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1. General Considerations

Solvents and reagents were purchased from Sigma-Aldrich and used as
supplied. Water refers to deionised water. Infrared spectra were recorded as
thin films using attenuated total reflectance with a Nicolet iS5 FTIR
spectrometer. Mass spectra were recorded on a QToF 6520 mass
spectrometer (Agilent Technologies, Palo Alto, USA). 'H NMR and *3C NMR
spectra were recorded at 400 MHz and 100 MHz respectively, using a Bruker
Avance 11l HD400 spectrometer. Chemical shifts are quoted in ppm relative to
tetramethylsilane, the residual solvent peak being used for referencing
purposes. Coupling constants are quoted to the nearest 0.1 Hz with peak
multiplicities for single resonances being labelled as: s, singlet; d, doublet; t,
triplet; g, quartet; m, unresolved multiplet. UV-visible absorbance spectra were
recorded using a Jenway 7315 spectrophotometer, scanning from 200-700
nm. Spectra were recorded in 3 mL quartz cuvettes of 1 cm path length.
Fluorescence spectra were recorded using a BMG CLARIOstar plate reader in
fluorescence intensity mode, using Greiner 96 well UV-transparent plates.
Spectroscopic data for novel compounds are provided here; all other data are
available in the supplementary information.

2. Synthesis of styrylindolium iodides 7a-g

Styrylindolium iodides 7a-g were prepared according to the methods of
Metsov, Dudev and Koleva.! lodides 7a, b and f have previously been reported
[34], whilst iodide 7e has been reported? but lacks modern characterisation
data hence such data are provided here.

General procedure:

A stirred solution of 1,2,3,3-tetramethylindolium iodide (6) (100 mg, 0.332
mmol) and the appropriate benzaldehyde derivative (0.398 mmol) in acetic acid
(2 mL) was heated to reflux for 18 h. Upon cooling, the reaction mixture was
poured into diethyl ether (10 mL) and the resulting precipitate was collected by
vacuum filtration, washing with diethyl ether, to give the respective
styrylindolium iodide.

Yields: 7a, 37%; 7b, 80%; 7c, 55%; 7d, 30%; 7e, 51%; 7f, 83%; 79, 43%.

Data for novel styrylindolium iodides 7c-e and g

(E)-1,3,3-trimethyl-2-(4-bromostyryl)-3  H-indol-1-ium iodide 7c

vmax = 2998, 1600, 1528, 1469, 1401, 1319, 1068, 1005, 956, 803, 757 and
463 cm™1; 6H (400 MHz; DMSO-ds) 8.40 (1 H, d, J 16.5, B-H), 8.19 (2 H, d, J
8.4, 2'- and 6’-H), 7.96-7.88 (2 H, m, 5- and 6-H), 7.83 (2 H, d, J 8.4, 3'- and 5-
H), 7.75 (1 H, d, J 16.5, a-H), 7.68-7.63 (2 H, m, 4- and 7-H), 4.10 (3 H, s,
NMe) and 1.76 (6 H, s, CMez2); 6C (100 MHz; DMSO-ds) 182.3 (C=N), 151.8,
144.2,142.3, 134.2, 132.8, 132.5, 130.1, 129.5, 127.5, 123.4, 115.9, 114 .4,
52.8 (CMez2), 35.2 (NMe) and 25.6 (CMe2); HRMS-ES (m/z): Found: 340.0491
(M*, C19H19BrN requires: 340.0695).



(E)-1,3,3-trimethyl-2-(2-methoxy-5-nitrostyryl)-3  H-indol-1-ium iodide 7d

vmax = 3010, 1739, 1602, 1510, 1455, 1367, 1337, 1256, 1216, 1065, 1009,
853, 746 and 540 cm™; 8H (400 MHz; DMSO-ds) 9.11 (1 H, s, 6’-H), 8.48 (1 H,
d, J9.0,4-H), 8.42 (1 H, d, J 16.9, B-H), 8.05-7.87 (3 H, m, a-, 5- and 6-H),
7.74-7.63 (2 H, m, 4- and 7-H), 7.48 (1 H, d, J 9.0, 3'-H), 4.20 (3 H, s, OMe),
4.12 (3 H, s, NMe) and 1.76 (6 H, s, CMez); 5C (100 MHz; DMSO-ds) 182.5
(C=N), 164.1, 145.7, 144.1, 142.3, 141.7, 130.3, 129.9, 129.6, 126.8, 123.5,
123.4,116.6, 116.1, 113.6, 58.1 (OMe), 52.8 (CMez2), 35.4 (NMe) and 25.8
(CMe2); HRMS-ES (m/z): Found: 337.1479 (M*, C20H21N203 requires:
337.1547).

Crs/
7
(E)-1,3,3-trimethyl-2-(3-nitrostyryl)-3  H-indol-1-ium iodide 7e
vmax = 3015, 1739, 1606, 1524, 1458, 1350, 1215, 1097, 972, 755 and 507 cm~
1. 3H (400 MHz; DMSO-ds) 9.12 (1 H, s, 2'-H), 8.75 (1 H, d, J 7.7, 4’-H), 8.55 (1
H, d, J16.5, 3-H),8.39 (1 H,d, J 7.7, 6’-H), 8.05-7.80 (4 H, m, a-, 5’-, 5- and 6-
H), 7.74-7.63 (2 H, m, 4- and 7-H), 4.23 (3 H, s, NMe) and 1.81 (6 H, s, CMe2);
oC (100 MHz; DMSO-ds) 182.4 (C=N), 150.2, 149.0, 144.4, 142.2, 136.5,
135.7,131.1, 130.4, 129.6, 127.2, 125.7, 123.4, 116.3, 116.1, 53.0 (CMe2),
35.5 (NMe) and 25.4 (CMe3); Found: 307.1414 (M*, C19H19N202 requires:
307.1441).

(E)-1,3,3-trimethyl-2-(2-methoxy-4-nitrostyryl)-3  H-indol-1-ium iodide 7g
vmax = 3001, 1739, 1600, 1519, 1457, 1344, 1250, 1089, 1022, 862, 750 and
525 cm™; 6H (400 MHz; DMSO-ds) 8.46 (1 H, d, J 8.5, 5'-H), 8.41 (1 H, d, J
16.8, B-H), 8.07-7.95 (3 H, m, 3’-, 5- and 6-H), 7.95-7.85 (2 H, m, a- and 6’-H),
7.74-7.65 (2 H, m, 4- and 7-H), 4.20 (3 H, s, OMe), 4.12 (3 H, s, NMe) and
1.77 (6 H, s, CMe2); 6C (100 MHz; DMSO-ds) 182.2 (C=N), 159.6, 151.1,
1445, 144.1, 142.3, 131.4, 130.5, 130.3, 129.6, 129.0, 123.4, 117.5, 116.2,
107.6, 57.7 (OMe), 52.9 (CMe2), 35.5 (NMe) and 25.8 (CMe32); Found:
337.1600 (M*, C20H21N203 requires: 337.1547).



NMR spectra for novel styrylindolium iodides 7c-e and g:
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13C NMR spectrum for 7¢
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'H NMR spectrum for 7d
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13C NMR spectrum for 7d
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'H NMR spectrum for 7e
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13C NMR spectrum for 7e
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'H NMR spectrum for 7g
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13C NMR spectrum for 7g
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3. NMR analysis of nucleophilic addition to styryli ndolium iodides 7a-g:
protocol, data and spectra

The NMR spectra which form the backbone of this study were collected under
the following conditions:

To solutions of styrylindolium salts (0.03 mmol) in DMSO-ds (500 pL) in NMR
tubes were added solutions of tetrabutylammonium cyanide, sodium
methanethiolate or sodium sulfide nonahydrate (all 0.6 M in DMSO-ds).
Additions were made in 0.5 eq. increments (i.e. 25 pyL of 0.6 M solution, 0.015
mmol) up to 5 eq. total, allowing 2 h between additions. *H NMR spectra were
recorded as soon as possible following each addition, and again preceding the
subsequent addition. *H NMR spectra were also recorded 24 h after the final
addition.

The aim of this research was to investigate the response of styrylindolium dyes
as sensors for nucleophilic analytes; as such, no attempt has been made to
isolate the products of these reactions, and our focus has been on analysing
product mixtures that would be produced in a sensing setting in solution.
Consequently, the data presented herein does not refer to isolated novel
compounds (as it would in a synthesis publication) and full characterisation
data is therefore not relevant. On the other hand, assigned NMR data is
powerful evidence to support this research and we have assigned such NMR
spectra as fully as possible. In certain cases (particularly those involving sulfide
addition), NMR spectra were too complex and/or broadened to assign peaks
with confidence and these have been left unassigned.

For reactions that proceeded through competing pathways and gave multiple
products, sequential spectra that document incremental addition of
nucleophiles offer valuable insight and relevant spectra are included. For
reactions that cleanly progressed from starting material to product, such detalil
Is superfluous and hence, in these cases, we have solely included spectra that
represent their end point.

All NMR spectra are assigned in accordance with the generic skeleton
depicted in figure S1.

Figure S1: atom labelling for NMR assignment
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3.1 Reactions of 7a
Reaction with tetrabutylammonium cyanide

(BusN)CN

DMSO

7a 8a

Data for ( E)-1,3,3-trimethyl-2-styrylindoline-2-carbonitrile 8  a

O6H (400 MHz; DMSO-ds) 7.65 (2 H, d, J 7.3, 2’- and 6’-H), 7.45-7.33 (3 H, m,
3, 4'- and 5'-H), 7.23-7.13 (2 H, m, 4- and 6-H), 7.00 (1 H, d, J 16.3, B-H),
6.86 (LH,t,J7.5,65-H),6.74(1H,d,J7.5,7-H), 6.47 (1 H, d, J 16.2, a-H),
2.73 (3 H, s, NMe), 1.48 (3 H, s, CMe) and 1.19 (3 H, s, CMe).

6C (100 MHz; DMSO-ds) 148.8 (7a-C),136.9 (3a-C), 135.8 (B-C), 135.4 (1'-C),
129.3 (3'- and 5’-C), 129.2 (4’-C), 128.7 (6-C), 127.6 (2’- and 6’-C), 123.3 (o-
C), 122.4 (4-C), 120.7 (5-C), 117.9 (CN), 109.4 (7-C), 80.6 (CCN), 49.3
(CMe2), 31.8 (NMe), 24.8 (CMe) and 22.8 (CMe).
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'H NMR spectrum for 7a + (Bu 4N)CN
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13C NMR spectrum for 7a + (Bu aN)CN
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NOESY spectrum for 7a + (Bu 4N)CN
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HSQC spectrum for 7a + (Bu aN)CN
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Reaction with sodium methanethiolate

NaSMe Mes\/@

=

DMSO

N
AN

7a 9a

Data for 1,3,3-trimethyl-2-(2-(methylthio)-2-phenyl  ethylidene)indoline 9a
O6H (400 MHz; DMSO-ds; 29:71 Z:E) 7.57-7.54 (2 H, m, 2'- and 6’-H(Z)), 7.54-
7.43 (2 H, m, 2'- and 6'-H(E)), 7.41-7.21 (4 H, m, 3'- and 5’-H(E and Z)), 7.27-
7.18 (2 H, m, 4-H(E and 2)), 7.16-7.08 (2 H, m, 4-H(E and 2)), 7.05 (2 H, t, J
7.5, 6-H(E and 2)), 6.78-6.54 (4 H, m, 5- and 7-H(E and Z2)), 5.22 (1 H, d, J
10.3, B-H(2)), 5.08 (1 H, d, J 11.1, B-H(E)), 4.59 (1 H, d, J 11.1, a-H(E)), 4.41
(1 H, d, J 10.3, a-H(2)), 3.41 (3 H, s, NMe(2)), 2.98 (3 H, s, NMe(E)), 1.89 (3
H, s, SMe(E)), 1.88 (3 H, s, SMe(2)), 1.57 (3 H, s, CMe(E)), 1.40 (3 H, s,
CMe(E)), 1.26 (3 H, s, CMe(Z)) and 1.20 (3 H, s, CMe(2)).

6C (100 MHz; DMSO-ds); (E)-isomer: 154.4 (2-C), 145.9 (7a-C), 143.7 (1’-C),
138.0 (3a-C), 128.9 (3- and 5'-C), 128.0 (2’- and 6'-C), 127.9 (6-C), 127.1 (4*-
C), 121.8 (4-C), 118.6 (5-C), 105.6 (7-C), 95.1 (a-C), 50.9 (SMe), 47.3 (B-C),
44.5 (CMez), 29.2 (NMe), 28.9 (CMe) and 28.2 (CMe); (2)-isomer: 155.1 (2-C),
147.4 (7a-C), 143.7 (1-C), 137.3 (3a-C), 128.9 (3'- and 5’-C), 128.0 (2'- and 6'-
C), 127.9 (6-C), 127.2 (4’-C), 122.2 (4-C), 119.2 (5-C), 106.3 (7-C), 93.5 (a-C),
50.9 (SMe), 47.0 (B-C), 45.3 (CMe2), 33.5 (NMe), 30.9 (CMe) and 30.5 (CMe).
LRMS-ES+ (m/z): 262 (100%, M*=SCHz3).

19



'H NMR spectrum for 7a + NaSMe
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13C NMR spectrum for 7a + NaSMe
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HSQC spectrum for 7a + NaSMe
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HMBC spectrum for 7a + NaSMe M
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Reaction with sodium sulfide

Nas, HS\/©

DMSO

7a 10a

LRMS-ES+ (m/z): 262 (100%, M*~SH).
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'H NMR spectrum for 7a + Na 2S.9H20
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3.2 Reactions of 7b

Reaction with tetrabutylammonium cyanide
OMe OMe

(BuyN)CN

DMSO

7b 8b
Data for ( E)-2-(4-methoxystyryl)-1,3,3-trimethylindoline-2-car ~ bonitrile 8b
oH (400 MHz; DMSO-ds) 7.60 (2 H, d, J 8.3, 2’- and 6’-H), 7.20-7.10 (2 H, m,
4- and 6-H), 7.00-6.87 (3 H, m, B-, 3'-and 5’-H), 6.85 (1 H, t, J 7.5, 5-H), 6.72
(H,d,37.5,7-H),6.30 (1 H,d,J16.2, a-H), 3.76 (3H, s, OMe), 2.72 (3 H, s,
NMe), 1.42 (3 H, s, CMe) and 1.13 (3 H, s, CMe).
6C (100 MHz; DMSO-ds) 160.2 (4'-C), 148.8 (7a),136.9 (3a-C), 135.3 (B-C),
129.0 (2’- and 6'-C), 128.6 (6-C), 128.1 (1'-C), 122.3 (4-C), 120.6 (5-C), 120.5
(a-C), 118.0 (CN), 114.6 (3'- and 5’-C), 109.4 (7-C), 80.7 (CCN), 55.7 (OMe),
49.1 (CMe2), 31.9 (NMe), 24.8 (CMe) and 22.8 (CMe).
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'H NMR spectrum for 7b + (Bu 4N)CN
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13C NMR spectrum for 7b + (Bu 4N)CN
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HSQC spectrum for 7b + (Bu 4N)CN
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HMBC spectrum for 7b + (Bu 4N)CN
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Reaction with sodium methanethiolate

OMe \/©/0Me
g NaSMe MeS

=

DMSO

N
AN

7b 9b

Data for 2-(2-(4-methoxyphenyl)-2-(methylthio)ethyl  idene)-1,3,3-
trimethylindoline 9b

O6H (400 MHz; DMSO-ds; 24:76 Z:E) 7.39 (2 H, d, J 8.4, 2’- and 6’-H(E)), 7.11
(1H,d,37.5,4-H(E)), 7.04 (1 H,t,J 7.5 6-H(E)), 6.89 (2H,d,J 84, 3-and
5'-H(E)), 6.71 (1 H, t, J 7.4, 5-H(Z)), 6.66 (1 H, t, J 7.5, 5-H(E)), 6.61 (1 H, d, J
7.5, 7-H(E)), 5.17 (1 H, d, J 10.6, B-H(Z)), 5.04 (1 H, d, J 11.4, B-H(E)), 4.56 (1
H, d, J11.4, a-H(E)), 4.39 (1 H, d, J 10.6, a-H(2)), 3.75 (3 H, s, OMe(E)), 3.45
(3 H, s, NMe(2)), 2.97 (3 H, s, NMe(E)), 1.90 (3 H, s, SMe(E)), 1.54 (3 H, s,
CMe(E)), 1.38 (3 H, s, CMe(E)), 1.27 (3H, s, CMe(2)) and 1.20 (3 H, s,
CMe(2)).

6C (100 MHz; DMSO-ds); (E)-isomer: 158.3 (4'-C), 154.1 (2-C), 145.9 (7a-C),
138.0 (3a-C), 135.6 (1-C), 128.9 (2’- and 6’-C), 128.0 (6-C), 121.8 (4-C), 118.5
(5-C), 114.2 (3'- and 5'-C), 105.6 (7-C), 95.6 (a-C), 55.5 (OMe), 50.8 (SMe),
46.7 (B-C), 44.4 (CMe2), 30.1 (NMe), 28.9 (CMe) and 28.2 (CMe); (Z)-isomer:
158.4 (4’-C), 154.7 (2-C), 147.4 (7a-C), 137.3, 129.0 (2’- and 6’-C), 128.0 (6-
C), 122.2 (4-C), 119.2, 118.7 (5-C), 114.2 (3'- and 5’-C), 105.7 (7-C), 94.0 (a-
C), 62.4 (OMe), 46.4 (SMe), 45.2 (B-C), 44.0 (CMe2), 33.5 (NMe), 30.9 (CMe)
and 30.5 (CMe);
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'H NMR spectrum for 7b + NaSMe
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13C NMR spectrum for 7b + NaSMe
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NOESY spectrum for 7b + NaSMe
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HSQC spectrum for 7b + NaSMe

P IO T ¥

ap19618 101 1 "C:\Bruker\TopSpin3.5plé6\data\Wood projects\nmr" ‘
.4 i
} -
¢ * .. L
2 -
Q © (o] -
® @ ° L
& L
= : -
o -
-3
o L —] i
= L
@ S I
= —
e |
& = I
o
T T : _ T T T _ T T T T _ T T T T ~ T T T T “ T T T | T T T L
7 6 5 4 3 2 F2 [ppm]

36



HMBC spectrum for 7b + NaSMe
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Reaction with sodium sulfide

OMe \/©/0Me
NaSZ HS

DMSO

7b 10b

LRMS-ES+ (m/z): 292 (30%, M*~SH).
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'H NMR spectrum for 7b + Na 2S.9H20 (0.5 eq.)
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'H NMR spectrum for 7b + Na 2S.9H20 (1.5 eq.)
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'H NMR spectrum for 7b + Na 2S.9H20 (2.5 eq.)
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'H NMR spectrum for 7b + Na 2S.9H20 (5 eq.)
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3.3 Reactions of 7c
Reaction with tetrabutylammonium cyanide

Br

(BuyN)CN

DMSO

7c 8c
Data for ( E)-2-(4-bromostyryl)-1,3,3-trimethylindoline-2-carbo  nitrile 8c
OH (400 MHz; DMSO-ds) 7.64 (2 H, d, J 8.5, 2’- and 6’-H), 7.59 (2 H, d, J 8.5,
3’- and 5’-H), 7.20-7.15 (2 H, m, 4- and 6-H), 6.99 (1 H, d, J 16.2, B-H), 6.86 (1
H,t,J7.5,5-H),6.74(1H,d,J7.5,7-H),6.53(1H,d J16.2, a-H), 2.74 (3 H,
s, NMe), 1.47 (3H, s, CMe) and 1.10 (3 H, s, CMe).
6C (100 MHz; DMSO-ds) 148.8 (7a-C),136.8 (3a-C), 134.8 (B-C), 134.6, 132.1
(3- and 5’-C), 129.7 (2’- and 6’-C), 128.7 (6-C), 124.4 (a-C), 122.4, 122.3 (4-
C), 120.7 (5-C), 117.8 (CN), 109.4 (7-C), 80.5 (CCN), 49.3 (CMe>), 32.0
(NMe), 24.9 (CMe) and 22.9 (CMe).
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'H NMR spectrum for 7c + (Bu 4N)CN
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13C NMR spectrum for 7c + (Bu aN)CN
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NOESY spectrum for 7c + (Bu 4N)CN
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HMBC spectrum for 7c + (Bu 4N)CN
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Reaction with sodium methanethiolate

7c 9c

Data for 2-(2-(4-bromophenyl)-2-(methylthio)ethylid  ene)-1,3,3-
trimethylindoline 9c

O6H (400 MHz; DMSO-ds; 29:71 Z:E) 7.51 (4 H, d, J 6.4, 2’- and 6’-H (E and 2)),
7.46 (4H,d,J6.4,3-and 5-H (E and 2)), 7.12 (1 H, d, J 7.0, 4-H(E)), 7.05 (1
H,t J7.0,6-H(E)), 6.73 (1 H,t J7.1, 5-H(Z2)), 6.67 (2H,t,J7.0,5-H(E) and 7-
H(Z)), 6.62 (1 H, d, J 7.0, 7-H(E)), 5.22 (1 H, d, J 10.3, B-H(Z)), 5.09 (1 H, d, J
11.2, B-H(E)), 4.54 (1 H, d, J 11.2, a-H(E)), 4.35 (1 H, d, J 10.3, a-H(Z)), 3.42
(3 H, s, NMe(2)), 2.98 (3 H, s, NMe(E)), 1.82 (3 H, s, SMe(2)), 1.81 (3 H, s,
SMe(E)), 1.55 (3 H, s, CMe(E)), 1.38 (3 H, s, CMe(E)), 1.30 (3 H, s, CMe(2))
and 1.21 (3 H, s, CMe(2)).

6C (100 MHz; DMSO-ds); (E)-isomer: 154.8 (2-C), 145.8 (7a-C), 143.3 (1’-C),
138.0 (3a-C), 131.7 (2’- and 6’-C), 130.2 (3’- and 5’-C), 128.1 (6-C), 121.8 (4-
C), 120.0 (4’-C), 118.7 (5-C), 105.6 (7-C), 94.4 (a-C), 50.9 (SMe), 46.6 (B-C),
44.5 (CMez2), 29.3 (NMe), 28.8 (CMe) and 28.1 (CMe);

(2)-isomer: 155.4 (2-C), 147.3 (7a-C), 143.3 (1’-C), 137.3 (3a-C), 131.8 (2'-
and 6’-C), 130.3 (3’- and 5'-C), 128.1 (6-C), 122.2 (4-C), 120.1 (4’-C), 119.3 (5-
C), 106.3 (7-C), 92.7 (a-C), 50.9 (SMe), 46.3 (B-C), 45.3 (CMez), 33.4 (NMe),
30.8 (CMe) and 30.4 (CMe).

LRMS-ES+ (m/z): 389 (5%, M{8'Br}*), 387 (5%, M{"°Br}*), 342 (80%,
M{81Br}*—SCHs), 340 (78%, M{"°Br}*—~SCHy3).

49



'H NMR spectrum for 7c + NaSMe
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13C NMR spectrum for 7c + NaSMe
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NOESY spectrum for 7c + NaSMe
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HSQC spectrum for 7c + NaSMe
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HMBC spectrum for 7c + NaSMe
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Reaction with sodium sulfide

Br \/©/ Br
O NaSZ HS

DMSO

7c 10c

LRMS-ES+ (m/z): 342 (8%, M{'Br}*—SH), 340 (7%, M{7°Br}*~SH), 262 (100%,

M*-SHBr).
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'H NMR spectrum for 7¢ + Na 2S-9H.0
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3.4 Reactions of 7d
Reaction with tetrabutylammonium cyanide

MeO

NO, (BuyN)CN

DMSO

7d 8d

Data for ( E)-1,3,3-trimethyl-2-(2-methoxy-5-nitrostyryl)indoli ne-2-
carbonitrile 8d

6H (400 MHz; DMSO-ds) 8.55 (1 H, s, 6’-H), 8.26 (1 H, d, J 9.0, 4’-H), 7.38 (1
H,d, J9.0,3-H), 7.25 (1 H, d, J 16.4, B-H), 7.23-7.13 (2 H, m, 4- and 6-H),
6.86 (1H,t,J75,5-H),6.75(1H,d,J7.5,7-H),6.71 (1 H, d, J 16.4, a-H),
4.01 (3H,s,OMe), 2.75 (3H, s, NMe), 1.48 (3 H, s, CMe) and 1.16 (3 H, s,
CMe).

6C (100 MHz; DMSO-ds) 161.9 (2'-C), 148.8 (7a-C), 141.4 (5'-C), 136.8 (3a-
C), 128.7 (6-C), 128.4 (-C), 126.9 (a-C), 126.2 (4’-C), 124.6 (1-C), 123.3 (6'-
C), 122.4 (4-C), 120.7 (5-C), 117.8 (CN), 112.7 (3'-C), 109.5 (7-C), 80.8
(CCN), 57.4 (OMe), 49.4 (CMez2), 32.0 (NMe), 24.9 (CMe) and 22.9 (CMe).
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'H NMR spectrum for 7d + (Bu 4N)CN
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13C NMR spectrum for 7d + (Bu 4N)CN
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HMBC spectrum for 7d + (Bu 4N)CN
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Reaction with sodium methanethiolate

MeO MeO
O MeS \;©\ MeS \;©\
NO, NaSWe NO, NH

DMSO

7d 9d 9i

Data for initial product: 2-(2-(2-methoxy-5-nitroph  enyl)-2-
(methylthio)ethylidene)-1,3,3-trimethylindoline 9d

O6H (400 MHz; DMSO-ds; Z:E ratio unclear) 8.40 (1 H, br s, 6’-H), 8.15 (1 H, br
S, 4-H), 7.22 (1 H, br s, 3’-H), 7.10-6.90 (2 H, m, 4- and 6-H), 6.75-6.50 (2 H,
m, 5- and 7-H), 5.50 (1 H, br s, B-H), 5.59 (1 H, d, J 11.6, B-H(E)), 4.57 (1 H, br
s, a-H), 3.98 (3 H, br s, OMe), 2.97 (3 H, br s, NMe), 1.85 (3 H, br s, SMe),
1.54 (3H, brs, CMe) and 1.30 (3 H, s, CMe).

LRMS-ES+ (m/z): 385 (4%, MH*), 340 (73%, M*-SMe).

Data for reduced product: 4-methoxy-3-(1-(methylthi  0)-2-(1,3,3-
trimethylindolin-2-ylidene)ethyl)aniline 9i

6H (400 MHz; DMSO-ds; 9:91 Z:E) 7.96 (1 H, d, J 3.1, 6’-H(E)), 7.65 (1 H, dd,
J 9.4 and 3.1, 4-H(E)), 7.18-6.90 (2 H, m, 4- and 6-H(E)), 6.69 (L H, t, J 7.1, 5-
H(Z)), 6.64 (1 H,t,J 7.2, 5-H(E)), 6.58 (1 H, d, J 7.2, 7-H(E)), 6.00 (1 H, d, J
9.4, 3-H(Z)), 5.99 (1 H, d, J 9.4, 3-H(E)), 5.70 (1 H, d, J 11.0, B-H(2)), 5.59 (1
H, d, J 11.6, B-H(E)), 4.56 (1 H, d, J 11.6, a-H(E)), 4.29 (1 H, d, J 11.0, a-H(2)),
3.68 (3 H, s, OMe(2)), 3.49 (3 H, s, OMe(E)), 3.15 (3 H, s, NMe(2)), 2.99 (3 H,
s, NMe(E)), 1.87 (6 H, s, SMe(E and 2)), 1.51 (3H, s, CMe(E)), 1.33 (3H, s,
CMe(E)), 1.27 (3 H, s, CMe(Z)) and 1.21 (3 H, s, CMe(2)).

6C (100 MHz; DMSO-ds; (E)-isomer only); 153.5 (2-C), 146.0 (7a-C), 138.4
(3a-C), 132.0 (2’-C), 128.1 (3-C), 127.9 (6-C), 126.3 (4’-C), 125.4 (6'-C), 121.7
(4-C), 119.5, 118.8 (3'-C), 118.3 (5-C), 105.4 (7-C), 96.0 (a-C), 50.8 (SMe),
44.4 (CMey2), 39.3 (B-C), 29.3 (NMe), 28.7 (CMe) and 28.0 (CMe).

LRMS-ES+ (m/z): 355 (36%, MH™), 307 (73%, M*-SMe).
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'H NMR spectrum for 7d + NaSMe (nitro derivative 9d)
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13C NMR spectrum for 7d + NaSMe (nitro derivative 9d)
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NOESY spectrum for 7d + NaSMe (nitro derivative 9d)
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HSQC spectrum for 7d + NaSMe (nitro derivative 9d)
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HMBC spectrum for 7d + NaSMe (nitro derivative 9d)
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'H NMR spectrum for 7d + NaSMe (amine derivative 9i)
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13C NMR spectrum for 7d + NaSMe (amine derivative 9i)
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COSY spectrum for 7d + NaSMe (amine derivative 9i)
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NOESY spectrum for 7d + NaSMe (amine derivative 9i)
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HSQC spectrum for 7d + NaSMe (amine derivative 9i)
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HMBC spectrum for 7d + NaSMe (amine derivative 9i)
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Reaction with sodium sulfide

7d 10d 10i

LRMS-ES+ (m/z): Initial 337 (52%, 10d*-SH); After 18 h 337 (5%, 10d*-SH),
307 (10%, 10i*~SH).
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'H NMR spectrum for 7d + Na 2S-9H20 (0.5 eq.)
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'H NMR spectrum for 7d + Na 2S-9H20 (2.5 eq.) |
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'H NMR spectrum for 7d + Na 2S-9H20 (5 eq.)
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COSY spectrum for 7d + Na 2S-9H20 (5 eq.)
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3.5 Reactions of 7e
Reaction with tetrabutylammonium cyanide

NO, (BusN)CN

DMSO

7e 8e

Data for ( E)-1,3,3-trimethyl-2-(3-nitrostyryl)indoline-2-carbo  nitrile 8e

OH (400 MHz; DMSO-ds) 8.54 (1 H, s, 2'-H), 8.19 (1 H, d, J 8.0, 4-H), 8.17 (1
H, d, J8.0,6-H), 7.70 (1 H, t, J 8.0, 5’-H), 7.21-7.15 (3 H, m, B-, 4- and 6-H),
6.87 (1H,t,J7.3,5-H),6.76 (1 H, d, J 16.2, a-H), 6.75 (1 H, d, J 7.3, 7-H),
2.74 (3H, s, NMe), 1.50 (3H, s, CMe) and 1.20 (3 H, s, CMe).

6C (100 MHz; DMSO-ds) 148.8 (7a-C), 148.7 (3'-C), 137.4 (1'-C), 136.8 (3a-
C), 134.0 (6’-C), 133.7 (B-C), 130.7 (5’-C), 128.7 (6-C), 126.8 (a-C), 123.6 (4'-
C), 122.4 (4-C), 122.2 (2’-C), 120.7 (5-C), 117.8 (CN), 109.5 (7-C), 80.4
(CCN), 49.5 (CMey), 32.1 (NMe), 25.0 (CMe) and 22.9 (CMe).
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'H NMR spectrum for 7e + (Bu 4N)CN
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13C NMR spectrum for 7e + (Bu aN)CN
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HSQC spectrum for 7e + (Bu aN)CN
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Reaction with sodium methanethiolate

Te 9e 9h

Data for initial product: 1,3,3-trimethyl-2-(2-(met  hylthio)-2-(3-
nitrophenyl)ethylidene)indoline 9e

6H (400 MHz; DMSO-ds; 15:85 Z:E) 8.38 (1 H, s, 2’-H(E)), 8.09 (1 H, d, J 8.0,
4’-H(E)), 8.00 (1 H, d, J 8.0, 6’-H(E)), 7.65 (1 H, t, J 8.0, 5’-H(E)), 7.14 (1 H, d,
J7.3,4-H(E)), 7.06 (1 H, t, J 7.3, 6-H(E)), 6.69 (1 H, t, J 7.3, 5-H(E)), 6.63 (1
H, d,J 7.3, 7-H(E)), 5.42 (1 H, d, J 10.5, B-H(2)), 5.32 (1 H, d, J 11.4, B-H(E)),
462 (1H,d,J11.4, a-H(E)), 4.41 (1 H,d, J 10.5, a-H(2)), 3.01 (3 H, s,
NMe(E)), 1.95 (3 H, s, SMe(E)), 1.59 (3 H, s, CMe(E)) and 1.40 (3H, s,
CMe(E)).

LRMS-ES+ (m/z): 355 (50%, M¥), 307 (100%, M*—SCH?3).

Data for reduced product: 3-(1-(methylthio)-2-(1,3, 3-trimethylindolin-2-
ylidene)ethyl)aniline 9h

OH (400 MHz; DMSO-ds; Z:E ratio unclear) 8.50-7.50 (4 H, br, 2’-, 4-, 5’- and
6’-H), 7.13 (1 H,d,J 7.5,4-H), 7.06 (1 H, td, J 7.5, 1.0, 6-H), 6.69 (1 H, t, J 7.5,
5-H), 6.62 (1 H, d, J 7.5, 7-H), 5.70-4.40 (2 H, br, a- and B-H), 2.99 (3 H, s,
NMe), 1.85 (3 H, s, SMe), 1.55 (3 H, s, CMe) and 1.38 (3 H, s, CMe).

8C (100 MHz; DMSO-ds; (E)-isomer only); 155.4, 148.3, 146.3, 145.8, 138.0,
134.6,130.4,128.1, 122.5, 122.1, 121.8, 118.8, 105.7 (7-C), 93.5 (a-C), 50.7
(SMe), 46.4 (B-C), 44.6 (CMez2), 29.3 (NMe), 28.7 (CMe) and 28.0 (CMe).
LRMS-ES+ (m/z): 277 (5%, M*=SCHz3).
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'H NMR spectrum for 7e + NaSMe (0.5 eq.)
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'H NMR spectrum for 7e + NaSMe (1.0 eq.)
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'H NMR spectrum for 7e + NaSMe (1.5 eq.)
0.0 0.5 1.0

[—1.uuuu e

—1.1408 e —

B

5.3242
9.2867
® 75,0232
—3.9821

- 11.5185

| 7.8508
11.0012
—1.6643

' 15.3899

=i namn

—1.448Y

@ 71-8:8643
~4.2101

o

|-1.29606

| 4.4199
—1.8334

| -3.4354

|
Il
=
P
~
NO
NO
N

6.3480 —— I 3

i

18.6650
~6.1630 ?-mm»_m_m_“
e - .

—4- P00

[ 6.5436 bt
s

1-.19.4582

Ju.wnhia

=4 384

229328

1 arss =

[wdd]

87




'H NMR spectrum for 7e + NaSMe (2.0 eq.)
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'H NMR spectrum for 7e + NaSMe (2.5 eq.)
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H NMR spectrum for 7e + NaSMe (5.0 eq.)
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13C NMR spectrum for 7e + NaSMe (5.0 eq.)
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Reaction with sodium sulfide

NH

2

Te 10e 10h

LRMS-ES+ (m/z): 307 (5%, 10e*-SH), 277 (5%, 10h*~SH).
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'H NMR spectrum for 7e + Na 2S-9H20 (5 eq.)
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3.6 Reactions of 7f

Reaction with tetrabutylammonium cyanide
NO, NO,

(BusN)CN

DMSO

7 8f
Data for ( E)-1,3,3-trimethyl-2-(4-nitrostyryl)indoline-2-carbo  nitrile 8f
6H (400 MHz; DMSO-ds) 8.24 (2 H, d, J 8.4, 3'- and 5’-H), 7.98 (2 H, d, J 8.4,
2'- and 6'-H), 7.23-7.13 (3 H, m, B-, 4- and 6-H), 6.87 (1 H, t, J 7.5, 5-H), 6.78
(1H,d,J7.5,7-H),6.76 (L H, d, J 16.2, a-H), 2.71 (3 H, s, NMe), 1.45 (3 H, s,
CMe) and 1.18 (3 H, s, CMe).
6C (100 MHz; DMSO-ds) 148.8 (7a-C), 147.6 (4'-C), 142.1 (1’-C), 136.8 (3a-
C), 133.8 (B-C), 128.8 (2’- and 6’-C), 128.7 (6-C), 128.5 (a-C), 124.4 (3'- and
5'-C), 122.4 (4-C), 120.8 (5-C), 117.7 (CN), 109.5 (7-C), 80.4 (CCN), 49.6
(CMe2), 32.2 (NMe), 24.9 (CMe) and 22.9 (CMe).
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'H NMR spectrum for 7f + (Bu aN)CN
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13C NMR spectrum for 7f + (Bu 4N)CN
0 2 4 6 [*1e6]

1 L 1 | ! I I | ! | ! | ! |

| ; ; —~148.7513

; ~ 147.5808

! ' - —142.0731
h —

(=)

- — 136.7597

7 - —133.8107

| | 128.8359

- 128.7533

! \ 128.5220
| ~124.3841
i —122.3942
2| : ~ 120.7691
s - — 117.6760
- : - 109.5475
=\
Q ot
(=]
L — 80.4136
) — 62.4655
g =
; — 57.9757

08

~49.6488
40.6237
40.5768
40.3681
40.1592

39.7418
39.5329
39.3244
— 32.1585

- 25.9448
7 24.9389

D2 E24°7
IET

\ 22,9430

40 K7EQ
V. UT 90

0C

42 OC07
~I0UT

[wdd]

96



ap26618 72 1 "C:\Bruker\TopSpin3.5plé\data\Wood projects\nmr"

97

il - E
- % . &
£ -

=y =3
LIPS —
E L
L ©
’J <
3 -2
N -
o -8
= L
<
S i
oe) i
~ =
+ B
= i
S = -
= L
5 L &
= -
C L
(D)
p L
wn
O F
3 F2 [ppm]
m
I [pp



HMBC spectrum for 7f + (Bu 4N)CN
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Reaction with sodium methanethiolate

7f 11a

Data for ( E)-1-nitro-4-(2-(1,3,3-trimethylindolin-2-
ylidene)ethylidene)cyclohexa-2,5-diene-1-methylthio  ether 11a

6H (400 MHz; DMSO-ds) 7.16 (1 H, d, J 7.5, 4-H), 7.08 (1 H, t, J 7.5, 6-H),
6.95(1H,d,J9.9, 6-H), 6.80-6.64 (3 H, m, 2’-, 5- and 7-H), 6.56 (1 H, d, J
9.9,5-H),6.17 (1 H,d, J10.1, 3-H),6.13 (1 H, d, J 13.2, B-H), 5.67 (1 H, d, J
13.2, a-H), 3.12 (3 H, s, NMe), 1.86 (3 H, s, SMe) and 1.51 (6 H, s, CMe>).
6C (100 MHz; DMSO-ds); 152.4 (2-C), 145.6 (7a-C), 138.9 (3a-C), 130.3 (4'-
C), 128.0 (6-C), 126.4 (3'-C), 126.1(1-C), 121.9 (4-C), 121.8 (6’-C), 119.5 (2'-
C), 119.0 (5-C), 117.9 (5’-C), 115.5 (B-C), 106.3 (7-C), 95.4 (a-C), 51.0 (SMe),
45.2 (CMez), 29.4 (NMe) and 28.1 (CMey).

LRMS-ES+ (m/z): 354 (60%, M*), 307 (20%, M*-SMe).
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'H NMR spectrum for 7f + NaSMe
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13C NMR spectrum for 7f + NaSMe
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COSY spectrum for 7f + NaSMe
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NOESY spectrum for 7f + NaSMe
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HSQC spectrum for 7f + NaSMe
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HMBC spectrum for 7f + NaSMe
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Reaction with sodium sulfide

7f

Data for ( E)-1-nitro-4-(2-(1,3,3-trimethylindolin-2-
ylidene)ethylidene)cyclohexa-2,5-diene-1-thiol 11b

6H (400 MHz; DMSO-ds) 7.16 (1 H, d, J 7.3, 4-H), 7.08 (1 H, t, J 7.3, 6-H),
6.95(1H,d J9.9,6-H),6.76 (LH,d, J10.2,2-H), 6.75 (1 H, t, J 7.3, 5-H),
6.70(1H,d,J7.3,7-H),6.59 (1 H,d,J9.9,5-H),6.19 (1 H, d, J 10.2, 3"-H),
6.15 (1 H, d, J 13.0, B-H), 5.68 (1 H, d, J 13.0, a-H), 3.11 (3 H, s, NMe) and
1.50 (6 H, s, CMe2).

6C (100 MHz; DMSO-ds); 152.4 (2-C), 145.6 (7a-C), 138.9 (3a-C), 130.4 (4'-
C), 128.1 (6-C), 126.3 (3'-C), 121.9 (4-C), 121.8 (6’-C), 119.6 (2’-C), 119.1 (5-
C), 118.3 (1’-C), 117.8 (5’-C), 115.3 (B-C), 106.3 (7-C), 95.3 (a-C), 45.2
(CMe2), 29.4 (NMe) and 28.0 (CMey).
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IH NMR spectrum for 7f + Na 2S-9H20 (0.5 eq.)
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'H NMR spectrum for 7f + Na 2S-9H20 (2 eq.)
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'H NMR spectrum for 7f + Na 2S-9H20 (3 eq. initial)
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'H NMR spectrum for 7f + Na 2S-9H20 (3 eq. after 2 h)
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13C NMR spectrum for 7f + Na 2S-9H20
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HSQC spectrum for 7f + Na 2S-9H20
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HMBC spectrum for 7f + Na 2S-9H20
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3.7 Reactions of 7g
Reaction with tetrabutylammonium cyanide

NO, MeO NO,

(BusN)CN

DMSO

Data for ( E)-1,3,3-trimethyl-2-(2-methoxy-4-nitrostyryl)indoli ne-2-
carbonitrile 8g

6H (400 MHz; DMSO-ds) 8.01 (1 H, d, J 8.3, 5-H), 7.85 (1 H, d, J 8.3, 6’-H),
7.84(1H,s,3-H),7.29(1H,d,J16.3, B-H), 7.25-7.15 (2 H, m, 4- and 6-H),
6.87(1H,t,J75,5-H),6.76 (1 H,d,J7.5,7-H),6.72 (1 H, d, J 16.3, a-H),
4.00 (3H,s,OMe), 2.74 (3H, s, NMe), 1.48 (3 H, s, CMe) and 1.16 (3 H, s,
CMe).

6C (100 MHz; DMSO-ds) 157.2 (2'-C), 148.7 (7a-C), 148.6 (4’-C), 136.8 (3a-
C), 130.5 (1-C), 128.8 (6-C), 128.7 (5’-C), 128.5 (a -C), 128.4 (B-C), 122.4 (4-
C), 120.8 (5-C), 117.7 (CN), 116.2 (6’-C), 109.5 (7-C), 106.9 (3'-C), 80.8
(CCN), 57.0 (OMe), 49.6 (CMez), 32.1 (NMe), 24.9 (CMe) and 22.9 (CMe).
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'H NMR spectrum for 7g + (Bu 4N)CN
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13C NMR spectrum for 7g + (Bu 4N)CN
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Reaction with sodium methanethiolate

79 11c

Data for ( E)-1-nitro-3-methoxy-4-(2-(1,3,3-trimethylindolin-2-
ylidene)ethylidene)cyclohexa-2,5-diene-1-methylthio  ether 11c

6H (400 MHz; DMSO-ds) 7.18 (1 H, d, J 7.3, 4-H), 7.09 (1 H, t, J 7.3, 6-H),
6.87 (1 H, d, J9.9, 6-H), 6.78-6.68 (2 H, m, 5- and 7-H), 6.63 (1 H, d, J 9.9, 5'-
H), 6.60 (1 H, d, J 13.1,B-H),6.34 (1 H, s, 2’-H), 5.72 (1 H, d, J 13.1, a-H),
3.70 (3H, s, OMe), 3.19 (3H, s, NMe) 1.89 (3H, s, SMe) and 1.51 (6 H, s,
CMe2).

6C (100 MHz; DMSO-ds) 153.4 (2-C), 151.5 (3'-C), 145.6 (7a-C), 138.8 (3a-C),
128.1 (6-C), 125.1 (4'-C), 123.8 (1'-C), 121.9 (4-C), 119.1 (5-C), 117.9 (6’-C),
117.3 (5-C), 109.7 (B-C), 106.3 (7-C), 96.4 (2'-C), 94.9 (a-C), 55.2 (OMe), 51.0
(SMe), 45.2 (CMe2), 29.4 (NMe) and 28.1 (CMey).

LRMS-ES+ (m/z): 337 (10%, M*=SCHz3).
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'H NMR spectrum for 7g + NaSMe
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13C NMR spectrum for 7g + NaSMe
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COSY spectrum for 7g + NaSMe
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NOESY spectrum for 7g + NaSMe
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HSQC spectrum for 7g + NaSMe ML
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HMBC spectrum for 7g + NaSMe
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Reaction with sodium sulfide

MeO NO,

79

LRMS-ES+ (m/z): 337 (10%, M*=SH).
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'H NMR spectrum for 7g + Na 2S-9H20 (0.5 eq.)
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'H NMR spectrum for 7g + Na 2S-9H20 (2 eq.)
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H NMR spectrum for 7g + Na 2S-9H20 (3 eq.)
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'H NMR spectrum for 7g + Na 2S-9H20 (5 eq.)
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4. Preparation of samples for analysis by UV-visibl e and fluorescence
spectroscopy

Samples for the analysis, by UV-visible spectroscopy, of 7b, 7f and their
reaction products with cyanide, methanethiolate and sulfide, were prepared as
follows: to solutions of 7b or 7f (2 mL of 0.05 mM in DMSO, 0.1 pumol) were
added solutions of tetrabutylammonium cyanide, sodium methanethiolate or
sodium sulfide nonahydrate (10 pL of 0.1 mM in DMSO, 1 pmol), or DMSO (10
uL) (i.e. each sample contained a total volume of 2.01 mL; 7b/f at 0.0498 mM
and nucleophile at 0.498 mM). Samples were stirred for 5 minutes then
analysed.

For analysis of 7f + NaSMe by fluorescence spectroscopy, a 2.01 mL sample
was prepared in an identical manner to that described above, with analysis
performed upon a 200 uL aliquot withdrawn from the bulk sample.
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