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Abstract Diglycolyl chlorides, commercially available or obtained
from the corresponding dicarboxylic acids, have been converted into
the corresponding diamides by reaction with a wide range of amines in
an organic-aqueous biphasic system (Schotten–Baumann approach) in
high yields. Treatment with poly(4-styrenesulfonic acid) afforded the
pure compounds. Substituted diglycolyl diesters, obtained by coupling
of commercial monoesters, were transformed directly in the corre-
sponding diamides in the presence of aluminum trichloride as catalyst
in good yields.
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Diglycolamides (DGA) represent a very important class
of extractants for actinide partitioning, a key step in the re-
mediation of high-level nuclear waste.1 DGA ligands show a
better complexation ability for trivalent actinides than for
tetra- and hexavalent actinides. In general, their complex-
ation behavior can be tuned by a judicious choice of the al-
kyl chains attached to the amidic nitrogen atoms. We found
that an alkyl substituent at the backbone also has a consid-
erable influence.2,3 The extraction properties are consider-
ably improved in case of tripodal DGAs4 or when the DGA
units are appended to a calix[4]arene skeleton.5

Sasaki et al.6 prepared a series of DGAs with varying al-
kyl groups at the amidic nitrogen atoms by reaction of
diglycolic anhydride with one equivalent of an amine. The
resulting ring-opened product was reacted in situ with an-
other equivalent of amine promoted by dicyclohexylcarbo-
diimide (DCC) giving, after purification, the DGA in 65–80%
yield. A drawback of this procedure is the rather tedious
column chromatography due to the presence of reacted
DCC. A simpler approach involves the one-step reaction of
commercially available diglycolyl chloride with two equiva-

lents of the proper amine in the presence of triethylamine.7
The DGAs can be obtained by filtration of the formed am-
monium salts. In this case the yields of the reaction are
strongly affected by the nature of the amine and in particu-
lar by the steric hindrance caused by the substituents. Both
methods are limited to the preparation of derivatives with a
plain, unbranched backbone.

So far DGAs bearing substituents at the central back-
bone have been prepared by coupling of 2-hydroxyesters
with 2-bromoesters to give the corresponding diesters. This
is followed by saponification of the esters and reaction of
the resulting dicarboxylic acids with the proper amine in
the presence of 1-ethyl-1-(3-dimethylaminopropyl)carbo-
diimide hydrochloride (EDC·HCl) or DCC. However, the
method is rather laborious.2

Here we present two simple methods for the prepara-
tion of a variety of DGAs including backbone-functionalized
ones, making use of Schotten–Baumann8 conditions and of
the aluminum(III)-catalyzed amidation of an ester.9 The
method of choice for a particular DGA derivative mainly de-
pends on the availability of the required starting material.

DGAs with a plain backbone can be prepared in a simple
manner by reaction of commercially available diglycolyl
chloride with a secondary amine making use of Schotten–
Baumann conditions affording the pure compounds in high
yield after a very quick purification step.10 The results are
reported in Table 1. The yields were high, especially when
amines with linear alkyl chains were used (Table 1, entries
1, 2, 4). Small branched amines afforded lower yields, but
overall the yields were twice as high than those reported in
literature (61% and 80% compared to 34% and 48%, respec-
tively; Table 1, entries 5, 6).7 While for small amines the
control of temperature and excess of amine were essential
to obtain good results, in the case of long linear chains (Ta-
ble 1, entries 3, 4), increasing the reaction temperature to
room temperature led to an improvement of the yield, even
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2016, 27, 2463–2466
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upon using a stoichiometric amount of amine. In the case of
a long branched amine (Table 1, entries 7, 8) a somewhat
lower yield was obtained even upon reacting for a longer
time, probably because the reaction rates of the amidation
and the hydrolysis of the diacyl chloride became competi-
tive.

Table 1  Diglycolamides by Schotten–Baumann Reaction Using Com-
mercial Diglycolyl Chloridea

The solubilities of the starting amines and the reaction
products depend on the length and branching of the alkyl
chains of the amines. As a result, the purification steps re-
quired to obtain pure compound had to be slightly adjusted.
In the case of small amines (C2, C3) the aqueous layer had to
be saturated with sodium chloride and extracted with di-
ethyl ether. In the case of long-chain amines (C8) separation
of the reaction phases was enough to recover all of the com-
pound. To remove the excess of amine, the organic layer
was washed with a hydrochloric acid solution, and the solid
formed was filtered off. Subsequently, the organic layer was
treated with a poly(4-styrenesulfonic acid) (PSS) solution.13

Amines with intermediate chain length (C4) required both
treatments: extraction and washing with hydrochloric acid
(without the need of PSS treatment).

For the preparation of DGAs bearing substituents on the
central backbone the required diacyl chlorides have to be
prepared. The substituted diglycolic acids, prepared in a
few steps from commercial esters,2 were dissolved in pure
oxalyl chloride with a few drops of dry DMF as catalyst. The
formed diacyl chlorides were then immediately dissolved in
diethyl ether and used without purification in the Schot-
ten–Baumann reaction as described above.14 The results are

summarized in Table 2. The yields were moderate to good
and comparable with those reported in literature. The pres-
ence of two methyl groups on the central backbone slightly
decreased the yield when dioctylamine was used. Compari-
son of the results obtained using commercial diglycolyl
chloride (Table 1, entries 1, 4) with the results shown in Ta-
ble 2, indicates that addition of methyl groups on the cen-
tral backbone gradually decreases the yield, probably due
to steric hindrance.

Table 2  Diglycolamides by Schotten–Baumann Reaction Using Dichlo-
rides Prepared in Situa

An alternative approach to the preparation of DGAs is by
aluminum(III)-catalyzed direct amidation of the corre-
sponding esters. In this way the diesters are transformed in
one step in the desired diamide, avoiding saponification of
the esters and the preparation of the acyl chlorides, at the
cost of a flash column chromatography step.17

The results obtained applying this methodology are giv-
en in Table 3. Entries 1–6 show a comparison between
methyl and ethyl esters as precursors for the preparation of
plain DGAs using amines bearing alkyl chains of different
length. Despite methyl esters being known to be generally
more reactive,18 in the cases of di-n-butyl- and di-n-octyl-
amine (Table 3, entries 3–6) higher yields were obtained
with diethyl 2,2′-oxydiacetate rather than dimethyl 2,2′-
oxydiacetate. This aspect is advantageous since there are
more commercially available ethyl esters that can be used
as starting materials than their methyl counterparts, while
in addition the ethyl esters are generally cheaper.19

Entry R Yield (%) Lit. yield (%)

1 Et 90 82e,11

2 Bu 89 80e,7

3 C8H17 82 9412

4 C8H17 94b 9412

5 i-Pr 61 34e,7

6 s-Bu 80 48e,7

7 2-(ethyl)hex-1-yl 73b,c 9412

8 2-(ethyl)hex-1-yl 78c,d 9412

a Reaction conditions: diglycolyl chloride (0.85 g, 5 mmol), amine (30 
mmol), NaOH (1.2 g, 30 mmol), 2 h, 5 °C.
b Amine (10.5 mmol) and r.t.
c 15 h.
d Amine (30 mmol), 15 h at r.t.
e Yield based on diglycolic acid.
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Entry R1 R2 Yield (%) Lit. yield (%)

1 H Et 6715 –

2 H C8H17 72 76b,2

3 Me Et 8016 –

4 Me C8H17 50 72b,2

a Reaction conditions: dicarboxylic acid (1 mmol), oxalyl chloride (2 mL), 
dry DMF (5 drops), 2 h, r.t., then secondary amine (6 mmol), NaOH (0.2 g, 6 
mmol), 2 h, 5 °C.
b Yield calculated over two steps starting from the diester.
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Table 3  Diglycolamides by Direct Amidation of Diestersa

For amines with small-, medium-sized, and long alkyl
chains the yields were comparable or higher than with the
Schotten–Baumann approach (Tables 1 and 2). However,
when sterically hindered amines (diisopropyl- and di-sec-
butylamine) were employed during the amidation no con-
version occurred.

In summary, we report two new, simple methods for
the preparation of DGAs that offer different advantages over
the existing ones. The Schotten–Baumann approach needs
the corresponding diacyl chloride of the desired diamide,
but the compounds can be purified in a straightforward
way simply by extraction and acidic washing, and the yields
appeared to be less affected by the structure of the reactive
species. The aluminum(III)-catalyzed amidation of esters is
of interest when the corresponding diacid or diacyl chloride
of the desired diamide is not commercially available. The
reaction is more sensitive to steric hindrance of the starting
materials and requires a chromatographic purification step,
but affords the desired compounds in a single step and, for
nonbranched amines, the yields are generally comparable
with those of the other approaches. These methods will
also be applicable for the preparation of multipodal DGAs.
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