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ABSTRACT

1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) has been found to catalyze the amidation of acyl imidazoles. The rate acceleration is especially
evident with traditionally unreactive, electron-deficient anilines. DBU is readily available and offers safety and cost advantages over more
commonly employed catalysts such as 1-hydroxybenzotriazole.

N,N′-Carbonyldiimidazole (CDI, 1) is commonly used for
the synthesis of amides from carboxylic acids and amines.1

CDI-mediated amidations are typically carried out as one-
pot procedures, wherein the acid and CDI are stirred until
the intermediate acyl imidazole (2) is formed. The amine is
then added to activated intermediate 2 (Scheme 1). This
coupling strategy generates innocuous byproductsscarbon
dioxide and imidazolesthereby rendering this an attractive
protocol for the synthesis of amides, especially in the
pharmaceutical industry.2-4

The acyl imidazole intermediates are generally more stable
and easier to handle than the corresponding acid chlorides,

but are somewhat less reactive. This lower reactivity can
cause couplings with hindered acids, hindered amines, or
weakly nucleophilic amines to be impractically slow. As a
result, many additives have been developed to accelerate
these reactions.

One of the most commonly used additives is 1-hydroxy-
benzotriazole (HOBt, 3), which has been shown to accelerate
couplings that hardly proceed without additives.5 HOBt
provides consistent rate enhancements but has drawbacks
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Scheme 1. Conversion of Carboxylic Acids to Amides with CDI
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including a high cost per mole, highly energetic decomposi-
tion, potential for explosion, and transportation restrictions.6

More recently, other catalysts with improved safety profiles
have been introduced (Figure 1) including 2-hydroxy-5-
nitropyridine (NO2-HOPyr, 4),7 and imidazole hydrochlo-
ride (Im·HCl, 5).8 Unlike HOBt, these catalysts offer the
advantages of low cost, ease of handling, and chemical
stability.

We recently discovered that 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU, 6) provided unique rate enhancement in the
direct amidation of alkyl cyanoacetates.9 Traditionally, DBU
has been considered a non-nucleophilic base, but it has been
shown to function as a better nucleophilic catalyst than the
more conventionally employed 1,4-diazabicyclo[2.2.2]octane
(DABCO) or 4-dimethylaminopyridine (DMAP) in Baylis-
Hillman reactions10 and in the conversion of carboxylic acids
to methyl esters with dimethyl carbonate.11 Amidines are
also known to catalyze the acylation of sec-phenethyl alcohol
with acetic anhydride.12 Given these recent developments
and our own experience, we sought to examine the effect of
DBU on traditionally slow CDI-mediated couplings and
directly compare it to known catalysts.

For all of the catalyst comparisons, 2-methyl-2-phenyl-
propanoic acid (7) was used as the carboxylic acid compo-
nent. The acyl imidazole formed from this substrate (8) is
hindered and, therefore, a challenging test case.6 Furthermore,
the gem-dimethyl groups preclude any side reactions via
deprotonation at the R-carbon. Acyl imidazole 8 was treated
with both aliphatic amines and anilines. It has been shown
that the carbon dioxide evolved during the formation of the
acyl imidazole catalyzes the subsequent amidation step.4 To
decouple the effect of carbon dioxide from the catalytic
activity of the additives, the reaction mixtures were concen-
trated in vacuo after the acyl imidazole was formed (to
remove CO2), and fresh solvent was added prior to reaction
with the amines and additives (vide infra).

For each amine substrate, the amidation was carried out
in the presence and absence of additives, and the reaction

rates were compared. The reactions in the absence of
additives were compared against those with HOBt (3),
NO2-HOPyr (4), Im·HCl (5), DBU (6), as well as N,N-
diisopropylethylamine (i-Pr2NEt) and N,N-dimethylaminopy-
ridine (DMAP) (Figure 2). The reactions were carried out
at 60 or 80 °C in 2-methyltetrahydrofuran (2-MeTHF) with
0.5 equiv of the additive (see the Supporting Information
for details).

In the case of aniline (9, Figure 2A), DBU provided
approximately the same rate enhancement as NO2-HOPyr,
but the reaction was marginally slower than those with HOBt
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Figure 1. Representative catalysts for CDI-mediated amidations.

Figure 2. Comparison of various additives in the coupling of acyl
imidazole 8 with anilines and aliphatic amines.
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and Im·HCl.13 We then examined the amidation using
4-aminobenzonitrile (10)san electron-deficient aniline, and
hence an exigent test case (Figure 2B). For this substrate, it
was found that DBU was unique among the practical
additiVes, proViding substantial rate enhancement compa-
rable to that of HOBt. In the case of sec-phenethylamine
(11)san aliphatic aminesthe reaction with DBU was
comparable to that with HOBt, and slightly faster than those
with NO2-HOPyr and Im·HCl (Figure 2C). Interestingly,
in all of these cases, the background reactions in the absence
of additives, as well as the reactions with i-Pr2NEt and
DMAP, were substantially slower.

In an effort to explore the generality and scalability of
this method, several amines were coupled with 8 in the
presence of DBU (Table 1).14 For all of these reactions,
2-methyltetrahydrofuran15 was used as the solvent to simplify
solvent removal, workup, and product isolation. In all cases,
DBU provided appreciable rate enhancement, excellent
conversions, and respectable yields. The catalytic effect of

DBU was especially pronounced in the case of electron-
deficient anilines (entries 4-6, Table 1) wherein the uncata-
lyzed reactions were <5% complete even after 24 h.

We had previously observed that the CO2 evolved in the
acyl imidazole formation step catalyzed the subsequent
amidation step.4 To better understand the effects of CO2 and
DBU, acyl imidazole 20 derived from o-toluic acid (19) was
treated with sec-phenethylamine (11).16 In one case, the
reaction was carried out with 0.5 equiv of DBU under a
nitrogen blanket. The second experiment was conducted with
0.5 equiv of DBU under a CO2 atmosphere. Two more
experiments were carried out in the absence of DBU under
N2 and CO2, respectively. It was found that DBU provided
approximately 6-fold acceleration over CO2, and 20-fold
acceleration over the reaction with no additive.17 Interest-
ingly, the reaction with both DBU and CO2 was substantially
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Table 1. Reaction of Amines with Acyl Imidazole 8 in the
Presence and Absence of DBU

a Time taken for the reaction to reach 50% conversion. b 0.5 equiv of
DBU was added. c Isolated yield. d 42% conversion in 24 h. e <2%
conversion in 22.5 h. f Isolation experiments used 1.0 equiv of DBU to
maximize conversion within a reasonable time period. g ∼2% conversion
in 24 h. h 67% conversion in 0.5 h. i <1% conversion in 24 h. j Reaction
run at 60 °C. k 71% conversion at 0.5 h.

Figure 3. Comparison of DBU and CO2 addition to the reaction of
o-toluic acid imidazole with sec-phenethylamine (11).
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slower than the reactions with either one of them, and stalled
at ca. 40% conversion (Figure 3). In other words, the
combined presence of CO2 and DBU negated their individual
benefecial effects.18 Thus, in order to reap the benefits of
DBU, it is important to ensure that the CO2 evolved in the
acyl imidazole formation step is removed prior to the addition
of DBU and the amine in the amidation step.19

On the basis of our prior experience9 and literature
precedent,10,11 we propose that DBU acts as a nucleophilic
catalyst in the amidation of acyl imidazoles (Scheme 2).20

Mechanistically, this pathway is analogous to that proposed
for reactions catalyzed by either HOBt21 or DMAP.22 The
pronounced superiority of DBU relative to DMAP can be
ascribed to its higher carbon basicity.23 This pathway differs
from that proposed for Im·HCl, which activates the acyl
imidazole via acid catalysis (protonation of the leaving
group). This mechanistic difference is especially evident in
the reaction of 8 with sec-phenethylamine (11). In a
comparison study, we observed that while the reaction rate
increased with increasing DBU concentration, it decreased
upon increasing the Im·HCl concentration.24

In conclusion, DBU is a safe, effective catalyst for the
amidation of acyl imidazoles and can serve as a complement
to existing technologies. The rate enhancement provided by
DBU is comparable to that of other known catalysts (Im·HCl,
NO2-HOPyr, HOBt) for anilines and aliphatic amines. In
the case of electron deficient anilines, DBU is superior to
Im·HCl and NO2-HOPyr. While the relatively high basicity
of DBU could prove deleterious for certain classes of
substrates (e.g., for substrates with base-epimerizable ste-
reocenters), DBU is a useful addition to existing amidation
catalysts and should be screened as an additive in reactions
that can benefit from nucleophilic catalysis. Further expan-
sion of the scope of DBU catalysis is ongoing in our
laboratories, and the results will be communicated in due
course.
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with anilines. However, Im·HCl would preferentially protonate aliphatic
amines (over acyl imidazoles), thereby decreasing their reactivity. Further
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Scheme 2. Proposed Catalytic Cycle
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