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ABSTRACT

The title compound, a constitutional isomer of the natural nucleobase 2,6-diaminopurine, undergoes regioselective electrophilic substitutions
at carbon C-9.

In the wake of the observation that (L)-R-threofuranosyl-(3′
f 2′)-oligonucleotides (TNAs) constitute an efficient Wat-
son-Crick base-pairing system capable of cross-pairing with
RNA and DNA,2 we recently became involved in systemati-
cally studying the properties of a family of TNA-related
oligomer systems that could, in principle, derive from (C2
+ C2 f C4) assembly processes involving nitrogenous
intermediates at the oxidation level of glycolaldehyde.3,4 We
had previously argued that TNA could be considered as the
limiting case of the fully oxygenous variant within a library
of base-pairing systems derived from oxygenous and nitrog-
enous C4-backbone units joined together by a variety of
linker groups.2 The alternative limiting case would be a four-
carbon backbone unit in which all of the oxygens of threose
were replaced by nitrogen (Scheme 1). Such considerations

raise questions concerning the formation and the stability of
corresponding nucleosides, because the nucleosidic C-N
bond in (N)-nucleosides becomes labile when the ring oxygen
of the furanose sugar unit is replaced by a free NH group;5

(C)-nucleosides of such systems, on the other hand, can be
stable.6

In considering heterocycles that could conceivably be
formed as alternatives to the natural nucleobases from
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Scheme 1a

a In a TNA-like system in which all oxygens of the threose units
were replaced by nitrogen, these units would have to be (C)-
nucleosides in order to be stable.

ORGANIC
LETTERS

2003
Vol. 5, No. 12
2067-2070

10.1021/ol030044n CCC: $25.00 © 2003 American Chemical Society
Published on Web 05/16/2003



nitrogenous molecules presumed to belong to the prebiotic
building blocks of the natural purines,7 we came across the
structural and generational relationship depicted in Scheme
2. The analysis alludes to the existence of the title compound,

a heterocyclic system isomeric to the 2,6-diamino derivative
of the natural purines. The heterocycle caught our attention
because it can be expected to have the propensity of reacting
with aldosugars or aldosugar-derived iminium ions regiose-
lectively at carbon C-9 to form (C)-nucleosides that would
be isosteric to normal (N)-nucleosides of 2,6-diamino-purine.
This communication describes the preparation of the title
compound and reports exploratory examples of the smooth
occurrence of electrophilic substitution at carbon C-9 with
iminium ions.

The purinoid1 was synthesized by two different routes
(Scheme 3).8 One of them, starting fromN-formyl-glycine
ethyl ester29 and biguanide3,10 represents a preparatively
satisfactory and efficient procedure. According to known
lines of biguanide chemistry11 compounds2 and3 smoothly
condense in methanolic solution to the triazine derivative4,
which on heating in POCl3 cyclizes to the purinoid1 in up
to 82% yield. The product is obtained as a white solid. Its

expected constitution is supported by the1H and13C NMR
spectra,12 mass spectrum,13 and UV-absorption spectra
(Figure 1). For further characterization the purinoid was
converted to the bisamidine derivative7, an easily soluble
crystalline compound (mp 137°, from MeOH) whose X-ray
structure analysis14 (Figure 2) corroborates the structure
assignment of the parent purinoid.

The alternative mode of formation for1 follows more
closely the conceptual pattern depicted in Scheme 2 and,
therefore, is the one that had been explored first. However,
in retrospect, it turned out to be the less satisfactory route
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Scheme 2. Structural and Generational Relationship between
2,6-Diaminopurine and a

2,6-Diamino-5,8-diaza-7,9-dicarba-purine

Scheme 3. Preparation and Derivatization of Purinoid1a

a Numbers in brackets denote mole equiv referring to starting
compound. Numbers before these brackets denote concentrations
in M. (a) 0.43 M (1.0 mole equiv)3, 0.86 (2.0)2, MeOH, rt, 2 h
f 45 °C, 3 h, 65%. (b) 0.24 (1.0)4, (45) POCl3, 75 °C, 2 h f110
°C, 3 h, 80%. (c) 1.6 (1.0)5, 7.8 (5.0)6, H2O, pH 1.6, rt, 48 h;
neutralization followed by chromatography on silica gel, maximally
21%. (d) 0.25 (1.0)1, 4.0 (6.0) dimethylformamide dimethylacetal,
MeOH, rt, 7 days, 90%.
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aqueous solution under argon atmosphere (pH≈ 1.5) within
a day at room temperature to produce a product mixture from
which, after neutralization, it is possible to isolate by repeated
chromatography on silica gel (CH2Cl2/CH3OH/30% aqueous
NH3, 10:1:0.1, and AcOEt/CH3OH 4:1) samples of purinoid
1 in yields that range up to 20%. Not only are yields low
and fluctuating, but to obtain non-colored and spectroscopi-
cally and chromatographically pure samples of1 is tedious.
Nevertheless, all spectral data of pure samples of1 obtained
by this route were identical to those of samples obtained by
the other method.

Similar to natural purines, purinoid1 has little solubility
in organic liquids such as methanol, acetonitrile, or DMF. It
dissolves well in DMSO on heating and sonicating, remain-
ing in solution at room temperature. It dissolves in (hot) water
to an extent of ca. 1.5 mg/mL (after cooling to room
temperature) and remains unchanged in 0.01 M NaOH
solution (pH ca. 12) or in DMSO/aqueous HCl (1:20, pH
ca. 3) at room temperature for (at least) 7 days. In aqueous

solution at pH 1 (HCl) it undergoes hydrolytic ring opening
to a mixture of the triazine4 and its deformylated derivative
within 3 days (see Supporting Information). In the solid state
(sealed under N2) the purinoid is thermally stable at 200°C
(for at least 8 h); in solution it is moderately sensitive to
oxygen.

In a solution of1 in D2O/DMSO(D6) 4:1, at pH 4.0 (acetic
acid(D4)) at room temperature, the vinylic proton H-(C9)
(δ ) 6.44 ppm) undergoes exchange, within minutes, to
afford8 (1H NMR); corresponding exchange of the H-(C7)
proton (δ) 8.02 ppm) is much slower (less than 10% after
5 h and still incomplete after 3 days). In accordance with
expectation (for its rationale see Scheme 4) as well as the
observed ease of protonf deuterium exchange in acidic
solution, purinoid1 undergoes (C9)-regioselective electro-
philic substitution withN,N-dimethyl-N-methylidene iminium
iodide17 within minutes in 0.1 M DMSO solution at room
temperature to give the dimethylaminomethyl purinoid-
derivative9 in high (isolated) yields (Scheme 4).18 Assign-
ment of constitution rests on1H and13C NMR spectroscopic
data (in addition to UV and mass spectra). An analogously
smooth condensation was observed with pyrroline19 in 0.2
M DMSO solution in the presence of 1 mole equiv of benzoic
acid as catalyst affording1020 (Scheme 4). These encouraging
observations led to an extended study on the capacity of
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Figure 1. UV-absorption spectrum of purinoid1 as compared
to that of 2,6-diaminopurine (c ) 2.66 × 10-5 M in H2O, rt).
Data for1: ε (220 nm)) 28 400;λmax ) 265 nm (ε ) 9300);ε
(300-310 nm)) 3100-3000. Data for 2,6-diaminopurine:ε (220
nm) ) 24500,λmax ) 246 nm (ε) 7400),λmax ) 280 nm (ε)
9100).

Figure 2. X-ray structure analysis of the derivative7.14 UV
data of7 in H2O, rt: λmax ) 291 nm (ε ) 47 600);ε (355 nm))
5900.

Scheme 4. Regioselective Electrophilic Substitution Reactions
at Position C-9 of Purinoid1a

a (a) 0.05 mM (1.0 mole equiv)1, 0.7 µM (0.03) CD3CO2D,
D2O/DMSO(D6) 4:1, pH 4.7, rt, (deuteration at C-9 within minutes).
(b) 0.1 M (1.0)1, 0.1 (1.0)N,N-dimethyl-N-methylidene iminium
iodide, DMSO, rt, 5 min, 79%. (c) 0.13 (1.0)1, 0.2 (1.5) pyrroline,
0.2 (1.5) BzOH, DMSO, rt, 1 h, 72%.
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purinoid 1 to act as nucleobase partner in nucleophilic
coupling reactions with aldosugar- and azasugar-derived
iminium ions to form directly corresponding C-nucleosides.
Results of these studies are reported in the following
communication.21
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