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Reaction of N3-benzyluracil and N-hydroxymethylphthalimide
with the Mitsunobu reagent: synthesis of hydrazylmethyluracils

Shigetada Kozai, Shigeru Takaoka and Tokumi Maruyama*

Faculty of Pharmaceutical Sciences, Tokushima Bunri University, 180 Yamashiro-cho, Tokushima 770-8514, Japan

Received 19 November 2001; revised 4 February 2002; accepted 8 February 2002

Abstract—N3-Benzyluracil was treated with N-hydroxymethylphthalimide in the presence of the Mitsunobu reagent to give an
unusual product bearing a hydrazylmethyl group (2) and/or the condensate (3). © 2002 Elsevier Science Ltd. All rights reserved.

Since N3-benzyluridine showed hypnotic activity on
mice by intracerebroventicular (i.c.v.) administration,1

the structure–activity relationship (SAR) has been fur-
ther explored. It was demonstrated that the sugar-
modified congeners such as N3-substituted thymidine2

and arabinofuranosyluracil3 also show anti-depressant
activity. This background prompted us to prepare some
1-substituted N3-benzyluracil. Especially interesting are
the imidomethyl analogues since these residues have
another amide or imide structure like that of
thalidomide.

Mannich reported that an aminomethyl group has been
introduced onto active methylene by the reaction of
formaldehyde and ammonia, primary amines or sec-
ondary amines.4 Also, amidomethylation of aromatics

using N-hydroxymethylphtalimide has attracted much
attention, and this method was applied to uridine and
its nucleotide to give the corresponding 5-aminomethyl
derivatives.5 However, little is known about the ami-
doalkylation at the nitrogen of a base moiety of
nucleosides. In 1991, Khutova et al. reported that the
reaction of uracil or N-acylcytosine with chloroalkyl-
amides gave the corresponding N-amidoalkyl deriva-
tive.6 However, the chloroalkylamide is difficult to han-
dle because of its unstability.7 In this report, we
describe the reaction of a uracil derivative with N-
hydroxymethylphthalimide in the presence of the Mit-
sunobu reagent to give two products, a 1-hydra-
zylmethyl compound (2) and/or the condensat-
ing product, N-(3-benzyl-2,4-dioxo-1,2,3,4-tetrahydro-
pyrimid-1-yl)methylphthalimide (3) (Table 1).

Table 1. Reaction of uracil derivative with the Mitsunobu reagenta

Substrate Solvent Azo-reagent Phosphine 1 (% remained) 2 (%) 3 (%)Run

1 THF 2 equiv. TMAD1 2 equiv. TPP 23.5 73.1 0.8
DMF 2 equiv. TMAD2 2 equiv. TPP1 0 96.1 0.3
Benzene 2 equiv. TMAD3 2 equiv. TPP1 20.8 71.4 2.1

040.253.62 equiv. TPP4 2 equiv. TMAD1,4-Dioxane1
5 1 THF 2 equiv. DIAD 2 equiv. TPP 2.7 18.3 49.4
6 4.757* (Isolated)29.82 equiv. TPP2 equiv. DIADDMF1

024.92 equiv. TPP 43.12 equiv. DIADBenzene17
18 1,4-Dioxane 2 equiv. DIAD 2 equiv. TPP 8.5 12.6 50.4
1 Benzene 3 equiv. DIAD9 3 equiv. TPP 14.7 0 54.4

Benzene 58.805.31 4 equiv. TPP10 4 equiv. DIAD
ND85* (Isolated)11 NDUracil 2 equiv. TPP2 equiv. TMADDMF

Adenine DMF 2 equiv. TMAD 2 equiv. TPP ND12 74* (Isolated) ND

a The yield is calculated from the results of HPLC analysis.
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Introduction of methylphthalimide onto the nitrogen of
aromatic amines was carried out by Winstead and
Heine.8 We examined this procedure for the prepara-
tion of compound 3. Thus, N3-benzyluracil (1) was
subjected to the reaction with N-hydroxymethylphthal-
imide in refluxing 80% EtOH. However, no spot of 3
was recognized on thin-layer chromatography (TLC),
indicating the basicity of 1 is insufficient for the nucle-
ophilic attack of the reagent. Next, the Mitsunobu
reagent9 was employed to condense 1 with the N-
hydroxymethyl compound. According to the procedure
of the earlier report, 1 was subjected to the reaction of
N-hydroxymethylphthalimide in the presence of
N,N,N �,N �-tetramethylazodicarboxamide [TMAD,10

1,1�-azobis-(N,N-dimethylformamide)] and triphenyl-
phosphine (TPP) in tetrahydrofuran (THF) (Scheme 1).
The reaction was monitored by high-performance
liquid chromatography (HPLC),11 which revealed
the formation of 2a as a main product (run 1).
After work-up of the solution, 2a was obtained as
colorless crystals12 in 69% yield, and a small amount of
the starting material was recovered. The proton NMR
of 2a revealed the presence of two dimethylamino
groups at 2.76 and 2.72 ppm and a methylene group as
two broad singlets separated to 5.32 and 5.08 ppm.13

The molecular formula of 2a was estimated as
C18H24N6O4 from mass spectrometory and elementary
analysis. Consequently, the new product was deter-
mined as the hydrazylmethyl derviative, and this struc-
ture was finally confirmed by X-ray crystallographic
analysis as shown in Fig. 1. When 1,4-dioxane or
benzene was employed as the solvent, the conversion
yield by HPLC was similar to that of THF (run 3 and
4). The best result was obtained in N,N-dimethyl-
formamide (DMF) solution (run 2, isolated in 92%
yield). Next, diisopropyl azodicarboxylate (DIAD) was
examined as the Mitsunobu reagent (run 5–10). Thus, 1

was treated with DIAD in THF in a similar way as
described above. After work-up of the reaction mixture,
the products were separated by silica gel chromatogra-
phy. From the first fraction, the condensate (3),14 which
shows the signals of 1,2-disubstituted benzene on the
proton NMR spectrum, was obtained. The polar sub-
stance from the second fraction was proven as the
hydrazylmethyl compound (2b).15 Although the reac-
tion in 1,4-dioxane was similar to that in THF, 3 was
the sole product on HPLC in benzene. On the contrary,
2b was the main product when the reaction was carried
out in DMF. When uracil was subjected to a similar
reaction, the 1-substituted product (2c)16 was obtained
in good yield (run 11). A similar reaction of adenine
also gave 9-substituted adenine (2d)17 in 74% yield (run
12). Then, a trial to cleave the N�N bond of 2c was
examined by reduction using Zn powder in acetic
acid,18 however, the isocyanate (4)19 was the sole
product.

Figure 1. ORTEP drawing of compound 2a.

Scheme 1.
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The mechanism to form the unusual products (2a,b)
was explored as follows: When 1 was treated with
N-hydroxymethylphthalimide in the presence of the
Mitsunobu reagent, we expected that the condensate (3)
was formed in any case and the initially formed 3
received the nucleophilic displacement of 1,2-hydrazo-
bis(N,N-dimethylformamide) (5) which was formed
during the condensation. Under the assumption
described above, 3 was exposed to 5 in the presence or
absence of K2CO3 in DMF. However, no spot corre-
sponding to 2a was observed on TLC. A further trial to
react 3 with TMAD or reduced reagent, 5, in the
presence of TPP in DMF also gave no peak of 2a on
HPLC. To explore another route, the N-(hydrazyl-
methyl)phthalimide (6),20 which is supposed to be a
candidate intermediate for 2a, was treated with 1 in the
presence of TPP in DMF. Again, 2a was not detected
in the resulting solution.

It was concluded that the hydrazylmethyl derivatives
(2a,b) were prepared from an intermediate other than 3.
Therefore, the following mechanism could be postu-
lated. It is widely believed that alkoxyphosphonium salt
(A) is formed during the Mitsunobu reaction. Then A
receives the nucleophilic displacement of the anion spe-
cies of uracil to give 3 leaving triphenylphosphine oxide
(pathway a). Since phthalimide is also active as a
leaving group, however, the (3-benzyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimid-1-yl)-methylphosphonium salt (B) is
formed (pathway b). Then, B reacts with the hydrazyl
anion to give 2. The non-proton polar solvent, DMF,
should stabilize the intermediary cation, B, and pro-
mote the nucleophilic displacement of pathway b. An
alternative explanation is the removal of the uracil
proton by the initially formed betaine and subsequent
reaction with N-hydroxymethylphthalimide to give an
intermediary ion pair. Nucleophilic displacement inside
this ion pair should proceed similarly as described in A
to give compounds 2 or 3 according to the pathway.

We are looking forward to exploring further reactions
of the synthesis of the hydrazylmethyl derivatives of
amides.
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