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ABSTRACT

1,2,4-Triazole anion has been identified as an active acyl transfer catalyst suitable for the aminolysis and transesterification of esters.

Neutral nucleophiles (Figure 1), such as 4-dialkylaminopy-
ridines (1),1 N-alkylimidazoles (2),2 phosphines (3),3 imi-

dazolylidene carbenes (4),4 1,2-diamines (5),5 and the
recently introduced bicyclic amidines (6) and isothioureas

(7),6 have proved to be effective acyl transfer catalysts. As
such, they have found a variety of applications in organic
synthesis.7 Their chiral derivatives have demonstrated con-
siderable utility in catalyzing enantioselective transforma-
tions.8 By contrast, the potential of anionic nucleophiles in
acyl transfer catalysis remains much less explored.

In the course of our studies on enantioselective acyl
transfer catalysis, we became interested in achieving catalytic
acylation of amines using easily accessible achiral acyl
donors.9 Carboxylic esters would be especially attractive in
this regard, since their uncatalyzed reaction with amines is
typically very slow at ambient temperature. However, the
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Figure 1. Achiral acyl transfer catalysts.
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aforementioned neutral Lewis base catalysts,7 which suc-
cessfully promote acylations with carboxylic anhydrides
(1-3, 6, and 7) or acyl chlorides (5), can attack only highly
activated esters. Imidazolylidene carbenes 4, which have
gained popularity as transesterification catalysts,4 have also
proved to be ineffective in promoting ester aminolysis.10

Recently, Mioskowski et al. reported that a variety of
unactivated esters undergo efficient aminolysis under solvent-
free conditions in the presence of TBD 8 (Figure 2), which

was proposed to act as a bifunctional Lewis base catalyst.11

Its catalytic activity, however, is only moderate, requiring a
high catalyst loading (30 mol%).

We considered the possibility of catalyzing ester aminoly-
sis with anionic nucleophiles, which might be expected a
priori to be more nucleophilic than their neutral counterparts,
and therefore better able to attack the ester group. Although
the anions of protic nucleophiles 9-12 have been reported
in the literature to promote this reaction, their catalytic
activities were usually rather modest.12

In an effort to identify more active anionic acyl transfer
catalysts potentially suitable for asymmetric catalyst design,
we tested the aforementioned 9-12 and several other
commercially available protic nucleophiles (8, 13-21) for
their ability to promote the reaction of phenyl acetate with
isopropylamine in the presence of stoichiometric amounts
of DBU (Table 1). For comparison, we also included DMAP
1, a powerful aprotic Lewis base acylation catalyst. Most
compounds tested showed only negligible effect. Among the
previously reported catalysts, only catechol and cyanide

anions effected significant rate acceleration (entries 6 and
7). The most remarkable results were obtained in the azole
series (entries 11-16). 1,2,4-Triazole 18 displayed by far
the greatest activity among all the nucleophiles tested.
Diminished activity was also found in the case of its close
structural analogues with higher or lower pKa values, 1,2,3-
triazole 19 and pyrazole 17.13

Although 1,2,4-triazole and pyrazole were shown to
catalyze aminolysis of nitrophenyl, thiocresyl and cyanom-
ethyl esters decades ago,14 they were believed to act as
bifunctional catalysts and accordingly were used in the
absence of base. To differentiate between the anionic and
the bifunctional modes of catalysis in our case, we examined
the effect of substituting DBU with a weaker base, triethy-
lamine, or not adding any base at all (Figure 3). Very little

reaction was observed in the absence of DBU, which supports
the anionic mode of catalysis. Salts of azoles 17-20 have
been recently described in the patent literature as catalysts
for isocyanate oligomerization and polyisourethane produc-
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Figure 2. Protic nucleophiles.

Table 1. Catalytic Activity Test

entry additive t1/2

1 none ND (6%/3 days)
2 DMAP 1 ND (7%/3 days)
3 TBD 8 ND (38%/3 days)
4 2-hydroxypyridine 9 66 h
5 HOBt 10 ND (13%/3 days)
6 Catechol 11 5.7 h
7 Bu4NCN (12) 2.2 h
8 Thiazolidine-2-thione 13 24 h
9 Benzaldoxime 14 57 h
10 N-Hydroxysuccinimide 15 3 days
11 Imidazole 16 9 h
12 Pyrazole 17 2.2 h
13 1,2,4-Triazole 18 8 min
14 1,2,3-Triazole 19 40 min
15 Benzotriazole 20 4.3 h
16 Tetrazole 21 ND (11%/3 days)

Figure 3. Anionic vs bifunctional mode of catalysis.
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tion.15 To the best of our knowledge, they have not been
utilized in other types of acyl transfer reactions.

Optimization of reaction conditions was undertaken next.
Solvent effects were examined using 2 mol % loading of
1,2,4-triazole and R̃-phenethylamine as a test substrate
(Figure 4). The reaction rates diminished significantly at high

conversions, suggesting that accumulation of the phenolate
anion and/or depletion of available base led to less effective
catalysis. Although the highest initial rates were observed
in polar solvents, such as MeCN and DMSO, benzene was
deemed to be more practical, as it displayed less of a rate
drop-off. Replacing phenyl acetate with isopropenyl acetate,
however, proved to be even more convenient. Even though
the latter displayed lower reactivity, which necessitated a
higher loading of triazole, it generated only acetone as
byproduct, thus obviating the need for stoichiometric amounts
of DBU (Figure 5). In this case, the use of polar solvents

was clearly advantageous. At this point, we wished to
ascertain whether the conjugate acid of DBU was essential
for the aminolysis reaction. In fact, both tetrabutylam-
monium and sodium triazolides were even more active
than the DBU salt.16 These results suggest that, although
the cation may play an important role in the reaction, the
presence of a hydrogen bond donor is not required.
Overall, these observations are consistent with the mech-
anism outlined in Figure 6.

Several representative substrates were acetylated on a
preparative scale using slight excess of isopropenyl acetate
and 5 mol % of each DBU and triazole (Figure 7). In addition

to amines, the new procedure proved effective for the
transesterification of alcohols and acylation of oxazolidino-
nes. Under the reaction conditions, the stereochemical
integrity of methyl L-phenylalaninate was fully preserved
under the reaction conditions, whereas the more base-

(15) (a) Koecher, J.; Richter, F.; Laas, H.-J.; Wintermantel, M. PCT
Int. Appl., WO 2002092658 A1, 2002. (b) Kometani, H.; Tamano, Y. PCT
Int. Appl., WO 2008018601 A1, 2008.

(16) t1/2 ) 4 h (Bu4N+) and 5.5 h (DBU-H+) in CDCl3 at 10 mol %
catalyst loading; t1/2 ) 12 min (Na+) and 45 min (DBU-H+), in DMSO at
5 mol % catalyst loading under conditions similar to those in Figure 5.
Despite its lower activity, DBU triazolide, which is easily prepared in situ
and soluble in common organic solvents, was used for the remainder of
this study.

Figure 4. Solvent effect on aminolysis of phenyl acetate.

Figure 5. Solvent effect on aminolysis of isopropenyl acetate.

Figure 6. Catalytic cycle with 1,2,4-triazole anion.

Figure 7. Preparative scale acetylation of substrates.
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sensitive methyl D-phenylglycinate underwent complete
racemization.

Aminolysis of unactivated esters catalyzed by the 1,2,4-
triazole anion was investigated next (Table 2). In most

cases, the reactions in the presence of DBU alone were
extremely sluggish even at elevated temperatures under
solvent-free conditions. Addition of 1,2,4-triazole uni-
formly resulted in a dramatic rate acceleration. It is
particularly noteworthy that methyl L-phenylalaninate
underwent smooth cyclocondensation to produce the
corresponding diketopiperazine as a 95:5 mixture of cis-
and trans-diastereomers. The uncatalyzed version of this
reaction is well-known, but usually requires prolonged
heating well above 100 °C and gives only moderate
yields.17 The present protocol may find utility in the
synthesis of structurally complex diketopiperazines.18

In summary, we have demonstrated that the 1,2,4-triazole
anion serves as an effective acyl transfer catalyst in both
aminolysis and transesterification reactions. Further inves-
tigation of the synthetic utility of azole anions and their
potential in asymmetric catalysis are under active investiga-
tion in our laboratory.
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Table 2. Aminolysis of Unactivated Esters

entry ester amine temp °C % yielda

1 MeCO2Me PhCH2NH2 23 83 (3)
45 94 (4)

2 PhCO2Me PhCH2NH2 23 26b (2)
70 92 (3)

3 Me(CH2)6CO2Me PhCH2NH2 23 43b (1)
70 94 (2)

4 i-PrCO2Me PhCH2NH2 23 23b (nd)
70 62 (2)

5 MeCH(OH)CO2Me PhCH2NH2 23c 52b (8)
23 84 (50)

6 MeCO2Et PhCH2NH2 23 58b (1)
70 91 (7)

7 γ-butyrolactone PhCH2NH2 23c 84 (5)
8 Me(CH2)6CO2Me piperidine 23 2b (nd)

95 77 (2)
9 Me(CH2)6CO2Me PhCH(Me)NH2 23 1b (nd)

95 71 (5)
10 Me(CH2)6CO2Me c-C6H11NH2 23 3b (nd)

95 84 (2)
11 L-Phe-OMe 90 79 (7)

a Isolated yield is given, unless specified otherwise. % Conversion by
1H NMR in the absence of 18 is given in parentheses. b Yield estimated by
1H NMR. c Carried out in CDCl3 at 1.0 M of amine.
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