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Figure 1. Purine and deazapurine Hs
A synthetic route for the preparation of 4,5-dihydro-3H-pyrrolo[3,2-d]pyrimidin-4-ones characterized by
a decorated benzyl moiety at different positions of the five-membered ring has been developed, and some
compounds have been tested as Hsp90 ligands. One of them displayed IC50 = 50 lM representing an
interesting starting point for further investigations.

� 2008 Elsevier Ltd. All rights reserved.
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The 90 kDa heat shock protein (Hsp90) is emerging as an impor-
tant target for cancer chemotherapy because of its role in
chaperoning proteins involved in signal transduction pathways
that control tumor cell proliferation.1–4 Among those disclosed
being able to inhibit Hsp90, the purine (PU) class of inhibitors
(Fig. 1)5–9 represents the most investigated one, exhibiting
biological activities in the nanomolar range and high levels of
selectivity for tumor vs normal cell Hsp90.

Based on these observations and taking advantage of our expe-
rience in the synthesis of deazaguanine derivatives,10 we planned
to develop a synthetic route to access 4,5-dihydro-3H-pyrrol-
o[3,2-d]pyrimidin-4-ones of general structure 1, characterized by
the presence of a substituted benzyl moiety at different positions
of the pyrrole ring, with the aim of exploring the structure–activity
relationships for this class of compounds (Fig. 1).
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p90 ligands.
Compounds 1a–c were prepared starting from ethyl 3-amino-4-
cyano-1H-pyrrole-2-carboxylate (2) (Scheme 1), easily accessible
by condensation of ethoxymethylenemalononitrile and diethyl
aminomalonate. Reaction of 2 with DMF dimethyl acetal gave the
protected derivative 3, which was alkylated with the appropriate
benzyl halide to give the corresponding benzyl derivatives 4a,b.
MW-aided cyclization of 4a,b in the presence of ammonium
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4a R1 = 4-OMe (75%)
4b R1 = 3,4-methylenedioxy (82%)
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5a R1 = 4-OMe (78%)
5b R1 = 3,4-methylenedioxy (47%)

Scheme 1. Synthesis of compounds 5a,b. Reagents and conditions: (a)
(MeO)2CHNMe2, DCM, rt, 3 h; (b) benzyl halide, TBACl, NaI, 20% NaOH, DCM, rt,
1 h; (c) NH4OH, EtOH, THF, MW, 100 �C, 20 min, sealed tube.

mailto:mugnaini11@unisi.it
mailto:corelli@unisi.it
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


H
NEtOOC

H2N

a

HN

N

H
N

O

N

63%

10

1f

HN

N

H
N

O

11

20%b

Scheme 4. Synthesis of compound 1f. Reagents and conditions: (a) NH@CHNH2

AcOH, EtOH, reflux, 5 h; (b) N-methylallylamine, CH2O, CH3COOH, H2O, 95 �C, 24 h.
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6a R1 = 4-OMe (35%)
6b R1 = 3,4-methylenedioxy (30%)
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1b R1 = 3,4-methylenedioxy (40%)
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Scheme 2. Synthesis of compounds 1a–c. Reagents and conditions: (a) LiAlH4, THF,
rt, 2 h; (b) allylamine, Na(AcO)3BH, AcOH, DCE, rt, 48 h; (c) Ph3P@CHCOOMe, MeOH,
reflux, 20 h then H2, Pd/C, EtOAc, rt, 4 h.
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hydroxide afforded the N5-benzylated pyrrolo[3,2-d]pyrimidines
5a,b functionalized at C7.

Elaboration of the CN group of 5a,b (Scheme 2) to afford alde-
hydes 6a,b failed under different experimental conditions using
selective reducing agents, such as DIBAL, but was surprisingly
accomplished by means of the strong reductant LiAlH4. Subsequent
reductive amination of the aldehydes 6a,b gave the final com-
pounds 1a,b in an acceptable overall yield. Compound 1c was ob-
tained, starting from 6a, through a Wittig olefination using methyl
triphenylphosphoranylideneacetate followed by catalytic hydroge-
nation of the double bond.

A similar approach was followed for the synthesis of com-
pounds 1d,e which were prepared starting from diethyl 3-amino-
1H-2,4-pyrroledicarboxylate (7) (Scheme 3).

Compound 7 was initially alkylated to give the corresponding
benzyl derivatives 8a,b which, in turn, were cyclized in the
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Scheme 3. Synthesis of compounds 1d,e. Reagents and conditions: (a) benzyl
halide, TBACl, NaI, 20% NaOH, DCM, rt, 1 h; (b) NH@CHNH2�AcOH, EtOH or 2-
methoxyethanol, reflux, 48 h; (c) R2NH2, Ti(OiPr)4, reflux, 24 h.
presence of formamidine acetate to afford the key intermediates
9a,b. Treatment of 9a,b with the appropriate amine in the presence
of Ti(OiPr)4 gave directly the final amides 1d,e.

Compound 1f was obtained starting from ethyl 3-amino-5-
benzyl-1H-pyrrole-2-carboxylate (10)11 by cyclization with form-
amidine acetate and subsequent Mannich reaction with formalde-
hyde and N-methylallylamine of the deazapurine derivative 11
(Scheme 4).

Finally, compounds 1g,h were prepared according to Scheme 5.
Aldehyde 12 was condensed with methyl cyanoacetate to give the
intermediate 13. Simultaneous reduction of the double bond and
the ester function by means of NaBH4 afforded the alcohol 14,
which was transformed into the pyrrole derivative 15 by oxidation
to the corresponding aldehyde, reaction with diethyl aminomalo-
nate, and subsequent cyclization in the presence of NaOMe.
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Scheme 5. Synthesis of compounds 1g,h. Reagents and conditions: (a)
CNCH2COOCH3, piperidine, toluene, reflux, 1 h, (b) NaBH4, EtOH, rt, 1 h; (c) (i)
(COCl)2, DMSO, DIPEA, DCM, �78 �C, 2 h; (ii) NH2CH(COOEt)2�HCl, CH3COONa, H2O,
EtOH, rt, 20 h; (iii) NaOMe, MeOH, rt, 3 h; (d) NH@CHNH2�AcOH, 2-methoxyethanol,
reflux, 1 h; (e) 50% NH2CN, 50% NaOH, rt, 16 h.
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Condensation of 15 with formamidine acetate or cyanamide gave
the target compounds 1g and 1h, respectively.

All the newly synthesized compounds were submitted to a
rHsp90 competitive binding assay in order to evaluate their ability
to bind Hsp90.12 Compounds 1a,b and 1d–f showed
IC50 > 10,000 lM and thus were considered inactive. Among the
compounds of the same series only 1c elicited some activity
(IC50 = 364 lM), while 1a and 1d, although bearing the same 4-
OMe benzyl group as 1c, but differing for the nature and length
of the C7 chain, proved to be completely inactive. Interestingly,
the activity was restored with compound 1h13 endowed with
IC50 = 50 lM.

In summary, we have described the synthesis of new 4,5-dihy-
dro-3H-pyrrolo[3,2-d]pyrimidin-4-ones substituted at different
positions of the pentatomic ring with benzyl groups.

Some of the new compounds proved to be able to mimic mem-
bers of the PU class in binding to Hsp90 protein. The synthetic ap-
proach described herein will be exploited for the preparation of
several families of potential Hsp90 ligands.
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