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Two simple protocols for the preparation of
diallylaminoethyl-substituted nucleic bases: a comparison
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Abstract—The syntheses of pyrimidine and purine nucleic bases substituted with diallylaminoethyl groups are reported following
two different protocols. A comparison is made between the yield, expense, and difficulty of each route.
� 2006 Elsevier Ltd. All rights reserved.
The importance of synthetic methods for the prepara-
tion of synthetic oligodeoxynucleotides (ODNs) has
increased remarkably during the last decade,1–3 because
of their potential use in therapeutic applications, such as
antisense and antigene, and diagnostic applications,
such as biosensors and microarrays.4 One critical
requirement for synthetic ODNs is their stability in bio-
logical environments, and hence, reasonable half-life
in vivo.5 Exo- and endonucleases cleave the phosphodi-
ester backbone in RNA and DNA; as a result, carbo-
cyclic ODN analogs should be less susceptible to
enzymatic fission than the furanosyl heterocycles.2,6

One possible approach to synthetic neutral ODNs is
the copolymerization of non-conjugated dienes contain-
ing nucleic bases with sulfur dioxide. Non-conjugated
dienes such as diethyl diallylmalonate have been copoly-
merized with sulfur dioxide to form polysulfones.7–9 We
have also demonstrated in an earlier publication10 that
1,6-heptadienes with nucleic bases attached directly to
C-4 can be copolymerized with sulfur dioxide to form
carbocyclic polynucleotides with sulfone groups replac-
ing the phosphodiester backbone and cyclopentane rings
substituting the furanose ring of nucleic acids. In addi-
tion, polysulfones have been formed via the copolymer-
ization of several N-substituted diallylamines with sulfur
dioxide.11–13 Sulfones are neutral, achiral, and isoelec-
tronic analogues of phosphodiesters and are stable to
both chemical and biochemical degradations.14 We report
herein, the preparation of a new series of nucleoside
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analogs bearing a diallylaminoethyl group as potential
precursors to carbocyclic polynucleotide analogs.

Two protocols (Scheme 1) have been investigated for the
preparation of 1-(2-diallylaminoethyl)pyrimidine nucleic
bases starting with uracil and thymine. In the first pro-
tocol, uracil and thymine were reacted with ethylene car-
bonate in dry dimethylformamide and catalytic amounts
of sodium hydroxide following reported procedures15–18

to from 1-(2-hydroxyethyl)uracil (2a) and 1-(2-hydroxy-
ethyl)thymine (2b) in 30% and 33% yields respectively.
The yields of these reactions were low due to the forma-
tion of the 1,3-bis(2-hydroxyethyl) and 3-(2-hydroxy-
ethyl) derivatives, which were isolated from the desired
compounds via lengthy and time consuming ion-
exchange column chromatography.19 Compounds 2a
and 2b were reacted with thionyl chloride to afford
1-(2-chloroethyl)uracil (3a) and 1-(2-chloroethyl)thymine
(3b) in 91% and 72% yields.20 Finally, nucleophilic
displacement of the chloro substituent with diallylamine
resulted in the formation of 1-(2-diallylaminoethyl)ura-
cil (4a) and 1-(diallylaminoethyl)thymine (4b) in 62%
and 49% yields. The overall isolated yields of com-
pounds 4a and 4b from uracil and thymine were 14%
and 12%, respectively.28

An alternative route for the synthesis of compounds 4a
and 4b has been investigated utilizing the Mitsunobu
reaction (Scheme 1).21 The N3-protected uracil and thy-
mine intermediates 5a and 5b were prepared from uracil
(1a) and thymine (1b).22,23 Uracil and thymine were
allowed to react with benzoyl chloride to form the
N1,N3-dibenzoyl derivatives that were subsequently
hydrolyzed with aqueous potassium carbonate to yield
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the N3-benzoyluracil and N3-benzoylthymine in 75%
and 82% yields, respectively. The Mitsunobu reaction
was employed to synthesize intermediates 6a and 6b by
coupling 5a and 5b to 2-bromoethanol with triphenyl-
phosphine and diisopropyl azodicarboxylate (DIAD)
in dry dioxane.24 The crude intermediates 6a and 6b
were refluxed with diallylamine in dry dioxane to yield
4a and 4b in 55% and 46% yields, respectively (Scheme
1). Hence, the overall yields of 4a and 4b from uracil
and thymine were 41% and 38%, respectively. In com-
parison, the first route was relatively more economical
than the Mitsunobu route, which utilized the relatively
expensive DIAD reagent; however, the overall yields
of the Mitsunobu route were threefold for 4a and 4b.
Moreover, the first route engaged the use of an ion-
exchange chromatography, which necessitated the elution
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of the desired products with large amounts of aqueous
solutions and resulted in prolonged work-up periods
for both compounds.

We have applied these simple protocols to the synthesis
of the cytosine derivative as well (Scheme 2). In the first
protocol, cytosine was reacted with ethylene carbonate
to give 1-(2-hydroxyethyl)cytosine (8) in 70% yield.25

Compound 8 was then reacted with thionyl chloride to
give 1-(2-chloroethyl)cytosine (9) in 80% yield.26 React-
ing compound 9 with diallylamine resulted in the forma-
tion of 1-(2-diallylaminoethyl)cytosine (10) in 33% yield.
The overall yield of compound 10 from cytosine was
18%.28 We have also prepared compound 10 following
the second protocol. First, N6-isobutyrylaminocytosine
(11) was prepared from cytosine (7) via refluxing with
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isobutyric anhydride followed by selective hydrolysis
following a reported procedure.22 Afterwards, the Mitsu-
nobu reaction was utilized to couple intermediate 11 to
2-bromoethanol with triphenylphosphine and DIAD in
dry dioxane followed by nucleophilic substitution with
diallylamine to yield 1-(2-diallylaminoethyl)isobutyryl-
amidocytosine (12) in 37% yield.

Compound 12 was hydrolyzed in a methanolic solution
of sodium methoxide to yield 10 in 85% yield (Scheme
2). Hence, the overall yield of 10 in the second protocol
was 25% starting from cytosine. Both synthetic routes
were simple and convenient to perform and resulted in
comparable isolated yields; however, the first synthetic
protocol is more economical especially for large-scale
production of this compound.

In addition to the pyrimidine analogs, we have also pre-
pared 9-(2-diallylaminoethyl)adenine 16 following both
protocols (Scheme 3). In the first route, adenine was
refluxed with ethylene carbonate to yield 9-(2-hydroxy-
ethyl)adenine 14 in 87% yield. Intermediate 14 was
then chlorinated utilizing thionyl chloride in dry dioxane
to afford the chloro derivative 15 in 83% yield. Com-
pound 15 was reacted with diallylamine to give 9-(2-di-
allylaminoethyl)adenine in 55% yield (overall yield of 16
from adenine was 40%).28 Alternatively, adenine was
protected following reported procedures by reaction
with isobutyric anhydride followed by selective hydrol-
ysis to afford 6-isobutyryl adenine 17 in 66% yield.27

Compound 17 was coupled with bromoethanol via the
Mitsunobu reaction to form the bromoethyl derivative
18, which was not isolated. Compound 18 was refluxed
with diallylamine in dry dioxane to yield 6-isobutyryl-
9-(2-bromoethyl)adenine 19 in 38% yield. Hydrolysis
of the isobutyryl group with sodium methoxide gave
the 9-(2-diallylaminoethyl)adenine 16 in 77% yield
(19% overall yield from adenine). As a result, the overall
yield of 16 was more than twofold from the first proce-
dure in comparison to the Mitsunobu route.
In summary, we have synthesized three pyrimidine and
one purine nucleic bases with 2-diallylaminoethyl
groups attached following two different procedures.
The first procedure involved the reaction of the nucleic
bases with ethylene carbonate followed by chlorination
and nucleophilic displacement with diallylamine
whereas the second procedure employed protection of
the heterocyclic ring, Mitsunobu reaction and nucleo-
philic displacement with diallylamine followed by depro-
tection of the heterocyclic ring. The overall yields of the
uracil and thymine derivatives were more than tripled in
the second procedure, which rendered it more appropri-
ate for these compounds. In comparison, the cytosine
derivative was formed in comparable yields following
both protocols. In contrast, the adenine derivative was
obtained in higher yields following the first protocol
due to eliminating the ion-exchange chromatography
step.
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