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Experimental Section

Materials. Methyl bromoacetate (MBrA, 97%, Aldrich), methyl 2-bromopropionate (MBrP, 98%,
Aldrich), methyl 2-bromoisobutyrate (MBriB, 99%, Aldrich), ethyl 2-bromoisobutyrate (EtBriB, 99%,
Aldrich), bromoacetonitrile (BrAN, 97%, Aldrich), 2-bromopropionitrile (BrPN, 97%, Aldrich),
chloroacetonitrile ~ (CIAN,  99%,  Aldrich), benzyl bromide (BnBr, 98%, Aldrich),
1-(bromoethyl)benzene (PEBr, 97%, Aldrich), and 1-(chloroethyl)benzene (PECI, Aldrich) were
distilled  prior to  use. Tris(2-pyridylmethyl)amine (TPMA, ATRP Solutions),
N,N,N’,N”,N"-pentamethyldiethylenetriamine (PMDETA, 99%, Aldrich), 2,2'-Bipyridine (bpy, =99%,
Sigma-Aldrich), copper(I) chloride (CuCl, =99%, Aldrich), copper(Il) chloride (CuCl,, =99%,
Aldrich), Tetrabutylammonium chloride (NBusCl, =97%, Aldrich), 2,2,6,6-tetramethylpiperidinyl-1-
oxy (TEMPO, 99%, Aldrich), and acetonitrile (MeCN, HPLC-grade, Fisher) were used as received.

Measurements of Rate Constants for the Radical Pathway (Atom Transfer) (Kac). The
activation rate constants (K,.) were determined by following the reactions of copper(I) chloride, ligands,
initiators, and TEMPO in MeCN at 22°C using the time-dependent Cu(H)(L)Xz concentration measured
by UV-vis-NIR spectroscopy obtained on a Varian Cary 5000 UV-Vis-NIR spectrophotometer. The
time-dependent Cu™(L)X, concentration was fitted by single exponential y = A[1-exp(-Kopst)]+C to
estimate the value of Kops, which was then converted to Ka by Kaet = Kobs/[1nitiator]. A specific example
showing the measurement of Ko, for Cu’(bpy),Cl with MBrP is provided in Figure 1. Nitrogen bubbled

MeCN solutions of copper(I) chloride (3.64x10 mol L, 0.30 mL), bpy (6.59x10” mol L', 0.33 mL),
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TEMPO (3.20x10" mol L, 0.34 mL), and MeCN (2.30 mL) were injected into a nitrogen purged
Schlenk flask, which was capped by a designed quartz cuvette. The initiator, MBrP (2.99x10" mol L™,
0.73 mL), was added into the flask via syringe to start the reaction.

Measurements of Rate Constants for an lonic Pathway (Halide Exchange) (Kionic). The rate
constants of the ionic pathway (Kionic) were estimated from the slope of second order kinetic plots of the
conversion from alkyl bromide to alkyl chloride followed by 'H NMR spectra obtained on a Bruker
Avance 300 MHz NMR spectrometer at 27°C. A specific example, measuring Kionic for the reaction of
Cu™(bpy).Cl, with PEBr is shown in Figure 4. Nitrogen bubbled MeCN-d; solutions of copper(Il)
chloride (1.17x10 mol L, 0.25 mL) and bpy (2.30x10” mol L, 0.25 mL) were injected into a
nitrogen purged NMR tube which was sealed by a rubber stopper. The initiator, PEBr in MeCN-d3
(1.35x10" mol L™, 0.02 mL), was added into the tube via syringe to start the reaction.

Measurements of Rate Constants for Halogen Exchange (kng). The method used to measure
the rate constants of halogen exchange (kyg) is the same as that used to estimate Kjonic. A specific
example of determining the kyg for reaction between Cu(I)(bpy)ZCI and MBrA is shown in Figure 6.
Nitrogen bubbled MeCN-d; solutions of copper(I) chloride (7.42x102 mol L, 0.12 mL), bpy
(1.28x107" mol L™, 0.13 mL), and MeCN-d3 (0.1 mL) were injected into a nitrogen purged NMR tube
which was sealed by a rubber stopper. The MBrA MeCN-d; solution (1.62x10™ mol L™, 0.05 mL), was

added into the tube via syringe to start the reaction.



'H NMR spectra of initiators

Acetonitrile-ds (MeCN-ds) is the solvent used for all '"H NMR spectrum and the solvent peak at 1.94

ppm was used for the calibration.
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BrAN (Red) and CIAN (Blue)
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BrPN (Blue) and CIPN (Red)
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Measurements of activation rate constants (k.ct) for selected initiators with Cu catalysts

Activation rate constants were estimated by UV-vis-NIR spectroscopy by following the
absorbance at the An.x of the formed Cu® complexes (740nm for Cu(u)(bpy)ng and
Cu™(PMDETA)X,; 950nm for Cu'(TPMA)X,). The single exponential equation, y =
A[1-exp(-Kobst)]+C, was used to fit the observed time-dependent Cu™ absorbance. The constant of Kobs

can be converted to Kuet by Kaet = Kobs/[alkyl halide] in the presence of a large excess of alkyl halide.
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Figure SI1. Measurement of the activation rate constant for Cu”Cl species in MeCN at 27 °C.

[CuCl]o/[TPMA],/[PECI], = 2.74mM/2.74mM/59.96mM.



Comments

0.55 oo becooomcomacesnazcas fomzcenozzces
e S
oas| S S
2 : : Kact = 0.003224/0.05099
T 0.4 . ; :
> : : : - -2 -1.-1
T 035 : =6.31x10“ M—s
- I A B o
0,25+ 7 h
! ! — Obs.
1 R T .
- — Cale. Graph title
S CTTTT Ty : i |Graph
{00 . A0 3.000 Left axis Bottom axis
Time [sec)
Min [0-10274 | | oo [0.04939
0.04 —————— - ———
= .02 : : Max |0-59374 | | . [3600.05
= 0y o o
Ste Ste
2002 : P P i
0.04 : : ] Text |Measun Text ‘TIITIE [s1
1,000 2,000 3.000
Time [sec) Apply | Auto range |
‘ | | rResults of the fit
Start:  0.04999998 } 0.102745943 [0.0%) Amp A = 0.440361290642680
Rate k = 0.003224334809073
K1 » Final C = " TAAUOG0 0300737
End: 3600.0503538 } 0.592706323 [101.7 24 Quality 12 = 0.9910944031708

Figure SI2. Measurement of the activation rate constant for Cu”Cl species in MeCN at 27 °C.

[CuCl]/[PMDETA],/[CIAN], = 2.83mM/2.83mM/50.99mM.
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Figure SI3. Measurement of the activation rate constant for Cu”Cl species in MeCN at 27 °C.

[CuCl]/[PMDETA],/[BrAN], = 1.11mM/1.1 1mM/34.56mM.
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Figure SI4. Measurement of the activation rate constant for Cu”Cl species in MeCN at 27 °C.

[CuCl]/[PMDETA],/[MBrA], = 2.55mM/2.56mM/48.59mM.
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Figure SI5. Measurement of the activation rate constant for Cu”Cl species in MeCN at 27 °C.

[CuCl]o/[PMDETA]y/[MBrP], = 2.55mM/2.56mM/50.57mM.
9



Comments

0.2 ; ; :
0.195 | : , O

0.185
0.18
0.175

Kact = 0.09504/0.03430
=277 Mis?

< 0.165] o
0.16 | SRS S S S—
0.155 | SN S S U———
0.15 - -
0.145%- - — Obs. | |
0.14 -
0.1351
0.13

Graph title

— Calc. |

|Graph

Left axis Bottom axis

Min |0-12816 | | g, [0.04999

_ n.ooz 0.20434 il
E ool l - Max | Max |
8 0 I]I]|1] Step o Step 0
& -0.
-0.002 i : i Texd |Abs Text |Time [st
20 40 60
Time (sec) Auto range |
‘ | | rResults of the fit
Start:  0.04999998 / 0.128166735 [0.0 %) Amp A = 0.068095122126283
Rate k = 0.095039564737688
Kl | ] || Final ¢ = "TIUCEUTTRRSIACT
End: 65.3500056 } 0.199831486 (101.5 24) Quality r2 = 0.9979436702652

Figure SI6. Measurement of the activation rate constant for Cu”Cl species in MeCN at 27 °C.

[CuCl]/[PMDETA],/[MBriB], = 1.09mM/1.09mM/34.30mM.
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Figure SI7. Measurement of the activation rate constant for Cu®”Cl species in MeCN at 27 °C.

[CuCl]o/[PMDETA]./[EtBriB], = 1.09mM/1.09mM/35.34mM.
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Figure SI8. Measurement of the activation rate constant for Cu®”Cl species in MeCN at 27 °C.

[CuCl]o/[bpy]o/[BnBt], = 9.70mM/19.50mM/296.29mM.
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Figure SI9. Measurement of the activation rate constant for Cu®”Cl species in MeCN at 27 °C.

[CuCl]o/[bpy]o/[BrANT, = 4.49mM/9.00mM/90.46mM.
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Figure S110. Measurement of the activation rate constant for Cu”’Cl species in MeCN at 27 °C.

[CuCl]o/[bpy]o/[MB1P], = 2.73mM/5.44mM/54.64mM.
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Figure SI11. Measurement of the activation rate constant for Cu”’Cl species in MeCN at 27 °C.

[CuCl]o/[bpy]o/[BrPN], = 3.31mM/6.65mM/65.84mM.
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Figure S112. Measurement of the activation rate constant for Cu”’Cl species in MeCN at 27 °C.

[CuCl]o/[bpy]o/[MBriB], = 4.68mM/9.40mM/96.12mM.
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Measurements of rate constants for an ionic pathway (Kionic)

'H NMR spectra were used to follow the increase in concentration of the of alkyl chloride and the
decrease of the alkyl bromide in the reactions of CI"NBuy with the initiators. The slope of the

second-order kinetic plots was then utilized for estimation of Kjopic.
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Figure SI13. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d; at 27 °C.

[NBusCl], = 2.54%10 M; [MBrA], = 2.54x107 M, Kignic = 5.78%10" M's™".
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Kionic: NBusCl/ BnBr
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Figure S114. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[NBusCl], = 2.02x10% M; [BnBr], = 2.02x102 M, Kionic = 1.34x10™" M's.
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Figure SI15. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d; at 27 °C.

[NBuyCl], = 1.16x107 M; [BrAN], = 1.16x10 M, Kignic = 1.74x10" M''s™".
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kionic: NBU4CI/ MBI"P
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Figure SI16. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[NBusCl], = 1.56x102 M; [MBrP], = 2.04x10 M, Kignic = 8.70x10 M's™".
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Figure SI17. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[NBuyCl], = 2.05%102 M; [PEBr], = 2.05%10 M, Kionic = 2.61x10° M's™".
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kionic: NBU4CI/ BrPN
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Figure SI18. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[NBuyCl], = 8.09%102 M; [BrPN], = 8.09x10 M, Kionic = 1.20x10~ M's™".
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Figure S119. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[NBusCl], = 3.09%102 M; [MBriB], = 2.53%102 M, Kignic = 9.68x10° M's™.
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Kionic Of the initiators with different Cu(Il) complexes were also estimated by the slope of the
second-order kinetic plots from the reactions of cu™(@L)Cl, (L = TPMA, PMDETA, and bpy) and

initiators that were followed by changes in the 'H NMR spectra.

With Cu(TPMA)CI,

Kionic: Cu'(TPMA)CI,/ MBrA
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Figure SI120. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d; at 27 °C.

[Cu"(TPMA)CL], = 5.83%107 M; [MBrAJ, = 4.92x10” M, Kionic = 5.53x10" M"'s™".
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Kionic: Cu’(TPMA)CI,/ BnBr
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Figure SI21. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[Cu"(TPMA)Cly], = 5.83x10” M; [BnBr], = 6.15x10° M, Kionic = 9.32x10> M''s”".

Kionic: Cu(TPMA)CI,/ BrAN
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Figure SI22. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(TPMA)CL], = 5.83x10” M; [BrAN], = 7.31x10” M, Kionic = 1.59x10" M"'s”".
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Kionic: Cu’(TPMA)CI,/ MBrP
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Figure SI23. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(TPMA)CL],= 5.83%x107 M; [MBrP], = 5.72x10" M, Kionic= 6.12x10™ M's™.
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Figure SI24. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(TPMA)CL]o= 5.83%10~ M; [PEBr], = 5.25%107 M, Kionic = 2.18x10° M's™".
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Kionic: Cu’(TPMA)CI,/ BrPN
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Figure SI25. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[Cu™(TPMA)CL], = 5.83x10” M; [BrPN], = 5.96x10™ M, kionic = 8.03x10* M's ™.
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Figure SI26. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu"(TPMA)Cly],= 5.83%107 M; [MBriB], = 4.87x10° M, Kignic= 8.10x10° M"'s”".
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With cu'""(PMDETA)CI,

Kionic: Cu'’(PMDETA)CI,/ MBrA
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Figure SI27. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[Cu™(PMDETA)CL], = 1.09x10 M; [MBrA],= 9.47x107 M, Kionic= 5.64x10* M's,

Kionic: Cu'"(PMDETA)CI,/ BnBr
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Figure SI28. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu"”(PMDETA)CL], = 1.09x10 M; [BnBr]o= 1.18x107 M, Kignie = 1.23x107 M''s™.
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Kionic: Cu'"(PMDETA)CI,/ BrAN
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Figure SI29. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(PMDETA)CL]o= 1.11x10% M; [BrAN],= 1.08x107 M, Kignic= 1.64x10 M's™".

Kionic: Cu'"(PMDETA)CI,/ MBrP
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Figure SI30. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(PMDETA)Cl]o = 1.09x10 M; [MBrP]o= 1.10x102 M, Kionic= 7.87x10* M's™".
23



Kionic: Cu'’(PMDETA)CI,/ PEBr
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Figure SI31. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[Cu"”(PMDETA)CL], = 1.09x10” M; [PEBr]o= 1.01x10” M, Kionic= 5.81x10™ M"'s".
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Figure SI32. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(PMDETA)CL],= 1.09%x10% M; [BrPN], = 1.15x107 M, Kionic= 1.01x10* M's™".
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Kionic: Cu'"(PMDETA)CI,/ MBriB
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Figure SI33. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[Cu™(PMDETA)Cl], = 1.09%10*M; [MBriB], = 9.37x10°*M, Kignic= 1.39x10° M's™".

with Cu'"(bpy),Cl,

Kionic: Cu(bpy).Cl,/ MBrA
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Figure SI34. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d; at 27 °C.

[Cu™(bpy),Cla]o = 5.54x107 M; [MBrA], = 5.03x107 M, Kignic = 5.13x10% M's™.
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Kionic: Cu’(bpy).Cl./ BnBr
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Figure SI35. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(bpy),Cla]o = 5.54x10° M; [BnBr], = 5.62x107 M, Kignic = 1.18x10* M's™.

Kionic: Cu(bpy),Cl,/ BrAN
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Figure SI36. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(bpy),Cla]o = 5.54%x10° M; [BrAN], = 6.41x10~ M, Kionic = 1.49x102 M's™",
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Kionic: Cu(bpy),Cl,/ MBrP
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Figure SI37. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(bpy),Cla]o = 5.54%x10° M; [MBIP], = 5.76x10™ M, Kionic = 6.41x10* M's™".

Kionic: Cu(bpy).Cl,/ PEBr
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Figure SI38. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[Cu™(bpy),Cla]o = 5.54x10° M; [PEBr], = 5.20x107 M, Kignic = 3.59x107* M''s™".
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Kionic: Cu’(bpy),Cl,/ BrPN
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Figure SI39. Measurement of the rate constant for an ionic pathway (Kienic) in MeCN-d3 at 27 °C.

[Cu™(bpy)2Cla], = 5.54x10° M; [BrPN], = 5.74x10” M, Kionic = 8.75x107 M's™"
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Figure S140. Measurement of the rate constant for an ionic pathway (Kionic) in MeCN-d3 at 27 °C.

[Cu™(bpy),Cla]o = 5.54%10™ M; [MBriB], = 5.31x10° M, Kionic = 9.89x107 M™'s™".
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Measurements of rate constants for halogen exchange (kne)

'H NMR spectra were used to follow the increase in concentration of the alkyl chloride and the
decrease in alkyl bromide in the reactions of CI%(L)Cl (L = TPMA, PMDETA, and bpy) with the

initiators. The slope of the second-order kinetic plots was then utilized for estimation of the value for

kHE .

With Cu’(TPMA)CI

kne: Cu’(TPMA)CI/ MBrA
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Figure SI141. Measurement of the rate constant for halogen exchange (kug) in MeCN-d3 at 27 °C.

[Cu(TPMA)CI], = 4.56x10° M; [MBrA], = 5.11x10° M, kyg = 1.75x10" M's™,
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kne: Cu’(TPMA)CI/ BnBr
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Figure S142. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(TPMA)CI], = 4.60x10™ M; [BnBr], = 5.16x10° M, kyg = 1.17 M's™.
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Figure S143. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(TPMA)CI], = 4.63x10°> M; [BrAN], = 4.63x10° M, kg = 3.92x10" M's™"
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kne: Cu’(TPMA)CI/ MBrP
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Figure Sl44. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(TPMA)CI], = 2.58%10~ M; [MBrP], = 3.32x10° M, kg = 3.58 M's".
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Figure SI45. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(TPMA)CI], = 2.62x10~ M; [PEBr], = 2.93x107 M, kyg = 1.73 M''s™.
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kne: Cu’(TPMA)CI/ BrPN
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Figure SI46. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(TPMA)CI], = 4.60x10° M; [BrPN], = 5.00x10” M, ki = 3.29x10'M"'s”".
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Figure SI47. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu”(TPMA)CI], = 1.79%107 M; [MBriB], = 1.15x10° M, kyg = 2.30x10'M's",
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With cCuY(PMDETA)CI

kne: Cu”(PMDETA)CI MBrA

6 -
5 y = 2.20E-02x + 1.81E-01
R?=9.97E-01 o
o
o 4 o

< K
=
< 3 *
< .
= .

2 .’

.
L g
l -
0 T T T T ]
0 50 100 150 200 250
t (sec)

Figure S148. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu(PMDETA)CI],=9.81x107 M; [MBrA], = 9.81x10° M, kg = 2.20x10”°M's™,

kne: Cu(PMDETA)CI/ BnBr
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Figure S149. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu(PMDETA)CI], = 7.65%10™ M; [BnBr], = 7.65x10° M, kyg = 4.23x10”M s,
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kne: Cu”(PMDETA)CI BrAN
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Figure SI50. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu(PMDETA)CI], = 1.52x10 M; [BrAN], = 1.88x10 M, kg = 3.03x10> M's",

kne: Cu(PMDETA)CI/ MBrP
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Figure SI51. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(PMDETA)CI], = 9.79%10° M; [MBrP], = 9.79x10° M, kg = 1.55x10"'M's™".
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kne: Cu’(PMDETA)CI/ PEBr
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Figure SI52. Measurement of the rate constant for halogen exchange (kug) in MeCN-d3 at 27 °C.

[Cu®(PMDETA)CI], = 1.61x10 M; [PEBr], = 1.61x10 M, kyg = 4.75x10°M's™",

kne: Cu(PMDETA)CI BrPN
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Figure SI53. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu(PMDETA)CI], = 6.34x10° M; [BrPN], = 6.34x10° M, kg = 1.83 M''s™".
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kne: Cu”(PMDETA)CI/ MBriB
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Figure SI54. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu(PMDETA)CI], = 8.96x10° M; [MBriB], = 8.96x10° M, kg = 6.32x10" M's™

with Cu®(bpy),ClI

kne: Cu®(bpy).Cl/ MBrA
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Figure SI55. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(bpy)sCl]o = 1.98%107 M; [MBrA], = 1.98x107 M, ke = 1.13x107 M's™"
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kne: Cu®(bpy).Cl/ BnBr

U[A]-U[A]L

15 -+

[
o
N

o
N

y = 2.98E-03x - 6.10E-04

R? = 9.99E-01 P et
*
»
4"
f"
»
* *
»? i
¢.,
.'0
5
.
£ g
"
®
IS 2
.
‘e
1000 2000 3000 4000 5000
t (sec)

Figure SI56. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(bpy),Cl], = 3.00x10 M; [BnBr], = 3.00x10 M, kyg = 2.98x10° M's™.
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Figure SI57. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(bpy)2Cl], = 3.00x10 M; [BrAN], = 3.00x10” M, kug = 7.98x10° M''s™.
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kne: Cu®(bpy).Cl/ MBrP
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Figure SI58. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(bpy)>Cl], = 1.90x10 M; [MBrP], = 1.90x102 M, kyg = 2.76x10~ M's.

kne: Cu®(bpy).Cl/ PEBr
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Figure SI59. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(bpy)2Cl]o = 3.01x107 M; [PEBr], = 3.01x107 M, kug = 1.84x10° M''s™.
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kne: Cu®(bpy).Cl/ BrPN
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Figure SI60. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(bpy),Cl], = 2.03x10 M; [BrPN], = 2.03x107 M, kyg = 4.86x107 M's™.

kne: Cu®(bpy).Cl/ MBriB
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Figure SI61. Measurement of the rate constant for halogen exchange (kyg) in MeCN-dz at 27 °C.

[Cu®(bpy)>Cl], = 2.01x10 M; [MBriB], = 2.01x10 M, kyg = 2.24x10? M's™.
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