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Selective meta-arylation of O-β-naphthyl carbamate has been 

accomplished using Pd(OAc)2 as catalyst precursor and 

K2S2O8 with AgOAc as oxidants. A range of aryl boronic 

acids could be introduced in moderate to good yields. 10 

Mechanism investigation shows the carbamate substituent 

has unique effect and the reaction undergoes an ortho-

carbometallation/meta-direct arylation process.  

C-H bond direct functionalization represents one of the most 
efficient strategies for construction of complex molecules.1 15 

Currently one limitation of C-H bond direct functionalization is 
the control of regioselectivity when multiple C-H bonds exist in 
one molecule. Transition metal catalyzed ortho C-H bond direct 
arylation is a well-developed means which can selectively cleave 
ortho C-H bond with the aid of installed heteroatom-containing 20 

directing groups.2 On the other hand, directing group mediated 
meta-selective C-H bond direct arylation is a great challenge in 
this field.3 Very recently in Yu and co-workers’ research, meta-

selective direct arylation was accomplished by introducing an 
“end-on template” as the directing group. 3a,b Larrosa and co-25 

workers described direct meta-selective arylation of phenols 
using a traceless directing group relay strategy.3c,d Although great 
progress has been made, new strategies are still necessary to be 
encouraged for realizing meta-direct arylation of aromatics 
(Scheme 1).  30 

 

 

 In our first step to this target, β-naphthol was selected as the 
substrate because not only its C-H bond is more active than its 
phenol cousin but also its functionality can be found in 35 

asymmetric catalysts or ligands, functional materials and 
biologically active substance4 and therefore the method 

developed will be potentially practical. In the literature about 
direct arylation of phenol and its derivatives, 5 ortho-arylated 
products were mainly obtained by using arenes, aryl iodides or 40 

diaryliodonium salts as coupling partners. To the best of our 
knowledge, meta-direct arylation of β-naphthol derivatives has 
not been reported.  In this paper, we report the first example of 
meta-selective direct arylation of O-β-naphthyl carbamate, using 
arylboronic acid as the coupling partner. Mechanism 45 

investigation shows the reaction follows an ortho-
metallation/meta-direct arylation process, which is a new strategy 
for realizing the meta-direct arylation of arenes.  
 As confirmed in the literature, ortho-carbopalladation of 
phenol esters proceeds smoothly during the direct arylation in 50 

palladium chemistry 5e. Although the interaction of this metallic 
intermediate with different coupling partners follows different 
pathway, reductive elimination step always gives ortho-arylated 
products. Thus, attempting to prevent or slow down this step will 
probably open the possibility for transformation in other 55 

pathways. Interestingly in the mechanisms of C-H bond direct 
arylation such as electrophilic aromatic substitution, SE3, σ-bond 
metathesis or concerted metallation/deprotonation, C-H bond was 
always cleaved before reductive elimination. Thus, we think 
preserving this C-H bond may prevent or slow down reductive 60 

elimination step. Therefore, we preferred to perform the reaction 
under acidic conditions (Table 1).   
 Following the conditions in the literature firstly, we used 
phenyl iodide as the coupling partner, and the reaction was 
performed with 5 mol % Pd(OAc)2 and 2 eq. AgOAc in TFA 5h. 65 

The reaction could not proceed at 50oC (entry 1). However, a 
further increase of the temperature to 100oC led to a resulted 
mixture without main products (entry 2). Considering phenyl 
boronic acid was a good coupling partner but rarely used in direct 
arylation of phenol derivatives, we turn to use phenyl boronic 70 

acid as the coupling partner. Unfortunately, no product was 
formed in the presence of Cu(OTf)2/Ag2O in toluene at 120oC 
(entry 3) 6a. With Cu(OAc)2 and O2 (1 atm) as the oxidant, the 
coupling reaction cannot proceed in TFA at room temperature, 
either (entry 4)6b.      75 

 It appeared that the O-β-naphthyl carbamate was not as active 
as it was expected. Thus, we turned to use K2S2O8 as the terminal 
oxidant and we were delight to see the reaction generated mono-
arylated product in 15% NMR yield together with other by-
products in TFA at 70oC (Entry 5).5f,7 As Liu and co-workers has 80 
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reported the ortho direct 

2a, X = I
2b, X = B(OH)2

Table 1. Optimization of the reaction conditions for meta-C-H bond direct

arylation. [a]

O N

O
+

X

O N

O

Pd(OAc)2

1a 3

Entry Oxidant (eq.) Solvent[b] Additive (eq.) T (oC) Yield (%)[c]

1

2

3

4

5

6

7

8

9

10

11

12

AgOAc (2.0)

AgOAc (2.0)

Cu(OTf)2 (2.0)

Cu(OAc)2 (2.0)

K2S2O8 (6.0)

K2S2O8 (6.0)

K2S2O8 (6.0)

K2S2O8 (6.0)

K2S2O8 (6.0)

K2S2O8 (6.0)

K2S2O8 (6.0)

K2S2O8 (6.0)

TFA

TFA

TFA

TFA

TFA : HOAc

= 1 : 1

TFA : HOAc

= 2 : 1

TFA : HOAc

= 3 : 1

TFA

TFA

TFA

TFA

Toluene

--

--

Ag2O (0.5)

O2 (1atm)

--

--

--

--

AgOAc (5%)

50

100

120

25

70

50

25

100

25

25

25

25

AgOAc (5%)

AgOAc (5%)

AgOAc (5%)

--

< 5

--

--

15

42

45

< 5

56

72

84

70

[a] All the reactions were performed using 1a (1 mmol) with phenyl

iodide or phenyl boronic acid (3 mmol) under N2 atmosphere; [b] TFA

= trif luoroacetic acid, HOAc = acetic acid. [c] Yields were calculated

according to 1H NMR using 1-(3-nitrophenyl) ethanone as internal

standard.

Ph

 

 arylation of O-β-naphthyl esters, we have to confirm the site 
selectivity. After a careful isolation of the mono-arylated product 
followed by removal of the ester group, the product was 5 

confirmed to be arylated at meta-position. Encouraged by this 
result, we continued to optimize the condition. The yields could 
be further improved to 42% and 45% at lower temperatures (entry 
6 and 7). On the contrary, the reaction was hard to proceed at 
higher temperature, probably because the fast decomposition of 10 

K2S2O8 could not recycle the Pd(0) to the active oxidation state 
(entry 8). To enhance the oxidizing ability of K2S2O8, 5 mol% 
AgOAc was added to K2S2O8 and the NMR yield was further 
modified to 56% (entry 9). During the condition optimizing 
process, we noticed the dimerization of O-β-naphthyl carbamate, 15 

which implied the C-H bond palladation occurred fast while 
transmetallation of aryl boronic acid was sluggish. To overcome 
this problem, we attempted to perform the reaction under less 
acidic conditions in order to facilitate the transmetallation step. 
Using the mixed solvents of trifluoroacetic acid (TFA) and acetic 20 

acid (HOAc) in ratio of 1 : 1, the NMR yield could be modified 
to 72% (Entry 10). In ratio of 2 : 1, the NMR yield could reach up 
to 84% (Entry 11). Continue to enhance the acidity led to a 

decrease of the yield (Entry 12). Therefore, TFA and HOAc in 
ratio of 1 : 1 was selected to be the best solvent. 25 

B(OH)2

B(OH)2F

B(OH)2Cl

B(OH)2Me

B(OH)2F3C

B(OH)2

Me

Me

B(OH)2

F3C

F3C

B(OH)2

MeO

B(OH)2

B(OH)2

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

Me2N(O)CO

OMe

CF3

CF3

Me

Me

CF3

Cl

F

Me

1

2

3

4

5

6[c]

7

8[c]

9

10

74

69

61

69

63

63

71

59

72

66

Me2N(O)CO CF3

CF3

2
4011[c,d]

F3C

F3C

B(OH)2

Entry 2 3 Yield[%][b]

2b

2c

2d

2e

2f

2g

2h

2i

2j

2k

2h

3ab

3ac

3ad

3ae

3af

3ag

3ah

3ai

3aj

3ak

3bh

O N

O
+

O N

O

Ar
1a 3

ArB(OH)2

2

Pd(OAc)2 (5 mol%)
K2S2O8 (6 eq.)

AgOAc (5 mol%)

TFA : HOAc = 2 :1

25oC

Table 2. Scope of Aryl Boronic Acids in meta-Direct Arylation of 1a.[a]

[a] The reaction time depends on specific aryl boronic acid, please see

SI. [b] Isolated yields. [c] TFA was used directly as the solvent. [d] O,O'-

BINOL dicarbomate (1b) was tested and 10 mol% Pd(OAc)2 was used.  
 
 With the optimized condition in hand, we tested the scope of 
aryl boronic acids. As shown in Table 2, under the optimized 
condition, using phenyl boronic acid as the coupling partner, the 30 
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isolated yield of meta-arylated product 3ab was 74 % (entry 1). 
More electron rich p-tolyl boronic acid could also supply the 
desired product 3ac in 61 % yield (entry 2). Phenyl group bearing 
electron-withdrawing substituents such as para-F, -Cl and –CF3 
could generate the corresponding products 3ad, 3ae, 3af in 5 

relatively higher yields (entry 3, 4, 5). Meta-substituted phenyl 
boronic acids were also effective for this reaction and 3,5-
dimethyl, 3,5-di(trifluoromethyl) and 3-methoxyl phenyl boronic 
acids gave the meta-arylated products in 63%, 71% and 63% 
isolated yields, respectively (entry 6, 7, 8). Then we tested the 10 

steric bulkier aryl boronic acids and we found 1-naphthyl as well 
as o-tolyl substituents could be smoothly introduced in moderate 
to good yields (entry 9 and 10). We also tested the meta-arylation 
of O, O-BINOL dicarbamate and 3,5-di(trifluoromethyl)phenyl 
substituent could be introduced in a moderate yield (entry 11).  15 

 

O
R2

R1
+ B(OH)2

O
R2

R1

Ph

optimized
condition

2b 3cb: 59%1c: R1 = OMe,

R2 = C(O)NMe2,

Scheme 2. Effects of carbamate Substituent versus methoxyl group in

meta-Direct Arylation of 2-Naphthol Derivatives.  
 Since we used O-β-naphthyl carbamate as the substrate to 
investigate the meta-direct arylation directly, we tried to find out 
the effect of the directing group. Under the optimized condition, 20 

2-naphthol, O-β-naphthyl methyl ether and O-β-naphthyl acetate 
cannot be arylated. Using 6-methoxy-2-naphthyl carbamate 1c as 
the substrate, mono-arylated product 3cb was formed exclusively 
in 59 % isolated yield (Scheme 2). 
 25 

 

 Then we tested meta-selective direct arylation of 3-methoxyl 
substituted O-β-naphthyl carbamate 1d to confirm whether the 
cleavage of ortho-C-H bond was necessary to accomplish the 30 

meta-direct arylation process (Scheme 3). The reaction could not 
proceed under the optimized condition, probably because of the 
steric effect of methoxyl group, which prevent the 
carbopalladation or aryl boronic acid transmetallation. Luckily, 
under stronger acidic condition and higher temperature, we found 35 

para-CF3Ph-B(OH)2 2f could be introduced successfully in a 
moderate yield. This result indicates that the ortho C-H bond 
cleavage is not involved in the meta-arylation process under 
acidic conditions. 
 40 

 
 
 These two results prove that the carbamate group has unique 
effect for the meta-selective direct arylaton of 1a and ortho C-H 
bond is preserved throughout the reaction. Since directed ortho-45 

metallation (DoM) has been widely accepted as a law, we 
conclude that the mechanism involves a first ortho-
carbometallation of 1a to genetate cationic intermediate A. The 
cationic species is stabilized in a benzyl cation form and 
undergoes a sequent transmetallation to give intermediate B. 50 

Nucleophilic attack of aryl group to meta-carbon cation gives 
arylated intermediate C. C undergoes a β-hydrogen elimination 
or re-aromatization process to generate final product and reduced 
Pd(0). Pd(0) is oxidized to regenerate Pd(II) catalyst (Scheme 4)8. 
Thus, the reaction was performed in the absence of phenyl 55 

boronic acid to retard the transmetallation step (Scheme 5). 
Dimerized product was formed quickly in a high yield. After 
removal of ester group, the final product was characterized as 
[2,2'-binaphthalene]-3,3'-diol. This result indicates that 
carbopalladation occured at ortho-position. Probably after an 60 

oxidative coupling process, the dimer of O-β-naphthyl carbamate 
was generated. At this moment we think a Heck-type reaction 
mechanism cannot be completely ruled out.3e However, during 
the condition optimization, concerted C-C bond and C-Pd 
formation did not observed because arylated dimer had never 65 

been detected. Namely, if the reaction proceeded in Heck-type 
reaction pathway, the arylated intermediate will have C-Pd bond 
and undergo dimerization more or less. Thus, we favor the 
mechanism of ortho-metallation/meta-direct arylation.  

Conclusions 70 

A method for meta-selective direct arylation of O-β-naphthyl 
carbamate was developed using aryl boronic acid as the coupling 
partner. Carbamate group has unique effect in this process. 
According to the mechanism investigation, we found directed 
ortho-metallation occurred first, followed by meta-direct 75 
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arylation. Ortho-C-H bond was also confirmed to be remained 
during the reaction by using O-3-methoxy-2-naphthyl carbamate 
as the substrate. Therefore, the reaction proceeds via directed 
ortho-metallation/meta-arylation pathway. We expect this method 
is instructive for our continuous effort on meta-selective direct 5 

arylation of more stable arenes. Investigation of meta-selective 
direct aryaltion of arenes under more efficient catalytic system is 
in progress. 
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