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this synthetic catalyst system and
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Bromination and Clorination of Arenes
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Proposed Mechanism-- Electrophilic bromination pathway
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a-Functionalization of Tertiary Amines

v"Cross Dehydrogenative Coupling reaction
v Typical Oxidants: TBHP or DDQ
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Hetero-Functionalization of Terminal Alkynes
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Product 3 forms in a 1:2 ratio with respect to the copper
concentration, indicating that 1 serves as a one-electron oxidant.

Scheme 1. Hypothetical “Ping-Pong” Mechanism for
Copper-Catalyzed Aerobic Oxidative Biaryl Coupling

COMe
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(N2ICU'l (4)

2 (N2)CU"X(OH) (1) 2 (Np)Cu'X
enantioselectivity (93% ee) as 1. Furthermore, treatment with
molecular oxygen converts 4 into 1. In the absence of the naphthol

substrate 2, O;-uptake measurements reveal a 4/0; stoichiometry
of 4:1 with or without unreactive substrate analogue 5. Although

Stage Il
1/2 O, + H;O
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Figure 1. (A) Kinetic time course for product (3) formation in the OBC
with catalyst 1 from HPLC. Conditions: [2] = 94 mM, [4-bipheny| phenyl
ether] = 23 mM, [1] = 2 mM, atmospheric 02, MeCN, 40 °C. (B) Kinetic
time course for the OBC with catalyst 4. (Blue) Actual O uptake: (red)
umols [2] consumed divided by 4; (green) umols [3] formed divided by 2.
Conditions: [2] = 151 mM, [4] = 10 mM, pO, = 840 Torr, [4-biphenyl
phenyl ether] = 42 mM, 6 mL of MeCN, 40 °C. Concentrations of 2 and
3 determined by GC.

continuous gas manometry. When the reaction was initiated with
Cu' complex 1. the time course (Figure 1A) revealed an initial
burst of product formation followed by slower steady-state turnover.
The burst reflects stoichiometric oxidation of the substrate by 1.
resulting in formation of ~0.5 equiv of product. The slower steady-
state rate suggests that the chemistry of OBC (Stage I, Scheme 1)

is not rate determining and points to reoxidation of the catalyst by
O, (Stage II, Scheme 1) as the rate-determining step.
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Figure 2. Dependencies of steady-state rate in MeCN at 40 °C. (A)
Dependence on catalyst 4 concentration: [2] = 120 mM, pO: normalized
to 8349 Torr. (B) Dependence on initial O; pressure: [2] = 190 mM, [4] =
10 mM. (C) Dependence on substrate 2 concentration: [4] = 13 mM, pO;
normalized to 849 Torr. (D) Lineweaver—Burk plot of Figure 2C.

observed until aftrer the oxygen-uptake burst. The steady-state
catalytic turnover rate is identical for both catalyst precursors, and
kinetic analysis reveals that this rate exhibits a first-order depen-

dence on [4] and [O;] (Figure 2A and 2B). Taken together, these |,| l y

data indicate that aerobic oxidation of the catalyst is indeed the
.- . . L

turnover-limiting step of the reaction (Stage II, Scheme 1). The R T

gas-uptake burst observed with 4 as the catalyst precursor, however,
indicates that 4 itself cannot be the catalyst resting state.




the burst phase is complete. During steady-state turnover, substrate
2 is converted exclusively into product 3 (Figure 1B). These results
suggest selective oxidase reactivity arises from enlistment of a
cofactor, NapH“*, formed in a catalyst “self-processing” event
analogous to that characterized in biological catalysts, such as amine
oxidases.” We speculate that the combination of NapH®* with the

Scheme 2. “Sequential” Mechanism for Copper-Catalyzed Aerobic
OBC Consistent with the Kinetic Data
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Scheme 2 A tentative mechanism for the oxidative phosphonation
reaction.




Table 2. Cu(ll)-Mediated Diverse C—H Functionalizations®

= =
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entry soUrce solvent product (X) yield
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2 I CICH:CH-ClI I 1g 61%"5
3 TMSCN MeCN CN., 1h 42%
4 - MeNOQO; CN., 1h 67%
5 TsNH3 MeCN TsNH. 1i T4%
6 p-CN-PhOH MeCN p-CN-PhO, 1j 35%
7 PhSH DMSO PhS, 1k 40%
8 MeSSMe DMSO MeS, 11 51%¢
9 H>0O DMSO OH, 1b 22%F

“ With 1 equiv of Cu(OAc)y, air, solvent, 130 °C, 24 h. ® At 100 °C, 8
h. © With 1 equiv of CuF,. ¢ Difunctionalized products (10—20%) were also
obtained.
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Scheme 31. Proposed mechanisms considered for benzoxazole /benzi-
midazole formation.




Scheme 7. Plausible mechanism.




Scheme 1. Proposed Mechanism for the Direct Transformation
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Scheme 1. Proposed Reaction Path
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Scheme 1. Plausible Reaction Pathways for Trifluoromethylation
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Scheme 4. Bases Employed in Dimerization

Base 1
Base 2
Base 3

Base 4

iPrMgCI*LiCI + tetramethylpiperidine (1:1.1)
Base 1 + ZnCl, (1:0.25)
Dicyclohexylamine + iPrMgCI*LiCl + ZnCl5 (1.1:1:0.25)

Base 1 + ZnCl, (1:0.5)




~ Hetero-Functionalization of Terminal Alkynes
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