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tions.3 A remarkable feature of the strategy of activating

acyclic amides by ground-state-destabilization is the capac-
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Abstract Amides are among the most important and ubiquitous
functional groups in organic chemistry and process development. In
this Practical Synthetic Procedure, a protocol for the Suzuki–Miyaura
cross-coupling of amides by selective N–C(O) bond activation catalyzed
by commercially available, air- and moisture-stable palladium/N-het-
erocyclic carbene (NHC) complexes is described. The procedure de-
scribed involves [Pd(IPr)(cin)Cl] [IPr = 2,6-(diisopropylphenyl)imidazol-
2-ylidene, cin = cinnamyl] at 0.10 mol% at room temperature and is
performed on decagram scale. Furthermore, a procedure for the syn-
thesis of amide starting materials is accomplished via selective N-tert-
butoxycarbonylation, which is the preferred method over N-acylation.
The present protocol carries advantages of operational simplicity, com-
mercial availability of catalysts, and excellent conversions at low cata-
lyst loadings. The method is generally useful for activation of N–C(O)
amide bonds in a broad spectrum of amide precursors. The protocol
should facilitate the implementation of amide cross-coupling reactions.

Key words amides, N–C(O) activation, N-heterocyclic carbenes
(NHCs), Suzuki–Miyaura cross-coupling, Pd(II)–NHCs, [Pd(IPr)(cin)Cl]

The amide bond is an essential subunit of peptides and

proteins and is one of the most prevalent functional groups

in organic synthesis.1 Although traditional amide bonds are

difficult to cleave due to amidic resonance (nN → *
C=O con-

jugation of 15–20 kcal/mol in planar amides), recent stud-

ies have established the utility of highly selective direct

metal insertion into the N–C(O) moiety.2 This novel reactiv-

ity manifold of amide bonds offers the advantage of access-

ing acyl metals directly from amides and exploits these ver-

satile intermediates in well-controlled elementary reac-

ity to deliver N-activated amides for a wide array of previ-

ously elusive transformations of amide bonds by selective

fine-tuning of amidic resonance (Scheme 1).4

Scheme 1  Amides as new precursors for cross-coupling and transition-
metal-free reactions

The amide bond activation manifold has a major poten-

tial to enable new transformations for synthetic chemists

working in various fields of chemistry, including the syn-

thesis of pharmaceuticals, agrochemicals, polymers as well

as commodity chemicals.5

In the past 5 years, numerous classes of amide bond

cross-coupling reactions have been developed, ranging

from the discovery of palladium-catalyzed acyl cross-cou-

plings to the development of methods based on decarbon-

ylative mechanism of the amide bond2–4 as well as acyl sub-

stitution mechanism that could be also accomplished in the
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absence of transition metals (Scheme 1).6 To facilitate the

implementation of amide cross-coupling reactions and en-

able transfer to larger scales, it is critical that proven and

tested protocols are available to a range of interested syn-

thesis practitioners.

In this Practical Synthetic Procedure, we describe a pro-

tocol for the Suzuki–Miyaura cross-coupling of amides by

selective N–C(O) bond activation catalyzed by commercially

available, air- and moisture-stable palladium/N-hetero-

cyclic carbene (NHC) complexes. The procedure described

involves [Pd(IPr)(cin)Cl] [IPr = 2,6-(diisopropylphenyl)imid-

azol-2-ylidene, cin = cinnamyl] (Figure 1) at 0.10 mol% at

room temperature and is performed on a 10 g scale. Fur-

thermore, we describe a procedure for the synthesis of

amide starting materials accomplished via selective N-tert-

butoxycarbonylation, which is preferred over N-acylation.

The present protocol has advantages of operational-sim-

plicity, commercial-availability of catalysts, and excellent

conversions at low catalyst loadings. The method is general-

ly useful for the activation of N–C(O) amide bonds in a

broad spectrum of amide precursors.

Figure 1  Structure of [Pd(IPr)(cin)Cl]

The viability of amide bond cross-coupling is usually

evaluated considering two factors: (1) accessibility of the

starting materials from common amides and (2) efficiency

of the cross-coupling.2,3 The acyl Suzuki–Miyaura cross-

coupling is a benchmark method to evaluate the efficiency

of amide bond precursors and catalysts.3 To date, no cata-

lyst class has been demonstrated to be more efficient in the

cross-coupling of amides than well-defined Pd(II)–NHCs.7

Importantly, the acyl Suzuki–Miyaura cross-coupling of

amides provides a high-value alternative strategy to access

ketones via a catalytic mechanism advantageous over the

use of Weinreb amides.8

N-Boc amides have been well established as electroni-

cally-activated twisted amides [RE (resonance energy) = 7.2

kcal/mol; τ = 29.1°; N = 8.4°] for N–C(O) bond cross-cou-

pling.4 The synthesis of N-Boc amide starting materials is

presented in Scheme 2. The amides can be accessed either

via N-acylation or N-tert-butoxycarbonylation. The latter

route enables the direct utilization of common amides as

cross-coupling precursors. However, we note that the N-

acyl substitution route is also useful in cases when amides

provide advantages in cross-coupling reactions over other

acyl electrophiles in terms of efficiency, stability, or selec-

tivity.

Scheme 2  Large scale synthesis of N-Boc amide 1a by N-tert-butoxyl-
ation

In our experience, the synthesis of N-Boc amides by N-

tert-butoxylation is vastly preferred because it obviates is-

sues of over-acylation of amine in the N-acylation route;

the N-acylation route almost always leads to mixtures of

RNHBoc, RNH2, and RNBoc2 when making the RNHBoc pre-

cursor. A 10 g scale synthesis is representative (Scheme 2):

Reaction of N-phenylbenzamide (1a′; 10.60 g, 53.8 mmol,

1.0 equiv) with di-tert-butyl dicarbonate (12.33 g, 56.5

mmol, 1.05 equiv) in the presence of NEt3 (5.44 g, 53.8

mmol, 1.0 equiv) and DMAP (0.066 g, 0.54 mmol, 1 mol%) in

acetonitrile (0.5 M) gives 15.2 g of the desired N-Boc-N-

phenylbenzamide (95% yield) after recrystallization from

ethyl acetate/hexanes. No special precautions are necessary

for the N-tert-butoxylation step.

We have previously shown that Pd(II)–NHCs are vastly

preferred catalysts in generating acyl metals from amides.9

Now, we have examined the efficiency in large scale cross-

coupling (Scheme 3). A decagram-scale reaction using 0.10

mol% of [Pd(IPr)(cin)Cl]10 is representative: To a mixture of

tert-butyl benzoyl(phenyl)carbamate (10.0 g, 33.63 mmol,

1.0 equiv), K2CO3 (5.58 g, 40.36 mmol, 1.2 equiv), p-tolyl-

boronic acid (5.49 g, 40.36 mmol, 1.2 equiv),

[Pd(IPr)(cin)Cl] (21.8 mg, 0.10 mol%), and water (3.0 g,

166.8 mmol, 5.0 equiv) is added 2-MeTHF (22.4 mL, 1.5 M)

on the benchtop in the absence of air. The reaction is stirred

at room temperature for 15 hours. Insoluble salts are re-

moved by filtration using EtOAc. The crude mixture is puri-

fied by chromatography on silica gel to give 6.20 g of the ke-

tone product (94% yield). The purity was determined by 1H

NMR (500 MHz, CDCl3) to be >98%.

Scheme 3  Large-scale Suzuki cross-coupling by N–C(O) activation

Several points are worth noting:

1) While it is critical that the cross-coupling is conduct-

ed in the absence of air, benchtop setup using standard

Schlenk techniques or inert gas sparging makes the reaction

operationally simple and generally available [i.e., the meth-

od is not restricted to the glove box access as is the case

with Ni(cod)2].
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2) The use of a green and renewable solvent, 2-MeTHF,

is greatly preferred due to environmental advantages and

better solubility of inorganic bases.11 However, several oth-

er solvents can also be used, such as THF, DME, toluene, or

1,4-dioxane.

3) Water facilitates the cross-coupling.12 However, when

the cross-coupling is performed at higher temperatures, the

addition of water has a negative effect on the reaction effi-

ciency.

4) It is critical that preformed Pd(II)–NHC precatalysts

be used.9 Much lower conversions are typically observed

using in situ prepared Pd–NHC catalysts. Note that this fea-

ture is advantageous from the experimental standpoint.13

5) Several classes of Pd(II)–NHCs can be used, including

[Pd(NHC)(allyl)Cl] type complexes, such as [Pd(NHC)-

(allyl)Cl] and [Pd(NHC)(cin)Cl],10 and [Pd–PEPPSI] type

complexes14a as well as [Pd(NHC)(ind)Cl] complexes,14b and

NHC–Pd(II) chloro-dimers, [Pd(NHC)(-Cl)Cl]2.14c In our ex-

perience, the commercially-available [Pd(IPr)(cin)Cl]

(Neolyst CX31) and fast-activating, allyl-free [Pd(IPr)-

(-Cl)Cl]2 are the first choice for testing the amide bond

N–C(O) cross-coupling due to high reactivity.10a–c

6) The same cross-coupling procedure can be employed

in the Suzuki–Miyaura cross-coupling of esters by C(acyl)–

O activation.15 This provides complementarity in the cross-

coupling manifolds by a common ground-state-activation

mechanism of bench-stable acyl electrophiles.

7) The presented synthesis of amides by N-tert-butoxyl-

ation can be applied to the synthesis of N-Boc2 amides di-

rectly from primary amides.4 This in turn enables common

1° amides to serve as convenient precursors to acyl metals.

8) The amide bond ground-state-activation concept can

be further applied to transition-metal-free reactions; the

best examples are practical transamidations and esterifica-

tions of the amide bond in the absence of transition met-

als.16

9) This mode of activation of amides using Pd(II)–NHCs

can be also systematically applied to other cross-coupling

reactions, including alkylation17 or Buchwald–Hartwig type

C(acyl)–N or C(acyl)–O amidation.18

10) An important point concerns the use of N-alkyl ver-

sus N-aryl Boc-activated amides. In our experience, there is

little difference in acyl-type reactivity using various N-Boc

derivatives. This is supported by the respective resonance

energies of the amide bond (e.g., N-Boc/Me, RE: 6.2

kcal/mol; N-Boc/Ph, RE: 7.2 kcal/mol).4 However, the reader

should be cautioned that there is often a significant differ-

ence between various N-Boc amides in decarbonylative

pathway due to stability of these amides.2b In these cases,

we recommend testing N-Boc amides with various N-sub-

stituents, including N-Me, N-Bn, N-n-alkyl as well as

screening the reaction temperature.2,6

A representative substrate scope using the conditions

employed for the large-scale reaction is shown in Scheme 4.

These reactions employ [Pd(IPr)(cin)Cl] at 0.10 mol% load-

ing at room temperature, while slightly elevated tempera-

tures (60 °C) or higher catalyst loading (0.25 mol%) are used

in cases that result in lower conversions.

Scheme 4  Representative cross-coupling at low catalyst loading. 
Reagents and conditions: amide (0.50 mmol), ArB(OH)2 (1.2 equiv), 
[Pd] (0.10 mol%), K2CO3 (1.2 equiv), H2O (5.0 equiv), 2-Me-THF (1.5 M), 
23 °C, 15 h. a [Pd] (0.25 mol%) was used. b Reaction temp: 60 °C.

In conclusion, we have presented a detailed procedure

for the Suzuki–Miyaura cross-coupling of amides by selec-

tive N–C(O) bond activation. The method employs commer-

cially available, bench-stable Pd(II)–NHC precatalysts, does

not require special equipment, and is readily conducted on

decagram scale at low catalyst loading using environmen-

tally friendly solvent. Considering the key presence of

amides in organic chemistry and process development, we

anticipate a wide range of industrial applications of this

general activation concept. Further studies focusing on

developing amide cross-coupling and related methods are

presently underway in our laboratories.

All compounds reported here have been previously described in the

literature, unless stated otherwise. All experiments were performed

using standard Schlenk techniques under argon or N2 atmosphere,

unless stated otherwise. All solvents were purchased at the highest

commercial grade and used as received or after purification by pass-

ing through activated alumina columns or distillation from sodium/

benzophenone under N2. All other chemicals were purchased at the

highest commercial grade and used as received. All other general

methods have been published.6b

tert-Butyl Benzoyl(phenyl)carbamate (1a) (54 mmol Scale)

To an oven-dried round-bottomed 500 mL flask equipped with a stir

bar were added N-phenylbenzamide (1a′; 10.60 g, 53.8 mmol, 1.0

equiv), NEt3 (5.44 g, 53.8 mmol, 1.0 equiv), and DMAP (0.066 g, 0.54

mmol, 1.0 mol%). MeCN (108 mL, 0.50 M) was added, followed by a

slow addition of di-tert-butyl dicarbonate (12.33 g, 56.5 mmol, 1.05

equiv), and the resulting reaction mixture was stirred for 15 h at RT.

After the indicated time, the solvent was removed under high pres-

sure, the organic layer was dissolved in EtOAc (500 mL), washed with

aq 1 N HCl (3 × 200 mL) and brine (200 mL), dried (Na2SO4), filtered,

and concentrated to give the crude product. The crude product was

O O

3b: 88% yield 3c: 98% yield

3b': 62% yieldb

O

3d: 80% yielda

3c': 86% yieldb

Me

MeO MeO2C

3d': 75% yield

[Pd(IPr)(cin)Cl] (0.10 mol%)
Ar2B(OH)2 (1.2 equiv)

K2CO3 (1.2 equiv)

2-MeTHF, H2O, RT, 15 h

O

N
Ph

Boc
O

Ar1 Ar1 Ar2

R R R'

O O OMe

OMe CO2Me
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, A–F



D

P. Lei et al. PSPSynthesis

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f L

iv
er

po
ol

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.
dissolved in EtOAc (20 mL) and slowly heated up to 70 °C with vigor-

ous stirring until all solid had dissolved. If needed, additional EtOAc

should be added, if it appears that the remaining solid could not dis-

solve. Hexene was slowly added at 70 °C with vigorous stirring until

trace solid precipitated from the solution. Stirring was stopped and

the reaction mixture was allowed to cool down to RT overnight or un-

til no further crystals were formed. The desired product was obtained

after filtration and drying under vacuum as a white solid; yield: 15.2

g (95%); >98% purity by 1H NMR analysis.

Characterization data are included in the section below.

Phenyl(p-tolyl)methanone (3a) (33 mmol Scale)

An oven-dried round-bottomed 100 mL flask equipped with a stir bar

was charged with tert-butyl benzoyl(phenyl)carbamate (1a; 10.00 g,

33.63 mmol, 1.0 equiv), K2CO3 (5.58 g, 40.36 mmol, 1.2 equiv), p-tolyl-

boronic acid (5.49 g, 40.36 mmol, 1.2 equiv), [Pd(IPr)(cin)Cl] (Neolyst

CX31, 21.8 mg, 0.10 mol%), and H2O (3.00 g, 166.80 mmol, 5.0 equiv).

The flask containing the reaction mixture was placed under a positive

pressure of argon, and subjected to three evacuation/backfilling cy-

cles under high vacuum. 2-MeTHF (22.4 mL, 1.5 M) was added with

vigorous stirring at RT and the mixture was stirred for 15 h at RT. Af-

ter the indicated time, the mixture was diluted with EtOAc (100 mL),

filtered, and concentrated. Purification by chromatography on silica

gel (EtOAc/hexanes 1:10) afforded the title product as a white solid;

yield: 6.20 g (94%); >98% purity by 1H NMR analysis.

Characterization data are included in the section below.

Synthesis of Starting Materials (5 mmol Scale); General Procedure

To an oven-dried round-bottomed 100 mL flask equipped with a stir

bar were added an N-arylbenzamide substrate (5 mmol, 1.0 equiv),

Et3N (5 mmol, 1.0 equiv), and DMAP (0.05 mmol, 1.0 mol%). MeCN

(10 mL, 0.50 M) was added, followed by a slow addition of di-tert-

butyl dicarbonate (5.25 mmol, 1.05 equiv), and the resulting reaction

mixture was stirred for 15 h at RT. After the indicated time, the sol-

vent was removed under high pressure, the organic layer was dis-

solved in EtOAc (20 mL), washed with aq 1 N HCl (3 × 20 mL) and

brine (20 mL), dried (Na2SO4), filtered, and concentrated to give the

crude product. Purification by recrystallization from EtOAc/hexanes

afforded the title products.

Characterization data are included in the section below. The starting

materials 1a–d are known compounds and their spectral data match

those reported in the literature.9b

Suzuki–Miyaura Cross-Coupling (0.5 mmol Scale); General Proce-

dure

An oven-dried vial equipped with a stir bar was charged with an N-

Boc-amide substrate 1 (0.50 mmol, 1.0 equiv), K2CO3 (0.60 mmol, 1.2

equiv), the respective arylboronic acid (0.60 mmol, 1.2 equiv),

[Pd(IPr)(cin)Cl] (Neolyst CX31, 0.10 mol%), and H2O (2.5 mmol, 5.0

equiv). The flask containing the reaction mixture was placed under a

positive pressure of argon, and subjected to three evacuation/backfill-

ing cycles under high vacuum. 2-MeTHF (1.5 M) was added with vig-

orous stirring at RT and the mixture was stirred for the indicated

time. After the indicated time, the reaction mixture was diluted with

EtOAc (10 mL), filtered, and concentrated. Purification by chromatog-

raphy on silica gel (EtOAc/hexanes) afforded the title products.

Characterization data are included in the section below. The cross-

coupling products 3a–d are known compounds and their spectral

data match those reported in the literature.9b

Characterization Data of Starting Materials

tert-Butyl Benzoyl(phenyl)carbamate (1a)

White solid (EtOAc/hexanes 1:4); yield: 15.80 g (95%).

1H NMR (500 MHz, CDCl3):  = 7.75–7.73 (m, 2 H), 7.53 (t, J = 7.4 Hz, 1

H), 7.44 (dd, J = 14.1, 7.7 Hz, 4 H), 7.34 (t, J = 7.4 Hz, 1 H), 7.28 (dd, J =

10.3, 2.9 Hz, 2 H), 1.24 (s, 9 H).

13C NMR (125 MHz, CDCl3):  = 172.8, 153.3, 139.1, 137.0, 131.7,

129.2, 128.3, 128.2, 128.0, 127.8, 83.5, 27.5.

tert-Butyl (2-Methylbenzoyl)(phenyl)carbamate (1b)

White solid (EtOAc/hexanes 1:4); yield: 1.48 g (93%).

1H NMR (500 MHz, CDCl3):  = 7.48 (dd, J = 14.3, 7.2 Hz, 3 H), 7.41-

7.35 (m, 2 H), 7.32 (d, J = 7.9 Hz, 2 H), 7.28-7.25 (m, 2 H), 2.52 (s, 3 H),

1.19 (s, 9 H).

13C NMR (125 MHz, CDCl3):  = 172.6, 152.9, 138.6, 137.9, 135.7,

130.7, 129.9, 129.2, 128.1, 128.0, 126.4, 125.5, 83.6, 27.4, 19.5.

tert-Butyl (4-Methoxybenzoyl)(phenyl)carbamate (1c)

White solid (EtOAc/hexanes 1:4); yield: 1.33 g (81%).

1H NMR (500 MHz, CDCl3):  = 7.75 (d, J = 7.6 Hz, 2 H), 7.40 (t, J = 7.2

Hz, 2 H), 7.31 (t, J = 7.3 Hz, 1 H), 7.25 (d, J = 7.9 Hz, 2 H), 6.93 (d, J = 7.7

Hz, 2 H), 3.86 (s, 3 H), 1.30 (s, 9 H).

13C NMR (125 MHz, CDCl3):  = 172.1, 162.8, 153.6, 139.5, 130.9,

129.1, 128.7, 127.8, 127.5, 113.6, 83.1, 55.5, 27.7.

tert-Butyl [4-(Methoxycarbonyl)benzoyl](phenyl)carbamate (1d)

White solid (EtOAc/hexanes 1:4); yield: 1.39 g (78%).

1H NMR (500 MHz, CDCl3):  = 8.14 (d, J = 8.1 Hz, 2 H), 7.78 (d, J = 8.1

Hz, 2 H), 7.46 (t, J = 7.6 Hz, 2 H), 7.38 (t, J = 7.3 Hz, 1 H), 7.28 (d, J = 7.8

Hz, 2 H), 3.97 (s, 3 H), 1.26 (s, 9 H).

13C NMR (125 MHz, CDCl3):  = 171.8, 166.2, 153.0, 141.0, 138.6,

132.5, 129.5, 129.3, 128.1, 128.0, 127.8, 84.0, 52.4, 27.5.

Characterization Data of Cross-Coupling Products

Phenyl(p-tolyl)methanone (3a)

White solid (EtOAc/hexanes 1:10); yield: 6.20 g (94%).

1H NMR (500 MHz, CDCl3):  = 7.79 (d, J = 7.9 Hz, 2 H), 7.73 (d, J = 8.0

Hz, 2 H), 7.57 (t, J = 7.4 Hz, 1 H), 7.47 (t, J = 7.6 Hz, 2 H), 7.27 (t, J = 6.4

Hz, 2 H), 2.44 (s, 3 H).

13C NMR (125 MHz, CDCl3):  = 196.5, 143.3, 138.0, 134.9, 132.2,

130.3, 130.0, 129.0, 128.2, 21.7.

Phenyl(o-tolyl)methanone (3b)

Colorless oil (EtOAc/hexanes 1:20); yield: 86.5 mg (88%)

1H NMR (500 MHz, CDCl3):  = 7.81 (d, J = 7.7 Hz, 2 H), 7.57 (t, J = 7.4

Hz, 1 H), 7.45 (t, J = 7.6 Hz, 2 H), 7.39 (t, J = 7.5 Hz, 1 H), 7.30 (dd, J =

12.4, 7.6 Hz, 2 H), 7.25 (t, J = 7.4 Hz, 1 H), 2.34 (s, 3 H).

13C NMR (125 MHz, CDCl3):  = 198.6, 138.7, 137.8, 136.8, 133.2,

131.0, 130.3, 130.2, 128.5, 128.5, 125.2, 20.0.

(4-Methoxyphenyl)(phenyl)methanone (3c)

White solid (EtOAc/hexanes 1:10); yield: 103.7 mg (98%).
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, A–F
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1H NMR (500 MHz, CDCl3):  = 7.82 (d, J = 8.9 Hz, 2 H), 7.75 (d, J = 7.0

Hz, 2 H), 7.55 (t, J = 7.4 Hz, 1 H), 7.46 (t, J = 7.6 Hz, 2 H), 6.95 (d, J = 8.9

Hz, 2 H), 3.87 (s, 3 H).

13C NMR (125 MHz, CDCl3):  = 195.6, 163.3, 138.3, 132.6, 131.9,

130.2, 129.7, 128.2, 113.6, 55.5.

Methyl 4-Benzoylbenzoate (3d)

White solid (EtOAc/hexanes 1:20); yield: 96.4 mg (80%).

1H NMR (500 MHz, CDCl3):  = 8.14 (d, J = 8.2 Hz, 2 H), 7.84 (d, J = 8.2

Hz, 2 H), 7.80 (d, J = 7.5 Hz, 2 H), 7.61 (t, J = 7.4 Hz, 1 H), 7.50 (t, J = 7.7

Hz, 2 H), 3.96 (s, 3 H).

13C NMR (125 MHz, CDCl3):  = 196.0, 166.3, 141.3, 137.0, 133.2,

133.0, 130.1, 129.8, 129.5, 128.5, 52.5.

Phenyl(o-tolyl)methanone (3b′)

Colorless oil (EtOAc/hexanes 1:20); yield: 60.9 mg (62%)

1H NMR (500 MHz, CDCl3):  = 7.81 (d, J = 7.7 Hz, 2 H), 7.57 (t, J = 7.4

Hz, 1 H), 7.45 (t, J = 7.6 Hz, 2 H), 7.39 (t, J = 7.5 Hz, 1 H), 7.30 (dd, J =

12.4, 7.6 Hz, 2 H), 7.25 (t, J = 7.4 Hz, 1 H), 2.34 (s, 3 H).

13C NMR (125 MHz, CDCl3):  = 198.6, 138.7, 137.8, 136.8, 133.2,

131.0, 130.3, 130.2, 128.5, 128.5, 125.2, 20.0.

(4-Methoxyphenyl)(phenyl)methanone (3c′)

White solid (EtOAc/hexanes 1:20); yield: 91.5 mg (86%).

1H NMR (500 MHz, CDCl3):  = 7.82 (d, J = 8.9 Hz, 2 H), 7.75 (d, J = 7.0

Hz, 2 H), 7.55 (t, J = 7.4 Hz, 1 H), 7.46 (t, J = 7.6 Hz, 2 H), 6.95 (d, J = 8.9

Hz, 2 H), 3.87 (s, 3 H).

13C NMR (125 MHz, CDCl3):  = 195.6, 163.3, 138.3, 132.6, 131.9,

130.2, 129.7, 128.2, 113.6, 55.5.

Methyl 4-Benzoylbenzoate (3d′)

White solid (EtOAc/hexanes 1:20); yield: 90.2 mg (75%).

1H NMR (500 MHz, CDCl3):  = 8.14 (d, J = 8.2 Hz, 2 H), 7.84 (d, J = 8.2

Hz, 2 H), 7.80 (d, J = 7.5 Hz, 2 H), 7.61 (t, J = 7.4 Hz, 1 H), 7.50 (t, J = 7.7

Hz, 2 H), 3.96 (s, 3 H).

13C NMR (125 MHz, CDCl3):  = 196.0, 166.3, 141.3, 137.0, 133.2,

133.0, 130.1, 129.8, 129.5, 128.5, 52.5.
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