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Abstract. A catalytic cascade has been developed for the
synthesis of biaryl-2-methyl acetates via a palladium-
catalyzed ortho-C(sp?)-H bond arylation of pyruvate O-
arylmethyl ketoximes with aryl iodides followed by a
solvolysis, in which the pyruvic ketoxime ester as a new
auxiliary is employed to direct the C(sp?)-H bond
activation. The straightforward treatment of O-arylmethyl
hydroxylamines and ethyl pyruvate with aryl iodides also
provides the target products in a one-pot fashion.
Furthermore, the new palladacycle intermediate is
unambiguously  confirmed by single-crystal X-ray
diffraction analysis. A plausible reaction pathway is
proposed for the Pd-catalyzed arylation-acetolysis
sequence.

Keywords: arylation; biaryl-2-methyl acetates; C(sp?)-H
bond activation; pyruvate ketoximes; solvolysis

Introduction

Biaryl motifs are broadly distributed in numerous
bioactive molecules, natural products, agrochemicals,
pharmaceuticals, and organic functional materials.!*!
Over the past few decades, transition-metal-catalyzed
cross-couplings of arenes with aryl halides,
arylsilanes, arylboron reagents or other arylmetallic
reagents?l have been exploited to assemble myriads
of the molecular architectures. However, these
methods usually require prefunctionalized or
electronically biased substrates. For the sake of step-
economy, significant efforts have been devoted to
directing inert C-H bond activation/
functionalization.®! In particular, heteroarenest®4 or
functionalities®®® directed arylations have been
proved to be powerful strategies to furnish aromatic
C—C bond formations.

| Supporting information for this article is available on the WWW under http://dx.doi.org/10.1002/adsc.201##H###¢.
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Scheme 1. Previous related works and present work.
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In addition to N-heterocyclic directing groups,
oxime functionality has been applied in C-H bond
activation enabling diversiform transformations such
as acetoxylation, acylation, olefination, amidation,
iodination and (hetero)arylation./®! These C-C as well
as C-X (X =0, N, I) bonds were effectively built via
either endo- or exo-type cyclometalation (n-bond of
the directing group inside or outside the metallocycle).
In this context, with the aid of exogenous ligand,
Zhao’s group recently achieved a Pd'/Pd°-catalyzed
ortho-arylation with arylboronic esters as arylating
reagents, directed by simple acetoxime via an exo-
type activation (Scheme 1A).1%9 This work provides a
concise two-step access to 2-aryl substituted
arylmethyl alcohols through arylation and Ni-
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catalyzed hydrogenation reduction. In fact, the biaryl-
2-methyl alcohol scaffolds frequently appear in
various bioactive molecules, for example, HNF-4a
modulators, CaSR antagonists, VEGF receptor
inhibitors, etc.[’! More recently, Ge’s group reported
an exo-type directed site-selective C(sp”)—H arylation
of primary aliphatic amines using glyoxylic acid as a
transient imine-carboxylic N,O-bidentate directing
group (Scheme 1B).%4 Most recently, a powerful 2,2-
dimethyl aminooxyacetic acid auxiliary was disclosed
by Yu’s group to enable an endo-type Pd-catalyzed
C(sp®)—H (hetero)arylation,®! demonstrating the
outstanding directing ability of oxime in concert with
another weak dentate.

Nevertheless, compared to developed pyridine-
based auxiliaries,®*¢! simple functionality-based
bidentates®®! deserve to pay more attention. Herein,
we report a new Pd"/Pd'V-catalyzed ortho-C(sp?)-H
arylation of masked arylmethyl alcohols followed by
a benzylic C-O bond solvolysis to straightforwardly
prepare biaryl-2-methyl acetates in a one-pot fashion.
The simple bidentate oxime-ester functions as a
directing group for the arylation, and a chelating
agent for the solvolysis. The activation mode of
pyruvic ketoxime ester directing group via oxime-
carbonylic N,O-bidentate chelation is revealed by
single-crystal X-ray diffraction analysis, and a
plausible reaction pathway is depicted based on a set
of rational mechanistic surveys.

Results and Discussion

Our initial efforts aimed at evaluating the different
types of O-arylmethyl oxime bidentate directing
groups for the arylation without exogenous ligand
(Scheme 2). The reaction was carried out in the
presence of substrate 1 (0.3 mmol), Pd(OAc). (10
mol%), 1-iodo-4-methoxybenzene 2a (1.2 equiv),
AgTFA (1.5 equiv) in AcOH/H20 (9:1, v/v, 2.5 mL)
at 120 °C. Unexpectedly, biaryl-2-methyl acetate 3a
was obtained at the end of all effective reactions.
Presumably, a nucleophilic C-O bond acetolysis
proceeded following the directed C(sp?)-H
arylation.’ Ge’s directing group of glyoxylic acid
aldoxime (DG,)® firstly afforded the arylation-
acetolysis product 3a in 37% vyield. Furthermore,
ethyl glyoxylate aldoxime (DG,) delivered a better
yield of 42%. The outcomes were further increased to
61% and 67% by installing pyruvic ketoxime (DGs)
and pyruvic ketoxime ester (DG.), respectively.
However, bulkier ketoxime ester directing groups
(DGs and DGeg) significantly reduced the yields. In
contrast, the alcohol-assisted ketoxime (DG7) and
monodentate acetoxime (DGs) failed to deliver any
anticipated product 3a, where only slight acetolysis
of starting ketoxime substrates were detected along
with a small amount of homocoupling of 2a. In the
end, pyruvic ketoxime ester (DGa4) was selected as
the optimal directing group for further investigations.

10.1002/adsc.201800216

Scheme 2. Screening of directing groups.®®!

easl>

OMe 120 °C, 20 h

A

Pd(OAc), (10 mol%)
AgTFA (1.5 equiv)

AcOH/H,0 = 9:1

2a 3a OMe
;I.QN\W /s,lN\W ELNY %—NY
COOH COOEt COOH COOEt
DG, 37% DG, 42% DG; 61% DG, 67%
N %-N
COOEt COOEt HO
DGs 53% DGg 45% DG; 0% DG; 0%

[l Reaction conditions: 1 (0.3 mmol), 2a (84.2 mg, 0.36
mmol), Pd(OAc), (6.7 mg, 10 mol%), AgTFA (99.2 mg,
0.45 mmol), AcOH/H,0 (9:1, v/v, 2.5 mL), 120 °C, 20 h.

8] |splated yields.

We turned our attention to investigating main
reaction parameters (Table 1). The desired product 3a
was obtained with up to 81% vyield upon increasing
2a to 3.0 equiv (entries 1-4). But, further increasing
2a did not lead to a higher yield (entry 5). Based on
entry 4, we conducted an intensive survey of Pd
catalysts. Pd(PPhs).Cl, was inefficient (entry 6) while
PdCl; and Pd(CHsCN):Cl, resulted in inferior
efficiencies (entries 7 and 8). Albeit a similar
outcome with Pd(TFA). (entry 9), Pd(OAc), was
chosen as the suitable catalyst in light of its lower
cost. Moreover, AgTFA was identified as the best
additive among the tested silver salts (entries 10-12)
In addition, the yield of 3a dramatically diminished to
10% in the absence of water (entry 13). However
increasing the amount of water in the mixed solvent
was detrimental (entries 14-16). Finally, it was
demonstrated that 120 °C was an optimal temperature
for the process (entries 17—19). Thus, we established
entry 4 as the standard reaction conditions.

With the optimized reaction conditions, we then
explored the scope of aryl iodides. As shown in
Scheme 3, various electronically and sterically biased
aryl iodides with OMe, Me, CH,OH, F, ClI, Br, I, CF3
or COOMe groups were suitable substrates (3a—n).
Generally, the partners with electron-donating groups
at para- and meta-positions gave higher yields of 75—
83% (3a, b and 3h—j). Interestingly, 3-iodobenzyl
alcohol underwent an additional esterification giving
a biarylmethyl diacetate compound 3j. As for the ary:
iodides containing electron-withdrawing groups at
para- and meta-positions, the relatively lower yields
of 62-69% were obtained (3c—f and 3k—m), but the
para-methoxycarbonyl substituted partner delivered a
better yield of 73% (3g).*"! It should be noted that the
-F, -Cl, -Br, -1, -CH,OCOMe and -COOMe groups
add flexibility to further elaborate the biaryl-2-methyl
acetate products. It appears that steric effect

This article is protected by copyright. All rights reserved.
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Table 1. Investigations of the reaction parameters.F

|
AgTFA (1.5 equiv)
=

é/\o/Nj/COOEt ©
+
AcOH/H,0 (9:1 v/v)

OMe 120 °C, 20 h

Pd(OAc); (10 mol%)

1a 2a
Entry Main.l}./ dexiation from the “primary Yield[
conditions

1 None 67%
2 2a (2.0 equiv) 71%
3 2a (2.5 equiv) 7%
4 2a (3.0 equiv) 81%
5 2a (3.5 equiv) 80%
6 Pd(PPhs).Cl; instead of Pd(OAC): 0%

7 PdCl; instead of Pd(OAC), 23%
8 Pd(CH3CN).Cl; instead of Pd(OAC) 38%
9 Pd(TFA); instead of Pd(OAC): 79%
10  AgsPOginstead of AQTFA 15%
11  AgOAc instead of AQTFA 33%
12 Ag.COsinstead of AgTFA 61%
13 AcOH 10%
14 AcOH/H0 (2:1) 35%
15  AcOH/H,0 (4:1) 41%
16 AcOH/H0 (6:1) 53%
17 90°C 63%
18 110°C 74%
19 130°C 79%

[l Reaction conditions: 1a (70.5 mg, 0.3 mmol), 2a (210.6
mg, 0.90 mmol, except otherwise specified), Pd(OACc)2
(6.7 mg, 10 mol%), AgTFA (99.2 mg, 0.45 mmol),
AcOH/H,0 (9:1, v/v, 2.5 mL), 120 °C, 20 h.

] |splated yields.

plays a significant role. Low yield (3n) or no product
was observed for the ortho-substituted reactants.
Likely, the larger steric congestion around
palladacyclic intermediates would block oxidative
addition or reductive elimination step.!2 The
disubstituted and fused O-heterocyclic aryl iodides,
as well as condensed arene 2-iodonaphthalene were
also effective to afford the arylmethyl acetates in
moderate yields (30—r). Less strongly coordinating 2-
substituted pyridyl worked well to offer the N-
heteroarylated products in moderate yields (3s and t),
suggesting the ortho-steric effect against the
coordination of pyridine with Pd. Functional groups
such as ether, arylmethyl acetate, halogen,
methoxycarbonyl, 1,4-dioxane and pyridyl were well-
tolerated under the reaction conditions. Finally, the
NMR-based geometrical configuration of 3n was
further confirmed by single-crystal X-ray diffraction
(Scheme 3, see ESI).[

10.1002/adsc.201800216

Scheme 3. Scope of aryl iodides.[*0]

Pd(OAc), (10 mol%) J
TCOOE‘ \ AGTFA(1.5equiv) ©
/ AcOH/HZO 9:1 | N R
120°C, 20 h P>

3r, 63%

3q, 70%

o
ok
| N__CF3
=

3s, 65%

[ Reaction conditions: 1a (70.6 mg, 0.3 mmol), 2 (0.90
mmol), Pd(OAC), (6.7 mg, 10 mol%), AgTFA (99.2 mg,
0.45 mmol), AcOH/H,0 (9:1, v/v, 2.5 mL), 120 °C, 20 h.

o] |solated yields.

[l The product of arylation-acetolysis and additional

esterification.

3t, 59%

Next, different pyruvic O-arylmethyl ketoxime
esters were surveyed (Scheme 4). Similarly, wide
functional group tolerance was observed including
Me, OMe, i-Pr, Ph, F, CI, Br, I, and CF3 groups (3a,
4c—f and h-p). The substrates bearing electron-
donating groups furnished the corresponding biaryl-
2-methyl acetates in good yields of 72-82% (3a, 4h, i,
I and m). Slightly lower yields were observed for the
substrates with electron-withdrawing groups (4d—, j,
k, n and o). As for strongly coordinating -OMe and -
NO, groups,®@k!8] their ortho-substituted O-
arylmethyl ketoximes underwent a solvolysis to
exclusively offer the non-arylated arylmethyl acetates
(4b” and g).14 It is likely that -OMe and -NO, might
coordinate with the Pd center along with the
ketoxime ester directing group, bringing about a
larger molecular distortion and ring strain.
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Consequently, the tri-dentate chelation would impede
potential arylation and impair the stability of benzylic
C-O bond, leading to the exclusive acetolysis.**!
Other ortho-systems were amenable to the approach
delivering desired products in moderate yields of 54—
70% (4c—f). It should be pointed out that sterically
crowded terphenyl 4c offered a relatively lower yield
of 54%, accompanying with 2-phenylbenzyl acetate
6a (see Scheme 5) as a by-product of direct acetolysis
therein.

With respect to the meta-substituted O-arylmethyl
ketoximes, the pivotal arylation appropriately took
place at less sterically hindered positions (4g—k).1*!
As for para-substituted substrates (41-n), the
corresponding diarylated acetates were also observed.
Besides, the method was applicable for disubstituted
masked arylmethyl alcohols in moderate yields (40
and p). Furthermore, the condensed arene turned out
to be a feasible substrate for the arylation at less
hindered position (4q).

Scheme 4. Scope of pyruvic O-arylmethyl ketoxime

esters.[a0]
o
CooEt N O)J\
Cﬁ v %
4 OMe
| 0]
OMe OMe O OMe

4b, 0/[1 4c, 54% 4d, 70% 4e, 58%

MeO.
OMe OMe OMe OMe

4f, 65% 4g, 0/“ 4h, 74% 4i,72%

OMe OMe OMe OMe

4j, 63% 4k, 66% 41, 82% (2.57/1.0)1 4m, 77% (3.53/1.0)(1

I
Pd(OAC), (10 mol%)

AgTFA (1.5 equiv)
AcOH/H,0 = 9:1
OMe 120°C,20 h

OMe OMe OMe OMe

4n, 70% (4.0/1.0)11 40, 58% 4p, 68% 49,62 %

el Reaction conditions: 1 (0.3 mmol), 2a (210.6 mg, 0.90
mmol), Pd(OAC) (6.7 mg, 10 mol%), AgTFA (99.2 mg,
0.45 mmol), AcOH/H,0 (9:1, v/v, 2.5 mL), 120 °C, 20 h.
] |solated yields.
[I The product of direct acetolysis observed in 91% yield,
see Ref.14a and ESI.
[ The by-product of direct acetolysis observed in 21%
yield, see 6a in Scheme 5.
] The product of direct acetolysis observed in 87% yield,
see Ref.14b and ESI.
[ Ratio of mono/di.

We demonstrated that the cascade of condensation,
arylation, and acetolysis could be accomplished in a
one-pot  fashion by  using O-arylmethyl

10.1002/adsc.201800216

hydroxylamines and ethyl pyruvate as starting
materials (Scheme 5). Owing to the strong
coordinating ability and reactivity, free O-arylmethyl
hydroxylamines often interfere with the reactive
reagents and catalysts.[*™ With the slightly modified
protocol (1.5 equiv ethyl pyruvate and other identical
conditions), these unsubstituted and para-substituted
free amines were subjected to the one-pot procedure
with various aryl iodides to generate the desired
products in moderate to good vyields of 57-73%
(6a—1). Furthermore, it is noteworthy that only
monoarylated acetates were obtained without
diarylated products. We speculated that the excessive
ethyl pyruvate served as an exogenous ligand
coordinating with Pd to inhibit the potential
secondary activation/oxidative addition. With the
help of arylation-derived ortho-steric hindrance and
auxiliary chelation, such additional chelation further
impairs the stability of benzylic C-O bond.

Scheme 5. One-pot synthesis of biaryl-2-methyl acetates
from O-arylmethyl hydroxylamines [a.b]

Pd(OAc), (10 mol%)
O/\ © AgTFA (1.5 equiv) R A Ok
ethyl pyruvate (1.5 equiv.) O N
ACOH/H,0 = 9:1 | 1r?
120°C, 20 h 6 7

6a, 65/ 6b, 73% 6¢c, 61% 6d, 62/

‘i‘fo“«’i

OMe CO,Me OMe
6e, 69% 6f, 57% b9, 62/ 6h, 65%
/‘i\‘\ CI%\ /g\ /%\
CO,;Me OMe CO, e
6i, 68% 6j, 59% 6k, 61% 61, 63%

[l Reaction conditions: 5 (0.3 mmol), 2 (0.90 mmol),
Pd(OAc), (6.7 mg, 10 mol%), AgTFA (99.2 mg, 0.45
mmol), ethyl pyruvate (52.2 mg, 0.45 mmol), AcOH/H,0O
(9:1, viv, 2.5 mL), 120 °C, 20 h.

] |solated yields.

The strategy can be expediently adopted to prepare
synthetically valuable 2-aryl substituted arylmethyl
alcohols (Scheme 6A). Subjecting the acetate 3a and
NaOH to a mixed solvent of THF/MeOH/HO
afforded biaryl alcohol 7 in 93% yield without th¢
need for a column-chromatographic purification (see
ESI). Thus, as an alternative to the laborious
hydrogenation,’®! this enabled a rapid access to
biaryl-2-methyl alcohols. In addition, the reaction on
gram scale has also been examined in good vyield
(Scheme 6B).
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Hydrolysis:
(o]
o)k

3a

Gram scale:

|
Pd(OAc); (10 mol%)
O,N\\rCOOEt . AgTFA (1.5 equiv)
AcOH/H,0 =9:1

OMe 120°C, 20 h

NaOH (2.0 equiv) O OH
bt it el
THF/MeOH/H,0 O »
80°C, 1h
OMe ’ OMe
7,93%

oy
(B)

1a, 1.18g (5.0 mmol) 2a (3.0 equiv) 3a, 1.01g, 75%

Scheme 6. Convenient access to 2-aryl substituted
arylmethyl alcohol and a gram scale reaction.

To gain insight into the reaction mechanism of the
arylation, the intermolecular competition experiments
were firstly carried out to probe the electronic effect.
The treatment of a mixture of electronically biased
iodides 2a and 2c (1:1 equiv) with ketoxime ester la
generated the products 3a and 3c with the ratio of
2.57/1.0 (Scheme 7A, see ESI). It was found that the
electron-rich 2a predominantly coupled with the
substrate 1a, suggesting that electron-donating group
substituted aryl iodides would facilitate the
transformation.[*21¢1 In addition, the competition
process of la and 1f gave a similar result that the
electron-rich ketoxime ester 1a was preferred to yield
3a as a major product (Scheme 7B, see ESI). At last,
a deuterium labeling isotope experiment was carried
out to probe the kinetics of Pd'"/Pd"V-catalyzed
C(sp®)—H arylation (Scheme 7C). The intermolecular
competition reactions between 8 and 8 (8-d;) with 2a
in one vessel clearly revealed a primary Kinetic
isotopic effect (ku/kp = 4.0; see ESI). The result
indicates that the C(sp>)—H bond
cleavage/carbopalladation might be involved in the
rate-limiting step.

Pd(OAc), (10 mol%)
AgTFA (1.5 equiv)
EACALEAR LA bl VN
AcOH/H,0 = 9:1
120°C, 20 h
3a/3¢c =2.57/1.0

1a + 2aj2c

3a, 54%

3¢, 21%
o

Pd(OAc), (10 mol%)

12 2 AgTFA (1.5 equiv)
+ a
a AcOH/H,0 = 9:1

120°C,20h

3a, 49% 4f, 25%

O’N\W/COOEt
o .
8 (0.15 mmol) Pd(OAc), (10 mol%)
+ AgTFA (1.5 equiv)
D P ) D N COOEt AcOH/HZO 9:1
(o) \\( OMe 120°C,4h
D 2a

ku/kp=4.0
D g (0.15mmol)

Scheme 7. Intermolecular kinetic competition experiments.

D) H(D)

OMe

6b and 6b’

D

We successfully obtained a crystallizable
palladacycle I from PdCl, and pyruvate O-benzyl
ketoxime 8.1 The structure of I was unambiguously
confirmed by single-crystal X-ray diffraction analysis
to reveal an activation mode referring to five-

)
CFs
2 Ok
i o
e + O ®
sy S
3a/4f =1.96/1.0 OMe OMe

10.1002/adsc.201800216

membered oxime-carbonylic N,O-bidentate chelation
with six-membered exo-carbopalladation (5,6-fused
metallocycle mode, Scheme 8A, see ESI)I,
Accordingly, the palladacycle favorably converted
into the desired arylated benzyl acetate 6b in 74%
yield in the absence of Pd(OAc), (Scheme 8B).
Therefore, the cyclopalladated | was suggested as a
key intermediate engaged in the process. The present
work represents a new example of N,O-bidentate
activation.

PdCl, (1.2 equiv)

o N\W/COOEt NaOAc (3.0 equiv) Ny
ACOH, 100°C, 5 h o s I
o]
OEt
8 1, 36%

] -
I I :
Y, I
0 e —
't i

X-ray single crystal of |

| o]
AgTFA (1.5 equiv) O ok
A S

ethyl pyruvate (0.5 equiv) O ®)
OMe

OMe AcOH/H,0 = 9:1
6b, 74%

120°C, 20 h
Scheme 8. Preparation and arylation-solvolysis of the
palladacycle I.

?
N +
IPq I
cl’ b=

OEt
! 2a

We implemented a set of control experiments to
detect the influences on acetolysis (Scheme 9). Firstly,
subjecting O-benzyl hydroxylamine 5a, iodide 2a;
and ethyl pyruvate to the one-pot protocol with
CDsCOO0OD/D,0 (9:1, viv) as a solvent, 2-arylbenzy!
deuterated acetate 6b’ was obtained as the desired
product (Scheme 9A). This suggests that =2
nucleophilic solvolysis of the benzylic C—O bond
with acetic acid indeed occursi®® after arylation.
Secondly, without the metal salt, the solvolysis of
biaryl pyruvate ketoxime 1c failed to provide any
deuterated acetate 6a’ (Scheme 9B), and the
stoichiometric AgTFA was proved to be completely
ineffective (Scheme 9C). However, introducing a
catalytic amount of Pd(OAc), into the system
strikingly gave the deuterated 6a’ in 81% vyield
(Scheme 9D), or acetate product 6a in 92% yield
(Scheme 9E). These facts undoubtedly revealed a
dual role of Pd catalyst, directing proximal C(sp*)—H
bond activation and facilitating benzylic C—O bond
solvolysis.

On the other hand, the influence of ortho-ary.
hindrance on the acetolysis was further investigated.
Compared to biaryl pyruvate ketoxime 1c (Scheme
9E), the solvolysis of O-benzyl ketoxime 8 was
considerably more sluggish to deliver only 33% vyield
of acetate product (Scheme 9F). In this regard, it was
revealed that the arylation-derived ortho-hindrance
can result in a more accessible acetolysis. Meanwhile,
we considered that the use of 3 equiv of Arl greatly
enhances  Pd-catalyzed arylation, accordingly
promoting the subsequent acetolysis. Finally, the
control experiment showed that the excessive ethyl
pyruvate can serve as an exogenetic ligand to

5
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promote the solvolysis (Scheme 9G). These
synergistic effects of ethyl pyruvate coordination,
arylation-derived  ortho-hindrance, and intrinsic
auxiliary chelation significantly accelerate the Pd-
catalyzed acetolysis with severely aggravated
molecular distortion.

! Pd(OAc), (10 mol%)

@/\O/NHz © AgTFA (1.5 equiv)
+

OMe
5a 2a

‘i\‘!O/N\W/COOEt
1c
‘i\‘!O,N\W/COOEt
1c
_N__COOEt
g
1c
_N__COOEt
‘C‘O"\T
1c

©AO/N\T/ COOEL b4 (0Ac), (10 mol%)
R
8

(@]
O
o5

() e
o]
z

ethyl pyruvate (1.5 equiv)
CD3;CO0D/D,0 = 9:1
120°C, 20 h

o
=
@

6b’, 68%

»=o

CD3CO0D/D,0 = 9:1 CD3
it bttt

o
C

o [~
o )

Q OO 2 OO
O o o &

120°C, 20 h

AgTFA (1.5 equiv) CD3

°

CD5CO0D/D,0 = 9:1
120 °C, 20 h

CD;
(D)

Pd(OAc), (10 mol%)
_TaBAck TV moTe) |

CD4CO0D/D,0 = 9:1
120°C, 20 h

o
9
©
2
X

O =
>:O
T

Pd(OAc), (10 mol%) CHs
e .
CH3COOH/H,0 = 9:1

120°C, 15 h

6a, 92%

a
=0
(@]
&
3
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On the basis of experimental investigations and the
well-documented reports,31%18 g plausible reaction
pathway involving Pd"/Pd"V catalytic cycle is
proposed for the cascade process (Scheme 10).
Pyruvate ketoxime 1 firstly coordinates with Pd" to
form the palladated bicyclic intermediate Il via a
five-membered chelation and an exo-type six-

membered  concerted  metallation—deprotonation
(CMD).[2*201  Then, the key Pd"Vv species Il is
generated through the oxidative addition of

palladacycle Il with aryl iodide. The highly active
hexa-coordinated Pd"' adduct Il undergoes a
following reductive elimination to furnish the Pd"
pincer-type complex 1V. Finally, the complex IV is
followed by a nucleophilic acetolysis and iodide
abstraction®® to release the arylated arylmethyl
acetate 3, 4 or 6, and regenerate the Pd" catalyst. The
complex IV may be further chelated by excessive
ethyl pyruvate through ligand exchange, to drastically
accelerate the solvolysis (Scheme 5).
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Scheme 10. Plausible reaction pathway.

Conclusion

In summary, we have developed an efficient cascade
for synthesis of biaryl-2-methyl acetates via Pd-
catalyzed ortho-C(sp?)-H arylation and acetolysis.
With the cost-effective ethyl pyruvate as a directing
group, structurally diverse masked arylmethyl
alcohols (1 and 5) can be arylated on the aromatic
ring and acetoxylated at the benzyl position in one-
pot fashion. The exo-six-membered palladacycle with
five-membered N,O-bidentate chelation is
unambiguously confirmed by single-crystal X-ray
diffraction analysis. We have also conducted a serie¢
of mechanistic studies depicting a plausible reaction
pathway. Further related studies are underway in ous
laboratory.

Experimental Section

Unless otherwise indicated, all reagents were obtained
from commercial sources and used as received without
further purification. All reactions were carried out in an
oven-dried glass sealed tube and monitored by thin layer
chromatography (TLC, pre-coated silica gel plates
containing HF254). All solvents were only dried over 4
molecular sieves. Reaction products were purified via
column chromatography on silica gel (300-400 mesh).
Melting points were determined using open capillaries and
uncorrected. NMR spectra were determined on Bruker
AV400 in CDCI; with TMS as internal standard for 'H
NMR (400 MHz) and **C NMR (100 MHz), respectively.
HRMS were measured on a QSTAR Pulsar | LC/TOF MS
mass  spectrometer or Micromass GCTTM gas
chromatograph-mass spectrometer.

Procedure for the Synthesis of Biaryl-2-Methyl
Acetates (3, 4]2 from Pyruvate O-Arylmethyl Ketoximes
A mixture of substrate 1 (0.3 mmoé), 2 (0.9 mmol),
Pd(OACc). (6.7 m|_(];, 0.03 mmol), AgTFA (99.2 mg, 0.45
mmol), and AcOH/H20 (9:1, v/v, 2.5 mL) was stirred in a
glass sealed-tube at room temperature for 30 min, then the
mixture was heated to 120 °C for 20 h. Upon completion
of the reaction, the mixture was cooled to room
temperature and added dropwise into a saturated NaHCOs
solution (25 mL). The solution was extracted with ethyl
acetate (25 mLx3), and then the combined organic layer
was dried over anhydrous MgSO., Finally, the solution was

6
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concentrated in vacuo to provide a crude product, WhICh
was purified via a column chromatography on silica
(eluents: petroleum ether/ethyl acetate 40: ¥to supply t
desired product 3 or 4.

(4’-methoxy-3-methyl-[1,1'-biphen q meth I
acetate (3a)§ yeIIow o , 65.7 mg (81%); H NMR (400
MHz, CD 7.30 (t, J = 7.6 Hz, 1H), 7.26-7.22

m):
(m,3H 7.16 dp -76Hz 1H), 694(dt J1 =84 Hz J;
= 2.8 Hz, 2H), 503 s, 2H), 385% 3H), 2.42 (s, 3H), 2.08
gs 3H); 3C NMR (100 MHz, CD I3, ppm): 61709 158.9,
43.8,138.9, 133.4, 131.0, 130.3 (20), 1295 1285 1283
1136§2C) 624 553 209 196 RMS gEI) m/z [M*]
calcd. for C17H1803 270. 1256 found 270.1254

(3,4'-dimeth }11 b7ph nyILZ )methyl acetate (3b):
yellow oil, 57. 5% MR (400 MHz, CDClIs,
ppm): & 7.35 (t, J = 72 Hz, 1H), 7.30~7.28 (m, lH
7.29-7.26 (m, 4H), 7.22 (d, J = 7.6 Hz, 1H 5.08 (s

2.48 (s, 3 ? 2.45 (s, 3H), 2.12 (s, 3H): C NM (100
MHz, CDC ffmf 5 170.8, 1442, 138.9, 138.1, 136.9,
131.0, 1295, 129.1 (2C), 128.9 (2C), 1285, 128.2, 62.4,
21.2, 209, 19.6; HRMS (ED): miz [M*] calcd. for
Ci17H10,: 254.1307, found 254.1308.

acetate
400 MHz,

3c): yellow oil, 49.6 mg (64%); *H NMR
Hz, 1H),

DCls, ppm): é722(s 1H), 719&_| J=3
717715m2H 7.05 (d, J = 7.6 Hz, 700tJ—
8.8 Hz, 2H 491 (s, 2H) 2.34 (s, 3H), 1 gs H); 1°C
51708 162 (d, Yer =

{1 -fluoro-3-methyl-[1,1° b}fhengll] -2- yl)methi

NMR 100 MHz, DCI3, m):
244.8 HZ 143.1, 139.0, 1 7. 4Jor = 3.3 sz 131.1,
1308(d Jer = 8.0 Hz, ZC) 1299 128.6, 128.2, 115.1 (d,

2Jcr = 21.3 Hz, 2C), 62.1, 20.9, 19.6; HRMS (EI): m/z
[M"] calcd. for CuoHi0,F-258.1056, found 258.1054.

3d): yellow oil, 60.2 mg (73%); 'H NMR (400 MHz,
DCls, ppmfé729(d J=84 22H)722(tJ—76
Hz, 1H), 7 7S_|2H) 7.15 (s, 1H), 7.04 (d, J = 7.6 Hz,
1H) 4,90 (s, 2H), 2.34 (s, 3H), 1.98 (s, 3H); ’C NMR
(100 MHz, CDCls, ppm): 6 170.7, 142.9, 1395, 139.1,
133.4, 131.0, 130.6 CC 130.1, 128.7, 128.3 (ZC% 128.0,
62.1, 20.9, 19.6; RMS éEI% m/z [M*] ca
C16H150235C| 274 0761, found 274.

{t -chloro-3-methyl-[1,1'-bi henzl] -2-yl)methyl acetate

cd. for
0762.

4'-bromo-3-methyl 51 ,1'-bipheny I]12 yl\Pmeth | acetate
3e). yellow oil, 59. (%2% 400 MHz,
z, 2H 7.23(t J=176

DCls, pgm% 5 7.45 (
Hz, 1H) d,J= 60Hz 1H ), 7.10 (d, J = 8.4 Hz, 2H),
7.04 d J=7.2 Hz, 1H), 4908 2H), 2.34 (s, 3H), 1.98 (s,
3H); 3C NMR (100 MHz, C Cls, ppm): 51707 1429
140.0, 139.1, 131.3 (2C), 130.9 ZCf 130.1, 128.8, 128.7,
127.9,121.6, 62.1, 20.9, 19.6; HRMS (EI): m/z [M*] calcd.
for C15H150281Br: 320.0235, found 320.0238.
§4' iodo-3-methyl-[1,1' b hen 2 yI% ethyl acetate
3f): yellow solid, m. (69%); H
NMR (400 MHz, CDCls, ppm 5765 (d, J 84Hz 2H),
7.22 (t, J= 7.6 Hz, 1H), 717 d, J = 6.4 Hz, 1H), 7.03 d J
= 7.6 Hz, 1H), 697(d = 8.0 Hz, 2H), 4.90 (s, 2H),

s, 3H), 1.98 (s 3H); BC NMR (100 MHz, CDCls, ppm 5
70.7,142.9, 140.6, 139.1, 137.3 (20), 1312 2C), 130.8,
130.1, 128.7, 127.9, 93.2, 62.1, 20.9, 19.6; HRMS (ED):

m/z 5 ] caled. for CieH1s0,%2l: 366.0117, found
366.0115!

Methyl 2'-(acetoxymethyl)-3'-methyl-[1,1'-biphenyl]-4-
carboxylate Bg? yeIIow oil, 65.3 mg (73%); H KI]\/I
400 MHz, CDCl3, ppm): 5799dJ—84H22H 730
d, J =84 Hz, 2H 23 (t,J= 6 Hz, 1H), 718 (d, J =
4 Hz, 1H), 706(d J= 76Hz 1H 489 s 2H) 385 (s,
3H), 234 (s 3H), 1.97 (63 R (100 MHz,
CDCI3 :0170.7, 166.9, 1 58 1431 1391 130.9,
130.3, 1294 Szcg 1293 gZC 129.0, 128.7, 127.8, 62.0,
52.2, 20.8, HRMS (El): m/z [M*] calcd. for
C1sH1504: 298.1205, found 298.1204.
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acetate (3h): yellow oil, 60.8 mg (75%); ‘H NMR (400
MHz CDCIsJagm) 5722 (t,J Hz, 2H) 7.15(d,J=
6.4 Hz, 1H 9dJ—76Hz 1H)683 6.81 (m, lH

(3'-methoxy-3-methyl- [Il 1 blpheng é 2- yllmethyl

6.81 679m , 6.78 (t, J = 1.6 Hz, 1H), 4.94 (s
3.73 (s, 3 ?, 23 (s, 3 ), 1.98 (s, 3H); SC NM (100
MHz, CDCls, ppm): 6 170.8, 159.3, 144.0, 142.4, 139.0,

130.9, 129.8,129.2, 128.6, 128.0, 121.7, 114.9, 112.9, 62.3,
55.2, 20.9, 19.4; HRMS (El): m/z [(M*] calcd. for
C17H1403: 270.1256, found 270.1254.

(3,3'-dimethyl-[1,1"- blphenyILZ I)meth | acetate (3i):
yeIIow 0|I 61 mg §80%) MR (4 0 MHz, CDCls,
9 2 Hz, 2H), 7.22 (d, =7.2 Hz, 1H).

16 d J—76Hz 2H), 7.10 (d, J = 88Hz 2H 501(5
2H), 241 (s, 3H), 2.37 (s, 3H), 2.06 (s, 3H) 3C NMR
100 MHz, CDCls, ppm): 6 170.8, 144.3, 141.0, 138.9,
37.7, 130.9, 130.1, 1296, 128.5, 128.1, 128.02, 127.96,
126.3, 62.3, 21.5, 20.9, 19.6; HRMS SEI): m/z [M*] calcd.
for C17H1802: 254.1307, found 254.1306.

(3"-acetoxy-3-methyl-[1,1'-bi henylg )methyl
acetate (3&? yellow oil, 77. mg7530/)§ 'H NMR (400
m): 6740t.] Hz, 1H), 73651H),

MHz, CD
7.31 (s, 2H 7 6 32H2716(dJ 7.6 HZ, 1H 513
2H), 4.98 (5, 2H), 2.42

s, 3H), 2.10 (s, 3H)20 %
13C NMR (100 MHz, CDCl;, ppm): § 170.92, 1708
143.7, 141.4, 139.0, 1366 135.8, 130.9, 1299 129.1,
128.6, 128.4, 128.1, 127.2, 66.2, 622 210 20.9, 19.6;
HRMS (El): m/z [M*] caled. for CioHz0Ou: 312.1263,
found 312.1262.

3'-chloro-3-methyl-[1,1'-biphenyl]- 2y|)meth | acetate
3K): yellow oil, 51.1 mg (62%); H NMR 400 MHz,

DCls, p m) 573355 1H) 7.32 (s, 1H), 7.32 (d, J = 1.2
Hz, lH) 30 (d, J=7.6 Hz, 1H)725( 'J=6.8 Hz, 1Hg
7.20-7.17 (m, 1H), 713 d,J="7.6 Hz, 1H), 4.97 (s, 2H

2.42 (s, 3H), 2.0 (s, 3H); 3C NMR (100 MHz, CDCI3,
ppm): 6 170.8, 1428 1428 139.1, 134.0, 1309 130.2.
129. 1294 1287 1279 1274 1274 620 209 19.6,
HRMS El): m/z [M*] calcd. for CiH1s0,%Cl: 274, 0761
found 274. 0759.

3I): yellow oil, (65%); 400 MHz,

g’) -bromo-3-methyl 51 1 blphenyl]lz yN)methng acetate
DCI3,p m) (5742 739(m 2H) 7.23 (t,J OHz 1H)

=2.0 Hz, 1H), 7.17- 714% 2H), 7.05 (d, J =
84 Hz 1H), 4.89 (s, 2H) 2.34 (s, 3 % 200 (s, SHf 13C
NMR (100° MHz, CDCls, ppm): 6 170.8, 143.1, 142.7,

139.1, 1324 130.9. 130.3" 130 2 1297, 1287, 1279,
127.8,122.2,'62.0,20.9, 19.6; HRMS (EI): m/z [M*] calcd.
for C1sH150,"°Br: 318.0255, found 318.0253.

(3-methyl-3'- (trlfluoromethyl) [1,1'- blphengl] -2-
yhmethyl acetate (3m): yellow solid, m.p. 48-50 °C, 58.3
mg (63%); 'H NMR (400 MHz, CDCls, ppm) 5 7.62 (s,
2H), 7.56=7.51 (m, 2H) 734 t, J = 7.6 Hz, 1H), 7.29 d J
= 6.8 Hz, 1H), 7.16 (d Hz, 1H), 4.94 (S, 2H),

Ss 3H), 2.08 (s, 3H); léC NMR (100 MHz, CDCls, ppm 5
70.7,'142.7, 1418, 139.2, 1324 131.0, 130.6, 130.3,
128.8, 128.7,128.0, 126 2 (9, 3Jcr = 3.8 Hz), 124.1 (q, Zcr
-37Hz% 1241 Ler = 270.8 Hz), 62.0, 20.7, 19.6;
HRMS (EI): m/z +] calcd. for Ci7H1s02F3: 308.1024;
found 308.1023.

(2'-methoxy-3-methyl ,_1 1 blpheng4] -2-yl)methyl
acetate (3r41>/ ellow solid, m.p. 82 2.7 mg ;28%)
H NMR (400 MHz, CDCIa, pm) 5725 (t, J = 7.6 Hz,

,7.21(t, )= 76Hz 1H), (idJ 72Hz 1H)707
gd J1—72Hz Jz—16Hz 1H 01(d,J= 76Hz 1H)
90(tJ 7.2 Hz, lH)685(d 84Hz 1H)499d
= 12.0 Hz, 1H), 4.75 d, J =12.0 Hz, 1H 3.64 (s, H)
2.33 (s 3H 1.88 (s, 3H); *C NMR (10 MHz CDCIS,
ppm): ¢ 17 9 156.4, 140.0, 138.3, 132.1, 1313 129.9,
129.7, 129.0, 1285 1284 1204 1106 626 554 20.8,
19.7; HRMS éEI) m/z [M*] calcd. for C17H1503: 270. 1256
found 270.1254.
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3,3",5'-trimethyl-[1,1'-biphenyl ZIyH)meth | acetate
30) yellow oil, 49.1 mg (61% (400 MHz,
DCls, ;:)gn:? 5 *H NMR (400 MHz, CDCls, p?mg 0721
t,J = z, 1H), 714dJ—72Hle d,J=
6 Hz, 1H), 6.91 (s, 1H), LZH 493 (s 2H3 .34 (s,
3H), 2.26 (s, 6H), 1.99 C NMR (100 MHz,
CDCls, ppm): o 70.8, 1 44 40.9, 138.8, 1375 (2C),
130.9, 129.5, 128.8, 1285, 128.0, 127.1 (2C), 62.4, 21.4
gC) 20.9, 19.6; HRMS El): m/z [M'] calcd. for
18H2002: 268.1463, found 268.1462.

G
MHz, C ;)E tJ 2.0 Hz, 1H), 724%[

7.6 Hz, 1H Hz, 1H) 715tJ 1
2H), 7. 03 6 8 HZ 1H 4.87 s, 2H), 2 35 gs
2.02 (s, 3 13C NMR (100 Hz, C C|3, 169.

142.9, 140.5, 138.2, 133.6 (2C), 1299 1296 1 77 126.8
(20), 1266 1264 607 19.8,'18.5; HRMS (EI) miz [M*]
calcd. for C16H14023 Cl: 308. 0371 found 308.0373.

2-(2,3- d|hydrobenzo[b]P ,4]dioxin-6- I) 6 methx/lbenzg
acetate (3(1) yellow ol mg7 g :H N 400
MHz, CDC 7pm)5719tJ Hz, 1H 712(dJ—
7.2 Hz, 1H), 7.06 (d, J = 7.6 Hz, 1H), 6.79 (d, J = 8.0 Hz,
1H), 6.75 d J= OHz 1H& 6.69 (dd, J; = 8.4 Hz, Jz—
2.0'Hz, 1H), 4.95 (s, 2H), 4.20 (s, 4H) 2.32 (s, 3H), 2.00 (s,
3H); 1éc MR (100 MHz, CDCls, ppm): 6 171.0, 143.

143.1, 143.0, 138.9, 1344 131.0, 1295, 128.5, 128.1,
122.4, 118.2, 116.9, 64.4 (2C), 62.4, 20.9, 19.6; HRMS
El): m/z [M*] calcd. for CigH104: 298.1205, found

98.1204.

2-methyl-6-(naphthalen-2-yl)benzyl acetate (3r): yellow
oil, 54gmg 65)/0) 'H NMR (400" MHz, CDélg, m) )
7.76 (d, J—84Hz 2H), 7.72 {t, J = 5.2 Hz, 1H), 68(3

1H), 40 (t,J= 44 Hz, 2H) 7.35(dd, J; =84 Hz, J,= 1.2
Hz, 1H), 724 t, J=7.6 Hz, 1H), 7.16 (t, J = 7.2 Hz, 2H),
4.96 (s, 2H), 35 (s, 3H), 1.9 (s 3 )' 13C NMR (100
MHz, CDCls, ppm): ¢ 170.8, 144.2, 139.1, 138.6, 133.2,
132.5, 131.2, 129.9, 128.7, 128.4, 1282, 128.1, 127.8,
127.7, 127.6, 126.4, 126.1, 62.4, 20.9, 19.7; HRMS (EI):
m/z [M*] calcd. for CH1502: 290.1307, found 290.1304.

2-methyl-6-(6- (trlfluoromethyl%pgrld|n-2 lbenzyl
acetate (3s): yellow solid, m 77 °C, 60.3 mg (65%)
'H NMR (400 MHz, CDCls, pm): o 7.86 (t, J = 8.0 Hz,
1H), 7.56 (t, J = 8.8 Hz, ZHSJ 7272 J -72 Hz, 1H),
7.24— 720ém 2H 503(s 2H), 2.37 (s, 3H), 193(5 3H);
3C NMR 100 MHz, CDCls, ppm): ¢ 170.9, 160.1, 147.6
g 2Jcr = 34.4 Hz), 140.8, 139.7, 137.9, 131.7, 131.4,

8.8,128.0, 126.8, 121.5 (q, Jcr = 272.7 Hz) 118.6 (q.
3cr = 2.7 Hz), 61,6, 20.7, 19.5; HRMS El): m/iz [M*]
calcd. for CisH1NO2Fs: 309.0977, found 309.0979.

$6 chloropyridin-3-yl)-6-methylbenzyl acetate (3t):
yellow oil, 48.8 mg (59%); *H NMR (400 MHz, CDClIs,
ppm): 58.29 (d, J = 2.4 Hz, 1H), 7.55 (dd, Jy = 8.4 Hz, 3,

=24 Hz, 1H), 7.30 (t, J = 8.0 z,2H 24(tJ 76Hz
1H), 7.04 (d, J = 7.6 Hz, 1H), 4.88 )236§s
1.99 (s, 3H); 3C NMR (100 MHz, C Scl, ppm): 6 170.

1505, 149.6, 139.5, 139.3, 139.0, 135.6, 131 3 130.9,
129.0, 128.1, 123.7, 61. 7 20.8, 19.6; HRMS El): m/z
[M+] C&'Cd fOl’ C15H14N02 5C| 275 0713 found 275.0712.

2metho|>3/benzF¥I acetate (4b"): yellow oil, 49.2 mg
91% 400 MHz, CDCls, p (g)m) 5 1.32 (t,J=
OHz 2H), 6.96 (td, J=7.6 Hz, J,=0.8 Hz, 1H), 690 d,
J=8.0 Hz, 1H), 17 (s, 2H), 3.85 (s, 3H), 211 (s 3H);
13C NMR (100 MHz, CDCls, m% 171.1, 157.5, 129.
129.6, 124.2, 120.4, 110.5, 61.8, 55.4, 21.1; HRMS (EI)
m/z [M*] calcd. for C1oH120s: 180.0786, found 180.0785.

acetate

4 methoxy [1,1',3"1"-ter] henyIJ -2 g/l)methyl 54500, 1]
O

yeIIow solid, m'o 6— 58 3.8 m
NMR 00 MHz, CDC 9 5735 d,J= 7 Hz, 1H),
7.31(d, J = 4.0 Hz, 1H), 2953H) 28(d J=12Hz,
1H), 23 (s, 1H), 7.22 (s 1H), 7.21 (s 1H), 7.20 (s, 1H),
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685 d, J = 8.8 Hz, 2H), 4738 H), 375&5 3H), 1.82 (s,

3C NMR gloo MHz, CDCls, p 1702, 159.0,
) 6, 144.3 1411 133.3 130.5, 130.4 2C), 129.8, 129.3,
129.2' (2C), 128.4, 1281 (2C), 127.4, 113.6 (2C). 62.7,
55.3, 20.8; HRMS (E? miz [M*] calcd. for CooHaoOs:
332.1412, found 332.1411.

(3-fluoro-4'-methoxy-[1,1'- b
acetate (4d? yeIIow 0|I 57 'H NMR (400
MHz, B)m = 80 Hz, J, = 2.0 Hz,

1H)717(d 8Hz 2H)702 d, J = 7.6 Hz, 1H),
6.98 (d, J = 8.4 Hz, 1H), 786%_| 8 Hz, 2H)497(5
2H), 3.76 (s, 3Hé 1.97 SS 3 15C NMR (100 MHz,
CDCIs(JJ m): 6 170.6, 16 Jcp—2478 z), 159.3,
145.3 ( Jcp—32Hz 1326§d Jcp—26Hz 130.3
SZC) 1300 3Jc|: = 4 HZ) (d JCF = 1 HZ)
20.6 (d, JCF—144Hz) 1141 (d, 2Jcr = 22.2 Hz), 113.8
E )] 8.4 (d, 3Jcr = 4.8 Hz) 55.3, 20.9; HRMS ( I) m/z
M*] calcd. for C16H15O5F: 274.1005, found 274.1006.

henyl;o%¥l)meth yl

4e). yellow oil, 58%);" *H NMR {400 MHz,
DClg, p m) 5 7.86 (t Ji =76 Hz, J, = 08 Hz, lH)
7.29 (s, 1H), 7.21 (d, J = 8.4 Hz, 1H), 706(t J=76 Hz,
1H), 93 d J= 8Hz 2H), 5.05 (s 2H), 3855(5 3H),
2.10 (s, 3H); '3C NMR (100 MHz, CDCls, ppm): ¢ 170.8,
159.0, 1421 139.0, 133.3, 132.8, 130.2 (ZCS) 129.6, 128.3,
127.3, 113.7 (2C 645 553 210 HRMS (El): miz [M*]
calcd. for Ci6His 2 103: 382. 0066 found 382.0067.

f -iodo-4'-methox 6% 1 blphen¥l] -2-yl)methyl acetate

(4 methoxy 3-(trifluoromethyl)-[1,1'- bzphen I%
met | acetate Igf) yellow oil, 63 (65%); *
00 MHz, CDCls, ppm): ST.72(t,J = 44Hz 1H)
750( J = 4.4 Hz, 2H), .23 (d, J = 8.8 Hz, 2H), 6.95 (d,
J =84 Hz, 2H), 5.07 (s, 2H), 386(5 3H) , 201(s 3 8
13C NMR (100 MHz, CDCls, pm): ¢ 170.2, 159.3, 146.
134.3,131.8, 131.1, 130.8, 13 .3 (20), 128.6, 125.4, 124.2
lJCF— 272.7 Hz 1137gC) 60.7, 55.3, 20.8; HRMS
2209@/52 [M*] calcd. for Ci7H1s0sFs: 324.0973, found

2-nitrobenzyl acetate (49"): yeIIow oil, 509 mg (87%),

'H NMR (400 MHz, CDClI3, ppm): 6 8 ll d, J1 = 8.4 Hz,
J=1.2 ZlH 767tJ OHZ 1H)760d.]‘72
Hz, lH , 7.50 2 Hz, 1H) 552 (s, 2H 42%}7

3H ' NMR 100 MHz, CDC|3, 3ppm% 5 17
13 8 132.1, 129.0, 128.8, 125.1, 6 0.8; HRMS EI)
rﬂ{g OEM NOz]+ calcd. for CgHgOz 149. 0603 found

4.,4'-dimethoxy-[1,1'- blphen_/y;! -2- yI methyl acetate
4h) yeIIow 0|I 63.6 4% NMR (400 MHz,
DCls, ppm): (5723(d J-40Hz 1H), 7.21(d, J=5.6
Hz, 2H) 20 (d, J= 2.4 Hz, 1H) 693 J 8.4 Hz, 2H),
690(d J=28Hz, 1H), 501 (s, ZH?\/ISSS s, 3H) , 3.84 s
3H), 207 (s, 3(): 13C NMR (100 MHz, CDCls, mg
170.8, 158.8 2; 134,51, 134.49, 132.5, 131.4, 130.4
(2C '114.7, 113.73, 113.67 (2C2 64.6, 55.4, 55.3, 21.1;
S (EI) m/z [M*] calcd. for Ci7H1504; 286.1205,
found 286.1204.

acetate yellow oil, 58.4 m %); H NMR (406
MHzCCIs, m572051 7.1 J = 8.4 Hz,
%710(5 Zg 685 d, J-84Hz 2Hé493%2H)
(s, SH? 1, 3 ) 1.98 (s, C NMR (100
MHz CDCls, ppm): ¢ 170.8, 158.9, 1393 137.1, 1330
132.7, 130.4, 130.32 ZC 130.30, 129.2, 113.7 (2C) 64.2,
55.3, 21.1 §2C) HR E|) m/z [M+] calcd for C17H180s3:
270.1256, found 270.1257

4 methoxs/ -4-methyl- [1 1 blpheneél -2- yI methyl
),

(4-chloro-4'-methoxy-[1,1'-biphenyl] I)methK/I
acetate (4 ? yellow ol, 549 mg 3‘V§/ 'H NMR (400
MHz, CD 3, m 07.38(d,J= 20Hz 1H 724(dd N
= 8.4 Hz, Jz— 4Hz 1H), 714(d J=136 Hz, 1H), 7.11
d, J = 2.8 Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 4.91 (5, 2H),
76 (s, 3H), 2.00° (s, 3H): *C NMR (100" MHz, CDCls,
ppm): ¢ 17 6 159.2, 1402 135.2, 133.1, 1316 131.5,

8
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130.2 (ZC? 129.0, 128.2, 113.9 (2C), 63.8, 55.3, 20.9; Hz), 159. SAZC) 146.7 (d, 3Jcr = 8.5 Hz, ZC) 132.4 (d,

HRMS E& m/z [M+] calcd for Cle 150335C| 290 0710 4Jc|: =18 Hz 2C 130.2 4C) 126.8 (d JCF =31 HZ

found 290.0714 116.1 (d, 2Jcr = 20.8 Hz, 2 [) 113.6 (4C), 62.3, 55.3 (2C).
20.9; HRMS (ED): mlz M*] calcd. for CasH2104F:

(4-bromo-4'-methoxy-[1,1' blphenyl] -2-yl)methyl 380.1424, found 380.1429.,
acetate (4k): yellow oil, 66.4 mg (66%); *H NMR (400
MHz CDCI3, m): o 7. 62 (d,J=2.0Hz, 1H),7.48 (dd, J»  (3,5-dichloro-4'- methoxyél - blphen(}/ -2-yl)methyl
=8.4 Hz, J, = 2.4 Hz, 1H), 7.22 (d, J =84 Hz, 2H), 7.15  acetate 40? yellow oil, 56.6 8%); H NMR%
ng 84Hz 1H)695dJ—88Hz 2H), 5.00 (5, 2H), MHz, C fpmg5743 dJ—20 iz, 1H), 7.2 }SS
.85 (s, 3H), 209(23 13C NMR (100" MHz, CDCls, 1H), 7.22 d, 4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2
ppm): ¢ 170.6, 159.2, 140.7, 135.5, 131.95, 131.86, 131.5, 503 (s 2 ? 3.85 (s 3H) 2.08 (s, 3H); *C NMR 100
131.2, 130.1 ( ZCE 1212 113.9 (2C 637 553 21.0; MHz, 5)8 170.5, 159.6, 146.6, 137.2, 1347
HRMS (EI& m/z [M*] calcd. for Cs 503798r 324. 0205, 131. O 130 1 ( 129 6, 129. 1, 128. 3, 113.9 (ZC 61 6,
found 324.0204 55.4, 20.8; HRM (ED: m/z [M*] calcd. for C16H1403%°Cly:
324. 0320 ‘found 324.0321.

acetate (4l yellow oil, 47.8 mg (59%); ‘H NMR (400  (5-chloro-4'-methoxy-3-methyl-[1,1'-biphenyl]-2-

MHz, CDC m 57.28 (d,J= 80 Hz, 1H), 7.17 (d, J = KII?\/Ime”?/I acetate Eg? yeIIow oil, 62.2 mg (68%); H
84H22H 7 7(d,J= 88Hz 1H), 703SslH 685d 00 MHz, CDCls, ppm): 5722119(m 3H)715
.]-88Hz 2H 4.91 (s, 2H), 3.7 2) gd 24Hz 1H)693dJ 8.4 Hz, 2Hg497 , 2H),
1.95 (s, 3H) NMR (100 MHz, CDCl3, m% 170 , 85 (s 3H? 2.39 (s 3H), 2.07 (s, 3H) C NM (100
158.9, 142.1, 138.2, 1329, 131.1, 130.3, 130.2 (2C), 129.9, MHz, CDC m s 170.8, 159.2, 145.4, 140.9, 134.0,
128.0, 1136(2C) 64.5, 55.3, 21.2, 21.1; HRMS EI) m/z 1321, 130.2 g 129.7, 129.2, 128.0, 113.7 (2C) 61.7,
[M*] calcd. for C17H1s05: 270.1256, found 270.1258. E(>:5|3_| é03gCI o5 08%'5'\148 E3I 40rg/fsz2 [M*] calcd. for

17M1703 oun

(4' methoxT 5-methyl- [1 ,1'-biphen 5& 2- yI}meth vl

(4 4" -dimethoxy-5'-methyl-[1,1':3",1"'-terphenyl]-2'-
yh)methyl acetate (41°): ellow solid, m.p. 68-70 °C, 26.0 3-(4-methoxyphen Inaphthalen -2- [;_/|I)methyl acetate
%(23%) H NMR (400 MHz, CDCls, %pm?_'(S?SO (d, J 4q): yellow oil, 57. (62%); NMR (400 MHz,
4 Hz, 4H), 7.12 (s, 2H), 6.92 (d, J='8.4 Hz, 4H), 4.77 DCIg,j)pm) 5796 (s, 1 789 d, J= 4.8 Hz, 1H), 7.83
52H)38436H)24OS3H 195(s 3H); 13CNMR d, J 8 Hz, 1H)775%s 1H) 51dJ 4.0 Hz, 2H),
100 MHz, C Clg,f%n 05 170.3, 158.9 (2C), 144.3 (2C), 36 d,J= 8.0 Hz, 2H J 80 Hz, 2H), 5.19 (s,

38.2, 1335 <) (<) 130.25 l\ﬁzq 1277, 1135  2H), 3.88 (s, 3H), 508 2" B3C NMR' (100 MH?z.
(4C) 63,7, 553 (20), 20,7, 309; HRMS (EI): miz [M7  CDCls, ppm): & 169.7, 158.0, 138.7, 132.0, 17 e
caled. for C24H24O4 376 1675 found 376.1672 130.8, 129.3 (2C), 128.1, 127. 7 126. 7 126. 6 125. 6 125. l
1126 (2C). 63.8. 54.3, 30.0: HRMS gEI) miz [M*] calcd.
(5-isopropyl-4'-methoxy-[1,1'- blphenal) -2- Iy|_2methy| for CooH150s: 306.1256, found 306.12
NMR (400

acetate (4m): yellow oil, 53.7 m% 86
MHz, CDCI3,_/pgm) 57.41 (d,J Hz, 1H) 7.28 (d J= Procedure for the One-pot Synthesis of Biaryl-2-methyl
8.4 Hz, 2H 3 (dd, J; = 8.0 Hz, J, = 2.0 Hz, 1H), 7.16  Acetates (6) from O-Arylmethyl Hydroxylamines
(d, J=2.0 Hz, 1H) 6.95 (d, J =8. 4 Hz, 2H), 5. 01 (s 2H), A mixture of O-arylmethyl h droxy ammes 5 (0.3 mmol),
3.86 (s, 3H§ 2.98-2.90 (m, 1I\/R 2.06 (s, 3H) 1.27(d,J = S509 mmol), Pd(OAC). (6. 0.03 mmol), AgTFA
6.8 Hz, 6H): “C NMR (100 MHz, CDCls, pmz) 5170.9, (99.2 mg, 0.45 mmol), ethyl pyruvate (52.3 mg, 0.4%
158.9, 149.2, 142.2, 133.1, 130.6, 130.3 EZC? 9.9,128.5, ~mmol), and AcOH/H,0 (9:1, v/v, 2.5 mL) was stirred in a
125.4,113.6 (2C) 64.5, 55.3, 33.9, 24.0 (2C), 21.1; HRMS glass sealed-tube at room tem erature for 30 min, then the
I m/z [M*] calcd. for CioH2,0s: 298.1569, found  mixture was heated to 120 °C for 20 h. Upon complet|0n

1570. of the reaction, the mixture was cooled to room
terl'nperattérze5 andL?dgr%d droIpW|se into a saturaaed NﬁHChOf

' " solution m e solution was extracted with ethy
& |so;r)]ropyl o dlmethOXYo\E\]/. é”sz(l) Gt%rpheny/]) acetate (25 mLx3), and then the combined organic layer

K,I mpft 436'0"",\‘;‘*&?%(5‘83, p%erh §7.40 (d, J = 8.0 Hz, 2H) was dried over anhydrous MgSQq. Finally, the solution was

7.29 (s 2H), 7.23 (dd, J1 = 8.0 Hz, J, = 2.0 Hz, 2H), 7.16  concentrated in vacuo to provide a crude product, WhICh

(d, J =1.6 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 5.01 (5, 2H), ~ Was purified via a column chromatography on silica

3.86 (s, 6H), 2.98-2.90 (m, 1H), 2.06 (S 3H% 128 és 3H), (eluents: petroleum ether/ethyl acetate 40: gto supplyt

1.26 (s, 3H); 13C NMR (100 MHz, CDCl, p E?mg §170.6, ~ desired product 6.

159.1, 1445, 1339 2C), 130.6 (4C), 127.9 (2C), 116.2

2C), 115.0 (2C N (4C/) 63. 1 5.5 (ZC) 34 2 241 [L1 bl(PhenM kZM/Imethyl acetate (6a): yellow oil, 44.1

2C), 21.1; HR S (EN): miz [M*] calcd. for CasH2s04: mg (65%); 400 MHz, CD I3 ppm): & 7.51 (dd,

04.1988, found40419 9. J1 = 6.0 Hz, Jz—ZOHz 1H), 7.42(d, J= 7.2 Hz, 2H), 7.
40-7. 38 (m, 2H), 7.38-7.35 (m, 2H 734(d J=16Hz,

(5-fluoro-4'-methoxy-[1,1'-bipheny )methy! 1H), 7. 32|$dd J1=4.0 Hz, J,=1.6 Hz, 1H), 5.05 (s, 2H),

| ]
e 2.06 (5. 3H); 1%C NMR (160 MHz, CDCls, ppm): 6 170,
acetate () yellow Ol 48 ¢ _ggﬁ’ ol Jl\”_\"?éﬂozo T 1404, 1330 1302 1208, 1201 o8, 12635,

pm . iy

1H) 7.1 Hz, 2 7 284 Hz Jp = 128.29, 128.2,127.6, 127.4, 64.4.21.0; HRMS El): m/z

2. g)Hz %-&{ sj)gz 8?d8d Ji = 9)6 ?-3 ‘](Sq 2114 H§ 1H), 6]287 [M*] calcd. for C1sH140,: 226.0994, found 226.09553

z, 2H 491 (s, 2H), 377(1 3H), 198 s 3H)

3¢’ NMR (100 MHz, CDCls, 0170.8, 162.3 (d JCF (4'-methoxy éll blphe I] 2-yl)methyl acetate (6b):

= 246.3 Hz), 159.3, 144.4 (d, °Jcr = 8.0 Hz) 131.8 d 3Jce yellow oil, 56.1 mg (730 'H'"NMR (400 MHz, CDCls,

= 8.6 Hz{ 131.7 (d, e = 1.7 Hz), 130.1 (2C) 1293 (d, ppm} S 7.49~7.46 (m, lHe 7.36 (t, J = 3.6 Hz, 2H) 7.30

e =3.1Hz), 11 O(d 2Jcp—213Hz) 1141(d 2Jeg = 2.4 Hz, 1H), 7.26 (d, J= 8.4 Hz, 2H 695dJ—

21.0 Hz), 11 8 (2C), 63.9, 55.3, 21.0; HRMS SEZ m/z 8 Hz, 2H), 5.04 (s, 2H), 385 (s, SH% 18c

[M*] calcd. for Ci6H150sF: 274.1005, found 274.100 NMR (100 MHz, CDCls, fgm § 1708, 1 90 421,
133.3, 132.8, 130.4, 1303|$ 129.6, 128.3, 127.3,113.7

5'-fluoro-4,4"- dlmethox 1,1':3',1"'-terphen 2C), '64.6, 55.3, 21.1; H (EN: m/z [M*] caled. for
(I methyl acetate g‘r %I ow solid, m. p60 ZZ] °C 16. O g16H1803 256.1099, found 256.1100.
mg g14% 'H NM 400 MHz, CDC|3, ) oT. 30§

Hz, 4H), 7.01 (d, J=9.2 Hz, 2H |Sd Methyl 2 ﬁacetox Imethyl)- [1 1"-biphen I}VI4-
4H), 4.74 (s ZH? 85 (s, 6H), 13C NMR carboxylate (6c): yellow oi 520 mg 61%) H
(100 MHz, CDCls, ppm): 6 17 2 1617 «d, JCF = 2476 (400 MHz, CDCls, ppm): 5 8.10 (d, J = 84 Hz, 2H),

9
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7.51(dd, J; = 5.6 Hz, J, = 3.6 Hz, 1H),
2H), 7.41 (t, J = 2.0 Hz, 2H), 7.30 (dd, J; = 5.6 Hz, J, = 3.6
Hz, 1H), 5018 2H), 395 s, 3H), 204 s, 3H); BCNMR
100 MHz, C Cls, ppm): 517 5 1668 151 141.3,
37.8, 1330 129.9, 1 98 1294é2C) 129.1 2C), 128.4,
128.1, 64.1, 52.1, 208 HRMS : m/z [M* calcd for
C17H1604 284 1049 found 284.1046.

7.43 (d, J = 2.4 Hz,

Ethyl 2°-(acetoxylmethyl)-[1, 1 blphen 1]-4- carboxylate
E6d) yellow oil, 55.5 mg (62% I%I%/I 0 MHz,
DCI3, gm) 58.10(d, J= 4Hz 2H 7.51 (dd J1=52
z,J, = 3.6 Hz, 1H), 743(d J=16 Hz, 2H), 741(t J=
32 Hz, 2H), 7.30 (dd, J; = 5.6 Hz, J, = 3.6 Hz, 1H), 5.01
s, 2H), 441&9 J = 7.2 Hz, 2H), 204% 3H), 1425t J=
2 Hz, 3H): °C NMR (100 MHz, CDCls, &)m 70.6,
166.4, 145.0, 141.4, 133.1, 130.0, 129.9, 129.52, 129.50
(ZCK/I 1292 (ZCP 1285, 128.2, 64.2, 61.1, 20.9, 14.4;
S [M*] calcd. for CigH104: 298.1205,
found 29 1204

3 Methox¥3[11 bl&ré%%/l] 2-yl)methyl acetate (6€):

yeIIow oil MR (400 MHz, CDCls,
a749(dd J1 = 5.6 Hz, Jo= 2.8 Hz, 1H), 7.40-7.37
H)734d.] 6.0 Hz, 1H), 7.32 (d, J = 7.2 Hz, 1H),

.93 d, J=2.0 Hz, 1H), 690(dd J1=4.0Hz, J,= 2.0 Hz,

2H), .05 (s, 2H), 3.83 (s 3H), 2.06 (s, 3H) 13C NMR
100 MHz, CDCls, ppm): 6 1 0.6, 159.3, 142.2, 141.6,
33.1, 130.0, 1295, 129.1, 128.2, 127.5, 1215, 114.7,
112.9, 64.3, 55.1, 20.9; HRMS 6EI) m/z [M*] calcd. for
Ci6H1603: 256.1099, found 256.109

Methyl gacetoxylmethyl) [1,1 blphen I}\/Ig-
carboxylate é)f) yellow oil, 48.6 mg (57%);
400 MHz, CDCls, p g 6806 J—16Hz 1H) 8.04
d,J=1.2Hz, 1H), 7.5 (/ J= 76Hz 1H), 7.50 (dd, J; =
0 Hz, J2—72Hz 2H), 7.41 (dd, i =4.8Hz, 3= 4.0 Hz,
2H), 7.31 (t, J = 3.6 Hz, 1H) 4.98 (s, 2H), 3.92 (s, 3H),
2.07 (s, 3H): 3C NMR (100 MHz, CDCls, ppm): a 170.
166.9, 1415, 140.6, 133.5, 133.2, 130.4, 130.20, 130.15,
130.1, 128.60, 128.58, 128.4, 128.0, 64.4, 52.2, 20.9;
HRMS (EI): m/z [M*] calcd. for CiH1s04: 284.1049,
found 284.1048.

2- $2 ,3-2H- benzo[b][l dloxm 6- I)benz | acetate (6§i):
yellow oil, 52.9 mg (62%); 'H g 0 MHz, CDC
t, J = 4.4 Hz, 2H)

9pm) 5 147 (t, J-44 Hz, 1H), 736
28 dd Jy =72 Hz, J=3.6 Hz, 1H 690(d J=84Hz,
1H), ISd J'=1.6 Hz, 1H), 6.80 (dd, J; = 8.0 Hz, Jf
1.6 Hz, 1 ), 5.05 (s, 2H) 4.30 (s, 4H), 2.08 (s, 3H) 3C
NMR (100 MHz, CDCls, ppm): 6 170.8, 143.15, 143.05,
141.9, '133.7, 1332, 130.2, 129.6, 128.3, 127.4, 122.3,
118.1, 117.0, 64.5, 64.423, 64.418, 21,1: HRMS (EI): m/z
[M*] calcd. for Ci7H1604: 284.1049, found 284.1050.

(5-Methyl-3"-methoxy- {1 1 blpheny -2- yI methy!|
acetate (6h): yellow oil, 52.7 mg (65%); *H NMR (400
MHz, CDCls, ppm): 6 7.38 (d, J = 76Hz '1H), 732(t J=
80Hz 1H), 7.20 d J=7.6 Hz, 1H), 7.15 s, 1H), 6.92 (s,
1H), 6.91 —6.89 (m, 2H), 5.01 (s, 2H). 3.83 (s. 3H). 2.39 (s.
3H), 2.04 (s, 3H); BC'NMR (100 MHz, CDCls, ppm): &
170'8, 159.3, 142.3, 141.9, 138.2, 130.8, 130.2, 129.9,
129.2, 128.4, 121.6, 114.8, 112.9, 644 552 21.2, 21.1;
HRMS (El): m/z [M*] calcd. for CisHisOs: 270.1256,
found 270.1255.

Meth methyl-2"-(acetoxylmethyl)-[1,1 blphen
4- cargoxylate 3’ yellow 0|I 60.9 mg ( %8% RI/HL
400 MHz, CD I3, gmg 8(d,J=84 Hz 2H) 7.41
dJ—84H22H 3 dJ— 4Hle 722dJ—
4 Hz, 1H), 712 SilH?\| 97 (s, 2H), 3.95 (s
3H), 2.02 (s, 3H); C NMR (100 MHz, CDCls, ppm): 0
170.7, 167.0, 1453, 141.4, 1385, 130.7, 130.2, 130.1,
129.5 (2C), 129.2 (2C 129.0, 128.9, 64.2, 52.2, 21.2,
21.0; HR (SEI) m/z [M*] calcd. for CigH1604: 298.1205,
found 298.1204

methyl

(5-Chloro-4"-methoxy- Fl iy blphergg](y) MR @00
0

acetate (6j): yellow oil, 51.5 mg

5, 3H), 2.40 (s,

10.1002/adsc.201800216

MHz, CDCls, p}zam) 87.41(d, J =8.4 Hz, 1H), 7.32 (dd, J;
=84 Hz, J, = 2.4 Hz, 1H), 7.29 (d, J = 2.4 le 724
dt, Jy = 84 Hz, J, = 2.8 Hz, 2H), 6.95(ct, J, = 8.4 Hz, J, =
8 Hz, 2H), 4.9 (s, 2H), 3.85 (s, 3 ,2.06és 3H} C

NMR (100 MHz, CDCIs, ppm): ¢ 1/0.7, 159.3, 143.7,
133.9, 131.9, 131.4, 131.0, 130.2, 130.1 &ZC .127.3,113.8
SZC) 63.8, 55.3, 21.0; HRMS (EI) m/z [M"] C16H15ClOs3:
90.0710, found 290.0708.
(5-Bromo-4"-methoxy- [Il 1"-biphen }-Z-ylzmethyl
acetate (6k) yellow oil, 61.3 m gé %); *H NMR (400
CDCls, pymg (574031H 37slH 727dJ
= 8 4 Hz, 1H), Hz,

gd J= 84Hz 2 g 687&1
2H), 4.89 (s, 2H), L MR

77 s 3H
100 MHz, CDCI3, %06 159.3, 1440 133.1,
324, 1313, 131.1, 1 O 1301 (2C) 122.1, 113.8 (20),
63.8, 553, 21.0; HRMS (ED): mlz [M+] calcd. for
CisH181BrO;5: 336.0184, found 336.0190.

Methyl 2 (acetoxymethyl) 5'-bromo-[1,1' blphen I]VI4-

carboxylate E)C,) yellow oll, 68.6 mg (63%);

400 MHz, CDCls, ppm): 5810(d J= 4Hz 2H) 7.54
dd, J1—84Hz Jz—ZOHZ 1H),7.46 (d,J = 20Hz ng
40(d J= 80Hz 2H), 7.37 s, 1H), 494%2H) 3.95 S,

3H), 2.04 (s, 3H); 13C NMR (100 MHz, C Cls, :

17 5 166.7, 136 143.2, 132.7, 1323 1314 1312

1297 (ZCE 129.1 (ZC 1224 635 523 20.9; HRMS
- :0?3{5 M*] calcd. for Ci7H1s045'Br: 364.0133, found

Supporting Information Avallable Experlmental details for
Scheme 6-9; copies of H NMR, C NMR spectral,
HRMS and crystallographlc data for 3n and 1.
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arylation-acetolysis sequence
Pd(OAc), (10 mol%)

|
COOEt
T AGTFA (1.5 equiv)
+ Rz\
AcOH/H,0 = 9:1
120°C, 20 h
condensation-arylation- aceto\ysis sequence

Pd(OAc), (10 mol%)

AgTFA (1.5 equiv)

ethyl pyruvate (1.5 equlv)
AcOH/H,0 = 9:1

120°C,20 h

(o high site-selectivity

4 Pd-catalyzed arylation and acetolysis
4 two or three steps in one-pot

4 simple and practical directing group
4 broad substrate scope

4 good tolerance of functional groups

iy
A (0)
R'T
X
| R
=
34 examples

28-83% yields

=
\7R2
=

12 examples

57-73% yields

This article is protected by copyright. All rights reserved.

13



