nature porthl i O https://doi.org/10.1038/s41586-025-08611-0

Supplementary information

Engineered enzymesfor enantioselective
nucleophilicaromatic substitutions

In the format provided by the
authors and unedited



Engineered Enzymes for Enantioselective Nucleophilic

Aromatic Substitutions

Thomas M. Lister, George W. Roberts, Euan J. Hossack, Fei Zhao, Ashleigh J. Burke, Linus
O. Johannissen, Florence J. Hardy, Alexander A. V. Millman, David Leys, Igor Larrosa*,

Anthony P. Green*



Table of Contents

S T0 o] o1 =T =Y o =T YA e [0 T PSSR 4
Supplementary Fig. 1 | Identification of a suitable starting point for evolution................cccccccviins 4

Supplementary Fig. 2 | UPLC chromatograms of the reaction profile across the evolutionary trajectory

Supplementary Fig. 3 | NMR data of (R)-3 produced from a preparative-scale biotransformation using

o [ oY (feTo] g1 o o] oT=T g V(=Y o U= YR 6

Supplementary Fig. 4 | The effect of halide leaving group on turnover, activity and selectivity for SnAr1.3.

Supplementary Fig. 5 | NMR data of (R)-3 produced from a preparative-scale biotransformation using
oo [T aT1 (o1 oT0 (o] oX=Ta =Y 1= TR 8

Supplementary Fig. 6 | SnAr1.3 selectivity and reaction rate with regioisomeric electrophile substrates

Supplementary Fig. 8 | Yield and selectivity for different electrophiles improves across evolution. ..... 11

Supplementary Fig. 9 | The effect of leaving group on the activity and selectivity for the 4-halo-3-

Nitrobenzonitrile eleCtroPhile. .............u i i 12

Supplementary Fig. 10 | SnAr1.3 does not suffer competing C- and O-arylation with B-ketoester

LU T3 [T 0T o] 1] T 13

Supplementary Fig. 11 | Identification of a suitable starting point for evolving towards 1,1-diaryl products.

Supplementary Fig. 12 | SnAren1.0 is more active and selective than other SnAr variants for a different

BIECITOPNIIE ... 15

Supplementary Fig. 13 | Investigating the formation of an enzyme-substrate covalent intermediate using

AN I0AIAE FEIEASE @SSAY.....eii ittt ettt e e e e ettt et e e e e e s b b et e e e e e e e e e anbe e e e e e e e e e e e aanbreaeaaaeas 16

Supplementary Fig. 14 | The K39A mutation installed to improve the resolution of diffraction data leads

to minimal effects on rate and SElECHIVILY.............ooo i 17
Supplementary Fig. 15 | Molecular docking of substrate 5 and nucleophile 1. .........ccccccceeeieiiiiinnn.n. 18
Supplementary Fig. 16 | The effect of SnAr1.3 point mutations on the reaction rate with substrate 5. 20

Supplementary Fig. 17 | The effect of mutating SnAr1.3 active site residues on conversion and

SIBCHIVILY. e 21



Supplementary Fig. 18 | Proposed substrate activation mode in SNAr1.3. ..., 22

Supplementary Fig. 19 | Molecular dynamics Simulations. ..o 23
YU o] o1 [=T = o =T YA =T o) = RS 24
Supplementary Table 1 | Substrate scope of SNAIT.3. ... 24
Supplementary Table 2 | Substrate scope of SNAMPKT.0. .o 26
Supplementary Table 3 | Extinction coefficients of electrophiles and products ............ccccccoviiiiinennn. 27
Supplementary Table 4 | Reverse-phase UPLC analysis methods ...........cccccceiiiiie, 28
Supplementary Table 5 | Normal-phase chiral HPLC analysis methods ..........cccccoviiiiiiiiiii e 29

Supplementary Table 6 | Experimental and calculated masses of apo enzymes used to investigate the

formation of a covalent aryl-enzyme intermediate. ...........cccccoeoiiiiiii 30

Supplementary Table 7 | Experimental and calculated masses of apo enzymes used in this study.... 31

Supplementary Table 8 | Primer sequences used to generate DNA libraries ..........ccccccceeevvviiiinnenn.n. 32
Supplementary Table 9 | Primer sequences used to generate point mutants of SNAr1.3..........cccco...... 36
Supplementary Table 10 | Data collection and refinement statistics.............ccccccniii 37
Supplementary Table 11 | Crystallographic data for compound 3 (CCDC 2362363)..........cccccuvrveeennn. 38
ChemiCal SYNTNESIS ......ueiiiii et e e e s et e e e e e e e e e e anbbeeeeeaeas 40
Protein and DNA sequences for SNAr1.3 and SNAMPhT.0 ..ocoiiiiiiiiiii e 74
NMR spectra of chemically synthesised substrates and product standards .............cccocccciiniiinnnnn. 75
Chiral HPLC ChromatOgramS ........couie ittt ettt e e e e e e st e e e e e e e e e nnnbaneeeeaeas 111
RETEIENCES. ... 134



Supplementary Figures

Conversion (%)
N
|

O —
9 A2 © > Q v ™
SR U R NN P
T XX L

Supplementary Fig. 1 | Identification of a suitable starting point for evolution. Conversion to product 3 from
ethyl 2-cyanopropionate (1) and 2,4-dinitrochlorobenzene (2) achieved using a selected number of BH32
evolutionary variants. Reaction conditions: 1 (25 mM), 2 (2.5 mM), BH32 variant (75 uM) in PBS pH 8.0 with 10%
viv DMSO at 30 °C for 16 h. Error bars represent the standard deviation of measurements made in duplicate.
Source Data are provided as a Source Data file.
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Supplementary Fig. 2 | UPLC chromatograms of the reaction profile across the evolutionary trajectory.
Ultra-high performance chromatography (UPLC) absorbance chromatograms (260 nm) for the SnAr reaction
between ethyl 2-cyanopropionate (1) and 2,4-dinitrochlorobenzene (2) to give product 3, using SnAr enzymes from
along the evolutionary trajectory. Reaction conditions: 1 (25 mM), 2 (2.5 mM), SnAr variant (75 pM) in PBS pH 8.0
with 10% v/v DMSO as a co-solvent, 16 h at 30 °C.
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Supplementary Fig. 3 | NMR data of (R)-3 produced from a preparative-scale biotransformation using 2,4-
dinitrochlorobenzene. a, Comparison of '"H NMR data (500 MHz, CDClIs) for the synthetic standard of 3 (top) and
(R)-3 (bottom) produced in the preparative-scale biotransformation using SnAr1.3. b, Comparison of '*C NMR data
(126 MHz, CDCI3) for the synthetic standard of 3 (top) and (R)-3 (bottom) produced in the preparative-scale
biotransformation using SnAr1.3. Preparative-scale reaction conditions: 1 (25 mM), 2 (2.5 mM), SnAr1.3 (50 pM)

in PBS pH 8.0 with 10% v/v DMSO at 30 °C for 40 h.
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Supplementary Fig. 4 | The effect of halide leaving group on turnover, activity and selectivity for SnAr1.3.
a, Time-course to the determine the total turnover number of SnAr1.3 using different 2,4-dinitrohalobenzene
electrophiles. Reaction conditions: 1 (10 equiv), electrophile (2, 2.5 mM; 4, 1.5 mM; 5, 1.0 mM), SnAr1.3 (0.001
mol%) in NaPi pH 8.0 with 10% v/v DMSO and 0.1% w/v Pluronic F-127 at 30 °C. b, Bar chart showing the effect
on reaction conversion (solid bars) and selectivity (patterned bars) achieved by SnAr1.3 with different 2,4-
dinitrohalobenzene electrophiles. Reaction conditions: 1 (10 mM), 2,4-dinitrohalobenzene electrophile (1 mM),
SNAr1.3 (5 M) in NaPi pH 8.0 with 10% v/v DMSO at 30 °C for 16 h. Error bars represent the standard deviation
of measurements made in triplicate. Source Data are provided as a Source Data file.
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Supplementary Fig. 5 | NMR data of (R)-3 produced from a preparative-scale biotransformation using 2,4-
dinitroiodobenzene. a, Comparison of '"H NMR data (500 MHz, CDClIs) for the synthetic standard of 3 (top) and
(R)-3 (bottom) produced in the preparative-scale biotransformation using SnAr1.3. b, Comparison of '*C NMR data
(126 MHz, CDCIs) for the synthetic standard of 3 (top) and (R)-3 (bottom) produced in the preparative-scale
biotransformation using SnAr1.3. Preparative-scale reaction conditions: 1 (10 mM), 2 (1.0 mM), SnAr1.3 (50 pM)
in NaPi pH 8.0 with 10% v/v DMSO at 30 °C for 20 h.
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Supplementary Fig. 6 | SnAr1.3 selectivity and reaction rate with regioisomeric electrophile substrates 2
and 6. a, Chemical scheme showing the SnAr reaction between ethyl 2-cyanopropionate (1) and regioisomers of
dinitrochlorobenzene (2,4-dinitrochlorobenzene (2) or 2,6-dinitrochlorobenzene (6)) to generate products 3 or 7,
respectively. b, Bar chart showing the stereoselectivity achieved with SnAr1.3 using 2 or 6 electrophiles. Reaction
conditions: 1 (25 mM), 2 or 6 (2.5 mM), SnAr1.3 (75 uM for 2; 125 uM for 6) in NaPi pH 8.0 with 10% v/v DMSO at
30 °C for 20 h. ¢, Bar chart showing the rate achieved with SnAr1.3 using 2,4-dinitrochlorobenzene (2) or 2,6-
dinitrochlorobenzene (6) electrophiles. 1 (25 mM), 2 or 6 (2.5 mM), SnAr1.3 (1 uM for 2; 70 pM for 6) in NaPi pH
8.0 with 10% v/v DMSO at 30 °C. d, Bar chart showing the concentrations of 2 and 6 and their respective products
following incubation with S~nAr1.3 and 1. Reaction conditions: 1 (10 mM), 2 and 6, (1.0 mM) and SnAr1.3 (50 uM)
in NaP;i pH 8.0 with 10% v/v DMSO at 30 °C for 3 h. Error bars represent the standard deviation of measurements
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Supplementary Fig. 7 | Electrophiles and nucleophiles that are not tolerated as substrates by SnAr1.3. Top,
Chemical structures of electrophile coupling partners that were incompatible with S~nAr1.3 when employing ethyl 2-
cyanopropionate (1) as the nucleophile. Bottom, Chemical structures of C- and O-nucleophile coupling partners
that were incompatible with S~nAr1.3 when employing 2,4-dinitrofluoro-, chloro-, bromo- or iodonitrobenzene as the
electrophile.
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Supplementary Fig. 8 | Yield and selectivity for different electrophiles improves across evolution. Bar chart
showing the yield (solid bars) and selectivity (patterned bars) for different electrophiles used in the substrate scope,
that contain different halide leaving groups to that used during enzyme engineering, achieved with SnAr enzymes
from across the evolutionary trajectory. Reaction conditions: a, 1 (25 mM), 4-fluoro-3-nitrobenzonitrile (2.5 mM),
SNAr enzyme (75 uM) in NaP; pH 8.0 with 10% v/v DMSO at 30 °C for 18 h. b, 1 (15 mM), 2-bromo-5-nitro-3-
(trifluoromethyl)pyridine (1.5mM), SnAr enzyme (50 pM) in NaPi pH 8.0 with 10% v/iv DMSO at 30 °C for 18 h. ¢, 1
(10 mM), 4-iodo-3-nitropyridine (1.0 mM), SnAr enzyme (33 pM) in NaPi pH 8.0 with 10% v/v DMSO at 30 °C for
18 h. N.b. The enantioselectivity for the reaction with 4-iodo-3-nitrobenzene using SnAr1.0 could not be accurately

determined due to low conversion. Error bars represent the standard deviation of measurements made in triplicate.

Source Data are provided as a Source Data file.
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Supplementary Fig. 9 | The effect of leaving group on the activity and selectivity for the 4-halo-3-
nitrobenzonitrile electrophile. Bar chart showing the yield (solid bar) and selectivity (patterned bar) achieved by
SnAr1.3 with different halide leaving groups on the 4-halo-3-nitrobenzonitrile electrophile normalized to 1.0 mM.
Reaction conditions: 1 (10 mM), 4-halo-3-nitrobenzonitrile electrophile (1.0 mM), SnAr1.3 (50 uM) in NaP; pH 8.0
with 10% v/v DMSO at 30 °C for 16 h. Error bars represent the standard deviation of measurements made in
triplicate. Source Data are provided as a Source Data file.
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Supplementary Fig. 10 | SnAr1.3 does not suffer competing C- and O-arylation with B-ketoester
nucleophiles. UPLC chromatograms (260 nm) comparing chemically synthesized standards of 24a (C-arylation),
24b (O-arylation) and the biotransformation using SnAr1.3 with 2,4-dinitrofluorobenzene and ethyl 2-
oxocyclopentane-1-carboxylate, which shows there is exclusively C-arylation when using SnAr1.3. Reaction

conditions can be found in Supplementary Table 1.
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Supplementary Fig. 11 | Identification of a suitable starting point for evolving towards 1,1-diaryl products.
Bar chart showing conversion (solid bars) and selectivity (patterned bars) to 1,1-diaryl product 30 achieved with
SNAr enzymes across the previous evolutionary trajectory using 2,4-dinitrochlorobenzene (2) and ethyl 2-cyano-2-
phenylacetate (29). Reaction conditions: 29 (2 mM), 2, (1 mM), S~nAr enzyme (50 pM) in PBS pH 6.0 with 20% v/v
DMSO at 30 °C for 16 h. Error bars represent the standard deviation of measurements made in triplicate. N.b.
Substrate concentration and co-solvent loading were adjusted due to reduced solubility of 29; buffer pH was
adjusted to decrease the level of background reactivity. Error bars represent the standard deviation of

measurements made in triplicate. Source Data are provided as a Source Data file.
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Supplementary Fig. 12 | SnAren1.0 is more active and selective than other SnAr variants for a different
electrophile. The mutations installed from SnAr1.2 to give SnArpn1.0 confer improved activity (solid bar) and
selectivity (patterned bar) with a different substrate (4-fluoro-3-nitrobenzonitrile, affording product 31) to that used
during evolution. Reaction conditions: 29 (2 mM), 4-fluoro-3-nitrobenzonitrile (1 mM), SnAr enzyme (50 uM) in PBS
pH 7.0 with 20% v/v DMSO at 30 °C for 6 h. Error bars represent the standard deviation of measurements made
in triplicate. Source Data are provided as a Source Data file.
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Supplementary Fig. 13 | Investigating the formation of an enzyme-substrate covalent intermediate using

an iodide release assay. a, Calibration curve for the iodide release assay. The concentration of potassium iodide

is plotted against the initial velocity of the increase in absorbance at 570 nm. b, Incubation of SNAr variants along

the evolutionary trajectory with 5 prior to determination of iodide concentration using the iodide assay. As SnAr1.3

contained a single Cys residue introduced during evolution (Cys96), we suspected this residue underwent

nucleophilic attack on 5, leading to the release of iodide. Hence, SnAr1.3(C96A), a catalytically active and selective

mutant (Extended Data Fig. 7, Supplementary Fig. 12 and 13), was assayed alongside. Timepoints of 1 and 10

minutes for SnAr1.3 indicate a slow arylation of Cys96. ¢, Protein mass spectrum acquired following incubation of

SnAr1.3 with 5, showing a single arylation (+167). d, Protein mass spectrum acquired following incubation of

SnAr1.3(C96A) with 5, showing no arylation. Protein mass spectrometry data for all variants can be found in

Supplementary Table 6.
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Supplementary Fig. 14 | The K39A mutation installed to improve the resolution of diffraction data leads to
minimal effects on rate and selectivity. a, Line graphs of [3)/[E] against time for point SnAr1.3 and
SnAr1.3(K39A). Data were fitted using Linear Regression equation in GraphPad Prism. Reaction conditions: 1 (75
mM), 5 (1.0 mM) and SnAr1.3 or SnAr1.3(K39A) variant in NaPi pH 8.0 with 10% v/v DMSO at 30 °C. b, Chiral
HPLC data from a reaction using SnAr1.3(K39A). Reaction conditions: 1 (10 mM), 5 (1.0 mM) and SnAr1.3(K39A)
variant in NaPi pH 8.0 with 10% v/v DMSO at 30 °C for 14 h.
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Supplementary Fig. 15 | Molecular docking of substrate 5 and nucleophile 1. a, Selected docking pose of 5
(blue sticks) with the corresponding conformations of Leu68 and Arg124 (blue sticks). The conformations of Leu68,
Arg124 and the two orientations of 5 observed in the crystal structure (PDB: 9FUG, green backbone) are overlaid,
depicted as green sticks. b, Selected pose from subsequent docking of 1 with the corresponding conformation of
Arg124 (blue sticks), overlaid with the active site ethylene glycol (grey sticks) and conformations of Leu68 and
Arg124 (green sticks) observed in the crystal structure (PDB: 9FUG).
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Supplementary Fig. 16 | The effect of SnAr1.3 point mutations on the reaction rate with substrate 5. Line
graphs of [3]/[E] against time for point mutations of SnAr1.3 of residues that line the active site and halide binding
cavity: a, SnAr1.3(M64A); b, SnAr1.3(R65A); ¢, SnAr1.3(R88A); d, SnAr1.3(C96A); e, SnAr1.3(R124A); f,
SNAr1.3(D125A); g, SnAr1.3(D125N); h, SnAr1.2; i, SnAr1.3(C96Q); j, SnAr1.2(Q96C). Data were fitted using
Linear Regression equation in GraphPad Prism. Reaction conditions: 1 (75 mM), 5 (1.0 mM) and SnAr1.3 variant
in NaPi pH 8.0 with 10% v/v DMSO at 30 °C. Enzyme concentrations: SnAr1.3 (1 uM); M64A, R65A, R88A, C96A
(2 uM); SnAr1.2, SnAr1.3(C96Q), SnAr1.2(Q96C) (3 pM); R124A (25 uM); D125A (5 uM); D125N (40 pM). Error
bars represent the standard deviation of measurements made in triplicate. Source Data are provided as a Source
Data file.
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Supplementary Fig. 17 | The effect of mutating SnAr1.3 active site residues on conversion and selectivity.
Residues lining the halide binding site and secondary coordination sphere were mutated to understand their relative
contributions to catalysis. The effects of mutating these residues on conversion (solid bars) and stereoselectivity
(patterned bars) were measured using 2,4-dinitroiodobenzene (5) as the electrophile. Reaction conditions:
5 (1 mM), 1 (10 mM) and SnAr1.3 variant (0.2 mol%) in NaP; pH 8.0 with 10% v/v DMSO for 18 h at 30 °C. Error
bars represent the standard deviation of measurements made in triplicate.
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Supplementary Fig. 18 | Proposed substrate activation mode in SnAr1.3. Schematic of the proposed substrate
activation mode of SnAr1.3 using 1 and 5 as substrates. H-bonding interactions involving Arg124, a water molecule
and the enolate of 1 are shown in blue. Electrostatic interactions involving Asp125 and the halide leaving group are

shown in orange.
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Supplementary Fig. 19 | Molecular dynamics simulations. a, Backbone RMSD and b, heavy atom RMSD for
R124, substrate 5 and nucleophile 1 following least-squares fitting to the enzyme backbone; RMSDs were
calculated relative to first structure of the 500 ns production run (black) and the average structure of the 500 ns
production run (grey). The RMSDs relative to the average structure show that there is minimal structural drift and
that the simulation is fluctuating about an average. ¢, distribution of O—H distance R1 shown in d which suggests
that R124 is directly hydrogen-bonded to the enolate for 28% of the simulation (blue box), which agrees with
hydrogen-bond analysis which identified a direct hydrogen bond in 26% of frames and a bridging water as in d in

48% of frames.
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Supplementary Tables

Supplementary Table 1 | Substrate scope of SnAr1.3. Reaction conditions for the synthesis of 3 and 7-28.
Electrophile substrates were chosen on the basis of commercial availability. Reactions were performed in NaP; pH
8.0 with 10% v/v DMSO unless stated otherwise. Standard deviations are given for measurements in triplicate.
Reaction conversions were determined based on UPLC calibration curves of authentic standards of starting
materials and products. Extinction coefficients of electrophiles and products are given in Supplementary Table 3
and UPLC analysis methods are given in Supplementary Table 4. For products 7-28, reactions were analysed on
a 15 min gradient method (3 pL injection volume, 5-95% MeCN in MQ Hz20 with 0.1% TFA). The e.e. values were
determined using chiral HPLC analysis, chiral HPLC methods are given in Supplementary Table 5. Chromatograms

of product standards and biotransformations are provided at the end of the Supplementary Information.

Catalyst Time ce

Product Electrophile, conc. (mM) Nucleophile, conc. (mM) loading Yield (%) S.D. o/

o (h) (%)

(mol%)

3 5,1.0 1,10 0.5 20 >99 0 99

7 6,25 1,25 5 20 9 0.04 99

8 4-FIuoro-3-ngrgbenzon|trlle, 1,25 5 20 >99 0 92

8 4-Ch|oro-3-n|2trgbenzon|tr||e, 1,25 3 20 38 0.58 95

8 4-Bromo-3-n|1tr€c))benzon|tr|Ie, 1,15 3 20 46 0.74 9%

8 4-Iodo-3-n|t1ro(§)enzomtnle, 1,10 3 20 36 0.11 08

9 4"°d‘("s3“;|”1';r°1pg”d'”e 1,10 5 20 22 039 94
Methyl 4-fluoro-3-

10 nitrobenzoate, 2.5 1,25 5 20 27 0.15 8

1-(4-fluoro-3-

n nitrophenyl)ethan-1-one, 2.5 1,50 5 20 43 0.15 78

12 2-lodo-5-nitropyridine, 1.0 1,10 3 20 6 019 94
1-Fluoro-2-nitro-4-

13 (trifluoromethyl)benzene, 1,25 5 20 32 1.54 87
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14 ChIoro_—4-(methyIsuIfonyl)-2- 1,25 5 20 4 016 69
nitrobenzene, 2.5
2-Bromo-5-nitro-3-

15 (trifluoromethyl)pyridine, 1.5 1,15 3 20 98 025 94

16 4-Bromo-1-fluoro-2- 1,25 5 20 2 003 nd.

17 & 5.1.0 t-Butyl 2-cyanopropanoate 3 6 >99 0 >99

(SM2), 10

18 5,1.0 -Propyl Z(Q:Xn%r;oﬁ’[)"panoate 3 20 >99 0 99

19 5,1.0 Benzyl 2{§ﬁ2fﬂrgpa”°ate 3 20 >99 o o7

20 5,1.0 2'Cya”°"z’;\}|@;'pzrgpa”am'de 5 20 55 076 99

21 5.1.0 Ethyl 2-cyanopent-4-enoate 5 20 >99 0 19

(SM6), 10
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Ethyl 2-cyano-3-

22 510 methylbutanoate (SM7), 10 5 20 10 023 81
23 5,1.0 Ethyl 2-nitropropanoate, 10 5 20 10 0.12 88
2,4-Dinitrofluorobenzene, Ethyl 2-oxocyclopentane-1-
24a 2.5 carboxylate, 25 5 1 >99 0 86
1-(tert-butyl) 3-ethyl 2-
25 2,25 oxopyrrolidine-1,3- 5 20 7 0.22 50
dicarboxylate, 25
261 2,25 Phenol, 25 5 20 91 0.66 -
1,1,1,3,3,3-
t 1,1,3,3, _
27 2,25 Hexafluoropropan-2-ol, 25 5 20 91 0.56
28t 2,25 2,2,2-Trifluoroethan-1-ol, 25 5 20 1 0.04 -

[al Reaction run for shorter duration due to product decomposition under the reaction conditions. [°! Reaction run for
shorter duration, with 5% v/v MeCN co-solvent and higher catalyst loading than is required due to product
decomposition under the reaction conditions. n.d. = not determined. * No background reactivity was observed with

1,1,1,3,3,3-hexafluoropropan-2-ol or 2,2,2-trifluoroethan-1-ol nucleophiles and only low conversion (>3%) for the phenol
nucleophile.
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Supplementary Table 2 | Substrate scope of SnAren1.0. Reaction conditions for the synthesis of 30-32.
Reactions were performed in PBS pH 6.0 with 20% v/v DMSO unless stated otherwise. Standard deviations are
given for measurements in triplicate. Reaction conversions were determined based on UPLC calibration curves of
authentic standards of starting materials and products. Extinction coefficients of electrophiles and products are
given in Supplementary Table 3 and UPLC methods are given in Supplementary Table 4. For products 31 and 32,
reactions were analysed on a 15 min gradient method (3 pL injection volume, 5-95% MeCN in MQ H20 with 0.1%
TFA). The e.e. values were determined using chiral HPLC analysis, chiral HPLC methods are given in
Supplementary Table 5. Chromatograms of product standards and biotransformations are provided at the end of
the Supplementary Information.

Catalyst

Product Electrophile, conc. (mM) Nucleophile, conc. loading Time Yield (%) S.D. e‘;e.
(mM) o (h) (%)

(mol%)
30 5,1.0 29,2.0 5 19 96 0.12 87
31@ 4-Fluoro-3-nitrobenzonitrile, 1.0 29,20 5 6 25 0.24 43
320 2-Bromo-5-nitro-3- 29, 2.0 5 19 50 007 29

(trifluoromethyl)pyridine, 1.0

8] Reaction was performed in PBS pH 7.0 buffer
bl Reaction was performed in PBS pH 8.0 buffer
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Supplementary Table 3 | Extinction coefficients of electrophiles and products

Compound Extinction coefficient (mM' cm™) [l

2 1620
3 1450
4 1600
5 960
6 680
7 720

4-X-3-nitrobenzonitrile 810 (X =F); 610 (X =ClI); 800 (X =Br); 780 (X =1)
8 770
4-lodo-3-nitropyridine (SM1) 770
9 650
Methyl 4-fluoro-3-nitrobenzoate 800
10 800
1-(4-Fluoro-3-nitrophenyl)ethan-1-one 1000
11 860
2-lodo-5-nitropyridine 770
12 920
1-Fluoro-2-nitro-4-(trifluoromethyl)benzene 860
13 640
1-Chloro-4-(methylsulfonyl)-2-nitrobenzene 500
14 760
2-Bromo-5-nitro-3-(trifluoromethyl)pyridine 1550
15 900
4-Bromo-1-fluoro-2-nitrobenzene 840
16 670
17 1805
18 1820
19 1835
20 1720
21 1750
22 1780
23 1900
24a 1930
25 2140
26 1200
27 1460
28 1350
30 2030
31 840
32 800

[l Detector wavelength was set at 260 nm
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Supplementary Table 4 | Reverse-phase UPLC analysis methods

Product Electrophile Flow rate (mL min~") Mobile phvavisti (;/..:1&e_:_3FNAi)n MQ H.0 Rlz:litrilr)ne
2 1.2 35 2
3l 4 1.2 25 5
5 1.2 25 5
30 (0.1 min)
30 1! 2,40r5 1 30-70% (2.25 min) 25

70-30% (2.3 min)
30% (2.5 min)

[a] Column temperature set to 20 °C

[b] Column temperature set to 30 °C
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Supplementary Table 5 | Normal-phase chiral HPLC analysis methods

Product

Flow rate (mL min™")

Mobile phase (% iPrOH in hexane)

Run time (min)

3 [al
7
g lal
g lal
10 [
1106
1219
131
14
15l
16 1@
17 [°]
19 1l
20 @
21 [l
18 [al
22 @
23 lal

24a @
25 [

30 @l
31 bl
32 bl

1
1

0.5

0.7
0.5

0.8

20
15
10
5
10
10
5
2
20
20
10
8
10
18
20
10
5
5
20
3
10
10
18

25
35
35
60
25
40
25
25
45
20
15
30
50
25
15
25
35
60
20
10
25
30
30

@l Daicel CHIRALPAK® AS (25 cm, 0.46 cm®@)

bl Daicel CHIRALPAK® OD-H (25 c¢cm, 0.40 cm®@)

¢l Daicel CHIRALPAK® AD (25 cm, 0.46 cm®)
[ Daicel CHIRALPAK® IC-3 (5 cm, 0.21 cmd)

¢l Daicel CHIRALPAK® IB-N (5 cm, 0.21 cmd)
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Supplementary Table 6 | Experimental and calculated masses of apo enzymes used to investigate the

formation of a covalent aryl-enzyme intermediate.

Reaction Expected mass (Da) Observed mass (Da)
SNAr1.0 27580 27579
SNAr1.0 + 5 27580 27579
SNAr1.1 27579 27578
SNAr1.1+5 27579 27578
SNAr1.2 27598 27597
SNAr1.2+ 5 27598 27597
SNAr1.3 27591 27591

SNAr1.3+5 27591 27758 (+167)

SNAr1.3(C96A) 27559 27559
SNAr1.3(C96A) + 5 27559 27559

30



Supplementary Table 7 | Experimental and calculated masses of apo enzymes used in this study

Variant Expected Mass (Da) Observed Mass (Da)
SNAr1.0 27579.7 27579.0
SnAr1.1 27579.7 27578.5
SNAr1.2 27598.7 27597.3
SNAr1.3 27591.7 27591.6

SNArpn1.0 27524 27524

SnAr1.3(R23A) 27506.6 27506.8
SnAr1.3(K39A) 27534.7 27534.5
SNAr1.3(Y61F) 27575.7 27575.4
SNAr1.3(M64A) 27531.6 275311
SnAr1.3(R65A) 27506.6 27506.9
SnAr1.3(E69A) 27553.7 27554.0
SnAr1.3(E69D) 27577.7 27577.4
SnAr1.3(R88A) 27506.6 27506.4
SnAr1.3(C96A) 27559.7 27559.2
SnAr1.3(D120A) 27547.7 27547.6
SNAr1.3(Q123A) 27534.7 27534.9
SnAr1.3(R124A) 27506.6 27506.5
SnAr1.3(D125A) 27547.7 27546.8
SnAr1.3(D125N) 27590.8 27590.2
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Supplementary Table 8 | Primer sequences used to generate DNA libraries

Flanking primers

Nde_F catgcatgCATATGATTCGTGCGGTATTC
Xho_R catgcatg CTCGAGAGAGCCCTGACC
Round 1

L10x E catgcatgcatATGATTCGTGCGGTATTCTTTGATAGCNNKGGTACTCTGATTAG
- CGTTG

Hdx E catgcatgcatATGATTCGTGCGGTATTCTTTGATAGCCTGGGTACTCTGNNKAG
- CGTTGAAGGCGCT

G18x F catgcatgcatATGATTCGTGCGGTATTCTTTGATAGCCTGGGTACTCTGATTAGCG
- TTGAANNKGCTTATAAAGTGCATCTGAAAATTATG

A19x F catgcatgcatATGATTCGTGCGGTATTCTTTGATAGCCTGGGTACTCTGATTAGC
- GTTGAAGGCNNKTATAAAGTGCATCTGAAAATTATGGAGG

Y20x F catgcatgcatATGATTCGTGCGGTATTCTTTGATAGCCTGGGTACTCTGATTAGC
- GTTGAAGGCGCTNNKAAAGTGCATCTGAAAATTATGGAG

V22x_F GAAGGCGCTTATAAANNKCATCTGAAAATTATGGAGGAAGTG

V22x_R TATAAGCGCCTTCAACGCT

H23x_F GGCGCTTATAAAGTGNNKCTGAAAATTATGGAGGAAGTGCTG

H23x_R CACTTTATAAGCGCCTTCAAC

126x_F AAAGTGCATCTGAAANNKATGGAGGAAGTGCTGG

126x_R AGATGCACTTTATAAGCGCC

Y45x_F ACCCTGCTGGACGAANNKGAGAAACTGGCTCGC

Y45x_R TTCGTCCAGCAGGGT

A49x_F GAATACGAGAAACTGNNKCGCGAAGCGTTCTCT

A49x_R CAGTTTCTCGTATTCGTCCAG

L64x_F AAACCGTATCGTCCG NNKCGTGATATCCTGGAAGAAGTAAT

L64x_R GGACGATACGGTTTGCC

R65x_F CCGTATCGTCCGCTG NNK GAT ATC CTG GAA GAA GTAATG CG

R65x_R CAGCGGACGATACGG
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L68x_F

CCGCTGCGTGATATCNNKGAAGAAGTAATGCGTAAACTGG

L68x_R GATATCACGCAGCGG

E69x_F CTGCGTGATATCCTGNNKGAAGTAATGCGTAAACTGGC
E69x_R CAGGATATCACGCAGCG

M72x_F GATATCCTGGAAGAAGTANNK CGT AAACTG GCG GAAAAG
M72x_R TACTTCTTCCAGGATATCACGC

L87x_F AAATACCCTGAAAAC NNK TGG GAAATC TCC CTG C
L87x_R GTTTTCAGGGTATTTGAAACCG

W88x_F TACCCTGAAAACTTG NNK GAAATC TCC CTG CGTATG
Wa88x_R CAAGTTTTCAGGGTATTTGAAACC

S91x_F AACTTGTGGGAAATC NNK CTG CGTATG GCG C
S91x_R GATTTCCCACAAGTTTTCAGG

L92x_F TTGTGGGAAATCTCC NNK CGT ATG GCG CAACG
L92x_R GGAGATTTCCCACAAGTTTTC

A95x_F ATCTCCCTGCGTATG NNK CAA CGC TAC GGC GA
A95x_R CATACGCAGGGAGATTTC

G99x_F ATGGCGCAACGCTAC NNK GAG CTG TAC CCG GAA
G99x_R GTAGCGTTGCGCCA

V120x_F AAATATCACGTTGGC NNK ATC CTG AAT AGG GAT ACC GAG
V120x_R GCCAACGTGATATTTACCTTTC

L122x_F CACGTTGGCGTGATC NNK AAT AGG GAT ACC GAG CC
L122x_R GATCACGCCAACGTGATA

N123x_F GTTGGCGTGATCCTG NNK AGG GAT ACC GAG CCG
N123x_R CAGGATCACGCCAAC

R124x_F GGCGTGATCCTGAAT NNK GAT ACC GAG CCG GC
R124x_R ATTCAGGATCACGCCAAC
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E127x_F CTGAATAGGGATACC NNK CCG GCC ACG GCAT
E127x_R GGTATCCCTATTCAGGATCAC
P128x_F AATAGGGATACCGAG NNK GCC ACG GCATTC CT
P128x_R CTCGGTATCCCTATTCAGGA
T130x_F GATACCGAGCCGGCC NNK GCATTC CTG GAC GCA
T130x_R GGCCGGCTCGGTAT
A131x_F ACCGAGCCGGCCACG NNK TTC CTG GAC GCACTG
A131x_R CGTGGCCGGCTC
K174x_F GGCGTTAAAGGCGAG NNK GCA GTG TAC GTT GGT GAC
K174x_R CTCGCCTTTAACGCCG

Round 3
S9x_F catgcatgcatATGATTCGTGCGGTATTCTTTGAT NNK CTGGGTACTCTGATTAGC
P63x_F GGCAAACCGTATCGT NNK CTGCGTGATATCCTGGA
P63x_R ACGATACGGTTTGCCC
L87x_F AAATACCCTGAAAAC NNK CGGGAAATCTCCCTGC
L87x_R GTTTTCAGGGTATTTGAAACCG
S91x_F AACTTGCGGGAAATC NNK CTGCGTATGGCGC
S91x_R GATTTCCCGCAAGTTTTCA
L92x_F TTGCGGGAAATCTCC NNK CGTATGGCGCAACG
L92x R GGAGATTTCCCGCAAG
A95x_F ATCTCCCTGCGTATG NNK CAACGCTACGGCG
A95x_R CATACGCAGGGAGATTTC
Q96x_F TCCCTGCGTATGGCG NNK CGCTACGGCGAG
Q96x_R CGCCATACGCAGGG
L122x_F CACGTTGGCGATATC NNK AGAGGGATACCGAGCC
L122x_R GATATCGCCAACGTGATATTTACC
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R124x_F GGCGATATCCTGCAG NNK GATACCGAGCCGGC
R124x_R CTGCAGGATATCGCCA

D125x_F GATATCCTGCAGAGG NNK ACCGAGCCGGCC
D125x_R CCTCTGCAGGATATCGC

P128x_F CAGAGGGATACCGAG NNK GCCACGGCATTCCT
P128x_R CTCGGTATCCCTCTGC

A129x_F AGGGATACCGAGCCG NNK ACGGCATTCCTGGAC
A129x_R CGGCTCGGTATCCC

F132x_F GAGCCGGCCACGGCA NNK CTGGACGCACTGGG
F132x_R TGCCGTGGCCG

L133x_F CCGGCCACGGCATTC NNK GACGCACTGGGCAT
L133x_R GAATGCCGTGGCCG
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Supplementary Table 9 | Primer sequences used to generate point mutants of SnAr1.3

Primers for point mutations

R23A_F GGCGCTTATAAAGTGGCTCTGAAAATTATGGAGGAAGTGCTG
Y45F_F ACCCTGCTGGACGAATTTGAGAAACTGGCTCGC

Y61F_F TATGCGGGCAAACCGTTTCGTCCGATGCGTGATAT

Y61F_R CGGTTTGCCCGCATA

M64A_F AAACCGTATCGTCCGGCGCGTGATATCCTGGAAGAA
R65A_F CCGTATCGTCCGATGGCTGATATCCTGGAAGAAGTAATGCG
Y83F_F AAGTACGGTTTCAAATTTCCTGAAAACTTGCGGGA

Y83R_F TTTGAAACCGTACTTTTCCGC

R88A_F TACCCTGAAAACTTGGCTGAAATCTCCCTGCGTATG
C96A_F TCCCTGCGTATGGCGGCGCGCTACGGCGAG

D120A_F AAATATCACGTTGGCGCTATCCTGCAGAGGGATAC
Q123A_F GTTGGCGATATCCTGGCTAGGGATACCGAGCC

R124A_F GGCGATATCCTGCAGGCTGATACCGAGCCGGC

D125A_F GATATCCTGCAGAGGGCTACCGAGCCGGCC

D125E_F GATATCCTGCAGAGGGAAACCGAGCCGGCC

D125N_F GATATCCTGCAGAGGAACACCGAGCCGGCC
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in the highest resolution bin.

Supplementary Table 10 | Data collection and refinement statistics. Entries in parentheses refer to statistics

SNAr1.3 (K39A)

SnAr1.3 iodide soak

SnAr1.3 5 soak (K39A)

PDB ascension code 9FUO 9FUL 9FUG
Wavelength (A) 0.9763 0.9763 0.9763

) 54.16 — 1.81 61.06— 1.88 5429171
Resolution range (1.84 — 1.81) (1.91 — 1.88) (1.74 - 1.71)
Space group P3121 P3121 P3121

Unit cell dimensions
a, b, c, (A)
a,Bv()

70.19, 70.19, 119.28
90, 90, 120

70.51, 70.51, 119.36
90, 90, 120

70.36, 70.36, 119.52
90, 90, 120

Total reflections

637040 (31369)

576370 (29523)

760006 (38079)

Unique reflections

31737 (1575)

28636 (1424)

37752 (1857)

Multiplicity 20.1(19.9) 20.1(20.7) 20.1 (20.5)
Completeness (%) 100.00 (100.00) 100.00 (99.9) 100.00 (100.00)
Mean I/sigma(l) 12.7 (0.3) 14.5 (0.4) 13.8 (0.3)
Wilson B-factor 30.4 35.0 295
R-meas 0.134 (4.680) 0.127 (5.150) 0.118 (5.435)
CCip2 1.0 (0.3) 1.0 (0.3) 1.0 (0.3)
R-work 0.194 0.207 0.204
R-free 0.231 0.230 0.243
Number of non-hydrogen atoms 2192 2008 2191
macromolecules 1914 1850 1956
ligands 31 18 34
solvent 247 140 201
Protein residues 231 226 231
RMS(bonds) 0.006 0.010 0.006
RMS(angles) 0.764 0.887 0.622
Ramachandran favoured (%) 97.38 97.30 98.69
Ramachandran allowed (%) 2.62 2.25 1.31
Ramachandran outliers (%) 0.00 0.45 0
Rotamer outliers (%) 1.46 0.51 2.84
Clashscore 6 5 3
Average B-factor 52.0 53.0 49.0
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Supplementary Table 11 | Crystallographic data for compound 3 (CCDC 2362363)

Identification code lil4

Empirical formula C12H11N306
Formula weight 293.24
Temperature/K 99.9(4)

Crystal system orthorhombic
Space group P2,2,2,

alA 8.0316(2)

b/A 9.8338(2)

c/A 16.3449(4)

a/° 90

pr° 90

v/° 90

Volume/A3 1290.94(5)

z 4

Peacg/cm? 1.509

p/mm-? 1.062

F(000) 608.0

Crystal size/mm? 0.609 x 0.101 x 0.018
Radiation CuKa (A =1.54184)

20 range for data collection/° 10.498 to 151.202

Index ranges -8<h<9 -12<k<12,-19<1<20
Reflections collected 11687
Independent reflections 2605 [Rine = 0.0211, Rgigma = 0.0121]

Data/restraints/parameters  2605/0/192
Goodness-of-fit on F? 1.087

Final R indexes [I>=20 (I)] R.=0.0275, wR, = 0.0718
Final R indexes [all data] R; =0.0277, wR, = 0.0720
Largest diff. peak/hole / e A® 0.14/-0.22

Flack parameter 0.04(8)
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Data collection: Crystals suitable for diffraction were isolated by recrystallisation from EtOAc/hexane.
Single crystal X-Ray diffraction data for compound 3 was collected at 100 K on a Rigaku XtaLab AFC-
11 four circle goniometer equipped with a Hypix6000HE detector and Oxford cryosystem. Data was
collected with a dual source Rigaku FR-X rotating anode using Cu — K, (1 = 1.54184 A) radiation. Data

was collected using the CrysAlisPro program.

Crystal structure determination and refinements: Data processing and reduction was performed
with CrysAlisPro. Empirical absorption correction was applied using spherical harmonics, implemented
with the SCALE3 ABSPACK algorithm. The crystal structure was solved and refined using the SHELX
suite of programmes in Olex2.'2 All non-hydrogen atoms were refined anisotropically. Hydrogen atom
positions were calculated and refined with fixed isotropic displacement parameters. Absolute structure
determination was based on anomalous dispersion. The absolute configuration of compound 3 was
found to be (R).

Crystallographic data has been deposited with the CCDC number 2362363.
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Chemical Synthesis
Preparation of starting materials

Synthesis of 4-iodo-3-nitropyridine (SM1)

NO,

\}

A 50 mL round-bottomed flask equipped with a stirrer bar was charged sequentially with 4-chloro-3-
nitropyridine (500 mg, 3.15 mmol, 1.00 equiv) and Nal (4.80 g, 31.5 mmol, 10.0 equiv) and MeCN (16
mL), the resulting suspension sparged with N2 (15 min) then heated to reflux for 2 days. The reaction
mixture was cooled to room temperature, quenched with H20 (50 mL), transferred into a separating
funnel and extracted with EtOAc (3 x 50 mL). The combined organics were washed with brine, dried
over MgSOs4 then concentrated in vacuo. The crude product was triturated with CHCIs (50 mL),
centrifuged (2,900 g, 4 °C, 15 min) then the supernatant decanted and concentrated in vacuo to afford
the title compound as an orange solid (72 mg, 9%) that was used in enzyme assays without further

purification. Spectroscopic data matched those previously reported in the literatures.

1H NMR (500 MHz, CDCls)
59.04 (s, 1H), 8.35 (d, J = 5.2 Hz, 1H), 8.02 (d, J = 5.1 Hz, 1H)

BC{IH} NMR (126 MHz, CDCls)
5 152.55, 149.7, 146.0, 136.6, 98.5
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Synthesis of tert-butyl 2-cyanopropanoate (SM2)

)

NX
OtBu

Me

To a solution of tert-butyl 2-cyanoacetate (929 uL, 918 mg, 6.50 mmol, 1.30 equiv) and iodomethane
(311 pL, 710 mg, 5.00 mmol, 1.00 equiv) in MeCN (25 mL) was added K2CO3 (691 mg, 5.00 mmol, 1.00
equiv), and the resulting mixture was stirred at 80 °C for 15 h. After filtration, the filtrate was
concentrated and the residue purified by flash column chromatography (SiO2, hexane/EtOAc: 16/1 to
hexane/EtOAc: 8/1) to afford the title compound as a colourless oil (238 mg, 31%). Spectroscopic data

matched those previously reported in the literature®.

H NMR (400 MHz, CDCls)
53.44 (q, J = 7.4 Hz, 1H), 1.54 (d, J = 7.4 Hz, 3H), 1.49 (s, 9H).

13C{'H} NMR (101 MHz, CDCls)
5 165.6, 117.9, 84.1, 32.65, 27.9, 15.4.
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Synthesis of iso-propyl 2-cyanopropanoate (SM3)

0]

NX
\)LOI'PI‘

Me

To a solution of iso-propyl 2-cyanoacetate (738 pL, 826 mg, 6.50 mmol, 1.30 equiv) and iodomethane
(311 pL, 710 mg, 5.00 mmol, 1.00 equiv) in MeCN (25 mL) was added K2CO3 (691 mg, 5.00 mmol, 1.00
equiv), and the resulting mixture was stirred at 80 °C for 15 h. After filtration, the filtrate was
concentrated and the residue purified by flash column chromatography (SiO2, hexane/EtOAc: 16/1 to
hexane/EtOAc: 8/1) to afford the title compound as a colourless oil (216 mg, 31%). Spectral data

matched those previously reported in the literature®.

H NMR (400 MHz, CDCls)
5 5.14-5.01 (m, 1H), 3.50 (q, J = 7.4 Hz, 1H), 1.57 (d, J = 7.5 Hz, 3H), 1.30 (d, J = 6.3
Hz, 3H), 1.29 (d, J = 6.3 Hz, 3H)

13C{'H} NMR (101 MHz, CDCls)
5166.2, 117.6, 71.0, 31.9, 21.7, 21.6, 15.4

42



Synthesis of benzyl 2-cyanopropanoate (SM4)

N (@)
X
\)LOBn

Me

To a solution of benzyl cyanoacetate (995 pL, 1.14 g, 6.50 mmol, 1.30 equiv) and iodomethane (311
pL, 710 mg, 5.00 mmol, 1.00 equiv) in MeCN (25 mL) was added K2CO3 (691 mg, 5.00 mmol, 1.00
equiv.), and the resulting mixture was stirred at 80 °C for 15 h. After filtration, the filtrate was
concentrated and the residue was purified by flash column chromatography (SiO2, hexane/EtOAc: 16/1
to hexane/EtOAc: 8/1) to afford the title compound as a colourless oil (509 mg, 54%). Spectral data

matched those previously reported in the literature®.

H NMR (400 MHz, CDCls)
5 7.44-7.32 (m, 5H), 5.24 (s, 2H), 3.59 (q, J = 7.4 Hz, 1H), 1.60 (d, J = 7.4 Hz, 3H)

13C{'H} NMR (101 MHz, CDCls)
5 166.5, 134.65, 128.90, 128.86, 128.5, 117.3, 68.5, 31.7, 15.4
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Synthesis of 2-cyano-N-ethylpropanamide (SM5)

O

NX
\HLNHEt

Me

A 25 mL flask equipped with a stirrer bar was charged sequentially with ethyl 2-cyanopropionoate (629
pL, 635 mg, 5.00 mmol, 1.00 equiv) and ethylamine (66-72% aqueous solution, 5 mL) then sealed with
a suba seal and the reaction mixture heated to 45 °C for 6 h. The reaction mixture was cooled to room
temperature then the solvent removed in vacuo. The residue was redissolved in H20 (10 mL) and
extracted with EtOAc (3 x 15 mL), washed with brine, dried over MgSO4 and then concentrated in vacuo
to afford the title compound as a pale orange solid (488 mg, 77%). '"H NMR data were consistent with

data previously reported in the literature®.

H NMR (500 MHz, CDCla)
56.11 (s, 1H), 3.43 — 3.31 (m, 3H), 1.60 (d, J = 7.5 Hz, 3H), 1.19 (t, J = 7.3 Hz, 3H).

13C{'H} NMR (126 MHz, CDCls)
5 164.9, 119.3, 35.50, 32.4, 15.8, 14.7

HRMS (ESI*)
Calcd for CeH10ON:zNa ([M+Na]*): 149.0685, found: 149.0682.
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Synthesis of ethyl 2-cyanopent-4-enoate (SM6)

To a solution of ethyl cyanoacetate (1.60 mL, 1.70 g, 15.03 mmol, 3.00 equiv.) in anhydrous THF (25
mL) was added NaH (60% in paraffin oil, 200 mg, 5.00 mmol, 1.00 equiv) portion-wise at 0 °C. The
reaction mixture was stirred at 0 °C for 30 min, then allyl bromide (435 pL, 608 mg, 5.00 mmol, 1.00
equiv) was added dropwise at 0 °C. After addition, the mixture was warmed up to room temperature
and stirred for 20 h. The reaction was quenched with 1 M HCI (20 mL) and extracted with EtOAc (3 x
15 mL), and the combined organic phase was washed with brine, dried over MgSQO4, and concentrated.
The residue purified by column chromatography (SiO2, hexane/EtOAc: 16/1 to hexane/EtOAc: 8/1) to
afford the title compound as a pale yellow oil (490 mg, 64%). Spectrosopic data matched those

previously reported in the literature’.

H NMR (400 MHz, CDCla)
8 5.90-5.72 (m, 1H), 5.34-5.17 (m, 2H), 4.26 (q, J = 7.1 Hz, 2H), 3.56 (dd, J = 7.3, 6.3
Hz, 1H), 2.77-2.60 (m, 2H), 1.32 (t, J = 7.1 Hz, 3H)

13C{I1H} NMR (101 MHz, CDCls)
5 165.6, 131.5, 120.2, 116.2, 63.0, 37.6, 34.0, 14.1
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Synthesis of ethyl 2-cyano-3-methylbutanoate (SM7)

(0]
NR
\)LOEt

iPr

To a solution of ethyl cyanoacetate (534 uL, 566 mg, 5.00 mmol, 1.00 equiv) and 2-iodopropane (750
pL, 1.27 g, 7.50 mmol, 1.50 equiv) in acetone (25 mL) was added K2COs (2.07 g, 15.0 mmol, 3.00
equiv), and the resulting mixture was stirred at 70 °C for 24 h. After filtration, the filtrate was
concentrated and the residue purified by flash column chromatography (SiO2, hexane/EtOAc: 16/1 to
hexane/EtOAc: 8/1) to afford the title product as a pale yellow oil (582 mg, 75%). Spectroscopic data
matched those previously reported in the literature®.

H NMR (400 MHz, CDCls)
54.26 (q, J = 7.1 Hz, 2H), 3.39 (d, J = 5.3 Hz, 1H), 2.47-2.34 (m, 1H), 1.32 (t, J = 7.1
Hz, 3H), 1.13 (d, J = 6.8 Hz, 3H), 1.10 (d, J = 6.7 Hz, 3H)

13C{'H} NMR (101 MHz, CDCls)
5 166.0, 115.6, 62.7, 45.45, 30.1, 20.8, 18.95, 14.2
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Preparation of synthetic standards
General procedure 1

A round-bottomed flask equipped with a stirrer bar was charged sequentially with NaOEt (1.5 equiv),
nucleophile (1.5 equiv), electrophile (1.0 equiv) and EtOH (0.1 M final concentration) then fitted with a
reflux condenser and the solution heated to reflux for 18 h. The reaction mixture was cooled to room
temperature, concentrated in vacuo and the residue taken up in H2O/EtOAc (15 mL per 1.0 mmol each),
transferred into a separating funnel, the organic layer removed then the aqueous extracted with EtOAc
(2 x 15 mL per mmol). The combined organic layers were washed with brine, dried over MgSO4 and

concentrated in vacuo. The crude product was then purified by flash column chromatography.
General procedure 2

A heat gun-dried round-bottomed flask equipped with a stirrer bar was charged sequentially with
Na2CO0s (2.50 equiv), nucleophile (if solid, 1.05 equiv) and electrophile (if solid, 1.00 equiv) then placed
under an atmosphere of N2. Anhydrous DMF (0.2 M final concentration), nucleophile (if liquid, 1.05
equiv) and electrophile (if liquid, 1.00 equiv) were added sequentially then the reaction mixture heated
at 60 °C for the specific time period. The reaction mixture was cooled to room temperature, quenched
with 1 M HCI (30 mL per mmol), transferred into a separating funnel and extracted with EtOAc (3 x 15
mL per mmol). The combined organics were washed with H20 (3 x 15 mL per mmol), brine then dried
over MgSO4 and concentrated in vacuo. The crude product was then purified by flash column

chromatography.
General Procedure 3

A heat gun-dried round-bottomed flask equipped with a stirrer bar was charged with NaH (60% in
dispersion oil), flushed with N2 and then charged with THF (50% of total volume). The stirring
suspension was cooled to 0 °C then the requisite nucleophile in THF (30% of total volume) added
dropwise. The suspension was stirred at rt for 30 min, cooled to 0 °C and the requisite electrophile in
THF (20% of total volume) was added dropwise. The reaction mixture was warmed to rt and stirred for
overnight. The reaction mixture was quenched dropwise with 1 M HCI (10 mL per mmol), transferred to
a separating funnel and extracted with EtOAc (3 x 10 mL per mmol). The organic phases were
combined, washed with brine, dried over MgSO4 and concentrated in vacuo. The crude product was

then purified by flash column chromatography.
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Synthesis of ethyl 2-cyano-2-(2,4-dinitrophenyl)propanoate (3)

CN
Me (_-CO,Et

NO,

NO,

Following General Procedure 1, NaOEt (122 mg, 1.8 mmol, 1.8 equiv), 2,4-dinitrochlorobenzene (202
mg, 1.0 mmol, 1.0 equiv) and ethyl 2-cyanopropanoate (191 mg, 1.5 mmol, 1.5 equiv) were reacted in
EtOH (10 mL). Following the work-up as described in General Procedure 1, the crude product was
purified by flash column chromatography (SiO2, Celite dry loading, 10-35% EtOAc in hexane) to afford
the title compound as a yellow solid (152 mg, 52%).

Ry 0.28 (35% EtOAc in hexane) [UV]
Melting point  94-95 °C (hexane)

H NMR (500 MHz, CDCla)
59.00 (d, J = 2.4 Hz, 1H), 8.59 (dd, J = 8.6, 2.4 Hz, 1H), 8.05 (d, J = 8.6 Hz, 1H), 4.51
—4.17 (m, 2H), 2.21 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H)

13C{1H} NMR (126 MHz, CDCls)
5166.1, 148.3, 148.0, 136.85, 131.2, 128.3, 121.9, 117.4, 64.4, 47.4, 24.8, 14.0

HRMS (ESI*)
Calcd. for C12H11N3O3 ([M+H]*): 294.0721, found: 294.0718
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Synthesis of ethyl 2-cyano-2-(2,6-dinitrophenyl)propanoate (7)

CN
Me (_-CO,Et

O,N NO,

Following General Procedure 2, 1-chloro-2,6-dinitrobenzene (406 mg, 2.00 mmol, 1.00 equiv), (515 mg,
5.00 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (277 pL, 279 mg, 1.10 mmol, 1.10 equiv) were
combined in DMF (10 mL) and stired at 70 °C for 6 h. Following the
work-up as described in General Procedure 2, the crude product was purified by flash column
chromatography (SiOz2, 20-30% EtOAc in cyclohexane, Celite dry-loaded) to afford the title compound
as a red oil (400 mg, 68%).

Ry 0.36 (30% EtOAc in cyclohexane) [UV]

H NMR (400 MHz, CDCla)
58.11 (d, J = 8.1 Hz, 2H), 7.83 — 7.69 (m, 1H), 4.39 — 4.15 (m, 2H), 2.40 (s, 3H), 1.30
(t, J = 7.1 Hz, 3H)

BC{'H} NMR (101 MHz, CDCls)
0 165.0, 151.35, 131.0, 129.5, 124.4, 116.3, 64.7, 46.4, 24.1, 13.7

HRMS (ESI*)
Calcd. for C12H110eNsNa ([M+Na]*): 316.0531, found: 316.0540
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Synthesis of ethyl 2-cyano-2-(4-cyano-2-nitrophenyl)propanoate (8)

CN
Me (/- CO,Et

NO,

CN

Following General Procedure 2, 4-fluoro-3-nitrobenzonitrile (166 mg, 1.00 mmol, 1.00 equiv), Na2COs

(265 mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 pL, 133 mg, 1.05 mmol, 1.05 equiv)

were reacted in DMF (5 mL) for 1.5 h. Following the work-up as described in General Procedure 2, the

crude product was purified by flash column chromatography (SiOz, loaded in CH2Clz, 20-30% EtOAc in

hexane) to afford the title compound as a pale yellow solid (110 mg, 40%).

Ry

Melting point

"H NMR

13C{'H} NMR

HRMS

0.36 (40% EtOAc in hexane) [UV]
93-94 °C (hexane)

(500 MHz, CDCls)
5 845 (d, J = 1.8 Hz, 1H), 804 (dd, J = 82, 1.8 Hz, 1H),
7.96 (d, J = 8.2 Hz, 1H), 4.32 (m, 2H), 2.18 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H)

(126 MHz, CDCls)
5166.15, 147.9, 137.2, 135.4, 130.8, 130.0, 117.4, 115.8, 115.1, 64.3, 47.4, 24.65, 14.0

(ESI*)
Calcd for C1sH110sNsNa ([M+NaJ*): 296.0640, found: 296.0640
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Synthesis of ethyl 2-cyano-2-(3-nitropyridin-4-yl)propanoate (9)

CN
Me (_-CO,Et

N0

~

N
Following General Procedure 2, 4-chloro-3-nitropyridine (158 mg, 1.00 mmol, 1.00 equiv), Na2COs (265
mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 uL, 133 mg, 1.05 mmol, 1.05 equiv)
were reacted in DMF (5 mL) for 15 h. Following the work-up as described in General Procedure 2, the
crude product was purified by flash column chromatography (SiO2, loaded neat, 0-40% EtOAc in

hexane) to afford the title compound as a pale orange solid (120 mg, 48%).
Ry 0.25 (40% EtOAc in hexane) [UV]
Melting point  64-5 °C (hexane)

H NMR (500 MHz, CDCls)
5 9.37 (s, 1H), 8.98 (d, J = 5.2 Hz, 1H), 7.73 (d, J = 5.2 Hz, 1H), 4.32 (m, 2H),
2.16 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H)

BC{'H} NMR (126 MHz, CDCls)
0 165. 8, 155.3, 147.5, 143.2, 139.5, 123.3, 117.2, 64.3, 47.05, 24.1, 14.0

HRMS (APCI*)
Calcd. for C11H1204N3 ([M+H]*): 250.0822, found: 250.0815
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Synthesis of methyl 4-(2-cyano-1-ethoxy-1-oxopropan-2-yl)-3-nitrobenzoate (10)

CN
Me (_-CO,Et

NO,

CO,Me

Following General Procedure 2, methyl 4-fluoro-3-nitrobenzoate (199 mg, 1.00 mmol, 1.00 equiv),

Na2COs (265 mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 pL, 133 mg, 1.05 mmol,

1.05 equiv) were reacted in DMF (5 mL) for 2 h. Following the work-up as described in General

Procedure 2, the crude product was purified by flash column chromatography (SiOz2, loaded in CH2Clz,

20% EtOAc in petrol) to afford the title compound as a pale yellow solid (172 mg, 56%).

Re
Melting point

"H NMR

13C{'H} NMR

HRMS

0.21 (20% EtOAc in petrol) [UV]
70-71 °C (hexane)

(500 MHz, DMSO-db)
5 8.60 (d, J = 1.9 Hz, 1H), 8.40 (dd, J = 8.3, 1.9 Hz, 1H), 8.11 (d, J = 8.3 Hz, 1H),
4.29 — 4.14 (m, 2H), 3.94 (s, 3H), 2.19 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H)

(126 MHz, DMSO-d)
5 167.0, 163.9, 147.40, 134.7, 133.2, 132.0, 130.7, 126.45, 117.9, 63.4, 53.0, 45.9,
23.9, 13.65

(ESI+)
Calcd for C14H14N206Na ([M+Na]*): 329.0744, found: 329.0750
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Synthesis of ethyl 2-(4-acetyl-2-nitrophenyl)-2-cyanopropanoate (11)

CN
Me (_-CO,Et

NO,
Me @)

Following General Procedure 2, 1-(4-fluoro-3-nitrophenyl)ethan-1-one (183 mg, 1.00 mmol, 1.00 equiv),

Na2COs (256 mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 pL, 133 mg, 1.05 mmol,

1.05 equiv) were reacted in DMF (5 mL) for 2 h. Following the work-up as described in General

Procedure 2, the crude product was purified by flash column chromatography (SiO2, loaded in CH2Clz,

30-40% EtOAc in hexane) to afford the title compound as a pale yellow solid (160 mg, 55%).

Ry

Melting point:

"H NMR

13C{'H} NMR

HRMS

0.20 (30% EtOAc in hexane) [UV]
75—76 °C (hexane)

(500 MHz, CDCls)
5 8.69 (d, J = 1.9 Hz, 1H), 8.29 (dd, J = 8.2, 1.9 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H),
4.31 (m, 2H), 2.70 (s, 3H), 2.18 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H)

(126 MHz, CDCls)
5194.7, 166.45, 147.7, 138.5, 134.7, 133.1, 130.1, 126.1, 117.8, 63.9, 47.2, 26.7, 24.6,
13.9

(ESI*)
Calcd. for C14H140sN2Na ([M+Na]*): 313.0795, found: 313.0792
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Synthesis of ethyl 2-cyano-2-(5-nitropyridin-2-yl)propanoate (12)

CN
Me ([-CO,Et

NT

l

NO,

Following General Procedure 2, 2-chloro-5-nitropyridine (158 mg, 1.00 mmol, 1.00 equiv), Na2COs (265
mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 uL, 133 mg, 1.05 mmol, 1.05 equiv)
were reacted in DMF (5 mL) for 13 h. Following the work-up as described in General Procedure 2, the
crude product was purified by flash column chromatography (SiOz, loaded neat, 10-30% EtOAc in

hexane) to afford the title compound as a yellow oil (130 mg, 53%).
Ry 0.56 (35% EtOAc in hexane) [UV]

H NMR (500 MHz, CDCla)
59.41 (dd, J = 2.6, 0.7 Hz, 1H), 8.59 (dd, J = 8.6, 2.6 Hz, 1H), 7.88 (dd, J = 8.6, 0.7
Hz, 1H), 4.36 — 4.22 (m, 2H), 2.04 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H)

13C{TH} NMR (126 MHz, CDCls)
5 166.0, 160.8, 145.25, 144.0, 133.0, 121.75, 118.3, 64.1, 50.75, 23.8, 13.95

HRMS (ESI*)
Calcd. for C11H1204N3 ([M+H]*): 250.0822, found: 250.0830.
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Synthesis of ethyl 2-cyano-2-(2-nitro-4-(trifluoromethyl)phenyl)propanoate (13)

CN
Me (_-CO,Et

NO,

CF;

Following General Procedure 2, 1-fluoro-2-nitro-4-(trifluoromethyl)benzene (140 L, 209 mg, 1.00

mmol, 1.00 equiv), Na2COs (265 mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 pL,

133 mg, 1.05 mmol, 1.05 equiv) were reacted in DMF (5 mL) for 1 h. Following the work-up as described

in General Procedure 2, the crude product was purified by flash column chromatography (SiOz, loaded
in CH2Clz, 0-20% EtOAc in hexane) to afford the title compound as a yellow solid (150 mg, 47%)

Ry
Melting point

"H NMR

13C{'H} NMR

F NMR

HRMS

0.24 (20% EtOAc in hexane) [UV]
57 °C (hexane)

(500 MHz, CDCla)
58.44 (d, J = 1.9 Hz, 1H), 8.02 (dd, J = 8.4, 1.9 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 4.39
—4.26 (m, 2H), 2.19 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H)

(126 MHz, CDCla)
5 166.3, 147.65, 134.35, 133.0 (q, J = 34.9 Hz), 130.7 (q, J = 3.5 Hz), 130.5,
123.8 (q, J = 3.7 Hz), 122.3 (g, J = 273.1 Hz), 117.6, 64.0, 47.1, 24.6, 13.9

(471 MHz, CDCls)
5-63.2

(ESI¥)
Calcd. for C13H1204N2F 3 ([M+Na]*): 317.0744, found: 317.0742.
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Synthesis of ethyl 2-cyano-2-(4-(methylsulfonyl)-2-nitrophenyl)propanoate (14)

CN
Me ([-CO,Et

NO,

SOZMe

Following General Procedure 2, 1-chloro-4-(methylsulfonyl)-2-nitrobenzene (235 mg, 1.00 mmol, 1.00

equiv), Na2COs (265 mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 uL, 133 mg, 1.05

mmol, 1.05 equiv) were reacted in DMF (5 mL) for 1.5 h. Following the work-up as described in General

Procedure 2, the crude product was purified by flash column chromatography (SiO2, loaded with CH2Clz,

50% EtOAc in hexane) to afford the title compound as a pale yellow solid (72 mg, 22%).

Ry

Melting point

"H NMR

13C{'H} NMR

HRMS

0.3 (50% EtOAc in hexane) [UV]
140-141 °C (hexane)

(500 MHz, CDCls)
58.70 (d, J = 2.0 Hz, 1H), 8.31 (dd, J = 8.3, 2.0 Hz, 1H), 8.04 (d, J = 8.2 Hz, 1H), 4.33
(m, 2H), 3.17 (s, 3H), 2.20 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H)

(126 MHz, CDCls)
5166.2, 148.1, 143.15, 136.1, 132.6, 131.2, 125.8, 117.5, 64.3, 47.4, 44.5, 24.8, 14.0

(ESIF)
Calcd. for C13H14N206S ([M—H]"): 326.0578, found: 326.0530
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Synthesis of ethyl 2-cyano-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)propanoate (15)
CN
Me (/-CO,Et
CF;

NT

l

NO,

Following General Procedure 2, 2-bromo-5-nitro-3-(trifluoromethyl)pyridine (271 mg, 1.00 mmol, 1.00
equiv), Na2COs (265 mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyanopropanoate (132 uL, 133 mg, 1.05
mmol, 1.05 equiv) were reacted in DMF (5 mL) and for 15 h. Following the work-up as described in the
General Procedure 2, the crude product was purified by flash column chromatography (Celite dry
loading, SiO2, 20-30% EtOAc in petrol) then by recrystallisation from EtOAc/hexane to afford the title

compound as a pale yellow solid (82 mg, 26%).
Ry 0.21 (20% EtOAc in petrol) [UV]
Melting point  85-86 °C (hexane)

H NMR (500 MHz, CDCls)
59.58 (d, J = 2.5 Hz, 1H), 8.86 (d, J = 2.5 Hz, 1H), 4.38 — 4.27 (m, 2H), 2.21 (s, 3H),
1.32 (t, J = 7.1 Hz, 3H)

13C{1H} NMR (126 MHz, CDCls)

5 166.9, 155.7, 146.2, 143.5, 132.5 (q, J = 5.1 Hz), 126.75 (q, J = 35.1 Hz), 122.1 (q, J
= 274.9 Hz), 116.9, 64.1, 50.2, 24.6, 13.8

19F NMR (471 MHz, CDCls)
5-57.0
HRMS (APCI¥)

Calcd. for C12H11O4NsFs([M+H]*): 318.0696, found: 318.0691
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Synthesis of ethyl 2-(4-bromo-2-nitrophenyl)-2-cyanopropanoate (16)

CN
Me (_-CO,Et

NO,

Br

Following General Procedure 3, 4-bromo-1-fluoro-2-nitrobenzene (246 pL, 440 mg, 2.00 mmol, 1.00
equiv), ethyl 2-cyanopropanoate (553 pL, 559 mg, 4.40 mmol, 2.00 equiv) and NaH (60% in dispersion
oil, 176 mg, 4.40 mmol, 2.20 equiv) were reacted in THF (10 mL) for 16 h. Following the work-up
described in General Procedure 3, the crude product was purified by flash column chromatography
(SiOz, Celite dry-loaded, 20% EtOAc in hexane) to afford the title compound as an off-white solid (270
mg, 41%).

Ry 0.25 (20% EtOAc in hexane) [UV]

H NMR (400 MHz, CDCla)
58.31(d, J = 2.1 Hz, 1H), 7.88 (dd, J = 8.5, 2.2 Hz, 1H), 7.65 (d, J = 8.5 Hz, 1H), 4.38
—4.22 (m, 2H), 2.13 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H)

BC{'H} NMR (101 MHz, CDCls)
0 166.75, 147.9, 137.3, 130.75, 129.8, 129.6, 124.0, 118.0, 63.9, 46.9, 24.6, 14.0

HRMS (ESI*)
Calcd. for C12H11N204BrNa ([M+Na]*): 348.9800, found: 348.9803
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Synthesis of tert-butyl 2-cyano-2-(2,4-dinitrophenyl)propanoate (17)

CN
Me (/- CO,tBu

NO,

NO,

Following General Procedure 2, 2,4-dinitrofluorobenzene (126 yL, 186 mg, 1.00 mmol, 1.00 equiv), tert-

butyl 2-cyanopropanoate (163 mg, 1.05 mmol, 1.05 equiv) and K2COs (346 mg, 2.50 mmol, 2.50 equiv)

were reacted in DMF (5 mL) for 15 h. Following the work-up as described in General Procedure 2, the

crude product was purified by flash column chromatography (SiO2, hexane/EtOAc: 8/1 to
hexane/EtOAc: 4/1) to afford the title compound as a yellow solid (269 mg, 84%).

R

Melting point

"H NMR

13C{'H} NMR

MS

0.20 (Hexane/EtOAc: 4/1) [UV]
94-95 °C (EtOAc)

(400 MHz, CDCls)
58.96 (d, J = 2.4 Hz, 1H), 8.56 (dd, J = 8.7, 2.4 Hz, 1H), 8.01 (d, J = 8.7 Hz, 1H), 2.18
(s, 3H), 1.50 (s, 9H)

(101 MHz, CDCls)
5164.7, 148.1, 148.1, 137.2, 131.2, 128.1, 121.7, 117.7, 86.4, 48.1, 27.6, 24.7

(ESIF)
miz = 344 [M + Na]*
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Synthesis of iso-propyl 2-cyano-2-(2,4-dinitrophenyl)propanoate (18)

CN
MeL-co,iPr

NO,

NO,

Following General Procedure 2, 2,4-dinitrofluorobenzene (126 uL, 186 mg, 1.00 mmol, 1.00 equiv) and
iso-propyl 2-cyanopropanoate (148 mg, 1.05 mmol, 1.05 equiv) and K2COs (346 mg, 2.50 mmol, 2.50
equiv) were reacted in DMF (5 mL) for 15 h. Following the work-up as described in General Procedure
2, the crude product was purified by flash column chromatography (SiO2, hexane/EtOAc: 8/1 to
hexane/EtOAc: 4/1) to afford the title compound as a pale yellow solid (265 mg, 86%).

R¢ 0.32 (Hexane/EtOAc: 4/1) [UV]
Melting point ~ 75-76 °C (EtOAc)

H NMR (400 MHz, CDCls)
58.98 (d, J = 2.4 Hz, 1H), 8.58 (dd, J = 8.7, 2.4 Hz, 1H), 8.03 (d, J = 8.7 Hz, 1H), 5.18-
5.05 (m, 1H), 2.19 (s, 3H), 1.33 (d, J = 6.3 Hz, 3H), 1.30 (d, J = 6.3 Hz, 3H)

13C{1H} NMR (101 MHz, CDCls)
5 165.6, 148.2, 148.0, 136.9, 131.2, 128.2, 121.8, 117.4, 72.9, 47.4, 24.7, 21.7, 21.4

MS (ESI-): m/z = 330 [M + Na]*
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Synthesis of benzyl 2-cyano-2-(2,4-dinitrophenyl)propanoate (19)

CN
Me (_-c0,Bn

NO,

NO,

Following General Procedure 2, 2,4-dinitrofluorobenzene (126 pL, 186 mg, 1.00 mmol, 1.00 equiv),

benzyl 2-cyanopropanoate (199 mg, 1.05 mmol, 1.05 equiv) and K2COs (346 mg, 2.50 mmol, 2.50

equiv) were reacted in DMF (5 mL) for 15 h. Following the work-up as described in General Procedure

2, the crude product was purified by flash column chromatography (SiO2, hexane/EtOAc: 8/1 to

hexane/EtOAc: 4/1) to afford the title compound as a yellow solid (108 mg, 30%).

Ry
Melting point

"H NMR

13C{'H} NMR

MS

0.18 (Hexane/EtOAc: 4/1) [UV]
136-137 °C (EtOAc)

(400 MHz, CDCls)
58.99 (d, J = 2.4 Hz, 1H), 8.57 (dd, J = 8.7, 2.4 Hz, 1H), 8.02 (d, J = 8.7 Hz, 1H), 7.44-
7.31 (m, 5H), 5.34 — 5.20 (m, 2H), 2.19 (s, 3H)

(101 MHz, CDCls)
5 166.05, 148.3, 147.9, 136.6, 134.0, 131.2, 129.1, 128.9, 128.75, 128.3, 121.9, 117.1,
69.7, 47.3,24.6

(ESI)
miz = 378 [M + Na]*
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Synthesis of 2-cyano-2-(2,4-dinitrophenyl)-N-ethylpropanamide (20)
CN
Me (- CONHE
NO,

NO,

Following General Procedure 3, 1-fluoro-2,4-dinitrobenzene (302 uL, 446 mg, 2.40 mmol, 1.20 equiv),
2-cyano-N-ethylpropanamide (252 mg, 2.00 mmol, 1.00 equiv) and NaH (60% in dispersion oil, 100 mg,
2.50 mmol, 1.25 equiv) were reacted in THF (10 mL) for 16 h. Following the work-up described in
General Procedure 3, the crude product was purified by flash column chromatography (SiOz, Celite dry-

loaded, 40% EtOAc in cyclohexane) to afford the title compound as an orange solid (380 mg, 65%)
Ry 0.28 (40% EtOAc in cyclohexane) [UV]

H NMR (400 MHz, CDCla)
58.88 (d, J = 2.5 Hz, 1H), 8.54 (dd, J = 8.8, 2.5 Hz, 1H), 7.93 (d, J = 8.7 Hz, 1H), 6.46
(t, J = 5.7 Hz, 1H), 3.50 — 3.23 (m, 2H), 2.21 (s, 3H), 1.23 (t, J = 7.3 Hz, 3H)

13C{ITH} NMR (101 MHz, CDCls)
5 165.75, 148.8, 148.1, 136.5, 131.15, 127.7, 121.3, 118.4, 46.2, 36.1, 25.9, 14.5

HRMS (ESI*)
Calcd. for C12H12N4OsNa ([M+Na]*): 315.0705, found: 315.0712.
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Synthesis of ethyl 2-cyano-2-(2,4-dinitrophenyl)pent-4-enoate (21)
CN
X CO,Et
NO,

NO,

Following General Procedure 2, 2,4-dinitrofluorobenzene (126 L, 186 mg, 1.00 mmol, 1.00 equiv.),
ethyl 2-cyanopent-4-enoate (161 mg, 1.05 mmol, 1.05 equiv.) and K2COs (346 mg, 2.50 mmol, 2.50
equiv) were reacted in DMF (5 mL) for 15 h. Following the work-up as described in General Procedure
2, the crude product was purified by flash column chromatography (SiO2, hexane/EtOAc: 8/1 to
hexane/EtOAc: 4/1) to afford the title product as a yellow oil (200 mg, 63%).

R¢ 0.58 (Hexane/EtOAc: 4/1) [UV]

H NMR (400 MHz, CDCla)
58.91(d, J = 2.4 Hz, 1H), 8.54 (dd, J = 8.7, 2.4 Hz, 1H), 8.02 (d, J = 8.7 Hz, 1H), 5.82-
5.63 (m, 1H), 5.29-5.14 (m, 2H), 4.30 (q, J = 7.1 Hz, 2H), 3.37 (dd, J = 14.4, 6.9 Hz,
1H), 3.21 (dd, J = 14.4, 7.7 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H).

13C{'H} NMR (101 MHz, CDCls)
5164.7, 148.2,148.1, 135.0, 132.8, 129.5, 127.6, 122.6, 121.7, 116.3, 64.3, 52.7, 40.7,
13.9

MS (ESIF)
miz = 342 [M + Na]*
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Synthesis of ethyl 2-cyano-2-(2,4-dinitrophenyl)-3-methylbutanoate (22)

CN
CO,Et

NO,

NO,

Following General Procedure 2, 2,4-dinitrofluorobenzene (126 pL, 186 mg, 1.00 mmol, 1.00 equiv),

ethyl 2-cyano-3-methylbutanoate (163 mg, 1.05 mmol, 1.05 equiv) and K2COs (346 mg, 2.50 mmol,

2.50 equiv) were reacted in DMF (5 mL) for 15 h. Following the work-up as described in General

Procedure 2, the crude product was purified by flash column chromatography (SiO2, hexane/EtOAc:
8/1 to hexane/EtOAc: 4/1) to afford the title compound as a yellow solid (193 mg, 60%).

Ry
Melting point

"H NMR

13C{'H} NMR

MS

0.26 (Hexane/EtOAc: 4/1) [UV]
95-96 °C (EtOAc)

(400 MHz, CDCla)
58.73 (d, J = 2.4 Hz, 1H), 8.53 (dd, J = 8.8, 2.5 Hz, 1H), 8.00 (d, J = 8.9 Hz, 1H), 4.43-
4.23 (m, 2H), 3.11-2.94 (m, 1H), 1.34 (t, J = 7.1 Hz, 3H), 1.30 (d, J = 6.5 Hz, 3H), 1.08
(d, J = 6.7 Hz, 3H)

(101 MHz, CDCla)
5 165.5, 149.8, 147.8, 134.6, 132.0, 127.0, 121.1, 114.8, 64.0, 57.15, 34.4, 19.2, 19.2,
14.0

(ESI)
miz = 344 [M + Na]*
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Synthesis of ethyl 2-(2,4-dinitrophenyl)-2-nitropropanoate (23)

NO,
CO,Et
NO,

Me

NO,

Following General Procedure 3, NaH (60% in paraffin oil, 80 mg, 2.00 mmol, 1.00 equiv), ethyl 2-
nitropropanoate (260 uL, 294 mg, 2.00 mmol, 1.00 equiv) and 1-fluoro-2,4-dinitrobenzene (251 pL, 372
mg, 2.00 mmol, 1.00 equiv), were reacted in THF (10 mL) at rt for 20 h. Following the work-up as
described in the General Procedure, the crude product was purified by column chromatography (SiOz,
12-20% EtOAc in petrol, Celite dry-loading) to afford the title compound as a pale yellow oil (505 mg,
81%).

Ry 0.18 (20% EtOAc in petrol) [KMnO4].

H NMR (400 MHz, CDCla)
5 8.93 (d, J = 2.4 Hz, 1H), 8.51 (dd, J = 8.7, 2.4 Hz, 1H), 7.58 (d, J = 8.7 Hz, 1H),
4.39 - 4.21 (m, 2H), 2.38 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H).

13C{'H} NMR (101 MHz, CDCls)
5 163.9, 148.6, 148.2, 136.6, 130.35, 128.0, 121.7, 95.85, 64.4, 24.5, 13.7

HRMS (APCI-)
Calcd for C11H11N206 ([M-NO2—HJ"): 267.0612, found: 267.0614.
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Synthesis of ethyl 1-(2,4-dinitrophenyl)-2-oxocyclopentane-1-carboxylate (24a) and ethyl 2-(2,4-
dinitrophenoxy)cyclopent-1-ene-1-carboxylate (24b).

CO,Et
° (L
CO,Et 0
NO, NO,
NO, NO,
24a 24b

Following General Procedure 3, NaH (60% in dispersion oil, 150 mg, 3.75 mmol, 1.25 equiv), ethyl 2-
oxocyclopentane-1-carboxylate (450 uL, 468 mg, 3.00 mmol, 1.00 equiv) and 2,4-dinitrofluorobenzene
(456 uL, 670 mg, 3.60 mmol, 1.20 equiv) were reacted at rt for 16 h. Following the work-up as described
in the General Procedure, the crude product was purified by flash column chromatography (SiOz, Celite
dry loading, 20-30% EtOAc in hexane) to afford 24b as an orange oil (136 mg, 14%) and 24a which
was purified further by recrystallisation from hexane/EtOAc to afford a pale yellow crystalline solid (190
mg, 20%). Spectroscopic data for both compounds matched that reported in the literature®.
24a:
1H NMR (500 MHz, CDCls)
0 8.86 (d, J = 2.5 Hz, 1H), 8.41 (dd, J = 8.7, 2.5 Hz, 1H), 7.48 (d, J = 8.7 Hz, 1H),
4.26 — 4.13 (m, 2H), 3.26 — 3.17 (m, 1H), 2.79 — 2.68 (m, 1H), 2.57 — 2.46 (m, 1H),
2.45—2.35 (m, 1H), 2.37 — 2.24 (m, 1H), 2.08 — 1.96 (m, 1H), 1.21 (t, J = 7.1 Hz, 3H)

13C{tH} NMR (126 MHz, CDCls)
0 211.15, 168.0, 149.4, 147.1, 140.5, 131.4, 127.2, 121.4, 65.4, 62.9, 38.9, 36.9, 19.6,
14.0

24b:

1H NMR (500 MHz, CDCls)
0 8.84 (d, J = 2.8 Hz, 1H), 8.39 (dd, J = 9.2, 2.7 Hz, 1H), 7.21 (d, J = 9.2 Hz, 1H),
4.08 — 4.01 (m, 2H), 2.80 — 2.72 (m, 2H), 2.72 — 2.65 (m, 2H), 2.11 — 2.01 (m, 2H),
1.08 (t, J = 7.1 Hz, 3H)

BC{IH} NMR (126 MHz, CDCls)
5163.0, 160.3, 154.5, 141.9, 139.1, 128.9, 122.25, 119.0, 118.3, 60.6, 33.0, 29.9, 19.0,
14.1
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Synthesis of 1-(tert-butyl) 3-ethyl 3-(2,4-dinitrophenyl)-2-oxopyrrolidine-1,3-dicarboxylate (25)

Boc
O]

CO,Et
NO,

NO,

Following General Procedure 3, 1-(fert-butyl) 3-ethyl 2-oxopyrrolidine-1,3-dicarboxylate (565 mg, 2.20
mmol, 2.20 equiv), NaH (60% in mineral oil, 88 mg, 2.20 mmol, 2.20 equiv) and 1-fluoro-2,4-
dinitrobenzene (126 uL, 186 mg, 1.00 mmol, 1.00 equiv) were reacted in THF (5 mL) and stirred at rt
for 15 h. Following the work-up as described in the General Procedure, the crude product was purified
by column chromatography (SiO2, Celite dry-loading, 10-25% EtOAc in hexane) to afford the title
compound as a pale yellow solid (134 mg, 32%). Spectroscopic data matched that previously reported

in the literature?.

H NMR (500 MHz, CDCla)
5 8.89 (d, J = 2.5 Hz, 1H), 8.46 (dd, J = 8.7, 2.4 Hz, 1H), 7.71 (d, J = 8.7 Hz, 1H),
4.24 — 415 (m, 2H), 4.06 (ddd, J = 10.7, 8.4, 6.6 Hz, 1H), 3.73 (ddd, J = 10.6, 8.7, 4.9
Hz, 1H), 3.42 (ddd, J = 13.6, 8.3, 4.9 Hz, 1H), 2.26 (ddd, J = 13.9, 8.7, 6.5 Hz, 1H),
1.58 (s, 9H), 1.54 (s, OH), 1.20 (t, J = 7.2 Hz, 3H)

13C{'H} NMR (126 MHz, CDCls)
5 168.8, 167.05, 149.4, 148.95, 147.2, 140.1, 131.8, 127.7, 121.2, 84.6, 63.5, 63.4,
44.0,31.3,28.0, 13.7
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Synthesis of 2,4-dinitro-1-phenoxybenzene (26)

<N

NO,

NO,

Following General Procedure 2, 2,4-dinitrochlorobenzene (202 mg, 1.00 mmol, 1.00 equiv), Na2CO3
(265 mg, 2.50 mmol, 2.50 equiv) and phenol (92 pL, 99 mg, 1.05 mmol, 1.05 equiv) were combined in
DMF (5 mL) and stirred at 60 °C for 16 h. The work-up as described in the General Procedure, afforded
the title compound as an orange solid (173 mg, 66%). Spectroscopic data matched that previously

reported in the literature'©.

H NMR (400 MHz, CDCla)
5 8.85 (d, J = 2.7 Hz, 1H), 8.31 (dd, J = 9.3, 2.8 Hz, 1H), 7.56 — 7.43 (m, 2H),
7.40 — 7.30 (m, 1H), 7.20 — 7.10 (m, 2H), 7.02 (d, J = 9.2 Hz, 1H).

BC{'H} NMR (101 MHz, CDCls)
5 156.3, 153.6, 141.4, 139.5, 130.8, 128.9, 126.7, 122.2, 120.7, 118.5
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Synthesis of 1-((1,1,1,3,3,3-hexafluoropropan-2-yl)oxy)-2,4-dinitrobenzene (27)

CF;

N

F,.c” S0
NO,

NO,

Following General Procedure 2, 2,4-dinitrochlorobenzene (202 mg, 1.00 mmol, 1.00 equiv), Na2CO3
(265 mg, 2.50 mmol, 2.50 equiv) and 1,1,1,3,3,3-hexafluoropropan-2-ol (111 pL, 176 mg, 1.05 mmol,
1.05 equiv) were combined in DMF (5 mL) and stirred at 60 °C for 15 h. Following the work-up as

described in the General Procedure, the crude product was purified by column chromatography (SiOz,

20% EtOAc in petrol, Celite dry-loading) to afford the title compound as a colourless solid (133 mag,

40%).
Ry

"H NMR

13C{'H} NMR

F NMR

HRMS

0.19 (20% EtOAc in petrol) [UV]

(400 MHz, CDCla)
5 8.83 (d, J = 2.7 Hz, 1H), 8.53 (dd, J = 9.2, 2.8 Hz, 1H), 7.37 (d, J = 9.2 Hz, 1H),
5.19 — 5.07 (m, 1H).

(126 MHz, CDCla)
5 153.4, 143.3, 140.6, 129.3, 122.4, 120.1 (q, J = 284.2 Hz), 116.9, 75.75 (hept, J =
34.9 Hz)

(376 MHz, CDCls)
5-72.7

(ESI¥)
Calcd. for CoHaFeN20s ([M—HJ): 332.9946, found: 332.9942.
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Synthesis of 2,4-dinitro-1-(2,2,2-trifluoroethoxy)benzene (28)

Noglae'

NO,

NO,

Following General Procedure 2, 2,4-dinitrochlorobenzene (202 mg, 1.00 mmol, 1.00 equiv), Na2CO3
(265 mg, 2.50 mmol, 2.50 equiv) and 2,2,2-trifluoroethan-1-ol (80 uL, 110 mg, 1.05 mmol, 1.05 equiv)
were combined in DMF (5 mL) and stirred at 60 °C for 15 h. Following the work-up as described in the
General Procedure, the crude product was purified by column chromatography (SiO2, 10-30% EtOAc

in petrol, Celite dry-loading) to afford the title compound as a colourless solid (71 mg, 27%)
Ry 0.4 (30% EtOAc in petrol) [UV]

H NMR (400 MHz, CDCls)
5 8.77 (d, J = 2.7 Hz, 1H), 8.49 (dd, J = 9.2, 2.8 Hz, 1H), 7.28 (d, J = 9.3 Hz, 1H),
4.64 (g, J = 7.6 Hz, 2H)

BC{'H} NMR (101 MHz, CDCls)
0 154.6, 141.9,139.7, 129.3, 122.3 (d, J = 278.2 Hz), 122.2, 115.4, 67.25 (q, J = 37.3
Hz)

19F NMR (376 MHz, CDCla)
5-73.45 (t, J = 7.6 Hz)

HRMS (ESIY)
Calcd for CoHaFeN20s ([M—HT): 265.1242, found: 265.1240.
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Synthesis of ethyl 2-cyano-2-(2,4-dinitrophenyl)-2-phenylacetate (30)

ph N
CO,Et
NO,

NO,

Following General Procedure 1, NaOEt (75 mg, 1.10 mmol, 1.10 equiv), 2,4-dinitrochlorobenzene (203

mg, 1.00 mmol, 1.00 equiv) and ethyl 2-cyano-2-phenylacetate (191 mg, 1.5 mmol, 1.5 equiv) were

reacted in EtOH (10 mL). Following the work-up as described in the General Procedure, the crude

product was purified by flash column chromatography (SiO2, Celite dry loading, 15-20% EtOAc in petrol)

to afford the title compound as an off-white solid (249 mg, 70%).

R

Melting point

1H NMR

13C{tH} NMR

HRMS

0.34 (20% EtOAc in petrol) [UV]

126 °C (petrol)

(500 MHz, CDCls)

$9.02 (d, J = 2.4 Hz, 1 H), 8.32 (dd, J = 8.8, 2.5 Hz, 1 H), 7.64 — 7.58 (m, 2 H), 7.58 —
7.52 (m, 3 H), 7.07 (d, J = 8.7 Hz, 1 H), 4.31 (m, 2 H), 1.42 (s, 1 H), 1.30 (t, J = 7.1 Hz,
3 H)

(126 MHz, CDCls)
0 165.4, 148. 9, 148.25, 138.3, 133.9, 132.3, 130.6, 130.2, 128.2, 127.6, 121.4, 115.75,
64.6, 56.8, 13.9

(ESI")
Calcd. for C17H1406N3 ([M+H]*): 356.0877, found: 356.0878.
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Synthesis of ethyl 2-cyano-2-(4-cyano-2-nitrophenyl)-2-phenylacetate (31)

CN
Ph

CO,Et

NO,

CN

Following General Procedure 2, 4-fluoro-3-nitrobenzonitrile (80 mg, 0.63 mmol, 1.00 equiv), Na2CO3

(167 mg, 1.58 mmol, 2.50 equiv) and ethyl 2-cyano-2-phenylacetate (114 uL, 125 mg, 0.66 mmol, 1.05

equiv) were reacted in DMF (2.5 mL) for 2 h. Following the work-up as described in the General

Procedure, the crude product was purified by flash column chromatography (SiOz, loaded in CH2Clz,

20% EtOAc in petrol) to afford the title compound as a pale yellow solid (172 mg, 82%).

Ry
Melting point

'H NMR

13C{'H} NMR

HRMS

0.21 [UV] (20% EtOAc in petrol)
132-133 °C (petrol)

(500 MHz, DMSO-ds)

58.82 (d, J = 1.8 Hz, 1H), 8.20 (dd, J = 8.3, 1.8 Hz, 1H), 7.68 — 7.57 (m, 3H), 7.54 —
7.48 (m, 2H), 6.97 (d, J = 8.3 Hz, 1H), 4.35 — 4.27 (m, 1H), 4.27 — 4.18 (m, 1H), 1.16
(t, J = 7.1 Hz, 3H)

(126 MHz, DMSO-d)
165.3, 148.4, 138.6, 135.15, 133.2, 132.5, 130.9, 130.7, 128.2, 116.7, 116.5, 114.6,
64.7, 56.85, 14.0.

N.b. a '3C environment is missing, attributed to overlapping peaks.

(APCI¥)
Calcd for C1sH1404N3 ([M+H]*): 336.0979, found: 336.0976.
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Synthesis of ethyl 2-cyano-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)-2-phenylacetate (32).

ph
CO,Et
N CF

l

NO,

Following General Procedure 2, 2-bromo-5-nitro-3-(trifluoromethyl)pyridine (271 mg, 1.00 mmol, 1.00

equiv), Na2COs (265 mg, 2.50 mmol, 2.50 equiv) and ethyl 2-cyano-2-phenylacetate (165 pL, 180 mg,

1.05 mmol, 1.05 equiv) were reacted in DMF (5 mL) for 24 h. Following the work-up as described in the

General Procedure, the crude product was purified by flash column chromatography (SiO2, 10% EtOAc

in hexane, loaded in CH2Clz) to afford the title product as a pale yellow solid (250 mg, 66%).

Ry
Melting point

"H NMR

13C{'H} NMR

F NMR

HRMS

0.44 (15% EtOAc in hexane) [UV]
89-90 °C (EtOAc).

(500 MHz, CDCla)
59.48 (d, J = 2.4 Hz, 1H), 8.88 (d, J = 2.5 Hz, 1H), 7.48 — 7.39 (m, 3H), 7.42 — 7.36
(m, 2H), 4.46 — 4.29 (m, 2H), 1.33 (t, J = 7.1 Hz, 3H)

(126 MHz, CDCls)
5 165.2, 157.2, 145.9, 143.5, 133.2 (q, J = 5.0 Hz), 132.5, 129.6, 129.0, 128.15, 127.6
(9, J=35.7 Hz), 121. 9 (q, J = 275.4 Hz), 115.7, 64.5, 61.2, 13.85

(471 MHz, CDCls)
5 -56.3

(APCI*)
Calcd for C17H1304NsF3 ([M+H]*): 380.0853, found: 380.0845
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Protein and DNA sequences for SyAr1.3 and SnArpn1.0
SNAr1.3

MIRAVFFDSLGTLISVEGAYKVRLKIMEEVLGDYPLNPKTLLDEYEKLAREAFSNYAGKPYRPMRDILE
EVMRKLAEKYGFKYPENLREISLRMACRYGELYPEVVEVLKSLKGKYHVGDILQRDTEPATAFLDALGI
KDLFDSITTSEEAGFFKPHPRIFELALKKAGVKGEKAVYVGDNPVKDAGGSKNLGMTSILLDRKGEKR
EFWDKADFIVSDLREVIKIVDELNGQGSLEHHHHHH

ATGATTCGTGCGGTATTCTTTGATAGCCTGGGTACTCTGATTAGCGTTGAAGGCGCTTATAAAGTG
AGGCTGAAAATTATGGAGGAAGTGCTGGGTGACTATCCGCTGAACCCGAAAACCCTGCTGGACG
AATACGAGAAACTGGCTCGCGAAGCGTTCTCTAACTATGCGGGCAAACCGTATCGTCCGATGCGT
GATATCCTGGAAGAAGTAATGCGTAAACTGGCGGAAAAGTACGGTTTCAAATACCCTGAAAACTTG
CGGGAAATCTCCCTGCGTATGGCGTGTCGCTACGGCGAGCTGTACCCGGAAGTGGTGGAAGTAC
TGAAATCTCTGAAAGGTAAATATCACGTTGGCGATATCCTGCAGAGGGATACCGAGCCGGCCACG
GCATTCCTGGACGCACTGGGCATCAAAGACCTGTTCGATTCCATCACCACGTCTGAAGAAGCTGG
TTTCTTTAAACCGCACCCACGCATCTTCGAACTGGCTCTGAAGAAAGCCGGCGTTAAAGGCGAGA
AAGCAGTGTACGTTGGTGACAACCCGGTCAAAGACGCGGGTGGTTCTAAGAACCTGGGTATGAC
TAGCATCCTGCTGGATCGTAAAGGTGAGAAACGTGAATTCTGGGATAAGGCGGACTTTATCGTCTC
CGACCTGCGCGAAGTTATTAAGATTGTTGACGAACTGAACGGTCAGGGCTCTCTCGAGCACCAC
CACCACCACCAC

SNAI’ph1 .0

MIRAVFFDSLGTLLSVEGAYKVRLKIMEEVLGDYPLNPKTLLDEYEKLAREAFSNYAGKPYRPLRDILE
EVGRKLAEKYGFKYPENLREISLRMAQRYGELYPEVVEVLKSLKGKYHVGDILQRDTEPATAFLDALGI
KDLFDSITTSEEAGFFKPHPRIFELALKKAGVKGEKAVYVGDNPVKDAGGSKNLGMTSILLDRKGEKR
EFWDKADFIVSDLREVIKIVDELNGQGSLEHHHHHH

ATGATTCGTGCGGTATTCTTTGATAGCCTGGGTACTCTGTTGAGCGTTGAAGGCGCTTATAAAGTG
AGGCTGAAAATTATGGAGGAAGTGCTGGGTGACTATCCGCTGAACCCGAAAACCCTGCTGGACG
AATACGAGAAACTGGCTCGCGAAGCGTTCTCTAACTATGCGGGCAAACCGTATCGTCCGCTGCGT
GATATCCTGGAAGAAGTAGGTCGTAAACTGGCGGAAAAGTACGGTTTCAAATACCCTGAAAACTTG
CGGGAAATCTCCCTGCGTATGGCGCAACGCTACGGCGAGCTGTACCCGGAAGTGGTGGAAGTAC
TGAAATCTCTGAAAGGTAAATATCACGTTGGCGATATCCTGCAGAGGGATACCGAGCCGGCCACG
GCATTCCTGGACGCACTGGGCATCAAAGACCTGTTCGATTCCATCACCACGTCTGAAGAAGCTGG
TTTCTTTAAACCGCACCCACGCATCTTCGAACTGGCTCTGAAGAAAGCCGGCGTTAAAGGCGAGA
AAGCAGTGTACGTTGGTGACAACCCGGTCAAAGACGCGGGTGGTTCTAAGAACCTGGGTATGAC
TAGCATCCTGCTGGATCGTAAAGGTGAGAAACGTGAATTCTGGGATAAGGCGGACTTTATCGTCTC
CGACCTGCGCGAAGTTATTAAGATTGTTGACGAACTGAACGGTCAGGGCTCTCTCGAGCACCAC
CACCACCACCAC
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NMR spectra of chemically synthesised substrates and product standards
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Chiral HPLC chromatograms

DAD1 E, Sig=254.16 Ref=off (TOM L\2024 ... DNXB ELEGTROPHILES 2024.03-18 1454 52\ME NU PRODUCT STANDARD.0)

Al |
o 3 i
g
o] z
o]
]
2
o}
14 15 1 17 18 19 20 mn
E1) ¥
#  Time Area Height Width __ Aea% Symmetry
[ a7 [ 45 [ 107 | n5
2 18285 [ 4143 | 8 | oes 48980 | 0759
Chiral HPLC chromatogram of (rac)-3
DAD E. Sig=254.18 Ref=off (TOM L\Z0240318 1_3 KOS D(B ELECTROPHILES 20240518 14-545211_3 1.0)
E
»:
EE
-]
15-
e b3 Qx{‘f’h
o £
2
[T
. Time Area Height Width __AreaX _Symmetiy
[T dasse | 84 [ 251 | 0ood5 | 0348 | 06w
[Zdaars | w15 | 426 | 09423 | saeoe | 0763
Chiral HPLC chromatogram of (R)-3 from an analytical scale biotransformation
DADI E, Sig=254, 16 Ra=off (TOW L12023, . ESNAR PURIFIED HITS 250 UL RXNS 20230819 09.43-13:091-1501.0]
[ g
i =
5007_ .
<00
200-|
200-]
100-|
: §
] =
Uf_ -
20 2
[T
4 Time Area Height Width __ Area% Symmetry
[ ] 1a44s [ 2505 | 61 [ o478 0742 | 0.825
2 1771 | 3213 | 508 | 083

Chiral HPLC chromatogram of (R)-3 from a preparative scale biotransformation

(following recrystallization) with SnAr1.3 using electrophile 2
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DAD1 E. Sig=254.16 Ref=off (TOM L\2024...IB PREP SCALE PRODUCT 2024-04-07 18-02.04\1_3 SCALE D)
|
200-|
150-
100
=
] g
J 2
o
T T T T T
12 1s 16 18 2 24 win

Time Area Height Width _ Area% Symmety

[
[ ] 16003 B51 | 2 [ 0843 0412 0638
| ET 5094 | o | Toges | wates | 0617

Chiral HPLC chromatogram of (R)-3 from a preparative scale biotransformation with

SNAr1.3 using electrophile 5
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DADT E. Sig=254.16 Refeoff (TOM L\20241014 26-DNGB 2024-10-14 12-22-40126-DNCB PRODUCT STANDARD.D)

Al | o
] & &
ZH
10|
o]
0]
20-
2 2 2 = 2 win
] o]
2 Time Area Height Width __ Area% Symmetry
[T 21615 [ 23453 | 471 [ o743 | 43562
2| 25572 | 29374 | 402 | osr2 | 50438 085
DADT E, Sig=254,18 Ref=aff (TOM 120241014 26-DNGE 2024-10-14 1222401 _3 RXN.0)
Al | 2 >
120 &
o
100
w0
o]
0|
20-]
L=
2 2 E 28 win
[T 7]
4 Time Area Height Width __ Area% Symmetry
[T 2503 103233 | 1338 | 1288 100000 [ 0617 ]

Chiral HPLC chromatogram of 7 from a biotransformation

113



DAD1 E, Sig=25%,10 Ref=off (TOM Liz024 TRILE RXS AS 2024-02:07 03-10- STANDARD D)

28 E E B 2 34 E 38 min
[T ]
% Time Area Height Width __AreaX Symmetry
[T 2813 [ es8 [ &3 [ oawz [ 601% | 074 |
2 o2 | ®s42 | &5 | 174 | 48864 | 7as |
DADT E. Sig=254.16 Ref=off (TOM L TRILE FOGS AS 20240207 05-10-30F 0}
Al | ERE
15| 3 &
125
75-]
=
25|
| &
E S
o] g &
E e
257 i
EE
22 E 22 B 2 A s 3 min
] D]
8 Time Area Height Width___AveaX  Symmetry
[ 27.881 821 | 1 [ 1345 | 4m6 | 0743 |
2 3451 1917 | 177 | 1847 | 95984 | o084 |

Chiral HPLC chromatogram of 8 from a biotransformation
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DAD1 E, Sig=254,1% Ref=off (TOM 120240501 4-R-2NOZFY SNAR VARIANTS 2024-05-01 11-32 151STANDARD. D)

15374

16,780

Time Area Height Width Area% Symmetiy

#
1] 15374 | 21548 | E8.4 [ 04874 48951 0.652
2 | 1878 | ze4r2 | 625 | 05273 | 51043 | 0837

Chiral HPLC chromatogram of (rac)-9

DAD1 E. Sig=254.16 Refoff (TOM L\20240501 4R-3NOZPY SNAR VARIANTS 20240501 11-32-15\1_3.0)

Time Area Height Width _ Area% Symmetry

T 15217 | 242 | 8E-1 [ o507 313 | 0372
| vese6 | 485 | 2 | nssr2 9

Chiral HPLC chromatogram of 9 from a biotransformation
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DAD1 E, Sig=254,18 Ref=off [TOM L'\2024.. ES 2024-02-04 20-48-22\4-R-3-MO2 ME BENZOATE PRODUCT STANMDARD.D)

ALl —
d w
2 3
200 2
150 -
100~
80~
] ] 1 1
a T T T T T T T T _
14 15 18 17 18 19 20 21 min
[T I ]
# Time Area Height Width AreaZ Symmetiy
[1] 15228 [ 1033 [ 2451 | 06285 [ 50488 [ OE44 |
[ 2] 19m5 [ oteed4 | 1913 | 07875 | 49512 | 0543 |
Chiral HPLC chromatogram of (rac)-10
DAD1 E. Sig=254,16 Ref=off (TOM L'2024...N ELECTROPHILES 2024-02-04 20-48-23'4-F-3-NO2 ME BENZOATE RXN.O)
mN.l_
2
-
-
b a
2 s &
] 2.
0—_ L
T T T T T T U T T )
15 16 17 18 19 20 21 22 23 min
]| [ ]
# Time Area Height ‘Width AreaX Spmmetiy
[1 15448 [ 4411 [ 106 [ 06314 [ 8A7e7 [ 071 |
B 19523 | 55,8 | 43E1 | z14;2 [ Mz | o033 |

Chiral HPLC chromatogram of 10 from a biotransformation

116




DAD E. Sig=254,16 Raf=off (TOW LiZ0240122 TL:2-52 54 56 METHOD DEV 2024-01-22 17-41-45/0050301.0]
WAl 2
& & é}’$
8] 2
e ]
+]
2]
o] “——\fﬁm
2 2 = 2 B a2 in
[ET] |
4  Time Area Height Width __ Aea% Symmetry
[T 25118 | 663 95 [ osere 50168 | 0774 |
2] 3t | es6 | 72 | 15182 49832 | 0758 |
DADT E, Sig=25%.16 Refoff (TOM Li20240127 AS COLUMN SUBSTRATE SCOPE 20240127 1440430120301 .0}
] 7
2] °
15—
10|
52 § ef
3
o
2 2 = 28 a0 2 in
(] ]
#_ Time Area Height Width __Aea% Symmetiy
[ 2448 2645 | 37 [ 11sa1 [ 11517 [ o9
2 [ 303 203125 | 223 |

10541 | 88483 | 0716 |

Chiral HPLC chromatogram of 11 from a biotransformation
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DADT E, Sig=254,16 Ref=cff (TOM L2024 -NOZPY PRODUCT 2024-12-13 09-28-5212-R-5-NOZPY RIDINE STANDARD.D)

H] =
175 o s
150
125°
100
75|
0=
25
o-
T T ; [ T y
24 28 28 20 32 34 min
[« J I
# Time Area Height Width __ AreaX Symmetry
[1 ] 28027 [ 127237 | 186 [ 09883 | 50007 | D601 |
| 2] =138 | 12798 | 1916 | 09404 | 49993 | 066 |
DAD1 E, Sig=254,18 Ref=cff (TOM L\20240127 AS COLUMN SUBSTRATE SCOPE 2024-01-27 14-40-431015-0701.D)
mal |
0|
‘gn
40| ,g}““
] 8
] g
20|
20—
10| é?‘*
B &
0| ol
T T T T T T —
24 26 28 0 32 24 min
] T o]
# Time Area Height Width Area% Symmetry
[ ] ez ] 336 | 14 | tooss [ 36s8 | o0& |
[2 ] 308 | 2240 | 3.2 | 10314 | w640 | 0763 |

Chiral HPLC chromatogram of 12 from a biotransformation
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DAD1 E. Sig=254.16 ReFoff (TOM L12024__ LUORIDE

UORIDE PRODUGT )

2
3 a
T ; T T y T T ;
12 13 4 15 18 7 18 19 min
T I o]
# Time Area Height Width __ AreaX Symmetry
[T raa0e | e | E0.260 | 0502
2 16308 25606 | 593 | oE146 43740 | 0.485
DADT E, Sigr-254,10 Refoff (TOM L\20240127 OD-H COLUMN SUBSTRATE SCOPE 2024-01-28 13.03-13022.0801.0)
o
a-| N
3
20-|
10-|
. &
] T &
i £
o
12 13 e 5 e B P 15 in
[T I 5]
2 Time Area Height Width  ArcaX Symmetry
[ ] 1487 | a3 | 238 [ 08584
[ ead [ eos [ 14 | omoel 6451 | 063

Chiral HPLC chromatogram of 13 from a biotransformation
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[>2-R-4-S02Me nitrobenzene standard | DAD1E, S5ig=260.0, 4.0 Ref=3600,1000

s
o
411723

Response|maL)
w
o

416,721

13.0

Injection Results

Peaks | Summary

135 140 1
Retention time [mir]

45

I # Name Signal description RT [min) A Area(mAU-s) Area%

1 DADIE Sig=260.0,40 Ref=360.0,100.0 11723 3712.221 49585

2 DADIE,Sig=260.0,4.0 Ref=360.0,100.0 16.721 3780.353 50.455

Height (mAU)
34780

25983

Height%
57.24

4276

Amount

Concentration

Chiral HPLC chromatogram of (rac)-14

Start ime (min) End time (min)

8.861 13.654

13.634 19.994

[>2-R-4-502Me nitrobenzene 1.3 rxn | DAD1E Sig=260.0,4.0 Ref=360.01000

Response|mAL)
s
n
111,287 *

<1737 *

95 13.0 135

140 145

Retention time [mir]

Injection Results

Peaks | summary

G * Name Signal description RT(min) A Area (mAUs) | Area%

1 DAD1E,Sig=260.0,4.0 Ref=360.0,100.0 11.287 6.037 15.660

2 DADIE,5ig=260.0,4.0 Ref=360.0,100.0 17.379 32515 84340

Height (mAU)
0.048

0.222

Height%
1768

8232

Amount

Concentration

Starttime (min)  End time (min]

9.705 13333

14372 19.822

Chiral HPLC chromatogram of 14 from a biotransformation
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DADT E, Sig=284,18 Ref=off (TOM L\2023...1 27-P2 OD-H 101PA TMLMIN 30 MIN 20221211 21-03-221081-0101.0)

15.128

R
s
o}
10 B 2 3 1 15 5 min
[T |
4 Time Area Height Width __AreaX _Symmetry
[T o754 [ 2e574 | 125 [ 03488 43838 | 0728
2 15128 | 28789 | 87.3 | 50162 | 0756 |
DADT E. Sig=264 18 Ref=off (TOM Li2023._1 37-PZ OD-H 10/PA TMLMIN 30 MIN 20231211 21-03-321082.0801.0)
,"é’@
e
T T y y T y y 1
il B 12 13 14 15 18 min
[T o)
8 Time Area Height Width __AreaX _Symmetry
[ EEE:]] 20853 | 775 | o4e21 [ w6283 [ 0mg |
21 7as3 794 | 23 | _ogsiz_ | =717 | ogrs |

Chiral HPLC chromatogram of 15 from a biotransformation
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DAD1 E, Sig=254,18 Ref=off (TOM L2024

COLUMN ELECTROPHILES 2024-02-04 20-45-23\TBU PRODUCT STANDARD.D}

]
™~ - g
& 3
b i
200~
300-]
200-|
100
2 2 21 min
K1) |
% Time Area Height Width __AreaX Symmety
[T 2em3 [ 2s4603 | 4791 | ]
2| 2274 | 300881 | 404 | 1.0881 0543
DADT E. Sig=254,16 Ref=off (TOM L2024, .OD-H COLUMN ELECTROPHILES 2024-02-04 20-48-23T8U NU 2.4-DNIB.D]
| =
12-| B
10-|
P
o]
o]
2]
o]
T T T T
2 22 20 0 win
G 5]
# Time Area Height Width Area% Symmetry
[ 22241 | =me | 128 |

0788 100000 [ 0Ed |

Chiral HPLC chromatogram of 17 from a biotransformation
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DAD1 E. Sig=254,18 Ref=off (TOM L\2024_TER & NU METHGD DEV AS 2024-02-07 16-30-281IFPR ESTER STANDARD D)

20.102

2

22 mn
] 13
# Time Area Height Width __ ArcaX Symmetry
[T 17ar3 [ 29458 | 56.1 [ o7a08 1 0634
2 20102 | 233 | 485 | o883
DAD! E, Sig=264,16 Ref=off (TOM L'20240213 ALLVL IPR AS 20240213 1654 29PR ESTER .0}
i =
9 )
0]
&0
40|
| . &
] g
1 £
o
T T r T ; v T
15 1 7 18 18 2 min
[T 7]
£ Time Area Height Width __ Areax _Symmetry
[T 16408 345 [ 7eE1 | o7sse
2 18678 58577 | 1014 | 08% 93414 | 0623

Chiral HPLC chromatogram
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DAD1 E, Sig=252,16 Ref=off (TOM L120240202 BN ESTER 2024-02-02 18-25-10:8N ESTER STANDARD D)

a0
8y ®
b

AN

£ 375 a0 425 25 475

20 325 min
(e T 7]
# Time Area Height Width a% _Symmeliy
[ a5 [ 7z | 69 18492 50843 | 0747
[Z 1 ®@sr | 728 | 56 22083 | 49057 | 0630
DADH E. Sig=25+,16 Ref=off (TOM Li20240202 BN ESTER 20240202 18-25-102,4-DNIB.5)
Ll 2 °
] anE
¢
10 W
o
o]
4
2
o] .
L T T T T T T T T
0 25 a5 ars 40 25 s 478 min
K] I I

# Time. Area Height Width Area% Symmetry
[1 ] 338 237 R 20847 | 158 | o744 |
2| 4% 15196 | 1.2 22548 | 99464 | o752 |

Chiral HPLC chromatogram of 19 from a biotransformation
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DAD1 E. Sig=254.16 Refoff (TOM L\2024...5 93 METHOD DEV 181PA 20240925 12-48-05\TL. 283 P1 181PA AS.D)

| g
] B
20| ) z
=
200
150-|
100-|
s0-|
2 14 e 18 20 in
] T
#  Time Area Height Width __ Area% Symmelry
[ ] 14272 [ 1amaes |  2re4 | omss 50097 | 0513 |
2| 17284 | 1arear | 20z | 1mos | 43903 | 0531 |
DAD E, Sig=264,16 Ref=aff (TOM L\20240927 26_DNCB AMIDE NU 20240827 1045 SOAMIDE NU BNIED)
ELF ]
2507 =
300
250
200
1207
100
o g
1 8
i
o]
10 1z e 0 P 2 min
[T I8

Time Area Height Width __Area% Symmetiy

#
[T 1aess 136 | 34 [ oa7sa 0485 | 1169
2 17038 27834 | 3811 | 10801 93515 | 0485

Chiral HPLC chromatogram of 20 from a biotransformation
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DADI E, Sig=252, 18 Ref=off (TOM L\20240202 ALLYL 2024-02-02 13-47-58\ALLYL STANDARD.D)

2
@ 2
2
100
& T T T U T T T T T
s a5 s a5 10 105 " 18 12 min
LT 0
# i Area Height Width __Area% Symmetry
[ g 227165 | 8592 | (04045 | 49815 | 0685
2] 228852 | 7es2 | 04842 | 50185 | 067
DAD E, Sig=254,16 Ref-off (TOM Li202+..9 ALLYL IPR NU SNAR VARIANTS 20240205 18-500\ALLYL BR 1_3.0)
T
sz ) B 10 0.5 " e win
] 03|

Time Area Height Width __ Area% Symmetiy

9241 48673 | 195
10.387 32488 | 11t

0.3805 53974 | 071
0443 002 | 073

Chiral HPLC chromatogram of 21 from a biotransformation
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DAD1 E, Sig=254,18 Ref=off (TOM L'2024._.IFR NU SNAR VARIANTS 2024-02-05 18-50-011IFR PRODUCT STANDARD.D)

mALl| &
i @ E:
] b
e
a0
75
10:
a-
L T T T T T T T T
17 128 19 20 21 22 23 24 mn
[T |
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