l

TETRAHEDRON

LETTERS

Persamon Tetrahedron Letters 40 (1999) 4027-4030
erg

Exploitation of a New Route to Fused Pyrroles: Synthesis of TNP-351,
Homo-MTA and 5-Arylpyrrolo[2,3-d]pyrimidines

Edward C. Taylor* and Bin Liu
Department of Chemistry, Princeton University

Princeton, New Jersey 08544
Received 12 March 1999; accepted 1 April 1999

Abstract: We have developed a new methodology for the construction of pyrrolo[2,3-
dlpyrimidines that involves Michael addition of 2,6-diamino-4(3H)-pyrimidinone or 2,4,6-
triaminopyrimidines to nitroolefins, followed by a Nef reaction of the resulting adduct to
form an intermediate aldehyde that spontaneously cyclizes to the fused pyrrole ring, This
methodology has been exploited in a new synthesis of TNP-351, and for the first reported
preparation of homo-MTA and of a series of 5-arylpyrrolo[2,3-d]pyrimidines.
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As summarized in the preceding Communication,' N-[4-[2-(2-amino-4(3H)-oxo-
7H-pyrrolo[2,3-d]pyrimidin-5-yl)ethylJbenzoyl]-L-glutamic acid (1, LY231514, MTA)?
has been found to be extraordinarily effective in the treatment of a wide range of solid
tumors.’ This activity has been ascribed to the ability of 1 to inhibit at least five of the
folate-dependent enzymes involved in cellular metabolism.* We described in the above
Communication a new synthesis which involved, as its fundamental strategy for
construction of the bicyclic pyrrolo[2,3-d]pyrimidine ring system, Michael addition of
2,6-diamino-4(3H)-pyrimidinone to a nitroolefin, and a one-pot conversion of the
resulting adduct via a Nef reaction to an intermediate aldehyde which cyclized and
aromatized to the above bicyclic ring system. The present Communication describes
exploitation of this methodology for a new and abbreviated synthesis of the dihydrofolate
reductase (DHFR) inhibitor TNP-351 (2),’ the previously undescribed homolog 3, and the
non-bridged (5-aryl) analog 4 of MTA. In addition, this methodology provides ready
access to a broad series of previously unknown pyrrolo{2,3-d]pyrimidine derivatives
carrying an aryl substituent at position 5.
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TNP-351 (2) was readily prepared from the known 4-arylbutyraldehyde 5° by the
following sequence of reactions: (a) aldol reaction with nitromethane to give the
nitroalcohol,6, followed by dehydration with mesylation and subsequent treatment with
triethylamine; (b) Michael addition of the resulting nitroolefin 7 with 2,4,6-
triaminopyrimidine (8) at 50 °C in aqueous ethyl acetate; (c) subjection of the adduct 9 to
a Nef reaction by initial treatment by sodium hydroxide at room temperature followed by
acidification at 0 °C, resulting in formation of the pyrrolo[2,3-d]pyrimidine 10 and (d)
coupling with diethyl L-glutamate to 11 followed by saponification (Scheme 1).
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Homo-MTA (3) was analogously prepared from the above nitroolefin 7 by
reaction with 2,6-diamino-4(3H)-pyrimidinone to give the analogous Michael adduct
which was then converted to 3 through the above sequence of reactions (Nef conversion
to the intermediate aldehyde that cyclizes and aromatizes, glutamate coupling and
saponification). Interestingly, homo-MTA proved in initial cell growth inhibition studies
to be approximately as active as MTA itself.”

The non-bridged analog 4 was very readily prepared from methyl 4-
formylbenzoate through an analogous sequence of reactions. This analog proved to be
completely inactive as a cell growth inhibitor.

We were surprised to find that 5-aryl substituted pyrrolo{2,3-d]pyrimidines, as a
class, appear to be virtually unknown.! We have prepared some representative examples
by exploitation of a modification of the above methodology. It was recently reported that
nitrostyrenes bearing electron-donating substituents in the aromatic ring can be obtained
in a single step by ultrasound-promoted reaction of the corresponding arylaldehyde with
nitromethane.’ Arylaldehydes bearing electron-withdrawing substituents gave only the
intermediate nitro alcohols. We have found not only that both classes of nitrostyrenes
can be obtained in a single step by sonication of the nitromethane/arylaldehyde mixture at
60-65 °C, but that a mixture of 2,4,6-triaminopyrimidine (8), the arylaldehyde and
nitromethane in acetic acid containing ammonium acetate, upon sonication at 60-65 °C,
led in one smooth step to the Michael adduct 12 of the in situ-produced nitrostyrene.
These Michael adducts were then converted, again in a single step, to the corresponding
S-arylpyrrolo[2,3-dlpyrimidines 13 under the above conditions for the Nef reaction
(Scheme 2). The same sequence of reactions can be carried out starting with 2,6-
diamino-4(3H)-pyrimidinone, leading to 2-amino-4(H)-oxo-5-arylpyrrolo{2,3-d]pyrimi-
dines. An investigation of these novel compounds as “non-classical antifolates” for
possible inhibition of P. carinii DHFR is currently underway.

Scheme 2
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