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ABSTRACT: Lanthanum trifluoromethanesulfonate is an
effective single-component catalyst for synthesizing a variety
of amides directly from esters and amines under mild
conditions. Highly selective amidation of esters and amines,
as well as catalyst-controlled amidation of esters, demonstrated
the effectiveness of the catalyst system.

mides are ubiquitous in many organic molecules, such as

peptides, natural products, and pharmaceutical agents, as
well as ligands and catalysts in organic synthesis. Efficient
synthesis of amides is thus an important topic in synthetic
organic chemistry." Amides are generally prepared from the
corresponding carboxylic acids and amines using stoichiometric
amounts of condensing agents, which generates stoichiometric
amounts of unwanted coproducts. Recent efforts to circumvent
this problem have provided effective means of synthesizing
amides in a catalytic manner,” but further improvement of these
reactions is required to improve the substrate scope, reduce the
need for a high temperature and the use of large amounts of
desiccating agents, such as molecular sieves, to maintain catalyst
activity.

Direct amidation of esters with amines without the formation
of carboxylic acids is another method of synthesizing amides.
This is a desirable approach for amide synthesis because esters
are common synthetic intermediates of the target compounds.’
Although conventional direct amidation of esters requires
stoichiometric amounts of reagents,* efficient catalytic proto-
cols that generate the targeted amides together with only
alcohols as the sole coproduct were recently developed.”®
There are several drawbacks to these catalytic protocols,
however, including (1) high catalyst loading (10 mol % in
general), (2) limited substrate scope, and (3) requirement of
additives to modulate or attenuate catalyst activity, which
increases the complexity of the optimization of reaction
conditions for particular substrates. Thus, the development of
simple but effective catalysts that can promote direct amidation
of esters under mild conditions is in high demand.

This work stems from our recent interest in the trans-
formation of amide bonds. During our investigation of amide
bond cleavage reactions,’” we envisaged that acidic catalysts
would promote the direct amidation of esters under mild
conditions. After screening of various acidic catalysts using
ethyl 3-phenylpropionate (1a) and benzylamine (2a) as model
substrates,” we finally found that lanthanum trifluoromethane-
sulfonate possessed high catalytic activity to provide amide 3a
in 98% isolated yield after 24 h at 50 °C (Scheme 1).°~"" The
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use of la and 2a in a 1:1 stoichiometry also produced 3a in
92% yield.

Scheme 1. La(OTf);-Catalyzed Direct Amidation of Esters
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With these promising results in hand, we examined the
substrate scope (Scheme 2). These reaction conditions were
applied to both various esters 1 and amines 2 to give the
corresponding amide 3 in yields ranging from 79% to more
than 99% yields at room temperature to 70 °C. Aliphatic, a,f-
unsaturated, and aromatic esters gave amides 3 in good yields,
and less nucleophilic ammonia and anilines were also good
amine components.12 Functionalities, such as iodo, cyano,
phosphonate, tert-butyldimethylsilyloxy, tertiary amine, carba-
mate, and amide groups, were tolerated under the reaction
conditions. It is noteworthy that no significant epimerization at
the a-position occurred for N-acetyl-a-amino acid esters, which
readily racemize under conventional amidation conditions of
the corresponding carboxylic acids using condensing reagents.'>
Secondary amines also reacted to afford amides 3 in good
yields. In all cases, the back§round reactions were quite slow in
the absence of the catalyst.

This catalytic system can also be adapted to the synthesis of
2-pyridinecarboxamide derivatives 4, a class of substrates for
potential C—H functionalization reactions (Scheme 3).'*
Catalyst loading was reduced to as low as 0.050 mol % for
the synthesis of 4a on a multigram scale, which is, to the best of
our knowledge, the lowest catalyst loading for direct catalytic
amidation of esters. Because of the high activity of the catalyst
system, reaction with propylamine 2j (boiling point 48 °C) also
gave 4b at room temperature for 1 h in >99% yield.
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Scheme 2. Scope of La(OTf),-Catalyzed Direct Amidation”
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“Reaction conditions: ester 1 (1.0 mmol), amine 2 (1.2 mmol),
La(OTf); (5.0 mol %), rt—70 °C, 1—48 h, isolated yields, unless
otherwise noted. 1.2 mmol of 1 and 1.0 mmol of 2 were used. 2.0
mol % of La(OTT), was used. “1.5 mmol of 2 was used. ‘Reaction was
performed with saturated NH; solution in EtOH. fReaction was
performed in toluene (1.0 M). éReaction was performed in toluene
(2.0 M).

We also showed highly selective amidation of esters and
amines in the presence of similar functionalities (Scheme 4).
Amidation of ethyl acetate (1b) selectively proceeded with 2p
to give Sa in 85% yield, while the ethyl ester moiety of 2p was
not affected. Selective amidation of esters was also possible in
the reaction of Ir and 2q at room temperature to give Sb in
91% yield without significant epimerization at the chiral center
of 2q, and ester moiety of 2q was not affected. Selective
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Scheme 3. La(OTf);-Catalyzed Direct Amidation of Ethyl 2-
Pyridinecarboxylate®
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“Reaction conditions: ester 1r (1.0 mmol), amine 2 (1.2 mmol),
La(OTf); (1.0 mol %), rt, 1—24 h, isolated yields, unless otherwise
noted. “Reaction was performed using 1r (20 mmol), 2a (20 mmol),
and 0.050 mol % of La(OTf);. “Reaction was performed using 5.0 mol

% of La(OTf), at 70 °C.

Scheme 4. Selective Amidation of Esters and Amines
[e)

1b o
Ps La(OT)
1.2 mmol 3
Me” Okt | ) (5.0 mol %) Me)LN
H:N 50 °C, 24 h H OEt
+ OEt
5a 0
o 85%
2p (1.0 mmol)
o
Ny okt
| (1.2 mmol) La(OTf);
=N (5 0 mol %)
Ph OEt
it, Troan
* N OEt
0] 91%, 99% ee
2q (1.0 mmol)
o]
M 21nl1)mol) La(OTf)s Q
Me” “OEt ' 5.0 mol %
(40») Me)J\N
H,N 50 °C, 24 h H
* NH,
NH, 5¢c
2r (1.0 mmol) >99%
1a .\ La(OTf); o
(1.0 mmol) (5.0 mol %)
°C,24h Ph/\)J\N
HZN/\©V 50°C, H NHMe
NHMe 5d
2s (1.0 mmol) 90%, 1°/2° = >40/1

amidation of aliphatic amine over aromatic amine was also
realized with 1b and 2r to give Sc in >99% yield. Notably, the
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reaction of la with one equivalent of amine 2s having both
primary and secondary amine moieties reacted selectively at the
primary amine site to give 5d in 90% yield with better than 40/
1 selectivity.

As part of our studies of the catalyst control of chemo-
selectivity,"> we examined the following examples (Scheme 5)

Scheme 5. Catalyst-Controlled Amidation of Esters
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to test whether La(OTf); could alter the inherent reactivity of
esters. Ethyl chloroacetate (1s) reacts with amines in a Sy2
manner at the a-position to produce amino esters such as 7 and
'% On the other hand, reaction in the presence of 2 mol % of
La(OTf); preferentially provided amide 6a, thus overriding the
intrinsic reactivity of 1s. The same trend was observed in the
case of ethyl 6-chloropyridine-3-carboxylate (1t), for which an
SNAr reaction is preferable in the absence of a catalyst.'® In the
presence of a catalyst, however, direct amidation of the ester
proceeded cleanly to give 6b with negligible formation of the
S\Ar side-product 9. Furthermore, ethyl phenylpropiolate (1u)
gave amidation product 6¢ in 98% yield at room temperature in
3 h in the presence of S mol % of La(OTf);, while 1,4-addition
product 10 was predominant in the absence of a catalyst. These
results clearly demonstrate the effectiveness of the catalyst
system, and suggest that activation of an ester moiety with
La(OTHf); is key for accelerating the amidation reaction.
Finally, this method was applied to the synthesis of
important molecules (Scheme 6). Bis(amide) 11, an effective
ligand for asymmetric transformations,'” was synthesized in
80% yield without the use of stoichiometric amounts of
condensing agents. We also demonstrated the synthesis of a
soluble epoxide hydrolase inhibitor 14."® The reaction of
aminoester 1v with amine 2u proceeded to give amide 12 in
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Scheme 6. Synthetic Applications
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86% vyield without self-condensation of 1v. Amide 12 was
further treated with triazine derivative 13 to give the final
product 14 overall without protection/deprotection of the
amino group of 1v.

In summary, we developed a lanthanum trifluoromethanesul-
fonate-catalyzed direct amidation of esters. The reactions
proceeded efliciently using as little as 0.050 mol % of
commercially available and single-component catalyst at room
temperature to 70 °C for 1—48 h to give amides in yields of
79% to more than 99%. A variety of esters and amines (22
esters and 21 amines; total 41 examples) can be used under the
catalytic conditions and significant racemization was not
observed even for N-acetyl-a-amino acid esters. We also
demonstrated highly selective amidation of esters and amines
while other esters and amines were present. Catalyst-controlled
amidation of esters that override the inherent substrate
reactivity and application to the synthesis of important
molecules further proved the effectiveness of the catalyst
system. Further studies to evaluate the application of the
catalyst system are ongoing in our laboratory.
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material is available free of charge via the Internet at http://
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