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Experimental Procedures:

All manipulations involving ICl3 or 5 were performed in an N2 filled glovebox. 

Dichloromethane, MeCN, and Et2O, were obtained from Caledon Laboratories and dried using 

an Innovative Technologies Solvent Purification System with dual columns packed with solvent 

appropriate drying agents. The dried solvents were stored under an N2 atmosphere over 3 Å 

molecular sieves in the glovebox. Solvents for NMR spectroscopy (CDCl3, CD3CN) were 

purchased from Cambridge Isotope Laboratories and dried by stirring for three days over CaH2, 

distilled and stored in the glovebox over 3 Å molecular sieves. Reagents were purchased from 

Alfa Aesar, Precious Metals Online (Au powder) or Aldrich (ICl3) and used as received. 

Compound 7 was prepared via literature procedure, using tht-AuCl in place of Me2S-AuCl and 

1,3-diisopropylbenzamidazolium iodide in place of 1,3-diisopropylbenzamidazolium bromide.1 

Compound 6, for comparison to compound 5 in terms of spectroscopic and reaction properties, 

was prepared via literature procedure.2

Synthesis of 5: A solution of bpy (0.033 g, 0.214 mmol: 5 mL CH2Cl2) was added to a freshly 

prepared solution of ICl3 (0.100 g, 0.429 mmol: 5 mL CH2Cl2), which resulted in the immediate 

precipitation of a bright yellow solid. The solution was cooled to -40 resulting in the 

precipitation of further amounts of yellow solid. The supernatant was decanted and the solids 

washed with Et2O (2 × 5ml), then dried in vacuo, which gave 5 as a bright yellow powder. 
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Yield: 0.075 g (56%); 1H NMR (CDCl3) δ = 8.94 (d, 3JH-H 5.5 Hz, 2 H), 8.13 (t, 3JH-H 7.5 Hz, 2 

H), 7.75, (d, 3JH-H 8.0 Hz, 2 H), 7.55, (t, 3JH-H 5.5 Hz 2 H); 13C NMR (CDCl3) δ = 155.3, 150.3, 

139.4, 126.1, 125.5.

Generation of 8 using 5: A solution of 7 (0.074 g, 0.160 mmol; 5 mL CH2Cl2) was added to a 

slurry of 5 (0.05 g, 0.08 mmol; 5 mL CH2Cl2) resulting in a red slurry. After 5 minutes the 

mixture was centrifuged and the solution transferred to a fresh vial. The volume of solution was 

reduced by half under vacuum, and then Et2O (10 mL) was added giving an orange precipitate. 

The mixture was centrifuged, the supernatant was decanted and the solids were washed with 

Et2O (3 x 5 mL). The orange solid was then dried under vacuum giving 8 as an orange powder. 

Yield: 0.061 g (75%). 1H NMR spectroscopic data were consistent with literature values,3 and a 

unit cell analysis of single crystals grown from CH2Cl2 solution gave identical parameters to the 

reported compound.

Generation of [nBu4N][ICl4]: A solution of [nBu4N][Cl] (0.036 g, 0.133 mmol; 2 mL CDCl3) was 

added to a solution of ICl3 (0.031 g, 0.133 mmol; 2 mL CDCl3) resulting in an immediate colour 

change from orange to yellow. The solution was held at -40C resulting in the formation of 

single crystals, for which X-ray diffraction studies confirmed generation of [nBu4N][ICl4]. 

Solutions of [nBu4N][ICl4] generated in situ in CDCl3 as described above were used for the 

control oxidative chlorination experiments.

Reaction of [nBu4N][ICl4] with 7

A solution of [nBu4N][ICl4] (0.120 mmol; 2 mL CDCl3) was added to a solution of 7 (0.052 g, 

0.120 mmol) resulting in an immediate colour change to dark orange. After 30 minutes an 

aliquot was removed for 1H NMR spectroscopy which showed complete conversion to 8.

Reaction of ICl3 with 7

A solution of ICl3 (0.040 g 0.172 mmol; 2 mL CDCl3) was added to a solution of 7 (0.074 g, 

0.172 mmol). After 30 minutes an aliquot was removed for 1H NMR spectroscopy which showed 

complete conversion to 8.
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Reaction of [nBu4N][ICl4] with PhI

Neat PhI (0.325 mmol, 36 uL) was added to a solution of [nBu4N][ICl4] (0.325 mmol; 4 mL 

CDCl3). After 30 minutes an aliquot was removed for 1H NMR spectroscopy.

Reaction of ICl3 with PhI

Neat PhI (0.236 mmol, 26 uL) was added to a solution of ICl3 (0.055 g, 0.236 mmol; 3 mL 

CDCl3). After 30 minutes an aliquot was removed for 1H NMR spectroscopy.

Reaction of 5 with PhI

Neat PhI (0.347 mmol, 39 uL) was added to a slurry of 5 (0.216 g, 0.347 mmol; 5 mL CDCl3). 

After 30 minutes an aliquot was removed for 1H NMR spectroscopy.

Reaction of 6 with PhI

Neat PhI (0.173 mmol, 19 uL) was added to a solution of 6 (0.83 g, 0.173 mmol; 3 mL CDCl3). 

After 30 minutes an aliquot was removed for 1H NMR spectroscopy.
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X-ray crystallography

Single crystals were selected under Paratone-N oil, mounted on nylon loops and placed into a 

cold stream (172 K) of N2 on an Oxford CCD diffractometer using Mo K radiation. Structure 

solution and refinement were performed using the SHELXTL suite of software. Structure and 

refinement information are found in Table 1. 
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Table S1: X-ray refinement details for single crystal X-ray structural determinations.

Compound 5 [bipyH][ICl2] [nBu4N][ICl4]
Empirical formula C10H8N2I2Cl6 C10H9Cl2I1N2 C16H35Cl4I1N1

FW (g/mol) 622.8 354.99 510.15
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2(1)/n P2(1)/c P2(1)/n

a (Å) 8.056(2) 11.666(2) 14.863(3)
b (Å) 13.093(3) 7.914(2) 8.754(2)
c (Å) 16.894(3) 13.981(3) 18.783(4)
 (deg) 90 90 90
 (deg) 97.39(3) 97.62(3) 108.06(3)
 (deg) 90 90 90
V (Å3) 1767.2 1279.4(4) 2323.4(8)

Z 4 4 4
R(int) 0.0254 0.0279 0.0476

R1[I>2I] 0.0273 0.0226 0.0401
wR2(F2) 0.0557 0.0515 0.1049
GOF (S) 1.044 1.082 1.037
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Computational details:

Unless noted, all calculations were carried out within Gaussian 09.4 Geometries of all species 
were optimized with the B3LYP density functional5-7 in conjunction with the def2-TZVP basis 
set,8 which includes an effective core potential in the case of iodine. While relativistic effects are 
not treated explicitly, the def2-TZVP effective core potential for iodine implicitly accounts for 
relativistic effects. Stationary points were characterised as minima by calculating the Hessian 
matrix analytically at the same level of theory. Thermodynamic corrections were taken from 
these calculations (standard state of T = 298.15 K and p = 1 atm). Natural bond orbital (NBO) 
analysis was carried out with NBO 5.99 at the B3LYP/def2-TZVP level of theory. EDA and 
EDA-NOCV calculations were performed using the ADF package10 at the BP86/TZ2P level of 
theory, inclusive of ZORA relativistic effects.

S6



Cartesian coordinates of optimized geometries

5   (bpy-ICl2
+)

B3LYP/def2-TZVP optimized geometry (Å).
1 1
7                 0.000000    1.364654   -0.784001
6                 0.000000    2.696757   -0.699917
6                 0.000000    3.497874   -1.829884
6                 0.000000    2.882744   -3.073074
6                 0.000000    1.497821   -3.148690
6                 0.000000    0.740546   -1.978666
6                 0.000000   -0.740546   -1.978666
6                 0.000000   -2.696757   -0.699917
6                 0.000000   -3.497874   -1.829884
6                 0.000000   -2.882744   -3.073074
6                 0.000000   -1.497821   -3.148690
1                 0.000000   -1.017234   -4.114725
1                 0.000000   -3.473192   -3.979601
1                 0.000000   -4.573711   -1.726752
1                 0.000000   -3.119244    0.296738
1                 0.000000    1.017234   -4.114725
1                 0.000000    3.473192   -3.979601
1                 0.000000    4.573711   -1.726752
1                 0.000000    3.119244    0.296738
7                 0.000000   -1.364654   -0.784001
53                0.000000    0.000000    1.223118
17                0.000000    1.863062    2.763595
17                0.000000   -1.863062    2.763595

C6F6-IF2-ICl2 complex

B3LYP/def2-TZVP optimized geometry (Å).
0 1
53                 0.000000    0.000000    0.010119
9                 0.000000    2.002367   -0.278150
9                 0.000000   -2.002367   -0.278150
9                -2.347328   -0.297913   -2.172959
9                -2.336217   -0.298250   -4.869383
9                 0.000000    0.000000   -6.219728
9                 2.336217    0.298250   -4.869383
9                 2.347328    0.297913   -2.172959
6                 0.000000    0.000000   -2.103573
6                -1.183557   -0.151436   -2.809438
6                -1.193502   -0.153228   -4.197000
6                 0.000000    0.000000   -4.889308
6                 1.193502    0.153228   -4.197000
6                 1.183557    0.151436   -2.809438
7                 0.112126    1.363714    2.655986
7                -0.112126   -1.363714    2.655986
6                 0.362684    2.670821    2.611460
1                 0.309214    3.120721    1.628049
6                 0.678778    3.420455    3.738206
1                 0.873659    4.480673    3.650106
6                 0.746577    2.768840    4.960054
1                 1.006696    3.307498    5.862503
6                 0.483318    1.408791    5.011467
1                 0.553169    0.883571    5.952688
6                 0.154481    0.728891    3.834989
6                -0.154481   -0.728891    3.834989
6                -0.483318   -1.408791    5.011467
1                -0.553169   -0.883571    5.952688
6                -0.746577   -2.768840    4.960054
1                -1.006696   -3.307498    5.862503
6                -0.678778   -3.420455    3.738206
1                -0.873659   -4.480673    3.650106
6                -0.362684   -2.670821    2.611460
1                -0.309214   -3.120721    1.628049
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EDA-NOCV analysis. Deformation densities Δρ associated with the most important orbital 
interactions in 5, [pyr-I-pyr]+ and C6F5IF2-bpy. The direction of the charge flow is red→blue. 
The B3LYP/TZ2P energy of interaction (kJ/mol) and the percentage contribution to the total 
orbital interaction (Eorb) are given.

5 [IPyr2]+ C6F5IF2-bpy
1

-202.1 kJ/mol (43.2%) -428.3 kJ/mol (63.3%) -37.2 kJ/mol (49.5%)
2

-154.5 kJ/mol (33.0%) -93.0 kJ/mol (13.8%) -17.9 kJ/mol (23.8%)
3

-25.5 kJ/mol (5.4%) -31.3 kJ/mol (9.3%) a

4

-20.9 kJ/mol (4.5%) -15.3 kJ/mol (4.5%) a
a Degenerate interactions are overlaid on the one plot, with the percentage including both degenerate interactions.
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Figure S1. Proton-NMR spectrum (CDCl3) of 5.
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Figure S2. Carbon-13 NMR spectrum (CDCl3) of 5.
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Figure S3. Proton NMR spectrum (CDCl3) of 6.

Figure S4. Superimposed 1H NMR spectra (CDCl3) of 5 and 6.
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Figure S5. Proton NMR spectrum of 5 five minutes after being dissolved in CD3CN.
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Figure S6. Proton NMR spectrum of 5 one hour after being dissolved in CD3CN.
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Figure S7. Proton NMR spectrum (CDCl3) of [Hbpy][Cl], generated from bipyridine and one 
equivalent of ethereal HCl.
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Figure S8. FT-IR spectra (KBr pellets) of 5 prepared under N2 (top) and prepared in the ambient 
atmosphere resulting in 5 minutes of exposure to air (bottom). 
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Table S2.  Raw FT-IR peak table for sample of 5 prepared under N2.

Table S3. Raw FT-IR peak table for sample of 5 prepared in ambient atmosphere.
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Figure S9. Proton NMR spectrum (CDCl3) of the reaction mixture of 6 and PhI.
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Figure S10. Proton NMR spectrum (CDCl3) of the reaction mixture of 5 and PhI.
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Figure S11. Proton NMR spectrum (CDCl3) of the reaction mixture of [nBu4N][ICl4] and PhI.
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Figure S12. Proton NMR spectrum (CDCl3) of the reaction mixture of ICl3 and PhI.
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