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1. Spectral Data
1.1 2-Chloro-6-nitro-1,3-benzothiazole (6)
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Figure S1: *H NMR spectrum of 2-chloro-6-nitro-1,3-benzothiazole 6
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Figure S2: **C NMR spectrum of 2-chloro-6-nitro-1,3-benzothiazole 6
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1.2 6-Nitro-1,3-benzothiazole-2-carbonitrile (13)
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Figure S3: 'H NMR spectrum of 6-nitro-1,3-benzothiazole-2-carbonitrile 13
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Figure S4: *C NMR spectrum of 6-nitro-1,3-benzothiazole-2-carbonitrile 13
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1.3 6-Amino-1,3-benzothiazole-2-carbonitrile (8)
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Figure S5: 'H NMR spectrum of 6-amino-1,3-benzothiazole-2-carbonitrile 8
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Figure S6: *C NMR spectrum of 6-amino-1,3-benzothiazole-2-carbonitrile 8
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1.4 Crude mixture from cyanation reaction in ethanol
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Figure S7: 'H NMR spectrum of a mixture of 6-nitro-1,3-benzothiazole-2-carbonitrile (13), 2-
ethoxy-6-nitro-1,3-cyanobenzothiazole (14) and 6-nitro-2-benzothiazolecarboxylic acid ethyl
ester (15). The assignment of the three components of the mixture was supported by LCi
ESIMS analysis. The 'H NMR peaks for 13 match those in Figure S3, and the 'H NMR
peaks for 14 match literature data as described in: Barlin, G.B. and Ireland, S.J. Heterocyclic
Amplifiers of Phleomycin. IX* Some Derivatives of Fused and Unfused Mono- and Diaza

Heterocycles. Aust. J. Chem. 1985, 38, 16851 1691.
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2. Calorimetry

2.1 Calorimetry Procedures

2.1.1 Addition of NaCN (aq) to 6-nitro-1,3-benzothiazole-2-carbonitrile (13) and
DABCO in MeCN.

In a 50 mL vessel, 6-nitro-1,3-benzothiazole-2-carbonitrile (13, 200 mg, 0.932 mmol) and
DABCO (15.7 mg, 0.14 mmol) were dissolved in MeCN (20.0 mL). Aqueous NaCN (0.49 M)
was then fed into the reaction as described below, and power compensation calorimetry was
used to determine heat changes.

Steady State 1:

Stir 300 rpm
Reactor Temperature 21 °C
Circulator 1°C
Temperature
Time 60 min
Feed 1:
Stir 300 rpm
Reactor Temperature 21 °C
Circulator 1°C
Temperature

0.49 M NaCN (aq) at 0.2 mL min™ for 10 min (2.00 mL, 0.978 mmol
Feed

NaCN)
Time 10 min
Steady State 2:
Stir 300 rpm
Reactor Temperature 21 °C
Circulator 1°C
Temperature
Time 1080 min
Feed 2 :
Stir 300 rpm
Reactor Temperature 21 °C
Circulator 1°C
Temperature

0.003 M FeCl; (ag) at 2 mL min™ for 10 min (20.0 mL, 0.060 mmol
Feed

FeC|3)
Time 10 min
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Steady State 3:

Stir 300 rpm
Reactor Temperature 21 °C
Circulator 1°C
Temperature

Time 60 min

The 1Q software requires input of the specific heat capacity of the feed for the
calculatiqn o_f compensatory power. For this, the specific heat capacity of water
(4.18 3 g'* K'Y was used.
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2.1.2 Addition of water to 6-nitro-1,3-benzothiazole-2-carbonitrile (13) and DABCO
in MeCN

In a 50 mL vessel, 6-nitro-1,3-benzothiazole-2-carbonitrile (13, 200 mg, 0.932 mmol) and
DABCO (15.7 mg, 0.14 mmol) were dissolved in MeCN (20.0 mL). Water (2.0 mL) was then
fed into the reaction as described below, and power compensation calorimetry was used to
determine heat changes.

Steady State 1:

Stir 300 rpm
Reactor Temperature 21 °C
Circulator Temperature 1 °C

Time 90 min
Feed 1:
Stir 300 rpm

Reactor Temperature 21 °C

Circulator Temperature 1 °C

Feed Water at 0.2 mL min™ for 10 min (2.00 mL)
Time 10 min

Steady State 2:

Stir 300 rpm
Reactor Temperature 21 °C
Circulator Temperature 1 °C
Time 50 min

The software requires input of the specific heat capacity of the feed for the
calculation of compensatory power. For this, the specific heat capacity of water
(4.18 3 g' K'!) was used.
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2.2 Calorimetric Data

2.2.1 Addition of NaCN (aq) to 6-nitro-1,3-benzothiazole-2-carbonitrile (13) and
DABCO in MeCN.

Steady Steady
state Feed state
| I}
g ' \
- 95
20 - 8,5
g - 75 - Reactor
v 15 ’3\ temperature
> <
E r 65 —_
g ¢ ——Circulator
E 10 [ 550 temperature
|_
- 45 Heater
5 | power
- 3,5
0 2,5
0 50 100 150 200 250 300
Time (min.)

The raw calorimetry data show an increase in the power demand of the internal
heater upon addition of the aqueous NaCN solution. This indicates an endothermic
process in the reactor requiring greater heating power from the heater to maintain
the set reactor temperature of 21 °C.

The 1Q software integrates the power output (W) during the reaction to give the total
energy (Qrotal in kJ) using the equation:

V] V] V)
0 a 0o Y Y
Where

Qcomp = Heat compensated for by internal heater i.e. the inverse of the heat
produced by the reaction

Qpose = Heat added due to feed being at a different temperature to the reaction
temperature

m = total mass of feed (g s' %)

C, = specific heat capacity of feed solution (J g'* °C'")

T; = final temperature (°C)
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Ti = initial temperature (°C)

SIMULAR Energy Report for File JRH1-010a.dat

JRH1-010a.dat

Time
2000 12.000 22000 32.000 42.000 52.000 62.000 72.000 82.000

92.000

102.000

112.000

122.000

132.000

142.000

152.000
0.012

+4-0.008
-0.028

-0.048

— QComp — QTotal — QDose + Energy |

Calculation method = Power Compensation
Baseline Interpolation 1

Start Step = Steady State

End Step = Overnight Steady State

Start Value = 3.27 W

End Value =3.38W

Interpolation type : Follow Column Total Flow

REACTION 1
Maximum Total Power = 0.09W
Maximum Reaction Power = 0.09W
Maximum Dose Power = 0.00W

Total Flow/Balance Energy = -0.42kJ
Total Dose Energy = 0.00kJ
=========> Total Energy of -0.42kJ

Total Energy while Dosing = -0.37kJ
Total Energy after Dosing = -0.05kJ

It should be noted that the calculated energies given relate to the output of the heater coill
rather than the reaction, i.e. a negative value indicates release of energy from the heater coil
and consumption of that energy by the reaction (endothermic reaction). The signs of the
energy is therefore inverted to give the true value for the reaction.

There is a very short delay upon the start of the feed before the endotherm is observed.
Following the end of the feed there is a further spike, which is due to manual feeding of the
remaining aqueous NaCN solution from the syringe. According to these data, 0.37 kJ is
consumed during the feed and 0.05 kJ is consumed upon addition of the remaining solution

from the syringe, giving a total energy of 0.42 kJ.
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2.2.2 Addition of water to 6-nitro-1,3-benzothiazole-2-carbonitrile 13 and DABCO in

MeCN.
Steady Steady
state Feed state
L ) ]
25 | ! 110
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20 |— 8
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) = temperature
ERRE 6 £
g 5 p =—Circulator
g. ~ 2 temperature
o 10 4 o
= Heater power
-3
5 — 2
-1
0 0
0 50 100
Time (min.)

The raw calorimetry data show an increase in the power demand of the internal
heater upon addition of water. This indicates an endothermic process in the reactor
requiring greater heating power from the heater to maintain the set reactor
temperature of 21 °C.
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It should be noted that the calculated energies and molar heat given relate to the output of
the heater coil rather than the reaction, i.e. a negative value indicates release of energy from
the heater coil and consumption of that energy by the reaction (endothermic reaction). The
signs of the energy and molar heat values are therefore inverted to give the true value for
the reaction.

There is a short delay upon the start of the feed before the endotherm is observed. Following
the end of the feed there is a further spike, which is due to manual feeding of the remaining
water in the syringe. According to these data, 0.49 kJ is consumed during the feed and
0.02 kJ is consumed upon addition of the remaining water from the syringe, giving a total
energy of 0.51 kJ.

The calculated molar heat in this experiment (gH = +4.57 kJ mol'?) is the energy per mole
water added.
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