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1. General Experimental Procedures:

NMR spectra were recorded on a Bruker AVA400 spectrometer for *H (399.90 MHz), 3!P (161.98 MHz)
and a Bruker AVA600 spectrometer H (599.81 MHz).

Gas Chromatography Mass Spectrometry (GCMS) data was collected on a Shimadzu GC-2010 plus with
a30m, 0.25 mmID, 0.25 um df column.

Photolysis was carried out using a Pen-Ray Light Source 11SC-1.75 - 254 nm, Effective 2200 pW/cm?
@1" and 18 mA, Maximum 6W.

UV/vis spectra were recorded on a JASCO V-670 spectrophotometer.

Synthesis of all complexes (1-5)-Ag', 6-Ag?, (1-5)-Cu3, and (1-3)-V* 5 were carried out according to
literature preparations. Imidazoline and Imidazolinium salts were purchased from Sigma-Aldrich and
used as supplied, o-aryloxide imidazoline salt® was prepared according to literature. All chemicals
were purchased from Sigma-Aldrich and used as supplied without further purification. Deuterated
solvents were purchased from Cambridge Isotopes. Extreme caution must be taken when handling
the chemical warfare simulants.

2. Destruction by Group 11 metal-NHC complexes
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General experimental procedure:

CEES (2.0 pL, 0.017 mmol) was added to a quartz NMR tube containing 0.5 mL CDCl; and #-Ag or #-
Cu (0.017 mmol). A 'H NMR was taken after addition and then placed under UV light (254 nm) and
monitored every 30 minutes until CEES had been consumed. A small aliquot was taken every hour
for GC-MS.
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Figure 1. 1-Ag and 1 eq CEES, UV (254 nm) Shr
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Figure 2. 1H-1H COSY NMR for reaction of 1-Ag with CEES
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Figure 3. 1H-13C HSQC NMR for reaction of 1-Ag with CEES
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Figure 4. 1H-13C HMBC NMR for reaction of 1-Ag with CEES
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Figure 5. DOSY NMR for reaction of 1-Ag and CEES
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Figure 6. IPr and 1 eq CEES, after 24 hr at 80 °C
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Figure 7. 1H NMR stack plot 30 minute intervals, 1-Ag + CEES
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Figure 9. 1H NMR stack plot 30 minute intervals, 3-Ag + CEES
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Figure 10. 1H NMR stack plot 30 minute intervals, 4-Ag + CEES
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Figure 11. 1H NMR stack plot 30 minute intervals, 5-Ag + CEES
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Figure 12. Stacked 'H NMR spectra (top spectra — 1-Cu + CEES after addition; bottom spectra — after
5 hrs UV 254nm)
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Figure 13. GC-MS trace of 1-Cu + CEES, after Shrs UV (254 nm)
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3. Destruction by vanadium-NHC complexes

General experimental procedure:

CEES (2.0 uL, 0.017 mmol) was added to a quartz NMR tube containing 0.5 mL CDCl; and #-Ag (0.017
mmol). A*H NMR was taken after addition and then placed under UV light (254 nm) and monitored
every 30 minutes until CEES had been consumed. A small aliquot was taken every hour for GC-MS.

Paraoxon-ethyl (8.8 umol) or Profenofos (8.8 umol) was added to a quartz NMR tube containing 0.5
mL of #-V (8.8 umol). *H, 3P and >V NMR were taken after addition, and then placed under UV light
(254 nm) and monitored at regular intervals using GC-MS.

On one occasion, crystals of a vanadium-containing decomposition product were isolated from a
chloroform reaction mixture of IMesVOCI; and a stoichiometric amount of Paraoxon-ethyl after
photolysis. The crystals were isolated in approx. 15% yield, and characterised by single crystal X-ray
diffraction as the 1-D polymer of (VO,CI,PO,),.
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Figure 14. 'H NMR of 1-V + CEES after 3 hours exposure to UV light (254 nm)
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Figure 16. Selected MS peaks from GC-MS trace (upper found, lower predicted structure)
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Figure 17. GC-MS trace of 2-V and CEES (5 hours)
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PEAK R. TIME I. TIME F. TIME AREA % HEIGHT % A/H NAME
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Figure 18. GC-MS trace of 2-V and CEES (6 hours)
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Figure 19. GC-MS trace of 2-V and CEES in C6D6
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Figure 20. Selected MS peaks from GC-MS trace (Top found, bottom predicted)
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Chlorination of CEES - proposed mechanism via chloride radical for both solvents

Initial - Cl attack to form tri, tet & hexachloride species - chlorination is fast through to hexachloroethane
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Excess chloride radicals in solution increase chances of attack on ethyl group leading to initial
formation of mustard gas which rapidly undergoes attack via a second chloride radical and so on.

Combination of 2 products
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Figure 21. Proposed mechanism for chloride radical destruction of CEES
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Figure 23. GC-MS trace of 1-V + Profenofos (4 hr)
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Figure 24. Selected MS peaks from GC-MS trace (Top found, bottom predicted)
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Figure 25. ORTEP representation of a section of the 1-D polymer of (VO,CI,P0,),; isolated in low yield
from a nerve-agent simulant destruction reaction. Thermal ellipsoids drawn at the 50% probability
level. Sodium counter ion omitted for clarity.

Table S1. Crystallographic data summary for 1D polymer (VO,CI,PO,)

Complex (VO,CI,PO,),
Local code p16148a_mono
Chemical formula  ClO, 5Py 5Vos-Na
M, 139.40

Crystal system,
space group

Monoclinic, 12/m

Temperature (K) 170
7.3580 (6), 6.3903 (6), 15.2247

a, b, c(A) (16)

o, B,y (%) 90.318 (9)
Vv (A3) 715.85 (12)
z 8
Radiation type Mo Ka
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M (mm)
Crystal size (mm)
Diffractometer

Absorption
correction

7—mim 7-max

No. of measured,
independent and
observed [/ > 20(/)]
reflections

Rint
(sin 0/A) max (A1)

R[F? > 20(F?)],
WR(F?), S

No. of reflections

No. of parameters

Apmaxr Apmin (e '&3)
CCDC number

244
0.16 x 0.07 x 0.04

Xcalibur, Eos

Multi-scan

0.859, 0.953

5177, 675, 566

0.057
0.588

0.098, 0.263, 1.13

675
51

1.53,-1.72
1580495
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4. Destruction by complexes of tethered-NHCs

CEES (2.8 L, 0.024 mmol) was added to a NMR tube containing 0.5 mL CDCl; and 6-M (0.024 mmol).
A 'H NMR was taken after addition and then placed in a pre-heated oil bath to 80 °C and monitored
at regular intervals using 'H NMR and GC-MS spectroscopy.

Paraoxon-ethyl (2.6 pL, 12 umol) or Profenofos (3.0 pL, 12 umol) were added to a NMR tube containing
0.5 mL of CDCl; with 6-M (12 umol). H, 3!P were taken after addition, and then placed in a pre-heated
oil bath to 80 °C and monitored at regular intervals using 'H, 3P and GC-MS.

80°C 48hr with additional
AEJO R
R L L BT ——— . TR
80°C 30hr I
1 ALJ_M ___lu_L_,.__l_ILJ |

80°C 24hr I 1

. A — ___.__..--J--I-u--[.-. ....L:L_____nl."... .l - — l_ . __I,U S—
80°C 16hr | 1

I .al- | N ol LAIL ..l - I l.‘

820°C 1hr

6-Ag + CEES after
addition : {

|_L M 'l i

6-Ag

Figure 26. 1H NMR stack plot for reaction of 6-Ag and CEES
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Figure 27. Graph showing destruction of CEES with 6-K (orange) and 6-K with an additional 2
equivalents of KOtBu
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Figure 28. 31P NMR spectrum of 6-Ag and Paraoxon after 19 hrs at 80 °C
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Figure 29. 31P NMR spectrum of 6-Ag and Profenofos after 19 hrs at 80 °C
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5. Catalytic CWA destruction
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Figure 30. 5 mol% IMes.HCI, 5 mol% NiCl,, 20 mol% KOtBu and CEES over 48 hr period at 80 °C in
MeCN
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Figure 31. 5 mol% IMes.HCI, 5 mol% FeBr,, 20 mol% KOtBu and CEES over 48 hr period at 80 °C in
MeCN
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Figure 32. 5 mol% IMes.HCI, 5 mol% FeCl;, 20 mol% KOtBu and CEES over 48 hr period at 80 °C in
MeCN
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Figure 33. 5 mol% ICy.HCI, 5 mol% NiCl,, 20 mol% KOtBu and CEES over 48 hr period at 80 °C in
MeCN
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Figure 34. 5 mol% ICy.HCI, 5 mol% FeBr,, 20 mol% KOtBu and CEES over 48 hr period at 80 °C in
MeCN
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Figure 35. 5 mol% ICy.HCI, 5 mol% FeCls, 20 mol% KOtBu and CEES over 48 hr period at 80 °Cin
MeCN
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Figure 36. 5 mol% IMes.HCI, 5 mol% FeCl,, 20 mol% KOtBu and Profenofos over 24 hr period at 80 °C

in MeCN
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Figure 37. 5 mol% IMes.HCI, 5 mol% FeCl;, 20 mol% KOtBu and Profenofos over 24 hr period at 80 -C
in MeCN
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Figure 38. GC-MS trace of 5 mol% IMes.HCl, 5 mol% FeCls;, 20 mol% KOtBu and Profenofos after 24
hrs at 80 °C in MeCN
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Figure 39. GC-MS trace of 5 mol% IPr.HCI, 5 mol% FeCls, 20 mol% KOtBu and Profenofos after 24 hrs
at 80 -C in MeCN
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Figure 40. Selected MS peaks from GC-MS trace (Top found, bottom predicted)
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Figure 41. 31P NMR after 24 hrs of 5 mol% ICy.HCI, 5 mol% NiCl,, 20 mol% KOtBu and Paraoxon at 80
°Cin d-MeCN
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