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ABSTRACT: A Cu(II)-catalyzed ortho-selective functionaliza-

tion of free phenols with trifluoroborates to afford Csp2–Csp3 cou-

pling products under mild conditions has been developed. A va-

riety of functional groups on the phenol and the potassium ami-

nomethyltrifluoroborate substrates were found compatible, fur-

nishing the corresponding products in moderate to excellent yields. 

A single-electron transfer radical coupling mechanism involving a 

six-membered transition state is proposed to rationalize the high 

levels of ortho-selectivity in the reaction. This protocol provides 

straightforward access to ortho-aminomethyl-substituted phenols, 

unnatural amino acids and other bioactive small molecules.  

Phenol motifs are prevalent in natural products, dyes, medi-

cines and materials,1 and they represent an ideal and sustainable 

class of starting materials for diverse modes of bond construction 

in the chemical sciences.2 Thus, site-selective functionalization of 

phenols is highly desirable. However, the chemo- and regioselec-

tive conversion of free phenol C–H bonds to C–C bonds consti-

tutes a challenge for synthetic chemistry for several reasons. First, 

the free phenol hydroxyl group is acidic and nucleophilic, which 

typically results in O–H substitution in preference to C–H substi-

tution. Second, both the ortho- and para- positions on the aro-

matic ring are nucleophilic, often leading to intractable product 

mixtures with various electrophiles. Third, as a classic electron-

rich arene, phenols are sensitive towards oxidative decomposi-

tion.3  

In the past decade, many indirect methods have been developed 

to effect ortho-C–H functionalization of phenols via installation 

of directing groups on the hydroxyl substituent, such as 

silanes/silanols,4 esters, carbamates, ethers,5 and traceless phos-

phites6 (Fig. 1a). The use of the free hydroxyl group as a directing 

substituent to functionalize phenols, while underdeveloped, is a 

straightforward, atom-economic, and step-saving strategy to pre-

pare highly substituted phenols. To this end, Miura and Rawal 

have previously reported seminal examples of hydroxyl-anchored 

C–H arylations with Pd-catalysts; Lewis, Bergman and Ellman 

have disclosed the pioneering alkylation of phenols with Ru- and 

Rh-catalysts.7 Recently, radical single-electron transfer strategies 

have witnessed tremendous progress in oxidization and coupling 

reactions with free phenol substrates. With iron-based catalysts, 

asymmetric cross-coupling of phenols, phenol ortho-

dehydrogenative-couplings with α-amino acids or β-ketoesters, 

and oxidative cross-coupling of phenols with arenes and alkenes 

have been achieved.8 With copper-based catalysts, biomimetic 

ortho-selective oxidation and coupling reactions under O2 atmos-

phere, oxidation of phenols to quinones, and the selective cou-

pling of phenols with ortho-quinones have been realized.9 Carbe-

noid insertion to unprotected phenol C–H bonds has also been 

successfully achieved; diazoesters were chemoselectively inserted 

into the ortho- or para-position of free phenols.10 Other selective 

functionalization reactions of phenols, such as C–H activation to 

prepare dibenzofurans,11 and catalytic asymmetric dearomatiza-

tion of free phenols,12 have also been developed.  

Despite these successes, the catalytic, regioselective Csp2–Csp3 

cross-coupling with free phenols as reaction partners remains a 

challenge.13 Herein, we report a Cu(II)-catalyzed aerobic ortho-

aminomethylation of free phenols with potassium aminomethyltri-

fluoroborates. This transformation shows exclusively ortho-C–H 

selectivity and affords Csp2–Csp3 coupling products in high yields, 

while leaving the hydroxyl groups unperturbed. We have also 

demonstrated the utility of this method in the synthesis of unnatu-

ral amino acids and medicinally-relevant small molecules.  

Organoboron reagents are an established class of progenitors 

for carbon-centered radicals under photoredox catalysts14 and 

oxidative conditions.15 Inspired by the inner-sphere electron trans-

fer strategy,16 we envisioned that under thermal conditions,17 a 

Cu(II) catalyst could coordinate with phenol (1) and aminome-

thyltrifluoroborate (2a), which would trigger radical coupling via 

a six-membered transition state (Fig. 1), thereby incorporating the 

aminomethyl group exclusively at the ortho-position of the phenol. 

 

Figure 1. Selective Functionalization of Phenolic Compound.  
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We began our study by examining the reaction of 4-

methoxyphenol (1a) and potassium N-

morpholinylmethyltrifluoroborate (2a) in the presence of Na2CO3 

and a catalytic amount of Cu(OAc)2 under O2 in THF at 80 °C. 

Encouragingly, under these conditions the isolated yield of the 

desired ortho-aminomethylated product 3a was 31% (Table 1, 

entry 1). We next carefully examined the reaction parameters. 

Toluene was determined to be the optimal solvent and 

NaOAc⋅3H2O proved to be the most efficient base, which together 

offered 98% conversion and 86% isolated yield (entry 5). We 

hypothesized that the water molecules from the base function as 

co-solvent or activator for the trifluoroborate. Indeed, the addition 

of 2.5% water to an otherwise anhydrous reaction mixture provid-

ed similar conversion (entry 6).18 Molecular O2 was found to be 

the best terminal oxidant, and only 16% isolated yield was ob-

tained under N2 atmosphere. Ambient air was also found to be an 

efficient oxidant, which enabled us to use open-flask technique 

(entry 8). Further reducing the catalyst loading to 10 mol% did 

not influence conversion (81% isolated yield, entry 9). Other cop-

per salts, such as CuCl2, CuBr2, Cu(OTf)2, CuPF6�(MeCN)4,  and 

CuBF4�(MeCN)4, gave moderate conversions (See SI). Elevated 

temperature was found to shorten reaction time, while decreased 

temperature led low conversion and partial recovery of starting 

material (entries 14 and 15). It should be noted that in all cases 

only the ortho-C–C coupled product was detected; no other prod-

ucts were observed.  

Table 1. Optimization of Reaction Conditions
 a 

 
a Reaction conditions: 1a (0.6 mmol), 2a (0.9 mmol), Cu(OAc)2, 

base (1.8 mmol), solvent (4.0 mL), 1 atm pressure,  sealed tube 

for O2 and N2, open flask for air, 16 h. b Yield was determined by 
1H NMR analysis of the crude reaction mixture using CH2Br2 as 

an internal standard. The number in parenthesis represents isolat-

ed yield. c 110 °C, 9 h. d 60 °C.  

With the optimal conditions determined, we next explored the 

scope of phenols for this ortho-selective C–C bond-forming reac-

tion. A series of differentially substituted phenols (1) was reacted 

with potassium N-morpholinylmethyltrifluoroborate (2a), provid-

ing the desired products (3) in good to excellent yields in 6–18 h 

(Table 2). We noticed that electron-donating groups on the aryl 

ring slightly inhibited the transformation (Table 2, 3a–3g, 3v), 

while electron-withdrawing groups dramatically promoted the 

reaction (3h–3n, 3q–3u). In several cases, the reaction was highly 

efficient, providing quantitative yields of the corresponding prod-

ucts (3p, 3q, 3r, 3x). Various types of functional groups were 

tolerated under this conditions. Methyl, ethyl, methoxy, trifluoro-

methoxy, phenyl, and amino substituents afforded good yields 

(Table 2, 3a–3i, 3v). Halides, such as fluoro, chloro and bromo, 

were compatible and provided high yields of the coupling prod-

ucts (Table 2, 3j–3n). Ester, nitro, cyanide, ketone, and aldehyde 

substituents also afforded high yields (Table 2, 3q–3u). The high 

functional group tolerance offers the opportunity for further syn-

thetic elaboration, enhancing the overall practical utility. Naph-

thols were also competent substrates and could be aminomethyl-

ated in moderate to good yields (3o and 3p). Multi-substituted 

phenol substrates were also compatible, affording excellent yields 

irrespective of the steric and electronic environment (85% for 3w 

and 96% for 3x). Amino acids are important chemicals in organic 

chemistry and in the life sciences. Indeed, recent research in anti-

body–drug conjugate (ADC) discovery19 and unnatural amino 

acids synthesis have focused on the direct modification of natural 

amino acids.20 To this end, tyrosine derivative, Boc-Tyr-OMe, 

was tested as a substrate, and it was found to couple smoothly 

with trifluoroborates, providing the aminoalkylated products in 

good yields (3aa–3ac). Throughout the series of phenolic starting 

materials were examined, we observed that only ortho-positions 

were alkylated under these conditions. We did not detect any me-

ta- or para-C–H bonds activated products (for details, see SI).  

Table 2. Substrate Scope of Phenols 
a,b,c,d,e

 

a Reaction conditions: 1 (1.0 mmol), 2 (1.5 mmol), Cu(OAc)2 (0.1 
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mmol), NaOAc⋅3H2O (3.0 mmol),  toluene (6.0 mL), 80 °C, open 

flask. b Isolated yield. c 9 h. d 13 h. e 18 h. f C-2 and C-6 isomers 

are inseparable on silica gel.  g 60 °C. h 30 mol% Cu(OAc)2, 29 h.  

The scope of potassium N,N-

dialkylaminomethyltrifluoroborates (Table 3, 2a–2h) was next 

examined using ethylparaben (1q) as the phenol substrate. For 

cyclic-amine-containing trifluoroborates (e.g., piperidine and 

thiomorpholine), the reaction proceeded smoothly and afforded 

the desired products in good yields (4a–4c). For acyclic-amine-

containing trifluoroborates (e.g., diethylamine and methylbenzyl-

amine), the coupling reaction formed the desired products, albeit 

in low yields (4d and 4e). Interestingly, piperazine-substituted 

trifluoroborates provided the coupling products in good to excel-

lent yields when using the more reactive oxidant tBuOOtBu (62% 

for 4f, 92% for 4g) (see SI).  

Table 3. Scope of Trifluoroborates
 a, b

  

 
 a Reaction conditions: 1q (1.0 mmol), 2 (1.5 mmol), Cu(OAc)2 

(0.1 mmol), NaOAc⋅3H2O (3.0 mmol), toluene (4 mL), 80 °C, 

open-flask, 24 h. b Isolated yield. c 33 h. d (tBuO)2 was oxidant.  

Having established the functional group compatibility, selectiv-

ity, and favorable operational characteristics of the reaction, we 

next sought to use this transformation to prepare medicinally rele-

vant compounds. ortho-Aminomethyl phenolic subunits are com-

mon in enzyme modulators. For example, serine hydrolases inhib-

itors for MAGL and ABHD6 (Table 4, 5a–5d)21 and covalent 

inhibitors of Kars G12C.22 The reported syntheses of these mole-

cules required four or more linear steps. With this protocol, com-

pounds 5a–5d were promptly synthesized in two high-yielding 

steps from inexpensive and readily available starting materials.  

Table 4. Convenient Synthesis of Bioactive Molecules
 a, b

 

  

a Reaction conditions:1) 1y or 1z (0.3 mmol), 2g or 2h (0.6 

mmol), Cu(OAc)2 (0.1 mmol, 20 mol%), NaOAc⋅3H2O (1.5 

mmol),  toluene (2.0 mL), (tBuO)2 (0.6 mmol), 80
 
°C, sealed tube,  

36 h. 2) MeI (0.6 mmol), Cs2CO3 (0.5 mmol), DCM (3 mL), rt. b 

Isolated yields for 2 steps. c 24 h.  

Though the mechanistic details of this copper-catalyzed ortho-

selective phenol aminomethylation remain unclear at present, 

three points are worth noting: 1) Cu(II) oxidized trifluoroborate to 

generate alkyl radicals;15a-c 2) O2 serves as the terminal oxidant 

for regeneration of catalytically active Cu(II);23 and 3) the obser-

vation of C–C bond formation exclusively at the ortho position is 

suggestive of a six-membered cyclic transition state through sim-

ultaneous coordination of the phenol and the trifluoroborate to 

Cu(II); this inner-sphere model assures that the radical reaction 

proceeds. We propose the following radical mechanism for this 

C–C forming reaction (Scheme 1). Ligand exchange of phenol 

onto Cu(OAc)2 provides copper phenolate A. The trifluoroborate 

coordinates with A and forms a six-membered inner-sphere in-

termediate B. The oxidation of trifluoroborate by Cu(II) affords 

boron radical species C and carbon radical D. Radical attack upon 

the phenol with concomitant single-electron reduction of Cu(II) 

then affords Cu(I)-coordinated ketone E. The final product is 

formed after tautomerization. Cu(I) was oxidized to Cu(II) by O2 

to close the catalytic cycle.24  

Scheme 1. Mechanism Proposal 
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In conclusion, we have developed a practical Cu(II)-catalyzed 

ortho-selective aminomethylation of free phenols that provides 

access to Csp2–Csp3 coupling products under mild conditions. This 

transformation was found to be high selective for functionalizing 

the position ortho to the hydroxyl group. A variety of functional 

groups were tolerated, and good to excellent yields were afforded. 

We also demonstrated a convenient synthesis of biologically ac-

tive molecules with this method. Highly selective functionaliza-

tion of free phenols has rarely been reported. Thus, we anticipate 

that this method will be highly useful, particularly in light of its 

simplicity and broad scope.  

Supporting Information 

Experimental procedures and spectral data for new compounds 

are available free of charge via the internet at http://pubs.acs.org. 

AUTHOR INFORMATION 

Corresponding Author 

*dhwang@sioc.ac.cn 

 

Notes 
The authors declare no competing financial interests. 

ACKNOWLEDGMENT  

We gratefully acknowledge support from the National Key R&D 

Program of China (2016YFA0202900), the Strategic Priority 

Research Program of the Chinese Academy of Sciences 

(XDB20000000), and the "Thousand Recruitment Program for 

Young Professionals".  

REFERENCES 

(1) Yamaguchi, M. in The Chemistry of Phenols; Rappoport, Z., Ed. John 

Wiley & Sons, Ltd, Chichester, 2003, pp 661-712.  

(2) González, C.; Castedo, L. in The Chemistry of Phenols; Rappoport, Z., 

Ed. John Wiley & Sons, Ltd, Chichester, 2003, pp 395-489.  

(3) (a) Kolbe, H. J. Prakt. Chem. 1875, 10, 89. (b) Liard, T. In Comprehen-
sive Organic Chemistry; Stoddart, J. F., Ed.; Pergamon; Oxford, 1979; Vol. 1, 

pp 1105-1160. (c) Reddy, V. P.; Prakash, G. K. S. In The Chemistry of Phenols; 

Rappoport, Z., Ed. John Wiley & Sons, Ltd, Chichester, 2003, pp605-660.   

(4) (a) Boebel, T. A.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 7534. (b) 

Huang, C.; Gevorgyan, V. J. Am. Chem. Soc. 2009, 131, 10844. (c) Huang, C.; 

Chattopadhyay, B.; Gevorgyan, V. J. Am. Chem. Soc. 2011, 133, 12406.  

(5) (a) Xiao, B.; Fu, Y.; Xu, J.; Gong, T.-J.; Dai, J.-J.; Yi, J.; Liu, L. J. Am. 
Chem. Soc. 2010, 132, 468. (b) Gong, T.-J.; Xiao, B.; Liu, Z.-J.; Wan, J.; Xu, J.; 

Luo, D.-F.; Fu, Y.; Liu, L. Org. Lett. 2011, 13, 3235. (c) Zhao, X.; Yeung, C. 

S.; Dong, V. M. J. Am. Chem. Soc. 2010, 132, 5837. (d) John, A.; Nicholas, K. 

M. J. Org. Chem. 2012, 77, 5600. (e) Ackermann, L.; Diers, E.; Manvar, A. 

Org. Lett. 2012, 14, 1154. For meta-C–H activation, see: (f) Dai, H.-X.; Li, G.; 

Zhang, X.-G.; Stepan, A. F.; Yu, J.-Q. J. Am. Chem. Soc. 2013, 135, 7567. 

(6) (a) Bedford, R. B.; Coles, S. J.; Hursthouse, M. B.; Limmert, M. E. An-

gew. Chem., Int. Ed. 2003, 42, 112. (b) Oi, S.; Watanabe, S.; Fukita, S.; Inoue, 
Y. Tetrahedron Lett. 2003, 44, 8665. (c) Bedford, R. B.; Limmert, M. E. J. Org. 

Chem. 2003, 68, 8669. For bioinspired ortho-sulflliminyl phenol synthesis, see: 

(d) Xiong, F; Lu, L.; Sun, T.-Y.; Wu, Q.; Yan, D.; Chen, Y.; Zhang, X.; Wei, 

W.; Lu, Y.; Sun, W.-Y.; Li, J. J.; Zhao, J. Nat. Commun. 2017, 8, 15912.  

(7) (a) Hennings, D. D.; Iwasa, S.; Rawal, V. H. J. Org. Chem. 1997, 62, 2. 

(b) Satoh, T.; Kawamura, Y.; Miura, M.; Nomura, M. Angew. Chem., Int. Ed. 

1997, 36, 1740. (c) Lewis, L. N.; Smith, J. F. J. Am. Chem. Soc. 1986, 108, 

2728. (d) Lewis, J. C.; Wu, J.; Bergman, R. G.; Ellman, J. A. Organometallics 
2005, 24, 5737. 

(8) (a) Narute, S.; Parnes, R.; Toste, F. D.; Pappo, D. J. Am. Chem. 

Soc. 2016, 138, 16553. (b) Dyadyuk, A.; Sudheendran, K.; Vainer, Y.; Vershin-

in, V.; Shames, A. I.; Pappo, D. Org. Lett. 2016, 18, 4324. (c) Libman, 

A.; Shalit, H.; Vainer, Y.; Narute, S.; Kozuch, S.; Pappo, D. J. Am. Chem. 

Soc. 2015, 137, 11453. (d) Gaster, E.; Vainer, Y.; Regev, A.; Narute, S.; 

Sudheendran, K.; Werbeloff, A.; Shalit, H.; Pappo, D. Angew. Chem. Int. 
Ed. 2015, 54, 4198. (e) Guo, X.; Yu, R.; Li, H.; Li, Z. J. Am. Chem. Soc. 2009, 

131, 17387.  

(9) (a) Esguerra, K. V. N.; Fall, Y.; Petitjean, L.; Lumb, J.-P. J. Am. Chem. 

Soc. 2014, 136, 7662. (b) Esguerra, K. V. N.; Fall, Y.; Lumb, J.-P. Angew. 

Chem., Int. Ed. 2014, 53, 5877. (c) Huang, Z.; Lumb, J.-P. Angew. Chem., Int. 

Ed. 2016, 53, 11543. (d) Salman, M.; Zhu, Z.-Q.; Huang, Z.-Z. Org. Lett. 2016, 

18, 1526. (e) Huang, Z.; Lumb, J.-P. Angew. Chem. Int. Ed. 2016, 55, 11543. (f) 

Esguerra, K. V. N.; Fall, Y.; Lumb, J. P. Angew. Chem. Int. Ed. 2014, 53, 5987.  

(10) For Cu-catalyzed enantioselective carbenoid insertion into phenol O–H 
bonds, see: (a) Maier, T. C.; Fu, G. C. J. Am. Chem. Soc. 2006, 128, 4594. (b) 

Chen, C.; Zhu, S.-F.; Liu, B.; Wang, L.-X.; Zhou, Q.-L. J. Am. Chem. Soc. 

2007, 129, 12616. For para-C–H insertion with an Au(I)-catalyst, see: (c) Yu, 

Z.; Ma, B.; Chen, M.; Wu, H.-H; Liu, L.; Zhang, J. J. Am. Chem. Soc. 2014, 

136, 6904. For B(C6F5)3-catalyzed ortho-C–H insertion with phenols, see: (d) 

Yu, Z.; Li, Y.; Shi, J.; Ma, B.; Liu, L.; Zhang, J. Angew. Chem., Int. Ed. 2016, 

55, 14807.  

(11) (c) Xiao, B.; Gong, T.-J.; Liu, Z.-J.; Liu, J.-H.; Luo, D.-F.; Xu, J.; Liu, 
L. J. Am. Chem. Soc. 2011, 133, 9250.  

(12) For a recent review, see: Wu, W.-T.; Zhang, L.; You, S.-L. Chem. Soc. 

Rev. 2016, 45, 1570.  

(13) For stoichiometric ortho-formylation of phenols, see: (a) Hansen, T. V.; 

Skattebøl, L.; Guthrie, D.; Curran, D. P. Org. Synth. 2005, 82, 64. (b) Hansen, 

T. V.; Skattebøl, L. Org. Synth. 2012, 89, 220. 

(14) For Ru catalysis, see: (a) Ye, Y.; Sanford, M. S. J. Am. Chem. Soc. 

2012, 134, 9034. (b) Huang, H.; Zhang, G.; Gong, L.; Zhang, S.; Chen, Y. J. 
Am. Chem. Soc. 2014, 136, 2280. (c) Huang, H.; Jia, K.; Chen, Y. Angew. 

Chem., Int. Ed. 2015, 54, 1881. For Ir catalysis, see: (d) Miyazawa, K.; Yasu, 

Y.; Koike, T.; Akita, M. Chem. Commun. 2013, 49, 7249. (e) Yamashita, Y. 

Tellis, J. C.; Molander, G. A. Proc. Natl. Acad. Sci. 2015, 112, 12026. (f) Tellis, 

J. C.; Primer, D. N.; Molander, G. A. Science 2014, 345, 433. For Ni catalysis, 

see: (g) Tellis, J. C.; Kelly, C. B.; Primer, D. N.; Jouffroy, M.; Patel, N. R.; 

Molander, G. A. Acc. Chem. Res. 2016, 49, 1429. For Rh catalysis, see: (h) 
Huo, H.; Harms, K.; Meggers, E. J. Am. Chem. Soc. 2016, 138, 6936.  

(15) (a) Sorin, G.; Mallorquin, R. M.; Contie, Y.; Baralle, A.; Malacria, M.; 

Goddard, J.-P.; Fensterbank, L. Angew. Chem., Int. Ed. 2010, 49, 8721. (b) 

Nishigaichi, Y.; Orimi, T.; Takuwa, A. J. Organomet. Chem. 2009, 694, 3837. 

(c) Shundrin, L. A.; Bardin, V. V.; Frohn, H.-J. Z. Anorg. Allg. Chem. 2004, 

630, 1253. (d) Ollivier, C.; Renaud, P. Chem. Rev. 2001, 101, 3415. (e) 

Dickschat, A.; Studer, A. Org. Lett. 2010, 12, 3972. (f) Seiple, I. B.; Su, S.; 

Rodriguez, R. A.; Gianatassio, R.; Fujiwara, Y.; Sobel, A. L.; Baran, P. S. J. 
Am. Chem. Soc. 2010, 132, 13194. 

(16) (a) Taube, H.; Myers, H.; Rich, R. L. J. Am. Chem. Soc. 1953, 75, 4118. 

(b) Zhu, R.; Buchwald, S. L. J. Am. Chem. Soc. 2012, 134, 12462. (c) Zhu, R.; 

Buchwald, S. L. Angew. Chem., Int. Ed. 2013, 52, 12655.  

(17) Several examples of Cu-catalyzed radical reactions of trifluoroborates 

have been disclosed. MnO2 as oxidant: (a) Um, C.; Chemler, S. R. Org. 

Lett. 2016, 18, 2515. TBHP as oxidant: (b) Dubbaka, S. R.; Salla, M.; Bolisetti, 
R.; Nizalapur, S. RSC Adv. 2014, 4, 6496. AgO as oxidant: Ding, S.; Xu, L.; Li, 

P. ACS Catal. 2016, 6, 1329. For a Ag-catalyzed radical reaction with tri-

fluoroborates using K2S2O8 as oxidant, see: (c) Lockner, J. W.; Dixon, D. D.; 

Risgaard, R.; Baran, P. S. Org. Lett. 2011, 13, 5628. For radical generation 

with stoichiometric Mn
3+

, (d) Verbelen, B.; Cunha Dias Rezende, L.; Boodts, 

S.; Jacobs, J.; Van Meervelt, L.; Hofkens, J.; Dehaen, W. Chem.-Eur. 

J. 2015, 21, 12667. For Organo catalysis, (e) Kim, H.; MacMillan, D. W. C. J. 

Am. Chem. Soc. 2008, 130, 398.  
(18) In our conditions, the ratio of toluene/H2O was about 20:1~40:1. The 

observation of water effect for potassium organotrifluoroborate was consistent 

with those cross-coupling conditions, see: (a) Molander, G. A.; Sandrock, D. L. 

Org. Lett. 2007, 9, 1597. (b) Molander, G. A. J. Org. Chem. 2015, 80, 7837. (c) 

Gallo, V.; Mastrorilli, P.; Nobile, C. F.; Paolillo, R.; Taccardi, N. Eur. J. Inorg. 

Chem. 2005, 582. For mechanism studies of water effect, see: (e) Lennox, A. J. 

J.; Lloyd-Jones, G. C. J. Am. Chem. Soc. 2012, 134, 7431. (f) Liu, Z.; Chao, D.; 

Li, Y.; Ting, R.; Oh, J.; Perrin, D. M. Chem. Eur. J. 2015, 21, 3924.  
(19) (a) Alley, S. C.; Okeley, N. M.; Senter, P. D. Curr. Opin. Chem. Biol. 

2010, 14, 529. (b) Zhou, Q.; Gui, J.; Pan, C.-M.; Albone, E.; Cheng, X.; Suh, E. 

M.; Grasso, L.; Ishihara, Y.; Baran, P. S. J. Am. Chem. Soc. 2013, 135, 12994.  

(20) (a) Noren, C. J.; Anthony-Cahill, S. J.; Griffith, M. C.; Schultz, P. G. 

Science, 1989, 244, 182. (b) Liu, C. C.; Schultz, P. G. Annu. Rev. Biochem. 

2010, 79, 413.  

(21) Cisar, J. S.; Grice, C. A.; Jones, T. K.; Weber, O. D.; Wang, D.-H. WO 
2016149401 A2. 2016.  

(22)  Ren, P.; Liu, Y.; Li, L.; Feng, J.; Wu, T. WO 2014152588 A1 2014. 

(23) Hoover, J. M.; Ryland, B. L.; Stahl, S. S. J. Am. Chem. Soc. 2013, 135, 

2357. 

(24) The reviewer suggested an alternative mechanism that involved Chan-

Lam type etherification followed by rearrangement via a tight-ion pair. Though 

many efforts and experiments have been done to probe this suggested mecha-

nism, we could not draw a conclusion at this moment. However, the possibility 
of this pathway remains. For precedent reports about hydroxyl directed C–C 

coupling and selectivity for phenol derivatives, see: 6d and 7. 

 

Page 4 of 5

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

 

5

 

OH

+ NR1R2KF3B

OH

NR1R2

Cu(OAc)2 (10 mol%)

NaOAc�3H2O (3 equiv.)

toluene, 80 °C

 open-flask, 6-18 h

R R

38 samples

21-98% yield

H

Page 5 of 5

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


