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Time-Economical Synthesis of Diarylacetates Enabled by
TfOH-Catalyzed Arylation of a-Aryl-a-Diazoesters with

Arenes

Sha Hu,™ " Jiale Wu,*® Zuolin Lu,“
Fener Chen*® b d

Diarylacetates are privileged structures of many bioactive
natural products and pharmaceutical compounds. A time-
economical synthesis of diarylacetates by TfOH-catalyzed
arylation of a-aryl-a-diazoesters with arenes is described. This
protocol provides a variety of diarylacetates in good yields with
broad substrate scope, excellent functional group compatibility,
and mild reaction conditions. Also, a new mechanism for the
arylation reaction of a-aryl-a-diazoesters with arenes under
TfOH catalysis is presented.

Diarylacetates are prominent scaffolds in natural products,
pharmaceuticals, and building blocks of complex molecules
(Figure 1)." For example, anti-cholinergic drugs, adiphenine
(1), piperidolate (1I),” and pipoxolan (ll),” are used clinically to
relieve smooth muscle hypermotility and spasms. At the same
time, Pipoxolan (lll) also inhibits the proliferation of human
lung cancer cells (CL 1-5), tumor cells, and leukemia cells (HL-
60, U937, and K-562). Asimadoline (IV),”) a potent k-opioid
receptor agonist, reduces sensation to colonic distension and
irritable bowel syndrome. Benapryzine (V) an anti-Parkinson'’s
drug, inhibits dopamine absorption into corpus striatum in vitro.
Therefore, the development of diverse strategies for the
synthesis of diarylacetate derivatives is of great significance as a
result of their versatile pharmacological activities and their
utility in drug discovery.

Traditionally, diarylacetate derivatives have been synthe-
sized by the Pd-catalyzed a-arylation of phenyl- and ethyl-
acetates with monohalobenzenes,” the Friedel-Crafts alkylation
of a-bromoarylacetates with arenes in the presence of AgOTf,®
the double Friedel-Crafts alkylation of glycine esters with
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Figure 1. Selected Biologically Active Diarylacetate Derivatives.

anilines using K,S,04-HFIP,”! and the in-situ generated acetal-
assisted 1,2-aryl migration of benzoins under TfOH catalysis
(Scheme 1, a-d)."” However, these processes suffer from many
drawbacks such as not easy available or not readily prepared
materials, harsh reaction conditions, and functional group
incompatibility, etc. Thus, developing a straightforward syn-
thetic procedure that can overcome these challenges is needed.
In recent years, diazo compounds are remarkably versatile and
useful building blocks for an array of chemical transformations
in organic synthesis."" In particular, a few research groups have
reported the efficient synthesis of diarylacetates by the carbene
transfer reactions of a-aryl-a-diazoesters with arenes using
transition metals (Fe,"? Rh,™ I/ Pd," Cu,'® and Au"")
(Scheme 1, e1). Despite these advances, they all have limita-
tions, such as the use of toxic transition-metal catalysts and the
requirement of using arenes with activated substituents (OH,
OMe, NMe,, Si(OMe);, and 1). Wang group and Jurberg group
independently achieved the metal-free arylation of a-aryl-a-
diazoesters with arylboron reagents under basic conditions at
100°C or blue light, leading to the corresponding diarylacetate
products (Scheme 1, €2)."¥ Zhang group described (C4Fs);B-
catalyzed ortho-selective substitution of a-aryl-a-diazoesters
with phenols (Scheme 1, e2).1"?

These boron substrates can be expensive and/or require
multistep preparation, thus rendering them less practical for
larger scale applications. Very recently, Burtoloso and co-work-
ers reported an elegant arylation of a-methoxy-phenyl-a-
diazoesters with arenes catalyzed by H,SO,—SiO, for the syn-
thesis of electron-rich diarylacetates derivatives (Scheme 1,
e3).” However, in this protocol, only a-methoxy-phenyl-a-
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a) Palladium-catalyzed arylation of phenyl with monoh
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b) Gold-catalyzed arylation of alpha-bromoarylacetates with arenes

We began studying the reaction under our previous
reaction conditions for the cascade C—H activation/lactonization
of a-aryl-a-diazoacetates with phenols® to check whether our
established method could be operative toward the arylation of
methyl a-(p-tolyl)-a-diazoacetate 1a with p-xylene 2a (Table 1).
To our delight, the desired diarylacetate product 3aa was

B S
N ' OMe N, AgOTE,DCM R obtained in 83% yield when 10 mol% of TfOH was used as the
Rg | &+ RL@ Ao N OMe catalyst (entry 1). However, switching from TfOH to H,SO,
R J o dramatically decreased the yield of 3aa to less than 10%, and a

c) K;S,04-HFIP-catalyzed Fridel-Crafts alkylation of glycine esters with anilines
NRR*

long reaction time was needed (24 h, entry 2). The use of TsOH,
TFA, and MsOH also gave unsatisfied results 35%, 50%, and
43 % yields, respectively (entries 3-5). Further solvent screening

Hof NRR* was examined, the use of other chlorinated solvents such as
X N\)LOMe + N K,S,03, HFIP .
R'— _ 2fi - = dichloroethane (DCE) or chloroform (CHCl;) was found to be
=

e) Transition-metal, or acid-catalyzed arylation of alpha-aryl-alpha-
dizoacetates with arenes
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f) This work: TfOH-catalyzed arylation of alpha-aryl-alpha-dizoacetates with
arenes
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© metal-free and mild conditions
© broad subtrates tolerance
o time and atom economy

1). transition metals

(Fe, Rh, Ir, Pd, Cu, Au)

X=H, OH, OMe, NMe,,
Si(OMe)3, |

2). X= boronine, 100 °C

TfOH (5 mol %), DCM, 50 °C

10 min

32 examples
up to 90% yield

Scheme 1. Strategies to Access Diarylacetates.

less effective than dichloromethane (DCM) (entries 6-7). Re-
placement of DCM with ethyl acetate (AcOEt) gave a poor yield
of 3aa (30%, entry 8). Reactions in acetone or acetonitrile
provided trace amounts of product 3aa (entries 9-10). When
decreasing the catalyst loading from 10 mol% to 5 mol%, a
similar yield of 3aa was obtained (entry 11).

With the optimized reaction conditions in hand, the
substrate scope of arenes was then investigated, and the results
are summarized in Table 2. The unsubstituted benzene pro-
ceeded smoothly to give the corresponding product 3ab in
72% vyield. But the arylation reaction using anisole as the
substrate under the above optimized reaction conditions
afforded an inseparable mixture (3:1) of the regioisomers 3ac-1
and 3ac-2 in a combined yield of 78%. The disubstituted
benzene derivatives bearing electron-donating and electron-
withdrawing substituents at any of two positions on phenyl
ring were tolerant in this reaction, producing the corresponding
products 3aa-3ad in good to high yields (60-86 %) as a single
isomer. The tri-substituted benzene derivatives mesitylene and
tetra-substituted  benzene  derivatives  1,2,4,5-tetrameth-
ylbenzene were suitable substrates to yield 3aj and 3ak in 74

diazoesters and electron-rich arenes, phenols or meth- Table 1. Optimization of the Reaction Condition.”
oxybenzenes were employed as the substrates. Me
We recently developed the TfOH-catalyzed N—H insertion®?" N, O
. . . oo M . M
of a-aryl-a-diazoesters with anilines, and C—H activation/ /@)\r(oMe+ /©/ © Bronsted acid catalyst e one
lactonization of a-aryl-a-diazoesters with phenols, in which Me O me Solvent, 50 °C O
diazo compounds would be able to undergo ortho C—H 1a 2a Me 3aa
insertion with phenolic base nucleophiles® Perceiving the | Entry F””';z/“]?d acid Solvent Time'™ [h] Yield* [%]
. . mol
advantages of these approaches that Brgnsted acid is very >
important between diazo compounds and aromatic hydro- 1 TfOH (10) DCM 0.17 83
carbons, we envisioned that Brgnsted acid could be able to 2 H:50, (10) peM 24 =10
» WE Envisi 1d cou 3 TsOH (10) DCM 24 35
expand methods for the preparation of various substituents 4 TFA (10) DCM 24 50
diarylacetates. Meanwhile, we focus on the economic methods | > MsOH (10) DCM 0.17 43
hich inly dri by the at ¢ 6 TfOH (10) DCE 0.17 78
which are mainly driven by the atom economy, step economy, 7 TfOH (10) CHCI, 017 76
and time economy.”® Herein, we reported the TfOH-catalyzed 8 TfOH (10) AcOEt 0.17 30
time-economical arylation of a- aryl-a-diazoesters with arenes |9 TfOH (10) Acetone 0.17 trace
for th thesi f diarvl tat Thi thodol feat 10 TfOH (10) MeCN 0.17 trace
or the synthesis of diarylacetates. This methodology features 1 TfOH (5) DCM 017 84
metal-free mild reaction conditions and demonstrates excellent o] React . AV 1 02 :
. aLels " . a] Reaction conditions: methyl a-(p-tolyl)-a-diazoacetate 1a .2 mmol,
fl{nctlonal group. compatlblllty. Additionally, we introduced a 1.0 equiv), p-xylene 2a (0.2 mmol, 1.0 equiv), and catalyst (mmol%) in the
different mechanism with Burtoloso’s work. solvent (0.8 ml, 0.25 M) at 50°C under air. [b] Complete conversion reaction
time of 1a. [c] Isolated yield.
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Table 2. Substrate Scope of Arenes.*"!

WO

Me
ac-1 Me ) Me °

c-2

TfOH (5 mol %)
DCM, 50 °C, 10 min

3ab, 72% 3ac, 78%, 3ac-1:3ac- 2 3:1 3aa, 84%
Me
Me Br
MeO'
OMe
3ad, 60% 3ae, 80% 3af, 85% 3ag, 78%
l CO,Me Me
MeO'
! OMe OMe OMe
Me’ ° Me’
3ah, 61% 3ai, 86% 3aj, 78% 3ak, 74%
“Bu
Br,
Bu O’ S o
i OMe OMe
Me' ° Me' °
3al, 71% 3am,68% 3an, 70%
Me, COzMe COZEt
NTs
MeO,C
3ao, 70% 3ap, 72% 3aq, 68% 3ar, 61%

[a] Reaction conditions: methyl a-(p-tolyl)-a-diazoacetate 1a (0.2 mmol,
1.0 equiv), arenes 2 (0.2 mmol, 1.0 equiv), and TfOH (5 mmol %) in DCM
(0.8 ml, 0.25 M) at 50°C for 0.17 h under air. [b] Isolated yield.

and 78% vyields, respectively. When the phenyl ring was
replaced with sterically bulky fluorene or 9H-pyrene ring, as
expected, the reaction also worked smoothly to cleanly afford
the desired products 3al and 3am in 71% and 68% yields,
respectively. Similarly, the heterocyclic (5-bromothienyl, methyl
4-carboxylate-5-methylthienyl, ethyl  5-carboxylate-2-meth-
ylthienyl, thieno[3,2-blthiophenyl, and methyl 5-carboxylate 1-
tosyl-1H-indolyl) arenes were also effective for this transforma-
tion and furnished the corresponding products 3an-3ar in
moderate to good yields (61-72 %).

Having demonstrated the generality of arenes, we next
moved on to examine the scope of a-aryl-a-diazoesters. As
illustrated in Table 3, the arylation reaction of mono-substituted
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Table 3. Substrate Scope of a-Aryl-a-Diazoacetates.””

Me

Me
O)\n/ /@/ _TfOH(5mol %) N OR?
110
DCM, 50 °C, 10 min R’ P o
2a

E Me [ Me E Me [ Me
Me Me Me Me
OMe OMe OMe OMe
T YT JT O
Bu Ph

OMe F
3da, 78%

3ba, 87% 3ca, 87% 3ea, 80%

o

3fa, 85% 3ga, 89% 3ha, 90% 3ia, 84%
Me Me C Me
Me
OEt Me OEt
(J T
Me
3ja, 72% 3ka, 72% 3la, 75% 3ma, 81%

[a] Reaction conditions: a-aryl-a-diazoacetate 1 (0.2 mmol, 1.0 equiv), p-
xylene 2a (0.2 mmol, 1.0 equiv), and TfOH (5 mmol%) in DCM (0.8 ml,
0.25 M) at 50°C for 0.17 h under air. [b] Isolated yield.

methyl a-phenyl-a-diazoesters bearing electron-donating
(methyl, tert-butyl, phenyl, and methoxy) and electron-with-
drawing (fluoro, chloro, and bromo) at any of the positions of
phenyl ring were all reacted smoothly to furnish the corre-
sponding diarylacetate products 3aa-3ga in very good yields.
Remarkably, the unsubstituted benzene proved to be an
excellent substrate for this reaction, giving the diarylacetate
product 3ha in 90% vyield. A disubstituted methyl a-aryl-a-
diazoester could be also tolerated under the standard con-
ditions to afford the arylation product 3ia in 84% yield. In
addition to methyl a-phenyl-a-diazoacetates, methyl a-2-
naphthyl-a-diazoacetate was also cleanly transformed into the
corresponding product 3ja in 72% yield. Gratifyingly, varying
the methyl ester group into ethyl ester group was also suitable
to this reaction, and giving the desired arylation products 3 ka—
3ma in 72-81% yields.

To further evaluate the efficacy and synthetic utility of this
methodology, we carried out the scale-up experiment using
53 mmol (1.0g) of methyl a-phenyl-a-diazoacetate and
53 mmol (0.43 g) of benzene under the optimal reaction
conditions, which provided the desired product methyl diphe-
nylacetate 3hb in 40% yield (Scheme 2)."*? The diphenylace-
tate 3hb is a key intermediate for the preparation of anti-
parkinsonian drug benapryzine (V), which was derived from
3hb according to the protocol developed by Jurberg (C—H
hydroxylation followed by the hydrolysis 3hb as well as O-
alkylation).

3 © 2021 Wiley-VCH GmbH
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0

1h 2b 3hb
(19,53 mmol) (0.43 g, 5.3 mmol) (0.51 g, 40% yield)

Cs,CO;
(20 mol %) 1) KOH, MeOH, 70 °C
_P(OEt)3, 05, Ho 2) 2) HNEty, K,CO3
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OMe

10 min
o

Scheme 2. Gram-Up Reaction and Synthetic Application.

To understand the reaction mechanism, the control experi-
ment was performed (Scheme 3). In this deuterium experiment,
TfOH and deuterated benzene (D¢-2b) acted as proton sources
during the anhydrous solvent reaction as the hydrogen and
deuterium were incorporated in the final product Dg-3ab
(determined by NMR spectroscopy; see the Supporting Informa-
tion for details).

Based on our previous mechanistic studies,”?? literature
precedence,” and control experiment, we proposed a plausible
reaction mechanism outlined in Scheme 4. The diazonium ion
intermediate A could be generated from methyl a-(p-tolyl)-a-
diazoacetate (1a) in the presence of TfOH catalyst. Then, the
diazonium ion A, which would undergo a nucleophilic addition
reaction with p-xylene (2a), provides the desired product
diarylacetate 3 aa after the intermolecular C—H functionalization

2]

N, D
/©)K’(°Me D D140 (1.0 eq), DCM, 50 °C
Me (o] * D D 10 min
D Me’
1a Dg-2b Dg-3ab (77% H, 72% yield)

Scheme 3. Control Experiment.

N2

Scheme 4. Proposed Reaction Mechanism.
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extrudes N,. This mechanism is different compared with
Burtoloso’s work,”” in which the quinone type intermediate
from methoxy substituted a-aryl-a-diazoesters by H,50,-SiO,
underwent the Friedel-Crafts alkylation reaction with a phe-
nolic-based nucleophile.

In summary, we have developed an efficient time-econom-
ical TfOH-catalyzed C—H activation of a-aryl-a-diazoesters with
arenes under mild conditions, offering a way to construct
various diarylacetate derivatives. The significant feature of this
process is tolerated a range of functional groups with good
yields. Further applications of this strategy for the synthesis of
biological and pharmaceutical compounds are ongoing in our
laboratory.

Experimental Section

General Method: All reactions were carried out in Schlenk tubes.
Flash column chromatography was performed over a silica gel. 'H
nuclear magnetic resonance (NMR) spectra were recorded using a
Bruker AM400 spectrometer; chemical shifts (in ppm) were referred
to CDCl; (6 =7.26 ppm). The *C NMR spectrum was obtained using
the same NMR spectrometer and was calibrated with CDCl;
(0 =77.0 ppm). The following abbreviations are used to illuminate
the diversities: 6 =chemical shifts, J=coupling constant, s =singlet,
d=doublet, t=triplet, q=quartet, and m=multiplet. High-resolu-
tion mass spectrometry (HRMS) was performed using a Bruker
micrOTOF spectrometer (ESI). All of the solvents were distilled. The
heat source is an oil bath. All chemicals were obtained from
commercial suppliers unless otherwise stated. PE =petroleum ether
and EA=ethyl acetate.
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COMMUNICATIONS
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© metal-free and mild conditions
© broad subtrates tolerance
o time and atom economy

Tick-tock: A time-economical
synthesis of diarylacetates by TfOH-
catalyzed arylation of a-aryl-a-diazo-
esters with arenes is described. This
protocol provides a variety of diaryla-

10 min

32 examples
up to 90% yield

cetates in good yields with broad
substrate scope, excellent functional
group compatibility, and mild
reaction conditions.
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