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1. Instrumentation and Physical Methods.  

Preparation and handling of air-sensitive chemicals were done under dry nitrogen 

atmosphere by utilizing MBraun gloveboxes and/or standard Schlenk techniques. 1H, 13C{1H}, 

and 19F NMR spectra were obtained on a Varian 400 MHz spectrometer at room temperature 

(RT) unless otherwise noted. 31P NMR spectra were recorded on a Varian 300 MHz spectrometer 

at RT. 1H and 13C chemical shifts were reported as δ values downfield from the internal standard 

tetramethylsilane. 19F NMR spectra were recorded at 282.344 MHz using a reference of C6H5CF3 

(δ = -63.72 ppm).  31P chemical shifts were referenced relative to an external standard of bis(4-

fluorophenyl)phenylphosphine oxide (δ = 23.91 ppm). Elemental analyses were performed on a 

Perkin-Elmer PE2400 microanalyzer at Georgetown University. UV-vis spectra were recorded 

either on a Cary 50 dual beam or Agilent 8454 Diode Array spectrometer equipped with a stirrer 

and a Unisoku USP-203 cryostat for variable temperature (-70 °C to 45 °C) experiments. The 

molar extinction coefficients of different isolated complexes were determined from the Beer’s 

law plot (absorbance vs concentration) with at least four different concentrations.  

Cyclic voltammetry measurements were carried out at RT under dry nitrogen atmosphere 

using BASi Epsilon potentiostat. A three-electrode system was used and consisted of a glassy 

carbon working electrode, high surface area platinum coil counter electrode, and a BASI non-

aqueous reference electrode (MF-2062) containing a silver wire immersed in 0.01 M AgNO3 in 

THF. 

EPR measurements were performed in air-tight quartz tubes. EPR spectra were recorded 

on a JEOL continuous wave spectrometer JES-FA200 equipped with an X-band Gunn oscillator 

bridge, a cylindrical mode cavity, and a liquid nitrogen cryostat. EPR measurements were 

performed in sealed quartz tubes and the simulation of EPR spectra were carried out using the 

program QCMP 136 by Prof. Dr. Frank Neese from the Quantum Chemistry Program Exchange 

as described by Neese et al. in J. Am. Chem. Soc. 1996, 118, 8692-8699.  
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2. Materials.  

All chemicals were purchased from regular vendors (e.g. Sigma-Aldrich, Acros Organics, Strem 

Chemicals, TCI, Combi-Blocks) and used without further purification unless otherwise 

mentioned. Molecular sieves (4A, 4-8 mesh beads) were obtained from Fisher Scientific and 

activated in vacuo at 180 °C for 24 h. Extra dry solvents (≥99.5%) with Acroseal® and 

deuterated solvents were purchased from Acros Organics and Cambridge Isotope Laboratories, 

respectively. Both anhydrous and deuterated solvents were sparged with nitrogen and stored over 

activated molecular sieve under nitrogen atmosphere. 

 [Cl2NNF6]Cu(2-O2N) (1),1 {[Me2NNF6]Cu}2,
2 {[Cl2NN]Cu}2(benzene),3 and {[Me2NN]Cu}2,

4 

were synthesized according to previously published procedures.   
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4. Synthesis and Characterization of [Cl2NN]Cu(2-O2N) (3). 

A mixture of {[Cl2NN]Cu}2(m-benzene) (0.578 g, 0.590 mmol) and 3.5 equiv. AgNO2 (0.316 g, 

2.05 mmol) in anhydrous fluorobenzene (10 mL) was stirred at room temperature for 3 h. The 

resultant dark green reaction mixture was filtered and crystallized at -40 °C resulting in 0.206 g 

of crystals for a 35% yield. Anal. Calcd for C17H13Cl4CuN3O2: C, 41.11; H, 2.64; N, 8.46. 

Found: C, 41.16; H, 2.72; N, 8.39. UV-vis (toluene, 25 °C): λmax = 595 nm (ε = 212 M-1cm-1). 

    

Figure S4. Isotropic X-band EPR spectrum and simulation for [Cl2NN]Cu(2-O2N)  (3)  
(0.2 mM in toluene at 298 K). Frequency = 9.433876 GHz. Simulation was performed 
using 1Cu model: giso = 2.100, Aiso(

63/65Cu) = 208 MHz.  

Figure S3. A) UV-vis spectra of 3 in toluene at 25 °C at different concentrations. 
B) Beer’s law plot for 3 depicts λmax/nm (ε/M-1cm-1) = 595 (212). 
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5. Synthesis and Characterization of [Me2NN]Cu(2-O2N) (4). 

A mixture of {[Me2NN]Cu}2 (0.217 g, 0.485 mmol) and 1.2 equiv. AgNO2 (0.090 g, 0.582 

mmol) in anhydrous fluorobenzene (5 mL) was stirred at room temperature for 1 h. The resultant 

dark green reaction mixture was filtered, evaporated under reduced pressure to afford a green 

powder, dissolved in pentane and crystallized at -40 °C resulting in 0.113 g of crystals for a 56% 

yield.  Anal. Calcd for C21H25CuN3O2: C, 60.78; H, 6.07; N, 10.13. Found: C, 61.16; H, 6.19; N, 

9.79. UV-vis (toluene, 25 °C): λmax = 600 nm (ε = 294 M-1cm-1).  

 

  

Figure S6. Isotropic X-band EPR spectrum for [Me2NN]Cu(2-O2N)  (4) (4.0 mM in 
pentane at 298 K). Frequency = 9.1843980 GHz. .Simulation was performed using 1Cu 
model: giso = 2.093, Aiso(

63/65Cu) = 200 MHz. 
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Figure S5. A) UV-vis spectra of 4 in toluene at 25 °C at different concentrations. 
B) Beer’s law plot for 4 depicts λmax/nm (ε/M-1cm-1) = 600 (294). 
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6. Synthesis and Characterization of [Cl2NNF6]Cu(PPh3) (5).  

A mixture of {[Cl2NNF6]Cu}2(benzene) (0.140 g, 0.117 mmol) and 2.1 equiv. PPh3 (0.066 g, 

0.251 mmol) in anhydrous fluorobenzene (5 mL) was stirred at room temperature overnight. The 

resultant orange reaction mixture was filtered and crystallized with a layer of pentane at -40 °C 

for 0.149 g of crystals for a 78% yield.  1H NMR (400 MHz, 298 K, C6D6): δ 6.96 (m, 9H, p-Ar-

H, m-Ar-H), 6.83 (t, 6H, o-Ar-H), 6.69 (d, 4H, m-Ar-H), 6.40 (s, 1H, backbone-CH), 6.15 (t, 2H, 

p-Ar-H. 19F NMR (376 MHz, C6D6): δ -64.54 (s, -CF3). 13C{1H} NMR (100 MHz, C6D6): δ 

145.86, 133.57, 133.42, 132.23, 131.84, 130.00, 129.98, 129.82, 128.86, 128.76, 124.90. 31P 

NMR (300 MHz, C6D6): δ 3.70. Anal. Calcd for C21H25Cl4CuF6N2P: C, 51.21; H, 2.70; N, 3.41. 

Found: C, 51.41; H, 2.83; N, 3.39. 

  

Figure S7. 1H NMR spectrum (400 MHz, 298K, C6D6) of 5. (* denotes 
residual proteo solvent impurities.) 

* 
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Figure S9. 19F NMR spectrum (376 MHz, 298K, C6D6) of 5. 

Figure S8. 13C {1H} NMR spectrum (100 MHz, 298K, C6D6) of 5. 
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Figure S10. 31P NMR spectrum (300 MHz, 298K, C6D6) of 5. 
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7. Synthesis and Characterization of [Cl2NNF6]Cu(P(ArCF3)3) (6). 

A mixture of {[Cl2NNF6]Cu}2(benzene) (0.080 g, 0.067 mmol) and 2.1 equiv. P(ArCF3)3 (0.067 g, 

0.1432 mmol) in anhydrous fluorobenzene (5 mL) was stirred at room temperature overnight. 

The resultant orange reaction mixture was filtered and crystallized at -40 °C for 0.058 g of 

orange crystals for an 84% yield.  1H NMR (400 MHz, 298 K, C6D6): δ 7.16 (solvent), 7.09 (d, 

6H, o-Ar-H), 6.76 (t, 6H, m-Ar-H), 6.62 (d, 4H, m-Ar-H), 6.40 (s, 1H, backbone-CH), 6.16 (d, 

2H, p-Ar-H). 19F NMR (376 MHz, C6D6): δ -63.72 (s, standard), -64.24 (s, phosphine-CF3), -

65.83 (s, backbone-CF3). 13C{1H} NMR (100 MHz, C6D6): δ 145.68, 134.93, 134.56, 133.78, 

133.62, 132.81, 132.49, 129.70, 125.91, 125.36. 31P NMR (300 MHz, C6D6): δ 78.76. Anal. 

Calcd for C42H37CuF9N2P: C, 44.53; H, 1.87; N, 2.73. Found: C, 43.90; H, 2.03; N, 2.77.  

  

* 

Figure S11. 1H NMR spectrum (400 MHz, 298K, C6D6) of 6. (* 
denotes residual proteo solvent impurities.) 



S11 
 

Figure S13. 19F NMR spectrum (376 MHz, 298K, C6D6) of 6. 

Figure S12. 13C {1H} NMR spectrum (100 MHz, 298K, C6D6) of 6. 
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Figure S14. 31P NMR spectrum (300 MHz, 298K, C6D6) of 6. 
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8. Electrochemistry 
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Figure S16. Cyclic voltammogram of [Cl2NN]Cu(κ2-O2N) (3) (1.0 mM in THF at 25 °C) in 

presence of n-tetrabutyl ammonium hexafluorophosphate (0.1 M).  Scan proceeds in the 

indicated direction with scan rate of 50 mV/s. 

‐0.90‐0.70‐0.50‐0.30‐0.100.100.300.500.70

Potential (vs. NHE) (V)

Figure S15. Cyclic voltammogram of [Me2NNF6]Cu(κ2-O2N) (2) (1.0 mM in THF at 25 °C) 

in presence of n-tetrabutyl ammonium hexafluorophosphate (0.1 M).  Scan proceeds in the 

indicated direction with scan rate of 50 mV/s. 

-313 mV 

119 mV 
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Table S1. Electrochemical data for 1-4 
Copper Complex Reduction Potential (V v. NHE) in THF 

[Cl2NNF6]Cu(2-O2N) (1) 0.3311

[Me2NNF6]Cu(2-O2N) (2) 0.303

[Cl2NN]Cu(2-O2N) (3) -0.021 

[Me2NN]Cu(2-O2N) (4) -0.113 

‐0.50‐0.30‐0.100.10

Potential (vs. NHE) (V)

-179 mV

-46 mV

Figure S17. Cyclic voltammogram of [Me2NN]Cu(κ2-O2N) (4) (1.0 mM in THF at 25 °C) in 

presence of n-tetrabutyl ammonium hexafluorophosphate (0.1 M).  Scan proceeds in the 

indicated direction with scan rate of 50 mV/s. 
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9. Reaction of [Cl2NNF6]CuII(κ2-O2N) (1) with  1 and 2 equiv. of P(ArCF3)3 

 

To a solution of 1 in C6D6 (0.5 mL of 33.0 mM solution, 0.0165 mmol) was added a C6D6 

solution containing 1 equiv. tris(4-(trifluoromethyl)phenyl)phosphine (P(ArCF3)3) (0.2 mL of 

82.6 mM solution, 0.0165 mmol). A trifluorotoluene standard was also added (8 equiv.)  The 

color of the solution changed from dark green to yellow.  After 1.5 h the resultant solution was 

analyzed by 19F NMR spectroscopy, which showed the formation of 6 in 46% yield as judged by 

the resonance at -65.85 ppm. O=P(ArCF3)3 was formed in 30% yield as judged by the resonance 

at -64.32 ppm.  The procedure was repeated with 2 equiv. tris(4-

(trifluoromethyl)phenyl)phosphine (0.4 mL of 82.6 mM solution, 0.0330 mmol) for a yield of 

72% of 6. O=P(ArCF3)3 was formed in 64% yield. 19F NMR (376 MHz, C6D6): δ -63.72 (s, 

standard), -64.24 (s, phosphine-CF3), -64.32 (s, O=P(ArCF3)3) -65.83 (s, backbone-CF3). 

  

Scheme S1. Reaction between 1 and phosphine generates nitric oxide and phosphine oxide. 

Figure S18. 19F NMR spectrum (376 MHz, 298K, C6D6) of crude reaction mixture obtained from the 
reaction of 1 and 1 equiv. P(ArCF3)3. 

standard 

[Cu]-P(ArCF3)3 

O=P(ArCF3)3 

[Cl2NNF6]Cu-P(ArCF3)3 
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Figure S19. 19F NMR spectrum (376 MHz, 298K, C6D6) of crude reaction mixture obtained from the 
reaction of 1 and 2 equiv. P(ArCF3)3. 

standard 

[Cu]-P(ArCF3)3 

O=P(ArCF3)3

[Cl2NNF6]Cu-P(ArCF3)3
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11. NO Capture from [Cl2NNF6]Cu(2-O2N) (1) and P(ArCF3)3 with Co[T(OMe)PP]  

Nitric oxide production was quantified similarly to previously published procedures.2,4 A vial 

within a vial set up was used with the outer vial sealed with a septum and the inner vial left open.  

In the small vial a solution of [Cl2NNF6]Cu(κ2-O2N) (1) in toluene (0.5 mL of 14 mM solution, 

0.0070 mmol) while in the outer vial [T(OMe)PP]CoII in CDCl3 (1.0 mL of 0.0084 M solution, 

0.0084 mmol) was readied to capture released NO from the reaction. One equiv. of P(ArCF3)3 in 

toluene (0.2 mL of 0.035 M solution, 0.0070 mmol) was injected through the septum into the 

inner vial to initiate the reaction and it was allowed to stir 2 h and quantified via 1H NMR for a 

51% yield.  The reaction was repeated with 2 equiv. P(ArCF3)3 (0.4 mL of 0.035 M solution, 

0.0140 mmol) for a 59% yield.  

 

 

  

O-Me peak 
with NO bound

Figure S22. 1H NMR spectrum of [T(OMe)PP]CoII(NO) from NO capture of 
reaction of 1 and 1 equiv. P(ArCF3)3 (400 MHz, 298K, CDCl3). 
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  Figure S23. 1H NMR spectrum of [T(OMe)PP]CoII(NO) from NO capture of 
reaction of 1 and 2 equiv. P(ArCF3)3 (400 MHz, 298K, CDCl3). 

O-Me peak 
with NO bound
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12. Kinetic Analysis of Reaction of 1-4 with P(Ar CF3
 )3. 

 

Establishing Rate Law with [Me2NNF6]Cu(2-O2N) (2) and P(ArCF3)3: 

The following stock solutions were prepared and stored at -40 °C between experiments: 2.0 mM 

[Me2NNF6]Cu(2-O2N) (2) in toluene, 0.80 M P(ArCF3)3 (ArCF3 = 4-CF3C6H4) in toluene. 

Reactions were conducted in a UV-Vis cuvette: 2 mL of the copper solution was transferred to a 

cuvette inside the glove box and sealed with a septum which maintained a steady green color.  

0.125 – 0.25 mL (25, 30, 40, or 50 eq.) of the phosphine solution was drawn into a syringe inside 

the glovebox as well.  The cuvette was placed in the UV-vis equipped with the cryostat set to 

maintain the temperature at -60°C.  The solution was allowed to stir for ~10 min to allow the 

temperature to be uniform.  After ~30 s collection the phosphine solution was injected.  The drop 

of the peak at 600 nm was followed after the injection of the phosphine solution. The final color 

of the solution was yellow.   

Figure S24. Typical full spectrum kinetics of [Me2NNF6]Cu(κ2-O2N) (2) (initial concentration 2.0 
mM) reaction with 20 equiv. P(ArCF3)3 in fluorobenzene at -40 °C with spectra collected every 1 
second for 250 seconds.  
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Figure S25. Kinetics of [Me2NNF6]Cu(κ2-O2N) (2) (initial concentration 2.0 mM) reaction with 
P(ArCF3)3 in toluene at -60 °C as monitored through plots of ln[(A∞-A)/(A∞-A0)] vs. time (A = 
absorbance at λ = 600 nm). 
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13. Eyring Analysis of 1 - 4 with P(ArCF3)3: 

The following stock solutions were prepared and stored at -40 °C between experiments: 2.0 mM 

1 - 4 in toluene, 0.8 M P(ArCF3)3 in toluene.  Reactions were conducted in a UV-Vis cuvette: 2 

mL of the copper solution was transferred to a cuvette inside the glove box and sealed with a 

septum which maintained a steady green color that varied slightly with the different complexes.  

0.1 mL (20 eq.) of the phosphine solution was drawn into a syringe inside the glove box as well.  

The cuvette was placed in the UV-vis equipped with the cryostat set to maintain the temperature.  

The solution was allowed to stir for ~10 min to allow the temperature to be uniform.  After ~30 s 

collection the phosphine was injected.  The drop of the peak at ~600 nm was followed after the 

injection of the phosphine solution. The final color of the solution was yellow. For 1 the 

temperatures used were -60 °C, -50 °C, -40 °C and -30 °C.    For 2 the temperatures used were  

-70 °C, -60 °C, -50 °C and -40 °C.  For 3 the temperatures were 10 °C, 20 °C, 30 °C and, 40 °C.  

For 4 the temperatures were 15 °C, 25 °C, 35 °C, and 45 °C.  Plotting the ln(k/T) as function of 

1/T according to the Eyring equation yielded activation enthalpy and activation entropy.   

Figure S26. Plot of the pseudo first-order rate constant kobs (s
-1) vs. [P(ArCF3)3] (M) 

in the reaction with [Me2NNF6]Cu(κ2-O2N) (initially 2.0 mM) in toluene at -60 °C. 
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Calculation of the Activation Parameters: 
 
The Eyring plot for each compound allows for the use of the Eyring equation: 

 

 

 

to calculate the activation parameters, where k is the rate constant (M-1s-1), T is the temperature 

(K), ΔH‡ is the enthalpy of activation (J/mol), R is the gas constant (J/K•mol), kB is the 

Boltzmann constant (J/K), h is the Planck constant (J•s), and ΔS‡ is the entropy of activation 

(J/mol•K).  The equation of the line from the Eyring plot fits the form of the equation such that 

the slope of the line is equal to -ΔH‡/R and the intercept of the line is equal to ΔS‡/R - ln
௞஻

௛
.  The 

values for ΔH‡ and ΔS‡ were then converted to kcal/mol and cal/mol•K respectively.  To 

calculate the Gibbs free energy of activation (-ΔG‡) at 298 K the equation: 

ࡳ∆
‡
ൌ ࡴ∆

‡
െࡿ∆ࢀ

‡ 

was used with T = 298 K.  The standard error in the slope and intercept were calculated using the 

Microsoft Excel linest function and carried through the calculations to arrive at the errors in the 

activation parameters.  

Figure S27.  Eyring plot of ln (k/T) vs. 1/T for the reaction of 1-4 with 20 eq 
P(ArCF3)3 in toluene using true second order rate constants. 
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Table S2. Activation Parameters for the Reaction of  1-4 with P(ArCF3)3. 

Copper Complex 

Reduction 
Potential (V 
v. NHE) in 

THF 

ΔH‡ 
(kcal/mol) 

ΔS‡ 
(cal/mol*K) 

ΔG‡ 298K 
(kcal/mol) 

[Cl2NNF6]Cu(2-O2N) (1) 0.3311 4.6 ± 0.72 -38.5 ± 3.09 16.0 ± 1.17 

[Me2NNF6]Cu(2-O2N) (2) 0.303 5.7 ± 0.52 -34.5 ± 2.41 16.0 ± 0.89 

[Cl2NN]Cu(2-O2N) (3) -0.021 13.9 ± 0.54 -13.3 ± 1.80 17.9 ± 0.76 

[Me2NN]Cu(2-O2N) (4) -0.113 13.1 ± 0.23 -18.5 ± 0.80 18.6 ± 0.33 

Figure S28. Trend in ΔG‡ (kcal/mol) vs the reduction potential of the [Cu](2-
O2N) complexes as calculated from the Eyring analysis. 
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Figure S30. Trend in ΔS‡ (cal/mol•K) vs the reduction potential of the 
[Cu](2-O2N) complexes as calculated from the Eyring analysis. 
 

 

  

Figure S29. Trend in ΔH‡ (kcal/mol) vs the reduction potential of the [Cu](2-
O2N) complexes as calculated from the Eyring analysis. 
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14. Hammett Plot for the reaction of  [Me2NN]Cu(k2-O2N) (4) with P(ArZ)3  (Z = CF3, F, 
Cl, H, OMe):  
 

The following stock solutions were prepared and stored at -40 °C between experiments: 2.0 mM 

4 in PhF, 0.80 M P(ArZ)3 in PhF.  Reactions were conducted in a UV-Vis cuvette: 2 mL of the 

copper solution was transferred to a cuvette inside the glove box and sealed with a septum which 

maintained a steady green color.  0.1 (20 eq.) of the phosphine solution was drawn into a syringe 

inside the glove box as well.  The cuvette was placed in the UV-vis equipped with the cryostat 

set to maintain the temperature at 0°C.  The solution was allowed to stir for ~10 min to allow the 

temperature to be uniform.  After ~30 s collection the phosphine was injected.  The drop of the 

peak at 600 nm was followed after the injection of the phosphine solution. The final color of the 

solution was yellow. 

  

 

 

  

  

Figure S31.  Hammett plot of log(k/ko) vs. σ (para Hammett 
parameter) for the reaction of [Me2NN]Cu(κ2-O2N) with 20 equiv. 
P(ArZ)3 in THF at 0°C using true second order rate constants. 
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17. Computational Study  

Gaussian 167 was used to optimize the structures, calculate single point geometries, and also find 

the vibrational frequencies and reaction free energies. Visualization and structural analyses were 

done using Chemcraft 1.8 and CCDC-Mercury.8 Seven complexes were studied for the ligand 

[Me2NN]: [Me2NN]CuII(κ2-O2N), [Me2NN]CuII(κ1-NO2), {[Me2NN]CuI(κ1-NO2)}
-, 

[Me2NN]Cu-NO, [Me2NN]Cu-ON, [Me2NN]CuI-P(ArCF3)3, and [Me2NN]CuI-SMe2 
 as well as 

six transition states [Me2NN]Cu(κ2-O2N)-P(ArCF3)3, [Me2NN]Cu(κ1-O2N)-P(ArCF3)3, 

[Me2NN]Cu(κ1-NO2)-P(ArCF3)3, [Me2NN]Cu(κ1-NO2-90°)-P(ArCF3)3, [Me2NN]Cu(κ1-ONO), a 

transition state for the isomerization from [Cu](κ2-O2N) to [Cu](κ1-NO2), and [Me2NN]Cu(κ1-

NO2)-SMe2. For the ligands [Cl2NNF6], [Me2NNF6] and [Cl2NN], the complexes [CuII](κ2-O2N), 

[CuII](κ1-NO2), [Cu]-NO, and [CuI]-SMe2 were studied along with the transition states [Cu]-

ONO and [Cu](κ1-NO2)-SMe2. Each transition state exhibits a single imaginary frequency along 

the transformation in question and the lowest energy for OAT for complex 4, [Me2NN]Cu(κ1-

NO2-90°)-P(ArCF3)3, was confirmed by an IRC calculation, but did not converge on the Max 

Displacement convergence criteria with a calcall calculation.  Five small molecules (NO, 

P(ArCF3)3, OP(ArCF3)3, SMe2, OSMe2) were also calculated to analyze the thermodynamics of the 

reactions between the complexes, and P(ArCF3)3, OP(ArCF3)3 also did not meet the Max 

Displacement or RMS Displacement convergence criteria with calcall calculations. It is likely 

that the aryl groups are able to occupy multiple equivalent energy conformations which leads to 

a flattening of the energy surfaces of these structures around the minima, which leads to 

difficulty meeting these convergence criteria but indicates that the energy of the true stable point 

is highly unlikely to be significantly different.  The BP869 functional in conjunction with the 6-

311+G(d) basis set (5d 7f spherical harmonics)10-13 was used for optimization of all geometries.  

At the BP86/6-311+G(d) stationary points, single point energies were calculated using BP86 

with the 6-311++G(d,p)14-21 basis set, in toluene using the implicit SMD22 solvent model and 

adding dispersion corrections with the keyword, empirical dispersion = GD3BJ.23 
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Table S3. Gibbs free energies (BP86/6-311+G(d)/gas//BP86+GD3BJ/6 
311++G(d,p)/SMDtoluene) at 298.15 K of the computed molecules. [Cu] = [Me2NN]Cu 
fragment.  

Compound Charge Multiplicity Gibbs Free Energy 
(Hartrees) 

NO 0 2 -129.9517649 
P(ArCF3)3

 0 1 -2047.864418 
OP(ArCF3)3

 0 1 -2123.142023 
SMe2 0 1 -478.0515799 
OSMe2 0 1 -553.2667054 
[CuII]-O2N 0 2 -2770.811019 
[CuII]-NO2 0 2 -2770.809528 
[CuI]-NO2 -1 1 -2770.940493 
[CuII]-ONO (TS) 0 2 -2770.798131 
[Cu]-NO  0 2 -2695.576779 
[Cu]-ON 0 2 -2695.544024 
[CuI]-P(ArCF3)3

 0 1 -4613.500029 
[CuI]-SMe2 0 1 -3043.664771 
TS1 [CuII]-NO2-90°-P(ArCF3)3

 0 2 -4818.645077 
TS2 [CuII]-NO2-P(ArCF3)3

 0 2 -4818.634946 
TS3 [CuII]-ONO-P(ArCF3)3

 0 2 -4818.631068 
TS4 [CuII]-O2N-P(ArCF3)3 0 2 -4818.625861 
[CuII]-NO2- SMe2 0 2 -3248.795438 
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Table S4. Gibbs free energies (BP86/6-311+G(d)/gas//BP86+GD3BJ/6 
311++G(d,p)/SMDtoluene) at 298.15 K of the computed molecules. [Cu] = [Cl2NN]Cu 
fragment.  

Compound Charge Multiplicity Gibbs Free Energy 
(Hartrees) 

[CuII]-O2N 0 2 -4452.270227 
[CuII]-NO2 0 2 -4452.268823 
[CuII]-ONO (TS) 0 2 -4452.25544 
[Cu]-NO  0 2 -4377.038639 
[CuI]-SMe2

 0 1 -4725.130883 
[CuII]-NO2- SMe2 0 2 -4930.259068 
 

Table S5. Gibbs free energies (BP86/6-311+G(d)/gas//BP86+GD3BJ/6 
311++G(d,p)/SMDtoluene) at 298.15 K of the computed molecules. [Cu] = [Me2NNF6]Cu 
fragment.  

Compound Charge Multiplicity Gibbs Free Energy 
(Hartrees) 

[CuII]-O2N 0 2 -3366.493183 
[CuII]-NO2 0 2 -3366.491698 
[CuII]-ONO (TS) 0 2 -3366.480306 
[Cu]-NO  0 2 -3291.261191 
[CuI]-SMe2

 0 1 -3639.357387 
[CuII]-NO2- SMe2 0 2 -3844.485937 
 

Table S6. Gibbs free energies (BP86/6-311+G(d)/gas//BP86+GD3BJ/6 
311++G(d,p)/SMDtoluene) at 298.15 K of the computed molecules. [Cu] = [Cl2NNF6]Cu 
fragment.  

Compound Charge Multiplicity Gibbs Free Energy 
(Hartrees) 

[CuII]-O2N 0 2 -5047.94652 
[CuII]-NO2 0 2 -5047.945673 
[CuII]-ONO (TS) 0 2 -5047.932335 
[Cu]-NO  0 2 -4972.717738 
[CuI]-SMe2

 0 1 -5320.817783 
[CuII]-NO2- SMe2 0 2 -5525.944646 
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Nitrite Isomerization 

  

Figure S36.  Proposed mechanism for the overall reduction of 4 with 2 equiv. P(ArCF3)3.  Calculated 
Gibbs free energies in kcal/mol at 298.15 K. 

Figure S35.  Proposed mechanism for the nitrite isomerization of 1-4. Calculated Gibbs free energies in 
kcal/mol at 298.15 K. 
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Figure S37.  Gibbs Free Energy of four optimized transition states of oxygen atom transfer relative to 
starting materials.  The lowest energy transition state was confirmed by an IRC calculation.  
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Figure S38.  Proposed mechanism for the overall reduction of 1-4 with 2 equiv. SMe2.  Calculated 
Gibbs free energies in kcal/mol at 298.15 K. 

Scheme S3.  Copper nitrosyl to copper isonitrosyl reorganization energy in toluene with ligand from 4. 
Calculated Gibbs free energy in kcal/mol at 298.15 K.  



 

 

Figu
theo
(°): P
P-C3

Figu
with 
1.858
 

ure S40. G
ory with char
P-O 1.513  P
3 105.93, C1

ure S39. Geo
charge = 0, 

8, P-C2 1.85

eometry opt
rge = 0, mu
P-C1 1.842, 
1-P-O 112.8

ometry optim
multiplicity

59, P-C3 1.85

timized stru
ultiplicity = 1

P-C2 1.842
1. 

mized structu
 = 1. Selecte
58; C1-P-C2

C1

C

C

S38 

ucture of O
1. Selected c
, P-C3 1.842

ure of P(ArC

ed calculated
2 102.02, C2

C2 

C3 

P 

C1 

C2
C3 

P 

OP(ArCF3)3 a
calculated b
2; C1-P-C2 

CF3)3 at BP86
d bond distan
2-P-C3 102.0

2 

O 

at BP86/6-3
bond distanc
105.93, C2-

6/6-311+G(d
nces (Å) and
03, C1-P-C3

11+G(d) lev
es (Å) and a
-P-C3 105.92

d) level of th
d angles (°): 
3 102.02. 

vel of 
angles 
2, C1-

heory 
P-C1 



 

 

Figure 
charge 
1.828, S
 

Figure
with ch
1.525  

S41. Geome
= 0, multipl

S-C2 1.828; 

e S42. Geom
harge = 0, m
S-C1 1.851,

 

etry optimize
licity = 1. S
C1-S-C2 99

C

metry optimi
multiplicity =

 S-C2 1.851

C1

ed structure 
Selected calc
.32. 

C1 

ized structur
= 1. Selected

; C1-S-C2 9

1 S

S39 

of SMe2 at B
culated bond

S 

re of OSMe
d calculated b
95.69, C1-S-

S 

O 

BP86/6-311+
d distances 

C2 

e2 at BP86/6
bond distanc
-O 107.15, C

C2 

+G(d) level 
(Å) and ang

6-311+G(d) 
ces (Å) and 

C2-S-O 107.1

of theory wi
gles (°): S-C

level of the
angles (°): S
17. 

ith 
C1 

ory 
S-O 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig
leve
ang
1.2
110
stre

Figur
level 
angle
1.270
97.56
(symm

gure S43. G
el of theory 

gles (°): N1-
79; N1-Cu-N
0.68.   Nitri
etch), 1283 (

re S44. Geo
of theory w

es (°): N1-C
0; N1-Cu-N2
6, O1-N3-O
metric bend)

Geometry op
with charge

-Cu 1.930, N
N2 97.24, N
ite stretchin
(symmetric s

ometry optim
with charge =
Cu 1.900, N2
2 99.50, N1-
2 124.08, O
), 1219 (N3-

 

ptimized stru
e = 0, multip
N2-Cu 1.930
1-Cu-O1 10

ng frequenci
stretch). 

mized struct
= 0, multiplic
2-Cu 1.948, 
Cu-O1 119.
O2-N3-Cu 1
-O1 stretch),

N

S40 

ucture of [M
plicity = 2. S
0, Cu-O1 2.

01.21, N2-Cu
es (cm-1): 8

N1 
Cu 

N2 

ture of [Me
city = 2. Sel
Cu-N3 1.92

63, O1-Cu-N
138.36. Nitr
 1456 (N3-O

N1 
Cu 

N2 

Me2NN]CuII(
Selected calc
.093, Cu-O2
u-O2 101.21
848 (symme

O1 
N3

O2 

e2NN]CuII(κ1

lected calcul
23, Cu-O1 2
N3 31.06, N
rite stretchi

O2 stretch).

O1

N3 

O2

(κ2-O2N) at 
culated bond
2 2.093, O1-
1, O1-Cu-O2
etric bend), 

3 

1-NO2) at B
lated bond d
2.440 N3-O

N2-Cu-N3 10
ing frequenc

BP86/6-311
d distances (
-N3 1.279, 

2 59.83, O1-
1137 (asym

BP86/6-311+
distances (Å)
O2 1.225, N3
09.82, Cu-N3
cies (cm-1): 

1+G(d) 
Å) and 
O2-N3 
N3-O2 

mmetric 

+G(d) 
) and 
3-O1 
3-O1 

770 



 

Figur
level 
angle
1.260
117.8
(symm
stretc

Figur
[Cu](κ
multip
1.914
Cu-O

re S45. Geo
of theory wi
s (°): N1-Cu

0, N3-O1 1.
82, O1-N3-O
metric N-O 
h). 

re S46. Geom
κ2-O2N) to 
plicity = 2. S
, Cu-O1 1.8
1 128.23, Cu

metry optim
ith charge =
u 1.974, N2
270; N1-Cu

O2 119.08, 
stretch), 7

metry optimi
[Cu](κ1-NO

Selected calc
60, N3-O1 
u-O1-N3 130

mized structu
-1, multipli

2-Cu 1.974, 
u-N2 97.25, 
O2-N3-Cu 

783 (symme

N

N

ized transitio
O2), at BP8
culated bond
1.341, N3-O
0.41, O1-N3

S41 

ure of {[Me2

city = 1. Sel
Cu-N3 1.91
N1-Cu-N3 
123.11. Nit

etric bend),

N1 
Cu 

N2 

on state of [M
86/6-311+G(
d distances (

O2 1.209; N
3-O2 117.25

N1 

Cu 

N2 

2NN]CuI(κ1-N
lected calcul
14, Cu-O1 2

131.21, N2
trite stretchi

1255 (N3-

O1

N3 O2

Me2NN]CuII

(d) level of
(Å) and ang
1-Cu-N2 98
. 

O1 
N3

NO2)}
- at B

lated bond d
2.747, Cu-O
2-Cu-N3 13
ing frequenc
-O1 stretch)

2 

I(κ1-ONO), 
f theory wi
les (°):N1-C
.75, N1-Cu-

3 

O2 

BP86/6-311+
distances (Å)
O2 2.808, N3

1.22, Cu-N3
cies (cm-1): 
), 1300 (N3

conversion f
ith charge =
Cu 1.916, N2
-O1 133.02, 

+G(d) 
) and 
3-O2 
3-O1 

415 
3-O2 

from 

= 0, 
2-Cu 
N2-



 

 

Figu
theo
(°):N
130.
(Cu-

Figu
theo
(°):N
128.
(Cu-

ure S47. Geo
ory with char
N1-Cu 1.922
.04, N2-Cu-N
-N stretch), 1

ure S48. Geo
ory with char
N1-Cu 1.916
.88, N2-Cu-N
-O stretch), 

 

ometry optim
rge = 0, mu
2, N2-Cu 1
N3 130.04, 
1725 (N-O s

ometry optim
rge = 0, mu
6, N2-Cu 1
N3 128.88, 
1560 (N-O s

mized structu
ultiplicity = 2
.922, Cu-N3
Cu-N3-O 15

stretch). 

N

N

mized structu
ultiplicity = 2
.916, Cu-O
Cu-O-N3 14

stretch). 

N

N

S42 

ure of [Me2N
2. Selected c
3 1.776, O-
57.94. Nitric

N1 
Cu 

N2 

ure of [Me2N
2. Selected c
1.887, O-N

47.22. Nitric

N1 
Cu 

N2 

NN]Cu(NO)
calculated b
-N3 1.188; N
c oxide stretc

O N3 

NN]Cu(ON)
calculated b

N3 1.202; N
c oxide stret

O 
N

) at BP86/6-3
bond distance
N1-Cu-N2 9
ching freque

) at BP86/6-3
bond distanc
N1-Cu-N2 10

ching freque

3 

311+G(d) le
es (Å) and a
99.89, N1-C
encies (cm-1

311+G(d) le
es (Å) and a
02.22, N1-C
encies (cm-1

evel of 
angles 
Cu-N3 
): 467 

evel of 
angles 
Cu-N3 
): 343 



 

 

Figure
level o
angles
Cu-P 1

Figur
of the
(°): N
129.6

e S49. Geom
of theory wit

(°): N1-Cu 
128.33. 

re S50. Geom
eory with cha
N1-Cu 1.943
60. 

 

metry optimi
th charge = 
1.965, N2-C

metry optim
arge = 0, mu
, N2-Cu 1.9

ized structur
0, multiplici
Cu 1.970, Cu

N1 
Cu 

N2 

mized structur
ultiplicity = 
943, Cu-S 2.

N1 
Cu

N2 

S43 

re of [Me2N
ity = 1. Sele
u-P 2.213; N

P 

re of [Me2N
1. Selected c
198; N1-Cu

S

NN]CuI(P(Ar
ected calcula
N1-Cu-N2 9

NN]CuI(SMe
calculated bo
u-N2 100.55

rCF3)3) at BP
ated bond di
9.06, N1-Cu

2) at BP86/6
ond distance
, N1-Cu-S 1

P86/6-311+G
stances (Å) 
u-P 132.48, N

6-311+G(d) l
es (Å) and an
129.52, N2-C

G(d) 
and 
N2-

level 
ngles 
Cu-S 



 

 

 
 

Figur
BP86
distan
1.448
72.78

Figure
([Me2N
multipl
1.932, 
132.58
O1-P 1

re S52. Geom
/6-311+G(d

nces (Å) and
8, O2-P 1.79
8, Cu-N3-O2

e S51. Geo
NN]Cu-NO2-
licity = 2. S
Cu-N3 1.85

8, N2-Cu-N3
116.06. 

 

metry optim
) level of the

d angles (°):N
92; N1-Cu-N

2 124.45, O1

ometry opti
-90°-P(ArCF

elected calcu
54, O2-N3 1
3 127.67, Cu

N

N

mized TS2 (Δ
eory with ch
N1-Cu 1.932
N2 100.71, 
-N3-O2 113

N1 
Cu 

N2 

O

N3

imized TS1
3)3) at BP8
ulated bond 
.227, N3-O1

u- N3- O2 13

N1 
Cu 

N2 N3

S44 

G‡ = 25.4 kc
harge = 0, m
2, N2-Cu 1.9
N1-Cu-N3 

3.38, N3-O2-

O1 

O2 

P 

1, the lowe
6/6-311+G(d
distances (Å

1 1.441, O1-
31.41, Cu-N

O2 

3 
O1 

P 

cal/mol) ([M
multiplicity =
924, Cu-N3 
147.12, N2

-P 125.67 . 

est energy
d) level of 
Å) and angle
-P 1.861; N

N3-O1 114.1

Me2NN]Cu-N
= 2. Selected
1.998, N3-O

2-Cu-N3 109

(ΔG‡ = 1
f theory wit
es (°):N1-Cu
1-Cu-N2 99
2 , O2-N3-O

NO2-P(ArCF3

d calculated b
O1 1.283, N3
9.90, Cu-N3

19.1 kcal/m
th charge =
u 1.929, N2-

9.63, N1-Cu-
O1 114.24, N

)3) at 
bond 
3-O2 
3-O1 

mol) 
= 0, 
-Cu 
-N3 
N3-



 

 

Figure S
at BP86/
bond dist
N3-O2 1.
N3 130.8

Figure 
BP86/6-
distance
1.419, O
118.68, 

S53. Geomet
6-311+G(d) 
tances (Å) a
.441, O2-P 1

83, O1-N3-O

S54. Geome
-311+G(d) l
es (Å) and an
O2-P 1.894
O1-N3-O2 

 

ry optimized
level of the

and angles (°
1.877; N1-C

O2 109.77, N

N1 
Cu

N2 

etry optimize
evel of theor
ngles (°):N1
; N1-Cu-N2
111.95, N3-

N

d TS3 (ΔG‡ =
eory with ch
°):N1-Cu 1.
u-N2 100.65

N3-O2-P 119

u O1

O2

ed TS4 (ΔG‡

ry with char
-Cu 1.970, N

2 101.77, N
O2-P 121.76

N1 
Cu 

N2 

O

O

S45 

= 27.8 kcal/
harge = 0, m
933, N2-Cu
5, N1-Cu-O1
.55. 

N3 

P 

‡ = 31.1 kcal
rge = 0, mult
N2-Cu 1.906

N1-Cu-O1 9
6 . 

1 
N3 

O2 P 

/mol)  ([Me2

multiplicity 
u 1.921, Cu-O
1 125.21, N2

l/mol) ([Me2

tiplicity = 2
6, Cu-O1 1.9
99.39, N2-C

2NN]Cu-ON
= 2. Selecte
O1 1.897, O
2-Cu-O1 133

2NN]Cu-O2N
. Selected ca
949, O1-N3 

Cu-O1 157.9

NO-P(ArCF3)3

ed calculate
O1-N3 1.245
3.43, Cu-O1

N-P(ArCF3)3)
alculated bo
1.265, N3-O

93, Cu-O1-N

3) 
d 
5, 
1-

 at 
nd 
O2 
N3 



 

 

Figure
NO2-SM
calcula
O1 1.7
126.64

Figure
level o
angles 
1.279; 
110.38
stretch)

e S55. Geom
Me2 at BP86

ated bond dis
711, N3-O2
, Cu-N3-O1 

e S56. Geom
f theory with
(°): N1-Cu 
N1-Cu-N2 9
.   Nitrite s
), 1256 (sym

 

metry optimi
6/6-311+G(d
stances (Å) 

1.201, O1
103.09, Cu-

metry optim
h charge = 0
1.930, N2-C

96.47, N1-C
stretching fr

mmetric stret

ized transitio
d) level of th
and angles (
-S 1.850; N
-N3-O2 141

N1 
Cu 

N2 N

mized structu
0, multiplicit
Cu 1.930, C

Cu-O1 101.39
requencies (
ch). 

N1
C

N2

S46 

on state (ΔG
heory with 
(°):N1-Cu 1
N1-Cu-N2 9
.78, O1-N3-

O1 

N3 
O2 

S

ure of [Cl2N
ty = 2. Selec

Cu-O1 2.077
9, N2-Cu-O2
(cm-1): 847

Cu 
 

O1

O2

G‡ = 42.1 k
charge = 0, 
.940, N2-Cu
99.79, N1-C
-O2 115.06, N

NN]CuII(κ2-O
cted calculat
7, Cu-O2 2.0
2 101.39, O
(symmetric 

N3 

kcal/mol)  o
multiplicity

u 1.937, Cu-
Cu-N3 133.5
N3-O1-S 13

O2N) at BP
ted bond dis
077, O1-N3
1-Cu-O2 60

bend), 112

f [Me2NN]C
y = 2. Selec
-N3 1.834, N
53, N2-Cu-

31.03 . 

86/6-311+G
stances (Å) a
 1.279, O2-
.76, O1-N3-

29 (asymmet

Cu-
cted 
N3-
N3 

G(d) 
and 
-N3 
-O2 
tric 



 

 

Figure 
level of 
angles (°
1.269; N
95.88, O
(symmet

Figure
[Cu](κ2

multipl
1.921, 
Cu-O1 

S57. Geome
theory with 
°): N1-Cu 1

N1-Cu-N2 98
O1-N3-O2 1
tric bend), 12

e S58. Geom
2-O2N) to [
licity = 2. Se
Cu-O1 1.85
125.16, Cu-

 

etry optimiz
charge = 0, 
.905, N2-Cu

8.88, N1-Cu-
124.71, O2-
215 (N3-O1

metry optimiz
[Cu](κ1-NO2

elected calcu
9, N3-O1 1
-O1-N3 134

zed structure
multiplicity

u 1.945, Cu
-O1 119.71, 
-N3-Cu 139
 stretch), 14

N1

N2

zed transitio
2), at BP86
ulated bond 
.329, N3-O2
.44, O1-N3-

N

N

S47 

e of [Cl2NN
y = 2. Select
u-N3 1.919, 

O1-Cu-N3 
9.41. Nitrite 
72 (N3-O2 s

Cu 

2 

on state of [C
6/6-311+G(d

distances (Å
2 1.208; N1-
O2 118.57.

N1 
Cu 

N2 

N]CuII(κ1-NO
ted calculate
Cu-O1 2.40
31.63, N2-C
 stretching 
stretch). 

O1 

N3 

O2 

Cl2NN]CuII(κ
d) level of 
Å) and angle
-Cu-N2 98.2

O1 N3 

O2

O2) at BP86
ed bond dista
06, N3-O2 1
Cu-N3 109.7

frequencies

κ1-ONO), co
theory with

es (°):N1-Cu
24, N1-Cu-O

6/6-311+G(d
ances (Å) an
1.222, N3-O
78, Cu-N3-O
s (cm-1): 76

onversion fr
h charge = 
u 1.916, N2-
O1 136.57, N

d) 
nd 
O1 
O1 
68 

rom 

0, 
-Cu 
N2-



 

 

 

Figure
theory
(°):N1
130.48
(Cu-N

Figure
of theo
(°): N
130.23

 

e S59. Geom
y with charge

-Cu 1.927, 
8, N2-Cu-N3

N stretch), 17

e S60. Geom
ory with cha
1-Cu 1.947,
3. 

metry optimi
e = 0, multi
N2-Cu 1.92

3 130.48, Cu
34 (N-O stre

metry optimi
arge = 0, mul

N2-Cu 1.94

ized structur
plicity = 2. 
27, Cu-N3 
u-N3-O 154
etch). 

N1
C

N2

zed structure
ltiplicity = 1
47, Cu-S 2.2

N1 
Cu 

N2 

S48 

 

re of [Cl2NN
Selected cal
1.782, O-N3
.44. Nitric o

 
Cu N3

e of [Me2NN
. Selected ca
206; N1-Cu

S

N]Cu(NO) at
lculated bon
3 1.186; N1

oxide stretch

O 3 

N]CuI(SMe2)
alculated bon

u-N2 99.49, 

t BP86/6-31
nd distances 
1-Cu-N2 99

hing frequenc

) at BP86/6-
nd distances
N1-Cu-S 13

1+G(d) leve
(Å) and ang

9.01, N1-Cu
cies (cm-1): 

-311+G(d) le
s (Å) and ang
30.23, N2-C

el of 
gles 

u-N3 
475 

evel 
gles 

Cu-S 



 

 

Figure 
SMe2 a
calculat
O1 1.6
125.06,

S61. Geome
at BP86/6-3
ted bond dis

691, N3-O2 
, Cu-N3-O1 

 

etry optimiz
11+G(d) le

stances (Å) a
1.202, O1-

104.88, Cu-

zed transition
vel of theo
and angles (°
-S 1.833; N
-N3-O2 140.

N1 
Cu

N2 

S49 

n state (ΔG‡ 

ory with cha
°): N1-Cu 1

N1-Cu-N2 9
.08, O1-N3-O

O1 

N3 

= 38.5 kcal/
arge = 0, m
.944, N2-Cu
98.78, N1-C
O2 115.03, N

O2 

S 

/mol)  of [Cl
multiplicity 
u 1.946, Cu-
Cu-N3 136.0
N3-O1-S 12

l2NN]Cu-NO
= 2. Select

-N3 1.845, N
00, N2-Cu-N

29.39 . 

O2-
ted 

N3-
N3 



 

 

Figure 
level of
angles 
1.278; N
110.53.
stretch)

Figure 
level of
angles 
1.268; N
O1 97.5
(symme

S62. Geom
f theory with
(°): N1-Cu 
N1-Cu-N2 9
.   Nitrite s
), 1255 (sym

S63. Geom
f theory with
(°): N1-Cu 
N1-Cu-N2 1
56, O1-N3-O
etric bend), 

 

metry optimiz
h charge = 0
1.941, N2-C

98.29, N1-Cu
stretching fr

mmetric stretc

metry optimiz
h charge = 0
1.907, N2-C
100.41, N1-
O2 124.62, 
1218 (N3-O

zed structure
0, multiplicit
Cu 1.941, C
u-O1 100.71
requencies (
ch). 

N1
C

N2

zed structure
0, multiplicit
Cu 1.960, C
Cu-O1 118.
O2-N3-Cu 
1 stretch), 14

N1

N

S50 

e of [Me2NN
ty = 2. Selec

Cu-O1 2.091
1, N2-Cu-O2
cm-1): 848 

Cu 
O1
O2

e of [Me2NN
ty = 2. Selec

Cu-N3 1.927
76, O1-Cu-N
137.83. Nitr
463 (N3-O2

1 
Cu 

N2 

NF6]CuII(κ2-O
cted calculat
, Cu-O2 2.0

2 100.71, O1
(symmetric 

N3 

NF6]CuII(κ1-N
cted calculat
, Cu-O1 2.4
N3 30.98, N
rite stretchin

2 stretch). 

O1 

N3 

O2 

O2N) at BP8
ted bond dis
091, O1-N3 
1-Cu-O2 60.

bend), 113

NO2) at BP8
ted bond dis
442, N3-O2 
N2-Cu-N3 1
ng frequenci

86/6-311+G
tances (Å) a
1.278, O2-N

.30, O1-N3-O
3 (asymmet

86/6-311+G
tances (Å) a
1.228, N3-O

09.85, Cu-N
ies (cm-1): 7

(d) 
and 
N3 
O2 
tric 

(d) 
and 
O1 

N3-
769 



 

 

Figure
from [C
multipl
1.923, 
Cu-O1

Figure
of theo
(°):N1
129.47
(Cu-N 

e S64. Geom
Cu](κ2-O2N)
licity = 2. S
Cu-O1 1.86
 127.09, Cu-

e S65. Geom
ory with char
-Cu 1.929, N

7, N2-Cu-N3
stretch), 174

 

metry optim
) to [Cu](κ1

elected calcu
62, N3-O1 1
-O1-N3 130

metry optimi
rge = 0, mul
N2-Cu 1.92

3 129.47, Cu
40 (N-O stre

mized transiti
-NO2), at B
ulated bond 
.336, N3-O2
.73, O1-N3-

N

N

zed structur
ltiplicity = 2
29, Cu-N3 1
u-N3-O 155.
etch). 

N1
C

N2

S51 

ion state of 
P86/6-311+
distances (Å

2 1.207; N1
-O2 118.12.

N1 
Cu 

N2 

O

e of [Me2NN
. Selected ca
.785, O-N3

.07. Nitric o

Cu 
N

f [Me2NNF6]
+G(d) level o
Å) and angle
-Cu-N2 99.9

O1 
N3 

O2 

NF6]Cu(NO)
alculated bon
 1.184; N1-
xide stretchi

O N3 

]CuII(κ1-ON
of theory wi
es (°):N1-Cu
97, N1-Cu-O

) at BP86/6-
nd distances
-Cu-N2 101
ing frequenc

O), convers
ith charge =
u 1.922, N2-
O1 132.93, N

311+G(d) le
s (Å) and ang
.00, N1-Cu-
cies (cm-1): 4

sion 
= 0, 
-Cu 
N2-

evel 
gles 
-N3 
461 



 

 

Figure 
level of
angles (
Cu-S 12

Figure 
NO2-SM
calculat
O1 1.6
124.49,

S66. Geom
f theory with
(°): N1-Cu 1
29.15. 

S67. Geom
Me2 at BP86
ted bond dis

677, N3-O2 
, Cu-N3-O1 

 

metry optimi
h charge = 0
1.948, N2-Cu

metry optimiz
6/6-311+G(d
stances (Å) a

1.203, O1-
104.09, Cu-

ized structur
0, multiplicit
u 1.948, Cu-

N1 
Cu

N2 

zed transitio
d) level of th
and angles (
-S 1.836; N
-N3-O2 140.

N1 
Cu

N2 

S52 

re of [Me2N
ty = 1. Selec
-S 2.206; N1

S 

on state (ΔG
heory with c
(°):N1-Cu 1.

N1-Cu-N2 10
.67, O1-N3-O

O1 

N3 
O

S 

NNF6]CuI(SM
cted calculat
1-Cu-N2 101

G‡ = 36.0 kc
charge = 0, 
.945, N2-Cu
00.93, N1-C
O2 115.23, N

O2 

Me2) at BP8
ted bond dis
1.33, N1-Cu

cal/mol) of 
multiplicity

u 1.948, Cu-
Cu-N3 134.5
N3-O1-S 12

86/6-311+G
tances (Å) a
-S 129.15, N

[Me2NNF6]C
y = 2. Select
N3 1.850, N
55, N2-Cu-N

27.92. 

(d) 
and 
N2-

Cu-
ted 

N3-
N3 



 

 

Figur
level 
angle
1.279
110.1
stretch

Figur
level o
angles
1.268
94.98
(symm

re S68. Geo
of theory wi
s (°): N1-Cu

9; N1-Cu-N2
7.   Nitrite 
h), 1258 (sy

re S69. Geo
of theory wi
s (°): N1-Cu
; N1-Cu-N2
, O1-N3-O2
metric bend)

 

ometry optim
ith charge =
u 1.941, N2

2 97.26, N1-C
stretching 

ymmetric stre

metry optim
ith charge = 
u 1.911, N2
 99.68, N1-C
2 125.31, O
, 1212 (N3-O

mized structu
= 0, multiplic
2-Cu 1.941, 
Cu-O1 100.9
frequencies 
etch).  

N

N

mized structu
0, multiplic

2-Cu 1.955, 
Cu-O1 118.5
O2-N3-Cu 1
O1 stretch), 

N

S53 

ure of [Cl2N
city = 2. Sel
Cu-O1 2.07
97, N2-Cu-O
(cm-1): 847

1 
Cu 

2 

O
O

ure of [Cl2N
city = 2. Sele
Cu-N3 1.92

53, O1-Cu-N
139.71. Nitr
1482 (N3-O

N1 
Cu 

N2 

NNF6]CuII(κ2

lected calcul
73, Cu-O2 2
O2 100.97, O
7 (symmetri

O1 N3 O2 

NNF6]CuII(κ1

ected calcula
22, Cu-O1 2
N3 31.85, N2
rite stretchin

O2 stretch). 

O1 

N3 

O2 

2-O2N) at B
lated bond d
2.073, O1-N
O1-Cu-O2 6
ic bend), 11

-NO2) at BP
ated bond di
2.393 N3-O2
2-Cu-N3 10
ng frequenc

P86/6-311+
distances (Å)
N3 1.279, O2
60.79, O1-N3
123 (asymm

P86/6-311+G
istances (Å)
2 1.219, N3
9.94, Cu-N3

cies (cm-1): 

G(d) 
) and 
2-N3 
3-O2 

metric 

G(d) 
) and 
3-O1 
3-O1 

767 



 

 

Figure 
from [C
multipl
1.930, C
Cu-O1 

Figure 
of theor
(°):N1-
130.02,
(Cu-N s

S70. Geom
Cu](κ2-O2N)
icity = 2. Se
Cu-O1 1.863
124.01, Cu-

S71. Geom
ry with char
Cu 1.934, N
, N2-Cu-N3 
stretch), 174

 

metry optim
 to [Cu](κ1-
elected calcu
3, N3-O1 1.
-O1-N3 134.

metry optimiz
ge = 0, mult
N2-Cu 1.934
130.02, Cu-

49 (N-O stret

mized transiti
-NO2), at BP
ulated bond 
321, N3-O2
89, O1-N3-O

N

N

zed structure
tiplicity = 2. 
4, Cu-N3 1
-N3-O 152.2
tch). 

N

N

S54 

ion state of
P86/6-311+G
distances (Å

2 1.205; N1-
O2 119.72.

N1 
Cu 

N2 

O

e of [Cl2NN
Selected cal
.790, O-N3

23. Nitric ox

N1 
Cu 

N2 

f [Cl2NNF6]C
G(d) level o
Å) and angle
-Cu-N2 99.4

O1 N3 

O2 

NF6]Cu(NO) 
lculated bon
 1.182; N1-

xide stretchin

O N3 

CuII(κ1-ONO
of theory wi
es (°):N1-Cu
41, N1-Cu-O

at BP86/6-3
nd distances 
-Cu-N2 99.9
ng frequenc

O), conversi
ith charge =
u 1.921, N2-
O1 136.55, N

311+G(d) lev
(Å) and ang
92, N1-Cu-N
ies (cm-1): 4

ion 
= 0, 

Cu 
N2-

vel 
gles 
N3 

452 



 

 

Figur
NO2-S
calcul
O1 1.
123.32

Figure
level o
angles 
Cu-S 1

e S73. Geom
SMe2 at BP8
ated bond d
.658, N3-O2
2, Cu-N3-O1

e S72. Geom
of theory wit

(°): N1-Cu 
129.88. 

 

metry optim
86/6-311+G(
istances (Å)
2 1.205, O
1 105.78, Cu

metry optim
th charge = 0
1.952, N2-C

mized transiti
(d) level of 
) and angles 
1-S 1.823; 
u-N3-O2 139

N1
C

N2

mized structu
0, multiplici

Cu 1.952, Cu

N1

N2

S55 

ion state (Δ
theory with
(°):N1-Cu 1
N1-Cu-N2 

9.08, O1-N3

Cu 
O1

N3

ure of [Cl2N
ity = 1. Sele
u-S 2.213; N

1 
Cu 

2 

S

ΔG‡ = 33.0 k
h charge = 0
1.948, N2-C
99.68, N1-

3-O2 115.12,

1 

O2 

S 

NNF6]CuI(SM
ected calcula
1-Cu-N2 10

S 

kcal/mol)  o
0, multiplicit
Cu 1.957, Cu
-Cu-N3 136
, N3-O1-S 1

Me2) at BP
ated bond dis
00.19, N1-Cu

of [Cl2NNF6]
ty = 2. Sele
u-N3 1.859, 
6.85, N2-Cu
26.40. 

P86/6-311+G
stances (Å) 
u-S 129.88, N

]Cu-
cted 
N3-

u-N3 

G(d) 
and 
N2-



S56 
 

 

 

  

Figure S74.  The calculated spin density plots of the κ2-O and κ1-N binding modes of 
copper(II) nitrite 4.  Isosurface value =  0.02. Spin densities [CuII](κ2-O2N): Cu 44%, O1 
7%, N3 0%, O2 7%; [CuII](κ1-NO2): Cu 34%, O1 14%, N3 11%, O2 5%. 
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Figure S75.  The second highest occupied molecular orbital (HOMO-1) and second lowest 
unoccupied molecular orbital (LUMO+1) of  {[CuI](κ1-NO2)}

- indicating a  backbonding 
interaction between the copper(I) center ] and the nitrite. Isosurface value =  0.03 and 0.01 
respectively.  
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