.2. 4-Hydroxy-3,5-dimethoxystyrene 23b

Syringaldehyde (703 mg, 3.9 mmol, 1.0 eq.); yielding 105 mg of product as colorless oil (0.6 mmol, 15%
yield, R¢= 0.77).

"H NMR (300 MHz, CDCl;): 8 = 6.71 — 6.52 (m, 3H), 5.62 (dd, J = 17.5, 0.8 Hz, 1H), 5.16 (dd, J = 10.8,
0.7 Hz, 1H), 3.83 (s, 6H); *C NMR (75 MHz, CDCl;): & = 151.74, 137.09, 134.36, 130.67, 112.21,
103.53, 56.03."

Section S7.3. 2,5-Dimethoxystyrene 21b

2,5-Dimethoxybenzaldehyde (610 mg, 3.7 mmol, 1.0 eq.); yielding 426 mg of product as colorless oil
(2.6 mmol, 70% vyield, R¢~ 0.84).

'"H NMR (300 MHz, CDCl,): & = 7.16 — 6.93 (m, 2H), 6.89 — 6.71 (m, 2H), 5.74 (dd, J = 17.7, 1.5 Hz,
1H), 5.37 — 5.22 (m, 1H), 3.81 (d, J = 2.0 Hz, 3H), 3.80 (s, 3H); *C NMR (75 MHz, CDCL): § = 153.80,
151.32, 131.62, 127.70, 114.81, 113.89, 112.35, 111.97, 56.34, 55.85.

Section S7.4. 2,3-Dimethoxystyrene 22b

2,3-Dimethoxybenzaldehyde (619 mg, 3.7 mmol, 1.0 eq.); yielding 356 mg of product as colorless oil
(2.2 mmol, 59% yield, R¢~ 0.82).

'H NMR (300 MHz, CDCl,): § = 7.18 — 6.98 (m, 3H), 6.83 (dd, J = 8.0, 1.5 Hz, 1H), 5.76 (dd, J = 17.8,
1.4 Hz, 1H), 5.31 (dd, J = 11.1, 1.4 Hz, 1H), 3.87 (s, 3H), 3.81 (s, 3H); *C NMR (75 MHz, CDCL): & =
153.11, 146.82, 131.92, 131.28, 124.12, 117.92, 115.30, 111.64, 61.04, 55.93.°

Section S7.5. 2-Vinylthiophene 27b
Thiophene-2-carboxaldehyde (330 pL, p=1.223 g mL™, 3.6 mmol, 1.0 eq.); yielding 131 mg of product as
yellow oil (1.2 mmol, 33% vyield, R¢ = 0.94).
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'H NMR (300 MHz, CDCL,): § = 7.24 — 7.14 (m, 1H), 7.04 — 6.93 (m, J = 5.4, 2.6 Hz, 2H), 6.83 (dd, J =
17.3, 10.8 Hz, 1H), 5.59 (d, J = 17.3 Hz, 1H), 5.16 (d, J = 10.8 Hz, 1H); *C NMR (75 MHz, CDC,): § =
143.17, 129.98, 127.42, 125.91, 124.43, 113.36.*

Section S7.6. 2-Vinylfuran 26b

Furfural (330 pL, p=1.160 g mL™, 3.6 mmol, 1.0 eq.); yielding 61 mg of product as yellow oil (0.6 mmol,
18% vyield, Rt~ 0.72). Due to the instability of the product, no NMR spectra or HPLC chromatograms
could be obtained.

Section S7.7. 3,4-Dihydroxystyrene 18b

3,4-Dihydroxybenzaldehyde (542 mg, 3.9 mmol, 1.0 eq.); giving 115 mg of product as colorless oil (0.8
mmol, 22% yield, R;~ 0.88).

'H NMR (300 MHz, CDCL): = 6.98 — 6.88 (m, 2H), 6.80 (dd, J = 7.2, 1.3 Hz, 1H), 6.62 (dd, J = 17.6,
10.8 Hz, 1H), 5.59 (dd, J = 17.6, 0.9 Hz, 1H), 5.14 (dd, J = 10.8, 0.9 Hz, 1H); *C NMR (75 MHz,
CDCl;): § = 146.67 (d), 136.49, 131.91, 125.66, 121.03, 120.25, 118.83, 112.01.°
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Section S8. Spectra

Section $8.1. 2-Methoxy-4-vinylphenol 17b®
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Figure S27. *C NMR spectrum of 17b (75 MHz, DMSO-dp).
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Section S8.2. 4-Hydroxy-3,5-dimethoxystyrene 23b*
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Figure S28.H NMR spectrum of 23b (300 MHz, CDCL).
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80
f1 (ppm)

S33

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

-5000




Section $8.3. 2,5-Dimethoxystyrene 21b?
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Figure S30. *H NMR spectrum of 21b (300 MHz, CDCl).
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Figure S31. *C NMR spectrum of 21b (75 MHz, CDCL).
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Section $8.4. 2,3-Dimethoxystyrene 22b3
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Figure S$32.'H NMR spectrum of 22b (300 MHz, CDCL).
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Figure S33.3C NMR spectrum of 22b (75 MHz, CDCl).
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Section $8.5. 2-Vinylthiophen 27b*
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Figure S34.H NMR spectrum of 27b (300 MHz, CDCL).
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Figure S35. 13C NMR spectrum of 27b (75 MHz, CDCl).
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Section S8.6. 3,4-Dihydroxystyrene 18b°
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Figure S$36.'H NMR spectrum of 18b (300 MHz, CDCL).
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Figure S37. 13C NMR spectrum of 18b (75 MHz, CDC).
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Section S8.7. 1,3-Pentadiene 36b’
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Figure S38. a) GC-MS spectra of crude 36b (68.06 g mol!) obtained by conversion of 36a
with Fdcl; b) reference GC-MS spectra of 1,3-pentadiene (36b).
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Section S8.8. Butadiene 37b"28
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Figure S39. a) GC-MS spectra of crude 37b (54.05 g mol*) obtained by conversion of 37a
with Fdcl; b) reference GC-MS spectra of butadiene (37b).
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