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Abstract: The palladium-catalyzed synthesis of primary amides by
aminocarbonylation of aryl and heteroaryl iodides under phosphine-
free conditions is reported for the first time. Methoxylamine hydro-
chloride, acting as an ammonia equivalent, undergoes sequential
carbonylation and demethoxylation under mild reaction conditions.
The procedure does not require a phosphine ligand and takes place
in short reaction times at low temperatures to provide the products
in excellent yields.

Key words: amides, carbonylation, palladium, catalysis, phos-
phine-free, cross-coupling

Primary aromatic and heteroaromatic amides constitute
important classes of compounds due to their inherent bio-
activity and the occurrence of this functional group in a
plethora of biologically important compounds.! Primary
amides act as synthetic platforms for further functional-
ization into primary amines by reduction,? or into nitriles
by dehydration.® Traditionally, primary amides are syn-
thesized by the reaction of activated carboxylic acid deriv-
atives such as acid chlorides, anhydrides and esters with
amines, hydration of the corresponding benzonitriles,* or
by oxidation of benzylamines, benzyl alcohols, or benzal-
dehydes.’ In addition, carbonylation chemistry can also
provide an alternative route for the synthesis of aromatic
primary amides. Compared to secondary and tertiary am-
ide synthesis, the preparation of aromatic primary amides
using carbonylation chemistry has not received similar at-
tention.!

Various catalysts and phosphine ligands have been em-
ployed for carbonylation, along with different ammonia
equivalents as nucleophilic partners. Such protocols have
used palladium catalysts—ammonia equivalent combina-
tions, such as [PdCI,(PPh,),] and hexamethyldisilazane
(HMDS),® and [PdCl,(PPh,),] or [Pd(OAc),(dppf)] and
formamide.” Beller and co-workers used gaseous ammo-
nia and Pd(OAc),/dppf or Pd(OAc),/nBuP(1-adamantyl),
as the catalytic system for the synthesis of primary aro-
matic amides.® Mori et al. employed Pd,(dba),/dppf as a
catalytic system with titanium—nitrogen complexes as the
amine source.’ Skrydstrup reported the synthesis of pri-
mary aromatic amides using ammonium carbamate as an
ammonia source and Pd(dba),/JosiPhos as the catalytic
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system.'% In 2006, Larhed and co-workers used hydrox-
ylamine hydrochloride as an ammonia equivalent along
with Herrmann’s palladacycle and [(+-Bu);PH]BF, as an
additional ligand, and 1,8-diazabicyclo[5.4.0Jundec-7-
ene (DBU) and N,N-diisopropylethylamine (DIPEA)
as bases.'® Furthermore, Xu and Alper used
Pd(OAc),/CYTOP®292 along with aqueous ammonia for
the aminocarbonylation of aryl iodides.!® However, the
principal drawbacks of all these reported methods are the
low stabilities, poor availability, and cost of the palladium
complexes and phosphine ligands. Phosphine-free cross-
coupling reactions have been investigated because of their
reduced toxicity and cost burden, and the easier isolation
of the product from the reaction mixture.'!

Based on our research interest in phosphine-free carbon-
ylation reactions,'? we herein report an efficient palladi-
um-catalyzed, phosphine-free protocol for the synthesis
of aromatic primary amides using methoxylamine hydro-
chloride as an ammonia equivalent (Scheme 1). Key to
this success was the use of a palladium(II) chloride—sodi-
um iodide (PdCl,—Nal) catalytic system in the presence of
1,4-diazabicyclo[2.2.2]octane (DABCO) as the base. This
protocol tolerates a wide range of functional groups and is
applicable to aromatic and heteroaromatic substrates, pro-
viding excellent yields of products under mild reaction
conditions.

| PdCl, K o
Y DABCO, 90 °C, 8 h /—\Q]\
X j + CO + HOINHy “Me X j NH;
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Scheme 1 Synthesis of primary amides by aminocarbonylation

Initially, we screened various palladium precursors using
iodobenzene as the model substrate for the optimization of
the reaction conditions (Table 1). Palladium(II) chloride
was found to be an effective catalyst in the presence of an
iodide such as sodium iodide, potassium iodide or tetrabu-
tylammonium iodide. In the absence of phosphine li-
gands, rapid deactivation of the catalyst takes place, but
the iodide ligand was found to be effective for maintain-
ing catalytic activity. The iodide can participate in several
different steps in reactions catalyzed by transition metals,

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



86 S. T. Gadge, B. M. Bhanage

LETTER

for example, during oxidative addition, migration, cou-
pling or the reductive elimination steps.'3

Sodium iodide was chosen as an effective iodide source
for the carbonylation procedure (Table 1, entry 4). The re-
action never proceeded to completion without the ligand
source. Typically, catalytic experiments were performed
at a low pressure of carbon monoxide (CO) (5 atm) at
90 °C. A polar solvent such as acetonitrile was found to be
best, providing the desired products in eight hours (Table
1, entries 4-6). During our investigations on the influence
of different bases, we discovered that 1,4-diazabicyc-
lo[2.2.2]octane gave excellent results (Table 1, entries 4
and 9-11). It has been shown that N-methoxy-N-methyl-
amide (Weinreb’s amide), under highly basic conditions,
can demethoxylate to release formaldehyde as a signifi-
cant side reaction (Scheme 2).'4

Table 1 Palladium-Catalyzed Carbonylative Synthesis of Primary
Amides®

Entry Catalyst Solvent Ligand Base Yield (%)°
Effect of catalyst screening

1 Pd(OAc), MeCN Nal DABCO 90

2 10% Pd/C  MeCN Nal DABCO -

3¢ PdCl, MeCN Nal DABCO 64

4 PdCl, MeCN Nal DABCO 97
Effect of solvent

5 PdCl, THF Nal DABCO 58

6 PdCl, 1,4-dioxane Nal DABCO 60
Effect of iodide ligand

7 PdCl, MeCN KI DABCO 89

8 PdCl, MeCN TBAI DABCO 91
Effect of base

9 PdCl, MeCN Nal CaCO; 38
10 PdCl, MeCN Nal K,CO;, 43
11 PdCl, MeCN Nal Et;N 36

? Reaction conditions: iodobenzene (1 mmol), methoxylamine hydro-
chloride (1.2 equiv), PdCI, (10 mol%), Nal (0.2 mmol), base (2
equiv), CO (5 atm), MeCN (15 mL), 90 °C, 8 h.

®Yields determined by GC.

¢ Reaction carried out using 5 mol% of PdCl,.

0
R)LQ/OQ/H
|
Me Me

Scheme 2  Demethoxylation of N-methoxy-N-methylamide'*
(Weinreb’s amide) by E2 elimination

Using 1.2 equivalents of both 1,4-diazabicyclo[2.2.2]oc-
tane and methoxylamine hydrochloride, we observed for-
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mation of benzamide along with N-methoxybenzamide as
an intermediate. Increasing the concentration of the base
to two equivalents gave an excellent yield of benzamide.
Hence, the methoxylamine hydrochloride underwent se-
quential carbonylation and demethoxylation.

An excess of 1,4-diazabicyclo[2.2.2]octane was used in
all attempts, both to release free methoxylamine and for
demethoxylation of the N-methoxybenzamide intermedi-
ate. With optimized parameters in hand, we next screened
various aryl and heteroaryl iodide derivatives as sub-
strates for aminocarbonylation.!> Substrates with elec-
tron-donating (Me, OMe) and electron-withdrawing
(NO,) substituents at ortho- and para-positions were suc-
cessfully transformed into their corresponding primary
amides in high yields (Table 2, entries 1-6). 1-lodonaph-
thalene provided a 90% yield of the desired amide product
(Table 2, entry 7). In the presence of other halogen substit-
uents (F, Cl, Br), the aryl iodides were transformed selec-
tively into the corresponding amides (Table 2, entries 8—
11). Several heteroaryl iodides also provided excellent
yields of the desired products (Table 2, entries 12—14).
The analytical data of all the products were in accord with
those reported in the literature. 31634

Table 2 Palladium-Catalyzed Carbonylative Synthesis of Primary
Amides®

Entry  Aryl halide Product Yield (%)°
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Table 2 Palladium-Catalyzed Carbonylative Synthesis of Primary
Amides® (continued)

Entry  Aryl halide Product Yield (%)°
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2 Reaction conditions: aryl iodide (1 mmol), methoxylamine hydro-
chloride (1.2 equiv), PdCl, (10 mol%), Nal (0.2 mmol), DABCO (2
equiv), CO (5 atm), MeCN (15 mL), 90 °C, 8 h.

®Yield of isolated product.

o)
HoN
HoC=0
PdCl, + 2L |
o) | A
/\H\/O\O Z
base T4 R N L-Pd-L
|
w 0
L
“Pd
oo

e
(o} base e} J\
Me” “NHzHCI —> Me”™ “NH, co

L=

Scheme 3 Proposed reaction mechanism for the synthesis of primary

amides
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A proposed mechanism for the aminocarbonylation reac-
tion is shown in Scheme 3. The aryl iodide, in the presence
of palladium chloride and the iodide ligand, undergoes
oxidative addition to form intermediate II. The CO inser-
tion step is followed by reductive elimination to regener-
ate the active catalyst. The reaction then proceeds via
demethoxylation of the N-methoxyamide intermediate
IV. The base (DABCO) plays a crucial role in releasing
free methoxylamine and in the demethoxylation of the in-
termediate IV.

In summary, an improved palladium-catalyzed, phos-
phine-free carbonylation method for primary amide syn-
thesis has been  established. = Methoxylamine
hydrochloride undergoes sequential carbonylation and de-
methoxylation, and acts as an ammonia equivalent. The
reaction avoids the use of expensive and moisture-/air-
sensitive phosphine ligands and requires lower tempera-
tures and shorter reaction times compared to previous pro-
tocols. This procedure offers an attractive synthetic
strategy for the practical construction of aromatic primary
amides.
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Aminocarbonylation of Aryl and Heteroaryl Iodides;
General Procedure

To an autoclave (100 mL capacity), were added an aryl
halide (1 mmol), methoxylamine hydrochloride (1.2 equiv),
DABCO (2 equiv), PdCl, (10 mol%), Nal (0.2 mmol) and
MeCN (15 mL), under an inert atm. The autoclave was

Synlett 2014, 25, 8588

(16)

flushed three times with CO and then pressurized to 5 atm of
CO. The mixture was stirred with a mechanical stirrer (550
rpm) at 90 °C for 8 h. The reactor was cooled tor.t., degassed
carefully, opened and the reaction mixture removed. The
reactor vessel was washed with EtOAc (2 x 5 mL) to remove
residual product. The mixture was filtered and the filtrate
washed with brine (2 x 4 mL), dried over Na,SO,, filtered
and the solvent evaporated under vacuum. Purification of the
residue was carried out by column chromatography (silica
gel, 100-200 mesh, PE-EtOAc) to afford the corresponding
product in good to excellent yield.
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