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a b s t r a c t
In the presence of water, several diamines and one triamine were mono-acylated at ambient to moderate
temperatures using phenyl esters and a phenyl carbonate as acylation agents in good to excellent isolated
yields. Both linear and cyclic polyamines were suitable substrates, and the acylating agents can be aryl
and alkyl carboxylic acid esters.
Ó 2009 Elsevier Ltd. All rights reserved.
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The formation of an amide bond between an amine and a carboxylic acid derivative is one of the most studied reactions in organic chemistry. However, the selective acylation of one amino
group in the presence of others in a polyamine remains difﬁcult.1
Statistically, with equal moles of diamine and acylating agent, it
is possible to obtain the desired mono-acylated product in 50%
yield, which is acceptable in most cases.2 Unfortunately, these
statistically predicted results are not easy to be achieved. For example, when a polyamine such as 1,4-diaminobutane, 2,20 -(ethylenedioxy)bis(ethylamine), piperazine, 1,2-cyclohexane diamine, or
diethylenetriamine is reacted in organic solvents with a carboxylic
acid anhydride or chloride, even with more than 1 equiv polyamine,
di-acylated product is formed predominantly or exclusively. Sayre
and co-workers attributed this phenomenon to the inefﬁcient
mixing of reactants during the addition of acylating agent to the
diamine.2 More speciﬁcally, when a drop of acylating agent contacts
the solution of the diamine, the acylation reaction is so fast that
before additional diamines reach the reaction site, the mono-acylated products continue to react with the locally excess acylating
agent, and therefore di-acylated product predominates. This
hypothesis is supported by the fact that the yields of mono-acylation products can be increased by using the less reactive acid anhydrides as opposed to acid chlorides under high dilution conditions
at low temperature in the presence of excess diamine. Under these
conditions, mono-acylation of 1,2-ethanediamine and 1,4-butane* Corresponding author. Tel.: +1 906 487 2023; fax: +1 906 487 2061.
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diamine could be achieved in close to or slightly higher than statistical yields.2 Later, many other research groups continued to
approach the problem with the goal of developing more practically
useful methods as well as to extend the scope of diamines to cyclic
ones and ones that have longer spacer between the two amino
groups.1 For example, Wang’s group treated diamines with 2 equiv
BuLi and reacted the resulting di-anions with 1 equiv acylating
agents to give mono-acylated products.3 The same group also
achieved mono-acylation using 9-BBN to protect one of the two
amino groups followed by acylation.4 Christensen’s group used alkyl phenyl carbonates for selective acylation of polyamines.5 Other
reported methods include performing the reaction under acidic
conditions,6 using metal cations to protect one of the two amino
groups and using special acylating agents.1 Simple mix and react
procedures were available for mono-acylation of diamines with
short spacer between the two amino groups such as piperazine
and ethylenediamine.7 Unfortunately, the methods were not applicable to diamines with long spacers due to the similarity of the two
pKas of the diamines and limited reduction of the reactivity of the
second amino group upon acylation of the ﬁrst amino group.2 The
protocol developed by Krapcho and Kuell for selective protection
of some diamines using Boc2O under high dilution and slow addition conditions in 1,4-dioxane is quite simple to follow and good
yields of desired product can be obtained.8 More recently, Pringle
reported a new mono-acylation method using ionic immobilization
of diamines to sulfonic acid-functionalized silica gel. The method
worked well for mono-acylation of piperazine and homopiperazine,
but failed to give useful yields for other polyamines.9
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We recently found that diamines could be mono-acylated with
lactones, alkyl esters, and phenyl and allyl carbonates in good to
quantitative yields in the presence of suitable amount of water.10,11
We hypothesized that the disruption of the hydrogen bonds between diamines by water along with other factors might be
responsible for the good selectivity of mono-acylation.10 The method has the following advantages. (a) No organic solvent is used. (b)
The acylating agents are stable, inexpensive, and readily available.
(c) Only 1 equiv diamine is required. (d) There is no need to use
high dilution and slow addition techniques, which is particularly
signiﬁcant for large-scale synthesis. However, the method has
one drawback. In some cases, to drive the reaction to completion,
the reaction mixture must be heated to high temperature (more
than 100 °C).10 In order to lower the temperature, we recently
tested using phenyl esters as the acylating agent for the reaction.
We found that the reaction could proceed with useful rates at
50 °C and give mono-acylated products in good to excellent yields.
In this Letter, we report our results on this study.
In a typical experimental procedure, 20 mmol polyamine,
20 mmol acylating agent, and 1 mL water were combined in a
round-bottomed ﬂask. The mixture was stirred under a moderate
nitrogen ﬂow for about 30 min. After stopping the nitrogen ﬂow,
the reaction was continued for 24 h either at room temperature
or at other temperatures as indicated in Table 1. A small portion
of the mixture was then taken out and dissolved in methanol for
TLC analysis. We found that the solvent system MeOH/MeCN/
Et3N/Et2O (2:2:1:5) was excellent for separation of the mono-acylated products from the remaining polyamines on silica gel, which
could be easily visualized by staining with a ninhydrin solution
(ninhydrin 4.5 g, BuOH 300 mL, AcOH 9 mL) followed by gentle
heating with a heat gun. Under these conditions, the desired
mono-acylated products have an Rf between 0.2 and 0.6 and the
polyamines remained at the origin. In some cases, the blue color
of the mono-acylated product was signiﬁcantly lighter than that
of the unreacted polyamine; this did not mean that the yield was
low. The reaction mixture was dissolved in the same solvents
and loaded on a ﬂash chromatography silica gel column, which
was packed with the same solvent system. Alternatively, the mixture was ﬁrst concentrated under reduced pressure and then
loaded onto column in the same manner. If the mixture did not dissolve well in the solvent system, it was dissolved in methanol and
applied on a small amount of silica gel in a Petri dish. After air drying, the silica gel was loaded onto the column. The fractions con-

taining the mono-acylated products were combined. Evaporating
of solvents under reduced pressure gave pure products. In some
cases, the products contained small amount of phenol. This was removed by partition between methylene chloride and 10% NaOH
followed by drying with Na2SO4 and evaporating the solvent.
The procedure worked well on linear diamines, a triamine and
the cyclic diamine piperazine. The results are summarized in Table
1.12 The reaction was ﬁrst tested on 1,4-butanediamine (1) using
phenyl acetate (2) as the acylating agent. Using the general procedure described above, at 50 °C the desired mono-acylated product
3 was obtained in 56% isolate yield (entry 1). Although the yield
was only slightly higher than the statistically predicted 50%, the result was signiﬁcant because the procedure was simple and no excess diamine was needed. The reaction could also be carried out at
room temperature but the rate was low. Because 4-nitrophenoxide
is a better leaving group than phenoxide, we also tested using
4-nitrophenyl acetate (4) as the acylating agent (entry 2). However,
lower yield was obtained (22%). One reason might be the hydrolysis of 4 before its reaction with the diamine, but we believe that the
solid nature of 4 (melting point 75 °C) and its low solubility in the
mixture might play a more important role. From this observation,
we used phenyl esters in our next studies. The reaction between 1
and phenyl benzoate (5) also proceeded smoothly at 50 °C. The
mono-acylated product 6 was obtained in 63% isolated yield (entry
3). It was reported that diamines with longer spacer between the
two amino groups are more difﬁcult for mono-acylation.2
However, under our conditions, 1,8-octanediamine (7) was
mono-acylated with equal efﬁciency to give product 8 in 62% yield
(entry 4). Under similar conditions, the more hydrophilic 2,20 -(ethylenedioxy)bis(ethylamine) (9), which also contains a long spacer
between the two amino groups, was mono-acylated with 2 and 5
to give products 10 and 11, respectively, in acceptable yields (entries 5 and 6). A triamine was also tested for the reaction. At room
temperature using the general procedure, 12 was acylated to give
13 in 56% isolated yield (entry 7). The cyclic diamine piperazine
(14), which was recently mono-acylated with the more expensive
ionic immobilization approach,9 was also shown to be a good
substrate for our simple and inexpensive procedure. By simply
mixing 14 with 2 and suitable amount of water, the mono-acylated
product 15 was obtained in 39% yield at room temperature and in
69% yield at 55 °C (entries 8 and 9). It should be pointed out that
there was an excellent procedure for mono-acylation of piperazine,
in which the substrate was treated with 2 equiv of BuLi and the

Table 1
Mono-acylation of polyamines using phenyl esters and a phenyl carbonate in watera
Amine

Acylating agent

Product

Temperature

Yieldb (%)

Ref.

1
2
3
4
5
6
7

H2N(CH2)4NH2 (1)
1
1
H2N(CH2)8NH2 (7)
[H2N(CH2)2OCH2]2 (9)
9
[H2N(CH2)2]2NH (12)

PhOAc (2)
4-NO2-PhOAc (4)
PhCO2Ph (5)
2
2
5
2

H2N(CH2)4NHAc (3)
3
H2N(CH2)4NHBz (6)
H2N(CH2)8NHAc (8)
H2NCH2(CH2OCH2)2CH2NHAc (10)
H2NCH2(CH2OCH2)2CH2NHBz (11)
H2N(CH2)2NH(CH2)2NHAc (13)

50 °C
50 °C
50 °C
50 °C
rt
50 °C
rt

56
22
63
62
42
33
56

2
4
10
10
13
14

8

HN

2

HN

rt

39

15

9

14

2

15

55 °C

69

10

14

PhOBoc (16)

HN

rt

68

11
12

14
14

16
16

17
17

55 °C
Reﬂux

87
71

Entry

a
b

NH (14)

NAc
(15)

NBoc (17)

Reaction conditions: amine (20 mmol), acylating agent (20 mmol), water (1 ml), 24 h.
Isolated yields.
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resulting dianion was then acylated with 1 equiv acylating agent.
Excellent yields were obtained.3 However, this method was only
demonstrated for mono-benzoylation. Obviously, when acylating
agents that contain acidic protons such as acetic anhydride are
used, side reactions will occur. This problem does not exist while
using our method. Finally, we tested the mono-Boc protection of
14. Using 16 as the acylating agent, compound 17 was obtained
in 68% yield at room temperature, 87% yield at 55 °C, and 71% yield
at reﬂux temperature (entries 10–12).
In summary, using water as the reaction medium and phenyl
esters and carbonates as acylating agents, we were able to monoacylate linear and cyclic polyamines at room temperature or moderate temperature in good to excellent isolated yields. The procedure is simple and environmentally benign, the starting materials
are commercially available and inexpensive, and the substrate
scope is broader than that of reported methods.3,9 We expect that
the method will become a favorite choice for organic and medicinal
chemists and other scientists to prepare mono-acylated diamines.
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