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Palladium(ll)-Catalyzed ortho-C—H Arylation/Alkylation of
N-Benzoyl a-Amino Ester Derivatives

Luis C. Misal Castro and Naoto Chatani*®

Abstract: The palladium-catalyzed arylation/alkylation of
ortho-C—H bonds in N-benzoyl a-amino ester derivatives is
described. In such a system both the NH-amido and the
CO,R groups in the a-amino ester moieties play a role in
successful C—H activation/C—C bond formation using iodo-
aryl coupling partners. A wide variety of functional groups
and electron-rich/deficient iodoarenes are tolerated. The
yields obtained range from 20 to 95 %. )

The development of straightforward synthetic methodologies
for the efficient and selective preparation of bioactive mole-
cules is an important goal in drug discovery and in the produc-
tion of pharmaceutical and agrochemical compounds.!” In the
last decades, transition-metal catalysis has become a powerful
tool for the synthesis of a myriad of organic functionalities.”’
Among these catalytic reactions, direct regioselective
C(sp?sp®)—H activation/functionalization is a practical strategy
for linking different building blocks in a one-step reaction in
a cleaner fashion.”™ To achieve such selectivity, in most cases,
the coordinating group must be associated with the substrate
in a configuration that permits the metal centre to approach
a specific C—H bond, and is subsequently removed after the
target reaction.” In the last few years, we developed several
chelation-assisted catalytic systems that led to excellent C—H
bond activation and selective C—C and/or C—N bond formation
by using commercially available but costly (Pd),”’ less costly
(Ru),® and much less costly (N)” metal complexes. In our con-
tinuing pursuit of identifying new and more efficient directing-
group moieties based on the regioselective arylation® and al-
kylation'®*”>? of benzamides using well established reactions
catalyzed by transition-metal catalysts, we hypothesized that
an a-amino ester group might participate in the ortho-C—H
activation/C—C coupling of carboxylic acid derivatives.
Functionalized molecules bearing amino acid moieties are of
interest as potential bioactive substrates, because an amino
acid can facilitate the diffusion of compounds through the wall
of adnormal cells or bacterial cells, thus allowing them to
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reach the biological target."” In addition, bi(hetero)aryl com-
pounds containing peptides are widespread and structurally
diverse in natural products.” A survey of the literature indi-
cates that studies of these types of molecules that present im-
portant biological activities have been reported (Figure 1).['*™

S$1P, Antagonist
ICs0=21M
ref. [12d]

Peptidomimetic inhibitors
ICs0 = 32 nM (Plasmodium falciparum)
ref. [12b]

Figure 1. Bioactive ortho-substituted N-benzoyl a-amino acid compounds.

The ortho-functionalization of N-benzoyl a-amino esters
through transition-metal catalysis might led to the synthesis of
a great variety of potentially active molecules in which the
amino ester arm plays, not only the role of a coordinating
group, but also is an indispensable part of the reaction inter-
mediate (functioning as the active region for further modifica-
tions) and the final product.

Our preliminary studies were focused on the reaction of the
simple N-(2-methyl)benzoyl-glycine ester 1a and iodobenzene
using commercially available palladium(ll) complexes in t-
Amyl-OH as a solvent at 100 °C for 24 h (Table 1). All of the pal-
ladium complexes showed catalytic activity (I-V, entries 1-5).
Among them, complexes IV and V resulted in better yields
(70%). Several solvents were also evaluated for use (toluene,
1,2-DCE, and neat, Table 1, entries 6-8) in a search for a higher
conversion using complex V, and only 0.1 mL of toluene
showed a similar activity to that for t-Amyl-OH. When the reac-
tion was carried out under atmospheric conditions the yield
was slightly improved and better reproducibility was obtained
(76 %, entry 9). Other attempts to improve the conversion such
as a higher temperature (110°C, entry 10), more catalyst load-
ing (15 mol%, entry 11), and more AgOAc (3 equiv, entry 12)
failed to result in an improvement. In fact, under previous con-
ditions, lower conversions were observed (entry 9 vs. 10-12).
The use of larger amounts of Phl (2-4 equiv, entries 13 and 14)
resulted in only a minor increase in yield (entry 9 vs. entries 13
and 14). Reducing the catalyst loading or the use of AgOAc
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Table 1. Optimization of the ortho-C—H arylation of 1a with iodoben-
zene.

Me O ome | [Pd-cat] Me O onte
N Ag-source N
©)LH/\£)r * \© t-Amyl-OH (0.5 mL) @H/\[g
1a 1.5equiv 100 °C, 24 h, N, 2a
Entry™  Catalyst [Ag] Yield 2a  Yield 1a
(Imol %) (lequiv)) 196"’ [%]"

1 PdCI,(PPh,), (10) I AgOAc (2) 21 70
2 Pd(TFA), (10) Il AgOAc 2) 59 34
3 PdCl, (10) Il AgOAc 2) 65 34
4 PdCI,(CH,CN), (10) IV AgOAc (2) 70 22
5 Pd(OAc), (10) V AgOAc (2) 70 28
69 Pd(OAc), (10) AgOAc (2) 70 15
A Pd(OAC), (10) AgOAc 2) 47 29
8l Pd(OAc), (10) AgOAc (2) 66 20
otf Pd(OAc), (10) AgOAc (2) 76 (71) 16
109 Pd(OAc), (10) AgOAc 2) 61 12
111 Pd(OAC), (15) AgOAc 2) 67 14
121 Pd(OAC), (10) AgOAc 3) 58 26
131 Pd(OAC), (10) AgOAc (2) 77 20
1411 Pd(OAC), (10) AgOAc (2) 78 13
15 Pd(OAc), (10) AgOAc (1) 43 55
16 Pd(OAc), (5) AgOAc 2) 42 56
17 Pd(OAc), (10) - 3 95
18 - AgOAc (2) 0 99
19 Pd(OAC), (10) Ag,CO; (2) 9 82
20 Pd(OA), (10) Ag,0 (2) 2 67

[a] Conditions: 1a (0.3 mmol), Phl (0.45 mmol), t-Amyl-OH (0.5 mL), N,,
100°C, 24 h. [b] '"HNMR spectroscopic yield using 1,1,2,2-tetrachloro-
ethane as the internal standard. Isolated yield in parenthesis. [c] Toluene
(0.1 mL). [d] 1,2-DCE (0.5 mL). [e] Neat. [f] Charged in air. [g] 110°C. [h] Phl
(2 equiv). [] Phl (4 equiv).

also resulted in lower conversions (entries 15 and 16). The
roles of Pd" and Ag were demonstrated when the reaction was
carried out in the absence of Ag or Pd, in which the active cat-
alyst involves the formation of Pd" and Ag*; Ag* might func-
tion as an iodide scavenger, facilitating the oxidative addition
of the aryl iodide to the metal centre (entries 17 and 18).""
Other Ag sources were also tested, but the yields obtained
were quite poor (entries 19 and 20). In most cases, the remain-
ing starting material did not extensively decompose and could
be recovered. Many other attempts using different types of ad-
ditives (bases, ligands, coordinating solvents, and O,) were
tested with no satisfactory improvement being realized (see
the Supporting Information). To check whether or not the
product 2a was the cause of the low conversions, a test reac-
tion was carried out under the optimized conditions, but with
0.5 equiv of 2a being added the conversion was just 34% (vs.
76 %, entry 9) showing that the product hampers the catalytic
turnover in this reaction.

To study the influence of the a-amino ester moiety on the
C—H arylation reaction, several N-benzoyl compounds bearing
diverse natural and non-natural o and (-amino acid esters
were synthesized 1b-I (Table 2).

When the alkoxy group on the ester was exchanged for an-
other longer or bulkier one, such as Et 1b or tBu 1d, the con-
version decreased to about 10%, showing that steric hindrance
originating from the alkoxy group has only a small negative
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Table 2. Influence of the a-amino acid ester moiety on C—H arylation.”
Me O | Pd(OAc), (10 mol%) Me O
G + \© AgOAC (2 equiv) bG
t-Amyl-OH (0.5 mL)
1.5 equiv 100 °C, 24 h, air Ph
1 2
Entry DG Yield 2 Entry DG Yield 2
[%][b] [%][b]
¢ OMe P
~
SN < )\WOMe
1 H/Ef 76 7 °N i 7
1a (Gly) 19
SMe
S
r\N/\[(OEt SN/Q;OMe
2 H o 66 8 “H 0
1b 0
1h (Met)
CO,Me
$ E
'S e £y OMe
3 Me O 0 9 N 60
1c o
1i (Asp)
CO,Me
S 2!
>N/\[rOtBu <& OMe
4 H oo 65 10 N 32
1d o
1j (Glu)
Me o
X )\”/OMe .
5 N i 37 1 v\u/\)\oa 42
1e (Ala) 1k
S
g SN
6 SnyeOMe o5 12 N 21
H 1l
1f (Leu)
[a] Conditions: 1 (0.3 mmol), Phl (0.45 mmol), t-Amyl-OH (0.5 mL), air,
100°C, 24 h. [b] "H NMR spectroscopic yield by using 1,1,2,2-tetrachloro-
ethane as the internal standard.

effect on the success of the reaction (entries2 and 4 vs.
entry 1). However, when a tertiary a-carbon amino ester was
present on the substrate, the yield dramatically decreased as
a function of the steric hindrance of the a-substituent (Me 1e
(Ala)<iBu 1f (Leu)<Ph 1g, entries 5-7). Surprisingly, when
the a-substituent was the CH,CO,Me group 1i (Asp), the con-
version increased, resulting in better yields (60 %, entry 9). Nev-
ertheless, when an additional methylene group was inserted in
the a-substituent, such as CH,CH,CO,Me 1j (Glu), the conver-
sion dropped to 32% (entry 10). When the ethyl 3-amino ester
compound 1k was treated under the same reaction conditions
the conversion was moderate (42%, entry 11). Using the N-
alkyl amide (nBu) 11, only a 21% conversion was obtained
(entry 12). It is possible that the ester group stabilizes some in-
termediates during the catalytic turnover by weak coordination
to the metal centre. The importance of the NH-amide group
was also confirmed when the tertiary amide 1c was used and
no conversion was detected (entry 3), as was previously ob-
served in our group with other secondary-amide-type chelat-
ing-assisted catalytic systems. 674

To obtain additional information, the scope of compounds
1a and 1i were studied by using different halide-containing
compounds (Table 3). For iodoarenes bearing p-substituted
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Table 3. Scope for the ortho-C—H arylation of compounds 1a and 1i.”
Me O R Pd(OAc), (10 mol%) Me O R
N)ﬁ/onvle . Ru _ AgOAc(2equiv) N&(OME
H o 1.5equiv  t-Amyl-OH (0.5 mL) H g
100 °C, 24 h, air R2
1 2
Entry R R? R'=H R'=CH,CO,Me
yield 1a [%]™  yield 1i [%]"
1 Me 58 (2m) 57 (2ad)
2 OMe 53 (2n) 52 (2ae)
3 NO, 55 (20) 83 (2af)
4 I Ac 51 (2p) 56 (2ag)
5 s ©/ F 55(2q) -
6 R al 50 (2r) -
7 Br 57 (2s) 71 (2ah)
8 OH 201 (2¢) -
9 CO,Me 68 (2u) 71 (2ai)
EtO,C I
10 \©/ 60 (2v) 70 (2aj)
|
n @[ 74 2w) 60 (2ak)
CO,Me
Cl |
12 \©/ 55 (2x) -
Cl
|
X
13 | 329 (2y) 289 (2al)
CI” N
149 S| 289 (22) traces
15 CHy—l 67 (2aa) -
(o}
[d] -
16 N 91 (2ab)
(e}
[d] -
17 N 72 (2ac)
[a] Conditions: 1 (0.3 mmol), R>—I (0.45 mmol), t-Amyl-OH (0.5 mL), air,
100°C, 24 h. [b]lsolated yield. [c]'HNMR spectroscopic yield using
1,1,2,2-tetrachloroethane as the internal standard. [d] R*—I (2 equiv).

electron-donating or -withdrawing groups, the yields
obtained were similar and lower in the case of Phl
(50-58%, entries 1-7, 1a). However, this system toler-
ates different functional groups, such as nitro,
ketone, and halides that are nearly ubiquitous in bio-
active compounds and can be easily transformed
into other functional groups. In the case of com-
pound 1i, the yields were also moderate, except for
p-NO, and p-Br iodoarenes in which the yields were
good (83 and 71%, entries 3 and 7, 1i). The chemose-
lective coupling of this reaction in the presence of
a C—Br bond is a very important point, since the C—
Br bond can easily be functionalized, by Pd® catalysis,
for example.™ In both of the studied compounds,
the p-ester iodoarene generated good yields (68%
1a and 71% 1i, entry 9). The m-ester iodoarene also
resulted in good vyields in both substrates (60% 1a and 70%
1i, entry 10). When ortho-electron-donating/-withdrawing
group (EDG/EWG) iodoarenes, such as Me, OMe, and F, were
used, no conversion was detected. Surprisingly, when the
methyl 2-iodobenzoate was tested, the isolated yields obtained
were good (74% 1a and 60% 1i, entry 11). This result shows

Me

1a.
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that the ester also acts as a coordinating group facilitating C—I
bond activation, a similar effect was recently observed by Fan
and Ma in the direct C(sp®—H arylation of a-amino ester deriv-
atives."™ The reaction of 1i with methyl 2-iodobenzoate gener-
ates two atropisomers, as evidenced by 'H and *C NMR spec-
tra, in a ratio of 2:1 (Supporting Information). A chiral HPLC
analysis of the compound 2ah (entry 7 in Table 3) showed that
no racemization occurs under the reaction conditions.

Arylation with the 2-chloro-5-iodopyridine was also possible,
but the conversion was only around 30% with both substrates
(entry 13). This can be attributed to the fact that the coordinat-
ing ability of the pyridine to the metal centre slows down the
catalytic turnover. This statement is based on an experimental
result, when 1 equiv of pyridine was added under the opti-
mized conditions for the reaction and no conversion was ob-
served (Supporting Information).

To determine whether or not the electronic nature of the io-
doarene has an effect on the catalytic C—C coupling reaction,
compound Ta was reacted under the same conditions with
1.5 equivalents of 4-iodoanisole and 4-iodobenzotrifluoride
under the optimized conditions. Both iodoarenes afforded
almost the same yield, which suggests that the electronic
properties of the iodoarene has little affect on the catalytic re-
action (Scheme 1).

When the same catalytic system was applied to the alkyla-
tion of substrates 1a and 1i by using 2 equivalents of nBul,
only a 28% yield was found for the case of 1a and only traces
for 1i (entry 14). This is because the carboxylate (TOAc) in the
silver salt deactivates the alkyl halide through either esterifica-
tion or decomposition by an E2 pathway."” When alkyl halides
without a B-hydrogen, such as CH;—I, ethyl iodoacetate, and
methyl bromoacetate were used, good to excellent yields were
obtained (67-91 %, entries 15-17). It is important to note that

| Me

0]
oM
H/\[c])/ e

OMe O OMe
N OMe 1.5 equiv Pd(OAc);, (10 mol%) 2n
H/T + AgOACc (2 equiv) 45%

| t-Amyl-OH (0.5 mL) Me O +
1a 100 °C, 24 h, air OMe
sey
o
CFs CF;
1.5 equiv

2am
46%

Scheme 1. Competition reaction between electron-rich and -deficient iodoarenes with

the regioselective C—H methylation reaction is a very hot re-
search topic in pharmaceutical chemistry due to the well-
known “magic methyl effect” which, in many cases, greatly im-
proves the biological activity of drugs.2%'®

The electronic and steric hindrance effects of the amide aro-
matic ring on the catalytic reaction were also studied (Table 4).

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 4. Scope for the ortho-C—H arylation of N-benzoyl compounds.”

(e}
OMe biarylated
R—/ | u/\ﬂ/ + product
X (@) 3
Br
2

Conv. [%]"9

Pd(OAc), (10 mol%)
(o} AgOACc (2 equiv)

OMe  4-I-Ph-Br (1.5 equiv)
z N s
R O)kH/\n/
S (0]

t-Amyl-OH (0.5 mL)
100 °C, 24 h, air

2 [%]™ 3 [%] 2/319

p-Me 63 51 n

2 O o 95 80 10 89:11
Br

p-OMe 38 31 3 92:8

83:17

4 O o 64 60 0 100:0
Br
2aq
5 1ar p-F 56 46 7 89:11
(0]
F. OMe
N
O N
6 O o 45 39 3 93:7
Br
2as
(0]
Cl OMe
N
KT
7 O 77 73 0 100:0
Br
2at
Wi
OMe
N
O N
8 O o 25 21 0 100:0
Br
2au
(0]
Br. OMe
QY
9 Me 100:0

O o 55 51 0
Br

2av

[a] Conditions: 1 (0.3 mmol), 4-iodobromobenzene (0.45 mmol), t-Amyl-OH (0.5 mL), air, 100°C, 24 h. [b] Isolat-
ed yield. [c] "H NMR spectroscopic yield by using 1,1,2,2-tetrachloroethane as the internal standard. [d] Deter-
mined by "H NMR spectroscopy.

With both electron-withdrawing and -donating
groups on the meta- and para-positions, the reaction
proceeded well and with high regioselectivity, afford-

Pd(OAC), (10 mol%)
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low yield (OMe 38%; entry 3).
The 3,4-disubstituted compound
1av also furnished the ortho re-
gioselective diaryl product in
moderate yield (55%, entry9).
The 1-naphthyl amide 1au pro-
vided the regioselective product
2au; however, only in low yield
(25%, entry 8). Unfortunately,
when glycine heteroaromatic
amides, such as thiophene, pyri-
dine, and furan, were treated
under the optimized reaction
conditions, unsatisfactory results
were obtained.

Similarly, in competition reac-
tions of meta-substituted aro-
matic amides bearing an elec-
tron-rich (1aq) or -deficient
group (1as), the electronic
nature of the aromatic ring had
a negligible effect on the course
of the C—H arylation reaction
(Scheme 2).

To evaluate the potential of
the catalytic system and of this
new family of compounds, 1ao
was reacted on a 3 mmol scale
to give the arylated 2ao in 70%
yield (Scheme 3). Compound
2a0 can easily be transformed
into the respective N-(2-aryl)ben-
zoyl unprotected glycine 4ao in
94% vyield, and, by classical or-
ganic chemistry, another amino
acid (or dipeptide) can be at-
tached to give the biaryl peptide
5a0, a richer amino acid com-
pound.

The stoichiometric reaction of
1a and 1i with Pd(OAc), in ace-
tonitrile resulted in the produc-

o
MeO OMe
N
O N

CL
Br

t-Amyl-OH (0.5 mL)
100 °C, 24 h, Air

AgOAc (2 equiv) 2aq
—_—

ing the monoarylated compound as the main prod- MeO 1 OMe
uct. The best results were obtained with meta-substi- @A”/\g |
tuted aromatic amides (Me 95%, OMe 64 %, Cl 77 %; 1aq .
entries 2, 4, and 7) except for 1as for which the con- c’)'
version was low (F 45%, entry 6). In addition, the F OMe Br
. N/\n/ 1.5 equiv
new C—C bond was formed through the less-hin- H 5
dered ortho-C—H bond and no evidence for the 1as

more-hindered ortho-monoarylated compound was
detected. Para-substituted aromatic amides also af-
forded mainly the desired monoarylated product (2)

in good yield (Me 63%, F 56%; entries 1 and 5) and  esters 1aq and 1as.

Chem. Eur. J. 2014, 20, 4548 - 4553 www.chemeurj.org 4551

2as
25%

Scheme 2. Competition reaction between electron-rich and -deficient N-benzoyl amino
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o} L' pd(OAc), (10 mol%) o]
Me OMe AgOAc (2 equiv) Me OMe
N A el bt A N
\<>)L H /\[g * t-Amyl-OH (5 mL) O H /Y
100 °C, 24 h, air
1ao Br O

3 mmol scale .
1.5 equiv 2a0

70% isolated yield

a)

(e}
Me
S

5ao0 4ao
60% isolated yield

Scheme 3. Arylation and further transformation of 1ao. a) 2ao/1,4-dioxane, 1.5 equiv
LiOH/H,0, RT, 30 min; b) 2.5 equiv N-ethylmorpholine/THF, 0°C/1 equiv i-butylchloro-

formate, 1 h; ¢) 1.3 equiv, H-Ala-OMe.HCl, RT, 16 h.

tion of air-stable complexes that were characterized by 'H and
3C NMR spectroscopy and FAB-MS analysis (Supporting Infor-
mation). These analyses showed one molecule of substrate per
palladium atom and one coordinated acetonitrile (Scheme 4).
Due to the impossibility of obtaining a suitable single crystal
for X-ray analysis and based on NMR spectroscopy and mass
analyses, we propose that the reaction proceeds by the tri-
coordination CNO of the substrate to the metal centre with
one acetonitrile occupying the fourth site.

Me O Me O R
)\WOMe Pd(OAc), (1 equiv) \ )\(OMe
MeCN (1 mL) B
50 °C, 4 h, Ny |
NCMe

R=H1a B y

R = CH,CO,Me 1i R =H1a-Pd 72%
R = CH,CO,Me 1i-Pd 59 %

0.3 mmol

Scheme 4. Stoichiometric reaction of 1a and 1i with Pd(OAc),.

OH
r
L,

Br

94% isolated yield
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Experimental Section

General procedure for the catalytic arylation of
N-benzoyl amino ester derivatives (synthesis of
compound 2a)

Methyl-2-(2-methylbenzamido)acetate (64 mg, 0.3 mmol),
iodobenzene (52 uL, 0.45 mmol), palladium(ll) acetate
(6.8 mg, 0.03 mmol), silver(l) acetate (100 mg, 0.6 mmol),
and 2-methyl-2-butanol (0.5 mL) were added to an oven-
dried 5 mL screw-capped vial under an atmosphere of
air. The mixture was stirred at 100°C for 24 h followed
by cooling to room temperature. The resulting solution
was then filtered through a Celite pad and concentrated
in vacuo. The residue was purified by column chroma-
tography on silica gel (eluent: n-hexane/EtOAc) to afford
the desired arylated product 2a in 72% yield.
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