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Simply reacting equal equivalents of symmetric diamines with esters or carbonates in the presence of a
suitable amount of water gave mono-acylated products in good to quantitative yields.
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Because of the high stability of amide bonds and the ease of
their formation, symmetric diamines, many of which are commer-
cially available with different lengths and different solubility prop-
erties, are widely used as linkers in solid-phase synthesis, surface
chemistry, bioconjugate chemistry, medicinal chemistry, and in
other areas.1 In most cases, two different moieties have to be
attached to the two amino groups; as a result, mono-acylation is
required in the first step during the formation of the linkage.
Statistically, the reaction of 1 equiv diamine with 1 equiv acylating
agent such as acid chloride, acid anhydride, and activated ester
should provide 50% yield of the desired mono-amide, 25% yield
of di-amide, and 25% yield of unreacted diamine. Unfortunately,
this is not the case; under many reported conditions, reacting a
diamine with an acylating agent gave predominantly or exclusively
di-acylated product. Moreover, the yield of mono-acylated product
could not be improved significantly by using a large excess (e.g.
10 equiv) of diamine, including using the diamine as the solvent
for the reaction.2

In order to develop simple methods for the preparation of
mono-acylated diamines, several strategies have been reported.
For example, using a less reactive acylating agent such as acid
anhydride (compared with acid chloride), under high dilution
and slow addition conditions, Sayre’s group achieved better than
statistical yields of mono-acylated diamines.2 Schwabacher’s
group developed a method to prepare amino azides by selective
reduction of symmetric di-azides; after acylation of the amino
group, the remaining azide group was reduced to an amine under
mild conditions to give exclusively mono-acylated diamines.3

Wang’s group reported two approaches to achieve mono-acyla-
ll rights reserved.

: +1 906 487 2061.
tion by either selectively activating or deactivating one of the
two amino groups of a diamine; the former was realized by treat-
ing the diamine with 2 equiv strong base such as BuLi;4 the latter
was realized by covering one nitrogen atom with 9-BBN.5 Chris-
tensen’s group desymmetrized diamines using alkyl phenyl car-
bonates; in most cases, more than statistical yields (46–86%) of
mono-acylated products were obtained.6 More recently, Lee et
al. developed a method for mono-Boc protection of diamines un-
der acidic conditions.7 Pringle reported mono-acylation of piper-
azine and homopiperazine via ionic immobilization of the
diamines to a sulfonic acid functionalized silica gel.8 Other re-
ported methods include performing the reaction under acidic
conditions or in the presence of a metal cation and employing
different acylating agents; these have been reviewed by Bender
et al.1 According to our experience,9 one of the most reliable
and relatively simple methods in the literature for linking two
different molecules with a diamine is to prepare a mono-Boc pro-
tected diamine under high dilution and slow addition conditions
(5 equiv diamine, 1 equiv Boc2O, 1,4-dioxane, rt, 12 h) developed
by Krapcho and Kuell10 followed by acylation, deprotection, and
second acylation.

Despite the rich literature on the development of methodo-
logies for mono-acylation of symmetric diamines, all reported
methods have various drawbacks such as complicated manipula-
tion including using high dilution and slow addition techniques,
multistep synthesis, harsh reaction conditions, limited substrate
scope, and low yields, and in some cases, expensive acylating
agents had to be used. Consequently, an efficient, general, and sim-
ple method for mono-acylation of symmetric diamines would be
highly welcomed by the scientists working in areas such as solid-
phase synthesis, nanotechnology, surface chemistry, bioconjugate
chemistry, and medicinal chemistry. To meet this demand, here

mailto:shifang@mtu.edu
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


6004 W. Tang, S. Fang / Tetrahedron Letters 49 (2008) 6003–6006
we report an efficient and simple method for mono-acylation of
symmetric diamines using the environmentally benign water as
the reaction medium and the readily available stable carboxylic
acid esters or carbonates as the acylating agents.
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In 2003, for one of our projects we needed to link biotin to
nucleosides, which required the amino alcohol 1 (see Eq. 1 for

structure).11 All known methods for mono-acylation of diamines
were not ideal for the preparation of this simple compound due
partially to the difficulty in preparing 2 (it slowly converts to lac-
tone 3) and its other forms of carboxylic acid derivatives. We first
attempted to accomplish this by heating the lactone 3 in a large ex-
cess of diamine 4 in the absence of any solvent; consistent with the
literature information discussed in the introduction section, di-
acylated product was formed exclusively. Because these conditions
could be considered as hydrophobic, without any strict reasoning,
we were curious to see if hydrophilic conditions could reverse the
selectivity to form the desired mono-acylated product 1. This was
indeed the case, at 90 �C in the presence of 10 mL water, reacting 3
(9.5 g, 1 equiv) with 4 (24 mL, 2 equiv) gave 1 exclusively along
with unreacted starting materials (Eq. 1); after flash column chro-
matography, pure 1 was obtained in 75% yield (based on 3,
16.3 g).11 In this Letter, we report the details of this diamine
mono-acylation reaction including optimization of reaction condi-
tions, substrate scope studies, and procedures for product
purification.

Because no di-acylated product was detected in the reaction
between 4 and 3, we were interested to further challenge the
mono-acylation reaction conditions by reducing the amount of
the diamine from 2 equiv to 1 equiv. In order to find out the
amount of water that was optimum for mono-acylation, at the
beginning of the study, we increased the amount of water by 10
times. Therefore, 20 mmol 1,3-diaminopropane (5) was reacted
Table 1
Mono-acylation of symmetric diamines: optimization of reaction conditionsa

Entry Diamine Acylating agent Amount of wate

1 H2N NH2 (5) EtOAc 10

2 5
O O (7)

10

3 5 EtOAc 1
4 5 7 1

5 H2N NH2
8 (9)

BuOAc 0

6 9 BuOAc 0.5
7 9 BuOAc 1
8 9 BuOAc 2
9 9 BuOAc 3

a Reaction conditions: diamine (20 mmol), acylating agent (20 mmol), water, reflux, 2
b Isolated yield.
c Di-acylated product was formed in 12% yield.
with 20 mmol EtOAc in the presence of 10 mL water at reflux tem-
perature for 24 h. Under these conditions, although no di-acylated
product was detectable, the yield of mono-acylated product (6)
was only about 10% (Table 1, entry 1,). Under the same conditions,
using a lactone (7) as the acylating agent, which was more struc-
turally similar to previously used 3 than EtOAc, similar yields of
mono-acylated product (8) were obtained (entry 2). These indi-
cated that the amount of water was important and too much water
was not favorable for the reaction. As a result, we reduced the
amount of water from 10 mL to 1 mL, which was at the same level
we used previously,11 and repeated the two reactions under other-
wise identical conditions. Gratifyingly, under these conditions
(20 mmol diamine, 20 mmol acylating agent, 1 mL water, reflux,
24 h), mono-acylated products 6 and 8 were obtained in 85% and
60% yields, respectively (entries 3 and 4); and in both cases, no
di-acylated products were detectable on TLC plate.12

It was reported that with short spacer between the two amino
groups, the newly formed amide function could reduce the reactiv-
ity of the second amino group, and therefore mono-acylation was
favored.2 This means that diamines with long spacer between the
two amino groups could be more difficult for mono-acylation.
Based on this consideration, we next used the reaction between
9 and BuOAc to optimize the amount of water for the reaction.
Under anhydrous conditions, the desired mono-acylated product
10 was formed in 50% yield (entry 5) along with starting materials
and 12% di-amide. This result was not consistent with our previous
results for the reaction between 3 and 4, in which case, in the
absence of water di-acylated product was formed exclusively. To
ensure the accuracy of these observations, the two reactions were
repeated two times using carefully dried 4 and 9, and distilled 3
and BuOAc; the same results were observed. When 0.5 mL water
was added to the reaction mixture, the yield of mono-acylated
product 10 was dropped to 28% (entry 6). However, when 1 mL
water was used, the yield was improved to 72% (entry 7). But when
the amount of water reached 2 mL and 3 mL, the yield of 10 was
reduced to 52% and 19%, respectively (entries 8 and 9). These stud-
ies indicated that the optimum amount of water for the reaction
between 9 and BuOAc to give 10 was 1 mL.

Although the optimum amount of water for mono-acylation of
diamines may vary with the diamine and the acylating agent, in
our substrate scope studies, we consistently used the amount iden-
tified using the reaction between diamine 9 and the acylating
agent BuOAc, which was 1 mL for 20 mmol substrates. Under these
r (mL) Product Yieldb (%) Ref.
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optimized conditions (see Supplementary data for experimental
details), reaction of 11 with EtOAc gave mono-acylated 12 in 56%
yield (Table 2, entry 1). Next, we were interested to know if our
method was effective for mono-acylation of diamines with esters
of phenyl carboxylic acid such as PhCO2Me; therefore, diamine
11 was heated with PhCO2Me in the presence of water, and the
desired product 13 was obtained in 60% yield (entry 2). The highly
hydrophilic diamine 4 with a long spacer, which was widely used
as linkers and was mono-acylated with lactone 3,11 could also be
acylated with other agents such as EtOAc, PhCO2Me, and lactone
7 under our conditions to give mono-acylated products 14–16 in
good to excellent isolated yields (entries 3–5).

Next, we were interested in using our method to selectively
protect one of the two amino groups of a diamine with the acid-
removable Boc and the palladium-removable allyl carbonate
groups. In the literature, the resulting mono-protected diamines
have found wide applications, but a simple, efficient, and general
method for their preparation is unavailable. Because phenoxide is
a better leaving group than an alkoxide, when the tert-butyl phenyl
carbonate (17) was used as the acylating agent, the reactions were
performed at rt. Therefore, 20 mmol diamine 5, 20 mmol 17, and
1 mL water were stirred vigorously at rt; after 24 h, the mono-acyl-
Table 2
Mono-acylation of symmetric diamines: substrate scope studya

Entry Diamine Acylating agent

1 H2N NH2 (11) EtOAc

2 11 PhCO2Me

3 H2N O O NH2 (4) EtOAc

4 4 PhCO2Me

5 4 7

6 5
O O

O
Ph (17)

7 5 17

8 9 17

9 4 17

10 5
O O

O

(21)

a Reaction conditions: diamine (20 mmol), acylating agent (20 mmol), water (1 mL), r
b In all cases, di-acylated product is negligible, and can be easily removed by flash co
c Isolated yield.
d Reaction was performed at rt.
e Reaction time was 3 h.
ated product 18 was isolated in quantitative yield (Table 2, entry
6). When the reaction time was shortened to 3 h, a lower yield
was obtained (entry 7). Under these conditions, diamines with
longer spacer also gave excellent yields of mono-acylated prod-
ucts; reaction of 9 with 17 gave 19 in 69% yield (entry 8). These
simple reaction conditions are also highly effective for protecting
one end of the diamines that have a long hydrophilic spacer by a
Boc group; for example, stirring 4 with 17 in the presence of water
at rt for 24 h gave 20 in 81% yield (entry 9). Finally, we tested to
selectively protect one of the two amino groups of a diamine by
the palladium-removable allyl carbonate group; the high efficiency
was demonstrated by stirring equal equiv of 5 and 21 in the pres-
ence of water at rt, and within 3 h the mono-acylated 22 was ob-
tained in 92% yield (entry 10).

Most of the mono-acylated diamine products in Tables 1 and 2
have been reported previously. However, these compounds were
prepared using complicated procedures, and in some cases they
were prepared under harsh conditions and in low yields. For exam-
ple, compounds 6 and 12 were prepared by slow addition of
p-nitrophenyl acetate to a large excess of diamine under high
dilution conditions.2 Compound 10 was prepared in only 28% yield
by slow addition of acetic anhydride to 9 followed by aqueous
Productb Yieldc (%) Ref.
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workup and ion-exchange column chromatography.13 To prepare
compound 13, Wang’s group used the expensive 9-BBN to cover
one of the two amino groups of the starting diamine and the reac-
tion had to be performed under carefully controlled anhydrous
conditions.5 Compound 18 appeared in many literatures; recently
it was prepared in 95% yield by slow addition of Boc2O in CHCl3

(1 equiv, 0.5 M) to 5 (in CHCl3, 5 equiv, 0.25 M) over 2 h by Dardon-
ville et al.14 Other compounds including 1914,15 and 207,16 were
also prepared under high dilution and slow addition conditions
using excess diamines. We believe that the method described in
this Letter will be preferred for preparing these and related com-
pounds in the future.

Different methods have been used in the literature for isolation
and purification of the mono-acylated products, which can be
found in the references cited in the above discussions. In our
experiments, we did not resolve to aqueous workup with only a
few exceptions; after cooling the reaction mixture to rt under inert
atmosphere, it was dissolved in a suitable amount (roughly three
times the volume of the reaction mixture) of the solvent mixture
of the non-polar component Et2O and the polar component
MeOH/MeCN/Et3N (2:2:1). The ratio of the two components was
determined by TLC (SiO2) so that the Rf value of the mono-acylated
product fell between 0.2 and 0.4; under these conditions, on TLC
plate the unreacted diamine normally remained at the origin and
the di-acylated product (if any) had a Rf above 0.5. Then, the reac-
tion mixture in these solvents was loaded directly on a silica gel
column and pure mono-acylated product was collected by eluting
with the same solvent system. To reduce the size of the column,
part of water and diamine in the reaction mixture may be removed
before chromatography. The unreacted diamine and mono-acyl-
ated product can be visualized by rinsing the TLC plate in ninhy-
drin solution briefly followed by heating with a heat gun. In a
few cases, the side product PhOH was not completely removed
by column chromatography; a partition between CH2Cl2 and 10%
NaOH was needed.

In conclusion, we have developed a new method for mono-acyl-
ation of symmetric diamines. It is particularly important that the
method can be used to make compounds such as 1, 8, and 16 in
one pot, which otherwise need multiple steps to synthesize. The
method does not need the use of high dilution and slow addition
techniques, and employs equal equiv of diamine and acylating
agent; the acylating agents are simple, stable, and are commer-
cially available; and only the environmentally benign water is used
as the reaction medium. We expect that the method will find wide
applications for linking different functionalities together in areas
such as solid-phase synthesis and bioconjugate chemistry.
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