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Pyrenyldiazomethane, a versatile reagent for
nucleotide phosphate alkylation
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Abstract—Pyrenyldiazomethane was shown to react quantitatively and selectively at phosphate with 2 0-, 3 0-, and 5 0-nucleotide phos-
phates incorporating the different nucleic bases.
� 2004 Elsevier Ltd. All rights reserved.
Introduction of reporter molecules (haptens, fluorescent
dyes,. . .) into nucleotides or nucleic acids is key to a
number of biological and biotechnological applications.
Most frequently the reporter group is introduced as an
electrophilic reagent leading to alkylation at the nucleo-
base or less frequently on the sugar moiety.1–3 Only a
few methods have been reported for introduction of
groups on phosphate in aqueous media. Most published
studies4–12 of nucleotide phosphate alkylation have been
carried out for preparative purposes so that the site
selectivity of the alkylation is not well understood.
Yields are generally poor. Also these alkylation reac-
tions have been usually carried out in non-aqueous
organic media or in heterogeneous two-phase system.
Furthermore they require tedious purification procedure
so these methods are not appropriate for nucleotide
labeling. Site selective alkylation of phosphate group is
considered to be difficult due to the poor nucleophilicity
of phosphate and to the presence of competitive nucleo-
philic sites in nucleotides (e.g., 2-NH2 group of guano-
sine etc.).

Recently we developed a new labeling procedure based
on diazo compounds bearing a biotin moiety for site-
selective phosphate alkylation in mono and polynucleo-
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tides.13,14 Major drawback of this procedure is that it
requires an additional step (affinity labeling with strep-
tavidine-fluorescent conjugate) for detection. Here we
wish to report the alkylation reactions of mononucleo-
tides with pyrenyldiazomethane (PDAM 1), a fluores-
cent reagent that is described for derivatizing
carboxylic acids.15 We show that pyrenyldiazomethane
is a convenient reagent for quantitative and selective
fluorescent labeling at phosphate in 2 0, 30-, and 50-nucleo-
tides incorporating the four natural bases (Scheme 1).

Pyrenyldiazomethane was prepared from 1-formylpy-
rene using a described procedure.15 First, we examined
the reaction of PDAM 1 with 3 0-UMP 2 using condi-
tions similar to those reported for reaction with carbox-
ylic acids. Reaction of PDAM 1 (2mM) with 3 0-uridine
monophosphate (3 0-UMP) 2 (40lM) in homogeneous
solution (H2O/CH3CN/MeOH/AcOEt = 1:1:2:1) con-
taining borate buffer (2mM, pH8.3) at room tempera-
ture overnight yielded quantitatively the 3 0-adduct 3
corresponding to alkylation of the phosphate group.
This reaction was monitored conveniently by capillary
electrophoresis as shown in Figure 1. Several factors
influencing the reaction were studied.

Effects of medium and temperature: Selection of an
appropriate reaction medium was critical as this reac-
tion involves charged ionic substrates (nucleotides) and
a lipophilic reagent (PDAM). No reaction was observed
using two-phase systems (H2O–CH2Cl2). Using
described solvent mixture, the reaction proceeded
smoothly at room temperature in homogeneous
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Figure 1. Alkylation of 3 0-UMP 2 (40lM) with PDAM 1 (2mM) monitored by capillary electrophoresis: (a) rt, in AcOEt/CH3CN/MeOH/H2O

(1/1/2/1), pH8.3 (borate buffer: 2mM). (b) 60�C, in AcOEt/CH3CN/H2O (1/3/1), pH6 (H3BO3: 2mM).
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Scheme 1. Site selective alkylation of nucleotides with PDAM (1). Same reactivity was observed from 2 0-UMP, 5 0-UMP, and 3 0-TMP.
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solution. We found that the same reaction can be carried
out without methanol in homogeneous solution (H2O/
CH3CN/AcOEt = 1:3:1). In the latter conditions,
increasing the temperature from 20 to 60 �C allowed
the reaction to proceed 20 times faster (Fig. 1b). The
alkylation proceeded similarly in the mixture DMSO/
H2O (1:1), however in DMSO–H2O (1/9) the reaction
was about five times slower. In this latter case, we ob-
served some precipitates in the reaction mixture.

Effect of pH and buffer: Alkylation rate at pH = 8.3 was
about five times slower as compared to pH7.3. At lower
pH (<6.0), no more acceleration was observed. The bo-
rate buffer was found to be most appropriate. For exam-
ple using the HEPES buffer, significant amounts of
secondary products probably arising from sulfonate
alkylation were observed.

Effect of concentration: Although the reaction kinetics
were not studied in detail, it was shown qualitatively
that alkylation of 3 0-UMP is a second-order reaction
in competition with PDAM 1 decomposition that is a
first-order reaction. Thus alkylation of 3 0-UMP 2 in
higher concentrations (0.2mM) with PDAM 1 (2mM)
proceeded similarly in the first stages of the reaction,
but 3 0-UMP 2 remained unchanged after about 80%
transformation.

Structure determination of adduct 3: Adduct 3 was iso-
lated from a 20lmol-scale reaction and its structure
was confirmed by NMR spectroscopy.16 Phosphate
alkylation was clearly proven by observation of the
CH2-pyrenyl resonance at 5.5ppm as a complex multi-
plet, which transformed into a simplified AB system
upon decoupling irradiation of phosphorous (Fig. 2).
In the 1H NMR spectrum, the H-1 0, H-2 0 H-3 0, H-5,
and H-6 resonances of 3 were significantly shifted
(0.7–2.2ppm, Table 1) to high fields as compared to
those of 3 0-UMP 2. These observations indicate that
the pyrenyl ring is in stacked conformation with the ura-
cile ring, which is confirmed by the theoretical study. In
the minimum energy structure of compound 3 (Fig. 3),17

the H-2 0 atom is pointing toward the pyrenyl ring and
situated at a 3.17Å distance from the pyrenyl ring.
The H-1 0, H-3 0, H-5, and H-6 atoms were equally posi-
tioned within short distances (3.47, 3.57, 4.79, and



Figure 2. 1H NMR Spectrum (300MHz) of adduct 3 in D2O. *: Solvent resonances and other small impurities. On right: CH2 resonance at 5.5ppm

without (a) and with (b) irradiation on phosphorous.

Table 1. Experimental and calculated 1H NMR of 2 and 3

2 3 Dd (ppm) exp. Dd (ppm) calc.

H-1 0 5.88 5.03 0.85 0.83

H-2 0 4.50 2.25 2.25 2.73

H-3 0 4.37 3.67 0.70 0.54

H-4 0 4.18 3.73 0.45 0.32

H-5 0 3.83 3.54 0.29 0.25

H-5 5.85 5.06 0.79 0.32

H-6 7.85 6.90 0.95 0.74

Figure 3. Optimized structure of compound 3.
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4.28Å) from the pyrenyl plane while H-4 0 and H-5 0 are
located at longer distances from the pyrenyl ring. To
confirm this hypothesis, we have computed the NMR
shifts, which are very sensitive to the geometry. And
indeed, the computed NMR shifts exhibit a good
agreement with the experimental data. Because of the
aromatic character of the pyrenyl group, it is reasonable
to assign the quite important deviations, going from 2 to
3, of both experimental and computed shift, to this
approach of the H atoms in the shielding cone.
Figure 4. Alkylation of (a) 3 0-CMP, (b) 3 0-GMP, (c) 3 0-AMP, (d) 5 0-UMP (e)

capillary electrophoresis, 60�C in AcOEt/CH3CN/H2O (1/3/1), pH < 6 (H3B
Alkylation of other nucleotides: We next examined the
alkylation reactions of other nucleotides by PDAM 1
[standard conditions: PDAM (2mM), nucleotide
(40lM), H3BO3 (2mM), 60 �C, 2h, in H2O/CH3CN/
AcOEt = (1:3:1)]. The reactions were monitored as
previously by capillary electrophoresis (Fig. 4). The
3 0-TMP, and (f) 2 0-UMP (40lM) with PDAM 1 (2mM) monitored by

O3: 2mM).
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nucleotides studied were 3 0-AMP, 3 0-GMP, 3 0-CMP,
5 0-UMP, 2 0-UMP (ribonucleotides), and 3 0-TMP (2 0-
deoxyribonucleotide). In all studied cases, we observed
high chemoselective alkylation of the phosphate group.
The reaction rates were similar for all nucleotides and
the quasi-complete conversion was achieved within 2h
in these conditions. Quite remarkable is that reaction
at the base is not observed in all cases studied, even with
guanine as the base, which is however known for its high
reactivity with usual alkylating agents (halides, epox-
ides, sufonates,. . .).

All those results indicate that pyrenyldiazomethane is a
reagent of choice for rapid, quantitative, and selective
labeling and derivatization of nucleotides at the phos-
phate. It can be used independently of the nature of
the nucleic base and of the position of phosphate in
the sugar residue.
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